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T. E. AJIEKCAHJIPOBA, H. B. KOCTAHUK

HMAPAMETPUYECKHW CUHTE3 CTABHJIN3ATOPA KOCMUYECKOM CTYNIEHU C5M PAKETHI-
HOCHUTEJIA «TUKJIOH-3» HA AKTUBHOM YYACTE TPAEKTOPUH

PaccmarpuBaercst 3azada BBIOOpa YHCIICHHBIX 3HAUSHHH BapbHPYEMBIX IapaMeTpoB cTaOmim3aTopa KocMHueckoi crymeHn C5M pakeTbI-HOCHTeIst
«llukiI0H-3» Ha aKTUBHOM ydYacTKe TpaeKTOpuu. B Hacrosimiee Bpemsl Uil peLIeHHs 3aJad NapaMeTpHYeCKOro CHHTE3a aHaJOTOBBIX M LU(POBBIX
PEryisTOpOB HECTALMOHAPHBIX UHAMHYECKHX OOBEKTOB HCIOJIB3YETCS METOJ «3aMOPOXKEHHBIX KO3((HUIMEHTOBY, B COOTBETCTBUM C KOTOPBIM aK-
TUBHBIH y4acTOK TPaeKTOPHHM IoJieTa pa30MBaeTCs Ha OTACNbHBIC YJaCTKH, HA KaXJOM M3 KOTOPBIX MAacCOBBEIC, HHEPIHOHHBIC M T€OMETPHUUECKHE
XapaKTEePHCTUKH CTYNEHH CUUTAIOTCS HEM3MEHHBIMH, HHBIMU CIIOBaMH, B K)K/ABIH OTAEIBHBIl MOMEHT BPEMEHH CUUTAIOTCS HEN3MEHHBIMU 3HAUCHUS
IepEeMEHHBIX BO BpeMeHU KOI(P(HUIHEHTOB MaTeMaTHUECKOH MOJeIH BO3MYIIEHHOIO JBIKEHUs CTYHNEHH, a TaKKe 3HAaU€HHUs BO3MYLIAIONIMX CUI U
MOMEHTOB, JSHCTBYIOIMX Ha CTyneHb. IIpenmonaraercs, 4To yCTOWYMBOCTD CTYIICHH B KaXKABIH OTJEIbHBIH MOMEHT aKTHBHOIO yJacTKa IIOJeTa
00ecreynBaeT yCTOHYNBOCTD HOJIETa HA aKTHBHOM Y4acTKe B LieJIoM. [laHHBIi MeTO|, BO-IIEPBbIX, HE MMEET CTPOroro MaTeMaTHYeCKOro 000CHOBaHHUS
U, BO-BTOPBIX, HE B COCTOSIHUM 00ECHEYUTbh HENPEPHIBHO BO3PACTAIOIIUX TPEOOBAHUH K TOYHOCTH PEryJsTOpoB. V3105KeHHBII B HACTOSIIEH cTaThe
METO/l IapaMeTPUYECKOro CHHTe3a PEryJIsTOPOB HECTAlHOHAPHEIX OOBEKTOB OCHOBAaH Ha OTHICKAHMM 3HAUYCHUH BAapbUPYEMBIX IIapaMeTpOB
peryisropa, IOCTAaBISIONIMX MHHHMYM HHTEIPAJIGHOMY KBaJPaTHYHOMY (YHKIHMOHATY, BBIYMCIIIEMOMY HAa PELICHUSX MATEMAaTHYECKOH MOIENn
3aMKHYTOH CHCTEMbI ynpaBieHus. IIpu 3ToM anropuT™ napaMeTpu4eckoro CHHTE3a BKJIIOUAET LieJIeHaNpaBIeHHbIH BEIOOp BeCOBBIX KO3 dHIIHEeHTOB
(yHKIMOHANA, @ HOMCK MUHUMYyMa (YHKI[HOHAJA OCYIIECTBILIETCS C IIOMOIIBIO IIporpaMMHOro npoaykra Optimization Toolbox B cpene MATLAB
win npoxykra Minimize B cpexe MATHCAD. IlpennaraeMblii MeTon NapaMeTpHYECKOr0 CHHTE3a CTaOWIM3aTOpa IIO03BOJISIET IOBBICHUTH
OBICTPOICHCTBHE 3aMKHYTON CUCTEMbI CTAOMIIM3ALUK U CYIIECTBEHHO CHU3MTh CTATUUYECKYIO OIIMOKY OOKOBOro cMelleHHs 1ieHTpa Macce. [IpoBeneHo
CpaBHHTEIBEHOE HCCIIEIOBAHKE IIPOIIECCOB CTabMIM3aiy KocMudeckoil crymern C5M pakersi-HocuTenst «LIMKIOH-3» cO MITaTHBIM CTA0HIN3aTOPOM
U CTaOMIM3aTOPOM, CHHTE3HPOBAHHBIM C IIOMOIIBIO MPEAIAraéMoro MeToja, KOTOpoe HPUBOAUT K BBIBOAY O CYIIECTBEHHOM ITOBBIIICHUH TOYHOCTH
CTaOMIM3aluH KOCMHYECKOH CTYIEHHM IIPU UCIOJIb30BAHHHU U3JI0)KEHHOTO METO/Ia IapaMeTPUYECKOTr0 CHHTE3a.

Ki1roueBble ¢j10Ba: KOCMHYECKas CTYIICHb PAKeThI-HOCHTES1, aKTUBHBIN YJaCTOK I0JIETa, METOJ[ «3aMOPOKEHHBIX KO3(D(PUIINEHTOBY, ITapaMeT-
pHYecKUil CHHTe3 CTabMIM3aTOpa, aJAUTHBHBIA HHTETPaIbHBIA KBaAPATHIHBIH (yHKINOHAIL.

T. €. AJIEKCAH/IPOBA, 1. B. KOCTAHHK

HAPAMETPUYHMIA CUHTE3 CTABLIIBATOPA KOCMIYHOI CTYIIEHI C5M PAKETH-HOCIS
«IIUKJIOH-3» HA AKTUBHIN JLJIAHII TPAEKTOPII

Posrisinaerses 3aqada BUOOPY YMCENIbHHX 3HAYECHb BapilfoBaHMX MapaMmeTpiB crabimizaTopa kocmiunoro crynens C5M pakeru-Hocis «Lluknon-3» Ha
aKTHBHIll AiMsAHII TpaekTopii. B nanuii yac 11 BUpIICHHS 3324 MapaMETPUYHOIO CHHTE3y aHAJIOrOBUX i HH(POBHUX PEryINSATOPIB HECTAIlIOHAPHHUX
JIMHAMIYHUX 00'€KTIB BUKOPHCTOBYETHCS METOJI «3aMOPOXKEHHUX KOe]illiEHTIB», BIIMOBIIHO 0 SKOTO aKTHBHA JIUISTHKA TPAEKTOPIT MOJIBOTY po30OHBa-
€ThCS Ha OKpeMi JIISHKH, Ha KOXKHOMY 3 SKUX MAacoBi, IHEpILiiHi i FeOMETPHYHI XapaKTEePHCTUKH CTYIICHIO BBAXKAIOTHCS HE3MIHHUMH, IHITUMH CJIO-
BaMHM, B KOXEH OKPEMHil MOMEHT 4acy BBa)XKarOThCS HE3MIHHMMM 3HAUYCHHS 3MIHHUX B 4aci KoeillieHTIB MaTeMaTHYHOI Mozeli 30ypeHoro pyxy
CTYINEHS, a TAKOXX 3HAYEHHS CUJI, 1110 OOYPIOIOTh | MOMEHTIB, 10 Iil0Th Ha cTymiHb. [lependavaerhes, MO CTIMKICTh CTYNEHIO B KOXKEH OKPEMHH MO-
MEHT aKTUBHOI JIUISHKH HOJILOTY 3a0e3Iedye CTIHKICTh MONBOTY Ha aKTHBHIM NiMSHII B minoMy. JlaHuii MeTox, mo-Iepiie, He Mae CTPOroro MareMa-
THYHOTO OOTPYHTYBAHHS i, MO-IpyTre, HE B 3M03i 3abe3meunTn Oe3nepepBHO 3pOCTalOUMX BHMOT JI0 TOYHOCTI perynstopis. Buknajaennii B wiit cTaTTi
METO]] TAPAMETPUYHOTO CHHTE3Y PETYJISATOPIB HECTAlllOHAPHUX O0'€KTIB 3aCHOBAHMH Ha 3HAXOJUKEHHI 3HAUCHb BapillOBaHMUX MapaMeTpiB peryisaropa,
[0 JTOCTABJISIIOTH MIHIMYyM iHTEIPalIbHOIO KBaAPATHYHOTO (YHKIIOHAIY, SKUH OOYHUCIIOETHCS Ha PIIEHHSX MaTeMaTHYHOI MOJEINI 3aMKHYTOI CHC-
TEMHM ynpasiiHHS. [Ipu bOMy airopuT™ mapaMeTpUYHOTO CHHTE3Y BKIIIOYAE IiIeCIpsIMOBaHHIl BUOIp BaroBux KoeQilieHTiB (yHKIIOHAIA, @ MONTYK
MiHIMyMy (yHKLIOHaTY 3IIHCHIOEThCS 3a JONMOMOro mporpamHoro nponaykry Optimization Toolbox B cepemoBuiii MATLAB abo npomykty
Minimize B cepenoBuii MATHCAD. 3anpornoHoBaHuii METOI TapaMETPHYHOTO CHHTE3y cTadiTi3aTopa J03BOJISIE MiABUIIUTH IIBUIKOIIO 3aMKHYTOL
cuCTeMHM cTabimi3amii i iCTOTHO 3HM3WTH CTaTUYHY NMOMMWIKY OOKOBOTO 3MillleHHs LEHTpY Mac. IIpoBeaeHO MOpiBHSUIBHE JOCIHIKEHHS IIPOIEciB
crabinizauii kocmiuHol cryneni CSM paketu-Hocis «LIMKI0H-3» 31 ITaTHUM cTabimi3aTOpOM 1 cTabiizaTOpOM, CHHTE30BaHUM 3a JIOMIOMOT'OI0 3aIpo-
MIOHOBAaHOTO METOJY, SIKe IPH3BOJUTH O BIHCHOBKY IIPO iCTOTHE IiJBHIIEHHS TOYHOCTI CcTabuIi3amnii KOCMIUHOI CTyIIeHI IPH BUKOPUCTAaHHI BUKIIAJe-
HOT'O METOJly TapaMETPUYHOTO CHHTE3Y.

Kuro4dosi ciioBa: kocMiuHa CTyINiHb PaKETH-HOCIs, aKTHBHA JAUISHKA MOJIBOTY, METOJ «3aMOPOXEHHUX KOe(]illieHTiB», MapaMeTPUYHNI CHHTE3
cTabini3aropa, aAMTHBHUI IHTETpaNbHUN KBaApaTUUHUN (yHKIIIOHAT.

T. YE. ALEKSANDROVA, I. V. KOSTIANYK

THE PARAMETRIC SYNTHESIS OF THE C5M COSMIC STAGE STABILIZER OF THE CYCLONE-3
CARRIER ROCKET IN THE ACTIVE PART OF TRAJECTORY

The problem of choosing the numerical values of the variable parameters of the stabilizer of the C5M cosmic stage of the Cyclone-3 carrier rocket in
the active part of the trajectory is considered. Currently, to solve the parametric synthesis problems of analog and digital regulators of non-stationary
dynamic objects, the “frozen coefficients” method is used, according to which the active part of the flight trajectory is divided into separate sections, at
each of which the mass, inertial and geometric characteristics of the stage are considered constant, in words, at each moment in time, the values of the
coefficients of the coefficients of the mathematical model of the perturbed vision stage, as well as the value of disturbing forces and moments acting
on the stage. It is assumed that the stability of the stage at each moment of the active part of the flight ensures the stability of the flight in the active
area as a whole. This method, firstly, does not have a rigorous mathematical justification and, secondly, is not able to provide continuously increasing
requirements for the accuracy of regulators. The method of parametric synthesis of regulators of non-stationary objects set out in this article is based
on finding the values of the variable parameters of the regulator delivering a minimum to the integral quadratic functional calculated on the solutions
of the mathematical model of a closed control system. In this case, the parametric synthesis algorithm includes a targeted choice of the functional
weighting coefficients, and the minimum of the functional is searched for using the Optimization Toolbox software in the MATLAB or the Minimize
software in the MATHCAD. The proposed method of parametric synthesis of the stabilizer allows to increase the speed of the closed stabilization
system and significantly reduce the static error of the lateral displacement of the center of mass. A comparative research of the stabilization processes
of the C5M cosmic stage of the Cyclone-3 carrier rocket with a standard stabilizer and a stabilizer synthesized by the proposed method leads to the
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conclusion that the accuracy of the stabilization of the cosmic stage is significantly improved when using the above parametric synthesis method.
Keywords: the cosmic stage of the carrier rocket, the active phase of the flight, the "frozen coefficients" method, the parametric synthesis of the

stabilizer, the additive integral quadratic functional.

BeeneHue u nocraHoBka 3agaun. Hazeanue «xoc-
muueckue cryneHn» (KC) oObenunsier opOuTaIbHbIE TO-
noBHble 4yacTH (OI'Y) OGO0eBBIX MEXKOHTHHEHTATIbHBIX
Oammucrtuueckux paxer (MBP) m nmopasroHHble Oioku
(/1b) paxer-nocutenedn (PH) kocmuyeckux ammapaTos.
Hanpuwmep, nepseie ase crynenu PH «Ilukion-3» mpen-
craBisitor coboit MBP 8K69, B xotopoit OI'Y 3ameHeHa
TpeThio cTynensro C5M, asnsromeiics KC.

3HaunTenbHas 4acTh cBobomHoro moiera KC mpo-
xomuT Ha BeIcoTax Oonee 80 kM. [Ipu nBmxenun c pado-
TAIOIIM MapIIEBbIM KHIKOCTHBIM PEaKTUBHBIM J[BUTaTE-
nem (OKPJI) crabmummzamus KC ocymecTBiseTcss peakTuB-
HBIMU CHUJIAMH, CO37JaBa€MBIMH HETIPEPBIBHO ITyTEM I1OBO-
pota kameps! cropanus JKPJI. [Ipu nmwxenun ¢ Hepabo-
TaIOIIUM MapIIEeBBIM JIBUTATEJIEM Ha OOJIBIINX BBICOTAX —
C HCIOJB30BAaHUEM PENICHHON PEakTUBHON CHUCTEMBI, HC-
MOJTHUTEIBHBIMA OpraHaMHU KOTOPOW SIBIISIOTCSI PEAKTUB-
HBIE IBUTATEIN MaJO TSATH.

Baxnoii ocodenHocTpio KC sBisieTcst ux HeOombIIOe
YUIMHEHNE, TI0 KOTOPHIM NOHUMAIOT OTHOIICHHE UTHHBI
KC x ee muamerpy. Kak npasunio, Takne o0bEKTHI Xapax-
TEePU3YIOTCSl 3HAUYUTEIFHOW COOCTBEHHOI HEyCTOHYHBO-
cteio. [lodToMy, OCHOBHOI mpobIEeMOi mapaMeTpude-
ckoro cuHTe3a crabmimsaropa KC sBisercs obecnieuerne
ee yCTOWYMBOCTH Ha ydYacTKax mojiera ¢ paboTarolum
MapuiesiM JKP/I.

HeiictBuTensHo, ToruuBHble 0aku KC C5M BbImon-
HEHbl TOPOUAAIBHBIMU CO 3HAYUTEIBHBIM JHAMETPOM
(2,7 M) 1 cpaBHUTENBHO HEOONBIION BBICOTOH (1,6 M), UTO
o0yciaBnuBaeT OOJBLIYI0 CBOOOAHYIO IIOBEPXHOCTH H
Mallylo TIIyOuHy XHuaKocTH. [y ycrpanenus necradbuim-
3UPYIOIIETO BIMSHUS JKUAKOCTH B Oakd TOPIOYETro |
okucnutenss C5SM OpIIO ycTaHOBJIEHO MO 12 paamaibHBIX
MEPETOPOAOK C 3aKPEIUICHHBIMH Ha HHX JEMO(HPYIO-
IAMH 3JIEMEHTaMH. BBeJeHHE NONMONHUTENbHBIX KOHCT-
PYKLHiA B Oaku HEONAaronpHsaTHO OTPaXKAETCS Ha BECOBBIX
U 3HepreTuyeckux xapakrepuctukax KC [1].

[TapameTpudeckuii CHHTE3 CTaOWIM3aTOPOB CTYIIE-
Heil MBP u PH ocymectBisiercs ¢ UCIOIb30BaHUEM Me-
TOJIa «3aMOPOXKEHHBIX KOI((PHUIIMEHTOBY, B COOTBETCTBUU
C KOTOpPBIM aKTHBHBII y4acTOK TPaeKTOPHM MOJeTa pas-
OuBaeTcs Ha OTJENbHBIC YYACTKH, Ha KaXKIOM U3 KOTOPBIX
MAacCOBBIE, HHEPIUOHHBIE U TE€OMETPHUUECKUE XaPAKTEPH-

CTUKH CTYIIEHH CUHMTAIOTCS HEM3MEHHBIMH, WHBIMH CJIO-
BaMU, B K&XIbIN OTAEIbHBII MOMEHT BPEMEHH CUHTAIOTCS
HEM3MEHHBIMU («3aMOPOXEHHBIMI)) 3HAUCHHs IIepeMeH-
HBIX BO BpPEeMEHH KOI(P(UIMEHTOB MaTeMaTHYeCKOW Mo-
JIeNId BO3MYILIEHHOTO JBIDKEHHSI CTYIEHH, a TakKe 3Hade-
HUSL BO3MYIIAIOIUX CUJI U MOMEHTOB, JEHCTBYIOIIMX Ha
ctynens. IIpeanonaraercs, 4To yCTOMYMBOCTh CTYNEHU B
Ka)XXJbIH OTAENBHBIII MOMEHT aKTHBHOTO y4acTKa IoyeTa
obecrieunBaeT yCTOHYMBOCTH IOJ€Ta HA AKTHBHOM yda-
CTKE B LIeJIOM. Takoe mpearnonokeHne HUueM He 000CHO-
BaHO, XOTS Ha MPAKTHKE HEPEIKO IPUBOAUT K MOJIOXKH-
TEJILHBIM PE3yJIbTaTaM.

B pabote aBTOpoB [2] mOKa3aHO, YTO pa3BUTHE Me-
TOJIOB COBPEMEHHOI TEOpHH YyTpaBIICHUs, CO3/aHHE BbI-
COKOTEXHOJIOTUYHOW 3JIEMEHTHOH 0a3bpl CHUCTEM aBTOMa-
THUYECKOTO YIPAaBJICHUS M HATMYUE BHICOKOA((EKTUBHBIX
nporpaMMHbIX npoayktoB MATLAB u MATHCAD nos-
BOJISIET OTKAa3aThbCsl OT METOJa «3aMOPOXKEHHBIX Koadhu-
IIMEHTOBY IPU pEIICHWH 33/1a4 MapaMeTPUIecKOro CHH-
te3a crabmmm3atopoB MBP u PH, uto mpuBoauT K moBBI-
IIEHUIO TOYHOCTH cTabmimmsupyemoro mnosera. Wupes, us-
JIO’)KEHHOTO B [2] Me€TOAa, COCTOUT B OTHICKAaHUH 3HAUYCHUH
BapbUPYEMBIX TNapaMETPOB CTAOMIN3aTOpa, IOCTABIISIO-
IMAX MUHUMYM HHTETPAJIbHOMY KBaJPaTHIHOMY (YHK-
I[HOHAITy, BEIYUCIIAEMOMY Ha PEIIEHUSIX MaTeMaTHYecKOn
MOJIEIM BO3MYIIIEHHOTO JBWKEHUS PAaKeThl BAONb AKTHB-
HOTO y4JacTKa TPaeKTOPHH MOJIeTa.

Ienbto HacToOAlLIEH CTAThH SBIAETCS AEMOHCTPALIUS
3(h(HEeKTUBHOCTH MPEANOIaraeMoro METo/ia mapaMeTpude-
CKOTO CHHTE3a CTabMiIn3aTopa Ha MpHUMEpe KOCMHYECKOH
crynean C5M paketsl-HocuTens «L{ukiaoH-3», skcrurya-
Tanust KOTOpeIX ¢ 1977 roga ycnemHo mpoaoinKaeTcs 10
Hacrosero Bpemen# [1, 3, 4, 11].

IMapameTpuyeckuii CHHTE3 craduamnsaTopa
KC C5M. Marematndeckasi MOJENb BO3MYIIEHHOTO
nemkenuss KC C5M paketsi-Hocutenst, «L{ukmnon-3» npu-
BeZieHa B pabore [1].

C y4eToM MepoIpusTHH MO JAECTaOHIM3UPYIOIIEMY
BIIMSIHAIO JKMJKOCTU Ha JIBUKEHUE CTYIEHH, ONHCAHHBIX
BO BBEJICHHH, BIMSHHE KHUIKOCTH OBUIO MPAaKTHYECKU HC-
KJIIOYEHO, YTO MO3BOJMJIO MPEJACTaBUTh MaTEMATUYECKYIO
MOJIeNb BO3MYIEHHOTO [JBHJKEHHUS CTYINEHM B KaHale
phIcKaHus B cieayroueM Buze [7, 10]

Ta6muna 1 — 3naueHust K03 PUIIEHTOB MaTeMaTHIecKkoi Moxenu (1)

t,c ayy,moct Az, M " C2 a,5, M C 2 @'y, € a'ys, c? (), m-c? my,, ¢
0 —0.0196 0 0.31 -0.012 —0.643 0 0

1 -0.0196 -16.2 0.313 -0.0114 -0.610 0.025 0.037
2 -0.0193 -16.4 0.316 -0.0107 -0.594 0.051 0.074
16 -0.0213 -17.7 0.338 -0.011 —-0.612 0.048 0.070
32 -0.0245 -19.6 0.374 -0.0116 -0.640 0.052 0.074
48 -0.0285 -21.9 0.418 -0.0114 -0.640 0.056 0.080
64 —0.0334 —-24.8 0.473 -0.0131 —0.694 0.061 0.087
80 —0.0355 —28.6 0.550 -0.0117 —-0.744 0.067 0.099
96 -0.0525 -33.7 0.643 —0.0089 -0.505 0.071 0.104
112 -0.0678 -41.02 0.783 -0.008 -0.468 0.0834 0.133
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Z(t) = apyP(t) + ayP(t) + as8(t) + £,(1);

PO = alpy WO +aysd®) +my@) O

rae z(t) — OOKOBOE CMEINEHHE IIEHTPa MacC CTYICHHU
OTHOCHTENBHO TIOCKOCTH OpOuTHI; Y(t) — yrom moBopoTa
HPOJOJIBHOW OCH CTYNEHH OTHOCHTENBHO IUIOCKOCTH Op-
outer;, 6(t)— yron otkioHeHHs ocu Mapiiesoro JKPJ[ ot
MPOJOJBHONW OcU CTymneHu; f,(t)— mpuBeieHHAs BO3MY-
[maromas Ccuia, IPUIOKEeHHas K LEHTPY MaccC CTYICHH;
my(t)~  TpPHUBENEHHBIA  BO3MYINAIOIMA  MOMEHT,
MOBOPAYMBAIOIINK CTYIIEHb OTHOCHUTEIBHO €€ IIeHTpa
Mace; gy, Ay, az';,, al’w, @y s— TMEPEMEHHBIE BO BPEMEHH
ko3 unmeHTsl MaremaTuueckoil Monenu (1), 3HaueHHs
KOTOPBIX NPUBEJICHEI B Ta0I. 1.

Maremarudeckasi MOJENIb aHAJIIOTOBOTO CTaOHIIH3a-
TOpa OMUCHIBAIOTCS ypaBHEHHEM [4, 6, 7, 12]

8(t) = kyz(t) + k2 (t) + kyW(t) + ky(t), )

rae  ky, ki ky wn o kj — Bapbupyemble napameTpel
crabuimsaropa.

Huddepenunansupie ypaBHeHus (1) B COBOKYIHO-
CTH C cooTHouleHHeM (2) o0pa3yloT MaTeMaTHYeCKYIo
MOJIeTIb BO3MYIICHHOTO JIBHXKCHUSI 3aMKHYTOH CHCTEMBI
CTaOMIIM3aLUH, XapaKTePUCTHYECKOE ypaBHEHHE KOTOPOH
3aIMChIBAETCS B BUJIE

s* — (azsk; + Ay + a¢5k¢)s3 +
+(Mkz - alp(sklp - azgkz)sz - (3)
—(azwawﬁkz' — MkZ)S - awazwkz =0.

CrpykTypHast cxeMa 3aMKHYTOH CHCTEMBI CTaOMIIU-
3aruu (3CC) pakeTsl B KaHAJIe PHICKAHUS MPUBEICHA Ha
puc. 1, riae npuHATH cienyrounme oboszHayenus: OC —
00bekT crabunuzanuu; ACz — aBromat GOKOBOIi CTaOUIH-
3anuu; ACy/ — aBTOMAT YIJIOBOHM CTaOMIIH3AIIHY.

8(t)
oC
z(t)
5.(6) ACz
Z(t)
W(t
Sy () < ©
ACy P
P (t)

Puc. 1. Ctpyxrypnas cxema 3CC B kaHase PHICKaHUS

AHanu3 puc. 1 mpuBOIUT K BBIBOZY, YTO CXEMa CO-
JIEP)KUT ABa 3aMKHYTBIX KOHTYpa — BHYTPEHHHH KOHTYpP
OOKOBOI cTaOWIM3aIMK U BHEIIHWN KOHTYP YIJIOBOH CTa-
Omnmu3anuy, mpuYeM curHaibel, ¢opmupyemeie ACZ u
ACy, 3anIUCBIBAIOTCS B BHJIE

8,(t) = kz(t) + k;z(1); (4)

8y () = kyW(t) + kyPr(2). (5)

PazoMkHeM BHEUIHWIT KOHTYp OOpaTHOW CBS3H, IT0-

noxus B ypasHennn (3) ky =ky =0. Torma
XapaKTePUCTHICCKOE ypaBHEHHE 3aMKHYTOT'O
BHYTPEHHET0 KOHTypa MPUHUMAET BHU]T

s* — (azsk; + a{l,q,)sz‘ + Mk, — aysk,)s? — ©)

—(azwawskz' - Mkz)S - awﬁazwkz = 0,

e M = 50,y — Qysyy-

B xapakTtepuctuyeckoM YypaBHEHUH (6) MOI0XHUM
S = jw, BBIJEIUM B NTOJyYEHHOM COOTHOILIEHUH JEHCTBU-
TENbHYI0 U MHUMYIO 49acTH, NPUPABHAEM HX HYJIO U 3a-
MHIIEM pellleHne MTOJIY4YEeHHOH CHCTeMBI ABYX ajireOpau-
YEeCKHX YPaBHEHHII OTHOCHTEIFHO BapbUPYEMBIX I1apa-
METpPOB:

_ (aszZ — QysQzy — Ma{w)w‘* )

k; ; ()

(azsw? — AysAzy)? + M2w?

—(azs0? - all,sazq,)a(w,wz + Mw?*

(8)

k.
z (a;5w? — aysazy)? + M?w?

W3mMenss w oT Hyns 10 6ECKOHEYHOCTH, ¢ IOMOIIIBI0
cootHourenuii (7) u (8) mocTpoum rpaHuIBl 00J1aCTH YC-
TOWYHMBOCTH 3aMKHYTOH CUCTEMBbI OOKOBOW cTaOMIIU3alNU
B IUIOCKOCTH BapbupyeMmsix napamerpos (k,,k;) mis mo-
MEeHTOB moiieta t; = 1c; t, = 64c; t; = 112¢, npencras-
neHHble Ha puc. 2. [lepeceuenne aTux obmacreit

6w = 6o () [ |G [ |Gt ©

3alITPUXOBAHO M 00pa3yeT MHOKECTBO JIOMYCTHMBIX 3Ha-
YEeHHUU BapbUPYEMBIX apaMeTpoB k, u k; (puc. 2),

-1
k,, M a
0
=L,
200 G (t3)
G, (t
400 kz 2) Co
b, //
-600 =
-800
/ sz (tl) /
-1000
-1200 _
Ve k;,m~ic
b
-1400
6000  -5000  -4000  -3000 2000  -1000 0

Puc. 2. MHOXecTBO JONYCTUMBIX 3HAUEHUH G, BAPHUPYEMBIX
napameTpoB k, u k,
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a MHOXeECTBO Gy, SIBISICTCS 3aMKHYTBIM, KaK U KaKaas U3
COCTaBISIIOIIMX ero obmacteil Gy, (t;). Touka a kaxmoi
u3 ero obnacreii Gy, (t;) coorBercTByeT W, = 0. Touka b
COOTBETCTBYET 3HAYEHHIO YaCTOTHI
_ |%ys%zy
W, = ,
azs

d TOYKa C — 3HAYCHUIO YaCTOThI

Ha wmuoxectBe Gy, BbIOMpaeM Touky (k2,k)) m
MOJICTABMM B XapakTepucThieckoe ypaBHeHue (3) k, =
kQ=-50m"' u k;=k)=-5mM"'c, mpousseneM B
MOJyYCHHOM COOTHOIICHUH 3aMEHY S = jw ¥ IOJYYUM
COOTHOWICHHWA JUIA IIOCTPOEHHS TPAaHMIBI  00JIACTH
YCTOHYMBOCTH 3aMKHYTOH cucTteMsl (1), (2) B miockocTu
BapbUPyeMbIX apamMeTpoB (ky,k,):

1
ky =——"
v aysw? (10)
‘[~o* + (MK) — a,5kD)0? + aysa ke ];
o = 1
v awng (11)

[~ (azsk? + ayy)w? + (aysazypks — Mysk?)].

Ha pwuc. 3 npencraBieHsl o0nacTu yCTOHYMBOCTH
3aMKHYTOH CHCTEMBI ka(ti),i =1,2,3 B IUIOCKOCTH
(kyky;), mepecedyerne KOTOpbIX

G = Grp(&) [ | G () [ |Gr (&) (12)

OpeicTaBsieT co0oi 3alITPUXOBAHHOE MHOXECTBO [10-
IYCTUMBIX IapAaMETPOB Ky, 1 Kyj,.

klz,,c
15 7
w_ 7] ]
el /
i 7 v ¢/
. vl / ;
/,’ Ke
//, .”' 0 .
l.'/ o)
o<
S .
N . "t
I S S
e ————— R t3
10 ky
40 60 8 100 120 140 160 180

Puc. 3. MHOKECTBO IOy CTUMBIX 3HAYEHHH Gy, BAPBHPYEMBIX
apaMeTpoB ky, u ki,

Ha muo)ecTBe Gy, BBHIOEPEM TOUKY (kfl’,, kfi’J) U 10-

CTPOUM CTaOMIM3HPYEMbIE TPOLIECCHl 3aMKHYTBIX CHCTEM
(1), (2) ¢ mepeMeHHBIMH BO BpEMEHH NapaMeTpamH Ipu

k,=k%=-50m"1, k,=k)=-5m"1-c ky = kff, =
70, ky, = kfi)J = 2c, npuBeJieHHbIE Ha pucC. 4.

AHanu3 nporeccoB CTabUIM3aLUK, TPUBEICHHBIX Ha
puc. 4, TOKa3bIBaeT HAMYHME 3HAYUTEIHHON CTATHUECKON
omuOKy. JTa OmIKOKA SBIACTCS MAaKCHUMAJIBHO BO3MOXK-
HOW M O0YCJIOBJICHA MPEAIOJ0KCHUEM O TOM, YTO BHEIII-
HHUE BO3MYIICHHUS SBIIAIOTCS MAKCUMAJIbHO OMYCTUMBIMU
W OJTHOHAMPABJICHHBIMU. B pealbHBIX YCIOBHSIX CHJIA U
HATIPABJICHUE BETPa B BEPXHHUX CIOSX aTMochepsl Hempe-
PBIBHO U3MEHSIOTCS, IO3TOMY peajibHas CTaTHYecKas
omubKa CTAOMIM3AIUKA KOPIyCa KOCMHYECKOW CTyMEHH
BO MHOT'O Pa3 MEHbIIIE, YeM IOJIyYeHHAs OLIEHKA TP UC-
MOJIb30BaHUU MTPUHIIMIIA MUHUMaKcA [8].

g 2O 2(0), M ¢t

w1

I i 1
40 60 50 100 120

Puc. 4. Ilpouiecchl cTaOMIM3aINUN COOTBETCTBYIOIINE CTAPTOBON
Touke K°

Boszpacranme craTmyeckold OIMMOKH CTAaOWMIM3aInN
KC, nabmomaemoe mocie 80 ¢ akTuBHOU (ha3pl mojera
CTyIEHH, OOYCJOBJIECHO BO3pacTaHWEM BEJIMYHH IPUBE-
JEHHBIX BO3MYyIIEHUH f;(t) n my(t), mpuuem 5T0 Mpouc-
XOJIUT BCJIEACTBHE YMEHBIICHNUS MACChl 1 MOMEHTA HHEP-
n KC 3a cuer pacxo/ia roprouero U OKHUCIUTENS.

Tounocts cradmnmsanun KC KOIM4eCTBEHHO MOKHO
OLICHUBATh BEJIMYMHOU HHTETPAJIBHOI'O KBaJApPaTUYHOI'O
(hyHKIMOHATIA

T

azz(t) + a3z%(t) +

I(K)=” v (2) 2 Zgz) dt, (13)
J +azy?(t) + ag*(t)

BBIYHMCIIIEMOTO Ha PEIICHHSIX MaTeMaTHYECKOW MOJEIH

(1), (2). BecoBble ko3(¢unmentsl (ynkumoHana (13)
MOJIeXkKAT BEIOOPY B COOTBETCTBHH ¢ popmynamu [2, 9]:

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Iy. Cepisn: Cucmemnuii
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a = Zmax
1= . .
I; <Z72;Ifx + ZTZ;I*CUC + lIJ;ZTiaX + w%ax) (14)
z V4 | lIJ
@ = Zmax
2 . f
A AR R A
s = Winax
3 = . .
I* Zrzngx + ZTZHE.X + ll"%}(llx + lI'J‘lz’Tiax (16)
A R A
4, = lj—’max
4 =
(17

2 52 2 i2
I* Zmax + Zmax + q"max + lI’ITI’I.(Z.X'

* * * *
v\ I I Iy, I W
TI€ Zmaxs Zmaxs PYmaxr Wmax — MAKCUMAJIbHBIC 3HAUCHUS
COOTBETCTBYIOILUX IIEPEMEHHBIX B IIEPEXOJHOM IIPO-
necce. M3 paccMoTpeHusi puc.4 MOXKHO TOJOXKHUTh:
Zmax = 5,81073M; Zpgy = 7-1073M 7L Yipgy = 8
10735 Ypgr = 6,5 1073¢7L,

* * * *

Yepes I, I;, Iy u Ij B COOTHOMICHHSX (14)-(17)

0003HaueHBl MWHUMAJIbHBIC 3HAYCHUS YaCTHBIX (DYHK-

LIMOHAJIOB
T T

1K) = f 2Mdt, (18) LK) = f 2)dt, (19)

0 0

W = [wod. @) 1,00 = [iod. @

BBIYMCISIEMBIX HAa PEIICHUSAX MaTeMaTHYeCKOH MOIeNH
1), .

B coornomenusx (13), (18)—~(21) gepe3s T obo3Ha-
YeHa MpPOJODKUTENFHOCTh aKTUBHOTO y4yacTKa IoJjeTa,
3HaueHHe KoTopoi ans crymeHun CS5SM cocraBnser T =
116 ¢, a uepe3 K — BeKTOp BapbUpPyEeMBIX MapaMeTpOB
crabunuzaropa

K= [kZ9 kZ'a k\]}) kq;]r (22)

TPUHAUICKAIMHA MHOKECTBY Gy, MPEACTABISIONIETO CO-
00ii 00bEAMHEHNE MHOKECTB Gy, U Gy
K € Gk = sz U lep (23)
Jnst OTHICKAHHS MHUHHMAJIbHBIX 3HAYCHHH YaCTHBIX
(yHKIMOHATIOB Ha MHOXecTBe ()  IelecooOpa3Ho
UCIIONB30BaTh IMpOrpaMMHbIe HpoaykTel Optimization
Toolbox B cpene MATLAB wnu Minimize B cpene
MATHCAD. B kadecTBe cTapTOBOI BBIOEpEM TOUKY

KO = [k, kS, k$. kS| € Gie = Gy U Gy

B pesymbrare momywaeM I; = 2,466-107°m - c;
I; =2,520" 1075m2 - ¢ IJJ =3,340-1073¢;

* . -5.-1
I¢—2,901 107>c™".

[MoxcTaBisiss MOMYYCHHBIC BEIMYMHBI B COOTHOIIIE-
Hus (14)—~(17), momydaeM 3Ha4YeHHS BECOBBIX K03(du-
IMUEHTOB anauTHBHOTO (QyHKIMoHana (13): a; = 49,16;
a, = 58,06; a; = 0,51; a, = 46,80.

. !
gt Z0m; Z2(0),m ¢

0.015

0.01

0.005

-0.005

0.0
0

Puc. 5. IIpouiecchl cTabUIU3auy COOTBETCTBYIOMINE ONTHMAIb-
HOit Touke K*

HOCJ’ICZ{HI/IM OTallOM PCHICHUA 3aJa4U MapaMeTpuyiec-
CKOT'O CHHTC3a ABJIACTCA BI:I60p 3HAYCHHMN BapbHUPYCMbIX
napamMmeTpoB CTa6I/IJ'II/I3aTOpa

K = [l k3. K ] € G = G U Gy,

JIOCTABJISIIOLIMX MUHAMYM aJIMTHUBHOMY (YHKIMOHAITY
(13) Ha aKTUBHOM y4acTKe I10JIeTa CTYIICHH.

B pabote [5] nmokazaHo, 4To MUHIUMYM (YHKIMOHAIA
(13) Ha MHOXecTBe Gj SIBIAETCS €IMHCTBEHHBIM. 3Haue-
HUS ~ BapbUPyEeMBIX  [apaMeTpoB  CTalmIM3aTopa
cocrapnsor: kj = —190,02m71; ki =—-19,51m7 1 - ;
ky = 69,23; kij = 0,01c.

ITpouecchl crabumu3anuy, COOTBETCTBYIOLINE ITOITY-
YEHHBIM 3HAYEHHSM BapbHPYEMBIX I1apaMeTpoOB CTaOWIIHU-
3aTopa, MPUBEACHBI Ha pUC. 5.

CpaBHeHHE NPOLIECCOB, NMPHUBEACHHBIX Ha pHC. 4 U
pHcC. 5, IPUBOJIUT K BHIBOAY O TOM, YTO Mpe/iaraeMblid
METOJl IapaMeTpUYecKoro CHHTe3a CTaduin3aTopa Io3-
BOJISIET MOBBICUTH OBICTPOJEHCTBUE 3aMKHYTOH CHCTEMBI
CTa0MIM3alMM ¥ CYIIECTBEHHO CHU3HMTH CTaTHYECKYIO
omnOKy OOKOBOro cMemieHusl LeHTpa Mmacc. Tak, Impo-
neccsl ycriokoeHust KC nociie e€ oTneseHnst COKpaTHiIiNCh
B cpenHeM Ha 25 % u He mpesbimaroT 10 c. Cratndeckas
omubka OokoBoro cmemenus KC He mpespmmaer 1,2 -
1073m no cpasrenuto ¢ 4,8- 1073M, cooTBeTCTBYIOIEMY
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craproBoii Touke. Ecnn 3nauenwe ¢ynkiumonana (13) B
touke K° € G, cocrapnser 1(K°) =5,7c, To B Touke
K* € Gy, ono cocrasuster [(K*) = 0,725 c.

BsiBoasl. [Ipemmaraemsenii B pabote METO IapamMeT-

PHUYECKOTO CHHTE3a CTa0MIN3aTOPOB KOCMHYECKHX CTY-
neHeii MBP u PH ocHOBaH Ha BBIUMCIIEHMH 3HAaY€HUM
aJJUTUBHOTO HHTETPAJIBHOIO KBaJPaTHYHOTO (YHKIHO-
Haja, SBJISIOLIErocs KOJIMYECTBEHHOW OLIEHKOW TOYHOCTH
CTaOMIM3alUM, C TOCIEIYIOIIUM OTHICKAHUEM BECOBBIX
K03()(DUIIMEHTOB M KMCIOJIb30BAaHUEM MPOTPAMMHBIX IPO-
qykros Optimization Toolbox u Minimize mst oTsickaHus
3HAUYEHWH BapbUPYEMBIX KOHCTAHT aJIrOpUTMa CTaOWIiu-
3aIiM, JOCTABJISIONIMX MHHHUMYM WHTEIPaJbHOMY KBa[-
parnuHoMy (ynkumonany. Ha mpumepe kKocMuuecKoit
crynenn C5SM paketsi-HOcuTens «L{ukinon-3)» mokasaHo,
YTO pelIeHHe 3a/a4n IapaMeTpHIecKoro CHHTEe3a cTadu-
JM3aTopa C MOMOIIBI0 HM3JI0KEHHOTO METOJa IO3BOJIAET
J0 25 % TOBBICUTH OBICTpPOAEICTBHE M B HECKOJIBKO pa3
YBEJIMYHUTH TOYHOCTH Tporieccos crabmmm3anuu KC.

10.

11.
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A. C. MABMAHHUILBHIIA, A. 10. CH/IOPEHKO

PEBEPCHBIE ®YHKIIMM U PACIIPEJEJIEHUS BEPOSITHOCTEM CTYYAHHOI'O
OYHKIMNOHAJIA-CBEPTKH OT HOPMAJIBHOI'O MAPKOBCKOI'O ITIPOLECCA

Paccmotpen nporecce, o61anaronuii CBOUCTBAMH CTAal[MOHAPHOCTH, HOPMAIbHOCTH U MapKOBOCTH. JIJI 3a[JaHHOTO BPEMEHHOI'O MHTEPBaIa H3y4YeHBI
JHepreTudeckuil (QyHKIHMOHAN M (YHKIMOHAN CBEPTOYHOrO THIA. I[IpHM aHANMTHYECKOM pPACCMOTPEHHMH 3aJ]ad TEOPHHM BEPOSTHOCTEH u
MaTeMaTH4eCKOll CTaTHCTHKH PacHpOCTPAaHEHO JOINYIIEHHEe O TOM, YTO paccMaTpuBaeMas 3ajada IONydHia CBOS pa3pelleHHe, eCIM NOCTPOeHa
XapakrepucTuieckas (npousBozsmas) ¢pynkuus. OgHako, onepanust oopaTHoro npeodpaszosanus ®ypbe wim odpaTHoro npeodpaszopanus Jlamnaca
BBI3BIBAET OCHOBHBIE TPYJHOCTH B BBIUHCIUTENBHOM OTHomIeHHMH. Kak umcioBas mpomexypa mpeooOpasoBanue Jlammaca Xxapaxrepusyercs
HEYCTOHYMBOCTBIO, CTENEHb KOTOPOH YBEIMYMBAETCS C POCTOM IapaMerpa npeobpazoBaHus. B paboTe mpemnoeH M MCHOIB30BaH MOJXOJ JUIs
peLICHNUs 3a[1a4K CTATUCTUKH (DYHKI[MOHAIA, OCHOBAHHBIH HA IPUMEHEHUH PEBEPCHBIX (QYHKIMIL, 4TO 1AJI0 BOZMOXHOCTD MOJIyUCHHS aHATUTHYECKOTO
BBIPa)KEHHS JUIS IIPOU3BOAIICH (DYHKIIHU paclpe/ieNieH s CITyJaliHbIX 3HaYeHHil QyHKIHOHaIa-CBEPTKH. [IpoBe/ieH aHaIu3 CTaTHCTHIECKUX CBOHCTB
(yHKIMOHaMa-CBepTKU. IlpencraBieHbl MaTeMaTHYeCKOE OXKHAAHWE M JucIepcust (YHKLMOHANa-CBEPTKUH. B naHHO# paboTe IUIOTHOCTH U
MHTErPajbHbI 3aKOH PACIIPEACNICHUS TTOTY4eHBI YHCICHHO C MOMOIIBIO 00paTHOro mpeodpasoBannus Jlamnaca uist BBIOPAHHBIX 3HAYCHUSX BPEMCHH
nabmosenus T, IeKpeMeHTa clyqaifHOTo MPOIIecca V U ero HHTEHCHBHOCTU G%. [IpUBeIeHbl 3aBUCHMOCTH TUTIOTHOCTH U QYHKIHiT pacTipenenenus s
3aJIaHHBIX 3HAYEHWH NapameTpoB (QyHKIMOHANOB. M3 pacueToB ciielyeT, 4TO yBeluueHue napamerpa Toj TPUBOAUT K PACIIMPEHHIO 3HAYCHHIL
(yHKIMOHAIA-CBEPTKU B Iepu(epuiiHble 00IacTH OONBIINX YKIOHEHHH. YMeHbIIeHHe mapamerpa VI NPHBOAUT K JOKAIU3AUU 3HAYEHHI
(yHKIMOHANIA-CBEPTKU BO (uIyKTyannoHHo# obnactu z = 0. [lnotHOCTh f(Z) cUMMeTpHYHA OTHOCUTENBHO Z = (), IMEeT eANHCTBEHHbBIH MaKCUMYyM,
JIBE TOUYKH Iepernda 1 3KCIOHCHINAIbHYIO aCHMIITOTHKY Ha nepudepusx.

KioueBble c€J10Ba: CTalMOHAPHOCTh, HOPMAIbHOCTb, MAapKOBOCTb, HHTETPajbHBIC KBaApPATHYHbIC (YHKIMOHATBI, JHEPreTHYCCKHIl
(yHKIMOHAT U QYHKIHOHAI CBEPTOYHOI'O TUIIA, CTATHCTHYECKUE CBOMCTBA (yHKIMOHANA-CBEPTKH.

0. C. MASMAHIIIBIII, I'. 10. CH/JOPEHKO

PEBEPCHI ®YHKIIIi TA PO3IO/LT IMOBIPHOCTEM BUIIAJIKOBOI'O ®YHKI[IOHAJIA-
3IOPTKHA 3 HOPMAJIBHOI'O MAPKIBCBKOI'O TIPOLHECA

PosrisigaeTbes mporec, IO BOJIOJIE BIACTUBOCTAMH CTAI[iOHAPHOCTI, HOPMAIBHOCTI Ta MapKoBocTi. JIJIsi 3a1aHOr0 4acoBOro iHTEpBally BHBYEHO
eHepreTuyHuit QyHKHioHan Ta (QyHKUIOHAT-3ropTKy. Ilpn aHAmTHYHOMY pPO3MJLIAl 3a7ad Teopil WMOBIPHOCTEH Ta MAaTEeMaTHYHOI CTATUCTHKU €
MIPUITYLEHHS, 1110 33/1a4a, 0 PO3IISIAeThCsl, OyAe BUpIlIeHa, SKIIO Mo0yIoBaHa XapakTepucTudHa (TBipHa) GyHKIis po3noaity. Lle 3ymMoBiIeHO TUM,
IO NPH CKJIAJAHHI BUMAJKOBHX BEJIMYUH IIUIBHICTH PO3HOJiIY € 6araTOKpaTHOK 3rOPTKOIO NapLialbHUX IiabHOCTeH. B Toif wac, xoimm TBipHa
(dyHKIIs € 1oOYTKOM mMapIiiajdbHUX TBIpHUX (YHKLIH, TOOTO misd, sika Oinmbln 3xiiicHeHa. Aue, 3BopoTHe meperBopeHHss Dyp’e abo 3BOpoTHE
nepeTBopeHHs Jlaruiaca BUKJINKAE OCHOBHI CKIaAHOCTI B OOYHCIIFOBAIFHOMY BifHOIICHHI. SIK YHCeNbHA MPOLELypa HEePETBOPEHHS XapaKTEePH3YEThCS
CBOEIO HECTIHKICTIO, CTEMiHb AKOT 3pOCTa€ 3 MapaMeTpoM IEepeTBOPeHHs. B poOoTi BUKOpUCTAHMI MiJXil, 3aCHOBaHMH Ha 3aCTOCYBaHHI PEBEPCHHX
(yHKIIH, 0 Aa10 MOXIJIHMBICTH OTPUMAHHS AHAJIITUYHOTO BHPa3y Ui TBipHOI (YHKIT PO3MOAIMY BHIAJKOBUX 3HAYEHb (YHKLIOHATY-3TOPTKH.
IIpoBeaeHO aHali3 CTaTUCTUYHMX BIACTHBOCTEH (pyHKUiOHaMy-3ropTKu. LL{inpHICTH po3noAiny WMOBIPHOCTEH Ta iHTErpajJbHUIl PO3MOALT OTPUMAHO
YHCENIBHO 3 BUKOPUCTAHHAM 3BOPOTHOTO TlepeTBoperHs Jlamaca 11 BUOpaHHX 3HAYEHB Yacy CIIOCTEpeKeHHs T, JeKPEMEHTY BHITaJKOBOTO TIPOIIECy
V Ta #oro inTeHCUBHOCTI 0%. HaesieHi 3a1exHOCTI MITLHOCTI Ta QYHKIiH po3NoiNy [l 3a1aHUX 3HAYEHb MapaMeTpiB (GyHKI[IOHAMIB. 3 IPOBEICHUX
PO3paxyHKiB BUILTHBAE, 1O 30iTbIIeHHs napametpa T6% NPUBOUTH 710 PO3MIMPEHHS 3HAUEHD (YHKI[IOHATY-3rOPTKHU B epudepiiiHi 06nacTi Gimbumx
YXWIeHb. 3MEHIIEHHS napamerpa v NpU3BOAMTH J10 JOKasi3anii 3HaueHb (QYHKI[IOHATY-3rOPTKH B Mexax (aykryauiitnoi odnacti z = 0. LlinsHicTh
posnoziny f(z) cumerpuuna BigHOCHO Z = 0, Ma€ €JMHUI MAKCHUMYM, [IBi TOUKH IIEPETHHY Ta CKCIOHEHIIalbHy aCHMITOTHKY Ha epudepisx.

KorouoBi cioBa: cramioHapHICTh, HOPMAJbHICTh, MapKOBICTh, IHTETpalbHI KBaJpaTH4HI (YHKI[IOHAIH, E€HEePreTHYHMI (YHKI[IOHAT Ta
(yHKIIIOHAI 3rOPTOYHOTO THUITY, CTATUCTHYHI BIaCTHBOCTI (PyHKI[IOHATY-3TOPTKH.

0. S. MAZMANISHVILI, G. YU. SYDORENKO

REVERSAL FUNCTIONS AND PROBABILITY DISTRIBUTION OF THE PANDOM CROSS-
FUNCTIONAL FROM NORMAL MARKOV PROCESS

The process, which has the properties of stationary, normality and markovity, is considered. For a given time interval, an energy functional and a
cross-functional are studied in this article. In analytic consideration of the problems of probability theory and mathematical statistics, the assumption is
widespread that the problem in question has been resolved if the characteristic (generating) function is constructed. However, the operation of the
inverse Laplace transform causes the computational difficulties. As a numerical procedure, the inverse Laplace transform is characterized by
instability, the degree of which increases with the transformation parameter. An approach based on the application of the reverse functions was
proposed and used, which made it possible to obtain an analytical expression for the generating function of the distribution of random values of the
cross-functional in this article. The analysis of the statistical properties of the cross functional is carried out. The density of probability distribution and
the integral distribution law are obtained numerically using the inverse Laplace transform for the selected values of the observation time T, the
decrement of the process v and its intensity o%. The dependences of the density and distribution functions for given values of the parameters of
functionals are given. It follows from the calculations that an increase in the parameter To?% leads to the expansion of the values of the functional in the
peripheral regions of large deviations. Reducing the parameter vT leads to the localization of the values of the cross-functional in the fluctuation
domain z = 0. The density f(z) is symmetric with respect z = 0. It has a unique maximum, two points of inflection, and an exponential asymptotic
behavior on the periphery.

Keywords: stationary, normality, markovity, integral quadratic functional, energy functional and cross-type functional, statistical properties of
cross-functional.

Beenenne. Ilpu aHamuTHUECKOM pacCMOTPEHHMH — paccMaTpuBaeMasl 3ajada IOJMydusia CBOE paspelleHUe,
3a7a4  TEOpUH  BEPOSITHOCTEH M MareMaTHYecKOd  eciM IOCTpOeHa XapakTepucTHyeckas (Tpou3BOIsIIas)
CTaTUCTUKH PACIpPOCTPAHEHO [OMyIIEHHE O TOM, YTO  (PYHKOHSA pacCMaTpUBAEMOM CIy4allHOH BEIMYMHBL. DTO

© A. C. Masmanumsmiy, A. FO. Cunopenko, 2018
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MOXHO MOSICHUTh TEM, YTO IIPH CIIOKEHUH CITyYalHBIX
BEJINYNH HCKOMas TUIOTHOCTB pacrpeneneHus
KOMITO3MILIMM €CTh MHOTOKpaTHast (10 YHCIy CJIaracMbIX)
CBEpTKa NapIUAIBHBIX IIJIOTHOCTEH, B TO BpeMs Kak
XapakTepucTuyeckas (YHKIHS KOMIIO3UIUH SBIISETCS
MPOM3BEICHUEM  IAPUUAIBHBIX  XapaKTEPUCTHUECKUX
dyaxmmi [1, 2], To ecTs omeparei CymecTBeHHO Oonee
IIpoCTO BBIHOHHHMOﬁ, (S MHOT'OKpPaTHOEC
WHTErPUPOBaHHUE.

Onnako, ormepanus o00paTHOro ImpeoOpa3oBaHUs
Oypbe wnmm  obparHoro mnpeobOpasoBanust Jlammaca
BBI3BIBAET OCHOBHBIE TPYAHOCTH B BBIYHCIUTEIHLHOM
otHomeHnH. Kak umcnoBas mpouexypa mnpeoOpazoBaHue
Dypbe XapakTepu3yeTrcss HEyCTOWYHBOCTBIO, CTETEHb
KOTOpOH  yBEIMYMBACTCS C  pPOCTOM  IIapaMmeTpa
npeobpasoBanusi. HecMoTpst Ha GOJIBIIOE YUCIIO TOMBITOK
[3, 4], x HacTOsIIIEMY BPEMEHH OTCYTCTBYIOT YCTOHYMBEIC
anroputMel obpamienns Oypee.

C npyroli CTOpOHBI, aBTOKOPPENSIHOHHBIA aHaN3
Hapsily CO CIEKTPaJIbHBIM HIpacT OOJNBIIYI0 pOJb B
MPAKTUYECKOM IPUMEHEHHH, HamnpuMmep, B TEOPHH
cUrHajoB. B Hacrosmiee Bpemsi KOPPEIALUs SIBISETCS
Haubonee  IIMPOKO  PAaCHpPOCTPAaHEHHBIM  METOAOM
00pabOTKM pa3IMYHBIX CUTHAJIOB M JaHHBIX (ONTHYECKHUX
n apyrux). [Ipm Bcex CBOMX pa3IMYHBIX TPOSBICHHUAX
KOppEIALHs, 10 CYIIECTBY, SBISETCS METOAOM OLEHKH
B3aUMHBIX CBsA3el, HMeommx ¢opMy MoA00HH WM
copmageHnid. Takum 00pa3oM, TMporecc KOPPEesIuu
CBOJIUTCSI K CPaBHEHHUIO (COIOCTABJICHUIO) NBYX KapTHH
w nporeccoB. ConmocTaBIeHUE KapTHH, CHUTHAIOB HIIH
IMpoIECCOB MOXKHO TMPOU3BECTH, MCIHOJIB3Yysd TMOHATHUEC

koppemsinnonnoit  yukimu  [2]. Koppemsiust  Takke
SBIISICTCS. HEOTHEMIIEMOM 4YacThIO IIpollecca CBEPTKH,
KOTOPBId, MO CYTH, Ta K€ KOppEISIUs IBYX
MOCIeIOBATEIbHOCTEH  MaHHBIX, [P  BBIYHCICHUH

KOTOpPOH OJHA W3 TIOCIEIOBaTEIIFHOCTEH oOpalieHa BO
BpeMEHU. DTO O3HayaeT, 4YTO JJi1 BBIUYUCICHUS
KOPPEJSUUU U CBEPTKHU MOTYT HCIOJIb30BATHCSI OJHU U TE
)K€ aJTOPUTMEL.

IMocranoBka 3agauu. B psge 3agay BO3HUKaET

HEOOXOAWMOCTh  BBIYHCIICHHS  CIyYailHBIX  BEJHYHH,
KOTOpBIE MIPECTABISAIOT coboi KBaJIpaTUYHbIC
(yHKIMOHAIIBI oT TPaeKTOpHii HOPMAaJIBHOTO

MapKOBCKOro mporecca. [IpuMepoM MOXET CIyXHTb
9HEPreTUYECKHi U CBEPTOYHBIN (PYHKIIMOHAI

Mﬂ=fﬁwa,

%0 (1)

Jﬁﬂ=fxahﬂ—0M,
0

a TaKKe pasiMuHble BapuaHThl QyHKIHMOHana J;[x],

HampuMmep,  (YHKIMOHAJbl  KOPPETALHOHHOIO |
uHTepdepeHnnonnoro suaa [1-3].
B ¢ysxmmonanax (1) 0<¢t<T - BpeMeHHOM

uHTEpBa] HaOmomeHuss, a mnox {x(t)} monmMaercs
HOpManbHBI  Tponiecc  OpHmureliHa-YienOeka (OY-
mporecc) [4, 5]. CraumoHapHBIH, BEIECTBEHHBIN
crydaiigeiit OVY-mpormecc  mMMeeT  IEKpPEeMEHT  V,
UHTEHCHBHOCTh O%, a TaKKe Oe3yCJOBHBIE HYIEBOE

MaTeMaTHJeckoe OKuaaHue u mucnepcuo M[x2(t)] =
0%. Tlpu ostom OV-npounecc x(t) yaoBIETBOPSET
CTOXacTH4ecKoMy Iu(epeHIHaIbHOMY YPaBHEHUIO

L x(®) +vx() = wo, @

rae v — JekpeMmeHTt v > 0,
w(t) — BHHEPOBCKHI
KOPPEIAIUOHHON (YHKITHEH

ClIydyaliHBI TIpolecc ¢

1
Ky (t,t) = Mw(@)w(t)] = Fmin(t, th.
w

3ajagya O HAXOXKICHHH CTaTHCTUYECKUX CBOWCTB
¢bynkuuonana J; [x] paccmarpusanacs B [6, 7]. Mx monHoe
OIMCAHKUE COJNEPIKHUTCA B IOJYYEHHOM BBIPAKEHHU ISt
HpOM3BOsIIEH (XapakTepucTuueckoi) (yukimun Qy (A)
ciyvaiinoi Benmuannel ¥ = J;[x].

IMocraBuM 3amady O HAXOXKICHHH IUIOTHOCTH
pacmpeneneHust  f(z)  coydallHBIX ~ 3HA4YEHHH  Z
¢byukiponana Z = J,[x] (1) wim, uTO SKBMBAIEHTHO,
npousBoAmIel (xapakrepuctudeckort) QyHkmm (XD)
Q;()\) pacnpenenenuss BEpOATHOCTEH IS CITy4aifHOTO
(bYHKIMOHAJIAa-CBEPTKH C IIAPAMETPOM A.

Q;(A) = (exp —Afo(t)x(T - t)dt) . 3)

31ech YronkoBbIMH CKOOKamMu OyjeM 0003Hayarhb
ycpenHenue B npoctpanctse Gpynkimii {x(t)}.

[MocraBneHHas 3ajaya paHee pacCMaTpHBAlach B
paborax [8-10]. B stux paborax anst BeraucieHus XP
NPUIUIOCH NPEOJONICTh  3HAYMTENbHBIC TEXHUUYECKUC
TPYOHOCTH, B YacTHOCTH, HaWTH aHAIUTHYECKOE
TIpENCTaBICHUS TS QyHIaMEHTAIBHOM MaTpuisl exp(A4),
rae A — Hekoropas noctpoerHas (4 X 4)-marpuna.

B mactosmeit paboTe mpemiokeH M UCIOJIb30BaH
MEHEE CJIOXHBIA MOAXO0J, OCHOBAaHHBI HAa NMPUMEHEHHH
pesepcubix GyHkiwmid. [Ton pesepcuoit Gpynkumeit R[@(t)]
OylaeM mNOHUMATh (YHKIHUIO, OOJaJaronied CBOWCTBOM
Rlp(t)] = @(T —t), TO ecTb CBOWUCTBOM BpPEMECHHOM
nHBepcud Ha uHTepBane 0 <t < T.

BbrunciieHne XxapakrepucTudeckod (GyHKuuuU.
PaccmarpuBas (ynxunonan J,[x] (1) B mpocrpaHcTBe,
obpazoBanHoM MHOxecTBOM (ynkumi {x(t)}, 3anmumem
€ro B BUJIC

1T 2
= — T — —
Jalx] = JO [(x(@®) + (T - )
= (x(®) = x(T = )] at.

(4)

Torna

1 T
0, = lexp {_Zf [x(t) + x(T — O] dt +
o ’ ()
+Zf0 [x(t) —x(T —t)]?dt

Bgenewm cnenytomune GyHKIum:
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u(t) = x(t) + x(T —¢t), (6)
v(t) =x(t) —x(T —t).

[IprHnMas Bo BHUMaHME SBHBIA BUA (YHKIMOHAIA
(1), mpeactaBuM €ro B BHAE HHTETPalioB OT CYMMBI
KBaJIpaTU4HBIX (OpPM

Llx] = Jylx] + Jy[x] =

- % jo T[x(t) +R[x(D)]]" dt — -

_ % f [x(t) - RIx(O]]" dt.

Mockonbky s Gynxuui u(t) = x(t) + x(T —t) n
v(t) =x(t) —x(T —t) CIpaBeTUBO (u(t)) =0,
(w®)=0 u (u)v())=0, To OHH, C yUeTOM
HOPMaJIBHOTO CBOMCTBa mporecca x(t), CTATHCTHYECKH
HE3aBUCHMBI [3]. Orcrona BBITCKAET, 9TO
XapakTepuCTHIeCKyro GyHKIHIo Q,(A) MOKHO 3amucars B
BHUJIE

Qz (7\) =0Qyu (7\) Qv (7\) > (8)

T
Q) = <exp (-3 u2<t>dt)>,
0
T
0,0 = <exp G f vZ(t)dt>>.
0

B ¢akropuzanmonHom npencraineHun (8) mis XD
Q;(}) cuauyana paccMoTpuM IepBbIii MHOXHUTETb Qy ().
Hapsinmy ¢ mHOokectBoM ¢ynkumii {u(t)} paccmorpum
CONpPSIKEHHOE ¢ HUM MHOkecTBO pyHkimit {p(t)}. Torna

Q) = <eXp (_% fOTuZ(t)dt)> = ( f Dp(t) x

T T
X exp {—j p2(t)dt + \/—_Af p(t)u(t)dt}>,
0 0

rac

©)

(10)

rme Dp(t) — o6oOmeHublii nupdepeHnran B TPOCT-
panctBe Qyukiuit {p(t)}. B cuny HOpManbHOCTH (PyHK-
uuii {u(t)} craructuaeckoe cpeauee B (10) pasuo

<exp (\/—_Apr(t)u(t)dt» =

S . (11)
= exp {—EA fo dt p(t) fo dt'p(t’xu(t)u(t'))}

YTO MOCJIE MPSIMOTO BBIMKCIEHHsS KoppensTopa Ky (t,t') =
(u(®),u(t")) naer

T
Qv =po(t) exp —f pz(t)dt—ﬁcﬁx
0 7w

T T
xf dt p(t)f dt'p(t") [exp(—v|t — t']) +

+exp(—v|t+t' — T|)]}>.

OyHKIINOHATEHBIN HHTETpal (12) paBeH
nerepmuHanty dpenronsma
Qu() = det(E + AKy), (13)

rae E — enMHUYHBIN omepaTop.

Ymeeporcoenue 1.

CratucTHUecKWe  CpelHHe,  OCHOBaHHBIE  Ha
koppenstope Ky (t,t") = (u(t)u(t')) ¢ cobcTBeHHBIME
byuxkuuamu {b, ()} u coOctBenHbiMu yncaamu {Ay},
SKBHBAJICHTHBI ~ COOTBETCTBYIOIIUM  CTATHCTHYCCKUAM
CpemHHMM, OCHOBaHHLIM Ha Koppenstope Ky(t,t') =
= (x(t)x(t")) c cobcrBennbiMu QyHKImIMA {b,(t)} u
coOcTBeHHBIMH uncnamu {A,} = {2A,}.

Hoxazamenbcmeo. PaccMOTpUM — ypaBHEHHE IS
cobctBeHHbIX  GyHkumit  {d,(t)} omeparopa Ky ¢
COOTBETCTBYIOIIMM WM HabOpPOM COOCTBEHHBIX YHCEN
(A}, n=1.2..,

q)n(t) = Anf dt,(bn(t,) [exp(—vlt - tll) + (14)
+exp(—v|t +t' —T|)].

Koppemnsitop Ky (t,t") umeer Bua

Ky (et = (x(@x(@)) + (x(@©x(T — ),

u BelpakeH B (14) depe3 KOppemsATOPH HCXOTHOTO
ciryqaitHoro OY-mporecca.

Bo BropoM cmaraemoMm mox wuHTErpaiom (14)
OCYILIECTBHM PEBEPCHYIO 3aMeHy BO Bpemenn T —t' =T,
TOT/1a, BHOBB MCIIONB3YsI IEPEMEHHYIO t', OIyInmM

(15)

T
Bn® = Ay [ A [0+ RIOAEO] X 1)
0
X exp(—v|t — t'|).

U3 (16) BeiTekaer, 4TO Uil PEBEPCHOM (QYHKIHMH
CIIPaBEIUBO

R[q)n(t)] = ¢n(T —t)=

T
= An_[ dt'[$n(t") + R[$n(t)]] X
0
x exp(—v|t +t' = T|)

17)

nJIn

T
Rln(®] = Ay | e [0 + RIGu(E]] X (g
0
x exp(—v[t —t']).
CxknanpBast (16) u (18), mpuxoaum K ypaBHEHHIO
Yn(0) = 28, J) Aty (£ exp(—vie = ¢']),  (19)

rae Y,(t) = d,(t) + R[d,(t)]. B s1OoM ypaBHeHUH
SAPOM CITYXKHUT YK€ KOoppessitop Toibko OY-mporecca.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemmnuii
auanis, ynpasiinus ma ingpopmayiiuni mexnonozii, Ne 44 (1320) 2018 11



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

U3 (16) u (19) MOXKHO 3aKIIOUYNTH, YTO HAXOXKIACHHUE
CTAaTUCTUYECKUX CPEIHMX, OCHOBAHHBIX Ha KOPPEIATOPE
Ky (t,t") MOXKHO CBECTH K HaXOXIECHHIO CTATHCTHYECKHUX
CpemHMX, OCHOBaHHBIX Ha Koppemsitope Ky(t,t').
[ToaTomy

)\ T
Q) = <exp {_ZJ- dt[x(t) + x(T — t)]2}> =
0

- <exp {—% | G dt}>.

B mpaBoil yacTM 3TOr0 BBIPRXKEHUS IOJIyd€HA

(20)

npousBogsimas  ¢yHkuus  Qy(A)  oHepreTHyeckoro
¢dynkumonana Y = J;[x] (1). [Tostomy
Qud) = Qy(1/2). (21)

Ymeepoicoenue 2.

Cratucthdeckne  CpelHHE,  OCHOBaHHBIE  HaA
koppensitope Ky (t,t") = (v(t)v(t')) ¢ cobcTBEHHBIME
¢dyukumsivu {d,(t)} u cobcrBeHHbIMU unciamu {A,},
OKBUBAJICHTHBl  COOTBETCTBYIOIIMM  CTATHCTHYECKUM
CpeIHUM, OCHOBaHHBIM Ha Koppenstope Ky (t,t").

Jlokasamenvcmeo. IlpeoOpa3oBaHus, aHAIOTUYHBIC
BBIIIIC U3JI0KEHHBIM, IPUBOIAT K BHIPAKCHHIO

}L T
ov(d) = <exp {E[ x2(t) dt}>.

IToatomy

Qz(») = <eXp {_}\fo x()x(T —t) dt}> = 23)
= Qy(A/2)Qy(—7/2).

Juis  monydeHHBIX  (YHKIMOHANBHBIX — CPEIHUX
MOJKHO HCIIOJIb30BaTh paHee HaWICHHBIC aHAJTHUTHYCCKHE
npeacTaBiIeHus [5]. DTO OKOHYATEIBHO HAeT IS MCKO-
MO XapaKTepUCTUIECKOH (PpyHKIIH

(22)

Q) = L
3 ( 4r,ve'’ )7 9
(. +v)2 e™+T — (r, —v)Ze ™+T (24)
N 4r_ve'T 2
r_+v)2e™~T — (r. —v)2e T/’

e 1, =+/V2 + Avoz, 1 = /vZ — Avoz.

3ameuanue. Tlocne 3amensl B (24) 2vo2 = 02, u
mpengensHoro  mepexoga v — 0 B momyduBIIEMCS
BBIPOKEHUH TPUXOAMM K XapaKTepUCTHYEeCKOW (DyHKLUH
Quw ) = (exp(—NJ[w])) byukumonana-ceeptku J[w] =
= fOT dtw(t)w(T —t) ot BuHepoBckoro mporecca w(t)
[3, 4]

Qw) = (exp(—=NJ[w])) = (25)

1
ch(vVAo% T)

CaoiicTBa CBEPTOYHOIO ¢yHkumMoHana.
Haiinennas xapakrtepucrtuueckas ¢yukims (24) Q,(A)
¢dyHkmonana-ceeptku Z = J,[x] oT HOpMaJbHOrO Map-
KOBCKOTO TIporecca x(t) coepKUT BCKO CTATUCTHYECKYIO
uHpopmanuio o ciydaitHoil BennuumHe Z. B wactHOCTH,
TUIOTHOCTh paclpe/ielieHus] BeposTHocTed f(Z) MOXKHO
MOJYYUTh C TIOMOIIBIO OOpaTHOro MpeoOpa3oBaHUs
Jlannaca.

Ha puc. 1 nmpuBesneHa 3aBUCHMOCTH TUIOTHOCTH f(Z)
IUIsl 3aJaHHBIX 3HAYCHWH MapaMeTpoB pacyera. I[liot-
HOCTB PacIpe/ieNieHus] BeposiTHOCTeH f(Z) cUMMeTpuyYHa
otHocuTensHo JmHMM Z = 0. BwMmecre ¢ Tem oOHa
YIOBJIETBOPSIET OOIIMM TPeOOBAHMSAM, IPEIBABISEMBIM K
IIJIOTHOCTAM pacnpeaciCHusIM BepOfITHOCTeﬁ
MHTETPaJbHBIX KBAIPATHYHBIX (DYHKIIMOHAJIOB, 2 IMEHHO,
f(z) wuMeer enWHCTBEHHBIH MaKCUMyM, JBE TOYKHU

neperuba ¥  OKCIOHEHLMAJIbHYIO AaCHUMIITOTHKY Ha
nepudepusx.
0.8 ' ' '
flz)
0.6 -
0.4F g
0.2
0 ‘ . .
4 2 0 2 z 4

Puc. 1. [InoTHOCTE pacnpeneneHus BeposTHocTel f(z);
napameTphbl: 0)2( =1.0,T=4.0,v=1.0

Ha puc.2 npuBemeHa 3aBHCHMOCTh — (YHKIHH
pacrtipeaenenus F(z) mist 3T0oro xe QpyHKIHOHAA.

F(z)
0.85
0.6
0.4r

0.2

0 4 !
Y

3

a 0 a z

Puc. 2. dyHkuus pacnpenenenus BeposTHocTel F(z);
mapameTpsl: 0% = 1.0, T = 4.0,v = 1.0

[pu v xoadurmeHT KOppessiiuy BIUSIET Ha MOBe-
JIEHHE TUIOTHOCTH M (YHKIMHU pacnpeneneHus (QyHKIuo-
Hana (1). Ha puc. 3—4 npencrasieHsl rpadMKy IIIOTHOCTH
u QyHKOUM pacnpenencHus QyHkruoHana (1) mpu u3me-
HEHHH [apameTpa AeKpPEeMEeHTa V.

C yBenuueHWEM YpOBHS  Koppemsimuw  (mpu
YMEHBIIICHHH  TapameTpa V) rpapuK  IUIOTHOCTH
pacnpeieneHls HMMEeT TEHJCHLUIO JIOKaJM30BaThCs

BOKpYI' cpelnHero 3HaueHus: (yHkuuoHana (1), moatomy
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IUTIOTHOCTH PAacIpelieNIeHNs] BEPOSTHOCTEH MPU yMEHBbIIIe-
HHU JIeKpEeMEHTa CTaHOBSATCS OoJiee MOJOTMMH, KaK BHIHO
u3 puc. 3.

o | =10/

flz

Puc. 3. [TnotHOCTH pacnpeneneHus BepostHocTel f(2);
napameTps: 0% = 1.0, T = 4.0, v = 0.5, 1.0, 2.0

F(z)

0.8

0.6

Puc. 4. dyHkuun pacrpezeneHus BepositHoctelt F (z);
mapameTpsl: 62 = 1.0, T = 4.0, v = 0.5, 1.0, 2.0

Taxxe ciemyer, YTO yMEHBIIEHUE MapaMeTpa X =
vT, paBHOro OTHOIIEHHIO HHTepBaja HaOmoaeHus T K
JUTMHE KOppeJsiuH L, = v-1 OY-mponecca, MpUBOIUT K
JOKaNM3alMyl  3HayeHWi  (QyHKIMOHama-CBEpPTKH  BO
(haykTyannoHHy0 obmacts Zz = 0.

V3 aHaNOrHYHBIX PacdeToB, MOXKHO MOKa3aTh, YTO
yBeMYeHue napameTpa To% TPUBOJUT K PACIIMPEHHIO
3HaUYeHWH (yHKIMOHANa-CBEPTKH B  HepHdepHiiHble
obmactn Gonmbmux ykjgoHeHWH. Ha puc. 5-6 npuBeneHbl
IUIOTHOCTH W (YHKIHH pacrpelelieHus] Ul 3aJaHHOTO
KBaJIpaTHYHOTO (DYHKIIMOHAA IPH U3MEHEHHH ITapaMeTpa
MHTEHCHBHOCTH O.

W3 puc. 1-6 MOXHO caenaTb BBIBOJ O TOM, YTO
NPUBEICHHbIE  3aBHCUMOCTHU OTBEYAIOT o0ImM
3aKOHOMEPHOCTSIM, XapaKTePHbIM Uil IUIOTHOCTH U
(yHKIMH pacrpeiesieHusI.

U3 (24) cnexyet 1uid nepBOro MOMEHTa, 4YTO

M[Z] = 0. (25)
nanee, AUCIEPCUs PaBHA
—1+exp(—
M[Z?] = o4T? X 2 p( X), x = VT. (26)

ok g5 ,.-4;'_‘- -

Puc. 5. [InotHOCTH pacnpeneneHus BepostHocTel f(2);
mapamerps: 6% = 0.5,1.0,2.0,T = 4.0,v = 1.0

Josemwm———

F(z) SR

0.8
0.6
0.4

0.2t

Puc. 6. ®ynkuun pacnpenenenus BepositTHocTel F(2);
napamerpsl: 6% = 0.5,1.0,2.0, T = 4.0,v = 1.0

Ha puc. 7 MoKa3zaHa 3aBUCHMOCTh
CpeHEKBa/IpaTHYECKOro pazdbpoca O IUIOTHOCTH f(Z)
CITy4alHBIX 3HAUCHUH (pyHKIIMOHANA-CBEPTKH Z.

0.5 T T T T

0.4r 7
0.31 7
021 7
0.1y 7

0 ! ! 1 !
0 0.5 1 1.5 2 T

o
in

Puc. 7. 3aBucuMOCTh cpeJHEKBaIPATHIECKOT0 pa3dpoca o
WIOTHOCTH f (2) OoT mnTensHOCTH HabmoaeHus T; mapaMeTpal:
o2=1v=1

W3 puc. 7 MOXKHO cHenaTb BBIBOJ, YTO IIpU
YBEJIHUSHUU MHTEpBasa HaOII0 e HUS
CpeJHEKBaIpaTHYECKUH  pa3dpOC  IUIOTHOCTH — TaKKe
BO3pacTaer.

Ha pwuc.8 mnokazaHa 3aBHCMMOCTh mapamerpa

UHTEHCUBHOCTH 0 = +/M[Z?] (26) mnoraoctn f(z)
CITyqaifHBIX 3HAYCHUH (PYHKIINOHAIA-CBEPTKH Z.
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0.7 T T T T -
Sigma
0.65F N

o

1.5 2 T <

Puc. 8. 3aBucnmocTs mapaMeTpa HHTEHCHBHOCTH O OT
JUTITENILHOCTH Habmronenust T'; mapamerp: v = 1

BriBoanl. B paboTte paccMoTpeH ciy4aiHBINA Ipo-
necc OpHinTeiHa-YieHOeka, o0Nagaronuil CBOHCTBAMU
CTAallMOHAPHOCTH, HOPMAJbHOCTH M MapKoOBOCTH. Jliis
3aJaHHOTO BPEMEHHOT0 HHTEpBalla M3y4YeHBbl JHEPreTH-
4ecKkuil (PyHKIMOHAN W (YHKIMOHAI CBEPTOYHOTO THIIA.
[MpennoxkeH TMOAXOJ, OCHOBAaHHBIM Ha TNPUMEHEHUH
peBepCHBIX (YHKIHH, 9TO a0 BO3MOXKHOCTH ITOJTyYEHUS
AQHAJMTHYECKOTO BBIPKEHUS UIS MPOM3BOIAIIEH (yHK-
IIUH PacIpeieNiCHNs CIyIaifHbIX 3HaueHNH (QpyHKInoHana-
CBEPTKH.

[I1OTHOCTH U MHTETPANIbHBIN 3aKOH paclpeiesiCHUs
MOJTy4eHbl YHCIICHHO /I BBHIODAHHBIX 3HAUYEHHAX Bpe-
MeHH HaoOroaeHus T, IeKpeMeHTa CIy4aiiHOro mpoiiecca
V H €r0 MHTEHCHBHOCTH 0%. [1OJIy4eHO, UTO yBeIHYEHHE
napamerpa TO0% HPUBOAMT K PACHIMPEHHIO 3HAYCHHIA
(hyHKIMOHATAa-CBEPTKH B TNepudepuiiHpie 001acTu 00Ib-
IIMX YKJIOHEHUH. YMeHbleHue napaMeTrpa vI' mpUBOAUT
K JIOKQIM3alM{d 3HAuYeHHWH (YHKIMOHANA-CBEPTKH BO
¢yxTyannonnoit obnactu z = 0. IInotHocts f(Z) cum-
METpPHYHA OTHOCHUTENBHO NHHUM Z = 0 M yZoBIeTBOpSET
o0muM TpeOOBaHMAM, MPEABSIBISEMBIM K IUIOTHOCTSIM
pacrpezeneHissM BEpOsITHOCTEH WHTErpajbHBIX KBaJpa-
TUYHBIX (DYHKI[OHAJIOB.
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T. 1. IYIOJI

BJUSTHUE HA IYJbCUPYIOLUI KPOBOTOK ) KMBOTHBIX COBCTBEHHBIX M BHEIITHUX
3JEKTPOMATHUTHBIX MOJIEN

PaccMoTpena TeopeTnueckas MoJieldb KPOBOTOKA B KPYITHBIX KPOBEHOCHBIX COCY/aX JKMBOTHBIX, KOTOPas yUUTHIBAET BO3JEHCTBHE IEKTPOMArHUTHBIX
nosield Ha ()OpMEHHBIE 3JIEMEHTH KPOBH, KaK CO3/IaHHBIX CAMHM KPOBOTOKOM, TaK U CYIIECTBYIOIIHX B OKpyKarouel cpene. KpoBeHOCHBIE cOCYABI
MIPE/ICTABIEHbl B BUJE OJHOPOJHBIX LWJIMHIPHUUYECKUX KaHAJIOB C MECTKMMH CTEHKAaMM, a KPOBb — B BHJI€ HbIOTOHOBCKOH >KMIKOCTH. PerieHue
ypaBHeHHs: HaBbe-CTokca NpoBefieHO B NPEANONIOKEHUM, YTO IyJIbCAlUH AaBJICHHA HMEIOT (OopMy NpSIMOYIoOJbHBIX MMITYIbCOB. Jlns yuera
JIOTIOJIHUTENIBHOTO BO3AEHCTBUS Ha KPOBOTOK BHEIIHETO JICKTPOMArHUTHOIO IOJS B YpaBHEHHE JOOABIEHO cllaraeMoe, KOTOpOE OIMCHIBAET €ro
BJIMSHME Ha 3aps] U TOK KpoBH. Iloka3aHO, 4TO OCHOBHOH BK/IaJ B 3TO BO3JEHCTBME OKa3blBAa€T MarHUTHas CoCTaBiisitollas nojs. Mccienosan
XapakTep HOBEAEHMs MOSBIAIONIEHiCs B ITOM Cilydae paguabHOI COCTaBIAIOLIEH CKOPOCTH KPOBOTOKA, a TaKKe H3MEHEHHE €ro IpOoI0IbHOM
cocrapistomeil. [TokazaHo, 4TO pajMaibHas COCTABIIAIONIAs CKOPOCTH HMMEET KOMIUIEKCHYIO aMIUINTyny. [IpuOimkeHHe 9acTOTHI MaJalomero
3JIEKTPOMArHUTHOTO MOJIS K YacTOTE ITyJIbCALH JAaBJI€HUs IIPUBOIUT K PE3KOMY YBEIMUYEHHIO PAMAJIbHOM COCTABIIAOIIEH U BO3MOXKHOMY OCEIaHHIO
(OpPMEHHBIX 3JEMEHTOB KPOBH Ha CTEHKax cocyzaa. OJHOBPEMEHHO C MOSIBIEHUEM paJUaJbHOI COCTaBIAIOIIEH KPOBH MEHSETCSl U IIPOJOJIbHAs
cocTraBsonas. YUCIeHHBIH aHaIU3 3aBUCUMOCTH MPOJOIBHON U paJuabHON COCTaBIISIONIEH KPOBOTOKA MOKAa3ald UX CYLIECTBEHHYIO 3aBHCHMOCTh
OT YaCTOThI BHELIHETO 3JIEKTPOMAarHUTHOIO I10JIs1, KOTOpas UMEEeT Pe30HAHCHBIN XapakTep. Bo3pacraHue ckopocTeil HacTynajlo Ha 4acTOTax paBHbBIX
4acTOTE Iy/IbCALlMii KPOBOTOKA HJIM €€ TapMOHHUK. OJJHOBPEMEHHO BO3HHKAET MPEAIIOI0KEHHIE O TOM, YTO TaKOH ke 3(QPEKT MOKHO 0XKMAATh, €CIIN Ha
KpoBb OyJeT BO3IEHCTBOBATH CBEPXBBLICOKOYACTOTHOE IIOJE, MOAYIHPOBAHHOE CBEPXHU3KHMH YaCTOTAMH, YTO BO3MOXHO, YUHTBIBas CIIOCOOHOCTH
KPOBH B COCYaX OCYLIECTBILATH (DYHKIHIO IETEKTHPOBAHHMS.

KiioueBblie c10Ba: KPOBOTOK, BHEIIHUE dJIEKTPOMArHUTHBIE 1O, ypaBHeHue HaBbe—CTOKCa, IMynbcalusl KPOBH, COCTAaBIIAIOIIHE CKOPOCTH,
PE30HAHCHBIC SBICHHS.

T. 1. IYIOJI

BIIVIMB HA ITYJIbCYIOUY TEYIIO KPOBI TBAPUH BJIACHHUX I 30BHIIITHIX
EJIEKTPOMATHITHHUX I10JIIB

PosrisHyTa TeopeTHYHa MOJENb KPOBOTOKY Y BEMKHX KPOBOHOCHHX CyJHHAX TBapHH, sika BPAaXOBYE BIUIMB €JIEKTPOMArHITHHX IOJIB Ha (OpMeHi
@JIEMEHTH KPOBI, SIK CTBOPEHHX CAMHM KPOBOTOKOM, TaK i iCHYIOUMX Yy HAaBKOJHIIHBOMY cepefoBHIli. KpOBOHOCHI CyAMHHU NpEICTaBICHI y BUIIISI
OJHOPIIHUX LITIHAPHYHUX KaHANTIB 3 JXKOPCTKHMH CTIHKaMH, & KPOB - ¥ BUIJISAI HBIOTOHIBCHKOT piauuu. Pimenns piBusuus Hag'e-Crokca npoBeaeHo
B NPHIYIIEHHI, IO IyJbcamil THCKy MaloTh (OpMy NPSIMOKYTHHUX iMmynbciB. Jms oONiKy IOAATKOBOrO BIUIMBY HA KPOBOTIK 30BHINIHBOIO
€JICKTPOMATHITHOTO TIONISt B PiBHAHHS JIOIAHO JI0JJaHOK, SIKMil OMHUCye HOro BIUIMB Ha 3apsj i cTpyM kposi. IToka3aHo, 0 OCHOBHMII BHECOK B II€i
BIUIMB pOOMTH MarHiTHa CKi1anoBa noss. JocimipkeHo XapakTep MOBEAIHKM pajiaibHOi CKJIAJ0BOI MIBUAKOCTI KPOBOTOKY, IO 3'SIBISETHCS B LOMY
BHUIAJKY, a TAKOK 3MiHa HOro mo3J0BXKHBOI cKkianoBoi. ITokasano, mo pajiansHa CKJIaJ0Ba IIBUKOCTI Mae KOMILUIEKCHY amIutiTymy. HaGmmkenns
YaCcTOTH IaJIal0uo0ro eJIeKTPOMArHITHOTO OIS IO YaCTOTH ITyJIbCALiil THCKY MPHU3BOIUTB A0 Pi3KOro 301IbIICHHS paJlialibHOI CKIIAJJ0BOI i MOXIIHBOTO
ocinaHHa (OpMEHHX eNeMEHTIB KpOBi Ha CTiHKax cyauH. OJHOYACHO 3 MOSBOIO PaialbHOI CKJIQJ0BOT KPOBI 3MIHIOETHCS i MO3/IOBXKHE CKIIAZ0BA.
YnicenpHUI aHaNi3 3aleXKHOCTI MO3J0BXKHBOI 1 pajianbHOI CKIAI0BOi KPOBOTOKY IOKa3aB iX CYTTEBY 3aJ€KHICTh BiJl YaCTOTH 30BHINIHBOTO
€JICKTPOMATHITHOTO TIOJNIS, SIKA MAa€ PE30HAHCHUH XapakTep. 3pOCTaHHS MIBHAKOCTEH HACTYNAJIo Ha 4acTOTaX PIiBHUX YacTOTi ITyJbcaliii KPOBOTOKY
a0o i rapmoHik. OJHOYAaCHO BWHMKAE TNPHUIYLIEHHA INPO Te, W0 TaKUH ke e(peKT MOXKHa OuiKyBaTH, SKIIO Ha KpoB Oyle BIUIMBATH
HaJIBUCOKOUYACTOTHE II0JIe, MOIYJIbOBaHE HaJHH3bKHMH 9aCTOTaMHM, 0 MOXIINBO, 3 OTJIITY Ha 3[aTHICTh KPOBI B CyAWHAX 3[iHCHIOBATH (YHKIIIO
JeTeKTyBaHHs. 1le nocuTh MpaBIONMOAIOHO, OCKBUIBKM MEMOpaHHI CTPYKTYypH KJIITHH, B TOMY YHCIi i KJITHH €PHTPOLHTIB, BOJOJIIOTh TaKUMH
BIIACTUBOCTSIMH.

Ku04oBi ciioBa: Teuist KpoBi, 30BHIIIHI €JIeKTPOMarHiTHI mois, piBHsHHA Has'e—CToKca, myJsbcallis KpOBi, CKIIaJ0BI IMIBUIKOCTI, PE30HAHCHI
SIBHIIA

T.D. HUTSOL

INFLUENCE ON PULSING BLOOD OF ANIMALS BY OWN AND EXTERNAL ELECTROMAGNETIC
FIELDS

A theoretical model of blood flow in large blood vessels of animals is considered, which takes into account the effect of electromagnetic fields on the
formed elements of the blood, both those created by the bloodstream itself and those existing in the environment. Blood vessels are presented in the
form of uniform cylindrical channels with rigid walls, and blood - in the form of Newtonian fluid. The solution of the Navier-Stokes equation is carried
out under the assumption that the pressure pulsations have the shape of rectangular pulses. To account for the additional effects on the blood flow of an
external electromagnetic field, a term was added to the equation that describes its effect on the charge and flow of blood. It is shown that the main
contribution to this effect is made by the magnetic component of the field. The nature of the behavior of the radial component of the blood flow
velocity appearing in this case, as well as the change of its longitudinal component, is investigated. It is shown that the radial component of velocity
has a complex amplitude. The approximation of the frequency of the incident electromagnetic field to the frequency of pressure pulsations leads to a
sharp increase in the radial component and the possible sedimentation of blood corpuscles on the vessel walls. Simultaneously with the appearance of
the radial component of the blood, the longitudinal component also changes. Numerical analysis of the dependence of the longitudinal and radial
components of the blood flow showed their substantial dependence on the frequency of the external electromagnetic field, which has a resonant
character. The increase in velocity occurred at frequencies equal to the frequency of the pulsations of the blood flow or its harmonics. At the same
time, there is an assumption that the same effect can be expected if the blood is affected by a microwave field modulated by ultra-low frequencies,
which is possible, given the ability of blood in the vessels to perform the detection function.

Keywords: blood flow, external electromagnetic fields, Navier—Stokes equation, blood pulsation, velocity components, resonance phenomena.)

BBeueHne. OZ[HI/IM 13 CYIIECTBCHHLIX BOIIPOCOB IIpU CIIYKUJIO HpH‘IHHOﬁ IOABJICHHUA JOCTATOYHOI'O KOJIHNYC-
HN3y4YCHUU (1)I/ISI/IOJ'IOFI/I‘-IGCKOF0 IOopTpETa 4CJIOBCKA U KU~ CTBa pa60T, TIOCBAIICHHBIX ﬂaHHOﬁ HpO6J’I€M€. OI[HaKO
BOTHOT'O ABJIAKOTCS BOIIPOCBHI NAWHAMHUKH KPOBH. D10 10- MHOTHE W3 HHUX OTrPpaHUYUBAIOTCA PACCMOTPECHUEM JIMIIb
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CTallUOHAPHOIO Cilydas. JTO 3HAYUTEIBHO CYXaeT IMpH-
MEHEHHE TOTYYCHHBIX PE3YJIbTaTOB IS OIICHKU SIBIICHHM,
CBSI3aHHBIX C BO3ACUCTBHEM Ha KPOBOTOK BHEIIHUX ITEPH-
OIMYECKH HM3MEHSIIOIIUXCSA (aKTOPOB, TAKUX, KaK DIIEK-
TPOMarHUTHEIE OIS

ITocTanoBka 3agaum. PaccMOTpUM OJHOPOIHBIN
MWINHAPUYECKUI KaHaIl ¢ JKeCTKUMH CTEHKaMH paanyca
R v munel L. KaHan 3amonHeH KpoBbio, KOTOPYIO MBI Oy-
JIeM paccMaTpUBAaTh Kak HBIOTOHOBCKYIO KHAKOCTH [1-3].
Ha Bxoze xaHama AeHCTByeT MEPHUOAMYECKHI HCTOUHHK
JnaBneHus. B sToM ciyuae nBM)KEHHE HBIOTOHOBCKOM
JKHJIKOCTH MOXET OBITh OTMHCAHO C IOMOIIBIO YPaBHEHUS
Haeee—Ctoxkca [4—6]:

v
— = —VP +nVp, 1
T Y @
rae V- CKOpOCTB KpOBOTOKa;

P — npunoxeHHOE Ha BXO/I€ KaHaJIa JIaBJICHHE;
p — IJIOTHOCTH KPOBH;
1 — BA3KOCTh KPOBH.

VYpasHenue (1) sBiseTCS HENWHEWHBIM, OJHAKO TOT
(haxT, 9TO IBIKEHHWE KPOBH B COCYAAX SBISETCS JIaMH-
HapHBIM, JaeT BO3MOXKHOCTH JIMHEAPH3WPOBATh 3ajady.
Kpome Toro, JaMHHapHOCTH MOTOKA HMPUBOAWUT K TOMY,
YTO CKOPOCTH ¥ UMEET JIMIIb OJTHY KOMIIOHEHTY V.

C y4eToM CKa3aHHOTO BBIIIIE, a TAKXKE MPUHUMAs BO
BHUMaHHE OCECHUMMETPHYHOCTh  3aJayl (% = ),
MOJyYHM ypaBHEHHE AJS V, B LMIMHAPUYECKOH cUCTEME
KOOpJAMHAT B BUJIE:

v, 0%v,

10v,\ 1AP
ac "\ or2

+r ar) p L’

O]

rae AP — nepenaj JaBieHUs B KPOBOTOKE MEXKIY KOHIIOM
Y HA4aJIOM KPOBEHOCHOT'O COCYy/1a 3aJaHHOU JUIUHBI L;

V — KUHEMATHUYCCKasd BA3KOCTb, paBHas T]/p

ITo cBoemy xapakxrtepy BblpaskeHue (2) sBiseTcs He-
OTHOPOTHBIM UG PEPEHITHATHHBIM YpaBHEHHEM C OJIHO-
POIHBIMU HaYaJIbHBIMH M TPAHHYHBIMH YCIIOBUSIMHU:

v,(r,0) =0; v,(R,t) =0. 3)

[IpaBas yacTp ypaBHEHHUS (2) COHCPKUT BEITHUUHY
AP, mpencraBisionyr0 coboli mepeman nasincaus AP, B
KPOBEHOCHOM COCYZI€ M MMEIOIIYI0 MMITYJIbCHBIN Xapak-
Tep.
O003HaYMM JIUTENFHOCTD UMITYJIBCOB &, M TIEPHOJT
noBTOpeHus — t;. Toraa
ty
o=
Metoab! uccaenoBanus. sl pemieHnst ypaBHEHUS
(2) pazmoxum ¢yukmmio AP(t) B psx @ypee M0 KOCHHY-
caM M BOCTIOJIb3yEMCSI METOJIOM pa3/eeHHs IEPEMEHHBIX.
JIJ1s1 3TOTO TOJI0XKUM

v = ) RTa(). @

C YUY€TOM BBIHMICCKA3aHHOT'O, BBIPAXKCHUC IJIS IIPO-

JIOJIbHOM COCTaBJISIIOIIEH CKOPOCTH KPOBOTOKA U, UMEET
BH/;

_ 2Py Jo(og”r) o .
? AT AN v((xgo))Z

|

2 2
2% sjnkne%sinklt+(%) v(ago)) cos klt
+EZ k 021 ®)
k=1 1+ V(al )
kl

3necs Jy, J; — ynkun beccens nepsoro poaa;

M.

0) _
o =

ugo) = \/%R — kopeHb QyHKIMH beccens HyneBoro

MOPsI/IKa;

A4 — cOOCTBEHHOE 3HAUEHHWE ypaBHEHUs, OIpeess-
roero R, (1);

==

ty

IMockonbKy paccMaTpUBAJIOCh pelIeHUe mpu t — 0o,
TO MEpPEXOJHbIC MPOLECCHl B PacdeT HE MPHUHUMAJIHKCH.
Boruucnenue T, (t) maer GBICTPO CXOAAMIMECS PSAIbI, MO-
3TOMY I OIKCAHUSA IPOIECCOB, IPOMCXOISINIUX IPU
JABMOKCHUM  KPOBH, MOXHO OIpPAaHUYUTHECA TI€PBLIMU
JIBYMS-TPEMsI TapMOHWKaMH pasnoxenuss AP(t). Uro
Kacaercsl pas3lIoKEHHsI 10 COOCTBEHHBIM (YHKIHAM, TO
3nech gocratoyHo B3sATh n = 1. Ilpu n > 1 Henocpen-
CTBCHHAsI TTOJICTAaHOBKA KopHeW ¢yHkuuu beccens Hye-
BOTO TIOpsIKA M HauboJiee XapaKTEPHBIX Pa3MEpOB Kpo-
BEHOCHBIX COCYIOB B BhIpakeHue st Ty, (t) ToKasbiBaeT
nperedpexumyro mauocthb T, (t), T53(t) u T.4. M0 cpaBHe-
auro ¢ Ty (t).

Ileppoe  cmaraemoe B  (UIYpHBIX  CKOOKax
COOTBETCTBYET JIBIDKCHHIO KPOBH TIPU TOCTOSHHOM
JABJICHUM Ha BXOJe¢ KPOBEHOCHOIO cocyaa. Bropoe
cllaraeMoe JaeT TIOMpaBKy, CBS3aHHYIO C ITyJbcamueit
kpoBu. FEro mosBieHHWe o3HadaeT, dYTo MIpPOQIITH
CKOpOCTEH KpPOBOTOKa OYIET COBEpIIaTh MEPHOANICCKUEC
KoNeOaHHusT OKOJI0 CPEIHEero 3HAYeHHUsT C HEKOTOPOW
YacTOTOM.

ITonydeHHbIl pe3ynbTaT YKa3blBa€T HA BO3MOKHOCTh
BO3BHUKHOBCHHA B MYJIbCHUPYIOINIEM KPOBOTOKC SIBIICHUU
pe3oHaHCHOTO XapakTtepa. OHHM MOTYT BO3HHUKHYThH, B
YaCTHOCTH, IIOJ{ BJIMSHUEM CHJIBI COOTBETCTBYIOIICH
9YacTOThI, BBI3BAHHOW BHCIIHUM  3JICKTPOMATHUTHBIM
MOJIEM, MPOMOJYJIMPOBAHHBIM C YaCTOTOW MyJbCAIIMU
naBieHus. OTHUM U3 CIECTBHIA 3TOTO OyAET YBEIHMUCHHE
CKOPOCTH KPOBOTOKa M BO3MOXXHOCTH CTOJKHOBCHUS
(hOpMEHHBIX JIEMEHTOB KPOBH, HECYIIHX 3JICKTPUUCCKUI
3apsiz.

BwMmecte ¢ Tem, aHANN3 BBIPAKEHHS JUIS U, AaET BO3-
MOXHOCTb CBSI3aTh 3HAYCHHE DTOW BEJIMYMHBI C BEJUYH-
HOH auamerpa cocyna. Tak, B cocynax ¢ MajbIM cede-
HHEM, KoJieOaHHsi CKOPOCTH OYAyT OIpENEeNsThCs ciarae-
MbIM C coSklt, a B cocymax C OOJBIIUM IOMEPEYHBIM
ceueHueM — ¢ sin klt.
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PaccMoTpuMm Temepr KpOBOTOK IO/ BO3JEHCTBHEM
BHEIITHETO JJIEKTPOMArHUTHOTO TOJIS,, KOTOPOE XapakTe-
pHU3YETCs 4acTOTOM W U aMIUIUTyAaMu BEKTOpoB Ey u H,.
B stom ciydae ypaBHenne HaBre—Croxca mpmobOperaer
HECKOJIbKO WHOH BUJ [7, 8]:

ov

% + - Vv=

1 1. L
= —SVP+=f+-V-v+—(5+)Vdivw,  (6)
P PP pr 3
rie & — BTopoit Koa(PUIMEHT BI3KOCTH.
Cuna f BblpakaeT JAEHCTBHE 3IIEKTPOMAarHUTHOTO
TIOJIS HA CBSI3aHHBIE CO CPEeNIOM 3apsijl, TOK ¥ paBHA

f = peE + uolJ, H], U]
e P — 00bEMHAs INIOTHOCTD 3apsiia;
Ho = 411077 ra/m;

J — JI0THOCTH TOKA.

Cunras, KaKk ¥ BBIIIE, KPOBb HECKMMAEMOW KHIKO-
CTBIO, a €€ TCUCHHUE JIJAMUHAPHBIM, a TAKXKe TO, YTO OCHOB-
HOe BO3JCHCTBHE Ha KPOBb OyIeT OKa3bIBaTh BHEIIHEE
MarHUTHOE TI0JIe, peodpasyem (6) K BUITY:

av
—— =—-VP+2[LH 8
A pv + B [1, 1, (8)

rae J = eNvy — INIOTHOCTBH TOKa SPUTPOLIUTOB;

e — 3apsJ OAUHOYHOI'O SPUTPOLIUTA;

N — KONMU94eCcTBO IPUTPOINTOB B EAMHUIE 00BEMA;

Vo — CKOPOCTh KPOBOTOKa 0€3 BHEIITHETO ITOJIS.

VYpaBuenue (8) MoxeT OBITh MPEACTABICHO B BHUJC
TpeX CKAISAPHBIX YPaBHEHHH, OMUCHIBAIOIINX paTHallb-
HYI0, a3UMYTaJIbHYIO U IIPOAOJIBHYIO COCTaBIISAIOIINE CKO-
poctu. VHTepec MpencTaBisAOT paAuaibHas U MPOJOIb-
Hasl cocrapisonre. Takum oOpa3oMm, 3ajavya CBOAMUTCS K
PELICHHIO IBYX YPABHEHMM:

ov, 10 ( avr)+azvr 3
ot v ror Tar 0z2 |~
eN
= R0y, [ &0, Hl,: ©)
p
v, 10 ( 6172) 0%v,
—v|—-——|7r =
at ror\ or 0z2
_eNpg 0 1AP
- p vOz[ez,H]z+p L- (10)

OmnpenenyM paananbHYIO COCTABISIONIYI0 CKOPOCTH.
ITpu pemeHnn 3agadn HEOOXOAMMO PACCMOTPETH [IBa
ciyyast: BeKTop H HampaBsiieH BIOJb OCH COCyAa, U CIy-
4aii, koraa Bektop H HampapieH NeprneHIuKyIIpHO 3TOH
ocu. JIuHeliHas KOMOMHAIMS 3THX JBYX CIy4aeB aaeT
BO3MOXKHOCTh PAacCMOTPETh MPOU3BOJIBHYIO OPHEHTALUIO
BEKTOPa MarHUTHOT'O TIOJIS.

Ecnn mmeercst numib MpoAosbHAS COCTABIISAIONIAS
BekTopa H To mpaBas yacTe ypaBHeHHUs (9) paBHa HYITIO.
OHO omuchIBa€T MpPU 3TOM BO3MOXHBIE COOCTBEHHBIC

KOJICOAHUSI CHCTEMBI B TIONICPEYHOM CCUCHHH COCY[a, BBI-
3BaHHBIC CTOXACTHUYECKUMH mporeccamu. OJHAKO HAaJH-
YKe BSI3KOCTH B KPOBHU MPUBEIET K OBICTPOMY 3aTYXaHHIO
TaKMX KOJIEOAHUH.

PaccmoTpuM ciydail nonepeysoro Bekropa H:
H=H.e}+ H,e;, (11)

B npenmnonoxeHn# 0JJHOPOAHOCTH MAarHUTHOTO TTOJIS
BJIOJIb OCH COCY[Ia, pelieHne ypaBHeHus (9) numeert BUA:

ZeNuOHOq,AP0
ZLH(O)I (”50))

0

+
v(o?)” [v(@®)” + ico]

2 & sin kTO
+;Z
O
k=1 v(a
k|1 +7kl

+

1 [v((xgo))z + iu)] sin klt — kl cos klt
X |—
+ k212

[v(ago))z + iw]z

w(@®)’ [v(e?) + iw] cos kit +kl sin kit

k212 2
[ (a(o)) + iw] + k212
x Jo(a"r)ete, (12)
rae Hyp — aMmiuTy1a a3uMyTaibHOM COCTABMAIONICH

MAar"HmMTHOTO I10JIA.

Kak BunHo 13 (12), paananbHas COCTaBIAIONIAs CKO-
pOCTH MMeeT KOMIUIEKCHYI amIutyay. Ee pelicTsu-
TeNbHAs YacTh OMNpeNeNsercss aMIUIUTYA0M M 4acTOTOH
MyJbCallMi JaBJI€HUS B KPOBOTOKE IPH OTCYTCTBHHU
BHEIIIHET0 JIEKTPOMArHUTHOTO MOJs, MHHMAas 4acTb —
JleicTBUEM Ha KpoBOTOK BHewHero OMII ¢ yactoroil w.

Pe3yabTaTel MoAeMpOBaHUsl. AHaNM3 MONYyYEH-
HOTO BBIP&)XCHHS TOKA3bIBACT, YTO Benm4uHa v, (t) Oyzer
HE3HAYUTECIIbHA IIPU JOCTATOYHO OOMBIINX YaCTOTAX .
OpiHaKo MpUOIIKEHNE YacTOTHI MAAAI0IIero dIeKTpoMar-
HUTHOTO MOJISl K YacTOTe IyJIbCallMii KPOBOTOKA WIH K
OJTHOW M3 ee T'apMOHHK JOJDKHO NPUBOIUTH K PE3KOMY
YBEJIMYECHUIO aMIUIUTYJBl V., TO €CTh K PE30HAHCHBIM
SIBICHUSIM. DTO MOET B CBOIO O4YEPENb PE3KO YBEIUYHUTh
BO3MOXKHOCTh 00pa3oBaHMs TPOMOOB M APYTHX HeEKela-
TEJIbHBIX SBJICHUH. YMEHBIICHHE YACTOTHI 10 HYJIS BHOBb
CIeNaeT vV, HE3HAUUTEIbHOW U PaBHOW MOCTOSHHOM BEJU-
YHHE.

OueHnM Temnepp BIMSHUE NMPOAOIBHOTO M IMOIEped-
HOTrO BeKTOopa H Ha NPOAOJIBHYIO COCTABISIFOLIYIO CKO-
poctu KpoBoToka. s 3toro pemuMm ypaBHeHue (10).
Bocnonp30BaBIIMCh YCIIOBHEM PAaBEHCTBA IUBEPreHLIUH
HYJIIO0, IPUXOJUM K BBIPAXKEHUIO:
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2eNpoHy APy z
p2LR Jy(15”)

v, =—

0

v(@®) [o(e) + o] "

2 & sin k0
iy
=5 V(a;’))

[ (a(o)) + iu)] sin kit — kl cos klt

2
Z [v(cxgo))z + iw] + k2[2

+

v(ago))z [v(ago))z + iw] cos klt +klsin klt
k22

2
[v(ago))z + i(o] + k2[2
x J ({7 )etet, (13)

TZe V, MEHSETCS B Mpeaesax JUHBI L TaHHOTO cocyaa.

Takum 06pa3oM, 1ocie MOSIBJICHUS BHEIIHETO AJIEKT-
POMarHuTHOTO 10JIs, BeKTop H KOTOpOro HampasiieH rep-
NEeHUKYJISIPHO OCH COCYyJa, B HPOJOJIBHON COCTaBIISIO-
meld CKOpOCTH TMOsIBIsieTcsl J1o0aBKa, omnpeaenseMas
BeIpakeHueM (13).

BuiBoabl. AHaNNM3 3aBUCUMOCTH U, U U, OT YacTOTHI
BHEIITHETO 3JIEKTPOMAarHUTHOTO TIOJIS ITTOKasall MX pe3o-
HaHCHBIA XapakTep. Bospactanue ckopocTell HacTynajio
Ha YacTOTaX PaBHBIX YACTOTE ITyJIbCAlMii KPOBOTOKA WA
ee rapMoHHUK. OTHOBPEMEHHO BO3HUKAET MPEIOTIOKCHIE
0 TOM, YTO TaKOW e IPPEKT MOKHO OKUAATh, €CIU Ha
KpoBb Oyzaer Bo3zaeiictBoBath CBY moine, MomyupoBaH-
HOE CBEPXHU3KHUMHU YaCTOTaMH, YTO BO3MOXKHO MpH CIIO-
COOHOCTM KPOBH B COCyJax OCYLIECTBIISTH (DYHKIHIO
nerektupoBanus [9-12].
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T. N. LISETSKY

EFFICIENCY RESEARCH OF THE THREE-LEVEL MODEL OF SMALL-SERIES PRODUCTION
PLANNING

We consider the problem of finding an order portfolio that maximizes the total profit according to one of five optimization criteria and should fit the
beginning date of the planned period and the due dates specified by the customers. Also, we need to build for this order portfolio a feasible (not vio-
lating the due dates) operational plan of jobs processing that would correspond to the minimum possible processing time of the entire order portfolio.
We show that the problem in this formulation is a multi-stage scheduling problem. We describe previously developed methodology for the problem
solving: the three-level model of production planning. We substantiate the possibility of applying the methodology for any type of small-series pro-
duction according to one of the five criteria of optimality. We show that independently of the production type considered, whatever is the original
production technology, and no matter how the multi-stage scheduling problem is implemented, we reduce the planning problem solving for any of the
five optimality criteria to obtaining a feasible solution of the multi-stage scheduling problem for the criterion of maximizing the start time of the earli-
est job. We show that the efficiency of the multi-stage scheduling problem solving depends on the efficiency of solving the first level of the three-level
model. Therefore, we statistically investigate and prove the efficiency of solving the problem of minimizing the total weighted completion time of jobs
with precedence relations on a single machine. We show the efficiency of PSC-algorithm for the problem solving for the case when the weights of
only terminal vertices of the precedence graph are non-zero. We have shown that the approximation algorithm for this problem solving allows to solve
real practical large size problems (we checked dimensions of up to 10,000 jobs). The solutions obtained by the approximation algorithm coincided
with those obtained by the exact PSC-algorithm in 99.97 % cases.
Keywords: production planning, PSC-algorithm, exact algorithm, approximation algorithm, combinatorial optimization, scheduling

T. M. IHCELIbKHH

JOCJII)KEHHSA EOEKTUBHOCTI TPUPIBHEBOI MOJIEJII INIAHYBAHHS IPIBHOCEPIMHOI' O
BUPOBHUIITBA

PosrisigaeTbes 3a1a4a 3HAXODKEHHS TOPTQENs 3aMOBJICHb, SIKHH MaKCUMi3ye CyMapHHil IpUOYTOK 3a OJHUM 3 II’SITH KPUTEPIiB ONTHUMI3allii Ta mpu
SIKOMY JOTPHMAHO [10YaTOK IJTAHOBOTO MEpiofy i AMPEKTHBHI CTPOKH, 3aJaHi 3aMOBHUKaMHU. Takox MOTPiOHO MOOYyAyBaTH Ul LbOro mopTdens 3a-
MOBJICHb JOITyCTUMUI (IO HEe MOPYLIy€e TUPEKTHBHUX CTPOKIB) IOOEPAIiHHIIH IIIaH BUKOHAHHS POOIT, IKOMY BIANOBiaB O MiHIMAaIbHO MOXKITUBHI
Jac BUKOHAHHA BChOTo noptdens 3amonnens. [TokasaHo, 1110 3a/ja4a B Takiif I0CTaHOBLI € 6araToeTanHo 3a1a4yeto KaJeHIapHoro mianyBaHHs. Onu-
CyeThes paHile po3pobiaeHa METOI0IIOTIS PO3B’A3aHHs 3a1adi — TPUPIBHEBA MOJEINb [UIAHYBaHHS BUPOOHUITBA. OOIPYHTOBYETHCS MOXIUBICTD 3a-
CTOCYBaHHS METOJIOJIOTI] ISt Oy Jb-SIKOT0 BUAY ApiOHOCEPiifHOro BUpOOHUITBA 32 OJHKUM 3 JAHUX II’SITU KPUTEPiiB onTuManbHOCTI. [TokazaHo, mo st
OyIb-AKOTO BUy BUPOOHHIITBA, IPK Oy Ib-sIKiil BUXi/HIi TeXHOJIOTii BUKOHAHHSA BUPOOIB i mpu Oyab-sKiil peanisallii 6araToeramHoi 3a1aui kajgeHaap-
HOTO IUIaHyBaHHS, PO3B’SI3aHHA 3aladi IUIaHYBaHHS 3a OJHMM 3 I[HX II'SITM KPUTEPIiiB ONTHMAIbHOCTI 3BOJAMUTHCS IO OTPUMAHHS HPHIYCTHMOTO
Po3B’A3Ky GaraToeTanHol 3a/1a4i KaJIeHIapHOTO IUIAHYBaHHS 32 KPHTEpieM MaKCHMi3allii MOMEHTY 3arycKy HaiOinbmr paHHboi podoTn. ITokasano, mo
eeKTHBHICTh PO3B’s3aHHs OGaraToeTanHoi 3a1adi KaJCHIAPHOTO IIAaHYBAaHHS 3aJICKUTh BiJl €EKTUBHOCTI PO3B’sI3aHHS MEPIIOTO PiBHS TPUPIBHEBOT
Mozeni. ToMy, CTaTUCTUYHO AOCIIJDKYETbCS 1 OOTPYHTOBYEThCS €(EKTHBHICTH PO3B’S3aHHS 3a/adi MiHiIMi3alii cyMapHOTO 3Ba)KCHOTO MOMEHTY
3aKiHYCHHS BUKOHAHHS POOIT 3 BIJHOCHHAMH IIepeyBaHHs Ha omHoMy npmiani. IToxazana edexrusHicts I1JIC-anroputMy po3B’si3aHHS 3amadi ULt
BHIIAJIKY, KOJM Bard BCiX BEPIIMH rpada mepeayBaHHs, KpiM KiHIEBHX, NOPIBHIOIOTH Hymo. [Toka3aHo, 1110 HAaOKEHHIT alrOPUTM PO3B’A3aHHS i€l
3aJa4i J03BOJIsi€ pO3B’SI3yBaTH pealbHi MPaKTHYHI 3a/1a4i BeJIMKOI po3mipHOCTi (nmepesipsincs po3mipHocti 10 10,000 pobit). Po3B’a3ku, orpumani
HaOJIMKECHNAM alroOpUTMOM, 30irtucs 3 orpuMannmu TouauM [1/IC-anropurmom B 99.97 % Bumaxkis.

Kurodosi cioBa: mianyBanHs BUpoOHUITBa, [1/[C-anroput™, TOUHMI anropuT™, HAOMIKEHUH aNropuT™, KOMOIHATOpPHA ONTHMI3allis, CKJia-
JTaHHS PO3KJIaIiB

T. H. JHCELIKHH

UCCJIEJOBAHUE Y®O®EKTUBHOCTHU TPEXYPOBHEBOM MO/IEJIU IIJTAHUPOBAHUS
MEJKOCEPHUIHOI'O ITPOU3BOICTBA

PaccmatpuBaetcs 3a1aua HaX0XKIeHHs MOPT(eN 3aKa30B, MAKCUMU3HPYIOIIETO CyMMapHyI0 IPHOBLIb 0 OXHOMY U3 ISATH KPUTEPHUEB ONTUMU3ALUH,
IIPH KOTOPOM COOIIOAEHO HAavalo MIIaHOBOTO IePHO/ia U TUPEKTUBHEIC CPOKH, 3a/laHHbIC 3aKa3uiKaMy. Takxke TpeOyeTcst HOCTPOUTH JUIS 9TOrO HOPT-
(e 3aKa30B JOMYCTUMBIN (He HAapyLIAIOMINK TUPEKTHBHBIX CPOKOB) MOOIEPALIMOHHBII IIJIaH BBINOJIHEHHS paboT, KOTOPOMY COOTBETCTBYET MHHH-
MaJbHO BO3MOXKHOE BpeMs BBINOJIHEHHs Bcero nopTdens 3aka3on. [loka3aHo, uTo 3a[aya B TaKOW MOCTAHOBKE SIBIAETCS MHOTOATAaNlHON 3ajaueil Ka-
JICHIAPHOTO IUTaHUpoBaHus. ONUCEIBaeTCs paHee pa3padoTaHHAash METOJOJIOTUS PEICHHS 3aJa9l — TPEXyPOBHEBAsI MOJIENb INIAHUPOBAHUS IIPOH3BOI-
crBa. OGOCHOBBIBACTCSI BO3MOXKHOCTh NMPUMEHEHHUSI METOAOJIOTHU JUIsl JIFOOOT0 BHA MEIKOCEPHIHOIO NMPOU3BOACTBA IO JIIOOOMY M3 JaHHBIX IATH
KPUTEpHEB ONTUMAaIbHOCTH. [IoKa3aHo, 4To [UIs JIF0OOTO BHUJIA TPOU3BOJICTBA, PH JIOOOH HCXOMHOM TEXHOIIOTMH BBIOJIHEHUS M3EIUI U IPH JIH000H
peay3aliy MHOTOITAITHON 3a/1aull KaICHIAapHOrO IUIAHHPOBAHMS, PEIICHUEe 3a/1aull IUIAHUPOBAHMS 0 JII0OOMY H3 IIITH 3THX KPHTEPHEB ONTHMAIIb-
HOCTH CBOJHMTCS K MOJNYYCHUIO JOMYCTHMOIO PELICHUs] MHOTOITAITHOM 3a1auy KaJeHIAPHOTO IUIAHUPOBAHUS M0 KPUTEPHIO MAKCHMH3ALMH MOMEHTa
3amycka camMoil paHHel pa6oTel. IlokazaHo, 4To 3((eKTHBHOCTH pelIeHHs MHOTOITallHONW 3aJayd KaJeHAApHOTO IUIAHWPOBAHUS 3aBHCHT OT
9 (EeKTUBHOCTH pEIICHUs] NEepBOr0 YPOBHS TPeXypoBHeBoU Mozxenu. I109ToMy, CTaTHCTHYECKH HCCIeqyeTcs M 0OOCHOBBIBaeTcs d((PEKTHBHOCTD
pelLICHUs 3aa9l MHHHMH3AlMH CyMMapHOTO B3BEIICHHONO MOMEHTa OKOHYAHHS BBIIOJHEHHS! PaOOT C OTHOLICHHUSIMHU HPELICCTBOBAHHS HA OJHOM
npudope. Ilokasana spdexrusnocts [1JC-anroputma pemeHus 3agayu IJIs Cilydas, KOTJla Beca BCeX BEpIUMH rpada NMpeauniecTBOBaHUS, KPoMe
KOHEYHBIX, PaBHBI HyIo. II0ka3aHO, 4TO NPHONIIKEHHBIH aJTOPUTM PELICHHs] ITON 3ajadd MO3BOJISIET pellaTh pealibHble NPAKTHYECKHE 3aJadu
Oosbiiol  pa3mepHocTH (mpoBepsuiuch pazmepHoctd a0 10,000 paGor). Pemenus, mnonydeHHble NPUOIMKEHHBIM ajJrOPUTMOM, COBIAJM C
nonydeHHbIME TouHbIM [1JIC-anroputmom B 99.97 % cimydaes.

KuroueBble c10Ba: IIaHUpOBaHKUE NMPOU3BOACTBA, [1J[C-aropuT™, TOYHBIH aITOPUTM, IIPUOIMKEHHBIH aITOPHTM, KOMOHHATOPHAST ONTHMH-
3a1Ms, COCTAaBJIEHUE PACIIMCAHHI

Introduction. Production planning in the current that requires consideration of a real technological process’
conditions of tough market competition is a complex task ~ complexity, on the one hand, and the implementation of

© T. N. Lisetsky, 2018
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sophisticated optimization algorithms, on the other hand.
Due to the task’s complexity, problems of production plan
optimization occupy the minds of scientists for about 70
years. Economic and production criteria which became
important relate to [1]: profit maximization, costs minimi-
zation, orders fulfillment just in time, energy resources
saving through the efficient equipment usage, the maxi-
mum shortening in the production cycle of products.

According to the principle of hierarchical planning
[2-6] which represents a philosophy to address complex
problems for a wide variety of systems, authors of [7-9]
have proposed a three-level planning model for small-se-
ries productions. It was aimed to solve the problem of
building a coordinated schedule of jobs processing by a
set of enterprise resources. The functional diagram of the
model is presented in [8]. Also, they develop a system of
interrelated models and methods which allow to take into
account the complexity of a modern production and to
obtain close to optimal solutions to the planning problem,
due to the global optimum search strategy. The first level
of the model is based on solving the problem of the total
weighted completion time of tasks minimization (TWCT)
for the case when only terminal vertices of the precedence
relations graph have a non-zero weight coefficient
(TWCTZ problem). The TWCTZ problem solution deter-
mines the tasks priorities and minimizes the time they pass
through the production cycle.

The proposed models and methods are universal in
nature and can be implemented for planning in organiza-
tional or production systems in various sectors of a na-
tional economy, in particular [1, 7], for planning of dis-
crete type production, building industry, project manage-
ment. The developed models and methods of hierarchical
planning can also be applied in computer-aided design
systems, information control systems, scientific research
automation systems, etc.

The purpose of this article is to substantiate the effi-
ciency of using the methodology developed in [7] to ob-
tain an operational plan for arbitrary objects with a net-
work representation of technological processes. We show
that the efficiency of the problem solving is determined by
the efficiency of solving TWCTZ problem. Then, we
carry out the efficiency study of its solving algorithms.

The Problem Statement. Suppose that we have an
order portfolio [7-9] which is a set of n packages of
interrelated jobs ] = (J1.J5, ... .Jn). We call a package J;,
i = 1,n, a product (under a product we may also mean the
entire series of uniform products). Customer specifies for
each product the technology of its production and the
desired optimization criterion (one of the five basic crite-
ria listed below), as well as the beginning date for the
planning period. Also, the customer sets the due dates d;
for all products in accordance with their optimization cri-
teria, except for the case of optimization according to the
first basic criterion. On each subset J;, a partial order is
given by an oriented acyclic graph. The partial ordering is
obviously determined by the technology of processing the
job packages. Each job can begin only after completion of
its predecessors. The vertices of the graph correspond to
the jobs, the edges indicate the precedence relations. The

terminal vertices correspond to the completion of the
products processing. For each vertex j of the graph, we
know the deterministic processing time [; (an integrated
value indicating the allocated resources: material, human,
production, etc.; the critical path of each product deter-
mines its processing time). Also, we are given a weight w;
for each job i € I where I is the set of terminal vertices
identified with a set of products. The value of weight is
determined by the potential complexity and importance of
those jobs, without which, in general, the product cannot
be released. Also, an ambiguity of the jobs related to the
need of obtaining a new scientific solution may affect the
weight’s value. Jobs are processed by a limited set of
resources divided into separate, sufficiently autonomous
units: multi-resources. A multi-resource is a stable group
of shared resources, for example, a brigade, a group of
equipment of the same type, single-profile subdivision.
Multi-resources can be physically located in the same or
in different organizations. In the general case, a multi-re-
source may include equipment of different types. This is
determined by the production need or if it allows more
efficient fulfillment of the specified orders.

We need:

e to find an order portfolio that maximizes the total
profit according to the chosen optimization criterion; it
should fit the beginning date of the planned period and the
due dates specified by the customers;

e to build for this order portfolio a feasible (not
violating the due dates) operational plan of the jobs pack-
ages processing on multi-resources; it should maximize
the start time of the earliest job, i.e. the time correspond-
ing to the minimum possible processing time of the entire
order portfolio.

The five basic optimization criteria are the enter-
prise’s total profit maximization for the following five
cases:

1) in the absence of product’s due dates. It is shown
in [7, 10] that the criterion in this case is equivalent to the
total weighted completion time of products minimization
criterion with a partial order given on the set of jobs of
each product (the TWCT problem);

2) subject to the condition: each product i € I has a
due date d; that must not be violated (just in time
planning).

3) subject to the conditions: each product i € I has a
due date d;; the total weighted tardiness of tasks in regard
to their due dates must be minimized.

4) subject to the conditions: each product i € I has a
due date d; and a given absolute value of profit w; for its
processing. The profit does not depend on the completion
time of the task if it is not tardy in regard to its due date.
Otherwise, the planning system’s profit for this task is
Zero;

5) subject to the conditions: all products have due
dates d;. We need to minimize the total cost (penalty for
the planning system) both for earliness and tardiness in
regard to the due dates.

The Problem Solving Methodology. The problem
in this formulation is a multi-stage scheduling problem
(MSSP). Experts together with specialists in applied
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mathematics should present the initial technological proc-
ess in the form of an MSSP adequate to the actual produc-
tion process. Examples of such presentation of MSSP are
given in [10, 11].

The optimization problem in this formulation cannot
be solved efficiently. We cannot obtain exact solutions of
MSSP because of its practical complexity. Approximate
solutions basically converge to a step-by-step optimization
which does not take into account the possibility of
searching for a global optimum by a given criterion.
Therefore, an hierarchical approach to the planning prob-
lem was proposed in [7-9] containing the following three
levels.

Level 1: preliminary (predictive) planning. This
level includes:

a) building a model of technological aggregation to
reduce the problem’s dimension. This is the aggregation
of the original precedence graph to the level of multi-re-
sources (stable groups of resources working together) and
aggregated jobs construction (combining related opera-
tions of the same product executed on the same multi-re-
source). The processing time of an aggregated job is de-
termined by its critical path in this multi-resource;

b) building a model of design aggregation. This is
the graph of critical paths of the products processing with
common vertices. In the graphs where each vertex has a
processing time, the critical path is the route of the maxi-
mum total length. Procedures for finding a critical path in
the graph are discussed in detail in [8]. A graph of critical
paths constructed by such rules has a smaller size, since it
includes only vertices on critical paths. Thus, we aggre-
gate the model to a “single machine” representation. Some
aggregated jobs may process on multi-resources that re-
quire a setup (preparatory work) to process jobs with dif-
ferent characteristics. We combine such jobs, according to
certain rules, into common aggregated job if such jobs do
not require the setup of the multi-resource when changing
one job to another. We indicate this on the precedence
graph by common vertices. In this case, the setup is re-
quired only at the beginning of the schedule and each time
when the multi-resource switches from processing “com-
mon vertex” jobs to other aggregated jobs;

¢) TWCTZ problem solving [7]. This problem serves
to determine the priorities of the products and the
processing order of the aggregated jobs. This, in turn, is
the basic information for solving problems on the second
and third levels of the model. It was shown in [7] that we
can approximate any of the five basic criteria by a
TWCTZ problem with corresponding weighting coeffici-
ents. The algorithm is described in [7], its modification in
[10]. As a result, we obtain a priority-ordered sequence of
aggregated jobs with a breakdown to maximum priority
subsequences (MPSS).

Level 2: coordinated planning. It includes:

a) preliminary distribution of the aggregated jobs of
the constructed graph of critical paths. We break down the
common vertices to clarify the information about their
combining at the distribution stage. To implement the co-
ordinated planning, we have developed the following dis-
tribution algorithms [7, 10]:

e compact schedules construction (algorithm 1).
We distribute the products from the beginning of the plan-
ning period and minimize their completion times by this
algorithm;

e nondelay schedules construction (algorithm 2).
We distribute the products from their due dates set by the
customers;

o construction of schedules that ensure highest pri-
ority products processing in the specified due dates (algo-
rithm 3);

b) redefining the set of common vertices according
to the actual distribution information. If the set of com-
mon vertices has changed, then we rebuild the model and
construct a new sequence of aggregated jobs (re-solve the
TWCTZ problem). To do this, we again perform the pro-
cedures starting with the building the graph of the critical
paths of products. To build the graph, we use the set of
common vertices obtained during aggregated jobs distri-
bution;

c) complementing the priority ordered sequence ob-
tained as a solution of the TWCTZ problem with aggre-
gated jobs which lie outside of products’ critical paths.
We assign corresponding MPSS numbers to the added
jobs;

d) distribution of the obtained schedule among multi-
resources with binding to the planned period. We do it
using one of the above distribution algorithms, with such
exceptions:

e we perform the algorithm on a initial precedence
graph of the aggregated jobs;

e we partition the aggregated jobs into batches (the
number of iterations is equal to the number of batches, we
perform the iterations for batches instead of one iteration
for aggregated jobs with full processing time);

e) as a result of multiple performing of actions de-
scribed above, we generate a whole series of possible fea-
sible plans that differ in a specific type of criterion, due
dates, weight coefficients, manufacturing technology. Ex-
perts evaluate obtained plans (alternatives) in different
contexts and choose the best plan to pass it to the third
level of the model. The modified Analytic Hierarchy
Process can be used to evaluate the plans [12]. Its use al-
lows to make a reasonable choice of production plan from
the set of feasible ones under conditions of uncertainty.

If we could not obtain a plan satisfying the specified
requirements, the informational model of the first level is
subject to adjustment. We can exclude or add new prod-
ucts, purchase new equipment, change the production
technology, etc.

Thus, after performing the first two levels of the
planning model, we obtain:
the optimal portfolio of orders as the experts exclude from
the execution some products or their parts that violate the
customer’s due dates (they do the exclusion if purchasing
an additional equipment or delay products is undesirable);
the coordinated plan of the aggregated jobs processing in
multi-resources approved for implementation by the
experts;
the due dates in the MSSP are determined by the
completion times of the products in the approved plan.

Level 3: exact (operational) planning, includes [10]:
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a) disaggregation of multi-resources and aggregated
jobs to the level of the initial technological model;

b) the most compact operational plan is an arbitrary
feasible (not violating the due dates we got at the second
level of the model) solution of the MSSP by the criterion
of maximizing the start time of the earliest job. An exam-
ple of methodology to solve an MSSP is given in [10].

Thus, after performing the first two levels of the
three-level model — independently of the production type
considered, whatever is the original production technol-
ogy, and no matter how the MSSP is implemented — we
reduce the planning problem solving for any of the five
above optimality criteria to obtaining a feasible MSSP
solution for the criterion of maximizing the start time of
the earliest job. For different optimality criteria, only the
due dates in MSSP vary. The due dates are determined by
the coordinated planning algorithm at the second level of
the model. And they, in turn, depend on the priority-or-
dered sequence of aggregated jobs obtained as a solution
of the TWCTZ problem.

Thus, the efficiency of the MSSP solution depends
on the efficiency of the TWCTZ problem solution. Now
we justify the efficiency of the three-level model for plan-
ning of arbitrary objects with a network representation of
the technological process with optimization according to
any of the above five criteria.

Efficiency research of TWCTZ problem solving
algorithms. The TWCTZ Problem Statement [10]. A par-
tial order on the set of tasks J = (j1,j,, .- »jn) 1S given by
an oriented acyclic graph G. We know a processing time [;
for each task j of the graph G. Each terminal vertex
(without successors) of the graph has a weight w;. Other
vertices have zero weight. We need to find a sequence of
tasks that minimizes the functional: ¥ w;C; — min where
N, is the completion time of a task j. Here, the tasks mean
aggregated jobs. G is the graph constructed on the
products’ critical paths. The common vertices in the graph
indicate common aggregated jobs for different products.

Exact algorithm for TWCT problem solving is given
in [13], polynomial approximation algorithm for TWCTZ
problem solving see [7].

To study the efficiency of TWCTZ problem solving
algorithms, we have developed two generators of bench-
mark instances. The first one generated arbitrary prece-
dence  graphs  with a given  completeness
g=e/(n(n—1)/2) x 100% where e is the number of
arcs in the graph and n is the number of vertices. We
generated the graphs taking into account the required
percentage k of the number of terminal (weighted)
vertices. The second generator determined the weights of
the terminal vertices and the processing times of all jobs.
The parameters were set in such ranges:

n = [500,750,1000,3000,5000,10000];
g =1[2,5,7,10,15,25,50,75,90,95];

k = [5,10,20,30,40,50];

w; € [0,10] (uniform distribution);

l; € [0,100] (uniform distribution).

We generated 20 instances for each dimension and
parameters g and k. All 7200 generated instances were
solved both by the exact PSC-algorithm [13] and the ap-

proximation algorithm from [7] on a computer with 1 GHz
processor frequency. Then we averaged the data for all
values of the parameter k. The solving results are summa-
rized in Tables 1-4.

Table 1 — The average time to solve the problem
by exactPSC-algorithm (in seconds)

9 500 | 750 | 1000 | 3000 5000 | 10000
2 0.732 | 2.677 | 6.723 |226.110 | 1159.41 | 10654.5
5 0.518 | 1.896 | 4.760 | 160.087 | 820.863 | 7543.40
7 0.463 | 1.693 | 4.250 |142.955 | 733.018 |6736.13
10 0.387 | 1.417 | 3.558 |119.684 | 613.692 | 5639.57
15 0.294 | 1.077 | 2.703 | 90.910 |466.152 | 4283.74
25 0.201 | 0.734 | 1.844 | 62.020 | 318.018 | 2922.45
50 0.117 | 0.428 | 1.076 | 36.176 |185.497 |1704.64
75 0.076 | 0.277 | 0.694 | 23.353 |119.746 | 1100.42
90 0.081 | 0.298 | 0.747 | 25.125)128.831 |1183.91
95 0.030 | 0.110| 0.277 | 9.305| 47.712 | 438.45

Table 2 — The average time to solve the problem
by the approximation algorithm (in seconds)

g 500 | 750 [ 1000 | 3000 5000 10000
2 0.075 | 0.273 | 0.686 | 23.086 | 118.38 |1087.83
5 0.055 | 0.200 | 0.501 | 16.850 | 86.401 |793.991
7 0.050 | 0.182 | 0.456 | 15.348 | 78.699 |723.208

10 0.043 | 0.157 | 0.393 | 13.228 | 67.829 |623.316
15 0.034 | 0.125 | 0.313 | 10.528 | 53.983 |496.085
25 0.025 | 0.093 | 0.233 | 7.840 | 40.198 |369.405
50 0.018 | 0.066 | 0.165 | 5.538 | 28.394 |260.933
75 0.014 | 0.050 | 0.125 | 4.203 | 21.550 |198.037
90 0.016 | 0.058 | 0.147 | 4.929 | 25.276 |232.278
95 0.006 | 0.022 | 0.056 | 1.876 | 9.620 | 88.401

Table 3 — The percentage of approximate solutions that coincide
with the exact solution

g 500 | 750 | 1000 [ 3000 5000 | 10000
2 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
5 100.0 | 100.0 | 100.0 | 100.0 | 100.0 99.2
7 100.0 | 100.0 | 100.0 99.2 99.2 99.2
10 100.0 | 99.2 | 100.0 | 100.0 99.2 99.2
15 99.2 | 99.2 | 983 99.2 98.3 98.3
25 99.2 | 983 | 99.2 98.3 98.3 98.3
50 983 | 975 | 983 98.3 97.5 97.5
75 983 | 983 | 975 97.5 97.5 96.7
90 975 | 96.7 | 96.7 97.5 96.7 96.7
95 96.7 | 95.8 | 95.8 95.8 95.8 95.0

Table 4 — The average percentage of deviation of approximate
solutions from the optimum

g 500 | 750 | 1000 | 3000 5000 | 10000
2 _ _ _ — _ _
5 — - - — — 0.56
7 — - - 0.79 0.80 0.83
10 — 0.59 - — 1.04 0.92
15 071 | 081 | 1.68 0.80 1.65 1.25
25 0.78 | 1.60 | 0.93 1.59 1.52 1.63
50 130 | 241 | 1.83 1.71 2.49 2.57
75 157 | 1.70 | 245 2.58 2.53 3.45
90 233 | 319 | 335 2.51 3.32 3.48
95 3.10 | 3.87 | 3.97 3.70 4.35 4.94
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On average for all runs, the solutions obtained by the
approximation algorithm coincided with the solutions ob-
tained by the exact PSC-algorithm for TWCT problem
solving [13] in 98.47 % of cases.

To illustrate the dependence on the parameter k, we
show in Table 5 the average solving time by the PSC-al-
gorithm for 500 jobs instances.

Table 5 — Dependence of the solving time by the PSC-algorithm
(ms) on the parameter k at n = 500

g k| 5 10 20 30 40 50

2 304.216|350.791 1563.722 |1791.327 |1140.63 |1238.54

5 57.960)132.291313.470 |583.533 |929.815 |1090.51

7 44.850 ]102.424 |273.629 |486.206 [917.665 [950.243

10 34.107| 87.600|219.364 |405.449 |818.008 |758.752
15 28.020 | 68.996 |175.420|299.893 |546.218 |646.184
25 21.349| 60.836 |141.692 |224.383 |344.195 |411.478
50 17.429| 40.751| 91.327[140.863|171.903|239.971
75 15.904 | 30.889| 66.413| 96.053|124.591|119.478
90 13.203| 27.871| 55.428 |228.646 - -

95 12.422 | 24.632| 53.258 - - -

Thus, we can conclude that:

1. The approximation algorithm allows to solve real
practical problems of large dimensions.

2. In comparison with the PSC-algorithm for the
general case of the TWT problem, the solution
time of the approximation algorithm is an order
of magnitude shorter.

3. With an increase in the graph’s completeness, the
solving time decreases, but the accuracy of the
solution of the approximation algorithm decrea-
ses.

4. The average percentage of the deviation of the
solution obtained by the approximation algo-
rithm from the optimum is 1.49 %.

5. The conditions of the polynomial component of
the PSC-algorithm are not met on average for
1.53 % of the total number of instances;

6. With an increase in the percentage of the number
of terminal vertices, the time to solve increases
according to a law that is close to linear.

An example to the TWCT problem solving. Consi-
der the graph of the critical paths of the three products
shown in Fig. 1. We give the initial feasible sequence of
tasks in Table 6. In tables 6 and 7, N is the vertex number
in the graph of critical paths of products.

The exact PSC-algorithm for the problem solving is
based on permutations of the following structures: a chain,
an elementary construction, constructions K; and K, [13].
We build the constructions in the process of a problem
solving on the basis of weighted tasks. We move these
structures into earlier positions in the current sequence in
accordance with their priorities. The interval of their
move, as well as the combinatorics of their construction
during the problem solving, is determined by common
vertices which relate in the precedence graph with the
structures under consideration. Obviously, the smaller the
number of common vertices, the less complexity of the

algorithm execution. The above mentioned structures for
permutations are not formed on zero-weighted tasks.
Thus, the complexity of the problem solving is determined
by the number of vertices loaded with weight and the
number of common vertices.

Fig. 1. Graph of products’ critical paths

Table 6 — Initial feasible sequence for TWCTZ problem solving

N w; l; Common? C;

1 0 12 No 12
2 0 14 No 26
4 0 15 Yes 41
3 0 11 No 52
5 0 14 No 66
7 0 32 Yes 98
6 0 22 No 120
8 0 25 Yes 145
10 0 19 Yes 164
13 0 7 No 171
16 0 21 No 192
18 0 18 No 210
20 30 18 No 228
9 0 28 No 256
11 0 16 No 272
14 20 8 No 280
12 0 6 No 286
15 0 19 No 305
17 0 16 No 321
19 10 17 No 338

The priority-ordered sequence of aggregated jobs
with a breakdown to MPSSes is the result of the problem
solving by an exact algorithm [13]. We show it in Table 7.
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The result of the problem solving by the approximation
algorithm [7] coincides with that obtained by exact algo-
rithm.

Table 7 — Initial feasible sequence for TWCTZ problem solving

N W; l; Common? C; fi

1 0 12 No 12

2 0 14 No 26

4 0 15 Yes 41

3 0 11 No 52

5 0 14 No 66

7 0 32 Yes 98

9 0 28 No 126

11 0 16 No 142

14 20 8 No 150 3000
6 0 22 No 172

8 0 25 Yes 197

10 0 19 Yes 216

13 0 7 No 223

16 0 21 No 244

18 0 18 No 262

20 30 18 No 280 8400
12 0 6 No 286

15 0 19 No 305

17 0 16 No 321

19 10 17 No 338 3380

The optimal functional value is 14780.

As a result of the PSC-algorithm execution, the pro-
cedures associated with the enumeration of various con-
structions were not performed.

The approximation algorithm [7] is based on the al-
gorithm for a series-parallel graph [7]. In contrast to the
exact algorithm, the enumeration of various cases of the
structures construction is excluded in advance in it. The
solutions obtained by both algorithms coincided since in
the solving process the conditions for the structures’ for-
mation and their enumeration were not fulfilled.

Conclusions. We have shown that whatever was set
the initial manufacturing technology for products, an ade-
quate scheduling model should be constructed to obtain
the production operational plan. And then, obtaining a
good operational plan for any of the five basic criteria of
optimization reduces to a single uniform problem. We
have to build a feasible schedule by the criterion of maxi-
mizing the start time of the earliest job for the multi-stage
schedule problem adequate to the initial technological
process of the production or object under consideration.
For various optimization criteria, we have to change only
the due dates determined at the second level of the three-
level model as the completion times of the products during
the coordinated planning. Since the efficient due dates
depend on the efficient solution of TWCTZ problem, the
three-level planning model is efficient when its first level
is efficient.

We have shown that the approximation algorithm for
TWCTZ problem solving [7] allows to solve real practical
large size problems (we checked dimensions of up to
10000 jobs). The solutions obtained by the approximation
algorithm coincided with those obtained by the exact

PSC-algorithm for TWCT problem solving [13] in
99.97 % cases. Hence, the polynomial algorithm proposed
in [7] for TWCTZ problem, due to the presence of weights
only on the terminal vertices of the job precedence graph,
statistically significantly yields exact solution. We pro-
pose to use it in planning for arbitrary objects with a net-
work representation of technological processes.
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IH®OPMANINHA TEXHOJIOI'ISI OL[IHKU PU3UKIB TIPOI'PAMHHUX ITPOEKTIB

InentudikoBana npobdieMa OLIHKKA PU3MKIB MPOTPAMHUX NpOeKTiB. [IpoBeneHO Orisa cydacHHX MiAXOJIB 1O OI[HKM PU3MKIB. BukoHaHMi aHami3
METO/IiB OLIHKM PH3UKIB IPOTPAMHHX IIPOEKTIB, PO3TIIIHYTO aHaNi3 Yy TJIMBOCTI, METOA CLIEHApiiB, iMiTaniifHe MOJICIIOBaHHS, €KCIICPTHE OLIHIOBAHHSI.
3po0JIeHi BUCHOBKH TIPO BaXKIIMBICTh OLIHKU PU3HKIB JUIS €Tally MPOEKTYBaHHs IPOIPAMHHUX CHCTEM KJIacy «IpOrpaMHe 3a0e3IeUeHHs], K MOCTyra)
3anpornoHOBaHO OLIHKY PU3UKIB MPOrPaMHUX MPOEKTIB BUKOHYBATH 3 BUKOPUCTAHHSAM €KCIIEPTHOTO OLHIOBAHHS 33 JOIIOMOTOI0 peaizallii BiamoBiz-
HOI iH(popMariiiHoi TexHonoril. MaTeMaTHYHO TEXHOJIOTIS OLIHKU PU3HKIB peaidyeThes 3a JornoMorow Merony Jenbdi ta pamxupysanus. [Tonsrrs
JIOBIpYOT0 iHTEPBATYy BUKOPHCTOBYETBCS Y BUTIISI KPUTEPIi0 3yNMHKU B 00UUCIIIOBaIIbHIl mpouesypi MeToay Jenbdi 3 MeTor OTpUMaHHS y3roJpKe-
HoI excrepTHOI gymMKku. O04nCIIOBaIbHA HPOLEaypa Iepeadadae, ik KOPUIyBaHHS BUXIJHUX €KCIEPTHHUX AAHHUX 33 PAXyHOK IEpErysiLy eKCIePTHHUX
JYMOK, TaK i KOpPEKIl0 CKJIagy €KCIIEpPTHOI IPyMH. Y3ro/DKEHICTh EKCIIEPTHHX JYMOK MaTeMaTHYHOI TEXHOJOTIl 3a METOAOM paHKHMpPYBAaHHS
HepeBIpsIETHCS 3 BUKOPUCTaHHAM Koedinienta konkopaauii Kennamia, a ioro 3Ha4uMicTh OLIHIOEThCSI Ha 0cHOBI Kputepito Ilipcona. IIpencraBnenuit
MareMaTHYHUN amapar (opmaiidye BHpILICHHS HPOOIeMH OLHKH PH3HKIB. MeTOa OLIHKM PH3UKIB MPOTPaMHHX MPOEKTIB 1 IX MareMaTH4Hi
TEXHOJIOTi] BUMAraloTh BEJUKOI KiIBKOCTI 0OYHCIIIOBaNBHUX orepaniil. [Hdopmariiina miaTpuMKa 301IbIIye IIBUAKICTH 1 TOYHICTh TAKUX OIepalii,
3abe3reuye HaKOIIMYECHHS BUXiAHNUX JaHUX i OTPUMaHUX pe3yJbTaTiB. [HdopManiiia miaTpuMKa OLIHKH PH3UKIB MPOTPAMHUX IIPOEKTIB pealli3oBaHa y
BUNLIAI mporpamuoi cucremu. Jlo po3poOku cuctemu Oyiau Bu3HAa4YeHI (YHKUIOHANbHI Ta HEe(DYHKLIOHAIBHI BHMOTH, MOJAEHb 0a3d OaHHX i
OesmocepenHbo 1i  CTpykTypa. BukopmcroByBanmmcs NPHMHIMIE 00'€KTHO-OPIEHTOBAHOTO aHAlli3y, MOJENIOBAHHA JAHUX, Cy4YacHi IIaTepHU
npoekTyBaHHs, CASE-3aco0u. 3amnponoHOBaHO peaslizyBaTH HMPOrpaMHY CHCTeMy iH(OpMALiifHOT TeXHONIOTIT BiJNOBIJHO X0 apXiTEeKTYpH «KIi€HT
cepBep» BHILIEHHM application server, 3 po3MOALTEHUMH MPaBaMu AOCTYIy, 3a gonomororo IDE NetBeans 3acobamu PHP mix ynpaeminasm MySQL.
3po0sIeHO BHCHOBKHM IIPO MOXJIMBICTh BUKOPHUCTAHHS MPOTPAMHOI CHCTEMH 3a JOTIOMOTOI0 BHKOHAHOI Baifamii Ta Bepudikamii 3 BUKOPUCTAHHAM
excriepriusn ta PHPUnit. Pesyneraté poboTn MoxyTh OyTH BHKOpHCTaHi Ipu po3poOui iH(opmariiHoi TeXHoorii ynpaBiiHHS pH3HKaMH
MIPOrPaMHUX MPOEKTIB.

KumrodoBi caoBa: omiHka pH3NKiB, MPOTPAMHUI ITIPOEKT, €KCHEPTHE OLiHIOBaHHA, MeTol Jlenbdi, MeTox paHKyBaHHS, BHMOTHU, MOJENb,
CTPYKTYpa, IPOrpaMHa CHCTEMa

A. A. MHIIIEHKO, B. 10. BOJIOBIIJHKOB, B. @. IIIAIIO, B. A. I'Y2KBA
NHO®OPMANIMOHHASA TEXHOJIOT'UA OHEHKU PUCKOB ITPOI'PAMMHBIX ITPOEKTOB

Wnentudunupopana npobieMa OLEHKH PUCKOB NPOrpaMMHBIX IpoekToB. IIpoBeneH 0030p COBpEeMEHHBIX MOAXOJOB K OLIEHKE PUCKOB. Bhimonnen
aHAIN3 METOJOB OLEHKH PHCKOB IIPOTPAMMHBIX IPOEKTOB, PACCMOTPEHbl AaHAINW3 YyBCTBHUTEIBHOCTH, METOJ CLEHApHEB, HMUTAIUOHHOE
MOJIETIMPOBAHKE, IKCIIEPTHOE oLeHNBaHue. ClienaHbl BEIBOJBI O BaXKHOCTH OLIEHKM PUCKOB JJIsl 3Tala NPOEKTUPOBAaHUS IIPOrPAMMHBIX CUCTEM Kilacca
«IporpaMMHoe obecneyeHHe, Kak yciayra». IIpeanoieHo OIEeHKY PUCKOB HMPOrpaMMHBIX MPOEKTOB BBINOJHATH C HCIOJBb30BAHHEM JKCIEPTHOTO
OLICHUBAHUS IIOCPEACTBOM Pealn3allii COOTBETCTBYIOMIEH HH(POPMAIIMOHHON TEXHOIOTHH. MaTeMaTHIeCKH TeXHOJIOTHS OIICHKH PUCKOB Peannu3yeTcs
nocpeacTsoM Merona Jlenbhu u pamxupoBaHus. [IoHATHE JOBEPHTENHHOIO HHTEpBajla HCIOIB3YyeTCs B BHIEC KPHTEPUS OCTAaHOBKH B
BBIYHCIUTENBHON mpouenype Merona Jlembdu ¢ Imemblo IOMyYeHHs COINIACOBAHHOTO OJKCIIEPTHOrO MHEHHs. BrrumciauTensHas mpouemypa
IpeaycMaTpHBacT, KaKk KOPPEKIHIO HCXOMHBIX AKCIEPTHBIX JaHHEIX 32 CUCT IIePecMOTpa IKCICPTHBIX MHCHUH, TaK U KOPPEKIHIO COCTaBa dKCIIEPTHOMH
rpynnsl. COrNIacoOBaHHOCTh SKCIEPTHBIX MHEHHMH B MaTeMaTHYECKOW TEXHOJOTMH IO METOAY PaHKUPOBAaHHS IPOBEPSAETCS C HCIOIb30BAHHEM
kodddunuenta konkopaanuu Kenzaenna, a ero 3Ha4MMOCTh OLIEHHBAaeTCs Ha ocHoBe kputepus [Tupcona. [IpencraBneHHblil MaTeMaTHYECKHH ammapar
(dopmanusyeT peleHne npodIeMbl OLEHKH PHCKOB. METOIbI OIEHKH PHCKOB MPOTPaMMHBIX IIPOEKTOB M MX MAaTEMAaTHIECKUE TEXHOIOTHH TPeOyIoT
0ONBIIOr0 KOJIHMYECTBA BBIYUCIHUTENBHBIX oOnepanuid. MHpopMannoHHas NORJEpXKKa yBEIHYMBACT CKOPOCTh M TOYHOCTh TaKHX OIEpaluid,
obecreynBaeT HaKOIICHHE UCXOAHBIX JAaHHBIX M MOJYYCHHBIX pe3yabTatoB. MHbOpMaloHHas MOAIepKKa OLCHKH PUCKOB MPOrPaMMHBIX IPOCKTOB
peain3oBaHa B BHJIE IPOrpaMMHOIl cucTeMbl. K pa3paboTke cHCTeMbI OBUIH OHpEeNeHbl (pyHKIMOHANbHbIE W He(pyHKINOHAIBHEIE TPeOOBaHUS,
Mozenb 0a3bl JaHHBIX M HEHMOCPEACTBEHHO €€ CTPYKTypa. lICronb30Balvch NPUHIMIBI 00BEKTHO-OPHEHTHPOBAHHOTO aHAIN3a, MOJACIHPOBAHHUS
JIAHHBIX, COBpPEMEHHBIC marTepHbl npoektHpoBanus, CASE-cpeactBa. [IpemioxxeHo peann3oBaTh NPOTPAMMHYIO CHCTEMY HH(GOPMAILIMOHHON
TEXHOJIOTHU B COOTBETCTBHU C apXUTEKTYPOIl «KIHUECHT CepBep», BBIICIECHHBIM application server, ¢ pacpeeleHHBIMI IPaBaMU JOCTYIIA, C IOMOIIBI0
IDE NetBeans cpexncrsamu PHP mox ympasnenuem MySQL. Cpenansl BBIBOABI O BO3MOMKHOCTH MCIOJIb30BaHHMS IPOTPAaMMHOM CHCTEMBI
MIOCPEACTBOM BBINIOJIHEHHO BaTMAALMH ¥ BepH(HUKALNH C HCHOIb30BaHHeM kcriepTu3sl 1 PHPUnit. Pe3ynbraTel paboThl MOTYT OBITh HCIIOIb30BaHbI
IpH pa3paboTke HHHOPMAMOHHON TEXHOIOTHH YIPABICHUS PUCKAMHU IPOTPaMMHBIX IIPOEKTOB.

KiioueBble €jI0Ba: OIGHKAa PHCKOB, NMPOIPaMMHBIA HMPOEKT, SKCIIEPTHOE OIeHHBaHWE, MeTol Jlenbdu, MeTOx paHKHPOBaHHUS, TPeOOBaHUS,
MOJIEJIb, CTPYKTYpa, IPOrpaMMHast CUCTEMa

0. 0. MISHCHENKO, V. Y. VOLOVSHCHYKOQOV, V. F. SHAPO, V. A. GUZHVA
INFORMATION TECHNOLOGY OF SOFTWARE PROJECTS RISKS EVALUATION

Problem of software projects risks evaluation is identified. Review of modern approaches to risks evaluation is carried out. Analysis of software
projects risks evaluation methods is performed. Analysis of sensitivity, scenarios method, simulation modeling, expert assessment are reviewed.
Conclusions on importance of risks evaluation for “software as a service" software application systems at design stage are performed. It's proposed to
perform software projects risks evaluation with expert assessment using by realization of corresponding information technology. Mathematically risks
evaluation technology is realized by Delphi method and ranking. Term of confidence interval is used as stopover criterion in computational procedure
of Delphi method with the goal of coherent expert opinion obtaining. Calculating procedure envisages initial expert data correction by expert opinions
revision and correction of expert group personnel. Consistency of expert opinions in mathematical technology on ranking method is checking with
using of Kendall concordance coefficient, and its significance is evaluating on the basis of Pearson criterion. Presented mathematical apparatus
formalizes solution of risks evaluation problem. Methods of software projects risks evaluation and theirs mathematical technologies requires a big
amount of calculating operations. Information support increases the rate and precision of such operations, ensures initial data and obtained results
accumulation. Information support of software projects risks evaluation is realized as software application system. At development of software
application system functional and nonfunctional requirements, database model and its structure were defined. Principles of object oriented analysis,
data modeling, modern design patterns, CASE software tools were used. It's proposed to realize software application system of information technology
in accordance with client-server architecture, dedicated application server with distributed access rights with using of IDE NetBeans by PHP means
under MySQL control. Conclusions on possibility of software application system using by performed validation and verification with expertise and
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PHPUniIt using are made. Results of this work may be used for development of software projects risks evaluation information technology.
Keywords: risk evaluation, software project, expert assessment, Delphi method, ranking method, requirements, model, structure, software

application system

Beryn. B xoni BUKOHAHHS HPOTPaMHUX IIPOEKTIB
(ITIT) Ha xoxxHomy 3 etamiB [1] >kurreBoro nukiay (KLI)
nporpamaux cucreMm (IIC) B Gunpmiiii abo MeHmIii Mipi
MOXKHa 3ITKHYTHCS 3 HMOBipHUMHU BTparamu. Hampukian,
3HWKEHHs sKocTi KiHneBoi [1C, migBuIneHHs BapToCTi il
pO3po0KH, 3aTpUMKa 3aKiHYCHHS po3poOku Ta iHmii. Taki
BTPATH IPOSIBISIOTHCS SIK HACHIAKA PU3HUKIB, SIKI BUHUKA-
fotb B XKL IIC. Tomy mpum peamizamii Il onmiero 3
MEPBUHHUX HEBIM'EMHHX TMpoOiieM, SKy HEOOXiTHO
BHpIITYBAaTH, € ineHTH]iKaig Ta oriHka pu3ukis I111.

IIpo6sema oniHkM PH3MKIB MPOrpaMHHUX INPOEK-
TiB. [IuTaHHA OIIHKKM pPHU3HUKIB Ha TeNepilHIA dYac €
JIOCUTh aKTyalbHHUMH B PI3HOMAHITHHX TNPHKIAIHUX
rany3sx. be3pimHocHO 10 Oyap-sikoi cdepu IisSUTBHOCTI
MOYKHa CTBEPIDKYBAaTH Ha OCHOBI aHamizy [2, 3, 4], mo
OlLlIHKa PH3MKIB IPOEKTIB MOXe OyTH JOciiUkeHa 3
BUKOPHCTAHHSM JIBOX MIIXO/IB: SIKICHOTO Ta KIIbKICHOTO.

OcHoBHa 0COOJMBICTH SIKICHOTO MIIXOXy IOJISITAaE B
MPOBEACHHI 1IeHTH]IKAI] pU3UKIB, IX OIHIII Ta po3poOIIi
3axomiB mo OopoTe0i 3 HuMmHU. KinekicHui aHami3
Oa3yeThcst Ha IHCTpyMeHTapii Teopil iIMOBIpPHOCTI,
MaTeMaTHYHIH CTAaTUCTHI Ta TEOpii HEWITKUX MHOKHH.
KinmpkicHuiA aHani3 B YMCIOBOMY BHUMIpI OIIHIOE BIUTHB
3MiHH PU3WKOBaHHUX (DaKTOpiB Ha 3MiHY e(eKTHBHOCTI
MIPOEKTY.

Cyrreuit pict IT ramysi, 30inbienns poamipis 111,
BigHomeHHs a0 I1I1, sk 10 IpoayKTy 31 CBOIM OCOOIUBUM
TEXHOJIOTIYHUM IPOLIECOM, MNPU3BOJIUTH JIO TOTO, MIO
Ba)XJIMBOIO TIOCTA€ MpodiieMa OLiHKK pu3ukiB i jurs 111
BimnosigHo 1o aHamizy [3, 4] MOXHA CTBEpIKYBaTH, IO
prsuku I1I1 MoxxHa KaTeropnusyBaTH pi3sHUM dnHOM. OnH
3 MOXJIMBHX BapiaHTIB: PU3HK IPOEKTYBAaHHS, TEXHIYHUH
pu3uk Ta Oi3Hec-pm3mK. Lle o3Hadae, mo KOXHA Tpyna,
MalO4YM CBOi OCOOJNMBOCTI, Ma€ BUKOPHUCTOBYBAaTH IS
JOCHIpKEHHsT ¢BOi ocoOmmBi mimxomu [3, 4]. Ocranne
03HAayYa€e, M0 BAXKIUBHUM CTA€ aJalTallisl ICHYIYHX
MiIXOMIB SK 3 TOYKH 30py MaTeMaTH4yHOI 0a3u, Tak i
iH(pOpMAaIIHHOI.

TakuM 4YMHOM, MOKHA CTBEP/PKYBaTH, B TOMY YHCII1
CIUparyYnch Ha anamiz [4, 5], mo npoOieMa OIiHKA
pusukis I1I1 € cknagHOI, OAraTOACIIEKTHOIO Ta MOTPeOye
BUPIIICHHS.

AHauni3 icHyo4Yux MeToaiB. MeTonu OLiHKH pU3H-
kiB [1T1 MO>kHA IOUTMTH HA KiTBKicHI Ta sKicHI [6—8]. o
KUTBKICHMX ~BITHOCSATBCS aHANi3 YyTIMBOCTi, METOJ
CIIeHapiiB Ta iMiTamiifHe MOAETIOBAaHHSI METOIOM MOHTe-
Kapmo [6, 7]. SkicHUM TpHWIfHATO BBAa)KaTH EKCIIEPTHE
ouiHoBaHHs [8].

AHaJi3 YyTIMBOCTI € BIOHOCHO IMPOCTHM METOIIOM,
SIKMI JI03BOJISIE 3'SICYBATH, SIKI CaMe YMHHUKA MOXKHA Bij-
HECTH JO HalOuIbml pusukoBaHMX. Halfuacrinie uei
METOJl 3aCTOCOBYIOTH JJISi BU3HAUYEHHS CTYIEHS BIUIUBY
3MIiHM YMOB pealtizallii MPOeKTy Ha 3HA4YeHHs OyIb-SIKOTO
MOKa3HUKa. Y XOJi LbOT0 aHai3y BU3HAYAETHCS CTYIIHb
CTIMKOCTI TPOEKTY [JO BIUIMBY 30BHIIIHBOro abo
BHYTPILIHBOTO CEPEIOBHIIIA.

CueHapuuii aHanmiz — MeToZ HepOopMalli30BaHOTO

OIUCY PHU3MKY MPOEKTY, L0 BKIJIIOYAE OLIHKY TyTIHBOCTI
HaWOUIBIIl 3HAYMMOTO NOKa3HHUKa JIIsl IaHOTO IPOEKTY 10
3MiHH Py (HaKTOPIB, @ TAKOXK OLIHKY MOXKIHBOCTI CITijIb-
HOi fii ¢akTopiB. 3a cleHApHUM aHaJi30M MOXYTh OyTH
pO3paxoBaHi OYiKyBaHe 3HaUECHHS [TOKAa3HUKA, CTaHAApTHE
BimxwieHHs i koedimient Bapiarii. KoedimieHnt Bapiarii
aHAJII30BAHOTO IPOEKTY IMOPIBHIOETHCS 3 KoedilieHTaMu
Bapiamii mpoekTiB-aHanoriB. Skmo koedimieHT Bapiaril
nepeBuInye KoeilieHT Bapiallii MpoeKTy-aHaiora, To Ie
CBIIYNTH NP0 3HAYHUI PU3HK.

Merta iMiTaiifHOT0 MOIEIOBAHHS TIOJIATAE y BiITBO-
PEHHI MOBEAIHKHA TOCTIIKYBaHOI CHCTEMH Ha OCHOBI pe-
3yJIbTATIB aHANi3y HaWOUIBII CYTTEBUX B3a€MO3B'SI3KIB
Mix ii enemeHTamu ao, IHIIUMH CIIOBaMH, B po3poOli
CHUMYyJISITOpa JIOCIIIDKYBaHOI MpeAMeTHOI obiacTi s
MIPOBEJICHHS PI3HUX €KCIIEpUMEHTIB. [miTariitne Moaemto-
BaHHs 10 Merony Monre-Kapio nosBoinsie moOymyBaTu
MaTeMaTU4Hy MOJENb JUIS TPOEKTY 3 HEBU3HAYCHUMH
3HAYCHHSAMH IMapaMeTpiB, i, 3HAIOYM HMOBIPHICHI PO3ITO-
MU TapaMeTpiB TPOEKTY, a TaKOXK KOPEIAII0 MiXK
rapaMeTpaMH OTPUMATH PO3MOALT PU3HKIB IPOEKTY.

[HTEpB'tOBaNbHI METOIM BHUKOPHCTOBYIOTBCS IS
SKICHOT OLIHKM HMOBIPHOCTI Ta HACIIJKIB PH3HKIB HA I
[II1. IaTepB'toBaHHS PU3HKIB 3 3aI[iKaBJICHUMH CTOPOHAMHU
MPOEKTY Ta €KCIEePTaMH, MOXKE CTATH HEPIIUM KPOKOM Y
npoteci SKicHOTro aHanizy pu3ukiB. HeoOxinHa iHpopma-
sl 3aleXUTh BiJ TUIY PO3MOAUTY WMOBIPHOCTEH, sIKi
Oynyth BuKOpHcTaHi. SkicHmii anami3 pusukis [1I1
BKIIIOYa€ B ceO¢ PO3CTAHOBKY PaHTIB Ui 1ICHTH(IKOBA-
HUX pu3uKiB. ns imeHTHdikamii Ta aHamizy pU3HKIB B
eKCIIepTHOMY OLIIHIOBaHHI HaifuacTille BHKOPHUCTOBYIOTbH
METOJIM MO3KOBOTO IITYpMY, Jlenb(i, KOHTPOIBHUX CITHC-
KiB Ta pamXyBaHHJ. AHaN3 i OIiHKAa PH3HKIB 3IiHCHIO-
IOTBCSL 3 METOI0 TIEPETBOPEHHS 3M00yTHX Yy XOHi 1IeH-
Tugikamii TaHuxX B iHPOpMAIIiIo, IO JO3BOJISLE TPUIHMATH
BIANOBigabHI pinieHHss. OCHOBHHM BHXOIOM IPOIECY
SKICHOTO aHalli3y € CIHCOK PamKUPYBaHUX PH3HUKIB 3
00YHCIICHUMH OLIIHKAMH.

IMocranoBka 3agauvi. Ananiz po6Gir [1, 4, 5, 9-11]
NoKasaB, 10 siKicHa ominka pu3ukiB III1 € BaknuBuM
erarnoMm y XII I1C, 30kpeMa pu3uKiB eTamy NpOEKTYBaHHS
y Ttakomy THmi [IC sk «mporpaMHe 3a0e3nedeHHs SK
nociyra». Buxoasun 3 1poro, nporec BUPIIEHHS 33/1a4i
aBToMaTH3allii sKkicHol oriHku pu3ukis [1I1 € akTyanpHIM.
Hns BupimenHs 3agadi ominkum pusukiB IIII B pobori
MPOTIOHY€ThCS BUKOPUCTAHHS EKCIEPTHOTO OI[IHIOBAHHS
metogamu [emsdi Ta pamxyBamHia. Ll meromm
MIIBUILYIOTh MOXKJIMBICTh OTPUMaHHS SIKICHOTO BipOTi[-
HOTO Pe3yJIbTaTy, M030aBICHOrO Cy0'€KTHBHOCTI OKPEMHUX
IyMOK ekcrepTiB. [Ipoueaypn BUKOPHCTaHHS METOIIB
BpPaxOBYIOTh OTPHMAHHS PE3yJIbTaTiB, IO BiIMOBIIAIOTH
Y3rOJDKEHOCTI OyMOK ekcreprTiB. OTpuMaHi pe3ylbTaTH
JIO3BOJISIIOTH PAaH)KyBaTH PHU3MKW Ta HarJsIHO BimoOpa-
JKaTh TXHI TOKA3HHUKH.

Peanizaniss npouexypu ominku pusukiB III1 moxe
JTO3BOJIMTH MOOYAyBaTH €QEKTHBHI POLIEAYPH YIIPABIIiH-
HS pU3UKaMu. B ToMy 4ucli, SK HaCIiAOK, YHUKHYTH a00
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3MEHIINTH OCTaHHi. Buxozsun 3 nporo mpobiema OIiHKH
pusukiB [1I1 3anumaeTscs JOCUTH aKTyalnbHOIO. B ymMoBax
IIOCTIMHOTO MiABHUILEHHS CKiIagHocTi Ta oocsris [1I1 Bax-
JUBUM TaKOX CTa€ po3poOKa BiAMOBITHUX iH(pOpMAIIii-
HUX TEXHOJOTIH.

Takum 4nHOM, METOIO poOOTH € moOymoBa iHpOp-
MarliifHo1 Texaosorii oninku pusukis I1I1.

TexHoJIOTiE  OUIHKH  PHM3MKIB  NPOIrpaMHHX
npoekTiB. [Ipu ouinmi pusukis III1 Tumy «mporpamue
3a0e3MeuyeHHs] SK MOCiayra»y B pPOOOTI MPOIOHYIOTHCS
HacTymHi popmaiizaunii merony Jenbdi Ta paHKyBaHHS.

[punycrumo, mo BuxineHo K mutaHb, KOKHE 3 STKUX
npejicTaBIeHo sKicHo B Qopmi qg, k = 1,K. s
OTPUMAaHHS BIINOBiACH Hexall copmoBaHa rpyma 3 N
excrieptiB. KoxkeH i-i1 ekcriepT opMye CaMOOIIIHKY S; Ta
HAJla€ YHCENBHY OIIHKY (L 3a (), BHKOPHCTOBYIOUH
mkany Bix 1 go 10. 3 Meroro aHami3zy naHMX 0OUHMCITIO-
I0TBCS] HACTYIIHI MOKa3HUKU: CePeIHbOTPYIOBA OLHKA!

AN
s = NZi:lSi s

TIPOCTI OIIHKH:

CepeIHbO3BAXKEH] OLIHKU!

N i
w _Zi:lsiqk
k— N
i=15i

=~
I

=

=

MEiaHu;

my = Me|qk,i = TN|, k = 1T,K;

JTOBIpYi IHTEPBAJH C), = [gk,Ek] Ha 0a3i:

— ,Mmin qlr(nax_qlrc’nin —1K-
Cr = Qg +#,k—1,K,
max min
o= qp - =1k,
4
g™ = min qi .k = TK;
qr™ = max qj, k = TK;

JIOBXXMHU JIOBIPYHX 1HTEPBAJIIB:
lk sz—gk,k = 1,K.

OTtpuMaHi pe3ynabpTaTH aHATI3YIOTHCS eKCTIepTaMy Ta
y BHNAAKy HEOOXiJHOCTI KOPEryloThCs INOKH He Oyne
OTpUMaHa y3aralibHeHa JyMKa 3a KPUTEpIEM [OBKUHH
JOBIPYOTO iHTEPBAIY.

BinmoBimHO 10 OTpUMaHHUX PE3yIbTATIB 32 METOIOM
Jlenbdi MokHA pOOWTH BUCHOBKH IIOJIO0 3aTrPO3U PU3HKIB,
chopmynpoBaHUX y BUIIAAi K 3ammrans. s meoro ay
paHxytoTbcsi. Haiibinpn HeOe3rneuHOMy PH3HMKY BiAIOBI-
niae max a i Tak pani. BigmoBinmHO pearyBaHHs Ha Taki

PU3MKH TIOBHHHI BinOyBaTtucst B mepmry uepry. [Hmmi
MOKa3HUKH € IOJaTKOBHMH Ta MOXXYTh OyTH BUKOpPHCTaHi
y ToAaibIIiil po3po0Ili MIaHy yIpaBIiHHSI PU3HKAMU.

SIKIO TPHITyCTHTH, IO E€KCIEPTH MOXXYTh CYBOPO
paHXyBaTH pHU3HKH 32 3MCEHIICHHSIM BaJIMBOCTI Ta
MPUBJIACHUTH iM umcna Big 1 mo K, M0 OIiHKHA PU3UKIB
[IIT mokHa 3acTocyBaTH METOJ paH)KyBaHHS. B 1mpomy
BUIIAJKy BHUXIJTHOIO iHpOpMalli€eio € R;;, — paHr, mo Haja-
€THCS1 KOXKHUM {-M €KCIIEPTOM 3a K-M PU3UKOM.

V3aranpHioroun  Rj  chin  o0YMCIUTH  paHTH

Ry =YN ., Ry, Ha OCHOBi SIKHX PaHKYIOThCS PH3HKH.

Pusnk 3 HallOLIBIIMM paHTOM € HaiiO1bII HeOe3IeUHNM.
Amnanizytoun R;; pEKOMEHIOBAaHO BHM3HAYaTH Y3-

TOJDKEHICTh TYMOK eKcrepTiB. B po6oTi [uis 1poro mpo-

MOHYETHCS  3aCTOCOBYBaTH  KOC(QIIIEHT KOHKOpHAIIil
Kenpgamna:
2
K N N(K+1)
12 Y= ( i=1 Rix — [
W =
N2(K? - K)

3 MeTOI0 TepeBipKM 3HAYyIIOCTi KoedilieHTa
KOHKOpZALii TPONOHYETHCS OOYMCIIIOBATH  KpUTEpii
ITipcona:

X! =NK-1DW.

Indgopmaniiina miATpUMKa OWIHKH  PHU3HKIB
NMPOrpaMHHUX NMPoeKTiB. B cyyacHUX ymMoBax BUPIIICHHS
OuTeIIOCTI 3ama4  HE MOXJIHMBE 03 BHUKOPHUCTAHHS
cydyacHHX  iHpopmamifHmX  TexHomorii. He €

BUKIIOYCHHSIM 1 3ajaya ouinku pusukiB 1. 3 wmeroro
peaizanii nporpamMHoi 4acTuHH iH(GOpPMaLiitHOT TEXHOIO-
rii ouinku pumsukiB [II1 Oyno chopmoBano maker
¢yHKIIOHATBHUX Ta HE(YHKIIOHAJILHUX BHMOT, CIIPOEK-
ToBaHa 0a3za panux (BJl) Ta Moaenb MpeaCTaBICHHS KOM-
TIOHEHTIB CUCTEMH.

@dyHKIioOHANBHI BUMOTH TpeACTaBieHi Ha puc. 1 y
BUTIISL liarpaMu IpereieHTiB Biamosigao 10 UML.

Jo xmo4oBUX HE(PYHKIIOHAIFHUX BHMOT CIJ
BigHecTH: iHTep(eiic KOpucTyBaya IMOBHHEH OyTH MiHi-
MaJbHHM Ta IHTYITHBHO 3pO3YMUINM, CHCT€Ma NOBHHHA
OyTH 3pYYHOI Y BHUKOPHCTAaHHI Ta pPEayli30ByBaTHU 3asiB-
JieHy (YHKI[IOHATIbHICTb.

[Monermenns: 30epiranHs Ta 00poOku iH(opmarii
3abesneuyerbest BJI. B pobGoti mpoekt B/ peanizoBaHo
3acobamu CASE-cucremu ERWin y Burisai moxen,
HaBeJeHIH Ha puc.2. 3anponoHOBaHAa CTPYKTypa
3abe3neuye 30epiraHHs BuxigHol iHpopmanii (Risk),
pesynbrariB gocmimkenns (QuestionsMarks, Delfi_Lap,
Results_MethodDelfi, RangingConsensus, Rang_Lap,
RangingConsensus, Rangs) Ta IMepcoOHANbHUX TaHUX
kopuctysauis (User, Expert, Analyst).

HiarpamMa KOMIIOHEHTIiB, TpEJACTaBIeHA Ha pHC. 3,
irocTpye (pismyHe MpencTaBICHHS KOMIIOHEHTIB CHCTEMHU
Ha ocHOBI narepHy MVC.

Ha Bysni Controller posroprayTi KoMmoHeHTH st
00pOOKH EKCIEePTHUX OIIHOK, OOYMCIICHHS MMOKA3HUKIB,
paHXXyBaHHSI PU3MKIB Ta MoOyJOBU 3a HUMH niarpam. Jla-
HHUH BY30J TakoX 3abesrnedye ayTeHTH(]IKalilo Ta Iepe-
BIpPKY pOJIi KOpHCTYyBaya.
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Puc. 3. liarpama KOMITIOHEHTIB

By3on Model peainizye nporpaMHi KOMIOHEHTH A0C-
tyny 1o bJl. Ilporpamna cuctema peayizoBaHa 3a
nmoromororo cepenosumia IDE NetBeans 3aco6amu PHP
ta ¢yHkuionye mig ynpasminasM MySQL. Bamigaris
NporpaMHOi CHCTEMHM BHKOHAaHa 31 3aCTOCYBaHHSAM
eKcriepTu3n. Bepudikariiss — MOOYIbHAM TECTYBaHHSM 3a
noromororo PHPUNit.

BucHoBku. Hana poboTta € JIOTIYHUM
nponoBxeHHs M [12]. B poOoTi po3riisiHyTa TEXHOJOTis
ouinku pusukis I1I1. [Iporpamue cucrema peanizoBaHa Ha
ocHOBi marepHa MVC, ommMcaHO HHU3KOK Jiarpam,
BIJIMOBIIa€  apXiTEKTypi THUIy  «KIIIEHT-CEpPBEP» 3
Buninennm application server Ta aBToMaTH3ye MpoLec
ouinku pusukiB III1. 3ampononoBana iHpopMamiliHa

TEXHOJIOTISl JIO3BOJIMTH NMPUHMATH palioHATbHI PIlICHHS
Ha TIJICTaBi EKCIEPTHUX NaHWX. [lomamnbimi JOCHTiKSHHS
OynyTh CHpsIMOBaHI B HampsIMKy PpO3pOOKH MoJeNeH
ynpasiiaas pusukamu 111 ta BigmoBigHo1 iHGOpMAITIHHOT
MATPUMKH.
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V. L. LYSYTSKYI, D. Y. ORLENKO

MODELS FOR THE FORMATION OF IT COMPANY STRATEGIC PORTFOLIO OF PROJECTS

Increasing of unpredictability, novelty and complexity of the external environment of modern enterprises of IT industry has led to the need of creating
such management mechanisms that can ensure making of coordinated and effective decisions to adapt enterprises to the external competitive
environment, ensure their survival and successful development. In order to adapt to rapidly changing environmental conditions it is necessary to apply
management that is associated not so much with the definition of a strategic position (long-term and strategic planning), as with a timely, real-time
response to rapid and unexpected changes. Formation of adequate management forces enterprises to engage in the refinement of the strategy and the
solution of the arisen strategic tasks simultaneously and in parallel, to apply scientifically based management information technologies. Creation of
such technologies requires the availability of adequate models of production activities of IT company. A set of interrelated models of forming a
strategic portfolio of IT projects of a company, whose activity is aimed at creating a finite number of IT projects in the context of time and resource
constraints, is proposed. A set of interrelated models for the formation of IT projects strategic portfolio activity of which is aimed at creating a finite
number of unique software products in conditions of time and resource constraints is proposed. Qualitative and quantitative methods of modeling of
IT company production activity were used while developing a set of models and generated a set of models of expert procedure and a set of models of
optimization procedure. The set of expert procedure models for assessing of IT projects significance realizes the hierarchies analysis method. The set
of models of optimization procedure implements the method of linear programming which allows to determine the effective structure of the IT projects
portfolio in the medium term which ensures achievement of company strategic goals. Based on the developed set of models, a generalized algorithmic
model for the formation of company strategic portfolio of projects is formed and can be used to create information technology for strategic planning of
IT company production activities in conditions of dynamic external environment.
Keywords: set of models, optimization procedure, expert procedure, portfolio of IT projects, enterprise, information technology.

B. JI. THCHIIbKHH, J. 10. OPIEHKO
MOJAEJI ®OPMYBAHHSA CTPATEI'TYHOI'O NIOPT®EJIA TPOEKTIB IT ®IPMU

[ligBuienHs Henepea0auyyBaHOCT, HOBU3HH 1 CKJIAJHOCTI 30BHILIHBOTO CEPEAOBHUIIA CydacHUX mianpueMcts IT iHgycTpil mpu3Benu 40 HeOOXiTHOCTI
CTBOPEHHS TAKUX MEXaHi3MIB YIpaBIiHHSA, sKi Oyam O 3maTHI 3a0€3MEUHTH NPUHHATTS CKOOPIMHOBAHHX 1 €(EeKTHBHHX pilleHb IO amanTamnil
IIJNPUEMCTB IO 30BHIIIHBOIO KOHKYPEHTHOI'O CEpelOBHLII i 3a0e3leueHHs iX BI)KMBAHHS 1 yCHIIIHOrO po3BUTKY. Jns ajmanTauii 10 IBHAKO
3MIHIOIOYHXCSl YMOB CepEeIOBHIIA TOTPIOHE 3aCTOCYBaHHSI YIPABIiHHS, TOB'SI3aHOTO HE CTIIBKU 3 BU3HAYCHHSIM CTPATeriyHOl MO3HLT (IOBrOCTPOKOBE
i cTpareriuyHe IUIaHYBaHHS), CKUIBKM 31 CBOEYAaCHOIO PEAKIi€l0 B pealbHOMY MacIuTabi yacy Ha IIBHAKI i HecnoxiBaxi 3MiHum. dopMyBaHHS
aJICKBaTHOTO YIPABIIHHS 3MYyLIy€e MiANPHEMCTBA OJHOYACHO MapajelIbHO 3aiMAaTHUCS YTOYHEHHSM CTpaTerii i pillleHHSM BHHHUKIMX CTpAaTeriyHUX
3aj1a4, 3aCTOCOBYBAaTH HAyKOBO OOrpyHTOBaHi iH(bOpMariiiHi TexHooril ynpasiiHasa. CTBOPEHHs TaKHX TEXHOJIOTiH BUMara€ HasBHOCTI aJeKBATHHUX
Mozeneit BupooHudoi aistmeHOCTI IT dipmu. [TIponoHyeThCS KOMILIEKC B3a€MOIIOB'I3aHUX Moienel popMyBaHHS cTpaTeriqHoro noprgens npoektis IT
(bipMH, AiSIBHICTH KO CIPsIMOBaHA Ha CTBOPEHHS KiHIeBoro uucia IT mpoekTiB B yMOBaX 4acOBHMX Ta pecypcHuMX oOMexeHb. IIpu cTBOpeHHI
KOMIUIEKCY MOJiesiedl BUKOPUCTaHi SKICHI 1 KUIBKICHI METOAM MOJENIOBaHHS BUPOOHHMYOI naisuibHOCTI IT mianmpueMcTBa, 110 MOPOAMIN KOMILIEKC
Mogieniell eKCIepTHOI MpoLeaypH 1 KOMIUIEKC Mojenedl onTuMizaniifHoi mpomemypu. ExcreprHa mponenypa 3abesmedye omiHKy 3Hadymiocti 1T
MPOCKTIB 3 BUKOPHCTaHHSAM METOJy aHali3y iepapxiit. Kommiekc Moaenelt onTuMisariitHol mporuesypy peaiizye METOA JIHIHHOro mporpamMyBaHH,
IO JI03BOJISIE B CEPEIHBOCTPOKOBIM TEPCHEKTHBI BU3HAYUTH €(EKTHBHY CTPYKTYpy crpateriyHoro mnoprdens IT mpoekriB, mo 3ade3neuye
nocsrHeHHs1 crparerivnnx nineidl IT ¢ipmu. Ha ocHOBI moOynoBaHOTO KOMIDIEKCY Mofenel po3poOJICHO y3aradbHEeHy alrOpHTMIYHY MOJeENb
(dopmyBanHs crparterigHoro moptgens IT mpoekriB, ska Moxe OyTM BHKOpPUCTaHA IPH CTBOPEHHI IH(OpPMALIHHOI TEXHONOTII CTpaTeriYHOro
IUIaHyBaHHs BUpOOHMUOT AisuibHOCTI IT mianpueMcTBa B yMOBaX AMHAMIYHOTO 30BHIIIHBOTO CEPEIOBHUIIA.

Kio4oBi ci10Ba: KOMIUIEKC Mojenel, ONTHMi3amiiiHa mpolexypa, eKclepTHa mpoueaypa, mnoprdens IT HpOEKTiB, MiAIPHEMCTBO,
iH(popMalliiiHa TEXHOIOTIs.

B. JI. THCHIIKAH, JT. f0. OPJIEHKO
MO/IEJIM ®OPMHUPOBAHUSI CTPATETHYECKOT'O TIOPT®EJISI IPOEKTOB IT ®HPMbI

IToBblnIeHne HETIPEACKAa3yeMOCTH, HOBU3HBI U CIOJKHOCTH BHEIIHETO OKPY)KCHHS COBpeMEeHHBIX npeanpusatuii UT uuaycTpun npusenu k HeobXoau-
MOCTH CO3/IaHHSI TAaKMX MEXaHM3MOB YIPABICHUs, KOTOPHIE CIIOCOOHBI OOCCIICYHTh MPHHATHE CKOOPAMHHUPOBAHHBIX M 3((EKTHBHBIX pEeLICHHUIl MO
aJlanTalMy MPeINPUATUH K BHEIIHEH KOHKYPEHTHOH cpesie ¥ 00eCleYeHHIO X BBDKHBAHUS U YCIIEITHOTO pa3BUTHs. I afanTaIui K OLICTPO MEHs-
IOIAMCSL YCIIOBHSM Cpelbl TpeOyeTcs IpUMEHEHNE YIIPaBICHHS, CBI3aHHOIO HE CTOJIBKO C OIpeeTIeHHEeM CTPAaTerHIecKoi MO3UINHU (JOITOCPOYHOE
U CTPaTEern4ecKoe MIAHUPOBAHKE), CKOJIBKO CO CBOCBPEMEHHO peakuueil B pealbHOM MacuiTabe BpeMeHH Ha OBICTPBIC U HEOXKHAHHBIC H3MCHEHHSL.
dopmMupoBaHHe aJIeKBaTHOTO YNpPaBICHHS BBIHYKAAeT NPEANPHATHS OJHOBPEMEHHO Mapajule]bHO 3aHUMATHCS YTOUHEHHEM CTPAaTeTHU U PelleHHEM
BO3HHKIINX CTPATETMUCCKHUX 3a[ad, IPHMEHATh HaydHO 0OOCHOBaHHBIC MH(GOPMAIMOHHBIC TEXHOIOTUH yrpasiaeHus. Co31aHHe TAKUX TEXHOJIOTUH
TpeOyeT Hanmuuus aJeKBaTHBIX MOJENeH Npou3BoAcTBeHHOH nestensHocTH UT dupmel. Ilpemnaraercss KOMIUIEKC B3aMMOCBSI3aHHBIX Mojeleit
(dhopmupoBanus crparerudeckoro noprtdens npoextoB UT dupmbl, aesaTeapHOCTh KOTOPOI HampaBiieHa Ha co3aaHue koHeyHoro ynucia UT npoexTos
B YCJIOBUSIX BPEMEHHBIX M PECYpPCHBIX OrpaHHYeHUH. IIpy co3maHMH KOMILIEKCa MOJENeH HCIONb30BaHbl KaYeCTBEHHBIE U KOTNIECTBEHHBIC METOIbI
MOJICTUPOBAHUS NTPOU3BOACTBEHHOM nestenbHOCTH UT mpennpusaTus, HOPOAMBLIME KOMIUIEKC MOJEJEil JKCIEPTHOH MPOLEAYpbl W KOMILIEKC
Mozieniell ONTHMH3allMOHHOH Iporeayphl. DKcIepTHas Ipoleaypa oOecleunBaeT OleHKY 3HauMMocTH WUT NpoekToB ¢ HCIOIb30BaHUEM METOIa
aHanm3a uepapxuil. KomIniekc Moneneil ONTHMH3AIMOHHON MHPOIEAYPHl pealn3yeT MeTol JIHHEIHOro NporpaMMHpPOBAaHUS, MO3BOJLIOMUN B
CPETHECPOYHON MEepPCHEKTHBE ONMpefenuTh 3(Q(HEeKTHBHYIO CTpPYKTYpy crparermyeckoro noprdens UT mpoekToB, oOecnednBaIOIIEro JOCTHKECHHE
crpareruueckux ueneit MT ¢upmbl. Ha ocHOBE HOCTPOEHHOro KOMIUIEKCa Mojeield pa3paboTaHa 0O0OOIIEHHAs alrOpUTMHYECKas MOJEINb
¢dopmupoBanus crparermdeckoro noprdenst UT mpoexToB, KoTOpas MOXKET OBITH HCIONB30BaHA NIPU CO3JAHUM HHGOPMAIMOHHON TEXHOJIOTUH
CTPATEruuecKoro IIaHUPOBAHUS NIPOU3BOICTBEHHON esiTenbHOCTH T npeAnpusTis B yCIOBUSX JMHAMUYECKON BHEIHEH Cpe/ibl.

KiroueBble c¢j10Ba: KOMIUIEKC Mojenel, ONTHMH3allMOHHAs IpoLenypa, dKCIepTHas mpouenypa, moptdemns IT mpoexros, mpeampusrme,
nHGOPMAIMOHHAS TEXHOJIOTUSL.

Introduction. Modern stage of Ukrainian economy  external environment, increasing competition in domestic
development is characterized by high dynamics of an and foreign markets, development of information
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technologies tools and information technologies. All this
actualizes strategic aspects of enterprise production
activity management in the IT sector and requires a
conscious selection of common development directions to
achieve long-term corporate goals considering existing
restrictions dictated by both the external and internal
environment of the IT company. Depending on the level
of instability of the external environment, there are four
classes of enterprise management methods [1, 2, 3]:
management methods based on execution control [3, 4];
extrapolation-based control methods [3, 4]; management
methods based on the prediction of change (the future is
partly predictable) [5, 6, 7]; management methods based
on flexible urgent solutions (the future is unpredictable)
[1,3,8,9], which are the methods of strategic
management that provide management of strategic
capabilities of enterprise [3, 4, 5, 9]. Strategy formed by
these methods determines the direction of development of
the enterprise towards its target state while leaving the
freedom of choice taking into account the changing
situation in the external environment, current restrictions
dictated by both the internal and external environment of
the enterprise. Application of strategic management
methods to formation of the portfolio of IT projects will
allow to link portfolio projects with the achievement of
the strategic goals of the IT company, provided that the
limited resources for projects are effectively allocated [3,
10].

Therefore, the purpose of the work is to increase the
profitability of the IT company by creating a set of models
for the formation of a strategic portfolio of projects that
ensures effective achievement of company strategic goals
taking into account existing resource constraints.

Formulation of the problem. Achieving the
competitive advantage of IT company is not only a
consequence of the successful implementation of its
portfolio of projects, but also the correct selection of
morphology and projects portfolio structure that determine
vector of IT company strategic development in a
competitive external environment. Due to that, there arises
the task to form an effective portfolio of IT company
projects with an incremental style of behavior that can

create a finite set I1=ITIlg,S =1,n of IT projects
(ITP). Further, ITP is understood as an activity of creating
a unique software product in terms of time and resource
constraints. It is assumed that for implementation of
ITII € 11 at a given time interval the company has limited
resources (labor, information, energy, natural, basic and
circulating funds, etc.). All the necessary qualitative and
quantitative information about past and current state of the
IT company, its internal and external environment, and the
results of its production activities is known. The task is to
create a set of models that form such portfolio of IT
company projects from ITII € II that at a given medium-
term time interval, in conditions of available limited
resources provides maximum allowable amount of profit
with minimal risks for the company.

Set of models. A qualitative analysis of accumulated
empirical evidence, generalization of IT company
functioning experience are the source for determining
promising directions of its strategic development.
Therefore when developing a set of models for the
formation of an effective portfolio of IT company projects
(EPP) it is proposed to use qualitative and quantitative
methods of modeling. Fig. 1 illustrates general scheme of
formation of EPP, that contains an expert procedure
designed to determine effective structure of the IT
company projects portfolio.

As a theoretical basis for the expert procedure, it is
proposed to use the hierarchy analysis method [11] which
presumes decomposition of the problem of defining the
project portfolio morphology into increasingly simpler
components interaction of which is determined by the
hierarchical model of impact of ITII € II on the increase
of the IT company profit. At the first level of the hierarchy
there is one vertex that determines focus of the problem
(increase of profit).

The second level is determined by main objectives of
the IT company: profit increase; cost reduction; risk
reduction. The third level is determined by ITP groups
which set directions of the IT company production
activity. The lower level of the hierarchy is formed by
ITII € 1.

Qualitative Criterion
indicators of optimality
T ) Resource
projects I y constraints
™
1 O- — = 1
: O a .\?orphololg_v '//O )
~ of the project
- By e -1 ore— ol -
e Expert portfolio Optimization Qi
procedure ~k ST edure I
B Priority procedure v
- T J 2 5 &
" - ITP € P 3 Z
~
n O~ ~Om
[—" )

Effective portfolio
of projects

Fig. 1. General scheme for the formation of an effective portfolio of company IT projects
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Based on the hierarchy for each of its maternal
vertices an estimation of weight coefficients, that
determine degree of its dependence on the vertices of the
lower level that affect it, is given. For the formation of
estimation a group that contains r experts from among IT
company leading specialists is formed. Each expert with a

number s, s = 1,r, forms a matrix of paired comparisons
AS = (af}). The elements a;; of the generalized matrix

A= (aij) of pairwise congruencies are determined by the

1
expression a;; = ([[=1 afj)?. The normalized eigenvector
that corresponds to majorizing matrix root A determines
local priorities of lower-level elements. Based on the local
priorities of the hierarchy vertices and by using the
hierarchical synthesis procedure of global priorities
wj,w; =0, ¥7_yw; =1, of IT projects that make up
composition of IT are found. The composition of ITIIg € 11
that determine the morphology of EPP are found by
ranking ITII; according to degree of decrease of their
global priorities w; and selection of the first ITIIg, in T,
set in the resulting row, the sum of global priorities wg, is
equal to a = 0,8 + €, € — is admissible error.
Priorities w;

ITII; € My = {ITMs,: X7, ws, = 0,8 £ €}, (1)

where p— power of II,, are found by rationing
w; = ws,/a. Herewith w; > 0, X7_ w; = 1.

A set M; = {M,;} of models M,; that provide the
expert procedure contains:

M, — algorithmic model of the hierarchical model
formation;

M, , — algorithmic model of the formation for all of
hierarchy maternal vertices of pairwise matrices A5 and
generalized matrices 4;

M5 — algorithmic model for determining the local
priorities of the vertices for the second, third and fourth
hierarchy levels;

M,, — algorithmic model for determining global
priorities ITIIg € IT;

M, — algorithmic model for the formation of a set
I1, of ITP projects that define the morphology of the EPP.

As a theoretical basis for creating the optimization
procedure it is proposed to use linear programming
method that allows in the medium-term perspective to
define volumes of production of ITIIg € I1, that ensures
achievement of IT company strategic objectives.

A general approach to solving the problem of
volumetric planning assumes that the IT company is
aware of the following information:

j — the project nomenclature number from II,,
j = 1nm;

n — power of I1;

b; — volumes of limited resources (labor resources of
various professional groups, fund for operating time of
equipment for various purposes, raw materials and
consumables, energy carriers, information resources,

salary fund, etc.), i = 1,m;

standards for expenditure of resources for
implementation and realization of the project;

profitability of ITII; € Iy;

requirement for the volume of projects realization.

Since the focus of the problem in determining the
morphology of the EPP was to increase the profit of the IT
so company linear form of the linear programming is the
following:

n
L= Z CjWjXx; — max, (2)

j=1

where L — profit from the realization of projects;

¢; — profitability of project;

w; —expected amount of risk determined by the
probability that completed project will be paid by
customer;

x; —number of projects of j-th nomenclature.

Maximization of revenue (2) is carried out when the
restrictions are met.

Limitations of project implementation volume

n
ZSJ'X]' > w, (3)
j=1

where w —requirements for project implementation
volume in the planned period.
Restriction on resources

m
j=1

where b;; —norm of the expenditure of i-th resource for
one project of j-th nomenclature.

Restrictions on production volumes of j-th
nomenclature projects
O(ijjSBj,jzl,_n, )

where value «; is determined by the existing contractual
obligations of IT company;

Bj — projects market
nomenclature.

The mixed form of writing a linear programming
objective makes it very difficult to assign an initial
support plan when solving it by a finite method.
Therefore, it is proposed to determine its solution by the
M-method.

A set M, = {M,;} of models M,; that provide the
optimization procedure contains [12]:

M,,; — algorithmic model of initial simplex tables
formation that are required by M-method;

M,, — algorithmic model for determining solution of
the objective (1-4);

M,5 — algorithmic model for verifying reliability of
the obtained solutions;

M,, — algorithmic model of conducting numerical
experiments;

opportunities of j-th
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Algorithmic model M = <M, M, > for the formation of
strategic portfolio of IT projects

Qualitative information

Hierarchies analysis method

’f

Quantitative information

Monitoring data

W

Algorithmic model
M, =M, i=13)
for definition of projects
portfolio morphology £, € P
\

Lincar programming method

P‘. ) (-

Algorithmic model

M,={M,,i=13

> for definition of

projects volume

Efficient portfolio of
IT company's projects

Fig. 2. Generalized structure of the algorithmic model for the formation
of the IT company strategic portfolio projects

M,y algorithmic model for studying stability
boundaries of the obtained volumetric optimal plan for
implementation and realization of projects from II,,.

Fig.2 illustrates a generalized structure of
algorithmic model M = (M;|M,) for the formation of the
strategic portfolio of projects.

Constructed algorithmic  model prevents the
possibility of many errors at a design stage of the
program.

The constructed set of models

M ={My;,M,;,i = 1,5} provides a clear formulation,
purpose, content of individual parts of the program, allows
paying considerable attention to ensuring the simplicity of
software implementation structure of the algorithmic
model, to significantly reduce costs, time expenditures for
developing the software solution for the task of forming of
the efficient portfolio of IT company projects, that
operates in a competitive environment of IT industry.

Conclusions. The set of models of the expert
procedure for determining the significance of IT projects
was developed. The set of models of the optimization
procedure for determining the effective structure of IT
projects which determines the company strategic goals
was elaborated as well. Besides, the algorithmic model for
the formation of the company strategic portfolio of
projects was worked out which can be used to create
information technology for strategic planning of the
company production activities.
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H. V. VIETROVA, V. 0. HUZHVA

ANALYSIS OF THE MARKOWITZ’S AND TOBIN’S MODELS FOR SECURITIES
PORTFOLIO CONSTRUCTION

The conclusions about the strata of society, various parties are supported by, have been made. The question arises of revising and improving the ways
of forming the investment portfolio, since the degree of influence of macroeconomic indicators on the stock market behavior changes. The stock
market is one of the key elements of the financial system of any state. The essence of the securities portfolio, the main task and the main objective of
portfolio investment, the nature and methods of forming the securities portfolio in the conditions of instability of the Ukrainian stock market are
considered. It describes the process of forming a securities portfolio, which is divided into five stages: determining investment objectives and
priorities, conducting an analysis of securities, creating a portfolio and choosing management tactics, revising a portfolio and evaluating portfolio
performance. On the basis of Markowitz’s model and Tobin’s model are developed algorithmic, informational and software. The applied capabilities
of portfolio investment models are explored, which realize the main idea of Markowitz to form an optimal securities portfolio, while at the same time
having fundamental differences. And the main difference Tobin’s model, which includes a certain risk-free asset, along with risky securities. An
optimal securities portfolio is being built using ten risky stocks of various sectoral activities of Ukrainian enterprises using the Markowitz model and
using risk-free assets (government corporate bonds) for the Tobin model. Also the composition, profitability and risk of the optimal portfolio in the
Ukrainian stock market are determined. In addition, a graph of profitability and risk dependencies is constructed, where each point of the chart is a
certain portfolio with a certain number of investments in the stocks of listed companies. The conclusion is made on the results obtained, focusing on
their difference depending on the choice of the model of portfolio formation.
Keywords: securities, investment portfolio, portfolio formation, risk, profitability, Markowitz model, Tobin model.

I. B. BETPOBA, B. O. I'Y2KBA

JOCJIJI)KEHHS MOJIEJIEM MAPKOBIIIA TA TOBIHA IIOBYJIOBU ITOPT®EJIS IITHHUX
ITAITIEPIB

OcTaHHIM 4acOM BHHMKA€ ITHTAHHS IEPErysily 1 BIOCKOHAJIEHHs CIoco0iB (JOopMyBaHHS iHBECTULIHHOro mopTderns, OCKUIBKN 3MIHIOEThCS CTYIiHb
BIUIMBY MaKpOCKOHOMIYHHX IHIMKATOPiB Ha MOBEAIHKY (OHZOBOro puHKY. DOHIOBUI PHHOK € OAHHM 3 KIIOYOBHX EIEMEHTIB (iHAHCOBOI CHCTEMHU
Oy1b-s1K01 IepakaBH. Po3risaaloTees CyTHICTh NOPT(eNns [IHHNX TalepiB, OCHOBHE 3aBJaHHS 1 TOJIOBHA MeTa NOPT(EIbHOrO iHBECTYBaHHS, CYTHICTb 1
Metoan (opmyBaHHs moprdens LIHHMX IanepiB B yMOBaX HeCTabiIbHOCTI ykpaiHchkoro (oHmoBoro puHKy. Onmcyerbcest mpouec (GopMyBaHHS
noptdenst WiHHUX Manepis, SIKUH PO3ALTCHHH Ha M'ATH €TaliB: BH3HAYCHHS IHBECTHLIHHUX IiTEH Ta MPIOPUTETIB, NPOBEACHHS aHATI3y LIHHHX
nanepis, CTBOPEHHs MOpTQest 1 BUOOPY TaKTUKH yHpaBIiHHS, peBi3is moprdens i oninka edexTuBHOCTI mopTdens. Po3poOisieTbes anropurMivge,
iH(opMmalliiiHe Ta mporpamMHe 3abe3NeueHHs Ha OCHOBI Mozesi Mapkosina i mozmeni ToGiHa. OOroBOPIOIOTECS MPHUKIAJHI MOXIIMBOCTI MOJENeH
nopT¢enbHOro iHBECTYBaHHS, SIKI peaji3yloud OCHOBHY iieto MapkoBina 1mo10 GopMyBaHHsS ONTHMAILHOTO NOPTQENs [IHHUX Tanepis, B TOH ke yac
MarTh HPUHIUIIOBI BiIMIHHOCTI. | pO3risiiaeThes TOJIOBHA BiqMiHHICTH Moieni ToOiHa, sika BKIIIOYAE B JOCII/DKCHHS TIOPST 3 PU3UKOBHMH IIIHHUMHU
nanepamy NeBHHIT Ge3pH3MKOBHIl akTHB. Bynyerbest onTUManbHUN MOpTGhEs LIHHUX ManepiB 3 BUKOPUCTAHHSAM JECSTH PH3UKOBHX aKI[H PI3HUX
rany3eBux cep HisIbHOCTI YKpAiHCBKMX MIANPUEMCTB 33 MOACII0 MapkoBila i 3 BUKOPUCTAaHHS O€3pPU3MKOBUX AaKTUBIB (IEp:KaBHUX
KOPIIOPAaTUBHUX o0miramiif) 3a Momemmo ToGina. Bu3HauaeTbest ckiIam, NPHOYTKOBICTh i PU3HK ONTHMAIBGHOTO MOPTQENs Ha yKpaiHCBKOMY
¢dongoBomy puHKy. KpiM Toro, 6yayerses rpadik 3amexHOCTel MPHOYTKOBOCTI Ta PU3MKY, A€ KOXKHA TO4Ka rpadika € neBHHH NOpTdens 3 NEBHOO
KIJIBKICTIO BKJIaJCHb B aKlii HaBelECHMX KoMmaHiil. POOMThCS BHCHOBOK 3a OTPUMAaHUMHU pE3yJbTaTaMM, AKLUEHTYIOUHCh Ha iX BiIMIHHICTH B
3aJISKHOCTI BiJf BHOOPY MoJeni popMyBaHHS IOPTQhEIs.

Kurodosi cioBa: 1iHHI manepu, iHBecTULiiHMIA mopTdens, GpopMyBaHHs mopTtdens, pu3MK, MPHOYTKOBICTh, MOAeTb MapkoBina, Moaelb
To6ina.

I. B. BETPOBA, B. A. I'V2KBA

UCCJIEJOBAHUE MOJIEJIE MAPKOBHMIIA U TOBMHA NOCTPOEHUS NMOTP®EJISA HEHHBIX
BYMATI

B mocienHee BpeMs BO3HHKAaeT BOIPOC MEPECMOTPAa M COBEPIICHCTBOBAHHUS CIOCOOOB (POPMHUPOBAHMS MHBECTHIIMOHHOTO MOPTQEINs, MOCKOIbKY
N3MEHSICTCS CTEHEeHb BO3JEHCTBHS MAaKpOIKOHOMHUYECKHX HHIHKATOPOB Ha IOBeneHUE (DOHIOBOTO phIHKA. DOHIOBEINM PHIHOK SIBISETCS OJHHUM H3
KJTIOUCBBIX JJIECMEHTOB (DMHAHCOBON CHCTEMBI JIIOOOr0 rocyaapcTBa. PaccMaTpHBalOTCs CyIIHOCTh HMOPT(eNns LEeHHBIX Oymar, OCHOBHAs 3aja4a M
TJIaBHas 1Lelb MOPT(ETbHOr0 HHBECTHPOBAHMS, CYIIHOCTh M METOIBI (OpMHUpPOBaHMS MOPTdENs IEHHBIX Oymar B YCIOBHSAX HECTAOMIIBHOCTH
YKPanHCKOTo (hOHIOBOTO phIHKA. OIMICHIBaeTCs mporecc GopMUpOBaHUS TOPT(eNs LEHHBIX OyMar, KOTOPhIH pa3/ieleH Ha IISTh 3TalloB: OlpeelIeHHe
WHBECTHIMOHHBIX LeJieil ¥ NPUOPUTETOB, NMPOBEACHUE aHANIW3a LEHHBIX OyMmar, co3faHue MopTdens W BHIOOpAa TAKTUKH YIPABICHUS, PEBH3US
noptdenst u orenka >ddexTuBHOCTH nopTdens. PazpabaTbiBaeTcs anropuTMuyeckoe, HHGOPMAIMOHHOE M MPOrpaMMHOE ofecrieyeHue Ha OCHOBE
Mozemu Mapkosuna u Monenu Tobuna. OGCykaaroTcs MPUKIIAHBIE BO3MOXKHOCTH MOJeneil MopTQeTsHOro MHBECTUPOBAHNS, KOTOPBIE pealtn3ys
OCHOBHYIO Hzet0 MapkoBuna 1no $GopMHPOBAaHUIO ONTHMAIBHOIO MOPTQENs LEHHBIX OyMmar, B TO e BpeMsl MMEIOT NPHHIMNUAIBHBIE oTandus. 1
paccMaTpHBaeTCs IIIaBHOE OTIIMYHE Mojeny ToOnuHa, KOTopast BKIIOYAeT B MCCIICA0OBAHUE HApSAy ¢ PUCKOBBIMH L[EHHBIMH OyMaraMu OIpeaenEHHbIit
6e3pucKoBEIil akTHB. CTPOHUTCS ONTUMANIBHEIN TOPT(HeNb EHHBIX OyMar ¢ HCIOJIb30BaHUEM IECATH PHCKOBBIX aKIUH Pa3INYHEIX OTPACIEBBIX chep
JIEATENPHOCTH YKPAUHCKUX MPEINPUATHH MO MOAENH MapKOBHIA U C HCIOJIb30BaHHE OE3PHCKOBBIX AKTUBOB (IOCYHAPCTBEHHBIX KOPIOPATHBHBIX
obnuranuit) no moaenu TobuHa. Onpenensercs cocTaB, JOXOJHOCTb M PHCK ONTHMAIIBHOTO MOPT(heNs Ha yKpauHCKOM (OHI0BOM pbiHKE. Kpome
TOTO, CTPOUTCS TPaUK 3aBUCHMOCTEH TOXOJHOCTH M PHCKA, TAe KaXkIas TOYKa rpaduka ecTh HEKOTOPHIH NOPTdEb ¢ ONpeeIeHHBIM KOJIMIeCTBOM
BJIOXKCHMIT B aKIIMM NIPUBEJCHHBIX KOMIIaHHUIL. JlenaeTcs BBIBOA 110 MOJTYYEHHbBIM Pe3yJibTaTaM, aKIEHTUPYs Ha MX OTJIMYHE B 3aBUCUMOCTH OT BbIOOpa
Mozeau GopMUPOBaHUS MOPTQE.

KuroueBble cj10Ba: IieHHBIE OyMary, HHBECTHIMOHHBIN ITOpTdens, GopMupoBaHue HOPTHENs, PHCK, JOXOAHOCTh, MOAENs MapkoBHuIa, MOJEeIb
TobuHa.

Introduction. The last global financial crisis made investors, which required a revision of the attitude towards
certain adjustments to the investment policy of most the formation of investment portfolios. At the same time,
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the previously dominant investment strategies of most
investors aimed at international securities markets
changed to the opposite, facing domestic investment
sources. In this regard, the issues of improving investment
strategies become important, allowing not only to
optimize them, but also to make timely adjustments
depending on the influence of various factors.

The main objective of portfolio investment is to give
to set of securities such investment characteristics, which
are unattainable from a position of a single security [1].
The portfolio of securities is that tool by means of which
the investor provides the required stability of income at
minimal risk [2]. The main goal in the formation of the
portfolio is to achieve the most optimal combination
between risk and income for the investor. The portfolio
must include elements of different risk and profit.
Moreover, depending on the intentions of the investor, the
share of multi-purpose elements may vary. This task arises
from the general principle that operates in the investment
market: the higher the potential risk borne by the
instrument, the higher the potential income it should have
[3]. As the portfolio represents a set of various securities,
an investment decision is equivalent to choosing the
optimal portfolio from a set of possible portfolios. This
problem is called the problem of choosing an investment
portfolio [4].

The process of forming a securities portfolio can be
divided into several stages [5]:

1) Definition of investment goals and priorities.

From the point of view of the formation of the
securities portfolio, the goals can be divided into
categories:

e investment security, which means protecting
investments from market shocks and the stability
of receiving income;

o profitability of investments;

e increase in the cost of investments.

2) Conducting analysis of securities.

The analysis of securities is the application of
fundamental and technical analysis. Fundamental analysis
is a study of the overall economic situation, the financial
situation of individual companies, and the state of
industries. Technical analysis is based on the study of
price movements for financial instruments, the basis of
which are the market movement charts for previous
periods of time, market statistics, data on changes in stock
market rates and forecasts of future price movements.

In addition, the formation of the securities market is
influenced by the rating of the company and the securities,
which are selected on the basis of stock indices. The result
of this stage is a list of securities, the most profitable and
least risky, for inclusion in the portfolio in a certain period
of time.

3) Portfolio formation.

At this stage, investment assets are selected on the
basis of the analysis carried out and taking into account
the specific goals of the investor. An investor's portfolio
may consist of securities (stocks) of one company if the
investor’s goal is to become the owner of the company
and at the same time receive dividends. If the goal is to

earn on speculation from securities transactions, then the
investor forms his portfolio of securities that can be
earned. The task of the investor in this case will be to
acquire undervalued securities at a certain moment, whose
market price at the time of purchase is lower than the true
price and to get rid of overvalued securities in time and
thereby receive a certain profit in the future [6]. It is very
important to apply capital diversification in the formation
of a securities portfolio. The more stocks of various
companies in the investor’s portfolio, the more chances
the investor has to make a profit. Therefore, the most
common is the so-called "diversified portfolio", that is, a
portfolio with a variety of securities. In other words, a
portfolio consisting of stocks, bonds and other securities
of diverse companies ensures the stability of obtaining a
positive result [7].

4) Portfolio audit.

The securities portfolio should be periodically
reviewed in accordance with the existing situation in the
economy and the goals of the investor.

5) Portfolio performance evaluation.

The last stage of securities portfolio management
implies a periodic assessment of the portfolio's efficiency,
taking into account the income gained and the risk that
arose or could arise during the management period.

Analysis of securities portfolio formation
methods. At formation of the portfolio of securities a
large number of models and methods from which it is
possible to allocate is used:

e Michael O'Higgins and Gardner's method;

e H. Markowitz's model;

e Model Sharp;

e Tobin's model.

In article two models are considered: Markowitz's
model and Tobin's model. Markowitz's model [8] is the
cornerstone of the theory of the investment portfolio. This
model allows you to define indicators characterizing the
amount of investment and risk, and makes it possible to
compare various alternative capital investment options
among themselves.

Cumulative portfolio risk, H. Markowitz divided into
two parts. To the first part, he referred to the systematic
risk, which is caused by the economic, psychological and
political situation in the country, which simultaneously
affects all securities equally.

The second is the specific risk that each specific
security has, which can be eliminated by managing the
securities portfolio. Dividing the risk into components
gives the investor the opportunity to analyze securities
from all sides and to determine their strengths and
weaknesses in optimizing the portfolio.

The critical line method developed by H. Markowitz
made it possible to determine the range of acceptable
portfolios and to distinguish invalid and effective
portfolios.

Effective portfolios are portfolios that contain
minimal risk for a given income or bring the maximum
possible income for a given level of risk that an investor
can take [9].
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The theory of H. Markowitz allows investors to
measure the level of risk and determine effective
portfolios, but it does not specify the relationship between
the level of risk and the required profit.

The form of the mathematical model of the direct
task of H. Markowitz at which the portfolio risk does not
exceed the specified value o,

n
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The form of the mathematical model of the inverse
task of H. Markowitz, at which the portfolio profit is not
lower than the specified value 7,:

n n
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where portfolio profit is:

n
i=1

where x; — the share of the i-th financial asset in the
portfolio;

n — the number of securities that make the
investment portfolio;

r; — average profitability (mathematical expectation)
of the i-th financial asset;

7, — expected value of the portfolio profit.

The average profit of the i-th financial asset is the

formula:
T
P
== ) T
i T it
t=1

where T — the period for which the profit of the security is
considered;

3 — profit of the security in a particular month t.

The risk of the securities portfolio is:

n n
Op = E Z Xi XjPij0i0;j,
i=1 j=i+1

where o, — investment portfolio risk level;

x;, x;— the share of the i-th and j-th financial asset in
the portfolio;

o;, o; — standard deviation of returns of the i-th and
j-th securities;

pi; — coefficient of correlation of i-th and j-th
securities profits.

The standard deviation of the profit of a security is
calculated by the formula:

1 &
6; = m;(rit—ri)z-

The correlation coefficient of the securities is found
by the formula:
_ COVij
pu B GiGj
where cov;; — the covariance of the i-th and j-th
securities yields, which is calculated by the formula:

Y — ) (e — 17)
. :

The problem of using the Markowitz model in the
practical financial activities of enterprises for the selection
of an optimal investment portfolio is due to the following
factors:

e the model does not take into account the time
factor, in particular, it gives an answer to the
question regarding the number and type of
securities at the expense of which an investment
portfolio should be formed, but ignores the
question of the most optimal time to acquire and
sell assets;

e the complexity of collecting information and

COV,:]' =

statistical calculations on which investment
decisions are based;
e the model does not take into account the

methodology of fundamental and technical
analysis of stocks.

The main conclusion that follows from the concept
of Markowitz is that within the framework of the strategy
of minimizing investment risks, one should select an
investment portfolio in which priority is given not so
much to the securities, the risk level of each of which is
minimal, but the combination of assets with minimal
correlation between their levels of profitability.

Such a strategy is more pragmatic than choosing the
most profitable or least risky financial assets. Moreover, at
a given level of profitability, the risk will be the smaller,
the greater the level of diversification of the investment
portfolio [10].
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The most successful attempts, actual and in modern
conditions, are the models of J. Tobin and W. Sharp,
developing the theory of H. Markowitz. In the model of H.
Markowitz, the securities portfolio was formed
exclusively of risky assets. This shortcoming was
overcome in the Tobin model, which includes, along with
risky securities, a certain risk-free asset in the study. He
focused on the behavior of an individual investor who
invests money in securities, guided by his own ideas about
the optimal ratio of profitability and risk.

The model of J. Tobin is based on the assumption
that, in addition to risky portfolio investments, there are
risk-free

securities on the stock market (the risk value of
which tends to zero), which allowed it to significantly
simplify the task of forming an optimal portfolio.

These risk-free assets J. Tobin attributed bonds as
securities, income and return amounts that are fixed by the
terms of the loan. The second assumption that underlies
the J. Tobin model is that the price of bonds is not
accidental, and is dictated by market conditions. The
assets, the risk level of which is high and must be taken
into account when choosing the optimal investment
portfolio, J. Tobin attributed the stocks.

Proceeding from this, J. Tobin made an obvious
assumption that when individual assets are included in
their portfolio, an investor should be guided by the rule
that the non-random price of risky securities (stocks) r;
should be higher than the non-random price of risk-free
securities (bonds) r, that is an indispensable condition of
the optimal investment portfolio is inequality
performance: r; > 1.

It should be emphasized that in the model of J.
Tobin, the solution to the problem of portfolio
optimization does not depend on the structure of the risk
part of the assets; when it changes, it is enough just to
recalculate r; with each change in the structure of the
portfolio. The optimization problem is solved by the
inequality r; > 7y, where the risk part of the portfolio is
considered as one average stock.

Mathematically, the task of optimizing the
investment portfolio in the J. Tobin model is a linear
objective function with quadratic nonlinear constraints. It
can be solved both to minimize the risk at a given level of
profitability and to maximize profitability at a given level
of risk [11].

The economic-mathematical model of the problem of
forming a portfolio with a maximum profit is as follows:

n
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Economic-mathematical model of

formation with minimal risk:
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where 1, — expected value of risk-free asset profit;

xo — Share of a risk-free asset in a portfolio.

The values of input variables and coefficients
discussed earlier.

The Tobin model is simpler than the H. Markowitz
model, it allowed us to more clearly formalize the notion
of profitability and risk. However, it did not answer the
question about the effect of individual assets on the level
of risk and return on the investment portfolio.

Consider the assets of companies in various sectoral
areas of activity, we estimate their profitability and risk
indicators, and by forming investment portfolios we
reduce the degree of risk to a possible limit.

Purposes and research problems. The purpose of
this work is the implementation of software for solving the
problem of forming a portfolio of securities.

To achieve this goal, the article solved the following
tasks:

o analysis of common models for the formation of

a securities portfolio on the Ukrainian stock
market;

o selection of suitable models for the formation of
the investment portfolio;

e developed algorithmic software and
mathematical for the implementation of the
selected methods;

e developed information and software for the task
of forming a portfolio of securities.

The subject of the research is the process of
forming an investment portfolio of high-risk assets based
on the Markowitz model, and high-risk and risk-free
assets using the Tobin model, taking into account the
specifics of the Ukrainian stock market.

The object of the research is stock quotes in the
period from 11/06/2016 to 11/06/2017. Quotations of
securities were taken from a source [12]. Depending on
stock price fluctuations, we calculate average rates of
return, variances and risk indicators for each of the
companies under consideration.

On the basis of the Markowitz and Tobin models for
the task of building a minimum risk portfolio by
diversifying securities, a software product was developed,
which was implemented in the Microsoft Visual Studio
2012 development environment, to write the program
code, the C# programming language was used. For the
formation of portfolios of securities were used securities
presented in table 1.

portfolio
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Table 1 — Securities

Company Ticker Profit Risk
Ukrnafta UNAF 3,02 % 9,87 %
ASTARTA
HOLDING AST -0,15 % 8,89 %
KSG AGRO KSG 0,97 % 14,97 %
Ovostar Union ovo 2,23% 3,93 %
Motor Sich MSICH 4,82 % 6,89 %
Raiffaizen Bank Aval BAVL 8,78 % 15,32 %
Tsentrenerho CEEN 0,96 % 6,13 %
Dniproblenerho DNON 24,99 % 44,12 %
Ukrtelekom UTLM 1,01 % 9,18 %
Donbasenerho DOEN 475 % 9,94 %
Government
corporate bonds 1,458 %

Tables 2 and 3 show the results of solving the
problem of forming a securities portfolio using these
models. The results are obtained using implemented
information, algorithmic and software.

Table 2 — The calculation results for the Markowitz’s model

Company Share of securi_ties in the
portfolio

Ukrnafta 4,86 %
ASTARTA HOLDING 9,53 %
KSG AGRO 0%
Ovostar Union 19,43 %
Motor Sich 11,27 %
Raiffaizen Bank Aval 06,13 %
Tsentrenerho 21,06 %
Dniproblenerho 3,58 %
Ukrtelekom 24,12 %
Donbasenerho 0%

o & Profit 3%

SE

S L .

a g Risk 0,01689 %

Table 3 — The calculation results for the Tobin’s model

Share of securities in the
Company

portfolio

Ukrnafta 0%
ASTARTA HOLDING 2,19%
KSG AGRO 0%
Ovostar Union 10,59 %
Motor Sich 14,67 %
Raiffaizen Bank Aval 6,71 %
Tsentrenerho 15,56 %
Dniproblenerho 2,79 %
Ukrtelekom 13,47 %
Donbasenerho 0%
Government corporate bonds 34,05 %

o8 Profit 3%

SE

S L

o ‘g Risk 0,01084 %

The result of the calculations are the graphs
presented in fig. 1 and fig. 2, which show the dependence
of profitability and risk.

Each point of the chart has a certain portfolio with a
certain number of investments in the shares of the listed
companies.
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Fig. 1. The dependence of profitability and risk on the
Markowitz’s model

0,08
0,06
0,04
0,02

0

RISK

w

3,7 4 4,5
PROFIT

()]

Fig. 2. The dependence of profitability and risk on the
Tobin’s model

Forming portfolios with different income level it is
possible to make a conclusion:

1 Minimum acceptable level of income according to
the Markowitz’s model of 3 %, on Tobin's model of
1,5 %.

2 The difference of results is proved by the fact that
unlike the Markowitz’s model, Tobin's model considers
also risk-free assets.

Besides, these models have various formula of
calculation of risk of the investment portfolio.

Nevertheless, the presence of a huge number of
factors directly or indirectly affecting the dynamics of
listed issuers does not allow one to unambiguously predict
and reduce to zero the risk of losing investments, but it is
possible to reduce it to a minimum with optimal yield.

Conclusion. In this research work, on the basis of
the developed algorithmic and information support
software was created, with the help of which the securities
portfolio was formed taking into account the specifics of
the Ukrainian stock market.
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ONTUMIBALISI IEPAPXIYHOI CTPYKTYPU JAHUX IHTEJIEKTYAJIBHOI CUCTEMHU
®YHKIIOHAJIBHOT'O JIATHOCTYBAHHSA TEXHIYHOI'O CTAHY CKJIAJTHOI MAIIIUHA

PosrisigaeTbess MeTOA iH(GOPMALiHO-eKCTPEMAIBHOTO MAIIMHHOTO HABYaHHSA CHCTEMH (DYHKI[IOHAJIbHOrO MAIarHOCTYBaHHS TEXHIYHOTO CTaHy
CKJIaJHOI MaIllMHM 3 ONTHMI3ali€l0 i€papXidHOi CTPYKTYpHU BXiTHHX AaHUX. [loka3aHo, mo Ha (YHKIIOHAIBHY e()eKTHBHICTH MAIIMHHOTO HAaBUAHHS
cucteMy (pyHKI[IOHAJIBbHOTO AIarHOCTYBAaHHS CYTTEBO BIUTMBA€ PO3MIIIEHHS B i€papXiuHiil CTPyKTypi KiaciB po3Ii3HaBaHHS, SIKi XapaKTEpPHU3YIOTh
TeXHIYHUI CTAaH MAIIMHH Ta il By3miB. IIpu mpOMy AJS KOXKHOI CTpaTH i€papXiduHOi CTPYKTYpH HaKIagaloThCsi OOMEXKEHHS Ha KUIbKICTh KIaciB
PO3Ii3HABAHHS, IO JO3BOJSIE 3MEHIIUTH CTYIIHb iX HEpeTHHY B IIPOCTOPI JiarHOCTHYHUX O3HaK. ONTHMI3allisl iepapXidyHOi CTPYKTYpH 3iHCHIOEThCS
B mpoueci iHOpMaLifiHO-eKCTPEeMaabHOrO MALIMHHOTO HABYaHHS CHCTEMH (DYHKLIOHAJIBHOTO MiarHOCTYBAaHHS, IO JO3BOJISIE MaKCHMI3yBaTH
iHpopMaLiiiHy CIPOMOXKHICTh CHCTEMH. SIK KpUTepiil onmTHMi3awil mapamMeTpiB MAIIHHHOTO HABYAHHS PO3IJIAAAETHCS MoaudikoBana iHpopManiitHa
mipa Kynb6aka, sika € (yHKIIOHAJIOM TOYHICHUX XapaKTePUCTHK JiarHOCTUYHUX pilieHb. [IpH [bOMY aIrOpHTM MALIMHHOTO HABYaHHS IIPEJCTABIISB
c00010 OaraToLUKIIIYHY iTepaliiHy HPOLeaypy MOIIYKY MAaKCHMAIBFHOTO TII00ANBHOr0 3HAUSHHs 1H(OPMALIHHOr0 KpUTEpilo ONTHMI3aLil mapamMeTpis
MAIIMHHOTO HAaBYaHHs B po0oUiil (momycTuMiit) obnacti Bu3HaueHHs ioro ¢yHkuii. B pesynbrari [t ctpar BCiX spyciB i€papXiduHOi CTPYKTYpH
chopmoBaHo andaBiTH  KJIACIB PO3MI3HABAHHS, SKi  3a0€3MEUMSIM  MaKCHMalbHY (YHKLIOHAIBHY €(QEKTUBHICTh MAIIMHHOTO HaBYaHHS. 3a
OTPHMAaHVMH B IIPOLECi MAIIMHHOI'O HABYaHHS ONTUMAIBHUMH TE€OMETPUYHHMH IapaMeTpaMH KOHTCHHEpiB KiIaciB po3Mi3HaBaHHS HOOYIOBAHO
BHUpILIaNbHI paBuia, sKi JO3BOJLSIIOTH MPUIMATH IIarHOCTUYHI PillIeHHS B peajbHOMY Temii dacy. Kpim Toro, BupiluanbHi npaBuia, HoOyaoBaHi B
paMKax TeOMETPUYHOTO MiJXOY, € IPAKTHYHO iHBApIaHTHUMHM 10 0araTOBUMIPHOCTI BXIJIHMX JAHUX, LIO € IX CYTTEBOIO NIEPEBArOI0 MEPE MITYYHUMH
HEHPOHHUMH Mepexxamu. Sk IpHKIax peanizamii 3alpolIOHOBAHOTO METOAY PO3IVIANANOCS MAallMHHE HABYaHHSI CHCTEMH (YHKI[IOHAIBHOTIO
JIlarHOCTYBaHHSI IIAXTHOT MiAHOMHOI MalIMHK 3 ONTHMI3aLli€0 CTPYKTYPH BXiJHUX JaHHX.
Kuo4oBi ci1oBa: cucrema GpyHKIIOHAIBHOTO NIarHOCTYBaHHS, TEXHIYHUI CTaH, iHOpMaLifHO-eKCTpeMalbHe MAIIMHHE HABYaHHSL.

A. C. IOBBBIIII, B. H. SHMOBEI], M. B. BHBUK

ONTUMHUBALIMA UEPAPXUYECKOM CTPYKTYPBI JAHHBIX UHTEJUIEKTYAJIBHOM
CHUCTEMbI ®YHKIHNOHAJIBHOTI'O JUATHOCTUPOBAHUSA TEXHUYECKOI'O COCTOsIHUSA
CJIOXHBIX MAIINH

PaccmatpuBaeTcsi METOA HH(OPMALIMOHHO-3KCTPEMAIBHOIO0 MAIIMHHOTO O0YYeHHsI CHCTEMbI (DYHKIHOHAIFHOTO JHArHOCTHPOBAHUS TEXHHYECKOTO
COCTOSIHUSI CJIOKHOM Marmebl. [Iporiecc MpOXOAWT ¢ onTHMHM3aLMell HepapXU4ecKOW CTPYKTYpbl NaHHBIX. [loka3aHo, 4TO Ha (yHKIMOHAIBHYIO
3} (EKTUBHOCTh MALIMHHOrO OOy4YeHMs CHCTeMbl ()YHKIHMOHAIBHOIO JMArHOCTHPOBAHMS CYIIECTBEHHOC BIIMSHHE OKA3bIBACT PACIONIOXCHHE B
HEPapXUUECKON CTPYKTYpE KIaCCOB PACIIO3HABAHMS, XapaKTEPU3YIOIINX TEXHUIECKOE COCTOSHIE MAIIKHEL 1 ¢€ y3/10B. IIpi 3TOM JUTst KaXKI0H CTpaThI
paccMaTprBaeMoil HepapXHIeCKOH CTPYKTYphl HaKJIaIbIBAeTCs OTPAaHHYCHHE HAa KOJMYECTBO KJIACCOB PACIIO3HABAHHS, YTO MO3BOJISIET YMEHBIIUTH
CTETNEHb UX IEPECCUYCHHs] B MPOCTPAHCTBE IMATHOCTHYECKMX MPU3HAKOB. ONTHMM3AIMSA HEPApXHUYECKON CTPYKTYPBI OCYIIECTBILUIACH B HpoLEcce
MH(POPMAIIMOHHO-3KCTPEMAIBHOI0 MAIINHHOTO OOY4YeHMs CHCTeMbl ()YHKIHOHAIBHOTO AMArHOCTUPOBAHWS, MO3BOJSIONICTO MaKCHMU3HPOBATH
NHGOPMAIMOHHYIO CIIOCOOHOCTh CHCTEMBI. B  KadecTBe KpHTEpUs ONTHMH3ALWHM [apaMETPOB MAIIMHHOTO OOY4YEHHs paccMaTpHUBalach
MoauduuupoBanHas HHpopMmarmonHas Mepa Kynbbaka, sBistromascs: GpyHKIMOHAIOM TOYHOCTHBIX XapaKTePUCTUK AMArHOCTHYECKUX perueHuit. [Ipu
9TOM QJIrOPUTM MAIIMHHOTO 00YUYEHHUs IIPEICTABIISIT MHOTOLMKINYECKY0 HTEPALIMOHHYO MPOLEAYPY MOUCKAa MAKCHMAIBHOTO ITT00aIBHOTO 3HAYCHHS
NH(GOPMAIIMOHHOTO KPHTEPHS ONTHMH3ALMH [TapaMeTpoB 00ydeHus B paboueil (JomycTuMoii) obnactu onpenesneHus ero Gpynkuuu. ITo moixydeHHBIM
B ITIPOLECCE MAIIMHHOTO OOYYCHHs ONTUMAJbHBIM I'€OMETPHYECKHM IMapamMeTpaM KOHTEHHEPOB KIACCOB PACIO3HABAHHS IOCTPOCHBI PEIIAIOLINE
[paBuia, MO3BOJISIIOIIME MPUHAMATh IHATHOCTHYCCKHUE PELICHHS B pealbHOM TeMIIe BpeMeHH. B KadecTBe mHpuMepa peanm3alii MeTona
ONTUMU3ALMN CTPYKTYPHl BXOJMHBEIX JAHHBIX PacCMAaTPHUBAIOCh MAIIMHHOE OOy4YeHHE CHCTEMBI (DYHKIMOHAJIBHOTO JHArHOCTHPOBAHMS IIAXTHOM
HoabEMHOM MammMHBL. B pesynprare mmsi cTpar BCeX SpYCOB HEpPapXHUYECKOH CTPYKTYpbI CHOpPMHUpPOBAHBI anaBUTHI KIACCOB PACIO3HABaHH,
obecHednBaIye MaKCHMAIBHYIO (yHKIHOHANBHYIO 3()()EKTHBHOCTh MAIIMHHOTO 00yYCHUS.

KioueBble ci1oBa: cucteMa (QYHKIHOHAIBHOTO AMATHOCTHPOBAHMS, TEXHHYECKOE COCTOSHUE, HMH(OPMAIIHOHHO-IKCTPEMAIbHOE MAIIHHHOE
o0yyeHue.

A. S. DOVBYSH, V. I. ZIMOVETS, M. V. BIBYK

OPTIMIZATION OF HIERARCHICAL DATA STRUCTURE OF INTELLIGENT SYSTEM OF
FUNCTIONAL DIAGNOSIS OF TECHNICAL CONDITION OF COMPLEX MACHINES

The conclusions about the strata of society, various parties are supported by, have been made. The method of information-extreme machine learning of
the system of functional diagnosis of the technical state of a complex machine with the optimization of the hierarchical data structure is considered. It
is shown that the functional efficiency of machine learning of the system of functional diagnosis is significantly influenced by the location in the
hierarchical structure of the recognition classes characterizing the technical state of the machine and its nodes. At the same time, for each level of the
hierarchical structure under consideration, a restriction on the number of recognition classes is imposed, which makes it possible to reduce the degree
of their intersection in the space of diagnostic features. Optimization of the hierarchical structure was carried out in the process of information-extreme
machine learning of the system of functional diagnosis, which allows to maximize the information capacity of the system. As a criterion for optimizing
the parameters of machine learning, we considered a modi fied information measure of Kulbak, which is a functional of the accurate characteristics of
diagnostic solutions. In this case, the algorithm of machine learning represented a multi-cycle iterative procedure of finding the maximum global value
of the information criterion for optimizing learning parameters in the working (permissible) domain of determining its function. Based on the optimal
geometric parameters of recognition class containers obtained in the course of machine learning, decision rules have been constructed that allow
making diagnostic decisions in a real time. As an example of the implementation of the method of optimization the structure of input data, the machine
learning of the system for the functional diagnosis of a mine hoist was considered. As a result, alphabets of recognition classes have been created for
strata of all tiers of the hierarchical structure, providing the maximum functional efficiency of machine learning.

Keywords: system of functional diagnostics, technical condition, information-extreme machine learning.
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Beryn. OgauM i3 NUIAXIB MiABHIICHHS HAAIHHOCTI
Ta Oe3medyHoi poOOTH  aBTOMATH30BAaHUX  CHUCTEM
KepyBaHHS CKIAQIHAMH MAaIIMHAMH € TPOTHO3yBAaHHS
MOMEHTY BHUXOAY [iarHOCTUYHUX O3HAK 3a HOPMOBaHI
mormycku. OcoONMMBO aKTyalpHOIO Taka 3ajada € s
CHCTEM 1 MAaIlMH KPUTHYHOTO TPU3HAYECHHS, BiIMOBA
SKIX MOXE TPHU3BECTH O TEXHOTEHHHX KaTtacTpod 3
BOXKUMH Hacnigkamu. J[o mbOro KJIacy  BIAHOCSTHCS
CUCTEMHU i o0JaHaHHS B ripHU490/100yBHII
MPOMHCIIOBOCTI, Cepell SKHX BaKJIMBE MICIC 3aiiMalOTh
OararokaHaTHi IaxTHi migidomHi Mamman (LIIIM) [1].
Ilpu 1npomy 1m0 piBHA OesmeuHoi poGoru IHIIM
BHCYBAaIOTECS  BHUMOTH SK 1 10 Oesmekn OOPTOBOTO
oOyamHaHHS JITaTBHHUX amapariB. Hampukiam, omHiero 3
TaKAX BUMOT € HasBHICTH s LIIIM “gopHOi ckpuHBKHN,

sKa 30epirae apxiBHI JaHi, OTpPHMMaHI Ha BCIX
TEXHOJIOTIYHUX LUKIIaxX (yHKIIOHYBaHHS
ABTOMATH30BaHOL CHCTEMH KepyBaHHSI. Are

po3uuppoBKa “4OpHOI CKPHUHBKK® € JOBIOTPHBAJIOO
CKJIaZIHOIO TIPOLIENYPOIO, sIKa BiOYBA€ThCS, SIK MPABUIIO,
il Yac IUIAaHOBHX MpPO(]IIaKTHYHUX poOIT abo aHamizy
HACITIIKIB aBapii.

Cy4acHUM MiIX0/I0M A0 MiJBHUILIEHHS ONEPaTHBHOCTI
OLIIHKM TEXHIYHOTO CTaHy BY3JiB MAallMHH, € 3aCTOCYBaH-
HS CUCTeMHU ()YHKIIOHAIBHOTO AiarHOCTYBaHHSI, 1HTETPO-
BaHOI B aBTOMAaTH30BaHy cucreMy KepyBauusa LIIIM [2,
3]. [Ipu upomy cucteMa QYHKIIOHATEHOTO NTIarHOCTYBaH-
HS TIOBUHHA BHKOHYBaTH NPOTHOCTHYHI (PYHKIII, ITOB’S-
3aHI 3 OIIIHKOIO MOTOYHOTO PECypCy TEeXHOJOTI9HOTO
o0yamHAHHS 1 TeHIEHI{ BUXOAY NIarHOCTHYHUX O3HAK 3a
MeX1 HOPMOBAHHUX JOIYCKIB

[Mopanbumii po3BUTOK TEopii iHGopMaliiiHOro CHH-
Te3y cucTeM (YHKIIOHAJIBHOTO JiarHOCTYBAHHS CKJIATHIX
CHCTEM 1 MalllMH IOB’SI3aHUH 3 TOIOJAHHAM Py HayKo-
BO-METOJIOJIOTIYHUX YCKJIaJHEHb, OOYMOBJIEHHX TaKUMH
OCHOBHUMH TIPHYNHAMH:

1) 1OBiMBHI IMOYATKOBI
TIpOIIECy;

2) CYTTE€BHH TEPETHH B IPOCTOPiI MIaTHOCTHIHHUX
O3HaK KJIACiB PO3Ii3HABAaHHS, SKi XapaKTePHU3YIOTh BiJIIO-
BiJHI TEXHIYHI CTaHU 00JIaJHAHHS;

3) BenuKi 00CSTH JaHUX, L0 aHATI3YIOThCS.

TpagumiiiHi MIX0AW 1O BHUPINICHHSA MpoOIeMu
(YHKIIOHAIBHOTO ~ JIIarHOCTYBaHHs,  3aCHOBaHI  Ha
METOolaX  MaTeMaTH4YHOI  JIOTIiKH, MaTeMaTH4HOi
CTATHCTHKU 00  IMITAIifHOrO  MOJEIIOBAHHI, HE
JTO3BOJISIOTh Oy/JyBaTH aJeKBaTHI JiarHOCTHYHI MOJEIi
CKIaHUX O0O0'€eKTIB uepe3 OOMEXKEHICTh YacOBHX,
o0UnCIIOBAIFHUX 1 MaTepialbHUX pecypciB. Tomy B
OCTaHHI  JECATWIITTSI  CIIOCTEPIra€ThCs  MiABHUIICHHS
HAYKOBOTO 1 MPAaKTUYHOTO iHTEpecy IO 3aCTOCYBaHHSIM
iH(OpMAIIfHNX TEXHOJIOTiH IHTEIEeKTyallbHOTO aHalli3y
Jnanux [4-6].

AHaii3 MeTOMiB MPOTHO3YBAaHHS TEXHIYHOTO CTaHY
oOjamHaHHA Ta MEXaHI3MIB IIOKasye M0 iX MOXKHA
po3ainuTu Ha aHajiTuuHi [7], imMoBipHIcHI [8] i MeTronu
nporHoctuyHoi knacudikanii [9]. Meron aHamiTHYHOTO
NPOTHO3YBaHHS, SK IPaBUIIO, 3aCTOCOBYETHCS, KOJIH
BilOMa  aHAJITHYHA  3aJEXKHICTH  (QYHKIII  3MiHH
JIarHOCTUYHOTO TapaMerpy B dyaci. Ilpm mnoOymoBi
JIOBFOCTPOKOBHX IIPOTHO3IB 3MIHM HapaMeTpiB, MI0

YMOBU TEXHOJIONYHOTO

XapaKTepU3yOTh TEeXHIYHUH CTaH 00'exTiB
IarHOCTYBaHHS, HAHOUIBIIOTO TMOMIMPEHHS HAOyIH
METOIH CTATHCTUYHOT eKCTPAIOJILIT JaHUX

excriepuMenTy [8]. OCHOBHAM HEIOJIKOM IIHOTO TiIXOAY
¢ HeOOX1AHICTh HAKOIMMYEHHS BEIHUKHUX OOCATIB JAaHUX 3a
CTaJMX YMOB, M0 SIK MPaBWJIO Ha MPAKTUIl He
BUKOHYETBCA. B pe3ynbTaTi MporHoCTHYHOI Kiracudikarii
KOHTPOJILOBAHUHM O00'€EKT BiTHOCATH O TOTO YH IHIIIOTO
MapaMeTpUYHOro KJIacy TEXHIYHOTO CTaHy, SIKHi
BCTaHOBJIIOIOTh TIONEPEJHBO 33 KPHUTEPIEM CXOXKOCTI 1
npuiiMaroTh 3a etaioH [9]. OcHOBHa mepeBara MeTO[IiB
MPOTHOCTUYHOI KIacU]iKallii IoJIsrae B TOMy, 110 BOHH €
aJlanTUBHIUMU b1 (o) 3MIHH MOYaTKOBHUX YMOB
TEXHOJIOTIYHOro mporiecy. KpiM TOro, mporHo3yBaHHS
MOXKHA TOYUHATH 3 MOMEHTY 3/iHCHEHHS OJHOPa30BOTO
KOHTPOJIO O0NMagHaHHA, ke (YHKIIOHye B pobodomy
pexuMmi. Ane TpH OHOMY HEOOXIJHOI0 YMOBOIO €
HasBHICTD BHUPIMIAJBHHUX IMPAaBHUJ, MOOYIOBaHMX HA €TaIli
MAIIMHHOTO  HABYAaHHSI CHCTEMH  (YHKIIIOHAJIHHOTO
JIIarHOCTYBaHHSI.

Takum YHHOM, MEPCICKTHBHUM HUIAXOM
MOJAJBIIOr0 PO3BUTKY OCHOB IIPOEKTYBAaHHS CHCTEM
(hYHKITIOHAIEHOTO JIarHOCTYBAaHHS CKJIAIHWX MAIIWH |
CHUCTEM € 3aCTOCYBaHHS imefl 1 METONiB MAIIWHHOTO
HaBYAaHHSI Ta po3mi3HaBaHHSA oOpasiB [10]. [Ipu mpomy

HaO1IBIIOTO TTOITUPEHHS HaOynu METOTI
iH(OpPMAIIIfHOTO CHHTE3y CHCTEM (YHKIIOHAJIHLHOTO
JiarHOCTyBaHHS, NOOYJOBaHI HAa OCHOBI INTYyYHHUX

HeiiporHnx wmepexx [11, 12]. OcHOBHHM HEHONIKOM
TaKOTO IIAXOAY € YyTIMBICTh LITYYHHX HEHPOHHHX
Mepex [0 0araTOBHMIPHOCTI MPOCTOPY MAiarHOCTHYHUX
o3HaKk 1 andasiTy KiaciB posmizHaBaHHS. Kpim Toro,
OCKIJIBKM ~ KJacH  pO3I3HaBaHHS  Ha  IMPaKTHI
MEePEeTUHAIOTECS B MPOCTOP] JIarHOCTUYHUX O3HAK, TO B
npaisix [13, 14] posrnsaeTsest 3acTocyBaHHs B 33j1a4ax
TEXHIYHOTO J{IarHOCTYBaHHS HEYITKUX HEHPOHHUX MEPEXK.
AJe IOIUTBHICT TAaKOTO MMiAX0Ay 00YMOBIICHA HasIBHICTIO
SKICHOI IIKaJIX BUMIPY AIarHOCTHYHHMX O3HaK. B 3amadax
TEXHIYHOTO JliarHOCTYBaHHS SIK TIPaBHIIO
BUKOPHCTOBYETHCS  KIUTBKICHA IITKana BUMIpPY, 3a SKOIO
JUIS  aHaNl3y 3aKOHOMIPHOCTEH [IarHOCTUYHHX O3HAaK
JIOLUIbHO BHKOPUCTOBYBATH OLNBII PO3BUHEHHI amapaT
6araToBUMIpHOTO CTATUCTHYHOTO aHami3y [15].

OnuH X TepCrneKTHBHUX IUIAXIB iH(opMaliitHOro
CHHTE3Y IHTEJEKTyaJbHUX CUCTEM (YHKIIOHAJIBHOTO
JIarHOCTyBaHHS ~ CKJIaJHMX  MalllMH  [OJsrac  y
3aCTOCYBaHHI 1JIeil 1 METo/IB Tak 3BaHOi iHpOpMaliiHO-
ekcTpeManbHoi  iHTenmekTyanbHOI  TexHomorii  (IEI-
TexHouorii) aHamizy manux [16, 17]. B mpami [18]
PO3IIISIABCS  AITOPUTM  1H(OPMAIiTHO-EKCTPEMaTbHOTO
MAalIMHHOTO HaBYAHHS ENEKTPOIPUBOAY OaraTOKaHaTHOI
ITITM, sikuii JO3BOJIMB B paMKaX T€OMETPUIHOTO ITi X0y
moOyIyBaTH  BHCOKOJOCTOBIpHI  JiHIMHI ~ BHpimIANbHI
mpaBuia. Aje (QyHKIIOHAJIbHE JiarHOCTYBaHHS BCi€l
IITIM  BuMarae BHKOPUCTaHHS TOTY)XXHOrO aindaBiTy
KJaciB po3Ii3HaBaHHs, [0 OOYMOBIIOE HEOOXiJHICTh
nepexoqy BiJ JIHIMHUX 10 1€papXiYHUX AJITOPUTMIB
MAaIIMHHOTO HaBuaHHs. [Ipy 1IbOMY akTyalbHOIO € 3a7a4a
ONTHMI3alil i€epapXidyHOi CTPYKTYpHU JaHUX, OCKIJIBbKH
po3TanryBaHHS B Hil KJIaciB po3IMi3HaBaHHS MOE CyTTEBO
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BIUIMBAaTH Ha (PyHKLIOHAIBHY €(EeKTHBHICTb MAIIMHHOTO
HABYaHHS CHCTEeMH (YHKIIOHABHOTO JiarHOCTYBaHHS.

B crarti po3rmamaeThes MeTon  iHpOpMamiiHO-
EKCTPEMAIBHOTO MAIIMHHOTO HABYaHHS CUCTEMH (DYHKLI-
OHAJIFHOTO AiarHOCTyBaHHs OararoxanatHoi LIIIM 3 om-
TUMI3aII€I0 1€EPAPXIYHOI CTPYKTYPH JTaHUX.

IMocTtanoBka 3agavi. PosrmsHemo dopmainizoBaHy
MOCTaHOBKY 3aJaui onTuMizauii iepapXiqHoi CTPYKTypH

JaHuX B Tpoueci  iH(OpMaIiiiHO-eKCTPEeMaNIbHOTO
MAIIMHHOTO  HABYAaHHSA CHUCTeMH  (YHKIIIOHAJIHHOTO
JIiarHOCTyBaHHS.

Hexaif koxHHI KJIac pO3Mi3HABAaHHS XapaKTepPHU3ye
TEXHIYHUH CTaH BYy3/1a MaIlIWHM, IO AiarHOCTyeThes. Ja-
HO i€papXidHy CTPYKTYpy alipaBiTy KIaciB po3Ii3HaBaHHS
{X,‘{,S’mlh =1TH;s=1Sm=1M;}, ne H — kinbkicTb
SIPYCIB i€papXivHOI CTPYKTYpPH; S — KUTBKICTh CTpaT Ha h -
My spyci; M — KUIBKICTH KIaciB pO3Ii3HAaBaHHSI B S-U
cTpaTi. 3a pe3yibTaTaMd MOHITOPUHTY CHUTHANIB 3 AaT4H-
KiB iH(popmanii cdopmMoBaHO AN KOXKHOI — CTpaTH

TPUBHMIPHY HaBYaJIbHY ManI/I]_I}OH}/’Si)i”,i = mj =

1n, me N, n — KUIBKICTP O3HaK pO3Mi3HABaHHA 1
BEKTOpiB-peatizamiii KJIaciB pO3IMi3HABAHHS BiJIIOBITHO.
Kpim Toro, 3amaHo cTpyKTypoBaHWII BEKTOp MapaMmeTpiB

MAaIlMHHOTO HAaBYAaHHSI CHUCTEMH  (YHKIiIOHAJIHFHOTO
JIIarHOCTYBaHHS
gh,s,m:(xh,s,m, dh,s,m 5 6h,sa h) (l)

J€ Xpgm — ABIKOBHI ycepemHEHHH BEKTOpP-peamizallisd,
BEpUIMHA SKOTO BHM3HAYa€ T'EOMETPUYHHUH  LEHTP
rinepcepuyHOrO KOHTEHHEpY Kilacy po3Mi3HaBaHHS
Xh sm B GIHAPHOMY TPOCTOPI TIarHOCTUYHUX O3HAK;
dpsm —KONOBA BiACTAaHb, fAKa BHU3HAYAE pAJiyC
rinepcdepuuHOro KoHTelHepa K1acy Xy ¢ m;

Ok h.s.m,i — TAPAMETP, KU NOPIBHIOE MOIOBUHI CHU-
METPUYHOTO MOJISA KOHTPOJBHHUX JOMYCKIB i-i AiarHOCTHY-
HOi O3HAKU YCEPETHEHOr0 BEKTOPY-peaizamii Xy g, Kia-
Cy pO3Mi3HAaBaHHA X}, ¢ 1

h —iepapxiuHa cTpykTypa andaBiTy KIaciB po3Imi3-
HaBaHHS.

ITpu oMy 3a1aHO OOMEKESHHS

dh,s,m € [OQd(xh,s,meaxh,s,c) - 1];

nie d(xh’s’m@xh,s’c)—KOI[OBa BiJICTaHb MiX
YCEPENHEHNM  BEKTOPOM-PEaNi3alli€lo  Xp g,  KaIacy
posmizHaBaHHs Xp.,, 1 YCEpEIHCHHM BEKTOPOM-

peamizamiero Xp g, HaHOIMKYOrO CyCimHBOrO KIacy

3 o .
po3mi3HaBaHHA Xp g o

. 8H,h,s, m,i]
b

Ok hsi€ [0, >

ne  Opyps mi—TONE HOPMOBAHMX (EKCIUTyaTaliffHuX)
JOMYCKiB -1 MIarHOCTWMYHOI O3HAKH YCEPEOHEHOTO
BEKTOpY-peanizalii X, g ,, Kacy posmisHaBanHs Xp s
HeoOximHO B Tpolleci MAalIMHHOTO HaBYaHHS
NUISXOM  IJIECTIPSAMOBAHOI ~ TIEPECTAaHOBKHM  KIJIACiB
pO3ITi3HaBaHHs B 33JaHill CTPYKTYpIi JaHUX ONTHMi3yBaTH
napameTpu BekTopy (1), siki 3a0e3MeuyroTh MAKCUMAJIbHE

3HAUEHHS YCEPEJHEHOTro 3a CTpaTaMu ()iHaJIBHOTO SIPYyCy
iH(pOpMAIIIfHOTO KPUTEPIIO

SH
=y 1 )
Emax =< Emax 2
Su

s=1
E(s) . ‘o o ‘o .
e max — lH(l)OpMaHlI/IHI/II/I KpUTCPIA OIITHUMI13aIlll
HapaMeTpiB MAaIlIMHHOT' O HaBYaHHS p03Hi3HaBaTI/I

pearizarii KJIaciB po3mi3HaBaHHSA S-1 CTpaTH (HiHAIBEHOTO
sapycy;

Sy — KUTBKICTB cTpat ¢iHamsHOTO sipycy H;

Ha erami ex3ameHy HEOOXiHO NMPUHHATH PillICHHS
PO HAJNEXKHICTh peanizallii, o pO3Ii3HAETHCS, OTHOMY i3
KJIaciB 3a/1aHOTO an(asiTy.

Kareropiiina MmoaeJb MAIIMHHOTO HABYAHHS.
MaremaTtuuHy MOJENb ONTHMI3alii CTPYKTYpH KJIAciB
pO3ITi3HABaHHS TIPEJICTABUMO Yy BHIVISII OPIEHTOBAHOTO
rpady BimOoOpaXCHHS MHOXXHH, IO 3aCTOCOBYIOTBHCS B
MpoIleci iepapXiqHOro MAIIMHHOTO HaBYaHHA. Karteropiii-
Ha MOJIeJIb BKJIIOYA€ BXIMHHN MaTeMaTUYHHI OIHC CHCTe-
MU (YHKIIOHATHHOTO MiarHOCTYBaHHA, SKUH IOAAHO Y
BUTIISIAL CTPYKTYpH [5]

AB = (T’GsQaZsY’X;fl?f2>a

ne T —MHOXHMHa  MOMEHTIB  Hacy
BEKTOPIB-peaizailiil KJ1aciB po3Mi3HaBaHHST,

G — daxropu, mO BIUIMBAIOTH HAa (QYHKIIOHYBaHHSA
CHCTEMH;

Q) — mpocTip AIaTHOCTHYHHUX O3HAK;

Z —mpocTip TEXHIYHHX CTaHIB CHCTEMH, SKi
BU3HAYAIOTh a(aBiT KJIACiB PO3MI3HABAHHS;

Y — BximHa GararoBuUMipHa HaBYaIbHA MATPHUI LIS

3aganoro andasity {X} . .} K1aciB po3mizHaBaHHS;

X — OiHapHa HaBYAJIbHA MATPHIIS;

fi1 —omeparop ¢dopMyBaHHS BXiIHOI HaBYAIBHOI
MaTpHIL;

f> —omepaTop TepeTBOPEHHs BXiJHOI HaBYAIBHOI
Mmarpuui Y B OiHapHy MaTpuio X.

Ha pwc. 1 mokazaHo KaTeropiiiHy Monenb
iH(pOpMAaIIfHO-eKCTPEMAIEHOTO MAITUHHOTO HABYAHHS
CHUCTEMHU (GYHKIIOHATTEHOTO JIarHOCTYBaHHS 3
ONITUMI3AIEI0 1€papXidHOI CTPYKTYpH andaBiTy KIiaciB
PO3Mi3HABAHHS.

(dhopmyBaHHS

\

h, D g Y

f ~
L GxT xQxz — iy T — & g Y
Puc. 1. Kateropiiina MoJie/Tb MAIIIMHHOTO HABYAHHS

Ha puc. 1 mexaprtoBuit moOyrok G XT XQXZ
BU3HAayae yHiBepcyMyM BumnpoOyBaHb. Omepatop 0
BioOpaxkae MBIMKOBI BEKTOpHU-peatizallii HaBYaIbHOT
matpuui X Ha pos6urrs RM! mpocropy niarmocTHummx

O3HAaK Ha KJIACH PO3Ii3HABAHHSI, a OIepaTop ¥ IepeBipse
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OCHOBHY CTaTUCTHYHY TilOTE€3y NpO  HAIEXKHICTb
peamizamiii BiINOBIZHOMY KJacy pO3Ii3HABaHHI. 3a
pe3ynpTaTaMd  CTaTUCTHYHOI  TEPEeBIpKM  TIiNoOTe3
dopmyerbest MHOXkmHA Timores IS, ne s— kimbkicts
CTaTHCTHUYHUX TINOTE3, a ONepaTop ¥ (GopMye MHOKHHY
Tounicaux xapaktepuctuk 39!, ne q = s? Omneparop ¢
obuncmoe MHOXMHY E  3HaueHp iHQopmaniitHOTO
KPHUTEPII0 ONTHUMI3allii MapaMeTpiB HaBUYaHHI, a OIepaTop
&E — RIM na xoxHOMY KpOli MAIIHHHONO HABYAHHS
BITHOBJIOE B pajialbHOMYy 0a3uci MIpPOCTOPY O3HAK
KOHTEIHepu KiaciB po3mizHaBaHHs. KoHTyp onTuMizariii
KOHTPOJIbHUX JIONYCKIB Ha O3HaKH pO3Mi3HaBaHHSI
3aMHUKa€ThCs 4Yepe3 TepM-MHOXuMHY D — cucremy
KOHTPOJIHHX JIOITYCKiB, SIKI BUKOPHCTOBYIOTBCS SIK PiBHI
KBAaHTYBaHHS O3HAK pO3Mi3HaBaHHSA NpH (OpMyBaHHI
pobouoi OiHapHOi HaB4ampHOI MaTpulli. HasBHICTE
OiHapHOI HaBYAJNBHOI MATPHI [O3BOJSAE 3MIHIOBATH
IUIIXOM KBAaHTYBAaHHS 32 PiBHEM MIarHOCTHYHI O3HAKH 3
METOI0 aJamnTalii BXiJHOTO MaTEMAaTHYHOTO OIHUCY OO0
MaKCHMAaJIbHOI JOCTOBIPHOCTI MiarHOCTHYHHUX PIIICHb.
Kpim TOro xareropiiiHa MOJeb Ma€ JT0AaTKOBHI KOHTYPY
ONTHMI3alil CTPYKTYpH JaHUX B 3aJiaHii iepapxiuHii
CTPYKTYpi, SIKMH 3aMHKa€TbCs 4epe3 MHOXKUHY H, 110
MICTUTH BapiaHTH CTPYKTYp AaHHX B 3aJlaHill iepapxiuHii
CTPYKTYpi. 3TiIHO 3 TMPUHIUIIOM BiIKJIaJICHUX PIlICHb Y
BUIAJKYy  HENOCSTHEHHS  BHCOKOI  (DYHKLIOHAJIBHOI
e(eKTHBHOCTI MAaIIMHHOTO HABYAaHHS KaTeropiiHa MOJelb
nependadae MOXJIMBICTH TEPEXOAy [0 IHIIOTO OiibIl
CKJIQTHOTO THITY BHPIIIAIbHUAX MPaBHi. 3 II€I0 METOIO B
30BHIIIHBOMY  KOHTYpi  ONTHMi3amii  3HAXOOHUTHCS
MHOXHHa V— Habip reomerpuyHuX (OpM KOHTEHHEPiB
KJaciB po3mi3HaBaHHs (TINEPENinCoOiqHNUX, TiNepIHIiH/-
pOIMHMX  TOINO), SKi BIJHOBIIOIOTHCS B  MpOIleCi
MalIMHHOTO HaBYaHHS B pajiajibHOMy 0a3zuci MpocTopy
ngiarHocTnyHUX o3Hak. Omepatop w:V - G XT X QX Z
peryIaMeHTye NpOoleC MAallMHHOTO HaBYaHHS  CHCTEMH
(hyHKIIIOHATBHOTO J1arHOCTYBaHHS.

AJTOpUTM MAIIMHHOTO HaB4YaHHA. [H(popmariii-
HO-€KCTPEMAIHUIM alrOpUTM HaBYAHHS 3 ONTHMI3AIi€l0
CTPYKTYPH KJIaciB pO3Ii3HABaHHS B 3allaHii iepapXidyHii

CTPYKTYpi TPEACTaBUMO y BHIVIALI  iTepariiHol
Ipouenypu MOLIYKY r7100aJIbHOTO MaKCUMyMYy
ycepeaneHoro 3a andasitom {X5} iHpopmauiliHOrO

kputepito (2) B poOouiii oOsacTi BH3HAYEHHS HOTO
dyHKIil

h* = arg n&ix{r%ix{rréégx E}}, (3)

ne Gp —obmacTp [MOIMyCTHMHX 3HAYeHBb
MAaIIMHHOTO HaBYaHHS A.

Po3risiHeMO OCHOBHI eramu peanizalii aaropuTMy
onTHMI3alil iepapXivyHol CTPYKTYpH AaHuxX B pamkax IEI-
TEXHOJIOT1i.

1. OOHyniHHS JIIYMIBHUKA BapiaHTIB i€papXidyHHUX
CTPYKTYp (KpOoKiB HaBuaHHs): 1 := 0.

2. [rimiamizamis JTIYAIPHIKA BapiaHTIB i€papXidHUX
CTpYKTYyp: 7 :==71 + 1.

3. OGHyTiHHS JIIYMIBHUKA SIPYCIB CTPYKTYpH JaHUX:
h=0

napaMerpa

4, Inimiamizanisa  JYAJIbHUKA
maHux: h:=h+1.

5. OOHyiHHS TiYWIBHAKA CTpAT sApycy: S = 0.

6. Inimianizanis TiYnipHUKa spycy: s == s + 1.

7. JInst KoxHOI S-1 cTpatu h-ro spycy r-i iepapXiqHol
CTPYKTYpH peaji3yeThcs i1H(OpMAIiiiHO-eKCTpeMaTbHUN
QITOPUTM  HAaBYaHHA 3  [apaJeNbHO-TIOCIII0OBHOIO
ONTHMI3aIi€I0 KOHTPOJBHUX JOMYCKIB Ha JiarHOCTHYHI
O3HaKH, SKUH OOYMCIIIOE yCcepeIHEHEe NO BCIM cTparam
Apycy  MakCHMallbHe  3HA4CHHA  iH(POPMAIIHHOTO
KpHTEPito Eﬁ’h,s.

8. fkmo s < Sy, ne S, — KUIBKICTh cTpaT Ha h -My
Spyci, TO BUKOHY€ETHCS IyHKT 6, IHAKIIIE — MTyHKT 9.

9. Axmo h < hpays A€ Rpax — KUIBKICTB sIpyCiB 7-1
CTPYKTYPH JIaHHMX, TO BHKOHYETHCS MYHKT 4, iHaKIe —

SPYCIB  CTPYKTYpH

myHKT 10.
10. OGuuncmioeTsCsl  ycepeqHeHe II0 BCIM  sipycam
CTPYKTYpH JaHUX MaKCHUMaNbHe 3HAYCHHS

1H(pOPMAIIITHOTO KPUTEPIO ONTHMi3amii t_?;",h.

11. ko 7 < Tpax, A€ Tmax — KUIBKICTB i€papXiqHUX
CTPYKTYp JaHHX, TO BHKOHYEThCS IYHKT 2, 1HaKIie —
MyHKT 12.

12. BusHavaeTbes ONTHMAJIbHA
CTPYKTypa AaHux: h: = arg max Efp.

13. 3VIIMH.

Takum umHOM, y pamkax [EI-rexHomorii anroputm
onTuMizalii iepapxiqHoi CTPyKTypH HaHUX 3BOIAUTHCS JO
[IECHPAMOBAHOI  TPOIEAYPH TOMIYKYy TJI00aIbHOTO
MakCUMyMy iHQOpMAIifHOTO KpHUTEpiro s pPi3HUX
BapiaHTIB  i€papXiyHUX CTPYKTyp andaBiTy KiaciB
po3Mi3HaBaHHs i BAOOPY ONTUMAIILHOTO 13 HUX.

Mpukaan peanizauii aaropurmy. Sk npuknasg pea-
Jizanii anropuTMy ONTUMI3alii i€papXiduHOi CTPYKTypH
JIAaHUX PO3TIITHEMO MalllMHHE HaBYaHHS CUCTEMHU (DyHKIi-
OHAJIFHOTO J1arHOCTYBaHHS BY3JIiB OaraTokaHaTHOI IIax-
THOI MiAHOMHOT MamIvHA. Sk BXimHI JaHI pO3TISIANHACS
3HAUEHHS JIarHOCTHYHUX O3HAaK, SIKi MEpiOJUYHO 3UHUTY-
BaJINCS 3 IATYMKIB iHpopMaii B mponeci QyHKIiOHyBaH-
HS IIaXTHOI IAHOMHOI MaIllMHU. BXiIHa HaByajbHA MaT-
purst 6yia chopMoBaHa 3a apXiBHUMH JTaHUMH, HaJaHAMU
mianpueMctBoM «YJIMC Cicremey, sike 3aiMaeTbcs MO-
JICpHI3AL€I0 CHCTEMU KepyBaHHs IIAXTHOI MiIHOMHOT
Mmammau B «JITEK Ilasmorpamsyriuisy (M. Ilasnorpan,
VYkpaina).

MopenroBaHHsl MallMHHOTO HAaBYaHHS CHCTEMH
(YHKIIOHATBHOTO JIarHOCTYBaHHsI 3JIIHCHIOBAJIOCS ISt
YOTHPHOX KJIaciB po3mi3HaBaHHS: KJac X7
XapakTepuzyBaB  (YHKIIOHAIBHUA  CTaH  IAXTHOI
migiiomHoi Mamuan «Hopmay, kiac X3 — miBHIEHA
TEMIIEpaTypH MiJIIMIHAKIB EICKTPOABUIYHA, Kiac X35 —
MABUIICHUA  TEMIEpPaTypHHH  pexXuM  OOMOTKH
eNeKTPOTIpUBOAY 1 Kimac X — QyHKIIOHATBHHUNA CTaH

iepapxiyHa

KaHATOBEAYYHX INKiBiB, pamiycu skux Oymu  «bimpme
HOPMUY.
Ha rmpaktumi B cucremax — (QyHKIIOHaIBHOTO

JIIarHOCTYBAHHS KJIACH PO3IMi3HABAHHS MEPETUHAIOTHCS B
MPOCTOPI IarHOCTUYHKX O3HAK yepe3 OIM3bKICTh LEHTPIB
PO3CilOBaHHSI BEKTOpiB-peali3amii CyCifHiX KIaciB, IO
MOX€ CYTTE€BO 3MEHIIMTH JOCTOBIPHICTH JiarHOCTHYHUX
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pimieHb. 3 MeToro 30UIBLIEHHS CEPeAHbOI MDKKIAcOBOI
BIICTaHI  3MIMCHIOBANOCS  HAIUIMIIKOBE  KOIyBAaHHS
IBIHKOBUX BEKTOpiB-peanmizamiii poOodoi HaBYAIBHOI
MaTpumi 3a mUKIiYHAM MetonoMm boysza — Yoyaxypi —
Xirpiemu. Y pe3yibraTi KOAyBaHHs MiHIMajbHa KOJOBA
BiZicTaHb ~XeMMIHra JUiss  YCepeIHEHHX BEKTOpIB-
peasizaiiii knaciB po3mi3HaBaHHs JOpiBHIOBaNA dyi, = 5.

Jnst HAOYHOCTI PO3TJIsIIAUCS IOKa3aHi Ha puc.2 Tpu
BapiaHTH CTPYKTYp MAHHX U 33JaHOT0 aja(aBiTy KiaciB
pO3Mi3HaBaHHS.

Puc. 2. BapianTu iepapXiYHUX CTPYKTYp JaHHUX

MogenroBaHHsl MallMHHOTO HABYaHHS CHCTEMH
(hyHKIIIOHATBHOTO J1IarHOCTYBaHHS BY3JIB INAXTHOI TMif-
HOMHOT ManMHu 3ailcHIOBanocs 3a anroputMoM (3). [Ipu
I[bOMY B TIPOIECi MAIIMHHOTO HABYAHHS ONTHUMi3yBajacs
CHCTEMH KOHTPOJBHHX JOITYyCKIB HA JIarHOCTUYHI O3HAKU
3a TapaleIbHOI0 CXEMOIO, NPH SAKi KOHTPOJIBHI JOMYCKA
3MIHIOBAJIMCS JJIS BCIX O3HAK OMHOYAcCHO. Sk KpuTepiit
ONTHMI3alil MapamMeTpiB MalIMHHOTO HABYAHHS CHUCTEMH
(DYHKIIOHATBHOTO J[IarHOCTYBaHHSI PO3MIISAABCS MOAUi-
KoBaHwuit B mipani [5] indopmaniiinuii kputepiii Kynn0axka,
SIKMHU JUTs PIBHO HMOBIPHHX JJBOX JIbTEPHATHBHUX TiMOTE3
Ma€e BUIIISIA

O

R R C e ORI CY R O

(@) + B ()] + 1077

(d)] + 107

2— [a(k’)

h,s,;m

[aham (@) + B3

h,s,m h,s,m

*log,

ne (xglkgm(d) — MOMMUJIKA TEPIIOr0 POJY HPH IPHUNHATTI

mporeci
KJacy

knacu(ikamiiHUX — pilleHb, OOYHCICHA B
BIZIHOBJIEHHSI ~ rinepcepuvyHOro  KOHTeWHepa
po3Mi3HABaHHS X ;

;fs),m(d) — [IOMHJIKA JPYroro POoAy NpH NPUIHATTI
kiacu(ikamiiHUX pilieHb, 0OYUCIIEHa B TPOIIECi BiTHOB-
JeHHA TrinepcepryHoro KOHTeHHepa Kiacy po3Ii3Ha-
BaHHs X5, 3 paaiycom d;

d — paxgiyc rinepcepuyHOr0 KOHTEWHepa Kiacy
pO3Ii3HAaBaHHs, KU B MpoOLeCi MAIIMHHOTO HaBYaHHS
BITHOBIIOETECS B paJialbHOMYy 0a3uci  MpOCTOpy
JarHOCTUYHUX O3HAK

107" — gocTaTHLO Maje YKCIIO, SIKe BBOAWUTHCS AJIS
YHUKHEHHS MOy HA HYJIb.

[Ipu oOumcnenHi iHPOPMALMIHHOTO KPUTEPIIO ONTH-
Mizarii (4) B mpoteci pearizaii anropuTMy MamIdHHOTO
HaBYaHHS 3aMiCTh TOYHICHHX XapaKTEPUCTHK BHKOPHCTO-
BYBAJINCS 1X OIIHKH:

K& ()
o) () = sm (D, ®
k
(k) (d) _ Kz(,h),s,m(d)
h,s;m - n s

®) o i N
e K hsm(d) — KUTBKICTD MOJiM, NpH SKKX peastizarii

KIacy posmisHaBaHHsA Xp g, HE BIIHOCATBCA 1O CBOTO
KJIacy;

Kz(l;l) s.m (@) — KUIbKICTb Mol mpy sikux “uyxi” pea-
Ji3anii TOMHIKOBO BiJJHOCATBCS J0 KJIaCy pO3Ii3HaBaHHS
Xism

Nn — 00CAT penpe3cHTATUBHOI HABYATBHOT BHOIPKH.

[Micnst migCTaHOBKH OIIHOK TOYHICHUX XapaKTepHC-
THK y Gopmyiy (4) Oyiro oTpuMaHo po6ody GopMyTy As
obOuncnenHs iH(popMaIiitHOro KpuTepito onTuMizalii ma-
paMeTpiB MaIIMHHOTO HAaBYaHHS CHUCTEMH (YHKIIOHAIH-
HOTO JiarHOCTYBaHHS

(@) + KR )+ (6)

1,h,s,m

1
BN (@) = — 0~ [K]}

(@) + Kys (@] + 107

(d)] + 107

2n — [K(k)

1,h,s;m
[ () + K

2,h,s;m

* log,

HopmoBanuit kpurtepiii onrumizauii mnapameTpis
MAaIIMHHOTO HaBYaHHS IPEICTaBUMO Y BUTIISI

Eusm(d)
(k) hsm
ham(d) = —p=— (7)
max
ne  Eqy — MakcUManpHE 3HaUeHHS Kputepito (6), ske
BiH  mpuiiMae  mpH  MiJCTAHOBII f?sm(d) =
k
Z(h)sm(d) = 0.
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PesynpraTi onTuMizalii i€epapXi4HUX ~CTPYKTYD,
MOKa3aHWX Ha pHcC. 2, HaBeneHO B Tabm.l. Ilpum mpomy
kputepiii (7) oOYMCIIOBaBCS TMpH TMapaMeTpax n =
40, r = 2.

Tabmuns 1 — Pesynpratu ontuMizanii iepapXiyHUX CTPYKTYp

TaHUX
Ne 2 a B
CTPYKTYpH ]max (X(d) B(d)
1 0,67 0,40 0,01
2 0,69 0,35 0,02
3 0,74 0,22 0,02
VY Ta6in. 1 npuiHATO TaKi MO3HAYCHHS:
_f,f,}lx — yCepeqHEHE 3a CTpaTaMH HIXKHBOTO fPYyCy
i€papXiYHUX  CTPYKTyp JdaHuX (puc.2) 3HaYCHHS

HOPMOBaHOTO KpHuTepito (7);

a(d) — ycepenHeHe 3HAYCHHS TOMIJIKA IIEPIIOTO
pony;

B(d) — ycepenHeHe 3HAYCHHS MOMUJIKH JPYroro
poay.

Amnaiiz Taba. 1 mokasye, 110 HaiOiIble 3HAYCHHS,
YCEPEIHEHOr0 3a CTpaTaMH HIDKHBOTO SPYCy 3aJaHHx

iEpapXiyHUX  CTPYKTYp, iH(opMamiiHOro KpuTepiro
OTpUMaHO JUI1 TPeThOl CTPYKTYpu (pHC. 2, B), sKe
JIOPiBHIOE ]_{nfa}lx = 0,74.

Ha puc. 3 nokazaHo rpadiku 3aJexHOCTI

iHpopMmariiiHoro kputepito (7) Big paaiyciB KOHTEHHEpIB
KJaciB pO3Mi3HaBaHHS, SKI BXOJATh B iepapXidHy
CTPYKTYpY (pHC. 2, B).

Ha puc. 3 moagiiiHOIO MITPUXOBKOIO MO3HAYEHO PO-
604y (momyctuMy) oOsacTh BU3HA4E€HHSA (YHKIII KpHTe-
pito (7), B AKiff MOMWIIKH TIEPIIOTO 1 APYTOro POAy HE
MIEPEBUIIYIOTH BiIIOBITHO MEPITY i APYTY HOCTOBIPHOCTI.
Amnaniz puc. 3 nokasye, 10 Jisi ONTUMAJIBHOI CTPYKTYPH
JaHuX (puc. 2. B) OTPUMaHO TakKi ONTHUMaJbHI paliycu
KOHTEHHEpIB KJIaciB pO3Mi3HaBaHHsS: Uil Kiacy Xi
ONTHUMAaNBHUH paaiyc nopiBHoe Ry = 32 (TyT 1 nani B
KOJIOBHX OJIMHUIISIX); Juist Kiacy X3 — R = 32; nnst kinacy
X$ — R; = 33; i s knacy Xg — Ry = 23;

3a OTpUMAaHMMH B TIPOIECi MAIIMHHOTO HaBYAHHSI
ONTUMAIEHUMH TTapaMeTpaMy KOHTEWHEPiB KIIaciB PO3IIi-
3HaBaHHA B paMKaX '€OMETPUYHOTrO MiAX0Iy MOOYIOBaHO
Taki BUPILIAJIbHI TIpaBUJIa:

(vx) € ®MN(vxg € RMN{if {(@.D&  (8)
&, > c) thenx¥) € Xp elsex) ¢ X33,

ne M, — YCepeaHeHe 3HaueHHS (YHKINI HaJIeKHOCTI
peamizaniii  rinepcepuyHOMy  KOHTEHHEpY  KJilacy
po3mi3HaBaHHS X,

{ﬁm} — MHOXKMHA YCEepEeIHEHHWX 3HaueHb (YHKIIN
HaJIOKHOCTI JUts andapity Ki1aciB po3mizHaBaHHS {X}3 };

C— TIOPOrOBe 3HAYCHHS, SIKE 33Ja€ThCS B iHTEpBai
0<c<1

OyHKIE  HANEXKHOCTI AN rinepcepuIHoro
KOHTe#Hepa kiacy X3, posrisinanacs y Burisifdi [9],

ne d[meBx(j)] — KOJIOBa BIJICTaHb MK YCCPEIHCHUM
BEKTOpOM-peanizauieto knacy X 1 BEKTOpOM-peaisa-
niero x| mo posmizHaeThes;
d;, — ONITHMAITBHUH pa/iiyc KOHTeWHepa Kiacy Xp,.
3a  pesynpraraMd =~ TECTyBaHHS  CHCTEMH  3a

eK3aMeHAI[IHOI0 MaTpUIEI0 ycepeJHeHa 3a aln(aBiToM
KJIaciB pO3Mi3HABaHHS ITOBHA HMOBIPHICTH MPaBHILHOTO
pimeHs

MPUHHATTS ~ JiarHOCTHYHUX JIOpiBHIOBAIIA

P, = 0,88.

Ji 03 3
0,7 4
0,6 1
0,5 4
0,4 4
0,3 1
0,2 1
0,1

J2 08 x
0,7 4

0,6 4
0,5 1
0,4 4
0.3 1
0.2 1
0,1

Jy 08 x
0,7 -

0,6 4
0,5 4
04 4
03 4
02 1
0,1

Puc. 3. I'padiku 3anexHOCTI iHPOPMALIIITHOTO KPUTEPIIO Bij
paniyciB KOHTelHepiB KiaciB po3misHaBaHHs: @ — Kiac X7;
6 — xnac X3; 6 — xnac X§; 2 — xnac XJ

BucHoBKH. 3anipOIIOHOBAHO ajNrOPUTM iH(pOPMAIIii-
HO-GKCTPEMaJIbHOTO MAIIMHHOTO HABYaHHS CHCTEMH
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(YHKUIOHATBHOTO JiarHOCTYBAaHHS CKJIAJHOI MAIIUHH 3
ONITUMI3AIlIEI0 iepapXivHOi CTPYKTYpH naHux. Ha mpukira-
Ii crcTteMu (PYHKITIOHANBHOTO JiarHOCTYBaHHS OaraToka-
HATHOI ITi THOMHOI MaIllMHU ITOKa3aHo, M0 (yHKITIOHAEHA
e(hEeKTUBHICTh MAIIMHHOTO HABYAHHS 3aJICKUTH BiX PO3-
TalllyBaHHs KJACiB PO3Mi3HABaHHS B i€papXiyHildl CTPyK-
Typi. 3a OTPUMAaHMMHU B MPOIECI MAIIMHHOTO HABYAHHS
ONTUMAJILHUMU TE€OMETPUYHMMM IIapaMeTpamMu KOHTEH-
HepiB KJaciB po3mi3HaBaHHs 1MOOYJOBAaHO BHCOKO JJOCTO-
BipHI BUpIIIAIBHI TPaBUIIa, IKi MPAKTHYHO 1HBApiaHTHI 10
Oarato BHMIPHOCTI IPOCTOPY MAiarHOCTHYHHMX O3HaK. B
MepCIIEKTHBI U pO3LIMPEHHs a(aBiTy KJIaciB po3mizHa-
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1. B. LIEJIEXOB, C. O. IIHTHIIEHKO, O. O. CTOJIAPYYK, T. A. POMAHEHKO

TH®OPMANIINHO-EKCTPEMAJIBHE MAIIIMHHE HABYAHHS CHCTEMH KOHTPOJIIO
3HAHb

Po3risaaeTbest aNropuT™M MAIIMHHOTO HABYAHHS KOMII IOTEPH30BAaHOI CHCTEMH KOHTPOJIIO 3HAaHb 32 TECTOBUMH 3aBAAHHSIMH. IIpH bOMYy MallMHHE
HaBYaHHS 3IIHCHIOETHCA B paMKax iH(OpMAaIiiHO-eKCTPEeMaNIbHOT iHTEJICKTYAIbHOI TEXHOJIOTI] aHami3y IaHUX, SKa IPYHTYETHCS Ha MaKcHMi3amil
iH(opMamiifHOI CIPOMOXKHOCTI CHCTEMH B mpoueci 1i HaB4aHHS. Sk O3HAKHM PO3MI3HABAHHS PO3TIILNAIHCS PE3yIbTaTH BIINOBiNEH CTYAEHTIB Ha
TECTOBI 3aBJIaHHs, SIKi OLIHIOBAJINCS 32 CTOOAIBHOIO LIKAIO. 3alpPOIOHOBAHO AITOPUTM iH(QOPMAUiHHO-eKCTPEMATFHOTO MAIIMHHOIO HABYAaHHS 3
napaseabHO-TIOCIIIOBHOI ONTHMI3alli€l0 CUCTEMHM KOHTPOJBbHUX JOIMYCKIB Ha O3HAaKM pO3Mi3HaBaHHA. SIK MmapaMeTp MAalIMHHOTO HaBYaHHSI, IO
OIITUMI3Y€ThCS, PO3TIIIAABCS HIDKHIA KOHTPOIBHHI TOIMyCK Ha O3HAKU PO3Ii3HABAaHHS NpU (iKCOBAaHOMY BEpPXHBOMY NOITYCKy. [Ipu mpoMy oTpuMaHi
B MpOIECi MapaleNbHOI ONTHMI3alil KBa3iONTHMAaibHI KOHTPOJIBHI JONMYCKH Ha O3HAKH PO3Mi3HABaHHS BHUKOPHCTOBYBAIHCS SK CTAapTOBI HpHU
peaiizalii anropuTMy MAIIMHHOTO HABUaHHA 3 MOCTIZOBHOIO ONTHMi3amiero. Sk KpuTepi onTHMi3alii mapaMeTpiB MAalIMHHOTO HAaBYaHHS
posrisimanacss MoxudikoBana iHpopmaniiina mipa Kymp0aka, sika € QyHKHiOHanmOM Bil TOYHICHUX XapaKTEPUCTHK KIacH(ikamiffHUX pimeHs.
OckinbkH, crienudika KOHTPOIIO 3HAHb MOJATAE B TOMY, 110 an(aBiT KIACIB € CTPYKTYpPOBaHHUM, TO PO3IJIsanacs BKIAJCHA CTPYKTypa KOHTEitHepiB
KJIaciB PO3Mi3HaBaHHs, SKI XapaKTepH3YIOTh BIAINOBIAHI PiBHI 3HaTh. [IpM LbOMY BKJIaJ€Ha CTPYKTYpa XapaKTepH3yBajacsi 3arallbHUM IEHTPOM
PO3CiIOBaHHS BEKTOpiB-pealli3aliif KiaciB po3mi3HaBaHHS. Taka CTpyKTypa Ha BiIMiHy BiJ NONIMOJAJNbHHX KOHTEGHHEpIB KJIACIB PO3Mi3HABAHHS
JI03BOJIMJIA ITiIBUILUTH ONEPATHBHICTh MALIMHHOTO HABYaHHS Ta JOCTOBIPHICTb BUpIIIATBEHUX MpaBui. IlepeBipka mpare3faTHOCTI 3aIpOHOHOBAHOTO
AIrOPUTMY MAIIMHHOTO HABYAHHS 3/iHCHIOBANACS 3a PEMPE3CHTATHBHOK BXiTHOK HABYAIBHOK MAaTPHIIEIO, ika Oyna c)OpMOBaHOIO 3a pe3y/IbTaTaMu
TECTYBaHHS CTY/CHTIB 32 HABYAIHHOO JUCIHILTIHOIO.

KrouoBi cioBa: iHdopMmaniiiHo-ekcTpeManbHa IHTENIEKTyalbHA TEXHOJIOTiS, MAIUMHHE HABYAHHS, OITHMI3alis, CHCTEMa KOHTPOJBHUX
JIOIYCKIB, O3HaKa po3Mi3HaBaHHs, rinepchepruyHnii KOHTEHHEp Ki1acy po3Ii3HaBaHHs.

U. B. IITIEJIEXOB, C. A. ITVIHIIEHKO, A. A. CTOJIAPYYK, T. A. POMAHEHKO

NHO®OPMAIIMOHHO-3KCTPEMAJIBHOE MAIIMHHOE OBYYEHUE CUCTEMBbBI KOHTPOJISI
3HAHUMN

PaccMaTpuBaeTcst alrOpUTM MAIIMHHOTO OOYYeHHs KOMIIBIOTEPH3UPOBAHHOW CHCTEMBI KOHTpOJS 3HAHMH IO TECTOBBIM 3ajaHHsAM. lIpu 3ToM
MallliHHOEe O0y4YeHHEe OCYIIECTBISIETCS B paMKaxX HH()OPMAIMOHHO-IKCTPEMaJIbHOI HHTEIUIEKTYaIbHOM TEXHOJIOTMH aHajM3a JAaHHBIX, KOTOpas
OCHOBaHa Ha MaKCHUMH3allMM HH(POPMAI[MOHHOH CHOCOOHOCTH CHCTEMbI B Ipolecce ee 00ydeHHs. B KauecTBe NpPU3HAKOB PacloO3HABAHUs
paccMaTpHBAINCh PE3yNbTAaTEl OTBETOB CTYICHTOB HA TECTOBBIC 3aJ[aHMs, KOTOpPBIC OIEHHMBATHCH IO CTOOAIUIBHON mIKane. IIpeanoxkeH amropurm
NH(POPMAIMOHHO-3KCTPEMAIILHOIO MAIIMHHOIO 00y4YeHHs C NapajuIelbHO-IIOCIIeI0BaTeIbHON ONTHMHU3alMel CHCTeMBbl KOHTPOJBHBIX JOIYCKOB Ha
MIPU3HAKK pacro3HaBaHusA. Kak mapameTp MalIMHHOTO OOy4Y€HHS, KOTOPbIH ONTUMHU3UPYETCS, PACCMATPUBAJICS HMKHUHM KOHTPOJIBHBIA JIOIYCK Ha
IpPH3HAKA PACIIO3HABAaHUS NPH (UKCHPOBAHHOM BEpXHEM Jomycke. IIpu SToM moIydeHHBIE B IIpolecce IapauIeNbHOH ONTHMH3AIUU
KBa3HOITUMAIIbHBIC KOHTPOJIBHBIE NOITyCKH Ha NMPU3HAKH PACIO3HABAHMS HCIOJIBL30BAIUCH KaK CTAPTOBBIC IIPU PeallM3aliy aIrOpHTMa MalIHHHOTO
o0y4yeHuss ¢ TOcClHeqoBaTeNbHOM onTuMmu3auued. Kak Kpurepuid onNTHMM3alMM [ApaMeTPOB  MAIIMHHOrO OOy4YeHHs paccMarpuBaach
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MozudunupoBanHas HHpopManuoHHas Mepa KymbOaka, koTopast sBisieTcs (yHKIHMOHAIOM OT TOYHOCTHBIX XapaKTePHCTHK KIacCH(DUKAITMOHHBIX
pemrenuil. ITockonbky crieruduka KOHTPOIST 3HAHUIT 3aKITI0YaeTCsl B TOM, 4TO al(aBHT KJIACCOB SIBISIETCS CTPYKTYPUPOBAHHEIM, TO pacCMaTpUBAIach
BJIO)KCHA CTPYKTYpa KOHTEHHEPOB KJIACCOB PACIO3HABAHMUS, XapaKTEPH3YIOIINX COOTBETCTBYIONINE YPOBHH 3HAHUM. [IpH 3TOM BIOXKEHA CTPYKTypa
XapaKTepU30BaNIach OOMINM LEHTPOM PACCEHBAHUS BEKTOPOB-peaIn3aliii KIacCcOB paclo3HaBaHHs. Takas CTPYKTypa B OTJIMYHE OT IOIMMOJAIbHBIX
KOHTEIHEepOB KJIaCCOB PACIO3HABAHMS II03BOJIMIIA IIOBBICHTH ONIEPATHBHOCTD MAIIMHHOIO 00yYeHHS H JOCTOBEPHOCTH PEeIlaloluX npasmil. [IpoBepka
PpaboTOCIIOCOOHOCTH TPEATIOKEHHOIO AIrOPUTMAa MAIIMHHOTO OOYYeHHsI OCYIIECTBISIACH IO PENPE3CHTATHBHOW BXOMHOW yueGHOW Marpuuei,
KoTOpast OblIa copMUPOBAHA IO Pe3yIbTaTaM TECTHPOBAHMUS CTYJCHTOB 110 Y4eOHOU TUCIUIIINHE.

KiroueBble cjoBa: HHOOPMALMOHHO-OKCTPEMAIbHAS HMHTEIUICKTYalbHas TEXHOJIOTWs, MAIIMHHOE OOydYeHHe, ONTHMM3aLys, CHCTeMa
KOHTPOJIBHBIX JI0ITyCKOB, IPU3HAK PACIIO3HABAaHM, rUIepchepuIecKuii KOHTEHHEp Kilacca paclo3HABAHMSL.

I. V. SHELEHOV, S. O. PYLYPENKO, O. O. STOLYARCHUK, T. A. ROMANENKO
INFORMATION-EXTREME MACHINE LEARNING OF KNOWLEDGE CONTROL SYSTEM

The algorithm of machine learning of an automated subsystem of control of students’ knowledge according to the test tasks of the computerized
education system is considered. In this case, machine learning is carried out within the framework of information-extreme intellectual technology of
data analysis, which is based on maximizing the information capacity of the system in the process of its improvement. The results of students' answers
to test tasks were considered as signs of recognition, which were evaluated on a scale from 0 to 100. The algorithm of information-extreme machine
learning with parallel-sequential optimization of the system of control tolerances on recognition signs was suggested. The lower control tolerance for
recognition attributes, with a fixed upper control tolerance, was considered as an optimized machine learning parameter. In this case, quasi-optimal
control tolerances on the signs of recognition, obtained in the process of parallel optimization, were used as the starting point for the implementation of
a machine learning algorithm with sequential optimization. Kullback modified information measure, which is a function of the exact characteristics of
classification decisions, was considered as an optimization criterion of machine learning characteristics. Since the specificity of knowledge control is
that the class alphabet is structured, so the enclosed structure of container classes of recognition, which characterize the corresponding levels of
knowledge, was considered. In this case, the enclosed structure was characterized by the general center of scattering of vector-realization classes of
recognition. This structure, in contrast to polymodial containers of recognition classes, has allowed increasing of the efficiency of machine learning
and the validity of decisive rules. The verification of the workability of the suggested algorithm for machine learning was carried out on the basis of a

representative input matrix, which was formed on the basis of the student test results of the discipline.
Keywords: information-extreme intellectual technology, machine learning, optimization, system of control tolerances, recognition sign, hyper-

spherical container of recognition class.

Beryn. Komm’rorepm3oBaHi CHCTEMH KOHTPOIIO
3HaHb CTaJIM  HEBII'€MHOIO YacTHHOI  Cy4YacHHX
TEXHOJIOTi B OCBiTi. Taki CHCTEMH CIOYaTKy MIHPOKO
BUKOPHCTOBYBAJINCSI B HaBYAILHOMY IPOIECI CTYACHTIB
3a0YHOI Ta AMCTaHWiiHOI ¢opm HaBuauHs [1, 2]. VYV
TENepilHii Yac BOHHM BIiAIrpaloTh BaXIJIWBY pOJb HPU
nepexoi Ha Tak 3BaHy 3MilIaHy (OpMy HaBUaHHS, sKa
noennye e-Learning i TpaauuiiiHi TEXHOJOTii JEHHOTO
HaBuyaHHsA [3-5]. Came 3MimraHe HaBYaHHS JO3BOJISE
CTy/IGHTy 0OWpaTH 3py4YHMH dac Ta Micle HaBYaHHS,
IHAWBiMTyadpbHUN TEMN 3aCBOIOBAHHS 3HaHB. llpu mpomy
BaXIIMBY pONb Bifirpae MiABUIIEHHS JOCTOBIPHOCTI
MalIMHHUX METOMIB KOHTPOJIIO 3HaHb 32 TECTOBUMH
3apaaHHsMH. HaOmmkeHHs pe3ynbTaTiB  MallMHHOTO
KOHTPOJIIO 3HAHb JI0 OLIIHOK KBaJi()iKOBAaHOTO BHKJIa/1aya-
JIOIMHM 3aJIMIIAETBCSl aKTyaJbHOIO Tmpodiemoro. Jlis
BUpINIEHHS Ii€i MPOOJEeMU IIMPOKO BUKOPHCTOBYIOTHCS
iHTeJeKTyanbHi  iHpopMariiiHi  TexHomorii [6, 7]
Haii0inpim mommpeHuMH  METOJaMH  iH(QOPMAIIHHOTO
CHHTE3y CHCTEM MAaIIMHHOTO KOHTPOJIO 3HaHb B OCBITI €
METOJM Ha OCHOBI INTYYHHX HeHpoHHHX Mepex [8—10].
Are Tpy bOMY HEHPOHHHUM MeEpeXaM K CTPYKTYPHUM
MeToJaM TpWUTAMAaHHUA  HENOJNIK, TIOB’s3aHWid i3
CKJIATHICTIO TIEpECHABYAHHS CHCTEMH 4epe3 TUHAMIYHICTh
HaBYAJBHOTO  Tpomecy. Bumora  €Bpormeiicbkoro
OCBITHBOTO CTAaHIAPTy TMpPO IIOPIYHE OHOBIICHHS HE
Mmenmie 20 BiJICOTKIB HaBYaJbHOTO KOHTEHTY POOUTH
HEOOXITHUM PO3POOJICHHST HOBOi CHCTEMH KOHTPOJIIO
3HaHb. KpiM TOro, CyTT€BUM HEHOJIKOM IITYYHHX
HEMPOHHUX MEpeX € iX YyTIMBICTh 0 6arato BUMIpHOCTI
IIPOCTOPY O3HAK po3mi3HaBaHHS. Lli HEJOMIKK ycyBa€eThCs
B METO/IaX IHTEJNEKTYaJIbHOTO aHaIli3y JaHHUX, BUPIMIAIbHI
npaBwiia SIKMX OyIyIOTbCS B paMKax TI'€OMETPHUYHOTO
migxoxy. OIHMM 13 TEpPCHEKTHBHUX HAIPSIMKIB €
3aCTOCYBaHHSA i/Iel 1 METOIB Tak 3BaHOI iH(POPMAILIHHO-
exkcrpeManbHOi iHTenmekTyanpHol TexHonorii (IEI-rexHo-

Joril) aHami3y NaHWX, SIKa TPYHTYEThCS HA MaKCcHMIizarlii
iH(popMamiifHOI CIPOMOXKHOCTI CHCTeMH B Tpomeci il
MammHHOrO  Hauamus [11-13]. V'  mpami  [14]
posrsimaniacs  3ajada  iHGOpPMaIiHHO-eKCTPEMATLHOTO
MAIIMHHOTO HABYaHHS CHCTEMH KOHTPOJIO 3HaHb. [lpu
IIOMY MOOYOBaHI BUPIMIAIBHI MPaBUIIa HE 3a0C3MCUMIN
BUCOKY  (yHKI[IOHANBHY  C(CKTHBHICTH  CHUCTEMHU
KOHTPOJIIO 3HAaHb 4Yepe3 3aCTOCYBaHHS MNONIMOJAbHUX
KOHTCHHEpIB KJaciB po3Mi3HaBaHHS 3 PO3MOAIICHUMH B
MPOCTOPi O3HAaK IIEHTPaMM PO3CIIOBaHHA iX peai3amii..
Ockinpku  andaBiT KIaciB po3Mi3HaBaHHA B 3a7adax
OIIIHIOBAaHHS PiBHA 3HAaHb MA€ i€papxiduHy CTPYKTYpy, TO
e poOUTH MOUITFHUM TEpeXill A0 BUPIMIATbHUX IPABUIL,
noOyZoBaHUX 3a BKJIAJCHUMH KOHTEHHEpaMH KJIaciB
pO3IMi3HABaHHS 3 €MHUM IIEHTPOM po3scitoBaHHs. Tomy
BUpINIANbHI TpaBuia MoOyJOBaHI 32 TEOMETPUYHUMHU
napaMeTpamMM BKJIaJICHHX KOHTEHHepiB KiaciB Oyaemo
Ha3MBaTH yHIMOJaJbHUME. Y mpaii [14] 3anpomoHoBaHO
ANropuT™  1H(GOPMAIIITHO-CKCTPEMATFHOTO  MAIIUHHOTO
HaBYaHHS YHIMOJAIBLHOTO Kiacudikaropa. Aje oTpuMaHi
pe3ynbTaTh HOCATh MOJICNBHUHA XapakTep, OCKUIBKH
po3TIIsAaNocs 4iTKe pO30OMTTS MPOCTOPY O3HAK HA KJIACH
pO3Mi3HABaHHS, M0 HE NPUTAMAaHHO TIPH OIiHIOBAaHHI
piBHS 3HAHB.

VY cratTi po3rsamaeTbes iHGOpMAIiifHO-eKCTpeMab-
HUH METOJ MAIlMHHOTO HAaBYaHHS CUCTEMH KOHTPOIIO
3HaHb 3 BKJIAJCHUMH KOHTEHHEpaMH KIIACiB pO3Ii3Ha-
BaHHS, 110 IEPETUHAIOTHCSL.

IMocTranoBka 3amadvi. PosrimsiHemo ¢dopmaiizoBaHy
MOCTaHOBKY  3ajayl  iH(pOpMAaIiiHO-eKCTPEMaILHOTO
MAlIMHHOTO HaBYaHHS CHCTEMH KOHTpPOJIO 3HaHb 3a
TECTOBUMHM  3aBJaHHsAMH. Hexail  gaHo  andasit
X% |m =1,M} KJ1aciB pO3Mi3HABaHHS, AKi
XapaKTepU3yIoTh PiBHI 3HaHb CTYAEHTIB. 3a pe3yJbTaTaMu
BiJITIOBIJICH CTY/ICHTIB HA TECTOBI 3aBJIaHHS 32 aIUTHBHOIO
OLIHOYHOIO (YHKILI€IO 3 Hamepes] 3aJaHMMH BaroBUMH
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KoeQillieHTaMH  BIJNOBiZe Ha  TECTOBI

c(hopMOBaHO HABYAIBHY MATPHIIIO

3aBJIaHHs

”y’r.n,ili =1N,j=1n|,

ge N — KUIbKICTh O3HaK PO3Mi3HABaHHS, sIKa JIOPIBHIOE
KIUJIBKOCTI TECTIB;

N — KUIBKICTh CTPYKTYPOBaHHX BEKTOpiB-peastizamii
(mani mpocTo peaiizarii), KOOpJUHATAMH SIKUX € 3HAYECHHS
03HaK PO3Ii3HABAHHSI.

IIpu mpomy andasir {X%} € iepapxiunoro
BKJIaJICHOI0 CTPYKTYpOIO, B SIKii BEpIIMHA BEKTOpA,
yCepeTHEHOTO 3a aHcamOieM peamizamii € HEeHTPOM
pO3CifOBaHHSA peaii3alliii BCIX KIaciB pO3Mi3HABAHHS.
KpiMm Toro, s BKIageHWX KOHTEHHEpIiB KIACiB
pO3Mmi3HABaHHS BiIOMHH BEKTOp IapaMeTpiB HaBUAHHS,
SIKi BIUTUBAIOTH Ha 11 (PYHKIIOHAIBHY €(EeKTHBHICTS,

Im =< Rl,maRZ,m98 >,m= I,_M, (1)

ne Ry, — BHyTpilHiii paniyc KoHTeliHepa Kiacy Xp;
R, m — 30BHILIHIN paziyc koHTeiiHepa kiacy Xp;
0 — HeCUMEeTpUYHE T10JIe KOHTPOJIGHHX JIOMYCKiB Ha
O3HAKH PO3IIi3HABAHHS.
IIpu 1upoMy Ha
HaKJIaIAl0ThCsl OOMEKEHHS

napamMeTpu HaBYaHHA 6

Rl,m € [OaN]aRZ,m € [OaN]a S € [anmax]a

€ YVmax — MAKCHMaJbHE 3HAYCHHS OL[IHOYHOT IIIKaJIH.

Heo0xigHo Ha eramni MalIMHHOTO HABYaHHSA CUCTEMU
KOHTPOJIIO 3HaHb ONTHUMI3yBaTH (TYT i Aani B iHpoOpMa-
LIIfHOMY pO3yMiHHI) MapameTpyd MalIMHHOTO HaBYaHHS
BekTopa (1) muIIXoM MOUIyKYy INI00aJbHOTO MaKCHMyMY
iH(pOpMaIfHOTO KpUTEpilo B pobouiil o0iacTi BU3HAYEH-
HS HOro (yHKIIIT:

. k)
E;, = max E. m=1M,

™ Gpnfky ™ 2
nie E,(:) — o0uucneHuii Ha Kk-My Kpolli MAallMHHOTO
HaBYaHHs  iHQOpMAiIWHMKA  KpuTepid  onTHMizarii

rapaMeTpiB HaBYaHHS CHCTEMH PO3Mi3HaBaHHS peastizarii
knacy X3,

Gp— poboua obmacTh
1HpOPMAIIHHOTO KPUTEPIIO;

{k} — MHOXHHA KPOKIB MAaIIMHHOTO HABYAHHSL.

3a pe3ynbTaTaMH MAaIIHHHOTO HABYAaHHS ITOOYLyBaTH
BHpIIIANBHI MIpaBHUjia PIMICHHS [UIA MPUHHATTS B PEXKUAMI
€K3aMeHY BHCOKOJOCTOBIPHHUX PIillleHb NP0 HAJEKHICTh
peaitizaitii 00pa3sy, 1110 pO3Mi3HAETHLCS, 0 OJHOT'O i3 KJ1aciB
po3mi3HaBaHHs i3 3aaHOTO ajdasiTy.

TakuMm uymHOM, 3amaya iH(OpPMAIlIITHO-EKCTpeMab-
HOTO MAIIMHHOTO HaBYaHHS IIOJISITa€ Yy BiJHOBIICHHI B
pamialbHOMY MPOCTOPI O3HAK HAa KOXHOMY KpOI
HaBYaHHS KOHTEHHEpIB KJaciB pPO3Mi3HABAHHS IUIIXOM
LJIECTIPSIMOBAHOTO HAOJIMKEHHS 3Ha4YeHHsA iH(opmamiii-
HOTO KpUTepito (2) 10 HOro MakcUMajbHOTO.

Kareropiiina MopaeJb MAIIMHHOIO HaBYAHHS.
MareMaTHuHy MOJAENh iHPOPMALIHHO-EKCTPEMATEHOTO
MAaILIMHHOTO HABYaHHSA CUCTEMH KOHTPOJIIO 3HAHb PO3IIIA-

BU3HAUCHHS  QYHKII{

HEMO y BWIUIAI opieHTOBaHOro rpady, B sikoMy pedpa-
orepaTopyu BigoOpakaroTh BIIIIOBIIHI MHOKHHH OJHA Ha
oIHy. BXiTHUM MaTeMaTHYHHM ONHCOM TaKOl KaTeropii-
HOI MOJIeJTi € CTPYKTypa

Ig =<T,GQZY X, fi.f» >,
ne T —MHOXHHA  MOMEHTIB
iH(opMarii;

G — mpocTtip ¢akTopiB, AKI BINIUBAIOTH Ha IPOIEC
OILIIHIOBAHHS;

Q — mpocTip 03HAK PO3Mi3HABAHHS,

Z — ancasir KJIaciB poO3mi3HaBaHHSA, SIK1
XapaKTepU3yIOTh Bi/IOBIIHI piBHI 3HAHB;

Y — BxigHa 6araToBMMipHa HaBYaJIbHA MATPHUIL;

X — pobGoua OiHapHa HaBYATFHA MATPHILS;

fiiTXGXQAXZ—>Y — omnepatop ¢opMyBaHHs
BximHoi HaBuampHOi Matpmmi Y, me TXGXQOXZ —
JIEKapTOBHH JOOYTOK, SKMH 3a/a€ YHIBEPHMYM BHIIPO-
OyBaHB;

f2:Y > X — omneparop mnepeTBOpPEHHS BXIiJHOI
HaByaJIbHOT MaTpHui Y B poOody GiHapHy MaTpHiio X.

Ha puc. 1 mokazano kaTteropiiiHy mMozaens iHpopma-
HifHO-eKCTPEMaJIbHOTO MAIIMHHOTO HaBYaHHS CHCTEMH
KOHTPOJIIO 3HaHb, sKa Oyaye BHpILIaJbHI paBuiia 3a reo-
METPUYHHMH ITapaMeTpaMy BKJIAJCHUX KOHTEHHepiB Kia-
CiB po3mi3HaBaHHS.

"

D¢ = F € s
o R,/ \R_
N s
|

L'I'XGXQX‘Z——)” YL x 2 RIM—5 1

qacy OACPIKAHHA

Flel

Y

Puc. 1. Kareropiiina Mo/ieJIb MallIMHHOTO HAaBYaHHS 3
BKJIQJICHUMHU KOHTEHHEepaMu

Ha puc. 1 oneparop 8: X — R™! pino6paxae mocsi-
JIOBHO peajizaiii OiHapHOT HaBYaJIbHOI MATPUII B 3arajb-
HOMY BMManky Heuitke posourrs RMl  Gimapaoro
MPOCTOPY O3HAaK Ha KJjlacu po3mnisHaBaHHsA. OrnepaTop Kia-
cudikamii Y mnepeBipse OCHOBHY CTATHCTHYHY TilOTE3y
PO HAIEXKHICTh BXiAHOI pearizauii kmacy X2, i dpopmye
MHOXHHY Tirmore3 [ I me | — KiNBKICTH CTATHCTHYHHX
rinore3. OnepaTop y HUISTXOM OLIHKA NMPHHHATHX TiOTE3
(hopMye MHOXXHHY TOYHICHHX XapaKTEPUCTHK OIIHOYHHX
pimens 39, ne g = (2. Onepatop @ oGuncmoe Tepm-
MHOXHHY E — 3HaueHHS iH(opManiiiHOro KpuTepito
ONTHMI3allil NmapaMeTpiB MaIIMHHOTO HaBYaHHS, SKUH €
(hyHKITIOHAJIOM BiJ TOYHICHUX XapakTepucTHK. Ha mpak-
TUI PO3AUTBHI TIMEPIOBEpXHI KJAciB pO3IMi3HABAHHSI B
3aralbHOMY BHIIQJKy € HediTkuMmu. llei ¢akt Bumarae
IVl KO)KHOTO KJIacy pO3IMi3HaBaHHA BU3HAYCHHS BHYT-
pILIHIX 1 30BHIMIHIX paiiyciB iX KOHTelHepiB. 3 1€l Me-
TOI0 KOHTYPH, SIKI BKJIIOYAIOTh TEPM-MHOXHHH R; 1 R,
BiTHOBJIIOIOTh Yy paJialibHOMYy O0a3uci MIPOCTOPY O3HAK
KOHTEWHEpPHU KJIACIB PO3Mi3HABAHHS ILIIXOM ONTHUMI3aIlil
iX BHYTpIIIHIX 1 30BHIIIHIX paziyciB BignosiaHo. Ilpu
1IbOMY BHYTpillHiii paiyc 6azoBoro kmacy X 3a yMOBOIO
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JIOpiBHIOE Hymo. ONTHMi3alis KOHTPOJIBHUX JOMYCKIB Ha
O3HAKU PO3IIi3HABAHHS 3MIMCHIOETHCS KOHTYpOM OIepa-
TOpIB, KU 3aMHUKa€ThCS Yepe3 TepM-MHOXKHUHY D — cuc-
TEMY BIOPSIIKOBAaHUX 3HA4Y€Hb KOHTPOJBHUX JOIMYCKIB Ha
O3HaKH posmizHaBaHHs. OnepaTop

WE->TXGXOXZ

periiaMeHTye MpoleC MAIIMHHOTO HaBYaHHS CHCTEMH
KOHTPOJTIO 3HaHb.

TakuM YWHOM, MMOKa3aHa Ha puc. | KaTeropiiHa
MOJIeTIb MOYKE PO3TILIIATHCS SIK y3arajlbHeHa CTPYKTypHa
cxeMa QITOPUTMY iHpopManiHO-eKCTPEeMaIbHOTO
MAaIIMHHOTO HaBYaHHS CHCTEMH KOHTPOJIIO 3HAHb.

AJTOPUTM MAIIMHHOTO HABYAHHS CHCTeMU
KOHTPOJII0 3HaHb. 3TiIHO 3 KaTeropiifHOI0 MOJEIIIo
(puc. 1) anropuTM MAIIMHHOTO HAaBYaHHSI CHCTEMH
KOHTPOJIIO 3HAaHb IIPEACTAaBUMO y BUIIAI JBOXLUKIITHOL
MpOIeIypH ONTHMi3amii CHCTEeMU KOHTPOJIBHUX JIOIYCKiB
Ha O3HAK{ PO3Ii3HABAHHS

* = E®L i =TN
§; argr%asx{crglr‘?{%}E },l 1,N, (3)

ne E® oOumcneHnid Ha K-My KpOIli MAaIIMHHOTO
HaBYaHHS ycepeAHeHMH 3a andaBiTOM KiaciB po3mis-
HaBaHHA iHOpMaMiiHUI KpuTepiit (2).

[Ipn mpomy mnoOymoBaHe B pamiaibHOMY Oaswuci
OiHapHOTO MPOCTOPY O3HAK ONTHMAThHE PO3OUTTS KIIACIB
pO3mi3HaBaHHS OBUHHO BiATIOBiZaTH YMOBaM

(vx9, € RMN X9 + 9](3XY € KM
(3x2 € RMN[XY, # X0 - X3 N X2 + @]
(vX%_, € RMN(vX9 € RM)(vX9,, € RIM)
[(Rim—1 < Rim < Rimi1)&(Rom—1 < Ry <
Rz,m+1)];

X% € Qgm #c,mc=1M.

X0, cRM|

ne X0 — cycimmiil knac posmi3HAaBAaHHA, 1O MEXYyeE 3
Knacom XJ,.
Kpim TOro, BUKOHYIOTHCSI yMOBH

Rl,m =01 Rz’m =0.

Sk Bimomo B pamkax IEI-TexHosorii onTumizaris
CUCTEMH  KOHTPOJBHHMX  JIOMYCKIB  HAa  O3HAKH
pO3Mi3HABAHHS 3[IHCHIOETHCS TOCIHIZOBHO 3a JBOMA
cxeMamMu anroputMiB. CIIOYaTKy peasi3yeThCsl alrOPHTM
mapajerbHOi ONTHMi3alii, 3a SKHM KOHTPOJBHI JOIMYCKH
HAa KOXXHOMY KpOIli MAIIMHHOTO HAaBYaHHS CHUCTEMH
3MIHIOIOTBCS OJHOYACHO /ISl BCIX O3HAK PO3Mi3HABAHHS.
[TotiM peani3yeThCsl aNTOPUTM ITOCTIAOBHOI ONTHUMI3aIil
KOHTPOJBHHUX NOMycKiB. Ilpym mpomMy oTpmmaHni Ha erarmi
napayenbHOi ONTHMI3allii KBa3iONTHMalbHI KOHTPOJBHI
JIOIyCKN TPUIMAIOTBCA AK CTAapTOBi Ui IOCTiTOBHOI
ONMTUMI3aIl, 10 IO3BOJISIE CYTTEBO IIIBHUIIMTH OIEpa-
TI/IBHiCT]) MalllMHHOT'O HaBYaHHS.

IndopmaniiiHo-ekcTpemMalbHe MallMHHE HaBYaHHS
CHUCTEMH KOHTPOJIO 3HaHb ITOYHEMO 3 peai3amii airo-
PUTMY ITapalieIbHOI ONTHUMI3allii KOHTPOJBHHUX JIOIMYCKIiB

Ha O3HAaKH PO3IMi3HABaHHS /ISl YHIMOJAJIBHUX BHpIiIIaIb-
HUX TOpaBWiI. BXiIHUMU TaHUMU € TPUBHUMIPHUI MAacHB
HABYAJIBHOT MaTpHIli {y,(,’l),i|m =1M;i=1N;j = 1,n} i
Ymax — MakKCHMalbHE 3HAU€HHs OI[IHOYHOI IIKalH, SIKe
BU3HAYa€ BEpPXHill KOHTPOJIBHUH JIONMyCK Ha O3HAaKH
PO3Ii3HABAHHS.
Po3risiHeMO OCHOBHI eTanu aJlrOpUTMY MAIIMHHOTO
HABYAHHSI YHIMOMAIBHOTO Kiacudikaropa 3 mapaneiabHO0
ONTHMI3AI[€I0 KOHTPOJIBHHUX JOMYCKiB HAa O3HAKH PO3-
Mi3HABaHHSA:
1) OOHYIIOETHCS MYMIBHUK 3MIHH TIapameTpa ToJIst
KOHTPOJIFHUX JOIYCKiB Ha O3HAKH pPO3Ii3Ha-
Bagus: 6 := 0;

2) 6=6+1,

3) OOHYIIOETHCS JTIYMIBHUK KJTAaCiB PO3IMi3HABAHHS:
m = 0;

4) m=m+1;

5) dopmyerbes MacuB
0)

m,i

TPUBUMIipPHHN pobodoi

OiHapHOI HaBYAILHOT MaTpHUL {x }, €JIeMEHTH

SIKOT OOYHCITIOIOTHCS 3@ TIPaBUIIOM
xrcrit)i [k] — 1, akmo Y,E{,)i = Ymax — ©
’ 0, gkuio iHakIe
6) OOHYIIOEThCS JYMIBHUK KPOKIB 3MIHHM 30BHIIII-
HBOTO pajiycy rinepcepuIHOr0 KOHTEHHEpY
KJIacy posmizHaBaHHS: R, = 0;

7) R,:=R,+1,

8) OoOHymIO€TBCS ~ JHYMIBHMK ~ KPOKIB  3MiHH
30BHILIIHBOTO paniycy rinepchepuaHoro
KOHTeitHepy KJlacy po3mi3HaBaHHs: R, =

9) R, =R +1,;

10) oOUYHCIIOIOTECST ~ TOYHICHI ~ XapaKTePUCTHKU

KjacuQikamifHUX pIlIeHb LUIIXOM II€PEBIPKH
OCHOBHOI CTaTHCTHYHOI TilOTE3W NPO HaJexk-
HiCTh pearizaiii knacy XJ;

11) obuncmoetsess  iHbOpMauiiHuilt kpuTepid (2)
ONTHMI3allil MapaMeTpiB MAIIMHHOTO HABYAHHS
CHCTEMH KOHTPOJIIO 3HAHB;

12) sxmo Ry < R,, TO BUKOHYETHCS IIYHKT 9, iHaKIIIE
— IIYHKT 7;

13) sxmo R, = N TO BUKOHYETHCSI MYHKT 4;

14)y poGouiii 001acTi G BH3HAYAETHCH MAKCH-
ManpHe 3HaueHHs Ej, iHdopmamniiiHoro kpure-
pito 1 BiAMOBigHI HOMy ONTHMalbHI HapaMmeTpu
Rl,m 1 Rz,m;

15) sikimo m < M, TO BUKOHYETBCS MYHKT 4, iHaKIIe
— TIYHKT 2;

16) sxkmo 8 < Ypmax, TO BHKOHYETHCS MYHKT 2,
iHaKIe — myHKT 17;

17) oGuncToeThCs yeepeaHeHe 3a anaBiToM Kilacis
po3Mi3HaBaHHS MaKCHMalbHe 3HaueHHs iHQop-
MaliiHOTO KpUTepio (2), BU3HAYAETHCS OIITH-
MaJIbHE 3Ha4€HHs [TapaMeTpa IoJisi KOHTPOJIbHUX
JIOITYCKiB

8 =argE*
1 OOYMCIIOETBCS ~ ONTHMANbHHUN  HIDKHIN
KOHTPOJIBHHH JIOITyCK Ha 03HAKU PO3Ii3HABAHHS:
Alg = Ymax — 87
18) 3YIIMH.
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Sk indopmaniitnnii kputepiii onTUMizanii napamer-
piB MammHHOTO HaB4YaHHA B Meromax IEI-texnomorii
MOJKe BUKOPHCTOBYBaTHCS Oyab-sika iH(opMariiitna mipa.
Haiibinpimoro mommpeHHss HaOynd E€HTPOIIMHUN KpHTe-
piii Illennona Tta wmipa Kynebaka. ¥V mpami [12]
BUKOpHCTaHO MojudikoBany inpopmauiiiny mipy Kyiib-
Oaka, B SKif pO3TISAAEThCA MOOYTOK PI3HHMINI TMOBHOI
HMOBIPHOCTI MPAaBUIILHOTO IIPUUHSTTS pilieHb Py 1 moBHOT
MMOBIPHOCTI TOMHJIKOBOTO TIPHUHATTA pimeHs Pr Ha ix
BlJHOIIIEHHS:

(k)
k k k Py,
En = [Ro- B loga i (4)
fm

ne Ptffrz — obuncnena Ha k-My Kpoui MAaIIMHHOTO
HaBYaHHS MOBHA MMOBIPHICTh NpaBHIIBHOI KilacH(ikarii
peanizaiii Kj1acy po3nizHaBaHHA X

B
HaBYaHHS IIOBHA WMOBIPHICTh HENpaBWIBHOI Kiacui-
Kauii peanizaniii kacy posmizHaBaHHS X .

3rilHO 3 TEOpPeMOI MpO IMOBHY WMOBIPHICTH MpPH
PIBHOMMOBIPHHX TiloTe3aX ABOXAIBTEPHATHBHUX DillleHb
Mae Micrue

— obuncnena Ha k-My Kpoui MAalIMHHOT'O

P$) =050 + 0,50 (5)

2,m>

() :
ne D, — obunciema Ha k-My Kpoli MAIIMHHOTO

HaBYaHHS IIepIIa JOCTOBIPHICTD;

Dz(krzl — oOumciaeHa Ha k-My Kpoii MamIdHHOTO

HABYaHHS JIpyTa JOCTOBIPHICTB;
(k) _ (1) ()
P = 0,500," 4+ 0,567, (6)

() :
Je o,  — oOuncieHa Ha Kk-My Kpoli ManIMHHOTO
HaBYaHHS IIOMHUJIKA MIEPILOTO POLY;

5,’? — oOuncieHa Ha Kk-My Kpoli MAalIMHHOTO

HaBYaHHS IIOMHUJIKA APYTOTO POLY.
[Ticnst mizcranoBku Bupasis (5) i (6) y dopmyiy (4)
OTPUMAEMO

k) _ k) %) (k) k
Em) = 0’5[(D1(,m + DZ,m)_ (am + Bgn))] X
NCR0) @
X log, 58"

CKOpPHCTABIINCH MiCTAHOBKAMH
o =1-0%) i DI =1-pP,

2m —
dhopmyny (7) mepeTBOPUMO JI0 BUIIISTY
K K
1+ (0 — B

2 k Kk 5
1- (D) - BS)

,m

ES = [(D{)-BS)]log ®)

OcCKkinpKM HaBUalbHA BUOIpKa € CKiHYCHOIO, TO Ha
MPAKTHUIIl 3aMiCTh TOYHICHHX XapaKTEPUCTUK OMEPYIOTh iX
EMITIPUYHAMH YaCTOTAMH

@) Q)
K K.
k 1, k 2,
Dy = = By = =, ©)
min min

ne KI(I:Bl — KUIBKICTh TMOJIH, NpY SIKUX peajizauii Kiacy
posnizHaBaHHs X, OPaBUIBLHO KIACU(PIKYIOTHCS;

Kz(?l — KUTBKICTB TOZIH, IPH SKUX “dyxki” peanizarii
IIOMHUIIKOBO BiJHOCATBCS JI0 KIIACy PO3Ii3HABAHHA X3

Nmin MIiHIMQJILHUH 00CST  penpe3eHTaTUBHOL
HABYAJIbHOI BUOIPKHU, SIKUH BU3HAYAETHCS, HAPUKIIAM, 3a
METOJIOM, HaBeJleHnM y mpari [11].

I3 ypaxyBanusM ominok (9) poboua Qopmyna s
obuncnenns kpurepito (10) HaOyBae BUTIAILY

En” = Tuin| (K} - K5 5)] X

Mmin + (K0~ KS0) + 107"

m
k k 0
Mmin= (KLU0~ K(9) + 10

m

(10)

X log,

ge 107 — ngocraTHbO Malla BENHMYHHA, KA BBOJUTHCS
JUISl YHUKHEHHS OZUTY Ha HyJIb.

Y Bupasi (10) pexkoMmeHIyeTbcS 3HAYEHHA T
BUOWpaTH pPIBHUM KITBKOCTI 3HAKiB y MaHTHCI
iHpopmamiiftHoro Kputepito. Ha mpakTumi me 3Ha4eHHS
BUOHpAETHCA 13 iHTEpBATY

1<r<3.

AJITOPUTM  TOCTIOBHOI ONTHUMI3AIlT

BUTIISLI Tporienypu [11]

mogamo  y

L
* = E®L =
8} arg@ n(l;ix{ar;?{)}g}E },l 1,N, (11)
ne @ — CHMBON oOmepalii TOBTOPEHHsS AaITOPUTMY

MOCTIIOBHOT ONTHUMI3aIlii KOHTPOJBHHX JOMYyCKIB Ha
O3HAKH PO3IMi3HABAHHS,
L — KiJIbKICTB MPOTOHIB JITOPUTMY ONTHMI3allii.
BXigHUMU JaHUMHU IS QICOPUTMY TOCHITOBHOT
ONTUMI3aIlil MapaMeTpiB MAIIMHHOTO HABUAHHS CHUCTEMHU
KOHTPOJIIO 3HAHE €:

e MAacuB HaBYaJbHOI MaTpulli {yr(,’l) i};

e OTpUMaHMH  Tpu  peayizamii  aNropuTMy
rapaJieSIbHOT ONTUMI3alil HIDKHIH KOHTPOJIBHUH
JomycK Afjg, SIKHI TPUAMAETHCS 3a CTAPTOBHIA;

®  BEpXHiil KOHTPOIbHUHN NONYCK ARk = Vmax-

IMpu peanizauii anropurmy (11) mocnigoBHO
3MIHIOETBCSl HIDKHIH KOHTPOJIBHUEM JOMYCK JUIS KOXKHOT
O3HaK{ pO3Mi3HABaHHS NPH 33aHOMY HOTO CTapTOBOMY
3HaueHHI Apk A8 HIIMX O3HAK PO3Mi3HABAHHS, SIKi HE
ONTHMI3yIOThCS. [lanmi MallMHHE HaBYaHHS CHUCTEMH
KOHTPOJIIO 3HAHb 3JIHCHIOETHCS 3a eTalmaMH CXEMH
IropuTMy  mHapanenbHoi  onTuMizamii.  OcKiJgbKH
OTpUMaHU{ TIpH TapalenbHi onTuMizamii  HIDKHIHA
JIOIyCK € TI0 CYTi KBa3iONTUMAaIbHUM, TO TIOCIiJOBHA
onTuMizamis moTpedye IEeKUTPKOX IPOTOHIB peami3arii
anmroputMmy (11) mo THX mip, TOKH 3HAYEHHS KPHUTEPiIO
onTUMI3allil IepecTaHe 3MIHIOBATHUCS.

BupimanpHi npaBuia Ui BH3HAYCHHS B PEKHAMI
eK3aMeHy HanexHocTi peamizanii xU), mo posmi3HaeThes,
HaNpUKIa, Knacy X2, MaroTh BUTJIS

(fof) € iﬁlMl)(vx;_; € é‘alﬂﬂ)
{if RE < d[x,, B x¥) < RG]}
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then x® € X9 else xU) ¢ X2,

e d[xm b x(j)] — KOJIOBa BIJICTAaHb MDK peai3aiiero
xU) i ycepemHEHHMM BEKTOPOM X, BEpIIMHA SKOTO
BU3HAYAE IIEHTP PO3CIIOBAHHS peati3alliii;

@ — cumBoI onepanii CKIagaHHS 32 MOIYJIEM JBa.

TakuMm YMHOM, i€ BUIIEHABEAEHOIO AalrOpPUTMY
iH(hOPMAIlIfHO-EKCTPEMAIBHOTO MAIIHHHOI'O HAaBYaHHS
CHCTEMH KOHTPOJIIO 3HaHb MOJITAE B IIJIECIPIMOBAHOMY
HaOnkeHHI iHpopMamiiHoro Kpurtepito (2) 1o ioro
MaKCHUMaJIbHOTO TPaHUYHOTO 3HAYCHHSI.

Pesynpratn umcenpHOro MopnemoBaHHS. [H(opma-
[ifHWI CHHTE3 CHCTEMH KOHTPOJIO 3HAHB IPOBOAUBCS 32
HaBYAJIBGHOIO MaTpUIEIo, ChOPMOBAHOIO 3a Pe3yJIbTaTaMH
MAaIIMHHOTO KOHTPOINIO 3HaHb 3 HABYAIBHOI AMUCLUILTIHH
«Teopis i METOIU TIPUIHSTTS PILLIEHBY, SIKA BUKIIAIAETHCS
cryneHTaM CyMCBKOTO JIepXKAaBHOTO YHIBEPCUTETY CHELli-
anpHOCTI «Komm’roTepHi Haykm». [Ipu 11bOMY KUIBKICTBH
03HAK PO3IMI3HABAHHs] B peaiizalisix KJIaciB po3Ii3HaBaH-
Hs JgopiBHIOBama N = 27, 10 BIANOBIZaNO KiTHKOCTI
TECTOBHX 3aBlaHb. AJ(aBiT KiaciB po3mi3HaBaHHS CKJa-
JaBcs 3 YOTUPBOX Kiacis: kiac XO, AKkuil xapakTepusyBap
OLIHKY «BiAMIHHO»; Kmac X§— «aobpe»; kmac X3 —
«3aJ0BLILHOY 1 Ki1ac X g — «HE3aIOBLIHLHO.

Ha puc. 2 mokazaHo opepxaHuii B mporeci mapa-
nenbHOT onTuMi3aii rpadik 3aeKHOCTI YCepeJHEHOTo 3a
andapiToM KiaciB posmizHaBaHHs Kputepito (10) Bix
nmapameTpa & MO KOHTPOJBHUX momyckiB. Tyt i mami
3alITPUXOBAHUMH JAUISHKAMH MO3HAYEHO poOodi 00jacTi
BU3HauYeHHS! (yHKLII KpUTEpito, B SKHUX 3/1HCHIOETHCS
MOITYK HOro MAakKCHMAaNbHOTO 3HAa4YeHHs. [lpu I1bOMY
O0OYHCIICHHSI KPUTEPII0 ONTHMI3alil 371HCHIOBAJIOCS TPH
3aJaHuX TMapaMeTpax: Nyin, = 40ir = 2.

15 £
14
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08

o8

0 10 20 30 a0 50 60 0

Puc. 2. I'padik 3a1exHOCTI ycepeaHeHoro indopMaiiiHoro
KpHTepito Bij mapamerpa § moJisi KOHTPOJIbHUX TOMYCKIB Ha
03HAKH PO3Mi3HABAHHS

Amnaniz puc. 2 mokasye, 00 OPH MaKCHMAaTbHOMY
ycepeHeHOMY Kputepii Epay = 1,35 onTuMaibHe 3Ha-
yeHHs] napaMerpa O nopiBHioe 0° = 33 rpajamisiM cro-
0arpHOI OLIHOYHOI IIKANH, SIKOMY BiAIOBIiAa€ ONTHMAb-
HUIA HIDKHIA KOHTPOJIbHU#H fnonyck Ay = 0,67 Ha 03HaKH
pO3Ii3HaBaHHS.

Ha puc. 3 noka3zano pe3yiabraTH onTUMI3allii reome-
TPUYHUX MApaMETPiB KOHTEHHEPIB KIacCiB pO3IMi3HABAHHS

MIPY ONTUMAaJIbHOMY 3Ha4YeHHI apameTpa §8°.
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Puc. 3. I'pagiku 3anexxHoCTI iHGOpManiiiHoro kpurepito (10) Bifg
paziyciB KOHTEHHepIB KJIaciB pO3Mi3HaBaHHS:
a— Rgs) wacy X3; 6 — Ris) wiacy XJ; 6 — R§4) Knacy X2
- R§4) knacy X2; 0 — REB) Kacy X3, e — R§3) Kacy X9,
€— Rgz) kmacy X3; oc — Riz) Kacy X3,

AmHaniz pe3ynbTaTiB  ONTHMI3alil IOKa3ye, IO
ONTUMalbHUMHU TlapaMeTpaMu KoHTeiiHepa kmacy X e
30BHIIIHIN iyc R =13 i 1IITHIH iyc R =

paniyc R, = 13 i BHyTpimmHiil pagiyc R, =

0; xoHTeiiHepa knacy XJ — 30BHilIHil pamiyc Rg‘” =15i

BHYTpIIIHIN paziyc R§4) = 13; koHTeliHepa Kinacy X5 —

30BHIIIHIN pajiyc Rgs) = 17 i1 BHyTpilHIN pajaiyc R§3) =

15 ; xoTeiinepa knacy X2 — somimmiii pagiyc RS = 22
i BHyTpimmiii paniyc R = 17
yTpimmHiil paxiyc R, = 17.

[um mapameTpaM KOHTCHHEpPIiB BiIOBITAIOTh TakKi
3HAa4YCHHs iHpOpManiHOro Kputepito onrumiszarmii (10) i
BIITOBITHI M TOYHICHI XapaKTEePUCTHKU
KIacu(iKamiifHUX  pilleHb, [KI [OpUAMAIOTBCI 32

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Iy. Cepisn: Cucmemnuii
54 auanis, ynpasninus ma ingopmayiini mexnonoeii, Ne 44 (1320) 2018



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

HaBYaJIbHOIO MaTpulLelo: ISt KJ1acy X9
E®) =189 (D, =0,95;8=0,23); s kmacy X2
E® =118 (D, =0,73;8=0,13); am kmacy X9
E®) =087 (D, =0,78; 8 = 0,25); s kmacy X2

E® =143 (D, = 0,80; B = 0,15).

TakuM dYWHOM, aHANi3 IOKa3ye, IO CHHTE30BaHA
CHCTeMa KOHTPOJIO 3HaHb HE € Oe3MOMIIKOBOIO, a il
ycepeHeHa IIOBHA HMOBIPHICTH NMPaBHIBHOTO NPUHHATTS
pillleHb 3a HABYANLHOIO MaTpHIIElo fopisHIoe P, = 0,81.

Jis migBuiieHHs (YHKIIOHAIBHOI e(eKTUBHOCTI
MAIIIMHHOTO HaBYaHHsA Oyyio peanizoBano anroputm (11)
MOCHIZIOBHOT ONTHMIi3alii KOHTPOJBHUX JOMYCKiB Ha
03HAKH PO3ITi3HABAHHS.

Ha puc. 4 mokazaHo pe3ynpTaTd oONTUMI3amii
rapaMeTpiB HaBYAHHS 32 TOCIIIOBHUM alTOPUTMOM.

25 £

.0

L0

on

0.0

Puc. 4. I'padik 3MiHE ycepeqaeHOT0 iH(GOPMAIIHHOTO KPUTEPIit0
MIPY TOCITIIOBHIM ONTHMi3aIii

Amnani3 puc. 4 oka3sye, 1o BXe Ha JIPyroMy MpOroHi
anroput™my (11) 3HayeHHS ycepeJHEHHH KpUTepii
JIOCSTae CBOr0 MaKCHMAaJIbHOTO 3HaueHHS Ep . = 2,15.

Ha puc. 5 mokazaHo pe3ynbTaTu ONTHMI3alil reo-
METPUYHHUX MapaMeTpiB KOHTEHHEpIB KJaciB po3Mi3Ha-
BaHHS.

Amnani3 pesynbraTiB onTumizamii (puc. 5) mokasye,
1110 ONTUMATLHUMHU MapaMeTpaMu KoHTelHepa kiacy XS e

o . 5 . o . 5
30BHIIIHINA pajiyc R; ) =13 BHYTpIIIHIN paniyc Ri ) =

o . cu . 4 .

0; xoHTeiiHepa kinacy X — 30BHiuIHii pamiyc Rg ) =15
. .o . 4 ~

BHYTPIIIHIA pafiyc Rg ) = 13; xonteitnepa kmacy XJ —

oy . 3 . o . 3

30BHILIHINA pajlyc R; ) =17 BHYTPILIHIN pajiyc Ri ) =
. L . 2

15; xonTeiiHepa Kkacy Xy — 30BHiMIHIN pasiyc Rg ) =22

. . .o . 2

1 BHYTPIIIHIA pajlyc RE ) = 17.

[Mum mapamerpaM KOHTEHHEpPIB BIINOBINAIOTH Taki
3HaueHHA iHpOopManifHoro Kputepito omrumizamii (10) i

BIITOBIIHI M TOYHICHI XapaKTEePUCTUKH
KnacudikamiiHuX  pilieHb, sKi ~ OPUAMAIOTBCS 32
HaBYaAJIBHOIO MaTPHIICIO: IS KJacy X9

ES®) =2,06924 (D, = 0,93;p=0,17), a1s knacy X.
EW =1,43332 (D, = 0,80; B = 0,15), w1 Kiacy XO
E®) =2,06924 (D, = 0,90; p = 0,15), a1s kmacy X2
E® =3,00828 (D, = 0,88; B = 0,03).

TakuMm 9mHOM, Yy TIpoIleci oNnTHMI3aIil mapaMeTpiB
MAaIIMHHOTO HaBYaHHS CHUHTE30BAHO CUCTEMY KOHTPOJIIO
3HaHb, YyCEpeOHEHAa IIOBHA WMOBIPHICTh MPUHHATTS
TIpaBUIIBHUX pillieHb sKoi cknagae P, = 0,88.
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Puc. 5. I'padiku 3anexxHocTi iHpopmaniiiHoro kpurepito (10) Big
TeOMETPHYHHX NMapaMeTpiB BKIaJACHUX KOHTCHHEPIB KIaciB
. 5 5 4
PO3Mi3HABAHHS: @ — Rg ) knacy X2; 6 R xnacy X0; 6 — R; )

xnacy X0; 2~ R™® xnacy X2; 0 — R xnacy X¢;

e~ R® knacy X9; ¢ - R xnacy X9; o — R xnacy X9.

BucHoBKH. 3anporioOHOBaHO aNropuT™ iH(pOpMAaIlii-
HO—€KCTPEMAaIbHOTO MAllIMHHOTO HABYAHHS CUCTEMHU KOH-
TPOJIIO 3HAHP 3 BKJIJEHUMHU KOHTEIHEpAaMH KJIaciB pO3IIi-
3HaBaHHs, [100yoBaHi B mpoleci MalIMHHOTO HAaBYaHHS
BUpINIAIbHI paBuUiIa 3a0€3MeUylOTh Y PEXKUMI €K3aMeHy,
MOBHY HMOBIPHICTh MNpPAaBWIBHOTO TPHUHHSATTS pIillICHB,
HaOIMKEeHY N0 JOCTOBIPHOCTI BHMCOKOKBalli(hiKOBaHOTO
BuKianaya. OCKUIBKN 1MOOYZ0BaHI BUPIIIAIbHI IIpaBuia €
He OE3MOMHJIKOBHMH 33 HABYaJIBbHOI MaTPHLCH), TO B
TIePCIIEKTUBI HeOOX1MHO 30UTBIIHUTH TITHOMHY MAIIHHHOTO
HaBYAaHHS IUBIXOM OINTHMI3alii IHIIMX MapaMeTpiB, sKi
BILUIMBAIOTh Ha (DYHKIIOHAJIbHY €()EKTUBHICTh CUCTEMH.
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O. 10. YEPE/THIYEHKO, O. B. IBAIIIEHKO, I0. M. TOHTAP, b. M. BOPOHA

IHTEJIEKTYAJIBHUM AHAJII3 ITPOIO3ULII TOBAPIB HA OCHOBI KOHTEKCTHHUX
PEKOMEH/JIA LI

IHTEepHET-TEXHOOT1i € HEeBi’ €MHOIO CKJIAJOBOIO BIAHOCHH, SIKI BHHHKAIOTh y CY4acHOMY CYCHiIbCTBI. Uepe3 MIBHIKE BIPOBAIKEHHS Ta 3PY4YHICTh
@JICKTPOHHUX MaiTaH4YMKiB, IPOTHO30BAHO 3POCTAE IIOMUT HA PHHKY | T-IPORYyKTIB A1 peKOMEHIAIHHNX CUCTeM. Y CTaTTi PO3IIIIHYTI pi3HOMAHITHI
OOMEXEHHS IOTOYHUX PEeKOMEHJALIHHUX METOMIB Ta 0OrOBOPEHO MOJKIIMBI PO3IIMPEHHS, IO MOXYTh MOKPAIIUTH PEKOMEHAAIIHHI MOXIIMBOCTI Ta
3po6UTH iX OUIBLI LIHOCTHUMH IS IIMPOKOTO KoJa AoAaTKiB. L{i po3IMpeHHs BKIIFOYAIOTh NMOKPAIICHHS CIPHAMAHHSI KOPHCTYBA4iB Ta €ICMEHTIB,
BKJIIOUCHHS KOHTEKCTHOI iH(opMamii B peKOMeHJAiHHuH mponec, MiATPUMKa OaraTOKpHTEepialbHUX PEHTHHTIB Ta HAJaHHS OiNbII THYYKHX 1
BOJIHOYAC MEHII HaB’A3JIMBHX THIIIB pEeKOMEeHpalid. BaxiuBy ponb Bigirpae iHTerpamis HissIbHOCTI, sSKamoJsrae y MiITPUMII YCiX acleKTiB
€IIEKTPOHHOI KOMEPIHi Bil BHKOHAHHS TPaH3aKUiil IO MIATPUMKH MEpexi MOCTa4YaHHs, IO Ja€ 3MOTY CIPOCTHTH JOKYMEHTOOOIr Ta 30imbinTé
BUTOZly y4acHHKiB.HampasneHicTs maHoi po3poOKy — MPOBOAUTH aHANITHYHY OOpOOKY DaHHMX TOPTriBEIbHUX MaiIaHUYHMKIB, HA OCHOBI KOHTEKCTHHX
pEeKOMeH/Iallil, 00’eKTHBHUI aHalli3 Ta 3JiHCHIOBATH aKTyaJbHWH MOHITOPHMHI JiIOBOi aKTHBHOCTI Ha TOPTOBENBHOMY MaijaH4uKy. PosrisHyTO
3aj1a4y CKJIaJaHHs PI3HOMAaHITHUX aHANITUYHHUX 3BITIB, 110 JO3BOJIUTH YYaCHHKaM PUHKY |T-TIpOAYyKTiB 11 peKOMEHIALIHHUX CHCTEM 00’ €KTHBHO i
CBOEYACHO aHANI3yBaTH PO3BUTOK CUTYyalii Ha PUHKY, BHSBIATH ICHYIOUYi Ta NpOrHO3HI TeHaeHuii. [ToOynoBa chepu HamgaHHS IHTENEKTYyaJbHUX
AHATITHYHUX TIOCIYT 3JIHCHIOETHCS JUIS 3alydeHHs JOJATKOBHX YYacCHHKIiB, ab0 SKICHO HOBMX TDaBLIiB PHUHKY Ta OJEPXKaHHS I0JaTKOBOTO
npubyTKy.Jlisi 06po6KK JOLIBHO BUKOPUCTOBYBATH NPUHIMIIOBO HOBI Texuosorii Data Mining, mo 103Boiuts oTpuMary siKicHo wLinHi naui. Data
Mining — we TexHOIOTis, IPU3HAYEHA IS MOIIYKY YV BEIUKUX iHOOPMAI[HIX MAaCHBaX HEOUCBUIHUX NAHHUX, 00’ €KTUBHUX, KOPHCHUX HA MPAKTHUIII
3aKOHOMIPHOCTEH.

Ki1104oBi ci10Ba:eekTpoHHI TOPriBenbHI MaiIaHIMKH, PEKOMEHAALIHI CHCTEMH, KOHTeKCTHA iH(opMamis, iHTepHpeTawis AaHUX, MOJIENI,
[POrpaMHHIl KOMIIOHCHT, IHTEICKTYaIbHHUI aHaTi3 JaHHX.

0. 10. YEPEJHHYEHKO, O. B. HBAILIEHKO,I0. H. TOHTAPb, 5. M. BOPOHA
VHTEJVIEKTYAJIbHBIA AHAJIU3 NPEJJIOKEHHA TOBAPOB HA OCHOBE KOHTEKCTHBIX
PEKOMEHIA LN

VIHTepHET-TEXHOJIIOTHH SBJISIOTCS HEOTHEMJIEMOW COCTABIISIONIEH OTHOILIECHUH, BO3HUKAIOMIMX B COBPEMEHHOM olmecTBe. BeicTpoe BHeIpeHue u
yI0OCTBO €NEKTPOHHUX IUIOMIAJOK CIPOBOLUPOBATIO IPOTHO3UPYEMBIH pocT crpoca Ha pelHKe IT-pomyKToB I peKOMEHIATeNbHEIX cHCTeM. B
CTaThe PACCMOTPEHbl Pa3IMYHbIE OTPAHMYEHUS] TEKYLIMX PEKOMEHIATENbHBIX METOIOB M 0OCYXIEHbl BO3MOXKHBIE PACIIMPEHUs], KOTOpbIE MOTYT
YIy4IIUTh PeKOMEHIaTeIbHbIe BO3MOXKHOCTH U CAENAaTh UX Oolee IMEHHOCTHBIMH A IIMPOKOTO Kpyra MPHIOKEHHH. DTH PACIIMPEHHUs BKIIOYAIOT
YIydIIeHHE BOCIPHUATHS IIOIb30BAaTENCH M JJICMEHTOB, BKIIOYCHHE KOHTEKCTHOH HH(MOpMAIlMM B PEKOMEHIATENbHBIH IpoIecc, MOAIepiKKa
MHOTOKPHTEPUAIbHBIX PEHTHHIOB M IPEIOCTaBIeHUs Oojee TMOKHX M OJHOBPEMEHHO MEHee HaBs3UMBBIX TUIIOB peKoMeHIaui. Baxxyio poib
UrpaeT MHTETpanys IEsSTeNbHOCTH, KOTOpas 3aKIoYaeTcs B IOJJCPHKKE BCEX aCIEKTOB DIEKTPOHHOH KOMMEpIMH OT BBIIOIHCHHUS TPaH3aKIUH 10
HOJIIEPIKKH CETH IOCTABOK, YTO HO3BOJIIET YIIPOCTUTE JOKYMEHTOOOOPOT M yBEIMYIUTh BHITONY YJacTHHKOB. HampaBneHHOCT TaHHOU pa3paboTKU —
IPOBOAUTH AHAIUTHYECKYI0 OOpabOTKy [JaHHBIX TOPrOBBIX IUIOIIAJOK, HAa OCHOBE KOHTGKCTHBIX PEKOMEHIAIMH, OOBEKTHBHBIH aHAIH3 U
OCYIIECTBIATh aKTyaJIbHBII MOHUTOPHHI [ETOBOH aKTHBHOCTH Ha TOProBOil Iomanke. PaccMoTpeHa 3amada COCTaBICHHS pa3HOOOPA3HBIX
AQHAINTHYECKHX OTYETOB, YTO IIO3BOJUT YyJYAaCTHHKAM pbIHKA |T-IPOXYKTOB Il PEeKOMEHIATENBHBIX CHCTEM OOBEKTHBHO W CBOEBPEMEHHO
aHAJIM3MPOBATh Pa3BUTHE CHTyalldd Ha PBIHKE, BBIABIATH CYIIECTBYIOIIHE M IPOTHO3HbIe TeHAeHIMH. [locTpoeHue cdepbl HPeaOCTaBICHUS
MHTEJUICKTYIbHBIX AaHAIUTHIECKUX YCIYT OCYIIECTBIISCTCS I IPUBICUCHHS JOIOIHUTENBHBIX YYaCTHHUKOB, MM Ka9eCTBCHHO HOBBIX HTPOKOB
PBIHKA U MOJYYEHHUs! JOTOIHHUTENIBHOM npuObuti. [t 06paboTKy 1eneco00pasHo HCIOJb30BaTh MPHHIMIHATIEHO HOBBIe TexHosornn Data Mining,
YTO MO3BOJIUT MOJIYYHTh KA4E€CTBECHHO IIeHHbIC naHHbIe. Data Mining — 3To TexHoorus, npeHa3Ha4eHHast s MOKCKa B OONBIINX HH(POPMALIMOHHBIX
MaccHUBax HEOUEBHIHBIX JAHHBIX, 00bEKTHUBHBIX, IIOJIE3HBIX Ha IPAKTHKE 3aKOHOMEPHOCTEH.

KiioueBble €10Ba: dIEKTPOHHBIE TOPTOBBIC IUIOMIAJKH, PEKOMCHMATENbHAsS CHCTeMa, KOHTEKCTHAs MH(pOpPMAIWs, HHTEPIPETaIys JaHHBIX,
MOJIeJTH, IPOrPaMMHBIN KOMIIOHEHT, HHTE/UICKTYalIbHbIH aHATIN3 JaHHbIX.

O.Y.CHEREDNICHENKO, O. V. IVASHCHENKO, Y. M. GONTAR, B. M. VORONA
DATA MINING OF COMMODITY PROPOSALS BASED ON CONTEXT RECOMMENDATIONS

Internet technologies are an integral part of the relationship that arises in modern society. The rapid introduction and convenience of electronic
platforms triggered the projected growth in demand in the market for IT products for recommender systems.The article discusses various limitations of
current recommender methods and discusses possible extensions that can improve the recommender capabilities and make them more valuable for a
wide range of applications. These extensions include improving the perception of users and elements, including contextual information in the
recommendatory process, supporting multi-criteria ratings and providing more flexible and at the same time less intrusive types of
recommendations.When integrating the relevant information technology to develop a commodity proposals environment, it is therefore necessary to
consider the personalization requirements of the proposal to ensure that the technology achieves its intended result. This study therefore sought to
apply context aware technology and recommendation algorithms to develop a system realize personalized goals in a context aware manner and
improve commodity proposals effectiveness.In order to offer context-aware and personalized information, intelligent processing techniques are
necessary. Different initiatives considering many contexts have been proposed, but users preferences need to be learned to offer contextualized and
personalized services, products or information. Therefore, this paper proposes an agent-based architecture for context-aware and personalized event
recommendation based on ontology and the spreading algorithm. The use of ontology allows to define the domain knowledge model, while the
spreading activation algorithm learns user patterns by discovering user interests.Also from the statistical observation, it is found that there exists a
higher level agreement towards the system between the participants of both end users and experts.
Keywords: electronic market places, recommender system, context information, data interpretation, model, software component, data mining.

Beryn. OcranHiM dYacoM pHHOK €IEKTPOHHOI  CEKTOpi. YKpalHChKi KOMIMaHii Bce dYacTime KyITyroTb
KoMepLii B YKpaiHi aKTHBHO PO3BHBAEThCS, IPUYOMY HE  TOBapH Ta IIOCIYTH Ha EJNCKTPOHHHX TOPTOBENBHHX
TUIBKA B CIIOKUBAaLbKOMY, aine # y koproparuBHomy  Maiiganunkax (ETII). 3 BmpoBapkeHHsM y Jit0 3aKoHY
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VYxpainn «IIpo 3xificCHEHHS JAepXKaBHUX 3aKyIiBeJb»,
SIKHHA OTOJIONTye O00OB’SI3KOBE IMPOBEACHHS BCIX JIEpXKaB-
HUX 3aKyIiBeldb y ENeKTPOHHIA (POpMi, OHIKYETHCA, IO
obcsru puaky ETII 3poctyTh B Kinmbka pasiB. 3apaHo
JIEKJIapyBaTH IIBHJKE Ta I[OBHE MNEPEMIIIEHHA MIATPH-
€MCTB 13 narnepoBoi (opMHU 3aKyIOK JI0 eJIEKTPOHHOT, aje
BCE XX Yy HaHOMIDKYii MepcreKTUBI B YKpaiHi KOpropa-
TUBHHMH CEKTOp CTaHE TaK caMO aKTUBHUM B €JIEKTPOHHIN
KOMepIIii, K 1 CIIOXKHBaui.

3aranom, eJeKTpOHHa KOMEpLisi PO3BUBAETHCS B
YOTHPHOX HaIPSMKaX:

1. C2C (customer to customer - crnoXXuBau [AJs

CI0’KUBAviB) CUCTEMU eJIeKTPOHHOI TOpriBii
MDK [pPUBAaTHUMU 0co6aMH (HANpHKJIAZ,
caWT-Jl01IKa oroJsioueHb Slando.ua).

2. B2C (business to customer — 6isxec s
CIIOXKHMBAYIB) — EJIEKTPOHHI MaWJaHYMKH s
CIIO)KMBauiB, TOOTO OHJIAfH MaraswHHU, B SIKHUX
KOXKEH 3 Hac KyIlye TOBapd MacoOBOTO IIOIHUTY,
MOOYTOBY TEXHIKY.

3. B2B (business to business — 6i3uec s 6i3HeCy)
— EJIeKTPOHHI MalJaHUMKH, Ha SKUX IOCTAYalIb-
HUKH 1 3aKyIiBEIbHUKH MOXYTh BECTH TOPTOBO-
3aKyIiBeNbHY TisSUTBHICTB, KYIMYIOUH TOBapH, po-
00TH 1 mOCITyTH A7 TOTPeO KOMITaHii, TOYnHAIO-
YH BiJl OPTTEXHIKH i 3aKIHIYIOYH BXKKHM METa-
JyPriiHUM 00JIaTHAHHSM.

4. B2G (business to government — 6i3Hec st
JepKaBH) — CIICKTPOHHI MaWJaHYHKH, HA SKHX
JIep)KaBHI yCTAaHOBH MOXYTb 371HCHIOBATH 3aKy-
MiBJI BiJIIOBITHO JI0 3aKOHOJABCTBA PO JCPIK-
3aKyIiBJi, KYNMyIOYH TOBapH, pOOOTH 1 MOCIYTrH
JULS TIOTPEO IEPIKaBHOTO CEKTOPY.

Ha punky Yxpainu mpezacraBiieHi Taki BUIU €NEKT-

POHHUX MalTaHIUKIB:

e HesamexHi eIEKTPOHHI TOProBi MalJaHIUKH.
[IpomoHy!OTE NPOBOANTH ENEKTPOHHI TOPTU Ha
X miardopMi, HaIalUX MEBHUH (YHKIIOHAI.

e BHyTpilIHbO KOPIOPATHBHI €IEKTPOHHI TOProBi
Maiinanunku. Jleski KommaHii opraHi3oBYHOTh
BJIACHI €JICKTPOHHI MaiIaH4MKd (K TpPUKIIa
MOJYKHA TPUBECTH TOPTOBHH MaiJaHYMK KOM-
nanii ITEK — tenders.dtek.com).

KopnoparuBHi MaijaHUUKK 3pydHi Ui podoTH
KOHKPETHOTO ITJIPHEMCTBA, OCKUIBKH BPaxOBYIOTh BCIO
cnenudiky iHoro 3akymiBenbHOI misutbHOCTI. [0 Xk
crocyeTbesl HesalexHux ETM, To 3aBAsku 3anponoHO-
BaHI{ IHIUBIAyaIbHIN CHCTEMI HaJalITyBaHb, MPAKTHIHO
OyIb-SKe MiIIPHEMCTBO MOKE TIPAIIOBATH HA HE3aJICKHOT
ETM, He obMexyroun cebe B QyHKITIOHATI.

[epeBarw, siki HaAIOTHCS KOPUCTYBa4aM CUCTEMaMU
€JIEKTPOHHOI TOPTiBJIi:

1. EnexTpoHHI TOProBi MalJaH4YMK{ 3a3BHYail Ha-

Jal0Th BIIKPUTUH AocTyn 10 0a3 AaHUX opra-
Hi3amiit i toproBux mporenyp. Lle mae Mox-
JIUBICTH IIBUAKO 3HAWTH HEOOXIAHY 1H(POPMALIit0
PO  KOHTPAreHTiB, KOHKYPEHTIB, TOPTOBi
PO —LEeAYPH, IiHH i T. II., a TAKOXK IIBHAIKO 1 pe-
MIPE3CHTATHBHO MPOBECTH MAPKETHHTOBI JOCIiJI-
KEHHSI.

2. Peectpamis B cHCTeMi O3HA4a€e pPO3MIIICHHS
iHpopmamii mpo Bamry opraHizamito (peKBi3WTH,
KOHTaKTH, CaiiT), PO MPOIOHOBaHY BaMH IPO-
Oykmiro i (abo) mociyru (3 MalroHKaMH, QOTO-
rpadissmu Ta iH.). Ile mo3Bosse 6e3 0coOIMBUX
BUTPAT MPOBOIUTH MaclITabHy PeKIaMHy KaM-
TMIAHIO 10 1X MPOCYBAHHIO.

3. 3a3Buuail HamAETHCS MOXKIMBICTH IiIIHCATUCS
Ha TpoQdUIbHY PO3CHJIKY 1 OTpPUMYBaTH IO
CJICKTPOHHIM IMOIITI TOBIJOMJICHHS PO IiKaBi
TIPOLEAYpH.

4. Opranizanis Moxe OpaTu y4acTh B Pi3HHUX IpO-
meaypax OyIb-sIKOTO PiBHS CKIATHOCTI (KOHKY-
PEHTHI MEepEeTOBOpPH, 3alUTH IIiH / TPOMO3HUIIIH,
AyKIIOHW TOKYIIIS / MPOJaBI, Pi3HI BUIM KOH-
KypciB).

5. 3a3Bmuail HamaeThCs OE3KOMITOBHHUN JOCTYH IO
JOKYMEHTAIlli B €JIEeKTPOHHOMY BHUIJIIIL MO BCIiX
TOPTOBHX MpOLEAYpax.

6. CxopoueHHs BUTpaT Ha y4acTb B TOPTOBHX IIPO-
nexypax.

7. MiHiMi3alisg TamepoBOTO MOKYMEHTO00Iry (mo-
KyMEHTH (OpPMYIOTHCS B €IEKTPOHHOMY BHIJISII
1 TIIIHUCYIOTHCS EJIEKTPOHHUM IH(PPOBUM ITif-
TIHCOM).

8. 3HauHe pPO3MIMPEHHS PHHKIB 30yTy (3HATTA Teo-
rpadigarx Oap’epiB) Beie IO 3HAYHOTO 301Nb-
IICHHS TPOJIAXKiB.

9. CucremMn HamarOTh 3py4Hi cepBicH s edek-
TUBHOI POOOTH (OTpUMaHHS €IEKTPOHHOTO ITH(]-
POBOTO Mmignucy, OaHKIBCHKOI rapaHrii, eKkcrpec-
KpEeIUTYyBaHHS Ha BHECEHHs 3a0e3reuceHHs 3as-
BOK, MOCJIYTH CTpaxyBaHHsS, PO3pPaxyHOK JIOTic-
TUKH, IEPEKJIaJl Ha IHO3EMHI MOBH Ta iH.).

UYepes 1mIBUAKE BIPOBAUKEHHS Ta 3PYYHICTh E€JIEKT-
POHHHX MaiJIaH4YMKIB, MPOTHO30BAHO 3pPOCTAE ITONUT HA
puHKY IT-IponyKTiB [UIl peKOMEHIAIHHUX CHCTEM, SIKi
CTaJIM BAXIIMBOIO OOJIACTIO JIOCIIXKEHb 3 MOMEHTY TIOSIBH
MEePIINX JOKYMEHTIB PO CHUTBHY (QLIbTpaIiro B cepeanHi
1990-x pokiB [1]. Inrepec mo i€l obmacti Bee Iie 3alu-
[IA€THCS BUCOKHMM, OCKUIBKM BOHA SIBJISIE COOOIO GaraTo-
mpoOJIeMHY 00JIACTh TOCTIKCHD 1 MA€ BEJIUKY KUIBKICTh
NPaKTHYHHUX 3aCTOCYBaHb, SIKi JIOMOMAraloTb KOPHCTYBa-
YaM CIpPABISTUCS 3 TEPEBaHTAXEHHSIM iH(pOpMAIl€ Ta
HaJlaBaTH MEpCOHai30BaHI peKOMEeHAallil, 3MicT Ta Toc-
ayru anst HuX. lIpukiaanm TakMx mporpam BKIIOYAIOTh
pEeKOMEHAIlT KHHUT, KOMITAKT-TUCKIB Ta IHIIMX MPOJYKTIB
Ha Amazon.com, ¢inmsmiB MovieLens ta HoBua VERSIFI
Technologies (panime Adaptivelnfo.com) [2]. Kpim Toro,
JIesiKi TTOCTavyaJIbHUKN BKJTFOUIIIM MOJKJIMBOCTI PEKOMEH-
Jatliii y cBoi KoMepiiitHi cepsepu [3].

OpHak, He3BaKAIOUM Ha BCi i TOCSTHEHHS, iICHYI0Ue
MOKOJIHHA PEKOMEHIALIWHINX CHUCTEM BCE IIe MOTpedye
JIOATKOBHX MOKpPAIIeHb, MO0 3pOOUTH METOAH PEKOMEH-
Jainii Oulbll epEeKTUBHUMHU Ta 3aCTOCOBYBaHHMH [0 Il
OUIBII IIMPOKOTO CHEKTPY MOJATKIB y PEaJbHOMY MKHTTI,
BKIIFOYAOUM PEKOMEHJAIN] MO0 BiIIYCTOK, MEBHUX
BU/IiB (DIHAHCOBUX IOCIYT JJIsi IHBECTOPIB, Ta MPOAYKTIB
JUId TIOKYIKH B MarasuHi, siki CTBOpeHi "po3yMHHM"
kommkoMm [4]. Ili BOoCKOHaJieHHS BKIIOYAKOTH B cebe
Kpalll MeTOAW NPEICTaBICHHs MOBEIIHKM KOPHCTYBadiB
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Ta iHpopMalii MpPO PEKOMEHIOBaHI eJNeMEHTH, OibII
MPOCYHYTI METOIW MOJCTIOBAHHSA PEKOMEHMAIlil, BKIO-
YeHHS PI3HOMAaHITHOI KOHTEKCTHOI iH(opMmarii B mpomec
peKoMeHAaIii, BUKOPUCTaHHS 0araTOKpUTEpiaIbHUX peii-
TUHTIB, pO3po0Ka MEHII HaB S3JIMBHUX Ta ORI THYYKHX
METOMIB PEKOMEHAIliN, SKi TaKOXX MOKIAJAIOThCI Ha
3aX0[H, SIKi OLTBII e(h)eKTUBHO BH3HAYAIOTH €(PEKTHBHICTH
PEKOMEHIAMIHHUX CHCTEM.
OO0’eKTOM J1aHOTO JOCIIDKEHHsSI € IMPOLEC PO3IIN-
PEHHSI MOXIIMBOCTEH PEKOMEHAAIIHMX cucteM. Peko-
MEHJaliifHi CUCTEMH MOXYTh OyTH pO3LIMPEHi KiJIbKoMa
croco0amu, SKi BKJIFOYAIOTh B ceO€ TONIMIICHHS pPO3y-
MIHHS KOPHCTYBadYiB i €JIEMEHTIB, BKIIOUCHHS KOHTEKCT-
HOi iH(OpMAIl B mporec peKOMeHIaMii, MATPAMKY OIIi-
HOK 3 MHOXXHHHUMH KPHUTEPiSIMHU i HaJaHHSI OUTBII THYY-
KAX 1 MEHII HaB s3IMBUX pekoMeHpariil. Taki Oinmpm
BCEOCSHKHI MOJeN pPEeKOMEHAAIIfHUX CHCTEM MOXYTh
3a0e3MednTH HalKpamli peKoMeHaaIlii.
HocaixxeHHs iCHyHuYMX pimeHb mnpodjaeM. 3a
OCTaHHI KiIbKa POKIiB OyJI0 MPOBEJCHO BEIHKY KUIBKICTH
JOCTIDKCHh Ha TEMY PEKOMCHIAI[IMHUX TEXHOJOTIH, SKi
BUKOPHCTOBYBAJIHM HIMPOKUHA CHEKTP CTaTHCTHYHHUX Me-
TOJIB, MAIIMHHOTO HaBYaHHS, IOUIYKYy iH(opMalii Ta
IHIINX, SIKi 3HAYHO MPOCYHYJIM CYYacHUH piBeHb B MOpIiB-
HSHHI 3 paHHIMH PEKOMEHAAIITHUMH CHCTEMaMH, IO
BUKOPUCTOBYIOTh CIIUIBHY Ta KOHTCHTHO-OPI€HTOBAaHY
eBpicTuky. PexoMeHpaniii cucremMu MOXyTh OyTH KIIacH-
(hikoBaHI HACTYITHIM YHHOM:
® KOHTEHTHO-OPi€HTOBaHi, KojabopaTwBHi, Ti0-
PH/IHI, 3aCHOBaHI Ha BUKOPHCTOBYBaHHX PEKO-
MEHIALIMHUX IiaxXonax

® CBpHUCTHYHI a00 MOJIENIbHI, 3aCHOBaHI Ha OCHOB-
HUX THIIaX METOJIB PEKOMEH/IAIIIi, SIKi BUKOPHC-
TOBYIOTBCS JUIsl OL[IHKH PEHTHHTY.

Ili 1Ba OpTOrOHaJIBHUX ACIEKTU I Kiacugikarii
PEKOMEHIALIHNX CHCTEM Ipe/ICTaBIeHo B Tabm. 1.

[Ipote sk Ko1a00paTHBHI, TaK 1 KOHTEHTHO-OPIEHTO-
BaHI METOAY MAalOTh IEBHI 0OMeKeHHs. Biibin Toro, mis
TOT0, MO0 3a0e3NMeYuTH Kpall peKOMEHJamii Ta MaTh
MOJKJIMBICTE BUKOPHCTOBYBaTH PEKOMEHIAIWHI CHCTEMH
B Ha0araTo OiNBIN CKJIAQJAHUX THIAX IMPOTpaM, TAKHAX SK
peKOMEeHAAIi MO0 BIAMYCTOK Y MEBHUX BUMIIB (iHAH-
COBHUX TOCTYT, OUIBIIICTh METOMIB, PO3MIISIHYTUX Y LILOMY
pO31ii, MOTPeOYOTh 3HAYHOTO po3IupeHHs. Hanpukiias,
HaBITh ISl TPaIULIHHOT IpOrpaMK peKoMeHaalii (inbMy
[3] nmoka3zano, 110 PO3MIMPHUBINN TPATUIIHHUAN MiAXiT 10
CIUJIBHOTO BHMKOpPHUCTaHHS (UIBTPIB Ha OCHOBI Iam’sTi,
BPaxOBYIOYH KOHTEKCTHY iH(OpMaito, TaKy K, KOJIH, ae
i 3 kuM Oyio mobaueHo (inbM, pe3yIbTaTH PEKOMEH/a-
IiIfHOT CHCTEMH MOJKYTb IEPEBEPIIUTH YUCTHN TPaTUIIii-
HUIl Meronx KomabopatuBHOTO (inpTpyBaHHS. baraTo
peaNicTHYHNX PEeKOMEHIAMIMHNX TOIATKIB, B TOMY YHCII
JIEKUJIbKAa OUIOBHX HOJATKIB, €, HAlEeBHO, OLIBII CKJIAJI-
HUMH, HIX CHCTEMa, [0 peKOMEHAY€E (inbM, i BAMaraioTh
ypaxyBaHHS IHMHAX (DAKTOPIB y PO3TILAI PEKOMEHIAIIIH.
ToMmy HeoOXimHICTH PO3POOKH OLTBII MPOCYHYTHX METO-
JIiB pEeKOMEH/AIIIT 1e OUbII aKTyajdbHa JUIS TaKUX THUIIB
JIOJIATKIB.

Bcebiune po3yminna kopucmyeauie ma enemenniie.
Sk 3azHavanocs B [2], [3], [4], OUTbIIiCTE peKOMEHAAITIH-
HUX METOJIB JAIOTh OLHKH, 3aCHOBaHI Ha OOMEXECHOMY

PO3yMiHHI KOPHCTYBaUiB i €JIEMEHTIB, SKi BPaxXOBYIOTHCS
B MpOo(iNIsIX KOPHCTYBAdiB i €NEMEHTIB, i HE MPUHMAIOTh
MOBHY IepeBary iHQopmariii B TpaH3aKmiHHUX iCTOPIIX
KOPHCTYBa4a Ta IHIIMX IOCTYNMHHX JaHuX. He3Baxarouw
Ha TIEBHUH Mporpec, IOCATHYTHH TPH BIPOBAKEHHI
npoduTiB KOPUCTYBAUIB 1 MO3UIIIH B JesKi 3 OIbLI paHHIX
METOZIB peKOMEeHAalidd, mi npodisi Bce IIe MAaioTh
TEHJICHIIII0 OYTH JOCHTh MPOCTHUMU i HE BUKOPHCTOBYIOTh
Jiesiki 3 OUIbII MPOCYHYTHX MeTOXiB mpodimtoBaHHsi. Ha
JOJAaTOK 70 BHKOPUCTAHHS TpaguuiiHUX  (yHKIIH
npodigro, TakMX K KIIOYOBI clioBa 1 MpocTi Jie-
MorpadiyHi gaHi KOpUCTyBaya, OLIBII MPOCYHYTI METOIH
mpo¢UTIOBaHHS, 3aCHOBAaHI Ha TPaBWIAX IHTEICKTyallb-
HOTO aHajNi3y NaHWUX, MOCTITOBHOCTI 1 MiANHCIB SIKi OIH-
CYIOTH IHTEpeCH KOPHCTyBada, MOXYTb BHKOPHCTOBYBa-
THCS 711 CTBOpeHHs mpo(iniB KopuctyBadiB. Kpim Toro,
Ha JOJATOK [0 BUKOPUCTAHHS TPATUIIMHUX (QYHKIIN
MpoQiITI0 eIeMEHTIB, TAKUX K KIFOYOBI CIIOBA, aHAJIOTI9HI
nepeoBi METoAM NPOQIIIOBaHHS TAK0X MOXYTh BUKOPH-
CTOBYBaTHCSl JJIsl CTBOPEHHS BCEOCSDKHHMX TMpoQiiiB
enemeHTiB. 11{o cTocyeThes peKOMEHAAIIIHUX CUCTEM, TO
Cy4YacHi METOJU MpoQiTIOBaHHS, 3aCHOBaHI HA IHTCIICKTY-
QIFHOMY aHaji3l JaHUX, BHKOPHUCTOBYIOTHCS TOJIOBHUM
YMHOM B KOHTEKCTI aHali3y BUKOpHCTaHHS IHTepHer,
TOOTO ISl BUSBIICHHS HaBITAIliifHUX IIa0JIOHIB BUKOPHC-
TaHHI [HTEpHETY (MOCIiTOBHOCTI MEPErNIAAYy CTOPIHOK)
KOPHCTYBa4aMH, 1100 3a0e3MmeduTn HalKpaml peKOMeH-
narii BeO-caifTiB; OZHAK Taki METOIW HE HaOyJIM MIHpO-
KOT'O TOIIMPEHHS B PEHTHHTOBUX crucTemax [5].

[Ticns cTBopeHHS MpOdiNiB KOPUCTYBAYIB 1 €EMEH-
TiB HalOLIbII 3arajibHa (DYHKILSI OLIHKK PEHTHUHTIB MOXeE
OyTH BU3HAUCHA B TepMiHAX WX MPOdLIIB 1 paHimie 3a1a-
HHUX PEHTHHIIB HACTYITHUM YNHOM:

Hexait mpodins KopHucTyBaua BU3HAYAETHCS SIK BEK-
Top Qynkuii p, t06T0 C; = (a1, . ,a;p). KpiM 1BOTO,
Hexail mpo¢inh eleMeHTa j BH3HAYAETHCSH SK BEKTOp T
o3HaK, T06t0 S; = (bjq, ...,b;). OKpiM 1BOTO, HExal C —
BEKTOp  ycix  mpodimiB  KOpUCTyBadiB,  TOOTO
C=(Cq,..,C,), 1Hexall S — BekTOp BCiX NpodiniB ene-
MeHTiB, T00TO § = (S, ...,5,). Toxai HaiOLIbII 3arajbpHy
MPOLEAYPY OLIHKH PEHTHHTY MOXIIMBO BU3HAYHUTH TaK:

if rij * Q),
lf rl:j = @

v = Tijs
]

1)

uij(R9 C, S)’

s mpomemypa OIiHIOE KOXHY HEBIIOMY OIHKY
r{; = u;;(R,c,s) y TepmiHax BiTOMHX OmiHOK R = {r;; #
@}, mpodinie kopuctyBauiB € i mpodimiB eneMeHTIB S.
Mu MOXEMO BHKOPHCTOBYBATH THYYKI METOAW JUJIs
OWIHKK (YHKIIT KOPHCHOCTi U;;, BKIIFOYAKOYH pi3Hi
eBPUCTUKM, HAHONMK4l KiacugikaTopy, JepeBa pillleHb,
THYYKHd MeETOJAHW, paniaibHi 0a3oBi ¢yHkuii, perpecii,
HEHpPOHHI Mepexi 1 METOAW peNAliiHOrO HAaBYaHHS
(ockinbkn € i S MOXyTh OyTH MaTpuUsMH abo
pemsniitanmu Tabnwmsamu) [6]. bimem Toro, Mu xotimm 6
BimsHaunTH, mo (1) mpeacraBise HaHOUIBII 3araabHy
MOJIeNb, SKa 3aJEeKUTh BiJl IIUIOTO [iama3oHy BXOIIB,
BKITIOYAIOUM XapaKTepUCTHKH KopucTyBada (C; ) 1
MOXIHUBHX  iHmHMX  KopuctyBauiB € = (Cq,...,Cp),
XapaKTEPUCTUKH ~ §;  €NeMeHTa j W, MOXIMBO,
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Tabmuis 1 — Knacudikariiss pekoMeHIAMIRHIX CUCTEM

Pexomenpamiiami
maxin

PexomenpariiiHa TexHiKa

EBpuctuyna ocHoBa

Ha ocHoBi Moz, sika 3a3BUYaii
BUKOPHCTOBYEThHCS

Ha ocHoBi BmicTy

Mertoau, 110 3a3BMUail BAKOPUCTOBYIOThCS:
* TF-IDF (momryx inopmartii)
* Knacrepusarist

PenpeseHTartist 1OCTi THUIBKUX TIPUKITAMTIB:
* Lang, 1995
*Balabanovic & Shoham, 1997
*Pazzani & Billsus, 1997

BaeciBebki knacugikatopu
* Knacrepusarist
* Pimenns nepes
* llITyuHi HelipoHHI Mepexi
Ilpuknany penpe3eHTaTUBHUX JTOCHTIKECHb:
» Parzani & Billsus, 1997
» Mooneyctal, 1998
* Mooney&Roy, 1999
* Billsus&Pavan, 1999

CrispHa poboTa

Merou, 1110 3a3BHYail BHKOPHCTOBYIOTHCSL:
* Haiibnmxunii cycia (KOCHHYC KOpPeIALis)
* Knacrepuzaris
* Teopiarpadis

TIpuKiIaau penpe3eHTaTUBHUX JOCITiIKEHb!
* Resnicketal, 1994
* Hilletal, 1995
* Shardanand & Macs, 1995
* Breeseetal, 1998
* Nakamura & Abc, 1998
» Aggarwaleaal, 1999
* Delgado & Ishii, 1999
» Pennock & Horwitz, 1999
 Sarwaretal, 2001

Mertoy, 1110 3a3BUYail BUKOPHCTOBYHOTHCS:
* Haiibmxunii cycia (KOCHHYC KOpPeIALis)
* Knacrepusartist
* Teopis rpadis
TIpuknaau penpe3eHTaTHBHUX TOCIIKEHb:
* Billsus & Pazzani, 1998
* Breeseeta, 1998
 Ungar & Foster, 1998
* Chien & George, 1999
* Getoor & Sahami, 1999
*Pennock & Horwitz, 1999
* Goldbergetal, 2001
e Kumaretal, 2001
* Pavlov & Pennock, 2002
« Shanietal, 2002
* Vuetal, 2002, 2004
» Hofmann 2003, 2004
» Marlin, 2003

[ToeHaHHS KOMITIOHEHTIB Ha OCHOB 1 BMICTY Ta
CITIJILHUX KOMIIOHEHTIB 3a JOIIOMOT00:

+ JliniliHa koMOiHaMis TPOTHO30BAaHUX OI[IHOK

* Pi3HI cXemu ToocyBaHHS

* BKJIFOYEHHST OZTHOTO KOMITOHEHTY y CKJIaJIi
EBpuCTHYHI METOM JUTS THITUX TOCTi THUIIBKUX

[ToeHaHHS KOMITIOHEHTIB Ha OCHOB 1 BMICTY
Ta CIIBHOT pobOTH:

* BKJIFOYEHHSI OJTHOTO KOMITOHEHTY Y
BUTJIA1I TAHOPAMHU MOJIEINI JUIS 1HIIIOTO

* [ToGynoBa oxHiel 00’ eqHyI0901 MOIEN]
PenpeseHTaTHBHI JOCIIKSHHS:

TIPUKJIAJIB TOCHTIKEHHST:
*Balabanovic & Shoham, 1997
* Claypooletal, 1999
* Good CI al. 1999
» Pazani, 1999
« Billsus & Pazzani, 2000
* [ran & Cohen, 2000
* Melvilleet al, 2002

l'6puana Moensb

* Basualal, 1998

* Condliffetal, 1999

* Soboroff & Nicholas, 1999
» Ansarictal, 2000

* Popesculetal, 2001

* Scheinetal, 2002

iHmi enement S = (84, ...,S,), petunru (nepesarn) R;,
BUpa)XEHI KOpHUCTyBaueM i, 1 peWTuHru (mepeBarn),
BHpaXkeHi yciMa iHIIMMU KopucTyBauamu R = {rj; # 0}
Taxum unnom, QyHKIIS U;; ABHO BKIIOYAE B ce0e CIIibHI,
3aCHOBaHI Ha KOHTEHTI 1 riOpumHi Meroau. OmHak
OIIBIIICTh ICHYIOUHMX PEKOMEHJAIIHHUX CHCTEM POOJISTH
dyHKLIIO Uy j 3AJIEKHOIO TUIBKM Bij Majioi HiAMHOXWHU
BCBOTO BXiZHOTO Tpoctopy R, ¢, s. Hanpuxknan, GpyHKIis
U;j s TPAIUIIIHHUX METOJIB CHUIBHOI (inbTparii Ha
OCHOBI ITaM’ATi He 3aJISKUTH Bif BXoAiB € 1 §, i oOMexye
R TIIBKY CTOBITYHKOM R; 1 3a3BHYai TUIBKY I MHOKHHHA
N HalOmmKInX CyCifiB 1; j VIS CTOBTIIIS R]-Z.

[ikaBuM 3aBOAHHSAM JOCITIIDKEHHS Oyjo O po3iu-
puty npodisi Ha OCHOBI arpuOyTiB, sIK BU3Ha4eHO C 1 §,

JUTSE BUKOPHCTAHHs OUIBII CKIAJHUX METOJIB MPOQiiro-
BaHHS, ONMCAHUX BHINE, TaKUX SK IPaBUIIa, IOCITIIOB-
HICTB 1 METO/IM Ha OCHOBI CUTHATYP.

Poswiupenna onsa pexomenoauilHux mexHIiK Ha
ocnoei modeni. Jleski 3 migXo/iB, 3aCHOBAaHUX Ha MOJE-
751X, 320€3MeTyI0Th CyBOPi METOIM PEUTHHTOBOI OIIHKH 3
BUKOPHCTAHHSAM Pi3HHX METOJIB CTaTUCTHYHOTO 1 Ma-
MIMHHOTO HaB4yaHHs. OJHAK iHII 001aCcTi MaTeMaTUKH Ta
iHhOpMaTHKH, Taki SK TEOPisS MaTeMaTHYHOrO HaOJIH-
JKeHHs [8], MOXYTh TaKOX CHpPHUSATH PO3POOI Kparux
PEUTHHIOBUX METOJIIB OLIIHKH, SIKI BU3HA4alOThcs popmy-
soto (1). OmHUM 13 IPUKIIAIIB MiAXOMy HA OCHOBI ampoK-
cumarii 10 Bu3HavanbHor QyHkuii u;; B (1) € pagianbhi
6aszucHi (yHKLIT, SKI BU3HAYAIOTHCS HACTYITHUM UYHMHOM:
JIaHO MHOXHUHY To4oK X = {X;, ...,X,,} (me x; € IRN) i
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3HaueHHs HeBinomoi GyHkuii f (HampukiIan, peHTHHroBoi
¢yukmii) B 1mmx Toukax, To0TO  f(x1), ..o.f ()
panianbHa GasucHa (YHKLIA 7 x OLiHIOE 3HA4YeHHA f B
yebomy IRMN, BpaxoByroun 1y x(x;) = f(x;) s Beix
i=1,..m,sK

m

e = ) aolllx = xl), @

i=1

Jie QYHKILIS, sIKa 33 J0OBOJIbHSAE BUMOTaM

Zz ocia]-cp(”xl- — x]-||) >0 3)

i=1 j=1

JUTS BCIX PI3HUX TOYOK B Ta BCiX KOEQIIiEHTIB.

Toni Bimoma Teopema [6] cTBepmXKYE, IO SKIIO @ €
JIOJIATHO BU3HAYEHOIO (DYHKIII€IO0, TO iICHY€E €1nHa (QYHKIIIS
BUAy (2), IO 3aJ0BOJIGHAE yMOBaM s BCiX. Jleski
MOMYJISPHI NPUKJIAAN QYHKIIN:

1. @(r) =P, ne B> 0 monarme HemapHe umCIO;

2. @) =r*log(r), ne k € IN (tomka cmain-
TTOBEPXHA);

3. () =el"* ge a>0 (Tayc).

OnHiero 3 mepeBar pafiayibHUX 0a3ucHUX (QYHKIIH €
Te, [0 BOHM IIMPOKO BHBYEHI B Teopii HaONMKeHb, a ixX
TEOPETHYH] BJIACTHBOCTI Ta BHKOPUCTAHHS paJialbHUX
6asucHUX QYHKLIH y 0araTboX MPaKTHYHHX 3aCTOCYBaH-
HiIX Oynm mobpe 3posyminmumu [6], [7]. Tomy Oymno 6 wi-
KaBO 3aCTOCYBATH iX JI0 OLIHKHA HEBIOMHX PEHUTHHTIB y
pEKOMEHAANIHHIX CHCTEMaXx.

OpxHe 3 monepeHKeHb 3 BUKOPUCTAaHHAM PaJiadTbHAX
0a30BHX (DYHKINH Yy pEKOMEHIAMIMHUX CHCTEMAaX IMOJIsArae
B TOMY, IO TPOCTip pexomennanid € X § 3a3Bu4ail He
npexacrasnsie  N-BuMipHHH eBKJIiioBuH mpoctip. Tomy
OJTHIEI0 JIOCHIJHUIBKOIO 3aJ]auei0 € PO3MOBCIOKEHHS
pamiadbHUX 0a30BHX METOIIB BiJl pEaIbHUX YHCEIN A0 iH-
IMIMX JJOMEHIB Ta iX 3aCTOCYBaHHS A0 IPOOJEeM peKOMEH-
JAIIITHAX CHCTEM. 3aCTOCOBHICTH IHITMX METOMIIB alpOK-
cumMamii ans omiaku B (1) mpencTaBisie IIe OHY ILiKaBY
TeMy JOCIHiKCHHS.

bazamomipuicms pexomenoayin. Hunimae mnoko-
JIHHS PEKOMEHAAIIHHUX CHCTEM [i€ B JIBOBHMIPHOMY
npocTopi. To6TO BOHU POOJIATH CBOI pEeKOMEHIALIIT TITBKH
Ha OCHOBI 1H(pOpMAIlil PO KOPUCTYBayiB, ENIEMEHTH 1 HE
BPaxOBYIOTh JI0JJaTKOBY KOHTEKCTHY iHpopmarito, ska
MOXE MaTH BHpIIIAJbHE 3HAYEHHS B JICSKUX JOJaTKax.
OpnHak, y 6araTbOX CHUTYyalisiX, KOPUCHICTH NEBHOTO IPO-
KTy JUIsSl KOPUCTyBa4da MOXKE 3HAUHO 3aJIekKaTH BiJ yacy
(HampuKIaa, IOpU poKy, CE30HY, MICSII0 a00 JTHS THXKHS).
Lle MoXe TaKOX 3aJIeKaTH BiJ JIIOJAWHH, 3 SIKOK HPOIYKT
Oyne croxxuBatucs abo TUIATHCA, 1 32 SKUX 00CTaBUH. Y
TaKHX CHUTYyaLliiX MoXke OyTH HEHOCTaTHBO IIPOCTO PEKO-
MEHIyBaTH KOPHCTYBayaM €JIEMEHTH; CUCTEeMa PEKOMEH-
JaIiif TOBMHHA NPUHMATH 10 YBarW IPW PEeKOMEHAarii
HPOAYKTY IONATKOBY KOHTEKCTHY iH(opMamilo, Taky sk
yac, Miclie 1 KoMIaHisi kKopucTyBaua. Hampukinan, peko-
MEHIYIOUYM MaKeT BIANYCTKH, CUCTEMa IOBHHHA TaKOX

BpaxoOBYBaTH IOPY POKY, SIKUM KOPUCTYBad IIAHY€ TO0-
POXKyBaTH, YMOBH TIOI3AKH Ta OOMEXEHHS Ha TOH MOMEHT
1 IHITy KOHTEKCTHY 1H(OpPMAIIIFO.

Sk iHmmMi mpuKITa, KOPUCTYBad MOYKE MaTH iCTOTHO
pi3Hi nepeBaru y QigbpMax, siki BiH X04e MM0OAYUTH, KOJIU
BUDKIDKA€E 0 KiHOTeaTpy 3 APYroM B cyOOTy BBeuepi, i
THX, SKi IUIaHy€ NWBUTHCH BAOMa 3 OaThKaMH BBedepi
cepeu.

Sk crBepmxyBanocst B [9] 1 [10], BaxnuBo po3iu-
puTH TpaauuiiHi 1BoBUMIpHI i KopuctyBau X EnemeHT
peKoMeHamiiHi METOIU Ui 6araToBUMIpHHUX
HajamTyBaHb. KpiM TOro, BKIIOYEHHsS 3HaHb PO 3aB-
JIaHHS KOPHCTYBada B aJTOPUTM PEKOMEHMAIii B MEBHUX
IporpamMax MoKe MPUBECTH JI0 KpaIluX PeKOMEHIaMii.

{06 B3sTH MO yBarm KOHTEKCTHY iH(opmariio, [2]
MPOTIOHY€ BU3HAYUTH (PYHKIIiIF0 KOPHUCHOCTI (200 OITIHOK)
Haja 6araToBUMIpHUM mpocTopoM D; X ... X D, (Ha BiaMi-
HY BiJl TPAIHUIIITHOTO TBOBUMIPHOTO) SIK

w:D; X ..XD, > R. 4)

Toxi mpobnema 3 peKOMEHAAIISIMH BU3HAYAETHCS
BUOOPOM TEBHUX «II0» BUMIpIOBaHb Djy ... Dy (k < n) i
TEBHUX «JUI KOro» BUMiproBanb Dj; ... Dy (I < n), axi ne

HEePeKPUBAOTECS, TOOTO {Djy ... Dy} N {Djl Djl} =0,

i peKOMEHYI0Tb, Ul KOXHOro Habopy (djq, ...,dj;)€
Djl X .. X Djl)l Ha60p (dila ,d]k)E Dil X .. X Djk!
SKUHA MakCUMi3ye KOpHCHICTb U (dy, ...,d,), TOOTO
v((dj1, ..dj1) € Djy X ... X Dy,
(di1, ---adjk) =
= argmax u(d'y,....d").

(d’il’ ...,d’jk)E DipX..XDj

@' g5’ j)=(dj1, -l 1)

Hanpuknan, B pasi CHCTEMH pEKOMEHIAINA st
¢inbMy TOTpPIOHO BpaxoByBaTH HE TUIBKH XapaKTepHC-
TUKH QinbMy dy 1 JIOIUHH, SIKa X0Ue MOJUBHUTHCSA (LIEM
d,, aje TakoX 1 TaKy KOHTEKCTHY iH(pOpMaIlito, 5K:

1) dj: ne i kum Oyzne mepersisiHyTo GinbM (Hampu-

KIaja, y KiHOTeaTpi, BIOMa MO TeJIeBi30py, Ha
Bimeo abo DVD),

2) d,: 3 xuM Oyje meperastHyTo GibM (HAIPHUKIA,
MMOOJIMHIL, 3 MOAPYTrOoK / APYroM, APY3sIMH,
0aTbKaMu 1 T. 11.),

3) ds: xonu (inbM OyJe meperiaHyTO (HANpHKIa,
B OyaHi JHI a00 y BHXIiJHI JHI, BpaHIli / yICHb /
yBeuepi, B HiU BIIKPUTTS 1 T. 11.).

SIx oOroBoproBaiocs paHile, KOXEH 3 KOMIIOHEHTIB
dy,d,,ds,d,, ds MOXHA BHU3HAUHTH SK BEKTOp WOTO
XapaKTepUCTHK 1  3araJbHa  KOpPHCHA  (PYHKIIiS
u(d,, d;, ds, dy, ds) Moxke OyTH IOCHTH CKIATHOKO i
BPaxoOBYBaTH pi3HI eeKTH B3aeMOIiT MK BeKTOpaMu d,
d,, ds, dy, ds.

Sk crBepmkyBanocst B [11], Oarato JBOBHUMIipHHX
ITOPUTMIB PEKOMEH/AIlIH He MOXYTh OyTH Oe3mocepes-
HBO TNOMIMpEeH] Ha OGararoBuMmipHUH Bunanok. Kpim Toro,
NPOIIOHY€EThCS MiAXiA, 3aCHOBAaHMN Ha PEKOMEHJAMisiX
II0JJ0 CKOPOYEHHS, IKUil BUKOPUCTOBYE TIJIbKU PEHTHHTH,
SKI CTOCYIOTBCSI KOHTEKCTY 3a3HAYCHHX KOPHCTYBauyeM
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KpHUTEpiiB, B SIKUX poOuThes pexomeHnauis. Hampukian,
mo0 peKOMEHIYBaTH (iIBM JUTSA JIFOIMHY, KA X04e m00a-
YUTH HOTO B KiHOTeaTpi B CyOOTy BBeUEpi, MiXill, 3aCHO-
BaHWII Ha CKOpPOYCHHI, OyJe BUKOPHUCTOBYBATH TUTBKH
JIOCTYIHI pedTHHrH (ijbMIB, SIKI MOXHA MOOAYUTH B Ki-
HOTeaTpax y BHXIAHI, SKIIO IIe BH3HAYEHO JAHUMH, II0
MICIIe 1 Yac TIKHSI BIUTMBAIOTh HA MOBENIHKY KIHOTJISAA-
yiB. BuOpaBumIM TUIBKU PEHTHHTH, SIKI CTOCYFOTHCSI KOH-
TEKCTHOI peKOMEHJAllii, MiJIXiZ, 3aCHOBaHUI Ha CKOpO-
YeHHI, MPOEeKTye OaraTOBHUMIpHUII KyO pEHTHHTIB 3a
JIBOMa OCHOBHHMH IapaMeTpaMH KOpHCTyBada i eje-
MeHTta. [loTiM IS OTpHMaHHA peKOMeHAAllll MOKHa
BUKOPUCTOBYBATH OyIb-sKMH CTaHIApPTHHUI METO] IBO-
BAMIpHHAX peKoMeHmarii. OCKIIbKY IIi peKOMEHAaIl 3a-
CHOBaHI TUTbKH Ha KOHTEKCTHO-3aJIKHOMY HaOOpi peii-
THHTIB, [I¢ 3BOAUTHCS O CTBOPEHHS JIOKAJIBHOI MO,
10 CTBOPIOE KOHTEKCTHI peKOMEHIALIi.

[HIIMM MOXXTIMBEM TiAXOJOM IO po3poOKu Oararto-
BUMIpHHUX pEKOMEHAaliil Oyio O po3ropTaHHs iepapxiy-
HOTO 0a€eciBCbKOTO METOAy, IpeicTaBiieHoro B [3], skuii
Moxe OyTH pO3IIMpPEHHH 3 JBOX /0 0araToBUMipHOTO
BUIAJKy HACTYITHHM YHHOM: 3aMiCTh PO3IJIILY JBOBH-
MIpHOTO BHIAJKY, K BU3HaueHo B (1), 1e 10 xapakrepuc-
TUKU KOpHUCTYBaua dq, sIKi BU3HAYAIOTHCS BEKTOPOM Z;, 1
XapaKTEPHCTHK eeMeHTa d, 3 BEKTOPOM Wj, MH TaKoX
MOXEMO JI0JaTH KOHTEKCTHI po3mipu ds,...,d,, e
d; = (dil, ,dixi) — BEKTOP XapaKTepUCTUK PO3MIPHOCTI
D;. Toni ¢yskuis r = u(d,,d,, ...,d,,) NOMUPYETHCS BiA
(1) no niniiinoi komGinawii dq,d,, ... ,d,, 1 TaKOX BKIFOUaE
eeKTH B3aEMOJIl MK LUMH pPO3MIpPHOCTAMHU (TOOTO
edexT B3aeMomii, SKUH BHU3HAYAETHCS MATPHICIO {xij} B
(1), moBuHeH Oytu posmupeHuMm). OpHe 13 3aBHaHb
JIOCHI/DKEHHSI — 3pOOMTH Ii PO3IIUPEHHs MacmraboBa-
HUMU TIPH BEJIMKUX 3HAYCHHSX 1.

Bazamokpumepianeni peiimunzu. binbmiicts cy-
YacHUX PEKOMEHJANIHHNX CHCTEM BITHOCATHCS 10 CUCTEM
3 OJJHAM PEHTHHTOM, Taki SK pPEeHTHHTH (UIBMIB 1 KHHT.
OnHak B AESKHX JOJAaTKaX, TAKUX SK PEKOMEHIALil Ay
pecTopaHiB, BKpail Ba)KIMBO BKJIIOYATH PEHTHHTH 3 Je-
KiJIbkoMa KpuTepisMu B pekomenparii. Hampukian,
6araTo MyTIBHHKHK TI0 PECTOpaHax, Taki sk Zagat’s Guide,
HAJIAI0Th TPH KPUTEPIT VIS OLIHKH PECTOPaHiB: 1ka, JEKOp
ta obcnyroByBanus [12]. Xoua GaratokpurepianbHi
OLIHKK Ie He Oynu po3MITHYTI B JliTeparypi Mo
pPEeKOMEHIALIfHUM ~ CHUCTeMaM, BOHM OyJiM IIMPOKO
BUBUYCHI B cmiBToBapucTBi Operations Research [13].
TuroBi pimeHHs mpoOieM onTHMizarii OaraTokpurepi-
AIBHUX 3a]1a4:

1. 3maiitu ontumansHi pimmenns [lapero,

2. BassTu niHIAHY KOMOIHALIO IEKIUTBKOX KPUTEPIIB

1 3MEHIIUTH TpobaeMy IO 3aJadi ONTHMI3arii 3
OJTHAM KpHUTEPIEM,

3. OnTuMizyBaTd HaWBaXIMBIIMIMN KpuTepii 1
TIEPETBOPUTH 1HIII KPpUTEPii B OOMEKEHHS;

4. TlocnmijioBHA ONTHMI3allis OJHOTO KPHUTEPilO 3a
pa3, NepeTBOPEHHS ONTUMAIBHOIO pIIlICHHS B
oOMexeHHs (00MEKEHHS ) 1 TOBTOPEHHS MPOIIECY
JUIS IHIIAX KPHUTEPIiB.

[[{o6 mpoimrocTpyBaTH, SK ACSKi 3 IIHX METOJIB MO-

JKyTh OYTH BHKOPHCTaHI B PEKOMEHIAIIIMHUX CHCTEMaX,

PO3IIITHEMO 3aCTOCYBaHHS minxoay 3 g0 mpobieMu
pEeKOMEeHAaIii PecTOpaHiB ' KOPUCTYBaueBi C Ha OCHOBI
KpHUTEpIiB KOpucTyBaya 3 skocti ixki f,(r), nexopy d.(r),
i o0cimyroByBaHHs S. (7). Mu MOXXeMO BBaKATH SIKICTh 1Ki
fo(r) OCHOBHMM KpHUTEpiEM 1 BHKOPHCTOBYBaTH IHIII B
SKOCTI 0OMEXeHb, TOOTO MM XOYEMO 3HANUTH PECTOPAHH T,
AKI MakcuMi3yloTh f,(r), 3a yMOBH, IO OOMEXKEHHS
d.(r) > a., i s.(r) > B, ne o, i B, — MiHiMabHI peii-
THHTH JUIA A€KOPY 1 00CIIyroByBaHHs (HaPHKIIal, KOPHC-
TyBad C HE XOAWTHME B OyHIb-SIKUIl PeCTOpaH 3 OLIHKOKO
nexopy 1 obcmyroByBanHs Himkde 10, 3 moxmuBux 30,
HE3aJIeKHO BiJ TOTO, SIKOi AKOCTI ixi Tam). Llg mpoGiiema
YCKIIaIHIOETHCS THM (PaKTOM, IO y Hac 3a3BU4ail He Oyne
ouinok aexopy d.(r) i obenyroByBanus s.(r) mus Beix
pecropaniB. [1oTiM 3aBIaHHS CHCTEMH PEKOMEHJIAIH IMO-
Jasra€ B TOMy, 06 OLIHWTH HeBimoMi ominku dj(r) i
s'.(r) i, HanpHKIaa, BAKOPUCTOBYIOUN METOIH OILHKH, i
3HAWTH BCi PECTOPAHH T, IO 3aJ0BOJILHSIIOTH OOMEIKCH-
M d' (1) > ag, i s'.(r) > B.. Sk Tineku My 3HaRIEMO
BCI peCTOpaHH, 10 33I0BOJIBHAIOTE 0OMEXKEHHIM 32 [IUMHU
OLIHOYHUMH PEHTHHTaMH, MH MOYKEMO BHKOPHCTOBYBATH
Il pECTOPaHH B MoOlIyKax Makcumymy f.(r). OnHak, sk iy
BUIIAJKY 3 OLIHKaMH BiJJUIIB 1 CEpBICiB, Y HAC MOXYTh HE
OyTH pEeWTHHIIB NPOIYKTIB XapuyBaHHA f.(r) Ui BCixX
Takux pectopaHiB f.(r) i, oTXKe, TakoX HE0oOXimHO Oyne
BUKOPHCTOBYBAaTH NpOLEAYPY OLIHKH PEUTHHTY TIepen
THM, K poOHTH Oymb-sKi peKoMeHmalii. Mu BBaxkaeMo,
II0 TIPOLIeC 3HAXOKEHHS ONTUMaNbHOro Hadopy Ilapero
Ta ITEPATHBHOTO METOAY TIOCHIJOBHHUX ONTHMIi3amii
OJTHOTO KPUTEPII0 JUIA 3TafaHuX BHIIE PEKOMEHJAIIN 10
MHOXHHHAM KPHUTHKaM TaKOX SBISIE COOOI0 IiKaBi i
CKJIa[HI PoOIeMU.

Heempyuanuna (nonintrusiveness). barato peko-
MEHJALIHHUX CUCTEMH € HaB’ SI3TUBHUMHU B TOMY CEHCI, 1110
BOHM BHMararmoThb SIBHOTO 3BOPOTHOTO 3B’SI3KY Bij
KOpUCTyBa4a 1 4YacTO Ha 3HA4YHOMY pIiBHI ydacTi
KopucTyBauya. Hampukiaa, mepmr HDK pPEKOMEHIyBaTH
Oynp-sIKi crarTi B Ipylax HOBHH, CHCTEMi HEOOXiITHO
OTpUMaTH pPEHTHHTW paHille NPOYMTAHMX CTaTeH.
OCKIJTBKM HEMOULTPHO BHUMAaraTH PEHTHHTH BCIiX IHX
cTaTedl BiI KOpHCTyBaua, HCSKi CHCTEMH pPEKOMEHIAIii
BUKOPUCTOBYIOTh HCHAB’SI3IMBI METOAM BH3HAYCHHS
PEHTHHTIB, KON TIEBHI NMPOKCI BUKOPUCTOBYIOTHCS IS
OLIIHKY pealilbHUX perTHHriB. Hanpukian, KiIbKicTh yacy,
KU KOPHCTYBau BUTpauyae Ha YUTAHHA CTAaTTI B Tpymi
HOBWH, MOXE CIY)KHTH NPOKCi-pEHTUHraMHu Ili€i CTarTi.
Jleski HeHaB’SI3IMBI METOOM OTPUMAaHHS 3BOPOTHOTO
3B’3Ky 3 KOpucTyBadeM mpencrasieHi B [14], [15].
[lpore, HeHaB’s37MMBI peWTHUHrH (HANpHUKIAL, dac,
BUTpPAuCHMI Ha YWTAHHS CTAaTTi) 9aCTO € HETOUYHMMH 1 HE
MOXXYTh TIOBHICTIO 3aMIiHHTH SIBHI OIIIHKH, HaJaHi
KOpHCTyBaueM. TakuMm 4UYMHOM, Tpobiema MiHiMizarii
BTPYYaHHS TIpH 30€peKeHHI IMEBHUX piBHIB TOYHOCTI
pEKOMEHAAII IMOBHHHA BHUPINIYBATHCA JOCIITHHKAMUA
PEKOMEHAAMMHNX CHCTEM.

OpuH i3 crioco6iB BUBYECHHS MPOOIEMH BTPYIaHHS —
BHU3HAYUTH ONTHMANbHY KIUJIBKICTh OIIHOK, SIKi CHCTeMa
MOBWHHA 3aIMTYBaTH y HOBOTO KopucTyBaya. Hampukian,
mepml  HDK ~ peKOMEHJyBaTH  Oyab-siki  (inbMmuy,
MovieLens.org cno4arky MpOCHTb KOPUCTYyBaya OLIHUTH
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3yMOBIIEHY KUIbKicTh ¢inrbMiB (Hanpukiax, 20). Leit 3a-
IIUT Hece NEBHI BHUTpPAaTH Ul KiHIEBOIO KOPUCTYyBaya,
SIKHA MOXe OyTH 3MOIEITBOBAaHUH IMO-PIZHOMY, IPUIOMY
HANMPOCTIIIa MOJEINb SBIISIE COO0I0 MOJIEINB 3 (P IKCOBAHOIO
BapTicTio (TOOTO, BApPTICTh PEUTHHTY KOXKHOTO (GiLTbMY
nopisaroe C, a BapTicTh pedtuHry n ¢imsmis C,). Tomi
npoOiieMy HaB’S3IIMBOCTI MOXKHa C(OpPMYIIIOBATH SIK
mpoOJieMy ONTHMI3allii, s’Ika HAMara€ThbCs 3HAWTH OITH-
MaJlbHy KUIBKICTH OI[IHOK 3alUTIB N HACTYITHHUM YHUHOM:
KOXKEH JOJaTKOBHH PEHTHHT, HaJaHUH KOPHCTYBaueM,
MiZBUIIYE€ TOYHICTh PEKOMEHMAIN i, OTKe, MPU3BOIMTH
JI0 TIEBHUX TIepeBar /It KopucryBaua. OHIEIO 3 IIKaBUX
3a7ad, OB s3aHUX 3 MPOOJIEMOI0 BTPYYaHHs, 0yi0 6 po3-
poOka QopmanbHOI MOAETI U BH3HAYCHHS Ta BHUMIpIO-
BaHHA repeBar B(n) s HalaHHS N MOYaTKOBUX PEHTHH-
TiB 3 TOYKH 30py MiABUIIEHHS TOYHOCTI TPOTHO3IB Ha
OCHOBI ITNX OLIHOK. SIK TINBKH CTa€ BiIOMO, SIK BUMIipIO-
BaTH mepeBarn B(n) (Hampukian, BUMIPIOIOYH TOYHICTb
MPOTHO3YBaHHS PEKOMEHMAIIHOI CHCTeMH), HOTPiOHO
BU3HAYUTH ONTUMAJIBbHY KUIBKICTh MOYaTKOBUX OLIHOK 1,
ska Makcumizye Bupaz B(n) —C(n). Scmo, mio
ONTHMaJbHE 3HAYEHHS N JOCATAEThCS, KOJIM TIpaHUYHI
BUTOZM JIOPIiBHIOIOTh I'PaHUYHUM BHUTpATaM, TOOTO KOJH
AB(n) = C. OnrumaibHe pillleHHs MOBMHHO iCHYBaTH B
MPUITYIICHH], 1[0 B (1) € MOHOTOHHO 3POCTal0u00 (YHK-
i€l M0 N 31 3MEHIIYBaHHUMHU TPAHUYHHMH IIEepeBaramMmu
AB(n), mo acCHMIOTOTHYHO CXOJUTHCS 10 HYJIS.

[lle ogHa 1iKaBa MOXIJIMBICTD JOCIIJDKEHHS TIOJISATAE
B po3poOIi Momeneld TpaHUYHUX BHUTPAT, SKi € OLIbII
MPOCYHYTUMH, HIX MOJAETh 3 (PIKCOBAHOK BaPTICTIO,
OTMCaHa BUIIE, 1 sKa MOTEHIIHHO MOYKe BKIIIOYATH aHai3
BUTPAT 1 IlepeBar BUKOPUCTAHHA K HESBHUX, TaK 1 ABHUX
OIIIHOK B CHCTEeMi pexkoMmeHmamid. Hapemri, mpoGiema
MOCTYTIOBOTO BHOOpPY HABYANBHHUX [aHWX [UIA IUTeH
MO/JICTIIOBaHHS — Mpo0yieMa aKTUBHOTO HaBYaHHS, SKa €
JIOCUTh J00pe BHUBUEHOI 00JacTio B JiTeparypi
MAaIIMHHOTO HaBYaHHs, 1 OyJM 3ampoNOHOBaHI YHMCIICHHI
mixoau a0 BUpimeHHs wiel npodiaemu [16], [17], [18].
Mu BBakaeMo, IIO 3aCTOCYBaHHS AaKTHBHHX METOJIB
HaBYaHHS JUIS BUPIIICHHS NPOOJIEMH HEBTPYYaHHS SIBIISIE
c00010 1I1e OJTHY HiKaBY MOXKIIMBICTb IS TOCIHIPKCHHSI.

T'nyukicms. BUTBIIICTE PEeKOMEHNAIIHUX METOJIB
HETHYYKI B TOMY CEHCi, III0 BOHH «KOPCTKO MiAKIIOYCHI»
0 CHCTeM TIIOCTa4dallbHUKAMH 1, OTXKE, MiITPUMYIOTh
TITBKH 3yMOBJICHUH 1 (pikcoBaHMII HaOip peKOMEHIAIIIH.
ToMmy KiHIIEBUH KOpPHCTYBad HE MOXE HAJIAIITOBYBaTH
peKoMeHalil BiMOBIHO J0 CBOIX MOTped B pexUMI pe-
anpHOTO yacy. Lls mpobiiema Oyia inenTudikosana B [19],
i s Hei Oyna 3amponoHOBaHa peKOMEHJalliiiHa MoBa
3anuTiB (Recommendation Query Language) [20]. RQL —
ne SQL-moxniOHa MoBa AJisl BUP@XXEHHS THYYKHX PEKO-
MEHJaNiiHAX 3aNuTiB, MPU3HAYCHUX Ui KOPHCTYyBada.
Hanpuknan, 3anur «pekoMeHIyBaTH KOKHOMY KOPHCTY-
Bauesi 3 Horo-Mopka kpaui Tpu (itbMu, TPHBANICTh SKHX
MIEPEBUIIY€E MBI TONWHI», MOXKe OyTH BHpakeHa B RQL
HACTYITHUM YHHOM:

RECOMMEND Movie TO User
BASED ON Rating
SHOW TOP 3

FROM
WHERE

MovieRecommender
Movie.Length>120
AND User.City = “NewYork”

Kpim TOro, OUIBIIICTE pEKOMEHIALIHHHUX CHCTEM
PEKOMEHAYIOTh TUIBKM OKpPeMi €JeMEHTH JJIsI OKPEMHX
KOPHCTYBaYiB i HE 3aiiMaloThCs arperaiiero. Tum He
MEHII, BAXJINBO MaTH MOXIIMBICTH Ha/JaBaTH arperoBaHi
peKOMeHmalii B psAAl MpOrpaM, TaKWX SIK PEKOMEHAAL]
OpeHziB ab0 KaTeropiif MPOIYKTIB U IEBHUX CEIMEHTIB
KopucTyBauiB. Hampuxiag, pexkoMeHAamiliHa cucTremMa
MOB’s13aHa 3 MOI3AKAMH MOXXE MMOPEKOMEHIyBaTH BiIIO-
yuHOK y Dnopuai (karteropis MPOAYKTIB) CTyJeHTaM 3
MIBHIYHOTO cXoay (NpU3HAYECHUH Uil KOPHCTyBada Cer-
MEHT) MiJl 4ac BECHSHUX KaHiKyl. OmHUM i3 CIOCco0iB
MIATPUMKH arperoBaHuX PEeKOMEHJAlild € BUKOPUCTAaHHS
MiAX0Ty IO 0araTOBUMIPHUM PEKOMEH/IAIliH, 3aCHOBAHOTO
Ha OLAP [21]. Cuctremu Ha ocHoBi OLAP, mpuponso,
MiATPUMYIOTH i€papXii arperartiif, a TO9aTKOBI I IXOAH 10
posropranHs OLAP-MeToniB B cucreMax peKOMeHAamii
npencrasieri B [22]. IIpote, moTpi6bHO mpoBecTH pobOTy
JUISE PO3pOOKHM OiIbII TOBHOTO PO3YMIHHS TOTO, SIK BHUKO-
pucroByBatu miaxiny OLAP B pexomeHmamifHUX cucTe-
Max, 1 e ysBIIsie co0010 IiKaBy W CKIaHY JOCITITHHUIIBKY
npoOiiemy.

Edexmuenicmes pexomenoauiii. IlpoGmema po3-
POOKH XOPOIIMX IMOKA3HUKIB JUISl OLIHKA €(EeKTHBHOCTI
pekoMeHzaniil Oyna IMPOKO PO3IJISHYTa B JIiTeparypi
CHCTEeMHHUX pekoMeHpawiil. [Jleski npukmany niei podoTn
BKIIOUaroTh [23], [24]. V GinmbimocTi JiTepaTtypu mpo pe-
KOMEH/IaIliifHI CHCTEMH, OLiHKa €(eKTHBHOCTI PEeKOMEH-
JamifHUX AJITOPUTMIB 3a3BHYail BUKOHYETHCS 3 TOUKH
30py METPHK OXOIUIEHHS 1 TouHOCTi. OXOIICHHSI BUMIpIO€E
BIJICOTOK €JIEMEHTIB, IS SKAX CHCTEMa PEKOMEHIAIii
MOXe poOuTH mMporHo3u [25]. Mipu TOYHOCTI MOXYTb
OyTH a00 CTAaTHCTHYHUMH, a0O0 3aCTOCOBYBATHCH ISl M-
TpUMKHU pilieHHs1. CTaTHCTUYHI MOKAa3HUKHA TOYHOCTI B
OCHOBHOMY MOPIBHIOIOTh OIIIHKU PEHTHHTY (HarpuKiaz,
sk BU3HaueHo B (1)) 3 hakTuyHnMu peliTuHramu R B mar-
puui KopucrtyBau X EnemMeHT i1 Britouae cepenHio adbco-
motHy noMmiky (MAE), cepeiHbOKBagpaTHIHy ITOMUIIKY
1 KOpeIsIilo MK MpOrHo3amH i peituaramu. Mipu mif-
TPUMKH TIPHHAHATTS PIilICHb BHU3HAYAIOTh, HACKUIBKH I0-
Ope cucremMa peKOMEHAAIlii MOXe CKIaJaTH IMPOTHO3U
BHCOKOPEJICBAHTHUX €JIEMEHTIB (HAIpUKJIAl, €IeMEHTH,
AKi OyAyTh BHCOKO OI[IHEHI KOpUCTyBayamu). BoHu
BKJIFOUAIOTh B ceOe kiacuuHi IR-Mipu ToyHOCTI (BiICOTOK
JIHACHO «BHCOKHX» PEHTHHTIB Cepel TUX, SKi Oysu mepe-
0ayeHi «BHCOKMMH» B PEKOMEHJAliiHIA cucTemi), Hara-
nyBaHHs/BIiATYK (recall) (BifcoTOk mpaBHIbHO mependa-
YEHUX «BHCOKHMX» 3HAa4Y€Hb, PEHTHHTH Ccepex YcCixX
PCUTHHTIB, $Ki, BiJOMO € «BHUCOKAMHY»), TMOKa3HHK F
(cepenne rapMoHiliHe 3HAYEHHSI TOYHOCTI 1 BIATYK) 1 Mipa
pobouyoi xapakrepucTuky npuiiMada (Receiver Operating
Characteristic, ROC), mo IeMOHCTpye KOMIIPOMIC Mik
ICTHHHUMH TTO3UTHBHUMH 1 XHOHO MO3UTHBHUMH ITOKa3-
HUKaMH B peKOMEHAAIIfHUX cucTemax [26].

Hespaxaroun Ha TOMYJSIPHICTB, Il eMITipHYHI
OLIIHKN MAaroTh MeBHI oOMexeHHs. Omue 3 0OMeXKeHb I10-
Jsirae B TOMY, IO IIi 3aXOJH 3a3BUYail BUKOHYIOTHCS Ha
TECTOBHMX JaHMX, SIKI KOPHUCTYyBaul BUPIIIMINA OLIHHUTH.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemmnuii
auanis, ynpasiinus ma ingpopmayiiuni mexnonozii, Ne 44 (1320) 2018 63



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

OpHak eJeMEeHTH, SIKi KOPHCTyBadi BBaXKarOTh 3a Kparle
OIIHIOBATH, IIBUAINIE 3a BCE, OYAyTh SBISITH COOOIO
HEPiBHOMIpHY BHOIPKY, HANIPUKIIA, KOPUCTYBa4di MOXKYTh
OIIIHIOBATH B OCHOBHOMY Ti €JIeMEHTH, sKi iM momoba-
I0ThCS. [HIIMMH cTI0BaMu, pe3yIbTaTH eMIiPUYHOT OLiHKH
3a3BUYail IIOKAa3yIOTh TUIBKH T€, HACKIJIBKU TOYHA CHCTEMa
Ha eJIEMEHTaX, sIKi KOPUCTYBa4 BHPIIINB OI[IHUTH, TOAI SIK
3IaTHICTh CHCTEMH IPABWIBHO OL[IHIOBATH BHIIAJKOBUI
eneMeHT (Ue Te, M0 MOBHHHA POOHMTH CHCTEMa IIifl 4ac
CBOTI'0 HOPMAJILHOTO HUTTEBOTO IUKITY) HE IEePEBIpIETHCS.
3p03yMijIo, IO 1€ OPOTro i TPYIOMIiCTKO MPOBOJUTH E€KC-
MEpUMEHTH, SIKi ITepeBIpAIOTh SIKICTh PEKOMEHJAId Ha
HeyIepe/DKeHil BUIanKoBil BHOIpIl, fKa PIAKO 3yCTpi-
qaroThcst. OHAK U TOTO, MO0 MIFICHO 3pO3yMITH Tepe-
Baru i OOMEXEHHS MPOTIOHOBAHUX PEKOMEHIAIIiH, HeoO-
XiTHI BUCOKOSIKICHI €KCTIEPHMEHTH.

Kpim Toro, xo4a BaXJIMBO € BUMIpIOBaHHS TOYHOCTI
peKoMeHAaniif, TeXHIYHI 3aX0nu, 3TrafaHi paHille, 9acTo
HE BPaxOBYIOTb «KOPHCHICTBY 1 «SKICTB)» PEKOMEHJAIIM.
Hanpuknan, npu crioctepiranHi 3a 3asBKOIO B CynepMmap-
KETi, PEKOMEH/IyI0YH OYEBH/IHI €JIEMEHTH (TaKi Ik MOJIOKO
4M XJIi0), SIKI CIIOKUBAa4 KYMUTH B OyIb-IKOMY BHIIQJIKY,
OyJie MaTH BUCOKI TIOKa3HUKH TOYHOCTI, OJTHAK II¢ He Oyie
JIy’K€ KOPHCHO JJIsI CHOXXKMBada. ToMy BaXJIMBO TaKOX
pO3pOOUTH EKOHOMIYHO-OpDIEHTOBAaHI MipH, Taki sKi
moKa3HUKK peHTabenbHocTi iHBecTrniit (ROI) i miHHOCTI
xkurteBoro 1wkny kimieata (LTV) [27]. Pospobka i
BUBUYEHHS 3aXOiB, CIPSIMOBAHUX Ha YCYHEHHS OOMEKEHb,
ONMHCAaHNX B IBbOMY PO3[iNTi, CKIANa€ IIKaBy 1 BayKIHBY
TIOCTITHUIIBKY TEMY.

Tnuwi poswupenns. Taun Baxiuei mpoOIeMu I0CITi-
JUKEHHSI, sIKi Oyl BHBYEHI B JITEpaTypi peKOMEHMallii-
HUX CHUCTEM, BKJIIOYAIOTh MOSCHEHHS [12], JOCTOBIpHICTH
[28], macmraboBanicth [4] Ta koH(imeHuidHicT [11].
OpHak MU He OyZeMo po3MIsiAaTH 1i poOOTH i He OyaeMo
00TroBOPIOBATH MOXKIIMBOCTI IOCHI/DKEHHS B IINX 00JIACTSX
3-32 0OMEKEHOCTI MPOCTOPY.

SWOT-ananiz orpumanux pesyastati. [lomsrae
B PO3IO/IICHH] YNHHHKIB!

e cmpHEX (Strengths)

e icmabkux (Weaknesses) CTOpiH IIPOEKTY,

e wmoximBocted (Opportunities), 0 BiAKpHBa-
I0ThCS P HOTO peajtizarii

e Ta 3arpo3 (Threats), nmoB’si3aHux 3 Horo 3fiiic-
HEHHSIM.

[Ipn mopanbmioMy po3riisiii MIXOMIB CTPYKTYpO-
BaHa iH(pOpMAIlS O KO)XHOMY 3 HANpPSIMKIB — BIUIHBH,
crnabKi CTOPOHH, MOMKIJIMBOCTI, 3arpO3H — XapaKTepu3y-
€ThCSI KUIBKICHUMM 3HAYCHHSMH, HA OCHOBI SIKHX, TPH
3acTOCYyBaHHI (DYHKITI KOPHCHOCTI MPOPAaXOBYETHCS MO-
TEHI[ia]l TOCTiHKYBaHOTO 00’ €KTa IO BiINOBITHOMY 3 Ha-
MpSIMKIB, SIK TiAXig, mo Oymyerbes B pamkax Conjoint-
aHaizy.

3 mosiBoro SWOT-mozeni ¢axisii 3 00poOKku aHami-
TUYHHUX JaHUX, OTPUMAIM BUCOKOSKICHHH IHCTPYMEHT
JUlsl IHTEJeKTyaJbHOI 00poOku iHdopmaii. 3aranbHOBI-
JIOMy, ajle HEeCTPyKTypOBaHy Ta HECHCTEMaTH30BaHy
iH(pOpMAILiIO0 TIPO CTaH CIpPaB y KOMIIAHISAX Ta PO KOHKY-
pertHe ortoueHHs, SWOT-ananiz 103Boisie CHOPMYITIO-
BaTH aHAIITUKAM y BHIJISIL JIOTIYHO TMOTO/DKEHOI CXEMH

B3a€MOJIii BIUTUBIB, CIIAOKOCTEH, MOKIMBOCTEH 1 MOrpos3.
CunibHI CTOPOHM KOMITaHIl CHPUATUMYTH 320€311€4YEHHIO
MPOCYBAaHHS TOBApiB HAa PUHKY Ta IIBHIIIOMY JOCAT-
HEHHIO CTpATETiYHUX IIiNeH, y Toi 9ac sk Horo «cimabo-
CTi» BHKJIHMKAIOTh HETaTHUBHE TalbMyBaHHs. TyT Takox
MIPUPOIHO BPAXOBYBATH MOXKIIMBOCTI W 3arpO3W 30BHIIII-
HBOTO CepeoBHINa, 0e3 SKUX HEMOMJIMBO BIpHO BH3HA-
YUTH clieHapil po3BUTKY opranizauii. lllo B cBoro yepry
CHPHUSITUME I[IHHOCTI TPOTHO3IB Ta MOHITOPUHTY JIaHHX,
Ta MiABUIIUTH KOHKYPEHTOCIIPOMOXKHICTB TPABIIiB PHHKY.

BucHoBkn. B ocTaHHI NECATHIITTS peKOMEHIAIIHHI
CHCTEMH JIOCATIIM 3HAYHOTO MPOTpecy, KoM OyJIu 3arpo-
MTOHOBaHI KOHTEHTHI, KOTaOOpaTHBHI Ta TiOPUIHI METOAH,
1 Oymu po3poOJieHI KiTbKa «IIPOMHUCIIOBHX» CHCTEM.
OHaK, HE3Ba)Kal0UM Ha BCI Il JOCATHEHHS, HHHIIIHE
MOKOJIHHSA PEKOMEHIAIHHIX CUCTEM, PO3TIIIHYTHX B Lii
CTaTTi, SIK 1 paHille BUMarae MOabIINX MOJIIIIEHb, 00
3poOuTH pekoMeHAamii OimbIT eeKTUBHUMH B OUTBII IITH-
POKOMY CIEKTpI 3aCTOCYBaHb. Y Ml CTAaTTi PO3IJISHYTO
pi3HI OOMEKCHHS ICHYIOUHMX PCKOMEHIAIINHUX METOIIB
Ta 00rOBOPEHO MOXKJIMBI PO3LIMPEHHS, SIKi MOXKYTh 3a0e3-
NeyuTn Hakkpamy pexoMeHnamii. Lli po3mupeHHst BKIto-
YaroTh, CEPEe 1HIIOro, MOKPAIIeHe MOJICIIOBAaHHS KOPHC-
TyBadiB i €JIEMEHTIB, BKJIFOUEHHS! KOHTEKCTHOI iH(opmarii
B TIPOIEC PEKOMEHIAIH, MITPUMKY OaraTOKpUTepiab-
HUX PEUTHHTIB i HaJaHHS OLTBIN THYYKOTO 1 MEHII HaB s13-
JMBOTO TIPOIlECYy peKOMeHJauiid. Mu crmoaiBaeMocs, IO
mpoOJeMH, TPencTaBleHI B I[bOMY IOKYMEHTI, OyIyTh
CHPHUATH OOTOBOPEHHIO B CITIBTOBAPUCTBI pEeKOMEHAIIIH-
HUX CHCTEM IOJ0 HACTYMHOTO MOKOJIHHS pPEKOMEHJa-
IMHKUX TEXHOJIOTH.
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B. 0. JIEHI[HHCBHKHH, I. O. IEIITHHCHKA

3ACTOCYBAHHS AKTUBHOI'O HABYAHHS B CUTYANLII IUKJITYHOI'O XOJOJTHOI'O
CTAPTY PEKOMEHJAIIIMHOI CUHCTEMH

JocmimkeHo mpobieMy HOOYZOBH PeKOMEHIALIH Ul CHCTEM eJICKTPOHHOI KOMepIii B yMOBax IUKJIIYHOTO XOJOJHOTO cTapTy. [laHa mpobiema
BHHMKA€ TPU TOCTiHHIl 3MiHI iHTepeciB KOPHCTYBadiB HMPOTATOM CTPOKY BHKOPHCTaHHsS PEKOMEHMAIWHOI mizcucTeMu. IcHyrowi migxomm mo
(hopMyBaHHS pEKOMEHJAlii B yMOBaX XOJIOMHOTO CTapTy 3aCHOBaHI Ha IIOCTYNOBOMY HAKOMMYEHHI iH(popMalii mpo crmoxkuBada i TOMy He
3a0e3MeuyIoTh PeNIeBaHTHIX PEKOMEHMANIN Y BUNMAJKy UKIIYHAX 3MiH y X IisIbHOCTI Ta iHTepecax. [yt BUpiMmIeHHS ITie€l IpoOJIeMH IPOIOHYETHCS
BPaXOBYBATH acHeKT 3MiHU IHTEpeCciB KOPUCTYBAUiB I10JI0 TOBAPIB Ta MOCIYT B Yaci. MeTta naHoi poOOTH MOJIsrae B yTOYHEHHS IPUHIMII B aKTHBHOIO
HAaBYAHHS U MOOYJOBH PEKOMEHJAI B yMOBaX 3MiHH IHTEpeCiB CIIOXKHBAdiB 3 THM, 00 3a0€3MEUHTH MOETalHe YTOYHEHHS MEPCOHATBHHX
peKkoMeHpaniil «xoIomHuM» croxkuBadaM. OTpHUMaHi pe3ysIbTaTH MICTATh y co0i AeTayi3oBaHy 3amady (GopMyBaHHS PEKOMEHMANi, Ta yTOYHEHI
NPHHIUNN aKTHBHOTO HaBYaHHJ. BUIIIEHO KIIOYOBY OCOONHMBICTD LMKITIYHOTO XOJIOAHOTO CTapTy B PEKOMEHIALIHHIM CHCTEMi, IO MOJArae B
00MEXEHOCTi Mepiofy, NPOTArOM SIKOrO MOXKe OyTH JOTOBHEHA Ta yTOYHEHA iH(opMallis Mpo KIiEHTa CUCTEMHU eJICKTPOHHOI KoMepllii. 3a3HaueHa
oco0IMBicTE 00YMOBITIOE ITOTPedy y BpaxyBaHHI acleKTy dacy npu (GopMyBaHHI pekoMeHpamiil moxo BHOopy ToBapiB Ta mociyr. ChopMyIb0BaHO
3aauy (OpMyBaHHS PEKOMEHJALiH B yMOBaxX LHUKIIYHOIO XOJOJHOTO CTAapTy SIK 3a/Jady iTEpPaTHBHOTO JOIMOBHEHHS Ta YTOYHEHHS IaHHX HOBOTO
«XOJIOZHOTO0» KOPHCTYBa4a MAaTePHAMK HAHOIIbII PO3IOBCIOUKCHHX [IUKIIIB MOBEAIHKY CIIOKMBAYiB 3 MOJANIBIINM BHKOPHUCTAHHSM KOJIabOpaTHBHOI
¢impTpanii yTouHeHHX DaHMX IS (GOpMyBaHHS peKOMeHAaIil. JIOIOBHEHO MPHHIUIN 3aCTOCYBaHHS aKTHBHOIO HAaBYAHHS ISl YMOB IHKIIYHOTO
XOJIOZHOTO CTApTy HA OCHOBI BUKOPHCTAHHS TUIIOBUX MOCITIZOBHOCTEH il KOpHCTyBaya y yaci. BkazaHi NpHHIMIN T03BOJISIOTH KOPUIYBAaTH BXIIHI
JlaHi JUISL «XOJIOZHOTO» KOPHCTyBada 3a JOIMOMOrOK EBPHCTHYHOI CTpaterii, 10 BPaxoBy€ 3MiHM y MaTEpHAX MOBEAIHKH CIOKMBadiB. IlarepHu
MOBEJIIHKH BiI0OpakaroTh IUKIIIYHI 3MiHU IHTEPECY CIIOKKMBAYiB 1010 TOBAPIiB Ta MOCIYT, 0 MPOIOHYE CHCTEMa EIEKTPOHHOT KOMEPIIil.

KiiouoBi cioBa: pekoMeHAAIliiiHI CHCTEMH, PaH)XyBaHHsS pe3yJbTaTiB; XOJOAHMI CTapT, KosabopaTHBHA (inbTpaiis, (popMyBaHHSI
PpEeKOMEH 1AL,

B. A. IEHITHHCKHH, H. A. JIEIJHHCKAA

NPUMEHEHUE AKTUBHOI'O OBYYEHUS B CATYAIIUN HAKJIMYECKOI'O XOJIOJHOT'O
CTAPTA PEKOMEH/JATEJIBbHOU CUCTEMbI

I/ICCJ’IBHOB&Ha np06ﬂeMa TIOCTPOCHUSA peKOMeHI[aLII/II\/'I 1A CUCTEM 3.TICKTpOHH017I KOMMEPIHUHN B YCIOBUAX HUKIIUYECKOTO XOJIOAHOI'O CTapTa. Z[aHHafI
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mpobieMa BO3HUKAeT HPH IMOCTOSHHON CMeHe HHTEPecoB MONIb30BaTeleidl B TEUCHHE CPOKa MCIIONB30BAHUS PEKOMEHIATENbHONW IIOJCHCTEMBI.
CymecTByromue HoaX0bl K ()OPMUPOBAHHMIO PEKOMEHIAINI B YCIOBHAX XOJIOJHOTO CTapTa OCHOBAHBI HA IIOCTEIICHHOM HAKOIUICHUH MH(OPMAIUH O
HoTpeduTesie ¥ IOITOMY He 00ECIIeUnBAIOT PEJIEBAHTHBIX PEKOMEHIAIUM B Cllydae IMKIMYECKMX H3MEHEHUH B UX JEATeIbHOCTH U UX HHTepecax. [
PpEIICHUs 3TOU MPOOIEMBI IIpeyIaraeTcsl yUUTHIBATh aCIEKT H3MEHEHHsI HHTEPECOB II0JIb30BaTeNlel BO BpEMEHH B OTHOIICHUH TOBapoB U yciyr. Llens
JTAHHOW pabOTHI 3aKJIIOYAaeTCs] B YTOYHCHUH NPHHIUIIOB aKTUBHOTO OOYYEHUs ISl MOCTPOEHUSI PEKOMEHALUH B YCIOBHSAX W3MEHEHUS] HHTEPECOB
norpedureneit ¢ TeM, yToObl O0ECHEYUTH IIO3TAITHOE YTOUHEHHE IEPCOHAIBHBIX PEKOMEHIALMH «XOJNIOJHbIMY» MoTpedutensm. [lonayueHHbie
pe3yIbTaThl BKIIOYAIOT B ce0s JeTaNN30BaHHYIO 3a/1ady (OpPMUPOBAHUS PEKOMEHIANUH, ¥ yTOYHEHHbIC IIPUHIUIIE aKTHBHOTO 00ydueHHs. Brinenena
KJIFOYeBasi 0COOCHHOCTh LMKINYECKOrO XOJOJHOrO CTapTa B peKOMEHIaTelbHOW cucreme. OHA COCTOMT B OTPaHMYEHHOCTH II€PHOZA, B TEUCHHE
KOTOPOTO MOKET OBITh JIOTIOJIHEHA M YTOYHEHAa HH(OPMANKs O KIMEHTE CUCTEMBI 3IEKTPOHHONH KOMMEpPLMH. YKa3aHHAas 0COOCHHOCTh 00YCIIOBIIMBAET
MOTPEeOHOCTh B yUeTe acIeKTa BpeMeHH NpH (OPMHUPOBAHUH PEKOMEHIalHi 10 BEIOOpY ToBapoB H yciyr. ChopMyaupoBaHa 3a1ada GOpMHPOBAHHS
PEKOMEH/IAUH B YCIOBHSAX LUKINYECKOTO XOJOIHOIO CTapTa Kak 3aJavya UTepaTHBHOIO JOMONHEHHS M YTOYHEHHS NAaHHBIX HOBOTO «XOJOJHOTIO»
HOJIb30BATENs ATTEPHAMU HauOOJIee PaclpOCTPaHEHHBIX LHUKIOB MOBEACHHUS MOTPeOUTENEH ¢ MOCIeI YoM HCIIOIb30BaHUEM KOJLIabopaTHBHOM
(UIbTpaU YTOYHEHHBIX JAHHBIX I (OPMHUPOBAaHHS peKOMEHManui. J[ONMOIHEHbl NPUHIUIB IPUMEHEHUS aKTHBHOTO OOYYeHHUs M YCIOBHI
LUKINYECKOTO XOJIOJHOIO CTapTa Ha OCHOBE HCIIOJB30BaHUs THIOBBIX IIOCIEIOBATENbHOCTEHl NeHcTBUIl MOJIB30BaTeNs BO BPEMEHH. YKa3aHHBIC
HPUHIMIBL TO3BOJSIOT KOPPEKTHPOBATh BXOJHBIC JAHHBIC JUIS «XOJOAHOTO» IOJB30BATENs ITyTeM HCIIONB30BAHUS IBPUCTHYECKOH CTpaTeruu,
YUMTBIBAIOLICH M3MEHCHHMS B MATTEpPHAX MOBeACHHMs mHoTpeOuterneil. IlaTTepHBl MOBEACHHS OTPAXAIOT LHUKIMYECKHE H3MCHCHHS HHTepeca
HOTpeOuTeNell B OTHOIICHUH TOBApPOB U YCIIYT, MPeUIaraéMbIX CHCTEMOI! JJIEKTPOHHOI KOMMEPIIUH.

KiodeBble €JI0BAa: PEKOMEHJATENbHbIE CHCTEMbI, PAHXHPOBAHHE pPE3yJbTAaTOB; XOJOAHBINA CTapT,
(hopMHIpOBaHHE PEKOMEH/ALINI.

KoJutabopatuBHas  (uibTpanus,

V. LESHCHYNSKYI, I. LESHCHYNSKA

THE USE OF ACTIVE LEARNING IN A SITUATION OF A CYCLICAL COLD START OF THE
RECOMMENDER SYSTEM

The problem of constructing recommendations for electronic commerce systems under conditions of cyclic cold start is investigated. This problem
occurs with the constant change of user interests over the period of use of the reference subsystem. Existing approaches to forming recommendations
in a cold start are based on the gradual accumulation of consumer information and therefore do not provide relevant recommendations in the event of
cyclical changes in their activities and interests. To address this problem, it is proposed to take into account the aspect of changing user interests in
relation to goods and services in time. The purpose of this work is to clarify the principles of active training to build recommendations in the changing
consumer interests in order to provide a step-by-step refinement of personal recommendations to “cold" consumers. The obtained results contain a
detailed task of forming recommendations, and the principles of active training are specified. The key feature of the cyclic cold start in the reference
system is distinguished, which is the limited period during which the information about the customer of the electronic commerce system can be
supplemented and refined. This feature makes it necessary to take into account the aspect of time when forming recommendations on the choice of
goods and services. The problem of forming recommendations in the conditions of cyclic cold start is formulated as a task of iterative addition and
refinement of the data of the new "cold" user by the patterns of the most common cycles of consumer behavior followed by the use of collaborative
filtering of the refined data for the formulation of recommendations. The principles of active training for cyclic cold start conditions based on the use
of typical sequence sequences of the user in time are supplemented. These principles allow you to adjust the input data for a "cold" user using a
heuristic strategy that takes into account changes in patterns of consumer behavior. The patterns of behavior reflect cyclical changes in consumers'
interest in the products and services offered by the e-commerce system.
Keywords: recommender systems, ranking of results; cold start, collaborative filtration, formation of recommendations.

Beryn. Pexkomenpamiiini mizcucreMu TIpH3HAYEHi
JUIS TATPAMKH BHOOPY KITI€HTIB CHCTEM €IEKTPOHHOI
KoMepIIii IUsxoM (GOpMyBaHHS pEKOMEHIAINH y BHUTIIAIL
PEHTHHTOBOTO TIEPENiKy TOBapiB Ta IMOCIYT, IO MOXYTh
3aI[iKaBUTH 1HOTO criokuBaya [1-3].

Bonu 3a6e3neuyroTh paioHanbHUN BUOIp 111 KOPH-
CTyBauiB CalTIB €JNEKTPOHHOI KOMepIlii, sSKi HEe MaroTh
Yacy JUisl TIOPIiBHSUIBHOTO aHAIi3y WIKaBUX Uil HUX TPYIl
ToBapiB Ta mocuyr [4, 5]. Hanpukiaa, MOTOKOBHI cepBic
Netflix Movie Ta MarasuH Amazon.com 3a0e3Me4yOTh
nepcoHali3amito nepeniky (GiapMiB Ta TOBapiB BiINOBIAHO
Ha OCHOBI CTBOPEHHS Jsi KOXKHOTO KOpPHCTyBada peKo-
MEH/JJOBAaHOTO YTIOPSIIKOBAHOTO 32 PEUTHHIOM CIHCKY
00’exTiB iHTepecy [6].

[ToOymoBa pekoMeHIaIiif B TaKUX CHCTEMax 0a3y-
€ThCS Ha JIBOX MPHUHIMIIOBO BiAMIHHUX migxonxax. [lep-
mWMA  miaxig nependadac BUKOPUCTAHHS JaHUX PO
BIOJI00aHHS IHIIMX crokuBauiB. Taki gaHi GOpMyOThCS
i3 icTopii ix BUOOpPY Ta MOKYIOK ab0 PEHTHHTY, IO BH-
CTaBJISIE CIIOKMBAY LIUM TOBapaM.

Januii miaxix 3aCHOBaHUM HA BUKOPHCTAHHI i7el Ipo
T€, L0 KOPHUCTYBadi 31 CXOKHUMH ICTOPISIMH MOKYIIOK
MaroTh OJu3bKi BrogoOanHs. ToMy mpu BHOOpi THITOBHX
TOBApiB Ta MOCIYT AOLIJILHO 3aCTOCOBYBaTH PEKOMEH/a-
Iii, 0 3aCHOBaHI Ha BHOOpI IHIMX KOPHUCTYBadiB B IIii
ke cdepi [1]. B pamkax maHoro migxomy iHpopmaris mpo
BJIACTUBOCTI TOBapiB Ta MOCIYI HE BHUKOPHUCTOBYETHCS.

Opnak minxig moTpeOye, MO0 HANMOBHEHICTh MAaTpHII
BXI/IHUX JaHUX MEPEBUIIyBaJIa BU3HAUCHHUH TOPIT.

AJBTepHATUBHUMA MiAXiA HA OCHOBI BHKOPWUCTAHHS
0a3m 3HaHb BpaxoBy€ IiH(GOpPMAIID TPO BIACTUBOCTI
00’exTIB iHTEpecy cnokuBauiB. Hampukian, npu nobyo-
Bl peKOMEHAaIiil st BHOOPY MOOLIBHOTO TenedoHy
BPaxoBYETbCs iH(OpMaLlisi PO eMHICTh Oarapei, po3mip
€KpaHy, 4acTOTy Ipoliecopa, Tomo. Jlanuii minxin He Bpa-
XOBYe€ 1H(OPMAIIiI0 TPO iCTOPIi MOKYMOK 1HIIMX KOPHCTY-
BadiB, OJIHAK MOTpedye MOCTIHHOT Kopekuii 6a3u (axTiB
Ta 6a3u 3HaHB, 0 TOETHYE 1Ii (aKTu i3 iHTEpecaMu Ccro-
JKHBaya.

Onmna i3 BaXJIMBHUX MpoOJeM, SKa BHUHHUKAE TPH
moOyI0BI peKOMEHAAIIHIX CHCTEM, IIe MpodiieMa XOoJo-
JHOTO CTapTy, IIOB’Si3aHa 3 BUKOPUCTaHHS CHCTEMH I
HOBHX CHOXHBa4iB a00 Ui HOBHX TOBapiB. BincyTHicTh
iHpopMaliii mpo BuOIp /i HOBUX CIIOXKHBAYiB HE JI03BO-
JISIE TIOPIBHATH HOTO 3 ICTOPi€r0 BHOOPY ICHYFOUHX KOPHC-
TyBadJiB caifTy enekTpoHHOi komepuii. Lle cTBoproe Tpyn-
HOII[I MIPU 3aCTOCYBaHHI MEPIIOTO MiAXOAYy 10 MOOYIOBU
PEKOMEHAANIHHUX CHCTEM.

3acTocyBaHHs 3aCHOBAHOTO HA BHKOpPHCTaHHI 0a3
3HaHb MiJXOJy IOB’A3aHO i3 TPYIHOIIAMH Yy BHIIQJIKy He-
MOBHOTH iH(opMalii Ipo BIACTUBOCTI HOBHX TOBapiB Ta
nociyr. JlomoBHEHHS i€l 0a3u moTpedye 3HAYHUX BUTPAT
4acy CIICMiaNiCTIB Y BIAMOBIAHIN cepi AisITbHOCTI.
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Oco0aMBO aKTyaJIbHOIO € TpoOiieMa IMKIIYHOTO
XOJIOJHOTO CTapTy, sSKa ITIOB’s3aHa HE JIMIIC i3 MOSBOIO
HOBHX CITO’KMBadiB, HOBUX TOBapiB Ta IOCIYT, a i mepio-
JTUYHOI0 3MIHOIO IHTEpEeCiB MOTOYHHX KIIEHTIB CHCTEMH
enekTpoHHoi Komepmii. Taki HMKIIYHI 3MiHH MOXYTh
Oyt ce30HHUMH (BUOIp OIATY, MyTiBOK), OB’ I3aHUMH 31
3MIHOIO MicCIIsl pOOOTH, IPOXXUBAHHS, HABUAHHSA, TIpodecii,
TOWNIO, Ta 13 BHUKOPUCTAHHSAM pI3HUX HPUCTPOIB
(xomm’toTep, TeiedoH) AN AOCTYNy JO BIANIOBITHUX
CaiTiB.

AHai3 ocTaHHIX aochaizkeHb i1 myOaikamiii. ITo-
OyIoBa peKOMEH/AI Ha OCHOBI aHAIi3y iCTOpil BIOIO-
0aHp ICHYIOUMX KOPHCTYBadiB CHCTEMH €IEKTPOHHOI
KOMepIlii BHKOHYETbCS TMEPEBaXHO 3 BHUKOPHUCTAHHAM
koJutabopaTuBHOI  Qinbrpanii [6, 7]. MeTtoau komabopa-
TUBHOI (iNbTpamnii mependadaroTh BHUABICHHS JIATCHTHHX
(akTopiB, 110 BIUIMBAIOTH Ha BUOiIp KopucrysBauis [1, 3].
Hanpuknan, mist cucteMu TponaxiB ITOTOKOBOTO Bineo
BKazaHi (hakTopu BiZoOpaatoTh 3B'I30K XKAHPOBHX 0CO0-
JUBOCTEl (iIbMY i3 iIHTEpecaMH KIIIEHTIB CTPIMIHIOBOTO
cepBicy.

3HaHHA-OPIEHTOBaHI METO/IN MOOYAOBH PEKOMEH[a-
il BUKOPUCTOBYIOTh KOHTCKCTHY IH(OpMAIit0, M0
JI03BoIIsIE QOPMYBAaTH PEKOMEHMALIl Yy BUNAJIKy HE peie-
BaHTHUX JIaHHMX PO iCTOPiIO MOIIYyKY crokuBauis [8, 9].
KonTekct Bu3Hauae yMOBH Ta OOMEXKEHHS Ha BHOIp
cnoxusaua [10, 11, 12].

[Ipu BupinieHHi mpoOIIeMH XOJIOAHOTO CTAPTY BHKO-
PUCTOBYETHCS MTOETHAHHS KojlabopaTHBHOI (imbTparii i3
KoHTeKCTHUMHU JnaHumu [13] abo momyk a0aaTKoBOi iH-
dopmMariii mpo CHOKKBaya, HANPHUKIAL B COI[AIbHUX
Mmepexax [14]. Taxi riOpuaHi MiAXOAH MOCTYIIOBO JOTOB-
HIOIOTh 1H(OpPMALiI0 MpPO CIOXKMBAaYiB Ta IMPO TOBapH.
OyiHaK BOHHM HE BPAaXOBYIOTh TEMITOPAIbHUIN acIeKT 3MiH
BIOJI00aHb CIIoXKMBava. B Toil ke yac meil acmekT Moxe
BiZoOpaxkaT Halip 3ae)KHOCTEH, SIKi BiANOBINAIOTH He-
SBHUX 3HAHHSIM croxuBadiB [15] Ta 0OyMOBIIOIOTH iX
MOBEAIHKY TIpH peaiizanii mpouecy BUOOpY TOBapiB Ta
MOCTYT B CHCTEMax eIeKTpOHHOiI komepitii. Lle i Bu3Havae
aKTyaJbHICTh TEMHU JaHOI CTATTI.

Mertor0 aaHOi CTATTIi € YTOYHEHHS NPHUHIHUIIIB
aKTHMBHOTO HaBYaHHs 100 MOOYIOBHM pEKOMEHJAlid B
YMOBax IMKJIIYHOTO XOJOAHOIO CTapTy 3 THM, I100
3a0€3MeYUTH MOXKIIMBICTh [TOETAITHOTO YTOUHEHHS IMEepCo-
HaJIbHUX PEKOMEHJalliil HOBUMH CIIO)KMBauaM 1, SIK HaclIi-
JTOK, TiJIBUIIUATH ¢(PEKTUBHICTh POOOTH PEKOMEHIAIIHHIX
CHCTEM.

st MOCSATHEHHS TOCTaBJIEHOI METH B CTaTTi BHpi-
IIYIOTHCS TakKi 3aj1adi:

— BU3HAYEHHA 33/1a4i ()OpMyBaHHS pPEKOMEHMAIN 3
ypaxyBaHHIM TEMIIOPAIBHOTO acleKTy, IO BimoOpaxae
LMKJIIYHICTE ITOBEAIHKHU CIIO)KABAYA,

— YTOYHEHHS INPUHLUIIB AKTHBHOTO HaBYaHHA 3
ypaxyBaHHSIM (OpPMYBaHHS peKOMEHJaLil B yMOBax IHK-
JYHOTO XOJOAHOTO CTAapTy PEKOMEHIAIIITHOT CHCTEMH.

3agaua c¢opmyBaHHS peKoOMeHAaUiii B yMmoBax
NMKJIYHOT0 XOJIOAHOTO CTapTy. XapakTepHa BiaMiH-
HICTh IUKJIIYHOTO XOJIOJAHOTO CTapTy IOJISrae B 0OMexe-
HOCTI Mepiofy, MPOTIArOM SKOTO JOMOBHIOETHCS TH(pOpMa-
sl TPO KIIIEHTa CHUCTEMH eNeKTpOHHOI komepuii. [Ticis
3aBepIICHHs TAKOTO Iepiofy IHTepecH KOpPHCTyBada 3Mi-

HIOIOTBCS 1 30ip iH(popMamii mpo HOro BIACTHBOCTI
MOTPiOHO TOYHMHATH CIIOYaTKy. ba3oBi NpWYWHU 3MiHU
BJIACTUBOCTEH CIIOKKMBavya OyJio0 HaBeAeHO y BCTymi. Bin-
MIHHOCTI TPaIUIIIfHOTO Ta IUKIIYHOTO XOJIOJHOTO CTapTy
MpeacTaBieHo y Taom. 1.

Tabmus 1 — BinMiHHOCTI TpamumiiHOTO Ta MUKIIYHOTO
XOJIOAHOTO CTapTy B PeKOMEHAAIiifHI CHCTeML

OnHopaszoBuit S
. Hukniuauit
XapaKkTepUCTHKH XOJIOJHUM .
XOJIOJHUH CTapT
CTapT
HenosHota inpopmarii
PO CIIOYKHBAYa/TOBAP + +
ukniyaa 3MiHa
BIIOA00aHb
KOpHUCTyBaya 3 4acoM — +
MoxnuBicTh [Iporsarom [Ipotsrom
MOCTYTIOBOTO pobotu 00MEKEHOTO
YTOYHEHHS iHpOpMaIlii | pekoMeHAamiil | iHTepBaly 4acy

IIPO CIIOXKMBAYa HOI CHCTeMH
3MiHa iHTepeciB cIo-
*KuBaya 00yMOBJICHA
BIJIOMHUMH LUKJIIYHUMU
30BHIIIHIMH (haKTOpaMu + +
3MiHa BUOOpY CIIOXKHBa-
Ya B yMOBaxX HEMOBHOI
iH(popMaLil Mpo BILIKB
30BHIIIHIX (QaKTOpIB - +

I3 HaBenennx y Tabm. 1 naHux MoOXKHa 3pOOMTH BH-
CHOBOK NP0 BaKJIMBICTh BpPaxyBaHHs aclleKTy 4acy INpH
MPOTHO3yBaHHI BHOOPY HOBOTO KOPHCTyBaya CHUCTEMH
€JIEKTPOHHOI KOMEpIii y BUITA/IKy LIMKIIYHOTO XOJIOJHOTO
crapty. ToOTO TpaguuiiiHo mpu BigcyTHOCTI iHpOpMALi
PO HOBOT'O KOPHCTyBada pEeKOMEHJalliiiHa cucrema Ha-
KOTIIMYYe€ HOoro /aHi 1 Ha I[iif OCHOBI BU3HAYA€ BIACTHUBOCTI,
SIKi MOXKYTb BIUIMBATH Ha Horo BHOIp.

OnmHak y BWIIQIKy LUKIIYHOTO XOJIOJHOTO CTapTy
Npu 3MiHI 1HTEpECiB CIOXXMBaya BCS HAKOIMYEHa IO
HBOTO iH(pOPMAIlisl CTa€ HEAKTYyaJbHOI 1 BUHUKAE MOTpe-
0a y HOBOMY ITUKJII HA0OPY ¥ aHaNi3y NaHUX MPO BIACTH-
BOCTI KJTIIEHTA CAUTY CIICKTPOHHOT KOMEPIIii.

Jns aHamizy naHMX NPO KITIEHTIB Ta BHJA4l peKo-
MeHJanii HeoOXiAHO 3HANTH KOHCTAHTHY CKIAJOBY Y
Takiil HecTabinbHIN cuTyarii. AHaui3 Tabn. 1 mokasye, mo
BKa3aHNM KOHCTaHTHHM E€JIEMEHTOM € IIMKJI HaKOTIMYCHHS
iH(popMarii Mpo XapaKTepUCTUKN KopucTyBada. st Tpa-
TUIIITHOTO OZHOPA30BOT'0 XOJOJHOTO CTapTy HEH IHKI €
Oe3nepepBHUM 1 BUKOHYETBCS IIPOTSATOM POOOTH peKOMe-
HaaliiHoi cucteMu. il HUKIIIYHOTO XOJIOMHOTO CTapTy
MOCTIIOBHICTE [ili 3 Habopy iHpopMallii MOBTOPIOETHCS
KOKEH pa3 IpH 3MiHi BIOI00aHb KOPUCTYBaya.

BinmosinHo, ¢opmamizallisi HOCTIJOBHOCTI 3MiHU
BIOI00aHs 00’€HYe IHKIM Habopy iHpopMarlii mpo
cnoxuBaya. CTBopeHHs1 0i0iiOTEKH IMaTEepHIB HaAHOULIBII
TUIIOBUX MOCJIZOBHOCTEHl BHOOpY TOBapiB Ta IOCIYT B
yaci J03BOJISIE OXapaKTEpPHU3yBaTH ITOCIIIOBHICTh 3MiHHU
IHTepeCiB CIIOKMBAYa i, TAKUM YHHOM, CTBOPUTH YMOBHU
IUIsl TTOOY/IOBU PENeBaHTHHX PEKOMEHIAH y BHIAIKY
LUKJIIYHOTO XOJIOJHOTO CTapTy.

Tpagumiiino mpu mMoOyI0BI peKOMEHAAIliil BUKOPHC-
TOBYIOTBCS 3aJIEKHOCTI r;, € R, mo BU3HAYAIOTH BaXKJINB1
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Iu1sl KopucTyBauiB U, €U mpeamern e e E , BiANOBiAHO

R:U—E.

VY BUNaAKy HMKIIYHOTO XOJIOAHOTO CTapTy JOLUIBHO
BUKOPHCTOBYBATH MOCIIIZOBHOCTI BHOOPY BaKJIMBHX IS
KOpHCTYBada MPeaMeTiB (TOBapiB, IOCIYT) BHIY:

E. =<ej,....,ek,....,e, |t]. <t, < t,> , (1)

ne  e;,e,,e, — IPEeIMETH, 1O BHOpaHi KOPUCTYBaYeM;
t].,tk,t, — MOMEHTHU 4Yacy Bn6opy Hpe}IMeTiB €;,€,,€

BIITOBITHO.

IocnigoBHOCTI (1) MOUIIBHO PO3TJISAATH SIK TEMITO-
palibHI 3HAHHS, L0 BiNOOpPaXXalOTh HESBHI IPHUYMHHO-
HACJIIKOBI 3aJIXKHOCTI, IKi 0OYMOBIIOIOTh BHUOIp KIIi€H-
TiB CaliTy €JIeKTPOHHOI KOMepLil.

BukopucranHs HaBeIeHHX IOCTIIOBHOCTEH Jae
MOXIIUBICTh TIOE€JHATH MIAXOAW O MOOYMOBH PEKOMEH-
JaIfiii Ha OCHOBi 0a3 3HaHb Ta KoiabopaTtuBHY (iTbTpa-
ito. J{s Iporo HeoOXiHO Ha OCHOBI aHANi3y MaTpuii R
BUSIBATH TIATEpHU Ta c(HOpPMYBaTH HAHOIIBII THUIIOBI IMO-
crinosHocTi E, . B monanemoMy Taki MOCIiTOBHOCTI

MOXKHa BHKOPUCTaTH JUIsi JIOIOBHEHHs iHQopmanii mpo
HOBOT'O KOPHCTYBaua.

3agaga GopMyBaHHS PEKOMEHIALIN 3 ypaxyBaHHAIM
HaBEJICHOTO TEMIIOPAIBFHOTO AacIeKTy pO30UBAa€ThCS Ha
IIBI mi3amayi:

— JIOTIOBHUTH 1H(OPMAIIiI0 PO HOBOTO KOPUCTYBada
3 ypaxyBaHHSM THIIOBUX 3alie)KHOCTEH (ab0 3aeXHOCTI)
E

cs

— BUKOHATH KOJIA0OpaTUBHY (iTBTPAIlil0 3 BUKOPHUC-
TaHHSAM BXiJHOI MaTpuili R, IO MiCTUTHh DONOBHEHY iH-
(hopMartiro mpo HOBOTO KOPHUCTYBayYa.
[epria mig3asayda 3a1a€ThCsl HACTYITHUM YHHOM:

JaHo

Ju, €U :Vjr; =0

3Hatimu 2)
. c|qu, eE

infevin=q "

0 6 iHwomy sunadky

e ¢ — KOHCTaHTa, IO 33/1a€ TUIOBHHA KUTBKICHHHA BHOIp
KOpHUCTyBaya; 3a 3aMOBYYBaHHsIM Cc=1.

VY BianmoBigHOCTI 10 Bupasy (2) s HOBOTO KOpHC-
TyBaya U;, sKuii 11e HE BUOpaB XKOIHOIO TOBapy e,

TOOTO I =0 g BciX j, HEOOXiMHO 3ajgaTW HaHI TPO

MOJJIMBI 3pOOJICHI TIOKYIIKM Ha OCHOBI 3aJIGKHOCTECH,
npencraBieHux E . To6To mob6 chopmyBaTu pejaeBaHTHI
JUTSL TaHOTO Yacy 1 B IaHiil mpeaMeTHiit o0macTi peKoMeH-
Jarii, poOWThCS NPHUIYIICHHS, IOI0 HOBHUH KOPHCTYBad
Oyzse BUKOPHCTOBYBAaTH HAWOIUIbII TUMOBUI LUK 3MIHH
iHTepeciB, BiIOOpakeHHid y BUMIIS/I HOCIIOBHOCTI BUOO-
py ToBapiB E .

KoHcranta ¢ BHM3HAua€ KUIBKICTh NMOTEHLINHO BH-
OpaHuX HOBUM CIIOKMBauyeM mpenmeriB. Ciil 3a3HaYHTH,
[0 B JAHOMY BHIAJIKY PO3IJIAAAETHCS CHUTyalis BIACYT-
HocTi iH(popMaii nmpo BubOip cnoxkuBada. KoHcranra ¢

BiZioOpaXkae MOTEHIIMHUI TUIIOBHIA BUOIp, TOMY Yy 3arajb-
HOMY BUNaJKy MOXHa 3a1aTtd 0<c<1. BruuB 3HayeHHS
C Ha PEJEeBaHTHICTh PEKOMEHAALi moTpedye MpoBeIcH-
HS IOAATKOBUX JOCIIIKEHb.

Jpyra mia3nada € THIIOBOIO B peKOMEHIANiHHil cuc-
TeMi 1 mossirae B pOpMyBaHHI PEHTHHIY €IEMEHTIB €, 5K

HAMOUIBII LIKABUX IS CIIO)KABAya Ha OCHOBI BUSBJIEHHS
JaTeHTHUX (PaKTOpiB, 110 BIUIMBAIOTH Ha Horo BuOip. [1pu
BUpINIEHHI Jpyroi mig3azadi Marpuus R Tpaaumiizo
PO3IIISIAETHCS SIK HE3MIHHA.

TakuMm 9YHHOM, TOCIHITOBHE BHpIIICHHS JBOX IiI3a-
Jlad J1a€ MOXKIIMBICTD BpaxyBaTH acleKT 3MiHHU BIIOI0OAaHb
KOPHCTYBa4ya y 4Yaci IpU MiATOTOBII pEeKOMEHAALIN s
HOBOI'O «XOJIOOHOI'O» KOpPUCTYBaua CaWTy €JIEKTPOHHOI
KOMepIii.

IpuHUUNH 32CTOCYBAHHA AKTHMBHOTO HABYAHHS
B YMOBax HHMKJIiYHOTO XOJIOJHOIO CTapTy. AKTHBHE
HaB4aHHs [16] CTOCOBHO peKOMEHAAIIHHUX CHCTEM OIS~
rae y iHTepakTHBHOMY BHOOpi HaOOpy AaHUX sl OLIbII
TOYHOTO (POpPMYBaHHSI PEHTHHTY IIKaBHUX JJIsI KOPUCTYBa-
4a 00 €KTIB.

MeTa maHOTO MIAXOMy TIONATAE Y BUOOpPI TaKWX Jaa-
HUX, 0 3a0e3neumny O mepcoHami3alliio pekoMeHaariil B
YMOBax HETOBHOTH JaHWX CTOCOBHO KPHTEpiiB, SIKi CITO-
JKUBad BHUKOPHCTOBYE IPH BUOOpPI TOBapiB Ta MOCHYT.
BukopucTaHHS aKTUBHOTO HaBUaHHSA JA€ MOXIHBICTh
3MEHIIUTU 00’ €M AaHuX sl (POPMYyBaHHS pEeKOMEH IAIliH,
BIZIKHHYTH HE pEJIeBaHTHI JaHi, SKi He MalOTh BIUIUBY Ha
BUOIp cHIOXXKMBaya.

YTOYHMMO Ta JAOMOBHMMO 0a30Bi NPUHILMUIN aKTHB-
HOTO HaBYaHHS ISl PEKOMEHJIAIiHHOT CUCTEMH 3 ypaxy-
BaHHAM OCOOJIMBOCTI IIMKJIIYHOTO XOJIOAHOTO CTapTy Ta
MOJKJIMBOCTI BUIUICHHS 3HAHB, IO Bi0OpakarOTh TEMIIO-
palbHMI acmeKT il KOpHUCTyBada CalTy eleKTPOHHOI
KOMepItii.

1) Iepconarnizaitist BXiTHUX HA OCHOBI TATEPHY IMO-
BEIIHKH KOPHUCTYBadYa.

JaHuii TpUHUMI aKTUBHOTO HAaBYaHHS MOJISITaeE y
BiAOOpl JMIIE TUX E€IEMEHTIB U, SKi BiANOBLNAIOTH Ia-

TepHy U, TOBEHIiHKM KOPHCTyBaya B Jaci.

2) BukopucranHust 00’€KTHOTO Ta 4aCOBOTO aCIEKTY
BHOOPY KOPUCTYBaya JJjIsl IEPCOHAITI3AIT TaHHX.

OO0’ekTHMI acneKT BijoOpaxkae Ti TOBapH Ta MOCIy-
rv, siki Oynm BUOpaHi croxuBadeM. YacoBuil acrekT
BiJT0Opaxae MOCIiJOBHICTh HOTO BUOODY.

3) BukopucraHHs €BPHCTHYHHX MpaBHI, SKi 00y-
MOBJIOIOTH TIOCIIIIOBHE YTOYHEHHS AaHMX U1 (opMmy-
BaHHS PEKOMEHJIalil «XOJIOJHOMY» CIIOKHBAYEBI.

VY BiONOBITHOCTI 10 HaBEeIEHWX MPHUHITUIIB, IMaTCPH
MOBEIIHKM CIIO)KMBa4a MOXe OyTH BigoOpaxeHHH ¥y
BUTIAi 3BaXKEHOT0 Habopy MmociifoBHOCTeH Bubopy E !

ch = {(Ecs ,W)} ) (3)

new — Bara E,, MO BiANOBiZa€e 9acTOTI BUKOPHCTAHHS

1i€l mociigoBHOCTI B Matpuili R .
Ha puc. 1 npeacraBieHo 3B'I30K MiXk BUHOOPOM CIIO-
KMBa4a I, TOCHIJOBHOCTAMU BUOOpPY E., a Takox

MaTepHOM TIOBEINiHKH croxuBada U, . JlaHmii 3B's30K
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BioOpakae HaBEICHUN IMPHUHIMUI BPaxXyBaHHS YacOBOTO
Ta 00’ €EKTHOI'O aCIIEKTIB.

el ez 93 94 65
U, 2 2
U 2 2
Us | 1 1
U, 1
Us

Puc. 1. YpaxyBaHHS 4aCOBHX XapaKTEPHCTHK BUOOPY MpeIMETiB
TIPY TIepCOHANI3aMIi JaHUX JUTS KOPHCTyBada

CnoxxuBad u, JBiui IOCTIJOBHO BUOpaB 00’€KTH e,

Ta e,, B MOMEHTH vacy t,Ta t,, t, Ta t, 10 B1£[06pa>l<e-

HO B nocmigoBHocTi EY). Cnokusaui u, Ta u, Tpuyi

MOCTiTOBHO BHOMpanu 00’€KTH e, Ta e, MO MpencTaB-

neno nocnigosnictio  EY . Cniokusau u, BuOpas nuuie

OJIMH MPEJMET, IO HE JI03BOJISIE BUABUTH IOCHIOBHICTH
3MiHM Horo iHTepeciB B 4aci. CroxuBad U; € «XONOJ-

HUM», TOOTO BiH 3apeECTPyBaBCS B CHCTEMi, ajie He 3po-
OUB KOJTHOTO BHOODY.

CykynHicTh mocnifoHocTel BuGOpy EYY Ta EL)

3aJa€ TaTEepH MOBEIHKH CIIOKMBaviB. B maHoMy mpukiia-
Ili B SIKOCTI Bar' MOXXEMO BUKOPUCTATH KUIBKICTh TIOBTOPIiB
BHOOpPY BiANOBITHHUX map mpenMmeTiB. Toxi maTepH moBe-
JIHKH CIIO)KHMBaYya MPUAMAE BU/:

Uss ={(ES2),(ES 3)}- (4)

VY BIAMIOBIAHOCTI O MEPIIOTrO MPHHIWIY IpH (op-
MyBaHHI pEKOMEHAALIN B YMOBaX HUKIIYHOTO XOJIOTHOTO
CTapTy JUIsl CNIOXKUBAYa U, MOKYTh OyTH BiniOpaHi nuiie

HasABHI JaHi IO CIOXUBa4aM U, U, Ta U,. 1 croxu-
Baua U, BXIiJHI JaHI He MICTATh iH(opMalii npo HuKiIiy-
Hy noBeiHKy. ToMy 1 JaHi He OyyTh BUKOPHCTAHI.

Takox npu (opmyBaHHI NaTepHy MOTEHLINHHOI IMO-
BEiHKH 1711 HOBOTO CIOXKHMBaya U, MOXKHA 3a[aTH
HIOPOrOBE 3HAYEHHS JUIs MOCHioBHOCTEH E, 1m00 BUKO-

pUCTaTH JUIIE HAWOUIBIN Y)XKWBaHI CXEMH IOBENIHKA
KoprcTyBadiB. Hampukiian, mpu moporoBoMy 3Ha4eHHI 3
NaTepH MOBEAIHKH HOBOIO CIOXXHBAa4a MAaTUME BUIIA:
Ugs ={(Eg?,3)} :

VY BIAMIOBIAHOCTI O IPyroro MpHWHIUIY, HaBEICHUH
MaTepH IMOBEIIHKM KOPHCTyBada MOXXe OyTH BHKOpPHCTa-
HUH 171 3alIOBHEHHS HOTO NaHMX «3aMOBYYBAHHAMY, SK
Oyio mokazaHo B (2).

3rilHO TPEeThOro NPUHLHUIY CHOPMYIIOEMO TaKi
eBPUCTUYHI ITpaBUJIa NepcoHai3anii JaHuX Ui KOPUCTY-
Baya B YMOBaxX IMKJIYHOTO XOJIOMHOTO CTapTy 3 ypaxy-
BaHHSIM YaCOBOT'O aCHEKTY:

1) Ins «XOJMOAHOrO» KOPHCTyBa4ya CalTy eNeKT-
poHHOI KoMmepuii, sKuid e He 3poOuB BUOOPY, (op-
MY€ETbCS TOYATKOBHH HA0Op NaHUX 3a 3aMOBYYBAaHHAM
3TiJHO TaTepHy THUIIOBOI IOBEAIHKH, IPEICTaBICHOTO
BupazoM (3).

2) icast KO’KHOTO BHOOPY CHOKMBa4Ya Habip JaHHX
3a 3aMOBUYBaHHSIM KOPHUIYETHCS HAa OCHOBI BHIAJICHHS
eneMeHTiB natepHy U, , siKi He KOPETyrTh 3 Horo norou-

HUM BHOOPOM.

BucHoBku. BuiineHo KIFOUOBY OCOONHBICTH IHK-
JYHOTO XOJIOJHOTO CTapTy B PEKOMCHIAIIWHIN cHCTeMI:
00MEKEHICTh Y Jaci mepioy, IpOTATOM SKOTO MOXKe OyTH
JIOTIOBHEHA iH(OpMaIlisi PO KITi€HTa CHCTEMH €JIEKTPOH-
HOi KoMepiii. 3a3HaueHa OCOOIUBICTh 0OYMOBIIIOE HEOO-
XIHICTh BpaxyBaHHSl acrlekTy uacy npu (opMyBaHHI
peKOMEH .

CdopmynpoBano 3amady (GopMyBaHHS PEKOMEHA-
il B yMOBaX IMKJIIYHOTO XOJOJHOTO CTapTy SK 3aJady
ITEpaTUBHOTO JOTIOBHEHHS JaHHX «XOJIOJHOT0» KOPUCTY-
Baya MaTepHaMH THIIOBHUX IMKJIB MOBEAIHKU CIIOXXHBaYiB
3 TIOAJIBIIOI0 KOJIA0OpaTUBHOIO (DITBTpPAIli€l0 YTOYHEHUX
JaHUX.

JIONOBHEHO TPWHIOMOM 3aCTOCYBaHHS aKTHBHOTO
HaBYaHHS ISl YMOB LIMKJIIYHOTO XOJOIHOTO cTapTy. Bka-
3aHI IPUHIUIA JT03BOJITIOTE KOPUTYBATH BXiTHI JaHi IS
«XOJIOHOTO» KOPHCTYBaya HA OCHOBI BHKOPHCTaHHS
eBPUCTUYHOI CTparTerii, 0 BPaxoBY€ 3MIHM y MaTepHax
MOBEIIHKU CIOXKBayiB. [laTepHU MOBEIIHKH BigoOpaxa-
I0Th IUKIIIYHI 3MIHU IHTEPECy CIIOXKMBAYiB LI0/I0 TOBapiB
Ta MOCIYT, IO MPONOHYE CUCTEMA eJIEKTPOHHOT KOMEPLIi.

3arpornoHoOBaHO €BPUCTHYHI IMpaBWIia MEepCOHaNi3a-
il 1aHUX JUTsE KOPUCTYBaya B yMOBaX LUKIJIIYHOTO XOJIOJI-
HOTO CTapTy 3 ypaxyBaHHSIM YaCOBOTO aCHEKTy
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D. E. DVUKHGLAVOV, A. V. DOLGORUKOV, S. R. SHOVKOPLIAS

DEVELOPMENT OF THE MODEL OF A DOMAIN REPRESENTATION IN THE DECISION
SUPPORT SYSTEMS

The amount of information to be processed to make effective and informed decisions in the enterprises management in modern conditions of social
development necessitates the use of decision support systems (DSS). Systems of this class provide storage and processing of large volumes of
necessary information in a certain domain. At the same time, the high dynamism of the modern world leads to the fact that the domain represented in
the system may change. This feature of modern conditions of DSS use determines the relevance of ensuring the adaptability of this systems class. This
article presents the results of research on improving considered systems adaptability by providing the possibility of the modifying domain model
represented in system being without making changes to the software architecture. The studies were aimed at resolving the discrepancy between the
requirements of the systems adaptation efficiency to new functioning conditions and the actual duration of the existing adaptation procedures. It is
shown that the traditional approach to the model representation, based on the mapping of the domain model in the relational database structure requires
the involvement of specialists in the databases development and data access software. Standard procedures for the execution of such applications can
take a long time. The approach which assumes that the domain model is stored in a special type of database in which the description of real objects,
their attributes, attribute values and relations between them become records in the tables of such a database has been proposed as a solution for the
discrepancy. This determines the possibility of the domain model modifying by changing of the tables contents without modifying structure of such
database. To determine the such database structure, the domain representation model formalized description based on set theory has been made. The
proposed approach is the basis for a software system design, using which will allow to modify the specific domain model directly by decision makers
without involving correspond software developers. The primarily implementation area of the proposed solution is data-oriented DSS.

Keywords: decision support systems, domain model, description of the object by a set of characteristics, adaptability of decision support
systems, modification of the domain model.

A. E. IBYXIJIABOB, A. B. /IOJITOPYKOB, C. P. ILIOBKOIUIAC

PO3POEKA MO/IEJII IIPEACTABJIEHHSA ITIPEJIMETHOI OBJIACTI B CUCTEMAX IIITPUMKH
NPUMHATTS PINIEHD

O6csr inpopmarii, mo migsrae o0poOIi Uit BUPOOICHHS e)EKTUBHUX i OOIPYHTOBAHMX pIllleHb NPH YIPABIIHHI ITiINPHEMCTBAMU B Cy4acHHX
YMOBax PO3BUTKY CYCIIIBCTBA, BUKJIMKAE HEOOXiTHICTH BUKOPHCTAHHA CHCTEM HinTpuMKu npuidHATTS pimensb (CIIIIP). Cucremu Takoro kiacy
3a0e3meuyloTs 30epiranas i 00poOKy BenHMKUX o0csriB HeoOXigHoi iH(opmanii B meBHiH mpexMerHii obmacti. IIpy nmpoMy BHCOKa AMHAMIYHICTH
CY4YacCHOTO CBIiTy NpPH3BOAWTH [0 TOTO, IO MOJEIb MPEAMETHOI 00JAaCTi, IO MPEJCTABISEThCA B CHCTEMi, MOXE 3MiHIOBaTHCA. Taka 0coOIHMBiCTh
cydacHuX ymoB 3actocyBaHHs CIIITP 00ymMOBIIOE aKTyalbHICTh 3a0€3MEUCHHs aJaTHBHOCTI CHCTEM JaHOTO Kiacy. Y JaHil CTaTTi MpeACTaBICHI
Pe3yIbTaTH HOCIiKEHb, IPUCBSIYCHHUX ITi[BUINCHHIO aJaTUBHOCTI PO3IIITHYTUX CHUCTEM 33 PaXyHOK 3a0e3IeUeHHs MOKIIMBOCTI Mo ikamii Mozerni
npeameTHoi obxacri, o npencrapiserbes y CITTIP, 6e3 BHeCeHHs 3MiH B apXiTeKTypy HPOrpaMHOro 3abe3nedcHHs. JlocnikeHHs Oyan crpsMOoBaHi
Ha PO3B'SA3aHHS CYNEPEYHOCTI MK BUMOTAMH OTIEPATHBHOCTI aIalTallii CHCTEM JI0 HOBUX YMOB (DYHKIIIOHYBaHHS i pEaJbHOI TPUBAIICTIO ICHYFOUHX
npouenyp anantamii. [TokasyeTbes, MO TpaguUidHUI MiAXiX A0 TMOJAHHS MOJEINi, 3aCHOBaHWI Ha BiOOpakeHHI MOJeNi mpeaMeTHoi o0aacTi B
CTPYKTYpi pensuiiiHoi 6a3u 1aHKX, B pa3i HEOOXiHOCTI 3MiHM BUMArae 3aqy4eHHs (axiBIiB 3 po3pobKku 6a3 JaHHUX i MPOrPaMHOTO 3a0e3MEUCHHS IS
nocTymy a0 maHuX. CTaHTapTHI MPOLEAypH BUKOHAHHS TaKHX MOAHGIKaIiif MOXXYTb PO3TATHYTHCS Ha JOCHTH TpHBAIHK dac. B fKkocTi pimeHHS
MPOIOHYEThCS MiAXiN, KUl mependadae 30epiraHHS Mojelni ImpeaMeTHoI obyacTi B 06a3i JaHWX CIIELIaJIbBHOTO BHUJY, IPH SIKOMY OINC PeadbHHX
00'exTiB, 1X aTpuOyTIB, 3HAaUCHb ATPHOYTIB i BIAHOCHH MDK HHUMH CTAIOTh 3allMCaMH B TaONUIsAX Takoi 0asu manux. Lle BH3Hayae MOXIMBICTH
MoaMbikamii Mozeni npeaMeTHOT 001acTi IUIAXOM 3MiHM BMICTY TaOJHIb Takoi 0a3u naHux 0e3 Moaudikauii cTpyKkTypu. J{s BU3HAYEHHS CTPYKTYPH
TaKoi 6a3y JaHWX BUKOHAHO (hOpMaTi30BaHMI OIMC MOJENI IPeCTaBICHHS IIPeAMETHOI 001acTi Ha OCHOBI TeOpil MHOXKHH. 3alipONOHOBAaHHH ITiIXix €
OCHOBOIO JUIsl pO3POOKH CTBOPEHHS MPOIPAMHOI CHCTEMH, 3aCTOCYBAHHS SKOi JO3BOJHMTh MOAM(IKyBaTH MOJelb KOHKPETHOI NpeAMeTHOI obiacti
Oe3nocepeiHbo (GaxiBISIMU 11010 HPUHUHATTS pillieHb Oe3 3aly4yeHHs NpPEeACTaBHHUKIB po3poOHMKa BianoigHoi cuctemu. Cdeporo BIPOBaKEHHS
3anpoIOHOBAHOTO pimeHHs € nepi 3a Bece CIITIP, opieHTOBaHI Ha J1aHi.

Ku1ro4oBi c10Ba: cuCTeMHU MIATPUMKH HPHAHATTS PillleHb, MOAEIB MIPEIMETHOI 001acTi, omuic 00'eKTy HAOOPOM XapaKTEPHUCTHK, afallTHBHICTh
CHCTEM MiATPUMKH NPUHHATTS pillieHb, Moau(iKallis MOJEIi MPeAMETHOT 06acTi.

A. 3. ABYXTJIABOB, A. B. JOJIT'OPYKOB, C. P. LIOBKOITIAC

PA3PABOTKA MOJEJI PEJICTABJEHMS IPEAMETHOM OBJACTU B CHCTEMAX
MHNOAAEPKKU NIPUUHATUSA PEIIEHUU

O0beM mHpoOpMaIHK, MOMIeKaIei 00paboTke Ui BBIPAOOTKH S(G(EKTHUBHBIX M OOOCHOBAaHHBIX PEUICHHW TPH YIPABICHHU MNPEANPUITHSIMU B
COBPEMEHHBIX YCIIOBHAX PAa3BUTHUs OOIIECTBA, BBI3BIBAET HEOOXOANMOCTE HCTIONB30BaHMs CUCTEM TToIepkkn npuHsTHs pemennii (CIITIP). Cucremsr
TaKoro Kiacca 00ecreYnBaroT XpaHeHne 1 00paboTKy OonbIMX 00bEMOB HEOOXOAMMO HH(OPMALUK B HEKOTOPOIT peaMeTHOH obnacTu. [Tpu sTom
BBICOKAsl THHAMUYHOCTh COBPEMEHHOTO MHpa MPUBOIHUT K TOMY, YTO MOJIEIb IPEIMETHOM 00IaCcTH, MPEACTABIIEMON B CHCTEME, MOXET H3MCHSITHCS.
Taxast ocoOeHHOCTh coBpeMeHHbIX ycnosuii mpumeHerns CIITIP obycnaBnnBaeT akTyabHOCTE 0O€CIIEUeHNs alaTUBHOCTH CUCTEM JTAaHHOTO Kiacca.
B naHHO# cTaThe MHpEACTaBICHBI PE3yNbTaThl MCCICIOBAHHM, MOCBSIICHHBIX ITOBBINICHUIO aJalTHBHOCTH PAacCMaTPHBAEMBIX CHUCTEM 3a CHET
obecredeHNsT BOSMOKHOCTH MOAM(UKALINK MOJIECIH HPEACTABISIEMON IPEIMETHOM 001acT 6e3 BHECCHUSI N3MCHEHHMI B apXHTEKTYPy HPOTPAMMHOTO
obecnieuenns. HMccienoBanns ObIIN HAaNPABIICHBI HA Pa3peIICHHE MPOTUBOPEUHs MEXKY TPEOOBAHHAMH ONEPATUBHOCTH aJalTalliH CHCTEM K HOBBIM
yCIOBUSIM (DYHKIMOHMPOBAHHUS M PEalIbHOH IPOIOKHTEIBHOCTBIO CYIIECTBYIONMX Ipoueayp ajantaruu. IToka3blBaeTcst, YTO TpaIMIHOHHBII
HOZXOJ K IIPEeICTaBICHHIO MOJIENH, OCHOBAHHBIH Ha OTOOPaXKCHUH MOJIEIH IPEAMETHONH 00IaCTH B CTPYKType PEILIIHOHHON 6a3bl JaHHBIX, B CIIydae
HEoOXOMMOCTH M3MEHEHHs TpeOyeT MPHUBIICYEHN CIEIUAIICTOB M0 pa3padoTKe 6a3 JaHHBIX M IIPOrPaMMHOTO 00ECIIEUeHHs IS IOCTYTIA K JJAHHBIM.
CTaHfapTHBIC TPOLEAYPHl BBHINOIHEHUS TAaKMX MOAM(UKALMIA MOTYT pPacTAHYTbCS Ha JOCTaTOYHO JUIMTEIbHOE BpeMs. B KkauecTBe pemreHus
IpeIaraeTcs HoAX0, KOTOPBIH Ipe/ronaraeT XpaHeHHe MOJIENH IIpeAMeTHOi obnacTy B 6a3e JaHHBIX CHEIHAILHOTO BU/A, IPH KOTOPOM OIHCAHHE
peabHBIX 00BEKTOB, MX aTPUOYTOB, 3HAUECHUH aTPUOYTOB M OTHOLICHUH MEXy HUMH CTAHOBATCS 3alUCAMH B TaOJIMIAX Takoil 6a3bl JaHHEIX. DTO
ompenesseT BO3MOXHOCT MOMU(MHKALMH MOJCTH MPEIMETHOH 00nacTH IyTeM H3MEHEHHs] CONCPIKMMOro TaliiMIl Takod 0a3bl NaHHBIX 0e3
Moau(UKaUU CTPYKTYpsl. [ ompeneneHnst CTPyKTYpbl TakoW 06a3bl JaHHBIX BBINONHEHO (OPMAIU30BAHHOE ONHCAHUE MOJIENU HPEICTABICHUS
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IpeMETHOH 00JIacTH Ha OCHOBE TEOPHU MHOXKECTB. IIpeu1oxkeHHbIH OAX0] ABISIETCS. OCHOBOM ISl pa3pabOTKH CO3JaHUSI IIPOrPAMMHOIl CHCTEME,
IpHMEHEHHe KOTOPOH MO3BOIUT MOAU(HIUPOBATE MOAEIb KOHKPETHOH HMpEeIMETHOH 00JIAacTH HEMOCPEACTBEHHO CIEHHAIHCTaMU 110 HMPHHSITHIO
pelieHuil 0e3 MpUBICYEHHS NpeICTaBUTENeH pa3paboTynka cOOTBETCTIBYIOMmeH cucTeMsl. Chepoil BHEAPEHUS MPEUIOKEHHOTO PEIeHHs SBISTIOTCS

npexae Beero CIIIIP, opueHTHpOBaHHbBIE HA AaHHBIE.

KiroueBble ¢10Ba: CUCTEMBI MOANEPKKH MPHHATHSA PELICHUI, MOIeNb MpeIMeTHOI 001acTH, OnucaHue 00BEKTOB HAOOPOM XapaKTEpHCTUK,
alalITUBHOCTH CUCTEM IOANEPIKKU IPHHATHS PeUICHNH, MOAU(UKALUS MOJETN IPEAMETHOH 001acTH.

Introduction.

The effectiveness of activities in most industries is
determined by the quality of decisions that are made.
Decisions can be considered “good” if in the process of
their preparation all known factors are analyzed, possible
consequences of the decisions taken are determined, they
are accepted by the deadline. Such an approach is
important for the management of enterprises, for
predicting the development of economic situations, in
military affairs, in medicine, in power engineering, etc.

The amount of information to be processed to make
effective and informed decisions in the enterprises
management in modern conditions of social development
necessitates the use of decision support systems (DSS).
Systems of this class provide storage and processing of
large volumes of necessary information in a certain
domain.

At the same time, the high dynamism of the modern
world leads to the fact that the domain area represented in
the system may change. This feature of modern conditions
of DSS application determines the relevance of research
on improving the adaptability of this class systems.

Literature review and problem statement.

General decision making issues are presented
in [1-3]. Questions on the purpose of DSS, their
classification, their structure and principles of
development can be found in [4-6]. In [6] presented in
particular the definition of DSS, which is considered in
the research. Decision Support System (DSS) is a
computer-aided computer system whose goal is to provide
assistance to decision makers in difficult conditions for a
complete and objective analysis of the subject activity.
DSS in most cases is an interactive automated system that
helps decision makers use data and models to identify and
solve problems and make decisions.

Requirements defined for the DSS, include one
which considered that in such a class of systems it is
necessary to ensure the possibility of adapting changes to
requirements and external conditions for making
decisions. In turn, the provision of such a "flexibility"
contributes to improving the reliability of systems, which
refers to the ability of the system to perform the required
functions over a long period [7].

Adaptability of data-oriented DSS can be achieved
by quickly changing the domain model presented in the
DSS. Traditionally, the domain model in such systems is
implemented in the tables structure of the DSS data
management system. The most common is the variant of
organizing data storage in relational databases [8, 9]. If the
database structure changes, either the field (s) will be
added to a specific table, or a new table will be added.
Modern development practices suggest that a graphical
user interface is being developed to fill tables with data.
This can be either desktop forms or web-pages. Changes
in the structure will necessarily require changes to the data

entry interface. In work [10] it is shown that at the present
time to modify the DSS database and the interface for its
content only specialists with special knowledge and skills
can be involved. Taking into account the fact that these
specialists and users are often far from each other, the
time for modifying the database structure and software
modules for data manipulation can take quite a long time,
makes relevant the possibility of making changes by users
of the system.

Thus, it can be argued that there is a contradiction
between the requirements of the efficiency of adapting
systems to new operating conditions and the actual
duration of the existing adaptation procedures. The
solution may be to modify the database structure without
the participation of programmers and without refactoring
software components.

An approach to solving this problem was proposed
in [10]. But practical developments have shown that the
presented approach does not take into account the
existence of a connection between typical objects of the
region.

The purpose of the article.

The purpose of the article is improving a method of
structuring information about the domain, which used in
decision making process, due to the representation in mo-
dels of the relationship between the objects of the domain.

Representation domain method improvement.

The essence of an approach to structuring is based on
a fact that a subject industry is a set of objects. Each
object describes a set of characteristics whose values form
a clear idea of it. Experts should define types of classes
for the structuring of the subject industry. Such a division
will allow organizing the characteristics in a bulk form
and provide in a certain sequence according to user
requirements. The principle of representing the types of
objects is demonstrated in Fig. 1. Formally the type of
TOb; objects can be described as follows

TOb; = (NTOb;,RATOb?), €))

where NTOb; — a name of a type;
RATOb' —a set of descriptions
associated with this type

characteristics

RATOb! = {RAY}. )

Each element of a RATOb' set corresponds to
establishing a connection between an object type and the
corresponding characteristic:

RAY & Ay, — TOD,. ©)

It is assumed that there is a set of characteristics A =
A, Ay, oo A1, Ay Asrs - Ay, Which can be used to
describe any type of an object.
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Fig. 1. Structure of representation of a typical object of the
subject field

Also, when establishing a connection "object type-
characteristic", a class K;j
(K} € K', K" is a set of classes of the i-th type defined for
the content structuring of the characteristics) is defined, to
which a characteristic will be included, as well as

restrictions are determined on the value of the
characteristic RA;... So:

RAY, = (Ap.Kij,PAYL). 4

Thus, a feature is included in only one class K;; The

list of PA; limits depends on the type of value of the
characteristic and differs when using the characteristic to
describe objects of different types. The field of use of the
method allows one to determine that the characteristic can
store the value of one of six types: integer values (not a
small part is allowed); numeric (the small part is allowed);
symbolic; logical (true or false); date and time.

For each characteristic, restrictions are set for
acceptable values. If a characteristic type is set to "listed",
then a pre-defined set of possible values from which you
can choose the desired option is pre-defined for it. For
non-listed characteristics, values are arbitrary.

Depending on the type of values, one can set
additional parameters. Thus, the method assumes that the
logical value is an enumerated value with two possible
values - "yes" and "no". For character non-listed values,
one must set a maximum length of a value. For other
types, if an arbitrary value is taken, maximum and
minimum values that will determine the range of possible
values should be set.

Part of the information on the domain is determined
by the presence of different objects of relations of
different types TL,, TL, € TL. The ratio is binary and is
set between the object types. Relationships of one type
can be established between different types of objects. The
set of relations taking place in the domain is a set TLOb:

TLOb = {TLOb, } =

= {{TOb,,TObg,TL,,RALP")}. ()

Relationships can also have attributes that are
described in the same way with the attributes of object
types, that is, they are also formed a description RALPI",
which defines the values range of attribute A,,, which is
used to describe the type TL, between objects types TOb,,
and TOb,. The difference is that the relationship
characteristics are not structured. This is determined by
the fact that the number of attributes describing the
relationship does not usually exceed 5. Thus, we obtain:

RALPY™ = {< RALET >} =
= {< A, PALDT >). (6)

The structure of a typical description of the
relationship between objects is illustrated in Fig. 2.

TLOb,
TOb, _“"i TL, __ TOb,
P an
A N
/ N oh
o N TR
VI B W
KR\[ "'"1 [ RAL®F| ... [RALRY
. N .-/ Nty
4 = — 1 By ™\
> 23 ™~ 2 % DX
|_\_» Ay /g cse G A, : ',1 we Ay P, A

Fig. 2. The structure of the description of the typical relationship
between objects

On the basis of certain types of objects, objects will
be created next to certain objects of the domain:

Obi = 0b(TOb;) =< NObL,ZAl >, ™

where NOb}, — a object name;

ZAL = {ZAm}, ZAD € PA}) —a value set of n-th
object i-th type.

This will characterize the transition from a general
description of the domain structure to the detailed one.
The defined structure of a particular Ob} object in this
case contains the values of corresponding characteris-
tics ZA,,,.

Fig. 3 illustrates how the
presented to the user.

information will be

Ob,

i 1 ]

'l

k\h

@@ EBEE® @

Fig. 3. The structure of i-th object instance
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After creating certain objects between them, the
relation of this form is established:

LObf = {LOby} =
=< TObY,TOb],TL,,ZALKT >. (8)

Each of these relationships is created on the basis of
a predefined relationship type LOby = LOb(TLOD?).
TObY and TOb,! — these are instances of objects defined in
the typical description of the relation TLObS®; the relation
characteristics take values from the corresponding values
set defined for them when creating the type of relation;

ZALK € PALRT, 9)

The structure of the relationship between certain
objects is illustrated by Fig. 4.

Establishing relationships between types has the
following features:

— relationships between different types can be
established between two types of objects;

— a relationship between the types is characterized
by a different set of characteristics;

— a list of types of relations coincides with the types
of binary relations that are established between the entities
of the database.

LOb;

Ob!

2 MY aar ) CZALE
ZALY' ) wee (( ZALY ) - ( ZALY )

7~

Fig. 4. The structure of the relationship between two objects
instances

The principles for defining a set of characteristics for
relations are similar to setting characteristics for an object
type. Often, such a set is empty, because the importance of
the presence of the relationship is important. Practical
developments indicate that the number of relationship
characteristics is not very large, so structuring on the
classes is not used.

To create a domain model in accordance with the
proposed principles, it is necessary to develop a structure
for storing model components and a software system for
working with them. When forming the requirements for
the system architecture of the software system, the
features of enterprise management should be taken into
account. presents the requirements that the developed
system should be placed on the server and provide a
convenient interface to the user through the desktop client
("thick client" — for visual and interactive visualization),
and through a browser ("thin client" — fewer features, but
access is possible with any computer, without any preset).
In addition, in the same work it is proposed to provide for
the possibility of integration with existing accounting

systems of enterprises [11]. In modern conditions, a
promising direction should be considered integration with
SAP [12].

Conclusions.

Thus, the set of object types, their characteristics,
relations between them allows us to represent the subject
area of the decision-making task. Creating a domain
model in accordance with the proposed approach has a
similar sequence with the creation of the database table
structure. But the proposed method provides the creation
of an interface for inputting model components that
describe an arbitrary subject area. The presence of such an
interface will allow changing the create or change the
domain model by decision makers in the case of
expanding its boundaries. It should also be noted that the
creation of such an interface will allow you to enter
information about new objects immediately after creating
the object type and determining (adding) characteristics
and relations. This, in turn, increases the level of
adaptability of DSS, first of all, of data-oriented DSS.
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D. L. ORLOVSKYI, 4. M. KOPP, O. O. KUZMIN

INFORMATION SUPPORT FOR THE ANALYSIS OF SKILLS AND ABILITIES OF UNIVERSITY
STUDENTS

In the below article, the application of the fuzzy logical conclusion method is considered as decision-maker in the process of analyzing the students
skills and abilities based on the requirements of potential employers, in order to reduce the time of the first interview for potential candidates on a
vacant position. When analyzing the results of the assessment of the competence of university students, a certain degree of fuzziness arises. In modern
practice, fuzzy logic is used in many different assessment methods, including questioning, interviewing, testing, descriptive method, classification
method, pairwise comparison, rating method, business games competence models, and the like. Each of the methods has its advantages and
disadvantages, but they are effective only as part of a unified personnel management system. As a method for implementing a systematic approach to
the assessment of the contingent of students, it is proposed to use fuzzy logic, a mathematical apparatus that allows you to build a model of an object
based on fuzzy judgments. The use of fuzzy logic, the mathematical apparatus of which allows you to build a model of the object, based on fuzzy
reasoning and rules. The most important condition for creating such a model is to translate the fuzzy, qualitative assessments used by man into the
language of mathematics, which will be understood by the computer. The most used are fuzzy inferences using the Mamdani and Sugeno methods. In a
fuzzy inference of the Mamdani type, the value of the output variable is given by fuzzy terms, in the conclusion of the Sugeno type, as a linear
combination of the input variables. Research in the field of application of fuzzy logic in socio-economic systems suggests that it can be used to assess
the competencies of university students.
Keywords: choice of alternatives, fuzzy logic, automated information system, fuzzy conclusion, fuzzy judgments, aggregation of alternatives

JI. JI. OPJIOBChKHH, A. M. KOIIIT, 0.0. KY3bMIH

IH®OPMALINHA MIATPUMKA AHAJII3Y HABUYOK TA 3AIGHOCTE KOHTUHTEHTY
CTYJEHTIB BUIIIOT'O HABYAJIBHOI'O 3AKJIALY

V nawiit po6oTi pO3IrIAHYTO 3aCTOCYBAHHS METO/y HEYiTKOTO JIOTi4HOrO BHCHOBKY [UIS MiATPUMKH NPHUIHATTS PillleHb B 3a7a4axX aHaili3y HaBUYOK Ta
31i0HOCTeH KOHTUHIEHTY CTYJCHTIB BHXOAAYM 3 BUMOI MOTEHLIHMX poOOTONABIIB, 3 METOK 3MEHILUEHHS Yacy Ha IIepBUHHY 00poOKy iH(opmariii
II0/I0 TOTCHIIHHNX KaHANIATIB HA BaKaHTHY mocaxy. [1ix yac aHamizy pe3ysibTaTiB OLIHKHA KOMIETEHTHOCTI cTyaeHTiB BH3 BuHnKae meBHa cTymiHb
HEYITKOCTi. Y Cy4acHill NpaKkTHIi HEYiTKa JIOriKa 3aCTOCOBYEThCS y OaraTboX Pi3HHX METOAaX OIIHKH, y TOMY YHCIi aHKeTyBaHHS, iHTEpB’IO,
TECTYBaHHS, ONMCOBMI MeTOA, MeToJ Kiacu(ikalii, IapHe MOPIiBHAHHSA, PEHTUHTOBHI METOJ, JJIOBI irpu MoJei KOMIETEeHTHOCTI Tomo. KoxeH 3
METO/IiB Ma€ CBOI IEPeBaru Ta HENOMIKH, ane eeKTUBHI BOHH TIIBKH B CKJIal €AMHOI CHCTEMH YIpPABIIHHS MEPCOHAIOM. SIK METOM TSl peasizarii
CHCTEMHOTO IiJXO/y /10 OLIHKH KOHTHHIE€HTY CTYAEHTIB 3alpOIIOHOBAHO BUKOPHCTOBYBATH HEWiTKY JIOTiKy, MaTeMaTHYHHMII amapar, sKuil J103BOJIse
noOylyBaTH MOJEINb 00’€KTY, 3aCHOBAaHY Ha HEWITKMX PO3CyJax i mpaBuiIaX. BUKOpHCTaHHS HEUIiTKOI JIOTiKH, MaTeMaTHYHMI amapat sIKoi J03BOJIsie
no0yyBaTH MOJIENb 00'€KTa, 110 IPYHTYETHCS HA HEYITKUX MIpKYBaHHSX 1 nmpaBuiax. HaliBaxnuBiiia yMoBa CTBOPEHHS TaKOi MOJIEINI TOJISITAE B TOMY,
mo0 MepeBecTH HEYiTKi, SIKICHI OI[HKH, IO 3aCTOCOBYIOTHCS TIOAMHOIO, HA MOBY MAaTEMATHKH, sika Oyle 3po3yMila OOYMCIIOBAIbHIM MAIIHHI.
Haii6inbur BHKOPUCTOBYBAHMMH € HEUiTKI BUCHOBKHM 3a JOMOMOTOI0 croco6iB Mamuani ta CyreHo. Y HeuiTKOMY BUCHOBKY THITy MaM/1aHi 3HaUCHHS
BUXIZIHOT 3MIHHOT 33Jal0ThCSl HEUITKMMH T€pPMaMH, y BHCHOBKY Tumy CyreHo — sk JiHiiiHa koMOiHauis BXiAHMX 3MiHHUX. JlocmipkeHHst B cdepi
3aCTOCYBAaHHsI HEUIiTKOI JIOTiKH B COI[IOEKOHOMIYHMX CHCTEMax JO3BOJISIOTH TOBOPUTH PO MOXJIMBICTh ii BUKOPHCTAHHS I OIIHKH KOMIIETECHIIIH
CTY/ICHTIB BUIIMX HAaBYAJIbHHX 3aKJIaliB.

KurouoBi ciioBa: BuOip anbTepHAaTHB, HEUiTKa JIOTiKa, aBTOMAaTW30BaHa iH(pOpMaliiiHa cUCTeMa, HEWiTKHH BHCHOBOK, HEYITKi CYIXKCHHS,
arperyBaHHs aJbTEPHATHB.

JI. JI. OPIOBCKHH, A. M. KOIIII, A. O. KY3bMHH

UH®OPMAIIMOHHAS IMTOJJIEPKKA AHAJIMN3A HABBIKOB 1 YMEHUI KOHTUHI'EHTA
CTYJAEHTOB BBICHIEI'O YYEBHOTI'O 3ABE/IEHHU S

B nmauHOIf paboTe pacCMOTPEHO HCIOIb30BAaHHE METOJa HEYETKOIO JIOTMYECKOTO BEIBOJA JUIS IOJICPIKKH NMPUHATHS PEIICHUS B 3a/adax aHain3a
HaBbIKOB M YMEHMI KOHTUHI€HTA CTY/IEHTOB UCXOAs U3 TpeOOBaHUI MOTEHIMAIBHBIX Pa00TOAATENEH, C LIEIbI0 YMEHbIIEHHS BPEMEHH Ha NEPBUYHYIO
00paboTKy HHPOpPMALUK KacaTeIbHO MOTEHIHAIBHBIX KaHIHIATOB Ha BAKAHTHYIO NOJDKHOCTD. IIpH aHamm3e pe3ynbTaToOB OLIEHKU KOMIETEHTHOCTU
CTYZICHTOB BY30B BO3HHUKAET OINPEJICICHHAs CTENEHb HEUETKOCTU. B COBpeMEHHOM NMpakTHKE HEYeTKas JIOTHKA IMPHUMEHSAETCS BO MHOTUX Pa3JIMUHbIX
MeTo/laX OLCHKH, B TOM YHCJIC aHKETHPOBAaHHE, MHTEPBBIO, TECTHPOBAHUE, OIMCATEIbHBIN METOA, METON KilacCH(UKAIMH, MapHOE CpaBHEHHE,
PEUTUHTOBBII METOJ, IeT0BbIe UTPBI MOJIEH KOMIIETEHTHOCTH U TOMY Nogo0Hoe. KaXkIblii 13 METO0B HMEET CBOM IPEUMYINECTBA M HEAOCTATKU, HO
9 }EeKTUBHBI OHH TOJBKO B COCTaBE CIWHOM CHCTEMBI yIpaBleHHs IepcoHaioM. Kak MeTon Ui peann3aliii CHCTEMHOTO IMOAXOJa K OLCHKE
KOHTHHI'€HTA CTYICHTOB IPEUI0KCHO HUCIONB30BaTh HEUETKYIO JIOTHKY, MaTEMaTHICCKHUIl almapar, KOTOPBIil MO3BOJISET IIOCTPOUTh MOJENb O0OBEKTA,
OCHOBAaHHYIO HAa HEYETKUX CYXICHHsAX. Vcromp3oBaHHe HEUYETKOH JIOTMKH, MaTeMaTUUECKHH ammapaT KOTOPOH II03BOJSIET IOCTPOHTH MOJEIb
00BEeKTa, OCHOBBIBASICH Ha HEUETKUX PACCYXICHHSAX M IpaBHIaX. BaxHelillee ycloBHe CO3JaHHS TaKOH MOJIENH 3aKJIFOYAaeTCsl B TOM, YTOOBI
NEPEBECTH HEUETKHE, KAUECTBEHHBIC OLIEHKH, IPUMEHSAEMbIC YEJIOBEKOM, Ha SI3bIK MAaTEMAaTHKH, KOTOpas Oy/AeT MOHATHA BBIYUCIMTEILHONW MallIUHE.
HaubGonee ucnonp3yeMbIMU SIBIAIOTCS. HEUETKHE BBIBOBI C IOMOIIBIO ctoco6oB Mamaanu u Cyreno. B HeueTkoM BbIBoAe THIIa MaMmIaHH 3HaYCHHE
BBIXOJHOI IIEpEeMEHHON 3aJaloTCsi HEYeTKHMH TepMaMH, B 3aKmoucHHH Tuma CyreHo — Kak JIMHeWHash KOMOWHAIMS BXOJHBEIX IEPEMEHHBIX.
HccnenoBanust B 00J1acTH NPUMEHEHHS HEYETKON JIOTHKU B COLIMO’KOHOMUYECKHUX CHCTEMaX MO3BOJISIOT FTOBOPUTH O BO3MOXKHOCTH €€ HUCIIOIb30BaHUS
ULl OIGHKH KOMIICTEHIIUH CTY€HTOB BY30B.

KiioueBble ciioBa: BHIOOpD aJbTEPHATUB, HEYETKas JIOTMKA, ABTOMATH3UPOBAHHAs CHCTEMa YIPABICHUS, HEYCTKUH BBIBOJ, HEUYETKHE
CY’K/I€HUs], arperUpOBaHKe aJlbTePHATUB.

Introduction. Systems based on fuzzy logic have
been developed and successfully implemented in such
areas as process control, transport, home appliances,
medical and technical diagnostics, financial management,
financial analysis, stock forecasting, pattern recognition,

risk and critical activity research, earthquake forecasting,
assembly of bus schedules, climate control in buildings.
Most modern control problems cannot be solved
simply by classical methods because of the very large
complexity of mathematical models that describe them.

© D. L. Orlovskyi, A. M. Kopp, O. O. Kuzmin, 2018
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In today's conditions, more than ever, the issues of
employment of university students are being considered.
Also, the question appears about the students training,
which should as much as possible answers to the
employer’s requirements.

The development of a decision-making mechanism
for the objective assessment of students' knowledge and
skills is actual subject for now. Such a task is poorly
structured. In the conditions of incompleteness and
inaccuracy of information, the construction of an exact
mathematical model is problematic. On the other hand, the
creation of a model of complex objects that is poorly
formalized becomes difficult to implement. In this cases,
the most effective are fuzzy simulation methods, which
are largely based on knowledge of experts, on the basis of
which, in turn, positive results can be obtained in the
iterative process of refinement of a consistent model. In
this regard, it is advisable to use the method of fuzzy
logical conclusion for solving the problem of assessment
and analysis of skills and competences of students of
higher educational institutions.

Purpose of the study. The purpose of this work is to
justify the practical use of fuzzy logical conclusions in
order to make decisions in the selection of the most
trained students for employment in an IT company. It will
also help reduce the burden on HR managers and reduce
the time spent on interviewing.

Analysis of recent research. In recent years, the
number of publications on the theoretical and applied
aspects of the processing of fuzzy information has
increased. Software and hardware-software complexes
have been developed to support decision-making based on
fuzzy logic and knowledge with different levels of
intelligence [1, 2].

The subject area of recent research is the applications
in home appliances, medicine and other areas of human
life [3-5]. It should be noted that the latest applied
developments unite the direction of implementation of one
of the possible modifications of the algorithms of fuzzy
logical conclusion, namely, the composite conclusion.

Using fuzzy logic to assess competencies. In
modern practice, fuzzy logic is used in many different
evaluation methods, including questionnaires, interviews,
testing, descriptive method, classification method, pair
comparison, rating method, business models of
competency, etc. [5, 6]. Each of the methods has its
advantages and disadvantages, but they are effective only
as part of a unified HR system. It is necessary that the
evaluation methodology, which provides the basis for the
implementation of functions of personnel management:

e was bhased on objective information and provided

objective assessments of candidates;

e encouraged those who select to justify a decision

based on an agreed system of criteria;

e ensured mutual understanding of the parties in

the assessment of personnel [7];

e ensured implementation  of

decisions.

When analyzing the results of staff assessment there
is a certain degree of fuzziness. As a method for

management

implementing a systematic approach to personnel
assessment, it is proposed to use fuzzy logic, a
mathematical device that allows constructing a model of
an object based on fuzzy discretions and rules. The most
important condition for the creation of such a model is to
translate the fuzzy, qualitative estimates that are used by a
person into the language of mathematics, a computer that
is understandable [8, 9]. Research in the field of fuzzy
logic in socioeconomic systems [10] allows us to talk
about the possibility of its use for assessing the
competences of university students.

Formulation of the problem. A typical example of
a selection problem is the consideration by the leadership
of an organization of candidates for internships.

The task is to use the fuzzy inference method to
identify the best bidder.

Let U — many elements, A — its fuzzy subset, the
degree of membership of which is a number from the unit
interval [0, 1]. Subset A are values of the linguistic
variable X.

Let the set of solutions characterized by a set of
criteria Xy, X5, ..., X;,, ie, linguistic variables on base sets
Uy, Uy, ..., U, respectively. A set of several criteria with
corresponding values characterizes the idea of satisfactory
solution.

Variable S "satisfactorily" is also linguistic. Example
of pronunciation:

d;: «if X; = low and X; = good then § = high».

In general, the expression is as follows:

di: «if X; = A;;and X, = Ay and ... X, = A;,, then S
= B;».

We will mark the section X; = A4;,inX, =A4,;N
..X, = A,; by X = A;. The operations of the intersection
of fuzzy sets correspond to finding the minimum of their
membership functions:

“Ai (9) = Iglean {uAi,l (ul)auAl.’l (uz)a ’uAi,p (up)} >

where V = U; X Uy X...X Upj = (Ug,Uz,m ., Up), Ha(Wy) —
value of the element u; of the fuzzy set A;;. Then the
statement will look like:

d;: «if X = A;, then S = B;».

Denote the base set through W. Then A' — fuzzy
subset W, while Bt — fuzzy subset of the unit interval I.

The implication of fuzzy sets is expressed in the
following way:

ny(w,i) = g}si&l/{l,(l —pa(w) + HB(i))},
where H — fuzzy subset.
Similarly, the statement d,, d,, ..., d, converted into

plural Hy, H, ..., Hy.
Their association is plural D:

D=H;UH,U..UH,
and for everyone (w,i) e W x I:
I"I‘D(in) = min{uH’(W’i)}si = 192a (.
wEW
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Consider the choice of alternatives, each of which is
described by a fuzzy subset C from a subset W.
Satisfaction of the alternative is determined on the basis of
the compositional rule of withdrawal. Then:

Mg (1) = max{min{uc (w),up (w,0}}.

Comparison of alternatives
estimates.

is based on point

Ag = {xla(x) 2 ax €1},

For each A, can calculate the average number of
elements M (4,):

a; +b;
i 12 L(b; + a;)

(b +a)
Then the point value for the plural A4:

Omax
[ Mde
0

M(Aa) =

M(4) =
max
where o, — Value at which 4 has a maximum.

When choosing alternatives, satisfaction is
determined for each of them and the corresponding point
score is calculated. The best is considered an alternative
with its greatest value [11, 12].

To solve the problem of identifying the best
candidate for a particular job, we propose the use of
client-server technology based on the use of the MySQL
database server, the programming language PHP, JS, CSS,
HTML. In the fragment of the data model, the following
entities are represented.

The structure of the database is illustrated by the
database fragment, which is shown in Figure 1. The given
fragment shows the main essence (tables) through which
data about students, their skills, competencies, levels of
competences are stored.

The sequence of software use may be as follows.
Students who are considered as potential candidates make
tests or fill out questionnaires on the basis of which basic

navik

organizaciya

4 ¥d_organizaci

wd_navik

Nazvanie_navika

information about their competences, knowledge and
skills is formed. This information falls into the database.
Then, with the help of software, the primary assessment of
the contingent of students is carried out, on the basis of
which a list of candidates is created, which is ranked by
the value of the point estimate. These data are primary to
select the most promising candidates, followed by an
additional interview.

The task is to use the method of fuzzy logical
conclusion to find the best bidder. An example of
selecting a junior front-end developer for a specific
position, the main requirements of which are:

e DI: «If the candidate has the skills to work with

JS, CSS3, HTMLS5, then he satisfies (which
meets the requirements)»;

o D2: «f it is with d1 has the skills to work with

JQuery, then he more than satisfiesy;
e D3: «If it is with d; has the skills to work with
Bootstrap, then he more than satisfiesy;

o D4: «f he has all the stipulated skills in d;, d5,

ds, then he is impeccabley;

e DS5: «If he do not have the skills to work with JS

or CSS3 or HTMLS, he does not satisfy».

The analysis of the five pieces of information gives
the five criteria that are used to make a decision:

o X1 — the skill of working with JS;

o X2 — the skill of working with JQuery;

o X3 — the skill of working with CSS3;

o X4 — the skill of working with HTMLYS5;

o X5 — the skill of working with Bootstrap.

Figure 2 depicts the rules for this competence.

We have 4 candidates to evaluate their competencies.
Information about candidates Candidatel — Candidate4 is
arbitrary, based on restrictions on the disclosure of
personal data. Estimates for each candidate are presented
in Table 1.

tip_navika

wd_tip_navika

nazvanie_tp_navika

nazvanie_organizacs | shials_ot
shkala_do & i = X
bk | id_tip_navika (FK) Sp_podivergdeniya
vid_rabol | id_tp_podtvergd
did v urovni_navikoy r
~< d_wid_raabob | s —imbcbeoi | nazvamie_tip_podivergd
| navanie | d_ur_nav
| Nazvane_wovma B | podivergd_navka
uroven_kompetenc DR Z
| oA Ty | 3282:2'32 \ | ||r1_nodr.~wgrj_nawka
~ id_urovma_kompet PO A7
l y | wd_navik (FK) \ L nazvanie_podivergd
| nazvame_urovnia_kompet | ‘ organ_vidavshry »—
l | sostav_kompet } data_wdachi |
| | kompetenciya ek meisha g id_tp_podvergd (FK' | |
| [ id_sostava | id_nav_st(FK) |
. | d_kompetencii id_kompetenca (FK) ‘
| d nazvanie_organizach =~ d_ur_nav (FK) ! navik_studentov |
. = ‘& id_urovnia_kompet (FK) - | id_nav_st |
= —® id_vid_raabot (FK) sce e e ]
id_organizacii (FK) st_id | ocenka_st
e = =@ d_ur_nav (FK)
FIO \ st_d (FK)

Fig.1. A fragment of the data model
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W opanmna MNpaauno
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') Ecrw HTML o JOuwy v Boolskup # CSS3 v JS ro sonbuint Bosynpenil x
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DG MOMHAT BT AR YIOH ELnm B CHoionnt s Taxon KUt yoosmermcomcusd e x
Dolinsre cpasunc
Fig. 2. Rules of competence
Table 1 — Estimates for each candidate
. Skills
Candidates JS JQuery CSS3 HTML5 Bootstrap
Candidatel 0.8 0.5 0.5 0.1 0.3
Candidate2 0.6 0.78 0.8 0.77 0.5
Candidate3 0.3 0.8 0.33 0.5 0.2
Candidate4 0.3 0.2 0.75 0.78 0.8

Thus, using the software developed, we can give a
point-by-point evaluation to each candidate and draw
conclusions about which candidate is best suited for this
vacancy.

Figure 3 shows the results of the evaluation of
candidates with the help of the developed software.

Damvunus Hus OmjecTao Oueima
Cang 0l ancicato2 Candidaned g,7041
Canadated Cancidated Candiderad 0.49357

Fig. 3. Results of the analysis

The dot satisfaction rating for the alternative
candidatel is 0.3, for candidate? it is 0.7041, candidate3 —
0.4257 and candidate4 — 0.4957. As the best alternative,
we select the candidate with the highest score. Table 2
shows the rating of candidates.

Conclusion. The results of the study suggest that the
use of the fuzzy logic method favors the selection of the
most suitable candidates for a particular position and
thereby reduces the time spent on processing information

about candidates by HR-manager of the company, which
interacts not with dozens but with hundreds of candidates.
This methodology gives information about the candidates,
and the final decision is made by the person who has this
authority.

The considered methodology for evaluating the
competence of specialists can be adapted for other
spheres, taking into account the specifics of the enterprise
and the features of the personnel management system.

References

1. AwnppeitunkoB A. B., AnppeiiunkoBa O. H. Awanus, cunmes,
nAaHuposaHue peweHuil 6 SKkoHomuke. MockBa: @OHHAHCH U
craructrka, 2000. 368 c.

2. Kosanenko W. U., ®apuonosa T. A., Ilpuxomsko C. b. Memoows
npunamus pewenuti. Hukonaes: HYK, 2009. 180 c.

3. Kpan H. II., ¥O3esuu B. M., Vmpasninus posgumkom cKiaOHux
cucmenm. JIbBiB: Ilpint200, 2012. 132 ¢

4. Bellman R. E., Zadeh L. A. Decision making in a fuzzy
environment. Management Science. Vol. 17. P. 141-164.

5. KubGanoB A. f. Vmpasnenue nepcomanom opeanuzayuu. Mocksa:
Undpa-M, 2010. 638 c.

6. WeanoBa C. B. Hcxyccmeo noobopa nepconara. Kax oyenums
yenogeka 3a yac. Mocksa: Anprnuna [Ta6mummeps, 2011. 230 c.

7. Marypa M. WU., KypbatoBa M. B. Cospemennvie nepconan-
mexnonocuu. Mocksa: Yrpasnernue nepcornaiaoM, 2003. 384 c.

8. Piegat A. Fuzzy Modeling and control. Szczecin: Springer, 2001.
772 p.

Table 2 — Rating of candidates

Candidates 35 JQuery csss3kms HTML5 Bootstrap Spot assessment
Candidate2 0.6 0.78 0.8 0.77 0.5 0.7041
Candidates 0.3 0.2 0.75 0.78 0.8 0.4957
Candidate3 0.3 0.8 0.33 05 0.2 0.4425
Candidatel 0.8 05 05 0.1 0.3 03

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XI1Iy. Cepisn: Cucmemnuii
80 auanis, ynpasninus ma ingopmayiini mexnonoeii, Ne 44 (1320) 2018



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

9.

10.

11.

12.

Kpyrnos B. B., lmu M. ., T'ony6os P. 0. Hevemxas noeuxa u
uckycemeennvie Heviponnvie cemu. MockBa: ®Puszmatimur, 2001.
347c.

Kymuk P. B. IIpumeHeHHe NpPUHLUIOB HEYETKOW JIOTHKH B
merogonorun BSC. Dxonomuueckue nayku. 2009. Ne 7 (56). C. 322—
325.

Bbopucos A. H., Kpymbepr O. A., ®emopos U. II. [Ipunamue
pewenuil Ha ocnoge Heuemkux moolenei. Pura: 3unarae, 1990.
184 c.

Zeng J., Liu Z. Q. Type-2 fuzzy sets for handling uncertainty in
pattern recognition. Proc. «FUZZ-IEEE». Vancouver, 2006.
P. 6597-6602.

References (transliterated)

Andreichikov A. B., Andreichikova O. N. Analiz, sintez,
planirovanie resheniy v ekonomike [Analysis, synthesis, planning
decisions in the economy]. Moscow: Finansy i statistika Publ., 2000.
368 p.

Kovalenko . 1., Farionov T. A., Prikhodko S. B. Metodyi prinyatiya
resheniy [Decision-making methods]. Nikolaev: NUK Publ., 2009.
180 p.

Krap N. P., Yuzevich V. M. Upravlinnya rozvitkom skladnih
sistemeniy [Managing the development of folding systems]. Lviv:
Pront200 Publ., 2012. 132 p.

Bellman R. E., Zadeh L. A. Decision making in a fuzzy
environment, Management Science, 1970. pp. 141-164.

10.

11.

12.

Kibanov A. Ya., Upravlenie personalom organizatsii [Organization
Personnel Management]. Moscow: Infra-M Publ., 2010. 638 p.
lvanova S. V. Iskusstvo podbora personala. Kak otsenit cheloveka
za chas [The art of recruitment. How to evaluate a person in an
hour]. Moscow: Alpina Publishers Publ., 2011. 230 p.

Magura M. I., Kurbatova M. B Sovremennyie personal-tehnologii.
[Modern personnel technologies]. Moscow: Upravlenie personalom
Publ., 2003. 384 p.

Piegat A. Fuzzy Modeling and control. Szczecin: Springer, 2001.
772 p.

Kruglov V. V., DIi M. I, Golubov R. Yu. Nechetkaya logika i
iskusstvennyie neyronnyie seti [Fuzzy logic and artificial neural
networks]. Moscow: Fizmatlit Publ., 2001. 347 p.

Kulik R. V. Primenenie printsipov nechetkoy logiki v metodologii
BSC [Application of Fuzzy Logic Principles in the Methodology of
BSC]. Jekonomicheskie nauki, 2009, no. 7 (56), pp. 322-325
Borisovand A. N., Krumbergand O. A., Fedorov |. P. Prinyatie
resheniy na osnove nechetkih modeley
[DecisionMakingBasedonFuzzyModels], Riga: Zinatne Publ., 1990.
184 p.

Zeng J., Liu Z. Q. Type-2 fuzzy sets for handling uncertainty in
pattern recognition. Proc. «FUZZ-IEEE». Vancouver, 2006.
P. 6597-6602.

Received 05.09.2018

Bioomocmi npo asmopis / Ceedenus 06 asmopax | About the Authors

Opnoscoruit JImumpo Jleonioosuu (Opnoeckuit Imumpuii Jleonudosuu, Orlovskyi Dmitro Leonidovych) —
KaHIUIAT TeXHIYHUX HAyK, IOUEHT, HarioHanbHUI TeXHIYHUH YHIBEpCUTET «XapKiBCHKUH MONITEXHIYHUN 1HCTUTYTY,
JoreHT Kadempu mporpamuoi imkeHepii Ta iHdopmamiitaux TexHomorii ympasniausa, ORCID: https://orcid.org/0000-
0002-8261-2988; e-mail: ordm@kpi.kharkov.ua.
Konn Anopin Muxaiinosuu (Konn Anopei Muxaiinosuu, Kopp Andrii Mykhailovych) — HarionansHuit
TEXHIYHUH YHIBEPCUTET «XapKiBChbKMH MONITEXHIYHMH IHCTUTYT», acmipanT KadeIpu HporpamHOi iHXKeHepil Ta
indopmarniiiaux Texnosoriit ynpasninas,; ORCID: https://orcid.org/0000-0002-3189-5623; e-mail: kopp93@gmail.com.
Kysomin Onexcin Onezosuu (Kysemun Anexceir Onezosuu, Kuzmin Oleksii Olegovich) — Hamionansauii
TEXHIYHUH YHIBepcUTET «XapKIBCHbKHH MOJMITEXHIYHUH IHCTUTYT», CTYAEHT KadeIpu IporpamMHoi imkeHepil Ta

iHpOpMAIIHHIX TEXHOJIOT1H YIpaBIiHHS; ORCID: https://orcid.org/0000-0001-6527-9477; e-mail:
oleksii.kuzmyn@gmail.com.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemmnuii

auanis, ynpasiinus ma ingpopmayiiuni mexnonozii, Ne 44 (1320) 2018 81



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

UDC 519.2 DOI: 10.20998/2079-0023.2018.44.14
M. A. ZARUDNIEV, V. O. HUZHVA

COST AND COMPLEXITY RESEARCH OF SOFTWARE DEVELOPMENT TO SOLVE THE
PROBLEM OF INVENTORY MANAGEMENT

The article describes the process of estimating the cost and complexity of software development for the task of inventory management of a commercial
enterprise to improve the decision-making process at the stage of formation of requirements for similar software products. There are different
approaches to inventory management of a commercial enterprise. The algorithms implemented in the system are based on the constraint theory tool —
dynamic inventory buffer management. Inventory management according to the theory of restrictions allows to provide a high level of availability of
goods with minimal inventory in the system. After analyzing the subject area of inventory management and the methodology of dynamic inventory
buffer management, a list of functional and non-functional software requirements was formed, and a data model was designed. The information
obtained was used to compile a list of logical files and transactions specific to a particular requirement. From the resulting list of files and transactions,
it is determined which elementary data, elementary records and links to files they consist of. The information obtained was used to estimate the size of
the software at non-aligned functional points. To take into account the impact of non-functional requirements on the complexity of software
development, the VAF alignment factor was calculated, for which it is necessary to give a qualitative assessment of the impact of system-wide
requirements on the complexity of the software. The estimation of the complexity of the development was obtained using the COCOMO I
methodology, namely, using seven multipliers of the complexity for the case of the initial assessment at the stage of approval of requirements. The
calculations were obtained for teams with different professional level and equipment, in the conditions of a significant tightening of the development
process, a high level of certainty of risks, without a rigid schedule of work. The cost of development was calculated for several common programming
languages: J2EE, C#, C++.

Keywords: software, evaluation methods of cost and complexity, COCOMO Il method, the task of managing vending inventory based on
demand.

M. A. 3APY/ITHEB, B. O. 'YKBA

JOCJIIKEHHSA BAPTOCTI TA TPYJOMICTKOCTI PO3POBKH ITPOI'PAMHOI'O
3ABE3IIEYEHHSA 3AJIAYI YITPABJIIHHSA 3AITACAMM IJAIIPUEMCTBA

V cTarTi ONHCy€eTHCS MpoLeC OLIHKU BapTOCTI i TPYAOMICTKOCTI PO3pOOKH IporpaMHOro 3abe3nedeHHs 3a/adi YIpaBIIiHHS 3aacaMy TOPTriBeILHOIO
HiMPUEMCTBA IS MOJIIIIEHHS TPOLecy NPUHHATTS pillleHb Ha eTarni GopMyBaHHSA BUMOT 10 aHAJIOTIYHMX HPOTPAMHHX NPOAYKTiB. ICHYIOTH pi3Hi
iIXOAU [0 YNpaBIiHHS 3aMacaMH TOPTOBOTO MiANPHEMCTBA. AJTOPHTMH, peani3oBaHi B CHCTEMi 3aCHOBaHi Ha IHCTPyMEHTI Teopii OOMEeXeHb —
JIMHAMIYHOMY yIpaBIliHHI Oydepom 3amaciB. YIipaBIiHHS 3ar1acaMy 3 Teopii 0OMeKeHb J03BOJISIE 3a0€3IIeUNTH BHCOKHI PiBeHb HAsBHOCTI TOBapy IPH
MiHIMaJIBHHUX 3amacax B cucTeMi. [IpoaHamizyBaBIIM NpeJMETHY 00NAacTh yNpaBlliHHA 3allacaMy i METOAOJIOTII0 IMHAMIYHOTO KepyBaHHS Oydepom
TOBAapHUX 3amaciB OyB c)oOpMOBaHHI CMUCOK (QyHKIIOHATBHUX 1 He(YHKI[IOHATBHUX BHMOT JO HPOrPaMHOTO 3a0€3IEUeHHs, a TAKOXK CIPOEKTOBaHA
Mozenb JaHux. OTpumana iHdopMmanis Oyia BUKOPHCTaHA JUIs CKIAJaHHS HepelliKy JIOTIYHHX (ailiB 1 TpaH3akmii, XapakTepHHUX IJIsI KOHKDETHOI
BHMOTH. 3 OTPHMAHOTO CITHCKY (aifliliB i TpaH3aKIiii BU3HAYCHO, 3 AKMX CJICMEHTAPHHX JAHMX, CJIEMEHTApHHUX 3aIMCIB i MOCWIaHb Ha (aiiin BOHH
ckianaoTbes. OTpumana iHpopMaris Oyina BUKOpUCTaHA JUIsl OLIIHKY PO3MIpy MPOTrpaMHOro 3a0e3nedYeHHs B He BUPIBHAHUX (YHKIIOHAIBHUX TOYKAX.
Jlnst o6utiky BIUIMBY (DYHKIIOHAJIBHHUX BHMOT Ha TPYAOMICTKICTH PO3pOOKH IpOrpaMHOro 3abe3nedeHHst OyB MOpaxoBaHHN (HaKTOp BHUPIBHIOBAHHS
VAF, nns 4oro HeoOXifHO AaTH SIKICHY OIIHKY BIUIMBY 3arajJlbHOCHCTEMHHX BHMOT Ha TPYAOMICTKICTh HporpamHoro 3abesmeueHHs. OmiHka
TPYIOMICTKOCTI po3poOku Oyina orpumana 3 BukopuctanusM merogonorii COCOMO II, a came 3 BUKOPHCTaHHSIM CEMHU MHOXXHHKIB TPYJOMICTKOCTI
JUISL BUIIAJKy INEPBUHHOI OLIHKM Ha eTami 3aTBepUKCHHS BHMOT. Po3paxyHku Oyny oTpuMaHi I KOMaHJ 3 pi3HMM NpodeciiHUM piBHEM i
YCTaTKYBaHHSM, B YMOBaX 3HaYHOTO TMOCHJICHHS IIPOIECY PO3POOKH, BHCOKMM DiBHEM BH3HA4YCHOCTI PH3HMKIB, 0e3 xopcTkoro rpadika pooOiT.
Bapricts po3po0ku Oyna po3paxoBaHa JUIsl JEKIJIbKOX MOMMPEHUX MOB nporpamyBanHs: J2EE, C#, C++.

KuiouoBi ci10Ba: nporpaMHe 3a0e3nedeHHs, METOAM OLIHKH BapTocTi Ta TpyaomicTkocti, Mmeroq COCOMO II, 3ana4ya ynpapiiHHS TOPrOBUM
iHBEHTapeM Ha OCHOBI IOTHUTY.

M. A. 3APY/IHEB, B. A. 'Y2KBA

UCCJIEJOBAHUE CTOUMOCTH U TPYJOEMKOCTH PASPABOTKH ITIPOTPAMMHOI'O
OBECIIEYEHWSA IJI PEHIEHUSA 3AJTAYU YITPABJIEHUSA 3AITACAMMU TPEITPUATUA

B craTbe omHMCHIBAaETCSI MPOLIECC OLEHKH CTOMMOCTH ¥ TPYAOEMKOCTH Pa3paboTKU MPOrpaMMHOI0 00ECTICUCHHs 3a/1aul yIPaBICHHs 3aracaMi TOpro-
BOTO MpPEINPUATHUS I ydydIIeHHs Ipoliecca IPHHITHA pellieHHi Ha Tane (popMUpOBaHHs TpeOOBaHUII K aHAIOTUYHBIM IIPOrPAMMHBIM IPOIYKTaM.
CyIecTBYIOT pa3iIHYHbIe MOAXOIbI K YIPABICHHIO 3allacaMd TOPrOBOTO HPEANPHUATHS. AJTOPUTMBI, PEalH30BaHHBIC B CHCTEME OCHOBAaHBI Ha WH-
CTPYMEHTE TEOPUH OTPaHUYCHUH — TMHAMHUYCCKOM YIpaBlieHHH Oy(hepoM 3amacoB. YIpaBlieHHE 3amacaMy 10 TCOPUH OIPaHHYCHUI MO3BOJISIET obec-
HEYUTh BHICOKUH ypOBEHb HAIMYMS TOBapa MPHU MUHUMAIBHBIX 3alacax B cucteMe. IIpoaHanu3upoBas peIMETHYIO 001acTh yIPaBICHHS 3alacaMy U
METOJIOJIOTHIO TUHAMHYECKOTO yIpaBieHHs! OydepoM ToBapHBIX 3amacoB ObUI ¢(OPMUPOBAH CHHCOK (DYHKIMOHAIBHBIX U He()yHKIMOHAIBHBIX Tpe-
60BaHHMI K IPOrPaMMHOr0 00ECTICYEHHMS, @ TAKXKE CIPOCKTHPOBAaHa MOJENb NJaHHBIX. [lonydeHHas nHpopManus Oblia HCIOIb30BaHa ISl COCTABICHUS
NepeyHs Joruyeckux (aiaoB U TpaH3aKIMK, XapaKTepHbIX U1 KOHKPETHOro TpeboBanus. M3 nomy4yeHHoro cnucka (aityioB u TpaH3akuuii onpenene-
HO, U3 KaKUX 3JIEMEHTAapHBIX JaHHBIX, YJIEMEHTapHEIX 3aluceil U cChUIOK Ha (aifinbl oHu cocTosT. [lomydeHHas nH(OpManys OblIa HCIIOIb30BaHA JUISL
OLICHKH pa3Mepa MPOrpaMMHOro o0eCcIieueH s B He BHIPOBHECHHBIX (DYHKIHOHATIBHBIX Toukax. I ydera BIMSHUS HE(QYHKIMOHATIBHBIX TPEOOBaHUMH
Ha TPYZOEMKOCTh pa3pabOTKH MPOrpaMMHOro obecnedeHus Obut nocunTal (akrop BeipaBHUBaHMSA VAF, 1yt uero Heo0OX0MMO JaTh KaueCTBEHHYIO
OLICHKY BIIMSTHUSI OOLIECUCTEMHBIX TPeOOBaHHII Ha TPYIOEMKOCTB IPOrpaMMHOTr0 obecniedenns. OLeHKa TPyI0eMKOCTH pa3paboTKH ObLIa MOJIydYeHa ¢
ucnonb3oBanueM Mmerogosnorun COCOMO II, a MMEHHO ¢ MCHOJIB30BAaHMEM CEMH MHOXKUTENEH TPYIOEMKOCTH /sl Clydas MEepBUYHON OLEHKH Ha
JTane yTBepiKAeHUs TpeOoBaHHI. PacueTsl ObIIM MOIydYeHBI I KOMaH[ C Pa3sHbIM NpodecCHOHATbHBIM YPOBHEM H 00OPYAOBAaHHEM, B yCIOBHAX
3HAYUTENBHOTO YXKECTOUEHHS TIpoIiecca pa3paboTKy, BRICOKMM yPOBHEM OMPE/IEICHHOCTH PHCKOB, Oe3 skecTKoro rpaduka pabor. CTomMocTs paspa-
00TKM OblJIa pacCUMTaHA JUISl HECKOJIBKUX PACIIPOCTPAHEHHBIX SA3bIKOB nporpammupoBanus: J2EE, C#, C++.

KiioueBble ci10Ba: mporpaMMHOE OO€CIedYeHHe, METOJbl OLEHKH CTOMMOCTH H Tpynoémkoctu, Meroq COCOMO I, 3anaya ynpaBneHus
TOPTOBBIMH 3allacaMH Ha OCHOBE CIIPOCa.
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Introduction. Modern Ukrainian trade enterprises of
small and large businesses are faced with the problem of
optimal inventory management. Neglect of this type of
management activity can lead to significant material
losses.

The most common solution to this problem is to
manage inventory without or partially using automated
tools. However, often trade enterprises are limited in
funds allocated for management functions. Therefore, the
management of the enterprise has to either neglect careful
planning of reserves and suffer losses, or invest significant
funds.

To minimize the described costs, the best solution at
the moment will be the introduction of a full-fledged
automated inventory management system at the trading
enterprise. This will reduce the number of employees
engaged in accounting, speed up cost planning and reduce
the impact of the human factor. The process of developing
inventory management software is complex and requires
significant labor costs. The cost and complexity of its
development depends on the size of the software, the level
of competence of the developer, the presence of previous
experience in the development of similar systems and
many other factors [1].

At the stage of identifying the requirements for the
system there is a need to assess the cost and complexity of
the implementation of certain of its functionality and
qualities, the relevance of which the more complex and
large-scale project. Only highly qualified experts in the
subject area of inventory management, whose availability
requires additional financial costs, are able to carry out
such an assessment with high accuracy immediately.

The main task of estimating the cost and complexity
of software development is to support decision — making
for optimal allocation of project resources at the stage of
requirements formation [2].

Purposes and research problems. The purpose of
this work is to assess the cost and complexity of software
development to solve the problem of inventory
management.

To achieve this goal, the article solves the following
tasks:

o the analysis of methods for assessing the cost and
complexity of software development and the
choice of the most appropriate;

e the analysis of the subject area of inventory
management of the enterprise;

e the methodology of inventory management of
commercial enterprise with current demand on
the basis of the tool of the theory of restrictions
is described;

o detailed functional and non-functional software
requirements as well as data model are
developed;

o the estimation of the size and on its basis
calculated the complexity and development time.

The subject of the study is the process of assessing
the cost and complexity of software development. The
size of the software is estimated according to the method
of functional points, and the complexity — according to the

COCOMO Il model.

The object of the study is the software for solving
the problem of inventory management of commercial
enterprises. Functional and non-functional requirements to
it were put forward on the basis of the analysis of the
subject area and methodology of inventory management
of commercial enterprise.

Analysis of methods for estimating the cost and
complexity of software development. Among the
considered models for estimating the cost and complexity
of software development, the COCOMO Il model was
singled out as the most popular and having sufficient
accuracy to make an adequate decision in the framework
of requirements management [3].

The most detailed model that is used when the
project is fully ready for development uses 17 multipliers
of labor intensity (cost factors) and 5 factors that
determine the scale of the project. The model itself has the
following form:

17
PM = A-SIZEE nEMi ,
i=1

where SIZE — product size in KSLOC;
EM; — multipliers of labor intensity.

5
E=B+0,0IZSF-,

j=1
where SF; — scale factors;
A = 2,94;
B =0,91.
Values of EM; and SF; parameters are tabular [4].
Functional points method (Functional Points

Analysis — FPA) is used to estimate software size in
functional points. It allows you to estimate the size of the
software product based on the functionality demanded by
the customer and supplied by the developer. Evaluation of
the number of functional points (FT) for the software
product is derived from the data that are determined by the
analysis of the information area and the study of the
features of its future operation.

The evaluation procedure consists of the following
steps [5]:

1) Definition of the boundary of the product.

2) Definition of data and transactions (operations on
the data).

3) Counting the number of non-aligned function
points.

4) Determination of factor values align (Value-
Alignment Factor — VAF).

5) Counting aligned function points.

The complexity of the files depends on the number
of logical data groups (Rets) and the number of unique
data fields (DETS). The complexity of transactions
depends on the number of different files modified or read
in a transaction (FTR) and the number of unique data
fields (DET). Each RET/FTR or DET component can
have one of three difficulty levels: L — low, A — average,
H — high. The method of function points of the matrix
determines the complexity of the data file and transaction.
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To account for the impact of non-functional
requirements on the complexity of software development,
there is a VAF alignment factor. For its calculation it is
necessary to give a qualitative assessment of the impact of
system-wide requirements on the complexity of the
software.

Having received the necessary estimate of the size of
the software, you can calculate the complexity of its
development. To do this, you need to transfer the software
size to SLOC according to the table 1:

Table 1 — Estimation of the number of lines of code of one
functional point

Estimation of the number of lines of code of one

Computer functional point

language Likely Optimistic | Pessimistic
C 148 9 704
C++ 60 29 178
C# 59 51 66
J2EE 61 50 100
JavaScript 56 44 65
Visual Basic 50 14 276

Analysis of the methodology of stock management
of the commercial enterprise based on the current
demand. Dynamic buffer management (eng. DBM) — a
tool of the theory of constraints (THAT), which allows
you to effectively manage the reserves of the enterprise,
focusing on the actual demand of consumers [6].

The purpose of the DBM algorithm is to track the
current buffer level to decide whether the target level is
too low or too high.

Key TO ideas for inventory management [7]:

1) Take into account not only the stock in stock, but
also the goods in transit, that is, all open purchase orders
must be part of the mechanism to ensure the availability of
goods. The target level determines the inventory buffer,
including both on-hand inventory and open orders.

2) The target level does not change until a clear
signal is received that it is unacceptable.

3) Regular replenishment of the target level.

Inventory buffer-a target level of inventory that is set
and maintained in the supply chain to meet customer
demand, taking into account fluctuations in demand and
delivery times. It is necessary in order to maintain the
right amount of inventory in the system and to ensure
constant availability of the product for the customer. At
the same time, the system should not have excess reserves,
freeze working capital, that is, the amount of reserves in
the system should be minimal.

The buffer determines the quantity of the required
goods for sale from delivery to delivery. Its size is
analyzed by the system on a daily basis and automatically
changes depending on the intensity of the balance change.
If the balance dominates in the green zone — the system
reduces the buffer in the red-increases to the upper value
of the buffer (replenishment level).

When the stock in any link of the supply chain falls
below the level of the replenishment, it must immediately

be replenished to this level. Using an immediate response
to the actual sale eliminates the need to forecast sales in
the short and medium term [8].

The inventory buffer is divided into several zones,
which are shown in Fig. 1 [9].

Safe zone
Current stack
Optimal stock = '/'—-Repknishment level
Risk zome p—

Fig. 1. Structure of buffer stocks

Buffer management is an automated procedure for
analyzing the inventory buffer and automatically making
changes that reflect changes in demand up or down.
Properly configured, buffer management significantly
reduces replenishment time and dramatically increases the
number of timely deliveries [10].

The initial buffer size is calculated as the maximum
consumption per delivery cycle. The delivery cycle takes
into account the duration and frequency of delivery. The
maximum consumption is determined from previous sales
statistics or is set manually. TOC buffer management is
able to analyze actual consumption and make recommen-
dations on targets, according to the logical rule above. The
rule suggests taking into account the high consumption
during the replenishment period, taking into account the
variability in the various factors of replenishment time.
The higher the target service level, the more variability
needs to be considered.

The size of the item buffer can be set individually for
each of the warehouses throughout the supply chain, in-
cluding retail outlets, retail chains and dealers ' ware-
houses.

Individual parameters of dynamic buffer [11]:

o the level of replenishment basic units of

measurement;

e red and green zone size as a percentage of
replenishment level, replenishment period (in
days);

o red and green zone penetration audit periods (in
days), minimum inventory level;

e accounting for the supply forecast for the
replenishment period.

After the settlement of the target buffer level, the

system makes the ordering provider of goods.

Defining software requirements. After analyzing
the subject area of inventory management and the me-
thodology of dynamic inventory buffer management, you
can create a list of functional requirements for the soft-
ware in General:
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1) User Authorization in the system.

2) Inventory control.

3) Dynamic buffer management of the inventory.

4) Automatic formation of an order for the supply of
goods.

5) Export the report the dynamics of buffer stocks.

6) Receiving of user manual.

In addition to functional requirements, the product is
also subject to system-wide requirements of General Sys-
tems Characteristics (GSCs), which restrict developers in
choosing a solution and increase the complexity of deve-
lopment. The following list of non-functional require-
ments is selected for the study:

1) Data exchange. The process of communication
between the database server and the application server
must be fault-tolerant.

2) Performance. Operations available in the software
must not be performed for more than 5 seconds.

3) Hardware resource limits.

4) Transactional load. The time to recover from a
failure caused by a hardware power failure (other external
factors), not a fatal operating system failure, should not
exceed the time required to restart the server and refresh
the connection page.

5) Intensity of user interaction. Time of work with is
limited to the user's working schedule.

6) Ergonomics. The information system must meet
the standards of the common user access (CUA) IBM.

7) Ease of administration. The functionality of the
database administration needs to be made to a custom
toolbar.

Results of calculation. As a result of the analysis of
functional requirements to the inventory management
software of the trading enterprise on the basis of the FPA
method, the size of the software in the functional points
was calculated: FP = UAF = VAF = 340,24.

As a result of the study of the complexity of software
development using the COCOMO Il method, the
following dependencies of development complexity on
labor input factors were obtained. The calculations were
obtained for teams with different professional level and
equipment, in the conditions of a significant tightening of
the development process, a high level of certainty of risks,
without a rigid schedule of work. The complexity of the
development was calculated for several of the most
common programming languages — J2EE, C#, C++ and
listed in the table 2.

Based on these data, the estimated cost of developing
a commercial enterprise inventory management software
was calculated on the condition of 100% employment of
all team members throughout the development period

using the formula:
7
PM
R
1

where v; — salary of the i-th team member (UAH/month);
PM — the complexity of software development for
this team (man-months).

Table 2 — Estimation of labor input for different programming

languages
Team of Estimation of labor intensity (man-months)
developers J2EE C# CH++
Very weak 296,6 285 290,8
Weak 145,2 139,8 142,5
Satisfactory 77,2 74,5 75,9
Average 44,3 42,8 43,6
Strong 22 21,3 21,7
Very strong 11,5 11,1 11,3

The average salary of the worker as a programmer in
terms of UAH (at the rate of NBU from 01.12.2018 [12])
is listed in the table 3.

Table 3 — Average salary of a worker as a programmer

J2EE C# C++

Junior Software

Engineer 19670 18265 19670
Software Engineer 53390 50580 59010
Senior Software

Engineer 98350 94135 95540
Technical Lead 122235 121673 108888
System Architect 167195 134880 137690

The results are listed in the table 4.

Table 4 — Estimated cost of software development for inventory
management of commercial enterprise (UAH)

Development cost
Team of developers
J2EE C# C++
Very weak 171410 160170 177030
Weak 205130 192485 216370
Satisfactory 283810 268355 292240
Average 386375 371763 381458
Strong 646300 596563 614688
Very strong 781180 727228 724278

Thus, it can be concluded that:

1) Development of projects in C++ for qualified
teams in Ukraine is the cheapest, but for the least qualified
teams on the contrary — the most expensive;

2) The cheapest development tool for all skill levels
of teams in Ukraine is the use of the C language#.

3) J2EE is practically the most expensive develop-
ment tool (except for C++ for teams with small
qualifications).

The presence of a huge number of factors that
directly or indirectly affect the process of software
development, does not allow to give an accurate
assessment of the software at the stage of requirements
formation.

Conclusion. In this research work, based on the
analysis of the subject area of the problem of inventory
management of a trading enterprise, a study of the cost
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and complexity of the development of appropriate
software was conducted.
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