MIHICTEPCTBO OCBITU | HAYKU YKPAIHU
XEPCOHCBKMiI HALIOHATIbHUA TEXHIYHWA YHIBEPCUTET
MPOBJIEMU
IHOOPMALINHNX
TEXHOJOTIN

#02(026) nucronap 2019



MIHICTEPCTBO OCBITU | HAYKU YKPAIHU
XEPCOHCbKWUN HALIOHANBbHUNA
TEXHIYHUWU YHIBEPCUTET

[MPOBJIEMU
IHOOPMALIMHIAX
TEXHONOT M

Pekomenzo0BaHo [0 ApyKy BueHoto pagoto

XepCoHCbKOro HaLiOHANbHOr0 TEXHIYHOTO YHIBEpCUTeTY
(npotokon N23 Big 05 nuctonaga 2019 poky)

KypHan BknioueHo o lepeniky HaykoBux GaxoBux BiaaHb Ykpainu
(Haka3 MinictepctBa ocBiTi i Hayku Ykpainn Ne820 Big 11.07.2016 p.),
y AKX MOXYTb NybMiKyBaTUCA pe3yNnbTaTit AUcepTaviitHuX poobiT
Ha 3400y TTA HayKOBUX CTYNeEHIB JOKTOPA Ta KaHAMAATA TEXHIYHNX HAYK

MKypHan BKNOYEHO 0 HayKOMETPUUHUX 6a3, eNneKkTpoHHUX bibnioTek Ta peno3uTapiis:

Index Copernicus, Crossref, Google Scholar, Research Bible, Open Academic Journals Index (0AJI),
Directory of Open Access Journals (DOAJ), AcademicKeys, National Library of Ukraine (Vernadsky)

ISSN 1998-7005 (Print)
ISSN 2313-0687 (Online)

#02 (026) nucronap 2019



MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
KHERSON NATIONAL TECHNICAL UNIVERSITY

JOURNAL
OF INFORMATION
TECHNOLOGY

Recommended for publication by the Academic Council of

Kherson National Technical University
(Minutes Ne 3 on 5th November 2019)

The journal is included in the List of scientific professional publications of Ukraine
(Order N 820 of the Ministry of Education and Science of Ukraine dated 11 July 2016)
were the results of the theses of Doctor and Candidate of Engineering Science can be published

The journal is included in the scientometric bases, electronic libraries and repositories:
Index Copernicus, Crossref, Google Scholar, Research Bible, Open Academic Journals Index (0AJI),
Directory of Open Access Journals (DOAJ), AcademicKeys, National Library of Ukraine (Vernadsky)

ISSN 1998-7005 (Print)
ISSN 2313-0687 (Online)

# 02 (026) November 2019



PEOAKLINHA KONErIA

PEAAKLIHA PALIA

TonoBHui1 peaakTop
LEPCTIOK Bonogmmup puroposuy
/BOKTOP TeXHiYHMX HayK, npodecop/

3acTynHUKM rONOBHOTO pefakTopa
KAPIKOBA MapuHa BitaniiBHa
/BOKTOP TeXHiYHMX HayK, npodecop/
NALWEHKO Onena MukonaigHa
/KaQHONAAT TEXHIYHMX HayK, JOLEHT/

BipnoBiganbHi cekperapi
OTHEBA OkcaHa €BreHiBHa
/KaQHONAAT TEXHIYHMX HayK, JOLEHT/
KUBAJTKO Irop IBaHoBuMY
/KaQHONAAT TEXHIYHMX HayK, JOLEHT/

PEAAKLIAHA KONETIA
bappauos H0piit MukonaitoBuy L.TH., npodecop  XepCOHCHbKMIA HALiOHaNbHUI TeXHIYHMIA YHiBEpCUTET, YkpaiHa
3aC1. AiAY HayKK i TexHiku Ykpaiku
Tynyuenko lanuna Akisra A.TH., npodecop  XepCOHCHbKMIA HALiOHaNbHMI TeXHIYHNIA YHiBEpCUTET, YKpaiHa

lHatywenko Bonogumup BonogumupoBuy  A.T.H., npodecop  HauioHanbHuii TexHiunmii yHiBepcuTeT "[IHiNpoBCcbKa nonitexHika', Ykpaia

Toxuii Onekcanpp MetpoBuy A.TH., npodecop  YopHomopcbKuit fepaBHuii yHiBepcuteT im. [1.Morunm, Ykpaita

Kaprin Anatoniit OnekciitoBuy L.TH., npodecop  YKpaiHCbKuii AepxaBHUI YHIBEPCUTET 3ai3HUYHOIO TPAHCMOPTY, YKpaiHa
Llleketa Bacunb IBaHoBUY A.TH., npodecop  IBaHO-DpaHKIBCHKIMIA HaLiOHaNbHIIA TEXHIYHWI YHIBEpCUTET HadT i rasy, YkpaiHa
Ocunenko Bonoaumup Bacunbosuy A.TH., npodecop  KuiBCbKuit HaLioHanbHWi YHIBEpCUTET TeXHONOTIN Ta Au3ailHy, Ykpaita
Konrad Gromaszek Associate Professor ~ Lublin University of Technology

Smailova Saule Associate Professor  D. Serikbayev East Kazakhstan State Technical University, Kazakhstan



Bardachov Yurii Mykolaiovych

Merited Figure of Science and Technology
of Ukraine

Tuluchenko Halyna Yakivna

Hnatushenko Volodymyr Volodymyrovych
Hozhyi Oleksandr Petrovych

Karhin Anatolii Oleksiiovych

Sheketa Vasyl lvanovych

Osypenko Volodymyr Vasylovych

Konrad Gromaszek
Smailova Saule

EDITORIAL BOARD

EDITORIAL BOARD

Editor-in-Chief
SHERSTYUK Volodymyr Hryhorovych
/Doctor of Engineering Science, Professor/

Deputies Editor-in-Chief
ZHARIKOVA Maryna Vitaliivna
/Doctor of Engineering Science, Professor/
LIASHENKO Olena Mykolaivna
/Ph.D., Associate Professor/

Executive Secretary
OHNIEVA Oksana levhenivna
/Ph.D., Associate Professor/

KYBALKO Ihor Ivanovych
/Ph.D., Associate Professor/

MEMBERS OF EDITORIAL BOARD

Doctor of Engineering Science,
Professor

Doctor of Engineering Science,
Professor

Doctor of Engineering Science,
Professor

Doctor of Engineering Science,
Professor

Doctor of Engineering Science,
Professor

Doctor of Engineering Science,
Professor

Doctor of Engineering Science,
Professor

Associate Professor

Associate Professor

Kherson National Technical University, Ukraine

Kherson National Technical University, Ukraine

Dnipro University of Technology, Ukraine

Petro Mohyla Black Sea National University, Ukraine

Ukrainian State University of Railway Transport, Ukraine
Ivano-Frankivsk National Technical University of Oil and Gas, Ukraine
Kyiv National University of Technologies and Design, Ukraine

Lublin University of Technology

D. Serikbayev East Kazakhstan State Technical University, Kazakhstan



3MICT

Wepcriok B., Cokon I, Tyces B., Nleskigcokuii P. PO3MOAINEHI MOJENI CUHXPOHIZALLIT IHOOPMAL|IAHIX CTPYKTYP
AHCAMBIMO BE3MINOTHUX AMAPATIB. . . . .

Npuxoabko C., Mpuxoabko H., Kuupik K. YIOCKOHANEHHA TPbOXOAKTOPHOT HEMIHIAHOT PErPECIAHOT MOAENI
JINA OLIHIOBAHHA TPYAOMICTKOCTI PO3POBKWM MOBINbHUX 3ACTOCYHKIB. . . . . . . . .. ...

buukos 0., MepkynoBa K., *Ka6cbka €. CTBOPEHHA CUCTEMU PO3MISHABAHHA 0BJINY
HA OCHOBI BEMBNET-MEPETBOPEHb. .

Khodakov V., Krugla N., Sokolov A., Veselovskaya G. THE IMPROVEMENT OF INFORMATION TECHNOLOGIES

AND METHODS ON CONTROL OF COMPLEX COMPUTERIZED INFORMATION SYSTEMS FOR SUPPORT OF CAREER

GUIDANCE WORK IN THE HIGHER EDUCATION INSTITUTIONS. .~ ..
Ohnieva 0. DECISION SUPPORT INFORMATION SYSTEM FOR MODELING GREEN PEAYIELD. = . .. .. . . . .

Koeuniu €., Bonkoscokuii 0. KOMM'IOTEPHA MOJENb CUCTEMIA 3AMUT-BIANOBIAb HA OCHOBI ABTOMATUYHOI

TEHEPALITHAYKOBUXTEKCTIB

P"yatakov E., Khodakov V., Sokolov A., Odintsov V., Veselovskaya G. HUMAN CAPITAL AND DEVELOPMENT TASKS
INTHE LIGHT OF INCREASING THE EDUCATION QUALITY AND IMPROVING COMPUTERIZED INFORMATION SYSTEMS
ANDTECHNOLOGIES OF TRAINUNG. .

Wepcriok B., 3axapuenko P., Wryua 0., Yopuuii . EOEKTUBHICTb 3ACTOCYBAHHA IHOOPMAL|IIHO-KOMYHIKALLITHUX
TEXHONOTIN Y CYYACHOMY NPOLIECI HABYAHHA 3 BUKOPUCTAHHAM VR TEXHOROII, . .

apikoBa M., CakoBuu b., Hazapenko P. TPOCTOPOBO-PO3MOAINEHA AUHAMIYHA OLIHKA PU3UKY BIJ NMPOLECIB
PYIHIBHOTO XAPAKTEPY. . .

Veselovskaya G., Yastrebova 0., latsenko D. THE RESEARCH AND ELABORATION OF ACTUAL ASPECTS IN THE SUBJECT
AREA OF INFORMATION TECHNOLOGIES FOR COMPUTERIZED TRAINING USING THE METHODOLOGY OF EXPERT SYSTEMS

OF ARTIFICIALINTELLIGENCE. . .

21

32

A4

.55

63

76

-9



CONTENTS

Sherstiuk V., Sokol I., Husiev V., Levkivskyi R. DISTRIBUTED SYNCHRONIZATION MODELS FOR INFORMATION STRUCTURES
OF ENSEMBLEOF UNMANNEDVEHICLES. . . . .. ...

Prykhodko S., Prykhodko N., Knyrik K. IMPROVING THE THREE-FACTOR NON-LINEAR REGRESSION MODEL TO ESTIMATE
MOBILE APPLICATION DEVELOPMENT EFFORTS. . . . ...

Bychkov 0., Merkulova K., Zhabska Y. CREATION OF THE FACE RECOGNITION SYSTEM BASED ON WAVELET TRANSFORMS. . .

Khodakov V., Krugla N., Sokolov A., Veselovskaya G. THE IMPROVEMENT OF INFORMATION TECHNOLOGIES
AND METHODS ON CONTROL OF COMPLEX COMPUTERIZED INFORMATION SYSTEMS FOR SUPPORT OF CAREER
GUIDANCE WORK IN THE HIGHER EDUCATION INSTITUTIONS. .~ .

Ohnieva 0. DECISION SUPPORT INFORMATION SYSTEM FOR MODELING GREEN PEAYIELD. . ... .. .. .. .. . .

Kovylin Y., Volkovsky 0. COMPUTER MODEL OF QUESTION-ANSWER SYSTEM BASED ON AUTOMATIC GENERATION
OF SCIENTIFICTEXTS. . . o

P"yatakov E., Khodakov V., Sokolov A., Odintsov V., Veselovskaya G. HUMAN CAPITAL AND DEVELOPMENT TASKS
INTHE LIGHT OF INCREASING THE EDUCATION QUALITY AND IMPROVING COMPUTERIZED INFORMATION SYSTEMS
ANDTECHNOLOGIES OF TRAINUNG. .

Sherstyuk V., Zakharchenko R., Shtutsa 0., Chornyi D. EFFICIENCY OF THE APPLICATION OF INFORMATION
AND COMMUNICATION TECHNOLOGIES IN THE MODERN TRAINING PROCESS USING VRTECHNOLOGIES. = .. .. .

Zharikova M., Sakovych B., Nazarenko R. SPATIALLY DISTRIBUTED DYNAMIC ASSESSMENT OF RISK FROM
DESTRUCTIVEPROCESSES. . . .

Veselovskaya G., Yastrebova 0., latsenko D. THE RESEARCH AND ELABORATION OF ACTUAL ASPECTS IN THE SUBJECT
AREA OF INFORMATION TECHNOLOGIES FOR COMPUTERIZED TRAINING USING THE METHODOLOGY OF EXPERT SYSTEMS
OF ARTIFICIALINTELLIGENCE .

32

A4

: .55

. .63

76

91



#26 (2019)

PO3MOAINEHI MOAENI CUHXPOHI3AL|IT IHOOPMALIMHUX
CTPYKTYP AHCAMBJIIO BE3MUJIOTHUX AMAPATIB

YAK 004.9

DOI: https://doi.org/10.35546/2313-0687.2019.26.7-20

Bonoaumup LepcTiok,
A.T.H., npodecop,
XepCoHCbKNil HaLiOHaNbHUIA TeXHIYHNI YHIBepcuTeT, YKpaiHa,
E-mail: vgsherstyuk@gmail.com, ORCID 0000-0002-9096-2582

Irop Coxon,
K.T.H., IOLIEHT, JOKTOPAHT,
XepCoHCbKNil HaLiOHaNbHUIA TeXHIYHNI YHIBepCcuTeT, YKpaiHa,
ORCID 0000-0002-7324-1441

BikTop l'yces,
K.T.H., AOLeHT, HaYaNbHNK Koneaxy XepCoHCbKOI AepKaBHOI MOPCbKOT akageMmii
ORCID 0000-0001-7775-2276

PycnaH JleBKiBCbKMiA,
3aCT. HauanbHUKa Koneaxy XepCoHCbKOI iepXaBHOT MOPCbKOT akaeMil
ORCID 0000-0003-3114-179X

AHoTauid. Y cTatTi po3rnAHyTO akTyanbHe NUTaHHA JOCTIAKEHHA Ta po3pobKM METOAIB KOOpANHALT ANA BeNUKIX rpyn
iHTeNeKTyanbHuxX 06e3niN0THUX anaparis, LLO BUKOHYIOTb CMibHI Micily reTeporeHHUX aHcambnaAx. 1na ynpasniHaA aHcambnem
0e3nin0THNX anapatiB BUKOPUCTAHO CLEHAPHO-NPeLieieHTHINA NiaXiA, Wo HAa€ MOXKNMUBICTb BUKOPUCTAHHA PETPOCNEKTUB-
HUX Wa6NOHIB NPUAHATTA pilLeHb Y NpobaeMHUX CUTYaUiAX, AKI pO3rNAAAITLCA AK AUHAMIYHI NPeLieaeHTy, W0 MICTATb onine
NPUAHATHUX PilleHb Y BUTNAAI CYKYMHOCTI CLeHapiiB akTUBHOCTI, afianTUBHMX A0 3MiHHUX YMOB 30BHILUHbOIO CepefoBILLa.
Lleir niaxia moxe 6yTu BUKOpUCTaHMIA ANA KOOPAMHALT reTeporeHHUX aHcambiB 6e3ninoTHIX anapaTis 3a YMOBU HAABHOCTi
AOCTAaTHbOI MHOXMHI NpeLefeHTiB, HeOOXiAHNX ANA NPUAHATTA PilueHb NPU BUHUKHEHHI CUTYaLil Pi3HUX MOXKAUBUX KNna-
CiB (KOMNETEHTHOCTI) Ta CUHXPOHI3aLlil CXOBMLL NpeLeAeHTIB KOXXHOro 3 6e3ninoTHUX anapartis. [InA BUpilueHHA 3aay CUH-
XPOHi3aUil CXoBULY NpeLeAeHTiB 3anponoHOBaHO MOAEsb PO3NOAINEHOT0 CXOBULLA NPeLedeHTiB Ta MOAeNb PO3NOAINEHOro
CMiNbHOro NPoCTopy CrocTepexeHb. (xoBuLLe NpeLieieHTiB NoJaHO AK iEPAPXiuHO OPraHi3oBaHy CTPYKTYpY, B AKiil NeBHi po3-
nogineHi po3Ainu NpocTopoBo NOB'A3aHi Ha 0CHOBI reoiHGopmaLiitHoi cuctemu. [locTyn Ao Bcix cny»6 3abe3neuyeTbea yepes
[HTepHeT-3'€AHaHHA Ta CneLianbHi XMapHi Wwato3u. (xoBuLLe NpeLeaeHTiB MOXe HafaBaTh MHOXWHY NpeLeeHTiB, A0PeYHMX
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MiB nepeA3amMoBNeHHA, peaKLii Ha BXi A0 CINbHOTO NPOCTOPY Ta iHLWNX MeToAIB 06po6KM 3anuTiB i3 BUKopucTaHHAM XML.
Mogenb po3nogineHoro cninbHOro NPoOCTOpy CNOCTEPeXeHb NOAAHO Y BUTNAAI TPUBUMIPHOT PO3NOAINEHOT AOLWKN, JOCTYNHOI
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MPOBNEMMW IHOOPMALINHX TEXHONOT I

KOXKHOMY 3 0e3niN0THKX anapartiB yepe3 MexaHi3M 00MiHy KOOPAUHALIHUMU NpUMITUBaMN. Bu3HaueHo Habip KoopANHaLLili-
HUX NPUMITUBIB, L0 3ab6e3neuyoTb NPO30PICTb Ta HARINHICTb CNINbHUX CNOCTEPeXeHb rpynu 6e3ninoTHUX anaparis. HoBu3Ha
3anponoHOBaHOro NiaxoAy NofArae y po3po6ui indpopmaliiiHo po3nogineHnx mogeneii BipTyaabHOro CXOBULLA NpeLieaeHTiB
Ta CMiNbHOrO BipTYaNbHOro NPOCTOPY CNOCTepeXKeHb. 3anponoHoBaHi MOAeNi MakTb NOPIBHAHO HEBUCOKY 0OUNCNIOBANbHY
CKNAAHICTb, WO 3a6e3neuye PYHKLiOHYBAHHA CMCTEMN YNpaBAiHHA B peanbHOMY yaci. lTpakTUyHa 3HaUMMICTb 3aNpONOHO-
BaHUX MoJeneil NoNArae B TOMY, L0 BOHN 3a0e3neuyTb MOXMBICTb KOOpAMHaLii 6e3ninoTHNX anapartiB y reTeporeHHmX
aHCaMObnAX Mg Yac BUKOHAHHA CNINbHUX MiCiil B yMOBAX 3HAYHNX 0OMEXKeHb 3a YaCOM, HEMOBHOTY Ta HEBIU3HAUeHOCTi iHop-
MaLii yepe3 06MiH iHpopmaLli€to B po3nogineHnx iHGopMaLiiHuX CTPyKTypax.

Kniouoei cnosa: npeyedenm, komnemesmricme, cxosuuje npeyedeHmis, KOOPOUHAYIA, CUHXPOHI3AYIA, npocmip 83de-

Mo0ii, 6e3ninomuud anapam.

MocranoBKa npo6nemu. EniyeHTpom cyyacHux aoc-
NigXeHb € CKNAJHi TeXHiYHi cucTemu, WO MICTATb rpynu
ninotoBaHux Ta 6e3ninoTHux anapartie (bA), aki cninbHo
BUKOHYIOTb NeBHi BU3HaueHi nporpamu (micii). 3aBAAKu
CYTTEBOMY  TeXHOMOrYHOMY nporpecy  6e3ninoTHUKN
MOXYTb BUKOPUCTOBYBATUCb BENUKIMU | HABIiTb HajBe-
NNKAMN TPYNamm, Lo € 0C00NUBO akTyanbHUM ANA BUPI-
LUEHHSA Pi3HNX 3af1ay, Hebe3neyHnx ana xutTa Ta/abo 3a0-
POB’A NIOAMHI, HANPUKNAZ, 3aa4 CNOCTEPEXEHHSA, NOLLYKY
i NOpATYHKY, 3ano6iraHHA Ta NoKanisauii Haa3BUYARHNX
CMTYaUid, a TakoX LUMPOKOTO Kona BilCbKOBUX 3ajau.
Taka rpyna anapatiB MoXe BKNHOUYaTh Ha3eMHi, NOBITPAHi,
HaBOAHI, NiABOAHI Ta iHwWi BuAN be3ninoTHuKIB. Hapasi,
yucenbHa rpyna 6e3ninoTHMX anapaTiB MoXe Po3rnApa-
TNCA AK ynopAAKoBaHuil Habip bA, Aki cninbHo i 0aHOYaCHO
BUKOHYIOTb (BOI CLieHapil akTUBHOCTI B pamKax faHoi micii
ANA JOCATHEHHA NEBHOI 3aranbHol MeTu, BUKOHYHOUN Npu
LbOMYy pi3Hi poni i yHKUii. BpaxoByloun pi3HOMaHITTA
dyHKLil1, 3aBAaHb Ta poneit pi3Hux bA B rpyni, Taki rpynu
NPUIAHATO Ha3UBATY Pi3HOPiAHUMM aHcambnamu [1].

Hapasi icHye uyumano npakTUYHUX 3aCTOCYBaHb, AKi
MOXYTb OyTW BUpilLIeHi reTeporeHHMMI aHcambnamun bes-
NINOTHUKIB, LU0 MAlTb Pi3HWIA PO3MIP, MOMANUBOCTI, poni
Ta HaBIiTb CepefioBULLe PYyXY, alne BUKOPUCTOBYIOTbCA Pa3oM
i3 CninbHOW MeTok [2]. OAHNM i3 TaKuX 3aCTOCYBaHb € iHTe-
NeKTyanbHe pu6anbcTBo (CMapT-pubanbCTBo), Ae A0 BUKO-
HaHHA MiCiil MOXe 3anyuaTnca WupoKuii cnekTp bA pisHoro
NpU3HAYEHHA B MeXax (BOEI KomneTeHuii. Hanpuknag, 6e3-
NiNOTHI NiTanbHi anapatu MOXyTb 3ayyaTnca AK NOOAUHLI,
TaK i rpynamu o nowyky pubHmx 3rpaii. be3ninotHi nigBogHi
anapati noojuHui abo rpynamim MoXyTb 3a JOMOMOTOH
CeHcopiB epeKTUBHO po3ni3HaBaTi BuAKM (nopoau) pub Ta
X YNCENbHICTb Y 3rpasX, OLiHI00YM AOLINbHICTD TX BUMOBY.
MiggoaHi BA MatoTb i iHLe rpynoBe BUKOPUCTAHHA — BOHY

MOXYTb 3araHAT pubHi 3rpai 4o pubonosHMxX 3HapAab. Hodi-
AMM LX prbanbCbKMX 3HapAab MOXYTb OYTi HaaBOAHI bA,
AKi TAKOX MOXYTb BUKOPUCTOBYBATUCH NOOANHL, MONAPHO
abo rpynamu. A Hociem ycix BuLLeHa3BaHMX 6e3ninoTHU-
KiB Ta OJHOYACHO HAKOMMUYBayeM BUNOBAEHOI pubyu moxe
Oyt Benukuin Kopabenb, AKMA MoOXe 00CNYroByBaTUCh
KOMaHA0t0 abo Takox moxe byTi 6e3ninoTHUM.

3BWYaiiHO, WO ANA BUKOHAHHA BULLEHA3BAHWX MiCili
He MiAxoAATb NpocTi bA, 110 KepyKTbCA ANCTaHLiiHO one-
paTopami, aiXke 3aJlaueto € HaBnaku, BUBECTI NIOANHY 3a
mexi Hebe3neuHux npouecis. 0mxe, bA noBuHHI byt aBTo-
HOMHUMM, MaTW MOXAUBICTb NPUIAMATI BRACHI PilLeHHA
B AWHaMiYHOMY, YaCTKOBO CMOCTEPEXYBaHOMY Ta Hene-
peabauyBaHoMy cepefoBULL, TOMY BOHU CTalTb Aedani
PO3YMHILIMMK 3@ PaXyHOK BNPOBAZXeHHA iHTeNeKTyanb-
HUX MOX/TMBOCTE B TX CUCTEMU YNPABiHHA.

3 iHworo 60Ky, CninbHe BUKOHAHHA B3aEMOMOB'A3aHNX
MiCili BUMarae 4iTkoi KoopauHauii. 3po3ymino, wo yum
CKNAJHIWMMI € CTPYKTypa Ta QyHKUiT aHcambmio bA, Tum
CKNafHiWow € 3apava ix KoopauHauii. Mpote, po3pobka
Ta NpPaKTUYHe 3aCTOCYBAaHHA HaZiHUX MeTodiB Koopau-
Hauil anAa aBTOHOMHUX iHTeneKTyanbHux bA y Benukux
aHcambnAx Ha AaHuiA yac wWwe BignpauboBaHi HefoCTaT-
HbO, OTXe, X AOCTIAKeHHA € aKTyaNbHOK Ta NepcnekTuB-
HOK 3ajayeto. HailakTyanbHiWIMM NUTAHHAM Ha CbOTOAHI
€ 3a0e3neyeHHA MOXNNBOCTI cniBnpai bA y reteporeHHnx
aHcambnAx yepes 06MiH iHpopmaLiet y peanbHOMY yaci
B YMOBAX 3HaYHUX 0OMEXeHb Y yaci, HeMOBHOTY Ta HeBU-
3HaYeHoCTi iHpopmallii.

AHani3 ocTaHHiX gocnimKeHnb i nybnikauin. Buko-
Hyloui Micii B pamkax cninbHoi 3agauyi aHcambnio, bA
MOBUHHI MaTW MOXNUBICTb CMINKYBATUCA, KOOPAWHYBA-
TUCA Ta CNiBNpaLIoBaT 0AMH 3 04HUM. Ha Leli yac icHye
AOCTaTHbO 0arato NiAXOAiB A0 YNpaBAiHHA BeAMKUMMU
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rpynamu BA, y Toil Xe yac nepenik 3afay KoopauHawil
Ta cniBnpaui bA B aHcambni € 3HauHO Wunpwnm Ta 6ara-
TOPiBHEBMM, MOYNHAKOUN Bif 3a[aui YHUKHEHHA 3iTKHEeHb
aX [10 3aJaui po3noAineHoro nnaHyBaxHA [3]. TpaguuiitHo
ANA KOOpANHAUii rpynoBux Aiit bA BUKopucToByioTb 6i0iH-
CNipoBaHi MeToAM, 3aCHOBAHI Ha MOBeAiHLi poto un 3rpai
[4]. OgHaK y baraTbox BUMajKax BUKOPUCTaHHA rpynu BA
AK poto (3rpai) € HaAMIPHO JOPOrMM piLLEHHAM, 0C06N1BO
MpU BUKOHAHHI CKNajHMX, AOBrOCTPOKOBMX Ta HaraTokpo-
KOBMX MiCiil. BinblwicTb AOCNIAHUKIB BUPiLIYBaAM KOH-
KpeTHi 3ajjaui KoopAuHaLil poiB 3a JONOMOrOK NpOCTUX
HabopiB npaBun, WO iMiTyTb NOBEAIHKY B MPUPOAHNUX
cuctemax [5; 6].

Y 6inbl cknagHiii Gopmi KoopAMHaLia Ta cniBnpauA
bA BMMarawTb HafABHOCTI NEBHOI CUCTEMU HOPMATUBHUX
npasun Ta npoueayp. [nA uboro 3anponoHoOBaHO Aekinbka
nigxozis, 3aCHOBAHUX Ha MOZIENAX i NpaBuUnax, a TakoX Ha
AnropUTMIYHNUX METOJaX BUKOHAHHA mpouenyp B3aeMofii
[7]. 0nHaK, CknaaHicTb NpoLeciB B3aeMogii bA y aHcambnax
He [03BONIAE BMKOPUCTOBYBATU 6e3nocepefHbo Mig-
Xifl, 3aCHOBaHMIA Ha MOAenAx, y Toii yac AK nobyaysatu
BUYEPIHY MHOMXMHY NPaBUN KOOPAWHALIT Ta BiATeCTyBaTH
X MpU BUKOHAHHI peanbHMX Micii NpakTUYHO HEMOXTUBO.
OTXe, BUKOPUCTAHHA NiAXOAIB, 3aCHOBAHWX Ha MoAenax
abo npaBunax, B CuCTeMax peanbHoOro Yacy € HempuitHAT-
HUM [8]. BuKopucTaHHA po3nogineHnx cuctem npasua xoua
il [103BONAE [eTanbHO OMUCYBATW Ta aHaniyBaTu nose-
AiHKY neBHoi rpynu bA, pyxe BaXKo npuctocysatu ix ao
BUPILLEHHA peanbHMX Npobnem Hagirauii Ta B3aemopii 3a
CKNagHnx ymos [9].

[padoBi ctpykTypm [10] Tex iHOAI BUKOPUCTOBYIOTbCA
ANA NOAAHHA MPUHLMNIB B3AEMOJil, BOHU [03BONAKTH
3HaYHO CNPOLLYBATU CUCTEMY NPABUA, NOJAIOYM B3AaEMOSIT
y BUrnAgi rpagis abo BipTyanbHMX CTPYKTYp, BepLUMHAMM
AKNx € bA, a pebpamm — B3aEM03B'A3KM Mixk HUMK. OaHaK,
yepes BUCOKY 06UNCNIOBANbHY CKNAAHICTb NpU BUKOPUC-
TaHHI TaKoro nigxody Maiie HeMOMJMBO rapaHTyBaTy
AOCTaTHIO NPOAYKTMBHICTL AnA poboTn B peanbHOMY
yaci [11]. IHWi MOXNNBI METOAN CNPOLLIEHHA CUCTEMM Npa-
BUN B3aEMORi, Taki AK ribpuan3auia, abcrpakuia, norika
yacy, TakoX € HeNiHiMHUMU, @ TOMY TaKOX € CXUNIbHUMK [0
Lboro Hegoniky [12].

Mogonatin TPyAHOLLi WOAO 06YMCIHOBANBHOI CKNAAHOCT
MOX/IMBO 33 BUKOPUCTAHHA npeLefeHTHoro niaxoay [13], ne
Yac MOLUYKY PilLeHHA NPAKTUYHO He 3aneXuTb Bif uncensb-
HOCTi AMHAMiuHUX 06'€KTIB Yy OMMCi HaBirawiliHOi CATYaLii.

lpoe, Leli migxia Mae CBOI HeAOMIKM, HaINBINbLL CYTTEBUMN
3 HIX € 3aNeXKHICTb Yacy NOLUYKY pilLeHHA Bif 06cAry Hakonu-
YEHOro MacMBy NpeLeseHTiB Ta HeOOXiAHICTb NiATPUMAHHA
J0CTaTHbOI KOMMETEHTHOCTI MACUBY MpeLefeHTiB BiHOCHO
BUYEPIHOI MHOXMWHI MOXIMBUX CUTYaLiA.

(ueHapHo-nNpeLeseHTHUI Niaxia [03BONAE NoAaBaTy
B3aEMOZil0 MiX BbA y BurnAfi cueHapiie akTUBHOCTI, W0
[03BOSIAE NOT0 BUKOPUCTAHHA ANA KOOPAUHOBAHOMO KOHT-
ponio pi3HopigHux aHcambnis bA [14]. Ha BiamiHy Big kna-
CMYHOTO NpeLesieHTHOro NiAX0AY, L0 IPYHTYETbCA Ha HaAB-
HOCTI peTPOCNEKTUBHUX ONUCIB (aKTIB NPUIAHATTA NEBHUX
pilleHb Y NeBHUX CMTYaLiaX, MO4AHUX Y BUMNAAI CTaTUYHUX
(He3miHtBaHMX) npeueneHTiB [14; 15], cueHapHo-npeLe-
JeHTHUIA Nigxil Hajae MOXNMBICTb po3rnagart npeue-
JeHTU Y AUHAMIL, NOJAKUM AK ONUCU CUTYaLii, TaK i onucu
NPUIAHATHUX piLleHb Y BUMAARI CLeHapiiB akTUBHOCT [16].
[ogonaHHA HepoNikiB npeLefeHTHOro NiAX0AY MOXNuBe
TaKOX 3a PaxyHOK MeBHOi ribpuamsauii 3 nigxogamn,
3aCHOBAHUMM HA NMpaBWiax Ta Ha MOAENAX, WO A03BONAE
nojonath 06uMCIIOBANbHY CKMAAHICTb Ta 3abe3neuntn
npawe3aaTHiCTb Y peanbHoMy vaci [17].

CueHapHo-npeweaeHTHWIA NiAXifg 6a3yeTbca Ha HacTyn-
HUX NPUNYLLEHHAX:

— aKTUBHICTb B3a€MOZIT bA € NOBTOPIOBaHO i BiATBO-
PIOBaHOI0;

— iCHylTb NeBHi cTepeoTuny KoopanHauii bA y nogi6-
HUX CUTYaLisX;

— B3aemogii bA moxyTb 6yT NogaHi y dopmi cueHa-
piiB.

Takum uMHOM, aKTMBHICTb B3aemogii bA moxe 6yt
nojaHa y BUrMAAI NeBHUX LWabNoHiB (MpeuepeHTiB), Ak
MOXYTb OYTM afanToBaHi A0 3MiHHIX YMOB 30BHiLLHbOTO
(epefoBMLLA 33 AOMOMOrOK CLeHapiiB. OTxe, el niaxia
HaZla€ MOXNUBICTb HAKOMUYEHHA 3pa3KiB rpynoBoi B3ae-
MOAIT ANA Pi3HUX KNaciB CuTyaLliii, ToMy Moxe OyTi BUKO-
PUCTAHWI ANA BUPILLEHHA 3aday KOOPAMHaLii aHcambnto
bA. llabnoHu B3aemopii MaloTb HaKOMMUYBATUCA Y CXOBULL
npeueaenTis (CM) y Burnagi npeueaeHTis, Wo MiCTATb onuc
CUTYaLii (yMmoBY) Ta ONNC piLleHHA (MHOXMHY CLieHapiiB, L0
MaloTb BiTBOPIOBATMCA Y CUTYaL|ii AaHOro Knacy).

HaliBaXnuBiwmMmmn ymoBamu yCnilHOTO 3aCTOCYBaHHH
CLieHapHO-NpeLefieHTHOro Nifxody ANA BUpilLeHHs 3ajay
koopAuHauii bA y reteporeHHux aHcambnAx bA €:

— HaABHICTb [JOCTATHbOI MHOMUHU MpeLefeHTis,
HeoOXiAHUX ANA NPUIAHATTA PilleHb NPU BUHUKHEHHI CUTY-
aujiil pi3HUX MOXNUBUX KNACiB;
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CUHXPOHi3aLia npewueneHTiB, JOCTYNHUX KOXHOMY
3 bA, Wwopo yacy Ta amicry.

lMepwa ymoBa GaKTUYHO BUMAra€e HAABHOCTI JOCTATHLOI

komneteHuii CI1 gna nowyky nigxoaAwLoro npeueseHTy Ta
BMOOPY peneBaHTHOI MHOXWHY CLieHapiiB, a Apyra ymoBa
BuMarae ekgianeHTHocTi ([, Wwo € JOCTYMHUMI Pi3HUM
bA, gki Bxogatb fo aHcambnio. OcKinbKu Bif, BUKOHAHHA
LNX YMOB 3aMexuTb YCMilUHICTb BUPILIEHHA 3ajaui Koop-
AVHaUii, B Wil CTaTTi po3rnAHeMo wWwnAxn 3abe3neyeHHs
BMKOHAHHA BULLEHA3BaHNX YMOB.

Meta pgocnipeHHA. 3a3BUyail CNiNbHa aKTUBHICTb
bA y aHcambni cyTTEBO 0OMEXYETHCA NPOCTOPOM B3AEMO-

Aii, 0OMEXEHHAMM LWOA0 NO3NLIAHOI Ta (YHKLIOHANbHOI

CTPYKTYpW, MPUAHATUMI HOPMATUBHUMMW NpaBUaMn Ta
PeaKLi€lo 30BHILIHLOTO CepefoBULLa, L0 NOPOSXKYE MHO-
KMHY ANHAMIYHNX, HaBIraLifiHNX Ta CUTYaTUBHUX 30ypeHb.

B Takux ymoBax cninbHa akTuBHicTb BA notpebye HanexHoi

KOOpAMHALi BUKOHYBAHUX HUMU CLieHapiiB, i came Koop-
AVHALiA CLeHapiiB akKTUBHOCTI NeXUTb B OCHOBI HALLOro
nojanbLuoro posrnaay [18].

3po3ymino, Wo NPUIAHATHUIA PiBeHb KOMMNETEHTHOCT
(M € ax HaaTO BAXNMBUM ANA 3a0e3neyeHHA QYHKLiOHY-
BaHHA CLeHapHO-NpeLefeHTHOI CUCTeMI, WO KOOPAUHYE
aHcamonb bA. OgHak, o6car HadBHOI Nam’aTi B CcUCTEMAX
ynpaBniHHA bA, 3a3Buuaii, € obmexeHum. Lle 3meHLwye
MOTYXHICTb MHOXMHN NpeLefeHTiB, WO MOXYTb 36epira-
TICA TaM 0AHOYACHO, Ta 06mexye KomneTeHuito (M. MeToto
J1aHoi po60Ty € po3pobKa iepapxiyHOro po3noAiNeHoro cxo-
BULLIA NpeLeSeHTiB ANA CLeHapHO-NpeLefeHTHOI cucTemMi
KOOPAMHALi aKTUBHOCTI, fIKa 3MOXE HaNeXHUM YUHOM
npauioBaTh B HeogHopiaHOMy aHcambni bA Ta 3abe3ne-
yyBaTW HeoOXifHY NPOAYKTUBHICTL AnA poboTn B pexumi
peanbHoro yacy.

Buknap martepiany pocnimxeHHs. Hexaii s(t) -
npo6nemHa cuTyais, Onuc AKOI NOAAHO NPOCTOPOBOI KOH-
dirypauieto [17], B AKiit koxeH bA moxe 6yt npeactas-
NIeHMii AK KopTex <POS(Al.,tj),(pk>, ne A €i-mBA
aHcamobnto, 1, — lie vac, Pos(A,.,tj) — no3unuis A,- Ha

yac tl,,i @, — QYHKLiA, AKY BUKOHYE 4, Ha uac tj. Mpu-
MyCTUMO, LU0 NeBHUIA NPOTOTUN €,() Moxe OyTI BUKOpUC-
TaHWIi ANA NPUIHATTA piLLeHb y npobnemHili cutyauii s(t)

y AKoCTi npeueaeHTa. 0Txe, npeleaeHT e, Mae MicTUTI

NeBHe PillieHHs Ty AIKE MOXe 6yTv nopaHe y Burspi

CLeHapito akTUBHOCTI X . abo NocnigoBHOCTI CLieHapiiB

s(1)

_ 1 m
(nnany) Pl = [Zs(r),...ZS(,)

y pasi BNNMBY /1 CUTYaTUBHMX 30ypeHb, WO AiloTb 0fHO-

yacHo abo nepeTuHalwTbCA B Yaci. BoueBnap, AnA KOXHOI
npo6nemHoi cutyauii s(t) MOXe icHyBaTI 6e3niy npewe-

J ANA NPUAHATTA pillieHb

)2 €50)

TOTMNK pilleHb R = {’il(t)w’i'zt)} JNA JOCATHEHHA NeBHOT

JIEHTIB Es(t) = {e;( } , O MPOMOHYTb Pi3Hi Npo-

MeTH GS(,), AKI MOXYTb BifPi3HATUCA BiJNOBIAHICTIO KpU-
TepiAM KOHTpONIo Qs(,), [OTPUMaHHA 0bMeXeHb BS(I),
Ta OLIHKOK MOXMMBOCTI (1 AOCATHEHHS LiNbOBOMO CTaHy
G( OTXe, 3aBAAHHAM CLEHAPHO-NPeLeeHTHOI CUC-
Temi € nia6ip HalbinbL peneBaHTHOTO NPOTOTMNY PilLeHHSA
3MHOXWHI R Ha 0CHOBI NeBHOI yHKL i ynoaobaHb y(R),
bepyum go ysaru B (o) Q() i u(G()) Apantauis npe-
UefeHTy e\ Ao yMOB AKi CKNanuca Ha MOMeHT vacy ¢,
BUMarac, m06 CLeHapin ZS(I) (abo nocnifoBHiCTb CLe-
HapiiB [21(1),...22’1,)
HaKknajeHux obmexeHb BS(I) Ta KOHTEKCTOM Ctx(s(t))
cuTyauii. Y Bunaaky B3aemogii rpynu bA aHcambnto, nna

P, Ma€ CKNapaTUCA 3 MHOXWHM NOCTIA0BHOCTeIR Clie-
1 m 1 m
{[zs(,),..z ] ,...[z_y(,),...zs(t)l} AT Kox-

}) byna y3roXxeHol 3 MHOXMHOIK

Hapiis ()
Horo 3 7 BA ancambnio. OTXe, CLeHapHO-NpeLeaeHTHNIA
niaxia BUKOPUCTOBYE CLEHAPIT aKTUBHOCTI Y AKOCTi nes-
HOr0 iHCTPYMEHTY ajanTauii npotoTuny (npeweaeHTy) Ao
AMHAMIKVM cepefioBULLa, L0 CNPUYMHAE NEBHY NPobneMHy
cuTyavito.

Cmpykmypa npeyedeHmie ma opzaHizayia cxo-
euwa npeyedenmis. Y BUNajKy BUABNEHHA npobnem-
HOI cuTyauii s(t) ANA Toro, Wo6 NpUAHATA pileHHA
BIZANOBIAHO [0 HAKOMMYEHOr0 JOCBiAY, HEOOXiAHO 3HAWTH
nodibHy cuTyauito B MUHYNOMY.

JloctynHi cutyauii moxyTb 6yTu nofaHi MHOXMHOK
npeLeAeHTiB (CXOBMLLEM NPeLiefieHTiB):

M= ({517 )s{2012 ) (5,073}

Piwennss » nesHoro npeuefexty e={s,r) — ue
3a3faneriib BU3HaueHuid nnaH B3aemodii P/, wo
MICTUTb MHOXWHY peneBaHTHUX CLeHapiiB aKTUBHOCTI
Y= {El,...Zk}. OpHi€lo 3 rONOBHUX BUMOT A0 CLeHap-
HO-NpeLeAeHTHOT CUCTeMMU, WO NPALIOE B peanbHOMY yadi,
€ (BOEYACHE | HaneXHe BUKOHAHHA MOLIYKY AOPeYHUX
pilweHb. QueBNAHO, WO MOKN cucTeMa 361Mpae Ta 3anucye
iHpOpMaLlito Ha AeAKOMY Kpoui 7, ,,, BOHA 0AHOYACHO MaE

(1)
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OLHIOBATI CUTYaLil0 Ha MOMEHT 7, i, AKLIO HeobXigHo,
Koperygatu CLeHapiil akTUBHOCTI, 3HAWTW BiANOBIAHWIA
npeuesieHT, 3anponoHyBaT afiekBaTHi Kepytwui Aii, AKi
BMNNBAIOTL HA TPAEKToOpilo pyxy bA Ta BUKOHYBaHi HUM
Ail. 3anexHo Bif WwenAKocTi bA, pisHuua Az =1, t
MoXe ByTin ayxe Mano.

OuesmpHo, wo cTpyktypa (I noBMHHa Bigobpaxatn
NOCiZOBHICTb MOLIYKOBMX Onepauiii, AKi OyayTb BUKOHY-
BaTUCA CUCTEMOIO LLOAO MOLIYKY MOXUBUX PilleHb Y npo-
bnemHiii cutyauii. Buxoaaum 3 Takoi nocnifoBHOCTI, 3pyuHo
BUZINUTI HU3KY KOHTEKCTIB pilleHb B OCHOBI CTPYKTYpH
npeLeAeHTa, AKa, 3 0AHOT0 O0KY, HaAACTb MOXAMBICTb ANA
0inbLu KOMNAKTHOTO 30epiraHHA Ta iHAeKcaLlii npeLeaeHTiB,
a 3 iHWOro 60Ky, 3HAYHO CNPOCTUTDL MOLLYK TaKNX CUTYaLiil
LWAAXOM NOC/IAOBHOIO YTOUHEHHS KOHTEKCTB.

Mu 6ymemo BUKOpUCTOBYBATM HACTYMHY BKMaJeHY
MOCNiOBHICTb KOHTEKCTIB:

+1

S:<SSP,<SM,<SCTZ,<SSTR,<SD>>>>>, Q)

ae S — npocTopoBuiA KOHTEKCT, 1|0 BU3HAYAETHCA B3a-
EMHUM po3TalyBaHHAM bA y npoctopi B3aemogii Ta onu-
COM MHOXWHY HAABHUX NepeLLKoA;

S™ — KOHTEKCT cepe/loBULLA, L0 BU3HAYAETbCA 3HAYEH-
HAMU A0T0 NapameTpiB;

ST _ 6e3neKoBMIl KOHTEKCT, L0 BU3HAYAETLCA JOMe-
Hamu 6e3nekn Ta BiANOBIAHUMM NiHINHUMI Ta YACOBUMMN
HOpMamu | MeTpuKamu;

SETR CTPYKTYPHUIA KOHTEKCT, LU0 OMUCYETHCA B3AEMHUM
po3TalyBaHHAM 00'€kTiB (KoHirypauieto) BianoBiaHo Ao
nepeabdauyBaHux CTPYKTYpU i Cknagy aHcamonio;

S” — e AuHaMiYHa CleHa, AKa ONUCYE PO3BUTOK Mpo-
bnemHoi cuTyauii B yaci i Moxe 0yTU nogaHa y BUrnAzi cno-
(TepeXxyBaHuX NOTOKiB Nogili (puc. 1).

Xol| . . . . KoHmekecm
0| Xo1 | X02 | | Xoi | | X0k |CtX cumyauii
Xw| Xwi Xw2 | | Xwj | | Xwl |
lNMapamempu
Xolda e | oo [ | oo [ || Fon | Fon | Fon
\
36ypeHHs lomoku nodid
i .
Uil o Y ' .
®1 O OO o/ : Xia
: 1
e : :
LY (A WO (S W - ! il
on ||~ OO OO
1
L !
1
I ! R
®n [ O ...... O .............. O ......... O ...................... E Xin
I mmmmmmcmmmmmmemon
T

t t2 t3

ts

Puc. 1 - lodanHsa npeyedeHma sk npobaemHoi cumyauyii S(t) 3a donomozoto koHmekcmy Ctx
ma MHOXuUHU nomokig nodill w,, ...w,, X; -~ NApamempu akmueHocmi i-20 bA Ha momenmy 4acy t;

TakiM YMHOM, MI1 MOXEMO BUKOPUCTOBYBATI KOHTEKCT
cuTyauii gna crpyktypysauna (M1 1a knactepm3auii Hakonu-
yeHux npevuefeHTis [14] (puc. 2).

BknageHuii KOHTeKCT cuTyauii moxe 6yTi BU3HaueHui
32 NOCMIZOBHICTIO <SSP,<SM,<SCTZ,<SSTR>>>>, B TOli
yac AK OMMC CUTyauii Moxe 6e3nocepeaHbO BiANOBIAaTH
[MHaMiuHiit cuedi S . OTXe, 3aNponoHoBaHa CTPyKTypa
npeuefeHTa A03BonA€ opraHisyBatu edektusHe (Il Ta
WBMAKO 3AINCHUTIA MOLYK MOZIOHNX CUTYaLiil HA OCHOBI
HaCTYMHOI NOCNIJOBHOCTI KpUTepiiB:

nogibHiCTb NPOCTOPOBOr0 KOHTEKCTY;

NoAibHICTb eKONOTIUHOTO KOHTEKCTY;

noAibHiCTb 6€3NeKOBOro KOHTEKCTY;

NoAi6HICTb CTPYKTYPHOTO KOHTEKCTY;

noAibHiCTb AMHAMIUHOI CLieHN (oA paHile BUAB-
NeHoi nofibHOCTi KOHTEKCTIB).

Mertoro knactepu3auii CI1 € 3By>eHHA NpocTopy NOLUYKY,
o0 BUKNKOYMTY 3 NOLUYKY Ti NpeLefeHTH, KOHTEKCT AKNX
He BiANOBIAAe KOHTEKCTY mpobnemHoi cutyauii. Knacte-
pu3auig (Il BUKOHYETbCA ANA KOXKHOTO KOHTEKCTY CUTYaLil
OKPemo i He3anexHo. [lnA 34iCHeHHA Takoi Knactepu3auii
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Puc. 2 - 3Haxo0xeHHs knacmepie C; ma nidknacmepie C;, cxosuwja npeyedeHmie
3a MHoXuHol napamempis {V,,...V,} koHmekcmy cumyayii Ctx

moxe 6yTu 3aCTOCOBaHO MifXia, 3anponoHoBaHuii B [15],
L0 3aCHOBAHMIl Ha BUKOPUCTAHHI FPY6UX HEUiTKIIX MHOMWH
Ta BiZAHOLIEHHA HePO3pi3HEHOCTi.

OyiHka KomnemeHmHocmi cnpasu. KnwyoBum
dakTopom 3abe3neyeHHA e(eKTMBHOCTI Ta HafifiHOCTI
npoueayp KOOpAWHALii € HAABHICTL PiBHA KOMMNeTeHUil
(N, mocTaTHbOrO ANA NPUAHATTA PilleHb Y KOHKPeTHiiA
npobnemHiin cutyauii. licna BuABNEHHA npobnemHol
cuTYyauii Ta opMyBaHHA BiANOBIAHOTO PilleHHS Ha OCHOBI
MHOXMHI HAABHUX NpeLiefieHTiB, BiANOBiAHA iHYopMaLia
yNaKoBYETbCA [0 HOBOr0 C(HOPMOBAHOTO MnpeLiefieHTa
Ta 36epiraetbeay (M M .

MHOXIHA KOMMNETEeHTHOCTI & MoXe 6yTu BU3HaueHa
AK MHOXMWHA CUTYaLiid, OO AKMX CUCTEMA MOXe reHepy-
BaTW pilleHHA, BUKOPUCTOBYIOUN HAKOMUYEHY MHOMUHY
npeueaeHTiB. PiBeHb rn06anbHOI KOMNETEHTHOCTI CUCTEMM
Ha OCHOBI MpeuedeHTIB € € BiJHOLEHHAM MOTYXHOCTi
MHOXMHI KOMMNETEHTHOCTi € [0 MOTYXHOCTI MHOXUHU
MOXTUBUX CUTYaLiil S:& = |8|/|S| OCKinbKu NOTYXHiCTb
MHOXMHIN MOXIUBUX CUTYaLiid, AK nNpasuno, € anpiopi
HeBiZOMOI0, M MOXeMO BUKOPUCTOBYBATH OLiHKN KoMne-
TEHTHOCTI y BUrNAZI € -NOKpUTTA abo € -focTynHocTi [15].
JlokanbHa KOMMETEHTHICTb LLOJ0 KOXHOTO KNnacy KOHTeK-
(TY BU3HAYAETbCA AHANOTYHO AK BiJHOLIEHHA NOTYXHOCTI
CYKYMHOCTi  MpewedeHTiB, AKi 3a0BONbHANTL YMOBaM
AQHOT0 KOHTEKCTY S’, no NOTYXHOCTi MHOXMHU BCiX MOX-
NMBMX CATYaUilt S: €, = ‘S’V|S|.

Moodenb posnodineHozo cxosuwa cnpae. Tpaau-
LiiHO B CLEHApHO-NpeLeaeHTHNX CACTeMAX KOMMETeHT-
HICTb HAabYBA€TbCA LUNAXOM HAKOMUYEHHA MNpeLefeHTiB,
AKi 30epiraTbca LWopasy, KoAM NPUAMAETHCA PilleHHs
B MOTOYHIN npobnemHili cutyauii. OgHak, ueii nigxia € He

3aBXAW NPUAHATHUM LIOAO KOOPAWHALIT Benukux rpyn
bA, AKi 3a3Bnyaii 3MiHIOITb CBiil CTaH y Npoueci akTuB-
HOCT, TaK LU0 X aKTUBHICTb 3MiHIOE IX CTaH 3 cuTyaLii §; A0
iHWOI cuTyauii S5 3po3yMino, Lo HabyTa KOMNETEHTHICTb
€, €5, 3a3BIYail He 3aCTOCOBYETLCA B CUTYaLil s, TUM
naye y NoYaTkoBMii MOMEHT if po3BUTKY €, = .

TeopetuuHo, 30epiraioun Ta Hakomuuyluu npewe-
AEHTU ANA KOXKHOI CUTYaUiT 5;, MOXHa AOCATTH Heobxia-
Horo piBHA KomneteHTHocTi (Il €. (AKLWo, 3B1yaitHo, bA
noTPannAE B CUTyawii Knacy S; CTaTUCTUYHO J0CUTH YaCTo).
[poTe, yepes pi3HNLID YMOB KOHTEKCTIB CUTYaLlili, OCKINbKM
YaC HAKOMMYEHHA HaNeXHOI KiNbKOCTi npeuefeHTiB And
MeBHOr0 KNnacy CuTyauiil 3HaYHO nepeBuLLyeE Yac, 3a AKNN
bA notpannae B Taky cuyadito, NPUIAHATTA 06IPYHTOBAHNX
piLlleHb € TEXHIUHO HEMOXNUBUM.

PiweHHA wiei npobnemu 3anexuTb Bif HACTYNHUX daK-
TOpiB:

— AKUMM € Kepena KOMMeTeHUii Ha OCHOBI npeLe-
JIEHTIB;

—  AKUM YMHOM KOMMETEHTHICTb HAKOMUYYETbCA 3 LIUX
Ixepen;

—  AKUMUW € BAMOTYW A0 Nam’aTi ang 3abe3neyeHHs 36e-
piraHHA KomneTeHLi.

[pUHLMNOBO, HAaCTYMHI AXepena MOXHa po3rnajatm Ak
KOMMNETEHTHi:

— HaKomuyeHHs JocBidy ynpasniHHA bA onepatopom
(ekcneptom);

—  (NOCTepeXXeHHA Ta MOHITOPUHT aKTUBHOCTI bA;

— (aMOHABYAHHA (XOBULLA NpeLiefeHTiB 3a JONOMO-
rol0 MeTo/iB MaLUMHHOMO HABUYAHHA;

— 3anyyeHHA gopeyHux ¢pparmentis Cl1 6inbw Buco-
Koro piBHA (wioa0 bA).

12
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OctaHHe mxepeno mae OyTM 30BHiWHIM ana BA
i HanBaxnueiwum. OCKiNbKM Ha CbOTOAHIWHIA JeHb
BMCOKOLUBUAKICHI KaHanu 3B'A3KY Ta XMapHi TexHonorii
€ LWNPOKO MOLUMPEHNMM, € MOXIUBICTb CTBOPUTH JeLieH-
TpanizoBaHe iepapxiuHe cxosuwe npeuenentis (PCM), ake
He Mae 3afiaHux y ABHiN popmi Mex po3noainy (Hanpu-
Knag, aAMiHICTPaTMBHOTO yu Qi3NYHOrO) i € AOCTYNHUM

yepe3 neBHi (Y61 Ta WA03M, L0 3aCHOBAHI Ha CyYaCHNX
TeXHONOriAX IHTepHeT.

BinnoBigHo, AKLLO KOMNETEHLIA € NOKANbHOK W00
neBHOro npoctopy B3aemogii A',4",..h", P(I M
moxe 6yTi po3ineHe Ha AeKinbka po3pinis, AKi € po3-
noginenumu y npoctopi M=M OoM"U...u0M"
(puc. 3).

Puc. 3 - lMpuHyun opaaHizayii po3noodineHoz20 cxosuwa cnpas

PCIT ma€ aBa 0CHOBHMX AKepena KomneTeHLii:

a) [OCBif ynpaeniHHA BA Ha HaliHWXKYOMY piBHI;

0) [OCBif ekcnepTiB, HAKOMMYeHWil yepe3 npuabaHHa
3HaHb.

Takum unHom, PCIl Hakonuuye [oCBIA NpUAHATTA
pileHb y npobnemHux cutyauiax gig ycix bA, aki mictatbea
a00 paHile MiCTUANCA Y CXOXNX 3a CTPYKTYPOIO Ta QYHKLI-
AMM aHCAMONAX Ta NPUIAMANK YYaCTb Y BUKOHAHHI CXOXKMX
MICiil y Pi3HUX YMOBAX KOHTEKCTY.

Omxe, Ha HaitBuwwomy pisHi PCI moxe 6yTn nogineHuit
Ha po3Ainu BiANOBIAHO A0 po3noziny npocTopoBux obnac-
Teil B3aEMOZ, i KoKeH po3pin Moxe 36epiraTica Ha okpe-
MUX BUBINEHNX CepBepax y Mexax HeobxifHoro npoctopo-
BOr0 po3TaluyBaHHA. KoxeH i3 uux po3ginis, y Co yepry,
MoXe OyTU po3NOAiNeHii Ha MeHLWi AINAHKKM BiANoBiAHO
[0 Miciit, CTPKTypw i KoHdirypauii aHcambnio bA Touuo,
a Ha HaCTyNHOMY piBHi AiNAHKI MOXYTb 6yTy po3gineHi Ha
CeKLii BIANOBIAHO 40 NOTOAHMX Ta iHILMX YMOB HaBKONMLL-
HbOr0 CepeAoBULLA (AOLL, FPO3a, CUNbHUI BiTep TOLLO).

Takuit po3nogin 203B0NA€ 3HAYHO NPULLBUALLUTY NPO-
Liec 06MiHy 32 paxyHOK MeHLLUX NOpLili npeLeseHTiB (cek-

uii abo migcekuii PCM). Bubip koHkpeTHOro (QparmeHTa,
no CyTi, € onepauielo MOWYKy MOAIGHMX npeLeneHTiB
CTOCOBHO CMOYaTKy NPOCTOPOBOrO KOHTEKCTY, NOTiM KOH-
TeKCTY 30BHIlLHBOTO CepefoBULLa, a NOTIM Ge3nekoBoro
KoHTekcTy. Y Bubpanomy B PCIl dparmenTi 3piiicHI0OETbCA
noJanblUMii NOLIYK HA OCHOBI CTPYKTYPHOTO KOHTEKCTY Ta
AVHAMIKI NOTOYHOT CUTYaLil.

Hexait €" € MiHiManbHo MPUAHATHOI OLHKO NOKaNb-
HOI KOMNETEHTHOCTI. TakuM YMHOM, NPU NePeTUHi MeX pi3-
HIX MPOCTOPOBIX 30H BUOIP AINAHOK i NepeHeceHHA noTpib-
Horo dparmenTa B nokanbHe (I moxe 6yTn 3gilicHeHo 3a
OJMH pas, AKIWo €, < €". Mopi6Hum ymHOM, npu 3MiHi,
Hanpuknag, NorofHUX YMOB, MOXNNBO 3HAWTU BigNOBIaHi
dparmeHTn Ta 3aBaHTaxuTh HeobxigHy cekuito CIT 3a oguH
pa3, AKIWO €,, < €. Takuil NifXin MOXe 3HaUHO NPULLIBNA-
LWKMTIA pobOTY CLieHapHO-NPeLieieHTHOT CUCTeMI YNPaBRiHHA.

06MmiH kKomneTeHLiAMY Mix iepapxiyHumu pisHamu PCM
3a 10NOMOrO0I0 KaHaniB 3B'A3KY 3AINCHIOETCA 3@ JONOMO-
FOK0 YOTUPbOX OCHOBHUX METOZIB:

— Oyob-AkuiA  pesynbraT npuitHATTA DA piwenHsa
y MeBHili cuTyauii 060B'A3K0BO NMepefaeTbcaA Ha BULLNIA
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piseHb PCMy Burnagi XML-kogoBaHoro npewueaeHTy (Metoz
HaJCUNaHHA pe3ynbraty);

— MepeTuH KOPAOHIB NPOCTOPOBIX 30H NPU3BOANTD 10
aBTOMATMYHOTO NepeHeceHHA dparmMeHTa Ta 3MiHN BMicTy
nokanbHoro (I bA pakTuunum Bmictom Buworo pisha PCM,
LLI0 MA€E A0CTATHIO KOMMETEHLil0 LWoA0 NOTPibHOT npocTopo-
BOi 06nacTi (MeTog 6€3yMOBHOM0 OTPUMAHHA);

— MepeTuH KOPAOHIB MPOCTOPOBUX 30H MPU3BOAUTH
[0 nepedayi ¢parmeHTa Ta 3MmiHu nokanbHoro (1 BA
dakTynum Bmictom Big PCM 3a yMoBM HAaABHOCTI 3anuTy
(nepeannatin) Ha oHosneHHaA (Il (MeToA 3aMOBNEHHA) Ha
0cHoBi Push-TexHonoriii;

— noABa NpobnemMHOI CTYaLii, CyMHIBHOI L{OA0 KOM-
neteHuii (I, npu3BoANTb A0 HAACUNAHHA 3aNUTY HA NOLLYK
fo PCl i3 BigNoBiAHMM KOHTEKCTOM cuTyauii. Pe3ynbtatyn

TpeHaxepu

lonosHe cxosuuwie
npeyedeHmis

noLyKy MatTb 6yTu BignpasneHi Ha3aa o bA Ak dpar-
meHT CI1 i3 MHOXMHOIK peneBaHTHUX NpeLeseHTIB pi3HOro
ctyneHa nogibHocTi. JlokanbHe CI moxe obpaTi nesHwuit
npeueseHT Ta chopmyBaTi BiAnoBiaHe pilleHHA (MeToA
«peaKLia Ha CUTyauito»).

HakonuueHHA HeobXiaHOI KoMNeTeHUii Ha OCHOBI npe-
LieAieHTiB MoXe BigbyBaTCA He TiNbKI 3aBAAKN MOHITO-
PUHTY peanbHux cuTyauii, ane i 3aBAAKN «po3irpyBaHHIO»
CKNaZHuX CUTYaLlii y peanbHOMY yaci Ha crewianizoBaHomy
(TpeHaxepHoMy) obnaaHaHHi (puc. 4). 36ip aocBiay Mox-
NUBWI B pe3ynbTaTi NPUAHATTA pilleHb Mg yac mojenio-
BaHH#A peanbHUX CUTYaLii JOCBIZYEHUMY eKcnepTamu, AKi
Cnig CBO€yacHo 36epiraty y BianoBigHux posainax PCII.

[ina onucy npeuefeHTiB [OPEYHO BUKOPUCTOBYBATY
ctaHgapTHuiA XML.

I
| MawuHHe |
I HaeyaHHs |
I_ I

3onansHe (h')
cxosuuwe npeuedeHmis

JlokanbHe (A;) cxosuwe
npeuedeHmis

Puc. 4 - 3a6e3neyeHHs KoMnemeHmHocmi cxosuwa npeyedenmie M

0Te, MOXHa BU3HAUNTI HACTYNMHI NPUHLMNK 3abe3ne-
yeHHA komneteHTHocTi PCM:

— [eleHTpanizoBaHe 36epiraHHA npeLeaeHTiB, po3pi-
NIeHMX BiANOBIAHO 0 NPOCTOPOBUX 30H B3aEMOAIT;

— JI0KanbHa KOHLEHTpaLia KomneTeHuii Ana npocro-
POBIX 30H;

—  aKTUBHWIA [BOCTOPOHHII 06MiH NpeLeaeHTamMIn Mix
NOKaNbHUM Ta Buwyumn pisHamn PCTT;

— MAaKCUManbHO MOMINBMIA PiBEHb Y3arafbHeHHs
30epexeHux npeLieieHTiB.

Modenb po3nodineHozo cninbHo20 npocmopy cno-
cmepexerb. BbA 3a3Bnyail oCHalleHi MeBHUM Habopom
CeHCOpIB (AaTuMKiB), 3a AONOMOTOH AKNX BOHM CNOCTepira-
10Tb 3@ CBOIM BHYTPILLHIM CTAaHOM Ta 30BHiLLHIM CepefoBu-
wem. Tak, AN 30BHILUHBOTO COCTepeXeHHA NOBITPAHI bA
MOXYTb BUKOPUCTOBYBATI KamMepl 3 BUCOKOK PO3AiN0BOH
WinbHicTI0, NigBoAHI BA MOXYTb BMKOPUCTOBYBATH YNb-
TPpa3BYKoBi AaTunku Towo. HesanexHo Big Tuny bA, 3 cyto
TeXHIYHNUX NPUYNH KiNbKiCTb CEHCOPIB € CYTTEBO 0OMeXxe-
HUMU. KoXHNIA faTunk mae neBHy (i 06mexeHy) TOUHiCTb Ta

14
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neBHy (i Tex 06mexeHy) Mexy BUAUMOCTI. 3aranom, rete-
poreHHi aHcamoni bA malTb npauloBaTit B yMOBaX HemnoB-
HOTY i1 HETOYHOCTI iHdOpMaLiii, TOBTO YacTKOBOI CnocTepe-
KYBaHOCTi 30BHILIHbOTO CBITY.

B Toil Xe yac, 3p03yMmino, 1110 HajiHICTb Ta a4eKBATHICTb
KoopAuHauii akTusHocTi bA y aHcambni 3anexuTb Big ycnilw-
HOCTi MOLLYKY KOMNETEHTHUX pilueHb Y NpobnemMHmMx cuTya-
LiflX, @ YCNiWHICTb NOWYKY NpeLefeHTiB roN0BHUM YMHOM
3aNeXuTb Bifl NOBHOTM Ta TOYHOCTI HAABHOI iHdOpMaLi, Ha
NifCTaBi AKOI CLEeHAapHO-NpeLefeHTHa CucTema LyKatume
AOpeyHe piLLeHHs. [HWMMI CnoBaMK, BPaxoBYHUI 0OMexe-
HICTb iHdOpMmaLi, 0TPUMYBaHOI Bif CEHCOpIB, KOOPANHALLA
AKTUBHOCTI BA NOKNafaeTbCA He TiNbKM HA CUHXPOHI3aLito
BMKOHYBAHUX HUMM CLLEHAPIiB aKTUBHOCTI, a LLe 1 Ha CUHXPO-
Hi3aLjito y Mexax aHcamb1o iHpOpMaLyii Npo 30BHILLHIi CBIT,
AKY cnocTepiraloTb okpemi bA uboro aHcambsio.

0Txxe, KoxeH bA aHcambnio Ma€ HeoOXiAHICTb 3HATU AK
Npo NoN0XeHHA iHwnx bA y cninbHoMy npocTopi B3aEmogii,
azpke Le HeobxigHo AnA 6e3neyHoCTi ix CninbHOro pyxy, Tak
i PO BUKOHYBaHi HUMM Jil, LL10 BNIUBAIOTb HA Aii, BUKOHY-
BaHi iHWwuMK bA aHcambnio, Ta Npo pe3ynbTaTin Takux Ail,
AKi B CBOK Yepry BNANBAIOTb HA BUKOHAHHA BA BoiX porneli
y aHcambni, a oTxe, 6e3nocepefHbO BNNNBAIOTb HA NpO-
Liecit BUKOHAHHA CLieHapiiB akTUBHOCTI.

bynemo posrnagati npoctip B3aemogii AK TpUBUMIp-
HUiA eBKNigiB npocTip C, Ha AKUIA HAKNa4emo MeTpUYHy

" 1> wiik

ampuoymu

CiTKY KOOPAMHATHMX NiHil i3 po3MipoM &, BUKOPUCTOBY-
1041 NeEBHY 3ajjiaHy HOPMY & Ta MiHiliHe BiR0OPaXKeHHs
/ TaKi, Lo KOOPAUHATHI NiHiT YTBOPIOKOTb HAbIp KOMipOK
D 3 po3mipom 3x8x8, f:C — D. TakuM YnHom,
MU AnckpeTu3yemo mpoctip C kol D = {dxy'z} i30-
MeTpquvmx KybiuHuX KOMIPO‘K d,.- Po3mip Komipku &
3a3BNYaii BU3HAYAETHCA TEXHIYHUMI MOXKMBOCTAMI CEH-
copiB bA T1a 06uncnioBanbHUMN MOXANBOCTAMM iX HOpTO-
BUX KOMN'I0TepiB.

BukopucToByoun AMCKpeTM30BaHy TPUBMMIpHY Npo-
(TOpoBy Mogenb, nobyayemo Mogenb Po3nogineHoro
CninbHOro NpocTopy cnoctepexeqb bA y Burnagi cninbHoi
po3nogineHoi gowkn €. KoxeH enemeHt  gowkn O
BiiNOBiZA€ KOHKPETHIIl KoMipLi dijk e D . Takum ynHom,
KOXeH eNleMeHT, LU0 No3HaueHuii KoopauHatamm (i, j, k)
€ CTPYKTYpOK ©;; = {Xlijkﬂ"'Xnijk , WO MiCTUTb 3Ha-
YeHHA aTpubyTiB, AKi BU3HAYAKTb CNOCTepeXyBaHUil CTaH
KOMipKU d,.jk (puc. 5). Ui atpubytn € 3anexHumu Big
cninbHoT Micii bA Ta npouecy ix akTuBHOCTI. Tak, AnA 3ajay
CMapT-pnbanbCTBa Taki aTpuby T MOXYTb BKIIOYATH: X, —
BUA pubu y 3rpai, x, — cepefHa maca pubuHu y 3rpai,
X, — MOTOYHA NO3uLiA 3HapAAAA noBy (iaeHTudikatop),
X, —NoTOYHa no3uia bA (ineHTudikatop), x; - HaABHICTb
nepewwkoau, Towo. KoxeH atpubyt moxe posropratuca
y MHOXMHY nigatpubyTis, Hanpuknap x,, — LWBUAKICTb
PYXY, X,, — Hanpam pyxy TOLLO.

nioampuoymu

/ X1 — 6uo pubu
7i X2 — cepeOHs 6aza pubUHU
X3 — 3Hapa00s noegy (1D)

! Xa — nosuyin BA (1D)

X5 — nepewkooa

X41 — WEUOKICmb pyxy
X42 — HARPAM PYXY

Puc. 5 - Modenb po3nodineHoi cnineHoi dowKu

TpuumipHa po3nogineHa nowka €2 3abe3neuye npo-
30picTb iHGopMmaLii Ta yTBOpIOE 3aranbHe iHPopMmaLliliHe
(epedoBuLLe, AKe HAAAETLCA BCIM BA, Wwo 3aiaHiy aHcamoni
Ta MpUCYTHI y npocTopi CninbHOI B3aemogdii. bepyun ao
yBaru HeTOYHICTb CEHCOPIB, KOXKEeH 3 aTpubYTIB KOMIpKN ¢

MOe J0NOBHIOBATUCA 3HAYEHHAM . B Aiana3oHi [0,1], wo
Noja€ BMNeBHEHICTb Y BiANOBIAHIN BAACTUBOCTI BCepeauHi
d 3rigHo cnoctepexeHHa. 0TXe, BpaxoBylouu, WO Pi3Hi
bA aHcambnto MatoTb 3MOry 0AHOYACHO CnocTepiraTh Npo-
CTip B3aemopii i GikcyBaT 3HAUEHHA NapaMeTpiB B OAHiil
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i Till e KOMipLi, KoxXeH napametp X moxe byTu nopa-
HUI 9K KopTex X =<(xl,u1),...(xi,u,.),...(xn,un)>,
fie x. — 3HAueHHs mnapametpa X , CMOCTepexyBaHe
i-m bA, a 1, — ouiHKa BneBHeHOCTi i-ro bA y 3HaueHHi
napamerpa x, .

TakuM ynHoM, BA NOBWHHI MaTU MOXNUBICTb 0OMiHI0-
BaTUCA iHPOpMaLLi€l0 Npo cnocTepexyBaHi aTpubyTn Kni-
TUH Yepe3 JowwKy €. YMOBOK KOPeKTHOT0 BUKOPUCTAHHS
CNiNbHOT JOWKKM O AK IHCTPYMEHTY KOOPAUHALLT KOMaHAM
€ 30ir NOYaTKOBOI TOUKI CUCTEMI KOOPAMHAT Ta PO3Mipy
KOMIpKM B CiCTeMax ynpaBniHHA KOXHoro bA aHcambnio,
Lo Ao3BoNAE 06MiHIOBaTMCA iHPOpMaLLi€l0, NPO30po 3anu-
Cytouu ii Ha cninbHy Aowky. 36ir yux napametpis gocara-
€TbCA LWAAXOM NPUMYCOBOTO BCTAHOB/EHHA OfHAKOBUX

3HaueHb Nif yac noyaTky Mmicii abo HapaHHaA ix Tum BA, Aki
J0NyyaloTbCA 0 NPOCTOPY B3aEMOSI.

Ockinbkn ana KoopauHauii bA 3acToCoBYETbCA po3-
NOAiINeHNNA Niaxia, cninbHa JowKa He € Gpi3nyHnm 06’ek-
TOM NpOCTOPY B3a€EMOJii, a € BipTyaNbHOK CYTHICTIO,
agxe KoxeH bA mae BnacHuii nokanbHnit 06pas BipTy-
aNbHOT CNinbHOT AOWKN. Takum unHoM, KoxeH bA mae
30epiraTi YMHHY Konilo CNiNbHOT AOWKK Ta 06MiHI0Ba-
TCA iHdpopmauieto 3 iHwmmm bA, ana yoro BUKOpuUCTO-
BYKTbCA KOOPAWHALiAHI NpuMiTMBI (MOBIZOMNEHHA),
AKi nepefalnTbCA Ta NPUIAMATbLCA 6OPTOBOI0 KOMYHiKa-
LiiHO anapartypolo.

Habip KoopauHauiliHuX NpUMITUBIB NpeACTaBNeHO
y Tabnunui 1.

Tabnuua 1 — KoopanHauiitHi npumituem

Mpumitueu OyHKuis Onuc
WIT «XT0 TaM» bA 3anutye nepeknuk iHwmx bA
WIH dijk «XTO TYT» bA 3anuTye, xT0 3HaX0AUTHLCA B KOMipUi (i,j,k)
IMH dijk «fl Ty bA noBifoMNAe, WO BiH 3HAXOAUTLCA B MeXaX KOMipKn (i,j,k)
ORG xyz “loyaTkoBa TOuKa TyT" bA noBigomnAe, Wo noyaTkoBa TouKa Mae KOOPAMHATH (X,y,2)
GOR “OTpumaty noyatkoBy Touky” | bA 3anuTye KOOPAMHATI NOYATKOBOI TOUKN
STa “BctanoBuTi 3rpat” bA BcTaHOBNHOE NPUCYTHICTL PUOHOI 3rpai B Komipui (i/,k)
0TG d{./.k “BctanouTi nepewwkoay” bA BCTaHOBNIOE HAABHICTb NepeLLKoAN pyXy B KoMipui (i/,k)
ATG d “Mpu3HaunTi LinboBy Touky” | BA BCTaHOBNIOE LiiNbOBY TOUKY B KOMipLi (i /)
bAn X i cnocTepeXkyBaHi HUM 00'€KTI Ta iX aTpnbyTH
ISE Bauy epepa. 0BY€ BC c 0CTepexyBa 00'eKTM Ta ix aTpnby
B NPOCTOPi B3aemogii

Bnposadxenna. Bucokuit Ta cepeaHiii piBHi po3-
nojiNneHoro CXoBula npeuefeHTiB po3pobneHo AnA
cuctemu MycoH, Wo BKAIOYAE CLeHapHO-NpeLeseHTHUIA
MOJynb Ta (xoBuWe npeuenenTis. CueHapii Ta Tpurepu
ANA KOXHOTO Knacy nogiil CTBOPIOIOTHCA MOBOI0 BU3HA-
yeHHA cueHapiiB SCDL Ha ocHoBi XML. Po3nopginete cxo-
BULLe npeLeeHTiB N06yA0BaHe 3 BUKOPUCTAHHAM MOBY
Python 1a ¢peitmopkie Django/GeoDjango, a Takox
bJ] PostgreSQL.

PiBeHb ynpaBniHHa BA (nokanbHuit) po3pobneHo Ha
0CHOBI ribpuaHoi cuctemm Breeze. Cuctemy BipTyanbHoi
CNiNbHOI JOLWKK 3 BiANOBIAHUMU NPUMITUBAMM KOOpAU-
Hauii 6yno peanizoBaHo B 60pToBili cucTemi ynpaBniHHA bA
Ha 0CHOBI MikpokoHTponepa STM32F429 (180 MIy Cortex

M4, 2 M6 Flash / 256 K6 onepatusHoi nam’ati, QSPI Flash
N25Q512) 1a moBu nporpamyBaHHa (++. Cuctemu bpi3
i MycoH Takox peani3oBaHo 3a Jonomoroto mosu (++.
3anponoHoBaHe pilleHHA A03BONAE AOCATTM TepuUTo-
pianbHOro oxonneHHs aHcamébnio bA B pagiyci go 50 km
i 3abe3neuye JOCTaTHIO LWBMAKOAIKD 06pOOKN 3anuTiB Cue-
HapHO-NpeLefeHTHOT CUCTeMI NPYU BUKOHAHHI 3anuTiB Ha
nowyk npeuegeHtis y PCIT y BiaNoOBIAHOCTI 4O KOHTEKCTY
npobnemHoi cutyauii. MMig yac ekcnepumeHTy BUKOpUCTO-
ByBanacb b/l PostgreSQL, wo 36epirana macus npeweseH-
TiB NOTYXHicTio 500 TUC., Ta 3aBafOCTINKIA KaHan 3B'A3KY
3 wenakictio o 10 M6it/c. XML-kopoBaHi npeueseHTy
manu cepegniit obcar 6 K6. Pesynbratu ekcnepumeHTy
npeAcTaBneHo Ha puc. 6, BOHM AalTb MiACTaBU ANA BUC-
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HOBKY, L0 Yac, AKNI BUTPAUYAETbCA CLEHAPHO-NpeLeseHT-
HOK CUCTEMOIO Ha MOLUYK JOPEYHUX NpeLefeHTiB, 3HAUHO
nepeBakae yac, 3a Akuit pparmeHTnn PCM nepemiwyroTbea
fo nokanbHux CI bA. CepegHili yac BUKOHAHHA 3anuTy
CKNaB 6113bKo 5 ceKyHA Npu BUKOpUCTaHHI MeToay “push-

on-entry” Ta 6113bKo 7 CeKyHA Npu BUKOPUCTAHHI MeTody
“case-on-demand” 3a o6cary Bignoiai 4o 20 npeweaexTiB.
OTxe, B LinoMy po3nogineHe cxosuLe npeweaeHTis 3abe3-
nevye MOXNMBICTb KOOPAMHaLii aHcambnio bA B peanb-
HOMY vaci.

Puc. 6 - 3anexHicme yacy sukoHaHHa 3anumy 0o PC[1 8id o6cazy 8ionoeioi (kinekocmi npeyedeHmis)
011 Memoodis 06MiHy «casebase-on-entry», xpush-on-entry» ma «case-on-demand»

BucHoBkun. (TatTio NpuUcBAYEHO AOCTIAXKEHHIO apXi-
TEKTYpU PO3NOAINEHOr0 iEpapXiyHOro (XoBULLA NpeLeseH-
TiB HAa OCHOBI OLiHKM KOMMETEHTHOCTI ANA CLeHapHo-npe-
LeJEeHTHUX CUCTeM YNPaBRiHHA BenUKUMN aHcambnamu
bA. (I nogaHo AK iepapXiuHO OpraHi3oBaHy CTPYKTYpy,
B AKIil feAKi po3noAineHi po3ainu npoctopoBo NoB'A3aHi
Ha OCHOBI reoiHpopMaLiiiHOi cuCcTEMM. 3anponoHOBAHO
MOJeNnb po3noZineHoro CxoBuLLa NpeLefeHTiB Ta Modenb
Po3MoZiNeHoro CninbHOro NPoOCTopy CnocTepexeHb, BU3Ha-
YeHO Habip KOOpAWHALINHUX NPUMITUBIB, LWO 3a6e3neuy-

CMUCOK NITEPATYPI:

H0Tb NPO30PICTb Ta HAZINHICTb CMIAbHUX CnoCTepexeHb bA
Ha TPUBMMIpHiIii po3nogineHii gowui. loctyn 4o BCix Cnyxo6
3a6e3neuyeTbca yepe3 IHTepHeT-3'€HaHHA Ta CnewiabHi
XMapHi winto3n. (I moxe HafaBaTi MHOXIHY NpeLefeHTiB,
AOPEYHNX A0 KOHTEKCTY npobnemHoi cuTyauii, Ak 6e3noce-
pefHbo Ha BUMOry bA, Tak i 3 BUKOPUCTaHHAM MeXaHi3MiB
nepe/3amoB/eHHs, peakLii Ha BXif A0 CNiNbHOMo NpocTopy
Ta iHWWX MeToAiB 00p0o6KM 3anuTiB i3 BUKOpUcTaHHAM XML.
Po3nogineHe cxoBuwe npeuefeHTiB 3aaTHe 3abe3neyunty
OYHKLiOHYBAHHA CMCTEMN YNPaBAiHHA B peasbHOMY Yadi.
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Abstract. The paper considers the topical issue of research and development of coordination methods for large groups

of intelligent unmanned vehicles performing joint missions in heterogeneous ensembles. To manage the ensemble of
unmanned vehicles, a scenario-case approach is used, which allows the use of retrospective decision-making templates in
problem situations, which are considered as dynamic cases, describing acceptable decisions in the form of a set of activity
scenarios adaptable to changing environmental conditions. This approach can be used to coordinate heterogeneous ensem-
bles of unmanned vehicles by the conditions of exitance of a sufficient set of cases needed to make decisions in situations
of different possible classes (competencies) and synchronize case bases for all unmanned vehicles. To solve the problems of
synchronization of case bases, a model of a distributed case base as well as a model of a distributed common observation
space are proposed. The distributed case base is presented as a hierarchically organized structure in which certain distributed
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sections are spatially connected through a geographic information system. The access to all services is provided through
Internet connections and special cloud gateways. The distributed case base can provide a variety of cases relevant to the
context of the problem situation, both directly at the request of the unmanned vehicle and using pre-order mechanisms,
response to the entrance to the common interaction space and other methods of processing requests using XML. The model
of the distributed common space of observations is presented in the form of a three-dimensional distributed board, accessi-
ble to each of the unmanned vehicles through the mechanism of coordination primitives. A set of coordination primitives is
defined, which ensure transparency and reliability of joint observations of a group of unmanned vehicles. The novelty of the
proposed approach is the development of information-distributed models of virtual case base and a common virtual space
of observations. The proposed models have a relatively low computational complexity, which ensures the functioning of the
control systems in real time. The practical significance of the proposed models is that they provide the ability to coordinate
unmanned vehicles in heterogeneous ensembles during joint missions in conditions of significant time constraints, incom-
pleteness and uncertainty of information through the information exchange within the distributed information structures.
Keywords: case, competence, case base, coordination, synchronization, interaction space, unmanned vehicle.
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AHHoOTaLms. B cTaTbe paccMOTPEH aKTyanbHblil BONPOC MCCNeA0BaHNA 11 Pa3paboTKIt METOZ0B KOOPAUHALMM ANA 60/b-
LUMX FPYNN MHTENNEKTYaNbHbIX 6ECNUNOTHBIX aNNapaToB, BbINONHAOLMX COBMECTHbIE MUCCUM B FeTEPOreHHbIX aHCAMONAX.
[ins ynpaBneHna aHcambnem 6ecnunoTHbIX annapaTos UCMONb30BaH CLeHAPHO-NpeLieAeHTHbI NoAXoA, KOTOpbIi Npeso-
CTaBNAET BO3MOXHOCTb UCMONb30BAHMSA PETPOCTEKTUBHBIX LWAbNOHOB NPUHATUA PELLEHNIT B IPOONEMHDIX CUTYaLUAX, pac-
CMaTpUBaeMbIX KaK AUHAMUYECKMe NpeLefeHTbl, coAepXKallie OnucaHne Npuemnemblx peLlennii B BUAE COBOKYMHOCTH
CLeHapNeB aKTUBHOCTM, AAANTUBHBIX K MEHAIOLMMCA YCIOBUAM BHELLHei cpefbl. [laHHbIiA NOAX0A MOXET 6bITb UCMONb-
30BaH [/ KOOpAMHALMN TeTeporeHHbIX aHcambneii 6eCTUNOTHBIX annapaToB NpU HaNUuMK AOCTAaTOYHOTO MHOXECTBA
NpeLefeHTOB, HEOOXOAMMbIX ANA NPUHATAA PeLLEHNi NP BOSHUKHOBEHUN CUTYaLMiA Pa3NMUHbIX BO3MOXKHBIX KNaccoB
(KOMNETEHTHOCTY) M CUHXPOHM3ALMIA XPAHUAWLL, NPELIeAEHTOB KaXA0ro U3 6eCnUNOTHbIX annapaToB. [11A pelueHus 3aaay
CMHXPOHM3aLMI XPaHUNLL NPeLEeAeHTOB NPeAsIoKeHa MOZENb pacnpeeNeHHOro XpaHUANLLA NPeLeAeHTOB 1 MOAENb pac-
npeaeneHHoro 06Lero NpocTpaHCTBa HabiofeHNiA. XpaHunuLLe npeLeAeHTOB NpeACTaBNeHO Kak Mepapxinyecku opraHin3o-
BaHHaA CTPYKTYpa, B KOTOPOIl HEKOTOPbIE NPOCTPAHCTBEHHO-PACNPe/ieNeHHble pa3aenbl (BA3aHbl NOCPEACTBOM reouHpop-
MaLMOHHO cucTembl. JlocTyn Ko BceM cy»k6am obecneunBaetcs uepe3 IHTepHeT-coeaMHeHIe 1 CNelnanbHble 06nauHble
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WNK03bl. XpaHUANLLE NPeLeNeHTOB MOXET NPeACTaBAAsTb MHOXECTBO MPELIeEHTOB, YMECTHbIX KOHTEKCTY NpobnemHoii
CUTYaLMM, KaK HemocpeaCTBEHHO Mo TpeboBaHMIio 6eCNNOTHOTO annaparta, TaK ¥ NP1 NCMONb30BaHUN MEXaHU3MOB npef-
3aKa3a, peakLm Ha Bxoz B 06LLee NPOCTPAHCTBO U ApYriX MeToA0B 06paboTky 3anpocoB ¢ ucnonbosaxuem XML. Mogenb
pacnpefeneHHoro 00LIEero NpocTpaHcTBa HabniofeHii NpeacTaBieHbl B BUAE TPEXMEPHON pacnpeieneHHo AOCKM,
NOCTYTHOI KaXA0MY C 6eCUNOTHBIX aNNapaToB Yepe3 MexaHu3m 06MeHa KOOpANHALMOHHbIMM NpUMUTBaMN. OnpezeneH
Hab0p KOOPAMHALMOHHDBIX NPUMUTUBOB, 06€CNeYNBAIOLLIMX MPO3PAUHOCTD N HAZEXKHOCTb COBMECTHBIX HabsloAeHIi rpynMbl
6ecnunoTHbIX annapaTos. HoBU3Ha NpeANIoXKEHHOT0 NOAX0/a 3aKMOUAETCA B pa3paboTke MHGOPMALIMOHHO pacnpe/ieneH-
HbIX MOZie/eil BUPTYaNbHOr0 XpaHUNMLLa NpeLeAeHTOB 1 COBMECTHOTO BUPTYabHOr0 NPOCTPAHCTBA HabntoaeHwit. lMpeano-
KEHHDbIE MOZENM UMEIT CPaBHUTENbHO HEBBICOKYIO BbIUNCTUTENBHYIO CIOXKHOCTb, UTO 06eCneynBaeT GyHKLIMOHMPOBAHIE
CUCTEMbI yIPaBNeHNs B peanibHOM BpemeHiA. [pakTuueckas 3HaUMMOoCTb NpeanoXeHHbIX MOZeNeil 3aKNI0YAeTCA B TOM, UTO
OHY 06€CNeunBaloT BO3MOXHOCTb KOOPAMHALIMN OECNUNOTHBIX aNNapaToB B reTeporeHHbIX aHCaMbnAX Bo BPEMA BbiNosHe-
HUA COBMECTHbIX MUCCHIA B YCTIOBUAX 3HAYUTENHBIX OTPaHUUYEHINi N0 BPEMEHM, HEMONHOTbI 1 HEONPeAENeHHOCTI UHOP-
Mauuy yepe3 06MeH MHHOPMaLMeil B pacnpeeNeHHbIX MHGOPMALIMOHHBIX CTPYKTYpaX.

Kntoyeevie cnosa: npeyedesm, komnemeHmMHOCMb, XpaHUAULe NpeyedeHmos, KOOpOUHALUS, CUHXPOHU3AYUS, npo-
cmparcmeo 83aumodelicmaus, becnunomHaili annapam.
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AHotauif. MeToto CTaTTi € yAOCKOHaNeHHA TPbOXPAKTOPHOT HENiHHOI perpeciiiHoi Moaeni ANA OUiHIOBAHHA TPyao-
MICTKOCTi po3po6Ki MOOBINbHIX 3aCTOCYHKIB HA OCHOBI YOTUPUBMMIPHOTO HOPMAni3yKuoro nepeTBOpeHHA [IKOHCOHA
cimeicTea S,.

Metoamn pocnigxenHa. Mogenb Ta iHTepBanu nepenbaueHHa TPbOXPAKTOPHOT HeNiHiliHOI perpecii AnA OUiHIOBaHHA
TPYBOMICTKOCTi po3po6ki MoBinbHUX 3acTOCYHKIB N06YA0BaHI HA OCHOBI YOTUPUBMMIPHOTO HOpPMaNi3yKYoro nepeTo-
peHHa JIKOoHCOHa ciMeilcTBa S, ANA HerayCiBCbKUX AaHUX 3a OMOMOTOI BiZMOBIAHUX METOAIB MHOXMHHOIO HeniHiitHoro
perpeciiiHoro aHanisy. Metoau nobyoBu mogeneii, 4OBipuMX iHTEpBaNiB Ta iHTepBaniB nepeadaueHHA HeNiHiNHUX perpeciii
3aCHOBaHI Ha MHOXIHHOMY HeNiHiliHOMY perpeciiiHoOMy aHani3i 3 BUKOPUCTAHHAM OaraToBUMipHIX HOpMani3ylunx nepe-
TBOpeHb. Lli MeToan 203B0NAKTL BpaxoByBaTI KOpENALilo MixX BUNafKOBUMI BeNNYMHAMIA Y pa3i HOpMani3auii baratosu-
MipHUX HerayCiBCbKNX JaHNX. 3aranom, Lie Npu3BOANTb A0 30iNbLIeHHA MHOXIUHHOTO KoeQiLlieHTy AeTepMiHaLii Ta BiACOTKY
nepenbayeHux 3HaueHb, 3MeHLLIEHHA CepefHbOI BeMYNHY BIHOCHOT MOXMOKM, LWMPUH [OBIpUNX iHTEPBANIB i iHTepBanis
nepeabayeHHA B NOPIBHAHHI 3 NiHIHUMI MOAENAMMN Ta HENIHINHUMI MOAENAMM, N06YA0BAHUMI 3 BUKOPUCTAHHAM OfHO-
BUMIipHUX HOpPMaNi3ylounx nepeTBopeHb.

OCHOBHI pe3ynbraTit JoCNiAXeHHA. 34iliCHeHO NOPiBHAHHA YAOCKOHANEHOI Modeni 3 MOAeNAMU NiHiiHOI perpecii Ta
HeNiHifHUX perpecili Ha 0CHOBI eCATKOBOTO NorapudMmy Ta O4HOBUMIPHOTO NepeTBOpeHHA [KOHCOHa CiMeiCTBa S,.

HaykoBa HOBM3HA. YNOCKOHaNeHo HeniHiiiHy perpeciiivy Mofenb Ta PiBHAHHA iHTepBany nepenbaueHHa HeniHii-
HOi perpecii AnA OLiHIBAHHA TPYAOMICTKOCTI PO3pobKN MODINbHMX 3aCTOCYHKIB B 3aNeXHOCTi Bifi KiNbKOCTi eKpaHiB,
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dYHKLIi Ta paiiniB MOBINbHOTO 3aCTOCYHKY Ha OCHOBI YOTUPMBUMIPHOrO HOPMani3yKYoro nepeTBopeHHaA [KOHCOHa Cimeli-
(TBA S,, LLIO 03BONAE NIABULNTY JOCTOBIPHICTb OLiHIOBAHHA TPYAOMICTKOCTI PO3POOKM MOBINbHIX 3aCTOCYHKIB Y MOpiB-
HAHHI 3 BUKOPUCTAHHAM OFHOBUMIPHUX HOpMani3ytuux nepetBopeHb. Mogens, Wwo no6yaoBaHo, B NOPiBHAHHI 3 iHWLMMMU
perpeciiiHumn moaenamu (AK NiHINHUMK, TaK i HENiHINHMMM), MAE€ OINbLLI 3HAUEHHA MHOXUHHOTO KOeQiLliEHTy AeTepMi-
Hauii | BiACOTKa NPOrHO3yBaHHA, MEHLUE 3HaUeHHA cepeAiHbOi BENMUNHY BIfHOCHOI NOXMOKM Ta MEHLUI LUNPUHW iHTepBany

nepeabaueHHA HeNiHiitHoi perpecii.

MpaKTyHa 3HAUMMICTb. TTpaKTUUHA 3HAUMMICTb OTPUMAHMX Pe3yNbTaTiB MonArae B TOMY, L0 NporpamHe 3abesne-
YeHHA, LU0 peanizye nobyfoBaHy MoAenb, po3pobneHo Sci-mosoto Ana cuctemu Scilab.
Kniouoei cnoea: HeninitiHa pezpecitina Modesb, 04iHBAHHA MPydOMicmKOCMI, MOGINbHUL 3aCMOCYHOK, HOPMAni3ytoye

nepemeopeHHs, Hezayciecoki 0aHi.

MocranoBka npo6nemu. OuiHiOBaHHA TPyAOMICTKO-
CTi po3pobkn nporpamHoro 3abesneuenHsa ([13) € ogHieto
3 BaXIMBUX 3aJlay Ha MOYATKOBWX eTamax ioro CTBO-
peHHA. (bOrofHi OAHi€l 3 Hailbinbw BigOMUX moaeneit
ANA OUiHIOBaHHA TpysomicTkocTi po3pobkm M3 € COCOMO
[l (COststructive COst MOdel) — HeniHiitHe perpeciitHe piB-
HAHHA, AKe 3aneXuTb B nepLuy yepry Bia po3mipy 3. Ane
Ha NoYaTKoBuX eTanax po3pobku po3mip M3 we HeBigoMMii.
Kpim Toro, 3a3HayeHe piBHAHHA NOOYAOBAHO Ha OCHOBI
OAHOBUMIPHOT0 HOPMai3ylouoro NepeTBOPEHHA y BUrNAL
LeCATKOBOr0 norapudmy. A Take nepeTBOPeHHA He 3aBX AN
103BONA€E Aobpe BUKOHATX HOpMani3auilo AaHux. Bce ue
Befle 10 HWU3bKOI JOCTOBIPHOCTI OLiHIBAHHA TPYAOMICT-
KoCTi po3pobku byab-akoro M3, y Tomy uncni i mobinbHux
3aCTOCYHKIB.

AHani3 octaHHix gocnipKeHb i nybnikauin. Xoua
po3pobka MODINbHMX 3aCTOCYHKIB CXOXa Ha po3pobKy
Be6-3aCTOCYHKIB | Ma€ CBOI KOpeHi B 0ifbL TpaauuiiiHii
po3pobui 113, oAHaK, OAHi€l 3 CYTTEBUX Pi3HULD € Te, L0
BIANOBIAHI 3aCTOCYHKM YacTo CTBOPIOKTb Ml KOHKPETHM
MO6iNbHUA NPUCTPIiA ANA TOTO, LLO6 CKOPUCTATUCA OO YHI-
KanbHUMNU MOXAnBocTAMY [1]. Tomy NpoTAroM 0CTaHHBOTO
fecATupiuua 6yno onybnikoBaHo 6arato pisHuX mogeneil
ANA OUiHIOBAHHA TPYAOMICTKOCTi po3pobKu MObinbHMX
3aCTOCYHKIB, BKNKOYAKOUM perpeciiiHi, AK NiHiitHi, TaK i Heni-
HilHi [2-5]. Came perpeciitHi mogeni onucyoTb TPyAOMICT-
KiCTb AK BUNAAKOBY BENNYMHY B 3aNeXHOCTi Bifi MeBHUX
dakTopiB. A BpaxoBytuM Te, L0 PO3NOAIN TPYAOMICTKOCTI
AK NPaBMNO He € rayciBcbkim [4, 5], noTpibHo BUKopucTo-
BYBaTM CaMe HeniHiliHi perpeciitHi mogeni, a ix nobyaosy
BECTW Ha OCHOBi 6araTOBMMIpHUX HOpManiylounx nepe-
TBOpeHb [5, 6]. Came Tomy y [5] byna 3anponoHoBaHa
TPbOX(AKTOPHA HeNiHiliHa perpeciitHa moAenb AnA OuiHK-
BaHHA TPYAOMICTKOCTI po3pobKn MODINbHMX 3aCTOCYHKIB

B 3aNeXHOCTi Bifl KiNbKOCTI ekpaHiB, QyHKLii Ta daiinis
MO06iNbHOr0 3aCTOCYHKY Ha OCHOBI YOTUPUBUMIPHOTO HOp-
Mariylouoro nepetBopeHHa [KOHCOHa cimeiicTBa S;. Ane
npu ii NoOYAOBI Ha OCTaHHiN iTepauii BiHOCHA TOYHICTb
OLiHOK napameTpiB cknagana 1%, o MOrno BAAMHYTYK Ha
AKICTb Mojeni B nepiuy yepry Woao 36inblieHHsA WUpKH
A0BIpYOro iHTepBany HeniHiitHoi perpecii. Tomy BUHUKaE
HeobXiaHiCTb B YA0CKOHANEHHI Li€i mogeni.

Meta pocnimKeHHA nonArae B YAOCKOHANEHHi Tpbox-
$aKTOPHOI HeNiHiitHOI perpeciitHoi Mofeni AnA OLiHIOBaHHA
TPYAOMICTKOCTI po3p0o6KI MOBIbHIX 3aCTOCYHKIB HA OCHOBI
YOTUPUBUMIPHOTO HOPMani3yloyoro nepetBopeHHA [KoH-
(OHa CiMeiicTBa Sy, L0 [103BOMe NIABULLMTI JOCTOBIPHICTb
OL|iHIOBAHHA TPYAOMICTKOCTI po3p06Ku MOBINbHMX 3aCTOCYH-
KiB Y NOPiBHAHHI 3 iHWUMM perpeciiHumin MoAenami.

Buknap matepiany pocnigxeHHs. [1na J0CATHEHHA
MeTU JOCNIAKEeHHA, AK i B [5], Mi ckopucTanuca meTogamu
HaBeZeHUMI B [6]. 3rigHo 3 [6] cnoYaTKy BUKOHYETLCA HOp-
Mani3awia 6araToBUMipHUX HerayCiBCbKNUX AaHuX 3a bara-
TOBUMIPHUM HOPMani3ylounm nepeTBOPeHHAM. Y AKOCT
TaKIX JaHNX BUKOPUCTaHI AaHi, Lo HaBeeHi y Tabn. 1[4, 5].
Lli maHi oTpuMaHi WnAXoM AONOBHEHHA YOTUPUBUMIPHOIO
Habopy AaHWX Npo (QaKTUUHY TPyAOMICTKICTb Po3pobKu
Y y nioanHo-roauHax, Kinbkictb ekpadis X1, QyHkuiit X,
i daiinis X; ana 17 3actocyHkiB 3 [7] we paHumn Ana
21 mobinbHoro 3acTocyHKy (pAakm 3 18 no 38).

Ik i B [4, 5] AnA BUABNEHHA BUKMAIB Y AaHuX Tabn. 1
BMKOPUCTOBYBABCA MeTOA, OCHOBaHMIi Ha baraToBuMip-
HUX HOPMani3yluux nepeTBOPeHHAX i KBajpaTi BiACTaHi
Maxanatobica MD”. Takox K i B [4, 5] 6yno oTpumato,
L0 HemMaE€ BUKMAIB B AaHuX Tabn. 1 AnA piBHA 3HAYUMOCTI
0,005 Ta YOTUPUBMMIPHOrO nepeTBOPeHHA [KOHCOHA
ANA CiIMeACTBA S, TOMY, L0 BCi 3HaYeHHA MD? MeHLue Hix
BeJINYMHA KBAHTINA posnoginy Xz, AKa CcTaHoBUTH 14,86
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Ta6nuua 1 — [lani Ta rpanui iHTepBanie nepesbayeHHaA HeniHiliHNX perpeciii

Ne v X, X, X, TpaHuui inTepBanis nepeabayeHHA HeNiHiHNX perpeciit
LB, UB, LB, UB, LB, UB,

1 192 5 4 3 60,47 | 377,26 | 91,85 | 289,05 | 141,59 | 216,58
2 272 5 4 3 60,47 | 377,26 | 91,85 | 289,05 - -

3 288 3 2 2 88,63 | 524,10 | 153,04 | 362,13 | 23355 | 323,15
4 116 6 6 4 51,09 | 352,88 | 7570 | 268,17 | 11556 | 185,70
5 372 5 5 4 54,51 362,37 - - - -

6 504 9 8 6 90,07 | 453,34 - - - -

7 28 6 7 2 -0,71 232,51 20,09 | 160,96 | 25,13 64,56
8 176 6 7 3 18,85 | 277,78 | 37,91 204,55 - -

9 364 10 11 9 157,35 | 66523 | 267,93 | 404,24 | 342,22 | 409,18
10 120 10 10 5 48,66 | 36380 | 73,41 272,31 | 110,82 | 183,41
11 22 6 5 4 70,82 | 402,23 - - - -

12 224 1 6 2 73,52 | 447,01 | 111,94 | 322,06 | 171,73 | 256,38
13 24 2 2 1 -23,85 | 170,88 8,80 123,53 | 1540 49,06
14 200 1 7 4 106,51 | 511,55 | 155,93 | 351,04 - -

15 160 6 6 7 100,58 | 490,02 | 148,29 | 343,97 - -
16 120 2 2 1 -23,85 | 170,88 8,80 123,53 - -

17 96 4 4 1 -33,37 | 149,22 1,90 94,96 - -

18 202 6 5 4 70,82 | 402,23 | 103,42 | 301,71 | 160,44 | 237,61
19 145 4 3 2 4916 | 353,26 | 80,77 | 277,21 | 12475 | 197,83
20 198 6 5 4 70,82 | 402,23 | 103,42 | 301,71 | 160,44 | 237,61
21 146 4 3 2 49,16 | 353,26 | 80,77 | 277,21 | 124,75 | 197,83
22 191 6 6 5 66,20 | 39246 | 96,35 | 294,74 | 151,10 | 227,57
23 99 3 3 2 24,68 | 28997 | 51,04 | 22936 | 7640 | 136,18
24 382 11 12 9 140,13 | 62493 | 257,61 | 400,94 | 326,63 | 397,31
25 270 9 10 8 9337 | 477,23 | 13838 | 338,81 | 21851 | 301,14
26 282 12 7 3 104,63 | 532,46 | 163,82 | 362,10 | 246,66 | 331,09
27 213 10 5 2 78,45 | 452,66 | 117,16 | 324,35 | 181,01 | 264,80
28 322 11 7 5 126,75 | 560,32 | 184,64 | 367,37 | 27836 | 354,89
29 290 10 6 4 109,14 | 513,13 | 157,51 | 350,67 | 239,89 | 320,15
30 223 7 7 6 7858 | 42522 | 112,51 | 31236 | 177,74 | 257,11
31 241 5 5 6 84,92 | 449,29 | 127,21 | 32739 | 204,64 | 286,26
32 87 5 5 2 17,06 | 267,28 | 37,56 | 200,04 | 53,04 | 103,79
33 36 3 3 1 -29,04 | 153,63 5,31 105,65 | 15,20 47,36
34 216 8 7 5 77,05 | 41856 | 108,93 | 307,94 | 16847 | 246,62
35 67 5 6 2 1,39 233,20 | 2241 164,98 | 29,01 69,61
36 115 7 7 3 30,98 | 30643 | 50,32 | 228,90 | 7242 | 131,49
37 36 2 2 1 -23,85 | 170,88 8,80 123,53 | 1540 49,06
38 98 3 3 2 24,68 | 28997 | 51,04 | 22936 | 7640 | 136,18
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AnA piBHA 3HauywocTi 0,005. K i B [4, 5] ouiHkKM napa-
MeTpiB 6araToBUMIpHOr0 nepeTBOpeHHA [KOHCOHA AanA
cimeiicTBa S, Bynu 3HaifeHi 32 METOAOM MaKCUMAbHOT

npasgonodioHocti: ¢, =5,69898, 7, =0,524119,
9,=0,776179,  §,=0,540973, 7, =2,40219,
f, =0,743879, 7, =0,79545, 1, =0,534447,
¢, =-114,5452, ¢ =1,7242,  ,=1,6885,

§, =0,90, 4., =3328,564, &, =12,3743, %, = 12,091
i, =8,30648.

Jlani ana HopmanizoBaHux 3a YOTUPUBMMIPHUM Nepe-
TBOpeHHAM [DKoHCOHa cimeitcTBa SB  maHux  6yayemo
NiHiitHY perpeciitHy mogenb [6]

Z,=7,+e=b+bZ +bZ,+bZ,+e (1)
fie € — BUMAJKOBAa BenuunmHa 3 po3snopginom [aycy,
£~ N(O,cﬁ). Mapametpn mogeni (1) ouinoBanuca
METOJOM HalMEeHLIMX KBajpaTiB, a 1X OLIHKW € TaKUMK
AK i B [5]: b, =0, b, =0,808152, b, = -0,928296,
133 =0,854262. (yma kBaaparis Bigxunenb Ana mogeni
(1) cknana 14,867.

3a (1) Ta yoTMpPMBUMIPHUM NepeTBOpPeHHAM [[KOHCOHA
cimelicTBa S; OYAYEMO HeniHiiiHy perpeciithy Mopens Ana
OLiHIOBAHHA TPYAOMICTKOCTI po3pobKkn MobinbHIMX 3acTo-
CYHKIB [5, 6]

-1

My

Y=0¢,+ iy 1+ e_(ém_%}/

i~
I

peZ =vy.+nIn—=—————
j J J (pj—l_}\’j_Xj

¢, <X, <@, +X,

j=123.
flkictb nobynosaHoi mopeni (2) byna nepesipeHa 3a
MHOXUHHUM KoeQiLieHTOM AeTepMiHaLii R, cepefiHbok

-1

Yo =y
fie y, — NepLua KOMMOHeHTa 6araToBUMIPHOTO HOpMarisy-
toyoro nepetBopeHHa T = y(P) HerayciBcbkoro Bunaj-
T .

koBoro Bektopy P={Y, X, X,,....X,} B raycis-

o o T
(bKui BUNagkosun sektop T = {Zy,Zl,Zz,...,Zk} ;
l,n, — KBaHTIMb t-posnopiny (TblopeHta 3 Kinbki-
CTIO CTYNeHIiB BiNbHOCTI V Ta piBHEM 3HauywwocTi o/2;
Z, — MatpuLs LEHTPOBAHNX Perpecopis, fKa y Hawwomy

2yt 005, {1 Y ) 7]

BeNMunHO BigHocHoi nomunkn MMRE i BigcoTkom nporHo-
3yBaHHA PRED(0,25), AKi BUKOPUCTOBYKTbCA B AKOCTi CTaH-
AAPTHUX OLIHOK pe3ynbTaTiB nepeadaueHHA 3a A0NOMOr0i0
perpeciiiHux mogeneit i B nporpamHiii iHxeHepii [8, 9].
3HaueHHa R%, MMRE i PRED(0,25) nopigHototb 0,579, 0,493
i 0,526 BignoBiaHO. BoHM BKa3yloTb Ha HE3a[0BINbHY AKICTb
PIBHAHHA (2) 3 OLiHKaMN napameTpiB, Lo bynu oTpUMaHi
3a faHumm 3 1abn.1 3 38 mMobinbHMX 3acTocyHKiB. Tomy AK
i B [5] AnA nobyaoBu HeniHiliHoi perpeciiiHoi Mogeni anA
OLiHIOBAHHA TPYAOMICTKOCTI po3pobkn MobinbHMX 3acTo-
CYHKiB Aani 6yno 3aCT0COBaHO METOA MNOKPALLIEHHA HeNiHili-
HUX perpeciitHux mogeneii Ha 0CHOBI 6araTOBMMIPHNX HOp-
Mani3ylounx nepeTBOpeHb i3 3aCTOCYBAHHAM iHTepBaniB
nepeabaueHHA. C(yTb LbOro MeToAY NONATAE Y HACTYMHOMY.
Cnouatky Ha nepliomy eTani, AK Le 3a3BUyail pobuTbCA,
MOYaTKOBI HerayciBCbKi JaHi nepeBipAlTbCA HA HAABHICTb
BUKMAIB i, AKLL0 OCTaHHI 3HANAEHO, TO BOHW BiAKWAAOTHCA.
Ha nepwomy eTani piBeHb 3HauywiocTi npuitMaeTbea 0,005.
Nlani Ha apyromy etani OYAyeTbCA HeniHiiHa perpeciiiHa
MOJenNb i3 3aCTOCYBAHHAM BiZNOBIJHOr0 METOAY Ha OCHOBI
baraToBMMipHUX HOpMani3ytounx nepetopeHb [6]. Micna
LibOro Ha TPeTbOMY eTani ANA PiBHA 3HAYYLLOCTI, Lo AOpiB-
Hio€ 0,05, BU3HAUaKTbCA rpaHuLi iHTepBany nepeadaueHHA
HeniHiiHoi perpecii 3a MeTogoM, HaBefeHUM B [6]. | Ha
0CTaHHbOMY YeTBepTOMY eTani nepeBipAlTb, UM € cepef
AaHUX, 33 AKAMK ByayBanaca perpeciiHa Mogenb Taki,
L0 BUXOAATb 3a BU3HAUEHi rpaHuui iHTepeany nepenba-
yeHHA. Ta, AKLL0 OCTAHHI 3HaliAeHO, TO BOHY BiAKMAAOTbCA
i M1 MOBTOPIOEMO BCi eTanin AN HOBUX AaHMX. AKLLO TaKIX
BUKMAIB He 6yno, T0 MOBTOPEHHA eTaniB MPUMUHAETLCA,
BiANOBIAHA HeniHiliHa perpeciiiHa moaenb nobynoBaHa.

[1nA BU3HAYEHHA HIKHBOT | BEPXHBOI rpaHuLb iHTepBa-
niB nepea6aueHHA HeniHiliHMX perpeciii nobynoBaHo Big-
nOBiJHi PiBHAHHA 3a [6]

B 12
(Z;)} | 6)
BUNAAKY MICTWTb 3Havewws Z, —Z,, Z, —Z,,
_ _ 1_ T
Z3i—Z3} Z}:{Zl,_znzzi_zz’zg_ 3} i
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Szlz, Szlz2 7,7,

T V4 7,7 7,7,

+ + 142 242 2%k
(ZX) Z,= (4)

SZle SZzZA SZ/(Z/(

N

peS,, =12,-2,][2,-Z,], q.r=12...k.
i=l

Y Hawomy Bunagky k=3.

[ina HeniHiiHoi perpeciiiHoiMogeni (2) 3 ouiHKamu napa-
MeTpiB, Lo bynu oTpuMaHi 3a AaHumu Tabn. 13 38 3acto-
CYHKiB AN piBHA 3Hauywocti 0,05 BUABUIOCA: 3HAUeHHA
Y nna Tpbox 3acTocyHKiB (5, 6 i 11) BUXOAATb 32 BU3HAYEHI
rpaHuLi iHTepany nepepbaueHHa. Y 1abn. 1 nigi rpanuui
iHTepBany nepea6ayeHHa, Lo OTPMMaHWIA Ha NepLwin i apy-
riit itepauiax 3a (3), nosHaueni Ak LB, i LB,, a npasi — ak
UB, i UB, BianoBiaHo. Beboro byno 6 Takux itepauiit, nicna
AKNX 3anuwunoca 29 3actocyrkis (1,3, 4,7, 9, 10, 12, 13,
18-38). Y Tabn. 1 niBa rpaHuus iHTepBany nepegbaueHHs,
40 OTPUMAHWI Ha WOCTIIA iTepauii 3a (3), No3HaueHa AK
LB, a npaBa — sk UB,. 3a3Hauumo, Lj0 oTpUMaHi Ha n'a-
Tiil iTepauii WpuHKM iHTepBanis nepeabaueHHs y nopis-
HAHHI 3 TUMU, O HaBefeHi Y [5], BUABUANCA MEHLINMN Ha
10,0-22,5%. 3a paxyHOK LbOro Ha n'aTiit itepauii e oguH
3aCToCyHOK 14 6yB BunyyeHuil. 3a3Haunmo, o y [5] n'ata
iTepavia byna ocTaHHbOH. Y HaloMy BUNAAKY, WO po3rna-
AAETbCA, Ha LWOCTiiA iTepauii BUKNAIB He byno, BiaNoBigHa
HeniHiliHa perpeciitda Mogenb nobygosaHa. Ha wocrii
iTepauii ana AaHux 3 29 MobINbHUX 3aCTOCYHKIB OLHKN
napameTpiB YOTUPUBUMIPHOrO NepeTBOPeHHA [IXKOHCOHA
cimeiicTBa S, Taki: Y, =0,638164, 7, =0,387413,
v, =0,840380, y,=0,477514, 7§, =1,12311,
N, =0,659463, ﬁzAz 0,831303, m,=0,632614,

¢, =-28,4433, P, =1,82645, Ebz =1,59121,
@3 =0,657479, A, =543,161, A, =11,5548,
A, =12,9939 i A, =8,63368, OUIHKN napamer-

piB pigHaHHa (1) HacTymmi: b, =0, b =1,17702,
b, =-1,43269, b, =1,18398, a Matpuus (4) ans Bu3Ha-
YeHHA HIKHDLOI | BepXHbOI rpaHnLb iHTepBaniB nepeada-
YeHHA HeniHilHoi perpecii 3a (3) € Takot:
29,0 24,8 18,7
24,8 29,0 23,6 |-
18,7 23,6 29,0
3a3HauMmo, cyma KBaapartiB BifxuneHb ana mogeni (1)
Ha LWOCTiil iTepauii cknana 0,6189, o y 24 pa3un MeHwe 3a

(5)

(z:) Z;

BIANOBIAHY Cymy Ha nepLwili iTepauii. (yma KBapartis Bigxu-
NeHb AnA mogeni (2) Ha wwocTii iTepavii cknana 4669,6, wo
y 42 pa3n meHLue 3a BifNOBiAHY CyMy Ha nepuuili iTepauii.
3HaueHHs R?, MMRE i PRED(0,25) nopigHiotoTb 0,984, 0,103
i 0,862 BignoBiAHO i BKa3yloTb Ha A06py AKiCTb mogeni (2)
3 OLjiHKaMV napameTpiB, Lo 6ynu 0TpUMaHi Ha WocTiii iTepa-
Lii 32 faHUMK TabA. 13 29 MoBinbHUX 3aCTOCYHKIB.

[ina nopiBHAHHA HeniHiiHOI perpeciitHoi Mogeni (2),
AKa OTPUMAHA Ha OCHOBI YOTUPUBMMIPHOTO HOpPManisy-
H040r0 nepeTBopeHHa [KOHCOHA CiMeicTBa S,, 3 iHWMMMN
Mogienamu byno nobyfoBaHo NiHiliHy perpeciliHy Mofenb Ta
HeNiHilHi perpeciitHi Mofeni i3 3aCToCyBaHHAM 0JHOBUMIp-
HUX HOpMani3ylounx nepeTBopeHb y BUrNALI LeCATKOBOIO
norapudmy Ta [IKoHCOHa cimelicTBa S, 3 OLiHKaMu napa-
METPIB, L0 byn1 TaKoX 3HaiAeHi 3a AaHuMK Tabn. 13 29
Mo6inbHUX 3acTocyHKiB. JliHiiiHa perpeciitHa mogenb AnA
OLiHIOBAHHA TPYAOMICTKOCTI Po3pobKn MobinbHUX 3acTo-
CYHKIB Ma€ BUrNA]

Y:50+Z;1X1+b2X2+I;3X3+8, (6)
[ie OLHKY NapaMmeTpiB TaKi: b, = 36,8484, b, =31,3019,
b, = -43,4205, b, = 50,5983.

(yma KBagpatiB BigxuneHb ana mogeni (6) cknana
40908,4, wo maitxe y 9 pasis binbLue 3a BiANOBIAHY Cymy
AnA mogeni (2), Aka 0TpMMaHa Ha 0CHOBI YOTUPUBUMIPHOTO
HOPMani3ylyuoro nepetBopeHHA [KOHCOHA CiMelicTBa S,
3HaueHHs R2, MMRE i PRED(0,25) ana mopeni (6) nopis-
HiotoTb 0,857, 0,228 i 0,793 BignoBigHo. Xoua Lji 3HaUeHHA
BKa3yHTb Ha HenoraHy AKiCTb mogeni (6) 3 ouiHkamu napa-
METpIB, L0 6ynu 0TpuMaHi 3a faHumu 1aon. 13 29 mobins-
HUX 3aCTOCYHKIB, ane BOHM TipLui 3a BiANOBiAHI 3HAYEHHA
Ana mogeni (2), Aka nobynosaHa Ha 0CHOBI YOTUPMBUMID-
HOTO HOpManiylyoro nepeTBopeHHA [DKOHCOHA Cimeli-
cTBa S;. Kpim Toro 6yna nepeipexa HynboBa rinotesa npo
HOPMaNbHICTb 3aKOHY PO3NOAINY BMNAAKOBOI BeANYUHM
€ Mmopeni (6) 3a kputepiem [lipcoHa x> Do BUbIpKM
3HaueHb BUNAAKOBOI BENUYMHN € 3HAYEHHH xz, aKe
AopiBHioe 23,37, binbLue 3a Xi,, , o cTaHoBuTb 7,81 AnA
3 cTyneHiB BinbHocTi Ta 0,05 piBHA 3HauywwocTi. TobTo, L0
rinotesy npo HopMasbHiCTb Po3MOAINY BUNALKOBOI BeNu-
YMHM € noTPibHO BigkuHyTY. Lle CBifUMTL Npo BifCyTHICTH
TEOPETUYHOTO 0OrPYHTYBAHHA MOMANBOCTI BUKOPUCTAHHA
mozeni niHiiHoi perpecii (6) i npu3BoaNTbL A0 HEOOXiAHOCTI
nobyaoBHM HeNiHiiiHOT perpeciiiHoi Mogeni AnA OLiHIBaHHA
TPYAOMICTKOCTI po3po6KI MOBINbHIX 3aCTOCYHKIB.
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[na nobymoBu HeniHiitHOi perpeciiiHoi mogeni anA
OLiHIOBAHHA TPYAOMICTKOCTI po3pobKu MobinbHMX 3acTo-
CYHKIB HerayciBCbKu JaHi Tabn. 1 3 29 3aCTOCYHKIB MU
HOPMani3y€emo 3a 0AHOBMMIPHUM NepeTBOPEHHAM Y GopMmi
[eCATKOBOro norapudmy. [lani Ans HopManizoBaHMx JaHUX
Oyayemo niHiiiHy perpeciiivy Mogens (1), napameTpu Akoi
OLiHIOBaNNCA METOI0M HalMEHLUWX KBAJPaTiB, a iX OLiHKM
€ TakUMI: h, =1,72206, b =1,75435, b, =-2,16953,
53 =1,29794. (yma KBagpatis Biaxunenb ana mogeni (1)
y uboMy pasi cknana 0,29135. Micna yoro 3a (1) Ta nepeTBo-
PEHHAM Y BUrNAZI AecATKOBOr0 norapudmy bynyemo Heni-
HiiiHY perpeciitHy Mofienb ANA OLiHIOBaHHA TPYAOMICTKOCT
pO3pobKM MOBINbHIX 3aCTOCYHKIB

Y =10°% XA x% x5, (7)

(yma KkBagpatiB BigxuneHb ana mogeni (7) cknana
53 624,7, wo noHag 11 pasis 6inbLue 3a BiANOBIAHY Cymy
ANA Mogeni (2), AKa OTpUMaHa Ha OCHOBI YOTMPUBUMIp-
HOT0 HOpMani3yloyoro nepetBopeHHA [DKOHCOHA Cimeii-
cTBa S;. 3HauenHa R?, MMRE i PRED(0,25) ana mogeni (7)
fopisHiotoTb 0,812, 0,198 i 0,690 BigNOBIAHO. 3HaUeHHA
PRED(0,25) BKa3ye Ha He3ajoBiNbHy AKicTb mogeni (6)
3 OLiHKaMK napameTpiB, Lo 6ynu oTpUMaHi 3a AaHUMMN
Tabn. 13 29 MobiNbHIX 3aCTOCYHKIB. 3HAUEHHA BCiX TPbOX
MOKa3HWKIB ripLi 3a BiAN0BiAHi 3HaUeHHA Ana Mogeni (2),
AKa N00OY/0BaHA Ha OCHOBI YOTUPUBUMIPHOO HOpMani3yto-
4oro nepeTBopeHHA [KOHCOHa CimeilcTBa S,

HeniniitHy perpeciitHy mogenb (2), Aka 0TpUMaHa Ha
OCHOBI YOTUPUBUMIPHOrO HOPManI3yKUoro nepeTBOpeHHs
[X0HCOHa CiMeiiCTBa S, MW TaKOX MOPIBHANM 3 Heni-
HiIHOK perpecinHo MOZeNo i3 3aCTOCYBaHHAM OfHO-
BMMIPHOT0 HOpMaJi3yl4oro nepeTBopeHHA [KOHCOHA
cimeiicTBa S; 3 ouiHKamu napameTpis, Wwo 6ynu 3HaieHi
3a AaHumK 1abn.1 3 29 MobinbHMX 3aCTOCYHKIB. [na AaHux
3 29 3aCTOCYHKIB OLiHKI NapameTpis 04HOBUMIPHUX nepe-
TBOpeHb [IKOHCOHA CiMeiicTBa Sy Taki: ¥, =0,250621,
7, =0,147151, y,=0,471451, 7,=0,605927,
n, =0,548155, 7, =0,519404, 7, =0,558891,
N, =0,575457, ¢, =21,1791, ¢, =1,90, ¢, =1,90,
b, = 0,90, A, =367,0776, A, =10,2064,
iz =10,3804 i 713 =8,58177, a OLiHKM NapameTpis pis-
HAHHA (1) HaCTYMHI: j =0, b, =1,19747, b, = -1,43924,
53 =1,22071. (yma kBaapartiB Bigxunexb and mogeni (2)
3 mapameTpami, L0 OTPUMAHI HA OCHOBI OJHOBUMIPHOTO
HOPMani3yluoro nepetBopeHHA [XKOHCOHA CiMelicTBa S,

cknana 39 265,6, wo noxaa 8 pasis binbLue 3a BiANOBIAHY
CyMy Ana mogeni (2) 3 mapameTrpamu, AKi OTpUMaHi Ha
OCHOBi YOTUPVBUMIPHOTO HOPMAai3yKUOro NepeTBOpPeHHA
JIX0HCOHa cimelicTBa S,. 3HaueHHa R?, MMRE i PRED(0,25)
ANnA MoZeni (2) Ha 0CHOBI 0AHOBMMIPHOTO HOPMani3yK4oro
nepeTBopeHHs [IxoHCoHa cimelicTBa Sy AopiBHIOKTH 0,863,
0,188 i 0,690 BianosigHo. 3HaueHHa PRED(0,25) BKa3ye Ha
He3a[0BiNbHY AKICTb Mogeni (2) Ha 0CHOBI OAHOBUMIPHOTO
HOpMariylouoro nepeTBOpeHHA [IKOHCOHA CiMelicTBa S;.
3HayeHHA BCiX TPbOX MOKA3HMKIB TipLui 3@ BiANOBIAHI 3Ha-
YeHHA Ana mogeni (2), Aka nobyA0BaHA HA OCHOBI YOTK-
PUBUMIPHOrO HOPManisyyoro nepeTBopeHHsa [OoHCoHa
cimeiCTBa S;.

3a3HaunMo, 110 0CHOBHa nepeBara mogeni (2) Ha 0CHOBI
YOTUPUBUMIPHOTO HOPMAni3y4oro nepeTBopeHHA [KoH-
COHa CiMeliCTBa S, Y NOPIBHAHHI 3 NiHiliHOW Mogento (6) Ta
HeNiHIMHUMK perpeciiHuMI MOZeNAMMN i3 3aCTOCYBAHHAM
OJHOBUMIPHUX HOPManizylumx nepeTBopeHb y BUMARI
Aecatkosoro norapudmy (Log10) ta [KoHCOHa CimelicTBa
S, MONArae y MeHWMX WUPUHAX iHTepBany nepefbdayeHHs
HeniHiiiHoI perpecii TpyAOMICTKOCTi po3pobKu MObiNbHUX
3aCTOCYHKIB NPaKTUYHO ANA BCiX AaHuX. [paHuLi iHTepBa-
NiB nepen6aueHHA HeniHiliHUX perpeciii TPyAOMICTKOCT
po3pobkn 29 mMobinbHMX 3aCTOCYHKIB 3 Tabn. 1 HaBejeHi
y Tabn. 2 ana niniiHoi mogeni (6), HeniHiitHMX mogeneil
(7) 7a (2) ansa ABox nepeTBopeHb [XOHCOHA CiMelicTBa Sy:
OZHOBMMIPHOTO i YOTUPUBUMIPHOIO.

[lanHi Tabn. 2 BKasyloTb Ha Te, Lo Modenb (2) 3 Bigno-
BIHMMW napameTpamu Ana YOTUPUBUMIPHOIO NepeTso-
peHHA [XXOHCOHA CiMeiicTBa S, Y MOPIBHAHHI 3 MoAenaMU
(6) Ta (7) Mae 3HAYHO MeHLLi LWMPUHW iHTepBany nepea-
6aueHHA (Big 97 % Ao 444 % y NOpiBHAHHI 3 NiHilHOW
mogenio Ta Big 22 % 10 527 % y NOpiBHAHHI 3 HENiHIHOK
moZaennto Ha ocHoBi Log10) ana Bcix 29 mobinbHux 3acto-
CYHKiB. TakoX 3 Tabn. 2 MOXHa nobaunTi, Wo WUPKHN
J0BipyOro iHTepBany HeniHiiHOI perpecii Ha OCHOBI YOTU-
PUBMMIPHOrO nepeTBOpeHHs [KOHCOHA CiM'T S, meHLLi,
HiXK AnA OJHOBUMIpHOr0 nepeTBOpeHHA [KOHCOHA AnA
28 3aCTOCyHKiB Bif 16% 80 329% (0Kpim 3aCTOCYHKY 33,
ANA AKOTO LWPUHA MeHLLe Ha 9%).

Kpawi nokasHuKn OUHIOBAHHA TPYAOMICTKOCTI po3-
pobKNM MOBINbHIX 3aCTOCYHKIB 3a MOAENNI HeniHiiiHoi
perpecii Ha OCHOBi YOTUPUBMMIPHOrO HOPMani3yKyoro
nepeTBopeHHs [IKOHCOHa CiM'T S; MOXHa B nepLuy yepry
MOACHUTI KpaLow Hopmanisauielo, AKa nepesipAnaca 3a
Bigomumn kputepiamun [10]. Tak, AKLLO 3a KpuTtepiem Ha
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Ta6nuua 2 — [paHuui iHTepBanis nepeadaueHHA NiHiAHOI Ta HENiHIHUX perpecii

0aHOBUMipHe O0aHOBUMIpHe YoTupusumipHe

NiniitHoi perpecii nepeTBOpeHHA nepeTBOPeHHA nepeTBOpeHHsA

Ne Y Log10 J1KoHCcOHa J1)KoHCcOHa

LB U LB UB LB uB LB UB
1 192 85,9 257,1 107,8 309,2 44,4 340,6 141,6 216,6
3 288 56,8 2335 11,5 351,7 136,9 384,7 233,6 323,2
4 116 81,5 251,6 89,7 256,0 40,7 3324 115,6 185,7
7 28 -72,1 115,9 249 78,1 23,0 162,5 25,1 64,6
9 364 2349 420,4 164,5 495,7 181,8 385,1 342,2 409,2
10 120 77,1 260,2 95,4 281,0 41,5 340,4 110,8 183,4
12 224 128,7 314,9 100,3 317,6 68,2 370,7 17,7 256,4
13 24 -249 1513 22,6 69,1 21,7 79,7 15,4 49,1
18 202 1244 295,5 132,9 381,0 56,0 356,2 160,4 237,6
19 145 46,7 219,3 79,8 232,0 35,6 317,2 1248 197,8
20 198 1244 295,5 132,9 381,0 56,0 356,2 160,4 237,6
21 146 46,7 219,3 79,8 232,0 35,6 317,2 124,8 197,8
22 191 1311 303,1 119,0 344,2 553 356,3 1511 227,6
23 99 15,0 188,4 48,1 140,4 27,3 256,1 76,4 136,2
24 382 221,9 409,1 160,7 485,7 71,6 375,0 326,6 397,3
25 270 198,8 379,5 1449 432,9 98,2 376,9 218,5 3011
26 282 167,2 3535 1441 440,2 290,2 387,7 246,7 3311
27 213 1421 325,8 126,0 398,9 61,6 364,9 181,0 264,8
28 32 239,9 420,5 243,4 7233 197,5 384,9 278,4 354,9
29 290 202,4 381,1 215,0 640,8 1244 379,7 239,9 320,2
30 223 168,7 342,5 141,0 4104 72,7 368,0 171,7 2571
31 241 187,9 371,8 159,0 4813 82,6 3733 204,6 286,3
32 87 9,4 164,3 389 13,4 25,2 219,4 53,0 103,8
33 36 -36,5 138,6 19,1 58,3 214 50,7 15,2 474
34 216 151,0 321,6 141,8 406,2 67,3 364,3 168,5 246,6
35 67 -56,6 1247 25,6 78,3 23,2 166,8 29,0 69,6
36 115 15,7 192,0 574 166,9 29,7 282,7 72,4 131,5
37 36 -249 1513 22,6 69,1 21,7 79,7 15,4 49,1
38 98 15,0 188,4 48,1 140,4 27,3 256,1 76,4 136,2
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0CHOBI KBaApaTa BifcTaHi MaxanaHobica rinotesa npo Hop-
ManbHiCcTb 6araToBUMIPHOI0 3aKOHY PO3MOAiNY HOPMani3o-
BaHUX 32 JOMOMOrOK YOTUPUBUMIPHOTO HOpManisyluoro
nepetBopeHHs [IXOHCOHA CiM'T Sy AaHuX Ana 29 3acTocyH-
KiB 3 Tabn. 1 npuitMaeTbca Ana pieHA 3HauywocTi 0,05, To
y BUMAAKY 3aCTOCYBAaHHA OJHOBUMIPHUX NepeTBOpeHb —
BiAKNAAETbCA. TaKOX NPO HerayciBCbKMI po3nogin Yotupu-
BUMipHMX faHuX 3 Tabn. 1 cBigunTb OLiHKa 6aratoBuMip-
Horo ekcuecy [3, , Aka BU3Havanaca 3a [11]. Bigomo, wwo ans
m-BUMIPHOTO HOpManbHoro posnoainy B, = m(m+2).
Y Hawomy Bunaaky 3, = 24 . [inf 4oTMpUBMMIPHIX AaHNX
Tabn. 13 29 3aCTOCYHKIB, 110 HOPMAni30BaHi 3a OMOMOr0i0
0QIHOBUMIPHOTO nepeTBOpeHHA [IKOHCOHa CimT Sy, OLliHKa
3, nopisHioe 34,82, wo Ha 45% nepesuLLye TeopeTUUHe
3HaueHHA. Y pasi 3aCTOCYBAHHA YOTUPUBUMIPHOTO HOPMa-
ni3yloyoro neperopeHHs [IXoHCOHa CiM'i S, Ans 3a3Haue-
HUX AaHNX OLiHKa [3, AopiBHIOE 25,09, L0 BCbOro Ha 4,6%
nepeBuLLYye TeOPETUYHE 3HAYEHHS.

BucHOBKN. Y10CKOHaneHo HeniHiiiHy perpeciiivy
MOZeNb Ta PiBHAHHA iHTepBany nepefbaueHHA HeniHiii-
HOi perpecii ANA OLiHIOBaHHA TPYAOMICTKOCTi po3pobKu
MOGINbHUX 3aCTOCYHKIB B 3aNeXHOCTi Bif KibKOCT

CMUCOK NITEPATYPU:

eKpaHiB, QyHKLil Ta daitniB Mo6iNbHOTO 3aCTOCYHKY Ha
OCHOBi  YOTUPUBUMIPHOrO HOPMAni3yuoro nepeTso-
peHHs [KOHCOHa CiMeicTBa S, L0 A03BONSAE NiABULLUTI
AOCTOBIPHICTb  OLiHIOBAHHA TPYAOMICTKOCTI pO3pPO6KM
MOOINbHNX 3aCTOCYHKIB Y MOPIBHAHHI 3 BUKOPUCTAHHAM
0AHOBUMIPHUX HOpManiylumx nepetsopeHb. Mogens,
Wwo nobyaoBaHo, B MOPIBHAHHI 3 iHWUMK perpecitHumu
MoAenaMu (AK NiHIRHUMK, Tak i HemiHilHUMU), Ma€E
0inbLui 3HAYEHHA MHOXMHHOTO KoediLlieHTy AeTepMiHaLii
i BiflCOTKA NPOTrHO3yBaHHA, MeHLUIe 3HaUeHHA CepefHbol
BeNMYNHM BiAHOCHOT MOXMOKN Ta MeHLWi WupnHY iHTep-
Bany nepefbaueHHA HeniHiiiHoi perpecii. Ha npuknagi
YOOCKOHANeHHA TpboXdaKTOPHOI HeniHiliHOi perpeciii-
HOi MOZeni AnA OUiHIBAHHA TPYAOMICTKOCTI po3pobKu
MOO6INbHNX 3aCTOCYHKIB MiATBEPAXEHO NpaLe3faTHiCTb
MeTOAY MOKPALLEeHHA HeniHiHUX perpeciiHux mogenei
Ha 0CHOBi 0araToBUMipHUX HOPMani3ylYUX NepeTBOPeHb
i3 3aCTOCyBaHHAM KBaApaTty BiacTaHi MaxanaHobica Ta
iHTepBaniB nepepnbayeHHa. B mailbyTHbOMy nnanyeTbca
BMKOPUCTAHHA iHLWINX HAOOPIB AaHuUX ana nobynoBu Heni-
HillHOT perpeciitHol MoJeni ANA OUiHIBaHHA TPYAOMICT-
KOCTi po3po6KI MOOINbHIX 3aCTOCYHKIB.
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Abstract. The goal of the article is to improve the three-factor non-linear regression model for estimating the efforts
of development of mobile applications based on the Johnson four-variate normalizing transformation for S, family.

Research methods. The model and prediction intervals of the three-factor non-linear regression model to estimate mobile
application development efforts are constructed on the basis of the Johnson four-variate normalizing transformation for
non-Gaussian data with the help of appropriate methods of multiple non-linear regression analysis. The methods based on
the multiple non-linear regression analysis using the multivariate normalizing transformations to build the models, con-
fidence and prediction intervals of multiple non-linear regressions are used. The methods allow to take into account the
correlation between random variables in the case of normalization of multivariate non-Gaussian data. In general, this leads
to an increase of a multiple coefficient of determination and percentage of prediction, a reduction of the mean magnitude
of relative error, the widths of the confidence and prediction intervals in comparison with the linear models and nonlinear
models constructed by univariate normalizing transformations.

Main results of research. Comparison of the improved model with the linear model and non-linear regression models
based on the decimal logarithm and the Johnson univariate transformation for S, family has been performed.

The scientific novelty of obtained results is that the three-factor non-linear regression model and prediction interval
equation of nonlinear regression to estimate mobile application development efforts are improved based on the number
of screens, features, and mobile application files using the Johnson four-variate transformation for S, family. This allows
us to increase the confidence of estimating the mobile application development efforts compared to the use of univariate
normalizing transformations. The improved model, in comparison with other regression models (both linear and non-linear),
has a larger multiple coefficient of determination, a larger value of percentage of prediction, a smaller value of the mean
magnitude of relative error, and smaller widths of the prediction intervals of multiple non-linear regression.

The practical significance. The practical significance of obtained results is that the software realizing the improved model
is developed in the sci-language for Scilab.

Keywords: non-linear regression model, effort estimation, mobile application, normalizing transformation, non-Gauss-
ian data.
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Aunotaums. Llenbio cTaTbit ABNAETCA COBEPLIEHCTBOBAHME TPeX$aKTOPHON HESMHEINHOI PErpeccMoHHoil MoJenu Ans
OLIeHKI TPYA0EMKOCTH Pa3paboTKit MOBUNbHBIX NPUNOXEHNIT Ha 0CHOBE YETbIPEXMEPHOTO HOPManu3yloLLero npeobpaso-
BaHuA [1XXOHCOHa cemeiicTBa S;.

MeTozbl nccnegosanua. Mogenb u uHTepBasbl NpeackasaHna TPeXOAKTOPHONM HENMHERHOI perpeccunt AnA OLeHKN
TPYAOEMKOCTU pa3paboTKu MOBUNbHBIX MPUIOMKEHMA MOCTPOEHbI HAa OCHOBE YeTbIPEXMEPHOro HopManu3yoLLero npeoo-
pa3oBaHnA [KOHCOHA CemMeiiCTBa S, ANA HerayccoBCKUX AAHHbIX C MOMOLLbIO COOTBETCTBYIOLNX METOAOB MHOMXECTBEH-
HOr0 HENMHEIHOro PerpeccuoHHoro aHanusa. Metofbl nocTpoeHna Mojeneil, A0BEPUTENbHbIX UHTEPBASIOB 1 UHTEPBANOB
NPe/CKa3aHnA HeNMHENHbIX Perpeccuit 0CHOBAHbI HA MHOXECTBEHHOM HEJIMHEHOM PErpeccuoHHOM aHanuse ¢ UCnofib-
30BaHNEM MHOTOMEPHbIX HOPManU3yloLWmx npeobpa3oBaHutii. 3T MeTOAbl NO3BONAKT YUUTbIBATb KOPPENALMIO MeXAY
CNyYaiiHbIMM BESIMYMHAMM B CyYae HOPManu3alui MHOTOMEpPHbIX HEerayccoBCKIX AaHHbIX. B 061em, 3To npuBOAUT K yBe-
NIMYEHNI0 MHOXECTBEHHOr0 KO3QGuLMeHTa IeTePMIHALIMN 1 IPOLIEHTY NPe/CKa3aHHbIX 3HAYEHUI, YMEHbLLEHNIO CPefHell
BEJINYNHbI OTHOCUTENbHOM NMOrPELIHOCTI WNPUH JOBEPUTENbHBIX UHTEPBANOB It MHTEPBANOB NPEACKa3aHNA M0 (PABHEHNIO
CIMHENHBIMU MOACNAMI U HENIMHENHBIMU MOACNAMM, NOCTPOEHHBIMU € UCM0NIb30BaHUEM OZIHOMEPHbIX HOPMASTU3YH0LLMX
npeobpa3oBaHui.

OcHoBHble pe3ynbTatbl uccefoBanua. lpoBeeHo cpaBHEHMe YCOBePLIEHCTBOBAHHON MOAEII C MOAGNAMU JIMHEIHOI
Perpeccunt U HeNMHelHbIX perpeccuii Ha 0CHOBE JECATUYHOrO Norapudma 1 ofHOMepHoro npeobpasosanna [IxoHcoHa
(eMeliCTBa S;.

HayuHaa HOBM3Ha. YCOBEPLUIEHCTBOBAHO HENMHEITHYI0 PErpeccUOHHYI0 MOANb U YPaBHEHIA UHTepBana npe/ckasaHna
HENMHEINHOM perpeccin Ans OLEHKM TPYA0eMKOCTU Pa3paboTKu MOOUNbHBIX NPUNOXEHNIA B 3aBUCUMOCTI OT KONIMYECTBa
3KPaHOB, PYHKLMA MOOUILHOTO NPUNOXEHNA HA OCHOBE YETbIpeXMEPHOro HopManu3ytoLLero npeobpasosanus [xoHcoHa
(eMeiICTBa Sy, YTO N03BONACT NOBLICUTL J0CTOBEPHOCTb OLIEHKIN TPYA0EMKOCTI Pa3paboTKn MOOUIbHBIX MPUI0XKEHMIA N0
CPaBHEHMI0 C UCNONIb30BaHNEM OHOMEPHbIX HOPManu3ylLux npeobpa3oBaHuit. MoctpoeHHan MoJenb N0 CPaBHEHMIO
C ApYTMMU PErpeccuoHHoil MoJenamu (Kak TMHERHbIMU, TaK U HeNMHEAHbIMM), UMeeT B0MbLuUNe 3HAYEHUA MHOMXeCTBEH-
HOro KO3 GuLMenTa AeTePMIHALIMI U NPOLIEHTa NPOrHO3UPOBAHNA, MeHbLLEe 3HaUeHNe CPeaHeil BENYNHbI OTHOCUTENb-
HOI MOTPeLLHOCTY N MeHbLLWe WNPUHbI MHTepBana NpeJcka3aHna HesIMHERHoI perpeccuu.

MpaKTnyeckas 3HaunmocTh. lTpakTiuecKasa 3HaYMMOCTb NOTYUEHHbIX Pe3ySbTaToB 3aK/UaeTCA B TOM, UTO NPOrpamMm-
Hoe obecneyeHine, peanusylolLiee NOCTPOEHHYIO MOAENb, pa3paboTanbl Sci-A3bIKoM AnA cuctembl Scilab.

Kniouesvie cnosa: Henureiinas peapeccuoHHas Mooenb, 0UeHKa mpyooemMKocmu, Mo6UIbHOe NPUTIOXeHUE, HOpMATU3y-
foujee npeobpazosaHus, Heaayccosckue OaHHble.
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AnoTauia. (TaTTio NPUCBAYEHO CTBOPEHHIO CMCTEMU PO3Mi3HABAHHA 00M1MY HA OCHOBI BeiiBNET-NepeTBOpeHb. Y Xoai
aHanisy 6yno po3po6neHo matemaTuyHy Mogenb 06po6Ku 306paxeHb Ha 0CHOBI METOAIB 3 BUKOPUCTAHHAM BeilBNeT-nepe-
TBOPEeHb (Ha ocHoBi BeliBneTiB JlobeLwi, cumneTis, KolidneTiB, biopTOroHaNbHMX i 3BOPOTHUX HIOPTOrOHANbHIX BEIBNETIB,
BeliBneTiB [abopa Ta nor-fabopa), opmyBaHHA BEKTOPY 03HAK 3a ONOMOrOI0 00UMCIIEHHA CTaTUCTUYHIX XapaKTepUCTUK
300pakeHHA (cepefHbOr0 3HaYeHHA IHTEHCUBHOCTI, CepefiHbO-KBaAPATUYHOIO BiAXMNEHHA, AMCNepCii, eHTponii) Ta Kna-
cndikauii 306paxeHb 3 BUKOPUCTAHHAM METPUK BifCTaHel Mix BekTopamn (BifcTaHb MiHbKOBCbKOro, MaHreTTeHcbKa
BiACTaHb, BiacTaHb EBKNifa, BiacTaHb bpea-Keprica, BiactaHb KaHbeppa, KopenAuiitHa BifCTaHb, KOCUHYCHA BifCTaHb Ta
KBapaTuyHa BiactaHb EBKMiga). OCKinbKN ronoBHUM NOKAa3HUKOM NpaLie3naTHOCTI CUCTEMI € TOUHICTb PO3Mi3HABaHHA,
AKY BOHA AeMOHCTPYE, byno BUABNEHO HEOOXiAHICTb NPOBeJeHHA eKcnepuMeHTanbHUX A0CifXKeHb ANA Bibopy MeToais,
AKi AOLINbHO BUKOPUCTOBYBATH B CuCTeMi. Pe3ynbTati foCNigxeHb NoKa3anu, Wo HaibinbL TOYHMX pe3ynbTatiB po3nis-
HaBaHHA CMCTeMA A0CATAE NPU BUKOPUCTAHHI BeliBNET-NEPETBOPEHHA HAa OCHOBI 3BOPOTHUX DIOPTOrOHANbHNX BelBNeTIB
AN 00po6KmM 300paxeHHA, MeToAy 06UNCNeHHA CepeHbO-KBAAPATUYHOTO BiAXMNeHHA ANnA GOpMYBaHHA BEKTOPY 03HAK
Ta MaHreTTeHCbKOI BiACTaHi B AKOCTI METPUKM Knacudikallii 306paxeHb. 3a Takiux napameTpiB CTBOPeHa CucTeMa AocArna
TOYHOCTi p03Ni3HaBaHHA 3 NOKa3HNKOM 97,5 %. Tema fOCNIZKEHHA € aKTYaNbHO, OCKINbKKM CMCTeMI Po3Ni3HaBaHHA 061my
MOBMHHI rapaHTyBaTi BUCOKY TOYHICTb Ta HAAiHICTb B YMOBAX 3POCTaHHA KiNbKOCTI nopylueHb 6e3neKn i waxpaincTa
y CyyacHoMy iHpopmaLiiHomy npoctopi. HoBu3Ha poboTh nonsrae y BUbopy Ta 3acTocyBaHHi KombiHaLii 00paHix MeTopaiB
Ha KOXXHOMY 3 eTaniB poboti cuctemu. JlocnigKeHHA Mae NPAKTUYHY 3HAUMMICTb, OCKINbKN AOT0 pe3ynbTaTom € cuctema
3 BICOKOI0 TOYHICTIO PO3Ni3HABaHHA.

Knioyoei cnoea: po3nizHasanxa 06/1uy, selignem-nepemeopenHs, ioeHmugikayia ocobu, 06pobka 306paxers, knacucgi-
Kayia 306paxeHe.
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MocranoBka npo6bnemu. B ocTaHHi pokn B ycbomy
(BiTi CNOCTepiraeTbCA 3poCTalouuin iHTepeC [0 MeTofiB
po3ni3HaBaHHA Ta iaeHTUdikavii ocobuctocti. [na yboro
iCHY€E KinbKa NPUYMH, BKNKOYAIOUM 3POCTAHHA 3aHenoKo-
€HHA TPOMAACLKOCTI 6e3nekoto, HeobXiAHICTL nepeBipki
iIEHTUYHOCTI B LUUPPOBOMY CBITi Ta HEOOXiAHICTb MeToAiB
aHanisy 06nny Ta MoAenIoBaHHA B yNpaBRiHHI MynbTUMe-
AiiHAMA faHuMn. OCHOBHI WAAXM i CNOCOOM BMPpiLLEHHA
LUMX 3aBAaHb MONAralTb B 06MacTi 3aCToCyBaHHA biome-
TPUYHUX TeXHONOT A, bioMeTpUYHNIA 3aXUCT edeKTMBHILLMIA
Y NOPIBHAHHI 3 TAKUMU METOaMM, K BUKOPUCTAHHA napo-
nis, PIN-koaiB, cmapT-Kapr, TokeHiB a6o Ttexonorii PKI,
OCKinbKn biomeTpia 403B0NAE ifeHTUIKYBATU Came KOH-
KPeTHY NIOAMHY, @ He NPUCTPilA. YHIKanbHNi 6iomeTpuuHuii
iNeHTUIKATOP CNYXKUTb KNKOYEM, AKNIA NPAKTUUHO HEMOX-
NNBO BTPATUTI.

Mpn ipentudikauii Ta ayteHTMdikauii ocobuctocTi
3pYYHO BUKOPUCTOBYBATM 3ac001 i3 3anyyeHHAM cuCTEMMU
po3ni3HaBaHHA 06nnyua [1]. Taki cuctemn BapitorTbCA Bif
CTaTUYHOrO CNiBCTaBNeHHA oTorpadiii Npu 3pilCHEHHi
KOHTPOJTI0, HanpuKnag, nepe.ipka Nacnopry, KpeauTHUX
KapTOK, J0KYMEHTiB NOCBiAYEHHA 0C06UCTOCTi, BOAICHKOTO
MOCBIAYEHHA, A0 NOPIBHAHHA 300pakeHb 3 BiAeONOTOKY
Kamep CnocTepexeHHs y peanbHoMy yaci. [lepesaroto cuc-
TeM po3ni3HaBaHHA 06711y B TOMY, LLIO BOHW HEHaB'A3MMBI.
[pnBabnMBiCTb AaHOTO MeTOAY 3aCHOBAHA HA TOMY, LLIO BiH
HabnuKeHmiA 40 TOTO, AK MIOAN 3a3BNYail IAEHTUQIKYIOTb
OAWH 0fHOro. Yepe3 xapaktep TemMaTuKu, y Liil npobnemi
TaKoX 3aLlikaBneHi Heiipobionoru Ta ncuxonoru. 3a 3aranb-
HOK AYMKOW, YCMiXu AOCHIAXeHb KOMMN'I0TEpPHOro 30py
3MOXYTb HaZaTi TakuM AOCNIJHUKAM KOPUCHY iHpopMa-
Lito Npo Te, AK NpaLoe MO30K NI0ANHN [2].

[cHytoui noTpebu y CTBOpEHHI CucTeMm, Wo peanisynTb
BUPILLEHHA 3aBAHHA PO3Ni3HABAHHA 0011y, HAKNAAAKTb
KOPCTKi 0OMEXeHHA Ha LWBMAKICTb pobOTM anropuTMiB,
AKi NOBUHHI NpaLioBaTh y pexumi, 6nnu3bkomy Ao peanb-
HOro yacy. [lna ycnilwHoro BUpileHHs 3aBAaHHA 3 po3ni3-
HaBaHHA 06111y 3a6e3neyeHHA BUCOKOI LWBNAKOCTI poboTn
MOBMHHO TaKOX MOEAHYBATMCA 3 MaNOK KiNbKICTIO XUOHNX
po3ni3HaHb. [nA LbOro HeobXiAHO BUPIWMTM HACTYMHI
3aBJaHHA: BU3HAUNTI 3aC00M 06p06KI 306paxeHHs, CTBO-
PeHHA oro BeKTOpY 03HaK i MeToau Knacudikauii; po3po-
OMT MaTeMaTUyHY MOAENb CUCTeMU; NifibpaTi JOUiNbHI
napameTpu CUCTEMM ANA KOPEKTHOI ieHTUdikauii 06amyua
3a J0NOMOTOI0 eKcnepumeHTiB. (TBOPeHa CuCTemMa NOBMHHA
KOPEKTHO iaeHTUQikyBatin >= 95 % 306paxeHb.

AHani3 octaHHiX gocnimKeHb i nybnikauin. Lin-
KOBUTMIA OMKC CUCTEMM PO3Mi3HABAHHA 06/1MYYA HaBEAEHO
y npaui «Toward a practical face recognition system: Robust
alignment and illumination by sparse representation» [3].
Y uboMy A0CNiAKeHHi HaBYanbHi 00pa3u Jo6pe y3roaxeHi
(3m06yTi y KOHTPONbOBAHMX YMOBAX), @ PO3Mi3HaHi 300pa-
KEeHHA — peanbHo icHytoui dotorpadii. Cuctema 6asyeTbca
Ha anropuTMi po3piZKeHoro npeacTaBneHHA Ta Knacudika-
uii (SRC). 3anponoHoBaHMii MeTOA MOKA3ye Aye XopoLi
pe3ynbratin y 6a3i gaHux FERET.

Onmc po3pobku cuctemin AnA po3ni3HaBaHHA 06nMyyA
HaBepneHo B poboti «Development Of A Face Recognition
System» [4]. KomnoHeHTu 06nnuua Ha 306paxeHHA AnA
TeCTyBaHHA BUABNANNCA i3 3aCTOCYBaHHAM (inbTpy nanna-
CiaHa-rayciaHa. QinbTp NoKa3ye JOCTaTHBO TOUHI pe3ynbTaTi
NPy BUNYYEHHI 03HAK 00/11Y NPY Pi3HUX YMOBAX OCBITNEHHA.

Po6oty J1. JleHua «Face Recognition under Real-world
Conditions» [5] npuceayeHo po3pobui cuctemn po3nisHa-
BaHHA 0071y y peanbHUX YyMOBAX, 3aCHOBaHIil HA HOBIT-
HbOMY MeToZdi, B OCHOBY AKOTO 3aKnafieHo BeuBneTu
[abopa Ta nepeTBOPEHHA 3 BUKOPUCTAHHAM iHBapiaHTHOTO
enemeHTy macwraby (SIFT). Mig vac mocnimxenHa 6yno
NpOTECTOBAHO Ta OLHEHO LMPOKO BUKOPUCTOBYBaHI 6a3n
AaHux 06nmny (ORL, FERET). TouHicTb gaHoro meTtogy CTaHo-
Buna 72,7 %, y nopiBHAHHI 3 meTogom KeneHewki (60,8 %).

Y crarti «Development of Biometric Systems for
Person Recognition: Biometric Feature Systems, Traits and
Acquisition» [6] aBTopu aHani3ywTb GiomeTpuuHi cuctemu,
NiJKPeCnionyu nepesarn BUKOPUCTAHHA BeliBNeT-nepeTso-
peHb y cucTeMax ineHTudikavii ocobucTocti, a Takox focni-
[DPKEHHS L0710 TOrO, 110 06MYYA NIOAMHIA € OBHUM 3 NapaMeT-
PiB, AKMiA HAIYaCTiLLe BUKOPUCTOBYIOTHCA B TaKUX CUCTEMAX.

BukopuctaHHA meToziB po3ni3HaBaHHA Ha 0CHOBI Beil-
B/eT-NnepeTBOpPeHb € HOBITHIM Ta HeOCTaTHbO BUBYEHUM
y Tany3i CTBOPeHHA CMCTeM Po3Mi3HaBaHHA 00/NY, a BXe
iCHYI0Ui CMCTeMN AeMOHCTPYKTb TOYHICTb ifeHTUiKaLil
6nu3bko 70-80 %.

Meta pocnigenHa. MeTot faHoi pobotn € gocni-
[KeHHA MeTofiB 00po6KM 300pakeHb, WO 3aCTOCOBY-
BaTUMYTbCA Y CMCTEeMi po3ni3HaBaHHA 06nny, Ta npose-
JeHHs eKCnepuMeHTIB 3 BUKOPUCTAHHAM Pi3HUX MeToZiB
$OpMYBaHHA BEKTOPY 03HaK i Knacudikauii 306paxeHb
ANA BUABNEHHA TUX MeToAiB, AKi byayTb 3abe3neuyBaty
BUCOKY AOCTOBIPHICTb PO3Mi3HaBaHHA 06'€KTiB aHani3y Ta
3HIDKEHHA PiBHA XWUOHMX po3ni3HaHb NPU BUKOPUCTAHHI
iX y cucTemi. [Ina fOCATHEHHA BKa3aHMX QYHKUiOHANbHMX
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0c06nMBOCTEl CMCTeMI Yy POOOTI MPOMOHYETbCA A0CAI-
[PKEHHA MeTodiB 00p06KM 306paxeHHA 3a AOMOMOroH
BeliBneT-nepeTBOPeHHA Ha 0CHOBI BeiiBneTiB [lobewi, cum-
neTiB, KolidneTis, 6iopTOroHaNbHNUX Ta 3BOPOTHUX BiopTo-
rOHaNbHUX BeliBNeTiB, BeliBneTiB [abopa Ta nor-fabopa.

OCHOBHi MONOXEeHHA AOCNIAKEHHA. Y 3ajavax
06p0o0Kn 306paxkeHHA HepiaAKo iHTepNpPeTYIoTbCA AK BUNAA-
KOBi mpouecu ABOX 3MiHHMX, TO6TO AK BMMAAKOBI mons,
OCKiNbKN Npu GopMyBaHHi 306pakeHb NPAKTUUHO 3aBXK AN
HaABHI wymu. llepeTBopenHa Qyp’e 3 iHOT0 HeCKIHYEHHO
NPOTAXHUM TPUrOHOMETpUUHUM Basucom aobpe nigxo-
AUTb ANA aHani3y CTauioHapHuX curHanis. [na Hectauio-
HapHUX CUrHANIB BaXNMBO BIU3HAYUTU MOMEHT yacy, Konu
Ta UM iHLUIA YACTOTHA XapaKTepUCTUKA PanToBO 3MiHUMACh.
Tomy 6a3ucHi ¢yHKUii NOBMHHI MaTi KiHUeBy 06MmacTb
BM3HaueHHA. flk pa3 Takumu QyHKUiAMM | € BeilBneTM.
3 X JONOMOrol0 MOXHa MOKPUTI YBeCb NpOCTip, BUKO-
PUCTOBYIOUM 3CYB MO-Pi3HOMY CTUCHYTUX BapiaHTIB €AUHOI
dyHKUT [7]. BeliBneT-nepeTBOPeHHA [03BONAE AOCIAHM-
Kam ynpaBnAaTM NeBHUMI TUMAMI LWAOMOHIB, (XOBaHUMN
B JaHWX, BUKOHYKOUW aHani3 faHux Bif 3aranbHoro Ao
HanApioHiwwmx aeTaneit. Take nepeTBOPEHHA BUKOHYE N10Ka-
Ni3aLio AK 33 YacoM, TaK i 3a yacToTow i 6yno po3pobneHo
[iNA TOr0, 1406 YCyHyTU Heponiku nepetsopeHHs Dyp'e, Ake
BMKOHY€ NI0Kani3aLito nuwe 3a yactototo [8].

3aranbHuit npuHuun nobyaosm 6asucy BeiiBneT-nepe-
TBOPEHHSA MONAra€e y BUKOPUCTaHHI MaClUTabHOro nepeTso-
PEeHHA Ta 3MiLyeHb. byab-AKwii i3 BeliBneTiB, AKi HalibiNbL
YacTo 3aCTOCOBYKTbCA, NOPOSXKYE NOBHY OPTOHOPMOBAHY
CMcTemy GYHKUIi 3 KiHLeBUM HOCiEM, N06yA0BaHMX 3 BUKO-
PUCTAHHAM MacLUTabHOro NepeTBOpeHHs Ta 3MilleHb. (ame
33 PaxyHOK 3MiHM macwTabiB BeliBneTN 34aTHi BUABUTI
Pi3HULI0 Y XapaKTepuCTUKaX Ha Pi3HUX LIKanax, a Wiaxom
3CyBYy NpoaHanisyBaTi BNACTUBOCTI CUTHaNYy B Pi3HUX TOY-
Kax Ha BCbOMY iHTepBani focnigxeHHA. AHani3 3 BUKOpUC-
TaHHAM BeilBieT-NepeTBOPeHHA NpefCTaBAe 300paxeHHs
AK Cymy BeiiBneT-QyHKLiiA 3 PiSHUMU NONOKEHHAMN Ta
macwTtabamu [9].

MomibHO [0 iHWMX NiHiHUX nNepeTBOpeHb, BeliB-
NeT-nepeTBOPeHHA 3MeHLLYE eHTPONito 300pakeHHA, TO6TO
MaTpuLA KoediLlieHTiB BeBNETY MA€e MEHLLY eHTPONt, Hix
came 300pakeHHA, a oTKe, MaTpuuA KoedilieHTiB edek-
TUBHILe KoayeTbca [10].

Hexali maemo ABa Habopu koediuientiB {hk} Ta {gk},
AKi BCTaHOBMIOWTb YTOYHEHHA BigHOCUH. Lli KoediuieHTn
BM3HaualTb opmy OQyHKUii MacwTabyBaHHA Ta BeilB-

net-QyHkuii. Qopma y CBOK uepry BU3HAYaE LOAATOK,
y AKOMY MU MOXeMO BUKOPUCTOBYBATM TOI UM iHLUINIA Beil-
Bnet. KoediuieHTn {hk} 1a {gk} BuKOHYI0Tb yHKLIT GinbTpiB.

YTOYHEHHA BIAHOCUH Y CUCTeMaX OPTOrOHabHMX BeliB-
NeTiB BUrNAJAE HACTYNHUM YNHOM:

N-1
0) = Y b 2621~ ). (1
k=0
Bupas &, 2 npeacTaBAAe o600 HEHOPMani3oBaHi
koediLienTu, a h(k) — HopmanizoBaHi.
TaKoX MAaEMO HaCTyMHe PiBHAHHA:

w(0) = g, V202t k). 2)

BeitBnetn MakTb 3aZ0BONbHATU NEBHUM HEOOXiAHUM
YMOBaM TaKuM, fIK OPTOTOHaNbHICTb Ta MeBHi OUiNbHi
XapaKTepucTuku Ana okpemux Buais goaatkis. Lii ymosu,
y CBOK Yepry, HaknajawTb 0OMeXeHHA Ha KoeQilieHTu
dYHKLiT MacwTabyBaHHA Ta BeilBNeT-QyHKLUii.

Y 6inbLiocTi BUNAAKIB CMrHanu, 40 AKNUX 3aCTOCOBYETbCA
BeiBNeT-NepeTBOPEHHA, NpefcTaBNeHi  KBajpaTUyHo-
iHTerpoBaHMMU QYHKLiAMM, BU3HAUEHMMU Ha BiCi BiCHNX
yncen. OpTOHOPMOBaHI BeilBNETU 3 KOMNAKTHUM HOCIEM
Ha HeCKiHYeHHiN AifcHiN Bici bynu ckoHcTpyitoBaHi [obeLwi
[11]. BeitBnet-cuctema [lobewi He mMae dyHKLii B ABHOMY
BUINAZI, afe onepawia nepeTBOPeHHsA NPOBOANTLCA 3 BUKO-
PUCTAHHAM BeliBNeT-KoediLlieHTiB i koediLieHTIB MaclLTa-
OyBaHHA, AKi GOPMYKTb KOeiLiEHT HU3bKO-YacTOTHUX
i BUCOKO-YaCTOTHUX GinbTpiB.

OyHKLiA MacwTabyBaHHA | GYHKLIA BeliBneT-nepeTBo-
PeHHA 3a/a10TbCA HACTYMHUM YUHOM:

o) =2 o2t k), 3)

WO =2 g, 621 k). (@
k

OyHKLiA MacwTabyBaHHA Ta BeliBneT-QyHKUiA JobeLwi
He CUMeTPUYHI, OCKINbKM B HUX BUKOPUCTOBYETHCA MiHi-
ManbHi $a3oBi KBaApaTHi KopeHi AnA Toro, Wob eHepria
KOHLieHTpyBanaca no6au3y noyaTkoBoi TOUKM KOMNAKTHOTO
HOCiA. [HLLOI0 CMCTEMOK OPTOrOHANbHUX BEiBNETIB 3 KOM-
NAKTHUM HOCIEM € CUMAETH, AKI ABAAIOTb 00010 MOANGIKa-
Lito BeiiBnetiB JlobeLui, ane MaloTb Habarato MeHLLe 03HaK
aCUMeTPUYHOCT. Y cuMmneTax BUKOPUCTOBYETbCA OfMH
i TOil Xe Habip KopeHiB da3u, AnA AOCArHeHHA 6inbLuoi
CMMETPUYHOCTI 3 NiHiHOI KomnneKcHow da3ot. CumneTn
Po3pobsieHi TakuM YMHOM, 106 MaTi MaKCMManbHY Kinb-
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KiCTb HyNbOBIX MOMEHTIB MO BCili JOBXMHI iX HOCiA, T06TO
y byaoBy cumnetiB byno BnpoBajKeHo 06MexeHH:A, a came
OPTOrOHaNbHUIA KOMNAKTHMIA QinbTp, AOBXMHOW N = 2p.
BiH Ma€ p 3HMKAKOUMX MOMEHTIB i Ma€ Maiixe NiHiitHY
dazy [8].

Oxkpemum Bunagkom seisnetis [lobewi € kondnetn.
Kolignetn oTpumyioTb WAAXOM BBEAEHHA YMOBU HYNbo-
BOT0 MOMEHTY Ha BeilBNeT-QYHKLil Ta QYHKLi MacTa-
OYBaHHA, TUM CAMMM YTBOPIOETbCA binblue KoedillieHTiB.
Takum uMHOM, MiHiManbHa KinbKiCTb AOTUKIB QyHKLT —
Wwictb. AKWOo yncno AOTUKIB GyHKLiT N = 6p, TO KinbKicTb
HYNbOBMX MOMEHTIB  BeilBNeT-QyHKUii [OpiBHIE 2p,
a QYHKUii MacwTabyBaHHA — 2p — 1. Takum unHOM, BCTa-
HOBMIOKTbCA HACTYMHI yMOBH [12]:

d)(t):i P+5_1 tp+tPK(%—t). (5)

p=0

flk Bxe byno 3'AcoBaHo, BeilBneTM — e 6asucu ana
OPTOTOHANbHUX AONOBHEHb. Afle € MOX/UBICTb BU3HAUUTI
BeliBneTH, AKi He OPTOrOHaNbHI NO BiJHOWEHHI0 A0 dYHK-
L MacwTabyBaHHsA, Ta BCe X MatoTb Harato BRaCTMBOCTei
HaniBopTOroHanbHuX BeliBneTiB. KpaTHomacwtabHi 6asncn
Takoro TUMy Ha3uBalTbcA 0asncamu 6iopToroHanbHMX
BeliBneTiB i Bnepiue bynn otpumani KoeHom Ta itoro kone-
ramu [13]. Mpwn nobygoBi biopToroHanbHoro 6asucy 3piic-
HIOETbCA METOA, CYyTb AKOrO NONAraE B TOMY, WWob 3pobuTy
MaTpuLi aHani3y Ta CUHTe3y po3pidxeHumun ana 3abesne-
YeHHA LWBMAKOr0 BUKOHAHHA PO3KNay Ta BiAHOBNEHHH.

biopToroHanbHi  BeliBneTM  BUKOPUCTOBYHTHCA
y 6aratbox nporpamax ana 06po6ku curHanis uepes ixHio
NiHiliHy Ga3oBy BNACTUBICTb. BnacTugictb niHiitHOT Gpasm
NIATPUMYETbCA WAAXOM 3abe3neyeHHA CUMeTpii y Koe-
diuientax pinbrpy. bioproroHansHi BeitBneTn 3abesneuy-
10Tb 0iNbLuy CTyNiHb CB060AM Y NOPIBHAHHI 3 OPTOrOHaNb-
HUMMW BeilBNeTaMu Ta MaloTb CUMETPUYHNIA KOMNAKTHNNA
Hociil [14].

bioproroHanbHuii 6a3uc BeitBnetie — wue 6a3unc,
y AKOMY OCHOBHI QYHKUii MacwTabyBaHHA QYHKUii opTo-
TOHanbHi A0 NOABINHMX BeNBNETIB Ta OCHOBHI BeMBNETH
OPTOrOHaNbHI NOABIAHUM QYHKLIAM MacwTabyBaHHA.
To6T0, GiopTOroHanbHi BeliBAETM NOBUHHI 3a0BONBHATI
HaCTyNHUM YMOBaM:

[ 904 ()0, (O =0,
J W, O, (0)de =o.

(6)
(7)

Y cuctemi biopToroHanbHux BeiBeTiB OKPEMO BUKO-
PUCTOBYITbCA QYHKLii BeiiBNeTy Ta mMacluTabyBaHHA And
aHanisy Ta cuHTe3y curany. lpu 3BopoTHOMY biopToro-
HanbHOMY  BeiiBeT-NepeTBOPeHHi  BUKOPUCTOBYIOTbCA
OYHKLIT CUHTe3y ANA aHanisy Ta HaBnaku. 3BopoTHi Biop-
TOrOHaNbHi BelBNeTU BUKOPUCTOBYITbCA AK YacoBY, TaK
i YacTOTHy o6nacTi, ToMy Lieil BeiBNET CTBOPKE MPOCT
dopmu xBuni. OyHKuiA BeilBneTy 3aBXAN JOPIBHIE Po3-
Mipy obnacti nepernagy, ToMy BOHa Bupilye npobnemy
Mi>K YaCOBOI0 Ta YaCTOTHOIO PO3AINbHOI 3AaTHICTIO.

OyHKuii Tabopa Bnepwe 3anponoHoysas labop. BiH
MOKa3aB, LLIO iCHYE <KBAHTOBWIA NPUHLMN» ANA iHGOpMaLii:
06’eHaHa YacTOTHO-YacoBa 06NMacTb ANA OHOMIPHUX CUr-
HaniB 000B'A3K0BO M€ KBaHTYBATACA TAaKUM YNHOM, 0O
XoAeH curHan abo QinbTp He 3axonnwBaB Y Liii 06nacTi
3HAYeHHA, MeHLUI 3a NeBHi MiHIManbHi 3HaueHHA [15].

lpeactaBneHHa  300paxeHb BeitBnetamu [abopa
06paHe yepe3 ix 6ioNOriYHy 3HAYNMICTb Ta TEXHIUHI BRACTH-
BocTi. BeitBnetn [abopa matotb dopmy, nogibHy Ao peuen-
TUBHUX NONIB MPOCTUX KNITUH NEPBUHHOT 30POBOI KOpM,
0TXe NpeAcTaBNeHHA 306paxeHb 3aCHOBaHe Ha NpUHLMNAX
npescTaBneHHa 306paxeHb B pO3yMi MOJUHN.

OinbTpu labopa y npocTopoBili 06nacTi Bu3Haua€eTbcA
HacTynHolo Gopmynoto:

1 [;—:zﬂ‘vz)
)= ce , (8)
o(7) T
npu ubomy GyHKLUiA [ayca BU3HAYAETHCA TAKUM YUHOM:
1 |as
g(f) = e[2 ] 9)
2nc

AnbrepHatuBoto ¢pyHKuii [abopa € ¢pyHKuia nor-fabopa,
3anponoHoBaHa Qingom [16]. Jlor-fabop dinbTpn MoXyTh
Oyt nobymoBaHi 3 AOBINbHOW MPONYCKHOK 3AATHICTIO,
a CMyra nponyckaHHA Moxe OyT ONTMMi30BaHa AnA 0Tpu-
MaHHA GinbTpa 3 MiHiManbHO0 NPOCTOPOBOI0 Mipot. Beiis-
net-nepeTBopeHHA nor-fabopa MicTutb y cobi matematinyHi
BNAcTMBOCTI QYHKLiN [abopa 3 peTenbHOI0 KOHCTPYKLUi€w
ANA NiATPUMKN BNACTMBOCTEN (inbTpiB Ta 3abe3neyeHHs
TOYHOT PeKOHCTPYKLil. Y NMOPIBHAHHI i3 CyyacHUM piBHeM
TexHiku, BeiBneT nor-fabopa AEMOHCTPYKTb uyaoOBY
BNACTMBICTb BifOKPeMAIoBaTM iHdopMaLito npo 306pa-
KEHHA BiJl HEKOrepeHTHOro raycoBoro Lymy 3a JOnomo-
rOK0 XOPCTKOr0 NOpory Ta 3AaTHOCTI KOAYyBaTW enemeHTy
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300paXkeHHA WNAXOM 3MeHLIeHOro Habopy KoedilieHTiB
3 BENIMKIM 3HAUEHHAM.
Oopmyna ana nobynosu dinbrpis nor-fabopa HaseseHa

HIKYe:
H/f]][l[ee]]
2 Oy 2( oy
o) =e , (10)
fie p 1 @ — nor-nonApHi KOOPANHATH PYHKLT.
Cnig  3a3HauMT  [Bi  BAXIUBI  XapaKTepPUCTUKIA.

Mo-nepue, GpyHKuii nor-fabopa 3a He MalTb KOMMOHEHTH
MOCTIIHOTO  CTPyMY, MO-Apyre, nepejjaBanbHa (yHKLiA
nor-fabopa Mae po3wwmMpeHuii fianazoH Ha BUCOKOYACTOT-
HOMY KiHUi. [locnifgXeHHA CTaTUCTUKI NPUPOAHMX 300pa-
eHb NOKa3yHTb, WO NPUPOAHI 300paXkeHHA MaloTb CneK-
Tpu amnnityau. [Ina KogyBaHHA 306paxeHb, WO MakTb
TaKi CNeKTpanbHi XapakTepucTukm, Cif BUKOPUCTOBYBATU
dinbTpK, Wo MawTb NoAibHi cnektpu. Oing npunyckae, wo
dyHKuii nor-fabopa, 3aaTHi KopyBaT MpuUpoAHi 300pa-
XeHHA edeKTUBHiLe, HIX, CKaXimo, 3BWYANHI QYHKUi
[abopa, AKi 6 HagMipHO MpeACTaBAANAM HU3bKOYACTOTHI
KOMMOHEHTY i Hej0CTaTHbO NPeACTaBAANN BUCOKOYACTOTHI
KOMMOHEHTH B Oyfb-AKOMY KOAYBaHHI.

Pesynbtati gocnigxenHa. Ha ocHoOBi onucaHux meto-
B 00poOKN 300paxkeHb 3 BUKOPUCTAHHAM BeiiBeT-
nepeTBOpeHb 6yno CTBOpeHO NporpamHuit AOAATOK AnA
biomeTpuuHoi igeHTUdikauii ocobu 3a ¢oTtonopTpeTom.
Peanizauia nporpamu BUKOHyBanacA B iHTErpoBaHoMY
cepegoBuLi po3pobku PyCharm moBok nporpamyBaHHs
Python 3 3 Bukopucrannam 6ibniotek OpenCV Ta NumPy,
AIKi 3pyYHO BUKOPUCTOBYBATW ANA peanisalii anroputmis
Komn'loTepHoro 30py it 06pobku 3006paxeHb. Ha puc. 1

306paxeHo eTanu poboTu 40AATKY, a CaMe 3aBaHTaxeHe
ANd igeHTUdikavii noyatkoBe 300paxeHHs Ta pesynbraTi
ineHTudikauii y Burnagi nopTpeTHoro 306paxeHHA 0cobu
Ta BikHa 3 ii ifeHTUdikatopom.

NocnigxenHa BigbyBanuca 3 BMKOpUCTaHHAM 6a3n
naHux «The ORL Database of Faces», aka mictutb 400 GpoH-
TaNbHUX 300paxkeHb Niogei. Bubipka anA npoBefeHHsA
anpobauii anroputmy cknaganaca 3 40 pizHux 306paxeHb.

[ina GopmyBaHHA BeKTOpy 03HaK 300paxeHHA 3aCTOCO-
BYB/INCA CTAaTUCTUYHI MeToAm 00po6Ku iHdopMmaLlii, AKi 203-
BOMAIOTb TEOPETUYHO PO3PAXOBYBATH ePeKTUBHICTb JeAKuX
npoueayp 06po6ki biHapHux 306paxeHb. Mpn cTaTUCTUYHIN
iHTepnpeTaLii AUCKpeTHi 300paxeHHA JOCNIAXKYIOTbCA AK
peanisaujii BUNagKkoBoOro ABOMIpHOTO MONs, AKOMY MpuTa-
MaHHi Ti Ui iHLLi AMOBIPHICHI XapaKTePUCTUKN, LLIO 3aBYACHO
HeBifomi. MeToto CTaTUCTUYHOrO aHani3y 306paxeHb € BUMI-
PIOBaHHA, ab0 OTPUMAHHA OLIHOK BKa3aHUX XapaKTepUCTUK.
BianosiaHuii anapat gobpe po3pobneHo B matemaTiyHii
CTaTUCTULI Ta Teopil MOBIpHOCTeR. [locnigeHHA y AaHiil
CTaTTi 30CepefkeHi Ha OOUMCNeHHI TaKuUX CTaTUCTUYHUX
XapaKTepUCTUK, AK CepefiHE 3HAUEHHA IHTEHCUBHOCTI, cepef-
Hb0-KBaApaTUyHe BifXWIeHHs, ucnepcis Ta eHTponis.

Knacuikauia 3o06paxeHb BifgdyBaTUMeTbCA LINAXOM
00uMCNIeHHA BifCTaHi MiX BEeKTOPaMi O3HAaK HacTyn-
HUMU MeTpukamu obumcneHHa BifcTani: bpes-Keprica,
KaH6eppa, MaHreTTeHCbKOi, KOpenAuiitHoi, KOCUHYCHOI,
EBkniga, MiHbKoBCbKOro, KBagpaTuyHoi EBKniaa.

Pe3ynbrati ekcnepumeHTiB, npoBefeHUX Haj 300pa-
eHHAMM, o6pobneHumn inbtpamu [obewi, 3 BukKo-
PUCTAHHAM YCiX MeTodiB (OpPMYBaHHA BEKTOPY O3HaK,
306paxeHo Ha puc. 1. Y3aranbHiowum pesynbratn pobotn

Puc. 1 - [paghik pesynemamie po6omu ¢inempis [Jobewiy noeOHaHHi 3 Memodamu o64uceHHs
cmamucmuyHUX Xapakmepucmuk ma MempuKkamu o64ucieHHs 8iocmaHi
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METOAIB ANA 00UNCNEHHA CTAaTUCTUYHUX XapaKTepPUCTUK
300paxkeHHA y noeaHaHHi 3 dinbtpamn [obewwi, HanBuL
pe3ynbTaTin TOYHOCTI ifeHTUiKaLii maTb MeTogmn 06unc-
NeHHa gucnepcii (65-92,5%) Ta cepeaHbo-KBaapaTny-
Horo BigxunexHa (67,5-92,5%). Haiibinbwwii pesynbrat
TOYHOCTI MPOAEMOHCTPYBaNY Taki KomOiHaLjii MeToaiB, AK
dinbTpn [lobewi + cepefHbO-KBaApaTMUHE BiaXuneHHA/
Ancnepcia + BiactaHb EBkniga, lobewi + cepenHbo-KBa-
ApaTUyHe BiAXuneHHA/gucnepcia + KBaApaTnyHa BiacTaHb
EBkniga, [lobewi + cepeaHbO-KBaApaTUUHE BiAXuUNeHHA/
Ancnepcia + BiactaHb Kan6eppa, a came 92,5 %.

Pe3ynbtatn [OCNigKeHb 3 BUKOPUCTAHHAM BeiiBneT-
nepeTBOPEHHA HA OCHOBI CUMAETIB 300paxeHo Ha puc. 2.
3 rpadika BUAHO, WO MAKCMMaNbHWA pe3ynbTaTt ifeHTn-
dikauii, a came 67,5 %, 6yno oTpMmMaHo Npu BUKOPUCTAHHI
METOAIB 00UNCNEHHA CepefHbO-KBAAPATUUHOMO BiaXu-
NeHHA, Aucnepcii Ta eHTponii y Kom6iHaLii 3 BiACTaHHI0
EBKniga Ta KBaapaTuyHoi BiacTaHi EBKniga.

Pe3ynbtatn foCNigKeHb 3 BUKOPUCTAHHAM BeiiBneT-
nepeTBOPEHHA Ha OCHOBI KONPNeTiB 300paxkeHo Ha puc. 3.
lpoaHaniyBaBwn rpadik MoXHa 3pobUTM BMCHOBOK,
WO HANBUWNA pe3ynbTaT KOPEeKTHO ifeHTUIKOBAHNX
300paxeHb y 57,5% npoAeMoOHCTPYBaB MeToa 06umc-
NEHHA eHTPONii y MOEAHAHHI 3 METPUKaMM 00YNCIEHHSA
BiACTaHi MaHreTTeHcbKot, EBKNiAa Ta KBagpaTUuHOI Big-
TaHi EBKnipa.

Pe3ynbratn focnigxeHb 3 BUKOPUCTAHHAM BeilB-
NneT-nepeTBOPEHHA Ha OCHOBI 6iOpTOrOHaNbHUX BeliBne-
TiB 300paxeH0 Ha puc. 4. Y ubomy BUNagKy Haibinbly
TOYHICTb iaeHTMdiKauii, wWwo cTaHoBUTL 85%, cepea
METOAiB 00YMCIIeHHA CTaTUCTUYHNX XapaKTepucTuK byno
OTPMMAHO NPy BUKOPUCTAHHI Aucnepcii, cepefHboro 3Ha-
UeHHA HTeHCUBHOCTI Ta (epefHbO-KBAJPATUYHOrO Bif-
XuneHHs. lpu LuboMy 3aCTOCYBaHHA OCTAHHBOTO MeToay
MoKa3ano BUWMA pe3ynbTaT y Hanbinblwiin KinbKocTi
eKCnepuMeHTiB Y KombiHaLii 3 mMeTogamn obuncneHHaA

Puc. 2 - [paghik pe3ynemamie po6omu ¢inempis Ha ocHosi cumsiemia y NOEOHAHHI 3 MemoOdamu 064UC/IeHHA cma-
Mmucmu4HUX XapaKkmepucmuK ma MempuKamu o64uceHHs 8idcmani

Puc. 3 - [paghik pezynemamie po6omu ¢pinempis Ha ocHosi Kolighiemie y noeOHAHHI 3 Memodamu o64yucneHHa cma-
MuCmMuYHUX Xapakmepucmuk ma MempuKamu o64ucieHHs 8iocmani
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Puc. 4 - Ipaghik pezynemamie po6omu ¢pinempie Ha ocHosi 6iopmozoHanbHux seligsiemis
Yy NOEOHAHHI 3 MemoOdamu 064uUC/IeHHA CMAaMuCMuUYHUX XapakmepucmukK ma MempuKkamu o64ucsieHHA 8i0cmaHi

BincTaHi Kaubeppa, EBknipa Ta KBagpaTuuHoi Biac-
TaHi EBKnifa.

Pesynbtatn  foCNigKeHb 3 BUKOPUCTAHHAM  BeiiB-
NeT-NepeTBOPEHHA Ha OCHOBI 3BOPOTHUX OiopTOroHanb-
HUX BeiBNeTiB 300paxeHo Ha puc. 5. Ak BuAHo 3 rpadika,
[aHUA meTo 06pobKM 306paxeHb NoKasaB ceped YCix
MeTOZiB HailBMLLMIA pe3ynbTar, Wo cknagae 97,5 % Kopek-
THO ifeHTUiKoBaHMX 300paxeHb. Takoro nokasHuka byno
AOCATHYTO Nifi Yac 3aCTOCYBaHHA MeTOAIB 00UNCNEHHSA
(epefiHb0-KBAAPATUUHOrO BiAXWUNeHHA Ta aucnepcii. Mpu
LbOMY BUKOPUCTOBYBANNUCA Taki KnacudikauiitHi metoam,
AK 06uncnenna siactaui bpea-Keprica, KaH6eppa Ta Mah-
reTTeHCbKoi. TakoX Takoro piBHA TOUHOCTI AOCATN KOMO-
Hawjii meToaiB 06uncneHHA BiacTaHi EBKniga Ta KBagpatny-
Hoi BiACTaHi EBKNifa y noeaHaHHi 3 MeTOAOM 06uMCneHHA
(epeAHbO-KBAAPATUUHOTO BiAXUAEHHA.

Pe3ynbtatit poboTi anroputmy 3 BUKOPUCTaHHAM dinb-
TpiB [abopa NpoAEMOHCTPOBAHO Ha pUc. 6. Ik NoKa3aHo Ha

rpadiky, npu BUKOPUCTaHHi MeToAy 06po6KK 300pakeHb Ha
0CHOBI BeliBneT-nepeTBOpeHHA [abopa HanbinbLuy KinbKicTb
KOpeKTHO iaeHTUdikoBaHMXx 306paxeHb 6yno oTpumaHo
y MOEAHAHHI 3 MeTofamu 06uMCNeHHA CepefHbo-KBad-
PaTUYHOTO BiAXWUNEHHA il Aucnepcii Ta MeTPUKOKO BifCTaHi
Kan6eppa. TouHictb ineHTUdikauii craHoButb 87,5 %, Wo
€ [eWo MeHLWMUM Y NOPIBHAHHI 3 pe3ynbraTamu poboTn
anropuTMy Ha 0CHOBI BeilBNIeT-nepeTBOpeHb Nor-fabopa.
Ha puc.7 HaBefeHo pe3ynbraT BUKOPUCTAHHSA BeliB-
NeT-NepeTBOPeHHA Ha OCHOBI QinbTpiB nor-fabopa B ycix
KombiHaLiax 3 meTodamu GOpMyBaHHA BEKTOpY O3HaK Ta
Knacudikauii 300paxeHb. MakcumanbHui pesynbrat Tou-
HOCTi igeHTudikauii, AK BUAHO 3 ricTorpamu, byno otpu-
MaHO MpU  OJHOYACHOMY BUKOPUCTaHHI  QinbTpiB nor-
[abopa, meTody 0bunCNeHHs cepeaHbO-KBAAPATUYHOTO Bi-
XUNEHHA Ta METPUKN 064nCNeHHA BiacTaHi EBKniaa it KBaa-
paTuHoi BifctaHi EBKniga. Mpu 3acTocyBaHHi LMX MeToAiB
Bifi0yBa€eTbCA KopeKTHa ifeHTudikauis 92,5 % 306paxeHb.

Puc. 5 - [paghik pezynemamis po6omu ¢pinempie Ha ocHo8i 360poMHUX OpMO20HATbHUX 8elis/iemie
Yy NOEOHAHHI 3 Memodamu o64uc/ieHHA CMamucmMuYHUX XapakmepucmukK ma MempuKkamu o64ucsieHHA 8i0cmaHi
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Puc. 6 - Ipaghik pesaynemamie po6omu ¢pinempie Ha ocHogi selieniemia [abopa y noeOHAHHI
3 Memoodamu 064uC/IeHHA CMAMUCMUYHUX XapakmepucmuK ma MempuKamu o64ucieHHA 8iocmati

Puc. 7 - [paghik pesynemamie po6omu ¢inempis Ha ocHosi 8elissiemie noz-fabopa y NoeOHAHHI
3 Memodamu 064uc/IeHH CMAMUCMUYHUX XapakmepucmuK ma MempuKamu o64ucsieHHs 8iocmati

BucHoBKu. [lpoaHanisyBaBwmn pesynstatm [Jochi-
[PKeHb, MOXHa 3po6UTU BMCHOBOK, LU0 HAMHMKYI
pe3ynbTaTii TOUYHOCTI ifeHTUdiKauii 306paxkeHb noka-
3a11 MeTOAN BeliBNeT-NepeTBOPeHb Ha OCHOBI Kolidne-
TiB (MakcumanbHuii pesynbtat — 57,5%) Ta cumneTis
(MakcumanbHuit pesynbtat — 67,5 %). Haiiguworo piBHA
TOUHOCTI Ui MeToan JOCAMNN Y NOEAHAHHI 3i CTaTUCTUY-
HUMU MeToZamin 006YNCNeHHs cepeiHbO-KBaAPATUUHOTO
BIAXUNEHHA, fucnepcii Ta eHTponii. Y Bunagky 3 cumne-
TaMin HaliBULLY TOYHICTb MOKa3anu MeTpukm 06uncneHHs
BiAcTaHi EBKniga Ta KBagpaTuuHoi BiactaHi EBKniga,
y BUNaZKy 3 Kolipnetamn — meTpukm BiacTaHi Kanbeppa,
MaHreTTeHcbka, bpea-KepTica, EBKnia Ta kKBagpaTuyHoi
BiacTaHi EBKnipa.

PesynbraTi BeilBneT-nepeTBOPeHHsA 3 BUKOPUCTaH-
HAM Yy cucTemi 6iopToroHanbHUX BeliBNeETiB (BifyaTh
Npo cepefHI0 TOYHICTb PoOOTU LbOr0 MeTOfa, MaKcu-
ManbHUi pesynbraT AKOT AoCATHYB 85% Yy Bunagkax
3 BUKOPUCTAHHAM (epefiHbOro 3HaueHHA iHTEHCUBHOCTI

Ta BiAcTaHel bpea-KepTica Ta MaHreTTeHCbKoI, cepea-
HbO-KBAJPATUYHOrO BiAXUNEHHA 1 JuUCnepcii Ta BigCTaHi
Kanbeppa.

Pe3ynbTaTi BUKOPUCTAHHA Yy CUCTEMI 3BOPOTHUX Biop-
TOTOHANbHUX BeliBNeTiB NPOAEMOHCTPYBaNM HaibinbLuy
TOUHICTb iAeHTUiKaLii cepeq ycix, a 0C06MNBO Y NOEAHAHHI
3 MeToZamMu 06uMCIeHHA cepefHbO-KBaAPaTUYHOTO BifXu-
nenHa (77,5-97,5 %) i ancnepcii (80-97,5 %).

Mpn BuKopucTaHHi QinbTpiB nor-fabopa nig uac
poboTI CMCTEMM MAKCUMANbHOTO PiBHA TOYHOCTI ifleH-
Tndikauii, AKnin ctaHoBUTL 92,5 %, 6yno AoCArHyTO i3
3aCTOCYBaHHAM MeTofy 00YMCIeHHA CepefHbo-KBaj-
PaTUYHOTO BIAXWNEHHA Ta MeTpukM BiAcTaHi EBKniga
M KBaapaTuuHoi BiacTaHi EBkniga. Pe3synbrat pobotu
MeTOAy Ha OCHOBI BeilBNeT-nepeTBOpeHHsa nor-fabopa
€ Kpawum Yy nopiBHAHHI 3 MeTOJOM Ha OCHOBi BeilB-
net-nepetBopeHHa [labopa. Haiibinbwum pesynsratom
poboTi anroputMmy 3 BUKOpUCTaHHAM inbTpiB labopa
€ piBeHb TOUHOCTI iAeHTMiKaLii, o cknagae 87,5 % npu
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3aCTOCYBaHHI MeToAiB 00UMCNEHHA cepefHbO-KBaapa-
TUYHOTO BiAXUNEHHA W JUCNepCii Y NOESHAHHI 3 MeTpu-
koto Kanbeppa.

MakcumanbHuii pesynbrat ineHTudikauii y 97,5 % byno
LOCATHYTO 3 BUKOPUCTAHHAM CepeAHbO-KBaApPaTUYHOrO
BiAXuneHHA Ta BiacTaHeli bpea-Keprica, KaH6eppa, Mah-
reTTeHcbkoi, EBKniga ta kBagpatuuHoi EBKNifa, a Takox
Aucnepcii y noeaHaHHi 3 BiactaHHio bped-Keprica, Kah-
6eppa Ta MaHreTTeHCbKo.

TakuM UNHOM, 3BaKalou Ha NOKA3HUKM TOYHOCTI ifeH-
TUQiKaLii, NPoAEMOHCTPOBAHNX CUCTEMOK, Ta WIBMAKOAIT
JOCNiKYBaHUX METOLIB 3@ BCi€l0 HU3KOK eKCrepuMeHTiB,
[NA 3aCTOCYBAHHA Y CTBOpPEHiil cucTemMu ANnA po3ni3Ha-
BaHHA 00ny 6yno 0bpaHO METOAN Ha OCHOBI 3BOPOTHMUX
biopToroHanbHux BeiiBneTiB AnA 06pobkn 300pakeHHa,
(epeAHbO-KBaAPaTUUHOTO BIAXWAEHHA ANA 06YNCNeHHA
CTAaTUCTUYHUX XapaKTepUCTUK 300pakeHHA Ta MaHreTTeH-
CbKOi BiACTaHi AnA Knacudikawii 306paxeHHs.
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AHHoTayma. (TaTbA NOCBALLEHA CO3JAHNK CUCTEMbI Pacno3HaBaHUA NUL HA OCHOBE BeiBNET-Npeobpa3oBaHMUil.
B xone aHanu3a bbina pa3pabotaHa MaTemaTuyeckas moaenb 06paboTKu U306pakeHuii Ha 0CHOBE METOA0B C UCMONb30-
BaHMeM BeiiBneT-npeobpa3oBaHuii (Ha ocHoBe BeitBNeToB [lobewn, CUMNETOB, KONPNETOB, OUOPTOTrOHANbHbIX U 06paT-
HbIX 61OPTOrOHaNbHbIX BeiiBNETOB, BeitBNeToB [abopa u nor-fabopa), dopmupoBaHus BekTopa NpU3HAKOB C NOMOLLbIO
BbIYMCNEHNA CTaTUCTUYECKNX XapaKTEPUCTUK U300paKeHnA (CpeaHero 3HauyeHuA UHTEHCMBHOCTM, CPeiHeKBaapaTu-
YecKoro OTKNOHEHNA, AUCNEPCIN, SHTPONUN) U KNaccuPuKaumm n306paxeHuit ¢ NCNoNb30BaHUEM METPUK PacCTOAHNA
mexay BekTopamn (pacctoaHne MiHKoBckoro, MaHxaTTeHcKoe paccToAHue, paccToAHne IBKAMAA, paccToAHne bpes-
Keptuca, pacctoanue Kanbeppa, KoppenaunoHHOe paccTosHMe, KOCUHYCHOE paccToAHMe W KBajpaTMUYHOE PaccTof-
Hue IBKNNAA). MoCcKoNbKy rMaBHbLIM NokasaTenem paboTocnocobHOCT CMCTeMbl ABNAETCA TOYHOCTb Pacno3HaBaHuA,
KOTOpY0 OHa IeMOHCTPMpYeT, bbina BbiABAEHA HEOOXOAMMOCTb NPOBEAEHNA IKCNEPUMEHTANbHBIX UCCNEA0BAHNIA ANA
onpefeneHna MeToAo0B, KOTopble LenecoobpasHo UCNoNb30BaTh B cUcTeMe. Pe3ynbTaThl UCCNeA0BAHNA NOKa3au, YTo
Hanbonee TOUHbIX pe3ynbTaToOB Pacno3HaBaHUA CMCTeMa JOCTUIAeT Npu UCNONb30BaHMN BeiiBNeT-Npeobpa3oBaHua Ha
0CHOBe 00paTHbIX 6MOPTOrOHaNbHbIX BEBNETOB ANA 00paboTKN U306paKeHnA, MeToa BblUNCIEHUA CPeAHEKBAAPa-
TUYECKOTO OTKNOHEHNA ANs GOpPMMPOBAHMA BEKTOpA NPU3HAKOB U MaHX3TTEHCKOr0 PacCTOAHMA B KauecTBe METPUKN
Knaccupukaumm usobpaxeHnit. Mpu Taknx napamerpax co3faHHan cucTemMa A0CTUINA TOUHOCTYU C NoKa3aTenem 97,5 %.
Tema uccnefoBaHnA ABNAETCA aKTYalbHOI, NOCKONbKY CUCTEMbI PaCnO3HABAHMA UL JOMKHbI FAPaHTMPOBATD BbICOKYH
TOYHOCTb M HAJI@XKHOCTb B YCIIOBUAX BO3PACTAHUA KONMUYECTBA HApYLIEHNA 6e30NacHOCTM U MOLLIEHHNYECTBA B COBpe-
MEHHOM UH(GOPMALINOHHOM NpocTpaHCTBe. HoBM3HA paboTbl COCTOUT B NPUMEHEHNN KOMOUHALNI BCeX NCCNej0BaHHbIX
Ha KaJ0M W3 3TanoB paboTbl cucTeMbl MeTOAOB. MccnefioBaHMe UMeeT NPaKTUYECKYI0 3HAYNMOCTb, NOTOMY Kak ero
pe3ynbTaToM ABNAETCA CUCTEMA C BbICOKOI TOUHOCTBIO PACMO3HAHNA.

Kniouesole cnoea: pacnosqasarue nuy, eelisnem-npeobpasosanus, udeHmugukayus auyHocmu, o6pabomka u3obpa-
XeHut, knaccughukayus u3o6paxeHud.
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Abstract. The article focuses on the creation of face recognition system based on wavelet transforms. During the
research, mathematical model was developed based on image processing methods using wavelet transforms (with the
use of Daubechies wavelets, symlets, coiflets, biorthogonal and reverse biorthogonal wavelets, Gabor and log-Gabor
wavelets), methods of feature vector extraction by calculating the statistical characteristics of the image (mean,
standard deviation, variance, entropy) and image classification methods with the use of vector distance metrics
(Minkowski distance, Manhattan distance, Euclidean distance, Bray-Curtis distance, Canberra distance, correlation
distance, cosine distance and quadratic Euclidean distance). Since the main indicator of the system's efficiency is
the recognition accuracy rate that it demonstrates, the need for experimental studies to identify methods that are
appropriate to use in the system were identified. The results of the study showed that the system obtains the most
accurate recognition results using wavelet transform based on biorthogonal reverse wavelets for image processing,
standard deviation calculation method for the feature vector extraction process and Manhattan distance as the metric
for image classification. With these parameters, the created system achieved accuracy rate of 97.5 %. The research
topic is relevant, because face recognition systems must guarantee high accuracy and reliability within the conditions
of increasing security breaches and frauds number in the modern informational space. The novelty of the work consists
in the use of combinations of all the methods studied at each stage of the system operation. The study has practical
significance, because its result is the system with the high recognition accuracy rate.

Keywords: face recognition, wavelet transform, personality identification, image processing, image classification.
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Abstract. The purpose of this article is to solve the urgent problem on finding reserves for significant increase the
effectiveness of career guidance work with students and potential prospective students of higher education institutions on the
basis of improving the organization, functioning and control of complex computerized information systems and technologies
for support the implementation of this work. Research methods. The basis of research is the theory of probabilities and
mathematical statistics, information and coding, information technologies, information systems, optimization control,
artificial intelligence, synergetics. The main results of the study. The features of the career guidance work in institutions of
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higher education, the condition of computerization and informatization for processes of its implementation, the consideration
of the complexity factor for systems on its support, problems in its further improvement are highlighted. In this context,
the following results were obtained: formed the concept of a common approach to solving problem; selected types and
sets of information objects, processes, technologies, and systems; developed the scheme of the information system, which
takes into account control with the optimization feedback; created the concept of the information essence for processes with
adaptation to requirements and restrictions; formed formalized descriptions; created algorithms for action of information
flows; the optimization problem on control of information systems is worked out; created the concept on improvement of
information environments. Scientific novelty. Created new concepts and models, allowed to identifying, integrating and
formalizing in whole components and relationships of complex computerized information systems, technologies, and
methods of their control designed to the support of the career guidance work in higher education institutions, providing the
possibility of improving them. Practical significance. The application in practical work of proposed theoretical propositions
on the improvement of complex computerized information systems, technologies, and methods for control of them creates
opportunities to radically improve results of the activities on their basis for the implementation of career guidance work in

institutions of higher education.

Keywords: information technology, complex system, control method, computer engineering.

The problem’s statement. The high-quality training
of specialists (professionals) is an important factor to ensure
the demand for graduates of higher education institutions
in the labor market and for the successful implementation
of their employment activity.

Due to an objective process of continuous increasing in
demands of the society and economics to the quality of labor
resources, also is increasing the urgency of a problem on the
search of reserves to further enhance the effectiveness and
efficiency for training of specialists.

In the line with this problem, it should be noted that,
at the moment, not all key compound elements of objects,
relationships, conditions, processes, technologies and
systems for training of specialists got proper attention and
needs support.

To the above-noted elements, in the first place, is applies
career guidance work.

This kind of activity allows you to create powerful
reserves to increase the effectiveness and efficiency for
training of specialists because it provides the following
capabilities.

First, the preconditions are created for the initial
recruitment of students with the much higher quality of the
preparation for mastering the profession.

Second, it contributes to a significant increase in the
activity of such a powerful catalyst for the quality of
education, as a motivation to obtain future profession and
further work exactly in it.

The authors of enough not small methodical
developments, popular science and academic publications

on issues of the career guidance work in educational
institutions paid the preferential attention to psychological
and pedagogical, and general organizational aspects of this
kind in activity within the framework of the extracurricular
work in the process on parenting in schools.

Further these achievements, in the exchange of the
teaching experience, was used in educational institutions of
other types, including institutions of higher education.

However, in this context, has not received sufficiently
broad and systematic consideration of both aspects to take
into account the specifics of higher education institutions
themselves and issues of the modern computer-oriented
support for doing by them the career guidance work on the
basis of progressive information technologies and systems.

The posed problem requires a synthesis of the
consideration, with the subsequent integration of the
accumulated (done) elements and technologies on the basis
of carefully reasoned conceptual approaches.

Also it is necessary to consider the essential factor of
the complexity for the systems in the specified type, due
in the first place, not elementary structure, and not trivial
behavior, with the active dynamic of objects, relationships,
properties, and technologies associated with these systems.

The above determines the relevance and practical value
for the researching in the subject of improved information
technologies and methods for the control of complex
computerized information systems on support the career
guidance work in higher education institutions.

The recent research’s and publication’s analysis.
In light of this problem, whose solution should be sought
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at the intersection of a whole series of the indicated below
independent, powerful, well-established in the scientific
world and in the practical work subject areas, need to be
considered indicative publication concerning each of these
areas, given their close relationship.

A study of modern actual publications in information
technologies and systems, presented in works [1-9],
covered the following topics.

The authors analyzed the specifics of the evolution,
current condition and progressive development trends in
the relation to subject areas that are based on concepts of
the information society [1], information systems [2-5],
information technologies [2-3, 6—7], computer sciences
[7], information and communication technologies [8-9].

The purpose of the analysis was to obtain a generalized
picture of achievements and perspectives that give at the
moment and may provide in the future the above subject
areas in the academic and professional fields of the activity.

As a result, the emphasis was placed on the expediency
of the activation in the use of multimedia information
technologies and multimedia content as a mean to the
substantially improve the efficiency of the perception for the
career guidance information, as well as Web technologies
and cloud technologies as the instrumental support in the
environment of the global computer Internet network.

Among the demonstration publications on the role,
features and formalized description of the application
in a computerized training process, information objects,
processes and threads, modern information technologies
and systems, it should be noted the works [9-20].

Marked works are devoted to the consideration of
aspects which are following below.

In publications [9-15] studies the issues on common
features of higher education in the digital era, the specificity
of information systems, information technologies,
information and communication technologies in the
education on the basis of computerized technical means,
with the use of online approaches to education on the basis
of network technologies, remote communication, integrated
tool environments, and competence-oriented modules.

In works [16—20], the main emphasis is on the complex
and, especially, intellectualized models of information
essences for processes of computer-based training.

With regard to the analysis of that relevant studies
and publications that cover issues of the identification and
presentation for computerized information technologies
and systems related to modern educational processes in

a formalized view with the enough high degree of the diffi-
culty, it is necessary to separately note the works [18—20].

These papers are reviewed and solved problems of the
structural complexity, increased dynamics, partial certainty
and predictability in the behavior of such systems and
technologies.

These problems in the first place, connected with such
extremely important and integral aspect as individual,
group, and collective human factor.

This aspect quite often produces processes of stochastic
nature, which are characterized by a high degree of the
nonlinearity, the insufficient distinctness of the information,
the enough low clarity of relationships between input data
and output responses of the system.

Also very strongly influenced by the aspect, which is in
a constant development of scientific-technical and socio-
economics processes, with corresponding progress in the
surroundings (by external environments), subject areas, and
instrumental means of the support.

However, the increasing complexity of socio-economics
processes brings a number of external and internal
influences with destructive, destabilizing and sometimes
quite unpredictable nature.

From the point of view of the formal apparatus for
description and modeling, to show the complexity for
systems and technologies of the class in question, it is
advisable to use fuzzy sets and models, the theory of
artificial intelligence, methodology of synergetics.

The emphasis should also be done on the modeling of
the situational control based on the simulation modeling,
work with samples, and expert technologies.

The analysis of the above-mentioned literary sources
allows you to make the following further conclusions.

The systematization and integration of existing
approaches and best practices are urgently needed.

From the perspective of the set problem in the first place,
it is appropriate to consider the following modern Internet
information Internet technologies and Web technologies:
multimedia, hypermedia, and interactivity; realistic three-
dimensional visualization, and virtual reality; cloud technolo-
gies; mobile digital technologies; information and communi-
cation technologies of distance learning systems, etc.

As a priority and a fundamental components of
integration, it is advisable to use exactly those existing best
practices (processes, systems, etc.), which belong to the
above actual and promising subject areas.
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The study’s objective. The main goal of this work is
solving the urgent problem of finding reserves for significant
increase the effectiveness of the career guidance work with
students and potential applicants of higher education
institutions on the basis of improving the organization,
functioning and control of complex computerized
information systems and technologies for the support in the
implementation of the specified work.

The research’s findings. First of all, we spend the
analysis of the subject area showing the features of the
career guidance work in higher education institutions,
highlighting its most problematic and, therefore, promising
for the study aspects.

In the career guidance work, ongoing in higher
education institutions can be conditionally allocated a few
most characteristic, key, and target directions of activities,
which will be characterized and analyzed below.

The first strategy is to form students with strong and
active aspirations to the getting of the specialty, high-
quality mastering of their chosen profession directly in the
learning process and associated with it independent and
individual work under the guidance of a teacher, initiative
theoretical and practical self-training.

The second direction is aimed to form students as future
graduates with carefully reasoned and stable motivational
settings for the further work according to the received
specialty.

First of all, the specified settings are formed during
students performing the mandatory work, defined by
curriculums (study plans and programs) during planned
classroom and extracurricular activities, as well as forms of
control, under the guidance of a teacher.

Also animportant role for the formation of such attitudes
is played by the following forms of work with students:
group consultations on independent work and individual
consultations conducted in accordance with the schedules of
the departments; thematic group professional orientation
events organized in the framework of the approved schedule
of the extracurricular work with students by curators of
academic groups of students, the Dean's office, and the
leadership of higher education institution.

In many ways, these activity directions effective to the
extent that graduates initially right chose the direction of
training, specialty, and specialization.

The correctness of such a choice usually is determined
by its compliance with following properties, formed in

students at the time of its implementation: life values; goals;
ambitions; abilities; knowledges and skills; experience;
theoretical and practical competences in general.

The third area in career guidance activities of higher
education institutions is to provide a full set recruit of training,
in qualitative and quantitative terms, among those who
will strive purposefully enter or could potentially enter the
institution of higher education on a certain level of training.

[deally, this set should be of the highest quality.

Quantitatively, this set needs as much as possible to
ensure the full ability of the approved licensed volume on
recruit of applicants (for stationary, extramural and evening,
budget and contract forms of education, respectively).

From the above list, the third direction seems to be the
most problematic from the point of view of communication,
to transmit the career guidance information to the extent
that a considerable number of potential applicants trained
within the walls of other educational institutions (secondary,
secondary special or higher education).

Less severe but also problematic is the fact that the
trainees have the opportunity to choose among a number
of other institutions for education, when necessary its
continuation at a higher level.

If you analyze all three areas in general, it should be
noted the close relationship and mutual influence for the
course and results of the processes occurring within them,
which is due to, first of all, the active communication of young
people through a Web-based Internet sites, social networks,
mobile applications and other methods of communication.

Also, for all three directions characterized by the fact
that, in their framework, is unacceptable little attention and
time is given to independent and individual career guidance
work in institutions of higher education, especially, to its
motivation and control of it, as initiative on the part of the
learner (applicant) process.

Consider the description and approaches to solving this
local problem in more detail.

Modern institutions of higher education can be
considered as multi-stage systems with control, in which
the human factor plays a significant role.

Moreover, each stage of the system corresponds to
a specific element of the accepted gradation of educational
levels (junior bachelor, bachelor, master, etc.).

At the inputs of module-stages of the system, the certain
contingents of trainees corresponding to quantitatively
approved licensed volumes must be received.
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To form the required quantitative contingent, a process
of the preliminary career guidance is required, which should
systematize, expand, detail and strengthen the knowledge
of those who would purposefully strive to enter or potentially
could enter at training (in a specific specialty).

As a result, a very positive and extremely stable
motivation for obtaining a specific specialty should be
formed that does not have potential conflicting prerequisites
on the part of the subconscious settings for the formed
personality of the future student.

The formation of this motivation can be contributed or
discouraged by internal and external disturbing factors.

We carry out a certain concretization and formalization
of the above features and approaches.

In this regard, fully autonomous models will be proposed
below that expand the existing methodological apparatus,
allowing us to consider the posed problems from a different
angle of view and provide a more comprehensive coverage
of them.

First of all, we are updating the case of traditional
training, which consists in obtaining the required
knowledge, skills and generalizing their competencies.

Unlike of this, in the case of career guidance work, the main
result should be to get unstable settings to the implementation
of the required professional choice and professional activities;
wherein proper situational reactions must be formed.

We are talking about the model below the following
form (Fig. 1).

Fig. 1 - The generalized structural model for the formation of motivation-based career guidance
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In general, we should talk about a model for the
condition of readiness to make a certain professional choice
(Fig. 2).

We will consider the impact on the trainee, which
targeted career guidance work in the framework of the
system with the following type (Fig. 3).

In this case we will use the following designations.

We denote as T the generalized model for the system
of tools on modern information and communication
technologies.

Using the symbols 0, we name the model for the object
of professional orientation, and with the designation E, —

the model for the environment of the object on professional
orientation.

Moreover, let | denotes the systematized totality of
information arrays, resources, repositories, and models for
the source career quidance information, and Ml is a model
for conversion (modification, transformation, etc.) of the
totality | by the object of career guidance in personally
valuable knowledge.

Also we denote by F, the model of personal motivational
attitudes to the making of career guidance decisions with
assessment of the sustainability for motivation, using F, -
the model of required career guidance motivational settings,

Fig. 2 - The generalized hierarchical model for the condition of readiness to make a professional choice

Fig. 3 — The structural model for a complex system on the formation of required motivational settings,
pre-conceptions and situational reactions regarding the making of personal career guidance decisions
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using RF — the technology for comparison of the formed and
required models on career guidance motivational settings.

Accordingly, by C; we denote the model for generation of
corrective impacts on the formation of a given level for the
sustainable professional motivation through the application
of expert artificial intelligence systems.

Also, we introduce the symbol D for output data in
the work of the system, in the format received career
guidance motivational settings with a definite level of the
sustainability.

It should be noted that the packet of input data from
modules O, | to the module MI of a system is formed in
an order to the further develop of preliminary personal
motivational career guidance settings on the specific
behavior for the making of career guidance decisions.

In turn, the package of output data for the module M
of the system is formed to the subsequent generation of
sustainable personal motivational settings, preliminary
decisions and reactions to situations on samples having the
career guidance focus.

In the general structure of the above system, the trainee
who is exposed to impacts of processes on the career
guidance work is that key link of computerized information
systems, and technologies for professional orientation,
which makes the system complex.

Namely, the presence of a human factor generates
that specific nature of a complexity for the system, in
which, owing to the very significant lack in the certainty
of the information, the following assumptions are mostly
considered as appropriate, and made.

The system is considered as a black box.

The output of the system is required to provide well-
defined reactions (required sets of values on numeric,

CMMUCOK NITEPATYPHI:

linguistic and logical parameters, tuples of operating
actions, sets of compliances to the criteria on the efficiency,
safety and reliability of the system).

At the entrance of the system should be guaranteed
proper input information and other operational impacts
associated with the support of the given output reactions.

That is, in the end, there must be provided a process
and mechanisms of the control for the system with the
above type, taking into account the described nature of its
complexity.

The research’s conclusions. The urgency of the
problem on increasing the effectiveness for the career qui-
dance work in higher education institutions on the basis
of improving complex computerized information systems
and technologies for support of this work, improving their
control is substantiated. The features of this work, its
computerization and informatization, the complexity of its
support systems, and its improvement are highlighted. In
the light of the problem being solved, the following are pro-
posed: general concept of the solution; analysis of information
components; control scheme with optimization; concep-
tualization of the informational essence for processes with
adaptation; information flow algorithms; development of an
optimization control task; the concept of improving informa-
tion environments; formalized descriptions. As a result, new
concepts and models were obtained that made it possible
to identify, integrate and formalize the features of complex
computerized information systems, technologies and
methods for managing them, aimed at improving support
for career guidance work in higher education institutions.
The practical application of proposed theoretical provisions
provides an opportunity to radically improve the results of
career guidance work in higher education institutions.
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AnoTauis. MeTa cTaTTi nonArae y BUpilLeHHi akTyanbHOi npobnemi 3HaX0Z4KeHHA pe3epBiB AN iCTOTHOrO NifBU-
LLIeHHA pe3yNbTaTUBHOCTI NPodopieHTaLiiiHOi poboTK 3i CTyAeHTaMu Ta NOTeHLiliHUMI abiTypieHTaMN YCTaHOB BULLOI
0CBITW Ha OCHOBI BAOCKOHANEHHA OpraHi3auii, QyHKLiOHYBaHHA I yNpaBRiHHA CKNaZHUMU KOMN'l0TepU30BaHUMK iHdOp-
MaLiiiHUMK CMCTEMaMN Ta TEXHONOTIAMI NIATPUMKI 30iACHEHHA 3a3HaueHoi poboTu. Metoan aocnigeHHA. OCHOBO
LOCIAXeHb € Teopii AIMOBIPHOCTEIA | MaTEMATUYHOI CTAaTUCTUKN, iIHGOPMALLT Ta KOAYBAHHA, iHOPMALLiiHUX TexHONO-
rii, iHGopMaLiiHNX cucTem, ONTUMI3aLiAHOTO YNPaBAiHHA, WTYYHOO iHTENeKTY, CuHepreTuku. OCHOBHI pe3ynbraTu
focnigxeHHa. BugineHo ocobnuBocTi npodopieHTauiitHoi poboT B 3aknajax BULOT OCBITM, CTaHy KOMN'loTepu3auii
il inpopmatm3auii npouecis ii 3AilicHeHHA, BpaxyBaHHA GaKkTOpy CKNAAHOCTI cucTeMm ii nigTpumMKM, npobnemn nogans-
Wworo ii B4OCKOHANeHHs. Y JaHOMY KOHTEKCTi, 0fiepXaHo TaKi pe3ynbTati: chopmoBaHa KOHLENLiA 3aranbHoro niaxoay
[10 BUpileHHA npobnemu; BUAINEHI BUAI Ta MHOXMHI iHQOPMALiiHUX 00'€KTiB, MpoLeCiB, TeXHONOTl i cucTeMm; po3-
pobneHa cxema Aii iHGopmaLiiiHOT CMCTeMM, L0 BPAXOBYE YNPABNiHHA 3 ONTUMI3aLiliHUM 3BOPOTHUM 3B'A3KOM; CTBO-
peHa KoHuenuis indpopmaviitHoi cyTi npoLiecis i3 afanTauiet 40 BUMOr i 06MeXeHb; chopMoBaHi popmanizoBaHi onucy;
CTBOPEHi anroputmi Aii iHpopMaLiiiHX NOTOKIB; onpaLboBaHa ONTUMI3aLiiiHa 3afaya ynpaBRiHHA iHGopmaLitHUMK
CMCTEMaMK; CTBOPeHa KOHLENLiA BAOCKOHANeHHs iHdopmaLiliHux cepegoBul. HaykoBa HoBU3HA. (TBOpEHO HOBI KOH-
Lienuii Ta MoZeni, o J03BONUAN BUABUTH, IHTErpyBaTh Ta GopManisysaty B LinoMy KOMMNOHEHTN Ta B3aEMOBIAHOCUHM
CKNafiHUX KOMN'l0Tepu30BaHMX iHGOpMaLiitHMX CUCTEM, TEXHONOTIN i MeTOAIB YNpaBNiHHA HUMU, NPU3HAYEHUX ANA
niaTpuMKN npodopieHTauiitHoi poboTi y 3aKnaaax BULLOT 0CBiTI, 3abe3neuyioun MOXANBICTb iXHbOTO BLOCKOHANEHHA.
[pakTMyHa 3HAYMMICTb. 3aCTOCYBAHHA B NPAKTUYHIil po60Ti 3anponoHOBaHNX TEOPETUYHMX MONOXKEHD i3 BAOCKOHANEHHH
CKNafiHUX Komn'loTepu30BaHMX iHGOpMALIHUX CMCTEM, TEXHONOTIA | MeTOAIB YNpaBAiHHA HUMI CTBOPIOE MOXNBOCTI
KapAUHANbHOTO NOMIMLIEHHA pe3yNnbTaTiB 34ilCHIOBAHOT HA TXHili OCHOBI AiANLHOCTI 3 NpoBedeHHA npodopieHTauiitHOT
po60TM B 3aKNaaax BULLOI OCBITH.

Kniouoei cnoea: ingpopmayitina mexHonozis, cknadna cucmema, Memoo ynpasninHs, KoMn'komepHa iHxeHepis.
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AHHoTaums. Llenb CTaTbyi COCTOMT B peLeHINN aKTyanbHOIA NPo6AeMbl HaX0XAeHUs Pe3epBOB AN CYLLIECTBEHHOMO
MOBbILEHNA Pe3yNbTaTUBHOCTU MPOECCMOHANbHO-OPUEHTALMOHHOI PabOTbl CO CTYAEHTaMM W NOTEHLUANbHBIMA
abUTypueHTaMu yupeXxx ieHnii BbICLLIEro 06pa3oBaHus Ha 0CHOBE COBEPLUEHCTBOBAHMS OpraHu3aLi, GyHKLMOHPOBAHUS
W yNpaBneHna COXHbIMIA KOMNbIOTEPU3MPOBAHHBIMIA MHGOPMALIMOHHBIMM CUCTEMAMM W TEXHONOTUAMM MOAAEPXKKN
0CYLLEeCTBNEHUs YKa3aHHOIl paboTbl. MeTogbl uccnefoBaHms. OCHOBOI UcCef0BaHNI ABNAKTCA TEOPUI BEPOATHOCTEI
W MaTemMaTMyecKoii CTaTUCTUKKM, MHGOPMALMN W KOAMPOBAHUA, UHOOPMALMOHHBIX TEXHONOTUA, UHGOPMALIMOHHBIX
CUCTEM, ONTUMM3ALMOHHOTO YNPABNEHNsA, WCKYCCTBEHHOTO WHTENNEKTa, CUHepreTUKN. OCHOBHblE pe3ynbTarbl
nccnenoBaHna. BbliaeneHbl 0C06EHHOCTU NMPOdECCMOHANbHO-OPUEHTALMOHHOI PaboTbl B yupeXAeHUsX BbICLIETO
00pa3oBaHus, COCTOAHUA KOMMblOTEpU3auui W UHGOPMATU3aLMUM MPOLECCOB ee OCyLIeCTBeHUs, yuyeTa ¢akTopa
CNIOXKHOCTM CUCTEM €€ MOAAEPKKM, MPobNeMbl laNbHeilLLero ee COBEPLIEHCTBOBAHNA. B JaHHOM KOHTEKCTE, NOMyYeHbl
TaKue pe3ynbTaTbl: C)OPMUPOBAHA KOHLLENLMSA 0OLLEr0 NOAX0AA K PELLEHMI0 NPO6AEMbI; BbIEIEHbI BIUAbI | MHOXKECTBA
NHHOPMALMOHHBIX 00BEKTOB, MPOLECCOB, TEXHONMOMNI U CUCTEM; pa3paboTaHa (xema [eiicTBUA WHHOPMALMOHHOIA
CUCTEMDI, YUUTbIBAOLLAA YNpaBAEHNe ¢ ONTUMI3ALNOHHOI 06paTHOIA (BA3bI; C03[1aHa KOHLIENLNA UHOOPMALINOHHOIH
CyT MpOLECCOB C ajanTauueil K TpebOBaHMAM W OrpaHMueHUAM; chOPMUPOBaHbI (OpMaNU30BaHHbIE OMUCAHNS;
CO3/aHbl aNTOPUTMbl AEACTBMA MHOOPMALIMOHHBIX MOTOKOB; NpopaboTaHa ONTMMM3ALMOHHAA 3ajjaya ynpaBJieHns
NHHOPMALMOHHBIMM  CUCTEMAMK; C03[aHAa KOHUENUMA COBEPLIEHCTBOBAHNA WMHPOPMALMOHHBIX cped. HayuHas
HoBU3Ha. (0371aHbl HOBbIE KOHLIENLMM U MOAENM, MO3BONMBLUNE BbIABUTb, UHTETPUPOBATL U HOPMaNN30BaTh B LiESIOM
KOMMOHEHTbI M B3aMMOOTHOLUEHUS CIOXKHBIX KOMMbIOTEPU3UPOBAHHBIX UHGOPMALIMOHHBIX CUCTEM, TEXHOMOTUiA
W METOM0B YNpaBNeHNA HUMMU, NpefHa3HAUeHHbIX ANA MOAAEPXKKA NPODeccMOHabHO-0PUEHTALNOHHOIA PaboTbl
B YUpeXAeHWAX Bbiclero 00pa3oBaHuA, obecneunBas BO3MOXKHOCTb WX COBEpLIEHCTBOBaHUA. [lpakTuyeckas
3HaunMOCTb. [puMeHeHNe B NpakTUYecKoil paboTe npeanaraemblx TEOPETUUECKIX NONOXKEHUIA MO COBEPLUEHCTBOBAHMIO
CNIOHBIX KOMMbIOTEPU3NPOBAHHBIX MHPOPMALMOHHBIX CUCTEM, TEXHONMOTA U METOI0B YNpaBNEHNA HUMM CO3AAeT
BO3MOXXHOCTU KapAMHAJIbHOTO YNyULIeHUs pe3ynbTaToB 0CYLECTBASEMO Ha X OCHOBE AeATENIbHOCTY MO NPOBEAEHNH0
NPOdeCCUOHANbHO-0PUEHTALMOHHOI PabOTbI B yUpeXXAEHUAX BbICLIEr0 00pa3oBaHus.

Kmioyegoie cnoea: uHpopmayLoHHas mexHoM02uUs, CIOXHAS Cucmema, Memod ynpasieHus, KOMNbIOMePHAs UHXeHepus.
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Abstract. In Ukraine, among leguminous crops, pea occupies one of the leading places. Modeling as an integral part
of yield programming involves the development of a forecast, i.e. a probable idea of the theoretically possible yield, which
is provided by various agrobiological indicators. One of the main conditions for increasing the efficiency of production and
increasing the gross harvest of green pea is the development and implementation of the latest techniques to increase its
productivity in agricultural practice, which is an important and urgent problem. A highly effective modern tool for mathe-
matical modeling, forecasting, situation recognition and decision support are Bayesian networks (BN), which have a number
of advantages over other modeling methods.

The goal of the research is to study the possibilities of using the apparatus of Bayesian networks to build an information
system for decision support (DSS) to model the yield of green pea.

Research methods. The paper considers the possibility of using Bayesian networks in the information DSS in planning the
yield of green pea at an agricultural enterprise. BNs provide the opportunity to take into account in one model of categorical
and ordinary numerical variables, the number of variables reaching several hundred, the availability of alternative methods
of forming a probabilistic inference and the correct representation of causal relationships.

The main results of the research. The BN apparatus allows combining the available statistical data on agrobiological
characteristics of agricultural products in addition to the expert information provided by farmers. The use of DSS based on BN
will allow farmers to make decisions under uncertainty of available information about the agrobiological characteristics of
growing green pea.

Scientificnovelty. BN is a powerful and effective mathematical tool for research and reproduction of the truthful overview
of processes in DSS, which should be used to solve problems of probabilistic forecasting, modeling and risk assessment in
yield planning.

Practical relevance. For practical confirmation of the obtained results, an experiment was conducted, the results of which
confirmed the practical value of the proposed information technology, which can be used to model the green pea yield. The
proposed structure of the database and DSS based on it, will support making of effective decisions on the organization of the
harvesting campaign for green pea in different technological and weather conditions.

Keywords: increasing production efficiency, decision support, Bayesian network, yield modeling.
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Problem Statement. In Ukraine, among leguminous
crops, pea occupies one of the leading places. Pea is
a valuable food, forage and agrotechnical crop. High protein
content, variety of uses, positive effect on soil fertility,
expediency of sowing as a fallow, intermediate, post-
harvest crop, the possibility of growing in different regions
determine the significant economic importance of pea.
Due to the high yield and forage value, pea has become
widespread throughout Ukraine [1-2, 7].

Modeling as an integral part of yield programming
involves the development of a forecast, i.e. a probable idea
of the theoretically possible yield, which is provided by
various agrobiological indicators [15].

Oneofthehighly effective modern tools for mathematical
modeling, forecasting, situation recognition and decision
support is Bayesian networks (BN), which have a number of
advantages over other modeling methods. In particular, the
possibility of taking into account of categorical and ordinary
numerical variables in one model, the number of variables
reaching several hundred, the availability of alternative
methods of forming a probabilistic inference and the correct
representation of causal relationships [16].

One of the main conditions for increasing the efficiency
of production and gross harvest of green pea is the
development and implementation of the latest techniques
to increase its productivity in agricultural practice, which is
an important and urgent problem.

Review of the Literature. Important scientific
developments in the technology of growing pea were made
by well-known domestic and foreign scientists A.0. Babych,
V.F. Petrychenko,A.V. Cherenkov,S.M. Kalenska,V.G. Mykhai-
lov, M.l.Bakhmat, M.Ya.Shevnikov, 0.M.Bakhmat,
V.V. Lykhochvor, 0.V.Ovcharuk, K.Novék, B.Furseth and
others.

Analysis of the literature sources [8—12] shows that
today Bayesian networks (BN) are widely used in information
systems for analysis and processing of statistical data,
presented in the form of time series, expert evaluation,
interval values, etc. Moreover, BNs are used in decision
support systems for forecasting and classification of data of
different nature [3, 5, 14].

Decision support systems (DSS) are used in various
fields of human activity, their basic components being the
acquired experience and knowledge, which are organized in
databases and knowledge bases. The tasks of data analysis
are becoming increasingly relevant, especially in modern

conditions, when significant amounts of information have
been accumulated in almost all areas of human activity.
Of particular practical importance is the assessment of the
condition and forecasting of agricultural crop yields in the
context of DSS implementation.

However, despite the presence of significant arrays of
agricultural data on the green pea yield, which sufficiently
characterize the processes under study, the use of DSS for
modeling is quite limited. This is largely due to the lack
of developed methods of agricultural data analysis and
modeling at different management levels, the complexity
of processing large amounts of heterogeneous input
information, farmers' lacking skills of using integrated data
analysis methods and modern information technology tools.
Therefore, given the practical significance of the problem
and the lack of methods for solving problems of this class,
developed and adapted to domestic conditions, the task of
developing a method for modeling the yield of green pea is
relevant.

The aim of the paper is the research of the possibilities
for using the apparatus of Bayesian networks for developing
information DSS for modeling green pea yield.

Presentation of research material. Currently,
various approaches are used to estimate agricultural crop
yields, including statistical methods and assumptions about
the relationship between environmental characteristics,
fertilizer application and yield.

At the present stage of development of the Ukrainian
agro-industrial complex, an important part is played by
the introduction of new technologies and achievements of
scientific and technological progress in order to increase
the efficiency of agricultural production and adaptation
of agricultural enterprises to changes in social, economic
and political environment in the context of sustainable
development. It is important to develop models and
algorithms of decision support system (DSS) in crop yield
modeling, which would provide decision support for
modeling, planning and operational management in the
cultivation of green pea.

Automation and introduction of modern information
technologies in agricultural business, allowing to obtain
a larger amount and variety of high-quality food products
from each unit of used resources, is the most effective way
to develop the agro-industrial complex [4, 6, 13].

Bayesian belief networks, or simply Bayesian
networks (BNs), consist of a plurality of nodes and a set
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of directional edges that connect these nodes together
(Bayesian networks are discussed in more detail in the
next section of this paper). The edges define cause-and-
effect relationships in a subject area that are largely
unambiguous. The likehood of a statement (or action)
is represented by probability. The concept of BN lies in
updating the probabilities when additional information
is received. Information can be received by each node
(variable) of the network, because the method of updating
the probabilities is invariant with respect to the direction
of information dissemination along the edges of the
network [16]. Thus, BN, as the basis of DSS, significantly
expands the possibilities of analysis and decision-making,
as it allows making both direct and inverse inference at
the same time. Moreover, the simultaneous input of
information about the states of several nodes does not
change the network processing algorithm, which makes
it possible to eliminate situations of logical inconsistency,
which often occur for other methods in similar cases. BNs
in DSS have such significant advantages as the ability of
computational interpretation of inference algorithms, the

Harvest in nataral
moisinre

Facior

Temperatare
Sowing period

flexibility of the process of information dissemination and
adaptation to new data [3, 5, 16]. It follows from the above
that DSS for agricultural business should be developed on
the basis of Bayesian networks.

The application of BNs to the analysis of processes of
different nature, human activities and the functioning
of engineering systems enables taking into account and
using any input data in the form of expert evaluations
and statistical information. In turn, the variables can be
discrete and continuous, and the nature of their receipt in
the analysis and decision-making can be in real time and
in the form of static arrays of information and databases.
Herewith, due to the use of the representation of the
interaction between process factors in the form of cause-
and-effect relationship, the network achieves the highest
level of visualization and a clear understanding of the
nature of the process factors interaction. Other advantages
of BNs are the ability to consider the uncertainties of
statistical, structural and parametric nature, as well
as the inference formation using different methods —
approximate and accurate ones [16].
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Fig. 1 - Factors influencing the formation of green pea yield
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The use of DSS based on BBN will allow agrarians to
make decisions under conditions of uncertainty of available
information about the agrobiological characteristics
of growing green pea. The BBN apparatus allows
combining the available statistical data on agrobiological
characteristics of agricultural products in addition to the
expert information provided by agrarians. The structure
of the network is often determined by subject matter
experts, but there are methods of structural MB training

based on statistics. This makes it possible to adapt the BN
structure to new data. However, it should be emphasized
that the fundamentally subjective Bayesian approach does
not require “objectivity” of probabilities, and therefore
allows the formation of tables of conditional probabilities
based on subjective expert evaluations. It should also be
noted that the inference results are more sensitive to the
BN qualitative structure than to the quantitative values of
the probabilities.

Fig. 2 — Conceptual scheme of information DSS for modeling the yield of green pea using BN

The structure of BBN for yield modeling is given by fac-
tors (Fig. 1) that affect the process of green pea cultivation
and the relationships between them. The basis for the for-
mation of relationships is expert information; available
agrobiological research aimed at identifying such relation-
ships between factors, and accumulated statistical data.

The structure of the developed BN's relations is shown
in Fig. 3. The expert knowledge in this field was used to
generate the structure of BN relations.

GeNie 2.0 software package was used for calculations,
which is a software implementation of decision-making
system based on BBN, allowing to determine variables
and relationships between them, to learn parameters and
network structure, as well as to make probabilistic inference
based on the obtained data.

It is proposed to use BN as a basis of the information sys-
tem, which incorporates expert evaluations of factor indi-
cators in the form of tables of BN conditional probabilities.

The information system, which is based on the model of
the subject area in the form of BN, can be used to solve the
problem of yield modeling.

The DSS, which implements the use of BN, the
conceptual scheme of which is shown in Fig. 2, gives a finite
set of recommendations to agrarians on the appropriateness
of the impact of agrobiological factors on yields. An agrarian
must use such a system as a means of partial automation of
the complex process of yield modeling.

The results of the evaluation of BN parameters are
shown in Fig. 3.

Based on the research performed, it was found that the
formation of the maximum yield of vegetable peas (in terms
of dry matter) for the first sowing period was against the
background of N30 P40 for seed treatment with boron and
molybdenum — 2,650 kg /ha, and for the second one —
2,490 kg / ha when using for the treatment molybdenum
and rhizotorphin at 2,050 and 1.870 kg / ha in the control.
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Fig. 3 - The structure of BN relations for DSS in modeling the yield of green pea (initial state of evaluation (on the left),
example of modeling according to the specified parameters) (on the right)

The proposed IT enables quick identifying of the most
significant causes for reducing the likelihood of high
yields. As a result of computer simulation, the probabilistic
characteristics of achieving the final result are obtained and
the best indicators of factors for specific yield conditions are
determined.

BN is a powerful and effective mathematical tool for
research and reproduction of the truthful overview of
processes in DSS, which should be used to solve problems
of probabilistic forecasting, modeling and risk assessment in
yield planning.

Conclusions. Modern information technologies allow
storing a huge amount of data, their analysis and, on the
basis of the obtained results, offering solutions to problems
that would minimize costs and maximize profits of
agricultural enterprises. The use of information technology
will significantly improve the information support system
of agricultural enterprises, which will be accompanied by
increased competitiveness.

The proposed structure of BN and DSS based on it, will
support effective decision making on the organization of the

CMNCOK NITEPATYPU:

harvesting campaign for green pea in different technological
and weather conditions.

For practical substantiation of the obtained results, an
experiment was conducted, the results of which confirmed
the practical value of the proposed information technology,
which can be used to model the green pea yield.

The degree of success of this method of modeling and
making a statistical inference depends on the ability to cor-
rectly formulate the problem, select process variables that
sufficiently characterize its dynamics or statics, collect sta-
tistical data and use them to train the network, and correctly
form the result — inference using the developed network.

Based on the proposed methods and algorithms,
a conceptual scheme of the decision support system based
on BN has been developed. Herewith, it is possible to quickly
modify computational procedures due to the open modular
architecture of the computer system for decision support in
modeling and forecasting yields.

Further development of the work involves the expansion
of modeling by introducing additional criteria and factors
that affect yields.
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IHOOPMALINHA CUCTEMA NIATPUMKN NPUAHATTA PILLEHDb
ANA MOAENIIOBAHHA BPOXKANHOCTI FTOPOXY OBOYEBOIO

OkcaHa OrHeBa,
K.T.H., IOLEHT Kadeaipn nporpamHmx 3acobiB i TexHONOriiA,
XepCoHCbKNIi HaLiOHaNbHUIA TeXHIYHWI YHiBepCuTeT, XepcoH, YKpaiHa,
e-mail: Oksana_Ognieva@meta.ua, ORCID ID: 0000-0001-6206-0285

AHoTauis. B Ykpaini cepes 3epH00000BIX KynbTYp OfHE 3 NPOBiAHMX MiCLb HanexuTb ropoxy. MozenioBaHHA AK ckna-
[I0BA YaCTMHA NPOrpamyBaHHA BpOXalo nepesbayae po3pobKy nporHo3y, T06T0 AMOBIPHOIO YABNEHHA NP0 TEOPETUUHO
MOX/IMBY BPOXAilHICTb, AKA 3a0e3neuyeTbCA pi3HUMI arpobionoriyHumMn nokasHukamu. 0aHa 3 ronoBHUX yMOB NifBu-
LeHHA e eKTUBHOCTI BUPOOHMLTBA i 30iNbLLEHHA BanoBux 300piB ropoxy 0BOUEBOro € po3pobka Ta BNpOBafKeHHA Y CiNb-
CbKOrocrnoAapcbKy NpakTUKy HOBITHIX MPUAOMIB NiJBULLEHHA 110r0 NPOAYKTUBHOCTI, WO € BAXNBOK i aKTyanbHOK Npo-
6nemoto. Bucokoe(pekTMBHUM CyyacHUM iHCTPYMEHTOM MaTeMaTYHOro MOZAENIOBaHHA, NPOrHO3yBaHHA, Po3Ni3HaBaHHA
CMTYaUiil Ta NIATPUMKN NPUAHATTA pilleHb € baneciBCbKi Mepexi (bM), Aki MatoTb paa nepeBar nepep iHWMMKM MeTogamu
MOZeNI0BaHHA.

MeToto ZOCNiZKeHHA € BUBYEHHA MOXNMBOCTE BUKOPUCTAHHA anapaty 6aileciBcbKux mepex And nobyfosu iHhopma-
LiiHoi cucteMu NigTpUMKI NpUitHATTA piensb (CNIP) ana MogentoBaHHA BPOXaHOCTI FOPOXY 0BOYEBOTO.

MeToam gocnigkeHHA. B cTaTTi po3rnAHyTa MOXNMUBICTb BUKOPUCTAHHA BaiteciBCbKux Mepex y iHdopmauiitoi CTTMP npu
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MNaHyBaHHi BPOXKANHOCTI rOPOXy 0BOYEBOrO Ha arponianpuemctsi. bM HagaloTb MOXANBICTb BpaXyBaHHA B OfHIA Mojeni
KaTeropiiHMX i 3BUYANHMX YNCNOBUX 3MIHHUX, KINbKICTb 3MIHHIX MOXe cAraTh JeKinbKoxX COTeHb, HAABHICTb anbTepHaTUBHNX
MeToziB GOpMyBaHHA iIMOBIPHICHOrO BUCHOBKY Ta KOPeKTHe NpeCTaBNeHHA NPUYMHHO-HACNIAKOBUX 3B'A3KIB.

OcHoBHI pe3ynbTatit gocnigxeHHa. Anapat BM f03BonA€ KOMOIHYBaTU HAABHI CTaTUCTUYHI AaHi Npo arpobionoriyHi
XapaKTepUCTUKI arponpoayKLii y JONOBHeHHI [0 ekcnepTHOI iHdopMmallii, AKy HagatTb arpapii. Bukopuctannsa CMMP Ha
0cHoBi bM A03BONNTDL arpapiam NpuiMaTy pilleHHA B YMOBAX HEBWU3HAYEHOCTI HAABHOI iHGopmaLii npo arpobionoriuHi
XapaKTepuCTUKK BUPOLLYBaHHA ropoxy 0BOYEBOTO.

HaykoBa HoBM3Ha. BM — Lie nOTYXXHNIA | eeKTUBHMIA MaTeMATUYHNIA IHCTPYMEHT AOCNIAXKEHHA Ta BiATBOPEHHA peanb-
Hoi kapTunu npoueciB y CIMP, Akuit foLiINbHO 3aCTOCOBYBATM ANA PO3B'A3aHHA 3aJay MMOBIPHICHOTO NPOTHO3YBaHHA,
MOZeJS1I0BAHHA Ta OLiHIOBAHHA PU3NKIB NPU NNAHYBaHHI BPOXaNHOCTI.

[TpakTMyHa 3HaUNMICTb. [INA NPaKTUYHOTO NiATBEPAXKEHHSA OTPUMAHIX Pe3yNbTaTiB NPOBEAEHO eKCNePUMEHT, pe3yib-
TaTh AKOTO MiATBEPANAN NPAKTUYHY LiHHICTb 3aNPONOHOBAHOI iHPOPMALLIiHOT TEXHONOTiT, AKa MOXe OyTi BUKOpUCTaHa AnA
MOZeN0BaHHA BPOXaNHOCTi ropoxy 0BoueBoro. 3anponoHoBaHa ctpyktypa bJl, CNIMP Ha ii ocHoBi, 3abe3neyatb NigTpUMKy
NPUAHATTA eQeKTUBHIX pilleHb N0 opraHi3avii 36MpanbHOi KaMNaHIi ropoxy 0BOYEBOT0 B Pi3HIX TEXHONOTIYHUX | NOFOJHMX
yMOBaXx.

Knioyoesi cnoea: nidsuwjeHHa echekmugHocmi 8upobHUYmMead, niompumka npuliHAmma pitiens, 6atieciscoka mepexa
008ipu, M0OeKBAHHA 8POXALHOCMI.

WHOOPMALIMOHHAA CUCTEMA NOAAEPXKU NPUHATUA PELLEHUN
ANA MOAEJIMPOBAHUA YPOXKAUHOCTU TOPOXA OBOLLHOIO

OkcaHa OrHeBa,
K.T.H., IOLIEHT Kaeapbl TPOrpaMMHbIX CPECTB U TEXHOMOT WA,
XepCOHCKuiA HaUMOHaNbHbIA TEXHUYECKUI YHUBEPCUTET, XepCoH, YKpauHa,
e-mail: Oksana_Ognieva@meta.ua, 0000-0001-6206-0285;

AnHoTauus. B YkpanHe cpesin 3epH06060BbIX KyNbTYp 0fHO U3 BeAyLLuX MeCT NpuHaanexuT ropoxy. MogenuposaHue
KaK COCTaBHaA 4aCTb MPOrpamMMUPOBAHNA YpOXas NpefycmMaTpuBaeT pa3paboTKy MPOrHO3a, TO eCTb BO3MOXKHOTO npes-
CTaBNEHNA 0 TEOPETUYECKM BOSMOXHON YPOXAIHOCTH, KoTopas 0becneynBaeTca pas3ninyHbIMi arpobnonornyeckumm noka-
3atenamu. OfHUM 13 TMaBHbIX YCI0BIIA NOBbILIEHNA 3OPEKTUBHOCTM NPOU3BOACTBA U yBENNYEHNA BaNOBbIX COOPOB ropoxa
0BOLYHOTO ABAAETCA pa3paboTka U BHeJpeHue B (eNIbCKOXO3ANCTBEHHYI0 NPAKTUKY HOBEILUIMX NPUEMOB NOBbILLEHUA €ro
NPOU3BOAUTENBHOCTH, YTO ABAAETCA BAXHOI 1 aKTyabHOI Npo6nemoii. BbicokoaddeKTUBHBIM COBpEMEHHBIM UHCTPYMEH-
TOM MaTeMaTUyeckoro MoJennpoBaHua, NPOrHO3UpoBaHNA, PaCNO3HABAHNA CUTYALIMIA 1 NOAAEPXKKI NPUHATUA peLLeHnit
aBnatTca baiiecockne cetn (bC), KoTopble UMeKOT pAj NpenMyLLeCTB nepes ApyruMil MeToAamMIn MOLENUPOBAHNA.

Llenblo nccnesoBaHna ABAAETCA U3yyeHe BO3MOXKHOCTEN NCNONb30BaHIUA annapata bailecoBCkux ceTeil AnA noCTpo-
eHNA MHGOPMALIMOHHOIN CUCTeMbl NoaAepki NpuHATUA pewenuid (CTIMP) ana MoaenupoBaHUA YpOXKaRHOCTM rOPoXa
0BOLLHOrO.

MeTozbl uccnefoBanmA. B cTaTbe paccMoTpeHa BO3MOXHOCTb UCMO0b30BaHINA 0aitecoBCKMX ceTeil B UHPOPMALMOHHOI
CMNP npu nnaHMpoBaHWM YPOXKAHOCTYM FOPOXa OBOLYHOTO Ha arponpeanpuatui. bC npeaocTaBAT BO3MOXHOCTb yyeTa
B O/JHOI! MOZENHN KaTeropuitHbIX 1 00bIYHBIX YNCNOBBIX NEPEMEHHbIX, KONNYECTBO NepeMeHHbIX MOXeT JOCTUIaTb HECKOMb-
KWX COTEH, HaNuume anbTepHaTUBHbLIX MeToA0B GOPMUPOBAHIA BEPOATHOCTHOTO 3aKNKYEHNA 1 KOPPEKTHOE NpeacTaBne-
HUe NPUYNHHO-CNeACTBEHHDIX (BA3ENA.

OcHoBHble pe3ynbTathl uccnegosaqua. Annapatr bC no3sonaet KOMOUHMPOBATL UMEKLLMECA CTATUCTUYECKIE JaHHble
npo arpobronornyeckme xapakTepucTK arponpoayKLMn B SONONHEHNN K IKCNEPTHON HOPMALIMH, KOTOPYIo NpesocTaB-
nawt arpapuu. Ucnonb3osanue CMP Ha ocose bC N03B0ANT arpapuAm NPUHUMATL PeLLeHA B YCIOBUAX HeonpeaeneHHo-
TV UMetoLLelica nHGOPMALIN PO arpobronoryeckie XxapakTepucTIKi BbIPaLLMBaHUA TOPOXa OBOLLHOTO.
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HayuHas HoBu3Ha. BC — 3T0 MOLLHBIA 1 IYPEKTUBHDIA MaTeMaTUUECKNIi UHCTPYMEHT UCCe0BAHNA U BOCNPOU3Be-

AeHNA peanbHoii kapTuHbl npoueccos B CMMP, koTopblii LenecoobpasHo NPUMEHATb ANA peLleHna 3afay BepOATHOCTHORO
MPOrHO3MPOBaHIA, MOAENNPOBAHMA U OLEHKN PUCKOB NP NAAHUPOBAHNM YPOXKANHOCTH.

MpakTyeckas 3HAUMMOCTb. [INA NpakTNYeckoro NOATBEPXKAEHNA NONYYEHHbIX Pe3yNbTaToB NPOBeAeH IKCNePUMEHT,

pe3ynbTaTbl KOTOPOro MOATBEPAMAM MPAKTUYECKYK LEHHOCTb MPeAnoKeHHON MHGOPMALMOHHON TeXHONOrUN, KoTopas
MOXeT ObITb UCNONb30BaHa ANA MOAEAMPOBAHNA YPOXKAMHOCTN ropoxa 0BOLWHOr0. MpeanoxenHaa crpyktypa bC, CIMNP
Ha ee 0CHOBe, 0becneyat noaAepKy NPUHATUA SOGEKTUBHBIX PeLueHnii N0 opraHu3aLuy Y6opouHoil KamnaHnum ropoxa
OBOLLHOTO B Pa3fIMYHbIX TEXHONOTMYECKIX 1 MOTOAHBIX YCTIOBUAX.

Kniouegole cnoesa: nosviweHue 3¢hghekmusHocmu npou3go0cmaa, nod0epxxa npuHAMusA peweHut, 6atiecosckas cems,

MO00euposaHue ypoxalHocmu.
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AHoTauia. Metow poboTi € po3pobka cucTeMM 3anuT-BiAnoBiAb, WO CMPOMOXHA CTBOPIOBATU KOHKPETHi TEKCTOBI
BIAMOBIAi Ha 3anNUT KOPUCTYBAya, BUKOPUCTOBYKOUM Y CBOEMY anropuTMi reHepaLito HaykoBOro TEKCTY Ha MPUPOAHIN MOBI.
(uctema BU3HAYa€e CMUCNOBI 3B'A3KM B JOKYMEHTaX, CTBOPIOIOUM MPU LbOMY HOBWI TeKCT, AKWA MiCTUTb BIANOBIAb Ha
MUTAHHA KOPUCTYBaya. Y CTaTTi po3rNAAAETHCA MOAENb CMCTeMM, Lo 6a3yeTbcA Ha po3pobneHomy niaxodi 4o GopmyBaHHA
(eMAHTUYHOT MoJeni JOKYMeHTa, AKWIA 03BONAE OTPUMYBATY KiNbKiCHi NOKA3HUKN CEMAHTUYHUX BNACTUBOCTEN [JOKYMEHTY
Ha NPUPOJHIl MOBI i CEHCOBI 3B'A3KM MiX KOMMOHEHTaMI HayKOBOTO TeKCTy 6e3 HeobXigHOCTI OyAb-AKoi nonepeaHboi
CeMAHTUYHOT PO3MITKM TEKCTIB, BNPOBAAXKEHHA CNOBHIKIB a0 3anyueHHa NiHrBICTUYHNX 3HaHb Npo NpupoaHy MoBy. [loaat-
KOBO po3pobneHa niacucTema aBTOMaTUYHOT KnacikaLlii HayKoBUX TEKCTIB 3a CTyneHeM iX 3B'A3HOCTI, WO BUKOPUCTOBYE
y CBOIN po6OTi KiNbKiCHi XapaKTepuUCTUKN CEMAHTUYHUX BNACTUBOCTEIA CTBOPEHOI MOAENi HayKOBOro TeKCTy. Y CTaTTi onu-
CaHi po3pobneHi KpuTepii OLHKI CTBOPEHNX CUCTEM Ta anropuTMiB. OTpUMaHa TakM YMHOM CUCTEMA, OKPIM OpraHizadii
3pYYHOrO NOLLYKOBOrO CepefoBILLA, YTBOPIOE yHiBepCanbHy MoAeNb ANA NpoBefeHHA aBTOMATUYHOI 00p0o6KM TeKCTiB Ha
CeMAHTUYHOMY PiBHi ANA rpyn CI0B’AHOMOBHUX TEKCTIB GOPMANbHOTO CTUNIO, HAbip IHCTPYMEHTIB AKOT 403BOAAIOTH THYYKO
CTBOpIOBATH i 00p06NIOBATM TeMaTUYHi MOBHOTEKCTOBI KOpMycu [OKyMEHTIB 6e3 nonepefHboi CEMaHTUYHOT PO3MITKM
Ta OTPUMATU NPOrpamHy Mogenb TeKcTy dOopManizoBaHoi CTUAbOBOI CNPAMOBAHOCTI i3 KiNbKiCHUMI XapaKTepucTukamu
CeMAHTUYHUX BNACTUBOCTEN TEKCTY, Ha OCHOBI AKX MOXNNBO BUPILLYBATH iHLI 3aBAAHHA aBTOMATUYHOI 00pOOKM TEKCTiB.

Kniouoei cnoea: Cemanmuyna mepexd, agmomamuyna 06po6ka mexcmy, cucmema 3anum-gionogios.

MocranoBka npo6nemu. lpobnema ontumanbHoro i OTpUMaHHA iHGopmauii ana il noganbloi 06pobKu.
LAAXY NOLUYKY iHhOpMALi € OfHi€l0 3 KNoyoBmX B 06nacTi  EQeKTMBHUM i TrONOBHUM Hapasi pilleHHAM € pi3HOMa-
KoMmn'loTepHOi Hayku. Mpouec po3pobku 6inbliocTi Mpo-  HiTHI cucTemn 6a3 faHnX, WO NPeKPacHo CMPaBNAKTHLCA
rPaMHUX NPOAYKTIB PaHO Ui Mi3HO NPU3BOAUTbL A0 HE0O- 3 UMM 3aBAAHHAMM Ha NporpamHomy piBHi. OfHaK, AKLLO
XiIHOCTi peanizauii MexaHi3MiB 40JaBaHHA, 30epeXeHHA B QYHKLiOHANi cucTemMu NpUCyTHA HeoOXiAHICTb NpaLoBaTH
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be3nocepeaHbO 3 MpU3HAYEHMM [NA KOPUCTYBaua 3anu-
TOM, AKNIA YaCTO CKNAfAETbCA 3 AeKiNbKOX HedopManbHUX
KpUTepiiB i BUMAra€ NeBHOTO CEMAHTUYHOMO aHanisy, To
00pobKa 0TpUMaHNX pe3ynbTaTiB MOBHICTIO NATAE Ha nneyi
KopucTyBaya. MeTbca npo miaxia, AKUI BUKOPUCTOBYETHCA
y 6aratbox nonynApHMX web-nowykoBux cuctemax: Bia-
NOBIAAK HAa OTPUMAHMIA 3aMUT € MHOMMHA PaHX0BaHUX
rinepTekcToBUX AOKYMEHTIB (web-CTOpiHOK), Wwo npuny-
(Ka€ NoJanblumil CAMOCTIHUIA aHANI3 KOPUCTYBAYEM KOX-
HOro ZOKYMEHTa ANA NOLYKY BiZNoBidi HA CBOE MUTAHHA.
[0NOBHMM MiHyCOM TaKOro MiAXoAy € BiACYTHiCTb ran6o-
KOro (EMaHTUYHOr0 PO3YMiHHA BMICTY JOKYMEHTa, uyepe3
L0 B OTPUMAHOMY MACUBI LOKYMEHTIB MiCTUTbCA Benuka
KinbKicTb He NOB'A3aHOI i3 3aNUTOM KOpUCTyBaua iHpopma-
Lii, @ TAKOX MHOXMHN NOBTOPeHb 0AHAKOBOI iHOpMaLi,
nojaHoi B pi3HMX iHTepnpeTauiax. MpeactaBneHa pobota
NpUCBAYEHA PO3POOKN CUCTEMM 3anUT-BiANOBiAb, L0
CNPOMOXHA CTBOPIOBATU KOHKPETHI TEKCTOBI BifNoBidi Ha
3aNUT KOPUCTYBaya, BUKOPUCTOBYKOUM Y CBOEMY anropuTMi
reHepauito TeKCTy Ha npupogaHin moBi. OcobnmBicTio npo-
Liecy NpuKNagHoi po3pobKI Takux cucTem € HeoOXiaHICTb
BUPILLUEHHA BENNKOI KiNbKOCTi HayKoBUX mpobnem ranysi
i 3aNyYeHHA NPOBIAHMX IHCTPYMEHTIB LUTYYHOTO iHTENEKTY
ANA BUPIiLIEHHA LiNboBoi 3aAaui. (knagHoCTi foAaE i cama
CTPYKTypa MOBU — MiAX0AM, L0 BUKOPUCTOBYKOTbCA ANA
00pOoOKN OHIET MOBHN, MOXYTb He CNpaLioBaTh ANA iHLLOI,
Hanpuknag uepes Asuie dnekcii (AK AnA YKpaiHCbKOT Ta
aHNiNCbKOT MOB). [0M10BHOI0 X Npobnemoto € HeobXiaHICTb
nonepesHLOro PYYHOro ONKUCY CBMAHTUUHMX OHTONOTII MiX
yCima eflemeHTaMit MOBU i MiX ycima JOKyMeHTamMu B CUC-
TeMi, LLI0 € BaXKOI0 rN06anbHOI0 3afaueto ranysi.

Meta pocnipkeHHA. PiweHHA HaykoBux npobnem
OMUCY CEMAHTUYHUX OHTONONIIA ANA KOPNYCY HAYKOBMX TeK-
CTiB Ha NPUPOZHII MOBI 3a AONOMOrOK0 PO3pObKN CeMaH-
TUYHOT iHTeNeKTyanbHOI CUCTEeMU 3anuT-BiANOBiAb, WO
OPIEHTYETbCA Nify Yac CBOEI pobOTN Ha MexaHi3M reHepauii
TekcTiB. (MCTeMa aBTOMATUYHO Byaye CceMaHTUUHY MOAeNb
TEKCTY, Ha OCHOBI AKOI BU3HAYA€ CMUCNOBI 3B'A3KN B IOKY-
MeHTaXx, CTBOPIOIOYM NPY LibOMY HOBUIA TEKCT, AKUIA MiCTUTD
BiANOBIAb Ha NUTaHHA KopucTyBaya. (McTema He Ma€ BUKO-
pUCTOBYBATY Y CBOIil poboTi OYAb-AKI nonepeaHbO 3akna-
[IeHi CBMAHTUYHI 3HAHHA NPO TEKCTH, Lo 06pobNtoE.

AHani3 ocTaHHiX pocnigKeHb i ny6nikauin.
lpoBeneHi [OCNIMKEHHA iCHylounx po3pobok cuctem
«3anuT-BiANOBIAb», WO GopmylTb be3nocepeaHio Bigno-
Bilb Ha 3anuT KOpMCTYyBaya, A03BONAKTL BUAINUTK [Ba

OCHOBHMX HanpAMN po3po6KI TaKnx CUCTEM — HA OCHOBI
NEKCMKO-CEMAHTUYHOrO CNOBHUKA BifIHOCUH i Ha OCHOBI
CTaTUCTUYHOTO aHani3y TekcTi. [lpescTaBHUKOM nepLuoro
HanpAmy € cuctema [1], Ae ceMaHTUYHWIA aHani3 nonArae
y BUABJNEHHI B3aEMO3B'A3KIB Mix 00'ekTamu (nepcoHani-
AMU, OpraHisauiamu, nogiamu) i knacudikauii BigHOCMH
MiX HUMU, @ TaKOX OTOTOXKHEHHI 00'eKTiB i3 3a3ganerigb
3a1aHUMI CEMAHTUYHUMIA KNAacamu, @ APYroro Hanpamy —
cucTema [2], e ana BXiAHOro 3anuTy CKNafaeTbca «iHop-
MaLiliHnii nopTpeT» — Habip ynopAAKOBaHUX 3a 3Hauu-
MICTIO KNIUOBUX CNiB i CJIOBOCNONYYEHb, XapaKTepHUX
came ANA faHoi BUOIpKM TeKCTiB, nicnA 4oro 3a Habopom
KMIOYOBMX (/1B KOPUCTYBAY MOXE (aMOCTIiHO BU3HAYUTH
TemMu, AKi MOXyTb OyTI BUAAHI Y BIANOBIAb Ha i0ro 3anuT,
i TAM CaMIM YTOUHUTM NOTPiBHY oMy TemaTuky. OnucaHi
niaxoau He BUpilWYOTb nopyweHux B poboti npobnem,
OCKINbKN MaloTb Ha YBasi 3anyyeHHs BEeNUKOI KiNbKOCTi
PYuHOI npaui, AK 3 60Ky KOpUCTyBaya Npu aHanisi oTpuma-
HUX pe3ynbraTiB, TaK i 3 60Ky po3pobHUKa, Npu CKNaJaHHi
nonepeaHbOl  CEMAHTUYHOT PO3MITKK, L0 CynepeuynTb
noCTaBeHili B Uil poboTi MeTi.

Po3pobneHa cuctema 6asyeTbcA Ha CTBOPEHi CeMaH-
TUYHOI MOZeNi TeKCTy, TOMy A0AaTKoBO 6yno nposeseHo
aHani3 0CHOBHUX NiAX0AiB 0 KOMN'OTEPHOTO GOPMYBAHHA
(EMAHTUYHUX MOJeneit TeKCTy AK ANA CNOB'AHCbKIX, TaK
i ANA aHrniicbKoi MoB. BcTaHoBNEHO, LLO 0CHOBOK BCiX LIMX
niaxoais, Wwo ¢opmyTb 6a30Bi BIFHOCMHN MiX enemeH-
TaMu B TeKCTi, € NpoayKuiliHa mojenb oHTonorii. Mpak-
TUYHe 3aCTOCYBAHHA Li€i TexHoMorii feTanbHO OnuUcaHo
B poboTi [3], HA OCHOBI AKOI CTBOPIOETHCA CEMAHTMUHE
yABNEHHA MeTAoNuCiB TeCTOBOrO JOKYMeHTa AnA nojanb-
LOr0 CeMAHTUYHOTO MowWyKy. Baxnusow ocobauBicTio
B pamMKax Hawwoi poboTn € Te, WO BUXiAHI AaHi cucTemu
$OpPMYITbCA Ha OCHOBI 3a3Aanerifb Po3MiYeHOro BpyuHy
kopnycy moBu. LlikaBolo npakTUuHOK po3pobKoio 3 BUKO-
PUCTAHHAM CEMAHTUYHUX Mepex € cuctema GopmyBaHHA
CEMAHTUYHOI MepeXi 3 CNaboCTpyKTYpOBaHNX TEKCTOBMX
Jepen, onucaHa B poboti [4]. ABTopu poboTi nponoHy-
0Tb MiXiA ANA aBTOMATUYHOMO BiJHOBNEHHA CTPYKTYpH
po3ainis cTatTi Bigkputoro cnosHuka Wiktionary. Ocobnu-
BICTIO laHOTO miaxody € po3pobka fAeAkoi cuctemu npa-
BUN, HA OCHOBI AKNX QYHKLIOHYE CEMAHTYHA MPOrpamHa
modenb CTatTi. OnucaHi Knacu nNpuKAagHUX po3pobok
KOMN'loTepHUX cucTem nobyaoBU CEMAHTMYHUX Mepex
nepeabaualTb BUKOPUCTAHHA B AKOCTI BUXIAHOI 0a3u
3HaHb JeAKW MacuB TeKCTiB, WO MICTATb MonepesHio
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NIHrBICTUYHY PO3MITKY, WO, AK OYNO CKa3aHO BulLe, He
3a/10BO/IbHAE NOCTaBAeHili B po6oTi merTi.

Buknap martepiany pocnigenna. Onucava B wii
(TaTTi MOZeNb € PO3BUTKOM MonepeaHix JoCNiAXKeHb npo
nobynoBy CMCTeMI aBTOMATMUHOI reHepauii TeKCTiB Ha

OCHOBI KOHLenLii mogeni M'AKOro po3yMiHHA JleoHTbeBOI
[5] Ta nobya0BYy ceMaHTYHOI MoAeNi HayKoBOro TeKCTY [6].
Po3rnaHemo anroputm poboTn cuctemm, Wwo 306paxeHni
Ha puc. 17a YMOBHO NOZiNeHuii Ha N'ATb OCHOBHUX KPOKIB,
0inbLL AeTanbHo.

Puc. 1 - Cmpykmypa po6omu cucmemu 3anum-8ionoegiob

Kpok nepwuii — oTpumaHHs i 06pobka 3anuTy Kopuc-
TyBaua, WO € TUNOBOK MOBEJiHKOKW CUCTEM 3anuT-Bif-
noBidb. Y HawoMy BUNAAKy, Mif 3anUTOM PO3yMi€TbCA
Habip KnouoBMX CNiB, iHGopmauia Npo AKi LiKaBUTb
KOpMCTYBaya, po3jineHnx Mix cob0k 3Hakamu npo-
6iny. Hanpuknag: «Knacu nporpamyBaHHA po3pobkax;

«Kocmoc kometu»; «Teneckonu»; «Teopis eKOHOMIKM».
(Dopma Ta BiAMIHOK C/TiB L0 CKNafae 3anuT He GiKCOBaHi,
i MOXe 3alaBaTuCA Ha baxaHHA KopuctyBaya. B Linomy,
CUCcTeMa BUXOAUTb 3 TOTO, L0 CEMAHTWYHA CKNajoBa
3anUTY € LiNbHOW | MOT0 YaCTUHM He cynepeyaTb OJHA
oAHomy. Taka ¢opma 3anuTy € BiAMIHHOW Bif 3BMYHNX
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mopgonoriuHo noBHux dpas, i byna obpaHa ana cnpo-
LeHHA nepeBipkM QYHKLIOHYBAHHA CUCTEMU — aHani3
MOBHOTEKCTOBIX 3aNUTIB KOPUCTYBAYA € OKPEMUM CEMaH-
TUKO-MOP(HONOriYHUM 3aBAAHHAM i BUXOAUTH 33 PaMKIA
Linei uiei poboti.

Kpok Opyauii — nna KoXHOro OKpemoro KauoBoro
CN0Ba i3 3anuTy KOpUCTYBaua BiAbyBaeTbCA onepalia
NOWYKY BiONOBIAHMX KNAcTepiB-CTEM, MHOMUHU AKUX
dOPMYKTb CEMAHTUUHI MITKN JOKYMEHTa, 3a AKUMMU

i Oyme reHepyBaTucA pesynbTyloya Bianosiab. Anroputm
nobynoBN CeMaHTUUHOI Mojeni [OKYMeHTa i BUAiNeHHA
KnactepiB-ctem 6yB onucaunit y pobori [6] i € iHHOBaUili-
HOK PO3p06KOI0 CTBOPEHOI0 B PaMKaX LibOro JOCNiZKeH-
HA. oro KoHuenuis npeacraBnAe Co60w 3acTOCYBaHHA
NATEHTHO-CEMAHTUYHOrO aHanisy Ta MoCNiZOBHOCTI npo-
CTOpOBMX OMepauiii Ha [JBOMIpHI NAOWMHI and oTpu-
MaHH# CEMAHTUYHOI CTPYKTYPU HAYKOBOTO TEKCTY, MPUKNaz
AKOT 306paXkeHo Ha puc. 2.

Puc. 2 - CemaHumuyHa Mepe)xa HayKoeoeo mekcmy

Pe3ynbryloua ceMaHTUYHa Mepexa CKnajeTbCs i3 knac-
TepiB-cniB (no3HaueHo Ha manioHky Ak WordCluster) o
AKNX NPUB’A3aHa Bara KnacTepa (306paxeHa Ha ManoHKy
y KBafipaTHUX JyXKax), KNacTepiB peyeHb (N03HaueHo Ha
manioHky Ak SentenceCluster) Aki nos'asaHi i3 knactepa-
MU-CTEMaMI CEMAHTUYHUM BIJHOLIEHHAM, Bara AKOro
no3HaueHa y Kpyrmux Ayxkax. OTpumaHa CemMaHTuuHa
MepeXa BUKOPUCTOBYETbCA ANA 3HATTA YUCIOBUX JAHUX,
L0 XapaKTepu3yKTb CeMAHTUYHI BACTUBOCTI JOKYMEHTA,
A0 AKX BIZHOCATBCA KiNbKiCTb CTeM-KnacTepiB Ta Kifb-
KiCTb (TeM-peyeHb, Bark KnactepiB-CTeM, Baru i KinbKicTb
3B'A3KIB, KifbKICTb (TeM L0 He YBIALAN JO CEMAHTUYHOI

Mepexi, AKi BUKOPUCTOBYIOTbCA ANA aBTOMATU3aL|ii mpoLie-
CiB OLiHKM | $inbTpaLiii TEKCTIB 3a iX CBMAHTUYHOK CKNajo-
BOI0 [0/10BHOI0 BNACTUBICTIO CTBOPEHOI CTPYKTYPH € Te, L0
BOHA 03BONAE BCTAHOBUTU MPAMI BIZHOCUHM MiX Knac-
Tepamu-cTeMamin i MacuBaMu peyeHb, Lo i ABNAE cobok
(eMaHTUYHe NOaHHA JOKyMeHTY, 6€3 3aCToCyBaHHA none-
peaHbOi CeMaHTYHOI PO3MITKM ab0 3a/1yyeHHA nonepesHix
(EMAHTUYHUX 3HaHb.

Kpok mpemiii — pna KoxHoro knactepa-ctemu i3
(EMAHTUYHUX MOJenell TeKCTiB NPOBOAUTLCA Nepesipka
BXOZPKEHHS 10r0 eNeMeHTiB B KOPUCTYBaNbHULbKII 3anuT,
ANA YOro BUKOPUCTOBYETHCA PO3PODNEHNI  MeXaHi3m
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BM3HAY€HHSA 3aranbHoi YaCTUHU HA OCHOBI BificTaHi JleBeH-
WTeiiHa [6], Wo 3aCTOCOBYETHCA ANA KOMXHOIO K/0YOBOT0
C110Ba | KOXHOI CTeMn Yy Knactepi. fKWo AnA NoTOYHOro
Knactepa-CTemu Take BXO[KEHHs 3HailleHo — TO Knactep
(Ta€ KaHANAATOM [NA BKNKYEHHA Y pe3ynbTylouy Bigno-
Biab. [lpuKnag knactepy-cremu TeKCTY Ha TEMATUKY «YOPHi
Aipn» 300paxkeHo y Tabnmui 1.

Ta6bnuua 1 - lpuknag dparmeHTy Knactepy-cremu

AUCKY CpefHEMaCUBHUX CTana aHanor Bax/uMBi BUTAT-
HyTOI BCEpeAWHi TepTA A03BOANUNO 30BHILIHE BENUKMX
3aBepwunna ctana Bik Tepta obcepatopia Yepe3 o
3'€IHYITb BUABUTU 3'€AHYHTb BUTATHYTOI 3abe3neuye
AaHUMI NPOPOKYe bya0Ba 3aBepLunna 3abe3neuye noka-
3aHa cpefiHemacciBHX Bik AnbbepTa 00'ekTh Ha3aa TepTA
0ynoBa 3aBepLunna peHTreHiBcbkomy peyosuHu Mertara-
naktuku CoHua yTBOPeHHA nodibHux mornuHae bynosa
3a6e3neuye Yymaubkoro BiacTaHax 3abesneuye o6nacTb
TepTA acTpoHomiB binoi 6ynosa Tepta Bik Anbbepta
AOCNifKeHb 0bcepBaTopia Tepta obcepBaTopia TepTa
npopokye AnbbepTa 3aBepLumna Halwoi Temnom 6aratbox
cnocTepiraua 3abe3neuye CTaHOBUTL HIWIMX CYCifHii
(Tana KomnaHbiioHoM YopHi Bik AnbbepTa MacuBHUX
TepTA AecATKiB o6cepBatopia Buasnenusa tepta bynosa
iCHYBaHHA GiNbL MOXNMBO BIAKPUTO CKYNYEHHA BU3Ha-
YaloTb(A 3aBePLUNAA AHAIOT BUCOKUM Tenep fxepen

flk MOXHa N06aunTy 3 HaBedeHOro NpUKagy, y OAHOMY
Knactepi MiCTATbCA CTEMU, WO MAKOTb NPAMMIA CeMAHTIY-
HUIA 3B'A30K, NPOTE CUHTAKCUYHO BOHM HiAK He CMiBBig-
HOCATbCA (4opHi, obcepBatopia, meTaranakTuku, CoHuA
Towo). Came Ue AAE MOXNUBICTb CUCTEMI 3HAXOAMTM
CeMAHTUYHO 67IM3bKi peyeHHA y TeKCTi, He CUPaumncb Npu
LIbOMY Ha CUHTAKCWYHi NpefACTaBAeHHA (AKLLO MU LYKAEMO
YOpHi Aipn — TO iHOpMaLlilo NP0 MeTaranakTUKI TaKoX
HeoOXiJHO BBaXaTu peneBaHTHOW, NPU YMOBI JOCTAaTHLOI
CUNN CeMAHTUYHIX 3B'A3KIB). [HLLI «HepeneBaHTHi» CN0BO-
dopmu (Hanpuknaa — po3noBCHAXeHI Ai€CN0Ba) Bifcika-
H0TbCA 3@ HEJOCTATHBOIO Barok BiJHOCHO TEKCTY B LiNnoMmy
i KOHKpeTHOro 3anuTty. Y ubomy i nonsArae peanizauis mogeni
M'AKOr0 po3yMiHHA JIeOHTbEBOI, KON CUTYaLliA — a BnacHe,
3anuT KOPUCTYBAya, 3MIHIOE CEHCOBI Baru OAHOrO i TOro
Camoro TeKCTY.

Baxnueo 3a3Haunti, W0 GQYHKLiIOHYBaHHA CUCTEMM
CTaE MOXNVMBUM, OCKINbKM A0 Ti cknagy byna BknioyeHa 6asa

3HaHb, LU0 NpeACTaBNAE 0000 KOPMYC AOKYMEHTIB, TEKCTI
3 AKOT MaloTb BifNOBIAHO N06yA0BaHY CEMAHTUYHY MOJeNb
AOKyMeHTa. Kopnyc (KnafaeTbea 3 feKinbKox Knacie Tek-
CTiB, 00p0OKa AKNX NO-NepLUe NOBHO NOKPUBAE CTUNICTUYHI
i CBMAHTUYHI 0C00MMBOCTI MOBY, @ NO-ApYre CTaHe 0nopok
ANA NPOBeEeHHA NOBHOLHHOIO TeCTyBaHHA cuctemu. [ind
uboro byna cknageHa konekuia i3 100 TeKcTiB HayKoBOro
CTUNI, PO3Mipn AKX po3nogineHi Big 6 4o 203 Kinobaiit
YNCTOTO TEKCTY, KNacu AKX PO3NnogineHi y BiCOTKOBOMY
CNiBBIAHOLWEHHI y Tabnuui 2:

Tabnuua 2 — BiacoTkoBe po3noAineHHA TUNIB TeKCTY

y Konekuii
Tun Kinbkictb (%)
0 35
1 15
2 21
3 24
4 5

Jle Tun 0 — BignoBigae Tekcam i3 cnabkol cemaH-
TUYHOK 3B'A3HICTIO, WO Oyn1 CTBOPEHI 33 JONOMOTOH0 aBTO-
MaTUYHOTO reHepyBaHHA abo cKnageHi i3 pparmeHTis pis-
HUX TEKCTIB | BUKOPUCTOBYIOTCA ANA TECTYBAHHA CUCTEMMU,
TN 1 — TeKCTM Ha eKOHOMIYHY TeMaTUKy, TUN 2 — TeKCTU
Ha TemaTuky ¢inocodii, Tun 3 — TeCTM Ha TEMATUKY KOCMO-
norii i aCTPOHOMIi, a TUN 4 — TeKCTU Ha TemaTUKy iHpopma-
LiiiHMX TexHONorii i nporpamyBaHHA. Take po3noAineHHaA
nepecsifiye MeTy CTBOPEHHA JOCTaTHbO penpe3eHTaTUBHOI
BUOIpKM TeKCTiB Ta po3pobKmM HeobXigHOro Habopy AaHuX,
L0 I03BOJIUTb CTBOPUTY FHYUKY CUCTEMY OLiHOK Ta nepeB.i-
POK aZieKBaTHOCTI ZoAaTky. Benmka KinbKicTb (eMaHTUYHO
MOMUNKOBIX TEKCTIB CTBOPKE YMOBU ANA BUABNEHHA
BMNAJKOBOCTEIl Y CTBOPEHHI BiNOBiZeil, a BeNnKa Kinb-
KiCTb TEMATUMYHO He3aneXHuX Knactepis TeKCTy [03BONIAE
3MoZenioBaTh MOXNNBOCTI 06po6KI 3anuTy KopucTyBaua
Y NONICTUAUCTUYHIN KONeKLiT TeKCTiB.

Okpim Toro, y xodi mocnigxeHHa byna nepesipeHa
a/1eKBaTHICTb NOOYZ0BM CEMAHTUUHOI MOZENi JOKYMEHTA,
Lo BMKNajeHa y poboTi [7] Ta 3acHOBaHa Ha OLHLi CeH-
COBOi MICTKOCTi (EMAHTUYHMX MITOK JOKymeHTy. [ina
LIb0ro, KOXKHOMY JOKYMEHTY i3 kopnyca 6yna nobyaoBaHa
BiANOBIHA CEMAHTNYHA MOAENb TEKCTY. I3 KOXHOi noby-
[0BAHOT TaKUM YMHOM Mepexi Oynu oTpumaHi Knacte-
pyU-CTEMN i3 HAR6INbLLOK (CeMAHTUYHO CUNBHNI KNacTep)
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Ta HaliMeHLWOM0 (CeMAHTMYHO Cnabkmil Knactep) 3aranb-
HOI0 Barolo NepeTuHiB i3 CEMAHTUYHUMU KOHTYPaMU CTEM,
ANA AKNX 6yno po3paxoBaHe 3HaUEHHA CEHCOBOI MiCTKOCTI
S, 3a popmynoto (1)

No

(1)

Ae N, — 3aranbHa KinbKicTb (1B y IOKYMeHTi, HeobXiaHa
ANs HOpMani3auii oTpumaHux pesynbraris, N, — B(TaHOB-
NeHa eMnipuyHo KiNbKiCTb YHiKaNbHUX TepMiHiB Y Knac-
Tepi, o MalTb NpAME BiAHOLEHHA [0 rany3i 3HaHb, 0
AKOT HaneXxuTb TeKCT (TemaTuka AOKymeHTa). OTpumani
pesynbraTi pPo3paxyHKy CeHCOBOT MICTKOCTI ANA KOXHOIo
TeMaTUYHOro Habopy TeKCTiB 306paxeHi Ha puc. 3.

Puc. 3 - Po3nodin 3HayeHb ceHcoeoi MicmKocmi 3a memamu:
a) ekoHomika; b) pinocogpis c) acmpoHomis; d) iHgpopmauiliHi mexHonozii

OTpumaHi rpadiku nokasanu, Lo y npoBeAeHNX TecTax
KINbKICTb (EMAHTUYHO 3HAYUMUX TEPMIHIB Y (EMAHTUYHO
CUNbHUX KNnacTepax 3HaYyHO MepeBULLYE KiNbKiCTb Tep-
MiHiB y CEMAHTUYHO CNabKuX KnacTepax He3anexHo Bif
KiNbKOCTi, po3Mipy Ta TeMaTUYHOI CNPAMOBAHOCTI JOKY-
MEHTIB — ANA TeMaTUKM «eKoHOMika» (15 BOKyMeHTiB)
KINbKIiCTb TEPMIHIB Y CUNbHUX Knactepax y cepefHboMy
y 2,98 pa3a binblua Hix y cnabkux, ana Tematukn dinoco-
dia (21 pokyment) —y 3,375 pasa, AnA TeMaTUKK «acTpo-
HOMif» (24 pokymeHTa) — y 3,473 pa3a, ANA TemaTuKu
«iHdopmauiitHi TexHonorii» (6 AokymeHTiB) — y 4,44 pa3a.

lpn npoBedeHHi JocnigXeHb He BpaxoByBanach Bara
cteM abo ix 6yab-AKe CMHTAKC(MYHe CMIBBIJHOLIEHHA i3
TeKCTOM — MOB’A3aHi TepMiHYM OLiHIOBANNCA NINLLE 3 TOYKM
30pY HaNeXHOCTi 40 TeMATUKN JOKYMEHTY, TOMY OTPUMaHi
pe3ynbTaTin BKa3ylTb HA LiNKOM afeKBaTHe GOpMyBaHHA
(EMAHTUYHUX MITOK JOKYMEHTY — KilbKiCTb (eMaHTUYHO
3HAYNMUX TEPMIHIB Y Knactepi-cTemi npAMo NponopuiiHa
J10 KiNbKOCTi Ta Bar NOB'A3aHMX i3 HUM CEMAHTUYHUX KOH-
TypiB peyeHb y nobynoBaHUX MOAENAX LOKYMEHTIB, LU0
LO0BOAUTL 3aNeXHICTb CTPYKTYPU CEMAHTUYHOT Mepexi
(ame Bifi CeMaHTUYHOI CKNaf0BOI TEKCTY.
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Kpok 4emeepmuii — pna nojanblioro aHanisy
(NCTeMa NOBMHHA PaHXyBaTW Knactepu-KaHamaatn 3a ix
CNiBBIAHOLIEHHAM i3 BXIJHAM 3aMUTOM, TOMY A1 KOXKHOTO
3HaileHoro Knacrepa-cTemMu po3paxoByeTbCA CUTYaTUBHA
Bara W — KinbKicHa mipa, L0 XapaKTepu3ye 3arasbHy Bary
(TeM y TeKcTi wo 36irnuca i3 3anutom KopuctyBaua, nicna
4oro yci 3HaizeHi Ha nonepeHbOMY KpoLli Knactepu-cremiu
COPTYI0THCA BiANOBIAHO 0 PO3PAX0BAHOr0 3HAYEHHA CUTY-
aTUBHOI Barn. [Ina oOMeXeHHa i 3py4HOCTi aHanisy Bigno-
BiZiel po3Mip pe3ynbTyouoro TeKCTy, o 6yae 3reHepoBaHo
ANA KOPUCTYBaUa, BUXOAMTD i3 KiNbKOCTI KNacTepis i3 Mak-
CUMaJIbHOI0 CUTYaTUBHOIO Baroto C,, 1110 BUPaXoBYETb(A 32
dopmynoto (2):

c, =2, )

ne W, — 3aranbHa Kinbkictb cTem y 0asi cuctemu,
S — 3aranbHa KinbKicTb peyenb y 6a3i cuctemu.
3aknoyHuli KpoK — reHepauia TeKCTOBOI BiaNOBiAi
KopucTyBaueBi. [lna uboro BubMpawTbCA Knactepu-
peyeHHA, N0B'A3aHi 3 KOXKHUM KNacTepoM-CTeMOI0 3arasb-

UeHHsA B pe3ynbTylouy BiANOBiAb HA nonepeaHbOMY eTani.
AIKILO TaKIMX NOB'A3aHNX KNACTEPIB KiNbKa, TO B MHOXUHY
KaHAMAATIB NOTPAN/AE Knactep 3 MakCMManbHoK Barow
3B'A3Ky. B pe3ynbTaTti AaHoi onepauii ¢opmMyeTbCA MHO-
KMHA peyeHb-KaHAWAATIB AN BKIKOUEHHA Y pe3ynbTylouy
BiZNOBIfb, L0 COPTYETLCA 32 HOMEPOM PeUeHHs Y BUXif-
HOMY JOKYMEHTi i 3araibHol0 Barok CTem Yy peyeHHi. Ha
BUXOZi KOPUCTYBAy OTPUMYE 3reHepoBaHy TeKCTOBY Bif-
MOBiAb, CBMAHTUYHO NOB'A3aHY 3 BXiAHUM 3anutom. lpu-
Knaj OTPMMAHOI BiANOBIAI Ha 3anuT «iHTepdeiic» HaBe-
AeHo y Tab. 3.

OTpumaHa BignoBiab MiCTUTb iHGOPMaLito He TiNbKK
AaHi Npo iHTepdelic Wo LikaBuTb KOPUCTYBAYa, a I (eMaH-
TUYHO NOB'A3aHY iHdOpMaLit — L1040 abCTpaKLiii y Teopii
nporpamyBaHHA, 06'€KTHO-0PiEHTOBAHOTO NiaxoAy A0 po3-
pobKm, iHpopMmaLlito Npo Knacu, Towwo. 3reHepoBaHMii TeKCT
OyB OTPMMaHWil Ha OCHOBI AOKymeHTIB «Knac» i «IHTep-
deic» i3 3aranbHoro Kopnycy AokymeHTiB. Okpim Toro,
aNropuTM™ € CTIMKMM 0 KiNbKOCTi CNiB Y 3anuTi i IX cemaH-
TUYHUX 3B'A3KIB — y Tab. 4 HaBeAeHO NpUKNaZ 3anuTy Lo
€ KOMOiHaLi€I0 TeMaTUUYHO 0HO3HAYHOTO (KOCMOC) | Heoa-

HOW KifbKicTiO C,, WO CTaNW KaHAWAATaMu ANA BKAK-  HO3HAYHOrO (ZOCNIAKEHHA) KNIOYOBUX CNiB.

Tabnuua 3 — Mpuknag BianoBiai cACTEMM Ha 3anUT <iHTepdeiic»

[HWi abCTpaKTHI TUNKM JaHNX — MeTaknacK, inTepdelicu, CTPYKTYpH, NepepaxyBaHHs, — XapakTepu3yKTbCca AKUMUCb (BO-
iMu, iHwumn ocobnueocTAmU. opAg 3 NOHATTAM «06'ekTa» Knac € KmoyoBuM noHATTAM B OO0 (xoua icHytoTb i 6e3-
KNacoBoro 00'eKTHO-0pieHTOBaHI MOBM, Hanpuknag, Self, Lua; foknagHiwe AuBiTHCA NPoTOTUNHA NporpamyBaHHa). (yTb
BIAMIHHOCTI KNnaciB Bifj iHWNX aBCTPaKTHUX TUNIB AaHMX NOAATAE B TOMY, L0 NPV 3aBAAHHI TUNY AAHUX KNAc BU3HAYAE
0/JHOYACHO AIK iHTepdelic, TaK i peanizaito AnA BCiX CBOIX eK3eMNNAPIB, @ BUKINK METOAY-KOHCTPYKTOpa 060B'A3KOBMUIA.
Ha npakTuui 06'eKTHO-OpieHTOBaHe MporpamyBaHHA 3BOANTLCA A0 CTBOPEHHA MEBHOI KiNbKOCTI KNaciB, BKNKYaKUM
inTepdelic i peanizauiio, i noganbLLoro ix BUKOPUCTaHHA. BukopuctoByBaHi mognHolo Knacudikawii B 300n0rii, 6oTaHiky,
XiMii, ieTanAx MaLwnH, HecyTb B COBi OCHOBHY ifelo, o OyAb-AKY piu 3aBXAN MOXHA YABUTM OKPEMMM BUNAAKOM AEAKOr0
6inbLu 3aranbHoOro NoHATTA. (ame TOMy NpUKNaAN KNacie B HaBYANbHIX NOCIOHNKAX 3 00'€KTHO-0PiEHTOBAHOrO MPOrpamy-
BaHHA TaK YacTo 3raaylTb A0NYyKa i rpyLui.

B 06'ekTHO-OpieHTOBAHOI Mporpamu i3 3aCTOCYBaHHAM KNaciB KOXeH 00'€KT € «eK3eMnnApoM» [eAKoro KOHKPETHOTo
Knacy, i iHwunx 06'exTiB He nepesbayeHo. [pu LubOMy B pi3HIX MOBaX NpOrpaMyBaHHA AONYCKAETHCA a60 He AONYCKAETbCA
iCHyBaHHA LLie AKNXOCb TUMIB AaHWX, eK3eMNAAPYN AKNX He € 06'ekTamu (TOOTO MOBa BU3HAYAE, UM € 06'eKTaMu Taki peui,
AK YMCNa, MACUBY i NOKAXKUMKM, 260 He €, i, BiANOBIAHO, U € TaKi KNaCk K «UNCI0», <MACUB» aD0 «MOKAKYMK», eK3eMN-
nApamu AKNX bynu 6 KOXHe KOHKpeTHe YncNo, MacuB abo mokaxuuk). [pu BUKOPMCTaHHi KNaciB Bce enemeHTy Koy npo-
rpami, Taki AK 3MiHHi, KOHCTaHTW, MeTOAN, NpoLeaypU | PYHKLT, MOXYTb Hanexatin (a B 6araTbox MoBax NOBUHHI Hane-
aTin) TOro um iHworo Knacy. Metog, cniBBigHeceHwii 3 eK3eMnAAPOM Knacy (3BUYaiiHNin MeToA), MoXe ByTI BUKNUKaHNI
TiNbKM Y cCaMOro 00'eKTa, i Ma€ AOCTYN AK 0 CTATUYHNX NONIB KNACY, TaK i 4O 3BMYAINHMX NOAAX KOHKPETHOr0 06'eKTa (npm
BUKNUKY Lieii 00'eKT nepefacTbcA NpUXoBaHUM NapameTpom MeToZy). YcnaaKkoBaHux knac abo iHtepdeiic byse mictui
B c06i BCe, L0 3a3HaueHO ANA BCiX iOro 0AaTbKiBCbKIX KNaciB (B 3aNeXHOCTi Bif MOBU NporpamyBaHHA i nnathopmu, ix
Moxe 6yTu BiZl HyNA 10 HeCKiHUeHHOCTi). YacTo pi3Hi 3MiHHi nporpamu 36epiraloTb NOTiYHO NOB'A3aHI 3HaUeHHH, i 3a nig-
TPUMKY L€ N0TiYHOI 3B'A3HOCTI Hece BiANOBIAaNbHICTb NPOrpamicT, T06TO aBTOMATUYHO 3B'A3HICTb He NiATPUMYE.
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3aKiHueHHa Tabnuui 3

Knac — e enemeHT M0, wo onucye abcTpakTHUIA TN AaHWX i 110r0 YacTKoBY abo MoBHY peanizauito. Tounuii 3micT i€l
dpa3u byae po3kpuTuii HUXKYe. [padiuHe NpeacTaBAEHHA AeAKOT KINbKOCTI KNACiB Ta 38'A3KIB MiX HUMU Ha3UBAETbCA Aia-
rpamoto Knacis. laed knacis npuiiuna 3 pobit no 6azam 3HaHb, 140 MaKTb BiJHOLEHHA A0 JOCNIAXKEeHb 3 LUTYYHOTO iHTe-
nekTy. TobT0 «ek3emnaAp Knacy» B AaHOMY BIUMAAKY 03HAYAE He «NPUKNAZ AeAKoro Knacy» abo «okpemo B3ATUI KNnacy,
a «00€eKT, TUNOM AKOTO € AKNIACb KNac». Hanpuknag, abcTpakTHU TUN JaHNX «pAZOK TEKCTY» Moxe byTi opopmneHnii
y BUFNAZI Knacy, i Toji Bce pAAKN TeKCTY B nporpami 6yayTb 06’ekTamn — ek3emnaapami Knacy «pagok Tekcty». (am knac
B MiACYMKY BU3HAYAETbCA AK CMMCOK CBOIX UEHIB, a Came NoniB (BNaCcTMBOCTeN) i MeToAiB / yHKuiin npoueyp. Hanpu-
Knaj, 3arafnbHa KinbKicTb pAAKIB TeKCTY, CTBOPEHUX B NPOrpami 3a yac ii pobotu, byae CTaTUyHUM nonem Knacy «pAagok
TekcTy». B O0I npu BMKOpUCTaHHI KNaciB Becb BUKOHYBaHMIA KOA nporpami (anroputmu) byae ohopmaaTica y BUrnALi
TaK 3BaHUX «<MeTOZiB», «QYHKLil» ab0 «npoueayp», Lo BiANOBiAAE 3BMYaiHOMY CTPYKTYPHOMY NPOrpamyBaHHI0, OfHAK
Tenep BOHM MOXYTb (a B 6araTbox MOBax 30008'A3aHi) Hanexatu Tomy uu iHworo knacy. ik i nons, Kop y BUrNAAi meTo-
AiB / GyHKLUil / npouenyp, Lo Hanexatb Knacy, Moxe 0yTu BigHeceHni abo 0 camoro Knacy, abo o ek3emMnAApiB Knacy.
Y nporpamyBaHHi iCHy€e NOHATTA NPOrpamMHOro iHTepdeicy, Lo 03Haya€e nepenik MOXMBUX 00UMCIEHD, AKI MOXe BUKO-
HaTW Ta uM iHLLA YacTHA NPOrpami, BKAKOYAYUN OMIUC TOTO, AKI apryMeHTy i B AKOMY NnopAAKY noTpibHo nepesasati
Ha BXiZ anropuTMam 3 LbOro nepeniky, a Takox Lo i B AKOMY BUIMAZI BOHM 6yayTb noBepTath. AGCTPAKTHUIA TUN JaHUX
iHTepdeitc npuaymauit ana GopmanizoBaHoro onucy Takoro nepeniky. lporpamui intepdeicu, a Takox Knacu, MoXyTb
PO3LUMPIOBATUCA WAAXOM YCNAfKyBaHHA, AKE € OAHUM 3 BaXNMBUX 3aC00iB MOBTOPHOTO BUKOPUCTAHHA FOTOBOrO KOAy
B 00I. B 06'eKTHO-0pi€eHTOBAHOI Nporpamu npanopeLb «3BiNbHEHNA» Byae OronoLweHmiA NPUBATHAM YNEHOM AeAKOro
Knacy, a ANA YNTaHHA | 3MiHN ioro byayTb HanucaHi BignoBigHi mybniui metogu. CKpi3b Aani CoBa «KNac», «06'eKT»,
«iHTepdelic» i «cTpyKTypa» byayTb BXUBATUCA B CBOIX CNeLiafibHUX 3HAYeHHAX, 3afaHnX B pamkax 00I1.

Ta6bnuua 4 — Mpuknag BiaNoBiAi CUCTEMM HA 3aNUT «AOCAIIKEHHA KOCMOCY»

| HapewTi, AK i ponb camoi KOCMOHABTUKM AnA NOACTBA. OCHOBHUM MOLUTOBXOM A0 LbOro 0YN0 NpOTUCTOAHHA [BOX
Haaaepxas (CPCP i CLLUA) — xonogHa BiliHa. MoyaTkoBwii nepiog 0bepTaHHA CynyTHUKA HaBKONO 3emAi cknas 96,2 X8,
a Haxun — 65'1 . «Manbma nepuwocti» B 0bnacti ocBoeHHa kocmocy gictanaca CPCP, ane CLUA Tex He xoTinm BifcTaBaty,
i B Takuil nogi€to CBiTOBOT BaXNNBOCTi CTaB nofiiT Ha Micaub. Takum unHom, «JlyHa-3» BuABMNAcA neplunMm anapaTom, AKNi
(TaB LUTYYHUM CYNyTHUKOM Biapa3y i ana 3emni, i gna Micaua — iioro cunbHo BUTArHYTa opbiTa oxonntoana 06uaBa Lux
HebecHux Tina. Tak nioau Bnepiue 3mornn nobauntu 38opotHuil bik Micaua. «Poa3unkoto» ii byno a3epkanbue, nororay-
H0TbCA BrOpY-BHN3 i NP1 LbOMY NOBINIbHO L0 NOBEPTAETbCA HABKONO BEPTUKANBHOI 0Ci 3/1iBa HANPaBo. 3 HOro JONOMOrok
(TBOpIOBANAcA NopAAKOBA 3aMiC BCbOTO 300paXeHHA. AHTNIACbKI acTpoHOMU, 3po6uBLLN iX 06p06KY i 0TpUMaBLLK 306pa-
KEeHHA MiCAYHOI NOBEePXHi, He CTanu NepeaBaTyt ioro B ApyK, YeKalouu, Konn nepLunmMi Ui ceHcauiitHi aaHi onybnikyotb
pocilicoki. Binnosiai He 6yno, Tomy, BBaxatuu cebe BinbHUMI Bif NOAANBLUIOTO AOTPUMAHHA KOPEKTHOCTI, OPUTAHCbKI
LOCNIAHUKN NepeAani 3HiMOK B ra3eTi. B pe3ynbrarti Bce 300pakeHHsA BUALLNO CTUCIUM 3 6OKIB i pO3TATHYTUM y BUCOTY —
MiCAYHA NOBEPXHA NOCTana y BUrNAZI CTUPYATh Bropy BY3bKUX 3aroCTPEHUX KaMeHiB, MiX AKMMU Oy e 0inbLu By3bKi
niLaHi obenicku.

bpexHeB, ane noku TpUBaNo y3rofXKeHHs, HaCTaB Ni3Hili Beuip, i iioro BupileHo byno He TypbyBatu. barato TicAy pokis
TOMY, Kou 6aunL HiuHe Hebo, NioANHA MPiAB NPo NOAIT A0 3ipokK. Y 19 cTONITTI 3'ABMBCA daHTACTMYHE ONOBIAAHHA NUCb-
meHHuKa Ktona BepHa «3 rapmat Ha MicAub». OfHaK ui pakeTn 6ynu TexHiuHO Heo6rpyHTOBaHOI Mpi€to. Bueni 3a barato
CTONITb He Ha3Ba/N €ANHOTO PO3TALLIOBAHOTO Y PO3MOPAKEHHI NI0AMHY 3ac00y, 3a JONOMOrO0K AKOT0 MOXHa MOAONATH
MOTYTHIO CWJTY 3MHOTO TAXIHHA | NOAMHYT B MixnnaHeTHuiA npoctip. Y 1911 poui LlionkoBcbKuii BAMOBUB CBOT BiLli
cnoBa: «JlloACTBO He 3aNuWNTLCA BIYHO Ha 3emni, ane, B FTOHUTBI 3a CBITAIOM i NPOCTOPOM, 3 NOYATKY 60A3K0 MPOHNKHYTH
33 Mexi aTMocepu, a noTiM 3aBoKE C0bi BCi 61M3bKO 3eMHe NpocTip». | 3 bOro MOMEHTY BeUKi yMI NNAHETH Noyani
NpawoBaTin Hajl NOYATKOM PeanbHoro 0CBOEHHA Kocmocy. bansbko 20 nonbotiB go Micaus amepukaHCbKIX aBTOMaTHy-
HUX CTaHUiil 3a nporpamamm «Pelingpxep», «Cepeiiep» i «/lyHap Opbutep» bynu cTporo nignopAAKOBaHi NiAroToBUi A0
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3aKiHueHHs Tabauui 3

BUCAZKN nioauHN Ha Micaub. [loctaBuTi Tyan ekcnefuuito NoBUHHA byna riraHTcbka paketa «CatypH-V», CTBOpeHa nig
KepiBHMLUTBOM BepHepa goH bpayHa, HimeLbKoro KOHCTpYKTOpa cHapAaiB «Day», AKWiA nicna Apyroi CBiTOBOI BiiHM Npa-
utoBas B CLLA. Brim, Pagancbkuit (0103 TaKoX He CTOAB OCTOPOHD Bif NiArOTOBKM NiNOTOBAHOTO «MiCAYHOM0» NOABLOTY.

| TYT aCTPOHABTU B NOPYLUEHHA NPOrpamMu NONPOCUAN J03BONY NoyaTin BUXiA Ha Micaub HeraitHo. Y pomaHi «I3 3emni Ha
Micaupb» ¢ppaHuy3bKuit nucbMeHHNK XKionb BepH Tak onucas nepLunit NoAiT lAel HABKONO HALWIOro CynyTHIKA. Mepinii
ninotoaHuit Kopabenb, 06neTiB HaBkono Micaua, 6y 3anywennii 8 Cnonyuennx LUTatax — AK y pomani, Tak i B Ailic-
HocTi. Opa3a, 3a cnoBamu camoro ApMCTpoHra, byna «aobpe MiAroToBAeHUM eKCMPOMTOMY, 3a3aneriab obpaHum i3
COTeHb HaAiWAN A0 NOALOTY NPONO3nLii. Takuit 3pa3oKk Ha3NBaBCA aBapiliHUM i NoBUHeH OyB BpaTunca, He Bigxoaaum
Bifl MiCAYHOrO MOJYNA Ha BUNAZOK, AKLLO AKICb Ha3BIYaliHI 06CTaBUHY 3MYCATb aCTPOHABTIB TEPMIHOBO (X0BATICA BCe-
peauHi Kabinu i nokuHyTM Micaub (Taki X 3pa3ku 3rogom bpanuca i BCima iHwmMm n'aTbma «AnonnoHamu»). [apmara,
3 AKOT OYB BUNYLLEHNIT «MiCAYHNMIA» CHApAA, Ha3uBanacA Konymbiaaa, KomaHaHWi Moaynb kopabna «AnonnoH-11» Homs
im'a «Konymbis». CHapap y XKiona BepHa npusognmsca 11 rpyaua ane 6y nigibpanuit kopabnem nuwe 29 rpyaHs, wo
Maiixe 36ira€TbcA 3 AaTol NpUBOAHEHHA «ANonnoHa-8» — 27 ciunA. MoBepTatounch Ha 3emnio, AK GaHTACTUUHMIA, TaK
i peanbHi KOCMiYHi Kopabni 3AilicHIOBaNM NOCAAKY Ha BOAY B NiBHiYHil NONOBUHI TMXOro oKeaHy.

Pe3ynbTytounii TeKcT OYB OTPUMAHMIA Ha OCHOBI JOKY-
MeHTiB «[loCATHEHHA Y 0CBOEHHI KOCMOCY» | «<ACTPOHOMIYHA
KapTuHa MUpY» Ta MiCTUTb iHPOPMALLit0 PO KOCMiUHY FOHKY
(PCP ta CLUA, BucapKy nioanHu Ha MicALb, BIACUAKN A0
pomaHiB Myna BepHa, Ta iHLWi peneBaHTHi AaHi, W0 BKa3ye
Ha KOpeKTHWI npouec po6oTn cucTemm 3anuT-gianoBidb.

[ina nepeBipkn oTpumaHoi cuctemi Gynu npoBepeHi

HepoBaHoi BianoBigi Big 0 fo 113 kpokom 0,1. Ycboro Takux
BUMOT 5, TOOTO KOXKHA BiANOBiAb CyMapHO MOXe MOyunTy
Bi 0 fo 5 6anie, a came: NpUCYTHICTb BiANOBIAI, CTyneHb
30iry i3 TemaTuKoK 3anuTy, NOBHOTA BUKNAAY, NPUCYTHICTb
TEMaTUYHUX PO3PUBIB Ta MPUCYTHICTb CEHCOBUX PO3PUBIB.
Ycboro y xopi pocnimkenHa 6yno nposeaeHo 100 TecTis i3
Pi3HOI0 CKNAJHICTIO MUTAHb i Pi3HUM TEMATUYHUM HANPAMOM

3aNWTIB, Ha KOXeH 3 AKMX 6yna oTpuMaHa BianoBiaHa OLiHKa,
dparmeHT rpadiky 3HaueHb AKOT 300paxeHo Ha puc. 4.

iHAMBIAyanbHi OLIHKM BiANOBife uctemmu 3a HGanbHUM
METOZ0M, LU0 ABNAE C06010 CYKYMHICTb OLIHOK BUMOT A0 3re-

Puc. 4 - ®pazmenm epagpika 3Ha4eHb eKcnepmHuUx oUiHOK cucmemu 0714 50 mecmie
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(epeaHe 3HaYeHHA yCix NpoBeJeHNX ekCnepTHUX OLiHOK
cknano 0,839, Wwo BKa3ye Ha 3a0BINbHI pe3ynbraTin poboTn
cuctemut. lTpoBeieHHA MaHyanbHOro TeCTYBaHHA NOKasano
HaABHICTb Npo6neM y NPUCYTHOCTI CEHCOBUX PO3PUBIB Ta
Heo0XiaHOCTi 06p0OKIN BUKMIOYHMX CUTYaLilA i3 BiACYTHICTIO
HeoOXiAHNX 3HaHb Y CMCTEMI, LLO | 3HU3UO CYMAPHO OLiHKY
poboTu cuctemu, npote Ui GakT He MaKTb KPUTUYHOTO
BMAWBY Ha anroputm reHepauii Bignosigeil. BukoHaHHa
TECTiB CUCTEMW 3anuUT-BiJNOBiAb i3 BUKOPUCTAHHAM aBTo-
MaTUYHOI reHepaLlii TeKCTiB NOKa3anu afiekBaTHiCTb po6oT
AOAATKY AK 3 TOYKW 30PpY BMKOPUCTAHHA CEMAHTUYHOI
MOZieni AK 0CHOBW ANA No6yaoBI iHTeNeKTyanbHMX nowy-
KOBUX iHCTPYMEHTIB, TaK i 3 TOUKN 30py JOLINbHOCTI 3aCT0-
CYyBaHHA (EMAHTUYHUX MOJeNeil Y CUTYaTUBHIil reHepauii
TeKcTiB. binblw AeTanbHo npouec TeCTyBaHHA CTBOPEHOI
CMCTeMu onucanni y pobori [8].

[UTaHHA CTBOPEHHA CMCTeMM, 1110 6a3yeTbCA Ha AeAKNX
3HAHHAX e MNiY 0 NAIY i3 NUTAHHAM afanTUBHOCTI LWAAXY
HaKOMEeHHA X 3HaHb. Po3pobKa niaxoady, 3acHOBaHOro Ha
no6yaoBi ceMaHTUUHOI MOZieNi JOKYMeHTa CTBOPHOE BeNuKi
MOXMMBOCTI Y LbOMY MNaHi, [O3BONAIYM He3anexHo
HaNOBHIOBATM KOMEKLi0 JOKYMEHTIB (i 6a3y 3HaHb cuctemu
BIAMOBIAHO) TEKCTAMM HAyKOBOIO CTUD MOBNEHHA Pi3HOI
TeMATUYHOT CNPAMOBAHOCTI. (ucTemMa QyHKLiOHYE Takum
YMHOM, L0 Y KOPUCTYBauya HeMae HeobXigHOCTI y pyuHiit
CeMaHTUYHil po3MiTLi TEKCTY, Knacuikawii abo nepeipku
TEKCTY Ha BiZANOBIJHICTb AKUMOCb KpUTepiAM — JOCTaTHbO
NNLLE 3aBaHTAXMUTK JOKYMEHT Y popMmarti plain text. lpote,
TaKuil Nigxig NpU3BOAUTD 0 MOXAUBOCTI HANOBHEHHA CUC-
TEeMU 3HaHHAMN, WO HeO0CTaTHbO AKiCHI Ang il cTabinbHoi
po6oTH, 1110 MOXe CTBOPUTI HAAJULLKOBY MHOXIHY TeKCTiB
ANA aHanisy. [lo Takux TeKCTiB, B nepLUy Yepry, BifHOCATbCA
HeZoCTaTHbO (OpMani3oBaHi JOKYMEHTU, BifMOBiAHICTb
BUKNaZleHHA iHGOpMaLii B AKMX CynepeunTb HayKoBOMY
CTUNI MOBNEHHA. BupiweHHAM uiei npobnemu cTano
3aCTOCYBaHHA NpoLiecy nonepeHbOi OLiHKM | aBTOMATHy-
HOi dinbTpaLii AOKYMEHTIB 3a iX CEMaHTUYHOI0 3B'A3HICTIO.

3a CTBOPEHUM anropuTMoM, KOXeH 3 TeKCTiB XapaKTe-
pU3yBaBCA 1BOMA 3HAYEHHAMI — HOPMaNi30BaHUM PO3Mi-
pom Tekcty WN, oTpumanoro 3a gopmynoto (3):

_ VI/: B VKnin

(3)

Nwoo—w

max min

fe W, — 3aranbHa kinbkicto cnis, W, ta W, — HalimeHwa
Ta Halbinblua KinbKiCTb CNiB y HaBYaNbHOMY Kopnyci, Ta

HOPMani30BaHMM CEMAHTUUYHIM 3HAYEHHAM , OTPUMAHUM
3a popmynoto (4):

W, CW,
== o
e W, — 3aranbHa kinbkictb crem, W — 3aranbHa KinbKicTb
cnis, CW, — KinbKicTb Knactepis — CTeMm, L0 MaloTb 3B'A30K
i3 Knacrepamu-peyenHamu, C, — 3aranbHa KinbKictb Knac-
TepiB — CTeM.

OTpMMaHi TakUM YNHOM [aHHI € KpUTEPiAMU OLIHKK
HayKOBOCTI TEKCTY i BOAHOYAC — HABYaNbHOK BUOIPKOK
ANA BKIIYEHOT Y CTPYKTYpPY CUCTEMU HEPOHHOT Mepexi,
L0 MAE OAWH NMPUXOBAHWI PiBEHb, KiNbKiCTb HEPOHiB
y AKOMY IOPiBHIOE KiNbKOCTi YPOKiB L0 NOAAHO Ha BXif,
Ta OAMH BUXif WO MOXe BUAaBaTW 3HaueHHa 0 abo 1 —
Hali Knacu TekCTy BiANOBiAHO. [InA HaBYaHHA Mepexi
BMKOPUCTOBYETbCA Apyre npasuno Xebba (menbra-npa-
BUNO), GyHKLi€ akTUBALT € CUTMOILHA QYHKLIA, a 3Ha-
UeHHA 3MIilLeHHA OfHOPa30BO 0bMpaeTeca BUNAAKOBO
y npomixkKky mix -0.5 1a 0.5. OTpumaHa HaBueHa Mofenb
BMKOPUCTOBYETbCA  ANA  MPOTHO3YBaHHA  3B'A3HOCTI
BXiHUX TEKCTiB, Y BMNAAKY, KOMU KOPUCTYBau Oaxae
AOMOBHUTI 0a3y 3HaHb CMCTEMM — AKLLO BiANOBIAHO [0
OTPUMAHOrO NPOTHO3y AOKYMEHT L0 3aBaHTaXyeTbCA
€ A0CTaTHbO GOpMani3oBaHUM, BiH NPOXoAUTL NobynoBy
(eMaHTUYHOI MoJeNi Ta 3aBAHTAXYETbCA Y 6a3y 3HaHb
CUCTeMU, iHaKLLIe KOPUCTYBaY OTPUMYE MOMUIKY i 3aBaH-
TaXeHHA He BiabyBaeTbcA. HeobxiaHO BpaxoByBaTH, L0
OMMCaHi CeMAHTUYHI XapaKTepuCTUKKM 3anexatb Bif po3-
Mipy TeKCTy, TOMy 3HAT AaHHi NoTpebylTb nonepeaHbOT
HOpMani3auii. B AKOCTi JaHWX ANA HABYAHHA BUKOPUCTO-
BYBaNNCA TEKCTM i3 ONMCAHOTO paHile kopnycy — 50 Tek-
ctiB 6yno BUKopMCTaHo AK Habip ypokis (40 % cknanu
He3B'A3HI TekcTu, a 60 % — 3B'A3HI). [inA TecTyBaHHA
0TpUMaHoi Mepexi 6yno BukoHaHo 100 TecTiB, AaHHI AnA
AKUX BubMpanuca 3 6asn paHnx Konekuii Tekcris. Mpose-
JAeHi TeCTM nokasanu TouHicTb pobotu y 90 %, npuyomy
KOJieH MPOrHO3 LWOAO HEe3B'A3HUX TeKCTiB He OyB Xub-
HUM — Lle CTOCYETbCA AK LiiNIKOM aBTOMAaTUYHO 3reHepoBa-
HUX TeKCTiB, L0 BKA3Y€ Ha KOPEKTHY 06poOKY CTaTMUHUX
BNACTUBOCTEN TEKCTY, TaK i parMeHTapHUX TEKCTIB, L0
roBOPUTb NP0 KOPEKTHY 06p06KY CEMAHTUYHO He3B'A3HNX
TeKCTiB. Taki pe3ynbTaTi BKa3yloTb He TiflbKN HA JOCTATHIO
i 3a0BiNbHY TOYHICTb poboTH Knacudikatopa i Moxnu-
BiCTb 11070 NOAANbLIOTO BUKOPUCTAHHA Y CUCTEMI, @ i Ha
a[leKBaTHICTb CEMAHTUYHOT MOJeNi JOKYMEHTY B Linomy

(4)

N
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i IT BOUINbHOCTI Y 3aCTOCYBAHHI B iHTENEKTYaNbHUX CUCTe-
max AOT. binbw AeTanbHO 3aCTOCYBaHHA CUCTEMU Knacu-
dikauii HaykoBuX TeKcTiB po3rnanyTo y [9, 10].
BucHoBKM. Y poboTi npeacTaBneHo Komn'ioTepHy
MOJeNnb CMCTEMW «3anuT-BigNnoBiab» i3 BUKOPUCTAHHAM
aBTOMATYHOI reHepauii TekcTiB. [InA BUPiLIEHHA rON0B-
HUX HaykoBUX npobnem mogeni byna po3pobneHa Ta pea-
Ni30BaHa KoHUenuia 6e3¢N0BHIKOBOI MeToAMKI No6ya0BM
(eMAHTUYHOI MOJeNi JOKYMEHTY, L0 He MaE aHanoris
i BUKOPMCTOBYE Yy CBOIil poboTi AK 6330Bi METOAN CUHTAK-
CMYHOT 06pOOKN TEKCTY, TaK | HayKOBO HOBI 3aCTOCYBaHHA
NAaTeHTHO-CEMAHTUYHOrO aHanisy, Wo y Komnnekd Jo3-
BONUAM CTBOPUTM CEMAHTUYHY MOAENb AOKYMeHTy Oe3
nonepesHbOl PO3MITKN Ta 3alyyeHHA [OJATKOBUX C(J10B-
HMKOBMX 3HaHb. AHani3 CXOXWX PO3POOOK CEMAHTUYHUX
Mepex BKa3ye Ha iHHOBALiMHICTb MigXoAy, a npoBefeHi
TECTYBaHHA MOKa3anu, Wo anroputMm CTiNKWil Jo CemaH-
TUYHMX 3MiH i BiNCHO 3aNeXunTb Came Bifj CBHCY TeKCTY, a He
BiA BMMaAKOBOCTi ab0 yacToTHOro nogaHHA. Okpim Toro,
peanizoBaHa mofenb npejcTaBieHa y BUIMALI Bigkpu-
Toro mporpamHoro APl [https://github.com/yegorkovylin/
sm-scr.git], wo Ao03BoAUTL po3pobHukam cuctem AQT

CMNCOK NITEPATYPU:

OTPUMYBATU KiNbKiCHi MOZeNi CeMaHTUYHUX XapakTepuc-
TUK TeKcTy 6e3 HeoOXiZHOCTI 3anyyeHHA NIHFBICTUYHMX
3HaHb — NPUKNAZOM TaKOro 3aCTOCYBAHHA MOXE CIYXUTI
po3pobnennii y wiit poboTi 3aci6 aBTOMATUYHOI OLHKM
CeMAHTUYHOI 3B"A3HOCTI TEKCTY, LLI0 BUKOPUCTOBYE HEIPOHY
Mepexy, HaBUeHY Ha OCHOBI YNCIIOBUX JaHUX OTPUMAHUX i3
CeMaHTUYHOI Mojeni foKyMeHTy. [poBeaeHi TecTn poboTn
BKa3yKTb Ha HaAilHiCTb npouecy Knacudikauii i [oBoAATL
NnepcneKkTUBHICTb AOCNILKEHb BUKOPUCTAHHSA CTBOPEHOrO
anroputMy nobyfoBM CeMaHTUYHOI Mopeni TekCTy AnA
BUPiLUEHHA iHWMNX 3aBAaHb AOT, He po3rnAHYTMX B paMKax
Liei pobotu. poBeaeHe JOCNIAMKEHHA Po3pobKI CucTemu
3anuT-BiANOBiAb HA OCHOBI reHepauii TeKCTiB MOKasye
JOLiNbHICTb BUKOPUCTAHHSA MPOLIeCY NOPOLKEHHs TeKCTiB
Ana GOpMyBaHHA BiANOBIAI Ha NOCTaBNEHe NUTAHHA. Y X0Ai
BMKOHAHHA AucepTauii 6yB po3pobnenuii anroputm i pea-
Ni3ylumnii 10ro NpOrpaMHNil JoaTOK, L0 [03BONSE CTBO-
ploBaTU, HA OCHOBI CEMAHTUYHUX MOJeNel Hepo3MiueHnx
KONeKLiin JOKYMEHTIB, HOBI TEKCTH, L0 MiCTATb BifNoBigi
Ha NnocTaBeHi KopuctyBayem nutaHHA. OTpumaHi pesynb-
TaTu NPOBEAEHOr0 TeCTyBaHHA BKa3yloTb HA KOPEKTHICTb
i aleKBaTHiCTb OTPUMAHOTO JOAATKY.
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KOMMbIOTEPHAA MOAEJIb CUCTEMbI 3ANPOC-OTBET
HA OCHOBE ABTOMATUYECKOW FrEHEPALIUN HAYYHbIX TEKCTOB
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AxHoTauus. Llenbio paboTbl ABNAETCA pa3paboTka 3anpoCHO-0TBETHOI CUCTEMbI, CNOCOOHOI C03aBaTb KOHKPETHbIe
TeKCTOBble 0TBETa Ha 3anpoC N0b30BaTeNd, UCMOMb3yA B (BOEM aNrOpUTMe reHepaLiii HayYHoro TeKCTa Ha eCTeCTBEHHOM
a3blke. (ncTema onpefenseT CMbICNOBbIe (BA3M B JOKyMEHTaX, C034aBad NpU 3TOM HOBbIA TEKCT, COfepaLLuil 0TBeT Ha
BOMPOC Nonb3oBatens. B cTatbe paccmatpuBaeTca Mogenb CUCTeMb, 0CHOBAHHOI Ha pa3paboTaHHOM NOAX0Ae K dopmupo-
BaHUI0 (EMAHTUYECKOI MOAENY JOKYMEHTa, KOTOPbIA M03BOMAET NONYYaTh KONMUYECTBEHHbIE NOKA3aTeNN CEMaHTUYeCKIX
(BOICTB JOKyMEHTA Ha eCTECTBEHHOM A3bIKe I CMbICTIOBbIE (BA3M MeX/y KOMMOHEHTaMi HayyHOro TeKcTa 6e3 Heobxoau-
MOCTI KaKoi-n16o npeaBapuTeNbHOI CEMaHTYECKON Pa3METKIN TEKCTOB, BHepeHue CI0Bapeii MAN NpUBieYeHne INHT-
BUCTYECKNX 3HAHWIA 0 eCTeCTBEHHOM A3blKe. [lononHuTeNbHO pa3paboTaHa NoACMCTEMa aBTOMATMUECKOI Knaccupukauum
HaYYHbIX TEKCTOB MO CTEMEHN X CBA3HOCTM, MCMOMb3YIOLLAA B CBOEIN paboTe KONMUECTBEHHbIE XapaKTePUCTUKIN CMAHTI-
YecKUx CBOMCTB C03JaHHOI MOJENM HAay4YHOro TeKCTa. B cTaTbe omucaHbl pa3paboTaHHble KpUTEPUM OLEHKN C03[aHHbIX
cuctem 1 anroputmoB. llonyyeHHas Takum 06pa3om cuctema, Kpome opraHu3auum yaobHoii nonckoBoro cpefpl, 06pasyer
YHUBepCanbHyIo MoZenb 1A NpoBeAeHNsA aBTOMaTNYecKoil 06paboTKi TEKCTOB HAa CEMAHTUYeCKOM yYPOBHe AiA rpynn ca-
BAHOA3bIYHBIX TEKCTOB (OPMaNbHOTO CTUAA, HABOP MHCTPYMEHTOB KOTOPOIA NO3BOAAIOT rMOKO C03AaBaTh 11 06pabaTbiBaTh
TeMaTuyeckie NoNHOTEKCTOBbIE KOPNYCa JOKYMeHTOB 0e3 npefBapuUTeNbHOI (EMAHTYECKOI Pa3METKN 1 NOAyYMTb Npo-
rPaMMHyI0 MOfieNb TekCTa pOpManin30BaHHOI CTUNEBOI HANPABNEHHOCTH C KONYECTBEHHBIMM XapaKTepUCTUKAMI CeMaH-
TUYECKMX CBOICTB TEKCTa, Ha OCHOBE KOTOPbIX BO3MOMHO peLLaTh Apyrue 3aaum aBToMaTnyeckoil 06paboTku TeKcToB.

Knioyeswie cnosa: cemanmuyeckas cemo, agmomamuyeckas 06pabomka mekcma, cucmema 3anpoc-omeen.

COMPUTER MODEL OF REQUEST-RESPOND SYSTEM BASED
ON AUTOMATIC GENERATION OF SCIENTIFIC PAPERS

Kovylin Ye.R.,
Postgraduate Student,
Oles Honchar Dnipro National University, Haharina Ave., 72, Dnipro, Ukraine,
e-mail: kovilin.yegor@gmail.com

Volkovskyi 0.S.,
Candidate of Technical Sciences, Associate Professor,
Dnipro National University, Haharina Ave., 72, Dnipro, Ukraine,
e-mail: didivave@mail.ru

Abstract. The aim of the work is to develop a request-response system capable of creating specific textual responses to
a user’s request, using a scientific text generating in a natural language in its algorithm. The system determines the semantic
links in the documents, while creating a new text containing the answer to the user's question. The article discusses a model
of a system based on the developed approach to the formation of a semantic model of a document, which allows you to get
quantitative indicators of the semantic properties of a document in a natural language and semantic links between compo-
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nents of a scientific text without the need for any preliminary semantic markup of texts, the introduction of dictionaries or
the attraction of linguistic knowledge about natural language. In addition, a subsystem for the automatic classification of sci-
entific texts by the degree of their connectivity was developed, which uses quantitative characteristics of the created model
of a scientific text in its work. The article describes the developed criteria for evaluating the created systems and algorithms.
The system thus obtained, in addition to organizing a convenient search environment, forms a universal model for automatic
text processing at a semantic level for groups of Slavic-language texts of a formal style, a set of tools that allow you to flexibly
create and process thematic full-text document bodies without preliminary semantic markup and get a program text model
formalized stylistic orientation with quantitative characteristics of semantic properties text and, on the basis of which it is
possible to solve other problems of automatic word processing.
Keywords: semantic framework, automatic text processing, request-respond system.
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Abstract. The objective of the article lies in the systemological analysis of the concept for human capital, as well as to
identify mostimportant factors in the formation of the concept for human capital and its relationships to the key issues of social
and economic development, in the framework of the solution for the actual task on finding ways of increasing the education
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quality and improving computerized information systems and technologies for training. Research methods. The research
was based on concepts and tools of such theories as systemology, information, databases, information systems, information
technology, computer systems, and technical means of education. Main research results. Key features and components of the
concept for human capital as the basis for continuous improvement of the each human personality and production team,
as well as society and economics as a whole, in conditions of the influence of negative natural and climatic factors, are
identified. Progressive mutual contacts and mutual influences that take place in the system of mutually determined concepts,
represented by the following terminology: “human capital”; “the human (person)”; “the worker (employee)”; “investor”;
“development of social and economic processes”; “education quality”; “computerized information systems, and technologies
of training”, — are dedicated. The information model-prototype and concept for its practical implementation, to improve the
quality in the selection and integration for compound components of computerized information systems and technologies of
training, are developed. Scientific novelty. New concepts that identifying and generalizing the factors that have a powerful
catalyzing effect on the progressive development and interaction of human capital, socio-economic systems, and education,
are created. The new information model for the rationalization of the component composition in computerized information
systems and technologies of training, are created. Practical’s significance. The implementation of proposed concepts and the
information model in practical activities permit to significantly improve the efficiency for computerized information systems
and technologies of training due to their improvement according to the criteria of expediency and optimality in the choice of

composition and integration technologies for components.

Keywords: human capital, training, computerization, information systems, information technologies.

Problem’s statement. The main component of
ensuring the effective work for enterprises, firms, regions,
and the country is a person (people). “Human capital” in
recent decades is one of the most priority areas for research.
The relevance and severity of the problems associated
with the safekeeping, development and implementation
of methods for using “human capital” is growing and
requires further research, has both theoretical and practical
significance. In particular, research tasks related to the issues
on the mutual influence of the level for human capital and
the quality of human education are highly relevant, taking
into account the key role of computerized information
systems and technologies of training.

Analysis of recent research and publications.
Labor resources have played and are playing a critical role in
society life. With the development of society, labor resources
are also develops. Development is reflected in a change
(increase) for the level of education and knowledge. By the
middle of the 20th century, the possible level of education
had become high enough level, and all this, first of all, due to
the level of development in science and the educational sys-
tem. The first to propose the term “human capital”in 1951
was Jacob Mincer [1]. Then this term was used by American
economists Theodore William Schultz [2] and Gary Stanley
Becker [3] to form the foundations for the theory of “human
capital”. Simon Kuznets also made a considerable contribu-

tion to the development of the theory on human capital. All
of these scientists have received Nobel Prizes in economics
for the creation and development of the theory on human
capital, and now there is no doubt that human capital is the
main factor in the formation of the “knowledge economy”.

Following scientists carried out the further development
of the created methodological foundation for the theory of
human capital, expanding and concretizing its individual
components. Numerous research results accumulated
by them at the moment urgently need a generalized
scientific review and analysis, systematization, certain
unification, and bringing the conceptual base to the state
of a single holistic perception. Further scientific researches
in the phenomenon of human capital are also relevant in
connection with the development of society, economics,
education, modern computerized information systems and
technologies of training.

The objective of the study. The main aim of this
work is a systemological analysis for the concept of “human
capital”, initially related to the social and economic category
of the characteristic features for the population, as well as
identification the most important factors in the formation
of the concept for “human capital” and its interconnections
with urgent tasks of developing society and economics,
increasing the quality of education and improving compu-
terized information systems and technologies of training.
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Research findings. Human capital is a relatively new
naming for labor resources of high quality, with a high level
of education and investment, introduced in the middle of
the 20th century [1-3].

Human capitalisan educated part of the labor resources
with knowledge and tools for intellectual and managerial
labor. The human (labor) capital of the organization (firm)
is represented by the total labor capacity of workers, based
on the level of their education, skills, psychophysiological
abilities, professional and qualification skills, and the
necessary organizational and technical conditions [4-5].

The labor capital of the region and organizations is,
first of all, people as resources of living labor available to
each enterprise, region, as well as their cumulative abilities
and capabilities that can be realized in labor behavior.
Therefore, the labor capital of the region and organizations
is determined by the strength in the individual labor
potentials of workers, which, in turn, are formed from the
labor potentials of separate production teams [6, 7].

In the scale of development, the specific classification of
human capital is adopted, that is presented in Fig. 1.

Composition of labor potential is presented in Fig. 2.

Level 4 Human eapatal of the country

4 ! 1 i1 M i 11 i
Lewvel 3 Human capital of the regions

I 1 1 H It 11 l
Level 2 — | Human capital of the organizations

i1 1 11 N 11 1 1
Level | ' | Imdirvidual human capitals

Fig. 1 - Levels of human capital
Labor potential
1 1
Economically active population Economically inactive population
l | |

Employed Linemployed

Unemploved pensioners and disabled people:

persons receiving disability pensions;

other categones of the economically mactive popalation

young people, pupils, students;

persons carng (or children:

Fig. 2 - Composition of labor potential (labor resources)

At the moment, some names are used in the description
of the characteristics for labor activity, reflecting
disagreement in terminology and an unstable situation in
this subject area.

These are the following terms: staff; labor resources;
labor potential; work force; human resource; human capital;

economically active population; economically inactive
population.

Initially, researchers Jacob Mincer, Theodore Schulz,
and Gary Becker, introducing this resource name, under the
concept of “human capital” was meant a complex of the
knowledge, abilities to labor and skills used to do the job and
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meet the needs of human and society as a whole. That is, the
totality of investments in a person was meant, increasing
his ability to work, namely, education and professional
skills [7, 8]. Further research have added here consumer
spending per family: food, clothing, housing, education,
upbringing, healthcare, culture and government spending
for the same purpose.

Thus, according to the interpretations of Western
scientists,“human capital”is labor resources with a high level
of quality in education, parenting and culture, as certain
amounts have already been invested in the development of
the human labor force. That is, there is, to some extent, a cost
estimate of a person’s ability to work, and human capital is
the cost equivalent of the human abilities invested in him.

With the continuation of labor activity, based on
the continuously ongoing development of science,
and, consequently, productions, there is an increase in
qualifications and knowledge, and, consequently, an
increase in further expenses per person at a high level.
The level of development of education, science, production
technologies, and the economics has reached a high level,
as well as efficiency and productivity of human labor have
reached a high level. Human has become the mostimportant
resource of society.

The labor resources include the working-age population.
Labor resources include both employed and unemployed in
economics working-age population.

Awareness of a person began to be at the center of the
development in society and economics, led to the fact that,
starting in the middle of the 20th century, human capital
management began to develop as a new scientific and
technical direction.

Human is considered as the most important resource of
society. As much as possible of his abilities can be realized if
motives and needs are in harmony with his abilities. Human
resources are now considered as the main assets of direct
production, play a more important role in the development
of the economics than material resources, because they have
economic usefulness and social value.

A new outlook on labor force is approved, as one of the
key resources of the economics, reflecting a real increase
in the role and quality of the human factor in production,
strengthening the dependence of production on the quality
of education, parenting, motivation and the nature of the
use of work force.

This is expressed in increasing requirements to
workforce and in increasing expenses for the preparation
and development of human resources from the state, family
and business.

Researches of human capital under the United Nations
(UN) organization development program determined the
share of human capital in the national wealth of different
countries, compared with the share of natural wealth
(Table 1) [9, 10].

The share of human capital in the national wealth of
countries is: not less than 50 % except for countries of “The
Organization of the Petroleum Exporting Countries (OPEC)" -
47 % where such a ratio is objective; not less than the share
of natural and reproducible capital taken together (for all
countries except OPEC) where the minimum ratio of shares
is 1:1forthe Russian Federation (RF) and the”Commonwealth
of Independent States (CIS)” countries and the maximum
is 2:7 for“The Group of Seven (G7)”and European Union (EU)
countries.

Table 1 - National wealth of the world at the beginning of the 21th century

National wealth Including types of capital
Countries total, trillions per capita, human natural reproducible
of dollars thousands of capital capital capital
dollars
The countries of the G7 and EU 275 360 215 10 50
OPEC countries 95 195 54 35 15
(IS countries 80 275 40 30 10
RF 60 400 30 24 6
Other countries 100 30 65 15 20
Total in the world 550 90 365 90 95
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The share of human capital is determined by human
capital used in the production of various kinds of goods. If
we consider it from the position of the enterprise, then the
results of the enterprise’s activity depend on the value of
the specific qualification potential of employees (K ), which
is determined by the number of workers with different
levels in education, that is, by the value of the impact of
education, duration of training, advanced training and work
experience [11]:

K,=Y Nt +N, 15+ Ng-12+
i=1

n )4
+0,25-2Nitj+L6Zthk. (1)

j=1 50 =1

In this formula: N; is the number of workers with i class
of education; t; is the number of years on study in high school;
N, is the number of workers with higher education; N is
the number of workers with secondary special education;
N; is the number of workers who attended continuing
education courses; t; is the duration of continuing education
courses; N, isthe number of workers with k work experience;
t, is the work experience, years.

Education and scrence

In relation to our conditions, a coefficient of 2.6 was
obtained by academician S.G. Strumilin, who established
that the level of knowledge for the year at school is
increased by 2.6 times compared with the year of work at
the enterprise.

Enterprises (firms), as well as the country's economics,
benefit from a high level of human capital, but this must be
achieved by improving education and the qualification level
of personnel. Office expenses of American companies are
increasing. According to forecasts, the duration of training
is increasing the same.

The term “human capital” is used primarily by
Western scientists. We believe that, in connection with
the development of the economics, it is time for domestic
scientists to use it more widely. “Human capital” is the
main factor in the formation of the “Knowledge Economics”
society.

The greatest contribution to the formation of
human capital is made by education with a high level
of fundamentality, but culture, healthcare (health), and
parenting cannot be discounted (Fig. 3).

Culiume, art

l

HUAAN CAPTTAL

Economics

Healihcare (I ealth)

J

Parembimg

Fig. 3 - Components of human capital

Education is the main factor in the preparation and
formation of “human capital”. For Ukraine, education, in
addition, plays one of critical roles.

As was shown in works [12, 13], for the countries of
Eastern Europe, with their negative climatic conditions,
and Ukraine refers to this class of countries, education
is also the most important factor in blocking and
mitigating the negative manifestations of natural and
climatic conditions. For countries of Eastern Europe, with
negative natural and climatic conditions of the natural
environment, education must be attributed to the most
important strategic industries, maybe equally important
in significance as the country's defense industry.

We give an interesting example.

At the entrance to the university “Universiteit
Stellenbosch (US)” in the Republic of South Africa (RSA)
there is a panel with next content: “The destruction of
any nation does not require atomic bombs and the use
of long-range missiles. It only requires a decrease in the
level of education. Patients die by hand of doctors who
have received such a defective education; buildings are
destroyed by hand of such the engineers who built these
buildings; money is lost by hand of such economists and
accountants; justice is lost by hand of the lawyers and
judges who have received this education. The collapse of
education is the collapse of the nation”.
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As an economic category, “human capital” was
formed gradually, during a long time interval, and at first
included such components as parenting, education,
knowledge and health, which then referred to unproductive
expenses. And only in the 20th century, thanks to the
development of the economies of the countries and the
achievements of nations, did the attitude to human capital
change: investments in education and science began
to provide the sharp, intensive development of those
countries that went for it.

As an example, we remember Japan and the Russian-
Japanese war of 1904-1905, which Russia lost, and experts
determined that the main reason for the defeat was the
low level of education. In this period, the average number
of years for education of adult population in Japan was
5.4 years, in the United States of America (US) — 8.3 years,
and average life expectancy — 51 years. In Russia, these
indicators were like that 1-1.2 year and 33-35 years. Japan
was ready to make a spurt in the 20th century and become
one of the leading countries in the world [14].

South Korea is going through a similar condition now,
and we will give such examples as achievements: a country
with a population of less than 40 million people takes
5-6 places at the Olympiads, produces cars and ships of
world class.

This was very well emphasized by Margaret Hilda
Thatcher, the former Prime Minister of The United
Kingdom of Great Britain and Northern Ireland (UK): “The
country's wealth is not necessarily built on its own natural
resources; it can be achieved even if they are totally absent.
The most important resource is a person. The state only
needs to create the basis for the heyday of people's talent”.

Given examples emphasize that larger success achieve
countries which have good education systems and the
population of which has a high level of education, good
health, optimism and happiness, high competitiveness,
high level professionalism in most types of professional and
economic activities, countries which are highly competitive
in education, science, culture, and management. The
population of such countries can be attributed to the
category of the high human capital level.

The same countries, in the presence of a quality
education, are able to form and grow a certain part of
the population, called the elite. It is thanks to the elite
that there can be progress in the sciences, art, industry,
in all branches of civilization, the formation of social

solidarity. And the representatives of the elite must show
examples of this solidarity. In Japan after The Second
World War, in the United States of America (USA) during
the period of overcoming the World Crisis, the leaders of
many enterprises and firms set their wages at the level of
ordinary workers as a sign of social solidarity. If a simple
worker bears the brunt while the political and business
elite show a craving for a luxurious life, one cannot hope
forimprovement.

As the researcher of ethnic processes Lev Gumilyov
noted, “when a super ethnos (or civilization in another
terminology) as a social holistic system, going through the
stages of birth, growth, rise and takeoff, enters a phase of
decline, then instead of creators passionaries, that is, the
elite of society, subpassionaries enter the arena [15]. Then
the states and civilizations die.

Let's note some more characteristic features of human
capital.

Human capital means attachments, investments not only
in a person, but also in an environment for the convenience
of functioning and increasing the competitiveness of human
capital, in the life safety. Convenience of functioning is
provided by investment in hospitals, doctors, schools,
theaters, in various tools of intellectual work.

The concept of “human capital” includes: acquired stock
of knowledge, abilities, skills; the possibility of appropriate
use of this stock in one or another field of activity what
promotes growth of labor productivity and production; an
increase in income that promotes employee interest leads to
further investment in human capital; motivation.

All of the above can lead to the formation of a post-
industrial economy with high labor productivity, good
quality of life, the formation of moral foundations, and the
triumph of laws.

The center for the preparation and formation of human
capital is the higher education system, which through
its units Higher Education Institutions prepares these
personnel.

Consequently, the quality of training of graduated
specialists depends, first of all, on the Higher Education
Institution. Improvement and development of Higher
Education Institutions, equipping them with advanced
technical equipment and technologies, leads to an
improvement in the quality of human capital, and the
last — to the development of the economics, growth of Gross
Domestic Product (GDP).
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Both western and domestic scientists evaluate domestic
labor resources (human capital) by the level of training
below the western level [1-3].

This is primarily due to the decrease in the quality of
higher education and the level of fundamental in education.
This is especially true for engineering and technical
specialties, where training is now often carried out on old
(until the 1990s) technical laboratory equipment.

Secondly, the study load in the disciplines of
mathematical and physical areas has been sharply reduced.
Unfortunately, in Ukraine there are universities in which
only one semester is allocated for the study of higher
mathematics and physics.

Therefore, improving the quality of “human capital”
must begin to increase in the Higher Education Institution by
improving the methods of training, parenting and control,
equipping with advanced technologies.

The decrease in the quality of training can also be
explained by the fact that in Ukraine there are practically
no machine-building enterprises now, specialists in these
areas are not claimed, recruits for these specialties at Higher
Education Institutions are often only 2-3 people. There is no
motivation.

The concept that capital is made up only from physical
assets is undermined, the concept that capital is any asset,
physical or human, which has the ability to generate
a stream of future income [1, 2, 3] is approved.

The defining features of human capital [1, 6]: is the
main value of modern society and a fundamental factor in
economic growth; the formation of human capital requires
significant costs both from the individual himself and
from society as a whole; human capital can accumulate;
throughout life, it not only acquires knowledge, but
also wears out, and, with the obsolescence of individual
knowledge, the value of human capital changes;
investments in human capital give a higher income, have
a quite long period; differs from physical capital by degree
of liquidity, is inseparable from its carrier — a living human
person; direct income received by a person is controlled
by him, regardless of the source of investment; the degree
of return on the use of human capital depends on the
individual interests of a person, his material and moral
interest, worldviews, level of culture.

Thus, human capital is the stock of knowledge, health,
skills, experience that a person has and uses to generate
income.

The role of human capital in the development on the
society of the future is predicted due to the growth of the
role, level and quality of education. Without raising the
level and quality of education, there can be no growth in
human capital. Education is increasingly moving to the
role of the main factor in the country's development. In
the countries of Eastern Europe, education is turning into
the strategic sector of the country; at the state level, it is
necessary to make effective large-scale investments in
education, science, parenting, culture, and art. Without
education, a country cannot have a future. To stay afloat and
at the advanced level, the state, companies and enterprises
need to provide a high level of their citizens, workers,
because new industries, new technologies are becoming
more and more high-tech, they need high-level new special
knowledge and skills. The gap between highly skilled and
all other workers and specialists is growing rapidly, so self-
improvement and individual improvement in their level
of education is the most important condition for human
well-being and improvement of society and the economics
in the future. All of the above is especially relevant for the
countries of Eastern Europe, for Ukraine, as a country with
negative natural and climatic conditions.

With the development of science and technical
equipment, thereis a constant accelerationin the emergence
of new and updates of existing knowledge, methods, models
of technical equipment and technologies that are beginning
to be used in the daily life of a person and society. A person
(employee) must keep track of all this in order to use all
these new items in timely. Therefore, even after receiving
an excellent education in a beautiful elite university, it is
necessary to monitor the level of development on education
and science in order to “not fall behind”. This just fits into
the concept of “lifelong education”. And it should be
a continuation of the concept of obtaining the first higher
education at a university and consistent with the system of
first higher education.

This explains that, in connection with the use of the
concept on human capital, it became expedient to develop
the Investors in People standard [16], established in 1991 on
theinitiative of the UK government, which was worried about
the decline in labor productivity at the end of the 1980s.
To eliminate this, it was proposed to develop a standard —
a system that would take into account and combine into
a single whole the interests of wage-earners and employers
with the requirements of the country's economics [16].
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The Investors in People standard, streamlining personnel
management processes, takes into account the nuances of
interaction between staff and employers in a multi-aspect
and comprehensive manner, including as key issues related
to the system of motivation, training, assessment and
remuneration [16].

A system based on the application of the Investors in
People standard, in which all key aspects of investing in
people are de facto standardized, is rightly considered a good
human-centered system for business improvement [16].

Since 1993, certification in accordance with the
Investors in People standard has been carried out by the
public organization “Investors in People”. After receiving
a certificate of compliance with the Investors in People
standard, which is valid for three years, organizations and
enterprises must systematically undergo verification of
compliance with the requirements of this standard [16-21].

The Investors in People standard is applied in seventy
countries, while the number of holders of a certificate of
compliance with this standard is more than forty thousand
(in particular, more than thirty percent of UK residents are
employees of organizations and enterprises that have been
certified by Investors in People) [16-21].

The Investors in People standard is based on the
following fundamental principles [16-21]: a) obligations
(organizations and enterprises, striving for a positive result
of certification and obtaining a certificate, are obliged to
carry out the development of their employees, respect
and take into account their opinions and points of view in
the decision-making process, provide them opportunities
for further career development); b) planning (companies
must have clear business plans that are transparent and
unambiguous for each employee to understand); c) action
(firms should not only in theory, but in practice stick to the
principle that employers and workers are a single whole in
achieving common goals and obtaining planned results, and
also be truly interested in the development of people who
work for them); d) assessment (research of the potentially,
planning of expected, obtaining and analysis of real results
of training people, as well as mutual coordination of
employee development programs and company goals).

Investing in people can be considered as the most
effective resource in business development.

It is extremely important for a person to feel successful,
as well as to perceive recognition and high appreciation of
his work by other people.

In order to be characterized by performance and
competitiveness, to respond in a timely manner to changes
and challenges caused by phenomena and events taking
place in the world, a company needs to systematically and
consistently develop and train employees, improve their
knowledge and skills, develop new skills and provide them
with opportunities to succeed.

In the initial version, the Investors in People standard
were a rather bulky system based on a large number of
principles and indicators, was required the introduction of
many documents and the performance of a large number of
works with them [16-21]. Employers considered the factor
of the abundance of “paper” work as such, which makes
the implementation of the Investors in People standard
difficult, and therefore this standard has been repeatedly
improved. As a result, in 2005, the developers of the
Investors in People standard proposed its new lightweight
version, mainly focused on the business sphere.

The Investors in People quality standard, as an addition
anddevelopmentofgenerallyacceptedinternational quality
systems in the field of creating effective management
systems for organizational structures (such as 150 9000),
can equally serve as the basis for creating new 150 series
standards or act as a separate independent standard. The
application of this standard leads to increased mutual
understanding and harmonization of relations between
wage-earners and employers, what causes an increase
in labor productivity, profits and people's satisfaction
with their work.

The leaderships of Ukrainian enterprises and
organizations are becoming increasingly adhered to such
an opinion that increasing the efficiency of activities in
conditions of intensive development requires reinforced
attention to structuring processes, describing functions
and streamlining the areas of responsibility of workers.
By introducing advanced technologies and management
standards, one can achieve a significant improvement
in organizational structures and increase their
effectiveness.

The Investorsin People standard aims to comprehensively
improve the business as a holistic system based on the
construction of an appropriate management strategy,
which includes setting strong emphasis on the active and
comprehensive involvement of employees in decision-
making, very careful formation and formulation of goals and
objectives, and a social orientation factor [16-21].
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The Investors in People standard assumes the
development of business strategies for organizations and
enterprises based on the application of new politics and
philosophy of people management. The main concept
of the philosophy on employee ownership in the general
goals of the company is that employees not only do not
get scared of changes, but also initiate them, are aimed at
further development and prosperity of the business.

As a whole, and at any preparatory stage of the
certification process regarding compliance with the
Investors in People standard, companies do not need to
carry out large volumes of work and submit ambitious but
formal business plans.

An employer must have a realistic business plan that
has the property of high transparency: both managers at
different levels of the hierarchy and executing workers
must clearly and unequivocally understand the ideas of
this plan, their tasks in its implementation, as well as the
principles of building for internal communications [16-21].
Only in this case can we say that the company management
has organized a good management system and adjusted
the required information flows.

If employees understand what they need to do and
know the ultimate goals that they need to achieve, then
their chosen path to success will be more effective, and the
amount of unproductive costs will be reduced. Thanks to
the introduction of the Investors in People standard, the
thinking style of managers changes in the direction from
intuitive approaches to systemic, targeted mental activity.

Those organizations and enterprises that in practice
show their attitude to employees as the most valuable
capital acquire huge reserves for further development.

In the last period of time and in many countries of the
world, actively used terminology, denoting the concepts
of “cadres” and “human resources”, is changing — they
are replaced by such more delicate and tactful words as
“people”, “employees”, “workers”, “staff”. Thus, it is more
advisable to talk about the standard for the development
of people, not human resources. The documentation that
describes the relationship between companies and people
should also contain the correct wording. In particular, the
term “continuity policy”, is used in the Investors in People
standard, replacing the habitual concept of “personnel
reserve” [16-21].

The uniqueness of the Investors in People standard is
that it focuses on people.

The main idea of the standard is the development
of working people, regardless of which direction of the
business they carry out their labor activities, both it be
a small company or a large enterprise, in order to achieve
specific positive results.

The Investors in People standard regulates and
streamlines personnel management processes, ensures
their transparency and understandability for people,
comprehensively and in the complex takes into account
issues related to wage-earners, affecting systems of their
motivation, training and advanced training, performance
assessment and professional level, salary.

The mandatory requirements of the Investors in People
standard include the fact that the company's management
is obliged to provide all its employees with equal
opportunities for professional development, career growth
and further development of potential [16-21].

Asanillustrative example on theimplementation of the
Investors in People standard, it should be noted that in the
UK, employees, as a rule, do not quit companies certified
in accordance with the Investors in People standard. The
minimum staff turnover is explained by the fact that one
of the fundamental principles of these companies is the
duty of the head towards the staff (each employee and
the team as a whole) to carry out their development
and advanced training. The Investors in People standard,
having a humanistic basis, directs managers and
executives to systematic, continuous development, raising
the qualification level, and obtaining a highly developed
corporate culture [16-21]. Ultimately, all this forms the
elite of society.

This standard has become known in Ukraine. Successful
national companies, in which a regular management
system has been debugged and personnel management
processes built up, declare their readiness for certification
on compliance with the requirements of the Investors in
People standard.

This standard will help many domestic companies to
improve the management system, make it more efficient,
and, therefore, increase the efficiency for the entire
economics of the country.

Turning to further issues to be considered in this
research it is important to emphasize attention once
again on the fact that a higher level of negative natural
and climatic conditions in the countries of Eastern Europe
leads to complication and appreciation in conditions
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for living and employment of the population in these
countries.

The corresponding negative impactis carrying out on all
spheres of human activity, in particular, on the conditions
of training.

Successful assimilation of knowledge and skills becomes
more complex, slow and resource intensive process.

There is a need to invest more varied support, funds,
time and intellectual efforts to achieve the desired level for
intensity and effectiveness of the training.

Appropriate task is staging a major focus on modern
and innovative computerized information systems and
technologies of training [22-24].

It is extremely important turns out to be much more
careful preliminary planning on suggested components
of the environment and ensuring effective control for the
processes of computer-based training.

The objective of that planning is cost optimization of
financial, hardware, software, organizational, intellectual,
time, and other resources.

The main problem is that at this time has accumulated
and continues to increase numerically a sufficient large
amount of tools (technical tools, approaches, tricks,
ways, techniques, concepts, methods etc.) with a wide
spectrum of applied focus, which can provide support for
information systems and technologies of computer-based
training [22-24].

Particularly expressive is getting the relevance of
specified problem, given the numerous model series of
equipment for technical support, which is constantly
evolving.

Even greater is the number of possible ways to combine
the components of the specified tools with a view to their
integration into a holistic system and one unified effective
control of them.

Therefore, the problem arises of multi-criteria selection
in that tools and approaches to their integration that would
be optimal to perform specific practical tasks under the
certain conditions and under compliance with the certain
requirements.

An important basis for solving this problem is to
provide proper opportunities on orientation in the lists of
components for the existing instrumentation.

First of all, we are talking about the possibility
of familiarization with the names of varieties of the
components for the tools (classes, types, model series,

specific models, etc.) and their manufacturing companies
in a single environment.

Then we are talking about opportunities on single access
to brief descriptions of the characteristics, the predominant
areas of use, target users categories, ways for integration
and methods for control of the toolkit components.

Accordingly, there is a need to create and maintain
databases of lists on the toolkit components.

Within the specified system, active monitoring of new
elements of lists (primarily, based on information from
the websites of manufacturing companies), as well as
the prompt formation and correction of lists (updating,
systematization, restructuring, etc.) is relevant.

It is necessary to develop appropriate structures
of databases and knowledge bases, build models of
intelligent software Internet agents to monitor and select
information, and apply technologies in expert systems of
artificial intelligence.

Consider the more global scale of the problem in
expanding the range of opportunities for optimizing
computerized information  systems and training
technologies based on providing reinforced awareness of
their appropriate organization and functioning.

In this view, it is relevant to develop the structure
and content of information models (prototypes and
implementations) that integrate into a single logical unit
the matrices of characteristics (names, values, short and
extended interpretations and descriptions of parameters)
for all relevant elements and components of the above
systems and technologies (objects, phenomena, processes,
flows, relationships, etc.).

[t is advisable to implement the matrices of
characteristics in the format of database tables and
spreadsheets with a common block of user interface and
control.

The structure and content of the prototype information
model has been developed (Fig. 4), which relates to the
following aspects of the consideration: environment
(external environments and interaction with them);
features of the internal organization and life cycle
(in the format of descriptions, comments, conditions,
requirements, assumptions, restrictions, etc.); conditions
and levels of support (hardware, software, mathematical,
informational, organizational); resources — material
(funds, technical equipment, expendable materials),
human, time.
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Fig. 4 - Information model, a prototype on the base complex of the characteristics-reasons for the choice
in the compound parts of the computerized information systems and technologies for training

Conclusions. As a result of the analysis, it was proved
that “human capital” is the dominant in the stable growth
for the economics of countries, and education is the most
important component part in the development of human
capital. But the education component alone is not enough:
in addition to education, parenting, culture, and healthcare
(health) are also necessary. If these components exist, then
there is a real opportunity to ensure the high quality of
human capital, life, conditions for an effective industrial
economics, which is transformed into a post-industrial
or innovative economics, and guarantees the stable
functioning and development of the country.

It is advisable to switch to using the Investors in People
standard, in the practice of using which positive results
have been shown. The intensification in the processes of
introducing into practice the organizations and enterprises
of Ukraine of this international standard will be a powerful
catalyst for strengthening and developing the economies of
countries, attracting foreign investment, expanding existing

and developing additional markets, and accelerating
European integration.

Improving the education quality as one of the key
factors in the formation of human capital with a high
level of value in conditions of a more negative natural
and climatic environment in countries of Eastern Europe
is associated with the need to find ways to intensify the
training processes. One of the most effective approaches
is to improve modern computerized information systems
and technologies of training. In this regard, an information
prototype model is proposed, aimed at improving the
quality for the selection and integration of compound
components for the above systems and technologies, as well
as appropriate approaches to its practical implementation.
The introduction of this model into the practice of the
educational process at the Department of Information
Technology (Faculty of Information Technology and Design
of the Kherson National Technical University) made it
possible to increase its efficiency by 10 percent.



10.
1.
12.

13.
14.
15.
16.

17.

18.

19.

20.

21.

22.
23.

24,

#26 (2019)

CMUCOK NITEPATYPM:

Bnayr M. 100 Benmkux 3koHomuctoB nocne Keiinca. CI16. : JkoHomukyc, 2000. C. 200-202 [InektponHbiii pecypc]. URL : http://gallery.economicus.ru
(nata obpatuenns 10.02.20).

ShultzT. Human Capital in the International Encyclopedia of the Social Sciences. New York, 1968. Vol. 6.

Becker Gary S. Human Capital. New York : Columbia University Press, 1964.

Xogakos B.E., Muxaiinos K.M., Paitko I.A. 06 aBTomMaT3MpoBaHHoIi CucTeme ynpasneHua obpa3oBaTenbHoil cpegoii pernoHa. BecmHuk XHTY.
2008. N2 1(30). C. 442—-449.

Mogenn n meTogbl ynpaBneHua nepcoHanom: poccuiicko-dputanckoe yuebHoe nocobue / nog pen. MopryHosa E.b. Mocksa : 3A0 “bus-
Hec-wKona”, 2001. 464 c.

Koctoycos C.E. OpraHu3awua ynpaBneHus TpyLOBbIMI pecypcamin B pervoHe Ha Matepuanax Bonorogckoit obnacti / lucceprauma Ha conckaHue
yu. CT. KaHa. Hayk. Bonorga, 2005. 192 c.

YepHeHbkoBa T.B. OcobeHHOCTU dopmupoBaHua 1 3pGeKTUBHOTO NCMONb30BaHUA TPYAOBbIX PecypcoB peruoHa / [lucceptauna Ha couckaHue
Yu. CT. KaHa. Hayk. Bonrorpag, 2004. 186 .

Becker Gary S. Human Capital. New York : Columbia University Press, 1994.

Pumawwesckaa H.M. YenoBeuecknii noteHuman Poccum u npobnembl “cbepexenna Hacenenna”. Poccutickuli sxkoHomuyeckull xypran. 2004,
N2 9-10. C. 22—-40.

Hectepos J1., Awepoga I HaunoHanbHoe 6oratcTBo yenoBeyeckuii kanutan. Bonpocel skoHomuku. 2003. N2 2. C. 20-36.

CmuT A. UccnegoBanuna o npupoge 1 npuunHax 6oratctea Hapogos. M. : Couskru3, 1962. 490 c.

Xogakos B.E., Abpamos I.C., AbpamoBa I.B., Cokonos A.E. BnuAHue npupoaHo-Knumatnyeckux yCnoBuil U CoLManbHo-3KOHOMUYECKUX GakTopoB
Ha pa3BuTue 3KOHOMMKW. [Tpobembl uHGopmayuoHHsix mexHonozud. 2017. Ne 02 (022). C. 5-18.

Xogakos B.€., Abpamog I.C., AbpamoBa I.B. Bnnus nioacbkoro Kanitany Ta iHLLMX coLianbHO-eKOHOMIYHUX GaKTOPIB Ha PO3BUTOK EKOHOMIUHUX
cucTem perioHanbHoro Tuny. [lpo6remu iHgopmayitinux mexHonoeaid. 2017. N2 01 (021). C. 187-192.

Survey of Current Business. 1994. Ne 11. P. 37-71.

lymunes J1.H. 0T Pycu o Poccun. Mocksa : “ACT-MockBa’, 2006. 416 c.

Unlock your organization’s potential — An overview of the Standard framework — The Investors in People Standard [Electronic resource].
URL : http://www.investorsinpeople.co.uk/Documents/IIP_StandardOverview1.pdf (access mode 10.02.20).

Cranaapt “Investors in People” / MlpuHLMnbI ynpaBneHus nepcoHanom — MexayHapofHble NpuHLMAbI ynpaBnenua nepcoHanom // Studbooks.net
[3nekTponHbiii pecypc]. URL : https://studbooks.net/1494496/menedzhment/standart_investors_people_printsipy_upravleniya_personalom
(nata obpatueus 10.02.20).

Investor in People / Reverso Context [Electronic resource]. URL : https://context.reverso.net/nepesog/aHrnuiickniipycckuii/Investors+in+People
(access mode 10.02.20).

Investors in People Crangapt / Cnosapb no ynpasneHuto nepcoHanom // HR-Portal [InekTpoHHbiii pecypc]. URL : https://hr-portal.ru/varticle/
investors-people-standart (gata o6paenna 10.02.20).

MeporaHuy 10. Investors in People — Cranaapt AKocTi 3 ynpaBiHHA nepcoHanom / Acouiavis nianpuemcTs iHGopmaLliitHnx TexHonoriit Ykpaiuu.
[EnexTponHuii pecypc]. URL : https://old.apitu.org.ua/investors-in-people (nata 38epHenHs 10.02.20).

PesuHa 0. (raHpapt kauectBa Investors in People / HR-Portal [3nekTpoHHbiii pecypc]. URL : https://hr-portal.ru/article/standart-kachestva-
investors-people (gata obpawenna 10.02.20).

byitHuubka 0. M. [HpopmaLliiiHi TexHonorii Ta TexHiuHi 3acobu HaBuaHHA. Kuig : LieHTp HaBuanbHoi nirepatypu, 2017. 240 c.

Higher education in the digital age. Moving academia online / eds.: A. Zorn, J. Haywood, J. Glachant. Cheltenham, UK, Northampton, MA, USA :
Edward Edgar Elgar Publishing, 2018. 170 p.

Trends and advances in information systems and technologies: proceedings of the 2018 World conference on information systems and technologies
WorldCIST 18 (Naples, Italy, 27—-29 March 2018) / Eds.: A. Rocha, H. Adeli, L. P. Reis, S. Costanzo. Naples, Italy : Springers International Publishing,
2018. Volume 3 (347). 406 p.



MPOBNEMMW IHOOPMALINHX TEXHONOT I

NIOACBKUN KANITAN I 3AAAYI PO3BUTKY B CBIT/I NIABULLEHHA AKOCTI OCBITU
TA BAOCKOHAJIEHHA KOMM'IOTEPU3OBAHUX IHOOPMALIINHUX CUCTEM
I TEXHOJIOTIN HABYAHHHA

Enyapa Mukonaiiosuy ['aTakos,
K.T.H., npodecop,
MopcbKuii iIHCTUTYT NICNABNNAOMHOI 0CBITY iMeHi KoHTp-aaMipana 0.0. Ywakosa, M. XepcoH, YkpaiHa,
e-mail: pyatakov@kmtc.com.ua; ORCID ID: 0000-0002-8972-5934.

Biktop €EropoBuy Xopakos,
A.T.H., npodecop,
MopcbKuiA HCTUTYT NiCNABMNAOMHOI OCBITM iMeHi KOHTp-agmipana 0.0. Ywakosa, M. XepcoH, YkpaiHa,
e-mail: hodakov.viktor@gmail.com; ORCID ID: 0000-0002-8188-9125.

Anppii €BrenoBuy Cokonos,
K.T.H., BOLEHT, fOLIeHT Kadeapu iHPopMaLiiiHIX TeXHONOTIN,
XepcoHCbKuii HaLioHaNbHWI TEXHIYHWIA YHIBepCuTeT, M. XepcoH, YkpaiHa,
e-mail: hodakov.viktor@gmail.com; ORCID ID: 0000-0001-8442-6137.

BanenTuH Bonogumuposuy 0giHuoB,
A.0.-M.H., npodecop,
MopcbKuii IHCTUTYT NiCNARMNAOMHOI OCBITH iMeHi KOHTp-aamipana 0.0. YwakoBa, M. XepcoH, YkpaiHa,
e-mail: Odintsov.v.v.1937@gmail.com; ORCID ID: 0000-0001-9950-9904.

Fanuna BikTopiBHa BecenoBcbka,
KaHAWAAT TEXHIYHNX HAyK, AOLIEHT, AOLEHT Kadeapy iHdopmaLliliHMX TeXHONOril,
XepCoHCbKNIA HaLioHaNbHUI TeXHIYHWIA YHIBepCuTET, M. XepcoH, YKpaiHa;
e-mail: galina.veselovskaya@gmail.com; ORCID ID: 0000-0003-2896-0460.

AHoTauifa. MeTa cTaTTi nonArae B CUCTEMONOTIUHOMY aHani3i NOHATTA NIOACHKOTO KaniTany, a TakoX y BUABNEHHI
HanBaXNMBiLLKMX paKTOPiB GOPMYBAHHA NOHATTA MOACLKOrO KaniTany Ta oro B3aEM03B'A3KIB i3 KNtouoBMMM Npobnemamu
CoLia/IbHO-eKOHOMiUHOT0 PO3BUTKY, B MeXaX BUpilLeHHA aKTyabHOi 3a4aui o0 NOLLYKY LWAAXIB NiJBULLEHHA AKOCTI 0CBITU
Ta BAOCKOHaNEHHA KOMN'loTepu30BaHNX iHGOPMALiiHIX CUCTEM i TEXHOMOTII HaBYaHHA. MeToawn AocniaxeHHA. B ocHoBy
AOCNiMKeHHA 6yno NoknaaeHo KoHuenuii it iHCTpyMeHTapiil Teopii cuctemonorii, inpopmauii, 6a3 gaHux, iHpopmauiiHnx
cTem, iHGOPMALIAHMX  TEXHONOTIA, KOMN'IOTEPHUX CUCTeM, TeXHiYHMX 3aco6iB HaBuaHHA. OCHOBHI pe3ynbraty
AOCNIMKEHHA. BuABNeHO KNKUoBi 0C0OMMBOCTI Ta CKNAajoBi MOHATTA NIOACLKOTO KaniTany AK OCHOBM 0e3nepepBHOMO
BAOCKOHANEHHA KOXHOI JIDACHKOI 0CO6UCTOCTI Ta BUPOOHNYOrO KONEKTYUBY, a TAKOX CYCMINbCTBA il €KOHOMIKM B LinOMY,
B YMOBAX BMANBY HeraTUBHUX NPUPOAHO-KNIMATUUHIX GAKTOPIB. BuoKpemneHo NporpecBHi B3aEMHi 3B'A3KM Ta B3aEMHI
BMJMBMY, L0 MAKTb MiCLie B CUCTEMi B3aEMHO 06YMOBNIEHNX NOHATD, NPeACTaBNEHINX HACTYMHOK TePMiHOMOTIH: «HOACHKMIA
Kanitan»; «ioAnHa (0C06MCTICTb)»; «npaLiBHMK (CNy00BeLb)»; <iHBECTOP»; «pO3BUTOK COLIiaIbHO-EKOHOMIYHNX NPOLIECiBY;
«AKICTb OCBITU»; «<KOMN'0TepM30BaHi iHHOPMaLiliHi cMcTeMN Ta TeXHONOTiT HaBYaHHA». Po3pobneHa iHhpopmaLlilina Mogenb-
NPOTOTUN Ta KOHLeENUii ii NpakTMuHOi peani3auii, CNPAMOBaHI Ha MiABULIEHHA AKOCTI BUOOPY Ta iHTerpavii cknajosux
KOMMOHEHTIB KOMN'K0TEPU30BaHMX IHPOPMALIIiHNX CUCTEM Ta TEeXHONOril HaBYaHHA. HaykoBa HOBMU3HA. HanpawboBaHo
HOBI KOHLleNLi, o BUABAAKTD Ta y3aranbHiolTb GakTopU, L0 YNHATb NOTYXKHY NPUCKOPIOBANbHY Ait0 HA NPOrpecnBHUIA
PO3BUTOK i B3aEMOBNMUB NIOACHKOTO KaniTany, coUianbHO-eKOHOMIYHNX CMCTeM, OCBIiT. (TBOPEHO HOBY iHQOpMaLliliHa
MOZeNb ANA paLioHani3aLii KOMNOHEHTHOTO CKnajy KOMN'KTEPU30BaHMX IHPOPMALIIIHIX CMCTEM | TEXHOMOTiIA HaBYaHHA.
[paKkTUYHa 3HaUMMICTb. BnpoBagKeHHA 3anpoONOHOBaHNX KOHLENLl Ta iIHGopMaLiiHOT Mogeni 40 NPaKTUUYHOI AiANbHOCT
[103BONNAE ICTOTHO NIABULYNTYA ePeKTUBHICTb KOMN't0TepU30BaHNX iIHOPMALIHIX CMCTEM | TEXHONOTIN HABYAHHA 3aBAAKMN
iX BAOCKOHANEHHIO0 33 KpUTePiAMM AOLINBHOCTI il ONTUMANbHOCTI BUOOPY CKNAAY Ta TEXHONOTIN iHTerpaLii KOMNOHEHTIB.

Kniouoei cnoea: ntodcekuli Kaniman, Hag4aHHA, Komn'tomepu3auyis, iHgopmayitixi cucmemu, iHgopmayilivi mexHonoaii.
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AnHoTauma. Llenb CTatbi 3aKMKUaeTCA B CUCTEMONOrMYECKOM aHanu3e MOHATAA UeNOBEYeCKOro Kamutana, a Take
B BbIABNEHIM BaXHENLLMX (aKTOPOB GOPMMPOBAHNA MOHATUA YENOBEYECKOTO KanuTana 11 ero B3aumocBA3eli C KKueBbIMU
npobnemamu CouManbHO-3KOHOMUYECKOTo Pa3BUTUA, B PaMKax PelLeHiA akTyanbHoil 3aaum no MOuCKy NyTeii NOBbILLEHNA
KauecTBa 06pa30BaHMA 1 COBEPLLEHCTBOBAHMA KOMMbIOTEPU3NPOBAHHBIX MHGOPMALIMOHHBIX CUCTEM U TEXHONOTHIA 0ByueHus.
MeTogbl uccnefoBanmsa. B ocHoBy mccnenoBaHuA Obin MONOXKEHbI KOHLENWAM 1 UHCTPYMEHTApii TeOpUN CUCTEMOMOTIAM,
uHopMaLw, 6a3 AaHHbIX, MHOPMALMOHHBIX CUCTEM, MHGOPMALIMOHHBIX TEXHONOTVIA, KOMMbIOTEPHBIX CUCTEM, TEXHUYECKNX
cpepcTB 0byueHna. OCHOBHble pe3ynbTaTbl MCCNEAOBaHNA. BblABNEHbI KMoueBble 0COGEHHOCTU W COCTABNAIOLME MOHATUA
YesI0BEYECKOT0 KanuTana Kak 0CHOBbI HeNpepbIBHOI0 COBEPLUEHCTBOBAHMA KaX/0/ UeN0BEYECKO NIMYHOCTY VI NPON3BOLCTBEHHOIO
KONNeKTBa, a Takke 00LIeCTBA M IKOHOMUKM B LENOM, B YCNOBUAX BAWNAHUA HEraTUBHbIX NPUPOAHO-KNMMATUYECKUX
$akTopoB. BbigeneHbl nporpeccuBHble B3auMHbIe (BA3M 11 B3aUMHble BAMAHMA, KOTOpbe IMEIOT MeCTo B CUCTeMe B3aUMHO
00yCNOBNIEHHbIX MOHATUN, NPeACTaBNEHHbIX CNefyloLleil TepMIHONONMeN: «YenoBeYeckuii KanuTan»; «uenoBeK (IMYHOCTb)»;
«pabOTHUK  (ClyKaLLMi)»; «HBECTOP»; «Pa3BUTAE COLMANbHO-IKOHOMIUYECKIX MPOLIECCOBY; «KaueCTBO 00pa3oBaHuAY;
«KOMMbIOTEPU3MPOBAHHbIE MHOOPMALMOHHbIE CMCTeMbl 1 TexHomoru obyueHns». PazpaboTaHa MHPOPMALMOHHAA MOAeNb-
NPOTOTMN 1 KOHLIeNLV ee NPaKTUYeCKOli peanin3aLinu, HanpasneHHble Ha NOBbILUEHMe KauecTBa BbIO0PA M MHTErpaLi COCTaBHbIX
KOMMOHEHTOB KOMMbOTEpU3MPOBAHHbIX MHGOPMALIMOHHBIX CUCTEM W TexHonoruii 06yueHusa. HayuHas Hou3Ha. HapabotaHbl
HOBble KOHLienuuy, BbiABNALe 1 06obLiaoLLMe GaKTOPbI, KOTOPbIe 0KA3bIBAIOT MOLLHOE KaTanu3upylolLiee BO3AeCTBME Ha
NPOrpeccviBHOE pa3BITYIE 1 B3aMMOBNAHME YeNIOBEYECKOTO KanHTana, COLManbHO-IKOHoMUYecKIx cuctem, 06pasoBanua. (03aHa
HOBaA UHPOPMALMOHHAA MOfeNb ANA PaLVOHaNM3aLMI KOMIOHEHTHOTO COCTaBa KOMMbHOTEPU3MPOBAHHbIX MHYOPMALIMOHHBIX
CUCTeM 1 TeXHOMOTUIA 00yyeHna. lpakTrueckas 3HauNMoCTb. BHeapeHue npesaraeMblx KOHLENLIA 1 MHGOPMALMOHHOI Mozeny
B MPAKTIYeCKYI0 AeATENbHOCTb N03BONAET CyLLIECTBEHHO NMOBbICUTH 3GEKTUBHOCT KOMMNbOTEPU3MPOBAHHbIX MHYOPMALIMOHHBIX
CUCTEM 1 TeXHONOr il 00yueHa 6narofapa X COBEPLUEHCTBOBAHMIO MO KPUTEPUAM LENecoobpasHoCTI 1 ONTUMANbHOCTI Bblbopa
C0CTaBa 1 TEXHONOT Wil MHTErPaLyi KOMMOHEHTOB.

Knioyegvle cnosa: uenogeveckuli kanuman, o06ydeHue, KOMNbloMepu3ayus, UHPOPMAYUOHHbIE —CUCMEM®I,
UHGOPMAYUOHHbIE MEXHOM02UU.
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AHotauis. MeToto CTaTTi € A0CIAKEHHA HABYANbHOIO NPOLIeCy Yepe3 Npu3my BNpoBaZKeHHA IHPOPMALiiHO-KOMYHi-
KawiHUX TEXHONOril y NPoLeC HABYAHHA Y BULLMX HaBYANbHUX 3aKnajax, 30kpema Smart-HaBuyaHHA | Smart-TexHonorin,
L0 [103BOANTD 36iNbLUMTN 00CAT HEOOXiAHMX CNeLianbHIUX 3HaHb, 6€3 AKNX BXKe HEMOXNNBO HaBYATY i HABYATUCA NpU Nif-
rotoBui cnewianictia B IT chepi.

MeToam focnigxeHHa. B poboTi BUKopUCTaHi METOAN HAaYKOBUX AOCTIAXKEHb TaKi AK: eKCNepuUMeHT, aHani3 pe3ynbraris
AIANBHOCTI. I3 TEOPETUYHMX METOAIB AOCNIAXEHHA BUKOPUCTaHI: aHani3, CMHTE3, NOPiBHAHHSA. BipTyanbHa peanbHicTb BUKO-
PUCTaHa, AK OAMH 3 NePCneKTUBHINX METOAIB JOCNIAXKEHHA, AKI BUKOPUCTOBYIOTHCA B OCBITHHOMY NPOLIEC.

OcHoBHI pe3ynbrati focnimkeHHA. [ocnifKeHo ePeKTUBHICTb BUKOPUCTAHHA CYYacHUX iHGOPMALIiHNX TexHono-
rii B OCBITHbOMY npoueci. lTokasaHo, Wo niaBNULeHHA edeKTUBHOCTI HABYAHHA 3 BUKOPUCTAHHAM TeXHONOriil BipTyasb-
HOi peanbHOCTi 06ymMOBNeHe TUM, L0 3aHATTA 3 BUKOPUCTAHHAM CYYaCHUX TeXHOMOTiil BUKNNKAIOTb BENNKNIA iHTepec,
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pe3ynbTaToM Yoro CTa€ MiACUIEHHA HAaBYaNbHOI MOTUBALLT Ta aKTUBHOCTI CTYAEHTIB. BipTyanbHuil CBiT, AKMI 0TOUNUTD iX
3 ycix 60KiB AACTb 3MOrY LiNKOM 30CepefuTuca Ha mMaTepiani. BukopuctaHHA BipTyanbHoi peanbHOCTi BigkpuBae 6arato
HOBMX MOX/IMBOCTEi B HaBYaHHI Ta Smart —0cBiTi.

HaykoBa HOBI3Ha. HayK0BOI0 HOBM3HOH € 3BEePHEHHSA [0 CYYaCHUX TeXHOMONN, AKi HEOOXiZHO aKTMBHO BNPOBAJXyBaTL
y NpoLieC HaBYAHHA CTYAEHTIB Y BULLMX HaBYANbHUX 3aknajax. lpeactaBneHo mogenb ¢opmyBaHHA TpaeKTopili HaBYAHHA
[THC (inpopmavujiitHo-TpeHyBanbHa HaBYaNbHa CUCTEMA) Ha OCHOBI CLlEHAPHO-NPELIeHAEHTHOTO NiAX0AY 3 BUKOPUCTAHHAM
BipTyanbHOr0 HaBYaHHA 3a A0NOMOrok BipTyanbHoro wonomy 0SVR HMD HDK 2.

[TpakTMyHa 3HaunMicTb. MiABULLEHHA piBHA HaBYAHHA IT cnewianicTiB 3a paxyHOK BUKOPUCTaHHA Smart-0CBiTH. 3 KOX-
HUM POKOM Bce BinbLunit iHTepec NACTBA BUKANKAE 3aCTOCYBAHHA BipTYanbHUX TEXHONOTiN B chepax KUTTERIANBHOCT
noanHn. [laHa Tema € akTyanbHol B Haw yac. (TyaeHTn cneuianbHocTi 121 «IHXeHepia nporpamMHoro 3abesneyeHHa»,
KOPUCTYIOUNCb Smart-TeXHONOriAMN B OCBITHbOMY NpOLeCi, MalTb MOXMBICTb CMNAHYBATH Ta 3pOOMTI NPAKTUYHWIA eKC-
NepUMEHT 3 0AATKOM BipTyaNnbHOT peanbHOCTi, BUKOPUCTOBYHOUM CydyacHi MOBI nporpamyBaHHa: C #, Java Skript 1a iH.

Kniouoei cnoea: inghopmayiiini mexHonozii, cucmemu, HaBYaHHA, 0C8iMa, CMapm-0ceima, 8ipmyanbHa peanbHicme.

MoctaHoBKa npo6nemu. Ha cyyacHomy etani BuKo- [.10. YceHkoB B CBOiX npauAx BUAINA€E ronoBHy 0cob-
PUCTOBYIOTbCA [LLO 3acTapini MeTOAN B OpraHi3auii HaB-  NNBICTb 3ac00iB BipTyanbHOi PeanbHOCTi — CTBOPEHHA
YaHHA Y BULLMX HAaBYANbHUX 3aKNafaX. BUKOPMCTOBYTLCA  MaKCMMaNbHO LiNbHOTO ABOGIYHOrO 3B'A3KY KoMN'l0Tepa
TeXHiuHi 3ac061 HaBYaHHA, YCiM BiOMa NeKLiilHO-ceMiHap- 3 KOpUCTyBayeM Npu HaibinbLu NOBHOMY 3anyyeHHi MOX-
(bKa cuctema. Ane TexHiuHi 3000yTKM MalTb BXe Takuil  NMBOCTENi OPraHiB uyTTA.
piBeHb, AKMIA [03BONAE PO3WMUPUTM GOPMI HAZAHHA Ta B.€. KnumHIOK BKa3ye Ha Te, LU0 OAHMM 3 HailbinbLu
OTPUMAHHA 3HaHb. Tomy HeoOXifHO BpaxoByBaTW, WO YaC  MOMYNAPHMX HANPAMKIB PO3BUTKY BipTyanbHOI peanbHOCTi
BUMArae 6inbLu CyyacHuX NiaxoAdis. Y CTYAEHTIB NiABULEHNA € OCBITA, AKOI i3 3aCTOCYBAHHAM TEXHONOTIN BipTyanbHOI
iHTepec 4o Smart-HaBYaHHA Ta iHTepeC 40 ONpaLioBaHHA i JOMOBHEHOT PeanbHOCTi YYHi CepesiHiX i BULLMX HaBYanb-
TeOPETUYHOT0 MaTepiany y BipTyanbHOMY cepefoBILLi. HUX 3aKNagiB 3MOXYTb B3aEMOAIATY 3 NpeaMeTaMm B Bip-

AHani3 octaHHiX gocnipKeHb i nybnikauin. Bueni  TyanbHomy npocTopi abo 6paTh yuacTb y BaAMUBMX iCTO-
AOCNIAXKYBaANY i JOCTIAXKYIOTb Pi3Hi NJX0AN B €NEKTPOH-  PUYHUX NOZIsX.

HOMY HaBYaHHi, BNPOBAaZXKEHHA iHOPMaLtHUX CucTem . B. CanbHuk, E. 1. Cipuk po3rnagawtb BipTyaniauito
y HaBYaNbHUI NpoLeC, ane Lboro HeAOCTaTHLO | NpobneMa  OCBITM AK 00'eKTMBHMIA Npouec pyxy Bif CTaLiOHapHOrO
notpebye binbl feTanbHoOro po3rnagy. OAHUM 3 nepcnek-  yepe3 AUCTaHUiHE HABYAHHA A0 BipTYaNbHOI OCBITU, AKA
TUBHUX METOAIB 3aCTOCYBAHHA CyyacHux iHpopmauiitHux  BbOupae B cebe Kpalli BAACTUBOCTI OYHOIO, 3a04HONO, ANC-
TEXHONOril B OCBITHbOMY NpoLieci ,6arato BYEHNX paxylTb  TAHUIAHOTO i iHWKMX GOPM OTPUMAHHA OCBITM i NOBUHHO

L0 Lie € BipTyanbHa peanbHicTb (BP). OyTI aAeKBaTHO IHQOPMALIiHOMY CYCNINbCTBY, WO HAPOA-
Y cBoix gocnigxennax [.H. Lepdyc, I.B. MatakoBa po3-  xyeTbcA B YKpaiHi

TMALAITb BIPTyanbHy peanbHiCTb AK 3pYYHNIA IHCTPYMEHT 10. Tpau y cBOIX NpawsAX 3BepTae yBary Ha OAuH 3 nep-

ANA Opraizauil HaBYanbHUX 3aHATb. BOHN BUAINAKTL Taki  CNEKTUBHUX OCBITHIX METOAIB, 3aNPONOHOBAHMX Cy4aCHUMMU

HOBI iHdOpMaLLiliHi TeXHONOrii B OCBITHIN Cdepi: iHOpMaLiHUMIN TEXHONOTIAMI — BIpTYanbHY peanbHiCTb.

1) Komn'loTepHi HaBYaNbHi Nporpami, L0 BKAOYaloTb  BoHa BKa3ye Ha Te, L0 peanbHUX AOCTIAXKeHb BipTyanbHOI
B cebe eNneKTPOHHI MiApyUYHUKN, TpeHaxepu, NabopaTopHi  peanbHOCTi B NeAaroriui 3AilCHIETbCA BKpali Mano.
NpaKTUKyMU, TECTOBI CUCTEMM; ABTOpYM HaABHUX NpaLb 3BOAATL 3aCTOCYBAHHA TeXHO-

2) HaBYanbHi CMCTeMW Ha 0a3i MynbTUMepia-Tex-  NOTiA BipTyanbHOI OCBITU [0 BUKOPUCTAHHA eNeKTPOHHUX
Honorili, nobynoBaHi 3 BMKOPUCTAHHAM MEPCOHANbHUX  MiAPYYHMUKIB i TeCTOBUX 0O0NOHOK, pifLLe MynbTUMeAiAHNX
KOMN'l0TepiB, BifleOTeXHiKN, HAKOMMYYBauiB HAa ONTUYHUX  MaTepianis, B OKpeMUX BUMAZKAX — KOMN'OTEPHUX BipTY-

ANCKaX; aNbHUX CUMYNIATOPIB | TPEHaXepiB.
3) iHTeneKTyanbHi i HaBYaNbHI eKCNepTHI CucTemMiu, AKi MeTta pocnigeHHa. HaBuanbHi 3aknagu Hawof
BMKOPUCTOBYIOTbCA B Pi3HUX NpeAMETHUX 06nacTax. KpaiHW B 4ac naHAemii, BUMYLIEeHi NepeiiTin Ha AUCTaH-
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LillHe HaBYaHHA. YNPOJOBX OCTAHHIX POKIiB Hakonu-
YEeHO 3HAYHWUIA NOTeHUian B eNeKTPOHHOMY HABYaHHI Ta
iHGOpMaLiHO-KOMYHIKaLiiHUX ~ TexHonoriax.  MeToto
AOCNIAXEHHA € 3aCTOCYBAHHA BipTyanbHOI peanbHOCTI
y Cy4acHOMy NpoLeci AMCTAHLIAHOTO HaBYaHHA. Y poboTi
MOKa3aHO edeKTUBHICTb BUKOPUCTAHHA MepCneKkTUB-
HOr0 MeTOAYy — BipTyanbHa peanbHicTb NpW NigroToBLi
daxiBuiB cneuianbHocTi 121  «lHXeHepia nporpam-
HOro 3a6e3neyeHHaA».

Buknapg marepiany pocnifKeHHA. YKpaiHCbKi
HayKoBLi |BaH [lpokoneHko i (BiTnaHa bepexHa 3a3Hava-
toTb, COVID-19 3a0x0uye 3aKknaamn BULLOT OCBITH B YKpaiHi
34iCHIOBATY IHHOBAL|IMHI pilleHHA 33 NOPiBHAHO KOPOT-
KU MPOMIXKOK Yacy Ta 3anpoBajixyBaTu AuCTaHLiiHe
HaBYaHHA 3 BUKOPUCTAHHAM pi3HUX Beb-cepBepiB, nnat-
dopm, pecypciB Ta coLianbHNX Mepex.

HaykoBLi BM3HauawTb nepeBaru BNPOBAZKEHOIO
ANCTAHLIHOTO HABYAHHSA, a TAKOX 3BepTalTb YBary i Ha
HeaoNiKu:

— TEXHiYHi NUTAHHA: He BCi 3aKNaau BULLOI OCBITH
TeXHIYHO MiArOTOBNEHI, TOX NeKUil Ta cemiHapu nNpoBo-
AUANCL 3 BMKOpUCTaHHAM cepBicy Google Classroom,
3HaHHA OLHIOBANUCb 3a JOMOMOrol0 TEKCTOBUX TECTiB,
NiAroToBKa Ta Npe3eHTallis NPOEKTIB NPOBOAUNACA Yepe3
Skype, HOBi nnatdopmu, pecypcn Ta couianbHi mMepexi
(Moodle, Zoom, Skype, Viber, Telegram Ta Messenger);

—  MCUXONOTIYHi Npo6nemu: BiACYTHICTb XIUBOTO CMif-
KYBaHHA, HEMOXNUBICTb MOBTOPHOI 3[a4i NponywieHnx
NPaKTUYHIX 3aHATb, 3HaUHe 30iNblUeHHA 3aBAaHb, BpaK
Yyacy Ha BUKOHaHHA 3aBAaHb [3].

3a JONOMOroK iHTePaKTUBHUX TEXHONOTi CTYAeHT
B3aEMOJi€ i3 NPOrpamMHOK CUCTeMow, 0bupae Ta aHa-
niye Ty iHdpopmauito, Aka nomy noTpibHa, Wo CnoHyKae
0ro 10 CAMOCTIiHOT po60Ty. PO3BUTOK TEXHONOTiN eneKT-
POHHOTO HaBuaHHA (e-learning), Mo6inbHOTO HaBYaHHA
(m-learning), ycenpoHukatuoro HaByaHHA (u-learning),
«nepeBepHyTOro» HaBuaHHA (f-learning), wo BnmcyoTbCA
B TpajuLifHy CMCTeMy HaBYAHHA Ha OCHOBI 3MilIaHOI
mogeni (blended learning), HagawTb MOXAUBICTb 3AiiC-
HeHHA THYYKOro HaBYAHHA 3 LWIUPOKUM BUKOPUCTAHHAM
aypi-, Bigeorpadikyu Ta iHwWmx TexHonoriit. Hosi BUMoru
BMCYBAKTbCA TYT i 40 HAaBYaNbHOro Kypcy. HaBuanbHi
Kypcu MawTb 6yTu iHTErpoBaHUMM, BKAKOYATU MyNbTUME-
AiliHi pparmeHTy, 30BHILHI eNeKTPOHHI pecypcu [2,3].

[cHyloTb TakKi cuctemm Smart-HaBuaHHA: SMART
Board — e 3pyuHnit iHCTPYMEHT ANnA opraHisauii HaByanb-

HUX 3aHATb | NPOBEJEHHA Hapaj, TPeHiHriB, cemiHapis;
SMART Response — we cucTema iHTEpaKTUBHOTO ONUTY-
BaHHA; SMART Table aBnae coboto cTin 3 noBepxHelo, uyT-
NNBOT 10 AOTUKIB, A€ 0ANH abo rpyna CTyAEHTIB MOXYTb
0AHOYACHO MpaLoBaTI HAZ iHTEPAKTUBHUM 3aBAAHHAM;
SMART kapp — ue igea 06'€fHaHHA BCiX CTYAEHTIB yepe3
mobinbHui TenedoH [1].

Y cyyacHux ymoBax CnocTepira€TbCA MNpoOTMpivyA
MiX 3pOCTaluMMu BUMOramu Ao kBanidikauii ¢paxisuis
i WBNAKMM CTApPiHHAM 3HaHb, YMiHb | HABUYOK B pe3ynb-
TaTi iHTEHCMBHOTO PO3BUTKY TEXHOMOTiN | 3HAYHOr0 36iNb-
LWeHHA 006cAry HeobXiaHUX CneLianbHUX 3HaHb, WO CTU-
MYNIOE aKTUBHE JOCNI[XKEHHA TEXHONOrIN TPeHaXepHoro
HaBYaHHA.

Tak AK cTepeoTunu € 6a30BMM enemMeHTOM HaabaHHA
NPaKTUUHUX BMiHb Ta HABMYOK BUPILIEHHA 3aBAaHb
npeaMeTHOI 061acTi CTY@HTOM, NPONOHYETLCA B PO3BM-
TOK ipei BukopuctoByBat ana nobynosu ITHC (iHndop-
MaUifiHO-TpeHyBaNlbHa HaBYaNbHa CMCTEMA) CLeHap-
HO-NpeLefeHTHUI NiXid 3i CXeMOIl0 NMPUIHATTA pilleHb
«CUTYaUif-nnaH-cueHapin-snaus» [4].

Po3rnaHemo 0cobnMBOCTI  (OpMYBaHHA TpaeKkTopili
HaByaHHA ITHC Ha OCHOBI CLeHapHO-NpeLefeHTHOro Mig-
xody. Hexail MeTa HaBYaHHA MONAra€ B 3aCBOEHHI BMiHb
i HaBWYOK BUpIEHHA 3aBAAHb NpeAMETHOI 0bMacTi
TS, € TS, pe TS — 6e3niu komneteHuiit (To610 6e3niy
3aBfaHb, ANA AKMX Y4YeHb NOBUHEH BONOAITA HaBUYKAMK
BupilenHa). Koxnii 3agaui TS, BiAnosinae nigMHoX1MHa
Mg, = {Mzs, Mig,... Ml } © M mHoxun M meTo-
AiB piwenna 3agay. XIT E mictutb 6e3niv npeuesenTis,
{e!, e’} € E cueHapii, B AKNX CKNafaloTb NnaH BUpi-
LUeHHA NeBHOI 3aayi. TakuM UMHOM, 6y aAb-AKNIA NpeLefeHT
e' € E acouieTbcs 3 MEBHUM METOOM BUDilLEHHS
Mi e M [4].

basoum noxaTTam ITHC € npobnemHa cutyauia s € S.
Ockinbku ana byAb-AKoi npobnemHoi cuTyauii 3aaaHa MeTa,
Bifj TOr0, KOr0 HaBYaWTb, S = {TSi,...TSj} noTpibHo
BUPILINTY ANA AeAKY NiAMHOXIHY 3afay.

ITHC Hapae Tomy, XTO HaBYa€TbCA, BigobpaxeHHa MO
(Mogenb npeameTHoi 06nacTi), CTBOPHOKUM ANA HHOTO NPO-
6nemHi cutyauii, CNpAMOBAHI Ha 0CBOEHHA MEBHUX MeTO-
AiB BUPiLUEHHA 3aBAaHb. Toi, KOr0 HaBYalTb, B3aEMOZi€
3 ITHC, popmytoun nocnigoBHocTi Ailt [U,U,,...U, ], Wwo
ynpaenATb ana 06'ekta MO, 3miHK0UM CTaH OCTaH-
HbOI i NepeTBOPIOIOUM S, B JeAKY BUXiAHY (pe3ynbryiouy)
uTyauito S,
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Puc. 1 - [lpoyec Hag4yaHHsA

Mocnigosictb [Uy,U,,...u. ] cknagae ana ITHC cue-
Hapiil Kepylounx BNuBIB Z’;I, HanpaBfeHni Bif THX, WO
HaByatoTbca ao MINO.

TpaekTopia HaBYaHHA Y ABNAE 000K NOCNIAOBHICTL
crBopioBaHux B ITHC npobnemHux cutyauii, o peanisyotb
MNaH HaBYaHHA: Y =[S,,S,,...S.], S; € S.

TpaekTopia Y' NOBMHHA BeCTW TOr0, XTO HABYAETHCA
«Bifi NPOCTOr0 A0 CKAAAHOr0», MOCTIAHO PO3LLUMPIOKYM
i nOrnn6I0K0YN 10T CUCTEMY BMiHb | HABUYOK [4,5].

Y ucTemy enekTpoHHOI OCBITU HeobXiaHe BnpoBa-
[KeHHA MeTpUK ANA BU3HAUYEHHA KOMMeTeHUil CTyAeHTiB
[0 i micnA OCBOEHHA 3anponoHOBAHOI HABYAJbHOI NPO-
rpamu. [liarHoCTMKa CTaHy po3BUTKY YYHIB 3AiMCHIETbCA
3a JI0MOMOrOK BXiZAHOrO TecTyBaHHA. ANroput™m npouecy

ANCTAHLiAHOTO HABYAHHA 3 OPMYBAHHAM iHAMBIAYANbHMX
OCBITHIX TPA€EKTOPIl NpeACTaBAEHO Ha puc. 2.

Aikwo B3atn akuiicb Kypc (K), AKMI cknagaeTbea
3 NeBHUX KOMMOHEHTIB, KOHTEHT AKMX NOBUHEH ChopMy-
BaTW B YUYHIB NeBHWI pe3ynbtat y BUTNAZI He0OXiaHuX
komneTeHuiit (puc. 2). Lleit Kypc cknajaeTbca 3 NeBHoi
KinbkocTi mogynie M1, M2, M3 i 1.4, To610 K=M* .
Moayni M1, M2, M3 BknwuaioTb B cebe mikpomoayni
M1.1, M1.2, M1.3, M2.1, M2.2, M2.3, M3.1, M3.2, M3.3.
Mikpomogyni B CBOI yepry, CKnagawTbCa 3 pi3HUX KOM-
noHeHTiB (Q1,2,3 i 1.4), To6T0 M1.1.,1.2,1.3i 1.8 =Q",
AKi, B CBOI Yepry, BK/IIYAIOTb eleMeHTU KOHTEHTY, Taki
AK NeKLia, NpakTuKa, ceMiHap, TpeHiHr, BebiHap, Xaka-
TOH, KpeaToH i iHwWi [4].

T Y | 5 - oo I | by B
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Puc. 2 - Cxema ¢hopmyeaHHsa oc8imHix mpaekmopit
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Micna 3aCBOEHHA 3HaHb, CHOPMOBAHMX HABMUYOK 3aB-
AAKI UMM HaBYaNbHUM KoMnoHeHTam Qn cnifye nepeBipka
HAABHOCTI LMX 3HaHb Ta HaBUYOK, TO6TO CHOPMOBAHMX
KOMNETEHL, Y TUX, XTO HaBYA€ETbCA (puc. 3).

— L

Q1 gl
Q| KOHTPOTE  p——————ie 1]
Q4 - I 23

Puc. 3 - CxeMa KOHMpPOJ110 3HaHb cmyO0eHmi8

[ina 34ilicHenHa HaByaHHA ITHC Ha OCHOBI CLieHapHO-
npeuefeHTHOro nigxody HeobXiAHa peanizauis TpboX
HeoOXigHUX CKNAafoBUX: TEXHONOTIYHOI, OpraHizauiitHoi,
nedaroriuHoi. Bci ui cknagoBi peanizoBaHo Ha Kadeppi
Mporpamumx 3acobis i TexHonoriin XHTY. 3aBasaku yuacri
HalLMX BUKNaayiB y MixkHapoaHoMy npoekTi «GameHub»
CTBOPEHO HaiiCyyacHiLly nabopatopito 3 po3pobKi kKomn'to-
TEePHUX irop Ta CuCTeM BipTyanbHoi peanbHocTi «Gamelaby.
Jlabopatopif aKTUBHO BMKOPUCTOBYETLCA CTYAEHTaMM ANA
BMKOHAHHA KYpCOBUX | AUNTIOMHUX NPOEKTIB, HayKOBO-A0C-

NiAHUX 3aBAaHb, ANA NPOBEJEHHA eKCrnepuMeHTiB BUKNa-
Aavyamn Ta HaykoBusmu XHTY npu BUKOHAHHI HayKoBO-
JOCNIJHUX | AUCePTALIAHNX [OCNIAXKeHb.

[na cniBpobithukie kadeapu [porpamHux 3acobis
i TexHonoriit GameHub cTaB inTerpylounm enemexTom ana
HOBMX OCBITHiX NiaXoAiB: no-nepiue, nabopatopis irpoBoro
HaBYaHHA Hafla€ CTYAEHTaM BeCb 06CAT HeoOXigHNX TeXHiy-
HMX 3HaHb i HABIYOK, LLO BiANOBIAAKTL BUMOram po6oTo-
[JaBuUiB, a No-apyre Ja€ CTyAeHTaM MOXNUBICTb 30Cepeu-
TUCA HA HACKPi3HUX 3aBLAHHSAX.

B 2019 poui B nabopatopii «GameLab» npoiiuna npesex-
Tauia irpoBoro npoekTy «Traffic Rules for Kids» 3 Bukopuctan-
HAM BipTyanbHoro wonomy 0SVR HMD HDK 2, akuit cTBopeHo
B HaBYANIbHUX LiinAX, 30kpema Ana GopMyBaHHA OCHOB be3-
NeyHoi NoBeiHKN MiLLOXOAIB M yac OPOXKHbLOTO PyXY.

Mpn po3pobui irpoBoro NpoeKkTy BUKOPUCTOBYBANUCA
TEXHONOTT BipTyanbHoOi Ta JONOBHEHOI peanbHocTi. BipTy-
anbHWi CBIT NpOrpamHoro oAaTKy 6yno CTBOPEHO 3a A0Mo-
moroto Unity 3D Ta OSVR HMD HDK 2. Pe3ynbratit pobotu
npencTaBeHo Ha puc. 4.

Puc. 4 - npeseHmayis izpogozo npoekmy «Traffic Rules for Kids»
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Unity — mixnnathopmHe cepenoBuile po3pobKm
komn'totepHux irop. Unity fo3BonA€ CTBOpIOBATH JOAATKM,
Lo npauwTb Nig 6inbl Hix 20 pi3HAMKM onepauiiHuMN
McTEMaMK, WO BKAIOYAKOTb MepCoHanbHi Komn'ioTepu,
irpoBi KOHCOMI, MOGINbHI NPUCTPOI, iHTEPHET-AOAATKN Ta
iHWi. OcHoBHUMK nepesaramn Unity € HaABHiCTb Bi3y-
aNbHOTo CepedoBuWA Po3pobKM, MixXnnaThopmeHoi nig-
TPUMKI | MOAYNbHOI CUCTEMIN KOMMOHEHTIB. [lo HeaoniKiB
BIAHOCATb MOABY CKNAHOLLiB npyu poboTi 3 baratokomno-
HEHTHUMMU CXeMaMU i TPYAHOLLi Npu NiJKM0YEHH] 30BHiLL-
Hix 6ibniotek. Pegaktop Unity mae npoctuit Drag & Drop
iHTepdeNc, AKMIA Nerko HanalwToBYBaTH, LLUO CKNAAAETHCA
3 Pi3HUX BiKOH, 3aBAAKM YOMY MOXHA NPOBOAMTU Hana-
TOZXeHHA rpu NpAMO B pedakTopi. [IBUXKOK NigTpUMYye ABi
ckpuntoBi mosu: C #, JavaScript (moamdikauia) [8].

BucHoBKu. (TyaeHTU BUCTYNAKOTb «OCHOBHUMMU CMIOXN-
Bayamm» OCBITHIX MOCNYT i B HALL YaC BUCYBAKTb BUMOTY 10
3MICTY, PiBHA Ta AKOCTi OCBITHLOTO NPOLIECY.

CMUCOK NITEPATYPMI:

Y (1aTTi nepepaxoBaHi nepeBari Ta HeJoNiKM enekT-
POHHOTO HaBUaHHA, NpeACTaBieHO Modenb GOPMyBaHHA
TpaekTopiit HaByaHHA ITHC (iHpopmaviiiHO-TpeHyBanbHa
HaBYaNbHa CCTEMA) Ha OCHOBI CLieHapHO-NPeLleHeHTHOO
niaxody. locnigxeHo i npeacTaBneHo y cxemax etanu ¢pop-
MYBaHHA KOMMETEHTHOCTeil CTYAeHTIB Ha NpUKnagi nes-
HOro HaBYanbHoro Kypcy (K) i ioro komnoHrewTi. Llinecnpa-
MOBaHa TexHOMoriA GOPMYyBaHHA CMCTEMI YMiHb | HABMYOK,
HeoOXiAHICTb KOPUTyBaHHA LiiNeil HABYAHHA B 3aNeXHOCTI
BiZl napameTpiB moaeni 0coby, Lo HABYAETHCA | JOCATHY-
TUX Het YCnixiB, 00rpyHTOBYOTb BUKopucTaHHaA B ITHC cue-
HapHO-NpeLefeHTHOro NiAX0AY 3 BUKOPUCTAHHAM TEXHO-
NOrii BIpTyanbHoi i LONOBHEHOI peanbHOCTi. BukopucTaHua
TeXHONOrii BipTyanbHol i JOMOBHEHOI peanbHOCTi JaTh
(TY[eHTaM MOXMUBICTb FMMOLLE BUBYATU NpeaMeTH, aHa-
Ni3yBaTi HACNIAKN CBITOBMX MOAiN Y po3BaxkanbHiil Gopmi.
AR i VR gatoTb 3mory HabyTi 40CBiAY, A0 AKOTO YUHi 3a3BU-
yail He MaloTb JoCTyny.
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Abstract. Purpose of the article. The purpose of the article is to study the educational process through the prism of
introducing information and communication technologies into the learning process in higher educational institutions, in
particular Smart-training and Smart-technologies, which will increase the amount of necessary special knowledge, without
which it is already impossible to teach and learn when training specialists in IT sphere.

Research methods. The work uses research methods such as: experiment, analysis of the results of activities. With theo-
retical research methods used: analysis, synthesis, comparison. Virtual reality is used as one of the most promising research
methods used in the educational process.

The main results of the study. The effectiveness of using modern information technologies in the educational process has
been investigated.

Scientific novelty. Scientific novelty is the appeal to modern technologies, which must be actively introduced into the
process of teaching students in higher educational institutions. A model of the formation of training trajectories of ITNS
(information-training training system) based on a scenario-precedent approach using virtual training using the 0SVR HMD
HDK 2 virtual helmet is presented.

Practical significance. Improving the level of training for IT specialists through the use of Smart-education. Every year, the
increasing interest of mankind is aroused by the use of virtual technologies in the spheres of human life. This topic is relevant
in our time. Students of the specialty 121 “Software Engineering” have the opportunity to plan and make a practical experi-
ment with a virtual reality application using modern programming languages: C #, Java Skript, etc.

Keywords: information technology, systems, training, smart education, virtual reality.
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C NCNOJIb3OBAHUEM VR TEXHOJIOTUA
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Annotauma. Lenb ctatbu. Llenblo ctatbi ABNAETCA MCCNefoBaHNe yyebHOTo npouecca yepes npu3my BHeaApeHus
NHOOPMALIMOHHO-KOMMYHUKALMOHHBIX TEXHONOTMIA B MPOLLECC 00yueHnsa B BbICLUMX yYeOHbIX 3aBefeHNAX, B YaCTHOCTU
Smart-obyyeHue n Smart-TexHonoruii, 4to NO3BOANT yBENNYNTL 06bEM HE0OX0AMMbIX CeLanbHbIX 3HaHNIA, 6€3 KOTopbIX
y>Ke HeBO3MOXHO 06yuaThb 1 06yyaTbca Npu noarotoBKe cnewunanuctos B UT chepe.

MeToabl nccnefoBanus. B pabote ncnonb3oBaHbl MeTOAbI HAYUHbIX UCCIEA0BAHNI TaKMe Kak: SKCNepUMeHT, aHan3
pe3ynbraToB feAtenbHocTu. C TeopeTuyecknx MeToa0B UCCef0BaHINA UCNOb30BaHbI: aHaNKU3, CUHTE3, CpaBHeHue. Bupty-
anbHas peanbHOCTb UCMOIb30BaHa Kak OAUH 13 NepCneKTUBHbIX METOA0B CCNIe0BAHNA, NCMONb3yeMbIX B 06pa3oBaTeb-
HOM npoLiecce.

OcHoBHble pe3ynbTaTbl UccneoBaHuA. MccnesoBaHa 3G ¢eKTMBHOCTb MCMOAb30BaHNA COBPEMEHHBIX MHGOPMALIMOHHbIX
TexHonoruit B 06pa3oBatesbHOM npoLiecce.

HayuHas HoBU3Ha. HayuHoii HOBU3HOIA ABNAETCA 0bpalleHne K COBPeMeHHbIM TeXHONOrUAM, KOTopble HeobXxoaumo
aKTUBHO BHeApATb B NpoLecc 00yueHA CTyAEHTOB B BbICLINX yueOHbIX 3aBefeHnaX. lpeacTaBneHa mogenb opmuposa-
HuA TpaekTopuii 06yuerua UTHC (MHGopmaLnoHHO-TpeHMPOBOYHasA 00yyaloLlan CUCTEMA) HA OCHOBE CLieHapHO-NpeLeH-
LEHTHOrO NOAX0AA C UCMOIb30BaHNEM BUPTYabHOM0 06yyeHna ¢ nomoLLbio BupTyanbHoro wiema OSVR HMD HDK 2.

[pakTyeckas 3HaYUMOCTb. MoBblweHne ypoBHA 0byueHna UT cneumanncTos 3a cyeT UCNonb3oBaHMA Smart-obpaso-
BaHuA. (KX AbIM rofom Bce 00NbLUNI UHTEPeC YenoBeYeCTBa Bb3bIBAET NPUMeHeHMe BUPTYaNnbHbIX TEXHONOTUIA B chepax
XKU3HefeATeNbHOCTY YenoBeka. JlaHHas Tema ABNAETCA aKTyaNnbHol B Hawwe Bpems. (TyaeHTbl cneumnanbHocTi 121 «Mnxe-
HepuA NporpaMMHoro obecneyeHna» MMEIOT BOSMOXHOCTb CNIAHNPOBATb 1 CAeNaTb NPAKTUYECKMIA eciepuMeHT C Npuno-
KeHUeM BUPTYanbHOIl peanbHOCTH, UCNOMb3yA COBpeMeHHble A3bIKN nporpammupoBanus: C#, Java Skript u gp.

Knioyeswie cnoea: uxgopmayuoHHele mexHomo2uu, cucmemsl, 00yyeHue, (Mapm-o6pasosaHue, 8UPMYabHASA
peanbHoCMb.
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AHoTauis. Meta cTaTTi nonArae B 40KNaAHOMY BUCBITAEHHI NPo6AEMI aHani3y Ta OLiHKW PU3MKIB Bid pyilHiBHIX npoLie-
CiB Ta CTUXIHUX NIX, OCKINbKI HIHI BCe YacTiLue BifOYBalTbCA Pi3Hi NPUPOAHI KaTakNi3MU Ha KLUTaNT 3eMNeTpyCiB, NOBEHeN,
MOXeX, NOCYX, 3CyBiB IPYHTY, OCKINbKMN 3p0CTa€E HEOOXIAHICTb Y MACOBUX HAYKOBUX AOCNIZKEHHAX, L0 BUPILLYHTHCA LWAAXOM
3aCTOCYBAHHA HOBITHIX TEXHONOTIiA, TAKMX AK MALLMHHE HABYAHHSA, aHaNi3 AaHWX Ta rnboke HaBYaHHA. HeobxigHo npoaHanisy-
BaTW HAABHI METOAV Ta aNropuTMI aHani3y pU3NKIB i 3arpo3 Ta ix JOLiNbHICTb 3aCTOCYBAHHA Y BU3HAYEHIil MicLeBOCTi.

MeToan gocnigxeHns. [010BHUMYU METOAAMN AAHOTO AOCI[XKEHHA BUCTYNATb METOAN AKICHOI Ta KiNbKiCHOT OLiHKM
il BIANOBIZAHO aHani3y pu3mKiB.

OCHOBHI pe3ynbTaTi AOCAIAKEHHA. Y X0Ai NpoBeAeHHA AaHOr0 AOCNIAXKEHHA Po3p06aeHO KOHLenNLilo pU3mKY, Lo 3acHo-
BaHa Ha TPbOX CTaiAX: NOTEHLINHOIO PU3KKY, AXKepeno AKOro ONUCYETbCA Hebe3nekot, pu3IKy 3arpo3 Bif aKTUBHOTO CLie-
Hapito npouecy pyiiHiBHoro xapakTtepy (MPX), Akuii e He oxonntoe LinboBui (LiHHNi) 06'€kT (L0), Ta pu3nKy pyitHyBaHb
Bl aKTMBHOTO CLieHapito, KOTpuii Bxe oxonntoe L0 Ta BUKAMKAE 3MiHY 1A0r0 LiHHOCTI, L0, HA BIAMIHY Bifj iCHyl0uMX KOHLen-
Liil pU3KKy, S03BONAE ONUCYBATI AUHAMIKY PU3MKY, AKOTO 3a3HAE LiHHIA 06'€KT Big neBHoro cueHapito MPX, B cuctemax
peanbHoro yacy. lcHylouy Mofienb pusuKky, Aka BPaxoBye IMOBIPHICTb NPOLIECY PYHIBHOrO XapakTepy, 0ro iHTEHCUBHICTb
Ta edeKT, po3LLUMpeHo 3a A0NOMOT0H 10AaTKOBOI KOMMOHEHTI — 3arpo3H, L0 € NPOrHOCTUYHOK NPOCTOPOBO-YACOBOI0 CKNa-
I0BOI0 PU3NKY Ta [103BONAE B 6yAb-AKNA MOMEHT CNPOTHO3yBaTU MOX/MBICTb BTPAT Ta OLiHUTIA PU3IK ANA KOHKpeTHMX LI0
B yMoBax po3BuTKy lPX'y cuctemax peanbHoro vacy.

HaykoBa HOBM3Ha. 3anponoHoBaHa MoAeNb NpeACTaBNeHHA PU3NKY AK AUHAMIYHOTO, MPOCTOPOBO-PO3MNOBCHAKEHOTO
npouecy.
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[pakTyHa 3HauuMmicTb. (TBOpPEHHA Mojeneil Ta anropuTMiB AnA NPOBEAEHHA aHani3y NeBHUX TepUTOPIl 3 MeTo

nojanblloro BA0CKOHaNeHHA BUABJIEHHA pI/I3I/IKiB.

Kniouoei cnoea: awanis, pusuk, Hebesneka, npoyec pyliHieH020 Xapakmepy, yinbosuli (YiHHUL) 06°ekm, anzopumm,

MO00eJ1b, OYiHKa, 00CTIONKeHHS.

MocranoBka npo6nemun. HeobxigHo po3rnNAHYTH
AOLINbHI MeToaM Ta 3acaan Ana JOCHIAKEHHA npocTo-
POBO-PO3MOAINEHOT AUHAMIYHOT OLiHKN PU3NKIB Bif pyW-
HIBHUX NpOLeCiB, IO 3AiiACHIOETbCA 38 AONOMOTOI0 iHTe-
NEKTYanbHOro aHanisy NeBHUX enemeHTiB Ta 00'€KTiB Ha
HaABHICTb NOTEHLiHNX pu3ukiB. [poaHani3yBaTin cyyacHi
TEXHONOTIT aHani3y JaHUX 3 METOK0 BU3HAYEHHA B JoCNid-
HULbKIX AaHNX NoTpibHoi iHdpopmaLii. Ha ocHoBi oTpuma-
HUX pe3ynbTaTiB NigouTH NiACYMKI LWOAO IXHLOT NOAANbLUOT
epeKTMBHOT OLiHKIA.

AHani3 octaHHix gocnigxeHb i ny6nikauii. Hapasi
Yy Hayui iCHyI0Tb pi3HOMaHITHI meToan i cnocobu pocni-
[KeHb Ta OLiHKM PU3NKIB Bif} BUHUKHEHHA HAA3BUYARHUX
MTyaUil Ta MiATPUMKIA NMPUAHATTA CBOEYACHUX PilleHb,
3a/1eXHO BiJl po3TallyBaHHA MicUsA MOTEHLINHOMO PU3NKY
Ta yMOB, AKUMI BOHO XapaKTepu3yeTbca. Hanpuknag, B [1]
HaBefleHo KiNbKicHY Ta HaniBKiNbKiCHY OLIHKY MOMXeXHoi
Hebe3neKu, pu3nKy BUHUKHEHHA 3eMNeTPyCy, BUBEPXKEHHA
BYNKaHiB, 3CyBIB IpyHTY, 06BaniB Ckenb, NOTYXHUX BITPiB
(yparaHis), noeHeii ToLL0.

barato BueHux, JOCNiAHUKIB Ta HAyKOBLIB 3i BCbOrO
(BiTY NPOBOAATb AOCIAXEHHA, aHanisylun pisHi CTy-
neHi pu3nky Ta BiporigHocTi 3arpo3. OfHi 3 HaiiBigomi-
wux — ue Sven Fuchs, Joern Birkmann ta Thomas Glade, wo
AOCNIAXKYIOTb OLiHKY BPa3NMBOCTI BHACNIAOK NPUPOSHOro
pu3nky[2,3]; PhilipJ.Ward, Veit Blauhut, Nadia Bloemendaal
3alMaloTbCA BUBYEHHAM PU3MKIB NpUpoaHuX Hebesnek
y BiTOBOMY MacwTabi; B cBoto uepry Johann Goldammer,
loannis Mitsopoulos, Giorgos Mallinis Ta Martine Woolf
[4,5, 6] npautolTb Haj BU3HAUEHHAM OLHKN Hebe3nekn Ta
PU3IKY NiCOBMX MOXKEeX. 3HAYHUX YCMiXiB Y aHani3i pu3nKis
pocarnu Takox C.J. van Westen, Stefan Greiving, D. Alkema,
M.C.J. Damen, N. Kerle 1a N.C. Kingma [7, 8, 9]. Ixxe gocni-
[KEHHA CTOCYeTbCA npoueayp 300py, aHaniy Ta OLiHKK
NpOCTOpOBOi iHGOpMaLii ANA OLIHKN PU3NKIB Big Npupoa-
HIX Ta TEXHOTEHHNX Hebe3nek (Takux AK reonoriyHa Hebes-
neka, riApoMeTeoponoriyHa Hebesneka, ekonoriyHa Hebes-
neKa Ta TeXHOMoriYHa Hebe3neka).

3anexHo Bif Lini, aHani3 pusmnky moxe 6yt AKiCHWN
a00 KinbKicHWiA. AKiCHUA aHani3 pu3nKy JOPeyYHuiA y Tomy
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BUNAZKY, KONMM AMOBIPHOCTI Ta HACNiAKW BU3HAYaKTHCA
BUKMIOYHO AKiCHO. OCTaHHiiA, B CBOI Yepry, Aa€ YNCeNbHI
OLiHKW AnA MMOBIPHOCTEil Ta HACNIAKIB, NOAEKYAN pa3oMm
i3 M0B'A3aHNMI 3 HUMU HeBU3HaueHoCTAMK [10].

MeTog KinbKiCHOro OLiHIOBAHHA PU3NKY € HailKpa-
WM ANA OLIHKN AeKiNbKOX anbTepHaTUB ANA 3MeHLUIEHHA
PU3KKY LLAAXOM NOPIBHANBHOTO aHani3y pU3KKY A0 Ta Micns
BMpOBaKeHHA 3 NOAANbLIMM aHaNi30M BUTpAT Ta Nepe-
Bar, a aHani3 AepeBa nofiil € HailKkpawmm nigxonom AnA
aHani3y CKNagHUX NaHLIOriB NOAINA Ta MOB'A3aHNX 3 HUMM
MoBipHOCTeiA [1].

AIKiCHi MeToaW OLIHKI PU3MKY KOPUCHI AK MOYaTKOBUIA
npouec CKPUHIHTY AnA BMABNEHHA Hebe3nek Ta pusu-
KiB. BOHM TakoX 3acTOCOBYKTbCA, KONU nepeadauyBaHuii
piBeHb PU3MKY He BUNPABAOBYE yacy Ta 3ycuib Ana 30opy
BeNNYE3HOro 00CATY AaHNX, HeoOXiAHUX ANA KinbKicHo
OLiHKM PU3KIB Ta TOAi, KON MOXNBICTb OTPUMAHHA UMC-
NOBUX AaHMX 0OMexeHa. MaTpuuHuii pu3nkoBuin nigxia
YacTo € HalbiNbL NPAaKTUYHMM NiAXOAOM AK OCHOBA ANA
NPOCTOPOBOTrO NaHYBaHHA, e edeKT MeTOAiB 3MeHLLEeHHA
PU3UKY MOXE po3rnAfaTUcA AK 3MiHa Knacie y mexax
Matpuui pusnky. MigcymoK Ha 0CHOBI NOKA3HUKIB HalKpa-
Wi B TOMY BUNAZKY, KONW He BUCTAYaE AaHUX ANA NpoBe-
JeHHA KiNbKiCHOro aHai3y, a TakoX AK NoJanbLunit aHani3
KinbKiCHOr0 aHanisy, oCKinbKu BiH [03BONAE BPaxoByBaTH
iHWi acnekTu, a He nuwe di3nyHi NOWKoAXKeHHA [1].

AHani3 pu3uKky BuUMarae MOBTOPIOBAHOI Mpoueaypy,
AKY HeoOXiAHO MPOBOANTI ANA KOXHOIO CLeHapilo Hebes-
neku (pi3Hi Tunn Hebe3neku Ta nepiofu NOBEPHEHHA)
Y NOEAHAHHI 3 eneMeHTamMu PU3KKY, @ 3rOL0M i AnA KOXHOT
MOX/MBOI aNbTepHaTUBI. Lle BUMarae BUKOPUCTaHHA aBTo-
MaTWU30BaHMX Npoueayp 3 BUKOPUCTAHHAM reorpadiuHnx
iHpopmauiriiux cuctem (r1C).

OuiHka pu3KKiB MOXe 3[iiiCHIOBATUCA 33 JONOMOTOI0
3BuyaitHux cuctem [1C, xoya AouinbHille BUKOPUCTOBY-
BaTU KOHKpPETHI nporpamHi 3acobu. Haiikpalloto iHiliatu-
BOH L40A0 3aranbHOAOCTYMHUX OLHOK 30MTKIB A0 LbOr0
yacy € HAZUS, po3pobneHa QOepepanbHuM areHTCTBOM i3
Haa3BuUYaiiHux cutyauiii (FEMA) pasom 3 HauioHanbHum
iHcTUTyTOM ByniBenbHux Hayk. Mepwa Bepcia HAZUS byna
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gunywleHa we B 1997 poui AK nporpamHuii iHCTpyMeHT
nia ArcGIS 3 opienTaui€r Ha CeiicMiYHY OLiHKY 30MTKIB Ta
byna nowwmpeHa Ha BTpati B 2004 powi, BKMOYaKUM TaKoX
BTPaTy BiA noBeHeil Ta BiTpiB. KinbKa iHWMX KpaiH ajan-
TyBanu metogonorito HAZUS o BnacHoi cuTyauii, Takum
YMHOM CTaBLUN OCHOBOK ANA PO3POOKM KiNbKOX iHLLMX Npo-
rpamHix 3aco6iB Ana ouiHKu 36uTkis [1].

lllofo aBTOHOMHUX MPOrpamHUX MOAYNIB ANA OLHKN
PU3NKIB 3 Pi3HMMM Hebe3nekamu, AKi He NpauwWTb AK
cknagoBa icHytounx G, To € fOAATOK NMOBIPHICHUX OLIHOK
pusnky CAPRA 3a nigrpumkm CBiToBOro 6amky. Moro meto-
AMKa 30CepekeHa Ha po3pobui MMOBIpHiCHUX MopyniB
OLiHKKM Hebe3nekn AnAa 3emMneTpycie, yparaHis, NOTYXHUX
onaiB, ByNKaHiYHNX Hebe3neK Ta pu3nKiB NnX, CNpUYnHe-
HUX HUMMU, TaKUX AK LyHaMi, NOBEHi, LUTOPMM, 3CYBU TOLLO.

llle ogHa po3pobKa cTocyeTbcA Be6-mMoayniB 3 BigKpU-
TUM KOZOM ANA OLiHKKM PU3NKIB i3 pi3HUMI Hebe3nekamu.
[HCTpYMeHT, AKuiA Hapa3i po3pobnAeTbca B pamkax [nobanb-
Hoi iHiLiaTuBn 3emnetpycis (GEM), nig Hasgoto OpenQuake,
HaiMOBIpHiLLe, (TaHe CTAHZAPTOM ANA OLiHKM BTpAT 3eM-
NeTpycy, OCKINbKM TaKOX MNNaHYETbCA PO3LUMPUTU 1OTO
Ha IHCTPYMEHT OLiHKI pU3KKY, Lo Mae barato Hebe3nek [1].

Meta pocnipeHHa. [lpoaHaniyBatu BCi MOX/MBI
Ta HaABHI PU3MKM HA MOTEHUiHO Hebe3neuHili MicLeBo-
CTi (TepuTopii) ANA MAKCMMaNbHO TOUHUX Pe3ynbTaTiB, Lo
CTaHyTb Y HArofi Npy eBaKylOBaHHI HaceneHHs, Nikgigauii
Ta 3anobiraHHi noAanbLIOMy NOLWMUPEHHIO 3arpo3u i CTBO-
PeHHI0 BPa3NuBOCTeit.

AHani3 Ta knacudikallia faHux neBHoi 3arpo3in (pusnky)
AONOMOXYTb Kpalie BUCBITNUTU HAABHI METOAM i WNAXK
YCYHeHHA Ta 3anobiraHHA Hebe3neku, BYacCHOMYy peary-
BaHHI0 Ta YXBaNEHHI0 NPABUNbHUX PillieHb.

Pe3ynbratn pocnipxenb. Pu3nk B KOHTEKCTI faHOi
pob0TU € OLHKOI0 BifHOLIEHHA MiX cLeHapiamn MTPX Fj -
IXepenamu pusuky, Ta Bpasnusumn 10 o, € O/ — npu-
iiMayamu pu3nKy, a 1MOro OLiHKa BUKOPUCTOBYETHCA ANA
AiarHOCTUKKM CUTYaUii Y NPUPOAHO-TEXHOrEHHIW CuCTeMi
(NTC) B ymoBax npovecy pyiHiBHOMO XapakTepy.

Pu3uk Bia oaHoro mxepena ana nesHoro L0 € iHdusi-
0yanbHuM. |HOMBIAYanbHUA PU3MK OLIHIETLCA ANA NeB-
Horo L0 o, € O i xapaKTepu3ye MOXAUBICTb AN 06'eKTa
3a3Hatu BTpart Big MPX Fj 3 IXKepenom U;.

[xepeno, a oTxe i MOB'A3aHUIA 3 HUM CLiEHapill, MOXe
ByTIn NOTeHLUiAHIM | MaTh Hebe3neky L, AKa XapaKTepu3ye
MOXNUBICTb BUHUKHEHHSA B AaHil Touwi NPX Fj. Pusuk Big
MOTEHLINHOTO AXepena Ha3Bemo NoMeHyilHUM.

102

[pn HaABHOCTI AEKINbKOX JKepen pusnKy ana neBHOro
LI0 cTBOpIOIOTBCA My/IbMU3A2PO3U | My/IbMUPU3UKU.

lpn BMHUKHEHHI MpoLecy PyiHIBHOTO XapakTepy Fj,
T06TO Npu peanizagi}‘ cueH*apiro Fj, BUIINAETHCA MHOXIHA
BpaznuBux U0 O/ € O, ana akux icHye MOXNUBICTb
OyTI OXOnAeHUMI LM npoLiecom. MoHATTA Hebe3neku npu
LIbOMY BTPAya€ CeHC, a ANA KOXHOro Bpa3nnBoro 06'ekTy
0.€ 0" B npoueci po3sutky MPX BU3HAYAETLCA AUHA-
MiuHa XapaKTepucTika — 3arpo3a ¢, Aka XapakTepusy-
€TbCA NPOCTOPOBOK Ta YacoBot BigaaneHictio LI0 ol Bia
koHTypy TPX Fj, a TakoX noteHuianom MPX Fj, AKNii BU3Ha-
yaeTbca inTeHcuBHicTIo MPX Sj i nnoweto, oxonneHoto MPX
F, (pucyHok 1). 36uToK, AKuit NoHece 06'€KT oi B pe3ybTaTi
MPX Fj, 3anexuTb Big noteHuiany MPX Fj. Pu3uk Big akTnB-
HOT0 CLieHapito ANA BPa3NnBOro 06'ekTa, Luie He 0XOMNEHOro
LIMM CLieHapieM, Ha3BEMO PU3LKOM 3a2p03.

[pu oxonneHHi L0 cueHapiem noHATTA 3arpo3u BTpayae
CeHC, a 00'€KT MOYMHAE BifUyBATW HEraTUBHWIA BNUB CLie-
Hapilo, BUPaXeHWit y BUrNALI 3MEHLLEHHA HOro LiHHOCTI.
TaKunii pu3nK Ha3MBAETLCA PUSLKOM PyLiHYBAHb (PUCYHOK 2).

BinnoBigHo 40 BULECKA3aHOTO, B KOXEH MOMEHT yacy
MeBHNIA CLeHapiii Fj moxe 6yTi noTeHwinHUM abo aKTUB-
HUM. [[Kepeno noTeHLinHOro CLeHapito ONNCyeTbCA Hebes-
nekoto, npu ubomy 3arposn ana L0 (wwe) He icHye, a icHye
MOTEHUINHUIA pU3nK. AKTUBHWIA CLeHapili € MaTepiani3o-
BaHOW Hebe3nekoto y Burnagi MPX, AKMi nowmpoeTbCA
Bifl Aepena, i MoXe BMKNMKAT pU3mK 3arpo3 abo pyii-
HyBaHb Ana nesHoro Bpa3nusoro LI0. CueHapii, Akuii we
He oxonntoe Bpa3nuemii L0, BUKNNKaE ana HbOro 3arpo3y
i, BiANOBigHO, pu3uk 3arpo3. CueHapii, akuit oxonmioe L{0,
BUKMNKAE 3MiHY (AK NpaBWNO, 3MEHLIEHHA) LiHHOCTI AnA
LL0 i € pu3nkom pyiiHyBaHb.

Takum uMHOM, AMHAMIKA IHAMBIAYANbHOMO PU3NKY ANA
nesHoro L|0 B 3aranbHOMY BUNAJKy NPOX0AUTb TP CTagii:

1) noTeHUilHNIA pu3nK;

2) pU3MK 3arpo3;

3) pU3NK pyiiHyBaHb.

3ajauelo NiATPUMKN NPUIAHATTA PiLLeHb € He A0NYCTUTY
a60 MiHiMi3yBaTIn BNAMB OCTaHHBOI CTaAIT PU3MNKY.

[namsigyanbhuii pusuk MPX ana nesHoro L0 cknaga-
€TbCA 3 HACTYMHUX KOMMOHEHTIB:

1) Hebe3neka BUHMKHeHHA [IPX neBHOro TNy Ta iHTeH-
CUBHOCTI;

2) iHTeHcuBHicTb MPX;

3) 3arpo3a;

4) noteHuiiiHuii 36utok gna L0 [11, 12].
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Puc. 1 - CxemamuyHe 306pakeHHA KOMNOHeHMi8 iHOU8idyasbHO20 pU3UKY
0714 YiHHO20 06'eKMa, o 3Haxo0UMbCA Nio 8NJIUBOM pU3UKA 3a2pO3

Puc. 2 - CxemamuyHe 306paxkeHHA KOMNOHeHMi8 iHOUBiOyasbHO20 PUUKY
011 YiHHO20 06'ekma npu oxonsieHHi 06'ekma cyeHapiem

Hebe3nexa 1 — KOMNOHEHT PU3MNKY, AKMIA ONNCYE NOTEH-
LiitHY MOXNUBICTb BUHUKHEHHA [IPX neBHOro Tuny i iHTeH-
CUBHOCTI Ha MeBHil JinAHLI TepuTopii B NeBHUIA MOMEHT
yacy. Hebe3neka (Tae akTMBHOK (MaTepianiyeTbca) B Toil
MOMEHT, KON Ha AaHiil AinAHui Teputopii BUHUKae [1PX.
Micna BuHukHeHHa TIPX ana maHoi AiNAHKKM MicLeBOCTi
MOHATTA Hebe3nekn BTpauae ceHc. OuiHka Hebe3nekn fo3-
BOIAE BU3HAYNTY JiNAHKM TepuTopii, Ae BUHUKHeHHA [TPX
MeBHOrO TUNY i IHTEHCMBHOCTI HailbinbL AMOBIPHO B neB-
HUIA MOMeHT uvacy. Hebesneka He nmoB'A3aHa 3 WiHHICTIO
00'€KTiB, a BU3HAYA€E TUMYACOBY i NPOCTOPOBY AMOBIPHICTb
BUHNKHeHHs MPX.

Hebe3neka Ma€e HacTynHi xapaKTepuCTUKM:

1) € ouinkow noTeHuiiiHoro mxepena MPX neBHoro
TUNY i iHTEHCUBHOCTI HA NEBHIN LinAHLI TepuTOpii B NeBHMI
MOMEHT yacy;

2) BUpaXeHa y BUTNALI MOXAMBOCTI (AMOBIpHOCTI);

3) yaciiicHyBaHHA — 0 MOMeHTY BUHIKHeHHA [1PX.

MatepianizoBaHa Hebe3neka AnA neBHOro fxepena
03Haua€, L0 NOB'A3AHNA 3 [AHUM [pKepenom CLeHapiil

(TaB aKTMBHMM i CTBOPIOE 3arpo3y ANnA BPa3nuBux 06'ex-
TiB 260 BUKNMKAE NPOLIEC 3MiHN LiIHHOCTI (pyitHye 00'€KT).
3arposa G Ana 00'ekTa O, Big MMPX Fj BUHUKAE B pasi, Konu
Len 06'ekt moxnuo 6yae oxonnexuit uum MPX. 06'ekTn,
ANA AKNX AOCTOBIPHO BiJOMO TOI $aKT, L0 BOHM He byayTb
oxonnieHi nesHuM MPX, € HeBpa3nuBMUMY, i 3arpo3n AnA HIX
He icHye [4, 5, 6].

Tox 3arpo3a — Lie AUHAMIYHUA KOMNOHEHT PU3NKY, AKNIA
OMUCY€e MPOCTOPOBO-YaCOBe BiJHOLIEHHA M KOHTYpPOM
MPX Ta Bpa3nueum Li0; BUHMKAE B MOMEHT maTepianizauil
Hebe3nekw i BTpauae ceHc B MomeHT oxonnewHa L0 MPX.

XapakTepuctuku 3arposu:

1) € OLHKOK NPOCTOPOBO-YACOBOrO BiAHOLIEHHA M
MPXiLo0;

2) yaciiicHyBaHHA — Bi MOMEHTY BUHNKHeHHA [TPX fo
MOMEHTY oxonsieHHA Hum Li0.

Y MOMeHT BMHUKHEHHA Takoi 3arpo3n ana L0, Aka
BMMArae 3acTOCyBaHHA Kepyluux BRIMBIB ANA 1i 3HU-
KeHHSl, BUHWKAE HaA3BUYaAHA CUTYaUis NPUPOSHOro
xapaktepy (HCMNX).
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3arpo3a CTBOPIOETbCA CLEHApiEM Npouecy pyiHiB-
HOro XapaKkTepy i NoAaeTbCA y BUMMAAI Habopy npocTopo-
BUX 30H, ANQepeHLiinoBaHMX 3a PiBHAMN i po3TaLLOBAHNX
HaBKono KoHTypy [IPX. KoXHa 30Ha BM3HAyae Mexi Tiel
YaCTUHW NPUPOSHO-TEXHOTEHHOI CUCTeMu, e NpoABnA-
€TbCA 3arpo3a NeBHOro piBHA. MHOXWHY 30H NO3HAYMMO

{D,,D,,...,.D,}, pe k — kinbkictb 30H 3arpo3, ynopagko-
BaHUX B NOPAAKY 3pOCTaHHA CTYNEHA 3arpo3u (pUCyHokK 3).

Takum unHOM, 3arpo3a € KOMMNOHEHTOM PU3UKY, AKWI
BifIPi3HAE KOHLeEMLUilo pU3NKY, 3anporoHOBaHy B LbOMY
JuncepTaLiiHoMy AOCNiAMXeHHi, Bif iCHYIUUX KOHLenLin
(pucyHok 4).

Puc. 3 - 30Hu 3a2pos3

Puc. 4 - B3aemo38’A30k KOMNOHEHMIi8 pusuKy
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Pusuk Rji — Le iHTerpanbHa oLiHKa, AKa XapakTepu3ye
NOTEHUIHY MOXANBICTb ANA 06'ekTa O 3a3HaTh 36UTKiB
nig vac NMPX Fj neBHoro Tuny Ta iHTEHCMBHOCTI. 3arpo3u
i pusmnkn posrnapatotbea ana L0, Aki BuMarawTb 3axucty
npu BuHUKHeHHi MPX. [InA iHwmx 06’ekTiB ix po3rnagatn
HeMae HeobXiAHOCTi, 0C06MMBO B yMOBaX NiMITY yacy.

XapakTepucTukin pusnky:

1) € OUIHKOW MOXNNBOTO HEraTUBHOTO BNAMBY NeB-
Horo [1PX Ha L|0;

2) € OQyHKuielo Hebe3neku, 3arpo3u, iHTEHCUBHOCT
(noteHuiany) MPX i noTeHuiiHOro 30MTKY, AKMIA MOXe NOHe-
ctu 10;

3) y npoueci AMHaMIKN NPOXOAUTb TPU CTaAii: NOTeH-
LiiAHNI pU3KK, PU3NK 3arpo3 i PU3NK pyitHYBaHb.

Crapii pusuky. PucyHok 5 Bigobpaxae uacose
CNIBBIAHOWEHHA MiX KOMMOHEHTaMW iHAMBIAYaNnbHOIo
pu3nky. (Tagia NOTEHUINHOTO PU3NKY XapaKTepu3yeTbcaA
Hebe3neKoto, Lo NOB'A3aHa 3 MOTEHUINHUM AXepenom
[PX Ta icHye 1o MmomeHTY BUHUKHeHHs TPX. Pusuk 3arpo3
XapaKTepu3yeTbCa 3arpo3o, Lo ONUCYe B3aEMO3B'A30K
Mix akTuBHUM [1PX 1a Bpa3nusum L0 Ta icHye 3 MOMeHTY
BUHUKHeHHA [IPX go momeHTy oxonnenHs LI0 uum npoue-
COM. Pu3mK pyitHyBaHb XapakTepu3yeTbCA 3MEHLIEHHAM
uiHHocTi L0, AKa € AuHamivHow xapakTepuctukoio L0,
o icHye 3 MomeHTy oxonneHHa LI0 MPX go MomeHTy nos-
Horo pyiiHyBaHHA Ll0. InHamika 3meHweHHA winHocTi L0
3anexuTb Big noteHuiany PX, a Takox Bpa3nuBoCTi Ta
cTiitkocTi L0 [14, 15].
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Puc. 5 - Yacoese cniggioHoweHHA MiX KOMNOHeHMamu pu3uky 014 0xepena [1PX i yiHHoz20 06'ekma

lpn HaABHOCTI AeKiNbKOX [Xepen, AKi MOTeHUiitHO
BnauBaioTb Ha nesHuit L0, i (abo) akTMBHMX CLeHapiiB,
L0 CTBOPHOKTb ANA HbOTO 3arpo3y abo pyiHyTb, byaemo
rOBOPUTYM NPO MYNLTUPU3MK | NOB'A3AHI 3 HUM MyNbTUHe-
6e3neky Ta MynbTU3arpo3y (pucyHok 6). Ha pucyHky 6 Bigo-
BpaxeHo N'aTb Axepen cueHapiis (Uy,..., Us), TPU 3 AKUX
€ aKTBHUMMU (U, U,, U,), @ ABA NoTeHUiitHumm (U, U),

5

i /B LiHHUX 06'eKTI (0, Ta 0,). Mpuyomy 0,0, € 0",

j=l
T0670 06MABa L|0 HanexaTb MHOXMHAM BPA3NNBUX LiHHUX

06'€KTiB L1070 BU3HAYEHUX N'ATN CLEHAPITB.

Tpu akTuBHuX cuenapii F,, F, n F, 3 pxepenamn uy, U,
" U, BiANOBIAHO, CTBOPIOKTD 3arpo3u Ana 00'ekTiB 0, i 0,,
fie G;; — 3arpo3a, AiKa CTBOPIOETBCA J-M aKTUBHUM CLieHapiem
i-my 06'ekTy. [oTeHLiiiHi Axepena U, i U CTBOpHOIOTb Hebes-
NeKY BUHUKHEHHA aKTUBHOTO CLEHapIto 4, i 1< BIANOBIAHO.
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Ha pucyHky 7 BigobpaxeHnii B3aEM03B'A30K KoMMNoO-
HeHTIB pu3MKa.

Hebe3neka xapaktepusye noTeHuiitHe mxepeno [PX
i 3aneXuTb Big TNy noteHuiiHoro MPX i po3TaluyBaHHA fxe-
pena. 3arpo3a 3anexutb Big po3srawysanHa L0 wopo KoH-

Typy PX, a Takox Big noteHuiany MPX, Akuit xapakTepusye
yac, 3a akuii lPX gocarwxe Ll0. Ha 3miny uinHocTi LLO BnnuBae
noteHuian MPX, a Takox piwweHHa 3 6oky OMP. 36utok 3ane-
XUTb Bif nmouatkoBoi LiHHocTi L|0 Ta Bin WwBMAKOCTI 3MiHM
LiHHOCTI, AIKa, B CBOIO yepry, 3anexuTb Big Tuny L0 [16, 17].

Puc. 7 - B3aemo38’130kK KOMNOHeHMie pusuKy

BucHoBKM. Y pe3ynbTati A0CIfXKEHHA CTBOPEHO Npo-
TOTUN PUNKY, WO FPYHTYETHCA HA TPbOX CTAfiAX: NOTeH-
Li/iHOTO pU3KKY, ZXKepeno AKOro oMUCYeTbCA Hebesnekolo,
PU3KKY 3arpo3 Bifj aKTUBHOTO CLIeHaPito NPoLeC pyitHiBHOTO
XapaKTepy, AKWil LLe He OXOMIKE LiiNboBuii (LiHHNIA) 00'€KT,
Ta pU3MKY pyiiHyBaHb Bifi aKTUBHOTO CLiEHAPIt0, KOTPUIA 0X0N-
nioe TIPX. Takox po3LmpeHo icHylouy MoAeNb pUsNKY, Lo
BpaxoBye iMoBipHicTb [1PX, ii0ro iHTeHCMBHICTb Ta edeKT 3a

CMUCOK NITEPATYPU:

AOMOMOrol0 3arpo3i (MPOrHOCTUYHA NPOCTOPOBO-YaCc0Ba
(KNaJoBa pU3inKy) Ta JO3BONAE B OYAib-AKNI MOMEHT Cnpo-
FHO3yBaTU MOMXNNBICTb BTPAT Ta OLHUTI PU3MK ANA KOHK-
PeTHMX 00'€KTIB B yMOBaX PO3BUTKY MpoLecy pyitHiBHOTO
XapakTepy B cucTemax peanbHoro yacy. OTpumai pesynb-
TaTh MOXHa BUKOPUCTATU NPU KOHCTPYIOBAHHI Mojenei,
anropuTMiB Ta AnA NPoBeLEHHA aHani3y NeBHUX Hebe3ney-
HUX AINAHOK Ta NOKPALLeHHA BUABNEHHA PU3NKIB.
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Abstract. The purpose of this article is to cover in detail the problem of analysis and assessment of risk from destructive

processes and natural disasters.

Nowadays, there are numerous natural disasters such as earthquakes, floods, tsunamis, droughts, landslides, etc. Further-

more, there is an increasing need for overall research, which must be conducted by using state-of-the-art technologies, such
as big data, machine learning, data analysis and artificial intelligence. In this manner, it is necessary to inspect the present
methods and algorithms for risk-and-threat analysis and their feasibility in a specific area.
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Research methods. The primary methods of this study are the ones of qualitative and quantitative risk assessment and
analysis, respectively.

Primary results. During this researching, the concept of risk was developed, based on three stages: potential risk, the
source of which is described by the danger, the risk of threats from the active scenario of the destructive process (DPS), which
does not yet cover the target (valuable) object and the risk of destruction from the active scenario, that covers the DPS and
changes its value, which, unlike existing risk concepts allows to describe the dynamics of risk experienced by a valuable object
from a particular DPS in real-time systems. The existing risk model, considering the probability of a destructive process, its
intensity and effect, is expanded with an additional component — the threat, which is a prognostic spatiotemporal compo-
nent of risk and allows predicting losses and assess the risk of a specific target value development of DPS in real-time systems.

Scientific novelty. There is a constant necessity for elaborate researching into environmental problems, including the
risks of destructive processes, natural disasters and their classification. An improved risk search and detection algorithm are
suggested. Moreover, modern methods and models have been established that reveal the essence of the problem entirely
and indicate the possible solutions.

Practical significance. Modelling and designing algorithms for the analysis of certain areas to further improving both risk
identification and interaction.

Keywords: risk, danger, hazard, analysis, algorithm, assessment, research.

NMPOCTPAHCTBEHHO-PACMPEAEJIEHHAA ANHAMUWYECKAA OLLEHKA PUCKA
OT NMPOLECCOB PA3SPYLLUTEJIbHOIO XAPAKTEPA
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XepcoHCKuit HaUMOHaNbHbII TeXHUYECKMil yHUBEPCUTET, ropog XepcoH, YkpauHa,
e-mail: marina.jarikova@gmail.com, ORCID ID: 0000-0001-6144-480X
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XepcoHCKIil HALMOHANbHbIII TEXHUYECKMiA YHUBEPCUTET, ropod XepcoH, YkpanHa,
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AHHoTaumA. Lienb cTaTbi COCTONT B AETASIbHOM OCBELLieHMI NPO6NEMbl aHaNN3a M OLLEHKI PUCKOB OT Pa3pyLUMTeNbHbIX
MPOLIECCOB U CTUXNIHBIX 0eACTBMIA, NOCKONbKY Celiuac BCe Yalle NPOUCXOAAT Pa3NinyHble NPUPOAHbIE KaTaKNN3Mbl, Hanpu-
Mep: 3eMNeTPACEHINA, HABOAHEHMA, NOXapbl, 3aCyXn, OMOA3HM, N BO3pacTaeT HeobX0AUMOCTb B MAaCCOBBIX HaYUHbIX MCCNe-
[0BaHNAX NepefoBbIX TEXHONOTWIA, TaKUX Kak MaLnHHOe 06yuyeHue, aHann3 AaHHbIX U rybokoe obyuenne. Heobxognmo
NpoaHanN3NpoBaTh CYLLECTBYIOLLME METOABI M anTOPUTMbI aHaNU3a PUCKOB 11 ONACHOCTEN, a TaKke LienecoobpasHocTb ux
NCnob30BaHNsA B 0003HaUEHHON MECTHOCTH.

MeToabl uccnenoBanns. OCHOBHbIMM METOAAMMW UCCE0BAHMA ABNAIOTCA METOAbl KaUeCTBEHHOI U KONMYECTBEHHOI
OLIEHKN 1, COOTBETCTBEHHO, aHaNN3a PUCKOB.

OcHOBHble pe3ynbTaTbl UCCefo0BaHNiA. B xoae npoBeaeHuA nccneaoBaHuA pas3paboTaHo KoHLenuuio pucka, 6asmpyto-
LAACA Ha Tpex CTaAUAX: NOTEHLMANbHDINA PUCK, UCTOYHNK KOTOPOrO OMMCbIBAETCA OMACHOCTBIO; PUCK YTPo3 OT aKTUBHOMO
CLeHapua npouecca paspywutensHoro xapaktepa (M1PX), ewe He oxBaTbiBatoLero LeneBoi (LeHHbI) 06bekT (L0); puck
pa3pyLUeHNIA 0T aKTUBHOTO CLieHapUA, yaxe 0xBaTblBatoLLero L0 n Bbi3biBatoLLEro M3MeHeHIe ero LeHHOCTH, YTo, B 0TNYMe
0T CYLLIeCTBYIOLLMX KOHLENLMIA pUCKa, NO3BONAET ONUCHIBATL ANHAMUKY PUCKA, KOTOPOMY NOAAAETCA LieHHDbI 00beKT oT
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onpegenexHoro cueHapua [1PX, B cuctemax peanbHoro Bpemenu. CyLLecTByioLLy0 MoAesb pucka, KOoTopas yuuTbiBaeT Bepo-
ATHOCTb NPOLIeCCa Pa3pyLUMTeNbHOIO XapakTepa, ero MHTEHCUBHOCTL 1 3QGEKT, pacLumpeHo ¢ NOMOLLbI JONOAHUTENLHOMO
KOMMOHEHTa — yrpo3bl, ABAAILLENCA NPOrHOCTUYECKOI NPOCTPAHCTBEHHO-BPEMEHHOI COCTaBAAIOLLEI PUCKA 1 MO3BONAK-
Wi B 060/ MOMEHT CPOrHO3MPOBaTb BO3MOXHOCTb NOTEPb 1 OLEHUTb PUCK ANA KOHKPeTHbIX L0 B ycnoBusAx pa3sutus
[TPX B cucTemax peanbHoro BpemeHu.

HayuHaa Hou3Ha. [peanoxeHHas Mogenb NpeACTaBAeHINA PUCKa Kak AMHAMIUYeCKoro, NPOCTPaHCTBEHHO-PACNpoCTpa-
HEHHOTo npoLiecca.

lpakTnyeckas 3HaunmocTb. (03aaHne Mogeneli u anroputMoB ANA MPOBefEHUA aHanu3a OTAeSbHbIX TeppuUTopuil
C Lenbio AanbHeiilLero ycoBepLUeHCTBOBAHMA ONpefeneHns puckos

Knioyeewie cnoea: aHanus, puck, onacHocme, npoyecc paspywumensHo2o xapakmepd. Llenesol (yenHviti) 06sexm,
an20pumm, Mo0esb, OYeHKa, UcciedosaHue.
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Abstract. The purpose of the article is to find ways to solve the actual problem of the perfecting processes and
improving results in the practical application of information technologies for the computer-aided training through the
intellectualization of approaches to their selection and integration on the basis of the criterion of the full functionality and
compatibility of tools. The research’s methods. The methodological basis of researches is the means and methods of the
information theory, information systems and technologies, computer systems, the computerized training, expert systems
of the artificial intelligence. The main research’s results. The actual aspects in the subject sub-branch of information
technologies for computerized distance training are analyzed, as a result of which their specifics and problematic issues are
detected. A conceptual model of the generalized structural composition for the knowledge base in the expert system of the
artificial intelligence, assigned for the selection and integration of information technologies for the computerized distance
training, has been developed. The research of actual aspects in the subject sub-branch of information technologies for the
optimization of the user's interaction with electronic resources of computerized training systems is carried out, as a result
of which, their features and problem moments are outlined. The approaches to the conceptual modeling in the generalized
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structure for the knowledge base of the expert system of the artificial intelligence, aimed at the supporting in the formation
of high-performance information technologies for the optimizing of the user's interaction with electronic resources of
computer-based training systems, are developed. The scientific novelty. The new approaches to the conceptual modeling
of information technologies for the computerized distance training and for the optimization of the user’s interaction with
electronic resources of computerized training systems, based on elements of the theory in knowledge bases of expert systems
of the artificial intelligence, allowing to the increase of the efficiency for these information technologies, are created. The
practical significance. The practical use of the obtained theoretical approaches allows you to increase of the efficiency for
the computer-based training by a few percent on the basis of the working with more appropriate information technologies.
Keywords: information technology, computerized system, training, artificial intelligence system, expert system.

Problem’s statement. The computer-based training
more widely and more deeply covers all educational
processes without exception, including [1]:

— training processes at all levels of the training and
retraining for specialists carried out within educational
institutions;

— various processes of self-education (self-training,
self-study, etc.), which are carried out outside of educational
institutions.

Educational processes in general and, in particular,
the processes of computer-based learning, in their main
essence, are mainly informational in nature, characterized
by: the active transmission and reception for sufficiently
significant amounts of the information; the dynamic
information interaction with feedback and correction of
information influences, etc. [2-3].

Therefore, when trying to improve approaches to the
implementation of the computer-based training, first of all
it should be taken into account that one of the most crucial
roles for its successful implementation is played by the
effectiveness of information technologies underlying it.

Namely, successful concepts of the development,
selection and integration of information technologies
for computer-based training directly contribute to the
ensuring of the high productivity in the functioning of those
information objects, processes and environments that are its
components.

One of the most actual directions for the
implementation of educational processes is computerized
distance training [4].

This educational technology covers many different
segments of the population, for which the main and
extremely critical factor was the availability of the
organizational opportunity to implement the training
in conditions of the territorial distance from certain

educational institutions, teachers, target groups of
students and more.

The practice has shown not only the theoretical
possibility, but also the real feasibility of such situations,
when it becomes extremely necessary to cover by the
computerized distance training not only taken separately
categories on students of educational courses, but also the
one hundred percent of all those studying in educational
institutions for a long time and in conditions of significant
territorial and time constraints, increased psychological
tension, etc.

The providing of the highly productive computerized
distance training with its significant duration, mass
and in conditions of force majeure social and economic
crcumstances  requires  the significant  addition,
strengthening, and development of existing approaches to
its organization.

Based on the above, the urgent question is the research
and elaboration of actual aspects in the subject sub-branch
of information technology for computerized distance
training in order to find efficient and powerful reserves for
their improvement.

Both within the distance training and in general, for
modern high-intensity educational processes, which are
characterized by rather strict time limits, the optimality
in the information interaction of users with numerous
electronic resources of computer-based training systems has
become the quite critical.

The problem is largely due to the coincidence of the
factors that the choice of these electronic resources is almost
endless, the possibilities are very diverse, and the limitations
of actual practical use are not always clearly defined and
fully understood at first view.

Accordingly, another actual direction of the research
and development is the elaboration of actual aspects in
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the subject sub-branch of information technologies to
optimize the interaction of users with electronic resources
of computer-based training systems.

The recent research’s and publication’s analysis.
Methodological foundations for the subject sub-branches of
information technologies in the computer-based distance
training and in the optimization of the user interaction
with electronic resources of computer-based training
systems studied in this consideration, take their origins
from a number of fundamental branches of knowledge, are
currently relevant and have a progressive development.

First and foremost, to specified areas of knowledge
include information theory, information systems and
technologies, software engineering, computer science,
computer systems and networks, artificial intelligence,
information security, technical means for training,
information and communication technologies, pedagogy,
psychology, physiology, and others [5-7].

However, we cannot say that the above subject
subsectors only elaboration (subjected to monitoring,
accumulate, analyze and integrate etc.) achievements in
other branches of knowledge [8].

Subject subsectors of information technologies for the
computer-based distance training and for the optimization
of the user interaction with the electronic resources of
computer-based training systems can be safely called as fully
independent directions of the research and development,
where the desired result is not always possible to achieve by
a simple collecting together of the separate achievements.

To the least researched and tested aspects of a specified
subject subsectors belong those questions that lie at the
intersection of the sciences that are their subsoil, and
require the careful mutual coordination [9].

In particular, it should be noted that the issues related to
the following aspects have been insufficiently studied [10]:

— the conceptualization of environments, phenomena,
states, objects, properties, mechanisms of the functioning,
totalities of the key data, processes, flows, and interactions
of key elements in the subject subsector;

— information components of objects, processes, flows,
and relationships of the subject subsector;

— significant amounts of the information congestion,
saturation, density, redundancy;

— the insufficient completeness, exhaustiveness,
accuracy, clarity, and reliability in the definition of the
information;

— manifestations in the essences of the subject
subsector with the high dynamics of changes and their
uneven distribution in the space and time;

— the complexity of the systems in the subject
subsector, their elements, components, relationships, and
external influences;

— the interaction of elements, components and
systems in the subject subsector with the environment and
its separate components;

— the control of complex systems in the subject
subsector, their components and interaction.

Based on the above, the research and elaboration on
actual aspects in the subject subsectors of information
technologies for the computerized distance training and
for the optimization of user interaction with electronic
resources of computerized training systems should be
carried out using the methodology of expert systems of
artificial intelligence.

The study’s objective. The defining goal of the
work is to solve the actual problem on finding approaches
to strengthening the effectiveness of information
technologies for the computerized distance training
and for the optimize of user interaction with electronic
resources of computerized training systems based on the
application of methodological elements in expert systems
of the artificial intelligence.

The research’s findings. Let's start with the issue on
the research and elaboration of actual aspects in the subject
sub-branch of information technologies for computerized
distance teaching using the methodology of expert systems
of artificial intelligence.

The main feature of modern information technologies
of computerized distance training is that, taken as a whole,
they provide enough powerful, universal, convenient,
and easy to master functional opportunities, tools, and
organizational approaches to the implementation of the
highly efficient distance education.

Atthe same time, if we study the advantages and features
separately for each of the representatives in the totality of
existing information technologies for computerized distance
training, the results of such consideration will show now the
far from ideal state of affairs.

First of all, there is takes place an insufficient full
functionality for each of the taken separately representatives
of these information technologies in relation to the set of
functions that is actually objectively necessary.
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This is accompanied by a high degree of the specificity
for each of the representatives of the researched information
technologies and their narrow specialization in certain types
of educational tasks.

Both theoretical and practical solutions to the above
problem should be sought through the integration of
separate information technologies for computerized
distance training into all-in-one fully functional systems.

We have that fact that ready-made ideal and universal
integrated solutions do not currently exist, and the
implementation of integration processes is not a simple and
unambiguous success case. It is largely due to the need for
successful adaptive linking of these solutions to the practice
of organization and operation of each computerized distance
training system.

Accordingly, there is an urgent need to the create of such
methods and tools that, based on the initial data about the
features of specific computerized distance training systems,

and about the characteristics of existing information
technologies for computerized distance training, will be
able to consult, issue recommendations and decide on
approaches to the choice of specific representatives of these
technologies and approaches to their integration.

Therefore, it seems an appropriate to propose the
use of the methodology in expert systems of the artificial
intelligence.

Namely, first of all, it is necessary to carry out the
conceptual modeling for bases of facts and rules, within the
framework of creating the knowledge base for the expert
system in the selection and integration of information
technologies for computerized distance training.

The main categories of facts and rules for the knowledge
base of the expert system that will support the intelligent
choice and integration of information technologies for
computerized distance training should reflect the conceptual
approach presented in Tables 1-2.

Table 1 - The generalized structural composition for the initial prototype of the facts base as part of the knowledge base
in the expert system for the selection and integration of information technologies for the computerized distance training

The available information sources with which the
The semantic filling for predicates of the facts base as | arguments and meanings of the predicates for the facts
Ne | apart of the knowledge base in the developed expert |  base as part of the knowledge base for the developed
system expert system must be agreed
(the state of their order)
The presenting by the facts in the knowledge base | The lists of names and addresses for information resources
of the determining information about the existing | with descriptions of characteristics on existing information
information technologies for the computerized technologies for the computerized distance training
distance training (require the prior systematization)
, . . The lists of names and addresses for information
The presentation of the key information on the B L n !
L . : resources with descriptions of characteristics for tools on
tools of existing information technologies for the e . . .
2 o L existing information technologies for the computerized
computerized distance training using the facts of the . .
distance training
knowledge base . . N
(require the prior systematization)
. - . The lists of names and addresses for information
The presentation of the basic information about the B -  Tor INtorma‘io
o . . : resources with descriptions of functional possibilities of
functionality of existing information technologies for e . . .
3 . L existing information technologies for the computerized
computerized distance training using the facts of the . .
distance training
knowledge base . . N
(require the prior systematization)
: : The lists of names and addresses for information resources
The presentation as facts in the knowledge base of the | ! - ! ! !
. with descriptions of correspondences between elements
existent correspondences between the names, tools L . .
4 . o . .| and components of existing information technologies for
and functionality of existing information technologies o .
T o the computerized distance training
for the computerized distance training . . .
(require the prior systematization)
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Table 2 — The generalized structural composition for the initial prototype of the rules base as part of the knowledge base
in the expert system for the selection and integration of information technologies for the computerized distance training
The available information sources with which the
arguments, meanings, and logical constructions of the
predicates for the rules base as part of the knowledge
base for the developed expert system must be agreed
(the state of their order)

The lists of names and addresses for information
resources with descriptions of conceptual approaches
to choose of existing information technologies for the
computerized distance training
(require the prior systematization)

The semantic filling for predicates of the rules base
Ne as a part of the knowledge base in the developed
expert system

The presenting by the rules in the knowledge base of the
ways to choose of certain information technologies in
1 | order to form on their basis of the full-fledged system of
tools and functional possibilities for the implementation
of the computerized distance training
The presenting by the rules in the knowledge base of
the ways for the integration of certain information
technologies into the holistic system in order to ensure
proper opportunities for their communication in the
process on the implementation of the computerized

The lists of names and addresses for information
resources with descriptions of conceptual approaches on
integration of existing information technologies for the

computerized distance training
(require the prior systematization)

distance training

We will move on to consider of the question about the
research and elaboration in actual aspects of the subject
sub-branch of information technologies to optimize of the
user's interaction with electronic resources for computer-
based training systems using of the methodology in expert
systems of the artificial intelligence.

On the one hand, we have a variety of opportunities
and benefits in the using of electronic resources for the
computer-based training systems and interaction with
them, as well as the relevant information technologies for
the implementation of the optimal interaction.

On the other hand, there are take place:

— the specifics of the use, in the process of the
information communication with users, electronic resources
of computer-based training systems as a means of purely
artificial origin;

— features of those information environments in which
the specified resources are applied;

— the specifics of those information objects with which
these resources are used.

It is because of the large number for alternatives and
specific features, often decisions about the feasibility,
resource consumption and efficiency of the use and
information communication with each of the many types
of electronic resources for computerized training systems
and complexes of these resources cannot be made on the

basis of simple unambiguous considerations and need of
optimization approaches.

It should be noted that now especially acute appear of
following questions that relate to the effective information
communication and information technologies for optimal
user'sinteraction with the electronic resources of computer-
based training systems:

— the adequate ergonomics of resources and
communication with them (moreover, their safety from
the point of view of standards on the life safety and labor
protection);

— the comprehensive availability of resources
(informational, physical, time, cost, etc.);

— the warranty of the acceptable time for the
user's access to resources with the aim of the informational
interaction with them;

— the easy in study of technologies for the information
interaction with the resources;

— thecomfortintheimplementation of theinformation
communication with resources;

— the efficiency of the information consumption
and assimilation in the process of the interaction with the
resources;

— theaccuracy and stability in functioning of resources.

Based on the analysis was performed, there is a need,
similar to the first of the above tasks, relating to the creating
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and maintaining of the appropriate knowledge base for the
expert system of the artificial intelligence.

First, it is actually to create of a facts base what will
reflect of the key knowledge on:

— electronic resources of computer-based training
systems;

— information technologies of the interaction with
these resources;

— concepts and models of the optimization of this
interaction.

Secondly, it is the development required of a rules base
that will reflect of concepts and methods:

— to develop of effective strategies for the interaction
with electronic resources of computer-based training
systems;

— the formation of information technologies for the
optimization of user's interaction with these electronic
resources.

In particular, one of the most important roles is played
by intelligent rules for the reasonable choice of information
technologies to optimize of the user's interaction with
electronicresources of the computer-based training systems,
which are based on time criteria that take into account
the average time limits of the interaction with resources
and possible deviations from the specified limits what are
inherent and acceptable in these systems (initially, in the
course of work, upon completion of activities) for certain
training scenarios and types of information resources.

CMUCOK NITEPATYPI:

The research’s conclusions. The topical issue of
improving the approaches to the application of information
technologies for the computer-based training on the basis
of the intellectualization of their choice and integration
by the criterion of completeness in functionality and
compatibility of tools is investigated. The analysis of
specifics and problems for actual aspects in subject sub-
branches of information technologies of computerized
distance training and optimization of user's interaction
with electronic resources of computerized training systems
is carried out. The conceptual models of the generalized
structural composition for knowledge bases of expert
systems of artificial intelligence intended for the realization
of the expedient choice and integration for information
technologies of computerized distance training, and
also for the formation of highly effective information
technologies for the optimization of the user's interaction
with electronic resources of computerized training
systems are developed. The proposed new approaches
to the conceptual modeling of information technologies
for the computerized distance training and for the
optimization of the user's interaction with electronic
resources of computerized training systems can enhance
the effectiveness of these information technologies. The
practical use of the obtained developments allows increase
the efficiency of the computer-based training by a several
percent on the basis of working with more appropriate
information technologies.
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AHoTauia. MeTa CTaTTi NONATa€e y NOWYKY WAAXIB BUPILLEHHA aKTYanbHOr0 3aBAaHHA BAOCKOHANOBAHHA NpoLeciB
i MOKpALLeHHA pe3ynbTaTiB NPaKTUYHOrO 3aCTOCYBAHHA IHPOPMALiAHNX TEXHONOTI KOMN'I0TEPU30BAHOT0 HABYAHHH
Ha OCHOBI iHTenekTyaniauii nigxodis Ao iXHbOro BMOOPY il iHTerpauii 3a KputepieM MOBHOTU ¢yHKLiOHANbHMX
MOXNNBOCTEN i CyMiCHOCTi iHCTpymeHTapito. MeToAm focnifxeHHA. MeTogonoriyHMM nigrpyHTAM AOCTIAXeHb € 3ac00u
Ta meToan Teopii iHpopMaLii, iHGOpMaLiiHUX CMCTEM | TEXHONOTII, KOMN'TEPHMX CUCTeM, KOMN'TepU30BaHOro
HaBYAHHA, eKCMePTHUX CUCTEeM LITYYHOro iHTenekTy. OCHOBHI pe3ynbtatn AOCNifXeHHA. [TpoaHanizoBaHo akTyanbHi
aCneKTyU NpesMmeTHOI nigrany3i iHGopmaLiliHIX TEXHONOTiI KOMN'0TEPU30BAHOM0 AMCTAHLIAHOTO HABYAHHS, Y NiACYMKY
4oro, BUABNEHO iXHI0 cneumndiky Ta npobnematuky. Po3pobneHo KoHUeNTyanbHy MOAeNb y3aranbHeHoro CTPYKTYPHOro
CKnagy 6asu 3HaHb eKCNepTHOI CUCTeMM LUTYYHOTO iHTeNeKTy, Npu3HayeHoi AnA BUOOPY il iHTerpauii ingopmauiinHmx
TEXHOMOili KOMN'I0TEPU30BAHOMO ANCTAHLiiHOMO HABYAHHA. 3AiiACHeHe JOCNIAKEeHHA aKTYaNbHIX acNeKTiB npeaMeTHOT
nigranysi iHGopmaLifiHuX TexHoNoriil ONTUMI3auii B3aEMOAil KOPUCTYBAYiB i3 €NeKTPOHHUMU pecypcamin CUCTem
KOMN'l0TepU30BAHOr0 HaBYaHHA, 3a pe3ynbTaTaMii AKOro, OKPecnaeHo ixHi 0co6nuBocTi Ta npobnemHi MOMeEHTH.
Po3pobneHo migxoan [0 KOHUENTYanbHOro MOAENIOBAHHA y3aranbHeHoi CTpyKTypyu 6a3u 3HaHb eKCnepTHOI CucTemu
LUTYYHOTO iHTENEKTY, CNPAMOBAHOI Ha NIATPUMKY (OPMYBaHHA BMCOKO Pe3ynbTaTUBHMX iHYOPMALiHMX TeXHONOT il
ONTUMi3aLii B3aEMOAIT KOPUCTYBaYiB i3 eNeKTPOHHMMM pecypcamm CUcTeM KOMN'0TepU30BaHOr0 HaBYaHHA. HaykoBa
HOBWU3Ha. (TBOPEHO HOBI NiAX0AM 0 KOHLENTYaNbHOro MOAENBAHHA iIHGOPMALIiHIX TEXHONOTII KOMN'KOTePU30BaAHOT0
AVCTAHUINHOTO HABYAHHA il ONTUMI3auil B3aEMOAIl KOPMCTYBAuiB i3 eNeKTPOHHUMU pecypcamum  cuctem
KOMN'l0TepU30BaHOr0 HaBYAHHA, OCHOBAHI Ha eneMeHTax Teopii 0a3 3HaHb eKCNepTHUX CMCTEM LUTYYHOTO iHTeNeKTY,
o A03BONAKTD MOCMAUTU AI€BICTb 3a3HaueHMX iHGOpMaUiitHUX TexHomorii. MpakTUuHa 3HauMmicTb. [pakTuyke
BMKOPUCTAHHA OTPUMAHMX TEOPETUYHUX MNiAXOAIB A03BONAE HA AeKinbka BifCOTKIB NiABULLYBaTM edeKTUBHICTb
KOMN'I0TEepPM30BaHOr0 HaBYAHHA Ha 0CHOBI po60Ty 3 6inbL AOLINbHUMI iHYOPMALIAHUMU TEXHONOTiAMM.

Kntouoei cnoea: inghopmayitiHa mexHonozis, Komn'tomepu308aHa cucmema, HagYaHH, CUCMeMA WMyY4H020 iHmesnekmy,
eKcnepmHa cucmemd.
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AHHOTaI.lMﬂ.LlEJ'IbCTaTbVBaKJ'IIOanTCﬂBI'IOI/ICKEI'I)/TEVIpEMEHMﬂaKTyaﬂbH0ﬂ3aﬂaqMI'IOCOBEpLLIEHCTBOBaHVIIOI'IpOLI,ECCOB
N YNyylEHNo pe3ynbraToB NPaKTUYeCKOro NpUMeEHEHnA VIH(I)OpMaLlVIOHHbIX TEXHONOrni KOMMbOTEPU3NPOBaHHOTO
06yHEHVIFI Ha 0CHOBE MHTENIEKTYa3aLUun noaXo40B K X Bbl60py N NHTErpauumn no KPUTEPUIO NONHOTDLI (I)yHKLlI/IOHaJ'IbeIX
BO3MOXHOCTEA W COBMECTUMOCTH NHCTPYMEHTApKA. MeToabl mccnenoBaHua. MeTogonornyecknm OCHOBaHMEM
NCCNeaoBaHNi ecTb CpeacTea U MeToAbl Teopun VIH(I)OpMaLl,VII/I, VIH(I)OpMaLlI/IOHHbIX CUCTEM W TEXHONOTWIA, KOMMbKOTEPHbIX
CUCTEM, KOMNbIOTEPU3NPOBAHHOTO 06yl-IEHI/1ﬂ, JKCMEPTHbIX CUCTEM UCKYCCTBEHHOTO WHTENNEKTA. OcHoBHble pe3ynbratbl
ncenenoBaHnA. ﬂpoaHaJ'II/Bl/IpOBaHbI dKTyaNlbHbl€ aACNEKTbI I'IpEZI,METHOVI noaoTpacnun VIH(I)OpMaLl,VIOHHbIX TEXHONOrnit
KOMMbIOTEPU3NPOBAHHOIO ANCTAHLIUOHHOIO OﬁyquMﬂ, B uUTOre 4ero, BbIABJIEHO WX CI'IELI,I/I(I)I/IKy n HpOﬁﬂEMaTMKy.
Pa3pa60TaHa KOHUENTYaNnbHaA MoaeNb 060611eHHOr0 CTPYKTYPHOro (C0CTaBa 0a3bl  3HaHMWiA 3KCI'I€pTH0[7I CUCTeMbl
NCKYCCTBEHHOTO  UHTENINEKTA, npenHaaHaueHHoﬂ anAa Bbl60pa N WUHTErpauumn VIH(I)OpMaLI,VIOHHbIX TEXHONOIiA
KOMMbIOTEPU3NPOBAHHOIO ANCTAHLIMOHHOIO OﬁleEHVIﬂ. OcyLI.IECTBHEHO nccnenoBaHne akTyalibHbIX aCneKkToB HpenMETHOIZ
noaoTpacn VIH(I)OpMaLI,VIOHHbIX TEXHONOTMIA ONTUMU3ALUM B3aUMOJEACTBUA NoIb30BaTeNeil ¢ 3NEKTPOHHbIMU pecypcamu
CUCTEM KOMNbHOTEPU3NPOBAHHOTO OﬁleEHI/Iﬂ, no pe3ynbratam KOTOPOro, onpeaeneHbl ux 0cobeHHOCTY 1 I'IpOﬁJ'IEMHbIE
MOMEHTDbI. Pa3pa60TaHb| noaxodbl K KOHUENTyaJibHOMY MOAENNPOBaHUI0 0606L1eHHON CTPYKTYPbI 0a3bl  3HaHMIA
3KCI'I€pTH0[7I CUCTEMbI UCKYCCTBEHHOTO UHTENINEKTA, Hal'lpaBJ'IEHHOI7I Ha NOAAEPXKKY (I)OpMVIpOBaHMﬂ BbICOKO pe3yNnbTaTUBHbIX
I/IH(I)OpMaLlI/IOHHbIX TEXHOMOTWIA ONTUMM3ALUKN B3aUMOAENCTBUA Nosb30BaTeNeil ¢ NEKTPOHHbIMU pecypcami CUCTEM
KOMMbOTEPU3NPOBAHHOTO 06quHVIFI. Haquaﬂ HoBW3Ha. (03aHbl HOBbIE NOAXOAbI K KOHUEeNTyaibHOMY MoAeNnnpoBaHuio
I/IH(I)OpMaLlI/IOHHbIX TeXHONorni KOMNbKOTEPU3NPOBAHHOTO ANCTAHLIUOHHOIO 06)NEHI/I${ U ONTUMM3ALUN B3aUMOJEIACTBMA
nonb3oBarteneii ¢ SNIEKTPOHHbIMK pecypCaMit CUCTEM KOMMNbHTEPU3UPOBAHHOIO OG)NEHVIFI, OCHOBAHHbIE€ Ha 3IEMEHTAX
Teopun 06a3 3HaHwmil IKCNEPTHbIX CUCTEM WCKYCCTBEHHOTO WHTENNEKTA, KOTOPblE MO3BOJIAKT YCUNUTD AeiCTBEHHOCTb
YKa3aHHbIX MH¢0pMaLI,VIOHHbIX TEXHONOTNiA. ”paKTVNECKaFI 3HaYUMOCTb. npaKTI/l'-JECKOE ncnonb3oBaHue NoNyYeHHbIX
TEOPETYeCKNX noaxonoB no3BOJIAET Ha HECKONbKO NMPOLEHTOB MOBbIWATb 3¢¢EKTI/IBHOCTb KOMMbKOTEPU3NPOBAHHOTO
06yHEHVIFI Ha 0CHOBE pa60TbI c bonee LIEJ'IE('.006pa3HbIMI/1 MH¢0pMaLlIAOHHbIMVI TEXHOJIOTMAMN.

Knioueswte cnosa: UH(I)OPMGL{UOHHGH mexHo/i0eus, KomMnblomepusuposaHHasa cucmema, 06)/LI€HLI€, cucmema
UCKycCmeeHH020 UHmMesiiekma, 3KCnepmHas cucmema.
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BUMOTH 10 0OOOPMJIEHHA CTATEM
B XypHani «[lpo6nemu inpopmauiitHux Texnonorin»

KypHan «[lpobnemu iHdopmaLiiiHux TexHONOrili» € NepioAMYHMM HAyKOBMM XKYPHaNOM, AKWIA BKMIOUEHO [0 Nepesiiky HaykoBuX (axoBux
BMAAHb YKpaiHu 3 TexHiuHux Hayk (Haka3 MinictepcTBa ocBiti i Haykun Ykpaiu N2 820 gig 11.07.2016 p.).

KypHan nybnikye CTaTTi 3 HOBUMI HAYKOBUMM pe3yabTaTaMy B 06NMACTi TEOPETUYHUX | NPUKNAAHMX NPO6NEM CyyacHMX iIHPOPMALLiiiHIX TeXHO-
TIOTiiA, CUCTEMHOTO aHani3y i MOAENOBAHHA 3@ TAKUMM rPynamin cneLianbHoCTed:

121 InxeHepia nporpamHoro 3abe3neyeHHs.

122 Komn'toTepHi HayKm.

123 Komn'toTepHa iHxeHepiA.

124 CuctemHuii aHanis.

125 Ki6epbe3neka.

126 IndopmaviitHi cuctemn i TexHonorii.

MinimanbHuit 06car cTatTi — 8 cTopiHoK. MakcumanbHuii — 20 cTopiHok. Jlitepatypa Ta aHoTaLii Takox BX0AATb 10 3aranbHoi KinbKoCTi CTOPIHOK
nybnikaii.

KypHan BUAAETHCA YKPATHCLKOH, AHMNICHKOI0 Ta POCITCbKOI MOBaMIA.

Mybnikavuia cTaTeii 34iliCHIETHCA HA MNATHIN OCHOBI. Po3mip BHecKy 3a ny6bnikavito CTaTTi CTaHOBUTbL 45 rpH 32 KOXHY (MOBHY YK HEMOBHY)
CTOPiHKY NoJaHux Matepianis.

MKypHan BKnoueHo 0 HayKoBO-MeTpuuHuX 6a3 AaHux, undpoux apxisis Ta 6ibniotek 3 6e3kowwToBHUM on-line-goctynom: Index Copernicus,
CrossRef, Google Scholar, Directory of Open Access Journals (DOAJ), Research Bible, Open Academic Journals Index (OAJI), AcademicKeys, National
Library of Ukraine (Vernadsky).

BUMOTYW 10 3MICTY 1 OOOPMNEHHA HAYKOBMX CTATEIA

HaykoBa ctatta B XypHani «[lpobnemu iHGopmaLiitHux TexHonorii» NoBUHHA BiAnoBigatu Bumoram n.3 [loctaHoBu BAK YkpaiHu
Ne 7-05/1 ig 15.01.2003 poKy Ta BpaxoByBaT/ BUMOTM MiXHAPOAHUX HayKomeTpuuHmx 6a3 gaHux (Scopus / Elsevier database, Clarivate Analytics /
former Thomson Reuters, Web of Knowledge, CrossRef / Digital Object Identified Ta iH.) 4o HayKoBuX cTaTeil.

Pepakuiiina Koneria pekomeHAy€e aBTOpam AOTPUMYBATUCA TAKOI CTPYKTYPU HAyKOBOI CTaTTi:

1. MocraHoBKa Nnpo6nemu. HeobxigHO PO3KPUTYH CYTHICTD i CTaH HayKOBOT Npobnemi y 3aranbHoMy BUMAZI, ii TeopeTuuHy Ta (abo) npak-
TUYHY 3HaUyLLiCTb, 06rPYHTYBATI aKTYaNbHICTb AOCNIIKEHHA.

2. AHani3 ocTaHHiX gocnigKeHb i nyénikauii. HeobxigHo npoaHanisyBati 0CHOBHI NONOXEHHA 0CTaHHIX BOCILKeHb i nybnikauili, wwo
6e3nocepeHbO CTOCYIOTbCA NOPYLUEHO NPo6aemMI, BUOKPEMUTY HEBUPiLLEHi paHilue YacTH 3aranbHoi npobnemu, AKUM NPUCBAYEHO CTATTIO.

3. Mera gocnigxenHs. HeobxiaHo BUCNoBUTH 0CHOBHY ifjeto nybnikaLi. MeTa LocnifxeHHA Mae BUNANBATI 3 NOCTAHOBKM Npobnemu i aHa-
Ni3y OCTaHHIX FOCAIKEHDb | My6niKaLii, y Hiil NOBUHHO BTN UITKO BU3HAUeHO KiHLIeBUA HayKOBUI pe3ymbTar.

4. Buknap matepiany pocnigxeHHs. HeobxiHO BUCBITNMTYM OCHOBHI MONOXKEHHA | pe3yNbTaTin HAYKOBOTO AOCNIIKEHHS.

5. BucHoBKM. HeobxigHo BUCBITAMTA HAlbiNbLL BaX/UBI pe3ynbtati AOCNIAXKEHHA, AKI MIiCTATb HayKOBY HOBW3HY i MalTb TeOpeTUYHe
Ta (a00) MpaKkTUYHE 3HaueHHS.

6. Cnucok niteparypu. Cnucok nitepatypu noBuHeH 6yTv oQopmMaeHnii y ABOX BapiaHTax:

1) BianoiaHo o MixHapogHoro bibniorpadiunoro cranaapty APA: https:/www.apastyle.org;

2) sianosigHo 2o 1CTY 8302.2015 «IndpopmaLia Ta sokymenTauia. bibniorpadiuni nocunanHA. 3aranbHi nonoxeHHA Ta npaBuna CknagaHHA».

Y cnncky nitepatypu 060B’A3K0B0 NOBUHHI 6yTv NPUCYTHI Axxepena 3 AOCNiAKyBaHOi npobnemu He binblue Hix 3—4-piuHoi gaBHocTi. He cnig
06MexyBaTMCA LUTYBAHHAM PODIT, AKi HanexaTb TiNbKY 0AHOMY KONEKTMBY aBTOPiB abo AOCIAHULbKIi rpyni.

HeobxifHMMu € nocunaHHA Ha CyyacHi MixxHapopHi ny6nikavii. (ratTi, AKi He MiCTATb NocUnaHb Ha poboTu, onybnikoBaHi NPOTArOM 0CTaHHBOrO
JeCATUNITTA, aBTOMATUYHO BBAXAKOTbCA TaKMMIA, LLO He BifNOBIAAIOTb peAaKLiiiHM BUMOraMm.
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CTPYKTYPHI EJIEMEHTH HAYKOBOI CTATTI

Inpekc YAK y BepxHbomy nisomy kyTi ctopinkn (Times New Roman, 12 nT).

Indpopmauia npo aBTopis (cniBasTopiB) CTaTTi (iM'A Ta NPi3BULLE MOBOIO CTATTi, HAYKOBMIA CTYNiHb, BYEHe 3BaHHA, N0Caa, Micue poboTn,
HaceneHuii NyHKT, KpaiHa, agpeca enektpoHHoi nowwtu, ORCID ID) (Times New Roman, 12 nT, BUpiBHI0BaHHA — No NiBOMY Kpalo).

HasBa crarTi. Ha3By ctarTi notpibHo nogasatin HaniBXupHUM WPMGTOM BEAUKMMY NiTepamil 3 BUPIBHIOBAHHAM N0 LEHTPY, 6€3 ckopoueHb,
30Kpema nitepHux abpesiatyp. Ha3Ba CTaTTi NoBMHHA BifobpaxaTin 3MiCT BOCNIKEHHA Ta BiANOBIAaTH HOr0 MeTi, HayKOBIM pe3ynbTaTam i BUCHOB-
Kkam. (Times New Roman, 14 nt, HaniBxupHuii wpugr).

AHoTauia moBoto cTatTi. 06cAr aHOTaLii Ma€ CTaHOBMTM 2—3 TUC. 3HAKIB pa3oM i3 KntouoBumu cioamm (4—8 cnis). (Times New Roman, 12 nt).

AHoTauis Ma€ MicTUTH TaKi CTPYKTYpHI enemeHTy:

1) meTa CTaTTi;

2) MeTOAU AOCNIMKEHHS;

3) OCHOBHi pe3ynbTaTit ZOCNIIKEHHS;

4) HayKoBa HOBM3Ha;

5) NpaKTMyHa 3HAYUMICTD.

Mepenik KAOYOBMX CNIB, AKMIl NOUNHAETHCA 3i CiB: «Kntoyosi cnoga:» (Times New Roman, 12 nT, kypcuB).

MocTaHoBKa npo6nemu

AHani3 ocTaHHiX gocnigKeHb i nyénikauin

MeTa gocnipeHHa

Buknap matepiany gocnigxenusa

BuchHoBku

Cnucok nitepatypu

Y Tekcti TaTTi MOXHa nogasati intoctpaii. Mignuc nig intcTpauieo Mae CKNaJaTUCA 3 YOTUPbOX OCHOBHMX eIeMEHTIB: HailMeHYBaHHA, LU0
M03HAYaETbCA CKOPOUEHUM CT0BOM «PC.»; NOPARKOBOrO HOMEpa iNloCTpaLlii, AKMIA BKa3yeTbcA 6e3 3HaKy Homepa apabcbKumu Lndpamu; Tematmy-
HOTO 3ar010BKa iNOCTPaLii, o MiCTUTb TEKCT 3i CTUCIOK XapaKTePUCTUKOK 306paeHHs.

[ntoctpadii notpi6Ho odopmnioBaTi okpemumu Gaitnamu y popmarax jpg, tiff, png Hanexwoi akocTi. Po3ginbHa 3gaTHiICTL Mae 6yTu He MeHL AK
300 dpi, a po3mip 306pakeHHA — He MeHLW AK 1060 x 1410 pixel.

Tabnuui HeobxigHO BUKOHyBaTY y TekcToBOMY pepakTopi MS Word 2016.

KoxHa Tabnuua noBuHHA MaTih NOPAAKOBUIA HOMEp | TEMATUYHWIA 3aroNOBOK, AKi HEOOXiAHO PO3MICTUTU HAZ HElo CUMETPUYHO [0 TEKCTY.

Oopmynu noTpibHo noaasatk 3a gonomoroto pegaktopa popmyn MS Equation 3.0, Math Type.

Takox matoTb 6yTin aHoTaLi yKpaiHCbKOIO Ta POCiCbKOI0 MOBAMM, AKi 33 3MiCTOM LIINKOM BiZNOBiAA0Tb aHOTALi aHrMificbKot MOBOI0. KoxHa
aHOTaLiA TaKoX NOBMHHA MiCTUTI iHpOPMaLlito NPo aBTOPIB, BiANOBIAHO MOBO.

Penakuiiina konerig He 060B'A3K0BO NoAINA€E NO3ULit0, BUCNOBNEHY aBTOPAMU  CTATTAX, Ta He Hece BifNOBIAANbLHOCTI 33 JOCTOBIPHICTb HaBe-
AEHUX JAHNX, UNTaT, GaKTIB Ta NOCUNAHD.
Penakuiiina koneria 3anuwwac 3a co6oto NpaBo BiAXMNATY MaTepiany, Lo He BiANOBIAAIOTb pefaKLiliHAM BUMOraM, MaloTb HI3bKMIA HayKOBHIA

piBeHb Ta He NPOMLLAA NPOLLEAYPY PELEH3YBAHHS.

BUMOTM 10 NOAAHHA HAYKOBOI CTATTI

[ina ony6nikyBaHHA HayKOBOI CTaTTi Ha aipecy eneKTPOHHOI NoLTY XypHany (magazinepit@ukr.net) HeobxigHo HapicnaTw i eNeKTPOHHY Bepcito
pa3om i3 intocTpaLiamm, odopmaeHUMI okpemumm dpaiinamu y BignosigHMX popmatax.

3Beptaemo yBary!

AgTopy (cniBaBTopam) He noTpibHO HaACNaTK peLieH3ilo, OCKINbKM KOXHa NofaHa ANA ony6ikyBaHHA HayKoBa CTaTTA NPOXOAUTb aHOHIMHe
peLieH3yBaHHA Ta NepeBipKy Ha HAABHICTb Nnariaty.

Bumoru go opopmnennsa dainy:
TekcT HayKoBOI CTaTTi MOBMHeH 6yTu HajpykoBaHwii y Tekctoomy pegaktopi MS Word 2016 (y dopmati docx); dopmat nanepy:
A4 (210 x 297 MMm); opi€HTaLiA CTOPIHOK: KHIKKOBA i3 BUPIBHIOBAHHAM MO LUMPWHI 3 BIACTYNOM Bifj N1iBOFO Kpato — 1,25 MM; NONA: BEPXHE, HIKHE,

npase — 2 cm, nie — 2,5 cm; wpmudT: Times New Roman (po3mip wpudty — 12 pt); mixpaakosuii intepsan — 1.

Y TeKcTi He NOBMHHO BYTI NepeHOCiB | MAKPOCiB. Y TeKCTi CTaTTi BUAINAKTLCA NULLe Ha3BM PO3AiNiB CTaTTi, BiANOBIAHO A0 ii CTPYKTYpu. IHWMX
BUAINeHb He Mae byTn.
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Oopmynu noTpibHo nogasaty 3a gonomoroto pegaktopa popmyn MS Equation 3.0, Math Type. Bci dopmynu BctasnawTbea B Tabauuio 3 He
OKpecieHUM KOHTYPOM, L0 CKNAfAETbCA 3 ABOX KONMOHOK: Y nepLUili 3HaXoAUTbCA dopmyna 6e3 ab3auy Ta BUPIBHAHA NO LieHTPY, B APYrili - Homep
dopmynu (AKLL Takmil €) Tex 6e3 ab3awy Ta 3 BUPIBHIOBAHHAM N0 NPaBOMY Kpaio. KOpAoH MiX KooHKaMK TabnuLli BCTaHOBAIOETbCA HA NO3HaYL
14 cm. Y TekcTi opmynu NoBUHHI 6yTh BUAINEHi 3Bepxy i 3HU3Y NOPOXKHIM pAAKOM. Huxue HaBefeHo NpUKnag BCTaBKM Gopmynu:

MapameTpu B pesakTopi Gopmyn NOBUHHI 6yTU TakKUMY:
Po3mipu (onuis meHio peaaktopa Equation Editor: PO3MIP, BusHauuTu ...):

+  3BnYaitHuii 10nT
«  Benuknit inpexc 7nt
«  [IpibHuii inpekc 50T
+  Benuknit cumson 16 nt
+  [lpibHuit cumBon 10nT

Cruni (onuisa meHio CTUIb, Busnauutm...)

o Tekcr Times New Roman

+ OyHkuia Times New Roman

«  3MiHHa Times New Roman

«  Pap. rpeubki Symbol

«  [lp. rpeubki Symbol

«  (umBon Symbol

«  Marpuusa-ekTop Times New Roman  HaniBxupHuii
« Uncna Times New Roman

Tabnuui cTBoprOOTLCA TinbKM 3@ fonomoroto Microsoft Word. Mepenbauaetbca 06mexeHHa Ha KinbKictb (<5).
2. CymapHuii 06car pucyHkis i Tabnuupb nouHeH 6yTu MeHLwe 50 % obcAry 0CHOBHOTO po3ainy.

MpoxaHHA Ao aBTOPiB CyBOPO AOTPUMYBATMCA BUMOT peakonerii. B iHwomy Bunapky Bawy crarTio 6yae BigxuneHo.
Y pasi HeobxigHOCTi yTouHeHHA iHpopMmaLii oo 0GopMNeHHA cTaTell — 3B'A30K 3 BiANOBILANbHUM CEKpeTapeM XypHany
e-mail: magazinepit@ukr.net

PyKOI'II/ICI/I dBTOPAM He NoBepTakTbCA.

Pykonucu ana po3rnany Penkonerieto 36ipHuka npuitmatoTbca Ha Kadeapi lporpamHux 3aco6is i TexHonorili XepcoHcbKOro HawioHanbHoro
TeXHIYHOTO YHiBEPCUTETY 3a aAiPecoto:

73008, YkpaiHa, m. XepcoH, bepucnascbke woce, 24, XHTY, kopn. 3, ayn. 316.
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