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Aunomayin. YV Geiuxkux MOpPCbKUX mda pIiuKOGUX MPAHCNOPMHUX KIACMEPAX 4YACMKA 3a0pyOHeHb NOGIMPSAHO20
cepedosuwya, Wo HANeHCUmMv CYOHOBUM EHePemUYHUM YCMAHOBKAM, nepebitvuye 7 % 6i0 3a2anbHOI KitbKOCmi 6UKUOI6
wiKiOnueux pevosun. Exonociunuti 30umox, SUKIUKY8AHUL POOOMOI MENI08UX OBUSYHIE GHYMPIUIHLO2O 320PSAHHS,
CKAA0AeEmMbCsi SIK 3 3a0PYOHEHHs cepedosuwa 2a3amu, wo iopoouny, mak i "memnepamypHomy 3a6pyOoHenHi” — euxuoax y
008KINIA 8eNUKOI KLIbKOCMI HUuzbKomemnepamypuoi meniomu. Haonuwkosa mennoma iniyitoe pisui xnimamuuui aHomanii
2nobanvHoco xapaxmepy. Iemomuuil éniue na xamacmpoiuni npoyecu gusenie "napuuxosuu egpekm”, wo npueodums 00
BMIHU XAPAKMepPy NPOMEHUCIO20 MENI00OMIHY MIJNC 3eMHOI0 NOGEPXHEI0 U Wapamu ammocgepu 6HACHIOOK 30i1buleHHs
emicmy 6 il diokcuody syeneyro. Pamkosa xonsenyia OOH npo 3miny knimamy (UN FCCC) i Kiomcokuii npomoxon 1997 p.
BUSHAYUIU 0epAHCABHI 30008'A3aHHA Ol KPAIH-YYACHUYb 8IOHOCHO 3HUNCeHHA eukudie CO, . B 1997 p. na MixcrhapooHii
KoHGhepenyii cmopin Mixchapoornoi konsenyii no 3anobieanuio 3a6pyonenns iz cyoie (MAPIIOJI) 6yna npuiinama Pezomoyis
8 no "euxuoax eyenexucioeo easzy iz cyoen”, y skit Mixcnapoonoi mopceroi opeanizayii (IMO) y cnigpobimnuymsi i3
Cexpemapiamom Pamrosoi koneenyii Opeanizayii O0'eonanux Hayiv npo 3miny kiimamy 0yao 3anponoHo8ano 3anposaoumu
KOMNIEKC 3aX00i8 w000 8USUEHHS GNIUBY UKUOIE NAPHUKOBUX 2A318 13 CYOEeH 3 MEMOK 6CMAHOGIEHHS KLIbKOCMI Ul 6i0HOCHO20
NPOYEHMHO20 BMICMY BUKUOIE 8Y2lleKUCI020 2a3y 3 cyoeH. Ha niocmagi ananisy pezynomamis 00ciodxncenn, sukonanux y 2007
Pp., BUBHAYEHO, WO YACMKA BUKUOIE NAPHUKOBUX 2A3I8 Y MINCHAPOOHOMY CYOHONAAGCMEL 8dice cKaana npubauzuwo 2,7 %
ceimogux euxudie Cp. [na nodanvbuioco 3HUdNCEHHS 6NAUBY CYOeH MAa Kopabnié HA AKICMb HABKOIUUIHBLOZO Cepedosuiyd
HeoOXIOHa peopeaHizayis eHepeOBUKOPUCANHA 8 CYOHOBUX eHepeemuyHux ycmanoexax. Ilocmasenena 3adaua supiuyemocs
mum, wo 607I0KOHHO-ONMUYHUL OAMYUK BY2leKUC1020 2a3y, Wo CKIA0AEMbCA 3 OCHO8U, ceimzzoeoba, M€M6paHu, ()ofcepeﬂa
BUNPOMIHIOBAHHS Ma omonpuimaua ma siKutl GIOPIZHAECMbCSA MUM, WO CEIML0B00 € PEBOILEEPHO20 MUNY, 3ADIKCOBAHUL Y
OCHO8i, 3 00H020 OOKY CHONYHAEMbCA 3  PO32ATYHCYBAUEM, OHCEPELOM BUNPOMIHIOBAHHA Ma omonpuimayem, 38'a3aHUX 3
bnokom ocicusnientss ma peecmpayii. 3 Opyeoeo GOKy C8ImI0800 HA MOPYi MA€E GI0O3EPKANIOIOYUL WAD MA CNOJAYYEHUU 3
MeMOPAaHOoI0, SIKA € 2A30NPOHUKHOIO. BHympiwni omeopu c8imno8oda eKpumi utapom oxkcuoy iHoilo-0106a, a 306Hi C8IML0600
6Kpumu12 mepMOKOMneHcauilZHOIO 000JI0HKO10 MA 3GXUCHUM YOXJIOM.

Abstract. In large marine and river transport clusters, the share of air pollution belonging to ship power plants exceeds 7%
of the total emissions of harmful substances. The environmental damage caused by the operation of internal combustion
engines consists of both pollution of the environment with exhaust gases and "temperature pollution” - emissions of large
amounts of low-temperature heat. Excess heat initiates various global climatic anomalies. The "greenhouse effect" has a
significant effect on catastrophic processes, which leads to a change in the nature of radiant heat exchange between the earth's
surface and the atmosphere due to an increase in the content of carbon dioxide. The United Nations Framework Convention
on Climate Change (UN FCCC) and the 1997 Kyoto Protocol set out national commitments for member states to reduce C2
emissions. In 1997, the International Conference of the Parties to the International Convention for the Prevention of Pollution
from Ships (MARPOL) adopted Resolution 8 on "carbon emissions from ships"”, in which the International Maritime
Organization (IMO) in cooperation with the Secretariat of the Framework Convention of the United Nations On climate
change, it was proposed to introduce a set of measures to study the impact of greenhouse gas emissions from ships in order to
determine the amount and relative percentage of carbon dioxide emissions from ships. Based on the analysis of the results of
research conducted in 2007, it was determined that the share of greenhouse gas emissions in international shipping has
already amounted to approximately 2.7% of global CO, emissions. To further reduce the impact of ships and vessels on the
quality of the environment, it is necessary to reorganize energy use in ship power plants. The problem is solved by the fact that
the fiber-optic carbon dioxide sensor, consisting of a base, fiber, membrane, radiation source and photodetector and
characterized in that the fiber is a revolving type, fixed in the base, on the one hand communicates with the splitter, radiation
source and a photodetector connected to the power supply and registration. On the other hand, the fiber at the end has a
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reflective layer and is connected to a membrane that is gas permeable. The inner openings of the fiber are covered with a layer
of indium-tin oxide, and the outer fiber is covered with a thermal compensation shell and a protective cover.

Kirouosi ciioBa: BerIeKI/ICJII/Iﬁ ras, BOHOKOHHO-OHTI/I‘IHI/II;'I, JaT4YuK.
Key words: carbon dioxide, fiber-optic, sensor.

Beryn

3ropsiHHSL PiIKMX BYTJICBOJHEBUX EHEPrOHOCITB Ha CyqHAaX Ta KOpaOJsX CYNPOBODKYEThCS BUKHIOM B atMmocdepy
TOKCHYHUX 3'€THAHb, OKCHJIB BYIJICLIO i TBEpOMX YACTOK, IIO € HEOE3MEeYHUM JDKEPEIOM 3a0pyJHEHHS HABKOJIHMIIHBOTO
CepeIOBHINA. 3a AHATITUYHUMH JAHUMH CGKOHOMIYHHMK 30WTOK BiJ IIKI[IMBOIO BIUIMBY Ha CKOJOTIYHHM CTaH JOBKLLISL
nocsirae 10 % Bix BapTOCTI BHYTPIIIHHOTO BaJIOBOT'O ITPOJIYKTY.

VY BENMKHX MOPCHKHX Ta PIYKOBUX TPAHCHOPTHHX KJIACTEpax 4yacTKa 3a0pyTHEHb MOBITPSHOTO CEPEIOBHUINA, 10 HAJIEKHUThH
CYZIHOBHMM €HEPreTHYHHM YCTaHOBKaM, nepeOubinye 7 % Bif 3arajapHOl KiIBKOCTI BUKH/IIB IIKITTMBUX pe4oBHH. Exonoriyanit
30MTOK, BUKJIMKYBaHHH POOOTOIO TETUIOBHX JBHTYHIB BHYTPIIIHBOTO 3TOPSHHS, CKIIAIAE€THCS SK 3 3a0pyIHEHHS CEpeOBHILA
rasamy, 10 BiApoOwnn, Tak ¥ "TemmeparypHoMy 3a0pyAHeHHI" — BHKWZAX Yy JIOBKULIS BENHMKOI KUTBKOCTI
HU3BKOTEMIIEpaTypHOI TeruIoTH. HaamimikoBa Teruiora iHinitoe pi3Hi KIIiMaTH4HI aHOMAaTii I7100aJbHOro Xapakrepy. lcroTHuit
BIUIMB Ha KaracTpoQiuHi Iporecu BUSBISAE "TapHUKOBHH edekT”, M0 NpHBOMUTH 0 3MIHHM XapakTepy MPOMEHHCTOTO
TEIUIO0OMIHY MiXK 3€MHOIO TIOBEPXHEIO 1 IMapaMu aTMoc(epr BHACTIOK 30UTBIIICHAS BMICTY B Hill JIOKCHAY BYTJIEITO.

PamkoBa komBermis OOH mpo 3miny kimimaty (UN FCCC) i KioTtcpkmii mportokon 1997 p. BU3HaYWIM JeprKaBHi
3000B's13aHHS AJIsI KpaiH-y4acHHUIlb BIAHOCHO 3HmkeHHs BUKHIIB C, . B 1997 p. Ha MixHapoaHiii koH(epeHLii cTopiH
MixHapoaHoi KOHBEHUII 1o 3amoObiranHio 3a0pyaneHHs i3 cyaiB (MAPIIOJI) Oyna npuiinsra Pesomouis 8 no "Bukuumax
BYIJIEKUCIIOrO ra3y i3 cyaeH", y skidi MixnapogHoi Mopcbkoi opranizauii (IMO) y cniBpoOiTHunTBi i3 Cekperapiatom
PamkoBoi kouBenmii Opranizanii O0'ennanux Hamiii mpo 3MmiHy KiaiMaty Oyio 3ampoIOHOBAHO 3alpOBAJUTH KOMILICKC
3aXO/iB IOJ0 BHBYCHHS BIUIMBY BHKHIIB NapHUKOBHX Ta3iB i3 CyJIeH 3 METOI0 BCTaHOBJICHHS KUIBKOCTI M BIJJHOCHOTO
MIPOIIEHTHOTO BMICTY BUKH/IIB BYTJIEKHCIIOTO Ta3y 3 CYZEH.

Ha mincrasi aHami3y pe3ynbTariB JOCIHiIKeHb, BUKOHaHUX y 2007 p., BU3HAYCHO, [0 YaCTKa BUKHIB ITAPHUKOBHX Tra3iB y
MDKHapOJHOMY CYAHOIUIABCTBI BXe CKiaia mpuoiamsno 2,7 % cBiToBux BUkHAIB CO,. [y MOAANBIIOT0 3HW)KEHHS BIUIUBY
CyIeH Ta KOopaOJliB Ha SKICTh HAaBKOJMIITHBOTO CEPEIOBUINA HEOOXiJHA peopraHi3amlisi eHeprOBUKOPHUCTAHHS B CYIHOBHX
CHEPreTHYHUX yCTAHOBKAX.

IIpn mpoBemeHHi Takoi peopraHizamii HE0OXimHO 3a0e3NeUnTH HASBHICTH HAa CyAHAX BHMIPIOBAJBHUX IIPUCTPOIB
KOHTPOJIIO BMICTY BYTJICKHCIIOTO Ta3y y BIANpalbOBaHUX Tra3ax, II0o 3a0e3ledaTh BHCOKY BIPOTIIHICTH pe3yJbTaTiB
umiproBanus [1 - 3].

AHaJi3 JiTepaTypHHUX IKepesl Ta MOCTAHOBKA 3agaui

VY Toi1 e Yac, aHai3 ICHYFOUHX MPUCTPOIB KOHTPOJIIO BMICTY BYIJICKHCIIOIO a3y MOKa3aB Take. MOXJIMBOCTI OUIBIIOCTI
BUKOPHCTOBYBaHUX JaTYMKIB HE JO3BOJSIIOTH  peayidyBaTH e(EKTHBHUH MOHITOPMHI po0OOYOro  CepeIoBHIIA
ra3oTypOOHArHiTauiB JBUTYHIB BHYTPIIIHHOTO 3ropsHHS. CHiTbHMMH mpoOieMaMy Uil BCIX THUIIB 3aC00iB KOHTPOJIO €
poOJIeMH YyTIMBOCTI, IIBHIKOMII 1 CTaOUIBHOCTI YYTJIMBOTO €JIEMEHTa, SIKi BH3HAYaIOTh JIOCTOBIPHICTH pPE3YJIBTATIB
BHUMIPIOBaHb.

Jis TOImIyKy NUIAXIB yMOCKOHAJICHHS 3aCO0iB KOHTPOJIO BMICTY BYTJICKHCIOrO ra3y Oymd pPO3TIIIHYTI KOHCTPYKIIi
HAHOLIBII TOMIMPEHUX 3ac00iB IIFOTO KJIacy.

Bimomuii gaT4mK, IO OCHOBY, CBITIIOBOJ, HEWTpalbHHUN CBITIOQUIBTP, AMXpOIUHE H3epKaio, MeMOpaHy, TiapodiasHe
CepeIOBHIIIE MOTIMEPHOT MATPHII 3 (HITyOPECIIIFOI0U0I0 PEYOBHHOO, [KEPEIIO BUTIPOMIHIOBaHHS Ta (oTonpuiiMad [4].

Henomixu mpucTporo, siki 00yMOBIICHI 3aCTOCYBaHHAM CBITIIOPIIBTPY, JUXPOITIHOTO q3epKajia, TiApodiTbHOTO cepeIOBHIIa
MOJIIMEPHOT MaTPHIIi 3 (IYOPECIIFOIOU0I0 PEUOBHHOIO:

— HEOOXIAHICTh JOTPUMAHHS YHUCTOTH IOBEPXOHb OJATKOBHX ONTHYHHMX €JICMEHTIB /IS 3amoOiraHHs MOXHOOK
BHUMIPIOBaHHS,

— HEOOXIJHICTh MOCTIHOTO MiATPUMAaHHs BJIACTHMBOCTEH ONTHYHOTO KaHATy, Ta OCOOJUBO TiAPO(IIHLHOrO CepeIOoBHINA
noJriMepHoi MaTpui 3 (IyopecifooUY0I0 pEYOBHHOIO, B yMOBAX BIUIMBY KIIMaTUYHUX Ta eKCIUTyaTalliiHUX (aKkTopis;

— HaJBEJIMKHUU yac (POPMYBaHHS CTAJIOTO CUTHAIY;

— CKJIQ/IHICTh 3aMiHH MTOIIKO/PKEHNX CBITJIOBO/IIB.

HaiiOunpm GJIM3BKUM 3a TEXHIYHOIO CYTHICTIO Ta pe3yjbTaToM, LIO JOCATAETHCS, /0 BHHAXOJY, IO NPONOHYETHCS, €
JIaT4YMK, 10 MICTHTh OCHOBY, CBITJIOBOJ, NEPUIMH peareHT 3 KapOiay KpeMHilo, JpYruil peareHT OpraHiuHOTO IMOXOJDKEHHS,
JDKEpeTIo BUTPOMiHIOBaHHS Ta (oronpuiimay [5].

Henomixu mpucTporo, ski 00yMOBIECHI 3aCTOCYBaHHSIM JIBOX THIIIB PEarcHTIB:

— BY3BbKHI poOOUMIA TEMIIepaTypHUil Tiama3oH;

— HEMOXXJIUBICTh ypaxXyBaHHS BIUIMBY KIIMaTHYHHX Ta €KCIUTyaTalliHHUX ()aKTOpiB Ha Pe3ylbTaTH BUMIPIOBAHHS Yepe3
3aCTOCYBaHHS PEareHTy OpraHiYHOTO ITOXO/KEHHS;

— HEOoOXiJHICTh 3aCTOCYBaHHs CBITJIOBO/Y 31 IUTYYHOTO anMasy, SIK Marepialy IOKa3HHUK 3aJOMJICHHS SIKOTO MEpPEBHIIYE
MTOKA3HUK 3aJIOMJICHHS KapOily KpeMHio, Ul pealtizaliil yMOB TOBHOTI'O BHYTPIIIHBOT'O BiIOMBAaHHSI CBITJIa y CBITJIOBOII;

— HEMOXJIMBICTh YpaxyBaHHs BIUIMBY CKJIQ/IOBHX I'a30BOT0 CEPEAOBHIIA, SIKI MAIOTh OJIM3bKI XapaKTEPUCTHKH.
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Merta Ta 3aaa4i JocaiTKeHHS

TakuM YMHOM, aKTYaJILHOKO € 337a4a CTBOPCHHS JaTYHUKY BYTJICKHCIIOTO Ta3y, y SIKOMY BiICYTHS HEOOXiIHICTh MOCTIHHOT
HIATPUMKH YHCTOTH ONTHYHHUX MOBEPXOHb Ta BIACTHBOCTEH ONTHYHOIO KaHAJy, 3aCTOCOBaHI MEHII KOLITOBHI Marepiain Ta
OJTHOYACHO 30epexeHi HaAiHHICTh, Yy TIUBICTh TA IIPOCTOTA CXEMOTEXHIYHUX PIllICHb JATYHUKIB BiIOMHX THIIIB.

Pe3yabTaTi 1ocaigKkeHHs

[MocraBnena 3aqaya BUPIHIYETHCS TUM, 110 BOJOKOHHO-ONTHYHHUI AATUYMK BYTJIEKHUCIIOTO Ta3y, IO CKIAJAEThCS 3 OCHOBH,
CBITJIOBOJ]a, MeMOpaHH, JpKepena BUIPOMIHIOBaHHA Ta (orompuiiMaya Ta SKMH BIIPI3HAETBCS THUM, LIO CBITJIIOBOJ €
PEBOJIBBEPHOTO TUILY, 3a()iKCOBaHHIA Y OCHOBI, 3 OIHOTO OOKY CIIOJY4aEThCS 3 PO3ralyKyBadyeM, [PKEPEIOM BUIIPOMIHIOBAHHS
Ta (QorompuiiMayeM, 3B'I3aHUX 3 OJIOKOM JKHMBJICHHS Ta peecTpamii. 3 Apyroro OOKy CBITJIOBOX Ha TOpII Mae
BIJII3EPKATIOIOYHI [Iap Ta CHOJIYYCHUH 3 MEMOPAHOI0, sIKa € Ta30IPOHUKHOI. BHYTpIITHI OTBOPH CBITIOBO/A BKPHUTI IIAPOM
OKCHTY 1HJIIF0-0JIOBA, a 30BHI CBITJIOBOJ] BKPUTHIA TEPMOKOMIICHCAIIITHOIO 00OJOHKOIO Ta 3aXUCHUM YOXJIOM.

CyTbh BUHAXOJy MOSICHIOEThCS KpECIeHHsM (pHc. 1), 1€ 300pakeHO BOJOKOHHO-ONTHYHUN JAaTYUK BYTJIIEKUCIIOrO rasy,
SIKMU CKJIQJIAEThCSI 3 OCHOBU 1, BKPUTOI TEPMOKOMIICHCAIIMHOIO 000J0HKO 11,  BOJIOKOHHO-ONTHYHOIO CBITIIOBOIY
PEBOJIEBEPHOTO TUITY 3, 3a(hiKCOBAHOTO y OCHOBI.

10 5 6 8
]

s

i b

J VAN

Puc. 1. — BoJIOKOHHO-ONTUYHMI TATYMK BYTJIeKHCI0r0 razy: 1 — ocHoBa; 2 — 3axucHMIi 40x0J1; 3 — cBiT/10BOa; 4 — 1Iap
okcuay iHai-010Ba; 5 — Biga3epkaao04nii map; 6 — posraayxkyBay; 7 — Jxepesio BUIPOMiHIOBaHHSA; 8 —
(oronpuiimau; 9 — 6,10k kUBJIEHHA Ta peecTpanii; 10 — razonponnkHa MmemopaHa; 11 — TepMokoMIeHcaniiina
000J10HKa

BuyTpimHI OTBOpPH CBITIOBOXY BKpHTI ImapoM iHamiro-omoBa 4. Ha omHOMy 3 TOpPIIB CBITJIOBOAA MiCTUTHCA
Bimm3epkamorounii map 5. OTBOPH y CBITJIOBOXI 3aKpHTI Ta30MpoHMKHOI0 MeMOpanoro 10. Jlpyruii Topeus CBITIOBOAY
CHOJYYEHHUH 3 po3ramyKyBadem 6, BIIIOBIIHI TUIKH SKOTO CHOJYYEHI 3 DKEPEIOM BHIIPOMiHIOBaHHS 7 Ta ¢oTompuiiMadeM §.
Jxepesio BUNPOMIHIOBaHHS Ta (OTONpHUIMAy CIIONy4eHI 3 OJOKOM >KMBJIEHHs Ta peectpaiii 9. Kopryc narumka BrpuTHIA
3aXUCHHUM HOXJIOM 2.

JKusnenHst 3 OGJIOKY KMBJCHHsS Ta peecTpauii HagXOIUTh 0 JpKepesia BHIIPOMIHIOBAaHHS, Ta BHKJIHMKA€E T'€HEpallilo
BUIIPOMIHIOBaHHs. BUNIPOMiHIOBaHHS, Kpi3k pO3raily)KyBau HaJXOIHUTh IO CBITIOBOAA.

[Ticns KOHTaKTy JaTyMKa 3 CEPEeIOBMINEM, IO MICTUTH BYIJICKHCIWH Ta3, OCTaHHIH, Kpi3b I'a30NPOHUKHY MeMOpaHy
HaJIXO/IUTh JI0 BHYTPIIIHIX OTBOPIB CBITIOBOAY. [liJ] BIIIMBOM BYIJIEKHUCIIOTO a3y 3MIHIOIOTHCSI ONTHYHI BIACTUBOCTI IIapy
iHxif0-ooBa. [Ipy 3MiHI ONTHYHUX BIACTUBOCTEH IIapy iHAiI0-0JI0BA 3MIHIOIOTHCSl YMOBH ITOBHOTO BHYTPIITHHOTO BiJOMBaHHS
CBiTNIa y CBITJIOBOAI. 30INBLIYETHCS YAacTHHA CBITJA, sIKa BUIIPOMIHIOETHCS 1032 MEXI CBiTIOBOAy. YacTmHa cBiTia, IO
3aNUINMIAcs, BiMOWBAaeThCA BiA BIIN3EPKANOIOYOrO IMApy Ta IIOBEPTAETHCS Kpi3hb CBITIOBOA Ta BIANOBIAHY TUIKY
posramyxyBada a0 ¢oronpuiimMada [6 - 11]. YV ¢orompuiiMadi CTBOPIOETHCS ENCKTPUYHUN CHUTHAJ, TPOIOPIITHUN
IHTEHCUBHOCTI BHIIPOMIHIOBAHHS, III0 HAMIWIIIO BiJ CBITIIOBOMY. Jlami eneKTpuYHUNA CUTHAN HAAXOIUTH 0 OJOKY YKUBIICHHS
Ta peecTparii.

Currad, 3adikcoBaHAN y Takill crociO, IpOMOpIiiHANA BETUYMHI KOHIICHTpALlii BYTJICKUCIIOTO Ta3y y Ta30Bill cyMimi, sKa
MiJIATae KOHTPOIIO.

Jns KommeHcanii BIUIMBY TEMIIEpaTypH  HAaBKOJMIIHBOTO CEPEAOBHINA Ha EJIEMEHTH IPHUCTPOIO 3aCTOCOBYETHCS
TEepMOKOMITeHCaliifHa OiMeTaneBa OOOJOHKA, sKa TPOTOPIIHHO TemIeparypi, 3MIHIOE BHUTHH CBITJIOBOJAa Ta 3MEHIIYE
3a3/alerijib BHECEHI BTPATH BUIIPOMIHIOBAaHHS Y CBITJIOBO/II.
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VY cratuuHOMY pekuMi (KamiOpyBaHHS) y OJIOI )KMBIIEHHS Ta peecTpauii (GiKCyIOThCS BiINOBIAHI JaHHI Ta HOIPABKH, L0
BPaXOBYIOTh TEMIIEPATYPy HABKOJHMIIIHHOTO CEPEIOBHUILA Ta BTPATH B YCIX eJIEMEHTaX BUMIPIOBAIBHOT CHCTEMH.

Y nuHaMidHOMY peXuMi (BUMIipIOBaHHS), BYTJICKHMCIMH ra3 B3aeMOJi€ 3 IMIapoM iHII0-ojoBa. B Hacmimok B3aemomii
BiIOYBA€ThCS 3MiHA TMOKAa3HWKA 3aJIOMIICHHS IMapy. 3MiHH, IO BigOyBarOThCS, BUKIMKAIOTH TMOPYIICHHS YMOB ITOBHOTO
BiIOMBAHHS CBITJIa Y CBITIIOBO/I Ta iHIIIIOIOTH TYHEIIOBAHHS YaCTKH BUIIPOMIHIOBAHHS 11032 MEXi CBITIOBOAY.

YactuHa CBiTJIA, IO 3aJMINIIIACH, BiTOWBAETHCA BiJ BINI3EPKATIOIOYOTO IMIApy Ta TOBEPTAETHCA KPi3hb CBITIOBOA Ta
BIIOBIHY TiNKY po3ramyKyBada a0 ¢oromnpuiiMada. ¥ GoTtonpuiiMadi CTBOPIOETHCS €NEKTPHYHHUIA CHUTHAJ, POIOPIIiHHAN
IHTCHCUBHOCTI BHIIPOMIHIOBAHHS, 110 HAMIWIIUIO BiJ CBITIIOBOMY. Jlai eleKTpUYHUNA CUTHAT HAAXOIUTh 10 OJOKY YKHBIICHHS
Ta peecTpaii.

Curnan, mo Oyne 3adikcoBaHuii y Takiii croci0, Oynae NponopuidiHUN BeNWYMHI KOHUEHTpAIii BYTJIEKHCIOTro rasy y
ra3oBiii cyMinii, sKa HiJuIarae KOHTPOJIIO.

Jns kommeHcalii BIUIMBY TEMIIEpaTypud  HaBKOJMIIHBOTO CEPEAOBHINA Ha EJIEMEHTH IPUCTPOIO 3aCTOCOBYETHCS
TEepMOKOMIICHCAlliiHa OimeraneBa 0OOJIOHKA, SKa TNPONOPLIHHO TEMIepaTypi, 3MiHIOE BUTHH CBITJIOBOJA Ta 3MEHIIYE
3a3/1aJeriib BHECEHI BTPATH BUIIPOMIHIOBAHHS Y CBITIOBO/II.

TaxkuMm YMHOM, BitOyBa€ThCS MOBHHUI IIMKJI BUMiPIOBaHHS.

BucnoBkn

TexHiuHMH epeKT OCATAETHCS 3aBISIKH TOMY, III0 KOMOIHAIISI ONTHYHHUX €JIEMEHTIB 3a0e3meuye:

— BIJICYTHICTh BIUIMBY HEKOHTPOJIHOBAHMX SKCIUTyaTAIlIHHAX Ta KJIIIMATOJOTIYHIX (PaKTOPiB HA ONTHYHUHA KaHAI,

— 3aXMIICHICTh YyTJIMBHUX CJIEMEHTIB IPUCTPOIO;

— MOCTINHICTh BIIACTHBOCTEH ONTHYHOTO KaHATY B YMOBaX BILIMBY HEKOHTPOJLOBAHUX CKCILTyaTaIlitHUX (aKTOPIB;

— TOCTil{He BUMIPIOBAHHS Yy pealbHOMY MaciiTadi Jacy;

— MIIBUIICHY YYTJIMBICTh Ta TOYHICTh TPHIIATY.

BukopucTaHHs aarTdymka, IO MPOIMOHYETHCS, TO3BOJHMTH aJCKBATHO U JIOCTOBIPHO OIIIHIOBATH MapaMeTPHU I'a30BOrO
CEePEIOBHIIA, 1[0 CTBOPIOETHCS Y HACIIIOK 3rOPSIHHS BYTJICBOJHEBUX AJTUB.
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“You’re either the one that creates the automation
or you'’re getting automated”.

—Tom Preston-Werner, an American billionaire,
software developer and entrepreneur

Abstract. Universities and business collaborate for their own ends that do not necessarily match. While the industry is
always profit-driven and practice-oriented with primarily short-term goals in mind, the university focuses on strategic
planning, theory development, and long-term goals. University-business collaboration (UBC) has diverse modes or activities
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among which the most common are: 1) research and development (R&D); 2) mobility of academic staff; 3) student mobility;
4) curriculum development and delivery; 5) lifelong learning. While the focus of UBC is on conducting practice-oriented
research, each university and enterprise have their own unique combinations of activities that reflect their goals and needs.
All the five collaborative research activities demonstrate different effects with UBC drivers, barriers, and organizational
characteristics that are further explored in the article.

Similar to automation, higher education is in many ways a stochastic adaptive control system, the behaviour of which
depends on parameters with unknown values. The system has to perform in order to collect specific values of these
parameters. The values are crucial as, once collected, they can be used to alter the system’s performance. Following this
logic, we consider the five modes specified above as key UBC parameters, put in their emerging trends as parameters’ values,
and consider emerging dilemmas and implications for higher education. The key challenge nowadays is around the
adaptability of higher education. More than ever before, educators around the world grapple with the idea of whether and
how adaptive the modern university should be to the business world needs in the context of global automation. This article is
our attempt to add to a meaningful debate around this topic.

Anomayia. Ilpu cnisnpayi ynisepcumem i 6isnec nepecnioyioms c6oi 61acHi yini, ki He 0008's13k060 30icaiomuvcs. Y moil
yac SK 2any3b 3a82CO0U OPIEHMOBAHA HA OMPUMAHHS NPUOYMKY | OPIEHMOBAHA HA NPAKMUKY, MAIOYU HA Y8A3l 8 neputy uepey
KOPOMKOCMPOKOBI  Yini, YHigepcumem Npuoiiae ocobausy yeazy cmpameiyHOMy WIAHYBAHHIO, PO3GUMKY meopii i
0oszocmpokosum yinam. Cnisnpays misc ynieepcumemon i 6isnecom (UBC) mae pisni ¢hopmu abo euou disiwnocmi, cepeod
akux Haubinew nowupenumu €. 1) docnioxcenns i pospooru (R & D); 2) mobirericms npogecopcovko-suriadaybko2o ckiady;
3) cmyoenmcoka mobinbHicms; 4) po3podka i GUKIAOAHHS HABYATLHUX NPOSPaM; D) HaguanHs npomseom ycvo2o scumms. Y
moul uac sk cnignpays mixc yHisepcumemamu ma 6isnecom (UBC) 30cepedsicena HasKoi0 Npo6edeHHs: O0CHIiONCEeHb,
OPIEHMOBAHUX HA NPAKMUKY, KOJCeH KonKpemHuuii BH3 i nionpuemcmeo cmeopioioms c6010 MoOelb CRienpayi 3 mumu 6u0amu
CRINbHOI OIILHOCII, BKIIOYAIOYY 3aNPONOHOBAHT 8uUje N'mb 6UOI6 CRIILHOL OIAIbHOCHI, SIKI MAKCUMATILHO 81000padcaoms ix
enachi yini i nompebu. Kooicern 3 n'amu cninoHux 6uoie OisLIbHOCIMI e)eKMUGHUL NO-C0EMY | MAE NeGHULl HAbIp akmopis, wo
CIMUMYII0IOMb a00, HA6NAKU, YCKIAOHIOIOMb IX PO36UMOK, NPO W0 M08a nide Oiibul 0emaibHO 6 OAHI CIMammi.

Tlo0ibno asmomamu3zayii, uwa oceima 6a2amo 8 YoMy € CHOXACMUYHOK A0ANMUEHOK CUCIEMOI0 YAPABIIHHI, NOBEOIHKA
saKoi 3anexcums 6i0 napamempie 3 Hegidomumu 3HaueHHAmu. Cucmema NOSUHHA NpayO8amu, wiob 30upamu KOHKpemHi
3HAYEHHs Yux napamempis. 3HAUEHHS 2paromv 6AJICIUSY POJb, OCKIIbKU RICISL OMPUMAHHA CUCMEMOI0 GOHU MOJICYMb
BUKOPUCIMOBYBAMUCA 01 3MIHU NPOOYKMUBHOCMI camoi cucmemu. 3a mMaxow J02iKoo MU po321a0aeEMO N'imb pexcumis,
3a3HaveHux euwe, Ak kmouosi napamempu UBC, 3acmocogyemo ix HO8I meHOenyii 6 sAKOCmi 3HAYeHb napamempis i
PO3210AEMO  Ounemu [ HACHIOKU, wo 6unukaioms, 011 euwgoi oceimu. Cb0o200HI OCHO8HA npobiema nNo8'a3ana 3
aoanmosauicmio 8uwoi ocgimu. Ak HiKoIu paniue, GUKIA0AYT 8 YCbOMY C8IMI 3a0ar0mbCsl NUMAHHAM, HACKIIbKU A0anmueHUM
nosumnen Oymu cyuachuil yHigepcumem 00 nompeb 0in08020 c8imy 6 KOHmeKcmi 2n06anvhoi aemomamuzayii. L cmamms -
Hawia cnpoba 0odamu 00 3MICMOBHOL OUCKYCIL HA Yo memy.

Key words: university-business collaboration (UBC), automation, research and development (R & D), academic mobility,
student mobility, curriculum development, curriculum development, UBC drivers.

KoarodoBi caoBa: cniBpoGiTHHITBO Mixk yHiBepcuteToM i GizHecom (UBC), aBTOMaTh3awisi, JOCTIIKEHHS Ta PO3POOKU
(HAAKP), akagemiyHa MOOITBHICTB, CTYASHTCbKAa MOOIUTBHICTH, PO3pOo0OKAa HABYAJIBHHX IUIAHIB, PO3pOOKa HaBYAIBHHX
nporpam, apaiisepu UBC.

Introduction. The current technological processes are changing what it means to be human. We now access big data that
can tell us new things and enable machines to do them. Many current jobs are either automated or automatable. And the
process of automation is under way, so only time will tell us how many and in what areas. A pillar of contemporary
development, automation is present — physically, tangibly and inevitably — in every aspect of human activity and transforms it.
Higher education is no exception. More so, it is an area in which the change, as well as opportunities and challenges it brings
on, are very real, almost palpable on societal skin. It is through the lens of automation, an important anchor for the discussion, |
will be looking at what is happening in higher education and why. Where possible and to illustrate the points being made, |
will provide real-life examples.

University education worldwide is undergoing rapid changes with far reaching implications both for educators and
students. What are they? The market place is getting increasingly competitive. Humankind is experiencing the Fourth
Industrial Age (4" 1A): big data and artificial intelligence blend to bring about automation literally in every field of human
activity — from the internet of things to astrophysics explorations. Physical and cyber worlds are fused together in most
intricate ways and on a most massive scale. The challenging goal of higher education is to prepare for an uncertain future. It
can be best achieved via an integrated scholarship when pedagogical approaches are continuously appraised for their
sustainability [1]. Students, universities, employers and wider society — all have expectations. The biggest challenge of higher
education is to ensure that the pedagogical approaches-in-use are aligned with these expectations, present and future ones.

Main Part. An Overview of the Fourth Industrial Age: Its Challenges and Opportunities.

To say the least, people are living in a rapidly changing technological time. As Schwab (2017) aptly put it, people live in a
time of great promise and great peril [2]. The promise is in connecting people around the world, sharing knowledge and
regenerating the natural environment. The peril, however, lies in further societal fragmentation and growing inequalities, with
automation dominating and people questioning their role of humans.
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The development of education is, to some extent, similar to the development of industry [3]. When applied to automation,
higher education can be compared to a stochastic adaptive control system: unknown parameters of a control system are
modelled as random processes or variables [4]. The general approach to adaptive control is about separating parameter
identification and adaptive control [4, p. 769]. How a control system behaves, depends on a set of parameters with unknown
values. The values of these parameters remain unknown until the system performs and only then some crucial information is
collected that, in turn, is used to alter the system’s performance. Until then the control system remains to be ‘a black box’ to
the controller.

Similarly, education is a stochastic process that is characterized by a lot of noise in the system but also by some degree of
consistency [4, p. 775]. It is a process with a number of variables: vision, design, data collection and analysis [4, p. 776].
Educators get to know their trainees and each time they teach a course, they necessarily adapt it to a particular cohort of
students. With every class, they collect and analyze data, build a portfolio, and enhance their teaching. As a result, the course is
refined, with the best pedagogical approaches being implemented, while systematically replacing the weakest elements. It is
what Boyer (1990) defines as scholarship in teaching when the work of an educator becomes meaningful only when it is
understood by others [5].

On an institutional level, universities need to adapt to changes caused by the rapid development of technology, in general,
and automation, in particular. Their ability to do so will largely shape future educational landscape that is yet unknown. What
is clear, however, is that university education will become increasingly ‘virtual’ (internet-based), international and
interdisciplinary (for convenience, I personally call it ‘education of three ‘I’s). University education has already shifted and
will continue its shift from being available to the privileged few to the masses. In other words, ‘elite’ higher education will
become ‘mass’ education for everybody who might be interested.

Another key challenge that higher education faces today is an urge to preserve the link between professional training and
work. Peters, Jandri¢ & Means (2019) conducted a review of recent policy documentation about the future of work and
suggested three possible scenarios: 1) a worst-case scenario of full joblessness; 2) a business-as-usual scenario; and 3) a hybrid
scenario of human control over augmented and artificial intelligencies [6]. In an era of widespread automation, people are
concerned about the function and purpose of education as such. If labour no longer exist as a political category and a set of
processes, the authors (Peters, Jandric, & Means, 2019) speculate the following four responses [6]. The first response is based
upon ‘third” sector’ (aka ‘the voluntary sector’) expansion that covers a wide range of organizations that are neither public nor
private. Among them are non-governmental, not-profit, and values-driven organizations. The second possibility is a
conventional business model. The third response is focused on technologies augmenting the human role rather than replacing
them. Finally, the fourth possibility is than the linkage between work and education is irreversibly broken, something we do
not want to go into. That is why meaningful social debates are necessary in imagining drastically different relationships
between work and education.

Given the unknown future described above, university graduates must be adaptive and self-directed in their thinking and
learning. These days, the shelf life of any skill has become notoriously short which requires educators, trainees and experts to
continuously upgrade their skill set and become lifelong learners. They need to familiarize themselves with ever-more complex
industries and technologies that may not have been in existence at the time of their training for initial degrees. Graduates can
and should use different pathways to re-connect with their institutions as this will provide them with updated skills.

The faculty and students should be regularly exposed to workplace realities within corporate and industrial sectors. For
instance, Stanford University has launched the Stanford2025 project with several mechanisms whereby students can extend
their education over a longer period of time [7]. One of the models is the “open loop university”: students can spend six years
on higher education over their entire adult careers. This can allow them to refresh their toolbox of skills while being on campus
and to blend their learning with real-life experience. They also provide value to the campus community by returning as expert
practitioners over several intervals.

With rapid change and exponential growth being the hallmark of the 4™ IA, it is imperative for universities to update their
course load content very often so that universities can compete with the tempo of technological advances. By definition,
curriculum has to be extremely responsive that places a high premium on faculty development [8]. University staff are
expected to work at the cutting edge of their respective fields and universities are considered to be “ideal entrepreneurial
ecosystems” [9]. Consequently, students have ample opportunity to be exposed to as well as to actively engage with the
frontiers of knowledge. The ultimate goal of this gigantic work is to develop future experts who can think and redefine
themselves in the rapidly emerging environment.

General European trends in UBC.

In our literature analysis, we purposefully review executive summaries, national reports and case studies summaries
prepared for the European Commission. These are collaborative international research projects that embrace a wide range of
European countries [10]. For data collection and analysis, they used two complementary approaches — in-depth case studies
(quantitative research methods) and workshops (qualitative research methods). While in-depth case studies, in the form of
questionnaires, collected structured, statistically significant data, workshops allowed rich, thick data via discussions and
experience sharing on a variety of UBC-related topics between the business sector and the scientific community. The design of
workshops aimed at offering different perspectives across workshop sessions [10]. The phenomenon of UBC is so complex
and multifaceted that conducting solely quantitative or qualitative research cannot capture the richness and the complexity of
the topic at hand. That is why we consider the mixed methods approach to be most appropriate for our research question. The
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overarching question that informs our inquiry is whether cooperation between private sector organizations and universities is a
real partnership or more of a corporate social responsibility. We try to explore each phenomenon of interest from two distinct
perspectives — from university’s perspective and from business perspective.

UBC is still at an early stage of its development in Europe: as much as 40 per cent of faculty members are not involved in
UBC at all; approximately 20 per cent of them participate in UBC at a low extend; and another 40 per cent of academia are
actively engaged in UBC [11]. The low percentage of UBC engagement can be partially attributed to what Davey et al. (2018)
label as ‘university influence’: the greater the number of years that the faculty teach, the less likely they are to cooperate with
business. Although those engaged — both from academia and business — primarily collaborate in research, each has their own
combination of specific UBC activities (the faculty/industry focus, according to Davey et al., 2018) [12].

When looked at the modes of cooperation by size of the enterprise, micro businesses (1 to 10 employees) do not participate
in R&D and academic mobility. More involvement is seen from small and medium-sized enterprises (SMEs — 12 to 250
employees) and large enterprises (with 251 employees and over) enjoy the most engagement into UBC activities. Such a state
of affairs is almost common sense as micro companies do not have enough capacity (financial, human, scientific, etc.) to invest
heavily into many UBC activities whereas large corporations have deep pockets and resources to do so [13]. When types of
UBC interaction are further analyzed by sectors (industry, service, and IT), service and IT sectors have much stronger links
with UBC activities, particularly with teaching and curriculum development, than industry does.

The university’s core tasks have long been teaching and research. They are mainstream activities, a natural and integral part
of university’s strategic mission. However, within the last decade, there is a clear shift towards furthering the university’s
mission. The so-called ‘Third Mission’ is related to integrating research valorisation and exploitation into its more traditional
tasks of educating students and conducting basic research [14,15]. Interdisciplinary nature is another important feature of
modern university education when distinct boundaries between disciplines tend to be erased. For instance, biology is often
complemented by engineering biology, molecular design and synthetic biology; Stanford University even offers a new major in
bioengineering to train students “at the interface of life sciences and engineering” [16]. Chemistry is widely associated
nowadays with Green Chemistry which is a blend of biology, chemistry, and environmental science [17]. More than anything,
computer science subjects have long become prerequisites to the digital literacy.

Research and development (R&D, also known as contract research, commissioned research, (inter)national
projects, commercialized R&D).

Cooperation in research and development (R&D) is considered to be the most developed activity followed by education,
especially student mobility [12, 18]. Higher education institutions (HEIs) offer benefit to the business sector for innovation
with a longer-term horizon as well as shorter-term problem solving with direct applicability in the company. At the same time,
business offers HEIs insights, opportunities, and cutting-edge data for high quality research [12].

The size of a company affects its R & D involvement. Micro companies, per say, hardly ever participate in R&D activities.
An interesting fact specific to Europe is that most large enterprises cooperating with HEIs in R&D, also cooperate with other
businesses or have their own R&D capability [12]. In other words, they do not regard universities as R&D centres and do not
expect universities to only conduct research. This trend may explain why there is, overall, a relatively small number of joint
initiatives and projects, including R&D and knowledge transfer, among European countries.

Another possible explanation for the low UBC engagement among European countries is a companies’ narrow
understanding of research. They are primarily interested in commercializing research results [13]. Quite often, the business
sector gets involved into collaborative research activities to develop or refine a particular process or product. To them, R&D is
a business transaction with a specific goal to be achieved [13]. From enterprises’ perspective, HEIs are a primary source of
highly qualified workforce that can meet their business needs. Moreover, they consider research a potential way of improving
their employees’ qualifications [13]. At the same time, companies’ innovative capacity can be boosted through research.

There are many diverse UBC modes or activities. The literature commonly refers to five of them: 1) R&D; 2) academic
mobility; 3) student mobility; 4) curriculum development and delivery; and 5) lifelong learning. While most HEIs and
enterprises collaborate — first and foremost — in research, each has their own mixture of UBC activities unique to them and
responsive to their goals and needs [12]. Despite their close connectivity in theory, in practice all five collaborative research
activities demonstrate different effects with UBC drivers, barriers, and organizational characteristics [18].

Mobility of academic staff (their research or training in the business sector).

Yet enterprises are less interested in involving academics in business processes [18] and from their perspective, mobility of
academics is the least common mode of cooperation. Staff mobility is generally limited to professors seeking employment
outside academia. Furthermore, universities do not see mobility of academics in terms of their training in the world of business
as equally important as, for instance, student mobility.

Student mobility (traineeships, internships, graduate placement, direct recruitment, research projects, seminars,
scholarship programs, practical workshops, etc.).

The mobility of students is mainly related to larger companies [18]. Enterprises want to provide graduates with work
experience and recruitment, thus, contributing to them directly developing core competencies. The highest value is assigned to
traineeships and internships, especially in the industry sector [13]. Such a strong emphasis on internships also has to do with
the curriculum itself since internships are compulsory in professional education [13].

Most often, enterprises cooperate with university career centres, teaching and research activities, and alumni networks.
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Through these channels, companies can offer students internship programs and soft skills courses (communication, problem
solving, leadership, etc.). It is not uncommon when a career office organizes an event at the university where companies
present themselves. For instance, a Bulgarian marketing company presents their concepts in online marketing at different
career office events. It can motivate students to pursue careers in this domain. After such events, inspired student often contact
the company; the company, in return, offers them internships.

Another way for students to get information on internships and companies’ newly launched training programs is directly
from their professors and academic boards. Trainees are selected upon them meeting certain inclusion criteria. In Europe,
career fairs are also very popular during which leading companies advertise their upcoming internships. Sometimes companies
organize practical workshops at the university premises. They can assess students’ level of knowledge, their potential and
select the most dedicated ones as trainees and, possibly, as potential employees. Following practical workshops, selected
students are invited to attend interviews and submit their resumes and applications.

As a communication channel, traineeships and internships are extremely important as it is through them that enterprises
eventually hire new graduates. Although enterprises advertise their job opportunities in many ways (for example, private or
public agencies, the internet), they still rely on their personal contacts for hiring employees [13]. It is particularly true for micro
companies in which the most popular recruitment mechanism remains to be personal contacts. From the company’s
perspective, the main goal of an internship is to prepare a student to work independently after a month of training in the job. In
most cases, the internship period is divided among different departments so that trainees spend an allocated amount of time in
each department and to know the company’s operations as a whole unit. It is a holistic approach that is very similar to medical
school training when students and residents are rotated among different specialties to familiarize themselves with different
body systems. The goal of preparing a student to work independently can be achieved through regular hands-on exposures to
real-life work when a student acquires necessary skills and develop competencies. It is an absolute benefit of internship. Since
by its nature the internship is about attracting potential workforce into the company, the company automatically employs the
best students at the end of internship.

When being asked about the degree of graduates’ preparedness for the position they are about to be hired for in the
company, most employers acknowledge a high level of theoretical knowledge demonstrated by new graduates. However,
young professionals often lack transferable skills. The world of business is convinced that such skills as team leadership,
resilience, time management and creativity are crucial for student employability. These skills are important to companies as
potential employers and they are willing to cooperate with universities in order to enhance this set of skills in students.

Skill-wise, how prepared are recent graduates for the jobs they are being recruited for?

Curriculum co-development, review, update and delivery (including trainings, joint course development, university
lectures, practical teaching, development of degree programs, etc.).

UBC can help align curricula and the skills of graduates with the labour market, improving employment pathways for
students, and recruitment for employers as well as lifelong learning programmes for business [12]. The curriculum
development and delivery are also mainly related to large and medium-sized companies when experts from the business world
participate in HE. It is a so-called ‘size effect’ [12], with larger HEIs and businesses cooperating more in UBC areas with a
longer-term payoff such as education. Business representatives attend career fairs and work closely with career centres to fill
their vacancies. Large and medium-sized companies are far more involved into curriculum development and implementation
and development of trainings (for instance, offering short training courses) than small private organizations do.

The extent of this UBC mode depends on how engaged enterprises are in career offices, alumni networks, and teaching and
research activities. Participation in innovation departments also determines this cooperation mode, but its effect is about four
times less [18]. Although businesses are generally less interested in actively developing curriculum (company-delivered
courses are rare), guest lectures are common. Universities invite company representatives to give lectures or organize
presentations on specific topics.

Since companies consider HEIs a primary source of highly qualified workforce, they are willing to participate in
curriculum development and graduate transition to the labour market. The biggest internal barrier for them, however, is slow
procedures of curriculum amendment. The business world is developing too fast and the academic world is too conservative in
order for them to speak the same language. The dissonating result is as such: the two partners speak different languages in their
pursuit of different goals. The dissonating result is also that educators and employers operate in “parallel universes”, with
young graduates inhabiting a world of their own [19]. According to McKinsey’s report [19], there is an astounding discrepancy
between what HEIs think a new graduate should know to find a job and how employers and students themselves think about it.
Specifically, 74 per cent of HEI providers are confident that the current university curriculum meets the market needs, while
only 35 to 38 per cent of employers and graduates share the same sentiments.

Specifically for students with automation as a major, it is difficult to connect multiple technical courses they take and to
envision a broader picture of how they fit into their specialty. That is why students find it challenging to choose elective
courses when the time comes to do so among the options being offered to them. They decide on a course based on its
popularity among other students (peer pressure) or do so intuitively rather than making an informed decision. However, it is
not exclusively students’ problem. While designing courses, educators provide their rationale in writing why they think these
are important courses for them to teach and for students to take. However, educators do not always explain to their students
how a particular course is integrated into the specialized training and why it is of value. There are some instructors who are
deeply into the science they are doing and its theoretical premises that they disregard the practical component of the courses
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they teach. As a result, graduates are hesitant (if not pessimistic) about the value of some of the courses they have taken for
their future employment.

To collapse these “parallel universes’ of theory-oriented HEIs and real-life industry, the prevailing debates are around the
extent to which universities should adjust their curricula to the market. Should they preserve their traditional role of training
specialists for lifelong careers or become business-supporting units [18]? Should HE shift towards being more practice-
oriented? What are the boundaries of such a shift? What is the employer’s role in the development of graduates’ competencies?
Practical body of knowledge accumulated by enterprises can complement formal university education that is otherwise solely
theory-driven. Practical training and knowledge is particularly important for the world of business as opposed to “the
exaggerated theoretical knowledge” offered by the university curriculum [13, p. 37).

The key question remaining open is whether and in what way the academic teaching style is suitable for training in
companies. If it is truly compatible with and beneficiary for the business world, then enterprises should overcome their existing
prejudices against HE. The HE curriculum should stay separate from the business world and, as such, governed traditionally as
it has always been. If the academics’ approach cannot meaningfully contribute to the professional knowledge, then several
options can be contemplated. The first option is to create standards for such capabilities development. The alternative option is
for practitioners to engage — more formally and actively — into HE professional training. Along these lines, it is worth
considering the development of national qualification tools [18].

We strongly believe that HE should be highly sensitive to the demands of a knowledge-based society, in general, and to the
business needs, in particular. University courses in computer engineering, automation and computer-integrated technologies
should be revised and updated at least once every two years (if not more often). In response to scientific innovations and labour
market changes, new courses should be designed and offered both to students and the academia. It is also worth inviting field
experts to co-design and co-deliver upgraded courses. This allows to augment personal relationships between the academia and
business and stimulate further experience exchange between the two. The experience exchange is particulalrly valuable as it
gives an opportunity of looking at the same task or problem from two distinct perspectives. As a result, future UBC findings
and innovations can become richer, more encompassing and potentially more generalizable for other fields of knowledge and
practice.

Universities should open up their communication channels with students and employers (as they are affected the most by
university activities) and with the society at large. This will likely lead to a massive reconstruction of HEIs. As Epure [11]
succinctly put it, the process should start at the top (among academics), not at the bottom (at industry-specific workplaces).
Universities should conduct a broad range of industry-specific surveys among enterprises to get a clearer understanding of
what skills employers cherish as essential for their work. The findings will largely inform the design of course load and its
modes of delivery.

What is evident even at an early stage of European UBC development is the necessity to reconceptualize HE as such. And
the onus is on HEIs as they need to embrace a shift from patent and knowledge transfer to a lifelong process of developing
competencies. From the enterprises’ perspectives, the business world has always been practice- and profit-oriented.
Entrepreneurs value a toolkit of skills, attitudes and competencies that are key for tackling their specific goals. They are not
interested in investing — financially, resource- and timewise — in the existing body of theoretical knowledge that does not apply
to them. Employers want to see tangible outcomes of business processes. The process of knowledge acquisition and
dissemination for the sake of knowledge does not appeal to them. However, the opposite is true for universities with their focus
on production of theoretical knowledge.

Lifelong learning (including adult education, short courses and training).

The last UBC mode is lifelong learning, including adult education. Similar to curriculum development, this mode is
determined by structures and approaches that are related to competencies development and engagement in innovation
departments [18]. The literature indicates that lifelong learning activities correlate negatively with enterprises’ experience of
how flexible HEIs are. These days there exist so many alternative pathways (double or dual major study degrees, virtual
learning, reverse mentoring, internships, part-time studies, etc.) that the leading role of university as a learning venue can be
easily lost. UBC has permanently changed the perspective of modern higher education. UBC itself has outgrown the narrow
boundaries of patent transfer into a process of competencies development as far as specific entrepreneurial skills and attitudes
are concerned [20].

Government support for UBC.

There are different forms of government support with different longevity — from direct program spending and subsidies to
fiscal (tax credits) and government research incentives. Tax credits can apply to a wide range of expenditures — from materials
and supplies, salary and contract payments to capital expenditures and leases. What is important for the company is that unused
tax credits can be carried back a specified number of taxation years and forward, also a specified number of taxation years. The
government can offer accelerated 100% write-offs for eligible equipment.

For tax-based incentives, the government would want to see that SMEs increase the total amount of R&D investments.
Companies can still allocate their funding between external (with university involvement) and internal (in-house) R&D
activities based on what makes the most business sense [21]. However, little is known about the direct impact of tax-based
incentives on UBC [21]. There is some risk that SMEs substitute internal R&D expenditures with external R&D investments.

With its programs for UBC support, the government aims at meeting several policy objectives, namely: 1) to encourage the
private sector, especially small businesses, to pursue R&D activities; 2) to provide incentives of immediate benefit; 3) to
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provide incentives that are simple to qualify for. Unfortunately, it is not enough for the government to make UBC a policy
priority. Government agencies must also measure UBC progress and report it transparently to the general public.

Taking the partnership forward: UBC drivers.

When universities and their corporate partners decide to participate in UBC, they do not do so in isolation from the
regional, national and even international contexts they are embedded into. In the literature, the notion of regional context is
defined differently but usually spans over an administrative or territorial same-country region to a cross-border region [10].
The region can be well established in terms of UBC, with a high level of integration developed over many years. There might
be strong regional coverage with networks for research commercialization. Or it can be that the business sector and the
academics are at early stages of sparking UBC opportunities and supporting its long-term sustainability. In the first case
scenario, the role of government is usually substantial, with regional and national support policies and public funding in place.
Scientific and industrial hubs in the regions have also shown to contribute positively to UBC development [10].

It is also worth noting that UBC is likely to take place in specific economic sectors rather than others [21]. This trend alone
has its implications: instead of promoting UBC across all the sectors, it is best to focus on those with market opportunity and
business interest. But it does not negate the necessity of maintaining basic and fundamental research at a university level.

Mutual motivations are important drivers to strengthening collaborative links between universities and private companies.
Among the key motivations, both from academic and business perspectives, are professionalization of human resources,
increased competitiveness, exploitation of research and service to society. However, businesses and universities tend to have
different motivations for UBC. The multiple surveys conducted in the UK, Australia, Canada and the US demonstrate that the
business sector is mostly interested in gaining access to university facilities and talents. Increasing profitability is not among
their top priorities [21]. Businesses consider university long-term orientation to research when projects have long time frames,
as a barrier to cooperation.

At the current stage of UBC development in the Ukraine characterized by no or very minimal government support of
UBC, we see three possible scenarios of taking partnership in automation further for the Ukrainian small and medium-sized
enterprises. Our focus is on small and medium-sized business since the literature indicates that companies of these sizes barely
or insufficiently participate in UBC activities. However, the literature indicates that company size is not a reliable predictor for
innovation. Due to their greater profit margin, large companies spend more on R&D. Moreover, when allocating their R&D
investments, large enterprises fully account for the presence of and access to leading universities. That having been said, it
does not mean that SMEs are intrinsically less innovative [21].

Scenario 1: SMEs have no or limited R&D capacity of their own and would like to gain exposure and access to academic
expertise on automation, for example, data analytics. As an inherently digital field, automation requires new combinations of
skills that are complementary to the company’s own competencies [22]. SMEs can also be interested in increasing their market
competitiveness by developing new or improving existing automation technologies. Sometimes, SMEs are faced with
industrial, real-life challenges and explore solutions that academics with complementary skills and a richer pool of expertise
might provide them with. SMEs place task-specific orders with universities, whether they be R&D-related activities and/or
employees’ training. SMEs fully fund projects. As high-profile institutions, universities, on the other hand, are responsible for
testing all the findings on their or other organizations’ premises, if needed.

If automation transfer activities are effective for SMEs, universities provide training to SMES’ personnel to ensure that their
innovations can be successfully applied on the company premises. Universities also provide an ongoing technical assistance to
the company as part of their UBC agreement. It can take a form of consultancy services provided by academic researchers to
their business partners or other external enterprises. This allows to continuously improve professionalization of human
resources on both ends. The faculty are given multiple opportunities to immerge themselves into cutting-edge, real-life
research questions. Both parties have more opportunities to use each other’s institutional data as well as research and industrial
facilities. As a consequence of collaborative work, new research topics arise; new research ideas are generated; and follow-up
research projects are planned. There is a clear increase in such research outputs as joint patents, doctoral degrees awarded and
PhD thesis publications as well as conference and journal papers. In other words, further fruitful and sustainable collaboration
is likely to happen.

Scenario 2: The university and the company develop a collaborative research project together. The project is fully funded
by the company that is much more involved into it than in the first scenario. Commitment and interdependence are key words
here; it is a very intensive and dense involvement on both ends. This may include sharing tasks and responsibilities,
overcoming challenges as well as acknowledging partner’s input into the success. The company might have some interim,
practice-based results that need to be further elaborated on. It is true that the company is interested in strengthening its R&D
capacity while the university gets an additional source of funding. The company seeks maximum implementation of research
results in its industrial processes and on its premises. As long as partners are dedicated to building trustful relationship, some
divergence in their goals should not be a problem.

Scenario 3: Academia has ready-to-use innovative products, licenced patents and automation technologies that they are
willing to offer to SMEs in exchange for: 1) some funding; and 2) an opportunity for students and faculty to use company’s
premises and automation equipment for internships. Academia gets access to industrial expertise while the business sector gets
a lot of exposure to specialized scientific knowledge. Both partners benefit from organizational and personal networks made
available to them [10].

The third scenario is an antipode to the notorious “European paradox”. European countries (and the Ukraine is not an
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exclusion from the list) are accused of failing to implement scientific innovations into practice. Scenario 3 does exactly the
opposite — it implements patented innovations and cutting-edge, interdisciplinary research into industry.

Regardless of the scenario chosen, universities and businesses are often driven by exploitation of research and service to
society as part of their organizational strategy. Service to society, as elevated as it might be first perceived, is about training
highly qualified specialists, on both ends, and facilitating industrial processes through automation, on business end. As a result
of UBC activities completed through the three pathways, SMEs are able to economically exploit research. At the same time,
universities are able to attract more funding from diversified sources rather than being completely dependent on government
financing. This allows to secure steady financial flow for medium- and long-term research projects. Ensuring continuous
funding is particularly important for academia as it has been a challenge for some universities [10]. To cope with it, they
actively seek opportunities to broaden their funding sources.

Increased competitiveness applies to both, too. After successful collaborative research, universities become more reputable
and, therefore, more visible to other stakeholders. Common activities between the university and the company attract more
prospective students who then apply to the particular university. It is particularly important for universities who compete for
students nowadays. Once the university reptation is built up, new companies are more willing to engage into collaborative
research activities. Other universities start considering UBC opportunities as well.

Conclusion. Both parties — universities and businesses — recognize the importance of cooperation. However, companies do
not rely on UBC as a major source of their workforce and innovative business processes. Companies are focused on their short-
term benefits and expect tangible, profit-bringing results (for example, a better return on investment in R&D). The business is
always preoccupied with the benefit of a project, i. e., why it is good for them. Universities, conversely, are more interested in
strategic planning and long-term goals; they are wondering about new results and want to publish confidential data [13]. The
lack of shared values and mutual interests as well as different time horizons can make UBC problematic. This trend indicates
that universities still have a long way to go before they can meet the needs of their business partners. Efficient and effective
partnerships can only be based on common interests and shared ideas with added value for both partners. They should jointly
own the results of their success (along the five UBC activities) and share responsibility for their failures. Some SMEs do not
want to work with universities because they fail to see the added value of such cooperation. Universities need to be persuasive
about UBC benefits, and this task alone turns out as a challenge.
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Anomauyia. /lana poboma npucesuena po3pobyi geb-pecypcy, AKUll A8MOMAmMuU3ye NOULYK iH@opmayii npo 3axkiaou euwoi
oceimu ma gcmyny 00 Hux. O0’ekmom O0CHIONCEHHS BUCMYNAIOMb 3AKAA0U 8UWOI oceimu ma cneyianizayii, sIKi MOXCHA
3000ymu abimypienmam. 3a80aHHAM NPOEKMYBAHHA € PO3POOKA Cep8epHOi 4acmuHu 6ed-pecypcy, wo 83aemodic 3 6a3010
Oanux. Ilicna docnioxceHHs OCHOBHUX npodiem npedMemHoi obaacmi, aHanizy ananozie ma eubopy sacobis peanizayii, 6y1o
POo3pobaeHo 6a3zy Oanux ma QyHKyionan eeo-caumy. Y skocmi cucmemu ynpasninus 6azorno dawux 6yno oopano MySQL 3 ée6-
dodamkom 05 it aominicmpyeannss Phpmyadmin. [[na peanizayii inmepgeticy 0yno obpano mogy 2inepmekcmosoi po3mimxu
HTML, kackaoui mabauyi cmunie CSS ma ¢petimsopx Bootstrap, wo suxopucmosye cyuacti hanpayroeants ¢ oonacmi HTML
ma CSS. [{ns nanucanns @yuryiti 6yno obpano mosgy npoepamyeéarnusi PHP ma ckpunmomy mogy JavaScript.

Hayxosa 3nauumicmo po3pobku nonseae y wimkii ma 0emanvhiil cmpykmypusayii Heo6xionol ingopmayii wodo 3axiadis
suwjoi ocgimu m.Odecu na eounomy ingpopmayiinomy pecypci. ¥V pezynomami guxonanns pobomu 6yio cmeopeHo eb-pecypc
3 kapmoro abimypicuma Odecu, wo 8i0nosidae 6cim eumo2am 01 30epieanns ma cmpykmypusayii ingpopmayii.

Jlanuii eeb-caiim niompumyemvbcsa 6cima CyydacHumu oOpayzepamu, wo pooums 1020 OOCHYNHUM YCIM KOPUCY8A4am
Mmepedici Inmepuem.

Abstract. This work is devoted to the development of the web resource, which automates the search for information about
higher education institutions and admission to them. The object of the study are institutions of higher education and
specialization, which can be obtained by applicants. The task of design is to develop a server part of a web resource that
interacts with the database. After researching the main problems of the subject area, analysis of analogues and the choice of
means of implementation, a database and functionality of the website were developed. MySQL with a web application for its
administration Phpmyadmin was chosen as the database management system. To implement the interface, the language of
hypertext markup HTML, cascading tables of CSS styles were chosen and the Bootstrap framework, which uses modern
developments in the field of HTML and CSS.. PHP programming language and JavaScript scripting language were chosen for
writing functions.
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The scientific significance of the development lies in the storage of all necessary information on higher education
institutions in Odessa, Ukraine on a single information resource. As a result of the work, a web resource with a map of the
entrant of Odessa was created, which meets all the requirements for storage and structuring of information.

This website is supported by all modern browsers, which makes it accessible to all Internet users.

Karwuosi cioBa: Beb-pecype, 3akiamu BHUIOI OCBITH, CHCTEMa YIPaBiHHS 0a30r0 maHHMX, kaprta abitypienta Omecw,
opaysep.

Keywords: Web resource, institutions of higher education, database management system, map of the entrant of Odessa,
browser.

Beryn

Micro Opeca (YkpaiHa) HapaxoBye BEJMKY KUIbKIiCTh 3aknaniB Bumioi ocitr (3BO). Bonm mocriliHO mepeOyBaroTh y
MOITYKY a0iTypi€HTIB 1 HAMAraroThCs 3BEpHYTH yBary y4YHIB IIKLT Ha 3aKJIaj Ta mpodecito, sKy BOHU OyayTh oompaTh. Takox
3BO mpoBomsaTh TEBHI 3aX0AM, sKi Ha3uBaloTh mpodopieHTaniiHIMu. OCHOBHE 3aBHAaHHSA NpodopieHTarii y MIKOM —
mpodeciiiHa ocBita Ta BU3HA4YEHHS 3/110HOCTEH 1 mpodeciiiamx HaMipiB yuHiB[1].

Jns ornsimy MOTOYHOI cUTyanil 1mono BuOopy MaiOyTHbOi npodecii, Oyno omuraHo 328 pecnonnpenriB (yunis 10-11
Knacis’).

3 onuTtyBaHHs OyJI0 BUSABIICHO, IO MaiiOyTHI a0iTypieHTH BUIUIMIM JJsi ce0e HacTynHy iH(OpMallito, sIKy BOHU IIyKalOTh
Ha caiiTax, a IIe came:

* MIepenik 30BHINIHE He3anexxHe oniHtoBaHHA (3HO) mo crnenianbHOCTSM;

* riepenik (aKynbTeTiB;

* TIepeltiK CreniaTbHOCTeH;

* BapTiCTh HABYAHHS;

* HasIBHICTH OIOIKETY;

* mIepertik nmpodecii;

* MICII€3HAXOKEHHS HA MaIll MicTa;

* THI BIAKPUTHX JABEpeH y 3aKiaiax.

Came 1o iHdopmaliio y nepiy 4epry IyKawTh BiaBiayBaui caifTi. CitiJ| 3ayBaKUTH, L0 JKOJIEH 3 PECYPCIB, SIKHii € 3apa3
Y IIPOCTOpI IHTEPHETY, He Hajae (PYHKIIIO Heperiisiay ycix HaBualnbHUX 3akianiB micra Onecu (YkpaiHa) Ha ofHIN Marti, Xxo4ya
84,8% onuTaHuX BBaXkae, M0 Taka GyHKIIs Oy/1e TOPSUHO0.

Mema i 3a60anHs1 po3poOKu — PO3POOUTH KITIEHTCHKY Ta CEPBEPHY YaCTHHHU ]IS IHTCPAKTUBHOI KapTu aditypieHta Onecu,
10 HaJIa€ MOKJIMBICTh HAJIABATH aKTyabHY iH(GOPMAIIIFO PO 3aKJIa U BUIOI OCBITH Ta podecii, IKi TaM MOXHA 3100y TH.

Teoperuyna yacTuHa

[podeciitna opieHTamis - I cUCTeMa 3aXOJiB, MO crpuse ocodi obparu i momanemry mpodecio. B 3amexxHOCTI Bixg
obpaHoi mpodecii, ado chepu, JroarHA 00Mpae 3aKiaa BHIIOT OCBITH JUIsl MOJAIBIIOrO HABYAHHS. 3TiHO 3 ONHUTYBaHHIM
yuHiB 10-11 knaciB, OUIBLIICTh 3 HUX BUKOPUCTOBYBAJIM caMe CaWTH JJIsl NOIIYKY iH(opMalii nmpo 3akiaay BUIIOT OCBITH Ta
CHeLiaIbHOCTI, 10 BKa3ye Ha MOMYJISIPHICTh iH(opMaliiHUX pecypciB. BUIbIIICTh 3 HUX BHKOPHUCTOBYBATH BIIACHE CAiTH
3akiaiB ocBiTh. ToOTO Neperysaany yci cailTu TUX 3aKiIaiiB, SKi IPUBEPHYIIM YBary JUisi BCTYIy Ta BBOKAIOTh iX KOPHCHUMH.

TosoBHa iH(poOpMalis PO 3aKiIaay BUIIOT OCBITH 3a3BHYall 3HAXOISTHCS Ha BeO-pecypcax. 3a3BHuaii, KOXKEH 3aKiiaj Mae
BJacHUU iH(pOPMAaLifHUI pecypc, ajie iICHYIOTh 1 iHIII pecypcH, Je MOXKHA 1moGauuTH iH(GOpMAaIliIo PO BCi 3aKiIagdl BHUIIOI
OCBITH Pa3oM, 1110 € KOPUCHUM ISl TUX, XTO 00Mpae 3aKiaj Uil Mail0yTHLOrO HaBUYaHHSI.

[ndopmanis Ha caiftax MOBHHHA OyTH JIOCTYITHOIO, CTPYKTYpOBaHOIO Ta BUYEpIaHolo. bijbmiicTe 3aknaiiB BUIIOT OCBIiTI
MaIoTh NEBHY CTPYKTYpY Ha CaiiTi, o0 HajaTH sskomora Oinblie KoprcHoi iHpopMaii i mo6 i Oyso 3pyuHo mrykatu. Bennka
mepeBara y BUKOPHCTaHHI iHGOPMAIiHHUX TEXHOJOTIH y MaHii cdepi - 3pydHe Ta MBHIKE OHOBICHHA iH(popMarii. 3aBasKu
CyJaCHHM TEXHOJIOTisIM TPAIIOBATH 3 iH(POpPMAIli€r0 Ha CalTi CTalo Ay)Ke MPOCTO Ta MOXKE HABITh HE MOTPEOYBAaTH JOMOMOTH
CHEIaiCTiB.

Juis mopiBHSHHA aHanoriB, Oymu oOpaHi 3 iH(pOpMaLifHIX pecypcH, SKi € MOMYyJSIPHUMH Ta 3HAXOIATHCS Ha TEPIINX
CTOpIHKaxX IIOITyKOBOI CTOPiHKH. AHaTi3 aHAJOTiB JIOBOJMB O3HAHOMHUTHCH 3 OCHOBHHMH IIOpTalaMH JaHOI TEMATHKH,
MOPIBHATH iX Ta BUAUIATH OCHOBHI HEIOJIIKM Ta BUMOTH IS PO3POOKH HOBOTO PECypcy.

[NopiBHIOBaTH Ta aHaNi3yBaTh caiTH OyaeMO 10 HACTYIHUM KPHUTEPisiM: HasBHICTh CTOPOHHBOT peKiiamH, ii JOPEUHICTh Ta
KUIBKICTB, SIKICTH CTPYKTypH3auil iHpopmanii, (yHKI[IOHAT: HasBHICTh IOUIYKY, HAasSBHICTh COPTYBaHHS, HAIIOBHEHICTh
iHpopMalli€ero Ta 11 AKICTb.

[epmmit ananor, sikuit Oyne po3mmsiHyTo - abiturients.info[2]. Cepen mnepeBar npaHoro pecypcy: — iHdopmaris
CTPYKTYpOBaHa, caiiT Mae MOUIyK, Ha caiiTi JocTaTHbO OaraTo iH(popMalil Mpo 3akiaj BHIIOI OCBITH, Ha CTOPIHII 3aKNIaay €
NOpiBHsUIbHA Tabmuns. Jlo HEmoJiKiB MOYKHA BIJHECTH: HAsIBHICTh PEKJIAMHM, MOMIYK MPAIIO€ MOBLIGHO, IHKOJIM MOXE HE
CIpaIIOBATH.

Posrisinemo HactynHumit ananor — kakucheba.com.ua[3]. [lanuii indopmaniitanii pecypc € HaBuansHuM. Cepen mepesar
JTAHOTO PeCypCy MOXKHA BUIUINTH: iH(QOpMAIIis TapHO CTPYKTYpOBaHa, IMBUAKUN NOUTyK. Hemomiku caifTy: HasBHICTh pEKIaMU

! cucrema KiTaciB HaBeIeHa 3TiIHO YMHHOTO 3aKOHOABCTBA YKpaiHH
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Ha caiiTi, sIka HE Ma€ BIJHOIIEHHS MO TEMAaTHKH caiTy, iHdopmamis HemoBHa, iH(pOpMAIis IOCTyIHA IO pelaryBaHHS
3BHYATHIMHU KOPUCTYBadaMH, 0 CTAHOBHUTH 3arpo3y il OCTOBIPHOCTI, 3acCTapiii JaHi PO YMOBH BCTYITY.

Ocrannit anamor - Beryn.OCBITA.UA[4]. IlepeBarm pecypcy: Oarato HeoOXimHO1 iH(opMmarii, 3py4HHH MOIIYK.
Hepnomixu: He 30BCiM 3py4YHE BHKOPHCTAHHS, MICTUTh HE BCi 3aKJIagyl BHINOi OCBITH, BIICYTHS JAeska iHpopmamis. Hemae
HaBiraiii o caiTy Ta Imepesiky BCiX CIeI[iaTbHOCTEeH Ta TaHHX.

IlepernsanyBIy BCi aHAIOTH, MOKHA 3pOOUTH BUCHOBKH Ta 3aHECTH X Y HOPIBHUIBHY TaOmuITio (Tabmuis 1).

Ta6auus 1 — «IlopiBHsIJIbHA Ta0AUUSA PO3IVIAHYTHX AHAJIOTIB»

Hassu kputepiis

Ha3zsu ananoris

abiturient.info

kakucheba.com.ua

Beryn.OCBITA.UA

HasiBHicTb pekiamu, ii
JIOPEYHICTh Ta
KIJIBKICTB

MaJja KiJbKiCTh, BIAMOBIIA€
TEMAaTHLIi CalTy

Maja KilbKiCTb,
3yCTPIYa€eThCS peKiIaMa He
o TeMi

€ MOXKJTHBICTB
PO3MIIIEHHS PEKIaMH,
3apa3 pekjaMa BifCyTHS

SkicTh cTpyKTypH3arii
iH(opMmarii

rapHoO CTPYKTYypOBaHa, €
MOPIBHSUTbHA TAOIHUIIS

ripiie cTpyKTypOBaHa,
HEMae TOPiBHIHHS

TapHO CTPYKTYpOBaHa,
HEMae TOPiBHIHHS

OyHKIIOHAT

HOUIYK, KOMEHTapi,
MOPIBHSIHHSL, JI0JIaBaHHS B
3aKJIa K1

TMOMIYK, OLlIHKA 3aKJajy,

BiZIMITKa «110100AETLCSY,

MOXJIMBICTb peJlaryBaTH
iHpOopMaIio

COpPTYBaHHsI, [IOILYK,
JIOJIaBaHHS B 3aKJIAJIKH

HarmoBueHicTh Ta
SKIiCTB 1H(pOpMAarTii

indopwmariii 6araro, BoHa
aKTyallbHa, € IOPIBHSIbHA

iHdopmarii MeHie,
4aCTKOBO 3acTapija

inopmartii 6araTo,
BIJICYTHI JIesiKi 3aKJain

TaOIMLIA Ta CHeLiaJIbHOCTI

VYci obpaHi caiiTu MaroTh Maike OJHAKOBMH KOHLENT, alie pealli30BaHUi BIH MO-pi3HOMY. MoXHa 1mo0ayuTH, 10 X04a
CalTH CXO0XI 3a TEMOIO, ajie Pi3Hi 3a MiX0/1, TOMY 3 SBISIOTHCS Pi3HI 0OCOOJIMBOCTI, SIKi MOXYTh SIK IIOKpAIlyBaTH CTOPIHKY,
Tax 1 MOTipIIyBaTH.

IMpakTHyHa yacTuHa

Juis po3poOku mpoekTy Oymnm po3TIsSHYTI HACTymHI iHCTpyMeHTH: pemaktop PhpStorm, pemaktop Sublime Text, CYB/I
PostgreSQL Ta Be6G-momaTok as anMiHicTpyBaHHs 0a3u maHnx Phpmyadmin.

Ha pucynky 1 300paxena iHpopmarliiiHa MOJIeNb CHCTEMH, B3a€MOisl MiXK KOPHCTyBadeM Ta iH(pOpMaIiiiHuM pecypcom,
MDK pecypcoM i 0a3oro maHux. CHcTeMa CKIaJaeThesl 3 TPHOX MOIYJIIB — KITIEHTCHKOIO, CEPBEPHOrO Ta MOIYJIS Oa3u MaHHX.

Koxnnii 3 MOI[yJ'IiB CJIIyTry€ i1 BUKOHAHHA IIEBHUX OHCpaHiﬁ.
| User )

web resource
interface

View

Search
answer

query

web resource admin

_
answer_|
Data Base |«—— | Server
query
panel interface
Administrator —| authorization

Puc. 1 - Indopmaniiina Mmoaesb cucTeMu

Insert

Update

Delete

Kiientcpkuit MOIyh HEOOXiTHHUN IS B3aEMOJIT KOpHUCTyBava 3 caiftoMm. KilieHTChKHiT MOAYIb B3aeMoJIi€ 3 0a3010 JaHUX B
00MIB1 CTOPOHU LTS HAJAaHHS IMOBHOI iHPOPMALIHHOT MIATPHUMKH KOPHUCTYBaYa.

Takox 3a JOIOMOTOI0 3B’ 3Ky 3 0a3010 TaHUX MOJKHA MEPeTIIIaTh, peaaryBaTH, T0IaBaTH i BUOANATH iH(QopMaIllito 3 6a3u
KOpHCTYBa4eM.

Hnsa 3axucty iHdopmarii mpaBa Ha calTi Oynm po3mifieHi Ha 3BHYAHOTO KOPHCTyBada Ta agMiHICTpaTopa cairy.
KopucryBau caiiTy MoXxe TiNbKH NeperisaaTé inhopMmariiro. AqMiHICTpaTop callTy — 3MIHIOBAaTH JIaHI HA CaWTi.
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Jns 30epiranns indopmanii s caidty Oyna crBopeHa 0Oa3a JaHWX, sSKa 3a/l0BOJIBHSE BCi MOTpeOM KOpHCTyBada Ta
aaMiHicTpaTopa iHdopMamiiHoTo pecypcy. Ha pucyHKky 2 300pakeHa cxema 0a3u JaHUX 3i 3B’ I3KaMH.

. ) ) prof_v_osvit_program
qualification_level_zvo 7 profession
. o Vo facultet id_prof_v_osvit_progr .
e _\\\l_ 7 1 [l 2 id_osvit_progr_v_spec | = @ id_prof
= id_qual_level % id_zvo id_facult |_oswit | v g/_ .
full_name \E name_facult id_prof name_pra
short_name id_zva
district adress osvitnya_programa [
Z 1
qualification_leve ¥ iddistic phone ¥ id_osvit_program > osvit_progr_v_spec
- name :
3 N website name_osvit_program LN @ id_osvit_progr_v_spec|
id_qual_level d d ast_year_pass_mark
ualification_level fekdbirict id_spec.y facult
g - emblem =N id_osvit_progr id_osvit_progr_v_spec

form_educ_zvo

short_information contract last_year_pass_mark_budget

accreditation level id_accreditation id_zvo ‘;‘?E(_v_facu t .
T —— . E id_ownership id_form_educ !d_spec_\'_facult -
- id_rector id_spec
accreditation_level rector community id_facult Z specialty
q postgraduate_education : B id_spec

R
id_rectar preparatory_department news
fio training_courses : -

title T id_news

contract name_educ_form
type_zvo budget name_news i passing_mark

? id_type type loo faxt ] id_passing_mark
name_type —l id_zvo no = id_zno
1

last_year_pass_mark_caontract

passing_mark_zvo

id_osvit_progr_v_spec

education_form name_spec id_passing_mark

% id_educ form compulsory_subject

ownership T id zno f passing_mark

¥ id_ownership name_zno

name_ownership

Puc. 2 — Cxema 6a3u 1anux

Bbaza manux MicTuth 22 TaOnwii Ta 3B’S3KM MK TaOJHISIMU «OAHMH 1O OaraThox». ba3a JaHUX MiCTHTH BCKO HEOOXiIHY
iH(OpMAIIiFO PO 3aKJIaJM BHINOI OCBITH JUI1 BUBEICHHS Ha iHQoOpMaUiiHmii pecypc. baza nanux BiamoBimae 3 HOpMalbHIM
(hopMi, OCKLTBKH KOXKHE TIOJIE Ma€ aTOMapHe 3HAYCHHS, TA0JIUIII MalOTh IEPBUHHINA KITFOY Ta 3B’ SI3KHA MK TaOJHIISIMHA yCi THITY
“omuH-10 6aratbox”, Ta Oyna po3poOIieHa BiAMOBIIHO yCiM MPaBUIAM.

VY 0azi € Jexinbka TONOBHHUX TaOIUIb — «zvo»/«3BO» Ta «osvit_progr v_sSpec»/«OCBITHS IporpaMa B CHEHiadbHOCTI».
BoHHU € TONOBHUMH, OCKUTBKH TAaOJIUIIS «ZVO» MICTUTh YCIO TOJIOBHY Ta KOHTaKTHY iH(opmaliio 3akiany BHIIOT OCBITH, a
TaOIHUIIT «OSVit progr v_spec» - AaHi Mpo CHEUiaTbHOCTI ¥ (paKyIbTEeTaX, OCBITHI MPOTpaMH, Ta YCIO iHITY iH(POPMALi0 II00
HaBYaHHSI.

[Tpu po3pobui iHTepdeiicy Oyna BukopuctaHa moBa po3MiTkn HTML, kackanui tabauui ctwiiB CSS, cKpUIITOBY MOBY
JavaScript Ta dpetimBopk Bootstrap, sikuii BUKOPHCTOBYE cydacHi HampairoBanus B oosacti CSS i HTML, a BukopucTanHs
¢dpeiiMBOpKiB 1 0i0i0TEK 3HAUHO MoJIerirye podoTy. 3aBIsku BUKOpHcTaHHIO TexHouorii CSS ta Bootstrap inTepdelic cailty
OyJ10 po3po0IIEHO aJanTHBHUM Ta KpOCOpay3epHHUM.

Iutepdeiic Ha caiiti OyB pO3pOOJICHHI 3a JOMOMOTOK TEXHOJIOTIT OyTCTparl, sSiKa BUKOPHCTOBYE KOHTCHHEPH, CHCTEMY
CITOK, KOoJIOHKH. KoHTeliHep € rosloBHUM OyaiBeNbHUM OJIOKOM, SIKMI MICTHUTH KOHTEHT, BUPIBHIOE HOTO Ha MPUCTPOSAX abo B
obnactsx meperiany. Bin € 6a30BuM eneMeHTOM i HOTro BUKOpHCTaHHS HEOOXITHO MpH poOoTi 3 cucTeMoro ciTok. Crucrema
CITOK POOMTH BMICT CaliTy UyWHHM, KOHTCHHEP PO3TALIOBYETHCS MO LEHTPY CANTY, PS/IKK CITy’KaTh OOrOPTKOIO ISt CTOBIILB,
B KO)KHOMY PAIKY € 12 THYYKHX CTOBIIIIIB.

3B's130Kk 3 0a3010 MAaHWX BUKOHYETHCA 3a JOMOMOTOI0 php, IO M03BOJSE BUKOPHUCTOBYBATH iH(OpPMAIlIO, SKa TaMm
30epiraerbes. st miakmodeHHs 6a31 JaHUX OyJI0 CTBOPEHO OKpeMHui (haiii.

OpHa 3 ToJIoBHUX (DYHKIIT Ha CaifTi — MOIIYK 3aKiIajiB BUIIOT OCBITH 3a MPOQECcisiMu, SIKi TaM MOXKYTh Ha/IaBaTUCh.

[Tomrykx 6yB HamucaHHWH 3a IOTIOMOTOI0 cepBepHOi MoBU IporpamyBaHHia PHP Ta moBu mporpamyBanus JavaScript. J{ns
peanizauii nanoi (yHKUIT Tako OyJI0 BHKOPHCTAHO 3aIlUT, KU BHBOAWTH HeoOXinHi aani 3 BJI, Takum yuHOM Oyio
BUKOPHCTaHO MOBY 3anuTiB SQL.

Hacrynna ¢yskuis — napamerpuunuii nomryk 3BO. Jlanwii nomyk ¢ineTpye iHdopmaiiio 3 0a3u JaHUX 3a TEBHUMHU
yMOBaMHU 110 JaHuX. [[Jiss CTBOpEHHs JAHOTO IOUIyKY OyJIO BHAIJICHO HACTYITHI MapaMeTpu: IliHa HaBYaHHs, HAasBHICTh
Oro/pKkeTHOI/ KOHTpakTHOI (opmu HaB4aHHs, ¢Gopma BiacHocTi 3BO (nepkaBHa/ TpuBaTHA), CHELIaNbHICTH HaBYaHHS,
HasIBHICTh TYPTOXUTKY. J{ns1 peanizamii Oyno BUKOpHCTaHO cepBepHY MOBY nporpamyBanus PHP ta moBy 3anmtiB SQL.

[TapameTpruyHnii TONIYK B3aEMOMi€ 3 iHTepdeiicoM BeO-CTOPIHKU, A€ 3HAXOIATHCA HEOOXiNHI TMOJS, SKi IMEepelaroTh
3HA4YEHHA JJIs1 KOPEeKTHOI poOoTtu momryKy. Koa HammcaHmii TakuMm YHHOM, IO (YHKIIS IONIYKY «30Mpae» 3amuT Uit
BHBE/ICHHS PE3yJIbTaTy, KOJIM X04a-0 OZMH ImapamMeTp 3allOBHEHHUH.

i CTBOpEHHS 1HTEPaKTHBHOI KapTH 3 PO3TalIyBaHHIM BCIX 3aKJIafiB BHINOI OCBITH BUKOPHUCTOBYBaBcs cepiic «Google
Maps» Ta momaHa Ha caifTi 3a momomoror html-tery <iframe>. Ha xapTi posramoBaHi MapKepu 3a aJpecaMyd Ta IOBHA
iapopmamis nmpo 3BO. Takox cepBic T03BOJISE OTPUMATH TOCTYII IO PEHTHHTY Ta 300pakeHb 3aKIaiB.

Beb-pecypc mpoxoauB TeCTyBaHHS Ha O0E3KOIITOBHOMY XOCTHHTY BeGet.com. JlaHu# XOCTHHT T03BOJISIE PO3MICTHTH CalT
y Mepexi Ta Mpe3eHTyBaTH HOro 3aMOBHUKY. JIJIsl BUKOPHCTAaHHS AaHOTO XOCTHHTY HOTPIOHO 3apeecTpyBaTHCh Ha OdiliiiHil
CTOPIHIII, MICIS I[HOr0 MOYXHA BHUKOPHUCTOBYBAaTH HMOI0O I CBOIO IMPOrPaMHOTO MpoaykTy. Ilicims peectparii MoXHA
3aBaHTa)XyBaTH 0a3y NaHux Ta (aiii caliTy Ta KOpHCTyBaTHCS 1M y Mepexi. JlaHuii XOCTUHT BUKOPHUCTOBYBABCS Y TECTOBOMY
PEXKHUMI.
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Caiir Oyno po3mimieHo Ha ruaTHOMY XocTHHTY HostiQ. JlaHuii XOCTHHI JO3BOJISIE PO3MICTUTH CalT y MEpexi Ta HaJaaTh
BUTBHHI foCTyT. J{7I1 BUKOPUCTAHHS JAHOTO XOCTHHTY MOTPiOHO 3apeecTpyBaTHCh HA OQimidHIN CTOpiHII , 00paTH OIUH 3
TMIAKeTiB JUI1 KOPUCTYBAaHHS Ta 3apeecTpyBaTH JoMeH. [1icis omaTé Ha MOIITY Mpuii/ie TOBIAOMIICHHS 3 JIOTIHOM Ta MapojeM
Ui ocobmcToro kabiHeTy, B ocoOMCTOMY KaOiHETi € BCs TOJOBHA iH(pOpMalis Ta MaHelb KepyBaHHS. Y TaHeli KepyBaHHS
BiOyBa€eThcsi poboTa 3 caiitoM: pobora 3 0a30i0 JaHMX, 3aBaHTaXeHHs GailniB caiity, HanmamryBaHHs nomtd. Jlus
3abe3nedeHHs Oe3neky mepenadi HaHUX MK Opay3epom i cepBepoM OyB mimkmoueHHid noBipeHnit SSL-ceptudikat Let’s
Enscrypt, mo 3a6e3neuye https-migximodeHas 10 caiTy 6e3 OyIb-sIKIX TOMHIIIOK.

PesyabTart

Po3poGirennii nmporpamMHuili MpoaykT € BeO-pecypcoM mist mpodeciiiHoi opieHTamii mkoisipiB Ta abitypieHtis. Caifr
JO3BOJISIE TIEperiiaaT iH(OpMAII0 TPO 3aKIagl BHINOI OCBITH, iX (aKyIbTeTH, CIEMiaTbHOCTI, OCBITHI MPOTpaMH Ta
mpocecii. s Toro, mo0 BITPHO KOPHCTYBATHCH JaHHUM PECypcOM CIil MaTH Oyab-skuii Opaysep Ta Mepexy iHTEepHET.
BuxopucroByBaTH MOXHa OyIb-SIKHI Opay3ep Ta Ha OyIb-IKOMY MPHUCTPOI, OCKITBKH caiiT OyB po3pobieHnit KpocOpay3epHuM
Ta aJalTHBHUM.

[Ilo60 moyaTH KOPHCTYBAaTHCs, HEOOXIMHO MpomucaTH aapecy B Opaysepi, ne po3MilleHuil pecypc, abo mepeWTtu 3a
BIJIMOBIIHMM TIOCHJIaHHAM. [lepioro cTopiHKOIO MpH 3aBaHTakeHHI € “T'oJoBHA”, sika 300paxkeHa Ha PUCYHKY 3. Y BepxHii
YaCTHHI CTOPIHKM 3HaXOJWTHCS KHONKA LIBHJKOTO JIOCTYIY JO TOJOBHOI CTOpiHKH. Ll KHOmKa mocTymHa 3 Oyab-siKOi
CTOPIHKH L[LOTO CalTy, 1110 POOUTSH 11 y MIBUJIKOMY JAOCTYIIi KOPHUCTYBAUEB1 ISl HOTO 3py4HOCTI.

Hwxue 3HaxoauThes OaHep caiiTy, 1110 BioOpaxkae Ha3By MPOEKTY Ta JOTOTUII 3aMOBHHKA AaHOTO BeO-pecypey. [1in nanum
posainoM caifty 30epiraeTbest ciaiinep 3 HoBuHamMu 3BO, mij SIKUM 3HaXOANUTHCS MEHIO CaiTy, SIKE MICTHTh MIBUAKHN JOCTYII
JI0 HACTYITHUX PO3LTIB: TOJIOBHOI CTOpiHKH, Tepeniky 3BO, mamu 3axnaniB micta OznecH, iHdopmarii mpo calfT Ta IHCTPYKIIi.
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Jst BAKOpUCTAaHHS HOIIYKY 3a mpodecisiMu il y creliajibHe NoJie IoYaTH BBOAUTH 1i Ha3By, a CAlT OYMHAE TeHEPyBaTH
pe3yNbTaT y BUTIISAL CIIUCKY 3aKJaliB i paKyIbTETIB.

Skmo HatucHytH Ha “Ilapamerpu”, TO MOXXHA 3HAWTH 3aKiIaj 3a HACTYMHHUMHU NapaMeTpaMH: Ha3Ba CIICLialbHOCTI,
MIOYaTKOBA Ta KIHI[EBA BAPTiCTh KOHTPAKTHOTO HABYAHHS, OCHOBA HABYAHHS, THII BIACHOCTI Ta HAsBHICTh TYPTOXKHTKY.

Ha xoHiil cTopiHIi € KHOIKa, sIKa pO3TalloBaHa CIpaBa, 00 HAaJaTH MOXJIMBICTh KOPHCTYBa4YeBl HAMMCATH HA TOMITY.
[Ipu HaTHCKAaHHI Ha KHOTIKY BiAKPUBAETHCS BIKHO 3 (POPMOIO [T BiAIPaBKHU IIOBIIOMIICHHS Ha TOIITY

1106 nepeiitu Ha okpeMi cropinku 3BO HeoOXiIHO HATHCHYTH Ha KHOIKY «JleTanpHiliey, sika po3TalioBaHa Ha KapTKax 3
KOKHHM 3akiajgeM. Ctopinka 3BO MiCTHTh TOJIOBHY Ta KOHTAaKTHY iH(OPMAIIif0, OIHKC, TabHIII 3 XapaKTepUCTUKAMH, KapTy,
nepemk (GakyabpTeTIB, KU OPOPMIICHHNA y BUIJIAAI CIHCKY, IO PO3KPUBAETHCS Ta MiABAI. B cepennHi CIUCKY KOXHOIO
(axynpreTa - TaOMULS 3 MEPETIKOM CHEeLiaIbHOCTEH, a caMe: HOMEp, Ha3BYy CHELIaJIbHOCTI Ta OIKC, SIKUH MIiCTHTh OCBITHIO
nporpamy, rnpodecii, BapTicTbh, MPOXiAHUI Oajl, NpeJMETH Ta MpeaMETH Ha BUOIp.

BucHoBku

VY pesynbrati 0yn0 po3poOieHO YHIKaJbHMN Ta aKTyaJlbHHH BeO-pecypc, SKMH BiIIOBila€e MOCTaBIEHMM BHMoraM. Bcei
MOCTaBJICH] LTI Ta 3a1a4i JIOCATHYTI Ta BUKOHaHi. PO3po0OieHuil pecypc MpOXOANB TECTYBaHHS NPOTSATOM POKY i OTpHMaB
CXBaJIbHI BIATYKH BiJ KEpiBHHIITBA ENapTaMEHTy OCBiTH Ta Hayku Omechkoi Mickkoi pamu. TexHoOMOTIl st po3poOKu Oyiu
o0OpaHi 3a aKTyalbHICTh, 3PYYHICTH y poOOTI Ta MIATPUMKY Ha IUIATHOMY XOCTHHTY. YCi BHUKOPHCTAaHI TEXHOJOTIi €
6esxomToBHUMH. [ cTBOpeHHs eekTuBHOTO BeO-pecypcy kombinyerscst PHP 1 JavaScript ckpuntu. OCKUTBKH, CKPHIITH
JavaScript BUKOHYIOTBCS Ha MaIllMHI KIi€HTa, B Toi yac sk PHP cepBepHa mMoBa mporpamyBaHHs. ByB npumbaHuii miiaTHUN
XOCTHHT, 3apeeCTPOBaHUil oGIIifiHUN JOMEH Ta mepeHeceHi (aiin caitty pasom 3 0a3or0 ganux. CalT Mae MOCTIHHY
MIATPUMKY, sIKa CIIPsIMOBaHA Ha 3a0e3le4YeHHs aKTyalbHOCTI iH(opMallii, 6e310raHHOi poOOTH 1 BIOCKOHANEHHS pecypcy. Y
MaiOyTHbOMY PO3IJISIAETHCS PO3MINPEHHS (PYHKIIOHATY.

Ha croronnimHiii neHb, 0e3 xxomanoro SEO-mpocyBaHHs, caiiT 3HAXOMUThCs Ha 1 CTOpIHI Y MOIIyKoBii cucremi Google
Ta Woro BiABiAanM OUIbLI HiXK 33 THCSYI JTIOJCH.

Cnucok BHKOPHCTAHUX JKepeJl

[1].CrnoBuuk TepminiB intepHer-pexinamu 1 SEO [Enmextponnmii pecypc] — Pexum pgoctymy 0 pecypey:
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[2].1o Take xocTWHT i woMy BiH MOTpibeH Bamomy caifty? [Enmekrponumii pecypc] - Pexum mocTymy 10 pecypey:
https://internetdevels.ua/blog/what-is-web-hosting
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[4].Ocsita B Ykpaini — Ocgita.ua. [Ipodeciiina opieHTartist: CyTb, 3aBIaHHs Ta OCHOBHI IpHHIMIH. Pedepar [EnexTponnmii
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Anomauin. Y cmammi po32isiHymo nepcneKmueHy MOXCIUGICING BUPIUEHHS aKMYanbHO20 0Ji 00 €OHAHOI enepeocucmemu
Yxpainu numanusa wooo docacnenHs 8 OCMAHHIN 8UCOKUX NOKA3HUKIE cmabitbHocmi ii yacmomu. Bioomo, wjo docaenymu
BUCOKUX NOKAZHUKIE CMADLIbHOCMI YaCMOMU HAMA2ANUCH [ 3d ICHYIOYUX MPAOUYIUHUX MemOo0i6 iX hopmMy68aHHss 0OHAK, HAGIMb
Ha npomsizi 0eKiIbKOX OCMAHHIX O0eCAmulims 3pobumu ye max i He 80an0cs. 3a peszyibmamamu NpoeedeHux 6 pobomi
00CHI0MHCEHb GUBHAYEHO, WO OOCASHYMU SUCOKUX NOKA3HUKIE CMAOLIbHOCMI yacmomu 8 00 €OHanil enepeocucmemu 6yde
YIIKOM MOJCIUBO HABIMb 6 YMOBAX IT camMocmiHol pobomu, AKWO Y MICYEeBUX eHepeo8Y3Nax, WO HCUBTAMbC 6e3n0cepeoHbo
6i0 cmanyii AEC, 3abe3neuumu 6iOnoGioHi yMo8u 0151 (DOPMYBAHHS pe3ep8ié MAHEe8PEeHUX NOmYJiCHOcmell, AKi 0yOoymb
BUKOPUCMOBY8AMU Y NPOYecax NepeUHHO20, SMOPUHHO20 | MPEemuUHHO20 pe2ylo8anHs uacmomu. B pobomi Haykoso
002pYHMOBANO | NEPCNEeKMUBHY MOACIUGICMb cmeopents Ha cmanyiax AEC npunyunoeo Hosoi cucmemu npomuodii npoyecam
30ypenns pexcumy. Hoea cucmema 6 pasi nosisu 6 06’ €OHaHill enepeocucmemi npoyecy 30ypenns ii pedcumy 30amua Oyoe
8UACHO 1 A0EK8AMHO BUKOHYBAMU NPOMUOII0 YbOMY Hpoyecy, wo 3a6e3nedums MONCIUBICMb 30epedtCeHHs NonepeonHbo
B8CMAHOBIIEHO20 8 eHEP2OCUCHIEMI PeNHCUMY [3 NONePeOHbO 8CIMAHOBIEHUM 3HAYeHHAM yacmomu. Modcna nepedbauumu, wo 3a
CMBOPEHHs HOBUX CUCMeM KepYBAHHA Hnpoyecamu MNepeUHHO20, BMOPUHHO20 [ MPEeMUHHO20 pe2ynto8aHHs Ydcinomu
beznocepednvo y enrexkmpomepedci AEC cmarne yinkom MOACIUBUM OOCSeHYMU 8 00 €Onanoi enepeocucmemu Yrpainu nosux
BUCOKUX NOKA3HUKIE CMABIIbHOCMI Yacmomu, wo 8i0nogioamumyms pienio it cmabitvnocmi 6 enepeood ‘eonanni ENTSO-E.
Bucoka enepeemuyna eghexmueHicms SUHAYEHO2O0 NEPCHEKMUBHO2O0 HANPSIMKY WOO00 BUKOPUCHAHHS eNeKMpPOMeniogux
2enepamopie 6 npoyecax YAPAGIIHHA DPENCUMOM eHepeocucmeMu Oyia niomeepodcena pesyIbmamam Nnpo8eoeHux
docniodicenb, momy came yel HANPSIMOK NOBUHEH CMAMU OOHUM I3 NPIOPUMEmMHUX y NAAHAX nodaabuo2o possumiky OEC
Ykpainu.

Abstract. The paper considers a promising opportunity to address the issue relevant to the unified power system of Ukraine
to achieve high stability in the latter. Attempts have been made to achieve high rates of frequency stability with the existing
traditional methods of their formation, however, for the last few decades it has not been possible to do so. According to the
results of research, it is determined that to achieve high frequency stability in the integrated power system will be possible
even in the conditions of its independent operation, if the local power units supplied directly from the NPP, to provide
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appropriate conditions for the formation of shunting reserves, which will be used in the processes of primary, secondary and
tertiary frequency control. The paper also scientifically substantiates the promising possibility of creating a fundamentally new
system of counteracting the processes of regime disturbance at NPP stations. The new system will be able to counteract this
process in a timely and adequate manner in the event of a disturbance process in the integrated power system, which will
ensure the possibility of maintaining the pre-set mode with a pre-set frequency value. It can be predicted that with the creation
of new control systems for primary, secondary and tertiary frequency control directly at NPP stations it will be possible to
achieve high frequency stability in the integrated power system of Ukraine, which will correspond to the level of stability in
ENTSO-E. The high energy efficiency of the identified promising direction for the use of electric heat generators in the
management of the power system was confirmed by the results of research, so this area should become one of the priorities in
the plans for further development of the UES of Ukraine.

KirouoBi cioBa: 00’eHaHa eHeprocucTeMa YKpaiHH, €JIeKTPOTEIUIOBI TeHepaTOpH, eKBIBaJICHTHUH I'€HEpPaTop, MOMEHT
iHepIIii eHeprOCUCTEMH, CHCTEMH PETYIIOBAHHSA YaCTOTH 1 MMOTY>KHOCTI.

Key words: united power system of Ukraine, electric heat generators, equivalent generator, moment of inertia of power
system, frequency and power control systems.

Beryn

TpaaumiiiHi, K Ha ChOTOJHI, METOJU PEryJIIOBaHHS YaCTOTH 1 MOTY>KHOCTI B CHEPrOCHCTeMi OyJIM 3aCHOBaHI IE Y
TPUALSATI POKM MUHYJIOTO CTOJITTS, ajle ¥ J0 LOTO Yacy MPOJIOBXKYIOTh CKJIQJaTH OCHOBY ISl TOOYAOBH ICHYIOUMX CHCTEM
MIEpBUHHOTO, BTOPHHHOTO Ta TPETUHHOTO 11 perymosanus [1]. IIpy npoMy BBa)kaeThCs, 110 AOCATHYTH BHCOKHX ITOKAa3HHUKIB
crabinpHOCTI yactotu (+ 0,01/7%) MOXKIIMBO JIMIIE Y BEIMKUX eHeprood’eqHaHusax, Takux ssk ENTSO-E, BennunHa noTtyxHOCTI
sixoro ckimanae Big 350 mo 450 I'Br. IlepcriekTBy mogaibioro 3AiHCHEHHS iHTETpallii 00’ €IHaHOI eHeprocucTeMu YKpaiHu
mo ENTSO-E mepenbauae «[lman po3Butky cucremu mepenadi Ha 2020 — 2029 pokm» [2]. 3rizHO 6a30BOTO CIIEHAPiIO
PO3BUTKY TEHEPYIOUHX MOTYXHOCTEH I[OTO IUIaHY MPIOPUTET HAA€ThCS BigHOBIIOBaHMM mkepenam eneprii (B/IE) cepen
akux: rigpoenektpoctanuii (EC), rigpoaxymymiotoui cranmii (I'AEC), comsuni emextpoctanuii (CEC) Ta BiTpsHi
enekrpoctanuii (BEC), a Takok CTBOPEHHIO Ha iX OCHOBI CyYaCHHMX IIBHAKOIIIOYMX CHCTEM MIATPHMKH Ta PETYIIOBAHHS
gactotu (CIIPY). BpaxoByroun Te, mo 3rigHo «Ilmany po3sutky cuctemu nepemadi Ha 2020 — 2029 pokmn» He mepeadadeHo
MOXIIMBICTh Y HAWOJIKYI €CATH POKIB 3a0€3Me4YnTH HEOOX1IHY BennunHy notyxHocreil cucrem CITPY aiis Bike BBEIEeHHX Y
excrutyaraiito craniiii BEC i CEC nopgainbliie HapolyBaHHsS MOTYXXHOCTEH IMX CTaHIH MPU3BENE JIUIIE J0 30UIbIICHHS
3arajbHOro JeinuTy MaHEBPEHHUX I'€HepyIoUYHMX NOTyxHocTed B OO’eaHaHiii eHeprocucremi i, SK HACIHiIOK, JIHMIIE 0
TOTIpIIEHHS ICHYIOHYOTO CTaHy i3 CTaOUIbHICTIO YaCTOTH.

Mertoro cTarTi € po3INIsA MUTAHHS LION0 ICHYIOUHMX MOXIIMBOCTEH 3a caMOCTiHHOI poOoTH 00’€nHaHI €HeprocucTeMi
YKpaiHu JOCSTHYTH BUCOKHMX €BPOIEHCHKHUX MOKAa3HUKIB cTaOUIBHOCTI if 4acToTH.

AHaJi3 JiTepaTypHHX JaHHUX i IOCTAHOBKA NPOGJIeMHn
B Tabu. 1 mpuBeneHo naHi 11010 NOAAIBLIOTO [UIAHy PO3BUTKY TeHepyrounx noryxHocreid B OEC Ykpaini, ae npiopurerHi
HaIpsIMK{ BUJIUICHO KUPHUM IIPUPTOM.

Tadauus 1 — [ToTyXHICTh 3a THIIAMU TeHepallii 3TiTHO 0a30BOTO creHapio, MBT

[oTyxHiCTh 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029
TEC T'K ByrinbHi 16 000| 16 16 16 16 16 16 16 16 16
000 000 000 000 000 000 000 000 000

TEC T'K razomacytHi 0 0 0 0 0 0 0 0 0 0
TELL 4430 | 4250 | 4070 | 3870 | 3820 | 3770 | 3650 | 3650 | 3650 | 3650
I'EC 4880 | 4880 | 4900 | 4950 | 5032 | 5133 | 5180 | 5236 | 5584 | 5696
I'AEC 1985 | 2136 | 2136 | 2136 | 2537 | 2787 | 2787 | 2787 | 2787 | 2787
AEC 13 13 13 13 13 13 13 13 13 13

835 835 835 835 835 835 835 835 835 835
Ioryxuicts BEC 1550 | 1660 | 1770 | 1880 | 2050 | 2230 | 2410 | 2590 | 2770 | 3040
oryxuicts CEC 3050 | 3250 | 3500 | 3750 | 4960 | 4470 | 4880 | 5290 | 5700 | 6200
Bucokomanespeni TEC 3i | 0 500 1000 | 2000 | 2000 | 2100 | 2250 | 2400 | 2600 | 2873
LIBHJKHM CTapTOM
Bcroro noryxHicTh 4573 | 46 47 48 49 50 50 51 52 54

0 511 211 421 334 325 992 788 926 081
CIIP4 200 325 500 690 825 860 1000 | 1200 | 1420

Pazom 3 1mM, peainbHy OOIpYHTOBaHY OILIIHKY HaMideHMM IUIaHaM 0a30BOrO CIICHAPiI0 PO3BUTKY TI'CHEPYHOUHX
noryxHocreit cranniiit EC i TAEC (ta6s. 1) Hagano B [3]. B crarrti npoBeneHo aHani3 poxymeHra «IIporpama po3BHUTKY
rizpoenepreruku 10 2026 p.» cxBanenoi KM VYkpainu posnopsmpkenssm Big 13.07.2016p. Ne 552-p. IIpoBenenuii aHami3
nokasas, o OyxiBaniTBo HoBuX I'EC i TAEC notpeOye cyTTeBHX BUTpAT KOLITIB, @ TAKOXK: 3aTOIUICHHS POJIOYNX 3EMEIb,
BiJICEICHHSIM MEINKAHIIB 13 30HU 3aTOIUICHHS, BTPATy ICTOPHUYHUX IIaM SITOK, PyWHAIIO MPHPOTHHUX 3allOBiIHUKIB, iHIII
HeratuBHi sBuma. [Ipu mpomy, cobiBapTicts BupoOHHITBA enekrpoeHeprii [ EC i TAEC Habarato mepeBHIye el MOKa3HIK

23


http://www.atbp.onaft.edu.ua/

™ o
u ABTomaru3ariis TexHosoriunux i 6isuec-mporecie Volume 13, Issue 3 /2021 u
http://www.atbp.onaft.edu.ua/

st TEC un AEC. KpiMm Toro, y CTpyKTYpi TiIpOeIeKTpoCTaHIii € iHepLiiiHi MeXaHiqHi arperaty (Harpassiiodi anapari), mo
PETYIIIOI0Th TOTYXHICTh Timpoarperary. Lli arperaT MaroTh NEBHY IHEPIiHHICTh, i TOMY IIBHAKICTh 3MIiHH IOTY>KHOCTI
rigpoarperaty He Moxe mepesumryBatu (0,01 — 0,025) Prom/cex. Y TOW camuii 4ac MIBHIKICTH 3MiHH €IEKTPUYHOL
MOTY>KHOCTI BiTpoarperary y 3 — 5 i Oubie pasis Buia, ToMmy 3aranbHa notykHicTs ['[EC ta TAEC mpu cripobax perymroBatu
10,9 I'Bt motyxuocteit BEC i CEC (npomo3utist [Iporpamu) moBuaHa ctanoBuTH He MeHmie 33 ['BT. B ymoBax Ykpainu ne €
HemoxumBuM. Tomy BHeceHi y «IIporpamy po3BHTKY rimpoeHepreTukn Ha mepiog mo 2026 poky» MpOmo3UMii om0
Bukopuctanas ['EC i TAEC nmns craGimizariii 4acTOTH B €HEProcucTeMax, B SIKAX IMPAIIOIOTh MOTYXKHI BITPOBI Ta COHSYHI
€JIEKTPOCTAHIIT, BUIVISIJIUTh HE OOTPYHTOBAHUMH Ta MOMHUJIKOBUMH.

VY BianoigHocTi 10 6a30Boro cueHapito (Tabu. 1) HmpiopUTET TAKOXK HAJAHO 1 MOJAIBIIOMY PO3BHUTKY IOTY>KHOCTEH
enextpocranniii CEC i BEC. Oamak, 10cBin BrpoBamkeHHs cydacHux cucteM BJIE ¢incekoi xommanmii « WARTSILA
ENERGY» [4] nokazas, mo ai1st 3a0e3edYeHHsI B eHeprocucTeMi Bxke BBeAeHHX y O0’eHaHy €HeprocucTeMy I'€Hepylunx
3aco0iB BEC, CEC i 6iocranuiii noTpiOHO, 11100 pe3epBHi IMOTYKHOCTI LIUX CHCTEM Yy II’STh pa3iB IEPEBUIILYBaJIH PiBEHb iX
TeHepailii, KpiM TOro, MOTPiOHO 3a0€3MEeUYNTH e i YOTUPUKPATHUI pe3epB MOTYKHOCTI CUCTEM aKyMYJISIii 3 BUKOPUCTAHHSIM
akymynaTopHux Oatapeit (AB) 1 ogHOKpaTHHIA — iHIIOT MaHeBpeHOi reHepartii. To0To, AKIIO MKOBUHA PiBeHh HABAHTAKEHHS
cydacanx cucteM BJIE mocsrae 1000 MBT, motpiOHO, mo0 HasBHHU pe3epB moryxkHocTi BJIE B eHeprocucremi maB
BenmnuuHy nopaaky 5000 MBT, a moTy)XHOCTI CHCTeM aKyMYJIIOBAaHHS €Heprii 3 BUKOpHCTaHHSIM Ab ckimajganu BeTUUHWHY He
mentre 4000 MBT, pu oMy MOTY>KHOCTI MaHEBPEHO1 TeHepailii Takoxx Oynu Ha piBai 1000 MBT.

TakuMm 49uHOM, Ui BXKe BBelIeHHX y poboty OO0’emnanoi eneprocuctemu 1550 MBt motyxknocteit BEC 1 3050 MBTt
notykHocteit cucteM CEC, mist 3abe3mnedeHHs cTaOUTBHOCTI 1X reHeparlii moTpiOHO J0JaTKOBO BBECTH Y CKCILTyaTaIlikO IIe
(4000 — 5000) MBT mOTyXHOCTE#l CHCTEM aKyMyJsllii 3 BHKOPUCTAHHSAM MOTY)XHHX AB, mo morpebyBatnMe ynMammux
KamitaneHuX BUTpaT. KpiM TOrO, SIKIIO BpaxyBaTH, 10 pecypc podbotu noTyxHux Ab cknanae ycboro 5 — 7 pokiB, a Takox Te,
110 3aco0u iX yThimizanii 30BciM BificyTHI B YKpaiHi, MOXKHA TepeJ0aunTH, 1110 MOTOYHI BUTPATH HA YTPUMAaHHS Y HaJIe)KHOMY
CTaHi JIII0YMX CHCTEM aKyMYJIAII] 3 pOKaMH JIUIIE 3pOCTATUMYTh.

Jnst  OCATHEHHS TIOCTaBJIEHOI METH MPOIOHYEThCS BBECTH JO IIIOYMX 3aco0iB aBTOMATH30BAHOI CHCTEMH
mucnerdepcbkoro ynpasninai (AC/LY) AEC moTyHI aBTOMaTHYHO KEpOBaHI KOMIUIEKCH EJIEKTPOTEIUIOBUX T'€HEpaTOpiB
(ETI). Ho cxmagy OuMX KOMIUIEKCIB BXOIUTHMYTh, TOJIOBHAM YHHOM, IIOTY)XKHI €JIEKTPOKOTIM TEXHOIOTIYHO 3aMisHI Y
TEIIOLEHTPAISIX MICT PETiOHY, €JNEKTPOXXMBIEHHS SIKMX 3fiicHioeTsest Bin AEC. 3rimgno 3ampornonoBaHoro B [7] HOBOTO
cnoco0y BukopucTanHsa noTykHuX Komimiekcie ETT B ACIY AEC HagacTs MOXIUBICTD pealli3yBaTy IPOIECH YIIPABIiHHS Ta
repesadi MaHEBPEHHUX TeHEPYIOUNX MOTYKHOCTEH Oe3nmocepeIHhO Ha MariCTpalbHUX JIHISIX aTOMHHX CTaHIH. {1 mpukany,
Ha puc.l mpuBeIeHa CTPYKTypHa CXe€Ma CHCTEMH aBTOMATHYHOTO YTPaBIiHHSA HaBaHTaxeHHsIM komiuiekciB (CAVY-ETT),
NPU3HAYCHHSIM KO OyJzie 30epexeHHs Ha po3noainbyux muHax PiBHeHChKOi AEC BCTaHOBIIGHOTO PEXHMMY HaBaHTaKEHHS,
ko Ha posnoainpuiii miactaniii [IC 750 kB «KuiBchbkay MaTUMyTh MICIle 3MiHM MOTOYHOTO PEKUMY HABAaHTAKCHHS, Ha

MPOTs3i TOOH.
ACIIY PAEC
CAY -ETI'
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Puc. 1 - CtpykTypHa cxeMa aBTOMATHYHOI0 YNPaBJIiHHA HaBaHTa:keHHsIM KomiiekciB CAY-ETI y Binnmosignocti 10
3MiH MOTOYHOT0 HABAHTAKeHHA Ha po3noginbyiii mixcranmii IIC 750 kB «KuiBcbka»
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[Iporec 30epekeHHs] BCTAHOBICHOTO PEKAMY HaBaHTaKeHHA Ha mmHaX PAEC Oyzae 3a0e3nedeHo 3aBASKH IIPOLECaM
aBToMaTiyHOTO perymoBanHsa cucremoro CAY-ETI moryxHocteit kommuiekciB ETI, y BIiOmOBIOZHOCTI 1O 3MiH IOTOYHOTO
HaBaHTaXCeHHA Ha po3moxinsuiid migcranmii [IC 750 kB «KuiBchkay. SIkmio, Hampukiaa, y MICIEBHX CHEProBy3Jax CTaHIIT
PAEC BcTaHOBHTH 1 TEXHOJOTIYHO 3aJisATH eNeKTpoTeruioBi koMmruiekcn ETIT 3arampHoro motyxHicTio y 1000 MBrT, e
HAJaCTh MOJKJIMBICT 32 JTOTIOMOTOI0 HOBOi cucTeMu aBTomMatudHoro ympasiiHas CAY-ETI 36epertu 3amany ctabinbpHICTH
HABAaHTAXXCHHA Ha IIHWHAX Ii€] aTOMHOI CTaHIll HABITh NPH MOBHOMY pO3BaHTaXEHHI ii marictpanpHoi niHil AEC, a6o y
BUIIAJIKaX MOYKJIMBOIO HECAHKIIIOHOBAHOT'O BIJIKIIOUYEHHS L€l JiHii.

He menm BaxkimBoro aiust O0’€nHaHOI €HEProCUCTEMH MOXKE CTaTH 1 MPOMO3HINS MIOJ0 BUKOPHCTAHHS aBTOMAaTHYHO
KepoBaHuXx notyxHocrei komiuiekciB ETT, sik edexkrruBHOro 3aco0y nmpoTuii nporecam 30ypenHs 1 pexxumy. Po3risHemo e
MTUTaHHS OUIBII JIETAIBHO.

Bigomo, 1m0 kKo)KHa eHeprocucTeMa Mae CBOIO IOCTiiHy BENMUYHMHY iHepuii oOepraibHHX Mac (MOMEHT iHepuii), sika Ha
MOMEHT TOSIBH TIporecy 30ypeHHs (TOpYIIEHHS) PeXXUMY Ha NEBHUI Yac 3aTPUMY€ IMOJAIBIINA PO3BHTOK IIHOTO IPOIECY.
To6To, 3aBIsIKM MOMEHTY iHEpIIii €eHepProCHUCTEMH NPOLEC BiIXWICHHS YaCTOTH, BUKJIMKAHUH TpoIiecoM 30ypeHHs ii pexumy,
3aBX/IM BiJOYBAETHCS 3 IEBHOIO 3aTPUMKOIO Y Yaci.

BenuumHy moCTilHOI iHEpIIii 00epTadbHIX Mac KOKHOI €HEPrOCHCTEMH BU3HAYAIOTh HACTYIHUM grHOM [9,10]:

_ Z(TIH.FEH. +T1H.TVPS.)PFEH. +Z(T1H.,ZZB. ++T1H.MEX.)P,HB

T]H.CI/ICT. - ' (1)
PHAB.

e Prey (Pryp) — HOMIHAJBHA MOTYKHICTh FeHEpAIlil (HABaHTAKEHHS);
Twrren; Tiryes.; T s, Tivex — BUITIOBIIHO, IOCTiNHA iHepIii reHeparopis, TypOiH, JBUIYHIB 1 MEXaHI3MiB.

Tpusanicte Mmomenty iHepmii (7ycucr) B 00’ €IHaHIN eHEpProcUCTeMi MPOIIOHYEThCS BU3HAYMTH 3a (pparMeHTaMu 3MiHH
campo Mik eHeprocucreMamu OEC Vxpaimam ta €EC Pocii, sxke mano wmicie y 2003 pomi i Oyno BHKIHKAaHO
HECaHKIIIOHOBaHUM BiIKIIFOYeHHSIM eHeproooky 1000 MBT Ha oaHiit i3 crantiit AEC, sk me nokazano Ha puc. 2 [11].

3rifiHo puc. 2, Ha W’ATY TOIUHY PaHKy, TOOTO micis 30ypenHs pexxumy 04.50.56 1 1o 04.51.48 npakTU4HO AiSIB MOMEHT
1HepIIii eHeproCUCTeMH, TPUBAIIICTH AKOTO ckianana: 1y cycr = 1,06 xB. (puc. 2).

BaxxnuBuM 17151 IOAANIBIIOTO PO3IIsiAy Oyne caMe MOMEHT HOSIBH IpoLecy 30ypeHHs pexHuMy Ta MOCHiAyro4ol 3a UM Aii
IHEpLIHHUX CUJI eHEPrOCUCTEMH, BIIMIYCHUI Ha pHC. 2 HACTYITHUMH 30HAMHU:

1 - 30Ha CTAIIOHAPHOTO PEKHUMY 10 BiIKITFOUCHHS OJIOKY 3 MOTOYHUMH KOJMBAHHIMH YaCTOTH:

fo =49, 9854 I'y ipu canpao 326 MBT Ta mokputri HaBanTaxeuus B OEC Ykpaiuu P,y > = 20833 MBT.

11 - 30Ha 3MiHHK YACTOTH i CAITBI0 TicIIs BigkmoueHHst 610Ky Big Af = 0,042 I'y no 3HaYeHHS:

fo = 49, 9434 'y nipu canbmo 1277 MBT i nokputti HaBauTtaxenHs B OEC Ykpainu.

Cansgo Ykpaiaa - Pocin

P, MBm
1400 [ 04:32:08
1200 | ST =, w. _

£ 111 04:56: 70,
1000 SOt - ;
e 04.52.02 5:01:18

800 """"'-/ 045202

600 s

0 it i g At Tm.cucr. 044538
2["} [ SA=50-5h 1

49,94 49,95 49,96 49,97 4998 49,99 50,00 50,01 50,02 50,03 £ Ty

Puc. 2 — ®@parmenT 3MiHu cajabao Mixk eHeprocucreMamu OEC Ykpainu ta €EEC Pocii y 2003 poui i3-3a
HEeCAHKLIOHOBAHOTIO Biak/j104eHHs eHepro6aoxky 1000 MBT Ha opaHiii i3 cranuiii AEC

IMomanemi mporecn perymoBaHas dacTot B OEC BigOyBaimcs BXKe I €0 CHCTEM aBTOMATHYHOTO PETYIIOBAHHS
gacrotu 1 mortyxHocti (APUYII), sxi namexwute no €EC Pocii, mo i mpu3Bero 10 3MIiHM YacTOTH 1 CalbI0 MiX
eHeprocucremamu (etar - 111). TTotim y amiro migkmrounmck me i pesepHi nmotyxkHocti [EC OEC Vkpainu, mo npusseno 1o
[OJAJIBIIOrO MMiABHMIIEHHS YaCTOTH 1 canpio (eTar - 1V).

B pe3ynbTaTi Majo Miciie BCTAHOBICHHS BIKE «3aBHIIICHOT0» 3HAYCHHsI 4acToTH (erar - V).

st ocrarounoro BcraHoBieHHs B O0'€HaHIM eHeprocucTeMi HOBOTO PEXKMMY 13 HOBUM (OLIBII MPUHHATHUM) 3HAYCHHIM
YaCTOTH MOTPIOHO MPOBEIEHHS JOAATKOBUX IPOIECIB PETYIIOBaHHS PEXUMY i3 BIINOBIAHUMH €HEPreTHYHUMH 3aTpPaTaMH.
Pa3zom 3 nnm, i3 BCTAaHOBJIEHHSM HOBOT'O PEXHMMY POOOTH €HEProCHCTEMHM MaTUMYTh Miclie i€ 1 iHIIi MpolecH, MoB’s3aHi i3
3MIIIEHHSIM YacTOTH Psy HPAlOI0YMX €HEpProOJIOKIB CTAHIIH CTOCOBHO BCTAHOBIEHOI YacTOTH HA IHIIMX T'€HEPYIOYH
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CTaHIIiSX, 0 NPU3BOJUTH A0 3aralbHOi NOXUOKH enekTpoHHOoro 4acy [12]. ToOro, micist 30ypeHHs pexXuMy B €HeprocucTeMi
MaTHMe MicIle TpobieMa sK i3 peai3alic€lo mpoIeciB BCTAHOBJICHHS HOBOTO PEKUMY i3 HOBUM 3HAUCHHSM YaCTOTH, TaK i i3
HEOOXIiTHICTIO YCYHEHHS 3arajlbHOI IIOXHOKHU EEKTPOHHOTO Yacy.

PosrmsHeMO mHUTaHHS IIOMO IMOINYKY HOBHX MIIXOMIB Yy peaitizamii mpoTtumii mporecam 30ypeHHs pexumy O0'eaHanoi
eHeprocucrteMu. /st Or0 PO3IIITHEMO MIBUAKOIUIMHHI NPOLECH 30YPEHHS PEXHUMY SHEPrOCHUCTEMH, 3[aTHI NPU3BECTH M0
BiIXHMJICHHS 11 9acTOTH. /)1 IIhOTO IPUBEAEMO CHCTEMY PiBHSHB, 3TITHO SKO1 CTATHYHI €JIeKTPOMArHiTHI MOMEHTH MAIlluH, 110
IIIOTh Y €HeprocucTeMi BU3HAYAIOTHCS SIK (DYHKIIi YaCTOTH @ Ta B3a€EMHOTO KyTa HAIPyT 01, @ MOMEHTH TypOiH JHIIE SIK
¢ynkuii yacroru [13]:

M, =M1(a’7-51,2);
M, =M2(a),.5112);
M =M (o),
My, =M, ().

VY cramioHapHUX pEXHMax eJeKTPOMAarHiTHi MOMEHTH i MOMEHTH TypOiH MaloTh PIBHOBAry i 3amuCYIOTbCS y BUTJISII
3aMKHYTOI CHCTEMH 3 JIBOX PIBHSHD 3 JIBOMa HEBITOMHUMHU:

M (®,.6,,) — M, (w) =0; 3
M, (@,.6,,) =M, (w) =0. (4)

3HaYeHHS eHCKTpOMaFHiTHOFO MOMCHTY 3allUCYHOTh 4Y€pe3 CHiBBi,HHOHICHHH HOTy)KHOCTi HAaBaHTAKCHHSI €CHEProCUCTCMU
PH() J1O0 BCTAHOBJICHOI'O 3HAYCHHA YaCTOTH:

M, () Lo, (5)

20
ToMy TOTOYHI BiAXWIIEHHS €EKTPOMATHITHOTO MOMEHTY €HEprOCHCTEMH 3aIMCYIOTh Yepe3 3MiHU 11 HaBaHTaxeHHS AP Ta
KOJINBaHHS 4acToTH Aw:

AMO(a))=aﬂAP+a£Awo =iAP—izAa)o. (6)
oP ow @, @,

()

SIKIIo eHeprocucTeMy NMpeaCTaBUTH Y BUIUISAI €KBIBAJICHTHOTO TEHEPATOPA, 110 MPALIOE Ha aKTUBHE HABAHTAXXEHHSI, TOAL Y
BIJIIIOBITHOCTI /10 HOT'O 4acCTOTHOI XapaKTEPUCTUKU BCTAHOBJIEHE B CHEPrOCHCTEMi 3HAYCHHS YacTOTU o OyZAe BiINoBinaTH
BCTaHOBJICHIH PIBHOBa31 €1€KTPOMAarHiTHOro MOMeHTY Mr(w) Ta MOMeHTY TypOiHn My , K Ile yMOBHO IIOKa3aHO Ha puc. 3.
Ilpn npoMy, KONMMBaHHS 4YacTOoTH + Awp, IO MAalOTh MICIE Y CSHEProcHUCTeMi uepe3 3MiHH HOTOYHOIO HaBaHTAXKECHHS,
TIPU3BOIATH i O KOJMBAHE ii €MIEKTPOMArHITHOTO MOMEHTY =AM, (puc. 3).

M

Mrim)
X Mo i
‘wﬁ{ﬂ') 5. 0 k] i@
+AMo |
~AM,

Puc. 3 - YacroTna XapaKTepuCTUKA €KBiBaJICHTHOTO refseparopa eHeprocucreMu

B pasi mosiBu y eHeprocucTeMi mporuecy 30ypeHHs peXHMy, B OCTaHHIM MaTUMe Miclie TepexiTHuil nporec, MOB'I3aHui 13
BUHUKHEHHSIM THMYacoOBOI PIi3HHUIIl M BCTaHOBJICHHM OajlaHCOM TeHEPYIOYOi HMOTYXXHOCTI Ta AIFOYUM HAaBAaHTAKCHHSM.
PexwmM poOOTH eHeprocUCTEMH, Ha IIed MOMEHT, XapaKTepu3ye TudepeHIiifHe piBHIHH:

.dao
E:MF_MHABJ ()
JIe | — MOMEHT iHepIlii pyXOMOi YaCTHHH €HEPrOCUCTEMH, III0 3HAXOMUTHCS B pOOOTI;
M | — MOMEHT eKBIBaJIEHTHOT'O T'eHepaTopa eHeproCucTeMu;
M 145 — MOMEHT OIIOPY HaBaHTA)XXEHHS €HEPIOCUCTEMHU.
Bunuknmii uepes nosBy 30ypeHHs (HOpYyIIEHH:) pekUMy HeOalaHC TOTYXHOCTEH IiATUME SIK MOIITOBX HABAHTA)KEHHS Ha
BaJly EKBIBAJICHTHOI'O T€HepaTopa CHEProcHUCTeMH, L0 IPH3BEAE 10 3MIHM HOro eJeKTPOMarHiTHOrO MOMEHTY. SIKmio
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30ypeHHs pexuMy OyAe IOB’S3aHO, HANPHUKIAA, 13 PpalNTOBOIO BTPATOI0 Yy EHEProcHCTeMi YacTHHM ii TeHepyHYnX
MMOTY>KHOCTEH B OCTaHHIN MaTHME Miclle CKayOK J0 30LTBIICHHS eNEKTPOMAarHITHOTO MOMEHTY ii €KBiBAJIGHTHOTO T'eHEpaTopa
* (v
My(@o,012), Ha BenmuuuHy M (@ (012), TOOTO Mepexory HOro BjKe Ha HOBY YAaCTOTHY XapaKTEPHCTHKY M (w), K 11e yMOBHO
300pakeHO Ha puc. 4.
)H
*

MI { mol 5}__2 )

M )
e 5 )

My (29,5, ,)

Puc. 4 —- MoMeHT 30ypeHHS pe:KUMY POOOTH €HEProCHCTeMH Ta Mepexoy il eKBiBaJIeHTHOI0 reHepaTopa HA HOBY
YaCTOTHY XapaKTePUCTUKY

[Tpouec mepexoxy Ta BCTaHOBICHHS MOMEHTY €KBIB&JIGHTHOIO TI'€HEeparopa €HEProcUCTeMH Ha HOBIH YacTOTHIHN
xapakrepuctuii Mo(w) — M1 (w) BU3HAYatOTh PiBHSIHHS:

. da,

J

. daw, .
Jd_to+ M, (w0;§1,2) > M (@,);

+ Mo(wo,;51,2) =M (a);

(8)
. day,
I

M, (w;;al,z) _Ml(a)01;51,2) =AM.

BaxIMBO, IO MCIs IEPexoy eKBIBAJIEHTHOro remeparopa Mi(w o,01,) Ha HOBY 9YacTOTHY XapaKTePHCTHKY Mi(w)
HACTYIMHHI Tpoliec Oye MOB'sI3aHuH 13 €10 IHePIIMHUX CUIl eHeprocucteMH - 1y cycr., BU3Ha4eHoro piBHsHHaM (1). Ilig yac
Iii 1HEepImIMHMUX CHJI €HEPrOCHCTEMH MaTHME MICIIe CIOB3aHHS (3MIHM) BEITHYMHH MOMEHTY €KBIBaJICHTHOTO T€Heparopa
M 1(a)*0,5 1.2) 10 3HaYCHHS M1 (wg1,01), Ha HOBIH YaCTOTHIM xapakTepuctuili M (w) (puc. 4).

Pazom 3 1um, micist 3aBeprieHHs Ail iHepriiHuX cuid (T cpcr.) B €HEProcHCTEMi MaTWME MICIE HACTYITHHMA
HIBUAKOIUTMHHHIM MPOIIEC BIAXMICHHS il YaCTOTH, BijJl 3HAYEHHS o 0 3HAYEHHS w1 (wo; — w1), AK [I€ YMOBHO ITOKa3aHO Ha
puc. 5. IlapanenbHO i3 3MIHOI YacCTOTH BiIOYBATHMMYThCS 1 I¢ JBa IIPOILIECH, IOB’s3aHi 13 3MCHIICHHSIM BCIUYMHU
€JIEKTPOMArHITHOTO MOMEHTY M (wo1,012) 10 MOYATKOBOTO CBOTrO 3Ha4YeHHst Mq(w1,01,), ane 1ei mpouec Bij0yBaTUMETHCS
BXKE Ha HOBI 4YacTOTHIA XapaktepucTHUi M;(®,), a TaKOX MEPEXOIOM MOMEHTY TypOiHM Mr(w,) HA HOBY YacTOTHY
xapakTepuctuky M;(w,). Came 1i mepexiiHi mpouecy BigMideHO CTpIKamMH Ha puc. 5. B pesynbrati B eHeprocucremi Oyze
BCTaHOBJICHA PIBHOBara MiXK €JEKTPOMArHITHAM MOMEHTOM M;(wo1,012) 1 MOMeHTOM TypOiHH Mr(wg), aje BKe 32 HOBOTO
3HAYCHHS 9aCTOTH (1) 1 Ha HOBiH WacTOTHIM Xapakrepuctuii M, (w) (puc. 5).

+M, (6001;5112) > My ()

M (@)

A
51:2)

M :
13,8, )

&
Ml(mal

My (@, .51,_2]

Puc. 5 — IIpouec BCTAHOBJIEHHSI HOBOT'O Pe;KUMY POOOTH eHeProcHCTeMH i3 HOBUM 3HAYEHHSIM YaCTOTH

[Iporec 3MiHM YacTOTH y eHeprocucremi (w o — 1) MOXKHa XapaKTEPU3yBaTH HACTYITHUMH PiBHSHHIMU:
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daw, .

Jd_t0+ Ml(a)o;é‘l,z) > M (@,);

. dw,

=+t M(@;6,,) =M (), 9)
do,,

?:0)1—0)0.

3a BCTaHOBJICHHSI HOBOT'O 3HAYEHHs YacTOTH (1) Ha HOBIH YacTOTHIH XxapakTepucTHlli M;(w) BITHOBUTH B €HEPrOCUCTEMI
NONEPEHBO BCTAHOBICHUHA B HIM PEXHUM 13 IIONEpeIHHO BCTAHOBJICHUM 3HAYCHHSIM 4YacTOTH OyJe BXKe HNPaKTUYHO
HEMOXIIHBO.

SIkmo BpaxyBaTH, IO Ha ITOYATKy PO3IJISHYTHX HA PUC. 5 MPOIECIB B CHEProcUcTeMi Maja Micue Ais il iHepuiitHuX CHi -
Tigcucr,, AKI Ha NEBHUI 4ac 3aTpUMYyBAJIM MOSBY HACTYIHHX 1 B)KE HE3BOPOTHIX MPOIECIB BIAXHMJICHHS YacTOTH, TOI
nependavgaeThCs IUIKOM MOMIIMBHM Ofpa3y Iicis MOSBH Mpouecy 30ypeHHS PEeXKUMY OpraHi3yBaTH BYACHY 1 aJeKBaTHY
MPOTHUIIIO IbOMY Iporiecy. st IIbOro MPOIOHYETHCS

YacTHHY eneKkTpokoTiniB komruiekciB ETT, 3aranbHoro motyxHictio y 1000 MBT, mepeBecTd y peuM TOCTIHHOTO ix
HAaBaHTAXXCHHSI, a MTPOIIECH aBTOMAaTUYHOTO YIPABIIHHS 1X €JIEKTPUYHOIO MOTY)KHICTIO IOBUHEH Oy/ie BUKOHYBAaTH KOMILIEKC
npoTuaBapiiHoi aBToMaTuku atoMHuX eHeprooiokis: (ITA AEC —ETT). flkuio, Hanpuknan, B po6oTi eHeprokomiuiekcy 1A
AEC-ETT 3acrocyBaru enekrpoxoriu pipmu EKOL, 3MiHa NOTYXHOCTI SIKMX BiJ] MiHIMAJIBHOTO /10 HOMiHaJIbHOTO 3HAYCHHS Y
20 (40) MBT cxiaae He Oinbine 2 XxBwinH [14], a nponecu 1X BiIKIIOYEHHS Bil €HEPTOCUCTEMH PeaTi3ylOThCs i€ MIBUALIE,
CTaHe IIJIKOM MOXJIMBUM came y mepiof aii iHepuiiiaux cuin O6’ennanoi eneprocucteMu (Tigcpcr = 1,06 xB.) 3aidicHuTH
BYACHY 1 aJIeKBaTHY MPOTHUIIO TIpoIiecaM 30yPEeHHS peXKUMY.

Hoga cuctema ITA AEC —-ETI" B pasi, HanpukIiaa, HECAHKIIOHOBAHOTO BiaKmoueHHS eHeprobdioky AEC moTyxHicTio y
1000 MBT 3matHa Oyne y mepiox aii imepuitaux cuit (Tycycr = 1,06 XB.) 3MEHIINTH HAaBaHTAXKCHHA €HEPrOCHCTEMH Ha
BIANOBIAHY BENMYHMHY, YMM 3YINHHUTH [OJAJbLIMI PO3BUTOK IOTO MPOLECY i 3HOBY IIOBEPHYTHCH [0 HOIEPEAHBO
BCTAHOBJICHOT'O PEXUMY POOOTH €HEProCUCTEMH i3 NMOIEePEAHbO BCTAHOBICHUM 3HAYCHHSM YacTOTH, K L€ YMOBHO ITOKa3aHO
Ha pHuc. 6.

L Mrw My o)
Ml(malﬁf__zl

My(®, .5, ,)

Mﬁ(mg.,ﬁf:zj. ——————

Puc. 6 — O6rpyHTYBaHHA MOKJIMBOCTI peasizauii B4acHoi mpoTuaii npouecy 30ypeHHsI pe:KUMY eHeprocucTeMH i
MOBEPHEHHS /10 MONepPeAHb0 BCTAHOBICHOI0 3HAYCHHS YaCcTOTH

Ha puc. 6, crpiikamy BiMIYEHO SIK HampsM IOYaTKy Mporecy 30ypeHHs peXHMy, Tak 1 3BOPOTHIM mmpolec micis
BUKOHAHHS BUACHOT 1 aJIeKBaTHOI MPOTHIIT LIbOMY MPOILIECCY, 1110 MPU3BIB. 10 IIBUIKOTO HOTO 3aBEpIICHHS.

Takum yunOM, 32 BrpoBamkeHHss ACJY CAVY-ETI xommiekcHoi cuctemu ITA AEC - ETT craHe IiIKOM MOMKIHBHM
3abe3neunty B O0’€1HaHIN €HEepProcUCTeMI BUCOKHUI PIBEHb CTa0UILHOCTI YaCTOTH, JOCATHYTH SIKMI 33 ICHYIOUMX Ha ChOTOMIHI
METO/IB Ta 3aco0iB 1i perymoBaHHS NMpPaKTHYHO HEMOXKJIMBO, HAaBITH 3a HAsBHOCTI B OCTaHHIH HOBHX cucteM BJIE i3
cHCTEeMaMH aKyMyJisinii Ta akymyssTopHumu O6arapesiMu (AB).

BucHoBku

1. ITpoBeneHi DOCTIKEHHS MMOKA3ald, M0 y palOHHUX MicTaX, eIeKTPOKHUBIICHHS SKUX 3HiicHIOEThes Bin AEC momimbHO
MIPOBECTH BCTAHOBJICHHSI CYYACHUX EICKTPOKOTIIIB i CTBOPHUTH Ha 1X OCHOBI MOTYyXHi koMiuiekcu ETT, 3aBISKH BUKOPHUCTAHHIO
ABTOMAaTUYHO KEPOBAHOI'0 HABAHTAKCHHS LUX KOMIUICKCIB y IIFOYHX 3ac00aX aBTOMATH30BaHOI CHCTEMHU IMCIIETYEPCHKOTO
yopaBimiaHs AEC craHe MOXIMBHM MeEpeXy MaricTpanbHux niHid 750 kB mepeBecTw mpaifoBaTH y 3MIHHHHA PEXHM
HaBaHTaXeHHA O0’€IHAHOI CHEProCUCTeMH, 3a0e3MEUNBIIH, IPU BOMY, 30epeKeHHSI CTAaOUTFHOTO PEXUMY HABaHTAKCHHS
JIUIIE HA PO3MOAUTFUMX MIMHAX aTOMHHX CTaHIid. TakuM 4HMHOM, B poOOTi OOTPYHTOBAHO MEPCHEKTHBHY MOXKJIMBICTD Y9acTi
AEC y nokputti 3MiHHOT yacTuHu g00oBoro rpadiky HaBanTaxxenHss OEC Vkpaiuu, 110 € MPUHIXMIOBO HOBUM 1 MOXe OyTH
BUKOPHCTAHO JJIsl BUPILICHHS MUTAHHS II0JI0 YCYHEHHS ICHYIOYOT0 B Hili 1e(illuTy MaHEBPEHHUX FCHEPYIOUYHX MOTYKHOCTEH.
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2.3a pesynpraTaMHM NPOBEAECHUX [OCHIIPKEHb BHM3HAYEHO, 110 B pa3i BHUKOPUCTAHHS aBTOMAaTHYHO KEPOBAHOTO
HaBaHTaXeHHA KoMmIuiekciB ETI y 3acobax mirouoi nmpoTuasapiitHoi aBToMaTHKH eHeproOnokiB AEC craHe mijKoM MOKITHBHM
pealizyBaTH BYACHY 1 aJleKBaTHY HPOTHIIIO MporiecaM 30YpeHHS peXXUMy i BUKOHATH ii TakuM unHOM, o6 B OEC Ykpainn
OyJ10 30epeKEHO MONePeTHHO BCTAHOBJICHHHI B Hill PE)KHUM 13 MOIEPEAHBO BCTAHOBJICHUM 3HAYCHHSM YaCTOTH, JOCATHYTH YOTO
3a ICHyIOYHX METOJIB Ta 3ac0o0iB peryiroBaHHA pexumy B O0’erHaHIA eHeprocucTeMi MPakKTHIHO HEMOXINBO. [IpoBenene B
pobOTi OOTPYHTYBaHHS MOXIIHBOCTI 30€pEXEHHS IONEPEIHBO BCTAHOBICHOTO PEXHUMY i3 MOMEPETHBO BCTAHOBICHUM
3HAYCHHSM YaCTOTH € MPHUHIIUIIOBO HOBHM PIllICHHSAM Y IMOOYIOBI CHCTEM IPOTHAII IporiecaM 30ypeHHS peKuMy, peatizaris
TaKMX cucteM cnpusitume nocsirienHio B OEC YkpalHu BUCOKHX MTOKa3HUKIB CTa0LIBHOCT] YaCTOTH.

3. B po0oTi 00rpyHTOBaHO MEPCIIEKTHBHI HANPSIMKH CTBOPEHHSI HOBUX CHCTEM aBTOMATHYHOTO YIPABJIHHSI, 32 peaizaiil
SKMX CTaHE I[IKOM MOXJIMBHM B yMOBax camocTiiiHoi po6otn OEC VkpaiHu BHUPIMIUTH MUTAHHS MO0 JOCSITHCHHS B
OCTaHHII1 BUCOKMX TIOKa3HHKIB CTa0UIbHOCTI 4acTOTH, Ha piBHI eHepro6’equanus TNTSO-E.
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Anomauyin. Jlocniodcennsi npucesuene po3pooyi cmpykmypu cucmemu niOmpumKyu NPUUHAMMmMs YAPAGIIHCOKUX pilieHb 8
ymMosax puzuxy I Heeusnauenocmi. Poszensioaiomvcs Oazamoemanni npoyecu NputiHAmMms  YNPAGIIHCOKUX  piuleHb.
Ipoananizosano nociioognicms emanis, sKi UHUKAIOMb 6 MAKUX NPOYecax: 6i0 POPMYBAHHS MHONCUHU ANbMEPHAMUE 00
8UOOPY ONMUMATBHOL, 3 MOYKU 30pY 0COOU, WO nputimac piwenns, arbmepuamusu. Haeedeni eepbanvui i mamemamuyni
NOCMAHOBKU 3a0ay NPULHAMMSA PIWeHb 8 YM08ax pusuxy i HegusHauenocmi. Ilpoananizosano ocobiueocmi 6cix emanis
NPULIHAMMS piuieHb Ma HA8eOeHO NepeniK 3a0ay, 5SKi UHUKAIOMb HA KOJXCHOMY 3 emanig. Biomiueno, wo 0ns niosuujents
epexmusHoCmi npoyecie NPULHAMMS YNPAGIIHCLKUX pPilleHb, OOYLTbHUM € 3a0e3NeyeHHs MOJMCIUBOCMI PO38 A3aHH: 3a0aH, SIKI
BUHUKAIOMb NPU YbOMY, MEemoOaMU IHMeNeKMYaibH020 aHANI3Y OAHUX, CMAMUCMUYHUMU MemoOamMU aHAizy OaHux,
Memooamu meopii nNpuUHAMMs piuieHb mouwjo.

Pospobneno cmpykmypHo-@yHKYiOHATbHY CcXemy cucmemu RIOMPUMKU NPUUHAMMA pilleHb 6 YMO8axX pusuxy i
HesusHauenocmi. Ilokasano, wo 7noziuno QyHKYiOHATbHUL ONOK cucmemu NIOMPUMKU NPUUHAMMA pileHb OOYLTbHO
Ppo30inumu Ha 06i yacmuHu. OJIOK AHAI3Y 6XIOHUX OAHUX MA BUCHOBKIE eKCnepmis i OI0K 6UOOPY ONMUMANIbHUX A/IbIMEePHAMUS.
Baoicnueoro cxnadosoio cucmemu niompumKy nPUtiHamms piutensv € 6a3a 0aHux ma 3HaHb Y AKill HAKONUYYIOMbCS K 6XIOHI
Oani, max i pe3yibmamu 3aCmocy8aHHs 8KIIOYEHUX Y cucmemy Mooenell i Memoois.

Jlompumanns 3anponoHo8aHoi cxemu npu NPOEKMyBAHHI NPOSPAMHUX NPOOYKMIE Ol 3a0a4 NPULUHAMMSA pilieHb Y PI3HUX
npeomMemnux 0baacmsax, 003601UMb 3p0OUMYU Yi NPOSPAMHI RPOOYKMU YINICHUMU ma YHieepcatvhumu. Bukopucmannus maxux
NPOSPAMHUX NPOOYKMi6 3abe3nedumsv HEe3ANeHCHICMb 0coOU, WO NpUlMAc pilleHHs Ha 6CIX emanax npUutiHAmms
VAPABNIHCOKUX PIleHb 8 YMOBAX PUSUKY T HEBUSHAYEHOCMI.

Abstract. The research is devoted to the development of the structure of the management decision support system in
conditions of risk and uncertainty. Multistage management decision-making processes are considered. The sequence of stages
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that arise in the following processes is analyzed: from the formation of many alternatives to the choice of the optimal, from the
point of view of the decision maker, alternatives. Verbal and mathematical formulations of decision-making problems in
conditions of risk and uncertainty are given. The peculiarities of all stages of decision-making are analyzed and the list of
tasks that arise at each stage is given. It is noted that to increase the efficiency of management decision-making processes, it is
advisable to provide the ability to solve problems that arise, methods of data mining, statistical methods of data analysis,
methods of decision theory, and so on.

The structural and functional scheme of the decision support system in conditions of risk and uncertainty is developed. It is
shown that it is logical to divide the functional block of the decision support system into two parts: the block of analysis of
input data and expert opinions and the block of selection of optimal alternatives. An important component of the decision
support system is a database and knowledge in which both the input data and the results of the application of the models and
methods included in the system are accumulated.

Adherence to the proposed scheme in the design of software products for decision-making tasks in various subject areas,
will make these software products holistic and universal. The use of such software products will ensure the independence of
the decision-maker at all stages of management decisions in conditions of risk and uncertainty.

KoarouoBi ciioBa: cucreMa miATpUMKH MPURHATTS PillieHb, yMOBH PU3MKY | HEBU3HAYCHOCTI, 33124l IPH 3 PUPOJIOI0
Keywords: decision support system, conditions of risk and uncertainty, the task of playing with nature

Beryn.

Cucremu miarpuMkn npuidHATTs pimnens (CIITP) nmoknmkani aBTOMaTH3yBaTh IPOLECH, SKi BUHUKAIOTh Ha KOXKHOMY 3
eTamiB NMPUHHATTS YHpaBIiHCEKUX pimieHs. CaM mporiec NPUHHATTS DIllleHb € CKJIQJAHMM IO€IHAHHSAM PIi3HUX KPOKIB, SIKi
PO3MIOYMHAIOTECSL €TAalloM BHPOOJICHHS BapiaHTIB MOKIJIMBUX DillleHb, OLIHIOBAaHHAM iX €(EKTHMBHOCTI Ta 3aBEpIIYIOTHCS
BHOOPOM Kpamioro 3a JIeskuM KputepieM Bapianty. [Ipomec mpoextyBanus CIIIIP mepexbadae po3poOky ii cTpykTypu Ta
HAIOBHEHHSIM CKJIQJIOBUX €JIEMEHTIB TAKUMHU MOJEIISIMU, METOJIAMH 1 alrOPUTMAMH, BUKOPHCTAHHS PE3yJIbTaTiB POOOTH SKUX
JIO3BOJIMTH MiIBUMIATH ¢(PEKTUBHICTH BiIIOBITHIX IPOLECIB IPUHHATTS YIPABIIHCEKHUX PIillICHb.

AHaJi3 JiTepaTypHUX JaHHUX i HOCTAHOBKA NMPO0JIeMH.

Teopii NpUHHATTA pilIeHP NMPHUCBAYCHA BENHMKA KUIBKICTh CYYacHHMX HAyKOBHX HOCIHiIKeHb. JlocmikeHHIO mpobiem
CHUTyaliiiHOl Teopii MPUHHATTSA YIPaBIIHCHKUX pimieHp TpucBsycHa [1]. B poGoTi Bu3HAYEHI MOHATTS YMOB PU3HKY Ta
HeBHM3HaueHocTi. HaBeeHO cucteMy KOHTpoItO 3a pu3nkamu. OxapakTepu30BaHO OCOOJIMBOCTI PI3HHUX IMPOLECIB MPUHHSTTS
pimesb. B [2] BUKOHAHO aHalli3 OCHOBHUX EJIEMEHTIB TEOpii irop Ta PO3MIISTHYTO €KOHOMIUHI 3ajaui MPUUHATTS pillleHb,
OOIpYHTOBAHO TpoIleCc BUOOPY oONTUManbHOI crpaterii. [3] mpucBsYeHa MomeNsM i METOJAM aHalidy 3ajad B yMOBax
HEBU3HAYEHOCTI. Y po0OOTi CHCTEMaTH30BaHO METOIM BUOOPY ONTHMAIILHHUX aIbTEPHATHB BiJIIOBIIHO 10 0co0NMMBOCTEN 3a1a4i
Ta mepesar ocobu, wo npuiimMae pimenss (OI1P). Meroau mpuAHATTS pillleHbs B YMOBax pU3HKY npoananizoBati B [4]. B [5]
PpO3po0ICHO MOMIENTI i METOAM MPUIHSTTS ABOSTAIMHUX YIIPABIIHCHKUX PIllICHb B YMOBAaX PU3UKY 1 HEBU3HAUCHOCTI.

Awnanizy CIIIIP sk iHCTpYMEHTY Ui MiABHIIEHHS e()eKTUBHOCTI MPUIHATUX DIlICHb B OpraHi3alisx mpucesdeHa [6]. B
poOOTI HaBeJEHO OCHOBHI KOMMOHEHTH, ski Mae Bkmodard CIIIIP, mnpoananmizoBaHO mpolec NPUHHATTS pilleHb 3
ukopuctanusiv  CIITIP. TIpomec mpoektyBanus CIIIP 3a NpWHIAIIOM «3BEpXy-BHH3» TIPOAEMOHCTpOBaHO B [7].
AHamTHYHUN OJIOK CHCTEMH YTBOPIOIOTh EBPHCTHYHI METOAM BHOOPY KpalluxX anbTepHATHB. BUKIaIeHHIO IIepeBar,
MOTEHIIHHAX HEMOMIKIB Ta Tmepemkoa Bukopuctauus kiinigaol CIIIP mnpucesuena [8]. B Hilf BHKOHAHO OIS
XapaKTEePUCTHUK, K POOJIATh TaKy CHCTEMY YCITIIIHOKO.

BukoHnaHuii aHasi3 HAyKOBUX JOCIHIKEHb MOKa3as, 110 po3podieHi B Hux CIIIIP BxitouaroTsh B cede 0JIOKM HAKOTTUUEHHS
JMAHUX Ta METOIU BHOOPY ONTHUMAJIBHHUX ajJbTEPHATHUB. Taki CHCTEMH, SIK MPABHIIO, HE Mepea0avyaroTh pealizallilo eTalliB, sKi
NepeyIoTh BlIaCHE BUOOPY Kpalloi allbTEPHATHBYU Ta MPUHHATTIO pillleHb. TakuM YHHOM BaXKJIIMBUM € JTOCIIDKEHHS IPOOJIeMU
po3pobku Taxoi CIIIIP, sika 6 mo3BossIa peaizoByBaTH BECh POIEC MPUHHSITTS PIillIeHb B LLJIOMY.

Mera i 3aBIaHHA A0CTiIKEeHHS.

Meroro nocinimkeHHs € po3podka crpykrypu CIIIIP i cynpoBoxy mpouecy NpUHHATTS YIPaBIiHCHKHUX PillIeHb B YMOBax
PU3HKY 1 HEBU3HAYEHOCTI.

Jn1st mocsITHeHHS TTOCTaBIICHOT METH OyJIM PO3B’sI3aHi TaKi 3aBIaHHS:

1. BukoHaTy aHami3 eTamiB, AKi pealli3oBYIOTECS B MPOIECaX MPUHHATTS YIPABIIHCEKUAX PIllICHb.

2. CucremMaTnu3yBaTd 3aadi, AKi BAHUKAIOTh Ha KO)KHOMY 3 €TaliB.

3. Po3pobutn crpykrypy Takoi CIIIIP, BukopucCTaHHS $KOI MO3BOMWIO O aBTOMAaTHU3yBaTH BCI eTamd MPHAHATTA
YIPaBITiHCHKUX PIllIEHb.

MeTtoam i MmaTepianu A0CTiIKEHb.
[Ipyn BHKOHaHHI JOCHTIPKEHHs OYyJIM 3aCTOCOBaHI 3arajibHOHayKOBI Ta MaTeMaTH4HI METOAH. 30KpeMa, METOOJIOTiIo
CHCTEMHOT'0 IiJIX0/ly, CHCTEMHHU aHaJli3, METO/IM Teopii iHpopMalliiHUX CUCTEM Ta anapar Teopil MPUHHATTS PillICHb.

Pe3ysbTaTH A0CTiTKEHB.

MarematuuHa MOJIEINTb 3a/1adi IPUHHATTS pillleHb B YMOBaxX HEBU3HAYCHOCTI MOXKe OyTH 100y 10BaHOI0 Y (hOopMi 0COOIIMBOT
«TPH 3 MIPUPOIOIO», B SIKiH IIYKAIOTh ONTHMAJIbHY CTPATETIiI0 IPaBIsd, a ONTHMAIBHY CTPATErilo MPUPOAN HE PO3IIIAA0Th [9,
10]. BuximHi gaHi Takoi 3aa4i MOKHA 3aIHCATH K KOPTEXK
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< X,S,u(x,s) >, @
ne X — MHOKHHA aJIbTePHATHB, S — MHOKHHA CTaHiB TpHpoad; U (X, S) — (YHKIiS KOPUCHOCTI, siIKa BHpPaKa€ OUiKyBaHy
KOPHUCHICTb aJIbTEPHATHBYU X IIPH YMOBI HACTAHHS CTaHy PHUPOJU S.
Y BumNajky, SKIIO ICHYIOTH CIIOCOOM OLIHMTH PO3MOALT IMOBIPHOCTEH HACTaHHS CTaHIB NPUPOJM BHHHUKAE 3a/ayda
NPUIHATTA PillIeHb B YMOBaX PU3UKY, SIKY MOXKHA 33J]aTH Y TAKOMY BUIJISII:
< X,S,u(x,s), p(s) >, (2
ae P(S) — iIMOBIpHICTh HACTaHHS CTaHY S.

Oco0bnuBicTro 1i€i 3a1a4i € Te, IO eIEMEHTH MHOXKMHH S YTBOPIOIOTh NOBHY I'PYITy HOAIH, TOOTO ISl HUX BUKOHYIOTHCS
YMOBH:
s 15, =0,Vs,s,€S:i=j, > p(s)=1.
seS
HeoOxinHO npuidHsTH pilieHHs 111040 BUOOpPY Haiikpaioi 3 Touku 30py OIIP anbrepHaTHBH.
Sk BuzHO 3 (1)-(2), nporec MPUHHATTS YIPaBIiHCHKUX PIllIEHb B YMOBaX PU3UKY Ta HEBU3HAUEHOCTI MOXHA MPEICTABUTH
SIK TTOCJIIZIOBHICTh TaKuX eTariB (puc.1):

- . . Busnaueuns papianTis Maiidy THIX
Bupobienns BaplanTis MOAKIHBIX \ B
piteHs ((pOpMYBaAHHA MHOKHHI > CT:}_HIR rfp"pn‘-mjf' SOMHONCHE
AnbTepHATHE) fiMoBipHOCTEl IX HACTAHHA

v

OninroBanHs 0UiKyBaHOT KOPHCHOCTI
ATbTepHATHB TPI PI3HIIX cTaHAX
npHpoI

A 4

Bubip onTuMansHol ankTepHATHRR

Puc. 1 — ETanu npuifHATTA yNpaBJIiHChKHX pillleHb

Peamizaniss mepmioro eramy BUPOOJCHHS BapiaHTIB MOXJIMBHX pINICHb 3aJIC)KUTh BiJl OCOOJIMBOCTEH camoi 3amadi
NPUIHATTA pillleHb Ta BiOYBA€THCS 32 y4acTI0 KOMIETEHTHHX ekcrepTiB, aHamitukiB i OIIP [9]. 3amaui, sxi mpu mpomy
MOXYTh MaTH MICII€ € HACTYITHHUMHU:

- 3a1avi kiacuikaiii 00’ €KTiB, SKa MOJISITae y BiTHECEHH] 00’ €KTa JI0 OJHOTO i3 3aJ]aHUX KIIACIB;

- 3a1a4i po30UTTS abo HEUiTKOro po30UTTS 00’€KTIB Ha rpymnu (KJIacTepu) BiQIOBIIHO A0 iX OJIM3BKOCTI 32 3a/JaHOI0
METPHKOIO;

- 3a/1a4i TIPOTHO3YBAaHHS HAa OCHOBI YaCOBUX PSIiB;

- 33J1a9i CTPYKTYPHOI 1 MapaMeTpudHO] ifeHTH(IKAIli] HEBITIOMHX 3aJIe)KHOCTEH;

- 3aJa4l CTATUCTUYHOTO aHAJIi3y AaHHX;

- 331241 0OpOOKH pe3yIbTaTiB ONMMUTYBAaHb EKCIIEPTIB TOLIO.

3aBIaHHIM €KCIIEPTiB Ha I[bOMY €Talli € aHANi3 pe3yJIbTaTiB PO3B’sI3aHHA 3a3HAYCHUX 33/1a4 Ta HAJaHHS IPOTO3HUIIiH 010
(hopMyBaHHS Ta HAIIOBHEHHSI MHOKUHH aJIbTEPHATHB.

Ha erani Bu3HauyeHHs BapiaHTiB MaiOyTHIX CTaHiB MPUPOAM Ta OOYMCIICHHS WMOBIPHOCTEH 1X HACTAHHS KIIIOYOBHMH €
3ajaui ieHTudikauii Ta Tporuo3yBaHHs. J(oJaTKOBUM JpKepesioM iHpopMallil Ha [[bOMY eTarli MOXYTb TaKoX OyTH BUCHOBKH
KOMIIETCHTHHUX EKCIIEpPTIB.

O1iHIOBaHHSI OYIKYBaHOI KOPHCHOCTI aJbTEPHATHB IOB’S3aHE 3 BUKOHAHHSAM IMITallifHOrO MOJIENIIOBAHHS Ta aHAIi30M
HOro pe3yJbTaris.

Y BubOpi oNTHMaNEHOI anbTepHaTHBH Oe3nocepenHio yyacTh npuiitMae OITP. B mporeci aHami3y pe3ynbTariB, OTpUMaHNX
Ha IIOTIepe/IHIX, BUHUKAIOTh 3ajadl Teopii irop Ta 3agadi NpUHHATTS pilleHb B yMOBaxX PU3MKY 1 HeBM3HaueHocTi. Jlms ix
PO3B’sI3aHHS 3aCTOCOBYIOTH KpUTEPIii MPUHHATTS pimieHb. Bubip kpurtepito JeuTh Ha caMmiii 0cobi, 10 NMpUMaE pillIeHHs Ta
3aJICKUTH BiJ TaKHX 11 cy0’€KTHBHUX OCOOIMBOCTEH, SIK CXMIIBHICTD IO PU3HKY, PiBEHb ONTHMI3MY-TIECUMi3My TomIo [5, 9, 10].

Cepen BiTOMUX KpUTEPiiB MPUHHATTS PIMICHh BapTO BIIMITUTH MiHIMAKCHHUH KPHUTEpPii, MONANBHUN KPHUTEPil, KPUTEPii
MiHiMi3aIil aucrnepcii omiHoK, kputepiit ['ypBina Tomo [9]. B nesxux Bumaakax JOIITEHIM TaKOX € PO3B’SI3aHHS TBOCTAITHUX
3aj1a4 TIPUAHSATTS PillIeHb 3a TOTIOMOTOI0 KPHTEPiiB, po3pobieHux B [5].

TakuM YUHOM, TIPOLIEC NPUMHATTS YIPABIIHCHKHUX PIICHb € CKIAgHUM Ta OararoeTamHuM. 3amadi, SKi NpH IbOMY
HEOOXiTHO pO3B’sI3yBaTH, HAJIEXKATh A0 PI3HUX PO3ALTIB MATEMAaTHYHOI CTaTUCTUKH, IHTENIEKTYaIbHOTO aHaJi3y AaHUX, Teopil
NPUIHATTA PillIeHb TOLIO.

Jlis aBTOMATH3AIIIT TPOIeCY MPUHHATTS PillleHb aKTyallbHO € po3podka Takoi CIIIIP, ska BkitoYuTh B cebe BCi HEOOXiaHI
MOJIeJl 1 MEeTOAHM, a TaKOXK OyJie THYYKOIO JI0 BHECEHHSI B Hel CTPYKTYpHHX 3MiH. Bana iHTerpanis Ta No€IHaHHS METO/IB i
ITOPUTMIB JIJIsL PO3B’sI3aHHS 3a3HAUYEHMX 3aJa4d JI03BOJIUTH 3pOOUTH CTBOPEHMH NMPOTpaMHHUN NMPOAYKT aBTOHOMHMM, a OITP
HE3aJIS)KHOIO Ha BCIX eTanax NpUHHATTS YIPaBIiHCHKHUX PIllIEHb B yMOBaX PU3HMKY 1 HEBU3HAUEHOCTI.

[Ipononyetsest ctBoproBat CIITIP BiAmoBigHO 10 po3po0IIeHOT CTPYKTYPHO-(DPYHKI[IOHAIEHOT cXeMu (pHc. 2):
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Puc. 2 — CtpykrypHo-pyHkuionanbHa cxema CIIIIP

OOroBopeHHs pe3yJbTaTIiB.

Buxopucranas po3po0ieHoi B JOCTIKEHHI CTpYKTypHO-(yHKIioHamsHOI cxemu CIIIIP mpu mpoekTyBaHHI IPOTpPaMHUX
NPOAYKTIB JUIS CYyNPOBOIY 0araToOeTalHOro NPOLecy NMPUHHATTS YIPaBIiHCBKUX PILICHh B yMOBaX PH3UKY 1 HEBU3HAYCHOCTI
JIO3BOJIMTH 3a0€3MEUUTH MOKIMBICTh €(PEKTHBHOTO PO3B’sI3aHHA 3a/]1a4, SIKi BHHUKAIOTh Ha BCIX HOTO eranax. [Ipu HarmoBHEHH1
CTPYKTYpPHUX OJIOKIB CHCTEMH PENeBaHTHHMH MOJIEISIMH i METOZaMH BAXKJIMBHUM € BPaXyBaHHS OCOOJMBOCTEH NpeIMeTHOI
obmacri s sxoi crBoproetsest CIITIP, cTpykTypu Ta 00CSTiB BXITHUX JaHUX.

BucHoBku.

JocnimkeHHsT npucBsideHe po3podui cTpykTypHO-(yHKIioHanbHOT cxemu CIITIP s aBromaTmzanii BCiX mporecis, sKi
BHHUKAIOTh NP BHPOOJICHHI Ta MPUHHSTTI YIPaBIIHCHKUX PIllICHh B YMOBAaX PHU3HWKY 1 HEBH3HAYCHOCTi. Peaizarist Takoro
KOMIIJIEKCHOTO TiJIXOy JIO3BOJIUTH 3pOOWTH Ha HOTrO OCHOBI IiicCHWH mporpamuuil npoxaykrt. Ilpm Buxopucranui CIITIP
takoro tuiry y OIIP He BHHMKae moTped 10 3aIy4eHHS JOAATKOBHUX MPOTPAMHMX IPOAYKTIB JUIS aHAJ3y NaHUX, a IIe poOuTh
OIIP Hes3anme)XHOIO Ha KOXHOMY €Tami aHamizy Ta iHTepmperamnii manuxX. E(QeKkTHBHICTP Takoro MmigXoAy IO CTBOPEHHS
MpOrpaMHKX TIPOAYKTIB OBEICHA B 6ararb0X HayKOBHX JOCIIDKEHHSX, 30Kpema B [6, 7].
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Anomauia. 3abpyOHenns Nogimps HUIOM NPOMUCTIO8020 NOXOOJCEHHA 3 NOYAMKY CMopiuus HAOYI0 Xapakmepy
mexnozennoi kamacmpogu. IIpu ybomy nozipuienHs eKoI02iuH020 CMAany NOGIMPAHO20 cepedosUWd YIMKO JOKANIZYEMbCA HA
MINbKU Y NPOMUCIOBUX MA MPAHCHOPMHUX PAIOHAX, alle Ui CMaio NOWUPIOBAMUCS HA MIcma, ceauwya i 30HU 8I0NOYUHKY.
Obcseu WKIOTUBUX 8UKUOIE 36AXCEHUX PEUOBUH CMAHOBNAMb COMHI MUCAY KYOIYHUX Mempie, | Tuule HegenuKka ix YacmuHa
npoxooums yoe3neueHHs 6 OYUCHUX cnopyoax nionpuemcms. Bracniook HeOOCKOHANoCmi MexXHON02IHHO20 U OONOMINCHO20
OUUCHO20 BCMAMKYBAHHS, HEOOCKOHANOCNI MEXHON0IYHUX NPOYecie NEPeBaHMANCEHHS CUNYYl GAHMANCI, ¥ MOPCLKUX Md
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pilmoeux nopmax ymeoproomuscs 3HAYHI 00CsA2U 3ANUNEHO20 noeimpﬂ. Hpu ubomy He0OCmAamHbO BUCOKA ed)ekmueﬂicmb
ouUUeHHs 3a0pYOHeH020 NOGIMPs NPUBOOUMb 00 NOZIPUIeHHS AKOCMI 8AHMANCIB, HAOMIPHO2O 3HOULYBAHHA OONAOHAHHMA I
Pi3KoMY nociputeHt10 ekono2iunoi 0ocmanosku. OOHUM 3 OOMIHYIOUUM (PAKMOPOM YMEOPEHHS 3a0PYOHEHUX 30H € HeeamusHUll
8NIUB HA 300p08'st nrodeu. [ 6opomboOu 3 NULOBUM 3AOPYOHEHHAM GUKOPUCIMOBYIOMb WUPOKULL CHEKMP Memooig 1l 3acobis.
Texniuni 3acobu npuoyuwieHHs NULYy GUKOPUCIIOBYIOMbCSL 3 PIZHUMU (DI3UKO-XIMIYHUMU GIACMUBOCIMAMU, NPAYIOIOMb Y
wuUpoKomy Oianazoni memnepamyp i KOHYeHmpayiti 3a0pyOHIOIUUX pedosuH. Y motl e uac, 8HACAIOOK HEeOOCKOHALOCHI
8I0OMUX KOHCMPYKYILL | HEOOCMAMHBO20 PO3BUMKY MEOPEMUYHUX OCHO8 NPoYecia, NUI0OYUCH] 3acobU He30amHi eeKmuHo
GIOGNIOBAMU 3 2A306UX NOMOKIE OpibHI pakyii nury. B ymoseax, wo ckianucs, 0oyiiebHOW cmaia po3pooKa HOB020
CXEMOMEXHIUHO20 PIUEHH MOOUPDIKAmMopa. 3anponoHOSAHU POMAYIUHUL NUT0BIOO0LIbHUK GIOPIZHACMbC MUM, WO KOPNYC
Micmumbe GUXIOHI OMEOPU MA KPUWKY Y 6EPXHIU YACTUHI, NampyOOK HU3LKOHANIPHO20 NOMOKY Md CONIO GUCOKOHANIPHO20
NOMOKY, siKe ChiggicHe Ou@y30py 3 JONAMAMU, SKUU CROYYAEMbCS 3 KOPRYCOM NIOWUNHUKAMU MA ) 6ePXHIU YACTUHI MAE
0meopuU, W0 CROAYYAIOMbCSL 3 YUNTHOPUYHUM DilbmpoM, BIOOKPEMLEHUM GI0 NIOWUNHUKIG 2ePMEMUYHUM YULTbHEHHSIM.

Abstract. Air pollution by dust of industrial origin since the beginning of the century has acquired the character of a
technogenic catastrophe. At the same time, the deterioration of the ecological state of the air environment is clearly localized
not only in industrial and transport areas, but also began to spread to cities, towns and recreation areas. The volumes of
harmful emissions of suspended solids are hundreds of thousands of cubic meters, and only a non-waste part of them passes
will be provided in the treatment facilities of enterprises. Due to the imperfection of technological and auxiliary treatment
equipment, imperfection of technological processes of transshipment of bulk cargo, significant volumes of dusty air are formed
in sea and river ports. At the same time, insufficiently high efficiency of polluted air purification leads to deterioration of cargo
quality, excessive wear of equipment and a sharp deterioration of the environmental situation. One of the dominant factors in
the formation of contaminated areas is the negative impact on human health. A wide range of methods and tools are used to
combat dust pollution. Technical means are used to suppress dust with different physical and chemical properties, work in a
wide range of temperatures and concentrations of pollutants. At the same time, due to the imperfection of the known structures
and the insufficient development of the theoretical foundations of the processes, dust cleaners are unable to effectively capture
small fractions of dust from the gas streams. In the current conditions, it became expedient to develop a new circuit solution of
the modifier. the proposed rotary dust separator differs in that the housing comprises outlets and a cover in the upper part, a
low-pressure flow nozzle and a high-pressure flow nozzle coaxial with the diffuser with blades, which is connected to the
bearing housing and, separated from the bearings by a sealed seal.

KuarouoBi cjioBa: muoBiIIbHKK, POTALIHHUMA, TU(Y30p.
Key words: dust separator, rotary, diffuser.

Beryn

3a0pyqHEHHsS MOBITPS MHJIOM IIPOMHCIOBOTO MOXOJUKEHHS 3 TOYaTKy cCTopidds HaOylo XapakTepy TeXHOT€HHOI
karactpodu. [Ipn mpoMy MOTIpIICHHS €KOJIOTIYHOTO CTaHy IIOBITPSHOTO CEpPENOBHUINA YITKO JIOKANII3ye€ThbCSd HA TIIBKH Y
IIPOMHUCIIOBHX Ta TPAHCIIOPTHUX paiioHax, ajie i cTajlo NOIIMPIOBATHCS HA MICTa, CENMINA i 30HM BiIOYMHKY.

OO0cArn MKIIIMBUX BUKHIIIB 3BAYKEHNX PEYOBHUH CTAHOBJIATH COTHI THCSY KyOiYHMX METpIB, 1 JIMIIE HEBENWKA IX YaCTHHA
MIPOXOJUTH YOE3MEUCHHS B OYUCHUX CIIOPYax MiAPHEMCTB.

Braciitok HEZOCKOHAJIOCTI TEXHOJIOTIYHOTO W JOTOMDKHOTO OYHMCHOTO BCTATKyBAaHHS, HEIOCKOHAJOCTI TEXHOJOTIYHUX
MIPOLIECIB MEPEBAHTAXKEHHS CHUIYYi BaHTaXIi, Y MOPCHKHX Ta PIYKOBUX IMOPTAaX YTBOPIOIOTHCS 3HAYHI OOCSITH 3alHMICHOTO
noBiTps. [Ipy IbOMy HEZOCTaTHHO BUCOKA e(DEKTHBHICTH OYHIIEHHS 3a0pYAHEHOTO MOBITPS MPUBOAUTE IO HOTIPIIEHHS SKOCTI
BaHTaXIB, HAJIMIPHOT'O 3HOIIYBaHHS OOJaIHAHHS 1 PI3KOMY MOTIPIIEHHIO €KOJIOTTYHOT 00cTaHOBKU. OMHUM 3 JOMIHYIOYHM
(haxTOpOM YTBOPEHHSI 3a0pYHEHHUX 30H € HEraTUBHUI BIUIUB HA 3/I0POB'Sl JIFOJICH.

st 6opoThOH 3 TUIIOBUM 3a0pYAHEHHSM BUKOPUCTOBYIOTH IIMPOKHIA CIIEKTP METOIB i 3ac00iB.

TexniyHi 3aco0M TPHUIYLIEHHS Iy BUKOPHUCTOBYIOTHCS 3 PI3HUMH (Pi3MKO-XIMIYHMMHM BIIACTHUBOCTSIMH, IPALIOIOTH Y
IIMPOKOMY Jlialta3oHi TEMIIepaTyp 1 KOHIEHTpALii 3a0pyJHIOIOYMX PEYOBHH. Y TOH JXKe Yac, BHACNIIOK HEIOCKOHAIOCTI
BIJJOMHMX KOHCTPYKIIH 1 HEZOCTATHHOI'O PO3BUTKY TEOPETHYHHMX OCHOB IPOIECIB, MMJIOOYHMCHI 3acO0M He3JaTHI eEeKTUBHO
BIIOBITIOBATH 3 Ta30BHX MTOTOKIB APiOHI (paKii miTy.

ToMmy BROCKOHAJIEHHSI KOHCTPYKIIH MMIO0YMCHHUX 3ac00iB, 3 METOIO IiIBUIICHHS 1X €()EeKTUBHOCTI OYMIIECHHS i 3HIDKCHHS
SHEPrOBHUTPAT HA MPOLIEC OYUILECHHS, € JOCUTh CBOEYACHHM Ta aKTyaJbHHM HAyKOBO-TEXHIYHHMM 3aBHaHHsM [1 - 3].

AHaJi3 JiTepaTypHUX JaHUX i IOCTAHOBKA NPodJieMH

3a ocTaHHI JecATHpIYYS y CBiTI IPOBEACHA BENWKAa KUTBKICTh JMOCHIIKEHh 3 TWIJBHIICHHSA EHEProcpeKTHBHOCTI
MMAIOOYHCHUX 3ac00IB i CTBOPEHI HOBI BIOCKOHAICHI KOHCTPYKITIL.

VY po6orti [4] mpencraBieHni KOaKCiaTbHAN POTUITIOTOKOBUH POTaiiHNIN MHIOBIAIUTBHAK, SIKUH CKIIaJa€ThCs 3 KOPITYCY,
naTpyOKy TaHTeHiHHOTO BBOAY MIUIOTa30BOTO MOTOKY, IHJIIHAPAYHOTO TKAHOTO (LIBTPY, OCHOBOI BUXJIOITHOI TPYOH, APOCETH-
3aCyBKH, KOHIYHOTO JHHIIA i KOHIYHOTO Cemaparopy.

Jo HemomiKy poOOTH BOTO TPUCTPOIO CIiJT BiTHECTH HU3BKY €(PEKTHBHICTh BUAAICHHS MIUIOTa30BOI CYMIIITi, ITiJBUIICHIH
aepONMHAMIYHHK Omip Ta OOMEXeHi (YHKIIOHAIbHI MOXJIMBOCTI MWJIOBIATUIBHUKA, a TAKOX HU3bKUN EKCILIyaTalliiHUi
pecype TKaHOTO (GiIBTpY.

Haii0ipr 6IM3bKUM 3a TEXHIYHOKO CYTHICTIO Ta PE3yJbTaTOM, IO JOCATA€ThCS, 0 CYYacHUX 3a1ad OYHIICHHS poO0YOro
CepelloBHINA BiJ] MUJIOBOr0 3a0py/AHEHHS, € KOaKCIaIbHUH MPOTHIIOTOKOBHH pOTalliiHUN MUIOBIIIIBHUK, IO CKIATA€ThCS 3
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KOpITyCy, NaTpyOKy TaHI'€LifHOr0 BBO/y MUJIOTa30BOT0 MATOKY, HMIJIIHIAPUYHOTO TKAHOTO (DiIBTPY, OCHOBOI BUXJIOITHOI TPYOH,
ZpOCEeb-3aCyBKH, KOHIYHOTO JHUIIA Ta KOHIYHOTO cernaparopa AuepeHIiiftHol aii, SKUi CKIaJaeThCs 3 YOTHPHOX OKPEMHX
€JIEMEHTIB-CETMEHTIB, PO3TAIIOBAaHUX PIBHOMIPHO 110 KOy [5].

AJle 3aCTOCYBaHHIM LWIIHAPHYHOTO TKAHOTO (UIBTPY Ta TAHTELiHHOTO BBOJIY IMUIIOTa30BOTO MOTOKY OOYMOBIIOIOTH Psij
HEZIOJIKIB, AKi CyTTEBO OOMEXYIOTh MOKJIMBOCTI IIPHUCTPOIO, a CaAME:

— HU3bKa €)EKTHBHICTh BHIAIICHHS MMMJIOTAa30BO{ CyMiIi;

— (yHKIIOHATTBHI MOXKIIMBOCTI POTAIIfHOTO MUIOBIATITHHIKA,

— HM3bKHH eKCIUTyaTaliiHu{ pecypc TKaHOTO (UIbTpY;

— MIJABHIICHUN aepOJUHAMIYHHIN OITip Yy TaHTCI[ITHOMY BBOII;

— HEMOXIIUBICTh OYHUILEHHS (UIbTPYBAILHHUX EIEMEHTIB 0€3 IEMOHTaXy HPUCTPOIO.

inb i 3aBAaHHA 10CTITKEHHS

B yMoBax, 1110 CKJIaJHCs, JOIUIBHOK CTaja po3poOKa HOBOTO CXEMOTEXHIUHOTO pilieHHs MoaudikaTopa. [Tependauarnocs,
110 KOHCTPYKTHBHE BUKOHAHHS [IOBUHHE 3a0€3M1E€4YNTH PUCTPOIO:

— JIOCTaTHIO €(DEeKTHBHICTh BUAJICHHS ITMJIOTa30BOT CyMillli;

— BEJIMKUH eKCIuTyaTaliiHui pecypc QiabTpy; MOKIIMBICTh OUMIIEHHS 0€3 JIEMOHTaXy HPUCTPOIO;

— 30€peXEeHICTh HAaJIHHOCTI, YyTIAMBOCTI Ta IIPOCTOTH CXEMOTEXHIYHMX PIlICHb MIOBIIIIBHUAKIB BIJIOMUX THITIB.

Jnst po3B’ s13yBaHHS IIOCTABJICHOI 3a/1a4i 3alPONOHOBAHA CXeMa POTaliHHOTO MIJIOBIIITbHUKA.

Pe3yabTaTn gocaigKeHb

CyTbh CXEMOTEXHIYHOTO pIIICHHS MOSCHIOETHCS KpecieHHsIM (puc. 1), ne 300pakeHo Kopmyc 1, siknii BHKOHAHO pa3oM 3
naTpyOOK HU3bKOHAIPHOTO MOTOKY 3.

Puc. 1 — Poranifinmii nuioBinaineHuK: 1 — kopmyc; 2 — cOMI0 BHCOKOHAMIPHOTO0 MOTOKY; 3 — MATPyOOK
HHU3bKOHAIIIPHOTO NOTOKY; 4 — nudy3op; S — sionari qudysopy; 6 — minmunHuky; 7 — nUIiHApHYHUN GLILTP; 8 —
KPHIIKA MHJIOBIATIbHUKA; 9 — repMeTHYHe yiIiibHeHHs; 10 — oTBOpH i AU(y30pi; 11 — oTBOPH y KOpHYyCi.

VY Kopmyci MICTUTBCSI COIIJIO BUCOKOHAMIPHOTO MOTOKY 2 Ta pO3TallOBaHMI Ha oHOI oci 3 HuM audysop 4. Judysop Ha
BHYTPIIIHEOMY OOIli Ma€ Jjomarti 5, a 30BHIIIHIM OOKOM CIIONyYeHHWH 3 MiIMHIMHUKaMH 6, sKi 3adikcoBaHi y Kopmyci Ta
BiJTOKpEMJICHI BiJl HIMMX €JIEMEHTIB TepMETHYHUM YIIUTFHEHHIM 9. YV BepxHiil wacTuHi audy30py BUKOHAHI OTBOPH JIAMAHO1
koHpirypamii 10. Mix nimsHKOI0 dudy30opa 3 OTBOpaMH Ta KOPITYCOM MICTHTHCS INUHAPHIHUA (ineTp 7. DimbTp €
OWTHIPUIHOT TOPONOAiOHOI GOPMH i BUKOHAHUI METaNeBOi CITKH. Y KOPITyCi MPOTH OTBOPIB y Iu(y30pi BUKOHAHI OTBOPHU
11 anst BUXO/y OUYHIIEHOT NOBITPSAHOT cyMilini. 3BepXy Audy30p Ta GiIbTp 3aKpUBAIOTHCS KPHIIIKA MUIOBIIIIIBHIKA 8.

3a0pyaHeHa MOBITPsHA CYMIII HaIXOAWTH IO COIUIA BHCOKOHAIIPHOTO MOTOKY Audy30py. 3aBAsKku jonataM Audy3opy
HaJla€ThCsl 00EPTAIBHUI PYX, IO BUKJIHMKAE JIOJATKOBE 30UIbIICHHS HIBUIKOCTI MOBITPsiHOT cymimni. Koau cymimn norparuise

oTBOpU MU(Y30pa, TO 32 PAXyHOK X jJaMaHOI reOMETPii BUHUKAE Pi3Ke 3HW)KCHHS IIBHIKOCTI ITOTOKY HAa BHXO[I 3 OTBOPIB
(puc. 2).

Puc. 2 — Cxema orBopiB y nudy3opi nuinosBigginbunka: 4 — qugysop
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B nacnizok 4oro kpymHi ¢pakuii 3a0pyJHEHHS MOTPAILISIOTH Ha THO ¢inbTpa. CepenHi Ta Mani ¢pakuii MoTparusiioTh Ha
ciTKy ¢inpTpa. OUnIeHa MOBITPSIHA CYMIIl IOBEPTAETHCS A0 TPUMIIICHHS.

OpmHodacHO, depe3 OKpeMi TpyOompoBoAW Ta MaTpyOOK HU3BKOHAIIPHOTO TOTOKY IOBITPS BiJ OJOKIB €IEKTPOHHOI
armapatyp, 10 MICTHTbCS Y MOCTax YIpaBIiHHA MallMHAMH Ta BUPOOHUITBAMH, HAOXOAUTH IO NMWIOBIATIIBHUKY. Y Takii
croci6 3MiHCHIOETHCS HE TUTBKU JOAATKOBE OUMIIICHHS MOBITPS, ajie i OXOJOKEHHS arapaTypH.

IIpu 3abpynueni ¢inbTpy BiH 00epTaeTbcs HABKOJO cBo€i oci. TakuM YMHO MK OTBOpamMH y audy3opi Ta Kopiyci
BCTaHOBJIIOETHCS YUCTA IUITHKA QLIBTPY.

TakuM YMHOM 3aNPONOHOBAHUMN POTALIMHNI NHIOBIAUIEHUK BIAPI3HIETHCS THUM, 1[0 KOPITYC MICTHTh BUXIiJHI OTBOPHU Ta
KPHUIIKY Yy BEpXHIM 4YacTuHI, marpyOOK HHU3BKOHAMIPHOTO MOTOKY Ta COIUI0O BHUCOKOHAIPHOTO MOTOKY, SIKE CHIBBICHE
nudy30py 3 JIoNaTIMU, KU CIIOJTYYaETHCS 3 KOPITYCOM IiIIIMITHUKAMH Ta y BEPXHIH 4aCTHHI Ma€e OTBOPH, LIO CIIOIYHaIOThCs
3 HWTHIPUIHAM (PLUIETPOM, BIJOKPEMIICHUM BiJ] IiJIIAITHUKIB FTEPMETHYHUM YIIITBHCHHSIM.

VY cratuyHOMy pexumi (KayniOpyBaHHsI) (IKCYIOTBCS BIINOBIZAHI JaHHI Ta IONPaBKH, IO BPaxOBYIOTh TEMIEpaTypy
HaBKOJIMIIHBOT'O CEPEOBHIA Ta BTPATH B YCiX €JIEeMEHTaX pPOTAL[IHOTO MJIOBIIIIIBHAKA.

VY nuHaAMiYHOMY peXHMi (OYHMIIEHHS MOBITPSHOI CyMIllli), IMiC/Is OTPUMAHHS CHUTHAIY BiJl BOJOKOHHO-ONTHYHOTO JIaTYMKA
[6, 7], aBTOMaTn30BaHa cucrema ynpasiinus (ACY) BMUKae TOBITPSHUI Hacoc 1 3a0pyTHEHA MOBITPSIHA CYMIIll HAAXOAUTH JI0
COIUIA BUCOKOHAMIPHOTO MOTOKY Audy3opy. Ilicast ounmieHHst NOBITpsiHA CyMiI MOBEPTAETHCS A0 MpuMimieHHs . O1HOYacHO,
yepe3 OKpeMi TpyOOnpoBOIM Ta HaTpyOOK HHM3BKOHAIIPHOTO IOTOKY IOBITPA BiJ OJIOKIB €NEKTPOHHOI amapaTypu, IO
MICTUTBCA y TOCTaX YIpPAaBIiHHA MAaIOIMHAMH Ta BHUPOOHWIITBAMH, HAAXOTUTHh A0 NIIOBIIIUIGHUKY. Y Takid cmocid
3IIMCHIOETHCS HE TIIBKU JOAATKOBE OYMILICHHS MOBITPSL, ajle i 0X0NOomKeHHs anapatypu. [1icis Toro sik BOJIOKOHHO-ONTHYHHI
JIaTYuK 3adikcye 3HIKEHHS 3a0pyAHEHHS TTOBITPS 10 MPUITYCTUMUX 3Ha4YeHb, ACY BUMEKa€e HacoC.

VY apyroMy OUHAMIYHOMY PeXHMi (OYHIIEHHS MHUIOYOI0 piguHOI0), ACY 3akpuBae TpyOONpOBOAM HHU3BKOTO THCKY Ta
BMHKa€ ITI0Jjady 4epe3 MarpyOOK HHU3BKOTO THUCKY MHIOUOTO PO3YMHY. MUIOUMH PO3YMH 3aCTOCOBYETHCS AU BHAAICHHS
3a0pyAHEHb Y OTBOpax Au(yy3opa Ta KOPIyCy, a TAKOXK CITKH (iIbTpa.

BucHoBknu

Texuiuam# eekt gocATaEThCS 3aBIIKH TOMY, 1[0 KOMOIHAIIIS MEXaHIYHUX €JIEMEHTIB 3a0e3meuye:

— HeOOXiTHY e(EeKTUBHICTh BUIAIICHHS MTAIOTA30BOI CYMIIIi;

— IOoCTaTHI PYHKIIOHAThHI MOMXIIMBOCTI POTAIHHOTO MITOBIIIITFHIKA;

— BEJIMKHU eKCIUTyaTalliiftHuil pecypc GinbTpy;

— MOJKJIMBICTh OUHIICHHS (UIBTPYBAIFHUX EIIEMEHTIB 0€3 IEMOHTaXy MPUCTPOIO.

3acTocyBaHHS 3alPOIIOHOBAHOT MOJIEIN IPUCTPOIO, KPIM TOTO, JO3BOJHTH IiABUIIUTH €KOIOTiYHY Oe3meKy i e(eKTHBHICTD

PI3HHX THIIIB TEXHOJIOTTYHHX IMPOIIECIB y BCIX €JI€MEHTaX BAaHTAXKHOTO KOMIUIEKCY, Ta MO3UTHBHO BIUIMHE Ha 3[JOPOB s JIOIUH
B I[LTOMY.
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Anomayia. Y cmammi po3ensioacmsbcs cucmemu agmoMamuino20 pezynio8anHs AKi peanizyloms an2opummu KepyeanHs 3
NPOCHO3VEAHHAM CKIAOO0BUX GIILHO20 MA SUMYUIEHO20 PYXY HA Yac 3aNi3HEHHSA enepeo 8 3aMKHYmomy koumypi. Ilpoeooumucs
NOPIGHANbHULL AHANI3 IX pobomu y NEepexiOHux ma CMAIux pexdcuMax pobomu, a maxodc 3andacie cmiukocmi sKi 60HU
3abesneuyioms. O0'cKmu MexHoON02IUHO20 MUNY 0OCUMb 4ACMO MAOMb GeAUKY THEPYIUHICMb 6 KAHANAX pPe2ylio8anHs aKd
n08'13aHol He MIIbKU 3 YUCUM 3ANI3HEHHSM, dje, OLIbUOI0 MIPOIO 3 AKYMYISYIEI0 PeHOSUHU | eHepeil, MaK 36aAHUM EMHICHUM
saniznenHam. Ilosna abo uacmkosa KomneHncayis yiei inepyiiHocmi Modxce 8 3HAYHIN Mipi ROTNWUMU AKICMb Pe2ylt08aAHHS
ona makux 06'ekmie. Ha npaxmuyi ona komnencayii 6nauey 3anisHenns Ha OUHAMIKY 81ACHO20 PYXY YACMO 6UKOPUCHIOBYIOMb
cucmemu 3 ynepeodcysavem Cmima aKi 3HAUHO pOZWUPIOIOMb 3anac cmitikocmi cucmem i 3abe3neuyoms ix npaye30amuicme
8 YMO8AX HeCMAayiOHApHUX eracmugocmell 00’ckma Kepy8auHs. TaxodC NPOSHO3YBAHHA GUKOPUCMOBYEMbCA Y CUCMEMAX
Kepy6amHs 3 NPocHO3VIOH0I0 MOOENNIO, 8 AKUX KepYIOuUll 8NIUE HA KONCHOMY KPOYI PO3PAXOEYEMbCA 34 PAXYHOK SUPIULEHHS
onmumizayitinoi’ 3a0aui Ha OCHOSI MaAmMeMamuuHoi mooeni 0b’ekma Kepysauua. Lli cucmemu maxodic 3aCMOcO8yIomy O
Kepyeanus 00’ ckmamu mexHoN02IHHO20 MUNY, 30Kpema peKomeHoyioms 00 3acmoCy8ants npu Kepyeanni 6a2amoKaHarbHUMu
00’eKmamyu Kananu AKUX noe’sizani mixc coboio uepes Oil0 nepexpecHux 36’A3Kie. B axocmi anvmepnamusu 6xasaHum
cucmemam 3anponoHOBAHA CUCIEMA Pe2YNIOGAHHA 3 NPOSHO3YEAHHAM GUMYUIEHO20 PYXY 6 3aMKHYMUl KOHMYpP AKOI 66e0eH0
aneopumm HPOZHO3YBAHHA 8 PEanbHOMY Haci HA OCHOGI KyOiunozo cnaaumy. IIpogedeno cmpykmypHuii ma onmuManbHuil
napamempuuHull CUHmMe3 albMEePHAMUSHUX BAPIAHMIE CUCMEM aABMOMAMUYHO20 pe2ylosanns. B axocmi 6a306020
peeynsamopa 6yno obparo munosutl I1I/]-pecynamop. IlopieHanvrull ananiz ONMUMATbHUX CUCTEM, NPO8eOeHUll 8 Ydcosill i
YACMOMHUX 001ACMAX, NOKA3A8 Nepesazy CUCMeMU pe2ylIO8aHHs, WO peanizye NPUHYUN KepySaHHs 3a NPO2HO30M HA OCHOBI
Kybiunoeo cnaatiny. Ilpu ananizi pobomu cucmem 3a Kamanom Oii HEKOHMPONLOBAHUX 30YPeHb cUCMeMda pe2yNo8aHHs 3
NPOZHO3YEAHHAM NO KYOIUHOMY CHIQUHY 300e3nedye 3HUMCEHH: [HMespanbHo20 I NPAMUX NOKA3HUKIE AKOCMI nepexioHux
npoyecie 00 40%. Ilepegipka na epybicms cucmem asMOMAMUYHO20 pe2yI08aAHHA NOKA3ANA, WO CUCTHEMA A8MOMAUYHOZ0
Dpe2yniosants 3 NPOSHO3Y8AHHAM Pe2yIb08anoi 3MIHHOI 3a KYOIUHUM CRAAUHOM MA€E NPUOIU3HO OOHAKOBUN 3anac cmilkocmi 3a
4acoM 3ani3HeHHA ma MPOWKU HUNCUULL 3anac cmiukocmi 3a Koegiyicnmom nepedaui 00’ €kma Kepy8auHs, Hidc cucmema 3
ynepedacysavem Cmima.
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Abstract. The article considers automatic control systems that implement control algorithms with prediction of the
components of free and forced motion for the time of delay in a closed loop. A comparative analysis of their work in transient
and stable modes of operation, as well as the reserves of stability that they provide. Objects of a technological type quite often
have a large inertia in the control channels associated not only with a pure delay, but, to a greater extent, with the
accumulation of matter and energy, the so-called capacitive delay. Full or partial compensation of this inertia can
significantly improve the quality of regulation for such objects. In practice, Smith's anticipatory systems are often used to
compensate for the effect of the delay on the dynamics of self-motion, which significantly expand the stability of the systems
and ensure their operability in conditions of non-stationary properties of the control object. Forecasting is also used in control
systems with a predictive model, in which the control effect at each step is calculated by solving an optimization problem based
on a mathematical model of the control object. These systems are also used for the control of technological objects, in
particular, recommended for use in the control of multi-channel objects whose channels are interconnected through the action
of cross-links. As an alternative to these systems, a control system with predicted forced motion in a closed loop is proposed,
which introduces a real-time prediction algorithm based on a cubic spline. The structural and optimal parametric synthesis of
alternative variants of automatic control systems is carried out. A typical PID controller was chosen as the basic controller.
Comparative analysis of optimal systems, conducted in the time and frequency domains, showed the advantage of the control
system, which implements the principle of control by forecast based on the cubic spline. When analyzing the operation of
systems along the channel of action of uncontrolled perturbations, the control system with prediction of the cubic spline
provides a reduction of integrated and direct quality indicators of transients up to 40%. A check on the roughness of the
automatic control systems showed that the automatic control system with prediction of the variable on the cubic spline has
approximately the same margin of safety over dead time and a slightly lower margin of stability for the transfer factor of the
control object than the Smith biased system.

Kuaro4oBi cioBa: mporHo3yBaHHs, KyOIYHHMH CIDIAifH, MPOTHO3YIOYAa MOJENb, CHCTEMa aBTOMATHYHOTO PETyIIOBAaHHS,
3amac CTIHKOCT1
Keywords: prediction, cubic spline, prediction model, automatic control system, robust control.

Beryn

OcHoBHUMH XapakTepuctukamu 3aMKHYyTUX CAP € sKicTh peryntoBaHHs 1 CTIHKICTb. SIKiCTh PeryJoBaHHs BH3HAYAETHCS
JMUHAaMIYHOT Ta cratuuHoi TouHicTio CAP. MakcumaibHO aocsbkHa auHamivuHa TouHicTe CAP Oarato B 4oMy OOMEXKYETHCS
3aIli3HEHHSIM 1 IHEepUiHHICTIO KaHaiiB 00'ekta KepyBaHHA. OO'€KTH TEXHOJOTIYHOTO THIY NOCHTh YacTO MAlOTh BEIIUKY
IHEpLIHHICTIO B KaHalaxX PeryJIIOBAaHHS, IOB'I3aHOI HE TUIBKM 3 YUCTUM 3aIli3HEHHSM, aJie, OUIBIIOI0 MIpOI0 3 aKyMYJISLIEO
PEYOBUHH 1 CHEPTii, TAK 3BAaHUM €MHICHUM 3ami3HeHHsIM. [ToBHa a00 YacTKOBa KOMITEHCAIIS ITi€] iHepIiHHOCTI MOXKE B 3HAYHIN
Mipi MOJINIIKUTH SKICTh PETYJIIOBaHHS Ul Takux 00'ekTiB. Ha mpakTumi s komrieHcalii BIUIMBY 3aIli3HEHHS! Ha JHHAMIKY
BJIACHOT'O PYXy YacTO BHKOPHUCTOBYIOTh CHCTeMH 3 ymepekyBadeM Cwita [1] siki 3HAUHO pO3IIMPIOIOTH 3amac CTiHKOCTI
cHCTeM 1 3a0e3nmeuyloTh iX Mpale3faTHICTh B YMOBAaxX HECTAlliOHAPHUX BIACTUBOCTEH 00’€KTa KepyBaHHS. Takox
[IPOTHO3YBaHHS BUKOPHCTOBYEThCS y CHCTEMaX KepyBaHHsI 3 mporHo3yodoro moaernto (Model Predictive Control) [2], B sikux
KepyIOUHil BIUIMB Ha KOXXHOMY KpOIi PO3PaXxOBYEThCSA 3a PAXYHOK BHUPINICHHS ONTHMI3AllifHOI 3amadi Ha OCHOBI
MaTeMaTHIHOI Mozeni 00’ekra KepyBaHHs. L[i cHCTeMH TakoX 3aCTOCOBYIOTH [UISI KepyBaHHS 00’€KTaMH TEXHOJOTi9HOTO
THITY, 30KpeMa PEeKOMEHIYIOTh 10 3aCTOCYBaHHA MPH KEepyBaHHI OaraTOKaHAIEHUME 00’ €KTaMH KaHAIHM SIKUX OB S3aHI MiXK
c000¥0 Yepe3 Mif0 MEePEeXPECHHX 3B’ SI3KiB. B SIKOCTI aJlbTepHATHBY BKa3aHUM CHCTEMaM 3aIllPOIIOHOBAHA CHCTEMA PETyJIIOBAHHS
3 TIPOTHO3YBAHHSAM BUMYILEHOTO PYXY B 3aMKHYTHI KOHTYP SIKOT BBEJICHO aJTOPUTM IPOTHO3YBaHHA y (t) B peaibHOMY 4aci
Ha OCHOBI KyOiuHoro cmiaiiHy. B 3anpomnonoBaniii CAP BHKOHaHO Tepexil Bil 3araJlbHONPUIHATOrO IMPUHIIMITY
peryJIroBaHHS [0 MOTOYHOMY 3HAYSHHIO BHXIZHOI BeMHMYMHH y (t) 0 MPHHLMIY peryioBaHHs 3a mporrozom Y(t + t,,). Le
O3Ha4a€e 110 OOYMCIIEHHS KEpyIo4Ooro BIUIMBY (TIOJIOXKEHHS perymorodoro oprany) U (t) mpoBoauTbcs HE 3a MOTOYHUM
3HAYCHHAM PEry/IbOBaHOI BEJIMYMHH Y (t), @ [10 IPOrHO30BaHOMY 3Ha4eHHIO Y(t + T,,) y MaiiOyTHBOMY.

AHaJi3 JiTepaTypHHX JaHUX i MOCTAaHOBKA MPOGJIeMHI

AHani3 cyyacHuX miaxoniB [2,3,4] miATBEpIKY€e aKTyallbHICTh BUKOPHCTAHHS MPOTHO3YBaHHS B allOPUTMaxX KepyBaHHs
cyyacaux CAP. IIpornosyBannst B CAP Moke 31iHCHIOBATHCS 33 PI3HUMH METOIaMH.

KepyBauus 3 nporuosywouor moaemwno (MPC)  BHKOPHCTOBYETBCS y MHEpepOOHiH MPOMHCIOBOCTI HAa XIMIYHHX Ta
HadTorepepoOHUX 3aBogax mounHaroun 3 1980-x pokiB. B octaHHi poku 1eil METO] KEpyBaHHS TaKOXK BHKOPHCTOBYETHCS B
cucTeMax OajlaHCyBaHHs CHEPrOCHUCTEM, B CHJIOBIH enekTpoHiui [2], y cucremax mepeTBopeHHs eHeprii BiTpy [3] Ta Ha
MiAMPUEMCTBAX M0 OuMIIeHHIO cTiuHux Boja [3]. B amropurmax MPC BUKOPHCTOBYIOTHCS AMHAMIYHI MOJENI MPOLECIB,
yacTilie 3a BChOTO JIiHIHHI eMIipHYHI MOAENI SKi OTpUMaHi IIIIXOM imeHTH]ikarmii Moaeni 06’exkta kepyBanas (OK). s
CIIPOIICHOI MOJieNi 00'€KTa 1 MOYaTKOBUX YMOB BUKOHY€ETHCS IIPOTHO3YBAHHS MMOBEIIHKH 1]l BILIMBOM KEPYIOYOTO CHUTHAITY Ha
JIeIKOMY KIHIIEBOMY BiJJpi3Ky 4yacy, 3BaHOMY ropu3oHT nporuo3sy (Prediction Horizon). BukoHyeTbcst onTuMi3allis KEpyrUuoro
CHUTHAJly 3 ypaxyBaHHSIM BCHOTO KOMIUIEKCY OOMEXEHb, HAKIaJCHUX Ha Kepylodi i peryiIpoBaHi 3MiHHI 3HAXOAWUTHCS
onTuMansHe KepyBaHHA. Ha yacoBoMy Bifpi3Ky, BU3HAYEHOMY OJHUM KPOKOM OOYHCIICHHS SKUH CTAaHOBUTH (DiKCOBaHY Mairy
YacTHHY TOPH30HTY NPOTHO3Y, 3BaHOMY ropuzoHtoM kepyBanHsi (Control Horizon), peanizyeTbcs 3HaiifieHe onTUMalibHE
KepyBaHHs. [1o 3aKiHUEHHIO iHTEpBaTy 31HCHIOETHCS BUMIp (DaKTHYHOTO CTaHy, SIKi IPUHMAIOTHCSI 32 HOBI IIOYATKOBI YMOBH.
['opu30HT MpPOTHO3Y 3CYBAETHCS HA KPOK BIIEPEZ, 1 3HOB MOBTOPIOIOTHCS €TalM PO3paxyHKy Kepyrouoi aii. Bukopucranus
MPC mns kepyBaHHS MPOMHCIOBUMH 00 €KTaMH MiATPHUMYEThCS 30Kpema ¢ipmoro Siemens y 6ibmioteri migmporpam
SIMATIC PCS7 APC-Library (Advanced Process Library) sika po3moBCIOKY€EThCS ISl BiIOMOTO CEpPEIOBHIIA PO3POOKH
MIPUKJIaHOro IporpamHoro 3abesnedyenHs - PCS 7. Takox wiero OiOTIOTEKOI0 MIATPUMYEThCS pealizalisi CHCTEM
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peryiroBaHHs 3 ynepemkyBadeM Cwira. Cucremu 3 ymepemkyBaueM CMiTa 4YacTO 3aCTOCOBYIOTbCS JUIS KepyBaHHS
HECTaliOHAPHUMH 00’€KTaMH XapdoBOi NMPOMUCIOBOCTI 3 3alli3HEHHSIM B KaHaimaxX kepyBaHHsS [1]. PosrmsHyTi anropurMu
PO3IIMPIOIOTH 3amac CTIMKOCTI CHCTeM i 3a0e3MedyroTh 3HIDKECHHS MOMMJIOK BIITBOPEHHS OLTHII e(peKTHBHO HiXK MTOMHUIIOK
crabimizarmii.

Pesynbrati  mocimimkeHs [4-7] TOKa3yloTh 10 JUIS KepyBaHHS 00 €KTaMH TEXHOJIOTIYHOTO THIY MOYHA TaKOX
3aIPONOHYBATH CHCTEMY PETYIIOBAHHS 3 MPOTHO3YBAaHHSAM BHMYIIEHOTO PYXY B 3aMKHYTHH KOHTYpP SIKOI BBEJICHO alTOPUTM
MPOTHO3yBaHHA y (t) B peanbHOMY 4Yaci. PerympoBaHy 3MiHHY y (t) B 00’€KTaX TEXHOJOTIYHOTO THITY Bim(iIFTPOBaHY Bix
IIyMiB MOXXHa pO3IJSIaTH SK 0araTokpaTHO IudepeHuiioBaHy (GYHKIIIO Yacy 1 BECTH NPOTHO3YBaHHS ii 3HA4YEeHb Yy
peajbHOMY Yaci Ha OCHOBI, HaNpUKIIaj, KyOiuHoro cruiaiiHy. Takum ynHOM Mu otpumyemo CAP B sikiii BUKOHaHO mepexi Bif
3arajJbHONPHUHHSTOTO IPUHIMIY PEryJIIOBaHHS [0 TOTOYHOMY 3HA4YEHHIO BHXINHOI BennuuHM y (t) 10 NpUHIMIY
peryoBanHs 3a IPorHo3oM Y(t + Ty,). OLiHUTH eeKTUBHICTH Takoi CUCTEMH B IIOPIBHSAHHI 3 CUCTeMaMH Ha 6a3i alnroputMiB
MPC rta ynepemkyBada CmiTa € 3aBIaHHIM JIaHOTO JOCIIKSHHS.

Merta Ta 3aga4i J0CTiTKEHHA

Mertoto JOCHiDKEHHS € BU3HAUEHHs AMHaMIi4HOT TOYHOCTI 1 3anacy criiikocti CAP sika peanizye nmpuHIMI KepyBaHHS 3a
IPOTHO30M Ha OCHOBI KyOI4HOTO CIUIaiHy isi 00’ €KTIB TeXHOJIOTiUHOTrO THITy B nopiBHsiHHI 3 CAP 3 ynepemxyBauem Cwmita
Ta CUCTEMaMH KEPYBaHHs 3 TIPOrHO3YI0UOI0 MOJIeIUTIO. /ISt TOCATHEHHSI BU3HAYEHOI METH HEOOX1THO IPOBECTH CTPYKTYPHUH 1
ontTuManbHUi mapamerpudnHuii cunre3 CAP 3 ymepemxkyBauem Cmita i 3 mporHosyrouoto mozemto ta CAP ska peanisye
TIPUHIMI KEPYBaHHS 3a IIPOTrHO30M. [1icis 1boro MpoBecTH NOPIBHSUIBHHUN aHalli3 IIUX CHCTEM.

MeToau i MaTepianu 1ocaiTKeHb

Jnist mpoBeieH s TOCTIKEHb B IKOCTI OCHOBHOTO METO/y OYZ€MO BUKOPHCTOBYBATH METOJ IMITAI[IHHOTO MO/ICTIOBaHHS B
cepenosumi Simulink cucremu Matlab. /i nporo Ha mepmiomy etami po3poOumo cTpykTypHi cxemu CAP, BuzHaummo
perymstop, BipryansHuii TecroBuii OK (BTOK), kpurepiii oninku sikocti pobotn CAP, monens ynepemxyBaua Cwmira i
MPOBEIEMO JUIsl MOJei KyOidyHOro cruraifHa po3paxyHOK CIIBBIIHOIIECHB, IO JO3BOJIIOTH OLHIOBATH HOTO MapaMeTpH B
pearbHOMY Haci 1 BECTH pO3paxyHOK IPOTHO3HOTO 3HAYEHHsS perynboBaHoi 3MiHHOI. CTpykTypHi cxemu CAP ska peamizye
MIPUHIUT KepyBaHHS 3a mporao3oM, CAP 3 ymepemkysauem Cmita Ta CAP 3 mporao3yro4dor0 MOIEIIII0 HaBeeHi Ha puc.l.

Way(p Tyt—L

lfH(t (t)

u(t Woy(p

4L(U(t 8)—> Wyy(p o

Puc. 1 — Crpykrypsi cxemu CAP 3 Moay;ieM NPOrHo3yBaHHs B ii KOHTYPi 3BOPOTHOTO 3B’ 513Ky (a),
3 ynepeakyBadem Cmira (0), 3 NPOrHo3y04oi0 MoaeLIo (B) (Wp (p) - mepenarouna ¢pyuxuin I peryasitopa;

W, (p) - epeaaTo4Ha ¢dynkuia OK 3a kananom kepysauns; MII — moayss npornosysanusi; W, (p) - nepeaaro4na

(yunkuist ynepexxxyBaua Cmita; MPC — peryJisiTop 3 NIporsHo3yrouon Moje/LIio).

B sikocti perymstopa Oynemo BukopuctoByBatu IIIJl - perynstop 3 peanbHuM audepeHumiatopoM. s mpoBeneHHs
ontuManeHOro mapamerpuyHoro cuHTely CAP 1 omiHkm sKocTi I poOOTH B TEpeXigHUX pPEKAMaX CKOPHUCTAEMOCS
IHTEeTpaJbHUM KBaJpaTHYHUM MMOKa3HUKOM SKOCTi (1), a OmiHKY SIKOCTi i poOOTH B CTalMX pekuMax OyIeMo IPOBOAWTH 3a
TTOKa3HUKOM (2):
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L= [ -y®)dt. (1)
l t;+Tmon ,
Iz=\/TW j (v, () - y(©)?dt . 2)

ne T\on — 9acC MOJICTIOBAHHS, t) — Yac MmovaTKy BiJUTIKY.
Mopenb 00'ekTa KepyBaHHsI PO3IJITHEMO 31 CTATUYHHMH BIIACTHBOCTSMHU 3a KaHaJIOM KepyBaHHs. [lepenarouna (yHKIis
BipryansHoro tecroBoro OK (BTOK) mae HacTynHuii BUTIIs .

o ko 3
Wey (P) = (T1p+1)°(T2p +1) ®

ne T1 - mocrtiiiHa yacy 110 XapakTepu3ye eMHICHe 3ami3HeHHs, T2 - mocriiiHa yacy, ko - koediuient nepenaqi OK. Ilpu
poMy noctiiHa yacy T1 << T2. Jlns npoBeneHHs A0CikeHb OyJIM NpUiHATI HacTyIHI 6a30Bi 3Ha4eHHs napamerpis BTOY:
T1=05T2=7,ko=1.2.

Ha puc.2 npencraBnena HopMoBaHa nepexigna xapakrepuctuka BTOY no xananmy kepyBaHHS 3 1IIOCTpALi€lo MPOLeaypr
TapaMeTpUyHOI iIeHTrdiKaii MOAEl NepIoro MopsAKY 3a METOIMKOI0 MiHiHO].

L : e
O8] A 1

] OSSR 4 E— — — —

Puc. 2 — LnocTpauis npouenypu napamerpuuHoi inentudikanii mogeai OK (Merognka MiniHoii) 3a kaHajiom
KepyBaHHII.

[NepenaTouna (yHKIiS MOEI IEPIIOTO MOPSIKY MO KaHAITY KEpYBaHHSI.
1.2e73P
W, (p) = =2 Q)
Tp+1

[epenarouna dynkuis ynepemkysada Cmita npuitMe HACTYTHUN BUTIISIL.

W, (p) = k,(L—e ™) 1.2(1—e>'")
K T, p+1 7p+1

®)

Monyns IpOrHo3yBaHHs 110 KyOI4YHOMY CIUTaiiHy Oy/eMOo peasli3oByBaTH Ha OCHOBI HACTYITHOTO BUPA3y:
y(t+A 1,) = YO +dt)(t+A 7,)° +c)(t+A f,)° +bA)(t+A 1) +a(t), (6)
Aty € [0, Tyl

Tonmi, SAKIMO BOAcThCS 3HAWUTH 3HAYCHHA TPHOX MOXIMHUX [UX OIIHOK B MOMEHT Hacy t = tp, TO OWIHKH 3HAYCHb
KoediLieHTiB B (6) BU3HAYAIOTHCS 3 IPOCTHUX 1 3pYYHUX JIJIsl PO3PaXyHKY B PealbHOMY 4Yaci CIiBBIIHOIICHb:

d(t,) = ¥(t,)/6,
C(to) = (y(to) - y(to)to)/z ,

b(to) = y(to) - y(to)to + y(to)tglz )

a(ty) + Y(t,) = y(t,) — y(t)t, + 'y(to)t§/2 - y(to)tg/G , )

a IPOTHO30BaHi Ha Ty, BIIEPE/ 3HAUCHHS HEOOXITHNX OLIHOK PO3PaXOBYIOTHCS 3 BUPa3iB:
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y(ty +1,,) =d(te)(t, + Tr{p)3 +C(to)(t, + Tnp)z +b(ty)(t, +7,,) +alty) + Y(t,), (8

Heob6xigHoto ymoBow pobotu anropur™my, € o0 y(t) Oyna Tpupazoso audepeHniiioBaHor. Lls ymoBa wilkoM
3nilficHeHHa, Tak sk 3MiHHI Ha Buxoni OK, BindineTpoBaHi BijJ HIyMiB, sSIK IpaBuIIo, € 6arato pasiB AudepeHniioBaHIMU.

VY pO3IISIHYTOMY CIDIalHI PO3paxyHOK KOe(IIliEHTIB BENEThCS B MPHITYIICHHI, II0 B MOMEHT ty BIJOMi 3HAYCHHS CcaMoi
3MIHHOT 1 BCIX HEOOXITHMX MOXimHHX. Y pa3i mudpoBoi peaizalii anroputMy KepyBaHHs, a caMe BOHa IlepeadadaeTbes SK

OCHOBHa, OXiIHI 0OYHCITIOIOTHCS 38 3HaYeHHAMH peritaactol ¢yukuii f, (NT,,), N =0,00, 3 KpoKOM KBaHTYBaHHS T .

Juis mpoBeneHHs MopiBHAIBHOTO aHanizy poootn CAP Beememo taki mosHaueHHS: CAPII K - CAP peamizye mpuHIum
VIPaBITiHHS 3a IPOTHO30M Ha OCHOBI KybOiuHoro craitay (8); CAP_VC - CAP pearnizye npuHIWT YIPaBIiHAS 32 CTAaHOM 3
ynepemxyBageMm Cuita (5); CAP_ MPC - CAP peanizye npuHIMIT YIIPaBIiHHS 3 TPOTHO3YIOUOI0 MOJIEIIIIO.

Ha mepmomy erami mocmimkeHs npoBenemo ontuManbHuil nmapamerpuunuii cuate3 (OIIC) CAP 3a xputepiem (1) mpu
¢ikcoBannx mapamerpax monemi OY 06e3 MomymiB mporHo3yBaHHSA. A TOTIM B 3aMKHYTHH KOHTYp oTpumanoi CAP 3
ONTHUMAIFHUMHU TIapaMeTpaMu pEryJisiTopa BBEIEMO MOJYJI TPOTHO3YBaHHS 3 JIHIHHMM NPOrHO30M 1 TPOTHO30M II0
KyOiuHOMY crutaiiny Ta ynepemxyBas Cmita. Hanamrysanus CAP. MPC nposenemo interpyroun mozaeins OK (4) B anropurm
MPC peanizoBanmit B8 Simulink. Cxemu wopnemroBanuss CAP 3 TIIJI peryasatopoM i pe3yabTaTd ONTHMAIBHOTO
MapaMeTpUYHOTO CUHTE3y Mpe/CTaBjIeH] Ha puc.3.

T ' ' ' ' ' ]

— = B0 ONTHMMIELAM
sk f \I NOCAE ONTHMMIALMK |

Constant2 Sum7 FIDZ

—
e e [ <
of Scope?

A | _
g Ll

Seopes

a) . 1 o | b= aramingy nsr J‘ \ . 1
- Dptimization = \ / N e N

tath Transter Fond

Function oslk \ / |
R . . .
1 0 10 20 30 40 a0 1] T
W T f t,c
S aint ma j NTMansHoe| HuxHun | HawaneHoe | Bepxiuw [ 3Ha4eHME kpuTepnA
Integrator NEPEMEeHHOR | IHaYeHHE npegen [npufniskenne] Npeaen | onTMMansHOCTH:
+ krl 3.5382 0.2 1.5383 20 Ao - 920435
W ol [ 1A Tizl 3.6038 0.2 3.6076 75 Egg:zma - 30.9073
" + 1] ot Tprl 1.7325 0.5 1.7333 20 KnnhuecTBLé T
Gain Saturation
Sum NPOLEAYNEl ONTHIMKI LMK
Tors MaKCMManEHoe - 700
» hakTHIECKDE - ag
6) 0.2°Tprst1

Transfer Fen B)

Puc. 3 — Cxema monemoBanist CAP (a) 3 po3kpuroro nincucremoro I1J] peryasitopa (6), pe3yastaTu i
ONTHMAJILHOIO MIAPAMETPUYHOro cHHTe3Y (B) npu (pikcoBaHnX 3Ha4YeHHAX napameTrpoM moaeii BTOK.

Jnst nociipkeHHsT poOOTH CHCTEM Y CTallMX peXumax poOoTH Oyia copmoBaHa MOJENb HEKOHTPOJIbOBAHUX 30YpEHb Y
BUTIIAI BUITAJKOBOTO TIporiecy. Peaizamis BUIaIKOBOTO MpoIiecy i oro iMOBIpHICHI CTATHYHI Ta AMHAMIYHI XapaKTePUCTUKA
HaBeCHO Ha puc.4.

Ipadink oueHkn nnoTHOCTN
IPAhIK PEANUIALAN CAYH KOS Npouecen X[ weposTHocTn plx)

100 200 300 400 S00 600 oo 8OO a00 0102030405

4 —
Fpadink cUSHEN HOPMIPEOBAHHOR Fpacpnk susHEn enekrp. nn.erm CN XapaKTepm:Tmm CréeHeprMpoEaHHOW

Fftie) AETOKOPPENUNGHHO N yHLn CT1 S inepnoaerpaMual HCXOMHEIE peannsauMm cnyvanHoro npouecca x{t):
1.2 T T T 35 WMHTepean epemend reHepauun Cl1 Tp= 900 sec
4 War keanToBanuA CMN no BpeMeHd reHepauum at= 058  sec
KonMHecTeo TONEK CIEHEPWPOBAHHOA peanusauun CI M= 1800

nonyyeHHEe B peayNeTaTe OUSHWBEAHWA
CUEHKA MATEMATHYECKOTD OHMAAHHA Mz = 05435
DugHka gucnepcun Dx= 06361
OUeHKa CReAHEKESRaTHYECKOTD OTKNOHEHHA Gx= 07976

OueHka cpegHexkeanpatvyeckoro nepuoga | Tckn= 3462 sec

Konu4ecTeo cpegHekeapaTHYECKMY Nepuoa0e N - o
E CTEHERUROEAHHORA peanusaguy CI (MUAMMYyM 25 50) [ ™ Ton =
A\

.

0z 04 0s -

Puc. 4 — Peanizanisa HeKOHTPOJILOBAHUX 30ypeHb Ta iX iMOBIpHiCHI XapakTepuCTHKH.
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- Gutt ()
Wozmd o
uy ’ » Cutt ¥ !

) | MPC  mv E Modl OU

OutputsReferences

Model QU1

1.73s
03+ 1T0+1 |

Outl In

Puc. 5 — Cxema Moe1i0BaHHA A1 NPOBeIeHHS MOPiBHAJILHOTO aHAIIZY poboTu gociaimkyBanux CAP.

Pe3ysabTaTi 10CTiTAKeHb Ta iX 00roBOpeHHs

Ha puc. 4 npencraBneni nepexigHi xapakrepuctuku CAP, a Ha puc.5 pe3ynbTaTé MOICTIOBaHHS y CTaJIMX PEXUMaX
poboTH mpu 1il HEKOHTPOJILOBAaHUX 30YPEHb BHIIAJKOBOTO XapakTepy. 3a pe3yibTaTaMH MojenoBaHHs O6adnmo mo CAP 3
IIPOTHO3YIOYOI0 MOJICIIIIO Ta yrepeaKyBaueM CMiTa MaroTh CXOXIi JMHaMiYHI Bi1acTHBOCTI. L]e 00yMOBIIEeHO BUKOPHCTaHHSM B
000x anropuTMax KepyBaHHA omHakoBoi mozeni OK mms mporHozyBamHA Kepyrouoi aii. Cumcrema 3 airopuTMOM
MIPOTHO3YBAHHS HAa OCHOBI KyOIYHOTO CIDIaifHy 3a0e3redye OLTbITy AMHAMIYHY TOYHICTH 32 KaHAJIOM Jii HEKOHTPOIbOBAHUX
30ypeHp. MakcumanpHe NWHAMIYHE BIAXWICHHS Yy MEPeXiTHUX PEeKUMax PoOOTH Ta CepeAHbOKBAApPATHYHE BiIXWIICHHSA Y
CTAIHMX PeXUMax poOOTH MPUOIM3HO Yy JBiYl MEHIIE HIX y CHCTeMax 3 MPOTHO3YI0Y0I0 MOJEIUII0 Ta yrepemKyBadeM CMiTa.
Aute 3amacu CTIHKOCTI 3a KoeillieHTOM mepeiadi Ta YacoM 3aIli3HeHHS Y [IUX CHCTeM Habarato OuIbIIi.

70 i g s ;

laf 2 . i 4 "‘-\M‘. 3 i

| ISR | KUy 1
|ap Jlfr . Bapranr CAP P Iy -
[l ! | | [T CaP_vC 47 | 1361 |
(N 2. CAPIL_K 20 | 159

o= 3. CAP_MFPC 44 | 1300 t,c |
1 L ! - - -
a 10 20 30 40 50 60 70

Puc.6 — Ilepexinni xapakTepucTuku pocairkyBanux sapiantise CAP

(1- CAP_YC, 2 - CAPII_K, 3 - CAP_MPC).

5 T T T T T

/ﬁ\ A /\\A /&\ n&\j\ﬁ\ A
V w\f/\f W\T/“Y(_\V\‘{/ V \)]‘lg%*’,:?;%‘;ﬁ V\E:;M

=}

2. CAFIL_K 0.64

5| I CAD MPC | 140 t.c
|

250 300 350 400 450 600 650 700

Puc. 7 — PesyabTatu moaeaoBanust CAP y cranomy pe:xxumi podoTi npu il BUNIaAKOBHX HEKOHTPOJIbOBAHUX 30ypeHb
(1- CAP_YC,2-CAPII_K, 3 - CAP_MPC).
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LR e s

a 0.5

-1 0.5
M2 ak.cnepueHTa | K.oraraeHT apLE
v 1 CAP ynpegut CkTa
v 2 CAP nporHoz no kyBHy. cnnadHy
v _ 8Tk, ag”
Bapnant CAP sk =— | a1, =
0e 1 Or 12 140, 16 Afw ) W
PAacHET Wara MogenypoEaHHAa - NoNeI0ESTENER I? Bl . CAP VC 4.8 4.78
(& A== 0 04 W MY [v yoT|
3. CAPII K (Atge=1) 1.66 2.38
PHCHHDK PES':I.I'IbTaTbI SECNEPHMERTaNBHOrD Of -

nepenavi Ak! iuacom sanizuennss A § B mogeni OK (1-CAP_YC, 2 - CAPIL_K).

=

e Bon Compare Expart
fcenarg w Scensre = Costroders v Controler =

Input Response (against internal plant)

—|

Myt

= Scenarios

| scenanct

Time (saconds)

ial

scenarial: Outpet

Output Response (against internal plant

Time (seconds)

Puc. 8 — Yacrotni xapaktepuctuku po3ivkHyTux CAP 3 po3paxyHkoM 3HaueHb iX 3anaciB cTilikocTi 3a koedinieHToM

OTpHMaHi pe3yJbTaT € MONepeHIMH 1 He JO3BOJISIIOTH 3pOOUTH BUCHOBOK PO IMEpeBary 0JHOTO 3 BapiaHTiB cucteM. s
OLIbII TOYHOI OLIHKH e(EeKTHBHOCTI POOOTH PO3IJISIHYTHUX BapiaHTiB cucteM mnposereMo ix OIIC B oaHakoBHX ymoBax i
MIpoaHaIizyeMo iX poOoTy.

HanamryBanuss CAP 3 mpOrHO3yruOKw MOIEIUTI0 MPOBOIMMO 3 BHKOPHCTaHHAM icHyrouoro B cuctemi Matlab
MIPOTPAMHOTO 1HCTPYMEHTAIBHOTO 3aco0y puc.9. HamamryBanus CAP ¢akTuaHO 3BOIUTHCS IO BUOOPY BaroBUX KOCQili€HTIB
y KpHUTepii SIKHH BUKOPUCTOBYETHCS [UIs BUPIMICHHS 3a1a4i ontuMiszanii B anroputmi MPC.

Puc. 9 — I'onoBHe BikHO nporpamu HagamryBanus CAP 3 nporaosyrodoro moaestio (MPC).

44

[IpoBeneHe HanaMTyBaHHS 3 BUKOPUCTaHHSM IITATHOI MpOrpaMy HeE AO3BOJIMIIO 3HAYHO MOKPAIIUTH JUHAMIYHY TOYHICTh
CAP 3a xaHajoM il HEKOHTPOJIbOBAHUX 30ypeHb 1 3MEHIIUTH MOXHOKM crabimizanii. 3MiHa HajaTyBaHb MOXE MPUBOJIUTH
JI0 3HAYHOTO 301IbIICHHS Yacy nepexianoro mpoiiecy (puc. 10 (a)), un HaOIMKyBaTH CHCTEMY 10 MEXi criiikocTi (puc. 10 (0)).

ToMy y mofanbInuX JAOCIIPKEHHSIX HAMPABJICHUX HA 3MEHIICHHS MOXUOOK cTadumi3amii OyaeMo pO3IJsaaTH TiIbKH CHCTEMHU
CAP_VCra CAPII K.
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Puc. 10 — Ilepexinni xapakTepucTHKH JocaipkyBaHux BapiantisB CAP npu pizunx HanamryBanHsx aaropurmy MPC.
(1-CAP_YC,2 - CAPILK, 3 - CAP_MPC).

OO0'eKTH TEXHOJIOTIYHOTO THIy MalOTh 3HAYHMN pIBHEM HEBM3HAYEHOCTI 1 HecTallioHapHOCTi ix mapamerpiB. Tomy
onTuManeHU napamerpuuHuii cuaTe3 CAP Oymemo mpoBoaWTH B yMOBax mapaMeTpudHoi HeBm3HaueHocTi mozaeni OK. B
opOMYy BHTNAAKYy mapamerpu wmogmeni OY OyayTe 3agaHo He (IKCOBaHMMH 3HAUYEHHSIMHM, a [iama3oHaMH iX 3MiHH
koe[0.96...1.44], Tle [0.4...0.6]. OIIC B ymoBax mapamerpnuHOi HeBu3HaueHocti momeni OK mo3BoiuTh 3a0e3mednTH
crifixkicte CAP pmns 3amaHoro miama3zoHy 3MiHM mapamerpiB OY 1 mpubnusHo omHakoBuil 3amac crifikocti CAP 3a
koedilieHTOM nepesayi 1 yacy 3amizHioBaHHsA. Ha puc. 11 i 12 npencrasieni pesynasratn OIIC CAPII K i CAP_VYC, a takox

pE3yJbTaTH MEPEBIPKU IIMX CHUCTEM Ha rpyOicTh, IO MiATBEPIUKYIOTH iX CTIHKICTH 1 Mpale3JaTHICTh B 33laHOMY JiaIa3oHi
3Minu napametpiB OK.

. . . . . . PesynbTarbl NpoBepkn cMcTemMbl Ha rpybocTb.
2[ ]
— - RO ONTHMMEELKN T T T T
MOCAE ONTHMMISLYAM ceedbesscsascsasdecosnsasansafocasansosaas e T ) -
LI ] s s 1
i Y N1 UM SO SO USSR NN S ]
y : g
| 1 : 3
|| ' : : . ; A
05+ | i 4 nE el e e RS S e A
ol M — T :
4 ; :
o 10 20 30 40 50 0 70 R e ]
t o | I 1
ma ntamaneHoe] HiekHWA | HadaneHoe | BepxHWA [ SHaYeHHe kpuTepkA . 40 50 =1} 70
NEPEMEHHOR | SHaueHME | npeden [pWANMKEHMe| NREfen | onTUMAan:EHOCTH: i
K 4.8080 0.2 57585 10 a0 24.0498 IHAYEHHA NapameTpoB 0ALeKTa YNPABNEHHA M SHAYEHMA KOHTERHMA DMTHMANEHOCTH.
Tiz 28463 0.z 2.799 20 D e 10.6481 1. ko=0.8 tau=0.4 J= 67208 2. ko= taus0.4 J= 65248
'[rW 1.4807 03 13424 5 KOnMaecTe0 Waros 4. ko=08 tau=0.5 J- 8.3645 B ko =1.2 lau=0.5 J= 85078
1 1.0156 01 1.0651 kd NPOUELYPEl ONTHMAS ALK,
aKCHMANLHOE - TO0 7. ko=0.8 tau=05 J= 116684 8. ko=1 tau=08 J= 127247 9. ko =1.2 tau=06 J=15.0178
fakTudeckoe - 200

Puc. 11 — Pe3yabTaT ONTHMAJIBLHOTO MAPAMETPUYHOTO cuHTe3Y i mepeBipku rpydocti CAP 3 III]] peryasitopom sika
peailye NPHHIUN YIPABIIHHS 32 MPOrHO30M HA OCHOBi Ky0i4HOTr0 CILIalHY.

T T T T T T PesynbTarthl npoBepkn cucTemsl Ha rpybocTs.
ir — = O ONTHMMSELIN 1
r OGNS ONTHMGELI
25t ] \\ —
af g ]
Tast | | 1
| ¥
1t J[ L 4
a5k J lL 4
J s
NV AV ——
a 10 20 30 40 £0 B0 0
t, c
Kima nTumaneHoe| HwxHwid | HauaneHoe | BepxHui | SHaueHwe kpuTepna
|EpamERy EmEHHU” EHadBHAS npﬂesz Mﬁgwxewe HDB?LJH EHWM?HE'HUCW' 30,0395 SHaYeHHA NapameTpoe 00beKTa YNPABNEHHA 1 3HAYEHHA KPUTEPUA ONTUMANEHICTH
Tz 15784 0.2 15875 ) nocne - 259573 1. ko =08 tau=0.4 J= 16.5726 2. ko =1 tau=0.4 J= 17 7338
ONTUMH3AUMH.
Tor 36538 0.5 36291 20 Kunmqemi MET 4 ko=12 tau=0.4 J= 21 5257 6. kn=12 tau=035 = 253619
kom 034821 02 0.34884 20
NPOLEAYREl ONTAMK3ALMM _ S06 1= i taus05 J= _ 06
Torn 57725 02 57837 20 areHE 300 7. ko =08 tau=06 J= 265696 6. ko =1 tau=05 J= 330251 9. ko =12 tau=5 J= 501005
taum 29984 0z 2 9866 a0 akTueckoe - 410

Puc. 12 — Pe3yabTaTi ONTHMAJILHOTO MapaMeTPUYHOTo cuHTe3Yy i mepeBipku rpy6octi CAP 3 IT1/] peryasitopom sika
peaJii3ye npuHIUN YOPAaBJIiHHS 32 BiIXWJIeHHSIM 3 ynepe:kyBadeM Cmira.

[MpoBenemo mopiBHsuIbHUN aHami3 orpuManux CAP npu HomiHanbHuX 3HaueHHsx mapamerpie OK. Ha puc. 13
npejcTaBieHi nepexiani xapakrepuctiuku CAP, a Ha puc.14 pe3ynbTaTh MOJENIOBAHHS Yy CTalIMX PeXHMaxX poOOTH TpH il
HEKOHTPOJIbOBAaHUX 30YPEHb BHITQJAKOBOTO XapakTepy. 3a pesyiabTaraMu MozearoBaHHs OaumMo 1mo CAP 3  amroputmom
NPOTHO3yBaHHS Ha OCHOBI KyOi4HOrO CIIaiiHy 3a0e3neuye OUTbIIY JUHAMIYHY TOYHICTH 3a KaHAJIOM Jii HEKOHTPOJIbOBAHUX
30ypens Hixk CAP 3 ymepemkyBauemM Cwmita. MakcuMalibHe IWHAMIYHE BIIXWICHHA y TEPEXiHUX pPEeXUMax poOOTH
npuoan3Ho Ha 40% MeHIle,a IHTerpabHO-KBapaTUYHUI KpuTepii |; MeHIe Maibke y Tpu pasu. Y cTalux pexumax podoTH
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3 JITOPUTMOM IIPOTHO3YBaHHS Ha OCHOBI KyOI4HOTO CIUIAiHy Takox 3abe3nedye nmpuoansHo 40% 3HIDKEHHS 3HAUCHHS
CAP 0 o 0. 40%

KpuTepito |, B MOpiBHAHHI 3 cHUcTeMoOr 3 yrepemkyBadeM Cwmita. Ha puc. 15 HaBemeHi 4acTOTHI XapaKTepUCTHUKU
posimknenux CAP i po3paxyHKOBi 3HaY€HHs 3amaciB CTIHKOCTI cucTeM 3a KoediuienTom nepenadi Ak!Y 1 4acoM 3amisHEHHs

A ‘B . 3HaveHHs 3amaciB cTiiikocTi mociimkyBaHux BapiaHTiB CAP 6mm3pki ogmH mo ogHoro. To6to CAP 3  amropurmom

MIPOTHO3YBAaHHS Ha OCHOBI KyOIYHOrO CIUIaliHy IIpHM OJHAKOBHX 3aracax CTIMKOCTI MOKe 3a0e3NednTH OUTbII BHCOKY
JUHAMIYHY TOYHICTH CTaOLTi3aIil peryIb0BaHO1 3MiHHOT Ha 33JaHOMY 3HAYCHHI.

3 T T T T T T

55 _V(t | Baprant CAP | pyi Iy |
1 1.CAF_¥C 27 | 223

2 1 Z.CAPILE 17 | 82 |

15F AN N |
2

IARNY :
05— N .

. N[ [

T t, C
-0.5 i t t t i i —
(1] 10 20 30 40 50 60 70

Puc. 13 — Ilepexinni xapaktepuctuxu CAP npu HoMiHaTbHMX 3HaYeHHSX napameTpiB OK.
(1- CAP_YC,2 - CAPIL K).

| | | | | | =
) _y (t T fl Ilnl -
| A v ,ﬂl #:I i |}"-' Il:l I H r'l rl'IJ hop r\" 0 Q
o J‘-1'|c€"1U{-' |\ ﬁ*fﬁ\ 4\ thi A le 'Lf{.‘ f’,ﬁl f« | ”Ill‘l ‘}“{v&wﬁ i‘. i&ﬁﬂ\\m J;'i ff‘\u.' 1 {' AL !' ; ‘%w(“a‘ ﬂ\ﬁ;ﬂf\' / "lm jl "upiu-
|..{ \G‘ I j L‘ L'.:ll ¥ E{ ' UI ‘:f ml.l ':'I \-:'JI L );';I '{ .Elrapma_HT l1;:’#&1:' : I;; I /
{] | 'J { / | IJ 1.CAP_¥C 0.50 N
2 [ 7 CAFILE 031 t e
| | | | | | | | N
250 300 350 400 480 500 550 600 850 700

Puc. 14 — PesyasTtatn mogenoBanis CAP y crasomy pesxkumi po6oTu npu Iii BUNAIKOBUX HEKOHTPOJIbOBAHUX 30ypPeHb
(1- CAP_YC, 2-CAPIL_K).

EdexruBHicTh npuaynieHHs: HekoHTposboBaHUX 30ypeHb CAPII K miaTBepmKyeThesl 1 4aCTOTHUMH XapaKTepHUCTHKAMHU
3amMkHyTHX CAP (puc. 16). Ha cepeanbokBaapaTudHi 4acTOTI HEKOHTPOJIbOBAaHMX 30ypeHb 3HaueHHs AUX miei cucremn
3Ha4HO MeHIIe Hixk 3puuaitnoi CAP ta CAP_VYC.

AMI’IJ’IHT'_‘,",D,D“-IEIETDTHI:IE KAPAKTEPHCTHER
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WeENYOoK NoOZEONAST B BESCGTH TEKCT

-

________________ v 2 WEnYOK NOZEONART B BESCTH TEKGT
: B CAP ko = A TR |y _a0T
1 (D-T[ 1 5 Q)_n 2 apHant L/ AK Alw ) ) . "
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Puc. 15 — YacroTHi xapaktepuctuku po3iMkHyTHX CAP 3 po3paxyHkom 3HadeHb iX 3amaciB criiikocTi 3a koedinieHTOM

nepenayi Ak! i4acom sanizuenns A § B mogeni OK (1 - CAP_YC, 2-CAPII_K).
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WenHok NOSEONAST EEECTHM TEKCT

Puc. 16 — YacToTHi xapakTepucTuku 3aMKHyTHX onTUMaiabHuX CAP 3a kaHa/ioM 1ii HEKOHTPOJILOBaHUX 30ypeHb. (1 —
CAP,2 - CAP_YC, 3 - CAPIL_K; 0, — cepeIHbOKBAAPATHYHA YACTOTA HEKOHTPOJIbOBAHUX 30ypeHb )

BucHoBku

CAP 3 nporHo3y04or0 MOAECILIIO 3 TUIIOBUM aJrOPUTMOM HaNAIITyBaHHS 3a0e3Nevye BUCOKHH 3arac CTIHKOCTI CHCTeMH i
3MCHIIICHHS TMHAMIYHUX IMOXMOOK 32 KaHAJIOM 3aBJIaHH:. J[MHaMiYHA TOYHICTH 32 KaHAJOM Jii HEKOHTPOJIBbOBAHUX 30YpEHBb
3anmumaetbes Hu3Ko. Beexenns B CAP 3 IIIJ] perymsropom ynepemkyBada CmiTy 0e3 H0OAaTKOBHX HAaJIalITyBaHb TaKOX
3HaYHO PO3MHUpIOE ii 3amac cTiikocTi. JwmHamiuHa TOUHiCTH cucTemu (mpHu (ikcoBaHMX 3HaueHHsX mapamerpie OK) 3a
KaHaJaM{ 3aBIaHHS Ta HEKOHTPOJIBOBAHMX 30ypeHb BiAmoBimae nuHamigHiil TouHocTi CAP 3 MpOrHO3yr0uo0 MOIEILTIO.
Beenennst 8 CAP anroputMmy nporHo3yBaHHSM 32 KyOIYHMM CIUIAIfHOM MiJBHIIYE AUHAMIYHY TOYHICTH CHCTEMH 32 KaHaJIOM
Il HEKOHTPOJILOBAaHMX 30YPEHb 1 PO3UIMPIOE 3amac CTIMKOCTI CUCTEMH ajieé 3HaYHO MEHIIE HK CUCTEMH 3 MPOTHO3YIYOI0
MOIEIUII0 Ta yrepemkyBadeM Cwmity. TakuM YHHOM SIKIIO LIJUTI0 € 3HAYHE MIJABHINCHHS 3amacy CTIHKOCTI CHCTEMH TO
moTpioHO 00patu CAP 3 mporHo3yruor MOJCIUIIO 4H 3 yrepemkyBadeM CMiTy. SIKIO U0 € BUCOKA TUHAMIYHA TOYHICTh
crabumizamii mpu omHOUacHoMy 3abesmeueHHi rpydocti CAP B meBHOMy miama3oni 3miH mapametpiB OK, To mouinbHO
BukopucroByBatd CAP 3 anropuTMOM IPOrHO3YBaHHM 3a KyOIYHUM CIUIaiiHOM. Pe3ynbTaTi ONTHMaNbHOTO MapaMeTpUYHOTO
CHHTE3Y IPOBEAECHOr0 B yMOBax napameTpuuHoi HeBmszHaueHocTi OK migrBepmaunm mepeBary CAP 3 mporaosyBaHHSM 3a
kyOiuauM crutaitiom nepex CAP 3 ymepemkyBauem Cwmita B 3MeHIIeHHI nmoxubok crabumizamii. CAP 3 mporHozyBaHHIM 3a
KyOIYHUM CIIITaifHOM 3a0be3reuye 3HKEHHSI MaKCUMAJIBHOTO AWHAMIYHOTO BigXWiIeHHs mpubiau3Ho Ha 40% Ta iHTerpaibHOrO
MMOKa3HUKa SKOCTi y 3 pa3u B mopiBHAHHI 3 CAP 3 ymepemxkyBauem Cwmita. [Ipu 1ipoMy 3amacu CTIHKOCTI ITMX CHCTEM 3a
Koe(iIlieHTOM TIepeaadi Ta 9acoM 3alli3HeHHS Oy Maiike OIHAKOBI.
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Anomauyin. Y cmammi po3ensioaemucs npoyec 8UABIEHHs ma O0CIONCEHHs YUHHUKIG, WO 8NIUBAIOMb HA YCRIWHICIL 6€0
pecypcig niopo30inie 3axnadie suujoi oceimu (3BO). B npoyeci docniodcents npogedeno aHaiz pooim NPUCeIYeHUx YboMmy
NUMAHHIO, NPOBEOEHO AHANI3 ICHYIOUUX NONYIAPHUX ceped KOPUCMY8auyie 8eb pecypcis, 8UsGieHO Kpumepii OYiHKU MAKUx
cucmem. B pobomax inwux agmopis, SKi npogoOuNU AHANO2IYHI OOCTIONCEHHS, AHANIZVIOMbCA YUHHUKU, SKI 6NAUBAIOMb HA
niosuwenHsa AKiCHO20 pigHA 8eb-calimis, 008e0eHO, 5K 8ANCIUBO NIOBUWYEAMU KOMYHIKAMUBHY QYHKYIOHANbHICMb Cauimy,
tlo2o 8i08idyeanicmsb ma 6i02yk ayoumopii. /[nsa 0ocacHeHHs Memu, NOCMAgIeHoi agmopamu oanoi pobomu, Oyio nposedeHo
Onumy8auHs ceped NOMEHYIUHUX Cnoxcusayise éed pecypcie. Po3nodin pecnoHoenmis 3a 8ikom ma haxoeumu Kamezopiamu
00360/IUNI0 BUABUMU, WO 8 OCHOBHOMY cnoxcusayamu caumie xagedp 3BO e 3000ysaui oceimu. Ananiz peszyiomamis
npoeedeno20 onumyeanns xKopucmyeauie catmie 3BO Oonomic euasumu 4YuUHHUKY, WO GNIUGAIOMb HA iX YCRiWHICMb ma
nobyodysamu moodeiv ycniwnocmi eed pecypcis nioposoinie 3BO, sika cmana eaxciusum iHGOpMamusHuM Gakmopom ons
NPUUHAMMSA piieHHs npo OU3aiiH, elemenmu ma 3micm Hogoi éeb6 cucmemu. Pospobaena mooenv enposadicena y npoyeci
PO3poOKU HOB020 8eb-pecypcy kaghedpu Ingpopmayininux mexnonozit ma xioepbesnexu OHAXT, wo 3ab6e3neuuno niosuwernns
epexmusHocmi nooaui ingopmayii, npusabrugicme ma 3ampedysanicme 3a3Havenoeo pecypcy. Ompumani 6 00CHIONCEeHHI
Pe3VIbMamu. MOXNCYmMb BUKOPUCIIOBYBAMUC NPU NOOYO08I PIZHOMAHIMHUX [HGOpMAYIliHUX pecypci@ nidpo30inie 3aKnadie
suwoi oceimu 0 NiOGUWEHHsL IX NPUBAOIUBOCHI, IHPOPMAMUBHOCMI MA GI0BIOYEBAHOCMI. NIAHYEMbC NOOAIbULA poboma 3
800CKOHANEHHS pO3p0bNeHoi MoOeni i 8eb cucmemu, wio ii BUKOPUCMOBYE.

Abstract. The article considers the process of identifying and researching the factors influencing the success of web
resources of higher education institutions (HEIS). In the course of the research the analysis of works devoted to this question is
carried out, the analysis of the existing popular among users web resources is carried out, the criteria of an estimation of such
systems are revealed. The analysis of the results of the survey of consumers of web resources of free economic education
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institutions helped to identify factors influencing the success of web resources of free economic education departments and to
build a model of success of web resources of free economic education units. The developed model was implemented in the
process of developing a new web resource of the Department of Information Technologies and Cyber Security of ONAFT,
which provided an increase in the efficiency of information supply, attractiveness and demand for this resource.

The results obtained in the study can be used in the construction of information web resources of higher education
institutions to increase their attractiveness, information and attendance.

Kiro4oBi ciioBa: anani3z nanmx, Be6 cucrema, 6a3a JaHUX, MOACTIOBAHHS, EKCIICPTHA OILIIHKA.
Keywords: data analysis, web system, database, modeling, expert evaluation.

Beryn. B Ham yac He MOKIMBO coOl ysIBUTH OyIb-SKy cdepy JHJIChKOT AisIbHOCTI 0e3 3acTocyBaHHs pecypciB Internet.
s 3pilicHeHHS BUOOpy MaiOyTHBOI mpodecii Ta Micus HaBuaHHS aliTypieHTy HeoOXinHo oTpumary iHdopmanito. Tenep s
FOTO 1HOI JIOCTaTHHO YBIMKHYTH Opay3ep Ta MepeiTH 3a MOCWIAHHSIM Ha BeO-calfT 3aknamy Buiioi oceitu (3BO). bimbm
JeTaabHy iH(QOpMAIII0 TpO CIeIialbHICTh, OCBITHI mporpamu, atMocdepy HaBYaHHS Ha OOpaHii CHemiadbHOCTI MOXKHA
OTpHMaTH Ha caiitax BumyckoBux kadenp 3BO. Caiit kadenpu 3BO e BisutHOMO Kaptkoro kadeapu 3BO. Uepes neit pecype
poxoauTh OaraTto iHdopMarii i ayke Ba)JIMBO SIK BOHa Oyzae moxaHa. Ha HeoMy 30epiraerbes ycst HeoOXinHa iH(opmaris
i abiTypieHTa, a camMe JOKIAJHUI OMHC CIIEIialbHOCTEH Ta OCBITHIX MpOTpaM, HasBHICTh PIBHIB OCBITH 3a 0OpaHOIO
CIEUiaNbHICTIO, OIMC Ta CHIa0yCH OUCHHWILTIH 32 HaBYAIBHUMH IUIaHAMH, CKian Kadeapu 3 Oiorpadiero Ta ITOCATHEHHSMHU
BHKJIA/IaviB, MIPALIEBIANITYBAHHS 32 00PaHOIO CIEIiaIbHICTIO, IOCBI YCIIIIHAX BUITYCKHUKIB Ta iH.

3100yBayi OCBITH TaKOX KOPUCTYIOThCS caiftamMu kKadeap mjist oTpuMaHHs iHdopMarlii Ipo po3Kian 3aHATh 3100yBadiB
OCBITH Ta BHKJIaJaviB, CBIXi HOBHHU KadeaApH, IUIJIOMHE MPOEKTYBaHH:, rpad)ik KOHCYJIbTAIliH, OJIMIIiaIu Ta IPAKTHKA Ta iH.

Y KOXXHOTO pecypcy NOBHUHEH OyTH CBill BIACHUI CTHIIb 3aJIeXKHO Bij crieniaiabHocTeil. O0paTtn Basi BIATIHKH KOJIbOPIB,
PO3MICTHTH 00’ €KTH JUIsl 3pyYHOTO BUKOPUCTAHHS, HE MEPEBaHTAKYBATH peCypc HEMOTPiOHOIO iH(POPMAI€I0 € BaXKIIMBOIO Ta
JIOCUTB CKJIaJTHOIO 3a/iaueto. Takuii pecypc MOBHHEH NPUBAOIIIOBATH, OYTH KOPUCHUM Ta HE B)KKUM Y BUKOPUCTaHHi [1].

HexTyBaHHS Ba)JTMUBMMH YMHHMKAMHU NPU CTBOPEHHI iHQopMmauiiHUX BeO pecypciB MOXe II0raHO BigoOpa3sHTHCh Ha
noryJsipHocTi kadenpu. B Hamr yac yci mykaroTs Micie 11 HaByaHHS B Mepexi [HTepHeTi ToMy BUHHMKAE KOHKYPEHIISI MK
3aKJiaJjaMi 1 TOTPiOHO BIOBOJILHSTH MOTpeOM ycix cTopiH, mob Oytu nepmmmu. Bed pecype xadenpu 3BO mae BimirpaBartu
MapKETHHTOBY POJIb Ta 3aKJIMKaTH aOiTypi€eHTIB J0 BCTYIy Ha CIEIiajbHOCTI came i€l kadeapH, MOBHICTIO 33 0BOJIBHITH
iHpopMariiiHi moTpedu 3100yBadiB OCBITH, CIIBPOOITHHKIB Ta anMiHicTpamii. TakuM YMHOM, BUSBIICHHS Ta aHAJi3 YNHHHKIB,
10 BIUTMBAIOTh Ha YCIIIIHICT BeO-pecypey kadenpu 3BO € akTyarbHOO Ta BaXKIMBOIO 33/1a4€CHO0.

AHani3 JgiTepaTypHHX AaHMX i mocranoBka mpodsaemu. [IpoOmemarTuii CTBOpeHHsS SKICHHX, iHQOpPMAaTHBHHX Ta
KOHKYpPEHTOCIIPOMOKHUX iH(opMaIliifHuX Be® pecypciB Ui 3aKiIagiB BHIIOI OCBITH MPHUCBATIIN CBOI pOOOTH JOCHUTH OaraTo
3apyObKHMX W BiTUM3HAHHX BueHuX, 30kpema B.I. Ceuctryn, H.B. KpaBuenko, A.M. AnekceeBa, JI.B. T'opbatiok, O.B.
Anronenko, O.0. 3enentok, H.B. Kononerr [2-5].

VY crarti 3enentoka O.0. [2] po3KpHTO 3HAYCHHS MU3aiiHy BIPTYalbHOTO CEPEIOBHINA, IO CAUT MOBHHEH IMOBHICTIO
BIJINIOBIIaTH CBOiM TEMAaTHIll Ta 3aJOBOJIGHATH iH(pOpMAIliifHI TOTpeOu BiJBiAyBadiB BeO-pecypcy. B craTri ommcaHo sk
BIaJMi BeO-qM3aliH Mi/BUILye KOMYHIKaTUBHY (DyHKIIOHAJIBHICTH NIEBHOTO CAalTy, HOTO BifBiyBaHICTh Ta BIATYK ayAWTODIi.
MeTor JOCIHIKEHHSI € PO3KPUTTS 3HAYEHHs AM3aiHy SIK IHCTPYMEHTY Bisyajii3auii KyJbTypHOTO 3MICTy BipTyalbHOTO
CEepeIOBHIIIA, CIIPSMOBAHOTO Ha CTBOPEHHS KyJIbTYpHO-ECTETHYHOI KOMYHIKAIII{ Ta 3310BOJIEHHS OTPEO CIIOKUBAYiB.

B mnayxosiit mpani KpaBuenko H.B., AnekceeBa A.M., I'opbatiox JI.B., Auronenko O.B. [3], BukmaneHi nmpuHIUNN
miguaTTs peitnary 3BO Taki sK: npaBHIIbHE HAITOBHEHHS KOHTEHTOM CTOPIHKM CAalTy NMpO HAyKOBY AiSUIBHICTD; MyOJiKamis
HOBHH TIPO MaliOyTHI a00 MUHYII HayKOBi KOH(epeHIii, ceMiHapy Ta iHIIe, 30epiraHas y BiIKpUTOMY IOCTYIIi MaTepiajiB Ta
pe3yNbTaTiB HAyKOBOI MiSUTBHOCTI: MyOJiKamiii, HayKOBHX pOOIT, HaBYAIbHO-METONMYHUX PEKOMEHMAIlill, SKi MOBHHHI
CYTPOBOJIKYBATHCS AHOTALIIE€I0 TaK CaMo JIBOMa MOBAMH; 36ep1raHHﬂ y BprHTOMy JOCTYTII HAYKOBUX xcypHamB Ta BUJaHb. Y
CTaTTi HABEJECHO aHaJIi3 MiAXO/iB 100 MiABUIIEHHS akageMiuHol Binkpurocti 3BO 3acobamMu BeO-TeXHOIIOTIH.

Y crarri Kononery H.B. [4] aHami3yroTbcsi YMHHHMKH SIKI BIUIMBAIOTh HA IIJBHUIIEHHS SKICHOTO pIiBHS BeO-caiTiB.
Bu3HaueHO MOHATTS BeO-CalTy HaBYAIBHOTO 3aKJIa/ly, BAMOTH 10 Hhoro. OXapaKkTepru30BaHO NepeBary i HelIoiKU BeO-caiTiB
HaBYAJIILHUX 3akiafgiB. A y pobori Csucryna B.l. [5] BuCBITIEHO BIUIMB MapKETHMHIOBOTO YIPaBIiHHS Ha
KOHKypeHTocIpoMokHicTs 3BO Ha npukia i BUKOPUCTaHHS BEO-CaiiTy.

B po6ori [6] mpencTaBiieHO aHAai3 3 TOUYKH 30py MAPKETHHI'Y OCHOBHHX aCIICKTIB [0 MOXYTh BIUTMBATH HA CIIPUHHSTTS Ta
MIOBEIHKY OHJIaH-KOPUCTYBayiB, 00 JOMOTTUCS yCIiXy BeO-CalTiB.

Posrisnaroun BuIeHaBeIeHI HAYKOBI Npalli CJIil BIIMITUTH, [0 peCcypc MOBHHEH IOBHICTIO BIANIOBIIATH CBOIN TeMaTHIL,
HE MICTUTH 3aiiBoi iH(opMallii Ta OyTH KOHKYPEHTOCIIPOMOKHHM.

Mera i 3aBaaHHsI J0cJdiIzKeHHsI. MeTol0 poOOTH € BHSBJICHHS YMHHHKIB, IO BIUIMBAIOTh Ha YCIILIHICTh BEO pecypciB
MiAPO3AUTIB 3akianiB Buiioi ocsitd (3BO) 3 MeToro migBuieHHS e¢QEeKTUBHOCTI mojaadi iHdopmailii Ha HOBOMY Beb-pecypci
kadenpu 3BO. [ns nocsrHeHHs ocTaBieHol MeTr Oyl po3B’si3aHi HACTYIIHI 3a/1adi:

- MPOBECTH aHaJIi3 iICHYIOYMX BeO pecypciB NpoBiHMX BiTUuM3HAHUX 3BO;

- BUSIBUTH OCOOJIMBOCTI 3HaHIeHNX BeO pecypciB, po3poOUTH KpUTEpii ONUTYBaHHS;

- IPOBECTH ONIMTYBaHHS, IPOAHAIII3yBaTH PE3yJIbTAaTH, BUSIBUTH YNHHUKH, IO BIUTMBAIOTh HA YCIIIIHICTH caiTiB 3BO;

- po3pobuTH Mozenk ycminHocTi BeO pecypcey kadeapu 3BO;

- BIIPOBAIUTH OTPHMAaHI pe3ysbTaTH MpH po3podiii HoBoro iHdopMariiiHoro Bed pecypcy.
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Amnani3 icuyounx Be6 pecypciB 3BO. Ha erani ananizy Oyno po3risiHyTo BEJMKY KiJIbKicTh BeO pecypciB pizHux 3BO i3
METOI0 BHSBIICHHS OCHOBHUX KpPHUTEpiiB OmiHKH. Pecypcu Oyno pO3TIIAHYTO 3 TOYKU 30py AM3alHY, iHGOPMATHBHOCTI Ta
¢dyHKIiOHAITY.

B pesympraTi aHamizy Oyao 3poOJeHO BHCHOBOK, IO OLTBIIICTE PECypCiB € JOCHUTHh BHAMMH Ta iHPOPMATUBHUMH, aje
JKOJICH He 33JI0BOJIbHsE iH(opMaiiiHi moTpeOu abiTypieHTiB, 3100yBadiB OCBITH Ta CHIBPOOITHHUKIB y TOBHOMY 00cs3i. Kpim
TOTO, BEJINKA KUTBKICTh PECYpCiB Ma€ CyTTEBI HEOMIKU. A came, TIOJIOBHHA HE Ma€ aHTIIICHKOI Bepcii, depes3 M0 iHO3eMHHN
abiTypieHT HE MaTUMe 3MOTY OTpHMaTH MOTpiOHy iHpopMmariro. Benmmka KUTBKICT pecypciB HE Ma€ BIAIOTO TU3aiiHY,
HalpHKIaA, Ma€ NOTaHui CTWIb (opMaTyBaHHs TeKcTy. [looBuHA He Mae NOBHOI iH(OpManii 111 CTyACHTIB, abITypi€HTIB Ta
BUKJIa1a4iB a00 MICTUTH iH(OpMaILifo, 110 He BiANOBigae TeMaTull kaempu. Jeski pecypcu He MatOTh (BYHKIIT TOIIYKY.

HaiiGinpin Baanumu st posrisiny Oynio BU3HaHO caiitu kadeapu iHpopmaruku ta nporpamHoi imxenepii KIII im. Irops
Cikopcbkoro, kadenpu imxeHepii mporpamuoro 3abesnedensst HAY, kadenpu komn’torepHoi imkenepii OHAXT Tta xadenpu
obunciroBasibHOT TexHikU KIII iM. Iropst Cikopcbkoro. PesynbraTu ix aHamizy 3a pisHUMU KpUTEPiIMU HaBeACHO y (Tad. 1).

Taonuus 1 — [opiBusabuuii aHaniz Bed pecypciB kadenp 3BO

Kpurepiii asu.kpi.ua sed.nau.edu.ua ced.onaft.edu.ua comsys.kpi.ua
IHdhopMaTHBHICTD + - +/- +
Bnannit nuzaiu - - + -

3BOPOTHI# 3B’ 30K
AHTJIOMOBHA BepCis

+ |+ [+ |+

+ |4+ |+ |+

BijcyTHICTh pekiaMu + +
[Tomyxk o cairty - +
AJjanTHBHICTh - + +

Sk BugHO 3 AaHux (Tab.1) HaBiITH OOpaHi pecypcH He BIAMOBIAIOTH YCIM KPUTEPISIM y TOBHOMY 00CSI31.

IinroroBka Ta NpoBeJAeHHs] ONMUTYBAHHSA. 3 METOIO BHUSIBJICHHS YMHHUKIB, 1[0 BIUIMBAIOTh HA YCIIIHICTh CAWTIB Kadeap
3BO 0yi10 NpUiHATO pillIeHHs [TPOBECTH OIUTYBAaHHS cepel MOTEHIIHHIX KOPUCTYBaviB Takux pecypciB. Byno chopmoBaHo
AHKETH, IO MICTWJIM THMTaHHS CHPSMOBaHI Ha BUSBIICHHS BIIOJOOaHb OCiO, MIO MPOXOAWIM OmUTyBaHHsS. [yt 3pydHOCTI
MPOBECHHS OMUTYBAHHs Ta aHaIi3y pe3yibTaTiB Oyso oOpaHo iHCTpyMeHTanbHui 3acid6 Google Forms. Ile 3pyunwmii cepsic
JUIS IIBUJIKOTO CTBOPEHHS SIKICHUX Ta iH(GOPMaTHUBHUX (OPM JJIsl OIIMTYBAHHS, SIKUM MOXKYTh KOPHCTYBATHCS ycCi Oakaroui 0e3
Oynp-skux mpobseM. BincyTHicTh HeoOXimHOCTI y peectpamii Ta ii IIBHAKE 3aBaHTAXXEHHS JIO3BOJISIE OXOIHTH BEJHKY
ayTUTOPIFO.

VY sKocCTi 0ci0, o Opany yJacTh B OMUTYBaHHI OyIH 3aisHi: cTyaeHTd — 81,5%, Banteni — 4,1%, Bukiamadi — 8,9, yaui —
5,5% Ta iami — 0% (puc. 1).

¥1o en?

@ yueuy
@ cryneur
EMWTEN
@ susnanad
@ zuEnanad(BiTHE)
® lwe

Puc.1 — Po3noais pecnioHIeHTIB 3a (paXOBUMH KATeropisiMmu

Takox ocobu, 110 Opajay y4acTb B ONUTYBaHHI OyJn MmoJineH1 Ha pi3Hi BikoBi kaTeropii (puc. 2)
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BraxiTe BawW Bix.

@ 20 17 posis

@ 18- 25 povis
@ 26 - 35 povis
@ 36 - 50 poris
@& &ia 50 poxis

Puc. 2 — Po3noais pecnoHaeHTIB 32 BikoM

3 miarpamu BumHO, mo 80,8% - BikoM Bix 18 mo 25 pokis, 5,5% - mo 17 pokis, 2,7% - Bix 50 pokis, 6,2% - 36-50 pokis,
4,8% - 26-35 poxiB.

Jamni ocobam, 10 mMpoxoasaTh ONMUTYBaHHA Oyio 3anmporoHoBaHO oOpatn caiT 3BO, mo nmomobaerbes. Y 1bOMY NHUTaHHI
MOKHa OyI10 00partu JeKinbka BapianTis (puc. 3).

Axmi canT kadenpyu sam Gincwe nogobacTecA?

sed.nau.edu.ua 109 {T4,7%)
asU_kpi ua 104 (71,2%)
COmMsys kpiua 102 (69 9%)
ced.onafledu.ua 98 (B7.1%)
ecology kplua 55 (37,7%)
itrm_kpd ua 57 (39%)
mex.onu.edu.ua 55 (37, 7%)
] 25 50 75 100 125

Puc. 3 — Jliarpama Bnogo0aHHs iCHYIOUHX pecypciB

OnuTyBaHHS JaJI0 PE3YJIbTAT, 10 OIHUTYBa4yaM HaOLIbII OA00aI0ThCs caliTu:

sed.nau.edu.ua — Be6-caiit kadeapu imkeHepii MPOrpaMHOTo 3a0e3eUEHHsT HAI[IOHAIFHOTO aBiallifHOTO YHIBEPCHTETY —
74,7%.

asu.kpi.ua — BeG-caifT kadeapu aBTOMATH30BAaHUX CHCTEM OOpOOKH iH(OpMAIIT i yIpaBIiHHI KHIBCHKOTO MOJITEXHIYHOTO
iHCcTHTYTY iM. Iropst Cikopcekoro — 71,2%.

comsys.kpi.ua — Beb-caiiT kadeapu OOUMCIIOBAILHOT TEXHIKM  KHIBCHKOTO IIOJITEXHIYHOTO IHCTHTYTY iM. Irops
Cikopcbkoro — 69,9%.

ced.onaft.edu.ua — BeG-caiit kadeapu KOMIT IOTEPHOT IHKEHEPil HAIIOHAIBLHOTO aKaeMil XapuoBHUX TEXHOOTIH — 67,1%.

Crirparouuch Ha 1aHi ONUTYBAHHS caMe Li callTH OyJI0 PO3IIISIHYTO TPH aHajIi31 aHaJIOTiB.

Bynu BusBNeHI BIOJ0OaHHS IOJOBHOTO KOJBOPY Ha caiTi (puc. 4). AHami3 rmokasas, IO JIIOAH, Y OUIBIIOCTI, HAAIOTh
mepeBary cuHiM BigTiHKam — 75,3%. Takox Oynu BapiaHTH YepBOHUX BINTIHKIB — 6,2%, BinTiHKIB 3eneHOTO — 4,8%, )KOBTHX
BiaTiakiB — 10,3% Ta TeMHux BiaTiHkiB — 3,4%.

51


http://www.atbp.onaft.edu.ua/

m ABTomaru3ariis TexHosoriunux i 6isuec-mporecie Volume 13, Issue 3 /2021 m
http://www.atbp.onaft.edu.ua/

Akl KONLOPW NOBUHHI BYTH rONOBHWMK Ha canTi?

@ BigTissm CHHE0M
& BigTiven yepsoHOrD
@ BiariHs 3&neHoro
@ Bigrissm ®0BTOM
@ Tewsi sigriem

Puc. 4 — liarpama Bnogo0anb K0JIL0POBOi raMHu

HactynHe nuTaHHS AOMOMOIJIO BUSIBUTH YMHHUKH, 1[0 BIUIMBAIOTh Ha 33JI0BOJICHHS OCIO, 110 BiABiAYIOTH caiit. TooTo,
OyJi0 BHABJICHO IO CaMe CIo00aIoch 0cobaMm, M0 MPOXOAWIN OMUTYBAHHS HA BHIEC BKa3aHUX caiitax (puc. 5). Y mpomy
MUTaHHI MOXHA OyJI0 00paTu JIeKkijabka BapiaHTiB. Ha mepriomMy micii OMMHUBCS afanTHBHUNA au3aiiH — 85,5%. Ciinx 3a HUM
OTNMHUJIACS KPUTEPii BAAIOCTI KoiIbopy — 79,3%, animartis — 69,7%, BOamicTh po3MillleHHsT 00 €kTiB — 65,5% Ta ciaiaep
HOBHHH — 48,3%. Takoxx Oy Ti, KOTpUM HIYOTO HE criojodanock — 29,7%.

Aki eNemMeHTH OW3aKHy CalTy BaM cnooobanucs 3 BULLEBKa3aHWX calTie?

145 Bignosigei

Hiski 43 (29.7%)

AHinauia 101 (68,7%)

Crnafnep HoBMH 70 (48,3%)

ANANTUEHWH O13aiH 124 (85 5%)

BaanicTs Konkopie 115 (79,3%)

BEnanicts po3nonoxeHHa od'ekTie 95 (65,5%)

0 25 50 73 100 125

Puc. 5 - Jliarpama Bnogo6aHb eJleMeHTIB AU3aiiHy

VY HactynHOMY OyJO BHSBIEHO 5IKi MOBHI iHTepdeiicn 3a BmojoOaHHSAMM KOPHCTYBadiB IIOBHHEH MaTH BeO pecypc
katenpu 3BO (puc. 6).

Ha Akux MoBax NoBMHEH By TH canT?

VEpAHCBER 142 (87 .3%)
AornibCea 139 (95.2%)
Pocikcaia 49 (33.6%)
0 50 100 150

Puc. 6 — [liarpama Heo6XinHoCcTi MOBHUX iHTepdeliciB
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V npoMy nuTaHHI MOXHA Oyin0o o0paTH JIeKiipKa BapiaHTiB. binbmricTs oci0, mo Opanu ydacTe B ONUTYBaHHI 0Opaiy ABi
MOBH YKPaiHCBKY Ta aHTIIHCHKY.

Pe3ynbpTaTi HACTYHMHOTO MHUTAHHS IOKa3alH, IO OLIBIIICTH 0ci0, mo Opanu y4acTh B ONWTYBaHHI HE MiATPHUMYIOTh
¢yHkuito daitnoBoro ooMiny — 55,5%, 3a — 44,5% (puc. 7).

Y nosmHHa ByTh dyHKuin dannoobminy?

P Tax
55.5% ®H

Puc. 7 — liarpama notpedu y ¢pyHkuii ¢paiiioBoro oominy

Jani Oynu BusiBiIeHI BHOA0OaHHS 0ci0, 1110 Opayii ydacTh B ONHMTYBaHHI, m0J10 iHpopmanii Ha caiiti (puc.2.8). YV 1npomy
MUTaHHI MOKHa OyJ10 0OpaTH JieKiibKka BapiaHTiB. Halinmomynspuimumu posninamu € «lctopis xapenpu» - 84,2%, «Haykosi
HanpsMkm» - 89%, «HaBuanmsHi kypcu» - 78,8%, «Hounm» - 87%, «Ilpo kadempy» - 79,5%, «CniBpoOiTHuKm» - 84,9%,
«Po3pobkn xadenpu» - 79,5%. MeHmy ysary mnpunimm podainam «Bunmyckukm» - 67,1%, «Ilomii» - 42,5%,
«®Dororanepes» - 0,7%.

Akl pozginm noauHul ByTn?

lcTopin kadhanpe 123 (B4 2%)

Hay<oal sanpRmie 130 (9
HaedansHi kypos 115 (T8.8%)
HosiaHe 127 (87%)
MNpo kadeapy 116 (79.5%)
CniapofiTHiam 124 (84.9%)
Bttty CxHmia 98 (BT, 1%%)
Poapolaod Kabenps 116 (78,5%)
Mg
Fatoranapen
L] 50 100 150

Puc. 8 — Jliarpama 3aTpedyBaHocTi po3ainiB

VY HacTynmHOMY IUTaHHI MOXKHa Oysi0 00OpaTH JAeKiibKa BapiaHTiB (puc. 9). 3aBAsSKH I[bOMY ONHMTYBaHHIO OYJIO BHSIBJICHO
Ky iH(opMaLilo 3 OISy KOPHUCTYBadiB JOLUIBHO PO3MIIIyBaTH Ha TOJOBHIH cropinui: «HaykoBi Hampsmkm» - 87%,
«HoBunm» - 87,7%, «IIpo xadenpy» - 87%.

Ay idopamaLn noasHHa MicTHTI y cobl ronoexa cropikka?

.

Npo cadasny 127 [&T%)
|
|

.
1] 50 100 150
Puc. 9 — Jliarpama 3aTpe0yBaHOCTi PO3/iJiiB 3MicTy roJIOBHOI CTOPIHKH

HEyw gl minpa
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BusiBieHHsl YHHHUKIB Ta mo0yaoBa Monesi ycmimHocTi Bed pecypciB migpo3aiiis 3BO. [IpoBeneHe onuTyBaHHS Ta
aHali3 Horo pe3ynbTaTiB JTO3BOJWIO BHSABHTH YMHHHKH, IO HAWOUIBII BIUIMBAIOTH HA YCINIIHICTH BEO pecypciB MiApO3ALTIB
3BO.

Pesynbrar aHanmizy BUSBHUB, 10 OCHOBHHMH YMHHHKAaMH, [0 BIUTMBAIOTh Ha YCHIIIHICTH BeO pecypcy migposainy 3BO e
aIanTUBHUKA AW3aliH, KOJHOpOBA rama, BUKOPHCTAHHS aHIMAIlil Ta BAaje pO3MIMIeHHS 00 €kTiB. TakuM YHHOM, MOZAETH
ycminrHocTi caitty kadenpu 3BO moxxHa npencrasuty y Burisiai (1):

Y = F(x1,x2,x3, x4), 1)

ne Y — ycmimHicts BeO pecypcey migposainy 3BO;
x1 - aganTHBHUM TU3aiH;

X2 - KOJIbOpPOBa rama;

X3 - BUKOPHUCTAHHS aHIMAIlii;

x4 - Biasne po3MilieHHs 00’ €KTiB.

BnpoBagikeHHsi pe3yabTaTiB J0CTiIKeHHsI NPU Ppo3podui HoBoro iHdopmauniiinoro Bed pecypey. Pesynbratu
JOCTIKeHHST OyJI0O BHKOPHCTAHO NPU TIPOEKTYBaHHI Ta po3podmi BeO pecypcy kadenpu iHPOpPMALIHHUX YIIPABISIOUHX
cuctem OHAXT [7].

Cucrema ckiamaeTsest 3 BeO momatky Ta BJI, mo MicTuTh BCIO HeoOXimHy iH(popMariro. Y sKocTi 3aco0iB po3poOku
3acrocoBano PHP 7, HTML 5, CSS 3, Bootstrap 4, CYBJ] MySQL, cepenosumie po3pooku PHPStorm.

Juzaita pecypcy BUKOHAHO Y BiATIHKaX CHHBOTO, BiH € aganTuBHUM. CHcTeMa Oyia MpoTecTOBaHA Ha TAKMX Opaysepax sk
Google Chrome, Opera, Mozilla Firefox Tta Microsoft Edge. 11lo0 kopucryBaTch Helo He TpeOa 3aBaHTaXKyBaTH HIiYOTO
noaaTkoBoro. Takox € MobOinsHa Bepcist (puc. 10).

14252 TR 00 all T @D
0 O kitonafteduua (4]

XXI BHTK monogux BYeHKX, acnipaHTis U

e Ty,quTiB «CTaH, fOCATHEeHHA Ta nepcnexkTueu

iHpopmaLifiHKX cMcTeM M TeXHoNOriA»

LLlaHoBHi cniBpoBiTHWKK Ta CTYAEHTH aKkaje
Mii! 3anpowyemo Bac B3ATH
yyacTb y po6oTi XX| BceykpaiHCbKOI HayKOBO-
TEXHIYHOI KOHMEepeHUUH MONOAUX BYEHUX,

~

[eTtanbHiwe —

PoamiweHo 2021-04-21 15:42:26
| | @ 4

Puc. 10 — InTepeiic ro;ioBHOI cTOPiHKH
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Y MeHIO € BiciM BapiaHTIB IOCHJIaHB:

1. «Ilpo mHac» ska wmictuth migmeHio «IIpo kadenpy», «3aBimyBau», «lctopis kadenpm», «Komextus xadempm»,
«MarepianpHa 6a3a, maboparopiin, «Hama ropaicte», «'anepes iBeHTiB», «KoHTaKTIY.

2. «AOiTypieHTY» 3 migMeHIO «YMOBH BCTymy», «CnemianpHOCT», «ducnumiiam», «lIpaneBnamTyBaHH:Y,
«IIpodopieHTariiiiti 3axomm».

3. «Crynenty» 3 miamento «Posknaz crynenray, «Po3knan Buknamaday, «Ipadik koHcynpraiiity, «yprku», «Jlekiil
NpoBiMHKX crieriaiicTiBy, «I[Ipaktuka», «/umiomue mnpoektyBanHsy, «Omimmianm», «Kyparopm», «Ipadik 3axomisy,
«JlucTaHIiiine HaBYAHHS.

4. «Haykay 3 migMento «HaykoBi 1mkosu 1 HanpsiMKu», « TeMaTrnka HayKOBHUX IOCIHIKeHbY, «KoHbepeniiy, «CeMinapu
i Tpeninrny, «Hamri po3po0ku», «J{uceprauii», «Acmnipantypay, « CiBpOOITHHIITBOY.

5. «[ly6mikauii» 3 mnigmento «Iligpyunuxu, moHorpadii», «HaBuanbHi mnociOHHMKNY», «MeTONUYHI BKa3iBHUKHY,
«HayxoBi myomikanii», «CunalGycuy.

6. «HoBuHMY.

7. «Ilybmiuna indopmanis» 3 migmento «Ilomoxenus mpo xadenpy», «Temarmka 3acimanp kadenpm», «Ilocamosi
THCTPYKIIT».

8. «MixHapozHe criBpoOITHUITBOY 3 MiMeHI0 «MikHapoaHi goroBopmu», «IlozBiliHa MaricTparypay.

Ha romoBHiit cTOpiHII 3HAXOAUTECS TPU aKTyaldbHI HOBHHH, iH(pOpMAIis po Kadeapy Ta OCHOBHI HAIPSMKA HaBYaHHS. Y
(dyTepi calTy 3HaXOOUTHCS KOHTAaKTHa iH(popMmalis Kadeapu Ta MocwiaHHA Ha calit Oxechkoi HaIiOHATBHOI akaaemil
XapuoBHX TEXHOJOTiH it DakyJapTeT KOMIT'IOTEPHOI iH)KeHepil, mporpaMyBaHHs Ta KiOep3axucTy. YcCi CTOpPIHKH TOCHUTH
iHpopmatuBHi. Jleski CTOpIHKK MICTATH (ailiu Ta 30BHIIIHI [TOCHIAHHS.

Cropinka «HoBHHM» MICTHTh IIICTh HOBHH BiJICOPTOBAaHMX 3a JaTol MyOuikaiii moYMHaroud 3 HalaktyasibHimoi. L
CTOpiHKA Ma€ aHIMOBaHi eieMeHTH (puc. 11).

1457 2 © 0 J TG

PesynbraTti
IKOHKypcy Black Sea
I Science 2020

Bitaemo cTyaeHTa Mopososckkoro K. Ta
noro HaykoBoro KepieHuka KoHoHoeud |.B. i3
OTPMMaHHAM 2 NPU30BOr0 MicUS Y KOHKYPCI
CTYOEeHTCbKWX HaykoBux po6iT  Black Sea

Science 2020!

PesynbTtatn KOHKypCy 3a
NOCUNaHHAM http://isc.onaft.edu.ua/wp-
content/uploads/sites/50/2020/04/2-etap-
IT.pdf

OeTtancHiwe

1 2 ] A L A >
] @® «
Puc. 10 — InTepeiic cropinku « HoBuHU»

3acTrocyBaHHS po3po0ieHoi MOJeNl JONOMOINIM HaJaTH CTBOPEHOMY BeO pecypcy SIKOCTEH, 110 MOXYTh Y HOAANIBIIOMY
BIUTMHYTH Ha HOTO YCIIIITHICTh Ta BiJBiAyBaHICTb.
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OoroBopenHsi pe3yJubTartiB. [IpoBeneHuii B mpomeci AOCHUKEHHS aHali3 BHOJ00aHb KOpPHCTyBadiB BeO pecypciB
migpo3ainie 3BO HamaB MOXIIMBICTh BHSBUTH YHHHHUKH, IO BIUIMBAIOTH HAa YCINIIHICTE Takux pecypciB. Posmomin
PECTIOH/ICHTIB 3a BIKOM Ta (DaXOBHUMH KaTETOPIisIME JIO3BOJUIIO BUSBUTH, III0 B OCHOBHOMY CIIOXKHBadaMu caiTiB kadenp 3BO
€ 3m00yBadi OCBITH. 30UTBIICHHS 3araJbHOI KUTBKOCTI PECIIOH/ICHTIB Ta YaCTKH PECTIOHICHTIB, 110 HE € 3100yBadyaMu OCBITH,
MOJKe 3poOHTH BHOIPKY OUIBII perpe3eHTaTuBHOI0. He IMBIIsYnCh Ha 1ie, aHaji3 T0Ka3aB BIIO100aHHS KOPUCTYBAYiB i JOITOMIr
BUSBHUTH HaWOIIBII BIUTMBOBI YHMHHHUKH ycmixy Be® pecypciB migpos3ainie 3BO. Otpumana MoAens YCHIOITHOCTI cTaja
BXUIUBUM 1HPOPMATUBHUM (DAKTOPOM IS NPUHHATTSA PIMIEHHS NPO OU3aifH, €JIeMEHTH Ta 3MICT HOBOI BeO CHCTEMH.
BrpoBamkeHHs po3po0JeHOT MOo/IeNTi Ha eTalli MPOeKTYBaHHs Ta po3po0ku BeO pecypcey kadenapu ITraKb OHAXT mos3ommia
MOKPAIIUTH CIIPUHAHATTS iH(popMarlii Ta 3a0e3MeUnTH BiIBIAYBaHICTh PO3POOJIEHOTO PECypCy.

BucHoBku. Po0oTa mpucBsueHa BHSBICHHIO Ta aHaNi3y YWHHUKIB, IO BIUIMBAIOTh Ha YCHIIIHICTE BeO pecypciB
migpo3autie 3BO. B xomi mocmimkeHHs 0y10 MPOBEICHO ONMUTYBAHHS CIIOXKHBAYiB TAKUX PECYPCIB, BUSBICHO iX BIOJOOAHHS,
BHSBIICHO Ta MPOAHAJi30BaHO HAWOUIBII BIIOI00aH] pecypcH, po3po0iIcHO MOJIeb YCIINIHOCTI BeO pecypceiB miapo3aiiis 3BO.
Po3pobneHy Mo/iens BIPOBAKEHO B TIPOIIEC CTBOPEHHS HOBOTO caiTy kadenpu [HpopMamiitHux TexHoNoTiH Ta KibepOesnekn
OHAXT. BrpoBamkeHHs po3poOiaeHoi Mozeli JOMOMOTIJIO CHPOCTHTH MPOLEC NPUHHATTS PIlIeHb CTOCOBHO IHM3aliHYy Ta
€JIEMEHTIB HOBOTO Pecypcy.

YV nomansmoMy IIaHy€eThCS JOCTITUTH PIBEHD BiIBiAyBAaHOCTI pecypcy, MPOBECTH ONMUTYBAHHS CTOCOBHO HOTO yCIIITHOCTI
Ta BIOCKOHAINUTH PO3po0IIeHy MOJIeNb 1 BeO crcTeMy, 10 ii BHKOPHUCTOBYE.
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Anomayia: Ocrosoro AKicHOI opeaHizayii 0c8imHb020 npoyecy 6y0b-AK020 HABUAILHO20 3AKAA0Y, 0CODIUBO 3AKAA0Y ULYOT
oceimu € po3KIA0 HAGYANLHUX 3aHAMb. AKICMb NiO20MOSKU Cheyianicmié 8 3HAYHI MIpi 3anedcums 8i0 MemooudHo
NPABUNBLHO20 CHOPMOBAHO20 PO3KIAOY HABUANLHUX 3AHAMb. PO3KNA0 HABUANLHUX 3AHAMb MA eK3AMeHI8 € OOHUM 3 HalOiNbL
8i0N08I0ANLHUX, MPYOOMICIMKUX MA CINOMIIOIOYUX 3A80aHb NIAHYBAHHA 0C8IMHb020 npoyecy [1].

Jlocnionuku OOKnanU 3HAYHUX 3YCUNb OJIsL PO3POOKU VHIGEPCAILHOI A8MOMAMU308AHOL CUCMEMU KEePY8AHHS NPOYECOM
opmysanns po3xknady nHaguanvHux 3auame. OOHAK HA CbO2OOHIWHIL OeHb HeMae i0eanbHo20 piulenHs yiel npobremu, momy
Wo MU NOBUHHI 6paAXo8yeamu HUCIeHHI napamempu ma oOmedicenHs. JKoOHa 3 pawuiwie po3pOOIEHUX cucmem He €
VHIGEPCAbHOIO | He Modice 3a0080IbHUMU NOMpedu 6CIX 8UWUX HABYUANbHUX 3aK1A0I8. Binbwicms cucmem euxopucmosyoms
BENUKY KIIbKICMb 6XIOHOI iHgopmayii, wo 30epicacmves 6 6a3ax OaHux. 3a 00NOMO20K CKIAOHUX AI2OPUMMIE HA OCHOBI
auanizy éxionoi inghopmayii cxnadoaemocs poskaad. Oonax nidcymKosull epaghix He 3a6xcou ideanrbHull i Modice nompedbysamu
bacamo pecypcie ma uacy. Posknad nosumen 3a0oeonvuamu inmepecu 6cix yuacnuxie npoyecy [2]. /lna pospobrku maxoi
cucmemy nompiOHO  AKICHO po3nodinumu  pobomu mixc euxkoHasyamu. Cmeopenus, 0y0b-9K020 NPOEKMY 3a8HCOU
NOYUHAEMBCA 3 U020 NAAHYBAHHAM. ﬂﬂ}l BUKOHAHHA YUX 3a60aHb yoice 0asHo bazamo KOMRAauiu BUKOPUCMOBYIOMb CUCMEMU
VIPAGNIHHA NPOEeKMam, Ki 003601A10Mb CIABUMU Ne6Hi 3a80aHHS, U3HAYAMU Nfo0ell, Ci0y8amu 3a NPpoyecom GUKOHAHHS
3a60aHb Ma 8UOLIEHHAM HeOOXIOHUX pecypCis.

3as0anns ynpaeninns npoekmom npoSpamrHo2o 3a0e3neyenHs Moxce Oymu HA036UHAUHO CKIAOHUM, BUX00AHU 3 OA2AMbOX
ocobucmux, KOMAHOHUX MA OPeaHi3ayiuHUX pecypcis. AKicmb npocpamuozo npooyKmy 3alexicums 6i0 npoyecy 3a6epuileHts
npoexkmy. YHac zampumox y npoexmi 3 po3poOKuU NPOSPAMHO20 3abe3neyeHHs ma HU3bKa NpoOYKMUSHICMb, 5K NPAGUILO,
enusaromo Ha Kinyesutl pezyivbmam. OCMAHHIM YACOM e6OIIOYIs IHCMPYMEHMIE YNPAGIHHS NPOEKMAaMU K 0151 NPOSPAMHUX,
mak i 0151 HeNPOSPAMHUX O0OAMKIE NPUCKOPIOEMbCSL UBUOKUMU MEeMNAMU, @ KLIbKICMb 00CMYNHUX NPOOYKMIE 3HAUHO 3DOCIA.
lJoons pospobrsemovcs bacamo IHCMpYyMeHmMie mMa NpocpAMHO20 3a0e3neyeHHs Osl YAPAGIHIHHA NPOeKmamu, SKi
donomazaroms MeHeoddcepam asmomMamusyeamu AOMIHICMPYSAHH OKpeMUX HpoeKmis abo epyn npoeKkmié npomseom ix
arcummeeozo yuxny [3].

Abstract: The basis of the qualitative organization of the educational process of any educational institution, especially the
institution of higher education is a schedule of the courses. The quality of the training of specialists depends to a large extent
on the methodically correct established schedule of the courses. The schedule of the courses and examinations is one of the
most responsive, time-consuming and tedious tasks of planning the educational process [1].

Researchers have made great efforts to develop a universal automated control system for scheduling. However, to date
there is no perfect solution to this problem, because we have to take into account numerous parameters and constraints. None
of the previously developed systems is universal and can't meet the needs of all higher education institutions. Most systems use
a large amount of input information stored in databases. With the help of complex algorithms, based on the analysis of input
information, a course schedule is compiled. However, the resulting schedule is not always perfect and may require a lot of
resources and time. The timetable must satisfy the interests of all participants in the process. The interests of some participants
may conflict with the interests of other participants in the process [2]. To develop such a system, it is necessary to qualitatively
distribute the work among the performers. Creating any project always starts with planning it. To accomplish these tasks,
many companies have long used project management systems that allow them to set specific tasks, identify people, follow the
process of performing tasks and allocate the necessary resources.
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The task of managing a software project can be an extremely complex one, drawing on many personal, team, and
organizational resources. The quality of a software product is dependent on the process in which the project is completed.
Time delays in software development project and low productivity tend to fall right to the bottom line. Recently, the evolution
of project management tools for both software and non-software applications has been accelerating at a rapid pace, and the
number of available products have grown significantly. There are many project management tools and software being
developed every day to help managers to automate the administration of individual projects or groups of projects during their
life-cycle [3].

KoarouoBi ciioBa: aBromaTH3allis, IUIaHyBaHHs, yIpaBiiHHs npoekTamu, Gantt Project, kackaguuit Mmeton
Keywords: automation, scheduling, project management, Gantt Project, waterfall method

1. Beryn

Bce OumbIn MOMyJISAPHOI Yy BCIX Tady3sx CTAa€ METOOJIOTIS YIPABIIHHSA KOMIIAHIEID 3 PO3MOAUIOM yciei podoTh Ha
npoektu. ToMy 1110 KepyBaTH JIFOABMH — CKJIa[HO. J{JIsl YCHIITHOTO 3aBEpILEHHS IPOEKTY HeOoOXiHI He TUIbKU KBamiikoBaHi
Ta MOTHMBOBaHI CIIBPOOITHUKH, ajie 1 BiJIOBIHI IHCTPYMEHTH, SIKi 1O3BOJIATH (DIKCYBaTH JAOCSTHYTI PE3YJIbTATH i CBOEYACHO
3MiHIOBaTH mpiopuretn. OOMparoYu IHCTPYMEHTH, CIIiJi 3BEPHYTH yBary Ha Te, 1100 BIH MIr ckiagatd niarpamu ['aHTa i
PO3MOIUIATH OBHOB)XEHHS Ta 3aBJAHHS MK BUKOHABISIMU 3 pi3HMMH poisMu. Takum iHCcTpymentoM € Gantt Project — 1e
Iporpama, 1110 Ipu3Ha4YeHa JyIsl IIaHyBaHHs MPOEKTIB Ha OCHOBI oOy0BM Aiarpam ['antTa i miarpam tumy PERT.

2. AHauni3 JiTepaTypHHX JAHHX i IOCTAHOBKA MPO0JIeMH

IcHye Benmmka KUTBKICTh BH3HAYEHb, MO TaKe IMPOEKT i SKUMH XapaKTePUCTUKaMHU BiH HamiuteHuil [4-6]. AHamizyioun Bci
BHU3HAYCHHS, TO MPOCKT — IIe AesKa 3ajada, B sSKiif € TOYHHHA MOYaTOK i TOYHHWH KiHElb, METOI0 SKOI € CTBOPEHHS IEBHOI
HIOCIIYTH, IPOAYKTY Y1 JOCSTHEHHS IIEBHOTO PE3yIbTaTy.

3a yac ICHYBaHHs MPOEKTHOTO YIPAaBIiHHA OYyJ0 CTBOPEHO YMMaIo e(pEKTHBHHMX IIiIXOIIB, METOMIB I CTaHIAPTIB, SKi
MOKHA B3SITH Ha 030poeHHA. Ha naHoMmy eTami po3BUTKY HayKH yIpPaBIIiHHSA NPOEKTaMH BHAUIAIOTH TaKi METOAN YIIPaBIiHHA
npoektamu: Kimacuunuii mpoekTHuid MeHemkMeHT, Agile, Scrum, Lean, Kanban, Six Sigma, PRINCE2 [7]. Bci mi mMeroau
MaloTh SIK 1 CHJIbHI Tak i ciaOki CTOpOHM. YTpaBiiHHS NPOEKTaMHM — Il HayKa, aje Hayka He HaWTo4Hima. B ymoBax
MOCTIHHOTO MOTOKY iH(oOpMalii, panToOBUX 3MiH 1 MOTPeOH B THYYKOCTI pOOOYMX MPOLECIB, KIACHYHUH MMiIXiJ BCE MEHII
noryssipauii. CydacHH#E MMiAXiJ A0 TNPOEKTHOTO MEHEKMEHTY — II€ THYYKICTh poOOYMX MpOLECiB, A€ B TNPIOpUTETI
MaKCHMaJlbHa €)eKTUBHICTh, KOHTPOJIb PECYPCIB 1 MiHIMi3alisl BTpar.

VY naniif o6acTi HeMae HETIOPYIIHUX OCHOB 1 YHIBEpPCAIBHUX pillleHb. SIKII0 MEHePKepy MPOEKTY BACThCs 3HAUTH METOJ,
SIKUH 1€aTbHO MiAXOIUTH IJIS MPOSKTY — MOXKHA BBAXKATH, IO HOMY ITOBE3JIO, a/KEe OUTBIIOCTI MEHII MIACIHBHUX KEPiBHUKIB
JOBOAUTHCS TPHUKIAOaTH 3yCHIUIA U CTBOPSHHS 1 HAJAIUTYBaHHS BIACHUX CHUCTEM YIpaBIiHHS npoekTamu. Lli cucremu
MOXYTh OYTH CKJIaJIeHi 3 €IEMEHTIB ICHYIOUHX CHCTeM a00 HaBiTh CTBOPEHI aOCOMIOTHO 3 HyIIA [8].

[Ticnst Toro, sik Oyno oOpaHO MiAXiM A0 MPOEKTHOTO MEHEMKMEHTY, SKHH MiAXOOUTh KOMIaHii — Jac OOHMpaTH €IuHy
cucremy. CrucTeMa ympaBliHHS IPOEKTaMH (TaCK-MEHEKEp) CTaHe €IMHUM MICIIEM U BCiX poOOYMX MPOEKTIB Ta 3a7ad, At
KOMYHIKaIlii BcepeInHi KOMaHIU 1 3 KIIE€HTaMH, IS KOHTPOIIO dacy, OIO/KeTy Ta 3aBaHTaKEHHS KOMaHIH. ICHye Belmka
KUIbKICTh IHCTPYMEHTIB YIIPaBJIiHHS MPOEKTaMH, 0arato 3 HUX MOJIOHI, a 6arato 3 HUX 30BCIM Pi3HiI MK coboro. [lo Takux
IHCTpyMEHTIB HasexaTh: Basecamp, Jira Software, asana, Trello, Padio, teamwork, Airtable, Microsoft Project, Gantt Project,
Zoho Ta inmi [9-10].

3. Mera i 3aBAaHHA 0CTIIKeHHS

OCHOBHOIO METOIO JOCIIJDKEHHS € MiArOTOBKA MOYAaTKOBHX (BXIIHUX) AaHUX Ul YIPaBIIiHHA IPOEKTOM Ta peaizaiis
npoekty 3acodamu Gantt Project. [nst qocsirHeHHst MeTH TOTPiOHO BUKOHATH HACTYIIHI 3aBJaHHS:

- MATOTOBUTH TOYAaTKOBI (BXigHI) MaHHI JUIS YIpPaBIiHHSA TPOSKTOM PpO3POOKH Ta BIIPOBA/DKEHHS IPOTPaMHOTO
3a0e3MevyeHHsT aBTOMAaTH30BaHOTO (POPMYBaHHS PO3KJIaly HaBYaJIbHUX 3aHATh U1 3BO;

- ctBopuTH mpoekT B Gantt Project;

- 3aIIOBHUTH CIIHCOK YYaCHUKIB IIPOCKTY;

- TOJIaTH 3a[adi A0 TMPOEKTY Ta IOCIiAUTH niarpamy [ aHra.

4. MeToau i MmaTepiajim J0CaiIzKeHb

Jnst HancaHHS TEOPETUYHOT YaCTUHU POOOTH OyJI0 BUKOPHCTAHO TaKi METOAN OCIiKEHHS:

- METOJ aHaJIi3y — IIPOBE/ICHO PO3KIIaIaHHs IIPOEKTY Ha CKIIA/IOBI, a caMe BU3HAYECHO CY0 €KTIB IIPOCKTY, OCHOBHI 33aJa4i Ta
CTPOKH TIOCTaBJICHHX 3a]1ay;

- METOJI TOPIBHSHHS — IPOBEIEHO NOPIBHSHHS ICHYIOYMX METOZIB YHPABJIIHHA INPOSKTaAMH Ta IHCTPYMEHTIB IS
YIIPaBIIHHS NIPOEKTaMH;

- METOA AEAYKLIl — pO3MIpKOBYBaHHS HaJ MPOEKTOM IIPOBOJMIIKCS 3a MPUHIMIIOM BiJl 3arajbHOTO J0 OKPEMOro Ta 0yIo
MIPOBEJICHO AEKOMITO3HIIIIO IPOEKTY;

- MeTOA Kiacudikalii — MpoBeIeHO rpymyBaHHs poOiIT Ta po30MTTS TX Ha KOMILIEKCHI Ta eJIeMEHTapHi.

Marepianamu JOCHIIKEHHA € aHali3 mpouecy (OpMyBaHHS PO3KNIANy HAaBYAIbHHX 3aHATh, MaTeMaTHYHI MOZeNi Ta
aNTOPUTMHU OTPHUMAaHI MPH JOCITIHKEHH] mporecy GopMyBaHHS PO3KIANy HaBUAIBHUX 3aHATH a TaKOXK iH(popMarlis 3i0paHa 3
ONHTYBAaHb MPAIiBHUKIB AUCHETYEPCHKOI HaBYAIBHOTO Biaairy OnechKoi HaioHaIBHOI aKkageMii XapuoBHX TEXHOJIOTIH.
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5. Pe3yJbTaTH AOCTiIZKEHHSA

MeTo10 IIPOEKTY € Po3poOKa Ta BIPOBAKEHHS IPOrPaMHOTO 3a0C3MeUeHHsT aBTOMATH30BAHOTO (hOPMYBAHHS PO3KIALY
HaBYyaJbHUX 3aHATH Juid 3BO. JlaHWil NPOEKT BiTHOCHUTHCS A0 muny APUKIAOHUX, TOMY LIO PE3YJIBTaTOM € IPOTrpamMHe
3a0e3NeyeHH s, SKe BHpiNIye MpobiieMy aBTOMAaTH30BaHOTO (OPMYBaHHS PpO3KIady HaBYANBHHX 3aHATH. [0 3arajbHUX
0COOJIMBOCTEH POEKTY BIAHOCATHCS:

- oco0nMBOCTI iHTerpamii — mporpamue 3abe3nedeHAs (GopMyBaHHS PO3KIIaLy HABYANBHHUX 3aHATH MOTPIOHO MiTKITIOYUTH
1o icHyrouoi 6a3zu ganux MySQL, B sKiif MicTUTBCA iH(OpMAITis PO TUCIMILIIHA, ayJUTOPii, yYaCHUKIB OCBITHBOTO MPOIECY
Ta CTYJEHTCBhKY YrpynyBaHHA. Y 3B’S3KY 3 THM, 1[0 IPOrpaMHe 3a0e3reueHHs] IOBUHHO OyTH aJanTHBHUM, TOOTO MPallOBaTH
Ha PI3HUX TPHUCTPOSIX, TO B SKOCTI MOBH HporpamyBaHHs Oyino oOpaHo PHP — moBa crieHapiiB (BUKOHY€TbCS Ha CTOPOHI
cepBepy) 3 BIOKPUTHM BXITHHM KOJOM, IO Ja€ MOXIIMBICTh INBHUIKOTO CTBOPEHHS web-cTopiHOK. JavaScript — 1i¢ MoBa
IIporpamMyBaHHs, 1110 BUKOHYETHLCS Ha CTOPOHI KilieHTy Ta MoBa po3mitku HTML Tta CSS;

- TEpMiHH JOCTaBKM — OOMEXEHHS y 4aci Ha BUKOHAHHS pOOOTH, AJIsl JAHOTO BUIIAJKY TAKHUM OOMEXEHHSIM € JiaTa o4aTky
HaBYAILHOTO CEMECTPY;

- O10/KETHI OOMEXEHHS — CyMa, 3aIUTaHOBAHa ISl iIHBECTHIIIHM y IPOEKT, B JAHOMY BUIIaJKy PO3p0oOKa Ta BIIPOBAPKEHHS €
YaCTHHOIO AMCEPTaLiitHOI poO0TH, TOMY BCi pOOOTH BUKOHYIOTHCSI O€3KOLITOBHO.

Mozens XUTTEBOTO LUKy MPOEKTY PO3POOKH Ta BIPOBAKEHHS MIPOTPaMHOTO 3a0e3NeYeHHs CXeMaTHYHO MOSICHIOE KM
YHHOM OYyIyTh BUKOHYBATHCS [Iii 3 pO3pOOKH Ta BIPOBAKEHHS MPOTPAMHOTO 3a0e3MEeUeHHS, IIISIXOM «ITOCIIIOBHOCTI» IHX
niii. Taka mocmimoBHICTP MoOke Oytm abo He OyTH JiHIHHOIO, OCKUTBKH ()a3d MOXYTh CIIAKYBaTH OJHA 3a OJHOIO,
MOBTOPIOBATHUCS 200 BiOYBATHCS MOCHIIOBHO.

Haii6inpir oueBMIHMN HUISIX peaii3alii MpoekTy — po30uTH #oro Ha (asu abo okpemi 3aBmanHs. Haimpoctimmii
IHCTPYMEHT IPOEKTHOTO YIPABIIHHA € YeK-JUCT [ii, sSKi HeoOXiqHO 3pOOHMTH Ui JOCATHEHHS METH. 3a BCIO iCTOpiio
MIPOEKTHOTO YIPaBIiHH OYyJ0 CTBOpEHO 0e3iiy Pi3HUX METOJIB YNPAaBIiHHS IPOEKTaMH IiJl NPAKTHYHO OyIb-Ki MOTPEOH.
Jlist pi3HUX TNPOEKTiB HEOOXiAHI Pi3HI METONU Ta IHCTPYMEHTH. ['0JIOBHE 3pO3yMITH, II0 HAaWBAXKIMBIIIE JJISI MPOEKTY —
JieIUTaiiHH, pecypcH, AOTPUMaHHs Tpolecy, abo Bigpasy Kijibka (DakTopiB — a HOTIM BUOpAaTH METOJ YIPAaBJIIHHS IPOEKTOM,
OpIEHTOBAaHMH Ha JOCSTHEHHS [BOTO IIOKa3HWKa. B sKocTi Meromy ympaBimiHHS Oysio OOpaHO KJIACHYHUH NPOEKTHHH
MEHEPKMEHT. HaliOinbIn mMpoKo MOMMpeHnit MeTo ] YIpaBIiHHS MPOSKTaMH, 3aCHOBAaHUH Ha Tak 3BAHOMY «BOJIOCIIaJHOMY»
(Waterfall) abo kackagHOMY IMKJI, P SIKOMY 3aBJIaHHS IIEpEa€ThCs MOCIIIOBHO IO eTarax, o Harajaye MoTiK, CXeMaTHIHO
e 300pakeHo Ha puc. 1.

Irirm armis
ITnanypaHHA

Po3spobka

Peanizarna Ta
Tec TyBaHHs;

MomniTopHHT i
3aBEPIISHHA MPOEKTY

Puc. 1 — Cxema KJIaCHYHOT0 MPOEKTHOTO YNPABJIiHHSA

3a3Buyail BUAUIAIOTE 5 eTaliB KJIaCHYHOTO IPOSKTHOTO YIPABIIHHI, ajlé MOXKHA JOAABAaTH 1 OJATKOBI €TaIlH, SKIIO TOTO
BHMArae MpoeKT. 5 eTarliB TPaAULiHHOTO MEHEKMEHTY:

Eman 1. Iniyiayis. KepiBHUK TIPOEKTY 1 KOMaHJa BU3HAYaIOTh BUMOTY JI0 NMPoeKTy. Ha raHomy eTari 4acTo MmpoBOASTHCS
Hapasy Ta « MO3KOBI IITYPMU», Ha SKUX BU3HAYAETHCS 1110 K IOBUHEH IPEJICTABIISATH i3 ce0e MPOIYKT MPOEKTY.

Eman 2. IThanyeanns. Ha nanomy erani KoMaHJa BUpILIYE, sIK BOHA OyJie 1OCATaTH METH, ITOCTaBJICHOI Ha MONEPEHBOMY
erarmi. Ha naHoMy erami KoMaHJa yTOYHIOE 1 JieTalli3ye I 1 pe3ysbTaTH NMPOEKTY, a TaKoX CKiaja podiT mo Heomy. Ha
migcTaBi miel iHpopmanii koMaHa GopMye KaneHIapHHUH TIaH 1 OI0/KET, OLIHIOE PU3HKH 1 BUSIBIISIE 3aI[iKaBICHUX CTOPIH.

Eman 3. Po3pobka. Jlana crazis peanizyeTbCsi He JJIs BCIX MPOEKTIB — SIK MPABIJIO BOHA € YaCTUHOIO ()a3H IUIaHyBaHHS. Y
(azi po3poOku, XapaKTEpPHOIO I TEXHOJIOTIYHHX MPOCKTIB, BU3HAYAEThCA KOH(DIrypamis MaiOyTHROTO MpOoeKTy i / abo
MPOAYKTY 1 TeXHiuHI cmocoOm ioro pocstHeHHs. Hampuxmang B IT-mpoekrtax Ha AaHOMY eTami BHOHMPAETHCS MOBa
MpOrpaMyBaHHSI.

Eman 4. Peanizayia ma mecmyeannsa. Ha it ga3i BinOyBaeThCcs OCHOBHA POOOTA O MPOEKTY — HAIIMCAHHS KO, 3BEICHHS
OymiBii i Take iHMIE. JJOTPUMYIOUICE PO3POOIICHOTO TUIAHY CTBOPIOETHCS 3MICT IIPOEKTY, IPOBOAUTHCSA KOHTPOJIb 32 00paHUMHU
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KpuTepisMu. Y Ipyrii yacTuHi wi€i ¢a3u BiOyBaeThCs TECTYBaHHS NPOIYKTY, BiH NEpEeBIPSETHCS HA BiIOBIAHICTE BUMOTaM
3aMOBHUKA i 3aI[iKaBJICHUX CTOPiH. Y YaCTHHI TeCTYBaHHS BHUSBIIIOTHCS 1 BUMIPABISIOTHCS HEMOMIKH MPOIYKTY.

Eman 5. Monimopune i 3aeepuienns npoexmy. 3aJIeKHO BiJl IPOSKTy NaHa (aza MoKe CKIaZaTHCS 3 IPOCToi mepenadi
3aMOBHHKY pPe3yJbTaTiB MPOSKTy ab0 K 3 TPHBAJIOrO IPOIECY B3aEMOAII 3 KII€HTAMH IIOJAO MOJINIICHHS NPOSKTY i
MiIBUIIEHHIO iX 3a/J0BOJICHOCTi, 1 MIATPUMKH pe3ynbTaTiB mpoekTy. OcTaHHE BiTHOCHUTBCA IO TPOEKTIB B o0OmacTi
KIIIEHTCHKOTO CEPBICY 1 MporpamMHOTO 3a0e3MmedeHHs .

IIpoBeneHHs CTPyKTypH3alii IpPOEKTy, a caMe BUAUICHHA MiANiIed, MmakeTiB poOiT Ta pobiT € BaXKIWBHUM €TaroM.
OCHOBHMMU MiALUIAMY €:

- pO3pOOUTH TEXHIYHE 3aBJaHHS 3 3aMOBHHKAaMH, a caMe¢ 3 KCEPIBHUIITBOM Ta HaBYaJIbHUM Bimmiiom Oaecbkoi
HalliOHAJILHOT aKaJeMii Xap4OBHX TEXHOJIOTIH;

- BU3HAQUUTH TPOrpaMHi BUMOIM 10 iH(popmauiiiHol mnpenmerHoi o6aacTi cucteMun Ta (YHKIIOHAJIBHUH PO3MOALT
CHCTEMHHUX BHMMOI' IIOJI0 arapaTHOTO Ta MporpaMHOro 3adesmedeHHs (iHimiamizamis BeOG-cepBepa, MiIKIIOYEHHS 0 0asu
nanaux, BuOip IDE, BuOpatn TexHi4HiI 3ac00M, BU3HAYMTUCH 3 MOBAaMH TIPOTpaMyBaHHS);

- po3pobuTH (HDYHKITIOHATBHI MOXIIMBOCTI ([M3aliH, BEPCTKA, IIPOrpaMyBaHHs alrOpPUTMIB);

- 3aBEPIINTH PO3pOOKY Ta BIIPOBAJUTH IpOTrpaMHe 3abe3nedeHHs (TecTyBaHHs, po3poOKa TokyMeHTanii, inTerpauis 113 3
mporpamoro «Po3kiany, TpeHIHTH 3 IIePCOHAIOM AUCIIETYEPCHKOT HABYAIBHOTO BiIILTY).

[epemnik KOMIDIEKCHO-TIIZICYMKOBHX Ta IEMEHTApHUAX POOIT 3amucano B Tadm. 1.

Tabuuus 1 — Ilepesik KOMIUIEKCHO-MiZICYMKOBHUX TA eJIeMEHTAPHUX POOIT MPoOeKTy

Ne KomiuiekcHo-nicyMkoBi EnemenTaphi podorn Buxonasui
n/n podorn
1. | Po3poOxka TexniuyHoro 3aBmaHHs | CkiamaHHS JOKyMEHTaIlil, 0 | 3aMOBHHUK,
JETaJIbHO ONHCYE CTPYKTYPHY | CIIOHCOP,
1 TIOBEIIHKOBY MOJIEJII IPOEKTY | KepiBHUK
Bu3HaveHHs 1aTH KiHIIEBOTO MPOCKTY,
peuizy yKIJIaaq
BuiileHHs POMisKHHX NOKyMEHTaILi
pe3ynIbTaTiB
2. | CTBOpeHHS OuM3aiiHy Ta CrtBopeHHs qu3aitHy romoHoi | JluzaiiHep,
HaBirarii CTOPIHKH KEepiBHUK
CrBOpeHHs qu3aiiHy MaHesi IIPOEKTY
KepyBaHHs
Po3pobka cTpykTypu BeO-
JIOJTATKY Ta HaBirarii
3. | Bepcrka makeriB Bepcrka nu3aiiHy rojoBHOT Front-end
CTOPIHKH PO3pPOOHHUK,
Bepctka mu3aiiny manemi KEepiBHUK
KepyBaHHs MPOCKTY
4. | TlporpamyBaHHS aJITOPUTMIB Po3pobka 6a3u gaHnx Back-end
Omnuc npoexTy 3acobamMu MOB | PO3POOHUK,
IporpaMmyBaHHA KEpiBHUK
MPOEKTY
5. | YcranoBka KomiroBaHHS TIPOEKTy Ha Back-end
poboumii cepBep Iporpamicr,
HanamryBanHs poekTy front-end
PpO3poOHUK
6. | TecTyBaHHs Ta HanmaaKa BusiBeHHs] CHHTaKCHYHUX i Front-end
JIOTIYHUX MOMHJIOK IPOEKTY 1 | PO3POOHHK,
MOJAJIbIIE X YCYHEHHSI. back-end
Po3po0Oka iHCTpyKILiit PO3pOOHUK,
KOpPHCTyBa4a TECTYBaJIbHUK,
[IpoBenenHs TpeHiHTIB KepiBHHK
MIPOCKTY,
yKIagayq
JTOKYMEHTaIii
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[Ticnst Toro SIK po3nucany 3a1adi — KOMaH1a BU3HaYaeThes 31 crpokamu. B mporpami Gantt Project 6yno cTBopeHo HOBHIA
npoekt. Jlani Oyjo 3amoBHEHO 3ajavi Ta YYacHHUKIB IPOEKTY Iicis 4oro Oyio NMpHCBOEHO 3aj1adi yyacHukam. Ha puc. 2
300paXeHO CIIMCOK 3aJa4 MPOEKTy. Byo BHKOHaHO OLIHKY 4acy BUKOHAHHS KOXKHOI 3ajadyi. 3arajlbHHH CTPOK BHKOHAHHS
MPOEKTY OIU3BKO 2-X MiCALIB.

Po3pofika TexHi9HOTO 3aBTaHHA 01.10.2021 05.10.2021
CrIagaHHA JOKYMeHTANIL, o JeTaILHO OIHCYE CTPYKTYPHY i NOBeTIHKOBY MOJeTi NPOeKTy 01.10.2021 03.10.2021
Bu3Ha4eHHN JaTH KiHIEEOI0 peTizy 04.10.2021 05.10.2021
BujineHHS OPOMIEHHY Pe3yIbsTaTiE 04.10.2021 05.10.2021

Jarpepmaennn T3 3 zaMoBHHKOM 06.102021 07.102021

CTEROpeHHA JH3AMHY Ta HaBiramii 08.10.2021 17.10.2021
Pospodka cTpYKTVPH Bed-10JaTKy Ta HaBiramii 08.10.2021 09.10.2021
CTEOpeHHA IH3AMHY TOM0BHOI CTOPIHEKR 10.10:2021 17.10.2021
CTBopeHHA TH3AMHY NaHe Tl KeDYEaHHA 10.10.2021 17.10.2021

JaTBepTACHHA MAKETY THIAHHY 3 3aMOBHHEOM 18.10.2021 19.10.2021

BepcTia MaKeTIB 20102021 24102021
BepcTka JrzaiiHY ro10EHOT CTOPIHKH 20.10.2021 24102021
BepcTka JuzaiiHy NaHeTi KepYEAHHA 20.10.2021 24102021

JaTBepIACHHA BEPCTRH MAKETY 3 3JAMOBHHEOM 25102021 26.10.2021

IIporpaMyBaHHA AJTOPHTMIB 27.10.2021 17.11.2021
ImmopT Ta cTBOpenHA Tadnmmes BT 27.10.2021 29.10.2021
Omric npoekTy 3acofaMui MOE IPOTPaMyEaHHA 30.10.2021 17.11.2021

¥Yeranoeka 18.11.2021 19.11.2021
KonixoBaHHA HPoeKTY Ha pobodmii cepeep 18.11.2021 18.11.2021
HanamTvEaHHA NPOEKTY 19112021 19112021

TecTyEaHHA Ta HATaOKA 20.11.2021 28112021
BuABTeHHA CHHTAKCHYIHIY i J0TiTHIY MOMILTOK DP0eKTY i M0Jaabie iX YCYHeHHA 20.11.2021 23.11.2021
Pospobka iHCTPYKLiH KOPHCTYEaq9a 26.11.2021 27.11.2021
IpoeeTeHsnA TPeHIHTIE 28.11.2021 28.11.2021

JaTBeTReHHA NPOEKTY 3 3aMOBHHKOM 24112021 25.11.2021

Puc. 2 — Cnmcok 3a1a4 MPOEKTY 3 OI[iHKOIO Yacy

6. O0roBopeHHs pe3yJIbTATIB

Komanga mpoekTy Ta MeEHEIDKep IPOEKTy 3aBXKIM CTHKAIOThCS 3 JBOMAa OCHOBHMMH AacCIEKTaMH: TEXHIYHHM Ta
COLIIOKYJBTYPHAM acleKTaMu. TeXHIYHHHA acleKT — Ie Ti MEeTOZHOJIOTii, IHCTPYMEHTH SIKi MU OOMpaeMO Ui YIPaBIiHHS,
MIPUHIUIIH, SK 9acTO MU 30HupaemMoch Ta iHme. COniOKYyIbTYpHHUI aclIeKT — IIe € B3a€MOIisl BCEPEANHI KOMaHIH, 31 CHOHCOpaMHU
Ta 3aMOBHMKaMH. MO)XXHa BBa)KaTH COLIOKYJIBTYPHHI aclleKT BaXIUBIIIMM 32 TEXHIYHUM, TOMY L0 Oe€3 HaixaroKeHoi
B3a€MO/IiT BCepeInHI KOMaHaAu — He Oy/ie yCmixy. Y CHITHUN IPOEKT — e MPOSKT B IKOMY 3aMOBHUK 3aB)KIU 3aI0BOJICHUH.

Ha puc. 3 mpencraeneno miarpamy [amta. [liarpama IanTa sBnse co6oro Bimpisku (rpadiudi ruramku), po3mimieHi Ha
TOpPU3OHTANBHIA mKasi yacy. KoxeH BiIpi3oK BiJINOBijae NeBHIH KOMIUIEKCHiH abo eneMeHTapHid poOoti. Poborn
pO3MIIIYIOTECSL IO BepTHKaii. [loyarok, KiHenb 1 JOBXMHA BiJpi3ka Ha IIKali Yacy BiINOBIZAIOTh TOYATKY, KIHIO i
TpuBanocTi 3ananns. Ha miarpami [aHTa TaK0X MOKA3y€ThCS 3AIEKHICTD MiXK 3aBJaHHIMH.

3a nonomoroto Gantt Project MoxxHa ciityBaTH 3a BHKOHaHHSM 3aBJaHb, KOIIIOBAHHIM iX CTaTyCiB y Ipolieci BUKOHAHHS.
Le#t iHCTpYMEHT HacTUIBKK (YHKIIOHAJIBHUH, [0 HAaBiTh J0O3BOJISIE BKA3aTH, KOJIM KOHKPETHUH MPAIiBHUK OyB BUXITHUM a0bo
iMeHyBaB BimbHI mHi. 3amadi Ha puc. 3 WOOYIOBaHI IOCHIAOBHO, MICHS HEBHHX POOIT BigOyBaeThCS 3aTBEPIHKCHHS 3
3aMOBHHKOM IIPOCKTY.

Ha puc. 4 300paxxeHO BiATIOBiAHICTH 33734 Ta YYACHHUKIB MPOEKTY. 32 JaHUM 300pakKeHHSIM MH MOXXEMO BiICIiIKyBaTH
3aHATICTh KOXKHOTO Cy0’€KTa Ta MEPErIIHYTH Ha SKOMY eTarli BiH 3HaXOUThCS.
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Puc. 4 — YuacHuKH mpoeKkTy

7. BUCHOBKH

B xo0/1i BUKOHaHHS IAHOTO JOCII/KEHHsI OyJI0 MPOBEACHO MPOSKTHUIT MEHEKMEHT JJIsl YIIPABIiHHS HPOSKTOM PO3pPOOKH
Ta BIPOBA/DKEHHS NPOTPaMHOTO 3a0e3IeUeHHS ABTOMATH30BAaHOrO (OpMyBaHHA PO3KIATy HaBYaJbHHUX 3aHATH i 3BO.
Byno Bu3HaYeHO 0COONMBOCTI YIPABIiHHA JaHUM IPOSKTOM Ta BU3HAYEHO THII IIPOEKTY.

Byno o0paHo KackaaHy MOJIEINb KUTTEBOTO ITUKITY YIIPABIiHHSI MPOSKTOM. BayKIIMBUM € Te 10, AJIs YCIIIIHOTO BUKOHAHHS
MPOCKTY MOTPIOHO PeTeabHO OOrOBOPHTH BUMOTH Ta (DYHKIIOHAJ MPOTPAMHOTO 3a0e3MeveHHs 3 3aMOBHHMKOM. Bci eramu
BUKOHYIOTBCS IOCIIJJOBHO OJWH 3a OJHMM. Byno chopMOBaHO CHHCOK eleMEHTapHUX pOOIT Ta BHIIEHO KOMILIEKCHO
IiICYMKOBI po0o0TH, sIKi MMOTiM Oyio nonaHo B 3amadi nporpamu Gantt Project. [Ii1st kKo>kHOT 3amadi Oys10 BU3HAYEHO CTPOKU
BHUKOHaHHS Ta BuKoHaBIi. Gantt Project — 1ie 3py4Huii iHCTpyMEHT JUisl yIpaBJIiHHS NPOEKTaM1, TOMY IO BiH Ma€ MOXJIUBICTb
IOpyKyBatu npiarpamu ['aHTa, Hajae MOMIJIMBICTb KEPIBHHKY IPOEKTY CIIIKYBAaTH 3a XOJOM IPOEKTY B peajlbHOMY dYaci Ta
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CTEXHTH 32 3aBaHTAKEHICTIO CBOET KOMaHIM. BukopucTaHHs 1aHOTO iHCTPYMEHTY JacTh 3MOTY peaji3yBaTH MPOEKT HIBHIKO,
SIKICHO 1 3 ONTHMABHUMHU 3aTpaTaMi pecypciB.
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