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ADAPTATION OF DIGITAL INNOVATIONS FOR SMALL AND MEDIUM-SIZED
ENTERPRISES: PROBLEMS AND PROSPECTS

Summary. The paper aims are the development of a concept and decision support models for
the digital transformation of SMEs. The expected results are the business and forecasting
efficiency models, IT tools, and business training courses for applying digital innovations and
increasing SMEs’ business value.

Keywords: Digital Innovation, Small and Medium-sized Enterprise (SME), Information
Technology Tool (IT Tool), Business Model, Business Training Course.

Digital transformation is a global challenge for many business entities. Cutting-edge
information technology innovations include Internet-of-Things, Cloud Computing, Neural
Networks, Big Data, block-chain, cryptocurrencies, services as a product, and so on. In recent
years, a rapidly increasing extent of research and practice has been conducted in the field of
adaptability of enterprises to the digital transformation environment, an adaptation of
marketing, production, and management processes in the context of digital innovation in
conjunction with Artificial Intelligence, Smart and Cloud technology, and so on [5]. The top
digital technology mainstreams in natural resources and goods management relate to Big
Data, web-based, and cloud-based technologies for data analysis, forecasting, and managerial
decision approach [2], as well as using blockchain-based tools for supply chain, financial and
production operations [6]. Digital technologies, which are based on the use of advanced
robots and the Internet of Things (1oT), attract lots of attention in the practical activities of
agricultural businesses [4]. However, there are many challenges to adopting and supporting
for SMEs. The basic principles for the digital innovations and digital business models of
Industry 4.0 were formed [1]. Nevertheless, business entities, especially SMEs, have practical
problems of using these technologies effectively. Global technology giants, like Microsoft,
Facebook, and Google, provide a complex system for solving business problems (accounting;
data collection and analysis; predicting demand and supply level, price, etc.).

An important problem in effective digital innovation adoption is the resistance of the
staff. Employees often perceive ICT as a potential threat to their employment, which may
further increase the relevance of reinforcing developments to adopt digital innovations by
supporting digital literacy.

Therefore, the objective of the project is to argue the concept and develop the decision
support models and methods for digital innovations adoption to improve the efficiency of
natural resources and production goods management in agrarian and other SMEs and increase
their business value (Fig. 1).

The implementation of the objective provides for the justification of the directions for
the introduction of digital technologies for the SME, as well as the development of templates
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for the introduction of the following digital innovations in the business processes of the SME:
innovative digital business models for SMEs, natural resources, and production goods
management processes, Data Analysis and Data Science tools for Big Data Analytics (BDA)
and so on, online and web-based effectiveness in reaching and contacting the customer,
multichannel Models for the distribution of products and services, advanced robots, 10T, and
the Internet of Everything (IoE), Cloud Computing Applications and Services, Digital Skills
and Digital Literacy for employed, counteragents, clients, and other entities.
Industrial 4.0 business models

Cloud Mobile loT, Robots,
Computing technologies Blockchain etc

Web-based
DataoAg;g&s Visualisation Digital Skills A I
! Tools I
{SMEs ! !

Big Data

...............

_________________________________________________________________

Universities and Research Instltutes

Business @|F——————— _ _ _ ..
: Processes Digital technology
§ {LOQIStICS processes Sales and
Resources Marketing
Management

[ Reggsgses ][ R(IazsnoeL:?ges J[ R(le—lsli)nJ?cnes ]G[ Rzgiﬂfclzzls ]{ Pg;dr\tlgelzn J
Fig.1 Project results and IT innovation adaptation stages

Conclusion. The internationalization of SMEs poses to their success several challenges,
arising both from the environment and from the specifics of management approach employed
[3]. The relevance of digitalization of small business entrepreneurs in the world, Bulgaria and
Ukraine were analyzed. As a result, we concluded that an increase in the volume of
digitalization can increase the profitability of small businesses. This is evidenced by surveys
of entrepreneurs in the world. The training program is designed in such a way that
entrepreneurs have precisely mastered those areas of knowledge that are recognized as the
most important in the studies.

Reference:
[1] Borowski P. F., Innovative Processes in Managing an Enterprise from the Energy and
Food Sector in the Era of Industry 4.0. Processes, 9(2), 17, Article 381 , 2021.
https://doi.org/10.3390/pr9020381
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[3] Kolarov K., Kononenko 1., Grinchenko M., Bukrieieva K., Digitalization in small business
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2021. DOI: https://doi.org/10.20998/2413-3000.2021.4.1
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Management, 30(1), 198-210, 2021. https://doi.org/10.1111/caim.12418
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BIUIMB BIJHOBJIIOBAHOI EHEPTETUKU HA PIBEHb I{IH PUHKY
EJIEKTPOEHEPTII

AHoTauis. Po3risHyTO ABa OCHOBHHIX THITH PHHKY €JIEKTPOSHEPTii: peryIhOBaHUA Ta KOHKYPEHTHHH.
HaBexneno anropuT™M po3paxyHKy pHHKOBOi (KITIpHHTOBOi) IIiIHM Ha KOHKYPEHTHOMY pHUHKY
eJIeKTpOoeHeprii 3 mo3umii MakcuMizallii comiaabHOTO H0OpoOyTy. [lokazaHO, K MUIIXOM 301TbIICHHS
MIOCTa4YaHHsI eNIEKTPOSHEPTil 3 BIIHOBIIOBAHUX JKEPEI eHeprii BiOyBa€eThCsl 301IBIICHHS COLIalbHOTO
JI00Opo0yTY 3a paxyHOK eheKTy 3MEHIIEHHS KITiPHHTOBOI IIiHU €JIeKTPOCHEPTii.

Kaio4oBi ciioBa: prHOK eNeKTpOeHepril, KIipUHTOBa IliHa, TIOMKT Ta MPOIO3HILS Ha eIEKTPOEHEPTilo,
merit order effect, BimHoBMIOBaHa eHepreTHKA.

Enextpoenepris siBisie o000 OCHOBHUM TUI €HEPrii, IKU 3aiiMae LIeHTpallbHE MiCLie
B CHEPreTUYHOMY CIIOKMBAaHHI JOMOTOCIOAAPCTB Ta OULIBLIOCTI CEKTOpiB eKoHOMiku. Ha
CHOTOJIHIIIHINA Yac, B yMOBax IJ100a1i30BaHOI €KOHOMIKH, €JIEKTPOEHEPrisi € KIH0YOBUM
€JIEMEHTOM JUIs 3aJI0BOJICHHS LIMPOKOIO CIEKTpY NOTped Oyap-skoi (i3UYHOI OcoOH.
BiacyTHiCTh HOCTyMy J10 €JIEKTpOINOCTa4aHHs a0o K 3HauHI mepedoi B ii mocTayaHHi CTaBISATh
mijJ 3arpo3y MpPOAYKTUBHHM CIOCOOY XHUTTA MOAMHU. Tak 30KpeMa, JOCBiA TI00anbHOI
naHjaeMii Ta MoBHoMmaciuTabHa BiliHAa pg NpoTH YKpaiHU NOKa3aldu BChOMY CBITY KPUUHY
HEOOXIJIHICTh MaTH BiAJaJieHUuil JocTynm 10 poOoyoro Micls Ta MOXIIMBICT MaTu
JMICTaHI[IIfHe HAaBUYaHHS, IO Y CBOIO YEpry HE MOXKIUBO 3a0e3meuuTH 0e3 MOBHOIIIHHOTO
JIOCTYITY IO €IE€KTPOEHEeprii.

3 TOYKHU 30py €KOHOMIKH, €JIEKTPOEHEPTisl SBISETHCS BTOPUHHUM JIKEPENIOM E€HEepTii,
TOOTO BOHA T€HEPYETHCS 3 IHIIUX JKEpeIl eHeprii, siki B 0a30BOMyY BapiaHTI MOXHA MOAUTUTH
Ha JIBl Kareropii: TpaauliiHI JKepena eHeprii Ta BIJHOBIIOBaHI Jkepena eHeprii. Jlo
TPaJULIMHUX JOKEepes eHeprii BiIHOCUTHCS T'a30Bi, ByTiIbHI, SJEPHI €IeKTPOCTAHIIIN, a TAKOXK
rigpoenekTpoctaniii. Jlo TpaauUiWHUX JKepesl eHeprii BIAHOCUTHCS COHSYHA, BITPOBA,
TepMasbHa abo  Ol0oeHepreTHKa.

Cam pUHOK €JIEKTPOCHEPTii Ma€ psiJi 0COOIUBOCTEH, K1 BIAPIZHAIOTH WOTO BiJl 1HIIINX
TOBapHUX PHUHKIB. Tak, cuctemMu 30epeKeHHs eJIeKTPOCHEPrii CyTTEBUIl ICTOPUYHMNA MEepion
B3arajii Oyiu BiACYTHI. 3HAUHUHN TEXHOJIOTTYHUN MPOTpec TaHUX CUCTEM IMoyvaBcs 3 KiHg 20-
ro CTOJITTA 1 Ha JaHUH MOMEHT MOX€ XapaKTepHU3yBaTHUCh EKCIIOHEHLIWHUMH TeMIaMH
pocty. Are, Ha TaHWI MOMEHT, TEMITH PO3BUTKY CHCTEM 30€peKeHHs eIeKTPOCHEPTil me He
JIO3BOJISIFOTh BUKOPUCTOBYBATH iX B MNPOMHCIOBHUX MacmTabax. BiamnoBigHO OCHOBHOIO
OCOOJIMBICTIO EJIEKTPOCHEPrii, SK TOBapy, SBISETHCA T€, IO OOCATH BHUPOOHHIITBA B
KOHKPETHHIM MOMEHT Yacy MOBUHHMIA OyTH PiBHHUI 0OCsIraM CHOXHBaHHS €JIEKTPOCHEprii — B
IHIIOMY BHMAJKy ICHY€ BeJMKa HMOBIPHICTh HMOIIKOKEHHS a00 NMOBHE BHUBEACHHS 3 Jaay
JiHIHA eneKkTpornepenay.

Cepen kpaim cBiTy mnoOyTye JBI MOJEII PHUHKY €JIEKTPOCHEprii — MOJICIb
PEryJbOBaHOTO PUHKY Ta KOHKYPEHTHOTO PHHKY elekTpoeHeprii. Ha perynboBaHoMy puHKY
€JICKTPOCHEPrii I1llHA BU3HAYAETHCA JIEPKABOIO, KpIM IILOTO JepKaBa 3000B’SA3yEThCS
3aJJOBOJIbHATH YBECh IMONMUT Ha EJEKTPOCHEPTril0 1 BCTAaHOBIIOE o00csAru 1 rpadiku
BUPOOHMIITBA EICKTPOCHEPT1l A1 KOJKHOI €JIEKTPOCTAHIIII.
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Ha KOHKYypeHTHOMY PHHKY IliHa BU3HAYA€ThCSl BUKJIIOYHO PUHKOBUM ILIUIIXOM Ha 0asi
ICHYIOYOTO TIOTIMTY 1 TPOMO3UIii enekTpoeHeprii. Ha manomy Tumy puHKY i€ ayKIiOHHA
cucTema, 1o 0a3yeThCs HA CTaBKaxX, SIKI pOOISATHCS CIOKMBAyl 1 BUPOOHMKH Ha HACTYMHUMN
JICHb.

Tak 3 OoKky BHpOOHHMKA KOXKHA €JIEKTPOCTaHILis poOUTh 3asBKM Ha T€, CKUIbKU Ha
HACTYyITHUHM JIEHb €JICKTPOEHEPTii BOHA XO4Ye MPOJIaTH Ta 3a SKOK I[iHOI. TOOTO KOXHHM
BUPOOHUK Ja€e omepaTopy CHUCTEeMHM I1HAMBIAYyaJdbHY KpUBY I0Jadi eJIEKTPOEHeprii.
CucreMHUM oOIepaTOPOM BHCTyIa€ HEKOMeplIiiiiHa ¢ipma, 110 BigHoBizae 3a 30ip ycix
HPOMNO3ULiN (OKPEeMUX KPUBHUX MPOIMO3UIIN) HA PUHKY 3 IX MOJAIBLINM YIOPSIKYBaHHS B
HOPSAJKY 3pPOCTaHHS I[IHM B pe3yjbTaTi 4yoro (OpPMYyeTbCs KpUBA CYKYNHOI IPONO3MUIIT
€JIEKTPOEHEPrii Ha PUHKY.

AHaNOriYHUM YMHOM CHCTEMHHUH OIlepaTop MPOBOAUTH 301p 3asfBOK BCIX KIIIEHTIB 3
BKa3aHUM O0CSIroM ejekTpoeHeprii Ta ii miHoro. CyMa HONUTY BCIX KIIEHTIB, 3a3BHYail,
HA3UBAETHCS 3arajibHUM HABAaHTAXKCHHSM 1 BapilOE€THCS 3aJIC)KHO Bij mopu 10o0u. 3aranbHe
HABAaHTAKCHHS 1 € CYKYITHOIO KPHBOIO MOMHUTY Ha €JIEKTPOSHEPTiI0 1 TpadivyHo sBIIIE COOOI0
Maike BEpTHKAJIbHY JIIHIIO, L0 BiZOOpa)ka€ HEEeNAaCTHYHICTh MONUTY Ha EJIEKTPOCHEPTiio
TOOTO HE 3MIHHICTH ITONUTY B Pe3ysIbTaTi KoJuBaHHS miHU. Ha piBHI qOMOrocmnogapcTBa abo
XK OKPEMOro MiANPHUEMCTBA JaHAa HEENACTHYHICTh MOSCHIOETHCS THM, IO EJIEKTPOCHEPTis
noTpiOHa BUKIIOYHO JUIA 3a0e3ledeHHs poOOTH OCHOBHHUX €IICKTpOIpHiIamiB  abo
Oe3mnepepBHOI JisUTbHOCTI BUPOOHUYMX JIHIM — TOMY MpPH POCTi IIHM CHOXKUBA4 HE 3MOXKE
3MCHIIIMTH CIIOKUBAHHS €JIEKTpOeHeprii. 3 1HIIOro OOKy NMPH 3MEHIICHHI LIHK CIIOKUBa4Y HE
3MOK€ 30UTBIINTH CHOXHBAHHS €JEKTPOCHEPTii MOHaa 3BUYAHOIO piBHS MOTPed, a TaKoX
4yepe3 BIICYTHICTh ITOBHOIIIHHOI MOXMJIMBOCTI 30epiraT eJeKTPOSHEPTild0 B CHCTEMax
30epexeHHs eHeprii.

Kounn 3akiHuyeTbest yac IpuioMy 3asBOK CUCTEMHUM OIEpPaTOpPOM BiJl CHOXKHBAUiB Ta
BUPOOHHUKIB TPOBOJUTHCSA PO3PAXyHOK PUHKOBOI I[IHM (KJIIPHHIOBOI IiHM) 32 SKOIO OYyIyTh
YKJIQJIeH] BCl 3asIBKU CIIOKMBAYiB Ta BUPOOHUKIB. Y BHUIIAJIKY, KOJHM BapTICTh €JIEKTPOCHEPTii
NIEBHOTO BUPOOHWKA OLNbIIA 32 PUHKOBY IIIHY — HOTO 3asBKa Ha MPOJaXK €JEKTPOeHeprii He
3aJI0BOJIbHAETHCS. AHAJIOTIYHA CUTYyallii HNPUCYTHSA 3 OOKYy CHOXHBaua, SKIIO Horo IiHa
MEHIIIA 32 PUHKOBY — HOTO 3asiBKa Ha MPHUI0aHHS €IEKTPOCHEPTil TAKOXK HE 33JJ0BOJIbHAETHCA.
TakuM YMHOM OJHOIO 3 OCHOBHHUX BIIMIHHOCTEH KOHKYPEHTHOTO pMHKA €JIEKTPOeHeprii Bix
PETyJIbOBAHOTO BUCTYIA€ MOXKJIMBICTH 3a/I0BOJICHHSI HE BCHOTO TOMHTY, SIKUM CPOpMyBaBCs

Ha PUHKY.
Ilina Hina
Q Q1
Y T'azoBa
Byrineaa i Paf o Byrinhaa
SAnepna E Hnepna E\
Tixpo : Tiapo :
; BigaosmoBaHa .
> - =
0 Q, «kBT.rox g Q: kBT.rox

Puc. 1. BnnuB BIJHOBIIOBaHOI €HEPreTMKM Ha (OPMYBaHHS PUHKOBOI ILIHM HA PUHKY
eJIeKTpOeHepril

Ha pucynky 1 Ha niBomy rpadiky HaBeJeHO KOHKYPEHTHHH PHUHOK €JIEKTPOCHEPTii,
BCS NPOMO3HULIT €JEKTPOEHEPrii SIKOTO CKIAJA€TbCcs BUKIIOYHO 3 TPATULIMHUX JUKepel
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reHepatii eJIeKTpOeHeprii: TIpoeHepreTuKa, sAepHa eHepreTuka, Ta TerjaoBa eHepreTuka. Sk
MOYKHa TIOOAYUTH, Ha TAKOMY PHHKY — PHHKOBA I1iHA BCTAHOBJIIOETHCS HA PiBHI LIH TEIUIOBOI
€HEepreTUKH, a caMe eJIeKTpo reHepallii Ha 0a3i IPUPOAHOTO rasy.

OpHak, OpOTIATOM AEKIIBKOX OCTaHHIX JECSATHIIITH B1IOYJOCH CYTTEBE HApOIIyBaHHS
BUPOOHHUIITBA 3 BIJHOBJIIOBAaHMX JIKEpEN EHeprii, 30kpeMa COHS4HOI Ta BiTpoBoi. CydacHi
00csirn BUPOOHMIITBA €JICKTPOSHEPTil 3 BIJHOBIIOBAHMX JDKEpPEN €Heprii HaOIM3WIHNCH 110
piBHS TiApOEHEPreTUKH. ['0JIOBHOIO OCOOIMBICTIO IIHM €JIEKTPOEHEPrii 3 BiAHOBIIIOBAHUX
JOKEpeI eHEprii SIBISEThCS Te, 10 B 11 CTPYKTYp1 3aKjIaJieH] BUKIIOYHO KaliTajdbHl BUTPATH Ha
npu0aHHs TeHEPYY0l yCTaBKU Ta aMOPTHU3alliliHi BUILIATH, IPU LbOMY BUTPATH HA MaJIUBO
BIJICYTHI, LII0 HE MOXHa CKa3aTh MpO TPAAMIIIIHI BapiaHTU BUPOOHUITBA €JIEKTPOEHEPTii.
TakuM YMHOM 111Ha eJIEKTPOEHEPTii 3 BITHOBIIOBAHUX JXKEPEN EHEPril SIBISETbCS HAIMEHIIOK0
Ha puHky. Ha mnpaBomy rpadiky pucyHky 1 MoxkHa noOayuTH BIUIMB BIJHOBJIIOBAHOT
€HEepreTUKU Ha KPHBY MPOIO3UIII PHUHKY €JEeKTPOCHEprii — BOHA 3MIIIYEThCS BIPABO, IpPU
[IbOMY KpHWBA IOIHUTY HE 3MIHIOETHCS, 1110 MPU3BOIUTH 10 (HOPMYBaHHS HOBOT pUHKOBOI I[IHH.

Takuil BIIMB BIAHOBIIIOBAHOI E€HEPreTHMKM Ha KPUBY IPONO3MLII €JIeKTpOeHeprii
Ha3uBa€eThCs epekTom pamxyBanus (3 anr. Merit Order Effect). Ockinbku kpuBa mpono3uiii
bopMyeTbCs SIK paHXOBaHI IIIHM Ha EJIGKTPOSHEPTil0 BCiX BUPOOHUKIB BiJl MEHIIOTO 0
OUTBIIOTO — IIPU BXO/1 HA PUHOK BUPOOHHKIB BiJHOBIIOBAHOT €HEPTii BiOYBAETHCS 3MILIICHHS
paHKOBaHUX I[iH BUPOOHUKIB TPAJAUIIITHOT CHEPTETHUKH.

KinbkicHa oOIliHKa 3HAYEHHS PHHKOBOI I[IHU BU3HAYAETHCSA 3 TO3MINIT MaKcHMi3allii
cormianpHOro 100poOyTy. LlimpoBa ¢yHKINS B JaHIM ONTHMI3aIiHIA 3aJa4l BHCTYIIA€ SIK
MaKCHUMi3allisi EKOHOMII CIIOKMBaya B Mpoleci NpuI0aHHs eJIeKTpoeHeprii. [Hmumu crnoBamu
POBOAMUTHCS MAKCUMIi3allisl PI3HUII TOro, CKUIBKM CIOXKMBay TOTOBUM 3alljlaTUTH 3a
€JIGKTPOCHEPTiI0 Ta 3arajJbHUM PIBHEM I[iH Ha €JIEKTPOSHEPTi0 3 OOKY BUPOOHUKIB:

Np b Ng s
D G
Zﬂ,l Yi —Zﬂ,l Yi = max
i=1 i=1
ae:
2P : :
i — BEKTOD LIIH CIIO’KHUBAYIB;
D
Yi - BexTop o6csry monuTy criokuBadis;
216 : .
i — BEKTOp LliH BUPOOHUKIB;

G . .
Yi — BekTop obcaTy mponosurii BUpoOHHUKIB.

Jlo ocHOBHUX 0OMEKEHb IaHO1 ONTUMI3allIiHOT 3a/1a4i BiJHOCUTKCS, MEPII 32 BCE TE,
1m0 O00CAr CHOXHUTOI  €JIEKTPOCHEprii IMOBUHEH JOPIBHIOBAaTH OOCATY  MPOAAHOl

€JIeKTPOCHEePTii:
Np Np
G D
Z Yi — Z y;i =0 (2)
i=1 i=1

Takox o0car mpomaHoi eNeKTpOoeHepTii KOXKHUM BHUPOOHUKOM Ta OOCAT MpHaOaHOi
€JIEKTPOEHEPrii KOKHUM CIOXHBAaueM B pe3yJbTaTi po3B’sI3aHHs ONTHMI3alliifHOT 3a1a4i He
NIOBHHHUI MTEPEBUIIYBATH 3asBJICHI Ha ayKI[IOHI 3HAYCHHS:

0< yiD SF’iD,izl,...,ND (3)
0<y°<P%i=1..N; @
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BinmoBigHO 10 HaBeleHOro Buie OJOKy OOMEXeHb B pe3yibTaTi BHU3HAUCHHS
PUHKOBOI I[iHU — BCi BUPOOHUKH, [0 MAIOTH I[IHY OUTBIIE PUHKOBOI HE 3MOXYTh peai3yBaTH
Ha PUHKY 3asBJIEHI OOCSTU eNeKTpoeHeprii abo > 3MOXYTh peasli3yBaTH JIMILIE HEe3HAYUHUN
o0csr BiJ MONEPEIHHO BKA3aHOTO. AHAJIOTIYHO CIIOXKHKBaYl, SIKI MAalOTh I[IHY 3asiBKH MEHIIIE
PUHKOBOI — HE 3MOXYTh NpUAOATH HACTYMHOTO IHS €JIEKTpOeHeprito, abo *k 3MOXYTb
npua0aTH HE3HAYHUM 0OCHT B1Jl HONEPEAHBO 3asBIEHOTO. TakumM  4YMHOM  MOJKHa
TOBOPUTH TMpO Te, IO MOCTAauYaHHS Ha PUHOK EJEKTPOCHEprii eHeprii 3 BiJIHOBIIIOBAHUX
JoKepenl MPU3BOAUTH J10 3MEHIIeHHS puHKOBOi wiHM (puc. 1). Kpim nporo BinOyBaeThcs
3aJJ0BOJICHHSI OUTBLIOI KUIBKOCTI HMOMUTY HA PUHKY — PUHKOBA LliHA 3MILIY€ETHCS B CTOPOHY
HaliMeHInoil 1iHu 3 Ooky cnokuBaya. [Ipu npoMy BinOyBaeTbCs BUTICHEHHS 3 PUHKY THUX
BUPOOHUKIB €JIEKTPOEHEPrii, AKi MaroTh HalOLIbIIMI piBeHb IiH, 10 B MOJAJIbIIOMY Oyne
3MYLIYBAaTH iX J10 MiIBUILEHHS €Heproe(eKTUBHOCTI BUPOOHUIITBA.
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VYIIPABJIIHHSA ITOBEJIHKOIO EKOHOMIUHUX AT'EHTIB V MAPKETHUHI OBIHA
AAJIBHOCTT HIAITPUEMCTB 13 BUKOPUCTAHHAM IHCTPYMEHTIB IITYYHOI'O
IHTEJIEKTY

AHOTanisl. AKTYaJIbHICTh TEMH JOCIIKEHHsSI IDYHTYEThCS Ha CyYaCHHUX TEHAEHIISX LUQpoBizawii
ycix cdep J0ACHKOro MHTTS BIJMOBIIHO 10 PO3BUTKY UeTBEpTOi MPOMKCIOBOI PEBOIIONIT Ta MOsBI
«M(pPOBOTO KamiTamizMy», B MeXax SKOTO 13 BUKOPHUCTAaHHSM IHCTPYMEHTIB IITYYHOTO IHTEJEKTY
mudposi riraatu (Google, Apple, Amazon, Microsoft, Facebook Tomio) excrryaTyroTs 0coOUCTI HaHi
KOPUCTYBa4iB 3 METOI0 IPOTHO3YBAaHHS IOBEJIHKM EKOHOMIYHMX areHTiB. BH3HaueHO MOHATTS
IITY9HOTO IHTENEKTYy, EKOHOMIYHOTO areHTa, YIPaBIiHHSA MOBEIIHKOI CEKOHOMIUYHHX arcHTIB.
JochimkeHo icHYrOUi Cy4acHi 1HCTPYMEHTH IITYYHOTO IHTEJIEKTY Ui YIPAaBIiHHA TOBEIIHKOIO
€KOHOMIYHHX areHTiB B MapKeTHHTOBIH IisubHOCTI. BUsABICHI iHCTPYMEHTH IITYYHOTO iHTEIEKTY
MOJINIHO Ha 2 TPYHH: CTpaTeriuHi 1 TaKTUYHI BIAMOBIJHO BUPIIIYBaHMX 3aBAaHb MapKETHHIOBOI
JISTIBHOCTI. PO3TIIIHYTO MOXKJIMBOCTI KOXHOI TPYNH IHCTPYMEHTIB INTYYHOTO IHTENEKTY OO
YIpaBIIiHHS TOBEIIHKOK EKOHOMIYHHX areHTIB B MapKETHHIOBIi AisibHOCTI. BuzHaueHo o0’ekT i
Cy0’€KT ympaBJIiHHS B MAapKETHHIOBIH MisJIbHOCTI MiANPHEMCTBA, CXEMAaTHYHO BiJOOpaXKEHO ix
B3a€EMO3B’SI3KM 1IOJI0 YNPABIiHHS 3 BHKOPUCTAHHSIM IHCTPYMEHTIB MITYYHOTO IHTENEKTY Ta
MIPE/CTAaBJICHO BIANOBIAHI KEpylodi BIUIMBH BIANOBIJHO BHKOPUCTAHHIO 1HCTPYMEHTIB LITYYHOTO
iHTEJeKTy. BunineHo mepeBarn i HEHONIKM BUKOPUCTAHHS IHCTPYMEHTIB ILITYYHOTO IHTEJIEKTY Yy
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MapKEeTHUHTOBi IisSUTBHOCTI BITHOCHO CyO0'ekTa i 00'€KTa YIpaBIiHHA MOBEIIHKOIO EKOHOMIUHHX
areHTiB. 3po0JIEHO BUCHOBOK, II0 BUKOPUCTAHHS iHCTPYMEHTIB IITYYHOTO IHTENEKTY U YIPABITiHHS
MOBEIIIHKOF0 EKOHOMIYHMX AareHTiB B MAapKETHHTOBIH MisITBHOCTI JO3BOJIUTH ITiIIMPUEMCTBAM
oTpuMaty Oinbine mMpuOYTKY 3a PaxyHOK 30UIBIIEHHS KiJIBKOCTI MPOJAaHUX TOBApiB, a KIIE€HTaM -
BUTpa4aTH KOLITH Ha 3aJ0BOJICHHS pENEBaHTHUX NOTped. HamiueHO mepCcrieKTHBHI HampsSMKH
JIOCHIKEHD.

KirouoBi cjioBa: ympaBiiHHS MOBEIIHKOK, €KOHOMIYHHN areHT, MapKETHHIOBa JisUTbHICTD,
IHCTPYMEHTH IITYYHOTO 1HTENEKTY, MiAIPUEMCTBO.

1. BCTYII

IlocranoBka mpo6saemu. CydvacHi TeHAeHINT mudpoBizalii ycix cdep J0ICHKOTro
YKUTTSI BIIIOBIIHO IO pO3BUTKY UeTBepTOI MPOMHUCIOBOI PEBOIIONIT ()OPMYIOTH MIPUHIIUIIOBO
HOBI YMOBHU T'OCIIOJIapIOBaHHS, HOBY €KOHOMIKY Ta CycCHiJibcTBO. Ha BCiX piBHSX BiATBOPEHHS
TOJIOBHHM pecypcoM crae 1mdpoBa iHPoOpMallis, sSKa MEPETBOPIOEThCS Ha (pakTop
BUPOOHUIITBA Ta CTA€ OJHUM 13 EKOHOMIYHHUX pecypciB cepen Tpaauuiinux. [Ipore, TotansHa
uQpoBi3allis Ta CTAHOBJICHHS HOBOI KiOep(i3Uu4HOI peanbHOCTI MOoTpedye MepeoCMUCICHHS
il pymiAHUX CHJI, MOXIIMBOCTEH, BUKJIMKIB Ta 3arpo3 [1]. AHaji3 ocTaHHiX HOCTiIKeHD i
nyoJikaniii. B>xe cporomHi AOCHITHUKY [2] KaXKyTh MPO MOSIBY «IIH(PPOBOTrO KaIliTali3My»,
0 acOIIIOEThCsl B mepury uyepry 3 kommadisiMu Google, Apple, Amazon, Microsoft i
Facebook, siki KOpUCTYIOUYHCH TOBIpOO i aHAJI3yI0uM BEJIHKI MAaCHBH JJaHMX KOPHUCTYBAYiB 13
BUKOPUCTAHHSM IHCTPYMEHTIB IITYYHOTO 1HTEJIEKTY (JITOPUTMIB) E€KCIUTYaTyIOTh JIFOACHKI
NparHeHHs Ta eMOIlil, BiACTEXYIOTh JYMKH, IIepeBary, No/ii, CMak 3 METOIO ITPOTHO3yBaHHS
MOBEIIHKM E€KOHOMIYHMX areHTiB. Pe3ynbTaraMu Takoro NpOTHO3YBaHHS € MOHETHU3Allis
OTPUMAHUX [aHUX IUIIXOM BHKOPHCTAHHS IiX B YNpaBIiHHI MOBEIIHKOI EKOHOMIYHHX
arcHTIB B PI3HHUX COIliaJIbHO-€KOHOMIUYHMUX cucTemax. JliicHo, mry4dnuit iHTenexkt (1)
HaOyBa€ 3HAYHOI MOMYJISIPHOCTI B MPOBITHUX KOpriopaiisx [3] i BUKOPUCTAHHS IHCTPYMEHTIB
31 ITYYHUM IHTEJIEKTOM B OpraHi3allisfax MIBUIKO PO3IMIUPIOETHCS [4]. 3TiIHO 3 TOCTIHKEHHIM
TeXHONOTIYHUX TeHAeHIid Gartner y 2018 pomi [5], LI Oyno BHeceHO OO0 CHHUCKY
ctpareriunux texHosoriit Nel. ¥V 3Biti Sales force State of Marketing 3a3naueno, 1o noHaj
nonoBuHU (51%) MapkeTnHTOBUX JifepiB y BemukoOputanii BukopuctoByroth LI, a 28%
BXKE TECTYIOTh MOro abo IMIaHYIOTh 1€ 3pOOMTH MpOTIromM mnonaibiux 2 pokiB. Cepen
MapKeTOJIOTiB, sIKi HOTr0 3acTOCOBYIOTh, 64% Bim3HauatoTh, mo Il 3HauHO abo CyTTEBO
MiBUIINUB 3arajbHy €(eKTUBHICTh iXHHOI'O MapKETHHTY, 1 57 % BBaxaroTh, 10 1€ BAXKINBO
JUIS CTBOPEHHS 1H/IMBITyali30BaHOTO MAapPKETHUHTY Y KOKHIHM TOUILll KOHTaKTy [6].

Merta crarTi. ToX, akTyaaTbHUM CTa€ JOCIIKEHHS MPOIECIB YIPABIIHHS MOBEIIHKOIO
€KOHOMIYHUX areHTiB Ta Y3arajJlbHEHHS MOXJIUBOCTEHl BUKOPUCTAHHSAM IHCTPYMEHTIB
HITYYHOT'O 1HTEJIEKTY Y MapKETHUHT OB A1SUIBHOCTI MiAMIPUEMCTB y BIATIOBITHUX MTpOLIECaX.

2. PE3YJIBTATHU TA OBI'OBOPEHHSA

3aBAsIKM 34aTHOCTI CY4aCHUX MAapKETUHTOBHUX 1HCTPYMEHTIB 31 IUTYYHUM I1HTEJIEKTOM
MIBUAKO 30upatu, 0OpoOIIOBaTH, aHATI3yBaTH JIaHi Ta BUAABATH Ha iX OCHOBI peKOMEHMAIIil
3HAYHO PO3IIUPWINCH MOKJIMBOCTI YHPABIiHHSA TOBEIIHKOIO E€KOHOMIYHHUX areHTiB Yy
MapKEeTUHTOBill AismbHOCTI mianpueMcTB. llpm 1pbOMy Wi areHTOM YIpPaBIiHHSA YU
€KOHOMIUYHUM areHTOM MAae€ThCsl Ha YBa3l €JIeMEHT EKOHOMIYHOI CHCTEMH, SIKUH Mae
AKTUBHICTD - 3[aTHICTh JIO IUJIECTIPSIMOBAHOI MOBEIIHKM Ta 0 BHOOpY Al BIAMOBIIHO 10
BJIACHUX YIOA00aHb Ta 1HTepeciB [7]. Y CBOIO 4epry mia YNpaBIiHHIM IOBEAIHKOIO
€KOHOMIYHHUX areHTiB PO3YMIEThCS LIJIECIPSIMOBAaHUI BIUIMB Ha 00’ €KT yNpPaBIIIHHA 3 METOIO
CXWJINTH €KOHOMIYHUX areHTIB JI0 BUOOPY KOHKPETHOTO PIIICHHS, BU3HAYEHOTO CYO’ €KTOM
ynpasiiHHs [7], abo 10 peakiii eKOHOMIYHOTO areHTa y BUTJISAL MEBHUX Mii.

Kmacuuno IIII Bu3HAuYalOTh SIK BIACTUBICTh MPUCTPOI0 YH CHCTEMH BHUKOHYBATH
3aBJIaHHS AHAJOTIYHO JIIOAMHI 32 JOMOMOTOI0 3JaTHOCTI 0 HAaBYaHHA 1 3aCTOCYBaHHS
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3pobneHux BHCHOBKIB [6, 8, 9]. B mpomeci mochimkeHHS CydyacHUX MAapKETHHTOBHX
iHcTpy™menTiB 3i LI Oyrno BuaineHo 2 TPyNu iHCTPYMEHTIB, IPOAHATI30BAHO 1X MOXIIMBOCTI
Ta BU3HAYEHO YIPABJIIHCHKUI BIJIUB, SKMI BOHU MOXYTh 3711 CHIOBATH:

1. Crpareriuni — nepearoTh (axiBIl0 3 MapKeTHHra iH(OpMaLlito PO BUSABJICHI
MapKETUHIOBI CTpaTerii KOHKYPEHTIB Ta iX pe3yIbTaTUBHICTh, CETMEHTH NOTEHIIIMHUX
CIIO’KMBAYIB, X BIIOJ00AaHHS, IPOTHO3HY MOBEAIHKY, Ta peKOMEHallii, 10 BIUIMBAIOTh Ha
pe3yJbTaT NPUHHATTSA pillieHHs (axiBeleM 3 MapKeTUHTY IpH (JOpMyBaHHI MapKETUHIOBOT
cTparerii koMmnasii. BUpinrytoTh HacTyIHI 3aBJAaHHSA:

. Amnauni3 puHKY: aHaiiz koHKypeHTiB (Unmetric Analyze Xia), aHaii3 Mikpo i
makpocepenosuiia (NetBase Quid, Pathmatics).

. Bubop ninsoBux crnioxkusauiB: Crayon Market 1Q, Albert.

. Po3poOka MapKeTHHTOBOTO KOMIUIEKCY: MPOTHO3YBAaHHS MOBEAIHKH CITOKUBAYA
(Optimove, Sens.ai, Evolv), nepconanizanis crparerii (Uberflip, Content Camel),
BJIOCKOHaJICHHsI KOHTeHT-cTpaterii (Cortex), Bubip kaHamiB npocyBanHs (GumGum).

. Amnanituka peanizanii ctparerii: Terminus, Emarsys, Socialbakers

2. TaxTruHi - HAAIOTH PaxiBIIO 3 MAPKETUHTa PEKOMEHIAIII] 110 BJIOCKOHAICHHIO
pEKJIAaMHUX OI'OJIOLIEHb JJIs 30UIBIIEHHS iX pe3yJIbTaTUBHOCTI HA OCHOBI BUSIBJICHOT
MOBEIIHKY MOTEHIIMHIX CIIOKMBAYiB, aHAJI3Y 1X BIIOAO0AHb Ta aanTailii miJ KaHaIH
IPOCYBaHHS, 10 BIUIMBAIOTh HA PE3YJIbTAT NPUMHATTS PILLIEHHS NOTEHLUIHHUM CIIOKHBAYEM.
BupimyroTs 3aBraHHs:

. Konrent-mapkerunry: Persado Motivation Al, Nosto, Jasper, Phrasee

. SEM (ITTomykoBoro mapketunry): Facebook Ads, Google Ads, Market Brew,
SEO Surfer, Frase.io, MarketMuse, GrowthBar

. Hipext-mapkerunry: Seventh Sense, LivePerson, Smartwriter.ai, Cogito

Ha puc. 1 mpenacraBineHo 3arajibHy CXeMy CHCTEMH YIIPaBIIIHHS Ha eTamax CTBOPEHHS
MapKEeTHHTOBOi cTpaterii. Ha erami cTBOpeHHS MapKETHHIOBOI cTparterii KepiBHUK POOHTH
MMOCTAaHOBKY 3aBAaHHsS (PaxiBIIM 3 MapKETHHTY, SIKI MOXKYTh OOpOOMTH JaHi 3a JOIMOMOTOIO
inctpymenTiB I i oTpumaru pekomeHparlii, siki BIUIMHYTh Ha (OPMYBaHHS MapKETHHIOBOT
crparerii. B manomy mporneci cy6’exkrom ymnpasiiHHA (CY) € KepiBHUK, SKHH 3IHCHIOE
yIpaBJIAIOUNil BIUIMB HA (axiBIiB 3 MApKETUHTY (00’ €KT yNpaBIIiHHA) 3 METOIO OTPUMaHHS B
pe3yibTaTi BJOCKOHATIEHOI MapkeTWHroBoi ctparterii. Inctpymentn I, BukopucToByroun
orpumMani Binm OV maHi Juig aHamily, HAJalOTh PEKOMEHAAlii, SKi BIMBAaIOTh Ha PIlICHHS,
NpUAHATI  (GaxiBOIMH 3 MapKETHHTY, OTXE MOXYTh 3MIHIOBAaTH TIOBEIIHKY 00 €KTa
ynpasiiaas (OY). Takum yurom, LI 37iiicHIOE Kepyrouuil TUIMB, TOMY BHKOHY€E (DYHKIIIIO
cy0’exkta ynpaBmiHHA. BomnHowac, iHctpymenTtu IIII HamatoTh pexkoMeHparii Ha OCHOBI
nocraBieHoro 3aBiaHHsa Bigx CY, TOMy YacTKOBOTO SIBISIFOTBCA 1 CKIIQJIOBOIO 00’ €KTa

yIpaBIiHHS.
\/I_____—————Ynccxonanena MapKeTHETOBA prarﬂm\

POpMyBaHEA
Cy0'eKT yIpaBIiHEA ITocTaHOBKA 2aBaHHA OO’ eXT yOpaBmiHEL PesymsTar MAPKETHHTOROI CTPATEril
Kepisank IriAHO nined KoMmagil PaxiBenpb 3 MAPKETHETY TpEHHATIA PilleHs BIANOBLIHO
pexoMerganiam [T

Jlani 714 aHamizy- ‘ ]

IHCTpYMEHTH n
1 :

nanii 1T

Pucynox 1. 3azanvna cxema cucmemu ynpasiinusa Ha emanax CmMeopeHHs
Mapxemuneo8oi cmpamezii
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Ha puc. 2 npencraBieHo 3arajibHy cCXeMy CHUCTEMH YMpaBIiHHS Ha eTamax peanizaiii
MapKETUHTOBOI CTpaTerii.
ﬁ_r-{Pea'mTaT E326MOi] IOTEHNIHAX KITEHTIE 3 PEKTAMEHM O O/IOI!

BHroHAEHA
- . PexaanHe oroommeHss, . - o .
Cyb’exT ynparmineg 3 OB’ EKT YIPAETHER PesyIETar TIOTEHITiHHRM KIiEHTOM
3 ) CTEOPEHE 32 peKOMEHTANIIME—— R _ . o
Peacisetyp 3 MapREMUHEY Tomenyiinuil xtichm TpEARATTA pimers | nimbosol Aif peKnaMEoro

INTYSHOTO (HTEMEKTY
OTOIIOIIERHA

ImcTpyMenRTH
il

‘\._______Sammd TIOTEHINAHAX KIEHTIR

HA 23MOBVIEEHT TOR3DY Bigma npogazis

lini

MapKETHHTOBO] CTPaTeril

- JlaHi Ipo OTPHMAHHH MPHOYTOK
-¥ MapxeTHErOBa CTpaTEria

TiANpHEMCTE Bl TIDOJIZ&Y TOEapiB

Pucynok 2. 3acanvha cxema cucmemu ynpaeninusa Ha emanax peanizayii
Mapkemun2060i cmpamezii

[Ticns GpopmyBaHHS MapKETHMHIOBOi CTpaTerii KOMIaHii Ta YXBaJEHHS 1i KEPIBHUKOM,
PO3MOUMHAETHCS  peallizallii 3alVlAHOBAaHUX MAapKETHHIOBHX 3aXOJiB 32 JIOIIOMOIOIO
takThyHUX Aiil. Ha npomy erami QaxiBeub 3 MapketuHry 3a jgomnomororo II iHTenexty
CTBOPIOE 1 Iepefae peKiaMHE OTrOJIOUICHHs IMOTEHLIHHOMY KilieHTy. B nanomy mnpoueci
cy6’extom ympasiinasa (CVY) € daxiBenb 3 MApKETHUHTY, KU 3M1MCHIOE YIIPABIISIOYNIN BIUIUB
Ha 00’exT ynpaniHHsA (OY) - MOTEHIIITHOTO KJII€EHTa 3 METOI0 OTPUMAHHS IJILOBOI il Bif
OV, nampukiaj, BIABIIyBaHHS CAaWTy, BIAKPHUTTS €-MEilly, HATUCKAaHHS Ha TOCHJIAHHS,
miAnucka Ha npoijab y colMepexi, 3A1HCHeHHS A3BiHKA B KOMITaHito Tomo. [HctpymenTn 1L
B JIaHOMY BUNAJIKy BUKOHYIOTh (DyHKLIIO Cy0’€KTa ynpaBiiHHSA, 00 JomoMaramTh (axiBIio 3
MapKeTUHIa Ha OCHOBI MPOBEACHOIO aHaji3y TMOBEIIHKM KJII€HTIB CTBOPUTH TaKHUH
yIOpaBIsiouUi BIUB (pPEKIaMHE OTrOJIOLIEHHS), sIKe 3 OUIbLIOI HMOBIPHICTIO TPHU3BEAE 10
JNOoCATHeHHs MeTu ympasniHHs. Ilicnms  B3aemonii OY 3 oTpUMaHuUM  peKJIaMHUM
orosyiomeHHAM, CY Moxe HaJiaTh HOMY HAacTyIHE peKJIaMHE OroJIOIIEeHHs abo rnepeaaTu Horo
KOHTaKTU y BIIJIUI MPOJAXy JUId 3/iMCHEHHS yroau mnpo mnpuadaHHs ToBapy. PesynbraTom
3M1MCHEHHsl NpUAOaHHS TOBapy € OTpPUMaHHA NPUOYTKY KOMIaHii 1 BHKOHAHHA IIUIeH
MapKEeTUHTOBOi CTpaTerii.

3. BACHOBKHU TA NEPCIHEKTUBU MMOJAJIBIIIUX JOCJIIIKEHb

OTxe, BUKOPUCTaHHS HaBEJIECHUX IHCTPYMEHTIB B CHUCTEMI YMNPAaBIIHHS MOBEIIHKOIO
¢axiBIiB 3 MapKETHHTY Ha €Tanax CTBOPEHHS! MapKETHUHIOBOI CTpaTerii HalaCTh MOKJIUBICTb:

* TiIBUIUTH [IBUAKOCTI MPUHHATTA pillieHb (axiBLAMHU 3 MAPKETUHTY Ha KOKHOMY 3
etamniB (opMyBaHHS MAapKETMHIOBOI CTparerii, M0 MPHU3BEAE 1O 3MEHIIEHHS MOTpedu y
KIJIBKOCTI 3aTy4eHuX (haxiBIliB Ta 3aTPAueHUX TPYAOTOAMH Ha KOXKEH 3 €TarliB poOoTH;

* MIJBUIIUTU SIKICTh MPUHHATTS pillleHb (PaxiBUSIMH 3 MapKETUHTY Npu (HOpMyBaHHI
MapKETUHTOBOI CTpaTerii, Mo B JOBFOCTPOKOBIM MEpPCHEKTHBI MPHU3BENE 0 ITiABUIICHHS
Pe3yIBTaTUBHOCTI MApKETHHTOBHX 3aXO[I1B, ONTHUMI3allli BUTPAT Ha iX BIPOBAHKCHHS Ta SIK
HACI 0K 30UIbIICHHS TPUOYTKIB KOMITaHii.

Henonikom nonidHoi B3aemonii € BrumB iHcTpyMeHTiB LI He Timbku Ha moBeainky OV,
ale ¥ Ha KIHUEBUH pe3yabTaT NPUHHATTA pimieHb. PaxiBelb 3 MapKETUHTY MOXe
NOMWJINTUCH y HAJaHUX BXIIHUX JaHUX a00 HEBIPHO TPAKTyBaTH OTPUMaHi PEKOMEHMAI.
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Kpim Toro, BIiiMB Ha MOBEAIHKY 00’€KTa YIpaBIiHHS BiI0OYBa€ThCs HE LiJECIPIMOBaHO, O6€3
ii morepeIHpO1 TIarHOCTHKHY 1 BUSIBIICHHS TPOSIBIB, SIKI HEOOX1THO KOPET'YyBaTH.

BukopuctanHs HaBeJI€HHUX IHCTPYMEHTIB B CHUCTEMi yHPaBIiHHSA MOBEAIHKOIO
NOTEHLIMHUX KJIIEHTIB Ha €Tarax peajiizalii MapKeTHHIOBOI CTpaTerii J03BOJIUTh:

. NPUBEPHYTH yBary KII€HTa 3a PaxyHOK IEpcOoHaji3alii Ha OCHOBI CTBOPEHHS
yHIKaJIbHOrO Mpoduisl, aHalizy HOro MOBEAIHKM 1 BHOJOOAaHb Ta MIJABUIIUTH pPIBEHb
33JI0BOJICHOCTI OTPUMAHUMH PEKJIIAMHUMM OTOJIOLIEHHSM, MiJBUIIUTH PiBEHb JOSIBHOCTI 10
KOMITaHi1 Ta UMOBIPHICTh PUI0AHHS TOBAPY;

. IHTEJIeKTYalbHO BUSBJATH ILUJIOBY ayAWTOPIIO, LIBHJIKO PO3IOBCIOIKYBATH 1
3a0€3MeYuTH LUI0I000BICTh PEKJIAMHUX OrOJOLIEHb JUISI  PO3LIMPEHHS  OXOIUICHHS
MNOTEHUIWHUX KJII€HTIB, @ 3HAYUTD 1 KUTbKICTh MOTEHIIMHUX MOKYIOK;

. 3MEHIIUTH poOOYEe HAaBaHTAXEHHS Ha NMEPCOHAJI KOMITaHIi 1 BUJIATKU 3apILIaTHOrO
GoHOy HE 3MEHIIYIOYM pIBEHb 33J0BOJICHOCTI KIIEHTIB 3a pPaxXyHOK AaBTOMATUYHOIO
CTBOPEHHS, ONTHMIi3alii i PO3MOBCIOPKEHHS PEKIAMHUX 13 BHKOPHCTAHHSIM IHCTPYMEHTIB
T;

. 30UIBIINTH PIBEHB JIOSAJIBHOCTI 7O KOMIIAHII Ta MOKYNOK TOBapy, SIK HACTIIOK
MIBUIIEHHS PIBHSI MPUOYTKIB KOMIAHIi Ta PeHTa0EIbHOCTI MAapKETHMHIOBUX 1HBECTHUIIINA 3a
paxyHOK 30UTBIIEHHS KUTBKOCTI BiJICOTKA B3a€MOJIi MOTEHIIWHUX KIIIE€HTIB 3 PEKIAMHUMHU
OTOJIOUIEHHSIMHU.

OTxe, BAKOPUCTAHHS IHCTPYMEHTIB IITYYHOTO 1HTENEKTY Ul YIPABIiHHS MOBEAIHKOIO
€KOHOMIUHUX areHTiB B MapKETUHIOBIN AiSUIBHOCTI JO3BOJIUTH MiANPHUEMCTBAM OTPUMATH
Ourbmie MPUOYTKY 3a paxyHOK 301TBIICHHS KITBKOCTI MPOJAHUX TOBApiB, a KIIE€HTAM -
BUTpA4yaTl KOLUTH Ha 3aJ0BOJICHHA peleBaHTHUX MoTpeO. IlepcneKTHBHHUM HampsMoM
JOCITIDKEHHS € TOIIYK METOIB YIPAaBIiHHA MOBEIIHKOIO CHOXHBAdiB 32 JIOTIOMOIOIO
MapKETHHTOBUX 1HCTPYMEHTIB 31 IITYYHUM IHTEJIEKTOM.
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ABTOMATUYHA OIITUMIBALIS [TAPAMETPIB EKOHOMIKO-MATEMATUYHUX
MO/IEJIEN

AnoTtanigs. B po0oti 0oOrpyHTOBaHO IOIUIBHICTH 3aCTOCYBaHHS aBTOMATHYHHUX METOJIB
onTHMIi3alil CKIaIHUX OaraTornapaMeTpHYHUX eKOHOMIKO-MaTeMaTHYHHUX MoJelNel (30KkpeMa —
MojieNnell MTYYHOTO 1HTEJIEKTy Ta IMITaliHNX). 3alIpOIIOHOBAHO BHUKOPHCTAHHS E€BOJIOMIHHUX
MeTOZIB onTuMizamii. PO3TrIsSHYyTO MpakTH4HY peami3amil0 TeHeTHYHHUX METOAIB ONTHMIi3amii
mapaMeTpiB HEMPOHHIX MEPEK.

KarouoBi cyioBa: HeHpOHHI MepeXi,; TEHETHYHI aJrOpUTMH; IMITaliiHE MOJCITIOBAHHS;
ONTHMI3aILis.

JlaHe nOCHiJKEHHsI NPUCBIYEHO aHAI3y CYYaCHHMX MOXJIMBOCTEH 3 aBTOMAaTH3allii
IPOIIECIB BU3HAYCHHS ONTHMAJIBHHUX IMAapaMETPIB €KOHOMIKO-MAaTEMATUYHUX MOJENEH, 110
JI03BOJISIE CKOPOTHUTH MPOLECH iX HAJAIUTYBAHHA Ta MIABUILUTH €(EKTUBHICTb PO3B’SI3aHHS
E€KOHOMIYHHUX 3a]1a4.

AHai3 0OCTaHHIX JIOCHIKeHb Ta MyOJIiKaIlii mokasye, 1o 6arato XTo 3 aBTOPiB 3BEPTAE
yBary Ha YCKJIIAJHCHHS CKOHOMIYHMX 3aKOHIB Ta B3a€MO3AJICKHOCTEH, 301IbIICHHS
HeBu3HaueHocTi [1]. ToMy pO3BUTOK €KOHOMIKO-MaTEMAaTHYHOTO MOJEIIOBAHHS TaKOX
pyXaeTbcsi B HANpsIMKy  yCKJamHeHHS  mozeneil. OcCkilbkM 1 TpoLecH €
B3aEMOITIICHITIOIOYMMHU, CJTiJT OYiKyBaTH MPOIOBKEHHS 1i€1 TeHISHIIIT i HaIaJi.

Jis  anamizy Ta MOJENIOBAaHHA CKJIAQAHMX TPOIECIB Cy4YacHUH iHCTpyMeHTapiit
€KOHOMIKO-MaTeMAaTUYHOTO MOJEIIOBAaHHS MICTUTh HHU3KY METOAIB, WIO J03BOJIAIOTH
3HAXOJHUTH PIMIEHHS 13 MPAaKTUYHO 3HAYYIIOK JTOCTOBIPHICTIO HAaBiTh B YMOBAaX HEMOBHOTH
iHpopmariii Ta iHmMMX oOMexeHb. Cepen HHX, HANPUKIAA, IHCTPYMEHTApil INTYYHUX
HEMPOHHUX MEPEeX Ta iMiTaliliHe MOIETIOBAaHHS 1 HOTO Pi3HOBUIM. AJie BHACIIZOK CKIIaJHOTO
OpOCTOpY pillleHb TaKWX 3aJa4, HaJallTyBaHHS MapaMeTpiB BIINOBIIHUX Mojenen
BUSIBISIETHCS] OKPEMOIO Ta JOCUTH CKJIQJHOIO 33/1a4€T0.

Hanpuknan, HanamryBaHHS HEHPOHHOI MEpEXi, HaBITh y pa3l BUKOPUCTaHHSA TOTOBOTO
IPOTPaMHOTO MPOAYKTY JUIs ii moOy10BH Ta HaBUaHHS, Nlepe0adae BUKOHAHHS IIOHAWMEHIIIe
JEKUTBPKOX 3 HACTYITHHUX Jil:

1. BU3HAYEHHS KUTBKOCTI MPUXOBAHUX IIAPiB Ta HEHPOHIB B HUX;

2. BU3HAYEHHS ONTUMAJILHOTO HA0OPY 3MIHHHX 3 BX1JIHOI BUOIPKH JTaHUX;

3. BHU3HAYEHHS ONTHMAJIBHOTO CIIOCOO0Y HOpMali3amlii YMCIOBHX Ta MpPEICTaBICHHS
KaTeropiaJIbHUX 3MIHHUX;

4. BU3HAUEHHS OKPEMHUX IapaMeTpiB HEHPOHHOI Mepeki (IIOpOroBi 3HAYEHHS, TUIH
aKTUBaLIWHUX QYHKIIH, METPUKHN BU3HAYECHHS €(DEeKTHUBHOCTI);

5. BUOIp anropuTMy HaBUaHH HEHPOHHOT MEPEXKi;

6. BU3HAUCHHS ITapaMeTpPiB aJTOPUTMY HaBUAHHS Ta KPUTEPIiB HOTO 3yNHMHEHHS;

7. BU3HAUEHHS 3aiBUX BaroBHX 3B’53KiB HEHPOHHOT MEPEXi Ta 1X MPOPIIKYBaHHS.

Leit mepenik Moke OyTH TIPOOBKEHO.

Amnanoriydi npoOjeMu BHHMKAIOTH 13 IHCTPYMEHTaMH iMITalliiHOTO MOJIETIOBAaHHS,
HalNpUKJIaJ y BHUIAIKY HEOOXITHOCTI Mmiadopy MmapaMeTpiB MoJeli TaKuM YHHOM, II100
OTpPHMaHI Pe3yJNbTaTH CIIBIAAAIH 3 TOKA3HUKAMH PeabHUX MPOLIECIB.
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Hes3Baxaroun Ha TpUBaJIUil TEPMiH pO3pOOJIEHHS TEOPii IITYYHOrO 1HTEIEKTY, XKOJHA 3
nepeTiueHnx MpoOIeM HEe Ma€ YiTKOTO aJlrOPUTMIYHOTO BHUPIMICHHA 1 JIMIIE B JCSKUX
BUIMAJKaX ICHYIOTh METOIU IPUOIU3HOTO OI[IHIOBaHHA 007acTi moinryky. @akTUYHO 3a3Ha4YeH1
npo6JieMHu pO3B’A3YIOThCS LUISIXOM Mi100py, a00 6a3yrounch Ha 1HTYILIT JOCTITHUKA.

3pocTaHHs OOYMCIIIOBAJIBHOI MOTYXKHOCTI KOMIT'IOTEpIB Ja€ 3MOTY aBTOMATHU3yBaTH
MIPOIIECH TII00PY MapaMeTPiB CKIIATHUX €KOHOMIKO-MaTEMAaTHIHUX MOJCIICH. Y 3arajJlbHOMY
BUTJISAL JaHUH Tpoliec OKa3aHo Ha puc. 1.

 J
BecraHoBneHHs PospaxyHok .
Habopy P peayneTatis ¢ OulHka
. . pesyneTaTie
napameTpis MOAeNi
Y

Bubip ontumanisHoro Habopy napameTpie

Puc. 1. Ilponec aBToMaTu4HOrO NiAOOpPY MapaMeTpiB eKOHOMIKO-MaTeMaTUYHUX MOJIETIei

OCHOBHHM €JIEMEHTOM TPOIIeCy € METOJ Tiepedopy mapaMeTpiB, Mo3HaUeHH Ha puc. 1
niTeporo i. Bim BuOopy MeTody 3alie’aTh OCHOBHI pe3yJIbTaTH IMiJ00Py MapameTpiB, a came
TOYHICTh, Ta OOYUCITIOBAIbHA CKIIAIHICTD.

Metonu mepebopy mapaMeTpiB MOKHA PO3JIUIMTH Ha JBI OCHOBHI TPYId — METOIU
MOBHOTO Tiepebopy Ta eBpucTHYHI. [[nsg migbopy mapameTpiB €KOHOMiIKO-MaTeMaTHYHUX
MOJIeJIell MOXKYTh BHKOPHUCTOBYBATHUCS METOIM 3 000X TPyI, B 3aJIEKHOCTI BiJ] TOTO, sKi
napameTpH MOJIENI MiIATaloTh Mma0opy.

B neskux BUmMagkax, JUIs BU3HAUCHHs MapameTpiB Mojelni, (HalpHKIaJ, HaTypalbHUX
Oe3mepepBHUX MapaMETPiB, TAKUX AK KUIbKICTh HEHPOHIB HEHPOHHOI MEPEKi) ONTHMAIbLHUM
€ TOBHUI mepedip BapiaHTIB (y 3aJaHMX MeEXax), OCKUIbKH KUIbKICTh TaKMX BapiaHTIB HE €
3aHaATO BeNUKOr. KpiM TOro, sl CKOpOYEHHS OOYHCIIOBAIBHOI CKIQJIHOCTI B IIBOMY
BUTIAJIKy MOKHA 3aCTOCOBYBAaTH METOAM ONTHMI3allii mporecy nepedopy, HampUKIa ] «METO.
rimok Ta Mmex» [2].

JlJis BU3HAYSHHS PEeIITH MapaMeTpiB JOUIIFHO BHKOPHCTOBYBATH €BPUCTHYHI METOIU
Ta aJITOPUTMHU, OCKUJIBKM B YMOBaX HEMOBHOTH 1H(pOpMAIIiT iX HEJOJIKH, 30KpeMa BIJICYTHICTh
rapaHTii 3HaXOJPKEHHS Kpalloro pillleHHs, CTAlOTh MEHII CYTTEBUMH. B Toii e 4ac BOHH
JI03BOJISIFOTH iICTOTHO 3HU3UTH OOYUCITIOBATIBHY CKJIAJHICTD 3a7a4.

Cepen eBpUCTHYHHX METOIB ONTHUMI3AIil 3arajlbHOTO TPU3HAYCHHS HAWOIIbIIe
PO3IOBCIO/DKEHHS. OTPUMANI T€HETUYHI AJITOPUTMHU, CYTHICTh SIKUX TOJSTA€ B TOMY, IIO
MOJJIMBI PpINICHHA KOIYIOTbCA SIK TPEACTAaBHUKH TMOMYJIALii, a HaWKpalli pilieHHs
3HAXOAATHCA B pe3yNbTaTi INTY4YHOI IMITallii NPUPOAHMX CXpPEUICHHS Ta BiIOOpYy.
BukopucTaHHs TEHETUYHUX AaJITOPUTMIB JIO3BOJISE ONTHUMI3yBaTH SIK JHCKPETHI, TaK 1
Oe3nepepBHi mapamerpu 0e3 J0AaTKOBUX YMOB IIOAO BHUIJISYy Ta BIACTUBOCTEH iX (DYHKIIIH.
BaxnmBoro yMOBOIO BHUKOPHCTaHHS T€HETHYHUX AITOPHUTMIB € HEOOXITHICTH pPO3PaxyHKY
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«(QYHKIIT MPUCTOCOBAHOCTI», KA Ma€ OJHO3HAYHO OI[IHIOBATU SIKICTb KOXXKHOTO DIllIEHHS B
paMKax MOMmyJIsLi.

KpiM TOro MoxxyTh OyTH BHKOpPHUCTaHi creuudiuyHi €BPUCTUKH ISl OKPEMHUX 3a1ad 3
onTHUMI3alii TapaMeTpiB EKOHOMIKO-MaTeMaTHYHUX Mojene. Hampukian, BuU3HAYCHHS
ONTUMAJILHOTO Ha0Opy 3MIHHUX 3 BXiJHOi BHOIpKM JaHUX MOXe OyTH MpOBEACHO 3a
JIOTTIOMOTOI0 CTAH/JIaPTHOTO T€HETHYHOTO AIITOPUTMY, alie TaKOXK MOXKe OyTH 3po0JeHo uepes
MOCTIZIOBHE JOJAHHS BXOJIB y TMOPSIKY 3HUKCHHS CTENEeHS X KOpeJslii 13 BHUXiTHOIO
3MIHHO0. Y BUNAJKY HENIHIMHUX 3B’SA3KIB €EKTUBHICTh JaHOIO MeToa OyJe 3HUKYBaTUCA,
ajle B 0araTbOX BHIIAJKaxX BIH MOXe 3a0€3MEYUTH JIOCTaTHHO BHUCOKI Ul NPAKTHYHOIO
3aCTOCYBaHHSI Pe3yJIbTaTH 3a Ha0araTo MEHIIWK Yac, Hi’K TeHETUYH] aJlTOPUTMU. AHAIOTIYHI
METOAM MOXKYTh OyTH PO3pOOJIEHi 1 JUIsl IHIIMX MapaMeTpiB.

Cnipg 3a3HauuTH, 110 BUKOPUCTAHHS METO/IB aBTOMATHYHOTO Mi0Opy MapameTpiB
3HaYHO BUBUIBHIOE 4Yac, SKUH HEOOXIAHO BUTpadaTH KBali(piKOBAaHOMY pPO3POOHMKY Ha
HaJIAIITYBaHHA €KOHOMIKO-MaTEeMaTUYHUX MOJENeH, apke KOMIT'I0Tep IPAalioe€ MOBHICTIO
aBTOHOMHO. Takuil miaXia B)Ke 3HAWIIOB peajizalfilo y ACIKUX KOMEPIIHHUX MPOrpaMHHUX
NPOJYKTIB 3 aHaJi3y JaHUX, 30KpeMa aBTopoMm mpoanaiizoBano H20 Al ta Neural Designer.
He3Baxaroun Ha icHyroudl OOMEXKEHHsI peamizaiii aBTOMaTH4YHOI ONTHUMI3allli mapameTpiB
MOJIeJIel B JIaHUX MPOTPaMHUX MPOIYKTaxX, 3arajJbHUN yac Ha PO3B’SA3aHHS TUIOBUX 3ajad
HelpoMepeKeBOro MoJIeNIOBaHHA [3] 3 IX BUKOPHCTAHHAM 1CTOTHO 3MEHIIYEThCS.

[Tomanpmmii poO3BUTOK pO3poOOK B jaHiii cdepi Moxe OyTH cHpsMOBaHUI Ha
PO3IIMPEHHS MEpeIiKy mapaMeTpiB, SKI MMJIATalOTh aBTOMAaTUYHOI  ONTHUMI3aIlii.
[lepcrieKTUBHUM € AOCIHIHKEHHS JTOIUTBHOCTI TaKOi KOHIIETILIi MPOTPaMHOTO MPOJIYKTY B SIKOT
ONTUMI30BaHUM MOXe OyTH Oyab-Skuid mapameTp Mojeni. TakoxX Cilif po3TIsSHYyTH
BUKOPUCTAHHS IHIIMX EBPUCTHMYHMX METOMIB ONTHMi3alii SK 3arajdbHOTO NpPU3HAYCHHS
(MeTo[ iMiTaIlii BiAMAIFOBAHHS, METOJI MyPaIIMHUX KOJIOHIN Ta 1HI) TaK 1 CIeUpIYHUX IS
OKpEeMUX IapaMeTpiB MOIEITIOBAHHS.

CIIMCOK BUKOPUCTAHUX JKEPEJI

[1] N.P.Canh, S.D.Thanh, The dynamics of export diversification, economic complexity and
economic growth cycles: Global evidence. Foreign Trade Review, vol. 57(3), pp.234-260,
2022.

[2] R. J. Dakin, A tree-search algorithm for mixed integer programming problems, The
Computer Journal, vol. 8, p. 250-255, 1965.

[3] FO.I'. Jlucenko, O.FO.Minn, MopentoBaHHS IHHOBAIIMHUX 1HTEIEKTYaJlbHUX CHUCTEM
NPUIHATTS PIICHb B €KOHOMIII, Hellpo-Heuimki mexnoi02ii Mmooenosants 8 ekonomiyi, Ne 6,

c. 90-141, 2017.
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YMOBU PIBHOBATU HA PUHKY 3EMJII YKPAIHM B YMOBAX
MAKPOEKOHOMIYHOI HECTABIJILHOCTI

AHoTaunis. JlocmiIpkeHHS TPYHTYETbCS Ha BHKOPUCTAHHI CTAaTHCTHYHOI iHQOpMaIii mpo
e(eKTUBHICTh pi3HHX (opM arpapHOrO Oi3HECY Ha IMiACTaBI NOPIBHSIHHSA XapaKTEPHCTUK
posnoxiniB  epexTuBHOCTI. OOIPYHTOBAaHO TPHUMYIIEHHS NP0 CIIBBIIHOMICHHS PH3UKIB
OpPEHIOMABIIIB 1 OpPEHIAapiB Ta NPOMO3HUINI0 MOAUTY OPEHIONABI[B HA MPUXMIHLHHKIB
IBTPYiCTHYHOT Ta €roiCTUYHOI MO/IENEl MOBEIHKY.

Kiro4oBi cioBa: puHOK 3eMIli; TONMT; MPOMO3HUIS; €roiCTHYHA Ta AIBTPYiCTHYHA MOAENi
MTOBE/IIHKY; PU3UKH OPEHIOABIIIB Ta OpPEH/IapiB; CTaBKa JUCKOHTY.

[lepmmii KpoK mepexoay A0 PHUHKOBUX B3AaEMOBIIHOCHH B arpapHOMy CEKTOpi OyJio
3niticneno micng Ykasy Ilpesmmenta Ykpainu 1995 p. «lIpo pedopmyBaHHS arpapHOro
CEKTOpY 1 3aXHCTy IpaB BiIacHOCTI». Ha el gyac Oyso po3mnaiioBano 27 MJIH Ta, a BIaCHUKaMHU
naiB ctanu 6,9 MiIH rpoMaasH Ykpainu. [IutanHs BIpoBaKeHHS PUHKY 3€MJIi HAJA3BUYAHO
aKTyajgbHEe I BCi€i ekoHOMikM Ykpainu. Ha choromHi arpapHuil CEKTOp SBISIE COOOO
KOHIJIOMEpaT BUCOKOE()EKTHBHOIO arpapHoro Oi3HeCy i3 YacTKOK MiJIPUEMCTB YaciB Il
IUTAHOBOT eKOHOMIKU. Ha KopucTh 1€l rinore3u CBITYUTH HA/JA3BUYAMHO BeJIMKA PO3OIKHICTh
B OLIHKax e(eKTUBHOCTI arpapHoro Oi3Hecy. Ilpu mpoMy, ans GepMepchKUX TOCMOIApCTB
BapiaTUBHICTh €(EKTUBHOCTI CyTTE€BA MEHIA, HIXK JJI PI3HOMAHITTS 1HIIUX (OpM arpapHoro
oi3necy [1].

Uepes BiitHYy ykpaiHIil npu3aOyiau Mpo OJIHY CEepHo3HY €KOHOMIUHY JaTy: HEI0JIaBHO
MHUHYB pIK 3 MOYaTKy BEJMKOI 3eMenbHOI pedopMu, B Mexax sKoi OyJo J103BOJICHO
pe3upeHTaM YKpaiHM BUIBHUH TPOAaX TUISTHOK cimerocmmpu3HaueHHs. lllompaBnma, mwme
¢izuyHuM ocobam.

Vike pik MOocHiib, MOMPH MaciITabHEe pociiicbke BTOPTHEHHS HAa TEPUTOPi0 YKpaiHu, B
nepkaBl  (YHKLIOHYE PUHOK 3emuli. HoTapiycm NpoJOBXKYIOTh AaKTHBHO TOCBIAYyBaTH
JIOTOBOPH B1IUY>KEHHS 3€MEJIbHUX JUISHOK, Y TOMY YMCJI MaiB. 3 MOYaTKy BEIMKOi BIHHU 11O
MOYaTOK >KOBTHS B YKpaiHi ykiamu 21 192 yroau Ha puHKY 3eMli, SKi OXOILTIOIOTH IUIOILY B
37 463 rexTapis.

ChOro/IHI PHHOK 3€MJII — II€ KUBUM OpPraHi3M, SIKHHA 3MIHIOETHCS MOAHs. BinOyBaeThcs
MOCTIMHA JUHAMIKA 100 3MiHH cepeaHboi miHu 3a 1 ra cuterocmsemii. TOII minepiB cepen
PETioHIB 3a KUIBKICTIO YroJ TakKoX HECTaOUIbHMIA: MDK O0OJacTsIMH TpUBa€ TOCTiHHA
KOHKypeHLid. ToMy 3eMeNnpHUN MOHITOPUHI akTyani3yeTbcs ImoAHs. Ha  cborogni Ha
JMHAMIKY PUHKY 3€MJIi BIUIMBAIOTh HacamIepesa Horo ydacHuku. Jlep>kaBa 3poduia OCHOBHE
— Hajana iM MpaBo BOJOIITH, KOPHCTYBATHUCS, POMOPSIKATHCS 3eMIICIO SIK BIacHicTo. Jlami
CIpaBa 3a JIIOJbMH: KOPUCTYBATHUCS LIUM MPABOM UM HEXTYBATU HHUM.

Excrnept 3a3Ha4yaroTh, IO 3a PiK (QYHKIIOHYBaHHS BIIbHOTO PUHKY 3€MJIi MOXKHA
IOPOCTEXKHUTH TEHJCHIIIO: MK OpEHAAapeM Ta OpPEHAOAABLEM 3eMeNIbHUX MaiB Oyjo ayxe
CKJIQJIHO JTOCSITTH 3TOAM PO MPOJAX 3eMENbHUX IUISTHOK, HAaBITh TOJI, KOJW 3aKiHIYBaBCS
TepMiH opeHIu. YoMy OpeHI0/1aBIli HE XOUYTh MTPOIaBaTH CBOI 3€MEJIbHI JUTSTHKHA?

Bin mouaTky 3HATTS MOpaToOpil0 Ha MPOJAX 3eMJII KUTBKICTh OXOYHMX KyNHTH ii Oyna
BEITMUYE3HOI0, MIPOTE HE 0YJI0 0X04YHX mpoaaTH.[2]
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[Ipomo3uilis Ha MOTEHIIMHOMY pPUHKY 3eMii OyJe BHM3HAUaTHCS 3alliKaBJICHICTIO
BJIACHUKIB MMAiB peaji3yBaTh Taki 3a MIHOMW, sKa iX 33A0BUIBHUTE. He po3risiiaiodn BILTUBY
pPOMIOYOCTI  IPYHTIB, HasBHOCTI ab0 BIACYTHOCTI 1HQPACTPYKTYpPH, pErioHATBHHUX
KJIIMaTUYHUX OCOOJIMBOCTEH, OpPEHHY IUIaTy BBA)KAEMO OJIHAKOBOKO JUIs BCiX perioHiB. Ha
HECKIHUEHOMY YaCOBOMY 1HTEpBaJll CyMapHUH J10X1J] Ha 4ac NPUHHATTS PiLICHHS:

pa ) Si
a )

ne PasSis H ~ ImOpiYHa OpEeH/IHA TUIaTa 3a | ra, IIolla Mar, JIMCKOHTHA CTaBKa.

Ha wniny 3emii, sika 3HaXOOUThCS MNOOIM3y BIJ BEIUKUX MICT Oyne BIUIUBATH
MOJJIMBICTh 11 BUKOPUCTAHHS AJA 1iiyiel micbkoro po3Butky. Crarti 151 1 186 3emensHOro
KOJIeKCy YKpaiHu JOMYyCKaloTh 3MiHY IUIbOBOTO MPH3HAYCHHS 3€MENbHOI JUISHKH, OJTHAK
OpoleIypyd Yy BHIAAKy MYHIIMOAIBHOI JepKaBHOI 1 MpHUBATHOI BJIACHOCTI JEIIO
BIJIPI3HSIOTHCA.

BapricTe Takux AUISHOK 3aJIe)KUTh BiJl MICHEMONIOXEHHS — Z, TEpMiHYy arpapHoro

In=

BUKOPHUCTAHHS — T, CTABKU JMCKOHTY H i BapTOCTI 3MIHU NIPU3HAYCHHS 3€MEIbHOI TUITHKU
C: [3]

T )
P, = j R, (t; z)-e‘”dt+IRD(t; z)-edt+C, e
0 T , )
ze Ra(t;2) - penTa 3 1 ra, o CTBOPIOETHCS arpapHUM BUPOOHUIITBOM;

Ro(t2) - peHTa 3 1 ra 3a paXyHOK pO3BUTKY BEJIMKOTO MiCTa.

Buxonguu 3 ocTaHHbOrO piBHSHHA (2), MOXKHAa OTpUMAaTH 3Ha4yeHHs dacy T*, konu
noTpiOHO 3MIHUTH NMPU3HAYEHHS YMOBOIO MaKCHUMIi3allii BapTOCTI AUISHKH.

Ha miacraBi yMOBH Nepiioro NopsaKy el yac € pillieHHSM piBHSIHHS:

Ro(T*2) =R, (T*2)+u-C, 3)

3 OCTaHHBOI YMOBH BHUILIUBAE, [0 PEHTA PO3BUTKY MOBWHHA MEPEBHIIYBATH arpapHy, B
IHIIIOMY BWMAJIKy 3MiHa I[IJIbOBOTO MPHU3HAYCHHS HE MOTPiOHA, 1 SIKIIO JiBa yacTuHa (3) mpwu
Oyapb-skoMy T mepeBHIIye IpaBy, TO 3MiHA TNPHU3HAYEHHS BUKOHYETHhCS Biapasy. SKimio
BBAXKaTH, IO PO3BUTOK BEIMKUX MICT OOMEXHUTBHCS S5-KIIOMETPOBOIO 30HOIO MICT 3
HAaCEJICHHAM IMOHAJ | MIIH MEIIKaHIIB, TO 3arajbHa IJIOMIA i€l TepuTopii s YKpainu He
nepeBuiuts 200 THC. ra, To6TO He OuIbIIe 1% po3maiioBaHol TepUTOPIT 1 B MOJANBIIOMY HE
BpaxoOBY€EThCA B omiHKax. OHAK, HE3BAKAIOUM HA HE3HAYHI PO3MIPH MPUIIETIINX J0 BEITHKHX
MICT TEPHUTOPiH, BEIMKA PI3HUI MIXK IIIHAMHU 3€MEJIbHUX JIJISHOK y CITBCHKIN MICIIEBOCTI Ta
Ha OKOJUIIX BEJIMKHUX MICT MOXKE MPU3BECTH JI0 JESKOTO 3MIIIEHHS KPHBOI MPOIO3UINT Y
HaIpsiMi 3pOCTaHHS ITIHU.

JleranpHime po3riasHEMO BU3HAYEHHS BEJIWYMHM JHCKOHTHOI CTaBKH. Y Mpamsx
BITYM3HSHUX HAYKOBIIIB BUKOPUCTOBYETHCS BEIMYMHA OPEHIHOI IUIATH B TPUBHAX, HY 1
3BUYAMHO JMCKOHTHA CTaBKa JJI TPUBHEBOI OMIHKU. DOPMAIIBHO I1i OI[IHKU 3TIHCHIOIOTHCS
HACTYITHUM IIJISXOM: SIK O€3pH3MKOBa JOX1IHICTh BUKOPUCTOBY€EThCA 00JikoBa ctaBka HBY,
sika Ha Kinens 2018 p.) cranoBuna 15%, moTiM HamaeThCcsl HagOaBKa 3a pU3HK 3-5% 1 TaKUM
YUHOM ICHYIOYa OpEHJa Tutata TpaHCHOPMYEThCS B IiHY 3 KoedimieHToM 5. OCKUIbKH B
ouini (1) BUKOpUCTOBY€EThCS (DiKCOBaHA OpPEHIHA IUIaTa, TO i3 OOMIKOBOI CTaBKH MOTPIOHO
BUJAINUTHU 1H(IALINHY CKIaJ0BY (HampUKIad, TPOTHO3HUHN Moka3HUK iHGmsAii Ha 2018 pik —
9%). 3 ypaxyBaHHSM PH3HKIB 3aiauIIaeThcs nmpuoim3ao 10%. B takomy BHITagKy OopeHIHA
iata TpaHcopMyeThes B IiHY 3 KoedilieHToM, 1m0 Ha0mmxkyeThes 1o 10. 3a MeToauKoLo,
3arpONOHOBAHOI0 aBTOPaMH, CTaBKa JUCKOHTYBaHHS NMOBMHHA OyTH 3MEHIIIEHA Ha BiJICOTOK
3poCTaHHs TNPUOYTKOBOCTI arpapHoro ©0i3Hecy. OnHak B yMOBax MAakKpOEKOHOMIUHOL
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HECTaOlIBPHOCTI, KOJMM HOMiHallbHA MPHOYTKOBICTh (PEHTA0ENbHICTh) arpapHoro Oi3Hecy
nocsirae 40%, 1eit anropuT™M aOCOTIOTHO HENMPUUHATHHIA JJ1s1 3ACTOCYBaHHSI.

3BakalouM Ha HaBeJeHEe BHUIE, MOXXKHA 3alpolOHYBaTH I1HIIMH MIAXIJ: OCKUIBKH
arpapHUil CEKTOp B)K€ TPUBAIMM NPOMDKOK dYacy HE TUIbKM 3a0e3ledye BHYTpILIHE
CHOXHBAaHHSA, @ W 3HAUYHY YacTKy HPOJYKII MOCTayae Ha CBITOBMM PUHOK, a PIBEHb LiH
CBITOBOT'O PUMHKY 3HAYHOIO MIPOIO BH3HAYa€ PiBEHb I[IH BHYTPIIIHHOIO PUHKY, TOMY 3HayHa
YacTUHA BHUPOOHMKIB OPIEHTYETHhCS LIBUJLIE HA piBeHb IIH B €Bpo abo nomapax CILIA.
JloriyHo B 1IbOMY BUIAJKY, 3A1MCHIOBAaTU OLIHKY BapTOCTI 3€MJl Yy 3raJlaHUX TPOLIOBHUX
onuHMLAX. Ha choroiHi €IMHUM [AiIIOYUM 1HCTPYMEHTOM, SIKUI MpeAcTaBise BITYM3HIHUN
(1HAHCOBUI PUHOK, € BaJIOTHI JEMO3UTHU 3 B1ICOTKOBOI cTaBKOW0 3-5% piunux. Haspsn um,
BUKOPUCTAHHS JIETMO3UTIB MAa€ MEHUIMH CTYMiHb PHU3UKY, HIX 1HBECTyBaHHS B arpapHUi
O13HecC.

Po3risiHeMo eroicTuuHy MOZeNb MpOno3uLii (BIaCHUK IUISIHKM PO3PAXOBYE TUIBKHM Ha
PEHTY, IO OTPUMYE HA OYIKyBAaHOMY IHTEpBaJll TPUBAIOCTI )KHUTTS), € HECKIHUCHUH 4acOBUI
IHTepBaJ MOTPIOHO 3aMIHUTH HA KIHIIEBUM, IKMI BU3HAYAETHCS BIKOM BJIACHUKA 1 OYIKYBaHOIO
tpuBaiictio kuTTs T (72 poku). Toai odikyBaHa TPHUBAJICTh 4acy OTPUMAHHS KOIUTIB Bix
OpEHIM HA Yac NPUNHHATTS PIlIEHHS CTAHOBUTHME:

;=T -t

e | BiK BIIACHHKA.

JIMCKOHTHMI TpOIIOBUII MOTIK 3a PaxyHOK OpPEHAHOI IUIaTH MpPHUBEICHHHA 10 dYacy
OPUMHATTSA PILICHHS 3aJ€KUTh Bl OPEHIHOI IUIaTH, OYIKyBAaHOi TPUBAJIOCTI KUTTS, IO
3aJIUILIUIIACS:

Pr(p,, 7, 1) =8P, A-Q+p) ") 0 4)
[TpubyTOK, 1110 MOXKE OTpUMATH 3 1 Ta BIIACHHK Tat0 Oy/Ie TaKUM:
Pr(Pa 7 ) = P (A=At )™ e (5)

BBaxxaemo, 1110 BJIACHHK TMar0 MPUHME PIllIEHHS BiTHOCHO MPOJAXy JAUISTHKU, KOJIU I1HA
1 ra mocsirHe AUCKOHTHOTO MPUOYTKY:

P, ZPrl(pa’Ti':u)_ (6)

KpiMm Toro, y Bumagxy BIPOBaKEHHs PUHKY 3€MJI1 B MEpIIy yepry Ha Mpojax Oyze
BHCTABJICHO 3€MJI, IO 3Ja0ThCsl B OPEHAY, 32 BUKOHAaHHS yMOBH (6). 3emui, 110
00pOOIIAIOTECS BIACHUKAMHM TaiB, TAKOXX MOXKYTh OyTH BUCTaBJIEHI Ha MPOJAX, SKIIO IHA
NepeBUIIlyBaTUME JUCKOHTHHUN MOTIK MPUOYTKY 3 1 ra miomii, o caMoCcTiitHO 00poOIsSEThCS.
OpmHak 17151 1IHOTO TMOTPIOHO MaTH 1H(GOPMAITiFO PO TOXOU 1 BUTPATH JOMOTOCIIOAPCTR.

[IpencraBnena Moienb PUHKOBOI piBHOBArd Ha NMOTEHIIHHOMY PHHKY 3€MJI1 BiJIOBia€e
BUITAJIKY, KOJIHM JIO Y4YacTi JOMYIIEHO TUIbKH JIiF04il Cy0’€KTH arpapHoro 0i3Hecy, a mpaBoO Ha
PO MPEJICTABICHO O€3 0OMEKEHb YCIM BIIACHUKAM I1aiB.

[Tonpu BiliHy, puHOK 3eMiIi icHye. | ioro JOCATHEHHS BIPOJOBXK POKY 3HauHi. HaBiTh
[[iHa Ha 3eMeNbHI JUITHKKA TpoxXu 3pocia. OTxke, Mmicias Halloi MepeMOrH HaJ| POCIHCHKUM
BOPOTOM YKpaiHCHKHI PUHOK 3€MII1 3aMpallioe I1e Kparie.
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[TPOBJIEMU PO3BUTKY IH@OPM§HI§IHHX TEXHOJIOT'TA ¥V TAJTY3I
JUCTAHLIMHOI OCBITU

AHortanisi. KirouoBnM 3aBIaHHSAM JOCHIUKEHHS € BH3HA4YeHHS IIepeBar 1 HEIOJIKiB
JUCTAHUIHHOTO HaBYaHHS Iepes iHMMMH GopMaMH HAaBYAHHS, a TAKOXK BH3HAYCHHS MpOOIeM
3aCTOCYBaHHS 1 MOXKJIMBOCTCH PO3BHUTKY IH(POPMAiHHUX TEXHOJOTIH y Taly3i AWUCTAaHIIHHOI
ocBiTH Yepe3 MmIaTGopMH TUCTAHINITHOTO HABYAHHS MU MiABHUINCHHS HOTO €(QEKTHBHOCTI.
O6'extoMm € mporiecu ympapiinag [T y ramysi IucTaHIIAHOI OCBITH, IpeAMETOM — ii CTPYKTypa
Ta JIOTIYHA Oprafizamis, sKi 3a0e3lMedyloTh CHCTEMHY B3a€MOIII0 KOMIIOHEHTIB IUIATGOPM
IUCTAHIIITHOTO HABYAaHHS B iH(OpPMAIIiiiHii OCBITHIM AISITBHOCTI, @ TAKOXK CYKYIHICTH METOIB,
3aco0iB Ta (OopM X 3aCTOCYBaHHs Ul BUPILICHHS KIIOUOBHX 3aBAaHb (yHKIioHyBaHHs 30 Ha
KOpPOTKO- Ta CEpeHI0 MepcreKTuBy. MeToro 3actocyBanus [T y ramysi AMCTaHIIWHOT OCBITH €
norauOiIeHHs 1 eexTHBHE KOMOIHYBaHHS MOXKJIMBOCTEH MIaT¢opM TUCTaHILIHHOTO HaBYAHHS
Juis 3a0e3neYeHHs] OTPUMaHHS KOPUCTYBadyaMy HEOOXITHUX JUIS CYy4acHOTO PO3BHHYTOTO CBITY
HaBHYOK Ta YMiHb.

Karouosi cnoBa: iHpopmamiiiHi TeXHOJOTIT; qUcTaHIiiiHa OcBiTa; miardopMa JUCTaHIIHHOTO
HaBYaHHS.

BCTYII

[HdopmariiiHi TexHOIOTII Bce O1TbIIe TPOHUKAIOTH y BCi c()epy HAIIOTO XKUTTH, 1 chepa
OCBITH TMOCTYIOBO TIEpEeTBOpUIIACS Ha NPAKTHUYHO TMOBHICTIO 1HPOPMATH30BaHY Taly3b.
BuxopuctanHs MyIbTUMENIMHMX JOMIOK Ta IHIIOTO MYJTUMEIIMHOTO OOJIa HAHHS,
TJIAHIIETIB Ta KOMIT IOTEPHUX KJIACiB TOIIO O€3MEepeuHO BIUIMHYJIM Ha OCBITHIHM MpoOIIeC 1 BXKe
€ 3BHYAIHMUM JUISI TETepilliHIiX YMOB POOOTH 3aKJIadiB OCBITH Oynb-skoro piBHs. OnHak Ha
nporecu iHpopmartu3aiii 30 MoTpiOHO TUBUTHUCH 3HAYHO TauOIIe. B yMOBaxX BOEHHOTO CTaHy
B YKpaiHi 0COOJIMBO aKTyaJlbHUMHU TOCTAIOTh IMHUTAHHS MO0 MOXIHUBOCTI MaKCHMAIbHO
€(DEeKTUBHO BHUKOPHUCTOBYBAaTH TEXHOJOTII B OCBITI 3ajIi OTPUMAaHHS HEOOXITHHMX JUIS
Cy4acHOTO PO3BHHYTOTO CBITYy HABUYOK Ta yMIHb.

IlocranoBka mpoGaemMu. 3aBIaHHAM JOCHIKEHHS y MeXaX TEMH «Cy4acHi
HaNpsIMKA PO3BUTKY 1H(OpMAIiHUX TEXHONOTIH y mnpukiagHux pociimkeHasx» 3IEIT
(Homep ngepxkaBHOi peectpauii 0122U201321) € BHU3HAUYe€HHS OCHOBHHX HaIPSIMKIB
MOJANIBIIOTO PO3BUTKY MUCTAHIIIITHOI OCBITM Ta 3aCTOCYBaHHS IUIATGOPM IUCTAHLIHHOTO
HaBYaHHS B YCTAHOBI Ha KOPOTKO- Ta CEPENHI0 NMEPCHEKTUBY 3 ypaxyBaHHSIM CYYacCHHX
3ac00iB iHTEPAKTHBHOI B3a€MOJIii Y MpoIeci HaBYaHHS Ta 3a0e3MedeHHs] HOro BIAKPUTOCTI 3a
JIOTIOMOTOF0  1H(OPMAIIIMHUX TEXHOJOTIM JJIT TOCTavYaHHS HaBUYaJbHOTO Martepialy Ta
CHIJIKYBaHHS.

AHaTi3 ocTaHHIX J0CJiTKeHb i myOJikaniii mokasas, 1110 B Cy9aCHOMY CBIiTI aKTHUBHO
PO3BUBAETRLCS CUCTEMA IUCTAHI[ITHOTO HABUAHHS B CAMUX PI3HHX Tally3siX OCBiTH. JlOCTaTHRO
yBaru B JIOCTIPKCHHSIX BITUYM3HSHUX 1 3aKOPJOHHUX aBTOPIB BIJIBEICHO XapaKTEPHUCTHII
JMCTAHIITHOTO HAaBYaHHS, a TAKOK BUKOPUCTaHHIO iHpopManiiHux miardopm [1-7]. OanHaxk,
TaKOX aKTyaJlbHUM BUSIBISETHCS JOCITIIKEHHS Ta MOJajbIle 3allPOBAKEHHS MPOTPECUBHIX
METOJIIB JAMCTAHIIMHOT OCBITH s 3a0e3rnedeHHs 1 MOBHOINHHOCTI. I, sk Oyab-ske iHIIe
HABYaHHS, BOHO Ma€ K MMO3UTHBHI, TaK 1 HETATHBHI CTOPOHHU.

Mera nyoOaikamii. Po3risHyTO 3pydHICTH, TEepeBard 1 HEMONIKH JHCTAHIIHHOTO
HaBYaHHS mepe] HIUMU GopMaMy HaBYaHHS, a TAaKOXK BH3HAYEHI MPOOJIEeMH 3aCTOCYyBaHHS
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iH(hOpMaLIHHUX TEXHOJIOTIN y Taly3l JUCTAHIIMHOT OCBITH Yepe3 miaTdopMu JUCTAHILIHHOTO
HaBYaHHS U TIJBUIICHHS WOTO e(EeKTUBHOCTI Ta BHSABICHHS HOBHX MOKJIMBOCTEH
3aCTOCYBaHHS IIUX IIaT(OPM.

PE3YJIbTATU TA OBTTOBOPEHHS

JucTaniiiiHe HaBYaHHS Ma€ psAJ TepeBar mepeln IHIMMH (GopMaMu HaBYAHHS, SKi
3YMOBJIEHI, MEPII 3a BCE, KO0 3pYUHICTIO Ta YHIBEPCAJIBHICTIO B TENEpINIHIX yMoBaX. Tak,
30KpeMa, MepeBaraMu €: MOXKIIUBICTh HaBYATUCS B OyJlb-SIKHIi Yac, B CBOEMY TeMri 1 B Oyab-
SIKOMY MICIIl; MOOLJIBHICTh; HABUYAHHS B CIIOKIMHMX MEHII CTPECOBUX YMOBAX; 3PYYHICTh JJIst
BUKJIaJa4a; 1HAUBIAyalbHUN MiAXig. AJie, 3po3yMisio, MOpsA 3 TepeBaraM AUCTaHIiHE
HaBuaHHA Mae 1 Hemoyikd. Cepell OCHOBHMX HEJOJIKIB: HEOOXiJHA CHUJIbHA MOTHBAIIIS,
BAXXJIUBO MIATPUMYBATH MOTPIOHUNA TEMIT HaBYaHHSA, a 0€3 KOHTPOJIIO 3 OOKY 1€ BIAETHCS HE
BCIM; HECTauya MPaKTUYHUX BMiHb Ta HABUYOK; AHWCTAHI[IIfHA OCBITAa HE MIIXOIUTH IS
PO3BUTKY KOMYHIKa0eIbHOCTI, BIEBHEHOCT1, HABUUOK pOOOTH Y KOMaH/II.

[Tnarpopmy nuCTAHIIHHOTO HABYAHHS, Yy HAWOUIBII 3arajJbHOMY BHIJISII, MOXHA
BU3HAYUTH SK TEXHOJIOTIIO, SKa CIpHUs€e peanisaimii IeaaroriyHux Ta iH(opMaiiiHux
TEXHOJIOTi! AMCTAaHIIHHOTO HABUAHHS IIISIXOM aBTOMATH3allii CTBOPEHHS 1 3100yTTS 3HAHb y
CHCTEMI NHMCTAHI[IMHOTO HAaBYAHHS, a TaKO)K 3aBISIKH HAsBHOCTI 3aC00iB, HEOOXITHUX IS
OCHOBHUX KOPHCTYBaiB — BUKJIaJjaya Ta cTyJeHTa [4].

Y Ham yac icHye uymMasio TuiatGopMm JUId AWCTAHIIHHOTO HaB4YaHHSA. HaitOinpmn
yHIBEpCaJIbHOO, HAMMOMYJISIPHIIION 1 HAOUTBIIT 3aCTOCOBYBaHOO y Oibi HiX 100 kpaiHax €
mwiaTdopma AUCTaHIIHHOTO HaB4aHHS Moodle — 103Bosie CTBOPIOBATH SIKICHI JUCTAHIIIHI
Kypcu, i MOXXHa MiAJAIITOBYBAaTH MiJl MOTPEOM OKPEMOTrO HABYAJIBHOTO TIPOEKTY Ta
JIOTIOBHIOBATH HOBHMHU CEpBiCaMU; Ma€ IMUPOKUK HAOIp 1HCTPYMEHTIB JUIsl OCBITHBOI
B3a€MOJIii BUKJIAJA4iB Ta CTYJCHTIB; CIPOEKTOBAHA 3 ypaxyBaHHSIM JOCSATHEHb Cy4acHOi
MEearoriki, a OCHOBHHMM HAroiioc poOMTbCA Ha B3a€EMOJIi MK CTyJIEHTaMH Ta IIUPOKOMY
BUKOpHCTaHHI obOroBopeHHs [7]. Ilmatrpopma Learning.ua — MICTUTh OHJIAWHTECTH,
IHTepaKTUBHI 3aB/IaHHS 3 HaBUaJIbHUX NpeaMeTiB. [lmardopma Stepik — Oe3xomTOBHA OCBITHS
iatpopmMa Ta KOHCTPYKTOP BIAKPUTHX OHJIAWH-KYpCIB 1 MPaKTUYHUX 3aHATH. [lmatdopma
Learningapps — /J03BOJII€ CTBOPIOBATH BIPaBH PIi3HMX THINB Ha pi3HI Temu abo
KOpPHUCTYBaTHCS TOTOBUMH, a tuiatrdopma LearningApps.org — OHJIAaHOBUE CepBic, SKUH
JT03BOJISIE€ PO3POOIIATH 1HTEPAKTHUBHI BIIPaBU Ta Ha/la€ MOXIIUBICTD AUCTAHLIHHOTO HaBYaHHS
KokHOMy Bukianady. ClassDojo MojkHa BUKOPUCTOBYBATH SIK JTOJATKOBHU IHCTPYMEHT ISt
moTuBalii cryaeHTis. [Inatdopma Padlet ctBopeHa a1 cTBOpEHHS 3aBIaHb 1 Ja€ MOXKIIUBICTh
HANMCATH IHCTPYKINIO, JMOJaTh TocwuiaHHs, (oro, Bimeo, (aiimm, MaTIOHKH, TOJOCOBE
noBiioMJIeHHs. BipTyalibHa IHTEpaKTHUBHA JOIIKAa MOXKE€ BUKOPHCTOBYBATHUCS SIK IHCTPYMEHT
JUISL TPYTIOBOi pOOOTH ISt MPOBEIEHHS MO3KOBOTO IITYPMY, Y3araJlbHEHHsI Ta CUCTeMaTH3aIlil
3HaHb, pediekcii Tomo. Prezzi — ne miardgopma IS CTBOPEHHS HABYAIbHHMX IMPE3CHTAIlIN.
[Tnarpopmy Mentimeter MOXHa BHKOPHCTOBYBATH JJIi CTBOPEHHS Ta TPOBEICHHS
ONMMTYBaHb: BUKIAJa4 3aBaHTAKy€ Ha CaWT JEKUIbKa 3amuTaHb, a MOTIM Ja€ CTyJIeHTam
NOCWJIaHHS 3 KOJIOM [OCTYIly, a TaKoX IuiaropMa gomomMarae TMpOCTEKUTH TUHAMIKY
3aCBOEHHSl  MarTepialy CTYACHTaMH, OCKUIBKM  Pe3yJbTaTH KOXHOTO  ONMHUTYBaHHS
30epiratothes. Kahoot — e rtuatdopma mns reiiMidikaimii HaBUaHHS, SKa JO3BOJISE
CTBOPIOBATH 1HTEPAaKTUBHI TECTH, OMMUTYBaHHS, 3aBJaHHA /Js TMPAKTUKH Ta MEpPeBipKU
BUBUCHOTr0 Mmarepiany. Quizlet — rpa, 1o 103BOJIIE TEPEBIPUTH PO3YMIHHS CTYACHTaAMHU
TepMiHiB. OT)Ke, BAKOPUCTAHHS IHTEPAKTUBHUX MJIAT(GOPM CTBOPIOE IUPOKI MOKIMBOCTI JUIS
IiJIBUIICHHS 1HTEPECY CTYIEHTIB /0 TPOIeCy HaBUYaHHS, CIpPHUSA€ MOTJIMOJICHHIO 3HAHb.
[HTepakTBHI MIATGOPMHU AUCTAHIIHHOTO HAaBUaHHS JO3BOJSIOTH (DIKCYBaTH MPOIEC
PO3YMiHHS, 3aCBOEHHSI 1 TBOPYOTO 3aCTOCYBAaHHS 3HAHb IIiJ 4Yac BUPIMEHHS MPAKTUIHUX
3aBaaHb. EdekTuBHICTh 3a0€3neuyeThCsl 3aBASKH OUTBII aKTUBHOMY BKJIFOUEHHIO CTYACHTIB Y
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nmponec HE TIIBKU OACPIKAHHA, aJIC 174 663HOCepCI[HBOF O BHUKOPUCTAHHS iHTerpOBaHOFO
KOMITJICKCY 3HAHb.

BUCHOBKMU TA IEPCIIEKTUBH ITOJAJBIINX TOCIIIKXEHD

VY 3B’3Ky 13 TENEpilIHbOIO CUTYalll€l0 y KpaiHl JAWCTaHIIiHE HaBYAHHS Ma€ BEJIMKI
HNEepCHEeKTHBH, TOMY 110 BHUIIPaBAOBYe cele 1 € AificHo 3pyuHuM. JlaHa ¢opma HaBUaHHS €
1HHOBAIIII{HOIO, ajne MoTpedye MOCTIMHOTO BIPOBAHKEHHS 1HMOPMAIIHUX TEXHOJIOTIH s
3abe3nedeHHs ii ePeKTUBHOCTI Yepe3 BUBUEHHS MOXKIMBOCTEH 3aCTOCYBaHHS PI3HOMaHITHUX
maThopM AWCTAHIIHHOTO HaBuaHHs. CHucTemMa AMCTAHIIIMHOTO HaBYaHHs, MOOyJoBaHa 3
ypaxyBaHHSIM BCIX TOHKOILIB 1 HIOAHCIB IUIaT(OpPM IUCTAHLIHHOIO HABYaHHS, 3MOXKE HE
nuiie 3a0e3MeYyuTH MakCUMallbHy €(EeKTUBHICTh 1 KOPUCTh HaBYaHHsS, aje, B TOW Xke 4ac,
HiABUIIUTH 3PY4YHICTh, HAMIMHICTh Ta €(PEKTUBHICTh iX BUKOPUCTAHHS 3aJi1 JOCATHEHHS
Oa’xaHOTO eEeKTy.
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OCOBJIMBOCTI ®OPMYBAHHS ITOITMUTY HA OCBITHI IIOCJIYTU B YKPAIHI B
CYYACHHUX YMOBAX

AHotanisg. B po0oti mpoBeneHo aHai3 MOTOYHUX YMOB (YHKIIOHYBaHHS PHHKY OCBITHIX
nocinyr YkpaiHu. IcHyrodi eKOHOMIKO-TIONITHYHI Ta Oe3NeKoBI yMOBH B YKpaiHi HEMUHYy4Ye
BIUIMBAIOTh Ha (DYHKLIOHYBAaHHS PHHKY OCBITHIX MOCIHYT SIK 3 TOYKH 30py HOTO IONHUTY, TaK i
nponosuiii. IIpoBeneHo anaii3 ctpyktypu airounx 3BO B kpaini. [Tonax 2000 3akiaaiB ocBiTH
Oyno momKkoKeHo, a monaxn 220 moBHICTIO 3pyitHOBaHO, 3 HUX — 131 (5,5%) 3aknman dpaxoBoi
MEPeIBUIOI Ta BHINOI OCBITH. 3MIHCHEHO MOCHIDKEHHS BCTYmHOI kKammanii B 2022 por,.
Pe3ynbpraTi €eKOHOMETPUYHOTO aHaIIi3 BIUIMBY KOHKYPCY Ha MiHIMaJIbHHUH BCTynHUH Oan B 2022
pori. Pe3ynpTaTi eKOHOMETPHYHOTO aHATI3y BIUIMBY ITOKAa3HMKA KOHKYpCY (€K30T€HHA 3MiHA)
HAa MiHIMaNbHUA BCTynmHHHA Oan (eHmoreHHa 3MiHa) 2022 poKy BKa3ylOTh Ha Te, IO
npezacTaBieHa Moaens onucye 60,4 % mucnepcii mpouecy, OgHaK HyJBOBI TiIIOTE3H, BITHOCHO
3HAa4YCHb PerpeciiHuX Koe(iIi€HTiB, BiIXWIAIOTECA Ha HaA3BUYAHHO MaJIoOMy piBHI 3HAYMMOCTI.
Ha mincrasi miHiifHOT MOAemi MO>KHA BBa)KaTH, IO CTATUCTHYHOIO HIDKHBOIO MEKEI0 BCTYITHOL
koMmmanii 2022 MoxxHa BBaxkatH 136 Oamm, a [oJaTKOBa 3asBa Ha OAHE OIOMKETHE MiCIle
30ubIIye 10 BenuuumHy Ha 1,37 GauniB. JlocnmimkeHHs BKasye, IIO HWXKHS MeXa BCTYITHOL
KaMmImaHil 3Hu3macst nopiBHsHO 3 2020 poKOM Opi€HTOBaHO Ha 6 0ajiB, IO € 3aKOHOMIPHUM B
YMOBax IaH/IeMii Ta BOEHHOTO cTaHy. B mijioMmy npoxiguuii 6an Ha Miciis 3a KOIITH Jep:KaBHOTO
OrOJUKETY 3aJICKUTH HeE JIMIIE BiJl KOHKYPCY, a i KUIBKOCTI OIO/PKETHUX MicLb Ta TPYIH, KyIH
BXOJINTh KOHKYPCHA MPOTMO3UIIis, a/Ke MPU PO3PaxyHKy Ta aJpEecHOr0 PO3MIIIEHHIO MICI 3a
KOIITH JIePKaBHOTO OIOJUKETY CIENialbHOCTI YIMOPSIKOBYIOTHCS, SIK IPAaBHIIO, 33 CBOEIO
MOTEHILIHOIO MTPHUBAOIMBICTIO, TIOMUTOM a0ITypIEHTIB, a TAKOX Tayry33i0 3HaHb. [lopsa 3 num,
JIOCHI/PKEHHSI BKa3ylOTh, IO CHOCTEpIraeTbcs 4YiTKa TEHJCHIIS 10 30UIBIIEHHS HpPOXiIHOTO
Oamy 3a OKpEeMHMH CIICI[iaTbHOCTSAMH 3a PaxyHOK caMe KimbKocTi Oaxkatoumx. Koedimient
nerepMiHanii 3pic maixe Ha 20 % mopiBHstHO 3 2020 poxom. Cucrema OcBiTH MOTpeOye
JIEpKaBHOI Ta MPHUBATHOI MATPUMKH, SK 3 TOYKH 30py 3a0e3ledeHHs IONMHTYy, TakK 1
3a0e3ne4eHHs] OCBITHHOTO MPOIECY Ha SKICHOMY PiBHI, Ha CKIIBKH 11€ MOXKJIMBO 32 JAHUX YMOB.

Kiro4oBi cjioBa: puUHOK OCBITHIX IOCIYr, OCBITHI IMOCIAYI'H, IOMMT, BCTYIIHA KaMIIaHis,
NPOXIIHUI 0a, KOHKYPC Ha OFOJDKETHE MiclIe.

BCTYII

[ToTo4H1 €KOHOMIKO-TIONITUYHI Ta 0€3MeKOBl YMOBU B YKpaiHI HEMHHYYE BIUIMBAIOTh
Ha (YHKLIOHYBaHHS PUHKY OCBITHIX HOCIYT SK 3 TOYKH 30py WOT0 MOMMTY, TAK 1 MPOMO3HIIIi.
Cucrtema BWINOI OCBITH B YKpaiHi B 3HA4YHIA MiIpl € IEHTPATI30BAHOIO Ta JEP>KaBHOIO,
3HAaXOJHUTbCA B YMOBAax >KOPCTKOTO OO/PKETHOrO OOMEXEHHs. Y BIJIHOCHHUX IOKa3HUKax
piBeHb ii (iHAHCYBAaHHS 3aBXAM BIANOBIJaB PIBHIO PO3BMHEHUX KpaiH, MpoTe (aKTUIHHMA
piBEHb € HEJOCTAaTHIM JUIsl PO3BUTKY Tajy3i, Ta peaJbHUX MMOKa3HUKaX MPOJIOBKY€E HEMUHYYE
ckopouyBatucs. B nmorounuit yac B Ykpaini 3HauHa yactka 3BO 3HaX0oAsAThCS MiJ1 3arp03010
BUMYIICHOTO IMEPEMILIeHHs YW eBakyallii. Y 30HaX akTHBHHUX OoHoBHX i (XapkiBcbkKa,
Uepnirieceka, Cymcbka, Jlonernpka, MukonaiBcbka o6sacti Ta KuiB) moctpaxmanu OymaiBii
3aKmajiiB BUIOi ocBiTU. 3a iH(popmaniero MOH cranom Ha cepriens 2022 poky monan 2000
3aKJIa/iB OCBITH OyJIO MOIIKOKEHO, a moHaa 220 moBHICTIO 3pyitHOBaHO, 3 HUX — 131 (5,5%)
3akyaa (paxoBoi MepeaBUINOl Ta BUINOI OCBITH. 3 PI3HUX NPUYMH HE 3MOTJIH IMPOJOBKHUTU
BHUKJIaJIaHHs Ta pociimkeHHs micis 24.02.2022 poky 6mm3bko 2000 HayKOBO-TI€IaroriyHuX
MpaliBHUKIB, a 63 3aKjIaaud OCBITH TOBIIOMWIM TPO HECTady BHKIagaviB. HalOinmpmrumu
NEPELIKOAaMU JJIsl TIPOJIOBKEHHSI OCBITH € BIJCYTHICTh MiJKIIOUeHHS 10 IHTepHery (79%),
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noripiieHHs: 0e3NneKoBOi cutTyarlii B Micisax HaBuaHHsA (46%) Ta BIACYTHICTh TEXHIYHUX
3aco0iB IS OHJIAWH-BUKIAAaHHS Ta HaBuaHHS (39%). 3Ha4HA KUTBKICTH 3aKJaIiB OCBITH
HOBIJIOMUJIM, IO CTYJIEHTH HE MOXXYTb NPOJOBKYBAaTH HAaBYAHHS yepe3 MoTpedy 3apoOiTKy
(28%). Ilopsin 3 TuMm, 3a pe3yibTaTu BCTymHOI kKammadii 2022 poky, IO 3 TUMYacoBO
OKYIIOBAaHUX TEPUTOPi, 0COOIMBO HEOE3NMEUYHUX TEPUTOPIM KIUIBKICTh BCTYNHHUKIB, SKI
3apaxoBaHl Ha MICIA IEPKaBHOTO (PET10HATLHOTO) 3aMOBJICHHS 32 KBOTOIO-2, CKJana 15 Tuc.
242 ocoOu, 3 HUX Ha 6a3l MOBHOI 3aranbHOi cepeaHboi ocBiTH — 10 Tuc. 990 oci6. TolTO
BurryckHUKA 3CO BCe 3K 3MOTJIM CKOPUCTATHUCS MOKIIUBICTIO BCTymy 10 3BO Ykpainu.

Meta myOaikanii: aHangi3 NOTOYHMX YMOB (DYHKIIOHYBaHHS PHHKY OCBITHIX MOCIYT
VYkpainu.

METOIHN JOCIIIKEHHSA

B poboti Oyno mocnipkeHo CTPYKTypy MONMUTYy Ha ocBiTHI mociyru 3BO Vkpainu B
2022 poui. [IoOynoBaHO EKOHOMETPHUUHY MOJIENb BIUIMBY KOHKYpCY Ha MiHIMaJIbHHUN
BCTYITHHI Oail.

PE3YJIBTATH TA OBT'OBOPEHHA

B ninomy pekomennanii ais 3apaxyBaHss Ha Oropket 10 3BO orpumanu nmonasn 67 Tuc.
oci0 s BeTymy Ha Mojoamioro 6akanaBpa, OakaiaBpa. Ha OC «bakanaBp» Ha 6a3i moBHOT
3arajibHOi CepeHbOI OCBITM HAMOUIBIIMM TOMMTOM KOPHUCTYBAJHMCS Traiy3i 3HaHb: 12
Indopmarniiini  Texnomorii- 19,65%, 07 VYnpaeninas Tta anmiHicTpyBanHsa- 12,43%, 22
Oxopona 3mopoB’si- 8,67%, 05 ComianpHi Ta moBeniHkoBI Hayku -8,13%. HaiiGinbme
BCTYITHUKIB 3apaxoBaHO Ha cremiasbHOCTi: 122 «Komm'torepHi Haykm»; 121 «lmkenepis
nporpamHoro 3abesneueHus». [lonan 74% aGitypientiB B 2022 polui moaaau 3asBU JUIIE HA
OIOIKET.

2.27% 14,97%
2,30%
2,35% \
2,44% §
3,47% |

12 w07 m22 u05 m01 =03 =08 m02 m19 w27 m20 ®m24 mpewTa

Puc. 1 Ctpykrypa monuty ocBiTHIX mociayr B 2022 porri 3a KOJIOM Taiy3i 3HaHb
Jlxepeno: po3poOka aBTopa Ha ocHOBI ganux €J[EBO

Byno mnpoBeneHO €KOHOMETPUYHMI aHali3 BIUIMBY KOHKYPCY Ha MiHIMaJbHUHA
BerynHuid 6anm B 2022 pomi. [lonepennbo Oyio mpoBeaeHO MomnepenHio (GuIbTpaio JaHuX:
BUJAJICHO CIIEIIaTbHOCTI a0o0 creriamsanii, sKki He KOPUCTYIOThCS monutoM (Menmie 100
3asB). [licas mporo Oys0 MpopaxoBaHO KUIBKICTh 3asB Ha OJIHE OIO/KETHE Micle (TTOKa3HHUK
KOHKYpCY) Ul KOXHOI CHEIiallbHOCTI 3 BpaxyBaHHSAM K BIIKPUTOTO KOHKYpCY, Tak 1
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¢ikcoBaHol npono3ulii. byyno 3po6ieHo nmpumylieHHs, 10 KOHKYPC Ma€ MpsIMHMA BIUIMB Ha
NpoXigHiM Oanm naHOi crHemiadbHOCTI. Pe3ynpTaTh €KOHOMETPHUYHOTO aHalli3y BIUTHUBY
MOKa3HHWKA KOHKYPCY (€K30TeHHa 3MiHa) Ha MiHIMalbHUN BCTYNMHHUH 0an (€HIOTeHHa 3MiHA)
2022 poxy mpencraBieno B Tabm.l. Monens ommcye 60,4 % mucnepcii mporiecy, OJIHaK
HYJbOBI TINOTE3H, BIJHOCHO 3HAY€Hb pErpecifHuX KOeQili€HTIB, BIAXWIAIOTHCS Ha
Ha/J3BUYalHO MajoMy piBHI 3HauumocTi (tadn.l). Ha migcraBi niHiMHOI MoOzeni MoOXHa
BBXKaTH, I10 CTATUCTUYHOIO HUKHBOIO MEKEI0 BCTymHOi kommaHii 2022 moxHa BBaxatu 136
Oanm, a 1oAaTKOBA 3asiBa HAa OJHE OIOKETHE MIcCIe 30UIbIye 110 BenunHy Ha 1,37 Oais.
JlocmikeHHsT BKa3ye, IO HIDKHS Me)Ka BCTYNMHOI KammaHii 3HM3miacs nopiBHsHO 3 2020
POKOM Opi€EHTOBAHO Ha 6 OaliB.

Ta6ua.1 IlapameTpu JiHiliHOI Mo/e i BIVIMBY KOHKYPCY HA MiHiMAaJIbHUI BCTYNHHUH 0aJ1

Pezpeciling crnamucmuKa

Mo R 0,78
R-kpappat 0,60
Hopmopakui R-keagpar 0,60
CrakpapTha noxkbra 14,52
CnocTepemeHHA 106,00
[scnepcidnmi aHaniz
FHayuMicmb
df 55 MS F F
Perpecia 1,00 33443,03 33443,03 158,55 0,00
3anHwon 104,00 21936,62 210,93
Beworo 105,00 55379,64
CrandapmHa BepxHe HuHEe BepxHe
Hoepiyienmu noxufikg t-crmamucmuka  P-3noyenna Huwwe 95% 95% 95,0% 95,0%

Y 136,24 1,81 75,19 0,00 132,64 135,83 132,64 135,83
Kokkype Ha 1 BioaseTHe
MicLe 1,37 0,11 12,59 0,00 1,16 1,59 1,16 1,59

B uinomy npoxinHuii 6an Ha MicIIs 3@ KOILITH JA€pKaBHOTO OI0/DKETY 3aJI€KUTh HE JINIIEe
BiJl KOHKYpCY, @ M KUIbKOCTI OIOJUKETHHX MICIb Ta TPYIH, KyAM BXOIUTh KOHKYPCHA
MPOMO3ULis, aJKe MPU PO3PAXyHKY Ta aAPECHOT0 PO3MILIEHHIO MICLS 3a KOIITH JIEP>KaBHOTO
OIO/KETYy CHEIabHOCTI  YIHOPSJIKOBYIOTBCS, $K NPaBUIO, 33 CBOEK IMOTEHIIHHOIO
puBaOIMBICTIO, IOTIUTOM a0ITYypPI€HTIB, @ TAKOK rany33to 3HaHb. [lopsn 3 1uM, 10CHTIIKEHHS
BKa3yIOTh, III0 CIIOCTEPIra€Tbcs 4YiTKa TEHJeWis [0 30UIbIIEHHS NpoxiAHOro Oamy 3a
OKPEMHUMH CTICIIATFHOCTSAMH 33 PaxXyHOK caMe KUTbKoCcTi Oaxkaunx. KoedimieHT nerepminarii
3pic Maibke Ha 20 % mopiBHsAHO 3 2020 pokom. [lopsia 3 TUM, HIDKHS MeXa MPOXiAHOI0 Oamy
CTa€ HIKYOIO, IO 3yMOBIICHO TIAHEMI€I0 Ta BINCHKOBUM CTaHOM.

BUCHOBKMU TA IEPCIIEKTUBH ITIOJAJBIINX TOCIIIKXEHDb

[linBoasum MIACYMKH, JOCTIDKEHHS KOHKYPCY Ha MICHS 3a KOIITH JepPKaBHOTO
Oro/KeTy BKa3ylOTh Ha T€, L0 JIMIIAIOTHCS BIAKPUTUMHU MUTAHHS iICHYIOUOTO PO3PHBY MIiX
MOMUTOM 1 HAJA3BHYAMHO BEJIMKOI MPOMO3MUIIEI0 3a OKPEMHMH OCBITHIMH IMpPOrpaMaMu,
CHeUiaJbHOCTSIMU TakuMH 5K, 229 I'pomanceke 31mopoB's, 135 CyanoOyayBanus, 272
ABianiifHuii Tpancnopt, 273 3ami3HUYHUNA TpaHcropt, 132 MarepianozHaBctBo, 173
Agionika 144 Temnoenepreruka, 145 I'inpoenepretuka, 223 MencecTpuHcTBO, 263 I{uBinbHA
Oesmeka, 136 Meramypris.

HasiBHicTh crierianbHOCTEN s IKUX BCTYyMHOI Oan nepesutrye 180, a KOHKypcHHIA Oan
€ HAJBHCOKHM CBIIUYUTH MPO HEJOCTATHIO SKICTh PETyJIIOBaHHA, 1m0 3aiicHioeThes MOH,
TOOTO KITBKICTh OIO/DKETHHUX MICT Ha Il CHEMialbHOCTI MOBHMHHA OyTH 30inbiieHo. Cepen
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Takux cremiagpbHocTelt 241 TortenpHO-pectopanHa cmpaBa, 061 JKypnamictuka, 121
[mxenepiss mporpamHoro 3abe3neueHns, 075 Mapkerunr, 126 Indopmaniiiai cucremu Ta
texHonorii, 073 Menemxment, 072 dinancu, OaHKIBChbKa CIipaBa Ta cTpaxyBaHHs, 123
Kowmm’rorepna inxenepist, 035 ®unonoris Tomo. Ontumizaiiss CTPyKTypu OCBITH MOBHHHA
3MIACHIOBATHCS MOCTIIHO 1 BpaXOBYBAaTH TPUBAIICTh MPOLIECIB MepeOyT10BH €KOHOMIKH.

[Topsin 3 TUM Ha pasi icHye psj 1HIIKMX (AKTOPiB, L0 BIUIMBAIOTh Ha PUHOK OCBITHIX
nociayr Ykpainu. Cepen HMX OCBITHS Mirpanis. CepelHbOpiuHA KUIBKICTB YKpaiHCBKHX
BCTyNMHUKIB 110 3BO 3a KOpIOHOM B JIOBOEHHUN Tmepio craHoBmwia 60 Tuc.ocio.
[IpornozoBano B 2022 pomi KUIbKICTh BCTYNHHUKIB MOXE 30UIBIIMTHCS 33 PaxyHOK
BUMYILIEHOT Mirpauii. [lyisg Toro, mo6 JumuTH NpuBadIMBOIO Ta JOCTYITHOK OCBITY B YKpaiHi
OyJI0 THMYAaCOBO CKAaCOBAHO BIIPOBAKEHHsI 1HAMKATUBHOI COOIBApTOCTI OCBITHIX MOCIYT. SIK
pe3yibaTtaT, BapTO 3a3HAYUTH MPO IIHOBOBUM JIEMITIHT Yy CXIJHUX, MIBHIYHUX Ta MiBACHHUX
obmactsax VYkpainu B 2022 poui, Ta mopsx 3 muMm 5-10%  3poctaHHs BaprocTi - B
HEHTPAIbHUX Ta 3aXiTHUX 00jacTsx. B Iinomy 3pocTae momuT Ha MOCIYTH 3 MiJBHUIICHHS
KBamidikalli Ta MOKIIMBOCTI 010 TiepekBaiidikaiii y 3B’ s3Ky 13 3MiHOKO KaJpOBHUX IMOTPeO B
eKOHOMIIl Kpainu. 3HauHor Miporo- wne IT-mampsm. Tomy poO3BUBaEeTbCs HaIpsAM
He(opMaTbHOT OCBITH.

B ninomy 6aunmo, 1m0 icHye psii BAXKIMBUX PI3HUX YUHHUKIB HA PHHKY OCBITHIX IOCIYT
VYkpainu. CBITOBI TEHJICHIIII BKa3ylOTh Ha 3POCTAIOYMN IOMUT HA BHIIY OCBITY BHACIIIOK
TEXHOJIOTIYHOTO MPOrpecy Ta JAMHAMIYHOTO PO3BUTKY PUHKY Mpalli, TOMY BpPETYIIOBaHHSI
MUTaHb, TOB’S3aHUX 13 3a0€3MEYEHHSAM OCBITH OyJO0 1 Ma€ JMIIATHCA Cepell Jep’KaBHUX
NPIOPUTETIB Ta MOTPEOY€E MOCTIHHOT MIATPUMKH.

CIIMCOK BUKOPUCTAHUX JKEPEJI
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PUHOK BIJIHOBJIKOBAHUX JIPKEPEJI EHEPI'II TA AHAJII3
EHEPTOHE3AJIEXXHOCTI PET'TOHIB YKPATHU

AHoTtanisi: Po3rITHYTO pPHHOK BIZHOBIIOBAaHUX JDKEped CHEprii Ta IpOaHali30BaHO piBEHb
€HEeproHe3aIeKHOCTI KO’KHOTO PErioHy YKpaiHu.
KuarouoBi ciioBa: HeTpaauiliiiHa eHeprii, BITHOBIIOBaHI IKepesa eHeprii, eHeproHe3anekKHICTh

BCTYII

ITocTanoBka npodyaemu.

[Toxii ocTaHHIX KUIBKOX MICALIB O3HAYaKOTh, 110 MM IOBUHHI pillyde B3sATHCA 3a
nepedynoBy eHepreruuHoro cektopy. Jlo 2030 poky monaiimenmie 45% Hamoi
€JIEKTPOEHeprii Mae HAJXOIUTH 3 MOBHOIO CIEKTPY BiJHOBIIIOBAHUX JIKEpesa EeHeprii, a B
KIHIIEBOMY CIIO’KMBaHHI €HEeprii, BKJIIOYal0Yl TPaHCHOPT 1 onajeHHs, yactka B/IE mae Oytu
He MeHIue 35%. o6 ue cranocs, HaM NOTPIOHO BUKOPUCTATH MOTEHLIa] HAIIUX BITPIB 1
COHILISI, PaJIMKAJIbHO MIJBUILIUTH €HEeproe(eKTUBHICTb, €IEKTPU(PIKyBaTH MPOMUCIOBICTh 1
TPAHCIIOPT.

AHaJIi3 0CTaHHIX J0CTiKeHb i myOJiKkamii.

Baromuii BHeCOK y po3poOKy TEOpETHKO-METOAWYHMX 3acajl BUBUECHHS Ta aHaNli3y
npobiieMy BOPOBAPKEHHS allbTEpHATUBHUX Jikepen eHeprii 3pobomnu A. K. 3aiinesa, I'. A.
ApicroB, b. b. Kaxuncekuii, A. Veiip, Jx. TBaiinem. Okpemi NUTaHHS aJbTepHATUBHOL
€HEpreTHKHU PI3HUX KpaiH CBITY y CBOIX poboTax po3risganu Taki BueHi sk P. M. byksuu, I
I'. T'eneryxa, I1. I1. Kyuepyk, E. H. Oneiinuk, A. B. Tpub6oii, I. B. 3amyna, A. B. Kupeiiuesa.

Merta my0aikanii.

VY3aranbHUTHU Ta JOCHIIUTH PUHOK BIIHOBJIIOBAHUX JKEPEI €Heprii, CTBOPUTH OaueHHs
3€JICHOTO BIJHOBJIGHHS Ta MPOAHANi3yBaTH PIBEHb E€HEPrOHE3aJIeKHOCTI KOXKHOI'O PETiOHY,
110 3po0OUTh YKpaiHy caMOI0CTaTHBOIO B eHepromnocradanHi. [Insx 10 eHepreTuku Ha OCHOBI
BIJTHOBJIIOBAaHMX JUKEpesl CTBOPUTh PHUHKOBY BIIEBHEHICTb, HEOOXIAHY JUIS 3alydeHHs
IHBECTHIII Ta IIOTIOMOXE IEPE3aIyCTHTH Ta PECTPYKTYpYBaTH EJIEKTPOCHEPTeTHKY, 100
HapemTi po30JoKyBaTH 11 PO3BUTOK, OCKUIBKM B OCTaHHI POKM IHBECTHIi B
€JIIEKTPOCHEPTeTUYHNN CEKTOp YKpaiHu CTPUMYyBAJIMCS 30KpeMa 1 depe3 HaJIUIIOK
3acTapiIux i yxe OpyJHHUX BYTUIBHUX €JIEKTPOCTAHLIHN.

PE3YJIbTATHU TA OBI'OBOPEHHA

BinHoBmtoBaHi JoKepena eHeprii BKIIOYAIOTh €HEPrilo COHI, BITPY, eOTepMalbHOI
eHeprii, OiomanmBa, eHeprii MOPCHKUX XBWJIb, eHeprii BoaHio. llIupoke BHKOpUCTaHHSA HE
TPaJULIHHOI eHeprii MpeJCcTaBis€e IHTEpeC 3 TOUYKU 30py HEOOMEKEHOTro €HEpPreTHYHOIro
pecypey. [1].

VY 2020 pomi BJIE-pecypcu mo3HauniaM CBOK MPUCYTHICTh HA PUHKY, MOKa3aBmu (0e3
ypaxyBanHs cektopa Benukux ['EC) wactky B 2,2% BUTpaTHOI YaCTHHH CBITOBOTO
eHepro6anancy (mpotu — 0,7% B 2010 pik). [Iporosyerscs, Mo OpOTAroM HaHOIMHKUMX
II’SITH POKIB BiJIHOBITIOBaHA €HEPreTHKa BUpOCTe OLbII Hixk Ha 60%. [3].

[Tomyk HOBHUX EHEPreTUYHHX pECypCiB TOB’S3aHHA 3 I[IHOBOIO HECTaOIIbHICTIO
CHUPOBHHHHUX PHHKIB. 3aJIe)KHICTh Bl KpaiH-MIOCTaYaJIbHUKIB €HEPTOHOCIIB IITOBXAE JICPKABH,
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Kl HE MaroTh 3HAYHUX MPUPOJHUX PECYPCIB, A0 TMOIITHKU IMIOPTO3aMIIICHHS 1 crpobam
CKOPOTHTH 110 3aJICKHICTb.

BinHoBmtoBaHi kepena eHeprii IIBUAKO PO3BHUBAIOTHCS 3 MaJiHHAM BHUTpAaT Ha HHX.
YacTka BIJHOBIIOBAaHMX JDKEpen €Heprii (BKIOYAaro4M TiIpOECHEPreTHKy) B paMKax
ry00anbHOI CHCTEMH BUPOOHUIITBA eNEKTpoeHeprii 3pocna Mmaibke Ha 1% B 2020 po,
JNOCATHYBIIM Maibke 25%. BigHoBmoBaHi JpKepena eHeprii Temep OXOIUIOWTh 1/3
eHepreTu4Hoi raysi B €spomi, 1/4 8 Kutai i 1/6 B Cnonyuenux llrtarax, [aaii ta AnoHii .

VY crpyktypi cBitoBux BJIE ocHOBHI mo3umii 3aiiMatoTh €Hepris BITPY 1 COHIIS, LIO
BUpoOIs0Th 52% 1 28% BinHOBMOBaHOI eHeprii BignoBigHo. Ha Giomacy mpumamae 12%
BHUPOOJIEHOT eHeprii, Ha riipoeHepreTuky — 6% 1 2% Ha reoTepMaibHy.

[Tpu po3pobii ynpaBIiHCBKUX PIllIEHb 100 JOCATHEHHS €HEPrOHE3aJIe)KHOCTI KpaiHU
HEOOX1/IHO OPIEHTYBATUCS HA aHaJ3 EHEPreTUYHOI0 CTaHy KpaiHU HE TUIBKU B IIIIOMY, aje i
BpPAaxOBYBaTH DETiOHAIbHUN AaCHEeKT, IO JIO3BOJUTHh BUSABIATH HaMOLIbII €HEpro3ajexHi
obmacti. KoxHwuii 3 perioniB YKpaiHu XapaKTepU3YETbCS OCOOTMBUMH YMOBAMHU COLIIAIBHO-
€KOHOMIYHOIO0 pPO3BUTKY. BoHM mnoB's3aHi 3 reorpadiuHuUM poO3TallyBaHHIM, 3alacamu
KOPUCHHX BHIOOYBHHX pECYpCiB, CTPYKTYpOI BHpPOOHHMIITBA Ta HAJAaHHS IOCIYT, IO
00YMOBJIIOE PO3BUTOK NPOMHUCIOBOI ab0 CUIbChKOTOCIIOAAPChKOI chepu um  chepu
o0cyroByBaHHS Ti€l 4u 1HIIOT 001acTi. PiBeHh €HEProHe3aIeKHOCTI € HACIIIKOM 3araJlbHOTO
COIlIaIbHO-€KOHOMIYHOTO PO3BUTKY perioHy. Bu3HaueHHs perioHaJbHUX OCOOJHMBOCTEH Yy
(YHKILIOHYBaHHI EHEPreTMYHOTO CEKTOpa Ja€ MOXKIUBICTh 3pOOUTH BHUCHOBKH IIOAO
3arajbHOTO CTaHy €HEPrOHE3aJIeKHOCTI KpaiHu. [2].

Jlyist HAOYHOCTI PIBEHb CHEPrOHE3aIeKHOCTI KOXKHOTO periony B 2021 p. mpeacraBieHo
y BUIVIAJI METFOCTKOBOI llarpaMu Ha puc. 1

Biunnniska
. Kuis, 7000 Bonuxcska
YepHiriBckka 0.6000 JuinponeTpoBcLKa

YepHiBelubia Houeuska

Yepkachka 0.4000 HuromHpcska

03000

XMelLHHIBKR Jakapnarceka

02000
O L0
XepooHchka 3anopisbka
O OO0

XapKiBCchKa Ipano-MpaHKiBChKa
TepronubcbKa Kuischka

CymMchia Kiposorpancexa

PisHenchKka Jlyranchka
IMonraBchia JInBIBCBKA
Onecska Muronaiscera

Puc. 1. PiBeHb eHeprone3anexHOCTI perioHiB Ykpainu 'y 2021p.

MakcuManpbHUM piBeHb I1HTETPAIbHOT OIIIHKK eHeproHe3aiexHocti y 2021 p.
crioctepiraeteess y YepniBenpkit (0,6396), Cymcwkiin (0,6365) ta Xepconchkiit (0,6360)
obmactsix, MiHiManeHuil — y Jonenpkiit (0,2820) Ta Jlyrancekiit (0,3341) obnactsax. Ilpore
CIiJ 3a3HAYWTH, IO HABITh HAWBUIIUN TOKA3HWK EHEPrOHE3aJIeKHOCTI y YepHiBelbKii
obmacrti (0,6396) € HU3BKUM, HIO CBIMYUTH MPO 3aJEKHICTH KpAiHH B IUIOMY BiJ IMIIOPTY
[TEP. BpaxoByrouu, 110 y HalIoMy BUNAJIKy HOPMATHUBHI 3HAYECHHS PO3PaxOBaHO HA OCHOBI
(GaKTUIHO JOCATHYTHX IMOKAa3HUKIB, OTPUMAaHI pe3yIbTaTH MAlOTh 3aBUINEHY OIIHKY. SIKIo 3a
0a3y HOpPMYyBaHHS B3STH, HANpPUKIAJA, CTAJIOHHI 3HAYCHHS IOKa3HUKIB, TO pe3yJbTaTH
IHTeTpaJIbHOro KoedimieHTa Manu O e HUKY1 OIIHKH.
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BUCHOBKMU TA NIEPCIIEKTUBU INOJAJIBIIUX JOCJII’)KEHD

e o BiifHM 1 Gi3HEC, 1 ypsia BU3HAIM HEOOXITHICTh MOCTYIOBOI BiIMOBH BYTiJLIS.

[TapTHepcTBO M YKpaiHoto Ta €C B cepi BiITHOBIIOBAHOI €HEPTETUKHU B1JIKPHE HOBI
MOJKJIMBOCTI Ui Bei€i €Bponu. Y KOPOTKOCTPOKOBIM MEPCIEKTHBI 1€ JoromMorio 6 YkpaiHi
BIJTHOBUTHCS IICJIs BIHHU Ta OCTABUTHU HAIlly EHEPreTUYHY rany3b Ta €EKOHOMIKY Ha HOTH.

VY cepeaHbOCTPOKOBIN MEPCIIEKTHBI MU MOXEMO Pi13KO CKOPOTHTH IIKiIJINBI BUKUIA B
€HepreTUYHOMY CEKTOpi, MOCTYIOBO BIIMOBHUTHCS Bl BYruuis 1o modatky 2030-X pokiB Ta
noyaTu 3aiiMaTuCsl O€3MEUYHUM BUBEJIEHHSM 3 €KCIUTyaTallli aTOMHHUX €JIeKTPOCTaHIIIH, KOJIu
TEXHOJIOT11 HAaKONWYEHHs €Heprii Ta pillleHHs AJs MiJABUIIEHHS T'HYYKOCTI €HEProCUCTEMH
CTaHyTh OUIbLI IOCTYITHUMH.

B ymoBax Benauue3HOi WIKOAW, 3aloAisHOI YKpaiHCBKMM MICTaM, 3aXOiH 3
€HEproe(eKTUBHOCTI MalTh CTOSTH Ha TMEpHIOMY Micll Mepes IUIaHYyBaHHSIM HOBOI
1HOPACTPYKTYpPH LEHTPATi30BaHOIO TEIUIONOCTAaYaHHs, $Ka TaKoXX Mae Oa3yBaTHCs Ha
BiJTHOBJIIOBaHMX JKepesax eHeprii Ta enekTpudikaiiii, a He Ha BUKOITHOMY Tas3i.

CporojieHHsl MOKa3zye, L0 LEHTPaJIi30BaHI EHEPreTU4Hl CUCTEMU MUHYJOIO, SKi
3aJIeKaTh BiJ] MMOCTAaBOK BHUKOIHOIO MAaJMBa Ta SIIEPHOI €Heprii, BUSABWINCS HAA3BUYANHHO
Bpa3iuBUMHU 110 HamafaiB. Lle Takok moka3zye, 10 cTapi crocoOu eHepro3ade3nedeHHs
€KOHOMIKHM, IO 3aJie)KaTh BiJl IMIIOPTHHX IIOCTAaBOK BHKOITHOTO TIajiMBa, OLIbIe HE
JKUTTE3IaTHI.
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MOJIEJTFOBAHHS PO3BUTKY IHOOPMALIIMHOI'O ITPOCTOPY TEPUTOPIAJIBHOI
I'POMAIN

AHoTanist. Posrisanyto erann nodyaosu i Mojeni iHGopMaliiiHOro npocTopy TEpUTOPiaIbHOI rpOMa/IH,
mo € Qopmarizamiero CTPYKTypH IaHUX, SKi BigoOpakaloTh BHHHMKHEHHS, IEpedir Ta pe3ysbTaTH
IIPOLIECIB caMoopraHizamii 3 TOYKM 30py iXHBOrO BIUIMBY HA MPOLECH XHUTTE€3a0€3MEUYEHHS T'POMAJIH.
Jocnimkeno (¢QyHKIIOHaIbHI CKIaMOBI IH(GOPMAIIHHOTO IPOCTOPY TEPHUTOPIaNbHOI T'POMAH,
0COOIMBOCTI BIUIMBY iH(POPMALIHHOTO MPOCTOPY HA PO3BUTOK TEPHUTOpianbHOI TpoMaan. BusHadueno, mo
iHpopMamiifHa MOJENb CTAaHOBUTHME iH(OpMaIiiiHy 0a3y AaHUX aHaJi3y Ta MOIETIOBAHHS IPOIECIB
camoopraHizanii HaceleHHs MicTa.

KarouoBi caoBa: indopmariiinuii  mpocrtip, iHpopMaliiHa Mojens; iHpopMaliliHl - pecypcw,
TEPUTOPIabHOT rpoMaH, iHopMaIliiiHi TOTpeOH.

B indopmaniiiHOMy CyCHIIBCTBI BiIOOpaKEHHSIM 1 CTUMYJIOM JJsl COIiaJIbHO-
€KOHOMIYHUX TPOIECIB B TEPUTOPiabHUX rpomanax € indopmaris. Brmms indopmarii Ha
CYCIIUIBCTBO BHMBYAIO 1 BUBYae Oarato BueHuX. OJHAK MEXaHi3M TaKOro Ipolecy caMe B
TEpUTOPIANIbHIN TpOMaai PO3TIIAIABCS 1€ HEJOCTAaTHHO. TOMYy aKTyaJbHUMH BHKIUKAMHU €
nepeBipka HOPMYBaHHs, pO3poOKa BIANOBIIHMX METOMIB 1 Moneneil s aHamizy i
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IPOTHO3YBaHHS, MIATPUMKA HPUHHATTA pILIEHb OpraHaMM MiICLIEBOTO CaMOBpSIyBaHHS,
HiATPUMKA BUPIIIEHHS COIiaIbHO-€KOHOMIYHUX MPOOJIeM y MicTax.

[TobynoBa iHpopMariitHoi Mozeni iHGOpPMAIIITHOTO MPOCTOPY TEPUTOPIaTbLHIUX TPOMA]
SIK CEPEJIOBUIIA 3/IIHCHIOETHCS HA HACTYITHAMH €TaraMu:
eman 1 — Bu3HavyeHHs MeTH iH(pOpMaLiiHOT Moei;

eman 2 — BHIIEHHS iCTOTHHX BIACTUBOCTEH 1H)OPMAIIHHOTO MPOCTOPY TEPUTOPiaTBbHOT
IpoMajy SIK 00’ €KTa MOAETIOBAHHS;
eman 3 — Bu3HaueHHs (HOpMH MOJaHHs iHPOpMaIiiHOT Moedi;
eman 4 — peasizatisi MOJENI.

PosrisHeMo nokiaaHile nepii eTanu J0CTiIKEHHS.

Busnayenns metu mnoOynoBu Mojeni iH(OpMAIiHOIO HPOCTOPY TEPUTOPIaATbHOL
rpOMaJid KOHCTATYE, 110 OI[IHKA CTaHy 1HPOPMaLIHOTO MPOCTOPY TEPUTOPIATHHOI TPOMAIH 3
ypaxyBaHHSIM IIPOLIECY CaMOOpraHi3allii MOXKe CIIyTyBaTH PUCOO Ta OL[IHKOIO ii CTaHy. .

Tomy MeToro0 moOynoBU iHpOpMaLiiHOI MoJeNi iHPOPMALIHHOTO MPOCTOPY MicLEBOI
CIUIBLHOTH € dopMaltizallisi CTPYKTypH JaHHX, sIKi B1I0OpaKalOTh BUHUKHEHHS, €BOJIIONII Ta
pe3ynbTaTh  MpOIeCy caMoopradizamii 3 TOYKM 30py iX BIUIMBY Ha IPOIEC
JKUTTE3a0€3MCUCHHS] TEPUTOPIAIbHOI TpoMaau. Mojenb CTaHOBHUTHME 1H(OpMAIiiiHy 0a3y
JAHUX aHaJi3y Ta MOJENIOBAHHS IPOIECIB CaMOOpraHizallii HaceleHHS TPOMajad 3 METOIO
iXHBOTO  3aJlydeHHS JI0 y4acTi B OIO/DKETHOMY MpOLEC IS €KOHOMIYHO €()EeKTHBHOTO
BUPILICHHS TPOOIIEM.

Jpyruii  eram  XapakTepu3yeTbCs  BHJUIEHHSAM  ICTOTHUX  BJIACTUBOCTEH
iHpOpMaILIfHOTO TPOCTOPY TEPUTOPiaIbHOI Tpomanu 5K 00’ekra. Ilpoanamizyemo
CKJIAJIOBI Ta CTPYKTYpY iH(OPMAIIHHOTO TPOCTOPY.

Omxe, mig iHGOpMAIIfHUM NPOCTOPOM TEPHUTOPIATBHOI TPOMaTd  3pO3yMiEMO
CyKynHicTh iH(MopMarii Ta iHbopMariitHOT 1HPPACTPYKTYPH OKpPEeMOi aJaMiHICTPaTHBHO-
TEPUTOPIAIbHOI OJNWHMIN, IO 3AIHCHIOE aKyMyJIsIio, (OpMyBaHHS, PO3MOBCIO/DKEHHS 1
BUKOPUCTaHHs 1HGOpMAIlii 3 METOI 3aJ0BOJICHHS i1HGOpPMAIIHUX TOTped HacelIeHHS Ta
opraizanii e()eKTUBHOrO YHpaBIiHHA Tepuropieto. [HdopMariiiHuii BIUTMB MOXE MaTh
HNOJBIMHY NpHpOLy. 3 OXHOro OOKY, BIIMB HOPOJPKYETHCS OCOOMCTUMHM, CYCHUIBHUMH Ta
HaIllOHAJILHUMH 1HTEpecaMH, a 3 IHIIOr0 — came BiH 3MiHIOE 4yu ¢opmye mpoctip. Lli
nporecu BigOyBarOThCA B iH(QOpPMaIIHHOMY TIPOCTOpi, SKUH MOke abo crhpusTt, abo
NPOTHUIISTH BUHUKHEHHIO Y peatizalii THX abo IHIIMX 1HTepeciB

[TpoBeaeHO AEKOMITO3UINIO (YHKIIOHATBHUX CKIAIOBUX 1H(OOPMAIIHHOTO TPOCTOPY
TepuTopianbHoi rpomay. Lle: TexHiuHa, opranizaniiiHa, JeKcuyHa (a60 MOBHA) Ta MPaBOBa.

Po3rnsiHeMo JnerasibHillle KOMIIOHEHTH OCHOBHHUX, Ha Hally JYMKY (DYHKI[IOHaJIbHUX
CKJIQIOBUX 1HPOPMAIIITHOTO MTPOCTOPY.

TexHiyHa CKIa0Ba iHGOPMAIIHHOTO MTPOCTOPY TEPUTOPIATIBHOT IPOMAIA BU3HAYAETHCS
TOJIOBHUM UYHWHOM pIiBHEM 1 CBO0OOIOIO AOCTYymy 10 (Tene) CHUCTeM 3B'SI3KY 1 TEXHOJIOTiH
MeIIKaHIiB (HaceneHHs). Hampukmam, y 0ararbox MicTaxXx ChOTOMHI 3aBXIAUM MOXKE OyTH
HiIKIIIOYSHUH BUCOKOMIBHIIKICHUHM JOCTYyN 10 IHTepHETY, KM MiATPUMYETHCS OUTBIIICTIO
MOOUTHPHMX TPOBaMIEPiB, alie 11 MOXJIMBICTh HE OOMEXKYEThCS TeorpadiyHUMU JIOKAIIsIMHU,
Bin npsiMo Kopelntoe 3 po3MipoM MicCTa, 1 HaBiTh OYJMHOK, B SIKOMY >kuBe JtonuHa. Kpim toro,
MYHIIMTIATITETH CTBOPIOIOTH BUIbHI 30HU JIJIS JIIJIOBOTO CEPEIOBHINA, a TAKOX OE3IPOTOBUM 1
TPOMAJICBKUI AOCTYI JIO TPOMAJCHKUX MicCIlb. 30KpeMa, 0i0Ti0TeKH 3a0X0UyIOTh TPOMAISH
JI0 aKTUBHOT'O IOCTYIy Ta BUKOPUCTaHHS 1H(pOpMaIlii.

Jnst Hamoro IOCHIKEHHS 1 JUIsl TPOMaJau MEepUIOYEproBe 3HAUYEHHS TaKOX MAaroTh
oprasizamiiiHi komrnoHeHTu. Lle BinOyBaeThCs TOMY, 110 HaWOINMBIINK BIJIMB MAlOTh OpraHU
MICIICBOTO CaMOBpSIAyBaHHS Ta TpPOMAJIsHH, a Ha TPOMAJCHKICTh BIUIMBAE IIHPOKE
po3noBcrokeHHs iHopmarii. 1leil KOMIOHEHT OXOIUTIOE BCi MeJia-pecypcu TepUTopii, B
TOMY YHCJIi 1 OpraHizamii rpoMaassHChKOTO cycrinbeTBa. i iHpopmaniiiHi XBUIII pO3BUBAIOTH
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iH(hopMaLiiHUNA TPOCTIp, SKUKA 30CEPeKYEThCS HA MUTAHHAX, SKI HaWOLIbIIE MaroTh

3HAUEHHS NI CNUIBHOTH, BIUIMBAIOYM Ha BIAAY 1 CHIPHUSIOYM B3aEMOPO3YMIHHIO. 3 1HIIOTO

00Ky, BJaJa TaKOXX BIUIMBAE Ha TPOMAJSH LUIAXOM PO3POOKH iH(POpMAIIHHUX pecypciB.

AKTUBHOMY OOMiHY 1H(pOpMaLI€0 MK BJIAJJOI0 Ta TPOMAJOK CIPUSAIOTH CUCTEMAaTHYHI

3BOPOTHI 3B'SA3KM Ta 3MiHU. Kpim Toro, He ciia 3a0yBaTH 1 PO HACEJIEHHS, OCOOIUBO MPO

TMTHIX Toaen. Lle He akTUBHUIT KOPHUCTYBad 1HTEPHETY, a BUKOPUCTOBYE TPAIUIIHHI 3aCO0U

MacoBoi iH(opMmarii (razeTu, TeaedadeHHs, pajaio).

OpranizauiiHol0  CKJIaJOBOIO 1H(GOPMALIHHOTO MPOCTOPY MicTa BiOyBaeThCs
HAKOMWYEHHs 1H(opmauii 1moa0 oprasizamii iHGOpMyBaHHS TPOMAASH IPO MpoOJIeMH Ta
noJii, Kl CTOCYIOTbCs rpoMaau. Takoxk Ha piBHI LI€T CKJIaJ0BOI aHANI3YIOThCS HE TUIBKU
MEILKaHI, a i iHpopMalliiiHi IHCTPYMEHTH, CTBOPEHI MICLIEBUMHU OpraHaMH Biaju Ta Gi3Hec-
CHiIbHOTaMU. [HIIMMU CIIOBaMH, 1€ CEPENIOBHIIE, SKE PEKOHCTPYIOETHCS CYCIIJIBCTBOM Ta
HOro IHCTUTYIISIMU Ha OCHOBI TEXHIYHUX 3aCO0IB.

OpranizanifHo0 CKJIaJOBOIO € TAKOXK HAaKOMMYEHHS 1H(pOpMaIiitHUX pecypciB y pi3HUX
HanpsiMKax. L]e KOMIIOHEHTH 71 IPSAMOro OMOBILIEHHS I'POMAIsH, @ TAKOXK KOMIIOHEHTH 31
3BOPOTHHM 3B'3KOM, SIKi TNpAlIOIOTh HE JHIIe B HampsMKy Bmama— I'pomanma, a il y
HanpsMKy ['pomaga—Brana, noBoasum 10 KepiBHUIITBA iH(OpMAIliIO PO OaYeHHS CTaHy Ta
npoOJeM MicTa O4aMu rpOMaiu.

Kpim Toro, mMokHa BUIUIMTH 1Bl 30HU 1H(GOPMAIIHHOTO MPOCTOPY, OJHA 3 SKHUX
pO3pOOIIAEThCS Ui BIUIMBY Blaau abo Oi3Hecy, a iHIIA — TMPOLECy camoopraHizarii
rpoMajisH. ToMy B LIJTIOMY OpraHi3alliiiHa CKJIaJloBa BiI0yIOBYETHCS B PE3ybTaTi B3a€MOJIii
«bi3Hec - BIaga - rpomMaaay.

ITpaBoBy ckianoBy 1H(GOPMALIHHOIO MPOCTOPY TEPUTOPIaIbLHOI I'pPOMaJ CTaHOBUTH
HU3Ka HOPMAaTUBHUX AaKTiB, OJHAK, HAa HAIly IyMKY, HalOUIbIIMKA BIUIMB HAa PO3BHTOK
iH(oOpMaIIfHOTO TIPOCTOPY TEPHUTOPIi 3IHCHIOIOTHh PEeTiOHabHI HOpMATHBHI akThU. Hakasw,
NoJIo’keHHsI. be3 HUX HaBiTh HalicydacHimi 3aco0u iH(OpMaIiifHOT cmiBmparii BIagu Ta
IpoOMaJy He MPaLoBATUMYTh. TOMY Ui PO3BUTKY 1H(GOPMALIHHOTO MPOCTOPY BAXJIUBO, 11100
aJIMIHICTpaIlisl MiCTa MPUALISIIA yBary UM TOKYMEHTaM.

[Ipu dbopmyBaHHI cTparerii BUKOHABYMN KOMITET PO3pOOIISIE MPIOPUTETH PO3BUTKY B
KOHKPETHHX OO0JIaCTSIX 3a OKPEMHUMH HampsMKaMH MalOyTHBOTO CBOE€I TepuTopii
BiamoBimHO 10 IUX TPIOPUTETIB PO3POOIAETHCSA TporpamMa 1 BCTAHOBIIOIOTHCS OINEpPaTHUBHI
11111, TOMY TIpH KJIacHdiKalii mpoOieM y CIIBHOTI CIIi/l 3BepHYTH yBary Ha ii BiIHOIICHHS J10
ctparerii po3BUTKY. Lle 103BoJIs€ BIaAl BiTIyBaTH BEKTOP PO3BUTKY CHTYAIlii Y CIIJIBHOTI.

Po3BuTOK iH(OpPMAIIIfHOTO MPOCTOPY TEPUTOPIaTbHOI TPOMAAN CTBOPUTH YMOBH IS
HiBUILEHHS MPO30POCTi AISAIBHOCTI BIAJH, O3BOJSIOYM IPOMajsHaM JAUBUTHUCS 1 CIyXaTH,
IO CIIPUATHUME 33JJOBOJICHHIO JKUTENIB (HACENeHHs) AisJIBHICTIO BiIagu. B cBoio uepry, i B
3BOPOTHOMY HampsIMKy, €()eKTUBHA JiSJIbHICT OPraHiB CaMOYIPABIIHHS CIpPUSE PO3BUTKY
iH(pOpMamiifHOTO TPOCTOPY TEpPHUTOPii. 3pocTaloumii piBeHb caMooprasizaimii B Trpomaji
BKa3ye Ha Te, IO BjJaJa HE MOXKE CaMOCTIHHO  BuUpilmryBatu mpobinemu. Hacenenns
CHIBMPAIIOE 3 THM, II00 YNHUTH TUCK Ha BIIAAY, ITiIBUIIUTH KOHTPOJIb, BCTAHOBUTH 3BOPOTHI
3B'SI3KU 1 TPUBECTH JI0 MM ABUIICHHS €()EKTHBHOCTI TEPUTOPIAIBHOTO KOHTPOJTIO.

Takum 4yuHOM, 1HQOPMALIHHUA MPOCTIp TEPUTOPIATLHUX TPOMAJ € CEPEIOBUIIEM, B
SIKOMY OOMIHIOIOTBCS 1H(OPMAIIIE€I0, PYIIIHHOK CHUJIOK 1 KaTali3aTOpOM COIaIbHUX 3MiH.
BusnaueHHs 3MIiCTy, CTPYKTypH iH(QOPMALIHHOTO TPOCTOPY TEPHUTOPIATBHOI T'pOMaH,
BUOKPEMJIEHHS MOT0 CKJIQJOBUX A€ 3MOTY:

- moOyayBaTH MOJeNb iH(GOPMAIIHHOTO MPOCTOPY, MO CKIAAAETHCA 3 (PYHKIIOHATBHOI
MOJIeTi TMpoIlecy, KOHIENTyalbHOI MoAelni iHhOpMaliiHOTO MPOCTOpPY, Ta Mojedl 0a3u
JAHUX «CYTHICTH-3B’S30K», JUISI MOHITOPUHTY TPOOIEMHOTO TOJISi TPOMAIHN Ta PO3BUTKY
MPOLIECiB caMOOpraHizaiiii;

- YIOOCKOHANUTH iH(opMamiiiHy Mojenb iH(GOPMAIIfHOTO TPOCTOPY TEPHUTOPiaTbHOT
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rpoMaJd 3a PAaXyHOK pO3UIMPEHHS CTPYKTYPH, BU3HAYCHHS 3MICTy Ta CHCTEMH
MOKa3HHKIB, SIKI XapaKTepU3yIOTh CTaH Ta AMHAMIKy Iepediry mpoueciB caMmooprasisaiii,
0 Ja€e 3Mory chopMyBaTH PO3BHHEHY 0a3y NaHUX HAJs MOTIHOJIEHOrO aHaji3y BIUIMBY
MPOIIECIB caMOOpraHizallii Ha BHUPIMICHHS COI[IAJbHUX, €KOHOMIYHMX Ta EKOJIOTTYHHMX
npobiem.
CIIMCOK BUKOPUCTAHUX T)KEPEJI
1. IHctpykuis 3 [iOBOACTBAa 3a 3BEPHEHHSMU TPOMAJSIH B OpraHax Jep)KaBHOI BIaAM 1 MICIEBOTO
CaMOBpsIyBaHH, 00 €IHAHHSI TPOMAaJIsH, Ha MIANPUEMCTBAX, yCTAHOBAX, OPraHi3alligx He3alekHO
BiZ (opMBracHOCTI, B 3acobax macoBoi iHdopmauii [Enexrponnuit pecypc]. Odiu. Ilopran Bepxosnoi
Pamu Ykpainu. Pexxum  moctymy http://zakon3.rada.gov.ua/laws/show/348-97-%D0%BF/page.
2. KusHuH npoaHamizyBaB mpHOYTKOBICTh KOMYHAJIBHMX mMiAmpueMctB Micta [Enektponnuit pecypc].

Pexxum JIOCTYILY : http://dreamkyiv.com/kyyanyn-proanalizuvav-prybutkovist-komunalnyh-
pidpryyemstv-mista/.
3. . Kpusopyuxo O. C. “InHoBauiitanii nannmadT”’ y KOOpAUHATAX CBIT-eKOHOMIKH [ EnexTpoHHMI

pecypc] / H. M. Kpayc, K. M. Kpayc, O. C. Kpuopyuko. ['mobanbHi Ta HamioHanabHI podieMu
exoHoMikd. — 2017. — Ne 16. — Pexxum noctymy: http://www.global-national.in.ua/issue-16-2017

4. Crpareris possutky Bimaunmg 2020 [Enextponnmii pecypc].Caiit micta Binanms. Pexxum mocryrry:
http://www.vmr.gov.ua/TransparentCity/SiteAssets/Lists/StrategyVinn202 0/.../AF-2020.pdf.
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OI1 «I{udposa exoHOMIKa»

OCHOBHI IIIAXOIN MOAEJTIOBAHHS BISBHEC-ITPOLIECIB

Po3risiHyTO OCHOBHI MigXoaW cydacHHMX Oi3Hec mporeciB. IIpoaHani3oBaHO HOHSATTS
peimkuHipUHTY. BHCBITICHO OCHOBHI ITiIXO/IX IIOI0 MOJIETIOBAHHS Oi3HEC TPOIIECIB.
KuarouoBi caoBa: imKeHHpIHT Oi3Hec-TIpoIleciB, MOICTIOBAHHS, pPEiHKEHUPIHT,
METOJI0JIOTiS MOJICITIOBAHHSI.

[mxunipuHT Gi3HEC-TIPOIECIB — 116 OCHOBA CYYaCcHOTO MiAXO0Ay A0 OpraHizailii 0i3Hecy,
1 HalBaXJIMBIIUM HOro HampsIMOM € pelHXHUHIPUHT. PEIHXUHIPUHT CHpsSMOBaHUN Ha
BUKOPUCTAHHS B OpraHi3ailii HOBUX Oi3Hec-Tpo1IeciB, 3aCHOBAHUX HA 3aCTOCYBaHHI CYy4aCHHUX
iHHOBaIiiiHUX TexHousorik. [Ipu anamizi icHyro4doro ta po3poOii HOBOro Oi3HECY Ba)JIUBY
poib Bigirpae moOynoBa Mojenedl KommaHii Ta Oi3HeC-NPOLECiB, IO MPOXOAATh y Hil.
MopentoBaHHS — 1€ BiJoOpakeHHS peabHOI JIHCHOCTI 3a JIOMOMOTOI0 CIeIiaIbHOI
MeTtoaoJorii. HaBeaeHo OCHOBHI IMiIXO/IH, METOIU Ta 3aCO0M MOJIETIOBaHHS O13HEC-TIPOIIECiB.
PosrnsiHyTo Haiibinbm momymsipHi ¢opmanizMu Mepex [leTpi, siki 3aCTOCOBYIOTBCS 3 II€IO
MeTOl0. SIKk anbTepHaTHMBa 3alpONOHOBAHO BHMKOPHUCTOBYBAaTH MOAM(DIKOBAHUM amapar
BKJIQJIeHUX TiOpuaHux wmepex llerpi sk 1HCTpyMEHT JdOCHiKEHHS Oi3HEeC-TpoIIeciB.
BucyHyTO TpOMo3HIIiro 1m0/10 PO3pOOKH YHIBEPCATbHOI CUCTEMH IMITAIlIHHOTO MOJIEITFOBAHHS
Ha 0a3i Mmoau@ikoBaHoro anapary mepex [lerpi. bizHec-tiporec, peiHKHHIPUHT, METOI0JIOT1S
MoJIeTIIoBaHHsl Oi3Hec-mporeciB, Mepexi IleTpi, yHiBepcaidbHa CHCTEMa IMITaliHOTO
MOJICNIIOBaHHS. bararo cy4acHHWX KOMITaHIH MPOJOBXKYIOTh OyIyBaTH CBOIO MisIIBHICTH Ha
OCHOBI CTapuXx YNpaBJIIHCBKUX NPUHIMIAX, OpeacTaBieHi me Aramom CmitoMm B 1776 poti.
VY cBoiit poboTi CMIT IiMMTH BUPOOHWYMH IMPOIEC HA €IEMEHTAapHI POOOTH, KOXKHA 3 SIKUX
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BUKOHYETbCS OJHUM TMPAILiBHUKOM, MPH LbOMY JOCTaTHHO BMITH BHUKOHYBAaTH OKpeMi
ormepanii Ta Bucoka kBamiikamis He moTpiOHa. IIpupoaHo, MmO CTUIBKM POKIB BiJ3HAYEHI
CMITOM TPUHIUIN TEPEeCTan 3aJ0BOJBHATH cydacHi BUMOTH. ChOTOAHI MPOAYKIISA Mae
OyTu Opi€HTOBaHA Ha BY3bKI IPYIH CIIOKMBauiB, HEOOXIJHI BUKOHABII 3 SIKICHOIO OCBITOIO,
sIK1 He 00STHCS BIAMOBIIATBHOCTI, MPArHyTh BUPIIICHHS CKIAAHUX 3aBJIaHb. PUHOK MPOIYKTIB
cTaB Ha0araTo mupIe, a KOHKypEeHIlis Ta 00poThOa 3a CIIOKUBavYa — arpeCUBHIIIIMH.

IcroTHO 3MiHMIMCS 3aCTOCOBYBaHi 3aco0u Ta TexHousorii BUpoOHUNTBA. OCcOOIUBY
poJib cTanu rpaty iHGOpMaIliiiHi TexHOoJIOT1i. baraTo KoMnaHii HaMararThCs TEPEOCMUCITUTH
KOJIMIIHI METOAM oprasizauii cBoro Oi3Hecy, OyayBaTH HOBI Oi3Hec-TpoliecH BXe 13
3aCTOCYBaHHSM CyYaCHUX TE€XHOJIOTIH.

biznec-npouec - ne mnos's3aHa 0e3idy BHYTPIIIHIX BUAIB AISUIBHOCTI KOMIaHIi, IO
3aKIHYYIOTBCSI CTBOPEHHSM TPOAYKIi YW TOCIYyTH, HEOOXiAHOi crmokuBaueBi. BaxmmBum
KPOKOM CTPYKTypH3allii AiSUIBHOCTI OyAb-siKOi opraHizamii € BHIUICHHS Ta Kiacugikarlis
6i3Hec-miporieciB. [1o BiTHOIIEHHIO A0 OTPUMAaHHS 10JAaHOI BApPTOCTI MPOAYKTY a0 MOCIyTH
BUJIJISAIOTH OCHOBHI TPOIIECH, Ta Ti, II0 BHKOHYIOTh (yHKIIO 3abe3neuyeHHs. [lepmni —
JOJJAI0Th BapTICTh — OPIEHTOBaHI Ha BHPOOHHMIITBO TOBAPIB YU HAJAHHS TIOCIYT, SKi
CKJIaJIal0Th OCHOBHY JIsUTBHICTH OpraHi3allii Ta 3a0e3MeuyroTh OTpuMaHHs npulyTKy. pyri
HE JO0JAI0Th I[IHHOCTI MPOIYKTY YW MOCIYTH JUIsl CTIIOXKHUBAYa, aje 30UIBIIYIOTh X BapTICTh.
BoHu HeoOXimHI I AISUTBHOCTI MIANMPUEMCTBA Ta MPHU3HAYECHI IS MATPUMKH BUKOHAHHS
OCHOBHHX Oi3HEC-TIPOIIECiB.

OcHOBY cy4yacHOTO MiAXOAy IO OpraHizailii Oi3HeCcy CTaHOBUThH 1HXXUHIPUHT Oi3HEC-
NPOIIECiB, HAWBAXIIMBIIIMM HANPSMOM SIKOTO € peimkuHipuar. Ilin peimkuHipHHIOM
pO3yMi€eThesl «(yHIaMEHTalIbHE TIEPEOCMUCICHHS Ta paJuKalbHE MepenpoeKTyBaHHs Oi3HeC-
NPOIIECIB KOMITaHIN JUIsl JOCATHEHHS KOPIHHUX MOJIMNIIEHb y HAaHBAXKJIMBIIINX MOKa3HUKaX
CBOET JiSTTLHOCTI — BapTICTh, AKICTh 1 TEMITI.

PeimuHIpHHT € CYKYITHICTh 3ac00iB, 3aX0/[iB Ta METO/IiB, B TOMY YHCIIi BiJITOBITHIX
iH(hOpMaLIHHUX TEXHOJIOTIH, NpU3HAYEHUX [UIs KapAMHAIBLHOTO TOKpAIIeHHS OCHOBHUX
MOKA3HMKIB AiSUTBHOCTI MiANPHEMCTBA. 3 I[IEI0 METOI0 3/IHCHIOETHCS aHaji3 Ta MOJalbIia
3MiHa iICHYI0UYHX Oi3Hec-TporeciB. [ JOCSITHEHHS Pi3KUX MOKPAIIeHb ICHYIOUMX IMOKa3HUKIB
JISUTBHOCTI TIIIPUEMCTBA PEIHXHUHIPUHT Tepeadadae (yHIaMEHTAIbHY 3MiHY ICHYIOUHMX
Oi3Hec-mporieciB. ToMy METOU PeIHXKUHIPUHTY MOXKYTh OYTH BUKOPHUCTAHI IiAMPUEMCTBOM Y
nporeci po3poOKM  IHHOBalifHOi cTparerii  poO3BUTKY. PEIHKMHIPUHT  CHIPSIMOBAHO
BUKOPHUCTAHHS B OpraHisamii TPUHIMIIOBO HOBHUX Oi3HEC-TIPOIIECIB, 3aCHOBAaHUX Ha
3aCTOCYBaHHA Cy4YaCHHMX IHHOBAIlifHMX TexHosorid. Ilepexim mignpuemMcTBa  Ha
BUKOPHUCTAHHS HOBHX 1H(OpPMAIIHHUX TEXHOJOTIA 3HAYNWTh aBTOMATH3AIlI0 ICHYIOUHX
npoIieciB. 3aCTOCYBaHHS X MOXKE
MPUBECTH HE JIUIIE 10 MPUHIUMIIOBUX 3MIH Yy JiSJIBHOCTI CITIBPOOITHHKIB, a W JO TOBHOI
3aMiHH ICHYIOUHX Oi3HEC-TIPOLIECIB.

[Ipu anami3i icHyrO4YOro Ta pPO3pPOOKH HOBOTO Oi3HECY BaXKJIMBY pOJIb BiJirpae
no0OyqoBa Mojneneld KOMIMaHii Ta TpOTIKaroTh y Hill Oi3Hec-mpormeciB. Mojeni MOXyTb
BIJIPI3HATHCS CTyIIEHEM JieTajizarii mpoieciB, GopmMoro iX ysBICHHS, 3 YpaXyBaHHSIM JIUIIIC
CTATHYHUX YHM JWHAMIYHUX YMHHHKIB Ta 1HmWMX. [Ipu MonmemroBaHHI Oi3HEC-POIECIB AykKe
BYXJIMBO MPUUHATH PILICHHS MPO CTPYKTYpPY Ta BMICT 00'€KTIB MOJICIIOBAHHS, BU3HAUNUTH, 3
SKUX JIEMEHTIB Ma€ CKIIafaTucs Oi3Hec-mporec. byab-aKuil TOCUTh CKJIaTHUI Oi3HEC-TIpoIiec
MO3K€ BKIIIOUATH IT'SITh OCHOBHHX €JIEMEHTIB, SIKi MOBUHHI OyTH BimoOpaxeHi npu ¢popMyBaHH1
MOJIeNIeH: TUTaHyBaHHS MisTIBHOCTI, MPOBADKCHHS isTIBHOCTI, peecTpamis (akTHIHOI iH-
dbopMmaruu, KOHTPOJIb U aHATN3, PUHATUE YIIPABICHYECKUX PEIICHUN.

MopemtoBaHHs Oi3HEC-TIPOIIECIB — 1€ BiIOOpaKEHHS Cy0'€KTUBHOTO OA4eHHS peabHO
ICHYIOUMX B Oprasizamii MIpoIeciB 3a JOMOMOrorn TrpadiuyHuX, TAOMUYHHX, TEKCTOBHUX
croco0iB ysiBIeHHs. MOJIeIOBaHHS - II€ TPOLIEC BioOpaskeHHs peabHOi (a0 3aruIaHOBaHOT)
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TisSUTPHOCTI OpraHizaiii 3a JOMOMOTOI0 CIeliaibHOi MeToAojorii. BaxknuBo po3ymitu, 1o
nporiec MozemoBaHHS € cyO'ekrmBauM. CrpaBa B Tomy, mo 80% iHdopmarii mis
dbopMyBaHHS Mojeiel HaAXOAUTh BiJ IHTEPB'IOOBAaHHX CIIBPOOITHUKIB Ta KEPIBHUKIB
opranizauii. [Ipu npboMy cy0'eKTHBHI SIK AyMKa CHIBPOOITHHKIB IIOJO PEAbHOTO INepediry
po0biT, Tak 1 MOINAA Ha TMPOLECH. aHANITUKA, SKAH M[poBOIUB iHTEepB't0. CTymiHb
cyO'eKTUBHOCTI OJEpKaHUX MOJIEeJel MOXKE CTaTH CEpHO3HOI0 MEPEUIKOJOI0 ISl IXHbOTO
MOJIaJIBIIIOTO BUKOPUCTAHHSI.

MoskHa BUAUTMTH TaKi 1111 MOJIETIOBaHHS O13HEC-TIPOIIECIB:

1. 3abe3neuntu po3yMiHHS CTPYKTYpU Oprasizamii Ta AWHAMIKM IO BigOYyBalOThCS B HIiH
mpoiieciB; 2. 3a0e3MeunuT PO3yMIHHS MOTOYHUX MPOOJIeM OpraHizallii Ta MOMKIHUBOCTEH iX
pimenns; 3. IlepekoHaTucsi, IO 3aMOBHHKH, KOPHCTYyBadi Ta PO3POOHHMKH OJHAKOBO
pO3yMIIOTH 11Tl Ta 3aBHaHHs opraxizamii; 4. Buznauntu Bumoru go I13, mo aBTOMarm3ye
0i3Hec-Ipoliecy oprasizarii.

[Tin wmetonomnoriero (HOTAIIEI) CTBOPSHHS MOJENI Oi3HEC-TIPOIECy PO3YMIE€ThCS
CYKYIHICTh CHOCO0IB, 3a JIONMOMOTOI SKMX OO'€KTH peabHOrO0 Ta 3B'S3KYy MiX HHUMH
MPEJICTABIISIFOTHCS SIK MOieNi. By ib-sika METO0JIOTisI BKIIFOUAE TPYU OCHOBHI CKJIQTHUKH:

1. TeopetnuHa OCHOBA;

2. Onuc KpoKiB, HEOOXITHUX YIS OJICPKAHHS 32/IaHOTO PE3yJbTaTy;

3. PexoMenparii 110,10 BAKOPUCTAHHS SIK OKPEMO, 1y CKJIa/li TPy METOUK.

SKo0 B OCHOBI METOMOJIOTII JICKHUTh TEOpeTHYHa 0a3a, TO ii HAsSBHICTH POOUTH
METOOJIOTI0 OB OOTPYHTOBAHOK Ta IepeadadyBanoro. OqHaK y pas3i BIICYTHOCTI Teopii
(MaTeMaTUYHOT MOJEIi) METOO0JIOTil TaKOXK MOXKYTh YCIIIIIHO 3aCTOCOBYBaTHCh. OCHOBHE Y
METOJIONIOTIi — JaTh KOPHUCTYBauyeBl MPAaKTUYHY IOCIHIIOBHICTh KPOKIB, 110 MPU3BOIATH /10
3agaHoro pesynprary. CaMe 3[JaTHICTh OTPHUMYBATH pE3yJbTaT i3 33JaHUMHU NapaMeTpamu
xapaktepuszye  e(pexkTuBHICTH  MeTojojiorii.  Metomonorii  (METOOWUKH)  MOXYTh
BUKOPUCTOBYBATHCS SIK OKPEMO, TaK 1 CIIIBHO.

Mopenp opraHizaiii |y 3araJlbHOMy BHUIAJIKy SBJIsS€ COOOI  CYKYITHICTB
(byHKLIOHATBHOI, OpraHi3aliitHoi Ta iHpopMamiifHOT MOIeIeH:

1. ®yHKIIOHaIbHA MOJENIb OIKUCYE CYKYIHICTh (YHKIIOHAIBHUX MIJACHCTEM Ta

3B'SI3KiB, IO BiJIOMBAIOTH MOPAJOK B3a€EMOJIl MiACHCTEM TpU (DYHKIIOHYBaHHI

KoMITaHii abo ii miapo3aimiB.

2. OpraHizamiifHa MOJENTh OIUCY€E CKJIaJ Ta CTPYKTYpY MIiAPO3IUTIB Ta CIIyxkO0
KOMIaHii.

3. IndopmariitHa MoeTh OMUCYE TTOTOKU iH(pOpMAIIii, IO ICHYIOTh y (PYHKIIIOHATHHOT

Ta OpraHi3aIiiHol MOJIEII.

Jnst MozjenioBaHHS Oi3HEC-TIPOLIECIB BHUKOPHCTOBYETHCS KiJIbKAa PI3HUX METOJIB,
OCHOBOIO SIKMX € SIK CTPYKTYypHHUH, 1 00'€KTHO-OpIEHTOBaHHWI MiIAXOMU JO MOJEIIOBaHHS.
OpHak po3MOiI caMUX METOJIIB Ha CTPYKTYpHI Ta 00'€KTHI € TOCTaTHHO YMOBHUM, OCKIUTBKH
HaWO1IbII PO3BUHEHI

MeTou BUKOPUCTOBYIOTH €JIEMEHTH 000X MiIXoMiB. J[0 HaWNOMIMPEHINUX METOIiB
CTaBJISTHCS:

1. Meron ¢ynkuionansaoro monemoBanHs SADT (IDEF0). 36inburytoTe iXHIO BapTiCTb.
BoHu HeoOXimHI IS AISUTBHOCTI MANPUEMCTBA Ta MPU3HAYEHI JUISl MIATPUMKH BUKOHAHHS
OCHOBHHX Oi3HEC-TIpOIIeCiB

2. Meton moaemtoBanHs nporieci IDEF3.

3. MonaentoBanHs notokiB qanux DFD.

4, Metox ARIS.

5. Merop Ericssonn Penker.

6. MeTox Moz TIOBaHHS, 110 BUKOPUCTOBYETHCs y TexHouoril Rational Unified Process.
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YacTrHa iICHYIOUMX METOJIOJIOTIH 3aCHOBaHA Ha JIep>KaBHUX CTaHAapTax, YaCTHHA — Ha
KOPITOPATHBHUX PO3POOKAX OKPEMHUX KOMIIaHii, YaCTHHA BUCYHYTa OKPEMHMH aBTOPAMH, iX
MOJIIISIOTH HA TPU KaTeropii:

1. Metomosorist BeACHHS IPOESKTY.

2. Metoaomnorii MOIeTIOBaHHS Ta aHali3y O13HEC-TPOIIECIB.

3. Merozonorii BUKOpPUCTaHHS MPOTPAMHUX MPOAYKTIB JJIi MOJENIOBaHHS Ol3Hec-
MPOIIECIB Y MPOEKTI.

Huni € kinpka MOCUTH YITKO 1A€HTHU(IKOBAHUX METOJIOJIOTIN BEIEHHS IPOEKTIB,
HOB'A3aHUX 13 3MIHOIO Oi3HEC-IPOIECiB, 110 ICHYIOTh B opranizamii. OgHUM i3 HaHOUIbII
HOIYJISIPHUX M1JIXO/1B
€ MetooJoris XamMmmepa Ta Yami.

Peimxunipunr no Xammepy ta Yammi — e «pyHgamMeHTaIbHE MEPEOCMUCICHHS Ta
paluKaibHE  IEPerNpoeKTYBaHHSA  JUIOBUX  MPOLECIB  JUId  JIOCATHEHHS  PI3KUX,
CTPUOKOIONIOHUX TOJIMIIEHh Y BHUPIMIAJBHUX CYYacHI MOKA3HUKU MiSUIbHOCTI KOMIaHii,
TaKuX K BapTiCTh, CEPBIC Ta
temnn». OCHOBOIO 3a3HAYEHOTO MIAXOAY € PO3IIISI MiSUIBHOCTI Oprasizaiii «3 YHCTOro
JUCTa» Ta po3poOka HOBUX, eheKTUBHIMMUX Oi3Hec-mporeciB. Kpim meTomonorii Xammepa ta
Yamrmi, iCHYIOTh 1 1HIIII METOJOJIOTIi, HE MalOTh OJIHO3HAYHOT'O aBTOPCTBA, aJie 10 HaJeKaTh
OKPEMHM KOMIIaH1sIM,

HANpUKIag, METOJOJOril BHUKOHAHHS IPOEKTIB 13 BIPOBA/PKEHHS CHCTEM aBTOMAaTH3aLlii
Oracle, SAP R/3, BAAN, RUP xommanii Rational Ta in.

Jlo apyroi Tpynu HaJe)aTh METOIOJIOTIS MOJICITIOBAHHS Ta aHaji3y Oi3HeC-IPOIECiB.
B manwmii yac icHye kiJibka 0a30BUX CITIOCOOIB OIUCY IPOIIECIB, 3aCHOBAHMX SIK Ha CTaHAapTax
(IDEFO), Tax 1 Ha 3aranpHONpUiHATHX Tiaxoxax (D).

Kpim Toro, icHye psa HoTamiii (METOMOJOTIH) OMUCY MPOIECiB, 3aMpONOHOBAHUX
OKpEMUMH KOMMaHisIMH - Po3poOHMKamMH MpOrpaMHHUX MPOIYKTiB. [0 OCTaHHIX HaJIeKHUThH
meronoiorigs ARIS (eEPC) xomnanii IDS Scheer AG, Himeuunna. Takox citiji 3a3HAYUTH
metoponorito BPMN 2, mo migrpumyerbes opranizamietro OMG, sika crama cTaHgapToM
cepen mpodecioHaNiB  Ta aKTHBHO BHKOPUCTOBYETHCS  PO3POOKH  «BUKOHYBAaHUX)»
aBTOMATH30BaHUX Mojeneit OuzHecnporeccos [11].

Jlo Tpereboi Tpymu  METOAOJNOTIM  HajexkaTb  METOOJOTiSs  BUKOPHUCTAaHHS
THCTPYMEHTAILHUX 3aC001B MOJICITIOBAHHS. /ISl CTBOPEHHS MOJIeNel Oi3HeC-TIpoIieciB

CyuacHi 3aco0M MOJENIOBaHHS HACTUIBKM CKIJIAJHI Y 3aCTOCYBaHHIi, 1[0 BHUMAararoTh
PO3pOOKHM crieliaIbHUX METOJIUK 1X 3aCTOCYBaHHS y MpOeKTi. ToMy Ui MPOCTUX MPOEKTIB
yacTo OyBa€ MOIIIBHINIE BUKOPUCTOBYBATH CTaHIAPTHUNH MOBa MaJIOBaHHS OJIOK-CXEM Ta
HaAMMpoCTimi IHCTPYMEHTH X cTBopeHHs (penaktopu MS Word, Visio i T.1.).

CIIMCOK BUKOPUCTAHUX J’KEPEJI

1. YepnoOaii, JI. 1. Bi3Hec-mipollecH MIiANPUEMCTBA: 3arajbHa XapaKTCPUCTHKA Ta
ekoHoMmiuHa cyTh [Tekct] / JI. I. UepnoOaii, O. I. JIlyma // Bicuuk HarmionaasHOTO
yHiBepcutery "JIbBiBChKa mousiTexHika". MEHEHKMEHT Ta MiANPUEMHHUITBO B YKpaiHi:
eTany CTaHOBJICHHS 1 mpobieMu po3BuUTKy. — 2013. — Ne 769. — C. 125-131. — Pexum
noctymy: http://nbuv.gov.ua/j-pdf/VNULPM_2013 769 20.pdf.
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[IEPCIIEKTHUBU PO3BUTKY IHTEJIEKTYAJIBHOI'O KAZIPOBOI'O TIOTEHLIIATY
YKPAIHU

Po3risnyTi mpoOsiemy, TOB'sI3aHI 3 BITYM3HSHUM KaJpOBUM ITOTEHINANOM, IO € BaXKJIMBHUM BaKelleM
MIOBOEHHOTO BIJTHOBJIEHHS KpaiHH, B TOMY YHMCII 32 paXyHOK 30€peXeHHsI, PO3BUTKY Ta PalliOHAILHOTO
BUKOPHCTAHHS HAWIIHHIIIOTO ii KamiTally — iHTeIEKTyaIbHOTO Pecypcy.

BucsiTiieHi mpuuuHM, TI0 TPHU3BENN 1O CIAAy IIPOMO3WIINA KBalliikOBaHMX MpAIliBHUKIB B KpaiHi i,
BiJINIOBiTHO, 30UNBIICHHI IMOMHUTY HA HHUX Ta OKPECIICHI MOMJIIMBI NUIAXH 30CpPEKEHHS Ta PO3BUTKY
IHTENEeKTyaIbHOTO KaJIpOBOTO MOTEHIIATy AJs IMOBOEHHOTO BiIHOBJICHHS €KOHOMIKH 3 ypaxyBaHHIM
peaizarii €BpoiHTErpallifHuX MparHeHb YKpaiHU MO0 PO3BUTKY KOMIIETEHTHOCTEH, HABHYOK 1 BMiHb
MIePCOHAITY.

Kiro4oBi cyioBa: iHTEIEKTyaIbHUI KaPOBHI MMOTEHIial, OCBITa, KOMIIETCHTHOCTI, CTAIAI PO3BUTOK.

[ToBHOoMacmTabHe BTOprHeHHsIM Pocii B VYkpainy, mnornubwio mnpoOnemu 3
npodeciiHuMU KajzpaMyd B YKpaiHi, OCKUIbKM BITYM3HSIHMNA PHUHOK Ipalli IIe HEe MOBHICTIO
BIJTHOBHBCS B1J] IaH/IeMii KOPOHOBIPYCY 1 CTUKHYBCS 3 HOBUMH BUKJIMKaMU, Ye€pe3 NOCUIICHHS
MirpamifHuX mpoueciB 1, BIANOBIAHO, BIAIUIMB mpodeciiiHux kaapiB. Jlo OcBiTHBOI Ta
TPYZOBOI Mirpanii, 1oaaucs Taki YUHHUKHU K O1KEHCTBO i ydacTh y OOHOBHX JisX, 3HAUHE
3HWKEHHSI 3alHATOCTI HAaceJeHHsA B OUIBLIOCTI perioHiB YKpaiHW Ta 3pocTaHHs 0e3po0iTTs
BHAC/IIOK pyHHYBaHb KPUTUYHOI 1HPPACTPYKTYpH, BIMICHKOBUX, MPOMHUCIOBHX 1 IIUBUIBHUX
00’€KTIB.

TakuM 4YWHOM, pallOHaJbHE BUKOPHCTAHHS HAWILIHHILIIONO KamiTaly JepKaBu —
IHTENIEKTYaJbHOTO PECYypCy € 3alOpyKOI IIBUJAKOTO Ta e(EeKTUBHOI'O ITOBOEHHOTO
BIJTHOBJICHHSI €KOHOMIKHM KpaiHU ¥ peajizaiii eBpOlHTerpaliiHuX NparHeHb YKpaiHu I110/10
PO3BUTKY KOMIIETEHTHOCTEH, HABUYOK 1 BMiHb ITEPCOHAITY.

3 orysiy Ha lie HaJ3BHUYaifHO aKTyaJlbHUM CTa€ 3aBJIaHHsS 30€peKeHHs], 3aKpIIUICHHS Ta
PO3BUTKY IHTENEKTYaJbHOTO TOTEHIaly KpaiHM SK B KOPOTKOCTPOKOBIM, TaK 1
JIOBIOCTPOKOBIN MTEPCIIEKTHRBI.

Ha nanuit MOMEHT € psaj cepHo3HHX NpoOsieM, 3 SKUMHU BXKE CTUKHYJIAch 1 MOXE B
HaNOMMK4ii MEepPCHeKTUBl CTUKHYTHCS KpaiHa. ICHye meBHa HMOBIPHICTh HETIOBEPHEHHS B
IOCTBOEHHOMY  Tepiofi  MirpaHTtiB 1  ODKEHIIB 4epe3 HEMOXJIUBICTh  3HAMTH
BHCOKOOIIJIauyBaHy pOOOTY, PYHHYBAaHHS JXKUTIA Ta HEMPHUAATHI IS JKUTTS YMOBH, IO €
3arpo3010 Uil €KOHOMIKM KpaiHu. Uepe3 Opak kBasi(hiKOBaHMX MOJOIMX KaApiB 1 MAacoBy
MITpalilo TaTaHOBUTOI MOJOJI 3a KOPJOH, CTPIMKO MiJBUIIYETHCS CEpeAHIN BIK TPYAOBUX
KOJIEKTUBIB.

V Tol e yac aeprkaBa TPUBAJIMM yac He 3BepTajia HaJIeXKHOI yBaru Ha CTaH 1 TEHICHIIIT
PO3BHUTKY BJIACHOT'O KaJpOBOTO MOTEHIIaly, Ha TOH iHTeJIeKTyalbHuH 1 mpodeciiiHuii pecypc,
AKUI pOOUTH CYCHIIBCTBO OCBIYEHHMM, NpodeciiiHo Mpaue3gaTHUM 1 3abe3nedye HOro
JUHAMIYHUN 1 CTaIuil pO3BUTOK. [HTENeKTyanbHMIA KaJApOBUI IOTEHITIAT TPOSBISIETHCS Yepe3
CYKYIHICTb 3/1I0HOCTEM, 3HaHb, TPYAOBHX HaBHUYOK Ta BMIHb, 1JIeH 1 TEXHOJIOT1H, 3JaTHICTh 710
npodeciiHOro 3pocTaHHS Ta Oe3MepepBHOI OCBITH, KPEaTUBHICTH 1 3[ATHICTH 10 HAYKOBOT
TBOPYOCTI, IKi peali3yroThCs Mij] yac poOoTH mpaiiBHuKamu. [1]

3apa3 Jlep>kaBHOIO CITy>KOOI0 3aiHATOCTI IPOBOIUTHCS aHKETYBAaHHS POOOTOIABIIB PO
noTpeOy B mpariBHuKax Ha 2022 pik, 1m0 JaCTh MOXJIMBICTH CIIPOTHO3YBAaTH PUHOK IIparli,
HiAroTyBaTH KBaTi(iKOBAHUH MEPCOHAI BIAMOBIIHO 10 HOTO aKTyalbHUX MOTPEO.
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[Toka3HUKH TIOMUTY Ta MPOMO3MUIIIT

MpaliBHUKIB

3a mpodeciiHUMU TpynaMu

JNEMOHCTPYIOTh PI3KE 3pOCTaHHS NONMUTY B MOpiBHAHHI 3 2020 pokoM 1o BCIM rpynam

(tabm.1).

Tabnuys 1

Iloxa3HMKH MONNMTY Ta NPONO3ULil NPANIBHUKIB 32 npodeciiHUMHU rpynamMu

[ToTpeba y npaniBHUKax Ha
3aMilIeHHS BUTBHUX HaBanTtaxxenns Ha 10
po0OoYMX MicIlh (BAKAaHTHUX |BUIBHHX POOOYHX MICIIb
. nocan), (BakaHTHUX TOCaN), 0Ci0|
[IpaniBHUKH ;
muc. ocio
2020 p., 2022 p., 2020 p., | 2022 p.,
Ha KIHEIb ClYeHb — Ha KIHEeIb | CIYeHb —
POKY CEpIICHb POKY CEepIieHb
'Ycporo 43,2 295,1 106 25
Y Tomy umcii 3a npodeCciiHUMU TpynamHu:
3aKOHO/1aBITi, BUIIII JIEpXKaBHI
CIIy>KOOBII1, KEPIBHUKH, MEHEDKEPH 2,6 17,2 255 56
(yrpaBureri)
[Mpodecionanu 6,5 31,4 65 23
DaxiBii 5,2 29,4 94 28
TexHiuHi ci1y>X00BIII 1,8 11,8 149 40
[IpariBHuKY chepu TOPTiBIi Ta MOCIYT 54 38,5 145 33
KBaidikoBaHi poOITHUKH CLIIBCHKOTO
Ta JIICOBOTO TOCTIOIAPCTB, 0,4 10,6 430 22
MOOPO3BEJICHHS Ta pUOATHCTBA
KBamquOBaHl pOOITHUKH 3 0.4 45.6 45 15
IHCTPYMEHTOM
PoOiTHUKY 3 00CITyTrOBYBaHHS,
eKCIUTyaTallii Ta KOHTPOJIIOBAaHHS 32
POOOTOIO TEXHOJIOTIYHOTO 6,6 67,8 123 19
YCTaTKyBaHHS, CKJIQJaHHSA
CTaTKyBaHHS Ta MaIlIWH
Hannposnm1 npodecii Ta ocodu 6e3 5.3 42,8 104 29
npodecii

Jorcepeno: [1] na ocuoBi URL: https://www.dcz.gov.ua/analitics/67

[Tpobnema kBamiikaiifHOro po3pHUBY B JIep>KaBi Mae BUPILIYBATUCS 3yCHIUIAMHU SK
puHKY mpani (poOoTonaBuiB), Tak 1 3yCWUIAMH BUIIOi OCBiTH. CHCTeMa OCBITH Mae
a/IeKBAaTHO 1 3aBYaCHO pearyBaTy Ha 3alluTH PUHKY Mpalli, 10 3a3HaB MIOKOBUX MOTPSCIHb.

B octaHHi poku iCHye cTaja TEHIEHIS A0 3pPOCTaHHS KIUIbKOCTI alITypi€HTIB, IO
0o0UpalOTh TyMaHITapHI HayKH, TaKUX NPUOIU3HO JBI TPETHHH, 0 OOYMOBJIEHO, B TOMY
YUCIII HEIOCTATHICTIO 0a30BHX 3HAaHb 3 TOYHUX 1 NPHPOIHWUYMX Hayk (mume 6-8%
BUITYCKHUKIB IIKiJT HAOMPatOTh HEOOXIHY KUIBKICTh OaJIiB Ui BCTYITy). SIK HAacmioK, KpaiHa
BiJUyBa€ rocTpy morpedy y daxisipix 3a Hanpsmamu “¢iznka” Ta “matemaruka” [ 2,3 ].

B6auatoTecsi psill BaXXJIMBHUX HANpsIMIB 30€pEKEHHS Ta PO3BUTKY I1HTEJIEKTYaJIbHOTO
KaJIpOBOTO MOTEHIIATy YKpaiHU 3 BpaxyBaHHSM TJIOOQIBHUX CBITOBUX TCHJICHIIN Ta MOTPEO
KpaiHHu y MOBOEHHOMY BiTHOBJICHHI:
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- CTBOPECHHS B YKpaiHi KOMIUICKCHOTO MEXaHI3My y3TO/KEHOCTI MOTped y Kaapax 3
MacmTabamMu Ta HanpsiMamu poQeciiftHOT MmiITOTOBKH, 1110 HAJA€ThC;

- IPIOPUTETHUIA PO3BUTOK BITUU3HSIHOTO 1HTEJIEKTYaIbHOTO 1 IpoheciiHOro pecypcy;

- BU3HAUEHHS [ONUTY Ha 3aTpedyBaHi HU(POB1 HABUYKH, OCBITHI Ta podeciiiHi
KBaJi(iKalii, 3aJy4yeHHs MOJIOJII 10 HAyKOBHX 1 TeXHIYHUX npodeciii (30kpema 1 uepe3
STEM-ocBiry);

- PO3BHUTOK JIyaJIbHOI OCBITH, BJIOCKOHAJIEHHS! YMOB ITPOXO/PKEHHSI IPAKTUKH
CTYACHTaMH,

- CTBOPEHHSI HOBUX MOJJIMBOCTEH Ul BUCOKOKBaIi(hikoBaHOI Ta caMo3aifHATOi poboTH
HACEJICHHS;

- MOXJIMBICTb HABYaHHS MEPCOHATY KaMmaHiil Uit mpodeciiiHoro Ta Kap’ €pHOro
3pocTaHHs (K HeMaTepiaabHOT MOTHBALIIT);

- PO3BHUTOK COIIaJIbHOI'O MAapTHEPCTBA MK 3aKJIaJaM{ BHUILOI OCBITH Ta MPOBITHUMHU
YKpaiHCBKUMU KOMITAHISIMH;

- BHU3HAUYCHHS KIIOYOBHX HEOOXITHMX KOMIIETCHTHOCTEH MpaliBHUKIB (y CITiBIparli
poOOTOABIIIB 1 BIPOBAHKCHHS CIIJIBHO 13 3aKJIaJaMd BUIINOI OCBITHM HEOOXIMHHMX s 1X
JTOCSTHEHHS MPOo(dECiitHMX CTaHIapTIB Ta MEXaHI3MIB);

- BpaxyBaHHs1 3apyOiKHOTO JIOCBiy CITIBPOOITHUIITBA OCBITH Ta Oi3Hecy; [4]

- 3aKOHO/IaBYa rapaHTisl OCBITH BIIPOJIOBXK XKUTTS (OCBITH IS JOPOCIIHX ) TOIIO.

Y mpoMy pakypci OCOOIMBO aKTyallbHOI CTa€ IMMiJroTOBKa (axiBIiB 32 OCBITHBO-
npodeciiinumu nporpamamu «ExoHomiuHa kibepHeTtuka» Ta «lludpoBa exoHOMIKay», sKi
Jal0Th MaWOYTHIM creniamictaM sIK TTUOOKY TeOpeTHYHy 0a3y 3HaHb, Tak 1 Pi3HOMaHITHI
MpakTU4YHI U(PPOBI HABUYKH, IO HA JAHOMY €Talll PO3BUTKY CYCHIJIbCTBA € HEOOXIJTHOIO
YMOBOIO TIiATOTOBKM KOHKYPCHTO3JATHUX CICMIANICTIB Ta CHOpHsE peamizaiii MOJITHKA
nepxau o0 po3Butky STEM-aucuummin (S — science, T — technology, E — engineering, M
— mathematics). CtpiMKuii pO3BUTOK TEXHOJIOTiH, 30KpeMa iH(OpMaliiHIX TEXHOJOTIH, Y
Cy4acCHOMY CBITi, MiJBUIIYE BUMOTH J0 3HAHb 1 BMIHb MalOyTHIX CIEMmiamicTiB, GopMye
3amuTH  poOOTO/AABIIB MIOAO CYTTEBOTO 3MEHIIEHHS pO3PUBIB MK OYIKyBaHMMH Ta
peaTbHIMH KOMIIETEHTHOCTSIMU TIPAIliBHUKIB — JIEMOHCTPYE aKTyallbHICTh Ta BaXKJIMBY POJIb
miAroTOBKM  (axiBIiB 32 BHIIE HA3BaHUMH OCBITHIMH TMpOrpaMaMHd Yy PO3BHUTKY
IHTENIEKTYaJIbHOTO KaJIPOBOTO MOTEHITiATy YKpaiHH.

BucHOBOK. PO3BUTOK BITUYM3HSIHOTO 1HTEJIEKTYAJIBHOTO KaJpOBOTO MOTEHINiay, HaBIiTh
y HENIPOCTHX CYYaCHUX YMOBaxX, Ma€ MOTEHIIHHI MOXIIMBOCTI 0 AMHAMIYHOTO PO3BHUTKY. 3
onHOTO OOKYy, TpobiiemMa TpyAOBOI Mirparlii, Moke OyTH BHUpIlIEHA Yepe3 HaJaHHS TiIHUX
YMOB TIparli, IMABUIICHHS 3apO0ITHOI TJIaTH 10 PiBHS €BPONMEHCHKUX, MOKIUBOCTI OyIyBaTH
Kap’ €py y BEJIHMKHX KOMIIaHisAX, 3 iHIMIOr0 OOKy, mpobiema KBami(ikKaliifHOro po3puBYy Mae
BHUPINTYBAaTUCS CIUIBHUMH 3yCHWJUIAMH PUHKY mpaii (poOoTomaBIliB), chepu IMiATrOTOBKH
KaJIpiB Ta JIEpKaBH, yTOCKOHAJIIEHHS 1X B3a€MOII.

CIITMCOK BUKOPUCTAHUX JT’KEPEJI
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30epeKeHHsS Ta PO3BUTKY IHTEJIEKTYaJbHOTO KaJpOBOTO TOTEHIATy IPOMHCIOBOCTI
VYkpainu. Vepaincokuii coyiym, Ne 3 (82) C.84-105.
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[ 2 ] Kpaina 6e3 maremaTHKiB: Bij MMOMyITi3My — 10 3arpo3u Harbesmneri. Yxpingopm.
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BUKOPUCTAHHS CUCTEM IDS, IPS, SIEM JIJIS1 VIIPABJITHHS IHOOPMAIIMHOIO
BE3IIEKOIO ITIAITPUEMCTB

Abstract. Binburicte MepexeBux iHdpacTpykTyp o00'ekTiB iHbopMmaniitnoi Oesneku (OIB)
¢byHKIIOHYI0Th Ha 6a3i creky mpotokouiB TCP/IP. Aje neil mpoToKOJI Ma€e CyTTEBI BPa3IUBOCTI.
YacTUHY Bpa3IMBOCTEl MOXKHA YCYHYTH IHTENCKTyalbHHMH (QYHKUIIMH KEPOBAaHOI'O
MEpPEeXKEeBOro OONAaTHAHHS: BiJ MpOQiTOBaHHS JOCTYIy OO cerMeHTamii Tpadiky. Baxmmsoro
JIAHKOIO 3aXHCTy BHCTYIAIOTh KOMIUIEKCHI MIXKMEpEKEBi €KpaHH, L0 BKIIOYAIOTh CHCTEMHU
BUSBJICHHS Ta 3ar00iraHHs BTOPTHEHHAM. MeToro maHoi poOOTH Oyio MOCTIIKEHHS CHCTEMH
360py, 00poOKH Ta aHai3zy noaii iHdopmariitnoi 6e3nekn mepexeBoi iHppacTpykTypu OIB.

Keywords: IDS, IPS, SIEM, ananiz mopxiii indopmamiiinoi Oe3mexkd, MOHITOPHHT POOGOTH
Mepexi Ta KOPUCTYBauyiB.

OnHuM 13 TIPIOPUTETHUX HANPSAMIB PO3BUTKY HAyKH, TEXHOJIOTIH Ta TEXHIKH Y
PO3BHHYTHX JIepKaBaxX BHUCTYIAIOTh 1H(OPMAIiHHO-KOMYHIKAIIHHI TEXHOJIOT1, 10 MaroTh
ICTOTHHMIA BIUTMB Ha PiBEHb HAIlIOHAJIFHOI OE3MEKH Ta eKOHOMIYHOI KOHKYPEHTOCTIPOMOKHOCTI
JepkaB. butbmiicTh MepexxeBuX 1HOPACTPYKTYp MO JEp)KaBHUX Ta MPUBATHUX KOMIAHIN
¢GyHKIIOHYIOTH Ha 0a3i cTeka nporokoniB TCP/IP 3 BUKOpUCTaHHSIM TEXHOJIOTIT KAHAILHOTO
piBast Ethernet, a Takox MarOTh JOCTYIT 0 r100aabHOI 0OYUCITIOBAIBHOI Mepexi [HTepHeT. 3
KO)KHUM POKOM 3pOCTa€ KUIBKICTh Ta pIBEHb BHUTOHYEHOCTI KiOEPHETHYHHX aTak.
370BMHUCHUKH, MOTHBOBaHI METOK) OTPHMAaHHS MaTepiallbHOI BUTOAM, POOJIATH CHpoOH
BUBECTH 31 CTaHy JIOCTYITHOCTI a00 OTpUMATH HECAHKI[IOHOBAaHUN OCTYTI 10 iHPOpMAaLiHHIX
CHCTEM Ta OOYHCIIOBATBHUX MEPEXK, IO TIOTSHIIMHO MOXKE 3aBIAaTH ICTOTHHX €KOHOMIYHHMX
30UTKIB KOMIaHii Ta (y TipIIoMy BUTIAJIKY) 30UTKIB CYBEpPEHITETY, TEPUTOPIaTbHOT HUTICHOCTI,
MOJIITHYHOI Ta COIIaJIbHOI CTAOLIBHOCTI KpaiHu. BimoBiqHO 3pocTae akTyadbHICTh 3aBJIaHHS
3a0e3nedeHHs iHpopManiiHoi 0e3MeKn MepexeBUX 1HPPACTPYKTYp 00'ekTiB iHPOpMAaLifHOT
Oe3neKu.

[To3UTHBHUMH TEHAEHIISIMH, IIO 3acIyroBYIOTh Ha yBary, €: Oprasiszauis poOoTH
IDS/IPS Ha ocHOBi BOYIOBYBaHHX MIiKpPOINPOIIECOPHHUX CHCTeM 1 TexHosorii data mining, a
takok koHcomigamis IDS/IPS Ta cucrem ynpasninas 6e3nekoro Ta nogisimu (SIEM) [1-4].
OpHak 3arporoHOBaHI METOIUKH HE JA0Th OJHO3HAYHOTO PE3yJbTaTy MpPH BUKOPHUCTAHHI
OBEpJICHHUX TEXHOJIOTIH Ta KpUOTOTpadiuHUX MPOTOKOIIB, a TaKOXK HE MPUIUIAIOTH
HaJIe)KHOI yBaru oOpoOIli, aHalizy MepexxeBoro Tpadiky Ta JyioriB onepaiiiaux cuctem (OC)
cimetictea Windows/Linux ta momarkis.
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BaxnnBowo (yHKIIOHATEHOI MPOOJIEMOI0 KOMILIEKCHUX MiRKMEpPEKEBUX EKPaHIB €
BIZICYTHICTb MOXXJIMBOCTI ()OpMyBaHHSI O0'€KTUBHHX 3BITIB Ta CTATUCTUKU IPO iSUTBHOCTI
KOpHCTyBada, OCOOJIMBO TiJl YaC BUKOPHCTAaHHS 3ac00iB aHOHIMi3alii (HAMPHUKIAI, Mepexi
TOR <anri. The Onion Router>). [cTOTHUM HEOMIKOM € BiJICYTHICTh B3a€MOJIl HACTYITHHX
pimens: IDS/IPS, SIEM, cucrtem KOHTpOJIIO pOOOTH KOPUCTYBayiB, CHUCTEM MiATPHUMKH
OPUMHATTA PIIIEHb 3 MUTAaHb aMIHICTPYBaHHS Ta 1H(GOpMaLiiHOI Oe3MeKy, 10 NPU3BOIUTH
70 HEepeHTA0EeIbHOTO0 HaJMIPHOTO CIIOKMBAaHHS OOYHUCIIOBAJIbHUX PECYpCiB  cepBepa,
nyOmoBaHHS pAAy 1HPOPMaLIMHUX OJIOKIB.

CporojHi IMMPOKOTO MOIIMPEHHs HaOysin 3aco0M MepexkeBol aHOHIMI3alii: MpOKCi-
CepBepH, BIpTyalibHI 3aXHIICHI KaHAIU 3B'I3Ky Ta BipTyaibHi npuBaTHi Mepexi (anri. Virtual
Private Network), oBepieiini Mepexi Ha 6a3i HOYIBHOT Ta YaCHUKOBOI MapiupyTu3aii. Jlani
IHCTPYMEHTH JI03BOJISIIOTH KOpPUCTYBauaM BIJBIAyBaTH OyIb-siKi 1H(oOpMmaliiiHi pecypcu B
00xiJ mpaBusl (QuIbTpaLii MiKMEpexeBHX eKpaHiB, y ToMmy uucii UTM-uuto3iB Oesnexu
(anra. Unified threat management) ta NGFW (anri. Next generation firewall).

InTepdeiic koman HOTO

e WEB IuTepdeiic

KonTponep nnardopmu MepexeBi intepdericu

Cepgicu

IMnatdopma mig ynpaBniHHA
3aCTOCYHKAaMH B CepelOBH i
BipTyamni3zauii

Basosi oxyni m1s poboru 3
MEpEKEer0

XocT

cucreMa Binkpure II3

Cuctemu 300py, OIpall}OBAHHS
Ta aHanizy noxii Ib

IDS/IPS cucremu

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
e

Puc. 1. Konyenmyanvha cxema komniekcHoi cucmemu 00pooKu mpagiky oouucio8aibHoi
Mepedici ma nodiu ingopmayitinoi 6e3nexu
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OpnuM 13 METOJIB MPOTHIIi BUCTyNae MeXaHI3M HMU(PPOBUX MiAMUCIB Ta cepTudikamii
BCiX MPOIIECiB OMEpaIliifHOT CHCTEMH Ta BCTAHOBIIOBAHUX JOATKIB.

JUis BUpIIEHHS 1IbOTO 3aBJAaHHS 3alpOINOHOBAHO BUKOPUCTOBYBATH PO3MOJUICHY
cucreMy 300py, O0OpoOKM Ta aHamizy mnonikd iHGopmMariiiHoi Oe3MeKn MepexeBoi
iHpacTpyKTypH Kommadii. L5 cucrema npoeKTyeThCs IK MOJYJIb CUCTEMH 1HTEJIEKTYyalbHO-
aJalTUBHOIO YNPABIIHHS MEPEKEBOIO IHPPACTPYKTYPOIO KOMIIaHI1i, 1UB. pucC. 1.
BUCHOBKH

3anpornoHOBaHO KOHLIEILII0 KOMIUIEKCHOT 00poOKku TpadiKy 0OUMCIIOBATIBHOI MEpExi
Ta nonid iH(opmauiiiHOI Oe3lneku SK Ha CTOPOHI cepBepa, TaK 1 Ha CTOPOHI KII€EHTA.
3anpornoHOBaHe pIMIEHHS BUKOPUCTAHO SK OJWH 13 MOJIYJNIB 3a0€3MEUCHHS MEpEeKeBOI
iHpopMaliifHOI Oe3MeKH CUCTEMHU I1HTENEeKTyallbHO-aJallTUBHOIO YHPABIIHHI MEpPEkKEBOIO
1H(PaCTPyKTYpPOIO KOMITaHIi.
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SIEM — IHCTPYMEHT YIIPABJIIHHS THOOPMALIIMHOIO BE3MEKOIO OB'CKTA
THOOPMATU3ALII

Abstract. nmposeneHo KOpoTKuil aHawi3 i MOpiBHAHHSA ABOX TpoBimHux SIEM-crcrem Ha pHHKY.
Jano pexomenpanii moao BrnpoBamkeHHs SIEM s 1ieHTpanizoBaHOro BEJCHHS KypHAITY
peecTpatiii Ta I0MOMOTH y BUSIBJICHHI, aHaIi3i noail indopmauiitnoi 6e3nexu (IB).

Keywords: SIEM, ynpaeiiHHs Oe3mekoro, >KypHaiW mnoxid, 36ip indopmauii, anami3
iHpopMarii.

SIEM cuctemu He € rapanTtiero 1B, BoHM SBISIOTH COOOIO JHINE MEXaHI3MH IS
30upanHs Ta aHamizy iHopmamii 3 I1HmMMX cucteM, Takux sk DLP, komyrtartopw,
MapuipyTu3atopy, aHtuBipycHe I13, mixkmepexei ekpanu, APM kopuctyBadiB i T. 1. Aue
BOHH TaKOXX BaYUINBI [T OyIb-sIKUX BETHKUX 00’ ekTiB iHpopmartuzaii (OBI). Lle moB’s3aH0
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3 TiM, 1o A Takux OBI Bigain Ib npocto He 3mMoxe ((Pi3MuHO) MOKPUTH 1 3a(iKCyBaTH BCl
iHmuneutu 1b.

bazosi moxnuBocTi cucremu SIEM 3a6e3neuytoTs BUPINIEHHS HACTYITHUX 3aBJaHb:

— 30ip Ta 30epiranHs iHuuAEHTIB 1b;

— OmpalllOBaHHs Ta aHai3 iHIHUIEHTIB Ib;

— BUSIBJICHHS aTakK Ta MOPYUICHb MOJITUK O€3MEeKH Y peaTbHOMY 4Yaci;
— BUSBIICHHS Ta peecTpallis iHuaeHTis 1b;

— (dopMyBaHHS 3BITiB.

Kpim Toro, mo cydacumx pimenb SIEM mnpen'sBIstOTBCS TOAATKOBI BUMOTH IS
3a0e3nedeHHs peamizamii HACTyMHUX (YHKLIIOHAJBHUX MOJMJIMBOCTEW:  OI[IHIOBAaHHS
3aXHUIIEHOCTI PecypciB KOHTPOJbOBAHOI CHCTEMHU; IIepeBipKa BiAMOBIAHOCTI CHCTEMH
ynpaBiminHg b 4MHHUM BUMOraM Ta HOpMaM; yhpaBmiHHA pmsukamu 1B Ta iH.
dynkmioHaabHa wMonenb cuctemMu SIEM  moeanye Taki  (QyHKIIOHQJIBHI ITJICHCTEMH:
KOJICKTOPH; CXOBUIIA JAaHUX; KOPEISATOPH; KOHCOIb YIIPABITiHHSI.

VY3aranpHeHa MOCIiI0BHICTh 00p0oOKH moii 6e3neku SIEM mosicHroeThes Ha puc. 1.

SIEM cucremMu He MOXKYTh 3aXHCTUTH OpraHi3aiito Bia iHuuaeHTiB Ib. Ane BoHo i He
npusHaueHe Ui uporo. SIEM cucteMu MOXYyTh HaJaBaTH IOBHY 1HGOpMalil0 Mpo
inunentu 1b, mo BimOynmes, y BUrisal pi3HuX 3BiTiB 1 rpadikiB. Lle, cBoero ueproto,
J03BOJIUTH CiIyx01 Ib cBoeuacHO MpUNMUHATH BUTOKY iH(OpMAIlii, a TaKOX BILUIUBATH Ha
e(eKTUBHICTh BUKOPUCTAaHHS/ynpaBiinHs pecypcamu OBL.

[Ipunyctumo, y Hac € axach cTpykTypa OBI, 1o BKitoyae:

1. IT-indpacTpykTypy — BCi anapaTHO-IIPOTrpaMHi 3acO0u.

2. |T-memaprameHT, SKMi BKJIIOYA€E BCl BIAAUIH, TOB's3aHl Oesmocepeanbo 3 IT-
TEXHOJIOTISIMU ~ JJIl  MiANpUEMCTBA  (BIAAIT  CHCTEMHOTO  aJMIiHICTpYBaHHS,  BLIJILI
iH(opMaIiifHOi O€3MeKH TOIIO. 11.).

3. IT-mupexrop/mupexrop 3 IT-6e3nekun abo CIO/CISO.

4. TOII-meHeHKMEHT - KEpIiBHUKHM Oprasisaiii, sSKi HECYTh BIIMOBIIAJBHICTh 3a
e(eKTHUBHE yIPaBIiHHS OpPraHi3alli€ro.

. ) Hopwmanizaris
iH(ppacTpyKTypa Kypnamu -
OBI g
Mexanizmu/ Kobesmsiitis
IIpaBuna P
CxoBuile MOHITOpIHT

Puc. 1. Ilocnioosnicmos onpayrosanns inyuoenmis Ib

VaBimo, mo moxe OyTtu 3 mieto cucremoro 6e3 SIEM. Jlani nHaaxomsts Bim IT-
iHppacTpykTypu 1o IT-genapramenty, mio Tsarue 3a codoro:
— TIEPEeBAHTAXEHICTh TAHUMU;
— MOXJIHBA BTpaTa MoJii;
— HENOBHMI aHANI3 HOMIIl;
— CKJIQJIHOIII y MOAaHHS iH(popMarii ToImIo.
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[Ticna uporo IT-memapraMeHT HaMaraeTbcsl SIKUMOCh YMHOM HaJaTH iH(OpMaIliio
CIO/CISO, i Bxxe BUHUKAIOTH MPOOIIEMU:
— sK nojatu pesyibTtatu podotu IT;
— sK TIOSICHUTH MOTOYHI npoosiemu [ T-genapramenty;
— sk oOrpyHTyBaTu notpebu IT-genapramenry;
— Jam indopmaris nepexoauts 10 TOII-MeHeKMEHTY:
— Hepo3yminns notounoi npo6iemu IT;
— Hepo3yminnsa notpe6 IT-nemapramenry;
— HeedexruBHe nmnanyBaHHs cTpaterii po3BuTKy IT-nenapramenty.
— Bracninok ycix 3a3HaueHHMX BHILE POOJIEMHU BHIUBAIOTHCA Y:
— Hee(eKTUBHE KepyBaHHS PeCcypcamu;
— Hee(eKTUBHE IJIaHyBaHHS;
— HeaJleKBaTHE pearyBaHHs Ha iHIMaeHTH Ib;
— BTpara KOHTPOJIIO 3a iHnuaeHTamu Ib;
— He3aaoBoseHHs oTped IT-nemapramenty;
— MOXKJIMBI BTpaTu NpUOYTKY.

VY Takomy pasi gani Bing IT-iHdpacTpykTypu OyayTh NpPOXOJUTH TOBHHM LIUKI
00poOku 1HpopMmarlii B SIEM cucremi, 3a TuM nepexoats 10 [T-nenapramMenTy 1 BHACHIiI0K
IIbOI'0 BOHU MalOTh:

— 3re”epoBaHi iHIuaeHTH b;

— J1aHi po30uUTi Ha KaTeropii;

— BHKOHAaHI a”Hani3u iHNUaeHTIB 1B;

— IArOTOBIIEHI 3BITH.

— VYci HeoOx1aH1 ToKyMeHTH nepexoasTs 3 [T-nenapramenty no CIO/CISO,
Terep BOHU MarOTh:

— HaouHe ysABJEHHs nmpobieM: rpadiku, JiarpamMu TOIIO;

— 3BiTH, CKJIaJieHi 3a ctanaaptami 1b;

— oOrpynToBani notpebu IT-nemapramMenTy, 1m0 MigKpiniieHi BiNOBI THUMH
JIOKYMEHTaMU.

Hani CIO/CISO MoxyTh TMOBHICTIO TOKa3aTh HeoOXinHy iHdopmamiro ans TOII-
MeHeKMEHTY. ToMy iX MaroTh:

— PO3yMiHHS MOTOYHOI cuTyalii Ta mpobsem IT mo0 opranizariii B misiomy;
— aJeKBaTHE IUIaHyBaHHA po3BUTKY IT-nenaprameHTy.

3ronoM MM MaeMo: epEeKTUBHE YIpaBIiHHA pecypcamy; e€(eKTHBHE IUIaHyBaHHS;
ajJiekBaTHe pearyBaHHs Ha iHuMAeHTH Ib; KoHTponbs Han iHuuaentamu Ib; 3amoBosneHHs
notped I T-nenapraMeHTy; MOXIIKMBE 301IbIICHHS IPUOYTKY.

Hagenenuit Buie npukiiag He € iCTUHOIO Ui 0araThboX MiAMPUEMCTB, ajie BiH HAOYHO
MIOKa3ye, IK MOXKe BILIMHYTH BUKopucTaHHsa SIEM cucremu.

BUCHOBKH

Opranizamii, mo po3risaawTs npundanHs npoaykry SIEM, moBuwHHI peTensHO
pO3MIIAIaTH BECh MPONOHOBAHUN HUM (DYHKIIOHAJ 1 TOYHO 3HATH, HABILIO M MOTpiOHA JaHa
cucreMa, T.K. BUTpATH Ha BIPOBA/DKEHHs Ta po3ropraHHs SIEM, sk mpaBwio, aHamorivHi
IHIIMM BEJIMKUM PO3TOPTAaHHSM IHCTPYMEHTIB O€3MeKH 3 OJHHUM TOMITHUM BHUHSTKOM:
iaTerpanis. SIEM He Mae 3HaYeHHs, SKIIO BOHA HE MOXE JIETKO OTPHUMYBATH Ta aHAJI3yBaTH
JlaHl KypHaJIy 3 PI3HHMX JUKepell >KypHayly Oe3NneKkd. YBIMKHEHHS LIbOTO MOXKE€ BUMaraTH
BEJIMKOI KUTBKOCTI Yacy s HamamrtyBaHHs SIEM abo po3poOku KOy, IUIS TEpETBOPEHHS
JAHUX KypHaIy JpKkepena y ¢popmar, sikuit SIEM Moxke 3po3yMiTi Ta onpanoBaTy.
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DEVELOPMENT OF BAYESIAN NETWORKS FOR A DECISION SUPPORT SYSTEM
DURING THE ANALYSIS OF INTERNAL CYBER THREATS AND NETWORK
INTRUSIONS

Abstract. Currently, from the point of view of technical implementation, network attacks remain
the most complex, staff abuse and the category of cyber incidents that can be attributed to internal
threats remain the most dangerous from the point of view of most management companies and
organizations around the world. At the same time, the decision-making procedure for assessing the
situation associated with an internal threat and predicting the consequences of the implementation
of an internal threat to the OI requires clear algorithms of action on the part of information security
services.

Thus, such data on events and facts can be attributed to threat indicators. Such threat
indicators, depending on the method of obtaining information, can be divided into the
following categories: 1) technical (for example, obtained with the help of a system for
monitoring the actions of personnel); 2) behavioral (the result of observations and fixation of
illegal actions of an employee by the information security service). Behavioral indicators
reflect the behavior of a potential insider, the damage from whose actions can many times
exceed the damage from any even the most technically advanced network attack. If the
information security service ignores such manifestations, then an internal attacker can proceed
to real actions, for example, theft or damage of information resources. Note that it is difficult
to identify the actions of an unmotivated IV. The absolute majority of such violations are
implemented unintentionally and without prior preparation.

Thus, based on the results of previous research in this area and using the apparatus of
Bayesian networks, in this section of the work we will focus on the issue of using the DSS
and the corresponding content of the knowledge base for modeling the behavior of IV.

Keywords: decision support system, Bayesian networks, internal violators,
cybersecurity, information technology, object of informatization, information security system

1. INTRODUCTION

The design of modern ISS and the creation of their security policies (SP) requires
providing them with accurate source data. An important stage preceding the analysis of the
risks of IS, as a key step in the construction of a policy of ISS, is the creation of a model of
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violators and threats. The correctness of the built threat model depends on the decisions that
will be made at the next stages, as well as the stability of the created ISS to attacks by
intruders [1, 2]. The increasing complexity of the scenarios of attacks aimed at the Ol, and the
decision-making procedure in the field of information security is becoming more and more
difficult.

2. THE THEORETICAL BACKGROUNDS

As in the case of BN training for network attacks discussed in the previous
subparagraph of this chapter of the work, it is necessary to choose an algorithm for BN
training for the task of detecting IV. Today, BN learning algorithms are well studied and for
such a task, as shown in [3, 215 p.; 4, p. 40], the most suitable are: EM algorithm; methods of
relevant vectors, Monte Carlo, etc. For the DSS knowledge base being developed, it is
important to correctly describe the BN and determine what the inputs to it will actually
represent. In a situation with the modeling of 1V actions, entering the BN are indicators of 1S
events related to 1V actions. Based on the above, an EM algorithm was chosen for the BN
model and its training.

3. RESEARCH METHODS

With the help of expert evaluation (experts in the field of IS with at least 5 years of
experience were involved), the corresponding indicators were identified. As a result of the
survey, both behavioral and technical indicators were analyzed, which are summarized in
Table 1.

Table 1
Indicators for building BN
Indicator category Description Symbols
Suspicious transaction from an employee's (T|1)
Technical (T1) account
Operations that fall under the category of (T1,)
fraudulent [80, p. 11]
Inconsistency of the data declared by the (T1,)
employee with the results of the audit
Facts of falsification of documents (TI4)
Identified financial problems of the employee (BI,)
Behavioral (BI)  [Suspicious sources of income (Bl,)
Stressful state of the employee not accompanied (BI3)
by visible reasons

At the next stage of the BN construction, it is necessary to fill in the tables of a priori
probabilities, see, for example, Fig. 1.
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Figure 1. Filling in the table of a priori probabilities of BS for the situation of
fraudulent actions in company management positions

The results of the experiments are shown in Fig. 2. The graphs show the results of
modeling the probabilities of correctly identifying and interpreting fraudulent actions in the
company's management positions. Data are obtained for the error of the 1st kind and the 2nd
kind. The network was trained using the EM algorithm (lines 1 and 3. Respectively, 1 is a
dotted red line, 3 is an orange line) and the PC algorithm (lines 2 and 4. Respectively, 2 is a
solid blue line, 4 is a green line).
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Figure 2. Probability of correct identification and interpretation of fraudulent actions in

the company's management positions (errors of the 1st and second 2nd kind) for BN that were
trained using various algorithms
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4. THE RESULTS AND DISCUSSION

Both the PC algorithm and the EM algorithm showed good learning results for the
compiled BN. On average, both algorithms allow with 90-93% accuracy to correctly
determine the identification of an internal violator of the company's information security.
Although in this series of computational experiments, the EM algorithm showed better results.

Thus, in this subsection of the work, a method for identifying an internal 1S violator
based on the use of a Bayesian network is considered on a specific example. The example can
be scaled to other situations related to the detection of 1V.

However, since the work of forming a knowledge base that includes BN for each
potentially dangerous situation is quite time-consuming, it is necessary to fill it with a
sufficiently large number of BN for all situations that were previously listed in this paragraph
of the dissertation during the development of the DSS.
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MOJIUDIKALIII CTETAHOI'PAGIYHOI'O METOLY BbYJIOBYBAHH IHOOPMAIIII
B I'PA®IYHI PANIIN

Abstract. TIpoBemeHo aHami3 Ta MOPIBHAHHS CTeraHOrpadidyHUX METOMiB BOYIOBYBaHHS
inpopmariii Ha ocHoBi Texnojorii Least Significant Bit (LSB). Ilokazano ocoGmuBocTi
peanizaiii JaHOrO METOAy Ha MOBaxX mporpamyBanHs Python, siki Bifpi3HSIOTBCS TEXHIKAMU
BOynoByBaHHs iH(opMmanii B OiTOBy IUIOmMHY 300paskeHHS. 3pOOJICHO BHCHOBOK HPO
JIOLUTBHICT, BHUKOPHCTaHHSA TOI UM 1HINIOI TEXHIKM Ha CTETaHOCTIMKICTh OTPUMAaHOTO
pe3ynbTyodoro ¢aiiy.

Keywords: creranorpadigne BOymoBysauus; Least Significant Bit; 6itosa rurommuna, XOR-
orIepartis.

BOynoByBanust iHdopmarii B HaliMeHm 3Hauymii OiTH  koHTeiHepa (H3b-
BOYZIOBYBaHHs) € OJHUM 3 MEpPUIMX, aje J0ci e(pEeKTHBHUX METOIB 3axXUCTy iHQopmarii

51



X Misxcnapoona naykoeo-npaxmuuna oniauH-KoHpepenyis X International scientific online conference

"I'nobanvni ma pezionanvhi npobaemu ingpopmamusayii 6 cycninbcmei i "Global and Regional problems of Informatization in
npupoooxopucmysanni '2022", 14-15 mucmonaoa 2022 poxy, Society and Nature Using '2022", 14-15 November 2022,
HYbill Ykpainu, Kuis NULES of Ukraine, Kyiv

U(PPOBUMHU BOASHUMU 3HaKaMHU. Ies JaHOro METOly mpOCTO 1 MOJIArae B TOMY, 110 Oyb-sKe
HaITiBTOHOBE 300pa)XeHHsI MOXKe OyTH MPEICTAaBICHO Y BUTIISAI CYKYIMHOCTI O1TOBUX IIOMIMH
[1]. Tak, koHTeitHEp Oyae MaTH BHUTIIS:

C(ng,nz)=Cy(ng,nz)+Co (ng,n)*2+...Cy (ng,n)¥257, 1)

Cy (nq,n5)€(0,1 . . . . ,
e  (ny,nz) €[0.1] 0iToBi momuny, K - Homep 6iToBoi momuHK, K = 8 — ix MakcHMManbEHO
MOKJINBA KUIBKICTb.

Haiimenin 1 HalO1IbIT 3HAYYIIMMHU OITOBUMHM IUTONIMHAMHU € BiAmoBigHO C; 1 Cg. Y

BUNIA/IKy BOY/IOBYBaHHS B OJHY P - OITOBY IUIOIIMHY, HOCIH iH(QOpMALIii MOXKHA OTIUCATH:
" (ny,np) =YY (ng,ng)+...+C (ng,np ) *27, (2)

w
ne Gk (M:n2)=Cr (ny.nz) st Beix K7P
[Ipunycrumo, mo HeoOXigHO BOYAyBaTH 300pakeHHs (UM(PPOBHN BOASHUI 3HAK W)

Ti€l ) PO3MIPHOCTI, IO MICTUTH OiHapHi 3HaYeHHA. Toxai MOXXHA BUKOPUCTATH BapiaHTH
CW
. cee p
mMoaudikarrii
1. besnocepenns 3amina 61TOBOI IJIOMUHYA KOHTEHHEpa OiTamu 1H(opMartii, 1o
MPUXOBYETHCS:

w
Cp' (n1,n2) =W(ng,ny). (3)
Bunydenns inpopmarii B TakoMy BUIIAIKY BiI0yBa€ThCs MUIIXOM YHTAHHS BiIMOBIIHOT
01TOBOI TUIOIIMHY 300paXKeHHS 3 BOYI0BaHOIO iH(pOpMAIIi€ro.

2. TlobGiToBe nomaBaHHs OITOBOI IUIONIMHU KOHTEHHEpa 3 OiTamu iHpopmarrii, o
MPUXOBYETHCS PEaTi3y€EThCS HACTYITHUM YHHOM:

Cp' (n1.n2) =Cyp (N1,n2) W (ny,ny). (4)

Bunyuennst indopmariii B JaHOMY BHWITAJIKy PEali3y€ThCS MUIIXOM TOOITOBOTO
cW
NoJaBaHHA P 1o Cp.
3. 3acrocyBaHHs omepailii 3anepeucHHs mobitoBoro mpoaasanss (XOR) 6iToBoi
IUTOIIMHY KOHTeHHepa 3 6iTamu iHpopMallii, 10 MPUXOBYETHCS 3IIHCHIOETHCS
HACTYITHUM YHHOM:

Cp' (n1.nz)=Cp (ny,ny) ®W(ny,ny). ()

Bunydenns iHdopmamii 31 CTeraHOKOHTEHHepa B TAaKOMY BHIIAQAKY BiTOYyBa€ThbCs
w
. .. Cy .
IIJIAXOM 3aCTOCYBaHHs TOM ke onepaii ans miomus  ° i Cp.
Peamizamiss manoro meromy MoxiamBa Ha Python, 3a momomororo Bxe roToBHX
010J1I0TeKH stegano, B SIKI B)KE MPUCYTHIN KJIac lsb Ta exifHeader. BHKOpUCTOBYHOUYH
METOJ hide () KJTacy 1sb OTpUMAaeMO pe3ysibTaT BOyaoByBaHHS (puc.l).

secret = lsb.hide("car.jpg", "Borys Johnson from London")
secret.save ("car_ secret.jpg")
result = lsb.reveal ("car secret.jpg")
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print (result)

=

Pucynoxl. 3oeuiwmniti suensio gaiiny konmetinepy 00 ma nicis 60Y008y8aHHsA mecmy 3
BUKOPUCTAHHAM cmanoapmuux 6ibniomex Python

ITin yac wac mnpoBefeHOro BOYMOBYBaHHS TEKCTy J0 rpadiyHoro daitry, sk 3
BUKOPUCTAHHSAM METO/Y hide () KJacy lsb, Tak 1 METOAY hide () KJIacy exifHeader () KJIacy
1sb BI3yaJbHUX 3MIH 300pakeHHs1 HE BinOysocs. Lle mos’s3aHo 3 MiHIMAJIBHUM 3HAYEHHSIM
HOMEpPY OITOBOI TUIOMIMHM 1Jii BOYJAOBYBaHHS. Y BHUIAAKY, SIKIIO X HEOOXITHO 3MIHHTH
HOME) €0 TUIOMIKHY, a00 CIi/I peani3oByBaTH BOYJOBYBaHHS 3a MPUHLIUIIAMH, ONMCAHUMU
BHUpazamu (4) Ta (5), BUKOPUCTOBYBATH 0i0IOTEKY stegano Ta ii METOAM HE Mae ceHcy. Toi
cimij abo MepeBU3HAYUTH BIAMOBIIHI METOIU, a00 HAMKCATH 1HIINIA MPOTPAMHHMA KO, A€ CIIiJ
03HAYUTHU MACKY-T1a0JIOH JIs1 300paKeHHSI-KOHTEIHEPY 1 BOYI0BAHOTO TEKCTY:

text mask = Obl1111111
img mask = 0b11111111
text mask <<= (8 - degree)
text mask %= 256
img mask >>= degree
img mask <<= degree

Takox He0oOXiTHO 3MIWCHUTH 1 Moau(ikaliro mpu poOoTi Mo BOyJAOBYBaHHS y O1TOBIi
IUTONIVHI, 3 BpPaxyBaHHSIM TOTO, IO BUKOpUCTOBYeThcss RGB wMomens mnpepcraBieHHS
KOJIbOPY 3 8-0iTOBHM KOJIyBaHHS KOKHOTO KaHAJY:

bits = symbol & text mask
bits >>= (8 - degree)
img byte |= bits

Bxkazani momudikaiist cliJ MPOBOAUTH MPU 3MiHI omeparlii mo poOoTi 3 OITOBUMH
mwiomuHaMu. [Ipy 1IbOMy HE Mae 3HA4YeHHS THI Ta XapaKTepucThkKa iHopmarii, Mo
BOyoByeThCs (Tpadika, TekeT Tomo). HaBeaenwuii Buille MpuKIIa He € iCTHHOO ISl 6araThbox
MiTPUEMCTB, aJIe BiH HAOYHO TIOKA3Yye, sIK MOKE BIUTMHYTH BUKOpHUcTaHHS SIEM cucremu.

BUCHOBKH

Icayrounit Meroq LSB Ha choromHi me HE BHYEpHaB CBOTO TOTEHIATY IO
creraHorpagiunomy BOynoByBaHHIO iH(popMarlii. Ha cboroani € mpukiaau BAAIHX CHpoO
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HiIBHUIICHHS MIKOBOTO CHIBBIIHONICHHS CHTHATYy [0 LIYMy B QIrOPHUTMax CTHCKAHHS
iH(OpMAIlii, SKi 3aCTOCOBYIOThCS B cTeraHorpunrorpadii [2].
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Ky3zniok K.B.
Kosajnenko O.€. 1.7.H., JOIIEHT

JIOCJIJDKEHHS TEXHOJIOTTA TA PO3POBJIEHHS 3ACOEBIB PO3IIMPEHHSA
OYHKIIOHAJIBHOCTI CUCTEM MOHITOPUHI'Y KOMITTOTEPHUX MEPEX

BucokonpoaykruBHa komir'totepHa mepexka (KM) e 06a30BUM KOMIIOHEHTOM JUIs
dbynkmionyBanHs [T-iHdpacTpyKTypu CydacHHMX MiANPUEMCTB Ta opraHizaiiii. EdextuBre
¢ynkuionyBanus KM 3abesneuye 6e3mepeOiiiHy miaTpUMKy Oi3HEC-TIPOIECiB Ta KOMYHIKaIlii
MDK PI3HUMH ITiIPO3/IijIaMu KOMIIaHii, a TAKOX 13 KJIIEHTaMH Ta MapTHEPaMHU.

MOHITOPUHT ~ KOMIT'IOTEPHOI ~ MepeXi — BaXKIUBHA  acCleKT  MepekeBOTO
aZMiHICTpyBaHHs. BripoBaykeHHS HOBITHIX KOMIT FOTEPHHUX TEXHOJIOT1H, 30KpeMa TeXHOJIOT1i
[HTepHeTY pedell Ta MepeXeBOi BipTyaisaiii, MmOTpeOyOTh BIACTEKEHHS CTaHy (Di3MYHHX i
BIpTyaJIbHUX MPUCTPOIB B OpraHizarlii.

3amia BIACTEXKEHHS JOCTYMHOCTI, MPOAYKTUBHOCTI Ta BHKOPHCTAaHHS MPOIYCKHOI
3IaTHOCTI B KOMIT'IOTEpHIA Mepeki pPEeKOMEHAYEThCS 3aCTOCYBaHHS IPOTPaMHOTO
3a0e3nedeHHs It MOHITOPUHTY MEpEexKi.

[HCTpyMEHTH KepyBaHHsS Ta MOHITOPHHTY MEPEXi IMOBHHHI MICTHUTH TaKi KIFOYOBI
¢GyHKLIi: meTamizoBaHa aHAIITHKA, CYMICHICTb, PEXHM CIPOIIEHOTO OISy, CHOBILICHHS,
HaJalITyBaHHS OOJIIKOBUX 3amucH Ta iHTepdeicy. Jlami po3rissHyTO KOKEH 3 MmapaMeTpiB
OUTBIII KOHKPETU30BAHO.

JleTamizoBaHa aHalliTHKa Ta 3BITM — OCHOBAa MOHITOpMHTY Mepexi. OOpaHuit
IHCTPYMEHT TOBWHEH 3JIHCHIOBATH OI[IHKY NMPOAYKTUBHOCTI POOOTH Mepexi, 00polsroun
napamMeTpH MBHIKOIIT Ta JATEHTHOCTI MEPEXKI.

CyMiCHICTh JO3BOJISIE B3a€EMOISATH 3 pizHUMH KommoHeHTamu IT-iHdpacTpykrypu.
[[Iupokuii CcHEKTp CyMICHOCTI 3a0esredye OUIBIIY PI3HOMAHITHICTh XapaKTEPUCTHUK
€JIEMEHTIB Ta OLIbIIY aJanTUBHICTH CEPBICY 10 peaIbHUX YMOB KOHKPETHOTO ITiIIPUEMCTBA.

Pexxum  cmporeHoro BUIIISILY —MpeACTaBisie  coOow  iHGoOpMalliiiHy TaHesb.
Perynsipamii meperyisii Ta OHOBJICHHS OCHOBHMX JIaHUX TIPO CTaH Mepexi Ta ii
MPOAYKTUBHICTh MOBUHEH OyTH MpEACTaBICHUH Y 3p0o3yMisioMy (opMari.

CrioBileHHsI CHCTEMH MOHITOPHHTY IOBHHHI OyTH MHUTTEBUMH Ta HaJCHIIATHCA
niopa3y IMpH MEPEBUIICHHI MOPOTOBOT0 3HAYEHHS MOKa3HWKa a00 BIAKIIOYEHHI MPHUCTPOIO.
CucrteMn MOHITOPHHTY JO3BOJISIOTH pelaryBaTH THII, PIBEHb KPUTHYHOCTI CIIOBIIICHHS, a
TaK0 CTBOPIOBATH KaTEropii Ta M1abJI0HU MOHITOPHHTY.
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OO0IiKOB1 3alMCH € BaXJIMBHM AacleKTOM, 30Kpema s BifaaneHoi poOotu. Takox
cUCTeMa OOJIIKY KOPHUCTYBa4iB JO3BOJIIE€ PO3MOIUISTH HABAHTAXCHHS CHCTEMH, IIpaBa
IocTymy 10 o0naHaHHsA, 3a0e3Medy€e KOPEKTHY CHHXPOHI3AIIO0 TaHUX.

InTepdeiic kopucTtyBaua He MEHII Ba)JIMBHM Ui oprasizauii mpoiecy poOoTH 13
CHCTEMOIO MOHITOPHHTY KOMIT IOTEpHOI MEpeXi 3 TOUKH 30py HPOIYKTHBHOCTI. BakiuBoro
XapaKTEePUCTUKOIO 1HTEpdENCY € alanTUBHICTh BIIOOPAKEHHS Ha MPUCTPOSX PI3HUX THUITIB:
cMapTQOH, IJIaHIIET, KOMIT 0Tep, TOLIO.

EdexTuBHICT BHUKOPUCTaHHS CHUCTEMH MOHITOPUHTY 3aJI€KUTh BIJ 3aJaHUX
HaJIaIITyBaHb 1 cleHapiiB i1 BUKopucTaHHs. [|Jis KOPEKTHOIO 3allyCKy MOHITOPHHTY BUHHMKA€E
notpeda nonepeHLOro TECTYBaHHs Ta HOPIBHAHHA 3 pOOOTOI0 aIbTEpPHATUBHUX CEPBICIB.

OCHOBHI XapakTepUCTHKHM Ta MapaMeTpH, SKI CIiA JOCIIAUTH Ta BpaxyBaTH INpH
PO3rOpPTaHHI CUCTEMH MOHITOPUHTY KOMII'IOTEPHOI MEpexi: MacIiTabOBaHICTh MEpPEXKI;
nepea0aueHHs] OHOBJEHHA HAasBHOI CHUCTEMM MICIs PpO3TOPTaHHSA; HEOOXITHWH piBEHb
KOMILIEKCHOCTI MOHITOPUHTY Mepexi; (yHKI[IOHAIBHICTH CEPBICY.

AKTyaJIbHICTh TEMH POOOTH OOyMOBJIEHa HEOOXiTHICTIO OOPOOKH BEIHMKOTO 00CSTY
JAaHUX y Mepexi IHTepHeT-TpoBaiiepa Ta MOTPeOOI0 KOPEKTHOTO CBOEYACHOTO
B1JICJTIITKOBYBAHHSI 3MiH CTaHIB KOMIT IOTEPHOI MEPEXKI.

OO0’ €KTOM JOCIIPKEHHS € KOMIT IOTEPHI MEpPexi.

[IpeameT mociiKeHHs — 3aCO00M MOHITOPUHTY KOMIT FOTEPHOI MEPEXKi, IOCTOBIPHICTh
iHpopMarii, 1110 HaJA€THCS Ta TPOLYKTHBHICTh HAJIATO/IKEHOT CHCTEMH MOHITOPUHTY.

Metoro pobGoTH € po3poOka 3aco0iB PO3MMPEHHS (PYHKIIOHATBHUX MOMITHMBOCTEH
CHCTEMH MOHITOPHHTY KOMIT FOTEPHOI MEpexi Ha OCHOBI aHamidy chepu 3acTOCYBaHHS Ta
noTped BUKOPUCTAHHS KOMIT FOTEPHOI MEPEKI.

JList ocsITHEHHS TIOCTaBJICHOT METH MOTPIOHO BUPILIUTH TaKi 3a/1a4i:

- JOCTIAWTHU METOJIOJIOTIIO aHAJI3y CTaHy KOMIT FOTEPHUX MEPEK;

- TIPOBECTH MOPIBHUILHUH aHaIi3 iCHYIOUMX 3ac00iB MOHITOpHUHTY KM;

- 00rpyHTyBaTH BUOIp cucTeMU MOHITOpUHTY KM;

- PO3p0oOHTH 3aCO0H IMiBUIEHHS MOKA3HUKIB IPOTYKTUBHOCTI CHCTEMH MOHITOPUHTY
KOMIT FOTEPHOT Mepexi, 1[0 CIIPUSITHME KOPEKTHOMY 11 pO3rOpTaHHIO, 301JIbIICHHIO
MIBUKO/IT Ta 3a0e3MeveHHs TOCTOBIPHOCTI 0OTprMaHoi iH(opMarlii npo (yHKIiOHYBaHHS
KOMIT FOTEPHOT Mepexi.

[IpakTuyHe 3acTOCyBaHHS PO3MIMPEHHS (YHKIIOHAIBHOCTI cucTeM MoHiTopuHry KM
MoJIITa€ B ONTUMI3aIlii pOOOTH CEepBiCiB, MPUCKOPEHHS B3a€MO/IIi Ta pearyBaHHs Ha 3MiHH B
po0OTI KOMIT'IOTEpHOT MEpexi, MiHIMi3allii BIUIMBY MOHITOPUHTY Ha POOOTY Mepexi.

[Tin yac mpoBeeHHs TOCIIKEHHs MepeidaueHe BUKOPUCTAHHS METO/IB CHCTEMHOTO
aHaTi3y, METOIB 1 3aCO0IB KOMIT FOTEPHOTO MOJICTIOBAHHS, METOIIB JTOCIIIKCHHSI OTIepallii,
METOMIB 1HTENCKTyalbHOI OOpOOKM JaHUX, 3aco0iB 300py Ta OOpOOKM TTOKa3HUKIB
¢ynkuionyBanus KM.

[Tomanpimmii pO3BUTOK NMPOEKTY MOJSTAE y PO3BUTKY MeTooJ0rii MoHiTOpUHTY KM Ta
NPaKTUYHOMY 3aCTOCYBaHHI 3aco0iB, IO JO3BOJSATH IIJABUIINTH €KOHOMIYHI Ta
eKCIUTyaTaliifHi MTOKa3HUKU CUCTEM MOHITOPUHTY KOMIT IOTEPHUX MEPEK.
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SECTION 3. DATA PROCESSING AND SOFTWARE SYSTEMS DEVELOPMENT/
TEXHOJIOT'TI OBPOBKH JAHUX TA PO3POBKH NPOT'PAMHHUX CUCTEM
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BUKOPUCTAHHSA TEXHOJIOTIi OLAP B CUCTEMAX HIJATPUMKU ITPUMHATTA
PIINEHDb

AHoTaniss. Y po0oTi migBeneHo MiACyMKH BHKOpucTaHHs TexHoiorii OLAP B cucremax
MATPUMKH MPUHHSATTS PillIeHb, 10 BUKOPHCTOBYIOTHCS B CLITLCBKOMY TOCIOAAPCTBI Ta Xap4oBii
IIPOMHCIIOBOCTI.

Kimiouosi cioBa: CIIIIP, cxoBumie nanux, OLAP.

1. BCTYII

IlocranoBka mnpobGaemu. Cucrema miATpUMKU npuiHATTS pimens (CIIHIP) —
iHpopmaniiina cucrema (IC), 1110 BUKOPUCTOBYETHCS I MIATPUMKH PI3HUX BHUJIB JiSUIBHOCTI
y NPUUAHATTI PIIIEHh B CHUTYyallisX, J€ HEMOXJIMBO a00 He OakaHO MaTH aBTOMATHYHY
CUCTEMY, sIka MOBHICTIO BUKOHY€E BeChb Mpolec pilleHHs. 3 iHmoro 060Ky, Ha mo4atky 80-x
pokiB XX cT. po3noydaBcs nepioJ iHTeHCUBHOro po3BuTKy IC 1i1s aBTOMartu3amii o6poOku
nanux. lle mpu3Beno A0 MOSBH BENUKUX, a 1HOMI, BENWYe3HUX, 00’eMiB iHopMarlii, sKi
XOBaJIM B €001 3HaHHS MPO B3a€EMOBIIHOCHHM MK JAaHUMHU. YCBIJIOMJICHHS LIBOTO HAJalio
MOJKJIUBICTh PO3POOUTH KOHIEMIiI0 HakonmuyeHHs aAanux (data warehousing) . OcHOBHUM
MOCHUJIOM PO3POOKHU KOHIIETIIii HAKOMTMYEHHSI CTajl0 YCBIIOMIIEHHS KEPIBHUIITBOM OpraHi3alliit
noTpebu B aHalmi3l EJIeKTPOHHUX MAaCHUBIB JaHUX, SKI HAaKOMUYYIOTbCSA pPOKaMHU Ta
necsaTupiudsiMu. Jxepenamu takoi iHopmailii, sk mpaBuio, cTaloTh onepatuBHi b/I; okpemi
JTOKYMEHTH, 30epexeHi y aiimax; 30BHINIHI TO BIJHONIICHHIO JI0 OpraHizamii HOCIi
iHopmMmartii, Taki, sk Web-pecypcu Tomio. OTke, FOJTOBHHI €IEMEHT TaKOi KOHICTIIIT MOJISATae
B TOMY, L0 JI0 JJAaHWX, sIKi 30epiraioTbecs s aHallizy, MOxke OyTu 3abe3neueHuil HalOLIbII
e(eKTUBHUI JOCTYIN TUIBKM 32 YMOBU BIJOKpEMJICHHS iX 3 ONepaTHBHOI (TpaH3aKIIiitHOI)
cucTeMH, TOOTO nmaHi 3 omnepaTuBHOiI bJl moBuHHI OyTH BHHECEHI B OKpPEMY CHCTEMY
HaKOMWYeHHs AaHuX — cxoBuile ganux (CI). [Ipobnemna cutyarlist moB’si3aHa 3 BUPILICHHAM
po0seM OOY0BH CTPYKTYPH CUCTEMHU HaKOMMMYEHHs, 00pOOKH Ta mepenayi JaHuX 13 Pi3HUX
JDKEpEeT B €JJMHE CXOBHILE TAaHUX.

Meta ny6aikamii. OCHOBHOIO METOIO IyOJiKaIlli € MiABeIeHHs IiJCyMKIB JOCBIIY
po3poOku CIIIIP B neskux ramyssx CiIbChbKOTO rOCIOIapCTBa.

2. PE3YJIBTATU TA OBI'OBOPEHHSA

2.1 Cucrema mMiITPUMKHA TPUHHATTSA pilleHb MIOJ0 peanizamii 3aaad cenekuii y
TBapuHHUITBI. CHUCTeMa TMOBHHHA BUPINITYBaTH 3a7avy OIIHKM IJIEMIHHOI ITIHHOCTI OyraiB-
IUIJHUKIB 32 SKICTIO TOTOMCTBA, HAJaBaTH aHAMTHYHI 3BiTH, HA OCHOBI SKHX
YXBaJlFOBATUMYThCSI BUPOOHHUI pillieHHsl. ApXITEeKTypa CUCTEMH Ipe/icTaBlIeHa Ha puc. 1.

Puc.1 Apxirektypa CIIIIP momo peamnizanii 3ama4 cenexiiii y TBApUHHUITBI
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Cucrema MOBHMHHA HAJAABaTH MOXJIHMBICTH OTPUMYBATH BIANOBiAlI Ha MEBHI 3alUTAHHA
JUTSL IPUAHATTS YIIPaBIIHCHKUX pillieHb. 30Kpema:
— SIKUMH y TICBHHHU piK OyJIM cepeHi HaJO01 3a JIAKTaIlil0 MOTOMCTBA OyraiB OKpeMoi OpoaH
B PO3pi3i rOCIOAaPCTBA;
— SIKUM 3a NEBHUH YacOBUH NPOMIKOK OyB Yy cepeIHbOMY BMICT >KHUPY/OlIKa B HaJ0sX
JIOYOK KO>KHOTO 3 OyraiB 0 BCIX IOCIIOJapCTBAX;
— sgxkuMu Oynu cepeiHl Hazlol B po3pi3l HOMEpa JIaKTalli 3a JJaHUMHU IE€BHOTO YacOBOI'O
nepiony;
— SKUMH B CepeAHbOMY Oynu Haxoi Mopif 3a MEBHUM YacOBUI MPOMIKOK y po3pisi
KJIIMaTUYHOI 30HH, JIe PO3TALLIOBaHE IOCIOIaPCTBO;
— SK KOJIMBAETHCS CEPENIHIM BMICT JXHpY Ta OiIKa B HAJ0i OKpEMOi MOPOJM 3aJICKHO BiJ
MICSIIS TOYATKY JIaKTallii (Ha OCHOBI BUOIPKH 32 MEBHUI YaCOBUN TIPOMIKOK).
BinnosigHo uuM 3aBnaHHsaM Oyno po3pobieno CJI, cTpykTypa sSIKOro IpeJcTaBiIeHa Ha
puc.2.

animal_dim lactation_dim
¥ id_anma = ¥ ianimal

ABTE_BRima

productivity_fact

g ¥ idanma

andart_milk_yeild
standart_mik_fat

STARGNM_filkc_protein

andart_proc_ife

Puc. 2 Crpykrypa CJI mst CIIIIP momo peanizaiii 3a1a4 cenexilii y TBApUHHUITBI

Ha ocnoBi nmanux, orpumanux y CJI, 3 BukopuctanHsm TtexHosorii OLAP, Oymu
noOy/10BaHi pi3HOMATHI 3BITH SIK y TaOMMUHIH, Tak 1 y rpadidniii popmax. Baxmusuii Takox
po3paxyHok KPI, mo npencraBienuit Ha puc.3. Ha HboMy mokazaHO NPUKIAJ PO3PaXyHKY
KPI 3a mokaznukom «Haniit 3a 305 mgui» st rocnogaperBa «Exonpon ITpAT(ITpoxopiBka)y.
KPI mnoxa3ye, siki B cepeiHbOMY HaJI0i 3a JAKTalLlil0 MalTh KOPOBH Ha TOCIOJAPCTBI
«Exonpon IIpAT (IlpoxopiBka)» 3a 2014 pik. 3a Mery Oyno B3ATO HalOUIbIIEe 3HAYCHHS
HAJI0M0 3a JIaKTallilo, sike croctepiranocs y 2014 poui Ha 1bOMY T'OCIIOAAPCTBI.

name_household
€ Exonpoa MpAT (Mp..

2.0 | MG

Mera: 7,97 Tuc. (-25.83%)

OoROOOoO0O

3opna MAOT Kpacrorp

¥ Buwmaraty snbip oaworo
eapianTa

Puc. 3 KPI mgns rocionapersa «Exonpon IIpAT (ITpoxopiBka)» y 2014 porii 3a moka3HUKOM
«Hapmiii 3a 305 guiB»
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2.2 CIIIIP rocmomapcTBa 3 BHPOIIYBaHHS C/T KyibTyp. s BupimeHHs 3axad Oyia
noOynoBana crpykrypa C/l, sika mpeicraBieHa Ha puc.4.

R DateDim
= id_date

= RegonDim

=0 id_regon
namE_fegon
dimate_zone

harvested_area

R PlantDim
=0 id_plant

Puc. 4 Ctpykrypa CJI nyst CIIIIP rocriogapcTBa 3 BUPOILyBaHHS C/T KYJIbTYp
Ha puc.5 npexacraBnen npukian rpadiunoi Bisyamizalmii MOKa3HUKIB BPOXKAWHOCTI
PI3HUX KYJBTYD.

CepeaHA YpoXanHicTe, u/ra

Kapronna  Kymeryps  Kymsrypu  Kymwrypa  Pinok  Commwmu Con
epuosix 1 omouemax Aok Ta

e
sepuotioton arigoc (pinax

Puc. 5 BpoxaiiHicTh KyJIbTYyp

BUCHOBKMU TA NIEPCIIEKTUBU NOJAJIBIIUX JOCJI’)KEHD
CyuacHi 1HdopmariiiHi TexHonorii 103BoJstoTh po3podbutn CIIIIP wa ocHOBI
HAKONHMYCHUX JTAaHWUX Y Pi3HUX (popmarax Ta Ha pi3HHX By3nax. Y ramysi c¢/T TocrnoaapcTsa e
JTO3BOJIUTh 030pOiTH KEPIBHUKIB MIANPUEMCTB AHATITUYHUMH 3BITaMH Ta CIIAKYBaTH 3a
IpoIIECaMU B PEKUMI pealbHOTO Yacy.
VY nopaneimomMy Moxe OyTH BUKOPUCTaHI 1HTEJIEKTYallbHI TEXHOJIOT11 OOPOOKH TaHUX.

CIIMCOK BUKOPUCTAHUX I KEPEJI

[1] benna T'ony0, Ipuna I'mua ‘JlocnipkeHHS BUKOPUCTaHHSI CY4aCHHUX TEXHOJIOTIH
IHTENEKTYalbHOTO aHaNi3y JaHUX JUIsl BUPIIIEHHS 3ajad yIUIeMiHHIM copai’ B ‘30ipHUK
matepianiB VIII MixHapoaHoi HaykoBo-mipakTHuHOI [HTepHeT-KOoH(Depenii "['nobanpHi Ta
perioHanbHi mpobaemMu iHpOpMaTu3alii B CycnuIbCTBI 1 npupogokopuctyBanti '2020", Kuis,
2020, c.104-106

[2] bemna 'ony6, Karepuna [ponimmHa ‘JlociiKeHHs BAKOPUCTaHHS iH(QOpMaIiiiHIX
TEXHOJIOT1M y mepenenmrmHoMy TocroaapctBl’ B ‘30ipamk wmatepiamiB VIII MixuapomHoi
HAYKOBO-TIPaKTU4YHOT [HTepHeT-koH(epenuii "['mobanbHi Ta perioHanpHI mpoOIeMu
iHopmaTu3aii B cycniibCTBi 1 mpupogokopuctyBansi '2021", Kuis, 2021, ¢.73-75.
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MOJIEJTIOBAHHS ITPOLIECIB B3AEMO/III EJIEKTPOMATHITHOT'O
BUITPOMIHIOBAHHA 3 LIAPYBATUMU CEPEIOBUIITAMU

AHoTtanis. /s BuU3HAuUSHHS MiENIEKTPUYHHUX IMPOHUKHOCTEW Ta TOBIIUH MIApiB IPYHTIB PO3pPOOJIEHO
METOJIUKY YHUCEIBbHOTO PO3B’si3aHHs OOepHEeHOi 3ajadi B3a€MOJIl ENEeKTPOMArHITHUX XBWIIb 3 MIApyBaTUM
CepellOBHIIEM. 3alpoIlOHOBaHI METOIM MOXYTh 3HAWTH IIMPOKE 3aCTOCYBaHHS B CHCTEMI TOYHOTO
3eMIIepoOCTBa.

KarouoBi ciioBa: nienexrpruyHa IPOHUKHICTD, KOS(DIIIEHT BIIOUTTS, pagioMeTpis.

1. BCTYII

[TocranoBka mpobOiemu. HeoOXimHICTP B OTpuUMaHHI J0CTOBipHOi iH(opMamii mpo
BOJIOTICTh Ta TJIMOUHY MPOHUKHEHHS BOJIOTH Y HIApyBaTO-HEOIHOPIHI CEpPelOBUIIA BUHUKAE
0e3mocepeIHbO Y MpoLeCi BUKOHAHHS MEBHUX TEXHOJIOTIYHHMX TPOLECIB y PI3HUX Taly3sx
HapoAHOro rocroaapcTBa. [IpUCyTHICTh BOAM y TAaKUX CEPElOBHUINAX 3MIHIOE iX (i3UKO-
MeXaHI4HI XapaKTepUCTHKH, 1, 30KpeMa, JieleKTpuyHy. Bigomo, 1mo s 3MiHa Oyae CyTTeEBO
BIUTMBATH Ha Koe(ilieHT BIAOWUTTS €NEeKTPOMArHiTHOI XBHJII Bil MOBEPXHI JOCIIHKYBaHOTO
0o0’exkty [1]. Ockinbku 3amaya BHUMIPIOBaHHA KoegilieHTa BiAOUTTS eKCIIepUMEHTAIbHO
BUpileHa [2], e T03BoJIsi€ 32 3MIHOIO KOe(iIi€eHTa BIJOUTTS OILIHIOBATH KIJIBKICTh BOJIOTH,
MPHUCYTHBOI Y TOCITIKYBAHOMY 00’ €KTI.

AHaIi3 ocTaHHIX JoCTiTAKeHb i myOaikaniii mokasana, o He CTBOPEHO YHIBEPCAIBHOI
1 3akiH4eHOl Teopii pO3paxyHKy e(QEeKTHBHHUX EJEKTPOMArHITHHX XapaKTePHCTUK
HEOJTHOPITHO-IIApyBaTUX cepenoBuIl. JlJis KOXKHOTO KOHKPETHOTO Marepialdy Taky TEeOopiro
notpiOHO BUOWMpAaTH 3 BHUKOPHUCTaHHAM TIEBHOI nojaTkoBoi iHpopmarii. HemocratHhO
JOCITI/DKEHUMH BUSIBHJIMCh TaKl CHCTEMH, IO OOYMOBJICHO CKJIAIHICTIO BiJIITOBITHOTO
MaTeMaTHYHOTO anapary.

Mera ny6umikartii. [IpakTudHe 3acTOCyBaHHS METOMAIB paJloMeTpii IPYyHTIB B Jiana3oHi
HBUY [1] notpebye He TUIbKKM BUCOKOUYYTIIMBOI BUMIPIOBAIBHOI anapatrypH, ajie i epeKTUBHUX
METOJIMK PO3B’sA3yBaHHA OOCpHEHUX 3a]ad, KOJIU 3a JaHUMHU BUMIPIOBAaHb B peajbHOMY
PEeXHMI Yacy MOKJIMBO HaliHHO BH3HAYMTH HEOOXimHiI mapamerpu. Tomy po3poOka Takux
METOJIUK € 1 I0C1 aKTYyaJIbHOIO 33/1a4€lO.

2. TEOPETUYHI OCHOBHU
Posrnsiaethcss HEOMHOPIAHUIA AP IPYHTY SIK CHCTeMa, sKa CKIAgaeThes 3 N
TUIOCKONApalenbHnX mapis 3 pisanmn komrutekcanmu JI1 g =€ +ie] =€/ (1+1tg5;) (&

nificHa, & - ysABHA YaCTHHH, | - ysBHa oguHULS, tgd =¢"/&'- TaHreHC AieNeKTPHIHHX
BTpar, J=1,2,...,n) 1 ToBumuHamu dj (j=1,2,...,n), po3TalIOBaHWi MK JBOMa
HaMIBIPOCTOPAaMU: BEPXHIM — 1€ MOBITPsA, a HWXKHINM — 1e abo IpyHTOBI BoJu, abo jaeska
TBEpJla OCHOBA, HANPUKIAJ TJIMHA, TPAHIT, MIIIaHUK Tomo. Hymeparlis mapiB BeleThCS 3
HUKHBOTO TIBIPOCTOPY.

Kommexchuit koedimient Bimoutts V' Big n mmockux mapiB € ¢ynkmiero ix JIT

€,€,..,&, 1 ToBumH d;,d,,...,d Takox 3amexuTh Big KyTa mamiHHi 0, 1 JOBXHHH

n n

mtockoi EMX A. Skmo O,,, #0, To gakrnuyno, OyaeMo MaTH JBi Pi3HHX 3aJIEKHOCTI IS
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koe(ilieHTiB BiZOMTTA V| y BHIAAKY NEpHEHAUKYJSpHOI 1 V| y BHNAAKy mapaiaenbHOl

HOJIsIpU3aIlii:

V, =V, (g,&,,...,€,;0,,d,,...,d.5A,0,.,), Vi =V (&1,€55-..,8,5 01, dy,...,d 50, 152) .

n+1;
1)
Pagiomerpiss 103BOJIsS€E BU3HAYUTH EKCIEPUMEHTANIBbHI 3QJIEKHOCTI KOE(IIi€HTIB
B110MTTs B mianazoni HBY Bix kyTa majiHHS Ta JOBXUHU XBHUII:
ex __\/ex ex __\/ex
VL _VL (k’enﬂ)' [ (}\"enﬂ) ' (2)

3. METOJM JOCJIJKEHHSA
Jlnst BU3HAYEHHS HEBIJOMHUX TIapaMeTpiB IIapiB BUKOPUCTOBYEMO  PE3YJIBTATH
CKaHyBaHH 10 KyTax maainus 0 =0, wit dikcoBanoi gowxuun xBumi A *. IIponoHyeTbCs

posrusiati niniiiny komb6inaniro ¢ynkuii (1) i muckperni 3HaueHHs kyrta majinas 01

(i=12,...,, mns s-momspmzauii i i=12,..l, mns p-nomspusanii). @yHKuHioHAT
y3araJlb-HeHOTO0 METOJy HalMEHIIMX KBaJapaTiB uisi 3amadi paxiomerpii [2, 3] me cyma
CepEeIHbOKBAJPAaTUYHUX BIJIXWIEHb, PO3PAaXOBAaHUX Ta BHUMIPSIHUX 3HAYEHb KOEPIIIEHTIB
BIIOWTTA Ui JBOX MOJsIpU3aliid. 3ajada mosrae y BiAIIYKAaHHI TaKUX 3HAYEHb MapaMeTpiB
nIapiB, siKi 3a0€3MeuyoTh MIHIMYM (DyHKIIIOHAITY.

MiHiMyM  (QyHKLIOHaJa BIJIIYKY€TbCS METOJOM  BHUIAQJKOBOTO IMOILIYKY 13
3aCTOCYBAHHSIM CIIELIAJIbHUX JBIMKOBHX MOCHIOBHOCTEH. EKcnepuMeHTallbHI 3aJIeKHOCTI
Koe(ilieHTIB BIAOUTTS, MOJCIIOIOTHCS 3 BUKOPHCTaHHSAM PO3B’s3KiB mpsmoi 3aaui [3]. Le
JIO3BOJIIE TIOPIBHATU pO3B’SI3KM 00epHEHOi 3ajadl 3 3aJaHMMM TapaMeTpaMH HIapiB 1
OTPUMATH OLIHKM BU3HAYEHHS HEOOXITHMX MapaMmeTpiB. 3HalaeHHH poO3B’sA30K MoTpelye
NEPEBIPKU MOPIBHAHHAM O€3MOCEpPEeHbO 3 EKCIEPUMEHTAIbHUMH JTaHUMU, OCKUIBKH BHOIp
MEX IHTEpBaliB MOIIYKY HEBIAOMHUX XapaKTEpUCTUK MICTHUTh MEBHY JOBUIbHICTH. Ciin
BIJI3HAYUTH, 110 € MOXKJIMBICTh 3BY3UTH IHTEpBAJIM IOMNIYKY 1 BCTAHOBUTU OLIBII TOYHI
3HAaYEeHHS XapaKTePUCTHUK.

4. PE3YJBbBTATHU I OBTOBOPEHHS

Haenemo npuknaan BUKOHaHMX po3paxyHkiB. Ha pucynkax 1 1 2 HaBeneHO KyTOBI
3QJIEKHOCTI KoedilieHTa BigOWTTS. ToukamMu IMOKa3aHO 3MOJIETLOBaHI EKCIIEPUMEHTAIbHI
NaHl, CYIUIBHHUMH JIHISIMH — pPO3paxoBaHi 3aJe)KHOCTI 3a BIJHOBICHHUMH 3HAYCHHSIMU
XapakTepuCTUK. PucyHOK 1 BiAmMOBigae 1mIapy 3BOJOKEHOTO TIPYHTY 3 IapaMeTpamu
d,=0,3m, ¢€,=10, 193,=01 mma xBumi A*=11M; XapaKkTEpPUCTHKHA HIDKHBOTO

HamiBrpocTopy €; =6, tgd, =0,05. Ha pucyHky 2 HaBeleHO aHAIOTT4HI 3aJI€KHOCTI 3 TBOMA

IpoIIapKaMH 3BOJIOKEHOTO IPYHTY 3 PI3HUMH 3HAUCHHIMH XapaKTePUCTHK.
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noaapusayis;, 2 — S- noaapusayia;, 1 — p- nonapusayia; 2 — S - noasApusayis;
PO3PAXYHKOBI 3HAYEHHs 34 BIOHOBNEHUMU PO3PAXYHKOBI — 3HAYEHHA 34 BIOHOGIEHUMU
napamempamu (CyyinibHa niHis). napamempamu (CyyiibHa ainis).

3amani 1 BIIHOBIICHI 3HAYEHHS JIICIEKTPUYHUX XapaKTEPUCTHUK IIapiB IPYHTIB HaBEICHO
B Tabm. 1.
Tabnuys 1
3anani Ta BiIHOBJICHHI 32 JaHUMHU PaJiOMeTpii 3HAYESHHS TapaMeTpiB MmIapis,

10 MPUHHSATI IPU PO3PAXYHKY KOedilli€eHTa BIIOUTTS
&, tgo

Howmep d;, 3ajane Binnosiene 3ajane Binnosiene
tHapy 3HAYCHHS | 3HAYCHHS 3HAYCHHS 3HAYCHHS
4 - 10 |- 0,00 -
3 0,2 80 |70 0,06 0,08
2 0,1 10,0 | 11,0 0,10 0,11
1 - 6,0 6,2 0,05 0,04

VY nanomy Bumnanky noxuOka npu BigHoBieHH1 /I He nepesuiye 13%, a moxuOka
Bu3HaueHHs 1Q0 Oimbmma i gocsrae 20%. Ase B I[iJIoMy pe3yJbTaTH PO3PAXyHKIB CIIi[

NPU3HATH 32I0BUIBHUMH — IIPO 110 CBiYATh BIJHOBJIEHI CIIEKTPH.

BUCHOBKU TA NEPCIIEKTUBHU IOJAJBIHINX JOCIII)KEHDb

Takum YuHOM, PO3p00JICHO e()EeKTHBHY METOJMKY BH3HAUCHHS IapaMeTpiB IIapiB
IPYHTIB 32 JaHUMH pajaiomerpii B amianazoni HBY 3a momomororo po3B’s3aHHA 00epHEHOI
3ajadi. HaBeneHi TecTOBI NMpUKIAIM PO3PAaXyHKIB CBil4yaTh, IO MOXHOKAa B BITHOBJICHHI
3HAUeHb [ICJICKTPUYHHUX IMapaMeTpiB 3HAXOAWTHCS B MeXaX IMOXHOKH 3MOJEIThOBAHUX
EKCTICPUMEHTAIbHUX 3aJISKHOCTeH KOoe(MIIieHTIB BIZOUTTSA. 3ampolOHOBAHUNW METOJ MOXKE
3HAHUTH IIMPOKE 3aCTOCYBAHHS B CUCTEMI TOYHOTO 3€MJIEPOOCTBA.

CIIMCOK BUKOPUCTAHUX JKEPEJI
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BUKOPUCTAHHS BI3YAJII3ALIIL ITIPU BUKJIAJIAHHI POGOTU AJITOPUTMIB

Anoraunig. IlpencraBneni po3poOieHi aBTOPOM KOMII'IOTEPHI NpOorpaMH Ui JIEMOHCTparii poboTh
aNTOPUTMIB Ha rpadax U CTYACHTIB, SAKi BUBYAIOTH AUCIUILTIHY «AJITOPUTMH 1 CTPYKTYPH JTaHUX).
Keywords: Huffman algorithm, Binary trees, Adaptive Huffman coding, Depth First Search, Dijkstra’s
algorithm.

1. BCTYII

BBaxkaetncs, mo 90% indopmariii JroauHa OTPUMYE 32 JOIIOMOTo0 30py 1 TUibku 10%
yepe3 iHm opranu uytts. [lpupoano, mo mpoGiema Bisyamizamii mpuadana NepHIOPSIHY
BOXJIMBICTh. 3aBJaHHS Bi3yami3alii TIoJiAra€ B CTBOPEHHI 300pakKeHHS, IO JO3BOJISIE
aHaJi3yBaTH CTPYKTYPY JAaHUX 1 BUSABIIATH 11 XapaKTEPUCTUKHU.

I'padu — 1e mpocTa, NOTyKHA, elIeraHTHa aOCTPaKIis, IO 3aCTOCOBYETHCS B OaraTbox
oOmactax Hayku 1 TexHiku. ['padm [103BONSAIOTH MOAETIOBATH JOBUIBHI CHUCTEMHM, SKI
MPEACTABJICH] Y BHUIJISAI HAO0Opy OO'€KTIB 1 3B'SI3KIB MK HMMH. 3a OCTaHHI JCCATHIITTS
HOIYJISAPHICTh TpadiB 3Ha4HO 3pocia. IloscHIOETbCA Lie X YHIBEpcalti3MOM 1 HE3aJIEXKHICTIO
Bl TIpeAMETHOI 00JiacTi, MO J03BOJISIE OOpOOJSITH 1 aHami3yBaTH CHUCTEMH JOBLIBHOI
ckiagHocTi. IHdopmariiinuit BuOyX, BUKIMKaHMNA po3BUTKOM BceecBiTHboi IlaByTuhHM, 1
PO3BUTOK KOMI'IOTEPHUX TEXHOJIOT1N 3pOOMIM JOCTYITHUM BEJIMKY KUIBKICTh 1H(OpMAaLii.

I'padu € nEHTpalnbHUM IHCTPYMEHTOM IIpH PO3pOOIl MPOrpamMHOro 3a0e3NedeHHs,
CTPYKTYpyBaHHI Oi3HEC-TIPOIIECiB, MPOCKTyBaHHI 0a3 TaHUX 1 BUKOPHUCTOBYIOTHCS B 0aratbox
o0acTsAX MaTeMaTUKU 1 KOMIT'IOTEPHUX HayK. Pi3HOBHUIOM rpadiB € Taka CTpYKTypa JaHUX,
AK JIepeBo, 30Kpema, OiHapHe JepeBo.

B nocibuuky "AnroputMu Ta CTpyKTypu JaHux" [1] po3risnaroThCsl Taki alroOpuTMHU
poGotu 3 rpadamu 1 OiHapHUMH jaepeBamu, K «Anroput™m [apdmanay, «AnroputMm
NPOXOJKEHHS Tpady B INUOUHY», «AnroputMm JlefikcTpuy. Benuky romnomory BUKIagaueBi
JIAFOTh aBTOPCHKI MPOTpaMHU, SIKi JO3BOJIIIOTH HAOYHO MPOAEMOHCTPYBAaTH POOOTY BKa3aHUX
QITOPUTMIB.

Merta pocaimkennsi: CTBOPUTH NIporpamMHi 3acoOu, K1 J03BOJSIOTH Bi3yalli3yBaTH
BUKOHAHHS aJITOPUTMIB Ha rpadax Juis Kpaoro 3aCBOIOBaHHs MaTepialy CTyIeHTaMH.

2. TEOPETUYHI INIIACTABA

AuaropurMm I'agpmana

Anroputm Tadpdmana (anrn. Huffman's algorithm) — anropurm onTuManzbHOTO
npedikcHOrO KoayBaHHA andasity. byB po3pobnenuit B 1952 pomi acmipaHTom
MaccaqyceTchbKoro TeXHOJIOTiYHOTro iHCTHTYTY Jleimom [addmaHOM mpu HamucaHHi M
KypcoBoi poOoTu. BUKOpHCTOBY€eThCS y OaraTbox mporpaMax CTUCHEHHS JaHUX, HalpHUKIAL,
PKZIP 2, LZH Ta in.

Ines, mo mokmageHa B ocHOBY KoxyBaHHs [addmana, 3acHOBaHa Ha 4acTOTI MOSBH
CUMBOJY B mociigoBHOCTI. CHMBOJ, SIKHMH 3yCTpi4aeThCsi B IIOCIIJOBHOCTI Haiyacrimie,
OTPUMY€ HOBHH Jy)Ke€ MaJICHBKHH KOJ, @ CUMBOJI, SIKHH 3yCTPIUa€eThCs HAWpiJIIe, OTPUMYE,
HaBMaku, OumeIn AoBruil kon. lle moTpiOHO Ist TOro, MO0 CHMBOJH, SIKI 3yCTPIYAIOTHCS
Halivacriiine, 3aifHsTN HaliMEeHIIe MICIls, a caMi PiIKICHI — OlbIIe.
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Jl1st po3yMiHHS IIBOTO aTOPUTMY HEOOXiTHO 3HATH YCTpiil OiHapHOTO AepeBa. Bysnom
TaKOTO JIEPEBa € €JIEMEHT, M0 MICTUTh KOJl CHMBOIY, HOTO YacCTOTY i IMOCHWJIAHHS Ha JIiBE 1
npase MiaepeBo.

Jns mpuxnany BizbMeMo psigok «Hello world». [{o6 oTpumatu xox A KOXXHOTO
CHUMBOJY Ha OCHOBI HOro 4yactoTHOCTi, Tpeba moOyayBaTu OiHapHe nepeBo. KoskeH mauct
BOr0 JepeBa MICTUTUME cHUMBOI. JlepeBo Oynyerbcs BiJ JUCTS 110 KopeHs. CuUMBOIU 3
MEHILIOI0 YaCTOTOI0 PO3TAILIOBAHI Aaji Bil KOPEHs, HIXX CUMBOJIU 3 OLIBILIOI0 YaCTOTOIO.

Jlist moyaTKy mopaxyemMo 4acTOTH BCiX cUMBOJIB. Ilicist 00UMCiIeHHs YacTOT CTBOPUMO
By3/IM OiHapHOTrO JepeBa JUIsl KOKHOTO CHMBOJIy 1 JI0JJaMO iX B 4epry, BUKOPUCTOBYIOUU
YacTOTY B SIKOCTI IIPIOPUTETY.

Tenep nicTaemMo JBa MEPLIMX €JIEMEHTa 3 4ep3i 1 MOB'I3yeMO X, CTBOPIOIOYM HOBHIMA
BYy30J JIepeBa, B SIKOMY BOHHM 0OMIBa OyAyTh HAIlaJIKaMH, a TPIOPUTET HOBOTO By3Ja Oyje
JIOPIBHIOE CyMi iX NMPIOPUTETIB.

[Ticns mporo noJaeMo HOBHMH BY30JI Ha3aJl B YepPry BPaxOBYIOUHM HOro MpiopHTeT i
MOBTOPUMO Ti X Kpoku. Ilicis Toro, sk OyayTh TMOB'I3aHi JBa OCTAHHIX €JIEMEHTA, BUHIC
mizgcymMkoBe aepeBo. Lle i € nepeBo ['addpmana.

AaroputMm npoxoaxenns rpagy B rauoduny (Depth First Search, DFS)

[Tix obxomom rpadiB (momrykom Ha rpadax) po3yMIETbCS MPOIEC CHUCTEMATHYHOTO
neperisiay Beix pedep abo BepmuH rpada 3 METOH BiAmIyKaHHS pedbep abo BepIuH, sKi
BiJIMIOBITAFOTH JIEIKOMY YMOBI.

[Ipu mpoxopkeHHI B TNIMOWHY BiIBIAYETHCS TeEpila BEpIIMHA, MOTIM HEOOXITHO HTH
B3JI0BXK pedep rpacda, 10 monajaHHs B TIyxuil KyT. Bepmmnaa rpada € TynmukoM, sSIKIO Bce
CyMiXHI 3 HEI BEpIIMHHM BXe BinBimani. Ilicis moTpamissHHA B TIYXHH KyT TOTPiOHO
MIOBEPTATHUCS Ha3aJ y3/0BX MPOHIECHOrO NUIAXY, TOKK HE Oy/e BUSBJICHA BEpIINHA, y SKIH €
e He BiJBiJaHa CyMiXHA BepIIMHA, a IOTIM HEOOXIHO pyXaTHcs B IIbOMY HOBOMY
HAIpSIMKY.

[Iporiec BUSIBIISETHCS 3aBEPIIEHUM IPH MOBEPHEHHI B MOYATKOBY BEPIIUHY, MPUUOMY
BCi CyMDXKHI 3 HEIO BEpIIIMHHU BXX€ TOBUHHI OyTH BiJBiaHi.

TakuM YMHOM, OCHOBHA i/i€sl TMPOXOKEHHS B TTUOMHY - KOJM MOKJIMBI HUIIXHU IO
pebpax, 1o BUXOAATH 3 BEPUIMHHU, MOTPIOHO CIIOYATKY MOBHICTIO JAOCHITUTH OJIHY TUIKY i
TUTBKH TMOTIM MEPEXOIUTH JI0 1HIIUX TUIOK (SKIIO BOHU 3aJIUIIATHCS HEPO3TIITHYTHMH).

Kpok 1. Bcim BepmmHam rpada NpUCBOIOETHCS 3HAYCHHS HE BiJBiAyBaHHS.
BubupaeTncs mepiia BepIivHa i MO3HAYa€ThCS K BiJBiTaHA.

Kpoxk 2. J[ns octaHHbOI MOMiIYeHOi SIK BiJBiJlaHAa BEPUIMHU BUOHMPAETHCA CyMiKHA
BEpIlIMHA, SKa € TMEepIIOK MOMIYEeHOI IO He BigBigaHa, 1 1l MPUCBOIOETHCS 3HAYCHHS
BiJIBi1aHa. SIKIIO TaKUX BEpIIMH HEMAE, TO OEPEThCs MOTepeIHs MO3HaYeHa BEPIIMHA.

Kpox 3. TloBTopuTtn Kpok 2 10 THUX Tip, TMOKH BCl BEPIIMHH HE OYIyTh MO3HAYEHI SK
BiJ(Bl1aHI.

AaroputMm JlelikeTpu

Anropatm Jléiiketpu (anri. Dijkstra’s algorithm) — anroput™m Ha rpadax, BUHaHIeHUA
HigepianacbkuM BueHUM E. Jleiikctporo B 1959 porri. 3HaX0auTh HAWKOPOTITY BiACTaHb Bif
onHi€l 3 BeplIMH rpada 10 BCIX IHIIMX. AJTOPUTM MpaLoe TIIbKU JUIs rpadiB 6e3 pedep
HETaTHBHOI Bard. AJTOPUTM IIMPOKO 3aCTOCOBYETHCS B IMPOrpaMyBaHHI 1 TEXHOJOTISX,
HaNpHUKIaJ, HOro BUKOPUCTOBYIOTH MpoTokoau Mapmpytusaiii OSPF 1 IS-IS.

KoxHiil BepiuHi 3icTaBUMO MITKY — MiHIMAIIbHY BiJIOMY BiJICTaHb BiJl I[i€] BEPIIUHU 10
a. AJTOPUTM MpaIIOe MOKPOKOBO — Ha KOXXHOMY KpOIIl BiH «BiJBiTy€» OIHY BEPIIUHY 1
HAMaraeTbCsi 3MEHIIyBaTH MITKU. Po0OoTa anroputmy 3aBepIIyeThCs, KOJIM BCi BEPUIMHU
BIJIB1JaHI.
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3. METOJIU TOCJIUKEHHS

Hnst po3pobku mporpam obpana moBa mporpamyBanHs C#. 3a BciMa mporiecamu, siKi
MoB’si3aHl 3 BUKOHaHHSAM anroputmy [addmana MmoxkHa crmocrepiratu mig 4yac poOOTH
porpamu, sika He TUIbKM BUKOHYE MPOIEC KOMIIpecii 1 JeKoMIpecii NaHuX, aje 1 J03BOJIsE
BisyasizyBatu nepeBo ['apdmana, Bce Tabmuii, ABIMKOBI KOAM MOYATKOBOI'O 1 CTHCHEHOIO
TEKCTy, L0 JO03BOJISIE HAOYHO OLIHWUTU CTYIiHb CTUCHEHHs. [Iporpama Mae iHTYiTUBHO
3po3yMiiHii iHTepdeEiic.

[Iporpama, sika JEMOHCTpYE aJTOPUTM MPOXO/KEHHA rpada B TIUOWHY, TO3BOJISE
CIOCTEpIraTu 3a BCiMa KPOKaMU BUKOHAHHS 1IbOTO aJITOPUTMY.

ITpu o6xoxi rpada B rnmubuny pebdpa, 3a AKUMHU BigOyBaBcs 0o0XiJ rpada — Tak 3BaHi
npsiMi pedpa (BOHU BUJUICHI )KUPHUM) — YTBOPIOIOTH OJMH 3 MOXKIIMBUX KapKaciB (KICTSKIB)
nporo rpada. Le oaun 31 38’ a3Hux miarpadis 3aganoro rpaga. Takux miarpadis Moxe OyTu
KUIbKa. SIK11o kapkac rpada 30iraetbes 31 camum rpadom, Toii Takuil rpad € AepeBOM.

[Tporpamu Bizyaui3awii aJropuTMiB 3aCTOCOBYBAJIMCS aBTOPOM IijJ 4ac BUKIAJaHHS
JUCIUIUIIH «AJITOPUTMH 1 CTPYKTYpHU AaHUX» 1 «OO0’€KTHO-OpIEHTOBAHE MPOTPAMYBAaHHSI» B
HarmionansHoMy yHiBepcuTeTi OiopecypciB 1 NPUPOJOKOPUCTYBaHHA YkKpaiHu. CTyneHTH
CIocTepiraiu 3a BciMa MpolecaMu Iij yac poOOTH MporpaM i HAOUHO OLIIHUIM iX KOPUCTb.

BUCHOBKMU TA NIEPCIIEKTUBU NOJAJIBIIUX JOCJ/I’)KEHD

Bci mporpamu MaroTh iHTYITHBHO 3p03yMinuid iHTEp(ENc 1 MOKYTh CTaTH KOPUCHOIO
MIIMOTOI0 SIK JIUIS BUKJIQAviB, TaK 1 I CTYACHTIB, SIKi BUBYAIOTh TUCHUILTIHA «AJITOPUTMH
1 cTpykTypu ganux» 1 «O0’€KTHO-Opi€EHTOBAaHE MPOTPAMyBAHHS».
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TEHJEHLII PO3BUTKY IHXXEHEPII IIPOI'PAMHOI'O 3ABESIIEYEHH! B
KOHTEKCTI PEKOMEHJJAILIIM SWEBOK

AHoranig. [locmiKeHHS TNPHUCBSIYEHE MUTAHHAM TEHACHII PO3BUTKY IIOIPOMHOL
iHKeHepil K Tragy3i HayKOBO-IIPAaKTHYHOI IisIbHOCTI y cdepi BUPOOHHMITBA MPOTPAMHHUX
MPOAYKTIB. B cTaTTi HaBeneHi KIFOYOBI MOMEHTH CTaHOBJICHHS iHXKCHEpil, Bepcii JOKYMEHTY
SWEBOK, ananizy cy4acHOro CTaHy PO3BHTKY Taiy3i Ta MEPCHEKTHUBH I PO3BUTKY, a TaKOK
3aBJIaHH, SKI CTaBIISAThLCS nepea BHUKIaJad4aMu iH)KeHepi.l- IMpOTrpaMHOTo 3a0e3rmeueHHs B
YHIBEpCUTETaX.

KarouoBi cjoBa: mnporpamHa i1H)XXeHepis; o0nacTi 3HaHb: OCHOBHI
opraHizaniiiHi, HaykoemHi; sapo SWEBOK; texHomoriii y mporecu CTBOPEHHS
I13.

1. Beryn

[Tporpamua imxenepist (Software Engineering) € ramy3sto iHQOpMaTHKH, SIKa BHBYA€E
NUTaHHS MOOYJOBM KOMI'IOTEPHUX MporpaM, BijoOpaxkae 3aKOHOMIPHOCTI PO3BUTKY
porpaMyBaHHsI, y3arajibHIOE JOCBi MPOrpaMyBaHHS Y BUIJIAAI KOMILJIEKCY 3HaHb 1 MpaBUil
periameHTarlii iHKeHepHol NisIIbHOCTI po3poOHHKIB nporpamHoro 3adesneueHHs (I113). Ilicns
BUHUKHEHHA B KiHII 60-X pOKIB MHHYJIOTO CTOJITTA ISl Tajly3b HAyKOBO-TIPaKTHYHOI
JiSTBHOCTI 0COOJIMBO OYPXJIMBO PO3BUBAETHCS B OCTAHHI IECATHIITTS.

ToMy cnifg 3po3yMiTH, SKMM YHHOM HpOrpaMHa iHXEHepis Oyne pOo3BHBATUCH Y
HaANOMMK41 POKH 1 K TOTYBAaTUCH /10 BIIPOBAKEHHSI HOBUX TEXHOJIOT1H Y MPOLIECH CTBOPEHHS
OpOrpaMHUX TPOJYKTIB Ta MIATOTOBKM MaiOyTHIX ¢axiBLiB y WLiA raiy3i HayKOBO-
BUPOOHHUYOI AisTbHOCTI [1].

2. llepuui 3ragyBaHHs PO iHAKEHEPil0 NPOrpaMHOro 3ade3neYyeHHs

Brepure TepMin “miporpaMHa iHxeHepis» OyB 3actocoBanuit me y 1968 poui [2]. B
’KOBTHI TOro poky B M. [apmim (®PH) mig erimoro NATO Science Committee Oyna
npoBeneHa koHpepeHmiss «NATO SOFTWARE ENGINEERING CONFERENCE» -
«Kongepenuis HATO 3 mporpamuoi iHxeHepii». Y KoH(epeHIil B35l y4acTh MOHal
n'sataecaT ¢axiBIiB 3 OJMHAAIATH Pi3HUX KpaiH (Ha ToM wac — wieHiB HATO), sxi
npodeciiiHo 3aiimanucs mporpaMHuM 3a0e3nedeHHs M. OOrOBOPEHHsI OXOMHIIO YCi acCHeKTH
POTPaMHOTO 3a0e3MeueHHs], BKJIIOYAIOYH: BIJHOIICHHS IPOrpaMHOTO 3a0e3nedeHHs [0
arapaTHUX 3ac00iB (0OYHCITIOBAIBHUX MAIIIMH), TPOCKTYBaHHS MPOTPaMHOTO 3a0e3nedYeHHS,
BUTOTOBJICHHS, BIIPOBA/DKEHHS Ta MOIIMPEHHS MPOrpaMHOro 3a0e3MevyeHHs, MOCIyTH i3 Horo
CYIIPOBOJIKEHHS.

HaiironoBHIIIMM JOCATHEHHSIM I[LOTO OOTOBOPEHHS CJIi/I BBAXKATH MPUUHATTS PIllICHHS
3 TaKUX MUTaHb: BUMOTA JOCSITHEHHs JOCTATHbOI HAJIIHHOCTI B CHUCTEMax JaHUX, SKi Aenaii
OinpIIe iHTErpyBallCsl B LEHTPAIbHY MiSUTBHICTH TOTOYACHOTO CYCHUIBCTBA; TPYAHOIII
noTpuMaHHs TpadikiB peamizamii Ta cnenudikamiii BUMOT Ui BEIMKUX MPOTPAMHHX
IPOEKTIB; MiJATOTOBKA 1H)XKEHEPIB SIK 3 MPOrPaMHOTO 3a0e3MeueHHs TaK i 3 CUCTeM 0OpoOKH
nanux; a Takoxx BIIEPHIE Oyno migHsTe HaI3BHYalHO CyNepedsMBe MUTAHHS, YU BapTo
BCTAHOBJIIOBATH I[iHY Ha MpOrpamMHe 3a0e3MeueHHs] OKPEMO BiJI anapaTHOTO 3a0e3IeYeHHSI.
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[Tonanpmmii po3BUTOK po3poOKH, BUPOOHUIITBA 1 po3noBctokeHHs 13 OyB
BU3HAYCHUH came Ha I[boMy (popymi.

3. lHosiea SWEBOK

HactynHuii eram y poO3BUTKY MpOrpaMHOI 1HXeHepii OyB 3yMOBJICHHHM IIBUAKUM
BUPOOHHUIITBOM MEPCOHATIBHUX KOMIT'10TepiB y 80x-90x pokax MmuHyznoro cromtrs. Lle
3yYMOBHJIO TIOTpeOy y BUTOTOBJICHHI Ta PO3IMOBCIOKEHHI mpukitaanoro [13 3a miHoro, sxa 6
Oyna IOCTYNHOIO JAJIsl IePeciuyHoro KOopucTyBaua. 3’sBUJIaCh BEJIMKa KUIBKICTh KOMIAaHIM Ta
¢bipMm, ski moyanu mnponasatu I3 s mmpokoro kona crHoxuBadyiB. Taka isTIBHICTh
BUMarajia JOTPUMAaHHS BUMOT JI0 SIKOCTI HOBOT'O BUJY 1HTEJIEKTyalbHOro ToBapy. Came Tomy
IpU aMepUKaHChbKOMY 00'eqHaHH1 Komn'toTepHux ¢axiuiB ACM (Association for Computing
Machinery) 1 Komn’iorepHoMy TOBapuCTBI I1HCTUTYTY IHJKEHEpiB 3 €JIEKTPOHIKM Ta
enektporexHiku (IEEE Computer Society) y 1998 pomi O6yB crBOpeHuit MixxHapoaHUil
komiter (Software Engineering Coordinating Committee). 3ycumns wiei opranizaunii y 2004
poui 3aBepmmianch crBopeHHsAM sapa 3HaHb SWEBOK (Software Engineering Body of
Knowledge). OcHoBHE mpu3HAYeHHS I[HOIO JOKyMEHTa IoJjisrae B 00'€HAHHI 3HAHb 3
imkenepii mporpamuoro 3abesnedyenHs. Paxisii [EEE Computer Society Bu3HAUMIM IO
CYKYIHICTh 3HaHb SK HEOOXITHUU KpPOK JI0 TOro, 00 3pOoOMTH PO3pOOKY HPOrpamMHOrO
3a0e3nedeHHs] 3aKOHHOIO0 1H)KEHEPHOIO0 JUCIUILIIHOIO Ta BH3HAHOIO mpodeciero. OCKiIbKH
nporpaMHe 3a0e3MeYeHHs] CTa€ LEHTPOM KPUTHYHUX CHUCTEM, LIUJIKOM MPUPOIHO, LIO
CTaHJApTH NPAKTUKW, 3HAHb 1 HaBYaHHA 3 PO3POOKM MPOTPaMHOTO 3a0e3NeueHHs, MaloTh
OyTH cUCTeMaTU30BaHi, BIOPSAKOBAHI Ta Ha/laH1 AJIs 3arajlbHOr0 BUKOPUCTaHHS.

Y aapi Oynum cucTemMaTH3oBaHi pI3HOpIAHI 3HAHHS B O00JAcTi MporpamyBaHHS,
IJIaHYBaHHS 1 YIpaBJiHHA, C(POPMYJIBOBAHO TMOHATTA MPOTPAMHOI 1HXKEHEpIi Ta HIecATH
o0acTeil, siKi Ha TOM Yac BIAMOBiAaNU npouecam npoektyBanHs [13 1 MeTogam iX miATPUMKH.
[HxeHepiss mporpaMHOro 3abe3neueHHs, K IHXKEeHEepHa AUCLUIUIIHA, OyJd BH3HAHA TAKOIO,
110 OXOIUTIOE BCi aclieKTH cTBopeHHs 113, mounHatoun Bix popMyBaHHS BUMOT JI0 CTBOPEHHS,
CynpoBOay 1 3HATTS 3 ekcruryaramii [13, a Takox BKJIIOYae iH)XKCHEPHI METOAM OIlIHKH
TPYAOBUTPAT, BapTOCTi, MPOIYKTHBHOCTI 1 sikocTi. ToOTO MOBa Hae came mpo iHXXEHEpHY
TISIIBHICTh B TPOTpaMyBaHHI, OCKUTBKM il CYTHICTh OJM3bKa J0 BU3HAYEHHS I1HXKEHEPHOI
JISUTBHOCTI B TIIyMauyHOMY CIIOBHHKY: i1H)KEHEpis - Il crmoci® 3acTOCyBaHHS HAyKOBUX
pe3yibTaTiB, 1O A03BOJIAE OTPUMYBATH KOPHUCTh BiJ BJIACTUBOCTEH MaTepialiB 1 JKepeln
EHeprii; 1HXKeHepis - MiSUTbHICTh 1O CTBOPCHHIO MAIWH JUIsl HAJaHHS KOPUCHHX JUIS
CIOXKMBavya MOCHyr i BUpoOiB. ImkeHepu 3 mporpamHoi iHxkeHepii — me ¢axiBmi, 5Kl
BUKOHYIOTh NMPAaKTU4HI poOOTH 3 peanizaiii mporpam i3 3aCTOCYBaHHSIM Teopii, METOMIB 1
3ac00iB KOMI'TOTEPHOT HAYKH.

4. SWEBOK (B penakuii 2004 p.)

Bnepme ngoxkymenr SWEBOK 0yB odopmuenuii y 2004 pomi. B it pemakii
BU3HAYAIOTHCS JiecsATh oOnacteit 3HaHb (O3) B KOHTEKCTI MpOrpaMHOi iH)KeHepii, sKi
noginieno Ha 2 rpymu [3]. OcHoBHi o0aacti BkmrouaroTh: BuMoru g0 II3 (Software
requirements); mnpoektyBanHs I3 (Software design); konctpyroBanus I13 (Software
construction); TecryBanus II3 (Software testing); cympoBomkennss II3  (Software
maintenance). Oprani3aniiini o0JacTi BKIOYAOTh: yhpaBiiHHA KoHbirypariero [13
(Software configuration management); ynpasminas imxenepiero I13 (Software engineering
management); mporecu nporpamHoi imkeHepii (Software engineering process); 3aco0u Ta
iHcTpymenTH imkeHepii [13 (Software engineering tools and methods) Ta sixicts I13 (Software
quality).

Jokyment SWEBOK y penakuii 2004 poxky BH3Haua€e AWCLUILIIHY, SIKI BiIIrparoTh
BEJIMKY pOJb B TPOTpaMHIN IHXEHEpii: KOMITIOTepHA IH)KEHepis, KOMI'IOTEpHI HayKH,
MEHEJ’KMEHT, MaTeMaTHKa, KOHTPOJIb SIKOCTI, eproHoMika [13 ta cuctemHe aaMiHICTpyBaHHS.
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Bci mi obnacti 3HaHb MaloTh 4YiTKE BH3HAYEHHS IIiled, cdep AISUIBHOCTI 1
BIJIMOBIJAIFHOCTI y CTBOPEHHS IMPOTPAMHOTO TPOAYKTY Ta MPAKTUYHI PEKOMEHIAIii 10
peamnizariii [13.

5. SWEBOK V3 (B pexakuii 2014 p.)

Munyno num 10 pokiB, a >KUTTA TOCTAaBUJIO 3aBJaHHS BHECEHHS KOPETYBaHHS Yy
icHytounii JokyMeHT. B penakuii SWEBOK 2014 poky [4] Bu3HauaioTbest Bxke 15 obnacreit
3HaHb 1 OIUCY€ B)KE OHOBJICHI 3araJIbHONPHUMHATI 3HAHHSA HPO MporpamHy imxkeHepito. Lli
00J1acTi y3arajbHIOIOTh KJIOYOB1 KOHIIETLIT Ta BKJIFOYAIOTh CIIMCOK MOCHUJIaHb JJIsi OTPUMaHHS
JeTanabHol iH(popMallii B KOHTEKCTI MPOrpaMHOi iHXKeHepil, IX MoAiIeHo Ha 3 rpymnu. SKio
OCHOBHI 00JacTl 3HaHb 3aJMILIMINCH Oe3 3MIH Yy CBOiX MeXax (ajge He y TEeHJEHLIAX
peauizariii) To y apyriii rpymi (oprasizamiiiHi o6nacTi) ctanacs 3aMiHa: 3aMiCTh 3ac00IB Ta
iHCTpyMeHTIB 1HxkeHepii [I3 3’sBuiace HoBa obOnacth: Moxeni ta Mmeronu [13 (Software
Engineering Models and Methods), 1110 Bka3yBano Ha 3Ha4HE PO3LIMPEHHS HAYKOBOI €EMHOCTI
1 cKIaaHOCTI cydacHoro [13).

["onoBHOIO 0COOIMBICTIO Ii€] BEPCii CTasia 1MosiBa HOBOI I'PYITM — HAYKOEMHHX oOJiacTei
3HaHb: npodeciinuii npakTnunmii gocsif 3 [13 (Software Engineering Professional Practices),
exoHoMmika imkenepii I13 (Software Engineering Economics), ocHoBu o6uuciens (Computing
Foundations), matemaruuni ocaoBu (Mathematical Foundations) ta ocHoBu iHxeHepii
(Engineering Foundations), 1o e O1IbIII MiIKPECIUIO HAYKOBY CKIIAIoBY iHxkeHepii [13.

6. SWEBOK V4 (y crazaii 00roBopeHns)

3apa3 Bke YITKO BHUIHO HOBI TeHAeHIi B po3BUTKY imkeHepii 13 [5]. IIpoekt
HaltHoBImO1 Bepcis mocioanka SWEBOK V4 Bxitogae HOBI TemMaTwyHi 0071acTi, OHOBJICHI
OMHUCH TEeM 1 NPUIMHCHHS BUKOPUCTAHHSA TeM, SKI BXKE HE akTyaslbHi. 30Kpema, agile (i
DevOps) Oynu BimoueHi B 6arato obiacteil 3HaHb, OCKUIBKU I1i MOAEI OTPUMANK HIMPOKE
BU3HAHHA Ticas octaHHboi myoOumikaiii SWEBOK. Tpu HOBI o0macti 3HaHB (apxiTeKTypa
IPOTPaMHOTO 3a0e3neueHHsl, orepalii mporpaMHoOro 3abe3nedyeHHs Ta 0e3neka mporpaMHOro
3a0e3MeueHHs) CKepOBYIOTh 0a30Bi 3HaHHS 3 PO3pOOKH MporpamMHOro 3adesnedeHHs. Hopuit
NOCIOHMK Kpallle iHTEerpye IMOB’s3aHi JUCHUIUIIHUA Ta MEpedMeHye Ta PO3MOBCIOIUTH JESKi
MaTepiaial B pi3HUX 001acTsIX 3HAHb.

BUCHOBKH

Hoxyment SWEBOK € »uBHM Ta akTyaJlbHUM MPOTPAMHHUM JIOKYMEHTOM 3 IHXKEHepii
[13 sikmii cTBOpeHuUH, M00 BU3HAYUTH YiTKUKA HEOOXigHWN HaOip 3HAaHB Ta PEKOMEHJIOBaHi
MPAKTUKW; BU3HAYUTH €TUYHI Ta MpodeciifHi CTaHAapTH Ta BU3HAYUTH HaBYAIbHY MPOrpaMy
JUIsS CTYJIEHTIB, acIipaHTiB Ta THX, XTO MPOJOBXKY€E HaB4YaHHA y cdepi imxkenepii 113. Tomy
CJi1 BJ)K€ ChOT'OJIHI 3aKJIa/IaTh HOB1 TEHJIEHIIIT 1 KypcH B IporpamMy HaBuYaHHS 3 iHxeHepii 113,
sika 0a3yeThes Ha pociimkeHHsx Software Engineering Coordinating Committee i erigoro
IEEE
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3ACTOCYBAHHS BJIOKUEMH-TEXHOJIOI'TM B CUCTEMAX MICROGRID

AHoranisi. PosrnsHyTo 3actocyBaHHS OJOK4YSHH-TexHONOrid B cucremax Microgrid , sxi
CKJIQJalOThCc 3 TEHepaTropiB Ta HaBaHTaXEHb, CTPYMH SKHX MalOTh BHUIII TapMOHIKH.
[IpoanamizoBani eHEpPreTHYHI XapaKTEPUCTHKH 1 TMOKa3aHa HAABHICTh OOMIHHHX ITOTY>KHOCTEH,
KOMIICHCAIiS SIKUX 3MEHIIY€E PEeakTHBHY IOTYXXHICTh Ta BHINI TapMOHIKH. JlocmimkeHa TUHAMiKa
oOMinHuX mporeciB B Microgrid i po3risiHyTO TIMTaHHS BU3HAYCHHS BAPTOCTI EIEKTPOCHEPTIl Mpr
OuHaMivHil Tapudikarmii B Microgrid, BpaxoBywooun sik eKOHOMiYHY, TaK i TEXHIYHY CKJIAI0BI.
Kmouosi ciioBa: Microgrid, auHamika 0OOMIiHHHX MPOIIECIB, JIOKAIBHI CHEPrOPHHKH, JUHAMIYHA
tapuikailis, peaKTHBHA MOTYKHICTb, BUIII TAPMOHIKH.

im0 manoi poOOTH € BU3HAYCHHS 3arajJbHUX BUMOT MTOEHAHHS TEXHIYHUX PIIIEHb 1

€KOHOMIYHUX XapaKTePUCTUK €JIEMEHTIB PO3MOJiIEHOI €HeprocUCTeMHU SKa BUKOPHUCTOBYE
OJIOKYEH TeXHOJOril, I CTBOPEHHS IHTEIEKTYaJbHUX (3 BHUKOPUCTAHHSM €JIEMEHTIB
HITYYHOTO 1HTENIEKTY) CUCTEM iX KepyBaHHs [2,6].
JInst 1OoAajbIIoro 3aCTOCYBaHHS MAaTEMAaTHYHOTO amapaTy CHUCTEMHOro aHamizy, Microgrid
OyZaeMo po3risaaTd SK TpyNy B3a€MOIOB’SI3aHUX HABAHTAXXEHb Ta PO30CEPEHKEHUX
€HEPreTUYHUX PECypCiB Y YITKO BHU3HAYEHUX TEPUTOPIAIbHUX MEXax, SKa € K €IUHUI
KEepPOBaHM 00’ €KT MIOJI0 MEPEKI BUILOTO PiBHA, Ta MOXKE MIAKIIOYATHUCSA a00 BiIKIIOYATUCS
BIJI LIIE€T MEpEeXKi, 00 MaTH MOXIIMBICTH MPAIIOBATU K Yy MiJIKIIFOYEHOMY, TaK 1 B OCTPIBHOMY
pexumi) [5].

@DaKkTUYHO JOKAIBHUN PHHOK enekTpoeHeprii ans Microgrid Hagae MOXKIHMBOCTI
KoopauHalii o0csAriB BUpOOHHMITBA Ta cHoxuBaHHA eHeprii Big JIPI (mampuxian,
BIJIHOBJTIOBAJIbHI JKEpesa eHeprii, CHCTEM aKyMYJIIOBaHHS Ta NOCTaYabHUKIB pearyBaHHs Ha
IOIMUT) Y MeXaxX oOMexeHoi reorpadidHoi 30HHU. JIOKalbHI PUHKH, BUPILNIYIOYU MUTAHHS
€HepronocTayaHHs, 30epiraHHs, TPAHCIOPTYBAaHHS, [O3BOJIIOTh KIHLEBUM CIIOKMBayaM
3IIACHIOBATH TOPTIBIIO EHEPri€l0 Ha MICLEBOMY pIBHI Ta HaJaBaTH MOCIYTH HiATPUMKH
Mepexi. B mokampHUX pHHKaX BCTAHOBIIOIOTHCS CBO1 Tapudwu, sKi MOXKYTh 3MIHIOBATHCS 3
yacoM. Taki qTuHaMiyHi TapupH CTUMYIIOIOTh PETYIIOBAaHHS HaBaHTAKEHHS, SIK BPYUHY, TaK 1
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ABTOMATUYHO, IO JO3BOJIAE CIIOKMBAayaM 3a0IIaJUTH Ha EIEeKTPOCHEPTii, KOPUCTYIOUUCH
nepesaramu cucremi [5,7-13].

BusHaueHHs BapTOCTI €JEKTpOCHeprii mpH auHaMiuHiii Tapudikarii B Microgrid
3QJICKUATh BIiJ JBOX CKJIQJOBHX: €KOHOMIYHOI Ta TEXHIYHOI, SIKI TMOEIHYIOTHCS B OIUH
E€HEproeKoHOMiIUHMi KoHTyp [13]. AHami3 eKOHOMIYHOI Ta TEXHIYHOI CKJIaJ0BO1
¢dyukionysanus Microgrid mae OyTu HarpaBJIeHO IS
—TIIIBUIICHHS €()eKTHBHOCTI BUKOPHUCTAHHS NIEPBUHHOTO MAJIMBA IN3€IIhb-TEHEPATOPIB;
—OITUMI3alio rpadika BiIOOPY MOTYHKHOCTI;

—OITUMI3alliI0 BiAOOPY MOTY>KHOCTI BiJl T€HEPaTOpa;

—MIHIMI3allif0 BTPAT €JIEKTPOEHEPTIi NpH ii mepegadi Ta po3noaiLy;

—OINTUMI3ALII0 PEKUMIB EJIEKTPOCTIOKUBAHHS; 320€3MIEYSHHS BUMOT 1010 SIKOCTI
€JIEKTPOEHEPTii Ta SIKOCTI €eHeProMOCTaYaHHS,

—MiHIMi3aIlil0 BUTPAT CyMapHUX KOIITIB Ha TEHEPAIlil0 Ta CIIO)KUBAHHS €JIEKTPOCHEPT .

Touka MigKIIOUEHHS I'€HEpaTopiB y 3arajbHOMY BUIAJKy MOXE OyTH pPO3IJIHYTa SIK
TOYKAa «BBOIY» MOTYyXHocTi gk BiacHux [IPI', Tak 1 gomatkoBux oxepen (Hpu KyIiBii
€JIEKTPOEHEPrii y «TPeThOi» CTOPOHHU), Ta € KOHTPOJHOBAHUM IIEPETUHOM, JI€ YCTaHOBJIEHI
Smart-migrmbHUKH. OCKUTBKH A0 i€l TOYKH MOXYTh OYyTH IIKIIOYEHI pi3HI THIH
reHepaTopiB, TO 10 CUCTEMH IeHepallii OyayTh BXOJAUTH OKpeMi JpKepesa eleKTpOeHeprii, sAKi
MaloTh Pi3HY €KOHOMIYHO OOIPYHTOBAHY BapTicTh reHepanii 1 kBT rox enextpoeHeprii.
Peani3anis KJIi€HTOOPIEHTOBAHOI'O MiAXOAYy NpPH aHajii3l Ta ONTHMI3allii eHepromnpoleciB B
JPI" 0OymoBHIIa HE TUIBKM BUKOPUCTAHHS MMOKA3HUKIB SIKOCTI €JIEKTPOCHEPTii Ta MOKa3HUKIB
SIKOCT1 €JICKTPONOCTayaHHs, 30KpeMa, IMOKAa3HUKIB Oe3MepepBHOCTI Ta HAIAIWHOCTI, ane M
dbopMyBaHHS Ta 3aCTOCYBaHHS PO3IIMPEHOI CHCTEMH €HepreTuyHux mnokasHukiB J[PT, ski
aJICKBaTHO B1IOOPaKarOTh €HEPrOOOMIH Ta BTPATH €IEKTpOeHeprii [7].

Posrnspatoun cucremy 3 JIPI™ 3 MmareMaTHuHOT TOYKH 30py SK AMHAMIYHI KOJUBAJIbHI
CUCTEMH, MOKHA BUJUIMTH JBa TUIIM TPOIECIB — KOHCEPBATHBHI Ta JUCHIATHUBHI, SKUM Yy
3araJlkHOMy BHUIAJKy MOCTAaBUMO Y BiIOBITHICTb OOMiIHHY TOTYXHICTb Qo0B, TOTYXHICTbH
HakonnueHHs Qu , moTyxHIicTh ®puze Qo 1 akTUBHY NOTYXHicTh P . OOMiHHA MOTYXHICTh
Qop Ja€ MOKITUBICTH OILIHUTH IHTEHCHBHICTH OOMIHHHX IIPOIIECIB Yepe3 MEPETHH CHUCTEMU
MIPU JOBIIBHOMY CHEKTpI TapMOHIK HANpyrd Ta CTPyMy Yy BUAIeHOMY mepertwHi. OIliHKa
JOJTATKOBUX BTPAT EIEKTPOCHEPTii HANOUIBII TIOBHO 3IMCHIOETHCS 13 3aCTOCYBaHHSIM
notyxHocTi @puze Qo Ta ii KBagpaTUYHUX CKIAJOBUX, IO BiJOOPa)KAIOTh BIUTUB PI3HUX
(akTOpiB BIUTUBY Ha SIKICTh EHEPTETUYHUX MPOLECIB ISl OTHO- Ta 6araToasHUX CUCTEM.
Mertoro naHoi poOOTH € aHami3 OOMIHHHMX TPOIIECIB JDKEpPENT PO30Cepe/KEHOI TeHeparlii 3
BiJTHOBJIFOBAILHUMHU JDKEpEJIaMH €Heprii JUid TEeXHIKO-€KOHOMIYHOI OnTHMi3allii mpu
BUpIIIEHHI MPOOJIEM eJIeKTPOMAarHiTHOI CyMICHOCTI, JUHaMivyHO1 Tapudikallii, MiHiMizamil
BUTpAT.

OI11iHKa ONTHMAJIBHOCTI TPOIIECIB B 3aJIEKHOCTI BiJ] BUMOT IOCTaBJIEHUX 3a7a4 Mae
PO3TISIIATHCS 3 BpaXyBaHHSAM CHCTEMHHX €(EKTiB Ha KIJTbKOX 1€papXiyHUX PiBHAX:

- B KOHKPETHI# TouIli to;

- Ha iHTepBali 11 mepioay il reHeparopa (CroXuBayva);

- Ha IHTepBaJli 12 CTaNOCTi CTPYKTYPHU CUCTEMU;

- mepioay nii renepartopa 1T,

- TepioJl poOOTH MPUCTPOIB CHUIIOBOI €EKTPOHIKH e UM CIIOXKUBAYIB 7load.

- BUIUICHOI CYKYITHOCTI MepioiB J1ii TeHepaTopiB Ta/d9u poOOTH CIIOKHUBAYIB 1A,

- MPOTATOM BCHOT'O TEXHOJIOTTUHOTO mpotiecy 7.

OOMiHHI TIpo1IecH MOYKHA TIOUTUTH 3a nepiioto (1HaeKce «1») Ta TpyIor rapMoHiK, sKi
CKJIQIaI0Th MHOKHUHY M OTyXkHICTh Nr (1HIEKC « ©»):
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o
QP = U1y Sin(et -y
° 1)

1 t* N, . .
Q" = [U gy Sin(k ot — )t

0 k=2 (2)
ne t — inTepBai mepioy, KOJIM MUTTEBA TTOTYX)HIiCTH P(t) > 0.

JUist OLIIHKM JJOJIbOBOTO BHECKY I'€HEPATOpiB Ta/4M CHOXKHUBAUiB JJIs 33JaHOl J1I0YOi
Hanpyru reseparopa U(t) oOMiHHI TpOleCH Y BY3Ji CHCTEMH, KPiM MPEICTABICHUX 3TiTHO
dopmy (1) Ta (2) cnocoOiB, AOIMIIBHO TAKOXK PO3IUIATH 32 OJHIEIO J-F0 BUILOKO (1HICKC «)»)
Ta BCiMa (1HJIEKC «Q») TapMOHIKaMH 3T1JIHO 3 HACTYITHUMH BHpPA3aMHU:

o
QY = Ul sin(jat -y e
° 3)

t* N,
Q, = o JUOC L sintkat —yhet
0 k=1 (4)
BmiiuB enemMeHTIB CUCTEMM OLIHIOETHCS BIJTHOIIEHHSAM OjHI€l 3 BenuuuH (1)—(4) no cymu
BIMOBIAHUX OOMIHHHMX MOTYyXHocTed Bcix enemeHTiB JIPI' mig’eqHaHux 10 BUIIIEHOTO
By3JIa.
PiBeHb eneKTpOMarHiTHOI CyMiCHOCTI MO>KHA OLIIHUTH, 3a IIOKa3HUKaMU AB1, AB2:

ABl :%

P ®)
Ag, = & -7

Q. (6)

[Toxa3Huk A1 BinoOpa)ka€ BUKOHAHHS KPHUTEPIIO YCEpETHEHHsS 3BOPOTHUX IOTOKIB
eHeprii, a MOKa3HUK AB2 € IHTETPaJbHOI0 XapaKTEPUCTHUKOIO HAOIMKEHHS €HEepPreTHYHOTO
IPOIECy JI0 CHHYCOinanbHOrO. [Ipu IbOMy Mipa OIIHKK B3a€EMHOTO BIUTHBY eieMmeHTiB JIPT°
BU3HAYAETHCS CTYNEHEM IXHBOI'O HAOIMKEHHS 0 HYyJISL.

[Ile ogHUM KpUTEpiEM ONTHMAJIHHOCTI MPOLECIB € MOTYXHICTh Ppuse, sfKa y 3aralbHOMY
BUIIAQJIKy € KBAaJPAaTUYHOIO HEB SI3KOI0 MK MOBHOIO S Ta aKTUBHOIO P MOTYXHICTAMHU Ta Jae
3MOTY OI[IHUTHU PiBEHb BTPAT Bi/l HEPIBHOMIPHOTO CIIOKMBAHHS UM T€HEPallii eJIeKTPOeHeprii.

2 2 2
Qf=S"-P (7)
PeakTuBHY NOTY>X)HICTh Qf OyZeMO pO3TJISIaTH SIK €KBIBAJICHTHY BEJIMYMHY JTOJATKOBHX
BTpaT AW enexTpoeneprii,
JlonaTkoBi BTpaTu mpH MPOTIKaHHI CTPyMy |p yepe3 ekBiBaJeHTHUI omip (HampuKiIaid, JiHiT
enektponepesayi) Rexs 3a yac T:

2
AW =I17R,T = Q R,T
U

(8)
[Toxmnanemo, 110 3a XapakKTEpPUCTUKAMHU B110OpaKeHHsI BIUIMBY BU3HAUE€HOI MHOXXHHH BIUIMBIB
oj[AXd,..., AXd,..., Axnd] Bu3HAUaeThCS BIAMOBIAHA J-a CKJIaZ0Ba JOJATKOBHX BTpPaT

eNeKTpoeHeprii, 1e j = 1,..., N; N — KiIbKIicTh (akTopiB aexoMno3uiii Qf, cepen SKuX MOKYTh
OyTH TEXHOJIOTI4HI, €JIEKTPOMArHiTHI Ta KEPYIOUi BIUIUBHU; Xi — KOHTPOJIHOBAHUN MapameTp.
3rifHO 3 BUIUICHHMMH XapaKTePUCTUKAMU 3MIHU oy[AXY ..., AXi,..., Axnd], j = 1,.., n,
BUIUTAMO KBaJpaTHYHI CKJIaZ0BI JIFOUYNX 3HAYCHD CTPyMY ir (1) HACTYITHUM YHHOM:

n
2 2
Ir - Z I j.r
©
71



X Misxcnapoona naykoeo-npaxmuuna oniauH-KoHpepenyis X International scientific online conference

"I'nobanvni ma pezionanvhi npobaemu ingpopmamusayii 6 cycninbcmei i "Global and Regional problems of Informatization in
npupoooxopucmysanni '2022", 14-15 mucmonaoa 2022 poxy, Society and Nature Using '2022", 14-15 November 2022,
HYbill Ykpainu, Kuis NULES of Ukraine, Kyiv

3 ypaxyBanusM (9) kBaapat moryxHOCTI ®Ppm3e Qo po30MBaeThCs HAa No AJTUTUBHUX
CKJIaZIOBUX, OOYMOBJICHUX BIUTMBOM BuiUIeHUX (aktopiB. Hampuknax, npu u(t) = UmSinot
NOTYXHICTh Qf p030MBa€THCS HAa CKIIAIOBI

Qf =2V}, =3Q;
= =1 (10)

ne Qrj — ckiazoBa J01aTKOBUX BTPAT BiJl BIUIMBY j-T0, j =1,..., N, bakropa.

Bupas, ananoriunuii (10), MOXxHA OTpHUMATH NPU HASBHOCTI y criekTpi Hanpyru U(t) Hy1b0BOi
Ta BUIUX TAPMOHIYHUX CKJIAJIOBUX, & TAKOXK PO3TIISAAY HECUMETPUYHUX TPH(DA3ZHUX CUCTEM
HANpYTH €JIEKTPOCHEPTrOCUCTEMH.

OTxe, OIlIHKAa JTOJATKOBUX BTPAT E€JIEKTPOCHEPrii HANMOUIBII TMOBHO 3MIMCHIOETHCA 13
3aCTOCYBaHHSM MOTY)HOCTI ®Ppmuze Qf Ta ii KBaApaTHUHUX CKIIAJOBHX, IO BiAOOPaXKaIOTh
BIUTUB pI3HUX (AKTOPIiB BIUIMBY HA SKICTb CHEPreTHYHHMX IMPOIECIiB I OJHO- Ta
OaratodazHux CUCTeM, JIOBUIbHOTO iHTepBaiy 4acy (Qr), mpu Hecumerpii Hanpyru (Qfh),
MOJYJISIi1 CHTHAJIIB HarpyTru Ta ctpymy (Qfm).

Jlnst 3a0e3meyeHHs ONTUMAIbHOTO (DYHKIIIOHYBAaHHS JIOKanbHUX cucteM 3 JIPT' mae
OyTH BHpIllIEeHAa HA3KA ONTUMI3AIIHHUX 33724, OKPEMI 3 SKUX HABEJACHO HIDKYE:

— ONTHMI3allisi HEPIBHOMIPHOCTI TeHepallii / crioskuBaHHs ejekTpoeneprii P(t) 3a ak THBHOIO
notyxkHictio P: | p(t) — P | — Pwmin;
— omnrTuMizauis cymapHoi akTuBHOI P Ta peaktuBHoi Q motyxnocreit JIPI, omHouacHo

NPUETHAHUX 10 MEPEXKI;

— MiHIMi3aIlisg 00MiHHHX TpoiieciB (00MiHHOT MOTYXHOCTI Qe): Qe — QeMIN;
— MiHIMi3allis J0AaTKOBUX BTPAT eleKTpoeHeprii (motyxHocTi @puse Qf): Qf — QrmiN;
— MiHIMi3aIisg 33JJaHOTO PiBHS €IEKTPOMArHiTHOI CyMICHOCTI 32 OOMIHHOIO MOTYKHICTIO Qe »

BUIINX FapMOHIK: Qe — Qfe o MIN.

Oxpim pocmipkeHb oOMiHHUX TmponeciB B JIPIT nmns  gocsrHeHHsS OimbIIOro
€KOHOMIYHOTO e(EeKTy HEOoOXiqJHO MPOBOAWTH OINTHMI3allil0 TPOIECIB TeHEPYBaHHS
MOTY>KHOCTi, ONTUMAJIBHO MEePEPO3MOAUIAIOUH MOTYKHOCTI IO TeHEpaTopam, sIKi BXOISATh 110
JIOKaJIbHOI CUCTEMU ISl MiHIMI3allisl BUTPAT MEPBUHHOTO MaJMBa Y BUIAJAKY BHKOPHCTAHHS
JIM3eIIb-TeHEPaTOPiB, BiIOOPY €HEPTii COHIIS Ta BiTpa MPHU ONTUMAIILHUX YMOBaX.

[Toganpmie  migBumIeHHS  €()EKTUBHOCTI  pPOOOTH  PO3MOJUICHOI  JIOKAIhHOI
€HeprocHUCTeMH BUMAara€ 3acTOCYBaHHS CKJIQJHMX aJTOPUTMIB  TMPOTHO3YBAaHHS 3
ypaxyBaHHSIM TPOIIECIB K TEHepallii, Tak 1 CIOKUBaHHS eJieKTpoeHeprii. [l JIokaibHUX
CHCTEM eHeprosade3neueHHss Mae OyTH BHUPINIEHUM IUIMH KOMIUIEKC NHUTaHb Ha PiBHI
KiHIIEBOrO crokuBada. OnHIEO 13 HaWOIIBII Ba)KJIMBUX 3aJad, HEOOXIOHUX IS
3a0e3meueHHsT e(DeKTHBHOI POOOTH PO3MOALICHOT €HEPreTUYHOI CHCTEMHU € BIIPOBAKEHHS
BIJIMOBIIHAX 1HTEJICKTYaJIbHUX CHCTEM KEpyBaHHS, sKi Ha 0a3i cydyacHHX i1H(GOpMaIliiHUX
TEXHOJIOTif, 30KpeMa OJOKYEHH, 3MOXYThb BHUKOPUCTATH AaJITOPUTMH KOMIUIEKCHOTO
NPOTHO3YBaHHS pOOOTH SIK TEHEPYIOUHX TaK 1 CIIO)KMBAOUUX CIIEMEHTIB MEPEXKi.

BucnoBku. IlpoBeneHo nocmiUKeHHS OOMIHHHMX MpPOIECIB Ui JBOX CHCTEM 3
PI3HUMU CIIOKMBAaYaMH, K1 MMOKa3alu HasIBHICTH OOMIHHUX MOTYKHOCTEH.
3a 3HAYEHHSMU OTPUMAHUX OOMIHHHMX TIOTY)>XKHOCTEH OIlIHIOBAJIACh HHU3Ka JIOJATKOBHX
€HEePTeTUYHUX XapaKTEPHUCTHK 1 MOKA3HUKIB, SKI MOXKHA YCITIIIIHO BUKOPHUCTATH TPU aHaJi31
Ta onTuMizanii eneprompoueciB B JIPI" a Takoxk eheKTUBHICTH pOOOTH, SIK TeHEpaTopa, TaK i
HaBaHTaxxeHHs Microgrid y minomy.

Ha ocHOBI oTpuMaHHX pe3yJibTaTiB MOXYTb OyTH c(OpPMOBaHI MPOMO3HULIi IIOAO
3MiHU aJNTOPUTMIB KEpyBaHHS T€HEPATOPAaMH Ta HABAHTAKCHHSMH, BIPOBAHKECHHS 3aXO0/iB 3
eHeproeeKTUBHOCTI, peaji3allisi MeXaHi3MiB KepyBaHHS OIUTOM.
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[Tomanpira onTuMi3allis ynpaBIiHHS IpoIecaMy reHepailii eHeprii 3 BUKOPUCTaHHSIM
OJIOKYEHH-TEXHOJIOTIH, MEePepo3IoNia MOTYKHOCTEH 1 ITuHaMiuyHa Tapudikaiii B cucTeMax
Microgrid m03BOJNATh MiABHIIMTH SIKICTh 1X POOOTH MiHIMI3yFOUM HACHIAKH MO€IHAHHS
(iHaHCOBOI HEONTUMAJIBHOCTI pekuMiB podotu Microgrid 3 HEONTUMAaIbHICTIO 3arajbHOI
CYKYITHOCTI €HepronpoLeciB (IOCTa4aHHs, CIIOTBOPEHHS SIKOCTI €JIEKTPOEHEePrii, piBeHb BTPAT
Ta 1H.).
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CT. BUKIaaa4 kadeapu iHpopmartiitaux cuctem i TexHosoriin HYBIll Ykpaiau

CUCTEMA TPAHC®EPY CIJIbCbKOI'OCITOJIAPCBKIX 3HAHB TA IHHOBALII
(AKIS YKPATHA)

AHoTanis. Po3risfaroTeCa MUTaHHS CTBOPEHHS CUCTEMH TpaHC(Pepy CLIbCHKOrOCIOAAPCHKUX 3HAHD Ta
IHHOBAIlil SIK /JI€BOTO IHCTPYMEHTY BIIPOBADKECHHS IEp)KaBHOI arpapHOi MOJITHKH, MOHITOPHHTY
1HQPACTPYKTYpPH CLTBCHKHX TEPHUTOPiH, YHAOUHEHHS CTAaTHCTUYHUX IaHWX OalaHCIB BHPOOHHUIITBO-
nepepoOKa-CloKMBaHHs, 1H(OpPMAIlifiHOrO 3a0e3ledeHHs] IHHOBALIMHOIO PO3BUTKY CLIBCHKOTO
TOCIO/IaPCTBA Ta CUILCHKUX TEPUTOPIH MUIIXOM BIPOBAKEHHS IIPOCBITHUIIBKOT TISUIBHOCTI Ta HaJlaHHS
COIIIAJIbHO CHPSIMOBaHMX JAOPAA4YMX MOCHYr cy0'eKTaM TIOCIOJapIOBaHHS Ha Cell 1 CUIbCBKOMY
HaceJIEeHHIO 3 METOI0 IMJBHIIEHHS pIiBHSI 3HaHb Ta BJIOCKOHAIEHHS  INPAaKTUYHUX HAaBHYOK
MPUOYTKOBOTO BEJEHHS CLIIBCHKOTO I'OCHOAAPCTBA Ha 3aCa/1aX CTAlIoOro PO3BUTKY

Kirouosi crosa. [npopmariitna cuctema. Jopanauiro. Tpanchep 3Hanb. [HoBarii. E-learning

Cranuii pO3BHTOK arpoIpOMHUCIOBOTO BUPOOHHUITBA B YKpaiHi HEMOXIUBUI 0e3
IIBHJIKOTO PO3MOBCIOJUKCHHS CIIIbCHKOTOCTIOAPCHKUX 3HAHb Ta iH(opMaIllii, BIpOBaKCHHS
CY4YaCHHX TEXHOJIOTiIH Y BUPOOHHIITBO Ta iHTETpallii arpapHOT0 CEKTOPY €KOHOMIKH KpaiHU B
CBITOBY €KOHOMIYHY cucTeMy. [JoOamizaimiss €KOHOMIKM 3YMOBIIIOE arpapHUil CEKTOpP
E€KOHOMIKM YKpaiHM TepexoJuTH Ha MDKHApOIHI CTaHIApTH, HAJaroJKyBaTH 3B S3KH 3
BITUM3HSIHUMHU Ta  3apyODKHMMH  HAyKOBUMH ¥ iHGOpMAIIHHUMU  IIEHTpaMH,
BUKOPUCTOBYBATH HalOUIbII e(heKTUBHI iH(pOpMaNiliHi TEXHOJIOTI] HAKOTMYEeHHS, 00pOOKH Ta
NPEeJICTaBIICHHS JaHUX.

3anpornoHOBaHa YPSAOM KOHIEMIlis IU(pPOBi3aIii EKOHOMIKH, SKa I1HTCHCHBHO
BIIPOBA/DKYETHCSI Ta Ma€ CEepBIC OpIEHTOBAaHE HANpaBJICHHS, TOTpeOye He JIUIIe
iH(OpMAIIIfHOTO Ta CEPBICHOTO 3a0e3MeYeHHS HACeJICHHS Ta 00 €KTIB TOCTOJaprOBaHHS
MOCEPETHUIITBOM BEO-pecypciB OpraHiB BUKOHABYOi BIIaau, a ¥ iH(OpMaIiiHHO-I0BIAKOBOT
iHpopMarii opranizamiiHOro, MPAaBHUYOTO, TEXHOJOTIYHOTO, MApKETHHTOBOrO (Ta 1HIINX)
XapakTepy, sKa JI03BOJISIE IPUHAMATH BUBAXXCHI PIIIICHHS B TOCIIOJIAPIOBAaHHI 3 ONTUMAIbHUMHU
3aTpaTaM¥ Ha BCIX PIBHAX: JOMOTOCIIOIAPCTBO, MiANIpUEMHUID (pepmep), ¢/T miIprueEMCTBO,
TEPUTOpIaTIbHI TPOMAJIH, AepPKaBa.

CyuacHi iH(pOpMAIliliHI TEXHOJIOTii JTO3BOJIAIOTh €()EKTHBHO TPEJICTABIATH JaHi Ta
iHpacTpyKTypy y po3pi3i TEPUTOPiH, a TEXHOJOTIH 0a3 JTaHWX Ta BEO-TEXHOJIOTII Ha/al0Th
e(peKTHBHI IHCTPYMEHTH HAKOIMYEHHS Ta BUKOPHUCTAHHS BEITUKUX OOCATIB CTPYKTYPOBAHHX
nanux. HasBHI myOmivHI 1epaBHI, TPOMAJICbKi Ta IPUBATHI JOKaIbHI Ta BeO- peCypcH JaHUX
(30KpeMa  CLITBCHKOTOCTIOIAPCHKOTO TMPU3HAYCHHS) BiIPI3HAIOTHCS TEPEBAXKHO BY3BKOIO
crierfianizaiiero abo KOMEPIIHHO CIPSIMOBAHICTIO HE HA KOPUCTH MOBHOTI iH(OPMALIifHOTO
3a0e3nedeHHs, a TaKOoK BHUMAaraloTh BiJl KOpHCTyBada €(EeKTHBHUX BMiHb IONIYKY Ta
caMocCTiiiHOro BinOoOpy HeoOximHoi iHdopmarii. OKpiM TOTro BiAYYBAETHCS HEAOCTATHBHO
IIOBHE TEOIMPOCTOPOBE TMPEIACTAaBICHHS gaHoi iHpopmamii Ta pecypciB 3 ePeKTHBHUMHU
IHCTpYMEHTaMH1 aHaJIi3y, MPOTHO3yBaHHS Ta MIATPUMKH MPUHHSTTS PIIICHb.
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CraButbcs MeTa o0y TyBaTH IHTEPAKTUBHY 1H(POPMaLIHHO-aHATI THYHO-A0PAYy CUCTEMY
HIATPAMKH  CTaJOr0 PO3BHTKY CUIBCHKOTOCTIOAAPCHKOTO BHPOOHUIITBA Ta  CIITBCHKUX
TEPUTOPI.

OcHoBHI 3aBJaHHf, fKI OynyTb BupimieHi mnpu po3podui Cucremu Tpanchepy
CLTBCHKOTOCTIOJAPCHKUX 3HAHb Ta IHHOBAIIINA:

1. CtBOpeHHs eNeKTpoHHOI Iutargopmu (HOpTaly) Ha OCHOBI BEO-TEXHOJIOTIH AJis
pO3MilleHHS 1H(OPMAIIIfHOT CHCTEMH B CKJIaJ1 IHTETPOBAHUX MOJYJIIB JOPATYMX, OCBITHIX Ta
CSHUUKJIONIEIUIHUX cepBiciB 1H(popMaLiiHOTO 3a0e3neyeHHs €(eKTUBHOTO
OPUPOAOKOPUCTYBAHHS B CIILCHBKOMY T'OCHOAAPCTBI SIK pecypcy 3a MPHHLUIOM «EIUHOTO
BIKHa» JOCTYIly KOpUCTyBaya 70 JOCTOBIPHOI, BUBIPEHOI 1H(OopMallii;

2. Po3pobka Mmonynro 3 iHTerpamii cepBiciB NpeACTaBICHHS AaTpUOyTUBHUX Ta
reoNpOCTOPOBUX JIaHUX MOHITOPUHTY 1H(PPACTPYKTypU MEpEXi CUIbCHKOIOCIOAaPChKOIO
JIOpPaJIHUIITBA 3 CAaliTaMU OKPEMHX CITY>KO Ta IOpaJHUKIB YKpaiHU 3 MOXKJIMBICTIO BHYTPIIIHBO
Ta 30BHINIHBO  HAmpaBieHOi iHTerpamii CHCTEeMH 3  MDKHApOJHOI  MEpEXEIo
CLITbCHKOTOCTIOIAPCHKHUX JOPATINX CITY)KO Ta CEPBICIB;

3. Po3pobka MOmymI0 MOHITOPUHTY TEPBUHHUX EKOHOMIKO-CTaTHCTUYHUX JIAaHUX
OKPEMHX aJIMIHICTPAaTUBHO-TEPUTOPIaIbHUX OJMHUIL YKpPaiHU Ta TEPUTOPIAIbHUX TPOMa 3
NOTJIMOJICHUM aHAi30M JIOKATi30BaHMX OaJlaHCOBUX JAaHUX MOPIBHSHO 3 Yy3araJbHEHUMHU
JaHUMH Ui PErioHy KpaiHu Ta MOAYJIB MIATPUMKH MPUUHSATTA pillleHb, MOB’SI3aHUX 3
TPaHCHOPTYBAaHHS MPOAYKLIi 3 METO peami3amii 4Yu mepepoOKH, pPO3rOpTaHHS
1HQpacTpyKTypHUX OO’€KTIB, YNPABIIHCHKUX PIIICEHh Ha TIiACTaBI JaHUX OalaHCOBHUX
MOKA3HUKIB.

4, Po3pobka iH(poOpMaIiiiHO-TOBIIKOBOI CHCTEMH TEXHOJOTIM Ta I1HHOBAIIA AJIA
CLTBCHKOTOCTIONAPCHKOTO0 BUPOOHMIITBA 33 arpoKIIMAaTUYHOK Ta €KOHOMIYHO JOIUIEHOIO
CIpPSIMOBAHICTIO JaHMX, HAJaHHS CEpBICIB JOCTymy depe3 I[HTepHET 10 OCHOBaHOI Ha
IHHOBAIIISIX BUCOKOSAKICHOT iH(OpMAIIii 1010 CUTLCHKOTO TOCTIOAAPCTBA 1 OXOPOHHU JIOBKIJUIS
Ta MEXaHI3MIB 1i TOMMpEeHHs, fAK 1A ¢GaxiBIiB TaK 1 I IIUPOKOI ayauTopii BeO-
KOpUCTYBaviB, ajanTaiisi Ta IHTErpamis IHCTPYMEHTIB CHUCTEMH JWUCTAHLIWHOI Topamdoi
MIATPUMKA BUPOOHHUKIB CLIBTOCIIIPOAYKINI Ta 3arajJbHOro 1H(GOPMAIIHHOI MATPUMKH
HACEJICHHS CUIbCHKUX TEPUTOPIH 3 TEPUTOPIATHHOIO aIaNTalli€l0 TaHUX.

5. Po3pobxka OCBITHBOTO OHJIafH-CepeIOBHIIA (E-learning) OTPUMAaHHS
CLIBCHKOTOCTIONAPCHKUX 3HaHb, OCHOBAHMX Ha IHHOBAIlISX Ta 3 BpaXyBaHHAM (DaKkTOpiB 3MiHH
KJIIMaTy, TpoleciB pedopMyBaHHS EKOHOMIKM Ta IHTErpamifHUX TPOIECiB J0 CBITOBOI
€KOHOMIKHM Ta TOB’S[3aHUX 3 LIUM BHKIMKIB, OXOPOHH JOBKIJUIS, PO3BUTKY TEPUTOPIaIbHUX
rpoMaji, BIPOBA/KEHHSI CydacHHUX O€3eMeKOBHX CHCTEM) Ta MEXaHI3MIB KOHTPOJIO SKOCTI
3aCBOEHHS iH(pOpMaIii 3 MATBEPKEHHSIM y BUTIISAI CUCTEMH CepTU(IKaTIB.

B xiHmeBomy pesyabTaTi Oyzne CTBOPEHO CHCTEMY I1HTETpOBaHUX (DYHKIIIOHATBHO
CIEIiaTi30BaHUX BEO-peCypciB 3 OCTYNOM KOPHCTYBAYiB 3a MPUHIIUIIOM «EIMHOTO BIKHA»
aBTeHTHU(]IKAIIT Ta TOCTYIMHUX CEPBICIB:

- BeO-TIOpTaJl CHCTEMH EJIEKTPOHHOTO JOpaaHIITBA SK 0a30BOi IIaThOpMH CEPBICIB
JOCTYIy 4epe3 [HTEepHET 10 OCHOBAHOI Ha IHHOBAIlISX BHCOKOSKICHOI iH(opMmaIii momo
CITBCHKOTO TOCITOIAPCTBA 1 OXOPOHHU JOBKULISA Ta MEXaHI3MiB i1 OMUPEHHSs, K 11 GaxXiBIliB
Tak 1 I8 [IUPOKOI aynuTopii BeO-KOPHCTYyBadiB, a TaKOX HaJaHHS Oe3rmocepeaHboi
JIOCTOBIpHOI 1HPOPMAIIIHOI MITPUMKH KOPUCTYBaUiB 3 KOHCYJIbTAIIIHTHUM OH-JIAllH CEPBICOM
«[TuranHs-BiamoBigi» Ta coIiaaTbHOI0 MEPEKEIO CIITLHOT MPAKTHKIB;

- migcucTeMy BeO-pecypciB CUTBCHKOTOCTIONAPCHKHX TOPATUUX CITYKO Ta JOPaTHHUKIB 3
BiJITPaBHOIO TOYKOIO KOpHUCTyBaya 3 BeO-pecypcy HACJICY;
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- micucTeMy OCBITHBOTO OHJIal{H-CepeI0BUIIA (E-learning) OTpUMaHHS

CUIbCBKOTOCIIOIAPCHKUX 3HAHb 3 BU3HAYEHHSAM IMPIOPUTETHUX OCBITHIX HANpsIMKIB Ta
CTBOPEHHSIM HaBUAIBHUX KYPCIB.

Hwmwxue HaBeneHa cxema IIO€JHAHHS T€HEPATOpPIB IHHOBALIH Ta KOHTEHTY,
IHCTPYMEHTIB CUCTEMH EJIEKTPOHHOI'O JIOpaJHUIITBA Ta CHOCO0IB AOHEceHHs 1Hdopmalii 10
CHOXHBaya CUCTEMH TpaHChepy cmscsxorocnonapcsxnx 3HaHb Ta IHHOBALH.
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XMAPHI CEPBICU MICROSOFT 365 JJI51 LIU®POBOI KOMYHIKAL{II YYACHUKIB
OCBITHBLOI'O ITPOLIECY B YMOBAX JUCTAHLIIMHOI OCBITU

AHoTanis. [lns1 BUKIIa[aviB Ta CTYACHTIB 3aKJIa/liB OCBITH B YMOBaX JWCTaHIIHHOIO HaBYaHHsS HEOOXIJHO
opraHizyBaTH e(eKTHBHY KOMYHIKaIlil0, CIIIBIIPAIfo, B3a€MOJiI0, KOMaHJIHY po0OTy Ta 3abe3ledyBaTH
mpocte Ta Oe3leyHe YNpaBiliHHSA HAaBYaJbHOIO JISUIbHICTH CTyHeHTiB. OpraHizyBaTd TaKy B3a€MOJIIO
MOXIIMBO 3 BHKOPUCTAaHHA cepepoBuma Microsoft 365. 3parHicTh eQEeKTMBHO KOMYHIKYBarTH,
BUKOpHCTOBYIourn IdpoBe cepenosuine Microsoft 365, mepembadae: BMIHHA NPOEKTyBaTh LUQPOBI
KOMYHIKaIil sl pi3HUX HaBYAIBHUX IJIeH 1 ayauTopii; po3yMiHHS OcoONMBOCTeH pI3HMX LUPPOBHX
IHCTpYMEHTIB JJI  CIIKYBaHHS; BMIHHS BHSABIATH Ta OOpPOTHUCS 3 IOKI[UIMBUMH ITUPPOBHUMH
MOBIIOMJICHHSMH; 3MATHICTh 30epiraTd KOH(QIACHOIWHICTP y TPHUBATHOMY CIHIJIIKyBaHHi; BMIiHHSI
JIOTPAMYBATHCh KOPIIOPATHBHOI €THKH CIUTKYBaHHSA ITiJl 9ac OCBITHBOI HistTbHOCTI. EekTrBHA KOMYHIKAITis
€ OCHOBOIO 3aJyYCHHs CTYACHTIB 0 PI3HUX BHUJIB HaBYAJIbHOI MISIBHOCTI MiJ 94ac AMCTAHIIAHOI OCBITH,
came BUKJIaJiady Ba)kJIMBO CTBOPUTH KaHaJl JJIs CHIJIKYBaHHS B peajbHOMY uaci. Microsoft 365 ne He nuie
JIOCTYI CTYJICHTIB 1 BUKJIaaauiB 70 cepiiciB Microsoft Word, PowerPoint i Excel Online, ane kpim Toro, 1e
XMapHa TuiaTgopma THpH3HAYeHa AJIS MiATPUMKHM OHJIAMH CIIUIKYBaHHS, 30KpeMa B MeXax akKaJeMiuyHHX
ycranoB. Jlo Takux cepgiciB BimHocaTh: Jltoau, Delve, Outlook, Yammer, Kaizala, Teams. Cepgicu Jlroau,
Delve n03BOJSAIOTH SIK BHKJIANady, TaK i CTYJECHTY BiJCIIJIKOBYBaTH B3a€MOAII0 3 IHIIUMH YYaCHUKAMH
OCBITHBOTO Tpolecy Ta (insTpyBaTH HEOOXinHI (aiiay, HajxaromKyBaTH 3 HAMH HU(POBY KOMYHIKaIilo.
ITpu B3aemonii y nudpoBoMy cepeoBHIL, KOPHCTYBauaM HEOOXiJHO OpraHi3yBaTH Ta HaJIArOJUTH KaHAJIH
KoMmyHikamii. TakuM KaHaJIOM MOXeE BHCTYNAaTH ejekTpoHHa nomTa Outlook, sika macTb MOXIIMBICTH He
TIJIBKU CITIJIKYBATHUCh MK COOOI0 yYaCHMKAaM OCBITHBOTO TIPOIECY, a W IUTaHYBAaTH Ta OPraHi3OBYBAaTH
crinbHy poboty. OpranizyBaTH HaBYAIBHUH IpOIleC BHUKIAJadeBi MOXKHA 1 JUIS OUTBII IIUPIIOI ayauTOpii
(30BHIMIHIX KOPWCTYBadiB), TO [UII IHOTO JOIIFHO BHKOPHCTOBYBATH TIPHUBATHY COLIANBHY MEPEKXY
Yammer 1 MOXIWBICT opranizauii B Hiil 30BHiHIX 3akputix Mmepex. Ceppic Kaizala € Ge3nednoro
porpamMoro Juisi OOMiHY MOBIIOMIICHHSIMH Ta KEpyBaHHS pPOOOTOIO SK BHKJAJada TaK 1 CTYICHTIB, sKa
JIO3BOJISIE CITIBIPALIIOBATH 3 IHIIMMHU KOPHCTYBauyaMH B KOPIIOPAaTHBHOMY aKkayHTI Ta 3a Il Mexxamu. Microsoft
Bookings interpoBano 3 Kanenmapem Microsoft 365 ta Teams Takox MOke OyTH BHUKOPUCTAHO SK
CepeloBHIIIE TS PI3HUX BUJIIB KOMYHIKallii MK y4aCHUKaMH OCBITHBOI'O MIPOLIECY .

Karouosi ciioBa: xMapHi cepBicy; Hu(poBa KOMYHIKallis; AUCTaHIIiHe HABYaHHS; 3aKJIa/l OCBITH.

1. BCTYII

COVID-19 ra BilicpKkoBi aii Ha TepuTOpii YKpaiHH JOKOPIHHO 3MIHWJIM OpTaHi3aliio
OCBITHBOTO TPOLIECY, 3MYCHBIIM 3aKJIQJAW OCBITH TIEPEBECTH HABYaHHS B ayAHUTOPISIX Yy
BipryasibHUil mpocTip. s eexTHBHOI oprasizaiii OCBITHBOTO MpPOIECY TUCTAHIIIHO
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HEOOXiZIHO opraHizyBaTH UU(GPOBE CEepeloBHINE, Yy SKOMY 3a0e3MeyuTH MHPPOBY
KOMYHIKAI[iI0 YCIX Y9aCHHKIB OCBITHBOTO TIPOIIECY.

IlocranoBka npobaemu. [[ns edexTuBHOI opraHizamii JUCTAHIIIITHOTO HABYaHHS
HEoOX1/IHO MpoaHalli3yBaTU HasiBHI XMapHi cepBicu Microsoft 365, siki BUKOPUCTOBYIOTHCS
JUIs oprasizaiii [uQpoBoi KOMyHIKalii y4aCHUKaMu OCBITHbOTo mporecy. IIpu opranizamii
PI3HUX BH[IB HaBUYaJbHOI JISJIBHOCTI BHKIAJady HEOOXIJHO OCOOIMBY YBary MNpUAUISTU
NO€AHAHHIO PI3HUX IHCTPYMEHTIB KOMYHIKamlii, sKe J03BOJWIO O JAUCTaHLilHE,
NEpPCOHANI30BaHE Ta aJalTHBHE HABYaHHs, CIPSAMYBaTH Ha OCOOMCTICTh CTyJEHTa 3
MOYJIMBOCTSMHU pOOOTH y rpynax OyJib-sIKOro MaciuTady Ta KOJEKTUBHOTO HABUAHHS.

AHaJi3 ocraHHiX AociailzkeHb i myOaikaumiil. Ilpani BITUM3HSHMX 1 3apyODKHHUX
HaykoBiiB C. Cynpianto (S. Suprianto) [1], 3. Micuasari (Z. Misnawati), E. Hodpiati (E.
Nofriati) [2] mpucBsiueHi BUKOPHCTAaHHIO XMapHHX cepiciB Microsoft 365 mus opranizariii
€JIEKTPOHHOI'O HABYaHHS, a BUKOPUCTAHHIO 1HCTPYMEHTIB IM(POBOi KOMYHIKalii JaHOI
wiatpopMi B yMOBaxX JAMCTAHLIWHOI OCBITH MPHUALICHO HENOCTaTHbO yBaru. Came TOMYy,
MeTOK JaHOi mpami € aHaii3 XMapHUX cepBiciB Microsoft 365 mudpoBoi koMyHikamii Ta
BU3HAYEHHS 1X (DYHKIIOHAIBHUX MOKJIMBOCTEH Il €(peKTHBHOI OpraHizaii AUCTaHLIHHOTO
HaBYaHHS B Cy4YaCHUX YMOBAaX.

PE3YJIBTATHU TA OBTTOBOPEHHA

IncTpyMenTH, siki BXoAsaTh 10 Microsoft 365 mo3BOJsAIOTH BHKJIaJadyaM 1 CTYJIEHTaM
CHUIKYBAaTHCh, B3a€MOJIATH Ta CIIBOpALIOBATH B pexumi peanbHoro yacy. C. CympiaHTo
(S. Suprianto) cTBepmXKy€, IO CIPOEKTYBATH CEPEIOBHUINE €ICKTPOHHOTO HABYAHHS MOXKHA
JUIIe 32 JOIMOMOTOI OJHOTO Mmakera mporpam Microsoft 365 Ta BiAMOBIIHO HANATOIUTH
eheKTUBHY KOMYHIKAI[iF0 Ta CIiJIbHY POOOTY MiK ydaCHMKaMH OCBITHBOro mporecy [1].
Po3BUTOK HaBMYOK MOBJIEHHS 3a Jomomororo Microsoft 365, sik 3aco0y HaBUaHHS Mija Yac
nangaemii Covid 19, posrnsparoTe y cBoeMy pociimxkeHHi 3. MicHaBari (Z. Misnawati),
E. Hodpiati (E. Nofriati) [2]. Cepsic Jltogu n03Bojisie opraHizyBaTH KHUTY KOHTAKTiB, 3
SKUMH YacTO BiAOyBae€TbCcs KOMYHIKAIli, B3a€MOJIS YW CIIBIpaIld IMiJ Yac yIpaBIiHHS
HABYAILHOIO [ISTBHICTIO. TakuM YHWHOM BUKJIQJad a0 K CTYIACHT MOXE CTBOPUTH, SK
OKpEMHUH KOHTAKT JJIs B3a€EMOJii, TaK 1 TPyNmHd KOPUCTYBayiB IIiJ Yac JUCTAHIIIIHOTO
HaBYaHHs. [leperisimaroun KOHTAKT, JOJAHWH O CHHUCKY, MOKJIMBO HE JIUIIC MEPETJISTHYTH
iH(opMaIliro mpo HLOTO, a TAKOK HOTO0 OCHOBHI KOHTAKTHI JIaHi, KOHTAKTH OpraHi3aii JaHOTO
KOpUCTyBaya, (paiiim HaJx SKUMU BH CIJIBHO IPALIOETE, OCTaHHI EJNEKTPOHHI JIMCTH Ta
BKJIQJICHHS Y HUX.

Ha 6as3i cepsicy Delve MoxHa po3ropHYTH TEpCOHATI30BaHE HaBYAHHS. MOMXIIUBOCTI
cepBicy Delve no3BossitoTe 3HaWTH iH(MOpMaIli0O MPO YYAaCHUKIB OCBITHHOTO TPOIECY Ta
JOKYMEHTH, HaJ| SIKHMH BOHH MPALIOIOThH (aHATI3yBaTH KUIBbKICTh MEPErysaiB Ta XTO BHOCHB
ocTaHHi 3MiHHM). HeoOXiHI MOSCHEHHS M0J0 POOOTH 3 HaBYAIBHUM KOHTEHTOM BHUKJIAIad
MOXE JTOJIaBaTH JI0 3aKPHUTOI colliaibHOi Mepexi Yammer, He BUXOIsf4M 3 cepsicy Delve,
TaKUM 4YHHOM Oyjie HaJlaroJpKeHa 31 CTyJIeHTaMH e(eKTHBHA KOMYHIKamis. SKmo X y
CTYJIEHTA 3’ SIBUTHCSI HEOOXITHICTh MTOCTABUTH 3aITUTAHHSI, TO HAa CTOPIHII MPodiTI0 BUKIa a4ya
€ MOXKJIUBICTh HAJIICTIATH €JIEKTPOHHHM JIMCT 31 3BepHEHHsI a00 K 0J[pa3y pO3MoYaTy yaT JJist
HIBUJIKOTO CITITKYBaHHSI.

Buxopucranas Outlook BukIamadem J03BOJIMUTH HAJICIATH JUIA CTYACHTIB HaBUYaIbHI
MaTepiaii, po3MilleH] K Ha BIACHOMY IPHCTPOI Tak i Ha xmapHoMy cxoBumii OneDrive,
JOJIAaBIIH 1X JI0 KMCTA. 3a HeoOX1AHOCTI OPraHi3yBaTH B3aEMOIIIO 3 OTPUMYBayaMu, BUKJIaAa4y
MOJKE JIOJATH JIO JIUCTAa KOMIOHEHTH Loop, sKi TO3BOJIATH pPO3icIaTH CTYJEHTaM CIUCOK
3aB/IaHb, MOPSAOK JACHHUN UM 33JaTy 3aUTaHHs. [HTerpaiis J0JaTKOBUX MpOrpam J03BOJIsE
BUKJIaJaqy, BOYIYBaBIIM B EJICKTPOHHHWH JIMCT: JIOCTaBUTH JI0 CTYJCHTIB Bi3yallbHUHN
HaBYAJIbHUN KOHTEHT, moOyaoBanuii y Power BI; mpoBectu omuTyBaHHS, CTBOpEHE 3
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BUKOpPHCTaHHAM Forms; MOOUIMTHCH BMICTOM YM pPE3yJIbTaTOM CHUTBHOI pOOOTH, 3a
JoroMoror monday.com.

B cepBici Yammer Bukiazay pa3oM 3i CTyJIE€HTaMH MOKE HaJallITyBaTH €(PEKTUBHY
KOMYHIKaI[if0, HaJICHJIal0Yl OTOJOMICHHS 3 (JOPMAaTOBAHUM TEKCTOM, BiZI€O, ONMMTYBAaHHSIMH,
3aMMTaHHSMU, [TOXBAJIOK Ta 300pakeHHsIMH Y Gopmarti gif B cTBopeHiit cninbHOTI. CTyneHTH
MOXXYTh BHKOPHUCTOBYBAaTH Yammer, SK 3aKpUTy CHUIBHOTY, JUINTUCh HABYAJILHUM
KOHTEHTOM Ta BJACHHUMH JIOCSTHEHHSM Yy CaMOOCBITi. SIKIIO BHKIagady HEOOXiJIHO
OpraHi3yBaTH IHTEPAKTUBHY B3a€EMOJII0 MDK KUIBKOMa akKaJeMIYHMMM TIpyHamu 13
3allyd4eHHSIM 30BHIIIHIX CIHIKEpiB (CTEHKXONJEepiB), IHTETPYHOYM PI3HOMAHITHI HaBYaIbHI
peCcypcH JIOIUIBHO TaKOK BUKOPUCTATH 3aKPUTY COILIAJIbHY MEpexy Yammer.

VY cepgici Kaizala Bukiagad Moke HaJICHJIATH i OTPUMYBATH BiJl CTYJCHTIB MHUTTEBI
MOBIIOMJICHHSI, KOOPAMHYBaTH 3aBJAHHAMM, BIAMIYAaTH MPHUCYTHICTh, BHUKOPHUCTOBYBaTHU
CHeI[iaibHI 1HCTPYMEHTH MJi1 B3a€MOAil 3 KOMaHAOK BifganeHo. Takuil 1HCTpyMEHT
B3a€MOJii, aBTOMAaTHMYHO OyJe pO3MIIICHWH Yy dYaTi TpyNu, HANPHUKIAA: OTOJOLICHHS,
3aIJIaHOBaH1 3YyCTpidi, HaragyBaHHsS Mpo ski npuxoaute 3 KajeHmapsi, onuTyBaHb Pi3HOTO
TUIY, BIKTOPUHH, CITUCKU 3aBJIaHb, & TAKOXK HABYAHHS JJIT KOMaH/IH.

Odynk1ig yaty B Microsoft Teams 103Bos1sie BecTr O€Ciid B JIAHIIOKKAX, JI0MTOMararoyu
30epiraTu ceaHCH MO3KOBOTO IITYpMY, BifieoKOH(pepeHii Ta iHII 3ycTpidi B OAHOMY MicIli,
AK1 JIETKO 3HANTH Mi3HIlIE IS MOBTOPHOTO MEperjsay CTyIdeHTamMH. BHKOpUCTOBYIOUYU
IHCTpyMEeHT IiaHyBaHHS Bookings, y4acHHKY OCBITHBOTO IpOLIECY MOXYThb HAJACHUJIATH
HaraJlyBaHHs TMpo 3YyCTpidui I oOpraHizaiii OHJIAWH KOMyHiKarmii. TakumM 4YWHOM 3
BUKOPHCTAHHSAM JIJAHOTO 1HCTPYMEHTY MOXJIMBE IUIAHYBAHHS B3a€MOJIli MK BHKJIaJa4aMH,
CTYJEHTaMH Ta IEPCOHAJIOM 1 YHpPaBIiHHA HUMHU. BHUKOPHCTOBYIOYM Take IUIaHyBaHHS,
CTYACHTH MAlOTh MOXIJIMBICTh 3allUCATHCh HA KOHCYJbBTAIIl0 HA TOW Yac, KOJHM BHUKJIagad
BUIbHHI, 1110 JIO3BOJIUTH YCIM KOPHUCTyBadaM 3yCTpidi BiJICTE)KYBaTH BCi 3MiHH, BHECEHI 0
3ycTpiueid, opranizyBatu nudpoBy KoMyHikaiito. OTKe, 3BOPOTHIN 3B’SI30K, epEKTHBHA
KOMYHIKaIlisl B PEXUMI peajbHOT0 4acy BCIX YYaCHHUKIB OCBITHHOT'O IPOIIECY, BiMIrparoTh
KJIIOYOBY pOJIb B €-HaBUaHHI, 10 BIUIMBAE€ Ha Pe3yJbTaTH HABYAHHS CTYJCHTIB Ta SKICTb
oprasizariii pi3HUX BUIB JTisJILHOCTI K BHKJIa/1a4a Tak 1 CTyCHTA.

BUCHOBKMU TA NIEPCIIEKTUBU NOJAJIBIINX JOCJIIIKEHDb

Oprani3ailis JUCTaHIIMHOTO HABYAaHHS B CYYaCHUX YMOBaX 3 BUKOPHCTAHHSIM XMapHOi
wiarpopmu Microsoft 365 Hagae cTyJAeHTaM MOMIIHMBICTH CKOPHCTATHUCS MEepeBaraMu JaHol
maTOpMH, SKa BKJIIOYAE HE JIMIINE IHCTPYMEHTH O€3MeKH, ajie ¥ cepBicH I eeKTUBHOL
mdpoBoi KomyHikamii. @OyHKIIOHAT TMpPeNCTaBICHUX CEpPBICiB, J03BOJIAE€ BUKJIAJa4aM
3MUCHUTH A00ip IHCTPYMEHTIB, sKi 3abe3nedyaTh €()EKTUBHY KOMYHIKAIlilO, CITIBIIPAIIO,
B3a€MO/Ii0, KOMaHHY POOOTY IS yYaCHUKIB OCBITHBOTO TIPOIECy. TakuM YWHOM CTYyJIEHTH
MaTUMYTh TOCTIHHUN JOCTYIl 10 BIJAMOBIJHUX 1HCTPYMEHTIB, sIKI HEOOXIIHI JJIs OHJIAWH
HaBYaHHS, a caMe€ BHUKOPUCTOBYBATUMYTH Iatdopmy Microsoft 365, mob cminkyBaTucs 3i
CBOIMH KOJIETaMH, OOMIHIOBATHCh HABYAJIBHUM LU(GPOBUM KOHTEHTOM Ta CIIUIBHO
BUKOHYBAaTH TIPAaKTUYHI 3aBJaHHS Ta TPYNOBI MPOEKTH, KOMYHIKYIOUYHM B LHU(POBOMY
CEPEIOBHIIII.

CIIUCOK BUKOPUCTAHUX I KEPEJI

1. S. Suprianto. (2018). Perancangan E-Learning Menggunakan Office 365 Dalam
Proses Belajar Mengajar. Seminar Nasional Royal (SENA R) 2018. STMIK Royal — AMIK
Royal, him. 381 — 386.

2. Zuraini, Misnawati, Eli Nofriati. Empowering Speaking Skill Through Microsoft
Office 365 As A Learning Medium During a Pandemic Covid 19, Advances in Social
Science, Education and Humanities Research, volume 584, 487-491.
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JDKEPEJIBHA BA3A: UMM MOCJIYTOBYIOTHCS KEPIBHUKU MATICTEPCHKUX
POBIT JUUISI AKTYAJIIBALIT HATIPSIMIB JIOCJIJDKEHD

Anoranisg. CryiaHoBaHO Ta NPOBEACHO BHOIPKOBE CTATUCTUYHE ONHMTYBaHHA 68 KepiBHUKIB
MaricTepchbkuX JOCHIPKEHb 3 YHWClia HayKOBO-TIEJAaroriyHHWX IpaniBHUKIB HarioHambHOTO
yHIBEpCUTETY OlopecypciB 1 TNIPHUPOAOKOPHCTYBaHHSA YKpaiHM Ta TepHONUIbCHKOTO
HAI[IOHAEHOTO TIEAarOri9HOTO YHiBepcUTeTy iMeHi Bomomummpa ['Hatroka. BussneHo, 1mio
BHOIp MigXOMiB HAYKOBHX KEPIBHUKIB IPH BHU3HAYCHHI TEMATHKH JOCIIIPKEHb YacTKOBO
3aJICKUTHh Bif Taldy3i JOCHKEHb Ta BIACHOTO IOCBIIy: HEIOCBiAUEHI KEPIBHHUKH, a TaKOX
KEepiBHUKH B TaXy3i CYCHUIPHO-TYMaHITAPHUX HAayK B HEAOCTATHI Mipi BHKOPHUCTOBYIOTH
KaHaJIM Ta IHCTPyMEHTapiil Cy4acHUX II(PPOBUX HAYKOBUX KOMYHIKAaIiH.

KurouoBi cioBa: maricrepceka poboTa, mxepenbHa 0aza, BHIA OCBiTa, OMMUTYBAaHHS
BCTYII

JlocmiTHUIIPKUY TOTEHINA 3aKjajiB BHUIOI OCBITM 3a3BHYail TOB’SI3YIOTH 13
HAaYKOBUMH TpaIsiIMU HAyKOBO-TIE€AAroriuHuX MpaliBHUKIB. Pa3oM 3 TUM, 32 yMOBH HasiBHOCTI
MOTYXHUX 1HCTUTYIIMHMX HayKOBUX IIKUI, po30ynoBHM LHU(POBUX OCBITHbO-HAYKOBUX
cepenoBuin [1, 2] 3 akueHTOM Ha HMQPOBI3alil0 HAYKOBOI AISIBHOCTI Ta KOoMyHikamii [3];
MaKCHUMaJIbHOI 3aJIy4€HOCT1 /10 peati3alii HayKOBHX IPOEKTIB, B TOMY YMCI MIXKHAPOJIHUX,
Ta TPOBEJICHHs CIEliali30BaHOr0 HaBYaHHA [4], came MO0l TOCTIAHUKHA MOXKYTh HE JIHILIE
MPHUCKOPEHO 1HTETPYBATHCh JI0 €IWHOTO HAYKOBOTO MPOCTOPY, ajle i CTaTH Karaii3aTopoM
PO3BHUTKY HayKH SIK Ha PiBHI 3aKJIaly OCBITH YM KpaiHH, TaK 1 Ha PiBHI raixy3ei 10CIiKEHb.

B 1npoMy KOHTEKCTI aKTyali3yeTbcs MUTAaHHS BUOOPY TEMaTUKH Ta OOIPYHTYBaHHS
HaNpsMIB JOCIIJKEHb MOJIOJIMX HAYKOBIIIB 3arajoM 1 MaricTpiB 30kpema. Y peaiizalii [b0ro
3aB/JaHHSA TPOBIAHA pOJIb HAJEKUTh HAyKOBUM KEpIBHHMKAM, B SIKUX B 3HA4YHIA Mipi
3aJIeKUTh BHOIp CIIOCOOIB BU3HAYEHHS TEMATUKH, MOCTAHOBKU JOCIHITHUIIBKUX 3aBIaHb Ta
n001p IHCTPYMEHTapIito AJIs 1X peanizaliii.

Meta ny0Jaikanii. BusHauntu mxepensHy 06a3y Juist 3A1MCHEHHS aHaNi3y MpeIMEeTHOT
o0rjacTi Ta akTyami3auii HampsMiB JOCIIIKEHb, a TaKOXX BHUSBUTH 3aB 3K MK TpylnaMu
PECIIOHJICHTIB, IO BiAPI3HAIOTHCS JOCBIAOM KEePyBaHHS JOCTIKEHHIMU MOJIOJMX HAyKOBIIIB
(Bu3HaueHo kareropii: no 5 pokiB, 10 Ta monan 10 pokiB) Ta ramy33r JOCTIIKEHb
(cycninpHO-TYMaHITapHi, TEXHIUH1, IPUPOIHUYI HAYKH).

PE3YJIbTATH

BpaxoByroun mpoBigHY poJib KEPIBHHUKIB JIOCHIIKEHb MAaricTpiB, MU pPO3pOOUIHU
enektpouny dopmy (https://forms.gle/k1BU2AKhV4jKgKFYA) Ta mnpoBein ONMUTYBaHHS
cepell HAyKOBO-TIEAArOTIYHUX MPAIiBHUKIB 3aKJIa/iB BUIIOI OCBITH YKpaiHH. OCKUIbKU 1€
nepiie moaioHe TOCIiKEHHS, He3HAYHa KUTbKICTh PECIIOHICHTIB (68) 3 4ncia HayKOBIIIB 2-X
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yHiBepcuTeTiB: HallioHaapHOTro yHiBepcUTETY 010pecypciB 1 MPUPOJOKOPUCTYBAHHS Y KpaiHU
Ta TepHOMIBCHKOTO HAIMIOHAIBHOTO TIEIAroridyHOTO YHIBEPCUTETY iMeHiI Bomogumupa
['HaTiOKa, MEBHUM YHHOM OOMEXKY€E ayJUTOPII0 PECIIOHICHTIB, ajle BCe K T03BOJISIE 3pOOUTH
BHCHOBKH II0JI0 ICHYIOUMX TEHJIEHIIN Ta 3aKOHOMIpHOCTEH 1 Moxe OyTu MacuiTaboBaHa, K
Ha piBHI METOAMKH NPOBEJCHHS, TaK 1 PO3ILIMPEHHS MEeNaroriyHoro ekcrepumeHty. Pasom 3
THUM, aHalli3 KOHTEKCTyaJIbHUX XapaKTePUCTUK YYAaCHHWKIB ONUTYBAaHHS CBITYHUTH TIPO
PIBHOMIpHUN pO3MOALT BHOIPKOBOT MOMYJAIIl MIOAO Talxy3ei AOCTIIKEHb PECHOHICHTIB
(30,9% pecnoHAEHTIB € MpeAcTaBHUKaMK MPUPOIHUUNX Hayk; 35,3% - texHiunux; 33,8% -
CYCHIUIBHO-TYMaHITapHUX) Ta JOCBily KepyBaHHS Marictepcbkumu podotamu (52,9%
ONMTAaHUX € JJOCBIIYEHUMH KEpIBHUKAMU, TOOTO 3/1HCHIOIOTH KepIBHULTBO MoHA] 10 poKiB;
23,5% wmaroTh nocBin Big 5 mo 10 pokiB; HEAOCBITYEHI KEPIBHUKU, TOOTO MOCBI SKHUX €
MEHIITUM 5 POKiB, CKIaIar0Th 23,6%).

B xoxi aHanmizy JaHMX 3aCTOCOBYBABCSI KOMIUIEKC METOJIB 1 MOJENeH, 110 JO3BOJISIOTh
pO3paxyBaTH BCl OMUCOBI CTATUCTUKUA. BUOIp TUX UM IHIIUX MOKA3HUKIB BU3HAYABCS TUIIOM
JMaHUX, IIKaJOI0 OILIHIOBAHHS Ta OOMEXKEHHSMHU 3aCTOCyBaHHS MeTo.iB. [ po3paxyHKIB
BUKOPUCTOBYBABCSI IPOTPAaMHHIA IHCTPYMEHTapiil cTaTUCTUYHOT 00poOku ganux SPSS.

Crnuparourich Ha pe3yJbTaTH ONpPAIIOBAHHS BIAMOBIJIEH PECHOHCHTIB, MOKHA 3pOOUTH
BUCHOBKH, IIIO, HE3aJEKHO BiJl JOCBiAy KEpyBaHHS JOCT/DKCHHSAMH MaricTpiB, is
aKTyajizamii TEepCleKTUBHUX HANpsSIMIB  HAWMEHIIE BUKOPHUCTOBYIOTH  IHCTHTYIIHHI
penosutapii. [Tpu boMy «MOJIO/II KEPIBHUKUY (IOCBI KEpyBaHHS JTOCTIDKCHHSIMU MaricTpis
HE MEPEBUIIY€E 5 POKiB) BUKOPUCTOBYIOTh IHCTUTYIIi#HI perno3utapii ychoro y 15% Bumnakis.
[porte, 1151 Tpyna pecroOHICHTIB YacTillle BAKOPUCTOBYE pecypcu Google-akanemii, Hixk BYCHI
3 OutemuM AocBigoM pobotu. Ilomyk y Scopus Ta IHIIMX HAyKOBO-METPHYHUX Oazax
HaifuacTime 3/11iCHIOIOTh BUEHI, TOCBIJI poOOTH SKUX (K KepiBHUKIB) moHax 10 pokiB (Maibke
27%), Toni Ak BYeHi 3 10CBiAOM poOoTH 10 10 pokiB KOPUCTYIOThCA 0a3zamMu Scopus TUIBKH y
21% Bumajxkis, a BYCHI 3 JIOCBIZIOM MEHIIIE 5 pOKiB — Y 24% BHITAJIKiB.

SKIo po3rasaaTH BIAMOBII PECIOHACHTIB MIOA0 JKEPEIbHOI 0a3u y po3pisi ramyseu
JocIipKeHb (research areas), To KepiBHUKH JIOCHTI/DKEHb i3 CyCHiJIbHO-TYMaHITapHUX HayK
HaliMeHIlle BUKOPUCTOBYIOThH MOIIYK TEM JJisl aKTyai3allil mpeaMeTHOi 00JacTi AOCTiIKEHb
MaricTpiB y HayKoMeTpudHHX 0a3ax nanux (13% Bkaszanu, 1mo 3A1HCHIOITH MOMYK y Scopus
Ta 1HIIMX HAayKOBO-METPUYHHMX Oa3ax). HailuacTime KepiBHUKHU JOCTIIKEHb 13 CYCIJIBHO
TYMaHITapHUX HayK 3AilicHIOTh momyk y Google-akanemii (32,6%), mpocTHii momiyk y
Google (28,3%) uM BHUKOPUCTOBYIOTh IHCTUTYIiMHI peno3utapii (26,1%). KepiBauku
MaricTepchbKUX poOiIT 3 TEXHIYHUX HAYK TaKOXK mepesary BigmaroTh Google-akanemii (34,7%),
ajie JOCUTh YaCTO BUKOPHCTOBYIOTH 1 MOIIYK Y Scopus Ta iHIIUX HayKOBO-METPUYHUX 0azax
(28,6%). HaiiGinpmry mepeBary y MOIIyKy y Scopus Ta iHIIMX HAayKOBO-METPHUHHUX Oa3ax
BIJIIAIOTh KEPIBHUKHU POOIT 3 mpupogHnuux Hayk (Oinbme 30%). [Ipoctuit momyk y Google
yn y Google-akanemii KepiBHUKH 3 TPUPOAHUYHNX HAYK 3IIHCHIOIOTH Y 26% Ta 27% BHUMaKiB
BIJIITOBITHO.

Lli pesynbTaTH moOKa3ajiu, IO BUKJIANadi, OpW BU3HAYEHHI TEMATHKH JOCITIJKECHb
MaricTpiB, HaWMEHIIE, HE3aJIC)KHO BiJ JOCBIy KEpPyBaHHS MariCTepCbKUMU POOOTaMH,
BUKOPUCTOBYIOTH IHCTUTYIIiHHI perno3uTapii. [lomryk y SCOPUS Ta iHIIMX HAYyKOBO-METPHUYHUX
0azax JuIsl akTyami3amii HampsMiB JOCTIDKeHb y BH3HAUCHIM Tally3l TaKOXX HalMeEHIIe
3MIACHIOETBCS KEPIBHUKAMU MAariCTepChKUX poOOIT, MTOCBIiA SKUX (SK KEpIBHHUKIB) HE
nepeuirye 10 pokiB, a TaKOX «IPeJCTaBHUKIB» CYCHIIbHO-TYMaHITaApHUX HAYK.

Takum YuHOM, 3a pe3yJibTaTaMH ONUTYBAaHHS MOXXHa 3pOOMTH BHCHOBKH, IO
HEJOCBITYCHI KEPIBHUKH, a TaKOXX KEPIBHUKH B Taiy3l CYyCHIbHO-TYMaHITapHUX HayK B
HEIOCTaTHI Mipi BHKOPHCTOBYIOTh KaHaJdM Ta IHCTPYMEHTapid Cy4JacHHUX IUPPOBUX
HAyKOBHX KOMYyHiKarrii [5].
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BUCHOBKH

AxTyamizamisi HampsMiB JTOCTI/DKEHb MAariCTpiB Ta iX BIANOBIAHICTH TEPEIOBUM
JOCTIPKEHHSM Taly3i, 3aJTy4eHHs] MaricTpiB 0 peaibHUX HAYKOBUX MPOEKTIB B 3HAUHIN Mipi
3aJIeXKUTh Bl HAYKOBUX KEPIBHUKIB MOJIoANX BueHuX. O/lHAK, 3a pe3yJbTaTaMH ONUTYBaHHS
68 HaykoBO-IleJaroriuHuxX mnpamiBHUKIB HarionansHoro yHiBepcurety OiopecypciB i
IPUPOJIOKOPUCTYBaHHS YKpaiHM Ta TepHONUIbCHKOrO HAllOHAJIBHOIO MEJaroriyHoro
yHiBepcuTeTy iMeHi Bonoaumupa ['HaTiOKa 110710 MiAXOAIB Ta IHCTPYMEHTapilo A000py TeM
JOCIIPKEHb MaricTpiB, MOXHa BHUCJIOBUTH MPUIYIIEHHS, 10 HEJAOCBIIYEHI KEpIBHUKHU
JOCTIPKeHb MaricTpiB (BHKJIaIadi, TOCBiJ KEPYBaHHS SIKUX MEHILIUHN 32 5 POKIB), a TaKOXK
«TPEACTaBHUKW» COLIO-TYMaHITapHUX HAyK MOTPeOyIOTh JOMOMOTH, IO CTOCYETHCS
BUKOPUCTAHHS Cy4acHUX 3aC001B HAYKOBUX KOMYHIKaLlii.
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THE ADVANTAGE AND TRANDS OF CLOUD TECHNOLOGIES IN CORPORATE
COMMUNICATIONS

A flexible and advanced IT infrastructure has become one of the main factors for the survival and
development of a business. The migration of companies to the cloud is not only a trend, but also a
requirement of today.

In the conditions of a full-scale war, Ukrainian business and international partners faced serious problems
in securing their IT infrastructure, access to work resources, as well as preserving and protecting both
their own data and the data of their clients. Cybersecurity and effective information security capabilities
have come to the fore.

It became obvious that moving a business to the cloud allows you to work more securely, more reliably
and more flexibly. Physical piles of archives or separate rooms with their own servers have lost their
meaning, and the loyalty and trust of customers, on the contrary, have acquired a special value.
Keywords: cloud technologies, enterprises, digital environment, trends

Enterprise cloud communications in the workplace play a very important role filled with
new tools. To better tie their enterprises' current communications capabilities and plans to
future business goals, business leaders and information technology decision makers continue
to evaluate these factors. Enterprises will continue to invest heavily in cloud communications
technologies today and into the future [1;2].

The cloud is changing the way people interact, collaborate, and do business in today's
digital environment. Cloud-based enterprise models are being adopted and used by
organizations of all sizes to drive expansion and increase profits. According to the study, the
cloud communication platform market will grow from $4,632.3M in 2021 to $22,408.5M in
2028, growing by 25.3% on average [3].

It is also worth noting that, based on market analysis, Amazon Web Services is the
world leader in cloud computing. As of 2022, AWS, an Amazon subsidiary, controls 32
percent of the market, followed by Microsoft Azure with 20% and Google Cloud with 7%.
However, the largest share of the cloud computing market in 2022 is actually in the Other
Providers category, with AWS in second place, followed by the largest percentage [3;4].

Keeping abreast of cloud communications trends can be tricky because they change
quickly. More businesses are moving their applications and data to the cloud for increased
security, scalability and simplicity. With the increase in remote work due to the COVID-19
epidemic, Russia's military invasion of Ukraine and the general economic crisis of the
countries of the world, its importance is expanding. This makes the data available to anyone
with an Internet connection and login credentials, and makes it easier to communicate and
collaborate.

The main trends in cloud communications are:

1. 5G network connection. This new form of communication will be made possible by
5G networks, keeping up with the fast pace of the business world. This is one of the most
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discussed issues in the cloud communications market today. Enterprises are conducting
research on how 5G rollout will impact the future business environment for both consumers
and organizations. Deploying 5G connectivity has many benefits.

During data transmission, the elimination of call delay and network congestion is one of
the most important points. Higher data rates, higher quality, gapless video streaming, reliable
and fast wearable device connectivity, and fewer missed calls are some of the benefits that
encourage businesses to embrace 5G. It provides improved mobile broadband, lightning-fast
surfing speeds, and higher networking capabilities, among other benefits.

2. Al for customer service. Businesses are predicted to rely heavily on Al assistance
across multiple sectors such as social media or video streaming platforms, where it can
suggest relevant content based on audience preferences. More businesses will choose to
automate their sales processes, include automated customer service agents in their customer
support, and use artificial intelligence to try and prevent online security breaches.

For example, Al-based chatbots for interaction. Providing consumers with self-help
alternatives that allow them to quickly and efficiently get the help they need has changed the
way services are delivered in the call center industry. This improves the customer experience
and relieves employees of the need to quickly respond to simple issues, allowing them to
focus on more complex work.

3. Cloud software. Software that can be used and accessed over the Internet is known as
cloud software. They are different from intranet systems, which rely on a specific location.
Teams can work remotely and collaborate using cloud solutions. Most of the most popular
cloud business solutions available today for collaboration, ERP, file sharing, CRM, project
management and other functions are based on the cloud.

The transformation of the enterprise cloud will evolve as remote work grows in
popularity, and most of these applications provide some form of collaboration and
communication.

4. Distributed cloud. Demand for a distributed cloud arises from the combination of
large, centralized public clouds with smaller, edge data centers. A public cloud computing
solution called a distributed cloud allows you to manage your public cloud architecture from a
single control plane while running it in multiple locations at the same time.

The core of edge computing is the distributed cloud, which can be thought of as creating
a slice similar to a virtualized network that can geographically span multiple physically
dispersed data centers. This allows service providers to deploy applications consistently, no
matter where the physical application resides.

5. Hybrid work culture. Due to the spread of the pandemic and economic instability
between countries around the world, businesses from all industries are considering
implementing a permanent hybrid work environment where employees will spend several
days on site while others will work remotely. By giving employees the choice of tools and
applications they need on a single platform, regardless of location or device they use, cloud
communications can be an important enabler for a hybrid workforce.

The cloud is reshaping the workspace, replacing the traditional notion of "location” with
a set of additional models and tools. Businesses can provide quick access to call analysis
tools, instant messaging, file sharing, video conferencing capabilities, calendaring and
scheduling systems, and other technology tools that improve employee productivity.

Summing up the above, it should be noted that in recent years cloud communication has
become a more popular and preferred tool for business. More and more large organizations
must move to this adaptable, scalable and integrated communications stack, even as the
opportunities offered by the cloud become more and more competitive. Businesses looking to
raise their business standards can get professional support from a digital transformation
company to leverage cloud computing solutions to stay ahead in the global marketplace.
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[U®POBI3ZALIIA MIANMPUEMHHULILKOT JISAJIbHOCTI

Anortanis. Huni mudposizamis MiANPHEMHUIBKOI TISUIBHOCTI PaJuKaIbHO 3MIHIOE (QYHIAMEHTAIbHI
MiAXOIU 10 BHPOOHHYO-TOCTIOAAPCHKIX Ta OpraHi3aliifHuX mporeciB. ToMy cTae Bce OUTBII BasKIHMBUM
JUTSL OpraHi3aliif mBUAKO, e()eKTUBHO, I HAICKHUM YHHOM CIUIAaHYBAaTH ITU(PPOBY TpaHC(HOpMAIIifO, IO
HAaIliJleHa Ha OUTBIIy THYYKICTh Ta MIATPUMKY KOHKYPEHTOCIIPOMOXXHOCTI MiIIPHUEMCTBA HA NEBHOMY
PUHKY. Y TaKkoMy KOHTEKCTI pPO3yMiHHsS LM(pOBi3alii € JOCHTh BaXIMBUM. JlaHe OCHiIKeHHS
BUCBITJIIOE KOHIlENTyami3amito nudposizamii miIIpUEMHHUIBKOT isNTBHOCTI, OOIpYHTOBYIOUHM 11 Limi Ta
nepeBard B opradizaiisx. Pa3oM 3 IlMM BHJIJIEHO OCHOBHI €Tamu BIPOBa/PKEHHs LU(pOBi3alii B
MiANMPUEMHUIBKY — MiSUIBHICTE 3  METOK  MiJBHUINCHHS KOHKYPCHTOCIIPOMOXHOCTI  BITYM3HSHUX
MiATPUEMCTB.

KurouoBi ciioBa: nudposizairis, miamprueMHHAIBKA TisUTBHICTB, CTpATEris, 013HEC, i KUTAI-TEXHOIOTII.

[I{o0 3ayumaTucsi KOHKYPEHTOCIIPOMOXKHUMHU Ta CTBOPIOBATH BHUILY JI0JIaHY BapTiCTh,
KOMITaHIsIM HEOOX1THO BIPOBA/KYyBAaTH TEXHOJIOT1YHI IHHOBAIl Ta BOJHOYAC 3aly4aTH Ta
HABYATH TPAIiBHUKIB, 00 BOHHM BIANOBIJaTd HOBUM BHUMOTaM, BHCYHYTUM UYeTBepTOrO
IIPOMUCIIOBOIO peBoJItoLi€l0 (Tak 3BaHa [HycTpis 4.0). 3 skux € nudposizalis 613HECY B YCIX
foro acmekrax. BinMmiTmo, mo uudposizaiis 0i3Hecy 3a JOMOMOIro0 00’€IHAHHS Pi3HUX
TEXHOJIOTM (HampHuKiIaA, XMAapHUX TEXHOJOTIH, NaT4MKiB, BEIUKUX JaHuX, 3D-npyky)
BIJIKpUBA€ 3HaYHI MOJIMBOCTI Ta MPOIMOHYE MOTEHIliall JUIsi CTBOPEHHS paJMKajIbHO HOBHX
IPOAYKTIB Ta mociyr. Taki 1HHOBalli MOXYTh HPHU3BECTH 10 HOBHX ()OpM CIIBIpaIi MIixX
HiANPUEMCTBAMHM YW 3MIHM BITHOCHH 3 KJII€HTaMH Ta CHiBpoOiTHMKamu. Pa3zom 3 mum 3a
PaxyHOK BUKOPHUCTaHHS HU(PPOBUX TEXHOJOTIA MiANMPUEMCTBA MOXYTh JOCATTH YCHIXY 3
NOIJIAYy  ONTUMI3allii BHKOPHCTAHHS  pecypciB, 3HW)KEHHS  BHUTpaT, IiJBUIICHHS
MPOYKTUBHOCTI Ta €()eKTUBHOCTI pOOOTH CIIBPOOITHUKIB, ONTUMI3AIlil JIAHITIOT1B TIOCTABOK,
MABUIEHHS JOSUILHOCTI Ta 3a{0BOJIEHOCTI KIIIEHTIB.
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AHali3 ocTa”HHIX JgociaigxeHb 1 mnyOuaikamid. [lutaHHsAIMU PO3BUTKY Mpolecy
UQpoBi3alii MPUCBATIIA CBOI JOCIIDKEHHS 3apyOikHI HaykoBIli, 30kpema, O. Mepuo,
JI. Cenniz, JI. JlazeOuuk, JI. ®@enynoBa, I'. bepr, b. Comnic, B. Tkauyk Ta iH. OgHak, He
3Ba)Kal0UM Ha Baromi HayKoBl 3400yTKH, 3Ha4HI 3MiHM 30BHIIIHIX YMOB I'OCIOJIapIOBAaHHS
miJi BIUIMBOM BEJCHHSAM BIHCHKOBUX il KpaiHOIO-arpecopoM Ta MaHAeMii KOpOHaBipycy
aKTyaJi3yloTh MOTPeOy MOMaIbIINX JOCHIDKEHb MUTaHb IUGPOBI3AIIl MANMPUEMHUILIBKOT
JISUIBHOCTI  SIK HEpeAyMOBH 3a0€3MEUeHHS] KOHKYPEHTOCHPOMOXHOCTI Ta e(QEeKTHUBHOCTI
JISITBHOCT] BITYU3HSIHUX M APUEMCTB.

Metorw nyOuaikanmii € OOIpyHTYBaHHS TEOPETHYHUX  aCMHeKTiB  Lu(poBizawii
MMTPUEMHHUIIBKOL TISTTBHOCTI 3 METOIO MMIJIBUIIIEHHS X KOHKYPEHTOCTIPOMOXKHOCTI.

PesyabTaTn Ta oOrosopenHs. Biamitumo, 1m0 1mdpoBizamis — e MpoIec
Tpanchopmarii Oi3HECY 3a JIOMOMOTOK BIPOBA/PKCHHS CyYaCHUX TEXHOJOTIA Ta
IHCTPYMEHTIB, 1110 JI0IIOMararTh IPOCYBaTH MiAMPUEMCTBO, MOKPAILyBaTH MMO3ULIT HA PUHKY,
B3a€EMOJISTH 3 KIIIEHTAMHU Ta aBTOMATU3yBaTH 0arato mpoIiecis.

B naykoBili miTepaTypi ps HAayKOBIIB BBaKarOTh, IO «UHU(pOBi3allis € OJHIEI 3
OCHOBHHMX TEHJCHILINA, IO 3MIiHATh CYyCHUILCTBO Ta Oi3HeC Yy HaHOmMKYOMy Ta
JIOBIOCTPOKOBOMY MailOyTHbOMY, BIUTHB ITU(poBizalii Oyae Beaukum» [2].

BinmiTumo, mo nudposizanis 0i3Hec npoueciB Mae neBHi nifi [3;4]:

— 3abe3neueHHs e(heKTUBHOI B3a€MO/IiT MIXK IIATIPHEMCTBOM Ta CIIOKUBAYaAMHU;

— aBTOMAaTH3allis BHYTPILIHIX MPOLECiB, GOPMYBaHHS Ta yAOCKOHAJIEHHS CUCTEMHU

KOMYHIKaIlill BcepelnH1 MiIIpPUEMCTBA;

— TOKpAILEHHS SIKOCTI 00CIyroByBaHHS;

— ollepaTHUBHE BUPILICHHS MUTaHb KJII€HTA, CTUMYJIIOBAHHS /10 KYIIiBIIi;

— HaJIaHHS [UPOKOro HAOOpy IHCTPYMEHTIB IJIsl POJIAXKy TOBApPY UM MOCIYTH;

—  YIIOCKOHAJIEHHS SIKOCTI MPOIYKTY, MOJIEPHI3allis MOCTYT JOCTAaBKH, OIUIATH TOIIO.

Bapro 3ayBakuTH, 10 Cy4acH] MiIIPUEMCTBA IHBECTYIOTh 3HAYHI KOIITH B IHHOBAIiMHI
TEXHOJIOT11, SIKI JO3BOJIAIOTH ABTOMATH3yBAaTH Di3HI OMNEpaliiiHi mpouecH Ijs MOAAJIBIIOTO
MIIBUIIEHHS TPOJYKTUBHOCTI Ta €(QEKTUBHOCTI BIACHOI JisUIBHOCTI. 3a JOMOMOTOIO
UQpoBi3alii MOXHA 3HU3UTH PIBEHb BUTPAT IiIIMPUEMCTBA, 3aTy4aTd HOBUX KOPHCTYBadiB
Ta KIIIE€HTIB, IO JT03BOJUTH 30UTBIIUTH TPUOYTKOBICTb.

Mudporizaris — e 6araToBUMipHHIA TIPOIIEC, IKUM MPU3BOIUTH J10 30IMKEHHS PEaTbHOTO
Ta BipTyaJbHOTO CBITYy, CTAIOYH OCHOBHHM JBUI'YHOM iHHOBALiif Ta 3MiH B ekoHOMiIi. Moro
PO3BUTOK 3yMOBJIEHUI TAKUMH OCHOBHUMH YMHHUKaMU SIK [6]:

—  Inrepner peueit;

—  TOBCIOJIHO JIOCTYIIHE MIAKIIOUYEeHHS (T1IMepHiAKII0YEeHHS);

—  JIOJIaTKH Ta CEPBICH Ha OCHOBI XMapHUX TEXHOJIOT1H;

—  aHaNITHUKAa BEJIUKHX JIAHWX;

—  aBTOMAaTrM3aIlis Ta poOOTH3aIIi;

— OaraTokaHalbHI MOJIeJ1 PO3MOBCIOKEHHS TOBAPIB Ta MOCTYT.

JIoCHiDKeHHSI HayKOBHMX JDKEpeN JI03BOJISIE BHUIUIMTH TPU €Tald BIPOBAKCHHS
ndpoBizallii B MiAMPUEMHUIIBKY TisTbHICTD [1; 2]:

1. AHaniz mignpueMcTBa, GOpMyBaHHS Iied Ta po3pobOka crparerii. [lanwii eram
noJiirae 'y TMPOBEJACHHI aHami3y BCiX Oi3HEC-TIPOILECIB Ta CTpPATEriYHMX HaIpsMiB
mianpueMcTBa. Lle MO3BOJMMTH OXapaKTepu3yBaTH YHHHUKK BHYTPIIIHBOTO CEPEIOBHIIA,
BU3HAYUTH €(PEKTUBHICT, pOOOTH BCiX MOro BIQAUIIB, BHYTPINIHIX Ta 30BHINIHIX
KOMYHIKAI[i{, 3p03yMITH CTPATETIYHUIN PE3yJIbTAT BiJl 3aCTOCYBAHHS JIDKUTAT TEXHOJIOTIH, B
OCHOBI IKHX — CUCTEMa CIPOILEHHS O13HEC-TIPOIIECiB 3 ypaXyBaHHSIM PU3UKIB.

2. BukopucTaHHs IiKUTAI-TEXHONOTiH. Bubip AiKUTaN-IHCTPYMEHTIB, BIPOBAKCHHS
AKX Tmepeadadae 1U(PPOBI  EKCIEPUMEHTH [ IIBUAKOTO,  KJIIEHTOIEHTPUYHOTO
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IHHOBAI[IITHOTO PO3BUTKY Ui TOIIMPEHHS IHHOBAIIHOI CIPOMOXHOCTI, BIPOBAIKEHHS
wiargopm mporpam 3 low-code, siki TO3BOJISIOTH MIBHUIKO PO3TOPTATH Ta MacmTaOyBaTH
eKCIIepUMEeHTalbH1 6i3Hec-noaatku. Tpanchopmaiiiini maatgopmu 3a6e3nedyoTh BUTUMICTh
O13HECy, MOKPAILyIOTh 00CITYyrOBYBaHHS KIIIEHTIB Ta BUCOKY CKCILUTyaTaliiiHy e()eKTHBHICTb
HOBOBBEJICHb.

3. Amnami3 ogepxaHuX pe3yibTaTiB. B OCHOBI JaHOro eramy — 3A1MCHEHHS aHai3y
e(PeKTUBHOCTI MiHKUTAN-PIlIEHb, 3MIHH TUHAMIKA OTPUMAaHHs OJAaTKOBUX JOXOJIB, Ta, 3a
HEOOX1/THOCT1, KOPUTYBAaHHS apXITEKTYpH PillICHb.

Hudposizaris miANpUEMHUIBKOI AISJIBHOCTI, 10 MOCTIMHO HaOupae o0epTiB, HaJae Bce
OUIbII CUJIBLHUI BIUIMB Ha TPaauLiNHI npaBuia Oi3Hecy, IPOMOHYIOYM HOBI Oi13HEC-MOJEI,
SIK1 J03BOJISIIOTh OTPUMYBATU BUI'OJly Ha KOXKHOMY €Talli CTBOPEHHs BapTOCTI Ta OTPUMYBATH
KOHKYpeHTH1 nepeBaru [2; 5]. lllo6 mocsrtu ycrixy B cyd4acHOMY LHU(POBI30BAHOMY CBITI,
HiANPUEMCTBO MOBMHHO MaTH CTpaTerito nudposizamii, mo noeanye nudpoBi TEXHOIOTI 3
iHpopMaLifHUMH pecypcaMHd Ta BIANOBIJHUMH 3HAHHSAMH, a TaKOXX MarepiaJbHUMHU
pecypcamu. [udposizaliisi JOKOPIHHO 3MIHIOE CTPATETIYHUHN MiIX1/ 10 KOHKYpEHIIii, BEICHHS
0i3HeCy Ta MPOIYKTUBHOCTI B OKpEMUX rainy3six. BoHa j1ae HOBI criocoOu CTBOPEHHS IIHHOCTI
JUTSL TTATPUEMCTBA, CIIOKUBaya Ta €KOHOMIKM 3arajoM. BrumB mudposizaiii Biq4yBarOTh HE
JUIIE TEXHOJOTIYHI, ajle ¥ 1HII MANPUEMCTBA, HE3AJICKHO Bif cekropa uu ramysi. 1106
PO3BUBATHCS, BOHH MAIOTh iHBECTYBATH Y HOBI TEXHOJIOTI1, 110 JO3BOJIIOTH JiPKUTATI3yBaTH
cBoi Oi3Hec-TpoLecH, 3MIHIOIOUM Oi3HEC-MOJIeNb, @ TAKOK METOAM Ta CHOCOOM KOHKYPEHIIIi
Ha PUHKY.

BucnoBku. Orxe, nudporizaiis 1yist 0i3HECY — 1€ Cy4aCHUH IHCTPYMEHT, IO JO3BOJISE
BUBECTH MiNPHEMCTBO Ha HOBUH piBeHb. BoHAa MpU3BOIUTH 110 3pOCTAaHHSA, MACIITA00BAHOCTI
HiANPHUEMHUIBKOT AISTBHOCTI Ta 3yMOBIIIOE TiIBUIICHHSI KOHKYPEHTOCIIPOMOKHOCTI TOBapiB
Ta mocayr manpuemMcTBa. l[ludposizamis mnepenbavae BBeACHHS Oi3HEC-IHHOBAIlIN, SKi
CTBOPIOIOTh HOBI MOKJIMBOCTI JUISI iIHHOBAI[IHHOTO JTOCBIAY KJIIEHTIB, ONTHMI3aIlii IPOIECIB 1
CTBOPCHHS HOBUX Oi3HEC-MOJIETIEH.
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CIIOCOBU OPI'AHIBALII EJEKTPOHHOI'O KYPCY B MOODLE J1J151 BEAEHHS
KIJIbKOMA BUKIIAJAYAMMU JJIA PIBHUX I'PVII

Anortanis. Kooneparisi BUkiagadiB MoXe JlaBaTh MIBHIKI Pe3yJlbTaTH JJIsl CTBOPEHHS HOBHX
€JeKTPOHHUX KypCiB. AJie TIpH IIbOMY HEOOXITHO BpaXOBYBATH TEXHIYHI MOXKIHBOCTI CHCTEMHU
VIPAaBIiHHSA CENEeKTPOHHHUMH KypCaMH, 1100 CTBOPUTH 3py4YHE CEpEIOBHIIE IS MOMAIBIION
poOOTH BCiX BHKIAQJAYiB Ta CTYIEHTIB. B MeXaX MOCIHiIKEHHS PO3TISTHYTO TaKi MOKIHBOCTI
cucreMu Moodle Ta 3amponoHOBaHO METONWYHI IMIAXOMM BEACHHS EIEKTPOHHOTO KypCy VIS
pI3HUX cHemiaTbHOCTEH, TPy, PISHIMH BUKJIaJa9aMU.

KunrouoBi ciioBa: enexTpoHHHIA Kypc; Moodle; MeToanka BUKIIaJaHHS.
BCTYI1

B mpomeci miAroToBKM HaBYAJIbHOTO MaTepialy BaXJIMBUM € I[OJAaTH HOro B
ONTUMAJILHOMY JJISl 3aCBOEHHS 00’ €M1 I BCIX KaTEropiil CTyIEHTIB. A TaKoX, KOJU Takui
MaTepiall OJJA€ThCs B €JIEKTPOHHUX Kypcax, MiHIMI3yBaTH MOBTOPEHHS LIbOTO MaTepiaity s
CHpOIIEHHS WOTO BBEJCHHS, MOJAIBIIOTO YIAOCKOHAJCHHS Ta 3MEHIICHHS 3alHSATOrO
JIMICKOBOTO IPOCTOPY Ha cepBepi.

ITocTanoBka mpoOJjemu. B mporieci BumpaitoBaHHS METOIWYHUX PEKOMEHAALIN 10
CTBODEHHSI Ta BEICHHS EJEKTPOHHUX HAaBYAJIbHUX KypCiB MOOYJIOBaHUX B CEpEIOBHILI
Moodle BaxIMBHM PO3IIIOM € BpaxyBaTH MOXKJIHMBICTh MPAIIOBATH 3 OJHUM KypCOM Pi3HHM
rpynam CTyACHTIB Ta Pi3HUM BUKJIaJauyaMH, sKi B IIUX TPyMax BUKIAAAIOTh.

AHani3 octaHHix gociimkeHb i myOuaikamiii. B octanHi poku Tema QUCTaHIIIHOTO
HaBUaHHS CTaja HEHMOBIPHO aKTyaJbHOIO SK B oMy CBIiTi (uepe3 (akTop BCECBITHHOI
nagaemii COVID-19) tak 1 B VYkpaiHi 1IbOTO pPOKy 30Kpema (4Uepe3 TOBHOMACIITaOHE
BilicbKkOBe BTOprHeHHs Pociiickkoi deneparttii). ToMy KUIBKICTh JOCTIPKECHb HA TEMaTHKY
CTBOPEHHS JMCTAHIIMHUX KypCiB Ha pi3HUX IuiardhopMax Mae BenuKi macmradu. Tak mpo
METOJIMKY CTBOPEHHS eNeKTPOHHUX KypciB myOmikyBanu cBoi pobotu H.Mopae,
O.I'mazynoBa, B.Kyxapenko Ta 6araro iHIINX YKpaTHCHKUX Ta CBITOBUX HAayKOBIIB [1-5].

ITpore, Bci mi myOuikaii po3rIsAar0Th i7IcalbHUN BapiaHT €JIEKTPOHHOTO KYpCy, SKUN
BeJe OJWH BHUKJIagad abo KiuTbKa JUIS OJHOTO TIOTOKY CTYyIEHTIB 0e3 mnepeadadeHHs
BapiaTUBHOCTI, sIKa MpPUTaAMaHHA BUKIAJaHHIO HA PI3HUX CHEIaJbHOCTSIX BUKIAJadyaMu 3
PI3HUM CTHJIEM BUKJIaJaHHS.

Meta nyo6uaikanii. BpaxoByroum 1€, METOH CTaTTi € BHCBITICHHS MIAXOMIB Y
IiATOTOBIII Ta BEJCHHI ENEKTPOHHMX HABYAJBHHX KypciB Ha miardpopmi Moodle, ski
JIO3BOJISIIOTh  €()eKTUBHO BHKOPHUCTOBYBAaTH CIHUIbHI HAapOOKH CIEIIAJIbHOCTEH Ta Tpyn
CTYJICHTIB.

PE3YJIbTATH TA OBT'OBOPEHHA

HaBuanpHi 3akmanu, SKi BiMYYJW CYYacHICTh Ta TEPCIICKTHBY BiJl BIPOBAKCHHS
€JIEMEHTIB TUCTAHIIIHHOTO HaBUaHHs (HABITh HE 3710TayFOUUCh, IO 1I¢ 3HAIOOUTHCS B YacH
TaKUX CKJIQJHHUX BUIIPOOYBAaHb) Ta MOYATH IX BIPOBAKYBATH Il 0O HACTAHHS BCECBITHHOI
naHAeMii, BIAHOCHO JIETKO YBIMIIIM B CTaJil0 3MYIIEHOTO TMEPeXoy A0 TUCTAHIIMHOTO
HABYaHHS.
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barato xTo BukopuctoByBamu Moodle sk mmarpopmy ISt cBoix HOTped y
eJIeKTpOHHOMY HaByaHHI. Moodle — 1 HalnomynspHima 3 BIIKPUTHX CHUCTEM IS
JUcTaHIiiiHOro HaBuaHHs [7]. BoHa mpenctaBise co0or0 Tak 3BaHy CHCTEMY YHPaBIIiHHS
HaBYaHHSIM, SIK1 JI03BOJISIIOTH OpraHi3yBaTH IPOLIEC HABUAHHS 1 BIJACTEKYBaTH YCIHIIIHICTh
CTYZCHTIB 3a JIONIOMOTOI0 CTBOPEHHS OHJIAMH-KYPCiB, TOCTYNHUX y OYyIb-IKHi 4ac 1 B Oy/b-
AK1H To4lll CBITY, Jie € IHTepHeT.

3a gaHuMu MiKHapojaHoro onuTyBaHHs 2021 poky, 1s cuctema 3aiimae 16-Te micie
cepell HaMMomyJsSpHIIIKUX 1HCTPYMEHTIB MIATPUMKHU HAaBUAHHS Ta Jpyre cepej HaBYaIbHUX
wiatdopmM, NoCTynawyuch y nomynsgpHocTti guie Google Classroom [8].

Tox, 91 MOXKHA TaKy TapHy CHCTEMY BUKOPHCTATH JUIS ITOCTABICHOI HaMH MeTh? Sk
pe3yJbTaT BUBYEHHS HAMU Ili€] MpoOIeMaTUKU MOYKHA B1JIOBICTH - TaK.

SIKIIO MM TOBOPHMO TIPO CTBOPEHHSI HE BY3bKOCIICIIaTi30BaHOTO HABYAIBHOTO KYpCY,
KU Oy/e BUKJIAATUCS CTYJE€HTaM Pi3HUX CHELialbHOCTEH, TO JTOTPUMYIOUHCHh HECKIIQAHUX
OpaBWiI MM MOXXEMO IIBUAKO CTBOPIOBATH ENEKTPOHHI KYpCH CHUIBHMUMHU 3yCHIUISIMH. B
NOJAJIBIIOMY Takl KypcH MO)KHa 0e3 mpoOseM BHKJIAATH PI3HUM BHUKJIaJadyaM JJIs CBOIX
OKpEMUX TPYIl HE 3aBaYKAIOYH OJIUH OJHOMY.

Taxuil migxig 103BOJIAE BHKJIAZayaM KOOIEPYBATH CBOi 3yCHJUIS CTBOPIOIOYM KOXEH
OKpeMi TEeMH JyX€ UIBHJIKO WiATOTyBaTH HOBHH €JEKTPOHHUH KypcC, SKAH 3MOXe
3a0e3MeynTH HaBYaHHS 1Jisl 6araTbOX CTYICHTIB.

s Toro, mo6 movatd ePeKTHBHO CTBOPIOBATH TAKUK €JIEKTPOHHHUHI Kypc HEOOXiJTHO
PO3yMITH JCsIKiI BAXKJIMBI IIEPETyMOBH:

1. Jlng Bcix cnenianbHOCTEH Ha el Kypc MOBMHHA OYTH BiJIBEJIeHA OJTHAKOBA KIJIBKICTh
roauH (MpUHANMHI JUIsl OCHOBHOI YaCTHHH 0€3 BpaXyBaHHsI CaMOCTIHHOI poOOTH).

2. KinbkicTh npakTU4HO1 poOOTH (J1TaOOpaTOpHI, MPAaKTUYHI, CEMiHAPChKi) MOBUHHA OyTH
y BCIX OJITHAaKOBa.

3. banu 3a npakTudHi poOOTH MO Kypcy MOBUHHI OyTH yHi(ikoBaHi i BCiX (TOOTO,
KO’KHA KOHKPETHA MPAaKTUYHA AISUIbHICTh IOBUHHA OL[IHIOBATHCS B OJTHAKOBY
KUJTBKICTB OalliB /ISl CTYACHTIB OyAb-SKOT CIIeIiaIbHOCT1).

4. TecrtoBuii KOHTPOJIb MEepeOavYac OAHAKOBUN HAOIp MUTaHb JJIA BCIX B MEKaX OJTHUX
TECTIB.

B npunnmmi, 11i nepeayMoBu He € 6e33acTepekKHUMH 1 MOXKYTh OyTH MOPYIIEHUMH. AJie
JUISL IIbOTO TIPUHITUII OLIIHIOBAHHS BCHOTO Kypcy (Ta/abo HOTO CKIaI0BHX Y BUTIISAI OKPEMHUX
MOJYJIiB) TIOBMHEH OyTH 3MIHCHHH 3 HaKOMHYYyBaJbHOTO Ha CEepeIHbO3BAKECHHH. Tomi
KUTBKICTh MTPAKTUYHUX, CAMOCTIHHHUX POOIT Ta TECTOBOTO KOHTPOJIFO MOXE OyTH Pi3HOKO IS
pi3HHX Tpyn cTyAeHTiB. [IpoTe, TyT HEOOXIAHO AOTPUMYBATHCS MPArMATHYHOTO MIAXOAY, 1
IPY BEJMKIH Pi3HUII B IIMX NOKAa3HUKAX JJIS PI3HUX TPYH MEPEBIPUTH, YU HE TOUIIBHINIE BXKE
OyJie CTBOPIOBATH Pi3HI €IIEKTPOHHI KYPCH.

Jlist peanizaiiii % OJHOTO TaKOTO Kypcy Iepiie Ta 000B’sI3KOBe, 10 MOTPiOHO 3p00UTH
Ha Kypci, 1€ PO3IITUTH CTYJCHTIB Ha OKpeMi Ipynu (MpH HASABHOCTI HAa OJHOMY IOTOII
CHEUiaJbHOCTI KUIBKOX TPYyN TaKOX 1 Ha TPpyMyBaHHS) Ta JOJATH O KOXHOI Takoi rpymnu
BUKJIa/1a4a, IKUH B HIl IPOBOJUTH 3aHATTSL.

Lle nae 3Mory moB’si3aTH BCi MOJANBIII MOBIIOMJIECHHS B €JIEKTPOHHOMY Kypci MiX
UMM BHKJIaJlauaMH Ta TpynaMH. A sIKIO Ha PiBHI KYypCY BKJIFOUMTH METOJ IpyNnoBoi poOoTu
“OxpeMi Tpymnu”, TO CTYJCHTH B3araji He OydyTh IEPETUHATHUCS B MEXKaX KypCy.

Jnst BUpilIEHHS NHTaHHS JOCTYIy PI3HUX CTYIEHTIB 10 PI3HUX EJIEMEHTIB Kypcy
Moodle mMae HabGip MOIYyJIiB YMOBHOTO JTOCTYITy. 3 iX BHKOPHCTAaHHSIM MOYXHA HaJalITyBaTH
OKpeMi eNeMEeHTH Teopii, iH(GOpMaliifHUX HAMKCIB, a 3 BUKOPUCTAHHIM CEPEIHbO3BAKEHOTO
OLIIHIOBAHHS 1 MPAKTUYHUX AISUTHHOCTEH Ta TECTIB JJISI OKPEMHUX TPYII TaK, IO 1HIII PO HUX
HaBITh HE OyAyTh 3HATH.
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B Mexax mpakTUYHUX [isSIbHOCTEH, MPU HAKOMUYYBaJbHIM CHCTEMi OI[IHIOBAaHHS 1
OJHAKOBIN KIJIBKOCTI IUX IISJIBHOCTEH IS BCIX, ajie 3 HI0OAHCAMH 3aBAaHb Ui KOXKHOT
CHEIIaIbHOCTI, MPOCTO PO3MINIYIOIOTh B CEpelrHI MISUIBHOCTI OKpeMi (ailiu 3aBAaHb Ta
METOANYHI PEKOMEH A1 7151 HUX.

1100 BM3HAUUTH Pi3HI YaCOBI HOPMHU JUIsl BUKOHAHHS LIMX 3aBJaHb B PI3HUX IpyMax,
HEOOXITHO BHKOPUCTOBYBAaTH (YHKIIO IMEPEO3HAYEHHsS MJIsi Tpym. TakuM YMHOM KOXXHA
rpyna Oyne 3aaBaTé poOOTH y CBiM yac, a BHUKJIazadi NpU 1bOMY OYyIyThb CaMOCTIHHO He
3aBa)kalouW OJMH OJHOMY BHU3HauaTH el yac. Llell e miaxii BUKOPUCTOBYEThCA MpU
BU3HAYEHH] Yacy TECTyBaHHS CTY/ICHTIB.

ChinkyBaHHS y (QopyMi Takoxk Moxe OyTH 0e3 CTBOPEHHsSI OKpEMHUX PECYpCiB JUIs
KOXKHOI TpyIu. AJle Ipy CTBOPEHHI MOBIJJOMJICHHS Ul CBOET I'PYIIM BUKJIA/1a4 BKa3ye, sKa 11e
rpyma. | B mopanpmomy jume ii CTyAeHTH OyayTh Oa4WTH 1€ TIOBIOMJICHHS Ta MaTH 3MOTY
BIJIIOBIAATH HA HHOT'O

BUCHOBKMU TA HEPCIHHEKTUBU ITIOJAJBLHINX TOCIIIKXEHb

TakuM YHMHOM, MPABUILHO BHKOPHUCTOBYIOYHM TeXHiuHI MoOsimBocti Moodle moxxHa
36KOHOMHUTH MICII€ TMCKOBOTO MPOCTOPY CEpBEPa, CIUIBHO MIBUIKO CTBOPUTH HOBHI KypC Ta
BECTH 00 nmapasienbHO Ha KUIbKa IPyIl Ta pI3HUX BUKJIAa4iB HE 3aBaXKal0YH OJUH OJHOMY.
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I[TPOBJIEMU YIIPABJIIHHA PO3BUTKOM IT V ITPUKJIAZHUX JOCILJPKEHHAX

AnoTtanis. KiTlo4oBUM 3aBlaHHSM JOCIHIKEHHS € BU3HAYCHHS MPOOJIEM YIIPaBIiHHS Ta OCHOBHHX
HanpsIMKiB PO3BUTKY 1H(GOPMAIIfHUX TEXHOJOTIH MiANPUEMCTBA YM YCTAHOBH Ha KOPOTKO- Ta
CEepeHIO MEPCIIEKTUBY Ha 0a3i KOHLEMIil aHTHCHIIATUBHOTO YIIPABIIHHS Ta METOIB YAOCKOHAJICHHS
il MiSTTPHOCTI BIATIOBIAHO O BU3HAUYEHUX 0OMEKEHB, HASIBHUX PECYpCIiB Ta MOXIIMBOCTEH, pU3HKIB Ta
nepcrekTuB 3poctaHHA. O0'ekToM € mpomecw ympaBmiHHS mincucremoro IT y mpukimagHHX
JIOCTIKeHHSAX, TIPEIMETOM — ii CTPyKTypa Ta JIOTiYHa OpraHi3amis, AKi 3a0e3MedyioTh BHYTPIIIHIO
BITOPSZKOBAHICTh Ta Y3TO/UKEHICTh B3aeMOJiN B iH(OpMaIiifHIA MiSUIPHOCTi, a TaK0XX CYKYIHICTh
METOIB, 3a0e3MeUYeHHsI €QHOCTI (OPMH Ta CIOCOOIB iX 3aCTOCYBaHHS Uil BHPIMIEHHS JIOTI9HO
Y3rOJIKEHOTO KOMIUIEKCY 3aBJlaHb Ha KOPOTKO- Ta CEPEHIO IEePCIEKTHBY. MeTOI0 aHTUCHIIATUBHOTO
ynpasiinas nigcuctemoro IT BU3HaYeHO MiABWINEHHS DPiBHS 11 TOTOBHOCTI A0 IOSIBU Ta PO3BUTKY
HECITOJIBAHUX TO/IiH SIK KPH30BOT'O XapaKTepy, TakK i MOB'SI3aHUX 3 HOBUMH MOYKIIMBOCTSIMH.

Kaiouosi ciioBa: yrpaBimiHHS pO3BUTKOM; aHTHCHIIATHBHICTE; iH(OpMaliiiHi TEXHOIIOTI].
BCTYII

EdextuBHe ynpasninns iHpopmaiiiaumu texHosnoriasMu (IT) npuknanuux pocmimkeHb
y TemepilllHiX yMOBaxX € JOCHTb CKJIQJHUM 3aBIAHHAM JUIS CHCTEMH MEHEKMEHTY
HiANPUEMCTB Ta YCTAaHOB PI3HUX raiy3e, 30kpema, g 3akiaqiB Bumoi ocitd (3BO) Ta
3aknaaiB npodeciino-rexHiuHoi ocBitu (3IITO). 3 ypaxyBaHHAM BOEHHOTO CTaHy B YKpaiHi,
JTUCTAHIIMHOT POOOTH TEepCOHANTy, aBapIMHMUX BIAKIIOYEHb EJIEKTPOCHEPrii, JOTICTUYHUX
oOMexeHb Ha pHHKaX, iH(IAii, Mirpamii 3HAYHOI YAaCTMHMU HACEJICHHsSI, TOIIO, HAJIEKHE
(GYHKIIOHYBaHHS KOMIT IOTEPHUX CHCTEM Ta MEpeX BUMAra€ Cy4acHUX YIPaBIiHCHKUX
MeXaHi3MiB, sKi 0 3abe3meunnu OesnepebiiiHy Ta eeKTHBHY MIATPUMKY iH(OpMaIiiHOT
JISITBHOCTI Ta 11 TEXHOJIOTIYHUN PO3BUTOK.

IToctanoBka mnpoOaemMu. 3aBIaHHAM JOCHIDKEHHS y Mexax Temu  «CyuyacHi
HanpsIMKH PO3BUTKY 1H(QOpPMALIMHUX TEXHOJNOTIH y mnpukiagHux aochipkeHHax» 3IEIT
(Homep nepxkaBHOi peectparii 0122U201321) € BU3HAaYeHHS OCHOBHHUX HANPSMKIB PO3BHUTKY
iH(hOpMaLIHHUX TEXHOJIOTIH B YCTAHOBI Ha KOPOTKO- Ta CEPEIHI0 MEepCHeKTUBY Ha 0asi
KOHIIETIil AHTUCUIIATUBHOTO YIPABIiHHA Ta METOIB YAOCKOHAJEHHS 11 JiSUIBHOCTI
BIJIMOBIIHO 70 BHU3HAUYEHHUX OOMEXKEHb, HABHHUX DPECYpPCIB Ta MOXIIMBOCTEH, PU3MKIB Ta
HEePCHEeKTHB 3POCTAHHS.

AHaJIi3 ocTaHHIX Aoc/igxkeHb i my0Jikanii nmokasas, 110 NepCeKTUBH po3BUTKY [T y
NPUKIAJHUX JOCHIUKEHHAX Ta OTJIsiA 1HCTpyMeHTIB mijgcucteM IT Ha miampueMcTBax Ta B
YCTaHOBAX JJIsl BIPOBAKEHHS Pe3yJIbTaTIB y MPAKTUKY iX AISUIBHOCTI PO3KPUTO y Ipausx [1-
3]. Anme TakoX aKTyaJlbHUM € TIOJAJbIIe 3ampoBa/HKCHHS KIOCPHETHUYHUX METOMIB IS
onTuMizarii miacuctem ynpapiiHas [T.

Meta nyOJikanii. Po3riasHyTo mpobiemu ynpaBiiHHA Ta NUISIXM YJOCKOHAJCHHS
AHTUCHUIIATUBHOTO ympaBiiHHs miacuctemoro [T B ycraHoBax, 30kpema, 3BO Ta 3IITO, mo
nepeadayvae MiBUILEHHS PiBHS il TOTOBHOCTI J0 MOSIBH Ta PO3BUTKY HECITIOAIBAHUX TOMIIH SK
KPH30BOT'0 XapakTepy, TaK 1 MOB'A3aHNUX 3 HOBUMH MOKIMBOCTSIMH.
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PE3YJIBTATH TA OBT'OBOPEHHA

[Tpobnemu ympasninHs migcuctemoro IT mignpuemMcTB Ta ycraHoB, 30kpema, 3BO Ta
3[ITO, BUKIMKaHI K Cy4aCHUM KPU30BHUM CTaHOM €KOHOMIKH Ta COLalbHOI cdepH, Tak 1
3acTapuUIMMM MiJXOJaMH /10 Oprasizamii MpoueciB ynpaBiiHHSA. MeHEIKMEHT CTHUKHYBCS 3
BUKIIMKAMH, 3 SKMMH HE MaB CIpPaBHU Y MUPHUH 4yac, i TOMY aKTyalbHUM 3aBJaHHAM Hapasi €
3ampornoHyBaTH MIAX0AM, sKI O pamum 3Mmory ontumidyBatu ¢yHkuionyBanHs IT 3
ypaxyBaHHSIM HE TUIbKM aHTHUKPU30BHX 3aXOJiB, ajle W TUX, M0 BUSABISAIOTH Ta
“miACBIYYIOTh” NEPCIEKTUBH Ta HOB1 MOXJIMBOCTI Y TEHEPILIHIHN Yac.

OnHuM 3 TakMX MIOXOJIB € AHTUCUIATHUBHE YIMpaBiliHHA. BOHO omepye MOHATTAM
“rOTOBHOCTI” CUCTEMH J0 3MIH Ta XapaKTEpHU3Y€ThCS HASBHICTIO “TOTOBUX YNPAaBIIHCHKUX
pillieHb y BUIIIA/I Ia0JIOHIB IUIAHIB i, OpraHi3aliifHuX Ta peCypCHUX MOXIUBOCTEH A iX
peamizaimii B yMOBaxX HacTaHHsS HeBH3HadeHUX mnoxid. [lomiOHui migxim 10 yrpaBiIiHHS
0a3yeTbcs Ha JEKIIbKOX MPUHIUIAX — KEPOBAaHOCTi, 3a0e3MeueHOoCTi, TOTOBHOCTI,
QIalITUBHOCTI, IUIICHOCTI, 1€PapXWYHOCTi, TOMOMOpP(GU3MY CHUTYyaliil, BIIKPUTOCTI Ta
icTopuaHOCTI [4].

Tak, mis po3Butky Ta yaockoHanenns miacucremu IT B 3BO Ta 3IITO moxHa
3aMpoONOHYBaTH HHU3KY “TOTOBHX~ HaOOpiB pimeHr — omnepamiitaux cucrem (OC) Ta
nporpaMHuX 3aco0iB Ha 0a3i akagemiuHUX a00 BITBHUX JIIEH31M BiJ TaKUX MPOBIIHHUX
po3poOHUKiB, sk Microsoft, Google, Zoom abo cnimpHOTH Linux 3: ynpaBiiHHS cepBepamMu
— OC Ubuntu Server; ynpasmiaas koM rorepaumu kiacamu — OC Ubuntu; opranizarii
cxopui gaHux — Google Workspace, Microsoft 365; aBromaru3zariii JOKyMEHTOO0ITy —
Libre (abo Open) Office, Google Office, Microsoft Office 365; nucraHiiiiHOr0 HaBYaHHSI —
Moodle, Google Classroom, Microsoft 365 Education; opranizaiiii cucteMm BijieoOKOH(EpeHITii
— Zoom, Google Meet, Microsoft Teams; cTBopeHHsI Ta OOCIyroByBaHHS CalTiB —
Wordpress, Google Sites, Microsoft Sharepoint; cTBOpeHHS Ta MATPUMKH PEMO3UTAPIiB —
DSpace; cTBOpeHHs1 akaJeMiYHHX >KypHaliB, MOHOTpadiil Ta KoH(pepeHii — CUCTeMH Bij
PKP: OJS, OCS, OMP, OHS.

Bukopucranns mnoaiOHMX cucTeM Ta pimeHp s ympasniHHs 1T migcucremoro
BIJINOBIJIa€ METOJOJIOTIi Ta KOHIEMIii aHThcumnaTuBHOTO ympaBiinHsg y 3BO Tta 3IITO,
€KOHOMIYHO OOTPYHTOBAHO Ta 3a0e3nedye BUCOKHN PiBEHb TOTOBHOCTI CHCTEMH YIPaBIIiHHS
3aKJIaJIOM JI0 PI3HUX 30ypEeHb 30BHIIIHBOTO Ta BHYTPIIIHEOTO CEPEIOBHIII.

Bu3HaunBIIM OCHOBHI MPUHIMIM aHTHcUNAMI] y migcuctemi IT Ta TeHaeHIii pO3BUTKY
cydyacHuX iHpopmariitnux pimens st 3BO Ta 3I1TO, Bii3HauMMo Taki OCOOJHMBOCTI
yIOCKOHAJIGHHS OpraHi3allii mpouecy yrpaBliHHS: MPH BUOOP1 piBHS neTarizamii mpobieM y
iHpopMaIiiHIi  TACUCTEMI HEOOXITHO BHUXOIUTH 13 3a0€3MEYeHOCTI TEXHIYHHMH,
iHpOopMaLifHUMH, KaApOBHUMU peCcypcaMH Ta OpraHi3alliiHUMHU MOXXJIMBOCTSAMH Ui iX
aJICKBaTHOTO CHPHHHATTS, PO3YMIHHSA Ta BUpIMICHHS. [Hakmie ciig abo MiABUITYBaTH
MOTEHITIaJl CUCTEMHU YHIPABIiHHA, a00 CIPOIIYBaTH CIPUHHSATTSA MPOOJIEMH; MpHU pO3poOIi
3aXO0JIiB IO/I0 BHUPIMIEHHS MPOOJeMHU HEOOX1THO BpaxOBYBaTH JICKIJIbKA CIICHAPIiB PO3BUTKY
NOJii Ta BIATOBIAHO PO3pPOOJIATH KijIbKa BapiaHTIB BHPIIICHHS MPOOJIeMH; MPU OpraHizamii
YIPaBIIHCHKOI AISUTBHOCTI HEOOXITHO 3a0€3MeYNTH B3a€MO3aMiHHICTh PI3HUX IHCTPYMEHTIB 1
MEXaHi3MiB, IO IiIBUIY€ MOXIUBOCTI aJanTailii Mojesiel 1 MexaHi3MiB aHTHCHITATUBHOTO
YOpaBIiHHA A0 YMOB, 10 3MiHIOIOTHCSI.

BUCHOBKMU TA HEPCIHEKTUBHU ITIOJAJBHINX TOCIIIKXEHb

3acTrocyBaHHsS KOHIIEMLIi aHTHUCUIATUBHOIO ympaBiiHHA miacuctemoro IT, 3okpema,
JUISL  OIIIHKKM TOTOBHOCTI CHCTEMH VIPAaBIIHHSA JIO HECMOMIBaHMX MO Ta po3podka
BIJIMOBIAHMX 1HCTPYMEHTIB AHTHUCUIIATUBHOTO YMpaBIiHHSA 3a0e3neuye 3HWKEHHS Yacy
peaxiiii Bij HaCTaHHS MOJIl 10 11 YCBIIOMIJIGHHS Ta PO3Ii3HABAaHHS SIK KPU30BOI CHUTyalii 4u
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HOBOi MOXJIMBOCTI Ta CKOPOYEHHsI 4Yacy Ha MIArOTOBKY, OIpAIIOBAaHHS Ta peali3alliio
YIPaBIiHCHKHUX PillleHb. Bee 11e B KiHIIEBOMY MiJICYMKY JO3BOJISI€E TOBOPHUTH PO ITiIBHINCHHS
agexBaTHocTi miacuctemu T mnma ympaBmiHHS 30BHIIIHIM 1 BHYTPIIIHIM CepeAOBUIAMU
(GYHKI[IOHYBaHHS, 110, Y CBOIO Y€pry, rapaHTye ii CIOCTEPEKEHHS Ta KEPOBAHICTh, a TAKOXK
nepeadauyBaHICTb.
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®OPMYBAHHS HABUUYOK [U®POBOI KOMYHIKAIIII MAMBYTHIX ®AXIBIIIB B
3AKJIAIAX BUIIIOI OCBITU

Anoranis. «l{udpoBa KOMyHIKaLis» € CKIAJOBOIO ITMPPOBOI KOMIIETEHTHOCTI, SIKa PO3YMIETBHCS SK
3MaTHICTh €(peKTHBHO OOMIHIOBATHChH TMOBIIOMIICHHSMH, i€IMH Ta AyMKaMmu B iHTepHeTi. OCKiIbKH
BMiHHS BUKOPHCTOBYBATH Pi3HI IHCTPYMEHTH KOMYHiKauii s eeKTHBHOrO OOMiHY IMOBiJOMIICHHSIMH;
3[ATHICTh CTBOPIOBATH Ta IepeaaBaTH nu(ppOBHN KOHTEHT, CAMOCTIHHO OpraHi30ByBaTH KaHAJIH 3B SI3KY;
3[aTHICTh BUKOPHCTOBYBAaTH O/Ipa3y KiIbKa IHCTPYMEHTIB KOMYHiKalii He IOpYLIyIOYHd TpH IIOMY
pobounit mpolec; BMIHHS CTBOPIOBaTH Ta HaJaro/)KyBaTH pi3HI CepeJoBUINA KOMYHIKALil st
0o0roBopeHHsI Ta (HOpMyBaHHS CTpaTerii Ta TAKTUKUA BEACHHS Oi3HECY, 3 METOI JOCSITHEHHS IIUICH
opranizamnii, 60 TroJOBHMM 3aBIAaHHSIM IIPOLECY KOMYHIKalii B Oi3Heci € 3a0e3medeHHs iH(OpMaLiero
KEpIiBHUIITBA Ta MPAIIBHUKIB Ha BCIX PIBHAX YHpaBIiHHA, HEOOXITHUM ISl MPUHHATTS Ta peaizarii
YIpaBIiHCBKUX pimeHb. [ MaiOyTHBOro eKoHOMICTa C(OpMOBaHICTh CKIAOBOi 1H(pPOBOI
KOMIIETEHTHOCTI «Iu(ppoBa KOMyHiKamis» piBHA «l{udpoBe rpomanmsHcTBO» mependadae 3HAHHA Ta
BMIiHHSI BUKOPHCTOBYBATH Di3HI IHCTPYMEHTH KOMYHIKAIil 15 €(eKTHBHOTO OOMiHY TOBiJOMIICHHSIMH.
CdopmoBanicTs CKIAIOBOI MUPPOBOI KOMIIETEHTHOCTI «uu(poBa KoMyHikamisn» piBHS «Lludpona
TBOPUICTB» Iepeadadae 3IaTHICTh CTBOPIOBATH Ta IepeAaBaTH LU(PPOBUI KOHTEHT, CaMOCTIHHO
OpraHi3oByBaTH KaHalK 3B’SI3Ky Ui KOMYyHiKauiid; 30epiraté icTopii MOBiIOMJIEHb Ta BMIHHSA
MOBEPTaTUCh A0 MNOTPIOHOrO B OyAb SKMH MOMEHT; 3/aTHICTh BUKOPHCTOBYBAaTH OJpa3y KiJIbKa
IHCTPYMEHTIB KOMYHIKallii He MOpPYUIYIOUM MPH IIbOMY POOOUYMII MpOIEC; CaMOCTIHHO CTBOPIOBATH Ta
HaJIaro/pKyBatu BifgeokoH(epermii Tomo. CdopMoBaHICT, CKIaMOBOI IUPPOBOI KOMIETEHTHOCTI
«un¢ppoBa KOMyHIKallis» Ha TPETHOMY piBHI nepeadayae BMiHHS CTBOPIOBATH Ta HaJjaroiKyBaTH Pi3Hi
cepeoBHIa KOMYyHiKamii 1yt oOroBopeHHst Ta GpOpMyBaHHS CTpaTerii Ta TaKTHKH BEICHHS Oi3Hecy, 3
METOIO JOCSATHEHHS IIIel opraHi3ariii.

Karouosi ciioBa: mudpoBa komyHikalis; HABUIKH NA(POBOI KOMYHIKAIIii; IIIPPOBI iIHCTPYMEHTH.
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1. BCTYII

Po3BuTok 1HM(pOBOI E€KOHOMIKHM, BHKOPHCTaHHS pI3HOMAHITHUX I1HCTPYMEHTIB
CYNMPOBOKYIOTh BCl aCMEeKTH E€KOHOMIYHOI MisJIbHOCTI, a BeAeHHS Oi3HECy OHJIAWH CcTae
OasucHuMU. [HPoOpMaALITHMX TEXHOJIOTIH Ha SKUX CbOIOJHI 0a3zyeThcs HU(ppPOBa €KOHOMIKA
BIUIMBAIOTh Ha TPaJULiiiHy €eKOHOMIKY, TpaHC(OPMYIOUH ii BiJ TAKOi, sIKA CII0KUBAE PECYPCH,
JI0 €KOHOMIKH, sIKa CTBOPIOE HOB1 pecypcu. JlaHi, IO TEHEPYIOThCS Ta 3a0€3MeUyIOTh
(pPOBY KOMYHIKaIlil0, B3a€EMOJIII0 Ta CHIBIIPALIIO 3aBISKU (PYHKIIOHYBaHHIO PI3HOMAaHITHUX
3ac00i1B, CEpPBICIB 1 CUCTEM € OCHOBHUM pecypcoM U(PPOBOT EKOHOMIKH B CY4aCHUX YMOBaX.

ITocTanoBKa nmpoO/emMu. ['0JIOBHOIO METOI OCBITHHOT'O IPOLECY B ChOTOJHIIIHIX
yMOBaxX € IIArOTOBKAa BHCOKOKBali(pikoBaHMX (haxiBUiB, SKI BOJIOAIIOTh CY4aCHUM
€KOHOMIYHUM MMCJICHHSM, TEOPETUUYHUMH 3HAHHSAMHU 1 NMPAKTUYHUMM HABUYKaMHM, 37aTHI
pO3B’sI3yBaTH YHpPABIIHCHKI 3ajnayi, npodieMu (GYHKIIOHYBaHHS EKOHOMIYHUX CHCTEM
pI3HOrO piBHS, a TaKOX €(PEKTHMBHO HAJIAro/KyBaTh LU(PPOBY KOMYHIKAIlisi B yMOBax
riopunHoi (OHIaNH) TisUTBHOCTI.

AHaTi3 ocTaHHIX JAocailKeHb i myOJikaniii. Baxnusicte nudpoBoi KOMyHIKaIli AJ1s
€KOHOMICTIB HE MiJUIIrae CyMHIBY, ajpke iH(OpMaIliifHO-KOMYHIKaIliifHi TEXHOJIOTIT € pyIIieM
mudpoBoi exoHomiku [1]. Ilpami BiTYM3HAHUX 1 3apyODKHHMX HAYKOBLIB IPUCBSYEHI
JOCHIKEHHSAM (DOpMYyBaHHSI TOTOBHOCTI J10 poeciiHOTro CHiNKyBaHHS MaiOyTHIX (axiBLiB
¢dinancoBo  ekoHoMmiuHoi  chepu  (B.f.Yopwnii); dopmyBaHHA  KOMYHIKaTHUBHOL
KOMIIETEHTHOCTI ~ Maii0ytHporo MeHemxepa (B.I1.UepeBko); miAroroBka MaiOyTHIX
€KOHOMICTIB 10 npodeciiiHoro crinkyBanus (M.[1.Jlicouii). MeTor0 1aHoi npaii € anaii3 ta
BU3HAYEHHS HaAOIbIl €()eKTUBHUX IHCTPYMEHTIB HU(POBOI KOMYHIKaIil Ui MiArOTOBKU
MalOyTHIX (paxiBIiB B cepi mudpoBOi EKOHOMIKH.

PE3YJIBTATHU TA OBTTOBOPEHHSA

Crangaptu 1mpoBOi KOMIIETEHTHOCTI 3a eBponeiicbkoro Mepexkero EUROPASS
npu3HaveHi i (axiBmiB pizHuX cdep. OmHieEO 3 CKIAI0BUX MU(PPOBOT KOMIIETEHTHOCTI €:
KOMYHIKaIliss (31aTHICTh BHUKOPHUCTOBYBAaTH pI3HOMAHITHI 3aco0M KOMYHIKamii s
CHIUIKYBaHHS B HU(GPOBOMY MPOCTOPi, CTBOPIOBATH Ta KEPYyBaTH BMICTOM BHUKOPUCTOBYIOUH
IHCTPYMEHTH JJIs CIHIBIIpalli, BAKOPUCTOBYBAaTH po3mIupeHi (yHKIi 3aco0iB 3B’s3Ky) [2]. B
Ta0JI. 1 MOJaHO PO3TOPHYTY XapaKTEPUCTUKY TOKA3HUKIB CHOPMOBAHOCTI HABUUOK ITU(POBOI
KOMITETEHTHOCTI MaOyTHIX €KOHOMICTIB /U1 cKi1aioBoi «lludpoBa koMmyHIKaIis.

Tabnuys 1

IHokaznuku chopmoBanoctTi HaBuuok «llndposa komyHikamisn» MaiidOyTHIX eKOHOMICTIB

PiBensb: «llu¢poBe rpoMaassHCTBOY

3Hac K 1. Kananu Ta TeXHOJOTIT KOMYyHIiKaIii

IK?2. IIpaBuiia crijKyBaHHS B IHTEPHETI Ta YCBIIOMIIIOE HACIIIKW HEKOPEKTHUX JIiH
I[IK3. VYcBimommoe coliagbHy Ta IpaBOBY BiANOBIJANbHICTG B MaHIMYJIIOBaHHI
iHpopMarieo

Bwmie [IK4. Besneuyno nobupaTtu nporpamue 3a0e3rnedyeHHs Al KOMYHiKallilf, BCTaHOBJIIOBATH
Ta HaJAIITOBYBaTH HOTO 3 TOYKH 30pY SKOCTI KOMYHIKaIliif Ta O€3MeKH MepCOHaIbHUX
JIAHUX

BuxopucroBye | LIKS. Odiniline mnporpamMHe 3abe3medeHHs JUIS Pi3HOT KOMITIOTEPHOI TEXHIKH B
3aJIEKHOCTI BiJI BAKOPUCTOBYBaHHX OIEPAIIHHIX CUCTEM

[IK6. Opranizamiiini Ta nporpaMHi 3aco0u ajsi NMepeBipKH Oe3IEYHOCTI OTPHUMAHOTO
M(HPOBOro KOHTEHTY KOMYHIKAIIHHIMH KaHAJIAMU JaHUX

PiBenb: «IludpoBa TBOpUicTH»

3Hae LK7. [acTpyMeHTH Ta TeXHOJNOTiT KOMYHIKAIliil OHJIAiH CITIIKYBaHHS

IK8. @ynKmioHambHI MOMXIMBOCTI IHCTPYMEHTIB KOMYHIKAmid Uit peajizamil
ONTHUMAJIBHUX CITOCO0IB CYCIUIbHUX KOMYHIKaIlil
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IIK9 Bucrynae sik MogepaTop HudpoBoro npocropy

HOK10. VYcigommoe motpedy MoaepyBaHHS iHpopMamii B mH(POBOMY MPOCTOPi
KOMYHIKaIlili 3 OTJIsiIy HamlpaBJIeHHS Ha CYCHiJIbHE 0J1aro

Bwmie LOK11. CreoproBaTu sKicHHN IH(pPOBHIA KOHTEHT SK iHPOpMALifHIA 0a3uC BIIACHOTO
I POBOTo IPOdito

[K12. BuxopucToByBaTH ONTUMAaNbHI KaHAIN Mepenadi JaHuX Ou(poBOro KOHTEHTY Ta
BiJIMTOBITHI peCypcH KOJIGKTHBHOI B3aEMOJI1

BukopucroBye | LIK13. YcBigomieHo BUKOPUCTOBY€E EepCOHANBHUH IN(GPOBUI KOHTEHT IpH (GOPMyBaHHI
ocobucroro nuppoBoro NpPodi0 B BUKOPHUCTOBYBAHMX KaHajaX KOMYHIKaIiH,
COLliaJIbHUX Mepekax B MyONIIYHUX IHCTPYMEHTaX JOHECEHHS 0cOOMCTOi AyMKH Ha BeO-

pecypcax
Pienn: «lln¢ppose mixnpueMHUITBO»
3Hae 1K 14. TexHomnorii Ta iIHCTpYMEHTH KOJIEKTUBHOI B3aeMOJIii B Oi3HeC-nporecax

LK15. Ctpykrypy Ta kinacudikarito tuppoBoro 6i3HeC-KOHTEHTY

[IK16. IloTpebu Oi3Hecy HampaBieHi Ha coLiajJibHI KOMYHIKamii Ta (opMyBaHHS
MTO3UTHBHOTO ITUGPOBOro Npodisito Oi3HECY

Bwmie IK17. BukopucToByBaTH iHCTpYMEHTH KOMYHIKAIlii SIKi BHKOPHCTOBYIOThCSI B Oi3Hec-
npouecax

[K18. BukopucToByBaTH TEXHIYHI Ta MPOTPaMHi 3aCOOHM UIA MiATOTOBKH IH(PPOBOTO
KOHTEHTY

LK19. AmnamizyBaTe Ta o0WpaTH TEpCHEKTHBHI BUAM KOMYHIKamiid s OizHecy
HaTpaBJICHI 5K HAa BHYTPIIIHIO B3aEMOIIO TaK i (JOPMYBaHHA O3UTHUBHOTO COIIaJIbHOTO
npodisro GizHECY

BukopucroBye | L1K20. Texnomorii KOJeKTHBHOI B3aeMOii B O6i3HEC- mpolecax

[IK21. KaHanu cycrmijibHUX KOMYHIKaIli# JJIsl CTBOPEHHS IO3UTHBHOTO IMIJDKY Oi3HECY

Jnst popmyBanHA 1M(POBOI KOMIETEHTHOCTI MailOyTHIX €KOHOMICTIB OXOIUTIOIOTh
NIMPOKUN CHEKTP I1HCTPYMEHTIB JUIsi OpraHizaiii pi3HUX BUIIB HaBYAIbHOI iSJIBHOCTI,
30KpeMa i 3AaTHOCTI €(pEeKTUBHO OOMIHIOBATHCH MOBIIOMJICHHSIMH, 1/IEAMH Ta TyMKamMHu B
iHTepHeTi. Y Tabmn. 2 HaBelleHO 3aradbHUll BUTIIA TabmuIll (ikCcyBaHHS OaliB, 110 TOKa3yIOTh
NPIOPUTETHICTh KaTeropiii nu@poBUX I1HCTPYMEHTIB BIAMOBIIHO 10 OAHI€I 3 CKIIAJOBHUX
U(PPOBOi KOMIIETEHTHOCTI MalOyTHIX €eKOHOMICTIB, a came H(poBa KOMYHIKaILis.

Tabnuys 2

3araabHmnii BUrisaa Tadauni pikcyBaHHs 0aJiB, 110 MOKA3YIOTh NPIOPUTETHICTH
KaTeropii nu(poBuX IHCTPYMEHTIB VI KOMYHiKanii

Ckiaanosa Ouninka
nuppoBoi Kareropii incTpymenTiB nndpoBoi komyHikamii Banm | excnepris
KOMIIETeHTHOCTI
[Tudposa [MomroBi cucremMu 1...4 1,63
KOMYHIKaIis CouianbHi Mepexi 1..4 1,09
CepBicH 1151 OHJIaWH 3yCTpiue 1...4 1,31
Mecenmxepu 1...4 1,54

s dbopmyBaHHS CKTaoBOi MU(PPOBOI KOMIETEHTHOCTI MaWOyTHIX E€KOHOMICTIB
«udpoBa komyHiKallis» eKCIiepTaMu TepeBara HajiaBajiach nmomroBuM cucremam (Microsoft
Outlook, Google ITomrra) ta Mecenmkepam (Viber, Telegram, WhatsApp, Facebook
Massenger, Slack).

BUCHOBKMU TA NIEPCIIEKTUBH INIOJAJIBIIUX JOCJII’)KEHD

B pesynpraTi HaAmoOro JOCTIDKEHHS OyJo 3IiWCHEHO MJ00ip I1HCTPYMEHTIB [0
dbopMyBaHHS CKIAA0BOI HU(PPOBOI KOMIETEHTHOCTI MallOyTHIX €KOHOMICTIB, 3aCTOCYBABIIIH
METOJ eKCIepTHOro ouiHoBaHHA. [Ipu dopmyBaHHI CKIIaZOBUX IMU(PPOBOI KOMIIETEHTHOCTI
MalOyTHIX €eKOHOMICTIB, 30kpeMa «L{udpoBa KomyHikarlis» mepeBara HaJlaBajaach MOIITOBUM
cHUCTeMaM Ta MECEH/KepaM JUIsi BUKOPUCTAaHHS y TpodeciiHiil MisuibHOCTI, 30Kpema s
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BelIcHHs Oi3Hecy B yMoBax IHM(poBOi ekoHOMIKH. OTOX, LuppoBa KOMYHIKalis s
CYy4acHOTO EKOHOMicTa II¢ BOJHOYAC BMIiHHS BHKOPHCTOBYBAaTH IHCTpyMEHTH 300py Ta
MOLIMPEHHS TpodeciiiHoi eKoHOMIYHOI iH(opMarlii 1 JaHuX, AKi JOCTyMmHI depe3 uudposi
3aco0u.

CIIUCOK BUKOPUCTAHUX JKEPEJI

1. Domazet, 1., & Lazi¢, M. (2017). Information and communication technologies as a driver of the
digital economy. In: XXII International Scientific Conference Strategic Management and Decision Support
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2. Casmina T. II. ®opmyBanHS nM(PPOBOI KOMIETEHTHOCTI MaHOyTHIX EKOHOMICTIB Yy mporeci
npodeciifHOT MiATOTOBKY y 3akjianax BUINOI ocBiTh. Jluceprarist Ha 3M00yTTS cTymeHs Agokropa dimocodii 3i
cnemiambHocTi 011 «OcBiTHI, mnexaroriydi Haykw». HamionamsHuMit — yHiBepcureT — OiopecypciB i
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Mapycsak BajienTuHa

ACHCTEHT Kadeipu 1HO3EMHUX MOB XiMiKO-(Pi3MYHUX (aKyIbTETiB
KuiBcbkoro HaiioHanbHOTO yHiBepcuTety iM. Tapaca llleBueHka
M. KuiB, Ykpaina

OCOBJIMBOCTI CEPBICY GOOGLE WORKSPACE FOR EDUCATION LA
OPIAHIBALIL IMCTAHLIIMHOT'O HABUYAHHS VY 3AKJIAJAX OCBITHU

Y poGOTi pO3risIaloThCsi MOXIJIMBOCTI Ta OCOOJMBOCTI OTPUMAaHHS OE3KOIITOBHUX CEPBICIB
Google Workspace for Education, siki HagaroTbcst kommaniero Google Ykpaina mis oprasizarii
JUCTAHIIITHOTO HABYAHHS B OCBITHIX 3aKiagaxX. AHaTi3yIOThCS OCHOBHI IEPEBard CepBicy
Google Workspace for Education, sikuii cTaB BaroMHM iHCTpyMEHTOM B TIPOIIECi Ooprasizaiii
OCBITHBOTO JWCTAHIIHHOTO mpolecy 3Baxkawoun Ha pekomeHnauii MOH B ymoBax »OpCTKUX
KapaHTUHHHX OOMEKCHb.

Karouosi ciioBa: qucranmiitne HaBuaHHs, xMapHi TexHouorii, Google Workspace for Education,
Google Suit, 6e3komroBHi cepricn Google, ocHOBHI Ta T0aTKOBI TOCIYTH TAKETY.

JlucraHIiiiHe Ta 3MilllaHE HaBYaHHS CTAlOTh TPATUIIHHUMH (GopMaMH OpraHizalii
OCBITHBOT'O TPOIIECY B YMOBaX KapaHTUHUX OOMEXKCHHS Ta aJlallTHBHOTO KapaHTHHY HE
TITBKM B CBITI, @ ¥ B YkpaiHi. Ilicma TAMyacoBOi po3ryOJIEHOCTI MO0 peopraHizarlii
HABYAJILHOTO IMPOIIECY B HOBUX YMOBAaX OOMEXKEHb OCBITSIHH IIBUAKO MPUIHSATH 1€ BHKJIUK
Ta MOYaIM aJaNTyBaTHCS 0 HOBUX peallii JUCTAHIIMHOI OCBITH, sSika HaOyBae HeaOWSIKOI
aKTyaJbHOCTi, TIPUCKOPEHHS Ta He3BopoTHOCTI 3 2019p. Boke micas mepmmx MicsliB
JTUCTaHIIMHOT poOOTH, I peaitizallii MOBHOMACIITAOHUX IMOTPEO OCBITHBOTO MPOIECY Ta
fioro peopranizamii y BUININA IIKOJ, BHHHUKIA NMOTpeOa BUKOPUCTAHHS CEPBICIB XMapHHUX
TEXHOJIOTIM Ta MEpeXoay J0 SKICHHX CHUCTeM ympaBiiHHg HaBuaHHsMm Google Classroom,
Canvas, Modle, Tomo.

3 KOXKHUM JIeHb XMapHI TEXHOJIOTii HAOUPaIOTh HAA3BHYAWHOI MOIYJISIPHOCTI B OCBITI,
KUJIBKICTh  iX KOpHCTyBauiB cTpiMko 3poctae. Y 2008 poui xopnopamis Google
3aMpornoHyBaa OCBITSHaAM O€3KOIITOBHHM MakeT xmapHux cepBiciB Google Apps for
Education (3apa3z Google Workspace for Education). Ha Toit MOMEHT #Oro MmiAKIIOUMIN OLyIst
80 tcsu Bukiaamauvis i cryaeHtiB CIIA. Croroani y makera G Suite for Education € 6inbime
70 MinBHOHIB KOPUCTYBaWiB y BChOMY CBiTi. Takuii CTpIMKHH pIiCT CBIAYUTH IPO
AKTyaJIbHICTh 1 OMYJISIPHICTH XMapHUX TEXHOJIOTIH, iX 3aTpe0yBaHICTh 1 KOPUCHICTD. [5, €.2]
Kopmoparii Google ta Microsoft — € migepamu 3 HagaHHS XMapHHUX MOCITYT HE TUIBKH IS
KOpIOpaTuBHOi cdepu, a i [ OCBITU. BOHHM MNPOMOHYIOTh  HABYAJIBHUM 3aKJIaJaM
0e3komTOBHO MakeTd xMapHux cepiciB Google Workspace for Education Ta Microsoft
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Office 365. [leranmpHilne po3risHEMO YMOBH Ta MepeBarn oTpuMaHHs Bepciit Google

Workspace for Education

LlJo maxe Google Workspace for Education

Google Workspace for Education — me nabip iHcTpyMmeHTiB Ta cepsiciB Google, siki

po3pobIeHi cremianbHO I HAaBYAJbHUX 3aKJIa[iB Ta OpraHizaiii, skl 3aliMaroThCs

JOMAIlHIM HaBYaHHSM. BiH mnpu3zHadeHuil s ePeKTUBHOI CHUIBHOI POOOTH, 3PYUHOCTI

npoliecy BUKJIaJaHHs Ta Oe3Neku BCiX yyacHHKIB. Lleil maker noctynmHuil y BCbOMy CBITI JUis

BCIX yCTaHOB, 1110 BiAMOBixat0Th BuMoram [1, c.1].

Xmo mooce sukopucmogysamu Google Workspace for Education

Otpumaru pocryn g0 Google Workspace for Education MoXxyTh 3arajgbHOOCBITHI

IIKOJIM, 3aKJIa/Ii CEePeHbOI Ta BUILIOT OCBITH 110 BChOMY CBITY Ta OpraHizanii, skl 3aiiMaroTbcs

nomamHiM HaB4yaHHsAM y CHIA, siki BiANOBiaOTh MEBHUM KputepisiM. HaBuanbHuil 3axman

NOBUHEH MaTu oO(iliiiHy peecTpalilo Ta aKpeIuTalil0 Ta HaJaBaTH JOKYMEHTH Ipo

MIOYaTKOBY, Cepe/IHI0 a00 BUIILY OCBITY, CXBaJ€HI Ha JEPKaBHOMY a00 MIXHAPOJIHOMY DPiBHI.

HapuansHoMmy 3akiany moTpiOHO moaaTH 3asBKy Ha BukopucTaHHs Google Workspace for

Education.

Bepcii Google Workspace for Education

- Education Fundumentals (monepenns Bepcis — G Suite for Education) -- 6e3koriroBHa
Bepcis Google Workspace, sika Bkirrouae Bci Cepicu Google Workspace, kpim Currents,
Google Cloud Search i JlonoBaens Workspace. [IponoHye 0e3KOIITOBHI KOPIIOpPaTUBHI
¢GyHKIIT Ta IHCTPYMEHTH JUIsl HABYaHHS Ta BUKIanaHHs, Hanpukian Kiac, Google Meet,
Google Jloxymentn, Google @opmu Ta Google Chat. 3a6e3neuye nocTyn 10 OCHOBHUX Ta
nonatkoBux mnociyr Google ans cepeAHiX Ta BUIIMX HAaBYAIBHUX 3aKJIaliB, IO
BIJIITIOBIJAOTH BUMOTaM.

— (Ilio uac nepeonnamu na Teaching and Learning Upgrade oocmynni 000amkogi
@yHryii).

— Education Standard -- mnmatae onomnenns mas Google Workspace for Education
Fundamentals nmocrymue 3 xBitHa 2021 p. Ti x moxmmBocti, mo # y Education
Fundamentals, mmtoc posmupeni pyHkiii 6e3meku ta 00pooku iHpopmariii. BoHo MicTUTh
J0JaTKOBI (YHKINI HamamTyBaHHS MpaBuU 30€peXeHHS TaHWX Ui OCHOBHHX JlaHWMX
KrientiB y nmeskux Cepsicax, po3lMpeHe KepyBaHHs O€3MEKOI Ta MOKpamieHi (yHKIil
AHATITUKH.

- Teaching and Learning Upgrade -- mathe onosienns 1 Google Workspace for
Education Fundamentals, noctynse 3 kBiTHst 2021 p.

JonmatkoBi ¢yHKIIT I opradi3aiii HaB4aJbHOTO IPOIECY, M0 PO3MHUPIOITh MOMKIUBOCTI

Bepciii Education Fundamentals Ta Education Standard. Bono mictuth momatkoBi ¢yHKIii

JUTSL CIIUIKYBaHHSI, CIIIJIBHOT POOOTH Ta KepYBaHHS KypcaMH uepe3 JI0JIaBaHHsI BJIOCKOHAICHUX

MOKJIMBOCTEH Bi/I€03B'sI3Ky, AonaTkiB s Kiacy Ta iHmmxX (yHKIIA Ta iHCTPYMEHTIB JIO

Bepcii Education Fundamentals a6o Education Standard.

o Education Plus (monepennst Bepcis — G Suite Enterprise for Education) — miatHe
onoBneHHs A Bepcii Google Workspace for Education Fundamentals. Bono mictutsb
J0JaTKOBI (DYHKIII1, 30KpeMa HaJlallTyBaHHS MpaBWJI 30€pexeHHsT OCHOBHMX JlaHMX
KiieHTa s aeskux CepBiciB, po3IIMpeHe KepyBaHHs, MMOKpaIieHi GyHKIIiT aHaTITUKI
i momyky (momomixkHi GyHKIIT Ta GYHKIIT MOIIYKYy KOHTEHTY B CTOPOHHIX JKepenax
JaHUX JOCTYMHI JMIie A7 KIIEHTIB, MO MaroTh He MeHme 500 mineH3iil ams
KiHneBux KOpHCTyBadiB), a TaKOX MOAATKOBI (PYHKIIi [UIA CIIJIKYyBaHHS, CHUTBHOL
pobort it kepyBaHHs KypcoM. Lls Bepcist Bkitrodae Bei ¢ynkiii Education Standard Ta
Teaching and Learning Upgrade, a Takox gomaTkoBi (QyHKIT I TESIKHX CEPBICIB,
HaMpHKIaa, KOPIOPAaTHBHI 3acO0M KOMYHIKallii, BiJICTe)KeHHs ydacHUKIB y Google
Meet. [1, c.3]
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Google Workspace for Education Fundamentals HamaeTbcst 0€3KOIITOBHO HaBYaJIbHUM
3aKimazaM, ki BiAmoBinaroTh nmeBHuM BuMoram. Google Workspace for Education Standard,
Education Plus ta Teaching and Learning Upgrade npomnoHyrThCs 3a IUIATHOO ITiIIMHCKOIO.
OcHosni ma oooamkosi nociyeu nakema Google Workspace for Education
Y Google Workspace for Education € nBa Buia cepsicis:
1. OchoBHi cepBicu Google Workspace -- Gmail, duck, Kamenmap ta Kiac,
3a0e3MeuyoTh KIIF0Y0BI MOXKIMBOCTI, siki Google nponoHye HaBYaJIbHUM 3aKJIaJaM.
2. JlomatkoBi cepsicu -- Taki sk YouTube, Blogger, Google AnanitTuka nocTyrHi BCiM
KOpUCTyBadyaM, y ToMy 4ducii obuikoBux 3amnuciB Google Workspace for Education,
SKIIO aJAMIHICTPATOP JIOMEHY JTO3BOJIUB MPAIFOBATH 3 HUMH 3 METOIO HaBYAHHSI.
Anminictparopu Google Workspace for Education MoxyTh BKJIFOYaTH Ta BUMHKATH OCHOBHI
Ta JoAaTkoBl cepBicu g kKopuctyBauiB. Ilaker Google Workspace for Education
Fundamentals npornonye 6e3k0IITOBHI KOPHOPATUBHI (YHKIIT ISl IOYaTKOBUX Ta CEPEIHIX
IIKiJ, BUIMX HaBYAJIBLHUX 3aKJIAJIB Ta OpraHizailii, sKi 3aiMaloThCs JOMAITHIM HaBYaHHSIM.
SIKio HaBYAJNBHUE 3aKia] MOTpeOye TOJAaTKOBHUX MOJKJIMBOCTEH, KOMIIaHiS PEKOMEHIYE
Bepcito Google Workspace for Education Plus, B sikiii goctymHi:
—  PO3MIIMPEHi 3ac00M KEPYBAHHS /IS aIMIHICTPATOPIB;
- TOKpaIleHi 3BiTH Ta (PyHKIIT MOMIYKY;
-~ Kopnoparushi 3acobu komyHikarii [1, c. 6].
IlepeBarn Google Workspace for Education
Biocymuicmov pexnamu
Bci inctpymentu GW for Education He mMicTaTh pekiiaMu i He BUKOPUCTOBYIOTh 1H(pOPMAIIif0
KOPHUCTYBaYiB )11 PEKJIIAMHHX IT1JICH.
IIpocme nanawmyeanns
3aBsiku mpocToMy HajamrTyBaHHIO, GW Ui OCBITH CIIpOIye TOBTOPIOBaHI 3aBJaHHS Ta
nojermye (okyc Ha HaBuaHHI. CHCTeMa OHOBIIOETHCS ABTOMATHYHO, IO 3a0e3meuye
KOPUCTYBa4iB HAWHOBIMIUMHU (DYHKITISIMHU.
beskowmosnuii incmpymenm
GW for Education — 6e3komTOBHUI IHCTPYMEHT JUIS IIKLI Ta YHIBEPCUTETIB 3 HAHKPAIUM Y
CBOEMY KJIaci piBHEM O€3MeKH, THYYKOI0 CHCTEMOIO YNPABIiHHSA IOCTYIOM Ta MOJITHKOIO
JOCTYTLY.
[1lsuoke nioknouenns
Bukmagaui Ta 3m00yBadi MOXYTh MpPUETHATUCS A0 HABYAIBHOTO MPOLECY Ta OTPUMATH
JOCTYIl 10 TOWITH, (ailyiB, 3aBAaHb 1 MaTepiamiB KypciB 3 OyAb-KOro KoMm'toTepa abo
MOOUTBHOTO MPUCTPOIO.
Biocmeoicenns ycniwunocmi
Buknamadi MOXyTh BIJICTEXKYBaTH YCHiXH 3700yBayiB Ta ixX JuHAMIKy. 3a JOIMOMOTOIO
MIUPOKKUX (YHKIIIH, BUKJIAJAa4 MOXE CIIBIPAIIOBATH OJUH-HA-OAMH a00 3 yciM Kypcom. 3a
JIONIOMOT'OI0 CTIPOIIEHUX pOOOYHX MPOIECiB, BUKJIAAa49l MOKYTh 0€3 3aiiBHX 3yCHIIb HaJlaBaTh
KOHCTPYKTHBHI Ta MIEPCOHAJII30BaHI peKoMeHallii [4, c.2].
3aans MaKCHMalbHOTO BIPOBA/PKEHHS HOBITHIX TEXHOJOTIH Ta IiJBUINEHHS
mudpoBoi kommereHnii memaroriB y cepnHi 2020 oOcCBiTHIH OMOYJICMEH BHCTYNHB 3
IHIIIaTHBOIO OPTraHi3yBaTh KypcH Ui OCBITSH «P0o3ropraHHs Ta BUKOPHCTaHHS CEpPEJOBHUINA
G Suite B IisITBHOCTI OCBITHBOI yCTAaHOBWY [2, ¢.1].
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education/ (nata 3Bepuenns: 5.11.2022).

4. Xwmapui texnomorii B ocsiti. URL: https://sites.google.com/view/cloudinedu/ (mata 3BepHEHHS:
27.10.2022).

Mmuxaiino Caako

K.C.H., IOIICHT Kadenpu iHpopMaIiiHUX CHCTEM 1 TEXHOJIOTIH
HamionansHuit yHIBEpcHTET OiopecypciB i MPUPOIOKOPUCTYBaHHS YKpaiHH
(axynprer iHpopManiiHuX TexHonorii HYBill Ykpaian

e mail: sadko@nubip.edu.ua

BIUJIMB LIU®POBUX TEXHOJIOTTII HA PO3BUTOK ATPAPHOI TAJTY3I

Anortanis: EdexTiBHE BIpoBaJUKEHHS UU(PPOBHUX TEXHOJOTIH B CUIbChKE TOCIIONAPCTBO BHMAarae
JIOCTaTHBOTO PIBHSI TEXHIYHMX, NMPOTPAMHHMX 3ac00IB Ta KBali()iKOBAaHMX NPAIiBHUKIB, SIKI MOXYTb
3a0e3MeunTH BIPOBA/PKEHHS B Taly3b 1H(OPMAIIHO-KOMYHIKAIHHNX TexHousoriil. OCHOBHI yMOBH
BIIPOBAPKEHHST IU(PPOBUX TEXHOJIOTIH: MPOCTOTa Ta HAAIWHICTH JOCTYITy 1O KOMIT IOTEPHHX ITOCIYT,
iHpopMamii Ta 3HaHB. MOXJIMBICTH Ui KOPHUCTYBAa4iB OTPHMAaHHS JOCTYIY IO TEPBHHHUX 3BITHUX
MarepiajiB opraHisamiil Ta CTpyKTyp CHCTEMH arpoIpOMHCIOBOTO KOMILIEKCY.

KarouoBi ciaoBa: mmudpoBa eKOHOMIKA, CTPYKTYpOBaHI peTAMiiHI 0a3u maHUX, iHPOpMAIiiHO-
KOMYHIKaIlii{Hi TeXHOJIOTI1.

CydacHuil eran po3BUTKY arpolpOMMCIOBOTO KOMIUIEKCY YKpaiHU XapaKTepU3yeTbCs
BIIPOBA/DKCHHSAM B Tajdy3b Cy4YacHUX 1H(GOpPMAIIHO-KOMYHIKAIIMHUX Ta IHU(PpOBUX
KOMIT IOTEpHUX TeXHOJoTiil. B mepury depry e nmipkuranizamis, mudposizamisi eKOHOMIKA
CUTBCHKOTOCTIOAPCHKUX MIANPUEMCTB YKpaiHu, sKa MOBUHHA 3a0e3MeYuTH TMPOCTUH Ta
HaIWHUN JOCTYIl KOXKHOTO MIAMPHEMI 10 TioOanbHOI Mepexi [HTepHeT, MOXKIMBOCTI
3pYYHOTO Ta MIBUAKOTO IOCTYIy KOPUCTYBayiB J0 MOCTYT, iHPOpMaIlii Ta 3HaHb.

BripoBakeHHs Ta e)eKTHBHICTh BUKOPUCTAHHS HU(POBUX TEXHOJIOTIH B arpobi3Hec
nependayvae T0CTATHHOTO PIBHS PO3BUTKY MOT0 OKPEMHX CKIIAJJOBHUX, IKUW BKITIOUYAE:
- HasBHICTh T4 MOXJIMBICTh BUKOPHCTAHHS KOXXHUM KOPHCTYBAaueM, JJIsi BUPIIICHHS CBOIX
HaraJIbHUX 3aBJlaHb, BUIMOBIIHMX OOYHMCIIOBAJIBLHUX 3ac00iB: KOMIT'IOTE€pa, HOYTOYKa,
IUTAHINETa, CMapTQOHA TOIIO;
- HasBHICTh PO3BHMHEHOI, HaAIMHOI Ta e(EeKTUBHO MpaIpwdoi iHPopMaIiHOT
1H(PACTPYKTYpH: JTOKAIBHOI Mepexi, MOOLITPHOTO 3B’ 513Ky, MIBHIKICHOTO [HTepHEeTY, 3ac00iB,
MPUCTPOIB, SAKi JTO3BOJIAIOTH 3a0€3MEUNTH aBTOMATH3AIliI0 BBEJICHHS HEOOXiaHO1 iH(popMmaIrii:
CKaHepH, IJIOTTEPH, JaTIYNKH TOIIIO;
- HasBHICTh Ha MIANPUEMCTBI MPOrPaMHOT0 3a0e3MEUYEeHHs, SKe IO03BOJIsiE€ 3a0e3MeYUTH
JOCTYI 70 JIt0001 YacTWHU iHQoOpMaIlii, BUKOHAHHS IIBUJIKOI, SKICHOI OOpOOKM TaHWX Ta
OTpUMAaHHS HEOOXITHUX ISl MOAANBIION0 BUKOPUCTAHHS Pe3yIbTATUBHUX MaTepialiB;
- MOXJIMBICTh IIBUAKOTO JOCTYIy O JEepXKaBHUX Ta TPHUBAaTHUX MOPTaJiB, CalTIB 3
HEOOXITHOIO IS  TIpaIliBHUKIB  1H(QOpMAIli€el0 Ta MOXIMBOCTI BHKOPHUCTAHHS B
MOBCSAKIEHHOMY HTTi Cy4acHUX iH()OpPMAIIfHUX TEXHOJIOTIH;
- HasIBHICTH MpAIiBHUKIB, SIKI MalOTh JOCTaTHI 3HAaHHSA a00 MOXJIHMBOCTI iX OTPHMAaHHS, 3
BUKOPUCTAHHSI CY4YacHUX iH(pOpMaIiifHO-KOMYHIKalliIHHUX TEXHOJIOT1H.

IMudposi TexHomyorii B YKpaiHi MOBUHHI OyTH TOCTYNHUMH JAJS IIMPOKOTO 3araiy
KOPUCTYBaYiB, JIs IKUX JOCTYH A0 iH(OpMaIlii € OCHOBOIO JUIsl BUPILICHHS CBOIX HAaraJbHUX
nuTaHb. Hali6inpm mBuake Ta edeKTUBHE PO3MOBCIOKEHHS iH(opMaIli 3a1HCHIOETHCS
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yepe3 Mepexxy [HTepHeT Ta coriajibHi Mepexi. 3 pO3BUTKOM iH(OpMaIiiiHO-KOMYyHIKaIIHHUX
TEXHOJIOT1H Ta [HTepHEeTY BUHHKAE HEOOX1THICTh 3a0€3MeUeHHs BIIKPUTOCTI TAHUX, BUTBHOTO
JOCTYIY BCIX KOPUCTYBayiB J10 Jkepen iHdopmalii Aep>kaBHUX Ta KOMEPLUIHHHUX CTPYKTYp,
AK1 MMOBUHHI CTaTH OCHOBHUM JiKepesioM Lu(poBi3alii cycniibcTBa. BigkpuTi mporpamHi
iHTepdelicu caiiTiB, mMopTaiiB MOBMHHI Binnoigatu mnpuHimmy open by default, srigno
SKOr0 BIAKPUTUHN JOCTYH MOBUHEH OyTH 0€3 0OMEXEHb, 3yMOBJICHUX TOPrOBUMHU MapKaMu
a00 aBTOPCHKUMU MPaBaMH.

i muramHs aktyanbHi 1 Ui arpapHoi ramysi. [ludpoma Tpanchopmaris, ska
BiZIOyBaeThcss B YKpaiHi, nepeadavyae nepeBeCHHS NEPBMHHOI CTATUCTUYHOI 3BITHOCTI
CLITBCHKOTOCTIONIAPCHKUX MIAMPUEMCTB 3 TIANIEPOBOTO B eNeKTpoHHUM (Gopmar. [lepeneceni Ha
MaIlMHHUMA HOCIM 3BITHI MaTepiald IO KaHalaM 3B’SI3Ky HEpeAaloTbCs B pPErioHaNbHI
CTPYKTYPHI MiIPO3IAUTH IE€PKABHOI CIY>KOM CTAaTUCTUKH, IO JO3BOJISIE aBTOMATH3yBaTH BCi
Opolecd - BiJ 3aBaHTaKEHHs JaHUX, KOHBEpTallii, peaaryBaHHs, OoOpoOKH, OTpUMAaHHS
pe3yIbTaTUBHUX MaTepiajiiB 70 iX po3noBcrokeHHA. [logaHHs manepoBuX 3BITIB s 300py
CTaTUCTUYHUX JaHUX IOPUIUYHUMU ocobamu Oyzae 3aboponeno. Ili  monoxeHHsS
3aKpIIUTIOIOTBCA  BINMOBIIHUMH ~ CTAaTTSIMM  HOBoro 3akony Ykpainu "IIpo odimiiiny
CTAaTUCTUKY'" , AKUW HaOupae yuHHOCTI 3 1 ciunst 2023 poky.

[Mommpennss myOmikamiid oQimiifHOI cTaTHCTUKK BiAOyBAa€ThCS uYepe3 CTATHCTUYHI
30ipHUKH, EKCIPEC-BUIYCKH, aHAJITH4YHI MaTepiasii Ta OQImiiiHI caliTH dYepe3 Mepexy
Iarepuet JlepkaBHOI CITy’KOU CTATHUCTHKH , SIKa CTOCY€ETHCS Taly3i CUIBCHKOTO TOCTIONApCTBA.
KopuctyBaui MaoTh MOXIUBICTh O3HAMOMUTHUCh 3 OKPEMHMHU Yy3arajibHIOIOUYUMHU
NOKa3HUKaMM  TOCIOJapchkoi  Ta  (iHAaHCOBOI  JISUIBHOCTI  BCIX  Kareropiu
CITbCBKOTOCTIONIAPCHKUX  MIAMPUEMCTB YKpaiHW: MIANPUEMCTB PI3HUX OpraHi3aiiiHo-
npaBoBUX (HOpM ToCHoAapioBaHHsS, (epMEepChKUX Ta JOMAIlHIX rocmoxapcts. Jlo ckmany
OCHOBHUX 3BITHHX  MaTepialliB BEJIUKHX 1 CEpEeAHIX MIAIPUEMCTB BXOIATH  (QoOpMHU
CTaTUCTHYHOI 3BITHOCTi: - IO IUIONII Ta BajJoOBi 300pW CLIBCHKOTOCHOJAPCHKUX KYIBTYD,
IJIOJIB, ATIJ] Ta BHHOTPAAy; - MPO BHPOOHHUIITBO MPOAYKIII TBAPHUHHHUIITBA, KIIBKICTh
CLIBCHKOTOCTIONAPCHKUX TBapWH 1 3a0€3MeYeHICTh IX KOpMaMu; - PO peai3amito MpOoayKIii
CUIBCBKOTO  TOCHOJApCcTBa; - TMPO  OCHOBHI  €KOHOMIYHI  TMOKa3HUKH  poOOTH
CLIBCHKOTOCTIONAPCHKUX MIANPUEMCTB; - BHECEHHS MiHEpaJIbHUX, OpraHiYHUX JOOPHB,
TIICYBaHHS Ta BalHYBaHHSA TIPYHTIB; - HAasABHICTh CIIbCHKOTOCIOMAPCHKOI TEXHIKH B
CUTBCHKOTOCTIONAPCHKUX MIAMPUEMCTBAX. 3BITHICTH Majoro (hepMepchKoro rocroaapcTBa
pernamMeHTyeTbcsi (QOpMOIO TMPO 3aTpaTM Ha BUPOOHHUITBO MPOAYKIII  CITBCHKOTO
TOCIOapCTBA.

EnextpoHHMiI BapiaHT NEPBUHHUX 3BITHUX MaTepialiB CUIbCHKOTOCIIOIAPCHKUX
HiAMPHEMCTB TI0 KaHajlaM 3B’SI3Ky IIOCTYIa€ B OOYMCIIOBANbHI LIEHTPU  pETiOHATBHHUX
CTPYKTYPHUX MmiaApo3aiumiB JlepkaBHOT CIy)kOM CTaTUCTUKH, J€ iX pO3MIINIyIOTh B
CTPYKTYpOBaHi pensuiiiHi 6a3u JaHWX, BUKOHYIOTh 1X KOHBEpTAIlif0, HAKOITMYECHHS, TIEPEBIPKY
Ha JIOCTOBIPHICTh Ta TEPBUHHY 00poOKy iHdopmarii. 3rimHo 3akony “TIpo odirmiliny
CTaTHCTUKY’, SKH po3po0JieHo Ha ©0a3li pPaMKOBOrO periaMeHTy €Bpocoro3y Ta
MaKCHUMaJbHOTO HaOmmkeHHs 3aKkoHoaBcTBa €C B cepi cTaTUCTUKY MTepe0avyaeThes:

1) ynockoHaJIeHHsI TEXHOJIOTiii BBEJIEHHsSI Ta 00POOKM TaHUX, sKe rependavac: - oeTarHe

BIIPOBA/DKEHHSI 1HTETPOBAHOI CHUCTEMU OOpPOOKM [AaHUX; - PO3UIMPEHHS BHUKOPUCTAHHS
nporpaMHoro 3aco0y SPSS mns BBeneHHs Ta OOpoOKM JaHuMX; - 30UpaHHS 3BITiB B
€JIEKTPOHHOMY BUIi;

2) 3aJ0BOJIEHHSI TOTpPed KOPHMCTYBadiB CTATHCTHYHOI iHpopmamiii - 3a0e3medyeHHs

BUTBHOTO JOCTYIy 0 CTaTHCTUYHOI iHopMarllii, po3mimennsa Bcix gannx B OPEN DATA
(BiIKpHTI [aHi) ; - ONUTYBaHHS KOPUCTYBa4iB, MOHITOPHHT iX MOTpeO; - MABUIIICHHS PiBHS Ta
mpo30opocTi opraniB JlepxkaBHOi CTaTUCTUKH; - iHGopMarliiiHe 3abe3neuenHs Llineii cranoro
PO3BHUTKY.
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JlocTynm KOpUCTYBauiB 0 MEPBUHHUX 3BITHUX MaTepialiB ClIbCHKOTOCTIOAAPCHKHUX
HiANPUEMCTB PETJIAMEHTYETHCS MMONIoKeHHsIMH cTaTTi Ne32 JlocTym 1o MiKpomaHuX 3akoHY
“IIpo odiuiliHy CTaTUCTUKY’, 3TIAHO SIKUX  TependadaeThcsi, IO LEHTPATbHUN OpraH
BUKOHABUOi BJIaIM 3 TMHTaHb CTATUCTHKH MAa€ MPaBO HANABaTH JOCTYI 10 MIKpOJAaHUX Y
JOCTITHUIBKUX LIJSAX Ta 3 METOI0 BUKOHAHHS YKpaiHOIO B3ATUX Ha ce0e 3000B’s13aHb Y
paMKax MDKHApOIHUX YTO, SIKIIO JaHi, M0 MICTATHCS Y IUX MIKpOJAAHUX, HE JAIOTh 3MOTH
3MIACHUTH NPSAMY 1AEHTUQIKALII0 PECIIOHIEHTa, Ha MiJICTaBl MMCbMOBOIO 3aIMUTY, B SKOMY
3a3HAYAIOThCSl HAaWMEHYBaHHS MDKHApOAHOI YroJu, IMiJCTaBa BHUKOHAHHA 3000B’S3aHHA,
pe3yibTar, 1o nepeadayaeTbCsi OTPUMATH, Ta OOIPYHTOBYETHCSI HEOOX1AHICTh BUKOPUCTAHHS
BIJIMOBIIHAX MIKPOJAHUX I OTPUMAaHHS TaAKOTO Pe3yJIbTary.

B Toii xe uyac 3poctae morpeba BEIMKOIO Koja KOPUCTYBadiB arporpoMHCIOBOTIO
CEKTOpYy B OTpUMaHl HIBUAKOI Ta JOCTOBIpHOI 1HQoOpMaIli, sika 0a3yeTbCs HAa NEPBUHHUX
3BITHUX  Marepiajlax  CUIbCBKOTOCHOJAPCBKUX  TOBApOBUPOOHMKIB.  MOXKIHMBICTb
BUKOPUCTOBYBATH TaKy iH(pOpMAII0 HIMPOKOMY 3arajy KOPHCTYBauiB: BiJ MiJIPUEMIIIB,
¢daxiBIiB JAepKaBHUX Ta KOMEPIIHHUX CTPYKTYp, HAYKOBIIIB IO CTYIEHTIB, Oyae Iyxke
KOPUCHOIO JUIS BHpIIICHHS pPI3HOMAHITHUX AaHAJITMYHUX Ta TPOTHO3HHUX 3aBIAaHb
BUPOILYBaHHA Ta BUPOOHMIITBA MPOAYKLIi CLICHKOIO TOCIONAPCTBA, NPUHHATTA BIPHUX
YIPaBIIHCHKUX PILICHb B AISUIBHOCTI MiANPHUEMCTB, BUKOPUCTAHHS CyYaCHHX IMPOTPAMHUX
3ac001B JJIs1 BU3HAUEHHSI IEPCIIEKTUB PO3BUTKY arpOIPOMHUCIIOBOI Iay3i.

KopucTyBadi moBUHHI MaTH MOKJIMBICTb, 3T1IHO CBOIX 3anUTIB 10 Jlep>kaBHOI c1y»)Ou
CTATUCTUKH, OTPUMYBaTH TOTPiOHI mopmii iH(opMmamii (MIKpogaHUX), SKI MOXHA
BUKOPUCTOBYBATHU JUIsl CBOET TOCTIAHUIBKOT poOoTu. O3HaKaMH, I OTPUMAHHS MIKPOJIAHHX
MOXXYTh BHUCTYNaTH OKpemi 00’e€KkTH (3amucH): KIIMaTHYHa 30HA, 00JIacTh, palioH,
TEpPUTOpialibHA TPOMaja, CUTbChbKA paja, KaTeropiss roClOAapIOBaHHS, THUIl OpTaHi3aIliitHO-
mpaBoBOi GOpMH MIAMPUEMCTB, KYJIbTypa, BUA MPOAYKIIi, piK Ta 3 1HIIOTO OOKYy Mepesik
OKpeMUX IMOKa3HUKiB. s pearizalil MM MOXKIUBOCTEH HEOOXiHA: - HAsIBHICTD CYKYITHOCTI
CTPYKTYPOBaHUX pelAidHUX 0a3 JaHux I8 KOXXKHOI (OpMH 3BITHHX MaTepiajliB
CTaTUCTHYHOI 3BITHOCTI MIANPHUEMCTB, B SKUX Oyne 30epiraTuch Ta HAKONMUYYyBaTHCh
iHopMarllis uIsi KO)KHOTO YaCOBOTO TMEPiojy; - HASBHICTh KIIOYOBHUX IOJIB, O3HAK, 3TiTHO
SKUX OyIyTh 3B’s3yBaTHCh bJl Mixk coOOI0 Ta BiiOMpaTHCh HEOOXiAHA MOPIIis MIKPOJAaHUX; -
CTBOPEHHSI TIporpaMm, SKi JIO3BOJIAIOTH pealli3yBaTH aBTOMAaTH3AIlil0 BHOIpKH HE0OXiTHOT
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“3amosir”,K.,2020. — 274 c.

2. ExoHOMiKa Ta ympaBIiHHS HallIOHAJBHUM TocroaapcTBoM, KoHienTyanbHi 3acaau 1udpopizallii eKOHOMIKA
VYkpainu, 2018, Bunyck 17,

3. 3akoH Vkpainu "IIpo odiniity CTaTUCTHUKY" Bif 16.08.2022 p. Ne 2524-1X
http://zakon.rada.gov.ua/laws/show/2524-20#Text,
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IIEPCIIEKTUBU ABTOMATU3ALIT CKJIAJITHUX BIOTEXHIYHMX OB €EKTIB

AHoTauiss. ArpapHuii CEKTOp €KOHOMIKM YKpaiHdh, 0COOJMBO HOTO MPOMHCIOBA
CKJIaJI0Ba, /O CKJIAAy KOTpPOi BXOIATH NTaxo(paOpHKH, TEIIMYHI KOMOIHATH,
MIAIPUEMCTBA TMEPEPOOKH CUIBCHKOTOCIOAAPCHKOT MPOAYKIl, JAEMOHCTPYE B
OCTaHHI POKHM CTa0IbHO BHUCOKI MOKa3HUKU. [IpoTe B cTpykTypi cobiBaprocTi
MPOJYKINI TaKUX BUPOOHHUIITB €HEPreTHYHI BUTPATH CYTTEBI W JOCATAIOTH, 1HOII
80% (TeruMyHi KOMOIHATH 3 BHPOIIYBAaHHS KBITKOBOI Mpoiykuii). Okpim TorO,
SKICTh TIPOYKITii, Ha OI[IHKY KOTpPOi BIIUBAE JIIOJCHKUN (haKTOp, y 3HAYHIN Mipi
BU3HA4Ya€e W piBeHb MPHUOYTKOBOCTI TaKUX MiAMPUEMCTB. TpaauuiiiHi X cUCTeMH
aBTOMAaTH3allii CTBOPIOBANUCh 0e3 BpaxyBaHHA HMX oOctaBuH. Ta W B3arani,
JFOACHKHUNA (PaKTOp Ha BUPOOHUIITBI CTBOPIOE TONATKOBI PU3HKH, TOMY MaiOyTHE
BUPOOHUITBO 0AYUTHCS 3 MiHIMAJILHOIO YYaCTIO JIFOJIUHU.

Kiawo4oBi cioBa: anroputMu KepyBaHHs, MIKpOKIIMaT, CHUCTeMa KepyBaHHS,
TETUTHIIA.

BCTYII
IMocranoBka npoodJemu.

ArpapHuil CEKTOp €KOHOMIKM YKpaiHu, OCOOJIMBO MOro NMpOMHUCIIOBA CKJIAJA0BA, 10
CKJIaTy KOTpOi BXOIATh NTaxo(haOpWKW, TEIIMYHI KOMOIHATH, IiIIPUEMCTBA IEPEPOOKU
CITBCBKOTOCTIONIAPCHKOI  MPOAYKIlii, JEMOHCTPYE B OCTaHHI POKH CTaOUIBHO BHCOKI
noka3HukH. Ilpore B cTpykTypi co0iBapTOCTI MPOAYKLIi TaKMX BHPOOHHIITB €HEPTEeTHUYHI
BUTPATU CYTTEBI U JocararoTh, iHOAI 80% (TerumnyHi KOMOIHATH 3 BHUPOIIYBAaHHS KBITKOBOI
npoaykiii). TlosicHIOETbCsl 3a3HaueHe, OKpiM BHCOKOi BapTOCTI €HEeproHociiB B YKpaiHi,
BUKOPUCTAHHSAM JUIsl YIPABIIHHA EHEPreTUYHUMHU IOTOKAaMH TPATULIMHUX BHUTPATHUX
CTaOULT3aifHUX ~QJTOPUTMIB, JI€¢ HE BpPAXOBYIOTHCSA: CTaHM OIOJOTIYHOI CKJIAI0BOi
0l0oTexHIYHOTO 00’€KTa, HEMOBHOTA iH(OpMAIii PO 3B’SI3KM TaKUX CTaHIB 13 CYKYIHICTIO
(axTOpiB BIUIMBY, BUIAIKOBICTIO (paKTOPiB BITUBY, Tom0. OKPIM TOTO, SIKICTh MPOYKIIii, HA
OILIIHKY KOTpPOi BILTUBAE JIOACHKHUI (QakTop, Y 3HaUHIi Mipi BU3HAYA€E U piBEHb MPUOYTKOBOCTI
TakuX mianpuemMcTB. TpaauiiiiHi X cuCTeMU aBTOMAaTH3allll CTBOPIOBAIUCH O€3 BpaxyBaHHS
ux oocraBuH. Ta il B3arai, TIOACHKUI (paKTOp Ha BUPOOHUIITBI CTBOPIOE JOJATKOBI PU3HUKH,
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TOMY MalOyTHE BUPOOHHITBO OauuWThCA 3 MIHIMAIBHOK YywacTio moauHu. Ilepen
HiANMPHEMCTBAMH TTOCTAIOTh AaKTYaJIbHUMH HACTYIHI 3a7adi: MiHIMI3yBaTh €HEpPreTUYHI
BUTpATH, 3a0e3Meuyour MPOAYKLII0 3a/laHOi SKOCTI 3 MaKCUMaJbHO MOKJIMBHM 00CATOM;
[UISIXOM TPOTHO3YBAaHHS BH3HA4YaTH HEOOXIiMHI OOcsAruM eHeprii it ii 3aMOBJICHHS B
€HEepProKOMITIaHIsX, /U1 YHUKHEHHs ITpadHUX CAHKIIIH.

AHaJIi3 0CTaHHIX J0C/ai:KeHb i myOJikamii.

CydacHe BHCOKOTEXHOJOTIYHE BHUPOOHMIITBO TMOTpeOye HOBHX IHCTPYMEHTIB Ta
MIIXO/IB 7O YMPAaBIIHHSI TEXHOJOTIYHMMH IIPOIIECAaMH, 1€ MiAMPUEMCTBO, IO BHUPOOIISIE
MOPOAYKIIIO, [UISXOM CHUCTEMATHYHOTO BHKOPUCTAHHS HAyKOBUX Ta TEXHIYHUX 3HaHb. Ha
CBOTOJIHI OJIHUM 3 HamlpsMiB PO3BUTKY aBTOMAaTH3allli Cy4yaCHOTO CYCHUIbCTBA € CyMICHE
BUKOPHCTAHHS [EKUIbKOX I1HCTPYMEHTIB, BKJIIOYAa€ POOOTOTEXHIKY, IITYYHHH IHTEIEKT 1
IHTEJIeKTyalbHe YIPaBIiHHA O13HEC-TIPOIIECAMH Ta TEXHOJIOT1] IHTEPHET peyueH.

MeTta nyouaikamii.

MeTor AOCHIDKEHHST € BCTAHOBICHHS MEPCIEKTUBHUX ILISXiB PO3BUTKY CHUCTEM
aBTOMAaTH3alIlll B arpapHOMY CEKTOPI.

TEOPETUYHI OCHOBH

SxuMH K TOBUHHI OyTH B TIEPCIICKTHBI CHCTEMH aBTOMAaTH3allii B arpapHOMY CEKTOpi?

[To-nepmre, MaiiOyTHS aBTOMAaTH3allisl HE 3/aTHA peaji3yBaTh BCi MOMJIMBOCTI B HE
NPUCTOCOBAHUX TEXHOJOTIYHUX MPUMINICHHSAX. TOMy MOXHAa TPOTHO3yBaTH, WO B
HaOmmK4i pOKM  BiAOyHeThCS CyYTTEBA MOJEpHI3allisi HE JIMIIE TEXHOJNOTiH, a W
TEXHOJOTIYHUX MNPUMINIEHb, IO JacThb MOJIMBICTH 3MIHIOBAaTH TEXHOJIOT1YHI YMOBH B
OKpEMHUX YaCTHUHAX MPOCTOPY TEXHOJIOTTUHUX MPUMIIICHb.

[To-npyre, BaXIJIMBO OIIHIOBATH: CTAHW 010JIOTIYHOTO HAITOBHEHHSI TEXHIYHOTO 00’ €KTa,
ix 3ajexHocTi Bix (pakTOpiB BIUIMBY Ta BpaxyBaHHI IbOro mpu (OPMYBaHHI CTpaTerii
KepyBaHHS. 3a3HaueHE MOXJIMBE 32 paxXyHOK TIPOBENCHHS JOJATKOBUX JOCHIJIKCHb
(axiBISIMHU-TEXHOIOTaAMHU.

[To-Tpere, mpupomni 30ypeHHs (TeMIieparypa, BOJIOTICTh, COHSYHA pajiallis TOIIO)
3MIHIOIOTBCSL 32 BHIIQJKOBUMHU 3aKOHAMH, IO YCKJIAIHIOE 1X MPOTHO3YBAaHHS Ta CTBOPIOE B
TEXHOJIOTIYHMX TPUMIIICHHSIX YMOBH, BIIMIHHI BiJl MPOTIOHOBAHMX TEXHOJOTaMH, a IIe
HETaTHBHO BIUIMBAE Ha EKOHOMIUHI TTOKa3HUKH BUPOOHMIITBA.

[To-yeTBepTe, poOOTH MOCTYIOBO YIPOBA/KYIOTHCS Y BUPOOHHIITBO, Y TOMY YHCII B
arpapHOMy HOTO CEKTOpi, 3BUIBHIOIOYH YK€ Terep OOCIyroBYIOUHA MEPCOHAN BiJ PyTUHHOI
poboTu (MoJI0uHI hepMH, TeIITUIHI KOMOIHATH).

[To-m’site, Ha CHOTOJHI POJIb JUCIIETYEpPAa B ABTOMATH30BaHIA CHUCTEMI YIPaBIiHHS
Benuye3Ha. Bin Oepe Ha ce0e BiANMOBIJANIBHICTH 32 pe3yIbTaTH BHUPOOHUIITBA HA IMOTOYHHMA
MOMEHT, 110 HE 3aBK/H BiI0yBa€ThCS HAMKpaIlIuM YMHOM. BenndesHy KibKicTh iHpoOpMaii,
IO HAJAXOJUTh JI0 OIepaTropa, HEMOXKJIMBO OI[IHWTH IIBHAKO Ta NPUWHSATH HaWKparie
pilIeHHs, [0 TapaHTyBajlo O MiANPUEMCTBY HAWOUIBII MOMJIMBHK NPUOYTOK. 3aMiHOIO
oIeparopy CTa€ MITYYHUH IHTENEKT, SIKUH 3AaTHUI yHOPaTUCh i3 TaKow 3agaueto. Baxiueo
dakTOM TpH IBOMY € T€, [0 IITYYHUHA IHTENEKT CTBOPIOE YMOBH JJIsI TPOSBIB
CHHEPTeTUYHOro e(eKTy, KOJIM CTBOpEHa Ha OCHOBI HEWpPOHHOI Mepexi Oa3za 3HaHb
3a0e3reuye caMOHABUAHHS CUCTEMH aBTOMATH3AIlil.

[To-mrocte, po33ocepeKEHICTh BUPOOHHUIITB arpapHOTO CEKTOPY CTBOPIOE JIOJATKOBHIMA
dakTop pU3HNKYy: 0OMEKeHa KUTBKICTh 00CITYyTrOBYOUOTO IMEPCOHANY, IKAW YK Ha ChOTOJIHI B
nedinuTi 1 He Jauie B YKpaiHi, He 3aBX/IU IKICHO 0OCIyroBy€ BHUPOOHHUITBO 1, y TOMY YHUCII
CHCTEMH aBTOMaTH3allil. BupimeHnHs Takoi mpodiemMu 0a4uThCsl y BUKOPUCTAHHS TEXHOJIOTIN
[nTepHeT peuel, MmO mepeadavae 3acTOCYBaHHS B YIPaBIiHHI OKPEeMHUMHU 00’ €KTaMHU
r7100aIbHOT MEpexKi.
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[To-choMe, OOMEXEHICTh EHEpreTUYHUX pecypciB B YKpaiHI CHOpPUYHMHSAE CYTTEBE
HiIBUIICHHS X BapTOCTi. Y MEpIIy Yepry 3a3Ha4eHe CTOCYETHCS MPHUPOJHBOTO Tazy, a TOMY
oMy mrykaroTh 3aMiHy. OCKUIBKM YKpaiHa Mae€ 3HauHI PeCcypcH POCIMHHHMX PEILTOK,
BOQYa€eThCs MEPCHEKTUBHUM IX 30pOKyBaHHS Il OTpUMaHHs Oiorasy. Y MepCleKTHBI
BOAUaETHCSA TAKMM YMHOM OTPUMYBATH OJM3bKO TPETHUHM Ta3y JAJsl HOr0 BUKOPUCTAHHS SK B
noOyTi, Tak JUIs IPOMUCIIOBUX IIel. [ aBTOMaTn3auii TyT BeJIM4e3He 1oJie IisIbHOCTI.

[To-BocbMe, BaXIMBO BHOpaTH BIpHMM KpUTEpi A YHOpPaBIiHHA CKJIaJHUM
010TeXHIYHUM 00’ €KTOM. 3a HALIUM MEPEKOHAHHIM TaKUM KpPUTEpieEM Ma€ OyTH MaKCHUMI3allist
npuOyTKy 13 0OMEXEHHIM SIKOCTI MPOAYKLIi, 1110 BUpoOsteThesi. Came Takuid MiAXiJ CTBOPIOE
BCl YMOBHU JJIsl BJIOCKOHAQJIEHHSI TEXHOJIOT1H BUPOOHUITBA Ta 3abe3rneuye HEeOoOXIAHY SIKICTh
HOPOIYKIII.

BUCHOBKH

Taxum unHOM, y HaiOimxk4l 10 pokiB BICIM 3a3HAUYEHUX IMyHKTIB HEYNUHHO (POPMYIOThH
Maii0yTHe aBTomarm3amii. Lle pEeKOHCTPYKIisS TEXHOJOTIM 1 TEXHOJOTIYHUX MPHUMIIICHb,
BUKOPHUCTAHHS SKOMOTa TOBHIIMOI iHdGopMamii mpo cTaHu O10JOTIYHOTO HAIOBHEHHS
OioTexHIYHUX 00’€KTIB mpH (HOpMyBaHHI CTpaTeriil ympamiiHHS, MPOTHO3YBaHHA AMHAMIKA
MPUPOHIX 30ypeHb Ta BUKOPUCTAHHI PE3yJIbTaTiB B YIPaBJliHHI, pOOOTH3aIlisI BUPOOHHIITRA,
BUKOPUCTAHHS INTYYHOTO IHTENEKTy Uit (OpMyBaHHS CTpaTeriii ympaBiiHHSA, IIO
MaKCUMI3YIOTh NMPHUOYTOK BUPOOHHUIITBA 332 YMOB 3a0e3IeueHHs 3a7aHoi SKOCTI MPOAYKIIi,
BUKOPUCTAHHS TOHOBJIIOBAIBHUX JIKEPENT €Heprii Ta 3acTOCyBaHHI TeXHOJIOTiH I[HTepHeT
pedet 11 AUCTaHIIIHHOTO YIPaBIIiHHS BiMOBITHUMHU 00’ €KTaMH.
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IHBAPIAHTHA CAP 3 IIOIIIYKOBO! OIITUMIBALIIEIO KOEDIIIEHTA ITEPEJAUI
Y MOJEJII KOPUI'YBAJIBHOI'O 3B’ A3KY

AHoOTamisl. Y cTaTi po3risgacThCsd CHCTEMa aBTOMATHYHOTO pEryJIIOBaHHS sKa peaji3ye
KOMOIHOBaHWH TPUHIIAIT KEPYBaHHS 3 1HBapiaHTHICTIO BITHOCHO Jii KOHTPOJIEOBAaHUX 30ypEHb.
IIpn moOynoBi iHBapiaHTHOI CHUCTEMH aBTOMAaTHYHOTO PETYJIOBAHHS BHKOPHCTOBYBABCS
npuHOun aBokaHanbHOCTI B.H. IlerpoBa. 3a muM npHHIMIIOM MaTeMaTHdHa MOJEIb KO-
PUTYBAJIFHOTO 3B’S3KY BKJIIOYA€E B ce0e MaTeMaTH4HI MOJeNi 00’ €KTy KepyBaHHS 3a KaHaJIaMH
Iii KOHTPOJIBOBAaHMX 30ypeHb Ta KaHAy KepyBaHHA.  JlWHAMiYHA TOYHICTH CHCTEMH
aBTOMATHYHOTO pPETYNIOBaHHS I1HBapiaHTHOI IO KOHTPOJIBOBAHUX 30ypeHb 3aJCKUTHh BiA
TOYHOCTI 3aBJaHHS LUX MoOJeNiell 30KkpemMa iX mnapameTpiB. PesynbraTamMu MOZIETIOBaHHS
MIATBEPIKEHO, 1[0 AWHAMIYHA TOYHICTh CHCTEMH 3HAYHO 3AJICXKHTh Bijl 3HAYCHHS KoedimieHTa
nepenadi 'y MareMaTHU4YHI MOJeNi KOPUTYBAJIBHOTO 3B’SI3KYy 1 I 3aJIeKHICTh Mae
eKkcTpeManbHui Xapakrep. KoediuwieHT mnepenadi Mozeni KOPUTYIOUOTO 3B’SI3KY JOPIBHIOE
BiTHOIICHHIO KoedillieHTa TepeAaui Mojeni o00’€KkTa KepyBaHHS 3a KaHAJIOM  JIii
KOHTPOJILOBAHOTO 30YpEeHHS I0 KoedillieHTa mepeaadi Moaeii 00’ eKTa 3a KaHaJIOM KepyBaHHS.
B ymoBax mapameTpWdHOI HEBH3HAYEHOCTI 1 HECTAI[IOHAPHOCTI BIIACTHBOCTEH 00'ekTa
KepyBaHHS 3HA4YeHHS IIMX KOCQIIieHTIB Ha eTami CHHTE3Y CHCTEeMH aBTOMAaTHYHOTO
pEryJIIOBaHHS MOXYTh OyTH OTPHMaHi JIMIIE NMPHOIU3HO Ta B IMPOIEC] eKCIUTyaTamii 3HaYHO

3MIiHIOBaTHCS. ToMy 3ampoOIOHOBaHO onTHMalbHE 3HAYeHHS KoedillieHTy mepenadi
KOPHUT'YBAJIBHOTO 3B’SI3KY BH3HA4YaTH Oe3lOocepenHhO MPH POOOTI CHUCTEMH PETYIIOBAaHHA Y
peaJbHOMY 4Yaci 3 BUKOPHCTaHHSIM €KCTPEMAJIbHOTO  MOIIYKOBOTO  allTOPUTMY 13

3anam'sTOBYBaHHSIM EKCTpeMyMy. Y CTaTTi HaBEJICHO IPUKIAJ] CTPYKTypHOI CXEMH Takoi
cucreMd. B Hiii mependadeHoO He TUIBKHM peanizaififo  0e3mocepeIHbo eKCTPEMaTIbHOTO
MOLIYKOBOTO aJrOPUTMY, a 1 CIIEIialbHUX aITOPUTMIB aBTOMAaTHYHOTO BKJIIOYCHHS Ta 3yITUHKH
MOUIYKOBOTO alrOpUTMYy. JloCmimKeHHsT poOOTH CHCTEMH MPOBOJAMIMCS METOAOM IMITaIlifHOTO
MozemoBaHHs B cepemoBumyi Simulink cuctemu — MatLab. Pesynbraté  MojentOBaHHS
MATBEPKYIOTh Tpane3aaTHICTh po3podiieHol cucteMn i e(eKTHBHICTD il poOOTH B ymMoBax
3MiHM Koe(illieHTIB mepenadi y KaHanax 00'eKTy KepyBaHHsI ITi/l 4ac HOro eKcIuryararii.

Kuro4oBi ciioBa: quHAMIYHA TOYHICTB; CHCTEMa aBTOMAaTHYHOT'O PETYJIFOBAHHS, IHBAPiaHTHICTE;
KoeQiIieHT mepenadi; OnTUMi3allis.

1. BCTYII

[ToGynoBa CAP iHBapiaHTHHUX /10 KOHTPOJHOBAHUX 30ypeHb Ha OCHOBI NPHUHIIMITY
nBokaHasbHOCTI b.H. TleTpoBa 1103BOJISIE 3HAYHOIO MIPOIO KOMIIEHCYBATH HACTIAKA Jii IHX
30ypeHb 1 3HM3UTH moxuOku cradimizamii. B CAP sxa moOymoBaHa 3a HHUM MPUHIIUIIOM
MaTeMaTHYHAa MOJIeh KOPUTYBAJIBHOTO 3B’SI3Ky BKIIIOYaE B cebe MaTeMaTH4YHI MoOJeni
00’€KTy KepyBaHHA 3a KaHaJlaMu Jii KOHTPOJbOBAaHUX 30ypeHb Ta KaHaly KepyBaHHS.
JluHamiuHa TOYHICTh CHCTEMH I1HBApPIaHTHOI J0 KOHTPOJbOBAHMX 30ypEHb 3aJEKUTh BiJl
TOYHOCTI 3aBJaHHS IIMX MOJEJEH, 30KkpeMa IX mapamMeTpiB.

st 00’eKTiB  TEXHOJOTIYHOTO THUITy KOE(IIIEHTH TIepenayi 3a KaHajJaMu
KOHTPOJIbOBAaHUX 30ypeHb Ta KepyBaHHs Ha eTami cuHTe3y CAP BiZjoMi He TOYHO, a B IIpolieci
eKcIuryaTarlii 00’€KTa MOXXYTh CYTTEBO 3MIHIOBAaTHCS. TOoMy 3amporOHOBAHO ONTHMAbHE
3Ha4eHHs KOoe(Ili€HTy mIepeaayi KOpUTYBAIbHOTO 3B’S3Ky BH3HAa4YaTH O€3MOCEPETHBO IMPH
poOOTI CHUCTEMH pETYyNIOBAaHHA y peaJbHOMY 4Yaci 3 BHUKOPHUCTaHHSM  EKCTPEMaJIbHOTO
MOUTYKOBOT'O QJITOPUTMY 13 3allaM'STOBYBaHHSIM €KCTPEMYMY.

AHaJi3 oCcTaHHIX gochaigxkeHb i myOaikamiii. B imkeHepHiH MpakTHUIll TOCHUTh YacTO
peanizytotb komOiHoBaHi CAP iHBapiaHTHI 10 KOHTposiboBaHMX 30ypeHb [1]. T'orosi
porpamMHi MOy JJIsl peajtizallii TaKuX CHCTEM IHTETPYIOTh O€3MOoCepeHbO y 010I10TeKn
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Cy4acHHUX HporpaMHux cepenoBuill (Hampukianx cepenosuiie SIMATIC PCS 7) [2]. Ilpu
pearizanii cucTeM iHBapiaHTHHX JI0 KOHTPOJIbOBaHHX 30ypeHb MapaMeTpH KOPUTYBAIBHOTO
3B’A3KY 3aJIMIIAIOTh (DIKCOBAaHMMM, L0 B YMOBaX HecTalioHapHHX BiactuBocteid OK moxe
3HMKYBATH 1X JUHAMIYHY TOYHICTb.

Hageneni B [3] pe3ynbTaTH AOCHIKEHb MOKa3yrOTh 1m0 Mo0ynoBa CAP iHBapiaHTHUX
JI0 KOHTPOJIbOBAaHHUX 30ypeHb 3 aJrOpPUTMAaMHU MPOTHO3YBaHHS KOHTPOJIBOBAHHX 30ypeHb Ta
ONTUMI3AIli€I0 1HTEpPBaJly MPOTHO3YBAaHHS Yy pealbHOMY 4aci Ha OCHOBI E€KCTPEMallbHOI'O
MOUTYKOBOTO AJTOPUTMY 13 3alaM'sTOBYBAaHHSIM EKCTPEMyMY JO3BOJIJIO 3HAYHOIO MIipOIO
HOKPAIIUTH TUHAMIYHY TOYHICTh CUCTEMH PETyJIFOBAHHS.

Meta gocaimxkeHHsi. MeToro JOCIIIKEHHS € MiABUIIEHH AuHaMidyHol TouHocTi CAP
1HBapiaHTHOI 10 KOHTPOJIbOBAHUX 30YpPEHb B yMOBax KoM Koe(illieHTH mepesiadi B KaHajlax
Il KOHTPOJIbOBAaHUX 30ypeHb Ta KaHaJll KEPYBAaHHS B MPOLEC] eKCIUTyaTalii 00'eKTa MOXYTh
CYTTEBO 3MIHIOBAaTHCA 3a paxyHOK IIOLIYKOBOI omTuMizalii koediumieHTa mnepenadi y
MaTeMaTHYHIi MOZEI KOPUTYyBaJIbHOTO 3B SI3KY.

2. METOJH JOCJIIKEHHS

Jlis mpoBeNeHHs NOCIHiIKEHb K OCHOBHHN BHMKOPHCTOBYBABCS METOJ| IMITAIIfHOTO
MozenoBaHHa B cepenoBuill Simulink cuctemu Matlab. Ha pucynky 1 mpeacraBiena
3aNIeXKHICTh KpuTepito omrumanbHOCTi (I - cepemHbOKBaJIpaTHYHE BIIXUICHHS TOMUIIKA
peryiroBaHHs) BiJ Koe(dilieHTy Mepedadi KOPUTYBAIBHOTO 3B'SI3KYy Ta CTPYKTypHa cxema
inBapianTHOi CAP 3 eKkcTpeMajbHHM TOIIYKOBHM QJITOPUTMOM ONTHUMAIBHOTO 3HAYCHHS
koedilieHTa nepeaayi km B Moziesni KOpUryBajibHOTO 3B’ SI3KY.

PEAC:

«CKHUI I_
Gy (Agrr—d v
[ W] 3
A l 4

02 0.4 06 oA 1 12 14 16 18 2

Pucynox 1. Cmpyxmypua cxema insapianmuoi CAP 3 onmumizayiero koeiyienma nepedaui
Km 6 MoOeni Kopu2ysanbHo20 36 13Ky ma 3a1eHCHICIb KpUmMepio OnmumMaibHOCMI 610
Koegiyicumy nepedaui KOpU2y8aIbHO20 36'A3KY NPU PI3HUX 3HAUEHHAX HOPMOBAHUX
Koegiyicnmie nepedauik/; i K 6 KaHanax KkepyearnHs ma Oii KOHMPOALOGAHUX 30YPEHb.
Jns ontumizarii koedimienta nepegadi km B MoJeni KOPUTYBaJIbHOTO 3B S3KY CTPYKTYypHa
cxema iaBapianTHOI CAP Oyna momoBHeHa 0J0KOM po3paxyHKy kputepiro «bPK» i Giiokom
ontumizamii «bO». ¥ «bPK» BHKOHY€TbCS pO3paxyHOK OIIIHKH CEpPeTHBLOKBAJAPATHIHOTO
BIIXWIICHHS TTOMUJIKH PETYIIOBaHHS Oy (tt,c) Ha KOB3HOMY iHTepBami uacy. Po3paxyHOK

ﬁﬂ},(t.toc) BHUKOHYETHCSI METOJIOM EKCIIOHEHIIaabHOTO ocependeHHs. Y «bO» merextop
3poctarouoro curxany (J3C) meperBoproe Gy, (ftec) B 3BOPOTHHH CHIHAN i «IIPOITyCKae»

yepe3 cebe TUIbKH HOro 3pocTarode 3HA4YEHHS. Y TOMY BHIQJKY, SKIIO CHTHAJI TTOYHWHAE
3MEHIIYBaTHCS, TO Ha BHUXOJl JETEKTOpa 3aJMIIAEThCA MaKCHUMAajbHE 3HAYEHHS CHUTHAIY.
@ineTp HE3BKHX vacToT (PHY) i 30Ha HewyTimBocTi ([T) ciryxaTh 3aXHMCTOM BiJ IIyMiB,
nomnepemkaoun HernpaBuiabHi peBepcu. [Ipuctpiit pesepcy (IIP) Bumae immynsc Ha 3-X
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No3ulliiiHe pelne, sike 3Mylrye BukoHaBuumil mpuctpiii (BII) (iHTerparop) 3MmiHIOBaTH Ha
CBOEMY BUXOJi 3HadyeHHsS Kk, (t). Y MOMEHT peBepCcy uepe3 3ami3HeHHs (Horo 3HaYeHHS

BIJINOBIJIa€ C€KBIBAJCHTHOMY 3alli3HIOBAHHA B KaHaJIl KEPYBaHHS) BHJIAETHCS CHUTHAJ
«CKUIaHH», skl oOHynsse OHY, i ma Buxin [IBC 3ammcye moTo4He 3HAYEHHS CHUTHATY
3BOPOTHOTO G4y (L,tsc).

3. PE3YJIBTATHU TA OBI'OBOPEHHS

Ha pucynky 2 mnpencraBieHi dparmentn MozaemoBanHs CAP npu miHIWHIA 3MiHI
koedinienty nepenaui Mogeni OK 3a kaHaoM Jii KOHTPOIOBAHOTO 30ypeHHS Kgy.

14

I i i I i i I i i
L 1000 2o00 2000 4000 G000 000 Fooa g000 S000 10000

Pucynox 2. Junamixa 3minu koeghiyienmy nepedaui mooeni OK 3a kananom oii
KOHMPOIboBano2o 30ypennsa Kay, pecynvosanoi sminnoi' y(t) ma xoegiyienma ky, npu

Mmooenoeanus pooomu ineapianmuoi CAP i pobomu noutyko8o2o anieopummy onmumizayii.

AHami3yro4un pe3ynbTatd (puc.2) MOXKHA 3pOOUTH BHCHOBOK IO cHcTeMa €()eKTHBHO
BIJICTIITKOBYE 3MiHH KoedillieHTa mepeaadi kﬂq MEepIOIMYHO BMHKAOUHM TOITYKOBHMA

QITOPUTM oNTUMIi3alii k,, 1 (IKCyl0UM HOT0 HOBE ONTHMAJIbHE 3HAYEHHS K, TPU SKOMY

3a0e31mevuyeTbesi MiHIMaJIbHE TOTOYHE 3HAYEHHS IMOKa3HUKA SIKOCTI I.
BUCHOBKU TA NEPCIIEKTUBHU ITOJAJBIHINX JOCIIIKXEHDb

Pe3ynpraTi MozenroBaHHS MiATBEP/UKYIOTH Ipale3JaTHICTh po3po0ieHoi cucTeMu i
epexTuBHICTh i poOOTH B ymMoBax 3MiHM KOe(]iIlieHTIiB mepemadi y KaHamax O0O0'€KTy
kepyBaHHs. CucTemMa BHM3HA4a€ ONTHMAalbHI 3HAUYEHHS SIK HPU (IKCOBAaHMX 3HAUYCHHIX
koedimieHTiB niepenavi y kanamax OK rtak i mpu ix 3miHi. J[0 HEITOMIKIB CHCTEMH MOXHA
BIJIHECTH BTpaTH Ha MOUIYK, N[0 BUHHUKAIOTH NpH ii poOOTi. 3MEHIIEHHS BTpAaT Ha MOUIYK
BUKOHAHO IUISXOM 3aCTOCYBAaHHS CIIEIIAJIbHUX aJTOPUTMIB sKi y pa3i HEOoOXiJTHOCTI
BMHKAIOTh aJITOPUTM TIOIIYKY Ha HETPUBAIWH Hac.

IHOCNJIAHHA
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BATATOPIBHEBA OPI'AHI3ALIISI MEPEXXEBOI B3AEMO/III CUCTEM Y
NETCRACKER

Anoranis. [IpoananizoBano cnenugiky OaraTopiBHEBOI Oprasizamii MepekeBOi B3aeMOIil
CHCTEM Ha OCHOBI mpuiiomy nexommo3uilii. Omuicano cemupiBHeBY Moaens OSl, 1o Bu3Hauae
pi3Hi piBHI B3a€MOJII CHCTEM, sIKa € OCHOBOIO ISl CTBOPEHHSI KOMITTOTEpHHX Mepex. OmucaHo
OCHOBHI MOKJIMBOCTI Tiporpamuoro makery Netcracker. BusueHo 3acTocoByBaHHS TIPOTPAMHOTO
makety Netcracker st cTBopeHHsT 6araTopiBHEBOTO MPOEKTY. MeTor poGOTH € BHUCBITIICHHS
cnermiku pearmizamii OGaraTopiBHEBOi oOprasizamii MepexeBoi B3aeMOZIl y NPOrpaMHOMY
komiuiekci Netcracker. B pesynbrari poboTi moOyaoBaHO OaraTopiBHEBY MepeXy Ha OCHOBI
apxiTekTypu "KiIieHT-cepBep" 13 3amaHuM oOjamHaHHIM. OIKMCAHO MOBHY IMOCTIIOBHICTH MHii
IUTsE TOOYTOBHM 0araTOpiBHEBOTO MPOEKTY.

Karouosi ciioBa: Netcracker, mogens OSI, koM’ 1oTepHa Mepexa, 6araTopiBHEBUI MPOEKT.
1. BCTYII

Opranizalis B3aeMOJI1i MK IIPUCTPOSIMU Y MEPEXKI1 € CKIIQAHUM 3aBIaHHIM. SIK BiOoMO,
JUIs  PO3B'A3aHHS CKJIAJHUX 3aBAaHb BUKOPUCTOBYETHCS YHIBEpCalbHUN mHpuiloM -
JIEKOMITO3HIIIsl, TOOTO pO3OUTTA ONHI€T CKIATHOT 3a7a4i Ha OUTBII MPOCTUX 3a/1a4y-MOIYJIB.
[Iponenypa aexkoMmno3uuii BKJIIOYAE€ YITKE BU3HAYECHHS (YHKIIM KOXHOTO MOJIYJS, IO
BUpIIIYE OKpeMe 3aBJaHHs, 1 IHTepdeiiciB Mk HuMU [1].

bararopiBHeBe ysBiIeHHS 3ac00iB MEpeXeBoi B3aeMOJii Mae BiIacHy cneuugiky, 1o 3
npoueci oOMiHy MOBIJOMJIEHHSMHU OepyTh y4yacTh JIBI MallMHHM, TOOTO y pa3i HEoOXiJAHO
OpraHi3yBaTH y3TO/KEHY poOOTYy JIBOX «i€papXii».

Metoro poboTu € BUCBITIEHHsS creuu@iky peanmizamii OaraTopiBHEBOI oOprasizaiii
MepekeBoi B3aeMoii y mporpamaomy komruiekci Netcracker.

2. TEOPETUYHI OCHOBH

Ha mouatky 80-X pokiB HHM3Ka MiXKHApOJHUX OpraHizamii 31 cranmaprtuszamii — 1SO,
ITU-T Ta mesxi iHmI — po3poOMIM MOJENb, KA BIAIrpajia 3HAYHY POJIb Y PO3BUTKY MEPEK.
Lt Moaenp Ha3UBAETHCS MOJIEINb B3aeMoIiil BiikpuTux cucteM (Open System Interconnection,
OSI) a6o moxens OSI [2]. Mogens OSI Bu3HAUYae pi3HI PiBHI B3a€EMOJIIi CHUCTEM, JIa€ M
CTaHJApTHI IMEHa Ta BKa3ye, siKi (yHKIIT Mae BUKOHYBaTH KO>KeH piBeHb. Moaens OSI Oyna
po3pobiieHa Ha MiJICTaBl BEJIMKOrO JIOCBIAY, OTPUMAHOTO IpPH CTBOPEHHI KOMIT'IOTEPHHUX
MEpeX, B OCHOBHOMY TmuobaneHux, y 70-1i pokxu. Y wmozpeni OSI 3acobu B3aemoii
HNOJIISIOTHCA Ha CIM PIBHIB: MPUKIAIHUM, NPEICTaBHUIBKUN, CEaHCOBUH, TPAHCIIOPTHUH,
MepexKeBHi, KaHanbHUH Ta ¢iznyHuil. KojkeH piBeHb Mae CripaBy 3 OJJHUM MEBHUM aCHEKTOM
B3a€EMO/Ii1 MEPEKEBHUX MPUCTPOIB.

NetCracker® — mporpamuuii nmaker, po3poduenuii komnaniero NetCracker Technology,
JTO3BOJIIE CTBOPIOBATH MPOEKTH OOYHUCIIOBAIBHUX MEPEXK PI3HOI CKIAJHOCTI TOMOJOTIT 1
NPOBOJUTH iX aHaJli3 BUKOPUCTOBYIOUM TEXHOJIOTIIO iMiTaliiiHoro moxaemtoBaHHs. Ob6macTb
3actocyBaHHs nakeTy NetCracker — cTBOpEHHsI IPOEKTY MEPEKEBOrO PIIEHHS, TECTYyBaHHS
IbOTO pIIIEHHS 1 JOKYMEHTYBaHHS OCTaTo4yHoro BapianTy. basa manux oOmagHaHHA
JOTIyCKa€e, Xo4a 1 3 JEIKUMH OOMEXKEHHSMHU, JOJaBaHHSI HOBOTO OOJIaHAHHS 3
XapaKTEePUCTHKAMHU, SIKi 33/1al0ThCsI KOpUcTyBadeM [3].
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3. PE3YJIBTATH TA OBI'OBOPEHHA

3.1. CTBOpeHHsI Ta HAMOBHEHHS HOBOTO OaratopiBHeBoro mpoekty y Netcracker
CTBOpHMO HOBHIi IPOeKT. Y Opay3sepi npucTpoiB 3Haiaemo Buildings, campuses and
LAN workgroups. ITepenecemo oaun 3 06'extiB Building ma po6ouy obmacts. Po3kpremo
IPOEKT 1 BKOHTEKCTHOMY MEHI0 Bubepemo komaH 1y Expand, 11e cTBOpUTh HOBUIl MiJJPiBEHb.
HanoBHMMO NPOEKT BHUKOPUCTOBYIOUH apXITEKTypy "KIi€HT-cepBep". ApXITEKTypa
KJIieHT — cepBep (client-Server architecture) — e konuenuis iHpopMaliitHOT Mepexi, B SKii
OCHOBHA 4YaCTHHA ii pecypciB 30Cepe/KEHa B cepBepax, OOCIYrOBYIOUMX CBOIX KIIIEHTIB.
PosrnsiHyra  apxiTekTypa BU3HAua€ JBa TUIHM KOMIIOHEHTIB: CEpBEPH 1 KIIEHTH.
Bukopucraemo ckoHdirypoBani mpuctpoi. Y Opaysepi poskpuemo LAN workstation 1
obepemo Ethernet workstation y Bikui Building. Jani pooumo nyonikatu y menro Edit —
Duplicate. ¥ Devices poskpuaemo Switches —>Workgroup —>Ethernet —>Generic devices.
Ethernet switch 3'sButbcs B maHenmi 300pakeHb MPHCTPOIB, TaM O00EPEMO KOMYTATOp.
CTBOpHMO 3B'SI30K Bil poOOYOi CTaHIlli 10 KOMyTaTopa. 3B'SXKEMO  KOMYTATOp 3 JAPYTOr0
po60YOIO cTaHIli€r. 3pobuMo oToYHMM BikHO caiity Top. Bubepemo Buildings, campuses i
LAN workgroups B 6pay3epi npuctpois. Bubepemo i meperecemo pobody Ipymy y BIKHO
caittry Top. 3'ennaemo pobouy rpymy i Building. Beranosmoemo 3’30k misk Ethernet Switch
B BikHi caiity Building Ta Workgroupcaiity Top. 3'ssButbkcs mianor AcucTeHTa 31 3B'S3KiB Ta
obupaemo Link mms 3aBepienns 3B's13ky. Termep po6oua rpyma i Building 3’eanani. Jlomamo
nBi cranmii 3 E-mail cepBepom Ta nBi 6€3 cepBepa. Y Opaysepi IpHUCTPOIB 3HAUIEMO PO3ILT
"Network and enterprise software" i obupaemo "Server software". 3'IBASTbCS TOCTYIIHI THITHA
cepsepiB. [lepenecemo E-mail server na n1Bi po6oui cranuii. BctanoBuMO KilieHT-cepBepHUI
tpadik (Set traffic - E-mail). V Bikui caiiry Top kmannemo po6ouy rpymy Workgroup, morim
y BikHI Building obepemo poboduy craHIiito 6e3 cepBepHOr0 MPOrpaMHOTO 3a0e3MEUCHHS, Y
BikHI 0Opanus Tpadiky Buoepemo Small office environment. 3anmyctumo mepexy (Puc.1).

W NetCracker - Netl -
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Pucynox 2. Pesynomam pobomu

Omxe, moOynoBaHUN OaraTOpiBHEBUH MPOEKT BUKOPUCTOBYIOUH apXiTEKTYpy "KIII€HT-
cepsep'.

4. BUCHOBKMU TA IIEPCIIEKTUBH INIOJAJIBIIUX JOCJIIT’)KEHD

NetCracker  mo3Bossie  po3poOyATH  OaraTOpiBHEBI  NMPOEKTH i3 33JaHUM
NPOCKTYBAJIBHUKOM CTYICHEM JeTaii3allii, Mpu IbOMY € JIOCHTh 3pY4YHH iHTep(eic Ta
3ac00M MIBHIKOTO TEPEerisiay BCiX piBHIB mpoekrty. s peamizamii GpyHKUiH imiTanidHOTO
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pI3HUX TPOTOKOJIB; 3aco0M BI3yaJlbHOTO KOHTPOJIO 33JaHUX MapaMeTpiB; 3aco0u
HAaKOIMMYEHHS CTAaTUCTUYHOI iHGopMamii Ta (opMyBaHHS 3BITHOI JOKYMEHTaIli Ipo
NPOBE/ICH1 eKCTIEPUMEHTH.
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HIABULIEHHS EOEKTUBHOCTI YTUJII3ALIII TEILJIA ITAPOIIOBITPSIHUX
CYMIIIEM HA OCHOBI 3ACTOCYBAHHS ITAPOKOMITPECIMHMX TEITUIOBUX
HACOCIB

AHoTanisg. Po3risHyTO akTyaslbHICTh 1 HEOOXIIHICTh 3aCTOCYBaHHS CHCTEM, IO JIO3BOJISIOThH
YTHII3yBaTh TEIUIO MapoIMOBITPSIHUX CyMilllel sIK €HepreTHYHUX BiaXoliB. Po3risHyTO pi3Hi BapiaHTh
yTHI3aIil Ha TMPHUKIAAI Ta30BHX KOTIIB, SK JKEpeNia BEIUKOI KUTBKOCTI CHEPreTHYHHX BIAXOMIB Y
BUTJISAII TUMOBHUX Ta3iB, BUAUICHI 1X HEAOMKH. [l OUThII TITMOOKOT YTHIII3aIll Teluia mapomoBITPSHUX
CyMillleil 3arpoIlOHOBAaHO MOJJIMBICTh 3aCTOCYBaHHS TEIUIOBOTO HAacoca, a TaKOX YAO0CKOHAJIEHHS
CHCTEMH aBTOMAaTHYHOTO KEPYBAHHS MPOIECOM YTHIIi3alil Temjia IMMOBHX Ta3iB 3 TEIUIOBUM HAacOCOM y
CKJIafi, JUISl TOAANBIIOTO IMiJABHIIEHHS eHepreTHyHoi edexTuBHOCTI. [IpencraBiena mapameTpu3oBaHa
cXeMa TEeXHOJIOTIYHOTO IIPOLeCcy yTHIli3allii Teria AMMoBuX rasiB. HaBeneHi pe3ynbraTu eKCIepuMEeHTIB,
0 JOCHIPKEHHIO TIPOIecy YTHII3allil B aBTOMATHYHOMY peXuMi Ha (i3udHIA Mozemi, po3poOieHii
aBTropamu. lIpoBemeHo aHami3 pe3ynbraTiB. BukoHaHA CTPYKTypHa iZeHTH]IKAIis MpoIecy yTHi3amii
TeIUIa TUMOBHX Ta3iB sIK 00’ €KTy KepyBaHHSA, BUIUICHI OCHOBHI KaHAM KEPYBaHHS, ITEPEXPECHI 3B’ I3KH
MK HUMH, Ta HaWOIIbLI BIUTMBOBI 30ypeHHs. CKialeHO MmapaMeTpUuHy CXeMYy MpoLecy SK 00’€KTy
kepyBaHHs. [IpoBelneHO mapamMeTpu4Hy iJeHTH(]IKALII0 OCHOBHHX KaHANIB KEPyBaHHS, MEPEXPECHUX
3B’SI3KIB Ta KOHTPOJILOBAHHMX 30ypeHb B XOi SIKOT OTpMMaHi MaTreMaTH4YHi MOJIeJI OCHOBHUX KaHaJiB
MIEPETBOPEHHS KOOPANHATHHX JIiH.

KoaiouoBi ciioBa: nociipkeHHs, TETUIOBUH HACOC, YTHIII3allisl TeIUIa, CTATUYHI XapaKTepUCTUKH,
JIMHAMIYHI XapaKTEepUCTHKH.

1. BCTYII

[TocriiiHe 3pocTaHHA BapTOCTI EHEProHOCIIB Bce OUIbLI 3aroCTPrO€ MUTAHHS
eHeprozoepexxeHHsi. OZHMM 3 3axOfiB, IIO JO3BOJSI€ 3HU3UTH EHEPreTHYHI BUTpPATH Ha
BEJICHHSI TEXHOJIOTIYHOI'O IMpOIIECy, € yTHIIi3allisl TEIIOBOI €Heprii eHepreTUYHUX BiIXOIB,
1110 YTBOPIOIOTHCS MPH BEJICHHI TEXHOJOTTYHOTO MPOIIECY.

2. TEOPETUYHI OCHOBH

VY [1, 2] Oyno po3rIsIHYTO TEIUIOBHM MOTeHITian maponoBitpsaux cymimei (ITI1C), sxi
VSBISIOTE COOOI0 E€HEpPreTHYHI BiIXOAM TEXHOJOTIYHMX NPOIECIB Ta aKTyaJbHICTh
3aCTOCYBaHHS CHCTEM yTWii3alil ix Temia. Lle 103Bosisi€ 3MEHIINTH €HepreTUYHI BUTPATH Ha
BEJICHHS TEXHOJIOTIYHOTO TIPOLECY Ta 3HU3UTH COOIBapTICTh TOTOBOI MPOAYKIii. 3HAYHY
KUTBKICTh €HEPreTHYHUX BIJIXOJIB YTBOPIOE TEIUIOTeHEpYyroue oOJaJHaHHS Ha 0a3i Ta30BHX
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KOTiB. HallOinbIl CyTTEBUMU € BTpaTH 3 TUMOBUMH razaMi, SiKi MOXKYTh CKianatu 1o 15%
[3].

PisHOMaHITHI cucTeMH yTuii3allii Teriaa AUMOBUX Ta3iB, MOUIUPEHI Y MPOMHUCIOBOCTI,
pO3MIISIHYTO Ta JOCHIDKEHO y 0ararbox JpKepenax, 30kpema y [4]. usa orpumaHHA
MaKCHUMaJIbHO MOXJIMBOI KUIBKOCTI TEIJIOBOI €HEeprii HEOOXiAHO OXOJIOIUTH IUMOBI Taszu
CYTTEBO HIKYE TOYKHM KOHJICHCAIlil BOJISHOTO Iapy, M0 BXOAWTH N0 iX cKiamxy. [ nmbOuHa
yTHIII3aMii Teria JUMOBHX Ta3iB Oyje 3anekaTd BiJl TOr0, HACKUIBKH BOHU MEPEOXOJIOMKEH]
B1JIHOCHO TOYKHU POCH.

st Bcix 1ux 3aco0iB iCHye 3arajibHa mpodiema — Al MaKCUMallbHOT yTHiTi3amii Terna
NOTPIOHO MaTu HABAaHTAXEHHA Yy BUIVIAJl CIIOKKMBaya TEIUIOBOI €Heprii 3 HU3bKUM
temneparypuuM mnoteHmianom (Bix 10 mo 30 °C). Tomy OJHHMM 3 MOXJIMBHX pillleHb
noOy/I0BM CUCTEMH TJIMOOKOT yTHIII3aIlli Tera € 3acTocyBaHHs TemioBoro Hacocy (TH). Lle
N03BOJIsiE€ 3HU3UTU TeMmriieparypy oxonomkeHHs [II1C i migHsaTH TemmepaTypHUil MOTEHINA
OTPUMAHOI TEIJIOBOI EHeprii, M0 CYTTEBO 30UIbLIYE KUIBKICTh BapiaHTIB MOIJIMBOTO ii
3aCTOCYBaHHS Ta J03BOJISE MIIBUIIATA €PEKTHBHICTh CHCTEMH yTwmi3amii B muiomy. [lpu
3HIDKEHHI TeMIIepaTypu OXOJIO/HKCHHS JTUMOBHX Ta3iB, IIIHMOWHA YTHTI3aIlli TETIOBOI eHeprii
pocTe, OJHAK MPH I[LOMY 1 3pOCTAIOTh TUTOMI BUTPATH €HEPTii HA pOOOTY TEIIOBOT'O HACOCY 1
3HUXKYETHCS EHEpreTUYHa e(hEeKTUBHICTh CUCTEMH YTHIII3aLli B IIOMY.

[TinBuIIEeHHS] eHEePreTHYHOI €(EKTUBHOCTI Ta HAAIMHOCTI CUCTeMH TNIMOOKOI yTHIIi3allii
3 BUKOpucTaHHAM TH MOXITuBe 3a paxyHOK pO3pOOKH Ta BIPOBADKEHHS BIOCKOHAJICHHX
anropuTMiB KepyBaHHs. Lleli eram morpeOye BeNMKOI KUTBKOCTI MOMEPEIHIX ITOCTIKEHb. 13
3acTOCyBaHHSIM (i3MyHOI Mojemi OyJio TPOBEACHO psijl SKCIEPUMEHTIB 3 JOCHIIKEHHS
nponecy yrmmzanii Teria [T1C sk 06’ exty kepyBanus (OK).

[TapamerpuzoBana cxema mpoiecy IHOOKOI yTHIIi3amii Tera 3 BUKOpUCTaHHsIM TH
MpeJICTaBIeHa HA PUCYHKY 1.

Tormy 1
[

o cucresm onanesn

Teodp

Pucynox 1. [lapamempusosana cxema npoyecy enubokoi ymuaizayii menia 3 GUKOPUCIMAKHAM MeENL108020
Hacocy

AHani3 mitepatypHux Jxepen [1-4] mokasye, 1o s 3a0e3neueHHss HOpMaiabHOI poOoTH
TH B cucteMi ynpapiiiHHS HUM HOBUHHI OyTH NPUCYTHI MiHIMYM 2 KOHTYpHU KEpyBaHHS:

1. KoHTyp KepyBaHHS TeMIIEpaTypol0 IMEperpiBy MapiB XOJOJ0AareHTy Ha BUXOJ1
BUMapHHKA. BiH 3a0e3meuye, 3 0HOTO OOKY, BIJICYTHICTh B CKJIaJl XOJO0areHTy Ha BXOJll B
KOMITpecop KparenabHoi (a3u, a 3 IHIMIOro OOKYy - MaKCHMAalbHO MOXKJIMBE 3aBAHTAKCHHS
BUMapHHKA. [Ipu boMy BeTHUYMHA TIEPETPIBY BUPAXOBYETHCS K PI3HUIIST MIXK TEMIEPATYPOIO
nmapiB  XOJIOJJOAT€HTY Ha BHXOJAl BHUIIAPHHMKA Ta KIHIICBOIO TEMIIEPATypOI0 KUITIHHS
XOJIOJIOAreHTy, BUPaXyBaHOIO 10 PiBHIO THCKY MapiB XOJIOAOATCHTY Ha BIXO/Ii BUITAPHUKA.
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2. Kontyp kepyBaHHs mnponyktuBHicTi0O TH. PerynboBaHOIO KOOPIMHATOIO KOHTYpPY €
TEMIIepaTypa 0X0JI0HKYI0U01 BOJM HAa BUXO/Ii BUTTAPHUKA.

OCHOBHMMHM 30ypIOIOYMMH 3MIHHUMH JJIsi LUX KOHTYpPIB PETyJIIOBaHHS € TeMIeparypu
BOJIM Ha BXO/Il BUTAPHUKA Ta KOHAEHCATOPA.

3. PE3YJIBTATHU TA OBI'OBOPEHHSA

[Ipu npocnmijkeHHI pPEXUMIB pPOOOTH TEIUIOBOrO Hacocy Oyiau OTpuMaHi ciMelcTBa
KBa31CTaTUUHUX Ta TUHAMIYHMX XapaKTEPUCTHK TEIJIOBOIO Hacoca K 00'€eKTa KepyBaHHS
(OK) no ocHOBHUX KaHajaX KepyBaHHs Ta KOHTPOJIbOBAHUX 30ypEHb.

OTtpumani 3aJ1€)KHOCTI IEMOHCTPYIOTh CyTTEBHUI BIUIUB PEKUMY POOOTH KOHJEHCAaTOpa Ta
peXUMy pOOOTH KOMITpecopa Ha THCK XOJOA0AreHTy Ha BUXO/i BUMapHHKa. L{e cBimuuTh npo
HasBHICTh 3HAYHOTO MEPEXPECHOTO 3B'SI3KY 1 cunbHOT0 30ypenHs B OK.

Buxonguu 3 (i3u4HOI CcyTl TEIUIOBUX MpOLECIB, 110 npoTikatoTh B OK, Bigomo, 1o
BITHOCHO Yy MOBHIM Mipi MaTeMaTW4HO ILi MPOLECH MOXXYTb OyTH ONMCaHI HENliHIHHUMHU
TUQEpPCHIIMHUMA ~ PIBHSHHSIMH. AJie  TakoX BIJOMO, M0 HOMIHAJIBHUA  PEXKUM
¢dbynkmionyBanas OK 1oB’si3aHMil 3 MOPIBHSHO BY3bKHUM J11alTa30HOM 3MiH PETyJIbOBAHHX
KOOpAMHAT. A B TakOMy /iama3oHi MpoIecH MOXYyTh OYyTH OmNHCaHl JiHIHHUMHA
nudepeHIIMHIME PIBHSIHHIMH, TOOTO MPUITYCTUMOIO € JiHeapu3ainis moaeini OK. PesynbraTu
EKCIIEPUMEHTIB MIATBEPKYIOTh, 110 OCHOBHI KaHanu cuctemu Y T/ sik 00’ ekTa KepyBaHHS,
KU BITHOCUTHCS JI0 KJIACy TEIUIOBHX O0’€KTiB, MAalOTh BJIACTUBICTH CaMOBHPIBHIOBAHHS,
TOMY 1X MaTeMaTH4HI MOJIENI MOXYTb OyTH OIHMCaHI NMepeJaTHUMHU (YHKLISIMU MEPUIOrO Ta
JIPYroro MopsaKy.

BUCHOBKMU TA NIEPCIIEKTUBU NOJAJIBIINUX JOCJIII)KEHDb

3acTocyBaHHS TEIUIOBMX HACOCIB Yy CHCTEMax yTWIi3alii Teruia MapoTOBITPSHUX
CyMilllel € MEepCIeKTUBHUM HANpPSMOM, OCKUTBKU JIO3BOJISIE YTHIII3yBaTH OUIBIIY KUIBKICTH
TETUIOBOi E€Heprii, MmO B PEMTI-PeIT TMPHU3BEAE 1O 3HWKCHHS CIOXHBAHHS EHEpril
TEXHOJIOTIYHUM  miporiecoM. OpHaKk [uis JIOCATHEHHS MaKCHMAJbHOI E€HEepPreTHYHOL
e(eKTUBHOCTI HeoOXigHa po3poOKa BIOCKOHAJICHUX aJITOPUTMIB KEpPyBaHHS TEIIOBUM
HACOCOM Ta MPOIIECOM YTHIII3aIlil B IIIOMY.
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METOJI ABTOMATHU3ALIIL HIATOTOBKU OIITUMAJIBHOI'O CKJIALY
CYBCTPATY IS BIOI'A30BUX YCTAHOBOK

AHoTanisgs. Meroro po0GOTH € OOTpYHTYBaHHS METOAY AaBTOMATH3allii MiATOTOBKH ONTHMAIBEHOTO
CKJaMy JO3yBaHHS PI3HUX BHIIB OPTaHIYHHX BigXOMIB IO cyOcTpary 6iora3oBoi ycraHoBkw. s
JOCATHEHHSI TIOCTABIICHOI METH BHPINIyBAIWCS HACTYTHI 3aBIaHHS: BH3HA4YaBCS BHUXin Oiorazy 3
JIOZIaBaHHSAM JI0 CyOCTpaTy pi3HHMX OOCSTIB OpraHiuHHX BIAXOMIB MPH MEPIOANYHOMY 3aBaHTAXKEHHI
METAaHTEHKa; Ha OCHOBI OTPUMaHUX EKCHEPHUMEHTANbHUX TpadiyHuX [IaHUX 3AIHCHIOBAIOCH
3HaXOJDKEHHS I1HTEpBaly YHIMOJAJIbHOCTI JUIi MaKCHMalbHOTO BHMXOJAy 0iorasy; 3a JOHNOMOTOIO
METO/ly JTMXOTOMIl pO3paxoBYBaBCS ONTHMAJILHHH OOCAT [103YBaHHSI DI3HUX BHUJIB OpPTaHIYHHX
BIAXOMIB N0 cyOcTpaTy ajisi KBa3iOe3nepepBHOIO 3aBaHTaXKEHHS MeTaHTEeHKa. ExcrepuMeHTalbHi
rpadiuHi gaHi Buxoxy Oiorasy 3 J0JaBaHHSAM PI3HOTO CKJIaJly OpPraHiYHUX BIiIXOJIB OTpUMaHi NpU
MIPOBEJICHH]I JIOCHI/PKeHb Ha JabopaTopHiii OiorasoBiif ycrtaHoBHi KopucHuM oO'emom 30 i i
rasrojbJiepa Mokporo tury. O0poOka Ta BioOpakeHHS EKCIIEPUMEHTAIBHUX JAaHUX 3IHCHIOBAJIOCH
3a JIOTIOMOTOI0 CHENiAIFHOTO MPOrpaMHOro 3a0e3ledeHHs aBTOMAaTH30BAaHOTO POO0YOro MicIst
orrepaTopa-TeXHoJIoTa, 0 3abe3redye 3a JaHUMHU eKCIIEPIMEHTAIBHIX ITOCIiKEeHh BUXOy Oiorazy
MpH TEPIONUYHOMY pEXKHMI 3aBaHTAXCHHSA CyOCTpaTy 3 BHUKOPHUCTAHHSAM METONY IHXOTOMIii
BH3HAYATH ONTHUMAaJbHI O0OCATH OpraHaTy, KpOXMairo, OOpOIIHA, CHPOBATKH, CTIYHUX BOI
BUHOPOOHHMX BHUPOOHMITB, CHPOro TIIilepuHy, (¢y3y, COANCTOKYy Ta MeIsAcHOI Oapau s
KBa310e3MepeBHOI0 3aBAHTAKEHHS METAaHTeHKAa. B  pe3ysibraTi MNpPOBEICHUX JOCTIIKEHb 3
BUKOPUCTaHHSIM AaBTOMATH30BaHOTO pPOOOYOro MicIs oOmepaTtopa- TEXHOJOra BH3HAYAETHCS
ONTHMAaJbHA pELeNnTypa MA03yBaHHA pI3HUX BHIIB OpPraHIYHUX BIAXOIMIB Uil 1HTeHCHiKamii
30po/pKyBaHHsL CcyOCTpaTy B 010ra3oBili yCTaHOBII. B yMoOBax CHEpPreTMYHOI KpU3U 3HAYMMICTh
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Pe3yNIbTATIB JOCIIDKEHb IIONSIra€ B TOMY, IO NPU ONTHMAIBHOMY JOJABaHHI B METaHTEHK 3a
JIOTIOMOTOIO CTIEIiaIbHUX JJ03aTOPiB BKa3aHWX KOCYOCTpariB BHXija Oiorasy 30imbiryeThes B 1,5 pasu i
BHIIE, MiABUINIYETHCS BUPOOHHUIITBO TEIDIOBOI 1 ENEKTPHYHOI E€Heprii, a TaKo)X BHUCOKOSKICHUX
OpTaHIYHUAX JOOPUB.

KirogoBi cioBa: 6iora3oBi yCTaHOBKHM, METaHTEHK, CyOCTpar, OpraHidHi BiAXOIH, cyXa OpraHidyHa
pedJoBHHA, METaHOBE OpPOiHHSA, Oioras.

1. Beryn

VY 3B'A3Ky 3 3pOCTaHHAM BapTOCTI HMPUPOAHOTO Ta3zy, MOCTIMHMM 3MEHLIEHHSM HOTro
3amaciB Ta MOTIPUIEHHSIM €KOJIOTIYHOI OOCTaHOBKM y CBITI CHOCTEPIraeThCs MiABUILEHUN
1HTepeC 10 NEepCHEeKTHBHMX AlbTEPHATHUBHMX JpKepen eHeprii. OTHUM 13 Takux JDKepel €
Oioraz (MeTaH) — MaJMBHUI TIa3, OTPUMaHUM B pe3yJbTaTi aHaepoOHOI QepMeHTall
OpraHiqyHoi cupoBUHHU. JlaHUM TMpolec 3AIHCHIOETbCA Yy CHELialbHUX pe3epByapax —
MeTaHTeHKax OiorazoBux ycraHoBok (BI'Y). B sxocti cupoBuHM, $K mpaBuio,
BUKOPUCTOBYIOTbCS ~ BIIXOAM TBApUHHMLTBA Ta MNTaxiBHULUTBA. [l  miABUIIEHHSA
BUpPOOHUITBA Oiorazy Ha 3axodi 3acTocoByiOTh B bBI'Y pocimuuny 6iomacy. IloBHa
aBTOMATH3aIlisl BCIX MPOIIECIB MOHITOPHUHTY POCIMHHOI 010MacH 13 3aCTOCYBaHHIM KOCMIYHUX
amapaTiB Ta O€3MUIOTHUX JITaJbHUX amapatiB Juisi 010ra30BHX yCTAHOBOK Ta ii 30MpaHHs 3a
JIOTIOMOTOF0 ~ 0€3MUIOTHUX KOMOaWHIB BXOJWTH JO CTparerii pPO3BUTKY CyYacHHX
arporpoMHUCIOBHX 1 MAamMHOOYIBHUX KOMIIAHIM CBiTy. YKpaiHa HaleXWUTh A0 KpaiH i3
PO3BUHEHUM CLIBCHKUM TOCIIOAAPCTBOM, MPOAYKIIS SKOTO HE JIUIIE MepepoOiseThcs Ta
BUKOPHCTOBYEThCS B YKpaiHi, a i y 3HaUHI| KIJTbKOCTI €KCIOPTYEThCS 3a KOpaoH. [Ipu ripomy
0COOJIMBO aKTyaJIbHUM € MPpo0JieMa IMepepoOKH CLIBCHKOTOCIIOAAPCHKUX BiX0iB B BI'Y.

IMocTanoBka nmpodJemu. Sk Binomo, B cydacHux bI'Y mns otpumanns Giorasy 4acrto
BUKOPHUCTOBYEThCSI THIM Benukoi poraroi xymoow (BPX). Onmnak, Buxin Oiorazy mpu ioro
30pomKyBaHHI 3a gonoMoror BI'Y BimHOCHO HM3bKHH. TOMy akTyaqbHUM 3aBIaHHSIM B
yMOBaX €HEepreTMYHOi Kpu3l € MiABHMINEHHS BuXoAy Oiorazy 3 rHoro BPX 3a paxyHok
ONTUMAIILHOTO JIOJIABaHHSA [0 CyOCTpaTy pi3HMX BHJIB OpraHiYHMX BIAXOIIB SK
CTUMYJIIOIOUUX Tmporec OpomiHHsS mo6aBok. OnHak, HAa JaHUA Yac HEIOCTATHBO TMOBHO
BUpIillIeHa MpoOjieMa BH3HAYEHHS OOCATIB J0/JaBaHHS TaKHX JJ00aBOK, BiACYTHI 3acoOu
aBTOMAaTH3aIlil MArOTOBKH ONTUMAIILHOTO CKIIaay cyOcTpaTy A 610ra30BUX YCTaHOBOK.

AHani3 ocTtaHHix AochaikeHb i myOuaikamiii mTokasye, 10 J03yBaHHA BXIJTHHUX
cyOcTpaTiB Ta crerianbHuX JoMimok s BI'Y BinOyBaeThcs Ha OCHOBI OCOOMCTOTO JIOCBiTY
ormeparopa. Y JaHOMY BHIMAJIKy HEONTUMAJbHE KEPyBaHHS IMPOIECOM 3aBaHTAXCHHSIM
cyoctpatrom BI'Y mnpusBoaute n0 HeedektuBHOro 1ii BukopuctanHs [1], [2], [3].
[lepcrieKTHBHIM HANpsIMKOM YCYHEHHS 3a3HAU€HOT'0 HEJOJIKY € po3po0Ka Ta BUKOPHCTAHHS
B MaTeMaTHYHOMY 3a0e3ledyeHHi cuctemu ympaBiiHHS bBI'Y cnoemianbHoro meroay
ONITUMAJILHOTO JO3yBaHHS BX1IHUX CyOCTpaTiB Ta CHeniaJbHUX JTOMIIIOK.

Mertor0 gociaiizkeHHs1 € po3poOKa METOAy aBTOMaTH3allli MiATOTOBKM ONTHMAbHOTO
ckiany cyocrpary st BI'Y.

2. Metoau nocaiaKeHHs

Jliss mpoBenieHHsI eKCIIEpUMEHTATBbHUX JTOCIiKEHh BUKOPHUCTOBYBAIACh JlabopaTopHa
BbI'Y 3 meranTenkoMm kopucHuM 00’emom 30 11 3 dikcalliero BUXoay 6iorasy 3a JOMOMOTOK
MOKpOTO Tras3royipiepa. Pexum 3aBaHTaXEHHS CyOCTpaTy B METAaHTEHK — TIEPIOJUYHUM,
TemrepaTypHuit pexum podotu BI'Y — Me3o0¢inbHui.

Buxin 6iorasy mpu 30popkyBaHHI THOWO BPX He3HauHMiA, 10 HE J03BOJISE MIBUAKO
OKYIUTH KamiTaJOBKJIAACHHA. SIK MOKa3ylOTh pe3yJabTaTH AOCHIDKEHb JUISl MOKpAIeHHS
BUXOy 0i0Ta3y JOILUIBHO 10 CyOCTpaTy J0/1aBaTH KOCYyOCTpaTH OPraHIgYHHUX BiAXOJIB: CUPHUN
TIILEpUH, pO3MeIeHe HEeKOHIUIIIITHE 3epHO XIIIOHUX 3I1aKiB, COATNCTOK, Qy3, Mensica, 6apaa Ta
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inmi. [lpw gomaBaHHI BKa3zaHUX KOCyOCTpaTiB y HE3HAUHIM KIIBKOCTI BHUXiT Oiorasy
30UTBITYETHCS, IPH JIOaBAHHI BEIMKUX OOCSTIB JTOMIIIOK — BUXiJ] 0i0ra3y He3HAYHUH.

Opranizaliis ONTUMAIBHOTO JI03yBaHHS PI3HUX BU[IB OPTaHIYHUX BIIXOAIB 0a3yeThCs
Ha 3HAXOJDKEHHI TaKUX OOCSTIB CTUMYJIIOIOUMX MpOIeC OpOJIHHS JOMIIIOK, MPH SIKUX Ha
KO>KHOMY eTami ¢yHkuioHyBaHHs BI'Y 3abe3neuyeTbcs MakcuMaiabHUK BUXia Oiorasy. Ilicis
OTPHIMAaHHSl JAaHWUX EKCIIEPUMEHTAIFHUX JOCTI[UKeHb WIOAO0 JO3YBaHHS pIi3HUX BHIIB
OpraHiYHMX BIAXOMIB, 3a gonoMororo APM omnepaTopa-TexHojora MpoBOAUTHCS iX 0OpoOka
JUIsL BUSIBJICHHSI TIEBHUX 3aKOHOMIPHOCTEH, XapakTepy 3B’sI3KIB MK PiBHSAMHU (aKkTOpiB (X) 1
¢ynkuismMu Biaryky (y). OOpoOka pe3ynbTaTiB JAOCHIIPKEHb 3 BUKOpUCTaHHSIM APM
31ACHIOETHCS SIK JUISl BCIX OTPUMAHUX JIaHUX (TeHepajibHa CyKYMHICTb), TaK 1 BUOIPKOBO ISt
YaCTUHU OTPUMAHUX JaHHX (BUOIPKOBa OIIIHKA).

3araqbHa TIOCTAaHOBKA 3a7adl OMTHMI3aIil repeadadae HasBHICTh OJHOTO TapameTpa
onTuMizanii X (oOcsru momimiok) i miboBoi ¢ynkmii f(X) — max (Buxing Oiorasy), mio
BU3HAYAETHCS B 00JIACTi AOMYCTUMHEX 3HaYCHb XD, de D=[a, b], a a i b — milicui yucna. B
3aJISKHOCTI BiJl HAJAIITYBaHHS ONTHMAJIbHOTO KAJIBKYJIATOPA TONIYK ONTUMYMY MOXE OyTH
00Me)XeHUl MOIIYKOM MiHIMaJbHOIO 3HaYEHHS, 10 HE TPa€ CYTTEBOI POJIl, OCKUIBKH MOIIYK
makcumymy f(X) exBiBaneHTHHIA OMIyKy MiHiMymy — f(X).

CyTHICTP MeTOy aBTOMaTH3allii MIArOTOBKM ONTHMAJIBHOIO CKJIQAY cyOcTpary Ui
OTPUMAaHHSI MaKCHMaJbHHUX 00cCATiB 6iorasy mHojisra€e B TOMY, IIO Ha OCHOBI CTaTUCTHYHOI
00pOOKH eKCIEePUMEHTAIbHUX JAHUX OynyHOThCS rpadiku 3aJeKHOCTI BUXOXy Olorasy uis
pI3HUX CKJIaJiB CyOCTpaTy Ta BU3HAYA€ThCS IHTEpBaJl YHIMOZAIBHOCTI, B MEXax KOTPOTO
METOJOM JMXOTOMIl 3HAXOJUThCA ONTUMAIBHUM CKJaj CcyoOcTpary, 1o 3a0e3mnedye
JOCATHEHHS! MAaKCUMaJIbHOTO BUXOy Oiorasy.

Bupimenss uux 3anau 3aiiicHIOeThes 3a gonomororo APM omneparopa-texHosora, siKkui
KOHTPOJIIOE TIPOLIEC CTAaTHUCTUYHOI OOPOOKHM eKCHEepUMEHTANbHUX JIaHUX, BHU3HAYCHHS
IHTEpBaJly YHIMOAAJIBHOCTI Ta BHpPILNIEHHS 3a7adl OJHOMApaMETPUYHOI ONTHUMI3allii, IO
3MIACHIOETBCS. 3 BUKOPHCTAHHIM ONTHUMAJIBHOTO KaJbKYJbATOPa XMapHUX TEXHOJOTiH [4],
[5].

TakuM YHHOM, 32 JIOTIOMOTOI0 PO3POOJEHOr0 METOJNy aBTOMAaTH3allii MiJIrOTOBKH
ONTUMAJIBHOTO CKJIay cyOCTpaTy 3abe3neuyeThbesi OOIpyHTYBaHHS pELENTypH cyOCTpaTy JUist
OTpUMaHHS MaKCHUMaJbHUX OOCSTIB Oiora3y, IO B YMOBaX MiJBHINEHHS IIH Ha TPUPOTHUN
ra3 € ayKe aKTyaJbHUM 3aBJIaHHSM.
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[IPUHIIAIIN PEAJIIBALIIL OIITUKO-EJEKTPOHHUX IHTEJIEKTY AJII30OBAHMX
CUCTEM KEPYBAHHS ®I3I0JIOITYHMM CTAHOM POCJIMH

AHoTanis. AKTyaJbHOIO Ha CHOTOJHINIHIA JEHb CTAa€ po3poOKa HOBHX OioMenMYHHUX iHOpMamiiHO —

00YHNCITIOBAIBHUX 3aC00iB, 1110 KOMOIHYIOTH II€PETBOPEHHs i 0OpPOOJICHHS K ONTHYHOI aHAJIOTOBOI, TaK 1

JUCKPETHOI iH(OpMaIli 3 HOBUMH NOKAa3HWKAMH SKOCTi. Y IIbOMY IUIaHI OCOOJHMBO aKTyadbHUMH €

3aBJaHHs 0araToOKaHAJIBHOI MapalieIbHOro 00pOOJIEHHS ONTHYHMX CHTHAIIB Y peaJbHOMY MacmiTadi Jacy.

JUist BUPIIIICHHS BUIICBKA3aHIX 3aBJaHb, II0 CTOCYIOTHCS IiIBUIICHHS SIKOCTI W €(PEKTHBHOCTI TEXHIYHUX

3ac00iB TIEpeTBOPEHHSA, 0OpOOIEeHHS 1 BimoOpakeHHs iHPOpMAaIlii IPOIOHYEThCS BUKOPUCTAHHS HOBITHIX

JIOCATHEHb ONTOENEeKTpOoHikH. OFHWM i3 NUIAXiB BHUpIMIEHHS NHX 3aBJaHb € HOBHUA HAmpSAMOK —

ONITOCTIEKTPOHHI JIOTiKO-4acoBl CEpelOBHUINA, JI€ Pa3oM 3 EJIEKTPOHHUMH METOJaMH 3aCTOCOBYIOTHCS

ONTHUYHI METOM MOCIIAOBHOIO 1 MapaieabHOro 00podseHHs iHGopMarii. B ocHOBY peartizaliil mocTaBicHO

3a/1a4y CTBOPEHHS HPHCTPOIO [UIsl POCIHI3HABAHHS 300pa)KeHb 3 OKO-TPOLECOPHUM BHIUICHHSIM O3HAK,y

SKOMY 3a paxyHOK BBEJICHHS HOBHX OJIOKIB aHali3aTopa, CHHTE3aTopa-reHeparopa O3HaK, MOPIBHSHHS 1

(dopmyBaHHs 0a3u 3HaHb 1 BUOOPY €TAIOHIB,a TAKOK HOBHUX 3B’SI3KiB y OJIOKax aHalli3aTopa i CHHTE3aTopa-

reHepaTopa J0cAraeThesl napainenbHe o0pobieHHs yciei BXinHol iHdopmarii i CTBOPEHHS Pi3HHX CHCTEM

HESIBHO BHUPa)XCHHX O3HAK 300pa)KeHb Pi3HHX THUMIB. Po3poOieHuil mpUCTpiil 03BONUTH CHHTE3YyBATH

IHTEJIEKTyali30BaHy CHCTEMY KepyBaHHS (i3i0NOTIYHMM CTaHOM POCIHH, 33 JOMOMOTol0 (i3WYHHX

(axTOpiB BILTHBY

Ki11040Bi cj10Ba: ONTHKO-EIEKTPOHHI CUCTEMH, IHTENEKTyalIbHI aJrOpUTMH, (i310JIOTIYHUI CTaH POCIHH,

OTIPOMiHEHHS.

IMocranoBka mnpobaemu. JlocmipKeHHsS 3a JJTaHOK TEMOIO MPHUCBSYEHO BUPIILIEHHIO
BOXJIUBOI, 3 TOYKM 30py TapaHTyBaHHs HallOHaJbHOI Oe3meku YkpaiHu, mnpoOieMu
30UIBIICHHS TPOJOBOJBYOI TPOAYKINI  Ta  MIABHUINEHHA 11 SAKOCTI # OE3MEYHOCTI.
HpOHOHy€TBCH MEPCBCACHHSA iCHyIO‘II/IX, CHECPro3aTpaTHUX €KOJIOT1YHO HC6C3HC‘-IHI/IX,
TEXHOJIOT1H BUPOIIYBaHHS POCIHH CLIHCHKOTOCIOAAPCHKOIO MPU3HAYEHHS Ha TEXHOJOTI 13
3aCTOCYBaHHAM €JEKTPO(I3MUHUX KEpYIOUMX BIUIMBIB, L0 € NPUPOAHIMHU JJSI POCIHH.
3HayHa yBara NPUIUISETbCS OOTPYHTYBAHHIO CIIOCOOIB yMpaBiiHHSA (YHKIIOHAJIBHOIO
AKTUBHICTIO POCIIMH 32 JOMOMOTOIO €JIEKTPOMArHiTHOIO BUITPOMIHIOBAaHHS Ha PI3HUX CTaJisX
opraHorenesy. JlJis BupimeHHs AaHOi MpoOeMHy, MPOMOHYETHCS OOTPYHTYBAHHSI METOIB Ta
3ac00iB  KOHTPOJIIO 1 YHPABIIHHSA CLIBCHKOTOCHOJAPCHKUMHM TEXHOJOTisIMM, Ha 0asi
3aCTOCYyBaHHS (DI3UYHUX KOPUTYIOUMX BIUIMBIB 3 KOHTPOJEM (hi310J0TIYHOTO CTaHy POCIHH B
MacmrTabl peajpbHOro dYacy. 3 I[€I0 METOI MPOIMOHYEThS PO3pPOOKa ONTO-EIEKTPOHHOTO
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NpUCTPOI0, IO 0a3yeThCs Ha OCTAHHIX JOCSATHEHHAX B JaHId Tamy3l 1 KOMOiHye
NIePEeTBOPEHHA 1 OOpOOJICHHS SIK ONTHYHOI aHAJOroBOi, TaKk 1 MUCKpeTHOi iHdopMmarmii 3
HOBHUMH MOKa3HUKAMU SIKOCTI.

AHaji3 ocraHHix myOaikaniii. B kuBuX oprasi3max (i310J0Ti4HI [polecu
HEOJIMIHHO CYTPOBOKYIOTbCS TpOIlECAaMH EJICKTPUYHHMH, a OCTaHHI € ¢akTopaMu, sKi
pPEeryJIIOI0Th TPOLECH KUTTENSUIBHOCTI. B poOoti [1] mocimipkeHO TepCreKTUBHICTD
3aCTOCYBaHHSI ~ €JCKTPOMArHITHOTO BHUMIPOMIHIOHHS B  IMIYJIbCHOMY pEXKUMI s
iHTeHcUpikauii  (HOTOCHHTE3y  pO3CaJd OBOYEBUX KYJBTYp, OJHAK HABEJCHO TUIbKU
IHTErpaNibHUN TIOKA3HUK, M0 YHEMOXJIMBIIOE aBTOMATH3AaIlI0 JAHOTO METOAY 1 3HUXKYE
edekt BiJ ioro BrpoBakeHHS. OJHIEIO 13 caMUX BIJOMHMX MyOMiKamiid, sKi HNpUCBAYEHI
BUKOPHCTAHHIO TOJSPU30BAHOTO CBITIa SK OKPEMOTO0 MEXaHI3My Ui JOCHIIKCHHS 1
BHU3HAYCHHS CTPYKTYPHHUX BIACTHBOCTEH O10JOTIYHMX TKAHWH, MOJKHA CIIPaBEJINBO BBAKATH
po6oty [2]. B poGori [3] nocnikeHO BIUIMB Pi3HUX CHEKTPIB BUIPOMIHIOBaHHSA Ha POCT Ta
PO3BUTOK OBOYEBUX KYJIBTYp, alie PO3TISHYTO TiIBKK ONTHYHUHN Jiana3oH. s BUpPIICHHS
BUIIIEBKA3aHUX 3a/1ad, IO CTOCYIOTHCSA IMJABUIICHHS SKOCTI W €(PEKTUBHOCTI TEXHIYHUX
3ac00iB IEpETBOPEHHS, 0OpOOIIEHHS 1 BiZoOpakeHHs 0i0y0riuHO1 iH(pOopMaIlii JOCTi THUKAMH
MIPOTIOHYETHCS BUKOPUCTAHHS HOBITHIX JOCATHEHb ONTOENEKTpOHIKH. OIHHMM 13 NUISIXIB
BUPILICHHS IUX 3aBJaHb € HOBUH HANPSMOK — ONTOEJIEKTPOHHI JIOTIKO — YaCOBI CEpeJOBUIIIA,
€ pa3oM 3 ENEKTPOHHUMHU METOJaMH 3aCTOCOBYIOTHbCS ONTHYHI METOAM IMOCIIJOBHOI 1
napaesbHoil 1 mapanesbHoro oopooneHHs indopmarii. [ 106,229,240,244,253,188,316]

Meta po6orn. Metoro poOOTH € OOrpyHTYBaHHS Ta po3poOKa IHTEIEeKTYyalli30BaHOl
CHCTEMU KepyBaHHA ()i310I0TTYHIUM CTAaHOM POCIIHH.

OcHoBHa yacTuHA. Peamizamis Metu nepembayae pilieHHS KOMILIEKCY HAyKOBO-
METOAUYHNX, TEXHOJOTIYHUX Ta TEXHIYHUX IMATAHb, IO BXOIITHL OO KOMIETEHIMI O10JIorii,
bi3uku, imkeHepii, arpoHomii. KoxkeH 13 nmuX HampsMiB Ma€ BIACTUBHA HOMY aHAITHYHUNA
amapar Ta cBOi crerudigHi crnocodu Ta 3aco0M pearizailii MOCTaBICHUX 3aBllaHb. Y Ci BOHU
MOBHUHHI OyTH 00'€HaHI y JOCTiAHUIILKOMY Tporieci. Ha miit 6a3i OymyBanacs MeTOI0JIOTis
JOCHIKeHb. BOHa MICTUTh CYKyNHICTh METOMAIB Ta MPHUAOMIB, HEOOXiIHI JUIs BCeOIYHOTO
BUBYCHHS TMpeAMETa JOCIHIDKEHb: YNpaBliHHSA (YHKIIIOHAIBHOIO aKTUBHICTIO POCITUH
KOTepEHTHUM CBITJIOM. JlaHWii TpeaMeT Mae KOMIUIGKCHHM XapakTepi 1 MpeacTaBisie
BUBYCHHS I'ATh OCHOBHHMX KOMIOHEHT (OJIOKiB). Y CTHCHYTIH (opmi iX B3a€MO3B'SI30K Ta
CTPYKTYpPY MOJKHa TIPEACTAaBUTH CTYKTYpHOIO cxemoro (puc.l): biomoriuna moxpens -
POCIIMHHI OpraHi3MH, iX TKAaHWHH, OpraHd a0o Il arpomeHo3H, MiaAaHl J1a3epHOTO
onpoMiHeHHs. UWHHUK, [I0 BIUIMBAE€ - KOTEPCHTHE EJIEKTPOMATHITHE BUIIPOMIHIOBAHHS
onTHUYHOI obJyacTi crekrpa. KomOiHOBaHA il KOT€PEHTHOTO BUIIPOMIHIOBAaHHS CIIJIBHO 3
iHmmMu  pakTopamu (10HI3yO4OIO pafiamiero Tomio). Peakmis y BinmoBine - 3MiHA
MOPQOJIOTIYHHX Ta (i310JIOTTYHHX MTOKa3HUKIB OMPOMIHEHHUX OpPTraHi3MiB: CTIMKICTh, IMYHITET,
perenepariisi, IpOAYKTHBHICTH; BUSBICHHS O10J0TIYHO 3HAUMMUX 3aKOHOMIPHOCTEH peakiii y
BIJIMOBI/1b. TEXHOJOTIYHUI TpOIIeC — OpraHi3arlis Jia3epHOoi 0OpOOKH Y BUPOOHUYUX YMOBAX;
CHOCOOM TPOBEJCHHS ONMPOMIHEHHS; Y3TO/UKEHHS IPOCTOPOBO-YACOBOTO  TOJOKEHHS
€JICKTPOMArHiTHOTO BHUIPOMIHIOBaHHS Ta OI0JOTiYHUN 00'€KT, ONTHUMI3aIisl pPEKUMIB
OTIPOMIHEHHS Ta EKCIpec- MIarHOCTHKa (DYHKI[IOHAIBHOTO CTaHy POCIMHHHUX OPTaHi3MiB.
TexHiuHl 3aco0M - J1a3epHi ONMPOMIHIOBAIBHI Ta ONTO-CJIEKTPOHHI MPHCTPOI; ONMTHMI3aIlisd
KOHCTPYKILIi, pO3paXxyHOK XapaKTePHCTUK, pETyJIIOBaHHS Ta KOHTPOJb MapaMeTpiB
OTIPOMIHEHHSI.
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MOJIEJJFOBAHHS CUCTEM ITIATPUMKHU ITPUUHATTS PIIEHD Y BUPOBHUIITBI
EHTOMO®AT'IB

AHoTaunis. PoboTta npucBsueHa MMTaHHIO MOJIEITIOBAHHS CHCTEM IMIATPUMKH MPUUHSTTS pillleHb
Yy BUPOOHHUITBI eHTOMO]AriB, KOTpPe Ha CHOTOJIHI € OHIE€I0 31 CKJIAJIOBUX OIOJIOTIYHOTO 3aXUCTY
pociuH. MeTor JIOoCTiKeHb 0yJI0 pPO3pO0IeHH MOACTI IHTEIEKTYyaabHOI CHCTEMH MIATPUMKH
NPUHHATTS pillleHb Y BUPOOHUITBI eHTOMOdariB. MeToan IOCTiPKeHb — CTPYKTYPHHUI CHHTE3;
OHTOJIOTIYHHN Ta CUHEPTeTUYHUH MIiAXOJM; IHTENCKTyaNbHUH aHaimi3. O0’€KTOM IOCIIIKCHHS
OyJi¥ TpoIleCH YIpaBIiHHA BUPOOHHUIITBOM eHTOMOdariB. Po3po0iieHO OHTONIOTIYHY MOJIENb
IHTENEKTyalbHOI CHUCTEMH MIATPUMKH NPUHHATTSA pilleHb y BUPOOHUIITBI EHTOMOQAriB.
3anpornoHoBaHUN MiAXiJ AO3BOJIAE MIABUIMUTH €()EKTHBHICTH YIIPABIIHHSI BHUPOOHUIITBOM 3a
pPaxXyHOK CHHEPTEeTHYHOTO €(PEKTY BiJI 3aCTOCYBaHHS Pi3HUX METOJIB 00poOKH iHpOpMAIIii.

Kiro4oBi cjioBa: BUpoOHHUIITBO eHTOMO(ATiB; iHTENIEKTyaIbHa CHCTEMa; OHTOJIOTTIHIH TTiIXi/T;
CHHEPTeTUIHUH MiIXiJ; MATPUMKA IPUHHATTS pillIeHb

1. BCTYII

VYrupaBniHHA TIANPUEMCTBOM BKIIOYa€ B ce0e BENMKY KIIbKICTh TJIOOANBHHX 1
JOKAJIbHUX 3aBJaHb Ha PI3HUX PIBHIX BIJ YNPaBIiHHSA MapaMeTpoM, IPOLECOM J0
yOpaBniHHA (IHAHCOBUMH TMOTOKaMH migmpueMctBa. Jlns maHux 3agad  oIuMH 3
HalBaXJIMBIIIUX KPUTEPIiB OyAb-SIKOTO MiMPUEMCTBA € HOro KepoBaHicTh [1].

Hunimniii eran po3BUTKY Ol0TEXHOJIOTIH, 30KpeMa, BHPOOHHMIITBO €HTOMO(QAriB
rapaHTOBaHOI SKOCT1 JUIsl O10JIOTIYHOTO 3aXUCTY POCIUH MOTPeOy€e BUKOPUCTAHHS TEXHIYHUX
CHUCTEM KEepyBaHHS Ha OCHOBI 3aCTOCYBaHHS KOMII FOTEPHO-IHTETPOBAaHUX 1H(OpMaIiitHIX
TexHoJorii. OpraHizaiisi Tpolecy KepyBaHHS BUPOOHHIITBOM €HTOMO(ariB 0a3yeThcs Ha
pe3ynbTaTax JOCHiPKeHb CTOCOBHO BIPOBA/DKCHHS IHTEJEKTyalbHUX 1H(OpMAIiitHIX
TEXHOJIOT1M, M0 TOKIWKAHO OCOOJHMBOCTSIMH BUPOOHHUIITBA SK CKJIATHOT OlOTEXHIYHOI
CUCTEMH epraTHYHOrO THIY 13 3HAYHOI CYKYITHICTIO TUCKPETHHUX OmNepalliid, ske QyHKI[IOHYE
B YMOBaX HEBU3HAUCHOCTI O10JI0TTYHOTO 00’ €KTY Ta il pi3HOTO POy 30ypEHb.

IMocTanoBka npo6aemu. CTBOPEHHsI IHTEIEKTYaTbHUX CUCTEM MiITPUMKHU MPUHHSATTS
pillieHb Yy BUPOOHUIITBI €HTOMO(DAriB MOB’3aHO 3 HEOOXIAHICTIO MiJBULICHHS €(PEeKTUBHOCTI
YOpaBIiHHS BHUPOOHHUIITBOM 3a paxXyHOK BHUKOPHCTAHHS IHTENEKTyallbHUX aJTOPUTMIB
00poOku iHpopMallii (HEUITKOT JIOTIKM, HEHPOHHMX MEpeX, KOTHITHBHOIO aHali3y),
bpeiiMoBUX Mojeneil moJaHHS 3HaHb Ta MOMEPEAHBOrO AOCBIAY Yy BUTISAAI 0a3u 3HaAHb
nperneaeHTiB [2], a Takok iMOBipHICHOTO Tiaxoay [3].

AHaJi3 ocTaHHIX pocaimkeHb i myOJikaniid. CydyacHi HampsiMHU IIOJO PO3POOKH Ta
CTBOPEHHSI IHTCJIICKTYaIbHUX CHUCTEM MIATPUMKHA TPHUHATTSA pIlIeHh 0a3yloThCsA Ha
METOJIONIOTIi OHTOJIOTIYHOTO aHaji3y Ta CEMaHTHYHOI MeEpexi MpeacTaBieHHS 3HaHb [4],
B3a€MOJIIT OHTOJIOTII TPEHEICHTIB 3 OHTOJIOTiI€0 TPeaMEeTHOI oOsacti [5], cucTemHIN
1HTerpaii pisHUX METO/IIB MOJICTIOBAHHS HEYITKUX 3HaHb Ta MPOIECIB [6].
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Mera mny6aikaunii. Po3poOineHHs Moneni 1HTEIEKTyalbHOI CHUCTEMH MiIATPUMKHU
NPURHATTSA pillieHb Y BUPOOHHUITBI eHTOMO(AriB.

2. TEOPETUYHI OCHOBH

[HTeNnexTyanbHa cucTeMa MiATPUMKH MPUHHATTS PIillIeHb 1a€ KOPUCTYBady JOIOMOTY y
npolieci MpUUHATTS pilleHb 1 3a0e3neuye NATPUMKY y BCbOMY Jiana3oHi KOHTEKCTIB 3ajau
[7]. Yenix miampueMcTBa 3aj€XKUTh Bl TOTO, SK MIBHAKO OyIyTh NPUUHATI pIIIEHHS Ha
KO’KHOMY piBHi ynpaBminus [1].

KomruiekcHe BUpillIeHHS 3aBJIaHHS IPYHTY€ETHCS HA aHalli31 pe3ysIbTaTiB JOCHIKEHb [2-
8].

3. METOAU JOCJIIKEHHSA

CTpyKTYypHMI CHHTE3, OHTOJIOTIYHMHA Ta CHUHEPreTUYHUH MiAXOIH, 1HTENEKTyaabHUN
aHai3.

4. PE3YJIBTATHU TA OBT'TOBOPEHHSA

Po3po0ieHO  OHTOJIOTIYHY MOJIENh IHTENCKTYalbHOI CUCTEMH HIATPUMKU MPUHHSATTS
pillieHs y BUPOOHHMITBI eHTOMO(dariB (PUCYHOK), 110 JO3BOJISE HAOYHO MPOJEMOHCTPYBATH
B3a€MOJIl MDK TMpolecaMu KepyBaHHS BHpOOHHMUTBOM. Ilpu 1poMy mapamerpamu
BUPOOHMIITBA € ablOTHYHI 1 TEXHOJIOTIYHI MapaMeTpH; Ha SKICTh MPOIECIB BUPOOHMIITBA
BIUTMBAIOTh PIBHI aBTOMATH3aIlil, TEXHOJOTIYHOI IHTEHCHUBHOCTI Ta KEPOBAHOCTi, PIBEHBb
AKOCTI mpoaykiii [8].

IHTenekTyaneHa cucTemMa NigTPUMKA NPUAHATTA

piweHb
|
v v v v v
YnpaeniHHA » YnpaBniHHA . YnpaeniHHA Cucrtemarnzania MporHosyeaHHA
napameTpam1 AKiCTIO AKicTIO npouecie 3HaHb (i3 echeKTMBHOCTI
BupobHULTEA < npoaykLil < BupobHULTEA BUKOPWCTAHHAM BupobHULTEA (Ha
chpeiimie Ta OCHOBI Mepeski
¢ ¢ ¢ KOTHITUBHOro Baiieca)
MporHo3yBaHHA BukopucTaHHA aHanisy)
AKOCTI Npoaykuii (iz nonepeaHLoro T
BUKOPUCTAHHAM AocBigy (Ha ocHoBi
HeuiTKOT norikn Ta 6a3n 2HaHb
HEWPOHHWX MEPEK) npeueaeHTIB)

Onmonozciyna mooens iHmeneKmyaibHol cucmemu nNiOMPUMKY NPUUHAMNL

iuens y 8UpoOHUYMBI eHmomogazie
BUCHOBKMU TA NIEPCIHEKTUBU NNOJAJIBIINUX JOCJTIIKEHDb

Y po6oTi HayKOBO OOTPYHTOBAHO MiAXif 10 MOJICIIOBAHHS IHTEICKTYalbHUX CHUCTEM
HOIATPUMKH TPUMHATTS pillleHb Y BUPOOHMIITBI eHTOMOQariB, 110 Ja€ 3MOTY IHTErpyBaTH
SKICHO pi3HI MeToau oO0poOku iHpopMmalii g HiABUIIEHHS €(EeKTUBHOCTI YHpPaBIiHHSI
BUPOOHUIITBOM.
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JOCHIJPKEHHA PEXXUMIB PETEHEPATHUBHOI'O TEIUVIOYTHUJII3ATOPA 3
JIMCKOBOIO OBEPTAJIBHOIO HACAZIKOIO

AHoTtanis. Jlochmi/pkeHO BHUKOPHCTAHHS BIIIpalbOBAHOI TEIUIOTH TEIUIOHOCIS PI3HUMH
KOHCTPYKIIISIMM ~ yTWJII3aTOpiB. BH3Ha4YeHO [OUIBHICTE BHMKOPUCTAHHS pEreHepaTHBHOTO
TEIUIOOOMIHHAKAa 3 O0CPTOBOIO THUCKOBOIO HACAAKOK, SIKa BiX JIi€I0 BIALECHTPOBOI CHIIH
caMoOYHMIIAEThC. J[OCTHKEHO MaTeMaTHYHy MOJIENIb HECTAIl[lOHAPHOTO PEXHUMY AHCKOBOTO
pereHepaTHBHOTO TEIJIOYTHIII3aTopa, K 00°€KTa 3 PO3NOAITICHUMH apaMeTpaMH, siKa JT03BOJISIE
BU3HAYaTH BIUIMB KOHCTPYKTHUBHHMX 1 PEKMMHUX NapaMeTpiB Ha €(EeKTHBHICTb BTOPUHHOTO
BUKOPHCTaHHS BiJNpanbOBaHOI TEIIOTH. I[IpoBeneHi MOCTIDKEHHS IO3BOJNIMIM PO3pOOUTH
JIOCHIHAN 3pa30K pereHepaTMBHOTO MOBITpOHArpiBada ajsl CymibHOro arperaty ABM, B
KOHCTPYKIIii TerIo0OMIHHMKA $KOTO JUIi KOMIEHCalii TemjIoOBUX BHUTPAT BUKOPHCTAHO
00epToBMiA TETIOCH(OH y BUTIAAI 00epTOBOI TPyOH, Ta MpH 3MiHH IIBHIKOCTI OOCpTaHHA B
MEBHUX MeEXaX, BEJIMYMHA BHUXIAHOI TEMIEpaTypH 3aJeKUTh Bill O0O0EpTIB HACAAKHU JIHIHHO.
Po3pobiniennii cripoiieHnii MaTeMaTHYHUI OMKC TMEPEeXiJHOTO IMpOoIeCy B TEILUIOYTHIII3aTopi,
JIO3BOJISIE BU3HAYUTH 3MiHY OCHOBHHX INapaMeTpiB B 4aci, Ha BUXOJl TEINIOOOMIHHUKA 1 MOXKe
OyTH BUKOPHCTAHUIA IPU CUHTE31 CUCTEMH aBTOMATHYHOTO KEPYBaHHSI.

KoaiouoBi ciioBa: ternoyTuitizaTop, TEINIOHOCIH, IMCKOBAa 00EpTOBA HAcaaKa, TEIUIOBUI PEXUM,
MaTeMaTH4YHA MOJIEITb.

1. BCTYII
3HavYHA KITBKICTh TETUIOTH MICTUTBCS B HU3BKOTOTCHIIIMHUX IMapOTra30BUX BUKHIAX
OPUMIIIEHb eKCIUTyaTalii ICHYIOYMX CHCTeM BEHTHIALIl, a TaKoX BiIIpPalbOBAHOMY
CYIIMJIBHOMY areHTi CYIIWIbHUX arperatiB. [lapora3oBi BUKHIU XapaKTEPU3YIOThCS BMICTOM
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«SIBHOD» 1 «HESBHOI» TEIJIOTH Ta MUJIOBUIHUX BKJIIOYEHb. BUKOpHCTaHHS BiIMpanboOBaHOT
TETUIOTH TETUIOHOCIS BiIOYBa€ThCS B HACHIIOK 3HWKCHHS HOTO TEMIIEpATypH 1 BOJIOTOBMICTY
[UISIXOM KOHJICHCAIII1 BOJIOTH Ha MOBEPXHIX TEIUI000MiHY yTuiizaTtopiB. Pazom 3 Bomoror Ha
MOBEPXHI BIAKIATAIOTHCS TBEpAl (pakiiii, siki 3aCMIUyIOTh poO0Yl MOBEPXHI IMIACTUHYACTUX
TEII00OMIHHUKIB, 3MEHIIYIOUH X €()EKTUBHICTb.

ITocTanoBka nmpodJemu. [1jis BUKOPUCTAaHHS BINPallbOBAHOT TEIUIOTH BEHTHIIALIIMHUX
BUKUJIIB 3aCTOCOBYIOTh TEIUIOOOMIHHI anapaTé peKylnepaTuBHOrO 1 pereHepaTuBHOTO TUIly (i3
HEPYXOMHUMHU 1 00€pTaIbHO-PYXOMUMHU HACaAKaMH).

PerenepatuBHi yTWIi3aTOPH 3 JAMCKOBOIO 00EpTajbHOI HACAAKOI, MAalOTh IIEBHI
mepeBarn Tepen peKylneparopaMu: MIBUAKE Oe3lepepBHE BHUIANCHHS KOHIEHCATy 13
MEXaHIYHUMHU JIOMIIIKaMH (CaMOOYMIIEHHS) 1 MOXJIIMBICTH KEpPYBaHHS TeMIIepaTypHO-
BOJIOTICHAM PEXUMOM IIIJISIXOM 3MIHU MIBUKOCTI 0O€pTaHHS HACAIKH.

Jnst BuzHayeHHs €QEKTUBHOCTI 1 MOXIMBOCTI aBTOMATHU3allil JUCKOBOTO THITY
pEreHepaTUBHOTO TEIIOYTHIII3aTOpa HEOOX1THO MAaTH MaTeMaTUIHY MOJEIh HEeCTAI[iOHAPHUX
pekuMiB (PYHKITIOHYBaHHSI.

AHaJi3 ocTaHHIX aocaimKeHb i myOuaikaniii. OCHOBHUM THIIOM TEIUIOYTHIII3aTOPIB,
SKI BUKOPHUCTOBYIOTHCS JUIA yTHII3aIlli BIANpalbOBAaHWX BEHTWIALIHHUX TIOTOKIB 1
TEIUIOHOCITB € peKyrepaTuBHi TernoooMiHHuKY [1], [2], [3], mapameTpu mpuU3HAYCHHS SKHX
pernamenTtoBani B [3]. Meroau [gocmiKeHb 1 OTpPUMaHI pe3yJdbTaTH BHU3HAUCHHS
XapaKTePUCTHK TEIUIOOOMIHHUKIB BUCBITIEHO B poboTax [4], [5], [6], [7], [8], [9], ane Tinbku
JUIS cTamuxX pekuMiB. JlOCHIIKEHHSIM pEKYyNepaTUBHUX TETUIOOOMIHHUKIB TPUCBIYCHO
po6otu [10], [11], B SKMX BHM3HA4YEHI MaTEMaTH4Hi 3aJEKHOCTI POOOTH YTHII3aTOPIB Yy
BCTAHOBJICHOMY PEXKHMi. /[MHaMIYHUM peXMMaM MPUILICHO Yy IMyOJiKaIlisX HEI0CTaTHHO
yBaru.

Meta mnyoaikamii. Po3poOutu MaTeMaTW4yHi MOJCNI HECTAIlIOHAPHUX PEKHUMIB
(YHKLIOHYBaHHS PET€HEPATHBHOTO YTUJII3aTOpa 3 JIMCKOBOIO OOEpPTANIbHOIO HACAIKOI0 Ha
OCHOBI CHIPOIIEHUX (i3MUHUX YSIBICHB Ta TOCTIIUTH PEXUMU POOOTH.

2. METOIM JOCIIKEHHSA

B pamkax cdopmyaboBaHOT METH HaWOIIBII JOMUIBHUM METOJIOM JOCIIKEHHS,
BpaxoOBYIOUH cnenu]iKy NMUTaHHS, € aHATITHYHHUHA, a caMe (opMyBaHHS TU(eEpeHIiaTbHIX
PIBHSHB HECTAI[IOHAPHOTO TEIIOOOMIHY B €JIEMEHTaxX y3arajJbHEHOI KOHCTPYKTHBHOI CXEMHU
TETUIOY THITI3aTopa.

3. PE3YJIBTATHU TA OBI'OBOPEHHSA

Po3rnsnaeTscs KOHCTPYKTHBHA CXeMa PEreHepaTMBHOTO YTHI3aTOpa 3 JUCKOBOIO
HACaJKOI0 3 TOPU3OHTAIBHOIO BicCI0 oOepTaHHs (cxema Ha puUcCyHKy la). JluckoBa Hacanka
SBJsIE COOOI0 MAaKeT JHMCKIB BCTAHOBJICHHX HA IMOJIOMY Bajly 3 MPOMDKKAMH Ui TPOXOIY
ra3oBUX TEIUIOHOCIIB, $IKi yTBOPIOIOTH TOBEPXHIO TEIUIOOOMiHY, OJHA TIOJOBMHA SIKUX
HarpiBa€TbCsl TapsSuYUMH Ta3aMH, a JAPYra OXOJIOJUKYETHCS TMOBITPSAM, SKE MPOXOIUTH MiXK
JMICKaMH HarpiBaeThes. Po3paxyHkoBa cxema (DyHKI[IOHYBaHHSI peKylepaTropa HaBeJeHa Ha
pucyHky 10.
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Tosimps
—_—

Pucynox 1. Koncmpyxmusna (a) i mexnonoziuna cxema (6) peceHepamuHo2o
mennoymunizamopa: 1 — kopnyc, 2 — 6xionuii nampyook nooaui 2azy; 3 — exiOHutl nampyoox
nooaui nogimpsi, 4, 5 — euxioni nampyoxu usooy eazy i nogimps, 6 — pomop-mepmocugon,

1 — Ouckosa nacaoxa

Just  dhopMynroBaHHS MaTeMaTHYHO! MOJENI TEIUIOBUX TPOIECIiB B JUCKOBOMY
TEIJIOYTUJII3aTOPl MPUMMAEMO HACTYITHI MPUMYIIEHHS: 1) KoedIli€eHTH TEII0 1 MacOOOMIHY,
Ter10(i3UUHI BIACTUBOCTI TEIUIOHOCIIB 1 MaTepialy HacaJIKH BiJl TEMIIEPATypy HE 3aJIeXkathb i
BU3HAYAIOTHCS, SK CEPellHI 3HA4YCeHHS; 2) MOTOKH TEIUIOHOCIIB 3a PIBHOMIpPHI B TEPETHHI
KaHaJIIB 1 CTalliOHApHI; 3) mepeMilryBaHHs TEIUIOHOCITB BUKITIOUCHE.

TeruioBuii OamaHc BHU3HAYAETHCA 32 TAKOIO CXEMOKO: TEIUIOTa Ta30BOr0 TOTOKY
NepeaaeThCsl 10 HACAJAKH KOHBEKTMBHUM TEIUIOOOMiHOM, 30unblIylouHM ii TemmepaTypy B
ra3oBOMYy KaHali; micisi o0epTy HacaJKyd BOHA BiJiJa€ HAKOMUYEHY TEIJIOTY IMOBITPIO; MpHU
B3a€MO/Iii 3 TOBITPSIHUM TOTOKOM, TeMIepaTypa Horo 30iIblIyeThcs. PiBHSHHS TEIIOBOTO
OanaHCy CKIIQJaroThCs I OKPEMHX KaHaJIiB 1 HacaJku Ta onucani B [12].

Jocmiguti oTpuMaHy cucteMy Au(epeHIlialbHUX PiBHSHb MOXHA TIJIBKM YHCIOBUM
MeTonoM. Jliisi po3B’A3Ky 3 BHUKOPUCTAHHSM MPHUKIAJHUX KOMIT IOTEPHUX CEpPEIOBHUII]
MathCAD a6o MATLAB cucremy piBHSHb MOXHA CHPOCTHUTH, LUISXOM YyCEpEIHEHHS
napameTpiB. OCKUIBKY IS TPAKTUYHOTO BUKOPUCTAHHS (B TOMY uuciIi 1 i1 po3podku CAK)
1HTepecC SIBIIsI€ 3HAYECHHS TEMIIEPATyp TEIUIOHOCITB Ha BUXO/I 13 TeIII000MiHHIKA BUKITIOUUMO
3 piBHSHb YaCTHHHI TOXIJHI, SIKIi BU3HAYAIOTh 3MiHY MapaMeTpiB 3a KOOPJAMHATOK IUISIXOM

. oT dT AT T -T,
3aMiHU: — . B npomy BHMagKy, BpaxOBYKOUM HE3HAUHY JOBXHHY

oy dy Ay 1
HUIAXY MEepeMilleHHs] TeIJIOHOCIiB, NpUHMAaeThCs JMIHIMHUN pPO3MOJALT TapameTpiB 3a
KOOPJMHATOIO 1 CUCTEMAa BUXIJHHUX PIBHSIHb HAOyBa€ BUIIISAY:

mcg—t G (t, - r2)+af( ) rﬁf(d d( )) @)
me, 22 26,6, (6,-0,)- et -G )+ rat (0 -a(e). @
me, % —6,6,(0, - 0.)+ e, -0, @
mnnOlt =G, (t,—t,)+of [0 ) (4)
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ae t =05, +t,); t = O.5(trl +tr2); 0, =05(0,,+6,,) — cepenni 3a TOBKHHOIO KaHATIB
3Ha4YeHHs1 Temmeparyp; 1., — TemmepaTypa BIiANpambOBAaHOTO TEIUIOHOCIS (Tasy) i
NIPMILIMBHOTO MOBITPsi; 6,6 — TemmepaTypa HAcajKu y ra30BOMY i TOBITPSHOMY KOHTYPI;

S,.,S, — IUIOIA HepeTHHy rasy y HpOCTOpi MiX AMCKAMH i IUIOWIA MEPETUHY IUCKOBOI

rn'~u
HACAJKM B HANPAMKY pyXy TemoHociiB; |,| — moBXkuHA Ta30BOro TpakTy i eKxBiBaJeHTHa
JIOBXMHA HACAIKHU (IV = R0.5); R — panmiyc nuckiB nHacaaku; C,,C,,C, — IHUTOMA TEIIOEMHICTh
rasy, TOBITps 1 Hacaaku; pP,,p,, P, — TyCTHHA Ta3y, moitps i Hacamku; G,,G,,G, — macosi
BUTpATH a3y, moBitps i Hacagku; V,,V,,V, — mBuakicts pyxy rasy, moitps i Hacagku; «, f
— Koe(IlieHT 1 MOBEpXHs TEII00O0MiHy; M., M ,M — maca rasy, MOBITps 1 Hacalku; O —

TOBIIMHA JUCKA Hacaaku; N — KUIBKICTh NUCKIB, () — IIBUAKICTb OOEPTaHHS IAUCKOBOI
HacajaKu; Y,7 — TOYHA KOOpAWHATA B HANPSIMKY PyXy i 4yac; I — TemioTa KOoHAeHcarii; [ —

koediuieHT maconepenaui; d, ,d (49”) — BOJIOTOBMICT Ta3y Ta WOro HacCM4YeHe 3HAUYCHHS MpU
TEMIEepaTypi NOBEPXHI £, HacaaKu.

OtpuMana cucreMa JiHIHHUX JudepeHuianbHux piBHAHb (1) — (4) BU3HAYae 3MiHY B
yaci TemIepaTypu Harpitoro HoBiTps tnz(f) 1 BIAIPalbOBAaHOTO Trazy trz(T) (Temmepartypa
HACAJKU € MIPOMIKHUM TEIUIOHOCIEM).

s cramioHapHOro pexumy poOoTu [9] oTpumaHa 3aJeXKHICTh TEMIIepaTypu
HarpiBaeMoro (TPUIUIMBHOTO) TIOBITPS B 3aJCKHOCTI BiJ PEXUMHUX MapaMeTpiB
G,,G,0=7m"/30 (n' — mBuakicts o6epranus).

Ha pucyHky 2 HaBeeHO pO3paxyHKOBI 3aJIe)KHOCTI TEMIIEpaTypu HarpiBy IMOBITPS BiA
HIBUAKOCTI 00€pTaHHsS HacaJKH, JUIsl pi3HUX 3HaueHb KoedilieHTa TeriooOMiny. Ha ocHoBI
NPOBEIECHUX JOCITIKEHb PO3POOJIEHO JTOCTIIHUI 3pa30K pereHepaTUBHOIO MOBITpOHArpiBaya
I cymuiabHOrO  arperaty ABM, 3 BuTpatramMm  BIAIpabOBAaHOTO  TETUIOHOCIS
G, =16000 m*/ros i Temnepartyporo 120 °C.

'120A -]
tn21 OC 1 /” ~\\‘.
100 P
, ," 2 =
r/ R
80 L1

/ .
7/ 7
60 l/ o' / 3
40 + s/

///

+/
20 £
/

0 >
0O 40 80 120 160 200 240 280 320
n’, oblxe

Pucynoxk 2. 3anexcnicmos memnepamypu nogimps na 6uxo0i menjioymunizamopa 6io
weuoKocmi 0bepmans Hacaoku i koeghiyicnma meniooominy o, Bm/(m2-°C): 1 -200; 2 —
100; 3 —50 (0 — oani excnepumenmy npu G, =16000 m3/200; t,,=120 °C)
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BUCHOBKMU TA NIEPCIIEKTUBH NOJAJIBIIUX JOCJII’)KEHD

JlocmiKeHHsT MaTeMaTHYHOI MOJIeJli pereHepaTUBHOrO TEIUIOYTHIIi3aTopa MOoKa3aly,
IO BIUTUB B MeXax 3MiHM MmBHUAKOCTI obeptanHs 80...160 00/XB BennuMHA BUXIAHOT
TEMIIEpAaTypH 3aJICKUTHh BiJ OOEpPTIB HACAAKU JIHIAHO Ta JO3BOJISIE BU3HAYUTH 3MiHY
OCHOBHMX IapaMeTpiB B yaci, Ha BUXOJI TEIUNIOOOMIHHUKA 1 MOke OyTH BHKOPHCTAHO HpHU
CHHTE31 CHCTEeMHU aBTOMATHYHOT'O KEPYBaHHS.
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INTELLIGENT CONTROL SYSTEM OF ALUMINUM CONTAINERS DRYING
PROCESS

Abstract. The relevance is the wide use of aluminum containers in the food industry. The high
quality of products is reached by keeping clear technological standards and using materials of the
highest class in the manufacture of aluminum containers for long-term and safe storage of food
products. Water-based paints and varnish are used for production, which helps to avoid the negative
influence of the printing and varnishing process on the environment.

A neural network (also called an artificial neural network) is an adaptive system that learns by using
interconnected nodes or neurons in a layered structure that resembles a human brain. A neural
network can learn from data—so it can be trained to recognize patterns, classify data, and forecast
future events. A neural network breaks down the input into layers of abstraction. It can be trained
using many examples to recognize patterns in speech or images, for example, just as the human
brain does. Its behavior is defined by the way its individual elements are connected and by the
strength, or weights, of those connections. These weights are automatically adjusted during training
according to a specified learning rule until the artificial neural network performs the desired task
correctly. Neural networks are especially suitable for modeling non-linear relationships, and they are
typically used to perform pattern recognition and classify objects or signals in speech, vision, and
control systems. [1] In our case is control system of the temperature in the drying oven.

Keywords: neural network; adaptive system, control system, intelligent control system.

1. INTRODUCTION

The purpose is order to minimize energy costs and maintain quality of product by
creating an automated system of comprehensive evaluation of parameters of technological
process based on artificial intelligence.

The novelty of this research is the implementation of a neural network, which allows to
obtain better quality of work and products, and get an economic effect from its
implementation. The theoretical basis of the research is the fundamental provisions of the
theory of decision-making and the theory of automatic control.

Practical application. Implementation of the results of research into the practice of
building evaluation subsystems in decision support systems may improve product quality and
reduce time spent on evaluating technological process indicators in the drying oven. This
model of the drying oven of printing machine allows conducting research on control systems
without the risk of significant economic losses.

2. THE RESULTS AND DISCUSSION

2.1. Identification of dynamic objects using neural networks

The identification of dynamic objects using neural networks was considered on the
example of a control object described by a first-order link with a delay [2]:
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'E{O _e—TUS
Wy(s) = 1
o(s) Tos+1 ' (1)

where ko - object transfer coefficient; To - time constant of the object; to - time delay.

0.02-e723%

Wo(s) = 3755+1

)

The dynamic single-layer linear neural network was used to identify a dynamic object.
The integral quadratic criterion was used as a criterion for comparing models with each other
and for evaluating their adequacy to the object. There is a question of choosing the
discreteness rate (discretization step) of neural networks, because the dynamic object is
continuous, and the neural networks that will reproduce it are discrete.

4.2. Formation of the training sequences

In order to study the influence of the discretization step on the quality of the dynamic
neural network model of the object, a neural network was created with a discreteness cycle of
5 s. The discretization rate of the neural network should correspond to the discretization step
of the training sequences. MATLAB Simulink software was chosen for forming the training
data set (Fig.1)

out.P

W 22 A b o

3755+ 1 U

Figurel. Scheme for formation of training sequences

4.3. Identification using a dynamic single-layer forward-propagation linear neural
network

The NNTool GUI interface was used to creating and training a linear single-layer neural
network, which is "called" as a result of executing the command of the same name in the
command window of the MATLAB system:

>> nntool;

Linear layer (train) was chosen as type of neural network and set the following
parameters:

e input ranges,

e number of neurons,

e input delay vector,

e learning rate [3].
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I Create Network or Data - X

Network Data
Name

network1

Network Properties

Network Type: Linear layer (train) ~
Input data: P )
Target data T ~
Input delay vector. [020406080 1 DDD
Learning rate 0001

O View # Restore Defaults

D Help ¢ Create @ Close

Figure2. Creating a neural network using the nntool command

| 4k Neural Network/Data Manager (nntool) - x|
¥ Input Data: W Networks. il Output Data:
P Inetwork1
@ Target Dara & Error Data
i
% Input Delay States: ) Layer Delay States:
% Import.. B ope $ bxpot.. || M0 DHelp | @ close

Figure3. The window Data Manager

r

Output(t)

Laye
= _~—HE-

Figure4. The structure of the radial basis neural network: P - input vector; W{1}- matrices of
weights of the first layer; b{1}- shift of the first layer; T - the output vector

I Network: network1 - o x ¥ Network network1 — O x
U1 ] LS (5D (R ) i View Train Simulate Adapt Reinitialize Weights View/Edit Weights
Training InfoTraining Parameters e Tvaining P N
raining Parameters

Training Data Training Results [EINUID 9
Inputs P ~ | Qutputs network1_outputs showWindow true
Targets T 1v |Emos network]_emors showCommandLine false
Init Input Delay State: (zeros) ~| | Final Input Delay Stat network1_inputState | | oo 25
Init L delay State|(zeros) Fimal Lityer) Delay Stainetwork] ey State

epochs 1000

time Inf

goal 0

min_grad 1e-06

max_fail 6

& Train Network & Train Network

Figure5. Training Info tab and Training Parameters tab
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4\ Neural Network Training (nntraintool) - X

Neural Network

Algorithms

Training: Batch Weight/Bias Rule (trainb)
Performance: Mean Squared Error (mse)
Calculations: MATLAB

Progress

Epoch: 0 1000 iterations 1000
Time: 0:01:26

Performance: 0.00783 8.66e-05 0.00
Gradient: NaN NalN 1.00e-06

Plots

_{ (plotperform)

Training State plottrainstate)

Plot Interval: ' 1 epochs

v Maximum epoch reached.

@ stop Training @ Cance
Figure6. Testing of neural network and analysis of identification accuracy
Figure 7 illustrate the graph of the error change depending on the number of training

cycles performed.
This graph is built automatically when the train function is executed.

"4 Neural Network Training Performance (plotperform), Epoch 1000, Maxim..  — m] b

File Edit View |Insert Tools Desktop Window Help »

Best Training Performance is 8.6622e-05 at epoch 866
102

Train
~ - Best

&
o

N

=]
L
D
3V

Mean Squared Error (mse)

10

0 100 200 300 400 500 600 700 80O 900 1000
1000 Epochs

Figure7. Graph of the change of the error

At first, object identification was considered (1) by using a dynamic single-layer linear
neural network of direct propagation.

The trained neural network was exported to the MATLAB workspace and formed their
S-models using the gensim function (net, TS). As the created neural networks are discrete, the
value of the TS parameter was set for forming the S-model to be equal to the discreteness tact
of the network. Figure 8 illustrate the scheme for testing dynamic neural network models.
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Figure8. The scheme for testing dynamic neural network models
Figure 9 illustrate the results of the identification of our object using the neural network.

4 Scope?

File Tools View Simulation Help k]

Q- 0P @®| - ]-E-|FA-

Ready Sample based  T=3000000

Figure9. Results of dynamic object identification using a dynamic single-layer linear neural
network with a discrete time of 5 s and a depth of the delay line of 100 cycles

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

Neural networks increase the accuracy of the decision and reduce its subjectivity, speed
up decision-making processes. They make it possible to reach better quality of work and
products, get an economic effect from their implementation, provide an opportunity to learn
independently and automatically based on samples. A neural network can be a great addition
to an automation system, as it is an effective tool for processing large databases.
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I'bPUAHA CUCTEMA KEPYBAHHA MIKPOKJIIIMATOM V¥ TEIUIMIAX

AxTyanabHicTh. HuHI miznpueMcTBa arporpoMHCIOBOTO CEKTOpY B YKpaiHi 3iITOBXYIOThCS 13
CepHO3HUMHU NPOOJIEMaMH, IO TAIBMYIOTh iX PO3BUTOK: HEBIHMHHE 3pPOCTAHHS I[IHW Ha E€HEpriio,
BUCOKHH DIBEHb ONMOJATKYBAaHHS Ta iH., IO CYTTEBO YCKIAJHIOE, @ YaCTO POOMTH i HEMOXKIIMBUM
MIATPAMKY Ta MOJEpHi3allilo BHPOOHHWITBA. Yce 3a3HaueHe CYTTEBO 301UIbIIye COOIBapTiCTH
MPOXYKIii, 110 BUPOOJISETHCS, 1 MIANIPUEMCTBA 3MYIIEH] MiABUINYBATH i LiHH, IO YCKJIAJHIOE il
peamizamito, a 3HAYWTH 1 MOXiA MImpueMcTBa. Tak, HaNpHWKIAL, IONS EHEeprii y CTpyKTypi
co0iBapTOCTi MPOAYKIii POCIMHHMIITBA Y CIOPYAaX 3aKpPUTOTO IPyHTY cTraHoBHTh 10 80 %. Och
4OMy TaK BaXJIMBO 3allpOBa/DKyBAaTH pECypCcOepEeKTHBHI PEXUMH KEepPyBaHHS 3HAUYHMMHU 32
o0csiraMy €HepreTHYHUMH ITOTOKAMHU, 110 HUPKYJIIOI0Th B TAKUX ITiIPHEMCTBAX.

ToMy aKTyaJbHUM € BHKOPUCTAHHA pecypcoe(eKTHBHUX alrOPUTMIB JUIs: IPOTHO3YBaHHS
mapaMeTpiB TEIUTUII Ta GOPMYBaHHS 3 BICOKOIO HAIIIHICTIO ONTUMAIBHUX PEKUMIB BHPOITYBAHHS
OBOYEBOI MPOMYKIIIT i3 BpaXyBaHHSAM CTaHIB 010JIOTIYHOI CKJIAZ0BOI 00’€KTa KepyBaHHS Ta I[IHOBOI
TIOJITUKY HA PUHKY TOBapHOI MPOIYKIIIL.

Karouosi ciioBa: HelipoHHa Mepeka; cucTeMa yIpaBJliHHS, rOpUIHa cucTeMa CHcTeMa YIpaBIliHHS.

1. Beryn

MeTor JOCHIKEHHS € IMIBHIICHHS pecypcoedEeKTUBHOCTI TPOIECY BUPOOHUIITBA
OBOYEBOT POAYKIT B TEIIIMYHUX KOMIUIEKCAX MUITXOM PO3POOJICHHS ONTHMATbHUX PEXKUMIB
BHUPOIIYBaHHS, KOTP1 MiHIMI3yIOTh PECYPCHI Ta €HEPTreTUYHI BUTPATH MPH JOTPUMAHHI BUMOT
10J10 3a0€3MEeUEHHS BUCOKOT SIKOCTI TIPOTYKITIi.

HoBu3Ha 1aHOrO JMOCIHI/KEHHS TOJSTrae y BIOPOBA/DKEHHS TiOPHUIHOT EKCIepTHOI
CUCTEeMH KEpYBaHHS B TEIUIMYHUX KOMILJIEKCAX JO3BOJHUTH 3a0INAIUTH MPUPOJHUN Ta3 Ha
OTIaJICHHS, EJICKTPUYHY €HEPril0 Ha MPHUBOJ] €IEKTPOTEXHONOTTYHUX KOMIUIEKCIB, MiABUIIUTH
TOYHICTh MIATPUMAHHS arpoOTEXHIYHUX MapaMeTpiB BUPOLIYBAHHS Ha, 30UIBIIMTH NPUOYTOK
HiAIpUEMCTBA.

IIpakTuyHe 3acTtocyBaHHsi. BukopucranHs 0a3u MpaBWil HEYITKOI JIOTIKU JO3BOJIUTH
MPOBOJMTHU SKICHY OLIHKY SIK BXIJHHX JaHUX, TaK 1 BUBEJEHUX Pe3yJbTaTiB, IO ITiBHIIUTH
MIBUIKICTh MPUUHATTS PIIICHHS 3aBSKH OIIHIII CTYIEHIO BIPOTiIHOCTI BXITHHMX TaHHUX. 3a
paxyHOK  O3HAYEHOTO  JIOCATAEThCS  CHEProPeKTHUBHICTH  CUCTEMH, OCKUIBKH  HE
BUTPAYaTUMEThCS Yac Ha 3'SCYBaHHS TOYHUX 3HAYCHb KEPYIOUMX PIMICHb 1 CKJIAJaHHS
piBHSIHB, IO iX ONMUCYIOTh, TA 3aBASKH NpPaBUIAM HEUITKOI JIOTIKH OLIHIOBATUMYThCS Pi3HI
BapiaHTH BUXIJHUX 3HA4YCHb, IO BIAMOBIJIHO 3MEHIIUTH Yac BUBEIACHHS Kepyrouoi il
CUCTEMH
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2. MOBYJOBA I'BPUJIHOI EKCIIEPTHOI CUCTEMU KEPYBAHHSI
MIKPOKJIIMATOM Y TEIIVINLI

Jnst HaByaHHS HEHpOHHOI Mepexi copmMoBaHO HaOIp AaHUX 3HAYEHB TEMIIEPATYpPH i
BOJIOTOCTI MOBITPSI K BXIAHMX 3MIHHUX, a TaKOXX PEXKUMHU pOOOTH CUCTEMH OMAaJECHHS Yy
SIKOCT1 BUX1AHOI 3MiHHO1. Burins Tabnuii naHux HaBeaeHo Ha puc.I[1].

Yac, Tsos,°c Paplauis,  BlaHocHa  TewyTp,°C Kowtyp1 Kowtyp2  Kowryp 3 CO2  Butpara raay, m3 MoTyxHicTe

15.01.201 1 1 0 68,50 12,18 26,55 22,74 0 0,00 312 1560
2 1.5 0 69,40 11,78 26,72 22,25 0 0,00 224 1120

3 1,31 0 68,80 11,95 26,64 23,15 0 0,00 80 400

4 1 0 67,90 11,87 26,81 23,48 0 0,00 384 1920

5 127 0 67,80 11,95 26,89 23,24 0 0,00 192 960

6 0,56 0 66,90 12,2 27,63 25,76 ] 0,00 328 1640

7 1,01 0 63,80 12,53 26,74 29,09 0 0,00 112 560

8 1 0 62,20 13,26 30,23 32,58 0 0,00 584 2920

9 1,27 20,1 63,60 13,1 26,5 30,4 ] 0,00 456 2280

10 1,92 735 59,10 13,76 31,86 39,33 0 0,00 648 3240

1 161 122 62,10 12,78 29,43 31,62 0 0,00 480 2400

12 27 281 61,90 14,25 30,73 43,4 0 0,00 480 2400

4 13 322 327 60,60 14,98 29,44 40,07 ] 929,00 272 1360
14 35 196 63,80 14,58 29,52 36,66 0 846,00 288 1440

15 2,61 57,2 66,30 12,96 29,44 47,06 0 732,00 320 1600

1e an7 ara f1an 1n e 21 en n cconn . anen

Puc.1. HaGip nanux 1uis HaBYaHHS HEHPOHHOI Mepexi

Jlani 311iCHIOEThCS HAaBYaHHS HEHPOHHOT Mepexi (puc.2).

Anfis Editor: Untitled - O *x
File Edit View

Training Error — ANFISInfo.  —
#ofinputs: 2

# of outputs: 1
# of input mfs:
33

crion

L L L L h Structure
20 40 60 80 100 Clear Flot

Epochs
Load data Generate FIS Train FIS TestFis.
Type: From: Optim. Method:
o — () Load from fie hybrid | | | Piot against:
. (®) file () Load from worksp, Error Tolerance: (®) Training data
esting
Grid partition Testing data
(") checking () worksp. O] B Epochs: Q J
O ) Sub. clustering 100 (C) Checking data
emo
Load Data... Clear Data Generate FIS ... i W Test Now
Epoch 100:error= 0.028685 | ‘ Help Close |

Puc. 2. Pe3ynbraT HaBYaHHS Mepexi
[lepeBipsieM0 HEMPOHHY MEPEXKY 3a TOMIOMOTOI0 TECTOBOT BUOIpKU JaHUX (puc.3).

input inputmf rule outputmf output
Training data : 0 FIS output : * — ANFIS Info.
15
#ofinputs: 2
1tegevdoepe apepbas #of outputs: 1
- #ofinput mfs:
2 33
Z 0s
(=]
0 EEX-EX XX R

05 s s s s s Structure
0 5 10 15 20 25 Clear Plot

Index
Load data Generate FIS Train FIS. T Testfis
s Erom: Optim. Method:
@) Training O Load from fie hybrid ~ | | Pt against:
O Test (®) file () Load from worksp. Error Tolerance: (®) Training data Logical Operations
esting and
e — (®) Grid partition e () Testing data @ or
(3 Dama (O Sub. clustering 100 () Checking data not
Load Data... | _ Clear Data Generate FIS ... Train Now
Click on each node to ses detailed information ‘ | Update Help Close
Average testing error: 0.02862 | | Help Close |
Puc. 3. Pe3ynbrar TectyBaHHA Puc. 4. Ctpyktypa cTBOpeHoOi
HaB4Y€HO1 CUCTEMHU I‘16pI/II[H01 MEPCIK1
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3amaeMo CTPYKTYypy cucTeMu nependadeHHs. Ha BXin momaemMo [Bi BEIMYUHH -
3HaueHHs Temneparypu (Temp) ta Bosorocti (Vol). Ha Buxoi 3a1aeMo KOHTYp OIaJICHHS —
1 — cuctema onaneHHs BBIMKHeHa, ) — clcTeMa ONaJleHHsS BUMKHEHA.

FIS Editor: TempVol2 — m] X

File Edit View

TempVol2

flu)

(sugeno}

R
XX

output

| FIS Name: TempVol2 FIS Type: sugeno
And method prod o Current Variable
Name
Or method probor o Temp
Implication — Type =T
Range [16.3527.41)
Aggregation —
Defuzzification wiaver ~ ‘ Help Close | ‘
System "TempVol2": 2 inputs, 1 output, and 9 rules ‘

Puc. 5. Burunisag Bikna FIS-penaxtopu miciis 3aBIaHHs CTPYKTYPH CUCTEMHU

HactynHuM KpoKOM € 3aBJaHHA iHTepBaliB (PyHKIIIH HAJIEKHOCTI 3MIHHHX.

3aBraHHs MapaMeTpiB (QYHKIII HAJIEKHOCTI TEeMIEepaTypH BHYTPIIIHbOI BHUKOHYEMO,
BUXOJSYU 3 TEXHOJIOTIYHHMX IapaMeTpiB NMPH BUPOIIYBaHHI ToMmartiB B Terumii. To6to 3a
HopMy (TZ) mpuitmaemo 3navenHs +18-+25 °C, Tmin B mexax — +17-+21°C, i Tmax B
niama3oni 3HaueHb +24-+28°C [2].

Membership Function Editor; TempVol2 - O X

File Edit View

FIS Variables Membership function plots ol pits 181
Tmin Tz Tmax

AT 1L |

Temi output

Vol

input variable “Temp”

Current Variable Current Membership Function (click on MF to select)
Name Temp Name
Type input Type trimf
Params.
Hanoe [16.35 27.41]
eI [16.35 27.41] ‘ Help Close ‘ |

Ready |

Puc. 6. Burisin 3aBganss napameTpiB GyHKIIT HAISKHOCTI 3MIHHUX TEMIIEpaTypH MOBITPS B
TEIUINI

[TapameTpu ¢yHKIIT BoiOrocti o0MpaeMo MO BiICOTKY Bojorocti temuii. OTxe,
iarepBan Vmin — 40% - 66%, Vz — 60% - 80%,Vmax — 75% - 100%.
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Membership Function Editor: TempVol2 — m} X

File Edit View

FIS Variables Membership function plots ol poin 181
Wmin Vz WVmax
Efg output
Vol o
0 n I n n kil I
input variable "vol"
Current Variable Current Membership Function (click on MF to select)
Name wol Name:
Type input Type trimf
Params

e [50.05 82.85]
TR [50.05 82.85] ‘ Help Close ‘

Selected variable "Vol" ‘

Puc. 7. Burnsp 3aBianHs mapaMmeTpiB (pyHKIIT BOJIOTOCTI B TEIUIUII

Jns po3poOku mporpamMu HpPOTHO3YBAaHHS 3allMCYEMO TpaBWia, 3a SKUMU OyJe
npaioBat cuctema. OTKe, Ipu YMOBI 10 TeMIlepaTypa abo BOJIOTICTh BIIMOBIIA€ OJHOMY 3
IHTEepBaNiB, BUKOHYETHCS yMOBa BBIMKHEHHS — 1 a0o BuMKHeHHS — O oOpaHMX KOHTYpIB
OTIaJICHHSI.

3anucyemMo mpaBuiIa 3TiHO SKUX OyAyTh MPUUMATHCS PIILICHHS.

B Rule Editor: TempVol2 - O X B Rule Viewer: TempVol2 - o x

- . Fil Edit Vi Opti
File Edit View Options ile i iew  Options

Temp = 21.9 Vol = 85.4 output = 0
1. 1f (Temp is Tmin) and (Vol is Vmin) then (output is outimf1) (1) ~ i | — | [ |
2. If (Temp is Tmin) and (Vol is Wz) then (output is outimf2) (1)
3. If (Temp is Tmin) and (Vol is Vmax) then {output is outimf3) (1) 2 | | ‘ | [ |
4.1 (Temp is Tz) and (Vol is Vmin) then (output is outimfd) (1) 3 | | ‘ /1 | |
5. If (Temp is Tz) and (Vol is Vz) then (output is cuti mfS) (1)
8. If (Temp is Tz) and (Vol is Vmax) then (output is outimf8) (1) & | | ’/‘\ | | | |
7. If (Temp is Tmax) and (Vol is Wmin) then (output is cut1mf7) (1) 5 | | ‘ | | |
8. If (Temp is Tmax) and (Vol is Vz) then (output is outimfa) (1) 1
9. If (Temp is Tmax) and (Vol is Vmax) then (output is outimfe) (1) s | | I | [ |
v 7 | C | L
If and Then 8 | /\I ‘ | | |
Temp is Volis output is.
e | | \ _ | |
A ~ 16.35 27.44 50.05 8285 D:‘
Tz vz
Tmax Vmax 01 1.1
none none
Input: 166.45) Plot paints: Move: et | rignt | @
9 C 121856045 [ 10t _en | gn | sown|_ue ||
[ net [ not | Opened system TempVol2, 9 rules | ‘ Help Close ‘
Puc. 8. BikHO nonepeaHbo 3ajaHuX Puc. 9. BikHo neperisiny npaBui
IpaBUI

PesynbraT poboTn cuctemMu BimoOpa)kaeTbes y BiKHI MEPETIIALy MpaBWl. 3MiHIOIOUH
NOJIOKEHHS TOB3YHKA BXIJHHX TIapaMeTpiB, OTPUMYEMO NPOTHO3YyBAaHHS BBIMKHEHHS
BIJIMIOBIJTHUX KOHTYPiB onaneHHs[3].
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Surface Viewer: TempWol2 - O X
File Edit View Options

wal 13 A0

Temp

X (input): Temp | Y (input): Vol . Z (output): output o
X grids: 15 Y grids: 15 Evaluate
Ref. Input: Piot points: 14 Help | Close |
Ready

Puc. 10. I'pacdpiunuii BUTIIS 3aI€KHOCTI BUX1HOT 3MIHHOI BiJ BX1THUX

BUCHOBKMU TA INEPCIIEKTUBU INOJAJIBIIUX JOCJII’)KEHD

3anpornoHOBaHUN MiIXiJ Ja€ HEOOXiAHI MOXKIMBOCTI MPAKTHYHOTO 3aCTOCYBaHHS
pe3yabTaTiB JUIA MPOTHO3Y IMOAAJBIIOI MOBEAIHKH 00'ekTa Ta (opMyBaHHI B MOAATBIIOMY
eHeproe(PeKTUBHUX CTPATETiH KePYBaHHS TSIUIMYHUM KOMILIEKCOM.
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PO3SHINPEHHA MATEMATHUYHOI'O AITAPATY JUCKPETHO-BE3IIEPEPBHUX
MEPEX J1J11 ABTOMATU3ALII ITPOLIECY CUHTE3Y AJITOPUTMIB JIOTTYHOI'O
YIIPABJIIHHA

AHorauis. B poOOTI mpencTaBieHHil BINNOBITHHUI eTam PO3IIHPESHHS MAaTeMaTHYHOTO OIHCY
CKJIATHUX CHUCTEM Ha OCHOBI 3aC00iB ITHUCKPETHO-OE3IMepepBHUX MEpeXk, SKU HEOOXiTHIHA I
pO3pOOKH IHTENEKTyallbHOI CHCTEMH, TOB’S3aHOI 3 (OPMYBaHHSIM AaITOPHTMIB JIOTIYHOTO
ynpaBiiHHA. MeToo JaHoi poOOTH € MiHiMi3amis Yacy Ta aBTOMAaTH3allisl IpOIeCy CHHTE3y
JEeIKUX QITOPUTMIB YHPAaBIiHHS CKIagHUX cUcTeM. I [OCSATHEHHS IIOCTaBICHOI METH
HEeoOXiHO OyJo BUPIIIUTH 3ajady, MOB'SI3aHy 3 PO3MIMPEHHSIM MaTEMaTH4HOIO arapary
JIUCKPETHO-0e3NepepBHUX  MEpPekK Il CHHTEe3y aITOPUTMIB  JIOTIYHOTO  YIPAaBJIiHHSL.
OCO0NMBICTh PO3LUIMPEHOT0 MATEMAaTUYHOTO arapaTry MoJiArae B TOMY, IO BH3HAYa€ThCS
KOMOIHaIlil MaTpHIb IHIUISHTHOCTI Mepex [leTpi sika BHKOPHCTOBYETHCS 3TiIHO 3 [i€l0
BiJINIOBiTHOTO BEKTOpa KepyBaHHs. Taka KOMOiHAIlisl MATPUIIh IHIIUJACHTHOCTI TIOBUHHA BXOUTH
IO CHUCTEMH pIBHSHB, IO ONUCYIOTh IMCKPETHO-NOMIHHY YacTHHY AUCKPETHO-Oe3nepepBHOI
Mepexi. B po0oTi, Takox NpencTaBis€ThC MATEMAaTHYHHH OIMC CKIAJHUX CHCTEM SKi
00'eTHYIOTBCSL 3 JIBOX YacCTHUH HETEPEPBHO-TIOAIMHOI Ta JUCKPETHO-TIOAIHHOI B CTPYKTYpHIH
enHocti. Lli ABi 9acTHHM B3a€MOIIIOTH MK COOO0, YTBOPIOIOYM THM CaMHUM, Pi3HI PEeKUMH
(GYHKIIOHYBaHHS CHCTeMH ab0 JIOTiKO-TUHAMIYHOI MOZETI, IO MPEACTaBIsIE€ II0 CHcTeMy. B
3aKIIFOYHIA YacTWHI POOOTH BU3HAYAIOTHCS OCOOIMBOCTI MAaTEMaTHYHOTO OMHCY Ha OCHOBI
3ac00iB JIMCKPETHO-0E3MEpepBHUX MEpEeXK, IX PO3LUIMPEHHs JUIs PO3pOOKH  BiAMOBiAHOT
mwrarhopmMu  Bizyammizamii (yHKIIOHYBAHHs JIOTIKO-JHHAMIYHOT MOJENi Ta MPEACTABIIAETHCS
BHUCHOBOK CTOCOBHO IMOJIaJIbIIIOT0 PO3BUTKY HayKOBOi pOOOTH.

KoaiouoBi cioBa: nuckperHo-HenepepBHa Mepeska, Mmepexa [lerpi, J0oriko-JuHaMUYHA MOJIENb,
MaTpHLs IHIUISHTHOCTI, JIOTIYHE yIPaBIiHHS

1. BCTYII

Po3pobka soriko-guHamMigHOT MOJEN CKJIQJHOI TEXHOJOTIYHOI CHCTEMH Ha OCHOBI
3ac00iB JTUCKpeTHO-Oe3mepepBHUX Mepex ([Ib-mepex) morinpHa, KOMU HEOOXiAHO, s
BIJIMOBIIHOTO aHali3y BiAOOpa3uTH K Oe3nepepBHY IMHAMIKY CKJIAIHOI CHUCTEMH, TaK 1
CTPYKTYpHY IWHAMIKy pekuMiB pyHKioHyBaHHs [1]. B tTanoMy Bunaaky 3aco0u TUCKpPETHO-
Oe3nepepBHUX MEPEX MAIOTh ITEPEBArd y MOJICITFOBAaHHI CKJIATHUX CHCTEM.

IMocTanoBka nmpodaemu. B mpolieci BUKOHAHHS JESKUX 3a7a4 BUHUKAE HEOOXITHICTh
PO3UIMPEHHST MAaTeMaTUYHOTO onucy Jlb-mMepex, HampuKiIaa, MNP aBTOMATH3aIlli MpPOIECy
cuHTe3y OaraTopiBHEBUX cucTeM ympaBhiHHS [2]. B manomy Bumaaky Oyma po3pobieHa
BIJIMOBI/IHA JIOTIKO-TMHAMIYHA MOJIENb, sIKa BH3HAYA€ TIOCTAIMHUM XapaKTep HaJallTyBaHHS
piBHIB ynpaBiiHHSI. OJHAKO aITOPUTMHU MOETAITHOTO HANAINTYBAHHS 0AaraTOPiBHEBUX CHCTEM
MOXXYTb OyTH pi3HI TIpH OOMEXKEHIH KiTbKOCTI enemeHTiB [[b-mepexi. B manomy Bumaaky
HeoOXiIHa po3poOKa BiJIMOBIIHOT IHTEIEKTYaIbHOI CHCTEMH Ha OCHOBI 3ac0o0iB J|b-mMepexi, B
SIK1{ 3MIHIOIOTBCS 3B'SI3KM MIXK eneMeHTamu. Lle B cBoto uepry TsrHe 3a co00K0 3MiHY PiBHSHb,
SIK1 OMUCYIOTh MIOBEIHKY AUCKPETHO-MIOAIMHOT YaCTUHU JTUCKPETHO-0E3MepepBHOT MEPEXKi.
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AHAaJI3 0CTAHHIX TOC/iIKeHb | myOJikanii. B Ham yac po3mmpeHHs MaTeMaTHYHOTO
anmapary JIb-mepexx BHKOHyBamacs Yy MeXax CHHTe3y IIaThopMu  Bizyauizamii
(GyHKIIOHYBaHHS JIOTIKO-AMHaMIYHUX Monened [3]. 3mina 3B'si3kiB y JIH-mepexi muisxom
KOMITO3HMIIIT Ta JEKOMITO3MINI (PYHKIIOHAIBHUX IJAMEpEeX posrisaanacs y pooori [2].
AHaJOTIYHMNA TAX1A BIIOMUN TIpH CUHTE31 Mepex [leTpi, mpoTe BOHU MpECTaBIAIOTh JIUIIE
JTUCKPETHY AMHAMIKYy cucTteMu [1]. Takum 9uHOM, pO3IIMpEeHHsT MaTeMaTHYHOTO anapaty /JIb-
MEpEeX BIJIMOBIIA€ CYYaCHOMY PO3BHUTKY I1HTEICKTyaJIbHUX TEXHOJIOTIH, K y TOMIOHHUX
MPUKIIaaX MOB'I3aHUX 3 aBTOMAaTUIHUM CHHTE30M Mepex [lerpi [4].

MeTo0 naHOi po00TH € MiHIMI3allisl Yacy Ta aBTOMAaTH3alIlisl MPOIECY CHUHTE3Y ACTKHX
QITOPUTMIB yTIPABIIIHHS CKJIAJTHUX CUCTEM.

Jlis  JOCATHEHHSI MOCTaBJIE€HOI METHM HEOOXITHO BHUPIMIKUTU 33Jady, NOB'SI3aHy 3
PO3MIMPEHHSM MATEMAaTUYHOTO amapaTy JAUCKPETHO-HEMEPEPBHUX MEPEX I CHHTE3Y
AJTOPUTMIB JIOTIYHOTO yIPAaBIIIHHS.

1. TEOPETUYHI OCHOBH

Jloriko-guHaMi4yHa MOJeNb, L0 IPEACTaBIE€HA 3aco00aMU JIHUCKPETHO-HENEPEePBHUX
MepexX, CKIAJaeThCcs 3 JIBOX YacTuH: HemepepBHO-moxiinoi (HIIY) ta auckperHo-momiiHOi
(AIY) y crpykrypHiii egnocti. unamika HITY y nHenepepBHOMy mpoctopi X (t |tk|) MOXE

OyTu IpeJCTaBlI€Ha PIBHSIHHIMH CTaHy Ta

X)) = (&, (v, (€)), X E . uctft.D), €
PIBHSHHSIM BUXOIY

Y (t[tD) = T (ECu, @), X (E[tD). (2)
JITY mosxe OyTH mpeacTaBieHa BiIOBITHIMH PiBHSHHSM CTaHy

“X L (tk ):dx L (tk—l) + |AL|d Vi (tk )"‘d u (tk )+dWL (tk) ’ (3)
Ta PIBHSHHSAM BHXOJY

dYL(tk) :A'dXL(tk)’ (4)
ne  X(t|t)— BexTop HemepepBHO-moxiiiHoro cramy HITY; Y(t|t[) — BexTop

HemepepBHoO-noziiioro Buxoxy; U(t |tk |) — BEKTOP HEIIEPEPBHOTO BIUIUBY;

=(¢ U,(t,))— BekTop-(QyHKIiS yHpaBIiHHA CTPYKTYpHHUMH 3MiHaMH (peXHMaMH

dymaionysanns), Z,Cu,¢)=[& & . &l i =Cut)=lg & . &

. . d
BeKTOpa-(QyHKIIii yNpaBJIiHHA CTPYKTYpOIO, IO 3alekaTh Bl AuckpeTHoro ctany X, (t,)

‘T
HETIepePBHO—TIOIIHHOT YaCTHHH. dWL (t,) — soBHimmiil ynpapnsiounii BIUIUB, IX (L),
IX  (t, ;) — momepenniiti Ta HacTymHuMii AMCKpeTHMi cTaH (MapKyBaHHs) Mepexi IleTpi,
|AL| — IHIOMJEHTHA MAaTpHIl, IO BiloOpa)kae B3aEMO3B'A30K enemeHTiB y JIb-mepexi,
v, (t,) — ynpasasiounii Bextop B JIB-Mepexi.

Hudepenniansua yactuna (1), (2) Ta MY (3), (4) 00'e1HYIOTHCS 32 paXyHOK BIAMOBITHUX
dymxuiri — E(t,) = f(4), vy = fC/D(y(t)) :

Hani piBasHHA (1-4) € OCHOBOI I PO3IMIMUPEHHS MaTEMaTHYHOTO amapary 3
ypaxyBaHHSM MPOIelyp aBTOMaTUYHOTIO CUHTE3y Mepex Llerpi.
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2. PE3YJIBTATHU TA OBI'OBOPEHHS
B pesynprari po3risgy MaTeMaTHYHOT'O OINHUCY JIOTiKO-AMHaMi4HOT Mozeni Oyio
BCTAHOBJICHO, IO TpH cuHTEe31 Mepexi I[leTpi Ta BIAMOBITHUX aITOPUTMIB, PO3MIPHICTH

. d d . _ .
sekropis X (t,), “U (t,) i marpumi |A| moxe e 3mimioBaTmcs, OmHAaK eneMeHTH
MaTpHIli |A|_|1'IOBI/IHHi 3MIHIOBATUCS TPU PI3HUX 3allycKax MOJIENI CHUCTEMH. Y IbOMY

, TaKkuM 4YHUHOM,

BUNQJIKy IHLUMJCHTHA MaTpULS |AL| Moxke OyTu |AL1|, |AL2

(A e [ALl | Al {A,

noctapieHoi 3aaadi. OTKe, PIBHAHHS MOBUHHO OYTH MEPETBOPEHO 3TIJHO 3 BEKTOPOM

, IPH 1IbOMY, 3HAYEHHS N 3a3/1aJIeri b HEBIIOME 1 3aJIE)KUTh BOHO Bij

II0YaTKOBUX YMOB S , O (OPMYETHCS JIEAKOIO EKCIIEPTHOK CHCTEMOKO.
Jns  Bizyamizamii mporecy cuHTe3y Mepexki Ilerpi Ta BiANMOBIIHOTO aJTrOPUTMY
noriynoro ynpasninus, 3minai cragy ‘X (t.),"X (t_,) Ta mpupicT HeoOXimHMX 3HaYEHb

KPHUTEPII0 SKOCTI poOOTH cucteMu AJ MOXKYTh BUBOJUTHCS 3a TOTIOMOTOI0 TApaMETPHUYHOTO
daiury Ha mardopmy Bizyanisailii, K MokasaHo B po6oti [3]. Bisyamizalis npoiecy CUHTE3y
Mmepexi I[letpi Ha ocHOBI BignoBigHoi muiatrgopmu Flash abo Unity € BaXJIMBOIO CKJIaJ0BOIO
JUTSL B3AEMOJIiT €KCIIEPTa 3 IHTEIEKTYaIbHO CHCTEMOTO.

BUCHOBKMU TA INEPCIIEKTUBH INIOJAJIBIIUX JOCJII’)KEHD

B mporeci BUKOHAHHS TOCTaBJICHOI 3a7adi BU3HAYWIM OCHOBHHUU HANPSIMOK Y
PO3MIMPEHHI MAaTEeMaTUYHOTO OIUCY JUCKPETHO-OE3MEepepBHOT Mepexi Ui pO3pOOKH
BIJUTOBIIHHAX JIOT1IKO-AMHAMIYHUX MOJIEIEH.

[Tomanpmmii pO3BUTOK HAYKOBOI poOOTH Oe3mocepeHh0 Mae OyTH TIOB'S3aHUN 3
pPO3pOOKOIO JIOTIKO-AMHAMIUHOI MOJENi, dKka 3ale3lneuye CHUHTE3 0araTopiBHEBUX CHCTEM
YIpaBIiHHS HA OCHOBI MIEBHOT 1HTEICKTYaIbHOI TEXHOJIOT 1.
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CTPYKTYPA [TIPOTPAMHOI'O ATEHTA 3ACHOBAHOI'O HA 3HAHHAX
STRUCTURE OF A KNOWLEDGE-BASED SOFTWARE AGENT

Awnoranisi. [IpononyeTbess 10 po3IIALy KOHIENTyalbHa CXeMa CTPYKTYPH 1HTEIEKTYalbHOI'O
[POrPaMHOro arcHTa 3acHOBAHOTO Ha 3HAHHAX. BH3HAuYalOThCSd BHMOTM [0 IMOOYZOBH Ta
¢byHKIIOHYBaHHS areHTa. HaBOJIMTBCS CTPYKTypHa cXeMa, CHCTeMa MPOrPaMHUX KOMIIOHEHTIB
Ta onuc iX B3aeMonii. OOIPYHTOBYETHCS aKTYaIBHICTh MOJANBIIOTO AOCIIKEHHSI B HANPSIMKY
IHTEJIEKTyaJIbHUX areHTIB Ta IPeJCTaBJICHHS 3HaHb B KOMIT FOTEPI.

Karouogi ciioBa: knowledge-based software agent, knowledge representation.
1. BCTVYII

IMocTanoBka npo6uaemu. CydacHUIl cTaH PO3BUTKY KOMII IOTEPHOI TEXHIKH, MOB Ta
CHUCTEM MpOrpaMyBaHHsS, METOJIB Ta TEXHOJIOriM 00poOku Ta opranizaumii iHQoOpMmarii
BUMAralTh BiJ] PO3pPOOHMKIB MPOrpaMHOro 3a0e3Ne4YeHHs HOBHMX HIiAXOMIB 10 poiai Ta
GyHKIIH KOMIT FOTEpHUX A0JaTKiB. OMHUM 3 TaKuX MIJIXOJIB € CTBOPEHHS JOJATKIB, AKI O
HEepeTBOPIOBAIN 3BHYANHUN EPCOHATIBHUNA KOMII ' I0TEP, HOYTOYK YM MOOUTBHUM NPUCTPiil Ha
IHTENEKTYalbHOTO MOMIYHHMKA, aCHCTEHTa Ta cekpeTaps. Komm'ioTepHHUH NOJAaTOK Mae He
MPOCTO TOJETUIyBaTH BUKOHAHHS MOBCSIKICHHUX PYTHUHHUX 3aBJlaHb, BIH Ma€ MOBHICTIO
Opatu ix Ha cebe. Takuii iHTENEKTYaIbHUN JOAATOK OYAE npocpamMHuM azeHmom 3aCHOBAHUM
Ha 3HAHHSX.

AHaJti3 ocTaHHix gocixkenn i myoaikauii. [IpencraBieHHs 3HaHb B IHTENEKTYaTbHUX
MPOTPaMHUX areHTax € TOJOBHUM HamNpsIMKOM JOcCiipkeHb. B [1] maeTbcs BceOiuHMN Ta
IIIMOOKUH aHajIi3 IHTeNEKTyalIbHUX areHTiB, BiJl IPOCTUX pe(IEKCUBHUX areHTIB /IO areHTIB 3
(GYHKIISIMA TIPEJICTABIICHHS 3HaHb Ta JIOTIYHOTO BUBOAY, SIKi JIIOTh B HEJIETEPMIHOBAHOMY
cepenoBUINi. AHAN3y, MPOEKTYBaHHIO 1 peaizamii MYJIbTHATGHTHUX CHUCTEM Ta
PO3MOAUICHOTO IITYYHOTO IHTENEKTy mpucBsdueHo [2]. BaxmmBum mkepenom € [3], me
PO3TISIIAIOTHCS HANIPSIMKH Ta CTaH JIOCIIKEHb B cdepi MpeCTaBIeHHs 3HaHb Ta JIOTIYHOTO
BHUBOJly, CIICIiaJli30BaHi METOJIM pIIICHHS 3aJad B TaKUX O0OJIacTAX SK, Yac, MPOCTIp,
NPUYMHHO-HACIIKOBHIA 3B’S30K 1 His. B [4] TWpoOmOHYIOThCS TEOpeTHYHI Ta MpaKTHYHI
MiIXOMW IO TIPEACTABJIICHHS 3HAaHh Ha OCHOBI KOHIIEMINi OaraTopiBHEBOi pO3IIUPEHOT
ceMaHTHYHOI Mepexi. [IuTaHHS  KOTHITUBHOTO  CIPUHHSATTS, CTPYKTypHI — Momemi
MIPEICTABJICHHS 3HaHb PO3TIIAAatoThes B [5]. Temoro [6] € 3acTocyBaHHS B Ooprasizailii 3HaHb
MOJIeNIell MOJAJbHOI JIOTIKM Ta IHIIMX METOJMIB 3aCHOBAHMX HA PO3IIMPEHHSIX KIACHYHOI
JIOTIKH.

Mera nyOaikauii. Maroun 3a Mery 3GOpMYJIIOBaTH WIiAXOOM JO CTBOPEHHS
IHTEJNIEKTYalbHUX MPOTPAMHHUX AareHTIB 3aCHOBAHMX Ha 3HAHHSAX B CTATTI IPONOHYETHCS
PO3TIISIHYTH BUMOTH JI0 TIOOYJIOBHM TaKHWX areHTIB Ta MOJA€ThCS KOHIIETITyaJbHA CTPYKTYpa,
SKa € HACJIIJIKOM ITMX BUMOT Ta IIOTOYHOTO CTaHy JIOCIiIKECHb.

2. PE3YJIBTATHU TA OBI'OBOPEHHS
IIponioHyeThCsl KOHIENTyajdbHA CTPYKTypa IPOrPaMHOIO areHTa 3acHOBAaHOTO Ha

3HaHHAX [1,p.234].
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2.1. Bumoru 10 nporpaMHoOro areHra

Hunamiynicms: 3HaHHS He aOCONIOTHI, a 3aJeXHI Bif 4acy. [ Hyukicmb: CTPYKTypa
NpeJICTaBICHHS 3HAHb MOXXE 3MIHIOBATUCS. [iOpuoHicms: 3HAHHS TPEICTABISIOTHCS SIK
JICKJIapaTUBHO, TaK 1 MPOLEAYPHO. Juckpemuicms: CTaHU areHTa, 4yac Ta MpoCTip cepeloBHIIa
CKiH4eHHI Ta nepemuyBani. Backtracking: mexanism BigkaTy 3HaHb O HONEPEIHHOIO CTAHY
npu Heaayi. Hemonomonwnicme [3,p.239]: MOXIUBICTH OOpOOJATH CYNEpEUw MBI 3HAHHS.
Dataflow: o6uucnennst sik opienToBaHuii rpad, A€ BEPIIMHHA € OOYHUCICHHSIMH, a MOTOKH
JAHUX - TyTaMHU.

2.2. CTpyKTYypa arenra

Ilouamkosuii cman 6a3u 3HaHb: MICTUTH 0a3oBi 3HaHHA [1,p.235]; nexmapatuBHUi
[1,p.236] ommc THuMiB, 00’€KTiB, aTpuOYTIB, BITHOIICHb, MPABHJI JIOTIYHOTO BHBOIY;
BUKOPUCTOBYETLCS MoOyieM onepayii Hao 6a3or0 3Haub s HILIadi3alii areHra Ta Horo
nepexo/y B MOYAaTKOBHUH CTaH.

Kanan cnpuiinamms: 3a0e3nedye NpUOM Ta MEPBUHHY CHHTAKCHYHY Ta JIEKCUYHY
00poOKy BXIIHMX TEKCTOBUX moBigomiieHb [1,p.865], [4,p.9]; mepeTBoproe iX B 3ammcu
arcypHany cnputinamoeo [1,p.446], [4,p.17].

Kypnan cnputinamozo: MICTUTh BIOPSAAKOBAaHY TMOCTIAOBHICTh (HOpMaTi30BaHUX
3aMKCIB KAHALY CHPULHAMMSL.

Mooynb 06pobKku cnpulinsamozo: CEpBICU aHANI3YIOTh 3aIUCH JHCYPHALY CHPULHAMOZO,
KIHIIEBI PE3yJIbTaTH PO3MIIILYIOTh B JCYPHAL onepayili Hao 6a3010 3HAHb; TIPOMIKHI B HCYPHA
CNPULIHAMO20; MOXKYTh POOUTH 3alUTH 10 AKMYAIbHO20 CMAaHy 0a3u 3HAHb; 3T1IHO MpaBUII
pedaeKTUBHOI MOBEAIHKM MOXYTh HamnpsMy 3BepTatucsi A0 (QYHKUIN niaumysanrbHuka Ta
CepBICIB MO0y hopmyeanHs Oill.

Axmyanvuuti cman 6a3u 3nany: 30epirae Ta BigoOpa)kae MOTOYHHMM cTaH 0a3u 3HAHb
areata [1,p.440], [3,p.213], [4,p.39]; BiamoBimae Ha 3amUTH MOJYJIBHUX CEPBICIB;
bopMyeTbCcs Ta 3MIHIOETBCS Ha MiACTaBl 3alUCIB JHCYpHANY onepayii Haod 0a3010 3HAHb
cepBicaMu Mo0ys onepayit 6a3u 3HaAHb.

Kypuan onepayiii Hao 6a3010 3HAHbL: MICTUTH BIOPSAJKOBAaHY MOCIIJOBHICTD
dbopMaizoBaHUX 3aMUCIB CTBOPEHUX CEPBICAMU MOOYIs 0OPOOKU CHPUUHAMO20 Ta MOOYJs
onepayii 6a3u 3Hamus.

Mooynv onepayiti 6a3u 3HaHb: CEPBICH AHATIZYIOTh 3AMUCH JMCYPHANLY Onepayii Hao
6a3zor0 3Hamb; PE3YIbTATH 3aCTOCOBYIOTHCS [0 aAKMYAlbHO20 CMAHYy 0a3u 3HAHb, 110
NepeBOJIUTh areHTa 0 IHIIOTO CTaHy; CEpBICH MOXYTb POOUTH 3alUTH IO AKMYAlIbHO20
cmany 6a3u 3HaHb; MaIOTh MOXKJTUBICTh 3BEpTATUCS 10 DYHKINH nianysarvHuka.

Ilnanysanvruk: Ha TIJICTaBl TPaBUJ Ta IUIEH BiOOPaKEHUX B AKMYAIbHOM)Y CHMIAHI
oazu 3nams [4,p.85] Ta (yHKIIOHAIBHUX 3BEPHEHHSX IHIIMX MOAYJIBHUX CEpBicCiB (hopmye
crenapii mi arenrta [1,p.401]; musixom cTBOopeHHs MOXIuBUX cBiTiB [1,p.240], [2,p.335],
[5,p.5], [6,p.15] Ta 3acTocyBaHHS BiANMOBiAHMX anroput™MiB momyky [1,p.75], [2,p.165],
[3,p.181] Ta mpaBun noriunoro BuBomy [1,p.322], [2,p.331], [3,p.285] cepBicu dhopmyrOTh
3aIUCH JHCYPHANLY NIAHYBANbHUKA.

JKypuan nianyeanvHuka: MICTUTH BIIOPSIKOBAHY MOCIHITOBHICTh (HOpMaTizoBaHUX
3alMCIB CTBOPEHUX CEPBICAMH MIAHYBANbHUKA, 3ATIUCH OOPOOIISIOTHCS CEpBICAMHU MOOY1s
Gopmysanns Oil.

Mooynv ¢hopmysanns Oiti: CEpBICH aHANI3YIOTh 3aIUCH JHCYPHANY NAAHYBAIbHUKA Ta
JICYypHany Oill; Pe3yJIbTaTH PO3MIILYIOTh B J#CYpHAN Oill; CEPBICH MOXYTh POOUTH 3alUTH 10
aKmyanibHo2o cmauy 6a3u 3HaHb, BAKOHYIOTh 3B€pPHEHHS 1HIIUX MOJYJIBHUX CEPBICIB.

JKypnan Oili: MICTHTH BIIOPAJKOBaHY MOCTIIOBHICTh (OpMani30BaHMUX 3aIHCiB
CTBOPEHUX CepBicaMu Mo0yis popmysants Oiil; 3aUCU OOPOOISIFOTHCS KAHAIOM Ofl.
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Kanan oiu: ananmizye 3ammcw oicypHany Oii; 3T1IHO 3 BCTAaHOBJICHUMH IPaBHJIAMHU
BUPOOJISIE TTOBIAOMIICHHSI, KOMaH/IH Ta 3alUTH J0 HABKOJMITHLOTO cepeaoBuia [2,p.29].

Input Channel -

— InCh
KaHan cnpuAHATTA
Input Log - Input Library -
InLog .« InLib Fr==rs
HYPHAN CNPUAHATO MO _/_.,-""' 71 Mogynis 0GpobKK cnpuitHATO MO |
a-~ ' i
]

Operation Log - OpLog
WYPHAN onepauiin Hag 0asow
3HAHL —

Operation Library - OpLib

Mogyns onepayii 6asu 3HaHb

Current KB - CurrKB i Base KB - BaseKB

ElKTyEU'IhHHI;‘ cTaH 0asn 3HaHb NOUATKOBMA CTaH Dazun 3HaHb

SchedLog NAaHYBAaMLHIK -

HYPHAM NNaHyBansHUKa

Scheduler Log - [ ‘{ Scheduler - Sched

Action Log - ActLog H'-“‘;* Action Library - ActLib
HMypHan gin MOoAynb chopMyBaHHA fii

¥
Action Channel - ActCh

KaHan miin

PucyHok 1. CTpyKTypa NnporpamHoOro areHrta

Ha puc.l mnoka3ana KoHIENTyajlbHa CXE€Ma CTPYKTYpH HpPOTPAaMHOTO areHTa,
3aCHOBAHOT'O Ha 3HAHHAX (CYLLUIbHI CTPLIKH MOKA3yIOTh OCHOBHHMM MOTIK JAaHWUX, MyHKTHUPHI
— 3anmuTH 10 0a3M 3HaHb, INTPUX-MYHKTUPHI — (YHKIIOHATBHI 3BEPHEHHS).

BUCHOBKMU TA NIEPCIIEKTUBU INIOJAJIBIIUX JOCJIITKEHD

PesynbraTi JOCHIIKEHHS JarOTh TEPCIEKTUBY JUIS TPOEKTYBaHHSA Ta peaizamii
HPOTOTHUITY 1HTEIEKTYaJIbHOTO MPOTPaMHOT0 areHTa 3riTHO 3 HaBEJICHUMH B CTATTi BUMOTaMHU
Ta QYHKIIOHAJIBHICTIO.
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MATEMATUYHA MO/JEJIb TEPMOEJIEKTPUYHOI'O IIJIIBKOBOI'O BUITAPHUKA
SAK OB'CEKTY KEPYBAHHA

AHotanisg. JlomoBine  mpucBsueHa — po3poOmi  iMiTamiiHOI  MaTeMaTH4YHOI  Mopedi
TEpMOEJIEKTPHYHOTO ILTIBKOBOTO BHMApHHKA K 00'ekTy kepyBaHHs (OK), mo Britoyae B cede Tpu
OCHOBHI CKJIQJIOBI: MOJIeNIb TepMoenekTpuaHoro neperBoproBada (TEII), Moxens Teruonepenadi
Yyepe3 IUIOCKY CTiHKY Ta MOJETb TEIIOMAaCOOOMIHHUX NpOLECIB y IUTIBKOBOMY BHIIAPHUKY.
ImiTaritina Mozens peanizoBana B cepenonuiii Matlab Simulink.

Kiro4oBi ciioBa: TepMoeeKTpHYHIA IEpEeTBOPIOBAY, IUTIBKOBUH BUMIAPHUK, TEIUIOMACOOOMIH.

1. BCTYII

[Tpu BUpOOHUITBI PI3HOMAHITHUX AaJKOTOJBHHUX HAIOIB 3a3BHYAil MocTae mpobdiema
HOpMaJTi3alii BMICTYy QJKOTOJIO B TOTOBOMY TponaykTi. Ilporec meankorosizamii
3aCTOCOBYETBCSI JUIsi 3MEHIIEHHS BMICTY QJIKOTONIO B OJHHX IPOAYKTaX Ta OTPUMAHHS
CIIUPTY JUIA 3MiNHEHHS 1HmUWX. JIms TigBUIIEHHS eHEeproeeKTUBHOCTI MpoIeCy Ta
TOJIITIIIICHHST  SIKOCTI  OTPUMAHUX TPOAYKTIB 3a3BHYali BUKOPHCTOBYETHCS BaKyyMHa
JUCTWISIIS Y TDTIBKOBHX BHITAPHUKAX. BUKOPUCTaHHS TEPMOEIEKTPUYHUX TIEPETBOPIOBAYIB
(TEIT) mo3Bosisie 3HAYHO 3MEHIIUTH €HEPreTUYHI BUTPATH MpPH peaiizaimii TakuxX MpOIECiB.
Po3pobka epexkrnBaux CAK He MoxiauBa 06€3 HasgIBHOCTI IMITallifHOT MaTeMaTHYHOT MOJE1
TaKOTO Tporecy sk 00’ekty kepyBanHs (OK).

2. TEOPETUYHI OCHOBH

MaremaTHuHa MO/IETh TEPMOEIIEKTPUYHOTO TUTIBKOBOTO BHnapHuka sk OK Bkiovae B
cebe TpW OCHOBHI CKJAJOBi: MOJAENIb TepMmoenekTpuuHoro neperBoproBaya (TEII), monens
TEIUIoNepe1adi uepe3 TIOCKY CTIHKY Ta MOJIEh TeINIOMacOOOMIHHUX MPOIIECIB Y MITIBKOBOMY
BUTIAPHUKY.

1) JIns po3paxyHKy TEIJIOBOTO IOTOKY uepe3 IUIOCKY CTiHKY Qc CKOpHCTyeMocs

HAaCTYIITHOKO 3aJIE)KHICTIO
At

QC:F-k-&taGOQC:F-R—

et (1)

3BiakH @)

Je: terl 1 ter2 — TeMmepaTypH CTIHKH 3 Tapsvoi Ta XOJOJHOI CTOPOHHU BiIMOBIIHO; At =

ter1 — ter2 — TemmeparypHuit Hamip; Rer — TepMiuHHI oOmip TerwionpoBigHocTi (cTiHkm); F —
TOBIIMHA CTIHKH; K — €KBiBaJIEHTHUH KOE(IIi€HT TEIIIOMPOBITHOCTI.

At = Q.=

F
RCT ~ (3)

TemnoBa eHepris M0 BUTPAYAETHCS HA 3MIHY TeMIepaTypH CTiHKU Q.
Q = Cer " Mep - At (4)
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Y
3BinKH Cer Mer (5)

Jle: cer — MATOMA TETIIOEMHICTD MaTepially CTIHKH; Mer - Maca CTiHKH.

2) Ilpu po3poOui Momeni TerIoMacoOOMIHHMX MPOIECIB Y BHUMAPHUKY MNPUHAMEMO
HACTyIHI CIPOIIEHHS: a) MOJEIIOEThCS IMPOIEC KHUITIHHS a3e€0TPOIHOI BOIHO-CIIMPTOBOT
cyMimi (Ipu THCKY MeHie 75 M6ap); 0) 10 JOCATHEHHS TeMIIEpaTypH KHITIHHS BCS €HEpris
10 MIJBOAUTHCA 10 BUIIAPHUKA BUTPAYAETHCS HA MIAITPIB MPOJAYKTY 10 i€l TeMrepaTypH; B)
B TOAAJBIIOMY TEIUIOBA EHEPris IO MiABOJUTHCA A0 BHUIIAPHMKA BUTPAYA€THCS Ha
BUIIAPOBYBaHHS CIHMPTIB; T) IMICIS BHUIIAPOBYBAHHS BCIX CHUPTIB TEIUIOBA EHEPTis IO
HiZIBOAUTHCS IO BUMApHHUKA Oyje BUTpayaTHCS Ha MEPErpiB JEaJIKOr0Ji30BAHOTO MPOIYKTY
(AIT) Buie TemmnepaTypu KUIIHHS COUPTIB.

B mopeni TemnoMacooOMiHHUX TpoleciB y BunapHuky sk OK BuKoOpHcTaHi HacTymHi
3aJIEKHOCTI:

Qr=Qu+ Qs+ Qn (6)

Qu=1C¢n Gy (Tx —Tp) (7)

Qs =1 G (8)

Qn = Con” G,qr[ ) (T,qr[ - Tn) (9)

Je: Qr— TeroBuil MOTIK Bix rapsvoi croponn TEIT; Qu

- TEIUIOBUH MOTIK HAa HArpiB MPOIYKTY 10 TeMIepaTypH KUMIHHA;, Qs - TEIJIOBHIA MOTIK HA
BUIIAPOBYBaHHS CNUPTIB; Qn - Ter1oBUH noTik Ha neperpis JI1 Buie Temneparypu KUMIHHS;
Cn — TETUIOEMHICTH TPOAYKTY; Gn — MacoBa BUTpaTa NMpoaykTy; Tn — MmoYaTkoBa TemmepaTrypa
npoaykry; Tk — Temmeparypa kumiHHs cnupty; Twm — Temmeparypa mneperpiy HAIT; re —
TEIJIOTa NapOyTBOPEHHA chupTy; Ge — MacoBa BHUTpaTa CIUPTY IIO BHUIIAPOBYETHCS; Can —
teroeMHIcTh [I1; G — macoBa Butpata /I1.

3. PE3YJIbTATHU TA OBTOBOPEHHSI

B pesynbrari aHamilzy mpoIeciB IO MPOTIKAIOTh B TEPMOCICKTPUYHOMY ILITIBKOBOMY
BUIIAPHUKY 5K 00'€KTY KEPYBaHHS JIJIsl HOTO MaTeMaTHYHOT MOJIeNi OyJia MPUITHITa HACTyITHA

cTpykTypa (puc.1).

_..Ty X » Qe Tne
L Moaent

| ar Mogent L . TENNOMACOOBMIHHWK Ge

— Moaens TET — rennonepeaadi Gn npoLecis y

Yepes NNOCKY CTIHRY > nnigrosoMY
HC ¥ Tr K

- - - BMNapHUKY

Pucynok 1 — CtpykTypHa cxema MaTeMaTU4HOi MOJIETi TEPMOEIEKTPUIHOTO
TUTIBKOBOTO BHITAPHHKA SIK 00'€KTY KepyBaHHS

Ha pucynky npuifHsTi HacTymHi mo3HaueHHs: Tr — aOcomoTHA TeMiiepaTypa rapsayoi
croponu; Tx — abcoyFOTHA TeMIiepaTypa X0JIOAHOI CTOPOHH; | — cTpyM BiJ BXiTHOTO JKEpena
KUBJIEHHS; Qx - «XOJOJHOTO» TEIUIOBOTO MOTOKY; Qr - BEJIMYMHA «Tapsyoro» TEerIOoBOroO
NnoTOKY; Tms - TemmepaTypa MPOAYKTY B BHIIAPHUKY; Trec - TemIepaTypa HaBKOJIHIIHBOTO
cepenoBuina; Qc — BeIMYMHA TEIJIOBOTO MOTOKY Yepe3 TIOCKY CTIHKY.

MaremaTu4Ha Mo/e/ib TepMoeaeKTpu4yHoro nepersoprosaya (TEII). Bennuunn
«xonoanoro» Qx Ta «rapsyoroy» remaooro motoky Qr TEIT onucyrotecs piBHsHHSAME (10)
ta (11) BiamoimHoO.

2 _

QX:am.TX.[_%_Tfe_r:x (10)
2 —

QX:am'TX'I—F%—% (11)

[TapameTpu am, ®m i Rm po3paxoByIOThCs 3 JUCTA JaHUX BUPOOHUKIB BiAMOBIIHO 10
piBusHb (12 — 14).

R, = Vmax _ (Tr—ATmax) (12)

Imax Ty
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O = e (13)
In, _ Vmax ~ATmax)
m = T, (14)

Je: Rm — enektpuunmii omip TepMoeneMeHTa; ®m —TeruioBUN Omip eleMeHTa; am —

koediieHT 3eebeka p—I1 nepexoany; Iy, — MakcuManbHo gomyctumuid ctpym TEIL, Vi .,

— Hanpyra mo nojpaerbes Ha TEIL npu [, ATmax — MaKCUMalbHO JOMYCTUMA PI3HUIA

TEeMITEPaTyp MK XOJIOJHOIO Ta TapSII0I0 CTOPOHOIO.
MaTtemMaTH4YHa MOJeJIb TellJionepeaadi yepe3 II0cKYy cTiHKY. Mojeni TeMmnepaTypu
CTIHKH 3 raps90i cTopoHH ter1 (15) Ta TeruroBoro nmotoky kpi3e Hei Q (16) MaroTh BUTIISI:

((@+ fc-rz)‘(fCTz'QrB;RCT)_eCTLl).F

RCT QI‘B
ter1 = f Cor*Mer dt + tuc (15)
(QFB*RCT_'_t )—(t _QrB*RCT)_t +F
F cT2 €T2 F €Tl
Q=0s— ( Rer ) — Qs (16)
Jle: terl.1 — TeMIIepaTypu CTIHKH 3 Tapsia0i CTOPOHU Ha KPOK paHiiie; ter1= Tr, terz= Ths.
MaremaTu4Ha MoOJeJb TeMJIOMACOOOMIHHMX IMpoueciB y BHUIAPHUKY. Mojaenb
3MiHH Qs TEMIIEPATYPU
HPOIYKTY B I Coomn dt + Tp; Trp < Ty Myap cnupry > 0 BUNapHUKy (Tus)
MUCYETHCS UCTEM
O. CYETBC TnB: I(Tgn - Tx)dt + T,qn: Tma = TKJ maan.cnup'ry >0 CHCTCMOIO
piBHstHb (17). O
fmdt + T,qn; T]‘IB = TKI msaﬂ.crmp'ry <0
17)

lIe: Msan.coupry — Maca COUPTY, IO HE BUIapUJIaCs.

Mozens 3MiHM BUTpAT CIMPTY 1110 BUNAPOBYeThCS Ge onucyeTbes 3anexHicTio (18).

_ QcH(Tp—Ty)*cy*my
G, = . (T = Ty

(18)

Ha pucynky 2a mnpencraBieHo peamizaiito B cepefoBumii Simulink  wmomeni
TETMJIOMAaCOOOMIHHUX MPOIECIB Y BUMAPHUKY Ta MaTeMaTHYHOI MOJEIi TEPMOEIEKTPHUUYHOTO
IUTIBKOBOT'O BUITAPHUKA SIK 00'€KTY KepYBaHHS

[ T °C

Mogens Tennonepeaasi
p o

Pe=TtuBap

Moaens TEN

Py-t8idBap

|' P68l

Mogens Tennomacoobminnmx l L
FPOLEER Y BUAAPMIKY iw ™ Ty PN

a) 0)

Pucynok 2 — a) peamizamis B cepemoBuii Simulink Moxmeni TermmomacooOMiHHUX
MpOIIECiB Y BHUIIAPHUKY Ta  MaTeMaTHYHOI MOJENI TEPMOEIEKTPUIHOTO TUIIBKOBOTO
BUIIAPHUKA K O0'€KTY KepyBaHHs; 0) KBa3iCTaTHU4YHI 3aJIC)KHOCTI TEMIIEPATypH MPOAYKTY Y
BUITAPHUKY Bija cTpymy kuBiieHHs TEII ipu pizHOMY THCKY B pecHuBepi.
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BUCHOBKU TA NEPCIIEKTUBHU INOJAJBIINX JOCJIIIXEHDb

Mopnens Oyna 3acTocoBaHa SK CKJIaJoBa YacTHHA 3arallbHOI MOJENi Mpolecy
neankoromizamii BuHa B motomi sk OK. Ha pucynky 20 mnpencraBieHi KBa3icTaTH4HI
3aJIe)KHOCTI TeMIIepaTypy MPOAYKTY Y BUIAPHUKY Bia cTpymy kuBieHHs TEIl mpu pizamX
THCKaX. Y 3B 53Ky 3 0OMEXKEHICTIO 00’ €My JOTOBIAl 1HII CKJIAJ0B1 3arajabHOI MoJIeli OyayTh
PO3TJISIHYTI B HACTYITHHUX JIOMOBIJISX.
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MATEMATHUYHA MOJEJIb TEPMOEJIEKTPUUHOI'O PEKYIIEPATOPA TEIIIA
"IIOBITPA - ITOBITPA" SAK OB'€KTY KEPYBAHHS

AnHoTanisi. J[oroBigs mpucBsUeHa po3poOli iMiTaIiifHOI MaTeMaTHYHOI MOZET TEPMOEIEKTPUIHOTO
pexyreparopa Tera "TOBITPS - MOBITPs" K 00'€KTy KepyBaHHS, IO BKIIOYae B ceOe TPM OCHOBHI CKJIAIOBI:
MOJICJIb TEPMOCJICKTPHYHOTO TEpeTBOpIOBaYa, MOJENb TeIUlonepeaadyi 4yepe3 IUIOCKYy CTIHKY Ta MOJIENb
KOHBEKTHBHOTO TEII000MiHy. ImiTamiiina Moernb peaizoBana B cepemosumti Matlab Simulink.

KirouoBi cioBa: TepMOCIEKTPUYHHUI MEPETBOPIOBAY, TEILIONEpEaada, KOHBEKTUBHHUI TEII000MIH,
MaTreMaTu4Ha MOJICTb.

1.BCTVYII. Buxopucranas tepMoenkrpuuHux neperBoproBadiB  (TEI) JUIS
pekyrmepaliii TerioBoi eHeprii mapo-MOBITPSAHUX CyMIIIeHd MpU peajizaimii TeXHOJIOTTYHHX
IPOIIECIB XapUOBUX TEXHOJOTIH JO3BOJISIE CYTTEBO 3MEHIIMTH EHEPreTUYHI BUTpATH 1
3HU3UTH COOIBapTiCTh TOTOBOI mpoxaykilii. Enepretnyna edextuBnicts TEII nmpu peamizartii
TaKUX MPOIECIB B 3HAYHIN Mipi 3aJIe)KHUTh BiJ] 31aTHOCTI CUCTEMH KEepYBaHHS MiITPUMYBaTH
eHeproe(peKTUBHI pEeXUMH pekymepariii. Po3poOka e(eKTUBHHUX CHCTEM aBTOMaTHYHOTO
kepyBanHs (CAK) HemoxiauBa 0e3 HasSBHOCTI IMITAI[ifHOT aHAJITHYHOI MaTeMaTHYHOI
MOJIEITI TAKOTO Tporiecy sk 00’ ekty kepyBanus (OK).

2.TEOPETUYHI OCHOBHU

MatemaTruHa MOJIENb TEPMOCICKTPUYHOTO PEKyIepaTopa TeIia «IOBITPsI — HOBITPS»
sk OK Bkitouae B cebe Tpu ocHOBHI ckianoBi: monens TEIL, moxens Temmonepenayi yepes
«IUTOCKY CTIHKY» Ta MOJIeJh KOHBEKTUBHOTO TEIJIOOOMIHY «CTiHKA-TIOBITPSI»

2.1. Jlna po3paxyHKy KOHBEKTHBHOTO TEIJIOBOTO TOTOKY Qx CKOpHCTaeMoOCs
HACTYITHOIO 3aJI€KHICTIO
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— 4 N (tnax+tnsux)
Qc=Frax (tCT_ T) (1)

Je: F — moma moBepXHi IMIIOCKOI CTIHKH, a - KoediuieHT Teronepenadi Br/(M2-K) B
3aJIe)KHOCT] BiJl HIBUAKOCTI PyXy CEPENOBHINA BUIHOCHO CTIHKH, t. — TeMIepaTypa CTIHKH,

tnBx, tnBMX — TeMIepaTypa MOBITPs HAa BXOA1 Ta BUXOJIl pEKylepaTropa BiAMOBIIHO.

2.2. Ilpu po3po01i Mozeni pagiaTopa pekyneparopa sik OK npuiitMmemMo cripoieHHs, 1o
paziaTop € IUIOCKOI CTIHKOIO 3 cepenHiMm TemioBuM onopm Ral. B Takomy pasi TemioBwuii
MOTIK KPi3b pajiaTop po3paxoBYEThCS HACTYITHUM YHHOM

Qcr = % F (tern — terp) (2)

TerutoBa eHepris M0 BHUTPAYAETHCA HA 3MiHY TEMIEpaTypd CTIHKH  pajiaTopa
peKynepaTopa po3paxoBY€EThCS HACTYITHUM YHHOM

Q =c*m*At (3)

Je: A — exBiBaJIeHTHUH KOe(DIIIEHT TEIMIONpoBiIHOCTI, F — 1uroma moBepxHi IIOCKOT

CTIHKH, 0 — TOBIIWHA CTIHKH, Ty, tepg— TEMIEPATYPH CTIHKH 3 Taps4O0l Ta XOJIOIHOI CTOPOHU

BIJIMOBIJIHO, C—TEIJIOEMKICTh pajiatopa, At — 3MiHa TeMmIepaTrypu pajaiaropa, M — maca
pamiaropa.
2.3. TensioBuii 0asanc 3 «xoa0aH0ro» 0oxky TEII
4
Qx = Qxer = Quxer = Qux %
3 ()
Qxer = g *Fyer *ATyer
Que = Fy - - (t (e + tm>> ©
XK — *X X XCT
? ™)
QHXCT = CXCT ' mXCT : (tXCTl - tXCTZ)
2.4. TenuioBuii 6ajanc 3 «rapsiuoro» 6oxky TEII
8
Qr=Qx+P j\ Qrer = Qurer = Qrk Egg
Qrer = g “Frep " ATper
10
Q _ F gL, = t _ (tFﬂBX + tFﬂBHX) ( )
) &) [T r r rcr
2 (12)
Q = Giop Whper ~ (Ciop =t
He: Q.. ,Q, — TeruioBi e rer*Mper * (trers, = trene) notoku Bijx TEIT

BIZITIOBIZTHO XONOAHUH 1 Tapssunit; Qyer,Qrers Quxer Qurer - TETUIOBIHM MOTIK Yepe3 XOJIOIHY 1

rapsyy CTOpPOHY peKyIepaTopa Ta KUIbKICTh TeIUIa 3aTpauyBaHa Ha HarpiB XOJIOAHOI Ta
raps4oi CTOpPiH BIAMOBIAHO; Qyy,

QI‘K -

TeIUIOBHH KOHBEKTHBHHH MOTIK 2 X0JIOAHOI Ta rAPY0l CTOPOHH PeKYNEepPaTopa; tynps,
tynemo Lrnex trngnxy — TEMIIEPATYPH MOBITPA HA BXO/Ii Ta BUXO/Ii peKynepaTopa; txerl, txer2,
trers ATrer, trnexs Cropims trerl, trer2, tyer, ATy — TeMIOepaTypH CTIHOK B PI3HHUX TOYKAX,; ax, ar
— K0 TerToBiAIa4i; Mxer, Cxer , Crer,Mrer — MACH Ta TEIUIOEMHOCTI paaiaTtopis; F, ,F. — muIomti

pazaiaTtopis.
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3. PE3YJIBTATHU TA OBI'OBOPEHHSA
B pesynbrari aHamily mporeciB Mo MPOTIKAIOTh B TEPMOCICKTPUIHOMY PEKyIepaTopi
Teria «HoBiTps -MoBiTps» Ak OK ams ioro maremaTnuHoi Mojeni Oyna NpUHATa HACTYITHA

cTpykTypa (puc.1).

Mogaens Trn _ Texnr |
Tennonepeaadi Gnr Mogene

KOHBEKTWEHOIO
.| depearapady | Tanr - TEnnooBMiHy

ar CTiHKY
! Mogens TEM
Qx
= Mogens | Tanx

Tennonepeaavi Gnx

Teuxnr

= Moaene

* HKOHBEKTWMBHOIO
HEPE3 XGNoaHy | Txn __Texnx | tennooGminy
CTiHKY

Teuxnx

Puc. 1 CrpykrypHa cxema MaTeMaTHYHOI MOJEIi TePMOEJIEKTPUYHOIO peKyIepaTopa
Teria «MoBIiTPA-MOBITPs» K OK.

Ha pucynky npwuitHaTi HactynmHi mno3HadeHHs: | — crpym skuBnenHs TEII, Qr —
TETUIOBHI NOTIK Bif raps4yoi ctopoHu TEIL, QX — TemynoBwii MOTIK BiJf XOJOJHOI CTOPOHH
TEII, Trnn — Temnepatypa rapsdoi croponu TEII, Txn — TeMneparypa Xo0JIOJHOI CTOPOHHU
TEIL, Su r Ta Sm_X — MBUAKICTb PyKy MOTOKY moBitpsi, Tanr ta Tanx — Temmeparypa
MOBEPXHI pajiiaTopa 3 raps4oi Ta X0JIO0AHOI CTOPOHHU BiJMOBIIHO.

3.1. MaremaTuyHa MoJeJdb TepMoejdeKTpuyHOro mnepersopwsaya (TEII).
Bennunnu «xonognoro» Qx Ta «rapsyoro» TteruioBoro mnotoky Qr TEII omucyroThes
piBHssHHEsAMH (12) Ta (13) BiamosigHO.

BenuunHa «X0JI0HOr0» TEIJIOBOIO MOTOKY MOXe OyTH OnucaHa 3 pIBHSIHHS

2
Ox=—-L+tam-Ta-1—2n

Om T2 (12)

BenuunHa «rapsdoro» TEIioBOro MOTOKY JopiBHIOE € cyMi edekty Ilenst’e (om.TI),

TEIUIONPOBIIHICTIO eneMeHTa (t / ®m) i TtemoBoro edexry /Dxoyns (IPRm). iro edekry
TomcoHa He omuCy€eMO OCTiIbKY BOHA He 3HauHa. ONUCY€EThCS 3aJIEKHICTIO.

2
Qr=—g-+am-Ta-1+=2 13
[Tapamerpn am, ®m i Rm MoxyTh OyTH po3paxoBaHi 3 JUCTa JaHUX BUPOOHHUKIB
BIJITIOBITHO /10 piBHsAHB (14-15).

— VYmax  (Te~ATmax) (13)
™ Imax Te
0. = ATmax 2Te
m ImaxVmax (Te—ATmax) (14}
P— Vmax
m Te
(15)

1€:1 25— MAKCUMANBbHO JIOMyCTUMUH CTPYM, Vi1 — HApyTa sika BUHUKA€ Ha TEPMOEJIEMEHTI
npH L ATy ax — MAKCUMAJIBHO JIOTTYCTHMA PI3HHUIS TEMIIEPATYP MK XOJIOJHOIO Ta

rapsaor0 CTOPOHOI0, QX — XOJIOAHUHN TETUIOBHH MOTIK,QT - TapsYuid TEMJIOBUH MOTIK, Rm—
eNeKTPpUYHUH omip TepMmoenemMerTaOM], ®m —rterioBwmii omip enementa] K/W], am —
koedimienT p—n nepexoay 3eedeka [V/K], Te - abcomoTHa Temneparypa Termioi cropou|[K],
Ta - abcontoTHa TemmnepaTypa Xoia0aH0i ctopoHu|[K].

3.2. MaremaTnuHa Mojejb TeIUlonepenayi 4yepe3 IUIOCKY CcTiHKY. MaremaTuuHi
MOJIeIT TeMIepaTypH TIOBEPXHi pajiaTopa 3 raps4oi ctoponu terl (15) Ta moBepxHi pamgiaTopa
3 X0NoAHO1 cTopoHu (16) MarOTh BUTJISA:

T-\]lr = ( an - {le.l - T“HN) : FH] = + Toux)

My * Cq)

(15)
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(Tuex = Tara) * Fq # a—Qy
T.llx = N + TlJ,;Jc
My * €y (16)

Marematuuni mozeni temneparypu rapsdoi(17) ta xomoguoi(18) cropia TEII maroTs
BUTJIISA

_ 1 Qrn—(Ta~Tpex)*Fap*a Qrn*Fa1*Ra)
Trn - f ; + (17)
) Mal*cal) ha)
_  Qn—(Tai—Tasx)*Far*a Qin*Fa1*Ral
Txn - I - (18)
Mal*Cal hg)

3.3. MaremaTnyHa Mojejb KOHBEKTHBHOI'0 TeIJO0OMiHy. MareMaTuuHi Mojeni
TEMIEpaTypu MOBITps Ha Buxoi 3 rapsyoi (19) ta xomnomHoi (20) cTropoHU pekymneparopa
MAarOTh BUIJIS

[:T:llr Tooaz, )'Fal =d
T = e T 4+T (19)
N_BMX_T Mimosn*Caonn BO3 gy
Tn. BHX_X = [:-l-.“x i -I.naﬁ:‘sx}' Fal’a - BO3 (EO]
- Mpoan*Ceoaa e

ne: T, — remneparypa pobouoi croponu TEII, T, Tix — TemmepaTypa(rapsdoi ta
XOJIOAHOT) MOBEPXOHb PAmiaToOpiB, Q. ,Qy, - TapsAuuil Ta XOJOIHUH TETUIOBHHA MOTIK BiA
TEIl, F, — moma noeepxHi paniatopa, R, — Temnosuii omip paziaropa, h, — ToBuIMHA
paniaTopa, Tggsx,, — TEMIEpaTypa BXIIHOTO IOBITPS, a - KOS(INICHT TEIUIOBIAAYL, Cg) —
TEIUIOEMHICTD AIIFOMIHIIO, Mpyy; — MACOBI BUTPATH IIOBITPS, Cposy — TEIUIOEMHICTH MOBITPS,

T (0 Bx )-mouaTtkoBa Temrmeparypa pamiatopa,T (al.l)-Tremmeparypa pamiaTopa Ha KpOK
paHimie, ™M, — Maca pajiaTopa, €, — TeIUIOEMHICTh pajiaTopa.

BHUCHOBKMU TA HEPCIHEKTUBHU NOJAJBIIUX JOCJJIAKEHb
Mogens Oyna 3acTocoBaHa SK CKJIaJ0Ba YaCTHHA 3arajJlbHOi KOMIpYacToi Mojeni
pekynepamnii Temjaa «HOBITPSA-TIOBITPS» TEXHOJOTIYHOTO IMPOIECY TIapsSdoro KOMUYEHHS
koBOacu sk OK. Ha pucyHky 2 mnpencrtaBiieHi KBa3iCTaTH4HI 3aJIEKHOCTI TeMIEepaTrypu
rapsyoro (a) ta xon0Horo(0) moBiTps y pekyneparopi Bix ctpymy xusienss TEIL
T°C

T.C

.4
-
o
=l
5
-
o
-
=
=
-

1A
a 0
PUC.2- xBa3icTaTH4HI 3aJI€KHOCTI TEMIIEPATypH rapsa4yoro (a) Ta xoaogHoro(6) noBiTps
y pekyneparopi Bix ctpymy xuBieHHs TEIL
VY 3B’s3Ky 3 0OMEXEHICTIO 00’ €My JOIMOBII 1HINI CKJIaMOBi 3arajibHOI MoJen OyayTh
PO3TJISHYTI B HACTYITHHUX JOTOBIISIX.
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CTBOPEHHA CUCTEMU KEPYBAHHA TEXHOJIOI'TYHUM ITPOLECOM 3
BUKOPUCTAHHAM UML-AIAT'PAM

Abstract. [IpoaHani3oBaHO MPUHIMI CTBOPEHHS CHCTEMH KepYBaHHS TEXHIYHHM MPOLIECOM
BUTOTOBJICHHSI CKJoMacu 3 BUKopucTaHHsIM UML-miarpam pizHoro tumy. OmucaHo OCHOBHI
TUNH Aiarpam, 3acid iX CTBOpEHHs Ta BUKOPHUCTaHHS Ha Pi3HHX cTalisfx mpouecy. PosrisHyTo
BiMOOpaXeHHS TPYNH BXiMHUX Ta BHUXITHUX TapameTpiB. MeToo poOOTH € IOBEICHHS
HeoOXimHOCTi 3acTocyBanHs UML-miarpam KitaciB Ta CTaHy Ta IpH CHHTE31 CHCTEMH KepyBaHHS
TEIUIOBUM PEKAMOM pOOOTH CKiIOBapHOi medi. B pesymerati pobotu po3podbmeno UML-
niarpaMmy cTaHy KepyBaHHSA poOOTOIO MajdbHUKIB CKIOBapHOi medi. OmnucaHo Mpu3HAuYeHHS Ta
(yHKIIOHATBHI 0COOIMBOCTI OJIOKIB JiarpaMu.

Keywords: UML-naiarpam; enemeHTy GII0KiB; JiarpaMa CTamy.
1. BCTVYII

[Tporiec BUTOTOBIIEHHS CKJIa SIBJIsI€ COOOIO J1y’K€ EHEPrOBUTPATHY rayly3b BUPOOHUIITBA.
Buxonsum 3 1poro, pamioHadbHHWHA MiAXiZ IO CTBOPEHHS CHCTEMH KEPYBAaHHS TETUIOBHM
PEKUMOM CKJIOBApHOI Iedl CTae MEepLIoYeproBOI0 3a7ayero Npu iX ekciuryatanii. B cBoro
Yepry OCHOBHOIO 33/1a4€f0 BUPOOHHIITBA CKIIOMACH € 3HIKEHHSI BUTPAT PUPOIHOTO Ta3y MpH
30epexeHi MOKa3HUKIB SKOCTI MPOAYKTY 3aJaHUM TEXHOJIOTTYHUM periaaMeHToM [1].

[Ipu nmocmipkeHHI Ta CHHTE31 CHUCTEMH KEpPYyBaHHS CKJIOBAPHOI M€Yl 3aCTOCYEMO
METOJIUKY CHCTEMHOTo aHamizy. Jlns peamizamii anroputMy KepyBaHHS 3aCTOCOBAHO
yHiBepcasibHa MoBa nporpamyBanHs UML, 1m0 Hajae MakCMMaabHO MIMPOKI MOMKIIMBOCTI JUIs
peaizarii 3a1a4 KepyBaHHS TEIUIOBUM PEKUMOM I1eYi.

MeTtoro po6oTu noBeneHHs HeoOXinHocTi 3acTocyBanHs UML-miarpam kinaciB Ta cTany
Ta MPU CHHTE31 CUCTEMH KePYBaHHS TEIUIOBHM PEXHUMOM pOOOTH CKIIOBAapHOI meyi.

2. TEOPETUYHI OCHOBH

UML - Unified Modeling Language, siBisie coGoro yHidikoBaHy rpadiuyHy MOBY
MOJICJIIOBAHHSl  3araJlbHOTO TPU3HAYEHHs, M0 BHKOPHCTOBYETHCS IS crierudikarii,
Bi3yaunizallii, MPOEKTyBaHHSI Ta JOKYMEHTYBaHHS BCiX 00’€KTiB, 10 OyJM CTBOPEHI MpH
po3po0rii cucteM KepyBaHHs [2, 3].

[Tix yac mpoekTyBaHHS BUKOPHCTOBYIOTH TPH THITM MOJeENeH-aiarpam: Ki1acy, CTaHy Ta
B3aemoii. Jliarpama Kiacy onmcye CTaTHYHY CTPYKTYPY CUCTEMH KepYBaHHS Ta BiTHOLICHHS
MDK CKJIQJIOBHMH, BH3HAa4a€ KOHTEKCT po3poOku. [liarpama, 1ie rpad BepIIMHAMH SKOTO €
00’ekTH, a pedOpaMu CIHIBBiAHOIIEHHS MK HUMH. Jliarpama craHy oOmHCye IMapaMeTpu
00’€KTy, 110 3MIHIOIOTECS 3 YacoM. Jliarpama B3aeMOZil OMHICY€ B3aEMOIII0 MK CKJIaJOBUMHU
cucteMu ans onrtuMmizamii pobortu. [loOymoBa moYMHAEThCS 3 BiIOOpaKEHHS BapiaHTIB
po0oTH, SKI MOTIM MOYMHAIOTH YTOUYHIOBATHU IIiJ] Yac MPOIECY CUHTe3y. TpHu HaBeleHi
niarpamu 3B’s3aHi Mixk co0or0. [leHTpaiibHa giarpama — giarpama KiiaciB, BHACTIIOK TOTO, IO
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HEOOXITHO BCTAHOBUTH OCHOBHI OO0’€KTH CHCTEMH KepyBaHHA. TakKoX IiCHye Jiarpama
BapianTiB (Use-case diagram), mo3BoJjisie BCTAHOBUTH KaHAJH 3B 3Ky MiXK BiTOOpaKEHHSIMHU
CUTHAJIIB B CHCTEMI KEPYBaHHS.

3. PE3YJIbTATHU TA OBTOBOPEHHS

SxicTh OTPUMAaHOI CKJIOMAacH BH3HAY€HA TOYHICTIO MIATPUMKH TapaMmeTpiB Ha BCIX
eTarnax TMpoLecy BHUTOTOBJIEHHS cKioMmacH.. IIpu cuHTE31 cHUCTeMu KepyBaHHS TEIJIOBUM
PEKUMOM CKIIOBAPHOI €Yl BUKOPHUCTAHO METOJ] CUCTEMHOTO aHaji3y, IO MalTh 3HAYHO
IIMPILI MOKJIMBOCTI B MOPIBHSAHI HaJl IHIIMMU METOJJAMH CUHTE3y CUCTEMH KepyBaHHA [2, 3].
[lpu peamizamii ajaropuTMy KepyBaHHS BHKOPHUCTaHA yHiBepcallbHa MOBa IMPOTPaMyBaHHS
UML 3a nonomororo aiarpamu Bapiantis (Use-case diagram). Ha TeopeTHuHO-MHOKUHHOMY
PiBHI TEXHOJIOTIYHUH MPOIIEC BUTOTOBJICHHS CKJIOMACH MOXe OYTH MPEICTABICHUN Y BUTIISII
BimoOpaxkenb Tn: A X B X Yinp X R -> Your, 1<n<N, ne A={ai...an} — OJ0K aKTHBHHUX
eNIeMEHTIB cucTeMu KepyBanHs, B={b1...bn} — 6ok 6a3zoBux ¢ynkuiii, R={r1...r} — 610k
TEXHOJIOTIYHOTO pErjaMeHTy, IO HAaKJIaJAeHI Ha TOKAa3HWKA CHCTEMH Ta BiJIOBIJa€
TexHomoriynomy mporecy, Y={yi...yn} — 00k  iHPOPMAI[IHUX MOTOKIB B CHCTEMI.
BinoOpaxennss 7 nminsthcs 3a (YHKIIOHAIBHUM TIPU3HAYEHHSAM:  TIOKAa3aHHS JaTYUKIB
BUMIPIOBaHHs, KyT IOBOPOTY IMMOBOTO IKUOEpa, BUTpaTa ra3-moBiTpsi, po0doTa pereHepaTopa
poboTa 3aBaHTaxXyBada peBepc (hakeny MaabHUKA, Bi3yalbHUN KOHTPOJIb, Jis TPU aBapiiHii
CUTYyalIlil, 3MiHa TTapaMeTpPiB TEXHOJIOTTYHOTO Tporecy. Ta po3pobieHa BiANOBIAHA JIiarpama,
1o npezacranieHa Ha Puc.1.

Kyt nosopoty
Burpata ras-nositpA(1)) Bogara pereqepatopa(1)  ( Pesepc thakeny nansHuka(1)
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Onepatop SCADA cuctemn

Pucynoxk 1. {iaepama eapianmis.

Hywmepamis ckmamoBux miarpamu: | — KepyBaHHS TEIUIOBUM PEKHMOM TIedi, 2 —
KepyBaHHS MaTepiallbHUM OajlaHCOM Tedi, 3 — mepefadya JaHWX CHUCTEeMi KepyBaHHS, 4 —
MOJJIMBI Jii omeparopa, 5 — Bi3yalbHUH KOHTPOJb oreparopa. DakTHYHO OTpUMaHO JBa
piBus kepyBanHs — ACP TemmoBoro pexxumy Ta omneparop SCADA cuctemu. Takum ynHOM
ACP saBmsie co0010 HIDKHIM piBeHb KepyBaHHS mporiecoMm, a omeparop SCADA cucremu —
BEpXHiil piBeHb KEpyBaHHSI.

[Tporiec B3aeMomii Mik CKJIAJOBUMHU KOMIIOHCHTAMH CUCTEMH KEPYBaHHS BUKOHAHA 3
JIOTIOMOTOI0 TIOCTIIOBHOT TIepeadi MOBIAOMIICHb 3a IMEBHI 4acoBi MpOMiKKHU. KiTBKICTh Ta
MOPSZIOK  TOBIZIOMJICHh BU3HAUYEHA 3HAYMMICTIO JAHOTO TIOBIIOMJICHHS B TIpoIieci
BHUT'OTOBJICHHSI CKJIOMACH Ta BIAMOBIIHICTIO O TEXHOJIOTTYHOT'O PETJIAMCHTY.

B cuctemu kepyBaHHS TEIUIOBUM PEKUMOM CKIIOBApHOI medi, 1o Oy/e peaiizoBaHa 3a
JIOTIOMOT 010 JliarpamMu KiaciB [2, 3], mo n1o3Bonuia B rpadiuniii popmi onrcat BCi B3aeMOAii
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MDK CKJIQJOBUMHU aJTOPUTMY KEpyBaHHS Ta B 3arajbHiid (opmi cami ckiamosi. Bci ommcu
CTBOPEHI y BIJIMOBIIHUX MPOTPaAMHUX OJIOKaX, B SKUX IiJ] KJIACOM PO3IJIIHYTO KOHKPETHA
CKJIaJIOBa CUCTEMHU KepyBaHHs. KOXHUI Kjac MICTUTH BiJIMTOBIIHI aKTHBHI €JIE€MEHTH, 0a30Bi
(bYHKIIH, TEXHOJOTIYHHUHA peraaMeHT, iH(hopMaIliifHi MOTOKH.

[Iporiecu, 1o BiAOYBarOTECS B OCHOBHOMY PpEryJISATOpI IMOJa4i MAaJIbHOTO II0
naJbHUKAX MeYi IMPeICTaBIICHO Ha Jiarpami CTaHy, € B poJii KOXKHOTO CKJIQJOBOTO €JIEMEHTY
BUCTYMAIOTh MOJIi1 BEPXHHOT'O HU)KHBOTO PiBHS KepyBaHHs [4].

?

3MiHa Temnepatypu cknoMacu Bianpaeka aHaveHHA curHany
Ha NynLT oneparopy

AHanI3 30H4 Nedi 3anne 3HaYeHHA
BU3HAYEHHA nepepiay TemnepaTypu Ta BUTpaTK »:".

no Baan naHux

Mepena4a curHany KepyeaHHg
[0 nankHuKa

PopmysaHHA
CUrHANY KEPYBEHHA
LA nankH1Ka

Pucynox 2. liaepamu cmamny.

Ha pgiarpami HaBeneHo, 1m0 OKpiM 3amadi (OpMyBaHHS CUTHAIIY KEpyBaHHS IS
NaJbHUKA, PETYJSITOP B3a€EMOJII€ 3 ONEPaTOpPOM CHCTEMH KEepyBaHHS ILISXOM Iepenadi
pesynbrariB 10 SCADA-cuctemMu kepyBaHHS. Buxonsdw 3 JiarpaMy CTaHy JOBEICHO, IO
QITOPUTMOM TepeAdadeHo 3aluC 3HAYeHHS JaHuX (TeMIepaTypH CKIOMacH) B MOAYJb
nam’sTi, KU MpeacTaBIeHN KOMIpKOIO 0a3u JaHWX, HAaJJa€ MOXKIIMBICTb BUKOPHUCTOBYBAaTH
pe3yNbTaTH BUMIPIB TEMIEPATYPHU TSI TOCHIKEHb 00’ €KTY 1 CUCTEMU KepYBaHHSI BiJIaJIeHO
B1JI BUPOOHMIITBA 332 HaJJAaHUM JIOCTYTIOM JI0 BIATIOBITHUX JaHUX.

4. BUCHOBKHU TA IIEPCIHHEKTUBHU NNOJAJBIINX JOCJIIIKXEHb

Bracminok BuKOpHCTaHHS 3aco0M CHCTEMHOTO aHalizy OyJio po3pobiieHo Ta
CHUHTE30BaHO OJIOK MPOTPAMHOTO KEepyBaHHS JJIsl CHCTEMU KEPYBAaHHS TEIUIOBUM PEKUMOM
CKJIOBApHOI Ieul, 1110 BUKOHaHMH 3 BUKOopucTaHHIM UML-monentoBanus. Po3pobneni UML-
JiarpaMu Jald MOXKIJIMBICTh BpaxyBaTH 3a/lady 3MEHIIEHHS BUTPATH MAJIBHOTO MO KOKHOMY
13 TPy MaJbHUKIB 1€Y1 OKPEMO.
B pesynprari pobGotu po3pobieno UML-niarpamy craHy KepyBaHHS pPOOOTOIO
NaJbHUKIB CKJIOBapHOi medi. OnucaHo npu3HAueHHs OJOKIB aiarpaMu, (GYHKIIOHAJIbHI
0COOJIMBOCTI Ta B3aEMO3B’SI30K Mi)K HUMHU.
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PEAJIIBALIA CUCTEMU ABTOMATU30BAHOI'O KEPYBAHHS ITAPAMETPAMUI
MIKPOKJIIMATY B TEITJIMLII

AHoTtanisg. CBIiT pO3BHBA€ETHCS 3a PaxXyHOK MEPEJOBHUX TEXHOJIOTiH. PO3rIsHYTO akTyambHICTH
PO3BUTKY CHCTEM aBTOMATH3allii TEXHOJOTIYHHX NPOIECiB B TEIUIMI. 3alporOHOBAHO
METOJHMKY MOHITOPHHTY MTOKa3HHUKIB TEMIepaTypH i BOJIOTOCTI MOBITPs TeTuwii. Po3rismaeTses
aKTYaJIbHICTh  BIIPOBRUKEHHS Ta YIOCKOHAJIEHHS CUCTEM JHUCTAHIIIHOrO KepyBaHHS
napameTpamMH MIiKpOKIIIMAaTy Y TeIUIMYHOMY TOCIIOJapCTBI.

KoarouoBi ciioBa: aBromaruzauisi, Arduino, MIKpOKJIIMaT B TEIUIMI, CUCTEMa KepyBaHHS,
MiJICHCTEMa MOHITOPHHTY.

1. BCTYII

biomoramu poBeneHO, MO OJAHUM 13 OCHOBHUX TEXHOJOTIYHUX TMapaMeTpiB s
TEIVIMYHUX POCIMH y CHOpYJaxX 3aKpUTOro TPYHTY € TeMIepaTypa, KoTpa 3a0e3ledyeThCs
CUCTEMOI0 MiKpoksiMary. IlinTpumaHHsS 3aaHOi TeMIlepaTypu IOBITPS B INPOMMCIIOBII
TEIUNIMI — CKJaJHa 3aJaya, OCKUIbKM IUIOLI CaMHUX TEIUIMLb € 3HAYHUMH, L0 CIIPHSE
TEIUIOBTpaTaM, HEPIBHOMIPHOMY II€peXOAy TEIUIOTH BIJ] CHUCTEMM ONAJECHHS, BILIUBAM
30BHIIIHIX 30ypeHb. IIpomnoHyeThCcs yAOCKOHAIMTU amapaTHE Ta MpPOrpaMHe 3a0e3MeyeHHs
ICHYIOUHMX CHUCTEM KepyBaHHS MapaMeTpaMu MIKpOKJIIMaTy KOMIUIEKCOM TEXHIYHHX 3ac001B
Arduino Ta crBopenHss SCADA-cucremu. Takox JONMOBHMBIIM MOIYJISIMH 3B 53Ky ethernet
MOJKJIMBICTh JUCTAHLIMHO 3UMTYBaHHsS 1H(OpPMaLil0 3 JaT4MKa TeMIepaTypu. 3UUTyBaHHS
BiZIOYBAa€THCS B PEKUMI PEaTbHOTO Yacy Ta Ja€ 3MOTY MeperisiiaTi iHpopMalio 3 AeKiIbKOX
MPUCTPOIB SIK1 M €HAHI JO MEPEXI.

ITocranoBka mnpodJemu. [Ipu BuOOpI cHCTEM aBTOMAaTUYHOTO KEPyBaHHSI
MIKpOKJIIMAaTOM TEIUIUI[l BapTO BpPaxoBYyBaTH BHMMOTH, SIKI BIIMBAIOTH Ha caM mporec. Y
IpoIleci BUPOLTYBAaHHS PI3HUX KYJBTYpP Y TEIUIMII HEOOXITHO MIATPUMYBATH TEMIIEpaTypy Ta
BOJIOTICTh TOBITPS 3TIAHO TEXHOJIOTIT IS KOM(OPTHOTO PO3BUTKY POCIHHH, IO HaIaii
BIUIMHE Ha SIKICHUM ypoxkail. BaxnuBum ¢aktopoM € ¢ikcallis BCiX BUMIPSHUX 3HAYCHb Ta
KepyBaHHs BHKOHABUMMH MeXaHi3MaMu sl 3a0e3leyeHHs] IOKAa3HHKIB BHUPOILyBaHHS
POCIIMHHOI MPOAYKIIii.

AHaJIi3 OCTaHHIX JOCTizKeHb i myOsikamiii.

Y coorogenHi icHyioTb SCADA-cuctemu [1-5], ski JomomaraimTh yHOpaBIsiTH
MikpokiiMatoM Teruil. OpHieto 3 Takux cuctem € WebHMI, mo ckmamaerscs 3
MIKPOKOHTpOJIEpiB, AAaT4YMKiB, NporpamoBaHuil soriyauii koutposep (PLC), moauHo-
MamuHHUAN 1HTepderic maHeni i KoxHoi Terummi, cuctemun SCADA 3 BigmaneHuM
BBE/ICHHSIM/BUBECHHSM.

3a J0MOMOror0 aBTOMAaTH30BaHMX CHCTEM KEpPYBaHHS € MOXJIMBICTH AMCTAHLIHHOTO
BUMIPIOBaHHS TEMIIEPATYpPH Ta BOJIOTOCTI MOBITPS 1 KEPYBAaHHS BUKOHABUMMHU MEXaHI3MaMH.

Meta ny6aikamii. po3poOUTH mporpamMHe 3a0e3MeueHHs I CTaHIli JUCTaHIIHHOTO
KEepyBaHHJIM IapaMeTpiB MIKpOKIIMaTy B TEIUIMII i3 BUKOPUCTAHHSAM TEXHIYHUX 3ac00iB
Arduino.
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2. TEOPETHUYHI OCHOBH

JUis TexHIYHOI peai3allii CHCTEMH aBTOMAaTH30BAaHOTO KEpyBaHHS 3 BHUKOPHUCTAHHS
JUCTaHI[ITHOTO JOCTYIy BHKOPHMCTaHO OCHOBH CTBOpPeHHs BeOcépmepy. Bkasanwmii cepsep
SBIISIE COOOI0 CKIIaNoBy, o npuitmae HTTP-3anuTu Bix kimieHTiB, 3a3BU4aii BeO Opaysepis,
Bunae im HTTP-Bimmosini, 3a3Bu4vaii pazom 3 HTML-cTopinkor, 300pakeHHsIM, (aiiom,
Mmepia-moTokoM ab6o inmumu ganumu. HTTP wanexuts mo mportokoniB moneni OSl 7-ro
npukiIagHoro piBHsI. OCHOBHMM mpu3HadYeHHsIM npoTokoiry HTTP € nepenaua Be6 cTOpiHOK.
OOMIH MOBIIOMIICHHSIMH HJIe 32 3BUYAHOI0 CXEMOK0 «3aluT-BiAMOBiAbY». s inenTudikamii
pecypciB HTTP BukopucroBye rinobanshi URI.

3. METOJU JOCJIJUKEHHS

3a 1OmOMOror MOOUTHHOI CTaHIli BUMIPIOBAHHS MapaMeTpiB MIKPOKIIMATY MOKJIUBO
JTUCTAHIIHO TIepeaaBaTd i OTPUMYBATH JaHi MPO BHUMIPSHI TEXHOJOTIUHI MapaMeTpu B
cucteMi peanpHOro dacy. Ilpomonyerbcsi po3pobutu web-cepBep Ha 0a3i amapaTHOTO
3a0e3meueHHss Arduino Ui KepyBaHHS TEXHIYHUMH 3ac00aMHU aBTOMATHKH, BHKOHABUUMU
MeXaHI3MaMH Ta 3iHCHEHHS MOHITOPUHTY ITapaMeTPiB MIKPOKJIIMATY B TETLIHUIL.

4. PE3YJIBTATH TA OBI'OBOPEHHSA

Jlns BUMiproBaHHS BHOpaHO JaTYMK TeMmIiepaTypud Ta Bojorocti mosiTps DHTII.
DHT11 - ne mudpoBuii 1aTYMK BOJOTOCTI 1 TEMIEpaTypH, IO CKIATAETHCS 3 TepMicTopa i
€MHICHOTO JlaTYMKa BOJIOTOCTI. TakoX maTyvk MicTuTh B co01 ALl mis mepeTBOpeHHS
aHAJIOTOBUX 3HAYEHb BOJIOTOCTI 1 TeMmepaTypH. Y MPOEKTI BHKOPHUCTOBYIOTHCS HACTYIIHI
ckyanoBi (puc. 1): mepcoHambHUN KOMIT 10Tep, KOHTpoJep Arduino, MOIysb pelie KepyBaHHS,
monyib Ethernet Shield, 610k >xuBneHHS, 010K O€3MPOBITHOT MEPEKi.

Tablet

7

Motors

Sensors

Arduino

PC

Pucynox 1. CmpykmypHa cxema cucmemu agmomamu306ano20 KepyeaHHs

Jlani Ta cTaH BHWKOHAaBUMX MEXaHI3MIB BHUBOASATHCA Ha €KpaH oIeparopa Ha
NepCcoOHANbHUN KoMIT'toTep. TakoX MOXIMBO TMeperyigaaTH iHpopMalio 3 JAeKUIBKOX
IPUCTPOIB AKI MiJ’€IHAH1 10 Mepexi (sk npukiang Wi-Fi). lnsg neperyisaay NoTOYHOIO CTaHy
napaMeTpiB MIKpPOKJIiMaTy HEOOXiHO depe3 BeO pecypcu, depe3 3amuT 3 OyAb SKOro
MPUCTPOI0 3 web-iHTepdeiicom (MOOUTEHMIA TeneOH, TUTAHIIET, MEPCOHATBPHUN KOMIT FOTED
ta 1.H) Ha ii [P-anpecy. Bkasyerbcsa [P-agpeca xontponepa Arduino, siky oMy HpHUCBO€EHO
yepe3 moaynb Ethernet Shield. Tlpukianm 3HIMKY eKpaHy MOOLIBHOTO HMPUCTPOIO, B SKOMY
BOyZoBaHuii 6110k 6e3mpoBinHoi nepenayi nanux Wi-Fi, HaBeneHo Ha puc. 2.

[Iporpamue 3abe3nedeHHs peati3oBaHo B mpukiIagHomy poaatky Arduino IDE.
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Arduino Web Server (developer

Taras Lendiel) - Refresh
Relay 1 - State: Off
Relay 2 - State: On

Humidity:
65.00 %

Temperature:

23.50°C
e

Pucynox 2. Inmepgeiic kepysanmns
BUCHOBKMU TA HEPCIHEKTUBU ITIOJAJBILHINX TOCIIIKEHb

Po3pobneHo cucteMy aBTOMAaTH30BAHOTO KEpyBaHHs MapaMeTpaMy MIKpOKIIMaTy B

0l0oTexHIUHOMY O00’€KTI (Ha MPHUKIAAl TEeIUIUIi). 3alpONOHOBAaHO TUCTAHIIIIHE KepyBaHHS
BUKOHABYMMHM MEXaHI3MaMH 3 BUKOPUCTaHHSAM amapaTtHoro 3abesmneueHHs Arduino.
PeanizoBano mnporpamHe 3a0e3neyeHHS HaBEACHOI CUCTEMHM KEpyBaHHS 3 MOJKIIMBICTIO
JMCTAHIIITHOTO KepyBaHHSI.

[1]

[2]

[3]

(4]

[5]

[6]
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BUKOPUCTAHHS HEUITKOI JIOT'IKU B 3AJIAYAX KEPYBAHHS

Abstract. PosrisgaeTscs CydacHHW CTaH 3aCTOCYBAHHS amapaTry HEWiTKOI JIOTIKW JUTsi 3aj1ad
KEepyBaHHS Ta MPUHHATTS pilleHb. HaBeneHO OCHOBHI NepeBarn HEYITKHX PETyJSTOpiB Ta
NPUIYIIEHHS, SIKi ITOBHHHI BHKOHYBAaTHCS Ul iX po3poOjeHHs 1 BHKopucTaHHS. OKpecieHo
KOJIO 00’€KTIB Ta 3a7a4 JJIsl SIKHX HEYiTKe KepyBaHHS € JOUiIIbHUM. HaBeneHo OCHOBHI eramu
CHHTE3y HEYITKHX PEryJSTOpiB, 0COONMBY yBary 30Cepe/KEHO Ha NpoOJieMi HajallTyBaHHS
¢byHKIid HanmexxkHocTi. [IpoaHamizoBaHO MOXKIHBI CXeMH TMoeqHaHHS Heditkoro i ITIJI-
peryisTopiB: cxema 3 MEepeKIIIOUYEHHSM, cXeMa 3 CYIEepBi30OpHHM HanamTyBaHHAM. HaBeneHo
METOIHKY Ta pO3pO0JICHO HEUITKUH PETYIATOpP, PYHKIIEIO SIKOTO € PO3PaxXyHOK KOedillieHTiB
[Id-perymaropa B 3aexXHOCTI BiJ poOOTH 00’€KTy KepyBaHHS. HediTka Momens po3poOiieHa B
cepenosumni Matlab Fuzzy Logic Toolbox, Bukonano MozmentoBaHHS Ta TOCTIIKEHO MEpeximHi
XapaKkTepUCTHKH CHCTeMH KepyBaHHsA B cepemoumi Simulink. BukoHaHo mOpiBHSAHHS
MOKA3HKUKIB SIKOCTI aJanTHBHOI Ta KIAaCH4YHOI cHcTeMH KepyBauHs 3 IIIJ[-perymstopom 3
ypaxyBaHHsM 30ypeHb, 1110 Ail0Th Ha 00 €KT.

Keywords: HediTKa JIOTiKa; CHCTEMH KepyBaHHS; HEUITKUIl PerysiTop.
1. BCTYII

HeuiTka norika, mo Halyna crpiMkoro momuperas y 2000-x pokax 3aiiHsa CBO€E MiCIe
B CHCTEMaxX KepyBaHHS PI3HUMHU TEXHOJIOTIYHMMHU 1 Oi3Hec mporecamu. BrpoamkeHi
CHUCTEMHU TPHUUHATTS PIOIeHb ISl TOCTAHOBKA MEIMYHUX [iarHO3iB Ta MPOTHO3yBAaHHS
MOKA3HMKIB MAalli€HTIB, KJIAcU(iKaIlisl KI€HTIB OaHKIBCBKMMM yCTaHOBAaMH, BHOIp mporpam
NpajbHOI MAIlIMHU, CUCTEMH KOHJHMIIIOHYBAaHHS Ta HABITh KEPYyBaHHS METPOIOJIITEHOM — BCe
[Ie JOBOAMTH NEPCHEKTHBHICTh 1 AaKTYaJbHICTh BHKOPHCTAHHS JIAHOTO MAaTeMaTHYHOTO
amapary.

OcTaHH1 JAECATHIITTS HEYiTKa JIOTiKa 3HaMIula CBOE 3aCTOCYBAaHHSA 1 Yy cHcTeMax
KepyBaHHS TEXHOJOTTYHUMH TporiecaMu. MeTor poOOTH € BU3HAUSHHS 3a/1a4 Ta HalKpaIx
BapiaHTIB BUKOPUCTAHHS HEYITKOI JOTIKH B CUCTEMax KepyBaHHS.

2. TEOPETUYHI OCHOBH

BukopuctanHs HEYITKOI JIOTIKM JUIsI KEpyBaHHS TEXHOJOTIYHUMH O0’€KTaMU MOKHA
MPOJICMOHCTPYBATH Ha TPHUKIAIl peaizaimii CUCTeMH «KpPYi3 KOHTPOJII0» TPaHCIOPTHOTO
3aco0y (miaTpuMaHHS 3a7aHOi MBUIKOCTI aBTOMOOLIs). Sk mokazano B [1] 110 3amaqy MokHa
PO3B’SI3aTH 3 BHKOPHCTAaHHSIM KJIACHYHOI Teopii aBTOMAaTUYHOTO KEpyBaHHS, aie me Oyne
JOCUTh CKJIATHUHM 1 TPYJOMICTKHI TpOIEC, 10 BUMAarae HasBHOCTI MAaTEMaTUYHOI MOJEIi
JTUHAMIKH TPaHCTIOPTHOTO 3aco0y. KpiM Toro, Takuii perysisiTop 3a 3aBaHHSIM He Oyne 1o0pe
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MpaIfioBaTH B yYMOBax 3MIHHM TapaMmeTpiB 00 €KTy KepyBaHHS (pi3Ha KUIBKICTh MacakKUpiB,
3aBaHTAXKEHICTh, TOMIO) 1 30BHINIHIX 30ypeHb (HaXWiaM JOpPOTH, OOKOBWIA BITED,
aepoJIMHaMiKa, SIKICTh MaJIBHOTO, TOIIIO).

Lle moka3zye OCHOBHI IepeBaru 3aCTOCYBaHHS anapary HEUiTKOI JIOTIKH:

— KepyBanns HemiHiiHUMH 00’ekTamMu ab0 00’€KTamMH, SKi ONUCYIOTHCS CKJIATHUMU
MaTeMaTUYHUMH MOJENIAMU. B neskux Bunaskax MOKJIMBE KepyBaHHs 00’€KTaMU HaBIiTh
3a BIICYTHOCTI 1X MaTeMaTUIHOT MOJIEITI.

— Peamizamiiss 3HaHb EKCIEPTIB JUIS TIABUINEHHS piBHA aBToMaru3amii. OcoOimBO 1ie
CTOCY€TBHCSI TEXHOJIOTIYHUX HPOILECIB XIMIYHOI MPOMHUCIOBOCTI, JI€ 4acTO KepyBaHHS
3/11CHIOETHCS BPYYHY BPaXOBYIOUH JIOCBIJ Ta IHTY{II1F0 TEXHOJIOTIB.

— 3MeHILIEHHS 4Yacy Ta BapTOCTI PO3POOKHM CHCTEM KEpyBaHHS, MOXJIUBICTbH JIETKO
MaciTaOyBaTi OTpUMaHUI pe3ybTaT Ha 1HII 00’ €KTH.

HesBaxaroun Ha pi3Hi 00JacTi 3aCTOCYBaHHA, CTPYKTypa [2] Ta aJropuTtM CHHTE3Y
HEUITKUX PEeryJisaTopiB € OJHAKOBUM: pPO3poOKa (YHKLIA HaJIeKHOCTI Ui BXIAHHUX Ta
BUXIIHOI (BUXIJHUX) 3MIHHUX, BUOIp TUITy CHCTEMHU HEUITKOIO JIOTIYHOTO BHBOJY, IPOLEC
dazudikanii BXigHMX Ta Jedasudikanii BUXIAHUX 3MIHHMX Mojedi. TumoBa cTpykTypa
HEYITKOTO PETyYJISITOpa B CUCTEMI KEpYBaHHS HaBeJeHa Ha PUCYHKY 1.

Knowledee
base - Rule base
Inputs | Scaling factors, | Furzification ke Inference b Defuzzification, Plant Output
normalization HE * denormalization o

Output-scaling
factors, - Sensors -
normalization

Puc 1. Cmpyxmypa cucmemu kepysanHs 3 HeUimKUM pe2yismopom
3. PO3POBJIEHHA HEYITKOI'O PET'YJSATOPA

Bigomo, mo crorogHi 90% BiACOTKIB BCIX TPOMHUCIOBUX PETYJSATOPIB, IO
BIIPOB/KEHI Ha BUPOOHUITBAX peaNi3ylOTh JIiHIHHI 3aKOHM KEepyBaHHS, Kl 3a MPHUCYTHOCTI
BCIX CKJIQJIOBHX, MO’KHA OITMCATH HACTYITHOIO (POPMYIIOIO:

u(®) = K, - e(?) +fq,fe(t)dt FEy-e®)

ne, u(t) — curHamn kepyBaHHs, e(t) — TOMHIKAa MDK 3aJaHUM 1 JIMCHUM 3HAYEHHSIM

TEXHOJIOTTYHOTO IMapaMeTpy.

ToMy HediTKi perynsaTopH (HaiOuIbl nmomMpeHuMu 3 skux € I1]]), mpaiorTh 3a UM
)K€ TMPUHIIATIOM 1 PO3PaxOBYIOTh CUTHAJI KEPYBaHHS Ha OCHOBI MMOMUJIKY Ta MIBUAKOCTI 3MIHU
nomuikd. ToOTO HEUiTKa MOJIeNbh Ma€e JIBa BXOMAM, SIKI SK MPABHIO OMHCYIOTh TPUKYTHUMH
byukmismMu HanexHocTi [1-2] 1 mictate 5-7 tepmiB: NB (negative big), NM (negative
medium), NS (negative small) , Z (zero), ananoriuno, PS, PM, PB (positive big). YHiBepcym
X QYHKIH HAJIEKHOCTI 3aJICKUTh BiJl MpeaMeTHOI 00acTi, a00 MacmTadyeThCsl B MEXKax
Bi —1 10 1, K110 3HAYEHHS TTOMUJIKKA HOPMYETHCS TIEpEe]] TIOJA4YCI0 Ha HEYITKUI PerymsTop.

Heuitki perynstopu, moOyaoBaHi 3a MM NPHHIMIIOM, HE MOXKYTh TTOKa3aTH Kparii 3a
3puvaitai [1I/I-perynstopu pesynbratu. Ilpore iX MOXHAa BHKOPUCTAaTH y CEIECKTUBHOMY
KepyBaHHi, KOJIM 00’€KT 3a3Ha€ 30ypeHb 1 CYTTEBO BIAXUIIAETHCS Bij periaMenTy (puc. 2, a).
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VY 11pomMy BUMNAAKy KEpyBaHHS 00’ €KTOM 3HIHCHIOE HEUITKUHA PETYIATOP, ajie MPU HAOIMKEH]
J10 HOPMaJIbHOT'O PEKUMY — KepyBaHHs niepenaerses 11 /[-perymnsaropy.

[HIIMM MepCneKTUBHUM HANPSIMKOM 3aCTOCYBAHHSI HEUITKUX PEryJISTOPIB € peryisTop,
3amporpamMoBaHuil Ha HanmamryBaHHs koedimieHTiB [11/[-perynstopa (puc. 2, 0).

L Fuzzy
Fuzzy controller

controller

u Control ¥

object
r u y
— PID controller Control object
PID t

controller

a) 6)
Puc 2. Cxemu nioknouenus neuimxoeo i I1[/] peeyramopa
B poGoTi po3po0iieHO HEUITKHiA PEryisiTOp 3 BUKOPHCTAHHS CXeMH 2,0 Ha OCHOBI
MiIX0/Ty, 3aIIPOIIOHOBAHOTO B po0oTi [3]. HeuiTka Mozaenb Mae 2 BXou (TOMIJIKA 1 TIOX1HA) 1
Tpu Buxomu (koedimientn Kp, Kd, o). Koedimienr Ki po3paxoBYyeThCS 3a BiJOMOIO

dbopmysoro depe3 TpH iHII KoedimieHTH. DaKTHYHO CTBOPIOETHCS aJalTUBHUN PETyJIATOp,
SIKU HAJIAIITOBYE CBOI KOE(IIIEHTH B mMporieci podoTu (pUCyHOK 3).

v PIDis)

12
252+45+1
‘ PID Controller Plant

P

12
—* | FiDis) P —
- ] plant
ftu) t |
N
Kp
Adaptive PID
itu)
i ey S
Ki N

Puc 3. Cxema modentosanns cucmem kepysanus 3 nedimxkum ma I11/]-pezynsimopom
4. BUCHOBKMU TA INEPCIHEKTUBU NOJAJBIINX JOCJIIKEHb

[IpoananizoBaHO mepeBard HEYITKHX PETyJATOPIB Ta CXEeMH iX BHKOPHCTAaHHS B
ICHYIOUMX CHCTeMax KepyBaHHA. Po3poOieHo HeuiTKy MoJenb Uil HajallTyBaHHS
napametpiB [11/I-perynstopa.
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