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P.I1. A6pamoBrd

JOCBIJI PO3POBKH TPEHAXKEPA BIPTYAJIBHOI
PEAJIBHOCTI AJ151 TEPCOHAJIY EHEPT'OIIIAITIPUEMCTB

[Mpotsirom octanHix nBoX pokiB miust oxuiei 3 AEC VYkpainum Oys
po3poObieHnit Ta BBEICHNUN B JAOCIIAHY €KCIDIyaTalilo JOKAaJbHUN iHTepaKTHBHUN
KOMIT FOTEPHUH TpeHaXXep Uil HaBUYaHHS ONEPATHBHOTO MEPCOHAIY €JIEKTPOLEXY,
SIKUH BUKOPUCTOBYE TEXHOJIOTIIO BIpTyallbHOT peanibHOCTi. CHcTeMa BiioOpakeHHs
peanizoBaHa 3a gomoMoror 3d MojentoBaHHS Ha OCHOBI (ororpadiii Ta Bimeo
pealbHUX TNpHUMIleHb, OOJagHAHHS, IHCTPYMEHTIB Ta 3aco0iB iHAMBIAYalbHOTO
3aXHCTY.

TpeHnaxkep peamizoBaHMA B CKJIaAi HACTYyHHHX 3 poOOYMX MicCIh, IO
3a0e3medye BIAMOBIAHICT TPEHAKEPHOTO 3aHATTA pEallbHOMY BHKOHAHHIO
NIePEMUKaHb:

e Oco0wu, 110 BUKOHY€E TIEPEMUKaHHS;
e  Konrpomrorwuoi ocodu;
e IncTpykTOpa.

Hns pobounmx wmicup [HCTpyKTOpa Ta KoOHTpomordoi ocobu ympaBiiHHS
3MICHIOETBCS 33  JIONIOMOIO0  KIIABiaTypu/MUILNKH, BUBIN — BimoOpakeHHs
3IIMCHIOETECS HA MOHITOpPH poboumx Mmicub. Cucrema B3aeMopii KopucTyBad-

TpeHaXXep IJIsI OCHOBHOTO poOodoro wmicug YdHS — 0COOH, IIO BHKOHYE
NepEeMUKaHHA peai3oBaHa B JBOX PEKHMaXx:
e BinoOpaxkeHHS Ha MOHITOpPM — YIpaBIIHHA 3MIHCHIOETHCS 3a

JIOTIOMOTOI0 KJIaBiaTypH 1 MHUIIKH. B TakoMy pexumi «kamepar
pealti3oBaHa B PeKUMI «BHJI BiJl IIEPIIOi 0COOMY;

e 3 BHUKOPHCTaHHAM TEXHOJIOTii BIPTyalbHOI peaJbHOCTI —
BiMOOpaXeHHS Ta YOpPAaBIiHHA 3a JONOMOTOK  TapHITypH
BipTyalbHOI peasbHOCTI pHcC. 1.

Takuit migxing xoua i MOTpedye OLIBIIMX PEecypciB Ha peaisallilo MOKa3aB
CBOI0 e(EeKTHBHICTh B TpoLeci poO3poOKW, BIUTAAKH Ta IEpEeBipKH podOTH
TpeHaxkepa SK po3poOHMKAMH, TaK 1 eKCIepTaMd 3i CTOPOHH KiHIEBOrO
KOpHCTYBaya.

Tpenaxep peanizoBaHuii 3 BHKOPUCTAHHSM TapHITYpa BIipTyaJbHOI
peansHocTi Meta Quest 2, 3 HaCTyNmHUMH TEXHIYHMMH XapakrepucTukamu [1].
[lepeBaru qanoi rapHIiTYypH:

e  XOpowl TEeXHIYHI XapakTepUCTHUKH, B IEpIly Yepry po3JilbHa
3naTHicTh BOymoBaHux ekpaniB 1832x1920 mikcenmiB 3 4acTOTOIO
oHoByeHHS 110 90 I';

e  BIJIHOCHO HHU3bKa IliHA Y MOPIBHSHHI 3 IHIIMMH TapHITypamu —
pexomenoBana uina $300 [2];

e  Texnomnoris Oculus link [3], npo siky nasi.



j C
Pucynok 1 — Ilpuxnan BinoOpaxeHHs TpeHaxkepa AJst pododoro Micist YuHs

Ipuctpiit Meta Quest 2 mae BOyoBaHuil rpadiuHuil mporecop, Ta J03BOJIIE
BHUKOHYBATH MPOTPaMu 0E3MOCEPEIHBO Ha «IIOJOMI», ajie BOYJ0BaHOI MOTYKHOCTI
HE JIOCTaTHBO JUISl BIAMPAIFOBAHHS CKJIAJHHX MPOTpaM Ta peaisaiii BEeTHKUX
CEpPEIOBUII 3 TOCTATHIM PIBHEM JETali3allii Ta sIKOCTI BioOpaxkeHHs. TeXHOOTisA
Oculus Air mo3Bossie BUKOHYBaTH MporpaMa Ha MEepCOHATBHOMY KOMIT IOTepi, a
Meta Quest BUKOPHCTOBYBATH SIK TIPUCTPii BBOJY-BUBOAY, LIO 3HAYHO PO3IIHPIOE
MOJJIMBOCTI 32 PaxyHOK BHKOPHCTAHHS KOMIT'I0TE€pa 3 KpalliMH, HDK y IIOJIOMa
TEeXHIYHUMH Xapaktepuctukamu. Kpim Ttoro, B 2021 poui kommanis Meta
npezcrasiia rexaosnoriro Oculus Air Link, sika 3a6e3mneaye po6ory Oculus link mo
6esmposigHomy porokoiry Wi-Fi, mo mokpaiye 3py4HicTs BAKOPUCTAHHS.

B sxoCcTi OCHOBHOTO cepeioBHIa PO3pOOKK OyJI0 BUKOPHCTAHO IHCTPYMEHT
Uil po3pobku irop Ta 3actocynkiB Unity [4], sxkwuit 3a6Ge3meuye mupoki
MOXJIMBOCTI SIK 71t peanizanii 3d, Tak i VR mporpawm [5, 6].

B Tpenaxepi peanizoBaHi HacTyIHI (QYHKIIT Ta MOKIUBOCTI:

e BinoOpaxkenns peanbHOi poOOUOi OOCTAHOBKM IEPCOHAITY, IO
JO3BOJII€ NPOBOJAMTH O3HAHOMIICHHS 3 MpPUMILIEHHAMH Ta
o0J1afHaHHAM, BKJIIOYAIOYH KOHTPOJIb JOCTYILY 10 IPUMILIEHb;

e BukopucTaHHA Ta B3a€MOZiA 3 IHCTPYMEHTaMH, 3aco0aMu
IHIMBITyaTbHOTO 3aXHCTy Ta IUIaKaTaMH BiAMIOBIIHO 0 Ta y 00’ eMi
CIIEHAPII0 TPEHAKEPHOTO 3aHATTS;

e  Imiranis pobo4oi KOMyHiKallii Ta OTIepaTHBHUX MIEPErOBOPIB;

e bBibmioreka OJaHKIB MepeMUKaHb Ta CIICHAPIB;

e bBibmioTeka onmepaTHHAX CXEM;

e IMiTaIlist BEJICHHS OTICPATUBHUX JKYPHAIIB 1 JIOKYMEHTAIIIT;



7

e [IporokontoBaHHS BCIX i MEPCOHAIY Ta aBTOMATUYHUI KOHTPOJIb
3a JOTPUMaHHSIM TMIpaBHJ OXOPOHH Tpari Ta Oe3meyHoi
eKcIuTyaTarii obia JHaHHS,

e IHTerpamis 3 cuctemoro nuctaHiiiiHoro HaByanHi ACKO mis
MIPOBEJICHHS NEPEATPEHAXKEPHOT MIATOTOBKU Ta 300py CTaTUCTUKU
IIPO HaBYAHHS IIEPCOHAITY.

TepMmin mocmigHOl ekcruryartarii OyB BH3Ha4eHUH y 12 MicsmiB, mpoTATOM
AKOTO 30HMparoThCs Ta YCYBAalOThCA BIATYKM 1 3ayBaKCHHS BiJ KIHIIEBOTO
KOpHUCTyBada.

Bxe Ha TmNOTOYHOMY eTami JIOCBiI BUKOPHCTaHHS TpeHaxepa 3
BUKOPHCTaHHAM TEXHOJOTII BIpTyambHOI pEaNbHOCTI B PEXUMI JOCIITHOT
eKCIITyaTallil BUsSBUB HACTYIIHI I1epeBaru:

e MakcumasibHe HAOJMKCHHS CEepPelOBHINA 10 PeabHOrO PoO0Y0ro
OTOYEHHS MEepPCOHATY I03BOJSIE B HAHKOPOTIIl TEPMIiHU IPOBECTH
03HAMOMIICHHSI 3 MPUMIIIICHHSAMH Ta 00JIaIHAHHSM;

e BukopucraHHsS BipTyanbHOI peanbHOCTI 3abe3redye IIBUIKE
OCBOEHHSI CKJIATHUX, 0araTOKpPOKOBUX I TakuX SIK, 10 NPHUKIANY,
BUKOPHCTAaHHS €IEKTPOMAarHiTHOTO OJIOKYBaHHS.

Meta Quest 2 specification https://www.meta.com/quest/products/quest-2/tech-specs/
Meta Quest 2 price https://www.meta.com/quest/products/quest-2/#overview

Oculus link technology https://circuitstream.com/blog/oculus-link

Unity https://unity.com/

. Unity XR https://docs.unity3d.com/Manual/XR.html

Unity XR Interaction toolkit
https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@2.5/manual/index.html

I N
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A.O. Taranowski

Al-AIDED KNOWLEDGE ASSESSMENT COURSES FOR
ENERGY SECTOR STAFF: THE REGULATORY DIMENSION

The current state of the art in Al indicates its applicability to natural language
processing be it text understanding, or text generation, or both. Among other
applications, Al-based technologies already placed on the market demonstrate their
capacity for generating relevant test assignments following text provided as input.
Those applications are still in their research and development phase and the
outcome is still unknown. What’s important, though, is would it be allowed from
the regulatory point of view when such Al-aided knowledge assessment courses on
the whole and for energy sector staff in particular are proved to be a working
solution, ready to go in production and placed on the market?

The issue therefore is what exactly is the regulatory framework in Ukraine for
that and what it might be like in the foreseeable future. While Transformer-based
technologies being marketed as Generative Al are trending for now, the dimension
in focus allows the approach used to be technology-agnostic. And the key elements
of the regulatory framework to consider are as follows: the national legislation in
general, the sector-specific regulations, the supranational layer, the international
layer.

The Al-related provisions at the level of the national legislation are in their
infancy for now. Which means that the Government did approve the Concept of the
Development of Artificial Intelligence in Ukraine [1] together with the
implementation plan [2] while those are not of regulatory nature per se and add
nothing to the regulatory landscape beyond what the public authorities should do.
Besides that, the concept does not cover energy sector at all, except for protection
of critical infrastructure within the cybersecurity direction, education and
employment sectors are not covered in terms of putting Al technologies into
practice. No other act of legislation provides for requirements for application of Al
technologies, except for those being fragmentary or incidental. The civil law
branch of legislation allows for Al applications by analogy (some are of the utmost
gravity, yet legally fragile) but that is not relevant to the subject under discussion
here.

At the level of the sector-specific regulations application of Al technologies is
not directly governed for energy, education, employment sectors and intersections
thereof. Except for where ICT, computers, software, etc. could be interpreted so
widely that those include Al. But mostly it could not because being enacted long
before Al technologies become reality. Mostly, the sector-specific regulations are
just ignorant of Al technologies and applicability thereof.

That said, the regulatory significance of the national legislation and the
sector-specific regulations in terms of Al amounts to non-existent at the moment.
There also exists an unexpected regulatory side effect: under the laws and
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regulations that restrict everything except for what is expressly allowed, Al
applications are restricted by default; under the laws and regulations that allow
anything except for what is expressly restricted, Al application are allowed by
default.

The supranational layer as such is currently not relevant for Ukraine. The
closest to that in essence could be the legal regime of the Commonwealth of
Independent States and what the EU Association Agreement brings in its
provisions. But the former is not worth considering because Ukraine makes what’s
possible for that to come to an end, the latter is mostly about what Ukraine is to
implement at the level of the national legislation, and both are substantially
instances of the international layer to be considered further. Yet in 2022 Ukraine
applied for the EU membership and was granted the EU candidate status. So, the
supranational layer is not relevant just yet but might well be relevant in the
foreseeable future. Following this trajectory, the Ministry of Digital
Transformation of Ukraine unveiled the Roadmap for the Regulation of Artificial
Intelligence in Ukraine that reads that in terms of Al Ukraine takes the regulatory
track that is currently being developed in the EU [3].

Which brings us to the EU Al Act. In 2021 the European Commission
communicated its proposal for a regulation laying down harmonised rules on Al
abbreviated as Al Act [4], in 2022 the European Council provided its position on
the Al Act [5], in 2023 the European Parliament adopted amendments on the Al
Act [6]. Following the EU legislative procedure that means that the regulation is
adopted in the first reading and the last phase of the negotiations before the
regulation is passed into law is under way. The outcome and final wording remain
unknown but the documents unveiled to the general public allow to make
suggestion what that could possibly be.

The general approach is that all depends on the level of risk for an Al system:
unacceptable risk, high risk, minimal risk, no risk. The question then is how in
practice Al-aided knowledge assessment courses would possibly be classified?
More specifically, whether that would qualify as high-risk or not?

It would be crucial here if Al-aided knowledge assessment courses fall under
the critical areas and use cases considered to be high-risk. From the point of view
of energy sector, it is decisive whether or not an Al system intended to be used as a
safety component in the management and operation of the supply of electricity, and
it is definitely not. From the point of view of education and employment sectors, it
is critical whether or not an Al system intended to be used for the purposes of
assessing in terms of access, initiation, promotion, termination, task allocation, and
it is rather not. Yes, Al-aided knowledge assessment courses appear to fall under
the critical areas and use cases but where an Al component used just for generating
test assignments, that is not a safety component, is not directly involved in the
supply of electricity, is not used for the purposes of assessing, and therefore should
not qualify as high-risk.

One way or another, that kind of the supranational layer incarnation is
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hypothetical because it is still unknown whether and when Ukraine would be
granted the EU member status, what would be the final wording of the Al Act and
its implementation requirements, what would implementation the Roadmap for the
Regulation of Artificial Intelligence look like.

The international layer is also of hypothetical relevance for Ukraine for now.
There is nothing at this level of regulatory significance. But there are at least two
important factors here to remember. First, Al is global in essence, is not physical
borders or jurisdiction dependent, and it requires global solutions which are
international treaties or equivalents. Second, Ukraine is not like other jurisdictions
in terms of how international treaties work. It is much more common that legal
consequences of an international treaty in force for a nation state are just its
obligations to implement that at the national level in the national legislation. It is
however not like that for Ukraine, in Ukraine an international treaty in force is
directly applicable, legally binding without any action on the part of the state in
terms of implementation into the national legislation, and takes priority over
provisions of the national legislation. That is why the international layer would
matter a lot. The question is what and when would it be, and how adequate would
be solutions at the international level. Look at the International Atomic Energy
Agency. What could be more important than nuclear field and what could be more
powerful than this organisation! And still, following its publication on Al
accelerating nuclear applications, science and technology [6] it is evident that
Generative Al technologies went unnoticed just before those exploded, and those
are beyond agenda of the technical meeting on the safety implications of the use of
Al in nuclear power plants that takes place these days. That appears to be anything
but adequate.

Considering the regulatory framework in its key elements brings us to
conclusion that it is silent about Al technologies. Which means that Al-aided
knowledge assessment courses are not restricted, at the very least where Al-based
technologies are used for generation of test assignments, even for energy sector
staff. Exactly the way it is not restricted that a human as an expert uses a computer
and word processing software for test assignment generation, even where the latter
provides spelling and grammar autocorrection or predictive text input technologies.
A human still remains in the loop.

1. Order of the Cabinet of Ministers of Ukraine On Approval of the Concept of the
Development of Artificial Intelligence in Ukraine dated 2 December 2020 No. 1556-r,
URL.: https://zakon.rada.gov.ua/laws/show/1556-2020-p.

2. Order of the Cabinet of Ministers of Ukraine On Approval of the Action Plan on
Implementation of the Concept of the Development of Artificial Intelligence in
Ukraine for 2021 to 2024 dated 12 May 2021 No.438-r, URL:
https://zakon.rada.gov.ua/laws/show/438-2021-p.

3. The Roadmap for the Regulation of Artificial Intelligence in Ukraine, URL:
https://cms.thedigital.gov.ua/storage/uploads/files/page/community/docs/J{opoxns_ka
pra_3 perymoBanns_IIII B Vkpaini compressed.pdf.
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Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL LAYING DOWN HARMONISED RULES ON ARTIFICIAL
INTELLIGENCE (ARTIFICIAL INTELLIGENCE ACT) AND AMENDING
CERTAIN UNION LEGISLATIVE ACTS COM/2021/206 final, URL: https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52021PC0206.

Proposal for a Regulation of the European Parliament and of the Council laying down
harmonised rules on artificial intelligence (Artificial Intelligence Act) and amending
certain Union legislative acts - General approach (6 December 2022), URL:
https://data.consilium.europa.eu/doc/document/ST-15698-2022-INIT/en.
Amendments adopted by the European Parliament on 14 June 2023 on the proposal for
a regulation of the European Parliament and of the Council on laying down
harmonised rules on artificial intelligence (Artificial Intelligence Act) and amending
certain Union legislative acts (COM(2021)0206 — C9-0146/2021 — 2021/0106(COD)),
URL.: https://www.europarl.europa.eu/doceo/document/TA-9-2023-0236_EN.html.
International Atomic Energy Agency. (2022). Artificial Intelligence for Accelerating
Nuclear Applications, Science and Technology (Non-serial Publications). IAEA,
Vienna. URL: https://www-pub.iaea.org/MTCD/Publications/PDF/ART-INTweb.pdf.
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B.C. Pakosuy, B.B. Llypkan

AHAJII3 TPUKJIATHAX 3ACTOCYBAHB TEXHOJIOT'TI
JIONOBHEHOI PEAJIBHOCTI

Haii0inpmm HeOe3meuHUME 3arpo3aMi CTAIOMY (YHKIIOHYBAaHHIO 00’ €KTIB
KPUTHYHOI iHQPACTPYKTypH, OCOOINBO B YMOBAaX BiifHH, € K HAHECCHHS PaKETHUX
yaapiB i 3aCTOCYBaHHS yJapHUX O€3MUIOTHUX JiTadbHHX amaparti [1, 2], Tak i
MOpYIICHHS BiIacTUBOCTEH iHpopMmamiiHuxX akTtuBiB [1, 3]. [IposBu Takux 3arpo3
MOXYTh HPHU3BOAUTU N0 INPHIMHEHHS HAJAHHS J>KUTTEBO BAXIMBUX MOCIYT.
3ano0iraHHs HEraTHBHUMH HAaCNiJIKaM JOCSITAEThCSl IIUIAXOM 3aMiHM  Ta/abo
OHOBIICHHSI BIAIIOBIJHOTO ycTaTKyBaHHs. LluM 0OyMOBIIOETHCS MTOTpeda HaOyTTs
npaiiBHUKaMH 00’€KTiB KPUTHYHOI 1H(PACTPYKTypH NPaKTUYHUX HABHUKIB HOTO
BCTaHOBJICHHS, HAJIAIITOBYBaHHS, EKCIUIyaTyBaHHs. BoOHa 3a/l0BOJIbHAETHCS
3aBJSIKM BHUKOPHMCTaHHIO CyYacHHMX IH(QOpMAIiMHMX TEXHOJIOTiH, 30KpeMa,
nomnoBHeHol peanbHocTi (amrn. Augmented Reality, AR) [4]. IlepcnekTHBHICTH
JTAHOTO BHOOpPY MIiNTBEpP/KYEThCS OaraToacrekTHICTIO ii MoxumBocTed. Tox
aHaJI3yBaHHS IPUKIAJHUX 3aCTOCYBaHb TEXHOJIOTI] JOMOBHEHOI peabHOCTI €
aKTyaJbHUM 3aBIaHHAM.

[lin HONMOBHEHOIO pEANBHICTIO PO3yMi€ThCA iH(pOpPMaLiiHA TEXHOJOTISA
JOTIOBHEHHSI 00’€KTIB PEaJbHOTO CBITYy IONATKOBOIO IH(POBOIO iH(pOPMAIIIETO.
XapaKkTepHUMH OCOOJHUBOCTSIMH BUKOPUCTAHHS MaHOI TexHoJorii € (1) moegHanHs
BIPTyaJIbHUX 1 pealbHUX O00’€KTIB y peajbHOMY CBiTi; (2) BHUKOPHCTaHHS Yy
BIpTyallbHOMY Ta peanbHOMYy dYaci; (3) y3romkeHHS BIPTYaJIbHUX 1 peaTbHHX
06’exTiB y yaci [4-6]. Lle 3000B’3y€ 10 OLIHIOBAHHS TOJIOKEHHS, OPIEHTYBAHHS
BIpTyaJiIbHOTO 00’€KTa B pealibHOCTI. [laHe 3aBaHHs BUPIIIY€ETHCs, Hanpukian [4],
OJTHMM 3 cIoco0iB: a0 MapKyBaHHSIM, a00 NMPUPOTHHUM BiJCTEKEHHSAM (QYHKIIMH,
abo kaptorpadyBaHHsM KpiM [bOT0 TpPHKIAJHE BHUKOPHUCTAHHSA TEXHOJOTIT
JIOTIOBHEHOI pEaJIbHOCTI BH3HAYaeThesl BigmoBimHuMu npuctposmu [4]. Cepen HHX
BHOKPEMJIIOIOTECS Ti, IO OAATAlOThCS ab0 KPIIUIAThCS HA TOJNOBY (HAIpUKIA,
OKYJSIpH), MAlOTh CKpaHW (HAIpWKIal, Ta/KeTH), BimoOpakaioTh mH(POBY
iHpopMarifo (HaPHUKIIAI, TPOCKTOPH).

baratoacrekTHICTh MPUKIAJHOTO 3aCTOCYBAHHS TEXHOJOTIT JOIOBHEHOI
peaybHOCTI Opi€HTOBaHAa Ha MIBUIICHHS €(QEKTHBHOCTI Ta TMPOAYKTUBHOCTI
ISUTBHOCTI 3 ypaxXyBaHHSM crienudiku cepu 3acToCyBaHHs [5, 6]. 3aBAIKH IEOMY
3MEHIIY€THCS Yac BUKOHAHHS 3aBIaHb, BUSBISIOTHCS 1 BUIIPABIISIOTHCS IOMIJIKU B
peanbHOMY 4aci. OKpeMHUM acleKTOM € MOXKJIUBICTH IMiIBHIINCHHS PIBHS O€3MeKu
npaiiBHuKiB. OCHOBOIO JaHOi [MiSUTBHOCTI MOXKe OyTH, Hampukiax [5],
TIOTIepe/KEHHSI TIPO 3arpo3H, 30KpeMa, i migo3piii npeaMerd. B nanomy Bunaixy
Ha/AIOThCsl HACTAaHOBM BUKOHAHHS 3aBJaHb MpalliBHUKaM y peanbHoMy uaci. Lle
Ba)XXJIMBO IpU 3a0e3redeHHi KibepOe3nekn 00’€KTiB KpUTHYHOI iH(pacTpyKTypH.
o Toro x BapTO BHOKPEMHTH i acIEeKT HaBYaHHS 1 aJanTyBaHHs HacaMmepen 3
OISy Ha JUHAMIKY YMOB IXHBOTO (pyHKIIOHYBaHHS. 3 OJHOTO OOKY HIETHCS IpO
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HaBYaHHS HOBHX MPALiBHUKIB, @ 3 IHILIOIO — MiATPUMAaHHS YK€ JIOCBIUEHHUX.

[MpuknagHe 3acTOCyBaHHS JOIMOBHEHOI PEAIBHOCTI Yy CEKTOpI CHEPreTHKH
3BOAUTHCS 10 KOHTPOJIFOBAHHS 1 aHAJi3y TeXHOJIOTIYHMX TpotieciB. Hanmpuxman [6], y
NOEJHAHHI 3 TEXHOJNOri€lo 1M(PPOBUX MABIHHUKIB BITPOBa ENEKTPOCTAHIIIs
NPENCTaBISIETECS. 3 yCiMa JaHMMH JUIs TUIaHYBaHHS JISUTBHOCTI 3 TEXHIYHOTO
o0ciyroByBaHHs. BojHOYac BaXIIMBUM Yy MPUKIIAIHOMY acIeKTi € YIPOBaJKEHHS
CHCTEM BiTHOBIIIOBAJIBHOI €HEpreTHKU. ToX 3a I0MOMOT00 JONOBHEHOI peabHOCTI
MpaiBHUKAM HAJAIOThCSA IHCTPYKIi IOAO iXHBOro posropTanHs [/]. OkpeMum
acIeKTOM JIOIIJIBHO BUOKPEMHTH 3a0e3reueHHs! KibepOe3neku, 30kpemMa, i 00’€KTiB
KPUTHYHOI 1H(QpPacTpyKTypu ramysi eHepreTuku. Lleil HanpsiM mociimxyerbest sK
OJIMH 3 TEPCHEeKTHBHUX 0coOiuBO, Hanpukiaan [1, 3], anst 3amobiraHHs nposBam
Kibep3arpo3, BUSBJICHHS 1 pearyBaHHs Ha KiOepiHIuIeHTH. [1epCrieKTHBHICTh JaHOTO
HAmpsIMy JTOZaTKOBO MIATBEPKYEThCst y [6] 1 BoAHOUAC HE3HAYHOKO KiTBKICTIO
My OJTiKaIiif JaHOT TEMAaTHKH.

OTxe, TpPHUKIAJAHE 3aCTOCYBAaHHS TEXHOJOTII OMOBHEHOI pearbHOCTI
XapaKTepu3yeThcsi 0araToacnekTHICTIO 11 MoxiHuBocTeil. Oco0IMBO 1ie BayKIMBO
py 3a0e3MeUeHHI CTanoro (PyHKIIOHYBaHHS 00’ €KTIB KpUTHYHOI 1HQ)PACTPYKTYPH,
30KpeMa, I ramysi eHepreTuku. IIpm LbOMYy BaXIMBO BpaxoOBYBaTH YMOBHU
BUKOPUCTAHHSA JAaHOI TEXHOJIOTIi, MOXJIHMBICTh 1ii TOEJHAHHSA 3 IHIIUMH
TEXHOJIOTISIMH, HAIPUKIIA, IITYYHOTO 1HTENEKTY, HU(POBUX IBIHHUKIB.

SIK mepcrieKTUBHUM HaNpsiM BHOKpEMIICHO 3a0e3nedeHHs KibepOe3neku — Bix
HaBYaHHS IEPCOHANY A0 MIATPUMAaHHS HOTo AisUIBHOCTI. 3 ypaxyBaHHsIM [3]
HacaMmIepe]] BUSBJICHHS 1 pearyBaHHs Ha KiOEpiHIMJICHTH.
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B.M. ITieckau, B.JI. Camoiinos

KOMIT'IOTEPHA MOJIEJIb TPEHAXKEPHOI CUCTEMU JJ151
EHEPI'OMEHE/U’KEPIB

PosrnsHyTO aKTyanbpHe MUTaHHSA PO3BUTKY TEOPETUYHMX 3acaj] CTBOPEHHS Ta
3aCTOCYBAHHS KOMII' IOTEPU30BAHUX CHCTEM [JIsl TPEHYBAaHHS CHEPrOMEHeIDKEepiB
NPOMUCIOBUX MiANpreMCTB. OO0’€KTOM IOCTIKCHHS € TPaKTHYHA [isSUIbHICTh
NEepCOHay  MiJNPHEMCTBA, CHPSMOBaHa Ha  IMIJIBUIICHHS  CHEPreTHYHOI
e(eKTUBHOCTI BUPOOHHYUX CUCTEM PI3HOTO MpU3HAYCHHs. [IpenMeT TocmiKeHp —
KOMIT'IOT€pHI TEXHOJIOTii HaBYaHHS Ta TPEHYBAaHHS IEPCOHATY IPOMHCIIOBOTO
mianpreMcTBa. MeTa JOCTiKEHHSI — CTBOPEHHSI IHCTPYMEHTAapito, CIPSIMOBAHOTO
Ha MIiATOTOBKY IEPCOHATY CIIy>KO EHEpPreTHYHOro MEHEIKMEHTY. B ocHoBy
JOOCTI/DKeHb TOKJIaACHO CIICHApHE MOJENIOBaHHA [iif eHeproMeHemxepa i
MpeleICHTHE MOJICIIOBAaHHS peakiiid o0agHaHHs Ha Taki Aii. MoaemoBaHHs i
SHEproMeHe/Kepa IPYHTYETbCS Ha LWKII JleMiHra, a MOJCIIOBaHHS peakuiif
BUPOOHHYMX CHUCTEM — Ha BHUMAIKaX KBa3iCTAiOHAPHOTO EHEePrOCHOXHBAHHS
TexHoNoriyHO1 cucteMu. [lporpamHa mmiardopma 3ampONOHOBAHOI TEXHOJOTIT
CKJIa[Ia€THCS 3 TPOTPAMHHUX MOJYJIB, SIKi BIATBOPIOIOTH HUKN yrpasiiHHs PDCA
(Plan-Do-Check-Act) Ta npeameTHoi 001acTi TpeHYBaHHS Y BHUIUISAI TIPOTPAMHO]
HanOynoBU. TexHOJOTIS J03BOJISE BiANpAaIlbOBYBaTH Jii CHEPrOMEHEIKepa,
CIpSMOBaHI Ha IUIAHYBaHHS CHEPro30epiraroumx 3axomiB Ta OOYHCIICHHS
(biHAHCOBO €KOHOMIYHUX Pe3yJIbTaTiB, TOCATHYTUX MPH iX BIPOBAKEHHI.

Cuenapiii MOJIENIOBaHHS NPOLECY YIPaBIiHHS E€HEPrOCIIOKUBAHHSIM SIBIISIE
co00I0 TOCTIJOBHICTh [Iiff, CHPSIMOBaHMX Ha JIOCATHEHHS METH, a came
3MEHIIeHHS, a00 TOBHE YCYHEHHS IPUXOBaHMX CEHEPreTUYHHX BTpaT B
TexHooriuHii cucreMi. [TocninoBHicTs Takux Ail BU3HadaeThes mukiaoM PDCA i
HE 3aJISKUTH Bill 0OCOOIMBOCTEH MiAIPUEMCTBA, A00 TEXHOJOTIYHOI CHCTEMH, X04a
3MICT TakuX [iif MOBHICTIO 3aJICKUTHh BiJl PI3HOBUAY TEXHOJOTIYHOI CHCTEMHU.
Konkperuzarris CIICHApiIo 3a1a€ThCS CYKYITHICTIO TIPELeACHTIB
€HEepProCIOXMBAaHHS, SKi HANOBHIOIOTh HOT0  SIKICHUMH 1  KUTBKICHUMH
nmapaMeTpamMi MiAnpHeMcTBa. Pi3HI KOHKpeTH3amii OJHOTO W TOTO XK CIHEHapiio
BU3HAYAIOTh Pi3HI MNPOOJIEMHI CTaHM PIi3HUX TEXHOJOTIYHUX CHCTEM, IO
CTBOPIOIOTHCS PI3HUMHU CYKYITHOCTSIMH ITPELE/ICHTIB.

bazoBUM MOHATTAM CLEHAPHO-NIPEIECHTHOTO TMiIXOLy € CTaH S MOojeni
texHonoriynoi cucremu (TC). MHOXMHA CTaHIB S HaleXuTh 0 HPEIAMETHOI
obmacti ES € {ESI, .., ESm}, ne ES — BHUIaAKu KBa3iCTalliOHAPHOTO
eneprocroxuBanHs neBHoi TC. [yt KOXKHOTO BUIAJKY iCHY€ HEBHAa CYKYIHICTBh
TEXHOJIOTIYHUX HapaMeTpiB X, MOTOYHUH piBeHb eHeprocrokuBaHHs E, HasBHMI
(daxTop eHepreTHYHHX BTpar Z Ta 0a30BWil PIBEHb CHEProCIOXUBaHHA EO
CaseE=(X, E, Z, E0).

Craa TC, B sxoMy TmpuCyTHI (aKTOPH EHEpreTHIHuX BTpaT Z, €
mpoOIleMHUM, Y  TpOTWIekKHOMY Bumaaky pobora TC — BBakaeTbes
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eHeproedekTuBHOW. [lnsi  ycyHeHHs Takux (akToOpiB  ICHYIOTH  3aXOAu
eHeprosoepexxeHHs {pz,pzl, ..., pzn}, KOXeH 3 IKUX BU3HAUa€, a00 yCyBae OJHH 3
(akTopiB Z i 3a1a€ThCs MIHOIO BIPOBAKEHHS L] Ta eHepreTHyHO0 e(peKTUBHICTIO
AE.

Jlist Ko)KHOTOo NpOOJIEMHOTO CTaHy ICHy€ MeTa — MepeMillleHHsT Horo y
CHeproc()eKTUBHUN CTaH 3 MIHIMAJbHUMHU CHEPreTUYHUMH BTpaTamu. Jlis
nocsirHeHHs 1iel Metn ocoba mo Tpenyerbest (OT) B3aemosie 3 KOMIT FOTEPHOIO
cucremoro TpenyBanHs (KCT), crtBoproroun B 1ukim JlemiHra MOCHiTOBHICTh

kepyrouux BmmBiB [ul, u2, ..., um] Ha mMomens TC B yMOBax EKOHOMIYHHX
oOMexeHb 3 1 mepeTBOPIOYY CUTYAIIiO Si y Buxiany curyaiito SO. [TocnigoBHICTh
Kepyrouux BIUIHBIB [Ul, U2, ..., um], cdhhopmoBaHUX B nUKi JemiHra, sIBIIsT€ COOOIO

crieHapiit kepyrounx BruuBiB Big OT Ha mogens TC.

BBaskaemo, 10 TAMPUEMCTBO MEBHOI Taly3i CKIaIa€eThCS 3 K TEXHOTOTIUHUX
cucteM AE{AL, ..., Ak}. B nporieci po60TH KOXHA TEXHOJIOTYHA crcTeMa 4 MOXKe
nepeOyBaTH B TEBHOMY CHEPreTHYHOMY CTaHi, 3pa3KoM SIKOTO € MpereJeHT
€HEeProCIOXUBaHHS y KBaszicTanionapHomy pexkumi CaseA. B mouaTkoBuii MOMEHT
yacy tl, 3rigHO 3 3alIaHOBaHOK MeTo TpeHyBaHus, OT y 3pyuHii s
cnpuiHATTS (opmi mpononyetsest mpeueneHT CaseAtl = (Xtl, Etl, Ztl, E6A)
npoOyieMHOro crany texHojoriyHoi cucremu A . [lepen OT mocrae 3aBnaHHA 3
3a3aieriib BiIOMHX 3axoniB pzl, ..., pzn CKIACTH IUIAH il AJIS TiABHIICHHS
eHepreTn4Hoi edexkrtuBHOCTI 00panoi TC 3 ypaxyBaHHSIM 33aaHUX €KOHOMIYHHX 1
TEXHIYHUX 0OMEKEHB.

B pesynbTaTi BIpOBAJDKEHHS LUX 3aX0/(IB BBAXKAETHCS, IO TEXHOJIOTYHA
cucrteMa A MOBWHHA TEPEHTH B 1HIIHIA HEPTeTUIHUH CTaH, IKAN
xapakTtepusyetbest npenenentom CaseAt2={Xt2, E12, Zt2, E6A}. lns
MOJICITIOBAHHS TaKOT'0 IIEPEX0ly CTBOPEHO aliTOPUTM TpaHC(hopMarlii mpeneaeHTiB,
3a SIKUM BU3HA4YaeMo (GakTopu Zt2, siKi 3aJHIIINCh HEYCYHEHUMH, BUPAXOBYEMO
HOBUI1 piBEHb IOTOYHOTO CIIOKMBaHHs eHeprii Et2 = Etl - EAE i HoBi ¢inaHCcOBI
obmexenHs Pt2 = ftl — (X1 + XAER), ne R — TapudHa BapTicTh €HEproHocis,
YAFE 1 X1] — BianoBigHo cymapHi epeKTHBHICTD 1 BAPTICTH BIIPOBAKEHUX 3aX0/1iB
EHepro30epeKeHHS.

Kpurepiem npaBuiIbHOCTI BUPILLIEHHS 33/1a4i 3 KEpyBaHHS €HEPTeTHYHOIO
edexTuBHICcTIO B cutyarii CaseAtl € 3MeHIIICHHS (hiHAHCOBUX OOMEKCHbB Ta
eHepreTH4HuX BTpar B cutyanii CaseAt2. Hamami niel ki1 MOBTOPIOETHCS IS
yCiX MoJieniel TEXHOJIOTIYHUX CUCTEM A JIOTH, TIOKH He OyIyTh yCyHYTI yCi
(haxTOpH MOSIBY €HEPTETUYHHUX BTPAT.

TakuMm dYHMHOM, TpEUENeHTH KBasicTallioHapHOTO eHeprocuoxuBanHs TC
oOpaHoi mpeamerHOi oOmacti, KoHKperu3oBaHi B 1mkii PDCA, € 06a3oBumu
eJIeMEHTaM{ TIPU TMPHIO0AaHHI MpakTHIHUX HaBmdok OT, mo € po3BHTKOM inei
BUKOPHUCTAaHHS CLIEHApHO-TIPELEICHTHOTO MiIX04y A0 MOOYAOBH IHTEIEKTyalbHHUX
TPEHYBAIbHHUX CHCTEM.

Konkperusaris CIICHapiIo 3a[1a€THCS CYKYITHICTIO MpELeICHTIB
CHEPrOCIOXKHUBAHHS, SKI  HANOBHIOIOTH WOr0  SKICHUMHA 1  KUIBKICHUMHU
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napaMeTpamMH MiANpHEMCTBA. Pi3HI KOHKpeTH3alii OJHOr0 W TOro X CIEHApio
BU3HAYAIOTh PI3HI MPOOJEMHI CTaHU PI3HUX TEXHOJOTIYHUX CHCTEM, IO
CTBOPIOIOTHCS PI3HIUMH CYKYITHOCTSIMU IPEIe/ICHTIB.

Ha puc. 1 npexncraBieHa CTPYKTypHa cXeMa IPELEISHTHOIO METONLY
KOHCTPYIOBaHHSI MOJIEJI KOMIUIEKCHOTO TPEHaXepy:

CreopeHHs I TpenysaHHA

[lporpamua nunanopma cueremn tperysands PDCA

A 1 l
I [Mporpasea
] i - PeayiLTaTH
. HAADY 0B
TPEHYBAHE
baza aHaHk I
npeaMeTHOl oy
afdnacri -
i |
|
o) ! e
'k &b A Ak
Mporpastict  Texuomor 4 Yuehh lHCTpyKTOp
[Iporpamict

Pucynok 1 - CTtpykTypHa cXeMa IpeneAeHTHOTO METOY KOHCTPYIOBAHHS
MOJIEI KOMITJIEKCHOTO TPEHAXKEPY

B 0CHOBI mpeleIeHTHO-CIIEHAPHOTO METOAY KOHCTPYIOBAHHS TpPEHa)KEPHOT
CHCTEMHU JISKUTh TpOrpamMHa IUIaThopMa CUCTEMH TPEHYBaHHS 3a CIEHapieM
PDCA. 1l nnatdopma 3a0e3neyye BUKOHAHHS IIMKIIYHOTO allTOPUTMY MipKyBaHb
Ha OCHOBI TMPEUEACHTIB KBa3iCTAI[IOHAPHOI'O EHEPrOCIIOKUBAHHSA —OOpaHHUX
TEXHOJOTIYHUX CcUcTeM. KOHKpETHE HAMOBHEHHS TPEHAKEPHOI CHCTEMHU
BUKOHYEThCS 3a PaxyHOK ©0a3W 3HaHb MOpPEAMETHUX obyactedl  0OpaHux
TEXHOJIOTIYHUX CHCTEM, SIKi YTBOPIOIOTH MPOTPaMHy Haa0yMOBY HaJ| CHCTEMOIO
TpeHyBaHHsA. Jlo CKJIaay KOXHOI 3 TOpeAMETHUX oOmacteil 0a3u 3HAHB, SKi
CTBOPIOIOTHCS 3@ YUaCTi TEXHOJIOTA, BXO/ISITh HACTYIIHI €JICMEHTH:

— 0a3a MPEeIEeICHTIB eTaJIOHHOT0 eHeprocnoxuBanus CaseE=(X, E0)

TEXHOJIOTIYHOI CHCTEMH,

— 0asa mpereaeHTiB npodsemuoro eneprocroxuBanus CaseE=(X, E, Z, E0);

— CTPYKTYpa TEXHOJIOTIYHOT CUCTEMH 1 TOUYKH KOHTPOJIS TEXHOJIOTTUHUX

napamerpiB X=[X1, ..., Xn].

— 6ibmioTeka (akTopiB MOSIBU eHepreTUuHuX BTpar Z=[Z1, ..., Zm];

— 0i6uioTeKa 3aX0/iB 3 MiJIBUIIEHHS eHepreTHYHol epeKTUBHOCTI pzl, ...,

pzn;
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KoHCTpyroBaHHS KOMIT IOTEPHOTO TPEHAXKEPY IIOUYMHAETHCS 3 BUSHAYCHHS
y3araJbHEHUX CTPYKTYPHHUX CXeM 0OpaHHX TEXHOJIOTTYHUX CUCTEM i KOHTPOJIBHHX
TOYOK 3aMipy BIUIMBOBUX TEXHOJOT1UHUX mapameTpis. Ilicis mporo, 3
BUKOPHCTaHHSM ICHYIOUOI CUCTEMU MOHITOPHHTY €HEProCIOXHUBaHHS,
CTBOPIOETHCS 0a3a NMpeleIeHTIB eTAIOHHOTO EHEProCOXUBAaHHS TEXHOJIOTTYHOT
CHCTEMH B KBa3iCTalliOHAPHUX PEKUMaxX poOOTH. 3a y4acTi eKCrepTa-TeXHoIora
CTBOPIOETHCS 0i0mioTeka GpakTopiB MOSBU EHEPreTHYHHX BTPAT i3 3a3HAYCHHIM
YCEepeIHEHUX CHePreTHYHUX BTPAT, a TAKOXK 010Ti0TeKa 3aX0/IiB 3 YCYHEHHS
€HEepPreTUYHUX BTPAT i3 3a3HaYEeHHSIM 1X e(eKTUBHOCTI 1 BAPTOCTI BIIPOBAPKEHHSI.
TakuM 9UHOM, 32 YYaCTi EKCIIEPTiB-TEXHOIOTIB, (HOPMYIOTECS 0a31 3HAHB IO YCIM
TEXHOJIOTTYHIM CHCTEMaM BUPOOHHLTBA 3 SKUX YTBOPIOETHCS MPOrpaMHa
Ha/0y0Ba TPEHAXKEPHOI CHCTEMU EHEPrOMEHEUKEPIB.

[Iporpamua mmatdopma cucremu TperyBanast PDCA ckiagaeTses 3 TphOX
ocHOBHHX MoayiiB (Puc. 2):

— MOJIyJISi CTBOPEHHS MPOOJIEMHHUX CHUTYAaIIiH;

— MOy TpaHchOpMallii Npere/eHTIB;

— MOJYJIS OI[IHIOBAHHS.

[porpasvsa wandyaosa

I

I

[gim ] . I
BifimioTeKa sHaHL Baza npetenentis |

NP METHOT i !

peey i — CEETHRHOTO i

T ofnacri CHEPIOCTIOMKHHBAH |
| ] | )

|
I |
) Monyne cTeOpeHHA .
o lJpl][-J_']L'HI]Hl.‘C. 1
Ty : cuTyauii :
YueHs 1 |
. ] |
I I
1 Mogyie Mogyie |
I N
| TpaHcopaanii OUIHIOBAHHA :
| NpeLeieHTin |
I
I

1 v -
y Hporpasmua mnardopsa cucremu tpenysanns PDCA

PucyHok 2 - CTpyKTypHa cXeMa IpOrpaMHOro 3a0e3eUeHHs] KOMIT FOTEPHOTO
TpEHaKepy eHEProMeHeKepa

BucHoBku
1. AKTyaJIbHUM € MMUTAHHS CTBOPEHHS KOMII FOTEPHHUX TPEHAXKEPIB, MPU3HAYCHUX
JUTS 3aKPITUICHHSI HABUKIB Ta BMiHb 110 YIIPABIIHHIO €HEPTOCIOKHBAHHAM
TEXHOJIOTIYHOTO 00JIaIHAHHS IPOMHKCIOBUX 00 EKTIB.
2. ®opMyBaHHs MPEIEAeHTHO-aHATITHYHOI MOJIEINI TPOIECY TPEHYBAHHS
JIO3BOJISIFOTH CTBOPUTH IHTENIEKTYAIbHUN KOMIT IOTEPHUHN TpEeHAKep



19

SHeproMeHeKepa, 3AaTHUI alanTyBaTUCh JI0 PI3HUX TEXHOJIOTTYHUX CUCTEM 1
3MIHHHUX YMOB BUPOOHUIITBA.
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1.B. IInersganit

INPOEKTYBAHHS JIOKAJIBHUX TPEHAKEPIB HA OCHOBI
CHEHAPHO-IMITAOIMHOI'O MOAEJIOBAHHS

OgauM 13 OCHOBHHMX IUIAXIB IMABHUINEHHA O€3mekr 1 HaIINHOL
eKCIUTyaTalil CKJIQJHMX, TEXHIYHUX OO’€KTIB 1 CHCTEM B EHEPreTHL € LINpPOKEe
BIPOBA/DKEHHSI 1 HACHYEHICTh NPOLECY IIJArOTOBKH BiJIOBIHOIO MEPCOHAIY
PI3HOMaHITHUMH TpeHakepaMu. TpeHakepHa MiJAroTOBKAa Ma€ BEJIHMKE 3HAYCHHS B
cucteMi MmpogeciiHOl MiATOTOBKM ONEPAaTHBHOTO IEPCOHANY MiIIPHEMCTB
eHepreTukn Ykpainu. Bona 3aiimae ¢iHanbpHUMil etan y ¢opMyBaHHI HEOOXiITHHX
mpodecifHX yMiHP 1 HaBUKIB TepcoHamy. Taki TpeHakepd NOBUHHI OyTh
BIJHOCHO HE JOPOTMMH, ¢()EeKTHBHMMH B HaBYAJIFHO — METOAWYHOMY IUIaHi,
Cy4aCHHMHU B TUTaHI 3aCTOCYBaHHS iH(QOpMAIIHHUX TEXHOJOTIH Ta TUCTAHIIITHOTO
HaBYaHHA. BUKOHAaHHS BHINE 3a3HAUYCHUX BUMOI 1O JIOKAIBHHX TpPEHAXePiB
3a0e3MedyeThcsl MPUUHATOI0 TEXHOIOTIEI iX MOOyHOBH, a came MiAXOIJaMH,
MIPUHIIUIIAMA Ta METOJIAMH POCKTYBAaHHS 1 peati3amii TaKuX TpeHaKepiB.

[lepen BHKIAJEHHSIM OCHOBHHMX TMOJIOKEHb 1H(OpMaLiitHOT TEeXHOJOTiT
noOyI0BH JIOKAJBbHUX TPEHAXKEPIB HA OCHOBI CIEHAPHO — IMITAI[IITHOTO
MOJICTIFOBaHHSI HEOOXiJHO TMOSCHEHHS BUKOPHUCTAHHS TEPMIHY JIOKaJbHOTO
TpeHaxkepy. Ha miampuemMcTBax €HepreTHKH iCHYe BEJIHMKa KUIBKICTh IEepPCOHay,
KOXXHHH 3 SIKAX Ma€ CBOE BJIACHE, JIOKaJIbHE, poOoue Miciie, abo poOouy 30HY, sika
BKJIIOYAE JIEKIIbKa PO3TAIIOBAHUX Ha PI3HUX TEXHOJIOTIYHUX IUIOMIAKaX POOOUMX
Micup. Ha nokansHOMY poOodoMy MicIi repcoHall BUKOHYE CBOI (DYHKIIOHAJIBHI
00OB’SI3KH, TOB’S3aHI 3 EKCIUTyaTali€lo, OOCIyroByBaHHSIM Ta YIPaBJIiHHAM
TEXHOJIOTIYHUM O00JagHaHHSIM. TexHosoriuHe oOJagHaHHA B EHEPreTHHi JUIs
MOJICIIOBaHH B JIOKAJIBHUX TPEHaxepax Moxke OyTH camuM pizHuM. [Ipuxianamu
JIOKAaJTBHHUX TPEHAXKEPIB B aTOMHINA CHEPTeTHIl MOXKYTh OYTH TpEeHaKEPH Ta30BOTO
[OCTy TEeHepaTropa, EJeKTPONi3HOI YCTaHOBKH, IIWTA MOCTIHHOTO CTpyMy, SKi
BcraHoBieHi Ha 3amopi3pkiii  AEC. JlokampHi  TpeHakepwm  IMITYIOTh
(yHKIIOHYBaHHS JIOKAIBHOI YaCTHHM a00 MUISHKHA TEXHOJIOTIYHOTO OOJagHaHHS.
Ha nymky aBTOpiB, JIOKaJdbHI TPCHAXKCPU MAIOTh CTATH HAWOUIBII MacOBHM i
HaWOUThII 3aTpeOyBaHMM KJIACOM TPEHAKEPIB Ha MIINPUEMCTBAX EHEPTeTHKU
VYkpaiHu.

OCHOBHMMHM  TpUHLIMUINAMH  iHQOpMamiiHOT  TEeXHONOTii  MOOYZO0BH
JIOKQJIbHUX TPEHAKEPIB JUIA MIArOTOBKM MEPCOHATy B EHEPreTHIi Ha OCHOBI
CIIEHapHO — IMITaIiHHOTO MOJIEJIIOBAHHS Ta OPIEHTOBAHOT Ha rayry3eBux (axiBLiB €
HACTYIIHI:

1. JloxanbHuil TpeHa)kep — Iie B HepIly 4epry 3acid HaB4aHHS. ToMy OCHOBHOIO
HOTOo XapaKTEepHUCTHKOIO MOBHMHHA OYTH HE «CTYIiHb MOmo0m» abo «riambuHa
MOJICIIOBAHHS», a CYKYIHICTh peaJi30BaHUX TPEHAKEPHUX 3aHAThH, SKi
(dhopMyroTh HeoOXimHI TpodeciiHi HABUYKH MO0 YIPABIIHHA CHEPTeTHIHUM
obOnmamHaHHAM. TpeHakepHe 3aHATTS peadi3yeTecs y (opMmi creHapiro,
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OCHOBHOIO SIKOTO € po0oua JisUIbHICTh MepcoHaly, A0 SKOi J00aBieHi
€JIEMEHTH HaBYaJbHOI MISJIBHOCTI Ta BIIMOBIIHA pEaKilis EHEPreTUYHOro
o0agHaHHS Ha Jil IepcoHay.

[TepBUHHOO i OCHOBHOIO BXiTHOO iH(OpPMAITIE0 I PO3POOKH TPEHAXKEpa Ma€e
OyTH po0OoyYa AisIIBHICTD IEPCOHATY.

OcHOBHOIO (OPMOIO  OmMHMCYy pOOOYMX TMPOIECIB IOJ0 IMPOCKTYyBaHHS
TpeHaKepy, MNpeACTaBIeHHS poO04oi IisUTBHOCTI IMEpCOHally Ta CIEHapiiB
TpEeHaKepHHX 3aHATH NMPOMOHYEThCS (hopMaT Mi>KHapoaHOTO craHnapty BPMN
[1]. Takuit migxig mae Oarato mepeBar, cepell SKHMX OCHOBHHUMH € 3p0O3yMilia
VHiBepcalbHa TEXHIYHa MOBa Ui (axiBI[iB pI3HOMAHITHHX Tally3ed Ta
HasSBHICTb MpaBmil BHUKoOpHcTaHHA. [ms po3pooku BPMN — miarpam Tta
JOKyMEHTYBaHHS BiJIOBIIHUX TPOIECIB MOXIJIMBE LIMPOKE 3aCTOCYBAHHS
CydJacHHX 3aco0iB aBTOMATW3allii y BHUIVIAAI MOUIMPEHHUX CIEMiaTi30BaHUX
TporpaMHKX TakeTiB, Hampukian Bizagi Modeler [2].

ImiTamifiHe MOZIENMIOBAaHHS peakilii EHepreTHYHOro OONagHaHHA Ha il
nepcoHaly.

Po3poOka imitamidHOi Mojeni peakuii 00’€kTa YHOpaBliHHS Yy BUIJISII
INPUYMHHO — HACHIAKOBOI CTPYKTYPH 3 BUKOPUCTaHHSIM METOLY MOJEILHOTO
KOHCTPYIOBaHHS Ha OCHOBI 010J1i0OTEKH MPOOJIEMHO — OPi€EHTOBAHUX EJIEMEHTIB
1 IIa0JTOHIB CHJIAMH TaJTy3eBUX SKCICPTIB.

Bubip 1 apanTamis BiZOMHX IPOTpaMHHMX IakKeTiB rpadivuHO-Bi3yasbHOT
PO3POOKH JIOAATKIB 3 MOXIIMBICTIO CTBOPEHHS 1 TOCIIIOBHUM HaKOIIMYEHHIM
0i0TIOTEKH THIIOBHX KOMITOHCHTIB, IA0JOHIB Ta MOJEINCH, OpI€EHTOBAaHHUX Ha
SHEepreTHKy 1 BiAMOBiAHOTO HAOOpy IHCTPYMEHTIB 1 CepBiCHHX (QYHKIIIH,
HAIlIJICHNX Ha KOHCTPYIOBAaHHS 1 peaii3allifo TpeHaxepiB. TakuM mporpaMHUM

Po3poGHuK TpeHaxepa

makeToM Moske OyTH, Hanpukiaan, Unity [3].

I [ & T
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Tpenaxepa : i b .

® . - ¥ * L E3 . *

- ! +* : - -

Tpenaxepa

Bl

.'E

o] =

Tiocanon [
meTpyRuii
Lina - c :
AOKyMEHTALIR, | rssssassranss fassassassanasnnns setasassrensnann e T O T A :
excnepTHi ouiHkK
rany3esux
axisuis

Bei TpeHamepHi

Bospofia Creopenna Creopenin Craopenin Po3pobika 3auATTA (Tp3)7
i el moaeni poBouoi magen woneni peakull .

O_» TREHaNEPHIK poBoNoro Micys AiAnsHoCTI HABMANBHOT oBexTa TaK
3akATe (301m) AlAnwHocTi ynpasninma

Wi (Ha
HoBUI
Tp3)

Pucynok 1 — TexHomnOTis1 pO3pOOKY JIOKATBHOTO TPEHAKEPY
Ha puc. 1 300pakeHa amiarpama TEeXHOJOTiYHOTO TIPOLECY CTBOPEHHSA

JIOKaJTFHOTO TpEHaXkepa M MIATOTOBKM IMEPCOHATy B CHEepreTuri y d¢opmari
BPMN, ne Tp3 — tpenaxepHe 3amarTs, MPM(3)) — momems pobodoro micrs
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(3oun), MPJl — w™momenp pobouoi misuteHOCTi, MHJ] — Momenp HaBYaIbHOI
nismeHOCcTi, MPOY — Momenp peakmii 00’ekTa ympaBiiHHA. PosrmsHemo Oinbi
JIeTJIbHO KOXHUH 3 eTarliB.

CIIUCOK TPEHAXKEPHHX 3aHATh (POPMYETHCS Ha €Tarli pO3pOOKH TEXHIYHOTO
3aBJIaHHS Ha CTBOPEHHS JIOKAIBLHOTO TPEHAXepa, JIe Cepell 1HIIOro BUPOOISIEThCS
3aMHCeNT IIOJI0 3aCTOCYBaHHS TPEHaxkepa B CHUCTEMI MIATOTOBKH, HOTO
MIPU3HAUCHHS, BU3HAYCHHS NEPCOHATY KU MJUIArae TpeHaXEpPHiH MiArOTOBII i
Takxe iHIIe.

B 3anexxHOCTI BiA mocaam omeparopa, aHaizy ioro pobodoro wmicus, B
pamMKax SKOTO BiH 3[iMCHIOE CBOIO POOOYY isSUTBHICTh, BU3HAYAIOTHCS BHUMOTH
mo/10 rpadiuHoi Moaeni pobounx micis (pobounx 30H) 3 BignoBigaumu 2D (3D)
MOJIETISIMH  €JIEMEHTIB CHUCTEMH IHMCTaHLINHHO - aBTOMATH30BAHOTO YIPAaBIiHHS
S€HepreTHYHNM oOOiagHaHHsAM. B HaWmpocrtimomy BapiaHTi me cratwudi 2D
rpadigai Mozeni po0OYoro MicCIs omeparopa — BIAMOBIIHUX MyJNBTIB (UIUTIB)
YIPaBITiHHS TEXHOJIOTIYHIM OOJIaTHAHHSIM.

IMotpeba B TpeHaxepHi MiArOTOBLI, HANPUKIAJ, OIEPATUBHOIO
IIEpCOHANLy HIKHBOI Ta CepeJHbOi JIAHOK  YNPaBIiHHA EHEPTeTUYHHM
obnangnanHsM  AEC  ¢opMyeTbcss HEOOXIJHICTIO TOCTIHHOTO TMepeMillleHHs
BIJIMIOBITHUX TMOCAJOBUX OCI0 HW)KHBOI JIAHKA YIOPABIiHHA TI0 BEIUKUM
TEXHOJIOTIYHUM TIPUMIIIEHHSM 1 IUIOIIAM JUTs 3A1HCHEHHS. HUMH ONIepaTUBHHX Ail
y 3B’S3Ky 3 BIINOBIAHMUM pO3TALIyBaHHSIM EHEPreTHYHOro OOJagHaHHS, HOTro
€JIEMEHTIB Ta NPHCTPOIB YNpaBIiHHSA 1 KOHTpOJr0. B TakoMy BHUIanKy MoXeMo
TOBOPUTH TMpo poOodYy B30HY OMNEpaTOPChbKOi mismbHOCTI. CydacHHWH piBEHb
pO3BUTKY iH(popMamiiHUX TexHoyoriii 3D MopjemoBaHHS, BipTyanbHOI Ta
JOTIOBHEHOI peaJbHOCTI JO3BOJISAE €(PEKTHBHO CTBOPIOBATH TaK 3BaHMI «e(eKT
MPUCYTHOCTI» 1 A0Ope IMiTye AWHAMIYHUA cTaH pobodoro mpoctopy (pododoi
3ouHu) omeparopiB AEC. Jliarpama TeXHOJOTIYHOTO IpoIecy po3poOKu Mozeni
poboyoro micus mpruBeIeHa Ha puc. 2.

I'padiura momenms poOOYOro MicHs «HABAHTAXYETHCS» IUHAMIYHUMH
€JIEMEHTaMH BBOJY/BHBOJly — aHAJIOTAMH pEaJbHUX OPraHiB  YIpaBIiHHS
TEXHOJIOTIYHUM OONaJHAHHSIM Ta MPUCTPOSIMH BiIoOpakeHHs iH(poOpMAIl.
KoxHuii Takuii JUHAMIYHMH €JIEMEHT Ma€ CBOE YHIKaJbHE IM’s, KOOpIHMHATU
po3TallyBaHHS Ha CTaTUYHOMY «(OHI», BIACTHBOCTI, SIKI MOXKHa HACTPOIOBATH y
BIMOBiMHUX MIabioHax. [Ipoiec CTBOPEHHS 1 HAJIATOJKCHHS TAaKUX JTUHAMIYHHIX
€JIEMEHTIB 3 YCI€I0 BIIEBHEHICTIO MOXKHa HAa3BaTH IIPOLECOM KOHCTPYIOBAaHHS
rpagiyHOi YacTHHM JIOKAJBHOrO TpeHaxepa. [lepcnektuBHa iH(opManiiina
TEXHOJIOTIS TOOYZOBH JIOKAJIbHUX TPEHAXKEPIB Iependadae HassBHICTH BiIIOBIIHOT
MiJICUCTEMH KOHCTPYIOBaHHS JMHAaMIYHMX €JeMEHTIB TrpadiyHoi YacTHHH

JIOKaJIFHOTO-TpeHaKEpa:

= ™ Tabnwuas
nucox
CTaTWHX
rpachivHIMK (HOHIB
S : xoopamHaTam
=

Craopenn asanna o (0AaBaHHA A0 HOHIB ABTOPCEXHX
[flonasania Ao Hons by A bt 3
cTaTMmX LTy —— (He CTAHAAPTHUX) AHHAMISHIK
CHOHIB AAHAMINHMK
rpadimmx enenenTiB BUBDRY enenenTis nuni]y BuBoy
enemenie aeony
rbm i llﬂbm)MnuH

mopeni po6o4oro Micus (3oHM)
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PucyHok 2 — TexHoJorist po3poOKH Mojiesti po6odoro micist

Jliarpama TeXHOJIOTIYHOTO TIPOIecy PO3poOKK Mozei poboUoi AisITBHOCTI
MIpHBe/ieHa Ha puC. 3.

Onve Iy Oomme 1N Nocnigosiicrs 1 omo D Y
nouaTkOBOM ciHuesoro A, noain HoBasneueix T Mogens
crany cramy peakuin noTeHuiAHO poiouoi
oBnauanim Ans obnagnasia ) HOBa3NEUHMX aimnewoeri
Tp3 ana Tp3 cuTyauiR cuTyayn
x x . = .

DOPMYBAHHA
KoneTpyrosaria
Buanavena BuanaueHHa ONTUManNLHOI bopmysanHa
5 mopeni poosoi
nouaTKOBOD KiHuEBoro nocninoBHOCTI Ak vebeaneunmx i Gt
cTam cTam onepaTopa, o4iKyBaHUX NOTeHUHO s
Y Y i 4 2 2 urnaai BPMN
obnaauanmn onaguarm peaxuiii oGnagHann Ta HelbeanesHux cHTyau il
jarps
L IMWMX NORIR s

- = x x

Nocagosi
IMCTPYKUi
excnnyatauiiHa
AOKyMENTALIA
excnepTHi oujH
chaxisuis

Po3poGka mogeni poBoyoi gisneHocTi

Pucynok 3 — TexHom0TisI pO3p00OKH MOEI poO0YO0i AisUTEHOCTI

Jlyist mosermeHHst poOOTH TepCOoHATy, MPABMIBLHOTO MPUHHATTS PilICHHS
B Til 4M IHIINA cUTyamii ab0 peXUMi Ha MICISIX PO3POOIIOIOTHCS BiNMOBIIHI
eKCILTyaTaliiHi iHcTpykuii. Taki ekcruryaTaniiiHi iHCTPYKIII € OHUM i3 OCHOBHHUX
JoKepert iHGopMarii A BH3HA4YEeHHsS 1 ¢opmMamizarii Mo4aTKOBOro i KiHIIEBOTO
CTaHIB CHEPTeTUYHOTO OONAIHAHHS, a TaKOXX HAWOLIBII MPUHHATHOTO MUIIXY MiX
OUMH CTaHAMH TPH pO3pOOIli TPEHAKEPHUX 3aHATh.

[Ipu 3pificHeHHI omepaTopoM poOOYO0i MISUIBHOCTI MIOAO JOCSTHEHHS
KIHI[EBOI'O CTaHy eHEepreTMYHOro oONajHaHHs, BIH He OOOB’S3KOBO 0OHpae
HaOIbIl npuiHATHUKA nuix. HaBite npu 3aidcHEHHI Oyab — SIKOTO HUISAXY
B)XJIMBO HE CTBOPIOBATH OIEPaTopoM HeOe3neyHux (aBapiHHMX) abo MOTEHLIHHO
HeOe3neyHuX cuTyaniid. Bu3HaueHHs TakuX CHTyalii Ta X OMUC TaKOX BaXKITUBHNA
nmpu po3poOui 1 peanizanii Mojeni ynpaBlliHHS HaBYAJIBHOIO AiSsJIBHICTIO. ByIb-
SIKUA [UISX CKIQJA€ThCS 3 TMOCHIIOBHOCTI il ormeparopa, aHami3y 1 OLIHKA
peaxiiiii o0naTHaHHS Ta IEBHUX CUTYaIlil.
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Onuc po0oYoi AiSUIBHOCTI  JOLUIBHO BHKOHYBaTH 32 JIOTIOMOTOIO
MikHapoaHoro cranmapty BPMN. CraHzmapt € cHCTEMOI YMOBHHX MO3HAuYeHb
(HOTAaMUiN) A7 MOAETIOBAHHS Oi3HEC — MPOIIECIB, 0 SIKUX TAKOXK HAJICKUTh podoya
JUSUTBHICTH MEPCOHATY MIAMPUEMCTB B eHEepreTuil. Poboya isUTbHICTE — 11 HAOIp
AKTHBHUX (BIUIMB Ha MOTOPHI €JIEMEHTH YIpPaBIiHHS, BifJlaua PO3MOPSIKEHb Ta
NIpUMaHHs IOTIOBIJIeH) Ta TACUBHUX il (CIIOCTepeKeHHs Ta aHami3 iHdopmarii).
Mogenp Ta rpadiuyHa HOTalist poOOYOi IiSUIBHOCTI IMPEACTABISETHCS Y BUIILIII
niarpamu. Taka pgiarpama 0asyeTbCsi Ha TpeACTaBIEHI poOOYOro mpouecy y
BUIIISAII OJIOK — CXEMHU, sIKa CEMaHTUYHO CXO)Ka Ha Jiarpamy IisutbHOCTI [4]. [lpu
YoMy €IWHA MOJENb po0OO0YOi MisTIPHOCTI MOBHHHA OYTH 3pPO3YMLIOIO Ui BCIiX
KOPHCTYBAaYiB.

PoGova nisutbHICTH HEpCOHATY IOIOBHIOETHCS €JIEMEHTAaMM OpraHi3amii
HAaBYAJBHOTO MpOLECy, B pe3yidbTaTi 4Oro OTPHUMAEMO MOJENb YIPABIIiHHSA
HABYAJBHOIO JisUTBHICTIO. [liarpamMa TEXHOJOTIYHOTO TPOIeCy PO3pPOOKH MOIei
YIIPaBITiHHS HAaBYAIBHOIO JTisSUTHHICTIO MPUBEICHA HA PHC. 4.

Basa HasuaneHnx
KOMeHTapie Ta
BKa3iBOK

Basa baza
KOHTPONbHINX 4acoBNx
XOMeHTapis Ta = NOKAIHUKIB L

BKa3iB0K

= t,‘

x

dopmysanks Gam @opmyBas Gau
@opmysaris Gan KoHeTpyosanis monen
DopmyBakHs [, HACOBMX NOKAIHKIB
KOHTPONBHIAX YNIPABNIHHA HABMANEHOIO
onucy JaBAaHNA KOMEHTapIB Ta BKAJIBOK A, NogiR, iwax
KOMeHTapia Ta AIRANBHICTIO ¥ BATNAZI Aiarpamm
Ha TpeHyBaHHR (niackask Ta HEBHANLHUX Ta

BKAIIBOK BPMN
[nonomora) KOHTPONBHKX eTanie

-
Hanarogkewns Poapobka mogen
Bepuchixauis Ta ABTOMATUNHOTD OUIHIOBAHNS
saninauin mHf HABHaNGHO! QIRANBHOCTI

Poapo6ka moaeni Hag4aneHol AiAnbHocT

PucyHok 4 — TexHomnoris po3poOKu MoJiesi yIpaBJliHHS HABYAJIBHOIO HiSTIBHICTIO

[MoeqnanHs poOOYOi MISTIBHOCTI 1 HAaBYAbHO —  METOJUYHOTO
3a0e3reveHHs yTBOPIOE «cleHapiiy». by b ke TpeHaxxepHe 3aHATTS icCHYe Y GopMi
creHapito. OCHOBHUMH €JIEMEHTaMH CLICHApIIO €:

- aKTopHW: MepcoHan (Ti XTO HABUYAIOTHCS) Ta IHCTPYKTOp (TpH ioro

HasIBHOCTI);

- cueHn (CTaTW4Hi, OUHAMIYHI, 3MIilIaHi), Ha SKUX PO3TOPTAETHCS
JiSUTBHICTB TIEPCOHATTY.

- IIOYaTKOBUH Ta KIHIEBUIl CTAaHW EHEPreTUYHOTO 00 HAHHS;

- JIIBHICTh  TEPCOHAITY HIOI0  YNPAaBIiHHS  EHEPreTHYHUM
oOmagHaHHsAM  (poOouya  JisUTBHICTB),  TNpEJCTaBlIeHAa  JisIMHU,
omepauisiMi  (CkiamHi Aii), BepOaJbHUMH TOBIJIOMJICHHSIMU Ta
PO3IIOPSIDKEHHSAMH, a TaKOXK B3a€MOJISl 3 IHIIMMH OIEpaTopamMH
4epe3 3aco0U 3B S3KY;

- moxii (UIaHOBI 1 BHIAAKOBi), SIKI MOXYTb BHMHHMKAaTH IIiJ dac
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TPEHyBaHHS;
- TepMIHM OKpeMHX Hii, MOJii, eTamiB Ta MPOILECIB YyNPaBIiHHSI, a
TaKOXX 3arajIbHAN TepMiH TPEHYBaHHS (4aCOBI KOOPIUHATH);

- mepesik HeOe3NeuYHNX CUTYyallil, Ki MOXKYTb CTBOPIOBATHCH;

- KOMEHTapi, MiJIKa3KH, 3ayBa)KCHHs Ta 1HIIII €JIEeMEHTH, SIKi (POPMYIOTh

0a3y HaB4YaIbHUX a00 KOHTPOJIBHUX KOMEHTapiB 1 BKa3iBOK.

B Oymp — sxkuii MOMeHT dYacy ocoba, siKka TpPEHYETbCS, Mae€ JIech
3HAXOJIUTUCh HA «Mall» HaBYAILHOTO Tpolecy, TOOTO Mae XapaKTephU3yBaTHCS
MIEBHOIO KOOPJMHATOI0 Ha MUIAXY BiJ IIOYAaTKOBOI'O JO KIiHIIEBOTO CTaHy
TPEHAXKEPHOTO 3aHATTS. [Ipyr YoMy, TaKuid IUIAX B OUTBIIOCTI BUITAIKIB MOXe OyTH
JaJeKo He OJHUM. BaXIMBOIO € MaTeMaTH4YHA IHTEpHpeTallis «Mar»
HaBYAJIFHOTO IPOLECy i MICIIE3HAXO/DKEHHSIM Ha HiH y4HS y Oy[b — SIKMH MOMEHT
gacy y Ipoleci peamizalii CIeHapilo TPeHaXEPHOTO 3aHATTA. TaKOX Ba)KIHBOIO
XapaKTepUCTHKOI0 TpPEHaXepa € CIoci0 OIiHIOBaHHS HABYANBHOI [iSUTBHOCTI,
HaliOimpIl  e(peKTUBHHUM 3 SKuX € aBroMmatwuHuil. Cmocobm 1 wMeromu
ABTOMATHYHOT'O OLIIHIOBAHHS OIEPATOPCHKOI MIsUTBHOCTI Ha TPEHaKepax JNeTalbHO
BHKJIaJIeHO B [5].

Hai0inpI cxiagHUM €TarmoM CTBOPEHHS (TIPOEKTYBaHHS) TpEHaKepa €
iMiTaIiiHe MOJICITIOBaHHS CHEPreTHYHOro 00JamHaHHA abo Horo peakmii Ha mil
MepCoHANTy HPOTATroM 4Yacy. TeXHOJOTiIYHHWil IMmpolec po3poOKH MojeNni peakiii
00’€eKTa yNpaBiIiHHS [TPUBEAEHO Ha puC. 5.

ImiTanmifina Monmene 00’€KTa yOpaBIiHHA TIOBUHHA 3a0€3MCUUTH
(yHKIIIOHAJIBHI 1 JIOT1YHI (IPUYMHHO-HACIIIAKOBI) 3B’SI3KM MIXK YNPaBIAIOYMMH Ta
iHpopMaliiHUMH eJleMEeHTaMH 3 ypaxyBaHHSAM 4Yacy, SIKi BU3HAYaIOTHCS METOIO
MOJZETIOBaHHSI 1 eHEPreTUYHUM O0JIaTHAHHSM.

ImiTanifina Mogens — 1e Habip 3MIHHHX, OB’ 3aHUX (YHKI[IOHATEHUMHI
Ta JIOTIYHUMH 3B’ SI3KaMH, TOOTO TaKUX 3MIHHUX, AKi (PYHKIIOHATIHHO 3aJI€XKaTh BiJl
IHIINX 3MIHHUX 1 BXigHUX Aifl. ByZgemo po3pi3HATH [1Ba THITYy 3MiHHUX:
- JIUCKPETHI 3 MHOXKMHOIO CTaHIB (3HAYEHB), SIKi IepepaxoByIOThCA i
SIKi BOHU MOXYTbh ITpUHMATH;
- OesmepepBHi, IS AKUX BU3HAYCHO TUIBKH JTOMYCTHMHH diana3oH
1X 3HAYCHb, a IOTOYHE 3HAYCHHS MOXKE OYTH OY/Ib-SIKHM.

f ] £
BiGnioTexa NO — Bibniorexa -
enemenTie asropcerux NO
enemenTia

*

) Poapobka NoByaosa
Knacudikauin ob'cxra aBTOPCHKUX T
~ YNPABNIHIA Ta HARBHICTL npoBnemMHo il HanarofenHs
GibnioTexu OPIEHTOBAHIX CTPYKTYpH Beprdpikauin Ta
NPOBNEMHO-OPICHTOBAHMX enemenTis il sanigauis MPOY

enewenTia woenosaima
i * [#

i o6'exTa ynp
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PucyHok 5 — TexHosorist po3po0ku MoJieni peakiiii 00’ ekTa ynpaBiiHHs

Tun, 10 sSKOro HAJNCKWUTH 3MIHHA, BHU3HAYAE JIOMYCTHMI OIEparii, sKi
MOJKJIMBO BUKOHYBAaTH, 3MIiHIOIOUM i 3Ha4eHHs (cTaH). SIKIIo imiTariiHa Monens
MICTHTh HETIepepHBHi 3MiHHI 1 3MiHa 1X 3HaYEHB 3aJISKUTD Bij HE3aJIe>KHOT 3MIHHOT
— "Yacy, Taki Mozeni OyJIeMo Ha3WBaTH TUHAMIYHIMHU.

BinmoBimHO, OCHOBOIO TUHAMIYHHX TPEHAKEPIB € IWHAMIYHI iMiTaIliiHi
MOJIeNi eHepreTHYHOro obnaaHaHHsa. OCHOBY CHUTYamiHUX IMITAIlIfHUX MOJEIeH
CKJIaal0Th AUCKPETHI 1 6e3mepepBHi 3MiHHI, SKi 3MIHIOIOTh CBO€ 3HAYCHHS TiJTBKU
B 3aJEKHOCTI BiJl YHpPaBIIHCBKMX [ilf 1 He 3ajexaTh Big dacy. OCHOBY
CUTYAIlIfHUX IMITAIlIfHUX MOJIENel CKIIAAaloTh KIHIEBI aBTOMATH, PEINAIiiiHI Ta
JIOTIYHI 3B’ 13K MK HUMH.

Ilpy MozemOBaHHI CHEPreTHYHOrO OOJAJHAHHS AWHAMIYHI MOJEi
3a0e3MeuyoTh BiJTBOPEHHSI PEabHUX MEPEXiJHUX MPOLECIB B PEalbHOMY TEMITi
yacy. Cwutyariiini Moxeni 3a0e3MedyroTh BiJOOPaKCHHS IHCKPETHUX CTaHIB
C€HEPreTUYHOr0 OOJaTHAHHS, IO HEOOXiTHO TIPU MOJCIIOBAaHHI B3aEMOJIIT
MEPCOHANY IPHU ONEPATOPCHKIN MisUTBHOCTI. IMiTaIiifHi MOIENi CKIaTHUX 00’ €KTIB
YacTille BChOr0 € MOJIEIIIMU 3MIIIAHOTO THITY, TOOTO MICTSTH SK JUHAMIYHI TaK i
CUTYaIliifHI KOMITOHCHTH.

ImiTanifina Momenb — 1€ 3’€THAHHSA B NMPHUYUHHO — HACHIIKOBY MEPEXY
(YHKIIOHATFHUX €JICMEHTIB, TUIIOBUX OiOJTIOTEUYHUX €IeMEHTIB (BBOJIY, BHBOLY,
CITy’k00BHX, TIPOOIEMHO-OPIEHTOBAHNX ), (PYHKITIOHAIEHUX OJIOKIiB Ta BIAIOBIIHUX
mabnoHiB (MoAenedl HIDKYOro iepapxidHoro piBHA). bibGmioTeka THIIOBHX
(yHKIIOHANBPHUX —~ €JeMEHTIB Mae OyTH BiAKpHUTOIO [0  HapOI[yBaHHS.
IHCcTpy™MeHTapiit iHpopMamiiHOi cHcTeMH (CepemoBHINA) IS KOHCTPYIOBaHHS
(YHKIIOHAIBHUX MOJIEICH KOHIIENITYyaabHO BIAMOBINAE JIOTIKI pO3POOKH JOATKIB
00paHOr0 3a OCHOBY IIPOrpaMHOI0 TMakera rpadidHO-Bi3yanibHOI pPO3pPOOKU
nomxatkis (Unity).

BaxmBoro 3MIHHOIO, sIKa BHKOHYe€ OCOOJHMBY poyib, € dac. lle
GesnepepBHa HE3aleKHA 3MiHHA. 1i 0cOGIMBA PO TOB’A3aHA 3 NPHIHATOIO
OpraHi3aIlier0 0OYUCITIOBAIBHOTO MPOIECY MOJACIIOBAHHS Ta WOT0 peaji3alli€ro Ha
KOMIT'IOTepi. 3 TOYKH 30py OpraHizamii KOMII'IOTEPHOTO MOJIENIOBAHHS IIe
MIOCITIJJOBHICTh TIOAIH, SIKi BiJA3HAYalOTh ITOYATOK YEProBOTO IHTEPBATY (TaKTy)
MOJIEBHOTO 200 peanbHOTO 4acy. Lli moxii BM3HA4arOTh BCi HEOOXiJHI 3MiHU
OCTaHHIX 4Yac — 3aJIeKHUX 3MIHHUX Mozeil. OQHOI 3 TaKUX 3aJEKHUX 3MIHHUX
Moke OyTH Oe3nepepBHA 3MiHHA, KA (POPMYETHCS JOJABAHHAM Ha KOXXHOMY KPOIIi
(TakTy) MOJENIOBAaHHS 3aJaHOr0 YacoBOro iHTepBady t = t + At. Byap sika
OpraHizalliss 00YHCITIOBAIFHOTO TPOIIECY B PEaTbHOMY TEMIII 9acy CITUPAEThCA Ha
4acoBi MOAii, SKi CIIAYIOTh gepes At.
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B pesynbraTi nOpOEKTYBaHHsS TpEHaXepa MH OTPUMYEMO HaOip
TpPEHAXEPHUX 3aHATh y BUIILAAI rpadivyHuX Aiarpam i 3a10KyMEHTOBAaHHX IIPOIIECIB
Ha OCHOBI craHaaptuzoBaHux Hotanii BPMN. binsm cximaganm eranom
CTBOpPEHHS TPEHAXepa € eTa Horo peajizaii, TOOTO NMEPETBOPEHHSI HOTO MPOEKTY
y IpOrpaMHUil KOZI.

CyuacHa  TEXHOJIOTISl  «IEPETBOPEHHS»  MPOEKTy  TpPEeHaxepa Y
KOMIT'IOTEPHUH JIOJaTOK Ma€ BpaxOBYBaTW EBOJIOUIHHMN NUIIX HAIHMCaHHS
MPOTPaMHOTO KOJY: «BiX IMPOTrpaMyBaHHS JI0 MOJEIBHOTO KOHCTPYIOBAHHS).
OCHOBHI BHMOTHM [0 TIPOIPaMHOTO CEPEAOBHINA 1 TEXHOJOTil MOAEIBHOTO
KOHCTPYIOBaHHS:

- IPOCTOTA OCBOEHHS;

- Bi3yaJlbHEe KOHCTPYIOBaHHS;

- rpadiuHa cremmdikamis Mopjenedl  (yHKIIOHYBaHHS, O0’€KTiB,
CLIEHApHHX CTPYKTYP;

- IHCTPYMEHTH JUTA HE alTOPUTMIYHOI peai3arii;

- BUKOPHMCTAHHS Cy4YacHUX MYJIbTUMENIHHUX MOXKITUBOCTEH;

- IUCTaHILi{HE BUKOPUCTaHHS.

[nsxom is peaiizaiii TEXHOJIOTIT MOAEIBHOTO KOHCTPYIOBAaHHS € BUOIp
1 ajmanraiis BiJOMHX TNPOrpaMHUX TWakKeTiB TpadidHO-BizyaJbHOI pPO3pOOKH
JOAATKIB 3 MOXJIMBICTIO CTBOPEHHS 1 ITOCJIJIOBHUM HAaKOMHWYEHHsSM Oi0iaioTekn
THUIIOBUX KOMITOHEHTIB Ta MOJENEH, OPIEHTOBAaHUX Ha €HEPreTHKy i BiIMOBIAHOTO
HaOopy IHCTPYMEHTIB 1 cepBicHMX (YHKLIl, HaliJEHUX Ha KOHCTPYIOBaHHS 1
peanizanito TpeHaxepiB. i1 TpOBENCHHS HAYKOBUX JOCHIDKCHh B YaCTHHI
MPaKTHYHOI ~ peanizamii eleMeHTiB iHQOopMamifHOI TeXHONOoTii To0yInoBU
JIOKAaThbHUX TPCHAXEPIB Ha OCHOBI CIICHAPHO — IMITAIlifHOTO MOJAETIOBAaHHS, B
SKOCTI TaKkoro MpOrpaMHOTO0 TakeTa OOpaHO MYyJNbTHMEIIMHHH  Maker
indopwmariiiinoro cepemouima Unity [3].

[lincymoByroun BWIIE BHKJIAJEHE MOXKHA 3pOOMTH BHCHOBOK, IO HA
CBOTOJHI aKTyaJIbHOIO 3aJIMINAETHCS 3a/1a4a YIOCKOHAJICHHS TEXHOJIOTII TO0yI0BI
TPEHaXXepiB Ha OCHOBI CIICHAPHO-IMITAI[IfHOrO MOJIEIIOBAHHSA 3a PaxXyHOK
HOAAJBLIOr0 MPOOJIEMHO-OPIEHTOBAHOTO IPUCTOCYBAHHS HOBITHIX HPOrPaMHHUX
NaKeTiB, sike Jano 0 3Mory (axiBIsIM €HepreTHYHOI raiy3i MacoBO CTBOPIOBATH
3aco0M TpPEHaXy B 3PYYHOMY 1 3pO3YMIIOMY IHTCPAKTHBHOMY CCpEIOBHINI 3
BUKOPHCTaHHSIM rpadivyHoro iHTepdeicy.

OfHUM i3 MOXJIMBUX IUIIXIB PO3BUTKY BHIIE BKa3aHOI TEXHOJOTIT
MOOYZIOBH JIOKAIBHUX TPEHAXEPiB MOXKE OyTH CTBOPEHHS B paMKax Cy4acHOTO
MIPOTrpaMHOTO MakeTy TrpadivHO-Bi3yalibHOI pPO3POOKH ONATKIB aBTOPCHKOI
OOOJIOHKM I KOHCTPYIOBaHHS 1 peasi3alilo TpeHaXepiB 3 BiIOBIIHUMHA
MpOOJIEMHO — Opi€EHTOBaHUMH OiOJIiOTEKaMHU EIIEMEHTIB, MoJeNell Ta MMabJIOHIB,
OpIEHTOBaHHMX HAa €HEPTeTHKY 1 BiONOBITHMM HA0OPOM IHCTPYMEHTIB i CEpPBICHHX
GbyHKIIH, HAIUIEHUX HA KOHCTPYIOBAHHSI 1 pealti3allito TpeHa)epiB.

1. Odiniitna cnenudikarnist crannapry BPMN [Enexrpornuii pecypc] — Pexxum mocrymy 1o
pecypcey: https://www.omg.org/spec/BPMN/.
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2. Odiniiinmii caiir Bizagi [Enexrponnuii pecypc] — Pexxum moctyiy 1o pecypey:
https://www.bizagi.com/

3. Odiuiiiauii caiit Unity [Enexkrponnuii pecypc] — Pexum moctymy 10 pecypey:
https://unity3d.com/.

4. Tlucapenko A.Il.,, CamoinoB B.[., Creuenko O.f. KommnbploTepHbIE TEXHOJIOIHU
MOJICJIMPOBAHUS JUIs AMHAMUYEeCKUX TpeHaxxkepoB. Kues, HaykoBa nymka, 1992.

5. Aopamosuy P.I1., CamoiizoB B./I. TexHomnorii KOHCTPYIOBaHHS KOMIT IOTEPHUX CHCTEM
migroroBku nepconany B enepreruui / K.: «Tpu K», 2021. — 111 c. (ISBN 978-966-
7690-58-8).
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A.O. JlennatbeB

MO/IEJIIOBAHHSI HAHEJIEI YIIPABJITHHS MICTAHIIIA
JIJIsI TPEHAJKEPIB OEPATUBHOI'O IEPCOHAJTY
MEPEKEBUX MIJIIPUEMCTB

[ponec po3poOku TpeHaxepiB onepaTuBHOTO Nepemukands (TOIT) mis
00XiTHUKIB, BUKOHYEThCSA B TIOCTIiHINA B3a€EMO/IIi MiXK IIpoOTpaMicTaMH, siKi He
MaloTh KBaliQikalii B EHEPreTWYHId ramy3i (majmi mporpamicTe), Ta
TaTy3eBUMH CIICIIiaTiCTaMH, SIKi y CBOIO Yepry, He MarTh KBamiikamii y
mporpaMyBaHHi (#aji cremiamicTa). Yepes 10 B3a€EMOII0 TPOIEC PO3POOKH
TOII 3aiimae 3Ha4Hy KiJIBKICTh 9acy, TOMY JOIIUIBHO ONTHMI3yBaTH MiIXif
po3pobku TOII, i aBToMaTH3yBaTH AEAKI 3a1adi, IKi BUKOHYIOTH IIPOrpaMicTu
[1]. OnTiMizanist He NOBUHHA BIUTUBATH Ha sIKICTh pobotn TOII. 3meHIeHHs
B3a€EMOJIIi CIEIaicTiB 3 MpOrpamicTaMH MOXKHA JOCSTTH 33 IOTOMOTO0
YHIBEpCAIBHOTO pelakTopa MOJIeJiel IaHenel ynpaBliHHS HiJICTaHLIH, KU
aBTOMaTu3ye Jeski npouecu po3podku TOII.

PenakTop Moserneii maHenel Mae MiCTUTH:

e  Mogenb po3paxyHKy pexXHMIB;
Mopenb KOMyTaliiHOI CTPYKTYPH;
Monenb B3aeMoJIil 00’ €KTIB MEpEKi MK COOO0K0;
Bi0moTexy KOMIIOHEHTIB TIaHEN;
Bi0mioTexy BizyalbHOTO BUTIISTY KOMIIOHEHTIB,
Poboue moste, B sIKe MEPEHOCATHCS KOMIIOHEHTH MTaHEeJICH;
[Monst nnst 3amoBHEHHs mHapaMeTpiB  (Hampyra, KoedilieHT
TpaHcdopmailii, IPOBIAHICTS);
[Mosnst mytst 3B’ I3yBaHHs KOMIIOHEHTIB MAHEN MiXK CO00I0;
e  bnaHku nepeMUKaHb;
e Cucremy ¢ikcauii Ta HOBIIOMJICHb MOPYILIEHb MMPABUI TEXHIYHOT
Oe3IeKH;
e [Iporokos TpeHyBaHHS.

Mopenb po3paxyHKy peXHMIB po3po0ieHa NporpaMicTaMu, i1 BOHa
3HAaXOJIUThCS BCEPENUHI penakTopy. MoJenb po3paxyHKy IIOUYHHAE
NpalfoBaTy IICIs II0YaTKy IpOLecy TpPEHyBaHHS 1 BOHAa pO3PaxoBYE
3HA4YEHHs HANpyru Ta CTpyMy B KOMIIOHEHTaX Mepexi. MoJenb po3paxoBye
3HAQUCHHS 3 BUKOPUCTAHHSIM CKBIBAJGHTHHX JAHLOTIB Ta PO3paxoBye ix
mapaMeTpH 3a JONOMOTOI0 CHCTEMH JiHIMHNX anreOpaiuynmx piBHsAHB [2]. Ha
eram pO3poOKH TpeHakepa, CIEIaliCTH MAaloTh MOXJIMBICTH BBECTH
napameTpu, sKi OyAyTb BHUKOPHCTaHI TIpH pPO3PaxyHKy peXuMmy, 3a
JIOTIOMOTOIO TIOJIiB BBOALY ITapaMeTpiB.
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ITpn BUKOPHCTAHHI pelaKTopa MaHeNel, IporpamicTa He GepyTh ydacTi y
po3poOIii  TpeHakepa, [JaHWA  TPOIEC  BHUKOHYIOTBCA  BHKIIOYHO
cnemianicramu. [laHeni, Siki CTBOpEHi y pefakTopi, MOBHHHI MaTH iHTepherc
KOpUCTyBa4a, 3aBJsKH SIKOMY BiJOyBa€Tbcsi YNpaBIiHHA 00 €KTaMu
(Tpancdopmatopu, cucrema muH) [3] [4]. Penakrop Takoxx Mae MiCTUTH
MoJesli KOMIOHEHTIB TIaHeNed Ta pi3HI Bi3yajbHI BUAM KOMIIOHEHTIB.
MoXHBiCTh BHOOPY PpI3HOTO BHAY KOMIIOHEHTIB IOSICHIOETBCS THM IIIO,
OJIMH 1 TOW caMHii KOMIIOHEHT MOX€ MaTH Pi3HUH BUIJIS Y PI3HUX MaHENsX
YIpaBIiHHS, TOMY JUIsl TPEHaKepiB JUISl IEPCOHATY MEPEeXXEBUX ITiAPUEMCTB
BapTO BpPaxOByBaTH IaHy OCOONHMBICTb. KOMIOHEHTH NaHened ynpapiliHHSI
IUIATBCS HAa OBa BHIW: KepoBaHI, Ha iHTepdelc SKUX BIUIMBAE OOXiTHUK
(mepemukaui, Kojla yNpaBIiHHA) Ta IHpOpMaUiliHI, $Ki BiKOOpaKarOTh
pe3ynbTaT BIUIMBY (aMIICpMETpPH, BOJBTMETPH, CHUTHAJbHI JIAMIIOYKH,
TUCTIICHHI moka3HUKH) [5]. Tlepmmit Kpok SKMif pOOUTH CIEIIaJIicT I Jac
poOOTH 3 pemakTopoM maHeleld € CTBOPEHHS KapTHHHOIO 300pakeHHS
naneni. Jlane 300pakeHHs Oy BUKOHYBATUCH K (DOH, IS OLIBII 3pYIHOTO
PO3MillleHHST KOMITOHEHTIB maHeii. HacTymHHM KpOKOM IIiJi 4ac po3poOKu
TPeHaXkepa € MEePEeMIIICHHs KOMIIOHEHTIB MaHesi 3 010Ji0TeKH KOMITOHEHTIB
Ha poboue mosie MoJelNi maHeni ynpasiiHes. [licns gomaBaHHs Ha poboue
noje, KoxeH iH(opMamiiHMH KOMHOHEHT Mae OyTH “noB’si3aHuii” 3
KEpPOBaHMM KOMIIOHEHTOM, JJIsl MOKa3y cTaHy 00’ekrty Ta Mepexi. Ilicis
JNOJAaHHS, “3’s3yBaHHA ~ BCIX  KOMIIOHEHTIB  CHUCTEMH  MOJECICH
YIpaBIiHCHKUX IMaHEJel Ta BBO/AY IapaMeTpiB 3aBepuyeTbesi po3podka TOIT
i MOXXHAa TIOYMHATH TIPOLEC TPEeHyBaHHA nepcoHany. [nst Gimbmn 3pydHOro
npoxomkeHHs TpeHyBaHH:, B TOII mae OyTu MpuUCyTHSA CTOpiHKA 3 OJaHKOM
MepeMUKaHb, KU BUKOHYEThCS Ha TpeHyBaHHI. Ha mamiit cropiami
HampcaHa KOXHA Iisl, SKy HE0OXimHO BHKOHATH. TakoX, OOXigHHK Mae
MO3HAYUTH 3a JOIOMOTOI0O CHMBOJY ‘“ramka” mii AKi BiH BXE BHKOHAB.
YHIBepCaIbHICTh PEAAKTOPY IMOSICHAETHCS MOIIHMBICTIO PO3POOKH Mojenen
pi3HMX BHIIB maHened (ympaBiiHHA TpaHcOpPMATOPaMH, YIPABIiHHS
LIMHHUX amapariB, MaHei 3aXUCTy 00’ €KTiB, aBTOMATUKH, BIAXOASYH JIiHIT).

Opwiero 3 ocHoB TOII € Mozenb KOMyTalLliHOT CTPYKTYPH €HEproMepexi
[6]. Monens maHenell ymnpaBIiHHA Ma€ pearyBaTH Ha KOXKCH BIUTHB Ha
KepoBaHi KOMIOHEHTH. [Ticisi KOXKHOTo yHpaBlliHCHKOTO BILIMBY OOXiJHHKA
Ha iHTepdeiic mnaHemi, TOBMHHA BiAOYTHCh Bi3yaJbHa 3MiHa B
iH(pOpMAIIfHOMY KOMITIOHEHTI MaHei, s TOTO, 00 00XiTHUK MepeKOHaBCS
B YCHIIIHOCTI BIUIMBY. Hampukiaz, 3MiHa KONBOPY JIAMITOYKH 3 3€JICHOTO Ha
YepBOHMH IIiCNS BIUIMBY Ha BHUMHKad. Y Mojeni maHenedl mae OyTu
30epexxeHa B3aeMOJisi MK O0’€KTaMH y CHUCTEeMi MaHenel mimcTanmid. Y
BUIIAJKY SKIO OOXiZHMK BHKOHA€ BIUIMB Ha IaHETb YIPABIiHHSI, SKUH
MOPYILY€ TpaBujia TEXHIYHOT Oe3neKu, IporpamMa BioOpa3uTh MOBiIOMIICHHS
PO BHJ IOMIJIKH, 1 Ha IbOMY TpEHYyBaJbHa cecis 3akiHuyeThcs. KoxkeH
BIUTMB KU BUKOHAB OOXiTHUK ITiJl 4aC TPEHYBAHHS 3allCYETHCS y MPOTOKOI
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TpeHyBaHHs. JlaHuii nporokos MOTpiOEH sl TepeBIpKM  YCHIIIHOCTI
HPOXODKEHHS TPEHAKEPHOTO 3aHATTS.

Buxopucranas pemakropy Mojeneil maHeJed YNpaBIiHHA Y CTBOPEHHS
TOII migcTaHIiffi 3MEHIIYE YacOBI BUTPATH HA CTBOPCHHS TPCHAXKEPIB JJIsA
MIAMPUEMCTB Ta MOBHICTIO MOJIEITIOE MPOIIEC BUKOHAHHS OJIaHKa NepeMUKaHb
Ha MEpPEeXEBOMY i IITPHUEMCTBI.

BanbBa A. O., Abpamosuu P. I1., Makcumenko O. O. [Turanns po3poOku iMiTaTopa
JIFOIMHO-MAIINHHOI CHCTEMH JUTS IIPOEKTYBaHHs iHTepdelicy aBToMaTH30BaHKX
pobounx micus (APM). MoaentoBanHst Ta iHdopmariiiiai texuomnorii. 2016. Ne 77. C.
12-20.

Ab6pamosuu P. I1., Camoiinos B. /1. ITonck TOKOB B KOMMYTallMOHHBIX CTPYKTypax
pewenuem CJIAY. 2013. 13 c.

Enexrpoeneprernka Ykpainu. Ctpykrypa, kepyBaHHs, iHHoBanii / I. B. XomeHko Ta
in. Xapkis : HTY «XIII», 2020. 133 c.

babymikun B. M., Heiiman B. A., UeBsiuenoB B. A. DieKkTpuuecKre CeTH: pa3BUTHUE,
HOBBIC pEIICHUs: IOCOOMe JUIsl JJIEeKTpodHepreTukoB. Kwuem: Duepretnka u
anexrpudukars, 2002. 168 c.

I'KI 34.20.507-2003. «TexHiyHa eKCIUTyaTallis eISKTPUYHHX CTAHIIH Ta MepexK.
[paBumax. 599 c.

AobGpamoBuu P. II. BukopucrtaHHS KOMIT'FOTEPHHX TPEHAKEPiB Ta KOMIT IOTEPHUX
HaBYAIBHUX CUCTEM JUISl MiJrOTOBKH Ta MEPEMiAroTOBKH (axiBiiB B eHepretuiy. 11
BceykpaiHchka HayKOBO-IIpaKTH4HA iHTEpHET-KOH(pepeHIis «[lepcnekTuBu po3BUTKY
YIPaBIIHCHKIX CHUCTEM Y COIIaNbHIA Ta €KOHOMIuHHX chepax YkpaiHu: Teopis i
MPaKTHKa» : MaTepiaii Mi>KHapOXK. HAyKOBO-TeXH. KOH]., M. KuiB, 28 nucromn. 2019 p.
C. 236-238.
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C. C. llleByenko

BUBIP TEXHOJIOI'TA 1151 CTBOPEHHSA
IHTEPAKTUBHUX ABTOMATHU30BAHUX
JUCTAHIUIMHUX HABYAJIBHO-TPEHYBAJIbHUX
CUCTEM

Hapiiina Tta OesmepebiiiHa po0Oota 00'€kTiB KPUTUYHOI 1H(PACTPYKTypH
3aJI@KHUTh B MIIrOTOBKM Ta MiATPHUMAaHHS Ha HaJEKHOMY piBHI KBastidikamii
nepcoHay. 3a paxyHOK MPaBHIBHOI eKCIUTyaTalii 0018 {HaHHS MOXKHA T IBUIIIUTH
Oe3reKy Ta HaJiiHICT POOOTH 00’€KTiB, MOJOBXKHUTH TEPMIH eKCILTyaTalii,
MiJIBUIIUTH CHEProe(eKTUBHICThP MEXaHI3MIB Ta CHCTEM 3a pPaxyHOK BHOOpPY
MIPaBWIIHOTO PEXUMY POOOTH, a TaKOX CBOEYACHO Ta KOPEKTHO pearyBaTH Ha
HECTAaHJApTHI BUKJIMKK. Bce 1ie BuUMarae BHCOKOTO pIBHA KBastidikamii
CIemiaiicTiB 3 00CITyTOBYBaHHS.

IneanpHUM BapiaHTOM 3a0e3IMEUCHHS TAKOT'O BUCOKOTO PIiBHS KBawigikarii
Oyio 6 HaBUaHHA CIIEIiANICTIB Oe3MOCcepeAHbO Ha MPAKTHII Ha poO0YOMy 00’ €KTi.
Age ueit BapiaHT Mae HU3BKY €(DeKTHBHICTh Ta MOXKJIMBICTH peaii3arii 3a JesiKux
MIPUYUH: HEMOXXJIMBO 3a0€3MEYNTH BCiX IPAKTHKAHTIB POOOYMMH MICIIMH 3
peaNbHOI0 MPAKTHKOIO; CAMO HAaBYaHHS B TAKOMY PEKHMIi PO3TATHETHCS Ha POKH,
00 HacTaHHS HECTaHIApPTHUX, a00 HeITaTHUX CHUTyaliii He Oyxe
CKOHIICHTPOBAaHMM Yy 4Yaci; IOMNYyIIEHHsS MNpPaKTHKAaHTa 1O pealbHOoi poboTH y
HEIITaTHIH cuTyanii Hece B cebe MeBHI pu3MKH. ToMy OUIbIl HamiiHUM Ta
e(peKTUBHUM BapiaHTOM OyAyTh IHTEPAaKTHUBHI TPEHAXXEPH 3 BHCOKHM CTYyIEHEM
HaONMMKEHHST 10 pealbHOi poOOTH Ta KOHTPOJIEM 3a IMITOBaHHMMH POOOYUMH
CUTYAIliSIMU.

CTBOpEHHS TaKUX CHUCTEM NMOTpedye BUKOPUCTAHHS HOBITHIX iH(opManiiHnx
TexHONOTiM [1], a KOpekTHHI BHOIp LHUX TEXHOJOTIH € 3alMOpPyKOK NOCATHEHHS
METH CTBOPEHHS KOXHOI TaKOi iHTEPaKTHBHOT CUCTEMH.

Bubip KOHKpPETHHX TEXHOJIOTIH 3aJeKUTh BiJ BCTAHOBICHHX 3ajad Ta Bif
3amTaHoBaHoro  (QyHkmionamy. CydacHa po3poOka JOJaTKiB — Iependadae
BUKOPHUCTAaHHA y TOMY YH 1HIIOMY BUTJISAI TOTOBUX 0i6ioTek abo pymriiB.

[MepBuHHMIT BUGIp B OLIBIIOCTI BUMAAKIB pOOUTHCS MiXk ekocrcTeMoro html5,
sIKa OMePYEThCS KPOC-TUIaTHOPMHO Pi3HOMAHITTAM iHTepHET-Opoy3epis, Ta Stand-
alone gomatkamu iz pi3HOMAaHITHI OmepartiiiHi CUCTEMH.

Ilmoc y BukopuctanHi ekocucremu html5 (web-sepcii momatkiB) —
BIJICYTHICTh HEOOXIJHOCTI BCT@HOBJIOBATH JOJATKW Ha MPHUCTPOI, JOCTaTHBO
3amycTUTH Opoysep Ta mepeitu 3a Beb-aapecoro. Takoxk ekocuctema html5 —
HaMOUIBII 3pyyYHa /ISt PO3POOKM CHCTEM 3a apXiTEeKTypOlO KIi€HT-cepBep. | Ko
nonatok Ha html5 mpamoe came 3a apXiTEKTYpOK KIi€HT-CEpBEp, TO ILE OIHIEI0
mepeBaror0 Oynme BiICYTHICTH HEOOXIAHOCTI OHOBIICHHS BepCiii MOJATKiB —
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nporpaMHe 3a0e3MeUeHHs] OHOBIIIOEThCS Ha CEpBEpi Ta 3aIlyCKA€THCS 3 CepBepy,
Opoy3ep BizoOpaxkae KOPUCTYBaUy 3aBXKIM OCTAHHIO BEPCIIO TOATKY.

Ane Taka yHIBEpPCaJbHICTP Ma€ W MIHYCH, OCHOBHHM 3 SIKHX € OOMeEXeHi
MOXIIMBOCTI POOOTH 3 HECTaHAAPTHUMHU IPHCTPOSMH, SIK TO MPUCTPOI JuIst
JIOTIOBHEHOT Ta BIPTyaJbHOI peaibHOCTI, a00 MpoOIeMH 3 ONTHUMI3AII€0 T0IATKIB.
Tomy, skmo Tpeba OLTbII THYYKMH MiAXix 3 1boro OOKy, TO MOXHa Oyxe
PO3IJISIHYTH CTBOPEHHS BJIACHUX JOJATKIB Ha pi3Hi muiathopmu (Standalone-sepcii:
desktop a6o mobile). Ile moTpebye OOAATKOBOTO iHBECTYBaHHS peCypciB y
pO3po0OKy pi3HHX Bepcid OAaTKiB Mia pi3Hi wIaThopMu Ta/abo omepariiHi
CHCTeMH. MO)XKHa BHKOPHCTOBYBAaTH KOMOIHOBaHHMH MiIXil, KOJW OJHOYACHO
icHytoTh Web-Bepcii Ta Standalone-sepcii anst pi3HUX THIIIB KOpPHCTyBauiB abo
pi3HHX 3a7ad.

IIpu po3poOrti peKOMEeHIy€eThCSI BUKOPHCTOBYBAaTH CTOPOHHI 0i0miOTeKH Ta
(¢bpeiMBOpKH T pi3HOMAaHITHI 3a1adi, SKi BHHUKAIOTH IPH CTBOPEHHI Pi3HHUX
THUIIB TpeHaxepiB. Y exocuctemi html5 icaye Garato GiGmiorek mis poboru 3 3d-
rpadikoro, abo 3 BilEONOTOKAMHM, 3 CHMYIAIicl0 (Gi3MYHMX sABUI, i T. iH. IX
MOJKJIMBOCTI MeHIImi, HiK y aHamoriunux Standalone-Gibmiorek, ame BoHH
CIIPOMOKHI BUPIIIUTH OaraTo 3amad.

Hust standalone-nonatkie Bubip 3uauHo mmpire. Kpim rotoBux 6i6mioTex Ha
Pi3HI TEMaTHKH € HaBiTh CaMOCTIiHI Kpoc-miatdopMHi pymmii (Hampukiam, y
IHTEPAKTUBHHUX J0JaTKaX 3 BUKOpHCTaHHSIM 3d-rpadiku JOCUTH BIIOMHMH €
Unreal Engine ta Unity), siki cipOMOXHi 3HSTH OUTBIIICTE PYTHHHHUX 3aBIAHb 3
PO3pOOKH TpOrpamMHOro 3a0e3MeyYeHHs] Ta HaJaTH MOXJIIMBICTH 30CEpPEIUTHCS Ha
poOOTi Hax BIIaCHUMH HOY-Xay.

Takox icHye KOMOIHOBaHWIA BapiaHT, KONHM pYIIid sSKorock Opoysepa
BCTaBJSIIOTH y Standalone-goaaTox i OTpUMYOTh MOYKIIMBICTE Y AESKHX BUITAJKAX
BHKOPHCTOBYBATH IIepeBaru 000X MiIX0IiB.

Ilig wac BubOpy Oyab-akoi OibmioTexkn abo pymIis CIil BHBYNTH YMOBHU
JiIeHsiifHo1 yroau, 60 nesKi 3 HUX He € 0e3KOMTOBHUMH, & BUKOPHUCTAHHS 1HIITHX
Moe OyTH 0OMeKEeHE THMH YH IHITUMH YMOBaMH.

[IpukiagoM TaKOro IHTEPAKTUBHOIO TPEHAXEPy MOXKe OyTH po3poOliieHa
aBTOPOM  JIaHOT CTarTi IHTEPaKTUBHA HABYAIBHO-TPEHYBaJlbHA  CHCTEMa
cuenaproro tumy Virtual Mechanics [2].
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Pucynok 1 — ckpinmot cucremu Virtual Mechanics

Hdana cucremMa BHKOPHUCTOBYE BIIACHY CEPBEPHY CHCTEMY Ha MOBI
nporpamyBaHHsi PHP, a xiieHTChKa 4acTHHA BUKOPHUCTOBYE CTOPOHHIO 0i0IiOTEKY
Ui Bizyamizanii XeoGL, Ta BiacHi CleHapHY CHCTEMY Ta CHCTEMy aHiMallii Ha
MOBi mporpaMyBaHHs Javascript. Bepcis cucteMd st JTOMOBHEHOI/BIPTYaIbHOI
peansHOCTI Hapasi po3pobiseThes y Bursiai standalone-momarky.

Bubip KOpeKTHOI TEXHOJIOTIT UIs 33/1a4i CTBOPEHHST HaBYaJIbHO-TPEHYBAJILHOT
CHCTEMH — IIe TIEepIINHA KpPOK, Ha SIKOMY Oa3yeThcst BCs mopaibiia pobora. Tomy
Ba)XJIMBO LIeil BUOIp 3pOOUTH ONTHMAIIEHHM.

1. Nikos Andriotis (2018). Five popular employee training methods for workplace
training. eLearning Industry, https://elearningindustry.com/how-choose-training-
methods-for-employees

2. Shevchenko S.S. Patent UA 149786 U, GO9B 19/00, publ. 01.12.2021, Bull. No. 48
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0O.A. KpaBuyx

HIJIXOIU TA IHCTPYMEHTH CUMYJISII TA
MOJEJIIOBAHHA POIO IPOHIB

PoiioBa poboToTexHika — OOJIACTH MOCTIMIXKEHB, SKa 00 €IHYE IBI BaKIIHBI
KOHIICTIIIi: POOBHH iHTEIEKT Ta (MYJIBTH-) pOOOTH30BaHI CHCTEMHU.

PoiioBuii 1HTEIEKT BU3HAYAECTHCS K KHOJEKTHBHHUM 1HTEIEKT, 1[I0 BUHUKAE B
pe3ynpTaTi  B3aeMOii MK TIpynamMH aBTOHOMHHX AareHTiB [UISI JTOCATHEHHS
KonektuBHOI 1imi [1]. MymnpTH-poOOTH30BaHI CHCTEMH CKIQJalOThCS 3 TPYI
po0OOTIB, SIKI CHUIBHO BHUKOPHCTOBYIOTH pPOOOYHMH TPOCTIp Ta BHUKOHYIOTH
IHIUBIyasbHI 3a1aui.

Cumynswisi Ta MOJENIOBAaHHS € OJHMMH 3 HaHOLIbII BHKOPHUCTOBYBaHHX
MiIXOMIB JUTS aHANI3Y Ta MEPEBIPKH POOOTOTEXHIYHMX CHUCTEM 3aBISKU JICTKOCTI,
IIBUJIKOCTI, O€3Meli Ta eKOHOMIYHOCTI TIPOBEICHHS EKCIICPUMEHTIB, a TaKOX IpU
po3podii TpeHaxepis s onepatopiB BITJIA, B Tomy uucii, poro BITJIA [2].

PosrnsHemMo HaWmomyssIpHIIII MAXOAW Ta IHCTPYMEHTH M CHUMYJLIHIi 1
MO/ISITIOBaHHS POOOTH30BAHUX CHCTEM.

Software-in-the-Loop (SIL) — me miaxim, cnpsMoBaHWiI Ha iHTErparliro
MIPOrpaMHHUX KOMITOHEHTIB y 3MOJEIhOBAaHE CEepeloBHIIE, 3a0e3Meuyoun mepexin
BiJ] TCOPETHYHOTO MOJICTIOBAHHS JI0 PealbHOT (Pi3HUHOT CHCTEMHU.

Ha Bigminy Bing umcroro mopemoBanHs, SIL rapanTtye, mo mnporpaMme
3a0e3reueHHs, sKe MpaloBaTUME Ha arapaTHOMy 3a0e3leueHHi, TeCTYEThCS,
3a0e3neuyroud OUTBII peaniCTH4HI pe3ysibTaTH. MOJETIOBaHHS MOXE BKJIIOYaTH
iMiTaIlilo peanbHUX YMOB, TaKMX SIK Tepe0oi 3B’s3Ky, BTpaTa areHTIB Ta IHIII
BUNaIKOBI (hakTopu [4].

Janrnii miaxix Mosxe 3a0e3IMeYnTH B3a€MOJIIIO JIFOJUHH i3 CHCTEMOIO B PEXKUAMI
peaNbHOTO Yacy IiJ Yac CHMYJIALI, IO MMiANaNae ImiJ IMUPITY KaTeropito CHCTEM
«moauHa B mukii» (human-in-the-middle) [5].

SIL moxe OyTH YaCTHHOIO IHTEIPOBAHOTO TIPOLECY IMPOEKTYBAaHHS, SIKHHA
aBTOMAaTUYHO TEHEPYye Kepyloue IporpaMHe 3a0esledeHHs IpH IUIaHyBaHHI
poiioBux wmicii [6]. Takoxx mpu po3poOmi poOHOBOI CHUCTEMH MOXKIIHBO
BUKOPHCTOBYBAaTH INTYYHUH IHTENEKT 1 aQJrOPUTMH MAIIMHHOTO HaBYaHHS
(HaB4aHHS 3 MIKPIIUIEHHSIM) Uit OpMYBaHHS TOBEIIHKH areHTiB [7].

Hardware-in-the-Loop (HIL) - minxinz y MonenmtoBaHHi, SKHA
BHUKOPHCTOBY€ETHCS JJIsl TECTYBAaHHS Ta MEPEBIPKU CKIIA[HUX CUCTEM, KOJIM (iznune
o0naJHaHHS IHTErPOBAHO B IIMKJI MOZETIOBAHHSI, IO JO3BOJISIE IMITYBaTH YMOBH
peaNbHOTO CBITY il 9ac B3aEMOII 3 3ariporpaMoBaHUMH asroputMamu [9]. Janwnit
MiIXi7 3MEHITy€e PH3UK 300iB mmiJ Yac (haKTUIHOTO po3ropTaHHsA cuctemu [10],

[11], [12].
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IIpu cumymsnii meromom HIL BHKOPHCTOBYIOTBCS peaybHI amapaTHi
KOMIIOHEHTH — Bil OKPeMHX JATYHKIB 1O CKIAAHUX MEXaHIi3MiB. ANTopuT™Mu
MporpamMHOTO 3a0e3MedyeHHs, SKi 3a3BUYail BHUKOHYIOTBCS Ha KOMII IOTepi,
B3aEMO/IIIOTH 13 PEabHUAM amapaTHUM 3a0C3MEeUYCHHSAM, HAIAal0uH JI1 HHOTO Halip
BXIIHUX JaHUX Ta OTPUMYIOYH BUXIJIHI JaHi.

Meroposnorist TectyBanns hardware-in-the-loop € epexTUBHUM i AX010M ISt
cUMYJISLIT poro Oe3mioTHUX JitansHuX anapatiB (BITJIA) [13], [14].

Robotic Operation System (ROS) sBisic o000 KOMIUIEKCHE CEpEeIOBHIIE
JUT PO3POOKH MPOTpaMHOTO 3a0€3MeUeHHsT POOOTOTEXHIKH, mo 3'sBuiiocs y 2007
pori B pamkax mocmipkenp Stanford Artificial Intelligence Laboratory [15].
3aBIIKH MOAYJIBHOCTI Ta THydKocTi, ROS Bu3HaumBes SK AOMiHyI04a marhopma
U po3poOku poboToTexHiYHNX cucteM. ROS — 11e HaGip mporpaMHux 6i01i0TeK
IUIA CTBOPEHHSA pOOOTH30BAaHMX CHCTEM, CYMICHHX i3 IIHPOKHM CIIEKTPOM
JMATYUKIB Ta aKTyaTopiB, II0 HAJa€ MOJATKOBOI yHIBEPCAJIBHOCTI MPH PO3poOIi i
MO/IC/TIOBAHHI PI3HUX POOOTOTEXHIYHUX 1aThopm [16].

s po3poOku Ta omTuMizailii poiioBux cucteM ROS Hamae KOMILICKCHHN
HaOip 3aco0iB Bi3yamizamii, JIarHOCTHKH Ta BIJAJIATOJKCHHS, BKIIOYAIOUYU
IHTEerparito 3 TAKUMH CepeIOBUIIAMH BipTYyaJIbHOI pealtbHOCTI, K Unity [17].

ROS akTHBHO BHMKOPUCTOBYETHCS PO3POOHHMKAMM SIK IpOrpaMHa 4YacTHHA
nportecy cumyismii  software-in-the-loop [18], iHTerpyrouwch 3 IHITUMH
CYMIiCHUMH IHCTPYMEHTaMH{ MOJICIIOBAaHHSI, TakKUMH 51K Gazebo.

Gasebo - 3D-cumynsTop JUIS  30BHIIIHBOTO  CEPEINOBHING, 3AaTHHH
TeHEpYBaTH pEaJiCTUYHUN 3BOPOTHHH 3B’SI30K JMAaTYMKIB 1 (DI3MYHO y3roKeHy
B33a€EMOJII0 MK 00’€KTaMH, JIO3BOJISIIOYHM KOPHCTYBaueBi BUOMPATH MK KiTbKOMa
MEXaHI3MaMU JWHAMIKA. 3 HEIOJNIKiB Tpeba 3a3HAYUTH TOBUIBHY POOOTY
CUMYJISITOpa TIPH BENHKIH KiTbKiCTIO areHTiB [19]. Stage — OeskomToBHA
6i0mioTexa C++, sika iMiTye Tpymmy MOOITBPHHX POOOTIB BemuKkoi KumbKicTi (o 100
THCs4 areHTiB). Cepen mepeBar — IIOBTOPHE BHUKOPUCTaHHS KOJy, HPO30pPiCTb,
THpaXyBaHHS Ta Moau(dikamis excrmepuMeHTy. Stage 3JaTHHH IMITyBaTu
MOOITBPHHUX POOOTIB 3 BEIMKOIO KUTBKICTIO PI3HOMAaHITHUX AATYHKIB Ta aKTyaTOpiB
[20]. Webots — cepenoswuiiie po3poOkH, sike BHKOPUCTOBYETHCS JJIsl MOJICITIOBAHHS,
nporpaMyBaHHS Ta iMiTamii MOOUTRHMX poOOTiB. BiH iMmiTye nmaTuyukud Ta
aKTyaToOpW, a TpOrpaMH KOHTPOJIEPIB MOXKHa MEPEeHECTH Ha KOMEpIIHHO
JOCTYIHUX peanbHux pobotiB [21]. USARSIM — GeskomroBuuii 3D-cumysTop,
moniouuit 1o Gazebo Ta Webots, skuii MOKHA BUKOPHUCTOBYBATH JIJISL JOCTIKEHb
ta ocBitd [22]. ARGOS — MonynbHUI CHMYJSTOpP Ul TE€TEPOTreHHOI poioBOi
POOOTOTEXHIKHM, SIKMWA JO3BOJSAE OJHOYACHO BUKOPUCTOBYBAaTH ICKiUJIbKa Pi3HUX
MoOJIeNiel areHTiB, a TaKoX MiATPUMYE PI3HOMAaHITHI KOHTPOJICpH, NAaTYUKU Ta
akryatopu [23]. CoppeliaSim (panime V-REP: Virtual Robot Experimentation
Platform) my»xe cxoxwuii Ha Webbots i 103B0J1s1€ MIBUAKO PO3pOGIISATH aqrOPUTMH 3
KOZIOM, KM MOYKHA MIEPEHECTH Ha CIpaBXKHE poboTH30BaHe obmanHaHHs [24].
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Cumyasrop AirSim — xpocriaTopMHHN i3 BIIKPUTUM BUXITHHM KOJOM
CHMYJIATOpP JPOHiB, aBTOMOOLTIB Tommmo, cTBopeHmit Microsoft wa 6asi Unreal
Engine ta 3romom moproBammit ma Unity [25]. Bim miarpumye CHMYJISILiio
software-in-the-loop iHTerpyrodunce i3 TakuMH KOHTpOJIEpaMH MOJBOTY, sIK PX4 Ta
ArduPilot. Takox cumynsaTop miarpumye miaxia hardware-in-the-loop 3 PX4 mns
(Gi3uUHO- Ta Bi3yaJbHO- pealicTUYHOTrO MozeiroBaHHs [26]. AirSim Hamae API
JUISL B3a€MOJIi 3 TPAaHCIIOPTHUM 3aCO00M Yy CHUMYJBLII — OTpUMaHHS 300pa)keHb,
cTaHy, KepyBaHHS Tomo. APl nocTymHuit Juis pi3sHMX MOB NpOTrpaMyBaHHS,
Bktoyaroun C++, Python, C# i Java.

BucHoBku

CHUMyIIAIisS Ta MOJICIIOBAHHS € MOTY)KHUMH 1HCTPYMEHTaMH TIPH PO3POOIIi
POOOTH30BaHUX CHCTEM, B TOMY YHCIHI TaKMX CKJIAJHHUX Ta 6araTOKOMIIOHEHTHHX,
AK pOHOBI CHCTeMH. BUKOpPHCTOBYIOUHM pi3HI METOAM Ta MIAXOOM OO CHUMYJIALIi,
MOJKJIMBO JOCIHIKYBaTH pEAKIil0 PO Ha BHIIAQAKOBI YHHHUKH 30BHIITHHOTO
CepelloBUIlla Ta MOJICIIOBATH HEOOXiTHY IOBEIIHKY 3aBASKH ITOBTOPIOBAHOCTI
EKCIICPUMCHTIB.

BukopucranHsi 3ragaHux B JaHiii poOOTI CHUMYJISTOPIB Ta MiAXOIIB O
CUMYJIsILil BOAYAETHCSl MEPCIIEKTHBHUM 3 TOYKH 30pY PO3POOKH TPEHAKEPIB IS
OIepaTopiB poro OE3MIIOTHHUX JIITATFHUX araparis.

[Tpu BHOOpPI KOHKPETHOTO MiAXOMy Ta IUIATQOPMH U CHMYJIALIi poHoBOl
CUCTEMH JIOCTITHUK IIOBUHEH OpaTH 0 yBard CrienudivyHi XapaKTepUCTHKH JaHOT
mwiatrGopMu Ta BHOpaTH Ty, (QYHKIIi SKOI HalKpalie BiJIOBiTalOTh MOTpedaM
JOCIIIKCHHS.
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I1.0. Ocincekuii

orJisaa maxoay MITRE CORP. 10 MUTAHBb KIBEPBE3ITEKH
MNPOMUMCJIOBUX MEPEXK OBF’€EKTIB KPUTUYHOI
IHOPACTPYKTYPU

[ToroyHuii craH HOPMATMBHHX CTaHIAPTIB KiOepOe3neKku IPOMHUCIOBHUX
Mepex Ta TX IMIIEMEHTAIlis 3TiIHO HAI[lOHAIILHUX 3aKOHOJABCTB Pi3HUX KpaiH Ta
00’e/lHaHP  JIMOHCTPYE  BEJIMKY HEPIBHOMIDHICTh Ha MOTOYHMI  dac.
HepiBHOMIpHICTE JIEMOHCTpPYE SIK BIJICYTHICTH 3araJlbHOBU3HAHUX CTaHIAapTIiB MO
Kpainax. He3Baxaioun Ha BeNMKY IOIYJISIPHICTH Ta IPOCYBAHHS Cepil CTaHAapTIiB
ISA/IEC 62443 Mixuapoauum toBapuctBoM aBTomatuzalii (ISA), CIIA, Tum He
menmre, cragmapt NIST SP 800-82 Rev. 3, omy0nikoBanuii B kiHIli BepecHs 2023
HarioHanbHUM IHCTHTYTOM CTaHIAPTIB i TEXHONOTiH mpu MiHICTEPCTBI TOPTiBI
CHIA, € TakoXX NOMyJSPHUM [UI 3aCTOCYBaHHS Ha MPOMHCIOBHX 00’€KTax
kpuTHgHOi  iH(QpacTpykTypu. Okpemi KpaiHH, OpIi€HTYIOTbCA Ha BJACHI
nauionanbHi crangaptu - NCSC CAF  (Benuka bpuranis); SAMA  CSF
(Caynisceka Apasis); NERC (CIIIA, crierianizaitist — eHepreTika) i mp.

TakuM YMHOM, CTaHIApPTH, L0 PETYJIIOIOTh BHUMOTH JO OpraHi3amiiHHX,
TEXHIYHHUX, TOMOJOTIYHUX, OCOOIMBOCTEH MOOYMOBH MPOMHUCIOBUX MEPEK
kepyBanHs (ACYTII) Ta MeroAiB mpoTWAii 3OBMHCHMM 3arpo3amM, €
pi3HOMaHITHUMH. YKpaiHChKE 3aKOHOJABCTBO HiATPUMYE JIMIIE OJWH 3 PO3JLTIB
ISA/IEC 62443, a came JICTY EN IEC 62443-4-1:2019 Besneunicts cuctem
MIPOMUCIIOBOI aBTOMAaTH3aIlil Ta kepyBaHHs. YactuHa 4-1. «BUMOTH 10 KHUTTEBOTO
OUKITY pO3pOOIeHHS Oe3MeYHOI IPOIYKIIiD», M0 0e3M0CePEeaHbO CTOCYETHCS TUTBKU
BHUPOOHHUKIB TIpHCTpoiB. [Hmn uwactwru cepii crammaptis ISA/IEC 62443, mo
CTOCYIOTBCS OIIIHKH pH3WKIB, OpraHi3amii CHCTEMH 3axOiB MpPOTHIIl Ta
ITOM SIKIICHHS HACHiAKiB, He mpuiHATi. CraHmaptu, ski morpeOye opraxizaris
kibep3axoiB s MPOTHIIl Ta IMOM SKIICHHS HACTIIKIB 3IOBMHCHUX BTPy4YaHb, B
HaIIi{ KpaiHi me He MPUHHATI.

OxHOO 13 3HaYHMX Ta BIUIMBOBHMX OpraHi3aliif, II0 MPOMOHYIOTh IliKaBi
MiIXOMN IO PO3POOKH CHCTEM TMPOTHIIi Ta TOM’ SKIICHHS HACHTITKIB 3I0BMHACHHIX
BTpy4aHb, € kopmopamis MITRE, mo Bimoma peectpom BpazmuBocteii CVE.
Minxin o xibepbesnekn Bim MITRE xapakTepnsyeTbcsi BHCOKHM CTYIICHEM
cucTeMaTH3amii BCiX KOMIIOHEHTIB CHCTEMH, IO MPOIMOHYyeThCs. KpiMm cucremu
peecTpy Bpa3IUBOCTEH, CHCTEMAaTH3Aallii miJIaHo CII0cOON BTpyYaHb , 3i0paHuX y
36iparky Common Weakness Enumeration, 4.8 six 2022.06.28.

BaxmBuM  miAXooOoM 10 CHCTEMAaTH3allii METOMIB KiOepHamamgy €
BHCOKOCHUCTEMaTH30BaHa 0a3a manux meroniB Brpydanns MITRE ATT&CK®
10 BUKOPHCTOBYETHCS JUISl PO3POOKH CHCTEMAaTH30BAHUX METOMAIB NMPOTHII MM
BTpy4YaHHsAM. KpiM OkpeMux MaTpHupb METONIB BTpy4YaHb N0 IPUCTPOIB MEpEx
3araJbHOTO NMPU3HAYCHHS, Ta CIICLiali30BaHOI MaTpHUIli BTPy4aHb IO MPUCTPOIB
MobimpHOTO 3B’ 513Ky, MITRE ATT&CK® mpomnoHye oKkpeMy MaTpHIIO T MEPexK
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npomuciioBoro npusHauerns, ACYTII, mio He Tibki 00MEXYE KITbKICTh METOIIB,
10 XapaKTepHUX JUIs IIPOMUCIOBUX CUCTEM KepyBaHH:, ajie i BUuctymnae 6a3010 11t
migbopy MeETONiB MHPOTHAIl Ta TOM SKIICHHS HACHIIAKIB  3JIOBMHCHHX
KiOepBTpyYaHs.

BaxnuBoo BiXOWO y PpO3BUTKY METOAIB 3alo0iraHHio, NpoTHAii, Ta
IOM’SIKILICHHS HACJIJIKiB, Oy/lM KOHKYpeHTHI BunpoOyBaHHs, nposeaeHi MITRE y
2021 y paMKax CHCTEeMH BHWIIPOOYBaHb KOMEPIIIHHX IPOTPaMHHUX 3aco0iB
kibepbesnexku MITRE ENGENUITY Bix pi3Hux BUpoOHHKIB, Ha 0a31 METOIB, IO
BHKOPHCTOBYBAINCH Y BIIOMHX BHIafKax Kibepramamy. BumpoOysanmsam y 2021
MiIaHo TATh MPOrpaMHO-allapaTHUX CHCTeM BHsBIeHHs BroprHeHHs (IDS)
pisHMX BUpOOHWKIB. I HajdaHHSA icIMTAaM MaKCHMAlbHOI PEaJiCTHYHOCTi, B
ﬂKOCTi KOMIIJICKCY MeTOlliB 3JIOBMHUCHOI'O BTOPIHEHHA BUKOPHUCTOBYBAJINCA METOIU
IIGHTUYHI JO THX, 110 BHUKOPHUCTOBYBAIWCS 3JIOBMUCHHUM YIPYNyBaHHIM Y
kibepinnuaenti 2017 Ha HadromepepobHoMy 3aBoai Petro Rabigh y Cayniscekmii
Apasgii, Bitomomy sik TRITON (rakox TRISIS a6o HATMAN). Bukopucrano 17
METO/IIB KOMITPOMETAIIIT JJIs TOCTYITY JIO TEXHOJOTIYHOTO 001 THAHHS.

3a pe3ynbTaTaMy TECTyBaHHS IPAKTHYHO BCI CUCTEMH BHSIBJICHHS BTOPTHEHb
ITOKa3aJId BUCOKUH piBeHB BUSBIICHB 3TIOBMICHUX BTpy4aHb. He3Baxkaroun Ha pi3Hi
MIXOAW O alNTOPUTMIB BHSIBIICHHS BTOPTHEHB, B IUJIOMY, KOMEPIiiiHI CHCTEMH
BUSBIICHHS BTOPTHEHb IIOKAa3ald BHCOKMH DIB€Hb BHSABIEHHSA  3arpos.
BukopucraHHs TakMX CHCTEM YHEMOJIUBIIOIOTH HEMOMITHICTh KOMIUICKCHHX
PO3BUHYTHX BTOPTHEHb 0 IMPOMHUCIOBUX Mepex kepyBaHHst ACYTIIL.

1. Cepis cranmapris ISA/IEC 62443 https://www.isa.org/standards-and-publications/isa-
standards/isa-iec-62443-series-of-standards

2. KepiBauurso no npomuciosum Mepexxam NIST SP 800-82 Rev. 3
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-82r3.ipd.pdf

3. JICTY EN IEC 62443-4-1:2019 BesneuHicTb CHCTEM ITPOMHCIOBOT aBTOMaTH3aLlii Ta
kepyBaHHs. YactuHa 4-1. Bumoru 10 )HUTTEBOTO LIUKITY PO3pOOICHHS Oe3neyHol
npoxyxuii (EN IEC 62443-4-1:2018, IDT; IEC 62443-4-1:2018, IDT)

4.  306ipuuk nepenik 3aranpHux Hepodikie CVE 4.8
https://cwe.mitre.org/data/published/cwe_v4.8.pdf

5. Marpuiyl TaKTUK i TEXHIK 110 BAKOPUCTOBYIOThCS Y BTPYUYaHHSX B IIPOMHUCIIOBI
mepexi ACYTII https://attack.mitre.org/matrices/ics/

6.  3acoOu MoM’sIKIICHHS MPEACTABISIOTh KOHIELIT OS3IIeKH Ta KIIacH TEXHOJIOTIH, sKi
MOKHa BUKOPHUCTOBYBATH JJIs 3aI00IraHHs yCITIIHOMY BUKOHAHHIO TEXHIKH a00
minrexHik . https://attack.mitre.org/mitigations/ics/

7. Omuc yMOB TECTYBaHHsI CHCTEM BHSBIICHHs BroprueHHs https://attackevals.mitre-
engenuity.org/ics/triton/

PesynbraTi TECTYBaHHS CHCTEM BHUSIBJICHHs BTOpraeHHs https://attackevals.mitre-

engenuity.org/ics/participants?adversaries=triton



https://www.isa.org/standards-and-publications/isa-standards/isa-iec-62443-series-of-standards
https://www.isa.org/standards-and-publications/isa-standards/isa-iec-62443-series-of-standards
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-82r3.ipd.pdf
https://cwe.mitre.org/data/published/cwe_v4.8.pdf
https://attack.mitre.org/matrices/ics/
https://attack.mitre.org/mitigations/ics/
https://attackevals.mitre-engenuity.org/ics/triton/
https://attackevals.mitre-engenuity.org/ics/triton/
https://attackevals.mitre-engenuity.org/ics/participants?adversaries=triton
https://attackevals.mitre-engenuity.org/ics/participants?adversaries=triton
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0.0. Tsypliak, V.O. Artemchuk

PROSPECTS FOR THE USE OF LLAMA 2 ARCHITECTURE
NEURAL NETWORK BASED CHAT BOTS FOR TRAINING OF
CRITICAL INFRASTRUCTURE REPAIR PERSONNEL

The usage of LLM (large language model) based chatbots demonstrates
incredible results in various fields of economics. Speed repairing of critical
infrastructure components is a challenging task for an expert in the field. Teaching
such an expert is even more challenging, especially when the most experienced
specialists have to work in the field doing urgent repairs instead of teaching their
colleagues.

According to multiple researches including Toyin Tofade's article about
education best practices [1] key component in teaching a person about any
complicated subject is to ask proper questions after passing each topic.

Being the most effective this method is, unfortunately, the most time-
consuming from the teacher’s point of view because it requires a lot of listening to
each student which is impossible in scope of classic course. The suggested idea is
to involve LLM based chatbot in the process of validation of students™ answer to an
open question on his topic.

Knowledge base

LLAMA 2 based

about critical Base of open

infrastructure model questions and
repairing answers
uses
requasts
Web interface for
) LLM interaction web adding and editing
uses to enquire knowledges APl module open questions and
to answer open questions from mentor answers
uses to validate open question answer uses
asks bot to check
__ own answerto open _ | Chat bot web
question and correct if application
it's wrong
Underqualified Mentoring repairing
specialist critical infrastructure expert

assignes materials to learn and open questions to answer-
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Picture 1 - The idea of LLM based chat bot usage in the process of mentoring

In February of 2023 MetaAl company shared free full access to its own
innovative inventions in LLM neuronal networks, so-called LLaMA (Large
Language Model Meta Al) [2]. Later the same year, its enhanced version LLaMA
2 was released.[3]

The results of research on the capabilities of the new architecture's models,
conducted by a team of MetaAl scientists, showcase the model's ability to generate
readable text and form textual answers as well as comparison of answers one to
another in the context of open questions in certain configurations exceeds the
results of the well-known GPT-3.[4]

Since, because of information security reasons, GPT-4 cannot be used to
work with operational information about the state of critical infrastructure, the
problem of finding alternatives for autonomous (without the system going online)
operation of systems similar to the GPT-3.5 chatbot is relevant, which is why the
focus of this work is on LLaMA 2

As was mentioned above, because of information security policies it is
impossible to use GPT-3.5[5] or its commonly publicly or commercially available
analogs for solving the problem mentioned above due to the following issues:

- Cloud based systems like GPT-3.5, are an example of a black box [6]
system, its authors do not disclose the full mechanism of their operation
and do not guarantee the reproducibility of results over time;

- Such systems process information on the host server side of the model, i.e.
on the servers of OpenAl, which warns about data collection and does not
guarantee its secure storage of secret data;

- The non-fixed pricing policy for the commercial segment makes it
impossible to predict the price of using this kind of system in the long
term.

To investigate the possibility of using LLaMA 2 models, a prototype of an

autonomous English-language web chatbot for navigation in 1ISO 50001 [7].
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Picture 2 - The solution high-level architecture

The sequence of processes in the system:

1. Student uses web interface in browser to sent to bot a question and answer
based on a topic he investigates following mentor advice

2. Using JavaScript REST API request got send with parameters

3.

NodeJS proxy receives the request and is redirected to the .NET Core API
of the service, temporarily blocking access to the chatbot for all users.
Service receives requests and find proper question and answer in DB
filled by mentor

Service uses translation API

Open source self-hosted translation API Libre Translate[8] uses Al
models for translations



45

7. Service generates PowerShell command for python to run request to
LLaMA 2 module

8. The Python script runs the model and receives the answer in the form of a
text stream.

9. Python the script transfers text data to a separate cell of the local MQTT
broker for storage as soon as it receives a response Mosquito [9].

10. NodeJS the web application gradually receives the answer to the question
via MQTT and sends it as a response to a regular WebSocet request from
the end user's browser.

11..NET Core API the service logs the full question and answer to the
MSSQL Server database, sends a notification to the NodelJS side to restore
access to the bot for all users
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Chat with Guanaco-7B

You: What is the role of top management in ISO 50001 implementation?

Bot: The role of the top management at a workplace or organization that wants to get
certified for IS0 50001 should be one of the most important factors when it comes to
the success of the implementation. The ISO 50001 standard requires that an
organization’s Senior Management should lead and direct the activities of the
organization in order to achieve its objectives, and ensure that the system is compliant
with all ISO standards. This can be done by delegating tasks and authority to the
department managers of the organization, and being directly responsible for ensuring
the system is

Wait, bot is busy...
500 40 0.95 0.8

1.1 -1

Created by Oleksandr Tsypliak using locally hosted guanaco-TB-GGM

Picture 3 — Prototype web interface

It is worth noting that to improve the efficiency of a chatbot, you can set 6
main parameters for each request [10]:

1. max_new_tokens defines the maximum number of new tokens that the
model can generate in one call response

2. top_k is used to limit the number of token variants that the model takes
into account when generating text.

3. top_p sets the probability threshold for including tokens in the
generation, removing less likely variants
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4. temperature regulates the level of "creativity" of the model by controlling

the probability distribution of tokens during generation..

5. repetition_penalty repetition_penalty limits the repetition of tokens in the

source text, improving the diversity of the generation.

6. seed determines the initial state of the generation, which allows you to

get the same results with the same seed value.

In conclusion usage of LLaMA 2 based chat bots in semi automating teaching
process in context of checking open questions answers from students having
predefined correct answers to questions is a valuable idea worth consideration in
the context experts time lack for mentoring underqualified colleagues.

1. Best Practice Strategies for Effective Use of Questions as a Teaching Tool
https://www.ncbi.nIm.nih.gov/pmc/articles/PMC3776909/

2. LLAMA 2 enhanced LLAMA https://ai.meta.com/llama

3. Introducing LLaMA: A foundational, 65-billion-parameter large language model.
https://ai.meta.com/blog/large-language-model-llama-meta-ai/

4. LLaMA: Open and Efficient Foundation Language Models.
https://arxiv.org/abs/2302.13971

5. GPT-3.5 Turbo fine-tuning and API updates. https://openai.com/blog/gpt-3-5-turbo-
fine-tuning-and-api-updates

6. Black Box, https://en.wikipedia.org/wiki/Black _box

7. 1SO50001 - Energy management systems. https://www.iso.org/publication/
PUB100400.html

8. Libre  Translate  open  source translation  API based on Al
https://github.com/LibreTranslate/LibreTranslate

9.  Eclipse Mosquitto™ An open source MQTT broker, https://mosquitto.org/

10. LLM Token selection strategies: Top-K, Top-p, and Temperature
https://peterchng.com/blog/2023/05/02/token-selection-strategies-top-k-top-p-and-

temperature/
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H.B. 3aika, B.C. Pakosuy, M.1O. Komapos

MOJIEJIOBAHHSA TPAEKTOPII IOJILOTY BILIA 115
OBCTEXEHHS OB’€KTIB KPUTUYHOI IHOPACTPYKTYPU

CydvacHi Oe3mimotHi mitameHi amapaté (BIIJIA) — Bxmrowatots BILUIA
PI3HOMAaHITHHX pO3MIpiB - BiJl BENWKHX BIACHPKOBHX aIapariB IO MaJCHBKIX
TeJIiKONTEPiB, M0 CIIOKIHHO MOMIIIAOThCSA Ha JOMTOHI[1].

ABTOMINIOT - T TPHUCTpPii, Axwmid mo3Boisie kepyBatu BIIJIA, i nmosBosse
abcTparyBaTHCh OIlepaTopy BiJ NPSIMOTO KEPYBaHHS CHIIOBOIO YCTaHOBKOIO.
3amaBIiid MapaMeTpyd TPAEKTOPil, aBTOMIJIOT CAMOCTIHHO TMepenae KOMaHIU
KepyBaHHS MPUBOJAMHU JBUTYHA. TOOTO aBTOMIIOT OTPHMABIIM KOMAaHAU BiX
omeparopa - Jaji, 3poOMBIIM BHYTpimHI oOumcieHHs, kepye BIIJIA. Tumis
aBTONLJIOTa Ta MNOJIOHMX J0 HBHOrO MIKPOKOMITIOTEpiB gocuTh Oarato. Taki
KOMIT'IOTEpH 00pOOIISIIOTh 0a30BY TPAEKTOPIIO MOJNBOTY, OyIyIOTh KapTy MOJBOTY,
MPaLIOIOTh 33 CKJIaJHUMH aJrOPUTMaMU NPUHHATTS PIIIEHHS IIiJ 4Yac IMOJBOTY
BIUTIA. ns npoxomxkenHs BITJIA Tpaektopii IMOJbOTY, aBTOIIJIOT BUPIIIye
HaBiramiifHe 3aBJaHHS, B IKE ITOCTIHHO HAJAXOJATH CBIUCHHS 3 Pi3HUX NAaTYUKIB Ta
HaBIiralifHUX TPUITALIIB.

Jns xepyBaHHA amapaToM Ha BIJCTaHI 3aCTOCOBYIOTBCS Pi3HI CHCTEMH
3B'SI3Ky Ta Tepeaadi iHpopmarii Tememerpii, 300paxkeHHs Ta OaraTo iHmoro. s
nepefavi MK OOpTOM JIITaJbHOTO amapary 1 Ha3eMHOi CTaHI€ ICHYIOTh
HalpI3HOMAaHITHIII BUAN CHCTEM Pajio3B'si3Ky. Sk 1udpoBi, 1 aHAIOTOBI, 3 pi3HUM
pamiycoMm [ii, 1 BUXiIHMH TMOTYXXHICTIO Nepeiadi CUTHalxy. 3 Pi3HUMH THIAMU
AHTEH 1 MpUiMayYiB - /11 3a0€3MEeYCHHS OrepaTopa nepeaayucio Bifaeo, 300pakeHHs.
ChOroziHi B JIITAIbHUX anapaTax 3aCTOCOBYIOThCS LU(PPOBI CUCTEMH BiZICO3B'S3KY,
3/IaTHI nepenaBaTy AyXe sKicHI 300pakeHHs. OJIHaK Taki pillleHHs MAlOTh JJOCHThH
BEJIMKY 3aTPUMKy Iiepeladi B daci, M0 HE J03BOJSE iX BHUKOPHCTOBYBAaTH B
cucTeMax, Ji¢ YNpaBJIiHHS MOTPIOHO 3MIHCHIOBAaTH B PEXUMI pealbHOTO Hacy i
JIOCUTB IIBHUJIKO.

[cHYIOTH TBa OMYJISIPHI CITOCOOM YIIPABIiHHSI JTITATHHUM aIlapaToM:

- KOJH OIepaTtop BHKOPHCTOBYE CHELiaJbHY pazioanaparypy (IyJibT
ynpaBiiHHsA). Yepe3 Taky amapaTypy YUpaBIiHHS ONEpaTop Iepenae KOMaHIH,
3MIHIOIOYH TIOJIOKEHHS JDKOCTHKIB Ta TyMOJIEpiB Ha amaparypi. Anaparypa 3rofioMm
mepeae CBOi JaHI yepe3 mepenaBad Ha OOPT JITAIBHOTO amapary, npuiimMad
JMTATBFHOTO amapara OTpuMye iH(OpMAIlI0 MPO YIpaBIiHHSA BiX omeparopa Ta
BUKOHYE€ BI/INOBIZIHI KOMaH]IH.

- ynpapninHs Ha Oopty BIIJIA, 3 sikoro 3iilicHIOETbCS poboTa camoro
ABTOIIJIOTA, OT0 AJITOPUTMIB 3 0OPOOKH MOKa3aHb JIATUHUKIB.

[MizcymMoByrO4M MOXKHA CKa3aTH 110 ABTOILIOT, - II¢ IPUCTPIH, 0 00'€MTHYE,
sike 00po0iIsie iH(pOpPMAaIlIo 3 JECATKIB PI3HUX MPHUCTPOIB 1 AaTUYUKIB. ABTOMIIOT
00po0isie KOMaHIM YHpaBIiHHA Big oreparopa a0 IHIIOTO IPHUCTPOIO 32
JIOTIOMOTOI0  CHEUIAIbHUX OOYMCIICHh Ta airOPUTMIB, CTBOPIOE KOMAaHAN
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YHOpaBIiHHA A7 TOTo, 00 amapat ClliyBaB 3a 3aaHOI0 TpaekTopieto. s Toro,
00 KepyBaTH HAIUM JIITAIFHAM anapaTtoM, HaM 0OOB'SI3KOBO MOTPiOHO 3HATH B
SAKOMY TIIOJIOXCHHI BiH 3HaXOJWTBCS, MIOJO YOTO BiH 3HAXOJUTHCS B ILOMY
MIOJIOXKEHHI, 1 B SIKMH MOMEHT 4acy BiH repeOyBae B LIbOMYy noJjioxkeHHi. [{um Takn
3aliMaeThCsl HaBiraris.

Jatuuku moTpiOHi, 1m00 BH3HAYUTH CTaH Hamoi cucremu. Hampukian
IOJIOKEHHS HAIIOTO JITAIBHOTO arapary Ta Opi€HTAlilo y IpOCTOpi, BiICTaHb O
HaBKOJIHIIHIX 00'€KTiB, Ta 0arato iHIIOro. Y aBTOHOMHHX O€3IMIIOTHHX JITAILHHUX
armaparax HaHOUIBII TONIMPEHI JNaTYMKH, SKi JIO3BOJISIIOTH  BHMIpPIOBaTH
MPUCKOPEHHS JIITAJBHOTO alapaTy, - HOro KyTOBY LIBHAKICTb, BU3HAYATH BEKTOP
MarHITHOTO TIOJIS, TIOJIOXKCHHS Ta OPIE€HTAIIIIO JIITAIEHOTO arapary.

Jnst Toro, mo0 3MOJENIOBATH IOMIT, HEOOXIAHO MaTH MOJEIb JHHAMIKH
Hamoro BITJIA. Janmi morpiOHa cumcTeMa YOpaBIiHHA, fKa TO3BOJUTH HaM
KOHTPOJIOBAaTH IF0 Mojenb. Jlami HeoOXiZHO MaTH CHCTEeMY Bi3yamizarii, ska
JO3BOJIMTH HaM CIOCTEpIraTé Hall pe3yiabTaT. MaTeMaTu4Hi MoJeli Oe3MmiJIOTHIX
JITaJbHUX anapariB MOXKYTh OyTH CKJIaIHMMH. Bce 3aJIe)KUTh BiJl KIHIEBHUX IiIeH
nocaiauukis. [Ipu BUpoOyBaHHI alrOPUTMIB IIPOCTHX MOJEIICH TUHAMIKH, MOXKHA
BpaxoBYBaTH 0arato CWJI i MOMEHTH, OCKUIbKM BOHH HECYTTEBI 1 CepHO3HOTO
BIUIUBY CHCTEMY YIIPaBJIiHHS YM AMHAMIKY HAIIOi CHCTEMH.

OnrtuManbHi TPAEKTOpPil CTBOPIOIOTH ISl TOTO, 1100 JTOMOTTHCS BiJl amapara
HaMKpamoro pexxuMy 1noisoTy. Hanpukian, o6 3poouTy NoiT HAHKOPOTIINM Y1
wiaBHUM.  KpurepissMu  onTuManbHOCTI Ul JUTaNBHOTO — amapary —THILY
MYJIETHKOIITEP € Yac a00 mBuakicth. BITJIA Brirouae 4 mporpamMHi MOJTyJIi:

- CHCTeMa YIpaBIiHHSA JITAJbHUM alapaToM, sKa JO3BOJIIE HAM
KOHTPOJIIOBATH HAlll ariapaT Ta 3AiHCHIOBATH JOCITIKSHHS i3 3aJaHOT TPaeKTOPii.

- HaBiramiifHa cucTema, sika JO3BOJIAE 3PO3YMITH Ta BH3HAYMTH HOro Micie
po3TanryBaHHs MOAO0 OyIb-SKOi CUCTEMU KOOPANHAT,

- cucteMa IOOYZOBH KapTH, sIKa JO3BOJISIE HAIIOMY JITaJbHOMY arapary
OpIEHTYBATHCS B HEBITOMUX yMOBAaX Ta BUSABJIATH O00'€KTH Ha IUIAXY IPSIMYyBaHHS.

- cucTeMa IUTaHYBaHHS MapIIpyTy, IO J03BOJISE €EKTUBHO Ta TPAaMOTHO
no0y/IyBaTH MapIIpyT JITAILHOIO amapary, o0 BiH HE 3ITKHYBCS 3 Oyab-SKUMHU
00'eKTaMH, a TAKO)K BUKOHAB CBOIO MiCil0 MAKCUMAaJIBHO €(pEKTHBHO.

Bwminas mopemoBatu ynpasiinas BITJIA, mporpaMyBaHHsS TOBEIiHKH Ta
HaNpsIMKy — TOJIBOTY JUIL  BUKOHAaHHS poOOIT Ha 00’€KTax KPUTUYHOI
indpacrpykrypu (OKI) [2], mos3Bomsie mpoBomuté MoHITOpHHT cTtany OKI,
BHKOHYBaTH BimmameHi pobotm 3 obcrexenHs OKI. [lomaBaHHA HOBHX
MoxuuBocTed 3 obctexenHs OKI mumsixoM 3acTocyBaHHS Cy4acHHX TEXHOJOTIi
BIIJIA moTpeOyioTh OmEpaTHBHOTO Ta €(EeKTHBHOIO HABYAHHSI MEpCOHATY abo
MePiOANYHOTO HAWMy CHEHiaNicTiB s TPOBEICHHS NEPIOTUIHMX pOOIT 3
obcrexxenas OKI.

1. Igor Korobiichuk, Yuriy Danik, Oleksyj Samchyshyn The estimation algorithm of
operative capabilities of complex countermeasures to resist UAVs // Simulation:
Transactions of the Society for Modeling and Simulation Innternational, 7 August
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2018, vol. 95, pp. 569 — 573. DOI: 10.1177/0037549718791264.

OpranizamiiiHi Ta IpaBOBiI acHeKTH 3a0e3redeHHs Oe3MmeKH 1 CTIHKOCTI KPUTHYHOT
indpacTpykrypu Ykpainu : ananit. gom. / [bo6po M. I'., Isanrora C. I1., Konnparos C.
L., Cyxomonst O. M.] / 3a 3ar. pen. O. M. Cyxomoni. — K. : HIC/I, 2019. — 224 c.
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