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AHOTALIS

Cmapoeim I.C. Mojaeni Ta mporpaMHi 3aco0M YIpPaBIiHHS BEHTWISIIIHHUMU
ycranoBkaMu HBK HAEC 3 BukopucTanHsM MalmmHHOTO HaBuaHHs — KBanmidikariiiiina
HayKOBa Mpallsl Ha MpaBax pPyKOIIHCY.

JHucepTaliist Ha 3100yTTS HAYKOBOTO CTYIEHs 0KTOopa (utocodii 3 ramy3i 3HaHb
12 Tudopmamiitni TexHomorii 3a cnemiaiabHicTiO 121 IHXkeHepis mnporpamMHoro
3abe3neyeHHsa. — HarioHanbHuii TexHiUHMM YyHiBepcuTeT Ykpainu «KuiBchbkuit
noyiTeXHIYHUM 1HCTUTYT iMeHi ropst Cikopcekoro», Kuis, 2024.

Huceprarniitna po0oTa MpUCBSYEHA PO3POOII HAYKOBO-METOAMYHUX I1JIXOIB
1I0JI0 ONTHUMI3AIlli yIpaBIiHHA BEHTWISALIMHUMU ycTaHOBKamu HoBoro besneunoro
Kondaitnmenty (HBK) YopHoOunbcrkoi aromuoi enekrpocrtaniiii (HAEC).

Aapis Ha YHAEC, mo cranace B 1986 pori, Ta pe3yiabTaToM sIKOi OyB BHKHJ
BEJIUKOT KUIBKOCTI paJilOaKTUBHUX PEYOBUH Maja KartacTpo(diuHi HACHIAKUA IS
HaBKOJIMIIHBOTO cepenoBuma. CymapHa Maca sI€pHOTO TanuBa, o Oyna
0e3nocepeIHbO 3aBaHTAXKEHA B PEeakTOp Ta 30epiranach B Mexax 00 €KTy, CKiajana
omm3pko 200 ToH. 3HaYHA YacTMHA MAJIMBHOrO MUy Oyja po3cisHa 3a MEKaMH
MOIIKOKEHOTO YETBEPTOTO €HEPro0oKa y BUIIISIAL paalOaKTUBHUX aepo30iiB (PA),
CIOPUYMHSIOUM Pa/IIOaKTUBHE 3a0pyJHEHHS TEPUTOPIH, peliTa ocijia B Mexax
eHepro0JoKa Ta Ha MOBEPXHI CIIOPYI.

VY 1987-1988 poxkax, 3aBOsSKM MacIITaOHUM 3YyCWJUISIM, HaJl aBapiiHuM 4-M
peakTopoM OYJI0 3BEICHO 3aXUCHY KOHCTPYKIIiIO, BiToMY sIK «O0’exT Ykpurts» (OY).
[Ipu noGymoBi OY YacTKOBO BHUKOPHCTOBYBAJIUCh OIMOPU CTapUX KOHCTPYKIIiH
(momKO/pKEeH1 Mmia Yac asapii), 10 30UIbIIYBAJO INAHC BUHUKHEHHS pPYyHHYBaHb;
3arajbHa IUIOIIA HErepMETHYHOCTEH 3 9acoM goxoamna 10 1000 M2, mo Ipu3BOAMIO
no BukuAiB PA 3 o00’exkTy, a TakoxX 30UIBIIEHHIO KUIBKOCTI BOJM BCEpEAMHI

3a0pyJHEHUX MPUMIILEHb 33 PAXYHOK IPOHUKHEHHS aTMOC(HEpPHHUX OMaIIB.



J171st BUpilIEeHHS ONMCAaHKUX MPoOJieM, PUUHSITO PillleHHs PO po3pooky HoBoro
besneunoro Kondaitnment OV, skuit 3mano B excruryatanio B 2019 porui. OcHoBHE
npuszHaueHHs1 HBK — nepemikomxanas BUX0Oy pa/iiloaKTUBHUX PEUYOBUH 32 HOTO MEXI1
1] Yac 3BMYaiHOI €KCIUTyaTallii Ta aBapiiHUX CUTyalld, HalOUTbIl HEOEe3NEeUHUMH 3
SAKUX € BXKE€ 3TrajJlaHl paJl0akTUBHI aepo30:i. Came 3a 1110 (YHKI[IIO BIAMOBIA€ CUCTEMA
BeHTW 1T HBK, 1m0 € ongHiero 3 cuctem xutTte3ade3nedeHHs 00’ e€kTy. BukoHanHs
naHo1 PyHKIIIT — CKJIaIHUI 1H)KEHEPHUI, Ta TEXHOJIOTTYHUM BUKJIUK, OJTHUM 3 HAIMPSMIB
pILIEHHS SIKOTO € CTBOPEHHS CIEIali30BaHUX MOJENed Ta mporpam st BUOOpPY
ONTUMAJBLHOIO PEXKUMY VYIpaBliHHS BeHTWIALIMHUMH YycTtaHoBkamu (BY) HBK
YAEC, 3 BpaxyBaHHSAM IOTOYHOTO CTaHy OO’€KTy, 3aIlUIAHOBAHHUX PEKUMIB POOOTH
MEPCOHANy Ta MapaMeTpiB OTOYYIOUOIro cepeioBHINa. BpaxyBaHHS pi3HOMaHITHUX
YMOB €KCIUTyartalii 00’€KTy, a TaKoK 3a0e3leUeHHs MEPCOHANYy BCIE HEOOX1THOIO
iH(popMalliero BUMarae po3poOJEHHS BIAMNOBIIHOI CUCTEMHU MIIATPUMKHU MPUUHSITTS
pimens (CIIIP) nns ontumanbHOro ynpasiinusa BY.

[IutanHAMH MopemtoBaHHs rifpasmiuHoro crtany HBK, a Takox po3BUTKOM
METOJI0JIOT1i MEePETBOPEHHSI MOr0 Ha €KOJIOTTYHO O€3MeYHy KOHCTPYKIIIO 3aiiMaliiCh
taki BueHi sik [1.I. KpykoBcbkuid, [.I. Cxisipenko, €.B. dantomiko, JI.A. CmonbueHKo,
B.I. bariit, A.O. CizoB, JI. L. I1laBnoBcekuir, JI.B. Topomenwkuit, O.B. banas,
C.A.TlackeBuu Ta iHm. Po3poOneHi HUMH MOl Ta MIAXOAU HOCITH OUIBII
TEOPETUYHUIN XapaKTep, € CKIAAHUMU JJis iHTerpaii B npouec ekcruryaraiii HBK ta
BUMAraroTh [OJAJIBLIOT0 po3pO0IEHHS METOAIB X 3aCTOCYBAHHS.

HayxoBi nocnimxenHss acnekTiB po3pobnennst CIIIIP npuBepHynu ysary
MPOBITHUX BYEHUX, ceped skux ciaig BigzHauutu [1. Bimtoka, C. Cy00oTiHa,
I'. I'narienko, b. I'epacumosa, 1O. 3aituenka, I. boraenka, M. Morton, P. Keen, P. Gray,
H. Watson Ta inmmx. He3Baxkarouu Ha Te, 10 iXH1 JOCIIKEHHS OXOIUTIOIOTh IUPOKUI

cnektp 3acrocyBaHb CIIIIP B pi3Hux ramyssx, yHikanpHicTh HBK Ta 3anmaui siki



BUHUKAIOTh MiJ] Yac eKCIUlyaTallli CUCTeMU BEHTWJIALl BUMAraroTh pO3pOOJICHHS Ta
3aCTOCYBaHHS HOBITHIX MiJXO/IB.

Oxkpecnene chopMyBano KOMIUIEKCHE MPOTUPIUYsA: 3 OJHOrOo OOKYy, B XOAl
excrutyaranii HBK BuHMKae HEOOX1AHICTh OLIIHKM Ta MPOTHO3YBAHHS T1PaBIIYHOTO
CTaHy, MiHIMi3allil BUKUIIB PaJl0aKTUBHUX PEYOBUH Ta BUKOPUCTAHHSI €IEKTPOCHEPT1i
BY; 3 inmoro 6oky, HBK € ckiagHO AMHAMIYHOIO CHUCTEMOIO, /1€ 3HAXOKECHHS
ONTUMAJLHUX PEKUMIB IIPOBEACHHS POOIT Ta €(heKTUBHA pOOOTA MiACUCTEM 3aJIeXKaTh
B1Jl pi3HOMaHITHUX (PAKTOPIB, TAKUX SIK 3MIHM YMOB €KCILTyaTallli Ta HABKOJUIIHbOMY
CepeNOBUII, BHYTPIIIHI Mpoliecu 00’ €KTy (BUMarae peTeabHOro OallaHCyBaHHSI Mik
norpebaMu B E€HEProe(PEeKTMBHOCTI Ta OE3MeKOl0, a TaKoXK HAJIHHICTIO Ta
aJanTUBHICTIO CUCTEM ymOpaBiiHHsA). BigmoBimHe mpotupiuus  (MO€IHAHHS
TEOPETUYHUX HaIpallOBaHb 3 MPAaKTUYHUMH MOTpedamMu) Moxe OyTH BHUpIIIECHE 3a
JIOTIOMOTOI0 ~ PO3pOOJIEHHS 1 BIPOBA/KEHHS TepeAoBUX iH(opMamiiiHux Ta
AHAJIITUYHUX TEXHOJIOT1M, BKIIOYHO 3 BUKOPUCTAHHSM MPOTHO3YIOUMX MOJENEH, SKi
30aTHI HaJaTH PEKOMEHJAlll I[IO0 KEepyBaHHSA Yy BIANOBIIb HAa 3MIHHI YMOBH,
3a0€e3Meuyour THM CaMUM MiABUIIIEHHS e(peKTUBHOCTI Ta Oe3neku excruryaraiii HBK.

O6’extom pocnimkenHss € mnpouec ynpasmiHHs BY HBK. Ilpeamerom
TOCHIIPKEHHSI € MOJIeJl Ta MporpamMHe 3a0e3MeYeHHs Il ONTUMAJIBHOTO YIPaBIIHHS
BeHTWsIIHHUME ycTaHoBkamu HBK. Mertoro poOotu € Mminimizanisa BukuaiB PA Ta
ONTUMI3AIlIg BUTPAT €JIEKTPOCHEPTIi MUISIXOM MiABUIIEHHS €(DEKTUBHOCTI YIIPaBIiHHS
BY HBK 3 BUKOpUCTaHHAM MPOTHO3YIOUNX MOZEIEH.

HayxoBa HOBU3HA pe3yabTaTiB JOCTIIKEHHS MOJISITA€ B HACTYITHOMY.

Bnepme, ans HoBoro besneunoro KondaliHMeHTY, po3p0o0JIEHO apXITEKTYpy

CUCTEMH TIATPUMKH MNPUUHATTS PIlIEHh [IOJI0 ONTUMAJIBHOIO  YIPaBIIHHS

BCHTHHHHiﬁHHMH YCTaHOBKaMH, IO JO3BOJISIE B pe)KI/IMl p€ajIbHOI0 4aCy OTpUMYBaTu



iH(opMalio 1moA0 onTUMalbHUX BUTpaT BY Ta mpoBOAUTH MpPOTHO3HI PO3PAXyHKHU
rigpasiiudoro crany HBK.

Bnepiie 3anpornoHOBaHO airopuTM 3 BUKOPHUCTAHHAM 0araTONMOTOYHOCTI
(mapasieni3M Ha piBHI TaHUX) JJIS yIOCKOHAJIEHHS aJTOPUTMIYHO-ITPOTPAMHUX METO/IIB
BU3HaueHHs TUCKIB Bcepenndi HBK Ta mion; HeKoHTpoIbOBaHUX MPOTIYOK HA OCHOBI
(bh13UYHOT MOIENI, [0 AO3BOJIMIIO MPUIIBUAIIUTH PO3PAXyHKH B 5 pa3iB (MapaieiabHICTh
80%).

Brnepiiie po3po0ieHo crnocid BUKOPUCTAHHS MOJIeNIel MAIlTMHHOTO HaBYaHHS IS
ominku rigpaBiaiyHoro crtany HBK, sikuii Bigpi3HS€TbCA BiJ BIIOMUX THM, LIO
BUKOPUCTOBY€E HEUPOHH1 MEPEK1 JJIsl TPOTHO3YBAHHS MEPETaiiB TUCKIB, IO T03BOJIMIIO
MIJBUIIUTH TOYHICTh MPOTrHO3yBaHHsA THUCKIB Bcepeauni HBK, a came 3meHmmTH
cepenHio alconoTHY NOXxuMOKy mporHosyBanHss Ha 30.5% (0.4321la) g
BHYTpIIIHBOTO JaTyuka Ta 34% (5.61 I1a) ny1st 30BHINIHIX 1aTYUKIB.

Bneprie  po3pobieHO  aarOpUTMIYHO-TIPOTPAMHUM  METOJl  3HAXOMKCHHS
OoNTUMaJIbHUX BUTpAT BY mpu 3MIHHUX I'paHUYHUX YMOBAaX 3 BUKOPUCTAHHSM MOJIEIEH
Ha OCHOBI MAallIMHHOTO HABYAHHS, AKUW J03BOJIMB 3HU3UTU BUTPATH E€IEKTPOCHEPrii B
2 pasu (Ha 52%), a BATOKHM PafioakTHBHHX aepo3oieii 3a Mesxxi HBK Ha 98% (3 4753 m®
mo 122 M3).

Bnepiie po3po06iieHO anropuTMIUHO-IIPOTPAMHMIT METOJT OI[IHKH OYiKYBaHUX
BUKHIIB paJlOaKTUBHUX aepo3oyieil 3a Mexi HBK Ha migcraBi cTaTMCTUYHHMX
METEOPOJIOTTYHUX JaHUX, IO JAO3BOJIMJIO OTPUMATH PO3MOIINA BUKHUIIB MPU PI3HUX
pexuMax poOOTH BEHTHIISIIIIHHUX YCTAHOBOK.

Bukopucranus po3poOiieHHX MoOjeneil Ta MporpaMHUX 3aco0iB JI03BOJIMIIO
MIJBUIIUTH €PEKTUBHICTh, @ TAKOX MIHIMI3yBaTh HEOOXITHUWU 4Yac ISl NPUUHSITTS
pimienb 1moao ympasiiHHs BY. Po3poOnenuit Merox onrtumizaiii Butpar BY,

MPOTECTOBAaHMU Ha EeKCIUTyaTaliiHi#i BUOOpI MOKa3aB MOMXJIMBICTh YHHKHEHHS



ounbmocti BuUkUAIB PA  (Omusbko 98%), 3 OQHOYACHUM 3MEHIIEHHSM BUTpaT
enexTpoeHeprii B 2 pa3u (Ha 52%).

PesynbTaT JOCHIPKEHHS NOPUHHATO JO BHOPOBaKEHHS B JlepkaBHOMY
crenianizoBanoMy mianpueMctBl  «YopHoOumnbcbka AEC»  (Ne 0700-148 Bifg
29.06.2023); B InctutyTi Texuiunoi termnodizukun HAH VYkpainu (akT peanizarii Bif
12.01.2024 p.); B HaByasbHOMY npoueci HaiioHaapHOTO TEXHIYHOTIO YHIBEPCUTETY
Vkpainu «KuiBcbkuil moniTexHiuHUN 1HCTUTYT iMmeHi Irops Cikopcbkoro» (axT
peamizamii  Bim 15.09.2023 p.) mnpu BUKIAaJaHHI AUCHMUIUTIHU «MaTtemMaTU4He
MOJIETIOBaHHS Ta ONTUMI3allisl IPOLIECIB 1 CUCTEM.

HayxoBi pe3ynbTaTé JOOCHIIKEHHSI € BHECKOM Yy PO3BUTOK TEOPETHUUHHX 1
MPUKIIAIHUX OCHOB YIPAaBIIHHS BEHTWIALIIMHUMH YCTAaHOBOK JIWHAMIYHHMX CHUCTEM
M1JIBUIIIEHOT HEOE3MEKH, 30KpeMa MOB'A3aHUX 31 30€piraHHsIM sJIEPHUX B1IXOIIB.

B sKOCT1 MOXIMBHUX HAMpsIMKIB MIPOJIOBKEHHS TOCTIKEHHS MOXHA BIIMITUTH
PO3pOOJICHHST aJITOPUTMIB JUIsl BpaXyBaHHsI 3MiHHO1 KOHIeHTpalii PA B ocHOBHOMY
00’eMi, PO3pOOJIEHHSI METOJIB IO BPAXOBYIOTh IHEPIINHHICTH 00’€KTYy (BUMAarae
MPOBEJICHHSI E€KCIEPUMEHTAIbHUX TECTIB), PO3BUTOK METOJIB MPOrHO3YyBaHHS
METEPEOJIOTIYHUX JTaHUX JIJIS MIABUIIEHHS TOYHOCTI pOo3paxyHKy BUKHIIB PA, a Takox
1HTErpalito 3 IHIIUM OpOrpaMHUM 3a0€3MeYEHHAM, HAITPUKIIA]I, TAKUM, 1110 PO3PaXOBYE
posmnosctoxeHHs PA Bcepenuni HBK.

Kuarouosi cioBa: Hosuit besneunnit Kondaitnment, apxiTekrypa mporpaMHoOi
CUCTEMH, CHUCTEMa YIMPABIIHHS, BEHTWIALIS, ONTHUMI3AIlisi, IITYyYHUN 1HTENIEKT,
MOJICJIFOBaHHSI, MAIlIMHHE HABUAHHS, HaBYAHHS 3 MIAKPIIUJICHHAM, HEUPOHHI MEPExi,

(GyHKIII1 BUILIOTO MOPSAKY, AITOPUTMHU OOPOOKHU JJAHUX, TPOTpaMHE 3a0€3MeUeHHS.



ANOTATION

Ivan Starovit. Models and software tools for ChNPP NSC ventilation systems
control using machine learning — Qualifying scientific work on the rights of the
manuscript.

Thesis for the degree of Doctor of Philosophy in the field of knowledge 12
Information Technologies, specialty 121 Software Engineering. - National Technical
University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Kyiv, 2024.

The dissertation is dedicated to the development of scientific and methodological
approaches for optimizing the management of ventilation units at the New Safe
Confinement (NSC) of the Chernobyl Nuclear Power Plant (ChNPP).

The Chernobyl accident, which occurred in 1986 and resulted in the release of a
large amount of radioactive substances, had catastrophic consequences for the
environment. The total mass of nuclear fuel directly loaded into the reactor and stored
within the facility was about 200 tons. A significant portion of the fuel dust was
dispersed outside the damaged fourth power unit in the form of radioactive aerosols
(RA), causing radioactive contamination of territories, while the rest settled within the
power unit and on the surfaces of structures.

In 1987-1988, thanks to large-scale efforts, a protective structure known as the
"Shelter Object" (SO) was erected over the damaged 4th reactor. The construction of
the SO partially utilized supports from old structures (damaged during the accident),
increasing the risk of destructions; the total area of non-hermeticities reached 1000 m?,
leading to RA emissions from the object, as well as an increase in the amount of water
inside contaminated premises due to atmospheric precipitation penetration.

To address these issues, a decision was made to develop a New Safe Confinement
for the SO, which was commissioned in 2019. The primary purpose of the NSC is to

prevent the escape of radioactive substances into the environment during normal



operation and emergency situations, the most dangerous of which are the
aforementioned radioactive aerosols. The ventilation system of the NSC, one of the life
support systems of the object, is responsible for this function. Performing this function
is a complex engineering and technological challenge, one of the directions of solving
which is the creation of specialized models and programs for selecting the optimal mode
of managing the NSC ChNPP ventilation systems (VS), taking into account the current
state of the object, planned modes of staff operation, and environmental parameters.
Considering the various operating conditions of the object, as well as providing the staff
with all the necessary information, the development of a corresponding decision
support system (DSS) for optimal management of VS if required.

The issues of modeling the hydraulic state of the NSC, as well as the development
of a methodology for its transformation into an environmentally safe structure, were
addressed by scientists such as P.G. Krukovsky, D.I. Skliarenko, Ye.V. Diadiushko,
D.A. Smolchenko, V.G. Batiy, A.O. Sizov, L.I. Pavlovsky, D.V. Gorodetsky,
0O.V. Balan, S.A. Paskevich, and others. The models and approaches they developed are
more theoretical in nature, are complex for integration into the NSC operation process,
and require further development of their application methods.

The scientific research on the development of the DSS attracted the attention of
leading scientists, among whom it is worth noting P. Bidyuk, S. Subbotin,
H. Hnatyenko, B. Gerasymov, Yu. Zaychenko, I. Bohaienko, M. Morton, P. Keen,
P. Gray, H. Watson, and others. Although their research covers a wide range of DSS
applications in various fields, the uniqueness of the NSC and the tasks arising during
the operation of the ventilation system require the development and application of the
latest approaches.

This outlined a complex contradiction: on the one hand, during the operation of
the NSC, there is a need to assess and predict the hydraulic state, minimize the

emissions of radioactive substances, and power consumption of the VS; on the other



hand, the NSC is a complex dynamic system where finding optimal modes of operations
and the effective work of subsystems depend on various factors, such as changes in
operating conditions and the surrounding environment, internal processes of the object
(requires careful balancing between the needs for energy efficiency and safety, as well
as reliability and adaptability of management systems). The corresponding
contradiction (combining theoretical developments with practical needs) can be
resolved by developing and implementing advanced information and analytical
technologies, including the use of predictive models capable of providing management
recommendations in response to changing conditions, thereby enhancing the efficiency
and safety of NSC operations.

The research object is the process of managing the NSC ventilation units. The
subject of the research is the models and software for optimal management of the NSC
ventilation units. The goal of this research is to minimize RA emissions and optimize
electricity consumption by improving the efficiency of managing the NSC ventilation
system using predictive models.

The scientific novelty of the research results lies in the following:

For the first time, an architecture for a decision support system for optimal
management of ventilation units has been developed for the New Safe Confinement,
which allows for real-time information on optimal ventilation units expenditures and
for conducting predictive calculations of the hydraulic state.

For the first time, an algorithm has been proposed that enhances software
methods for determining pressures inside the New Safe Confinement and identifying
areas of uncontrolled leaks, utilizing multithreading (data-level parallelism), which led
to accelerating calculations by a factor of five, achieving 80% parallelism.

For the first time, a method of using machine learning models for assessing the
hydraulic state of the NSC has been developed, which is distinct in that it uses neural

networks to predict pressure differences, thus improving the accuracy of predicting
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pressures inside the NSC, specifically reducing the average absolute prediction error to
30.5% (0.432 Pa) for internal sensors and 34% (5.61 Pa) for external sensors.

For the first time, a software method for finding optimal ventilation system
expenditures under variable boundary conditions using machine learning-based models
has been developed, which allowed reducing electricity consumption by half (to 52%)
and leaks of radioactive aerosols beyond the NSC by 98% (from 4753 m? to 122 m?).

For the first time, a software method for applying statistical meteorological data
to assess RA emissions beyond the NSC has been developed, enabling the calculation
of expected RA emissions under different ventilation system operating modes.

The practical use of the developed models and software tools has increased the
efficiency of VS management, minimizing the necessary time for management
decision-making. The developed method for optimizing VS flow rates showed the
possibility of avoiding most of the RA emissions (about 98%), with a simultaneous
reduction in electricity costs by half (to 52%).

The research results have been accepted for implementation at the State
Specialized Enterprise “Chernobyl NPP” (Ne 0700-148 dated 29.06.2023); at the
Institute of Engineering Thermophysics of the National Academy of Sciences of
Ukraine (implementation act dated 12.01.2024); in the educational process of the
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
(implementation act dated 15.09.2023) in teaching the discipline “Mathematical
Modeling and Optimization of Processes and Systems”.

The scientific results of the research contribute to the development of theoretical
and applied foundations for managing ventilation systems of dynamic systems of
increased danger, in particular those related to the storage of nuclear waste.

Possible directions for further research include the development of algorithms to
account for the variable concentration of RA in the main volume, development of

methods that consider the inertia of the object (requires conducting experimental tests),
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development of methods for forecasting meteorological data for more accurate
prediction of RA emissions, and integration with other software, for example, that
calculates the spread of RA inside the NSC.

Keywords: New Safe Confinement, software system architecture, control
system, ventilation, optimization, artificial intelligence, modeling, machine learning,
reinforcement learning, neural networks, higher order functions, data processing

algorithms, software.
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BCTYII

AKTYyaJIbHiCTHh TeMu aociaigxenns. Apapis Ha HAEC, o cranace B 1986 poiii,
Ta pe3yJabTaToOM sIKOi OyB BUKHJ BEJIIMKOI KUIBKOCTI PaJiOaKTUBHUX PEUOBUH, Malia
KaTacTpo(iyH1 HACHIIIKHU [l HABKOJUIIHBOTO cepefoBuia. CymapHa Maca siiepHOTO
nanuBa, o Oyna Oe3mocepe/lHbO 3aBaHTAXKEHA B PEAaKTOp Ta 30epirajach B Mexax
00’ekTy, cknagana Onu3zbko 200 TOH, 3HAYHA YacTHHA $KOI MEPETBOPUIACH Ha
nanuBHUN nuia. YacThHa 1HBOTO MUy Oyja po3cCisHa 3a MEXKaMu MOIIKOIKEHOTO
YETBEPTOrO0 €HEeproOJioKa y BUIVISAL PaJIOAKTUBHUX Aaepo30Jied, CHPUUYUHAIOYU
pazioakTHUBHE 3a0pyIHEHHS TEPUTOPIN, pellTa ocijia B MeXaxX €HeproOjoKa Ta Ha
MOBEPXHI1 CIIOPY/I.

VY 1987-1988 pokax, 3aBAsSKM MacHITAOHUM MIKHAPOJHUM 3yCHUISM, Haj
aBapiiHUM 4-M peakTopoM OyJIO 3BEJEHO 3aXUCHY KOHCTPYKIII0, BIIOMY SIK «O0’€KT
VYkpurts». Ilpu moOynoi OY 4acTKOBO BHUKOPUCTOBYBAJIUCh, OIMOPU CTapUX
KOHCTPYKI[IM (MOMIKO/KEH1 MiJi 4Yac amapii), M0 30UIbIIYBalO I[IAHC BUHUKHEHHS
pyiHyBaHb;, 3arajbHa IUIONIA HETrepMETHYHOCTEN noxomwna mo 1000 ™2, mio
MPU3BOAWIO 10 BUKUIIB PA 3 00’€KkTy, a TakoxX 30UIBIICHHIO KIIBKOCTI BOAMU
BCEPE/IUHI MPUMIIIEHb 32 PAXYHOK MPOHUKHEHHS aTMOC(HEPHUX OMaIiB.

J171st BUpilIEeHHS ONMCaHUX MPoOJieM, IPUUHSTO pillieHHs PO po3pooky HoBoro
besneunoro Kondaitnment OV, skuit 31ano B excruryatanio B 2019 pori. OcHOBHE
npuszHaueHHs1 HBK — nepemikomxanas BUX0Oy paiiloaKTUBHUX PEUYOBUH 3a HOTO MEXI1
MiJl 4ac 3BUYAMHOI eKCIUTyaTallii Ta aBapiiHUX CUTyalliid, HalOLIbIl HEOE3MEeUHUMU 3
SAKUX € BXKE€ 3TrajJlaHl paJl0akTUBHI aepo30ii. Came 3a 1110 (YHKI[II0 BIAMOBIA€ CUCTEMA
BeHTwsnli HBK, mo € oxgHiero 3 cuctem xurrezade3nedeHHss 00’ eKTy. BukoHaHHs
naHo1 PyHKIIIT — CKJIaIHUH 1H)KEHEPHUI, Ta TEXHOJIOTTYHUM BUKJIUK, OJTHUM 3 HAIPSIMIiB
pILIEHHS SIKOTO € CTBOPEHHS CIEIali30BaHUX MOJENed Ta mporpam st BUOOpPY

ONTHUMAJIBHOTO PEXHUMY YyHpaBiiHHS BeHTWIAHIiiHUMEU yctanoBkamu HBK YAEC, 3
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BpaxyBaHHSIM IMOTOYHOI'O CTaHy 00’ €KTY, 3alNIAHOBAHUX PEXKUMIB POOOTH MEPCOHATY
Ta MapaMmMeTpiB OTOYYIYOrO CcepeloBUIlla. BpaxyBaHHS pi3HOMaHITHUX YMOB
eKcIuTyaTalii 00’€KTy, a TakKoX 3a0e3NedyeHHs MepCOHalTy BCIEI0 HEOOXITHOIO
iH(opMalliero BUMarae po3poOJEHHS BIAMNOBIIHOI CUCTEMHU MIATPUMKHU MPUNUHATTS
pimens (CIIIP) nns ontumanbHOro ynpasiinus BY.

[IutanHaMu MopemtoBaHHs rifpasmiuHoro crtany HBK, a Takox po3BUTKOM
METOJI0JIOT1i MEePETBOPEHHSI MOr0 Ha €KOJIOTTYHO O€3MeYHy KOHCTPYKIIIO 3aiiMaliiCh
taki BueHi sik [L.I. Kpykoscwkuii, /1. I. Cxusipenko, €.B. lsatomko, JI.A. CmonbueHKo,
B.I. bariii, A.O. Cizos, JI. I.IlaBnoBcekuit, [I. B. Topomenwskuii, O.B. banan,
C.A.TlackeBuu Ta iHmI. Po3poOneHi HUMH MOl Ta MIAXOAW HOCITH OUIBII
TEOPETUYHUIN XapaKTep, € CKIAAHUMU IJis iHTerpaiii B npouec ekcruryaraiii HBK ta
BUMAararoTh MOAAIBIIOT0 PO3POOICHHSI METO/IIB X 3aCTOCYBaHHS.

HayxoBi nocnimxenHs acnektiB po3poOsienns CIIIIP npuBepHynu ysary
MPOBITHUX BYEHUX, ceped skux ciaia Big3Hauutu [1. Bimtoka, C. Cy00oTiHa,
I'. I'matienko, b. I'epacumosa, 0. 3aituenka, 1. boraeuka, Michael Morton, Peter Keen,
Paul Gray, Hugh J. Watson ta inmux. He3Baxkaroun Ha Te, IO 1XH1 JOCHIIKEHHS
OXOIUTIOIOTh IIUPOKHUI criekTp 3actocyBaHb CIIIIP B pi3HuX ramyssix, yHIKaJbHICTb
HBK Ta 3a7a4i siki BUHUKAIOTH MMiJ] Yac eKCIuTyaTallii CUCTEeMHU BEeHTWIISAIII BUMAraroTh
PO3pOOKHU Ta 3aCTOCYBaHHS HOBITHIX MiJXO/IB.

Oxkpecnene chopMyBaio KOMIUIEKCHE MPOTUPIUYs: 3 OJHOro OOKy, B XOAl
excrutyaranii HBK BuHMKae HEOOX1AHICTh OLIIHKH Ta MPOTHO3YBAHHS T1PaBIIYHOTO
CTaHy, MiHIMi3allil BUKUAIB PaJl0aKTUBHUX PEYOBUH Ta BUKOPUCTAHHSI €IEKTPOCHEPT1i
BY; 3 inmoro 6oky, HBK € ckiagHO AMHAMIYHOIO CHUCTEMOIO, /1€ 3HAXOKECHHS
ONTUMAJLHUX PEKUMIB IIPOBEACHHS POOIT Ta €(heKTUBHA pOOOTA MiACUCTEM 3aJIeXKaTh
B1JI pi3HOMaHITHUX (PAKTOPiB, TAKUX SIK 3MIHM YMOB €KCILTyaTallli Ta HABKOJUIIHbOMY

CepeNOBUII, BHYTPIIIHI Mporiecu 00’ €KTy (BUMAarae peTeabHOro OallaHCYBaHHS MiX
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norpebaMu B E€HEProe(PEeKTMBHOCTI Ta OE3MeKOl0, a TaKoXK HaJIHHICTIO Ta
aJanTUBHICTIO CUCTEM ymOpaBiiHHsA). BigmoBimHe mpotupiuus  (MO€IHAHHS
TEOPETUYHUX HaIpallOBaHb 3 MPAKTUYHUMH MOTpedamMu) Moxe OyTH BHUpIIIECHE 3a
JIOTIOMOTOI0  PO3pOOJIEHHS 1 BIPOBA/KEHHS TepeAoBUX iH(opMamiiiHux Ta
AHAJITUYHUX TEXHOJOT1M, BKIIOYHO 3 BUKOPUCTAHHSM MPOTHO3YIOUMX MOJENEH, K1
30aTHI HaJaTH PEKOMEHJAlll I[IO00 KEepyBaHHSA Yy BIANOBIIb HA 3MIHHI YMOBH,
3a0€e3Meuyour THM CaMUM MiABUIIIEHHS e(peKTUBHOCTI Ta Oe3neku excruryaraiii HBK.
[HImIMMU cioBamu, akTyalbHUM € BUPIIMICHHS HAYKOBO 3A80aHHs 3 PO3POOKH HAYKOBO-
METOJMYHUX MIAX0AIB moA0 onTuMizamii ynpasiinHai BY HBK HAEC

3B'130k po0OTH 3 HAYKOBHUMM NpOrpaMaMu, IUIAHAMH, TEMaMHU.
HuceprartiitHe TOCHIIKEHHS BiAMoBigae BuMoram crtarti 5 3akoHy Ykpainu «IIpo
MPIOPUTETHI HAMPAMU PO3BUTKY HaykH 1 TexHiku» BiJ 11 munus 2001 pok Ne 2623-111
(31 3MiHamu Ta qonoBHeHHsAMU BiJ 12.01.2023 p.), MyHKTY OEPIIOrO PO3JALUTY JPYroro
«Ilepeniky mpiOpUTETHUX TEMATUYHUX HAMPSIMIB HAyKOBUX JOCHIIKEHb 1 HAyKOBO-
TEXHIYHUX po3po0oK Ha mepion 1o 2023 poky», 3arBepkeHoro [locranoBoro KMY
Bix 7 BepecHs 2011 p. Ne 942.

JluceprariiitHa po6oTa BUKOHaHA BIAMOBIAHO 3 MOTOYHUMHM Ta MEPCIEKTUBHUMHU
IJIaHAaMU HAyKOBOi Ta HAyKOBO-TEXHIYHOI JIsJIbHOCTI HalioHanbHOro TEXHIYHOTO
yHiBepcuTeTy Ykpainu «KuiBcbkuil MOMITEXHIYHUM 1HCTUTYT 1MeH1 Irops
CiKopChbKOTO» ISl TOJATBIIOTO PO3BUTKY 1HXKEHEPIT MPOTrpaMHOro 3a0€3MeUeHHS.

Pesynbratu nucepraiiiinoi poOOTH € CKJIaJ0BOK HAyKOBO-JOCHIIHOI pOOOTHU:
“IIporpamHe 3a0e3MEUEHHS] CUCTEMHU MHIATPUMKH MPUUHATTS pillleHb 3a0e3MeueHHS
TeXHOreHHO-eKojoriuHo1 6e3neku” (PK Ne 0121U109761).

MeTtor0 aucepramiiiHoi podoTH € MiHIMI3aIlisg BUKUAIB PA Ta omTumizaris
BUTPAT E€JIEKTPOEHEPTil HUIsAXoM MiaBuIleHHS edekTuBHOCTI yrpasiinas BY HBK 3

BHUKOPUCTAHHAM ITPOTrHO3YIOYHX MOI[GJ'IGﬁ Ta MAllIMHHOI'O HABYaHHA 30KpEMa.
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JlocATHEHHsT TIOCTaBJIEHOI METHU 3a0e3MeuyeThCs BUKOHAHHSIM HACTYITHHUX
YaCTKOBUX 3aBJ/IaHb:

- a”aJi3 yMOB poOOTH Ta XapaKTePUCTUK BEHTWIAINHNX ycTaHOBOK HBK;

- aHaJi3 ICHYIOUMX METOJIB YINPABIIHHS CHUCTEMaMH OMNAaJEHHS, BEHTHJISII Ta
KOHJUL10HYBaHHS MOBITPS;

- anam3 icuytouux CIIIIP, po3pobnenux mist kontpoiato OBK Ta 00’exTiB
MABUIIIEHOI HeOC3IIEKH;

- pO3pOOJIEHHSI apXITEKTypPU CHUCTEMHU MIATPUMKH MPUUHATTSA PIMIEHb 00
ontuMasibHoOro ynpasmiaas BY HBK;

- YIOCKOHAJICHHSI aJITOPUTMIYHO-TIPOIPAMHUX METO/IIB 3HAXO/)KEHHSI TUCKIB Ta
IJIOIIl HEKOHTPOJIbOBaHUX MpoTiuok BcepeanHi HBK Ha ocHOBI (i3uunHOi Monent;

- po3po0IIeHHST CrIOCO0Y BUKOPHUCTAHHSA MOJEJEH MAIIMHHOTO HaBYaHHS IS
po3paxyHkiB rigpaBimiuHoro ctany HBK, 3 Merowo miABUIIEHHS TOYHOCTI
MPOTHO3YBaHHS BHYTPIIIHIX TUCKIB;

- po3po0IeHHS aITOPUTMIYHO-ITPOTPAMHOTO METOIY 3HAXOJ[KEHHS
onTUMaJIbHUX BUTpaAT BY npu 3MiHHUX IPaHUYHUX YMOBAX 3 BUKOPUCTAHHAM MOJIENei
Ha OCHOBI MAIIMHHOTO HABYAHHS;

- po3poOIeHHS aJTOPUTMIYHO-TIPOTPAMHOTO METONLY 3aCTOCYBAaHHS
CTaTUCTUYHUX METEOPOJIOTIYHHUX JTaHUX JIsI OIliHKK BUKHAIB PA 3a mexi HBK.

Bapro 3a3HaunTH, 110 OCHOBOIO JIS PO3POOKH METOMAIB Ta iX Bepudikaiii B
JAHOMY JTOCIIJIXKEHHI CITy>KaTh BUKIIFOUHO AOCTyMHI ictopuuHi fani HBK, orpumani 3a
y3romkeHHsM 3 kepiBHULTBOM YAEC Ta [HcTuTyTY TexHiuHOi Terodizuku HAHY.

006’exTOoM nociikeHHs € npoiec yrnpapiinas BY HBK.

IIpexmeTroM [OCHITKEHHS € MOJENl Ta TporpaMHe 3a0e3MeyYeHHs s

ONTHUMAJIBHOTO YNPaBIHHA BEHTHIALIHMMEU ycTaHoBkamu HBK.

Meronn pocaimkenns. Jlns gocsrHeHHs c@opMoBaHOi B poOOTI METH

BUKOPUCTAHO METOAM CHUCTEMHOTO Ta TMOPIBHSUIBHOTO aHamizy (s BU3HAUYCHHS
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aKTyaJbHOCTI Ta MOCTAHOBKHU HAYKOBOTO 3aBAaHHS JOCII1I>)KEHHS ); METOAN ONTUMI3allii
Ta HENIHIKHOTO MNpOrpamMyBaHHS Jisl 3HAXOJKEHHSI MapaMeTpiB MOJENeH, MEeToau
(13UYHOTO MOJIETIOBAHHS Ta MAIIMHHOTO HaBYAHHS JJIS OI[IHKH T1IPaBIIYHOTO CTaHy
HBK, crpykrypHuil aHami3 Ta CHHTE3 aHalidy YMOB, M0 BIUIMBAalOTh Ha
¢yukuionyBanHs BY Ta nmoOynosu apxitekrypu CIIIIP, meronu mopentoBaHHs 0a3
JaHUX.

HaykoBa HOBU3HA olepKaHUX Pe3yJIbTaTIB:

1. Bnepmie, qyist HoBoro besneunoro Kondaitnmenty, po3po0iaeHo apXiTEKTypy
CUCTEMH TIATPUMKHU TPUUHATTS PIlIEHb 010 ONTUMAJIBHOIO  YIPaBIIHHS
BEHTWISIIIIHMHUMU YCTAaHOBKaMHU, 1110 JIO3BOJISIE B PEKUMI PEATBLHOTO Yacy OTpUMYBaTH
iH(opMalio 1moA0 onTUMalbHUX BUTpaT BY Ta mpoBOAUTH HNPOTHO3HI PO3PAXyHKHU
rigpasiiudoro crany HBK.

2. Brepiie 3anmporoHOBaHO QJITOPUTM 3 BUKOPUCTAHHSIM 0araTOMOTOYHOCTI
(mapasieni3M Ha piBHI JaHUX) JJIS yOCKOHAJIEHHS aJTOPUTMIYHO-ITPOTPAMHUX METO/IIB
BU3HaueHHs TUCKIB Bcepenudi HBK Ta miony HeKoHTpoJIbOBaHUX MPOTIYOK HA OCHOBI
(b13uyHOT MOJIE, IO T03BOJIMIIO IPUIIBUIIIUTH PO3PAXyHKH B 5 pasiB.

3. Brepmie po3po06ieHo crnocid BUKOPUCTAHHS MOJACIEH MAIIMHHOTO HaBYAHHS
IUsl OIIHKM TiApasmiuHoro crany HBK, sxuii Bigpi3HSI€ThCA BiJ BIIOMUX THUM, IO
BUKOPUCTOBY€E HEUPOHH1 MEPEK1 JJIsl TPOTHO3YBAHHS MEPETaiiB TUCKIB, IO T03BOJIMIIO
MIJBUIIUTH TOYHICTh MPOTrHO3yBaHHsA THUCKIB BcepeauHi HBK, a came 3meHmmTu
cepenHio alconoTHY NOxuMOKy mporHosyBanHss Ha 30.5% (0.4321la) g
BHYTpIIIHbOTO JaTynka Ta 34% (5.61 [1a) nyist 30BHINIHIX 1aTYUKIB.

4. Bnepmie po3poOieHO aIrOpUTMIYHO-TIPOTPAMHUM METOJl 3HAXOMKEHHS
OoNTUMaJbHUX BUTpAT BY mpu 3MIHHUX I'paHUYHUX YMOBAaX 3 BUKOPUCTAHHSM MOJIEIEH
Ha OCHOBI MAallIMHHOTO HABYAHHS, AKUW J03BOJIMB 3HU3UTU BUTPATH €JIEKTPOCHEPrii B
2 pasu (Ha 52%), a BATOKH PajlioakTUBHHX aepo3oieii 3a Mesxi HBK Ha 98% (3 4753 m®

mo 122 M3).
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5. Bnepuie po3po6iaeHo alrOpUTMIYHO-TIPOTPAMHUNA METOJT OI[IHKM O4iKyBaHHUX
BUKHU/IIB paJioakTUBHUX aepo3oneil 3a mexi HBK Ha migcraBi cTaTUCTHYHUX
METEOPOJIOTTYHUX JaHUX, IO JAO3BOJIMJIO OTPUMATH PO3MOIINA BUKHU[IB MPU PI3HUX
pexuMax poOOTH BEHTHIISIIIIHHUX YCTAaHOBOK.

IIpakTyHe BUKOPHCTAHHSA PO3pOOJIECHUX MOJENEeH Ta MPOrpaMHUX 3ac00iB
JI03BOJIWIIO MiABUIUTH €(DEKTUBHICTH Ta MIHIMI3yBaTH HEOOX1THUN Yac JIsl IPUAHSITTS
pimienb 1moao ympaBiiHHsg BY. Po3poOnenuit Merox onrtumizaiii Butpar BY,
MPOTECTOBAaHMI Ha eKCIUTyaTalliHId BUOOPLI IIOKa3aB MOXKJIMUBICTh YHUKHEHHS
ounbmocti BUkUAIB PA  (Omusbko 98%), 3 OQHOYACHUM 3MEHIIEHHSM BUTpAT
enexkTpoeHeprii B 2 pasu (Ha 52%). Pesynpratu AOCHIKEHHS TMPUUHSATO [0
BIPOBA/’KEHHS B [lepkaBHOMY crielianizoBaHOMY MiAOpueMCTBI «YopHOOMIBChKA
AEC» (Ne 0700-148 Bim 29.06.2023); B Incturyti texniunoi terodizuku HAH
VYkpainu (akt peanizaii Big 12.01.2024 p.); B HaBuanbHOMY mnpotieci HamionansHoro
TEXHIYHOTO YHiBepcuTeTy Ykpainu « KuiBchbkuil momiTeXHiYHUM 1HCTUTYT iMeHi [rops
Cikopcekoro» (akt peamizauii Big 15.09.2023 p.) npu BHUKIAJaHHI JUCHUILTIHU
«MareMaTruHe MOJIETTIOBAHHSI Ta ONTUMI3AIlisl IPOIECIB 1 CUCTEMM.

OcoOucTnii BHecok 3100yBauya. OCHOBHI HAyKOBI Ta MPAKTUYHI PE3yJIbTATU
JUCepTaLitHOTO TOCIII)KEHHSI OTPUMaH1 aBTOpoM ocobucto. B aucepraitiitdiit poOoTi
BUKOPUCTAH1 JIMIIE Ti 3 pe3yibTariB, 1[0 OMyOJIKOBaHI y HAyKOBHX po0OOTax y
CIIBaBTOPCTBI, SIKI CTAHOBJIATH 1HAUBIYyaJIbHUI BHECOK aBTOPA.

B poborax, siki HanucaH1 B CIIIBABTOPCTB1, aBTOPY HaJIEKUTh: [1] — po3pobneHHs
croco0y 3aCTOCYBaHHS MAIIMHHOTO HABYaHHS JJIs OLIHKU TripaBiaiyHoro crany HBK;
[2] — po3polOieHHsT MeTOMy HJisi 3HAXOMKEHHsS ONTUMalbHUX BuUTpar BY 3
BUKOPUCTAHHSIM MAIIMHHOTO HaBYaHHSA;, [3] — po3poOJieHHS METOAY 3HAXOIKECHHS
onTUMaIbHUX BUTpaT BY, siKki 3acTOCOBYBaIUCH /711 HABYaHHS HEMPO-()i3uuHOT MOJIei;
[4] — po3pobieHHs Monened Ta METOAIB NPOTHO3YBAaHHS 1 YHOPaBIIHHS

TepMOTa30IMHAMIYHUMH MpoliecaMu 1 pamianiitnum cranoM HBK; [5] — y3aranbHenns
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po3pobneHux Moxenei kepyBaHHsi BY 1is momanbiinoi po3poOKu apxiTekTypu; [6] —
PO3pOOTIEHHS] METOAY 3HAXO/KEHHsSI ONTUMabHUX BUTpar BY, siki 3acTocoByBaiuch
JUIsL HaBYaHHS HeWpo-G13uyHOi Mozeni; [7] — po3poOiieHHsT METOIIB Ta Mojeneit
iHTepdeiicu IKMX 3aCTOCOBaHI MPU MPOEKTYBaHH1 0a3 TaHUX.

Amnpo0auisi pe3yabTariB aucepramii. Pe3ynbsratu n0CHiKeHb, BUKIAQACHI Y
aucepTauiHii po0oTi, JOMOBIJAIUCh Ta OOTOBOPIOBAIMCH HAa MDKHAPOAHUX Ta
BCEYKpATHCHKUX KOH(DepeHIlisax Ta ceminapax: XX MixkHapoH1i HAyKOBO-MIPAKTHUYHIN
koH(pepeHiii «CydacHl MpoOJieMd HAyKOBOTO 3a0€3MEeuUeHHs] eHepreTukm» (25-28
kBiTHS, 2023, M. Kui); I MixknapoaHiii HaykoBO-IipakTUuHii koH(pepeHiii «HoBiTHI
TEXHOJIOT1YHI TEeHACHIli 1HTeNeKTyaldbHOl 1HAYCcTpii Ta [HTepHeTy peueit» (24-25
ciuusi, 2023, ™. Kui); BceykpaiHChkiii HayKOBO-IIpakTU4HIM KoH(epeHIii
«IHdpopmariiini Texuosorii Tta imxkenepis» (7-10 mrororo 2023, M. Mukonais); II
MixnapoaHiii HaykoBo-npakTHuHil koH(pepenilii « Technologies and strategies for the
implementation of scientific achievements» (November 18, 2022. Stockholm,
Kingdom of Sweden); X BceykpaiHcbKiii HayKOBO-IIpakTH4YHIN KOH(DEpeHilii
3100yBa4iB BUIIOi OCBITM Ta MOJIOA. BUYEHHMX 3 aBTOMATUYHOIO yrpaBiiHHS (12
kBIT.2023, Xepcon — XmenbHuibkuit); XII Mixnapoauiii kondepenuii «IIpobiemu
Tennodizuku ta Teroenepretuku» (26-27 xostHs 2021, M. Kuis).

Iyoaikanii. 3a pesynbratamMu AucepTaliiHoi poOOTH omyOnikoBaHo 15
HAyKOBHUX Ipalb. Y TOMHU YHCIIL: B 3 HAyKOBI CTATTI SIK1 IHAEKCYIOThCS MIKHAPOAHOIO
HayKOMETpU4yHOI 0a3zot0 Scopus [1-3]; B 5 HayKOoBUX CTarTAX y MEPIOJUUYHUX
BUJIAHHAX YKpainu, BKItoueHux 10 “Ilepeniky HaykoBuX (paxoBHUX BHAAHb YKpaiHU™
[4-8], B 7 Te3ax MOMOBIJIeH Ta MaTepialiax HayKOBO-MIPAaKTUUHUX KOH(DepeHiii [9-15].

CrTpykTypa i o0csar podoru. Jlucepraiis CKJIaJaeTbcs 31 BCTYIMY, 5 pO3ILIIB,
BHCHOBKIB, CIIMCKY BHUKOpUCTaHUX kepend Ta 4 nomatku Ta Mae 149 cropiHok
OCHOBHOTO TeKcTy. CIMCOK BUKOPUCTAHUX JiKepea MicTuTh 109 HaiimenyBanb Ha 13

CTOpIHKaX. 3arajibHuil o0cAr qucepraniitHoi po6otu — 208 cTOpiHOK.
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PO3JLI 1
AHAJII3 YMOB YIIPABJITHHS BEHTWJISIHIMHUMHU YCTAHOBKAMMU
KOH®AMHMEHTY

ATOMHa €HEepreTHKa 3 MOoYaTKy CBOTO PO3BHUTKY BIJIIrpa€ BU3HAYAIBHY POJb Y
r100aIbHOMY eHepreTudyHOMY cekTopi. [lepeBaru aToMHO1 eHepreTuku Oe33anepeyHi:
BHCOKa €(EKTUBHICTh Ta CTaOLIBHICTH T'€HEPOBAHOI €HEprii, BIACYTHICTh BUKHIIB
BYIJIEKUCIIOTO ra3y IpH TeHepaillii, T0Bruid Tepmin ekcruryarariii oo [1]. HasBHicTh
JOCTYMHOI Ta HAJIAHOI €eHeprii chpusiia PO3BUTKY IPOMHCIOBOCTI, CTBOPEHHIO
pOOOUYUX MICIb 1 3pOCTaHHIO €KOHOMIKHK TpoTsiroM 20 ta 21 cromnite. Kpainu A3ii Ta
bmuspkoro Cxony akTUBHO I1HBECTYIOTh B CBOi IporpaMud “MHUPHOTO aTomy’’;
MOCTYNOBUU Tepexia KpaiH €Bpocorw3y [0 ‘3el1eH0I EHEPreTUKU MPOTArOM
HAaCTYMHUX JECATWIITh HEMOXJIMUBUU 0€3 MOJaNbIIOr0 BUKOPUCTAHHS aTOMHOI
enepretuku [2]. lle BUMIIMBAE K 13 TEOMOIITUYHUX OOCTaBUH, TaKUX SK 3aJIEKHICTh
BiJI IMIIOPTY €HEpPropecypciB abo cTpareriuHa HEOOX1HICTh TuBepcUdIKalli JIKepen
€Heprii, Tak 1 3 €KOHOMIYHHMX MIPKYyBaHb, BKJIIOYAalOYUd BUCOKY BapTICTh MOBHOTO
Mepexo/ly Ha BIJIHOBIIIOBAHI JiKepesia eHeprii a0 HecTaOUIbHICTD 1IH HAa TPaaULIiH1
eHepronocii. HaBeneni Qaktu TrOBOpPSATH NOpO Te, IO AaTrOMHA EHEepreTUuKa
3QJIMIIIATUMETHCS KJIIOYOBOKO CKJIAJIOBOIO CBITOBOI €HEPreTUYHOI 1H(PACTPYKTypH B
HalOMMK4OoMy MaiiOyTHbOMY.

[Topyu 3 nepeBaramu, aTOMHa €HEPreTUKa HeCe B COO1 pU3UKH, III0 MOXKYTh MaTH
JNAIEKOCSDKHI  HachHiaku. PamioakTHMBHI BUKHMIW, HAaBITh Yy MeXaX HOPMaJIbHOI
eKCIUTyaTallii, MOKYTb HETaTUBHO BIUIMBATH HA HABKOJUIIHE CEPEAOBUIIIE Ta 3JJOPOB's
monen. 30epiranHs pajioaKTUBHUX BIJXO/1B NOTpeOye 3HAUHUX KAMiTaT0BKIIAICHb Ta
3a0€3IeUeHHs] BUCOKOTO PIBHSI O€3MEKH MPOTSITOM THUCSY POKIB. 3pOCTar0yl 3arpo3u
TepOpU3MYy pOOJISATH AaTOMHI 00'€KTH MOTEHIIMHOIO MIIIIEHHIO JIJISl aTaK, 1[0 MOXE MaTH

HernependayyBaHi HachHiAku. MiHiMi3allisl IMX PU3MKIB MOB’sI3aHA 3 YOCKOHAJIECHHSIM
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B)KE€ ICHYIOUHX Ta BIPOBAKEHHSIM HOBUX TEXHOJIOTiH, OCHOBHIM KOMIIOHCHTOM SIKUX
€ po3po0Ka mporpaMHOro 3a0e3MeueHHs Uisl aBTOMaTu3allii Ta MOHITOPUHTY CUCTEM

oesneku Ha AEC Ta pamiariitHo HeOe3meuyHnX 00’ €KTax.

1.1 Amxani3 yMoB ekciuryatauil BeHTHJIsAUIHOI cucremu Hosoro

besneunoro KongaiiHmenry

ABapis Ha YAEC, mo cramace B 1986 poii, neMoHCTpye KaTacTpodiuHi
HACJHIAKM, Kl MOXE MaTH HeBJaya y CHCTEMI YOpPABIIHHS Ta OE€3MEeKM aTOMHHUX
peaKkTopiB. 3a MIKaJIO0I0 SACPHUX MOAId MiKHApOAHOI areHIii 3 aTOMHOI €HEPTeTUKHU
(MAT'ATE) aBapis oTpuMana cboMHM piBeHb (HaWBUIIIN piBEHb SAEPHOI aBapii 3a
OITIHKaMH i€l MIXKHapOoAHOI areHtiii) [3]. BapTo 3a3HaumnTH, 1110 Maca sSI€pHOTO MMaINBa
OesnocepeHbo nepen aBapiero cranouia Ounbiie 200 Ton [4]. Peakrop PBITK-1000
(reTeporeHHUN KaHabHUM pEakTOp Ha TEIUIOBUX HEUTPOHAX EIEeKTPUUYHOIO
noty>xHicTio 1000 MBT) MaB HeTOCKOHAITy KOHCTPYKIIit0, BAKOPUCTAHHS rpadiToOBOTO
YIOBUIbHIOBaYa B MOE€AHAHI 3 TpadiTOBUM BUTHCKYyBaueM, MPHU3BEIO 10 CYMAapHOIi
MO3UTUBHOI PEAKTHUBHOCTI, HECTAOUTBHOIO (PYHKI[IOHYBaHHS peakTopa Ta BUOYXY.
BianoBiHO 10 pi3HUX JAaHUX, B pe3yJIbTaTl aBapii BUHUKIIO 10 30 TOH NaJIMBHOTO MUY
[5]. YacTtuHa uporo muiy Oyja po3CisHA 3a MEXaMU IMONIKOJKEHOTO YETBEPTOIO
eHepro0JoKa y BUTIISIAL paJloakKTUBHUX aepo3oiieil (PA), cipuunHsoun paaioakTUBHE
3a0pyHEHHS TEPUTOPIiH, pemTa ocijia B Mexax eHepro0JioKa Ta Ha MOBEPXHI CIOPY/T
[6, 7].

VY 1987-1988 pokax, 3aBAsSKH MacCIITaOHUM MIXHApPOJHHUM 3yCHUJUISIM, HaJ
aBapiiHUM 4-M peakTopoM OyJIO 3BEJEHO 3aXUCHY KOHCTPYKIIIO, BIIOMY SIK «O0’€KT
Ykpurtsa» (OY). BpaxoByrouu TEpMiIHOBICTb, 1€ OyJI0 HAWKpallle MOKJIMBE PIllIEHHS
UL 3a0€3MeUeHHs 1301011 PaAlOaKTUBHUX PEYOBHH Ta 3aXUCTy HABKOJHUIIHBOTO

cepepoumia. Ilpu modymoBi OY 4YacTKOBO BUKOPHUCTOBYBAIHUCH OIOPU CTApUX
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KOHCTPYKI[IM (MOMIKOKEH1 MiJi 4Yac amapii), M0 30UIbIIYBalO [IAHC BUHUKHEHHS
pylinyBanp [8]; 3aranpHa ILIOma HErepMeTHUHOCTEH moxommna xo 1000 m2, mio
MPU3BOAWIO 10 BUKUIIB PA 3 00’€kTy, a TakoxX 30UIBIICHHIO KIIBKOCTI BOAMU
BCEpE/IMHI MPUMINIEHb 3a pPaxyHOK NIPOHUKHEHHS aTtMocdepHux omanaiB. Bopa,
B3a€MO/I1I0YH 3 TAJIMBOBMICHUMHU MaTepiajaMu, pO3UUHSIE Ta EPEMIIIAe PaalOHYKII AN
[9], AIK1 y KIHIEBOMY MiICYMKY MOXYTb IIOTPAIUTH Y HABKOJUIIHE CEPEIOBUIIIE.

[Ipoexthuii nepiox ekcruryarariii OY ckianas 30 pokiB, HEraTUBHI HACTIIKY JIs
OTOUYYIOUOT'O CEpEe/IOBHUIIA 3 YACOM 3pOCTaJIH, BIIMOBIAHO, BXXKe Ha movaTKy 90-x pokiB
Moyajioch ~ OOrOBOPEHHS Ta  TMOMNEPEAHE  MPOEKTYBAaHHA  HOBOI  3aXUCHOI
copyau [10, 11], saxa orpumana Ha3By HoBuii besneunuit Kondaitument (HBK).
VYkpaina po3poOuiia Ta BIpOBaniia HU3KY 3aKOHIB Ta PETYISTUBHUX JOKYMEHTIB, SIK1
BH3HA4alTh AepxkaBHy crpaterito y chepit HAEC ta ekcrunyaramii HBK OV [11-13].
Bumorn, sxi BucyBatotbess 10 HBK Ta MaroTe OyTm 3a0e3nedeni mij 4dac HoOro
(yYHKIIIOHYBaHHS: CTIMKICTh 3axucHUX KOHCTpykuid HBK mpoTsirom 3amnanoBaHux
100 pokiB [ 14]; miacuneHHs a00 IEMOHTAX BXKE ICHYIOUUX HECTaOUTbHUX KOHCTPYKIIIH;
00MeXXEeHHS BILTUBY aTMOC(EPHUX OIa/liB; 3aXUCT I'JIPOTre€0JOTIHHOr0 CEPEAOBHUIIA Bl
3a0pyHEHHS Ta KOHTPOJIb po3noBctoxeHHss PAB y HBK.

Komnanis Novarka, sika Burpaina MiKHApOJHUN TEHJIEp HA MPOEKTYBAaHHS Ta
oyniBaunreo HBK posnouana podotu y 2012 pori, 3akinuuBimu BBeaeHHssM HBK B
excrryaranito B KiHIl 2019 poky. HBK € ckinaaHO0 1HXXEHEpHOIO CIOPYAOI0, Mae
00’ €M NPUOIHM3HO 3 MITH. M°, 3 IKMX 00'€M ITijl BHy TpimHbor0 o6omonkor HBK 3aiimae
npubanu3HO 1 MIH. M>.

OcnoBue mnpuszHaueHHs HBK — mnepemkomkanHHs BUXOAY padlOaKTUBHUX
BIIXO/IIB 3a HMOTr0 MEXI MiJl 4ac 3BUYANHOI Ta aBapiiiHOI eKcIuTyaTarii, HalOLIbII
HeOe3NMEeYHUMU 3 SIKUX € BXKE 3TajlaHl paaioakTuBHI aepo3oni. Came 3a 1o PyHKIIIO

BignmoBimae cucrema BeHTwiamli HBK [15-17] mo € oxpHiero 3 cucTeM

KUTTe3a0e31eueHHs1 00’ ekTy. BukoHaHHs naHO1 QyHKIIT — CKJIaJHUN 1IH)KEHEPHUH, Ta



29

TEXHOJIOTIYHUM BUKIWK, OJHUM 3 HampsMIB PIIIEHHS $KOTO € CTBOPEHHS
CHeniaigi3oBaHUX MOJENe Ta mporpam sl BHOOPY ONTHMAJIBbHOIO YIPABIIHHA
BeHTWsLIHUME cuctemamMu HBK YAEC, 3 BpaxyBaHHSIM CTaHy 00’€KTY, pEKHUMIB
po0OOTH MEepcoHalTy Ta mapaMeTpiB OTOUYHOUOr0 CEPEAOBUIIIA.

J11st po3yMiHHSI OCHOBHHMX aCIEKTIB (PyHKLIOHYBaHHs cucteMu BeHTuisinii HBK
BApTO PO3IIISIHYTH (PI3UYHI XapaKTEPUCTUKU OO’ €KTY, OCHOBHI BUMOT'M Ta TEXHIUHI
pILIEHHS 3aKJIaJICH] MiJ] 4ac MPOEKTyBaHHS.

Cnopyna HBK cknanaerbes 3 apku, SIKy crio4aTKy o0y yBaiH Ha B1JICTaHI B1J
"OO'ekTa yKpUTTS", a MOTIM TMEPEMICTUIM Ha MpPU3HAYEHE MIClle; CTapux Ta
HOBO30y10BaHuXx KoHCTpYKIi AEC, ski ciyxaTh 3axucHuM 0ap’epom HBK; a Takox
TEXHIYHUX OydiBEIb Ta PI3HOMAHITHUX AOTIOMDXHUX criopyd. Cxemarnunuii Bujg HBK

300paxeHo Ha pucyHky 1.1. [18].

TV TEN
SO\ 917 4

Puc. 1.1. Cxema OV ta HBK B nonepeunomy po3pisi: 1 — pama apku; 2 —
30BHIIIHS 000JIOHKA apKu; 3 — BHYTpilIHSA 00010HKa apku; 4 — OY; 5 — ocHOBHUH

00’em HBK; 6 — mammHHMM 321
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OCKUIBKM apKa CKJIAaae€TbCd 3 BHYTPIIIHBOI Ta 30BHIMIHBOI OOOJIOHOK, TO
YTBOPIOEThCS noAaTkoBUM KiunbleBuil npoctip (KII), sikuii BUKOPUCTOBYETBCS ISt
3a0e3ne4eHHs] HEOOX1AHOrO PIBHS BOJIOTOCTI JUIsl YHUKHEHHS! KOHJEHCAlli Ha Hecyul
KOHCTPYKIIIi, a TAKOXK MOKPAIIEHHS TePMETUYHOCT1 00’ €kTy. ["abapuTH1 po3Mipu apKu
CKJIQIAIOTh: NOBXMWHA — 162 M, mupuHa — 250 M, Bucota — 110 m. Hactuna HBK, mo

3HAXOAMTHCS M1 APKOI0, IS 3pYUYHOCTI Ma€ CTally Ha3By — OCHOBHUI 00’ eM (OO).

Puc. 1.2. 3axigna ctopona HBK: 1 — 3axiaHa cTiHka apku; 2 — NIBHIYHUNA
BEHTWISLIAHUN [IEHTp; 3 — MIBACHHUN BEHTUISALINHUYN IIEHTp; 4 — BEHTUIAIIMHA
TpyOa; 5 — 30BHIIIHI cX0/H; 6 — TEXHOJIOT14YHA OyMIBIIsl; 7 — MAlIMHHUM 3411,

8 — neaparopHa etaxepka [19]

S BUAHO 3 PUCYHKY 1.2 — BEpTHKaIbHI HUXKHI CETMEHTH 3aX1JIHO1 (aHAJIOTTYHO
CX1/IHO1) CTIHKH apKH y (DIKCOBAaHOMY OJIOKEHHI CIIOIY4Y€H1 3 30BHIIIHIMU CIOPYIaMH
oropomkenHss HBK, a came mMammHHUM 3a710M Ta JeapaTopHOIO eTaxepkoro. OKpiM
bOr0, Ha 3aXiJHIl CTOPOHI BCTAHOBJIEHI TEeXHI4YHI Oy[iBIi, 30KpemMa Ti, IO
3a0e31e4yroTh (PYHKIIOHYBaHHS BEHTUJISILIMHOT CUCTEMH.

Bentunsaniiina cuctema HBK cipoexktoBana i1t BUPILLIEHHS BEJIUKO1 KUTBKOCTI

3aaad, 30kpema [20-22]:



31

1) MIHIMI3aIlis BUKUIIB HE OUMIIEHUX MOBITpssHUX Mac PA 3 OO;

2) 3anobiranns nepetikanHio PA 3 OO B kinbueuii npoctip KII;

3) MiHiMI3anig neperikandsa 3 KII y HaBKONMIIHE MPUPOIHE CEPEIOBUIIE
Yyepe3 HerepMeTUUHI €IEeMEHTH KOHCTPYKIIH, TOOTO «IIPOTIUKU

BianoBigHO 10 MOCTaBIEHMX 3a/ad Ta MPOEKTHOI JOKYMEHTAIlli, po3pobieHa
cucrtema BeHTwisanii OO Tta KIT HBK cknagaetbes 3 Takux eneMeHtiB [23] (BapTo
3a3HAYUTHU, 10 PeabH1 €KCIUTyaTalliiiHi BUTPATH JACIIO BIIPI3HSAIOTHCS BiJl IPOCKTHUX,
110 OyJie MOKa3aHO B HACTYIHUX PO3/1Iax):

1. [lputouna cucrema BenTwamii KII, mo 3abe3neuye nigTpUMaHHS
HaJIJTUIIKOBOrO0 TUCKY BigHOCHO OO Ta HE0OXIHOTO PIBHS BOJIOTH JJISi YHUKHEHHS
KoHJeHcauli. J{ns 3a0e3neueHHs JaHuX QyHKLIA BCTAHOBJIEHO 4 BOJIOTONOTIMHANIBHI
BeHTWA1MHI ycTanoBku (BY): WHE 001, WHE 002, WHE 003, WHE 004. O6’emna
BUTpAaTa OJIHIE€] YCTAHOBKH € MOCTIHHOIO 1 cTaHOBUTH 25000 M*/rox. s nogaTkoBoro
3minryBaHHs oBiTps B KII BcTaHOBIEHO 1€B’SITh PEHUPKYISALIMHUX YCTAHOBOK.

2. Butsoxna cucrema BeHTwAnii OO, ciayrye uisi yTpUMaHHS HEBEIHKOTO
po3pimkeHHs moBiTps B OO Apkwu, ouunlnieHdo nmoBitps 3 PA 3a gomomororo HEPA
¢buIbTpiB, Ta HOro mnojanbllle BUJAJIEHHS 4Yepe3 BUTSDKHY BEHTWIALIAHY TpyOy
(Bucororo 90 meTpiB). ButsixkHa cucteMa 3 OCHOBHOTO 00'eMy ApKH BKIIIOYAE I'SITh
ycranoBok: EF 029, EF 030, EF 031, EF 032, EF 033 3 3anpo€KTOBaHOK CyMapHOIO
MPOAYKTUBHICTIO MNpH HOpMalbHIA poOoTi Onm3bko 147442 wm3/rox, mpu UbOMY
MOXJIMBE PEryJIIOBaHHsS 00’ €MHOI BUTPATH KOKHOT BY.

3. [Ipurouna cucrema Bertwalii OO, mo npeacrasiena gsoma BY AHU 012
(30000 m*/romx) Ta AHU 015 (10000 m*/rox), sIKi Ipalifor0Th IEPIOAUYHO, 3A€01IBIIOTO0,
HE OJTHOYACHO, JIUIIIE MiJ] YaC BUKOPUCTAaHHS MOOUIRHHX IIJII031B MEPCOHATIOM.

4. JlomatkoBo mependayveHi JoKalbHI cucTeMu BeHTWAmii OO, Taki, sK:
BEHTWISAIIA KOPUIOPIB, CXOJOBUX KIIITOK, Tapaxy TEXHIYHOTO OOCIyroByBaHHSI.

PeryntoBanns nanux BY Ta inmux BuieHnaBeaeHux BY npurounoi cuctemu OO He
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pO3MISAAEThCA B AaHI poOOTI, OJJHAK MEPETOKH 3 HUX BPAXOBYIOTHCS B 3arajibHUM
OaylaHc Mac.

OueBunHo, mo, ockinbkn HBK He mMOBHICTIO MOKpUBa€e cTapi KOHCTPYKIIii
€HEepro0JIoOKy, a TaKOoX € BEJIMKUM 3a pO3MIpOM 00’€KTOM, TO ICHYIOTh
HETEPMETUYHOCTI, IOl SKUX OyJI0 TEOPETUYHO OI[IHEHO IS MOMEHTY MOYaTKy Ta
100-piuHOrO TEPMIHY €KCILTyaTallii 00’ €KTy 1 BpaxoBaHo mij yac npoektyBanHs HBK.
Opnnak, micis npoBeaeHHss B 2017-18 pokax TigpaBiIidyHUX TECTIB HAa peaJbHOMY,
00’ exTi 6yJI0 BCTAHOBJIEHO, IO TEOPETUYHO HASBHI HA TOM Yac Mo npoTidok (15 m?)
BK€ 3HAYHO NEPEBUIIYBAJIM 3HAUYEHHS, K1 OUIKYBAJIUCh B KIHII TEPMIHY €KCIUTyaTalii
(7 M%) [24]. 3a nporHoszaMu, IOl JAHUX IPOTIYOK 3 4YACOM OYAyTh CYTTEBO
30uIbIIyBaTUCh. JJis  MiHIMI3alii MPOTIYOK MPOEKTHOW JokyMmeHTaliero HBK
PEKOMEHAOBAHO MiATpUMYBaTH HaaMipHuid TUck noBiTps y KII Ha piBHi go +20 Ila (sax
MidimyM +5 [1a), a B OO - HeratuBHUM, Ha piBHI O1u3bKO -5 [1a [24, 25].

Jns ynpaBiiHHS TEXHIYHUMH MpolecaMH (BKJIOYHO 3 BuUTparamu BY) Ta
MoHiTopuHry crany HBK cTBopena Ta ekcmiyaryetbcs IHTerpoBana cucrema
ympasninasg (ICY) HBK. ICY rpyHTyeThcs Ha mNepesoBUX, BUCOKOMPOMYKTUBHHX
uu@poBUX PINIEHHSAX Ta MeXaHI3Max Mepefadi JaHux. /laHa cucrtema € CHUCTEMOIO
JIOKaJIbHOTO THUIly, II0 € KIIOYOBOK BHUMOIOK 3 MHTaHb O€3MeKu. 3 METOH0
3a0e3neuenHs cranoi poootu HEK npotsrom ycsoro nepioay exkcmiyatanii, [CY HBK
BIIMOBIZA€ 3a PEryJIIOBaHHS OCHOBHOIO TEXHIYHOTO YCTAaTKyBaHHS, HarjisiJ 3a
OMEpaTUBHUMHU TapamMeTrpaMu Ta KiIouyoBUMH mnokasHukamu HBK, Hanmaroumn
nepcoHaly BCIO HEOOXiHY 1H(OpMaILIito sl HAAIHHOTO KEPYBaHHS 00'€KTOM.

Ha nanomy erami, ICY HBK Mae nBopiBHEBY, A€IEHTpali30BaHy 1 BIIKPUTY
apXITEKTYpHY CTPyKTypy Uil kepyBaHHs migcucteMamu HBK. IlpoextyBanusa ICY
HBK 3xiiicHeHo 13 BpaxyBaHHSIM HEOOX1THOCTI IHTETPaIlil 3 BX&KE paHilIe po3po0IeHO0
[nTerpoBanoro aBTomMaTuzoBaHoro cuctemoro kKoHTpoto (IACK) OV, sk Bkazano y [20,

26, 27], TOOTO BUKOPUCTOBYEThCA €AMHA CUCTEMa JATUYMKIB, KaHATIB Ta 0a3 JaHUX,
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30kpema ¥ nusi kepyBaHHs BY. VYV Xoa1 BUBUEHHS JOKYMEHTAllli BUSIBIEHO, IO
VIOpPaBIiHHS BEHTWJIALINHOI CHUCTEMOIO BIJOYBA€THCS MEPCOHAIIOM B PYUYHOMY
PEXKUMI.

Ocobu, mo kepywTh BeHTWIANIHHMMU ycTtaHoBkamu HBK, mnpuiimaiors
pimieHHs moa0 BuTpar BY, BUXOASYM 3 3aMIpSHMX THUCKIB, a TaKOX IMOIMEPETHbO
MpOBEJEHUX JociiaiB [24]. AHami3 ekciulyaTallHUX JaHuX IMoka3aB, 1mo BY
OUTBIIICT Yacy MpaIol0Th PEKUMI MTOCTIMHOI MOTYKHOCTI, HISIK HE BPaXOBYIOTHCS Ta
HE BIJI0OpakatoTbCcsi BUTOKU PA wyepe3 HEHIIIBHOCTI KOHCTPYKIIi, 10 OCOOIMBO
KPUTHUYHO TPU MPOBeNeHI poOIT Bcepenuni o0’exty. [Ipu Takomy HaIMIIKOBOMY
pexUMy poOOTH BEHTUJIALIT BiIOYBAIOTHCS MEPEBUTPATH €IIEKTPOCHEPTii HE JIMIIE Ha
(YHKIIIOHYBaHHS BEHTHJISITOPIB (MaKCUMallbHA €JIEKTPUYHA MMOTYKHICTh BEHTHIISITOPIB
KII 264 kBt ta 6mmu3pko 570 kBT a1 OO), a i Ha JOTPIB MOBITPS IO MOJAETHCS B
HBK. Ilpu upomy, npu BHAAIEHHI MaTepiajiB, IO MICTITh NaIUBO, aKTUBHICTH [3-
BMIIPOMIHIOIOUMX HYKIiiB nepepuinye 210 Bx/m® [28].

I3 ycranonennssm HBK Han 006’€KTOM «YKpUTTS» BUHHUKIM 3MIHHM B ITPOLIECAX,
10 BU3HAYAIOTh CTaH Ta MOBEIHKY NaauBoBMicHUX matepianis (IIBM). [To-nepie, e
YHEMOXJIUBIICHHS HA/IXOX)KEHHSI aTMOC(EPHUX OTMaaiB B 00’ €KT « Y KPUTTSI», 11O TATHE
3a c000I0 MEepeCUXaHHs CKYIMUEHb PaI0aKTUBHOI BOJIU, OTOJICHHS JIOHHUX B1IKIaJ€Hb
3 YTBOPEHHSAM JIOJATKOBUX JDKepen pajioakTuBHoro nuiy. Ilo-mpyre, He BTpauae
aKTyallbHOCTI TpoOjieMa MPUPOJHOr0 pyWHyBaHHA ckymueHb [IBM mig BmimBom
3oBHIIIHIX (akTopiB B ymoBax HBK, a takox yepe3 oOpyiieHHs OyaiBeIbHUX
KOHCTPYKIIIH 00’ €KTa « YKPUTTS» — Npo0seMa, IKy HEMOXKJIUBO BUKIIOUYUTH HABITH 3
OTJISITy Ha 3/IIMCHEHHS CTaOUTI3alIMHUX 3aX0/11B MO0 X MiACUICHHS.

3a3HaueHe CBIIYUTH MPO CKIAJAHICTh MOCTABJICHOI MPOOJIEMH, 110 MOB’SA3aHa 3
VHIKQJIBHICTIO, pO3MipaMU 00’€KTYy Ta HEOOXIJHICTIO PO3pOOKU Ta BIPOBAIKEHHS
HOBHUX MIJXOJIIB Ta MPOTPAMHHX 3aCO0IB [l ONTUMAJIBLHOTO KepyBaHHs. Buxoasuu 3

HABEJICHOTO JOLUIbHO BHUBYMUTU CBITOBHM [JOCBIJ YINpPaBIIHHA 1 KEpyBaHHS
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BEHTWISILIMHUMHM YCTaHOBKaMH, B TOMY 4YHCII 1 3 3aCTOCYBaHHSAM Cy4YacHHUX

1H(pOpMALITHUX CUCTEM.

1.2 [JdocaigkeHHsI CYYaCHHUX METOAIB KOHTPOJI CHCTEM OIAJICHHS,

KOHAULIOHYBAHHSA Ta BEHTHJIALII

3 METOI BHOOPY ONTUMAIBLHOTO METOJYy KEpYyBaHHS, SKU MOXKHA 3aCTOCYBaTH
st BY HBK, noiiiibHO poBecTH aHali3 iICHYIOUMX METO/IIB KEPYBAHHSI KOMIUIEKCHUX
CUCTEM OINaJieHHs, BeHTWJslii Ta koHauiionyBaHHs (OBK), a Takoxx BU3HAYUTH iX
TepeBaru Ta HeIOJIKH.

[lepmiuM eramoM aBTOMaTH3allii BEHTWIAIIWHUX CUCTEM, fKa Bil0yBajach Ha
noudarky 20 CTONITTS, CTaja MosiBa TepMOCTaTIB. Y cepenuHi 20 CTOMITTA, 3 PO3BUTKOM
KOMI'FOTEPHUX TEXHOJOTIM Ta CUCTEM aBTOMAaTHYHOTO KepyBaHHs, OyJIO pO3pOOJIeHO
nepiI MaTeMaTU4YH1 MOJEN1 JJIs ONTUMI3allii BEHTUJIALIT, 30KpeMa 3 METOK €KOHOMIT
eneprii. [lomanpmuii po3BUTOK CHCTEM KepyBaHHS y 21 CTOmTTI NOB’s3aHUN 3
PO3BUTKOM ““IHTEPHETY peueil”’, BUKOPUCTAHHA “‘BEIUKUX [JaHUX , MAIIMHHOTO
HaBYaHHS, KOMIT FOTEPHOTO MOJICNIIOBaHHS TMporeciB Tomio [29]. Jis 1migicHOro
PO3yMiHHS HAABHUX METOIB KEPYBaHHs, BAPTO OUIbII AETATbHO PO3IVISHYTH KOXEH 3
HUX, OILIHUTU iX €QEeKTUBHICTh, MPAKTUYHICTb, HAWOUIbII MOIMIMPEHI BUIMAIKHU
3aCTOCYBaHHS, a TAaKOX IMPOAHAJI3yBaTH iX HEAOJIKHM, TakKl SK CKIAIHICTh Ta
0OMEXEHICTh 10 BIpoBakeHHs. Knacudikaiiss ocHOBHUX MeToiB KoHTpodto OBK
300paxkeHa Ha PUCYHKY 1.3.

Haii0inbi1 momupeHuMy MEeTo/laMi KepyBaHHS € TPaAUIliiHI KOHTPOJEPH, J10
SKUX BIIHOCSITHCA: KEPYBAHHS 3a MPUHIUIIOM "BKItOUeHO/BUKItoueHo", P, PI ta PID
koHTpoJiepu. KoHTposnep "BKIIOUEHO/BUKIIOYEHO" BUKOPUCTOBYE BEPXHINA Ta HIKHIN

moporu g pPEryjIitOBaHHA IPOLECY B 3addaHUX MCIKaAX. Xoua I[aHI/Iﬁ KOHTPOJICP €
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HaNOUIBII IHTYITUBHUM Ta JIETKUM y BIIPOBA/I)KEHHI, BIH HE MOXE KEpYBaTH MPOLECAMHU

3 4aCOBHMMMU 3aTPUMKaAMHU.

MeToau KOHTPOJIIO CUCTEM ONasieHHA, BEHTUNALII Ta
KoHAauuioHyBaHHA (OBK)

y N A

KnacuyHi XXopcTkui M’akui Fi6puAaHi Ta iHwWi
MmeToau KOHTpPONb KOHTPOJ/b mMeToau
1.PID 2
perynioBaHHAM;
2.HeniHiiHe
KepyBaHHA; 1. KombiHauii
1. "BKN"/"BUKIT"; 3. P°6aCTH? 1. HeuiTka norika; HOpCTKKX Ta M AKX
2. P, Pl, PID oPyBaHA; 2. LLITY4Hi HOTPOHHi METOAIB;
Tl : 4. "OnTumasnsHe" ’ MEDESKi 2. HaB4aHHA 3
KepyBaHHA; pexd. NigKpinIeHHAM,
5. KepyBaHHA 3 TOLWoO.
NPOrHO3yH4YUMHK
mogenamu (MPC).

Puc. 1.3. Metoau konTpomto cuctem OBK

Bnacnigok Mmanoi iHepuiiHocTi O6ararbox mpoieci, cuctemMu OBK, mo kepyroTbces
TaKUM KOHTPOJEPOM, JEMOHCTPYIOTh 3HAYH1 BIIXUJICHHS BiJl 3aJlaHUX 3HaYeHb. OHUM
3 MOXJIMBHUX PIIIEHB € J0JIaTKOBa 00poOKa JaHUX mepes mojaadero 0 koHTpoiepy [30].
Kontponepu P, PI ta PID 6a3yrorbcsa Ha AMHAMILI IOMUJIOK Ta PETYIIOIOTh BEJIMYUHY
3MIHU MMapaMeTpiB JIJIsi TOYHOTO KepyBaHHs nporecoM. Koutponep PID nokasye rapsi
pe3ynbratd AJisi OUIBIIOCTI 3ajlad, ajie HalalllITyBaHHS MapaMeTpiB KOHTpoJepa €
TPYAOMICTKHM, 1 €(EKTUBHICTh KOHTpPOJEpAa 3HUXKYETHCS, KO poOOYl yMOBHU
BIIPI3HSAIOTHCA BiJi YMOB HaJalITyBaHHs, MPUYOMY AaBTOHAJAIITYBaHHS € YacTo
yckiangnenum [31]. Knacuuni Metoan HaOyau NIMPOKOTO BUKOPUCTAHHS B OLIBIIOCTI

IMpOCTUX, HC KPUTHUYHUX CHCTCM, 30KpC€Ma OIIMCAHO ix 34CTOCYBAaHHA IJII KOHTPOJIIO
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TUCKYy Ta TeMIeparypu mnojadi moBiTps [32, 33], peryiroBaHHS TeMIIEpaTypu B
npumitienHi [34, 35] Toro.

Jo OiapII pO3BUHEHUX METOMIB KEPYyBaHHS BEHTWISAIIEIO (K1 € 1ICTOPUYHUM
PO3BUTKOM KJIACHYHHUX KOHTPOJEPIB) BIAHOCUTHCS TaK 3BaHE ‘“KOPCTKE” KEpPYBaHHS, 10
SAKOTO BXOJWUTH OUIBIIICTh 3 HHUHI BUKOPUCTOBYBAHMX KOHTPOJIEPIB Ta ‘‘M’sike”
KEepyBaHHS.

[Ipuknanamu “xxopctkoro” kepyBaHHs € [36]: PID koHTposep 3 nepioaiuuHuM
peryitoBaHHsIM KOe(iIl€HTIB, HENlIHIITHE KepyBaHHs, poOacCTHE KEpyBaHHS, TaK 3BaHE
“onTUMalibHE” KEPYBaHHS, a TAKOXK KepyBaHHA 3 NporHo3yrodumMu moaensmu (MPC —
Model Predictive Control). PID xonTponep 3 peryntoBaHHsIM KOE]IlI€HTIB JO3BOISE
3MiHIOBaTH napameTpu PID-koHTposiepa BIAMOBIZHO A0 30BHIMIHIX YMOB YU CTaHy
cucteMu. 3aMicTh ofgHoro Habopy PID-mapameTpiB cucrema Moxke MaTH JIEKIIbKa
Ha0OPIB 7151 p13HUX POOOUMX peKUMIB. EKCrIepuMeHTaNbH1 pe3ylIbTaTh JEMOHCTPYIOTh
e(DEeKTUBHICT, 1 Kpally MPOAYKTHUBHICTh PEATI30BAHOTO aBTOHAJAIITYBaHHSA B
MOPIBHSIHHI 3 HajamToBaHUM Bpy4yHy PID-koHTposepoM 1 cTaHIapTHUM peleHUM
aproHanamrtyBaHHsM [37]. PobacTHe kepyBaHHA — METOJOJIOTISA MPOEKTYBAaHHS
KOHTPOJIEPIB, siKa 3a0e3meuye cTablIbHICTh Ta 33J0BUIbHY POOOTY CUCTEMH HABITh IPU
HassBHOCTI HEBU3HAYEHOCTEHW MOJIEJI1 Y1 30BHIIIHIX YMOB (3 3aCTOCYBaHHS pOOACTHOTO
aHajizy Ta CHUHTe3y); [OKa3aHO BUKOPUCTAHHS JaHOTO THUIy KEpyBaHHS IS
peryitoBaHHs 00’emMy Ta TeMmieparypu mnojadi noBiTpsa [39]. Heniniline xepyBaHHS
3aCTOCOBY€ETHCS ISl CUCTEM, TMHAMIKA IKUX HE MOXXKe OyTH aJeKBaTHO INpeACTaBiIeHa
JTIHIAHUMH pIBHAHHAMH. OTIMCaHO IPHKJIa] 3aCTOCYBAHHS HEITHIMHOTO KEpYBaHHS JUIs
MiHIMI3alli BUTpaT eJeKkTpoeHeprii npu pobori BY Ttemmuups [38]. Metoro
“ONTUMANIbHOTO KEPyBaHHS € MiHIMI3allisl TMEeBHOTO KPUTEPIlo, SKUN 3a3BUYail

npeAcTaBisie coborw ¢yHkuiro BTpar. [lpuknagom Takux GyHKIIH € BIAXWICHHS
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CIOXKUTOI eekTpoeHeprii BY Big MiHIMaIbHO HEOOXIMHOI JUIsi HOPMallbHUX yMOB
[40, 41].

TpanuiiiitHi TEXHIKH “KOPCTKOTO” KOHTPOIIO TI00pe 3apeKOMEHIyBalIu ceOe pu
nu3aitHi cucteM OBK, oco0nmBo npu BUKOHAHHI 3aBAaHb HEMIHIKHOTO KOHTpOoJto. L1
METO/IM, B OCHOBHOMY, BUMAararTh 1JleHTU(]iKallii CTablIbHUX CTAHIB Ta MPOBEICHHS
CKJIQJIHUX MaTeMaTUYHUX po3paxyHkKiB. KoHTposb 3 perymtoBaHHSIM KOE()IIIE€HTIB
nepeadayae BU3BHAYEHHS JIIHIHHUX PET10HIB 1 pO3pOOKY JIOT1KU EPEMUKAHHS M1 LIUMU
perioHamMu, 10 poOUTh PyYHE HAIAIITYBAaHHS KUIbKOX KOHTposepiB PID cknagnum
3aBAaHHSAM. [HINI MiAXOAW, Taki fAK “onNTUMalbHE” Ta poOacTHE KEpyBaHHS, €
OararooOirstounMu 'y KoHTpoiai mpoieciB OBK, ockiibku BOHU 37aTHI BIIKUJATH
30ypeHHS Ta aanTyBaTUCS J10 3MIHHUX MapaMmeTpiB. OaHak, 3a0e3redeHHs HaJIiHOCT1
B cuctemax OBK, siki 4acTo mpampioTh y 3MIHHUX YMOBaX, € CKJIaJIHUM 3aBJIaHHSIM.
bararo 3 nux MeToniB TakoX MOTPeOYyIOTh HANAIITYBaHHS a00 3aJaHHS JOJIaTKOBUX
nmapaMeTpiB, 10 yckiaaHioe ix iHTerpamito. Cepen HaBeneHux wmetoniB, MPC e
HaNOUIbII 6AraTo00IAI0YMM, OCKUIBKU JaHUN METO/1 3a0e31euye BpaxyBaHHs 3MIHHUX
napaMeTpiB, MIJATPUMY€E HaKJIaJeHHS OOMEXEHb, JIWHAMIYHE yOpaBIiHHA Ta
eHepro30epexKeHHs y CBOil cTparerii KOHTPOJIIO.

Jlo “M’MKOoro” KepyBaHHS BIJHOCUTHCA 3aCTOCYBaHHS HEYITKOI JIOTIKA Ta
IITYYHUX HEUpOHHUX Mepex. KoHTposiepu Ha OCHOBI HEYITKOI JIOTIKH MPaIIOIOTh 3a
MpaBWJIOM  "SKIO-TO-1HAKIIE", BOHM MOXYTh HaJaBaTH MPIOPUTET PIZHUM
KOHTpoJiepaM Jjisi 30allaHCyBaHHS €HEProe(peKTHUBHOCTI Ta TEIIOBOro KoM(OpTYy.
HaBesneHo BenuKy KUIBKICTh PI3HOMAHITHUX 1HTErpallii JaHOTO TUIy KOHTPOJIEPY B
CUCTEMH BEHTWIAIII Ta KOHAuIIOHYBaHHS [42-45]. IlTyuni HeWpoHHI Mepexi
HAaBYAIOThCSI HA JAHUX NP0 MPOAYKTUBHICTH CHCTEMHU, CTBOPIOIOYM HEJIHIMHI

MaTeMaTu4yHl MoJieNl, siKi (yHKIIOHYIOTh 0e3 HEOOXiAHOCTI pO3yMiHHS (HI3ZUUYHUX
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NPUHIUIIB CHCTEMH. BOHM 4YacTO BHKOPUCTOBYIOTBCA B HpPSIMOMY YIIPaBIIiHHI,
BHUBYAIOUHU JIaH1 “BXiI-BUX1A~ 3 METOIO MOTEHIIMHOI 3aMIHH TPAJIUIIIITHUX KOHTPOJIEPIB
[46-47]. BnpoBamxkeHHsl yNpaBlliHHS HA OCHOBI HEYITKOI JIOTIKM BUMAarae rinOOKHUX
3HAHb MPO PI3HI CTAHU CUCTEMHU, TO/I K JUUIS YIIPABIiHHA Ha 0a31 IITYYHUX HEUPOHHUX
Mepex MOTPiOHI TPeHYBaIbHI JaH1 3a MUPOKUM CIIEKTPOM POOOUUX YMOB, SIKI MOXKYTh
OyTH HEIOCTYIHI JJis 0ararboX CUCTEM.

['6punni koutponepu ais cucrem OBK € pe3ynbratom noeiHaHHS “KOPCTKUX
Ta “M'IKMX” METOJ[IB KOHTPOJIO, BUKOPUCTOBYIOUM METOJIU, TaKl K KBa3i-aJIallTUBHE
HEYITKUI KOHTPOJIb, aJaNTUBHO-HEUPOHHUM KOHTPOJb Ta HEUITKUU-PID koHTpOI®.
Bonu noennyots “M'ak1” KOHTPOJIEPH, TaKi SIK MITYYHI HEMPOHHI MEPEXi Ha BUILUX
PIBHSIX, 3 “KOPCTKUMU™~ KOHTPOJIEpAMHU, TAKUMH SIK aJIalITUBHI KOHTPOJIEPU HA HUXKHIX
piBHsAX. CucteMu HeuITKOT0-PID BUKOPUCTOBYIOTH HEUITKY JIOTIKY JJIs1 aBTOMaTUYHOTO
HaJlalITyBaHHA KOe(DII[I€HTIB, €()EKTUBHO yHPaBIsSOYM HEBU3HAUMHOCTSIMU Ta
HeniHIHHOCTAMU. Lle moeiHaHHs BUpILTY€ CKIIaAH1 3aBAAaHHS, K1 HE 1] CUIIYy OKPEMHUM
Metonam. [Ipukinaan BKIIOUAIOTh HEUITKI KOHTPOJEPH MJii KOHTPOJIO TeMIEpaTypu B
OKpPEMHUX 30HaX, Kl BUTPAIOTh 3aBJISIKA CBOIM aalTUBHOCTI IO 3M1H HaBKOJMIIIHHOTO
cepenoBuia [48]. OgHak CTBOPEHHS LIUX CUCTEM BUMAarae €KCIepTU3H B IPOEKTYBAaHH1
M'SIKMX KOHTPOJIEpIB, BEIHUKOI KITBKOCTI JAHWX JJIs1 HaBYAHHS, a TAKOX 3JaTHICTH
HaJIalITOBYBATH >KOPCTKI KOMIIOHEHTH JIJIsl PI3HOMAHITHUX YMOBaM.

OxkpiM TIOpUIHUX ICHYIOTH TaKOX 1 I1HIII BUJU KOHTPOJEPIB, HAPHUKIIAL]
KOHTPOJIb 3a JOMOMOIOI ‘“‘HaBYaHHS 3 MIAKPIUICHHSIM - 1€ METOJl MAalIuHHOIO
HaBYaHHSI, JIe areHT HABYA€ThCSI MPUNUMATH PIIllICHHS, BUKOHYIOUHU [ii y CEepeOBUII,
o0 MakcMMi3yBaTH TNE€BHY BHHaropony. Jlanwii meTon 0COOMMBO KOPUCHUN Yy
CKJIaJIHUX CEPEeJOBUIIAX, /e BaXKKO (opMatizyBaTu MpaBUjia Y MaTeMaTH4Hi MOJEl

Ta € OIHUM 3 HaOUIbIII TOCIKYBAaHUX IPOTATOM OCTaHHIX POKiB [49-51].
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[TincymoOBytOUM, MOXHAa 3pOOMTHM BHUCHOBOK INO OUIBIIICTH MIAXOAIB 0
KEepyBaHHSI MaroTh psj cnenudiuHux HenomikiB. Hampukian, KjIacuyHl KOHTPOJEPHU
MOTPeOYIOTh PYUHOIO HAJAIITYBaHHS Ta MPAIIOIOTh TOBUILHO 200 HAJITO arpeCUBHO 32
MeKaMH HaJalllTOBAHOTO Jiana3ony. “YKopcTki” KOHTpOJIepU NMOTPEOyIOTh CEPlO3HOTO
MaTE€MaTUYHOTO aHami3y IJsi po3pOoOKH KOHTpoliepa, “M'ske” KepyBaHHS BUMAarae
3HAYHUX OOCATIB JAHMX JJis HaBuaHHA. 3 iHIIOro 0oky, MPC mpomnonye pimieHHs
0aratbox 3 BHINE3raJaHuX MpoOJieM, BIJMOBIAHO HEOOX1THO PO3MISHYTU AAaHUU BUJT

KOHTPOJIIO JIeTaJIbHIIIIE.

1.2.1 KoHTpPOJIb 3 BUKOPUCTAHHAM MPOTrHO3YIOUYUX MOJeIei

MPC mnpexacraBnsie co000 CKIAIHYy CTpaTerit0 KepyBaHHS, SKa IIUPOKO
BUKOPUCTOBYETHCS Yy PI3HUX MPOMUCIOBUX Tpolecax, 30kpema B cuctemax OBK. Ha
BIIMIHY B1Jl TpPAAULIHHUX METOAIB KepyBaHHs, MPC nporuosye MailOyTHIO TOBEAIHKY
CUCTEeMH Ta TpUNAMae pIIIEHHS, SKI ONTUMI3YIOTh €(EKTUBHICTh MPOTITOM
MaiiOyTHBOTO 4acOBOTO ropu3oHTy [52]. Takuil miaxig € 0coOIMBO KOPUCHHUM ISt
cucteM OBK, oCKiJIbKM JJ03BOJISIE YIPABISTH CKIIAHOK JTUHAMIKOIO Ta YUCIEHHUMU
B3a€MOIOB'SI3aHUMU 3MIHHUMHU, TAKUMHU SIK TEMIIEpaTypa, BOJIOTICTh, MOBITPOOOMIH Ta
cnioxkuBaHHs eHeprii. MPC BUpPI3HSIETHCA CBOEIO 3IaTHICTIO BPAXOBYBAaTH OOMEKEHHS
Ta HEOOXIAHICTh 0araTo3MIHHOTO KEpyBaHHS, POOJISYM HOTO BHCOKOAJANTHBHUM Ta
e(eKTUBHUM 1IHCTPYMEHTOM JJ1si cydacHux cucteM OBK. OcHoBHa 1111b BOPOBaI>KEHHS
MPC — miaTpumaHHs ONTUMAJbHUX YMOB, MIHIMI3YyIOUM BUKOPUCTAaHHS €HEPrii Ta
3a0e3Meuyoun HaailHICTh cucTeMu [S3].

[Tosisy MPC moxkHa nipoctexkutu 3 1970-x Ta 1980-x pokiB, a came 3 mOoYaTKy

HOro BUKOPUCTAHHS K PINICHHS Ui YIOPaBIIHHS CKJIAJHUMH CUCTEMaMH XIMIYHO1
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npoMucioBocTi. CioyaTky JaHUW METOJ] OyB pO3pOOJICHHI JJisl BUPIIICHHS] BUKJIUKIB,
Kl CTaBUJIM BEJIMKOMACIITAOHI TMPOMUCIOBI MPOIECH Ta 3 SKUMU TPaJUIIHI
koHTposiepu PID He mommm ajgekBaTHO BIOpaTHCS uepe3 iX CKIaAHICTh. MeToau
BukopuctandHsi MPC po3BUBaIMCH MOPOTATOM JECSITHIITH, BKIIOUAIOUW BCE HOBI
JIOCSATHEHHSI B 00JacTi KOMIT'FOTEPHUX TEXHOJOTiM Ta anroputmiB. Jlo kinusg 20-ro
cronitts MPC mouano 3HaXOAWTHU 3aCTOCYBaHHS 3a MEXaMU XIMIYHHUX MPOIECIB,
BKJIIOYAlOYM  HadTOomepepoOHYy MPOMHCIOBICTh, XapuoBy MPOMUCIOBICTH Ta
aBTOMOOUTBbHY 1HXKeHepito [54]. [lepexin y chepy xontporato OBK OyB ouikyBaHuM
KPOKOM, BPaxOBYIOUM 3pOCTalO4y CKJIAJHICTb Ta BHUMOTHU /10 €HEProe(eKTUBHOCTI
cyyacHux cucreM. Ananranis MPC y cuctemax OBK 0Oyna cnpuunHeHa norpedoro B
OUIBII CKJIAJHUX CTPATETISIX KEPyBaHHs, sIKI MOIJIM O BIOpAaTHUCS 3 JUHAMIYHOKIO Ta
0araToBUMIpPHOIO MPUPOJOI0 IIUX CUCTEM. TpajuiiiiiHi METOIU KEpyBaHHS 4acTO He
BIAETHCSI ONTHUMI3yBaTH BHUKOPUCTAHHSI €Heprii, 30epirarodud Opu IbOMY pIBEHb
KOMQOpTY, 0COONMBO y BEIUKUX ab0 ckiIagHux Oynaiiax. KimouoBuMm ¢akropom, 1o
crpusiB mupokomy BukopuctanHio MPC B OBK, ctaB mporpec B o0OuucIlIOBalbHII
MOTY>KHOCT1 Ta HasABHICTh JJAHUX Yy PEaJbHOMY Yaci, 3 UMM MOKPAIICHHSMH CTAJIO
MOXJIMBUM pealizyBaTh CKJIaAH1 po3paxyHku, HeoOxiaHi ansg MPC.

OcHoBHa ines MPC mnomnsirae y BUKOpUCTaHHI Mojeni abo Mopeneu ist
MPOTHO3YBaHHSI MallOyTHbOI MOBEAIHKH CUCTEMH MPOTITOM BU3HAYEHOTO TOPU3OHTY.
[{s1 mporHocTUyHa MOJEIb, 3ACHOBAHA HA ICTOPUYHUX JAHUX Ta JAHUX B PEalbHOMY
yaci, MporHo3ye mManOyTHi ctanu cucteMu. [lorim MPC BUKOPHUCTOBYE 11i TPOTHO3U
s ontumizamii i kepyBaHHs (puc 1.4). YV kontekcti OBK MIIK wmoxe
MIPOTHO3YBAaTU MalOyTHI PiBHI TeMIEpaTypu Ta SIKOCTI MOBITPS Ha OCHOBI MOTOYHUX

JAHUX, 30BHINIHIX (DAKTOPIB, TAKUX SIK MOTO/HI yMOBH. [liciis 11bOro BOHa po3paxoBye
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ONTHMAaJIbHI KOPUT'YBAHHS CUCTEMU JUISl MIATPUMAaHHS OakKaHUX YMOB IPU MIHIMIi3awii

BUKOPUCTAHHS €HEPTii.

MWHYE MAMBYTHE
—

baykaHHa TpaekTopinA
MporHosytoya nosesiHka
BMMIpAHI 3HaYeHHA
lMporHosytoue KepysaHHA
—— 3pilicHeHe KepyBaHHA

tty

-

- [OPU3OHT NPOrHO3
< P p y ’

—t— >
Kpok
k+1 k+2 v k+p

=~

Puc. 1.4. Cxema ynpaBiiHHS JUHAMIYHUMU 00’ €KTaMu 3 BUKOpucTaHHsiM MPC-

niaxony [55]

MPC, sk nmpaBuiio, BKI0OYa€ B ce0e Takl KIFOYOBI KOMIIOHEHTH [56]:

1. [IporHocTyHa MOJENb: I MaTeMaTUYHA MOJEIb MPEJICTABISIE MOBEIIHKY
cuctemu OBK. Bona Moxxe OyTu BuBeneHa 3 (Pi3MUHUX 3aKOHIB (HAMPUKIAA, PIBHSIHb
Temonepeaayi, bepuymi Touo) abo eMOIpUYHUX JAaHUX (30KpeMa 3 BUKOPUCTAHHIM
MAaIllMHHOTO HABYAHHS “3 yyuTeaeM ’, KOJIM MOJIEIb HABYAETHCSA ICTOPUYHUN BHOOPIIL).

2. Topu3oHT KepyBaHHS: Iie¢ MailOyTHIN mepioa 4acy, mpotarom sikoro MPC
MPOTHO3Y€ TOBEAIHKY cucteMmu. lle kputuunuii mapamerp, sAKui 30allaHCOBYE
KOPOTKOCTPOKOBI MOTPEOU B KEPYBaHHI 3 JOBITOCTPOKOBUMH IIISIMHU.

3. @ynkuig BaprocTi abo Brpar: MPC ontumizye naHy (QyHKIiO, sKa

MpU3HaYeHa IS KUIBKICHOI OIIHKK Oa)kKaHUX ITiJIed, TaKuX K €eHeproe(eKTUBHICTD,
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koMopT abo 3HOC cucteMu. OnTumizailisi Moke OyTH BUKOHAHA 3a JOIIOMOTOI0 P13HUX
MIJIXO/A1B, TAaKUX SIK: JIIHIHE Ta HEJlHIITHE TporpaMyBaHHs, CTOXaCTUYHI METO/IH.

4. OOMexeHHs: BKIIIOYa€e B ceOe OOMEXEHHsI Ha CUCTEMHI 3MiHHI (HapUKJIa/I,
Jiana3oHu Temmeparyp abo BOJOTOCTi) Ta Jii KepyBaHHsS (Taki sIK MaKcHUMajlbHa
MOTY>KHICTh HarpiBy).

[Ipu upomy cepenr ocHOBHUX mepeBar BukopuctanHa MPC y cucremax OBK
MO’KHA BUJIUIATH:

l. IlpoakTBHE KepyBaHHs: NporHocthuuHa mnpupoga MPC no3Bonsie oMy
nependavyaTd Ta PeEryiaroBaTH MaWOyTHI MOAll, Taki SIK 3MIHU B ‘‘3allOBHEHOCTI”
MIPUMIIIIEHHS a00 TEIJIOB1 HABAHTAKECHHS, JI0 1X BUHUKHEHHS.

2. BpaxyBanns oOMexeHb: MPC eheKTUBHO HOTPUMYETHCS €KCIUTyaTalliiiHuX
oOMeXeHb, 3a0e3neuytoun 0e3neuny Ta eeKTUBHY pOOOTY CUCTEM.

3. bararo3minne kepyBanHsi: MPC Moxke OJHOYAacCHO KepyBaTH KiIbKOMa
acniektamu cuctemu OBK, Takumu sik Temrieparypa, BOJOTICTh Ta AKICTb MOBITPS, Y
KOOpPJIMHOBaHMM croCi0.

[Ipuknan inTerpanii MPC B OBK cuctemu OyaiBii ais ontumizaiii pooounx
YMOB, TaKUX SIK TEMIIEpaTypa, KOHIIEHTpallisl BYTJIEKHUCIOr0 ra3y Ta BOJIOTICTh —
300paxeHo Ha pUCYHKY 1.5.

OnuuM 3 OCHOBHMX BUKJIIUKIB IpH BripoBaxkeHHi MPC y cuctemu OBK € iforo
CKJIQJIHICTh Ta BHUMOTH JO OOYHUCIIOBAJIBHUX MOXIJIMBOCTEH, OOpoOKa HaHUX Yy
peaJbHOMY 4Yacl Ta MOCTiifHE OHOBJIEHHS Mojeliei, okpiM Toro iHTerpaiis MPC 3
icuyrouoro iHppacTpykryporo OBK Moxke OyTH CKIIaqHOIO, OCKUIBKH YacTO BUMArae

SHAYHOTO NCPCTIIAAY CUCTCMU KCPYBAHHA.
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Puc. 1.5. Cxema interpanii MPC B OBK 6ynisini [56]

PimienHsM nanux npoOsieM € po3BUTOK MiJIXOAIB A0 “OHJIANH" 0OpOOKH TaHUX 3

00’ekTy, po3poOKa MOAYIbHUX Ta MaciuTtaboBanux pimens MPC, mo copuse

MOCTYTIOBIH 1HTErpauli 3 ICHylOUUMHU CUCTEMAMHU.

VY koHTekcTl BUKOpUCTaHHA MPC, BaXJIMBUM € CTBOPEHHSI Ta 3aCTOCYBaHHS

edexTuBHUX Mojenel o0'ekTy. ToMy KIIOUOBUM CTa€ AETalbHUM aHANI3 Cy4acHOTO

IIPOrpamMHOro 3a0€3NeUeHHs], AK€ MOXe OyTH BUKOPUCTAHE JJIs LUX LJIeHd, 0COOIMBO B

KOHTEKCTI 3a0€3MEeUeHHS TOYHOCTI NIPOTHO3YBaHHS Ta MOXJIMBOCTI ONTHMI3alii

MPOLIECIB YIPABIIIHHS.
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1.2.2 Ilporpamue 3a0e3me4eHHs 1JIsl CTBOPEHHS IPOTHO3YHO4YUX MoJeJei

[Ipu po3pobui MPC 3a3Buyail BUKOPUCTOBYIOTHCS TPH OCHOBHI METOAU
MOJICJIFOBAHHS /111 OIIUCY CUCTEMH:

1. ®i3uyHe MoaeIoBaHHs (MOJEb Y BUIVIAAl Outnid siuuk — “white box™): i
Mojielli MoOyI0BaH1 Ha OCHOBI GyHAaMEHTaIbHUX (DI3UUHUX 3aKOHIB Ta PiBHSAHb. BoHU
3aCHOBaHI Ha NIMOOKOMY PO3YMIHHI MEXaHIYHMX Ta TEPMOJMHAMIYHUX IPOLECIB y
cuctemax OBK. Hampuknazn, naHi Monenal MOXYTb BUKOPUCTOBYBAaTH PIBHSHHS JUIS
OMUCY TeIIonepeaayl, AMHaAMIKU piIMH a00 TepMOAMHAMIUYHUX IUKIIB. Mozem “white
box” YacTo € neTaJbHUMHM Ta BHUCOKOTOYHHMH, aJle MOXYTh OyTH CKJIaJHUMH Ta
BUMAarati 3HAUHUX OOUYUCIIOBAJBLHUX PECYPCIB Ta MIMPOKUX 3HAHb MPO (PI3UUHI
BJIACTUBOCTI Ta MapaMeTpu cucTeMu. J[Jis CTBOpPEHHS JAHOTO THUILYy MOJENEH icHye
BellMKa KuUIbKICTh crneniamizoBanoro I13. s po3pobku neranpHux CFD
(Computational Fluid Dynamics) mopeneil cepeaoBullla MOXIUBE BUKOPUCTAHHS
ANSYS Fluent, Siemens NX, OpenFOAM Ttomo [57, 58]. Jns omnucy cucrem Ha
BepXHbOMY piBHI MOxuBe 3acTtocyBaHHs MATLAB/Simulink, Flownex, EnergyPlus
[59, 60].

2. MopentoBaHHS HAa OCHOBI AaHUX (Mojenb “yopHuil suumk” — “black box™): Ha
BIIMIHY BiJl (PI3MUHUX MOJEJeH, MOJelNi, 3aCHOBAaHI Ha JAHUX Ta HE 3aJIeKaTh BiJ
JIETaIbHOTO PO3YMIHHS (PI3MYHUX MPOIIECIB, SIK1 JIekKaTh B iX ocHOBI. HaromicTh BoHU
BUKOPUCTOBYIOTh ICTOPUYHI JIaH1 Ta CTATUCTUYHI METOAM a00 aJrOpUTMU MAIIMHHOTO
HaBYaHHSI [ IPOTHO3YBaHHs MOBeAIHKU cuctemHu. Lli momeni “Byarbcsi” Ha JaHUX 1
BUSIBJISIIOTH 3aKOHOMIPHOCTI a00 3B'SI3KM, YAaCTO HE HAJIal0UU YABICHb MPO MPUUYUHHO-
HacaiakoBl MexaHi3Mu. Mogem “black box” MoxyTe OyTH OiIbII THYYKMMHU Ta

3

JErMUMHU Y po3poOIli, HiK moaeni “white box”, oco0nuBo koiu (i3UYHI CUCTEMU
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3aHaATO CKJIa/IHI a00 HE MOBHICTIO 3p0o3yMiii. Ha maHuit MOMEHT 30JI0TUM CTaHAAPTOM
st po3podku “black box” momeneii e€: Python 3 Oi0miorexkamMu Ajis MalIMHHOTO
HaBYaHHsI, MOBa nporpamyBaHHs R Ta cepenouiie MATLAB [61]. IIpu HeoOxigHOCTI
pO3po0IEHI MOJENl MEepPEeNnuCYThCA 3a JIOMOMOrol Oulbill €(EeKTUBHOI MOBHU
nporpamyBaHHs, Takoi sk CH++. Ockuibku B HaimpoctimoMy Bumaiky “black box”
MOJIEJIb € 3BUYAHHOI0 CUCTEMOIO PIBHSIHbB, 1l MOKJIMBO OMHUCATH 32 JOMOMOTOIO Oy/b-
SIKOi MOBH MPOTpaMyBaHHS, BIAMOBITHO BapTO 3BEPTATH yBary J0 BUMOT KOHKPETHOTO
MPOEKTY Ta MOXKJIMBOCTEHN 1HTETpallli 3 IHIIUMHU BXKE€ ICHYFOUUMH CUCTEMHU.

3. I'iopuaHe monentoBaHHA (Mozeni “cipuil SmmK” — “grey box”): moenHye
€JIEMEHTH SIK (PI3MYHOrO MOJIENIOBAHHS, TaK 1 MOJICJIFOBAaHHS Ha OCHOBI1 JaHUX. Moxke
BUKOPHCTOBYBAaTH (PI3UYH1 3aKOHU JJI ONIUCY MEBHUX ACIIEKTIB CUCTEMU, B TOM e Yac
BUKOPUCTOBYIOYM METOJIM Ha OCHOBI JaHUX JJISI MOJICNIIOBAHHS YaCTHUH CHUCTEMH, SIKi
MEHIII 3pO3yMuTl a00 3aHAATO CKJIQAHI JUIsl aHAITUYHOTO MojeitoBaHHA. ['10puaHi
Mojieli 30aJ1aHCOBYIOTh MOXKIIMBICTh IHTEPIIPETAIlll pe3yabTaTiB Ta TOUHICTh MOJEIEH
“white box” 3 rHyukicTi0O Ta edektuBHIcTIO Moxenel “black box™. aui mopmeni
0COONMBO KOPHUCHI B CIEHApisfx, A€ JeAKl (Pi3U4HI 3HAHHA JOCTYIHI, aje IOBHE
JeTalbHE MOJICNIIOBAHHS HEMpakTUYHe a00 HemoTpiOHe. BulbliicTh po3pOOHUKIB
cneniamizoBanoro I13 mist monentoBaHHs mependayae 1HTErpaiio 31 CTOPOHHIMHU
MONYJSIMH, Hampukiaa Ansys miaTpumye nigkiaodeHHs Flownex, Matlab
nigkaodeHHs: EnergyPlus, npu npomy maiixke Bci I13 marots Python inTepdeiic.

KokeH 3 nux migxo/iiB 10 MOJEIIOBAaHHS Ma€ CBOI1 CHIIbHI Ta CIa0Ki CTOPOHH, 1
BHOIp MI’)K HUMH YacTO 3aJIEKUTh Bl KOHKpeTHUX BUMOT 110 cuctemu OBK, HasiBHOCTI
JaHWX Ta Oa)kaHOi TOYHOCTI Ta CKJIAAHOCTI Mopemi. Hampuknan, y cueHapisix, 1e
KPUTHUYHO BXKJIMBUN TOYHUN KOHTPOJIb Ta ONTUMI3AIliS, 1 1€ € JOCTATHI 3HAHHS MPO

CUCTEMY, MOXYTh BiJIJaBaTu nepesary pizuunum monensaM. HaBmaku, y cutyarisx, jae
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HEOOX1JHE IIBUAKE BIPOBA/KEHHSA Ta JOCTYIHI BEJMKI OOCATM eKCIUlyaTaliiiHuX
JAHUX, MOXKYTb OyTH OUIBII MiAXOIAIIMMHU MO/l HA OCHOBI JaHux. ['10puani moneni
INPONOHYIOTh CEPEAMHHMM MIIAX, 3a0e3leuyroud OalaHCc MK TOYHICTIO Ta
MPAKTUYHICTIO.

Ha nanuii yac mpoBezeHo mociikeHHs rigpasiiyHoro crany HBK, 3okpema
po3pobneno ¢izuuni “white box” CFD moneni [17], gki 103BOJSIOTH po3paxyBaTu
TepMOTa30IMHaMIYHI Ta BOJIOTICHI MapaMeTpu 00’ €KTy, IPU LbOMY BIJIPI3HAIOTHCS
3HAQYHUM YacOM PO3paxyHKIB Ta CKJIAJHICTIO MOXJIMBOI iHTerpaiii B icuytouy ICY
HBK. Ilixg rizpaBiaiyHMMH po3paxyHKaMH MAaeTbCs Ha yBasl aHaI3 pyXy MOBITPS B
MeKax 00’ €KTY, JaHl PO3paxyHKH TaKoXK 1HOJ1 HA3UBAIOTh a€pOIMHAMIYHUMU. B nanux
MOJIEJISIX TTOKA3aHO, 1110 OJHUMH 3 BUSHAUAJIbHUX JAHUX IS TIAPAaBIIYHUX PO3PaxXyHKIB
00’€KTy € MBUIKICTH Ta HanpsiM BiTpy HaBkoio HBK, siki onucytoTh po3no/iij TUCKIB
HaBKOJIO 00’€KTy. BiIbII MEPCEKTUBHUM € 3aCTOCYBaHHSI CHPOIIEHUX T1IpaBIIdYHUX
Mozenei [25, 27, 61], 30kpemMa 3 IHTeTpaIli€lo aJIropuTMIB MaIlTMHHOTO HaB4YaHHs. Ha
JAaHWA MOMEHT HE PO3pOO0JICHO BIAMOBIHOTO MIAXOAY W MPOrpaMHOro 3a0e3meueHHs
KWW TO3BOJUB OU 3a0€3MeunTy poOOTH JaHUX MOJIENIEH B peKUMI PeaIbHOTO Yacy.

[Tpu po3poOui metoniB kepyBanHs BY HBK mponoHyeTbCcsi BUKOPHUCTOBYBAaTH
KOMIUIEKCHUM, Ti0puanuil miaxia. el miaxin nepenbavae iHTerpaimito (i3uuyHUX
MojielieH, K1 0a3yloThbes Ha PyHIaMEHTaIbHUX 3aKOHAX (TaKuX sIK piBHAHHS bepHysi
Ta 30€peKEeHHS MacC), 3 CyYaCHUMU MPOTPAaMHUMU PIIIEHHSIMU, 30KpeMa, 3 pO3pOOKOI0
crneniamizoBanux Python wmoayniB. OxpiM [bOro IUIAHYETHCS  TOCIIJIKEHHS
MOXJIMBOCTEHN BIIPOBAKCHHS MOJIeNIeH, 3acHoBaHUX Ha “black box™ migxomi. OCKiIbKH
B IIOYATKOBIM (ha31 BOPOBAIKEHHS HE MepeA0aueHo IHTETPaLIiio [IUX METO/11B KOHTPOJIIO
Oe3nocepelHhO B 00'€KT (1110 MOB’sA3aHO 3 0€3MEKOBUMH BUMOTAMHM), HaraJibHOIO CTa€

norpeda B CTBOpPEHHI cHCTeMU MATpUMKH TpudHatrTs pimens (CIIIP) s
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€(DEeKTUBHOTO BUKOPHUCTAHHS OTPUMAHMX pPE3YJbTaTiB, KOTpa JO3BOJIUTH JUIsS

3abe3neuntu notpedu nepconany HBK B migTpumili pitens mono ynpasiinisa BY.

1.3 AHaJui3 cy4YacHMX CHCTEeM MiATPUMKHM NPUHHATTHA pPilieHb KPUTHYHUX

00’€KTIB yNpaBJIiHHSA

[Iponiec  excmnyaramii  HBK — nmepenbauae  HEOOXITHICTH — NPUUAHSITTS
YIPaBIIHCHKUX PIlIEHb, K1 0a3yIOThCA HA PI3HOMAHITHUX aJITOPUTMAaX, IHCTPYKIIIAX
Ta, B 3HaYHIA Mipi, HA MPAKTUYHOMY JOCBiAI mepcoHany. TpaauuiiHO i pilieHHs
Bi1I0OpakaloTh CTaHAAPTHI MPOUEAYpU Ta mpoTokonu. [IpoTe, y meBHUX CUTyaIlisiX,
cueHnapii po3Butky noaid y HBK MoxyTe HaOyBaTtu BHCOKOI CTYIIE€HI BapiaTUBHOCTI,
mo BuMarae Bia oci0 npuiimarounx pimeHnHs (OIIP) anamizy pi3HOMaHITHUX
aJlbTePHATUBHUX NULIXiB A1d. [Ipy iboMy BUOIp ONTHUMaIbHOT aJbTEPHATUBU BKIIIOYAE
OanaHCyBaHHS MIX BEJMKOIO KIJIBKICTIO 4acTO KOH(IIKTYIOUMX BUMOT Ta KPUTEPIiB.
Taka mpakTUKa 4acTO MPU3BOAUTHL A0 MPUNUHATTS MOMUJIKOBUX Ta HEaJEKBATHUX
pilieHb, OCOOJMBO y KPUTHYHUX CHUTyalisax. BaxnusicTe 3a0e3neuenHs OIIP
CBO€YACHOIO Ta 00'€KTUBHO HEOOX1THOIO 1HPOPMAIIIEI0 € TPIOPUTETHOO 3a71a4€I0, 1110
noTpedye BUPIIIIEHHS.

Po3misHyTi B JaHOMY PO3ALTL JOCTIIKEHHS T1AKPECIIOI0Th, IO JJIsl TOCATHEHHS
€(DEeKTUBHOCTI Ta WUIICHOCTI YMPABIIHHS HEMOXJINBO OOMEXKHUTHUCS CTBOPEHHSIM
OKpeMHuX MporpaMHuX 3aco0iB. HeoOXimHe iHTerpanbHe MOETHAHHS ITMX 3aCO0IB B
€eAMHy cuctemy. B cBITOBIA mpakTuill, BKIO4Yawouun cdepy  yHIpaBiiHHS
BEHTWISIIMHUMU ~ CUCTEMaMU  HAJACKIAJHUX 1HXKEHEPHUX OO0 €KTIB, IIUPOKO
BUKOPUCTOBYIOTHCSI MIAXOAM JIO 1HTErpamii Ta KOMOIHYBaHHs MpPOrpaMHOIO

3a0e3neueHHa B eauHi CIIIIP. Taki cucrtemu 00'enHyroTh B cOOl pI3HOMaHITHI



48

IHCTPYMEHTH Ta TEXHOJOT11, BKIIOYAIOUYH aHaJl13 BEJIUKUX JaHUX, A ITOPUTMU IITYYHOTO
1HTENIEKTY, IHTerpailito 0a3 JaHuX Ta 1HII1 TEXHOJOT11, 1100 3a0e3NeYnTH KOMILJIEKCHUI
aHaJji3 CUTYyallli, ONTUMI3allil0 MPOLIECIB MPUUHSTTS pillIeHb Ta €(PEKTUBHE YIPABIIHHS
HaJICKJIQTHUMH 1H)KEHEPHUMH cUCTeMaMu. J{aHui Tiaxi/ J03BOJIS€ 3HAYHO T1IBUIITATH
AKICTh Ta ONEPATUBHICTh MPUUHATTS pIllIE€Hb, MiHIMI3yBaTH PU3UKHU Ta ONTHUMI3yBaTU
YIPaBIIHCHKI MPOIECH.

CydacHuil po3BUTOK 1HGOPMAIIMHUX TEXHOJOTIA CYTT€BO BIUIMHYB Ha
aBTOMAaTH3allil0 MPOIIECIB B Pi3HUX c(epax JIOACHKOI AISUIBHOCTI, 30KpemMa y cdepi
yIpaBiiHHS. AHaJ3 HAYKOBO1 JIITEPATypH 3 LIbOTO MUTAHHS MTOKA3YE, 110 MEPIIIl 3TaJIKU
mpo Taki cucremu Aaryrotbesi 1974 poxom [62]. 3 Toro uacy BinOyBCs 3HAUHUI
PO3BUTOK 1 YAOCKOHAJICHHS 1HPOPMAI[IHHUX CHCTEM, L0 MPHU3BEIO A0 HEOOX1THOCTI
CTBOPEHHSI criepuly iHQpOpMalliHUX, a 3rofoM 1 inTenektyanpsHux CIIIIP.

HayxoBi pocnimkeHHss acnektiB po3pooOnenns CIIIIP orpumanu yBary
MPOBITHUX BUEHHUX, Cepell SKUX BapTo BiazHauuTu podotu II. bigtoka, C. Cy600TiHOi,
I'. I'matienko, b. I'epacumosa, 0. 3aituenka, 1. boraeuka, Michael Morton, Peter Keen,
Paul Gray, Hugh J. Watson Ta inmmx. IXHi gocnikeHHS OXOIIIIOIOTH IIUPOKHIA CIEKTP
3actocyBanb CIIIIP y ramys3sax, ne HeoOXiaHUNM OCOONMBUN MiAXiJ, 30KpemMa W Jis
Takux 00’ ekTiB miaBuiieHoi Hebe3neku sk HBK YAEC.

Sk omucyBajgoch B MOMEPEIHbOMY MIiAPO3MUI, Hapa3i ICHYIOTh po3poOieHi
mozaeni rifpasiiynoro crany HBK. Ha ocHoBI1 nanux Mozeneit MoxkiauBe po3poOsieHHs
CHeLIAIbHUX METO/IB, Kl JI03BOJIATh BU3HAYUTH ONTHUMAJIbHI MapaMeTpu poOOTH
BEHTWISIIIIMHUX YCTAaHOBOK NpPH PI3HUX TPaHUYHUX yMOBaX Ta JOCSITTH 3HAYHOTO
3MEHIIEHHS HEKOHTPOJIbOBAHMX BUKHUAIB pafiamii [63]. OmHak, KpiM CTBOpPEHHS
METO/11B, BAXKJIUBO TAKOXK PO3POOUTU CUCTEMY MIATPUMKH NPUNUHSTTS PillIeHb, sika Oyra

0 KOPHUCHOIO [IJIsl IEpCOHaNy, IPU BUPILIECHHI OACHHUX 3a1a4 [64]. Jlis BceGidyHOTrOo
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OCMHMCJICHHSI KpUTEPIiB Ta BUMOT, skl npen'sBisroTbes 10 CIIIIP, a Takox 11 OIiHKH
MOTOYHOTO CTaHy iXHBOTO PO3BUTKY, BXJIMBO JOCIIIUTH MPUKIAIN BUKOPUCTAHHS
TaKUX CHCTEM B CyMIXHUX oOnactsx. lle 103BonuTh 3p0o3ymiTH, siki (DyHKI[IOHATBHI
MOXJIMBOCTI Ta TEXHOJIOT14HI PIIlIEHHS BXK€ YCIIIIHO 3aCTOCOBYIOTHCS B IHIINX chepax,
K1 MOKYTh OyTH aJlaniToBaH1 Ta BIpoBaxkeH1 B koHTekcTi BY HBK.

B crarti [65] po3misiHyTo koM 'totepu3oBani CIIIIP ang cuctem mty4yHoi
BEHTWJIAILIL JIET€Hb. 32 YMOBH ME€BHOTO MaciITaOyBaHHS MO)XHA IMPOBECTH AHAJIOTIIO
MK 1aHuMu cuctemamu Ta HBK, 0co6nuBo BpaxoByroun HEOE3MMEUHICTh 03I TaTHUX
cutyaiii. B po0oTi po3MISIHYTO: YOMY KOMIT IOTE€pPU30BaHA MIATPUMKA MNPUUHSTTS
pillIeHb B CHUCTEMAaX IITy4YHOI BEHTUIALII € KPUTUYHO BaXKJIUBOIO, IETAIIBHO OMUCAHO
mpoIec ONTUMI3allli MapaMeTpiB, HABEICHO W TMOPIBHSHO BIAMIHHOCTI MIX
OoHO(aKTOpHOI Ta OararoakTOPHOI OINTHMIZAIIEID, OCOOIMBOCTI BUPIMICHHS
npoOjaeM OTpUMaHHS JAHUX BUMIPIOBAHHS, HEOOXIAHUX Il KEPyBaHHS 3aMKHYTHUM
KOHTYPOM, MOXKJIUBOCTI Ta 0OMexxeHHs1 cTpateriit po3sutky CIITIP Takoro kiacy.

Y npochimkeHHi, omyOmikoBaHOMY B [66], TpoBeaeHO TIHMOOKHN aHai3
MexaH13MmiB BigMoB OBK cucTteM 3 akneHTOM Ha cTparerii MiHiMi3aiii BapTOCTI Ta
HACJIAKIB BIIMOB, III0 BUHUKAIOTh MPH BHUBEICHHI OOMagHAHHSA 3 eKCIUTyaTallii.
JlocnimkeHHs: TpeacTaBise 1HHOBALIMHUN MiAXiA 10 TEXHIYHOTO OOCIYrOBYBaHHS,
30pIEHTOBAHUM Ha TIJABUIIECHHS HAJIMHOCTI CHUCTEMH, IO TMOTEHIIMHO MOXe
JIOTIOBHUTH Ta ONTHMi3yBaTH iCHYI04i METOIMKH B AaHiil cdepi. IMoBipHicHuil aHami3
Ha 0a3i posnoaity BeliOymia OyB BUKOpPUCTAHWUW MJi1 OLIIHKU PU3UKIB BIIMOB, IO
J03BOJIMJIO 1IEHTU(IKYBaTU OCHOBHI NPUYMHU Ta HACIIAKA BIAMOB, a TaKOX
po3pobuTH aepesa HecnpaBHocTed. Lli nmepeBa HecmpaBHOCTEH Oyinu IHTETPOBaHI y

CHUCTEMY 3HaHb JJIA MIABUINECHHS HaaliHOCTI Ta goctynmHocti OBK. IaTerparis nux
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METO/IIB J03BOJIIE CTBOPUTH OLIbII HAAIMHY Ta JOCTYNHY CHCTEMY, OCOOJIMBO B
koHTeKcTI OBK y Benmukux OyniBIisx.

Pe3ynbrati AOCHIIKEHHS BKa3ylOTh Ha MOXJIMBICTH IIJIBUIIEHHS 3arajibHOl
HaJIITHOCT1 CUCTEMHU IIUISIXOM 301JbIICHHS HAAIHHOCTI OKPEMHUX KOMITIOHEHTIB 3aBISIKH
3aCTOCYBAHHIO 3alpPOINOHOBAHOrO OaraToacneKkTHOro miaxony. JleranbHuit aHani3
JaHUX PO HECHPABHOCTI HAJAB KIIbKICHY OLIHKY HAJIMHOCTI YHCIEHHUX CKIIaJJOBUX
KOMIIOHEHTIB OCHOBHUX enieMeHTiB OBK cuctem, miakpecaonun BaKIUBICTh TAKOTO
MIIXOAY JJIS TOMEPEIKEHHS BIAMOB, 3MEHIIEHHS 4Yacy MHPOCTOI0 Ta MiJBUILECHHS
3arajibHOi IOCTYITHOCT1 CUCTEMHU.

Y  nmocmimxenni [67] posmismaetbes CIINP, npu3HaveHa miisi  OIIHKH
€HEProClOXUBAaHHS  Oy/iBEJIb Ta PEKOMEHJAIlN  ONTUMAJbHOTO  KOMIUIEKCY
PEHOBaLIITHUX 3aXO0/I1B, BPAaXOBYIOUHM KOMITPOMIC M)XK BapTICTIO, MOJIMIIEHHSIM SIKOCTI
CIIOPY/IU Ta ii BILTMBOM Ha HABKOJIUIIIHE CEPENOBUIIIE. 3/IIMCHEHO JBOETANHY BaIiAalliio
CUCTEMH [IJIsi JE€MOHCTpallli MPAaKTUYHOTO 3aCTOCYBaHHS T1OpUIHOTO MIAXOAY: IS
Bajijamii  €QEeKTUBHOCTI aJIrOPUTMYy BHUKOPUCTOBYIOTHCSI METOAM  I[IJILOBOTO
MpOrpaMyBaHHsI Ha OCHOBI OlHApHUX LUJIEH Ta TEHETUYHI aaropuT™Mu. [ns Bamimamii
pPI3HUIb Yy EHEepPreTU4HId e(EeKTUBHOCTI, MPOTHO30BaHIN s pIIIEHHS pPEeHOBAIlli,
3aMpoOIIOHOBAHOTO CUCTEMOIO, OYB BBEICHUI peajbHUM NpOeKT peHoBaillli. Pesynbratu
JIEMOHCTPYIOTh, 110 3alpONOHOBaHA TIOpHUIHA cUCTeMa € OUIbII OOYMCIIOBAJIBLHO
e(heKTUBHOIO, HI’K BUKOPUCTAHHS OKPEMUX AJITOPUTMIB.

VY nocnimxennsx [68, 69] npoenenux B HTYY "KIII imeni Irops Cikopcrkoro",
MPEACTABICHO apXITEKTypy Ta MaTeMaTU4YHe OOIPYHTYBaHHS CHUCTEMH KJIIMAT-
KOHTPOJIO JUIsl BEJIMKUX MPOMUCIOBUX 00'ekTiB. P0o3poOka BKIIIOUAaE alropuTMu
YIOpaBIiHHS CUCTEMaMH KOHAMI[IOHYBaHHS Ta OararopyHKI[IOHAJbHE MpOrpamMHe

3a0€3IeUeHHs, IHTErPOBAHE Yy CEPEAHHOPIBHEBE YIPABIIHHA MIAIPUEMCTBOM 3a
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nonomorowo CIIIP. ¥V pocnimkeHHSX BU3HAUEHO KIIFOUOBI KpUTEpPIi Ta po3poOIeHO
aNrOpUTMU [JJI1 ONTHUMI3aIlli Ta ajanTalii CUCTeM YHOPABIIHHSA MNPOMHUCIOBUMH
KOHAUI[IOHEPAMU, 10 JI03BOJISE MiIBUIIUTH €(DEKTUBHICTH MIKPOKIIMATy BUPOOHUUUX
MPUMIILIEHb 3 YpaXyBaHHSIM 3MIHHUX YMOB ekcrutyaraiii. Bukopucranns uiei CIITIP
CHpHsIE€ MMIJIBUILEHHIO MPOIYKTUBHOCTI CHCTEM MIKPOKIIMATy B yMOBaX AMHAMIYHOL
BUPOOHNYOT AisIbHOCTI. Po3po0Oiieni mojeni, METOIU Ta aJrOPUTMH YIPABIIHHS
PEKOMEHJIOBaH1 JJI1 IHTErpailii Ha eramax I[pPOEKTyBaHHS, HaJAIITYyBaHHS Ta
eKCIUTyaTallli CHCTeM ONEePATUBHOTO YNPABIIHHS BUPOOHUILITBOM.

VY pamkax pocmimkerts [70], o0CHOBHIM 00'€KTOM SKOTO € TIPOIECH MOJepHI3aIlii
Oy/iBeNIb 3 METOIO MiJIBUIIEHHS X eHeproe()eKTUBHOCTI, PO3MISAIA€ThCS TIIOTE3a MPo
MOXJIMBICTh ~ TOKpAIllEHHS  TMPOTHO3yBaHHA  CLEHApPIiB  MoOJEpHIZalii fAK 3
€HEePreTUYHOro, TakK 1 3 (IHAHCOBOTO aCIeKTy. JJoCchiKeHHs TPOMOHYE METOAOJIOT1IIO,
3aCHOBaHY Ha MOJIENIIOBaHHI, JJIsi OI[IHKM BIUIMBY JOCTYNHHUX €HEProe(peKTHUBHUX
pillleHb Ha MailOyTHE CHOXWBAHHS EHEPrii, BUXOASYM 3 pPeaJbHUX JaHUX MPO
BUKOpucTaHHs. i 1aHi 30uparoThCs 3a IOMOMOTOI0 0€3APOTOBOI CEHCOPHOI MEpexi,
BCTaHOBJIEHOI B OydiBiAl Ha MIHIMAJIbHO HEOOXIAHUN TepioNl, BU3HAYCHUI
MeTonoioriero. EHepreTnuHe MoJieNtoBaHHS PI3HUX CLIEHApPiiB MOJEpHI3allii CIYyXUTh
ocHoBoro mnsa CIIIIP, sika momomarae iHBeCcTOpam HampaBisATH (IHAHCOBI PECYpCH,
BpPaxOBYIOUM K MarepialibHi, Tak 1 HeMaTrepiaibHi KpuTepii. Lleil 3aranbuuii mpoiec
MIITPUMYETbCST  TIAT(GOPMOI0 TPOTPAMHOrO 3a0€3IMEUYEHHs, SKa BKJIOYAE ayquT
Oy/iBeNib, MPOTHO3YBAaHHS CIOXKWUBAHHS €HEPrii Ta MIATPUMKY MPUUHSTTS PIIICHb.
CIIIIP Bkirovae aHali3 IepeBar, MOXJIUBOCTEHM, BUTpAT Ta PU3UKIB HA OCHOBI
aHaJIITUYHOTO MpoIlecy. 3aponoHOBaHa METOI0IOTIA Ta maTdopma Oynu anpoOoBaHi
Ha peajdbHUX 00’€KTax, IEMOHCTPYIOUM OYIKYBaHI MepeBaru aJlbTepHATUBHUX PIlICHb

JUTSL MOJIEpHI3allii, 0COONHUBO Y cpepax OCBITIICHHS Ta TEILIOBOrO KOMQOPTY.
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Cuctrema RODOS (Real-time On-line DecisiOn Support), po3pobieHa micis
karactpodu Ha YopuoOwmnbcekii AEC 3a miarpumkum €Bpormeiicbkoi Komicii, €
npukiiagoM iHHoBauiiHoi CIIIIP s ympaBniHHS HaJI3BUYaHUMHU CHUTYyalllsIMA Ha
atToMHHX enekTpocTtanuisx [71]. OunoBnena Bepcis miei cucremu, JRODOS,
BUKOPHUCTOBYE Java Juisl 3a0€31e4eHHs] OUIbIIOI THYYKOCTI Ta CyMICHOCTI 3 PI3HUMH
OOYMCTIOBAIBHUMU  JaTdhopMaMu, 1[0 3HAYHO PO3IMIUPIOE  MOXKIMBOCTI il
3aCTOCYBaHHS.

OcHogHi nepeBaru JRODOS BkI104atoTh 1i 37aTHICTh TPOBOJUTHU JAE€TaT130BaH1
PO3paxyHKH PO3MOBCIOMKEHHS PaJIOAKTUBHUX PEYOBUH y aTMocdepi Ta OI[iHIOBATH
pIBHI ONPOMIHEHHS HACEJEHHS, 10 JI03BOJISE ONMEpPaTUBHO pearyBaTd Ha aBapiifHi
cutyarii. Omy0OikoBaHi pe3yibTaTh OILIHOK CHPHSUIM MIABUINEHHIO MPO30pPOCTi Ta
iHpopMoBaHOCTI rpoMajichbkocTi. OJHAK, CHCTEMa Ma€ MEBHI HEAONIKH, 30KpEMa,
BUCOKMU pIBEHb HEBH3HAYEHOCTI B JAHUX MPO JHKEPENIO pajiallifHUX BUKHIIB.
HesBaxatoun Ha 1e, moxemoBanHs JRODOS mnoka3ano 3a10BUIbHY BIANOBIAHICTb
JAHUM MOHITOPUHTY, 110 CBIIYUTH MPO 1 €PEeKTUBHICTh Y MPOTHO3YBAaHHI Ta OLIHII
pPaaloIOriYHUX YMOB.

3actocyBanHs JRODOS nemoncTpye 3HauHi MoxiuBocTi CIIIIP y koHTEKCTI
OI[IHKM HaCHIAKIB siaepHuX aBapid. CucrteMa eQeKTHMBHO I1HTErpy€ 4YHUCEIbHI
METEOPOJIOTTYHI MOJEINI JJIsi CTBOPEHHSI TOYHUX MPOTHO31B 1 I1IarHOCTUYHUX OIIHOK.
Taka iHTerpailisi J03BOJSIE€ MPOBOAUTH KOMIUIEKCHI OLIIHKHM PaJi0JOTIYHOIO BILIUBY
aBapiii Ha AEC, 3a0e3neuyroud IiHHI JaH1 JJiS pIlIeHb 1IOA0 €BaKyarlii, MeAUYHOI
JOTIOMOT Y Ta 1HIIUX 3aXO0/IB pearyBaHHs Ha HaJ3BHYaliHI CUTYaIlil.

Y poboti [72] meranbHO nociaimpkeHo nuTaHHs 3actocyBaHHs CIIIIP s
3a0e3neueHHsa Bucokux BUMor Oe3neku AEC B ymoBax HeBU3HaueHOCTI. OCHOBHOMO

IHHOBAIIIEI0 € 3aCTOCYBaHHA JEKJIapaTUBHOTO MIJIXOAYy JO MpPOrpaMyBaHHs, IO
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J03BOJIIE CHCTEM1 CaMOCTIMHO LIYKaTH PIIIEHHS Ha OCHOBI ONUCY NpoOJeMH Ta
JoriyHuX npasui. Llel miaxia He BUMarae BiJi IporpaMicTiB KOJAYBaHHS CrielUpIYHUX
aNrOpUTMIB, a 3aMiCTh IbOTO IMepefdayae BUKOPUCTAHHS TMPaBWI ISl OMUCY
KOH(Irypaii CHCTeMU 1 MOXKJIMBUX 1M I 3MIHU CTaHy il KOMIIOHEHTIB.

[TepeBaru Takoi CIIIIP BkItoyaroTh 3MaTHICTh CUCTEMH AJIalITyBaTUCS IO PI3HUX
CLIEHapiiB, 10 0COOIMBO BaXKJIMBO y BUIAJKY CKIAAHUX 1 TUHAMIYHUX CUCTEM, SIKUMH
e AEC. Cuctema MOx€ aBTOHOMHO [J1arHOCTYBAaTH HECHPABHOCTI Ta OOYMCIIIOBATH
HEOOX1JTH1 J1i /ISl IX YCYHEHHS, OMUPAaIOYUCh HA MOCTIMHUI MOHITOPUHT CTaHy 00'€KTa
1 xommnoHeHTiB. Cepea HENOMIKIB BapTO BIA3HAYUTU PU3HMK, 10 B pasi
HerependauyBaHUX CIEHApIiB CHCTEMa MOXE HE 3HAWTHU aJeKBATHOIO PIIICHHS.
HesBaxatoun Ha 11 BUKIMKH, 3actocyBaHHs aaHoi CIIIIP ma AEC BinkpuBae HOBI
MOXJIMBOCTI JUIsl TIJABUINECHHS Oe3meku, €(PEeKTUBHOCTI Ta HAAIMHOCTI YNpPaBIiHHS
CKJIQJIJHUMHU TIPOMHCIOBUMU TMpolnecamu. Lle 103BoJiss€ 3HU3UTU PUBHK JIOIACHKOTO
(daxTopy, 3abe3neuyroun OIbII OO0'€KTUBHUM 1 HAYKOBO OOIPYHTOBAHUM MIAXiA 10
YIpaBIIIHHS 0€3IEKOI0.

VY poborti [73] npoBeneno anani3 po3pooku CIIIIP ayist ynpapiiHHS cUTyalIIMU
IpU aBapisix HAa aTOMHHUX EJIEKTPOCTAHINISAX, 3 BUKOPUCTAHHSAM HOPMAaTHBHUX
THCTPYKIIIH (SIK1 3a3BUYall OMUCYIOTh HE CTPOTHM MOPSAJIOK [Iiid, a TeBHI PEKOMEHAIli1).
3anpornoHOBaHO MiAXiJA 3 BpaxyBaHHSIM OCOOJIMBOCTEM CHPUUHSATTS 1H(pOpMAIIii
JTIOAUHOIO0 (BUKOPHUCTOBYIOUM METOJA (YHKIIIOHAIBHOTO PE30HAHCHOTO aHalizy Ta
“apaOvHU TPUUHATTS pIlIeHb ), 1[I0 3MEHIIYE TEOPETUYHO 3MEHIINY€E KUIBKICTh
nomuiiok OIIP. 115 poGoTa € BaKJIMBOIO Yepe3 CBOE 30CEPEHKEHHSI Ha 3HAYHOMY PIBHI1
BIIMOBIAATBHOCTI Ta KOTHITUBHOTO HABAaHTAXXEHHS, SIK1 MOKJIAIAI0THCS HA OMEpPaTopiB
mpu poOOTI HA AaTOMHMX EJEKTPOCTAHIIAX, BUCBITIIOIOUM KPUTHYHY HEOOXI1JIHICTh

BpaxyBaHHS LIUX aCIEKTIiB y mpoiieci po3pooku epexkruBHux CIIIIP.
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OxpeMo BapTO BIA3HAYUTH HOBITHIN MIAX1A 0 MIATPUMKHA NPUUHSTTS PIllICHb,
KWW TOYaB PO3BUBATUCH 3 PO3BUTKOM BEJIMKUX MOBHMX Moaeneiu [74]. L1 moneni,
MPUBEPHYJIM 3HAUHY yBary 3aBIsKd CBOIM 3IaTHOCTI JI0 PO3MIMPEHOTO PO3YMIHHS
MPUPOJHOI MOBH, a TaKOXX CUHTE3Yy 1H(dopMmallii 3 MHUPOKOro cHekTpy jxepen. lle
BiIKpMBa€ HOBI MOXJIUBOCTI Jyisi cTBOpeHHs1 CIIIIP, ockinbku Taki MOAENI MOXYTh
3HAYHO MOKPAIIUTH B3aEMOJIII0 MK KOPUCTYBayeM Ta cucTeMor0. Bonu 3a0e3neuyroTh
HE Jiie OUTbIIl TOYHE PO3YyMIHHS 3allUTIB KOPUCTYBAUiB, aje ¥ MOXYTh MPONOHYBAaTH
OlTpIII BIATOBIJHI Ta KOPHMCHI BIAMOBiAI, 37aTHI BECTH OararopiBHEBHI giajor i
HaJaBaTH JOKIagHl BKaziBku. [Ipore, ciijg 3a3HAUMTH, 110, HE3BA)KAIOYM Ha CBOI
nepeBary, BEJMKI MOBHI MOJEJIl MarOTh IE€BHI OOMEXKEHHs, SK-OT BIJACYTHICTh
IJIMOOKOTO PpPO3yMIHHS KOHTEKCTY 1 BHUPOOJEHHS BIANOBIACH, SKI MOXYTh OyTH
HETOYHUMU a0O0 HaBITh BBOJIWUTH B OMaHy, II0 BUMAarae 00EpeKHOT0 MIAXOMy IpH iX
BUKOPUCTAHHI Y BOXIUBUX cepax mpuiHATTA pimieHsb [75]. B crarti [76] onucano
METOAMKY BHUKOPUCTAHHS JaHUX MOJENel s CTBOpeHHs TrpadiB 3HaHb Yy
HaJ3BUYAUHHUX CUTYaIlisX, K4 MOXE JOMOMOITH E€KCTPEHUM CIyk0aM mnpuiiMaTu
OOTpyHTOBaH1 PIIIEHHS BIAMOBIAHO A0 CTaHAapTiB 1 mpaBui. KpiMm Toro, BemyThcs
JTOCHIDKEHHST Ta po3poOKa METOMIB JUIsl 3aCTOCYBaHHS MOBHHMX MoOJENIed MpHu
yrnpasninai OBK cucremamu [77].

Takum umHOM, po3misiHyTo 3actocyBaHHsa CIITIP y pizHoMaHiTHUX cdepax,
BKJIIOYAIOYM MEAUIIMHY, YIIPaBIiHHA 00JIa[HaHHIM, eHeproe(PeKTUBHICTh Oy/IiBelb Ta
HaJ3BUYaliHI CHUTYyallli Ha AaTOMHHUX e€JEeKTpocTaHIifaX. KIIouoBUM acmekToM e
BUKOPUCTAHHS ONTUMI3allli KPUTUYHUX TapaMeTpiB, MiHIMI3AIll PU3HKIB Ta
MIJIBUIIICHHSI €(DeKTUBHOCTI yIpaBliHChbKUX pimieHb. [Ipu po3pobui CIIIP BaxiauBo
3BEPHYTH yBary Ha IHTErpamil0 Cy4acHUX TEXHOJIOT1H, TaKUX SIK MOXKJIIUBICTh

3a0e3MeueHHs MOMMOICHOr0 aHaIi3y JaHUX Ta MOJEIIIOBaHHS IPOIIECIB, a TAKOXK Ha
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MOXJIMBICTb BUKOPHUCTaHHS 1HHOBAI[IMHUX MIAXOMIB, HAMNpPUKIAT, MOXKJIHUBICTh
MOAAIBINOI 1HTErpalli MOBHHMX MOJENIEH I TOKpAIleHHs B3a€MOJli CHUCTEMH 3
KOpHUCTyBaueM. BaxJIMBUM € TakoX 30CEpeKEHHS Ha HAAIMHOCTI Ta O€3MEeKOBUX
acreKTax cucTeM, oco0InBO B KOHTEKCTI BUKopucTanHs CIIIIP y KpuTHYHO BaXKJIMBUX

C(I)ean, TAaKHUX K IIOBOIKCHHA 3 AACPHHUMU BiI[XOI[aMI/I.

1.4 IlocTaHOBKA HAYKOBOI'0 3aBJAAHHS A0CJIi/IKEHHS

[IpoBenenuii anani3z ymoB 1 (GakTopiB, 110 BILUIUBAIOTH HA PO3POOIEHHS MOEIIEH
Ta nporpamuux 3aco6iB ynpasiinag BY HBK YAEC noka3as, 1o nana cucrema € B
CBOEMY PO/l YHIKaJbHOI, a OCKUIbBKM BBEIEHHS B EKCIUIyaTalilo Bi10yJI0Ch
HEIo/IaBHO, 1HQopMaTu3alis mpoieciB ekcrutyaranii BY mnorpelye mnonanbiioro
PO3BUTKY.

Ak BuzHaueHo B migpo3aini 1.1, 3amauamm ¢yukiionyBanus BY HBK e
3a0e3reueHHs Takux QyHKIIN: migTpuMaHHs 3a1anux yMoB Becepeanni HBK (Takux sk
PELUPKYIISIiS MOBITPS Ta BIAMOBIIHUM piBEHb BOJOTOCTI), MiHIMi3allisl BUKUIIB PA 3a
Mexi KoHdallHMEeHTy uepe3 HEKOHTPOJIhOBaHI MpoTiuku. [Ipu mpomy ontumizaiii
OCTaHHbO1, OLTBII KPUTUYHO BAXKIIMBOI (PYHKIIT i MPUCBSYEHE AaHE JOCIIIKEHHS.

Pi3HomaHITHI (haKTOpH, TaKi IK METEOPOJOTIUHI YMOBH, BUMOTH JI0 paialifHo1
0e3nexkr Ta HEOOX1JHICTh MOCTYMOBOTO JAEMOHTaXy HECTAOUIbHUX KOHCTPYKIIHN (110
3MIHIOE€ BHYTpILIHI YMOBH), BIUIMBalOTh Ha ymoBu poOotu BY Ta HBK B minomy.
Bigrak, ans  ynopaBiaiHHA =~ IIUMA ~ KOMIUIEKCHUMM — TIpoOLleCaMH  HEOOXI1JTHO
BUKOPUCTOBYBAaTH CHEIIaJIbHI METOAM 1HXKEHEpii MPOrpamMHOTO 3a0e3MedeHHS.
JocnimkeHHs: mokaszanu, 1o icHyrodl iHdopmariiitai cuctemu HBK maroTe oOmexeHi

CIIPOMOXHOCTI IIOJI0 MPOTHO3YBAaHHS, YIPABIIHHS Ta MIATPUMKUA TPUNUHATTS PIIICHb.
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HasBHICTh 1 CKIAQOHICTh MPOLECIB, MO CYNPOBOIKYIOTh E€KCILTyaTallll0 BEHTHJIALIL
30UIBIIYIOTh KUTBKICTh Ta CKJIQJIHICTh 3aJa4 1 BUMAararoTh ONEPATUBHOTO MPUUHSITTS
pimens OITP Ha ocHOBI aHami3y motoyHux Aanux. Tomy mig yac ekciutyaranii HBK ta
pobotu onepatopiB BY, a Takoxk kepiBHOTO CKJIady MOXYTh BUHUKATH P13HI TpoOiIeMu
1 3a]71a4i, [0 MOTPEOYIOTh PO3B’sI3aHHS 13 3aCTOCYBAHHSIM 3HAHb Ta KOMIIETEHTHOCTEH
OB’ sI3aHUX 31 cremiaiabHICTIO 121 (1HKeHepis MporpaMHOro 3a0e3MeueHHs ).

Oxkpecnene chopMyBaio KOMIUIEKCHE MPOTUPIUYsA: 3 OJHOrOo OOKy, B XOAl
excrutyaranii HBK BuHMKae HEOOX1AHICTh OLIIHKM Ta MPOTHO3YBAHHS T1IPaBIIYHOTO
CTaHy, MiHIMI3allli BUKU/IB PaJl0OaKTUBHUX PEUYOBUH, BUKOPUCTAHHS €JIEKTPOCHEPTii
BY; 3 inmoro 6oky, HBK € ckiagHo AMHAMIYHOIO CHUCTEMOIO, /1€ 3HAXOKECHHS
ONTUMAJLHUX PEKUMIB IPOBEACHHS POOIT Ta €(heKTUBHA pOOOTA MiACUCTEM 3aJIeXKaTh
B1Jl pI3HOMaHITHHX (PAKTOpIB, TaKMX SK 3MIHM YMOB €KCIUTyaTalii Ta BHYTpILIHI
mporiecu 00’e€kTy (BUMarae peTeiapbHOro OallaHCyBaHHS MDK mOTpedamMu B
eHeproe(PeKTUBHOCTI Ta O€3MeKH, a TaKoXK HAAIMHICTIO Ta aJalTUBHICTIO CHCTEM
yrpaBiiHHs). Take npoTupiduus noTpeOye BHUPIIMICHHS 3a JIOMOMOTOI0 PO3POOKH 1
BIPOBAJ>KEHHS MEepeOBUX 1HGOPMAIIIMHUX Ta aHATITUYHUX TEXHOJIOT1H, BKIIOYAI0UU
KEPYBAaHHS 3 MPOTHO3YIOUMMH MOJEISIMH, SIKI 3[aTHI HAJaTH PEKOMEHJauli 1010
KepyBaHHS y BIJMOBIIb Ha 3MIHHI YMOBH, 3a0€3ME€Uyl0OYd TUM CaMUM IIiJBUILCHHS
edekTuBHOCTI Ta O6e3neku excrutyararii HBK.

KpuTndHO BaXXJIMBUM € BpaxyBaHHS KOHKPETHUX OOMEKEHb, SIKI CTOCYIOTHCS
JOCTYIHOCTI 1H(QOpMaIlii, a TAKOXK JOTPUMAHHS CTaHAApTIB OE3MEKU Ta BiAMOBITHUX
peryiasiTuBHUX BUMOL. OCHOBHOIO JUIsi CTBOPEHHS METOMAIB Ta iXHBOI MOAAJIBIIOI
MEePEBIPKU € BUKOPUCTAHHSA Junie Tux icropuuHux ganux HBK, siki Oynu orpumani 3
no3Boity kepiBHULTBa YopHOOMIbChKOT AEC Ta IHCTUTYTY TEXHIUHOI TEIIO(}i3uKU

HAH VYkpainu.
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MeTo10 1aHOTO OUCEPTAIIMHOTO JOCHIHKEHHS € MiHIMi3amisa BUKUIIB PA Ta
ONTUMI3AIlI BUTPAT €JIEKTPOCHEPTIi UISIXOM MiABUIIEHHS €(DEKTUBHOCTI YIPaBIIHHSI
BeHTWISIIIHHUME ycTaHOBKaMu HBK 3 BUKOpUCTaHHSIM MPOTHO3YIOUUX MOJIEIIEH.

O0’€kTOM OCHIIKEHHS € MPOIEC YIPABIIHHSA BEHTWISILIINHUMHU YCTaHOBKaMHU
HBK.

IIpeameTroM [OCHITKEHHS € MOJENl Ta TNporpaMHe 3a0e3MeyYeHHs IS
ONTHUMAJIBHOTO YNPaBIIHHSA BEHTHWIALIHMMEU ycTaHoBkamu HBK.

JlocsirTHEHHS! TOCTABJIEHOI METH Ta BUPILIEHHS HAyKOBOT'O 3aBJaHHS 3 PO3POOKU
HayKOBO-METOAMYHMX MiAXOMIB mogo ontumizanii ynpasiainHas BY HBK YAEC,
BUMAara€ BUKOHAHHS psAIY YAaCTKOBUX 3aBJIaHb, 10 IPEJICTaBIEHI HAa PUCYHKY 1.6 y
BUIJISA/II CTPYKTYPHO-JIOTTYHOI cxemHu (eranu 1-8):

- a”aJi3 yMOB poOOTH Ta XapaKTePUCTUK BEHTUWIAINHNX ycTaHOBOK HBK

- aHaJi3 ICHYIOUMX METOJIB YINPAaBIIHHS CUCTEMaMH OMAaJEHHS, BEHTHJISII Ta
KOHJULI0HYBaHHS MOBITPS;

- anam3 icuytouux CIIIIP, po3pobnenux mist kontpoiato OBK Ta 00’exTiB
MABUIIIEHOI HEOC3IIEKH;

- a”aJi3 yMOB poOOTHU Ta XapaKTePUCTHK BEHTUWIALINHNX ycTaHOBOK HBK

- aHaJi3 ICHYIOUMX METOJIB YINPAaBIIHHS CUCTEMaMH OMAaJEHHS, BEHTHJISII Ta
KOHJUL10HYBaHHS MOBITPS;

- anam3 icuytouux CIIIIP, po3pobnenux mist kontpoiato OBK Ta 00’exTiB
MABUIIIEHOI HEOC3IIEKH;

- pO3pOOJIEHHSI apXITEKTypH CHUCTEMU MIATPUMKH MNPUUHATTSA PIMIEHb 100
ontumasibHoro ynpasmiaas BY HBK;

- YIOCKOHAJICHHSI aJITOPUTMIYHO-TIPOIPAMHUX METO/IIB 3HAXO/KEHHSI TUCKIB Ta

IJIOII HEKOHTPOJIbOBaHUX MpoTiuok BcepeanHi HBK Ha ocHOBI ¢di13uuHO1 Moaeni;
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- po3po0IiIeHHST CrIOCO0Y BUKOPHUCTAHHSA MOJEJeH MAIIMHHOTO HaBYaHHS IS

po3paxyHkiB riapaBimiuHoro crtany HBK, 3 Merowo miABUIIEHHS TOYHOCTI

MPOTHO3YBaHHS BHYTPIIIHIX TUCKIB;
- po3poOIeHHS aJTOPUTMIYHO-TIPOTPAMHOTO METOIY 3HAXO/KCHHS
onTUMaJIbHUX BUTpaT BY npu 3MiIHHUX IPaHUYHUX YMOBAX 3 BUKOPUCTAHHAM MOJIENei
Ha OCHOBI MAIlTMHHOT'O HAaBYaHHS,
- po3poOIeHHS aJTOPUTMIYHO-TIPOTPAMHOTO METONY 3aCTOCYBAHHSA
CTaTUCTUYHUX METEOPOJIOTIYHHMX JaHUX JJIs OIliHKK BUKUAIB PA 3a mexi HBK.

[Ipu npomMy ocTaHHI JBa €Tamu, Kl 300pakeHl Ha CXeMi, BIAMOBIJAIOTH 3a

MPAKTUYHOIO peai3alliio Ta MOoAaNbILy MEePEeBIPKY pO3pOOICHIUX METOIB Ta MOJENEH.

. 2 AHanis icHy04uX -
1 AHania ymoB L > meTonis ynpasnikHA > 3 AHanis icHyo4Mx 4 Po3spobneHHA
poboTtn BY BY cnne apxitektypu CMIP
2p 6 6 PospobneHHA 4
8 Po3pobneHHn OMSE;)O;;HHH meToay 5 Y[0CKOHaIEHHA
BUKOPUCTAHHA MEeTO,

MeToay [€—  3HaxopXXeHHsA €—| P Ay .
3aCTOCYBaHHHA ONTUMAITbHMX BATDAT MalLMHOro HaB4yaHHA 3HaxX0AXKeHHA TUCKIB
MeTeodaHux BY P ONA OUiHKN Ta nnowy NPOTiYOK

riapaBniyHoro ctaHy
A 4
9 Peanizauin 10 Peanizauin
u o
MO[ENeN Ta METOAIB cnne

Puc. 1.6. CTpyKkTypHO-JI0T14HA CXeMa BUPIIICHHS HAYKOBOTO 3aBAaHHs
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BucHoBku 10 po3ainy 1

1. Yuikanena pons HBK B cdepi snmepHoi Oesmeku, a came B KOHTEKCTI
3amo0iraHHs pO3MOBCIOXKEHHIO PaJAl0aKTUBHUX B1XO0/1B, BUMArae po3po0KH HOBITHIX
Ta HaIITHUX METO/IB KepyBaHHs. KoMmruiekcHuit aHani3 GpakTopiB Ta yMOB yHpaBIiHHS
BeHTWsIIHHUME  ycTaHoBkamMu HBK YAEC, a Takox iCHyrOuUMX MiIXOAIB 10
MOHITOPUHTY Ta KOHTPOJIO BKa3ye€ Ha Te, 10 MOJaJblle MiABUIIEHHS €()EeKTUBHOCTI
MOXJIMBE 32 PaXyHOK 1HTeTpallii HOBUX TE€XHOJOT1i, TAKUX K MPOTHO3YI0U1 MOJENI Ta
MalllMHHE HaBYaHHSI.

2. PerenpHuii aHami3 icHyrouMx cucreM KoHTpomoo miua OBK, BkimrouHO 3
KJIACHYHUMU Ta OUTBII HOBITHIMU MiAXOJIaMH, 30KpeMa 3 BUKOPUCTAHHSIM aJITOPUTMIB
MAaIllMHHOTO HaBYaHHSI, MOKAa3aB MOXJIMBOCTI JUIsl BIPOBAXKEHHSI HOBUX, aIANITUBHUX 1
THYYKHX PIIIECHb.

3. JeranbHuil aHami3 METO/IB KEPYyBaHHS 3 IPOTHO3YIOUUMU MOJIETISIMH, a4 CaMe
TaKUi acnekT K MOXKJIMBICTh BPAaXOBYBaTH ManOyTHI CTaHU 00 €KTy IpPH 3MIHHUX
yMOBax Ta BIJMIOBIIHO BU3HAYATH MMApaMETPHU ONTUMATBHOTO YIPABIIHHS € KJIIOYOBUM
acriektoM Jiy1st ontuMizatii podotu BY HEK. [IpoTe icHyI0Th BUKIIMKH, KOTP1 30KpeMa
MOB'sI3aH1 3 OOUYMCITIOBAILHUMM OOMEXEHHSAMM Ta CKJIQJHICTIO 1HTErpalii y CcKiaaHi
cuctemu, Taki sk HBK, BupimenHs skux BuUMararmoTh NMHOOKOTO aHaNi3y Ta
1HHOBAIIIITHOTO MIIX0AY MPHU po3poOIli METO/IIB Ta MPOrpaMHHUX 3aCO0IB.

4. Anani3 nporpaMHuX 3aco0iB AJi pO3pOOKU MPOTHO3YIOUHMX MOJENIEH MoKa3aB
nepeBary BHUKOPUCTAHHS TIOPUIHOTO MOJENIOBaHHS, KoM (I3UYHI  MOJenl
MOEAHYIOTHCS 3 MOJICNIIMU HAa OCHOBI ICTOPUYHMX AaHUX. Takuil miaxin 3abe3neuye
NPUUHATHY TOYHICTh TMPOTHO3YBAaHHS, MpPU I1[bOMY HE BHUMAararoud 3HAYHOTO

PO3pPaxyHKOBOTO 4acy.
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5. AHali3 CydyacHUX CHUCTEM MIATPUMKHU MPUUHATTSA PIlIEHb JJISI KPUTHUHUX
00’€KTIB yHpaBIiHHS BKa3y€ Ha HEOOXIJHICTh KOMILJIEKCHOTO MiJXOMY, L0 1HTErpye
PI3HOMAHITHI TEXHOJOT1I Ta METoAu. BaXXIMBO BUKOPUCTOBYBATH ONTUMI3allil0
KPUTHYHHUX TMapaMeTpiB, MIHIMI3AIII0 PHU3UKIB Ta MIABUIIECHHS €()EKTUBHOCTI
YIPaBIIHCHKUX PIIIEHB.

6. BuzHaueHo psJ1 HAyKOBUX 3aBJaHb, sIK1 BIIJIOMY CIIPSIMOBaHI Ha MIHIMI3aI[110
BUKH/IIB PaJl0aKTUBHUX PEUOBHH Ta ONTHUMI3AII0 CIIOKUBAHHA elleKTpoeHeprii BY
HBK, Ta BKIIOUalOTh poO3poOKYy MOJEiel Ta MPOrpaMHOr0 3a0e3MeUYeHHs, 3JaTHUX
€(DEeKTUBHO ONTUMI3yBaTH YIPABIIHCHKI MPOIECHU, BPAXOBYIOUM YHIKAJIbHICTh Ta

JTUHAMIKY CUCTEMH.
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PO3JILI 2
MOJIEJII TA METOJIM YIIPABJTHHS BEHTWISIHIMHUMUA
YCTAHOBKAMM HBK

MosxnuBicTs yrnpaiinas BY Tta BmnpoBamxenHs BignoBigHoi CIIIIP Bumarae
pPO3pOOKH psiAy MOJENel METONIB, a caMe: CIpPOLIeHa MOJAEIb TiPaBIIYHOTO CTaHy
KondaitHmeHTy /uisi TOUHOTO aHali3y BHYTPIIIHIX TUCKIB Ta MOBITPSHUX MEPETOKIB,
onTUMI3aIliHa MOJIEJIb JUISl OLIHKH TUIOI HEKOHTPOJILOBAHUX MPOTIYOK, 3aCTOCYBAHHS
METO/11B MAIIIMHHOTO HABYAHHS JJIsl TOKPAIEHHS TPOTHO3YBAHHS T1PaBIIYHOTO CTaHY,
METO/1 3HAXO/[PKEHHS ONTUMAJIbHUX BUTPAT Ta MOJICJIFOBAHHSI BIUITMBY METEPEOJIOTTUHUX
JaHUX.

TakuMm 4MHOM, JaHUN PO3MIT BKJIIOYAE MOCTIJOBHUNU OMHUC PIZHUX METOMIIB 1
aJITOPUTMIB, PE3YJBTATOM SIKUX € PO3POOJICHHSI KOMIUIEKCHOIO HayKOBO-METOJUYHOTO
MIIXOMy 10 MPOTHO3YBaHHS TIAPaBIIYHOTO CTaHy Ta ymnpasiiHHA BY, iHTerpyroun

TEOPETUYHI 3HAHHS Ta MPAKTUYHI IHCTPYMEHTH 1Sl €(DEKTUBHOTO MPUUHSTTS PIIICHb.

2.1 Mogaeas rigpasiaiunoro crany Kondgaiitnmenry

3 MEeTOI0 3HAXOIIKEHHSI TUCKIB BcepenuHi KoHdallHMEHTY, a TakoX MEpPETOKIB
MOBITPsI BCEPEUHI Ta HA30BHI 00’ €KTYy — pO3pOOJIEHO CIPOIIEHY MOJEb (MOIEIb 13
30CEpEeIPKEHUMH TapaMeTpaMu, A€ OJIMH BHYTPIIIHIA 00’€M BIAMNOBITAE OIHOMY
PO3pPaxyHKOBOMY BY31y) TIAPaBIIYHOIO CTaHy OO’ €KTYy sika JI03BOJISIE BpaxyBaTu
OCHOBHI ITEPETOKU NMOBITPA Ta BU3HauUuTH TUCKU BcepeanHi HBK [27]. 3aranbHa cxema,

110 BijJoOpakae YaCTUHU JIaHOI MOJIEJ1 TTOKa3aHa Ha PUCYHKY 2.1.
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uMﬂiHﬂ?ﬂ;;'a oTiHa HarnitaHHA noeiTpA B K[
A
Y _ ¥
3axipgHa cTiHa (3C) [« > Kinbuelz;ﬁ)npocﬂp < » Cxipa cTiHa (CC)

A

Y

3axigHun 3a3op (33) [€—> OCHoiggl) oc’'em < »| CxigHwin 3azop (C3)

HarHitanHA nositpAa B OO

Butaxkka nositpa 3 OO

A

Puc. 2.1. Cxematuune 300paxkeHHs1 po3paxyHkoBux 00’eMmiB HBK Ta ocHOBHUX

HaIpsIMIB PyXy MOBITPSI

Takum unHOM, TiapaBiaiuHa Monenb KondailHMeHnTy ckiiamaerbes 3:

1. OcnoBHoro 06’emy (OO) Ta kinbieBoro npocropy (KII);

2. 101y HEKOHTPOJILOBAHUX MPOTIUOK, a came: Mixk OO ta KII; OO Ta 3axigHuM
3a3opoM (33) Ta cximamMm 3azopoM (C3); mix KII Ta 3axigHoro ctiHOow (3C),
numaapudHoio cTiHoMo (L[C) Ta cxigHoro ctiHow (CC);

3. IToTokiB NmOBITPS, 110 KOHTPOIIOOTHCA BY: Harnitanus nositps B KII ta OO,
BUTsKKa ToBiTps 3 OO.

[lepeToku MOBITPS MK KOXKHUM 3 PO3PAaXyHKOBUX 00 ’€MIB BHU3HAUAIOTHCS 3a

piBHsiHHAM bepuyini [78, 79]:
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G =R-AP, 2.1)

ne G — 06’eMHa BUTpara, M>/c;
AP — mepenan TUCKIB Mik 1BoMa 00’emamu, I1a;

R — rigpasniuna nposignicts M>/(I1a-c).

[Ipu uboMy TifpaBiiiuHa MPOBIAHICTH 3HAXOIAUTHCS 32 POPMYIIOIO:
(2.2)

e p — IyCTHHA TIOBITpS, KI/M°.

Jnst 3HaXOMKEeHHST HEBIJIOMUX MapaMeTpiB MOJIEI1 BUKOPUCTOBYETHCS PIBHSIHHS

30epeKeHHs Mac:

> Gi= (2.3)

3anumnieMo piBHAHHS 30€peKeHHsI Mac JUisi OCHOBHOTO 00 €My Ta KiJIBIIEBOTO

IPOCTOPY:

Gi}ri-*- + Gyn—oo + Gyn—zc + Gyp—ee + GKn—uc =0 (2.4)
ng)H- + Ggg_ + Goo—xn + Gyn—zs + Gines = 0, (2.5)

Tie Gf Y _ naruitanns (BuTskka) BY 3 KIT a6o OO;
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Gj_j — HEKOHTPOJILOBAHI IPOTIYKK MI)K 00’€MOM i Ta j.

[lincraBuBimm piBHsiHHSA bepuymni B (2.4) Ta (2.5) 1 Bupasusmu tucku B KII Ta

OO B niBUX YacTHHAX PIBHSHHS, OTPUMAEMO PIBHSHHS ISl 3HAXOJKEHHS THUCKIB
Bcepenuni HBK:

By+

Rin—sc * Pac + Rgn—ce " Pec + RKn—uc ’ Puc + Rin—o0 " Poo + GKI’I

Py = =0 (2.6)
“ Rin-sc T Ryn—cc + Rin—ye + Rin—o0

P. = R00—33 ' P33 + R00—c3 ’ l)c3 + Roo—}cn ) PKH+G§§++G§2”_ =0 (2 7)
00 R00—33 + Roo—c3 + ROO_KH

HaBeneni HenmiHiiHI PIBHAHHS € PiBHAHHIMHU BHIy X; = f(Xx;) poO3B’SI30K SKHX

3MIIMCHIOETHCS 32 IOMIOMOTOI0 METOY MPOCTUX iTepaliit (puc 2.2).

IHidianisauina:

- KpUTEPINA CXOOXKEHHA;
- MaKCMMaslbHa KifbKiTb
iTepauijn;

- OPIEHTOBHI TUCKN
BCEPEeaWHi;

Y

PospaxyHok (oaHa
iTepauin):
Twuckn = f(Tuckn)

\ 4

akcumanbHa KinbKicTb

TAK i
iTepavi —» KiHelb po3paxyHKy

A

HI

TAK

KpuTepiit cxooyKeHHA

Puc. 2.2. brnok-cxema peani3aliii METOy IPOCTHUX ITepalliit
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Meton mpocTux iTepalliii MOYMHAETHCS 3 1HIIIami3allli MoYaTKOBUX 3HAYEHb Ta
KPHUTEPIIO CXOMKEHHS, MAaKCUMaJIbHOI KIJIBKOCTI 1Tepalliid, a TAaKO>K BUIIaJIKOBUX THUCKIB
B OO Ta KII, sikiio *x BiJIoM1 BHYTPIIIHI TUCKH JIJIsl PIIIEHHS B MOMEPEIHIN MOMEHT
gyacy, TO MOXJIHMBO 3acTOCyBaTH iX. ITepamiiiHuii mpouec TpuBae, IOKH He Oyxae
JOCSATHYTA 3aJ]JaHa MaKCUMaJIbHA KUTBKICTh 1Tepalliii 800 He B1AOYAEThCA CXO/IXKEHHSI 110
3aIaHOMY KPUTEPIIO.

Bupimennss HaBenenux piBHSAHb (2.6) Ta (2.7) B KOHKPETHHM MOMEHT Hacy
n03BoJIsie 3HaTH TUCKH Beepeauni HBK, npu ymoBi mio Binomi (puc. 2.3):

1. 3nauenns Butpar BY Ta KOHTpOJIbOBaHUX MEPETOKIB;

2. Tuckm nHaBkojo HBK;

3. Iionri HEKOHTPOJIBOBAHUX MPOTIYOK.

., MopnentoBaHHA
o6ayBaHHA HBK

MeTepeonoriyHi gadi —>»| ['paHuyHi yMoBU

Y

MeTop npocTux
iTepauin

v

Tucku BcepeavHi
HBK

BuTtpatn BY > < Mnowi npoTivok

Puc 2.3. Metop 3naxomxenHs TUCKiB Bcepeauni HBK

IcTopuuHi Ta excrutyarariiiiini 3HaueHHst BY Ta koHTposiboBaHuX nepetokiB B OO
Ta KII B KOHKpETHMH MOMEHT Hacy BIJOMI, iX JE€TaJbHUN aHail3 Ta MPHUKIIAL

3aCTOCYBAaHHS HaBEICHUI B HACTYITHUX PO3ALIAX.
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IcHye nBa OCHOBHHX MIJXOAH, SIKI MOXKJIMBO 3aCTOCYBaTH JUIsl 3HAXOJKEHHS
po3noauny ThckiB HaBkos10 HEK: ekciepruMeHTanbHMiA Ta KOMIT FOTEpHE MOJIEITFOBAHHS.
ExcriepumMeHTanbHe JOCHIKEHHS 3 METOI0 3HAXOIKEHHS BITPSIHUX HABAaHTA)XEHb Ha
KOHCTpYKIi0 koMmmaniero Novarka B 2008 poiii nmpoBeieHO 00AyB 3MEHIIEHOI KOmMii
HBK (B macmrabi 1:300) [80]. CumyntoBaluCh XapaKTEPUCTUKU PEATbHOTO BITPY:
BEPTUKAJbHUN  TpPAJIEHT,  CEpeAHE  IIBUJAKICTh  TypOYJIEHTHICTb  TOUIO;

BUKOPHUCTOBYBa0Ch Outblie 500 1aT4ymKiB.

Puc 2.4. HoBuii be3neunnii KondaitumeHT: ¢pi3uuHa Mozienp B KaHaJ1
aepoArHaMi4HOi TpyOu (3711Ba) Ta KOMIT I0OT€pHA MOJIENb 00yBaHHS 00’ €KTY Ta

npwiernux OyaiBensb (crpaa)

[Ticns BBenenns HBK B excrutyaTanito, oTpuMaHi KapTH THCKIB OyJid IEpeBipeH1
Ta 3p00JIEHO BUCHOBOK IMPO iX HETOYHICTH (MPO IO CBIIYWIM BIJHOIICHHS 3HAYCHB
TUCKIB Ha npoTwiexHux cropoHax HBK, siki He 30iranuce 3 nitepaTypHUMU JaHUMHU
st cxoxux 3amad) [81]. Jns 3HaXOmMKeHHS OUIbIl TOYHUX PO3MOALUTIB THUCKIB
po3pooneno CFD wmomens HBK B II3 ANSYS, skxa wmictutrh Onu3bko 4 MIIH.
pO3paxyHKOBUX KOMIpok [82]. B pesynprari monentoBaHHs OOAyBaHHS BITpPOM 31

HIBUIKICTIO 3.8 M/C OTpUMaHO pO3MNOALI TUCKIB 0 BchboMy nepumerpy HBK nipu pizHux
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HarnpsiMax BITpy (kpok oOmyBanHs — 10 rpamyciB). [lepepaxyHok gaHUX PO3MOALTIB

TUCKIB JJIs BITPY 1HINOI IBUAKOCTI MOKJIMBHI 32 TOMOMOTOIO piBHSIHHSA [83]:

2
P. =P, (%) , (2.8)
b

ne P, — TUCK 11 MOTOYHOTO 3HAYEHHS MBUIKOCTI BITPY

V. — oTouHe 3HaYeHHS MIBUAKOCTI BITPY;

P, — tuck s 6azoBoro 3HaueHHs (b) mpu mBUIKOCTI BITPY Vp, = 3,8 M/C.

[Ipu pospaxynkax rigpasmiudoro ctany HBK OepyTbcsi naHi ommcaHOro
KOMIT IOTEPHOTO MOJIEJIIOBAHHS, MIPU 1IbOMY BOHU 1HTEPHOJIOIOTHCS 3 TOUHICTIO 10 1
rpajayca Ta nepepaxoBylOThCS JUIsl BIIMOBIAHOT MIBUAKOCTI BITpY.

AHaJIOT1YHO J10 3HaXOoKeHHs po3noaury TuckiB no HBK, icuye nBa migxoau nist
3HAXOJI>)KEHHSI HEKOHTPOJIbOBAHUX TUJIOII MPOTIYOK: €KCIIEPUMEHTATBLHUM Ta YNCEIbHUI
Ha OCHOBI eKCIUTyaTalliHUX TaHuX. EKCIEpUMEHT MO 3HAXOMKEHHIO TUION] 3BOJIUTHCS
1o nociaigoBHoro BkItoueHHs/BukitodeHHsa BY HBK B pi3Hiit koMOiHaiii, 30epexeHi
Ta 00poOJieHl mepenaaiB TUCKIB MK OCHOBHMMH BY3JlaMU Ta BHUPIIIEHHI PiBHSIHb
30epexeHHs mac. B pesynbrari ekcnepuMeHTiB, npoBeaeHux Novarka B 2018 porri
3HANAEHO 11O IUIONI HEKOHTPOJIboBaHUX MpoTivoK HBK 61b111 32 mpoeKkTHI OI[IHOYHI1
B 5-10 pa3iB Ta Bxke MEPEBUINYIOTH IOl Ha KiHelb ekcruryaraiii HBK (uepes 100
POKIB).

B Tabnui 2.1 HaBeAaeHO 3HAYEHHS IO MPOTIYOK yepe3 ocHoBHI cTiHKU HBK;
BapTO 3a3HAYUTH, IO JO 30BHIIIHBOI OOOJOHKH BXOIATH IWIIHAPHUYHA, 3aXigHA Ta
cxiHa cTiHKU (puc. 2.1), a miag BHYTPIIIHEOIO OOOJIOHKOIO MA€ThCsl HA yBasi ILJIOIIA
npotiuok Mixk OO ta KII. HenonikoM npoBeieHNX eKCIIepUMEHTIB KoMiaHiero Novarka
€ OJIHOYaCHE BpaxyBaHHS BCIX MPOTIYOK 3 OCHOBHOIO O0’€MYy /10 HABKOJMIIHBOTO

cepeloBUIIIA IiJT YaCc PO3PaxyHKIiB, 110 MPUBEJIO 10 MOMUJIOK B pO3paxyHKax OajaHCIB
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Mac, B pe3yJIbTaTi 4oro OTPUMaHO HE TOYHI IO MPOTIYOK JIJIsl 3aX1THOTO Ta CX1THOTO

3a30py.

Taomumsg 2.1

[TopiBHSIHHS NPOEKTHUX 3HAYEHB IO MPOTIYOK 3 PE3yJIbTaTaMH TECTIB

I[IpoekT, M
Micue )
) ITouaTox Kinens Tectn, m
HETePMETUYHOCTI
eKcIuTyaTarii eKcIuTyaTarii
30BHINIHS 000JIOHKA 0,26 1,2 1,7
BuyTpimins o0onoHKa 0,24 1,1 5
3ax1IHUAM 330D 0,6 0,6 3,1
CxigHuii 3a30p 1,8 1,8 3,9

2.2 MeTtoa 3HAXOAKEHHS ILJIOII] HCKOHTPOJbOBAHUX l'lpOTi‘IOK

OCKITbKM TIpU  3HAXOJKCHHI

I1J1011] HpOTi‘IOK 3a JaHHMMH IIPOBCACHUX

CKCIICPUMCHTAJIbHUX I[OCJ'IiI[)KeHI) AOIMMYIICHO pAaad MCTOAWMYHHUX IMTOMHIIOK, a TaKOX

BpPaxXOBYIOUM HEOOXIJHICTh YTOUHEHHS AaHUX IUIONI, SIKI MOXYThb 30UIbIIYBaTUCh Y

3B’SI3KY 31 CTApIHHAM KOHCTPYKLII — IMOCTA€ 3aja4ya 3aCTOCYBaHHS Ta YI0CKOHAJIECHHS

BI/IMOBIAHOTO YHCEIHHOTO METOTY.

3 1i€0 METOK 3alpONOHOBAaHO BHUPINIYBAaTH ONTUMIZAIIMHY 3ajady, a came

MIHIMI3YBAaTH CEPEAHBOKBAIPATUUHY MOXUOKY MIK pe3ysibTaTaMH MOJIEIIOBAHHS Ta

eKCIUTyaTallliHUMU JaHUMH (TT0Ka3aMu TU(PMaHOMETPIB):
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n
1 2
_ N ) peasibHe _ po3paxoBaHe
L=f(S) = |— E E w; (APY AP ) -0, 0.9

i=0 j=0

ne L — QyHKIig BTpar, fKa 3aJIe:KUTh BiJl ILUIOII IIPOTIYOK Si, M2;

k — K1IBbKICTh JATYHKIB;

N — KUIBKICTh BUMIPIB (B 4aCOBOMY BUMIp1);

Wj — BaroBUi KOe(IlliEHT j-TO JaTYNKa;

AP — mepemajg THUCKIB B KOHKPETHIA Toulll (€KCIepUMEHTaIbHUI abo
pO3paxoBaHMil).

Jany ¢yHKIit0 HE MOXIMBO AWGEPEHLIIOBATA BIJHOCHO IUJIONI MHPOTIYOK,
OCKUIbKH TI€pernajid TUCKIB ITYyKAIOThCS 1TEPaIiiHO B KO’KEH KOHKPETHUM MOMEHT 4acy
(puc. 2.2). ToMmy B3HaXOMKEHHS IUIONI MPOTIYOK 3BOAUTHCS 1O 3BUYANHOT
ONTHUMI3AIIHHOT 3a/1a41 3 0OMEKEHHSIM Ha Jllara30H 3HaYeHb BXIIHUX MapaMeTpiB.

B saxocti ekcnepumeHTanibHUX AP OepyThcs dYoTHpU nepenagu — MOKa3u
nudmanomeTpiB: aBa nepenaau OO-OC ta ogun nepenan KII-OC Ha 3axigH1i CTiHIII,
a takox nepenan mix OO Ta KII. Bapro 3a3nauntu, mo nepenaau mixk KII ta OO e
HaWOUTbIIl TOYHUMH, OCKUIBKM oOOMJBa KiHII AU(PMAHOMETPIB 3HAXOIATHCS Y
cTabinpHUX TiApoanHamiyHux 00’emax. Ha BumiproBanus nepemnasis KII-OC ta OO-
OC BrumBae BiTpoBa TypOyJIEHTHICTh Ta 1HII (PAKTOPH, Kl MOXKYTh CIOTBOPIOBATH
pe3ynbrartu. BianoBiHO B onucaHy (yHKIIIIO BTpaT BApTO BHECTU BaroBi KOE(PIIEHTH,
[0 BIAMOBiAaMM O CTYINEHIO JOCTOBIPHOCTI MOKa31B KOHKPETHOro Aaruuka. Micis
pO3TalllyBaHHS JATUMKIB, a TAaKOXK IMPOLIEC NEepepaxyHKy MepenajiB BiIMOBIIHUX
JaTYUKIB OMKMCAHO B po3Aiil 4.

Jlns BuUpilIeHHS HaBEIEHOI ONTHMIZAIIMHOT 3a7a4l MOXJIHMBE BUKOPHCTAHHS
pI3HUX aJTOPUTMIB, IIUPOKOTO 3acToCcyBaHHs HaOyB Meron Henmmepa-Mina [84, 85].

BuOip onTUManbHOrO aaropuTMy BUMAara€ TECTYBAHHS 3 €KCIUTyaTalliHUMH JaHUMH,
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30CepeKYIOUUCh Ha IIBHUJKOCTI 30)KHOCTI Ta MOXJIMBOCTI YHUKHEHHS JIOKaJbHUX

MIHIMYyMiB. 3arajibHa cxema 3HaXOJ[KEHHS IO MPOTIYOK HaBeIeHa Ha PUCYHKY 2.5.

OpieHTOBHi oL ExkcnnyarauiiiHi gaHi 3a neBHMiA nepiog

NpoTi4OK Ta
MOXNMBWIA Oiana3oH
3HayeHb; Barosi A 4 Y
KoediuieHT gnA
MSE paHWyHi ymoBK Ta MNokaawn

BuTpaTn BY AucmaHoMeTIB

v v

OnTumizaTop "3BOPOTHLOI 3agayi”

v 1 v

BupiweHHA " . .
. N . 3HaraeHi nnouwi
rinpasniyHoi 3apnauvi B .
npoTivyoK
KOX>XEH MOMEHT 4acy
. . Po3paxyHok
OuiHka nepenagis - - .
) »|  3BaXEHOI PYHKUIT [«
TUCKIB
BTpat (MSE)

Puc. 2.5. MeToa 3HaxoKEHHS IO IPOTIYOK

Hapenenuit Mmeton onTruMi3zallii CKJIaJa€ThCS 3 TAKUX OCHOBHUX €TAaIlB:

1. OTpumaHHs eKCIUTyaTalliHUX JaHuX 3a NeBHHUU mepion, Butpar BY Ta
OOYMCIIEHHSI TPAHUYHUX YMOB HAaBKOJIO O0’€KTYy Ha OCHOBI KapTH THUCKIB, B KOXEH
MOMEHT 4acy; NiAr0TOBKa MOKa31B 1u(pMaHOMETPIB 1Jis PYHKIIIi BTpaT.

2. Ilepenaya mo omTuMizaropa MOYATKOBHUX 3HAUYCHBb Ta MOXIIMBHX J1alla30HIB
TLJIOII MPOTIYOK, BArOBUX KOE(IIIEHTIB KOKHOTO 3 TU(HMaHOMETPIB.

3. Ha ocHOBI ekcruryaTaliiHUX JaHUX, ONTHUMI3ATOpP IHILIANI3Y€E PIIICHHS

MPsIMOI 3a/a4l B KOXKEH EKCILTyaTalliHUil MOMEHT 4Yacy.
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4. 3Har04uM po3paxoBaHl 3HAUYEHHS THCKIB B OCHOBHOMY 00’€Mi Ta KUIbLIEBOMY
MPOCTOP1 PO3PAXOBYIOTHCS MEPENAaAN TUCKIB MI>)K HUMHU Ta OTOYYIOUHM CEPEIOBUIIIEM.
BukopucroBytoun dopmyny (2.9) oOuucmioeTbcs 3BaxkeHa (YHKIIS CEpEeIHBO
KBaJpPaTUYHUX BIAXUJICHb PO3PAXYHKOBUX JIAHUX B1J €KCIUTyaTaliiHUX.

5. 3HaueHHs (QyHKIII BTpaT NEPEeNatOThCA B ONTUMI3ATOp, SIKUMl a00 1HIIIANI3y€
HOBHUM pO3paxyHOK 3 OHOBJIICHHUMH IUIOHMIAMHU BTpaT (B 3aJIEKHOCTI BijJ alrOPUTMY
onTUMI3aIlli), a00 3yNUHAETHCS MOBEPTAIOYN 3HAYEHHS 3HAUIEHUX IO MPOTIYOK.

OnTuMI3yr0ThCsl BCl IJIONII MPOTIYOK, a came IUIOLA MPOTIYKH 3 OCHOBHOTIO
00’eMy 0 3aXiJIHOTO 3a30py Ta CXIJIHOTO 3a30py, IUIONII BHYTPIINIHBOI MPOTIYKU Ta

CyMapHa IIoa NPOTIYKU MK KUTBIIEBUM IIPOCTOPOM Ta OTOUYIOUUM CEPEIOBUIIIEM.

2.3 BukopucTaHHS MAIIMHHOIO0 HABYAHHS [JIf OWIHKH TiIpaBJiYHOIO

CTaHy

[Ipn HasIBHOCTI NOCTaTHBHOI KIIBKOCTI EKCIUTyaTallliHUX JaHUX ISl PI3HUX
yMOBax OTOYYIOHOTO CEpEAOBHINA Ta MOTYXHOCTAX BY — MOXIMBE BUKOpUCTAHHS
MoOjieJie MallMHHOTO HaBYaHHs (B1J OUIBII MPOCTHX TaKUX SIK JIHIAHA perpecis 10
OUIBII CKJIATHUX HEUPOHHUX MEPEK) JIJIsl MPOrHO3yBaHHS MOKa3iB Ju(PMaHOMETPIB Ta
MOJIAJIBIIIOTO PO3PAXyHKY TiAPaBIIYHOTO CTaHYy.

AJITOPUTM TPEHYBaHHS MOJEJEH JJIsl KOKHOTO 3 TU(PMaHOMETPIB, HABEICHO Ha
pucyHky 2.6. BingnoBijiHa ekcrutyaraiiiiina BuOipka AUTUTHCA HA TaH1 JJisl HaBYaHHS Ta
BaJliJlallii, a TAKOX JIaHi JUIsl TeCTYBaHHs Mojienel. BukopucTaHHs BalilalliitHUX JaHUX
JOTIOMAra€ yHUKHYTH “‘IEpeHaBYaHHS MOZEIEH .

B sikocTi BXIAHUX AaHUX AJISI TPEHYBaHHS BUKOPUCTOBYIOTHCS MAPAMETPH BITPY
Ta BUTpar BY, ki1 nonepeAHL0 HOPMaIi3yIOThCA; B IKOCTI LIJIbOBOI BEJIMYMHU SIKY Ma€e

OoOYMCTIOBATH MOJENIb — IMOKa3W KOHKpPETHOro audmanoMerpa. Takoxk 3aMiCTh
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napaMeTpiB BITPY MOXKJIMBE BUKOPUCTAHHS THUCKIB HABKOJO 00’€KTYy OOYHCIEHUX 3a

JIOTIOMOTOI0 TTONIEPEAHBO ONMKUCAHOT KAPTH TUCKIB.

ExkcnnyatauiiHi gaHi 3a nesHWiA nepiog

h 4 A 4

. yi: [Nokasn
X: MapameTpu BiTPY
Ta BuTpaTn BY KOHKPETHOTO
AudmaHomeTpa

v

X_scaled:
Hopmanisauia paHux

v v

TpeHyBaHHA NPOrHOCTUYHOI MoLeni
model; ana gupmaHomeTpa i

Puc. 2.6. TpeHyBaHHS IPOTHO3HUX MOZEIEN

[TonynapHUMH MOAENSIMU, SIKI MOXJIMBO BHKOPUCTATU JISI JAHOI 3ajadl €:
JiHIMHA perpecia, aepeBo pimeHb, Random Forest (BumankoBuii mic), Gradient
Boosting (rpagieHTHe MiJACHICHHS), HEUPOHHA MepeXKa MPSAMOTO MOIIMPEHHS TOIIO
[86, 87]. Kokna 3 mux Mojenel Mae psAja mepeBar Ta HEIONIKIB (3a3BH4Yail 31
30UIBIIEHHSIM TOYHOCTI 3pOCTa€ CKIAJHICTh MOJENi), a BHU3HAUCHHS HaWKpainoi
BHMAra€e TE€CTIB Ha eKCIUTyaTal[liHUX JaHUX, IPU [IbOMY BHOIp KOHKPETHOI MOJIEN HE
BILIMBA€E HA CXEMY Ta 3aCTOCYBaHHS OMKUCAHOTO METOJTY.

B pesynbrari TpeHyBaHHS MOJENl JJISI KOXKHOTO TU(PMaHOMETPA OTPUMYETHCS
CYKYMHHICTb MOJENEH, 10 AO03BOJISIIOTH PO3paxyBaTU IMOKAa3W JATUYHMKIB MPU PI3HUX
BX1THUX JIaHUX. 3aKIaJa€ThC, 110 JaH1 BaroBi KOe(PillieHTH B JTaHUX MOJIECIISIX TIOBUHHI

MEepPIOIMYHO OHOBIIOBATUCH, TAKUM YHMHOM BPAXOBYIOUU 3MIHU B 00’ €KTI.
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Ockuibku (IHAIBHOIO METOK PO3PAXyHKIB TIAPABIIYHOTO CTaHy € OIlIHKa
nepenajiiB TUCKY Ta MOXIIMUBI MPOTIYKM MIXK OCHOBHHM 00’€MOM, KUIBIIEBUM
MPOCTOPOM Ta OTOUYIOUUM CEPENOBUINEM, a TU(PMaAHOMETPU BCTAHOBJICHI JIUIIE
ycepeauHi o0’exty Ta 3axiaHii cropoHi HBK — HeoOXximHO 3acTocyBaTH aaropuTm
3HaXO/PKEHHsI TUCKIB BcepeanHi 00’ekTy. Cxema JaHOTO ajJropuTMy HaBeleHa Ha

puCyHKy 2.7.

PeanbHi abo cuHTEeTMYHI gaHi

v

X: MapameTpw BiTPY
Ta BuTpatn BY

X_scaled:
Hopmanizauifa paHux

v

CykynHicTe mopenen {1..n}

4 v
PospaxoBaHi nepenagu TMCKIB (B MicLAX Po3anogin Tuckis
po3TalyBaHHA AuchMaHoOMeTpIB) HaBKONO 06’eKTY

Y

OuiHka nepenagis
»{ 6inA OCHOBHMX NnoL,
NPOTIYOK

Twucku BcepeauHi
HBK

Puc. 2.7. 3HaxomxeHHs MepemnajiiB TUCKIB B 30HAX HEKOHTPOIbOBAHUX MPOTIYOK

HaBenenuii  anropuT™  3HAXOMKEHHS  TEpemnajiiB  TUCKIB B 30HAX

HCKOHTPOJIbOBAHUX HpOTi‘-IOK CKIada€TbCA 3 TAKHUX eTalriB:
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1. 3naroun abo mpuiiMarouM TME€BHI mapaMeTpu BITpY Ta Butparu BY,
BUKOPUCTOBYIOUH KApTy THUCKIB MEPEPAXOBYEMO TUCKHU HABKOJIO 00’ €KTY (SIK B MICIISIX
po3TaiiyBaHHs Ju()MaHOMETPIB, TaK 1 CEpe/iHI 3HaYeHHs M0 OCHOBHUM cTiHkam HBK)
Ta 3a JIOTIOMOTOI0 MOTMEPEIHbO HATPEHOBAHUX MOJIENIeH 3HAXOAUMO Mepenaan TUCKIB
BIAMOBIIHUX AU(DMAHOMETPIB.

2. 3HallllIOBIIN Tepenaan Tu(PMaHOMETPIB, a TaKOX MarO4d PO3MOILT THUCKIB
HaBkono HBK B micisix po3ramryBanHs nudmanomeTpiB 3HaxoquMo tucku B OO Ta
KII.

3. 3a pmomomoror Bimomux THCKIB B OO Ta KII, a Takox BIZOMHX THCKIB
HABKOJIO O0’€KTYy OOUMCIIIOEMO Mepenaau THCKIB MO BCIX 30HaX HEKOHTPOJIHOBAHUX
MPOTIYOK.

B omnucanomy Buile aiaropuTMi OCHOBHOIO 3a/1ady€l0 [IJIsi BHUPIIMICHHS €
3HaxokeHHA TUCKIB B OO Ta KII. Pimenns i€l 3agayl 3BOAUTHCS 10 3HAXOMKEHHS
pILIEHHSI CUCTEMHU JIHIMHUX PIBHSIHb, SIKa CKJIAJAEThCA 3 OKPEMHUX pPIBHSHb IS
KOXKHOTO JudmaHomeTpa, 1 y BUNAAKy 3actocyBaHHs 4 nudmanomerpiB (1 st
nepenany Bcepeauni HBK, ta 3 nis 3amipiB nepenaay Mixk BHyTPIIIHIMUA 00’ €eMamMu Ta

OTOYYIOUHM CEPEJIOBUILIEM) MA€E BUJI;

Pin—Poo = APy
POO_ P2 = APZ
P,y- P = AP, (2.10)
PKH_ P4_ = AP4_,

ne P, , Py, — mykani tucku B KII ta OO;
AP,— 3HaueHHs mepenagiB Ha Au(pMaHOMETpax, PO3paxoBaHi 3a JOMOMOTOIO

HaBYCHHUX MOJICIICH;
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P2, P3, P4 —nokaneHi  TuCku 330BHI  HBK B Micisx  po3raiiryBaHHS

nudMaHOMETPIB (3HAXOIATHCS 3 KAPTU TUCKIB).

3Benemo nany cucremy 10 Gopmu AX = b, ne X = (P,q, Pyy):

-1 1 APy
P AP, + P,
1 0 <oo> _ , + P, 2.11)
1 0/\p, AP; + P3
0 1 AP, + P,

Sk BUIIHO, HaBeleHA MaTpUlld € “HaAMIPHOIO” (paHr OPIBHIOE 2) Ta MICTUTh
MOTEHIIITHY HEBU3HAYEHICTb, SIKy BUAHO IHTYiTUBHO: KIIIO [IPaBl YaCTUHU APYTOTo Ta
TPETbOrO PIBHSHHA HE pPIBHI, CUCTEMa HE Ma€ TOYHOTO PO3B'SA3KY, OCKUIBKU II€
nepeadayano O aBa pi3Hi 3HaYeHHs 15 Py, OKpiM 1IbOTO YeTBEpPTE PIBHSIHHS JO3BOJISE
BU3HAUUTH P, HampsiMy, aje JaHUN TUCK TaKOXX BXOAUTH W B MeEpIle pPiBHAHHS. Y
TaKOMY BHIJIKy HEOOX1AHO IIyKaTH HAOJIMKEHUH PO3B'A30K, AKUH MIHIMI3Y€ CyMapHY
MOXUOKY — OJIHUM 3 TaKUM METO[IB € METOJl HaUMEHIIINX KBAJPaTiB (SIKUNU 3aXOAUTh
PO3B’SI30K JJIsI MPOEKIIlT BEKTOpa B MpaBiii YaCTUHI Ha JIIHIAHUNA TPOCTIp MaTpHIll
Koe(iIieHTIB B JIBiM YacTUHI piBHAHHS). OKpiM BUKOPUCTAHHS METOAY HAWMEHIIUX
KBaJpaTiB, MOXJIUBE 3BEJCHHSA CHUCTEMHU JO BHU3HAYEHOI CHUCTEMHU HUISIXOM BUOOpY
HaWOUTBII JOIITBbHUX JATUUKIB.

BianoBigHO A0 OmMMCaHOi BUIE CXEMH, MICIS PO3B’A3KYy JaHOI CHUCTEMH Ta
3HaXO/KeHHs TUCKIB Bcepennui HBK — kiHIleBUM eTanoMm € 3HaXOMKEHHS MepenaiB
TUCKIB B 30HAaX HEKOHTPOJILOBAaHUX TMPOTIYOK. Po3paxoBani mepenand THUCKIB
JI03BOJISIFOTH OLIIHUTHU HAsABHICTh UM BiACYTHICTh BUKU/I1B PA 3a mexi HBK.

Henocrarkom omnucaHoOro mMiAXoay, MOPIBHSHO 3 BUKOPUCTAHHSAM (HDi3UYHOT
MOJIeJll, € CKJIAJHICTh IHTEepIpeTallii napaMeTpiB Mojeiell Ta HEOOXiAHICTh BEIUKO1

KITBKOCT1 JTaHUX, HEOOXITHICTh BUKOPHUCTAHHS ILUIONI MPOTIYOK OTPUMAHUX 3 1HIIHX
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Mozenel abo EKCIEepUMEHTIB ISl pO3paxyHKy 00’eMHHMX BUKHIIB. [Ipum npomy
3aCTOCYBaHHS MIIXOAY 3 BUKOPUCTAHHSIM MAIlIMHHOTO HABYAHHSI BUIIPABIOBYETHCS 3a
PaxyHOK IMiJABUIIEHHS TOYHOCTI MPOTHO3YBaHHS (OCOOIMBO MPH 301IbIIEHI KUTBKOCTI
eKCIUTyaTallliHUX JIaHUX, a TaKOX KUIBKOCTI JU(PMaHOMETPIB, 3a JOMOMOIOK SKUX
PO3paxoBYIOThCSl TUCKU BcepenuHi 00’ekty). [lpu nHasiBHOCTI audmaHoMeTpiB (Ha
MOKAa3M SKUX HE BIUIMBAE BITPOBA TYpPOYJIEHTHICTh) y BCIX 30HAX MOXKJIUBUX MPOTIYOK,
a He jume Ha 3axigHid croponi HBK — Binmamae HeOOXiHICTh BUKOPUCTAHHS
3MOJIETbOBAHUX  PO3MOAUIIB  THCKY HAaBKOJIO O0O0’€KTYy, BIJMNOBIIHO 3pPOCTaE
JOCTOBIPHICTh OTPUMAHUX JaHUX. B MojanbmIMX MIPKYBaHHAX [UIS 3PYy4HOCTI
CIIPUMHATTS MOZIEJIb HA OCHOBI pi1BHSIHb bepHyIui Ta 30epekeHHsT Mac Ha3UBAaTUMEThCS
(h13UYHOI0 MOJIETUTIO, & MIJX1/ 3 BUKOPUCTAHHIM MalIMHHOTO HaByaHHs — ML (Machine

Learning) Mozens.

2.4 MeToj 3HAXOXKEHHS ONITUMAJIbHUX apaMeTpiB podotu BY

Posrnsanemo Butparu BY, ski miggaroTbes yIpaBIiHHIO, 3 TOUYKU 30py BUOOpY
ONTUMAJLHUX PEKUMIB POOOTH:
1) Harnitannss noBitps B KII, 3miiicHIO€ThCS 4YOTHpPMa yCTaHOBKaMU

MOCTIAHOI MOTYKHOCT1, TOOTO MOXJIMBI CTaHU BUTpaTu BY onucyroThcs piBHSAHHSIM:

GP* ={0,0.25,0.5,0.75,1} - G¥* (2.12)

K11/ KII—max’

By + . .
ne G- . — MaKkCHMalbHa BUTpata BY 1pu ojHOUacHii poGOTi BCiX 4oTHPHOX

YCTaHOBOK.
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2) Butsixka nositps 3 OO 311icHIOETRCA 32 JonoMororo 1’ situ BY koxkHa 3

. o BY— BY— . .
SIKUX MAa€ J1ama30H IOTYXXHOCTeH g = (Gog_max - Gog_max BIIMIOBITHO MOJXKJIMBE
pEryJIFOBaHHs CyMapHOI BUTPATU B MEXKaX:
By— __
Goo = {0,1,2,3,4,5} ‘8 (2.13)

OxpiM TOro, ICHYIOTh YCTAHOBKHM SIKI HarHiTarOTh MOBITPSI Ta BKJIIOYAIOTHCS
nuuie mia yac nposeneHHs podit B HBK. B mexax gocnimxkeHHs mpuiMaeThcs ABa
MOXJIMBUX CTaHH, sIKI BIJMOBIIaIOTh HAsIBHOMY PEXUMY eKcIutyarailii: nani BY abo
MOBHICTIO BUKJIIOUEH1, a00 BC1 MPAIIOI0Th HA MAKCUMAaJIbHY MOTYXHICTh. Jlo Takux BY
BIIHOCSITHCSL:

1. BY B MoOUtbHIX nUTI03aX OO, 3 MAKCUMAJIBHOIO BUTPATOKO Grapasc;

2. BY rapaxa Texaiuynoro o6ciyroByBants (I'TO), 3 MakCUMalnbHO BUTPATOIO
Ggarage- 1IPUHHSATO JIOMYIIEHHS, [0 BUTpara IOBITPs, sike 3akadyerbes B ['TO,
posnoausierbest Mk OO ta KII mpomopuiitHo A0 IOl BIAMOBIIHUX CTIHOK (Y
BigHommeHH1 60% Ta 40%).

TakuM YMHOM CyMapHi1 BUTPATU MAlOTh BUJ:

1. Harnitanus nositpst B KI1: Giﬁ+ = Giﬁf +cC- (Grapm . 0.4);

. BY—
2. Butskka nositps 3 00: G ;

3. Harnitanus nositps B OO: ij-‘é* =cC- (Gmnm + Grapax ° 0.6), ne ¢ =0, konu

B HBK He BukoHYIOTBCSI poOOTH Ta ¢ =1, KO BUKOHYIOTHCS.

. By+ BY—
MeToto ontumizanii po6otu BY € 3Haxomkenns takux sutpar G, Ta Goo, HOpH
axkux BUKuAU PA 3 OO no orouyrouoro cepenosumia ta KlI 3sogunucs no Hyns, npu

LbOMY HE B110yBaJIOCh HAJUIMILIKOBE BUKOPUCTAHHS €JIEKTPOEHEPT1i.
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3 mi€r0 MeTor HeoOX1IHO BU3HAYUTHU BIANOBIAHY (PYHKIIIIO BTpaT, MiHIMaJIbHE
3HAYEHHS SIKOi BIAMNOBIAATHME ONTHUMAIbHOMY pekuMy pobotu. Jlana QyHKIIsS Mae

BU/I:
3 2
L(Gyy) = tz Gly+ (-1 Z G, —>min, (2.14)
i=1 j=1

ne GL — HexonTpomboBaHi meperoku 3 OO uepes 3aximHUIl Ta CXimgHUI 3a30pH,
a TaKOX Yepe3 BHYTPILIHIO MPOTIUKY.

HerarupHe 3nauenHs Gl BimHocHo OO B piBHAHHI GalaHCY Mac BKasye Ha
HasBHICTh BUKHJIB — BIJMOBIJHO MOTPIOHO 30UIBIIMTH MOTYXHOCTI BY, mo3utuBHe
snaueHnst G, BiJIOBinae mepeBUTPaTaM eIeKTPOCHEPTi, i BKa3ye€ Ha T€ 110 MOXKJIUBE
3MeHIIeHHs: BUTpar BY (BiANOBIIHI 3HAUEHHS MPUUMAIOTHCA PIBHUMU HYIIO — SIKIIIO
mepeTokd #ayTh 330BHI mo OO). Ilepen mnomauero mo piBHsHHA (2.14) Gl
00pOOJIAIOTECA TAaKUM YWMHOM, IO MO3UTUBHI 3HAYEHHS 3BOJATHCS 1O HYJA, a JUIs

HETaTUBHUX IOKa3iB OepeThcs a0COI0THE 3HaueHHs. J[J1s1 3a0e3meueHHs] MOKIMBOCTI

3aIaHHSl KOMIIPOMICY MDK BUTpatamMu PA Ta enexkTpoeHeprii — 3 MEBHUM BaroBUM
K0e(iIliEHTOM BBOAUTHLCS IPYTUN TOIAHOK, 1110 MICTUTh 3HaY€HHS BUTpaTr BY (GLy).

OKle TOTO, I[aHI/Iﬁ MCTOA MOKXHA YAOCKOHAJIMTH, BUKOPHCTABIINU 3aMICTh

BuTpar Gj,; mepenaad TUCKiB AP B 30HaX BiAMOBIAHHUX MPOTIYOK (MaHU# MmiaXin
JI03BOJISIE€ ONTUMI3yBaTu BUTpatu BY npu HEBIAOMUX IJIOIMIAX MTPOTIUOK Ta HAMIPUKIIA,

3actocyBatu ML Mozensb), Toai piBHsiHHSA (2.14) npuiiMe BUA:
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3 2
L(Gyy) = tz APt + (1 —1) Z G, —>min, (2.15)
i=1 j=1

VY3aranpHeHUN METOJ 3HAXOJKEHHS ONTUMAJIbHUX BUTpAT BY npu KOHKpETHUX

napaMeTpax BiTpy (IrpaHMUYHHX YMOBaX) MOKa3aHO HA PUCYHKY 2.7.

. HekoHTponsoBaHi Mnowi npoTivok (AKLWO
MapameTpy BiTpy BuTpaTtn BY Bigomi)
Poanopin TuckiB . OnTnMi3oBaHi
naekono HEK —> OnTtumisaTop sutpat BY > BuTpari BY

Mepenapn Tuckis abo

BUTOKIB MOBITPA | PospaxyHok doyHKLii KoHTponsoBaHi
00-33, 00-C3, 00- ~ BTpar BUTpaTu BY

K
Mepenag Tuckie OO- ®disnyHa abo ML
33, 00- < Twuckn B HBK < MOAENb

Puc. 2.8. Po3paxyHok onTuMaibHUX BUTpaT BY

Ha Bxia ontumizatopa nogatotbest Tucku HaBkoiio HBK, Butpatu BY sxumu He
MOXJIMBE KEpyBaHHS (HAsBHICTh SKWX 3aJI€KaTh JIMILE BIJ TOTO YU MPOBOIAATHCS
po6otu B HBK) Ta k110 BijoM0 — OIliHEH1 YM pO3paxoBaHi IOl HEKOHTPOILOBAHUX
npotiyok. Ha mepuriit itepaiiit B pizuuny yu ML mMonens moaaroThes 1HiMiaai30BaH1
BuTpatu BY, 3Haxonsatees trcku Bcepearni HBK Ta BigmoBimHi1 mepenaan THCKIB Bij
OCHOBHOTO 00’ €MY JI0 KUJIBIIEBOTO MPOCTOPY Ta OTOUYIOUOT0 CEPEIOBUIIIA, SKIIO BIOMI1
IO TPOTIYOK — PO3PAXOBYIOThCSI 00’ €MH BUTOKIB NOBITPs 3 PA. OTpruMani 3HaU€HHS

nepefarTbess B (YHKIIO BTpaT 1 B 3alIeKHOCTI BiJ aJlrOpUTMy ONTHUMI3aIll Ta
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KpUTEPII0 3YMHUHKUA PO3PAaXyHOK IOBTOPIOETHCS 3 HOBUMH BuTpatamu BY, abo
3ynuHsAeTbCa. Bubip anropurmy onTuMizailii, aHaJIOTIYHO [0 ONTHMIi3alli IJIOIN]
MPOTIYOK B (D13UYHINA MOJIENI, 3A1HCHIOETHCSA €KCIIEPUMEHTANIBHO.

Po3rnsHemMo MakcuMalbHy KUIBKICTh IUCKPETHUX MapaMeTpiB, KOMOIHAIIS SKUX
BU3Hayae MHOXHMHY cTaHiB HBK, nis AKkuX BHKOHY€TbCS ONTHUMI3AIlif, 10 TaKUX
napaMeTpiB BiTHOCUTHCS:

1. [IIBunKicTh BITPY HA BUCOTI 15 M, BUMIPIOETHCS B M/C;

2. Hanpsim BiTpy (BUMIPIOETHCS B Tpajlycax), BCboro 360 MOXIJIMBUX 3HAYEHB;

3. HasBuicTh ab6o BiacyTHicTh poOiT B HBK, 1m0 BruBae Ha 00’ €M HarHiTaHHs
noBitpst B OO Ta KII;

4. KinpKicTh MpaIlOIOuUX YCTAaHOBOK, o HarHitatoTh B KII, ska wmoxe
3MiHIOBaTuCh Bif 0 10 4 (m0onaTkOBUM mapaMerp, sSIKU BBOJUTHCS JUISl MOJIETIICHHS
ONTUMI3AIIAHOI 3a7a41);

OTxe, Maloouu BIANOBIAHI MOJENI, SKI BIANOBIAAIOTH AKTYyaJIbHOMY CTaHy
00’€KTy, MOXJIMBO OTPUMATH ONTUMaibHI BUTpaTu BY (110 BHKauylOTh MOBITPS 3
HBK) nmns tucsadi pi3HUX MOXKJIMBHUX CTaHIB, 3 IOJAJBIIOI 1HTEPIIOJAIIEI0 IS
MPOMIXHUX 3HAYEHb. AJTbTEPHATUBHUM I1IX0JIOM € PO3PaXyHOK ONTUMATBLHUX BUTPAT
BY B pexwumi peanbHOro 4acy, BIANOBIAHO BiJiMagae HEOOXIHICTh 30epiraHHs

MPOMIXXHUX PE3YIbTATIB Ta IHTEPIOJISIIII.

2.5 Merox BHKOPHCTAHHS METEOPOJOTiYHMX [JaHUX IS BUOOPY

ONTHUMAJILHUX PEKUMIB BEHTWISUIHHUX YCTAHOBOK

[TapameTpu BITPY, a caMe IMIBUJAKICTh Ta HalpsM, € BHU3HAYaJbHUMHU IS
MOXJIMBOCTI pO3paxyHKiB rigpaBiaiyHoro crany HBK, ockiibku BoHM abo
NEPEBOIATHCA B KapTy TUCKIB HABKOJIO O0’€KTY, SIKI 3aCTOCOBYIOTHCA B (PI3MYHIM

Mojieli, a00 HanpsMy MOJIaI0ThCS Ha BX1J IHIIIUM YHCEIIbHUM MojemsiM. [IponionyeTbest
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PO3MISIHYTU JBa OCHOBHUX MIJAXOAM MPOTHO3YBAHHS Ta BUKOPHUCTAHHS IapaMeTpiB
BITpY.

[lepmiuM miAXOA0M € CTATUCTUYHUM MiAXiA 3 MOEAHAHHI 3 MeToaoM MoHTe-
Kapno. Ockinbku mporHo3yBaHHS BITPY € CKJIATHOIO 33Jau€t0, 0COOIMBO KOJIM MOBA
Wae mpo MPOTHO3U Ha MEPIoJ IO MEPEBUINY€E KUIbKA AHIB, CTATUCTUYHUM MIAXIJ €
0COOJTMBO KOPUCHUM [IJIsl IHTETPaIbHOI OIIHKU BUKUIIB [88]. CTaTuCTUUYHI METOAU
3aCHOBaHI Ha aHaJ131 ICTOPUYHUX JTaHUX, I03BOJIAIOUM 11€HTU(DIKYBAaTH TEHJICHIIIT, K1
MOXYTh OyTH BUKOPHUCTaHI JIJIsi IPOTHO3YBaHHS MailOyTHIX YMOB. OJIHUM 3 MOXJIMBUX
CTaTUCTUYHUX MIAXOJIB € 3aCTOCYBaHHS €MIIIPUYHUX UMOBIPHICHUX PO3MOIUIIB JIs
MIPOTHO3YBaHHSI MalOyTHIX 3Ha4eHb [89]. SIKIIO NIl OLIIHKM HAMpsMy BITPY MOXHA
BUKOPHCTOBYBaTH 3BHYalHYy €MIIpUYHY (YHKLIIO PO3MNOAULLY, TO JUIsl aHami3y
IIBUJIKOCTI BITPY OUIBIII AOLJIBHO BUKOPUCTOBYBATH OJIMH 13 HETIEPEPBHUX PO3IO/ILIIB,
Takux gk posnoain Beitoymna [90]. Lleit posnogin epexkTUBHO MOMAENTIOE HIUPOKUN

criekTp GpopM mBHAKOCTEH BITPY (puc. 2.9).

0.20 —
<—4 m/s mean
0.15 —
6 m/s mean
= /
3 8 m/s mean
T 0.10
o
o 10 m/s mean
0.05— J/
0.00 -

I | | 1
0 5 10 15 20 25
Wind speed, m/s

Puc. 2.9. ®yukuisa posnoainy BeitOymia s MBUAKOCTI BITPY

Jns 3HaxomkeHHsT mapameTpiB (yHKIiiT BeliOymia Ha OCHOBI €MIIIPUYHOTO

PO3MOALLY, MOXKHA BUKOPUCTOBYBATH METOJIM OIIHKU MapaMmeTpiB. OauH 3 HaWOLIbII
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MOIIMPEHUX METOMIB - II€ METOA MaKCUMaJlbHOI mpaBaomnofioHocTi (Maximum
Likelihood Estimation, MLE). ®@yukiiis uiiiasHOCTI po3noaiuty BeitOynna 3amaerbes

PIBHSIHHSIM:

k
O3k = 5 (;) e~ G/ (2.16)

Jie X - 3HAUCHHSI BUIIAJIKOBOI BEIMUYMHHU (IIBUAKICTH BITPY M/C);

k — mapametp dopmu;

A — mapameTp MacmTaoy.

106 3uatiTn mapameTpu k Ta A 3a moomororo MLE, BUKOHYIOThCS TaKi KPOKH:

1. ®opmyBanHs GYHKITIT UMOBIpHOCTI A1 BUOipky manux X = {X1, Xy, ..., Xn} ,
10 BU3HAYAETHCA K AOOYTOK 1HAMBIAYyaTbHUX (YHKIIN IIUTBHOCTI HMOBIPHOCTI JjIs

KOKHOTI'O CHOCTepe)KeHHﬂ:
n
L(k,A) = ]_[f(xi; k), 2.17)
i=1

2. OCKUIbKM 3py4YHINIE MpaIoBaTh 3 JOorapupmMoM MHMOBIpPHOCTI (I00yTKH

MEePETBOPIOIOTHCA HA CYMY), BUKOHYEThCS JIOTapu(PMyBaHHS:
n
InL (k) = Z Inf (x;; k, A), (2.18)
i=1

3. [TapameTpu k Ta A 3HAXOAATHCS IUISXOM MakKcUMIi3allii (OCKUIBKH MH XO4EMO

3HalTU Taki mapaMeTpu, Kl Jal0Th MaKCUMaJIbHY WMOBIPHICTB), IO 3BOJUTHCS 10
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3amayl MiHiMi3amii o0epHeHol (yHKIii. OCKIIBKM aHANITUYHE PIIIEHHS 3a3BUYail
HEMOXJIMBE, BUKOPUCTOBYIOTHCS UYMCENIbHI METOMIU JJIsl 3HAXO/XKEHHSI ONTHUMAaTbHUX
3HadeHb Kk Ta A. Ile MoxHa 3poOHuTH 3a JOMOMOTOIO CITEIiali30BAHOTO MPOTPAMHOTO
3a0e3neueHHs ado 010110TeK 11 CTATUCTUYHUX OOYHCIIEHb.

B pe3ynbrari oTpuMy€eThCsi pO3HOILT MIUTBHOCTI KIMOBIPHOCTI IIBUJKOCTI BITPY
f; (x) Ta HanpsMy BiTPy (AMCKpeTHHI po3moin B Mexkax 0-360, moxineHuit Ha 3a1any
KIJIBKICTh iHTEpBaiB, Hanpukian 36) — f,(X), 3 SKMX BHYMCIIIOIOTHCS KyMYJISTHBHI
(GyHKIIIT pO3MOJILTY, 1110 3aCTOCOBYIOTHCS JUJIsl HOJATBIINX CUMYJIIALIIH.

Hactynnum ertamom € BukopucTaHHs Metony Monte-Kapio, mo mo3Bossie
OIL[iHUTHU cyMapHi Bukuau PA nipu neBHomy pexxumy poootu BY. Ilpouec ckianaerbes
3 TAaKUX €TalliB:

1. 3amaetbest pexum pobotu BY, abo 3amar0Thecs MONEpeaHBO PO3pPaxOBaHi
onTUMaibHi BUTpatu BY 17s pi3HUX mapameTpiB BITPY;

2. ITapameTpu BITpY, Taki (K IIBUAKICTh Ta HaIpsM, CHUMYIIOIOTHCS 3a
JIOTIOMOTOI0 TOMEPEHFO OTPUMAHUX IMOBIPHICHMX po3noainiB. IIBuaKicTh BITpYy
v BU3HaYaeThes BUOipKoro f; (x), a HampsM BiTpy 6 - Bubipkoro 3 f,(x). Jis koxHOrO
iHTEepBajy uacy reHepyerbes mapa (v, 0,).

3. B koxeH MOMEHT yacy BUKuIU PA po3paxoBylOThCSl HA OCHOBI CUMYJIbOBAaHUX
napaMmeTpiB BiTpy Ta pexxumy podoru BY: E(t) = g(vy, 6, R).

4. Tlicns mpoBefieHHs 0araTopa3oBUX CUMYISIIIA MPOBOAUTHCS CTATUCTHYHUI
aHaJi3, 1110 BKJII0YaEe MOOYI0BY riCTOrpaMu BUKUIIB, PO3PAXYHOK EMITIPUYHOI (PYHKIIIT
po3MoALLY, 0OYUCIEHHS CepeIHIX 3HAYEHb, TUCIIEPCii, MPOLEHTHIIIB TOIIIO.

Bukopucranuss metony Monte-Kapino nae MOXIMBICTH Kpallle 3pO3yMITH

MOTEHI[IHI €KCTpEeMalbHI CLIEHapii, a TakoX pO3poOUTH €(EeKTUBHI cTparerii uist
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3MEHIICHHSI PU3UKIB BUKHU[IB Ta MOKPAIIUTU IJIAHYBAHHS 3aXO0JiB O€3MeKu MpHu
JOBIOCTPOKOBOMY IIJIaHYBaHHI.

Jnsi KOpOTKOCTPOKOBOTO KOHTPOJIO BUKHUIIB Ta ympaBiiHHA BY moxnuse
3aCTOCYBaHHS MIPOTHO30BAaHUX MapaMeTpiB BITPY, OTPUMAaHUX 32 JOIMOMOIOI0 aHaTi3y
4acoBUX PsiiB a00 MoOjeiedl MalIMHHOTO HABYaHHSA, a TaKoXX KOPUCTaBYBaHHS
soBHilHIMU API (Application Programming Interface) nns orpumaHHs aKkTyadbHUX
METEOpOJIOrTYHUX JaHuX. Lle 103BOMse MIBUAKO aJanTyBaTHUCA 0 3MIHHUX YMOB i
OI[IHUTU CyMapHi BHUKUIU PA y KOpPOTKOCTPOKOBIN MEpCNEeKTHBI, 3a0e3Meuyrouu
MOXJIMBICTh TPUUHATTS OOIPYHTOBAHUX pIllIeHb IMIOAO Oe3MeKu Ta €PEKTUBHOTO
YIpaBJIiHHS PU3UKAMU T1]] 4ac MPOBEACHHS POOIT.

OcKUIbKH TPOTHO3YBAHHSI TOYHUX MAapaMeTPiB BITPY € CKIAJHOIO Ta 00’ €MHOIO
3aayero, JJis 3a0€3MeUeHHs IKOi BapTO 3aCTOCOBYBATH MOEIHAHHS SIK MAaTEMAaTUUHUX
TaK 1 GI3BUYHUX MIIXOAIB (HAMPUKIAA PO3NOJALTY TUCKIB Ha MICIIEBOCTI), PU IILOMY
4acTo He Ja€ 3aJ0BUILHUX PE3Yy/IbTaTIB, 3alIPOMIOHOBAHE BUKOPUCTAHHS CTATUCTUYHOTO
MIIXOAY MOBHICTIO 3a710BOJIbHSE (yHKIIOHAIBHUM BuMoram 10 CIIIIP mono ominku

OYIKyBaHUX CyMapHUX BUKHU[IB PA.

BucHoBkHM 10 po3aiiy 2

1. Onucana ¢i3u4Ha MozeNb rigpaniaiuHoro ctany KoHpailHMEHTy Ha OCHOBI
dbopmynu bepHymii Ta piBHAHHS 30€peKEHHSI Mac JI03BOJISIE BU3HAYUTU Mepenaau
TUCKIB Ta HasBHICTh BUKUAIB PA 3a mexi HBK. IIpu npoMy TOUHICTH pO3paxyHKIB
3a0€3MeuyIoThCsl 3a JIOMOMOIOK 1HTerpauii pe3ynbTaTiB koM totepHoro CFD

MozentoBaHHs 001yBanHa HBK.
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2. Onucanuii MeTOA 3HAaXOMKEHHS IUION] HEKOHTPOJIbOBAHUX MPOTIYOK
JO3BOJISIE  3HAXOJWTH Ta TMEPIOJAMYHO OHOBIIOBATH BIAMOBIAHI IUIOMII, SIKi
BUKOPHUCTOBYIOTHCS JJIsl pO3paxXyHKY 00’ eMHUX BUKUAIB PA.

3. Po3pobnenuii miaxia 3 BUKOPUCTAHHIM MAIIMHHOTO HAaBYaHHS IS OLIIHKH
rigpaBiaiyHoro  ctanHy  KoHdalWHMEHTY  [TO3BOJIUTH  MOKPAIIUTH  TOYHICTh
nporuo3yBaHHs TUCKIB Bcepeauni HBK ta BuToki PA.

4. OnucaHo MeTOJ 3HAaXO/)KEHHS ONTUMAJIbHUX [apaMeTpiB  poOOTH
BEHTWISIIMHUX YCTAHOBOK 3 BUKOPUCTAHHSIM MOJIeJIed MAIIMHHOTO HaBYaHHS JUIs
3a0e3neueHHs] MiHiMi3alii BUKUAIB PA, 3 0OZHOYACHOIO ONTUMI3AIIEID BUTPAT
€JIeKTPOEHEPTii.

5. Onucanuii METOJI BUKOPUCTAHHS METEOPOJIOTIUHUX JaHUX JJIs aHalli3y Ta
BUOOpPY ONTHMAJIBHUX PEXUMIB BEHTWISALIMHUX YCTaHOBOK, 30Kpe€Ma IOKa3aHo, IIO0
3aCTOCYBaHHS CTATUCTUYHUX MeToliB Ta MonTte-Kapino cumyndmiii ao03Bossie
pO3paxyBaTH PO3MOILT OUIKYBAHOTO PIBHSI BUKU/IIB B 3aJIEXKHOCTI BIJl peKUMY POOOTH

BY.
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PO3/LT 3
PO3POBJIEHHSI ITIPOT'PAMHMX 3ACOBIB JIJISI ONITUMAJILHOT O
YIPABJTHHSA BEHTUISINIAHAMEA YCTAHOBKAMM

Peanizarnist onucanux mojenel Ta METO/IB MAa€ HAa METI HE JIUIEe TEOPETUYHE
JOCIIJKEHHSI TIAPaBIIYHOIO CTaHy, @ ¥ MOMJMBICTh MOJAIBIIOIO MPAKTHUYHOTO
3acTocyBaHHs 3a paxyHOK po3poOku CIIIIP, koTpy Mo)XHa BUKOpPUCTATH Ha MijJ 4ac
excrutyaranii HBK nns ynpasninas BY, miniMizaliii pu3ukiB Ta Kpauioro rjiaHyBaHHS
MPOBEACHHS POOIT MO MEPETBOPEHHIO O0’€KTYy HA EKOJOTIYHO Oe3MeYHYy CHUCTEMY
[91,92]. 3 wmeTor0 €(EKTUBHOTO PO3POOJCHHS BIAMOBIAHOTO MPOTPAMHOTO
3a0e3MeueHHs, HeOOX1THO YITKO C(OpMyIIOBaTH BUMOTH, SIKI MOXXKHA MOJIIUTH Ha
¢dyHKIIOHANBHI Ta HEe(QYHKIIOHAJBHI, PO3pOOUTH BIANOBIAHY apxitekTypy [I3 Ta

oOpaTtu onTUMalibHI 3ac00U PO3POOKHU.

3.1 ®opMyBaHHsI BUMOI Ta JiarpamMu npeueaeHTiB

Sk mokazye mOpakTHKa, JAOMYIIEHHS MOMUJIOK HpH  (QOpMyBaHHI BUMOT 0
MPOTPAMHOTO 3a0€3MEUYEHHIO € OJHIEI0 3 OCHOBHUX TMPUYUH, 10 MPUBOISATH 10
mpoBajy peanizaiii npoekty [93], BIAMOBIAHO, JUIsl MiHIMI3alli PU3UKIB KPUTUYHO
BOXJIMBUM € PETEIbHUN aHa13, a TAKOXK (opMaltizallisi BAMOT y BUIIISII crielu(iKallii.
Bumora no mpoaykTy BHU3HAua€ €KCIUTyaraiiiiHi, (DyHKI[IOHAJIbHI, KOHCTPYKTHUBHI
XapaKTEPUCTUKU a00 OOMEXKEHHS, Kl € OJHO3HAYHUMHM, TAKUMH, 110 MIJJAI0ThCS
nepeBipili, 1 HEOOXIIHI I NPUHHATHOCTI TPOAyKTy (KopuctyBayamu abo
BHYTPIIIHIMU THCTPYKIISIMU 1I0/10 3a0e3neueHHs AKocTi) [94].

BuzHauuMo OCHOBHI poJii KOPUCTYBadiB, 110 B3aeMOAitoTh 3 [I3 mist oriHku
TIApaBIIYHOTO CTaHy Ta ynpasmiHHs BY. Jlo Takux posieil BiIHOCSATHCSA: PO3POOHUK,

SAKUWA TaKOX € aMIHICTPaTOpPOM, TOOTO BIAMOBIJIAE 3a BIPOBAKEHHS Ta MIATPUMKY;
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1HXEHEep, IKUM Moxe OyTu OyIb-sSKUM MepcoHall MPUYETHUM 0 MPUMUMaHHS PIlICHb
IOJI0 YOpPaBIiHHA BEHTWIALIMHUMH YyCTaHOBKamMu. PosmisHeMo OUIbII JETadbHO
nepenik mocagoBux ocid JICII «HOPHOBUJIBCBKA AEC» (Homatox B), sxi
MPUYETHI 0 BUOOpY pexxkumiB PpyHkiionyBands HBK:

1. 3acTynmHUK TEXHIYHOTO TUPEKTOpa (3 IHPPACTPYKTYpH), BIJMOBIAAE 3a IEX
excrutyaramii  OG’ekra  «Ykputtsi» Ta HoBoro besneunoro Koudailinmenrty,
€JIEKTPUYHUNA 11X Ta IeX TEeMJIOBOi aBTOMAaTUKU Ta BHUMIipIoBaHb. OTpuUMaBIIU
iHopmariiro po ctaH podotu BY, motounwmit riapamiunuii ctan HBK Ta Brmus
METEOpOJIOTTYHUX YMOB, 10 00pobneHi B CIIIIP — Moxe oOrpyHTOBaHO NMPUUHSITH
pIlIEHHST PO 3MEHIIEHHS/30UIbleHHsT noTykHOcTi BY. Bapro 3a3nauutu, 1o
aHAJIOTIYH1 PIIIEHHS MOXKYTh OyTH IpHUITHATI HauaabHUKOM 3MiHU AEC.

2. 3acTyHUK TEXHIYHOTO AWpeKTopa (3 Oe3leKu) Kepye ILeXOoM pajiaiiiHol
Oesnekn Ta BIAAUIOM 1HGOPMAIIMHUX TEXHONOTIH. AHamizye iHdoOpMaIiio Bif
JO3UMETPUYHUX TMPUIIAIB 1 CUCTEMH JJisi 3a0€3MEeUeHHs pajlialiiiHol Oe3neKu Ta y
BUMAJKY MMEPEBUIICHHS paJlalliiHUX HOPM — MOXE HaJaTh MPUUHSITH PIIIECHHS 1010
HE0OX1AHOCTI yrpaBiiHHs BY.

3. HauanpHUK BiAJ1Ty aBapiifHOI FOTOBHOCTI Ta pearyBaHHS, 3a0€3MeuyeThCs
iH(popMmaliiero Tpo HeOe3Me4Hy TiIPOMETEOPONIOTiYHY OOCTAHOBKY, BIUIMB BITDY,
BITpOBe Ta TemioBe HaBaHTaxkeHHs Ha HBK Ta wmoxnuBi aBapiiiHi cuTyarfi.
KopuctyBanHus po3po0ieHUM KOMILIEKCOM MPOTPaMHUX 3aC001B 103BOJISIE HAYAIBHUKY
BIIJIUTY OTpUMYBaTH iH(pOpMaIio 1 nepeadayaTv aBapiiHy TOTOBHICTbD.

OxkpiM BapiaHTIB BUKOPHUCTAHHS, BaXXJIUBO PO3MISHYTU SK OCHOBHI, TaK 1
BTOPHUHHI (PYHKIIIT 5K 3a0€3MEeUyI0ThCS 32 PaXyHOK ONTUMAIBHOTO ynpaBiinHa BY Ta
aHai3y T1IPaBIIYHOIO CTaHy 00’ €KTY, OCKUIBKM BOHM MATUMYTh BIUIUB Ha MOJAJIbUIY
esosttorito I13:

1. OOmexenHst 3a0pynHeHHs1 TepuTopli PA Takum 4uMHOM, 1100 MOTIK MOBITPS

3aBkaAu OyB CHOPSMOBAHMM 13 30H MOTEHI[IHHO HU3BKOTO 3a0pyAHEHHS 10 30H



88

MOTEHIIMHO BUCOKOTO 3a0py/IHEHHS, a TAKOXK MIATPUMKA PIBHSI BUKHU/IIB B aTMoc(hepy
B MeXaxX, BHU3HAUEHUX BIJAMOBIIHUMU HOpPMaMU Ta BHUMOTaMH, BCTAHOBJICHHUMU
HOPMAaTHUBHUMH JIOKYMEHTaMU;

2. IligTpuMKa ONTUMAIBHUX YMOB CEpEIOBHUINA ISl TEPCOHANTY Ta POOOTH
TEXHOJIOTIYHOTO OOJaJIHAHHS, a TAKOXK 3a0€3MEeUeHHsI BIJMOBIIHOCTI PIBHS BOJOTOCTI
MIPOEKTHUM MeXaM, JUIsl 3ar0o0IraHHs KOHJIeH callli BCEpeIUHI KUTbIIEBOTO POCTOPY;

3. 3ano6iraHHsi YTBOPEHHIO JIETKO3aMMUCTUX Ta BUOYXOHEOE3MEYHUX IapiB,
ra3iB Ta MUJIOBUX CyMIIIEH, pO3NOBCIOKEHHIO IUMY Ta MPOAYKTIB TOPIHHA Y BUIAAKY

BUHUKHEHHS TTOXKEXK].

laeHTnbikauin Ta
OHOBNEHHA NapaMeTpis
Mogenen

Po3pobka mogenei

03pobka cKnagoBum
nporpamHoro
3a6eaneyeHHA

IlHTerpauin 3 iHWWUMK
cucTemamm

Po3apobHuk/AgmiHicTpaTop

Po3pobka nporpamHux
moaynis

Po3pobka anropuTtmie

AHania icTopnyHux
AaHux

dopmyBaHHA 3BITIB

Bisyanizauin
iHchopmauii npo
rinpaeniyHUiA cTaH

[ocnigxeHHA
rinpasniyHoro cTaHy

IHxeHep

HocnipxkeHHa Bnauey
napameTpis

MporHocTu4He
MOoOentBaHHA

Puc. 3.1. /liarpama BapiaHTiB BUKOPUCTAHHS IPOTPAMHOTO 3a0€3MEUEHHS OL[IHKH

T1paBIIYHOTO CTaHy
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OcHoBHi BapianTu BukopucTtanHd [13 mokazano y Bumisiai UML piarpamu
npeueaeHTiB (pucyHok 3.1). Buxonasuu 3 BapiaHTIB BUKOPUCTAHHS MHPOrPaMHOIO
3a0€3IeYeHHs, a TaKOoXK 3 OCOOJMBOCTE TEXHIYHOrO cepeaoBHIa, CHOPMYILOBAHO
¢ynkuionansHl Bumoru (®B) go CIIHIP gns ontumanbHoro ympariinHs BY, siki
MpeACTaBICHO y BUVISAI Ta0Omui 3.1.

Tabnurs 3.1

@DyHKII1IOHAJIbHI BUMOTHY JIO CUCTEMHU MIATPUMKU MPUUHSATTS PIllIEHb JJIs

OIITUMAJIBHOI'O ynpaBHiHHH BGHTHHHHiﬁHHMH YCTaHOBKaMHU

Kox
Bumora
BUMOTH

®B1 | 3abe3neueHHs JOCTYITy 10 IOKa3iB AATYMKIB Ta BUTpatu BY

®B2 | 3abe3nedeHHs JOCTYIY 0 aKTyaJbHUX METEPEOJOTTUHUX JAHUX

3abe3neueHHs 1H(QOpMaIIE€ PO TUION] HEKOHTPOILOBAHUX MPOTIYOK, a
®B3 . _
TaK0X 00’ €MIB MPOTIYOK

®B4 | 3abe3nedeHHs iHPOpMAITIEIO MO0 ONTUMAIBHUX BUTpaT BY

3abe3neueHHs 10CTyy 10 30epeKeHUX ICTOPUYHUX JTJAHUX Ta MOKIIUBICTh
®B5 _
X aHami3y

®B6 | 3abe3nedyeHHs] MOXKIMBOCTI TPOTHO3HOTO MOJISTIOBaHHS BUKHUIIB PA

3a0e3neueHHs] MOXJIMBOCTI JOCHIIPKEHHSI BIUIMBY MapaMeTpiB (TUIONII
®B7 | npoTiyok, MIBUAKOCTI Ta HampsMy BITpy) Ta BuTpaT BY Ha 00’em

HEKOHTPOJIbOBAHUX MPOTIYOK
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[lepenbauaerbest mopaibile PO3MUPEHHS (YHKIIOHAIBHUX MOXIUBOCTEH
CIIIP 3rigno xoHuenuii nudpoBux ABidHUKIB [95-97]. HedyHkilioHanbHI BUMOTH
(H®B), sxi pexomeHA0BaHO BpaxyBatu npu po3poOiui [13 manoro tumy, HaBeIeHO B

Tabaum 3.2.

Tabmuus 3.2
HedynkiioHanbHi BUMOTH O CUCTEMU MIATPUMKU NPUUHSITTS PillICHb JJIsI

OIITUMAJIBHOI'O ynpaBHiHHH BGHTHHHHiﬁHHMH YCTaHOBKaMHU

Kon
BumMmora Ta 11 onuc
BUMOTH
Haniiinicte: 113 moBuHHO (yHKIIOHYBaTH O€3BIAMOBHO, 3a0€3ME€UYIOUH
H®BI1

TOYHICTb Ta KOHCUCTEHTHICTh JAHUX MPOTSITOM TPUBAJIOTO MEPIOy Hacy

3py4HICTh KOPUCTYBaHHS: 1HTepdelc KOpUCTyBaya TMOBUHEH OyTu
H®B2 | iHTYITUBHO 3pO3yMUIMM Ta 3pyYHHUM, 3a0€3MEUYyI0UH JITKUN JOCTYI [0

KJIFOYOBUX (yHKIIIH Ta iHpopMmarii

CywMicHicTh Ta iHTerpamis: npu po3poodii II3 morpibHO mependaunTu

CYMICHICTh 3  IHIIUMHU CHCTEMaMM Ta  IHCTpyYMEHTaMH,  SKi

H®B3
BUKOpUCTOBYIOTbc Ha HBK, 3a0e3neuytoun MOXIUBICTH  JIETKOI
1HTeTparrii
[IpoayKTUBHICTB: MBUIKa 00pOOKa JaHUX Ta BIATYK (OCOOIMBO BaXKJIUBO
HDB4

MIPU MO3AIITATHUX CUTYAIIISX)
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3.2 ApxiTeKkTypa CHCTeMHU NIATPUMKHU NPUAHATTS pPillieHb

Buxonsiun 3 ¢yHKIIOHAIBHUX Ta HEQYHKIIOHATBHUX BHUMOT TPUHHATO
BIAMOBIAHI pilleHHd 1040 BuOopy BianoBigHoi apxitektypu CIIIIP. Cxema

po3pobnenoi apxitekrypu CIITIP nokazana Ha pucyHnky 3.2.

Beb6-6payaep

A

Y

Cepsep iHTepdelicy AP
KopucTyBada <« > <
Streamlit Flask \
—
Mogaynb OUiHKu ~

riapaeniyHoro cravy

AnmiHicTpyeanHA B[ |
pgAdmin Basa paHux
PostgreSQL

Y

ETL monynb < >

Docker

v

Puc. 3.2. Apxirekrypa CIIIIP

Bubip apxiTexkTypu 3acHOBaHUUA Ha MOIYJIbHOMY Minxoal [98], mo copuse
aJanTUBHOCTI Ta JIETKOCTI OHOBJICHHSI KOMIIOHEHTIB CHUCTEMH, a TAKOX IMOJIETIIYE
1HTerpalil0 HOBUX MOJYJIB JJig BUPIIIEHHS HOBHUX 3aAau miJ yac ekcrutyaranii HBK
[99-101]. OGpanuii niaxig cnpsMOBaHUN Ha 3a70BOJICHHS HE(DYHKIIIOHAIBHUX BUMOT
mogo HOBI1-HDB4, 3a0e3neuytoun BUCOKY aJalTHBHICTh Ta JIETKICTh OHOBJICHHS

CUCTEMH BIANOBIAHO 10 3MiHHMX noTped ekcruryarauii HBK. 3mina B morpebax
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eKCIUTyarallii, a BIAMOBIIHO 1 y BUMOTax BUIUIUBAE 3 BEJIIMKOTO TEPMIHY €KCIUTyaTallii
HBK (cknamae 100 pokiB), a Takok 00’ €My 3arIaHOBAHUX POOIT.

3aBaskun  BukopuctanHio ETL  (Extract, Transform, Load) wMogyns
3abe3mneuyerbes 38’5130k CIITIP 3 B[ ICY HBK Ta iHImMMHY 30BHIMIHIMU JKEpETaMu
nanux (HO®B3). IIpu uboMy BHUKOPUCTOBY€EThCS pensiiiiHa bJl, 1o 103BoJisi€ JTerKo
BCTAQHOBIIIOBATH 3B'SI3KM MK JaHUMH 3a JIOTOMOTOIO 30BHIIIHIX KJIIOYIB, IO CIPHSE
3a0€3MEYEHHI0 IUUTICHOCTI JaHUX Ta YHUKHEHHIO IyOmtoBaHHsa iHGopmaiii [102]
(H®B1). Kpim Toro, pensauiitni b/] HanaroTh MOXIMBICTh BUKOPUCTOBYBATU CKJIaJHI
SQL-3anutu a1 €(heKTHBHOTO BUKOHAHHS P13HOMAaHITHUX aHATITUYHHUX OIepariii HaJl
nanumu (OB1, B2, ©BS).

Monynb agmiHicTpyBaHHs 0a3u HaHUX 3a0e3leuye BUCOKUN PiBEHb HAIMHOCTI
ta nocrynnocti ganux (HOB1) uepes npouenypu Oekarty, BITHOBICHHS Ta OUUIIICHHS
JAHUX, 10 € KPUTUYHO BAXKIIMBUM JUIsI HEMIEPEPBHOI Ta O€3MEUYHOi pOOOTH CUCTEMHMU.

3actocyBanHs Docker koHTeHEPIB /ISl pO3TOPTaHHS CUCTEMHU BUPIIIYE BUMOTY
cymicHocTi Ta iHTerpamnii (H®B3), no3Bois0uM JIETKO MEpPEMIIaTh CUCTEMY MIiK
PI3HUMU CepeOBUILIAMHU, 3a0€3Meuy0ur CTa0lIbHY Ta HaailiHy podoTy [103].

OcnoBHoro mepeBaroro BukopuctanHs REST API B € 3a0e3meueHHs
yHI1()IKOBaHOTO Ta OE3MEYHOro JAOCTYNy A0 MOIYJS OLIHKHU TiIPaBIIYHOIO CTaHy Ta
6a3u ganux (HOBI). [le cpoiirye apXiTeKTypy CUCTEMH, 3MEHIITY€E PU3UKHU O€3IEKHU Ta
MI1JIBUIILY€ THYYKICTh pO3p0oOKHU Ta MaciuTadyBanHs [13.

Po3pobnennii APl BUKOpUCTOBYE cHeliadbHO HAMHCAHWN MOAYJIb OLIHKH
rigpasniudoro crany HBK, skuii 3a0e3neuye aHami3 rigpaBiaiyHUX YMOB BCEpEIMHI
Kondaitnmenty. [ei Moysib BKIIIOUA€E aNTOPUTMU JIJIsl OOUHUCIICHHS MApaMeTPiB, TAKUX
SK TUIOIII MPOTIYOK, MEepenaan TUCKY Ta 00’€MH BPaxOBYIOUM Pi3HI clieHapii poOboTH
BEHTWISIIIIMHUX CUCTEM, JI03BOJISE 3HANTH onTuMalibH1 BUTparu BY (OB3-®B7). JlaHi,
OTpUMaH1 3 ILOTO MOAYJs, 3a Jonomorotd APl mMoxyTh OyTH JieTKO 1HTETrpoBaHi 3

iHmMu cuctemamu (HOB4), o cnipusie koMIuiekCHOMY aHali3y ctany 6e3neku HBK.
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3.3 MoayJib ouiHKH rigpaBjaidyHoro crany Kondaiinmenry

Monyne ouinku riapasiniuHoro crany HBK Ta 3HaxomkeHHS ONTUMAallbHUX
Butpar BY peanizoBanuii Ha 0OCHOBI po3p00JIEHOTO MAKETY, CTPYKTypa SIKOTO ITOKa3aHa
Ha pUCyHKy 3.3. M1oro OCHOBHMMHU CKJIaIOBUMH €:

1. ITignaket Monenew, mo ckinaaaerbes 3 pizuunoi moaeni Kondaitnmenra, sika
MpecTaBieHa BIAMOBIIHUM KJIacOM, B SIKMH BHOCSATBHCS ILIOII MPOTidoK. PDizuyHa
MOJI€JIb MICTUTh METOJ] IPOCTHUX 1TEpalliil Jyisl 3HaXo/KeHHs TUCKIB Bcepenuni HBK, a
TaKOX MOXJIMBICTh 3allyCKy pPO3pPaxyHKIB Il BHOOPKM JNaHHUX. TakoX 10 LbOTO
nianakery BKIOYeHO ML Moxeni, $SKI BUKOPHUCTOBYIOThCS JUIsl HaBYaHHS Ha

ICTOPUYHMX MOKa3ax AM(HMaHOMETPIB.

®disnyHa Moaens.

» MignakeTt mopenei Knace HEK
ML mogeni Knace I'Y 3 ®daiin 3 poanopinom
TUCKIB

CraTWCTMYHa ouiHKa
BiTPY. MoHTe-Kapno
> cumMynAuii

| MianakeT rpaHnyHUX
»
YMOB

MNakeT ouiHKKN
riapasniyHoro cTaHy
HBK

MignakeT onTumizadii »  OnTtumisatop BY

A 4

v

3Haxo4XKeHHA nnow
NPOTiYOK

3HaxomKeHHA
napametpis ML
mopaenen

MinnakeT 06pobku
[aHUX

» Mignaket Bisyanisauii

Puc. 3.3 CtpykTypa nmakeTy ouiHku rigpasiaiuHoro ctany HBK
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2. [linmaker rpaHUYHUX YMOB MICTUTh KJac, SIKHW JO3BOJIIE€ aBTOMATU3YyBaTH
3HAXO/PKEHHSI THCKIB HABKOJO O00’€KTY, BUKOPHUCTOBYIOUM pE3yJabTaTh pPoOOOTH
ctopoHHbOro 113. BaxknuBum e€1eMeHTOM IbOro MiAMOAYIIO € KJIac Js1 CTAaTUCTUYHOL
OI[IHKH MTapaMeTPiB BITPY, a TAKOK MOKIIUBICTh poBeieHHs: MoHTe-Kapio cumynsiiii.

3. [ligmaker onmTuMizallii BKIIOYAE “ONTUMI3ATOpPU’, IKI BUKOPUCTOBYIOTHCS B
JAHOMY MOJIyJi, a came: (YHKIS i 3HAXOJKEHHS ONTUMalbHUX BUTpar BY,
AITOPUTMHU JUIsI 3HAXOMKEHHS IUIOLI HEKOHTPOJIbOBAHMX MPOTIYOK Ta 3HAXOMKEHHS

ONTUMaJbHUX BaroBux koediieHTiB 1151 ML monenei.

BoundaryConditionsMap DataProcessor

+DataFrame df_boundary +dict SENSORS_DICT

+list bc_names +process_folder(folder_path)

+bool split -_process_file(file_path)

+float SPEED_NORMALIZATION_FACTOR +convert_to_physical(df)

+get_boundary_conditions(wind_speed, wind_direction, split) -_exp_press_to_g(value)

+split_physical(df)

PhysicalModel MLModels

+list custom_areas +list models

+float S_as_mv +StandardScaler scaler

+float S_as

-_create_model()
+float S_as_west
+preprocess_features(X)
+float S_as_east
+train(X, y)

+predict(X)

+float S_as_cyll

+float S_mv_west

+save_weights(folderpath)
+float S_mv_east

+load_weights(folderpath)

-_calc_conductivity(press_1, press_2, area) +save_scaler(filepath)

+batch_solver(fans, bound_press) +load_scaler(filepath)

+direct_solver(fans, bound_press, eta)
+calculate_all_dpress(pressures_inside, pressures_outside)

+calculate_all_leaks(all_dpress, areas)

+calculate_mv_leaks(all_dpress, areas)

Puc. 3.4 Jliarpama kiaciB, [0 BUKOPUCTOBYIOThCS JjIsl 0OpOOKU TaHUX Ta

3HaXO/>KeHHsI TUCKIB Beepenuni HBK
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4. ITinmaker oOpoOKM JaHWX BIATNOBiAa€e 3a 301p, OUYMILNECHHS, IHTETpAIlil0 Ta
MIArOTOBKY ekciutyaTaniinux ganux 3 HBK nis nomanemoro anani3y Ta nojgadi Ha BXij
MOJIEJIEH.

5.[ligmaker  Bi3yanmi3amii  OPOMOHY€  IHCTPYMEHTH Mg rpadiqHoro
MpPEACTABICHHS JaHUX, PE3YJbTaTiB MOJCIIOBAHHS Ta AaHaJITUYHUX 3BITIB, IO
MOJIETIIY€E THTEPIPETALII0 PE3YJAbTATIB Ta MPUUHSATTS PIIICHb.

OCHOBHI KJIacH MAKETY 3 BIANOBIJHUMU aTpuOyTaMu Ta METOJIaMHU ITOKAa3aHO Ha

pucyHnkax 3.4 ta 3.5.

VUOptimizer WindSimulatorAdvanced
+loat initial_guess +dict weibull_params
+tuple bounds +array bins

+string method
+it(speeds, directions)

-calculate_loss(vus, leaks, t) +simulate(size)

-minimize_vu_mv(vu_mv_outside, vus_inside, boundary_conditions)

+optimize(vus_inside, boundary_conditions)

MVTablelnterpolator

+DataFrame mv_table

-linear_interpolate(val, x1, x2, y1, y2)
-find_closest_points(value, options)

+interpolate_fan_out_mv(working, n_as, wind_speed, wind_direction)

Puc. 3.5 Jliarpama kiaciB, 010 BAKOPUCTOBYIOTHCS JIJISl PO3PAaXyHKY ONTHUMAJIbHOI

Butparu BY, ii iHTEepmoNAIii, CTATUCTUYHOTO MOACTIOBAHHS METEPEOJIOTTUYHUX JaHUX
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3.4 Moaean 0a3u JaHUX

VY pamkax npoextyBanHsa CIIITP Oyno po3pobieHo crnenianizoBany 0a3y JaHUX 3
BukopuctandsaM PostgreSQL. [{s 6a3a nanux cnpsiMoBaHa Ha ONTUMI3AIIIO 30€piraHHs
Ta 00pOOKM JTaHMX, SIKI KPUTUYHO BaXKJIMBI JJISI OLIHKHU T1/IpaBiiiyHOro crany Hosoro
besneunoro Koudaitnmenty (HBK). Cepen oCHOBHUX KOMIOHEHTIB 0a3u JaHUX
MOXXHa BUJILITUTHU:

1. Tabmuus ocHOBHUX ekcIuTyatauidHux paaHux HBK: Bkitouae BaximBi
napaMeTpu, Taki sIK MBUIKICTh 1 HAPSAMOK BITPY, BUTPATH BEHTWIALIINHUX YCTAHOBOK,
MOKa3HUKU AudepeHmianbHuXx MaHomeTpiB. Ll Tabmuus dopmye OCHOBY uist
OIEpaTUBHOI'O aHali3y YMOB €KCILTyaTallli.

2. Tabnuns nonmarkoBux ekcrutyatauiaux nanux HBK: cxoxka 3a cTpykTyporo
710 TIepIOoi TaOIHIIl, ajie BKIIIOYA€E JOAATKOBI MOJA Ta 3a0e31euye OUIbILy IUCKPETHICTD
JTaHuX. BUKOPUCTOBYETHCS IS I€TATBHOTO aHAJ13y METEOPOJIOTTYHUX YMOB.

3. Tabmuust st po3paxyHKy TPaHMUYHHMX YMOB: MICTUTH JlaHI MPO PO3MOILIT
tuckiB HaBkosio HBK npu pi3Hux HanmpsiMkax BITpY (OTpuMaHi 31 ctopoHHboro [13).

4. Tabnuis nepepaxoBaHUX FPAHUYHUX YMOB: MICTUTH JaH1 PO TUCKU HABKOJIO
HBK B KOHKpETHI MOMEHTH Yacy.

5. Tabnuns BuyTpimHix TUckiB HBK: 30epirae po3paxyHku THUCKIB BCepeauHI
HBK, 3po6ieni 3a 7omoMorow po3poOJeHUX MOIETICH.

6. Tabnu1ist ICTOPUYHUX TAHUX MPO MIIONII MTPOTIUOK: PIKCYy€ ICTOPUUHI JJaH1 PO
po3Mipu npoTidok y HBK, 110 € BaxknuBum AJ1s1 MaliOyTHHOTO B1ACIIIIKOBYBAHHS 3MiH.

7. Tabnuis onTuManbHUX BUTpaT BY: MicTUTh 3HaliIeH] ONTUMAaIbHI BUTPATH
JUTSL BCIX MOXJIMBUX TPAHUYHUX YMOB Ta BUKOPUCTOBYETHCS JIJISl 3HAXO/IXKEHHS] BUTPAT

BY B koHKpeTHHII MOMEHT, 200 71l MPOTHO3HUX CUMYJIAILIIM.
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weather_history

nsc_experimental

nsc_press_outside

nsc_press_inside

bc_add_system

area_west_gap
area_east_gap

area_mv_as

PK | UniquelD PK | UniquelD PK | UniquelD PK | UniquelD
datetime datetime datetime
speed speed press_west_wall areas_id
direction direction press_east_wall press_ring
temperature fan_in_mv press_cyll_wall press_main
humidity fan_out_mv press_west_gap
fan_in_as press_east_gap
dp_as_env press_add_system
dp_mv_env_north
fan_optimized
dp_mv_env_south
boundary_conditions areas PK | UniquelD
dp_ring_main
PK | UniquelD PK | UniquelD > areas_id
direction update_time speed
be_west_wall start_time direction
bc_east_wall end_time fan_in_main
be_cyll_wall comment fan_out_main
bc_west_gap ring_proportion fan_in_ring
bc_east_gap area_ring

Puc. 3.6 Monens 6a3u qanmux

Jlns1 3a6e3medeHHs IJIICHOCTI Ta KOHCUCTEHTHOCTI TaHUX, (pi13udHa MOIeNh 0a3u

naHux Oyna po3poOieHa Ha OCHOBI pesiiiiHoi Mozgeni. KoxHa TaOnuis MiCTUTh

HepBI/IHHI/Iﬁ KJIIO4Y, IO 3aIIOBHIOETHCA aBTOMATU4YHO, JJId 3a0e31neueHHS YHiKaJ'H)HOCTi

Ta 3B'a3HOCTI 3anuciB. Bukopuctanus PostgreSQL s 6a3u ganux HBK 3abe3mneuye

BHCOKY HAJIHHICTh Ta CTAOLIbHICTh, BAXKJIUBI ISl Oe3MeKku KpUTUYHUX 00'eKTiB. Lls

CHUCTEMa MPOIOHYE PO3MIUPEHI MOXIMBOCTI OOPOOKM BEIUKUX OOCSTIB JaHUX,

THYYKICTh Y HaJalITyBaHHAX Ta MaclITaOyBaHHI, a TAKOX 3a0e31euy€e BUCOKHI pIBEHb

oesneku gaHux. [[iATpuMKa TpaH3aKIii Ta IUTICHOCTI JaHUX, PA30M 13 MOXKJIMBICTIO

iHTerpaili pi3HOMaHITHUX IUIariHiB, poouth PostgreSQL 0co6nuBO miaXoasaIo0 st

IpPaBJIIHHS Ta MOHITOPHUHTY CHUCTEM, MTOB'SI3aHUX .
aBJIl a MOHITO CHCTEM, IIOB'sA3a 3 HBK
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3.5 3aco0u po3pod/ieHHA Ta ONKC peastizamii

B sikocTi ocHOBHOTrO cepenoBuina po3podsienHs Oyno BuOpano Visual Studio
Code, sikuii Hajae MUPOKUN CIEKTP MOXKIMBOCTEH Il KOJYBaHHS Ta BIIJIAJKH, a
TaKOXK IHTETpallil0 3 PI3HOMAHITHUMHU PO3IIUPEHHSIMU Ta 1HCTPYMEHTaMHU.
Po3pobnennst cuctemu Oyno 3aiiicHeHo 3 BukopuctaHHsM Python Bepcii 3.8, ska €
OJTHIEI0 3 HAWHOBIMIMX Ta CTAOUIBHUX BEPCid 1I1€i MIHMPOKO 3aCTOCOBYBAHOI MOBH
MpOrpaMyBaHHs, IO CIPUSIE MIABUIIEHHIO TPOIYKTUBHOCTI PO3pPOOKHU Ta HAIMHOCTI
porpaMHoro 3abesneyeHHs. /{1 monepeaHbOro aHami3y TaHUX Ta HaBYaHHS MOJIENei
BUKOpucTOBYBaBcsl Jupyter Notebook, sikuif 3abe3neuye THydyke Ta I1HTEpPaKTUBHE
cepeaoBuile Ajisi 00poOKu Ta Bizyai3allii JaHUX.

st cTBOpeHHS Ta HalalTyBaHHS 0a3u JaHUX BUKOPUCTOBYETHCS BXKE 3rajaHa
PostgreSQL, a nns aaMmiHICTpyBaHHS Ta Bi3yali3alili CTpPyKTypu ©Oa3u JaHUX
BUKOPUCTOBYBaBcsl pgAdmin, rpadiuHuil iIHCTPYMEHT YIpPaBIIHHS Ta PO3POOKU ISt
PostgreSQL, sikuii 103BOJIsIE€ 3pYUHO YIPABIATH TaONMUISIMU, CXeMaMu, MPOLEypaMu
Ta IHIIUMU 00'€eKTaMu 0a3u JaHUX.

Jns peanizaiiii OUTBIIOCTI METOAIB Ta MOJieJIel OyJIO CTBOPEHO CIielliali30BaHUN
Python mnaker, onucanuidi y mnonepeaHboMy po3auil. OCHOBHOIO IE€pPEBaroro
BUKOpHCTaHHS Python y 1IbOMy KOHTEKCTI € BelHMKa PI3HOMAHITHICTh BXXE HasBHUX
pillieHb Ta HamucaHux O10JII0TEK, Kl BIIITPAlOTh KIIOUYOBY POJIb Yy CHPOIIEHHI Ta
MIPUCKOPEHH1 MPOIECY PO3POOKH.

Po3rsinemo  Ouipln  fgeTanbHO  OCHOBHI — 010miorexku  Python,  ski
BUKOPUCTOBYIOTHCS IIPU PO3POOII MAKETY OIIHKU T'1APABIIYHOIO CTAHY:

1. Numpy € BHUCOKOE(PEKTUBHOI O10JIOTEKOIO IJii HAYKOBHX OOYUCIEHBb Yy
Python, 3a0e3neuyroun 3HauHy HMIBUAKICTH 3aBISKH CBOiil peamizanii Ha MoBi C, ska
N03BOJIAE  Oe3rocepeHe TEepeTBOPEHHS KOAY y MAIMHHHK, 3a0e3nedyrouu

ONTUMI3AIII0 HA HU3BKOMY PiBHI Ta €()eKTUBHE BUKOPUCTAHHS PECYpPCIB anapaTHOTO
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3a0e3neueHHsa. Bekrtopu3zauist no3Bosisie Numpy BUKOHYBATH olepauii Haj LUIUMH
MacHBaMH JaHUX 0€3 [UKJIIB, M1ABUILYIOYHU MPOTYKTUBHICTb, & €PEKTUBHE YIIPABIIIHHS
MaM'sITTIO Ta CYLLJIbHI OJIOKH TTaM'sSIT1 CIIPUSIOTH MIBUAKOMY JI0CTYITYy Ta 0OpOOIIi TaHUX.

2. Pandas — Oi0mioTeka uisi 0OpoOKM Ta aHami3y AAHHUX, IO 3a0€3MeuyeThCs
THYYKUMHU CTPYKTypaMu JaHuX, Takumu sik DataFrame ta Series, 1m0 miaxoasTs st
pobotn 3 pensAmiiHuMU abo 1HAEKCOBaHMMHU JaHUMH. Pandas mo3Boiisie JIerko
IMIIOPTYBATH Ta €KCHIOPTYBATH J1aHi 3 pi3HUX Jpkeped, Takux sk CSV, SQL-0a3u nanux
ta Excel, a Takox epexTuBHUMU PYHKIISIMU JUIsi 0OpOOKH BEIMKHUX HAOOPIB JaHUX,
BKJIIOYAIOYM TPyNyBaHHA, (PUIBTpaIlito, Ta MEPETBOPEHHS TaHUX.

3. Matplotlib npencraBnse co00r0 KOMIUIEKCHY O10J10TeKy Uil Bi3yasizamii
nanux y Python, sika BBaxkaeThcs Je-(hakTo cTranmaapToMm y wii ramysi. s Oi0mioreka
3a0e3reyye MIMPOKUN CHEKTp I1HCTPYMEHTIB JUIsi CTBOPEHHS PI3HOMAaHITHUX
Bigyamizamiii, Big OazoBux rpadikiB Ta JiarpaM A0 CKIQJHMX aHIMaIiid Ta
IHTEpaKTUBHUX Bi3yasi3allii;

4. Scipy posmuproe (yHKIIOHaNBHICTE Numpy, 3a paxyHOK MOMAYMIB JUIst
onTUMI3aIlli, TIHIHHOT aNredpu, YUCENHHOTO IHTETPYBaHHS, IHTEPIOJIALILT, CIICIATbHUX
MaTeMaTUYHUX (QPYHKI[IH, a TAKOXK JIJ1s 0OpOOKH CUTHAIIB Ta 300pakEHb;

5. Scikit-learn Hamae BenuKy KUIBKICTh aJTrOPUTMIB, SIKI MIAXOASATH IS
IIUPOKOTO CHEKTPY 3ajJad y Tally3l MalIMHHOTO HaBYaHHS, BKJIIOYAIOYH SIK
“KOHTPOJILOBAHE™, TAK 1 “HEKOHTPOJILOBAHE  HABUAHHSI; MPOMOHYE €PEKTUBHI PIILICHHS
i kinacugikaiii, perpecii, KiacTepu3allii Ta 3HIKEHHS! pO3MIPHOCTI, 3a0e3Meuyodn
TUM CaMUM THYYKICTh Yy pOOOTI 3 pi3HUMU TUIIAMH JIaHUX Ta 3a]ja4aMH;

6. TensorFlow € BigkpuToo0 010110TE€KOI0 MAIIIMHHOTO HABYaHHS, PO3POOIECHOIO
komaHs010 Google Brain, mo 3abe3nedye MOTY>KHI 1HCTPYMEHTH ISl CTBOPEHHS Ta
TpEeHyBaHHS Mojene muookoro HaByaHHsA. OcHOoBHOIO ocobnuBicTio TensorFlow e
HOro rHydka apXiTeKTypa, sika JI03BOJIS€ JIETKO PO3rOpTaTh OOYMCIICHHS Ha PI3HUX

MPUCTPOSIX, BiJ IEPCOHAIBHUX KOMIT'IOTEPIB JI0 CEPBEPIB Ta MOOUIBHUX NPUCTPOIB.
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Po3pobnennss API 3uilicHioeTsest 3a nonomororo Python 6i6miorexn Flask 3
BukopuctanHsM Celery nans 3a0e3neyeHHs ACUHXPOHHOCTI. 3riJHO OCHOBHUX
crieHapiiB Bukopuctanus CIIIP, Mo)xHa BUALIUTH Taki OCHOBHI KIHIIEB1 TOUKH:

1. “/hydraulic_state” nns NEeMOHCTpallli aKTyaJIbHOTO TIAPABIIYHOTO CTaHY,
MOXe OOpoOJSITHM 3amuTv I OTPUMAHHS JaHUX TMPO TMepenagud THUCKIB,
HEKOHTPOJILOBAHMX TPOTiukax 3 PA, a Takok peKoMeHAIliid IMoI0 ONTUMAaThHOI
BuTparu BY.

2. “/history” nns aHamidy ICTOPUYHUX JIaHMX, HAJA€ JOCTYN 10 ICTOPUYHUX
JTaHWX, TaKUX SK TMOKa3W JaTYMKIB, METEOPOJIOTIuHI AaHi, BuTpatu BY, Butoku PA
TOILIO.

3. “/monte_carlo_simulation” TSt MPOTHO3HOTO MOJIEJTFOBAHHSI 3
BUKOPHUCTaHHSIM MeToxy MonTe-Kapimo (BUKOPHUCTOBYETHCS TSI OIIHKH OYIKyBaHUX
BHUKU/IIB MPU PI3HUX pexkumax podotu BY).

4. “/params_influence” nas po3paxyHKiB BIUIMBY MapaMeTpiB 00’ €KTY Ha 00’ €M
BukuaiB PA.

Jnst cTtBopeHHs1 1HTepdeiicy KopucTyBaua BUKOpUCTOBYeThcs Python maxer
Streamlit, sikuit 3a0e3nedye e(heKTUBHY IHTETpaIliiO 3 IHIIUMU O10J10TEKaMH, TAKUMHU
sk Pandas, NumPy, Matplotlib, o poOuThk 1oro iHCTpyMEHTOM BUOOPY ISl aHATI3Y
JaHUX Ta Bizyali3arli.

[Ipuknan B3aemofli kopuctyBada 3 iHTepdeiricom Streamlit, a came 3 eKkpaHOM
Uil BimoOpaxkeHHs rinpasiiyHoro ctany HBK, a takoxx orpumanns nux ganux B BJ]

MOKa3aHO y BUIVISL JiarpaM MOCHIJOBHOCTEH Ha pucyHKkax 3.7 ta 3.8.



User

Streamlit
Frontend

User interacts with
Streamlit frontend

loop

Flask API

[Every 10 Seconds]

| GET /hydraulic_state |

JSON Response

Display Data

fan_optimized
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PostgreSQL
Database

SELECT latest from nsc_experimental,
nsc_press_inside, nsc_press_inside,

Puc. 3.7 Jliarpama nociiIoBHOCTI BiloOpakeHHs rigpasiiuHoro crany HbBK
(B3aemo[iist KOpUCTyBaya 3 iHTepdeiicom)

Hydraulic PostgreSQL Backend ETL Python External Data
Worker Database Module Source
I Iobp [On Data Reception]
i _ Push new data via API
Insert into nsc_experimental
and weather_history
.. Acknowledge Insertion
loop [Every 5 Seconds]
Check for new data in nsc_experimental
alt [New Data Exist and Fields Not Created]

e ST B L

Create fields for nsc_press_inside, fan_optimized,

Fetch latest data

boundary conditions

Puc. 3.8 Jliarpama nociiioBHOCTI BiloOpakeHHs rigpasiiuHoro crany HbBK
(oTpuMaHHs Ta 00pOOKa eKCIUTyaTalltHUX TaHUX )
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JonatkoBo, Ha pUCYHKY 3.9 moka3aHO CIpOIIEHY JAiarpama MOTOKY JaHUX B
Mexkax npoiuecy “Hydraulic Worker”, 1o BianoBigae 3a po3paxyHOK TPaHUYHUX YMOB,

trckiB Bcepeauni HBK, a Takoxx ontumanbHo1 BuTparu BY.

( NSC Experimental Data )

Fans power array
Wind speed and direction array

Boundary conditions

Y
arra
ﬁVIVTablelnterpoIator.interpolate_fan_out_m\ﬂ [BoundaryConditionsMap.get_bound ary_conditions]‘ Y

A A

[ PhysicalModel.direct_solver ]

Optimized fan power (float) Boundary conditions array

Pressures inside array

(Database: fan_optimized Table) (Database: boundary_conditions Table) (Database: pressures_inside Table)

Puc. 3.9 Jliarpama notoky ganux B Mexax npouecy “Hydraulic Worker”
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BucHoBku 10 po3ainy 3

1. ChopmynboBaHi BUMOTH JIO3BOJIMIN YITKO BU3HAUUTH KIIFOUOB1 aCIEKTH Ta
HanpssMkd ~ po3poOku  CIIIP, 3abe3meuyroun  HEOOXiAHMM  OajmaHC  MIXK
(YHKIIIOHAIBHICTIO Ta MPOCTOTOI0 BUKOpPUCTaHHsS. [le copusiio CTBOPEHHIO
MIPOTPAMHOT0 3a0€3MeUeHHsI, sIKE BIAMOBIAaE cienu(iyHIM noTpedaM KOpUCTyBadiB, a
TakoXk 3a0e3neuye e(EeKTUBHE YOPaBIiHHS BEHTWISALINHUMHU YCTAaHOBKAMHU 3
ypaxyBaHHSIM BCIX HEOOXI1JIHMX MapaMeTpiB O€3MEeKU Ta ONTHUMI3allil IPOIIECIB.

3. Po3pobnena apxitekrypa CIIIIP, 3acHoBaHa Ha MOAYJIBHOMY MIIXO],
JIEMOHCTPY€E THYUYKICTh Ta aJalTUBHICTh JO 3MIHHUX YMOB, CIPOIIYIOYU IHTETPALIIO
HOBHUX MOZYIIB 1 3a0€31euytoun cTabliIbHy poOOTY CUCTEMH.

4. OcHOBHUM ejieMeHTOM 3anpornoHoBanoi apxitektypu CIIIIP € Mmomynb omiHKu
rigpaBiniuHoro craHy KoHdaliHMeHTy, SKUH MICTUTH BIJAMOBIIHI MOJEIl Ta
aATOPUTMIYHO-TIPOTPAaMHI METOAM JUIsl aHami3y rigpasmiudoro crany HBK, miomg
MPOTIYOK, BIUTUBY MapaMeTpiB Ta pO3PaxXyHKy ONTHUMaIbHUX BUTpaT BY.

5. BUKOpUCTaHHSI Cy4acHMX IHCTPYMEHTIB po3poOkH, Takux sik Python, Flask,
Docker, a Takox po3poOieHa cremiangizoBaHa ©0a3a JaHUX 3 BUKOPUCTAHHSIM
PostgreSQL sika edextuBHO omTuMI3ye 30epiraHHs Ta OOpOOKY [aHHMX, CIpPUSE

M1JIBUIIIEHHIO HAAIMHOCTI, 6e3neku Ta npoaykTuBHocTi CIITIP.
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PO3/LI 4
PEAJIIBALISI MOJIYJISI ONIHKHY I'IIPABJIIYHOI'O CTAHY
KOH®AMHMEHTY

st po3pobnennst BianoBigHoi CIIIIP peanizyemo Ta mepeBipuMo Mojelni Ta
METOIM SIK CKJIAJ0BI MOXYyJds OLIHKM TriapasinigyHoro ctany HBK.. [lanuii poszmin
MIPUCBSIYEHUIN pO3poOIll Ta BIPOBAKEHHI MOAYS OLIIHKH rigpaBiaigyHoro crany HbK
ak HeBig'eMHoi yactuHu CIIIIP. J[nga 1mporo BapTo MPOBECTH TIPYHTOBHUM aHaIi3
excrutyaramiiaux qanux HBK, po3poOutu ta anpoOyBatu onucani B po3uii 2 MOJE,
o 0a3yloTbesl K Ha (PI3MYHUX NPUHIUIAX, TaK 1 HA MIAXOAaX 3 BUKOPUCTAHHSIM
MaIllMHHOTO HaBuaHHSA. HeoOX1HO NPUAUIMTH YyBary meEpeBipill TOYHOCTI Ta
OOMEXEHHSIX ITUX MOJIEJIEH, a TAKOK OI[IHUTH MOTEHIIal IX BAKOPUCTAHHS Y pealbHUX

YMOBax.

4.1 Anauai3 ekcrryaraniiinux 1anux HBK

B cucremi paucneruepchkoro ympapmiHHsS Ta 3i0panHs nannx SCADA
(Supervisory Control And Data Acquisition) MICTATbCSI COTHI IMOKa31B JaTYHUKIB, HE BC1
3 SAKUX BaXJIMBI B paMKaxX JaHOro jaociikeHHs. Ilepenik AaryukiB, sKi
3aCTOCOBYIOThCSL [IJISl aHallidy Ta MPOTHO3YBAaHHS TIAPABIIYHOTO CTaHy OO €KTy
HaBeleHo B Tabmuii 4.1 (MicTUTH MapaMeTpu BITpY Ta naTtyuku Butpar BY) Tta 4.2

(moxasu 1upMaHOMETPIB).
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Taomumsg 4.1

[Tepenik naruukis SCADA (nmapametpu BiTpy Ta BuTparu BY)

HasBa natunka B SCADA

Di3nynnin

3MICT

ICS:CMSSM_TEC 158 SRV 026.IN.XL.C1.AVG_WT0

[IIBuaKicTE
BITpY Ha
BUCOTI 15M,

M/c

ICS:CMSSM_TEC 158 SRV 024.IN.XL.CI.AVG_WT0

Harmpsam
BITpY Ha
BUCOTI 15M,

rpan

ICS:ICS_ARH_AS_FI 000.IN.XI.C1.AVG_WTO

Burtpara BY
KII+, m*/ron

ICS:ICS_TEC_MV _FI 000.IN.XL.C1.AVG_WTO0

Burtpara BY
00-, M*/rox]

ICS:HVAC _ARH NVC AHU 017 FIT.IN.XL.C1.AVG_WTO0

Burtpara BY
AHUO17
'TO, M’/ron

ICS:HVAC_TEC_ 123 FIT 012.IN.XL.C1.AVG WT0

Burtpara BY
AHUO12,

M3/ron

ICS:HVAC_FSAL_103_FIT 1501.IN.XL.C1.AVG_WTO

Burpara BY
AHUO13S,

M3/ron
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Tabnunis 4.2

[Tepenik naruukiB SCADA (audepeHiiitHi MaHOMETPH)

HasBa natunka B SCADA

Di3nyHUM 3MICT

ICS:HVAC_TEC_315 PDIT 031.IN.XL.C1.AVG_WTO

[Tepenan Tucky o
BY eraxepku (1);
JUTSl BU3HAYEHHSI

npuTokiB B OO

ICS:HVAC_TEC_315 PDIT 032.IN.XL.C1.AVG_WT0

[Tepenag Tucky o
BY eraxepku (2);
JUTSl BU3HAYEHHSI

npuTokiB B OO

RMS:RMS ARH WW10 PIT 010.IN.XL.CI.AVG WTO

ITepenag KIT-OC

ITepenag OO-0OC,

3ax1JHa CTIHKa,

4 | RMS:RMS_FSAL 101 UIT 008P.IN.XI.C1.AVG_WTO
MMIBHIY
ITepenag OO-0OC,
5 | RMS:RMS _TEC MV _UIT 009P.IN.XI.CI.AVG WT( | 3aXi/iHa CTiHKa,
MMBJIEHD
6 | RMS:RMS_ARH WW10 PIT 011.IN.XL.C1.AVG_WTo | llepenan KII-OO
[Tepenan KII-
7 | ICS:ICS_ARH_ALS_PDIT 052.IN.XLCLAVG_WTO |1 o
[Tepenan Llnro3 8-
8 | 1CS:ICS ARH ALS PDIT 053.IN.XL.C1.AVG WTO

00




107

B Mmexax nochiKeHHs BUKOPUCTOBYETHCS 2 BUOIPKH TaHUX 3 KPOKOM 5 XBUJIMH
MIDXK 3aMipaMH, a caMe eKCIUTyaTalliifHl 1aHi 3a Taki nepioju:

1. 3 24 nucronana no 1 rpynust 2021 poky (Bcworo 2017 3amipis, Bubipka Nel);

2.3 1 tpaBus no 1 nmumus 2022 poky (17570 3amipis, Bubipka Ne2). Ockinbku
JUIsl 1aHOi BUOIpKHM OyJ0 MOMIYEHO, IO HAa MEBHUX IHTEpBAIAX JATYUK IIBUAKOCTI
BITPY MOKa3ye HEBIpHI 3HaUeHHs (pucyHOK 4.1) — BuOipka 3MEHIIUIACh PO3MIPY 110

9370.

os]
I

[=)]
I

WenAakicTe BiTpY [M/C]
I

[\
1

1
0 2000 4000 6000 8000 10000 12000 14000 16000
Homep BMMiptoBaHHS

Puc. 4.1. Tloka3u gaTumka MIBUJIKOCTI BITPY Ha BUCOTI 15 m/c (Bubipka Ne2)

[lepeBipuMoO KOpenslil0 pi3HUX AUGPMAHOMETPIB MiK COOOI — MJIS LBOTO
MOKaKeMO JJI1 KOXKHOi 3 BuOipok kopensuii I[lipcona (pucynok 4.2) ta ChoipmeHna
(pucynok 4.3). Ilepenagu TuckiB nius BY eraxepku He 300pa)keHO, OCKIIBKH iX

3HAYEHHSI IOPIBHIOIOTH HYJIIO MPOTITOM BCIX 3aMIpiB.
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Puc. 4.2. Kopensuis I[lipcona mix pizaumu qudmanomerpa: Bubipka Nel 3mia

Ta BuOipKa Ne2 crpasa

1.0 1.0
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0.8 0.8
00-0C nisxiv JoRE -0.25 -0.22 0.6 00-0C nisHi4 KUl 0.6
) ) 0.4
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-0.2
-0.2
KM-00--0.13 -0. KM-00--0.36 -0.
-0.0
-0.0
KN-LWnio3 --0.28 -0.25 -0.18 - QIR 026 - 0.2
--0.2
--0.4
0O0-Wnio3 --0.25 -0.22 -0.22 0.4 0O-LWnio3 -
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[6) = C Q = -
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Puc. 4.3. Kopensuis CnipMeHna Mix pizHUMEU AudMaHOMETpa: BUOIpKa

Nel 3niBa Ta BubOipka Ne2 cnipasa

Sk BuaHO 3 pucyHKiB 4.2 Ta 4.3 — HalOLIbIIA KOPENALS CIIOCTEPITAETHCA MIXK
IPYIOI0, KA CKJIAJAEThCS 3 MEPIINX TPhOX JATYMKIB, Ta TPYIOIO, KA CKIIAJAETHCS 3

OCTaHHIX JBOX JaTUWKiB (epenaau uepes 1nuito3). Bucokuil koeilieHT Kopensiii Mix
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mupmanometrpamu “KII-OC”, “O0-0OC miBuiu” Ta “O0-OC niBIeHb” € OYIKyBaHUMH,

OCKUIbKU JaHl JaT4YMKW 3HAXOMATHCS B OJHIM 30HI — Ha 3axigHii croponi HBK, ta

OJTHAKOBO 3aJIe’KaTh BiJI IIBUAKOCTI Ta HAIPSIMY BITPY, AKUW BU3HAYAE PO3MOALT TUCKIB

HaBKOJIO 00’ekTy. Sk BUAHO C puCYyHKY 4.4, MiHIMalbHI IOKa3ud JaTYUKIB

CIIOCTEPIraloThCs MPU 3aX1THOMY BITPi (BKa3ye Ha aJIEKBATHICTh MOKAa31B), MPU I[bOMY

uis 000X BHUOIpOK iX 3HAYEHHS MAarOTh CXOXHUM posmoain (pucyHku 4.5, 4.6). Sk

3a3Ha4a’0Ch B PO3/LIL 2, MOKA3H LUX TPHOX NUPMAHOMETPIB BUKOPUCTOBYIOTHCS IS

BU3HAYCHHSI MTapaMETPiB MIPOTHO3YIOUUX MOJIECTIEH.

Mepenag Tucky [Ma]

—10- ﬁj \
=151
—20 A
—25

_30 m

— KIN-0C
00-0C (1)
=== 00-0C (2)

0 50 100 150 200 250 300

Hanpsamok BiTpy [rpaa]

Puc. 4.4. Ycepenneni nokazu 1upMaHOMETPIB

B 3QJIEKHOCTI B1Jl HAIPSIMY BITPY

350

Oxkpim nepernaiiB TUCKIB 10 OTOUYIOUOTO CEPEIOBUIIA, BUKOPUCTOBYETHCS TAKOXK

po3paxynkoBuil mnepenan “KII-OO”, skuli BHU3HAYAETHCS SK CEPEOHE 3HAYCHHS

nudMaHOMETDY,

AKUW 3aMipsie Tepenaj; THUCKIB Hampsmy,

Ta CyMHU TIOKa3iB

mudmanomeTpiB BecraHoBieHux B 1103 8. SIk BunHO 3 pucyHky 4.6, nanuit nepenaj B
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cepennboMy ckiagae 8 Ila, Ta 3a10BONBHSAE YMOBaM CTBOPEHHS HAJIMIIKOBOIO THCKY

B KII BimHOCHO OO Ha gaHii BUOOPIIL.

30001 Bubipka 2 Z 25001 z71 Bubipka 2 )
2500 { — Bwbipka 1 1 Bubipka 1
/ 2000 1 /]
2000 - 7]
// 1500 - 77/7
1500 - s g9
AN %%'%
AN 1000 - ///
1000 1 /// ///
277 49Y
500 - j//z’/?_ 500 - T/ V]
0l , ﬁ“ 5, - 04, | ; | ﬁgﬂ
-100 -50 0 -100 -75 -50 -25 O

Puc. 4.5. T'icrorpamu nokasis nudmanometpis: “O0-OC niBHIY” (3711Ba) Ta

“O0-0C miBaens” (cpaBa)

4000 A
ZZ3 Bubipka 2 2 2000 772 Bubipka 2
[ Bubipka 1 ] 1 Bubipka 1
3000 -
2 1500 - //
//77
2000 - Z/ 1000 4 ;;///
1000 - ¢ ] %5244
%% 500 %%
%7 N ]
995 7 ‘ﬁ 4
0~ . '_V_.V "4{ . 0 : géfl 6 -
-150 -100  -50 0 6 8 10

Puc. 4.6. I'icrorpamu nokasiB 1udmMaHOMETPIB:

“KIT-OC” (3miBa) ta “KII-OO” (cmipaBa)
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Jatunku BcranoBieHi B [1031 § Takok MarOTh BUCOKHM KOE(DILIEHT KOPESIIIi,
3 4Oro MOXKHa 3pOOUTH BHCHOBOK, 1[0 ICHY€ MPOMOPIIAHICT, MIXK iX 3HAYEHHSIMU Ta

cymapuaum nepenagom mix OO Tta KII (pucynok 4.7).

l
il
8 10+ "“H!!!."-
I
5 ® 13 A
E L :!II:::.
S
= oo®

41 .oi

0e

00 05 10 15 20 25 3.0
MNepenaa KM-LWnioz [Ma]

Puc. 4.7. Tloka3u nudpmanomeTpiB, BctaHoBIeHUX B 111031 8

Po3paxyeMo 3a JOMOMOror MOKa3iB JATYMKIB BUTpaTH BiamoBigHux BY (B
Tabmnuili 4.3 HaBeICHO BIAMOBIAHO 3aJIEKHOCTI):

1) ITputox B OO: cknagaerbcs 3 cymu Butpatr BY AHUO12, AHUOI1S
(mo6inbH1 mumo3u), AHUO17 (I'TO) ta mepeTroky 3 AeapaTOpHOI €TaxepKH, SKi
00UYHCITIOIOTHCS IO BIJMOBIIHUM TIEpeaM TUCKIB.

2) ITpurtok B KII: ckimagaetses 3 cymu Butpar BY KII ta AHUOL7

3) Butsikka 3 OO: BuzHavaeThes aunie no sutpati BY OO.

Bapro 3BepuyTHu yBary, mo nepetoku noBitps 3 I'TO BinOyBarotbes sk B OO -
60%; tax 1 B KII - 40%, mpomnopitii Aj1st po3paxyHKy NepEeTOKIB B35Ti 3 MPOMOPIIIi IO

KOHTaKTy (cTiHOK) [ TO-OO Ta I'TO-KII.
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Taomung 4.3

JlaTuuKu, iK1 BUKOPUCTOBYIOTHCS JIJIsl pO3paxyHKiB BUTpar BY

No Ha3Bu maruukis D13uuHmit
3MICT
1 | ICS:ICS ARH AS FI 000.IN.XI.CI.AVG_WTO0 Haruitanns B

ICS:HVAC_ARH_NVC _AHU 017 FIT.IN.XI.C1.AVG_WTO | KII [m%/c]

2 | ICS:HVAC TEC 123 FIT 012.IN.XI.CI.AVG_WT0 Haruitanns B
ICS:HVAC _FSAL 103 FIT 1501.IN.XI.C1.AVG_WTO0 00 [m’/c]
ICS:HVAC_ARH NVC _AHU 017 FIT.IN.XI.C1.AVG_WTO0
ICS:HVAC TEC 315 PDIT 031.IN.XI.C1.AVG_WTO0
ICS:HVAC _TEC 315 PDIT 032.IN.XI.C1.AVG_WTO0

3 | ICS:ICS_TEC MV _FI 000.IN.XI.C1.AVG_WTO Butsixkka 3
00 [m’/c]

CraructuuHi JaHi, moa0 BuTpar BY miis HasBHUX ekcIUTyaTalliiHUX AaHUX
nokazani B Tabmuii 4.4. SIx BuaHO 3 Tabmuui cepenHi 3HadeHHs Butpar AHUO12,
AHUO15, AHUO17 6nu3pki 10 HyJd, OCKUIBKM OUIBLIICTh Yacy BOHHM HE 3aisHi
(BimHOCHMM yac poOoTu 6mm3bko 0.1%) Ta He BKIIIOUAIKCH KOAHOTO pa3y 3a Mmepiof
BuOipku No2. [Ipu BupilieHHI ONTUMI3AIIMHOL 3a/1a4l Ta MOJEIIOBaHHI T'1IpaBIIYHOTO
crtany HBK 3aknanatorbest Hyab0B1 3HaueHHs nanux BY npu BigcyTHocTi podiT B HBK
Ta MakKCUMaJibHI 3HAQUE€HHS MpU HAasSBHOCTI. Bapro 3a3HaunTH, 10 MaKCHUMaibHI

3amipsiHi BUTpatu BY Bifpi3HITHCS Bl HABEJECHUX B MPOEKTYBAJIbHIN JOKYMEHTAIII].



113

Taomung 4.4

ExcrutyaraniiiHi BATpaTH BEHTWIALIHHAX yCTaHOBOK (M>/rom)

MiHiMym Makcumym Cepenne Mona
3HAYECHHS
KonTponroBane 0 49462 48859 48998
garaitagdsa B KI1
KonTtpoaroBana 72618 130658 128161 130028
BUTskKa 3 OO
Haruirauus 0 16996 54 0
AHUO17
Haruirauus 0 43129 15.3 0
AHUO12
Haruirauus 0 16962 6.3 0
AHUOI1S5
—e— Bubipka 1
40000 1 Bubipka 2

7 30000 1

£

© 20000

3

10000 1
0 L

0 2000 4000 6000 8000 10000
Homep BUMiptoBaHHS

Puc. 4.8. Cymapna Butpara BY AHUO12, AHUOLS, AHUO17

JInsi BU3HAYEHHS THUIIOBOTO pexumy pobotu BY, skumMu 301HCHIOETHCS

YIpaBIIiHHS, TpoaHanizyeMo pucyHkH 4.9 ta 4.10. Sk BunHo, Butpatu KII Gu1bmiicTs
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qacy MOCTIHHI, 3 MOAOI0 piBHOIO 48859 M*/rof, 1110 BiMOBIAA€ NOCTINHINA POoOOTI 1BOX
yctaHoBok Tuny WHE (HominansHa motyxkHicte 25000 m*/ron). Butparu OO 3a
nepion BuOipku Nel ta Ne2 Biapizusatotbes Ha 10000 M3/roa, 1110 TOSICHIOETHCS 3MIHOIO
pexumy ekcrutyaramii. TumoBa motyxHICTh 3a yac BuOipku Ne2 ckmanmae 130028
M*/roa, mo BiAnoBigae poooti 3 ycraHoBok Tumy EF motyxuictio 43343 m3/ron (nemio

BIJIPI3HSETHCS BiJl MPOEKTYBAIBbHOI JOKYMEHTAII11).
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Ha ocHOBI oTpuMaHuX eKCIUTyaTalliHUX JIaHuxX Ta QGopMmyna 3 posaury 2.4
CKJIQJIEMO TaONMII0 MOXJIMBHX 3HaueHb BUTpar BY nna onmtumizari. SIk BUIHO
BIIMOBIAHI BUTPATU BIAPI3HSIOTHCS BiJ MPOEKTHUX, OMUCaHMX B po3aun 1. Takox,
HE3BaXKAIOUM Ha TE€ IO MOTY>KHICTh BUTSHKKUA 3 OO 3TiIHO MPOEKTHOT JOKYMEHTAIlll

3 e
Moxke ckiaagatu a0 385.000 m°/ron, MakcuMaidbHE 3HAUEHHS NP HOPMaJIbHIl
ekcrutyaranii oOMexyeTbesi BenuunHor B 213.000 (3aMipsiHO TijJ 4yac TECTIB IO

BU3HAYCHHIO TUIOII MPOTIUOK [24]).

Tabmng 4.5
Jliana3oH BUTpaT BEHTUJIALIIHUX YCTAaHOBOK
) Tumose
MoO:XJIMB1 3HAYCHHS,
dopmyia 3 3HAYCHHS,
M°/TozL 3
M°/TOf
KonTponroBane 0;
margitamas B | {0,0.25,0.5,0.75,1} - 25.000;
KII Gas max 50.000; 50.000
Gus max = 100.000 75.000;
) 100.0000
KonTponroBana 0;
BuTsKKa 3 OO0 (43.000:77.000);
{0,1,2,3,4,5} - g, (86.000:154.000); 130.028
g = (43.000; 77000 ) (129.000:231.000);
(172.000:308.000);
(215.000:385.000)
Harnitanus 0;
AHUO017 (I'TO) ] 16.996 0
Harnitanus 0;
AHUOI12 Ta ] 60.091 0
AHUO15
(1wTr031)
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4.2 PeaJjizanis Moay./isi OWiHKH rigpaBJivyHoro crany Kongaitnmenry

4.2.1 Peatizauist ¢pizmaHoi MoaeJti

Jns  3HaxXO/KEHHST THUCKIB BCEpeauHI 00’€KTy peamnizoBaHo  (Di3uuHy
(rimpaBniuny) moxens HBK y Bumisani cnemianbHOro Kiacy, 0 MICTUTh airOpPUTM
METOAY MPOCTHUX ITepaIliii Ta IIIOII HEKOHTPOJIbOBAHUX MPOTIYOK Y BUIISIAL aTpUlyTy.
[Tpubnu3HI Mo NPOTIYOK ISl PO3PAaXyHKIB (OTPUMAaHI 3 TECTIB), a TAKOXK iX MEXI,
[0 BUKOPUCTOBYIOTHCSI B TIOJIAJIBILIOMY JIJIsl iX YTOUHEHHS 3a JIONMOMOTOI0 BUPIIICHHS

“3BOPOTHBOI 3a7a4i”’, HaBeaeH1 B Tabmuii 4.6.

Taomung 4.6

[1mom1i HEKOHTPOIBLOBAHUX MPOTIYOK

Micue [pu6nusna | Huwxas rpanung, m> | Bepxus rpanuns, m?
HErepMETHYHOCTI TUIOIa, M>

30BHINIHSI 060JI0HKA 1,7 0.5 2
BayTpimHs 06010HKa 5 1 10
3aximHuii 3a30p 3,1 1 10
CxigHuii 3a30p 3,9 1 10

Sk 3a3Hayanoch N0 1BOTO, JUIsl PO3PaxyHKIB, OKpIM Iuioml Ta BUTpar BY,
HEOOX1JTHO TakoX 3HaTu po3noai TuckiB HaBkono HBK. Tlpuknan po3noainy TUCKIB
no noBepxHax HBK B 3anexxHOCTI BiJ HanpsiMy BITpy (MpU MIBUIKOCTI BITPY 3,8 M/C)
HaBeneHo Ha Pucynkax 4.11-4.13. OxpeMo 3HaXOASIThCS CEPEIHI TUCKHU IO MOBEPXHAX
B 30Hax BiAnoBiHUX mpoTidok st OO ta KII (puc. 4.11-4.12), a Takok TUCKU B 30HAX

KpirieHHs audmanomerpa (puc. 4.13).
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Puc. 4.12. Tucku B 30Hax npoTidok OO npu pi3HOMY HANPAMY BITPY

Sk BUIHO 3 HaBEJEHUX PUCYHKIB — HAWOLIbIII 3HAYEHHS BIJIMOBIAHUX TUCKIB
JOCATAIOTHCS MpU KyTax Oau3bkux 10 900Ita 2700] mpu boMy 3 IPOTUIIEAKHOT CTOPOHU

BHMHHUKA€ HCTaTMBHEC 3HAYCHHs, AKC 51 NPpUBOAHUTE A0 II0IBHM HCKOHTPOJIbOBAHUX

MPOTIYOK.
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Tuck [Ma]

0 50 100 150 200 250 300 350
Hanpsamok BiTpy [rpaa]

Puc. 4.13. Tucku B 30Hax KpirmieHHS AU(PMAHOMETPIB IIPU PI3HUX HANpsAMaXx

BITpPY

BukopuctoByoun BIAMOBIJIHI €KCIUTyaTalliiiHi JaHi (3 IUIOMAMH MPOTIYOK
oTpUMaHUMHU i 4Yac ekcrnepumeHTiB Novarka), 3a gomomororw ¢(izuuHoi momeni
npoBefieHO po3paxyHOK THcKiB B OO Tta KII, a Takok MOpPIBHSHHS BiAMOBITHUX
nepenajiB 3 nokazamu aupmMaHoMeTpiB okpemo juisi BuOipku Nel ta No2 (pucyHku

4.14-4.17).
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Puc. 4.16. IlopiBHSIHHS MOKa31B TaTYMKIB Ta po3paxyHKiB 11 BuOipku Ne2. KII-OO

(3m1Ba) Ta KII-OC (cnpaBa)
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Puc. 4.17. TlopiBHSAHHS NOKa31B JaTYMKIB Ta PO3PAXyHKIB JJIsl BUOIpKU Ne2.

[liBnennuii (31miBa) Ta miBHIYHUH (cnpaBa) garuuk OO-OC
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Sk BUAHO 3 HABEJEHUX PUCYHKIB, HE3BAXKAIOUM Ha Te, 110 MOJIEIb Mepeadadae
MEeBHI TEHJEHIIII MO 3MiHI THCKIB, ICHy€ 3HayHa MOXMOKAa MK MPOrHO30BAHUMH Ta
pealbHUMU 3HAUCHHSIMHU, a came cepeaHs aOcoiaoTHa moxuOka mns BuOipku Nel
ckianae 3.5 [la ans BHyTpimHboro gatunka ta 7.5-10.5 Ila nis 30BHINIHIX JaTYMKIB;
st BuO1pku Ne2: 5.7 I1a ta 8.4-10.6 Ila BiamoBigHO.

3 MeTor MiHIMI3alil JaHUX MOXMOOK 3a JOMOMOIOK MiAMOAYIIO ONTUMI3ALll
MPOBEACHO 3HAXO/KEHHSI TaKUX IUIONI MPOTIYOK, IO Ja0Th MiHIMalbHI 3BaXKEeH1
CEepeAHBOKBAAPATUYHI TMOXUOKM JJis1  BIANOBIAHUX 3aMipiB  JAUGMaHOMETPIB.
Onrtumizaiiisi TpOBOAUIACK SIK [ OKPEMUX BUOIPOK, Tak 1 /1l 00’ €JHaHOI BUOIPKHU.
OkpiM 11OTO, 3 METOIO MPUILBUANICHHS PO3PaXYHKIB JIJIs1 Kacy ¢gizuunoi Mmoaeni HBK
peariz3oBaHO MOXXJIMBICTh BUKOPUCTAHHS 0araTornovyHOCTi, IO J103BOJS€ €(hEeKTUBHO
BUKOPUCTOBYBaTH pECypcH OararosiiepHUX MPOLECOpPiB, THUM CaMUM 3HA4YHO
MIJBUIIYIOUA TPOAYKTUBHICTh PO3PAXYHKIB 1 CKOPOUYYIOUM 4Yac OOpPOOKH JlaHHX.
[IpoBenene TectyBaHHS HpH 8 MOTOKAX IMOKA3ye MPUIIBHUALICHHS PO3PAXYHKIB 10

200% (puc. 4.18) BimHOCHO icHyrouoro miaxoxay [104].
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Puc. 4.18. [TopiBHSIHHS 3BUYaHOT pO3paxXyHKOBOI MOJIEN1

Ta MOJIEJNI 3 NapajeIbHUMHU OOUHUCICHHSIMH (8 TOTOKIB)
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Onrtumizaiiii npoBoAWJIaCch ISl TBOX BapiaHTIB KOE(III€HTIB, 0 BPAaXOBYIOTh
KOHKpPETHHUI TU(PMaHOMETP:

1. 3acTocyBaHHS BCiX YOTHPHOX NU(PMAHOMETPIB 3 OAHAKOBUM KOE(DII[IEHTOM,
piBauM 0.25.

2. 3acTtocyBaHHs JIMIlIe IEPIIOro (BHYTPIIIHHOTO) TU(MaHOMETpA, 10 MOKA3ye

tuck M KIT ta OO (koeditieHt piBHui 1).

Tabnuns 4.7
[Tmomii mpoTivyoK Ta MOXKWOKHU MpH BpaxyBaHHI BCiX TU(PMaHOMETPIB
3HaliieHa II0IIA IPOTIUKH, M Cepenns abcontoTHa
nmoxuoOka, Ila
3oBHimHA | BHyTpimns | 3axigauil | Cxigauii | Mk 30BHIIIHIX
00o10HKa | OOOJIOHKA 3a30p 3a30p | KllTa | nudpmanomerpin
00
Bubipka
0.75 5.63 2.18 3.08 2.4 7.2-8.6
Nel
Bubipka
0.62 8.5 1.7 5.68 2.9 7.5-8.4
No2
Bubipka
Nel Ta 0.78 7.3 2.03 4.96 2.55 7.5-9.3
No2
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Tabnuusa 4.8

[1nomii NpoTivOK Ta MOXMUOKH MpU BpaxyBaHH1 JUIIE BHYTPIIIHLOTO TumaHoMeTpa

3HaliieHa IIoIIA IPOTIUKH, M Cepenns abcontoTHa
nmoxuoOka, Ila
3oBHimHA | BHyTpimns | 3axigauil | Cxigauit | Mk 30BHIIIHIX
000s10HKa | 000JOHKA 3a30p 3a30p | KllTa | nudmanomerpin
00
i:lflpm 0.81 6.8 167 | 372 | 042 7.6-8.65
Bubipra | 5 6.74 205 | 518 | 06 7.8-8.6
No2
Bubipka
Nel Ta 0.72 6.74 1.97 4.97 0.62 7.7-9.35
No2

Sk BUAHO BpaxyBaHH JIMILE BHYTPIIIHBOTO AaTYMKA MPU 3HAXOIKEHHI ILJIOIL
J03BOJII€E 3HAYHO 3MEHIUMTH NOoxuOKy i nepenany KII-OO, mpu upomy noxuOku
IHIIMX JU(MaHOMETPIB 3HAXOAATHCS B THUX CaMHUX MeXaxX, TOMY MHpHU MOJAJbLINX

pO3paxyHKax 3aCTOCOBY€ETHCS JIUIIE OAUH JU(DMAHOMETP.
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Puc. 4.19. [lopiBasuug noka3iB garuruka KII-OO Ta po3paxyHKOBOTO 3HAYEHHS JJIsi

BuOipku Nel. Jlo (3:m1Ba) Ta micias OHOBJICHHS ILIOI] (CIIpaBa)
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Puc. 4.20. [TopiBasuug noka3iB aarurnka KII-OO Ta po3paxyHKOBOTO 3HAYEHHS JJIsi

BuOipku Ne2. Jlo (3;11Ba) Ta micjs OHOBJICHHS ILIOIT (CIIpaBa)

[NicTorpamu asis mOXMOOK MK PO3paxOBaHUMH 3HAYEHHSIMU TMepenaaiB (IMmicis
3aCTOCYBaHHSI OHOBJICHUX IIJIOIII) Ta MOKa3aMM KOXKHOTO 3 Tu(MaHOMETPIB MOKa3aH1 Ha
pucynkax 4.21 ta 4.22. CranpaptHe BinxuieHHs noxuoku s KIT-OO, KIT-OC,
niBHigHOr0 OO-OC Ta miBaenHoro OO-OC nudmanomeTpi ckianae: 0.7 I1a, 11.2 I1a,
12.44 Tla, 11.15 Ila. Po3pobnenuii mMomaynap mepeadayae MepioluuyHe aBTOMATUYHE
OHOBJICHHSI IUIONI] MPOTIYOK (MO KPUTEPI0 BEIUYUHU CEPEIHbOKBAIPATUYHOL

NOXMOKH), 1110 3a0e3Mneuye MOCTIMHY TOYHICTh OLIIHKHU T'APaBIIYHOTO CTAHY.
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Puc. 4.21. Po3nozin noxuOKM NporHo3yBaHHs 3Hau4€Hb JaTurka, BuOipka Nel Ta Ne2.

KII-OO (3miBa) Ta KIT-OC (cnipaBa)



124

600 600

KinbKicTb
KinbKicTb

50 100 -50 0 50 100
Moxunbka Moxubka

Puc. 4.22. Po3noain noxuOKu NporHO3yBaHHs 3HaYeHb JaTurka, BuOipka Nel ta No2.

[liBnennuii (311Ba) Ta miBHIYHUM (cripaBa) natauk OO-OC
4.2.2 Peamaizauisa Mojaejeil Ha OCHOBI MAIIMHHOTO HABYAHHSA

[lepuiuM etanoM BIPOBAKEHHS MPOTHO3YIOUUX MOJIETIEH € TECTYBaHHS PI3HUX
TUIIB perpecopiB. 3 II€I0 METOI0 JII KOXHOTO 3 JAaT4MKIB MPOBEICHO MOTMEpPEHE
HaBYaHHS TaKUX MOJeJel: JiHiiiHA perpecis, aepeBo pimeHb, Random Forest
(BunankoBuii nic), Gradient Boosting (rpaaientne miacunenHs). Ockinbku HBK Moxe
3MIHIOBAaTH CBOI MMapaMeTPH B Yacl, JOLIBHO MTpOaHaIi3yBaTH BILIUB BIOPSIKOBAHOCTI
BXIJIHUX TapaMeTpiB  MoJeledl Ha  SKICThb MpPOTHO3yBaHHsS.  BigmoBinHO
BUKOPUCTOBYBAJIOCH J[Ba MIJXOAW: NMEPEMIIIyBaHHS BUOIPKM JaHUX Ta HABUAHHS Ha
BIOPSJIKOBAHUX JITAHUX.

o nonepenHboi MiArOTOBKH JAaHUX BITHOCUTHCS MIEPETBOPEHHS HANIPSIMY BITPY
Ta HOpMaTi3alis qanux. [lokasu BiTpy € “KpyroBoro 3MiHHOIO (Hampukian, 0 rpagyciB
Ta 360 rpamyciB BKa3ylOThCA Ha OJIUH 1 TOH K€ HAMpPSMOK), €PEKTUBHUM IT1IXOJOM €
nepexi 10 2 3MIHHUX: CHHyca Ta KocuHyca. Croyarky HeoOXiJHO mepepaxyBaTH

rpaaycH B paJllaHH:

T
Oradians = edegrees X 180 4.1)
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7€ Ogegrees— 3HAUCHHA B TPAIyCaXx,

0 adians — 3HAUCHHS B pajilaHaXx.

[ToTiM, 00YKCITIOIOTHCA BiMOBIIHI 3HAYEHHSI CHHYCA Ta KOCHHYCA.

Meroro HOpMamizamii JaHUX € 3MEHIIEHHsS a00 BUKIIOUEHHS IUCIPOMOPIIii
JAHUX, SIKI MOXYTh MaTH Pi3HUM MacmTad Ta HETaTUBHO BIUIMBATH Ha MPOIEC
TPEHYBaHHS Ta MPOTHO3YBaHHS. B siIkOCTI HOpMami3alli BUKOPUCTOBYBasach popmyra
cTaHjapTuzaiii (Z-ominka). Po3aMip TpenyBanbHO1 BUOIpKU ckianaB 70%, BIAMOBIIHO
Ha TecT 3anumanochk 30% (10JaTKOBO BUKOHYBaJIaCh KPOC-Balilawlisl JUisl YHUKHEHHS
MepeHaBYaHHs ).

Pesynbratn npornosyBanns s garuuka KII-OO, a came cepenHst abcoatoTHa
noxuOka HaBejieH1 B Tabnuii 4.9. Sk BUAHO, TpU BUKOPUCTAHI BIOPSIKOBAHUX JAHUX,
MOXMOKa Ha TECTOBUX HA00OPAX 3HAYHO 3pOCTAE, 110 MOKE TOBOPUTH IPO NEPEHABUAHHS
Mojieiel. 3aCTOCYBaHHS MepeMIllIaHuX JaHUX JO3BOJISIE YHUKHYTH JaHy MpooOIeMy, ane

€ He (I3UYHUM, OCKIIBKH J1aH1 B TIEBHIN Mipi MPEJCTABISIOTH COOOI0 YacOB1 PSIU.

Taomung 4.9

Cepenns abcomtorHa noxuoka (CAIT) npornosyBanns nokasis qudmanomerpa KI1-OO

BriopsinkoBani gaHi [Tepemimiani gaHi
CAIl CAIl CAIl CAIl
TpEHYBaHHS TECT TpEeHYBaHHS TECT
I
mear 0.384 0.824 0.512 0.515
Regression
Decision
T 0.28 0.931 0.386 0.517
ree
Random
0.126 0.896 0.178 0.487
Forest
Gradient
. 0.326 0.886 0.473 0.494
Boosting
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Haiixpamii pesynsratu st KII-OO, a came — noxubka 0.494 Ila orpumano 3
3acrocyBaHHsAM Gradient Boosting Ha 3Mmimanux ganux. Ananoriuti Gradient Boosting

MOJIeJIi IePEeBIPEHO i TuPMaHOMETPIB BCTAHOBIIEHUX 330BHI (Tabmuus 4.10).

Tabmums 4.10
Cepennus abcomntorHa noxudka (CAII) 30BHIIIHIX AMDMAHOMETPIB TPU 3aCTOCYBAHHI

Gradient Boosting

BriopsinkoBani gaHi [Tepemimiani gaHi
HasBa CAIl CAIl CAII CAIl
IaT4YuKa TpPEHYBaHHS TECT TPEHYBaHHS TECT
00-0C

6.55 6.85 6.31 6.648
MBAECHD
00-0C

6.319 6.631 6 6.28
MMBHIY
KII-OO 6.79 6.65 6 6.28

3 METOI0 MOKpAIleHHs! TOYHOCTI TporHo3yBanHs [105], nogaTkoBO nepeBipsiach
HeliponHa mepexa (HM) mpsimoro noivdpeHHs, sika B 0a30BOMY BapiaHTI MiCTHIIa JBa
MPUXOBaHI IIapU, CXeMaTU4YHe 300paxkeHHs CcTpykTypu HM mist 3HaXomkeHHs

nepenany KII-OO noxka3aHno Ha pucyHky 4.23.
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Puc. 4.23. Cxemaruune 300pa>keHHsI HEHPOHHOI MEPExXi

[lapameTpr HEWpPOHHOI MeEpeki Ta MPOLEIYpPH TPEHYBAHHS BaroBUX
KOe(IIi€HTIB:

1.32 Ta 16 HelpoHIB y MPUXOBAHUX Iapax (0OpaHO EKCIePUMEHTAIbHUM
IUISIXOM) 13 3acTocyBaHHsIM (pyHKINT akTuBaiii ReL.U Ta onTumizamiiiHoro anroputMy
Adam;

2. TpenyBanus BimOyBasmoch Ha 70% JaHUX 3 BUKOPUCTAHHSM BallialiliHOT
BUOIpKU ISl YHUKHEHHS MepeHaBuyaHHs (pUCYHOK 4.24); aHAJIOT14HO 10 MOMEepeaHIX
MoOjielie BUKOHYBajach MomnepeAaHsi oOpoOka MmapaMeTpiB BITpY Ta HOpMai3ailis

JAHUX, JaH1 pO30MBAIMCh 3 BpaXyBaHHSIM YaCOBOI KOMIIOHEHTH.
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Puc. 4.24. [Ipouec tpenyBanust moaeini KIT-OC (moxuOka TpeHyBaibHOT Ta

BaJliJlalliitHOT BUOOPKH)

B pesynbrarti 3actocyBanHs HelpoHHOT Mepesxi 3HaueHHss CAIT aiist natunka KI1-
OO, nopiBusHo 3 Gradient Boosting, 3menmunocs 3 0.494 I1a no 0.432 Ila. [Togansiie
MOKPAIEHHS] TOYHOCTI MOXKJIUBE 32 PaxyHOK IMEPIOJAMYHOTO OHOBJIEHHS MapaMeTpiB
Mozenl (HampukiIaa KoKHI 1-7 JHIB eKcIUlyarauii) Ta NMPOTHO3YBaHHSAM B MeXkax
MEBHOTO KOPOTKOCTPOKOBOTO MEpioAy. AJITEpHATUBHUM MiAXOJIOM € 3aCTOCYBaHHS
OUIBIIOT KUIBKOCTI €KCIIEPUMEHTAIbHUX JTaHUX (JOCTYN 10 SIKMX BUHHMKHE Mij 4Yac
MOAAIBIIOI IHTETpaIlli MoJeeH).

[Ipu BukopucTtanHi aHaidoriunoi HM 11s iHIIMX 1aTYUKIB — 3HAYEHHS TOXUOOK
Ha TectoBuX BuOipkax ckinano maga gatuukie KII-OO, OO-OC miBuiu ta OO-OC
miBaeHb: 4.85 Ila, 5.85 ta 6.14 Ila BiAmoOBIAHO, IO Kpallle 3a 3HAYEHHs, OTPUMaHI 3a
nonomorotro Gradient Boosting. Ilpu mpomy oOujBa Kiacu MoJeieill MOKa3yHOTh
pe3yNbTari Kpailll, Hi OTpUMaHi Mpu 3acTocyBaHHi (izuunoi moneni (aianazon CAII
7.7-9.35 T1a).

[NicTorpamu moxuOOK MPOTHO3YBAHHS MOKA31B JIATYMKIB, a TAKOXK MOPIBHAHHS 3

noxuOkamu (Hi3UYHOI MOJIeNi MOKa3aHo Ha pucyHkax 4.25 ta 4.26.
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Puc. 4.25. Po3noain noxubku nporHo3yBanHs 3HaueHb garuyuka KI1-OO
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Puc. 4.26. Po3noain noxuOku nporuo3yBanHs 3HaueHb gardyuka KI1-OC

[Ipu Bukopuctani ML monenell cepelHbOKBaJIpaTUYHE BIIXUICHHS MOXUOKHU
3HAYHO 3MEHINyeThes, Hanpukian mist nepenany KII-OC Bono cmagae 3 11.5 [Ta no

6.3 Ila. [Ipuknan nporno3ysanus nepenany KII-OC noka3ano Ha pucyHky 4.27.
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Puc. 4.27. l[lopiBasuug noka3ziB garurnka KII-OC Ta nporao30BaHoro 3Haue€HHs

3a nonomororo HM

Hactynuum eranom € peanizaiis kiacy MLModels, mo mictute wotupu HM
MojeNl JUisi KOXKHOro 3 aAudMaHOMETpiB Ta 3abe3ledye Mpolec HaBYaHHS,
MPOTHO3YBAaHHS, a TaKoX 30€peKeHHs MapaMeTpiB MiJATOTOBKU JaHUX Ta BaroBUX
koe(iIieHTIB MoJenel JUisi TOBTOPHOTO BUKOPUCTAaHHS. B pe3ynbrari TpeHyBaHHS
MOjIeJIe Ta MOJAJIBIIOT0 MPOTHO3YBAaHHS OTPUMAHO PO3PAXyHKOBI Mepenaau TUCKIB,
3a IOMOMOTOI0 SIKMX MOkHa po3paxyBatu TUCkU B KII ta OO: 3Har0uM mporHo3oBaHi
MOKa3u JaT4MKIB Ta PO3MOALT TUCKIB HaBkoso HBK, MoxkHa BUpIIIUTH BiANOBIIHY
CUCTEMY JIIHIMHUX PIBHSHB JUIs 3HAXOMKeHHs TUCKiB BcepeanHi HBK ta nepemnanis
THUCKIB B 30HaX HEKOHTPOJIHOBAHUX MPOTIYOK. Marouu BiAMOBIIHI MEepemnaan TUCKIB Ta
BUKOPHUCTABIIN PIBHSIHHA bepHYMIl 71 KOXKHOI 3 MPOTIYOK, MOXKHA 3HAUTH 00’ €MHI1
BUTOKH PA. BukoHaemo nmaHy mnpouenypy [Uisi Bci€i BUOIPKH, BUKOPHUCTOBYIOUM SIK

¢13uuny, Tak 1 ML monens.
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Pe3ynbsratu oO0unciens nokazano Ha pucyHkax 4.28-4.30. IIpu uboMy BUTOKH 3

OO BIAMOBIAIOTh HETATUBHUM 3HAYEHHSM MPOTIYOK.
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Puc. 4.28. HexontponwsoBani neperoku nopitTps Mixk OO ta OC (3axigHuid

3a30p)
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Puc. 4.29. HexonrponwsoBani neperoku nmosiTps Mixk OO ta OC (cxianHuii

3a30p)
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Puc. 4.30. HexoutponsoBani neperoku nopitps Mixk OO ta KII

3 orpuMaHux TpadikKiB MOXKHAa 3pOOUTH BHCHOBOK IIOJAO JOINIJIBHOCTI
BUKOPHUCTAHHS K (P13MIHOIT MOjIeNi, Tak 1 uncenbHoi ML mozeni. [lepeBara ML moneni
OyJie 3poCcTaTu MpU HAIBHOCTI OUIBINIOL KIIBKOCTI JaTYMKIB, MMiABUIIIEHHI BAP1aTUBHOCTI

pob6otu BY B BHOOpIII JaHUX Ta 3pOCTaHH1 KUIBKOCTI JJAHUX BIILJIOMY.

4.3 3HaXO[:K€HHS ONTUMAJIBHUX MNapaMeTpPiB Po00TH BEHTWISUIMHUX

YCTAaHOBOK

Matoun “HaBueHi” Monedal Uil OLIHKM TIAPaBIIYHOTO CTaHy, MOXJIHBE
3HaXO/PKEHHsI ONTUMANIbHUX BUTpar BY npu pizHux Mereoponoriynux ymonax [106].
Sk 3a3Havanoch B po3AUIl 2, MOKHA BUILIUTUA 3 OCHOBHMX Ta | momarkoBuit (1o
MOJIETIIYE MPOLIEC ONTHUMI3allli) YHIKaJIbHUX IMapaMeTpH, sIKi BIMBAIOTh HAa CTaH
00’€KTYy, a caMe:

1. llIBunKicTh BITPY, KA 3 HAXOAUThCS B Mexax BiJ 0 mo 25 m/c (icropudHuit
PEKOP/T B JIaHiil MiCLIEBOCT1) 3 KpOKOM | M/c — 25 3HaYEHB;

2. Hanpsim BiTpY, BChOTO 72 MOXJIMBHUX 3HAU€Hb (3 KPOKOM 5 IrpaayciB);

3. HasaBHnicTp a60 BizncyTHICTh po0iT B HBK — 2 3HaueHHs;
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4. KinbKicTh MpalOlYMX YCTAaHOBOK, 10 HarHiTaloTh B KII, sika moxe
3MmiHIOBaTUCH Bif 0 710 4 (5 MOXKIMBUX) 3HaY€Hb. BBOAUTHCA K 10/IaTKOBUI TapaMeTp
JUTSL IEPEXO/Ty BiJl ONTUMI3allii IBOX 3MIHHHX, IO ONTUMI3aIlll OJHIET.

Ha ocHOB1 ommcaHuxX TMapameTpiB CKJIaAeMO TaOJWII0 BXIIHUX TaHUX s

onTtuMizaii, mo mictuth 18250 yHikanpaux craniB HbK (pucynok 4.31).

working n_as wind_speed wind_direction

0 0 0 1 0

1 0 0 1 5

2 0 0 1 10

3 0 0 1 15

4 0 0 1 20
18245 1 4 25 340
18246 1 4 25 345
18247 1 4 25 350
18248 1 4 25 355
18249 1 4 25 360

18250 rows x 4 columns

Puc. 4.31. Tabnuist napameTpiB Jis OLIHKY TiAgpasiiuHoro crany HBK

3 metoro ontumizanii BY OO nanucanuil cnemiajibHUI Kjac, SIKMM mpuitmae
PO3paxyHKOBY Mojienb riapasiiudoro ctany HBK sik oquH 3 mapameTpiB iHiliamizani.

Jns xoxxHoro crany HBK mpoBeneHo onTtumizaiito 1o MeTOAuIll, ONMUCAHIA B
po3auIl 2, BUKOPUCTOBYIOUM (DYHKIIIO BTpaT, sfKa CKJIAJAEThCA 3 CyMHU
HEKOHTpOJIboBaHUX MpoTidok 3 OO Ta ButTpat BY (3 BaroBumu koedimientamu 0.9 ta
0.1 BiamoBigHO). OnTUMI3allis BUKOHYETHCS 3a JOMOMOTOK YHCEIbHHUX METO/IB,
30kpeMa Mmetony Hennepa-Mina, Ta BpaxoBye OOMEXKEHHsS Ha MIHIMAJIbHY Ta
MakcumanbHy BuTpary BY. [lpukmaau 3anexxsHocti ¢yHKIii BTpaT Bia BuTpatu BY
OcHoBHOoro O0’emy AJisi HAUOLIBII KPUTUYHUX HAIPSIMIB BITPY, a caMe CXIJIHOTO Ta

3axXiIHOTO, HaBeAeHO Ha pucyHkax 4.32 ta 4.33. Ha nux Ta mogansmmx rpadikax
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npuiiMaeThes, 1o npaioe 2 yctanoBku BY KII, 1m0 BiJioBigae MOTOYHOMY PEXKUMY

poboTu 00’ exTy (1110 3a0e3neuye BiicyTHICTh KoHieHcallli B KIT).
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Puc. 4.32. 3anexuicts ¢pyHKIiii BTpat Bia BuTpatu BY OO (3axinHuii BiTEp;

MBUJIKICT 5 M/c). [Ipu BicyTHOCTI (311iBa) Ta IpH HasIBHOCTI poOiIT (cripaBa)
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Puc. 4.33. 3anexuicts QpyHkiii BTpaT Bij BuTpatu BY OO (cxinnwuii Bitep;
MBUIKICT 5 Mm/c). [Tpu BijicyTHOCTI (3711Ba) Ta MpU HASIBHOCTI poOIT (cpaBa) B

HBK
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Ha rpadikax 4.32 ta 4.33 Moxxemo modauyutu MiHIMYM (YHKIIT (J10AaTKOBO
MO3HAYEHO BEPTUKAIBHOIO JIIHIEI0), JIIBIIIE SKOTO 3HAYeHHS (PYHKIIIT 3pOCTal0Th Yepe3
30ubiIeHHs: BUKUAIB 3 OO, mpasilie — 3p0CTaoTh Yepe3 HaAJIUIIKOBE BUKOPUCTAHHS
BY Ta nepeButparu enexkrpoeneprii. Ilinroropka ado x nposeaeHHs pooiT B HBK, mpu
SAKUX BKJIIOUAIOThCSA HarHiTaioui BY, mpu3BoAUTH [0 JIOTIYHOTO 3MIIIEHHS TOYKHU
MIHIMYMY (YHKI1i BIIPaBo.

I'padix dyHK1il BTpaT Ha BChboMY JAiana3oHi poooti BY mpu pi3Hiil mBUAKOCTI, a
TaKOX MPU PI3HIN KUIBKOCTI mpaitorounx ycraHoBok BY KII, mokazano Ha pucyHkax

4.34 ta 4.35.
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I I
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BuTtpaTta BY 00 [M3/c] BuTpaTa BY OO [m3/c]

Puc. 4.34. 3anexuicts QpyHkiii Brpar Big Butpatu BY OO Ta mBUIKOCTI BITPY
(3axiqHui BiTEp, HOpManbHUM pexxum podotu BY KII). ITpu BiacyTHOCTI (3711Ba)

Ta Mpu HasiBHOCT1 poOiT (cipaBa) B HBK.

Sk MmoxeMo nobaunTu 3 pucyHky 4.34, npu nposeaeni po6iT HBK Ta 3axinnomy
BITPY 31 MIBUAKICTIO OMU3bKOIO 710 15 M/c — nis miHiMizaiii BukuaiB BUTsokHI BY OO
MalTh TpaloBaTH Ha MAaKCUMyM, MpPHU IIbOMY I[OBHE YHHKHEHHS BUKU[IB PA He
MOXJIMBE. Bbll JeTalbHUI aHaji3 BIUIMBY METEOPOJOTIUHHMX JAHUX MPOBEIACHO B

HACTYITHOMY PO3.LIi.
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Puc. 4.35. 3anexuicts QyHkiii Brpar Big sutparu BY OO Ta kibKOCT1

npaiorounx BY KII (3axiguuii Bitep, podotu B HBK BiacyTHi).

30inbiieHHss KibkocTi mpamorounx BY KII npuBoguTh 10 mponopiiiiHOTro
30impmeHHss Butpar BY OO (puc. 4.35), BIANOBIZHO ONTHMAaJbHA KIJIBKICTh
npaiorounx BY KII BuzHauaeTbest He 3 MipKyBaHb onTuMizailii Butpar PA ta BY, a 3
MIpKyBaHb 3a0€3Me€UeHHsI MEBHHUX EKCIUTyaTalliHUX YMOB, TaKUX SIK BIJCYTHICTb
KOHJEeHcallll Ha moBepXHsIX. OKpeMO BapTO 3BEPHYTH yBary Ha 3HAUHY 3aJICKHICTh
ontuMmansHoi Butpatu BY OO Big Hanpsmy BIiTpy (pucyHok 4.36), mnpu 1pomy

HalOUTbII HeOE3MEUHUM € HAPsIM BITPY 31 CXOy Ha 3axil.
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Puc. 4.36. 3anexuicts ontumanbHoi BuTpatu BY OO Big Hanpsimy BiTpy (mpu

HIBUJIKOCTI BITPY 3 M/C)

[TopiBHsiemo ekcmutyataniiiai Butparu BY OO 3 BuTparamMu OTpUMaHUMU MiCIIS
ormrrumi3zarii. J[Jig 11p0T0 MpOBEAEMO OUTIHINHY IHTEPHOMAII0 MO MBHAKOCTI (V) Ta

HanpsaMy BITpY (0), sika BUKOHYETHCS 32 (OPMYIIOIO:

f(V, 6) =A- f(Vl, 61) +B- f(Vz, 91) +C- f(Vl, 92) +D- f(Vz, 92), (42)

ne xoedimientu A, B, C, D oOuuciiooTs “OMM3bKICTh  IIYKAHOI TOYKHU J10
BIJIOMHUX 3HAYEHb.
ExcniepriMeHTanbHO BCTAHOBJIEHO, IO /JII YHUKHEHHS MOXUOKH, SIKa BUHUKAE
NpU IHTEPHOJISANIi, Ta [Js JOJAaTKOBOI MEPECTPAXOBKU — OTPUMAaHI 3HAUYCHHS
. 3 .
onTUMaJIbHUX BUTpAT BY 301IbI1yIOTHCS HA IEBHY KOHCTAHTY, a came 1 m”/c. I'padiku
BUTOKIB MOBITps (myst 48 ekcmiyatauiiaux roguH) 3 OO no Ta micis onTumizarii

MOKa3aHo Ha pucyHkax 4.37-4.39.
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BumiptoBaHHS

Puc. 4.37. Bukuau noBiTps 3 PA depe3 3axiiHuii 3a30p (A0 Ta micist onTuMizalii

pobotu BY)

201

Bukuaown PA [m3/c]

—— Lo onTuMizauii
Micna onTuMisauii

100

200 300 400 500
BuMiproBaHHS

Puc. 4.38. Bukunu nositps 3 PA yepe3 cxinHuii 3a30p (40 Ta Micas onTUMI3aLii

pobotu BY)
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Puc. 4.39. Bukuau nositps 3 PA no KII (10 Ta micist ontumizaiiii poootu BY)

Buxopucranns ontumizoBanux Butpar BY OO no3Bosisie yHUKHYTH BUKUIIB PA
3 OO (BiACYTHICTh 3HaY€Hb MEHILIE HYJIS HA PUCYHKY 4.37), IpU LIbOMY PO3pax0OBaHo,
10 3a paxXyHOK MeHI01 BuTpatu BY (pucynok 4.40) ekoHOMIs €1eKTPOEHEPTii CKIaaae
omm3pko  52%. OxpiM 1bOro, MpOBEACHA ONTUMI3AIlIS JI03BOJIMJIA 3MEHIIUTH
HEKOHTPOJIbOBaHi BUKKIU NoBiTps 3 4753 M* 1o 122 m* (mpotsrom 40 po3paxyHKOBHX

JTHIB).

0.5 A
I [o onTumizauii

EZZ Micns onTuMmisauii
0.4 1

0.3 1

0.2 1

10 15 20 25 30 35 40 45
ButpaTa BY 00 [M3/c]

Puc. 4.40. Butpara BY OO g0 Ta micis ontumizaii
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MoxHa BUIIIUTH TaK OCHOBHI MIiAXOAW JO 3aCTOCYBaHHS OTPUMaHUX
ONTUMAJIbHUX BUTpArT BY:

1. BukopucTtanHs Tabiuill CTaHIB 3 BIAMOBIIHUMM BUTpAaTaMH Ta ii 1HTETpallis
(pa3oM 3 IHTEPHOIATOPOM), a00 K APOKCHUMAIIis JAHO1 TaOIUIll 3a PaXyHOK BIJHOCHO
CKJIaJIHUX MOjieJiel MAalllMHHOTO HABYAHHS, TAKUX K HEHPO-HEUITKE MOCIIOBAHHS,
[107, 108] 3 momanbmioro iHTerpamieto B ICY HBK — HemomikoM Takoro mixomy €
HEOOXIJTHICTh MEPIOANYHOTO IMOBTOPEHHS MPOLEAypH ONTHUMI3alii (mapajeiabHo 31
3MIHOIO MTapaMeTpPiB 00’ €KTY);

2. AnpokcuMariisi TabnuIll CTaHIB 3a PaXxyHOK BIIHOCHO MPOCTUX MOJIENEH,
Takux SIK JI€PeBO pIllleHb, SIKI MalTh BHCOKY HATJAJHICTh Ta MOXYTh
BUKOPHUCTOBYBATUCH B (popMaTi “peKoMeHIaIIHHOI IHCTPYKIIiT 1110710 KepyBaHHs. [1pu
mo0y10B1 JiepeBa pillieHb TECTYBAIUCH P13HI MIAX0U 10 0OPOOKU BXITHUX JaHUX, TaKl
AK NepexiJ Bl HAIpsMy BITPY, IO B MOYAaTKOBOMY BapiaHTI € JUCKPETHOIO 3MIHHOIO,

710 KaTeropiaJibHUX 3MIHHUX, 110 BU3HAYAIOTh YOTUPHU a00 BiciM HampsMiB (3 kyTom 90

Ta 45 rpaayciB BiAMOBIIHO), a00 K MPOEKI(i BEKTOPY BITPY HA HABEJICH1 HAIPSIMU.

wind_speed <= 6.0
samples = 576
value = 28.0

N

wind_speed <= 4.0
samples = 344
value = 22.0

AN

wind_direction <= 182.0
samples = 232
value = 36.0

RN

wind_direction <= 182.0
samples = 166
value = 18.0

wind_direction <= 182.0
samples = 178
value = 26.0

wind_speed <= 8.0
samples = 119
value = 44.0

wind_direction <= 332.0
samples = 113
value = 28.0

/\

samples = 81
value = 20.0

samples = 85
value = 16.0

samples = 86
value = 30.0

samples = 92
value = 21.0

samples = 62
value = 40.0

samples = 57
value = 48.0

samples = 96
value = 29.0

samples = 17
value = 21.0

B 3QJIEKHOCTI B1Jl METEOPOJIOTTUHUX YMOB

Puc. 4.41. [epeBo pimens jis Bubopy ontumanbHoi BuTpatu BY HBEK
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3po061eHO BUCHOBOK, 1[0 HAKpallla TOYHICTh Ta IHTEPIPETOBAHICTD 10CATAETHCS
MpU BIACYTHOCTI momnepeaHboi oO0poOku nanux. [lpukiag Takoro aepeBa pillleHb
(rmuOuHOI0 PIBHOIO TPHOM) JIJIsi BUOOPY ONTUMaNbHUX BUTpaT BY mpu BiacyTHOCTI
po6iT B HBK Ta poboti nBox ycranoBok KII mokazano na pucynky 4.40, cepenne
KBaJpaTHYHE BiJIXUIICHHA IIOXMOKH cknazac 3.8 m’/c (pucynok 4.42).

B 3anexHocT! BiJ akTyalnbHHX mapaMmeTpiB BiTpy iHxkeHep HBK moxxe o6patu
onTUManbHU pexxum podotu BY. HenmomikoM Takoro mixoay € BiIHOCHO HHU3bKa
TOYHICTb anpoKCUMallii, MABUIIECHHS SIKOi BUMarae yckjiagHeHHs Mojieneld. B nanomy
BUMAAKYy HEOOXiMHUHI mepexia M0 TNHOMHU PIBHOI JecATH (CepellHE KBaJpaTUUYHE

BiIXUIEeHHS MOXUOKH cknagae 1 M>/c), o HiBeII0e OCHOBHY IEPEBary — HArJISIHICTb.
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Puc. 4.42. Anpokcumaiiist GyHKINT onTUManbHUX BUTpaT BY 3a nonomororo

JiepeBa pilieHb

3. 3actocyBanHs ontuManbHux Butpar B CIIIIP, mo po3Boiisie He nwiie
MOKa3aTy ONTUMANIbHY BUTpaTy BY B pexuMi peanbHOro yacy, a il mpopaxyBaTu pi3Hi
MIPOTHO3H1 BapiaHTU. BpaxoBytouu, 110 noBHa inTerpaiiis B ICY Ha naHuit MOMEHT He

MOXKJIMBA, a MIJIX1J 3 BUKOPUCTAHHSAM IPOCTHUX MOJENIEH J1a€ 3HAYHy MOXUOKY —
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po3podsiennss CIIIIP e ontumanbHuM BapianToMm. [lpu 1mpomy sl TPOpPaXyHKY
MOXJIMBUX J1aMa3oHIB BUKUIIB PA, a TakoXX MOXJIMBOCTI TPOBEACHHS OUIBII
JETAJIBHOIO aHalli3y BIUIMBY MeTeopoJsioriuHuX ymoB Ha craH HBK — HeoOxigHO
peanizyBaTH BIJINOBIAHI METOAM Ta MOJENI 3a JONOMOTOK CTAaTUCTUYHOTO

MOACITOBAHHAA.

BucHoBku 10 posainy 4

1. Bukopuctanus (izuuHoi Momeni Juisl 3HaxXo/pKeHHs1 TUCKIB Bcepenuni HBK
MOKa3aJI0 CBOIO €(PEeKTUBHICTh, OCOOJIUBO B MOEAHAHHI 3 ONTUMI3AIIHHUMHA METOAAMHU
UIsE  MiHIMI3amii MHOXMOOK y BH3HAYEHHl IUIOL] MPOTIYOK. 3acTOCYBaHHS
0araTornoTOYHOCTI B PO3paxyHKax 3HAYHO MIJBUIIUIO TPOAYKTHBHICTH 1 CKOPOTUIIO
yac 00poOKH TaHUX.

2. IlpoBenene TecTyBaHHS PI3HUX THUIIIB PErpecopiB, 3 MOAAIBIIMM BHOOPOM
HEUPOHHOT MEpEeXi MPSAMOTO MOIIUPEHHS AJisi MPOTHO3YBAaHHS TOKAa3iB KOXKHOTO 3
Tu(MaHOMETPIB BIIKPHUIIO MOKIIMBOCTI JIJ1s1 O1JIBIII TOYHOTO MPOTHO3YBaHHSI MEepemnaiiB
tuckiB. [lopiBHsIbHUN aHami3 ¢i13uyHOI Mozeni Ta ML moneni nokasas, 110 repeBara
ML mopeni 3pocTae 31 301IbIIEHHAM KUIBKOCTI JAHUX, PI3HOMAHITHOCTI YMOB pOOOTH
BY Ta k1JIbKOCTI BCTAHOBJIEHUX JATYMKIB.

3. Ontumizanis Butpar BY nomomornia 3MEHIIUTH BUKUIU PaTiOaKTUBHUX
aepo30JiB 3 OCHOBHOTO 00’€My Ta 3HAYHO CKOPOTHTH CIIO)KMBAHHS €JIEKTPOEHEPTIi.
3acTocyBaHHA ONTUMaIbHUX BUTpaT BY MoxnuBe y Bumisiai Tabmuilb CTaHIB 3
MOXJIMBOIO aMPOKCHUMAIIIEI0 3a JOMOMOTOI MOJeJed MAaIlMHHOTO HaBUaHHS Ta

noaanbioro inTerpaiiito B CIIIIP.
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PO3JLI 5
PEAJII3ALISI CACTEMM MIATPUMKH PUITHSATTS PIIEHD

Hanuit po3ain npucBsueHuii po3poo6il CIIIP, ska € KI0490BUM €IeMEHTOM B
yrpasiinHi BY HBK HAEC. Po3msigatothest Taki OCHOBHI iHTep(eiicu sk: iHTepderic
JUTSl IPOTHO3YBAHHS BIUTMBY METEPEOJIOTYHUX JAHUX HA PO3MO/LT OUIKyBAHUX BUKH/IIB
PA (Bumarae peamizailii JOJaTKOBUX Mojeiel), iHTepdenlc TOCTIIKEHHS BIUIUBY
pPI3HOMAHITHUX TMapaMeTpiB Ha cTaH o00’ekTy Ta iHTepdeiic BimoOpakeHHs

TIAPABIIYHOTO CTaHy B PEXUMI PEaTbHOIO Yacy.

5.1 Peanizauia  iHTepdeiicy NPOrHO3yBaHHsA Ta  3aCTOCYBAHHA

MCTGOpOHOI’i‘IHHX JaHHUX

3HayeHHs MOKa3iB JaTyMKIB, a caMe€ IIBUAKOCTI BITPY Ta HAmpsMy BITPY IS

000X BUOIPOK €KCIIEpUMEHTANIbHUX JJAHUX, TTOKa3aHO Ha pUcyHKax 5.1 Ta 5.2.

B [s)} o
. . |

LWeunakicTe BiTPY [M/C]

N
|

0 50 100 150 200 250 300 350
Hanpsam BiTpy [rpaal

Puc. 5.1. 3HaueHHs HanpsiMy Ta MIBUJIKOCTI BITPY AJisg BUOipku Nol
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Hanpsam BiTpy [rpag]

Puc. 5.2 3nadenHs HanpsiMy Ta MBUAKOCTI BITPY AJist BUOIpKH No2

[IpoBeneni tectu Kommaropoa (3 piBHem 3Hauymocti 0.05) mo3Bomuiau
NIATBEPAUTH aJIbTEPHATUBHY TINOTE3Y PO T€, 110 HIBUIKOCTI BITPY Ta HAIIPSIMU BITPY
(momapHo st 000X BHOIPOK) CHIAYIOTH Pi3HUM posnoaiiaMm. lle mnoscHioeTbes
CE30HHICTIO B TMOrOJHUX YMOBaX, a CaMe€ TEMIIEPAaTypHUMHU KOJIMBAHHSIMU,
METEOpPOJIONTYHUMH SIBUIIAMU Tolo. He3Bakaroum Ha AaHy BiAMIHHICTB, Y 3B’SI3KY 3
MaJIOI0 KUIBKICTIO HAsBHUX EKCIEPUMEHTAIBHUX JIaHMX, peaiizailisi CTaTUCTUYHUX
MIIXOAIB BUKOHYETHCA Ha o00’€qHaHii BHOOpPI, 110 JO3BOJISIE MEPEBIPUTH
3aMpoOIOHOBaHI METO/IU; PHU 1bOMY MaOyTHsI peasi3allisi Ce30HHOCTI 3BOAUTHCS 10
MEBHOTO MacIITa0yBaHHSI MOJIECJICH.

BianoBigHO 10 METOAY OMUCAHOTO B PO3/ILIL 2, MEPIIUM €TarlOM € 3HAXO/IKCHHS
PO3MOALTIB I'YCTUHU HMOBIPHOCTI JUIsl IBUIKOCTI Ta HAIPsIMY BITPY. 7151 3HaX0KEeHHS
pO3MOALTY TYCTHHH MMOBIPHOCTI HAampsMy BITPY BHUKOPUCTAETHCS 3BUYANHUN
EeMIIIPUYHUM MIJX1J; BIJIHOCHA YacTOTa HAmpsMy BITPY Ta eMmIipuyHa QyHKIIS

PO3MOALTY MTOKa3aHi Ha PUCYHKY 5.3.
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—— [yCcTWHa WMOBIPHOCTI —
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Hanpam BiTpy

Puc. 5.3. Po3noain HanpsiMy BITpY

Jnst OIiHKM pO3MOALTY IIBHUAKOCTI BITPY 00’€IHAHOI BUOIPKM [aHUX 3a
JIOTIOMOTOI0 METOJly MAaKCHUMAaJbHOI MPaBAOMOAIOHOCTI BHUKOHAHO 3HAXOKCHHS

napameTpiB posnoainy BeitOymra: k=1.65, A=2.4 (pucynok 5.4).

0.35

0.30 1 F\

0.25 xx
0.20 1 x
0.15 1

0.101

—— [yCTWUHa NMMOBIPHOCTI

BinHocHa YacToTa

0.05 1

O_OO T T T T T — T T

WenakicTe BiTpY [M/C]

Puc. 5.4. Po3noaisn LIBUAKOCTI BITPY
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[IpoBeneHi TecTH 31 3HAWACHUMHU (QYHKIISIMH PO3MOALTY TOKa3alH, 10
MOKPAIIEHHS] TOYHOCTI CUMYJISIIA 3 BUKOPUCTAHHSIM CUHTETUYHUX MOTOJHUX YMOB
MOXJIMBE 32 PAXyHOK BpaxyBaHHS 3aJI€KHOCTI IIBUJKOCTI BITPY BiJl HAIpsIMY BITPY, 3
[1€0 METOIO peai3oBaHui Kiac /s “HaB4aHHs 36 okpeMux po3noAitiB BeliOymia 3
kpokoMm 10 rpaayciB o Hampsimy BITpY (pucyHok 5.5). Ilig yac cuMyndiiii cnoyaTky
3HaXOIUThCS HANpSAM BITPY, a IMOTIM, 3a JOMOMOIOK BiAMOBIJHOTO PO3MOALTY

BeiiOymia, oTpuMy€ThCSl 3HAYEHHS IIBUIKOCTI.

MycTUHa MMOBIPHOCTI

WBnakicTb BITPY

Puc. 5.5. Po3noain mBUAKOCTI BITPY (7151 PI3HUX HAMPSIMIB BITPY)

3a 70moOMOror OTpuMaHuX (YHKIIN pO3MOLTy 3MoieNtoeMo BUOIpKy 31 43800
MOKAa31B IIBUAKOCTI Ta HAPsIMY BITPY (BIAMOBIAAE OJJHOMY POKY pOOOTH) Ta 3HAWIEMO
(GyHKINT po3noALTy onTUMalbHUX BUTpAaT BY mpu HasIBHOCTI Ta BiICYTHOCTI pOOIT B

HBK (HopmanbHuii pexxum pobotu — 2 mpaigoroui BY KIT).



147

1.0
2 0.8+
]
T
2
S 0.6-
=
=
1]
£
9 0.4
s
C
@]
©
T 0.2 . . .
—— BiACyTHIiCcTb pobiT
MNposeneHHs pobiT
0.0 . 1 1 1 1
10 20 30 40 50 60

ButpaTta BY OO [M3/c]

Puc. 5.6. Po3noain ¢pyHKIT HMOBIpHOCTI onTUManbHO1 BUTpatu BY B 3a5exxHOCTI Bif

HAssBHOCT1 HAKa4KH MOBITPSI B IILTIO3H

Sk BUIHO 3 pUCYHKY 5.6 nipu BijicyTHOCTI po0iT B HBK nocratubo migTpumyBaTu
sutpary BY OO na pisni 30 M*/c (cniBnagae 3 pucynkom 37), Ipu HassBHOCTI pooiT (a
caMe HaKaulli OBiTPA B NITI03HU) — 61u36K0 53 MY/c. Jlani 3HaueHHs Bignosinarots 99.5
MPOIEHTUIISIM, 10 MOXHa 1HTEpHpeTyBatu sk Te mo Jjume B 1 3 200 Bumaakis
HEOOXITHO MiaHIMaTH BUTpaTd BY Buine gaHoro 3HadeHHs. [HII CTAaTUCTKH IS

onTuManbHuX BUTpatT BY HaBeneni B Tabnui S.1.
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Tabmuis 5.1

CratucTUuH1 MOKa3HUKHA ONTUMaNIbHOT BUTpaTu BY OO
Pexum Cepenne | MakcuMaibHe Hpouenraits
poboTH 3HAYCHHS 3HAYCHHS 95 99 99.9
BiacytHicTb
pOGIT B 17.58 39.82 24.65 28.58 34.09
HBK
HasiBHicTb
poGir B 38.39 59.17 45.5 50.3 59.17
HBK

MoxnuBe BUKOPUCTAHHS (PYHKIIH pO3NOALTY JUIsl INBUJIKOCTI Ta HAIPSIMY BITPY

npu mnposeneHHi Monre-Kapino cumynamiit. Ilpuknag Ttakoro po3paxyHKy Juist

HOpMasibHOTO pexuMy pobotu BY OO (3 ekcrnepuMeHTanbHOI BUOOPKH CKIIATA€e

OmM3bK0 36 M°/C) IpU HOpMaJbHOMY pexuMmy, mpu 2 npamorounx BY KII Ta npu

BiicyTHOCTI poOiT B HBK mnokasano Ha pucyHKy 5.7 (s 3py4HOCTI HE MOKa3aHi

BUKUU piBHI Hymw0). [Ipoeaeni 1000 cumynsuii nmokaszanu, 1o, 3 maHcom 90%,

BUKUU PA mpoTsrom ogHOTO JHS OyAyTh BIJICYTHI, IPU LIbOMY, SIKIIIO BUKUIN HAsIBHI,

TO OuiKyBaHe (cepeaHe) 3HaYeHHs cknagae 451 m*>
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YacToTa

250 500 750 1000 1250 1500
Bukugwn PA 3 00 [M3]

Puc. 5.7. Kunpkicts BukuaiB 3 OO npotarom ass (po3paxoBaHo MeTo oM MoHTe-

Kapo)

AHaNOT1YHO MOXHA pO3paxyBaTH OUIKYBaHY KUIBKICTh BUKHJIIB IIPU HAsIBHOCTI
pooit B HBK. Ockinbku HarHiTanHs moBiTps B 1uio3u Tta OO BIANOBIIHO
3IIACHIOETHCSI KOPOTKOCTPOKOBO, JTOLUIBHO MPUWHATH YAaCOBHM 1HTEpBaJ pIBHUM |

TOJINHI.
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0 2000 4000 6000 8000 10000 12000 14000 0 200 400 600 800
Buknan PA 3 00 [m3] Buknaw PA 3 00 [M3]

Puc. 5.8. Kutbkicts BukuaiB 3 OO mpoTSrom oJiHI€l TOJMHU MIPU IPOBEIEHI
po6iT B HBK (po3paxoBano merogom Monte-Kapno). Cepenns (3:11Ba) Ta

MakcuMalibHa (crpasa) Butpata BY OO
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Pesynsraty cuMynsnii mpu HopMmanbHiM (36 MP/C) Ta mpu MakcHMaJbHik
(59 M*/c) Burpari BY OO mokasani Ha puCyHKyY 5.8. SIK BUJHO 3 PUCYHKY — SIKIIIO HE
nigBuiryBatu Butpary BY OO, To ouikyBaHa KUIbKICTh BUKHAIB ckiamae 7000 M3,
MakcuMmanbHa X BuTpara BY OO Maibke HaneBHO 3BOAMTH iX OO HYJSA, OAHAK
MPUBOAUTH 10 HAJIUIIKOBUX BUTPAT €JIEKTPOCHEPrii. 3a JOMOMOIO0 BUKOPUCTAHHS
Meroxy MonTe-Kapiio, MoXHa 3HalTH O4IKYBaHY KUIbKICTh BUKUIB B 3aJI€KHOCTI Bij
Butpartu BY OO. Pe3ynbsratu po3paxyHKiB, a came cepeAHl 3HaueHHsI BUKUIB Ta 95%
JOBIpUMI 1HTEpBAJ, MOKAa3aHi HA PUCYHKY 5.9. 3HaliJIeHO MiHIMaJIbHY PEKOMEHI0BaHY

sutpary (54 mM>/c) nna axoi Bukuam 3 OO 3BeNeHi I HYII.

— CepefHe 3Ha4YeHHS

10000 95% [OBipYWiA iHTepBan

8000 ~

6000

4000

Bukunau PA 3 00 [Mm3]

2000 ~

O B T T T
40 45 50 55 60
ButpaTta BY OO0 [M3/c]

Puc. 5.9. Kinbkicts BukuaiB noBitps 3 OO mpoTsIroM oJiHi€l TOUHY MPU MPOBEJICHI
po6iT B HBK (po3paxoBano metomom MonTe-Kap:io) B 3aexxHocTi Bij BuTpatu BY

00

3natouu, mo ouikyBaHa KoHieHTpaiis PA Bcepemuni HBK mpu po3bupanni
KOHCTPYKIIA cknagae Ommspko 210 Bx/M?, MOKHa po3paxyBaTH SK OYiKyBaHy

IHTEHCUBHICTh BHUKHU/IIB, TaK 1 cyMapHi Bukuau PA 3a meBHmil mepioa. BinmoiaHi
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¢dyHKIioOHaNBHI MOXKIUBOCTI, peanizoBani B CIIIIP Ta mokazanuii Ha pucyHky 5.10,
JO3BOJIAIOTh 33JaTW KUIBKICTh Mpaniorunx ycTaHoBOK KII, HasBHICT HakKauku
MOBITPsI B 103U, KOoHIeHTpalito PA Bcepenuni HBK, a Takoxk KiIbKICTh CUMYIALIN

Ta OTPUMATHU OY1KyBaH1 BUKUIU PA sk B rpaiyHOMY, TaK 1 B TAOJIMYHOMY BH/II.

MporHosHe (cTaTUCTUYHE MOAENOBAHHSA)

KinbkicTb npautotoumnx yctaHoBok KM Nepiop cumynsauii [roguHu] AxTuBHicTb [BK/M3]
1 10
0o © ©
1 1 24 10 210
2
3 KinbKicTb cmynauin
50
4 )
50 1000
Haka4ka noBiTps B WA3n
0o
1

Mo4aTu po3paxyHoK

Puc. 5.10. CIIIIP inTepdeiic ans 3ajaHHS YMOB MOJIETIOBaHHS
[Ipuknan po3paxynky 3a ponomororo CIIIP (mpu 2 mpairorounx ycTaHOBKax
KII, nakaumi noBiTps B nutto3u, 100 cumymnsmisix Ta MakCUMalbHIM aKTUBHOCTI

pajiarii) moka3zaHo Ha pucyHkax 5.11 ta 5.12.

Butpata BY OO0 [M3/rog] OuikyBaHi Bukugw [M3] 3a 1 rognd  Bukwpaw papiauii [Bk] 3a 1 roguH  Bukugu pagiauii [MBk] 3a micaub

0 18,000 28,791.0154 287,910.1543 207.2953
1 36,000 14,151.2998 141,512.9977 101.8894
2 54,000 5,850.9355 58,509.3545 42.1267
3 72,000 1,744.0834 17,440.8337 12.5574
4 90,000 192.8414 1,928.4145 1.3885
5 108,000 58.321 583.2104 0.4199
6 126,000 0 0 0

Puc. 5.11. Pesynbrar po6otu CIIIIP: ouikyBaHi Bukuau nosiTps ta PA B 3a1eKHOCTI

Bia BuTparu BY OO
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Puc. 5.12. Pesynbratr po6otu CIIIIP: Bukuau pamiaiii 3a 1 roquHy B 3aJI€KHOCTI BiJl

3aganux Butpar BY OO

OxkpiM OUIKYBAaHHUX BHUKHJIB pajiailii MpPOTIroM 3aJaHOT0 4Yacy J0JaTKOBO
HaBOJSITHCSI CyMapHi BUKUAM PA 3a Micslib, 110 JO3BOJSE OI[IHUTU BIACYTHICTh YU

HasBHICTh MEPEBUILECHHS 10ITyCTUMOTO JIMITY BUKHUIB [27].

5.2 Peauizauniss iHTepgeiicy MOCHIIXKEHHS BIUIMBY IapaMeTpiB Ha

HEOPraHi30BaHi BUKHMIH MOBITPs

Ha rigpasmiunuii cran HBK BriuBaroTh He TUIBKU 3MiHI apamMeTpu BITPY, a i
1HIII1 TapaMeTpH, TaKl SIK HassBHICTh HAaKauKH MOBITPS B IIUTIO3U, KUIBKICTh MPAIFOI0UUX
yctanoBok KII, mionii HEKOHTPOJIbOBAHUX MPOTIYOK, SIKI MOXKYTh 3pOCTaTH 3 4aCOM. 3
METOI0 3a0e3MeUeHHs MepcoHaly 1HQOpMAIIi€l0 1010 BIUIMBY JaHUX MapaMeTpiB Ha
BUKUU 1TOBITPst 3 OO po3pobiieHo BiANOBIAHUMN 1HTepdeiic, moka3aHui Ha puc 5.13.

OKpiM MOXJIMBOCTI 3aJ]aHHS 3MIHHUX MapaMeTpiB, HABEACHUN €KpaH J03BOJISE
3a/1aTH MIBUJIKICTh Ta HAMPSIM BITPY, 3 BIAMOBIIHOO Bizyamizailiero BianosigHo HBK. B

PE3YNIbTATI PO3PAXYHKY OTPUMYETHCS TA0IUIIA 31 3HaYeHHsIM TpoTiuok 3 OO (puc. 5.14)
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B 3ajexxHOCTI Bia BuTpar BY, sxky moxna 3aBantaxkutu 3 CIIIIP, Ta BiamosigHe
rpadiyHe BiHoOpaXKeHHs, MpH I[bOMY JJIS 3pYYHOCTI JOJATKOBO MOKAa3YyIOThCS 00’ €MHI1
Butparu BY, sk 3a oHy cexkyHAy (BUKOPUCTOBYETHCS B MOJEIISIX ), TAK 13a OJJHY TOJIUHY

(BUKOPHUCTOBYETHCS] IEPCOHATIOM).

Jocnip)xeHHs BNAMBY NapameTpiB

Mnowa KMN-00 [m2] Mnowa KN-0C [Mm2] Mnowa 00-0C 3axig [M2] Mnowa 00-0C cxig [M2]

6,74 = & 0,72 S 1,97 -+ 497 - o+

MpoBeaeHHs pobiT (Hakayka NoBiTPA B LUBMAKiCTb BITPY [M/C]:

wo3n):

2,00 = o

Qo

1 .

Hanpsm BiTpy [rpaa]:
45

KinbkicTb npauotounx yctaHoBok KI: —

0 0 360

1
02?2 Bipo6pa3utu Hanpsm

3

4

HarHiTaHHa B KM: 50004.0 [m3

HarHviTaHHa B 00: 0.0 [M3/ropg

Po3paxyHok

Puc. 5.13. CIIIIP inTepdeiic ans nocaiKeHHs BIUIMBY MapaMeTPiB HA PIBEHb

BUKHIIB MOBITps 3 OO

BuTpara BY OO [M3/roa]

3axigHi npoTiuku [M3/c]

CxipHi npoTiykm [M3/c]

BHyTpiwWHi npoTiuku [M3/c]

36,000 -2.4325 0.1205 12.3398
39,600 -2.3971 1.0504 12.3453
43,200 -2.3079 1.9429 12.3625
46,800 -2.1687 2.7818 12.3884
50,400 -1.9819 3.5601 12.4196
54,000 -1.7424 4.2838 12,4583
57,600 -1.4423 4.9431 125
61,200 -1.0637 5.5203 12.5416

Puc. 5.14. Pe3ynsrar CIIIIP: npotiuku B 3anexHocTi Big BuTpar BY OO
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3a momomMororw po3podieHoro iHTepdeicy JocaiAuMO BIUIMB IMapaMeTpiB, a
caMe HaMOUIBII KPUTHYHI CLIEHAP1i, 10 AKUX MOKHA BITHECTH:

1) 3Ha4yH1 NOPUBH BITPY, MBUAKICTIO 0113bK0 20 M/c (peanbHO 3adikcoBaHe
3HAYEHHS B JlaHld MicueBOCTI, 28 x0BTHS 2023 poKy) Opu 3axigAHOMY Ta CX1JIHOMY
Harpsmy BITpY;

2) 3pocTaHHs MIION] MPOTIYOK 3aXiIHOr0, CXIJHOTO 3a30piB (3 abo 0Oe3
OJIHOYACHOT'0 30UIBIIEHHS 1HIIUX IUIONI) B 2 pasu, 10 OYIKYETHCSA MPHU TMOMAJIBIIIMI
excrutyaramii HBK;

[TopiBHstHHA BUKUAIB 3 OO 17151 CX1THOTO BITPY HIBUJIKICTIO 2 Ta 20 M/C MOKa3aHO
Ha pucyHkax 5.15 Ta 5.16 (2 npamtoroui yctanoBku KII, BiACyTHICTh Hakauku B

IIUTIO3H).

BuTtsaxkka BY OO0 [m3/c]
0 11 22 33 44 55

—— 3axigHi npoTivyku [M3/c]
—6- CxigHi npoTiykn [M3/c]
------- BHyTpiWHI npoTivkn [M3/c]

HekoHTposboBaHi npoTivku [M3/c]

0 40000 80000 120000 160000 200000
Butsaxka BY 00 [mM3/roa]

Puc. 5.15. Pesynbratr po6otu CIITIP: npoTiuku npu CXiIHOMY BITPY MIBUIKICTIO 2 M/C
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Butsxxka BY 00 [m3/c]
0 11 22 33 44 55

~104
—— 3axiaHi npoTiykuK [M3/c]
—154 CxigHi npoTivkmn [M3/c]
------- BHyTpiwHi npoTivyku [M3/c]

_20 _

_25 4

HekoHTponboBaHi NpoTiykn [M3/c]

—301 : : : : :
0 40000 80000 120000 160000 200000
BuTtsxka BY OO [m3/roa]

Puc. 5.16. Pe3ynwrat po6otu CIITIP: npoTiuyku 0pu CXiIHOMY BITPY IIBUIKICTIO

20 M/c

Sk BUJTHO 3 OTPUMAHUX PE3YJbTATIB — CXIAHUHN BiTEp Takoi mBUAKOCTI (20 m/c)
€ MaKCUMaJIbHO HEOE3MEUHUM, OCKUIbKU, HaBITh MPU MAaKCUMAJIbHIN BUTPATI BUTSKKHU
3 00, piBeHb 3aXiJHUX MPOTIYOK ckiagac 17 m>/c. HasgBHIiCTh mepenoMy Ha PHCYHKY
TOBOPUTH NP0 TIEBHY HECTAOUIBHICTh MOJENEed NpU KPUTHYHUX [apaMeTpax.
BcraHoBieHO, 0 KPUTHUYHE JOMYCTUME 3HAYEHHS MIBHJKOCTI BITPY, TOOTO TaKHii
CX1JIHUH BITEp, IPH AKOMY 1€ MOXJIMBO YHUKHYTH BUKUAIB, cKiaaae 12 m/c. 3aaaBiu
00’ €MHY aKTHBHICTh (Hampuknan Ha piBHi 210 bk/M*) MOKHA BUKOPHCTATH Pe3yIbTaTH
CIIIP nns po3paxyHKIB CyMapHUX BHUKHAIB pajiaiii Ta MNPOBECTH BIJMOBIIHE
MOJIETIIOBAHHS 1X PO3MOBCIOMKEHHS MPOTArOM NEBHOIO MNEpPIOAY Yacy, Hampukman |
roguHu. Bizyanizanis pe3ynbrariB Takoro monentoBanus B 113 HotSpot (pagionyxiin
Cs'7, cxigmmii Bitep 20 m/c, omHodacHuil Bukua 4 MBK) 1mOka3aHO Ha PHCYHKY .
Atmocdepni moxeni HotSpot mpusnadeHi ayisi BUMAAKIB ONM3bKUX /10 TMOBEPXHI
BHUKU/IIB, PO3MOALITY Ha KOpPOTKI BiacTaHl (MeHme 10 kM) 1 TpUBaJlOCTI BUKHJIB Ha

KOpPOTKUI TepMmiH (MeHIIe 24 ToauH) B Oe3MepemKogHOMY penbedi Ta MPOCTUX
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MeTteoposioriyHux ymonax [109]. OTpuMaHi KOHIIEHTpaIlli OLIHIOITHCS SIK BITHOCHO

HI/ISI)Ki, OJHAK € BAXKJIMBUMU JIsI BpaxXyBaHHA JJOBIOCTPOKOBUX HaCJ'Ii,Z[KiB.

-®-1.00E-03 kBg/m2
__________________ - 1.00E-02 kBg/m2
____________________ \ V4 — 1.00E-01 kBg/m2

200 m
Puc. 5.17. Konuenrpaiiii ociJaHHsI paJiilOaKTUBHUX PEYOBUH IIPU 00’ €MHHUX BUKHUIAX

17 m3/c Ta 25 m*/c (cxiaumii BiTep 20 m/c)

AHaJIOTIYH1 pe3yibTaTH PO3PaxyHKy BHUKHJIB MOBITPS ISl 3aXiAHOTO BITPY

mBUKICTIO 2 Ta 20 M/c oka3aHo Ha pucyHkax 5.18 ta 5.19.
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Puc. 5.18. Pe3ynbrar po6otu CIITIP: npoTiuku npu CXiTHOMY BITPY MIBUIKICTIO 2 M/C
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Puc. 5.19. Pesynwratr po6otu CIITIP: npoTiuku Opu CXiIHOMY BITPY IIBUIKICTIO

20 M/c

Beranopneno, mo eutpara BY OO na pisai 200.000 M>/rox 103B05I€ YHUKHYTH
BUKUJIB Yepe3 CX1IHUU 3a30p, IPHU [[bOMY KPUTUYHE JAOMYCTUME 3HAYEHHS IIBUIKOCTI
BITpY ckiaaae 22 M/c.

Jlns anamizy BIUIMBY 30UIBIIEHHS IUIONI MPOTIYOK 33JaHO TakKl YMOBH, IO
BIIMOBIAAIOTh HAABHUM €KCIUTyaTaliiHuMm JanuMm (2 mparrorodi ycranosku BY KII,
BIJICYTHICTh HAKauKH MOBITPS B IUIIO3M) Ta HaWOLIbII HEOE3EYHOMY HamlpsMy BITPY
(cximuwuii BiTep). 3HalieHO, 1110, TPU TaKii MOCTAHOBIII, TEMEPILIHA MOCTIHA BUTpara
BY OO ma piBui 130.000 m*/rox (36 m>/c) 3abe3medye BiACyTHICTh BHKHIIB IpH
IIBUJIKOCTAX BITPY A0 5 M/c (puc. 5.20). 30UIblIeHHS IO TPOTIYOK B JIBa pa3u MpHu
THX K€ 1HIIHNX apaMeTpax MPU3BOJUTH TO HEOOX1THOCTI 301IbIIeHHs BUuTpatu BY OO
10 190.000 m>/rox (puc. 5.21), Ipu IbOMy MaKCUMAaabHA HE KDUTHYHA OIBUIKICTh BITPY
npu tux xe BuTparax BY OO cknagae Bxe He 5 m/c, a 2.5 M/c, 1[0 3HaYHO OOMEKy€e

MOXJIMBICTh POOOTHU MPU MOCTIHIN MOTy>KHOCTI BY.
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Puc. 5.20. Pe3ynwsrat po6otu CIITIP: npoTiuku npu CXiIHOMY BITPY MIBUIKICTIO 5 M/C

HekoHTponboBaHi NpoTivkn [M3/c]
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Puc. 5.21. Pe3ynbratr po6otu CIITIP: npoTiuku npu CXiTHOMY BITPY MIBUIKICTIO 5 M/C

(HOpMasbH1 YMOBH pOOOTH) Ta 301IBIIECHHI ILION] IPOTIYOK B 2 pa3u
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[Ipukiian BIUIMBY IJIOII MPOTIYOK HA KOHIIEHTpAIlli BUKU/IIB, & CAME PO3PAXYHOK

HotSpot, nokazano Ha pucysky 5.22.

-@-1.00E-03 kBg/m2
- 1.00E-02 kBg/m2
—1.00E-01 kBg/m2

|200m |

Puc. 5.22. Konnenrpanii pagianii npu cymapaux Bukuaax (5, 10 ta 15 m%/c)

Po3pobnenuit iHTepdeiic Hamae iHXEHepaM Ta TEXHIYHOMY MEPCOHAIY
1HCTPYMEHTH JIJI1 TOYHOTO aHa13y BIUIMBY PI3HUX MapaMeTPiB, TAKUX SIK IIBUIKICTh Ta
HaIpsIMOK BITPY, CTaH MPOTIYOK, Ta BUTpatu BY, Ha piBeHb BukuaiB moBiTps. Lls
iH(opMallisl € XKUTTEBO BAXIUBOIO JIi MPUUHATTS OOTPYHTOBAHUX PINIEHb LIOJI0
ontumizauii ymoB ekcruryatanii HBK Ta MiHimizamii pU3MKIB, MOB'A3aHUX 3
pamianiitHoro Oe3nekoro. 30Kkpema, 3aCTOCYBaHHs 1HTepdeicy A03BOIsIE ONEPaTUBHO
pearyBaTH Ha 3MiHU YMOB, aJIallTyI04l poOOTy 00IaiHaHHS 1J1 3a0€3MeYEHHS CTallOro
KOHTpOJO HaJ Bukuaamu. lle 0coOIMBO BaXXJIMBO B YMOBAaX, KOJIM 3MIHU MOTOJHUX
yMOB a00 3HOCY KOHCTPYKIIM MOXYTh MPU3BOAUTH JI0 HemepeadadyeHux 301IbIIEHb
npotidok. Takuil miaxig HEe JuIle MiABUILYE PiBeHb Oe3MeKu 00'eKTa, aje W cupusie
3HMKEHHIO TOTEHIIMHOIO BIJIMBY HAa HABKOJUIIHE cepenoBuie. OKpIM IbOTO
MOXJIMBE 3aCTOCYBaHHS OTPUMAHMX PE3YJbTaTiB ISl PO3PAXyHKIB B CTOPOHHIX

nporpamax.
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5.3 Peanizauis intepgeiicy anajisy rigpasiaiubHoro crany Kongaiinmenry

OCKUJIbKM IIBUIKICTH pearyBaHHs Ha 3MiHM yMOB ekcruryatanii HBK e
KJIFOYOBOIO ISl 3a0e3ledyeHHsl Moro Oe3neku Ta €(EeKTUBHOCTI (PYHKIIOHYBAHHS,
kopuctyBaua CIIITP Bapro 3abe3neunTd BiANOBIAHUM 1HTEpdeiicoMm, 1O 3AaTHUI
OMEPATUBHO HAJIABATH aKTyalibHY 1H(OPMAIIliIO Ta BIATOBIIHO € BaXKJIUBOIO CKJIAI0BOIO
KOMILUIEKCHOI CUCTEMHU MOHITOPUHTY Ta YIPABIIHHS 00'€KTOM.

[lokazanuii Ha pucyHky 5.22-5.23 inTepdeiic Hagae TOUHY Ta ONEpPaTUBHY
iH(opmMmanio npo nmoTouyHi napamerpu rigpasmiudoro crany HBK. Cepen ocHoBHUX
MOKA3HUKIB, K1 B1IOOpakKalOThCs y PEKUMI peaibHOTO Yacy:

1. Butpatu BY, ski BKIIIO4arOTh J1aHi Ipo peaidbHl Ta ONTUMI30BaHI TOKAa3HUKH,
pO3paxoBaHi 3a JOTIOMOT'00 PO3POOIEHUX MOJIEIICH.

2. llIBuaKICTh Ta HAIPSIM BITPY.

3. O0’eMH HEKOHTPOJILOBAHUX MPOTIYOK K TEMEPIIIHI, TaK 1 ICTOPUYHI (IO €
KPUTHUYHHUM JJI1 PO3YMIHHS Ta YIPaBIIHHS 3arajibHUM TifpaBiaiyHuM O6anancom HBK
Ta 3a0e3MeueHHsIM YHUKHEHHS BUKUAIB 3 O0).

4. T'padiku, mo BigoOpakarOTh ICTOPUYHY PI3HULIO MIK pEaJbHOI Ta
onTuManbHOI0 BUTparor BY OO, a Takox nmokas3u nudpmanometpis (puc. 5.21).

3acTocyBaHHs 1HTepdeicy B peKuMi peallbHOrO 4Yacy J03BOJISIE ONEPaTHUBHO
ajanTyBaTH poOOYl mapaMeTpu CUCTEMH, pearylodd Ha JUHAMI4Hl 3MiHU YMOB, IIO
HaJ[3BUYAHO Ba)XXJIMBO I MiATpUMaHHs cTabibHOCTI Ta 6e3nexku HBK. Kpim toro,
MOXJIMBICTb MOHITOPUHTY B PEXHUMI pealbHOT0 Yacy crpuse e(OeKTUBHOMY
VIOPaBIIHHIO pecypcaMu, MiABUIIEHHIO €(PEKTUBHOCTI EKCIUTyarailii oOjiaJHaHHS Ta

ONTUMI3AIli MPOIECIB yIPaBIIHHSA BEHTUIISLIEIO.
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5.4 Pexkomenaanii moao 3acrocyBanus CIIIIP Ta po3po0iieHux mojaesiei

EdextuBnicte Bukopuctanus CIIIIP 3HauHOIO MIpOIO  3aJEXKUTH  BIJ
MPAaBWJIBHOCTI 11 3aCTOCYBaHHS Ta 3JaTHOCTI MEPCOHATYy IHTEPIPETYBaTU HAJaHY
iH(popmariro. BpaxoByroun 11e, HEOOX1THO PO3IVISSHYTH JACKUIbKA KIOYOBUX ACTEKTIB,
aK1 3a0e3nedarb HaOuibily KopucTh Bia BukopuctanHs CIIIP Ta po3pobienux
MOZEIIEH.

[lepmr 3a Bce, ans 3a0e3medyeHHs] 3pYYHOCTI Ta €(PEKTUBHOCTI 3aCTOCYBaHHS
CIIIIP, cucteMa CynpOBOMXKYETHCS IOKYMEHTAIlIEI0, SIKAa OXOIUTIOE OCHOBHI aCIEKTH
poboTu 3 iHTepdeiicoMm, BKIIIOUaIOUd MOCIOHUK KOPUCTYyBadya, TEXHIYHI IHCTPYKIIIT Ta
pEeKOMEH Al 11010 1IHTepIpeTalii fauuX. Takox, IHTepdeiic At aHai3y iICTOpUIHUX
JaHUX JI03BOJISIE€ MEPCOHAY Kpalle 3pO3yMITH TEHIEHLII Ta 3MIHH Yy T1IpaBII4YHOMY
cranl HBK, 1o € katouoBUM [Ji1 BUSBICHHS MOTCHIIIMHUX MPOOJIEM Ta ONMTHUMI3aIli
YMOB €KCILTyaTalli.

BaxnuBuM € Te, MO AJi1 OTpUMaHHS 1H(POpMAIlli Mpo cTaH 00’€KTy Ta BCIX
pO3paxyHKiB BUKOPUCTOBY€ThCSI APl Ha 0CHOB1 po3p00IEHOTO MOYJIS T1IPABIIYHOTO
ctany. lle API miarpumye aBTOMaTuuHE OHOBIICHHS MMapaMeTPiB MOENEH, 1[0 3HAYHO
3HUKY€ BUMOTH JI0 BTPYYaHHS IEPCOHATY Ta 3a0e3Mneuye akTyalbHICTh IaHHX.

Bognouac, odikyeThes, 110 TOYHICTH PO3pPOOJIEHUX MOjeNneil Oyne 3pocTaTu
MPOMOPLINHO 10 KUTBKOCTI HasIBHUX E€KCIUTyaTalllMHUX TaHUX, 10 3a0€3MeYUTh O1IbIIT
HaJ(liHe TPOTHO3YBaHHS. J[7s MIABUILEHHS TOYHOCTI MPOTHO3YBAHHS BHYTPIIIHIX
THCKIB, 0COOJIMBO Ba)XKJIMBO BCTAHOBJICHHS JOJATKOBHX NH(GMaHOMETPIB, 30KpeMa Ha
cximHii vactuHi HBK. Ile 103BoauTh OTpuMaru OUIBII JAETali30BaHy KapTHHY
TIAPABIIYHOTO CTaHy Ta OUIbII ONEPaTHUBHO pearyBaTh Ha 3MIHU B yMOBax poOOTH

00'€exTy.
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BpaxoByroun 3a3HaueHi peKOMEHJallli, MOXHa 3a0e3MeUYuTH HE TIIbKU
epexruBHe Bukopuctanus CIIIIP, ame # BUCOKMI piBeHb OE3MEKH Ta ONTHMI3AIIIO

MPOIIECIB yNpaBIiHHSA TiapaBiiuHuM ctanoM HBK.
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BUCHOBKHA

B pesynbTaTi BUKOHAHHS JAHOTO JUCEPTALIHOTO JOCHIIIKEHHS BHUPIIICHO
aKTyaJbHE HAyKOBE 3aBJaHHS 3 PO3POOKHM HAYKOBO-METOJUYHUX MIAXOIIB MO0
ontumizaiii yrnpasiinas BY HBK YHAEC. 3aznaueHne HaykoBe 3aBJlaHHSI Ma€ iCTOTHE
3HAUEHHSI JUIi PO3BUTKY TEOPETUYHUX 1 TMPHUKIAJHUX OCHOB  YIPaBIIHHS
BEHTWISIIIIMHUX YCTAaHOBOK JWHAMIYHMX CHUCTEM MIJABUIIEHOI HEeOe3MeKu, 30Kpema
TakuX, 110 MOB'3aHl 31 30epiraHHsAM SAEPHUX BIAXOAIB. BpaxoByroun YHIKaldbH1
acrnekTu podoTu Ta TpuBaidui nepiof excruryaraiii HbK, HeoOXxinHICTh 3aXucTy mroaeit
1 HaBKOJIMIIIHHOTO CEpPEOBHUINA BIJl pajialliiHUX PU3UKIB, a TaKOX BIJCYTHICTh
NOJIOHUX PIMIEHb Yy CBITI, MOKHA BU3HAYaTH PE3YJbTaTH NOCIIIHKEHb TaKUMH, IO
MarTh BUCOKY 3HAUYIIICTh.

B nucepraiiiinoMmy A0CHiI)KEHH] OTpUMAaH1 HACTYITHI OCHOBHI pe3yJIbTaTH:

1. Bnepie, qyist HoBoro besneunoro Kondaitnmenty, po3po0iaeHo apXiTEKTypy
CUCTEMH TIATPUMKHU TPUUHATTS PIlIEHh MIOJI0 ONTUMAJIBHOIO  YIPaBIIHHS
BEHTWISIIIIMHUMH YCTAaHOBKaMHU, 1110 JIO3BOJISIE B PEKUMI PEATBLHOTO Yacy OTPUMYBaTH
iH(opMalio 1moA0 onTUMalbHUX BUTpaT BY Ta mpoBOAUTH MPOTHO3HI PO3PAXyHKHU
rigpasiiudoro crany HBK.

2. Brepiie 3anmporoHOBaHO QJITOPUTM 3 BUKOPUCTAHHSIM 0araTOMOTOYHOCTI
(mapasieni3M Ha piBHI JaHUX) JJI yOCKOHAJIEHHS aJTOPUTMIYHO-ITPOTPAMHUX METO/IIB
BU3HaYeHHs TUCKIB Bcepenndi HBK Ta mon; HeKoHTpoJIbOBaHUX MPOTIYOK HA OCHOBI
(b13uyHOT MOIENI, 1[0 JO3BOIMIIO MPUIIBUIIIUTH PO3PAXYHKH B 5 pa3iB (MapaienbHICTh
80%).

3. Brepiie po3po06ieHo crnocid BUKOPUCTAHHS MOJACIEH MAIIMHHOTO HaBYAHHS
IUsl OIIHKM TiApasmiuHoro crany HBK, sxuii Bigpi3HS€ThCA BiJ BIIOMUX THUM, IO
BUKOPUCTOBY€E HEUPOHH1 MEPEK1 JJIsl TPOTHO3YBAHHS MEPETaiiB TUCKIB, IO T03BOJIMIIO

MIJBUIIUTH TOYHICTh MPOTrHO3yBaHHsA THUCKIB BcepeauHi HBK, a came 3meHmmTu
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cepenHio alconoTHY NOXxUMOKy mporHosyBanHss Ha 30.5% (0.4321la) g
BHYTpIIIHBOTO JaTyuka Ta 34% (5.61 I1a) nyist 30BHIMIHIX 1aTYUKIB.

4. Bnepmie po3poOieHO aIrOpUTMIYHO-TIPOTPAMHUM METOJl 3HAXOMKEHHS
ONTUMaJbHUX BUTpAT BY mpu 3MIHHUX IpaHUYHUX YMOBaX 3 BUKOPUCTAHHSM MOJIEIIEH
Ha OCHOBI MAallIMHHOTO HABYAHHS, KWW J03BOJIMB 3HU3UTHU BUTPATH €JIEKTPOCHEPrii B
2 pasu (Ha 52%), a BUTOKH PajlioakTHUBHHX aepo3oieii 3a Mesxi HBK Ha 98% (3 4753 m®
mo 122 m%).

5. Bnepuie po3po6iaeHo airOpUTMIYHO-TIPOTPAMHUNA METOJT OI[IHKM O4iKyBaHHUX
BUKHU/IIB paJioakTUBHUX aepo3oneil 3a mexi HBK Ha mimcraBi cTaTUCTHYHUX
METEOPOJIOTTYHUX JaHUX, IO JAO3BOJIMJIO OTPUMATH PO3MOIINA BUKHUIIB MPHU PI3HUX
pexuMax poOOTH BEHTHIISIIIIHHUX YCTAHOBOK.

6. Meta nociipkeHb, fKa MOJsITalia B MiHIMI3alli BUKHUIIB Pal0OaKTUBHHUX
aepo30Jiei Ta ONTUMI3AIlll BUTPAT €JIEKTPOEHEPT1l IIISIXOM M1IBUIIICHHS €(DEeKTUBHOCTI
yIpaBiHHS BeHTWsLiMHUMU ycTaHoBkaMu HBK 3 BHKOpUCTaHHSIM MPOTHO3YHOUMX
MoJieJIel, BUpIillIeHa MOBHICTIO. HayKoB1 pe3ynbTar JOCHII)KEHHS € 3HaYHUM BHECKOM
Yy PO3BUTOK TEOPETUUHHUX 1 MPUKITATHUX OCHOB YIIPABIIHHS BEHTHISIIIHHUX YCTAaHOBOK
JUHAMIYHUX CHUCTEM MIJBUILIEHOI HeOe3MeKH, 30KpeMa MOB'S3aHUX 31 30epiraHHsIM
SJIEPHUX B1JIXO/IIB.

7. IlpakTuuHEe BUKOPUCTAHHS PO3POOJICHUX MOENE Ta MmporpaMHUX 3aco0iB
J03BOJIWJIO MIJIBUILUTH €(DEKTUBHICTh yrnpaBiiHHS BY, MiHIMI3yBaTH HEOOX1IHUN Yac
JUTSL IPUMHSTTS PillIeHb 100 yrpaBiiHHs. Po3poOneHuil MeToq onTuMiszallii BUTpaT
BY noka3aB MOXJIMBICTh YHUKHEHHS O1bI10CTI BUKHIB PA (65113bK0 98% Ha TecToBii
BHOOpII), 3 OMHOYACHUM 3MEHIICHHSIM BHUTpaT elekTpoeHeprii B 2 pasu (1o 52%).
PesynbTaTu  JOCHIIPKEHHS  OpPUMHATO 10 BOpPOBaKeHHS B JlepkaBHOMY
crenianizoBanoMmy mianpueMctBl  «YopHoOmnbcbka AEC» (Ne 0700-148 Bifg
29.06.2023); B InctutyTi Texuiunoi termnodizuku HAH VYkpainu (akT peanizarii Bif

12.01.2024 p.); B HaB4yasibHOMY mpolieci HaiioHaabHOro TEXHIYHOTO YHIBEPCUTETY
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Vkpainu «KuiBcbkuil moniTexHiuHUN 1HCTUTYT iMmeHi Irops Cikopcbkoro» (axt
peamizamii  Bim 15.09.2023 p.) mnpu BUKIaJaHHI AUCHMIUTIHU «MartemMaTU4He
MOJICTIOBaHHS Ta ONTUMI3allisl IPOLIECIB 1 CUCTEMMY.

9. B sKoCTI MOXIMBUX HaANpPsIMKIB MPOJOBKEHHSA JOCHIIHPKEHHS MOXHA
BIIMITUTH PO3POOJICHHSI aJITOPUTMIB JJII BpaxyBaHHS 3MIiHHO1 KoHIeHTpanii PA B
OCHOBHOMY 00’€Mi, pO3pOOJICHHSI METOJIB 110 BPaxXxOBYIOTh 1HEPIIUHICTH 00 €KTY
(BUMarae  TPOBEJECHHS  E€KCIEPUMEHTAJbHUX  TECTIB), PO3BUTOK  METO/IIB
MIPOTHO3YBAHHS METEPEOJIOTIUHUX JIaHUX JUIsl MIJBUILEHHS TOYHOCTI PO3PaXyHKY
BUKU/IB PA, a Tako 1HTErpallito 3 IHIIUM MPOrpaMHUM 3a0€3NEYEHHSAM, HATPUKIIA/I,

TaKuM, 110 po3paxoBye po3noBcromkeHHs: PA Bcepeauni HBK.
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Pexropy HationanbHoro TexHiatoro
vuisepeurery Yrpainn "KuiBepkiii
HOMPTCXHIUNMH THCTHTVT IMenti [rops
CiKopehKoro".

Axkaemiky HATT Yipaiim,

JLTHLL podecopy ML3. 31rypoBebRoMy
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Hpo BHPOBALKEHS pe3yIbTaTin Hanionansiuii rexnivunii viiisepeurer

weepraniiinot podorn Yipaium "Kuisebkuit nosirexuitimnit

Isana CTAPOBITA. iHeTuTyT iMeni lrops Cikopebkoro™.
03056, M. Kuii. Costom sHChbKUIT paiior.
npocriekt bepecreiteskuit. 37

Ianonmnii Muxaiizic 3axaponiuy!
3 MCTOI0 NIArOTOBKH Ta niirpiuvin kadidikaiti’ nepeonany JCH «Hopuobuibeska
AEC».  HapuanbHo-TpeHyBaibinil  1ICHTP  BHKOPHUCTOBYC  Hporpamiii  3acodn Ll
MOICIIOBAHHS TIPOLECIB 1 1IPOrHO3YBAHIS HACHUIKIB 0¢3 BILINBY ta peaiblinii Gisinnnii
00 ckT. OJIHUM 3 TAKUX HAPAMIB € HJIFOTOBKA HEPCOasty. 1110 3aiiMacThest CKCIuvaTaiicio
BenTHisiiinoro  yerarkysanust  Hosoro 6esneunoro  koudaituvenry  HoproOuinehkor
AEC.

[Tijt wac po3poOKM 1 BMKOpUCTAHHSI MPOrpamMHMX 3aco0IB JUIsl HABUAHIS TAKOIO
1EPCOHANY BUKOPHCTANO pPe3yibTarh jceprartiiinoi podorn acnipanrta Hartionaininoro
Texniynoro yipepeutery Yipainn «KHIBCHKHI 1HOMITEXHIUHME THCTHTYT iMcHi Tropsi
Cikopebkoroy Isana CTAPOBITA ua Temy «Mojiesi ta nporpamiii 3aco0u yipapiiinis
serrrmisiiiinuM yerarkyannsiv Kondaiinventy YAEC na ocnoBi ManmmiHoro nasuaiiiis».,
A camer pospodacHO MCTOL BHPIICHIST ONTHMIBAIUTHOT 30,141 3 BPAXYBAIISING MO, ¢
FLPAaBIuNoro crany o0 CKIY ipi prstigs FPadiaiiN YMOBAN Td 3MIUHN  1TapaneTpaN
007 CKTY: PO3POBICHO CTPYKTYPY HUPOIPAMHO-TCXHIUHOIO KOMILICKCY. BUKOPHCTAINS SIKOT'O
JIAC 3MOrY IIABUULYBATH ¢PCKTHBHICTL 1POILECY HPOCKTYBaHIsh BOYIOBAHNN CHCTCM 34
PaxXyHOK 3MCHIIEHHS Hacy HPOCKTYBAUMs., a TaKmK HUBHILCHIS PIBHS aBTOMaTH3AT
HPOCKTY BAILHNAX POOIT.

Pospobiiene nporpamie ra Texiivie 3a0€3MCUCHHS Jac 3MOIY BHKOHYBATH HIBH/IKC

MPOTOTHUITYBAHHSA CUCTCMHU B pi'jlll/lX cucuapiﬂx BUKHILY paj_[i()al(Tl’IBHHX ElC}')O'%OJIiB Ta Hajlac
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HBK.
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Npo peanisaiio pe3ynpratis anceprauiitioi pooth CTAPOBITA Isana
CepriiioBnua na remy «Modeni ma NpO2PaMHi 3acobu ynpasninms éenmunsayilinumu
yemanoskamu HEK YAEC na ocnoei mawunnozo nasuarmsy

Pesynbratn naykosux nocnimkens CTAPOBITA Isana CepriiioBuua, a came
pospobiieHe  crieniaabHe MaTeMaTHYHe nporpamue 3abesneyenus: (CIIM3) st
ONTHMANbHQIO  YNPABIIIHHS BEHTWISLIHHUMM cHcTeMamMd HOBOro GesmeyHoro
koHpaiiumenty (HBK) YAEC, Buxopucrano B HayKOBO-AOCIIJHIX poboTax, 10
BENyTheA B IHCTUTYTI TexHiunOl Terodizukn HAH Vipainu.

Hlane nporpamue 3abe3neyeHHs 103Boise ONTHUMI3YBAaTH BUTPATH BEHTHUISILIHHUX
YCTAHOBOK 3. METOIO 3MCHIUCHHsS BUKMIIB paJiOaKTUBHUX aepo3oJieif (PA) npm
OJHOYACHIH MiHiMisauii BUTpaT enekTpoeneprii mpu PI3HUX HampsiIMKax i IIBHIKOCTI
BITpY.

Ha excrimyarauiiinux namux 3 HBK YAEC i riapasiiunoi Mogeni Incturyry
TexHiyHOoi Temodizukn HAHY [IPOZACMOHCTPOBAHO, IO  PO3pPOOJIEHUIA  MeTo.
onTtuMiszauii BuTpar BY, nokazas MoxuBicTh YHUKHEHHS O11b1I0CTI 06’ €MHUX BHKHIIB
PA  (6nusvxo 98% na mecmositi eubopyi), 3 onnouacHum 3MEHILEHHSM BUTpaT

eJIeKTpoeHeprii B 2 paszu (10 52%).

B.O. saBinysaua xadenpu Imxenepii 3aBinyBay sabopatopii MoxeIoBaHHs
IPOrpaMHOTro 3abe3nevyeHHs B IPOLECIB TeNI0Maco0bMiny
eHepreTui

I.T.H., Ipodecop

JI.T.H,, JOLEHT ;
< MZD Anppiit MYCIEHKO /e asno KPYKOBCBKUI
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Mpo BlpoBakKenHs B HaB4aIbinH npouec Hauionasbnoro rexniunoro ynisepeurery
Ykpainn «KuiBebkuit nositexHianuil inctuTyT iveni Iropsi Cikopebkoro» Haykosux
10JI0KEHb i pe3yIbTaTiB AHcepTALiHOT poGoTH
CTAPOBITA Isana CepriiioBuua na remy «Mogesi Ta nporpamui 3acodu ynpasJiidHs
BeHTHsINicl0 HoBoro Gesneunoro kondaitnmenTy 06’exry "Ykpurra' Ha ocHOBI

MAINIUHHOI0O HAaBYaAHH»

Kowmicis B cxtazi ronosu — B.O. 3aBizysaua kadepn [noxenepii mporpamuoro 3a6esneyeHHs
B CHepreTuui J.T.H., gouexta Osekcanapa KOBAJIS ta unenis xowmicii: npodecopa Kadeapu
[HKeHepii nporpamHoro 3abesneveHHs B eHepreTHI A.T.H., npodecopa Osnera BAPABAIIIA Ta
npodecopa kadenpu ImxeHepii nmporpamHoro 3abesneveHHs B €HEepreTuul J.T.H., JOLEHTa
Anjpis MYCIEHKA, ckmana uell akT npo Te, mo HAyKOBi MOJOXKeHHS Ta pe3yIbTaTH
JwcepTauiiinoi po6oTH Ha 3100yTTS HAyKOBOTO CTYICHS nokTopa ¢inocodii acnipanta
Isana CTAPOBITA na temy «Mogesi Ta nporpamui 3aco6u YHpaBIiHHS BeHTUIsALIcI0 HoBoro
GesneuHoro KoHpaiiHMeHTy 00’ekTy "VKpUTTS" Ha OCHOBI MAaLIMHHOIO HABYAHHS». a came
MaTeMaTHIHE MOJIEIOBAHHSA IPOLECIB MEPEHOCY MOBITPs., WO 3apakeHe patioakTHBHUMMU
pedosnnamu y Hosomy Gesneunomy kon(aiHMeHTi 06’ eKTy «Yxpurts» YAEC BBeneHo B
HaBYaJbHUN npouec Kadeapu [rkeHepii nporpamHoro 3abesneuenus B eHepretuii HaBuanbHo-
HAyKOBOTO IHCTHTYTY AaTOMHOi Ta TEIUIOBOI €HEPreTHKM NpH  BUKJIAJAHHI  AHCIUAIUIHK
«MarematniHe MOJE/IOBAHHS Ta ONTHUMi3allisi MpPOLECIB i cHCTeM» Juis CTYAEHTIB OCBIiTHBO-
kBasiikauifinoro  pisus  «BakamaBp»  crneuwianbHocTi 121 «Imxenepis  mporpamuoro
3a0e3neueHHs» ycix popmMu HaBUAHHS.

["osoBa komicii

B.O. 3aBinyBaua kaenpu imxenepii nporpamMuoro saGesnedyenns
B CHEPreTHlli .
JOKTOP TEXHIYHHUX HAYK, JOLEHT e Ounekcanap KOBAJIb

Ynenn xomicii:
[Ipodecop xadenpu Inxenepii nporpamuoro 3abesneuenns
B CHEPreTHI
: s
JOKTOp TEXHIYHUX HayK, Tpodecop z@/ Oner BAPABAIII

[Tpodecop xadenpm Inskenepii nporpamuoro 3abesnedenus

B €HEPreTHLI ‘“‘\
JIOKTOP TEXHIUHUX HayK, podecop % Awnjpiit MYCIEHKO
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JTONATOK T
JICTUHTHY KOIY MPOTPAMHUX PEAJI3ALIN

JIicTUHT MOJTYJIs OIIHKY T1APaBIIYHOTO CTAHY:

class BoundaryConditionsMap:

nmn

A class to map and calculate boundary conditions based on wind speed and direction.

Attributes:

df boundary (pd.DataFrame): DataFrame containing boundary condition mappings.
bc_names (List[str]): List of boundary condition names.

nmn

SPEED NORMALIZATION FACTOR =3.8

def init (self, path to bc file: str):

nmn

Initializes the BoundaryConditionsMap with data from an Excel file.

Args:

path_to bc_file (str): Path to the Excel file containing boundary conditions data.
self.df boundary = pd.read excel(path to bc file, index col=0)
self.bc_names = self.df boundary.columns.tolist()

def get boundary conditions(self, wind_speed, wind_direction, split=True) -> [pd.DataFrame,
(pd.DataFrame, pd.DataFrame)]:

nmn

Calculates the boundary conditions based on wind speed and direction.

Args:
wind_speed (float or list or pd.Series): Wind speed or list of wind speeds.
wind_direction (float or list or pd.Series): Wind direction or list of wind directions.
split (bool): Whether to return one DataFrame or two (for direct and reverse problem).

Returns:

pd.DataFrame or (pd.DataFrame, pd.DataFrame): DataFrame(s) with calculated boundary
conditions.

# Ensure wind_speed and wind_direction are in list format
wind_speed = np.atleast 1d(wind_speed)
wind_direction = np.atleast 1d(wind_direction)
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if len(wind_speed) != len(wind_direction):
raise ValueError("wind_speed and wind_direction must be of the same length.")

# Calculate boundary conditions
array = np.zeros((len(wind_speed), len(self.bc_names)))
for 1, (speed, direction) in enumerate(zip(wind_speed, wind_direction)):
bc_for speed 0 = self.df boundary.loc[int(direction)]
array[i, :] =bc_for speed 0 * (speed / self. SPEED NORMALIZATION FACTOR) ** 2

df = pd.DataFrame(columns=self.bc_names, data=array.round(3))

# Split DataFrame if required
if split:

return df.iloc[:, :-3], df.iloc[:, -3:]
else:

return df

class DataProcessor:

nmn

Processes data from sensor readings and creates a DataFrame with specified sensors.

nmn

# Mapping of sensor codes to their descriptions

SENSORS DICT = {"ICS:CMSSM_TEC 158 SRV 026.IN.XI.C1.AVG_WTO0": "[lIBuakicTh
BiTpY Ha Bucorti 15m [m/c]",

"ICS:CMSSM_TEC 158 SRV 024.IN.XI.C1.AVG_WTQ": "Hampsim BiTpy Ha BUCOTI 15M
[rpa]",

"ICS:ICS_ARH_AS FI 000.IN.XI.C1.AVG_WTO0": "Butpara BY KII+ [m3/ron]",

"ICS:ICS_TEC MV _FI 000.IN.XI.C1.AVG_WTO0": "Burpara BY OO- [m3/rox]",

"ICS:HVAC_ARH NVC AHU 017 FITIN.XI.C1.AVG_WTO0": "Burpara BY AHU017 I'TO
[M3/rox]",

"ICS:HVAC_TEC 123 FIT 012.IN.XI.C1.AVG_WTO0": "Burpara BY AHUO012 [m3/rox]",

"ICS:HVAC _FSAL 103 FIT 1501.IN.XI.C1.AVG_WTO0": "Burpara BY AHUO15 [m3/rox]",

"ICS:HVAC TEC 315 PDIT 031.IN.XI.C1.AVG_WTO0": "Ilepenan tucky o BY eraxepxu (1);
T BU3HaYeHHs nmpuTokiB B 00",

"ICS:HVAC TEC 315 PDIT 032.IN.XI.C1.AVG_WTO0": "Ilepenan Tucky o BY eraxepku (2);
T BU3HaYeHHs mpuTokiB B 00",

"RMS:RMS _ARH WW10 PIT 010.IN.XI.C1.AVG_WTO0": "Ilepenan KII-OC",

"RMS:RMS FSAL 101 UIT 008P.IN.XI.C1.AVG_WTO0": "Ileperag OO-OC (1); 3axinHa
CTIHKA; MiBHIY",

"RMS:RMS TEC MV _UIT 009P.IN.XI.C1.AVG_WTO0": "Ilepennag OO-OC (2); 3axiiHa CTiHKa;
MiBIEHD",

"RMS:RMS _ARH WW10 PIT O011.IN.XI.C1.AVG_WTO0": "IIepenan KIT-OO",

"ICS:ICS_ARH_ALS8 PDIT 052.IN.XI.C1.AVG_WTO0": "Ilepenan KII-11Lmro3 8 (1)",
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"[CS:ICS_ ARH_AL8 PDIT 053.IN.XL.C1.AVG WTO": "Tlepenag OO-IIL1o3 8 (2)"}

def process_folder(self, folder path: str) -> pd.DataFrame:

Process all files in a given folder to create a single DataFrame.
Args:

folder path (str): Path to the folder containing sensor files.
Returns:

pd.DataFrame: DataFrame containing processed sensor data.
all data = pd.DataFrame()
file patterns = ["*.xIs", "*.xIsx", "*.csv"]

for pattern in file patterns:
for file path in glob.glob(os.path.join(folder path, pattern)):
data = self. process_file(file path)
all data = pd.concat([all data, data], axis=1)

return all_data

def process_file(self, file path: str) -> pd.DataFrame:
Process a single file to extract sensor data.
Args:
file path (str): Path to the file.
Returns:
pd.DataFrame: DataFrame with processed data from the file.
if file_path.endswith('.csv'):
data = pd.read_csv(file path)
else:
data = pd.read_excel(file path)

data = data.iloc[2:].copy() # Assume first 2 rows are headers or irrelevant
data['DPE'] = pd.to_datetime(data['DPE'], errors='coerce')

data = data.set_index("DPE")

data = data.astype(float).fillna(method="ffill")

selected columns = [col for col in data.columns if col in self. SENSORS DICT]

return data[selected columns]
def convert to physical(self, df: pd.DataFrame) -> pd.DataFrame:

Convert a DataFrame with sensor data to physical variables.

Args:
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df (pd.DataFrame): DataFrame with sensor data.

Returns:
pd.DataFrame: DataFrame with converted physical variables.

nmn

# Define physical variable names

physical vars = [
"wind_speed", "wind_direction",
"fan_in mv", "fan out mv", "fan in as",
"press_as_exp", "press_mv_exp",
"dpress_as mv_exp", "dpress mv_out south exp",
"dpress_mv_out north exp", "dpress_as out exp"

]

physical data = pd.DataFrame()
for var in physical vars:

# wind data
if var == "wind_speed":

result=df['ICS:CMSSM_TEC 158 SRV 026.IN.XI.C1.AVG_WTO0']
elif var == "wind_direction":

result=df['ICS:CMSSM_TEC 158 SRV _024.IN.XI.C1.AVG_WTO0']

# fans
elif var =='fan_in_as":
cl =df'ICS:ICS_ARH_AS FI 000.IN.XI.C1.AVG_WTO0'"]
c2 =df['ICS:HVAC_ARH NVC AHU 017 FITIN.XIL.C1.AVG_WTO0']
result = (c1 + 0.4*c2) / 3600
elif var == '"fan_out mv":
result = df['ICS:ICS_TEC MV _FI 000.IN.XI.C1.AVG_WT0'] / 3600
elif var == '"fan_in_mv":
cl =df['ICS:HVAC_TEC 123 FIT 012.IN.XI.C1.AVG_WT0']
c2 = df['ICS:HVAC_FSAL 103 FIT 1501.IN.XI.C1.AVG_WTO0']
c3 =df['ICS:HVAC_ARH NVC AHU 017 FITIN.XIL.C1.AVG_WTO0']
c4 = df'ICS:HVAC _TEC 315 PDIT 031.IN.XI.C1.AVG_WT0']
c5 =df['ICS:HVAC _TEC 315 PDIT 032.IN.XI.C1.AVG_WT0']
result = (c1 +c2 + 0.6*c3 + cd.apply(self._exp press to g) + cS.apply(self. exp press to g))/
3600

# approximate pressures

elif var == "press_as_exp":
result=df['/RMS:RMS_ARH WW10 PIT 010.IN.XI.C1.AVG_WTO0']
elif var == "press_mv_exp":

result=df RMS:RMS FSAL 101 UIT 008PIN.XLCI.AVG WTO']
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# pressures differences for areas calculations
elif var == 'dpress_as mv_exp'":
cl =df'ICS:ICS_ARH_ALS8 PDIT 053.IN.XI.C1.AVG_WTO0']
c2 =df['ICS:ICS_ARH_ALS8 PDIT 052.IN.XI.C1.AVG_WTO0']
c3 =df' RMS:RMS_ARH WWI10 PIT 011.IN.XI.C1. AVG_WTO0'"]
result=0.5*(c3+(c1+c2))

elif var == "dpress_mv_out south exp":
result=df'/RMS:RMS FSAL 101 UIT 008P.IN.XI.C1.AVG_WTO0'"]
elif var == "dpress mv_out north exp":

result=df'RMS:RMS_TEC MV _UIT 009P.IN.XI.C1.AVG_WT0']
elif var == 'dpress_as_out_exp':
result=df[' RMS:RMS_ARH WW10 PIT 010.IN.XI.C1.AVG_WTO0']

physical data[var] = round(result, 3)
return physical data.round(3)

def exp press to g(self, value: float) -> float:
# Your existing implementation...

def split_physical(self, df: pd.DataFrame) -> tuple:
Split the DataFrame into different physical measures.
Args:
df (pd.DataFrame): DataFrame with physical data.
Returns:
tuple: Tuple containing separate DataFrames for each physical measure.
exp_speed = df["wind_speed"]
exp_direction = df["wind_direction"]
exp_fans = dff["fan_in_mv", "fan_out mv", "fan_in_as"]]
exp_dpress = df[["dpress_as mv_exp", "dpress_ mv_out south exp",

nn

"dpress_mv_out north exp", "dpress_as out exp"]]

return exp_speed, exp_direction, exp_fans, exp_dpress

class PhysicalModel:
def init (self):
# Initialize custom areas for different sections of the model
self.custom_areas =[7.017, 0.704, 0.929, 4.128]
self.set areas(self.custom_areas)
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def set_areas(self, areas):
# Set areas for different sections of the model
self.S _as mv = areas[0] # Area for section as_ mv
self.S_as = areas[ 1] # Total area for section as
# Distribute S_as area among west, east, and cyll sections
self.S_as west =self.S as * 0.193
self.S as east =self.S as * 0.147
self.S as cyll =self.S _as * 0.665
# Areas for mv west and east sections
self.S mv_west = areas[2]
self.S mv_east = areas[3]

def calc conductivity(self, press_1: float, press 2: float, area: float) -> float:
Calculate hydraulic conductivity between two volumes.
Args:
press_1 (float): Pressure in volume 1 [Pa]
press_2 (float): Pressure in volume 2 [Pa]
area (float): Area of leaks [m"2]
Returns:
float: Hydraulic conductivity
mu = 0.6
density = 1.225
press_dif = abs(press 1 - press_2)

try:

return mu * area * (2/(density*press_dif))**0.5
except ZeroDivisionError:

return 0

def batch_solver(self, fans: np.array, bound press: np.array) -> np.array:
Solve for inside pressures in batch mode.
Args:
fans (np.array): Airflow through fans [m3/s]
bound press (np.array): Boundary pressures [Pa]
Returns:
np.array: Pressures inside [Pa]
# Validate input dimensions
if bound press.shape[1] !=5 or fans.shape[1] !=3:
raise ValueError("Incorrect input dimensions.")

size = bound_press.shape[0]
out array = np.zeros((size, 2))
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for 1 in range(size):
inside_pressure = self.direct solver(fans[i, :], bound press[i, :])
out array[i, :] = inside pressure

return out array

def direct solver(self, fans: np.array, bound press: np.array, eta=0.0001) -> np.array:
Iterative method to find pressures inside based on mass equality.
Args:
fans (np.array): Air flow through fans [m3/s]
bound press (np.array): Boundary pressures [Pa]
eta (float): Solver precision parameter
Returns:
np.array: Pressures inside [Pa]
# Initialize variables
G mv_plus, G mv_minus, G_as = fans[:]
P as w,P as e,P as ¢,P mv w,P_ mv_e=bound press[:]
P _as, P_mv = random.random()*10, random.random()*10

while True:
# Compute conductivities
R as w=self. calc _conductivity(P_as, P_as w, self.S_as west)
R as e =self. calc conductivity(P_as, P_as e, self.S as east)
R as c=self. calc _conductivity(P_as, P_as c, self.S as cyll)
R mv_w=self. calc conductivity(P_mv, P mv_w, self.S mv_west)
R mv_e=self. calc conductivity(P_mv, P mv e, self.S mv_east)
R _as mv =self. calc conductivity(P_as, P_mv, self.S _as mv)

# Update inside pressures

P as upd=(P _as w*R as w+P as c*R as ¢+ P as e*R as e+ P mv*R as mv+ G as)/
(R _as w+R as ctR as etR as mv)

P mv upd=(P mv w*R mv w+P mv e*R mv e+P as*R as mv-G mv_minus +
G mv _plus) /(R _ mv_w+R mv_e+R as mv)

# Check for convergence

if abs(P_as upd - P_as) <eta and abs(P_mv_upd - P_mv) < eta:
return np.array([round(P_mv_upd, 3), round(P_as_upd, 3)])

P mv,P as=P mv upd, P_as upd

# Additional methods for calculate all dpress, calculate all leaks, calculate mv_leaks ...

def find calc dpress(pressures_inside: np.ndarray, pressures_outside: np.ndarray) -> pd.DataFrame:
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nmn

Calculate differential pressures for the reverse problem.
Args:
pressures_inside (np.ndarray): Inside pressures [Pa]
pressures_outside (np.ndarray): Outside pressures [Pa]
Returns:
pd.DataFrame: Calculated differential pressures
# Validate inputs
if not isinstance(pressures_inside, np.ndarray) or not isinstance(pressures_outside, np.ndarray):
raise ValueError("Inputs must be numpy ndarrays.")

if pressures_inside.shape[1] != 2 or pressures_outside.shape[1] != 3:
raise ValueError("Incorrect number of columns in input arrays.")

# Compute differential pressures

data = pd.DataFrame()

data["dpress_as mv_calc"] = pressures_inside[:, 1] - pressures_inside[:, 0]
data["dpress mv_out _south calc"] = pressures_inside[:, 0] - pressures_outside[:, 0]
data["dpress mv_out north calc"] = pressures_inside[:, 0] - pressures_outside[:, 1]
data["dpress_as _out calc"] = pressures_inside[:, 1] - pressures_outside[:, 2]

return data

class MultiModel:
def init (self):
self.custom_areas =[7.017, 0.704, 0.929, 4.128]
self.set areas(self.custom_areas)

def set_areas(self, areas):
self.S as mv, self.S as, self.S mv_west, self.S mv_east = areas
self.S_as west =self.S as * 0.193
self.S as east =self.S as * 0.147
self.S as cyll =self.S _as * 0.665

(@staticmethod
def direct solver(fans: np.array, bound press: np.array, areas, eta=0.0001) -> np.array:

nmn

Iteration method for finding pressures inside based on mass equality.

nmn

G _mv_plus, G mv_minus, G_as = fans
P as w,P as e,P as ¢,P mv w,P_ mv_e=bound press
S as mv, S as west, S as east, S as cyll, S mv_west, S mv_east = areas

P _as, P mv = random.uniform(0, 10), random.uniform(0, 10)
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while True:
R as w =calc_conductivity(P_as, P_as w, S _as west)

P as upd=(P as w*R as w+...)/(R as w+R as c+R as e+ R _as mv)
P mv upd=(P mv w*R mv w+...) /(R mv w+R mv e+R as mv)

if abs(P_as upd - P_as) <eta and abs(P_mv_upd - P_mv) < eta:
return np.array([round(P_mv_upd, 3), round(P_as _upd, 3)])

P as,P mv=P as upd, P mv upd

def batch_solver(self, fans: np.array, bound press: np.array) -> np.array:
if bound press.shape[1] =5 or fans.shape[1] !=3:
raise ValueError("Incorrect input sizes")

areas = (self.S_as mv, self.S_as west, self.S_as_east, self.S _as cyll, self.S mv_west,
self.S mv_east)
args = [(fans[i, :], bound_press[i, :], areas) for i in range(fans.shape[0])]

with Pool() as pool:
results = pool.starmap(self.direct_solver, args)

return np.array(results)

def calc_conductivity(press_1: float, press_2: float, area: float, mu=0.6, density=1.225) -> float:
press_dif = abs(press 1 - press_2)
try:
return mu * area * np.sqrt(2 / (density * press_dif))
except ZeroDivisionError:
return 0
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class MLModels:
def init (self,
path_weights folder=None,
path_scaler file=None):
Initialize four TensorFlow Neural Networks for different target predictions.
Each model has the same architecture and compilation settings.

nmn

self.models = []

# create models

for inrange(4):
model = self. create_model()
self.models.append(model)

# read weights from folder
if path_weights folder != None:
self.load weights(path weights folder)

# read scaler
if path_scaler file != None:
self.load scaler(path_scaler file)
else:
self.scaler = StandardScaler()

def create model(self):

nmn

Create and compile a TensorFlow model with a specific architecture.

nmn

with tf.device("/CPU:0"):
model = Sequential([
Dense(32, activation="relu', input_shape=[6]),
Dense(16, activation="relu'),
Dense(1)
D
model.compile(optimizer="adam', loss='mean_squared_error', metrics=['mae'])
return model

def preprocess_features(self, X):

Preprocess the input features X.

Parameters:
X (DataFrame): Input features with columns including 'wind_direction' and others.

Returns:
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ndarray: Normalized and preprocessed features.
wind_direction_rad = np.radians(X['wind_direction'])
X['wind_direction_sin'] = np.sin(wind_direction_rad)
X['wind_direction_cos'] = np.cos(wind_direction_rad)
X.drop(columns=["wind_direction"], inplace=True)

return self.scaler.fit_transform(X)

def train(self, X, y):

nmn

Train all models on the respective target variables.

Parameters:

X (DataFrame): Input features.

y (DataFrame): Target variables with each column corresponding to a different target.
X processed = self.preprocess_features(X.copy())

early stop = EarlyStopping(monitor="'val loss', patience=10)

with tf.device("/CPU:0"):
for 1, model in enumerate(self.models):
model.fit(X_processed, y.iloc[:, 1], epochs=100, validation split=0.2, callbacks=[early stop])

def predict(self, X):

nmn

Make predictions with each neural network model.

Parameters:
X (DataFrame): Input features to make predictions on.

Returns:

dict: Predictions from each model.

X processed = self.preprocess_features(X.copy())
predictions = {}

with tf.device("/CPU:0"):
for 1, model in enumerate(self.models):
pred = model.predict(X processed, verbose=0).flatten()
predictions[f'model {i+1} predictions'] = pred

predictions = pd.DataFrame(predictions)

predictions.columns = ["dpress_as mv_ml", "press mv_out _south ml",\
"dpress_ mv_out north ml", "dpress_as out exp ml"]

return predictions



def save weights(self, folderpath):
""" Save the weights of each model to separate files.
for 1, model in enumerate(self.models):
model.save weights(f'{folderpath}weights {i}.h5")

nmn

def load weights(self, folderpath):
""" Load the weights for each model from separate files.
for 1, model in enumerate(self.models):
model.load weights(f {folderpath} weights {i}.h5")

nmn

def save scaler(self, filepath):
"""Save the scaler used for preprocessing (.bin format)"""
dump(self.scaler, filepath, compress=True)

def'load scaler(self, filepath):
""" Load the scaler used for preprocessing (.bin format) """
self.scaler = load(filepath)

201
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class VUOptimizer:
global G MV_MIN, G MV_MAX
def init (self, model, areas=[6.74, 0.72, 1.97, 4.97]):

# for calcualtions

self.model = model
self.model.set_areas(areas)
self.areas = [6.74, 0.72, 1.97, 4.97]

# for optimization

self.initial guess =(G_MV_MAX -G MV_MIN)/2
self.bounds = [(G_MV_MIN, G MV_MAX)]
self.method = 'Nelder-Mead'

def calculate loss(self, vus, leaks, t=0.95):

# sum of radiative air to envoriment
leaks = np.array(leaks)
outleaks = abs(np.sum(leaks[leaks<0]))

# sum of electricity loss

electricity mv_out = vus[1]

loss = t*outleaks + (1-t)*electricity mv_out
return loss

def minimize vu_mv(self, vu_mv_outside, vus_inside, boundary conditions):

vus = [vus_inside["vu_mv_inside"], vu_mv_outside[0], vus_inside["vu_as_inside"]]
pressure_inside = self.model.direct solver(vus, boundary conditions)

all dpress = self.model.calculate_all dpress(pressure inside, boundary conditions)
leaks = self.model.calculate_ mv_leaks(all dpress, areas=self.areas)

loss = self.calculate loss(vus, leaks)

return loss
def optimize(self, vus_inside, boundary conditions):
result = minimize(self.minimize vu _mv,
self.initial guess,
args=(vus_inside, boundary conditions),
method=self.method,
bounds=self.bounds)

return result.x[0]
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class MVTablelnterpolator:
def init (self, path to mv_table):

nmn

Initializes the MV Tablelnterpolator with data from an MV table file.

Args:
path_to mv_table (str): Path to the file containing MV table data.
self.mv_table = pd.read_excel(path to mv_table) # Adjust the read method based on your file
format

def linear interpolate(self, val, x1, x2, y1, y2):

nmn

Perform linear interpolation between two points (x1, y1) and (x2, y2) for a given val.

nmn

return yl + (y2 - yl) * ((val - x1) / (x2 - x1))

def find closest points(self, value, options):

nmn

Find the two closest values to 'value' in 'options'.
options = sorted(options)
for i in range(1, len(options)):
if options[i] >= value:
return options[i-1], options][i]
return options[-2], options[-1] # In case 'value' is beyond the range

def interpolate_fan out mv(self, working, n_as, wind_speed, wind_direction):

nmn

Interpolates the fan_out mv_optimized value from the MV table based on given parameters.

# Filter based on working and n_as

filtered df = self.mv_table[(self.mv_table['working'] == working) & (self.mv_table['n_as'] ==
n_as)]

# Get unique wind_speed and wind_direction values from filtered DataFrame
unique_speeds = filtered df['wind_speed'].unique()
unique_directions = filtered df['wind_direction'].unique()

# Find the closest two points for interpolation
lower speed, upper_speed = self.find closest points(wind speed, unique_speeds)

lower direction, upper direction = self.find closest points(wind_direction, unique directions)

# Extract the four points needed for bilinear interpolation
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Q11 = filtered_df](filtered df['wind_speed'] == lower speed) &

(filtered df['wind_direction'] == lower_direction)]['fan_out mv_optimized'].values[0]
Q12 = filtered df[(filtered df['wind speed'] == lower speed) &

(filtered df['wind_direction'] == upper_direction)]['fan_out mv_optimized'].values[0]
Q21 = filtered df[(filtered df['wind speed'] == upper_speed) &

(filtered df['wind_direction'] == lower_direction)]['fan_out mv_optimized'].values[0]
Q22 = filtered df[(filtered df['wind speed'] == upper_speed) &

(filtered df['wind_direction'] == upper_direction)]['fan_out mv_optimized'].values[0]

# Bilinear interpolation

R1 = self.linear interpolate(wind direction, lower direction, upper_direction, Q11, Q12)
R2 = self.linear_interpolate(wind direction, lower direction, upper direction, Q21, Q22)
P = self.linear_interpolate(wind_speed, lower speed, upper speed, R1, R2)

return round(P, 2)

def calculate vus inside(n_as=2, working=0):
global G AHU 012 015,G_AHU 017, G_AS ONE

# Check if working is either 0 or 1
if working not in [0, 1]:
return "Error: 'working' should be either 0 or 1."

# Check if n_as is between 0 and 4
ifn_asnotin [0, 1, 2, 3, 4]:
return "Error: 'n_as' should be between 0 and 4."

return {"vu_as_inside": round(G_AS ONE*n_as + working*G_AHU 017*0.4, 2),
"vu_mv_inside": round(working*(G_AHU 017*0.6+G_AHU 012 015), 2)}

class WindSimulatorAdvanced():
def init (self):
self.weibull params = {}
self.bins = np.linspace(0, 360, 37) # 36 bins + 1 to complete the circle

def fit(self, speeds, directions):
# Ensure directions are within [0, 360)

directions[directions == 360] = 0

# Initialize dictionary to store Weibull parameters for each bin
self.weibull params = {i: {} for i in range(36)}

# Fit Weibull distributions for each bin
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for i in range(36):
# Identify speeds for the current bin
bin_mask = (directions >= 1*10) & (directions < (i+1)*10)
bin_speeds = speeds[bin_mask]

# Fit Weibull only if there are enough data points

if len(bin_speeds) > 0:
¢, loc, scale = weibull_min.fit(bin_speeds, floc=0)
self.weibull params[i] = {"c": ¢, "loc": loc, "scale": scale}

def simulate(self, size=100):
# Simulate directions uniformly
simulated directions = np.random.uniform(0, 360, size=size)

# Simulate speeds based on direction bin

simulated speeds = np.zeros(size)

for i in range(36):
# Identify simulation indices for the current bin
bin_mask = (simulated directions >=1*10) & (simulated directions < (i+1)*10)
bin_size = np.sum(bin_mask)

# Generate speeds if the bin is not empty and parameters were fitted
if bin_size > 0 and "c" in self.weibull params[i]:
params = self.weibull params][i]
simulated speeds[bin_mask] = weibull min.rvs(params["c"], params["loc"], params|["scale"],
size=bin_size)

return simulated speeds.round(2), simulated directions.round(1)

Jlictunr tectyBaHHs pizHuX ML mMonenei

deftest 4 regressors(X, y, n=0.7, random_split=False ):

# Splitting data into training and testing sets
size = X.shape[0]
if random_split == True:
X train, X test, y train,y test = train_test split(X, y, test size=0.3, random_state=42)
else:
X train, X test, = X[:int(size*n), :], X[int(size*n):, :]
y_train, y_test = y[:int(size*n)], y[int(size*n):]

# Initialize models

linear regressor = LinearRegression()

decision_tree regressor = DecisionTreeRegressor(random_state=42, min_samples leaf=10)
random_forest regressor = RandomForestRegressor(random_state=42)
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gradient_boosting_regressor = GradientBoostingRegressor(random_state=42)
regressors = [linear regressor, decision_tree regressor, random_forest regressor,
gradient_boosting_regressor]

results = []

# Train and evaluate each model

for regressor in regressors:
regressor.fit(X_train, y train)

y_pred = regressor.predict(X_train)
train_mae = mean_absolute error(y train, y pred)

y_pred = regressor.predict(X_test)
test mae = mean_absolute error(y_test, y pred)

results.append({
'y_feature': y.name,
'regressor'’: regressor. _class . name
'train_mae": train_mae,
'test mae': test_mae

1)

return results

# Inputs for optimization (one wind)
boundary conditions, = boundary map.get boundary conditions(wind_speed = 5,
wind_direction = 270)

boundary conditions = boundary conditions.values[0,:]

vus_inside = calculate vus_inside(n_as=2,
working=0)

# Find losses
losses =[]
mvs = list(range(60))

for mv in mvs:

vus = [vus_inside["vu_mv_inside"], mv, vus_inside["vu_as_inside"]]

pressure_inside = physical model.direct solver(vus, boundary conditions)

all dpress = physical model.calculate all dpress(pressure inside, boundary conditions)
leaks = physical model.calculate mv_leaks(all dpress, areas=vu_optimizer.areas)

loss = vu_optimizer.calculate loss(vus, leaks)

losses.append(loss)
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# Inputs for optimization (3 winds)
foriin [5, 10, 15]:
boundary conditions, = boundary map.get boundary conditions(wind speed =1,
wind_direction = 270)

boundary conditions = boundary conditions.values[0,:]

vus_inside = calculate vus_inside(n_as=2,
working=0)

losses =[]
mvs = list(range(60))

for mv in mvs:

vus = [vus_inside["vu_mv_inside"], mv, vus_inside["vu_as_inside"]]

pressure_inside = physical model.direct solver(vus, boundary conditions)

all dpress = physical model.calculate all dpress(pressure inside, boundary conditions)
leaks = physical model.calculate mv_leaks(all dpress, areas=vu_optimizer.areas)

loss = vu_optimizer.calculate loss(vus, leaks)

losses.append(loss)
losses = np.array(losses)

plt.plot(losses, label=f"Birep {i} m/c")
plt.xlabel("Burpara BY OO [M3/c]")
plt.ylabel("3nauenns ¢yHnkuii Brpar")
plt.grid(alpha=0.5)

plt.xlim(0, 59)

plt.text(8, 10, 'S m/c', bbox=dict(facecolor='white', edgecolor='black"))
plt.text(20, 10, '10 m/c', bbox=dict(facecolor='white', edgecolor="black"))
plt.text(35, 10, '15 m/c', bbox=dict(facecolor='white', edgecolor="black"))
plt.show()

JlicTUHT 3HAaXOMKEHHS ONTUMANTBHUX BUTpAT BY

from itertools import product

working_options = [0, 1]

n_as_options = np.arange(0, 5, 1)
speed_options = np.arange(1, 26, 1)
direction_options = np.arange(0, 361, 5)
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columns = ["working", "n_as", "wind_speed", "wind_direction"]

df params = pd.DataFrame(list(product(working_options,
n_as_options,
speed_options,
direction_options)),
columns=columns)

physical _model = Model()
vu_optimizer = VUOptimizer(physical model)

for i in range(df params.shape[0]):

print(i)

# 1 read parameters
params = df params.iloc[i,:]

# 2 calculate VUs
vus_inside = calculate vus_inside(params["n_as"],
working=params["working"])

# 3 find boundary conditions
boundary conditions, = boundary map.get boundary conditions(wind_speed =
params["wind speed"],
wind_direction = params["wind_direction"])
# 4 fix for one line be
boundary conditions = boundary conditions.values[0,:]

#5 find best g
mv_optimized = vu_optimizer.optimize(vus_inside, boundary conditions)

# 6 update df params

df params.loc[i, "fan_in_mv"] = vus_inside["vu mv_inside"]

df params.loc[i, "fan_out mv_optimized"] = round(mv_optimized, 2)
df params.loc[i, "fan_in_as"] = vus_inside["vu as_inside"]
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