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Pedepar:

1. O6’eKT mOCimKeHHS — TPOL,eC MAaTeMaTUYHOTO MOJIEJIIOBAaHHS Ta ONITUMI3allii CTPyKTypPU CUCTEM MOHITOPUHTIY Ta
KOHTPOJII0. MeTa poboTy — po3pobdKa 3aC06iB MaTeMAaTUYHOTO MO/IEJIIOBaHHS Ta ONTUMI3allii CECHCOPHOTO IMOKPUTTS
0671aCTi [OBiNBbHOI GOPMU B CUCTEMAX MOHITOPUHTY Ta KOHTPOJIIO [J1s1 3SMEHIIEHHS KalliTaJOBKJIa[eHb Mifl 4ac
0671aHaHHS 00'€KTIB TAKMMU cUCTeMaMu. MeTonu 1OoCiIpKeHHs 6a3yI0ThCsl HA BUKOPUCTAHHI €JIeMEHTiB
(dYHKIIOHATIBHOTO aHaJi3y JJ1s1 MOJIe/IIOBaHHSI CEHCOPHHUX 30H MOXKEXKHUX CIIOBIlllyBayiB; MeTony phi-QyHKUil AJ1s
dopmasizallii BifHOmEHb MiXK FTeOMETPUYHUMU 00'€KTaMU B 3aJ1a4ax OKPUTTS; aHAITUYHOI reoMeTpii AJ1s
(dopmastizallii KpUTEPiIo MOKPUTTS Ta NOOYAOBU (PYHKLINA HAJIEXKHOCTI; METOJIiB T€OMETPUYHOTO [IPOEKTYBAHHS AJIS
noby0BM MaTeMaTUYHUX MOZeJel ONTUMI3alifiHMX 3a/1a4 KPYrOBOTO ITIOKPUTTS i METOIiB HeJliHilHOi Ta
HeJnuQepeHLifioBaHoi ONTUMI3alii AJ1s iX po3p’si3aHHs. [IpakTUUHe 3HAaUEHHS1 OTPUMAaHUX Pe3yJIbTaTiB I10JIrae B
po3po0Li 1 peaniszalii IporpamMHOro KOMILJIEKCY «BecTa» [j1s1 po3B’si3aHHs ONTUMI3alifiHOI 3a4a4i TIOKPUTTS 00JI1ACTi
IOBiJIbHOI IPOCTOPOBOI (OPMU KOJIAMU PiBHOTO pafiiyca, LEHTPHU SIKMX 3B'sI3aHi MepesKelo (y TOMYy 4UCIi 3

ypaxyBaHHSM IIOXUO0K BUXIIHUX aHUX) Ta POy NPaKTUYHUX 33/1a4, Cepes, SKMX KOPUTYBaHHS HeJLOIIyCTUMUX



[IOKPUTTIB, MiHiMi3alis pazgiyca MOKpUBHUX KiJl, ONTUMI3aLis IKOCTI MOKPUTTIB Ta iH. CTBOpEHUI [TPOrpaMHU
KOMILJIEKC MO>Ke 6yTU 6e3locepeHbO 3aCTOCOBAHUH 1if], YaC IIPOEKTYBAHHS CUCTEM [iarHOCTUKY, CIIOCTEPESKEHHS
1 KOHTPOJIIO, IPY IPOBEIEHHI [10XXEXXHO-TEXHIYHMX €KCIIEPTU3, 10 J03BOJIsI€ BPaXOBYBAaTH IIOXMOKU BUXIIHUX
IAHUX, MiBALIYBAaTH €(PEKTUBHICTh BUKOPMCTAaHHS 00J1afHaHHS. HaykoBa HOBU3HA POOOTH IOJISTAE B TAKOMY:
BIIEPILE 3aIIPONIOHOBAHO (PYHKIIii ONKCY BifHOLIEHb IIOKPUTTS MiXK KOJIaMU PiBHOTO pajiyca Ta HOBi (yHKIii
HaJIeXKHOCTI JJ151 OIKCY BilHOIIEHb MDX KOJIaMH, 1110 6€pyTh y4acTb B TOKPUTTI, i JOBIJIbHOIO 06J1aCTIO OKPUTTSL, SIKi
IO3BOJISIIOTh ONKCYBATU B QHAIITUYHOMY BUIJISITi YMOBU [TOKPUTTS 06J1aCTi KOJIaMU i, Ha BiIMiHY Bif] iCHyIOUMX
aHaJIoriB, He MOTPe6yI0Th BBEIEHHS JOMOMDKHIX 3MiHHUX; BIepile Mo6yjoBaHa y3araabHeHa MaTeMaTudHa MOJIEb
ONTMMi3allifHOI 3a/1a4i TOKPUTTS iEHTUYHMMH KOJIAMHU, SKa, Ha BiIMiHY Bifl iCHyI0UMX MOJ€Iel, BpDaXOBY€ HOBI
aHaJIITUYHI BUPa3u JJ1s1 OIIUCY BiHOIIEHb [IOKPUTTSI MK KOJIaMU PiBHOTO pafiyca Ta HOBi QyHKIii HaJeXXHOCTi AJ1s
OIMCY BiJTHOLIEHb MiX KOJIAMHU, IO GEPYTh YYACThb B IOKPUTTI, i JOBiZIBHOIO 06JIACTIO NIOKPUTTS i O3BOJISIE
OZIeP>KyBaTU JIOKAJIbHO-OIITHMAaJIbHI PO3B'SI3KH PSIY BaKJIMBUX [TPAKTUYHUX 3a71a4, Y TOMY YMCJIi 3a/1a4i IOKPUTTS
0071aCTi KOJIaMU, SIKi 3B'S13aHi MepesKelo; yI0CKOHaleHO CTpaTerilo pO3B'sI3aHHS ONTUMI3aliliHOI 3a1a4i TOKPUTTS
o671acTi [OBiNbHOI GOPMU KOJIaMU PiBHOTO pafiiyca MIJIIXOM JJOAAaHHSI HOBOTO eTally reHepalii cucremMy ooMeKeHb
Ta PyHKUii izl Ha OCHOBI aHaNi3y OTPUMaHOI 32 [ONOMOTOI0 3aIIPONIOHOBAHUX HAOIMXEHUX METOiB CTAPTOBOL
TOYKHU 3 ypaxyBaHHSM KOHKPETHOI peaJizallii y3arasbHeHoi Moziesli 3a1ayi; HabyJiy I0aibIIoro PO3BUTKY METOIU
iHTepBasbHOI reoMeTpii y BUIJIsAi HOBUX 3aCO0iB MOZI€/IIOBaHHS /1151 ONIMCY iHTEPBAJIbHUX BiJHOLIEHDb MiX
KPYrOBMMU 00'€KTaMM, SIKi 6€pyThb y4acCThb B IIOKPUTTI, 110 I03BOJISIE, HA BiIMiHY BiJl iCHYIOUMX aHAJIOTIB,
BPaXOBYBATH IIiJ] Yac pO3B’sI3aHHSI 3a/1a4i IOKPUTTS IOXMUOKY BUXigHOI iHpopMalii mpo ¢pakTudHi paniycu 30H
CEHCOPHOI'0 KOHTPOJIIO AATYMKIB Kijl; HA0yJIy NIOAAJIbIIOrO PO3BUTKY JIOKAJIbHO-ONITUMAJIbHI METOIU 10Oy I0BU
IIOKPUTTIB, SIKi 03BOJINJIY, HA BiIMIHY BiJl iCHYIOUMX NiX0OZiB, OTPUMYBATH PO3B'SI3KU [1J1s1 OCHOBHMX peasisaliii
y3arajibHeHoi 337ja4i ONTHMAaIbHOTO TOKPUTTS B aBTOMAaTUYHOMY PEKMMi; HabyJM NOAATBIIOr0 PO3BUTKY 3aC00U
MaTEMaTUYHOT'O MOJIEJIIOBAHHS 30HU CEHCOPHOI'O KOHTPOJIIO IaTYMKa B CUCTEMaX MOHITOPUHTY [JIS
nepeTBOPIOBaHH PiznyHoi iHdpopMallii Ipo 30HM CEHCOPHOTO KOHTPOJIIO B FEOMETPUYHY 151 [10[1aJIbIIOTO
BMKOPHMCTAHHS B IIpolLeci No0y40BU MaTeMaTUYHUX MOJeJIeH 3a7ad IIOKPUTTS, SIKi, Ha BiMiHY Bill iCHYIOUHX,
D03BOJIIOTh BPAXyBaTH 0COOJIMBOCTI (GYHKLIOHYBAHHS CUCTEM MOHITOPUHTY i KOHTPOJIO. 3a3Ha4eHuI IPOrpaMHUI
KOMILJIEKC BUKOPUCTOBYETBCS Y Bifi1ijli HOpMaTHBHO-TEXHIYHOI POOOTU Ta KOHTPOJIIO 32 CUCTEMaMU
IIPOTUIIOKEKHOTO 3aXUCTY Ta JlilleH3yBaHHs ['0JIOBHOTO yIpaBiHHs Jlep>kaBHOI CJ1y>KOM YKpaiHy 3 HaJ3BUYaHUX
cuTyauiil y XapkiBCbKiil 061aCTi 1if, Yac po3risigy NPOEKTIB CUCTEM aBTOMATUYHOTO IPOTUIOXKEKHOTO 3aXUCTY,
TOB «HBII Bpang» (M. KuiB) 17151 cripoieHHS TPOEKTyBaHHSI CUCTEM aBTOMaTUYHOTO [TPOTUIIOKEKHOTO 3aXUCTY,
onTHUMi3zallii BUTpaT Ha 00JIaflHAaHHS 00’€KTiB TAKUMU CUCTEMaMHU, a TAaKOX Yy HaBYaJIbHOMY IIpoLieci B
HanjionaspHOMY yHiBEpCUTETI IUBIJIBHOTO 3aXWCTY YKpaiHU [pY BUKJIALAHHI JUCLMILIIH «MaremaTuyHe
MOJeJIIOBaHHS Ta ONTUMI3alis cuctem 6e3nekny i «IloxkeskHa Ta BUPDOOHMYA aBTOMATHKAY, IO MiATBEPAKYETHCS

AKTaMU TIPpO BIIPOBAIP>KEHHS.

2. The object of study is the process of mathematical modeling and optimization of the structure of monitoring and
control systems. The purpose of the work is to develop tools for mathematical modeling and optimization of
sensor coverage of an arbitrary shape in monitoring and control systems to reduce capital investment in
equipment of such systems. Research methods are based on the use of functional analysis elements to simulate the
sensor zones of fire detectors; method of phi-functions for formalization of relations between geometric objects in
coating problems; analytical geometry for formalizing the criterion of coverage and constructing membership
functions; geometric design methods for constructing mathematical models on nand the methods of non-linear
and undifferentiated optimization for solving them. The practical significance of the obtained results lies in the
development and implementation of the Vesta program complex to solve the optimization problem of covering an
area of arbitrary spatial shape by circles of equal radius whose centers are connected by a network (including
taking into account the errors of the original data) and a number of practical problems, including the correction of
unacceptable coatings, minimization of the radius of cover circles, optimization of the quality of coatings etc. The
created software complex can be directly applied during designing of systems of diagnostics, observation and
control, during carrying out fire-technical examinations, which allows to take into account errors of the initial



data, to increase the efficiency of the equipment use . The scientific novelty of the work is this: for the first time
features of describing the relationship of coverage between circles of equal radius and new membership functions
are proposed to describe the relations between the circles involved in the coverage and an arbitrary area of
coverage that allow to describe in an analytical form the conditions of coverage of the area of circles and, unlike
existing analogues, they do not require the introduction of auxiliary variables; for the first time, a generalized
mathematical model for the optimization problem of covering identical circles is constructed, which, unlike
existing models, preserves new analytical expressions for describing the relations between the circles of equal
radius and the new membership functions for describing the relations between the circles involved in the coverage
coverage area and allows to obtain locally optimal solutions to a number of important practical problems, including
problems covering the area with circles that are connected by a network; the strategy of solving the optimization
problem of covering an area of arbitrary shape by circles of equal radius has been improved by adding a new stage
of generation of the constraint system and the objective function based on the analysis obtained by the proposed
approximate starting point methods, taking into account the specific implementation of the generalized problem
model; methods of interval geometry have been further developed in the form of new modeling tools for
describing interval relationships between circular objects that participate in a coating, which, unlike existing
analogues, can take into account the problem of covering the error of the initial information about the actual radii
zones of sensory control of sensors of circles; acquired locally-optimal methods of coating construction, which
allowed, unlike existing approaches, to obtain solutions for the basic realizations of the generalized problem of
optimal coverage in automatic mode; Mathematical modeling of sensor area of sensor in monitoring systems has
been further developed to transform physical information about sensor zones into geometric for later use in the
construction of mathematical models of coating problems, which, unlike existing ones, allow to take into account
the features of functioning of monitoring systems and controls. The specified software complex is used in the
department of normative-technical work and control over fire protection systems and licensing of the Main
Directorate of the State Service of Ukraine for Emergency Situations in Kharkiv region during the consideration of
projects of automatic fire protection systems, LLC "NPP Brand" (Kyiv) for simplification design of systems of
automatic fire protection, optimization of costs for equipment of objects by such systems, as well as in the
educational process at the National University of Civil Ukraine's defense in teaching the subjects "Mathematical
Modeling and Optimization of Security Systems" and "Fire and Production Automation", which is confirmed by the
acts of implementation, which is confirmed by the acts of implementation.
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