JNEPJKABHA CJIVIKBA YKPATHU 3 HAJI3BUYAMHUX CUTY AL

HAIIIOHAJIBHUHM YHIBEPCUTET IIUBLIBHOI'O 3AXUCTY YKPAIHU

MixHapoaHa
HayKOBO-TIPaKTU4YHA KOH(EPEHIIis

Npobnemu
HaA3BUYaANHUX
cuTyaLimv

MATEPIAJIM KOH®EPEHIIII

Yepkacu
14 TpaBHusa 2025 poky



MikHapoIHa HayKOBO-NPAKTHYHA KOH(pEPEHLIis

YIK 614.8

Peoakuiitna xonezia

Irop TOJIOK, kanauaaT neaaroriyHux Hayk, JOLEHT, JaypeaT dep:xxaBHol npemii Ykpainu B rajuysi
ocBiTH, 3aciy:KeHnii NpaniBHUK OcBiTH YKpainu, pexkrop HanionaibHOro yHiBepcuTeTy HMBIIBHOIO 3aXHCTY
Yxpainu (Ykpaina).

€sreniii PUBKA, moxrop TexHIYHUX Hayk, mpodecop, HamioHaapHHN YHIBEpPCHUTET IHUBUIRHOTO 3aXUCTY
VYkpainu (Ykpaina).

Boaogumup AHJAPOHOB, noxrtop TexHIYHMX HayK, npodecop, 3aciayXKeHHUH Iisd HayKd 1 TEXHIKH
VYxpainn, Hamionanpaa akagemis HanionansHao1 rBapii Ykpainu (YkpaiHa);

Biktop BAHAX, nokTop TeXHIYHHX HayK, Ipodecop, 3armopi3bKuii HalioHAIHHUN yHiBepcuTeT (YKpaiHa);

Amnapiit BAMBYPA, nokrop TexHi4HUX Hayk, npodecop, Il «HaykoBo-gocnianuii iHCTUTYT OyAiBEIbHUX
KOHCTpYKLii» (YKpaiHa);

Bacuis 'OJIIHBKO, nokrop TexHiyHHX Hayk, nmpodecop, HTY «/IninpoBchka nomitexHika» (Ykpaina);

Ouekcangp TI'OJIOJHOB, nokrop TexHidyHMX Hayk, npodecop, TOB «CranbnpoeKTKOHCTPYKILis
im. B.M. lllumanoBcekoro» (Ykpaina);

IOnis JAHYEHKO, noxrop texHiuHMX Hayk, npodecop, Harionansna akamemis HamionansHol rBapuil
VYkpainu (Ykpaina);

Ouaexcanap I[)KYJIAFI, KaHIUOAT TEXHIYHUX HAyK, IOIEHT, HamioHanpbHWH YHIBEpCHTET IUBLILHOTO
3axucty Ykpainu (Ykpaina);

Oxcana KUPUYEHKO, nokrop TexHIYHHX HaykK, npodecop, HamioHanpHHI yHIBEpCHTET IMBITBHOTO
3axucty Ykpainu (Ykpaina);

Angpii KOHAPATDBEB, nokrop TeXHIYHHX HayK, mpodecop, XapKiBChKHI HaIliOHATHHUN YHIBEPCUTET
MiceKkoro rocroaapctea im. O.M. bekeropa (Ykpaina);

Ouexcanap JIAIIEHKO, nokrop TexHiYHUX Hayk, npodecop, HaBuaibHO-HAYKOBHI IHCTUTYT aepoOIOpPTIB
HarrionansHoro aBiariiitnoro yHiepcutety (YKpaina);

Bagum HIPKHUMK, nokTtop TexHIYHUX HayK, mpodecop, [HCTUTYT Aep:KaBHOrO YNpaBIiHHS Ta HAyKOBHX
JOCITIKEHb 3 HUBUILHOTO 3axucTy (YKpaiHa);

I0piii OTPOILL, nokrop TexHIYHMX Hayk, npodecop, HalioHanpHUII yHIBEPCHUTET LHUBUILHOTO 3aXHCTY
VYkpaiau (Ykpaina);

Bacuar ITIETPYK, nokrtop TexHiYHMX HayK, mpodecop, BIHHUIBKUIA HAIlOHAIFHUA TEXHITHUH
yHiBepcuteT (YKpaina);

Banentun MEJIBHUK, kasgunaT TeXHIYHUX HAyK, NOLEHT, HarlioHanbHWH YHIBEPCHTET NHBUIBHOTO
3axucty Ykpainu (Ykpaina);

Muxona CYP’SIHIHOB, nokrop TexHIUHHX Hayk, npodecop, Onecbka JepkaBHa akajaeMis OyaiBHUIITBA
Ta apxitektypu (YkpaiHa);

Laura COCHRANE, Emergent Countermeasures International Limited Company (UK);

Jeng-Renn CHEN, PhD, Professor, National Kaohsiung University of Science and Technology (Taiwan);

Andy DUNCAN, International Committee of the Red Cross (Switzerland);

Augusto GEROLIN, PhD, University of Ottawa (Canada);

Wolfgang Karl-Heinz REICH, Joint Chemical, Biological, Radiological and Nuclear Defence Centre of
Excellence (Czech Republic);

Luca ROMANO, Avvocato dell’Atomo (Italy);

Dieter ROTHBACHER, CBRN Protection GmbH (Austria);

Leonid SKATKOV, PhD, Ben Gurion University of Negev (Israel);

Erika SUZUKI, Gamma Reality Inc. (USA);

Oksana TELAK, DSc, Main School of Fire Service (Poland);

Oleh TURUTANOV, PhD, Comenius University (Slovakia);

Rajnai ZOLTAN, DSc, Professor, Obuda University (Hungary).

Bionosioanvnuit cexpemap: Hina PAIIKEBUY, PhD, HauionansHuii yHIBEpCHTET LUBUIBHOTO 3aXHCTY
VYkpainu (Ykpaina).

HauioHanbHui yHIBEpCUTET HUBIJIBHOTO 3aXUCTy YKpainu, 2025. 474 c.

VYV 306ipHHKY BKJIIOYEHO MaTepiald MiDKHAPOIHOI HAyKOBO-TIpakTHYHOI KoH(pepeniii «Problems of
Emergency Situations», sixa BinOynacst Ha 06a3i HalioHanbHOTO yHIBEpCHTETY LMBUIBHOTO 3aXHCTy YKpaiHu, 3a
TaKMM{ TEMaTHYHUMH HalpsMaMH{: 3aro0iraHHs HaJ3BHYAHNM CHUTYyaIlisiM; MOHITOPHMHI Ta YNpaBIiHHA Yy cdepi
UBUILHOTO 3aXUCTy; pearyBaHHS Ha HAJI3BUYAWHI CHUTYyaIlil Ta JIKBiIAIisd X HACTIIKIB, XIMI4HI TEXHOJIOTII Ta
IHKeHepid, patialifHIH Ta XiMIYHHUIA 3aXUCT; eKOJIOTiUHa Oe3leKa Ta 0XOpoHa Hparii.

Pexomenoosano 00 OpyKy 64eHOl0 padold HABUAILHO-HAYKOBO20 IHCMUMYMY NONCENHCHOI Oe3neKu
(mpomoxon Ne 4 6i0 25.04.2025 p.).

© HarioHanmbHNH YHIBEPCUTET IMBUILHOTO 3aXHUCTY YKpaiHU



Problems of Emergency Situations — 2025

VJIK 004.42(072)

TECTYBAHHA MIKPO- TA HAHOYACTHHOK Y IUHAMIYHOMY CEPEJOBMIIII
METOJAMMU C++

IHlacmepnak B.B.l, K.M.H., 0OUeHm,
Pyoan A.B.2 kano. 3 oepoic. ynp., 0oyeHm
'Bonunceruii HayioHanbHUul yHieepcumem imeni Jleci Ykpainku,
2 JTvsiscoiui OeporcasHull yHigepcumem 6e3neKu HeummeoisibHOCmi

CyuacHi HayKOBI JOCHI/DKCHHS 3HAYHOIO MIpOIO 30CEpPEKYIOTHCS HA BHBYCHHI
BJIACTUBOCTEH Ta TMOBEMIHKA MIKpO- 1 HaHOYacTHHOK [l, 2]. 3aBasku CBOIM YHIKaJIbHUM
XapaKTepUCTHKaM, TAKUM SIK BUCOKa MOBEPXHEBA ILJIONIA Ta Majia Maca, Il YaCTHHKH 3HAXOASAThH
IIMPOKE 3aCTOCYBaHHA Yy pi3HUX cdepax, BiJl CTBOPEHHS HOBHX MaTepiajiiB A0 Oi10JOTIYHUX Ta
MeIuuHuX 3actocyBanb [3, 4]. IIpore s e(peKTHBHOTO BUKOPHCTAHHS TAaKMX YaCTHHOK
HEOOXIgHO rIHOIIe 3pO3yMITH TXHIO MOBEAIHKY B JAMHaMidHOMY cepemoBwuii [5, 6]. Oxuum 3
Halle(peKTUBHIMIMX IHCTPYMEHTIB ISl TOCIIKEHHS TaKUX SBUII € YUCEIbHE MOJCIIOBaHHS, SIKE
JIO3BOJISE MIPOBOJIUTH CUMYJIISIIT BIpTyalbHUX €KCIIEPUMEHTIB 3 MiHIMAJIbLHUMU BUTpaTaMH dacy
ta pecypciB [7, 8]. Meroau nporpamyBanHs Ha MOBI C++ HaIalOTh MOTYXHI MOXIHUBOCTI IS
po3poOKu ehEeKTUBHUX aNTOPUTMIB Ta MOJENEH, 3AaTHUX MOJENIOBAaTH IMOBEIIHKY MIKpO- 1
HAaHOYACTUHOK B Pi3HHUX (i3WYHMX 1 XiMiuHUX cepenoBumiax [9, 10]. Cuix Takox BiAMITHTH, IO
cuctema C++ 103BOJIsI€ JOCATHYTH BHUCOKOi MPOAYKTMBHOCTI Ta TOYHOCTI HpU poOOTI 3
BEIIMKMMU JAQHUMH Ta CKJIQJHUMH MaTeMaTHYHUMH MOJETSAMH, [0 € HEOOXiIHUM s
e(eKTUBHOrO TECTyBaHHsS Ta aHamizy. Ha pucyHky | mpencraBieHO alropuTM AOCHTIIKEHHS
MIiKpO- Ta HAHOYAaCTHHOK y JMHAMIYHOMY cepenoBuili merogamu C++.

NMocTaHoBka 3agayi
1
MofenwBaHHA YacTHHOK

I

Pospobka 4YMcenbHMX MeToAiB
I

Peanizauis nporpamu Ha C++
!

TecTyBaHHA Ta aHaniz pesynbTaTie

s

OuiHka edekTUMBHOCTi MeToay
1

BUCHOBKM Ta pekomeHpauii

Puc. 1. Anroputm I0CTiIzKeHHSA MIKPO- Ta HAHOYACTUHOK Y TMHAMIYHOMY cepel0BHIIi
merogamu C++.

Anroput™M po6oTu Ha 0cHOBI MeToAIB C++ OMUCY€eThCS HACTYITHUM YHHOM:

1) mocraHOBKa 3ajayi: BU3HAUCHHS METH, NapaMeTPiB TECTYBaHHS (THIl YaCTHHOK,
CepeoBHILE, YMOBU EKCIIEPUMEHTY, BUOIp MOJIEN1 YACTUHOK);

2) MOJAENIOBaHHS YAaCTUHOK: CTBOPEHHS MAaTeMaTWYHUX Mojened s  (Qi3suuHHX
BJIACTUBOCTEN YaCTHHOK Ta 1X B3a€MOJII1 3 CEPEIOBUIIEM;

3) po3poOka 4YHCENPHMX METOIIB: BHOIp METONIB Ui BUPILICHHS pIBHSHBb PYXY,
po3poOka anroput™MiB Ha C++ 17151 YUCEITBHOTO MOJICTIOBAHHS;
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4) peamizaiis B IPOrpaMHOMY CEPEIOBHIII: CTBOpeHHs mnporpamu Ha C++ Ta
Bi3yai3allis pe3yabTaTiB JOCIIHKSHHS;

5) TecTyBaHHs Ta aHali3 pPE3yNIbTaTiB: MPOBEIACHHS EKCIIEPHMEHTIB Ul IEPEBIPKU
TOYHOCTI MOJIEJICH 1 aHaJIi3 ITOBEIIHKHA YaCTHHOK;

6) omiHka e(QEKTHMBHOCTI METOMY: aHali3 Yacy BHKOHAHHS KOJy, IOPIBHSHHS 3
peaTbHIMH JAaHUMU JIJTSI IEPEBIPKU TOYHOCTI;

7) BHCHOBKHM Ta PEKOMECHJAIIII: OI[iHKA 3aCTOCOBYBAHOCTI MOJEJEH 1 MPOMO3HUIIii 11010
HOKpaIIeHHs i1 e(eKTUBHOCTI.

Crhig BIOMITATH, IO MOJEIIOBAHHS IIOBEMIHKH YaCTHHOK 3a HJOIOMOIOI0 YHCEIbHUX
MeToiB Ha ocHOBI C++ 103BOJIS€ JETalbHO AOCHIDKYBAaTH iX B3a€MOJII0 B PI3HUX YMOBax,
3a0e3Meuyoun  BHCOKY TOYHICTh pE3YylbTaTiB. A po3poOJeHI alropuTMH MOXYTh OYyTH
3aCTOCOBaHI JJIsl BUPILICHHS IPAKTUYHUX 3a]1a4 y HAYIll Ta TPOMHCIOBOCTI.
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