JIEPJKABHA CJYXKBA YKPATHU 3 HAJBBUUAWHUX CUTYAIIHA
HAIIIOHAJIBHUHM YHIBEPCUTET IIUBLIBHOI'O 3AXUCTY YKPAIHHA
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Hlanoeni konezu ma konexicanku!

Mato 3a yecTh BITaTH y4acHUKIB MiXKHapOAHOI
HAyKOBO-IIPaKTU4YHOI KoHpepeHuii «IIpodbaemu
noxkexxkHoi Oesnexku 2024y, HanmpsiMU SIKOi €
aKTyaJIbHUMH IIOJ0 BUPIMIEHHS NPOOJIEMHHUX
NUTaHb Cy4acHOCTI y c(epl MOKEKHOT Oe3neKn
Ta 3a0e3MeyeHHs IPOTUIIOKEKHOTO 3aXUCTY.
Croroani, HE3BaKarO4YM HA BIHCHKOBY
arpecito 3 60ky Pocii, Hall yHIBEepCUTET, fK 1
BEChb HApoJ YKpaiHW, NPOJAOBXKYE CBOIO
JIISTIBHICTE Yy BciX cdepax, 30kpeMa, 1 B
HaykoBiil. [loTyXHuUNl HayKOBHI NOTEHLIAN
NPOBIIHOTO 3aKjiaay BUINOI OcBITU [lep:kaBHOT
ciyx0u YKpaiHd 3 HaJ3BUYAMHHUX CUTyalliil y
chepi UHMBUIBHOTO 3axHCTy ckiagae 50
nokTopiB Hayk, 200 kanguaariB Hayk, 30
npodecopiB, 180 pAoLEHTIB Ta cTapmux
JOCIITHUKIB 1 Hapa3l OXOIUTIOE  BEJIHKY
KUTBKICTb HayKOBHX HanpsIMiB y
MDKXHApOAHOMY HAyKOBO-OCBITHBOMY
npoctopi. OIHUM 13 pe3yibTaTiB AISIBHOCTI
HAIIUX HayKOBIIIB € CHOTOIHIIIHSA

KOH(pepeHiis.

Crin 3a3HAYUTH, 110 YYaCHUKAaMHU HAyKOBOTO (OopyMy € YucieHH1 (haxiBIli BHUIIIIB
HE TUTBKH 3 PI3HUX PETiOHIB YKpaiHwu, a il IHIKUX KpaiH TakuXx, sk [3pains, [Toasia, ITamis,
Hanisa, Kanana, Azepbaitmkancbka Pecniybiika, CnoBauyunnHa, Yropiiuaa, [lopryramis ta
bpazwnis.

Mertoro koH(epeHIii € oOroBOpeHHs MNHTaHb, MOB’S3aHMX 13 MpoOJeMaMH Ta
TIEPCIIEKTUBaMU BIPOBAPKEHHSI HOBITHIX PO3pO0OOK, CIPIMOBAHUX Ha TOMEPEIKCHHS
BHHUKHEHHS TI0’KEXK Ta MIHIMI3aIlif0 X HAaciaKiB. 3a0e3nedueHHs IHHOBAIIMHUX HANPSIMiB
PO3BUTKY CHCTEMH TIPOTHIIOKEKHOTO 3aXHCTy, TEpeoBl ifel BUCHHUX, AaKTHBHE
BUKOPHCTaHHS CyYaCHHX TEXHOJIOTIH 3 ypaxyBaHHSIM MOJIMBOCTEH MIXXHAPOIHOTO
CHIBPOOITHHUIITBA CIIPUATUMYTh JTOCSTHEHHIO 3arajIbHOTO PE3yJIbTary.

CropiBatoch, 1110 OTpUMaHiI HAayKOB1 pe3yJbTaTH, OO0 ’€AHaHI B 30ipHUKY
Koudepenii, OyayTh KOpUCHUMH TSI BCIX YYACHHKIB Ta 3HAUAYTh CBOE BIIPOBA/IKEHHS B
MPAKTUYHIN MiSUTBHOCTI 1 B OB HAYKOBO-IOCHITHULIbKIN pOOOTI.

baxato BciM ydJacHMKaM HEBUYEPITHOI €Heprii Ha Xy J0 HOBUX HAYKOBHX
3BepIleHb, NMPUAOAHHS MAPTHEPCHKUX 1 JIPYXKHIX KOHTAKTIB, PE3yJbTaTUBHUX PIIICHbD,
TBOPYOiI HACHAru Ta ycmixiB y npodeciifHiil MisIbpHOCTI, MUPY Ta OLIBII TiICHOI CIIBIpaIlli
y TICISIBOEHHUH TIepiof!

T.B.0. pexropa HaiioHabHOTO YHIBEPCUTETY

IUBLIBHOTO 3aXUCTy YKpaiHH

reHepai-Maiop iy Ou HUBIIBHOTO 3aXHCTY,

KaHJIUJAT TEXHIYHUX HayK, podecop Bixrop 'BO3/1b
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PosrnsiHyTo Ha 3acimanHi BueHoi pamm ¢akxynprety moxexHoi Oesmeku (IIporoxom Ne6 Bin
30.01.24 p.)
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CEKIIA 1. HOKEXHA TA TEXHOT'EHHA BE3IIEKA OB’€KTIB KPUTHYHOI
IHOPACTPYKTYPU B YMOBAX BOEHHOI'O CTAHY

0.€. bacmanos, 0.m.H., npoghecop, Hayionanvnuii ynisepcumem yuginoHozo 3axucmy Ykpainu
B.B. Onitinuk, xk.m.1., doyenm, Hayionanonuu ynieepcumem yugineHo2o 3axucmy Yxpainu

MOJAEJIIOBAHHS TEIIJIOBOI'O BIVIMBY INOXKEZKI HA PESEPBYAP 3
HA®TONIPOAYKTOM

3HayHa KUTBbKICTh HAQJ3BUYAWHHMX CHUTYalliid, MI0 BUHHUKAIOTH INPH TPAHCIOPTYBaHHI,
nepepoOiri 1 30epiranHi HadTH 1 HAQTONPOIYKTIB, TOYUHAETHCS 3 ABAPIHOTO PO3JIUBY piauHu [1].
OCHOBHOIO HEOE3MEKOIO IPH IILOMY € TTOSIBA [PKEpesia 3aNallFOBaHHS 1 CllalaxyBaHHs apiB piAUHU
HaJ po3nuBOoM. CKIAAHICTH JIOKami3almii 1 JIKBiAAIii TaKUX TMOXKEXK OOyMOBJIEHA TEIJIOBUM
BIUIUBOM IMOXKEX1 Ha CYCIJHI TEXHOJOri4HI OO0’€KTH 1, 30KpeMa, Ha €MHOCTI 3 TOPIYUMHU
piguHaMu. SIKmo aBapiiHMI pO3NIMB 1 CHAJaxyBaHHS BiAOYBarOThCS Ha 3JIMBHO-HAJMBHUX
€CTaKa/lax, TO MiJ TEIUIOBUH BIUIMB MOXYTh MOTPAIUTH HE JIMIIE 3aJI3HUYHI LUCTEPHHU, a U
pe3epByapu 3 HaTONpoaykTaMHu. BpaxoByrouu, 110 TUINOBUN pe3epByap MICTUTh TUCAYl TOHH
roproYoi pIAMHU, TaKa MOYJIMBICTh HE MOXKE OYTH 3aJIMIIEHa 11032 yBaroio.

OpHiero 13 0coOIMBOCTEN HArpiBYy CTIHKM €MHOCTI 3 TOPIOUOIO pianHOIO (puc. 1) € Te, 110
il HIKHSA YacTHHA KOHTAKTy€ 3 PIAMHOI0 Yy pe3epByapi (3MOuYeHa YacTHHA CTIHKH), a BEpXHs
YaCTHMHA KOHTAKTYE 3 MApPOMOBITPSHOK CYMIMIIIIO B Ta30BOMY MPOCTOPI EMHOCTI (CyXa YacTUHA
CTIHKH).

Puc. 1. Cyxa (1) Ta 3MoueHa (2) YaCTUHH CTIHKA €MHOCTI 3 PIAMHOIO

[Ipn moGynoBi MojeNi TEMJIOBOTO BIUIMBY MOXEXKI PO3JIHBY Ha €MHICTH 3 TOPIOUOIO
piauHOIO (3a7mi3HMYHA LHMCTEepHa a00 BepTUKaIbHHI cTaneBuil pesepByap tuny PBC) Oymemo
BUXOJUTH 3 HACTYITHHUX MIPUMYIICHb.

1. 30BHILIHA MMOBEPXHS CTIHKM €MHOCTI MPUIMAa€e y4acTh B IPOMEHEBOMY TEIIOO0MiHI 3
MOBEpXHEI0 (pakena 1 HABKOJMIIHIM CEpEJOBUINEM, a TaKOXXK KOHBEKLIHHOMY TerIoo0MiHI 3
MOBITPSHUM CEPEOBUIIIEM.

2. BHyTpiumHsS NOBepXHA CyXOi YacTHHU CTIHKM MNpHUHMaEe ydacTb B IPOMEHEBOMY
TETJIO0OMiHI 3 TOBEPXHEI0 PIJUHM, 3aJMTOI B €MHICTh, Ta IHIIMMU TOYKAMH Ha BHYTPIIIHIN
MOBEPXHI CTIHKHM, @ TaKOX B KOHBEKIIMHOMY Temao000MiHI 3 MapoIOBITPSHOK CyMIIIIIIO B
ra3oBOMY IPOCTOPi EMHOCTI.

3. BHyTpilHsa MoBepxHs 3MOYEHOT YaCTUHM CTIHKM MPUHMAE y4acTh B KOHBEKLIHHOMY
TEIUI000MIiH1 3 PIIMHOIO, 3aJTUTOI0 B EMHICTb.
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4. Temmeparypa Ha 30BHIIIHIN 1 BHYTPIIIHIA TOBEPXHIX CTIHKH € OJJHAKOBOIO.

5. Teruio po3MoOBCIOKYETHCS IO CTIHIII €MHOCTI BHACTIIOK TEIUIOMPOBIIHOCTI MaTepiary
CTiHKH (cTai).

[TpumnymenHs 4 ciupaeThesi Ha HU3KY poOiT, B IKMX JJOCHIHKEHO PO3IOILT TEMIIEPaTyp 10
IJIMOMHI CTIHKM €MHOCTI. 30Kpema, B [2] moka3aHo, IO Pi3HUI TEeMIIepaTyp Ha BHYTPIIHIHN i
30BHIIIHINA MMOBEPXHI CTaJCBOi CTIHKH, TOBIIMHOK 8 MM, He mepeBuinye 1,5° B Toil wac, sk
Temneparypa crinku nepesuinye 250° C. Bka3aHi pe3ynpTaTé MarTh Miclie BHACTIIOK Majoi
TOBIIVUHH CTIHKH 1 BUCOKOT TEIIJIOMPOBITHOCTI CTaJi.

PiBHSHHS TEIUIONPOBITHOCTI BCEPEIUHI MOBEPXHI BEPTUKAILHOTO CTAJIEBOIO pe3epByapa
B IWJIIHAPUYHIA CUCTEMI KOOPJAUHAT MA€E BUTJISIT

aT [1 a( aTj °T 18°T
a == r— [+ —+=

P P P ) O<z<H;0<r<R; 0<¢p<2r, (@)
ror r z2 12 op

ne T(r, , ) — TeMIiepaTypa CTIHKH pe3epByapa; I, ¢ — pajiyc-BeKTOp i MOJIIPHUH KyT BiMOBITHO;
H — Bucora pesepByapa; R — paniyc pesepByapa; a — KoeiIieHT TeMIIepaTypOIPOBITHOCTI CTaJi:

Ao

a= ;
CePe

A¢, Ce, pc — KOG(PIITIEHT TETIIOMPOBITHOCTI, KOS(DIIIEHT TETUIOEMHOCTI Ta TYCTHHA CTaJIi BiJTIOB1THO.
[IpunyuieHHs Mpo OJHAKOBY TEMIIEPATypy B3JOBK TOBIIUHU CTIHKU JJIsl BEPTHKAIBHOTO
CTaJIEBOTO pe3epByapa nepeTBoproe piBHIHHS (1) Ha

2 2
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Jie piBHSAHHSA (2) OMKUCY€ PO3MOIL TEMIIEPATYP IO CTIHII pe3epByapa, a (3) — mo ioro mokpisdi. 13
BpaxyBaHHSM TEIUJIOBUX IOTOKIB, 110 MPUITAIal0Th HAa TTOBEPXHIO pe3epByapa piBHAHHA (2) 1 (3)
HaOyIyTh BUIJISTY
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1€ ( — MUIBHICTh TEIJIOBOTO MOTOKY, IO MPHITaJae Ha JaHy TOYKY IMOBEPXHI pe3epByapa; o —
TOBIIMHA CTIHKHU (200 MOKpiBIi) pe3epByapa. AHAIOTIYHO, AJS 3alIi3HUYHOI IUCTEPHU PIBHAHHS
TEIUIOBOTO 0aJlaHCy MAKOTh BUTJIS

2 2

a_T:a 81’+i281' + g ;0<x<L; 0<p<2r; (6)

ot ox?  R?% oo C.Ppcd

oT o°T 10T 1 8°T q

— = -t |t
o ror r op CcPpcd

;0<r<R; 0<op<2m, (7



3-1 MixkHapo/1Ha HayKOBO-TIpakTH4HA KoHpepeHis «IIpobiemu noxexHoi 6e3nexku 2024

1€ piBHSAHHA (6) BiANOBIa€ PO3MOALTY TEMIIEPATyp MO HMIIHAPUYHINA YaCTHHI CTIHKU IIUCTEPHH,
a piBHsHHA (7) — M0 OCHOBaM LWTiHApa; L — nosxuHa nucrepuu; R — 11 paaiyc.

Bim3Haunmo, 1Mo MmiIBHICTh TEIJIOBOT'O MOTOKY (, M0 BXOAWUTH 10 piBHsAHB (4)—(7), €
Pi3HOIO 1UIs Pi3HMX TOYOK CTiHKM €MHOCTI. Ii BeMIMHA BU3HAYAETHCS PO3TANIYBAHHAM OCEPEIKY
TOPiHHA BiTHOCHO €MHOCTI, @ TAKOX THUM, YM KOHTAKTYy€ CTIHKA B JJaHIA TOYI 3 PIAMHOIO YU 3
MAPOTOBITPSIHOIO CYMIIIIII0 B ra3oBOMY HpocTtopi eMHOCTi. [Ipu TOpiHHI PO3JHMBY TOpPIOYOi
piAMHU Ha MOBEpPXHI 3eMJIl HAWOLIbIA IMUIBHICTH TEIJIOBOTO IMOTOKY IPHIAAA€ HAa HWKHIO
YaCTUHY €MHOCTI. AJie I YacTWHA CTIHKH IHTEHCHBHO OXOJIOJDKYETHCS BHACTINIOK KOHTAKTYy 3
pimuHOIO BeepemuHi pesepByapa (puc. 1) i Tomy ii Temmeparypa He nocsrae HeOe3[e4HOro
3Ha4eHHs. Ha CyXy YacTHHY CTIHKM NMpHUMagae A0 MEHIIA IIUTbHICTh TEIUIOBOTO TOTOKY, aje
OXOJIO/DKYBJIbHA [l 3 OOKY IMapomoBiTpsiHOI cymimn Ha 1-2 MOpSAKM MEHIIA TOPIBHSHO 3
OXOJIO/DKYBJIBHOIO Jier0 piauHu. Came HarpiB Cyxoi YacTHHHM CTIHKH [0 TEMIIepaTypu
CMOCTIaJIaXyBaHHS TIapiB PLAMHU MOXKE MPU3BECTH JI0 PO3MOBCIOIKEHHS MOXKEXK1 Ha IF0 EMHICTb.
OT1xe, HallOUTBITY HEOE3MEKy CTAaHOBUTH HArpiB CyXOi YACTUHU CTIHKU €MHOCTI.

JUis  NpakTUYHOrO BUKOPUCTAHHS OTPUMAaHOiI MOJAENl HEoOXiAHO  pPO3B’s3aTH
mudepenmianbhi piBHAHHES (4)—(5) abo (6)—(7) i3 BiAMOBIMHMMHU KpaHOBUMH Ta TMOYaTKOBHMH
ymoBamu. [l 1poro Moxe OyTHM 3acTOCOBAaHMM METOJl CKIHYEHMX pi3Hulb. s 1mporo
HWIIHAPUYHA Ta KpyroBa 4YacTHHA IIOKPIBJIlI €MHOCTI HOKPHUBA€ThCSA CiTKOl. B ii By3nax
MIPOBOIUTHCS AMPOKCHUMAITIS TTOX1HOT 32 4aCOM 1 3a 3MIHHUMU I, Z, X, (9, TII0 JO3BOJISIE TIEPEHUTH 10
PIBHSIHb y CKIHYEHUX PI3HUIISX.

OTpumani pe3yabTaTd MOXKYTh OyTH BUKOPHUCTaHI JIJIsl BU3HAYEHHS HACIIIKIB TETIOBOTO
BIUIMBY TMOXEXI HAa BEPTUKAIBHUN CTaJICBHI pe3epByap a00 3alli3HUYHY IHCTEPHY 3 TOPIOYOIO
PIIUHOIO.
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MODELING THE THERMAL EFFECT OF A FIRE ON AN OIL TANK

Consolidation of chemical production leads to the accumulation of flammable liquids on a
relatively small area. Despite the safety measures taken, accidents still occur, characterized by a
"domino" effect. A significant percentage of such accidents begin with the spillage of flammable
liquid and its ignition. The heat flow from the fire to the neighboring technological facilities can
lead to the cascading spread of the fire to them due to the heating of the metal structures to the
self-ignition temperature of the combustible liquids contained in them. In the work, a model of the
thermal effect of a fire on a container with a flammable liquid is built. A vertical steel tank and a
railway tank are considered as such containers. The model is based on a parabolic differential
equation that describes the heat distribution of the container surface. The temperature along the
thickness of the surface of the container is assumed to be the same, which allows to simplify the
equation. The model takes into account the heat exchange with the fire, the environment, the liquid
and the vapor-air mixture in the container. For practical use of the model, the finite difference
method can be applied. This allows you to find the temperature distribution at any time and
determine the need to protect the container.
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Ivanov V., Kozreooic nopsamynuxy Ecmoncwroi akademii 6esnexu, Ecmonis

BU3HAYEHHSA TA JOCJIIIKEHHSA TEMIIEPATYPHUX IIOJIIB 3A YMOB
I'OPIHHSA CYCIIHBOI'O PESEPBYAPA

PesepByapu mnsi HadTH 1 HAQTOMPOMYKTIB BIAHOCATHCA A0 TNPOMHUCIOBUX CIIOPY.
migBUIIEHOI ToXexHoi Hebesmeku. Ilokexi HadTh 1 HadTONPOIYKTIB y pe3epByapax, K
MPaBUJIO, € CKJIAJHUMHU 1 MacITAOHUMH, JIKBIIOBYIOTHCS 3 BEITHMKUMH TPYAHOIIAMH, HAHOCSTH
BEJIMKY IIKOJY 1 4aCTO MPUBOJIATH JI0 3aru0eni Jronei.

AHali3 moXex B pe3epByapHUX MapKax BCiX KpaiH, O[O0 MPOIYKYIOTh Ha(TONPOIYKTH,
HATJISTHO TIOKa3ye€ TeHCHIIIO JI0 TMiIBUIICHHS MOXEeKHOT HeOe3NeKH mpyu 301IbIIeH] MacTabiB
pe3epByapHUX MapKiB 1 BKa3y€e Ha HEOOXITHICTh MOJANBIIOT0 BIOCKOHAJIEHHS 3aX0/IiB MOXKEXHOT
HeOe3neKn NpH iX MPOeKTyBaHHI Ta eKCILUTyaTallil.

[Ipu no>kexi CTiHKa, MOKPIBJIs, IHULIE pe3epByapa 1 caM HaQTONPOIYyKT HArpIBAETHCS 10
BHCOKHX HECTAIlIOHAPHUX TEMIIEpaTyp B PE3yJIbTATi YOTO B €JIEMEHTAaX KOHCTPYKIIi1 BUHUKAIOTh
3HAYH1 TeMIepaTypHl HanpykeHHs 1 aedopmanii. [Ipu npomy pi3ko 301IbIIYETbCS BHYTPIILIHIN
TUCK B 3aKpUTHX pe3epByapax. Bci 1l TemioBi (akTopd 3MEHIIYIOTh MEXaHIYHY MIIHICTh
pe3epByapa i 4acTo IPUBOIATH 10 HOTo pyiHyBaHHS [ 1].

[Toxexi, mix 9ac SKUX TOJIYyM sl TIOMIMPIOETHCSI HA TPYMY, MO CKIANAETHCA 3 ABOX ab0
OUTBIIOT KUJIBKOCTI pe3epByapiB, Ha3UBalOTh I'pynoBUMH. CTaTHCTUKA CBIAYUTH, IIO TPYIIOBOIO
CTae Maii’ke KOKHa YeTBepTa MOXKekKa, Ka pO3MOYMHAETHCS B pe3epByapi i 30epiraHHs HaQTH
(madromponykry). [IpuunHamMu 1poro OyBarOTh TEIJIOBI MOTOKM, 3ara30BaHICTh TepUTOpIi abo
MOIIUPEHHS MOJIyM sl Ha TPYILy pe3epByapiB BHACIIIOK aBapiifHOro pO3TiKaHHS MajJardoi piIMHU
13 3pyHHOBAHOro (Takoro, Ha IKOMY cTaBcs BUOYX) pe3epByapa Mij yac CKUIMaHHSA ab0 BUKHILY
HadtH (HaQTOMPOAYKTY).

Tomy 3a0e3nedeHHs] BOTHECTIMKOCTI CTaJIeBUX KOHCTPYKIIIA pe3epByapiB 32 yMOB TOPIHHS
Ha(TOMIPOIYKTIB € aKTyaJIbHOIO HAYKOBO-TEXHIYHOIO 3371a4€CTO.

B pesepByapax B OUIbIIOCTI BUNAAKIB TOPIHHSA PIIMHU TOYMHAETHCS 3 BHOYXy mapiB
rOpIOYOi PIIMHHU TiJ JaXOM pe3epByapa, B 3B'A3Ky 3 IIUM BiOyBaeThcs AedopMallisi pe3epByapy
Ta cnanaxye noxexa. [Tomym's csirae mpu bOMy BUCOTH MaiiXe JIBOX JIlaMETPiB pe3epByapa i Mae
TEeMIIEpaTypy 3aIeXKHO Bia roprodoi piauau B mexax 1000-1300 °C [2].

[Tomym'st MOKe 3HAYHO BIIXMIIATHUCS TI1JT Yac Jdii BITPY 1 BXKE Ha MOYATKOBIN CTaIii MOMXKEXK1
BHUHHUKA€ MOXKJIMBICTh MEPEKHUIaHHS MOJyM'st Ha CyCifHl pe3epByapu abo 00'ektu. Takuii daken
noJiyM'ss pesepByapa, LI0 TOPHUTb, HArpiBa€ CTIHKW, JaX, AMXAJbHY Ta IHIIY amaparypy,
poO3TallloBaHy Ha Jaxy CyCiIHbOI'O pe3epByapa.

[Toxexi B pe3epByapax mis 30epiranas HadTH 1 HAQTONPOAYKTIB MOXKYTh BUHUKATH 3
PI3HUX NMPUYHUH 1 PO3BUBATHUCS 32 PI3HUMU CIIEHAPISIMHU.

Buacnigok HarpiBy CTIHOK 1 J1aXy CYCIIHBOTO pe3epByapa MiJBHUINYETbCS IIBUIKICTH
BUITAPOBYBAHHA TOPIOYOI PIAMHY, 1110 30€pIraeTbcs B HHOMY.

Y TakoMy BHIIaJKy BCEpEAMHI pe3epByapa CTBOPIOETHCS HAIMIPHMIA THCK, SKHMA
MePelIKo)Kae MPOHUKHEHHIO TOJIyM'ss BCEpEeIuHy, a BUTIKAIOUl 4epe3 IUXajdbHy amnaparypy
roproYi mapu MOXYTh 3amajaTd BiJ MOJIyM's pe3epByapa, L0 TOpUTh, TOPIOYl Mapu Hal
JIMXaJIbHOIO arapaTryporo, BUKJIMKAIOUX HAarpiBaHHS 1€ KOHCTPYKITii.

HarpiBanns pe3epByapa, B SKOMY 30€piraeTbcs roproya pijiHa 3 BUCOKOIO TEMIIEPATYPOIO
criajaxy, HalpHKIIaj, Au3eiIbHe MajJuBo, HeOE3NEeUHO 1 MoJIsArae B TOMY, 1110 BCEpeInHI pe3epByapa
B MIPOIIeCi HATPIBaHHS MOXKE YTBOPUTHCS BHOyXOHeOe3leuHa KOHIIGHTpallid MapiB JU3eIbHOTO
nanuBa. ¥ TaKOMY BHUIIAJKy CYCITHI pe3epByapH 3 THUM, IIIO TOPSTh, 3 CAMOTO MOYATKY MOXKEKI
HE0OX1/THO 0X0JI0/)KYBAaTH BOJIOIO, 3aM00Iralour TUM CaMUM MOXKIIUBOCT1 BUOYXY BCEepeInHI HUX.

B pesepByapi 3 moyarky FOpiHH}I piI[I/IHI/I Ha 11 MOBEPXHI BCTAHOBIIIOETHCS TemIeparypa,
0 JOPIBHIOE cepelHild TemmepaTrypi KumiHHsS OaratodpakiiiiHoi piguau. [lo Mipi ropiHHs
TeMIeparypa HOBerHl 6yﬂe MOCTYIIOBO HlI[BI/IH_IYBaTI/ICSI 1 roproya pl,[[I/IHa MPOrPiBaTUMETHCS
yrau6. [Ipu nbomMy CTIHKICTB 1 €()eKTUBHICTD MIHU MPHU TaCIHHI MOXKEK1 3HUKYIOTHCS.
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HIBuakicTe  ropiHHS HAPTONPOAYKTIB 3aJISKUTH BiJl BEIUYHHU BIJIBHOT
MOBEPXHi, (PI3UYHHUX BIACTUBOCTEH PiAMHU, IIBUAKOCTI BITPY, TeMuepaTypu piauuu. LlIBunkicts
TOPIHHA PiIMHI BU3HAYAETHCS MBUAKICTIO i1 BUIIAPOBYBAHHSAM, 5IKA, B CBOIO YEPTry, 3aJIC)KUTH Bijl
IIBUKOCTI MPOrpiBaHHS MOBEPXHI piAMHU. 3 MiABHIIEHHSIM MOYATKOBOI TEMIIEpaTypu PiIMHU
3pocTa€ MIBUAKICTH il TOPIHHSL.

SK CBIMYUTH aHANI3 CTATUCTHYHUX JaHHUX, MPOTATOM 5-15 XBWIWH BUIBHUH OOpT
pe3epByapa BTpadyae CBOIO HECydy 3[aTHICTH 1 IMiJ] BIUIMBOM CHJIM TSDKIHHS J1e(HOPMYETHCS 10
piBHS HaMMBY HAPTONPOAYKTY. Y IESIKMX BUIAAKax aedopmaris 0opra BiAOyBaeThCS HIKYE
piBHS HaNMMBY, 1 HaTa (HAPTOMPOILYKT) BUXOAUTH B OOBATYBaHHSA. SIKIIO pe3epByap CIOpsIKEHO
IUTABAIOYOI0 TIOKPIBJICI0 a00 CTAIliOHAPHY IMOKPIBIIO IMiiPBAHO BHACTINOK BHOYXY IO BCHOMY
nepuMeTpy abo BOHAa OOpymIMsIacsi BCEpEIWHY pe3epByapa, TO HaBiTh 33 HOPMAaTHBHOI
IHTEHCUBHOCTI TOJIaBaHHS BOJM Ha OXOJO/DKEHHS HEHAaBaHTa)KEHA CTiHKA, SIK MPaBUIIO,
MOCTYTIOBO CKJIAIAETHCS BCEPEAMHY pe3epByapa.

Bces TennoBa eHepris, Ky MOTJIMHAE CTIHKA pe3epByapa, IiJe Ha 301IbIIEeHHS TeMIIepaTypu
cTinku. YacTo pesepByapu HAMOBHIOIOTH J0 MOJIOBUHM WOT0 HOMIHAJIBHOTO 00’emy. B Takmx
BHUIAJKaX BHCOTa CyXOi CTIHKM Oynae csratu 6 M 1 Oinbine. BiamoBimHO 10 HOpPMaTUBHOI
JOKyMEHTaIlil HOMIHAIBHUN pajiyc pe3epByapa BepTukanbpHOoro craiesoro (PBC) — 1000
nopiBHIOE R=5,22 M, a TOBIIMHA CTaleBUX MOACIB, 3 SIKUX CKIAJAEThCS CTIHKAa pe3epByapa,
JIOPIBHIOE 5 MM. Pesynbratu npencrasieni rpagiuno (puc. 1).
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Pucynok 1 — Po3noain TemmnepaTtypu no ToBmuHi ctinku PBC-1000

3 rpadiuHOi 3aJEKHOCTI BUJIHO, IO PI3HUI TEMIEpaTyp Ha 30BHINIHINA 1 BHYTPINIHINA
noBepxHsx ctinku PBC—1000 € ne3nauHoto. PisHug cranosuts He 6inbiue 0,9 °C. Ile 3ymoBieHe
BUCOKUM KOE(]II[IEHTOM TeIJIONPOBIAHOCTI MeTany 3 sikoro BurotosieHudt PBC. Ockinbku
pi3HUIIS TEeMIEepaTyp Ha 30BHILIHINA Ta BHYTPINIHIA MOBEPXHAX CTIHKA HE MEPEBUILYE OJHOTO
rpafyca, MOKHA IIPUIHSATH, 110 cepeiHs TemrepaTypa cTinku 550 °C.

BusznauuBmM TeMmmepaTypHUN pO3MOALT MPOBEACHO TOCHIIKEHHS MPOrpiBy CTIHKU
pesepByapy 10 kpuTuuHOi Temneparypu 550 °C npu 3minaux napamerpax. To6TO BU3HAYEHO 32
KU Yac BEpXHI MOSICH pe3epByapiB, KI HE OMUBAIOTHCA HA(TOMPOAYKTOM MPOTPIIOTHCA 0
KPUTHYHOI Temriepatypu. Pe3yibTatu npeacrasieHi rpadiuno (puc. 2).

AHari3 pucyHKy IOKa3ye, 1110 TPH Biialli MiXk pe3epByapaMu 7M., cTiHKa pezepByapa PBC
— 1000 narpiBaetbcst 10 kpuTHuHOi Temnepatypu 550 0C 3a 10 XBWIMH mpH 3MIHHOMY B Yaci
TEIUIOBOMY IOTOIl1, @ IPU MOCTIHHOMY — 3a 8 XBWJIMH. SIKIII0 Bi/Aaiab MiXk pe3epByapamu piBHa 15
M TO KpUTHYHA TeMIIepaTypa A0CATaeThCs 3a 15 XBUIMH PU 3MIHHOMY HOTOLL, a TPH MOCTIHHOMY
—3a 12 XBUIUH.
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Pucynoxk 2 — 3mina remnepatypu ctinku PBC - 1000, 3 yacom npu pi3HHX BIACTAHSIX MIXK
pe3epByapamu

JlocikeHo BIUIMB TEMJIOBOIO IMOTOKY HAa CTIHKM CYCIJIHIX OyAiBesb, fKI MOXYTb
pO3TalllOBYBaTHCS B pe3epByapHOMY Napky. Po3paxoBaHo TemnepaTtypHuil po3oai 0 TOBIIHHI
OETOHHOI 1 LIETJIIHOI CTIHOK IpH JIii TEIUIOBOTO MOTOKY. BcraHoBieHO, 1m0 3a yac Mmoxexi 2
TOIMHE TeMIIEpaTypa Ha TIOBEpXHi IernsHoi cTinku Oyne Ha 200 °C Bmma mix GeromHoi. 1le
BHKJIMKAHO THM, 110 KOE(DIIIEHT TEIUTONMPOBiTHOCTI ner A y 3,3 pa3u MEHIIUH HIXK y OCTOHY.
Po3paxynku mnpoBoaunMcs A7 CUMETPUYHOTO 1 HECHUMETPUYHOTO pPO3TAUIYBaHHS CTIHKU
BIIHOCHO (hpakena moxexi. J{OCHiKeHO BIJIUB TEIUIOBUX TMOTOKIB Ha HA(TONPOMYKT, SKUN
30epiraeThCsl B CEpeNIMHI pe3epByapy. BeranosneHo, mo Bxke 3a nepmi 100 cexyHa TemIoBOro
BILIUBY, IIap HAa(QTOMPOAYKTY TOBIIMHOIO 4 MM MIpOrpieThes N0 Temmeparypu kumiHHs. [Ipu
PO3paxyHKaxX BpaxOBaHO 3MiHY TEIIOQI3UYHUX XapaKTEPUCTHK HA(TONPOIYKTIB MpH 301IbILIEHI
TeMIepaTypH.

JIITEPATYPA
1. Hakaz MHC VYkpaiau Ne658 Bim 24.12.2008 p. «IIpo 3atBepmxenns [IpaBumn moxexHoi
Oe3reku 17151 00’ €KTiB 30epiraHHs, TpaHCIIOPTYBAaHH Ta peajizaiii HahTOMPOIYKTIBY.
2. Abpamos 1O. O., bacmano A.€. BB moxexi Ha pe3epByap ¢ HAPTOMPOIYKTOM.

BicHuk HarioHaIpHOTO aBTOMOOUIBHO-IIOPOKHBOTO YHIBEpCUTETY; 30. HayK. mp. XapkiB: XHA/I,
2005. Bum. 29. C. 131-133.

Rudakov Serhii, Ph.D.(Technical Sciences), Associate Professor, Associate Professor
Department of Fire prevention in settlements, National University of Civil Defence of Ukraine

DETERMINATION AND STUDY OF TEMPERATURE FIELDS UNDER THE
COMBUSTION CONDITIONS OF THE ADJACENT RESERVOIR

The work consists in increasing the efficiency of ensuring fire safety of tank parks for the
storage of petroleum products in vertical steel tanks by applying, during their design and
manufacture, calculation methods that take into account the peculiarities of the influence of non-
stationary thermal processes in their structures, which occur as a result of the action of thermal
factors of fires on such objects objects, in particular their thermally stressed state. The work
revealed patterns of heating of the surfaces of the walls of tanks with oil products depending on
the degree of their filling, the type of fuel burning in the form of torches above the tanks and the
distance between them. Four schemes for placement of burning tanks and their effect on one non-
burning tank are considered, determined the thermal stress state of the junction of the cylindrical
wall and the bottom of the tank under fire conditions; a mathematical model was developed for
the analytical determination of the intensity of heat flows between tanks during a fire, taking into
account the change in the amount of heat flow over time..

10



3-1 MixkHapo/1Ha HayKOBO-TIpakTH4HA KoHpepeHis «IIpobiemu noxexHoi 6e3nexku 2024

O.B. Bacunvuenxo, x.m.n., ooyenm, Hayionanvnuii ynieepcumem yusineHo2o 3axucmy Ykpaiuu,
A.A. Pyban, cmyoenmra, Hayionanvuuii ynigepcumem yusiibHo20 3axucmy Ykpainu

OIIHIOBAHHS BOTHECTIMKOCTI METAJIEBOI'O KAPKACA BYABLII IICJIA
BIUIUBY BUBYXY

Ilin yac mpoekTyBaHHS KapKacHHX Oy/iBelb MOTEHIIIHO HeOe3neuyHuX O0'€KTiB Ta
00'eKTiB MiIBUIICHOT HEOE3MEKH BPAXOBYIOTHCS MPOTHUIIOKEKHI BUMOTH JI0 KOHCTPYKIii. Lle
0CO0JIMBO BaXIIMBO TSI KOHCTPYKIII METAIEBOr0 KapKaca, SK HalMEHII BOTHECTIHKuX. [cHyroui
METOIH PO3PaXyHKY JIO3BOJISIIOTH OLIHUTH BOTHECTIMKICTh KOHCTPYKIIIM METaleBOTr0 Kapkaca 3
BOIHE3aXMCHUM HOKPUTTSM [1, 2].

Opnak mpu aBapitHOMY BHOYXY KOHCTPYKIII MOXYTh ae(opMyBaTuCs, HE BTpavyarOuu
CYTTEBO HECYUOI 3/IaTHOCTI, aje 1€ MPU3BOJUThH O 3MIHHM >KOPCTKOCTI Ta BOTHECTIHKOCTI BCIET
CHCTEMH.

[{ro 06cTaBuHy Ciij] BpaxoBYBaTH ITiJ1 4aC MIPOEKTYBAHHS 00'€KTIB MABUIIIEHOT HEOE3MEKH,
B AKHX 00epTaroThCs un 30epiratoTbcs BUOYXOB1 UM JIerKo3aiMucTi peuoBuHU. KoHCTpyKIiT ciif
pPO3paxoByBaTH TaKUM YMHOM, 1100 IpU aBapiiiHOMY BHOYXy BOHU HE TUIbKH 30€perjiu Hecydy
3/1aTHICTb, aJie i BATPUMYBAJIM BIUIUB MOXKEXK], IKa MOK€ BUHUKHYTH Micis BuOyxy. lLlo6 Hanilino
MIPOrHO3YBATH MOBEIIHKY KOHCTPYKIIIH B IbOMY BUIIAJIKy MOTPIOHO 31CTaBUTH 1X XapaKTePUCTUKU
MIITHOCTI 3 HEOE3MEYHO0 KIJTBKICTIO PEUOBHUHH, 110 BUOYXAE.

Tomy BuHHKae npobiaema BUOOPY KPUTEPIiB ISl pO3paxyHKY KUIBKOCTI pEYOBHHH, IO BHOYyXae,
sIKa HE TIPU3BOJIUTH J0 MIBUAKOT BTPATH BOTHECTIMKOCTI KOHCTPYKIIIM a00 BUMOT JI0 KOHCTPYKIIIH,
[0 MIABUILYIOTH IX MEXaHIYHY 1 MOXKEXKHY CTIMKICTh B yMOBaX TEXHOJOTIYHOIO MpOIecy 3
HeOe3MeKor0 aBapiifHOro BUOYXy.

[Ipun excruryarartii gerani Kapkaca 3a3HAIOTh MEXAHIYHUX BIUIMBIB y BHUTJIANI IOCTIHHOTO
HaBaHT)KCHHS BiJI IHIIMX JIETaleH Ta KOHCTPYKIIM OY/IiBJIi, a TAKOK TAMYACOBUX CTATHYHHUX Ta
JTUHAMIYHUX BIUIMBIB BiJ] BAHTAXX1B, MEXaHI3MIB, BITPY, TEXHOJIOTTYHHUX OTICPAIIii.
[TpoexTyBaHHS TPOMHUCIOBUX Oy MiBENb 3AIMCHIOETHCS TaK, OO HATIPYTH B IIUX MPOTHO30BAHUX
BIUIMBIB HE BUKJIMKAIM HE3BOPOTHHX AePOpMalliid, 10 BUXOIATH 32 TOMYyCTHUMI MEXI.

JlocmixeHHss MexaHi3MiB (OpMyBaHHS HamMpy>KeHO-Ie(OPMOBAHOTO CTaHY EJIIEMEHTIB
Kapkaca Juisi 3a0e3ne4YeHHsT CTIMKOCTI OyiBeNbh MOTEHIIIHHO HeOe3MmeuyHnx 00'€KTiB Ta 00'€KTIB
MIJBUIICHOI HEOE3MEeKHu MPOBOJAThH METOJOM YHEMOKJIHMBIICHHS IPOTPECUBHOIO OOBalIeHHS
HeCy4YMX KOHCTPYKIiH [3]. BaxiauBUM HONMOBHEHHSM IIHOTO METOAY € JIOCIHIJKEHHS BIUIUBY
MOKeX1 Ha OyAiBeIbHI KOHCTPYKITT MiCIs yAapHUX BIUIUBIB [4, 5].

3aBgaHHSAM POOOTH € BUPOOJICHHS METOIMKH OIHKK O€3MeYHOi KUIBKOCTI BHOYXOBOL
pedyoBUHU ab0 JIETKO3alMHUCTOI PEYOBHHH, 110 HE MPU3BOAMUTH IPH aBapiiHOMYy BHUOyXy Ta
MOJAJIBIIIN MOXKEXK] Ha NOTEHIIIMHO Hebe3neuHnx 00'ekrax ado 00'eKkTax IIiABUIIEHOI HEOEe3EKN
710 KPUTHYHOTO 3HWKEHHS BOTHECTIMKOCTI IepOPMOBAHUX KOHCTPYKIIIH METaIeBOTO KapKaca.

VY kapkacHMX OyaiBJISX MOTEHIIfHO Hebe3meuyHuX O0O0'€KTiB Ta 00'€KTIB MiABHILEHOT
HeOe3MeKH KapKac € CUCTEMOIO paM, 1110 CKIIAAA€THCS 3 KOJIOH, KPOKBSIHMX KOHCTPYKIIIM OKPUTTS
Ta 3B'SI3KIB.

IIpn anamizi cridkocTi Kapkaca OyaiBli B HOPMajdbHUX yMOBaxX Ta MpH TOXKEXKI
BUKOPHUCTOBYIOTHCS BiJIOM1 METOAUKH [5, 6], 110 MOJNATAIOTh Y HACTYIHIN MOCTIAOBHOCTI JIiid:

1. BusnaueHHs JUis KOHCTPYKIM Kapkaca 3a HOpPMalbHUX YMOB MEXaHIYHUX Ta
TEOMETPUYHUX MapaMeTpiB, M0 3a0e3MeuyloTh Hecydy 3[aTHICTh (FPaHUYHHX HaBaHTaKEHb,
KPUTHYHHUX EKCIEHTPUCUTETIB Ta MPOTHHIB, IO BiAMOBIAAIOTh TPAHUYHUM HABAHTAKEHHSM,
KOPCTKOCTI, YaCTOTH BIIACHUX KOJUBAHB).

2. BusHayeHHs KPUTUYHUX TEMIIEpaTyp KOHCTPYKIIA Kapkaca Ta pPO3paxyHOK MeX IX
BOTHECTIMKOCTI.

3. OwmiHka MeXaHI4YHOi CTIMKOCTI Ta BOTHECTIMKOCTI KOHCTPYKIIM Kapkaca Ha OCHOBI
3iCTaBIIEHHS PO3PaXyHKOBUX 3HAUY€Hb 3 HOPMATUBHUMHU.
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ABapiifHuii BHOYX MOXe Mpu3BecTH 10 Jedopmaiiidi KOHCTPYKIIH Kapkaca pi3HOT
TSDKKOCTI 3aJICXKHO BiJl IXHBOT BIITAJICHOCTI B Miclist BUOYXy. L{e pi3HOO Miporo TATHE 32 cO0010
3MiHy T€OMETPUYHHX IapaMeTpiB KOHCTPYKILIM Kapkaca, a 3HAYUTh — JKOPCTKOCTI, YacCTOTH
BJIACHUX KOJHMBaHb Ta KPUTUYHHUX TEMIEpPATyp, L0 POOUTh YaCTUHY KOHCTPYKLINA OUIbII
ypa3IMBUMH y pa3i BUHUKHECHHS MOXKEX1, 3HIKYIOYH IXHIO BOTHECTIUKICTb.

[Ipu aBapiiiHoMy BHOYXY KOHJCHCOBaHOi BHOYXOBOi PEYOBHHU a00O Ta30MOBITPSHOT
CyMIIIl KOHCTPYKIIiT paM MOXXYTbh 3a3HaBaTu jedopmariiif, 00yMOBICHUX BILUTMBOM HOBITPSIHOI Ta
CEMCMIYHOI yIapHOi XBHIIL.

Jis  Toro mo0 OMIHUTH KUIBKICTh KOHJICHCOBAHOI BHOYXOBOi pPEUOBHHH abo
ra30MOoBITPSHOI CyMillli, IO HE TPU3BOAATH ITPH BHOYXY Ta MOJAIBIIIH TOXKEXKi IO BTpaTH HECY4oi
3IATHOCTI Ta KPUTUYHOTO 3HIDKEHHSI BOTHECTIHKOCTI 1e)OPMOBAaHOI KOHCTPYKIIii, TIPOTIOHY€ETHCS
HACTYITHA METOJIMKA y BUTJISIL ITOCIIIIOBHOCTI JIiM.

1. Bu3HaueHHS KPUTHYHHX TEMIIEpaTyp KOHCTPYKIIIH Kapkaca, BUXOASIYH 3 BHUMOT
BOTHECTIMKOCTI.

2. BwusHaueHHs Koe(ilI€HTIB 3HW)KEHHS HECydoi 3JaTHOCTI NpH MIABHUILEHHI
TeMIIepaTypH, BIAMOBIAHUX KPUTUUHUM TeMIIepaTypaM KOHCTPYKIIiH.

3. BusHaueHHs KOeQIIEHTIB MO3/I0BXKHHOIO BUTMHY Ui BEPTUKAJIBHUX EJIEMEHTIB 1
MIPOTHHIB JIJIsl 3TUHAJILHUX €JIEMEHTIB.

4. BusHaueHHs mapaMeTpiB yJapHOI XBWUJl (HAAJUIIKOBUN TUCK, IIBUJKICHUNA Hamip,
IMITYJIbC), IIIO CTBOPIOIOTH PO3paxoBaHi aedopmariii.

5. BuzHaueHHs yMOB BUHUKHEHHS MMapaMeTpiB yIapHOi XBWJI (KUIbKICTh KOHAEHCOBAHOI
BUOYXOBOi pe4OBHHHU ab0 T'a30MOBITPSIHOI CyMillli), Oe3MeYHHX AJIs TeoMeTpii Kapkaca OyIiBiIi.

3anponoHOBaHA METOJMKA PEaTI3yeThCS TPH BIIOMUX 3HAYEHHSX TEOMETPUYHHX Ta
MEXaHIYHUX XapaKTepPUCTHUK METalleBUX KOHCTPYKIH, TakuxX sIK iX po3mipu, (GopMu rnepepisis,
HaBaHTA)XCHHS, TPAHUYHI OMOPH Ta MOYJII MMPY>KHOCTI MaTepiaiiB TOIIIO.

Kputnuny TtemriepaTypy HE3aXWIIEHOI METaJeBOi KOHCTPYKII i HEoOXimHOi Mexi
BOTHECTIWKOCTI, 3HAIOUM TMapaMeTpH ii mepepi3dy (ToOTO HaBeACHY TOBIIMHY) MOYKHA 3HAWTH 3
rpadika 3aJeXHOCTI TeMIlepaTypy HE3axXHUIICHUX METAJICBUX JETaJIed BiJl yacy MPOrpiBy Ta ix
HaBEJICHOI TOBIIWHU. SIKIIIO MeTajeBa KOHCTPYKIIIS Ma€ BOTHE3aXUCT, il KPUTHYHY TEMIIEpaTypy
MO>KHA 3HaMTH 3a MeToaoM [1, 2].

KoedimienT 3HMKEHHS HECy4Oi 3JaTHOCTI MPU MiABUIIEHHI TEMIIEpaTypH 3HAXOIUTHCS
TabJIMYHO 3a PO3PaXOBAHOK KPUTUYHOIO TEMIIEPATYPOIO.

[Ipunyctusiu, mo npu BUOyXy MeTajeBa KojloHa Je(OpMy€eThCs 1 € CTUCHYTO-BUTHYTUM
CTPMDKHEM 3 EKCLIEHTPUCUTETOM, MOYKHA OL[IHUTH KOe(DILIEHTH 3HW)KEHHS HAIpPYXEHHS IpU
[103alleHTPOBOMY I03/I0B)KHbOMY BUIMHI. Tak0X MOKHA 3HAMTH BITHOCHUM MPOrMH 3THHAIIBHUX
€JIEMEHTIB.

JloriyuHo TpPWHHATH, IO CTIHKICTh Kapkaca Oyne J0CTaTHBOK, SKIIO jaedopmartis
HaHOMMKYKX 10 Miclsi BUOYXYy €JIEMEHTIB HE MepeBHIlyBaTUME JIomycTumy (abo, B KpalHbOMY
BUIIAJIKY, TPOXU IIE€PEBUIIYBATUME).

Takoxx SKIIO SK KpUTEPid OI[HKK MPUNHATH, IO 1[I 3HAUYEHHS NMpU BHOYXy MOBUHHI
BIJIMOBIAATH HIKHINA MEX1 30HH CHJIBHUX PyHHYBaHb, TO MO TAOIUIIl MOMIKO/PKEHb OyiBeIbHUX
00'€eKTIB MOKHA OIL[IHUTH BEIMYMHY HAJUTMIIKOBOTO TUCKY Ha (DPOHTI yJapHOI XBWJI Y MiCIISIX
po3TallyBaHHs HAOIMKYUX JI0 eMilEeHTPY BUOYXY €JIEMEHTIB KapKaca.

3 1bOr0 MPUIYIIEHHS MOXKHA OLIHUTH Macy KOHJEHCOBaHOI BHOYXOBOi pEYOBUHH, a
TAKO’)K Macy peuoBHMHHM, L0 30epirajgacs B €MHOCTI NpH 1 po3repMmernsauii Ta BUOYXY
ra3oMoBITPSHOI CyMIIIi.

Ha mincraBi 3ampomoHOBaHOrO METOAY Ui 3abe3neueHHsT HeOOXiAHOI BOTHECTIMKOCTI
MO’KHA, BPaxOBYIOUM OCOOJIMBOCTI TEXHOJOTIYHOIO IMpOIEcy, po3paxyBaTh IapaMeTpu
BEPTUKAJIBHUX 1 KPOKBSIHMX KOHCTPYKIIH METaleBOro Kapkaca MpPOMUCIOBOI OyniBii, IO
BIJTHOCHUTKCS 10 HOTEHIIIMHO HeOe3meuyHnX 00'e€KTiB a00 00'€KTIB I ABUIIEHOT HEOE3IIEKH.
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3 iHmoro 00Ky, MOXHa COPMYITIOBATA BHMOTH JIO0 TEXHOJIOTTYHOTO MPOLECY, B SKOMY
00epTaroTbcs BUOYXOBI PEUOBHHH Ta JIETKO3aMMHUCTI PEYOBHMHH, SIKIIO TEXHOJIOTIYHHI TpoIiec
IUTAHY€ETHCS PO3MIIYBaTH B ICHYIOUii OyiBIIi 3 METaJIEBUM KapKacoM.
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ASSESSMENT OF THE FIRE RESISTANCE OF THE METAL FRAME OF THE
BUILDING AFTER EXPLOSION

A method for assessing the safe amount of an explosive or a flammable substance that does
not lead to a critical decrease in the fire resistance of deformed metal frame structures in an
emergency explosion and subsequent fire is proposed. A feature of the method is assessment of
the resistance of structures of the metal frame closest to the epicenter of the explosion by
parameters of the shock wave corresponding to the lower boundary of the zone of severe
destructions, and the adoption for them of the values of the stress reduction coefficient for eccentric
lateral deflection (for vertical structures) and relative deflections (for bending structures) close to
the limit. This allows: to estimate the safe amount of an explosive or flammable substance in the
technological process; check the compliance of parameters of the structures of metal frame of an
industrial building with the requirements for maintaining fire resistance in an emergency
explosion; justify the required reinforcement of the frame structures if the amount of explosive or
flammable substance in the technological process exceeds the calculated one.
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Cepeiu I'apbys, k.m.n., Ooyenm, Hayionanvuuii ynisepcumem yuginbHo2o 3axucmy Ykpainu,
Japuna Kapnosa, Hayionanbnuii yHieepcumem yuginoHo2o 3axucmy Ykpainu

OUYMIIIEHHSA BHYTPIIIHIX IIOBEPXOHb PE3EPBYAPIB /U1 3BEPIT'AHHSA
CBIT/INX HA®TOITPOAYKTIB 3A JOITOMOI'OIO KPIOI'EHHOI'O
CTPYMYBAHHA

3abe3neueHHs MOXKEKHOT OE3MEeKH i1 Yac MepeapeMOHTHOI MIATOTOBKU pe3epByapiB yIs
Ha(TOMPOAYKTIB € aKTyaJIbHUMH 3aBIAHHSMU JJIs TiIIPUEMCTB HAPTOra30BOi MPOMHKCIOBOCTI,
0 noTpeOyroTh 3HaUHKUX (DIHAHCOBUX Ta TPYAOBUX BHUTpaT. HailOuiplry TeXHOreHHY HeOe3meKy
Ha eTam NepeApPEeMOHTHOI MiArOTOBKH CTAHOBHTH TEXHOJOTIUYHUHA TPOIEC OYHMIICHHS
pe3epByapiB, 3a0pyTHEHUX HA()TOIPOIYKTAMH.

3a0pyHEeHHsl pe3epByapiB, NMpU3HAYEHHX Uil 30epiraHHs HadTh 1 HAQTONPOIYKTIB,
XapaKTepU3y€eThCs BUCOKUM BMICTOM ac(aibTO-CMOJIIMCTUX PEYOBHH, KapOeHIB 1 KapOoi/iB, 5Kl €
TBEpAMMH €MYJIbraTOpaMH, 110 CTBOPIOE 3HAYHI TPYIHOIIII MPU X OUUIICHHI.

BinknagenHss B pesepByapax — micid  30epiraHHs  CBITIMX  HA(TONPOIYKTIB
XapaKTePU3yIOThCS BUCOKAM BMICTOM HEOPTaHIYHHUX CIOJYK, SKi B OCHOBHOMY € NPOIYKTaMHu
KOpO3ii Ta MIAMOBUMHU BiJIKJIAJICHHSIMH.

Benukuii BrumMB Ha ckiaj Ha@TONPOMYKTIB HANAIOTh 3MIIIYBAaHHS pPI3HUX THIIIB
Ha(TOMPOAYKTIB, OaraTopa3oBUil HArpiB 1 TpHUBaJli TEPMIHM eKCIUTyaTalii pe3epByapiB 0Oe3
MEePIOIMYHOTO OYHUIIEHHS, PY I[bOMY BiIOYBAE€THCSI HAKOTTMYECHHS BEJIMKOI KUTBKOCT1 OMaIiB, 1X
YIIUIBHEHHS 1 YTBOPEHHSI TBEPAOT MacH.

OcCKibKM TIOBEPXHEBHMI IIap KOHCTPYKIIIHOrO Marepiany BHYTPIIIHBOI IOBEPXHI
pe3epByapy HEOTHOPITHUM 1 Ma€ TePEKTH, K1 CXEMAaTUYHO PO3TISAAIOTHCS SK TPIIAHH, IIUTHHA
KJIIMHOTIOAIOHOTO MEePETHHY, HEPIBHOMIPHO PO3IOIICH] 110 HOro MOBEpPXHi 1 IITUOWHI, a HE TUTBKH
30BHINIHBOI YaCTHUHH, 3a0pyIHEHHIO MIIA€ThCS MOBEPXHEBUH IIap, aje TaKOXK 1 BHYTPILIHS
YacTHHA.

Y nouaTkoBUM Tepio 3aJMBaHHA Ha(TOMPOAYKTY B pe3epByap 3a JIOMOMOTrOI0
COpOIIHHMX MPOIIECIB, BUKIMKAHNX KOHTAKTOM METajTy NaJrBa, 30BHIIIHIH I1ap TOBEPXHI METAITY
3a0pyIHIOETHCS TIAJJMBOM — YTBOPIOETHCS TOBEpXHEBe 3a0pyaHeHHs. [lami 3a paxyHOK
mudy31HHIX TpoIeciB HAQTOMPOIYKT MPOHHUKAE Yepe3 TUPJIO MOPH BIUIMO KamIspHUX TOp 1
3alOBHIOE iX B pe3ynbTaTi aacopOmii 1 KamuiapHOi KOHJCHCAIlli, yTBOPIOIOYH TIHOOKI
3a0pyIHEHHS KOHCTPYKIiHHOTO Marepiany. ['nmOoke 3a0pyaHeHHS IOIIJIBHO TPHHHATH SK
3a0pyIHEHHS y TUpPJI Tip, OCKUIBKM caM€ TYT 3HaXOJUThCS OCHOBHUH 00’€M TIMOWHHOTO
3a0pyaHeHHs. ByrieBoHi, 1110 3HaX0AAThCS B KaMUIPHUX MOpax, HE pOOJISATH ICTOTHOTO BILUIUBY
Ha SKICTh OYUIIICHHS TOBEPXHI.

[Tix gac excrutyaTariii pesepByapa MexaHi4H1 JOMILIKU, POIYKTH PO3KJIaJaHHs MaJluBa i
KOpo3ii MeTaliB OCialTh 1 JerasyloTbcs 3 00'eMy Ha(bTonpozLyKTy, mo 30epiraeTbcs Ha
BHYTpIIIHIA TMOBEpXHI pe3epByapa. TakuMm UYHMHOM, TICIs 3JMBY OCHOBHOi KUIBKOCTI
Ha(TOMPOAYKTIB 3 pe3epByapa Ha MOro CTIHKaxX 3alIMIIAIOTHCS JIera30BaHi MOBEPXHEBI Ta
MIUOUHHI 3a0pyJHEHHS] Yy BUTJIAI CTOPOHHIX YacTOK 1 3aJIMIIKIB MaluBa B Pi3HUX (Da30BHUX
cTaHax. TpyIOMICTKICTh iX BUJAJIGHHS 3aJ€KUTh BiJ BEIMYMHHU CHJ 3B'SI3KYy 3a0pyIHEHHS 3
KOHCTPYKLIHHUMH MaTepiajiaMu.

3a0pyJHEeHHsST 3aJIeKHO BiI 3B'SI3KYy 3 TBEPAUM TiIOM OyBalOTh He(IKCOBAHUMHU,
cnabodikcoBaHUMH 1 MIITHO(PIKCOBaHMMHU. JIETa30BaHUM 3a0pyAHEHHSM  BiJIOBIAAIOThH
He(iKCOBaHI, a MOBEPXHEBUM 1 IITMOMHHUM - c1a00(]ikcoBaHi 1 CUIBHO(DIKCOBAHI.

AKTyanpbHUM HAINpsIMKOM ITiJIBUILEHHS IMOXEXHOi Ta €KOJIOTIYHOI Oe3MEeKH OYMIIEeHHS
BHYTpIIIHIX MOBEPXOHb pe3epByapu Juisd 30epiraHHs Ha(TONPOIYKTiB, € po3poOKa HOBOTO
TEXHOJIOTIYHOTO TPOLECY iX OUMIIEHHS, 3aCHOBAHOTO HA 3aCTOCYBAaHHI KPIOT€HHOTO CTPYMEHs,
110 TIO€IHY€E TEPMOYAp 13 MEXaHIUHUM BILJTUBOM.

Kpiorenne ctpyiiHe O4MIIEHHSI — 1€ THEBMOAOpa3UBHUI CTpyMEHEBUI MeToJl 00poOKH
MOBEPXHI, NMPH SKOMY BHUKOPHCTOBYIOTHCS TPaHYJIH CyXOTro JIbOJAY, TeMIlepaTrypa sKHMX 3Ha4yHO
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HW)KYa, HDK TOBEPXHS, 10 OYMIIAETHCS. Pi3Ke 3HIKEHHS TEMIIEpaTypH MOBEPXHEBOrO HIapy
BUKITHKA€E €(PEKT «TEPMIYHOTO YAApY», IPU SKOMY OXOJIO/KEHI 10 KPUXKOTO CTaHy 3a0pyJHEHHS
JIETKO BIJIIAPOBYIOTHCS BiJ MOBepxHi. YuM Oinblne TemmeparypHU Tpali€eHT, THM MEHIIEe
34YETVICHHS] MK MarepiajioM MOBEpXHI Ta 3a0pyAHEHHSIMH uepe3 PI3HHUIIO B iX KoedimieHTax
miHiHOrO po3mmpeHHs. [lpu 1boMy OCHOBHAa Maca 00'€KTa HE OXOJIOKYETHCS, a MEXaHiuHI
BJIACTUBOCTI KOHCTPYKIIIK HE MOTipIIYIOTHCS, 0 eKCTIEPUMEHTAIBHO MiATBEPIKEHO.

{.'r
e

Pucynok 1. OunineHHst CyXuM JIbOJIOM BHYTPIIIHIX TTOBEPXOHB pe3epByapa

Byrnexkucnuii ra3 po3mmproeThcs B 00'eMi, a KIHETUYHA €HEPTisl TpaHyJl CyXOro JhOIy
PO3pUBAETHCSA 1 BUJAIAE€ YACTUHKU 3a0pyJHEHHS 3 TOBEPXHI.

[Tpu KOHTaKTi 3 MOBEPXHEIO MPEeaMETa JI0 TPAHYJI CYXOTrO JIbOIY JIOBOJUTHCS BEIIMUYE3HA
KUIBKICTh X010y. B pesynbTati Termmooominy TBepai yacTuHkd CO2 MHUTTEBO HArpiBarOThCH 1
MePEXO/IATh B ra30IOI0OHUI CTaH, MparHyyu 30UTBIIUTHCS B 00'€M1 B COTHI pa3iB. Y TBOpEHUH ra3,
YaCTKOBO MPOHUKAIOYH B TIPOCTIP MK 3a0pyJHEHHSM 1 MTOBEPXHEIO, 110 OYUIIAETHCS, YTBOPIOE
TaK 3BaHUH Ta30BUI KJIWH, SIKUH I11]T THCKOM BiJIpUBA€ YaCTUHKH 3a0pyTHEHHS BiJ MOBEPXHi.

Jlnst moBHOTO BHWAAJeHHs 3a0py/IHEHb HEOOXIMHWU TOCTIMHWN MEXaHIYHWHA BIUIMB Ha
MMOBEPXHIO, 10 ouHnIaeThes. Llei mporiec 3a0e3medyeThes 3a paXyHOK KIHETUIHOI €Heprii rpaHyJ
CyXOTO JIbOJ1Y, 1110 BUJIITAIOTh 13 PO3MIIIFOBAYA 31 3HAYHOIO IBHJIKICTIO.
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CLEANING THE INNER SURFACE OF RESERVOIRS TO SAVE LIGHT
NAPHTO PRODUCTS USING CRYOGENIC STREAMING

Ensuring fire safety during the pre-repair preparation of tanks for petroleum products is an urgent
task for the oil and gas industry, which will require significant financial and labor costs. The
greatest technogenic concern at the stage of pre-repair preparation is the technological process of
cleaning tanks contaminated with naphtha products.
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Incmumym 0eparcagnoeo ynpasninHa ma HayKosux 00CIi0NHCeHb 3 YUBLIbHO2O 3AXUCTY

[IOJIO OIITHKU CTAHY 3AXUIIEHOCTI OB’EKTIB KPUTUYHOI
IHOPACTPYKTYPH

AHai3 crany 3aXMIIEHOCTI 00’ €KTIB KpUTHYHOI iHppacTpykTypH (nani — OKI) B ymoBax
BeJICHHs1 00HOBHX [iii Ha Teputopii YKpaiHu, MOTeHLiIHHOI HeOe3NMeKn TePOPUCTHYHHX AaKTiB,
KidepaTak TOIIO aKTyali3ylOTh HEOOXIIHICTh 3aXHMCTy TaKMX 00 €KTiB, OCKUIBKH MOPYIICHHS
¢yukuionyBanHgd OKI mo’ke 3aBaaTv IIKOAM KUTTEBO BAXKJIMBUM HAIlOHAJIbHUM IHTEpECaM
nepxaBu. Js 1OCATHEHHs €(EeKTUBHOIO PIBHS 3aXUILIEHOCTI TaKUX O0’€KTIB CIiJ] Mepeaycim
BU3HAUWUTU 3HAYYLIICTh iX CKJIAJOBHX, SIKI 3a0e3neuyroTh HanexHe (yHkuionyBanHs OKI,
peaIbHUN CTaH IX 3aXHUIIEHOCTI, MOTEHIIMHI PU3MKHU BiJ MOXJIMBHX HeOe3mek. Takuil aHami3
JI03BOJINTh BUOKPEMUTH HalOLIb1I BaxkuB1 ckiiagoBl OKI Ta BU3HauUNTH iX piBEHb BaXKJIMBOCTI Ta
Bpa3nuBOCTi. Bee 11e HeMOXIIMBO AOCATTH O€3 TPOBEAECHHS BIAMOBITHUX HAYKOBUX JOCTIIKEHbD 3
MO/IAJIBIIIOI0 IMITJIEMEHTALIEIO0 X Pe3yJbTaTIB Y MPAKTUYHY JISUIbHICTD.

Ha choroanimHiit geHb iCHyr0Ua HOpMaTHBHO-NIPAaBOBA 0a3a i3 3a3HAa4YEHOro MUTaHHs [1-
10] He B TOBHIiM Mipi J03BOJISIE CHCTEMHO BHUPIIIATH MUTAHHS OIIHKK CTaHy 3aXHIICHOCTI
kommoHeHTiB OKI. OkpiM 1poro, icHyroui METOAM HE J03BOJSIOTH MPOBECTU SKICHY OLIHKY
MOTEHIIMHUX HEOE3MEeUYHNX BIUIMBIB Ta BU3HAYUTH MPIOPUTETHICTH 3aXOMAIB JUIS MiHIMi3allii
HETraTUBHUX HACHIIKIB.

Cepen BITUM3HSHUX HAyKOBILIB, SKI IPOBOAMIIN JOCIIDKEHHS 3 IIbOTO HAMpsAMY, CIif
BiaMiTUTH HaykoBi poOotu: [I. BiptokoBa, [I. bo6po, B. bormanosuua, 0. Bapagunosa,
C. I'matioka, I'.I'piuaninoBa, B. TopOymnina, B. €BceeBa, C. E€pemenka, O. €pmeHUyKa,
B. 3to3tona, C. IBantotna, C. Kongparto, O. KyrtoBoro, O.Jlucenka, B. JIsgoBcbkoi, 1.
Manxymu, JI. Heenpora, B. Hikitina, A. IIpycekoro, M. Ps6oro, 1. Ceuna, B. Cunopenka, €.
Ckymuma, M. Cykana, O. Cyxonons, C. Tenenuka, 1. Ypsauikosoi, JI. dimaroBa, B. XpyTr0a,
I. UekanoBa, C. UymadeHKO Ta IHIIUX.

Boaxouac, HUHI JTOC1 JIMIIA€THCS HEBUPIIICHUM MUATAHHS IIOJI0 PO3POOICHHS METOAUKU
ominku 3axunieHocti OKI, BupimeHHs SKOro HEMOXKJIMBO 0€3 KOMIIJIEKCHOT'O OIIIHIOBAHHSI PiBHS
3aXHUCTY CHOPYA KPUTUYHOT IHPPACTPYKTYpPH, B TOMY YHCII1, SIKI 3HAXOAATHCS Y CKIaAl 00’ €KTIB
OyIIBHMIITBA PI3HOIO (PYHKI[IOHAIHHOIO TMPHU3HAYCHHS 3 MPOTHO3YBAHHSIM HACTIAKIB IS ITUX
00’€KTIB BiJ] MOXEXK, BHOYXiB Ta ypaKEeHb BIMCHKOBOTO, MPUPOJHBOTO Ta TEXHOTEHHOTO
XapakxTepy.

3a3HayeHe 3yMOBWJIO HEOOXIJHICTh MEPErisay Ta yJIOCKOHAJIEHHsS KPUTEpiiB, 3a AKUMHU
omiHoeThes piBeHb 3axumieHocti OKI, a TakoX METOJiB BHU3HAYECHHS CaMHX pIBHIB, SKi
XapaKTepU3yIOTh iX 3aXUILEHICTb.

VY 383Ky 3 UM B I[HCTUTYTI Aep:KaBHOIO YNPaBIiHHS Ta HAYKOBUX MJOCIIDKEHb 3
[MBUIBHOTO 3aXHUCTY JI0 BAKOHAHHS IOCTABJICHO HAYKOBO-IOCiIHY poboTy [11], 3a pe3ynbraTtamu
BUKOHAHHA SIKOi nependadaeTbcst po3pobieHHs npoekty llopsaky (MEeToAMKH) OLIHKHM CTaHy
3axunierocti OKI, 1o cTBopuTh nepeayMoBu ISl MPURHATTS OLIHOK piBHIB 3axuieHocti OKI, a
TaKOK METO/IB BU3HAYECHHS CAMMX PIBHIB, AKI XapaKTepu3yloTh iX 3axuIieHicTb. OKpiM IbOTO,
BKJIMBUM €TallOM OI[IHIOBAHHS CTaHY 3aXHUIIEHOCTI 00’ €KTIB KPUTHUYHOI 1H(QPACTPYKTYpH €
JOCITI/DKEHHST B3a€MO3B’SI3KIB 1X CKJIaJOBMX Ta OLIHIOBAaHHS iX B3a€MHOI KPUTHYHOCTI, fKa
BIUIMBA€ Ha HafilHICTh pyHKIIoHYBaHHS OKI B 1ijomy.

SIk oaMH 13 mMepIIMX eTamiB BUKOHAHHS HAayKOBO-AOCHITHOI poOOTH € ineHTu(iKaris
MOTEHIIITHUX HeOe3MeK Ta iX cUucTeMaTH3allis 1[0JJ0 TEXHOTCHHOT0 MOXO/KEHHS, TEXHOJIOTTYHUX
aBapiif a00 TepOPUCTHYHUX (BOEHHUX) 3arpo3. CTOCOBHO HeOe3MeK NMPUPOIHBOI0 XapakTepy, TO
TYT CIiJi BpaXoByBaTH (DaKTUUHY XapaKTEPUCTHKY MicLeBOCTI (TOpH, Jic, HU3MHHU), HMOBIpHY
MOJKJIMBICTb MiATOIJIEHb, 3eMJIETPYCIB, CXOKEHHS JaBHH a00 3€MIITHUX 3CYBIB TOILO.
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3 TOYKH 30py BOEHHUX HEOE3IEK, CIIiJ BpaXOBYBaTH MOXKJIMBICTh SIK MPSMOT0O ypaKeHHS
(HampuKIaa, BHACHIJOK paKeTHOI aTaku a0o aTaku OE3MJIOTHUX JITaJbHUX amapariB), Tak 1
YPKEHHS BiJl OCKOJKIB 4M BHOyxoBOi XBuii. Ilif yac OLiHKM HACTIAKIB BiJl BOEHHUX 3arpos,
MOKHA BpaxOBYBAaTH OI[IHKY NPOHMKHEHHS OCKOJKIB y CHOpPYQy B 3al&KHOCTI Bim ii
KOHCTPYKTUBHHUX XapaKTEPUCTUK Ta 00’ €MHO IJIaHYBAJIBHUX PillleHb. TaKOX MOXKJIMBO OLIHUTH
MOTEHIIIHI HACHIIKK i Oy[iBeNb Ta CHOPYZ Bil BUOYXOBOI XBHJII Pi3HOI MOTYXKHOCTI ¥ AJst
PI3HOI BIJICTaHI Bij EMIIIEHTPY BUOYXY.

Hes3Baxaroun Ha HasiBHUN TepeItik HAlOLIbII IMOBipHUX HeOe3nmeunnx cutyamnii 1t OKI
Ta MOJIMBICTh TIPOBEJCHHS MOTCHIIMHOT OIIHKH BiJ 1X HACTIAKIB, CIIJ PO3YyMITH, WIO
nepeadaunTiH BCi MOXUIIMBI HEOE3ME4Hi CHTyalii, a TakoX iX KOMOIHAIil HE € MOMKJIUBHUM.
Po3pobka manoro Ilopsaky (Meroauku) omiaku crany 3axumeHocti OKI ciipsMoBane, B meprry
4epry, Ha 3MEHIIEHHs MOTEHIIMHWX PH3UKIB Ta HacHiakiB mis moxed 1 cximagoBux OKI, mo
0€3yMOBHO BIUJIMBA€E TaKOK 1 Ha MaTepiajibH1 30UTKU. 3acTocyBaHHs JaHoro [lopsaaky (MeToauKH)
nepeadayae, mo (axisil, sKi OyayTh HOTO 3aCTOCOBYBATH, TOBMHHI MaTH MEBHI (paxoBi 3HaHHS Ta
YSBIISITH, SIKUM YMHOM (YHKIIOHYE 1X 00’€KT, JJIs SKOI'0 BOHU IPOBOASTH OLIHIOBAHHS, K1 Horo
CKJIaJIOB1 Ta IX BaXJIUBICTb.

Hapasi B pamkax BUKOHaHHSI 3a3HaY€HOI BUIIE HAYKOBO-OCIIHOI poOOTH 31HCHIOEThCS
aHaJli3 BITUM3HIHOI Ta 3apyODKHOI HOPMAaTHUBHO-NIPaBOBOi 0a3y W aHAIITUYHUX 3BITIB IOAO
KpuTepiiB omiHku cTaHy 3axumieHocti OKI Ta mnpomemyp iX BCTaHOBJIEHHS, a TaKOX
PO3pOOIILETHCS NEPEiK MOKA3HUKIB Ta X KPUTEPIiB ISl MPOBEAECHHS OLIIHKU CTaHy 3aXMILEHOCTI
OKI, micns 4yoro HayKOBUMH IpalliBHUKaMu Oyne po3pobsieHo BiacHe MpoekT [lopsnky
(MeToauKn).

BripoBa/pkeHHST TIPOEKTY 3a3HAYEHOTO JOKYMEHTY CIPHUSATHME 3HWKEHHIO PH3UKIB
MIOIIMPEHHS HEOE3MeUHUX YMHHHKIB TIOXKEX1 Ui Jrofer, saxi 3Haxomsatbes Ha OKI, macte
MOXJIMBICTh TIPOTHO3YBAaTH HACTIAKK Ui MX OO’€KTIB BIiJ TOXKEXK, BHUOYXIB Ta YpPaKCHb
MIPUPOTHBOT0, TEXHOTEHHOT'O Ta BINCHKOBOTO XapaKTepy, 3SMEHIITUTH MPsIMI Ta MOOIYH1 BTPATH Bij
MOKEX1 M 3SMEHIIIMTHA BUTPATH, TOB'sI3aH1 3 i1 JIIKBiIaIi€l0 y OyIIBISAX Ta COPYAax, a TAKOXK J1acTh
MOXJTMBICTh ONTUMI3yBaTH 3aJTyY€HHS CHJI 1 3aC001B CITy>KOM IIUBIJILHOTO 3aXUCTY, B TOMY YHCIII
B YaCTHHI ii €eeKTUBHOTO pearyBaHHSI.
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ON THE ASSESSMENT
OF THE SECURITY STATUS OF CRITICAL INFRASTRUCTURE OBJECTS

Abstract. The study of the security of critical infrastructure objects (further — CI1O) in
Ukraine is extremely important in the context of military actions, threats of terrorist acts, cyber-
attacks, and other challenges. Ensuring the security of CIO has strategic importance as they are
vital for the functioning of the state. The analysis involves the identification of key infrastructure
elements, assessing their current level of security, and potential risks. Existing legal frameworks
and methodologies do not provide an adequate level of assessment of these aspects, highlighting
the need for the development of new approaches and techniques. The research sheds light on the
contributions of domestic scientists to this field and emphasizes the necessity of a comprehensive
study of CIO security, including the development of assessment methodologies and determining
protection priorities. Further scientific developments aim to improve evaluation criteria and
analysis methods, which will contribute to effective risk management, reducing potential threats,
and optimizing resources for the protection of CIO.
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B.JI. Cudopenko, 0—p mexu. Hayk, npogh., C.A. Epemenxo, 0—p mexu. Hayx, npog.,
A.B. Ilpycoxuii, 0—p mexu. nayk, npog., A.M. Jlemxis, 0—p gpinocogii
Incmumym O0epacagno2o ynpasninHa ma HayKosux 00CIi0NCeHb 3 YUBLILHO20 3AXUCILY

AHAJII3 PU3UKY: HOHATTS TA MICHE Y 3ABE3NNEYEHHI BE3IIEKH
OB'€EKTIB KPUTUYHOI IHOPACTPYKTYPU B YMOBAX BOEHHOI'O CTAHY

[lig wac BupileHHS TPOOIEM PHU3HKY, TIOKEKHOI 1 TEXHOTGHHOI Oe3MeKr 00’ €KTIB KPUTHIHOL
iHdpactpykrypr (mam — OKI) HalmaIbHINTY yBary NPHAUIIOTH CUCTEMHOMY ITXOMY 1O OOIKY Ta
BUBYCHHSI PI3HOMAHITHUX YMHHHUKIB, IT[0 BIUTMBAIOTH HA IIOKA3HUKH PU3KKY, IMCHOBAHOTO aHAITI30M PH3HKY.
Anaii3 pm3uky abo pmsuk-aHaii3 (risk analysis) — mporec ineHTH]iKarii HeOS3IeK 1 OIIHKA PU3KKY VIS
okpemux oci0, rpyn HaceneHHs, OKI, 00'€KTIB HaBKOIMIIIHLOTO CEPEIOBHINA Ta IHIIMX OO'€KTIB, IO
HEoOX1THO po3mIsHYTH. Haramaemo 1110, i 3arpo30r0 po3yMIE€ThCS PKEPENIO TTOTEHIIHHOT KO a0
30MTKY YW CHTYaIlisi 3 MOMJIMBICTIO HAHECEHHS IIKOIM, a M 1ACHTH]IKAIE0 HeOe3NeKn — TpOoIec
BUSIBJICHHSI 1 BH3HAHHS, 110 HeOe3MeKa ICHye 1 BU3HAYEHHS ii XapakTepucTuk. IcHye Garato momiOHMX
(hOopMYITIOBaHb ITOTO TOHSTTS, aJie Y 3araJbHOMYy BUIVIL TIiJI QHATI30M PU3HKY PO3YMIETHCS MPOIIEC
BUSIBIICHHSI HEOE3IEKHU 1 OLIIHKM MOMKITMBUX HETATUBHUX HACIIKIB Y pe3yJbTaTi BUHUKHEHHSI IOPYILEHb Y
POOOTI KOHKPETHUX TEXHOJIOTTYHMX CHCTEM Ta TIOJ[aHHS ITUX HACIIIKIB y KUThKICHMX MokasHukax. Y CILIIA
3aMiCTh TEPMIHY «aHAI3 PH3UKY» BUKOPHCTOBYIOTh «aHaT3 Hebe3mek» (process hazard analysis), o Mae
MIPAKTUYHO T€ XK came 3HadeHHs [ 1].

AHai3 pr3uKy 6araro y 4omy € Cy0'€KTUBHHM IIPOILIECOM Y XOIi SIKOTO BPAXOBYIOTHCSI HE TUTBKH
KUTbKICHI TIOKa3HUKH, @ ¥ MOKA3HUKY, 1110 HE Mi/IIAI0ThCs popMaltizallii, Taki K MO3MINI 1 TyMKH PI3HUX
CYCITUTLHUX yIPYTIOBaHb, MOYJIMBICTH KOMITPOMICHHX PIITICHb, €KCIIEPTHI OIIHKY Ta 1H. PI3HOMaHITTS BUIIB
BUPOOHMYOI TisUTbHOCTI, crienmdika mpomucioBux OKI, X MpuUHATSKHICT 10 CaMHX PI3HHX Taly3ei
BiloOparkae OaratoacrneKTHICTh poOieMH aHaTi3y pr3rKy. OCOONMBICTL aHATIZY TEXHOJIOTTIHOTO PU3HKY
TOJISTAE Y TOMY, IO Y X071l HOTO pO3IISIAt0THCS TTOTEHITIMHO HEeraTUBHI HACTIKHU, 110 MOYKYTh BHHUKHYTH
Y pe3yJIbTari BiZIMOBH y pOOOTI TEXHIYHMX CHCTEM, 3001B y TEXHOJIOTTYHHX Tpoliecax ado MOMIIIOK 3 OOKY
00CITyTOBYIOYOTO TIEPCOHAITY. 3PO3yMLITO, III0 MOYKHA PO3IIIS/IATH 1 HEraTHBHI BIUTMBY Ha JTIONCH, TOBKIJIISI
3a Ge3aBapiitHOTO (ByHKITIFOBAHHS BUPOOHHMIITBA.

Pesynbratn aHamizy pu3WKy MAarOTh ICTOTHE 3HA4YCHHS I TPUAHSITTS OOIPYHTOBAHMX 1
pallioHATEHKX PIIlICHB /T Yac BU3HAYECHHS MICI POSMIILICHHS 1 TIPOEKTYBAHHSI BUPOOHUUKX O0'€KTIB,
TpaHCIIOPTYBaHHSI 1 30epiraHHs HeOE3MEeUHNX PEUOBHH 1 MaTepiasiiB. B mporieci aHamizy pu3HKy 3HaXOIATh
IIMPOKE 3aCTOCYBaHHs (hOpMasTi30BaHi MPOIEAYPH Ta OONIK PI3HOMAHITHUX CHTYAIlld 3 SKAMH MOXKE
3ITKHYTUCS KEpyBJIbHMI TIEPCOHANT y TMPOIECi CBOEI AISUTBHOCTI, OCOONMBO il Yac BUHUKHEHHS
HaJI3BUYAtHOT 00CTaHOBKW. HeBW3HAYeHICTh, B YyMOBax sIKOi y OararbOX BHIIQIKax Tpeda BKUBATH
YIIPaBITiHCHKI PILLICHHS, HAKIIAIa€ BIIOUTOK HA METONIHMKY, X111 1 KIHIIEB1 Pe3y/ibTaTy aHai3y pH3UKyY. MeTo,
1110 BUKOPHCTOBYIOTHCSI Y TIPOLIEC aHATTI3Y, TOBHHHI OyTH OpIEHTOBAHL, TSI 32 BCE, Ha BUSBIICHHS 1 OLIIHKY
MOXJIMBUX BTpaT 1 30MTKIB y pasi aBapii a0 Haa3BUYAHOI CUTYaIlll, BapTOCTI 3a0e3reueHHs Oe3MeKu 1
TiepeBar, oJIepyKyBaHUX ITiJl Yac peai3allii TOro Yu 1HILIOTO MPOEKTY.

AHai3 pU3MKy Mae psij 3arajbHIX MOJMOKEHb HE3aJIKHO Bl KOHKPETHOI METO/IMKH TTPOBEIICHHS
aHanmizy Ta creimiku BupinryBaHux 3ahaHb [2]. [lo-mepie, 3aranbHIM € 3aBIaHHS BU3HAYCHHS
JIOITYCTUMOTO PIBHS PHU3HKY, CTaHJApTIB Oe3MeKH OOCITyrOByIHOUOTO MEPCOHATY, HACENEHHS Ta 3aXHCTy
HaBKOJIMIIIHBOTO cepenorina. [lo-apyre, BU3HAYEHHS NOMYCTUMOTO PIBHA PU3HKY BifOyBAaeThCs, SIK
NIPaBIJIO, B YMOBaX HEJIOCTATHHOI a00 HEMepeBipeHol iHpopMaLlii, 0COOIMBO KOJM i€ CTOCYEThCS HOBUX
TEXHOJIOTIYHUX TporieciB abo HOBOi TexHiku. [lo-TpeTe, y Xomi aHanmizy 3Ha4HOIO MIpOK JOBOIUTHCS
BUPIIIYBAaTH MMOBIPHICHI 3ajadi, 1[0 MOXE IPUBECTH JO 3HAYHUX PO3OLKHOCTEH B OAEPIKYBAaHHX

19



3" International Scientific and Practical Conference «Fire Safety Issues 2024»

pesymbrarax. [lo-ueTBepre, aHami3 pU3UKY TMOTPIOHO pO3DISIIATH, SK TPOLEC  PO3B'S3aHHS
OaraTtoKpuUTepIHUX 3a/a4, 10 MOKYyTh BHHHKHYTH SK KOMIIPOMIC MK CTOPOHAMH, 3aIliKABICHIMH Y
MIEBHUX PE3yJIBTaTax aHalizy.

AHari3 pr3uKy MoXke OyTH BU3HAUEHHUI SIK TIPOLIEC BUPILICHHSI CKIIATHOTO 3aBIAHHS, 1110 BUMArae
PO3DISAY IIMPOKOTO KOJNia IMUTaHb Ta TMPOBEACHHS KOMIUICKCHOTO JOCTI/PKCHHS 1 OINHKHA TEXHIYHUIX,
SKOHOMIYHHX, YIIPABIIHCHKHX, COIAIBHUX, a Y PSIl BATIAIKIB 1 IOMITHYHUX YMHHUKIB [3]. BiH moBuHeH
JIaTH BiZOBI/I Ha TP OCcHOBHI TaHHst: «11{o moraHoro moxe crarucsa?» (ineHTrdikaris Hebesnek); « Sk
9acTo 116 MOYKE TPAIUIATUCA ?» (QHAJI3 YacTOTH); «STKi MOKyTh OyTH HACITIIKU? (aHAII3 HACITIIKIB).

OCHOBHMI €IEMEHT aHaJli3y PH3UKYy — ineHTH(IKamis HeOe3rmekn (BUSBICHHS MOMXIIMBUX
TIOpYIIEHb), 0 MOXYTh TPU3BECTH JI0 HETAaTWBHUX HACHTIIKIB. BUpakeHWi y HAOUBII 3arajJbHOMY
BUIJISA/IL IPOLIEC aHAJIZY PU3HUKY MOKe OyTH MPEJICTABIEHHH SIK Psi/i OCIIJOBHUX TTOALH:

1) mmaHyBaHHsI 1 OpraHizaiisi pooiT;

2) inenTudikariis HeOe3neK (BUSBIEHHs HEOE3MeK, MONepe/Hs OLIHKA XapaKTepUCTHUK HeOe3Iek,
JIeTaJIbHA OITIHKA XapaKTePUCTHK HEOE3IEK);

3) oLiHKa pU3KKY (aHaIi3 4aCTOTH, aHAII3 HACITIIKIB, aHAJII3 HEBU3HAYEHOCTEH TOLIO);

4) po3poOKa peKOMEH AL 3 YIPABIIIHHS PUHKOM.

[lepirre, 3 4oro MOUMHAETHCS Oy Tb-SIKUI aHAI3 PU3HKY, — 1€ TUTaHYBaHHSI 1 OpraHi3arisi poOiT. AHai3
PHBUKY TPOBOIUTHCS BIIIOBITHO JI0 BUMOT HOPMATHBHO-TIPABOBHX aKTIB IS TOTO, III00 3a0€3MeUrTH BX1/T
y TIPOLIEC YIPABIIHHS PU3UKOM, MPOTe OUTBII TOYHHUI BUOIp 3aBlaHb, 3aCO0IB 1 METO/IB aHAIZY PU3UKY
3a3BUYall He perIaMeHTYEThCs. B TOKyMeHTax HaroJoIny€eThes, 110 aHasTi3 HeOe3IeKH TTOBIHEH BIIIOBIIATH
CKJIQJTHOCTI TIPOIIECIB, 110 PO3MIIAAIOTHCS, HASIBHOCTI HEOOXITHHMX JaHWX 1 KBamidikarii (axiBiiB, sKi
TIPOBOIATH aHaJI3. B 11b0My pasi mepeBary HajaBatH CIiz] OUTBII IPOCTHM 1 3pO3YMIIAM METOIaM aHAITI3Y, a
He OUTBII CKJIQTHAM METO/IaM, He JI0 KIHIIS 3pO3yMUTHM 1 METOAMYHO 3abe3rmedeHrM. ToMy Ha Tiepiiomy
erari HeoOXiHO [4]: BKa3aTh MPUYMHM 1 TIPOOIEMH, 110 BUKIUKAIM HEOOXITHICTh MPOBEACHHS PH3HK-
aHaI3y; BU3HAYMTH CUCTEMY TS aHAJTI3Y Ta JIATH il OIMKC; ITiAi0OpaTy BiTOBITHY KOMaH/Ty JIs IIPOBEACHHS
aHaI3y, BCTAHOBUTH JpKepena iHhopMartii mpo 0e3reKy CUCTEMH; BKa3aTy BUXI/IHI AaHi i 0OMEXEHHsI, 110
O0OyMOBITIOIOTh MEXKI PU3HK-aHAJI3Y; YITKO BHU3HAUUTH MUl PU3MK-aHAIZY Ta KPUTEPii NPHUAHITHOTO
PU3HKY.

VY BCIX HOpMarvBax MICTHTBCS BUMOra JIOKYMEHTAJIBHOTO O(OPMIICHHS IhOTO €TaIly aHai3y
PHU3HKY.

Hacrymnwii eran ananizy pusuky — ineHTrdikartis Heoesrnek. OCHOBHE 3aBIaHHS — BUSBIICHHS (Ha
OCHOBI 1H(hopMaItii Ipo JaHKi 00'€KT, Pe3yJIBTaTIB €KCIIEPTU3H 1 JOCBITY POOOTH MOMIOHUX CUCTEM ) 1 UITKHI
OITKC BCIX MIPUTAMAHHKX cUCcTeM] HeOe3eK. Lle BiMoBinanbHIi eTarn aHali3y, TaK sIK HeBHSBIICH] Ha IIbOMY
erari HeOe3MeKu He MAAI0ThCS MONATBIIOMY PO3DIIAY 1 3HMKAIOTH 3 MO 30py. IcHye mimmid psa
(hopMaITbHUX METOIIB BUSIBIICHHS HEOE3IIEK MO SIKi HTHUMEThCs Hubkue. TyT HaBOIUTHCS MOTEPEHs OLIHKA
HeOe3MeK 3 METO0 BUOOPY MOAANIBIION0 HAMPSMKY JISsUTHHOCTI [5]:

- TIPUTIMHUTY TIOJAJTBILIMI aHATI3 3 OISy Ha HE3HAYHICTh HEOE3MEK;

- TIPOBECTH OLIBIII JIETATbHUI aHANI3 PUBHKY;

- BUPOOUTH PEKOMEH/IAITII III0/I0 3SMEHILICHHS HeOE3IIeK.

Buximni gani 1 pe3ynsTaTd  TONEPEAHBOI OIHKA HEOe3MeK TaKoK HAJCKHUM YHUHOM

JIOKYMEHTYIOThCS. B MpHHIMMI Mpoliec pu3HK-aHamizy MOYKe 3aKIHUYBaTUCS BKE Ha eTari igeHTudiKatlii
HebOe3MeK. 3a HeoOX1HICTIO MICH 11eHTU]IKaLlil HeOe3MeK MePEeXOIATh JI0 eTally OLIHKU PU3HKY.

I, HaperITi, OCTaHHI €Tar aHaI3y PU3UKY TEXHOJIOTTYHOI CHCTEMHU — PO3pO0Ka peKOMEH 1ALl 10710
3MEHIIIEHHs PIBHS PU3HUKY (YIPaBIHHSA PU3UKOM) y pasi, SIKIIO CTYMiHb PU3MKY BHIIE HPUIHSITOTO.
VipaBniHHA pr3uKoM (risk management) — 116 YacTMHA CHUCTEMHOTO MIAXOMy JIO MPHUHHATTS PiIlIeHb,
NpoLielyp 1 MPAaKTUYHHUX 3aXO[B y BHPILIEHHI 3aBIAHb MONEPELKEHHS a00 3MEHINIEHHS HeOe3NneKH
MIPOMHCIIOBUX aBapii JUTs KUTTS JIOIMHH, 3aXBOPIOBAHb a00 TpaBM, IIKOAM MarepiajlbHUM LIHHOCTSIM 1
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noBkunmo [1]. [lyist mporrecy ymparITiHHS PU3UKOM iCHYE KUTbKa Ha3B SIK Y HaIllii KpaiHi (3a0e3redyeHHst
TIPOMHUCIIOBOT Oe3MEeKH), TaK 1 3a KopoHOM («safety managementy, «management of process hazardsy), mo
(bakTaHO € cuHOHIMaMu. [lim MMM TepMiHAMH PO3YMIETHCS CYKYIHICTH 3aXOJiB, CIIPSIMOBAHMX Ha
3HIDKEHHS! PIBHS TEXHOTCHHOTO (TEXHOJIOTTYHOTO) PU3HKY, 3MEHILIEHHSI MOTEHIIIMHNX MaTepialbHIX BIpaT
Ta HIIMX HEraTUBHHX HACIIIKIB aBapiii Ta HA[3BUYAHHIX CUTYaLlii pi3HOro xapakrepy. [1o cyri moBa iine
Mpo 3aro0iraHHsl BUHUKHEHHSI aBapidHUX CHTYyalllii Ha BHPOOHWIITBI Ta 3aXOMM WIONO JIOKATi3arlil
HETATUBHUX HACITIJIKIB Y THX BHIIQIKaX, KOJIM BKE CTasIacs apapis a00 Ha3BH4aiiHa cutyartist. OcoOmMBICTIO
[IFOTO HANPSMKY € KOMIUICKCHICTh, IIO BKIIOYAa€ B ceOe pi3HI AacleKTd — IHKEHEPHO-TEXHIYHi,
OpraHi3aliifHO-yPABRITIHCEK], COIAILHO-CKOHOMIYHI, MeIU4Hi, OiojoridHi Ta iH. MHOXHUHHICTD
PE3YIIBTATIB aHAJTI3Y 1 MOYKJIMBICTH KOMITPOMICHHX PIIIICHb JIAFOTh ITiICTaBY BBAYKATH, IO aHAII3 PU3HUKY HE
€ CYBOPO HayKOBUM TIPOIIECOM, aJI€ TTIAETHCS TIEPEBIpITl 00'€KTHBHIMHI HAYKOBUMH METOIAMHU.

Omxe, BpaxOByIOUM Cy4YaCHE PO3YMIHHS BKJIMBICTI TPOIECY aHATIZYy PUBHUKY SIK YAaCTUHU
crpareriudoro ynpapiinasg OKI, mpuxommmo [0 BHUCHOBKY, IO Il CHCTEMa TIOBMHHA OPraHIYHO
IHTETPYBATUCS Y CUCTEMY TIJTAaHYBAHHS Ta YIPABIIHHS KPUTUYHO BLKIMBUX 00 €KTIB 3 YpaxyBaHHSIM YMOB
BOEHHOTO CTaHy [6].
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RISK ANALYSIS: CONCEPT AND PLACE IN SECURITY OF CRITICAL
INFRASTRUCTURE OBJECTS IN THE CONDITIONS OF A STATE OF WAR

Definitions of the concepts of risk analysis, threats and hazard identification regarding critical infrastructure
facilities are provided. The peculiarities of the analysis of man-made risks and negative impacts on people
and the environment are considered. The importance of risk analysis results for decision-making is
emphasized. Attention is focused on the features of risk analysis methods and their general provisions. The
stages of risk analysis and their main components are characterized. The importance of this process in the
conditions of martial law is noted.
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O. A. Botixo, kanouoam HAyK 3 0epACABHO20 YRPAGILIHHS,
Incmumym Oeparcagnoeo ynpasninHa ma HayKosux 00CIiONCeHb 3 YUBLILHO20 3AXUCIY

®OPMYBAHHS TA PEAJIIBAIIA JEPKABHOI ITOJITUKA
Y COEPI 3AXUCTY KPUTUUYHOI IHOGPACTPYKTYPH B YMOBAX BOEHHOI'O
CTAHY

3abe3neueHHs HAJIS)KHOTO PIBHS MOXKEKHOI Ta TEXHOTEHHO1 O€3MEeKH 00’ €KTiB KPUTHYHOT
1HQPaCTPyKTYypH B YMOBaxX BO€HHOTO CTaHy OaraTo B YOMY 3aJIeKUTh BiJ €(EKTHBHOCTI
(dbopMyBaHHs Ta pearizalii Aep>KaBHOI MOJITHKH Y cepi 3aXUCTy KPUTUYIHOI iHPPACTPYKTypH Ta
3a0e3MeyeHHs HalllOHaIbHOI CUCTEMH CTIMKOCTI YKpaiHu.

Cepen cy0’€KTiB HalllOHAJILHOT CUCTEMH 3aXHCTy KPUTHYHOI 1HPpacTpykTypu Jlep:kaBHa
ciyx0a YkpaiHu 3 HaJ3BHUYallHUX CHUTyalll — IIEHTPaJIbHUNA OpraH BUKOHABYOI BJIAJH, SKUN
3abe3neuye ¢GopMyBaHHS Ta peaii3alliio JepKaBHOI MOJITUKH Yy cdepl IUBUIBHOTO 3aXHUCTY.
HamionaneHa cucteMu 3aXUCTy KPUTUYHOT IHPPACTPYKTYPH B3AEMOJIE 3 €IMHOIO JIEPKaBHOIO
CHCTEMOIO IMBLILHOTO 3axucTy [1].

BnponioBx ocTaHHIX pOKIB 3apyOikKHI Ta HalllOHAJIbHI HOPMATHBHI JIOKYMEHTH I10JI0
BU3HAUYEHHSI CEKTOPIB KPUTUYHOI 1H(GPACTPYKTYpH Ta OCOOIMBO Ba)XJMBHX OO €KTIB s
CTBOpPEHHS BIANOBITHOI 3aKOHOJaB4oi 0azu B YkpaiHi nocnimkyBainu C. Azapos, Jl. biprokos,
C. €pemenko, C. Kapmazin, C. Konnpato, A. Ilpycekmii, B. Cunopenko, 1. CoxoloBChKHUH,
O. Cyxomons, O. Tecnenko, B. Tumenko, C. Yymauenko, B. FOpuenko Tta iHmi. ABTOpamu
HaroJIONIyBaJIOCh Ha TOMY, IO 3arajbHUN MIAXiJ OO0 BU3HAYCHHS OO0 €KTIB KPUTUIHOL
1H(ppacTpyKTypH MOBUHEH BKJIIOYATH 1AeHTU(IKAII0 Ta Kiacudikaliio 3arpo3, 11eHTH(IKaLio
ypa3auBOCTEH, OIIHKY HACIIJIKIB Ta BpaXyBaHHS YMCICHHUX B3a€MO3B’S3KIB 1 3aJI€KHOCTEH, 110
BH3HAYaIOTh OCHOBHI KpHTEpii BaKJIUBOCTI 00’€KTa, O€3MOCEepPEAHhO 3adillar0Th HAI[IOHAIBHY
Oe3reKy, BKII0Yaroyu O0e3MeKy JIOANHYU 1 TPOMaTHHHA, CYCITUIHCTBA Ta ICPKaBU.

[IutanHs 3aXWCTy KPUTUYHOI IHPPACTPYKTYypH B YMOBax HaJI3BUYAHHUX CHUTyaIlidi Ha
Cy4acHOMY €TaIli pO3BHTKY IHUBLIBHOTO 3aXUCTY, 3a0€3MEUCHHs] HAIIC)KHOTO PIBHS MOXKEKHOI Ta
TEXHOTCHHOI 0€3MeKu 00’ €KTIB KPUTHYHOI 1HOPACTPYKTYpH, QYHKIIOHYBAHHS €IMHOI IeP>KaBHOT
CHUCTEMH ITUBUIBHOTO 3aXHUCTy JOCIIKyBaiau B cBoiii MmoHorpadii C. Azapos, B. Cumopenko, C.
€pemenko, A. Ilpycekuii Ta A. JlemkiB. Ille mo movarky pociiicbkoi arpecii Oyyno JOBeACHO
aKTyaJIbHICTh NMUTaHb 3aXHCTY CHUCTEM, OO €KTIB 1 pecypciB, SIKi € KPUTUYHO BKIUBUMH IS
(yHKIIIOHYBaHHS CYCIIUIBCTBA, COIiaIbHO-€KOHOMIYHOT'O PO3BHUTKY JIEP)KaBU Ta 3a0e3MeUeHHS
HaIfioHanbHOI Oe3mneku [2].

BaxxnuBumu eranamu (opMyBaHHS ACpKaBHOI MOMITUKH y cepl 3aXUCTy KPUTHUYHOI
iH}pacTpyKkTypu cTano npuiHATTA 3akoHy Ykpainu Bim 16.11.2021 p. Ne 1882 - IX «IIpo
KpUTHYHY 1HPpAcTpyKTypy» Ta BumgaHHs Ykazy llpesumenta VYkpainu Big 27.09.2021 p.
Ne 479/2021 «IIpo pimenns Paau HanionansHoi 6e3niexu 1 o6oponu Ykpainu Big 20 cepmus 2021
poky «IIpo 3anmpoBakeHHs HAI[IOHATBLHOT CUCTEMH CTIMKOCTI».

3akoHoM Ykpainu «IIpo kpuTH4HY 1HPPACTPYKTYpPY» CTBOPEHO YMOBH UIsl (hOpMyBaHHS
Ta edeKTUBHOI peanizallii JAep:KaBHOI MOMITHKU y cdepi 3aXUCTy KPUTUYHOI 1HGPACTPYKTYpH,
chopMOBaHO MO3UTUBHUIA BIUIMB HE TUILKH Ha PO30YJOBY HalllOHAIBHOI CUCTEMH CTIHKOCTI, a i
Ha apXiTEeKTypy CBITOBOI O€3MEKH, BPaXOBYIOUH €BPONEHCHKUN Ta €BPOATIAHTUYHHUI BUOIp
Vipaiunu [1].

BnpoBamkena — HallioHanbHa ~— cHCTeMa  CTIMKOCTI  mepenbadae  3a0e3ledeHHs
(GYHKLIOHYBaHHSI TaKOro 0a30BOr0O eJeMeHTa sK Oe3leKa Ta 3aXHUILEHICTb 00’ €KTIB KPUTHYHOI
1HQpacTpyKTypHu,  30KpeMa  CTiilke  TMOCTayaHHS  IPOAOBOJBCTBA,  BOAONOCTayaHHS,
€HEeprornoCTayaHHs, MOCTaYaHHsS TEIUIOBOI €Heprii; cTiiike (YHKI[IOHYBaHHS TPAHCIOPTHUX
cucreM; KibepOesrneka; 3axHIIEHICTh Ta Oe3nepebiiiHe (yHKIIOHyBaHHA iH(opMamiiHuX Ta
KOMYHIKalliHHUX TOCTYT; 3a0e3neyeHHst 000POHU Ta MPABOMOPSIIKY; 31aTHICTh CHCTEMH OXOPOHH
3M0poB’sl (DYHKI[IOHYBaTHM B yMOBaxX IMOCWJICHHX HaBaHTaXeHb. OIHUM 13 MPIOPUTETHHX Ha
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ChOTONIHI cepes 0a30BUX E€IEMEHTIB HAI[IOHAIBHOI CUCTEMH CTIMKOCTI € TaKOoX CIPOMOXKHICTh
€TMHOI JIEP’KABHOI CHCTEMH LMBUIBHOTO 3aXHCTy 110 Ai B YMOBax 3arpo3d 4YM BUHHKHEHHS
HaJ[3BUYaHUX cuTyauii [3].

10 mucromama 2023 poxy KabGimer MinictpiB Ykpainu posnopsmkeHHsm Ne 1025-p
3arBepauB [Lnan 3axomiB 13 peanizanii Konmemniii 3a0e3nedeHHs HaIllilOHAIbHOT CHCTEMH CTIHKOCTI
no 2025 poky. Ilman Oyno chopmoBaHO 3 ypaxyBaHHSIM pPE3yJIbTaTiB OMIHIOBAHHS CHCTEMH
CTIMKOCTI VYKpaiHM B yMOBax BIHHM Ta HaJaHUX PEKOMEHJAIIi 13 YCYHEHHS BHSBICHHX
MDKCEKTOpaJIbHUX Bpa3zinuBocTei. OIHIOBaHHS TNPOBEICHO 3a MIATPUMKHA aMEPUKAHCHKUX
MapTHEpiB Ha MMOYATKy TOBHOMACIITAOHOTO POCIHCHKOTO BTOPIHEHHS B YKpaiHy. 3arnpoBaKeHHS
HAI[IOHAJIBHOI CHCTEMH CTIHKOCTI CHpHs€ PO3BUTKY HEOOXiTHOI CHPOMOXKHOCTI JepiKaBU 1
CYCHUIBCTBA 3amo0iraTv MUPOKOMY CIIEKTPY 3arpo3 Ta PU3HKIB Oy/Ib-SKOTO XapakTepy, a y pasi ix
HACTaHHS — pearyBaTy Ta BiTHOBJIIOBATUCH IIBUJIKO, SIKICHO Ta €()eKTUBHO, 30KpEeMa 1 Ha HATIPSIMKY
MOKEXHOI Ta TEXHOT€HHO1 0e3MeKu 00’€KTIB KpUTUYHOI 1H(pacTpykTypHu. Po3poOaenuii miaxis
70 CTIMKOCTI CHMHXpOHI30BaHMM 13 ocHOBHMMHU BuMoramu HATO 1 BpaxoBye ykpaiHCbKUIT
KOHTEKCT TOBHOMACIITaOHOT0 BTOPTHEHHS pOCiiichbKkoi eneparii.

Ha pucynky 1 BioOpakeHO BHU3Ha4YeHI HAI[IOHAILHUM 3aKOHOJIABCTBOM YTIOBHOBa)KEHI1
OpraHy 3 MUTaHb 3aXUCTYy KPUTUUHOI IHPPACTPYKTypH B YKpaiHi.

[Tix gac nii BOEHHOTO CTaHy
B mupHwmii yac (a Takoxk npoTarom 12 micAuiB micius iforo
MPUINMHEHHS Y1 CKaCyBaHHs)

Jlep>xaBHa city»0a 3aXUCTy KPUTHIHOT JHepxaBHa ciry»0a creriaabHOro 3B’ 3Ky Ta
1H(pacTyKTypH Ta 3a0e3MeUeHHS 3axucTy iH(popmaii Ykpainu
HaIllOHAJBHO1 CTIHKOCTI YKpaiHu

PucyHnok 1 - YnnoBHOBa:KeHi OPraHu 3 MUTAHb 3aXUCTY KPUTHYHOI iHPpPaCTPyKTypH
B YKpaiHi.

Jlep>xaBHa Ciry)0a 3aXHCTy KpUTUYHOI 1HOPACTPYyKTypH Ta 3a0e3medeHHsT HaIllOHATBHOL
CTIHKOCTI YKpaiHM BH3HAYCHAa YIOBHOBKCHWM OPraHOM 3 IUTAaHb 3aXHUCTy KPUTHYHOI
iHppacTpykTypn Ha MupHuUid 4ac. [IpaBoBuMH migcraBamu ii YTBOPEHHS € BHUMOTH 3aKOHY
Vkpainu «IIpo kputnuny inppacTpykrypy». HoBoyTBOpeHMii IEHTpaIbHUII OpraH BUKOHABYOI
BJIaJM Ma€ CIELiaJIbHUN CTaTyc, AisIbHICTh HOTO CIPSMOBYETHCS Ta KOOpaAuMHYyeThesi KabineTom
MinictpiB Ykpainu. Came Ha HBOTO IOKIAJAEHO 3a0e3redeHHs (opMyBaHHsS Ta peasizarliio
JIEp’KaBHOI TIONMITUKK y cdepl 3aXHCTy KpUTUYHOI I1H(PpACTPyKTypu Ta 3a0e3reueHHs
HaIllOHAJILHOT CUCTEMH CTIHKOCTI [4].

OpnHak y 3B 3Ky 13 BBEJICHHSAM B YKpaiHi Jlii BOEHHOI'O CTaHy, YCTAHOBJIEHO, 1110 IiJI yac
nii BOEHHOTO CTaHy, a TAKOX MPOTSAroM 12 MicsuiB micias WOro MPUIMHEHHS YU CKAaCyBaHHS
IIOBHOB)XEHHS YITOBHOB)XEHOI'O OpraHy y cdepi 3aXUCTy KPUTUYHOI 1HPPACTPYyKTYpH YKpainu,
nependadeHi 3akoHoM Ykpainu «IIpo kpuTuuHy 1HOPACTPYKTYpY», 3iiCHIOIOTECS JlepkaBHOIO
ci1y»k0010 CHelialIbHOTO 3B’ 3Ky Ta 3aXHcTy iHpopmarii Ykpainu [1].

Cuijy 3a3Ha4MTH, 1110 B yMOBaX BOEHHOT'O CTaHy TPUBA€E YJOCKOHAJICHHS 3aKOHOJABCTBA HA
HaMpPSIMKY 3aXUCTYy KpUTUYHOI iHPpacTpykTypu. [ToctanoBoro Kabinery MinicTpiB Ykpainu Bix
16 rpynus 2022 p. Ne 1384 3atBepkeHo B HOBiM penakiii Ilopsiiok BigHeceHHS 00’€KTIB 110
KPUTUYHOI 1HQpacTpykTypu Ta Ilepenmik CEKTOpIB KPUTHYHOI 1H(PaACTPyKTypH, 30KpeMa
cekTop 13 «lIuBUTbHMI 3axuCT HaceldeHHA 1 TepuUTOpi» (migcekrop «CiyXOM TMOPATYHKY
(arecToBaH1 aBapifiHO-pATYBaNIbHI CIIy’)KOM 3riHO 13 3aKOHOJABCTBOM). BHeceHO 3MiHM 10
MeTtoauku kareropusailii 06’ €KTiB 10 KPUTUYHOI iHDPACTPYKTYPH.

ITocranoBoro Kabinery MinictpiB Ykpainu Big 22 numnus 2022 p. Ne 821 3atBep/keHO
[Topsiiox mpoBeeHHS MOHITOPUHTY PIiBHSI O€3MeKU 00’ €KTiB KPUTHYHOI 1HOPACTPYKTYPH, SKUM
METOIO MIPOBEICHHSI MOHITOPUHTY BH3HAU€HO BCTAHOBJIEHHS BIANOBIIHOCTI CTaHy 3aXHUILEHOCTI
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00’ekTa KpUTHYHOI 1H(PPACTPYKTYpH BHUMOTaM 3aKOHOJABCTBA, JIOCTOBIPHOCTI HaJaHOI
iHpopManii Bu3HaYeHUM Cy0’€KTaM HaIllOHATBHOT CUCTEMH 3aXUCTY KPUTHUHOI iHPPaCTPyKTYpH,
HAQJIaHHS METOJMYHOI JIOTIOMOTH oOleparopaM oOO0’€KTIB KPUTUYHOI 1HQPACTPYKTYpH B
YIIOCKOHAJICHHI CUCTEMH 3aXHCTy KPUTUYHOI iHPpacTpykTypH [5].

BaxuimBe 3HaueHHs Mae€ BHU3Ha4yeHHs noctaHoBoo KaGinery MinicTpiB YKpaiHu Bin
28 xBiTHs 2023 p. Ne 415 mpouenypu ¢dopmyBaHHS i BeaeHHS Peectpy 00’€KTiB KPHUTHYHOL
1HPaCTPYKTYpH, BKIIOUYEHHS 00 €KTIB KpUTHYHOI iH(pacTpyKTypu 10 Peectpy, BHEeCEHHS 10
HBOTO iH(OpMaIi mpo 00’€KTH KpUTHYHOI 1H(YPACTPYKTYpH Ta IX BHKIIOYECHHS, AOCTYIY Ta
HajaHHs iHQOopMarii 3 Peectpy.

SIK BUCHOBOK, TIUTaHHS MOJAIBIIONO PO3BUTKY HAIlIOHATBHOI CUCTEMHU 3aXUCTY 00’ €KTIB
KPUTHYHOI 1H(PACTPyKTypH, 30KpeMa MIOAO 3a0€3MEeYCHHS HAJEKHOTO PiBHS MOXKEXKHOI Ta
TEXHOTeHHOI Oesreku, ii (yHKIIOHyBaHHS B yMOBaX BO€HHOTO CTaHy Ta TPHUBAIOYOi
MMOBHOMACIITaOHOT ~POCIHCHKO-YKpPAiHChKOI BIMHM MOTpeOYyIOTh MPOBEAEHHS MOAAIBIINX
HayKOBHUX JOCHIPKE€Hb, MPAKTUYHOIO BIIPOBA/DKEHHS iX pPE3yJbTaTiB B JISJBHICTH Cy0’€KTIB
HaI[lOHAJILHOT CUCTEMH 3aXUCTY OO0’€KTIB KPUTHUYHOI 1HPPACTPYKTypH, OPTaHIB Ta MIIPO3LIIB
[UBUTHHOTO 3aXHCTY.
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FORMATION AND IMPLEMENTATION OF STATE POLICY
IN THE FIELD OF PROTECTION OF CRITICAL INFRASTRUCTURE UNDER THE
CONDITIONS OF THE STATE OF MARTIAL

Issues of ensuring fire and man-made safety of critical infrastructure facilities under martial
law conditions and their dependence on the effectiveness of the formation and implementation of
state policy in the field of critical infrastructure protection are considered.

Scientific research by domestic scientists, national legislation on the protection of critical
infrastructure and its further improvement under martial law conditions are analyzed.

The role and place of the authorized bodies for the protection of critical infrastructure in
Ukraine in peacetime and during martial law were studied.
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B.O. I'aoup, HayionanvHuii yHigepcumem yusiibHo20 3axucmy Ykpainu
O.B. Hewnop, Incmumym 0epicasHo20 Ynpasiintsa ma HayKO8UX 00CAI0NHCEHb 3 YUBLIbHO2O0
3axucmy
P.I. lllesuenxo, 0.m.H., npogh., Hayionanvnuii ynigepcumem yusiibHO20 3axucmy Ykpainu

AHAJII3 HEBE3IIEK TA IOCTAHOBKA 3ABJAHHA 3 TOC/HKEHHSI
E®EKTUBHOCTI IHHOBALHINMHUX 3ACOBIB I'ACIHHA ITOKEXI HA OB’€EKTAX
KPUTUYHOI IHOPACTPYKTYPH

OO0'ekTH €HEPTETHKH, SIK OJJHA 3 KIIFOYOBHX TaTy3eid KpUTHYHOT iHQPACTPYKTYPH JICPKABH,
€ OJHMMHU 3 HAMCKIIAJIHIIINX JJIs TaCiHHS Yepe3 OJHOYACHY KOHIIEHTPALII0 MOXKEKOHEOe3eUHUX
peUoBHH, BUOYXOHEOE3NEUHUX Ta PaJiOaKTHBHHUX MarepiaiiB (y AESKHX BHUMAIKaX), a TaKOXK
oOaiHaHHS, 1110 3HAXOUTHCS M1J1 HAPYTOl0. YKpaiHa Ma€ BEJIMKY KUIbKICTb TAaKUX O0'€KTIB, SIKI
3/1aTHI 3a0€3MEeUnTH BJIACHI €HepreTUYH1 MoTpeOu Kpainu. Lle o3Havae, 110 OUIBIIICTD MOXKEKHO-
PATYBAJILHOTO TIEpPCOHAITY, KMOBIPHO, Oy/€ 3ajlydeHa J0 TaciHHSI [TOJKEX Ha TaKUX 00'€KTax.

be3 HanexxHUX 3HaHb IPOTE, K JIATU Ta PO HEOE3MEKH, MOB'sI3aH1 3 TAKUMU CUTYaIIsIMHU,
raciHHs ToXex Oyso 6 HemoxuBuM. Hapasi B YkpaiHi fitoTh abo OyayroThCs TEIIOBI, TiApo-,
aTOMHI, Ta30TypOiHHI Ta TU3EJIbHI eIEKTPOCTAHIII], K1 00'€IHaHI B €JUHY CHEPTETUYHY CUCTEMY
31 COUTBHUMHM pEeXHMaMH Ta O€3MEepepBHICTIO BHUPOOHUITBA 1 PO3MOJULY €JEeKTPOEHEPrii.
HaiimomupeHimmM THMOM eIeKTPOCTAHIl € TeryioBi TypOiHHI enekTpocrtaniii. I[lanuBae
TOCHOJJAPCTBO BKIIFOYAE CKJIAOM BYTUDIS, TOpdy Ta Mas3yTy, T'a30MpOBOIH, OOJMaJHAHHS LIS
MIITOTOBKK TaJIMBa (BYT1/UISI MOAPIOHIOETHCS HA TMHJI 1 HATPIBAETHCS 10 Ma3yTy) Ta KOTEIbHE
oOaiHaHHS, SIKE CIAIIOE MaIMBO [T BAPOOHUIITBA Tapu i1 TUCKoM J1o 130 Gap 1 TeMiiepatyporo
nmoHag 560°C. Ilapa momaeTbcs Ha TypOOTEHEPATOPH, JI€ BHUPOOISETHCA CTPyM, SKHM abo
HAJXOJUTh Ha PO3MOLILYI ITUTH Yepe3 IPOTH Ta IIMHU, a00 O6e3mocepeIH0 Ha ITiIBUIIYBaJIbHI
TpanchopmMaTopu A1 PO3MOMALTY TO JIHIAX eJEeKTporepenad Ha Jajiekl BifcTaHl. Arperatu Ta
oOnagHaHHS EHEProKOMITaHii BCTAHOBJICHI B CIICHIAJIbHO CHpoekToBaHuX OymiBmsax 3 | ta Il
CTYNICHEM BOTHECTIHKOCTI. Y TOJOBHOMY KOPITyCi €JIEKTPOCTAHIlii pO3TalloBaHI KOTEIbHS,
MaIlTUHHAN 3au 1 MIPUMIIIICHHS TUTS 00CITyTOBYBaHHS. ['onoBHMi
U TYTPABTIHHATAPO3TOIIILYHHIIPUCTPINT€HEPATOPHOTHATIPYTHPO3TAIIIOBAHIBIIIKEOy MiB11ab0
MopyyY3 Hero. 3aKpuTi 00 BIAKPUTI PO3MOILIRYI TPUCTPOI BUCOKOT HanpyrH (35, 110, 2201550 xB)
BCTAHOBJIIOIOTHCS OKPEMO BiJ roioBHOI OyaiBii. CydacHi MallMHHI 3aJId €JEKTPOCTAHIIIN MalOTh
noxuny He menIie 200 M, Bucoty 30-40 m 1 mpoit 30-50 M. Bucota korenbHi nocsrae 80 m. ¥V
KOTEJIBHAX EJIEKTPOCTAHIIIN MOXKYTb 30epiraTucst BeJuKi o0caru nanusa. [cHye pu3uk BUOyxy Ha
JUISHIIL MATOTOBKU BYTUIBHOTO TIOPOUIKY. Y KOTENIbHI TaK0XK BUKOPHUCTOBYETHCS BAXKKUN Ma3yT.
Bingomo, mo Tuck y Bakkux HadTompoBoaax Moxke pocsratu 30 MIla, a temneparypa — nmoHan
120°C. 3 mi€i npuyuHA HAPTONMPOBOAM I BAXKKOT'O Ma3yTy MPOKIANATh y CHEIialbHUX
KOXKyXaX, a TpyOH MIXK HUMU 3'€JHYIOTh 3 aBapiiiHuMu pe3epByapamu. OnHak y pasi aBapii Ha
KOMYHIKaI[IX Ma3yT MOXeE IIBUIKO PO3JIMUTUCA Ha MIUIOTY, a B JEAKHX BUINAJKaX HOro mapu
MOXXYTh CIPUYMHUTH TOXEXKY. MaIIMHHUNA 3all 3a3HAa€ 3HAYHMX HABAHTAXXEHb Yy BUIJISAAIL
MOTOPHOT0 MacJlia, CHCTEM 3MallleHHs TeHepaTOpPiB Ta eNEKTPUUHO] 13011511111 0OMOTOK reHEepaTopiB
Ta IHIIOTO €NEKTPUYHOro 00JIaHaHHs 1 TpUcTpoiB. TypOoreHepaTopu B MAalIMHHOMY BiIIICHH]
BCTaHOBJIIOIOTHCS Ha CIEIIaIbHUX MalJaH4YMKax Ha BHCOTI He MeHiie 8-10 M HaJa HyJIHOBOIO
BiMiTKOI0. CucTeMa 3MaIleHHs T€HepaTopiB CKJIANa€ThCs 3 MaclsaHuX OakiB emuicTio 10-15
TOHH, HACOCIB 1 MaCTUJIONIPOBO/IIB, BCTAHOBJICHUX Ha HYJbOBil MO3HAauIll, 3 TUCKOM Macina Jo 14
MIla. Yci xabenbHi NpUMIILIEHHS] €HEproKOMIIaHii po3/AJIeH] Ha HaliB MOBEPXH, TYHEI, KaHaIH
ta ranepei. KaGenbHi rajgepei Ta HaliB NOBEPXU PO3TALIOBaHI HA €NEKTPOCTAHLIAK, @ TyHENl Ta
BOZOBOAM - Ha ENEKTPOCTAHINSAX Ta IHIIMX EHEePreTWYHHX mianpueMcTBax. KabenbHi TyHemi
OyBalOTh TOPU3OHTAILHUMU Ta MOXWIMMH 1 MalOTh MOMEPEYHUI mepepi3 He MeHIe 2X2 METpPH.
KabGenbHi TyHeni po3aijieHi B3I0BX OpaHaMayepamu abo aBepuMa. J[oBkMHaA OIHOTO BIJCIKY
KabeIbHOro TYHEINIO i Oy1iBjero He moBUHHA nepeBuiyBatu 40 M, a mo3a Oyaisineto - 100-150
M. KoskHa cekIlisi TyHeno MOBUHHA MaTH HE MEHIIe JBOX JIOKiB aiameTpoMm 70-90 cMm, cuctemy
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BEHTHJIALIT Ta KaHami3amii. Y kaOelbHUX TYHENIX IMOKe)KHa HaBaHTara Moxke focsiratu Big 30 1o
60 kr/m2 [1].

JUist TaciHHA MOXKEX Y KaOeNbHUX MPUMILICHHSIX BCTAHOBIIOIOTH CTALlIOHAPHI YCTAHOBKU
BOJSHOTO Ta IMIHHOTO MOXEXKOTACIHHS, CHCTEMHM IapOBOTO MOXEKOTACIHHS Ta CHCTEMH
MOXKEKOTaciHHsA iHepTHUMH Tra3amu. CTamioHapHI YCTaHOBKM BOASHOTO Ta ITIHHOTO
MOYKEKOTaCIHHS 00JIaIHYIOTHCS TS TI0Jjaui BOTHETACHUX PEYOBUH BiJl MOXKEKHOTO aBTOMOOLIIS.
[Toxxkexxi HA MIACTAHIISX MOXYTh BHHHMKATH B TpaHcopMaropax, MACIIHHX BHMHKadax i
kabenpHOMY 00naHaHHi. [licTanIii Ha BEJTMKUX TUIOIIAX MAOTh CIEI[ialbHI MACJIsIHI CTaHIIIi, J1e
30epiraeTbCsi BENMKAa KUIBKICTH TpaHc(hopMaTopHOro macia. TpaHchopmaTopu Ta BHMHUKadi
PO3MOIUIBPYMX TPUCTPOIB pO3MillieHI Ha (QyHIAaMEHTaX, ITiJl HOUIMU 3HAXOJUTHCS MACISIHHHA OakK,
3'eqHaHUil 3 aBapiiHUM pe3epByapoM. KoxeH TpaHcpopMaTop pO3MILIYETHCSI B OKPEMOMY
MPUMIIIEHHI 1 3'€THYETHCA 3 EIEKTPOIIMUTOBOIO a00 KabeIbHUM KaHAJIOM 3a JOTIOMOTOI0 OTBODY.
Ha rigpoenekrpocTaHiisax MmiJBULLYBaJIbHI TpaHCPOPMATOPH pO3TallloBaHi 0€3 mocepeIHbo O1s
OyZiBII1 €IEKTPOCTAHIII], TOAL K BIIKPUTI BUCOKOBOJIBTHI PO3MOAUIbYI IIIUTH PO3TALIOBaHI OPYY
3 EJIEKTPOCTAHIIIEI0 1 MOXYTh TEpeaBaTh EJIIEKTPOSHEPTiI0 Yepe3 3aloBHEHI MacjioM Kadei,
MpoKiazeHi B TyHem. Bci enekTpocraniii Ta mijcTaHiii oOjagHaHI HAJIWHUMU CHUCTEMaMH
MIPOTUABAPIITHOrO 3aXKUCTy Ta CUTHANI3aLlll. Y pa3i MOKeXkK1 MOIIKOKeHe 00J1aJHaHHS Ta IPUCTPOi
ABTOMAaTUYHO BUMHKAIOTHCS MIPUCTPOSMH PETICHHOT0 3aXUcTy [2].

BpaxoByroun BHIe HaBeleHE 3a3HAYMMO, IO BAKJIMBHM BHUKIHMKOM IS O0'€KTiB
KPUTUYHOT 1H(PACTPYKTYPH EHEPTreTUYHOTO CEKTOpPY € 3a0e3NnedeHHs] €(PEKTUBHOTO pPIBHS
MOXKEKOTACIHHS 3 ypaxyBaHHSM I1HHOBAILIMHUX 3aXO/IB SIK BHUSBJICHHS TaK 1 TFaciHHS MOXKEX.
Hacamnepen e crocyerbcsi pob0 TEXHIYHMX cucTeM. ['OBOpsuYM Mpo POOOTOTEXHIKY B YCIX
rajry3sx, BapTo 3a3HAUYUTH, 1110 CbOT'OJIHI 1Ie Jy>Ke MepCHEeKTUBHA rally3b 1 )K0AHa cepa KUTTS HEe
00xoauThest 0e3 i pO3BUTKY.
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ANALYSIS OF HAZARDS AND SETTING THE TASK OF RESEARCHING THE
EFFICIENCY OF INNOVATIVE FIRE EXTINGUISHING MEANS AT CRITICAL
INFRASTRUCTURE FACILITIES

Energy facilities, as one of the key sectors of the state's critical infrastructure, are among
the most difficult to extinguish due to the simultaneous concentration of fire-hazardous substances,
explosive and radioactive materials (in some cases), as well as live equipment. Ukraine has a large
number of such facilities that are capable of providing the country's own energy needs. This means
that the majority of fire and rescue personnel will probably be involved in extinguishing fires at
such facilities.

Taking into account the above, we note that an important challenge for critical
infrastructure facilities in the energy sector is to ensure an effective level of fire extinguishing,
taking into account innovative measures for both fire detection and extinguishing. First of all, this
applies to robotic technical systems. Speaking about robotics in all fields, it is worth noting that
today it is a very promising field and no sphere of life can do without its development.
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AHAJII3 EOFEKTUBHOCTI ITOKEKHOI TA TEXHOT'EHHOI BE3ITEKH OB’EKTIB
KPUTUYHOI IH®OPACTPYKTYPH 31 3BEPITAHHSI HA®TOITPOJIYKTIB

OpHi€ro 3 KIIOYOBHX Tally3el KpUTHUHOI iH(pacTpykTypu YKpainu € HadTonmepepoOHa
MPOMUCIIOBICTb. PO3BUTOK 1 3picT wi€l MPOMHUCIOBOCTI HEMOXKJIMBHI O€3 HAsBHOCTI B JIepKaBi
IIPUEMCTB 110 30epekeHHI0 HaTH 1 HAPTOPOIYKTIB.

[TingnpuemcTBa 1O 30epexkeHHIO HAPTH 1 HAPTONPOAYKTIB, a caMe: pe3epByapH Ta
pe3epByapHi Mapkd po3NOaUTbUMX HadTo0a3, TEXHOJOTIYHI HACOCHI CTaHINi, 3aJi3HUYHI Ta
aBTOMOOUIbHI €CTakaJu, aBTO3alpaBHi CTaHIli, HAQTONPOIYKTONPOBOIN Ta IHIII TEXHOJOTTYHI
CIOPY/JIM TPAaHCIOPTYBaHHS Ta 30epiraHHs HadTU Ta HAPTONPOAYKTIB, € CKJIAJ0BOK YACTUHOIO
BEJIMKOTO KOMILJIEKCY IO BUIOOYTKY, TPAaHCHOPTYBAaHHIO, NepepoOlIl 1 30epekeHHI0 HapTH 1
HaQTONpOAYKTiB. BOHM BXOIATH Yy TEXHOJIOTIYHI CcXeMH 300py 1 MIATOTOBKU HapTU
(HadgrompomuciiB),  3abe3meueHHs  KOPHUCTYBadiB HaTonponykTtamu  (Hadrobasm),
MaricTpaibHUX HAQTONPOAYKTOIPOBOAIB, HAPTONEpEepoOHUX 3aBOJIB, TIEPEBATIOYHUX 1
po3nonIbHUX ~ HaToOa3, OO’€KTIB €HepreTuku Ta  enekTpudikalii, MiIIPUEMCTB
aBTOMOOUIBHOIO, 3aJi3HUYHOIO, BOJHOIO 1 MOBITPSIHOTO TPAHCIOPTY, TEIIOENEKTPOCTAHIIIMN,
OyIiBEeIbHUX OpTraHi3alliid, MPOMHUCIOBHX ITANPUEMCTB, MEXaHI30BaHUX CLITHCHKOTOCTIONAPCHKUX
MiAMPUEMCTB, 1[0 BUKOPUCTOBYIOTh HAPTONPOAYKTH. [IpH 1IbOMY OCHOBHHMH TiAMPUEMCTBAMU
10 30epekeHHI0 HA(TOMPOIYKTIB BBAXKAIOTHCS pe3epBYyapHi MapKu po3MmoAuIbunx HadToOas3.

V BignosigHocTi 3 BBH B.2.2-58.1-94 «IIpoekTyBaHHs CKiIaaiB HAadTH Ta HAPTONPOIYKTIB
3 THUCKOM HacuueHux mapiB He Bume 93,3 klla»y ckmagm HadTH Ta HAPTOMPOAYKTIB IO
MPU3HAYCHHIO Ta BIJHOIIECHHIO JIO CTMOKMBAdiB MOAUIAIOTHCSA Ha JBI rpynu. Jlo mepmioi rpynu
BIIHOCATh CKJIaaW JUIsi 30€peKEeHHs 1 BIAMYCTKH CHOXKMBadaM HapTH 1 HAPTOMPOIYKTIB
(madTob6a3m), TOBApHO-CHPOBUHHI Mapku HadTOmepepoOHHX 3aBOJIB 1 HAdTOTra30BUI00YBHHUX
MIIMPUEMCTB, Pe3epBYapHI MapKd MPU HACOCHUX IEpEeKauyyBaJbHUX CTAHINSIX MAariCTpaJbHHUX
HaTOMPOMYKTONMPOBOIIB 1 mepeBanoyHi HadToOa3u, mpuU3HAYCHI JUIsi TEepeBaIkd HaPTH 1
Ha(TOMPOMYKTIB 3 OAHOTO BUAY TPAHCMOPTY Ha iHmIH. Jlo apyroi rpynu BiAHOCATH BHAATKOBI
ckiaad HadTu 1 HaTOMPOAYKTIB, IIO BXOJATH JO CKJIaJy HPOMHUCIOBUX, TPAHCHOPTHHX,
€HEePTreTUYHUX 1 IHIIUX MMAMPUEMCTB, SKIIO M0 MICTKOCTI BOHU HE BIAHOCATHCS JI0 MEPIIOT IPYIIH.

B pesepByapHux mapkax Ha(TOMPOBOIIB Ta PO3MOALILYMX HadTOOa3 30epiratoThCs Ta
MepeKauyrThCs 31e0UIbIIoro ToBapHi HapTH Ta HaPTOMPOAYKTH Oe3 mepeadadyeHoro
TEXHOJIOTIEI0 1CTOTHOTO TEPETBOPEHHS iX BIIACTHUBOCTEH, 3a BHIKIIIOUEHHSM HEOOX1JHOIO
MiIICPiBY B’SA3KUX piuH. B TPOMDKHHUX TEXHOJIOTTYHHMX pe3epByapax Ha(TOBUX MPOMHCIIB Ta
HII3, xpim 30epiranHs Ta nepekayku, MOKe 3/1MCHIOBATHCS MIAITPiB, OXOJIOIKEHHS, cenapartis,
(a30Bi mepeTBOPEHHS Ta 1HII mpolecu Mo nepepodui HabTH Ta HAPTONPOAYKTiB. B KOXHIM
rajry3i € 0coOJUBOCTI MPOTIKAHHS TEXHOJOTIYHHUX IMPOILECIB, SIKI 1 00YMOBIIOIOTH 1X MOXKEXKHY
HeOe3MeKy Ta CTATUCTHUKY MOXKEXK.

OcHOBHOI0 33a4€I0 HaIIO1 Iep>KaBH € 3a0e3MeUeHHs] HOPMabHOI POOOTH MIAMPUEMCTB
Ha(pTOBOI MPOMHUCIOBOCTI, y TOMY YHCIII 1 3aXUCT X Bia moxex. L1 pynkuii gepxkasa nokianae
Ha JlepxaBHY cinyk0y YkpaiHu 3 HaJI3BUYAWHUX CUTYallil, sika 31 CBOro OOKY JOKIAAa€e BCIX
3yCHJIb JJIs1 3a00IraHHs MOXKEXK, a y BUMAJIKY X BAHUKHEHHS — CTBOPEHHSI YMOB IS IIBUIKOTO
I yCHIIHOrO TaciHHs, 3amodiraloyd THM CaMUM BEJIMYE€3HI MaTepiaibHi, €KOJIOTIYHI Ta
MOpaJIbHI 30MTKH.

PesepByapu ans 30epiraHHs HadTH 1 HaAQTOMPOAYKTIB BIJHOCATHCS A0 MPOMHUCIOBHX
CIOPYA’KEHb IT1JIBUIEHOI MOXKEeXHOT HeOe3nekn. B ocTaHHI pokM HamiTHIIacs TEHAEHIIS pOCTy
YHUCENbHOCTI 1 PO3MIpIB pe3epByapiB, IO NPU3BOAUTH /O 30UIBLICHHS IXHBOI MOXKEXKHOI
HEeOE3MEeKH 1, 0TKe, METOAH 13ac00u OOPOTHOM 3 MOKIIMBUMH MOKEKaMU 3a3HAIOTH ICTOTHI 3MiHU.
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OcobnuBoi yBarum, y ULbOMY IIJIaHi, 3acCIyroBYIOTh CKJIQAM TEpIIOi TpyHH, Ha SKHUX
BHUKOPHUCTOBYIOTh pe3epByapy MEPEeBaXXHO CEPETHHOTO 1 BEIUKOTO 00CATY.

JIlikBiganis nmoxxex HadTH 1 HAQTOMPOIYKTIB Y pe3epByapax 1 pe3epByapHHUX MapKax, 1o,
SIK TIPABUJIO, € CKIIQJIHUMH 1 BEJIMKUMH, BUMarae 3aTy4eHHs BEJIMKOi KITbKOCTI 0COO0OBOTO CKIIATY
MOKEKHOT OXOpOHW 1 3aco0iB mokexoraciHHs. LI moXkexi CyNmpOBOKYIOTBCS OCOOIHMBO
HEOC3NEYHUMH SIBUIIAMH TAKUMH SIK BUKWJ 1 CKHITAHHS HaQTONpOIyKTy. [IpudoMy BUKHI
MOJKJIMBHIA TPU TOPIHHI BCIX TEMHHUX HA(PTOMPOAYKTIB, IO MICTATh X04a O HE3HAYHY KUIBKICTh
BOJIOTH, a TAKOX TPH HAIBHOCTI JOHHOI BOJIH.

VY xofi raciHHA TOXEX, MOXKIIMBO TaKOX panToBe PyHHYBaHHS OKPEMHUX pe3epByapiB,
BHACJIIOK 9OTO HA(TOMPOMYKT MOXKE XBHJICK BHJIMBATHCH 32 MEXI OOBalyBaHHS Ha 3HAYHI
BIJICTaHi, yTBOPIOIOYH 3arajlbHAN OCEPEIOK MOKEeX1 Ha BEIHKIH IO 3 HACTYITHUM PO3TiKaHHAM
MAJIA0Y0r0 HAQTOMPOIYKTY, CTBOPIOIOUYH 3arpo3y CIOPY/DKEHHSM 1 3ac00aM MOXKEKOTaCiHHSL.

[Toxxexxi mpU3BOAATH HE JMINE 1O COLIANBHUX 1 MareplalbHMX 30MTKIB, aje 1 J0
3a0pyJHEHHSI HaBKOJMIIHBOIO CEpelOBUIA: MOBITPS, IPYHTY, BOAONM 1 3arubOeni TBapuH Ta
pociuH. B cBOIO uepry BOrHeracHi pe4oBHUHU sIKI BUKOPUCTOBYIOTHCS JUId iX JIKBLAaLli, B TOMY
paxyHKy 1 HIHOYTBOPIOIOU1 CKJIa[d, MPU3BOAATH /10 3a0pyJHEHHSI HAaBKOJIMIIHBOTO CEPEOBUILA.
Tomy B TenepimmHii Yac s MOXKEKHOI OXOPOHU aKTyaJlbHUM € TIUTAaHHS HE TUIBKW JIKBigamii
MOXKEXK, a TaKOXK IOMNEepe/PKeHHS a0o 3MEHIIEHHs 3a0pyaHeHHs, abo 3arubenl MpUpPOJHOTO
CepeIOBHUIIA TTi]T Yac 1X raciHHs.

[linoyTBOpIOBayi MO 3JaTHOCTI O PO3KJIAJAAHHS MiJ J11€:0 MIKPO(IOpH BOJOKM 1 IPYHTIB
MOAISIOTHCS Ha 010JI0T1YHO «M’SIKI» 1 «TBepAi». B cBoto uepry aktusHicTh (IIAP) 3anexuts Bix
iXHBpOi 3maTHOCTI A0 OlosoriuHoro poskiaganHs. Bei [IAP, mo BUKOPHUCTOBYIOTHCS TSI
oJlepKaHHS IMH, MOXKHa PO3MOJUIMTA B 3aJIGKHOCTI BIJ iX 3IaTHOCTI 70 O10J0TIYHOTO
PO3KJIaJIlaHHs Ha TPU TPYNH: O10JOTTYHO PO3KIIATAEM] PEUOBHHHM 31 CTYIIEHEM po3KiaaanHs 85 %
1 O1BITIE (M’ 5K1); O10JIOTIYHO CPETHBOPO3KIIATAEMI PEUOBUHU 31 CTyIIeHeM po3kiagaanas 70—-85 %,
Ta 010JIOTTYHO XKOPCTKI («TBepai») — MeHtie 70 %.

bionoriuno «TBepAil» MiHOYTBOPIOBadl HE 3AIMCHIOIOTH KAaHIIEPOTCHHHUH 1 MyTareHHUN
BIUIMB HA OPTaHi3M JIOJUHU. BOHM BIITHOCATHCSA 10 TMTOMIPHO HEOE3MEYHUX, MAJIOHEOE3MEUHNX
pedoBuH. XapakTep [ii TIHOYTBOpIOBa4Ya — 3a0pyJHEHHS HABKOJHUIITHHROTO CEpPEOBHINA
(meratuBHUH BIIUB Ha (iopy 1 GayHy). 3a00pOHIETHCS CKUIAHHS BUPOOHUYMX CTIYHUX BOJI, 1110
MICTSITh O10JIOTIYHO «TBEP/I1» MHOYTBOPIOBAYl, Y CHCTEMY KaHai3allii HaceJIeHuX MyHKTiB. [Ticis
raciHHA TMOXeXi HEOOXiIHO TepeadaynuTH OYMINEHHS BiJ TaKUX IIHOYTBOPIOBAYiB, IO
yTpUMYyBaIKCS B pe3epByapl a00 3HaXOAATbCA B MeXax OOBalyBaHHA, abo 31MBaTH iX Yy
MIPOMUCIIOBY KaHaJIi3aIlito, po30aBIIsIIOYN BOIOKO.

TakuM YMHOM, KOMIUIEKC MHUTaHb 3 JOCHIPKEHHS OpraHi3alliiiHO-TEXHIYHOI TOTOBHOCTI
aBapIiHO-PATYBAIBHUX MiAPO3IIIB J0 TaCiHHS MOXKEX B HadTONepepoOHiid MPOMHUCIOBOCTI, €
onHiei 3 akryanpHimuX 3aga4 JJCHC Ykpainu.

E.V. Golovchenko, I.M. Khmyrov, Doctor of Science in Public Administration, Associate
Professor, R.I. Shevchenko, Doctor of Technical Sciences., prof, prof.
National University of Civil Protection of Ukraine Kharkiv, Ukraine

ANALYSIS OF THE EFFECTIVENESS OF FIRE AND ENGINEERING SAFETY OF
CRITICAL INFRASTRUCTURE FACILITIES FOR THE STORAGE OF PETROLEUM
PRODUCTS

One of the key branches of Ukraine's critical infrastructure is the oil refining industry. The
development and growth of this industry is impossible without the presence in the state of
enterprises for the preservation of oil and oil products.

The article proves that the set of issues related to the study of the organizational and
technical readiness of emergency and rescue units for extinguishing fires in the oil refining
industry is one of the most urgent tasks of the State Emergency Service of Ukraine.
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2[ncmumym 0epircagHo20 YnpaeninHa ma HAyKoSux OOCTiONCeHb YUBIILHO20 3aXUCTY

A0 ITIUTAHHSA BU3BHAYEHHSA EOEKTUBHOCTI 3ACOBIB 3B’A3KY IIPU
JIKBIJAIII MMOXEX HA OBbEKTAX KPUTUYHOI IHOGPACTPYKTYPH

Hacenennst ta tepuropis YKpaiHu CbOTOAHI NPOJOBXKYIOTh IMepeOyBaTH MiJ CYyTTEBHUM
HETaTUBHUM BIUITMBOM TPHUPOJHO-TEXHOTEHHUX UYWHHHKIB, SKi TPU3BOJATH /0 BHHUKHEHHS
HA/I3BUYAHUX CHUTYaIliid, 3aru0eni i TpaBMyBaHHS JIFOJICH, TOTIPIICHHS YMOB XUTTEIISUTBHOCTI
gepe3 3a0pyTHEHHSI HABKOJIHUIITHBOTO IIPUPOAHOTO CEPEIOBHIIA, 1110, 0€3YMOBHO, 3aB/Ia€ 3HAYHUX
eKOHOMIYHUX 30uTKiB. Jlif IIMX YMHHUKIB TOCWIIOETHCS Y 3B'A3KY 31 3HAYHUM 3HOUICHHSIM
OCHOBHUX BHUPOOHMYMX (POHMIB, HEe(PEeKTUBHOIO EKCIUTyaTalll€l0 MPUPOJHUX PpECypCiB,
HEJOCKOHAJICTIO Ta 3aCTAPLIICTIO TEXHOJIOTTUHUX MPOLECIB OaraTboX raiy3eil MpOMHUCIOBOCTI,
OOMEXEHUMH MOXKJIMBOCTIMH JaepdkaBu y cdepl po3BUTKY 1 PEKOHCTPYKIIT BUPOOHUYOIO
MOTEHII1aTy, IPUPOJHUMHU OCOOJIIMBOCTSAMHU TOTO YU 1HIIOTO PErioHy YKpaiHH.

EdextuBHicTh 00pOTHOM 3 HaA3BUYAHUMM CUTYAI[IIMU 3HAYHOIO MIPOIO 3aJI€KUTh Bij
HaJIIHO opraHizoBaHOi cucTeMHu 3B'sI3Ky. Y TemepimHii yac B raphizoHax [ICHC mmpoko
3aCTOCOBYIOTBCSI Cy4YacHi CTalioHapHi, MOOUTbHI 1 mepeHocHi pamioctaniii KX 1 YKX -
niana3oHiB. [logampmuii po3BUTOK paaio3B'sI3Ky y MiAPO3AUIAX 3AIHCHIOETHCS B HANPSAMKY
MOJIIMIIEHHS TEXHIYHUX XapaKTepUCTUK pajioanaparypu, 301IbIIEHHS TOTYKHOCTI CTallilOHapHUX
paaioCTaHII 1 OCBOEHHS OUTBII BUCOKUX YacTOT.

BrnpoBamkeHHss HOBUX 3acO0iB TelEKOMYHIKAIiil BIIKpUBA€E IIMPOKI MOKJIMBOCTI JJIst
CBOEYACHOT'O BUSBJICHHS HAJA3BUYAMHUX CUTyallld, IUCTAHLIKHOTO YNPaBIIHHS CHJIAMH 1
3aco0aMu, a TaKOX 3aIUCy 1 aHATI3y MPOIECy JIKBIAAIlT HACTIAKIB HAA3BUUAHHUX CUTYAIIiiH.

Pu3nk BUHWKHEHHsS HaI3BUYAMHUX CHUTYyallid (TOKEX) ChOTOAHI 3aJIMIIAETHCS JOBOJII
BHCOKHM. 3pOCTae MacIITabHICTh HACTIIKIB aBapiii, kKaracTpod 1 CTUXIWHUX JUX, IO CTaBUTh
3aBJaHHs 3amo0iraHHsl BUHUKHEHHIO HaI3BUYAHHUX CUTYAIlil y psil HAMOLIbII aKTyalbHUX.

AHani3 IpUYMH BHMHUKHEHHS TaKOro CTaHy CIpaB II0Ka3aB, L0 HU3bKUH pIBEHb
3a0e3meUeHHsT TEXHOTCHHOI Ta TIOKEKHOI Oe3nmeku B YKpaiHi 3yMOBJICHUH HE TUIBKH
HemocTaTHIM 3a0e3neueHHsM miapo3ainie JJICHC, iX KiTpKICTIO, MaJIOIO IITATHOK YUCEIBHICTIO
0Cci0 PsIOBOrOo Ta HAYAJIBHUIBKOTO CKJIaly, BUCOKUM CTYNEHEM 3HOIIEHOCTI aBTOMATUYHMX
CHCTEM 3B’A3Ky, IpPOpPAaxyHKaMH B Opratizamnii LEHTPaJIbHUMH Ta MICLEBUMHU OpraHaMu
BHUKOHABYO]I BJIaJId, OpraHaMH MICLIEBOI'O CaMOBPsyBaHHS POOOTH i3 3a0e311eUeHHs] HaJIeKHOT O
PIBHS TEXHOI'€HHOI Ta MOKEXKHOT Oe3MeKH, ane i:

- HEJIOCKOHAJIICTIO 3aKOHOJaBYOr0 1 HOPMAaTHBHO-TIPABOBOTO 3abe3medyeHHs y cdepi
TEXHOTE€HHOI Ta MOKEXHOI 0e31eKH, 1110 MPU3BENO0 A0 po30aJaHCyBaHHS CUCTEMH YIPaBIIIHHS;

- HEJIOCTaTHICTIO (piHAHCYBaHHs 3aXOiB, CIPSIMOBAaHWX Ha OHOBJICHHS MaTepiaabHOT
0a3u, sIK B LIIJIOMY, TaK 1 3ac00iB 3B 3Ky 30KpeMa.

Takum ynHOM, icHY€E pobIEeMa 3a0e3MeYeHHsI JI€BOTO PIBHA YIIPABIiHHSA (3B’ SI3KY) i1 yac
TKBiAaii HaA3BUYANHUX CUTYalll (MOXKEXK) B CKIAJHUX YMOBaX PaioNepenIko.

D.S. Kovalenko?, I.1. Ruschak?, R.1. Shevchenko! Doctor of Technical Sciences, prof.
!National University of Civil Defense of Ukraine
2Institute of State Administration and Scientific Research of Civil Protection

ON THE QUESTION OF DETERMINING THE EFFICIENCY OF COMMUNICATION
MEANS IN FIRE EXTINGUISHMENT AT CRITICAL INFRASTRUCTURE
FACILITIES

The work deals with the problem of ensuring an effective level of management
(communication) during liquidation of emergency situations (fires) in difficult conditions of radio
interference. The main shortcomings and ways to overcome them are identified.
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Cepeiti Baspeniok, dokmop Hayk 3 depac. ynp., Hayionanvnuil ynisepcumem yuginbHo2o
3axucmy Ykpainu

3ABE3NEYEHHS TEXHOTEHHOI BE3IIEKH OB’€EKTIB KPUTUYHOI
IHOPACTPYKTYPU B YMOBAX BOEHHOI'O CTAHY

TexHorenna Oe3neka 00'€KTiB KpUTHYHOI 1H(PPACTPYKTypH B yMOBaX BOEHHOT'O CTaHy €
KITIOYOBOIO ISl 3a0e3MeUeHHs] HemepepBHOTO (PYHKI[IOHYBaHHS €IEKTPOCHEPTETHYHNX CHUCTEM,
TPAHCIOPTHHX BY3JIiB, TEJICKOMYHIKAIHHUX MEPEX Ta IHIINX BAKIMBUX 00'€KTIB.

Jlnisi BU3HAYEeHHsI CTaHy TEXHOTEHHOI Oe3MeKkHu 00’ €KTIB KPUTHYHOI iH(pacTpyKTypu B
yMOBaX BOEHHOT'O CTaHy HEOOXiTHO MpoaHali3yBaTH HACTyIHI Hanpsmu[1]:

1. BaxiuMBICTH  3a0e3neueHHs  TEXHOTEHHOi  Oe3rmeku  O0’€KTiB  KPUTHYHOI
1H(pacTPYKTYypH IiJT YaC BOEHHOT'O CTAHY;

2. aHamiz 1HQPACTPYKTYpPHUX OO0’ €KTIiB, SKi MOXYTh OyTH HUJTBOBUMH IS BOPOXKOTO
BIIUBY, BKJIFOUAIOYN €HEPreTUYH1, TPAHCIIOPTHI, KOMYHIKaIlIiHI Ta 1HIL CUCTEMH;

3. po3poOka Ta BNPOBAPKEHHS TUIAHIB HAJA3BUYAMHUX CHTYaIlid, SKi MependadaroTh
3aX0/U JJIs 3aXUCTY 00’ €KTIB KPUTHUYHOT IHPPACTPYKTYPH B YMOBAX BOEHHOI'O CTaHY;

4. BHUKOPHCTaHHS TMEPEJOBUX TEXHOJIOTiH Ta CHCTEM MOHITOPUHTY JJISi BHSIBICHHS Ta
pearyBaHHs Ha MOTEHIIITHI 3arpo3u Ha 00’ €KTU KPUTUYHOT 1HPPACTPYKTYpH;

5. 3abe3meueHHs BIAMOBIIHOI MIATOTOBKM IE€PCOHANY Ta PETyJspHE MPOBEICHHS
HaBYaHb Ta TPEHYBaHb 3 MUTAHb TEXHOTCHHOI OE3MEKH;

6. cmiBmparls 3 BIHCPKOBHMH Ta IMMPABOOXOPOHHUMHE OpTaHaMU JIJIsl KOOPAMHAIIT 3aX0/1iB
Oe3reku Ta 00OMiHy 1H(pOpPMAITIETO.

BaxxnuBicTe 3a0e3neueHHs] TEXHOreHHO1 Oe3neku 00’ €KTIB KPUTHUHOI 1HPPaCTpyKTypH
IT1]] 4aC BOEHHOT'O CTaHy MOJISTa€ B HACTYITHOMY:

- Oe3repediitHa podoTa KPUTHYHOI 1H(PACTPYKTYPH € BAXKJIMBOIO ISl €eKOHOMIYHOT
CTIHKOCTI KpaiHM B yMOBaX BOEHHOTO CTaHYy;

- HerepepBHE (YHKIIOHYBAaHHA OO'€KTIB KPUTHYHOI 1HQPACTPYKTYPH CIIPHUSIE
30epeKEeHHI0 CTa0lILHOCTI Ta CIIOKOI0 y CYCHIJIBLCTBI B YMOBax BOEHHOTO CTaHY,

- MOPYIIEHHS POOOTH 00'€KTIB KPUTHYHOI 1HMPACTPYKTYPH MOXKE MPHU3BECTH JI0
TyMaHITapHOI KPpU3H, 30KpeMa, BTpaTH JOCTYITY 10 MEAMYHUX IMOCTYT, BOJH Ta IHIIUX HEOOX1THUX
pecypcis,

- Oe3repediitHa poOOTa KPUTHUYHOI 1H(PACTPYKTYPH € BAKIUBOIO I 3aXUCTY
HalllOHAJILHO1 O€3MeKH KpaiHu Ta 3a0e31eueHHs ii BIiChbKOBOi TOTOBHOCTI.

AHani3 iHPpacTPyKTypHHUX 00’ €KTIB, IKI MOXKYTh OyTH HIJILOBUMH JUISI BOPOKOTO BILIMBY,
BKJIMBHH JUTsl 3a0€31IEYCHHS TEXHOTC€HHOT OE3MEKH B yMOBaX BOEHHOTO cTaHy. Jlesiki 3 HalOLIbII
MOTEHIIMHO BPa3JIMBUX 00’ €KTIB BKIIFOYAIOTh:

1. EnekrpocTaHIlii Ta €JIEKTpOMEpeXi: Halaau Ha €JIECKTPOCTAHINI Ta EICKTPOMEpexi
MOXKYTh IPU3BECTH JI0 MIEPEPB Y MOCTAUYaHH1 €JIEKTPOCHEPT] JIs HACENIEHHS Ta IPOMHUCIOBOCTI.

2. TpancnopTHi By3/Id: 3HHUIICHHS 4d OJNIOKYBaHHS KJIIOUOBUX TPAHCIOPTHHUX BY3IIB,
TaKHX 5K aepONOPTH, 3aJII3HUYHI BY3JIHM Ta MMOPTHU, MOXKE MPU3BECTH J0 TEPEIIKO/ y MepeMillleHH1
BIMCBbK, TyMaHITapHOI TOTIOMOTH Ta 1HIIUX BAXKIUBHX PECYPCIB.

3. KomyHnikamiiiHi Mepexi: Hamaau Ha TeJIEKOMYHIKaIiiHI MepeXi MOXKYTh MPU3BECTH
70 BTpaTH 3B’SI3KYy MK BIHCPKOBUMH YaCTUHAMH, YPSJAOBHUMU OpraHAMH Ta HACEJICHHSM, IO
YCKJIQJIHUTh KOOPIMHALIIIO JIiif Ta pearyBaHHs Ha KpU30Bi CUTYallii.

4. BoponocrauaHHs Ta CUCTEMH OYMIIEHHS BOJM: aTaKH Ha CUCTEMH BOJONOCTauyaHHS
Ta OYMILIEHHS BOJU MOXYTh NMPU3BECTH 0 MEpepB y MOCTaYaHHI MUTHOI BOJAU Ta 3a0pyIHEHHS
BOJIOMM, 110 3arpOXKy€E 310pPOB’I0 Ta KUTTIO MMOPAHEHUX OCI0 Ta YCKIaJHIOE MEAUYHY JOTIOMOTY.

5. CrpareriuHi 00’€KTH: CTpaTeriuHi 00’€KTH, TaKi AK sIEPHI eNeKTPOCTaHLii, XIMIUH1
3aBOJM Ta 1HII, MOXKYTb OyTH 0COOJIMBO MPUBAOIUBUMHU LUISMU JUISI BOPOJKUX HAMaiB, OCKUIBKH
1XHE MOLIKO/KEHHS MOXe MaTH JTAJIEKOCSKHI HACHIJIKU JJ1s1 O€3MeKH Ta 3/10pOB’ sl HACEJICHHS.
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Po3pobka Ta BIpoBaPKEHHS TUIAHIB HA3BUYAWHUX CUTYAIlill € BAKIIMBUMHU KPOKaMU IS
3a0e3MeueHHs] TEXHOIeHHOI Oe3nekn 00’ €KTiB KPUTHYHOI iHPPACTPYKTypu B YMOBaX BOEHHOTO
crany. Jleski KJIF0YOB1 aCHEKTH UX IUIaHIB BKIIOYAIOTh:

1. Inmentu¢ikamico TNOTEHUIMHUX 3arpo3: aHali3 MOXIIMBUX 3arpo3, SKi MOXYTh
BUHUKHYTH B YMOBAaX BOEHHOI'O CTaHy, € B@XKJIMBUM IIE€PIIUM KPOKOM Y po3poOIli IUIaHiB
HAJ[3BUYAHHUX CUTYyalin[2].

2. OuiHKy Bpa3auBOCTI 00’€KTIB: BU3HAYCHHS BPA3JIMBHX MICIIb Ta CUCTEM Ha 00’ €KTax
KPUTHYHOI 1HQPACTPYKTYPH, SKI MOKYTh OYTH IIJTbOBUMH ISl BOPOXKOTO BIUIMBY, € HEOOX1THUM
JUTsl BU3HAYCHHS MPIOPUTETIB y 3aX0J[aX 3aXUCTY.

3. Po3poOky crpareriii 3axucTy: po3po0Ka cTparerii Ta IIaHiB Iii 1 3aXUCTy 00’ €EKTIB
KPUTHYHOI 1H(PACTPYKTYpH BKIIOYAaE B ceOe BU3HAYCHHS 3aXOMdiB Oe€3MeKkd, MeXaHi3MiB
pearyBaHHs Ha HaJ3BHYAiiHI CHUTYyallil Ta KOOPAMHAIIIO 3 BIHCHKOBHMHU Ta MPAaBOOXOPOHHHMU
OpraHamH.

4. IliarotoBKy nepcoHaly: HaBYaHHS Ta TPEHYBaHHS IEpCOHANy 3 MUTAaHb O€3MEeKH Ta
JUSIM TIPY HAJ3BUYAMHUX CUTYAIlill € BAXKJIMBUMH €JIEMEHTAMH peajizallii MiaHiB.

5. KoHTponp Ta OHOBJIEHHS: IJIaHW HAA3BUYAMHMX CUTyalllil MOBUHHI MEPIOJUYHO
TIEPErJIAAaTUCS,, OHOBIIFOBATUCS Ta TECTYBATHCS, MIO0 BOHU 3aJMIIANUCS AaKTyaIbHUMH Ta
e(eKTUBHUMH Yy BIANOBIIb HA 3MIHHU Yy 3arp0o3ax Ta yMOBaXx.

6. CuniBmpars Ta KOOpAHHAILIS: BaXxTiBO 3a0e3MeYUTH CITIBITPAIIO Ta KOOPAWHAIIIIO0 MiXkK
pI3HUMU BIZJOMCTBAMHU Ta OPraHi3allisiMH, BKIIIOUYAOUM BINCHKOBI, MPABOOXOPOHHI, ITUBUIBHI Ta
MIPUBATHI CEKTOPH, /U1 €(EeKTUBHOIO pearyBaHHs Ha Ha/I3BUYaiiHI CUTYAIlI]l Ta 3aXUCT KPUTUYHOT
1H(ppacTPyKTypH.

BukopucTanHs TepefoBUX TEXHOJIOTIH Ta CHCTEM MOHITOPHHTY € BaXKIIMBUM aCTIEKTOM
3aXUCTy OO'€KTIB KPUTHUYHOI I1HPPACTPYKTypHu B yMOBax BO€HHOro craHy. Jleski 3acoOu
TEXHOJIOT1H Ta CUCTEM MOHITOPUHTY BKJIFOYAIOTh:

1. CucremMu BIJIEOCTIOCTEPEKEHHS: BCTAHOBJICHHS KaMep BiJICEOCTIOCTEPEKEHHSI Ha
KJIFOUOBHUX MICIITX MOJKE JIOTIOMOTTH BHUSBIISTH IIO3pUIl Mii Ta BOPOXKI 3arpo3u Ha 00'€KkTax
KPUTHYHOT 1HQPACTPYKTYpH.

2. JlpoHUW 1 CymyTHHMKOBI CHCTEMH: BHKOPHUCTAHHS JPOHIB Ta CYNyTHHUKOBHUX CHCTEM
JI03BOJISIE OTPUMYBATH MIUPOKUH oOcAT 1HGOpMAIIii Tpo cTaH 00'eKTIB IHPPACTPYKTYpH Ta BYACHO
BUSBIISITH OYy/Ib-51KI aHOMAJTIi Y1 HEOE3IMeKH.

3. Cucremu aetexilii iHTPY3ii: BCTAHOBJICHHS CyYaCHHMX CHCTEM JETEKIli 1HTpY3ii, sKi
BUKOPUCTOBYIOTh PI3HOMaHITHI CEHCOPH Ta IaTUYUKHU, J03BOJISIE BUSBIIATH HEMPABOMIPHHM 10CTYTI
Ha 00'€KTH KPUTUYIHOI IHPPACTPYKTYPH Ta aKTUBYBATH BiJIOBIIHI 3aXOAH 3aXHUCTY.

4. Cucremu curHamizamii Ta  aBTOMAaTMYHOTO  CHOBILIEHHS:  BCTAHOBJICHHSA
CUTHQJII3alllHHUX CHCTEM Ta CHCTEM aBTOMAaTHMYHOI'O CIIOBIIIEHHS JI03BOJISIE OIEPaTHMBHO
pearyBaTH Ha MOTCHIIIHI HEOE3MEKH Ta aKTUBYBATH HEOOX1HI 3aX011 OE3TEeKH.

BukopucTaHHs LUX TEXHOJIOTIH Ta CUCTEM MOHITOPUHIY JOINOMArae IiJBUIIUTH PIBEHb
0e3neKu 00'eKTIB KpUTUYHOI IH(PPACTPYKTYpH B YMOBAX BOEHHOTO CTaHy, 3a0€3MeUyI0UYH MIBUAKY
BI/IMOB1/Ib HA MOTEHIIIMHI 3arPO3U Ta MIHIMI3YIOUH MOJKJIMB1 HACITIIKH.

3abe3neueHHs B1IOB1IHOT MIATOTOBKYU MEPCOHATY Ta MPOBEJCHHS PErYJISIPHUX HaBYaHb 1
TPEHYBaHb € BAKIMBUMH €JIEMEHTaMM 3a0€3[eUeHHs] TeXHOTeHHOI 0e3MeKn 00'eKTiB KPUTHUYHOT
1H(GPaCTPYKTYPH MiJ Yac BOEHHOTO cTaHy. Jleski KII0YOB1 aCleKTH BKIIIOUAOTh:

1. TpenyBaHHs 3 pearyBaHHS Ha HaJ3BUYaiiHI CHUTyalli: peryyisipHi TPEHyBaHHS 3
peaTiCTUYHUMHM CLIEHApisIMU JIOTIOMAaraloTh MEPCOHANy OO0'€KTIB KPUTHUYHOI 1HQPACTPYKTypH
HaOyTH HEOOXiJHUX HABUYOK 1 3HaHb /IS €()eKTUBHOIO pearyBaHHs Ha MOTEHIIIHI 3arpo3u.

2. OHoBIIEHHs Ta ajanTailis TUIaHIB eBakyallii Ta [ii: MmepioJuYHe OHOBJICHHS Ta
MeperJisil MIaHiB eBakyarlil Ta il B pa3i HaJ3BHYaHUX CUTYalliil TO3BOJISE€ BPaXOBYBAaTH HOBI
3arpo3u Ta HaiKpallli MpakTUKH 115 3a0e31eUeHHs Oe3MeKH ePCOHATY Ta 00'€KTIB.

3. TexHiuHa MirOTOBKA: MEPCOHAN MOBMHEH MaTH PO3YMIiHHS POOOTH TEXHIYHOTO
oOylaiHaHHS Ta cuUCTeM Oe3MeKH, 10 BHUKOPHUCTOBYIOThCS Ha 00'ekTax, Ta OYyTH 3aTHUM
e(eKTUBHO KEpyBaTH HUMH B YMOBAX €KCTPEHUX CHTYaIlii.
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4. Orinka pU3MKIB 1 aHAJi3 HABYAILHUX CIIEHAPIiB: PEeryJIIpHE IMPOBEICHHS aHATI3y
PU3HKIB Ta OIliHKA MOTEHI[INHNX HABYAIBHHUX CIIEHAPIiB O3BOJIAE BUSBISTH CIIA0KI MicCIsl B
cucTeMi TeXHIYHOI Oe3MeKH Ta pO3pOOISATH CTpaTerii A IXHOTO MOJOJTaHHS.

[IpaBuabHO CIUTAaHOBAHI Ta MPOBEACHI TPEHYBAHHS TO3BOJISIOTH ITIBUIIUTH TOTOBHICTh
MEPCOHATY /0 T B KPUTUYHHMX CUTYAIisiX Ta 3a0e3neynTd ePEeKTHBHY peakiiro Ha Oy.b-sKi
TEXHOT'CHHI 3arpo3H.

CriBrpans 3 BiiCBKOBUMH Ta IPaBOOXOPOHHMMH OpraHaMH € BaKJIMBHM €JIEMEHTOM
3a0e3MeueHHs] TEXHOTEHHOT 0e3MeKH 00'€KTiB KPUTUYHOI iHQPACTPYKTYPH B YMOBAaX BOEHHOTO
crany. [lesiki KIIFOUOB1 aCIEKTH L€l CIIBIpali BKIIIOYAIOTh!

1. OOMiH iHpOpMaILi€erO: peryIsapHuid 00OMiH iH(OpMaIIi€lo MK 00'€KTaMU KPUTHIHOT
1HpPaCTPYKTYypH, BIHCHKOBHMH Ta IPAaBOOXOPOHHUMH OpraHaMU JIO3BOJISIE IIBUIKO PearyBaTH Ha
MOTEHIiITHI 3arpo3u Ta KOOPAMHYBATH 3aX0AN OC3IEKH.

2. Koopaunamist aiii: cniibHE MJIaHyBaHHSA Ta KOOpPJHMHALS A1 3 BINCHKOBUMH U
MIPaBOOXOPOHHUMU OpraHaMH JI03BOJISIE €(DEKTUBHO B3aEMOIISTH y pa3l KPU30BUX CUTyalld Ta
BUpIIITYBAaTH HarajabH1 NpoOIeMu.

3. CrinpHI HaBYaHHS Ta TPEHYBAaHHS: CHUIbHE NMPOBEJECHHS HaBYaHb Ta TPEHYBAHb
J03BOJISIE TIEPEBIPUTH €(PEKTUBHICTh IUIAHIB I Ta MIABUIIUTH TOTOBHICTH JIO CIUIBHOTO
pearyBaHHs Ha MOXKJIMBI 3aTPO3H.

4. OOMiIH KpallMMM MpaKTUKaMU: CIIBIpals 3 BIHCBKOBUMHU Ta MPaBOOXOPOHHUMU
opraHaMy JO3BOJISIE OOMIHIOBATHCS KpAallUMH TPAKTUKaAaMW Ta JOCBIJIOM 3a0e3MeueHHs
TEXHOTe€HHOI Oe3MeKn Ta ePeKTUBHOT B3aeMO/IIi B yMOBaX KPU30BUX CUTYaLlIH.

CriBripanst 3 BIMiCBKOBUMH Ta NPaBOOXOPOHHHMH OpraHAMH € BRKJIMBHM EJIEMEHTOM
YCHIMIHOTO 3a0€3MeUeHHs] TEXHOT€HHO1 0e3Mekn 00'eKTIB KpUTUYHOI 1H(PPACTPYKTYypH B yMOBax
BOEHHOT'O CTaHy.

B ymMoBax BOEHHOTO CTaHy TEXHOT€HHA Oe3reka 00'eKTiB KpUTHIHOT IHPPACTPYKTYpH CTAE
KPUTUYHO BAXJIMBOIO I 3a0e3neueHHs Oe3nepeliiiHoro (yHKIIIOHYBaHHS CYCIUJIbCTBA Ta
3aXKMCTy HaIllOHAJIBHUX iHTEpeciB[3].

3abe3nedeHHs] TEXHOTEHHOT O€3MeKH 00'€KTIB KPUTHYHOI 1HOPACTPYKTYPH € CKIAJHUM Ta
OaratoacneKTHUM 3aBJIaHHSM, aJie 32 HAJIC)KHOI OpraHi3arlii Ta CIiBIpari MOXKJIUBO MIHIMI3yBaTH
PHU3HKHU Ta 3a0e3MeunTH OE3IeKy HaIllOHATBLHUX PEeCypPCIB Ta JKUTTS TPOMAJISH y TIepio ] BOEHHOTO
CTaHy.
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ENSURING TECHNOLOGICAL SECURITY OF CRITICAL INFRASTRUCTURE
OBJECTS UNDER THE CONDITIONS OF THE STATE OF MARTIAL

Ensuring man-made safety of critical infrastructure facilities is a complex and multifaceted

task, but with proper organization and cooperation, it is possible to minimize risks and ensure the
safety of national resources and citizens' lives during martial law.
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A0 IUTAHHSI OBI'PYHTYBAHHA KOMILIEKCY IH®OPMAIIIFIHO-TEXHI‘IHPI?(
3AXOIB 3 NIABUIIEHHSA ITOXEKHOI BE3IIEKN HA OB’€EKTAX KPUTUYHOI
IHOPACTPYKTYPHU

3abe3meueHHsT MOKEKHOT OC3MEKH MMiIPUEMCTB, OYIUHKIB 1 CHOpPYI € OJHIE 3
HallaKTyaJIbHININX 3334, [0 CTOSITh Mepe]] HALIOK Jep)kaBolo. Lle 00yMOBIEHO THUM, LIO if
Yac TMOXKEX 3HUIIYIOTHCS BEIUYE3HI MaTepialibHi IIHHOCTI, HAHOCHTHCSA MIKOJA
HABKOJIMIITHBOMY CEPEJOBUNILY 1, IO HAWOUIBII BaXKIMBO, THHYTH JIFOJIU, Y4 HAHOCUTHCS KO
iIXHBOMY 3/I0POB'IO.

[ToxxexxHa Oe3reka € CKJIaJOBOI0 YAaCTUHOIO BCI€T JISJIBHOCTI JIEPKaBU M OKpeMHUX
MIJIPUEMCTB 1 OpraHizaliil y IpoOMHUCIOBOCTI Ta CUIbCBKOMY TOCIOJIapPCTBI.

BaxnnBoro 0coOIUBICTIO cOLiaIbHOT IHPPACTPYKTypH YKpaiHU € HasBHICTb BEJIMKOI
KUIBKOCTI 00'€KTIB XIMIYHOTO BHUPOOHMIITBA, 110 Y JaHHUIl 4ac PEeKOHCTPYIOIOThCSA. ABapii,
MOKEXK1 1 BUOYXH Ha JJAHOMY KJIacl MIIPUEMCTB HOCSTh, SIK IPAaBUJIO, PO3BUBAIOYUI XapakTep,
10 BIUIMBAE Ha IIBUAKICTH 1 IPABUIIbHICTh MPUIHSTTS pillIeHb 110 OpraHizailli 00HoBUX i, Ha
MPOTHO3 OOCTAaHOBKH, 1 B LIUTOMY, Ha O€3MeKy MPaIffOI0uuX 1 0COOOBOTO CKJIAAY MOMXKEKHUX
MiIpO3AUTIB. Y TOH e 4yac, MOKEe)KHA 0XOpOHa HE Ma€ JIOCTaTHROI iH(opMaIlii mpo po3BUTOK
aBapii MOB'sI3aHOI 3 MOXKEKEIO, YN 3 BUOYXOM.

BuBuenHs npobiieM, MOB'A3aHKUX 3 aBapisiMU 1, 30KpeMa, MoKeKaMu 4d BUOyXaMH Ha
MTPOMHUCJIOBHX TIMPUEMCTBAX, BUMAara€ 3acTOCYBaHHS pE3yJbTaTiB, OTPUMAHHUX Yy PI3HUX
rajy3sax Hayku: (i3I, Teopii ropiHHS 1 BHOYXy, AESKUX IHIIUX CHEI[laJIbHUX Taly3six
MEXaHIKM CYIIUIBHUX CEPEJIOBHIN, MaTeMAaTUYHIA CTATUCTHIIl, MTPOrpaMyBaHHI 1 T.iH. Tomy
BOXJIMBUM € TIOPIBHSUIbHUHM aHaji3 ICHYIOUMX METOJIB OIIHKH XapaKTEPUCTHK PO3BHUTKY
aBapii, moxexi 1 BUOIp BIAMOBIIHUX MaTeMaTUYHUX 1 (PI3UYHUX MojeNed Ui KiUTbKICHOI
OIIIHKM XapaKTEPUCTHUK OKPEMHUX €TarliB aBapii.

Jlyst Toro, 11100 epeKTHBHO BUPINIYBATH BECh KOMIUICKC MTATaHb 110 JIIKBiIaIlii HACJTiIKIB
aBapii, MOB'sI3aHOI 3 TIOXKEXKEI0 UM BUOYXOM Ha MPOMHUCIOBOMY IiANPUEMCTBI, HacCaMIIEpe/,
HEOOXITHO BMITH PO3PaxOBYBaTH OCHOBHI XapaKTEPUCTUKH PO3BUTKY IMOJiH. 30KpemMa, BapTo
BHU3HAYUTH, KOJIU cCaMe Ta e B1IOY My ThCsl BUOYXU YW BUHUKHYTh MOYKEXK1, HACKITBKUA ICTOTHUM
Oyne ixHii BIUIMB Ha OO'€KTH, IO 3HAXOIATHCS HA TEPHUTOPIi MANPUEMCTBA (HANMPUKIIA,
YIIKO/DKCHHsSI ¥ oOBajieHHs OyAMHKIB 1 CHOpPYH), K TOXKEKa Ha OAHOMY 3 OO0'€KTIB MOXKE
1HIIIFOBATH JIAHITIOTOBY PEaKIliro. Y CBITOBIM JIiTepaTypi 3a3HaUEH1 JTAHIFOTOB1 peaKIlii 3By ThCs
edeKTy “IoMiHO”.

BaxxnuBoi € Takok OIliHKa BIUIMBY HeOe3MedyHHMX (PaKTOpIiB MOXKEXKI 4M BHOYXYy Ha
KUTTS 1 3I0pOB'S JIFOJICH, 110 3HAXOJATHCS Ha TepuTopii mianpuemcrsa. [Ipudyomy B nanomy
BUIIAJIKy BapTO BPaxOBYBaTH K BIUIMB Oe3mocepenHiii HeOe3neuHux (PakTopiB MOKEKI UM
BUOYXy (BUCOKa TeMIIEpaTypa, MOTIK TEIUIOBOTO BUIIPOMIHIOBAHHS, BILTUB YIapHOT XBUIII UM
bpouTy nednarpaiiiiHoro ropiHHs), Tak i ormocepeaKoBaHUil BIUIMB HeOe3neyHuX (pakTopiB
aBapii - HaNMpUKJIaa, MOXKIUBICTh TPABM UM 3aru0ei JI0Aei, 10 3HaXOAIThCS B Oy IUHKY, 110
M1JIa€THCS BIUTUBY MOXKEXK1, Y Pe3yJIbTaTl MOBHOTO UM YaCTKOBOT'O OOBaJICHHS.

D.S. Fomichev, R.I. Shevchenko, Doctor of Technical Sciences., prof.
National University of Civil Defense of Ukraine

ON THE ISSUE OF JUSTIFICATION OF THE COMPLEX OF INFORMATION-
TECHNICAL MEASURES FOR IMPROVING FIRE SAFETY AT CRITICAL
INFRASTRUCTURE FACILITIES

In the work, a comparative analysis of existing methods of assessing the characteristics of
the development of an accident, fire, and the selection of appropriate mathematical and physical
models for the quantitative assessment of the characteristics of individual stages of the accident
are carried out.
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O.C. Llepbax, O.A. /lepes’sinko, k.m.u., ooy., P.I. [lleguenko 0.m.H., npocp.
Hayionanvnui ynisepcumem yuginbHozo 3axucmy Yxpainu

A0 IIUTAHHSI BUSIBJIEHHA OCEPEIKOBUX O3HAK I IIVISIXIB
PO3NNOBCIOJ’KEHHSA HA/IBBUYANHUX CUTYAIIN HA OB’EKTAX
KPUTUYHOI IHOPACTPYKTYPH

B pesynbrari ropiHHA, sKe BiIOYyBa€ThCs i Yac TOXKEXKi, Marepiaja, KOHCTPYKIIi,
oOJlaflHaHHSI Ta OKpPeMi NPEIMETH, MO IiJIAl0THCS BIUIMBY BHUCOKHX TEMIIEpaTyp, 3a3HAIOThH
pi3HOTO CTyIeHs pyiiHyBaHHSA i Aeopmariii abo MOBHICTIO 3HUIIYIOTHCS.

SIk mpaBMIIO, CTYMiHb PYHHYBaHHS OyBa€ Pi3HUM, 1 LSl CUTYAIlisl 4aCTO BUKOPHCTOBYETHCS
JUTSE BA3HAYCHHSI MICIIs TIOKEXK1. LIeHTp mokeki 9acTo aCOLIOEThCS 3 AUISTHKOIO, JIe BUTOPSIHHSA 1
pyHHYBaHHS HalOUIbII IHTEHCUBHI. Y LbOMY BHIAJKy POOUTHCS MPUITYLIEHHS, 110 HalOLIbII
pyHHYBaHHS CHpPUYMHEH1 OUIbII TPUBAJIUM TOPIHHSAM, OLIBII TPUBAIMM BIUIMBOM BHCOKHX
TeMIeparyp, ToOTO 4acoBUMHU (aKTOpaMHu, 1 POOUTHCS BHCHOBOK, IO IOXKEXKa, MOXKIIMBO,
royaiacs came B il 30H1. YacTo Tak 1 BiIOyBa€eThCs.

3BUYaiiHO, HEMHHYYE, 1110 JIOBIIMM Yac rOpiHHS NpPU3BEAE A0 MACIITaOHUX PYHHYBaHb 1
BUILUX TEMIEpPaTyp Yy LIEHTPl MOXKEXI, 10 BIUIMHE HA IHTEHCHBHICTb 1 MacliTabu pyHHYBaHb.
OpHak Taki 00CTaBUHH, SIK Yac FOpiHHSA, HE € €IMHUM (AKTOPOM, 1 B JIEIKUX BHUIIAJIKaX MOXYTh
OyTH MPUYHUHOIO HAaHOUIBIIOT0 MOUIKO/XKEHHS! KOHCTPYKIIIH 1 MaTepiajiiB y MeBHINA 30H1 MOXKEXI,
BKJTFOYAIOYH IIEHTP TOXKEXKI.

PyiinyBaHHS, CIpUYMHEH] MOXEXero, 3aJeXaTh He TUIbKHM BiJ 4acy TOpiHHS, ajie U Bij
0araThboX I1HIIMX (aKTOPIB Ta YMOB, IMOB'A3aHUX 3 PO3BUTKOM IOXEX1 1, MEpII 3a BCE, BiJ
TEMIIEpaTyPHOTO PEXKUMY 30HU TOPiHHS. 3BUYallHO, 3MiHA TEMITEPATypH — 1€ He TUTBKH YacOBHIA
(daktop. TemrmepaTypa B KOHKPETHIN 30HI MOXKEXKI 3aJIEKUTh TaKOXK BiJl KUIBKOCTI Ta MPUPOIU
TOPIOYMX MaTepialliB, yMOB iX TOPIHHS, 0COOJIMBO YMOB Ta3000MiHY (ITIPUTOKY 1 BiJ] TOKY TTOBITpPS),
a TaKoXX B1JI OCOOJIMBOCTEW KOHBEKIIIi, III0 YTBOPIOETHCS 1 raciHHs. Bce 1ie BU3Ha4Yae yMOBH 1
NPUYMHU BUHUKHEHHS 0araTopa3oBOr0 TOPIHHS, YTBOPEHHs JIOKAJIbHUX THI3A TOpIHHA a0o
OKpeMuX, 100pe 30epeKeHNX AUITHOK B MEKaxX 30HH MOXKEXi. STk MU ByKe 3Ha€EMO, HaBiTh TIOKEXKI
MOXYTh  CIPUYMHUTU  HE3HA4HI  [OIIKO/KEHHSA,  3YMOBJEHI  apXiTEeKTypHUMH  Ta
KOHCTPYKTUBHUMH OCOOJMBOCTSIMHU OY/TIBIII.

Caxa BUropae, KoJId MOBEPXHS KOHCTPYKLII IiJ 4ac MOKeX1 HarpiBaeTbcst Buuie 600-
650°C. Tomy KUIBKICTh CaXi MOXe OyTH MEHIIOI Ha JUISHKAX, ONMKYMX JO TIOXKEXI, HDK Ha
TUISTHKAX, BigganeHux Big Hei. Ca)ka 4acTo BUTOPSIE JIOKATBHUMU TUISIMAMU B LIEHTP1 MOXKEK1 a00
y BEpXHI{ YaCTHHI BTOPUHHUX OcepeAKiB (30H ropinHs). Taki missMu 4yacTo 30epiraroThcs, KOJIH
TOPIHHS TOMIMPIOETHCS NIl — KOHCTPYKIIT B OCEPENIKy MOXKEX1 (CTeli, CTiHu) 100pe Harpiri, i
caka BIAKJIAQNAETbCA B OUIBII IPOXOJIOAHUX MICHSIX, a He B '"rapAyux'", sSIK ONHCAHO BHIIE.
JIokanbHe BUTOPSHHS CaXKl € XOPOIIUM 1HIMKAaTOpOM IIpH MOLIYKY Jokepesa moxexi. OIHak,
SKILO Ca)ka HE BUTOPS€ 1 TOKPUBAE KOHCTPYKIIIIO BITHOCHO PIBHOMIPHO, CTa€ Maiike HE MOKJIUBO
3HaNTH JDKEpeIo MoXkexi ado NUIAX NOLUIMPEHHS TOPIHHSA, SIKIO He BUKOPUCTOBYBATH CHEIliajIbHE
oOJagHaHHA.

Ilig BIIMBOM BHMCOKMX TEMIIEpaTyp MHOJIMEpHI MOBEPXHI pO3MAJar0TbCcs Ha CKIAJHY
CyMIIll JIETKMX BYIJIEBOJHIB. Temreparypa ra3oBoi Cymimli 3pocTa€ B Mipy HAOMMKEHHS 0
¢ponTy nosrym'st. Kuicenb 3 HaBKOJIMIIHBOTO HOBITPs AM(PYH/IYE B LF0 CyMilll, 1 KOJIU IOCATAIOThCS
BIJIMIOBI/THI KOHIIEHTpAIlisl 1 TeMIepaTypHi YMOBH, T'a30Ba CyMill 3anaitoeTbes. [lomym's 3HOBY
3abe3meuye eHeprito, HeoOX1JHY JUI MipoJIi3y NOBEpXHi noaimMepy. JlesKi ByriaeBogHI miAgaroThes
HipoJi3y B MPOCTOPi MK MOBEPXHEIO NOJIIMEPY 1 PPOHTOM MOITyM's, SIKIIO TeMIepaTrypa JOCUTb
Bucoka (1o 1000°C), a KOHILIEHTpallis KUCHIO JOCUTh HU3bKa. Llell MexaHi3M edeKTUBHUHN NUIIe
JUIsL BCIX TOJIIMEPIB HA PaHHIX CTafisx ropiHHs. Ilicas TpuBanoro BIUIMBY MOJIyM'st TEPMOIUIACTH
IUTABISATBCS 1 PO3TIKAIOTHCS, MOJIMEP HArpiBaeThCsl 0 TEMIIEpPAaTypH MIpoJi3y 1 3 po3IUIaBy
IHTEHCUBHO BUAUISAIOTHCS JIETKO3aMMUCTI Ta30mofiOHI MpoayKTH. B pesynbTari momimep ado
MOBHICTIO BUTOpae, ab0 3aJIuIllae HErOproYni piaAkuii un TBepauil 3anumiok. [1ix yac ropiHHs Ha
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MOBEPXHI TEPMOPEAKTUBHOTO IUIACTHKY YTBOPIOETHCS AP BYIJIEKUCIIOTO Ta3dy, SAKHH 130JH0€
MoJIiIMEpHY Macy BiJl paaialliifHOro BIUIMBY IOJNYM'S 1 MEPEIIKOKAE BUIUICHHIO MPOJIYKTIB
TEPMIYHOTO PO3Maay. SIKIIO TOBUIMHA LIapy BYTJIELIO, II0 YTBOPHUBCS, NEPEBUILYE KPUTHUHY i
BIJICYTHI YMOBH (30BHIIIHIM TEIUIOBHHA MOTIK, aKyMyn;Ium TeIia, MPUILIMB OKUCIIIOBAaYa), IO
CHPUSIOTh HOro HarpiBaHHIO, PO3KIAJAaHHIO 1 TOPIHHIO, TOPIHHS NPUNUHIETHCSA. BuminenHs
JIETIOYUX YaCTO CYNPOBOPKYETHCS TUCTIEPTyBAaHHIM MOBEPXHi TBEPIOi a3y, Ipu IbOMY OCTaHHS
MEPEeXOANTh Yy Ta30By (ha3y y BUIJISAI YACTHHOK 3 TOBEPXHEIO TOPiHHS, Ha SAKii BigOyBaeThCs
IHTCHCHMBHE Ta30BUIUICHHS, 3aiiMaHHs 1 TOpiHHA. BinOyBaeTbcs iHTEHCHBHE BUAIJICHHS rasy,
3aiiMaHHs 1 TOpiHHA. [Ipu 3ropsHHI YTBOPIOIOTHCS HE TOPIOYl MiHEpaJIbHI 3IMIIKH a00 KOKC.

Tineku mopucTi MaTepiand, sIKi MPH HArpiBaHHI YTBOPIOIOTh TBEP/I 3AIMIIKH, MOXYTh
CaMOCTIHHO MiATPUMYBATH TiIif0oue TOpiHHSA. Jl0 HUX BITHOCUTHCS IIUPOKUN CIIEKTP POCIMHHUX
MaTepialiiB, TaKWX SIK Tarip, IENIOJI03HI TKAaHWHH, THPCA, JIAMiHATH, JIATEKCHA T'ymMa Ta JesKi
TEPMOPEAKTUBHI IJIACTMACH Ha BiJcTaHi. Matepianu, SKi TUIaBIATHCS a00 CTHCKAIOTHCS i
BIIMBOM JDKEpesia TerJia, He IEMOHCTPYIOTh THII TOPIHHS, PO KW ine MoBa. [IpmuuHy nporo
MO>KHA 3p03yMITH, PO3IJISTHYBIIN MEXaH13M TJIIHHS.

Icnye Tpu 30HU TOpIHHA

3oHa 1: 30Ha mipomi3y, 110 XapaKTepU3yeThCs MIBUIKUM MIJBUIIEHHSIM TEeMIEpaTypH, Je
3aKIHYYIOThCS BUJIUMI JIETIOU1 IPOAYKTH BUX1JHOTO MaTepiaiy;

30Ha 2, A€ Temreparypa IOCATaE MAaKCHUMyMY, TPUIHHSETHCS yYTBOPEHHS BHUIUMEX
MPOJYKTIB MIPOi3y 1 MOYMHAETHCS PO3KAPEHHS,

30Ha 3, 30Ha BHCOKO TMOPHCTHX BYIJICIICBUX 3aJUIIKIB, ¢ 3aJWIIKA OLIbIIe HE
HarpiBarOThCs 1 TEMIIEpaTypa MOBLILHO 3HUKYETHCS.

Ha choroanininiit geHp ¢axisisivu [ 1-3] 3po0ieHo aekisibka crpod BCTAHOBUTH HASIBHICTD
€THJIOBAHOTO TIaJIMBA B 30HI 3TOPSHHS 3a HAsSBHICTIO OKCHIY CBHUHIIO Ta ETHJIOBAHUX
Ha(TONPOAYKTIB y Caxi, IUIAXOM BU3HAUCHHS IPUPOAU IPOIYKTY 3TOPSHHS 32 CTPYKTYPOIO Ta
CKJIQZIOM CaXI1 Ta IIJITXOM BHUSBJICHHS KIJIbKOCTI OKCHIYy CBHUHIIIO Ta €TUIIOBAHUX HA()TOMPOIYKTIB,
CcOpOOBaHWX HA YACTHMHKAX CaXl.
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ON THE ISSUE OF IDENTIFYING CENTRAL SIGNS AND WAYS OF
PROPAGATION OF EMERGENCY SITUATIONS AT CRITICAL INFRASTRUCTURE
FACILITIES

The practical bases of the method of research and analysis of soot after a fire are considered
to solve such problems of investigation of a fire, such as establishing the location of the fire of the
fire and ways of spreading flue flows, temperature in the combustion zone.

Due to the fact that this method is not destructive, there are no restrictions on its use when
inspecting the place of fire by investigators and technical specialists at the stage of inspection after
the fire.
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RAMAN SPECTROSCOPY FOR FORENSIC INVESTIGATIONS OF CAUSE OF FIRE

After firefighters extinguish a fire, an investigation is typically launched to determine the
origin and cause of fire or explosion. Investigations of such incidents require systematic approach
[1]. We propose to use Raman spectroscopy for forensic investigations of the cause of fire by
identification of post fire materials.

Raman spectroscopy is a powerful tool for chemical analysis. In Raman spectroscopy the
sample is irradiated with the laser. There are three types of light scattering from the sample:
Rayleigh (at the laser wavelength), Stokes (red shifted), and anti-Stokes (blue shifted). In Raman
spectroscopy one typically looks at the Stokes component. The shift in the laser wavelength is due
to molecular vibrations of the sample. Each molecule has a unique vibrational “fingerprint” which
is reflected in Raman spectrum. This allows for recognition of substances based on Raman spectra
using artificial intelligence (Al) and machine learning (ML) algorithms. The principle of Raman
spectroscopy and workflow for substance recognition are depicted in Figure 1.

N

Probing of sample Signal Signal
with laser generation analysis

Solid, powder, liquid Signal collected by analyzer Spectrum is the “fingerprint” of the
probing through container transmitted wirelessly sample substance
(on smartphone, tablet or PC)

Figure 1. Principle of Raman spectroscopy and workflow for substance identification.

Lightnovo ApS has developed a compact handheld Raman spectrometer miniRaman [2]
shown in Figure 2. The miniRaman spectrometer weighs less than 500 grams and is designed to
be used as a belt wearable unit by the police, military, special forces, and forensic teams. The
miniRaman contains a 785 nm laser, as well as an additional optional 660 nm laser for expanded
spectral range. The spectral range in the wavenumbers corresponds to the fingerprint region of
molecules (400...2700 cm-1 for the 785 nm channel, and 2700...4500 cm™ for the 660 nm
channel). The miniRaman spectrometer is based on a proprietary patented technology owned by
Lightnovo with in-built reference channel and automatic spectral and intensity calibration. This
allows to make the unit affordable and compact while keeping high-end quality of acquired spectra.
Additionally, due to reference channel, regular recalibration of the unit is not necessary, which
makes it easier to operate by the field officers. Moreover, the readiness to operate is 10 seconds,
which overpasses the corresponding figure of the competitors, typically measured in minutes.

Use cases of miniRaman spectrometer vary from detection of toxic gases and chemical
weapons, identification of explosives, and detection of illegal drugs to food analysis and art
conservation.
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Figure 2. Lightnovo ApS handheld miniRaman spectrometer

We propose to use miniRaman in forensic investigation for identification of post fire
materials to detect traces of flammable substances and explosives. This would allow to quickly
detect potential arson or sabotage as well as the origin of it, what nowadays is especially relevant
to the objects of critical infrastructure in Ukraine.

It has been shown in literature that Raman spectroscopy coupled with principal component
analysis (PCA) is able to distinguish between various thermally damaged materials after pyrolysis
[3]. We propose to look for traces of flammable materials and explosives at the fire scene and
detect, analyze, and identify accelerants such as gasoline, acetone, ethanol, toluene, etc.

50
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Figure 3. Raman spectra of fire accelerants: acetone, toluene, ethanol, methanol, benzene,
heptane, gasoline

To summarize, Raman spectroscopy has a tremendous potential to be used in investigations
of the causes of fires and explosions, handheld miniRaman spectrometer by Lightnovo ApS is a
compact powerful and affordable tool which is suitable for this type of applications.
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HEAT EXCHANGE IN THE FREE VOLUME OF RESERVOIRS DURING JET
CLEANING OF PETROLEUM PRODUCT RESIDUES

To ensure fire and explosion safety during the process of cleaning reservoirs from petroleum
product residues, it is necessary to determine the duration of the technological operations during which
the evaporation of the petroleum product will occur in the free volume of the reservoir. This will
ultimately allow for the determination of their concentration and assessment of the explosion and fire
hazard of the process. This approach aligns with one of the directions of fire prevention systems —
maintaining a safe concentration of the environment in accordance with norms, rules, regulatory
documents, and safety regulations [1].

Normative documents establish the following intervals for periodic cleaning of reservoirs: at least
twice a year for fuel for jet engines, aviation gasoline, aviation oils, and their components; at least once
a year for additives to lubricating oils and oils with additives; at least once every two years for other oils,
automotive gasoline, diesel fuel, paraffins, and other similar petroleum products in terms of properties

[2].
The composition of petroleum residue can vary and include hydrocarbon compounds, free water,
water bound in emulsions, mechanical impurities, some elements in free form or as chemical compounds.
When the stream of a technical cleaning agent is thermally applied to the petroleum product
residues in the tank, the petroleum residue heats up, resulting in an increase in the concentration of
flammable vapors inside the tank.
The process of thermal heating of petroleum residue in the tank can be described by the equation of heat
exchange of petroleum residue.

QnC(T-T,)d=M,c,dT,+a,S, (T,-T, )dt+a,S, (T,-T, ) dt+

1
+%s4 (T,-T,)de+M,ldx; @

- The equation of heat exchange of the air-vapor medium inside the reservoir.

Q,.C(T-T,)dt+0,S, (T,-T,)di=M,c,dT, +a.S; (T,-T; ) dt; 2)

- The equation of heat exchange of the reservoir body.

oS, (T,-T, ) dtta,S; (T,-T, ) d=M,c,dT, o, S, (T,-T; ) dr, (3)

where:  Qm1, Qm2 — mass flow rate of heated cleaning solution supplied to the petroleum
residue and air-vapor mixture in the tank, respectively,, kg/s; ¢, c1, ¢z, c3 - specific heat capacity of the
cleaning solution, petroleum residue, air-vapor medium, and tank body, respectively, J/(kg'K); T, Ty, Tz,
T3, Ta, Te — temperature of the cleaning solution, petroleum residue, air-vapor medium, tank body, base,
and ambient environment, respectively, K; oz, o3, os, 0s — heat transfer coefficient of petroleum residue and
air-vapor medium of the tank, petroleum residue and tank body, air-vapor medium and tank body, tank
body and ambient environment, respectively, J(m2-s’K); S, Ss, Sa, S5, Se — heat exchange area of
petroleum residue and air-vapor medium of the tank, petroleum residue and tank body, petroleum residue
and base, air-vapor medium and tank body, tank body and ambient environment, respectively m?, T —
process duration time, s; M1, Mz, M3 — mass of petroleum residue, air-vapor medium, and tank body,
respectively, kg; A — coefficient of thermal conductivity of the base, J/(m-s'K); & — thickness of the base, m;
| — specific heat of fusion of paraffin, Jkg; x — mass fraction of paraffin in the petroleum residue,
dimensionless. The condition is accepted that Qm1, Qmz, M1, M2, M3, ¢, ¢1, €2, €3, 02, 03, 05, 05, S2, S3, S4, S,
Se, T, Ta, Ts, A, & — are constants.
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Where: Qm1, Qm2 — mass flow rate of heated cleaning solution supplied to the petroleum residue
and air-vapor mixture in the tank, respectively, kg/s; c, c1, c2, c3 - specific heat capacity of the cleaning
solution, petroleum residue, air-vapor medium, and tank body, respectively, J/(kg'K); T, T1, T2, T3, T4,
T6 — temperature of the cleaning solution, petroleum residue, air-vapor medium, tank body, base, and
ambient environment, respectively, K; a2, o3, a5, a6 — heat transfer coefficient of petroleum residue and
air-vapor medium of the tank, petroleum residue and tank body, air-vapor medium and tank body, tank
body and ambient environment, respectively, J/(m2-s'K); S2, S3, S4, S5, S6 — heat exchange area of
petroleum residue and air-vapor medium of the tank, petroleum residue and tank body, petroleum residue
and base, air-vapor medium and tank body, tank body and ambient environment, respectively, m2; t —
process duration time, s; M1, M2, M3 — mass of petroleum residue, air-vapor medium, and tank body,
respectively, kg; A — coefficient of thermal conductivity of the base, J/(m-s-K); 6 — thickness of the base, m;
| — specific heat of fusion of paraffin, J/kg; x — mass fraction of paraffin in the petroleum residue,
dimensionless. The condition is accepted that Qm1, Qm2, M1, M2, M3, ¢, cl, ¢2, ¢3, a2, 03, a5, a6, S2,
S3, S84, S5, S6, T, T4, T6, A, 6 are constants.

As a result of solving the system of first-order differential equations (1...3), the dependence of the
temperature of the mixture of petroleum residue with the cleaning solution (T+1) on the duration of the
heating process (7) (time of cleaning) is obtained.

Z Z,T Z ZAT
=727 Tr-TP e - 727 To-TP Je + T, @
_B+B"—4C

where Z,, = - the roots of the characteristic equation.

2
Equation (4) introduces the temperature value TlOO , Which the mixture of petroleum residue

reaches with the cleaning liquid during its infinitely long circulation. It is determined by the
dependency

T100: js + _jz_j4 , 5
1- k) ©

where ji — the coefficient values obtained during the solution of the system of equations (1...3).
The equilibrium state of the system (tank body - petroleum residue - internal volume of the tank) at
the beginning of the process, when there is no heat input, is characterized by the equality of temperatures

T°=T? =T, which are determined by the dependency

o0 —o = Yals+¥aTs (6)
' ? y3 + y4 '

where yi - the coefficient values obtained during the solution of the system of equations (1...3).

Therefore, with the help of equation (4), it is possible to determine the time during which the
petroleum residue will be heated to the specified temperature, as well as the change in the temperature of
the petroleum residue during this time. Numerical determination of parameters (temperature of the cleaning
solution, petroleum residue, air-vapor medium, time) is performed on a computer.

REFERENCES
1. DSTU 8828:2019 FIRE SAFETY. General provisions.
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FIRE AND EXPLOSION RISKS RELATED TO ELECTRICAL CAR BATTERIES

ABSTRACT
Electric cars are on the rise in Europe. These cars are electrically powered by a powerful battery.
These batteries are Lithium-ion based. Several hazards of the Li-ion batteries are well understood
and the most serious are fire and explosion risks. In this work, we wanted to provide a summary
of how batteries work and which dangers they present.
Key words: Battery; Explosion; Electric car; Fire risk of batteries; Overheating

INTRODUCTION
The CO- emission decreasing is a goal of the vehicle industry. Traditional vehicles emit not only
CO2 but also include emissions such as soot, carbon monoxide, nitrous oxides, and hydrocarbons
witches are unhealthy and increasingly significant in urban areas. The solution of the last decade
is electric vehicles, driven by high-power batteries. The application of the new batteries raises
many questions. Lithium is a flammable material which needs special equipment and materials for
extinguishing. The risks of this kind of battery are new challenges for the battery industry and
firefighters. The recycling of the batteries is also an important question.

HOW ELECTRIC CAR BATTERIES WORK
Electric car batteries play an essential role in the operation of these vehicles. They are responsible
for storing the electrical energy necessary to power the electric motor. Batteries used in electric
cars are usually lithium-ion batteries, which offer high energy density and good durability. The
operation of electric car batteries is based on a charging and discharging process. When the car is
plugged into a power source, electricity is used to recharge the battery. While driving, the battery
provides the energy needed to power the electric motor. This charging and discharging process is
controlled by a battery management system that monitors the battery's temperature, voltage and
capacity to optimize its performance and ensure its safety. Electric car batteries are designed to be
rechargeable and provide sufficient range for daily commuting. They are made up of individual
cells that are connected in series or parallel to form a battery pack. These cells contain positive
and negative electrodes, separated by an electrolyte. When the battery is charged, the lithium ions
move from the positive electrode to the negative electrode, and when it is discharged, the lithium
ions return to the positive electrode.

Chatode Anode Battery
Cells

H | Battery Modules

£

il o el ) | Battery Managment

Battery Cell Battery Module Battery Pack

Figure 1 Battery cells to battery pack [1]
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COMPOSITION AND TYPES OF BATTERIES USED

Batteries used in electric vehicles are essentially of two types: lithium-ion batteries and solid
electrolyte batteries. Lithium-ion batteries are most used due to their high energy density and long
lifespan. They are composed of a graphite anode, a metal oxide cathode and a liquid electrolyte
containing lithium salts. These batteries offer good performance and fast charging, but they may
present risks of overheating and fire if misused or damaged. Solid-state batteries are an emerging
technology with potential benefits in terms of safety and energy density. They use a solid
electrolyte instead of a liquid electrolyte, which reduces the risk of leaks or explosions. These
batteries can provide better thermal stability and longer lifespan. However, they are still in the
development phase and are not widely used in electric vehicles. It is important to note that the
exact composition of batteries may vary depending on the manufacturer and model of the electric
vehicle. Different materials may be used for the electrodes and electrolytes, which may influence
performance and associated risks. A thorough understanding of the composition and types of
batteries used in electric vehicles is essential to assess potential risks and implement adequate
safety measures.

Li-ion Battery Solid State Battery
@ < P
] ] ( | | )
Liquide electrolyte solution / Cathode Anode

Solid Electrolyte

Figure 2. The difference between Li-ion battery and Solid state battery

THE RISKS LINKED TO ELECTRIC CAR BATTERIES
Electric car batteries pose some potential risks that are important to consider. First, one of the

major risks is that of overheating and fire. Due to the large amount of energy stored in batteries, a
failure or short circuit can cause a rapid increase in temperature, potentially leading to a fire.
Another risk is that of chemical substances leaking, Electric car batteries contain potentially
dangerous chemicals such as lithium. If damaged or mishandled, there is a risk of these substances
leaking, which can cause health and safety problems for the vehicle and passengers. Electric car
batteries may also present risks of degradation and loss of capacity over time. Regular use and
charge-discharge cycles may cause battery capacity to decrease, which may affect vehicle range.
It is essential to consider these risks and put appropriate safety measures in place to ensure the safe
use of electric car batteries. Figure 3 shows the warning sticker on the high-voltage battery of a
Honda car.
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A WARNING
HIGH VOLTAGE

& B You can be killed or hurt.

B Do not remove this cover
B Mo customer serviced parts inside.

Figure 2. The warning sticker on the High Voltage battery of Honda car [3]

RISKS OF OVERHEATING AND FIRE

Overheating and fire risks are major concerns related to electric car batteries. This can occur due
to misuse, design flaws, or thermal management system malfunction. Overheating can cause the
internal pressure of the battery to increase, which can cause a leak, explosion, or even fire.
Automakers and battery manufacturers implement strict safety measures to minimize these risks,
such as efficient cooling systems, temperature sensors and overload protection devices. However,
electric car users must be aware of these potential risks and follow the safety recommendations
provided by manufacturers for safe battery use. Figure 4 summarizes the stages of the battery
thermal runaway process.

e Stage 1: The onset of overheating. The batteries change from a normal to an abnormal
state, and the internal temperature starts to increase [4].
Stage 2: Heat accumulation and gas release process. The internal temperature quickly rises,
and the battery undergoes exothermal reactions [4].
Stage 3: Combustion and explosion. The flammable electrolyte combusts, leading to fires
and even explosions [4].
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Figure 4. Three stages for the thermal runaway process

RISKS OF CHEMICAL LEAKS
These leaks can occur in the event of a serious accident or improper handling of the battery.
Chemicals found in batteries, such as sulfuric acid or lithium-based electrolytes, can be hazardous
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to human health and the environment. It is therefore essential to take appropriate safety measures
to minimize the risk of chemical leaks and to put in place adequate management procedures in the
event of an incident.

RISKS OF DEGRADATION AND LOSS OF CAPACITY
Electric vehicle batteries are subject to risks of degradation and loss of capacity over time. These
risks can be caused by several factors, such as temperature, charge and discharge cycles, and the
age of the battery. Excessive heat can accelerate the degradation of the battery's internal materials,
which can lead to a decrease in its energy storage capacity. Additionally, repeated charging and
discharging cycles can also contribute to wear and tear on battery components, reducing its overall
capacity. The age of the battery is also an important factor to consider. Over time, the internal
materials of the battery can naturally degrade, causing its performance and storage capacity to
decline.
To minimize these risks, it is essential to implement effective thermal management systems to
keep the battery temperature within acceptable limits. Additionally, optimized charging and
discharging strategies can be implemented to reduce premature battery wear. Although electric
vehicle batteries present risks of degradation and loss of capacity. Continuing research in the field
of battery technologies also aims to improve the durability and performance of electric vehicle
batteries.

SAFETY MEASURES AND REGULATORY STANDARDS
Electric vehicle batteries are subject to strict safety measures and regulatory standards to ensure
their safe use. These measures aim to minimize potential risks associated with batteries, such as
fires, chemical leaks and structural failures. Regulatory standards require rigorous testing to
evaluate the safety of batteries, particularly regarding shock resistance, thermal stability and
resistance to short circuits. These tests ensure that batteries meet high safety criteria before being
used in electric vehicles. In addition to security testing, protective measures are put in place to
prevent potential risks. Electric vehicles are equipped with advanced thermal management systems
to control battery temperatures and prevent overheating. Short circuit and overload protection
devices are also integrated to prevent accidents. Battery manufacturers and automakers work
closely with regulators to ensure that electric vehicle batteries meet current safety standards. These
standards are regularly updated to consider technological advances and discoveries in security.
Safety measures and regulatory standards play a vital role in ensuring the safe use of electric
vehicle batteries. Through these measures, potential risks are minimized, providing peace of mind
to electric vehicle users.

TECHNOLOGICAL ADVANCES TO REDUCE RISKS
Technological advances in the field of batteries for electric vehicles have contributed significantly
to reducing the risks associated with their use. First, many manufacturers have invested in the
research and development of new, safer lithium-ion batteries. These batteries are designed with
more stable materials and advanced thermal management systems, which significantly reduces the
risk of overheating and fire. Second, progress has been made in the area of battery monitoring and
management. Modern electric vehicles are equipped with sophisticated systems that constantly
check the condition of the batteries, detect anomalies and take action to protect the battery in the
event of a problem. These systems reduce the risk of battery failure and optimize its lifespan.
Electric vehicle charging infrastructure has also benefited from technological progress. Charging
stations are now equipped with advanced safety systems, such as overvoltage and short-circuit
protection devices. In addition, communication protocols between the vehicle and the charging
station make it possible to monitor and control battery charging securely.
These technological advances in electric vehicle batteries have significantly reduced the risks
associated with their use, helping to make electric vehicles safer and more reliable for users.

CONCLUSION
Itis in light of these risks that batteries should be developed and made safer to use. The automotive
industry is severely constrained by weight reduction in the development of methods. Preventing
overheating is a priority. Temperature measurement and smoke detection sensors can be used to
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start cooling the battery before a fire starts and prevent it from catching fire or exploding. Further
research is needed to ensure the safe use of the battery.
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AHAJII3 IMITAIIHHUX MOJIEJIEN EBAKYAIIIL ITPU ITOXKEXI

«MopenoBaHHS eBaKyarlii» — e MUPOKUN TePMiH, 110 OXOIUTIOE Oe3JIiY THIIIB MOJICIICH,
PO3pOo0IIEHNX 3 METOIO MOJIIIIEHHS a00 MpeAcTaBIeHHs npouecy eBakyaii. Croau BXOIATh TaKi
MOJIEi, SIK MOJICJTIFOBAHHS IOPOKHBOTO pyXy [1], po3pobiieHi ajisi MacoBOi eBakyarlii B MacmiTadl
MicTa (HalpHuKiIaJl, CIPUYNHEHOT CTUXIMHUMY JIMXaMH ), @ TAKOK MOJIeNI IJIaHyBaHHS MaplUIpyTiB,
METOI0 SKHX € po3poOKka HalOLIbII €peKTHBHUX MapIIPYyTIiB €BakKyalii JUIsl BEJIUKOI KUIbKOCTI
moaen [2]. OgHak akTyaJbHICTh LIbOIO TEPMIHY IOB’S3aHa 3 OMMCOM MOOYJIOBH IMITalliHUX
MOJIeJIel eBaKyarlii, METOI0 SKUX € IMITallis MOBEAIHKUA JIOAUHU TMiJ 4ac eBakyarii [3] mms
OTPUMAaHHS PeasliCTUYHILINX PO3paXyHKIB B paMKax aHaJli3y, [0 IPYHTYETbCSI HAa TPOAYKTUBHOCTI
[4]. Lli Moxeni MOXHA pPO3MJISAATH SK MIAKIAC MOJENEH MUHAMIKK JIIOJEH, 110 BKIIOYAIOThH
GyHKIIT, XapaKTepHI sl eKCTPEHOT eBaKyallii.

CyTTeBOIO TepeBaroro iMiTalliiHUX MoJiesield eBaKyallil MOPIBHAHO 3 METOJlaMU PYYHOTO
PO3paxyHKY, TAKHMH K TIOTOKOBA MOJIEIb, € T€, III0 BOHU JIETKO JAIOTh 3MOTY PO3PaxOBYBaTH
MMOKa3HUKK TPOAYKTHBHOCTI. [li TMOKa3HMKM MOXHA BHUKOPHUCTOBYBATH JIISL  OIlIHKH
MPOJYKTUBHOCTI camoi iMiTariitHoi Mojeni abo HamaHHS M0JaTKOBOi iH(opMaIlii mpo mporec
eBaKyailii, mo MojentoeTbes. [loka3HuKHM, 3acHOBaHI Ha (I3UYHUX BHUMIpax, BKIIOYAIOTH
IBUJIKICTh MOTOKY (4oi.- M -¢! ) mo muisxaMm eBakyarlii, IIiTBHICTE HATOBMY (YOl M2 ),
WBHAKICTE X0a60u (M-t ) i noBxuHy maxy (m). [TokasHuKH, 3aCHOBAHI Ha CIIOCTEPEKEHHSIX Ta
SIBJISTIOTH COOO0I0 Bi3yasti3allito MOJIEIbOBAHUX areHTIB 1 HABKOJHUIITHHOTO CEPEOBHINA, BKIFOYHO
13 300pakeHHsAMH Ta Bijeo. [[i TOKa3HWMKM YACTO BHUKOPHUCTOBYIOTh, KOJIM pE3YyJIbTaTH
MOJICITFOBAHHS MPEJICTABISAIOTh HE CIIEIialicTaM, OCKUTBKH BOHH JICTIII I PO3yMiHHSI.

[IpoTe imiTariifHI MO/EII TAKOXK MAIOTh P HEJOJIKIB, SIKI MOKYTh BIUIMBATH Ha MPOIIEC
eBakyairii. HegocraTtHs ToO4YHICTH MOjeNel, a caMe IMITaIliitHI MOJENI MOXYTh MaTH OOMEKEHY
TOYHICTb B110OpaKeHHS pealbHUX CIIeHapiiB eBakyalii. Hampukmian, BoHM MOXYTh HEAOCTATHHO
TOYHO TepeaBaTH MOBEAIHKY JIIOJIEH Y CTPECOBUX CUTYAIlisIX, TAKUX SIK MaHIKa.

HenocratHe BpaxyBaHHs neBHUX (DaKTOpiB, a camMe MOJeIl MOXYTh HEIOCTaTHbO
BpaxOBYBaTH Pi3HI aCNIEKTH eBaKyallii, Taki K Gpi3undHi 0OMeKeHHS (HaPUKIIa1, HAsIBHICTb CXO/IIB
a00 BHXOJIB), pO3TalllyBaHHS HemNepeadadeHuX Iepeniko, abo I1HAMBiAyadbHI BIACTHUBOCTI
JIFOJIeH, Takl K MOOUIbHICTh a00 IICUXOJIOTIYHHUI CTaH.

A Takoxx, 0OOMeXeHHsI Yy MOJICIIOBaHHI CKJIagHUX creHapii. Jleski creHapii eBakyarrii
MOXXYTh OyTH CKIJIQIH1 JAJs BIATBOPEHHS B IMITAlIHHUX MOJENSAX yepe3 IXHIO CKIaJHICTh abo
HenependauyBaHicTh. Hanmpukiian, Beianki MacoBi 3axoau ab0 peakilisi Ha TePOPUCTUYHI aTaku
MOXKYTh OYTH CKJIATHUMHU JIJIsl TOYHOT'O MOJICTIOBAHHSI.

ImiTariitne MolenOBaHHS €BaKyallii € BITHOCHO HOBOIO Tally33l0 HAyKH, 1 MOXIHUBOCTI
MOJIeTIel MIBUAKO PO3BUBAIOTHCA. TakuM YMHOM, ICHYIOTH MpOOJIeMU, TOB'sI3aH] 3 MPAKTHYHUM
BUKOPUCTAHHSM, SKI HEOOXiHO PO3B's3aTH, MEpPII HDK X BUKOPUCTOBYBATH SIK BaXKIMBUI
IHCTpYMEHTOM y cepi noxkexxHoi Oe3neku. /loHenaBHa HalBaXkIMBILIOK 3 LUX Mpobiem Oyia
Bepudikallis Ta Bamiganist Mmojeneil. Merou nepeBipku MiCTATh B 001 BUKOPUCTAHHS MEPEOBUX
METOJIIB MpOrpaMyBaHHs, MEPEeBipKy Oe3mocepenHiX pe3yNbTaTiB MOJEIIOBaHHS, 31CTaBICHHS
KIHIIEBUX Pe3yJbTaTiB MOJEIIOBAHHS 3 aHAITUYHUMU pe3ylbTaTaMu W aHIMAaIlil0 MOJICITIOBaHHS
JUIA Bi3yaJbHOI MEpeBIpKH BUXIIHUX JaHUX Mojeni. Bamimaris monem mMoxke OyTH JOCATHYTa
[UISIXOM TIEPEBIPKH Ha OCHOBI EMITIPUYHUX JaHUX a00 MEepeBipKH 3a TOTIOMOTOI0 KOHTPOJIBOBAHHUX
eKCIIEpUMEHTIB, MpPH I1bOMY BaXKJIMBO KUIBKICHO OIIIHMTH pIBEHb Y3IO/DKEHOCTI MIX
MIPOTHO30BAHUMU Ta BUMIPSIHUMHU MTOKA3HUKAMH.
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[Tpuknagamu moAiOHUX IMITAIIHHUX MO/ENeH € mporpaMHi koMiutekeu Legion, EXODUS
i PedGo, MassMotion, Pedestrian Dynamics i Pathfinder. ABtopamm [5-7] 3a3HadaeTbcs
aKTYaJIbHICTh BUKOPUCTAHHS MPOrPAaMHHUX KOMIUIEKCIB B pPaMKax 3a0e3Me4YeHHs IMOXKEKHOI
oe3neku. Lli mpoaykT po3poduiu imKeHepHi (ipMU Ta KOHCAITUHTOBI KOMIaHIT crieiaabHO st
MIPOMUCIIOBOTO BHUKOPHUCTAaHHS. binblIicTh Mopaeneld TakoX MOXHAa BHUKOPUCTOBYBATH ISt
MOJICJIIOBAHHSL JTMHAMIKH IIIOXOIB Yy HOPMAJIbHUX, HEaBapiiHMX yMoBaX. YCi JOCHIKEHi
Mozeni, 3a BUHATKOM FDS+Evac, neMoHCTpyroTh CipoMosKHICTB iMiTyBaTi oHaa 18 000 areHTis,
MICTKICTh CIIOPTUBHOT'O CTa/iOHY MAJIOTO Ta CEPEAHBOTO PO3MIpYy Ta MAaKCHMaJbHY TOAWHHY
MIPOIMYCKHY CIIPOMOJKHICTh BEJIMKOTO TEPMIHAY aeporopTy. B Moaensx npencraBieHo 3MilIaHy
MOBEJIIHKY areHTiB, IPHYOMY BCi MOJIEII CKIIAIAI0THCS 3 ar€HTIB, SIKi MOXKYTh MaTH 1HIUBIAyJIbHY
MEePCHEeKTHBY (TOOTO areHTH HE MAlOTh iH(OpPMAIil Ipo rIodaTbHE CepeOBHUINE, a TUIBKUA MPO
CBOE€ JIOKAJIbHE CEPEIOBUIIIC).

MoientoBaHHS eBaKyallii BaXJIMBe JJIs aHAJII3y Ta MOKPAILEHHS eBaKyallliiHUX IpoLeayp,
asie motTpeOye MoAaNBIINX JOCTIKEHb Ta yIOCKOHAJICHHS IS JOCSTHEHHS BUCOKOI TOYHOCTI Ta
HaIHAHOCTI.

SIK BHUCHOBOK, MOJENIOBAHHS €BaKkyallll BKJIIOYA€ IIMPOKUN CIEKTP METOJIB, Bij
MO/IETIOBAHHS JIOPOKHBOI'O PyXy [0 IMITAlllTHUX MOAENEH, SKi IMITYIOTh TOBEIIHKY JIIOJEH mif
yac eBakyauii. IMitamiiiHi Mozeni eBakyalii 3a0e3MedyloTb MOXJIMBICTh PEaiCTUYHOIO
BIITBOPEHHS TPOIIECYy €Bakyarii 1 JIETKO JIO3BOJIAIOTH PO3PaxOBYBATH  TOKA3HUKHU
MIPOJYKTUBHOCTI, TaKl SIK IIBUJKICTh MOTOKY Ta UIUIbHICTH HaTOBIY. OJHAK 1CHYIOTh NpOOIEeMU
OB’ s13aH1 3 X BaJiAaIiero Ta Bepudikariero.
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ANALYSIS OF FIRE EVACUATION SIMULATION MODELS
Evacuation modeling is important for evacuation analysis and improvement, but needs
further research and improvement. Evacuation modeling includes a wide range of methods, from
traffic simulation to simulation models. Simulation models of evacuation provide the possibility
of realistic reproduction of the evacuation process. However, there are problems associated with
their validation and verification.
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OCOBJIMBOCTI MPOBEJEHHSA MMOXEXHO-ITPOPLIAKTHUYHOI POBOTH
HA ITPOMUCJIOBUX HIAITPUEMCTBAX

BigmosigHo mo Bumor [1] Ta [2], depxaBHa cinyx0a Ykpainu 3 HaJA3BUYAWHUX CHTYaIlil
Oprasi3oBye Ta 3a0e31euye OXOPOHY Bijl IMOXKEX IiAMPUEMCTB, YCTAHOB, OpraHi3alliii Ta 1HIINX
00’€KTiB, B TOMY YHMCIIi — Ha IT1JICTaBi IOTOBOPIB).

[ToxxexxHa Oe3meka MiANPUEMCTBA — 1€ TaKMM CTaH MPOMMCIIOBOTO 00 €KTY, IIPU SKOMY
BUKJIIOUAETHCSI MOXKJIMBICTh MOXKEX1, a Y pa3l ii BUHUKHEHHsI 3a1l00IraeThCsl BIUIMB Ha JIOZEH
Hebe3neuyHux (akTopiB Ta 3a0€e3MeUyEThCS 3aXUCT MaTepiaJbHUX LIHHOCTEM.

3a 3araJbHUM MPABHJIOM BUAUISIOTH TPH OCHOBHHX (pakTOpH:

- HasgBHICTb Troprounx marepianiB (roproui razu, JI3P ta I'P, TBepai roproui marepianu,
CHUpPOBHUHA);

- HasIBHICTD JKEpET 3anajieHHs (BiIKpUTUI BOrOHb, iIckpH, K3, nepeBaHTa)keHHs, BETUKUN
NepexiHUil omip, caMo3aiiMaHHS MPOMACIIEHOTO TaHYip’s, OpraHiyHuX abo mnipodopHHUx
PEUOBUH);

- HAasIBHICTh NUIAXIB MOIIMPEHHS MOXexX1 (03700JeHHS NUIAXIB €BaKyallli, cHUcTeMa
MOBITPOBO/IIB).

JonatkoBuME (pakTOpamu, MO XapaKTEPH3YIOTh IOKEKHY HEOe3NeKy IPOMHUCIOBUX
T ITPUEMCTB €:

- HasIBHICTh BEJIMKOI KUIBKOCTI JTI0/IeH (poOounii mepcoHast Ta BiiBiayBadi);

- CKJIQJIHICTh BHYTPIIIHBOTO IJIAHYBAaHHS 00’ €KTa, pO3rajy’KeHa CHCTeMa TPyOOIIPOBO/IIB,
BEJIMKA KUTBKICTh €JIEKTPOYCTaHOBOK.

l'omoBHUM 3aBIaHHSAM MOKEKHO-TPOPUIAKTUIHOT poOOTH Ha 00'€KTaxX sIKI OXOPOHSIOTHCS
Ta 00CIIYyTOBYIOTKCS, € PO3pOOKa OOTPYHTOBAHUX 3aXO/IIB Ta PEKOMEHAIlIH, CIPSIMOBAHUX Ha:

- YCYHEHHS IPUYMH 1 YMOB BHUHHKHEHHS Ta PO3MOBCIOMKEHHS MOXKEX (OOMExeHHs il
MTOIITUPEHHS);

- CTBOPEHHS YMOB JUIsl YCHIIIHOI €Bakyarlii JIoAed 1 mMarepiadbHUX I[IHHOCTEH y pasi
MOXKEXK1, MIBUJIKOTO BHUKIWKY IMAPO3AUIIB MOXKEKHO-PITYBAIBLHOI CIYXOM Ta YCHIIIHOTO il
raciHHs;

- 3[1HCHEHHS KOHTPOJIIO 32 peajli3alli€ro IuX 3aX0/iB.

Opranizamiss  MOXSKHO-TPOPUIAKTHYHOI ~ pOOOTH  NMPOMMCIOBUX  HIiAMPUEMCTB
3IIACHIOETHCS B IBOX HAIPSIMKAaX:

1. 3abe3medyeHHs MOXKEKHOI O€3MeKu aamiHicTparmiero o0’ekra (peamizallis 3axo[liB
CUCTEMU 320€3MEUCHHS TOKESKHOT OC3IEKH ).

2. 3nilicHEeHHS! KOHTPOJIIO 32 CTAHOM IOXKEXKHOI Oe3MeKr 00’ €KTa opraHaMu JAepKaBHOTO
HarsIAy (KOHTPOITI0) y cdepl MOKEKHOT Ta TEXHOTCHHOT O€3MeKH.

3a0e3neyeH sl MOKEKHOI 0e3neKn 00’ €KTy aJMIHICTPALIi€l0 MPOMHUCIOBOTO MiANPHEMCTBA
nependayae:

- MPU3HA4YEHHS 0Ci0, BI/IMOBIJATbHUX 32 3a0€3MeUeHHS MOXKEKHOT Oe3MeKHn Ha 00’ €KTi;

- BCTaHOBJICHHS HaKa3oM IO IiJIIPUEMCTBY BiJNOBITHOTO MPOTHUIOXKEKHOIO PEKUMY
BianmoBigHO 10 posainy II, m.3 [3];

- BHM3HAYEHHS Ta 3aTBEpP/KCHHS MOCAJOBUX IHCTPYKLIH 3 mepenikoM (QyHKI[IOHAIbHUX
000B’SI3KIB;

- YTBOPEHHS MiAPO3/IUIIB JepKaBHOT MOXKEKHOI OXOPOHHU (32 JOTOBOPOM);

- YTBOpEHHS Ta OpraHizauis AiSIIBHOCTI MPOTHIOXKEXHUX (opMyBaHb (J0OpOBiIbHA
MOXKEXKHA OXOPOHA, CITY>KOU MOXKEXKHOT Oe3MeKH);
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- KOHTPOJIb 32 BEACHHSIM BOI'HEBUX MOXKEKOHEOE3MEUHUX POOiT;

- HOPMaTHBHE PETYIOBaHHA (po3poOka mianiB migsuiienHs piBas 11b, iHcTpykmiil mpo
3aX0JIU MTOXKEKHOT O€3MeKH ISl MiAIMPUEMCTBA, LIEXY, JJAbopaTopii Ta KOXKHOTO MPUMIIIEHHS);

- po3po0Ka Ta 3aTBEpKEHHS MOPSIKY Ail aMiHICTpalii, pOOITHUKIB Ta CIyK00BLIIB Y pasi
BUHUKHEHHS TIOXKEXKI;

- HaB4YaHHS pOOITHHUKIB Ta Ciy>kO0BIIB npaBwiam IIb Ha BHpPOOHMITBI Ta B TOOYTI
(iHCTpYKTaXi, CreniajJbHe HaBYaHHsI, IepeBipKa 3HAHb);

- TMpaKTUYHE BIANPALIOBAHHS CXEMAaTWYHHUX IUIAHIB €BaKyallil i3 3aJy4eHHSM BCiX
MpaliBHUKIB 00’ €KTy (He pimme 1 pasy Ha mBpPOKY);

- BIOPOBAUKCHHS CHUCTEM MPOTHIIOKEKHOTO 3axXHCTy, Oprasizamis iX TEeXHIYHOTO
00CITyroBYBaHHS (JOTOBIp);

- BEJICHHA OOJIIKY Ta aHaJIi3y MOXKEXK;

- IPOBEJICHHS CITYKOOBUX PO3CITiTyBaHb TI0 TTOXKEKAM;

- BUTOTOBJICHHSI Ta 3aCTOCYBAaHHS HAOUHUX 3aCO01B MPOTUTIOKEKHOI TPOTIaraH IH;

- CTBOPEHHSI KYTOUKIB a00 KIMHAT 3 OXOPOHHU Tpalll Ta MOKEXKHOi Oe3IeKH;

- 00K Ta aHaJi3 BUTPAT Ha (iHAHCYBAHHS 3aXO/IiB MOXKEKHOT O€3IEKH;

- BU3HAUEHHS BUJY, KUIBKOCTI, PO3MIIIEHHSI 1 OOCIIyrOBYBaHHS IMOKEXKHOI TEXHIKHM 3a
HOpPMaMHU;

- BIPOBA/DKEHHS, KOHTPOJIb 32 EKCIUTyaTalli€l0 Ta TEXHIYHUM OOCITyTOBYBaHHSIM CHCTEM
MIPOTUIIOKEKHOTO 3aXUCTY (JOTOBIp);

- 3/11CHEHHSI KOHTPOJIIO 3 OOKY aJMiHICTpallii 00’ €KTy 3a JOTPUMAaHHSM Ta BUKOHAHHSIM
BHMOT HOPM Ta MPaBHII TIOKEKHOT OE3MEeKH.

3MiCHEHHST KOHTPOJIFO 32 CTAHOM TOXKEXHOI Oe3IeKr 00’€KTa OpraHaMu JIepKaBHOTO
HamsIAy (KOHTPOIII0) y cepl MOKEKHOT Ta TEXHOTEHHOT Oe3MeKH, a caMe:

1. IlmanyBaHHs Ta 3MIMCHEHHS TIEPEBIPKU CTAaHY TIOKEKHOI Oe3meKn 00’ ekTa:

- TIepeBipKa AISUTBHOCTI aaMiHIicTparii 00’ ekTa oo 3abe3nedyeHHs [1b;

- Oe3mocepeIHpO TIepeBipKa JOTPMMAHHS 1 BUKOHAHHsS BUMOT HOpM Ta mpaBwi I[1b Ha
00’ €KTI.

2. Hamanns mpono3utiii (mpumnwuc, iHGopmarris, T0BijKa) MO0 MPUBEACHHS 00’€KTa y
32JI0BUTBHHUI MPOTHIIOKESKHUM CTaH.

3. 3acTocyBaHHS 3aX0O/iB aMIHICTPATHBHOTO Ta 3aM001KHOTO XapaKTepy.
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FEATURES OF FIRE PREVENTION WORK AT INDUSTRIAL ENTERPRISES
This article describes the factors that determine the fire hazard of industrial enterprises, as
well as presents a number of organizational measures aimed at preventing the occurrence of fire
and minimizing its consequences.
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EXAMINING THE USE OF CYBER-PHYSICAL SYSTEMS IN FIRE PREVENTION

ABSTRACT

Advancements in technology, particularly in cyber-physical systems, are increasingly
integrated into firefighting to enhance safety measures. Artificial intelligence (Al) offers
innovative solutions by aiding in early fire detection, optimizing rescue operations, and providing
real-time insights. Drones play a crucial role in aerial reconnaissance, search and rescue, and
monitoring fire incidents, despite limitations such as flight time constraints. Virtual reality (VR)
and augmented reality (AR) technologies provide immersive training environments for firefighters
to practice decision-making and response strategies in hazardous situations. By leveraging Al,
drones, VR, and AR, firefighting agencies can improve operational capabilities, and response
times, and ultimately save lives during emergencies.

Key words: Cyber-Phisical System; Virtual Reality; Augmented Reality; Artificial
Intelligence; Drones

INDRODUCTION

The modern technology is infiltrating the field of fire safety as well. The application of
cyber-physical systems elements in fire safety represents a huge advancement in the areas of
firefighting, fire prevention, and education-training. Modern technologies make it possible to
facilitate or replace human work, in this case, the work of firefighters. Protecting human life and
our assets against the devastation caused by fire requires immense effort and sacrifice from
governmental and economic actors. The modern cyber-physical systems provide enormous
assistance in this regard.

ARTIFICIAL INTELLIGENCE IN FIREFIGHTING SYSTEMS

The application of artificial intelligence in firefighting systems can assist firefighters in
various ways, making firefighting more efficient and rapid in responding to emergencies. Al
technologies can aid in early fire detection and enhance firefighter safety, as firefighters are often
exposed to immediate life-threatening situations [1]. Additionally, they can optimize rescue
operations and the efficient use of resources, whether on the ground, in the air, or water.

EARLY FIRE DETECTION PAST AND PRESENT

Centuries ago, people detected fires in cities by constructing monumental structures known
as "Fire Towers." These towers served mainly security purposes, as they not only provided
observation points but also transmitted signals. A massive bell was installed in these towers, which
rang when a fire was detected, thus alerting the population and firefighters about potential fire
disasters.

Today, modern versions of these fire towers are security cameras and sensors present
virtually everywhere in our lives, monitoring our daily safety. Nowadays, we cannot pass by an
industrial building, a shopping mall, or a residential house without being recorded from multiple
angles, along with the surrounding environment [2]. Utilizing these cameras, we can recognize
potential fire incidents or traffic accidents.

NEURAL NETWORKS IN FIREFIGHTING

With the dramatic growth of artificial intelligence, a bridge has been built between human
capabilities and machines in various fields. One such area of importance is Computer Visioning,
where the goal is for machines to see and perceive the world like humans. Neural networks
(ConvNet/CNN) are deep learning algorithms capable of looking into the background of loaded
images and assigning significance to certain parts or objects, allowing them to distinguish between
them. These networks consist of multiple consecutive layers through which data must pass. In this
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case, "passing through" refers to processing. The first layer of the network is the "input layer,"
where information is passed to the network, typically in the form of a photograph. The first layer
can only recognize very basic shapes, such as straight and curved lines. As the data passes through
subsequent layers, the network learns to recognize more complex shapes, thereby creating higher-
level features. Consequently, the more layers the image passes through, the more detailed features
the network can learn, enabling it to analyze more complex shapes anywhere in the image [3]. This
will be crucial in the future, as the system needs to detect flames in a burning building or smoke
exiting from an apartment.

If these cameras are located indoors, they can greatly assist in the data processing of neural
networks if sensors are connected to them. These sensors can be heat sensors or smoke detectors.
If these devices are interconnected, a smart fire alarm system can be created, making high-risk
facilities much safer. It is no longer sufficient to use a simple fire alarm device that only flashes
and signals which zone has some kind of indication without providing any other important
information. It is important to have a visual representation showing each signaling device
separately in aroom. The image from the associated cameras should also be viewable when signals
occur. This way, it is possible to determine more accurately whether it is a false alarm or a real
fire incident. This is also cost-effective, as it eliminates the unnecessary mobilization of multiple
firefighting units and the deployment of numerous personnel.

ROBOTS IN FIREFIGHTING

Firefighting robots are specialized devices designed and built specifically to assist
firefighters. They are employed in hazardous firefighting situations where human intervention can
pose significant risks, or conventional firefighting technology cannot be used. These robots can be
controlled via computer programs or remotely. While capable of performing automated tasks, they
generally require human operators. They are applicable in various fields, becoming increasingly
efficient and versatile with the advancement of innovative technologies. Each such robot can be
equipped with different extinguishing agents. The most basic and commonly used is water, but
they can also utilize other types of extinguishing agents, such as foam, powder, or gas. Foam is
used in cases where the affected area cannot be moistened with water, and by covering the fire, it
cuts off oxygen, making extinguishing more effective. Powder is typically used in electrical fires,
while gas is used in computer fires or special electrical fires. Robots equipped with articulated
arms can cover larger areas more effectively due to their enhanced mobility options.

There are two types of firefighting robots: fixed and mobile. Regardless of the type, they
share some fundamental characteristics. One is heat resistance: firefighting robots are designed
and built to withstand temperatures that are unbearable for humans. They are coated with special
materials capable of withstanding flames and temperatures of up to 1000 degrees Celsius. This
makes them ideal for environmental use where human firefighters cannot work safely. Smoke
sensors: Most of these robots are equipped with smoke detectors, which not only indicate the level
of smoke but also diagnose it, providing important data to their controllers. Additionally, they can
provide crucial information for locating and extinguishing fires [4]. One advantage over human
firefighters is that while an average firefighter's breathing apparatus holds about 25 minutes of air,
robots have no time limit when searching for injured persons or fighting fires in smoke-filled
buildings.

Fixed firefighting robots are typically used in automated firefighting systems, mainly in
areas with increased fire hazards where the time to extinguish the fire needs to be minimized.
Examples of such locations include aircraft hangars, tunnels, and hangars. These systems are
equipped with UV and IR sensors, thermal cameras, and gas concentration sensors. These sensors
and cameras help localize the direction and position of the fire and deliver the extinguishing agent
more accurately. Mobile robots are equipped with more advanced features to assist operators in
their work. The system usually consists of a mechanical device rolling on wheels or tracks. Their
speed ranges from 2 to 20 km/h. Their weight varies greatly, ranging from a few kilograms to ten
tons. Regarding movement, they can be powered by internal combustion diesel engines or
batteries. In addition to remote-controlled models, there are also geolocation-controlled devices
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used in places where air pollution prohibits human intervention. This is particularly important in
the case of chemical fires, where the operation can be performed safely from a distance. These
vehicles are also equipped with distance sensors to facilitate overcoming any obstacles.

In summary, firefighting robots are becoming increasingly important tools in firefighting
departments, as they can be used in hazardous environments where human firefighters would have
very limited time or would not be able to work safely at all. In Hungary, these devices are less
common, but in countries where extensive forest fires occur, they are widely used. In my opinion,
they could be useful in Hungary as well, as they could assist firefighters in their work, although
they certainly cannot fully replace human firefighters.

DRONES IN FIREFIGHTING

Drones can be highly beneficial primarily in aerial reconnaissance of fire incidents, with
the second most common use being search and rescue operations and technical assistance.
Operating these unmanned aerial vehicles is significantly cheaper and simpler compared to smaller
airplanes, helicopters, or any other similar-sized equipment. Moreover, what makes drones
significantly superior to these aerial vehicles is that their deployment and utilization are much
faster, and time is one of the most critical factors for these organizations. Analyzing firefighting
interventions, these devices are most useful in outdoor fire incidents. Regarding building fires,
there can also be advantages, but to a lesser extent, as in such fires, depending on the size of the
area, it is easier to survey and assess the extent of the fire. Some drones are equipped with thermal
cameras and infrared sensors, which can be especially useful as they can better detect hot spots by
providing a comprehensive view of the entire area. In cases of forest, field, or brush fires, the
extent can be extensive. Not to mention the topographical obstacles, as well as the density of trees
and bushes, which can obscure the view of the entire area. When a unit arrives at a fire incident,
the task of the fire chief, also known as the unit commander or 24, seated in the front right of the
fire truck, is quite complex. Upon arrival, they must determine the size of the fire, which areas are
endangered, the direction of the fire, and the nature of the endangered area. They need to delineate
containment options and how to suppress it as quickly as possible. In areas that are not easily
visible or accessible, this task can be very challenging or even limited [5]. These tasks can take up
a lot of time. Depending on the level of alert, if it is elevated to "priority,” high-altitude rescue
teams can be dispatched to the scene. If this does not happen automatically, the commander can
request reconnaissance. There are advantages and disadvantages to this. The advantage is that it
can rise to a height of up to 40 meters, providing a better overview of such areas. The disadvantage
is that if the fire is on a hillside or has spread to the other side of the mountain, observation may
still be limited or restricted. Ideally, the affected area can be approached, and the high-altitude
rescue team can still be deployed. This, again, can waste time. If there is a larger fire in windy
conditions, hectares can be consumed before intervention begins. However, we are still only at the
reconnaissance stage. Possibly, in the best-case scenario, one or two jets have already begun
firefighting. In such cases, a drone is the best choice for reconnaissance because it can take off
within 2 minutes and scan the area from a height of 1 km, thus significantly improving the
determination of the fire's direction. They can direct arriving units to start firefighting at optimal
locations to contain the fire as quickly as possible and minimize property damage. Certain drones
can be equipped with various sensors. This can be useful when responding to incidents involving,
for example, burning hazardous materials. Suppose a truck transporting hazardous materials is
fully engulfed in flames. In that case, safety is even more crucial. If the truck lacks ADR markings
or they are no longer readable or have been destroyed, a laboratory team typically responds to
determine the type of material. But suppose, for example, they are farther from the incident or are
dealing with another incident; anything can happen. However, if they have access to a drone
equipped with sensors capable of measuring and analyzing air quality, even providing a full
monitoring report of the environmental air composition, much time can be saved, and the
emergency response can begin in a timely manner. It can be determined that the use of drones can
greatly assist working units and improve physical, human, and temporal limitations without
endangering human life.
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Returning to the drones equipped with thermal and infrared cameras mentioned earlier.
These aircraft can be of great assistance to firefighters in search and rescue operations involving a
smaller number of incidents, or in searching for missing persons. When a missing or distressed
person rescue alert is received by the fire department, usually, other cooperating agencies join the
rescue efforts, such as mountain rescue services or specialized rescue units. The main goal is to
have as many people searching as possible because the more people combing through an area in a
unit of time, the higher the likelihood of finding the person faster. Unfortunately, the limitation of
human power can still arise here, as it can take up to several hours for about 10-15 people to search
a hectare of land, not to mention the possible changes in terrain conditions, which can complicate
search and rescue efforts. The drones used for such purposes usually have GPS-based locators and
can detect several dozen satellites simultaneously, allowing them to work with minimal directional
deviation. Let's consider a square area. By determining the four corner points of this section, the
drone can autonomously scan the entire area and alert if it detects a human form or a deviation in
temperature on the thermal image. It only takes a few minutes for the aircraft to analyze this unit
area. If it finds the desired person, depending on the altitude, it can rise higher and emit high-
powered LED light downwards to indicate the location of the person to the search teams, and by
providing geolocation coordinates, the precise position can be determined.

DISADVANTAGES OF FIREFIGHTING DRONES

Although drones used in firefighting operations offer numerous advantages, they also face
certain limitations. Generally, flight time is the main constraint, as drones powered by batteries
have limited operational time, and recharging is necessary. Even if multiple batteries are available,
the charging time exceeds the usage time. Additionally, extreme weather conditions such as strong
winds, dense smoke, or high temperatures can hinder the effective operation of drones. Further
challenges arise for drones when navigating through dense vegetation or environments filled with
obstacles [6]. Taking all these factors into account, while the use of drones in firefighting
operations is efficient, it is necessary to develop the technology and address potential limitations.
In summary, drones have a rightful place in every firefighting department as such equipment can
significantly assist in various operations.

VIRTUAL REALITY (VR) IN FIREFIGHTING

Comprehensive and realistic training for firefighters is crucial in preparing for hazardous
situations. Many real-life scenarios cannot be simulated either because it would be costly or
because it may not be advisable to recreate them. VR provides an opportunity to create a safe
environment for the complex and varied simulation of both less risky and highly risky events. It
prepares them to make appropriate decisions in stressful situations within a relatively short period.
They can practice situations they may encounter very rarely or not at all, such as rescue operations
in the aftermath of a plane crash or in an area affected by an earthquake. Each scenario needs to
be carefully scripted, detailing what happens and how. For example, how to conduct an evacuation
from a high-rise building during a rescue operation. Or, what conditions are necessary to safely
contain and extinguish a fire involving hazardous materials transported by a truck [7]. VR can
assist in training, but it cannot fully replicate situations where firefighters have to penetrate a
burning building, feel the heat on their bodies, see how the smoke fills the building, and crawl on
all fours to reach the fire while seeing only a few centimeters ahead of them. They need to
experience these situations firsthand to truly understand what they entail and to prepare for them
effectively.

AUGMENTED REALITY (AR) IN FIREFIGHTING

In the field of firefighting, AR systems offer potentially significant advantages to
firefighters in site assessment, training, and firefighting operations. How can this help them in
practice? Let's consider a simple example: in every firefighting incident, we use a thermal camera
as a basic tool. This thermal camera is a handheld device that displays temperature differences,
hotspots, on its screen. However, this doesn't free up one of our hands, and we cannot carry a
mounted hose or another tool with us. Here, AR can assist firefighters by projecting the image of
the thermal camera built into the helmet or visor onto the inner side of the pulled-down visor. This
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way, they can work with a free hand and see hotspots wherever they look, enabling them to
intervene immediately [8]. Not to mention that objects and possible routes become more visible in
a room filled with dense smoke. Such technology currently exists only as a prototype, known as
an AR mask. It is being developed by an American company called "Qwake Tech," and it seems
very promising [9]. This device is a thermal camera mounted on a helmet, which projects the
thermal image in front of us onto a foldable small screen. Additionally, it can create a completely
3D route plan to determine the most efficient entry and exit routes when searching for individuals
inside a building. This device could likely have saved the lives of many firefighters who lost their
lives during firefighting operations because they couldn't escape a burning building or smoke-
filled room in time.

The text provides an in-depth exploration of the integration of cyber-physical systems in
fire prevention and firefighting operations, focusing on artificial intelligence (Al), drones, virtual
reality (VR), and augmented reality (AR). Al technologies aid in early fire detection, optimize
rescue operations, and enhance firefighter safety. Drones play critical roles in aerial
reconnaissance, search and rescue, and monitoring fire incidents, despite limitations such as flight
time constraints. VR and AR offer immersive training environments for firefighters to simulate
hazardous scenarios, improving preparedness and decision-making skills. While drones face
challenges like limited flight time and weather conditions, they remain invaluable tools in
firefighting operations. Additionally, AR systems like the AR mask prototype by "Qwake Tech"
show promising potential in assisting firefighters during operations.
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CEKIIIS 2. TOYKEJKHA BE3NEKA BY/IIBEJIbHUX MATEPIAJIB, BYIBEJIb TA
CIIOPY ]|

Knoxoea A. B. cnyxayu macicmpamypu, Hayionanohuii yrisepcumem yuginbHo2o saxucmy Yxpainu,
bonoapenxo C.M., k.m.n, doyenm, Hayionanvhuil yrnieepcumem yusiibHo20 3axucmy Ykpainu

AOCIKEHHSA YACOBUX XAPAKTEPUCTHUK BY3JIA YIIPABJ/IIHHS
CITPUHKJIEPHOI CUCTEMH BOIAHOI'O HOXKEXOI'ACIHHA

B cydacHoMy CBiTi HEMOOIIHKA BaKJIMBOCTI IOKEXKHOI OE3MeKH B OYIIBISX MOXKE
KOIITYBaTH HE TIJIBKM 3HAYHUX MaTepiaibHUX BTPAT, ale W MPU3BECTH IO 3aruOelni JOACH.
[Toxxexxi B OyniBIIX BUKIMKAIOTh YHCJIEHHI MpPOOJEMM, BKJIIOYAIOUM PIZHOMAHITHI JKepena
3aliMaHHs, PI3HOMAHITHI MEXaHI13MU MOIIMPEHHS BOTHIO Ta CKJIAJHI €BaKyalliiiHi Ta psATYBaJbHI
omnepariii. J{is 60poTbOu 3 HUMHU BXKe [MOHAJ COTHIO POKIB 3aCTOCOBYIOThCS CIPUHKIJIEPH]I CUCTEMU
BOJsIHOTO noxeskoracinusa. Hanpuxinan, y Cnonyuyenux Llrarax y nepion 3 2015 nmo 2019 pik Ha
o0'ekTax, OOJaJHAHMX CIHPUHKIECPHOI CHCTEMOIO TIOKEKOTaciHHS, pIBEHb 3arubeni Ta
TpaBMYyBaHHS LIUBIJILHOI'O HACEJIEHHS Ha OJIHY MOXeXY OyB HIKUUM Ha 89% 1 27% BiAMoOBIIHO.
PiBenb ypaxkeHHs 0co00BOTO CKIIaay Bija moxex OyB Ha 67% Menmum. [IpoTarom mporo nmepiomy
CIPUHKIIEPH CIpanboByBaIH B 92% OyaiBeNbHUX MOXEX 1 Oyiu ePEeKTUBHUMH B KOHTPOIII
noxexi 96% gacy, koiu BOHU mpartoBaiu [1]. Ane pa3oM 3 TUM, CTaTUCTUYHI JaH1 MOKa3yIOTh,
110 TMOHAJ TPU YBEPTI BUIAJIKIB, KOJM CIPUHKIEpPHA CHCTEMa HE CIpalfoBajia, MOB’s3aHl 3
HEJOCTaTHHOIO MIATPUMKOIO CUCTEMH B POOOYOMY CTaHi, IPUYOMY Ha BIJKIIOYEHHSI CUCTEMU
npunanae 57% HecnpaBHocTel. [HIIMMU clioBamMU, MIATPUMKA BY3JIiB YIPABIIHHS CIPUHKIEPHUX
CHUCTEM B TIpale3laTHOMY CTaHl, 3HAYHO 3HWXKYE DPHU3UK BTPATH BHACIIIOK TOXexi [2].
3MEeHILIeHHsI Yacy CIpallbOBYBaHHS By3Jla YNPABIIHHS CHPUHKIEPHOI CUCTEMH OyAe CIPUSTH
3MEHILEHHIO Yacy pearyBaHHs CHUCTEMM Ha 3aropsiHHs. [[ns 3MeHIIeHHs 1HepLiHOCTI By3la
YIIpaBJIiHHSA HEOOXITHO JOCTIANTH MO0 MAaTEMAaTUIHY MOJICITb.

[Ipu moOya0Bi MaTeMaTHYHOI MOJIEINI BY3JIa YIPABIIHHS CIPUHKIEPHOI BOJ03aIOBHEHOT
CHUCTEMHU BpaxOBaHI HACTYITHI MPUIYIIEHHS: pyX KjianmaHy oOMEXKEHHMH B HIKHIA Ta B BEpXHIH
TOYKAaX 3a JOMOMOrOI0 KOHCTPYKTHBHHUX OCOOJMBOCTEM KOpIyCy BYy3Jia YIpPaBIiHHS, HE
BpPaXOBYIOThCS TApaBiyHi CHIIM, BUKIIMKAHI 3M1HOIO HAIPSIMKY PyXy Ta BUILy pyXy BOASIHOT MaCH.

Judepeniiiiine piBHSIHHS, IO OINKCYE PyX TapuIbuaToOro KialaHa B KOPIYyCi By3ia
yIPaBIiHHS CIPUHKICPHOT cUCTeMHU Mae BUrysia [3]:

2 2
”'dZ—ﬂx'—m-g—(h—x)'nAdz

m-%=| R+ Ax)- P, P9 M)

Je m — Maca KiamnaHy, P1 — NMOCTIMHUN TUCK B XUBUJIBHOMY TpyOompoBomi; A(x) — 1uioma
MOBEPXHI KJalaHy, 110 3aJIe)KUTh BiJ HOro po3TamlyBaHHs; P> — THUCK B PO3MOAUIEYOMY
TpybompoBoi; d2 — miameTp KiamaHy; £ — Koe(DillieHT omopy pyXy BOIH IO TPyOONIpoBoLy; J —
MPUCKOPEHHS BIJIBHOTO MaiHHs; N — MOIOXKEHHS KJanaHa y BiIKpUTOMY cTaHi, [ — MIIbHICTh
BOJIM 32 HOPMAJIbHUX YMOB, X — [IOTOYHA KOOPIMHATA PO3TAIllyBaHHs KJIalaHy.

BpaxoBytoun Te, 1110 B CTAIOMY PEKUMI, BUKOHYETHCS 3aJI€KHICTb:

P,-S,=P,-S, -m-g—(h-x)-S, i

ne Sy — TUIoIIa MOBEPXHi KianaHy 3 OOKY KUBUJIBHOTO TPYOOIPOBOAY, KOJIU BY30J yIpPaBIiHHS
3aKpUTHUH, S1 — TUIOIIA TIOBEPXHI KJIanaHy 3 60Ky po3MoIiIb4u0ro TpyOOIpoBOIY.
Matematuuna mojiens (1) Moxke OyTu peICTaBiIeHa y BUTIISII:
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T2 %+2-T-¢c-x+x=K-y, (2)

m p

ne T=|——— — TmocridHa 4dacy, =

§=—F/—— — JCKPEMCHT 3aracaHni,
S, p-9 2\ym-S,-p-g

P .. .
K = —2- — koediuient nepenaui.
P9

3acTocoByroun a0 Bupa3dy (2) iHTerpainpHe IMepeTBopeHHs Jlammacy, oTrpumaeMo
nepenaTouHy (pyHKIFO By3Ja yIpaBIiHHS CIPUHKICPHOT CHCTEMH BOISTHOT'O TTOYKEKOTACIHHS:

K
2.7 42.c-T-s+1’

W(s):T

7ie S — KOMIUIeKCHa 3MiHHa Jlamaca.

[lincTaBuBIIM 10 BUpa3y AEKPEMEHTY 3aracaHHsi ( 3Ha4eHHs MacH KIalaHy, IOl
MOBEPXHI KianaHy 300Ky pO3MOAUIBYOr0 TpyOOmpoBOAYy Ta pemTH (I3UYHUX BEJIHYUH,
OTPUMAEMO TaKe 3HAYCHHS JCKPEMEHTY, 10 J03BOJIAIOThH 1ACHTU(IKYBATH TEPEXITHUN TIPOIIEC,
SIKUIl BUHUKAE B BY3JIl yHPaBIiHHS MPU CHPAllbOBYBaHHI CIPUHKIIEPHOrO 3pOlIyBaya 1 MaiHHs
THUCKY, sIK anepioanyHuil. Tomy oguanuny nepexigny ¢yskiito (OIId) knanany MoxHa onucatu

BHpa3oM [4]:
h(t)=K 1—e-€'t(£,sin(g.tj+co{g,tjj ’
a T T
ne a=41-¢7.

3a OTpUMaHOIO 3aJIeKHICTIO TOOYayeMo rpadik OIID Ta qocniguMo BIMB Macu KiamaHy
Ta IJIOIII MOTo MOBEPXHI Ha 1HEPIIMHICTh By3/1a YIIPaBIiHHS.

h(t) 5 h(t)
_________________________ B S S
4 T pe— T e B e o
L1
| 1
3 ' i t—3
1 |
1 |
| |
I 1
2 ! b2
1 |
o /
1 : : 1
1 |
I I t,c
1} DI.2 DI.4I Dl.tﬁ DI.S 1]
a) 0)

Puc. 1. YacoBi xapaKkTepucTHKH BY3J1a yIIPABJIiHHA BOASHOI CHPHHKJICPHOI CHCTEMH
MOKEKOTACIHHA: a) NIl KJIalaHa BHIOTOBJICHOI0 3 KOBKOIO 4aByHY; 0) IJsl KJalaHa
BUTOTOBJIEeHOr0 3 6pon3u (1 — xiamerp kmanana 100 MM, 2 — giameTp ki1anmana 150 mm)
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3a orpumanumu rpadikamu OI1®D, BU3HAUMMO TPUBATICTh MEPEXiTHOTO MPOIIECy B BY3Ii
YIpaBIIiHHS MIPU CIIPAllbOBYBAaHHI CIPUHKIEPHOI cucTeMu. HesanexxHo Bia Marepiany, 3 SKOTO
BUTOTOBJICHO KJIAamaH, 30UIbIIEHHS JiaMeTpy By3/a YIpPaBIiHHSA HPU3BOAMTH IO 3POCTAHHS
iHepIiiHOCTI cripanboByBaHHs B Mexax 36 — 60 %.

Haiimenmmii gac crnparpoByBaHHs OyJie y By3Ja YIPaBIiHHS CHPUHKIEPHOI CUCTEMH 3
niamerpom 100 MM KJ1amas, SKOrO BUTOTOBJICHHH 3 OpOoH3U. Y By3JIax ynpaBiiHHs aiamerpom 150
MM 3 OPOH30BHM KJIAIIaHOM 1HEPLIHHICTh CHIPallbOBYBaHHs 30UTbIIy€eThCs Ha 60%. 3acTocyBaHHS
KOBKOTO YaBYHY B SKOCTI MaTepialy Uil BHTOTOBIICHHS KJanaHy, JO3BOJHTH 3HU3HUTH
IHepIIHHICTh CHpalibOBYBaHHS By3Ja ynpaBmiHHs giamerpoM 150 mm Ha 10 %.

OpHuM 3 NUIAXIB MOKpAIIEHHS JAWHAMIYHUX XapaKTEPUCTHK By3Ja YIPABIIHHS BOASHOI
CIPUHKJIEPHOI CHCTEMH € BJIOCKOHAJCHHS KOHCTPYKLIi KjamaHa, a TaKoX 3acTOCYBaHHS
KOPO31MHOCTINKUX CIIaBIB JUIsl HOrO BUTOTOBJICHHS.
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STUDY OF THE TIME CHARACTERISTICS OF THE CONTROL UNIT OF THE
WATER FIRE EXTINGUISHING SPRINKLER SYSTEM

In the work, a mathematical model was obtained that describes the dynamics of the
movement of the poppet valve in the body of the control unit of the water sprinkler fire
extinguishing system. A unit transient function was constructed and a study of the change in the
duration of the transient process in the control unit for different diameters of the valve and the type
of material from which the valve is made was carried out.
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JOCJIIIKEHHSA CYYACHOT'O PIBHA 3ABE3IEYEHHS MMOXKEXHOI BE3IIEKH
HEHTPIB OBPOBKH JAHUX 3ACOBAMM MMOKEKHOI ABTOMATHKHA

Hentp 06pobku manmx (L{OJl) - 11e BUCOKOTEXHOJOTIYHE MPUMIIIEHHS, MPOCTIp, KUK
3alIOBHEHO TEJIEKOMYHIKAI[iHHIM OOJIaIHAHHSAM Ta IHIIMMU MPHUCTPOSIMHU, IO 3IiHCHIOIOTH 30ip,
30epiranHs Ta OOpOOKy pi3HOMaHITHOI iH(OpMaIii Ta HAJAE MOMXJIMUBOCTI IS JOCTYITY
KOPHCTYBadiB JI0 cepBiciB BcecBiTHROI Mepeski IHTepueT. Ha choroaninmHiii nens mociyramu LHO/]
KOPHUCTYIOTHCS HE TUIBKHA KOPIIOPATUBHI 3aMOBHUKH, JUIs yCIIIIIHOTO BUPILLIEHHS 3aBAaHb Oi3HECY,
ajie W TmepeciyHi TPOMaIsiHH, sIKi 3aBAsKd MoxmBocTaM [[O]] maro moctyn 0 pi3HOTO poay
1H(popMallii, MTOYMHAIOYHN 3 IPOTrHO3Y MOT'0JIU Ta OTPUMaHHS 0aHKIBCHKUX MOCIYT, @ TAKOX JOCTY
KOXKHOT'0 T'pOMa/IsHHHA YKpaiHU 10 IM(PPOBUX JOKYMEHTIB B 3aCTOCYHKY “Jlis”. {151 BUKOHaHHS
nepemiuennx ¢yukmiin nepen [[OJ] croare 3amaui 3 HamiiHOI MOOYIOBH, BHYTPIIIHBOTO
IJIaHYBaHHA Ta PO3BUHEHOI cydacHOoi iHQpacTpykTypu. OHIEO 3 HEOOX1THUX YMOB CTaOUIbHOTO
Ta Oe3neunoro BukopuctanHs [[OJ] € 3abe3medyeHHS BHCOKOTO PIBHS TMOXKEKHOI O€3MeKn
MPUMIIIEHb Ta 00MagHaHHA. SIK CBIMUUTH cTatucTuka, 41 % 3ynunku podotu 11O/l mos's3ano 3
HaCJIIKaMH1 TTOXEX, 110 Ha HUX CTaIuch [1].

[IpoTumnoxexHui 3axUCT LEHTPIB OOPOOKM JaHMX 3HAYHO PO3BUHYBCS 32 OCTaHHI TPU
necsaTUmiTTa. TexHosorii m03pinM, 100 3aJ0BOJBHUTH BUMOTHM PHHKY IIOAO pIlI€Hb, SKI
BIJIMOBIJAIOTH JETIIKaTHOMY OallaHCy BJIACTUBOCTEH, HEOOXIAHMX I MIATPUMKH Oe3nepepBHOI
POOOTH TIPOTIATOM yCHOTO TEPMIHY CIY)KOHU IIEHTPY.

Crnmparounch Ha CBITOBHUH JOCBI TPOTHIIOKEKHOTO 3aXHUCTy OO0'€KTIB, Ha SKUX
BUKOPUCTOBYETHCSI BEJTUKA KUIbKICTh €IEKTPOHHOrO OOJjaJHaHHS, MOXHAa KOHCTaTyBaTH, IO B
MepEeBaXKHIM OUIBIIOCTI B SIKOCTI BOTHETaCHOI pEYOBHHU BUKOPHUCTOBYBAIKCH ra30B1 BOTHETACHI
ckimanau. Slki 3a BOrHETacHMM €(EeKTOM MOKHA TMOAUIMTH Ha 1HTIOITOPH TOPIHHA Ta iHEPTHI
pO3piKyBadi. Ajie HASBHICTh MOTY>KHOT'O 030PYHHIBHOTO €(eKTy y MOomyJsipHUX XJ1aaoHiB 13B1
Ta 114B2 3Mycuia CBITOBUX BHUPOOHHKIB NEPETJISHYTH PEUENTypH Ta30BUX BOTHETaCHHUX
pedyoBUH. 3apa3 Ha PUHKY MPUCYTHI TaKi 3aMIHHUKHA O30HOPYWHIBHUX XJIAJOHIB K 227ae ta 125
XJIaJIOHH, SIKI JOCTaTHBO €(PEKTUBHI, aJie 3aXUCT 00'EKTIB HAa TEPUTOPii YKpaiHU 3 BUKOPUCTAHHSIM
ux 3aco0iB MOXxe MoTpeOyBaTH 3HAYHUX KalliTalIOBKIAACHb. SIK anbTepHaTHBA Cepel] ra30BUX
ckiazaiB 3anpornoHoBada cymim NOVEC 1230 [2]. Lle nmpo3opwuii, 6e30apBHUIA Ta3, SIKUWA HE €
TOKCHYHHM, Ma€ HYJIbOBHI IMOTEHIial pyHHYBaHHS O30HOBOTO IIapy Ta TEpMiH >KHUTTA B
atMocdepi JuIle I’ ATh AHIB Ta SKUH MPAKTUYHO 1€AbHO MIJXOIUTh JJIs TaCiHHS IMOXKEXK Ha
esleKkTpoHHOMY oOnajHanHl. CtBopeHa cucrtema noxexoracinHss NOVEC 1230 Clean Agent
System, crienianbHO MiAXOAUTH 7S TACIHHS MOXKEX Y MICISX, 1€ €IEKTPOHHI CUCTEMU HE MOKYTh
OyTH BUMKHEHI B €KCTPEHIH CUTYyallii, IBUAKO TaCUTh MOXKEXI1 Ta 3aXHILla€ YyTIUBe 00IaIHAHHS,
HE 3aB/Ial0YH LIKO/HU JIFOIIM YU HAaBKOJIHMIIIHBOMY cepeioBuIly. Haskasb, BUCOKA BapTiCTh ra30BO1
cyMili Ta o0nagHaHHA JUid ii 30epiraHHs Ta JOCTaBKU B MPUMILEHHS 10 3aXUIAETHCS, 3MYIIYE
BITYM3HSIHUX PO3POOHMKIB CHCTeM Oe3leKH BiJgaBaTd IepeBary IHEPTHHUM pPO3piIKyBayam,
TaKUM SIK a30T Ta JBOOKUC BYTJIENt0. B 3B'A3Ky 3 UM Ul 3aXHMCTy MPUMIIIEHb 3 €JIeKTPOHHUM
oOyiaiHaHHAM B YKpaiHI PO3MNOBCIOJUKEHUM pIIIEHHSIM € BHUKOPHUCTaHHS MOJYJIB Ta30BOTO
MOKEKOTaCIHHS CHOPSDKEHUX Ta30BOI0 BOTHEraCHOKO PEYOBUHOIO, SKa TOJAETHCS B 00'eM
IPUMILIEHHS, 10 3aXUIIaeThes (puc. 1). CyTTeBUM HEMOJIKOM TAaKOro PIlIEHHS € HEOOX1IHICTh
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3aCTOCYBaHHS 3HAYHOI KUTBKOCTI MOJIYJIB B pasi 3aXUCTy MPOCTOPIB 00'€MOM IOHAJ COTHIO
KyOIYHHX METpiB.

Puc. 1. [Ipuknan 3acTocyBaHHA CHCTEMH ra30BOro
NOKeKOraciHHA 1J1s1 3axucty cepBepHoi TPI
“JIwobaBa” (M. Yepkacu): 1 — MmoayJib ra30B0ro
noxesxoracinus Imnynbc-20; 2 — agpecHnii
auMoBHii noxke:xxuuii cnoimysay CIIJIOTA 3
koMmiuiekcy ACIIC Omera; 3 — ka0ebHi JiHil, 1110
NiAJISIral0Th 3aXUCTY

HanpuxkiHii MUHYJIOTO CTOJITTS pO3POOHUKH CHUCTEM MPOTUIOKEKHOIO 3aXUCTy OaraTo
yBaru TMPUIULSUIM  3aCTOCYBAaHHIO CHCTEM TIOKEKOTACiHHS  BOJSIHUM — TYMaHOM,  SIKI
BUKOPHUCTOBYIOTh JIpiOHI Kparjii BOAM JJs JIOKaji3aulii, MpUAyIHIeHHS a0o TaciHHS MOXKEexI.
Hampuknan, aBctpiticbka kommadiss AQUASYS Bke moHam IBaausTh POKIB  3aiiMaEThCS
PO3pOOKOI0 1 MPOBA/PKEHHSAM CHUCTEM MOKEXKOTaciHHS 3 BUKOPUCTAHHSIM TEXHOJIOTIi BOASHOTO
TyMaHy BHCOKOTO THUCKy. Ha BiAMIHYy BiJ Tra3oBUX CHUCTEMH IOXKEKOTACIHHA, SKI 3apa3
BUKOPUCTOBYIOTbCS, Ta BUMAararTh BIAKIIOUEHHS BEHTWIALII BCi€l cepBepHOi KIMHATH, IIO
MIPU3BOJIUTH IO HEOOXITHOCTI 3yIMTMHKU CEPBEPIB, a 11€ MOKE MPU3BECTH JI0 BTPATH HE30EPESIKEHUX
naHux, cuicteMd HPWM BUKOPUCTOBYIOTH HAAUUCTY BOY, 110 3a0e3medye He TUThKU e(heKTHBHE
MOKE)KOTACIHHSA, aje W HaA3BUYAHO HU3BKAM PHU3UK BPAXKEHHS JIIOACH 1 TONIKODKCHHS
KOMITOHEHTIB €JIGKTPOHHHMX CHUCTeM. AJle BHCOKUN pPIBEHb KaMiTaJbHUX 3aTPaT € CYTTEBOIO
MIEPETIOHO0 Ha NUISIXY BIPOBAIKEHHS JAHUX CHUCTEM B YKpaiHi.
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RESEARCH OF THE CURRENT LEVEL OF ENSURING FIRE SAFETY OF DATA
PROCESSING CENTERS WITH FIRE AUTOMATION DEVICES

Considered technical solutions for the construction of modern fire extinguishing systems

for data center protection from global manufacturers of fire automation systems and features of
fire protection of such objects in Ukraine.
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THE STATUS OF IMPLEMENTATION OF FIRE SAFETY ENGINEERING IN
EUROPE

In the European Union (EU), fire safety in the built environment is a national competence
regulated by the EU Member States (MS), but it is also embedded in several EU initiatives and
action plans related to the construction ecosystem [1-2]. Moreover, technological developments
and the need for improved energy-performance and climate-resilience of buildings have changed
significantly the built environment, bringing new challenges.

In this context, the European Commission coordinates and facilitates EU-level activities
complementary to national regulatory fire safety, such as the Fire Information Exchange Platform
(FIEP) established in 2017. FIEP aims to enhance cooperation among EU Member States, as well
as to facilitate the exchange of knowledge, information and best practices, and cross-learning from
fire safety activities. Fire Safety Engineering (FSE) is one of the five priority areas within FIEP's
scope. FSE deals with the application of engineering methods to the development or assessment
of designs in the built environment, through the analysis of specific fire scenarios or the
quantification of risk for a group of fire scenarios.

Moreover, the EU has put in place a comprehensive legislative and regulatory framework
for the construction sector, including related European Standards (EN). European standards are
fundamental for achieving a climate-neutral, resilient and circular economy [3]. The Structural
Eurocodes (EN 1990 to EN 1999) have a prominent role within the standardisation framework for
the construction sector and contain specific “fire parts” dealing with the fire resistance of
structures, making possible the application of FSE approach for fire design.

In line with FIEP’s scope, the Joint Research Centre (JRC) of the European Commission
explores the needs and options for further harmonisation of the FSE approach in Europe. In
November 2020 to October 2021, JRC coordinated an enquiry to map the implementation status
of the FSE approach in the regulatory framework and design practice in Europe. The enquiry
focused on the built environment (housing, offices, theatres, shopping malls, hotels, airports, etc.),
excluding industrial buildings or plants. The enquiry was performed through a questionnaire
circulated to the main fire regulators of the 27 EU Member States, three European Free Trade
Association (EFTA) countries (Iceland, Norway and Switzerland), United Kingdom and Serbia
(see [4] for full description of the results, published in January 2023).

The enquiry has revealed that the FSE approach is not yet fully implemented in the national
regulatory frameworks of the responding countries, even in case of recently issued or updated
national regulations. However, only four countries (Portugal, Greece, Bulgaria and Slovakia) have
responded that FSE approach is not allowed in fire safety design (Figure 1). Rather than related
to any legal restriction, this fact seems due to the practical lack of tools, education and experience
in FSE-related issues, also linked to insufficient infrastructure components (legal framework,
insurance coverage, professional certification, education, etc.). The implementation of the FSE
approach seems to be mostly driven by innovation in technology, architecture and construction,
and the need to design structures or elements not covered by prescriptive fire design regulations.

The questionnaire explored the following concepts of fire design solutions: Prescriptive,
Deemed-to-satisfy and Performance-based. The first two embody the traditional single-member
fire design based on tabulated data, requiring no further verification by the designer. The last
approach refers to fire design performed with analytical methods, whose compliance with fire
safety and performance standards must be demonstrated with FSE-based methods. The status of
FSE implementation was explored through the description of 12 main Technical Areas (TAS),
allowing to map the integration of FSE in fire design regulations of the various countries. The
applicability of the three fire safety approaches is almost the same through the TAs; 40-50% of
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the available solutions are prescriptive, 20-25% deemed-to-satisfy and 25-30% performance-based
(Figure 2).

Is a FSE approach allowed for construction works in your country? [32 replies]

= NO mYES
K/ Implementation of new ﬁre\

safety technologies

/\/ Insufﬁcientinfrastructure\
components (legal,
insurance, professional
certification, education etc.)

v" Designing attractive /
innovative building space

v The type/category of the
v No engineer/designers who 28: 87% structure or some
have professional expertise ' element/part is not
to deal with Fire Safety addressed by the existing

\ Engineering approach / \ prescriptiveregulations

Figure 1: Reasons for allowance / non-allowance of FSE approach in fire safety design

What is the nature and level of the technical detail in yourfire regulation(s)?
0% 20% 40% 60% 80% 100%

Fire detection
Early suppression / suppression systems
Evacuation routes
Smoke control systems
Structural fire safety
Fire compartmentation
Smoke compartmentation
Prevention of fire spread to neighbouring buildings
Material / system selection for facades

Material / system selection for all other relevant areas ..
Firefighting (fire brigade access and intervention
Building installation
Others

m Prescriptive solutions Deemed-to-satisfy solutions  m Performance-based solutions

Figure 2: Shares of the different approaches to fire safety design through the selected 12
TAs

In countries that allow for FSE (28 of 32 countries), performance-based design solutions
are mainly available for all or most of the 12 TAs; only in 6 of these countries the use of
performance-based design is limited to certain technical areas (Figure 3a). This point reveals a
potentially wider implementation of FSE approach for the majority of countries. However, in 22
countries (65%), mainly only one approach is available per technical area, indicating restricted
choice for fire designers; about 30% of the countries allow, at least, for two approaches (Figure
3b).

The enquiry analysis has underlined the importance of building / fire regulations and
international standards that provide assessment methods for FSE (Figure 4a). The application of
FSE-based assessment and design methods practically covers any type of construction in most
countries. Exceptions are mostly due to the availability of code-established prescriptive solutions
— which often indirectly prevent the application of FSE approach to residential buildings — and
limits of size (FSE can be applied to a certain type of building above a certain height, number of
floors, or surface area) or capacity (maximum number of users, type of hosted activity) (Figure
4b).
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a) How many TAsare b) How many 2:
includedin FSE approachesare 8%
approach 10: 0 mainly available for
applications? 36% 21% the same TA? 10;

29%
Upto5 Mainly only one
6to 10 120; Mainly two 62520,‘{,
m More than 10 43% m Mainly all three
(virtually all TAs)

Figure 3: @) Number of TAs included in FSE approach and b) approaches available per TA

a) Whatassessment b) How many
methodsfor FSE are types of
available? construction

FSE methods

B Designated by building/fire regulations

; applyto?
Described in standards referenced in 7
regulations
® Approved by government/designated ’

bodies
Accepted by building/fire officials in charge Lessthan 10
Described in documents issued by academic/professional society 10to 15

B Described in peer-reviewed papers in journals/proceedings

_ B More than 15 (virtually all)
Methods not available

Figure 4: a) Assessment methods for FSE approach and b) construction types FSE applies to

As a general conclusion, the implementation of FSE approach in the fire design for
buildings is not yet fully achieved in the responding European countries, with less performance-
based solutions being generally available than prescriptive ones. Prescriptive methods are largely
prevalent in practice, even if FSE approach is allowed. The prospects for FSE implementation in
the building fire regulations of the European countries appear positive, because FSE is practically
applicable in all or many FSE related technical areas, and to all or many types of constructions.
However, mainly only one approach for technical solutions per technical area is available, and the
availability of assessment methods mainly depends on the availability of national regulations and
standards.
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TRAINING AND EDUCATION NEEDS FOR WIDER IMPLEMENTATION OF FIRE
SAFETY ENGINEERING IN EUROPE

The Joint Research Centre (JRC) of the European Commission explores the needs and options for
further harmonisation of the Fire Safety Engineering (FSE) approach in the Member States of the
European Union (EU) and the European Free Trade Association (EFTA). In the period November
2020-October 2021, JRC conducted an enquiry to map the implementation status of the FSE
approach in the regulatory framework and design practices in Europe [1]. The enquiry was
performed through a questionnaire adressed by JRC to the main fire regulators of the 27 EU
Member States, three EFTA countries (Iceland, Norway and Switzerland), United Kingdom and
Serbia, who provided 32 responses and then analysed.

The results of this enquiry are contributing to define the needs for guidance and training of fire
safety professionals on FSE related topics, as well as the standardisation needs to be explored and
discussed with relevant stakeholders. These aspects are connected in various ways to the effective
implementation of the FSE approach in the responding countries [2]. The next steps of the JRC
activity will focus on clarifying and elaborating such connections that the enquiry has allowed
assessing in a general way, expected to be published in two reports in 2025.

Public bodies and institutions are the main providers of education and training for professionals
and officers engaged in FSE design practice and review — especially universities at postgraduate
level. Secondary education institutions and other bodies (nominated or recognized by
governmental bodies) can also be providers for FSE-related training. Generally, the fire regulators
expressed the need for improving the education and training offered on FSE in their countries.

processes

actors

FSE

education

Figure 1. Role of FSE-related training and education (fire safety design processes and actors)

The results of the enquiry have enlightened the role of FSE-related education and training:
1) It forms the basis for the necessary qualifications of the different actors involved in building

design, approval, construction and assessment process, namely (Figure 1):

— all the professionals who can legally design or certify the building fire safety (fire engineer
/ consultant, architect, civil / structural engineer, other professionals and technicians);

— authority officers and firefighters whose duties may cover the regulatory review and
approval of fire safety design projects. As well, fire engineers, as private consultants, may
be nominated third reviewers.

2) It shapes up the profile of the fire engineer / consultant, who, in the majority of the countries
that allow FSE, has a key role in the specification of design fires, safety criteria and fire
scenarios (Figure 2a).
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3) It is the source of fire safety competency for the other liable subjects for fire safety design
(civil/structural engineer, architect, and other technical figures); it should be noted that only in
four countries liability is on a non-technical actor (builder, contractor or owner) (Figure 2b).

a) Who specifiesfire scenarios, safety criteria and b) Who is liableforthe fire safety design
design fires? of construction works andthe design
complianceto the regulation?

Regulations M The fire safety designer is / can be liable

and
referenced
standards

[ The fire safety designer cannot be liable

Who else is
liable:

Engineer (or fire

Reviewers, engineer)
Officials

Others
4

Other
technical
actor (6)

Non-technical
actor (4)

Figure 2. a) Specifiers of fire design parameters in FSE-allowing countries and b) liability for fire
design in all the responding countries

As enlightened by the enquiry, the availability of assessment methods for fire design mainly
depends on the availability of national regulations and standards. According to the views of the
fire regulators of the countries that allow for the use of FSE approach in construction projects, the
most important topics for standardisation to be further developed are, namely: (i) the fire safety
performance and acceptance criteria, and (ii) the selection of design fires and design fire scenarios
(Figure 3). Standardised FSE assessment methods, definition of limits in simulation models, and
objectives and functional requirements of fire safety designs are also identified as important topics.

0 n. of replies 28

Fire safety performance and acceptance criteria
Selection of Design Fires and Design Fire Scenarios
Objectives and Functional Requirements of fire safety..
Assessment methods for fire safety engineering approach..
Definition of limits in simulation models (for example gas..
General Principles
Examples of application of fire safety engineering approach..
Guidance on risk-informed fire safety engineering approach
Reliability of fire safety systems
Software validation
Use of experimental results (standard tests and natural fire..
Data from standard tests
Sensitivity analysis
Confrol of FSE/ representation of scenarios during life. .
Fire safety engineering practitioners’ notification
Peer Review/regulatory review
Others

Figure 3: Topics in need of development by standardization organisations, according to the
responders of FSE-allowing countries

In the countries that apply FSE approach in building fire design, the need for standardisation is
particularly relevant in the fire safety performance and acceptance criteria, as well as in the
selection of design fires and fire scenarios. In fact, such responsibilities currently rely on expert
judgement (Figure 2a). The development of standards (or technical guidance) in such fields would
increase the uniformity and objectivity in the processes of design and evaluation of FSE projects.
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Moreover, the objectives and functional requirements of fire safety design, the assessment methods
for FSE approach (such as evacuation safety design, structural fire safety design, and smoke
control) and the definition of limits in simulation models (e.g. gas concentration, visibility, shoot
yield, walking pace) are indicated as topics of interest for standardisation. This indeed confirms
the need of support, especially for designers in the use of advanced calculation methods.
Finally, there is agreement about the importance of research for the future development of FSE-
based approach (Figure 4). As the responses of all countries indicate, research should deepen the
knowledge in fire science and material behaviour in fire as well as human behaviour and/or
evacuation and fulfil the need for using innovative materials and solutions for fire design. This
points out that the fire safety design of innovative buildings — especially featuring innovative
materials or technological solutions — is seen as the main task of FSE.

0 n. of replies 32
Fire science, such as: fire spread, flame spread, smoke..

New materials and innovative solutions

Human behavior and/or evacuation
Material behaviour in fire

Fire safety measures (detection, smoke control, passive..
Building structural behavior in fire
New energy systems
Fire fighting
None, we anticipate research coming through..
None, no need
Others

Figure 4: Research needs for FSE implementation, according to all the responders

The JRC activity in support to the implementation of FSE approach in the EU/EFTA
Member States is in progress in the following directions related to education and standardisation
needs:

— The results of the JRC enquiry, aimed to the main fire regulators, are being compared to the
results of a new enquiry carried out by the Society for Fire Protection Engineering (SFPE) in
2022-23, which proposes the same questionnaire to fire design practitioners. This will allow
for a more complete picture of the needs in the field of education and standardisation.

— A new detailed mapping of available FSE-oriented educational courses in the EU/EFTA
Member States will be linked with the liability profiles, qualification frameworks and fire
safety design approval processes. This will clarify how fire safety competency is granted in
the whole process of project design, review and approval.

— Coverage of new fields of fire safety and protection — namely, digitalisation of fire safety and
FSE applications to cultural heritage buildings — with reference to the application of available
standards and steps towards the elaboration of new ones.
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O.A. llemyxosa, k.m.H., OoyeHm,
Hayionanvnui ynisepcumem yuginbHozo 3axucmy Yxpainu

PO3PAXYHOK BHYTPIIIHBOI'O ITPOTUIIOKE KHOI'O BOAOITPOBOAY SAK
HAIIPSIMOK 3ABE3IEYEHHS MOKEXHOI BE3INEKH BY IIBJII

[ToxkexxHa Oe3neka Oy/iBenb 3a0€3MEUYy€EThCS i Yac MPOEKTYBaHHS, CKCILTyararlii Ta
nikBigamii 00'ekta. OCHOBHOIO BHUMOTOIO 3a0€3MeUeHHs] TMOXKEKHOI OE3NMeKH € 3BEACHHS 0
MIHIMYMY MOXJIMBOCTI BUHUKHCHHS TIOXKEXI ITiJT 9ac OymiBHUIITBA, CKCIUTyaTallil Ta JiKBigaril
OymiBeJb 1 CIIOPY, 110 O3HAYAE, 1m0 00’ EKTH MOBUHHI OYTH 3aPOEKTOBAHI 1 MOOYA0BaHI TaK, 00
y pa3i BUHHMKHEHHS TMOXEXI YIPOJOBX BHU3HAUYEHOTO MPOMIKKY Hacy 30epiraimacs Hecyda
3JIaTHICTh KOHCTPYKIIiH; OyJi0 0OMEKEHO BUHUKHEHHS Ta IMOIIUPEHHS BOTHIO 1 UMY BCEPEIUHI
OyniBii abo cropyau; Oys0 0OMEKEHO MOMIMPEHHS BOTHIO HA CYCiIHI OymiBiIi 1 criopyau; Oyia
3a0e3neyeHa MOXKIIMBICTh €BaKyallii Jrojiel abo X MOPATYHOK B 1HIIMH CMOCIO; BpaxoByBajacs
Oe3reKa MoKEeKHO-PATYBATBHUX T1Apo3auTiB. OAHUM 31 CrTOCO01B peatizallii mocTaBIeHO01 BAMOTH
€ 3a0e3Me4yeHHs] BIJIMOBIAHOIO PIBHS MOXKEXKHOI Oe3MeKH Ha cTajll MPOEKTyBaHHS O00'eKTa.
Cucrema NPOTHHOXKEKHOTO BOJONOCTAYaHHS (BHYTPIUIHBOIO Ta 30BHIIIHBOIO) € OJHUM 3
€JIEeMEHTIB CHCTEMH TMPOTUIIOKEKHOTO 3aXHCTy 00'€ekTa, sSKUM OE3MOCEPEeIHbO peaizye
3a0e3reyeHHs Horo MoKexXHOi Oe3MeKu.

Ha cporoani icHye Garatuii JOCBil B MPOEKTYBAaHHI BHYTPIIIHHOI'O MPOTUIIOKEKHOTO
Bogomposozay (BIIB) 6yaisens. [Ipu BUKOHAHHI po3paxyHKIB IPOCTOI 3a MpU3HAUYEHHSAM OyiBI1
BUKOPHUCTOBYIOTh METOAMKY, SIKa BUKJIa/IeHAa Yy BIAMOBITHUX HOPMATUBHUX JOKyMeHTax [1], abo
KOPHCTYIOThCS MTporpaMHUMHE Komruiekcamu [2]. IIpu po3paxyHKy CKJIaJHOT 32 MPU3HAYCHHSIM
OyniBii [3-8] mporiec yCKIaAHIOETHCS THM, IO [T OJIepKaHHSI KIHIIEBOTO PIlIEHHS 11010 KOYKHOT
ckiagoBoi BIIB BuHMKae HEOOXITHICTh PO3PaXOBYBATH JCKIIHKO MOXKJIMBUX BapiaHTIB CUCTEMH,
TOOTO OJHAKOBI PO3PaXyHKH POOUTH JEKUIBKO pa3iB, MPU IbOMY BHUKOPHCTaHHS MPOrPAMHUX
KOMIIJIEKCIB OOMEXYETHCS TX MOXKIMBOCTSMH.

Jlst ieMoHcTparlii MOKIUBOCTEH mporpaMHoro komiuiekey “BITB-2023”, 6yB BuKoHaHU
PO3paxyHOK BHYTPIIIHBOTO MPOTUIIOKEKHOTO BOJOMOCTAYaHHs OyiBIi BUPOOHHUYOrO 00'€KTa,
sIKa CKJIAJIA€ThCSl 3 OJIHOMIOBEPXOBOI YACTUHHU CKJIAJCHKOTO NMPU3HAYEHHS, YOTHPHOXIIOBEPXOBOL
YaCTUHU a/IMIHICTPATUBHO-TIO0YTOBOT'O MMPU3HAYEHHS Ta OJTHOMOBEPXOBOI YaCTUHU BUPOOHHIOTO
MpU3HAYCHHS 3 BOYJOBaHMUMH aJMIHICTPATUBHO-MOOYTOBMMHM IMPUMIIICHHSIMH. 3a BHUMOTaMU
HOPMaTUBHUX JOKYMEHTIB IIPH BiAOKPEMJICHHI YaCTHH OY/iBJIi OJTHA BiJl OAHOI MPOTHIIOKEIKHOIO
CTIHOIO TEpHIOTO THMY, HeoOXimHicTh BiamTyBaHHs BIIB Ta HOpmaTHBHI BHUTpaTH BOIU
MPUHAMAIOTBCS OKPEMO I KOXKHOI YacTUHH. Po3paxyHok y mporpamHoMy Komiuiekci “BIIB”
HEMOXJIMBUH TOMY, IO YaCTUHMU OYIIBJII MalOTh pi3HE NMPU3HAYCHHS Ta BIiJIMOBIIHO BBECTH
BHIX1JIHI JIaH1 1117101 OyMiBJIi HEMOXKJIMBO, a BBEJACHHS XapaKTEPUCTUK JIEKUIBKOX YacCTHH OyIiBIIi
KOMIUIEKCOM He TnependadeHo. BiamoBiHO po3paxyHOK KOXKHOI CKJIaJOBOI HEOOX1THO
BUKOHYBAaTH OKPEMO.

BuxigHumu naHuUMH JUIS OJHOTIOBEPXOBOI CKIIAJCHKOI YaCTMHM € Kareropis OyaiBii 3a
BHOYXOMOXEXKHOIO Ta MOXKEKHOI0 Hebe3nekow — B, cryminb Bornecriiikocti — 11, 06’ em Oyaisimi
(mpu BucoTi npumimenns 12 M) — 18978 m>. PospaxyHok nokasas, 110 1pu koMiiektysansi IIKK
pykaBamu 15 wm, kinbkicts IIKK — 6, TpyOu marictpansHoro tpyOomnpoBoay aiametpom 70 mw,
BIIMOBIIHO HEOOXiAHWH Hamip Ha BBEACHHI — 59 M, 1m0 mnepeadadae BCTAaHOBJICHHS
MiBUIIYBAJbHUX YCTAHOBOK.

B pe3ynbTati aHANOT1YHUX PO3PaxXyHKIB 3a IOMOMOTOI0 MTporpaMHoro komruiekcy ~BITB”
YOTUPHOXIIOBEPXOBOi aAMIHICTPATUBHO-MOOYTOBOI Ta OIHOMOBEPXOBOI BUPOOHHUYOT YaCTUHU
OyaiBii 3 BOYZOBaHUMHU aIMiHICTPaTHBHO-IOOYTOBUMH MPUMIILIEHHAMH OyJI0 BU3HAUECHO, 1110 I
YacTUHU He 001aHy0ThCs cructeMoro BIIB, ToOTO po3paxyHOK HE BUKOHYETHCS.

HactynHum etamom B Mexax poOOTH 3 IPYror0 YaCTHHOKO MPOTPAMHOTO KOMILJIEKCY —
“Bubip BIIB”, Oyi0 BUKOHaHE JOCIIIKEHHS 3MiH XapaKTePUCTHK MOXKEKHUX KPaH-KOMILUIEKTIB
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(ITKK) (miamerpa IIKK, miamerpa Hacaaka CTBOJIA, JOBKHUHH Ta JiaMeTpa pyKaBa) Ta BILTMB [UX
3miH Ha KinbkicTs [TIKK Ta neoOxiguuii Hamip Ha [IKK (Tabmuus 1).

Taboauus 1. Busnavyenns kinbkocrti [IKK B 3anexHocTi Big xapakrepucTuk iforo
CKJIA/IOBHX 32 /I0NIOMOI 010 porpaMHoro komiuiexkcy “BIIB” (wactuna “Budip BIIB”)

Xapakrepuctuku [TKK Pesynbrat po3paxyHKy
1aMeT AiameTp OBJKMHA
a p Hacajika CTBOJIa, 5 Hanip Ha [IKK, m kinbkicTs [TKK
[TKK, mm pykaBa, M
MM
TIKK 3 3amaHuM o0naJHaHHAM HELOLILHO
50: 65 13 10 5 8 ZIOTLIBT
BUKOPUCTOBYBATH JUIsI 3aXHUCTY OyiBJI
TTIKK 3 3aganum o0OsagHaHHSIM HEIOLIIBHO
50; 65 13 15 I 8 Aon

BUKOPHCTOBYBATH JIJIsl 3aXUCTy OyiBIII
20 [IKK 3 3amanum o0nagHaHHAM HEIOLIBHO

50; 65 13 S

BUKOPHCTOBYBATH JUIsl 3aXHUCTY OYIiBIIi
50 19 10 20,6 8
50 19 15 22,3 6
50 19 20 24 5
65 19 10 18,2 8
65 19 15 19 6
65 19 20 19,9 5

AHani3zyroun TadiuIo 1 MOXKIMBO 3pOOUTH BUCHOBKH: BUKOPUCTAHHSI CTBOJIIB 3 HACA/IKOM
niameTtpoM 13 MM He 3a0e3neunTh oJauy HOPMAaTUBHUX BUTPAT BOJM; IPU BUKOPUCTAHHI CTBOJIA
3 miametpoM Hacajaka 19 mm moximBo BetanoBmoBaTH [IKK miamerpom 50 MM a6o 65 mm (He
3a00pOHSIETHCSI BUMOTaMH HOPM TPH BIAMOBITHOMY OOTpYHTYBaHHI1); 3MeHIIeHHs KiabKocTi [TKK
MoxuBO 30umbmieHHsM Tucky Ha [IKK 3 BpaxyBanHsM noBkuHH pykaBa. Jlns BuOGOpy
xapaktepuctuk [IKK Ta BuKOpHuCTaHHA iX B MOJAIBIIOMY Ul BHKOHAHHS T1APaBIIYHOTO
po3paxyHKy Ta BuOopy cxemu BIIB Oyio po3paxoBaHO ABaHAAISTh MOYJIMBUX BaplaHTIB.
BukopucTtanHs mporpaMHOTO KOMILJIEKCY JO3BOJIMIIO 3pOOUTH BCl pO3pPaxXyHKHU LIBUIKO, SKICHO,
BHUKJIIOYAIOYM TOMUJIKM Ta HEMpaBWIbHI pe3ysibTaTu. Po3paxyHOK BHpoOHH4YOI OyxiBii OyB
obnaanyroThcs BIIB, kinbKicTh po3paxyHKiB ckiajia e 12. [Ipu HeoOXiTHOCTI TPOEKTYBaHHS
BIIB B iHImMX 4acTHHAX 3a/1aHOi OyiBJI1 KUIBKICTh PO3paxyHKiB 30UIbIIMIACE OM BIAMOBIIHO 10
KUIBKOCT1 4aCTHUH OyiBJIi Ta NMPH IbOMY IPOTPaMHUN KOMIUIEKC HE JIO3BOJWUB OM BUKOHATH
TiApaBIiYHANA PO3paxyHOK Ta BHOip cxemu BIIB s Beiit OyaiBii, mo nmpuBeso 6 10 HeoOXiTHOCTI
pOOUTH BCE 1€ BIIACHOPYYHO - 6€3 BUKOPUCTaHHS ITPOrPaMHOro KoMIuiekcy. Bee 1ie miarBepmakye
HEOOX1/IHICTh CTBOPEHHSI POTPAMHOT0 KOMILJIEKCY, KUl MOXE BUKOHYBAaTH BHOIp €IEMEHTIB Ta
po3paxynok BIIB ne nuiie s mpocToi 3a npu3HaueHHAM OyJIiBIi, a 1 U1 CKJIAAHOT TaKOX.

Takum umHOM, mpoekTyBanHs BIIB BinmoBigHO 10 BUMOr Cy4acHMX HOPMATUBHHX
JOKYMEHTIB € OJJHIM 3 HalpsIMKIB 3a0e3MeUeHHs MOXKeKHO1 Oe3neku OyniBens. CydacHi OymiBii
HalyacTile MalTh CKIAJAHY 3a MPU3HAYCHHSIM CTPYKTYpY, TOMy mnpoekrtyBaHHs BIIB B Hux
nependavae HU3bKY OJHOTUITHUX PO3PaxyHKIB, peaiizallii SKUX MOKJIHBA BIACHOPYYHO abo 3a
JIONIOMOT 010 MPOrPaMHUX KOMILJIEKCIB, 1110 HA ChOT0/IHI Ma€ 00'eKTUBHI TpyAHOILI. AJie poOoTa 31
CTBOpPEHHS KOMILJIEKCiB, III0 BPaXOBYIOTh HEOJHAKOBICTh MPU3HAUCHHS OKPEMHX YaCTHH OymHiBIi
€ JouinpHOr. Takuil KOMIUIEKC J03BOJHUTH 3HAYHO CIPOCTUTH Ta MiABUIIUTH €()EeKTUBHICTbH
IIPOBEACHHS HEOOXIAHOT KIIBKOCTI pPO3paxyHKIB mpu mnpoekTyBaHHi BIIB, a BiamoBimHO i
3a0e3MeunTh BUCOKUH piBEHb MOXKEKHOI Oe3Mekn 00'ekTa Ha cTajii HOro MpOeKTyBaHHS.
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CALCULATION OF INTERNAL FIRE WATER SUPPLY AS A DIRECTION FOR
ENSURING FIRE SAFETY OF A BUILDING

The design of internal fire water supply is one of the areas of ensuring fire safety of
buildings. The creation of software complexes will allow to significantly simplify and increase the
efficiency of internal water supply calculation and ensure a high level of fire safety of the object
at the stage of its design.
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Braoucnas Kepousap, 3006ysau suwoi oceimu, Hayionanvnuil ynisepcumem yugiivHo2o
3axucmy Yxpainu,
Apocnas Kanvuenxo,PhD, Hayionanehuii ynieepcumem yuginibhoeo saxucmy Yxpainu

BU3HAYEHHSA TAPAMETPIB EJIEKTPUYHUX KABEJIBbHUX BUPOBIB ITPU
KOPOTKOMY 3AMUKAHHI

[IpaBunbHO po3paxoBaHa Ta HAJIEKHUM YMHOM 3MOHTOBAaHa €JEKTPUYHA MeEpeka He
rapaHTye€ BUKIIOYEHHS MOJKJIMBOCTI BUHHKHEHHS aBapidiHUX CHUTYyalliil, IO MPHU3BOIATH IO
HETNPUITYCTUMOTO TeperpiBy €JIeKTPUYHMX KaOelliB NMpH BHUHUKHEHHI KOPOTKOTO 3aMHKAHHS.
TpuBamicTe KOPOTKOTO 3aMUKaHHS 3a3BHYAil CTAHOBUTH AECATI CEKYHAU 1, SIK BHHATOK, MOXE
JOCSTTH JAEKUTBKOX CeKyHZ. [IpoTSroM IbOro KOpPOTKOTO MPOMDKKY 4acy BUAUICHHS TeIula
HACTUIbKM BEJMKE, ILI0 TeMIlepaTypa MpOBIIHUKIB BHUXOJUTh 3a MEXKI, BCTAHOBJEHI s
HOpMajbHOrO pexumy. Ilponec HarpiBaHHS NPUNMHSIETHCS B MOMEHT aBTOMAaTUYHOIO
BUIKJTFOYEHHS TOMIKO/DKEHOI JUISHKHA CHUCTEMH, IMICIS 4Oro BIIOYBA€ThCS BIJHOCHO MOBLIBHE
OXOJIOJIKEHHS.

BenuunHa eneKTpUYHOro CTpyMy NpU KOPOTKOMY 3aMHKaHHI MO)XKE BapllOBATUCh Y
BEJIMKOMY Aiana3oHi. Y [1] He mpuBeleH! 3HAUEHHS €JIEKTPUYHOIO CTPYMY IMPH MPOXOJHKEHHI
SIKOTO Yepe3 eNEKTPUYHUN TTPOBITHUK MOXKE BIAOYTHCS 3aiiMaHHs HOT0 130JISI1111, 0 CIPHYUHUTD
MoXkexy. ['1MmoTe3010 MOCTiKEHH OyI0 Te, M0 3a NMEBHUX YMOB NMPH BUHUKHEHHI KOPOTKOTO
3aMHUKaHHS Y eJIEeKTPUYHOMY IIPOBITHUKY HOro TeMneparypa Oyze MiJBUILYBAaTUCh 3T1IHO 3aKOHY
Jlxoynsa-JIeHna 1 JocsrHe TeMIiepaTrypy 3aiiMaHHs HOTo 130JIsLi.

Po3paxyHok Temmeparypu €JIeKTpUYHHMX MPOBIAHUKIB MPU KOPOTKOMY 3aMHKaHHI OyJio
MpOBEJIEHO Ui enekTpuyHux KabeniB Mapok BBI' ta ABBI'. Enexrtpuunmii kabGens BBIT
CKJIQZIAETHCS 13 MITHOT CTPYMOIIPOBITHO1 XK UJIH, ToiBiHUIXI0puaHOT (1anmi [IBX) i3osmstmii Ta [IBX
o0ooHkH, a kabenp mMapku ABBI 13 amominieBoi ctpymoBigHoi xunu [IBX 13o0ms1ii Ta [IBX
0OOJIOHKH.

Temneparypa cTpyMOBIIHHX KW €JIEKTPUYHOTO MPOBIIHUKA IIPU KOPOTKOMY 3aMHUKaHHI

MOke OyTH BU3HAa4Y€Ha 3 BUPA3Y

12t
T =(Tyou +B)eXp ez | P (1)

Jac THO‘I — IIOYaTKOoBa TEMIIEpaTypa CTPYMOBIAHO1 XHJIU CICKTPUYHOI'O ITPOB1JHHKA, B —

BEIMYMHA, 10 OOEpHEHa TeMIepaTypHoMy Koediuienty omopy, [ — TpuBamicts kKopoTkoro
samukands, K — crama, mo 3anexuTs Bij MaTepiady CTpPyMOHPOBIIHOT KM, S— Iioma

TIOEPEYHOro Iepepisy CTpyMonpoBigHoi xunw, | a1 — CHIA CJICKTPUYHOIO CTPyMy IIpH

KOPOTKOMY 3aMHKaHHI.

3a Bupazom (1) Oyno BH3HAUEHO 3aJIEKHOCTI TEMIEPATypu CTPYMOBIIHHX SKHI
enekTpuuHuX kabdeniB mapok BBI' Ta ABBI 3 pi3HuMu nepepizamu Bijl BEIMUUHH €JICKTPUIHOTO
CTpYMy KOPOTKOT0 3aMHKaHHs 3a 0,6 ¢, AKi IpeacTaBieHi Ha puc. 1 Ta puc. 2 BiANOBIIHO.
3a pe3ynbTaTaMH pO3paxyHKIB MOXKHA CTBEP/KYBaTH, IO TeMIepaTypa CTPYMOBIAHHUX KHII
eJlekTpuyHKuX kabeniB mapku BBI'3 nepepizamu 1,5 mm? Ta 2,5 mm? Ta Mapku ABBI 3 nepepizamu
2,5 MM? Ta 4 MM? TIpU KpaTHOCTSAX €JIEKTPUYHOTO CTPyMy, IO MpHBeJeH1 y Talu.l, MOXyTb
NEePEBUIILYBATH TeMIepaTypy IUIABICHHS 130111 IUX KaOeiB.

Pe3ynbraTi po3paxyHKIB NOKa3ajiy, II0 TeMIlepaTypa CTPYMOBIIHUX KM €JIEKTPUUHHUX
kabeniB mapku BBI 3 mepepizom 1,5 mm? Ta mapku ABBI' 3 nepepizom 2,5 MM? pu BEJIUKHUX
KPaTHOCTAX €JIEKTPHUYHOTO CTPYMY MOXKE JIOCATTH TeMIIEpaTypH TUIaBJICHHS 130111 IIBUIIE HIK
0,6 c.
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PucyHnok 1. 3anexHicTh TeMIIepaTypHu BiJl €IEKTPUIHOTO CTPYMY JJISl €JICKTPUIHHUX MTPOB1IHHUKIB
mapku BBI 3 mepepizom: 1 — 2,5 mm?; 2 — 4 mm?; 3 — 6 mm?; 4 — 10 mm?
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PucyHnok 2. 3anexHicTb TeMreparypu Bijl €JIeKTPUYHOI0 CTPYMY JUIsl €JeKTPUYHUX POBIHUKIB
mapku BBI 3 mepepizom: 1 — 2,5 mm?; 2 — 4 mm?; 3 — 6 Mm?; 4 — 10 mm?
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Tabmn.1. 3Ha4eHHsT BEIMYMHU KPATHOCTI €JIEKTPUYHOTO CTPYMY IIPH SKOMY TeMIlepaTypa
CTPYMOBIZIHOT JKUJIM €JeKTpU4YHUX KabemiB mapok BBI' ta ABBI' mepeBHIIUTH TemmepaTypy
3alMaHHA X 130J1s11

S, MM I/lnom
BBI'

15 12,75

2,5 16,15
ABBI'

2,5 14,92

4,0 16,46

[3 anHamizy mux 3aneXHOCTEH BUTIKAE, 1110 HAMEHIIMN Yac JOCSITHEHHS TeMIepaTypu
CTpyMOBIIHOI >xuiH kabemto mapku ABBI' 3 mepepizom 2,5 MM? Temnepatypu IUIaBJI€HHS HOro
13omsmii ckimanae t=0,385 ¢ mpu kparHocti ctpymy I/IHom =18, a nns kabdemto mapku BBIT 3
nepepizoM 1,5 mm>—t=0,320 ¢ npu Tiif %e KpaTHOCTI CTPyMy.

AHauni3 3aiexxHoCTel, [0 MpejcTaBlieHl Ha puc.l Ta puc. 2 mokaszaB, IO TeMIlepaTrypa
CTPYMOBIIHHX KUJI eNeKTpUuHuX kadeniB Mapku BBI' 3 nmepepizom 4, 6 ta 10 mm? Ta ABBI 3
nepepizoM 6 Ta 10 MM? pu TpUBAJIOCTI KOPOTKOro 3amukaHHs 0,6 ¢ He IOCSITHE TeMIepaTypu
IUIaBJICHHA 130yimii X KabeniB. bByno BH3HAaueHO MiHIMaNbHI 3HAa4eHHS KpaTHOCTI
EIIEKTPUYHOTO CTPYMY KOPOTKOTO 3aMHKAaHHS TPH SIKUX TEeMIlepaTypa CTPYMOBIIHUX IKHII
enexTpuaHuX kabdeniB mapok BBI' 3 mepepizom 1,5 ta 2,5 mm? Ta ABBI 3 mepepizom 2,5 ta 4 mm?
JOCSITHE TeMIIEPATyPH TUIABJICHHS 130JISIII11 [IUX MTPOB1IHUKIB.

3a yMOBHM JOCATHEHHS TEMIIEpaTypu CTPYMOBIJIHOI JKUIM €JIEeKTPUYHOTO KaOemto
TEeMIIepaTypH IUIaBJIECHHS WOTO 13011111 IPH CIPAaBHOMY arapaTy 3aXUCTy IpOLEC IUIaBJIEHHS He
Bi10yAeThcs. 1le moB’s3aH0 3 MaJIMM 9acoM TEIJIOBOTO BIUTMBY CTPYMOBITHOT )KHIJIM HA 130JISIIII0
kaberto, sikuii ckinanae He outbme 0,6 c. [Ipu 1boMy Takuii TEMJIOBUI TIPOIIEC HEraTHBHO BILUIUBAE
Ha SKICTh MTPOBIAHUKA, OCKIJILKH MOXE IMIPUBECTHU J0 CKOPIIIIOTr0 CTAPIHHS HOTO 130JISIII].

JITEPATYPA:
[2] TlpaBuna ymamryBaHHS enekTpoycTaHoBOK. [Ywmuumit Bim 2017-21-08]. Kwuis:
MiHiCTepCTBO €HEPreTUKH Ta BYTUIbHOI mpomucioBocTi Ykpainu, 2017.754c. URL:
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=72758.

Vladyslav Kerdyvar, student, National University of Civil Defense of Ukraine;
Yaroslav Kalchenko, Ph.D., National University of Civil Defense of Ukraine,

DETERMINATION OF THE PARAMETERS OF ELECTRICAL CABLE PRODUCTS
IN CASE OF A SHORT CIRCUIT

Studies were carried out to determine the parameters of electrical conductors of the BBI'
and ABBI" brands with different sections in the event of a short circuit. Current-carrying core
temperature dependencies of electrical conductors are constructed depending on the electric
current passing through it at short circuit.
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Anvoepm Kamynin, k.m.H., c.n.c., Hayionanvnuil ynigeepcumem yugineHo2o 3axucmy Yxpainu,
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Onez Kynaxos, x.m.1., doyenm, Hayionanvnuil ynieepcumem yusiibHo2o Yxpainu

BILTUB JJOMIIIOK HA TEMITIEPATYPY HATPIBAHHSI KABEJTbHIUX BUPOBIB B
MPOLECI EKCIITY ATA LI

3HayHa KUTBKICTh TIOXKEXK 13 MPUYMHU «IIOPYIICHHS MPAaBHJI MOXKEKHOI OS3MEKH IiJ] Jac
BJIAIITYBAHHS Ta EKCIUTyaTallil eJIeKTPOYCTaHOBOK» BHHUKA€E B EJIEKTPHYHUX MEpexkax BiX
neperpiBaHHs KaOenpbHUX BUPOOIB BHACIIOK MOTIPIICHHS 1X €JIEKTPO3aXUCHUX BIACTHBOCTEH B
nporeci ekcruryaTamii. [Ipu ipoMy TeMmepatypa HarpiBaHHS SIK TIPOBO/IIB, TaK 1 KaOeIiB CyTTEBO
3aJISKUTh BiJ TapaMETPiB MaTepiaiiB, 3 SKUX BUTOTOBJICHI CTPYMOBO/IHI k1 BUpoOiB. B cBOoEMy
CKJIaJll MaTepiay KU, a caMe MiJb Ta alOMIHIi, MOXKYTh MaTH Pi3HI JOMILIKH.

Hanpuxnan, HasBHICT HECYTTEBUX 3a 00’€MOM JIOMIIIOK B Mijl, MOXYTh 3HW)KYBATH ii
CTPYMOIIPOBIAHY 3JJaTHICTh — MIBUILYBaTH €JIEKTPOOIIIp, 5K 1€ UIIOCTpy€eThes Ha puc. 1 [2].

0,024 -p-1o’6(o~|.u)—» /1 7 _/_,3_
0,023 ] / / '/4
0,022 %/ / /7
0,021 /// ,//1;,/’/{
0,020 / 271 sl
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Pucynok 1. BiuiuB 10MillIoK HA eJIeKTPOOMip Mifi:
1 — docop;
2 —3aJizo;
3 — K00aJIbT;
4 — MunI’gK;
5 — Oepuutiii;
6 — MapraHeub;

7 — 0JI0BO;
8 — cBHHeEND;
9 — cpibao;

10 — kaamiii

JIOMIIIKK MOYTb CYTTEBO 3MIHUTH €JIEKTPO(I3WYHI BIACTUBOCTI METaJiB Ta CILUIABIB.
IIpu ibOMy CTYIIIHB Ta XapaKTep 3MiH 3aJIeKaTh BiJl BIACTUBOCTEH caMux MaTepiaiB. OCHOBHOIO
(h13MYHOIO XapaKTEPUCTHKOIO METAJIB € eJIEKTPOIPOBIIHICTH (EIEKTPOOIIp), IPOTE 10 MaTepiajiB
CTPYMOBIZJHUX JKWJI TPOBOJIB MpPEN'sSBISAIOTbCS 1 JOJATKOBI BHMOIM IOJAO MEXaHIYHHX
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BJIACTUBOCTEH, a caMe — BUMOIrM A0 MinuocTi. IligBHUIIEHHS MIIHOCTI HOCSITA€ThCA BBEACHHIM
JOMIIITKOBUX €JIEMEHTIB, sIKi IPU3BOJIATE A0 301IbIIeHHS eneKkTpoonopy. [TonBiiiHa MPOTUIICKHO
CHIpSIMOBAHA JIisl JOMIIIOK 3MYIIy€ HIYKAaTH IIJISIXM ONTUMAJIBHOTO BUKOPHCTAHHS JAOMIIIOK Ta
3MIACHIOBAaTH OIIHIOBAHHS BIUIMBY JOMINIOK Ha TEMIIEpaTypHO-4acOBI XapaKTEPUCTHKH
KaOeIbHUX BUPOOIB.

Ha nanwuii yac 3anpornoHoBaHa 3HauyHa KUIbKICTh MATEMaTHYHUX MOJIENICH, BAKOPHCTAHHS
SKHX J03BOJISIE€ 3pOOHUTH OLIIHIOBAHHS TEMIIEPATypH HArpiBaHHS KaOeIbHUX BUPOOIB B aBapiiHUX
Ta HOPMAJIBHUX pekuMax podotH [1,3]. B paMkax poboTu aHamizyBaimcs TeMIepaTypHO-4acoBi
XapaKTePUCTHUKH EKCIUTyaTallii OTHOKIILHUX MiTHUX nipoBoiB [1B1 2,5 i3 nominkamu 3aii3a Ta
kobanbTy obcsirom 0,1% 3a obcarom mpu ctymi HaBaHTakeHHS 30 A Ha OCHOBI 3aCTOCYBaHHS
MaTeMaTHYHOI MOJIEI, 3aIPOMIOHOBAHOI B [3].

BinnoBigHi pe3ynbTaTéH 004KCICHHS TEMIIEPATypPHO-4aCOBHX XapaKTePUCTHK HABEICHO Ha
puc. 2.

200

T.C 1m0

0 30 100 150 200
t, C

Pucynok 2. TemnepaTypHo-4acOBi XapaKTePUCTHKH €KCILTyaTallii MPOBOAY
IIB1 2,5 3 MiZHOI0 CTPYMOBITHOIO KHJIOKO:
1 — mige 3 gomimkamu 3aJi3za;
2 — Miab 3 T1OMillIKAMH KOOAJIbTY;
3 — Miab 0e3 HoMilmoK

BucHOBKHM BIJHOCHO TeMIepaTypu HarpiBaHHs IMPOBOAY 13 PI3HUMH JOMIIIKaMU B
MaTepialli CTPyMOBIJJHUX JKWJI B IIPOIIECI eKCIUTyaTallii HaCTyIIHI:

- TeMIepaTypa HarpiBaHHs IpPOBOJY MpU HOro eKCIulyaTalii CyTTEBO 3alle)KUTh BiJ
MaTepially JTOMIIIOK, IKi IPUCYTHI B MaTepiaji CTPyMOBIIHOT XKHIIH;

- TeMIIepaTypHO-4aCOBi XapaKTEPUCTUKHU €KCILTyaTallii MPOBO/Y i3 PI3HUMHU AOMIIIKaMHU B
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MaTepiali CTPyMOBIIHHUX KUJI MAlOTh MPHOIM3HO OJHAKOBUI HENMIHIMHNUN XapakTep;

- 31 3pOCTaHHSAM Yacy KCIUTyarTallii BIUTUB JOMIIIOK KOOAIbhTy Ta 3ajli3a Ha IiIBUICHHS
TEMIEPATypu MPOBOAY IMOCHIIIOETLCS: TaK MpH ekcruryaraiii nmpoBoay 100 ¢ pi3HuUI 3HAYEHb
TEeMIIepaTyp HarpiBaHHA JJIs IPOBOJLY 31 CTPYMOBIIHOT MiTHOT *KHJIM Ta MPOBOJY 31 CTPYMOBITHOT
MiIHOT KUK 3 JoMilIkaMu KobanbTy ckiana 8 °C, a pisHHUI 3HAYEHb TeMIIepaTyp HArpiBaHHS
IUIL TIPOBOJY 31 CTPYMOBITHOI MIHOT KMJIM Ta MPOBOAY 31 CTPYMOBIIHOI MiTHOI XKWIK 3
nomimkamu 3amiza — 12 °C; B cBoto uepry mpu ekcrutyaranii nposomy 200 ¢ pisHHIS 3HaYeHb
TeMIepaTyp HarpiBaHHs ISl IIPOBOJY 31 CTPYMOBIHOT MiTHOT KHJIM Ta IIPOBOJY 31 CTPYMOBITHOT
MiTHOT MM 3 JoMimKaMu ko6ansTy ckiana 14 °C, a pisHuIg 3Ha4YeHb TeMIepaTyp HarpiBaHHS
IUI. TIPOBOJY 31 CTPYMOBITHOI MiZHOT JKMJIM Ta MPOBOAY 31 CTPYMOBIAHOT MIAHOT >KHIH 3
nominkamu 3amiza — 21 °C.

TakuMm 4YMHOM, OTPUMaHiI pPeE3yJIbTaTH MOXXYThb BHUKOPHCTOBYBATHCS TpPH OI[IHIOBaHHI
MOXKEKHOT HeOe3MeKH KabeIbHUX BUPOOIB 13 CTPYMOBITHUMHU MIJHUMHU JKUJIaMH 13 JJOMIIIKaMU B
Marepiaii KUIH.
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INFLUENCE OF IMPURITIES ON THE HEATING TEMPERATURE OF CABLE
PRODUCTS DURING OPERATION

In the paper evaluated the heating temperature of a copper wire with impurities in the
material of the current-carrying cores during operation. It is shown that the heating temperature of
the wire during their operation depends significantly on the material of impurities present in the
material of the current-carrying core, the temperature-time characteristics of the operation of the
wire with various impurities in the material of the current-carrying cores have approximately the
same nonlinear character. The obtained results can be used in assessing the fire hazard of cable
products with conductive copper cores with impurities in the core material.
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JOCIIIKEHHSA BIIVIMBY @OCPOPBMICHUX KOMITIOHEHTIB
HA BJIACTUBOCTI BOI'HE3AXWUCHOI'O NTIOKPUTTA JEPEBUHU

VY GinbmiocTi BUAiB OyAiBHUIITBA aKTUBHO 3aCTOCOBYIOTBCS JIEPEB'sIHI KOHCTPYKIIiT, ajiKe
Taki MaTepiald XapaKTePU3YIOThCS EKOJOTIYHICTIO, MIIHICTIO, MPOCTOTOI0 OOpOOKM Ta
BIJIMIHHUMH TEIUTOI30JIAMIMHAMHI BIaCTUBOCTAMU. OHAK JePEBHUHA MA€ CYTTEBUU HEIOJIK, IO
MOXX€ OOMEXKHUTH ii BUKOPUCTAHHS, - BHCOKa TOpIOYICTb. I MOKpalleHHS BOTHECTIHKOCTI
JIEPEBUHU YacTO 3aCTOCOBYIOTHCSI 3aXMCHI MOKPUTTS IHTYMECLEHTHOIO THILy, IO MiJ MAI€l0
BHUCOKHX TEeMIIeparyp 3/1aTHI Ha0yXaTH 1 0OMeXyBaTH JOCTYH KHCHIO, IIPU LIbOMY 3aro0iratodu
MOIUPEHHIO BOTHIO. [IpoTHTIOKEKHI 3aC00HM 3aXHCTYy TAKOTO POJIY YaCTO MICTSATh Y CBOEMY CKJIa/Ii
CHIIIKaTHI KOMIOHEHTH [1]. OCHOBHMMHU apryMeHTaMH NpU BUOOP1 IIUX CIOJIYK € iXHs 3JaTHICTD
BUTPUMYBATH BUCOKI TeMIIepaTypu 0e3 po3KiIaJaHHs Ta BTPATH 3aXMCHUX BIACTUBOCTEH, a TAKOX
3a0e3mevyBaT TapHy aAre3ito 10 pi3HUX MOBEpXOoHb. OCTAaHHIM YacOM yBary JOCIITHUKIB BCE
OinpIlle TPHBEPTA€E 30JIb-T€h METOA SK OJWH 13 TIEPCIEKTUBHUX HAaNpsSMiB OJEpKaHHS
BOTHE3aXUCHUX TIOKPUTTIB 13 OJHOPITHOIO CTPYKTYpPOIO Ta TMOKPAIIEHOK CTIWKICTIO 0
aTMOC(epHUX BIUIMBIB Ha OCHOBI KpeMHe3eMy [2]. [IpexypcopaMu pu IbOMY 4acTO BUCTYAIOTh
OpPraHOCHJIAHHU, K1 HE3BAXKAIOUM Ha CBOIO €(DEeKTHBHICTH y cepl BOTHE3AXUCTY, MOKYThb OyTH
HeOe3MeUYHnMH IS JTOBKULIA. Binrak, po3poOka AOCTyMHUX HETOKCHYHUX BOTHE3aXHCHHUX
MarepiajiB ISl IEPEBUHH € OAHUM 3 IPIOPUTETHUX 3aBJIaHb Y TalTy31 MOXKEKHOI OE3MEeKH.

[lopiBHSIHO  fA€mIEBOI0  CHPOBHHOI, IO  3aCTOCOBYETbCA  JJIi  OTPUMAaHHSA
KpPEMHE3E€MBMICHUX TTOKPUTTIB Ha OCHOBI 30JIb-T€JIb CHHTE3Y, € piake ckio. Cepen ioro mepesar
TaKOX MO>KHA BII3HAYUTH YHIBEPCAIBHICTh, €KOJIOT1UYHY O€3MEeUHICTh Ta MPOCTOTY BUKOPUCTAHHS
B XOJ1 TEXHOJIOTIYHOTO TMPOIECY - JIETKICTh 3MIIIYBaHHS 3 BOJOIO Ta BBEIACHHS J00aBOK st
MOKparieHHs: (yHKIIIOHAIbHUX BJIACTHUBOCTEH MOKpUTTA [3]. BigoMo Takox mpo CHUHEPTivyHUN
BIUIUB KpEeMHIii- Ta (HOCHOPBMICHUX CIIONIYK Y KOHTEKCTI 3a0e3MeueHHs BOTHECTIMKOCTI
nepesunn[4]. Lleit acrmekT MOSCHIOETHCS (OPMYBAHHIM CHEPrETHYHO 1 TEPMIYHO CTaOIIBHUX
cunikodochaTaux 3B’ a3KiB [5].

3011 KpemHe3eMy 3a3BU4ail € CTIHKMMHU B CHJIBHOKHCIOMY Ta CHJIBHOIYKHOMY
cepeloBHILi, ane 0oOpoOKa 3pa3KiB TAKUMHU KOMIIO3ULISIMM MOXKE€ CHPUYMHUTH IOCIIA0JICHHS
(hi3UKO-MEXaHIYHUX BJIACTUBOCTEH JnepeBMHM [6]. 3a pe3yapTaraMu paHille ITPOBEICHUX
JOCHIKeHb OyJI0 BCTAHOBJICHO, IO 3a/Ulsl OTPUMAaHHS 30MiB 13 BHUCOKHMHU MOKa3HUKAMH
IJIMHHOCTI B CEPEJOBUII, OJIM3bKOMY 0 HEHTPAIBLHOTO, JOIIIbHO BUKOPUCTOBYBATH OydepHi
cuctemH [7]. 3okpema, Mpu 3MIlTyBaHHI PO3YMHIB PIKOTO CKJIa TA OLITOBOI KHUCIOTH MOYKJIHBE
yrBopenHs 0ydepnoi napu CH3COOH / CH3COO', mro 3abe3neuye miarpumky pH B Mexax 5—6.
Taxke 3HaU€HHS BOJIHEBOr0 MMOKA3HUKA € 33I0BUIHHUM I OTPUMAaHHSI OUIBII )KUBYUUX 30J11B S102
HU3bKOI KOHIIGHTpAITii.

bepyun nmo yBarm BaxuuBicTh OydepHOro e(ekry Ta B3a€EMHUN MMO3UTUBHUN BILIUB
KpeMHe3eMy 1 (pochopBMICHUX aHTHUITIPEHIB, JOLLIFHUM Ta JIOTTUHUM OYJIO TOCIIHKEHHSI BILTUBY
dochatHux OydepHUX pPO3UMHIB Ha PEONOTiyHI BiacTUBOCTI 30diB SiO2 Ta e(eKTUBHICTH
BOTHE3aXMCHUX BIACTUBOCTEH CUIIKO(POCHATHUX MOKPUTTIB AEPEBUHH.

30111 KPEMHI€BOI KUCIOTH TOOYBajIM 3MIIIyBaHHSIM PO3YMHIB PIJKOrO CKJa Ta aleTaTHOi
kucinotu. @ocdartni Oydepni pozurau roryBanu Ha ocHOBI NaH2PO4 Ta Na2HPOs, nocaimxysanu
BILIMB J100aBok 3 pH 6, 7 Ta §, Takox BapitoBaian 00’eMHy yacTKy OydepHoro po3zuuny (15, 20 ta
25 %).

3MiHy ONTHYHOI TYyCTHHM B dYaci JUId KOMIO3MIIKA BHM3HAYaJld 3a JOIOMOIOIO
¢orokonopumerpy KO®PK-2 mnpu npomxuni xBwii 490 HM. SIK  pO3YMH TMOPIBHSHHS
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BUKOPUCTOBYBAJIM JTUCTUIHOBAaHY BOAy. OTpuMaHi 3aJIeKHOCTI BKa3yBald, IIO JIOCITIKYyBaHi
KOMIMO3ULIi Oy MIMHHAMHU TPOTSATOM OUIBII TPHBAJIOTO MEPiOAy, MOPIBHIHO i3 CUCTEMaMH 3
nobaskamu optodocdaTHoi KucaOTH, MmO Oynau 00’ekTomM BuBUYeHHs padime [8]. bymno
3a)ikCOBaHO, 110 HAWBHIIY )KUBYUICTh MaB 301k 3 15 %-0t0 00’ eMHOI0 n00aBKOIO (hocdaTHOTO
Oydepnoro po3uuny 3 pH 7.

Jlnisi BCTaHOBJICHHS, HACKUIBKH TMOBHO (ocdaT-HoHH BOYIOBYIOTHCS B CHIIOKCAHOBHI
Kapkac, (OTOMETPHYHO BHU3HAYaIM iX BMICT B IHTEPMINEIAPHUX piAMHAX  Hax
eKCTIEPUMEHTAIBHUMU TeIISIMH, 110 3aCTHIVIM B 3aKpUTHUX Orokcax. [Ipu mpomy 3acTocoByBajm
MOJTIOACHOBY cyMimn (po3unMHU aMoHii momionmaty, ctubii (III) xmopuay, cynbdaHiIOBOT Ta
BUHHOI KHCJIOT) Y IPUCYTHOCTI aCKOPOIHOBOI KUCIOTH. J[jIst yCiX JOCHIKyBaHUX 3pa3KiB MacoBa
gactka PO4>, 110 iHTErpyIOThCS B CUIIOKCAHOBY CTPYKTYPY, HepeBHutyBana 97 %.

I'pymy BorHe3axucHOi epeKTUBHOCTI cuiIikopochaTHUX MOKPUTTIB BU3HAYAIH BiAMOBIIHO
no craagapty 'OCT 16363-98, kmac roprouocti - 3a JACTY 8829:2019. ExcnepumenranbHi
3pa3Ku COCHU 3BHYaiHOT po3MipoM 9x6x3 cm 3azmaneriap npocyurysanu npu 100°C. IloBepxHio
JEPEBUHU OOpOOISUTH 30JIeM KpeMHe3eMy, MOJM(IKOBaHUM 3a JOTOMOror opTodocdaTHOl
kucnotu (11 % po3unn) BanHuM MeTo1oM. Hanocuiu 2—3 mapu, KOXKeH 3 SKUX BUCYILITyBaJId IIpU
80°C mnepen HaHeceHHsIM HacTymHoro. Ilicast mpboro MmOKpUTI 3pa3ku JOJATKOBO 0O0poOIsun
aMOHIWHUM po34urHOM rigpodocdary.

YcraHnoBKa JUTst MPOBEJICHHSI BOTHEBUX BUTIPOOYBaHb MPECTaBIIeHa Ha puC. 1.

1 — kepamiuHU# KOPOO;

2 — MeTaJivHa ITiJICTaBKa JIIsI
KpIIJICHHS KepaMigIHOTO Kopoba 3
ra30BOIO TOPIIKOIO;

3 — razosuii 6anoH;

4 — TpuMaY JTOCITITHOTO 3pa3Ka,
110 (iKCye HOTO IMOJIOKEHHS 110
HEHTPYy KopoOa;

5 — marumk Temmeparypu;

6 — eJICKTPOHHMIA
BUMIiprOBaIpHUN 010K [TM;

7 — mporpaMHe 3a0e3MeUeHHS
ITM Lab.

Puc. 1. J/laGopaTopHa ycTaHOBKA /1J151 BU3BHAYeHHS €()eKTHUBHOCTI
BOTHEe3aXMCHHX MOKPHUTTIB

3HavyeHHs BTPATH Macu 3pa3KiB 3 OJHO- Ta JBOIIAPOBUM MOKPHUTTSIM HE MEPEBHIYBAIH
9 %, mo Bignosigae I rpymni BorHe3axucHoi eheKTUBHOCTI NOKPUTTS. s 3pa3KiB JepeBUHH 3
OJTHOIIAPOBUM TOKPUTTSAM MAaKCUMaJIbHMH HpPUPICT TeMIepaTypH TIa30MoAiOHUX MPOIYKTiB
ropiaHsa cranoBuB < 60 °C, Brpata macu 3paska < 60 %, Tomy 3rigHo 3 JICTY 8829:2019 Taki
MaTepiaii € BaXKoroprounMu. i 3pas3kiB, BKpUTHX JBOMa IIapamu 30010 Atmax > 60 °C, mpu
OMY Yac JAOCSATHEHHS tmax < 240 c, ane > 30 ¢ — Taki eKCIeprUMeHTaIbHI MOJEN HaleXaTh J0
MaTepialliB cepeHboi 3aiMucToCcTi. OTXKe, Kpallly BOTHECTIHKICTh 3a0e3MedyBajio OHOIIApOBe
MOKPUTTSL.

75



3" International Scientific and Practical Conference «Fire Safety Issues 2024»

Peonoriuni BiacTHBOCTI AoCHipkeHUX OydepoBaHUX 30JiB KPEMHI€BOI KUCIOTH Oyiu
3aJJOBUTBHUMH ISl SIKICHOTO HAHECEHHS MOKPHUTTS Ha MOBEPXHIO OYJIBEILHOTO MaTepiany Ta
3a0e3MeueHHs] OJHOPIIHOCTI WOT0 CTPYKTYpH, a cuiikodocdarHi mokpurts Ha ocHoBi H3POs
MOKa3aJii BUCOKY BOTHECTIHKICTh. ToOMy MOKHA MPOTHO3YBAaTH T'apHi NOKa3HUKH BOTHE3aXUCHOT
e(eKTUBHOCTI 115l cucTeM, MoaudikoBanux (Gocarnumu Oypepuumu pozunHamu. Lle nuranus
cTaHe 00’ €KTOM HOJAIBIINX JIOCHTIKEHb.
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STUDY OF THE INFLUENCE OF PHOSPHORUS-CONTAINING COMPONENTS
ON THE PROPERTIES OF THE FIREPROOF COATING OF WOOD

Abstract. The rheological properties of silicic acid sols with additions of a phosphate buffer
solution with pH 6, 7, and 8 (volume fraction of 15, 20, and 25%) were studied. The highest
survivability of the sol buffered with a pH 7 solution (volume fraction of the additive was 15%)
was recorded. The fact of incorporation of phosphate ions in the gel structure was confirmed by
the results of photometric determination by the molybdenum method.

The 1st group of fire-resistant efficiency of silicophosphate coating obtained based on silica
sol with additives of orthophosphate acid was established. It was determined that the best
indicators of fire resistance are given by a single-layer coating of the studied composition.
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KOMILIEKCHA OIIHKA IMMOXKEXHOI BE3IEKH BIGPOIIOT IMHAIOUOI
MACTHUKH B 3AJIIBHUYHINA IHOGPACTPYKTYPI

Bigmosigao mo JICTY 7773:2015 «BaroHu macakupchKi MariCTpajibHI JIOKOMOTHBHOI
Taru. 3aranbHi TexHiuyHi Bumorm» i JCTY 7774:20145 «Baronm macaxupchbKi MaricTpaibHi
JIOKOMOTHBHOT TSTW. 3araJiIbHO TEXHIYHI HOPMH IS PO3paxyBaHHs Ta MPOSKTYBAHH MEXaHIIHOI
gactuHu BaroHiB» ta JICTY 7776:2015 «Baronu-camockuau (Jymnkapu). 3arajbHi BUMOTH JI0
PO3PaxyHKIB Ta MPOCKTYBAHHS HOBHX 1 MOJCPHI30BAHUX JyMIKapiB 3ai3HUIE Koiii 1520 mm»
BHUKOPHUCTOBYIOTh KOMTMO3MIlII Ha OCHOBI Moju(ikoBaHOI ¢HeHoI0hOopMaIbAETITHOT CMOJIH,
MOJIlypETaHOBOT KOMIIO3MIII{, €MOKCHUIHOI CMOJIH, SIKI 3[aTHI 3a0e3rneuyBaTh JOBTrOBIYHICT,
MPOTUKOPO3iiHY CTIHKICTh Ta BOJOCTIHKICTh TakodapOoBuM mokputTsiM [1-3]. OnHak METOO X
TOHKOILIAPOBUX CKJIa/IB € 3a0e3MeueHHs] HaJIMHOCTI ICHYIOUOr0 MOKPUTTS. Y LIbOMY KOHTEKCTI
BAKJIMBUM € BHUKOPUCTaHHS NOJIMEPHUX MarepiajiiB (MacTHK) TOBIIMHOIO 2-4 MM s
3a0e3MeueHHs 3arajibHOT MOXKEKHOI O€3MeKH Ta BiOPO3axXHCTy MacaKUPChKUX BaroHis [4-8].

HopmaTuBHI TOKyMEHTH, MOKJIMKAaHI MaKCUMAJIbHO 3alo0ITTH MOXKEeXKaM B 3alII3HUYHIN
iHppactpykrypt: HACTY 4049:001 ta ACTY 4493:2005 BCTaHOBIIOIOTH BHUMOTH TOXKEKHOI
Oe3rmekn 10 MarepiajgiB Ta KOHCTPYKIII BHYTPINIHBOTO OOJaJHAHHS, CHCTEM OIaJCHHS,
BEHTIUIAIIIT Ta €IEKTPOOOIaqHAHHS 3aJII3HUYHUX TPAHCTIOPTHUX 3aC00iB.

Y ACTY 4049:2005 3a3naueno: «Baronu naca>xupcbki MaricTpaibHi JIOKOMOTHUBHOT TATH.
Bumorn 6e3nexu. 3mina Ne 1» 3a3HaueHo, 110 MaTepiaiy, Kl BAKOPUCTOBYIOTHCSI B KOHCTPYKIIIT
Ta BHYTPIITHROMY HEMEXaHIYHOMY OOJIaJHAHHI MACAXUPCHKUX I0i3/1iB, TTOBUHHI BiJIMOBIIATH
TaKUM BHMOTAM TIOKEXHOT Oe3leku: Tpyrna TOPIOUYOCTI - BAKKOTOPIOY; KoedimieHT
JMMOYTBOPIOBAJIGHOI 3JIaTHOCTI MaTepiany He TOBMHEH mepemmiyBatd 500 M%/kr; 3a
TOKCHYHICTIO TIPOJYKTIB 3TOPSHHS B KOHCTPYKIISAX IMAaCAKUPCHKUX IMOI3AIB KiIac HeOe3MeKu
HU3BKHM a00 cepeaHid, JOMyCKAeThCsl BUKOPUCTAHHS TEKCTUIBHUX MaTepiasiB (BKIIOYAIOYH
MTOKPHUTTS Ta TPOCOYCHHS) /1711 BUTOTOBJICHHS IITOP, 0OOWBKHM JUBaHIB, CIIAJILHUX MIIIKIB TOIIO.

Meta po0OOTH - MPOBECTH KOMIUICKCHY OIIIHKY IMOKEXHOI Oe3neku BiOpOmorimHar4doi
€MOKCHUYPETaHOBOI MACTHUKM 3a HACTYNHHUMH IIOKa3HUKaMH: Tpyla TOPIYOCTi, KOediIieHT
JMMOYTBOPIOBAIIbHOT 3/[aTHOCTI, TOKa3HUK TOKCUYHOCT1 TOPIHHS MIPOIYKTY Ta 1HAEKC MOIIHUPEHHS
MOJyM .

JUis  3HIDKEHHA  TOPIOYOCTI  BIOPOMOIVIMHAIOYOI  €MOKCHUYPETaHOBOI  MAaCTUKH
BUKOPHCTOBYBAJIM aHTHUIIIpeHOBY 100aBKy - moiidochar amoniro (IIPA) [9, 10]. OcHoBHUMMU
xapakrepuctukaMu [IDA sk anTUIipeny € BMICT a30Ty 1 pocdopy, skuii MOBUHEH OyTH y MeKax
14-15% 1 e menme 70% azoty 1 ¢ocdopy BianoBimHo. Y Tadi. | HaBeIeHI MOKA3HUKH IIIOJI0
BUMOT nokexxHO1 0e3reku 3rigao JJCTY 4049:2001.

Taou. 1. Bumoru no:ke:xnoi 6e3nexu 3rigno JJCTY 4049:2001

[Toka3HUKH Po3pobiieHa enokcuypeTaHoBa KOMITO3HILIS
I'pyna roproyocti (JJCTVY 8829:2019) BAKKOTOprova
Hwxns termota 3ropsinas, AHc, kJ[x/kr 19780
(ACTVY ISO 1928:2006)
KoediuieHT 1uMOyTBOPIOBAIBHOT 31aTHOCTI,
Dm, m?/xr, (JICTY 8829:2019)
— TIpU TJIiHHI 986
— MOJIyM siHE TOPIHHS 485
IHnexc nommpeHHs noaym’s . 8 , .
(ICTY 8829:2019) HOBUIFHO MOUIMPIOIOTH MOJXYM s IO MTOBEPXHI
(rpyma 12)
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KommiekcHa o1iHKa MOXKeXKHO1T Oe31eKH BIOPOMOTINHAI0YO0T eNOKCHYPETAaHOBOI MACTUKU
srinno  JICTY 4049:2001  cBiguuth, 1m0 po3poOiieHa MacTHKa HAJIEKHUTh [0 TPyIH
BAXKO3aMMHCTHX MaTepiaiiB. Mae koedillieHT AMMOYTBOPIOBATIBHOI 34aTHOCTI MpH ropidHi (Dm
= 485 M?/KT), 10 J03BOJISIE BiHECTH PO3POOIEHHII MaTepial 0 IPyHU MaTepialiB i3 cepeHbOI0
TMMOYTBOPIOBAJIbHOI  3/IaTHICTIO. Buxomsunm 3 TOprodyocTi Marepiady, WOro 3IaTHOCTI
MOIIMPIOBATH BOTOHb HA IMOBEPXHI Ta €K30TEPMIYHUX BIIACTHBOCTEH, PO3pOOIIEHUI marepian
BiTHOCUTBCS JIO TPYITH 3 TIOMiPHOIO 3/IaTHICTIO MOIIUPIOBATH BOTOHB HA TTOBEPXHI.

Opnak 10 MartepiajiB, 0 BUKOPUCTOBYIOTHCS Il OOJIMITIOBAHHS BHYTPIIITHIX METAIEBUX
MOBEPXOHb 3ATI3HUYHHUX TPAHCIIOPTHUX 3aC00iB, BUCYBAIOTHCS TyXKe KOPCTKI BUMOTH HE TiJIbKU
IIOJI0 TOPIOYOCTI, ajie ¥ MI0JI0 HU3KH IHIIUX BJIACTUBOCTEH, SIKI MAlOTh BIJHOIICHHS JIO I[HOTO
nporecy. Ilo-mepmie, Taki Matepianu HE MMOBHHHI YTBOPIOBATH TOKCHYHHMX PEYOBHH IIif Yac
TOPiHHSA, a TO-/IpYTe, BOHM HE MOBHUHHI BUIUIATH TYCTUH TOJPAa3HIOIOYUI UM, STKUH YCKITaJHIOE
nepecyBaHHs MMiJ 4yac eBakyauli. ToMy i1 BUpOOHHUIITBA BOTHE3aXUCHUX MOJIMEPHUX MAaCTHK,
NPU3HAYCHUX ISl BUKOPUCTAHHS B 3aKPUTUX TNPHUMINIEHHSX, HEOOXIHO TPOBOAUTH
TOKCUKOJIOT1UHI ociimkenns [11-13].

Meroto BUNpPOOYBaHb TOKCHUKOJIOTIYHHUX JOCTIDKEHb € BHU3HAYEHHS TIOKA3HHUKY
ToKcuYHOCTI Helso, SIKMM XapakTepu3yeTbes BIAHOIIEHHSM KIJIBKOCTI MaTepially A0 OAMHHII
00'eMy 3aKpHUTOrO MPOCTOPY, B SIKOMY T'a30I0A10H1 MPOIYKTH, 10 YTBOPIOIOTHCS MPH 3rOPsHHI
Marepiany, BOuBaroTh 50% migmocnigHux TBapuH, Ta nokazHuky HbCO, mo mnoxasye BMicT
KapOOKCUTeMOrI001Hy B KpOBI 3aruOIMX MiAJ0CTIIHUX TBapUH. bysio BUnpoOyBaHO /1Ba peKUMU:
TepMookucioBasibHe po3kiananus (450 °C) ta cnamtoBarHs y monym' (750 °C).

B Tabn. 2 HaBeneHl pe3ysibTaTd  TOKCUKOJIOTIYHHUX — JOCHIKEHb  PpO3pOOJIeHOT
BiOpomorauHaydoi enokcuyperanoBoi mactuku 3rigHo JICTY 8829:2019.

Taou. 2. TOKCHMKOJIOTIYHI JOCIZKEHHSI eMOKCHYPETAHOBOI MACTUKH

[Toka3HUK TOKCHYHOCTI TTPOTyKTiB TOPIHHS .
. Po3po0iieHa enokcruypeTaHOBa KOMITO3HITIS
3a piI3HUX TEeMIIepaTyp
Hciso, /M . 55,6£7,6
HbCO, % 450°C 59,2+2.9
Hciso, /M . 88,5+10,3
HbCO, % 750°C 62,8+3,1

3 Tabi. 2 BUIHO, IO HaiiMeHIne 3Ha4YeHHS Hcrso crocTepiraeTrbes B peXuMi TIIHHS 1
CTaHOBUTH 55,6 r/M° 1yist po3pobieHoi mactuku. Bmict HbCO B KpoBi 3aru6anx TBApUH CTAHOBUB
59,2-62,8 %, 1m0 BiAMOBiAa€ TOKCUYHIH i MPOAYKTIB TOPIHHS MEPEBAKHO MOHOOKCHIY BYTJICITIO.
Biamosigno no xnacudikarii, 3rigao .. 6.16 JICTY 8829:2019 po3pobiiena BiOpororivHarya
€MOKCUYPETaHOBA MACTUTKA BIIIHOCUTHCS JI0 KaTEropii MOMipHOHEOE3EYHHUX.

[IpoBecHO KOMIUIEKCHY OIIHKY TOXKEXKHOI Oe3neku po3pobseHoi BiOPOIOTIIMHAYO1
€MOKCUYPETAHOBOI MAaCTUKU. BcTaHOBJICHO, 10 pO3pO0JIeHAa MAacTHUKA BITHOCUTHCS JO TPYIH
BaXKOTOPIOYMX MaTepiaiB BaXKoi 3aMHCTOCTi, 3 IMOBUILHUM MOLIUPEHHSIM TOJIyM's, Ma€
MOMIpHY JMMOYTBOPIOBAJIBHY 3/JaTHICTh 1 BITHOCUTHCS JI0 Kareropii MOMipHOHEOE3NMEHYHUX 3
TOYKHU 30py TOKCHYHOCTI.

JlocArHyTi piBHI BIACTUBOCTEH pO3p00IIeHOT BIOMPOMOTIIMHAIOYO0T BaXKKOTOPIOY0T MACTUKU
BKa3y€e Ha MEePCIEKTUBHICTS 11 MOAATBIION0 BUKOPUCTAHHS HA BHYTPILITHIX METAJIEBUX MMOBEPXHIX
1151 3a0€3MeYeHHs MTOKEKHOT Oe3MeK y 3ali3HUYHUX TPAHCIIOPTHHUX 3aC00iB.
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COMPREHENSIVE FIRE SAFETY ASSESSMENT OF VIBRATION-ABSORBING
MASTIC IN RAILWAY INFRASTRUCTURE

A difficult combustible epoxyurethane mastic with increased vibration-damping properties
and the necessary physical and mechanical properties has been developed for lining internal metal
surfaces of railway rolling stock. Epoxyurethane network polymers were used as a polymer matrix.
To reduce flammability, the fire-retardant additive ammonium polyphosphate was used, It has
been established that the developed mastic belongs to the group of difficult combustible materials,
with slow flame propagation, moderate smoke generating ability and are moderately hazardous in
terms of toxicity. The achieved level of characteristics of the difficult combustible vibration
damping mastic testifies about the prospects of its further use for facing the internal metal surfaces
of bodies of railway rolling stock in order to ensure their fire safety and acoustic comfort.
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JTOCIIIKEHHS AJTE3IMHO-MIIHOCTHHX BJIACTUBOCTEN BOTHE-TA
BIBPOIIOT IMHAIOYOI KOMITIO3UIIII JIJIs1 3BACTOCYBAHHS B
SAJIIBHUYHOMY TPAHCIIOPTI

3acrocyBaHHsS TOMIMEepHHX Kommosuliiaux marepianiB (IIKM) B moizmax 3abesmeuye
HOT0 37€1IeBIICHHS], IOBrOBIYHICTh, 3HIKEHHSI Bary 1 3SMEHIIICHHS BUTPAT HA EKCIUTyaTalito. Y Tou
e yac 3actocyBaHHs [IKM B macakupchbKkux moizaax MoKe IPUBECTHU J0 MIABUILEHHS PU3MKY X
3aropsiHHA Ta 3aruberni macaxupis|[ 1, 2].

[Ile oaHier0 MPOOIEMOIO «3HOIIEHUX» MACAKUPCHKUX PYXOMUX CKIAJIB € MiJABUILEHUN
piBeHb BiOpallii 1 IyMy, sIKl BAHMKAIOTh BHACIIJJOK PYXY BaroHa i 3HWXKYIOTh KOM(opTabebHICTh
nepeOyBaHHS aCakKUpPIB MPH MepeBe3eHHsX |3, 4]. BiOpauist BruiMBarouu Ha Oprasizm nacaxxupa
MPU3BOAUTH 10 APATIBIMBOCTI, TOJIOBHOrO 00JIt0, OTIPIIEHHS yBaru, 30UIbIICHHS HMOBIPHOCTI
3aXBOPIOBAaHHS HEBPO3aMU Ta 1H.

ToMy aKkTyallbHOIO HayKOBO-TIPAaKTUYHOIO 33/1a4€H0 € CTBOPEHHS BAXKKOTOPIOUOi MAaCTHUKH
3 TMIJBUIICHUMH aAre31WHO-MIITHOCTHUMHU BJIACTUBOCTSIMHU [UUISI OOJIMIFOBAHHSI BHYTPIIIHIX
METaJIeBUX [OBEPXOHb KYy30BIB 3allI3HUYHOI'O PYXOMOIo CKJiaay (OOKOBI CTIHH, CaJIOHHI
MIEPETOPOJIKH) 3 METOIO 3a0€3TMEUCHHS TX MOKEKHOI OE3MEeKH 1 aKyCTUYHOTO KOM(DOPTY.

[ToniMepHa MaTpuilsi HAa OCHOBI E€MNOKCHIHUX OJITOMEpIB Ta YypeTaHy € HaillOuIbIl
MOIIUPEHUM MaTepiaioM, KU BHUPOOHHKH BUKOPUCTOBYIOTH JUISl MIABHILEHHS AeMI(QYHOUUX
BnactuBoctel [IKM: enokcuiH1 oiroMepu XapakTepu3yrThCsl BUCOKOIO MILIHICTIO, CTIHKICTIO 10
TiAPOTITUYHOTO BIUIMBY, @ yPETaHOBI CKJIAJIH MAlOTh BUCOKY JAeMII(YyIOTy 3/1aTHICTb.

Jocnimxeno BrumB enokcuaHux oiiromepis (EJ1-20, T-111) Ta oTBepmKyBadiB aMiHHOTO
tumy: pgietwieHtpuaMiny (JIETA) ta momierunennomiaminy (ITEITA) Ha ¢i3uko-xiMiuHi Ta
aAre3iiHO-MIITHOCTHI BJIACTUBOCTI €MOKCHYPETAaHOBUX BiOpOMOrIMHAIOUMX Kommo3uilii. Ckias
enokcuyperaHoBux kommosumin (EY) 0a3yerbcsi Ha BHUKOPHUCTAaHHI CYMIllll  OJIIFOMEPIB:
osiroedipiikiokapoonarnoro mapku Jlanpomnar-803 (OLIK) 1 ogHOTO 3 €MOKCHIHOTO OJIIrOMEPIB
B cmiBBigHonreHdi 90:10, 80:20, 70:30 mac.%.

®Di3MKO-MEeXaHIuYHI BJIACTHBOCTI Ta aJre3iiHy MIIHICTh EIMOKCHYPETAaHOBUX TOJIMEpIB
BHU3HAYAJIM 32 CTAHJAPTHUMHU METOIUKAMHU.

Pe3ynbratu BUnpoOyBaHp Ha a/ire3iifHy MIITHICTh MPEACTABIICH] HA PUCYHKY TTOKA3aJIH, 110
pyiiHyBaHHs KiehoBoro 3'eqHanHs s yuctoro OLIK 1 cymimeBHX KOMIO3WIIIH 3 YacTKOKO
enokcuaHoro ojiromepy B cymimi 3 OLK 3 10:90 mo 30:70 mac. % HOCHUTbH, NepeBaxkHO,
Kore3iiHui xapakrep. L{e 3ymMoBiIeHO THM, 110 JaH1 MoJiMepHi MaTepiaau mpu temiepatypi 298 K
3HAXOMATHCA Y BHUCOKOENACTHYHOMY CTaHI 1 MalTh HIKYl 3HAYEHHS MOJIYJIS BHUCOKO
enacTuyHoCTi. 31 30u1biieHHsaM BMicTy EJI-20 ta T-111 no 30 mac. % y cymimi 3 OLK Moxyns
BHCOKOEJIACTUYHOCTI 3pOCTA€E 3 OJJHOYACHHUM 30IBIIICHHAM aare3iitHoi MirHocTi Ha 55% ta 48%
BinnmoBigHO. lle moB’s3aHO 3 TUM, IO EMOKCHYPETaHOBAa KOMIIO3HWIIiS 30arauyerbcsi OiIbIi
KOPCTKUM KOMIIOHEHTOM, WO CHpUS€ YTBOPEHHIO CITKH CHJIBHIMIUX MIDKMOJEKYISIPHUX
B3aemoiil. J[ns moximepy Ha ocHoBi unctoro EJI-20 1 T-111, axi 3HaXOAATHCS B CKIOMOAIOHOMY
CTaHl MpU TeMIeparypi BUIPOOYBaHHs, XapaKTep pPyWHYBaHHS OUIBIIOK MIpOK HOCHUTh
aaresiiHuii  xapakTtep. TakoX BHAHO, IO BeJIMYMHA aAre3ifHOi MIIHOCTI 1 MO
BHUCOKOEJIACTUYHOCTI MOJIiMepy Ha OCHOB1 0i()yHKIIIOHAJILHOTO enoKcuAianoBoro oniromepy EJI-
20 mae Ounblie 3HAYEHHS MOPIBHAHO 3 IOJIMEPOM Ha OCHOBI €MOKCHKPEMHIHOpraHiYHOI'O
omiromepy T-111, mo, Malyte, TmToOB'sI3aHO 3  HasBHiCTH T-111  emacTuuHmMx
OpPraHOCUJIOKCAHOBUX TPYIIL.
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Pucynok. Biuius enokcuanux ojiromepis y cymimi 3 OLIK i Tumy orBepa:kyBaya Ha
aaresiiiny minnicts EY noaimepis: E/I-20:OLK (1), T-111:OLK (3), orBep:xknyBaua IETA
ta E/I-20:OI1K (2), T-111:OLK (4), orBepaxeni IIEITA

Buxopucrtanss sk oTBep/KyBaua JI€THICHTpIaMiHy B €IOKCHUYPETaHOBUX KOMIIO3MIIISIX,
J03BOJISIE MIABUIIUTH 3HAYEHHS Opix IOPIBHAHO 3 KOMIIO3MILIAMH, IO OTBEPAKYHOThCA
T0JIIETUJICHITOI1aMIHOM.

[Ipu nocaimkeHH! MOKPUTTIB HA €IACTUYHICTh MPHU 3THMHI BCTAHOBJIEHO, IO BCl CyMIilIi
€MOKCHJIHUX OJIIroMepiB 3 oiiroedipuikiokapdoHatoM mapku Jlanponar-803 maroTh MigBUIIEHY
€JIaCTUYHICTh Ha BIAMIHY BiJl TOJIMEpIB Ha OCHOBI YHCTOTO EMOKCHIHOTO OJIITOMEpy, e
€JIaCTUYHICTD MPH 3THHI CTAHOBUTH 20 MM, 1110 CBIIYUTH MPO MiIBULLIEHHS KPUXKOCTI.
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RESEARCH OF ADHESION AND STRENGTH PROPERTIES OF FIRE AND
VIBRATION ABSORBING COMPOSITION FOR APPLICATION IN RAILWAY
TRANSPORT

A difficult combustible epoxyurethane mastic with increased vibration-damping properties

and the necessary physical and mechanical properties has been developed for lining internal metal
surfaces of railway rolling stock. Epoxyurethane network polymers were used as a polymer matrix.
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JOCIIIKEHHSA NPUPOJHUX HEOJITIB JJIA YBE3IIEYEHHA
TEXHOJIOTTYHUX AITAPATIB I TPYBOIIPOBO/IIB

B Vkpaini BugoOyBaHHs 11e0iTiB Oyno posnoyaro me y 1967 p., ke TpuBa€e 1 ChOTOJHI.
LeonitoBuii kap’ep Ha okomuisix cena COKUpPHHIS XYCTCHKOTO pPAaHOHY € HaWOUIBIINM
POJOBHIIEM IEONiTy B €BpOMi 1 OJHUM i3 HAOUTBIIKX y HioMy cBiTi. LleoniTu 3akapnarts MaroTh
HaBUINY AKiCTh y €BporTi.

Merta po6oTH ToJisrana y mpoBeIeHH1 JOCIIPKEHHS TIPUPOAHHUX [IEOJIITIB JIJIS M1 BUIIICHHS
MOXKEKHOI O€3MEKN TEXHOJIOTTYHHX arapariB Ta TPyOOTPOBO/IIB.

3acTOCyBaHHS MPUPOJHUX IICOJITIB JUIsl TMIJBUIICHHS PIBHA TOXKEXKHOI O€3MeKu
3YMOBJICHO iX (PI3MKO-XIMIYHMMH BJIACTUBOCTAMHU. LleomiTn — amoMocuiiKaTH, SIKI MICTSITh
OKCH[IH JIY>)KHUX 1 JIy’)KHO3EMEIIbHIX METAJIIB 1 XapaKTepU3yIOThCS BIOPSIKOBAHOK PETYIISIPHOIO
CTPYKTYpOIO ITOp, B KPUCTAII4HIM rpaTiii LIEONITIB 3HAXOAATHCSI MOJIEKYJIH BOIH, SIKA BUITyYa€EThCS
npu HarpiBanHi [1]. Ileomitn MarTh BHCOKY TEIUIOEMHICTb, WO JAa€ MOXJIMUBICTb
BUKOPHUCTOBYBaTH iX SIK  OXOJO/KyBalbHHIA areHT. lleomiToBa mopona JIErKo MiAgaeThes
MeXaHIYHIA 00po0Ill — PO3MENIOBaHHIO, PO3CIIOBaHHIO Ha (hpakiiii, mpecyBaHHIO, (OopMyBaHHIO,
10 JJa€ MOXKJIUBICTh CTBOPUTH PI3HOMAHITHI TEXHIUHI (HOPMH.

PentrenodaszoBi nOCHiKEHHS  TPUPOAHMX IICOJITIB TIOKAa3amu, IO IeW Marepian
CKIIQZA€ThCI B OCHOBHOMY 3 KiuHonTwiomity (d/n=0,898; 0,395; 0,296 uM), HeBeluka
1HTeHCUBHICTh Audpakmiianx MakcumymiB d/n=0,334; 0,245; 0,228; 0,181 HM Bkazye Ha
He3HauHMi BMicT kBapry (SiOz). Cepenns rycTuHa reonitoBoi mopoxu 1780...1900 xr/m®,
nopucticts —21,4...27,5 %, Bogonornmuaanns — 11...13 %, minHicTh Ha cTuck — 45...75 MIIa. 3a
pe3yapTaTaMy XIMIYHOTO aHaJli3y, MPUPOAHHI LIEOTIT Mae Takuii ckiazd, mac. %: SiOz — 68,72,
Al,O3 — 13,45; Fe;0O3 — 1,63; CaO — 2,64; K20 —4,21; Na,O — 2,35.

AHaJi3 MIKpOCTPYKTYpH 11€0J1iToBOT opoau (36ubmenHs y 10000 pa3) mokazas, mo ii
BJIaCTHBA MOPUCTA CTPYKTypa 3 BUPA3HOIO MPOCTOPOBOIO opieHTaliero. Kpucranu oCHOBHOrO
MiHEpaly — KIWHOMNTHJIONITY MalOTh TUIACTUYHUM TabiTyC, He3Ba)Kar0ul Ha T€, 10 BiH HAJICKUTH
710 KapKaCHHUX aJTFOMOCHITIKATIB, TOOTO 1Or0 CTPYKTypa TPUBUMIPHA 13 CHCTEMOIO KaHAIB 1 BIKOH.
HeBianoBigHIiCTh (HOpMHU KPUCTATIB CTPYKTYPi KIMHONTHIIONITY CIPUYMHEHA HEOJIHOPIAHICTIO
XIMIYHUX 3B’S3KIB Ha MEBHUX KpucTajgorpadiyHUX HanpsMKax. B KiHIIeBoMy 1€ IPU3BOIUTH JI0
YTBOPEHHS B HOTO CTPYKTYPi C1a003B’I3aHUX aTIOMOKHUCHEBUX IIAPiB Ta MPOSBISETHCS Y BUTIISIL
MJIACTUHYACTUX KPUCTAJIIB 1 CIIAHHOCTI.

B TtexHonoriyHmx amaparax 1 BHPOOHHYHX KOMYHIKaIlisiX XIMIYHOI, Ta30BOi,
HaTOXIMIYHOT, BYTUIbHOI Ta 1HIIMX rajy3eid MPOMHUCIOBOCTI 3 METO JIOKaIi3allli ropiHHSI Ha
MIEeBHIN MISHII TEXHOJOTTYHOI CXeMH, 3aM00IraHHs MOMIUPEHHS MOIYyM s BAKOPUCTOBYIOTh CyXIi
BOTHEMEPEIKOKyBayul. Taki mpuctpoi 3aXUIIAI0Th BUPOOHMYI KOMYHIKAIIl, SKUMU
MePEMIIIAI0ThCS ra3o-TmaporoBiTPsHi BHUOYXOIOXKEKOHEOE3MeuH1 CyMiIlIi. Hist
BOTHETIEPEIIKO)KYBauiB 0a3y€eThCsl Ha TraciHHI MOJIyM’sl B By3bKHX KaHajaX, yepe3 siKi BUIbHO
MPOXOJUTh TOpIOYa CYMIII 1 MPOAYKTH TOPIHHSA, a MOIyM's, po3JijieHe Ha JpiOHI MOTOKH,
MOIIHUPIOBATUCS HE MOXKE.

VY po6oTi 3amporoHOBAHO yIOCKOHAIUTH BOTHEMEPEIIKOHKYBAUl I MPOTUIIOKEKHOTO
3aXUCTY TEXHOJOTIYHHUX amapaTiB Ta TPyOOMPOBOJIB MIJISIXOM BUKOPHCTAHHS B SKOCTI HACAJKH
MPUPOJHUX LIEOJITIB.

AHai3 JaHuX PO BOrHENEPEIIKOKYBaul, K1 eKCITyaTyl0ThCsl Y BUPOOHHIITBI TOKA3aB,
[0 OCHOBHHM IX HEJOJIKOM € HU3bKa BOTHECTIHKICTh. TpHUBaicTh 3aXUCHOI JIii MPOMHCIOBHX
cepiiiHux BorHemnepemkopkyBaviB (0,1...0,3 rox) HemocTaTHsS JUIs JiKBiganii aBapiitHOL
CHUTYaIlii.

KOHCTpYKTHBHI €NeMEHTH BOTHEMEPEIIKOIKyBauya TMOBUHHI BUTPUMYBATH CHIIOBI
HABAaHTAXXCHHSI, SIKI BUHUKAIOTH MPH PO3MOBCIOKEHHI TIONYyM s 1 THUCK, Ha SIKUH pO3paxoBaHUI
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npuctpiii [2]. Bonu He mnoBuHHI AedopMyBaTHCs TNpH JOKaji3alii MOJYyM STHOTO TOpPIHHSA
IOPOTSArOM 4acy, SKHM piBHUH dYacy 30epexeHHs mpane3fgatHocTi npu aii momym’s. [lpwu
BUKOPHCTaHHI Y BOTHETIEPEIIKO/DKYBaUi B IKOCTI MOJIyM ATACHIIBHOTO €JIEMEHTa I'PaHyJIbOBAaHOTO
MaTeplaJIy TpaHyH MOBUHHI MaTu Kyﬂen0m6Hy 4yu 6nu3bKy 10 Hel (popMmy. Bonn noBunHi Oyt
3 KAPOMILHUX 1 KOPO3IMHOCTIMKMX MarepiaiiB. MakcuMaibHa TeMIeparypa MOBEpPXHi KOPITyCy
BOTHEMNEPEIIKO/PKYyBaya, KU PO3TAIIOBYETHCS B TOPIOYOMY CEpeAOBUINI (TOpIOYi Ta3W, mapa,
IIWIT), TOBUHHA OyTH He MeHIe HiK Ha 20 % Hmk4a BiJl TeMIepaTypu caMo3aiiMaHHs BKa3aHUX
TOPIOYMX PEYOBHMH. 3 ypaxyBaHHSM BKa3aHMX BHMOI 3allPONOHOBAHO B SIKOCTI HACaJKH
BUKOPHUCTOBYBATH MPUPOHI 11e€0J1iTH COKMPHHUIILKOTO POIOBHIIA 3aKapaTchKoi 001acTi.

[oBeninka MpupPOTHUX LEOJIITIB B mporieci 3poctanus Temreparypu 10 1000°C BuBuanach
3 JIONOMOTO0 JTU(epeHIIIHHO-TEePMIYHOT0 MEeTOMy aHamizy. [Ipu HarpiBaHHI IIEOTITOBOI OPOIH
B TeMnepatypHomy iHTepBaii 10 200°C  BinOyBaeTbesi BHIYyYeHHS (i3UYHO 3B’S13aHOI BOJM i3
TAPOCIIOUCTUX MiHEpaliB. B 1boMy k TeMrepaTypHOMY 1HTEpBaJll MIOYUHAETHCS BUIIYUEHHS 1
L[EOJIITHOI BOJM KIMHOIUIUTONITY, fiIke 3aBepuiyeTbcsi npu temmepaTypi 530 °C. Ilpouecu
Jerigparallii MiHepaJiB IEOJITOBUX MOpPiA € IUIABHUM 1 HE CYyHpPOBOJIKYIOThCS PYHHYBaHHSIM
CTPYKTYPH.

Po3paxyHKOBUM  mapaMeTpOM  BOTHENEPENIKO/DKYBAaWiB €  KPUTHYHHHA  KaHaj
MOJIyMSITaCUJIBHOTO €JIEMEHTa — MIHIMaJIbHUM JlaMeTp KaHaly IOJIyM sIracujIbHOTO eJeMEHTa,
yepe3 KUl MOXe TMOIIHUPIOBATHCA TOMYyM s CTalllOHApHOI Mapora3oBoi CyMilll,  HOro
po3paxoByBaiiu 3a (HOPMYJIOIO:

Pe,,-R-(t,+273) 4,
- )
i u,-C, P,
ne: Oxp — KPUTHUUHUHM JlaMeTp KaHaJllB CyXOro BOTHEMepenIKokyBada, [M]; t, — modyarkoBa
(poboua) Temmnepatypa roproyoi cymiii, [°C]; P, — moyarkoBuii (po604Hii) THCK FOPIOYOi CyMilll,
[[Ta]; R — muToma ra3oBa crama roprouoi cymim, [[[x/kr-K]; us — HOpMaibHA MIBHUIKICTH
MOIIHUPEHHS MOIYyM 51, [M/C]; Ac — KoedilieHT TertonpoBiAHOCTI roproyoi cymimi, [BT/(M-K)]; Cpc
— KOe(DIIIEAT TETUIOEMHOCTI Toprodoi cyminri, [Jlx/kr-K].

Po3paxoBano KpUTHYHI JlaMETPH TMOJIYM STaCHIBHUX KaHAIB HACAAKH 13 IEOTITOBOT
MOPOM  JJIsi PI3HOMAHITHUX MapOra3oNoBITPSHUX TMOBITPSHUX CYMIIICH: €TaHOMOBITPSHUX,
METaHOIOBITPSHUX, OCH3MHOIOBITPSHUX, OCH30JOMOBITPIHUX Ta IMPOMAHOMOBITPSHUX, IO
CTAaHOBUTB JiaMEeTp KaHaTy 3MIHIOEThHCS B Mexax 2,2...5,1 mm.

Takum dYWHOM, B po0OoTi JoBeneHa €(EKTUBHICTh BHUKOPUCTAHHS B  SKOCTI
MOJIyM SITAaCHJIBHOTO €JIEMEHTa BOT'HENEPEUIKO/DKYBadiB MPUPOAHUX LEeoiTiB COKHMPHULIBKOIO
pojoBHINa 3aKaprnaTChKoi 00J1acTi.

JIITEPATYPA
1.®epenn H.O., [Tasmok FO.E. (2018). BoruenepemikopkyBadi Ha OCHOBI BIIXO/11B LIEOJIITHUX
karamnizatopiB Tumny «Lleocop Ax». [Toxexxna 6e3mneka, (32), 69-73.
2.Pe3epByapu BepTUKaJIbHI HWIIHAPUYHI cTaneBi ans HapTu Ta Hadrompoxaykris: JCTY b
B.2.6-183:2011. [Yununumii 3 01.010.2012 ]. Kuie: YkpH/IInpoekrcranpkoncTpykiris, 2011.
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N.O. Ferents, candidate of technical sciences, associate professor,
Lviv State University of Life Safety

RESEARCH OF NATURAL ZEOLITES FOR PROVIDING TECHNOLOGICAL
APPARATUS AND PIPELINES
The study of natural zeolites in the process of increasing the temperature to 1000°C,
which was studied using the differential thermal method of analysis, X-ray phase studies and
analysis of the microstructure of natural zeolites showed the possibility of using them as a flame
retardant element of flame retardants.
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AHAJII3 METOJIB BUITPOBYBAHHS NTOKEKHUX CITIOBILLIYBAYIB

Bynp sixe oOmagHaHHs 31aTHE SIKICHO BUKOHYBATH MOKJIAJICHI HA HBOTO (DYHKIIIT JIHIIIe 3a
YMOBH CBOEYACHOTO Ta TPABHIBHOTO TEXHIYHOTO OOCIyroByBaHHSA. | cHCTEMH MOXEXHOI
curnanizauii (CIIC) [1] He € BukitoueHHAM. SIK MOKa3ye MpakTHKa HAHOUIBII BPa3IMBUM MiCIIEM
mux cucteM € mnoxkexHi crosinryBaui (I1C). Ile MOsACHIOETBCS THM, IO BOHHU IOCTIHHO
KOHTAKTYIOTh 3 HAaBKOJUIIHIM CEpPEIOBHILNEM, CTaH SIKOTO, SK MPaBHJIO, HE BiJIPi3HAETHCS
«1a00paTOPHOI0 ~ YHCTOTOIO».  BiNNOBIMHO  €IEKTpOHHA  CXeMa, YYTIUBUH  €JIeMEHT
3a0pyIHIOIOTHCS 1 TEXHIUHI XapaKTePUCTUKU MPUIAJIB MOTIPHIYIOTECS. A 3 4acOM CIOBIIIyBad
B3arajgi Moxke BUHTH 3 yany. Jnga kontpomto crany IIC mepenOadaeTbes MpoBENEHHS iX
BUNPOOYBaHb.

Ha renepimniii yac npouexypu BUNPoOyBaHb PErVIAMEHTYIOTHCS OKPEMHUMH YaCTHHAMHU
JICTY EN 54 (B 3anexuocti Bix tumy [1C). Hanpukian, mis qumoBux [1C € unanuM [2]. Ane B
LJIOMY MOYKHA OTIMCATH 3arajibHi MiIX0IU 10 BUMIPOOYBaHHS IILOTO OOJIaIHAHHSL.

B 3anexHocti Bif TOro, sKi 1Tl CPOPMYJIbOBaHI Ha MOYATKy MPOLEAYPH, PO3PI3HAIOTH
BUNPOOYBaHHS:

- OTepaTHBHI;

- CTaIlloHapHi.

Buxozsiun 3 Ha3BU onepaTHBHI BUIPOOYBaHHS MPOBOIATH 3a MiciieM BctanoBieHHs [1C,
CTalllOHapH1 — B JJa0OpAaTOPHUX YMOBAX MICHs IEMOHTAXY MPHIIATY.

OnepatuBHi BUIPOOYBaHHS, B CBOIO YEPry, MOALISIOTHCS HA TPHU KIIACH:

- KJ1ac A — IPOBOSATHCS ONIEPATOPOM B PyUHOMY PEKUMI;

- Kiac B — mpoBoasATECS B aBTOMATUYHOMY PEXHUMI 3 MOXKEKHOrO MPHIMAalIbHO-
koHTposibHOTO npunaxy (ITIKIT) CIIC;

- kiac C — MpoBOAATHCA OMEpPAaTOPOM IUISXOM BIUIMBY Ha YYTJIMBUH €JIEMEHT 3a
JOTIOMOT'OF0 IMITaTOPiB IEPBUHHOT O3HAKU TTOXKEXKI.

Haii0iapI1 po3MoOBCIOPKEHUMH TEXHIYHUMHU PIIIEHHS KIacy A € po3poOKa MEXaHIYHHUX
€JIEMEHTIB, 3 JIOMOMOTOI0 SIKUX Bif0OyBaeThcs BIUTUB Ha uyTiauBui enemeHT [IC, sxuii 3a cBOiMHU
XapaKTepUCTUKaMH Harajye BIUIMB IIEPBUHHUX O3HAK Mokexi. Jlo mepeBar Takoro MeToau MoKHa
BIIHECTH NPOCTOTY 1 Malluid dYac MPOBENEHHSA. A OCHOBHUM HEAOIIKOM — HEMOXIIUBICTh
ouintoBaHHs uyTtnuBocTi [IC g0 pi3HOro 3a XapakTepucTHKaMu (pIBHEM CHUTHaNy) BILTUBY
«TIEPBUHHOT O3HAKI.

BunpoOyBanus kitacy B mpoBonsatees muisixom popmysanns [TIKIT immynbey, 1o iMiTye
BIUIMB HA Yy TJIMBUHN €JIEMEHT (DaKTOPIB MOXKEK1 a00 BHHUKHEHHSI TTO3aIITaTHOT CUTYaIlii (KOpOTKe
3aMHKaHHs, 00puB muIeidy Ta in.). Y 6inpmocti cydacHux [ITIKII po3poOHuKu nepeadavaroTh
Taky (ynkuiro. J[o mepeBar Takoro MeToay MOKHA BiIHECTH HOro MIBHJKICTH Ta MPOCTOTY,
KOM(DOPTHICTh ISl omeparopa. Aje Npu IBOMY BiH Mae€ 1 CyTTeBI HeAONIKU. [010BHUM
BBAXKAETHCA Te, 0 (pakTHUUHO TIepeBipseThes He uyTuBuii enemenT [1C, a poboTa cxemu 00poOKu
iHpopMmanii. Takoxk He aHamI3yeTbCs YYTIUBICTH CIOBIIIyBada IO PI3HOTO PiBHSA BXIiJHOTO
CUTHAITY.

Pi3HOMAaHITTS Ha PUHKY MPOIYKIii MPOTUIIOXKEKHOTO MPU3HAYCHHSI TEXHIYHUX PIIICHb
kiacy C 3apa3 ayxe mupoke. J[o HuX BITHOCATHCS KaMepH HEBEITMKOTO PO3Mipy, 3a JOIMOMOT 010
AKOI y JIOKaJIbHOMY 00’eMi HaBKoJIO IIC CTBOPIOETHCS BIUIMB, CXOKUHM 3 Ji€l0 Moxkexi. Takox
PO3pOOHUKH MPOMOHYIOTh PEYOBHUHH, 10 IMITYIOTh BIUIMB MEPBUHHUX O3HAK moxkexi. llle oqne
TEXHIYHE PIlIeHHS, Ke BIJHOCATH 0 JAHOTO KJacy — MOPTATUBHI MPUIAAU AJIs AUCTAHIIITHOTO
nocuity Ha yyTiauBui eneMeHT I1C enexTpomarHiTHoro iMmmynbcy. OCHOBHOIO MEpEBaror TaKuX
BUIIPOOYBaHb € IepeBipKa caMe YyTIMBOIO CHOBIIIyBaya.
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Cramionapui BunpoOyBanHsi [IC, sk mpaBuiio, MPOBOIATHCS HA €Tall BUTOTOBIICHHS
BUPOOHUKOM, OpraHaMu cepTudikamii MpoIyKIlii I MATBEPKEHHS BiNOBIAHOCTI 11 YHHHIM
BHMOTaM.

[IpoBeneHHs cTamioHApHUX BUIPOOYBaHB Ja€ 3MOTY MPOBECTH aHAIII3 SIKOCTI poOOTH SK
YyTJIMBUX EJIEMEHTIB, TaK 1 CXeMH OOpOOKM CHTHAly Yy PI3HMX peXHMax, 3a PI3HUX yMOB
eKCIUTyaTallii Ta BIUIUBY O3HAK IOXKEXI.

- TF 1 — Bigkpute noinym's (IepeBruHa);

- TF 2 — nuponizHumii (1epeBrHa);

- TF 3 — Tnirounii (6aBoBHA);

- TF 4 — BigkpuTe MOIyM's,, CHHTETHKA (TIOJIiypeTaH);

- TF 5 — pinunHMi ( n-renrax);

- TF 6 — pimuHaui  (AeHATYPOBAHUI CIIUPT).

g tounoi owiHku mapametpiB IIC 3rigHO MIXHApOAHUX CTaHIAPTIB 3aCTOCOBYETHCS
MOBITPSIHUNA KaHaJl, 10 3a0e3nedye MUPKYJSALio MOBITPS.B sKocTi mpukiagy yCTaHOBKH AJist
IIpoBeJIeHHS cTanioHapHoro BunpoOysanHs [1C MojkHa HaBecTH ycTaHOBKa B 1aboparopii Llentpa
inTerparii enepretnynux cucteM NREL (Minictepcto enepreruku CIIA) (puc. 1).

'y I

Pucynox 1 — VCTaHOBKa z[n;l CTaI_IIOHapHI/IX BHUNPOOYBaHb MOKEKHUX CIOBIIIYBaviB

TakuMm 4YMHOM, aHaJi3 ICHYIOYMX METOJIIB BUIPOOYBAHHS IOXEKHHUX CIIOBIIIYBayiB
MOKa3as, 10 iX BUOIp 103BoJIsA€ TiATpuMyBaTH npare3aatHictb CIIC Ha Hase)KHOMY piBHI SK TTi]T
4yac BUTOTOBJICHHS 00JIaIHaHHs, HorocepTU(iKallii Ta 3[aBaHHs B €KCILIyaTalliio, TaK i MPOTIroM
BCHOT'O TEPIOAY MOTOYHOI EKCIUTyaTarlii. A MPUAHATTS PIlICHHS MO0 BHOOPY KOHKPETHOTO
METO/a 3aJEKHATH Bij 3a1a4, sIKi IIOCTaBJIECH.
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ANALYSIS OF FIRE ALARM TESTING METHODS
The work examines the existing methods of testing automatic fire detectors in fire alarm
systems, their advantages and disadvantages, and procedures.
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JAESAKI ITIOJIIMEPHI MATEPIAJIHU, IO BUKOPUCTOBYIOTbHCAA
Y CYHACHOMY BYAIBHULITBI

[Tnactuk oTovye Hac BCroau. BiH JIerkuii, MIlTHUH, JCTIEBUIA, THYYKHMA, CTIHKUH 10 KOPO3ii
Ta XIMIYHUX PEYOBHH, a TOMY TaKU{ MOIYJSPHUN Y PI3HUX Taly3siX HPOMHUCIOBOCTI, TOPTIBIi,
XapuyBaHHI, B MOAi Ta OyniBHUNTBI. EcreTnka i1 (YyHKIIOHATBHICTH, a TAKOX ITOBTOpPHE
BUKOPUCTAHHSA TUIACTHKY POOJISITH HOTO 11€alTbHIM JUIsi CTBOPEHHS PI3SHOMAHITHUX PEUEH.

OpHa 13 mepeBar IuiacTMac — L€ iXHs MIIHICTb Ta CTiHKICTh. [11acTHKOBI pedi MOXYTh
BUTPUMYBATH BUCOKHI THCK, YIapH, 3rHHAHHS Ta PO3TATYBAHHS 1 TPUBAIMH Yac HE IOTPEOYIOTh
3aMiHHM Y PEMOHTY, IO 3py4YHO B OyaiBesbHil ramysi [1-2].

JUia  HecydyuX, OropoJUKYBaJIbHUX KOHCTPYKIINH 3acCTOCOBYIOTH pi3HI Oy/iBelbHI
Marepianu. JlepeBHomapyBari IUIACTUKM — 1€ JIMCTOBI MaTepiajid, BUTOTOBJIEHI TapsuuM
MIPECYBAaHHSAM IMAKETIB 13 JEKUIbKOX IIapiB JAEPEBHOrO IINOHY, MPOCOYEHOIO0 CHHTETUYHUMU
cmonamu. Jlomxkmuaa nmctiB — 700-5600, mmpmaa — 950-1200, toBmmHA — 1m0 12 MMm.
3acTOCOBYIOTH SIK KOHCTPYKIIIITHO-OMOPSIKYyBaIbHUNA MaTepial.

CKJIOTIaCTUKH CKJIAJIAI0THCS 3 B SKYUOTr0 MOJIIMEPY 1 HaTOBHIOBAYIB 13 CKJIOBOJIOKHUCTHX
MartepianiB. 3a BHMJIOM CKJIOBOJOKHHCTOIO HallOBHIOBaua po3pi3HsoTe: CBAM -
CKJIOBOJIOKHMCTUM aHI30TPOIHUN MaTepiajl CKJIOIUIACTUK Ha OCHOBI PYOJIEHOTO BOJIOKHA,
cxinoTekctonnitT. CBAM BHUTOTOBISIIOTH TapsSYMM TPECYBAHHSM JIUCTIB CKJIOMIMIOHY — TOHKHX
MOJIOTEH CIEIIaIbHO OPIEHTOBAHUX BOJIOKOH, SIKI CKJICEHI €MOKCHUIHO-(EHOJBHHUMH CMOJIAMH.
OcHOBHi XapakTepucTuku: pm = 1900-2000 kr/m°, Rpos = 450 MIIa, Rer = 400, Ry = 700 MITa.
BukopucTOBYIOTH J11 HECYYHX €JIEMEHTIB, 000JIOHOK, CTIHOBUX ITaHEJEH.

CKJIOTIIIAaCTUKH HA OCHOBI pyOJICHOT'O BOJIOKHA 1 TTOJTie()ipHUX CMOJI BUITYCKAIOTh y BUTJISI
TJIOCKUX 1 XBUJISICTUX JIUCTIB, M0BXKHA sIKUX 1000-6000 MM, mupuna — 1500 MM 1 ToBmmHa 1,0-
1,5 MvM; pm = 1400 kr/m®, Rer = 90, Ry = 130 MIla. BHKOpHCTOBYIOTH I TOKpIBIi,
OTIOPSI/KYBaHHS OaNKOHIB, Kade, MaBiIbiiOHIB, HABICIB TOIIIO.

CKIJIOTEKCTONIT OJIEP>KYIOTh rapsyuM IMPECYBAHHSM IMOJOTEH CKIOTKAaHUHH, MPOCOYECHOI
(dhenonpomMabIeTiTHUIMUA CMOJIaMH. BUITyCKalOTh y BUIJISI JIMCTIB, HOBXKMHA kuX 2400 mwm,
mupuna 600-1200, TopmuHAa 1-7 MM i y BUTJISII IIMT 9-35 MM 3aBTOBIIKH; pm = 1850-1950 kr/m?,
Rer = 95, Rpos = 300, Ry = 120 MITa. 31 CKJIOTEKCTOIITY BUTOTOBIISIFOTH CTIHOBI MaHeNi, 000JOHKH,
MTOKPIBIII.

[ToimepHi Martepiaiau Jeriii, HDK JEPEBHI Ta KepaMiuHi, MilHi, O10CTiiKi, Tiri€HIYH,
TEIUI0- Ta 3ByKOi30JsLilHI. HalimomupeHimuii Marepial il MOKPUTTS MiJIOTH — JITHOJEYM (puc.
1), sikuii BUITyCKalOTh 3 OCHOBOIO 1 6€3 Hel. KananapoBuM crioco60M BUTOTOBIISIIOTH O€30CHOBHUI
JHOJIEYM; 3MIIIYIOTh KOMIIOHEHTH; IIacTU(IKYIOTh Macy Ha BalbLgX pu Temneparypi 130-150
°C 1 OTpUMYIOTh MTOJIOTHO HA KaJlaHApaX.

JliHomeyMH Ha TMiJIOCHOBI BUTOTOBJIAIOTH MPOMAa3HUM CIOCOOOM: JIIHOJIEYMHY HacTy
HAHOCATh HAa PyXOMY IIJOCHOBY (MKyTOBi, KeHa(HI TKaHMHU Ta TOBCTAHA IMIJKIAJKa) 3
HACTYITHOIO TEPMOOOPOOKOI0 Y KaMepax 1 YIIUTbHEHHSIM Ha KalaHApi.

[ToniBiHIMXJIOPUAHUIA  JIHOJNIEYM BHTOTOBJSIIOTH 3  modjiBiHiIXJIopumy (40-45%),
mioytundranary (17-23 %), crabinizaropa (10 1 %), HamoBHIOBaYiB: JlepeBHE OOPOIIHO, TAJbK
tomo (19-35 %), mirmenTis (5-15 %). BunyckatoTs y BUIIIsI1 TOJIOTHA, mKpHHA skoro 1200-2400
MM, TOBIIMHA — 1-6 MM 1 IOBXHHA — 10 12 M.

Haii0inpm iHgycTpianbHUN BUJ TOKPUTTSA — MOJIBIHUIXJIOPUAHUM JTIHOJNEYM Ha TEIUIO-,
3BYKOI130JISIIHHIM TOBCTSAHII 400 CHHTETHYHIN CITy4eH1it OCHOB1 BUPOOIISE€THCS BiANOBIAHO 10 [3].
3acTOCOBYIOTH /ISl BIAIITYBAHHS MiAJIOT Y MPUMIIIEHHSX 3 MiJBUILEHUMH BUMOTaMH JI0 3BYKO-
Ta TETUI0130JIALli1 (>KUTIIOBI MPUMIIIIECHHSI, HOMEpPH TOTEIiB, TPOMaJIChKi OyaiBIi).
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[MoniBiHUIXTOpUAHUE JiHOJIEYM O€3 MiJIOCHOBU BHPOOISETHCS BianoBimHo 10 [4]. Huni
noHax 80 % ycboro JiHOJIEYMY, IO BUITYCKAEThCSI Y CBITI, mpunaaae Ha [IBX-miHONCYM.

V 3axignux kpainax [IBX-ninoneym npuitasro HasuBatu [IBX-mokputTsam, Toi SK y Hac
yCi BHJIM THYYKUX MOKPUTTIB JUIS MiJJIOTH Ha3UBAIOTH JIIHOJIEYMOM.

Pucynok 1. 3aransHuil BUTIIS JTIHOJIEYMY.

I'midraneBuit (aynKigHWI) JIHOJIEYM BHUTOTOBJISIOTh HAa TKAHWHHINA OCHOBI TPOMAa3HUM
cocobom. JliHOJMIEYMHY TAacTy OJEpXKYIOTh 13 (TajmeBoro aHriapuay, TIIINEpUHY Ta
MoaudikyBaIbHUX A00aBOK. Bumyckarots 1800-2000 MM 3aBmmpikw, 2,5-5,0 MM 3aBTOBIIKH, HE
MeHm sk 20 M 3aBaoBXku. [midTaneBwii JiHOIEYM MOXKe OyTH OJHOKOJIHOPOBUM abo0 3
MamtoHkoM. [Ipu MiHycoBHX Temmeparypax Kpuxkui. B VYkpaini ankigHuii JiHOJEyM Ha
TKaHUHHIA ocHOBI Ticys 2000 poKy HE BUITyCKaBCH.

KomnokcuninoBuii (HITpOILETIOI03HUMN) JIiHONIEYM — 0€30CHOBHUN. Y pynoHi Horo 20 M,
mupuHa — 1000-1600 MM, ToBmmHA — Bix 2 10 4 MM. Komip yepBonuii abo xopuuHeBuid. Mae
BHCOKY €JIaCTUYHICTh, MPYXKHICTh, M00Ope YMHUTH oOmip cThpaHH. Hemomik — migBumena
3aiimMucTicTh. OCHOBHOIO CHPOBWHOIO I BHPOOHMIITBA IIHOTO BHUIY JIHOJEYMY CIIYXKHTh
KOJIOKCHJIIH — TPOAYKT OOpOOKHM IIENI0JI03U HITPUPYBAJIbHOIO cymimminto. B Vkpaini
KOJIOKCHJIIHOBUH JITHOJIEYM HE BUPOOJISIOTH.

['ymoBwuit niHOJIEYM (peiiH) BHUTOTOBJISIIOTH IBO- YW TpHUIIapoBUM. OCHOBHHUU mIap —
HadTOBUI 6iTYyM 3 MOAPIOHEHOI0 TyMOIO 1 a30ecTtoM. BepxHiil (JUIbOBHIA) mIap —3 KOJIBLOPOBOL
IYMH Ha CHHTETUYHOMY Kay4yyKy 3 HaroBHIOBauaMH. [[oBJKHHA PYJIOHIB peliHy — HE MEHIIE HIX
12 m, mmpuna — 1000-1600 mMm, ToBmmHa — 3-5 mMMm. KokeH miap BHUTOTOBIISFOTH OKPEMO 3
HACTYNMHUM JyOnroBaHHSM Ha OapabaHHMX Ipecax 1 oJHOYAcHIM BynkaHizauii rymu. Pemin
€JIACTUYHHI, BO/I0-, KUCIIOTO-, JIyTOCTINKUMN, 3BYKOMNOMNIMHATIBHUHN. B YKpaini rymoBuii niHONIEYM
nicist 2000 poky He BUITYCKaBCA.

CuHTeTH4HI BOPCOBI KUJIMMH Ha CITIHEHI JaTeKCHi OCHOB1 MAIOTh MiJIBUILIEH1 aKyCTUYHI1
1 Teru10130Is111iHI BiIacTUBOCTI. ToBmKnHA — 3-8 MM, JOBXKKHA — 10 12 M, mmpuHa — Bix 1000 no
4000 MM. 3aCTOCOBYIOTh Y UYUTAJIBHUX 3aJ1aX, HOMEpaxX roTeliB TOLIO. Pi3HOBUM CUHTETUYHUX
BOPCOBHMX KHMJIMMIB — BOPCOJIIH 1 BOPCOHIT. BopcomniH — HeTkaHuil pyJIOHHUH MaTepial 3 ABOX
1IapiB: BEpXHIM Iap — MeTeNpHUM BOpPC 13 MPOMIJICHOBOI MpshKi, HWKHIA map —
noJiBiHUIXIOpUIHA TTiBKA. J{oBxkuHa monotHa — 12-20 M, mupuna — 1000, ToBmuHa — 4-6 MM.
BopcoHiT BUTOTOBIISIOTH 13 NOJiedipHOi 4K MOMiaMiJHOT TKaHUHU. BepXHill map — CMHTeTHYHA
TKaHUHA 3 Kal[pOHOBUM BOPCOM, a HWXKHIiH — criiHeHHi naTekc (miHonarekc). JloxuHa — 10 12 M,
mupuHa — 1-4 M, TOBIIMHA — 710 8 MM.

[MauTKU Ans TUIOT BUTOTOBISIOTH 3 MOMIBIHUIXJIOPHIY, KyMapoHY, KaydyKy, TyMH.
[InuTKKM J7erKko KpImUTH A0 OCHOBH, 3aMIHIOBATH IHIIMMH IiJ{ 4ac PEMOHTY. 3 HHMX MOXKHa
CTBOPIOBaTH MAaJIIOHOK IIJIIOTH, aje BOHM MEHII Tiri€HI4Hi, HDK PYJIOHHI Martepianu. Po3mipu
noniBiHUTXIOpUAHUX MIUTOK — 300%300, 200%200 MM, ToBmKMHA — 1,5-3 MM; BOIOCTI#iKI, JO0Ope
YUHATH OMIp CTUPAHHIO, NpYXHI. KyMapoHOBI MIMTKKM MalOTh TaKi 5K po3Mipu MpH TOBIIMHI 3-4
MM. Posmipu rymoBux miautok 300%300, 500x500 mm, ToBumHa — 3,5-10 MM.
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Kpim pyJIOHHHX 1 INIMTKOBUX, JUIS IiJUIOT 3aCTOCOBYIOTh MAaCTHUKOBI O€3110BHI MaTepiain
Ha OCHOBI KapOamimHuX, moiiedipHUX, MOJIBIHUIANETaTHUX moxiMepiB. be3moBHi migmorun
OyBarOTh IMOJIBIHUIALIETATHI, MOTIMEPIIEMEHTHI, ETOKCHIHI.

[ToniBiHiNaIeTaTHI TOKPUTTS CKIAJAIOTHCS 3 TMOJIBIHIIANETATHOI eMyibeii (1 acTuHa),
MiHepanbHoro nopouiky (0,8-1,5 yactunu), minepanpaux nirmenTiB (0,12-0,25 gactunn) i Boau
(0,3-0,5 yactunmM), X HAHOCATH HA CyXHMH IIap IEMEHTHO-MIIIAHOIO PO3YMHY Mapku 150 3
MOJIIBIHITALIETATHOIO €MYJIBCIEI0 ITICTOJIETOM-PO3MIIIOBAYEM Y JBa IIapH, 3arajbHa TOBIIMHA
SIKUX 2-3 MM.

[lomimeprieMeHTHI ~ TOKPHUTTS  BHUTOTOBJISAIOT  PETEIBbHUM  IepeMIllyBaHHSAM
MOJIIBIHUIAIIETATHOI €MYJIbCii 3 BOJAOIO, MITMEHTaMH, IIEMEHTOM, ITickoM, medeHeM. CKiaj
NoJIiBiHIaeTaTHOTO OETOHY 3a Macoro: HeMeHT Mapku He Hmwxkde 400 — 1 yactuHa,
noJtiBiHUTaneratHa emynbcis — 0,3; Boma — 0,25; mirmenTu — 1,4; me6idp — 2,6 9acTUHMU.

Enmokcumni miguord CKIaAarOThCA 3 cyMimn  enokcuaHoi cMonu (1 wactuHa),
oTBepKyBava (2 vacTuHM), TicKy (3,7 wactian). ToBImMHA MOKPUTTS — 2-3 MM. YBOJSYU J0
CKJIay MACTUKOBUX O€3IIOBHMX MarepiajiB creriagbHi J00aBKH, MOXHa CTBOPIOBATH
€JIeKTpUYHI, OaKTEepULMIHI, NWIOBIJIITOBXYIOUl Ta IHIII CHEIialbHl TOKPUTTS MiAJI0T
MIPOMHUCIIOBUX 1 IUBUIBHUX OY/11BEb.
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SOME POLYMERIC MATERIALS USED IN MODERN CONSTRUCTION

Plastic surrounds us everywhere. It is light, strong, cheap, flexible, resistant to corrosion
and chemicals, which is why it is so popular in various industries, trade, food, fashion and
construction. Aesthetics and functionality, as well as the reusability of plastic, make it ideal for
creating a variety of things.

One of the advantages of plastics is their strength and durability. Plastic items can
withstand high pressure, impact, bending and stretching and do not need to be replaced or repaired
for a long time, which is convenient in the construction industry.

Different building materials are used for load-bearing, enclosing structures. Polymer
materials are lighter than wooden and ceramic materials, strong, bio-resistant, hygienic, heat- and
sound-insulating. The most common material for covering the floor is linoleum, which is produced
with and without a base. Baseless linoleum is made using the calender method; mix the
components; the mass is plasticized on rollers at a temperature of 130-150 °C and the fabric is
obtained on calenders.
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METOJOJIOI'TSA OHIHIOBAHHSA BOFHECTIﬁKQCTI BOTI'HE3AXNIEHUX
BYAIBEJIBHUX KOHCTPYKUIHN BY AIBJII

Hes3Baxxaroun Ha 3HAYHUI MOCTYN Yy HAYKOBO-TEXHIUHIN cepi, JIOACTBY I HE BAATIOCS
3HAWTH a0COJIIOTHO HaMIMHUX 3acOo0IB 100 3a0e3leyeHHs MOKEKHOI Oe3rneku. binmbiie Toro,
CTaTHCTUKA CBIJYUTH, IO NMPH 3POCTAaHHI YHCETHHOCTI HaceleHHS Ha 1 %, KITbKICTh MOXKEK
30inbIIy€eThCst MpUOAM3HO Ha 5 %, a 30uTkM Bix HUX 3pocTaroTh Ha 10 %. IlpoBenenuii anamiz
CTATUCTUYHUX JAHNX BUHUKHEHHS MMOKEX 32 OCTaHHI POKH, aHAII3 Cy4aCHUX METO/IIB Ta I IXO/I1B
IIOJI0  OLIHIOBAaHHS BOTHECTIMKOCTI  3aji300€TOHHMX KOHCTPYKIIH, Ja€  MOXJIMBICTb
CTBEPKYBAaTH IIOJO0 ICHYBaHHS MOTpeO B po3poOlli METOJIB OI[IHIOBAHHS BOTHECTIMKOCTI
3aJ11300€TOHHUX KOHCTPYKIIH, 110 IOTIOMO’KE 3a1100IrTH pyHHYBaHHIO KOHCTPYKLIN Ta 3MEHIIUTH
KUIBKICTh 3aru0MX NHpHU BUHUKHEHHI HaJ3BHYalHMX cuTyauiid abo moxex [1]. Came Tomy
CTBOPEHHSI OCHOB €()EKTHBHOI'O OIIHIOBAHHS BOTHECTIMKOCTI BOTHE3aXHUIIEHUX 3aT1300€TOHHUX
OyZIiBeNIbHUX KOHCTPYKIIN 3 HAYKOBO OOI'PYHTOBAaHUMH NTapaMeTpaMH BOTHE3aXUCHUX MMOKPHUTTIB
€ aKTyaJbHOIO MPOOIIEMOIO.

3a0e3neyeHHs] HOPMOBAHOI'O 3HAYEHHS MEX1 BOTHECTIMKOCTI HECYyYuX eJIEMEHTIB
3a11300€TOHHUX Oy/iBEIbHUX KOHCTPYKIINA € BaXKJIIMBOIO 1 JOCHTHh CKIAJHOK MHpOoOJIeMOolo,
PO3B’sI3aHHS SKOT JO3BOJIUTH HA CTaJlli MPOEKTYBaHHs, OyAIBHUIITBA Ta €KCILTyaTalii OyAiBenb 1
CIIOPY/I 3aCTOCOBYBATH Y Cyd4acCHOMY Oy IIBHUIITBI KOHCTPYKIIi1, SIKi 3/1aTHI 3a0€3M€YUTH CTIMKICTh
00’€KTy TpU BHUCOKOTEMIIEPATypHOMY BIUIMBI a00 Mpu pyHHYBaHHI BHACHIIIOK TMOPYIICHHS
HOPMaJIbHUX YMOB HOT0 ()yHKIIIOHYBaHHSL.

MeTor0 JOCHIIKEHHS € PO3KPUTTS OCOOJMBOCTEH BIUIMBY BHCOKHUX TeMIIepaTyp Ta
MEXaHIYHOTO HaBaHTa)XEHHS Ha CTIHKICTh OyaiBeNb (Ha MPUKIAJI MApKIHTY JJI1 aBTOMOOLIIB) 13
HE3aXMIIEHUX 1 BOTHE3aXHUIIEHUX 3aJi300€TOHHMX KOHCTPYKINH (MMEPEeKPUTTIB, KOJIOH) 3a
JIOTIOMOT'0F0  pO3p00JIeH0T KOMII FOTepHOI Mozeni B mporpamHoMmy Komruiekci «JIIPA-CATIPy
(Vxpaina). lle mae MOXIMBICTh 3IIHCHUTH aHAII3 TEIUIOBOTO Ta HAMpPyXeHO-Ie(hopMOBaHOTO
CTaHy HE3axXHIIEeHUX OyIiBeIbHUX KOHCTPYKIIiH OyiBiIi Ta pO3pOOUTH IIPOTIO3HIIIT 3 TiABUIIICHHS
MEX BOTHECTIMKOCTI KOHCTPYKIIH 3a JONOMOIOI BOTHE3aXMCHHUX IOKPUTTIB 3 HAYKOBO
0OIpyHTOBaHMMH TapaMeTpami [2].

O6’exToM pochiipkeHHsT Oyno oO0paHO 3-0X MOBEPXOBUU IMAPKIHT, IO SBJSIB COOOIO
MOHOJIITHO-KapKacHY Oy1iBJIf0, BUKOHAHY 13 MOHOJIITHOT'O 3aJ1i300€TOHY.

s oOpoOkM JaHUX BHUKOPUCTOBYBAJIMCH pE3YJIbTaTH pPO3pPaxyHKIB TEIMJIOBOIO Ta
HaMpyXeHO-Ae(OPMOBAHOTO CTaHIB BOTHE3aXMILIEHUX 3aTi300€TOHHUX (TMEPEKPHUTTIB, KOJIOH)
OyIiBeNbHUX KOHCTPYKLIN, SIKI BUKOPUCTAHO MPHU OLIIHIOBAaHHI BOTHECTIMKOCTI 3a11300€TOHHUX
KOHCTPYKLIN Ha MPUKIIAI] MAPKIHTY 13 BOTHE3aXHUIEHUX KOHCTPYKIIIH.

JlochipkeHHsT TMPOBEIEHO Ha OCHOBI  YHMCEIBHOTO  JOCHIDKEHHS  HAampyKeHO-
ne(OpMOBAHOIO0 CTaHy BOTHE3aXMILIEHUX 3alli300€TOHHUX KOHCTPYKIM 3 ypaxXyBaHHSIM
HECTAI[lOHapHUX MOJIB TeMrepaTyp B OETOHI Ta apMaTypi Ui CTaHJAPTHOTO TEMIEPATypPHOTO
pexumy noxkexi 3a nonomoroto cuctemu «Temnonpoignicty [TK «JIIPA-CAIIP» (Vkpaina).

Jlns BKa3aHOro mpoekTy B nporpamHomMy komiuiekci «JIIPA-CAIIP» Gyno nmoOynoBaHo
CKIHYEHO-EJIEMEHTHY MOJIeTIb TPHOXIIOBEPXOBOrO TApKIHTY, 3aJaHi HaBaHTAXCHHs Ha
KOHCTpYKLIi napkinry. Monens ckiagaetsbes 3 49105 enementi Ta 40070 By3niB. HaBanTaxkeHHs
Ha TUIUTY IpUIHSTI: nocTitine — 0,55 T/M%, TuMuacoe — 0,961/M2, i3 HUX HoBroTpuBane — 0,61/M?,
kopoTkouacHe 0,36T/M°. 3MOJeNbOBAaHMM €JeMEHTaM CKiHYeHO-eJEeMEHTHOI Mojeni Oy
MPU3HAYEHO TUITH SKOPCTKOCTI.
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[TobynoBa Mopeni 1 B MOJAIBIIOMY pO3paxyHKH OyliM BHKOHAHI Ha JIIEH30BaHIN
KOMIT 10TepHii mporpami, sky Hagano TOB «JIIPA CAIIP» (Ykpaina) (mimensis Ne 1/8583 Bin
16.02.2022).

Jisi po3paxyHKIiB HEPIBHOMIPHUX PO3IMOJALTIB TeMIEpaTypu B MOIMEPEYHOMY Mepepisi
BOTHE3aXHIIEHOI 3a11300€TOHHOT KOJIOHU 3aCTOCOBYBAJIM MaTeMaTHUHY MOZEIbh HECTalioHApHOL
TEIUIOTIPOBIIHOCTI, MaTeMaTHYHUI amapar skoi BUKopuctaHo B mporpami «JIIPA-CAIIP».
Monens siBnsie co00r0 nudepeHiiiiHe piBHSIHHS TEIUIONPOBIIHOCTI, SKa BPaXxOBY€E pajialiiiHO-
KOHBEKTHBHHH TETJIOOOMIH Bif] Ta30BOT0 CEPEIOBHINA 10 O0IrpiBHUX MOBEPXOHb KOJIOHH (00ITpiB
3 4-ox cropiH) (rpanuuHi ymoBu III-ro pomy), TemI00OMIH TEIIONPOBIMIHICTIO B KOJOHI. JlJis
PO3B’s3aHHS PIBHSHHS TEIUIONPOBIAHOCTI BHKOPHUCTOBYBABCS METOJ CKIHUEHHX EJIEMEHTIB,
peamnizoBanmii B nporpami «JIIPA-CAIIPy. Po3paxyHOK TpOBOIMBCS i3 BpaxyBaHHAM (i3UIHOT
HenmiHidHOCTI Tpu (QopMyBaHHI mapamerpiB. s BpaxyBaHHS HENIHIMHOCTI B HpPOTPaMHOMY
komiuiekci «JIIPA-CAIIP» OyB oOpaHuii HpOCTHIl KpPOKOBUH METOJ 3 KUIBKICTIO KPOKIB
piBauM 30. OOpaHO 3aKOH HeNIHIHHOTO JAepopMyBaHHS OETOHY, IO 3aCTOCOBYIOTHCS B
nporpamHomy KoMmiutekci «JIIPA-CATIP»: 1501 — kyckoBo-iHilHHMIA 3ak0H AehopmyBanHs [3].

JInst miABUIIEHHS MEK1 BOTHECTIMKOCTI 3a1i300eTOHHOI KooHu 70 180 XB. po3mipamu
0,5%0,5%3 M MOXJIMBO 3aCTOCYBAaHHS BOIHE3aXHCHUX IMOKPHUTTIB 3 HAYKOBO OOI'PYHTOBAHHUMU
napameTpamu. Jlo TakuxX mapaMeTpiB CIIiJ BiIHECTH: BUJ, TOBIIMHY BOTHE3aXUCHOTO TIOKPHUTTS,
MICIISi HAaHECEHHSI Ta YMOBHW €KcIuTyartaiii. JIJis miaBUIIEHHS BOTHECTIMKOCTI 3a1i300€TOHHHUX
KOHCTPYKLIA HaiOLIbII e(pEeKTUBHI Ta MEPEBaXHO BUKOPUCTOBYIOTHCS IMACHBHI BOTHE3aXHCHI
MoKpUTTA. byno oOpaHO Take MacMBHE BOTHE3aXUCHE MOKPHUTTS, KOE(DIlI€HT TEIUIONPOBITHOCTI
SIKOTO 3HaijeHo B po6Ooti [4]. IlutomMa 00’eMHa TEMJIOEMHICTH TOKPUTTS Oyjia 3HaijIeHa
PO3B’sI3aHHAM OOEPHEHNX 3aJ1a4 TeIIoNpoBigHocTi i ckmama Cy=108 JTx/m3-°C.

BukopucToByroun Terodi3uuHi XapaKTEepUCTHKH TTOKPHUTTS, MPOBEACHO MOJCITIOBAHHS
BOTHE3aXHUCTY 3aJ11300€TOHHOI KOJIOHU. B pe3ynbTaTi mpoBeIeHUX JOCIiIKEHb BCTAHOBIICHO, 1110
JUTSI TIIBUIIICHHS MEX1 BOTHECTIHKOCTI 3a11300eTOHHOT KojioHM po3Mipamu 500x500 mm 1o 180
XBUJIMH HEOOX1JTHO 3aIIPOEKTYyBAaTH BOTHE3aXUCT Y BUTJISA1 BOTHE3aXUCHOT'O MMOKPUTTSI 3 3alaHUMU
napaMmeTrpamu apmatypu i 6erony. [Ipu npomy, TOBIIMHA BOTHE3aXHUCHOI'O MOKPUTTS MOBHHHA
cknagat 11 MM Ha OCHOBI PO3B’SI3aHHS TPSAMUX 3aJa4 TEIUJIOMPOBITHOCTI Yy MPOrPaMHOMY
komruiekci FRIEND. B pesynbrari uncenbHOro MOJAENIOBaHHS OyJd OTpPUMaHi PO3MOAUTH
TeMIepaTyp y BOTHE3axXWINEHIM 3am300eToHHIA KoioHI Ha 180 XB. BOTHEBOrO BIUIMBY 3a
CTaHJAPTHUM TEMIICPATYPHUM PEKUMOM IOXKEKI IPU 0OIrpiBi KOJIOHH 3 YOTHPHOX CTOPiH [4].
ToBlIMHA MAacCUBHOTO BOTHE3aXUCHOTO IMOKPUTTS 3 HAYKOBO OOIPYHTOBAHHMH IapamMeTpaMu
JI03BOJISI€ 3HU3UTH TEMIIEPATypy Ha KyTOBUX apMaTypHUX CTPIKHAX B 4 pa3u. Bkazane ctBoproe
YMOBH JUIsl €)EKTUBHOTO ITIBUIICHHS MEX BOTHECTIMKOCTI 3a1i300€TOHHUX KOHCTPYKIIIH 0e3
MIPOEKTYBaHHS JOJATKOBOI'O apMYBaHHS

TakuMm 4YMHOM, METOJIOJIOTISI OIIHIOBAHHS BOTHECTIMKOCTI BOTHE3aXHIIEHUX OyaiBEIbHUX
KOHCTPYKIiH BKJIIOYae B cebe:

— BUOIp MaTeMaTW4YHOi MOJENi: BXiJHI (MOYAaTKOBi) JaHi, MOYaTKOBI YMOBH, TPaHUYHI
YMOBH, 3B’A3yl0u€ pIBHSHHSA, BUXIJIHI JIaHi, pO3B’sI3aHHSI OOCpHEHUX 3a7ad TEIIONPOBIIHOCTI,
aNropuT™, iAeHTU(iKalis, 30DKHICT, pe3yJbTaTiB (aHami3 HEBU3HAuUEHOCTEW), Bepudikarlis,
BaJIifallisi, aHaji3 YyTJIMBOCTI, OOUMCIIOBAIbHII €KCIIEPUMEHT;

— nmo0yI0BY CKIHYEHHO-EJIEMEHTHOI MO/IeNIi: MOo0YyJ0Ba reOMeTpHUHOT MoAeni (BUOIp TUITY
nepepizy KOHCTPYKIIii, mpocTopoBuid BUrisA moaeni: 1D, 2D uu 3D, Bubip KiNbKOCTI BY3IiB Ta
€JIEMEHTIB, KPOK CITKH (00OB’S3KOBO BiH MOBHMHEH OyTH OUIBLIMM 32 MaKCUMaJbHUN JiaMeTp
po60OYOro apMaTypHOIo CTEPKH:), BUOIp HOMEpaA 03HAKU CXeMHU, MiAOIp 1 mepeBipKa apMaTypHUX
CTEP>KHIB), KPOK PO3OUTTS Iepepi3y, YaCOBUIA KPOK, TUIIH KOPCTKOCTI, 30BHIIITHE HABAHTAKEHHS;

— 3a7aBaHHSA  (I3MYHUX BJIACTUBOCTEH MaTepialliB: 3aJaBaHHA TeIIO(I3MUHUX
XapaKTepUCTUK OETOHY Ta BOTHE3aXMCHOTO TMOKPUTTS (KOEQIIiEHT TerIonpoBiAHOCTI,
TEIJIOEMHICTh, TYCTHHA, KOE(]IIiEHT KOHBEKTUBHOTO TEIJIOOOMiHY), BHOIp TeMrmepaTypHOro
PEXHUMY MOXKEXK1; 3a]]aBaHHS MILIHICHUX Ta AeQopMalliiiHIX BIaCTUBOCTEH MaTepiaiiB, 3aJaBaHHS
HAaBaHTA)XCHHsS Ha KOHCTPYKIIiIO, BIaCHA Bara, YMOBH 3aKpIIUICHHS 3pa3ka, cXxema 3alleMIeHHS
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3pa3ka, BUOIp 3aKOHY HENiHIHHOTrO AehopMyBaHHS MaTepiaiiB KOHCTPYKIii (0eToHY 1 apmMaTypm),
SIKIIIO HE BIAMOBIAE, TO BUOUPAEMO THIIIHIA;

— MOZIETIIOBAHHSI MPOLECY (TEIUIOTEXHIUHUI Ta CTAaTHYHUIN PO3PaXyHKH);

— aHaJi3 Pe3yNbTaTiB: PO3MOALT TEMIIEPATYPH IO NMEPETUHY KOHCTPYKLIi, 3MiHa (Pi3HUHIX
XapaKTepUCTHUK OETOHY Ta apMaTypH B 3aJIEKHOCTI BiJl TEMIIEpATypH MPOTrPiBY NEPETHHY: MOAYJIb
NPY’KHOCTI OETOHY TPH PI3HHUX TeMIlepaTypax, Koe]ilieHT JiHiiHOI TeMIepaTypHOoi aedopmartii
0eToHyY, TpaHUYHA BiIHOCHA JedopMallis OCTOHY;

— TepeBipKka 3 pe3yjbTaTaMH BUNPOOYBaHb Ha BOTHECTIMKICTB: BHJ KOHCTPYKIIii
(ropu3oHTaNbHA, BEPTHKAIbHA), KUIBKICTh 3pa3KiB 1 BUIPOOyBaHb, YMOBH BHIIPOOYBaHb
(TeMmiepaTypHHl pEKUM), KPITUICEHHS 3pa3KiB B I€Yi, KUIBKICTH TepMOIap sl BUMIPIOBAHHS
TEeMIIepaTypH B I1€Ul 1 Ha 3pa3Kax Jyisl BUIIPOOYBaHHS, BU/l BOTHE3aXUCHOT'O IOKPUTTS (pEaKTUBHE,
MaCHBHE), YMOBU HABAaHTAXKEHHS, MPHJIAAN JUIS BUMIPIOBAHHS HABaHTaXKEHHS Ta Jedopmariit
3pasKa.
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METHODOLOGY FOR EVALUATING THE FIRE RESISTANCE OF FIRE-PROOF
BUILDING STRUCTURES

A methodology for evaluating the fire resistance of fire-resistant building structures has
been developed, which includes: selection of a mathematical model: input (initial) data, initial
conditions, boundary conditions, binding equation, output data, solution of inverse heat conduction
problems, algorithm, identification, convergence of results (uncertainty analysis), verification,
validation, sensitivity analysis, computational experiment; construction of a finite element model;
task of physical properties of materials: task of thermophysical characteristics of concrete and fire-
resistant coating (coefficients of thermal conductivity, heat capacity, density, coefficients of
convective heat exchange), choice of fire temperature regime; the question of strength and
deformation properties of materials, task of load on the structure, actual weight, conditions of
fixing the sample, scheme of fixing the sample, choice of the law of nonlinear deformation of the
construction materials (concrete and reinforcement), if it does not match, then we choose
something else; process modeling (thermal engineering and static calculations); analysis of
results; check with the results of fire resistance tests.
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I.I". Tpeeybos, k.m.H., doyenm, HayionanvHutl yHigepcumem yusiioHo20 3axucmy Yxpainu
@.JI. Tpeaybosa, HayionanvHuii yrigepcumem yusiibHo20 3axucmy Yxpainu

IMPOI'HO3YBAHHS TAPAMETPIB HO)KE)KHOi“HEBE3HEKI/I HA IIIJICTABI
MOJAEJIIOBAHHSA ETAITY KJNIACTEPHOI BY10OBH ITIOJIYM’SA

Henonikom 0GaraTb0X METOAMK pPO3pPaxyHKy IapaMeTpiB pPEYOBUH, y TOMY YHCIi
MOKe)KOHEOe3MEeYHNX, € BIICYTHICTh CIOCOOIB BpaxyBaHHS B3a€MOJIl HAa HAJAMOJIEKYJSPOMY
piBHI, SIKM{ Ha Hally JyMKY BH3Ha4a€ KOJMBAJIHHOCTI MEBHUX MapaMETPiB IS TOMOJIOTTYHUX
psiB. AJne iCHYIOTh JJaHi PO HASBHICTh TAKUX CTPYKTYP Ta IX BIUIMB HA JesKi mapamerpu. Tak,
HaWOpOCTIIMM apu(METUYHUM NapaMeTpPoM, SIKUH KOPEIIOE 3 BIACTHBOCTSMU pPEUYOBUH €
eKBIBaJICHTHA JIOBKMHA KJIACTEPY, sIKa MOKE OyTH HE MPOIOPIIIITHOIO 10 TOBXKUHHU MOJEKYJH [ 1].

[Tonepenni 1ocaiPKeHHs MOKa3alu NOAIOHICTh MIXK IIPOIIECAMH PO3UYMHHOCTI H-aJIKaHIB y
BOJIl Ta YMOBOIO iX caMocnajaxyBaHHs [2], TOMy Ipoliec BUHUKHEHHS TOPIHHS MOXHa ONHCaTh
arperaii€ro ycix MOJIEKYyJ TOpr4oi PEUYOBHHH 3 yCiMa MOJIEKYJIaMHM KHCHIO CYMIIIl Y CYLUIbHY
MOJIIMEPOTIOAIOHY CTPYKTYpPY 3 MEPOKCUIHUMHU TPYNMaMH y SKOCTI 3B S3YHOUMX JIaHOK. B 1riif
CTPYKTYpl MOKHA BUAUINTH HaMEHUINM 0a30BUI KilacTep, KM BU3HA4ae ii BIacTUBOCTI. J{is
oyxe 0araTux Ta OlIHUX CyMilleld 3 SBISETHCS HAJUIMILOK TOPIOY0i PEUOBMHU a00 KHUCHIO, K1
pa3oM 3 a30TOM MOBITPS 3aBa)KAIOTh YTBOPUTHUCS LIH LUTICHIN CTPYKTYpI.

Jiis ycix 3aBeplIeHUX NEPOKCUIHHX CIIBBIAHOIIEHh MOYXHA PO3paxyBaTH CTEX10METPUYHI1
KOHIIEHTpAIlii OBITPAHUX cyminieid [3]:

Qe = 100/(1 + 4,76B), %, (1)

e B — cTexXiOMeTpUYHUM KOE]IIIEHT, KU TMOKa3ye KIIbKICTh MOJIIB KHCHIO ISl YTBOPEHHS
MEBHOI MMEPOKCUTHOT TIPOTIOPIIii HA 1 MO TOPIOY0i PpEYOBUHHU.

JlJ1s KO’KHOTO BHJly BUHUKHEHHS Ta MOUIMPEHHS TOpPIHHS ICHY€ MEBHA CTEXIOMETpHYHA
MEPOKCUIHA TPOMOPIIis, SIKOI0 MOKHA ONMUCATH MOBITPSHI CyMilIl Ta MEBHI MeXi ropinas: 1)
HwkHs KMIIII monentoeTscss mojliMepoM, MOHOMEp SKOTOo Ha KOXKHOMY KapOoHi Mae 2
TIAPONMEPOKCUAHUX TPYNMH Ta JBI AJKUIMEPOKCUAHI, SKUMH 3B’S3aHUN 3 TapaeIbHUMHU
MOHOMEpaMHU Ta I11e 2 — 3 CYCITHIMA MOHOMEPaMH JIIHIHHOTO pO3TalTyBaHHs, aJI€ 32 KIIOTOHHOT'0)
po3paxyHKy Ha | MOJEKyJly BHUTpaudaeThCs MOJIeKyJd KucHIO 3nctl; 2) Bepxus KMIIIT
MOJIETIIOETHCSI  TIOJIMEPOM, MOHOMEp SIKOTO CKIAJA€ThCs 3 ajKaH-AUMEpYy IapalieIbHOro
po3TalllyBaHHs, SIKUM 3B’S3aHUN ANKUINMEPOKCUIHUMU IPYNaMy 3 TAKUM CaMUM MOHOMEpOM, Ta
e 4 — 3 CyciJHIMI MOHOMEpaMHU JIIHIHHOTO pO3TalllyBaHHs, ajie 3a «[TOTOHHOT'0» PO3PaxXyHKY Ha
1 Monekyy BUTpadaeThbcsi MoJieKys KucHio 0,25n¢+1; 3) crexiomeTpryHa KOHIIEHTpAIIisl TIOBHOTO
3TOPSIHHSI MOJICNTIOETHCS TTOJIIMEPOM, MOHOMED SIKOT'O € TMOCIIIOBHUM aJKaH-IUMEpPOM Ta Ma€ Ha
KOKHOMY KapOoHi 1 rigpomnepokcuaHy Ta | ajkiImepoKCHAHY TpYyNH, OCTaHHS 3B’s3ye el
MOHOMEP 3 MapajelbHUM, Ta IIe | alKUINepOKCUIHY , Ka 3B’ A3y€ HOro 3 CyCiIHIMA MOHOMEPaMU
JTHIAHOTO PO3TAllyBaHHS, ajieé 3a «IOTOHHOTO» PO3paxyHKy Ha | MOJIEKyly BHUTpAdaeThCs
Mouiekyn KucHio 1,5nc+0,5; 4) HIDKHS IeTOHaliiHAa MeXa MOJENIOEThCS MOIIMEPOM, MOHOMED
SKOT0 Mae 4 aNKiIMepOKCUIHI TPYNH Ha KOKHOMY KapOoHi, SIKUMU 3B’S3aHUU 3 MapajiellbHUMU
MOHOMEpaMH, ajie 3a «IIOTOHHOT'0» PO3paxyHKy Ha | MOJEeKyly BUTPAadaeThCs MOJIEKYJ KHCHIO
2nc; 5) BepxHs ICTOHAIIIHA MEKa MOJICITIOETHCA MOJIIMEPOM, KOKHUIA MOHOMED SIKOT'O 3B’ SI3aHUIA
MEePOKCUTHUMHU MICTKaMH 3 2 CYCIAHIMH MapalelbHUMH MOHOMEPAaMH, alieé 3a «IIOTOHHOTO»
pPO3paxyHKy Ha | MOJIEKyJTy BUTPAuUa€ThCsl MOJEKYJ KUCHIO Inc; 6) BEepXHS MeXa XOJIOJHOTO
MOJIyM sl MOJIEITIOEThCA K CyMIlll IEPOKCUAHUX MOJIIMEPIB JIHIHHUX ankaH-aumepiB 3 = 0,5 ta
MEPOKCUTHUX TapalieNbHUX AUMEPIB 3 | anKiuIMepOKCHAHOI TPYMOK Ha KOKHOMY KapOOHI 3
B=0,5n¢ y cmiBBinHOMmeHHI 95/5 %. 1103a KOHIEHTpALIHHUX MEX HE YTBOPIOETHCS CYLIIBHUX
HAJMOJIEKYIIPHUX CTPYKTYD.

JlocTaTHRO JOBIAKOBUX AaHUX [4] € mullie sl BCTAHOBIIEHHS KOPENAIid po3paxyHKOBUX
mozaeneit crocoHo KMIIII Ta crexiomerprunoi KoHIeHTpallii. J{ns BignoBiaHux moenend Ne 1—
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3 IOCTOBIPHICTH aPOKCUMAIIIT TOBIAKOBUX JaHUX CTAHOBUTH He MeHIe Hix 0,99, puc. 1.

0, %
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Puc. 1. BinmoBiiHICTh KOHIICHTPALIMHUX MEXK 32 IEPOKCUIAHOIO MOJIEITUTIO «— — — »
IO DOBIIKOBHUX JaHUX « » [4]:
1 — Bepxus KMIIII, 2 — crexiomerpuyHa KoHLIeHTpalis, 3 — HuxHI KMIITT

Ane He3aneXHO Bl KUJIBKOCTI arperoBaHMX «KHUCHEBUX» TPYN MOXKHA TOBOPHUTH TPO
KapKacHY JOBXKUHY KJIaCTepy 3 YpaxyBaHHSAM «KHCHEBUX» MICTKIB. Taki Mojeni Oyino cTBOPEHO
JUTSL OTTHCY tyy TA Y H-aJIKaHiB [2, 5], Tabi. 1 (KkpaTHICTH KiacTepu3allii, JaHKa MICI[S KJIacTepH3ariil
y BYIJIEBO/IHI, JJOBKHHA KJIacTEpy).

Tabmuist 1. MonentoBaHHs JOBXKHH KJIACTEPIB H-aJIKaHIB

nc Cran niaBJICHHS Po3unHHICTB CamocnanaxyBaHHs
Kjacrepusamis | Ne,, |  KIacTepusalis Nees + KJIaCTepU3allis Nees +
KpaTHICTh | JIaHKa KPaTHICTb | JIAHKA |  Ng,0 KPaTHICTh |JIaHKa | o,
1 6 1 6 6 1 12 3 1 6
2 3 1 6 3 1 9 2 1 6
3 2 1 6 2 1 8 2 2 6
4 2 1 8 2 2 8 2 2 8
5 2 2 9 2 3 8 2 2 10
6 2 1 12 2 3 10 2 2 12
7 2 2 13 2 3 12 2 2 14
8 2 1 16 2 1 18 2 2 16
9 2 2 17 3 3 24 2 3 16
10 2 1 20 3 2 30 2 4 16
11 2 2 21 4 3 36 2 5 16
12 2 1 24 4 1 52 2 6 16
13 2 2 25 4 2 48 2 7 16
14 2 1 28 6 1 90 2 8 16
15 2 2 29 9 1 144 2 9 16
16 2 1 32 9 1 153 2 1 16*
17 2 2 33 3 1 54 2 1 16>
18 2 1 36 3 4 48 2 1 13*
19 2 2 37 7 1 140 2 1 12*
20 2 1 40 3 2 60 2 1 12*

* - {HIII JJaHKW KapOOHOBOTO JIAHITIOTa 3HAXO/ISATHCS Y CTaHi TII00YII.

KOpOTKi MOJICKYJIN ByFJ'ICBO,[[HiB YacTO MalOTh aHOMaJlbHI BJIACTHUBOCTI. TaK, cepea H-
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QJIKaHIB METaH Ta €TaH MAaOTh 3aBHUIIECHI ty; TA 3aHUXKEHI tecc, PO3UMHHICTH y BOJI. Lle BuMarae
OUTBIIOT JOBXKUHHM KJIACTEPiB, TOMY JUIS MOJCIIOBAHHS tu;, tec Ta Y MeTaHy BHUIpPOOyBaHO
reKkcaMepHy OyA0BY, UL €TaHy — TPUMEPHY (U1 caMocHalaXyBaHHs — K CyMilll KJIaCTepiB pi3HOT
KpatHocTi). [IpornHo3oBaHi JOBXKHMHHU KJIacTepiB H-aJIKaHIB JUIsI YMOB CaMOCTIaaxyBaHHs IIEBHUM
YMHOM KOPENIOIOTH 3 BiANOBITHUMHU XapaKTEPUCTHKAMM JUIsl YMOB IIJIaBJICHHS Ta PO3UYMHHOCTI y
BOJi, Tabi. 1, 0 CBITYUTH PO KOHIENTYaAIbHY OJIM3BKICTD JHIHHOT Oy/I0OBH HaIMOJEKYIISIPHUX
CTPYKTYP.

Ha mincraBi panimie po3po0JieHOr0 MOKa3HHUKA <«JIETKOCTI IUIaBiACHHS» [6] po3pobiieHo
(bopMyITy IS OITUCY 3ATEKHOCTI tec(Nc) IS H-JIKaHIB aHAIOTIYHOTO BUTIISILY 110 tra(Nc):

tcc:'204,6|n(10nMcc - 9) + 1440,9, OC, (2)

1€ NMcc — MOAM(DIKOBAHUM TMOKAa3HMK JIETKOCTI IUIABJIEHHS JJIS XapaKTEPUCTUKHU KIACTEPHOT
OylOBH 3a yMOB CaMOCHANAXYBAHHS, NMcc=NcyyccM®% Negee — EKBIBAIEHTHA JIOBXKHMHA
MEPOKCUIHOTO KJIACTEpy BYIJIEBOJHIO Yy MOBITPAHIA CyMmilll MiJ Yac caMOCHallaxyBaHHS,
po3paxoBaHa 3a METOAMKOIO [7]; M — MosipHa Maca MOHOMEPHOTO CTaHy PEYOBUHU, I/MOJIb.

®opmyna Bumy (2) 103BOIISIE TOOMPATH JOBXKHHM Ta KPAaTHICTh KJIaCcTEpiB Ta 3a0e3redye
IS QJIKaHIB HOPMAJIbHOT Ta 130MepHO1 Oy IOBU OIHC 3aJ€KHOCTI tec(Nc) 3 KOSDIIIEHTOM KOPEISIii
R = 0,98. IToxubOku po3paxyHKy CKOpIII 3a BCE BU3HAYAIOTHCS MOMIJIKAMH Yy MOJICITIOBAHHI
HaJMOJIEKYJIIpHOI Oy/I0BH aJIKaHIB.

TakuMm ymMHOM, MapameTpu TOpPIHHS H-aJKaHIB KOPENIOIOTh 3 OMHUCOM iX arperyBaHHs y
HaJIMOJICKYJIAPHI CTPYKTYPH 3 MOJIEKYJaMU KHCHIO y BUIIISIAI 00’ €MHOI TMOMIMEPHOI CITKH,
MOHOMEp SIKOT Ma€ MeBH1 MEePOKCHUIHI MPONOPIIIT Ta JOBXKHUHY.
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FIRE HAZARD PARAMETERS PREDICTION BASED ON THE FLAME CLUSTER
STRUCTURE STAGE MODELING

In the article, the "oxygen™ proportions of the n-alkane molecules association into clusters are
developed, which allow determining the characteristic concentration limits for the flaming
combustion and detonation occurrence, the clusters lengths are determined, and a formula is
developed that allows predicting the n-alkanes autoignition temperatures.
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F0.JI. ®ewyk, kanouoam mexHiyHUX HAYK, CMapuiutl OOCIIOHUK;
0.0. Ci3ik08, KaHOUOam MexHIYHUX HAYK, CIMapuitil HAYKOBUL CRi8POOIMHUK,
C.1O. I'onixosa
Incmumym Oeporcagnoeo ynpasninHa ma HayKosux 00CIiONCeHb 3 YUBLILHO20 3AXUCIY

AHAJII3 IIOJIOKEHD IBH B.1.2-7:2021, IOBA3AHUX 3 CYTTEBUMH
EKCIUVIYATAHIMHUMU XAPAKTEPUCTUKAMMU BY AIBEJIBHOI MTPOJAYKIII

3 BBEACHHSAM B JIif0 TEXHIYHOTO PErJIaMEeHTy, II0 BHU3HAYa€ MPaBOBI Ta OpraHi3amiiHi
3acaay BBEACHHS B 00Ir a00 HamaHHs OyIiBEIbHOI MPOAYKIIT HA PUHKY LUIIXOM BCTaHOBIICHHS
MpaBWwI IS BHUPAKCHHS TMOKA3HWKIB, IIOB’SI3aHUX 13 CYTTEBUMH CKCILTyaTalliiHUMU
XapaKTepUCTUKAMU TaKOl NPOAYKIii, SKWW mnpuidHATHH 3akoHOM Ykpainu «IIpo HamaHHs
OyniBeNbHOI MpOAYyKIii Ha pUHKY» [1] BHHMKIIA HEOOXiTHICTH B aHAMi3i AIFOYHX JICPKABHUX
OymiBenbHUX HOpM [2], 110 BHM3HAYAIOTH OCHOBHI ITOJIOKEHHS OCHOBHOI BHMMOTH IIOJI0
3a0e3MeveHHs MOXKESKHOT Oe3IeKH BiamoBiaHo 10 [3].

AnHanmiTuaHUR orysin pkepen iHdopmarii, 30kpema [4—7] M03BOJIMB BCTAHOBUTH, IO
OCHOBHHMH NOXKEKHUMH XapaKTepUCTUKaMU Oy/iBEIbHOI IPOIAYKII €

- BOTHECTIMKICTE;

- peaxIlisi Ha BOTOHb;

- CTIMKICTB JI0 30BHIITHHOT'O BOTHEBOTO BILJIUBY.

Pozminmom 5 JIBH B.1.2-7:2021 npu Bu3HaueHHI KPUTEPiiB TPAHUYHHUX CTaHIB €IHHOIO
CYTTEBOIO XapaKTEPUCTUKOIO OyAiBeIbHOT MPOAYKIIIi B3SITO BOTHECTIMKICTD, PU LILOMY YITYIIEHO
1HIII1 TTOKEXKHI XapaKTePUCTUKH.

Pazom 3 mmm JIBH B.1.2-7:2021 He y moBHiii Mipi pO3KpHBa€ TpaHWYHI CTaHHU 3
BOTHECTIWKOCTI. 30KpeMa ymyIIeHO TPaHWYHI CTaHU 3 BOTHECTIWKOCTI, mo nependaveni [JCTY
EN 13501-2:2023 «Iloxexxna knacudikaitis OyaiBeIbHUX BHPOOIB 1 OyMiBEIBHUX KOHCTPYKITIH.
Yactuna 2. Knacudikaris 3a pe3yiapraTaMyd BUNPOOYyBaHb Ha BOTHECTIHKICTh (KpIM CKJIQIHUKIB
Bentmiiaux cuctem) (EN 13501-2:2016, IDT)» [8], a came:

- 31aTHICTH 70 camo3aunHeHHs (C),

- CTIMKICTb 10 BUTOKY AUMY (S),

- CTIHKICTH JI0 «MOXeXi 3 ropinasam caxi» (G),

- BorHe3axucHa 31aTHICTh (K).

BincyTHiCTh TakMX CYTTEBUX MOKEKHHX XapaKTEPUCTUK SIK peakilis Ha BOTOHb Ta
CTIMKICTB JI0 30BHIIIHLOI'0 BOTHEBOI'O BIUIMBY HE JIA€ MOKIMBOCTI peali3yBaTH MMOJIOKeHHs [1].

Takum unHOM B [2] HEOOXiZHO BH3HAYMTH KJIACH MO0 PeaKilii Ha BOrOHb BiAIOBIIHO
€BPOIIEHCHKOT TTOXKEIKHOT Kitacudikartii mis:

- OyAiBeIbHOT POIYKITii, KPIM MOKPUTTIB IS IJIOT 1 TEIUIOI30JIAMIMHIX MaTepiaiB AJis
MPSIMUX TPYOOIIPOBO/IIB, €NIEKTPUYHUX KaOeliB Ta MOKPUTTIB/ OKPiBENIb Oy IiBeb;

- JUTsI TETIJI0130JISALIHHUX MaTepialiiB Uil MPSMOJIHIHUX TUISTHOK TPYOOIIPOBO/IIB;

- U1 TIOKPHUTTIB MiAJIOT;

- JUTS €EKTPUYHUX KaOeJiB.

Okpim Toro, B [2] HEOOXiHO BCTAHOBUTH KJIACH 3a CTIHKICTIO JI0 30BHIIIHBOI'O BOTHEBOT'O
BILTUBY JIJIs1 TOKPUTTIB/TIOKPIBENb Oy 1iBETIb, 110 3a3HAIOTH 30BHIIIIHHOI'O BOTHEBOT'O BIUIHBY.

AHani3 IHKUHIPUHTY MOXKEXKHOT 0e3MeKu, 30kpema 1. A.4 10AaTKy A Mokasas, 1110 HE BCl
BJIACTUBOCTI IIOA0 CYTTEBOI XapaKTEPUCTUKU «peakKilisi Ha BOrOHb» BigoOpaxeHi. [loTpedyroTh
YTOYHEHHsI HaBE/ICHI BJIACTUBOCTI BIAMOBIAHO IO €BPOMEHCHKUX MiAXO/IIB, a TAKOXK JOTMOBHEHHS
MepesiKy TaKOK BIACTUBICTIO SIK «TIIHHS.

Omxe, npoBeaennii anamiz JJbH B.1.2-7:2021 nmokasaB, 1o maHi Aep:xaBHi OynaiBeNbHI
HOPMH HE PO3KPUBAIOTH MyHKT 2 yacTHHU 4 cTatTi 72 3akony Ykpainu «IIpo GyaiBensHi HOpME,
a TakoX BUMorHu 3akoHy Ykpainu «I[Ipo HamaHHs OyAiBeNbHOI MPOAYKII HA PUHKY» B YaCTHHI
BCTQHOBJICHHS TOKa3HHUKIB [0 CYTTEBUX TMOXKEKHUX EKCIUTyaTalllfHUX XapaKTePUCTHK
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OyxiBenbHOI poaykiii Tomy B JIBH B.1.2-7:2021 HeoOXimHO BHOCHTH 3MiHH 200 3K po3po0saTu
HOBY PEIaKIIifo.
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8. ICTY EN 13501-2:2023. INoxexHa kinacudikaris Oy 1iBebHUX BUPOOIB i Oy TiBETbHUX
KoHCTpyKIti. Yactuna 2. Knacudikariist 3a pe3ynbpraraMmu BUIPoOyBaHb Ha BOTHECTIMKICTD (KpiM
CKIaaHMKIB BeHTHIsAMiHHUX crcteM) (EN 13501-2:2016, IDT). [Uunnuit Big 2023-11-01]. Bug.
odim. Kuis : YkpH/IHLI, 2023. 67 c.

Y.L. Feshchuk, candidate of technical sciences, senior researcher,
0.0. Sizikov, candidate of technical sciences, senior researcher,
S.Y. Golikova
Institute of Public Administration and Research in Civil Protection, Kyiv, Ukraine

ANALYSIS OF THE PROVISIONS OF DBN V.1.2-7:2021 RELATED TO ESSENTIAL
OPERATIONAL CHARACTERISTICS OF CONSTRUCTION PRODUCTS

Abstract. An analysis of the provisions of DBN B.1.2-7:2021 related to the essential
operational characteristics of construction products was conducted and it was established that these
state construction regulations do not disclose clause 2 of part 4 of article 72 of the Law of Ukraine
"On Construction Regulations”, as well as the requirements of the Law of Ukraine™ On the
provision of construction products on the market™ in terms of establishing indicators for essential
fire performance characteristics of construction products.
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MOJAEJJIIOBAHHSA POBOTU YYTJIMBOI'O EJIEMEHTA 3
CYIHEPITAPAMATHITHUMU YACTKAMMU ITPU CJIABKOMY MATHITHOMY
1HOJII

B mepeBaxwiii kinpkocti TemmoBux CII, mo 3acrocoByroTbess B YkpaiHi, y sikocti UE
3aCTOCOBYETHCSI MarHITHOKOHTakTHUN repkoH (CIITM-62, CIITM-70). Ilpuiitmemo HacTynHy
po3paxyHkoBy cxemy aiisa takoro CII, puc. 1.

/T T
—
7N
A b

3

Trt

Puc. 1. Po3paxyHkoBa cxeMa MArHITHOKOHTAKTHOT0 YyTJIMBOI0 ejeMeHTy: 1 — repkon; 2 —
KOHTAKTH; 3 — KiJIbeBUil MOCTiHHUIA MarHIiT

3alie)KHICTh HAMarHi4YeHOCTi BiJ 30BHINIHHOTO MAarHiTHOTO IOJS 1 TEMIEpaTypH IS
MaTepialiB, M0 CKJIANAIOThCS 3 CyIeprapaMarHiTHUX 4YacTOK, NMPHU CIA0KOMY Ta CHIBHOMY
MarHiTHUX MOJISX:

_ nm°H . (1)

e N — KUIBKICTh CymepliapaMarHiTHUX 4YacTOK B OJUHUIN 00’eMy MaTepialy KOHTakKTy; m —
MarsiTHui MoMeHT, AM%; H — 30BHiIIHE MarHiTHe n0jte, A/M. JIns nepexofy 10 HiHiiiHOT opmu
piBHAHB (1+4), nopiBHIEMO iX AUQEpPEHITiaM JiBOI Ta IPaBOi YaCTHH:

dMCJT _kﬁ- K __nmzH . (2)
1 CH —_ 1

dT T2 3k,

BukoHaeMo aHanoriyHi NepeTBOPEHHS Ul MaTeMaTUYHUX MO/IeIe MarHiTHOKOHTaKTHUX
CIl, B axux marepiataMu Y€ BUCTYNaOTh CyneprapaMarHiTHi 4YacTKM HpHU clabkoMy Ta
CHJILHOMY MarHiTHMX MOJSX 1 cyneprapaMarHiTHI 4acTKU 3 YpaxyBaHHSM HaMarHi4eHOCTI Bif
30BHIIIHBOTO MarHiTHOTO MOJIS 1 TEMIEPaTypH B 3arajbHUX YMOBaX.

s YE 3 cynepnapamMarHiTHUX 4acTOK MPH CIaOKOMY MarHiTHOMY IOJIL:
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2 2
C-m-T—iAMCHJra.F-kT—.AMCH=a~F-ATH; 3)
cr UT o
T Mo+ Moy =Kty (4)
C-m k T
T, =—"1. K. —-—ci, _lmo 5
T S Mo (5)

ne Mcno — HaMar"iueHicTh cymneprapamMarHiTHUX YacTOK NPH CIa0KOMy MAarHiTHOMY TOJi Y
BUX1JIHINA TouIi, A/M; Tcn — iHEpUiHHICTB, ¢; Kcin — KoedillieHT MoCuIeHHs.

Tak 1/ KOHTakTiB 3 CylepnapaMarHiTHUX YacTOK MpU ci1a0KoMy MarHiTHOMY IO
YPaxoBYIOThCS: KUIBKICTh CyleprapaMarHiTHUX YaCTOK B OJUHMII 00’ €My MaTepiany KOHTaKTy n,
MarHiTHUM MOMEHT MaTepialy KOHTaKkTy m, 30BHIIIHE MAarHiTHE IOJI€, IO CTBOPIOETHCS
noctiiHuM MaruitoM H, nmocriitna bonbimana kg, morouna tremneparypa T.
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SIMULATION OF THE OPERATION OF A SENSITIVE ELEMENT WITH SUPER-
PARAMAGNETIC PARTICLES IN A WEAK MAGNETIC FIELD

A mathematical model of a fireman's thermal magnetic contact detector was developed,
taking into account the type and structure of the material of the sensitive element. Dependencies
for the calculation of the dynamic parameters of the fire detector were determined and parametric
studies of the tripping parameters were carried out.
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MOJAEJIIOBAHHSA POBOTU YYTJMUBOI'O EJIEMEHTA 3 OJHOAOMEHHUMMU
GOEPOMAT'HITHUMU MATEPIAJIAMH

Bemuke pi3HOMaHITTS CIOBINIyBaYiB, IO BHSABIAIOTH NOXKEXKY Ha paHHIA cTamii 1o
30UIBIICHHIO TEMIIEPATYpH, BUKOPUCTOBYIOTh MEXaHi3M 3MiHHM BEJIMYMHMA MAarHiTHOI 1HIYKII TpH
3MiHI piBHA Temneparypu. CIia BiIMITUTH, IO YyTJIUBUHA €JIEMEHT TaKOTO CIIOBIIyBa4ya MiCTHTh
KOHTAKTH, MarHiTHi BIACTUBOCTI SKUX 3aJIeKaTh BiJl IHIYKIIil MarHITHOTO IMOJIS IMMOCTIHHOTO MAarHiT,
KU MICTUTBCS Ha KamcCyJi YyTIMBOTO ejeMeHTy. [Ipu fii MarHiTHOTO MoJsl MOCTIHHOTO MarHiTy
KOHTAaKTH HAMarHidylOThCs Ta 3aMHUKalOThcs. [Ipu 30UTbIIEHHI TeMIiepaTypu J0 3HAYSHHS TOYKU
Kropi, KoM KOHTAaKTM BTpayalOTh MarHiTHI BJIACTHBOCTI, KOHTaKTH pPO3MAarHIYyIOTbCS Ta
PO3MHKAIOTHCA. Y PaXxOBYIOUH, 110 KOHTAKTH T€PMETUYHO 3amasiHi B KarlCyJIl, Ha HUX HE /i€ 30BHIMIHIN
BIUIMUB aTMOC(EepHU 1 BOHM HE OKHUCIIOIOThCA. POOOTI B SKOCTI MarepiaiiB KOHTAKTIB YYTJIMBOIO
€JIEMEHTY, 3allasHUX B KaIrCyll, MPONOHYETHhCS 3aCTOCYBaHHS OJHOJOMEHHUX (DepOMAarHiTHUX
MaTepiaib.

Tak 3aneXHICTP HaMarHi4€HOCTI OJHOJAOMEHHHMX (EpPOMArHiTHUX MarepiajliB BiJ
TeMIepaTypH:

Aa
Mo =Ma. [, — (1)
B

ne Mojn — HaMarHiueHicTh OJHOJIOMEHHOro ¢epomarHiTHoro UV mpu moTouHiil TemmepaTypi,
A/M; Mo — HaMarHi4eHicTh 0JIHOJIOMeHHOr0 ¢epomarnitTHoro Marepiany UY nmpu T = 0 K, A/m; A
— e(eKTBHAa KOHCTaHTa OOMIHHOI B3a€MOJIii; a — MapaMmeTp pemnnTKd (CTPYKTypH) maTepiary
KOHTaKTiB, M; kg — mocriiina bonwsimana, [x/K; T — morouna temmneparypa, K.

3 KOMIUIEKCHUM YpaxyBaHHSM HAMarHiu€HOCTI BiJl 30BHIIIHBROTO MAarHiTHOTO TOJIS 1
TEeMIIepaTypH JUIsl 3arajJbHUX YMOB:

mH kT
MKOMI‘U‘I =nm Cth( ] J_ mBH : (2)

Jlst mepexoxy 1o siHilHOT popmu piBHSIHB (1+4), nopiBHAEMO 1X aUdepeHIiaim JIiBoi Ta
MPaBOi YaCTHH:

Mo _ Ko Koy =~ =M, %, (3)

B

a7 om T 9

Jlns marniTHOKoHTakTHOro YE, mio ckiamaeTrbes 3 OJHOJOMEHHHUX (PepoMarHiTHUX

MarepiaiiB:
3 3
omH dt OIH

Buxonaemo nineapuszartito (4):

- (5)
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hd AM — AT
Mo = L 'EAMOHH; Mom = >, th = . (6)
Moo dt M0 THO
TOI[H Mo+ Mo = KO,IIH t; (7)
C-m Kom T
T, =——! K, =—4——10 8
o a-F o \/F MO)IHO ( )

ne Mojno — HAMarHiYeHicTh 0IHOIOMEHHOTO (pepomMarnitHoro mMatepiany YUY y BUXigHii Toui,
A/m; Tro — Temnepatypa noBiTps y Buxiasii rouni, K; Topu — iHepuiiHIcTb, ¢; Kojn — koeditieHTt

MOCHJICHHS; Mgy, ) — BIIHOCHI 3MiHHI.

I
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SIMULATION OF THE OPERATION OF A SENSITIVE ELEMENT
WITH SINGLE-DOMAIN FERROMAGNETIC MATERIALS

The analysis of the literature on the modeling of fire detectors proved the need to create a
mathematical model of a thermal magnetic contact detector in order to obtain its dynamic
parameters and improve technical data. The model represents a system of differential equations
describing the dependence of the magnetization of contacts of various structures in the sensitive
element of the magnetic contact heat detector of the firefighter on the temperature during non-
stationary convective heating. The solution of mathematical models is the equation of detector
dynamics in relative variables, taking into account the contact structure of the sensitive element:
single-domain ferromagnet, superparamagnetic particles in weak and strong magnetic fields,
superparamagnetic particles with comprehensive consideration of magnetization from the external
magnetic field and temperature.
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MOJAEJJIIOBAHHSA POBOTHU YYTJIMBOI'O EJIEMEHTA
3 KOMIVIEKCHUM YPAXYBAHHAM HAMAT'HIYEHOCTI
BIJI 30BHIIIHBOI'O MATHITHOI'O IOJISAA I TEMIIEPATYPU

Pobotn 3 AOCHipKEHHS CIIPALIOBAHHS CHCTEM IMPOTHIIOKEKHOTO 3aXUCTY MOTPEOYIOTh
BU3HAYCHHS TUHAMIYHHMX TapameTpiB poOOTH ii CKIaJoBOi CHCTEeMM CHUTHAJI3amii , a came
MOKEKHUX CHOBinTyBaviB. /[ Toro, mo0 BU3HAYMTH TEXHIYHI MapaMETpPH €IEMEHTIB CHUCTEM
MOKEKHOT CHTHAJIi3alli1, TOTPIOHO PO3POOUTH Ta CKIACTH MaTeMaTHYHI MOJENI, IO YPaxoBYIOTh
pOOOTY CKIIaZIOBUX B Pi3HUX YMOBaX. 3a3BHYaii, MOTPiOHO ypaxyBaTu B MOAEI POOOTH 4y TIUBOTO
eleMeHTa ioro ¢opMy, CTPYKTypy, XIMIYHMHA CKJIaJ Ta CTPYKTYpy KpPHUCTaJII4HOI PEUIITKU
Marepially KOHTaKTiB.

3aNeXHICTh HAMarHiyeHOCT! BiJl 30BHIIIHBOTO MAarHiTHOrO IOJI 1 TeMIepaTypu s
MaTepiajiiB 3 KOMIUIEKCHUM ypaxyBaHHSIM HaMarHidy€HOCT! BiJl 30BHIIIHBOTO MAarHiTHOrO MOJIS 1
TeMIepaTypH JUIs 3arajbHAX YMOB:

mH )
M wommr = nm|:Cth[ij— B :| . (1)

B mH

7€ N — KUIbKICTh MarHiTHUX YacTOK B OJMHUII 00’e€My MaTepially KOHTakTy; m — MarHITHHUH
MoMeHT, AM2; H — 30BHIIIIHE Mar"iTHE noJe, A/M.

Jlia nepexony 1o miHiHOT hopmu piBHSAHHS (1), TOpiBHAEMO iX AUdepeHLiaiu JiBoi Ta
MPaBOi YaCTHH:

dMKOMHﬂ =nm 1 1 _ kB — kl i_;,_k ; (2)
dT h?2 mH)T? mH hz(szTz ?
kT T
k, =nm; k mH - k, = ks 3
1= ! = ! T
2 kB 3 H

Jia YE 3 cynepnapaMarHiTHUX 4aCTOK 3 KOMIUIEKCHUM ypaxXyBaHHSIM HaMarHi4eHOCTi BiJl
30BHIIIHBOTO MAarHiTHOTO MOJIS 1 TEMIEpaTypH B 3arajibHUX YMOBaX:

sh? (kij 2 sh? (kij 2

—— MM oy T
k1+sh2(k2jT2k3 dr kl+sh2(k2jT2k3
T T

AM o = F-AT ;5 (4)

Tz my+mg = Kt ; (5)
C-m
TKOMHJY=—; (6)
a-F
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Kk, +sh2(k2jT2k3
T T

sh? (kz)-l- 2 M yovmmo
T

, (7)

K KOMIIT —

ne Mxowmrio — HAMAarHi9eHIiCTh CyneprapaMarHiTHUX YaCTOK NP CHIIBHOMY MarHiTHOMY TOJI Y
BUXIIHIHN TouIi, A/M; Txomrn — IHEPIIHHICTB, ¢; Kxomr — KOS]IIiEHT MOCHIICHHS.
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SIMULATION OF THE OPERATION OF A SENSITIVE ELEMENT
WITH SINGLE-DOMAIN FERROMAGNETIC MATERIALS

The obtained dynamics equations represent a standard inertial dynamic link and are
convenient for researching the operation and determining the dynamic parameters of magnetic
contact heat detectors for firefighters. The obtained equations allow conducting research and
determining the dynamic parameters of the detectors, taking into account the structure of the
material of the magnetic contact sensitive element and the rate of temperature change. Comparison
of the obtained results with experimental data shows differences of no more than 5%. The
developed mathematical model and the obtained dynamic equations make it possible to make
recommendations regarding the selection of technical data of magnetic contact detectors and ways
to improve their dynamic parameters.
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THE STATUS OF IMPLEMENTATION OF FIRE SAFETY ENGINEERING IN
EUROPE

In the European Union (EU), fire safety in the built environment is a national competence
regulated by the EU Member States (MS), but it is also embedded in several EU initiatives and
action plans related to the construction ecosystem [1-2]. Moreover, technological developments
and the need for improved energy-performance and climate-resilience of buildings have changed
significantly the built environment, bringing new challenges.

In this context, the European Commission coordinates and facilitates EU-level activities
complementary to national regulatory fire safety, such as the Fire Information Exchange Platform
(FIEP) established in 2017. FIEP aims to enhance cooperation among EU Member States, as well
as to facilitate the exchange of knowledge, information and best practices, and cross-learning from
fire safety activities. Fire Safety Engineering (FSE) is one of the five priority areas within FIEP's
scope. FSE deals with the application of engineering methods to the development or assessment
of designs in the built environment, through the analysis of specific fire scenarios or the
quantification of risk for a group of fire scenarios.

Moreover, the EU has put in place a comprehensive legislative and regulatory framework
for the construction sector, including related European Standards (EN). European standards are
fundamental for achieving a climate-neutral, resilient and circular economy [3]. The Structural
Eurocodes (EN 1990 to EN 1999) have a prominent role within the standardisation framework for
the construction sector and contain specific “fire parts” dealing with the fire resistance of
structures, making possible the application of FSE approach for fire design.

In line with FIEP’s scope, the Joint Research Centre (JRC) of the European Commission
explores the needs and options for further harmonisation of the FSE approach in Europe. In
November 2020 to October 2021, JRC coordinated an enquiry to map the implementation status
of the FSE approach in the regulatory framework and design practice in Europe. The enquiry
focused on the built environment (housing, offices, theatres, shopping malls, hotels, airports, etc.),
excluding industrial buildings or plants. The enquiry was performed through a questionnaire
circulated to the main fire regulators of the 27 EU Member States, three European Free Trade
Association (EFTA) countries (Iceland, Norway and Switzerland), United Kingdom and Serbia
(see [4] for full description of the results, published in January 2023).

The enquiry has revealed that the FSE approach is not yet fully implemented in the national
regulatory frameworks of the responding countries, even in case of recently issued or updated
national regulations. However, only four countries (Portugal, Greece, Bulgaria and Slovakia) have
responded that FSE approach is not allowed in fire safety design (Figure 1). Rather than related
to any legal restriction, this fact seems due to the practical lack of tools, education and experience
in FSE-related issues, also linked to insufficient infrastructure components (legal framework,
insurance coverage, professional certification, education, etc.). The implementation of the FSE
approach seems to be mostly driven by innovation in technology, architecture and construction,
and the need to design structures or elements not covered by prescriptive fire design regulations.

The questionnaire explored the following concepts of fire design solutions: Prescriptive,
Deemed-to-satisfy and Performance-based. The first two embody the traditional single-member
fire design based on tabulated data, requiring no further verification by the designer. The last
approach refers to fire design performed with analytical methods, whose compliance with fire
safety and performance standards must be demonstrated with FSE-based methods. The status of
FSE implementation was explored through the description of 12 main Technical Areas (TAS),
allowing to map the integration of FSE in fire design regulations of the various countries. The
applicability of the three fire safety approaches is almost the same through the TAs; 40-50% of
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the available solutions are prescriptive, 20-25% deemed-to-satisfy and 25-30% performance-based
(Figure 2).

Is a FSE approach allowed for construction works in your country? [32 replies]

= NO mYES
K/ Implementation of new ﬁre\

safety technologies

/\/ Insufﬁcientinfrastructure\
components (legal,
insurance, professional
certification, education etc.)

v" Designing attractive /
innovative building space

v The type/category of the
v No engineer/designers who 28: 87% structure or some
have professional expertise ' element/part is not
to deal with Fire Safety addressed by the existing

\ Engineering approach / \ prescriptiveregulations

Figure 1: Reasons for allowance / non-allowance of FSE approach in fire safety design

What is the nature and level of the technical detail in yourfire regulation(s)?
0% 20% 40% 60% 80% 100%

Fire detection
Early suppression / suppression systems
Evacuation routes
Smoke control systems
Structural fire safety
Fire compartmentation
Smoke compartmentation
Prevention of fire spread to neighbouring buildings
Material / system selection for facades

Material / system selection for all other relevant areas ..
Firefighting (fire brigade access and intervention
Building installation
Others

m Prescriptive solutions Deemed-to-satisfy solutions  m Performance-based solutions

Figure 2: Shares of the different approaches to fire safety design through the selected 12 TAs

In countries that allow for FSE (28 of 32 countries), performance-based design solutions
are mainly available for all or most of the 12 TAs; only in 6 of these countries the use of
performance-based design is limited to certain technical areas (Figure 3a). This point reveals a
potentially wider implementation of FSE approach for the majority of countries. However, in 22
countries (65%), mainly only one approach is available per technical area, indicating restricted
choice for fire designers; about 30% of the countries allow, at least, for two approaches (Figure
3b).

The enquiry analysis has underlined the importance of building / fire regulations and
international standards that provide assessment methods for FSE (Figure 4a). The application of
FSE-based assessment and design methods practically covers any type of construction in most
countries. Exceptions are mostly due to the availability of code-established prescriptive solutions
— which often indirectly prevent the application of FSE approach to residential buildings — and
limits of size (FSE can be applied to a certain type of building above a certain height, number of
floors, or surface area) or capacity (maximum number of users, type of hosted activity) (Figure
4b).
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a) How many TAsare
includedin FSE
approach
applications?

10;
36%

Upto5
6to10

m More than 10
(virtually all TAs)

1

6;
21%

43%

b)

2;

How many
approachesare
mainly available for
the sameTA?

2,
6%

Mainly only one
Mainly two
m Mainly all three

Figure 3: @) Number of TAs included in FSE approach and b) approaches available per TA

a) What assessment
methodsfor FSE are
available?

B Designated by building/fire regulations
Described in standards referenced in
regulations

® Approved by government/designated
bodies
Accepted by building/fire officials in charge

3-

L/

Described in documents issued by academic/professional society

B Described in peer-reviewed papers in journals/proceedings
Methods not available

b) How many
types of
construction
FSE methods

applyto?

Lessthan 10
10to 15

B More than 15 (virtually all)

Figure 4: a) Assessment methods for FSE approach and b) construction types FSE applies to

As a general conclusion, the implementation of FSE approach in the fire design for
buildings is not yet fully achieved in the responding European countries, with less performance-
based solutions being generally available than prescriptive ones. Prescriptive methods are largely
prevalent in practice, even if FSE approach is allowed. The prospects for FSE implementation in
the building fire regulations of the European countries appear positive, because FSE is practically
applicable in all or many FSE related technical areas, and to all or many types of constructions.
However, mainly only one approach for technical solutions per technical area is available, and the
availability of assessment methods mainly depends on the availability of national regulations and
standards.
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MOJEJb JJIsSI OIIHKHA MOXXEXHOI BE3INEKA POBOTU HABAHTAKEHOI'O
EJEKTPUYHOI'O ITIPOBOY 3 MMOABIMHOIO I30JIALIEIO

3rigHO CTaTUCTUYHUX AaHuX [ 1] mpo moxkexi B YKpaiHi cepes] elIeKTpOTEXHIYHUX BUPOOiB
3a TIOXKEKHOI0 HeOe3IMeKkoro KabeapbHa MPOAyKIlis mocigae mepiie micie (1o 60% moxex, 20%
3aru6aux i 70% npsiMux MaTepianbHuX 30uTKiB). [1ig yac ekcruryarartii BIaCTHBOCTI 130JIALIHHIX
MaTepialliB MOTipPIIyIOThCS, BHACIIAOK YOTr0 BiOyBa€ThCs, 30KpeMa, 3MEHIICHHS! MaKCUMaJIbHO
MIPUITYCTUMOT'O CTPYMOBOI'O HAaBaHTAKEHHS KaOeIbHUX BUPOOIB.

B poGoti [2] ans OWIHKKM TOXKEXKHOI Oe3MeKkd poOOTH HABAHTAKEHOT'O EJIEKTPUYHOTO
MPOBOY 3 OJHOIIAPOBOIO 130JISAIIIEI0 (HE3AXMIIEHOTO EJIEKTPUYHOrO MPOBOJY) MOOYJAO0BAHO
MaTeMaTU4YHy MOJeTbh. BpaxoBaHO BIIACTHBOCTI KOHCTPYKTHBHHX €JIEMEHTIB EJIEKTPUYHOTO
MIPOBOJY, CTPYMOBE HaBaHTA)KEHHS Ta YMOBH HAaBKOJIMIITHHOTO CEPEIOBHIIA.

[ToOynyemo maTemMaTuyHy MOAEIb JUIsl OUIBII CKJIQJHOTO BUIAIKY — HABaHTAXEHOTO
€JIIEKTPUYHOT0 MTPOBOAY 3 MOJBIMHOIO 130JIAIII€I0 (3aXUIIEHOT0 €IEKTPUYHOr0 MPOBOY, pUc. 1)

Puc. 1 - [Ipogix 3 moaBiiiHOM0 i30/1511i€10

B po6ori [2] (bopmyia (5)) oTprMaHO CHiBBIIHOIIEHHS MK CHIIOIO CTPyMY /, IO MPOTiKae
0 EJIEKTPUYHOMY IPOBOJY, Ta IHITUMH MapaMeTPaMH, 10 BIUIMBAIOTH HA HOT0 po0OoTy:

1)

ne S=m-r- momepeynuii mepepis CTPyMONpPOBIAHOI KUIH, M2, I, — paiyc CTPyMONpPOBifHOI
KWIM, M; p — NHUTOMUHN EJIEKTPUYHUI OMip Marepianxy CTPyMOINpPOBITHOI »kuiH, Om-M; t —
Temreparypa crpymonposigHoi xuiam, K; t, — Temmeparypa mMOBITpS HaBKOJIMIIHBOTO
cepenopuma, K; R, =R, ,+R, , — niniliauii Tepmiunuii omip Termionepenadi BiJi MOBEPXHI
€IEKTPUYHOrO IPOBOIY JO MOBITPA HABKONMIIHBOrO cepepouma, K-M/Bt. R, , — niniiinuii
TEPMIYHMH OIIp TEIUIONPOBIAHOCTI €NEKTPUUHOro nmposoxy, K-M/Bt; R, , — niniiiHuMiA TepMidHuMiA

OIlip KOHBEKI[IIHOT TeIIoB1iaul BiJl 30BHIIIHBOI MOBEPXHI €JIEKTPUYHOIO MTPOBOAY A0 MOBITPS,
K-M/BrT.
JIiHIfHUH TepMIYHUH Omip TEIUIONPOBITHOCTI ENEKTPUYHOIO MPOBOJAY BHU3HAYMMO 3a

dhopmyoro:
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1 I 1 I
R, , = An(2)+ ——In(=®), 2
he 2T|:'7\,2 (rl) 27['7\.3 (rz) ( )

rae A,— KOe(illieHT TEIUIONPOBIAHOCTI MEPIIOro Mapy i30JIALIHHOI0 MaTepialy eIeKTPHYHOIO
npoBony, BT/K/M; A3 — KoedilieHT TEIIOnpoBiAHOCTI APYTOro mapy i30JSAIiHHOTO MaTepiamy
eJIIEKTPUYHOTO TpoBOAY,, BT/K/M; I, — panmiyc mepmoro mapy i30JiHHOTO Marepiaity
€JIEKTPUYHOTO MIPOBOJY, M; [3 — pajiyc APYroro mapy i30JsIiifHOTO MaTepialy eIeKTPUYHOTrOo

MIPOBOJLY, M.
JIiHiifHUH TepMIYHUN Omip KOHBEKUIWHOI TEIUIOBiAa4yi BiJ 30BHIMIHBOI IOBEPXHI
€JIEKTPUYHOTO TIPOBOTY A0 MOBITPS BU3HAYMMO 32 (HOPMYJIIOH0:

Spp— 1 1 (1— a'”(NU)I ) -5], @3)

T2nnoo oA, -NU g - NUg or

ne o — Koe(iIlieHT TEeIUIOBIIa4i 3 MOBEPXHI eJIEKTPUIHOro npoBoay, BT/K/M; A =~ —koedirieHT
terutonpoBimHocTi  mOBITpsA, BT/K/M; Nu — umcno Hyccenpra mpormecy KOHBEKIIHHOT
Terionepeiadyi Mi>K MOBITPSAM 1 MOBEPXHEIO IEKTPUUHOI0 MPOBOY 3 pajaiycoM I, ; Nu gy — gucio
HyccenpTra mpoiecy KOHBEKIIHHOI Teruionepeaadi MiXk MOBITPSIM 1 MOBEPXHEIO €JIEKTPUYHOTO
MIPOBOY 3 PAALYCOM I3; d=1I3—1I5, M.

Uucno HyccenpTa BHU3HAUMMO 3 pIBHSHHS, SKE€ Yy BWIIQJKY BUIHBHOI KOHBEKIII Mae
HACTYIHUUN BU:

Nu=C-(Gr-Pr)", (4)

ne C, n — crami Benmunan; Gr — uncio 'pacroda; Pr —gucmo [panaris.

Ho6yTok uncen ['pacroda Gr ta [Ipanntis Pr 3anexuts Bij napaMeTpiB MOBITPs, Pi3HUII
TEeMIepaTyp MK TOBEPXHEIO ECIIEKTPUYHOIO MPOBOMY U MOBITPSAM Ta pajiyca eIeKTPUIHOrO
MIPOBOITY.
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Oleg Kulakov, Ph.D (Technical sciences), Associate Professor,
National University of Civil Protection of Ukraine
MODEL FOR EVALUATION THE FIRE SAFETY OF A LOADED
DOUBLE-INSULATED ELECTRIC WIRE

A model for the fire safe operation of a loaded double-insulated electric wire has been
proposed. The obtained mathematical relation will allow determining the maximum permissible
current load of a double-insulated electric wire depending on the materials and thickness of the
insulation layers.
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PO3PAXYHOK BHYTPIINIHBOTI'O ITPOTUITIOXKEKHOTI'O BOAOITPOBOAY SAK
HAIIPSIMOK 3ABE3IEYEHHS MOKEXHOI BE3INEKH BY IIBJII

[ToxkexxHa Oe3neka Oy/iBenb 3a0€3MEUYy€EThCS i Yac MPOEKTYBaHHS, CKCILTyararlii Ta
nikBigamii 00'ekta. OCHOBHOIO BHUMOTOIO 3a0€3MeUeHHs] TMOXKEKHOI OE3NMeKH € 3BEACHHS 0
MIHIMYMY MOYJIMBOCTI BHHHKHCHHS TIOXKEXI1 IMiJT yac OyAIBHUIITBA, SKCIUTyaTallil Ta JKBigaril
OymiBeIb 1 CIIOPY/, 1110 03HAYAE, M0 00’ EKTH MOBUHHI OYTH 3aIIPOEKTOBAHI 1 MOOYI0BaHI TaK, 00
y pa3i BUHHMKHEHHS TMOXEXI YIPOJOBX BHU3HAUYEHOTO MPOMIKKY Hacy 30epiraimacs Hecyda
3JIaTHICTh KOHCTPYKIIiH; Oy70 0OMEKEHO BHHUKHEHHS Ta IOIIMPEHHS BOTHIO 1 UMY BCEpennHi
OymiBii abo criopyau; OysI0 0OMEKEHO MOIMIMPEHHS BOTHIO Ha CYCiIHI OyiBii 1 criopyau; Oyia
3a0e3neyeHa MOXKIIMBICTh €BaKyallii Jrojiel abo X MOPATYHOK B 1HIIMH CMOCIO; BpaxoByBajacs
Oe3reka MoXKEeXKHO-PATYBATBHUX T1Apo3auTiB. OAHUM 31 CrTOCO01B peastizallii mocTaBlIeHO0T BAMOTH
€ 3a0e3Me4yeHHs] BIJIMOBIAHOIO PIBHS MOXKEXHOI Oe3MeKHM Ha cTajlll NMpPOEKTyBaHHA O0'€KTa.
Cucrema NPOTHHOXKEKHOTO BOJONOCTAYaHHS (BHYTPIUIHBOIO Ta 30BHIIIHBOIO) € OJHUM 3
€JIEeMEHTIB CHUCTEMHU TMPOTUIIOKEKHOTO 3aXHUCTy 00'€kTa, SKUM OE3MOCePEeHbO peaizye
3a0e3MeyeHHs Horo MoKexHoi Oe3MeKu.

Ha cporoani icHye Garatuii JOCBil B MPOEKTYBAaHHI BHYTPIIIHHOI'O MPOTUIIOKEKHOTO
Bogomnpooay (BIIB) Oyaiens. [Ipu BUKOHAHHI po3paxyHKIB IPOCTOI 3a MPU3HAYEHHSIM OyaiBIIi
BUKOPUCTOBYIOTh METOAMKY, SIKa BUKJIa/IeHA Y BIAMOBITHUX HOPMATHUBHUX AOKyMeHTax [1], abo
KOPHCTYIOThCS MTporpaMHUMHE Komruiekcamu [2]. IIpu po3paxyHKy CKJIaJHOT 32 MPU3HAYCHHSIM
OymiBii [3-8] mporiec yCKIaaHIOETHCS TUM, IO JIJIS OJIEp>KaHHsI KIHIIEBOTO PIICHHS I[0/10 KOYKHO1
ckianoBoi BIIB BuHMKae HEOOXITHICT PO3PaXOBYBATH JICKIIHKO MOXKJIMBHX BapiaHTIB CUCTEMHU,
TOOTO OJHAKOBI PO3PaXyHKH POOUTH JEKUIBKO pa3iB, MPU IbOMY BHUKOPHCTaHHS MPOrPAMHUX
KOMIIJIEKCIB OOMEXYETHCS TX MOXKIMBOCTSMH.

Jlst ieMoHcTparlii MOKIUBOCTEH porpaMHoro komriekey “BITB-2023”, 6yB BUKOHaHUH
PO3paxyHOK BHYTPIIIHHOTO MPOTHUIIOKEKHOTO BOAOMOCTAYaHHS OyAiBIl BUPOOHUYOrO 00'€KTa,
sIKa CKJIAJIA€ThCSl 3 OJIHOMIOBEPXOBOI YACTUHHU CKJIAJCHKOTO NMPU3HAYEHHS, YOTHPHOXIIOBEPXOBOL
YaCTUHU a/IMIHICTPATUBHO-TIO0YTOBOT'O MMPU3HAYCHHS Ta OJTHOMTOBEPXOBOi YaCTUHH BUPOOHUIOTO
MpU3HAYCHHS 3 BOYJOBaHMUMH aJMIHICTPATHUBHO-MOOYTOBMMHM IMPUMIIICHHSIMH. 3a BHUMOTaMU
HOPMaTUBHUX JOKYMEHTIB IIPH BiAOKPEMJICHHI YaCTHH OY/iBJIi OJTHA BiJl OAHOI MPOTHIIOKEIKHOIO
CTIHOIO TEPIIOTO THMY, HeoOXimHicTh BiamTyBaHHs BIIB Ta HOpMaTMBHI BUTpaTH BOIU
MPUHAMAIOTBCS OKPEMO I KOXKHOI YacTUHH. Po3paxyHok y mporpamHomMy komruiekci “BIIB”
HEMOXJIMBUH TOMY, IO YaCTUHMU OYIIBJII MalOTh pi3HE NMPU3HAYCHHS Ta BIiJIMOBIIHO BBECTH
BHIX1JIHI JIaH1 1117101 OyiBJIi HEMOXJIMBO, a BBEACHHS XapaKTEPUCTUK JIEKIIbKOX YaCTUH OYiBJIi
KOMIUIEKCOM He mependadeHo. BiamoBiHO po3paxyHOK KOXHOI CKIIAJOBOi HEOOX1IHO
BUKOHYBAaTH OKPEMO.

BuxigHumu naHuUMH JUIS OJHOTIOBEPXOBOI CKIIAJCHKOI YaCTMHM € Kareropis OyaiBii 3a
BHOYXOMOXEXKHOIO Ta MOXKEKHOI0 Hebe3nekow — B, cryminb Bornecriitkocti — 11, 06’ em Oyaisimi
(mpu BucoTi npumimenns 12 M) — 18978 m>. PospaxyHok mokasas, 110 npu koMiuiekryBanti [IKK
pykaBamu 15 wm, kinbkicts IIKK — 6, TpyOu marictpansHoro tpyOomnpoBoay aiametpom 70 mw,
BIIMOBIIHO HEOOXiAHWH Hamip Ha BBEACHHI — 59 M, 1m0 mnepemdadyae BCTAHOBJICHHS
MiBUIIYBAJbHUX YCTAHOBOK.

B pe3ynbTati aHANOTTYHUX PO3PAXyHKIB 32 TOTIOMOTOI0 IIporpaMHoro komruiekcy ~BIIB”
YOTUPHOXIIOBEPXOBOi aAMIHICTPATUBHO-MOOYTOBOI Ta OIHOMOBEPXOBOI BUPOOHHUYOT YaCTUHU
OyaiBii 3 BOYZOBaHUMHU aIMiHICTPaTHBHO-IOOYTOBUMH MPUMIILEHHAMH OyJI0 BU3HAUEHO, 10 I
YacTUHHU He 00naHy0ThCs cructeMolo BIIB, ToOTO po3paxyHOK He BUKOHY€ETHCHS.

HactynHum etamom B Mexax poOOTH 3 IPYror0 YaCTHHOKO MPOTPAMHOTO KOMILJIEKCY —
“Bubip BIIB”, Oyi0 BUKOHaHE JOCIIIKEHHS 3MiH XapaKTePUCTHK MOXKEKHUX KPaH-KOMILUIEKTIB
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(ITKK) (miamerpa IIKK, miamerpa Hacajaka CTBOJIA, JOBXHUHH Ta JiaMeTpa pyKaBa) Ta BILTUB IHX
3miH Ha KinbkicTs [TIKK Ta neoOxiguuii Hamip Ha [IKK (Tabmuus 1).

Taboauus 1. Busnavyenns kinbkocrti [IKK B 3anexHocTi Big xapakrepucTuk iforo
CKJIA/IOBHX 32 JI0NIOMOI 010 NporpaMHoro komiuiekcy “BIIB” (wacrtuna “Budip BIIB”)

Xapakrepuctuku [TKK Pesynbrat po3paxyHKy
1aMeT AiameTp OBJKMHA
a p Hacajika CTBOJIa, 5 Hanip Ha [IKK, m kinbkicTs [TKK
[TKK, mm pykaBa, M
MM
TIKK 3 3amaHuM o0naJHaHHAM HELOLILHO
50: 65 13 10 5 8 ZIOTLIBT
BUKOPUCTOBYBATH JUIsI 3aXHUCTY OyiBJI
TTIKK 3 3aganum o0OsagHaHHSIM HEIOLIIBHO
50; 65 13 15 I 8 Aon

BUKOPHCTOBYBATH JIJIsl 3aXUCTy OyiBIII
20 [IKK 3 3amanum o0nagHaHHAM HEIOLIBHO

50; 65 13 S

BUKOPHCTOBYBATH JUIsl 3aXHUCTY OYIiBIIi
50 19 10 20,6 8
50 19 15 22,3 6
50 19 20 24 5
65 19 10 18,2 8
65 19 15 19 6
65 19 20 19,9 5

AHani3zyroun TadiuIo 1 MOXKIMBO 3pOOUTH BUCHOBKH: BUKOPUCTAHHSI CTBOJIIB 3 HACA/IKOM
niameTtpoM 13 MM He 3a0e3neunTh oJauy HOPMAaTUBHUX BUTPAT BOJM; IPU BUKOPUCTAHHI CTBOJIA
3 miametpoM Hacajaka 19 mm moximBo BetanoBmoBaTH [IKK miamerpom 50 MM a6o 65 mm (He
3a00pOHSIETHCSI BUMOTaMH HOPM TPH BIAMOBITHOMY OOTpYHTYBaHHI1); 3MeHIIeHHs KiabKocTi [TKK
MoxuBO 30umbmieHHsM Tucky Ha [IKK 3 BpaxyBanHsM noBkuHH pykaBa. Jlns BuOGOpy
xapaktepuctuk [IKK Ta BuKOpHuCTaHHA iX B MOJAIBIIOMY Ul BHKOHAHHS T1APaBIIYHOTO
po3paxyHKy Ta BuOopy cxemu BIIB Oyio po3paxoBaHO ABaHAAISTh MOYJIMBUX BaplaHTIB.
BukopucTtanHs mporpaMHOTO KOMILJIEKCY JO3BOJIMIIO 3pOOUTH BCl pO3pPaxXyHKHU LIBUIKO, SKICHO,
BHUKJIIOYAIOYM TOMUJIKM Ta HEMpaBWIbHI pe3ysibTaTu. Po3paxyHOK BHpoOHH4YOI OyxiBii OyB
obnaanyroThcs BIIB, kinbKicTh po3paxyHKiB ckiajia e 12. [Ipu HeoOXiTHOCTI TPOEKTYBaHHS
BIIB B iHImMX 4acTHHAX 3a/1aHOi OyiBJI1 KUIBKICTh PO3paxyHKiB 30UIbIIMIACE OM BIAMOBIIHO 10
KUIBKOCT1 4aCTHUH OyiBJIi Ta NMPH IbOMY IPOTPaMHUN KOMIUIEKC HE JIO3BOJWUB OM BUKOHATH
TiApaBIiYHANA PO3paxyHOK Ta BHOip cxemu BIIB s Beiit OyaiBii, mo nmpuBeso 6 10 HeoOXiTHOCTI
pOOUTH BCE 1€ BIIACHOPYYHO - 6€3 BUKOPUCTaHHS ITPOrPaMHOro KoMIuiekcy. Bee 1ie miarBepmakye
HEOOX1/IHICTh CTBOPEHHSI POTPAMHOT0 KOMILJIEKCY, KUl MOXE BUKOHYBAaTH BHOIp €IEMEHTIB Ta
po3paxynok BIIB ne nuiie s mpocToi 3a npu3HaueHHAM OyJIiBIi, a 1 U1 CKJIAAHOT TaKOX.

Takum umHOM, mpoekTyBanHs BIIB BinmoBigHO 10 BUMOr Cy4acHMX HOPMATUBHHX
JOKYMEHTIB € OJJHHM 3 HalpsIMKiB 3a0e3meueHHs MokexHoi 6e3neku OyniBens. CydacHi OyiBii
HalyacTile MalTh CKIAJAHY 3a MPU3HAYCHHSIM CTPYKTYpY, TOMy mnpoekrtyBaHHs BIIB B Hux
nependavae HU3bKY OJHOTUITHUX PO3PaxyHKIB, peaiizallii SKUX MOKJIHBA BIACHOPYYHO abo 3a
JIOIOMOT 010 MPOrPaMHUX KOMIUIEKCIB, 1110 Ha CbOTOJIHI Ma€ 00'eKTHBHI TpyJHOIIL. Ase podoTa 31
CTBOpPEHHS KOMILJIEKCiB, III0 BPaXOBYIOTh HEOJHAKOBICTh MPU3HAUCHHS OKPEMHX YaCTHH OymHiBIi
€ JouinpHOr. Takuil KOMIUIEKC J03BOJHUTH 3HAYHO CIPOCTUTH Ta MiABUIIUTH €()EeKTUBHICTbH
IIPOBEACHHS HEOOXIAHOT KIIBKOCTI pO3paxyHKiB mpu mpoekTyBanHi BIIB, a BiamosinHO 1
3a0e3MeunTh BUCOKUH piBEHb MOXKEKHOI Oe3Mekn 00'ekTa Ha cTajii HOro MpOeKTyBaHHS.
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0.4. Petukhova, PhD, associate professor,
National University of Civil Defence of Ukraine

CALCULATION OF INTERNAL FIRE WATER SUPPLY AS A DIRECTION
FOR ENSURING FIRE SAFETY OF A BUILDING

The design of internal fire water supply is one of the areas of ensuring fire safety of
buildings. The creation of software complexes will allow to significantly simplify and increase the
efficiency of internal water supply calculation and ensure a high level of fire safety of the object
at the stage of its design.
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A.@. I'aspuniox, Kanouoam mexHivHuUxX HayK, OOYeHm,
P.C. Axoeuyk, 0okmop mexniyHux Hayk, 0oyeHm
Jlvsicvrutl Oepaicasnull yHisepcumem 6e3neKu HCUmmeoisiibHOCmI

OCOBJIMBICTDH TPOBEJIEHHA BOI'HEBUX EKCIIEPUMEHTAJIBHUX
JOCJIIIKEHDb EJJEMEHTIB CHJIOBUX BATAPEM EJTEKTPOMOBLIIB

KinbKicTh €1eKTpOMOOLTIB MPOJOBKY€E CTPIMKO 3pocTartd. Lle 3yMoBIIeHO CyBOpUMH
€KOJIOTIYHUMH CTaHAAPTaMU, IKi 0OMEXYIOTh PO3BUTOK aBTOMOO1JIIB 3 IBUTYHAMU BHYTPIIIIHBOTO
3TOPSTHHS, @ TAKOXK MPArHEHHSIM 3MEHIINTH BUKHUIM IIKIUIMBUX PEYOBHH Bij aBTOTpaHcnopty. Ha
pPUCYHKY | mpHBeneHO AMHAMiKa 3MiHU IMapKy eIeKTpOMOOLTIB 3a perioHaMu cBity [1].

40"
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Pucynox 1 — Jlunamika 3MiHH aBTONIApKY €JIEKTPOMOOLTIB 3a perioHaMH CBITY

OuikyeTbces, 1m0 10 2025 poKy CBITOBUI pUHOK €NeKTpOMOOUTiB nepeBUIIuTh 100 Mip.
non. CHIA [2].

Jnst  KWBJIEHHS  €JIEKTPOABUTYHIB  €JIEKTPOMOOLTIB  BUKOPHUCTOBYIOTHCS  CHJIOBI
akymyssiTopHi O6arapei (manmi — AKB), cepen sikux HalOUIBIIOT0 MOMMPEHHS HAOYJIU JITiH-10HH]
Oarapeii uepe3 psi TEXHIYHUX TepeBar.

OcobnuBicTe miTiii-ionHuXx AKB € Te, mo meBHux ymMoB [3] B HUX MOXE€ BUHUKHYTHU
HEOOOPOTHA €K30TEepPMIYHA PEaKilis, 0 YacTO CIPHYMHSIE 3aiMaHHS 1 IPU3BOAUTH HE JIMIIE IO
MOKEXK, a i BUOYXIB eJeKTpOMOOiTiB [4-6].

Tomy BceOiUHI AOCTIPKCHHS BHHUKHEHHS Ta mepebiry HeoOOpOTHOI eK30TepMIYHOI
peakiiii, sika BUHHMKae y JiTii-ioHHUX AKDB cTBOpUTH MIArpYHTS I MIiABUIICHHS PIiBHS
3a0e3MeyeHHs X MOKeXKHOT Oe3MeKH.

Buxonsun 3 1bporo HEOOXITHUM € PO3POOJEHHS OCHOBHUX IOJIOKEHb METOIUKU
MIPOBEJICHHS €KCIIEPUMEHTAIbHUX AOCIIIKEHb, 110 1 € METOI0 JaHOi POOOTH.

CyTHICTb pO3pOOJIEHOT METOJUKM TOJNSAra€ y BHU3HAUYEHHI TEIUIOBUX I1apaMeTpiB
(TemmepaTypu 3aiiMaHHs, TOpPiHHS Ta TYCTMHHU TEIUIOBOTO MOTOKY), SIKI OMHCYIOTH IMPOIECU
TOPiHHS CHJIOBUX JIITIH-IOHHUX aKyMYJSTOPiB €JIEKTPOMOOLTIB, a TaKOX MOCTIIKEHHI BIUIUBY
YUHHUKIB HA BKa3aHI IMapaMeTpH.

OOGnaagHaHHA UId TPOBEICHHS HATYPHUX BOTHEBUX JOCHIKEHb BKJIIOYAE: MOJICIbHE
BOTHHIIE MMOXKEXK1 KIacy B, mocmimpkyBaHi 3pa3ku, 3acO0M BUMIPIOBAIBHOT TEXHIKH, O0IaHAHHS
JUTsI TIpOBEJICHHS )OTO- Ta BiJACO3HIMAHHSI.

Jis HaykoBoi po3BigKM BUOpaHi MOJEIbHI BOTHHUINA KiaciB B, mepeBaroro skux i
MOPIBHSIHHI 3 MOJEIBHUMH BOTHHIIA Kiacy A € Te, 10 BOHM JAalOTh Kpally MOBTOPIOBAHICTH
TEIJIOBUX XapaKTepUCTHK. L[e 3yMOBIIOE€ThCS HE3MIHHUMH NapaMeTpaMu mainsHoro. HaromicTth
JiepeBUHA MOXke OyTH PI3HMX XBOMHHX IOpiJ (COCHA, sUTMHA, siiBelb Tolo). ba 6inbiie, Opycku
MOXXYTh BHUTOTOBJISITHCSI TaKOX 13 PI3HOrO COPTY AEPEBUHU, IO 1 BILUTUBAE HA TEMIEPATypHI
napametpu. OTxKe, 3 OISy Ha 1€ 71 1HILIFOBaHHS 3aiiMaHHs BUOPaHO MOJENbHE BOTHUIIE KJIacy
B.

MojenbHe BOTHMIIE CTBOPIOETHCS OCH3MHOM Mapku A-92 Ta 06’emoM 200 mui, siKuit
PO3MIIIY€EThCS Y MeTaneBoMy HeKky aiamerpom 140+5 mwm, BucoToro Goptra 100+£5 mm Ta
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TOBIIMHOIO CTiHKH Oopta 2,0+0,5 MmM. Po3Mmipu mexa Ta KUIBKICTh MajgbHOTO OOIPYHTOBAHO
EKCTIIEPUMEHTAIBHUM IIUIIXOM 3 MipKYBaHb 3a0€31e4eHHs Yyacy ropiHHs MOJIEIbHOTO BOTHHIIA
6—7 XB, @ TAKOX OXOTUICHHS JJOCIITHUX B3IPIIB IOIYyM SIM.

Ilepen mpoBeneHHSIM EKCIIEPHUMEHTY HEOOXiZHO MPOBECTH 3BAXKYBAHHS KOXKHOTO
€JIEMEHTA 32 JONOMOTOI0 €JICKTPOHHUX Bar 13 TOUHICTIO 3BaKyBaHHs He MeHie 0,5 .

Cran 3apsmy Oarapeil HeoOXiTHO 3IIMCHIOBATH 3a JONOMOTOI MYJIBTHMETpa 3
tounicTro He MeHme 0,1 B. VYV pa3i HeoOXigHOCTI Juisi 30UTBIICHHS 3apsay MOXHa
BUKOPHUCTOBYBATH 3apsIHUA TPUCTPiH, SKUH CyMICHHH 13 MapaMmeTrpamu JOCHiHKYBaHUX
B3ipmiB Oarapeil enexkTpoMoOUTiB [l 3MeHImIeHHs 3apsay Oartapedt  JOIMyCKaeThes
BUKOPHCTOBYBAaTH HABAaHTA)XCHHS Y BHIJISIII JIAMIIA POKAPIOBAHHS UM OyAb-IKOTO 1HIIOTO
CIIOKMBava uepe3 iHBEpTOp, 5K I HAaBEACHO HA PUC 3.

3 MeTor OOIpYyHTYBaHHS MICIsl PO3MIIICHHS BHUIPOOYBATBHHUX 3pa3KiB IMPOBEACHO
eKCIIEpUMEHTAJIbHI  JOCTIPKEHHS 13 BU3HAUEHHS PO3MOJUTY TEeMIeparyp IIOoJ0 JKepena
HarpiBaHHsL.

st mporo y nexo nomimieHo 200 M majabHOTO, 1 HaJ IGKOM PO3MIIleHO 4 TepMoImapu.
[lepira 13 HUX po3MIIIEHA Y LIEHTPI J€Ka M0 TOPU30HTAII 13 BEpXHIM KpaeM CTIHKH jaeka. KoxkHa
HAcTyIllHa TepMonapa posmimyBaiack Ha 7 cM (L1=7 cm) Buuie nepioi, sk 116 HaBEJEHO Ha
PHUCYHKY .

[lpuctpiit ans Bu3HaueHHS TycTHHH TeruioBoro mnotoky BTII-01 po3miniyBaBcsi Ha
Bijgctani 30 cm (L3) mo Beptukam ta 20 cm Big nerTpa (L2) neka mo ropuzonTaii (puc. 2).

BTN
T4
—  u_¥
4—L3 >:}.E—""‘
T
a)
Pucynok 2 — Cxematuuse (a) Ta HaTypHE (0) 300pa)kKeHHs pO3MIIICHHS TepMonap 11010

JIeKa

Ha puc. 3 moka3aHo NpOBEICHHS EKCIECPHUMEHTY 13 BHU3HAYCHHS TEMIICPATyPHOIO
PO3IOALTY Bl MOACIIBHOT'O BOTHHUIIA TTOXKEXK] Kitacy B.

Pucynok 3 — ®@oto mij] yac MpoBEAECHHS €KCIIEPUMEHTY

Yac moBHOro BUTOPSIHHSA NMajbHOTO ckiaaaB 11 xB 20 ¢, a iHTeHCUBHOrO ropiHHg — 7 xB 10
c. Haiibinpima Temmeparypa nocsaranach Ha 3—4 XB BiJ NMOYaTKy BHUIIpoOyBaHb. HaiiGinbiue
3Ha4YeHHs Temreparypu ¢ikcyBana repmonapa T2, ska po3MillyBajiach Ha BUCOTI 7 ¢M Bix 6opra
JieKa, MiKOBI 3HaYeHHs AKoi ctaHoBwiM 6mu3bko 1000 °C, a ycepenneni — 600-650 °C. 3HaueHHS
tepmoriapu T3, sika po3MminryBajiach Ha BUCOTI 14 cM, HE3HAYHO BiApPI3HSIOCH Bil 3HAUYEHHS
tepmornapu T2, i ycepeqHeHe 3HaueHHs KomBaioch B Mexax 580—650 °C, a makcumanbpHa —950
°C. Tepmomapa T1 posminryBaigack Ha OJAHIH TOPU3OHTANl 13 KpaeMm Jeka 1 (ikcyBana
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MakcuManbHy Temreparypy a0 550 °C, a ycepeanena Oyna B mexax 400—420 °C.

Taxkum 4MHOM, BCTAHOBIJICHO: Il MOJICTIBHOTO BOTHUIIIA KJacy B, sike yTBopeHe TOpiHHAM
200 mu 6en3uHy Mapku A-92, 1m0 noMimeHuit B Kpyrie jexo aiamerpom 140 MM, MakcuMaibHa
TeMIIepaTypa TOpiHHs AOCITAEThCs Ha BiAPI3Ky 7—14 cM MO BepTHKaJi BiJ Kparo JieKa i CKiIajgae
950-1000 °C, a ycepennena — 600—-650 °C.

OTxe, 0OTrpyHTOBAaHO PO3MIMICHHS JOCHTITHUX 3pa3KiB Yy MOJIEIBHOMY BOTHHIII MOXKEXI
kiacy B, ske yrBopene ropinasam 200 mn OeH3uHy Mapku A-92, y neky miamerpom 140 mm Ha
BHCOTI 7—14 cM MmO BepTUKAIi BiJi BEPXHHOTO Kparo jeka. JleranpbHO po3polieHa MeToauKa
OIMCAHO y HAyKOBIii nparti [7].

BuCHOBKM Ta nepcneKTHBH MOAAIbIINX A0CTiKeHb. Po3pobieHa MeToinKka BOTHEBUX
eKCIIEPUMEHTAIBHUX JIOCHIDKCHb eJIeMeHTIB JiTiii-ioHHnX AKDB enekTpoMoOuTiB J103BOJHTH
PO3KPUTH 3aKOHOMIPHOCTI iX TOPiHHS Ta BA3HAYMTH TEIJIOBI MapaMeTpH (TeMIepaTypy 3aiiMaHHs,
TOpPIHHS Ta TEIUIOBOTO MOTOKY). Y METOJMIl €KCIIEPUMEHTAIbHUM IIJISIXOM OOIPYHTOBAHO
rapaMeTpy MOJIEIbHOIO BOTHUIIA MTOXKEXK1 Kiacy B, a Takox po3mimienns 3BT.

3a po3po0JCHOI0 METOAUKOW Oyne 3IIHCHEHO eKCIEepPUMEHTaIbHE JIOCIHIIKEHHS,
pe3yNbTaTu SKOT0 YBIMAYTh Y HACTYIHY MyOJIiKaLio.
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A.F. Gavryliuk PhD of Technical Sciences, Associate Professor,
R.S. Yakovchuk Doctor of Technical Sciences, Associate Professor
Lviv State University of Life Safety
PECULIARITIES OF CONDUCTING FIRE EXPERIMENTAL RESEARCHES OF
ELECTRIC VEHICLE BATTERY CELLS

The article presents trends in the rapid increase in the electric vehicle fleet by region of the
world. The hazards arising during the operation of electric vehicles are outlined. The main
provisions of the developed methodology for studying the fire hazard of lithium-ion batteries are
described. The use of the developed methodology will allow to conduct experimental studies of
lithium-ion batteries of electric vehicles and identify patterns of their combustion, determine
thermal parameters (ignition, combustion and heat flux temperatures). The methodology
experimentally substantiates the parameters of a class B model fire, as well as the placement of
measuring equipment.
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Jlazapenxo O.B. kano. mexu. HayK, ooyenm., JIbgigcoKutl depiicagnuil yHigepcumem
beznexu dHcummeoisiibHoCmi, npoghecop Kageopu NodCeHCHOi MaKmuKu ma aeapitiHo-
PAMYBANLHUX pOOImM

BU3HAYEHHS YACY IPOTI'PIBY JITIH-IOHHOT' O EJIEMEHTA
KUBJIEHHSI PANASONIC NCR 186508 BI/J{ 30BHIIIHBOI'O /UKEPEJIA

3araibHa CTAaTUCTHKA MPOAAXKIB Ta BKUTKY €IEKTPOMOOLTIB HEBIMHHO 3POCTAE KOKHOTO
POKY, OZJHOYACHO 3 THM 3POCTA€E KiJIbKICTh BHITAJIKIB 1X 3aropanHs. ChOrOHIIIHI CTATUCTUYHI JTaH1
CTOCOBHO KUIBKOCTI BWITa[KiB, MapOK aBTOMOOLIIB Ta OCOOJMBO MpPHYUH iX 3aropaHb
HaJ[3BUYaiHO oOMeskeHi [1] 1 uire aesiki Mi>KHApOIHI OpraHizailii Ta yCTaHOBH 3IHCHIOIOTH 00K
caMme LUX 3aropaHb Ta mokexxk. OJHaK, He3BAKAIOUM Ha 11, HABiTh T a CTATUCTHKA IO HAsBHA
CTBEp/UKY€e HacTymHe [2]: KiIbKiCTh BHIAJKIB 3arOpaHHS €JICKTPOMOOLUIIB Ta IHIIMX BHIIB
TPAHCIIOPTY, 1110 MPAIIOIOTh HA JITIM-IOHHUX €JeMEHTaX UBJICHHS OJHO3HAYHO 301IbIIY€ETHCS,
HaiOIIbIlle BWIAJAKIB 3aropaHb BHHHMKA€ B aBTOMOOLIIX Mapku «Teslay 3riqHo HasBHUX
CTaTUCTUYHUX JIaHUX; HAaHOUIBII PO3MOBCIOJKEHOIO IPUYNHOIO 3aropaHb aKyMyJIITOpHOI OaTtapel
€JICKTPOMOOUTIB € 1i MEeXaHIYHE TOMTKOHKEHHSI.

Hu3zka HaykoBHX JOCHTIIKEHB BXKE JI0BEIM 3HauHy noxexxHy Heoesneky JIIEXK Panasonic
NCR 18650B, 110 BUKOPHUCTOBYIOThCS B aKyMYJIATOPHIi Oatapei enekrpomobins «Tesla» [3,4].
UeproBuM MNpOAOBKEHHSAM 3a3HAYEHUX JOCIIKEHb OyJio BU3HAUEHHS 4Yacy Ta TeMIlepaTypu
nporpiy JIIEX Panasonic NCR 18650B 3 meToro momaibIoro BH3HAYCHHS TEIUTO(I3UUHUX
xapaktepucTuk ckinagoBux JITEX.

Jis  mpoBeneHHS — €KCIIEpUMEHTaJbHUX  JOCHKEHb OyJo  CIPOEKTOBAaHO  Ta
eKCIepUMEeHTaIbHUM cTeH 1. TeMnepaTrypHi HOKa3HUKY BU3HAYAIUCS 3 BUKOPUCTAHHIM TepMoInap
a uarpiBanus JIIEXX 3mificHIOBanoch 3 BHKOPHCTAHHSM Ta30BOTO MajbHUKA. BiamoBigHO 3a
pe3yabTaTaMu eKCTIEPUMEHTAIBHUX JOCIIHKEHB OYJI0 OTpUMaHO rpadiuyHy 3aJ1eKHICTh MPOrPiBY
kopnycy JIIEXK 0e3 BHYTpIIIHBOrO HAIOBHEHHS 3 BUKOPHCTAHHSIM 30BHIIIHBOIO JDKEpena
HarpiBy, puc.l.
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Puc.1. PesyabTaTn nporpiBy kopnycy JIIE/K 6e3 Buyrpimnboro Hanopuenns: T1, T2, -
Tepmonapu B cepenuni JIIEXK; T3, T4, - tepmonapu Ha mosepxni JIIEXK (B cepeamni
00irpiBa€EMoro MeTajaeBoro KOpmycy «me4i»)

Hactynaum eramnom gociipkeHHs O0yJ10 BCTaHOBJICHHS YaCOBHUX IMOKa3HUKIB Ta rpadiyHux
3aje’xHocTedl mporpiBy moBHouiHHOro JIIEXK 3 BHYTpIlIHIM HamoBHEHHAM (KaToJl Ta aHOM).
I'padiuni 3a1eKHOCTI peACTaBIEH] Ha puc.2.
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Puc.2. PesyastaTn nmporpiBy noBHouinxnoro JIIEXK: T1, T2, - Tepmonapu B cepeauHi
JIIEXK; T3, T4, - repmonapu Ha noBepxHi JIIEYK (B cepenuni o6irpiBaemoro merasneBoro
KOPIIYCY «Iedi»)

BiamoBigHO 10 OTpUMaHUX pe3yJIbTaTIB B MOAAIBIIOMY HEOOX1THO 3IIHCHATH TXHIM aHaITi3
Ta 00pOOJIEHHS 3 BUKOPUCTAHHAM BiJIOBIIHOTO MPOrpaMHOTro 3a0e3MeYeHHs] Ta MaTeMaTUYHOTO
amapaty. 3acTOCyBaHHS BIJAMOBIIHUX /il B MOAABIIIIOMY JacTh 3MOTy OTPUMATH MaTeMaTHUHY
Mojieb IporpiBy Ta Ternogizuyuni xapatepuctuku JITEX Panasonic NCR 18650B.
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DETERMINING THE WARM-UP TIME OF THE PANASONIC NCR 18650B
LITHIUM-ION POWER CELL FROM AN EXTERNAL SOURCE

The work highlights the experimental results of determining the time and temperature of
the PANASONIC NCR 18650B lithium-ion battery cell (LIB) warm-up using an external heating
source. The obtained experimental results made it possible to construct several graphic
dependencies. The resulting graphical dependencies will later make it possible to obtain and
calculate a mathematical model of heating and establish the thermophysical characteristics of LIB.
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BILIVMB TIOYATKOBOI TEMIIEPATYPHU CTAJIEBUX KOHCTPYKIIIA ITIJ] YAC
BUIIPOBYBAHHS HA BOTHECTIHMKICTh HA PE3YJbTATH BUSBHAYEHHA
MHNPOMIKKY YACY 3BEPEXXEHOCTI HECYYOI 3JATHOCTI

[1ix yac BunpoOyBaHHS CTaleBUX KOHCTPYKIIIM HA BOTHECTIMKICTD iXHI 3pa3Ky MiAal0Th
BIUIMBY 32 HOMIHAJBHOTO TEMIIEPATYpPHOTO pekuMy — cTaniaptHoro 3a EN 1363-1 [1] a6o
anmpTepHaTUBHOrO Homy 3a EN 1363-2 [2], i BU3HA4YaIOTh MPOMDKOK 4acy 10 JOCATHEHHs Ha
3pa3Kkax KpUTUYHOI TeMIepaTypH cTaii abo ix rpanuuHoi nedopmartii [3]. Bigmosiauo g0 10.3 EN
1363-1 [1] mouaTkoBe cepemHE 3HAYECHHS TEMIIEpaTypu 3pa3KiB Mae OyTH B miamasoni Bix 10 °C
1o 40 °C. V¥ pa3i BunpoOyBaHHS 3a OJHAKOBUX YMOB BOTHEBOTO BIUIMBY OJIHAKOBHX 3pa3KiB
CTaJIEBUX KOHCTPYKIIiH, sIKI MalOTh Pi3HY ITOYATKOBY TeMIIepaTypy CTajli, He MOXKHA BUKIIIOYATH
MO>XKJIMBOCTI OTPUMYBaHHS Ul LKX 3Pa3KiB PI3HUX pPE3yJIbTaTiB BU3HAYEHHS MPOMDKKY Hacy
30epe’KeHOCT] HeCy4O0i 3JaTHOCTI.

3a MeTy IBOTr0 JOCIIPKEHHS CTaBUJIOCH BHSIBJIICHHS BIUIMBY ITOYATKOBOI TEMIIEpaTypu
3pa3KiB Juid BUMIPOOYBaHHS TaKUX CTAJIEBUX KOHCTPYKIIH, sIK OaJKU 1 KOJIOHHU 3 OJHOLIAPOBOIO
CHUCTEMOIO BOTHE3aXHCTy, Ha MPOMDKOK Yacy 30€peKEHOCTI iXHbOi HeCydoi 3JaTHOCTI, IJIs
MIMPOKHUX Jiana30oHiB MapaMeTpiB IUX KOHCTPYKIIiH (Terio(i3nyHuX BIACTUBOCTEH 3aCTOCOBHOTO
BOTHE3aXHWCHOTO Marepiady, TOBIUIMHH BOTHE3aXHCTy, KPUTHYHOI TEMIlepaTypud CTaimi 1
Koe(dirieHTa momnepevyHoro nepepizy KOHCTPYKIIii).

Jlj1s JOCATHEHHS] METHU J0CIIKEHHs 0YJI0 3aCTOCOBAHO METO/1 YUCEIIbHOTO MOJETIOBAHHS
TEIUIOBOTO CTaHy CTaJeBOI KOHCTPYKIIii, OCHAIIEHOI BOTHE3aXMCHUM MaTepiajioM i3 3aJaHuMU
TEII0(I3MYHUMH ~ BJIACTHUBOCTSMH, B yMOBax BOTHEBOTO BIUIMBY 3a CTaHJApTHOTO
TeMrneparypHoro pexumy [4]. Po3s’s3aHHsSM mpsaMoi 3aaadl TETUIOMPOBITHOCTI 1T MTUPOKOTO
Jiama3oHy MapaMeTpiB CTajleBOi KOHCTPYKIi 3 OJHOLIAPOBOIO CHCTEMOIO0 BOTHE3aXHCTY
BH3HAYAJIM JIaHI IIOJO0 MPOMDKKY 4acy 30€peKEHOCTI Hecydoi 3JaTHOCTI ITi€l KOHCTPYKIIi 3a
pI3HUX 3HAYEHb ii MOYATKOBOI TemmepaTypu Go (HOMiHAIBHOTO Honom = 20 °C, MiHIMaIbHO
n01myctuMoro Gomin = 10 °C i MakcuManbHO 10IyCTUMOTO Jo,max = 40 °C). IIpu boMy 3a OKa3HUK
JUTsl BUBHAYCHHS TPOMDKKY 4acy 30€peKEHOCTI HeCydoi 3/IaTHOCTI Opajii MPOMDKOK 4acy 0
JIOCSITHEHHS Ha METAJICB1M MOBEPXHI KOHCTPYKIIT KpUTUYHO1 TeMrepatypu cTaii Ger. SIK 3HaUCHHS
TOBIIMHM BOTHE3aXUCTY Opajiu BETUYMHHM MIiHIMAJIbHOI TOBIIMHHU OJIHOLIAPOBOI CHUCTEMU
BOTHE3aXUCTY, He0OX1/IH1 A1 3a0e31eUeHHs IEBHUX HOPMOBAHUX MTPOMDXKKIB 4acy 30€pesKeHOCTi
HECYy4oi 3/IJaTHOCTI CTaJeBUX KOHCTPYKIIiH 32 HOMIHAJIbHOI MOYAaTKOBOI TemmepaTypu Gonom = 20
°C [5].

Jliis po3B’si3aHHA MPSAMOI 3aa4i TEIUIONPOBITHOCTI BUKOPUCTAHO OJHOMIPHY JIBOILIAPOBY
MaTeMaTHU4HY MO/IENb TEIJIONPOBIIHOCTI, SIKa CKIaJa€ThCs 13 CUCTEMH PiBHSHb, HaBEACHOI B [S].
3HadeHHs KOe(DIIiEHTIB TEIUIOBI a4l KOHBEKIIIEI0 1 TEIJIOBOTO BUIIPOMIHIOBAHHS Ha OOIrpiBHIN
MIOBEPXHI CHCTEMH BOTHE3aXUCTY, TEIUIO(I3UYHI BJIACTMBOCTI CTall Ta iHIII MapaMeTpu Iiei
MoJiesTi 0OpaHi TakKUMHU, SIK HaBeaeHO B [6]. Po3B’sa3aHHs MareMaTHYHOI MOJIeNi i TpsAMOi 3a1adi
TEIUIONPOBIIHOCTI 3 BU3HAYEHHS TEMIepaTypH CTajli BUKOHAHO METO/O0M KIHIIEBUX PI3HMIb 32
HESIBHOIO CXeMO¥0 arnpokcumaitii [3].

3a pesynbTaTaMHM pO3B’sI3aHHS NPAMOI  3a7ayi  TEIUIOMPOBIIHOCTI PO3PaXOBYBAIU
BIJICOTKOBI PI3HMII Jt10 1 Jt40 MDK 3HAUCHHSIMHU NPOMDKKY Yacy 10 JOCSITHEHHS KPUTUYHOI
TeMIIepaTypy, OTPUMAHMMHU 33 MIHIMAIbHO JOMYCTHMMOI mouyaTkoBoi Temmeparypu 10 °C i
HOMiHaJbHOI moyatkoBoi TemmnepaTypu 20 °C, a TakoXk MDK 3HAY€HHSIMH, OTPUMaHUMH 3a
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MaKCHUMAaJIbHO JOMYyCTHMOI modaTkoBoi Ttemmepatypu 40 °C 1 HOMIHAJIBHOI IOYATKOBOI
temneparypu 20 °C.

3a pe3ynbTaTaMH MPOBEACHOTO IOCHIKEHHS BH3HAUEHO, IO Ui 3aCTOCOBHOTO TpHU
pO3paxyHKax Jiana3oHy mapaMeTpiB CTaleBOi KOHCTPYKIII Pi3HUIS MK 3HAYCHHSIMH TIPOMIKKY
Yyacy J0 JOCSATHEHHS KPUTUYHOI TeMIepaTypH, OTPUMaHHUMH 32 MiHIMaJIbHO JOITyCTUMOI
noyatkoBoi Temmneparypu 10 °C i HomiHanbHOI moyaTtkoBoi Temmeparypu 20 °C, moxke gocsraTa
2,33 %, a pi3HUIS MDK 3HAYCHHSMH, OTPUMAHUMHU 332 MAaKCHMAaJbHO JOIMYCTHMOI IOYaTKOBOI
temrieparypu 40 °C C 1 HomiHanpHOT oyaTkoBoi Temneparypu 20 °C — 3,67 %. 3akoHOMIpHUM €
3MCHILICHHS I[IUX Pi3HMIIB (32 MOIYJIEM) 3 TiBUIICHHSIM KPUTHYHOT TeMIieparypu Her. 30Kpema, 3a
3HaYeHHSAMH KoedilienTa momepeunoro mepepizy 150 MY, koedimienTa TemnompoBizHOCTI
BorHe3axucHoro wmarepiany 0,2 B1/(M[J°C), HOMIHaJIBHOTO NTPOMIKKY dYacy 30epeXeHOCTi
Hecydvoi 31aTHocTi 90 XB 1 miaBUIIeHHI KpuTHYHOI TemmepatypH Bix 350 °C mo 700 °C pisHumi
01,101 Ot40 3MeHITytoThCs Big 1,33 % mo 0,33 % 1 Bix —2,89 % mo —0,67 %, BignoBigHO (puc. 1).
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Pucynok 1 — 3anexxHocTi pi3HHIB Jt10 1 dt40 Bil KpUTHYHOL TemMnepaTypu Ocr

BcranosiieHo, 110 1y1si BU3HAYeHHS 3HAYCHHS TPOMIKKY Yacy 30€peKeHOCTI BOTHECTIMKOCTI
CTaJICBOI KOHCTPYKIIii, SIKe € HAWOULIbII HAOIM)KCHHM 10 HOMIHAJIBHOTO 3HAYCHHS, HEOOXiIHE
3aCTOCOBYBaHHS TIOKa3HHUKA, SIKUM € MPOMDKOK Yacy JI0 JOCSATHEHHS KOPUTOBAHOT KPUTHYHOL
temneparypu [4]. BusHaueHO 3aNeKHICTH PI3HHUI[ MK €0 KOPUTOBAHOK KPUTHYHOIO
TEMIIEPaTyPOI0 1 HOPMOBAHOIO KPUTHYHOIO TEMIIEPATYPOIO Bijl TapaMeTpPiB CTaJIEBOi KOHCTPYKIIII.
[TokazaHno, 1m0 y pa3i 3aCTOCYBaHHS IILOTO MOKA3HUKA BIIXHJI PO3PAXyHKOBOT'O MPOMDKKY Yacy
30epeKEHOCT1 BOTHECTIHKOCTI, BU3HAYCHOTO 33 MiHIMAJIbHO 1 MAKCUMAJIBHO JIONYCTUMHX 3HAYEHb
MMOYAaTKOBOT TEMIIEPATYPH CTAJICBOI KOHCTPYKIIii, BiJI MPOMDKKY Yacy 3a HOMiHaJIbHOT IIOYaTKOBOI
temiieparypu He nepesuinye 0,89 %, 110 € IPUIHATHOIO TOYHICTIO /U1 1HKEHEPHUX PO3PAXYHKIB.
BusnaueHno mnporeaypy KOpUTyBaHHS OTPUMAHUX MiJ 4Yac BUMIPOOYBaHHS MOKA3HUKIB IOAO
MPOMDKKY Yacy 30epeKeHOCTI Hecydoi 3JaTHOCTI CTalleBOi KOHCTPYKII 3 OJHOIIAPOBOIO
CHUCTEMOIO BOTHE3aXHCTYy, SKa JI03BOJISIE YCYHYTH BIUIMB BIJIXHIYy MOYAaTKOBOI TeMIIepaTypH
3pa3KiB BiJl HOMIHAJIBHOTO 3HAYCHHSI.

OxpecnieHO HampsiMU TMOAATBIINX JOCHIIKEHb, SKI OPIEHTOBAaHI HA BUSBJICHHS BILIUBY
MOYaTKOBOI TEMIIepaTypu Ha MOKA3HUKH II0JI0 MPOMIXKKY yacy 30epe’KeHOCTi Hecydoi 31aTHOCTI
CTalleBUX KOHCTPYKIIIH, OCHAIIICHUX OJHO- 1 0araTtomapoBUMU CHCTEMaMH BOTHE3aXHCTY, B SKHX
3aCTOCOBYIOTh BOTHE3aXHCHI MaTepiaiu 31 SMIHHUMH TeTUI0(13MYHUMU BIACTUBOCTSAMH, JUI YMOB
BOTHEBOT'O BITUBY 32 PI3HUMH HOMIHAILHUMU TEMIIEPATYPHUMH PEKHUMAMH.
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INFLUENCE OF THE INITIAL TEMPERATURE OF STEEL STRUCTURES DURING
FIRE RESISTANCE TESTING ON THE RESULTS OF DETERMINING THE TIME
PERIOD OF LOAD-BEARING CAPACITY PRESERVATION

The purpose of this study was to determine the effect of the initial temperature of test
specimens for such steel structures as beams and columns with a single-layer fire protection system
on the time period of their load-bearing capacity for a wide range of parameters of these structures
(thermal and physical properties of the applied fire protection material, fire protection thickness,
critical steel temperature, and cross-sectional area ratio of the structure). To achieve this goal, the
method of numerical modeling of the thermal state of a steel structure equipped with a fire
protection material with specified thermal and physical properties under fire exposure at a standard
temperature regime was used.

By solving the direct heat conduction problem for a wide range of parameters of a steel
structure with a single-layer fire protection system, data on the time period for maintaining the
load-bearing capacity of this structure at different values of its initial temperature (nominal,
minimum allowable, and maximum allowable values) were determined. In this case, the time
period until the critical steel temperature is reached on the metal surface of the structure was taken
as an indicator for determining the time interval for maintaining the load-bearing capacity.

According to the results of the study, it was determined that for the range of steel structure
parameters used in the calculations, the difference between the values of the time period before
reaching the critical temperature obtained at the minimum permissible initial temperature of 10 °C
and the nominal initial temperature of 20 °C can reach 2.33%, and the difference between the
values obtained at the maximum permissible initial temperature of 40 °C and the nominal initial
temperature of 20 °C can reach 3.67%.

The paper outlines directions for further research aimed at identifying the influence of the
initial temperature on the indicators of the time period for maintaining the load-bearing capacity
of steel structures equipped with single- and multi-layer fire protection systems that use fire
protection materials with variable thermal and physical properties.
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PO3POBKA CHIPOIIEHOI CXEMH YJIOCKOHAJIEHOT'O
EKCIIEPUMEHTAJIBHO-PO3PAXYHKOBOI'O METOJAY OHIHIOBAHHS MEXKI
BOTHECTIMKOCTI HECYYMX 3AJIIBOBETOHHUX CTIH

AmHoranis. AHaii3 iICHYIOYHX HAyKOBHX POOIT II0JJ0 METOIB BU3HAUEHHS BOTHECTIHKOCTI
HeCyduX 3alizo0eToHHUX CTiH Takux pgocmigauki: I1. I'. Kpykoscekoro, C. B. Ilo3neesa,
O. M. Hysusina, C.JI. ®omina, O. B. Hekopu, C. B. HoBaka, C. O. Cignes, B. Bartelemi,
G. Kruppa, T.Lie, T.Harmathy, BusBuB O0OMEKEHHS IOCTIKYBaHHX HHMH METOJIB Ta
HEOJJHO3HAYHICTh y TMPaKTHLI. YIOCKOHAJIECHHHA eKCIIEPUMEHTAIbHO-PO3PAXyHKOBUH METO.
BKJTIOYA€ B ceOe CXeMy IPOBEICHHS SKCIIEPHUMEHTIB 3 HarpiBaHHS HECYYHX 3a1i300€TOHHHUX CTiH
Ta po3paxyHKiB, CIPsIMOBaHY Ha 3a0€3MeUYEHHsI TOUHOCTI BUSHAUYECHHS MEX1 BOTHECTIMKOCTI.

CropoiieHa cxeMa  YJOCKOHAJIEHOIO  EKCIIEpUMEHTAIIbHO-PO3PaXyHKOBOTO  METOJY
OLIIHIOBAHHSI M€X1 BOTHECTIMKOCTI HECYUHMX 3aJ11300€TOHHUX CTIH J03BOJIsi€ OUIbII €()EKTUBHO, B
MOPIBHSAHHI 3 ICHYIOYMMH, BCTAHOBJIIOBATH MEKY BOTHECTIMKOCTI1 3a11300€ TOHHHUX CTiH.
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Pucynok 1. Cnpomiena cxema ya0CKOHAJIEHOT0 eKCIIEPUMEHTAJIBLHO-PO3PAXYHKOBOI0
MeTOy OLIHIOBAHHSA MesKi BOTHECTIKOCTI HeCyYHX 3a/1i300€TOHHMX CTiH

3rigHo 13 cxeMor Ha puc. 1. Ans OUiHIOBaHHS MeEXI BOTHECTIMKOCTI HECY4YHX
3a1i300€TOHHUX CTiH 3a JIONMOMOTOI0 YAOCKOHAJIEHOTO EKCIEPUMEHTAIbHO-PO3PaxyHKOBOTO
METO/Iy CIIPOLICHHI aaroput™ nepeadadae [1]:

1. CxemaruuHe BioOpaX€HHS PO3MIpPIB €JIEMEHTA, SIKM BUTOTOBJISIFOTH 3a3AaJICTib IS
HarpiBaHHs y KaMepi BOTHEBOI yCTaHOBKHU.

2. IlinroroBka ¢parMeHTy 10 BUIPOOYBaHb 3 YCTAHOBJICHHSM JATYUKIB KOHTPOJIIO
TeMIIepaTypy y KaMepi BOTHEBOI YCTAHOBKH Ta Y JAOCIIIKyBaHOMY (hparMeHTi.

3. ExcnepuMeHTalbHE BHUIPOOYBAaHHS 3 HArpiBaHHS JOCIIKYBAaHOTO (parMeHTa y
KaMepi MajorabapuTHOI BOTHEBOI YCTaHOBKH.

4. Po3nojiiieHHs TeMIlepaTypH y Iepepi3i Hecydoi 3a1i300€TOHHOI CTIHM Ha KOXKHii
XBWJIMHI BUITPOOYBaHHs HAa OCHOBI TOUKOBHUX 3aMipiB TeMIIEpaTyp MiJ yac HarpiBaHHs y Kamepi
BOTHEBOI YCTaHOBKH.

5. OuiHIOBaHHS MeX1 BOTHECTIHKOCTI PO3PaXyHKOBUM IIISIXOM.
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Jlnisi BUKOHAHHS EKCIIEPHUMEHTANbHOI YacTUHU 3 HarpiBaHHs (parmMeHTa Hecydoi
3aJ11300€TOHHOI CTIHM HEOOX1JTHO BUKOPUCTOBYBATH BOI'HEBY YCTaHOBKY, sika Oy/ie 3a0e3meuyBaTu
OCHOBHI BuMord [1]:

1. PiBHOMIpHICTH HpOrpiBaHHA KaMmepH BOT'HEBOI I€4i Ta BIAMOBIAHO OOIrpiBHOI
MOBEPXHI JOCHTIKyBaHOTO (pparmenTa. J[s 1bOro peKOMEHI0BAaHO BHKOPHCTOBYBATH BOTHEBY
YCTaHOBKY 3 MiHIMaJbHO MOJIMBUM PO3MIpOM KaMepH BOTHEBOI Iedi, sSKa 3/1aTHA 3a0e3MeYnTH
MiHIMaJIbHY HEOOXiJHY BiJICTaHb Bij (hakesa moym’s, a BUCOTa yCTaHOBKH Ma€ 3a0e3revuyBaTi
HEOOXiHWI MiHIMaIbHUK 00’€M U LUPKYJSAMil MPOIYKTIB TOPiHHS, a OTXKE 1 BIATBOPEHHS
CTaHJAPTHOTO TEMIIEPATYPHOT'O PEXKHUMY ITOXKEXK] Y KaMepi BOTHEBOi yCTaHOBKH.

2. Poswmimenss nanpHUKIB. [anbHUKH CITiJ pO3MINIYBaTH TaKUM YHHOM, 100 YHUKHYTH
HENPSMUX BIUIMBIB BOTHIO HAa CTIHU Ta 3a0€3MEYUTH PIBHOMIPHE MOUTMPEHHS TEIUIOBOTO MOTOKY.
ToOTO peKOMEHIOBAaHO ITOTPUMYBATHCS BCTAHOBJICHHUX CTAHIAPTIB IIOJ0 MIiHIMAIBHOI BiJICTaHI
MIX MaJbHUKAMU Ta CTIHAMHU.

3. OtBip ans BiABEICHHS MPOAYKTIB TOpiHHSA. OTBIp /IS BiZIBEICHHS MPOIYKTIB TOPIHHS
PEKOMEHIOBAHO PO3MINIYyBaTH BHU3Y Ha 3aJIHIM CTIHIII KaMepu BOTHEBOI Medi 3 MOXKIIMBICTIO
3MIHU HOTO pO3MIpY.

Jlj11 BUKOHAHHS €KCIIEPUMEHTAILHOTO AOCIIIKEHHS! HEOOX1JTHO BUTOTOBUTHU SIK MIHIMYM
3 (parmenTa 3ami300€TOHHUX HECYYUX CTiH, 11100 MEPEBUTH BIATBOPIOBAHICTh OTPUMAHUX JTaHUX
TeMIIepaTypH.

OTpumMaHi pe3yJbTaTH EKCIIEPUMEHTAILHOTO JOCIIKEHHS OyAyTh BUKOPHUCTaH1 JUIsS
BUKOHAaHHS TMOJAJIBIINX PO3PaXyHKIB, OLIHIOBAaHHS MeX1 BOTHECTIMKOCTI 3a1i300€TOHHUX
HECYYHuX CTIH.

Jlis po3B’si3yBaHHS 3a7adl MIIHOCTI HEOOX1THO BUKOPHUCTOBYBATH 30HHHUI METOM, SKHi
MoJIsITae y PO3JUICHHI TIepepi3y CTIHU Ha 30HY, sIKa OMUPAETHCS MEXaHIYHUM HAaBAHTAKCHHSIM Ha
piBHI HeHarpitoro OETOHY Ta YIIKO/DKCHOI 30HH, SKa HE 37aTHa OMHMPATHUCS CHJIOBIM il
MEXaHIYHOTO HaBaHTaKEHHSL.

VYV uminomy, po3poOka CHpPOIIEHOI CXEMH YJIOCKOHAJIEHOIO EKCIepUMEHTAIbHO-
PO3pPaxyHKOBOTO METOJIy OIIIHIOBAHHS MEX1 BOTHECTIMKOCTI HECYyYMX 3ali300€TOHHHX CTIH
BIIKPMBAE HOBI MEPCMEKTHBYU I TTOKPAIICHHS SIKOCTI Ta 0€3MeKu OyIiBETbHUX KOHCTPYKIIIHN Y
YMOBaX TOXEXKI, 32 PaXyHOK MPOBEJICHHS JTOCIIKEHHS 3 HarpiBaHHS HECYYHX 3aJ1i300€TOHHUX
CTIH y CIeliaJIbHO CTBOPEHIM MajorabapuTHii BOTHEBIM yCTaHOBIII 0€3 HaBaHTaXEHHS Ta
IIPOBEECHHS MOAAIBIIOT0 PO3PAXyHKY MIITHOCTI.

JIITEPATYPA
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DEVELOPMENT OF A SIMPLIFIED SCHEME FOR AN IMPROVED
EXPERIMENTAL-CALCULATIVE METHOD OF EVALUATING THE FIRE
RESISTANCE LIMIT OF LOAD-BEARING REINFORCED CONCRETE WALLS

Abstract. The analysis of existing scientific works on methods for determining the fire
resistance of load-bearing reinforced concrete walls by researchers such as P.G. Krukovsky, S.V.
Pozdyeev, O.M. Nuyanzin, S.L. Fomin, O.V. Nekory, S.V. Novak, S.O. Sidnei, V. Bartelemi, G.
Kruppa, T. Lie, T. Harmathy, revealed limitations in their investigated methods and ambiguity in
practice. The enhanced experimental-calculation method includes a scheme for conducting
experiments on heating load-bearing reinforced concrete walls and calculations aimed at ensuring
the accuracy of determining the fire resistance limit.
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Beceniscoxuii P.B. k.m.n., doyeum, Hxoguyxk P.C. 0.m.n., doyenm, Cmonsx /. B.
JIvsiscoKuil Oepoicasnuil yHigepcumem Oe3neku HeUmmeOoisiibHOCmI

EKCHEPUMEHTAJIBHI JTOCJIKEHHS BOTHE3AXHUCHOI 3JATHOCTI
PEAKTUBHOTI'O BOTHE3AXHCHOI'O TIOKPUTTS HA CTAJIEBIN IIJIACTHHI
PO3MIPOM 500X500 mm TOBIHIUHOIO 0,3 cm

[Moxexi € HaA3BUYAHO BEITUKOIO IPOOIEMOIO ChOTOACHHS. bepyun 10 yBaru 3akiitouHui
3BiT BeecBiTHROTO 1EeHTpy cratucTuku noxex 2023 poky [1], y mepiox 3 1993 mo 2021 pik
CepelHi TOKAa3HWK BUHUKHEHHS TMOXEX CTaHOBHB 3,7 MiH miopoky. CepeaHiii MOKa3HUK
3aruOnux Ha noxexax ckinanae 40,1 Tuc moneit mopoxy. MarepiaibHi 30UTKHY 3aBIaHi TOXEKaAMU
OLIIHIOIOTHCS MUTBSIPAMH JIOJIAPiB.

Cnin 3a3naunT, 1mo 31,3 (763 092 mit.) % BiJ 3arajibHOI KITBKOCTI MOXKEXK — 1€ TTOXKEXKI,
10 BUHUKAIOTh Y BUPOOHUYMX, TPOMAJICHKUX, KHUTIOBUX Ta IHIIUX OyaiBisax. bepyuu no yBaru
TaKy CTaTUCTHKY, aKTyaJbHHM € 3aBJaHHS IIO/0 3aro0iraHHs BHHUKHEHHIO Ta TOMIMPEHHIO
noxkexx. OueBUIHUM € TOH (DaKT, 10 HalBaXKJIMBIIIE 3HAYEHHS Ta BIUIMB HA PO3BUTOK 1 MOMIMPEHHS
MOXKeX B OyAIBISAX 1 CHOPYAAaX MAa€ BOTHECTIMKICTh OyIIBEIbHUX KOHCTPYKIIHM, sIKa NMOBHHHA
BpaxOBYBaTHCh Ha €Talli MPOEKTyBaHHS.

Oco6nuBYy yBary mpu 3aCTOCyBaHH1 y OyMiBHUIITB1 HEOOX1HO IPUAUIATA CaMe€ METAJIEBUM
KOHCTPYKITISIM, OCKIJTBKH 1X MeXa BOTHECTIMKOCTI CTAaHOBUTH OJM3bKO 15 XB B 3aJ€KHOCTI Bif
npodiaro Ta mepepizy KOHCTPYKIIi, a Ile B CBOIO Yepry oOMeXye iX 3acTOCyBaHHS y OymIBIISX 1
cropyzax Jie nmependadeHo Kiac BOrHeCTIMKocTI KoHCTpyKiii > REI 15. Cioco6amu migBUIIIEHHS
KJIacy BOTHECTIHKOCTI CTajeBOi Oy/IIBeIbHOI KOHCTPYKIIi € 11 BOrHe3axucT [2], mo Moxe OyTh
peanizoBaHMi 3 BUKOPUCTAHHSM CIICIIAIbHUX 3aCO01B.

Tomy, po3po0sIeHHSI HOBUX BOTHE3aXHCHHX PEYOBHH Ta JOCTIDKCHHS €(EeKTHUBHOCTI IX
CKJIAJIB € aKTyaJIbHO HAYKOBO-TEXHIYHOIO 33]1a4€TO.

Crannmaptom [3] momepenHbo, MiJ 4Yac cepTU]IKAIMHUX, THIIOBUX UM TEPIOJUUHUX
BUMNPOOYBaHb (Imia yac po3poOJeHHS TEXHIYHMX YMOB Ha BOTHE3aXMCHHUH 3aci0) mepemdadeHo
BH3HAYEHHS Yacy MPOTrpPiBy ABOX CTAJCBUX IUIACTHH A0 KpUTHYHOI Temmepatypu (480 °C Bix
MMOYaTKOBOTO 3HAYCHHS).

Jnst  gochipKeHHST  BOTHE3aXMCHOI  €(DeKTUBHOCTI  pO3pO0JIECHOTO BOTHE3aXHCHOTO
MOKPUTTS [4] BUKOPUCTAHO YCTAHOBKY ISl BU3HAYEHHS BOTHE3aXUCHOT 31aTHOCTI (€)eKTHBHOCTI)
BOTHE3aXHUCHUX TOKPHUTTIB, NPHUHIMI POOOTH SKOi, IOJSATaE y HarpiBaHHI BHYTPIIIHBOTO
MIPOCTOPY KaMepU YCTAHOBKU €JIEKTPUYHUMH HarpiBaJIbHUMU €JIEMEHTaMHU.

HarpiBanns mocnigHoro 3pa3ka craneBoi miactTuHu (po3mipom 5S00x500 MM) TOBITMHOIO
0,3 cM 13 HaHECEHWM BOTHE3aXHWCHUM TOKPHUTTSIM PI3HOI TOBIIMHU BiAOyBaJlOCh 3TiJHO
CTaHJApTHOTO TeMIeparypHoro pexumy noxexi 3a JICTY b B.1.1-4-98%*.

[TapameTpu Ta XapaKTepUCTUKHU JOCTIIHUX 3pa3KiB HaBeAEHO y Tabnuii 1.

Taomuus 1
Homenkaarypa noc/aigiHux 3pa3kis
Ne 3pazka
1 2 3 4
ITapameTp

ToBiMHA CTaleBOI IJIACTUHH, MM 3

Topmpea 03 0,45 0,6 0,8
MOKPUTTS, MM
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PesynbraT mporpiBy AOCHIAHUX 3pa3KiB A0 KPUTHYHOI TeMIEpaTypH MPEICTaBICHO Ha
pucyHky 2 ( Tst — cTaHZapTHHI TeMIEPaTypHHUH PEXUM MOXKEXI,
Kamepu, T1- Ts — moka3u Tepmorap, 0 pO3TalIOBaHI HA HEOOIrpiBHH MOBEPXHI JOCIITHOTO
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Puc. 1. Po3noaisin TeMneparypu no MeraJjieBiii njactuti ropmmuHoro 0,3 cm:
a) - ToBIUHA NOKpUTTH 0,3 MM, 6) — ToBIIMHA MOKPUTTA 0,45 MM,
B) - TOBIIMHA NOKPUTTA 0,6 MM, I) - TOBIIUHA NOKPUTTH 0,8 MM

BucnoBok. ExcnepuMeHTanbHO BCTAHOBIJICHO, 110 KPUTHYHA TEMIEpaTypa y CTalleBii
miacTuHi ToBImHHOK 0,3 cM mocsraerses Ha 23, 34, Ta 46 xB npu ToBIMHI mokputTs — 0,3, 0,45,
ta 0,6 MM BianoBigHo. [Tpu ToBmMHI mokpuTTs 0,8 MM, KpUTUYHA TeMIIepaTypa Ha HEOOIrpiBHIN
MMOBEPXHI JOCTIAHOTO 3pa3ka He OyJia JOCITHYTA.
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Veselivskyi R.B., Candidate of Technical Sciences, Associate Professor,
Yakovchuk R.S., Doctor of Technical Sciences, Associate Professor, Smolyak D.V.
Lviv State University of Life Safety

EXPERIMENTAL STUDIES OF FIRE PROTECTION CAPACITY
OF REACTIVE FIRE PROTECTION COATING ON STEEL PLATE
SIZE 500X500 mm THICKNESS 0.3 cm

Experimental studies were carried out and the heating time of a prototype steel plate (0,3
cm thick) with a fireproof coating based on polysiloxane and oxides of aluminum, titanium, and
chromium was determined to a critical temperature depending on the coating thickness (0,3, 0,45,
0,6, 0,8 mm).

123



3" International Scientific and Practical Conference «Fire Safety Issues 2024»

C.C. Maiicmpenxo*, O. Pebpoé®, P.I. [llesuenxo® 0.m.u., npogp.
YHayionanvnuii ynisepcumem yusinorozo saxucmy Yxpainu
2[ncmumym 0epircagHo20 YnpaeninHa ma HAyKoSux OOCTiONCeHb YUBIILHO20 3aXUCTY

A0 IUTAHHA JOCIIVKEHHA EOEKTUBHOCTI TACUBHUX 3ACOBIB
JJOKAJIIBAII IMMOXKEXI HA OB’€EKTAX 3 MACOBUM INEPEBYBAHHSIM JIIOJIEN

o mrotoro 2022 poky Ha TepeHaxX ACpKaBU AKTUBHO 3IMCHIOBAIOCS OYyMXiBHUIITBO,
MOJICpHi3allis 3aKiIajiiB 3 MaCOBUM IepeOyBaHHAM JIto/Iel. PeKOHCTPYKIlisS 3aKIajliB 3 MAaCOBUM
nepeOyBaHHAM JItOJIeH, sika O0e3yMOBHO OyJie IOHOBJICHA IiCIsl 3aKiHUEHHS BIHW Ta Hamol
MIePEMOTH.

[IpoekToBaHi y pi3HUX MicTax 3aKiIajiB 3 MacOBUM IepeOyBaHHIM JIIOJCH €, 32 CBOEIO
CYTTIO, YHIKQJIbLHUMHU 00'€KTaMM SIK 32 MPUHHATUMM TEXHIYHUM pIIIEHHAM, SIKI IependadaroTh
CYMIILIEHHS B €IMHOMY 0OCS31 IPUMIIIEHb PI3HUX KJIACiB (YHKIIOHATBHOI MOKEKHOT HEOE3MEeKH
3 PI3HOP1AHUM KOHTHHI€HTOM 1 PI3HUMHU TE€XHOJIOTTYHUMHU 3B'SI3KaMHU), a TAKOXK 32 IX JEP’KaBHOIO
Ta COIIALHOIO 3HAYUMICTIO, TPOCKTYBAHHS SKUX HEMA€E €IMHUX THITOBUX BHUMOT .

[Toxexi, mo BimOYBalOTHCS HAa TaKUX OO0'€KTax, YacTO CYMPOBOHKYIOTHCS MAaCOBOIO
3aru0esnIro, TPYMOBUM TPAaBMYBAHHSM JIFOJICH, a TAKOK 3HAYHUMHU MaTepialbHUMH 30UTKaMHU,
OCKUIBbKH TaKi 00’€KTH €, M0 CyTi, 0araToQyHKIIOHAIBHUMH 00'€KTaMH 3 MaCOBUM INepeOyBaHHS
JIFOJIEN.

[Toxibumit cTaH crpaB MPU3BOIUTH A0 HEOOXITHOCTI JE€TATbHOI OIIIHKU PIBHS MOXKEKHOT
Oe3neku OyziBeNnb, a TaKOX BXKUTTS HEYXWJIBHUX 3aXOJiB, CIPSMOBaHMX Ha Oe3yMOBHE
3a0e3neyeHHs 0e3MeKH TUX, XTO Mepe0yBae B HUX.

AKTyalpHICTh 1IIl€1 TE€MHU O4YEBHIHA: OYMIBHUIITBO HOBUX 3aKJaJiB 3 MacOBUM
nepeOyBaHHIM JIIOJICH, Y CKJIal SKUX MepeOyBarOTh MPUMIIIICHHS PI3HUX KJIaciB PYHKITIOHATHHOT
MOKEXHOT HeOE3MEeKH PO3POOKU Ta BIPOBAPKCHHS HOBUX TEXHIYHHUX PIllIEHb, CIPSIMOBAHUX Ha
3a0e3nedyeHHsT Oe3MeKn JII0JIeH, a TaKOX 3armo0iraHHs PO3MOBCIOKEHHIO HeOe3neuHi (akTopu
MTOXKEXKI.

Tak, y nmpoBigHUX KpaiHax CBITY IS 3armo0iraHHS MOMIMPEHHIO HeOe3MmeuyHuXx (HaKTopiB
MOKEX1 TOTYCKAETHCS 3aCTOCYBaHHS TACUBHUX 3aC00IB Y BUTJISIAI €KpAaHHUX KOHCTPYKITiH (CTiH).
[TonibHe HOBE TeXHIYHE PIMICHHS 3[aTHE BUPIMIUTH OaraTo mpoOJieM, MOB'sI3aHUX HE TIIBKH 13
30HYBaHHAM Oarato(yHKI[IOHAIBHUX 00'€KTIB TOPriBEIbHO-PO3BAKATLHUX KOMILJIEKCIB, a TAKOXK
3arno6iranHs po3MOBCIOKEHHIO MOXeX1. Peanizaliiss Takux pilieHb JO3BOJUTh 3HAYHO 3HU3UTHU
MarepiajgbHi BUTpAaTH Ha OYyMIBHUIITBO MOMIOHWX OO0'€KTIB Ta MOHT&X OKPEMHUX I1HXKEHEPHHX
€JIEMEHTIB, a TaKOXK 3a0e3MeYUTh MIHIMI3aIll0 MOXKJIMBOI IIKOAW Y pa3l BUHMKHEHHS TOXKEXKI.
Kpim Toro, ekpaHHi CTiHH HE MEPEIIKOKAIOTH BUTLHOMY MEPEMIIIICHHIO Ta €BaKyallii Jro/eH.

[Ipu 1boMy BIOCKOHAJIEHHS HOPMAaTUBHUX MOJIOKEHB JJIS MMiIBUILIEHHS PIBHA MOKEXKHOT
0e3meKu 3akiajiB 3 MacoBHM IepeOyBaHHsAM mojiell HaOyBae mie OLIbIIOi aKTyalbHOCTI Ta
3HAYYIIOCTI.

S.S. Maistrenko?, O. Rebrov?, R.I. Shevchenko! Doctor of Technical Sciences, Prof.
!National University of Civil Defense of Ukraine
2Institute of State Administration and Scientific Research of Civil Protection

ON THE QUESTION OF STUDYING THE EFFICIENCY OF PASSIVE FIRE
LOCATION MEANS IN OBJECTS WITH A MASSIVE PRESENCE OF PEOPLE
The paper presents the results of a study of the effectiveness of passive means of limiting
fire in institutions with a mass presence of people. Recommendations for the use of innovative
means of fire localization are given.
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3AJIEXKHICTH PE3YJIBTATIB BUITIPOBYBAHHSA CTAJIEBUX KOHCTPYKIIIA HA
BOTHECTIMKICTH BIJ] BIIXWUJTY TEMIIEPATYPHOI'O PEXKAUMY B ITEYI BIJI
HOMIHAJIBHOTI'O

[1ix yac exciepuMEeHTaIbHOTO BU3HAYEHHSI IPOMIXKKY 4acy 30€pe’KeHOCTI BOTHECTIMKOCTI
CTaJIEBUX KOHCTPYKIIN 3M1HCHIOIOTH 1I€HTHU(IKALII0 IXHBOTO TEMJIOBOIO CTaHY B YMOBaX BIUIUBY
HOMIHAJIFHOTO TEMIIEPaTypHOTo pexxuMy — ctanaapTaoro 3a EN 1363-1 [1] abo anbrepHAaTHBHOTO
3a EN 1363-2 [2]. Bigxui pakTHuHOi TeMIiepaTypy B Iedi BiJl HOMiHATBHOTO PEKUMY TPH3BOINTh
710 TIOXUOKHK pe3yJIbTaTiB BUNPOOyBaHHsI, OfHaK, sk 3a3HaueHo B JICTY EN 1363-1 [1] «Uepe3
O0COOJIMBOCTI BUIMPOOYBaHHS HA BOTHECTIMKICTh 1 CKJIQJHICTh KUIBKICHOTO BHU3HAYCHHS
HEBU3HAYCHOCTI Pe3yJIbTaTy BH3HAUEHHsS BOTHECTIMKOCTi, 3yMOBJICHY HHUMH, BKa3aTh 3aJaHUi
CTYHiHb TOYHOCTI Pe3yJbTaTy HEMOXXJIHMBO», 1 aKTyaJlbHHUM CIiJl BBaXATH BUSBJICHHS BILTUBY
L[bOTO BIAXUJIY HA OTPUMYBaHI1 pe3yJIbTaTH.

3a MeTy IbOTO JOCTIIKEHHS CTaBWJIOCh BUSIBJICHHS 3QJICKHOCTI MK TPOMDKKOM dYacy
30epeKeHOCTI BOTHECTIMKOCTI I TAaKUX CTAJIEBUX KOHCTPYKIIHM, fK OaJKu 1 KOJOHU 3
OJTHOILIAPOBOIO CHUCTEMOIO BOTHE3aXMCTy, 1 BIIXWJIOM (aKTUYHOI TeMIepaTrypd B Tedi BijJ
HOMIHAQJIBHOTO PEXHUMY, a TAKOK BU3HAYEHHSI MIPOLEAYPU KOPUTYBaHHS OTPUMAaHUX MOKA3HUKIB
I0JI0 LbOTO NMPOMDKKY 4Yacy Ijsl YCYHEHHS BIUIMBY 3a3HAU€HOTO BIAXWIYy TeMIlepaTypu Ha
pe3ynbTatu BunpoOyBaHHs. ljig nqocarHeHHS 11i€i MeTu OyJ0 3aCTOCOBAHO METO/I, CKJIaJOBUMU
SKOTO0 € OO0uYMCIIOBajbHA MPOIEAypa YUCEIBHOTO MOJIETIOBAHHS TEIUIOBOTO CTAaHy CTaJeBOi
KOHCTPYKIlii, OCHAIICHOi BOTHE3aXMCHUM TIOKPHUTTSIM 13 3aJaHUMU  TeIUIo()i3nYHUMU
BJIACTUBOCTSMM, B YMOBAaX BOTHEBOI'O BIUIMBY 3a CTaHJApTHOTO TEMIIEPATYpPHOIO PEXUMY
(mponieypa po3B’si3aHHS TIPSMOI 3a7adi TEIUIOMPOBIAHOCTI), MPOIEAYPH aHAJI3y, MOPIBHIHHS,
y3arajJbHEHHS, amnpoKCHUMalii Ta cHUCTeMaTH3allil OTPUMAaHHUX PO3PAXYHKOBUX JaHHUX 13
BUKOPHUCTAHHSIM JIIHIITHOTO YMCIOBOI'O PErpeciiHOro aHamizy. 3a KpuTepiit HaCTaHHS IPAHUYHOTO
CTaHy CTaJeBOI KOHCTPYKIIIi 32 03HAKOIO BTPATH HECYYOi 3aTHOCTI Opajii JOCATHEHHS! KPUTHYHOT
TeMIIEpaTypH CTaJIeBOI KOHCTPYKINI (mam — KPpUTHYHOI TemIriepaTypu), sika aopiBaroe 500 °C.
OOuucnioBaNbHI ~ €KCIEPUMEHTH BUKOHYBAJIM MUIAXOM  pO3B’SI3aHHSA  MOpsIMOi  3ajadl
TETUTONPOBIIHOCTI JUIsl CTaJIEBOI KOHCTPYKIIii, sika Mae KoedirieHT nornepedHoro nepepizy 200 m-
! (roBmuny 5 Mm). I po3paxyHKy TeIIOBOrO CTaHy CTaleBOl KOHCTPYKIIii B yMOBAaX BOTHEBOTO
BIUTUBY (TEMIIEpAaTypu CTali Uid PI3HUX MPOMDKKIB 4acy BOTHEBOI'O BILIMBY) BHUKOPHCTAHO
OJTHOMIpPHY JBOILIAPOBY MaTeMaTHUYHY MOJIENb TEIJIONPOBIAHOCTI, KA CKIAJA€THCS 13 CUCTEMHU
piBHSAHB, HaBefeHOi B [3]. 3HadeHHS Koe(]iIli€HTIB TEIUIOBiJIaul KOHBEKIIEI0 1 TEIIOBOTO
BHUIIPOMIHIOBAHHS Ha OOIrpiBHIM MOBEPXHI BOrHE3aXUCHOTO IMOKPUTTS, TETUTO(h13UYHI BIACTUBOCTI
cTam Ta 1HII mapaMmeTpu Ii€i momeni oOpaHi TakuMu, SK HaBeAeHO B [4]. Po3B’s3aHHs
MaTeMaTH4HOT MOJEel ¥ mpsMOi 3ajjadi TEIUIONPOBIAHOCTI 3 BU3HAYEHHS TEMIIEpaTypu cCTajl
BUKOHAHO METOJIOM KIHIIEBMX PI3HHUIIb 32 HESIBHOI CXEMOIO allpOKCUMAIli]l 13 BUKOPUCTAHHSAM
nporpamHoro 3abesneuenns FRIEND-2 [5].

3a pe3ynbTaTaMM MPOBEAECHOIO JOCIIIKEHHsS BHUABIECHO 3aKOHOMIPHOCTI I[0JI0 BILJIMUBY
BIIXWIy (aKTUYHOI Temmeparypd B Iiedl Bil HOMIHAJIBHOTO pPEXUMY Ha pe3yJbTaTh
BUIIPOOYBaHHS CTaJIEBUX KOHCTPYKLIH B YMOBaX CTaHJApTHOI'O TEMIIEpaTypHOro pexumy 3a EN
1363-1 [1] 1 ACTY b B.1.1-4 [6]. BcranoBieHo, 110 pi3HUI MK 3HAYEHHSMHU MPOMIKKY 4acy
70 JOCATHEHHS Ha MeTaJieBil MOBEpPXHI CTaJieBOi KOHCTPYKLIi 3 OJHOIIAPOBOIO CHUCTEMOIO
BOrHe3axucty kputuuHoi temmeparypu 500 °C, orpumaHuMH 3a (PaKTHUYHUM 1 HOMIHAJIEHUM
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TEMIIEPAaTyYpPHUMHU pPEXKHUMaMU B I€Yi, 3aJEKUTh Bl MPOMDKKY dYacy BOTHEBOTO BIUIMBY i
MOKa3HUKa BIAXWIY MK LUMH pEKHMaMH, 1 HE 3aJeKUTh B TEIIO(i3MUHUX BIACTUBOCTEH
BOTHE3aXHCHOTO0 MOKpUTTA. HaiOinblni BenWUMHM Ii€l PI3HUII € PI3HUMHU JUIS JOMYCTUMHX
BIJIXWJIIB, peTJIaMeHTOBaHUX B eBporelickkomy EN 1363-1 [1] i naionansaomy JICTY b B.1.1-4
[6] crangapTax. [l yMOB HAI[IOHAIBHOTO CTAHAAPTY 3 MiABUIIEHHSAM IIPOMIKKY 4acy BOTHEBOT'O
BILUBY tfr Big 30 xB 10 240 XB BenmuumHA 1€l pi3HUI Jy 1 3MeHITyeThes Bix 14,7 % mo 3,3 %, a
JUTS €BPOIIEHCHKOTO CTaHAAPTY — Bix 6,6 % 1o 2,4 % (muB. puc. 1 [7]). Ha mboMy pUCYHKY Ot Tmin,
OtTmax — L€ PI3HHUII, OTPUMaHI U1 MiHIMAJbHO 1 MaKCHMaJbHO JIOIMyCTUMHUX TEMIIEPATypHUX
pexumiB B redi 3a JJCTY b B.1.1-4 [6], a dttmine, Ot Tmaxe — 32 EN 1363-1 [1].

15 %%
5t,Tmin
10 6t,Tmax
5 ¢ = - ¢ 6t,Tmin,e
T S -
0 5t,Tmax,e
0 50 100 150 200 250
-5
-10
-15 tq, XB

Pucynok 1 — 3ajieskHOCTI pi3HUIb MisK 3HAYEHHSAMM MPOMIKKY 4acy /10 JOCATHEHHS
KpuTH4YHOI TeMueparypu 500 °C, orpuMaHUMHM 32 MiHIMAJIBHO | MAKCHUMAJIbHO
JAOIMYCTUMHUMM TEMIIEPATYPHUMHM Pe:KUMAMHU B Mevi, i UM MPOMIKKOM 4Yacy 3a

HOMIHAJILHOI TeMIIePaTYPH B Mevi BiJl MPOMikKKY dacy tf

BusnaueHo mpoueaypy KOpPHI'YBaHHS OTPUMaHHX ITiJ] 4yac BUIPOOYBaHHS IOKAa3HHKIB
II0ZI0 TPOMDKKY Yacy JI0 HacTaHHS TPAaHMYHOT'O CTaHy CTaJeBOi KOHCTPYKIIii 3 OJHOIIAPOBOIO
CHCTEMOIO BOTHE3aXKCTy 32 03HAKOK BTPATH HECYYOl 3[aTHOCTI, sIKa TO3BOJISIE YCYHYTH BILIHB
BIIXWIY (AKTHYHOTO TEMIIEpAaTypHOT'O PEXHUMY B I€dl BiJl HOMIHAJIBHOTO Ha PpPe3yJbTaTd
BUIIPOOYBaHHSI.

OxpecrieHO HampsAMH TMOJAIBIIUX JOCHIIKEHb, SKI OpIEHTOBAaHI Ha BUSBICHHS
3aJISKHOCTEH MK TIPOMIDKKOM 4acy JI0 HACTaHHS TPAaHMYHOT'O CTaHy 32 O3HAKOK BTPATH HECYYOl
3MATHOCTI CTAJICBUX KOHCTPYKIIM, OCHAIIEHWX OJHO- 1 OaraTomiapoBUMH CHCTEMaMH
BOTHE3aXKCTy, B SIKUX 3aCTOCOBYIOTh BOTHE3aXHUCHI MOKPHUTTS 31 3MIHHUMHU TEIUIO()i3HUHUMHU
BIIACTHBOCTSAMM, BIIXHJIOM TeMIepaTypu B I€di BiJ] HOMIHAJIbHOTO PEXHUMY 1 3HAUCHHSIM
KPUTHYHOI TEMIIEPATyPH ISl PI3HUX HOMIHAIBHUX TEMIIEPATYPHUX PEIKUMIB TOKEKI.
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DEPENDENCE OF THE RESULTS OF TESTING STEEL CONSTRUCTIONS FOR
FIRE RESISTANCE ON THE DEVIATION OF THE TEMPERATURE MODE IN THE
FURNACE FROM THE NOMINAL

The purpose of this study was to determine the relationship between the time interval of
fire resistance retention for steel structures such as beams and columns with a single-layer fire
protection system and the deviation of the actual temperature in the furnace from the nominal
mode, as well as to determine the procedure for adjusting the obtained indicators for this time
interval to eliminate the influence of this temperature deviation on the test results.

The regularities of the influence of the deviation of the actual temperature in the furnace
from the nominal mode on the test results of steel structures under standard temperature conditions
according to the European standard EN 1363-1:2020 and the national standard of Ukraine DSTU
B V.1.1-4-98* were revealed. It was established that the difference between the values of the time
interval until the metal surface of a steel structure with a single-layer fire protection system reaches
a critical temperature of 500 °C, obtained from the actual and nominal temperature conditions in
the furnace, depends on the time interval of fire exposure and the deviation index between these
conditions, and does not depend on the thermal and physical properties of the fire protection
coating. The largest values of this difference are different for the permissible deviations regulated
in the above national and European standards. For the national standard, as the fire exposure time
increases from 30 minutes to 240 minutes, this difference decreases from 14.7% to 3.3%, and for
the European standard, it decreases from 6.6% to 2.4%.

The procedure for correcting the test results regarding the time interval before the onset of
the limit state of a steel structure with a single-layer fire protection system on the basis of loss of
bearing capacity is determined, which allows eliminating the influence of the deviation of the
actual temperature regime in the furnace from the nominal one on the test results.

The paper outlines directions for further research aimed at identifying dependencies
between the time interval before the onset of the limit state on the basis of the loss of bearing
capacity of steel structures equipped with single- and multilayer fire protection systems that use
fireproof coatings with variable thermal and physical properties.
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SATJIMBJIEHHA 3A3JAJIEI'T/Ib BUT'OTOBJIEHUX ITAJIb
HA ETAIIl BY AIBHUIITBA

BurorosneHHs majgp Ha OyAiBeTbHOMY MalJaHYMKY CTBOPEHHSM CBEPJUIOBHHH B IPYHTI i
3alOBHEHHAM ii O€TOHOM 3ampornoHyBaB KHiBChbKuid iHkeHep A.E.Ctpayc nHanpukinami XIX ct. 3
TOTO Yacy 3’ sIBUJIOCS JOCUTH 0araTo pi3HUX BJOCKOHAIEHUX KOHCTPYKIIIH 1 TEXHOIOT1H.

[ToxazHuKOM e(eKTHUBHOCTI Nai € ii Hecyda 3/1aTHICTh. TOMY BIOCKOHAJICHHS TEXHOJIOT11
CTIIpsSIMOBaHE Ha 3a0E3MEUCHHSI KpaIIloro KOHTakTy OETOHY 3 OTOUYYIOUMM IPYHTOM Ta Ha
301IbIIEHHS IIUIBHOCTI IPYHTY. Lle nocsraerscs TpamMOyBaHHSAM OETOHHOI CyMillll TpaMOiBKaMH,
CTUCHEHMM TIOBITpsAM, o00cagHUMHU TpyOamu, CHEliaJlbHUMU IIyaHCOHAaMH, HalipHUM
O0ETOHYBaHHSIM, YIIUIBHEHHSIM OCHOBHU CBEpPJUIOBUHU TpaMOyBaHHSIM a00 BTpaMOOBYBaHHSAM Y
IPYHT 1ieOeHt0 abo 30ipHUX MalorabapuTHUX €JIEMEHTIB, 3aMIHOI0 OypOBUX CBEp/UIOBHUH Ha
BUTpaMOOBYBaH1 00CaJlHUMHU TpyOaMHu, TpaMOIBKaMH Ta BUOYXOBUMH PEYOBUHAMHU.

3arnuOieHHs B IPYHT BUTOTOBJICHUX 3a3/aJIeri/ib aJlb BUKOHYIOTh PI3HUMH CIIOCO0aMH —
3a0uBaOTh, BJAABIIOIOTH 3a JOMOMOIOI0 BiOpalii, po3MHBY IPYHTY BOJIOIO, 3arBUHYYIOTH.
Maiuny, SKi DIATPUMYIOTh Al B TOTPIOHOMY TOJIOKEHHI, SIK TPABUIIO, BEPTUKAIBHO, a TAKOXK
poOounii opras, 3a JOMOMOI'0I0 KO0 3arIMOIIOI0Th Majll, Ha3uBarTh kKonpaMu. Konpu OyBaroTh
y BUIJISIAI CHELIaIbHUX MOCTIB Ha PEMKOBOMY XOJy, 3MOHTOBaHI Ha aBTOMOOLISX, TPAaKTOpax,
€KCKaBaTOPax Ta CTPUIOBUX KpaHaXx.

Kpim xompiB, s 3arnuOaeHHs Najib BUITYCKAOTh CHEIliadbHE KOTIEpHE OOMaHaHHS TSt
0a30BMX MamMH. 3a HWOro JOMOMOIOK BHUKOHYIOTH 3HAYHMM OOCSAT TaJlbOBUX POOIT.
CremiamizoBaHi Kompu oOJagHaHI CHEHiaTbHUMH TPHUCTPOSIMUA IS aBTOMAaTH30BaHOTO
BHCTABJISTHHS ITaJT1 Y BEPTUKAIbHE TIOJIOKESHHS, TIATATYBaHH i1 TOI10. 3a0MBarOTH Majli MOJIOTAMH,
KOTpl MiABINIYIOTh, Ha Kompi. Mosjoru OyBalOTh MEXaHiuHI, IMapOMOBITPsIHI, IU3EIbHI,
TipaBJIiyvHI.

MexaHiYHUH MOJIOT — IIe¢ BaKKa YaBYHHA BIUIMBKA, SKy 3a JOIMOMOIOK JIeOiIKH
MiTHIMAIOTh Ha BUCOTY, a MOTIM CKHJIaI0Th HAa BEPXHIO YaCTUHY Maji. Maca MoJoTiB csrae 8-10 T
1 OlyIbIIIe, BOHU MalOTh BEJIMKY MOTY)KHICTh, aJIe HU3bKY ITPOTyKTHBHICTD.

[TaponoBiTpssHUI MOJIOT — II€ 3aMKHEHHMM MMOPOXKHIM BEPTHKAIBHUN IWIIHAD, B SIKOMY
pyxaeTbes (Bropy—BHH3) TopiieHb Macoro 1,25-6 T, amrmiityna pyxy 1,3-1,5 M. ¥V niro #oro
IIPUBOAUTH CTUCHEHE MOBITPs ab0 mapa.

JuzenbHi MonoTu (IITAaHroBI Ta TpyOuyacTi) HAWMOMIMPEHINI Y BHUKOPUCTaHHI. Y
IITAHTOBUX MOJIOTaxX pyxomui mumiHap macoro 500-5000 kxr ynapse mo MOpIIHIO, pO3BUBAIOYU
cuity yaapy 1o 90 k/[x. TpyOuactuii nu3enbHUNA MOJIOT Mae mopiieHs Macoro 10 2500 kr, skuit
pyXaeTbcs B TPyOI-IMTiHApi 1 po3BuBae cuity ynapy a0 20 xkJlx. Tuck y kamepi 3ropsiHHS y LIl
KOHCTPYKLIi 3HAa4HO MEHUIMH, HDK Yy LITAaHTOBOMY MOJIOTI, TOMY TpyOuacTUH MOJIOT
3aCTOCOBYIOTH IIKpIIE.

['iapaBiiyHU MOJIOT — aHAJIOT TTAPOIIOBITPSIHOT'O MOJIOTA 3 PI3HHUIICIO, IO CHEPTrOHOCIEM €
poboua pigrHa (TIepeBa)KHO TEXHIYHE MACTHJIO), sIKa MIPALIOE Y 3aMKHeHii cucteMi. ['iapaBiaiuHuit
npuBix cTBOoproe THUCK 70 30-60 MIla i mopiBHAHO 3 MapONOBITPSIHUM PO3BHBA€E OUIBLIY CHUITY
ynapy no nami. [Ilupoke 3actocyBaHHs yJapHHH croci0O 3arinOieHHs naib HaOyB 3a paxyHOK
HasIBHOCTI BEJIMKOT KIJIbKOCTI 0OJIaZiHaHHS 1 BUCOKOT MPOYKTUBHOCTI 1IbOro crocody. [Ipore BiH
Ma€ HU3KY HEONIKIB — HM3bKMHM KoedilieHT KopucHOi Aii oOmajgHaHHsA, MOoTpeda y MILHUX
KOHCTPYKILISAX Majb, OCKIJIbKM HABAaHTAKCHHSI Ha MAJTIO I11J1 yac 3a0MBaHHA B 3-5 pa3iB NepeBUILyE
HaBaHTAXXEHHs Ha Hel y OyiBIIL.
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Heo0xinny cuity ynapy monora (En, k/[x), Bu3Ha4aroTh 3a hopmyiioro 1:
E,=0,045N, (1)

ne N — po3paxyHKOBE HaBaHTa)KECHHs Ha nato, KH.
3a [OBIAKOBMMH [aHUMHU NiAOHPAIOTh MOJOT, cuia ynapy sikoro (Ea) He Hmxkua
obuncIieHoi i 3a0e3mevyeTsesi yMoBa:

(my+ my+ mg) <R, (2)
Eq

JIe M1, — Maca MoJIOTa, T; T2 — Maca TaJi, T; T3 — Maca mijgbadka, T; R — koedimieHT, skwii
Mae 3HayeHHs Big 0,6 1o 0,2 3a1eKHO BiJ THUITy MOJIOTA Ta MaTepiary maii.

3a J0MOMOT0r0 PO3paxyHKIB MOKHA OOUMUCITUTH BETUYMHY 3arIMOJIEHHS Malli BiJ OJHOTO
yaapy MoJioTa, TpH AKiid Oyjie rapaHTOBaHA 3a/laHa HECIBHA 3/IaTHICTh. 3arjuOJIeHHS Tail Bij
OJIHOTO yJlapy MOJIOTa HAa3UBAETHCS BIIMOBOIO Tai. Ha mpakTuili BoHa BUBHAYAETHCSA K CEPEIHE
apudmernyne Big 10 yaapiB MosioTa (Tak 3BaHUM 3aJ10T).

Sxmo BipHO OyJIM BUKOHAHI I'€0JIOTT4YHI pO3B1TyBaHHs 1 MiI0paHO MOJIOT, TO HaJid 3aiiie
B IPYHT Ha MPOEKTHY INIMOMHY 1 NMpH IIbOMY OyJie MaTH 33JaHy IPOEKTyBaJIbHUKAaMH B1IMOBY.
BiamoBa moxke Oyt danpimmrBoro. BoHa BUSBIISETHCA B MIIIIAHUX Ta TBEPAUX IPYHTAX 32 PaXyYHOK
TOTO, IO MiJ HIKHIM KIHIIEM MaJl MiJ 4ac 3a0MBaHHS I'PYHT 3HAYHO YHIUIBHIOETHCA 1 Mans
MOKa3y€e BIMOBY, 110 JOPIBHIOE MPOEKTHIN, HE JOCSATHYBIIM MPOEKTHOI IIMOMHU. Y TakoMmy
BUIIAJIKy HE CJIi/1 3pyOyBaTH HEI0OUTY Naio, a Tpeda aaTtH il moctoatu. 3a 3-6 qHIB Mif il HIKHIM
KIHIIEM BIJOYyAyThCSl TpPOILIECH perakcamii 1 po3yIIIJIbHEHHS IPYHTY 1 Micis MOBTOPHOTrO i
OOMBaHHS BUSIBUTHLCA JiliCHA B1AMOBA.

S0 nanto y TBEpAUX IPYHTaX HE MOKHA 3arIMOMTH Ha MOTPiOHY INTMOUHY 1 BOHA HE Ma€
3a/1aHOi HECIBHOI 3/JTaTHOCTI, III0 KOHTPOIIOETHCS BIIMOBOIO, TO IS 11 3arauOJICHHS 3aCTOCOBYIOTh
ninepHe OypiHHs. JlimepHa CBEpAJOBHMHA Mae€ JiaMeTp, YIBIUI MEHIIWH BiJ] MEHIIIOTO PO3MIPY
MOTNIEPEYHOT0 Mepepizy nami i riuouay Ha 1,0-1,5 M MeHITy 3a JOBXKHUHY Tai.

Y BoJIOHACMYEHHX IPYyHTaX, OCOOIMBO TJIMHUCTHX, TiJ] Yac 3arjJuOIeHHs Tall CTPYKTYpHi
3B’SI3KU TIOPYLIYIOTLCS 1 BiIOyBAa€THCA TUKCOTPOIHE PO3PiIKEHHs IPyHTY. [pyHT crae pigkum i
Tajst JISTKO B HbOTO 3arIMOIIOETHCS, HE TTOKAa3yIO4H MTPOCKTHOT BIJIMOBH Ha MPOEKTHIN TIMOWHI.
Y npoMy BUNAAKY TEX CJiJ] HE MOCIIMIATH 3arjJMOIIOBaTH Maliayosepu abo MIHATH JAOBXKHHY
nani. [it Takox Tpe6a nati mocToaTH mpotsaroM 10-20 nHiB. Y pasi MOBTOPHOro J06MBAHHS Mas
MOX€E TIOKa3aTHu AiHCHY BiAMOBY. SIBuie (pambmuBOi BiIMOBH MOKE BHUSBUTHUCS 1 MPHU 1HIIUX
MeToJlaX 3aryMOJIeHHs, HaBiTh NPU CTaTUYHHUX, a PO3PIMHKEHHSI TJIUHHCTOIO BOJOHACUYEHOIO
IPYHTY MO)Ke€ OyTH HaBiTh BiJl TOrO, IO YACTHHKHU I'PYHTY MOXYThb HNOTPAlHUTH B PE30HAHCHE
KOJIMBaHHS 3 IPALIOI0UYMM ABUTYHOM POOOUYOT MAITUHHU.

3arnuOieHHs] maib BJABIIOBAHHSAM BHKOHYIOTh, KOJIM HE JOMYCTHMI JUHAMIYHI
HAaBaHTAXXCHHS HA TPYHT Ta Ha OymaiBii, ski posramoBaHi mopsan. OCKIIbKHA 1€l MeTon
3aCTOCOBYIOTH P1JIKO, TO MAIIMHU JUTSI ILOT'O BUTOTOBJISIOTH 32 1HAWBIIyaIbHUMHU 3aMOBJICHHSMHU.
Hanpuxnan, mnardgopma Ha piBHI 3eMJIi Ma€ B IIEHTP1 IpaTyacTy OAITy, B Ky BCTaBJISIOTH A0
1 32 JIOMOMOTI'0I0 TOJIICIIACTOBOI CUCTEMH BJABIIOIOTH y IPYHT. AHKEPHI 3yCHUJIA CTBOPIOIOTHCS
Barow ImiarGopMu, OCHACTKOI 1 MPUBAHTAKEHHAM OETOHHMMM OiIokamMu abo OyiBEeTbHUMU
MalIMHaMH, YacTille TpakTopaMu. YCTaHOBKA JUIS BIABJIIOBAaHHS Mallb po3poOJieHa HAa OCHOBI
I'YCEHMYHOT'0 KpaHa, OCHOBHUM OPI'aHOM SIKOi € BAKYYMHHUH ITPUCOC JI0 IIOBEPXHI 3eMJI1 3 p0O0U0I0
mwiomero 15 m?. Bona Moske posusatu 1000-1200 kH 3ycuiis Ha BIaBIIOBaHHS.

3a pomomororo BiOpamii 3arauOIOI0Th Majdi 3 MajJluM HOMNEPEeYHMM IepepizoM abo
TpyOuacTi nani-o00JOHKM 3 BIAKPUTUM HIKHIM KiHuem. Lleil MeTon 3acTocoByroTh Y
BOJIOHACHYEHUX TPYHTaX. 3aBISKU T1IPOJUHAMIUHINA CHIII, sIKa BUHUKAE Bif BiOpallii B IPyHTI,
PYHHY€ETBCS 3B’ 30K MDK TBEpJMMHU YaCTUHKAMH IPYHTY 1 MDK I'PYHTOM Ta Majero, 1 BOHA Mij
CBOEIO Baroo 3ariau0ioeTbes B IpyHT. Kpim BiOpailii, BAKOPHUCTOBYIOTh BIOPONPHUBAaHTAKEHHS —
crieniajgbHO 30UTBIIYIOTH Bary BiOpaTropa abo depes MOJiCIacTOBY CUCTEMY Mepe/laloTh Ha Majlto
YaCTUHY Baru KOIMEpHOi yCTaHOBKHU. BiOpoynapHuii metoxa mossirae y cmiBAii BiOpauii 1 yaapy.
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BiGpo3arnubiroBadi mpaiooTh 3a MPUHIIUIIOM CHHXPOHHOTO 00epTaHHS ABOX HE3PiBHOBAKEHUX
Mmac (puc. 1).

o g f e

Pucynoxk 1 - Bibpoynapuuii MeTos1 3arin6iIeHHs nallb.

I'BuHTOBI manmi 3arauONIOIOTh CHEIialbHUMHU yCTaHOBKaMH — KaOectanamu. lle
CTaIllOHapHI TPHUCTPOi, YCTAHOBJICHI IJIsi 3arBUHYYBAaHHS KOHKPETHHUX Iallb, SKI MOXYTh
3arBUHYYBATH Tajii 3 giamerpoM TBuHTA 110 1,2 M 1 8-10 M moBkuHOI0. 3arnubieHHs Taib 3a
JOTIOMOT'0F0  TiIMUBY BHUKOHYIOTH IIiJlT 4ac TIAPOTEXHIYHOro OyMIBHUIITBA, SKIIO € JOCTATHS
KUIBKICTh BOAM 1 HE TpeOa BUKOHYBATH CIElialibHI pOOOTH IS BiIBEICHHS BIAMPAIIbOBAHOT BOIM.
CyTbh METOIy MOJSITAE B TOMY, IO MOTYKHI CTPYMEHI1 BOJIM 13 COTIEII, 3aKPITUVICHHX Ha HIKHbOMY
BICTpl Mayi, pO3MHUBAIOTh TPYHT 1 Tajsl 3arjuOIO€TbCSl B HHOTO Mia Ai€r0 cBoel Baru. Ilicims
3arJuOJICHHS MOPOKHUHY HABKPYT Tajli 3aMUBAIOTh IPYHTOM a00 mato qo0uBaroTh. THCK BOIU
npu poMy Mae 6ytu 0,4-2,0 MITa, Butparu — 0,01-0,05 M4 /c.

0.V. Myrgorod, Ph.D., Senior Researcher, Associate Professor
Ya.O. Radionov, 3th year cadet at the Faculty of PB
0.V. Popov, 4th year cadet at the Faculty of PB
National University of Civil Defence of Ukraine

DEEPENING OF PREMADE PILES AT THE CONSTRUCTION STAGE

Pre-made piles are driven into the ground in various ways: they are hammered in, pressed
in with the help of vibration, washed out with water, and screwed. Machines that support the piles
in the desired position, usually vertically, and also the working body, with the help of which the
piles are deepened, are called copra. Copras come in the form of special bridges on a rail course,
mounted on cars, tractors, excavators and jib cranes.

In addition to digging piles, special digging equipment for basic machines is produced for
driving piles. With its help, a significant amount of piling work is performed. Specialized pits are
equipped with special devices for automated setting of the pile in a vertical position, pulling it up,
etc.
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JOCIIIKEHHSA 3HUKEHHSA MIINHOCTI BETOHY 3AJIIBOBETOHHUX
KOHCTPYKIII TABPOBOI'O ITIEPEPI3Y B YMOBAX BOTHEBUX
BUIITPOBYBAHDb

Y po06oTi BUKIIAJCHI pPe3yJIbTATH JOCHIKEHB 100 3HKEHHS MIITHICHIX XapaKTEPUCTUK
0eTOHy 3a1i300€TOHHUX KOHCTPYKII TaBpOBOT'O Mepepi3y 3aJeKHO BiJl TPUBAJIOCTI TEILJIOBOTO
BIUTUBY CTaHJIAPTHOT'O TEMIIEPATYPHOTO pexkumy. JlaHi, HEOOXiTHI UTsl JOCIIDKEHHS 3HIDKCHHS
MIIHOCTI OETOHY 3aJ1i300€TOHHUX KOHCTPYKII TaBpPOBOTO IMepepily, OyJIu OTPpUMaHI ILITXOM
MIPOBEJICHHS! BOTHEBUX BUIIPOOYBaHb 3113006 TOHHUX PUTEIIB.

3a pesynbTaTaMHd BOTHEBHUX BHIPOOYBaHb OyJIO OJEp>KaHO 3aKOHOMIPHICTh 3MIHU
MIIIHOCTI O€TOHY Yy 3aJleXHOCTI BiA TeMmmeparypu. /[l MpOrHO3yBaHHSA MOBEIIHKU
3al1300€TOHHUX pUTelliB B YMOBax IOXKEXI BHUKOPUCTOBYIOTH E€KCIIEpUMEHTAIbHUN Ta
PO3paxyHKOBHUH METOJU OI[IHKU iXHBO1 BOTHECTIMKOCTI [1]. L{i MeTom HUHI 3aCTOCOBYIOTHCS JIsI
OLIIHIOBAHHSI BOTHECTIMKOCTI 3a11300€TOHHUX KOHCTPYKIIiH, 30KpeMa 3a1i300€TOHHUX PHUTEIiB,
MIpOTE MAalOTh MEPeBard Ta HEJOJIKU, 10 HAKIaJalo0Th MEBHI crnenudiyHi YMOBU MPHU iXHBOMY
BUKOPHUCTAHHI 1 aKTyali3yl0Th 3yCHUJUIS, CIPSIMOBaHI Ha IX YAOCKOHAJIEHHS.

[Mepmmii  MeTOm  IPYHTYEThCA  HA  TIPOBEJCHHI  BOTHEBHX  BHUIIPOOYBaHb.
BucokoremnepaTypHi BUIIpOOyBaHHsS 3ai300€TOHHHUX pUTeNiB Ta OalloK BigOyBalOTbCA Yy
BIIMOBITHOCTI 10 CTaHAAPTIB [2]. 3riHO 13 IMMU CTaHIapPTaMH, 32113006 TOHHUN pUTETh TOBUHEH
OyTH MiAaHUi TETUIOBIM il B yMOBax MEXaHIYHOTO HABAaHTAKEHHS, IO MOBHICTIO BIJIMOBIIAE
JTII0OYOMY HABAaHTAXEHHIO Y HHX 3TIHO 13 PO3PaXyHKOBOIO CXEMOK KOHCTPYKIII OyIiBIIi.
MinHicTh 0€TOHY 3MIHIOETBCS TO-PI3HOMY MpH TMIABUIIEHUX TEMIIEpaTypax 3ajekHO BiJ
HaBaHT)KCHHS 1 YMOBHU HarpiBaHHs. MeToJl BOTHEBUX BHIPOOYBaHb € YHIBEPCATHHUM JIJISl BCIX
OyIiBeTbHUX KOHCTPYKIIIA TIPH BU3HAYEHHI BCIX THIIIB I'PaHUYHUX CTaHIB. [Ipore manuii meron
HE 3aBXIH MOXE OyTH KOPEKTHO 3acTocoBaHuil. [le 00yMOBIIEHO B OCHOBHOMY HEMOXKJIUBICTIO
BIITBOPUTH TIPU EKCIIEPUMEHTI TOBHY BIAMOBIHICTP YMOBaM 3aKpIIUICHHS 1 HaBaHTaXEHHS
€JIEMEHTY MPHU HOTO POOOTI SIK CKIIA0BOI YaCTHHU JaHOT KOHCTPYKIIIi.

Po3paxyHkoBi MeToM TpOrHo3yBaHHs (QyHKIIOHYBAaHHS 3aJ11300€TOHHUX KOHCTPYKIIH B
yMOBax MOXEeXK1 He Mal0Th TaKMX 0OMEXEHb 1 MHPOKO 3aCTOCOBYIOTHCS HA CTaii MPOEKTYBAHHS
OymiBenb i copy, ki O BiamoBizanu BUMoram Oy IiBeJIbHHX HOPM IIOJO0 iX BoruecTtiikocti [3].
Taki Meroau 3a TOMOMOrOK0 KOMIT IOTEPHOTO MOJEIIOBAaHHS HAAAI0Th MOXJIHMBICTH BIATBOPUTH
YMOBH POOOTH OYIiBEJIbHOI KOHCTPYKIII MpHU TMOXKEXI y MOBHOMY o00csa3i. B anropurmu
KOMIT IOTEPHUX IpOorpaM 3akiiaJieHl cydyacHi uucenbHi metoau [4]. IlepeBaru po3paxyHKOBUX
METO/IIB OI[IHIOBAaHHSI BOTHECTIMKOCTI 3a7i1300€TOHHMX PUTEIIB MOJSATAI0Th B YHIBEPCaIbHOCTI,
THYYKOCTi, MOXJIMBOCTI BpaxyBaTH OyIb-sKMi HaOip TpaHUYHUX YMOB Ta KOHCTPYKTHBHHUX
0COOIMBOCTEM, a TAKOXK PEKHUMIB TETJIOBOTO BIUTMBY Moxkeski. Cepesl HEOMIKIB CIIijJ BKa3aTH Ha
00MEKEHICTh MOYaTKOBUX JTAHUX 1110710 (PEHOMEHOJIOT11 MOBEAIHKU MaTepialliB B yMOBAX MOXKEXKI.

Sk mouaTKoBI JaHi AN PO3PAXyHKOBUX METOJIB OLIHKM BOTHECTIMKOCTI OyaiBeNbHUX
KOHCTPYKLi/ BUKOPUCTOBYIOTh MII[HICHI XapaKTEPUCTUKU OETOHY, 110 HaBEJIEH] Y €BPONEHCHKHUX
HopMax. Y Eurocode 2 HaBeneHHil KoeillieHT 3HMKEHHS XapaKTEPUCTHYHOIT MIITHOCTI OETOHY
3aleXHO BIJ] TeMIlepaTypH, MO0 € YHIBepCaJIbHUM Ta BHUKOPUCTOBYETHCS TPHU  OLIHII
BOTHECTIMKOCTI pO3paxyHKOBMM METOJIOM ISl BCIX THIIIB 3a1i300€TOHHUX KOHCTpYKILii. [Ipore
JOCITI/DKEHHS 3pa3KiB, PO3MIpPHU SKUX HaONMXKEHI 70 pealbHUX PO3MIpIB €leMEeHTIB OyJiBeb,
Jat0Th OUIBII TOYHI pe3yJIbTaTH.

Jlis  OoTpuMaHHS JOCTOBIPHUX pEe3YyNbTaTiB IOJAO0 MPOTHO3YBAHHS BOTHECTIMKOCTI
3a1i300€TOHHUX KOHCTPYKIINA pPO3MIISIIal0Th METOJT BOTHEBUX BHIPOOYBaHb 1 MaTeMaTU4HY
00poOKy pe3yibTaTiB, IO HAJA€ THYYKICTh IpH BpaxyBaHHI TpPaHUYHUX YMOB JUIA
3a11300€TOHHKX eeMeHTIB [5, 6]. Lle# miaxix Mae mepcneKTUBY Uil YTOUHEHHS XapaKTePHCTHK
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MaTepialiB, 0 € KOMIIOHEHTaMH 3a1i300€TOHY, 0e3M0CepeIHbO Yepe3 pe3yIbTaTH BUMIPIOBAHb
IIpU BOTHEBUX BHUIPOOYBAaHHSIX PUTENB SIK aJbTEPHATHBA OTPUMAHHIO MOJMIOHMX TaHUX Yepe3
BUIIPOOYBaHHS J1a00pAaTOPHUX 3Pa3KiB BIAMOBIIHUX MaTepialiB.

[Ipu npoBenieHHI BOTHEBUX BUIIPOOYBaHb OTPUMYETHCS HaOlp pe3ysbTaTiB BUMIPIOBAHb Y
BUTJIAI 3aJI€KHOCTEH BiJ Yacy TeMIepaTypHHUX MOKa3HUKIB B OKPEMHUX TOYKax Mepepisy Ta
3aJISKHICTh MAKCHMAaJIbHOTO MPOTWHY PHUTENs Bil 4Yacy TEIUIOBOTO BIUIMBY. sl BH3HAuCHHS
TeMmreparyp y Oynb-siKiid TOYIll Tepepi3iB  3alli300€TOHHUX PHIETiB 32 TOYKOBHMH
BUMIPIOBAaHHSIMH TEMIIEpaTypu y iX BHYTpIIIHIX [Iapax, OTPUMAHUMHU I Yac BOTHEBHX
BUIIPOOYBaHb, IPOBOJAUTHCS MPOIEAYPa IHTEPIIOIALIT 1 BCTAHOBIIIOIOTHCS TEMIIEpATypH IIapiB, HA
AKI pPO30MBAETHCS TIepepi3 puress. 3 BUKOPUCTAHHAM OTPUMAHHUX TEMIIEPATypHUX PO3MOALIIB Ta
KPUBOI 3aJIe)KHOCTI MAaKCHUMaJIbHOTO TPOTHMHY BiJ 4Yacy ifAeHTHUQIKaIis MeXaHIYHUX
XapakTepUCTUK OETOHYy Ha OCHOBI pIBHSHb pIBHOBAark, IMOOYJOBaHUX 3 BUKOPHUCTAHHSIM
nedopmariiitnoi Moaeri.

Omxe, g AOCHIDKEHHS 3HI)KEHHS MILHOCTI OETOHY 3alli300€TOHHUX KOHCTPYKLIN
TaBpOBOr'0 IEpepi3y B yMOBAaX BOTHEBUX BHUIPOOYBaHb pPO3IJISIHYTO 3alli300€TOHHI pUren,
KOHCTPYKTHBHA CX€Ma Ta CXeMa pO3TallyBaHHS TEPMOINAp Ui KOHTPOIIO TEMIIeparyp y ix
BHYTPIILIHIX [Iapax 300paxkeHi Ha puc. 1.
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Puc. 1. KoHCcTpyKTHBHA cxeMa 3a/1i300e TOHHOT'0 PUTeJIsA — @5 CXeMa Po3TallyBaHHS
TepMonap JJisi KOHTPOJII0 TeMIIePaTyp y BHYTPIlIHIX mapax 3a/1i300€TOHHOI 0 pureJs — 6

[Ticns mpoBeneHHsI BOTHEBUX BUIIPOOYBaHb OyJI0 OTPUMAHO JaHi I0JI0 TEMIEpPaTypPHUX
MOKA3HUKIB y KaMepl Medi Ta y BHYTPINIHIX Iapax 3ami300eToHHUX pureiiB. OTpumani
pe3ysbTaTH MOKa3yIOTh 3aJI0BUIbHY BiJTBOPIOBAHICTh EKCIIEPUMEHTY, a OTpHUMaHa KpUBa
TEMIIepaTyp y KaMepi eyl He MEePEeBUILy€ JOMyCTHMI BIIXUICHHS TEMIIEPATypHOTO PEKUMY .

3a MOKa3HMKaMH TeMIepaTypd Yy BHYTPIIIHIX Imapax purens OyJo poOBEIECHO
IHTEpIONALiI0 3a OJOK-CXEMOI0 alrOpUTMYy BH3HAUCHHS TEMIIEPaTypH y BY3JIOBUX TOYKaX
nepepizy HUIIXOM IHTepHOJIALii TeMIeparyp 3a TeMIepaTypHUMH TTOKa3HUKAMU Y KOHTPOJIBHHX
TOYKAaX TMepepidy, 3riAHo i3 pobotoro [5] Ta mnoOyaoBaHi TeMIlepaTypHi pO3MOIUIH Y
3ai3o0eToHHOMY pureni s 15 xB, 30 xB, 45 xB, 60 XB TpUBaJIOCTI BOrHEBOI'O BUIIPOOYBaHHS,
110 HaBeJeHi y podori [5].

VY pe3ynbTaTi NPOBEICHHS BOTHEBUX BUIIPOOYBaHb OyJIO OTPUMAHO KPHUBY 3aJI€KHOCTI
MaKCUMAaJbHOTO MpPOTHHY Bif 4Yacy BumpoOyBanHs (puc. 2). OTpuMaHi MOKa3HUKH
MaKCHUMAaJIbHOTO MIPOTMHY BiJl Yacy BUIPOOYBaHHS 3a1i300€TOHHUX PUTreIliB BUKOPHCTOBYBAIHCS
IpH 1IeHTU(IKALT MIITHICHUX XapaKTepUCTUK OCTOHY.
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Puc. 2. 3ane:kHicTh BeJIMYNHH CePeIHHOT0 MAKCHMAJILHOI0 MPOTUHY 3213006 TOHHUX
pureJis i3 BiAXujeHHAIMHA

IIpu 3acrocyBaHHI JaHUX BUMIPIOBAHb TEMIIEPATYPHUX TTOKA3HUKIB Ta BEIUYUHU
CepeHbOr0 MAaKCHUMAaJIbHOTO IMPOTHHY 3a711300€TOHHHUX pUrelNiB, SKI OyJaM OTpUMaHl Mija 4ac
BOTHEBHX BHIIPOOYBaHb, T4 3 BUKOPUCTAHHSIM MaTEeMAaTHYHOTO arapara, OUCaHoro (hopMyaMu,
10 HaBeJeHi y pobori [5], Oyio imeHTr(iIKOBaHO 3aIeKHICTh KOehIl[ieHTa 3HIKEHHS MIITHOCTI
0eTOHY 3aJ11300€TOHHOTO PUTENs BiJ TEMIIEpaTypH.

Ha puc. 3 momano rpadiku ycepeaHEeHOI 3alie’KHOCTI 3HAYCHHs Koe(DilieHTa 3HIKCHHS
MIITHOCTI OETOHY JUTsl TOCIIHKYBAaHUX 3aJ11300€TOHHUX PUTeJIiB Ta CTAaHIAPTHOI 3aJISKHOCTI, KA
pPEKOMEHI0BaHa HaCTaHOBaMHU Jpyroi uactuau Eurocode 2.

0.5

0 ' ' 0, °C
0 500 1000

Puc. 3. 3ane:xxHocTi koedinieHTa 3HUKEeHHS MilTHOCTI OeTOHY: 1 — cTaHAApPTHA 3a/1€XKHICTh;
2 — ycepeaHeHa 3aJie;KHICTh 1Jis1 3pa3kiB Ne 1 ta Ne 2 i3 BiIXusieHHsIMU

3 METOI0 CIPOLICHHS aBTOMATHU3allil PO3paxyHKY 13 BUKOPUCTAHHSIM OTPUMAHHUX JaHUX
I0A0 KOe(IiEHTy 3HMKEHHA OeTOHYy OTpPHMaHy 3aKOHOMIPHICTH OyJi0 ampoKCHMOBAHO 3a
JIOTIOMOTOI0 CTETIEHEBOI perpecii:
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k.(#)=1+1.505-10260—-7.123-10°9? + 6.655-10 °9° —1.921.10'2 9" 1)

TakuMm yrHOM, OYJI0 OTPUMAHO YTOYHEHY 3aJICKHICTh KOe(illi€eHTa 3HWKCHHS MIIIHOCTI
OeToHy s 3aMi300€TOHHUX pUTENiB, MO0 JJO03BOJUTH MIABHIIUTH TOYHICTH pPE3YJIbTATIB
JOCITI/DKEHb 3HWKEHHS MIITHOCTI OETOHY 3a1i300€TOHHUX KOHCTPYKIIiM JAHOTO THUITY.
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STUDY OF THE DECREASE OF CONCRETE STRENGTH OF REINFORCED
CONCRETE STRUCTURES OF A STEPPED SECTION UNDER FIRE TESTS

The article presents the results of studies of the regularity of changes in the concrete
strength of reinforced concrete beams depending on the heating temperature of its inner layers
under fire conditions by interpreting the temperature and deformation measurement results. As a
result of the tests, obtained a set of measurement results in the form of time dependences of
temperature indicators at individual cross-section points and the dependence of the maximum
beam deflection on time, which are necessary to identify the coefficients of reduction in concrete
strength of reinforced concrete beams under fire test conditions. At the next stage, to identify the
dependence of the concrete strength of reinforced concrete beams, we used a method based on the
compilation of systems of equilibrium equations of internal layers in the cross-section of a
reinforced concrete beam, in which the unknown values are the coefficients of reduction of
concrete strength for a range of temperatures every 100°C in the range from 20°C up to 1200°C,
provided that the reduction factor for the specified heating temperature of the inner layer of
concrete is determined by linear interpolation.
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IJISIXUW NIIBUIIEHHA MPOTUITOXKEXHOT' O 3AXUCTY ABIAIIMHUX
AHI'APIB

ABiariiiHi aHrapu € CKJIaIHUMH O0’€KTaMH, B SIKMX CKJIQJJHO INBUJIKO BHSIBUTH 3arOpaHHS 1
HA/I3BIYAIHO CKJIATHO 3pOOUTH 11 HAIIIHO, 3 MIHIMAJIGHOIO KUTBKICTIO TIOMHJIKOBHX CIPAIFOBaHb CHCTEM
nokexHoi curnasmizartii (CI1C) Big o3HaK, sKi He 1OB s3aHi 13 mokeskero. [1[Brke BUSBIICHHS 3aropaHHst y
pasi MoKeXKi Ta 1i raciHHS Ma€e BUpIIATbHE 3HAYCHHS [T 3aXUCTY JKUTTS JIFOJICH, MaliHa Ta jiiTakiB. Jlitak
BHACITIJIOK MOKEKI MOKE OTPUMATH TOIIKO/PKEHHSI MEHILI, HDK 33 XBWIMHY BIJI II0YaTKy HoXkexi. Tak,
o0IIMBKa (PrO3eIDKY JIiTaka Moyke OyTH TMOIIKOKEHA BKe uepe3 45 CeKyH[I MICHs MEPHIOro KOHTAaKTY 3
BorHeMm. [liHHI cHCTeMU TIO’KEKOTaCiHHS BUCOKOI KPAaTHOCTI, SIKI BUKOPUCTOBYIOTHCS IS 3aXUCTY JCSKUX
THITIB aHrapiB, MOXKYTh 3aTIOBHUTH aHTap MHOO Ha BUCOTY HEBEJIMKOTO JIITaKa 3a OUIbILIE, HIK 1Bl XBUJIHH.
Came ToMy yac BUSIBJIEHHS TIOXKEXKI € KPUTHYHIM IOKa3HUKOM 111 Bubopy CIIC.

Ha edextuBny pobory CIIC B aBiamiiiHOMy aHrapi BIUIMBAae psii (PakTopiB, a came:
BUIIPOMIHIOBAHHS B[l JIITaKiB/IBUTYHIB; €JIEKTPOMArHITHI Ta paJiio4acToTHI 3aBaay; rapstdi Bukuau COz;
MOJTYM s BiJI PEAaKTHBHUX JIBUTYHIB PYXOMHMX 1 CTOSIYMX JITAaKiB Ha 3TITHO-TIOCAJKOBIM CMY31 Ta COHSUHI
MPOMEHI, 110 MPOHHMKAIOTh KpI3b BITYMHEH! BEJIMKI PO3CYBHI JIBEpl; 3MiHA IHTEp’€py BHACIIZOK
TIEPEMIIIIEHHSI JTITAKIB Ta O0JIaTHAHHS, BEJTMKA 30HA BHSBIICHHS, KPHJIA JIITAKIB Ta TIEPEIIKOIA CTBOPIOIOTh
3HAYHI 3aBa]IH; TEXHIYHE 0OCITYTOBYBaHHS, SIKE MOYKE BKITIOYATH 3BapIOBaHHS a00 MITi(hyBaHHS TOIIIO.

Buie 3rajianuii HeraTHBHUMIA BIUTMB Oararb0X YMHHUKIB B aBlallifHOMY aHTapi BiZIIIpae BUPILIATbHY
POJTB y BUOOPI BIIMOBITHOT TEXHOJIOT T ITpy OOy 10B1 ovkeskHuX criosiryBadiB (I1C). Omnak He 3Bakar0un
Ha HEMMOBIPHHMI PO3BUTOK Cy4acHUX TexHousorid 1 yce pisHoMaHITTst CIIC — 3a0e3meueHHst oKeKHOI
Oe3MeKy aBialliiHIX aHTapiB 3AUTUIIAETHCS AKTYAJTFHOIO 33/1a4€HO.

[Ipo HeoOXigHICTH OONATHAHHS aBIAlIfHMX aHTapiB MEBHHUMH CHUCTEMaMH TPOTHUTIOKEKHOTO
3axucTy BKazaHo B ctanaaptax NFPA 409, NAS 3306 [1, 2]. Koxxaa CI1C noBrHHA BpaXxOBYBaTH YHIKATBHI
XapaKTEepUCTHKN 00’ €kTa Ta BuMoru 70 Hhoro. NFPA 409 nocunaerscest Ha crangapt NFPA 72 [3], B sikomy
4iTKO 3a3Ha4eHo, BUOpaHi [1C misa aBiariiiHuX aHrapiB TOBHHHI BIATIOBIIATH TPU3HAYECHHIO OYiBIIi,
BUSIBIISUIN 3arOPsIHHS PEAKTUBHOIO MAJIMBA 1 PO3MILLYBATUCh BUKIIFOYHO HA OCHOBHI PO3paxyHKY PU3HKIB,
TIPOBE/ICHOT0 KBaTI(PIKOBAHUMH 0COOAMM.

Bemuki BiIKpUTI 30HH 3 BEJTMKOFO BUCOTORO aBIaIlIHNX aHTapiB, MOXKYTh CIIPUYMUHUATH PO3PIPKEHHS
mMy. B pesybrati 4oro KOHIIGHTpAIIist UMY TIPH IOCSTHEHHI BCTAHOBJICHHX HA CTEJT TOYKOBUX JIMMOBHX
[1C moxe Oyt Manoro Ui iX CIpaIfOBaHHS, a PI3HUIL TEMIIEpaTyp MOXe CHPHYMHHWTA TEePMIuHE
BimIapyBaHHs quMy Bij crenm. Kpim toro, ToukoBi mumoBi [IC He € imeanmsHMME Yepe3 mpoOiemMu 3
oGciyropyBaHHsM i BuTpatami. Lle cTocyeTsest Takox i Termmosux I1C. Ix B3aram He peKoMeHTyeThCs
BCTaHOBIMIOBATH BHie 8 M [4, 5]. TepmiuHe po3iiapyBaHHsS TaKOK MEPEIIKOHKAE TEITIOBOMY TIOTOKY
nocsiriyTu [IC. Lli cniosityBayi MarOTh HAWOUIBIITY IHEPLIMHICTD 1 TOMY IX HE MOKHA BUKOPUCTOBYBATH
TS 3aXUCTY aHTapiB.

BusiBiieHHst 1My Tako)X MOXKHA 3/iMCHIOBaTH IUBIXOM AaKTUBHOTO BiZ0OpY MNpoO MOBITPs
acripauiitaivu quvosumu [1C. AcnipariiiiHi AMMOBI CHOBIITyBayl BUKOPUCTOBYIOTh MEPEIOB] TEXHOMOT 1T
BUSIBIIEHHS] [IOKE)KI 1 BUKOPHCTOBYFOTHCS TAM, JIe HEOOXi/THE paHHE BUSBIICHHS 3arOpaHHsl. [X 111e HA3MBAKOTh
CHCTEMaMH PaHHBOT'O BUSIBIICHHS. ACHIpalliiiHi JMMOBI CHIOBIIIyBayl 3a3BHYail MatOTh IIMPOKHIA Jjara3oH
YyTJIMBOCTI Ta BUSBJISIOTH HAIepILi 03HAKK MOXKEXKI HA PaHHIM CTajiii, 1110 J1a€ yac JyIsl OLIHKY PU3HKY Ta
BXKUTTSI BINOBITHUX 3aXOJIIB IS 3aXHCTy JIFOJIEH Ta MaiiHa. BoHM MaroTh psi mepeBar: MOMIIHBICTD
BUKOPHCTAHHSI B HEOCTYMHHUX a00 BaKKOAOCTYITHUX MICIIIX; 3aBISKM BUKOPUCTAHHIO BIAMOBIIHHX
(UIBTPIB Ta TOYHOCTI HAJIAIITYBAHHS Yy TJIMBOCTI IaTUMKA 3a0€3MeUy€eThes €PeKTUBHUM 3aXUCT MPUMIILIEHD
3 MiABUIIIEHAM BMICTOM THITY 1 3a0py/AHIOFOYMX YaCTUHOK ToI0. OTHAK Ha ChOTOJTHI acTIipaliifHi CHCTEMHI
U151 3aXMCTY aBlalliifHAX aHTapiB HE BUKOPHCTOBYIOTHCA. bepyun 1o yBaru ixHi epeBaru, MO>KJIMBO Hasaii
HEOOXiTHUM Oy/ie IIPOBECTH JOCIILKEHHsI €(heKTUBHOCTI TAKUX CHCTEM TSI MOYKITUBOTO iX BUKOPHCTAHHS.

Orrruuni T1C nomym’st pokaMy BUKOPHCTOBYROTHCS JUTS 3aXKCTY SIK LIMBUIBHUX, TaK 1 BICHKOBHX

135



3" International Scientific and Practical Conference «Fire Safety Issues 2024»

aHrapiB. Boan no0pe miaxo[saTh il 3aXUCTy aBlalliifHUX aHTapiB, SKIIO B3STH JI0 YBark iX BUCOTY i
crienugivHi YMOBH, SIKi TaM €. 3rifHO 3 JIOCTI/PKEHHSIMU Ta CTaHaapTamu [ 1, 6, 7], Ui 3aXUCTy aBiariifHIx
anrapisB B CIIC neoOximHo BukopucToBYBaTH I[IC momym’s, sKi pEeCTpYyIOTh EIIEKTPOMAarHiTHE
BUIIPOMIHIOBaHHS], Ha TMIEBHUX JIOBKUHAX XBHJIb, 1110 TEHEPYETHCS SIK BIAKPUTHM MOIYM'sIM, TaK 1 TIFOYAM
BOTHHILIEM.

OmnokananbHi iHppavepBoHi (I4) I1C momym's, ski B OCHOBHOMY BUSIBJISIFOTH TTOTYM's B Jliaria3oHi
4,2+4.6 MxM, pearyroth Ha Tapsunii CO,. BoHM MOXYyTh CHpaIbOBYBATH Ha BHXJIONH JBUTYHIB 200
reHepaTopiB o MoXe OyTH 3HAYHOI TPOOJIEMOIO, KOJNM PEAKTUBHI JBUTYHH BMHKAIOTHCS 200
TIEPEBIPSIOTH HA 00JAIHAHHI Tl TEXHIYHOTO OOCITYTOBYBAHHS, SIKE MOXKYTh BAKOPHUCTOBYBATH B aHIapax.
Taxi I1C momym’st MOXKYTB TOMHIIKOBO CIIPAITbOBYBATH Yepe3 BI/HIpOMlHIOBaHHﬂ YOPHOTO TijIa BiJl JITAKIB
a0 CITy»k00BHX TPAHCIIOPTHUX 3aco0iB. KpiM TOro, aHrapy IMiIat0ThCsl PaliovuacToTaM BiJl aBiOHIKH,
HA3eMHHUX PajiapiB acporiopTy Ta Pi3HUX MPUCTPOIB 3B’SI3KY, L0 TAKOK MOYKE CIPUYMHUTH TIOMUIJIKOBE
crparroBanss Takoro [IC. [1le ETL 02-15 [6] 2002 poxy Bumarag, 1100 JUisi 3aXMCTy aBialliiHAX aHTapiB
BUKOpUCTOBYBaNHCS yibTpadiosnierori (YD)/IU- abo 6ararokananbHi (6aratrocnektpasibhi) [ T1C momym’st.
Omnak, B m. 3.6.19.11.1 UFC 4-211-01 [7] 2018 poKy Bke TOBOPHTHCS JIMILE PO BHUKOPHUCTAHHS
tpukaHateHi [Y T1C momym’st. B 1. 3.6.19.11.4 UFC 4-211-01 [7] 3a3HaueHo, 1o [1C momym’s1, oBHHEH
BI/IMIOBIZIATH KpUTEPLSIM €(EKTUBHOCTI, BUKIIAZEHUM Y po3Auiax 5, 6 17 bOro JOKyMeHTa.

I xoua GararokananbHi [Y [1C nomym’s MaroTh Oarato mepeBar, BOHM MarOThb 1 NIEBHI KIIFOUOBI
HEJIONIKY, TOJIOBHUM YMHOM TIOB’SI3aHl 3 MOMIJIKOBUMH CIIPAIFOBAHHAMHU. XO4a COHSIYHI IPOMEHI, SIK
TPaBUIIO, HE MPU3BOJIATH JI0 MOMUIIKOBHX CIpaIfoBaHb OararokaHambHUX [1C nommym’st mopiBHsiHO 3 YO/TY
I1C momym’s1. J{yst iboro GararokanabHi [1C momym’st BAKOPHUCTOBYIOTh YaCTOTH ‘3aXHCHOI CMYTH, TII00
BIJIPI3HUTH CIPaBKHE MOTyM sl Bifl JpKepen 3aBajl. Ha skab, 3aXvCHI CMyrd B MOBHIHM MIpi He 3aXMIIIAI0Th
Bl mpoMeHiB coHIrst, Tomy [1C 3a3Har0Th 3HAUHOT IeceHCHOLTI3AIIT (3MEHITIEHHS Yy TIIMBOCTI) 32 HAsTBHOCT]
COHSYHOTO CBiT/Ia, MOY/ILOBAHOTO Ul Hi [8]. Ix po6oTa 3Hauso noripuryerses. ITC 6y/1yTh edheKTHBH mIte
Ha Habararo MEHIIIMX BiJICTaHsIX, KOJIM COHIIE TIepeOyBae B MEXKax “TIosist 30py’” CHOBIITyBava. Takok KOJI!
IIMPOKI, BUCOKI aHTapHi JBepi BIIKpuTi, B Tosie 30py [1C momym’st MoKe TOTparuisTy 3 THO-TIOCAIKOBa
cmyra. [TomyM’st 3 peakTMBHHX JBUTYHIB 200 BUITPOMIHIOBAHHS BiJT BKE BUMKHYTHX PEAKTUBHUX JBUTYHIB
JITaKiB, SIKI PO3TAIIOBAaHI Ha 3JITHO-TIOCAIKOBIM CMYy3l, MOXKE CIPHYMHHWTH TIOMIJIKOBE CITPAITFOBAHHS
OararokanaieHoro I1IC momym’s. ¥ po0Goti [9] aBTOpM CTBEpKYIOTh, IO CHII Ta TyMaH MOXYTh
YTBOPIOBATH TIOBEPXHIO BiJT SIKOT BIZIOMBAIOTHCS COHSYHOTO MPOMEHI, SIKI Yepe3 BIIKPHUTI IBEPI MOXKYTh
TIPOHUKATH B aHrap 1 TaKOXK HEraTMBHO BIUMBATH Ha poooTy [1C momyM’s, 3MEHIIyI04YH X YyTIIMBICT.
Tyman Takoxx norimnae [Y-BUrmpomiHroBaHH, BifT sIKOTO 3a1ekuTh podoTa [1C momym’s.

Pu3ukw, 1moB’si3aHi 3 BUKOPUCTaHHS TpaauIiiiHUX onTiaHuX [ 1C momym’si, JeMOHCTPYIOTh TOTpedy
B po3po0i Ot edektuBHuX CIIC, 3 MEHIIMM PH3UKOM CHpAllbOBYBAHHS BiJl JLKEPEN 3aBajl, HE
TIOB’SI3aHKX 3 PEATHHOIO TIOXKEXKEH0. [J1s1 11b0ro HeoOX1IHO BUKOPUCTOBYBATH HOBI TEXHOJIOT1UHI PIILICHHSL.
OmHUM 13 IEPCIEKTUBHUX CITOCOOIB ITiIBUIIICHHS H/IIMHOCT] Ta 3MEHIIICHHS Yacy BUSIBJICHHS 3arOPaHHsI €
Bukopuctanssi B CIIC BucokoinTenekTyansHux [1C momym’s, siki 31aTHI pO3PI3HITH peaTbHI TIOXKEXKI] Bif
OMaHJIMBUX SIBHUIII, HE TIOB’SI3aHUX 3 MOKeXKer0. OCOOIMBO BWIJMBY POJTB B [EOMY BIJIIrparoTh po3po0IicHi
airoputvu pobotu T1C, 30kpema anropuTMei 00pOOKH Ta iHTepIpeTaltii BUXiIHAX CHTHATIB 3 CEHCOPIB.
CurHaimm 3 ceHCOpiB 00’ €IHYIOTHCS, PO3KIIATAIOTECS HA MaTeMaTH4HI KOMIIOHEHTH, SIKi 0OpOOIISFOTHCSI
3TIHO 13 3amporpamMoBaHUMU anroputMamu. HaOyTuil 10CBIT po3poOHHKa Ja€ MOXKIIUBICTD peaslizyBaTH
TEXHOJIOTi BUsIBJIeHHsI 3aropanHs 1 moOyayBatu [1C moym’st Ha ocHOBI HewiTKoi J1oriku [ 10, 11], HelipoHHoi
MEpEIKi Ta HEYITKOI HEMPOHHOI Mepeski (Heipo-(hassi cuctemn) [12-14].

Takox HaWOUTBII TEPCHEKTHBHUM HAINPSIMKOM JIJIsl PAHHBOTO BHSIBIICHHS 3arOpsiHb €
BUKOPHUCTAHHSI MMOXKEKHUX BIJICOCMOBIIIYBaYiB, OCKIIbKU BOHH BUSBISIOTH CaMe 3aropaHHs, a He
il o3Haku. LI TeXHOMOTIs BI3yaIbHOTO BUSIBIICHHS 3arOpaHHs, SIKa MO CyTi BUKOPUCTOBYE KOMIT FOTEPHE
MporpamHe 3a0e3MeueHHs UTS aHAIT3Y BiJIEONOTOKIB JaHUX Ma€ cyTTeBi niepeBaru Haj Turiosumu CIIC ta
Ha6yBa€ BCE OUIBIIOrO 1 OUIBIIOrO BU3HAHHS Ta 3aCTOCYBAHHS. Texnomortii, siki aHani3y10rrL 300pa’KeHHs
HACTUIBKU TOYHI, 110 MOXKYTh BIAPI3HUTH JIMM Bifl TIapH, TOMyM’sI TIOXKEXI BiJ] TIOIyM sl 3 PEAKTUBHOIO

neuryHa. L{i nokerxHi BieoCToBIIIyBayl Hamcpampm YUHOM ITIXOIATH JUTs 3aXUCTY BEJMKUX 00’ €KTiB [15,
16]. Bonu matoth psin mniepeBar Haj Tpamuitiiiumu [1C, BKITIOUArOUM MIBUJKE Ta HAIHHE BUSBIICHHS
3aropaHHs B 30HaX 3 BUCOKUM PIBHEM PH3WKY BHHHKHEHHS TIOXKEXK1, IAF0Th MOKJIUBICT KOHTPOJTIOBATH
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BEJIMKY TEPHUTOPIIO, MPUMILIIEHHS 3 BUCOKAMH CTEJISIMH, 3a0€3MeUyIOTh ePeKTHBHUM 3aXUCT Y CKJIQTHUX
yMOBax ekcrutyatamii Tomo. OfHak, iX BHKOPHCTaHHS ISl 3aXWCTy AaBlalliiHMX aHrapiB BHUMarae
HOJAIBIINX JOCITIKEHb.
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Tapac CAMYEHKO, 0-p ¢inocogii, Incmumym depaicagno2o ynpasiinHs ma HayKosux
oocniddicensb 3 yuginvrozo 3axucmy JCHC Vrpainu
Onexciiit PATVIIHHUH, Incmumym 0epoicagnozo ynpasninta ma HayKosux 00CiodNceHb 3
yusinvrozo saxucmy JJCHC Ykpainu

AHAJII3 MOJEJIEH IIIO MOXKYTb 3ACTOCOBYBATHUCH JJI5
MNPOI'HO3YBAHHSA PO3BUTKY INOXKEXK Y KABEJIBHUX TYHEJIIB

[o>xe)xxy yMOBHO MOAUISIOTH HA TpU cTafii (puc. 1): 3aropsHHS, PO3BUHEHOTIO TOPIHHS 1
3aracaHHs [1]. st OUTBII TOYHOTO MOJETIOBAHHS TOXEXKI MOMKJIMBE 3aCTOCYBAHHS 1 OULTBII
CKIagHUX (DI3MUHUX MOJETEH, M0 pPeali3yloThCsl B CKJIAQAHHUX KOMII IOTEPHUX TporpaMax. B
AITOPUTMHU IMX TPOTPaM 3aKJIaJIeHI CyJacHl YMCEIbHI METOIH.

Po3pobneno aBa Meroau Imepexoay BiJ PpEalbHUX PEXUMIB MOXKEXKI 10 €IUHOTO
«CTaHJAPTHOrO» pexumMy noxkexi [1-4]. OgHUM 3 METOMIB MEPEXOoy BiJl peallbHUX MOXKEX /10
CTaHJApPTHOTO € METOJ pIBHOCTI IUIONI MiJi KPUBUMH «TeMmmeparypa-dac». [Hmmid meTton
MIPUBEJICHHS PEATbHUX TOXKEXK J0 CTAaHJAPTHOI MPOBOAMTHCS 32 METOJOM JIOCSITHEHHS B SIKiM-
HeOyIb KOHCTPYKI[IT KpUTHUHUX TEMIIEpaTyp, 110 BUBHAYAIOTh 11 BOTHECTIHKICTb.
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Pucynok 1 — TemnepaTypHi pexXuMu MOXKEKi: 1 — pexUM «CTaHAAPTHOD» MOKEKI;
2 — PSKUM TTOXKEXK1 B TyHEISIX [5].

VY BuUNajKy HOXeXI B KUTJIOBUX OyJIuHKaX, Ta OyIIBJISX 3arajJbHOr0 KOPUCTYBaHHS y
ropiHHi OepyTh ydacThb CXOX1 Marepiajid, KUIbKICTh SKUX Ha OJMHHUIIIO IUIONII MPUOIHU3HO
oaHakoBa. CX0K1 TAaKOXK YMOBH TeIiorazoooMiny, [Toxxexi B kKaOeIbHUX TyHEJIAX Ha BIAMIHY BiJ
MOKEX y NPUMIIIEHHAX, Y BYI'UIbHUX IIaXTaxX 1 Ha 1HIIUX 00'€KTax, MalTh CBOIO creuudiky. 3
METOI0 BCTAaHOBJIEHHS €()EeKTUBHOCTI FaCiHHs MOXKEX y KaOelIbHUX TyHENSX PI3HUMH 3aco0aMu
IIPOBE/IECHI MapaJieIbHO EKCIIEPUMEHTH B J1a00paTOpHUX YMOBax 0e3 BILUIMBY Ha OCEPEOK MOXKEkK1
Oyab-aKoro 3aco0y 1 3 BIUIMBOM Ha HHOTO PI3HHUX 3ac00iB MOXKekoracinHsa. ExcrepuMmeHTalbH1
JOCITI/DKEHHS B 1a00OpaTOpHUX YMOBaX BUHUKHEHHS 1 PO3BUTKY MOXKEX B KaOEIbHUX TYHEISIX 3
reOMETPUYHUM MaclITaboM MojeoBaHHA 1:4, 1110 BIANOBIJa€ peaJbHOMY 00'€KTY 3 HaBEAEHUM
JiaMeTpoM 2 M 1 10BXHHOI0 TyHemto 10 10 M npu uucii Peitnonbaca no 10000, 1o 3HaxXouThCS
B TypOyJieHTHii oOnacTi Teuii ra3i. BcTaHoBieHO B 1aGOpaTOPHUX YMOBAaX, 110 KOHIIEHTpALlis
KHUCHIO B 30HI TOPIHHS MOX€ 3HU3UTHUCS 10 5%, 110 MiATBEPIKYEThCS TAaHUMM JOCIHIKEHHS
BEJIMKOMACIITAOHUX MOXEX, a TAKOXK JaHUMU MaTEeMaTHUYHOIO MOJIENIOBAHHS, BKa3ylOud THUM
CaMMM Ha HEpPO3PUBHMIA 3B'A30K MPOIECIB ra3000MiHY 1 TEIJIOOOMIHY MPH MOXKEKAX.

I1ixg yac mpoBeAEHHS aHaJi3y MOJAEJEH 10 MOXKYTh 3aCTOCOBYBATHCh Ul IPOTHO3YBAaHHS
PO3BUTKY HOXEX y KaOeIbHUX TYHEIIB Ta JJs MPaBHJIBHOIO MPOTHO3Y MPOLECiB TOPIHHS Ta
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TaciHHS B 3aKPUTHX 00’ €Max HEOOXiTHO pO3POOUTH MaTeMaTHYHY MOJIEIb, IKa BPaXOBY€ MipOJIi3
TBEPJIMX TOPIOYMX MaTepiaiiB, BCTYI B XIMI4HI peakiii 3 KHCHEM ra3onofiOHUX MpPOAYKTIB SKi
PO3KIIaZAal0ThCS, X BILIMB HA TEMIIEPATYPy 3 YpaxyBaHHSIM HaJXO/KEHHS MOBITPs 3011HIIOTO Ha
KHCEHb Ha OCEPEJOK MOXKeXi, a 1[e HEMOXKJIMBO 3pOOHTH TOCTOBIPHO 0€3 eKCIepUMEHTAIBHUX
JociipKeHs [6-8].
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ANALYSIS OF MODELS THAT CAN BE APPLIED FOR FORECASTING THE
DEVELOPMENT OF FIRE IN CABLE TUNNELS

Conducting an analysis of models that can be used to predict the development of fires in
cable tunnels and to correctly predict the processes of burning and extinguishing in closed
volumes, it is necessary to develop a mathematical model that takes into account the pyrolysis of
solid combustible materials, the entry into chemical reactions with oxygen of gaseous products
that decompose, their the effect on temperature taking into account the arrival of oxygen-depleted
air at the fire source, and this cannot be done reliably without experimental studies.
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YAOCKOHAJIEHHSA ICHYIOUUX METOIIB OINIHKU E®OEKTUBHOCTI
BOI'HE3AXUCHUX ITIOKPUTTIB

CknaHUM MPaKTHYHUM NHUTAHHSAM i 9ac po3poOku HoBuX peuentyp PBII € ominka ix
BOTHE3aXHUCHOI €(QEeKTHUBHOCTI, 110 MOX€ OyTH BHpILIEHE LUISIXOM pO3pOOKM HOBUX abo
YAOCKOHAJIEHHSIM ICHYIOUMX METOJIB OI[IHKM €(EeKTUBHOCTI PEaKTUBHUX BOTHE3aXMCHHUX
MTOKPUTTIB.

Kputuunuii aHamiz cy4acHMX METOJMIB OI[IHIOBAaHHS  BOTHE3aXMCHOI  3/JaTHOCTI
BOTHE3aXHUCHUX MaTepiatiB A OyAiBeIbHIUX KOHCTPYKIIIA HaBeACHO y poOoTi [1].

B VYkpaini MeToam mOCTi/KEHHST BOTHE3aXUCHUX PEAKTUBHUX TOKPHUTTIB JUISI METAJIEBHX
KOHCTPYKLIA BU3HAUYEHO BIAMOBIIHO IO HallOHaIbHOTO craHaapty Ykpainu JICTY b B.1.1-17
[2]. CyTHicTh MeTOly MOJIATaE y HarpiBaHHI HAOOPY 3pa3KiB y CTaHAAPTHOMY TEMIIEPATYPHOMY
pexumi. B €BponeiicbkoMy coro31 11 kiacu(ikaliii BOTHE3aXMCHOT €PeKTUBHOCTI PEaKTUBHUX
MOKPUTTIB JJIsi HECYYHMX MeETalleBUX KOHCTPYKUIA BuKopucToBytoTh EN 13381-8 [3], mio
BiJIMOBiae fAepkaBHOMY ctanaapty Ykpainu JJCTY b B.1.1-17 [2].

Ockinbku 3a crangaptamu [2, 3] BunpoOyBaHHS MOBHUHHI IMPOBOAMTUCS Ha TabapUTHUX
3pa3kax, MmO MoTpedye BIAMOBIMHOTO OOJAAHAHHSA, METOAM HE IUJIKOM TpUIATHI s
BUKOPHUCTAHHS caMme y IIpolieci po3poOku Ta qociimpkeHHss HoBux peuentyp PBII, a moxyTs Oyt
BUKOPHCTAHI TUIBKM Ha 3aKJIIOYHOMY €Talll €KCIEPUMEHTY JUIS MIATBEPKCHHS €(EKTUBHOCTI
pO3p0o0IECHUX BOTHE3aXUCHHUX MTOKPHUTTIB.

Y pobGoti [4] sk kpuTepiii BorHezaxucHoi edektuBHOCTI PBII BuKOpucTOBYBamocs
MOPIBHAHHS Temnepatyp micist 30 XB. BIUIMBY MOJyM s AJbHUKA HA PEBEPCl METaJIeBUX IIACTUH
0e3 3aco0iB BOTHE3aXWCTy Ta METAJICBUX IUIACTHH, IO OyJIM TONMEPEeIHbO 3axXHUIIEHI
JOCHIIKYyBAaHUMU BOTHE3aXMCHUMU 3acobamu. SIK JKepeso Teruia BUKOPUCTOBYBABCS Ia30BUi
MaJbHUK 3 MaKCHUMalbHOIO TeMmriepaTyporo moiaym’st 1150°C. Sk mokazamu JOCIiTKEHHS,
BUNPOOYBaHHS TAaKOXX MPOBOAMUTHCA 3a TEMIIEPATYPHOTO PEXKHUMY, IO BIIAPIZHAETHCS Bij
CTaHJIaPTHOT'O PEXHUMY IMOXKEKI — MaKCHUMallbHa TeMIlepaTypa Ha peBepci HaBiTh HE3aXMIIEHOT
METaJIeBOI IJIACTUHU HE TiepeBuIye 3HaueHb 470 °C.

Jlnst ynockoHalieHHs1 Oysio oOpaHo omucanuii B [4] meton. Sk kputepidi edeKTHMBHOCTI
o0paHO He MOPIBHAHHS TEeMIepaTyp Ha peBepcl METaleBOi IUIACTHHH, a IMOPIBHSIHHS dYacy
nocsrHeHHs1 KpuTuuHoi Temrieparypu (500 °C) Ha 30BHINIHIN CTOPOHI MeTaleBUX IMJIACTHH, IO
3aXUIICHI BOTHE3aXMCHUMHU TMOKPUTTAMU. SIK JKepeno TemIOBOrO  BUIIPOMIHIOBAHHS
MIPOMOHYETHCS BHKOPHUCTOBYBAaTH EJIEKTPUYHY 14 3 130JIbOBAaHOK Ha BiAMiHYy Bin [4]
BUINPOOYBaILHOIO KaMepOlo, L0 CIpusie akyMyIiaLii Temna (puc. 1, a). [Ipu nboMmy TemnepaTypHuii
PEKHM M€Yl € MOBUIBHIIIUM BiJl CTaHIAPTHOTO TEMIIEPATypHOTO MPOTE A03BOJISE OTPUMATU
TeMIlepatypy Ha peBepci MeraneBoi miuactTuHu moHan 950 °C, mo HiIKOM JOCTaTHbO IS
MOPIBHSJIBHOI OLIIHKM BOTHE3acuxucHOi edexktuBHOCTI PBII 1 MeTaneBUX KOHCTPYKLIH.
JlocmiJUKeHHsT 32 TakuX yMOB € OOIPYHTOBaHMM, OCKUIBKM, SIK MpPaBUJIO, 31 3MEHIICHHSAM
IHTEeHCUBHOCTI HarpiBaHHs €()eKTUBHICTh BOTHE3aXUCTY PEAKTUBHUX IMOKPUTTIB 3HMKYETHCS, 110
MOSICHIOETHCS CHOBUIBHEHHAM NPOTIKaHHS ()13MKO-XIMIYHUX HEPETBOPEHb MiK KOMIIOHEHTaMH
PBII. Cxema BunpoOyBaibHOI Ieyi, 1110 OCHAIIeHa eJIEKTPUYHIMH HarpiBauaMu, HaBeJIeHa Ha pHC.
1, a.

BunpoOyBaHHs IPONIOHYEThCS 311HCHIOBATH Ha 3 3pa3kax METaJeBUX IUIACTHH pO3MipaMu
120x120%3 MM TSI KO>KHOTO JOCIITY.
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BuMiproBaHHs 3HaY€Hb TEMIIEPATYPH MPOTIOHYETHCS 311HCHIOBATH 3a JIOTIOMOT0I0 TEPMOTIAp
tuny L Ta ABaqusSTHYOTHphOXKaHAJIbHOTO mpmiaay (ikcauii Ttemmeparypu (puc. 1, 6). [nsa
KOHTPOJIIO TEMIIepaTypy BCEpeAWHI HarpiBaJibHOI KaMepu — OAHY TepMomapy. st KOHTpoIro
TEMIIEPaTypPH 3BOPOTHOTO Bijl HArPiBAJIbHOT KaMepu OOKY IUIACTHHKH, 3aMiCTh OJHI€T TepMOTIapH,
110 nepeadayeHo METOI0M BUIIPOOYBaHb HABEJICHNUM Y [4], IPONOHY€ETHCSI BUKOPHCTOBYBATH 11’ SITh
TEpPMOIIap, PO3MILICHUX Y 1T’ SITH TOUKaX: MepIIa — B TEOMETPHYHOMY LIEHTP1 3pa3Ka, a I1e YOTUPH
— PIBHOBIIaJICH] BiJ] IICHTPAIBHOT TOYKH 10 JiaroHalli, Ha BiJICTaHi, o AopiBHIOE 0,25 TOBKHUHA
1i€i giaronani. J{ist moOynoBH 3aJeKHOCTI TEMITepaTypy 30BHIITHBOI CTOPOHU TUIACTHHU BiJT 4acy
MIPOTIOHY€ETHCS OpaTH cepeHe 3HaYCHHS

a. 0.

Puc. 1. O6s1aqHaHHS, 10 BAKOPUCTOBYBAJIM /1JIsl MOPIBHSUILHOI OL[IHKM BOTHE3aXUCHOL
epexTuBHocti PBII: a — cxema BunpoOyBajbHOI mewi: 1 — mpuiaaag aasa  dikcaumii
TeMIeparypu, 2 — TepMonapu, 3 — 0JIOK yTpuMyBada 3pa3dka, 4 — JOCJHiAHUI 3pa3ok
(1acTuHA i3 HaHeCEeHUMM BOTHE3aXHCHMM MOKPHUTTAM), 5 — HArpiBaJbHMH ejieMeHT, 6 —
Temnoizouasuis; 6 — npuiaja pikcamii reMneparypu

TEMIepaTypy BUMIpSIHE Y IT’ITH TOYKaX YCEPETHEHE 3a pe3y/IbTaTaMu 3 BUIIPOOYBaHb.

Omninka epeKTUBHOCTI BOIHE3aXUCTy MOKPUTTIB 32 JOMOMOTOK0 YIOCKOHAJIEHOTO METOTY
Moyke OyTH 3/1iiiCHEeHA IUISIXOM MOPIBHSAHHS pe3yabTaTiB BUTPOOYyBaHb JOCI1PKYBAaHOTO TOKPUTTS
3 pe3yJbTaTaMu BUMPOOYBaHb IHIIIUX BOTHE3aXUCHUX IIOKPHUTTIB, Y BUIAJIKY, SKIIIO BUIIPOOYBaHHS
MIPOBOJISITHCS 332 OJHAKOBHX YMOB.

BukopucTaHHs1 ONITUMI30BaHOTO METOJY OIIIHKH BOTHE3aXMCHOT €(PEeKTUBHOCTI PEaKTUBHUX
BOTHE3aXMCHUX IOKPHUTTIB JO3BOJIIE ICTOTHO CKOPOTHTH Yac Ha IJTOTOBKY 3pa3KiB IpH
TJIaHYBaHHI Ta MPOBEIEHHI EKCIIEPUMEHTY.

TakuM 4YMHOM, 3aCTOCYBaHHS ONTHMI30BAHOTO METOAY OI[IHKM BOTHE3aXHCHOL
€(heKTUBHOCTI PEaKTUBHUX BOTHE3aXMCHUX TMOKPUTTIB JI03BOJISE€ 3pOOUTHU TOPIBHSJIBHY OLIHKY
edextuBHocTi PBII, BUKOpHCTOBYIOUM SIK KpUTEpPi Yac AOCATHEHHS KPUTHYHOI TeMIlepaTypu
(500 °C) Ha 30BHIIIHI CTOPOHI METaNEBOT MIIACTUHH.
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IMPROVEMENT OF RESEARCH METHODS FOR EVALUATING THE EFFECTIVENESS
OF FLAME-PROOFING COATINGS

A critical analysis of methods for assessing the fire-resistant effectiveness of reactive fire-
resistant coatings was carried out. It was established that during research aimed at the development
of new formulations of flame retardant compounds, it is expedient to use simplified test methods,
which would make it possible to significantly simplify the experiment and reduce the time for
processing its results. A method of comparative assessment of fire protection efficiency using an
electric oven with an isolated test chamber for heat accumulation as a source of thermal radiation,
which allows obtaining a temperature on the reverse side of a metal plate above 950 °C, is
proposed. As a criterion of fire protection efficiency, it is proposed to use a comparison of the time
of reaching the critical temperature (500 °C) on the outside of metal plates protected by fire
protection coatings.
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CEKIIA 3. CWJIA, 3ACOBHU TA TAKTUKA T'ACIHHS ITOKEX TA JIKBIIAIIL HC

A.B. @ewenko, k.m.H., OoyeHm,
O.B. 3akopa, x.m.1., doyenm,
JI.B. Bopucosa, K.10.H., 0oyenm,
Hayionanvnuu ynisepcumem yuginbHoeo 3axucmy Yxpainu

IMOBIPHICHA MOJEJIb THIIOBOI'O ®PAI'MEHTA BIIOMYOI IU®POBOI
TEJEKOMYHIKAIIMHOI MEPEXI JICHC

OmnepaTuBHICTh MPUIHATTS PIlIEHb MPU OpraHi3alii JiKBiJaIii HACTIIKIB HAA3BHUANHIX
curyamiii (HC), aBapiii, karactpod, CTUXIHOTO JTMXa, TACIHHS IOXKEX, PATYBAaHHS JIONEH Y
nigposauiax JICHC VYkpainu o0yMOBIIO€ BUKOPUCTaHHS HOBITHIX KOMIT IOTEPHUX TEXHOJOTIH,
BifoMuoi 1uuppoBoi TtenexkomyHikamiiiHoi wmepexi (BLUTM) JCHC, sk ¢yHKIIOHaIbHOI
nigcucreMu €nuHoi iHpopmaniitHoi cucremu MBC Ykpainu npu onepatuBHO-IUCIETYEPCHKOMY
ynpasiiiHHA cuiamu Ta 3acobamu JICHC VYkpainu mij yac pearyBaHHs Ta JIIKBIJAIll HACIIIKIB
HC.

Haniitaicts po6otu By3iniB Ta kaHamiB 3B's13ky BLITM JICHC Bu3HauaeThesl IMOBIPHICTIO
0e3B1IMOBHOI po0OOTI Ta KOe(DIIIEHTOM TOTOBHOCTI, 5K 3aJIe)KUTh BiJl IHTEHCUBHOCTI BIJIMOB Ta
oOpaHoi cTpykTypu Tunoux ¢pparmentis BLITM.

B pexumi mKoBOro HaBaHTAXKEHHS MiJ] BIUTMBOM EJIEKTPUYHHUX IEPEBAHTAKECHb 3POCTAE
IHTEHCUBHICTh BIJ]MOB, III0 MOX€E MPUBOJUTH JI0 TPUBAIMX 3aTPUMOK B poOOTI BY3JIiB Ta KaHAJIIB
3B'13Ky y ckiiaai TunoBux ¢pparmentis BUTM JICHC.

Tomy, akTyanpbHOIO MpOOJIEMOI0 € HEJAONMYILIEHHS aBapiifHUX CTaHIB BYy3/iB Ta KaHaJiB
3B'A3Ky BiIOMY0i IU(PPOBOT TEICKOMYHIKAIIMHOT MEepexi i1 9ac excruryaraiii B ymoax HC.

I'padoananitnuna crpykrypa Tunooro ¢parmenty BIITM skuii 3a6e3neuye nmepempaqy
naHux Bin nentpaidbHoro Bysia BIITM JICHC (ocHoBHUMIA, pe3epBHHMIT) uepe3 OKpeMHuii By30T 1 -
ro piBHS (PEriOHAIIBHOTO PiBHS) 10 BIATIOBIAHOTO OKPEMOTO By3Jia 2-TO PiBHA (PailOHHOTO PiBHSI)
0e3 ypaxyBaHHsI pe3epBYyBaHHs BY3JIB Ta KaHAJIB 3B'sI3Ky, 110 HaBeAeHe Ha Puc. 1., ne Ha Puc. 1
OykBaMmu Mo3HaueHi By31u rpady C, @, b ta kananmu nepemaui qanux Kea, Kan pparmenty BIITM,
sIK1 IpoHyMepoBadi mudpamu 1, 2, 3, 4, 5. Koxkaomy enemenTy rpada Ha Puc. 1 BoBinaroTh neBHi
fiMoBipHOCTI 6e3BigMOBHOT poboTH Pe(t) - meHTpadpHOro Bysna, Pa(t) - Bysma 1-ro piBHS
(perionansHOro piBHA), Pu(t) - Bysma 2-ro piBHS (paiiOHHOTO PIiBHS) Ta BIAMOBIIHMX KaHAJiB
3B'513Ky Pca(t) 1 Pap(t).

/ 2 3 4 )
kea /‘\ kap

C w b

f?n-(f) P:;m"U i’ljﬂ(‘r) Pu.fl('f}} P.f:(r)

Puc. 1 CrpykrypHa cxema HagiitHocTi THIIOBOrO pparmenty BLITM 06e3
pe3epBYBaHHS

brok-cxemu nHamiitHOCTI TUTOBOTO (parmenty BIITM mist pisHOMaHITHHX

KoH(DIrypairiii 3 pe3epByBaHHSIM BY3IiB HaBeAeHI Ha Puc. 2., 1y SKUX HAUIIIEMO
BUPaXCHHS JIJI IMOBIpHOCTI 6€3BIIMOBHOT poOoTH THIOBOTO (pparmenty BIITM
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cabl [1 1- pCO) (1 pCp)] ca pao' ab "Pho
P(?a,b,z :[ _( _pco)'( _pcp)]'Pc,a [1_( pao ( )] Pab Pho

Pc(?a,bs :[1_(1_pco)'<1_pcp)]'Pc.a'[ ( pao ( )] Pab [ pbo) ( _pbp)]

1)
._I: Peo j = Pao Pap Py [—®
Pep

a)
’_[ Peo j Pea T Pao T Pap Pro [—®
Pep l-J:||'m
0)
T Peo j Pca _[ P.o T Pab 4[ Pbo I—C
Pep P ap Php
B)

Puc. 2 baok-cxemu HaaiiiHocTi TunoBoro ¢pparmenty BLUTM nis crpykrypu 3
pe3epBYBaHHSIM: a) HEHTPAJBLHUX BY3J1iB; 0) EHTPAJIbHMX i perioHaJLHUX BY3JIiB;
B) HIEHTPAJIbHMX, PEeriOHAJILHUX i pailOHHUX BY3JiB

SAx  mo pgomyctutH By3nu  TumoBoro  (¢parmenty BITM  piBHOHamiliHUMH
P, =P, =P, =P, =Py, =Py =C=P, Toni supaxenns (1) nepeTBopOOTHCS 10

HaACTYIIHOI'O BUY

Pc(?b,Z = [1_ (1_ p)z]z P Pc,a ’ Pa,b (2)

Ockinpku kaHanu 3B’s3ky JICHC, omepaTopiB TeilekoMyHIKalii Ta Aep:kaBHI KaHAIU
3B’SI3KYy CIEIIadbHOrO TMPU3HAYCHHS B3a€EMHO PE3EpPBYIOTHCA OJMH OJHUM BIAMOBIAHO 3

KpaTHiCTIO mp03 = 3 , TO CHpaBHI/Iﬁ CTaH KaHaJiB NnepeaaBaHHs JaHUX BU3HAYAECTHCSA (1)0pMy.TIOIO

(3), iHOAI F1OTO MOKJIMBO BBKATH OJU3BKHM JI0 1/1€aIbHOTO
3
I:)c,a: a,b:ll_(l_p) J (3)

Topni 3 ypaxyBanusM (3) Bupa3 (2) nepeTBOPIOETHCS 10 HACTYITHOTO BHIY
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Otpumane BupakeHHs (4), sIK pa3 1 onMcye iMOBIPHICHY MOJIENb THIIOBOTO (hparMeHra
BLTM 300pakeHy y BUrJIsi1i OJ0K-CXeM HATIHHOCTI IJIsl CTPYKTYP 3 PO3IUIEHUM pe3epByBaHHIM
BY3JIiB Ta KaHaJiB 3B's3Ky Ha Puc. 2. ImoBipHicHa Mozens TunoBoro ¢pparmenta BIITM no3Bossie
MIPOBOJIUTH JOCIIJKCHHS BIUIUBY CTPYKTYpH TUnoBoro ¢gparmenty BLITM na fioro HamiiiHicTh
METOZIOM MaTeMaTHYHE MO/ICITIOBAHHS.
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PROBABILITY MODEL OF A TYPICAL FRAGMENT OF THE
DEPARTMENTAL DIGITAL TELECOMMUNICATION NETWORK

An analysis of the purpose, operating conditions of the components, the hierarchy of the
structure of the departmental digital telecommunications network of the State Emergency Service
of Ukraine, which is considered as a set of typical network fragments. The structure of a typical
fragment of a departmental digital telecommunication network is presented in the form of a
structural scheme of reliability without redundancy, which consists of central, regional and district
nodes connected in series by communication channels. The required values of the probability of
failure-free operation of nodes and channels of the departmental digital telecommunications
network depending on the required value of the structural reliability of the typical fragment are
substantiated. The application of structural separate double redundancy of nodes with different
degrees of hierarchy for typical fragments is proposed in order to simultaneously reduce the
requirements for the reliability of nodes of the departmental digital telecommunications network.
A probabilistic model of a typical fragment of a departmental digital telecommunication network
in the form of block diagrams of reliability for structures with multiple redundancy of central,
regional district nodes and communication channels is developed. Analytical expressions for
studying the influence of the structure of a typical fragment of a departmental digital
telecommunication network on its reliability by statistical mathematical modeling are obtained.
Analytical and graphic materials of statistical mathematical modeling on research of dependence
of probability of a serviceable condition of a typical fragment of a departmental
telecommunication network on structure of a typical fragment with redundancy and reliability of
the corresponding network nodes and communication channels are resulted. It is advisable to
choose structures with double node redundancy at least at the central level, at most at all levels,
and counting on intermediate values of reliability when reserving nodes of central and regional
level in order to increase the probability of good condition of a typical fragment of the
departmental digital telecommunications network.
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B.M. Hysausin, kanouoam mexuiunux nayx, ooyeum, €.0. Koyap, M.O. Hanusaiixo
Yepkacvkutl incmumym noicexcroi oesnexku imeni I'epoie Yopnoouns Hayionanvho
VHIgepcumeny YyugiibHo2o 3axcumy Ykpainu

JOCJIIKEHHSA MOKJIMBOCTI BIIVIMBY MAT'HITHOT O ITOJIAA HA ITOJIYM'A
HA®TOI'A30BOI CBEPJAJIOBUHU

VY 2008 porui amepuKkaHChbKe ATEHTCTBO OOOPOHHHUX IHIIIaTHB CIUIBHO 3 MiHICTEPCTBOM
€HEePTreTUKN OTOJIOCHIIM PO MoYaToK (iHaHCyBaHHsS nociiaHuipkoro npoekry IFS (Instant Fire
Suppression, "llIBuake NpuAyHICHHS BOTHIO"), B paMKax SIKOTO PO3MISJAIHCS JIBa OCHOBHI
MiAXO/I 10 YIPABIIHHS BOTHEM - €JIEKTPOMArHiTHUN Ta aKyCTHYHHUIA BIUIMBU.

BrimB  eneKTpOMarHiTHUX XBWJIb Ha BOTOHb JOCHTIJDKYBaBCS B EKCIEPUMEHTAX,
MIPOBEJIEHUX I'PYIOI0 BUEHUX XIMIYHOTO (aKyyibTeTy ['apBapJChbKOro yHIBEpCUTETY, 16 METAaHOBA
MajJbHUK TOMIMIAJIacs MDK JBOMa eJeKTpPOJaMU, €KpaHOBAaHMMHM CKIISHOKO 13oismiero. Ha
€JIEKTPOJIM TOJaBayiacsi €JeKTpUYHA HaIpyra, 10 CTBOpIOBaJla y IPOCTOPI €IEKTpUYHE IOJe
HanpyxeHicTio 75 kB/M.

Enektpoamn
3i CKNAHHOIO
A isonsuieto

o el TON
" -
/ .
s
MeTtaHose
nonyms

T

Bucoka
nocTiiHa
Hanpyra

Bucoka
nepemiHHa
Hanpyra

A A
Puc.1 - BiiuB enekTpoMarHiTHUX XBUJIb Ha TIOTyM's

Ha niBiif yacTHHI pUCYHKY MMOKa3aHO MOBEIIHKY TMOJYM's, 3HATE 3a JOTIOMOTOI0 MIJTipeH-
dotorpadii (Meroxn Bizyamisarii (a30BHUX CIIOTBOPEHb y MPO30PHX CEPEIOBUINAX) MPH TOaAU1
MOCTIHHOT HANpyTH Ha enekTpoau. Ha npasiit — momym'st i BrutmBoM 3MiHHOT HanpyTH (800 I'm):
«1OHHHI» BITEp PO3PUBAE MOIYM's, 3yBalOYH HOTO 3 MaTepiajiB, IO TOPSTh.

[IpyuymHa B TOMY, 1110 TIOJTyM'sl — I1€ TUTa3Ma, TOOTO 10HI30BaHMM T'a3, IO MICTUTh 3apsKEH1
YAaCTUHKH, TaKi K CaXka, [0 3yMOBJIIOE HOTO PEAKIIIIO0 Ha SIIEKTPUYHE TOJIE.

i mociimKeHHs TIOKa3ajal OYEBUIHUN BILTUB €ICKTPOMArHiTHUX Ta 3BYKOBHX XBHIIb Ha
BOT'OHb, II€ CBIYMTH MPO MEPCHEKTUBHU MOJATBIINX JAOCTIIKEHb B Il Taly3l Ta aKTyaJbHICTh
JTAHOTO HAyKOBOT'O HAIIPSIMKY.

Sk moka3yroTh gocuipkeHHs [ 1-2], momym'st Mae fiaMarHiTHi BIaCTUBOCTI, TOOTO. TOTyM's
"BUIIITOBXYETHCA" 3 MArHITHOTO OJIsl. B OCHOBHOMY JliaMarHiTHI BIACTHBOCTI MOJyM'sl, & TAKOXK
Horo 3a0apBJICHHS TOSCHIOIOTHCS MPUCYTHICTIO B HBOMY Y 3B&KEHOMY CTaHI pPO3IMEYCHUX
YaCTUHOK BYTJIEIIIO, 11O € HE 3a3HaJIH MPOIECY OKUCIICHHS.

OcCkUIbKM MOTyM'st Ma€ JllaMarHiTHI BIACTUBOCTI, TO BIUIMB MArHITHOTO MOJISI HA MOJIyM's
13 30BHILIHBOT0 OOKY (hakesia B TOMY UM IHIIOMY (OTHOMY) HAIIPSIMKY Ha (akes J03BOJIsI€ 3MIHUTH
(hopMy OCTaHHBOT'O, 3MYCHBIIH HOTO BIAXUIUTHUCS B HAMIPSMKY, IPOTUIICKHOMY TOMY HalpsMKY,
B SIKOMY JIi€ MarHiTHE MoJie, 1 30UIBIIUTH KyT BUILE3TaJaHOl CUJIH, 110 Ji€ Ha YaCTUHKU MOJIyM's
Ha Mexax (akena, 10 3HaueHHs 90° i HaBiTH GiNblle, B PE3yIBTATI YOrO CTA€ MOYKIIMBUM TOYHE
BHU3HAYCHHS Bi3yaJbHHUM IUISIXOM SIK MiHIMYM OJIHI€i 3 KOP/IOHIB CBEPAJIOBHHH, 110 TOPUTb.

[Tix yac mocnimkeHHs OyJI0 MPOBEACHO PO3PAXYHKH BETMYMHU HAMPY>KEHOCTI MarHITHOTO
MoJisA, sIka TMOTPiOHA Ha BIIXWIIEHHS MOJyM's HaBeleHOro obcsary. Ha ocHOBI mporo mapamerpa
MO>KJIUBO 00paTH €JIEKTPOMArHIT 37JaTHUI e()eKTHBHO BIUTMBATH HA BITXUICHHS MOTYM sl
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Po3paxyHOK MOTY>KHOCTI €JIeKTPOMAarHity OyZeMoO MPOBOIUTH JJISl BIUIMBY Ha IMOJIyM s
MOKekKi HaQTOra30BoOi CBEPUIOBUHU. 3TiTHO 3ayMy IJIACTOBUN TUCK CBEPAJIOBHHH Py, ckiamae
130 atm 26013172300 Ila. Tuck Ha moBepxHi 3eMili Puops IpuiiMaeThCsl pIBHUM HOPMAaJIbHOMY
atmochepromy TrCcKy101 325 ITa.

BianoBigHO 10 MpOBEACHUX pO3paxyHKIB CWiIa, IO Jii€ HAa YAaCTMHKH MNOIyM's Ta
00yMOBJIEHA JIMIIE PI3HULICIO TUCKIB Y INIMOMHI CBEP/UIOBUHU Ta Ha IMOBEPXHI 3eMJIi (TOOTO cuiia,
3 sIKO1 BIIOYBa€ThCSl BUKHJ HAa()TOra3oBOi CyMillll, 10 TOPUTh, 13 CBEPAJIOBUHU 3a BIJICYTHOCTI
30BHIIIHBOTO Mar”iTHOro noJjsi) Oyzae ckianatu 54898,1 H.

Jiis po3paxyHKy Fm - cuiam, MOpOHKEHO! 30BHINIHIM MarHiTHAM I10JIEM, BHU3HAYaJIH
MarHiTHy COpUUHSATIMBICTD MOIyM's 32 (POPMYIIOIO:

H? H®
Fy=X-m-———=X-m-
L-c]:ax"'f'bez oo (Rs—Rpy H.T':] +Lhgezon (l)

ne, X - MarHiTHa CHPUWHATIMBICTH NMOJYyM'st (TOOTO TUX YAaCTMHOK MOJYM's, SIKI MarOTh
JlaMarHiTHI BJIACTUBOCTI);

M - Maca YaCTUHOK TOJIyM's, II[0 MAalOTh JlaMarHiTH1 BJACTUBOCTI, KT;

H - HanpyXeHICTb MAarHiTHOrO II0Ji1, CTBOPIOBAHOTO €JIEKTPOMArHiToM po0oTa
MOKEXHOT0 pOOOTHU30BAHOTO KOMIUIEKCY, A/M;

L - BigcTaHb BiJ BUX1IHOT MeXI (akena rnoiym's (sika Majia Miciie 10 BIUIMBY MarHiTHOTO
MoJIE Ha TOJyM'sl) 10 BEPTHKAIBHOI IUIONIIMHH, IO MPOXOJIUTh 4Yepe3 TOYKY Ha MEXl rupia
ra3oHadTOBOI CBEPVIOBUHH, HAMOIMKIY 70 OCI MAarHITHOTO MOJIS 1 TapaeIbHOI OCTaHHBOI, M;

Ro— paniyc daxena nmonym's y HallBUIIi# HOoro 4acTuHi, M;

Ro— pazaiyc rupna cBEpAJIOBUHH, M;

3a L mpuiimaerbcs BiACTaHb BiJ BUXIAHOT Mexi (akena moiyMm's 10 BEPTHKAIbHOI
TUIOUIMHM, 110 MTPOXOIUTh Yepe3 TOUKY Ha MEXI1 Tupiia ra3oHadTOBOI CBEpUIOBUHH, HAMOIIKYIY
0 OCl MAar”iTHOro TOJisi Ta TMapajelbHOi  OCTaHHBOI Ta Oe3Me4yHoi BiJACTaHI, Ha SKIH
PO3TalIOBYETHCS MOXKEKHUN POOOT.

OO6csr nmonmym'si, Ha SIKWH BIUIMBA€ MAarHITHE T10JI€, BUTJISAIAE TAK:

Puc. 2. Cxema 4acTHHHM MOTyM'sl, IO IiIIA€THCS BIUIMBY MarHiTHOTO IMOJIS (3alITPUXOBaHA
00J1aCcTh)

B pesynbraTi po3paxyHKy BH3HAQUY€HO MiHIMAIbHO HEOOXiHA cuia, Ky IOBHHEH
CTBOPIOBATH €JICKTPOMATHIT, U BIAXHWICHHS JAHOTO OOCATY MOJyM's i BOHA JOPiBHIOBAaTUME:
268425,2 H.

TemnepaTrypa mokexi MepeBuIllye TeMiieparypy kuminas Hagtu (y pas3i HadTa Bakka i
temreparypa i kuminas gopiBHioe 106°C). Omxe, BUAUIAIOTHCS HACHYEHI MapH, sKi OepyTh
aKTHBHY y4acTb y rOpiHHI. Macy HacH4eHOT mapH, sika 3aiimMae 00'eM, Ha SIKMI BIUTUBAE MarHiTHE
1oJie, BU3HAYMMO 3a (POpPMYJIIOH0:

Myn = Pun.” Vios (2)

1€ Pu.n.- HIUTBHICTh HACUYEHOT NapH, Kr/mS;

Vros- O0'€M, Ha SKHif BIUTMBA€ MarHiTHE 1I0JIE, M°.

HIinbHICTh HACHYEHUX NapiB Mae 00EPHEHO MPOMOPLINHHY 3aIeXKHICTb BiJ] TEMIEpaTypH, i
3pocTtae 31 30UIBIICHHSM THCKY. B 1aHoMy BHIaziKy, moskexxa BiOyBaeTbCcs Ha BIIKPUTOMY
IPOCTOPI 1 i1 TUCK MPUMHATO 32 HOpMAJIbHUM aTMocdepHuii, To0TO 760 MM.pT.CT:
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273 P,
273+t 760

Pun. = Po
3)

ne t - remneparypa noxexi, ° C;

P — THCK y 30H1 TOXKeX1 (U1 IHOTO PO3pPaxXyHKy mpuitMaeMo 760 MM.pT.CT.);

Po— IIUTBHICTH HACHYEHOT APH 32 HOPMATbHHX YMOB, KI/M°,

OcCkinbKH Mar”iTHE MoJie Ji€ TUTBKH Ha PO3IMEYeHI YaCTUHKU BYTJCHIO B 3aralbHOMY
00cs131 HadTH, 110 TOPHUTH, TO PO3PAXyYHKAM ITiJISITA€ TIIBKU Ta YACTHHA, SIKa MICTUTh BYTJICIICBI
CMONYyKU. 3HAIO4M, MO iX MicTUTbes 87% 3aragbHOMY 00Cs3i, aje He 3HAIOYHM BiJICOTKOBE
CHIBBIJHOIICHHS KOXXHOTO, MOYXHAa 3HEXTYBaTH BH3HAYCHHSAM IXHBOI MOJEKYJSIpHOI Barw,
MPUKAHSBIIN 32 HHOT'O MOJICKYJISIPHY Bary BCi€l CyMillli B ILJIOMY.

Toni

M 273 Peg _ 120,69 273 760

Pun = 553

"~ 22,4 273+t 760 224 273+1100 760

= 1,07 kr/m> .

Maca nacuueHoi napu HaQTH TOPIBHIOE:

m,, = 1,07-56,93 = 60,92 kr.

Po3paxyemo Hanpy>keHICTh MarHiTHOTO MOJIsl, CTBOPIOBAHOTO €JIEKTPOMArHITOM:
JFM - 2((Rg — Rugr) + Leeson)  [26845,2-2- ((2,75 — 0,0365) + 12,82)
Xg - Me 3,41-1073- 60,92
= 2003,7 A/m

OT1xe, oTprMaHi pe3yJbTaTH J03BOJISATH HaM 00paTH (CTBOPUTH) MEPENIK KOMIUIEKTYIOUHX
JUig 30upaHHS HEoOXiIHOro enekrpomarHiTy. [lomanbin mocnimkeHHs OyAyTh HpPHUCBSYEHI
BH3HAYEHHS TEXHIYHUX MOXXJIMBOCTEH, IIOJI0 OCHAIEHHS HasBHOI TexHIkW miapo3aums JCHC
€JICKTPOMArHiTOM Ta PO3pOOKa TAKTUKH BHUKOPHUCTAHHS €JIEKTPOMArHITHOTO TOJIS /IS TaciHHS
MTOXKEXK.

H=

JITEPATYPA:
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V.M. Nuianzin, PhD in technical sciences, docent, Y.O. Kotsar, M.O. Nalyvaiko
Cherkasy Institute of Fire Safety named after Chornobyl Heroes of the National University of
Civil Defence of Ukraine, Chekrasy

THE STUDY OF POSSIBILITY OF THE INFLUENCE OF THE MAGNETIC FIELD
ON OIL AND GAS BOREHOLES

The paper considers the possibility of using a magnetic field to help extinguish fires. It was
established that the flame has diamagnetic properties, i.e. the flame is "pushed" out of the magnetic
field. Basically, the diamagnetic properties of the flame, as well as its color, are explained by the
presence in it of heated carbon particles in a suspended state that have not yet undergone the
oxidation process. The option of a fire at an average oil and gas borehole was considered. As a
result of the calculation, the minimum necessary force that the electromagnet must create to deflect
this amount of flame is determined and it will be equal to: 268425.2 N. To create such a force, the
magnetic field strength must be 2003.7 A/m.
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Ykpainu,
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HIABUIIEHHA EOEKTUBHOCTI 'ACIHHA ITIOXKEK TBEPIUX I'OPIOYUX
MATEPIAJIIB IIJIIXOM MOJEPHI3AIIIL ITHO3MIIITYBAYA I13-5

Peamizamis coco0iB MPUITMHEHHS TOPIHHS JOCSTAETHCS BHUKOPHCTAHHSIM BOTHETACHHX
PEUOBHH Ta TEXHIYHUX 3ac00iB. [0 BOrHETaCHUX HAJIE)KATh PEYOBUHH, 110 MAIOTh (Hi3UKO-XIMIYHI
BJIACTUBOCTI, SIKi JO3BOJISIIOTH CTBOPIOBATH YMOBH Ui TpHUIIMHEHHS TopiHHA. Cepen HHX
HAUTIOMIMPEHIMUMHU € BOJA, BOJSHA Tapa, IiHa, Ta30Bi BOTHETACHI CyMIillli, TOPOIIKH, IICOK,
BOTHECTIHKI TKAHWHH, TOIIIO.

[lutanHs miABUILEHHS €()EKTHMBHOCTI TAaCIHHA MOXEX TBEPAUX TOPIOYUX MaTepiajiB
PO3TISIIAETBCS BXKE JTaBHO. BpaxoByrouw, M0 HAWOMIMPEHIIIOK BOTHETACHOIO PEYOBHHOIO €
BOJIA, IIJISIXH MOLIYKY 30UIbIIeHHS! €(peKTUBHOCTI epedyBaloTh caMe B IUIOIIMHI BUKOPUCTAaHHS
BOAM.ICHYIOTH pi3HI JOJATKU 10 BOJH, SIKI MOKPAILIYIOTh ii BOrHEracHy €(eKTHUBHICTb, OJHAK,
HaifuacTime i raciHHs TOXeX BHKOPHCTOBYETHCS JIMIIE BOJa. EKCIiepuMeHTaIbHO TOBENIEHO,
o B imeami, myis racigHs 1 M? TBepAMX TOPIOYMX MaTepialiB MOTpi6HO Bchoro 0,5 1 BoM.
3anuImaeTbes JUIIE BUPIMIUTH TOJIOBHY 3a7ady — K 3a JOIIOMOTOI0 HEBEIMKOTO 00’€My BOIH
e(eKTHBHO BIUTMHYTH HA OCEPEIIOK MOXKEXi. 3 METOI0 30UTHIIICHHS! BOTHETACHUX BIIACTUBOCTEH
BOAM 10 HEl N10/1al0Th 3MOYyBaui (MOBEepXHEBO akTUBHI peuoBuHH I[IAP), ski 3HIKYIOTH 11
MOBEPXHEBUN HATAT 1 poOJATH i OUIBLI MPOHUKIMBOIO, BIANOBIJHO BOTHEracHa €(PEeKTHUBHICTh
BOoAM 30UIbIIY€ETHCS B 1,5-2 pa3u. Lllupoke 3acTocyBaHHS MOXKEKHO-PATYBATBLHUMHU M1APO3A1IaMU
MiJT Yac TaciHHSA TMOXEX B SAKOCTI 3MOYYBadiB 3HAWIUIM TTHOYTBOPIOBAYl 3arajbHOTO
MPU3HAYCHHSI, IO MOJAIOTHCS B JCMIO MEHIIWX KOHIIEHTPAIISX Ha BIAMIHY BiJ TOBITPSIHO-
MEXaHIYHOI MIHHU.

Haifuactime  peamizaris  mojadi  3MEHIIEHOT  KOHIIGHTpaIllli  MIHOYTBOprOBaya
3a0e3mevy€eThCs, B 3aJI€KHOCTI Bil MOTPIOHOT KIJIBKOCTI MPUIIAIB TaCiHHS, IMIJISTXOM JIOJaBaHHS
MHOYTBOPIOBaya (3MovyBaua) A0 nucrtepHu 3 Bogow All, abo, B pa3i momadi 3-x Ta Oiiblne
MpUIaaiB TaciHHS, IUIAXOM BCTAHOBJICHHS KpaHy IIIHO3MIIIyBa4a Ha BIAMITKY «l», 110
3abe3neunTh nopauy 1-2 % po3unHy miHOyTBOproBaya. OOuaBa CrOCOOM € HEIOCKOHAIUMU 1
MalTh 3HAYHY KIJIbKICTh HEJOJIKIB Ta HE3PYYHOCTEH B XOJi peamizamii. Po3unHu 3MovyBadis,
chopMoBaHi Oe3mocepeHbO B aBTOIMCTEPHAX, 3aCTOCOBYIOTh TOJIOBHUM YHMHOM JUIsl MOAAYl
nepuoro crBoiia. [IpakTrka raciHHs Mokasye, 10 O/IHI€T aBTOIMCTEPHHU 3 PO3YMHOM 3MOYyBaya,
SIK TIPaBUJIO, TOCTATHBO JIJIS JIIKBiJIAIlii He3amyIIeHO1 MOKEX1 Ta JIOKai3allii po3BUHEHO.

BpaxoByroum, mo nepeBakHa OLIBIIICTh IOXKEXK TacUThCsA 1-2 CTBONaMH, Crocio 3
BUKOPUCTAHHSM CTAl[lOHapHO BCTAHOBJIEHOro miHo3MimryBadya [13-5 He € pominbHUM dYepes
MEePEBUTPATH MIHOYTBOPIOBAaYA MPH 0/1a41 KUIBKOCT1 CTBOJIIB MEHIIIE 3-X.

[Ipononyetscs MoxepHizalis miHo3MinryBaya I13-5 mimsxoM CTBOpEHHS TOJATKOBOTO
OTBOpY AiameTpoM 1,2 MM J03BOJUTH 3a0e3neuuTd nojaady 2 % po3uuHy MIHOYTBOPIOBAaYa MPHU
poborti 1 crBona tuny Protek-366 3 BuTparamu 3,8 1/c a6o 1 % po3umHy miHOyTBOpIOBaua Mpu
pobori 1 ctBona tuny Protek-366 3 Butparamu 6 n/c a6o 7,9 ni/c. JonaTkoBuii OTBip AlaMeTpOM
2,4 MM J103BOJTUTH 3a0€3MeUnTH roaavy 2 % po3unHy MiHOYTBOpIOBayda npu poooTi ctBona Protek-
366 3 BuTparamu 6 Jj1/c abo 7,9 1n/c.

MoxuuBi BapiaHTu mozadi 1-2 % po3uuHy MIHOYTBOpIOBada B SIKOCTI 3MOYYBayiB
HaBeJEHO B Ta0OmuIi 1.

Tabmuus 1. KoHuenTpalii po3urHy MiHOYTBOPIOBaya B 3aJI€KHOCTI BiJl AiaMeTPy OTBOPY.

Ne Butparu 31 cTBONA 1 % pozuun [TV / 2% po3uun I1Y /
3/m Protek-366, n/c JiaMeTp OTBOPY, MM JliaMeTp OTBOPY, MM
1. 3,8 -- 1,2

2. 6 1,2 2,4

3. 7,9 1,2 2,4
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BapianT monepnizanii niHo3mimyBada [13-5 3 101aTKOBUM OTBOPOM, MPU3HAYCHUM IS
nojayi 2% KOHIEHTpallii MIHOYTBOPIOBaya, HaBeJeHO Ha cxeMmi (puc. 1).

R 10,9 rm

Pucynok 1. Cxema MoepHi30BaHOro miHo3MinryBaya [13-5.

Peanizanis 3amponoHOBaHOI KOHCTPYKLII MIHO3MINIyBaya Ha MPaKTHIl, J103BOJIUTH
MIJBUIIUTA €QEKTUBHICTh TaciHHS MOXEXK Ha pPI3HUX CTadisIX PpO3BUTKY BXKE€ MEPLIUMU
MpUOYIMMHU MOXKEKHO-PITYBATLHUMM IT1IpO317IaMHU.

JIITEPATYPA:

1. Peamnizamis croco0iB rmojaqi BOIU I Jac raciHgsa MOXKEXK.
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[Tpob6aemu noxexnoi 0e3nexku. 30ipka HaykoBux mparb. HYI3Y. Xapkis. Ne 34,
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Vitaly Aksyonov, student of higher education, National University of Civil Defense of Ukraine;
Andrii Lisniak, Ph.D., associate professor, National University of Civil Defense of Ukraine

INCREASING THE EFFICIENCY OF FIRE EXTINGUISHING SOLID
COMBUSTIBLE MATERIALS THROUGH MODERNIZATION OF THE PZ-5 FOAM
MIXER

Variants of modernization of the PZ-5 foam mixer are proposed to ensure the supply of 1-2%
concentrations of the foaming agent as a wetting agent when extinguishing fires involving the
burning of solid combustible materials.
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PO3POBKA 3ACOBY INOKEXOI'ACIHHA I'EJIEYTBOPIOIOYNMHU CKIIAJAMHA
HIABAT'OHOI'O ITIPOCTOPY METPOIIOJITEHY

BpaxoByroun Te, 110 OCHOBHA YacTHHA MaTepiayiiB il 00NagHAHHS BaroHiB CHpPUSE MIBHIKOMY
PO3MOBCIOKEHHIO TIOIYM’sl Ta TOIIMPEHHIO BUTOKY TOKCHYHHUX Ta3iB, sIKi CTBOPIOIOTH NpPHU
MOKEXKI HEOEe3MeKy OTPYEHHS JIOJCH MpoayKTamMu ropiHHs. [lificHo, e 0OyMOBIIIOE iCTOTHI
TPYAHOLII IIO/I0 MTPOBEACHHS POOIT MmoXKe:KHUM [1].

HoctaBky I'YC y migBaroHuil mpocCTip MPOMOHYETHCS 3HIMCHIOBATH 32 JOMOMOTOO
crenianbHOTO Bi3Ka (puc. 1). Takuii Bi30K MICTUTh PO3MIIIeHI HAa paMi By3bKO1 KOJIii /jBa OanoHa
3 kommnoneHTamu ['YC, 110 NpHKpIIIIeHi JO paMi XOMYTaMH 3 3aMKaMH, 1 Ma€ JIB1 KOJICHI Mapw,
SIK1 pa30M 3 paMOIO CTBOPIOIOTh pyXoMui Bi3oK. [lepina i Apyra KomicHI mapu, CreriaabHOro Bi3Ka,
MpUEIHAHT TPOCOM 10 OapabaHHOI JIEOIAKK 3 BIAMOBIIHUM MPHUBOJOM, JIIOUMUM 3a MPUHIIUTIOM
«TATHU-IITOBXai». CaM BI30K BCTAHOBJIEHO Ha BY3bKii KOJIii, B C€peIHI OCHOBHOI KOJIi pyXy
BaroHiB mMeTponoiiteHy. KoxeH 0alloH 3aloBHEHO MijJ TUCKOM OJHOI0 KommnoHeHToro ['YC Ta
MIPUETHAHO Yepe3 3alpHUM TPUCTPIN A0 CHEIIaTbHOTO HACAKY, SKHH PO3MOPOITYE KOMITOHEHT
I'VC na nanaroui eneMeHTH IiABaroHHoro oosagHanHs. [IpoTsaryBanHs n1e61/1K0k0 Bi3Ka IIOB3 BCI€l
IO MOXKEXK1 3A1MCHIOEThCS CTUIBKH Pa3iB, CKUTBKU 3HAZAOOUTHCS IO MPUITMHEHHS TOPIHHS MiJ
BaroHom [2].

o ) O

Puc. 1. Yerpiii nigBaronnoro racinus: 1 — 6aaoun 3 komnonentamu I'YC; 2 — xomyTn
KpilieHHs1; 3 — 3aMKHM KpilieHHs; 4 — Bi3ok; 4.1, 4.2 — mepmia i apyra koJaicHi mapu; S —
34inka; 6 — By3bKOKOJIiliHA 10pora; 7 — OCHOBHA KOJisi; 8 — Baron merpomnoJiireny; 9 —
mmnaja; 10 — Tarosa Jiedinka 3 TpOCOM «TATHU-IITOBXAK»; 11 — cucremMa ynpaB/liHHA PyXoM
Bi3ka; 12 — cucreMa ynpasJiHHA PyXoM Barouy, 13 — natuuk remneparyp; 14 — raxomerp

3Hal04YM MpO HENOJIKU 3aCTOCYBaHHsS BOJM M BOTHETAaCHOI'O MOPOIIKY MPHU TacaHHI Mij
BaroHOM, Ta BPaxOBYIOUM HEOOXiIHICTH 3/iiicHIOBaTH nojady BI'P 3HM3y Ha moXuiti moBepxHi y
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iABarOHOMY MPOCTOPI, AOCIHIPKyBaNach €(peKTUBHICTH TaciHHS 3aropsiHb, konu BI'P monaBanacs
i pI3HUMH KyTaMH Ha ocepenku moxex. Jms migBuimieHHs e(eKTUBHOCTI TaciHHS
BukopuctoByBau ['YC, ski B pi3HUX yMOBax MaloTh JIOCUTh MIIHY ajre3i0 0 MOBEPXOHb
MOXKEKOTaCIHHS, THM CaMUM 3MeHInyroun Butpatu BI'P [3].

Jst 6inbin ToyHOro BU3HaueHHs nepesar ['YC 1o HaifOUIbII MOMTMPEHNX BOTHETAaCHUX PEUYOBHH,
SIKI BUKOPUCTOBYIOTHCSI IPY TACIHHI OCEPEIKiB IMOKEXK il BATOHOM METPO, HamMu OyJi TPOBECHI
HaOIDKEH] 10 PeabHOCTI MOPIBHSUIBHI €KCIIEPUMEHTH 3 BU3HAUYEHHSIM €(EKTHBHOCTI TaciHHSA
MOJIeTTbHUX BOrHUIY [4].

OcCoONHBICTIO 3aIPOTIOHOBAHOTO METOJY TaCiHHS IOKEKOHEOS3NMEYHOro OONaTHAHHS ITiJT
BaroHaMH METPO € BUKOPUCTAHHSI CIEI[IaIbHOTO Bi3Ka miBaroHoro raciaas. CremniaabHuil Bi30K
pO3TaIIOBaHUI BCepeMHI OCHOBHOI KOJiI pyXy BaroHiB METpOIONITEHY B MOTJHOJICHHI JIOTKA
Bo030ipHUKA. PyX Bi3Kka 3a0e31meuy€eThest MPUETHAHUM JI0 HHOT'O TPOCOM TSTOBOT JIEO1 KU, 10 JTi€
3a IPUHLIMIIOM «TSTHU-IITOBXai». CrcTeMa yIpaBlliHHS pyXOM Bi3Ka aBTOHOMHA 1 3a0e3rneueHa
JTaTYAKOM TEMITEPATyp i JaTIYNKOM-TaXOMETPOM, 32 JJOTTOMOTOIO SIKMX MOYKIIMBO KOHTPOJIIOBATH
PEXHUM pyXy Bi3Ka, 3aJ€KHO BiJ (PaKTy HaOIMKEHHS BI3Ka IO OCEPEAKY MOXKEXK1 y MiIBAarOHHOMY
npocropi. Pexum BigkpuBaHHS 3amipHuUX mpucTpoiB nonaui BI'P moxke 31ificHIOETBCS
JUCTAaHLINHO paaio curHagamu. OcoONMBICTIO OTPUMaHUX DPE3YJIbTaTiB MOMKIMBOTO 3aiSTHHS
CHEIIaJIbHOTO BI3Ka IMiJIBATOHOIO T'ACIHHS B MOPIBHSHHI 3 BUKOPUCTAHHSAM ICHYIOYMX, 3apa3, Ha
CTaHIIISIX Ta Y BaroHax METPOIMOJIITEHY 3ac00iB IMOXKEKOTaclHHA € 3MEHILIEHHS HMOBIPHOCTI
OTPUMAaHHS TPABM IMOXKEKHUMHU Ta MpalliBHUKAMU CTaHIII1 P TaCiHHI TOXkKEXK Y BaXKKOIOCTYITHUX
MICIISIX IT1/T BATOHAMH METPO, 32 PaXyHOK JTUCTAHIIHHOTO KEPYBAHHS CHEIlaIbHUM BI3KOM [5].
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DEVELOPMENT OF A MEANS OF FIRE EXTINGUISHING WITH GEL-FORMING
COMPOSITIONS OF THE UNDERCARRIAGE SPACE OF THE SUBWAY

The effectiveness of extinguishing fires in the undercarriage space of cars at subway
stations has been increased due to the use of a special trolley for supplying gel-forming compounds
to hard-to-reach places under subway cars. In order to ensure the delivery of the gelling system to
hard-to-reach places under the subway cars, it is proposed to use a special cart that moves inside
the main track of the subway in the deepened tray of the water collector, thanks to a cable winch
on the "pull-push™ principle with an autonomous electric reversing drive.
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K.M. Ocmanos, k.m.u., doyenm, Hayionanonuii ynigepcumem yugiibHo2o 3axucmy Ykpainu

CTBOPEHH# YHIBEPCAJIBHOIO I'YCEHUYHOIO NIOKEXHOIO MAIINHMU I3
HIABUIIEHUMU TAKTUKO-TEXHIYHUMHU XAPAKTEPUCTUKAMMU

JUi1st JOCSITHEHHSI TOCTABJICHOT METH BUPILTYBAJIKCS HACTYITHI 3aBJIaHHS:

—  pO3pOOWTH E€CKI3HHUI MPOEKT YHIBEPCATHHOI I'yCEHUYHOI MOKEKHOT MAITMHMA Ha IIaci
MAaJIOTO TATaya JISTKOro OPOHIOBAHHS;

—  JIOCHIAWTH TaKTHUKO-TEXHIYHE 3a0e3redeHHs 10 0a30BOro MOXYJS IMITYJIBCHOTO
MOKEKOTACIHHS YHIBEPCAIBHOT I'yCEHUYHOT MOKEKHOT MAIIMHU.

[IpenmeroM MOCTIKEHHS € TEOPETUYHI OCHOBH CTBOPEHHS TAaKTHYHOIO 3a0€3MEeUCHHS
0a30BOTr0 MOYJSI IMITyJIbCHOT'O TMOXKEXKOTaciHHS YHIBepcalbHOI TyceHWYHOT MamuHH. OO0’ eKT
JOCHIIPKEHHST — 11e Manui Tsray yierkoro opoxtoBanHs (MTJIB) Ha rycennuHoMy 1m1aci Ta oro
MOXKeXKe-TeXHIUHe oOsagHaHHs. ['inoTe3a AOCHIDKEHHSI — a/IeKBaTHICTh MPOLIECIB IMITYJIbCHOTO
MOJITaHHS BOTHEeTacHWX pedoBHH (BP) Ha ocepemok BOTHIO 3a TOMTOMOT00 IOPOXOBUX 3apsiIiB Ta
ix mHeBMoMmeTaHHs. Jlo amapaTHMX 3aco0iB BiIHOCATBCS (OTO-BifieO amaparypa, a came
Bigeokamepa SONY HDR-CX405 Black ta MipuibHUil iHCTpYMEHT JOBXHH (BHUMiprOBajbHA
pynetka Stanley Fiberglass 20 m x 12.7 mm), kyTiB (kyromip Topex 31C700) Ta mTatHuii HOHIyC
noBeptanHs 6amtu MTJIb na 360°.

Hacammiepen, Oymno mpoBeneHO yTOUHIOIOYMM aHajli3 BHUCHOBKIB 13 MaTepiaiiB BUIPOOYBaHb
«Immymbe-3» [1]. [lo kampax KiHOrpam HAaTypHHUX 3HMOMOK IMITYJbCHOTO MeraHHs BP yrtouneHo
0COOJIMBOCTI MEPETBOPEHb Y 4aci MapaMeTpiB MOTOKY BOTHETACHOTO MOPOILIKY, IO PyXaeTbes Ha
MoOJIeNTbHE BOTHHMIIE — «xMapu BPy» (puc.1).
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Puc. 1. YTouHeHMid BMJ IOJIOKEHHH ICeBAO0 OcCi mapaldoJiyHOro eJincoina st
«xmapu BII», mo nogaerbes 10 ocepeaky nosxkexi «Immyabc-3»

Ha ix mizacraBi, 10 BXe OTpUMaHUX BUCHOBKIB HAMU BHECEHO JIOTIOBHEHHSL:

1) y ckiaai ronoBHUX, CTaOLIBHO MOBTOPIOBAHUX MOMEHTIB y pyci «xmapu BID», iMmynbcHO
MOJIJAHOTO 3 YCTAHOBOK TUIy «IMIyibc», BIJ3HAUYUMO Te, L0 HOro BuIykia mapabojivyHa
eJIICOoiIa 3 YaCOM ICTOTHO 3MIHIOE CBOi I€OMETPUYHI NMapaMeTpu. Takox HOro «IceBao0ChOBa»
JHISA B CHITY il CUJI ONOPY MOBITPs 1 cuul Baru yacTuHOK BIT «aedopmyerbes» min yac iioro pyxy
B/l OYATKY MPSAMOI JiHii (CIOYaTKy MOCTPiTy) A0 MOJIOroi KpuBoi BUIy napabonu (puc. 2);

2) npudoMy, JOBXXKMHA L€l «XMapu» Ta ii oOcAr (3 ypaxyBaHHSAM JiamMeTpa CepearHHOI
YAaCTUHM MOOIM3Y TOYKH MAaKCUMYMY BHCOTH HOTO ICEBIOOCI) 3pOCTar0Th, 0 MOMEHTY BTpaTu
CBOE€1 JIIHIHHOT MIBUJIKOCTI MEPEMIIIEHHS, aX JI0 MOBHOTO NPHUIMHEHHS pyxy «xmapu BID», 3
MOJTAJIBIITMM OCAJPKEHHSM MOPOILKY Ha IUIOILY CBOET MPOEKIIT Y BUTIIAIL €JIirca;

3) 31 3MEHILIEHHSIM MacH «BHUXIJHOTO» IOPOXOBOro 3apsay (abo mepemany THUCKIB MpHU
nHeBMoMeTaHHi BII) kiHmeBa moBxkuHa mceBaooci «xmapu BID» kopoTiiae, a mpu aeskomy
KPUTHUYHO MiHIMalbHOMY 3HaueHHI nmoTik BII He ¢dopmyerses. [Topomok mpocTo 3cumaersest
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0Jlpa3y 3a 3pi30M CTBOJIIB MAaKeTa.

AHAIOTIYHOTO CITi/1 OUiKyBaTH 1y pasi 3aimydeHHs 2x 10 cTBOIIB yHIBepcaJlbHOT I'yCEHHYHOT
MAIIUHH.

3Bakar04M Ha HACIIIKH BiiCbKOBOIO 3iTKHEHHs YKpainu ta Pocii [2], Oyso 3anpornoHoBaHo
BUKITIOYUTH OCHOBHY HE3PYUYHICTh BUKOPUCTAHHS TyCEHHYHUX MAIIMH Yy MeXax Micra —
MOIIKO/KEHHS BYJIMYHOTO JOPOXKHBOTO TTOKPHTTS, IO TOB'S3aHO 3 MATOMUM THCKOM Ha HBOTO
T'YCEHHYHOT0 00BOy. Pa3om 3 1iuM, — 10 MaKCUMyMy BUKOPHCTOBYBaTH OCHOBHI niepeBaru [ TIM,
a came: Oe3meuHe JUIsl 0COOOBOI0 CKJIaay HAONMKCHHS 10 00'€KTIB MOXKEKOTACIHHS Ta HAJaHHS
JOTIOMOTHY HACEJIEHHIO, SIKE MOCTPaKIAJI0 B pe3ysbTaTi OOMOBHX JIiH, MPOXiAHICT y JaHMmadTi
3pyiHOBaHHUX OyaiBeNb 1 CIOpYA, HAsABHICTH (PIIBTPOBEHTWIALIHHUX ycTaHOBOK B ['TIM, mio
JI03BOJISIE BECTH poOOTH B 30HI HEOE3MEUHOTO 3apaKEHHS, JOCHTh BEITUKY €HEProo30pO€EHICTh Ta
iH.

B pesynbrati nocnimkeHs 0yia0 po3po0IeHO €CKIZHHM MPOEKT yHIBEPCATbHOI I'yCEHUYHOL
MOXEKHOI MAIIMHY Ha IIaci MaJIoro TsArava JIerkoro oOpoxtoBaHHs [3].

V 3B'A3Ky 3 IMM 3alpOIIOHOBAHO ecKi3 (puc. 2) yHiBepcanbHOi [ TIM. YHiBepcanbaa [I'TIM
MICTUTh: TYCEHUYHE 1aci 1 3 makeramMu CTBOJIIB BEPXHIN 2 1 HUKHIN 3, 1110 MarOTh MOXKJIUBICTh
HE3aJIKHOTO TOBOPOTY HIDKHBOT'O BiTHOCHO BEPXHBOT'O B IUIOMIMHAX PO3TAIIOBAHUX Yy PSAU
ctBosiamu 4. [Ipuuomy, oAMH 3 makeTiB (BEpXH1i) pO3MIlIEHNI Ha/l IHIIUM (HIKHIM) y nandax S,
SIK1 Pa30M 3 OTIopaMu 6 KOPCTKO MPHUKPITIIEH] A0 Kopirycy maci. e 103Bossie BepXHROMY MaKeTy
HE3aJIeXKHO BiJl HIHKHBOTO 3MIHIOBATH KyT CBOTO ITiTHECEHHSI, 32 JOIOMOTOI0, TIOB'SI3aHUX 3 HUM
MeXaHI3MaMH1 HaBeIeHHs Ha IiJIb 11 JHECEHH.

A HIDKHIN NTakeT po3MIIIEHHH IMi/1 BEpXHIM 1 3a JOIOMOTI'0F0 CBOiX Hard 7 3 oropaMu § cBOro
nakera npueaHaHuii 1o mwiardgopmu 9 GamroBoro norony. Tak, 110, y CBOIO Yepry, € MOKJIUBICTh
HIKHBOMY TaKeTy He3aJeKHO BiJ BEPXHBOIO IIOJ0 HHOTO 3MINIYBATHUCA 1 3MIHIOBAaTH CBI1M KyT
MITHECEHHS CBOIM MEXaHI3MOM HaBEJEHHS Ha b 3 MigHeceHHs. [Ipu 1mpoMy MOBOpPOTHA
maTdopma 6alITOBOro MOTOHY IMOB'sA3aHa 3 MEXaHI3MOM HaBEICHHsI HIDKHBOTO TIaKeTa Ha ITiJTh 110
a3UMYTy, & MEXaHI3MHU YIPaBIiHHS PYXOM IIIaci BiIMTOBIIHO MOB'sI3aHI 3 MEXaHI3MOM HaBEJICHHS
Ha LJIb BEPXHBOT'O MAaKeTa 10 a3UMYTYy.

Puc. 2. Cxema KOHCTPYKUII YHIBepCAJIbHOI I'YCEHHYHOI IOKEKHOI MAILIMHH

et 6a30BUi1 MOTy/b YHIBEPCATBHOI I'YCEHIYHOI OKEKHOT MAILIMHU MPALIOE HACTYITHUM YHHOM:
yHIBepcallbHa I'yCEeHHYHA MOYKEeXKHA MalllMHA BUCYBAEThCS HA BUXIJHY MO3HIIIO 1 PO3TAILIOBYETHCS Ha
PO3paxyHKOBI TAKTMYHO JHCTAHIII] Bl BOTHHINA TMOXEXi, 1100 IMITYJIECHO-TIOIOBAEMHUI TIOPOIIOK
PaLiOHATBHUM YMHOM «HAKpUB» IUTb. [IJIs IbOTO MEXaHIK-BOIM 10 KOMaH/Ii OPIEHTYE IO a3UMyTy Ha
LUJTb 111aci 1 pa3oM 3 BEpXHIM MAKETOM 2 Tak, 11100 «OMepaTop-CTPLIOK 3a JOMOMOIOI0 CBOTX MEXaHI3MIB
HaBEJICHH «TI0OBEPHYB» JI0 LI Ha PO3PaXyHKOBHH KyT 110 a3UMYTY CTBOJIM HIDKHBOTO TakeTa. [1oTiMm, 3a
JIOTIOMOTOK0 MEXaHI3MIB HaBEZeHHs 000X MAakKeTIB 3a IMiJBMILEHHSIM 3a0e3leurB HaHOUIbII TOBHE
OXOIUIEHHS IuIomi nokexxi. Haperti, 3po0KB 3a/moBe MeTaHHs BOTHETaCHOTO TOPOILIKY Ha OCEPEeIoK
TIOPKEXKI.

154



3-1 MixkHapo/1Ha HayKOBO-TIpakTH4HA KoHpepeHis «IIpobiemu noxexHoi 6e3nexku 2024

3 eckidy (puc. 2) BHOHO, LIO YHIBEpCAIbHICTh KOHCTPYKLIi mporonoBaHoi [TIM
320e3MeYUTH 3 MPAKTUYHOI TOYKU 30py HECKIAJHO — Tpeba JOMOBHUTH KOHCTPYKLIIO MPHYITHOT
€MHICTb, IO JIETKO 3MiHIOE€ThCs 10 3 HE0OX1THUM 3amacoM BOJIM 1 MHOYTBOpIoBava. Lle go3Bosie
3a0e3MeUnTH 1 TPaJHIIiiHe TTOKEXKOTraciHHs, 3aCTOCOBYIOUM IITaTHE oOnagHanHs 10, 3MOHTOBaHe
Ha IMaci Ta IMITyJIbCHE MOPOIIKOBE IMOXKEXKOTACIHHS TMaKeTaMH CTBONIB. TakTHYHI TPHIIOMU
pOOOTH 3 BOOIO Ta MIHOYTBOPIOBAYEM TaKi XK, K JJI OCHOBHOT'O MOXKEKHOTO aBTOMOOUTS. A mpH
MTOPOIIKOBOMY IMITYJIb,CHOMY TIOYKEKOTACIHHI OJHOTHITHICTh BEPXHBOTO 1 HIDKHBOTO TAKETIB
CTBOJIIB CHpHSIE OINEPATHBHIM iX 3aMiHI Ha IMMiJrOTOBJICHHWH 3amac, IO BO3UTHCS B KYy3OBI,
3alIOBHEHUX BOTHETaCHUM IOPOUIKOM TakeTiB. llpudyomy, st 3aiJmoBOTO TaciHHS TOXKEXi
nopoikom npuHnun Meranus BIT [4] (mHeBMOMeTaHHS 200 METaHHS 3 BAKOPUCTAHHS TOPOXOBHX
3apsi/iiB) 3aJIKHUTh JHIIE Bijg OakKaHOTO KOHCTPYKTHBHOTO BHKOHaHHA [TIM. Takum dmHOM,

JIOCSITAETBCST METa — CTBOPEHHS IIEPEAyMOB JO I[IOMOBHEHHS MApPKy TMOXKEKHUX MAIINH
YHIBEPCABHOI0 TYCEHUYHOIO TMOXKEKHOI MAIIMHYy 13 TMIABUIIEHUMU TAaKTUKO-TEXHIYHUMHU
XapaKTepUCTUKAMMU.

Takox 3a3HaunMo, 1110 y 6a3oBoMy (B 1,5 pasu jermomy, HiX TaHK) 11aCl MaJIOTO TArada
nerkoro OpontoBanHs (MTJIB) e npocropuii fecanTHU BIACIK, A€ MOXKHA IEPEBO3UTH
HeoOxi/He 00aiHaHHs Ta 0COO0BUM CKJIaj Ui BEJCHHS aBapiiHO-pATYBaIbHUX POOIT.
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K. Ostapov, PhD, Associate Professor, Associate Professor of the Department, National
University of Civil Defence of Ukraine
CREATION OF A UNIVERSAL TRACKED FIRE ENGINE WITH INCREASED
TACTICAL AND TECHNICAL CHARACTERISTICS

The tactical and technical advantages of tracked fire engines and the task of making rational
decisions during firefighting and emergency rescue operations in extreme conditions of military
operations are considered. Based on concrete examples of the creation of a fire tank and
experimental units "Impulse”, the main shortcomings that prevent their use within the city are
formulated. The scheme of a universal tracked fire engine on the chassis of a multi-purpose light
armored tractor is presented with an innovative division of the package of barrels of the "Grad"
artillery system into two packages, which have the ability to independently change the angles of
their guidance on the target from the elevation relative to the horizon and along the azimuth.
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Onexcandp Casuenxo, K.m.H., Cm. HayK. cniep., Hayionanvhuil ynigepcumem yusiibHO20 3aXucmy
Ykpainu
Cepeiu I'apoys, x.m.H., doyenm, Hayionanvuuii ynieepcumem yuginbHo2o 3axucmy Ykpainu
Bsauecnas Casuenko, I'Y J[CHC Ykpainu y Xapkiscokiii oonacmi

MNPOBJIEMA JE®INUTY BOJAU ITPU 'ACIHHI ITOKEK Y I YAC BOEHHOI'O
CTAHY

[Migpo3minamu Ttepuropianbaux opraniB JJCHC ympomosx 2023 poky B VYkpaiHi
3apeectpoBano 67 934 nmoxexi. [TopiBHsHO 3 2022 pOKOM KUTBKICTh IOXKEXK 3MeHIImIacs Ha 15,8
%. YHacTiIoK Mokex 3aruaynio 1 472 moauau, y tomy gucii 40 miteit; 1 551 moauHa otpumMana
TpaBMH, y TOMY uucii 145 miteit.

OpHiero 3 HaMOLIBII MOCTpaXXAaIUX TepuTopiil Bix OoioBux niit y 2022-2023 pokax €
XapkiBcbka o6sacte. Y 2023 pori Ha TepuTopii XapKiBChKOi 007aCTi BUHUKIIO 5235 moxex, B
ToMy uucii 1455 noxex — 3 NpUUMH, SIKI OB’ 3aH1 3 IPOBEJAEHHIM 00iloBUX (BoeHHMX) Aiil. Ha
noxexax 3aruayio 110 ocib.

KuiBcpkoro ta CanTiBCbKOro paiioHiB M. XapkoBa € HalOUIbII MOCTPaXAATUMH Y
Hacigok 6oroBux nik y 2022-2023 pokax y M. XapkoBi. ToMy KOPEKTHO pO3riasigaTH poOoTy 3
AIP3 T'Y JICHC VYkpaiau y XapkiBCbKiid 00y1acTi, 0 00CTyTOBYIOTH J1aHI palilOHU SK OJIMH 3
npukiaaiB gpynkuionysanss migpo3aiis JJICHC B ymoBax BOEHOTO CTaHy.

3 motoro 2022 poky, 3 mo4yatkoM OoOBUX Aiil Ha TepuTopli XapkoBa Ta XapKiBChKOi
obmacTi, 0yJI0 BIIMIYEHO 30UTBHIICHHS KUIBKOCTI BUIAJIKIB JeMIIUTY BOAU Ha TOKEKOT ACIHHSL.
Byno mpoBeneHo aHami3 CTaTHCTHYHHMX MOKa3HUKIB oneparuBHux mii 3 JAIIP3 T'Y JICHC
VYxpainn y XapkiBcbkiit oomacti y 2021-2023 pokax (Taom. 1).

Tabmums 1. [Toxkexi JIIKBiIOBaHI 3a IOMOMOTO0I0 MiaBo3y Boau miaposainamu AI1P3 3 T'Y JICHC
VYkpainu y 2021-2023 pokax

[Tizpo3min [To>xerxi JIIKBIIOBaHI 3a IOMOMOT'OO T1JIBO3Y BOJH
3/m 2021 pix 2022 pik 2023 pix
1. 5 JIMPY 0 10 7
2. 9 JIITPY 1 14 80
3. 11 JITPY 3 38 24
4, 18 JJITPY 0 18 5
5. 22 JITPY 2 23 18
6. 27 JITPY 1 91 9
7. 36 AITPY - - -

BunineHo HaCTyIHI IPUYUHY, 10 PU3BOAWIN A0 Ae(DIIUTY BOIU HA MOKEKOTACIHHS:

1. YimkomKeHHs BOJOIPOBIAHOT MEpexi;

2. HemoxnuBicTh (BENMKI TPYIHOII) BCTAHOBUTH aBTOLIUCTEPHY Ha BOJOIKEPEIO Yy
HACJIJIOK pyHHYBaHHS (YIIKOHKEHHS) TIOYKEKHUX T1/IPAHTIB;

3. HemoxnuBicTh (BeMUKi TPYAHOIl) Oprasizaiii mojgadi BOJAU CHOCOOOM IMEpEKaYKu
(nebesmeka st 0COOOBOTO CKIIAY);

4. TpuBanuii yac pyXy aBTOLMCTEPH MPH OpraHizauii nojgayui BOJM METOIOM IiJIBO3Y;

5. HeoOximHiCTh YKPUTTS OCOOOBOTO CKJaay Ta TEXHIKM Yy pasi mouaTky (3arposu)
o0cTpiny;

6. HemocTaTHs KiTbKICTh aBTOIIMCTEPH y HACIIOK BETUKOT KIIBKOCTI OJTHOYACHHX MOXKEK
y MICTI.

VY nepeBakHil OUIBIIOCTI BUMAJKIB JUIsl FACIHHS MOXKEX BUKOPUCTOBYEThCA BoAa. Boya €
HaWOIIBII MOMIMPEHOK BOTHETACHOK PEYOBHUHOIO, BOHA MAa€ YHIKAIbHY OXOJOKYIOUYy IO,
3YMOBJICHY BETTUKOIO TEIUIOEMHICTIO Ta BUCOKOIO TEIUIOTOO MapoyTBopeHHs. [Ipu racinHi moxexi
BOJIOI0 BiOYBa€ThCsl pO30aBIEHHS TOPIOYOTO CEPEHOBHUINA MapaMH, IO YTBOPIOIOTHCSA IMPHU
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BUIIAPOBYBAHHI, 130JIS1II€I0 TOPIOYOTO MaTepially BiJ] KUCHIO MOBITPA a00 MEXaHIYHUM BIUIMBOM
Ha PEYOBHHY, KA TOPUTH, TOOTO 3pUBOM MOIYyM’s. [IpakTHUHO BC1 YMHHHUKH JIIOTH OJHOYACHO,
aJie JIOMIHYI04OIO € OXOJIOJKCHHS TOPIOYUX PEUOBHH.

Bimomo, mo mpu raciHHI MOXEXI KOMIAKTHUMH CTpyMeHsMu Oinbiie 90% Bomum
BTpaAva€ThCs, HE MpUiiMarouu ydacti y racidfi [1]. JlocuTe 9acTo mig 4ac BOTHEBOTO BIUIUBY
OyniBenbHI KOHCTPYKIIi BTpadaloTh CBOi €KCIUTyaTamilHi fKocTi. KepiBHUMH JOKyMeHTamu
BUMAraeThCsi TPU TaciHHI TMOXKEX1 3axumiatd OyZiBeNlbHI KOHCTPYKII Biff BIUIMBY BHCOKOI
TEMIepaTypH, TOMY IX OXOJIOJKCHHS, SIK MPAaBHJIO, HEOJHOPA30BE, BUKOHYETHCS MiPO3ALIaMH
JCHC mpakTH4HO Ha KOKHIN TTOXKEXKI.

Jlis MoAoNaHHs HACHIIKIB AeimuTy BOAW Ta 3 METOH 30UIbIIEHHS e()eKTUBHOCTI
MOXKE)KOTACIHHS ~ MPOIOHYETHCS  3aCTOCYBaHHA  MOAM(DIKOBAaHWUX  PIJMHHUX  3aco0iB
MOJKEKOTaciHHs, 30KpeMa reneyTBoprorounx cuctem (I'VC).

Komnonentn I'YC cknanaroTbes 3 po3dMHY Cylb(dary IyKHOTO METaly Ta pPO3YUH
cuiikary. [Ipu onHouacHOi mojadi BOHM 3MIIIYIOTHCS Ha MOBEPXHSX, 110 3aXHIIAIOThCA a0o
rOpsATh, 1 YTBOPIOIOTH IIap CTIMKOTO Temo. Ha BigMiHy BiJl piAMHHUX 3aC00IB MOXKEKOTaCiHHS,
renp npaktuyHo Ha 100% 3anuinaeTbes Ha MOBEPXHI, IO 3aXHUIIAETHCS. J[0 TOro K, TOBIIUHY
TeJIeBOI TUTIBKH 32 MOTPEON MOXKHA PETYIIIOBATH, 30UTBIITYIOUH i1 B 0COOTMBO HEOE3MEUHUX MICIISIX.
[Tpu ubomy renb Ha 85-95% cknamaerses 3 Boau. Y nopiBHsHHI 3 Bojoro ['OC MarTh nepesary,
1[0 TIOJISITa€ B CYTTEBOMY 3MEHIIEHHI BTPAT 3a PaXyHOK CTIKAHHS 3 MOXMJIMX 1 BEPTUKAIbHUX
noBepxoHb. [Hmow nepeBaroro ['YC € ixHs BucOKa BOTHe3axucHa fis. Ile oOymoBieHo miero
BOJM, 110 MICTUTHCS B Teli, a MiCis BUIAPOBYBAHHS BCI€l BOJM YTBOPIOETHCS MOPUCTHN IIap
(kcepoprenb), SIKHA YCKIIQTHIOE Tepeaavy Teria 3a PaXyHOK CBO€i HM3bKOI TETUIOMPOBITHOCTI.
Texniuna peaunizaitis 3actocyBants ['YC po3risHyTo B poboTax [2,3].
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pu JIoKajizarlii JicoBux moxex / A.B. Capuenko, [I.0. MenseeBa, Hectopenko O. // Problems
of Emergency Situations: MaTepiaim MixkHapo1HOT HAyKOBO-TIPAaKTHYHOT KOH(pepeHIrii. — XapKiB:
HamioHnaneHuii yHIBepCUTET HUBLILHOTO 3axucTy YKpainu, 2021. — C.93-94. Pexxum moctyna kK
KypH.: http://repositsc.nuczu.edu.ua/handle/123456789/12976.

Oleksandr Savchenko, PhD, Senior Research Fellow, National University of Civil Defense of
Ukraine;

Serhij Garbuz, PhD, Associate professor, National University of Civil Defense of Ukraine;
Vyacheslav Savchenko, Head Department the state emergency service of Ukraine in the Kharkiv
region,

THE PROBLEM OF WATER SHORTAGE WHEN EXTINGUISHING FIRE IN
RESIDENTIAL BUILDINGS DURING MARITAL STATE

The issue of water shortage when extinguishing fires under martial law is considered. The statistics
of fire situation indicators in the city of Kharkov in 2021-2023 are considered. An increase in the
number of cases of fire extinguishing using the water supply method has been recorded. The causes
of water shortage when extinguishing fires under martial law have been identified. It is proposed
to use gel-forming compounds to extinguish fires.
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Onvea Dinowuna, 3006ysauxa suwyoi oceimu, Hayionanvuuii ynigepcumem yusiibH020 3aXUCHY
Ykpainu,
Anopin Jlicusik, k.m.n., ooyenm, HayionanvHutl yHigepcumem yusiibHo20 3axucmy Yxpainu

HNIABUINEHHA EOEKTUBHOCTI PEAI'YBAHHS HA BUKJIMKH 3A PAXYHOK
OIITUMI3AIIIL EJJEMEHTIB OITEPATUBHOI'O PO3I OPTAHHSA

YMOBH JUIS YCHIIIHOTO TaciHHS TIOKEX Yy HACEIeHHWX TIyHKTaX Ta 00 €KTax
3a0e3Meuyr0ThCs MIATOTOBKOIO 10 TaCiHHA MOXKEX, sKa BKIIOYAE: BH3HAYCHHS CTPYKTYPH,
YHCEIBHOCTI, 030pPOEHHS Ta PO3MIIIEHHS MiAPO3ILTIB, PO3POOKY Ta CBO€YACHE KOPUTYBAaHHS
ONEPAaTUBHUX JOKYMEHTIB 3 TOXXEKEraciHHS, a TaKOX IUIAHYBaHHA TaKTHYHOI MiATOTOBKU
0C000BOTO CKJIQ/Ty TIOKEKHO-PITYBATBHUX MAPO3ILTIB.

OaHMM 3 KIIOUYOBUX KPHUTEPIiB €(PEKTHUBHOCTI pearyBaHHS MOXKEKHO-PATYBaIbHUMHU
MIJPO3IUIaMH Ha BUKIIMKY € 4ac. Tak HOpMaTUBH NPUOYTTS JEP>KaBHUX MOKEHKHO-PITYBAIBHUX
MIJPO3IUTIB 10 MICLi BUKJIUKY HE MOBHUHHI MEPEBUIYBATH: Ha TepUTopii MicT — 10 xBwIHH; y
HAaCeJIEHUX MYHKTax 3a MexaMu Micta — 20 XBWIMH. 3 ypaXxyBaHHSAM METEOPOJIOTIYHUX YMOB,
CE30HHHMX 0COOJIMBOCTEN Ta CTaHy JOPIT HOPMATUBU NPUOYTTS MOKYTh OyTH IIEPEBUILIEH], aJle HEe
OluIbIlIe HIXK Ha 5 XBWIUH [2].

[loxke’xHa TakTHKa BHpINIYe NMHUTAHHS 3MEHIICHHS CKJIQJ0BHUX Yacy pearyBaHHS Ha
MOXKEXKY, a came:

- posmimenns [1PIT;

- OCHAIIICHHS B1AIIOBIAHOIO TEXHIKOIO;

- CBO€YacHE BUSBJICHHS MOXKEX (CUTHAII3aLis, MATOTOBKA MIEPCOHANY, TOIIO);

- oOlepaTHMBHE pearyBaHHs, a0o0 ONTHMI3allis olepaTUBHUX M1l (30ip Ta BHI3Z;
MPSIMYBaHHS, PO3BiJIKa TIOKEX1, OTIEpaTUBHE PO3TOPTAHHS, PATYBAHHS, TACIHHS TTOXKEXK1).

CxeMaTuyHO CKJIQ/IOB1 Yacy pearyBaHHS Ha MOKEX1 MOKa3aHO Ha pUCYHKY 1.

I1axu 3MeHITeHHA
‘IEle lJt.‘il['yH dHHA Ha
TTOZKEK]

CpoeuacHe Posnvimenss OcHanmeHHs OneparuBH1
BHSIBICHHS TIPII ITPII pist}
Toxexna N . ; 36ip Ta BHI3A [+
L Paiion Buizay Tur TexHiKu
CHIHAII3a111d ?
[psmyBanms
= AVIIT

Pospimka |+

IlinroroBka
L]
e pCoOHAITY

OneparupHe
]
PO3rOpPTaHHS
ParyBanus
moaei

Taciang

MO KEK1
Pucynok 1. lllnsaxu 3MEHIIICHHS Yacy pearyBaHHS Ha TIOXKEKY.

Posrnsgaroun crmocoOu 1 ONTUMI3aAIliI0 MPOBEICHHS OINEPaTHUBHOTO PO3TOPTaHHA B
noBepxax OyJiBesb CIiJ 3BEPHYTH yBary Ha YMOBH IPOBEJCHHS NMPOKIAJKU PyKaBHHUX JIIHIN
(cX0I0B1 KIITHHHM, OOMEXKEHUH MPOCTIp, TOIIO) MOXJIMBI 3alaMy MEPEeKpy4dyBaHHS PYyKaBHUX
JIIHIH, TOIIO.

Haiinommpenimum crocoOoM YKIaJKkd pykaBiB B YKpaiHi € MoJBiiHA CKaTKa, fKa €
YHIBEpCAJIbHOIO JUIsI BAKOPUCTAHHS B PI3HUX YMOBAX, X04a 1 Ma€ psiJi HEAOJIKIB IIPU BUKOPUCTAHHI
B 00MEXEHOMY MPOCTOPI.

YerBepHa cKaTKa HE 3HAMILIA IIMPOKOTO 3aCTOCYBAHHS 1 BUKOPUCTOBYETHCS B OKPEMHUX
nigposainax. [To KOMIAKTHOCTI yKIaaKd He BiAPI3HSAETbCS BiJ MOJABIMHOI ane, HA BiIMIHY BiJ
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MOTIEPETHBOTO THUITY KIIAJKH, Ma€ IepeBard NpH IMPOBEICHHI ONEPATHBHOTO PO3TOPTAaHHS B
00MeKEHOMY MPOCTOPi (CXOA0BI KIITUHU, KOPHIIOPH, TOLIO).

PyxaBHa ykiajaka 3Mmiiika / rapMoIIKa 103BOJIsI€ 3a0€3MeUNTH HAaHILIBUITY IOaqy CTBOJIA
Ha BUPIMIAJLHOMY HANPSAMKY ONEPATHUBHUX il MEePIIUM MPHOYIUM MiPO3ALTIOM.

PykaBHa yknazka paBIMK Ta PyKaBHI KAaceTH MO3BOJIAIOTH MPHUIIBUAIIUTH JOCTaBKU
PYKaBHHX JIiHI Ha BEpPXHI MOBEPXM 0AaraTOmoBEpXOBHX OyaiBeNnb Ta OyIiBeNb MiABHIIEHOI
MOBEPXOBOCTI (puc 2).

PucyHok 2. BapianTu yKIagoK MOKEXKHUX PyKaBiB.

BukopucranHs pi3HUX BapiaHTIB YKJIQJ0K PyKaBHUX JiHIN € gieBuM iHCTpyMeHToM KI'TI
MIPU TIPOBEJICHHI ONEPATUBHOTO PO3TOPTaHHS 32 PI3HUX YMOB Ta OOCTaHOBKH.

JIITEPATYPA:

1. Craryt niii opraHiB ympaBiiHHS Ta TiApo3AuliB OnepaTuBHO-PATYBAIbHOI CITYKOU
LUBLIBHOTO 3aXKCTY i Yac racinns nmoxex. Hakaz MBC Ykpainu Big 26.04.2018 Ne 340.

2. IlocranoBa KMV Big 27 mucronaga 2013 p. Ne 874. I[Ipo 3arBep/uKeHHST KpHUTEPIiB
YTBOPEHHS JIEP>KaBHUX MOKEKHO-PATYBAIBHUX MIAPo3aiiB (dyacTuH) OnepaTUBHO-PATYBAIbHOT
ClIy’)kOM IHMBUIBHOTO 3aXUCTy B aJMIHICTPATUBHO-TEPUTOPIAIbHUX OJUHUISX Ta MEpeiKy
cy0’€KTIB TOCIIOAAPIOBAHHS, JIE YTBOPIOIOTHCS TaKi MAPO3/iIH (YACTUHH).

3. ACTY 8767:2018. IloxexHO-pATYBaJIbHI YacTUHU. Bumoru 1o auciokanii ta paiioHy
BUi3/y, KOMIUIEKTYBaHHS MOXEKHIUMH aBTOMOOUISIMH Ta TPOSKTYBAHHSI.

4. Hakaz JICHC Ne 727 Bim 12.12.2022 p. «[Ipo 3arBep/pkeHHS MeTOoIuYHHX
peKoMeHaallii 3 opradizanii TAKTUYHOI MiATOTOBKH B TepuTopiaibHux opranax JJCHC».

Olga Filyushina, student of higher education, National University of Civil Defense of Ukraine;
Andrii Lisniak, Ph.D., associate professor, National University of Civil Defense of Ukraine

INCREASING RESPONSE EFFICIENCY DUE TO OPTIMIZATION OF ELEMENTS
OF OPERATIONAL DEPLOYMENT

Variants of reducing response time to fires by optimizing operational deployment by fire
and rescue units are given.
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B.M. Cmpineys, 0.m.1., npog., cm. euxnadau xageopu ACE ma IT
C.0. Cmenanuyx, cm. 8uKk1a0a4 Kapeopu nipomexHivHux ma cneyiaibHux pooim
Hayionanvnui ynisepcumem yuginbHozo 3axucmy Yxpainu

OCOBJIMBOCTI PO3POBKH MATEMATHYHOI MOJEJI CKOPOUEHHSA YACY
T'YMAHITAPHOI'O PO3SMIHYBAHHS B PATIAIIMHO-3ABPY THEHII
MICHEBOCTI

B momoBini mokazaHo, IO ypaxyBaHHS 11'SIThOX aHATITHYHUX 3aJIC)KHOCTEH JT03BOJIUTH
OTPUMATH MaTEeMaTHYHY MOJEIh CKOPOUYCHHS Yacy I'yMaHITapHOTO PO3MiHYBaHHS B pajdialliiHO-
3abpynueniit micueBocti (I'P P3M)

Xype=>We <W33m AW, MW mw6pm>;

3301 [§S

ty () =T, 0y )+ 0, 03y ) 0P, )

E s > E Lo, Ko H, :fw(n:,v +1)< fw(n:,\,).

[Tepmma onucye 3anexHICTE MHOXUHU pecypciB W, siky moBuHeH 3aaisatu canep JCHC ms
3a0e3nevYeHHs] TYMaHITapHOTO pO3MIHYBaHHS B pafialliiHO-3a0pyIHEHIH MICIIeBOCTI 0e3
3HMKEHHS PIBHS 0COOMCTOT OE3IEeKH Ta SIKa BKJIIOYAE MOEHAHHS OKPEMHX BapiaHTIB OJJHOYACHOTO
BUKOPHUCTAHHS 3ac00iB 1HAMBIAYaTbHOTO 3aXUCTy MIKIPH Wisy, OPTAHIB JUXAHHA Wiison BIJT
MO>XKJIMBOTO pafialiifHOro BIUIMBY, a TaKOX KOHKPETHHUX MoOJubiKaliid OpOHEKUIETY Wepx Ta
OpoHelmoioMy Wepm Yy SKOCTI 3aXUCTy B BHOyXOHeOe3NeYyHUX MpeAMETIB, Bl YMOB
Ha/I3BUYANHOI CUTYaIlii B MICI[i TPOBEJICHHS PO3MiHYBaHHSI.

Jlpyre piBHSIHHS OIIMCY€E CKCIIOHSHIIIMHUI XapaKTep CKOPOUYCHHS Yacy BUKOHAHHS 00paHol
st aHami3y omepamii I'P P3M B 3anexnocti Big mocBimy camepy JACHC, y skocTi sikoro
PO3IMIISAAE€ThCS KUTBKICTh N CIipoO BUKOHAHHS HUM IIi€l orepailii, 3 mapameTpoM A i 3cyBoMm N=1,
KW CBIIYUTH TPO Te, M0 NPAaKTUYHA IJrOTOBKA calepy MOYMHAETHCS 3 TEPHIOl peabHO
BHUKOHAHOI CIIPOOH.

Tpere piBHSHHA TOKa3ye MOXJIUBICT, TNpPUNUHEHHS TpeHyBanb canepamu JICHC
BUKOHaHHIO 00paHnoi omnepariii ['P P3M 3a Ttiei cipobu n;v , TTcId siKoi cepeiHii yac 3/1iiCHeHHS
00paHOro BapiaHTy OMNEPATHBHOI IiSUTBHOCTI IEPECTae€ CKOPOYYBATHUCh, CBITUYEHHSIM 4YOrO €
BUKOHAHHS HYJIb-TIIIOTE3U PIBHOCTI OI[IHOK CEPEIHHOT0 Yacy BUKOHAHHS B MOTOYHINA N,, +1 Ta

nonepeaniit Ny, crpooi.
. * * . .
YeTBepTa 3aI€XKHICTD 103BOJISIE€ BU3HAUUTH HOpMaTuBH t,,(N,,) VIS OLIHIOBaHHS PiBHA

nigroronnenocti canepiB JJCHC no I'P P3M, 3a skux Oyne 3abe3neuene ckopoueHHs yacy I'P
P3M, BUKOPUCTOBYIOUH 3HAUE€HHS 3BOPOTHOT PyHKIii D! cTaHaapTHOr0 HOPMaTBLHOTO PO3MOLTY

3 TMapaMeTpaMu CepeAHbOro uacy BUKOHaHHSA oOpaHoi omeparii tW(nW Ta HOro

CEepeIHbOKBAIPATUYHOIO BIIXWIEHHS G, (nw), a TaKOX TI€l 1011 KOXKHOro HopmatuBy P, , sfika
BIJIMOBiZ]a€ IMOBIPHOCTI yJy4eHHs BUMIAJKOBOI BETMUMHU B 33JJaHUH 1HTEpPBAIL.
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II’siTa  3anmeXxHICTh /03BOJIIE 3pOOMTH BHUCHOBOK, IO MIArOTOBKA 3 ypaxXyBaHHSM
posgaoGneHHx HOPMATHUBIB € €PEKTUBHOIO, SIKIIIO CEPEHIN Yac BUKOHAHHS BIPABH IICIS I[LOTO

t, Ny, +1) CyTTE€BO 3MEHIIUTHCS.
BigmivaeTbes, mo Taka MaTeMaTWyHa MOJENb OyJe OCHOBOIO BiJMOBITHOI METOIUKH
CKOPOYCHHS Yacy T'yMaHITapHOTO PO3MiHYBaHHS B pajialiiHO-3a0pyaHEeHI# MiciieBocTi (puc. 1).

Bu3HaueHHS MHOKHHH pecypciB

!

OTpHMaHHS ITapaMeTpiB eKCIOHEHIIIHHOT 3a/Ie)KHOCT Jacy
I'P P3M Bix gocsiny camepa JJCHC

z v
; Bu3HavYeHHI MOMEHTY NIPHITHHEHHSA TPeHyBaHb KOHTPOJIBHOI
S TpyIH
/M OOrpyHTyBaHHS peKOMEHIAINH 14 3aCTOCYBAaHHA B IIPAKTHIHIH
2 TIATBHOCTI
: !
% Ouinka epeKTHBHOCTI 1ii camepis mig 9ac [ P P3M
%)
=4

'

TaxK

BrpoBamxeHHS peKOMeHaaIiH

Pucynok 1. MeTtoauka cKOpO4YeHHS 4acy TYMaHITapHOTO PO3MiIHYBAaHHS B paialliitHO-
3a0pyIHEHI MiCIIeBOCTI

OcoOuBICTIO TaKOT METOJAMKHK OyJie HE TITLKH pO3pOO0Ka MPAaKTUYHUX PEKOMEHaIlli Ha
OCHOBI aHaII3y MapaMeTpiB MAaTeMaTHYHOI MOJICITI, ajie 1 BUKOPUCTAHHS MTPOIIO3HIIIH, SIK1 Oy Iy Th
BUHUKATH I11J1 YaC MPOBEJICHHSI EKCIIEPUMEHTAIBHUX MOJITOHHUX BUIPOOYBAHb SIK PI3HOMaHITHUX
3aco0iB MPOTHPAIIALIMHOIO Ta MPOTUBUOYXOBOTO 3aXMCTy, TaK 1 3aCTOCYBaHHS HOBITHIX
TEXHIYHUX PIIlIEHb, Y TOMY pa3i THX, AKi HAJAIOTh MIPOBIAHI 3aKOPAOHHI PipMH.

Victor Strelets, Dr. of Sciences, Professor, Senior lecturer of the Department of Automatic
Security Systems and Information Technologies

Stepanchuk Serhii, Senior lecturer of the Department of Pyrotechnics and Special Training
National University of Civil Defence of Ukraine

FEATURES OF THE DEVELOPMENT OF A MATHEMATICAL MODEL FOR
REDUCING THE TIME OF HUMANITARIAN DEMINING IN A RADIATION-
CONTAMINATED AREA

Annotation. Taking into account five analytical dependencies allows you to obtain a
mathematical model of reducing the time of humanitarian demining in a radiation-contaminated
area. The first describes the dependence of the available resources on the conditions of an
emergency situation at the place of demining, the second describes the exponential nature of the
reduction in the time of humanitarian demining depending on the experience of the sapper of the
SES, the third - the moment of cessation of training, the fourth - the procedure for obtaining
standards, the fifth - the evaluation of the effectiveness of training with application of standards.
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Onexcandp 3axopa, k.m.H., doyenm, Hayionanvruii ynigepcumem yuginbHoz2o 3axucmy Ykpainu
Anopin @ewenxo, k.m.H., ooyenm, Hayionanbruil yHigepcumem yusiibHoeo 3axucmy Ykpainu.

3ABE3IIEYEHHSA HAI[IFIHOC:I“I CACTEMMH OIIEPATUBHOT'O YIIPABJIIHHSI
PYXOMHUMHU OB’€EKTAMU PANOHY HA/I3BBUYAUHOI CUTYALII HA OCHOBI
BUKOPUCTAHHS ROIP-KAHAJIIB

Cyuacui nii JJCHC MOXyTh BIApI3ZHATHCS BHCOKOIO JWHAMIYHICTIO 1 MaHEBPEHICTIO,
IIMPOKHUM 3aCTOCYBAHHSAM PI3HUX TEXHIYHHX 3ac00IB 1 TEXHOJIOT1H. B X yMOBax miBUIY€THCS
3HAYECHHST CHCTEMH YIPAaBIIHHSA MiSUTBHICTIO MiAPO3IUTIB, OpraHi3amiiHOrO Ta TEXHIYHOTO
3abe3nedueHHs 3aX0/iB, o npoBoaAThes JJCHC. Onniero 3 BaXIIMBUX CKIAJIO0BUX JIaHOT CHCTEMHU
€ TmJIcKcTeMa Iepeiadi JaHNX Ta MOHITOPHHTY MOOUTBHUX 00'€KTiB, 110 3a0e3redye OnepaTuBHY
neperavyy CHUTHaliB YIpaBiiHHsS, 30ip 1 BinoOpakeHHs 1H(opMalii Ipo MOJOXKEHHS 1 pyx
BIIMOBIAHUX MIAPO3aUTIB. ICTOTHHMH mporpec y BJOCKOHAJIEHHI IUX CHCTEM MOB'I3aHUN 3
IHTEHCUBHUM PO3BUTKOM TJI00AIbHUX CHUCTEM CYIyTHUKOBOI HaBiraiii Ta MOOLIBHOIO 3B'SI3KY.
PanionasiramiiiHa cuctema MiJCUCTEMH IMepeaayl JAaHUX Ta MOHITOPUHTY MOOUIBHMX OO'€KTIB
MoOXxe OyTu o0y 0BaHa Ha OCHOBI IJ100aIbHOT, JIOKATHLHOT 200 KOMITJIEKCHOI CHCTEMH HaBiraii,
ajie 3aJUIIA€ThCs mpobiemMa 3a0e3neueHH s i yac HaJ3BUUYaiHOi cUTyallli HIBUIKOTO MPSIMOTO
3B'I3KY MDK eKila)kaMH JIIKBIZaTopiB 1 0a30BOI0 CTaHII€I (JUCHETYEPOM), a TaKOXK MIK
exinaxamu. HasBH1 3apa3 TeXHI4HI pillIEHHS] CUCTEM MOHITOPUHTY pyXOMUX 00’ €KTIB JJO3BOJISIOThH
OTIepaTUBHO B1JICIIKOBYBATH CTaH TPAHCIIOPTHUX 3ac001B Ha IHTEPAKTUBHIN KapTi; B TOH ke 4ac
Bpa3JIUBUM €JIEMEHTOM CHUCTEMHU MOHITOPUHTY PYXOMHX OO’ €KTIB 3aIMIIAEThCS KaHAJ mepeaadl
JaHUX MiAcucTeMu 300py Ta BiOOpakeHHsI AAHUX, 3a SIKUM WIyTh CUTHAM YIpPAaBIIHHS Ta
3NIACHIOETHCS Mepeaaya JaHUX Mpo MOTOYHI MapaMeTpu o0’ eKTiB Ha cepBep 00poOku naHux. B
SKOCT1 TAKOT'0 KaHAly y Cy4aCHUX TEXHIYHHUX PILIEHHAX IPONOHYEThCS IEPEBAKHO BUKOPUCTaHHS
ka"HamiB GSM-3B's3Ky, ajie mijg Yac MacmTaOHUX HAA3BUYAWHUX CUTyaIill (yHKIIOHYBaHHS
CTITBHUKOBOTO 3B'SI3Ky cTa€ HeHamidHuM. J[nsa 3abe3neueHHs poOOTH CHCTEMH YMPAaBIiHHS Ta
MOHITOPHHTY PYXOMHX 00’ €KTIB MOTPiOHI pe3epBHI KaHAIHU Tepenadi JaHuX.

IcHyrO4i B HaIll Yac CHCTEMH MOHITOPUHTY PYXOMHX 00’ €KTIB MICTATh MIJICUCTEMY 300Dy
Ta BIZOOpakKeHHSI TMapaMeTpiB PyXy PYXOMHUX OO0'€KTIB, IO BH3HAYAIOTHCS HaBIralliiHUMH
MOJYJISIMH, BCTAHOBJICHUMH Ha pPyXxoMuX o00'ektax. DyHKIIOHYBaHHS MiACHCTEMH 300py Ta
B1JI0OpaKeHHs JaHUX JI03BOJISE BIACTE)KUTH B PEAIbHOMY 4acl po3TallyBaHHs, LIBUIKOCTI PyXY,
YUTATH CTAaTYyCH iX pOOOTH, 1aBaTH ONEPATUBHI KOMaH/I1, 0€3[10cepeIHbO 3B'A3yBAaTHCS 3 BOJISIMU
1 eximaxkamu, rpadidyHO MoAaTH iH(POPMAII0 MPO MPONUIACHUN PYXOMHM OO0'€KTOM INLIAX Ha
cepBepax CUCTEMH i TepMiHaIax JucreTdepiB (KEPiBHHUKIB IMiIpO3/IiIiB). 3a JOMOMOI0K CUCTEMHU
MOHITOPUHTY PYXOMHX 00’ €KTIB JUCIIETYEP MOXKE OCTIIHO KOHTPOJIIOBATH MICILIE PO3TalllyBaHHS
JIKBIZATOPiB 200 TPAHCTIOPTHUX 3aCO0IB.

[To kananax mepegaui 1aHuX MicUCcTeMU 300py Ta BiIOOpasKeHHS JaHUX 3[IIHCHIOE 3B'I30K
3 HaBiramiiHUMHU MOJYJISIMH, BCTAHOBJIEHHMH y TpaHCHOPTHHX 3acobax (GPS-tpekepamu).
I'onoBHuMm 3aBnanusaM GPS-Tpekepa € 30ip 1 mepegaya Ha cepBep CUCTEMH Y PEXHUMI peabHOro
yacy JaHUX MPO MOTOYHI MO3MIli, MIBUIAKICTh Ta CTAaHU YBIMKHEHUX HA PYXOMHUX 00'€KTax
natyukiB. KpiM 11p0ro BiH MOke 3a0e31edyBaTu psijl 10AaTKOBUX (YHKIIIH, TAKUX SIK pO3paxyHKU
HEOOXIJJTHOrO 4Yacy Ha IEpeMilleHHs, IIBUIKY MepeAady IOBIIOMJICHb KHOIKaMH CTaTyCiB
(craniB), Ha KTanT "BUI3 Ha BUKIMK", "Ha micui", "moBepHeHHs Ha 6a3y", a0, HA MPUKIIAT,
"moTpibHa momomora".

B ymoBax Haa3BuuaiiHOI cuTyalii, Koiiu (QyHKIIOHYBaHHS CTUIBHUKOBOTO 3B’SI3Ky CTa€
HeHaJlitHUM, nepenada qanux Bifg GPS-TpekepiB Moxke 371iCHIOBATUCS pe3ePBHUMHU 3ac00aMu 3
Bukopuctanusm RolP-kananiB. Texuounorist "panio o IP" (RoIP) - 3abe3neuye 3acTocyBaHHsI
nepeaayi ronocy no iHrepHer-nporokony IP (VoIP) B Mepexkax ITBOCTOPOHHBOTO pajiio3B'sA3Ky
[1]. Bei madposi pagiomepexi 3 IP-3B's13xk0oM BukoprcToBY0Th ROIP. Takum unnom ROIP cucrema
pazio3B'si3Ky € HOBUM CETMEHT YHIBEpPCAJIbHOI KOMYHIKALIHHOI CHCTEMH, SKUHM 3MiiCHIOE
NIEPEeTBOPEHHs paJiocurHaiiB B IudpoBi naHi juig nepemadi no [P-mepexi, 1 3BOpoTHe
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nepeTBOpeHHst Ha Oomi npyroro abonenra. Ll cucrema mpusHavyeHa Ui nepegadi MOBH IO
JIOKaJIbHIM Mepexi B pealbHOMY 4Yaci MDK KOMIT'IOTEPOM 1 BIJTAJIGHUMH paJiOCTAHI[ISIMH.
Cuctema ckaiaeTbes 3 poOOYOro MicCIsl JucreTdepa i BiggaaeHux pagioctanuii. Pagiocranmii,
B CBOIO uepry, miakmovaotbes a0 I[P-mepexi 3a momomoror mnumo3iB RolIP. OchoBHe
NPU3HAYCHHS CUCTEMH € 3a0e3MeUeHHs] CTaluM paio3B'sI3KOM  O0'€KTIB 31 CKJIaTHOIO
1HPPACTPYKTYPOIO 1 TOMOJIOTIEI0, 00'€IHAHHS B OJHY MEpEeXY KUIBKOX TPyl KOPUCTYBadiB, L0
BHUKOPHCTOBYIOTh Pi3HHUI 4acTOTHUH pecypc (puc. 1); BoHa MOXKe TakoX 3a0€3MeUnTH pe3epBHi
KaHaM perpancisnii qanux Bix GPS-TpekepiB B yMoBaxX Ha/I3BHYAHOT CHTYaIlii.

Jucmetuep ) PagiocTaHuin
Pucynok 1 Opranizanis kaHaiay 3B's13Ky 3 B1IJJaJIeHUM ITyHKTOM YIpaBJliHHA yepe3 [P-mepexy

Jlig BpaxyBaHHsSI €KOHOMIYHOI €(peKTMBHOCTI (PYHKIIOHYBAHHSI CHUCTEMHU YHPAaBIIHHSA 1
MOHITOPUHTY PYXOMHX 00’ €KTIB MOK€ OyTH MPHUHHSATO BIAHOIICHHS y3arajJbHEHOIO pe3yJbTaTy
3aCTOCYBAHHS 11€i MIJCUCTEMH y peajbHUX yMOBaxX J0 MPHUBEAECHUX BUTpPAT Ha MoOydoOBYy Ta
eKCIUTyaTaIliio CUCTEMH:

Ec=E/C, (1)

NI y3arajlbHeHWH pe3ylbTaT 3aCTOCYBaHHS (€KOHOMIYHHI €(eKT) CHCTEeMH MOHITOPHHTY
pyXoMux 00’€KTIB MO’KHA BU3HAYUTH SIK

E = a[(Cant — Can2) + (Cnt — Cn2) H(Camt — Cam2)], 2)

1€ Cuni, Cam2 — cepeiHi 3HAYCHHS MaTeplalbHUX BTPAT, SIKI BUHUKAIOTH J0 MMOYaTKy HaJ3BHYaHHOT
CUTYyaIlii BiJIMOBITHO MPH BiJICYTHOCTI CUCTEMH MOHITOPUHTY Ta 1pH ii 3acrocyBaHi; Cunl, Cum2 —
cepeliHi 3HAaYCeHHS MaTepialbHUX BTPAT, SIKIi BHHUKAIOTH I11]] YaC HaJ3BUYANHOI CUTYaIlii BIAMOBITHO
MIPH BIJICYTHOCTI CUCTEMHU MOHITOpHUHTY Ta TipH ii 3actocyBaHHI; Cunl, Cun2 — CepeiHi 3HAYCHHS
HENPsAMHUX MaTepiaJbHUX BTPAT, SIKI BAHUKAIOTh IIi/1 Yac HAI3BUYANHOI CHTYyaIlli, BIAMOBITHO TIPH
B1JICYTHOCTI CHCTEMH MOHITOPUHTY Ta MpH ii 3aCTOCYBaHHI; & - CepPeIHs KUTbKICTh HaJ3BUYaiHIX
CHUTYAIIii 32 JOCIIDKYBaHHIA TIepio, pa3is.

[TpuBeneHi BuTpaTu Ha MOOY/JOBY Ta EKCILTyaTAallil0 CHCTEMU MOYKHA BU3HAYUTH 5K

C = CeK +EH‘K1'[, q (3)

ne Cex — BUTpATU Ha EKCIUTyaTallilo CUCTEMH (TEXHIYHE 00CITyTrOBYBaHHS, MPO(DIIAKTHKY, PEMOHT);
Ex — HopMaTuBHMIA KOoe]iLlieHT e(peKTUBHOCTI KaliTaIbHUX BKJIaJeHb; Ki — BUTpatu Ha nmoOyoBy
CHCTEMHU MOHITOPHHTY PYXOMHUX 00’ €KTIB (KamiTajbHI BKJIaJeHHS). B TOH ke yac sKiCTh 3B’ 53Ky,
sKa € 37]aTHICTh 3a0e3MevuyBaTH CBO€YACHE, JOCTOBIPHE Ta CKpUTHE NepeAaBaHHs (MpUIMaHH:)
indopmarii [2]:

PHK = PHK (Tnep STnep.np D< an Hp03B < HpOSB.Hp) (4)
1€ Tuep, Tuep.np — 9ac mepeaayi MoBiJOMIIEHB Ta HOTO MPUITYCTUME 3HaYeHHsI; D — iCHy104Hii piBeHb
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HOMMWIOK; Drp — npumnyctumuii piBeHb TOMHIOK; Ilposs, [lposs.p — HOKA3HUK BTPATU CKPUTHOCTI
3B’SI3Ky Ta MOTr0 IPUITyCTUME 3HAUEHHS.

Po3rnsiHyTi MOKa3HUKKM €(EeKTHBHOCTI MiACUCTEMHU 300py Ta BiIOOpaXKEHHS IaHHX
CUCTEMHU MOHITOpI/IHI‘y pyXoMuX 00'€KTiB MOKYTh OyTH 3acTocoBaHi Jsi BHOOpY KaHaIiB
nepefayi JaHuUX 1 CTPYKTYpPH BiJNOBIMHOI MiJACHCTEMHM Yy pI3HUX BapiaHTaxX 3aCTOCYBaHHS
nigpo3ainiB. O4eBHIHO, IO BAPTICTh IOJATKOBOTO TEJIEKOMYHIKAILIfHOTO OOJaJHAaHHS TaKoi
cucTemMu OyJie 301IbIIYBAaTUCh MTPH 30UTBIICHHI KUTBKOCTI pyxoMux 00'ekTiB. JlJis 3a0e3neueHHs
Tii BEJWKOT KIJIBKOCTI MiAPO3ALTIB MOXe OyTH 0OpaHO iHIIE pillieHHS - PO3TOPTaHHS Yy panloHi
HA/I3BUYANHOI CUTYallii MOOUTBHUX PETPAHCIATOPIB CTUTBHUKOBOTO 3B’ S3KY, PO3MIpPH SIKMX Y HaII
gac MOXKYTh OyTH jayke ManuMmu. Lle 103Bosisie Takok 4acTKOBO 3a0€3MeYUTH BUKOPUCTAHHS B
YMOBax HaJ3BUYalHOI CHUTyalii 3BHYAHHMX CTIIBHUKOBUX TEpMIiHAIIB 3B'A3KYy IJIS Iepenadi
MOBHUX IOBIJJOMJIEHb.

BuOip TexHiuHHX 3ac001B /U1 CTBOPEHHS KaHAJIB Mepeaayl JaHuX MiJcucTeMu 300py Ta
B1I0OpaX€HHS JaHMX Ma€ MPOBOJUTHUCSH 3 YPAaXyBaHHSIM HHU3KM TEXHIYHUX 1 EKOHOMIYHHMX
MMOKA3HUKIB TIICHCTEMH, IO 3aCTOCOBYETHCS, TaKi K 4ac mepenavi maHux Big GPS-tpekepa Ha
CepBEpP CUCTEMHU, Yac 0OPOOKH 0OUMCITIOBAIBHOIO TT1JICUCTEMOIO OTPUMAHUX JJAHUX, MaKCUMaJIbHa
KUIbKICTh mapameTpiB PO, 1mo BogHOYAaC MOXKYTh OOCIYrOBYBATHCS CHCTEMOIO, KOE(IIIEHT
TOTOBHOCTI OOYHCITIOBAJILHOIO KOMILIEKCY, BIPOT1HICTh BUHUKHEHHS TIOMUJIKH Y CKJIaJll CHCTEMU
PYXOMOI'0 TPAaHCIIOPTHOT'O 3aCO0Y TOIIIO.

3acTocyBaHHS ~MOOUIBHMX  TEXHIYHHUX 3acO00IB  JO3BOJISI€  MIJABUIMUTH  PIBEHb
iHpopManiiHoro 3abesnedeHHs kepiBHuutBa JCHC, npuckoputu mpouec m0J0JaHHS
HaJ3BUYAIHOI cuTyalii, MBUIIUTH Oe3MeKy Mpalli JiKB1IaTOpiB y OOMOBHUX YMOBax.
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ENSURING THE RELIABILITY OF THE SYSTEM OF OF MOBILE OBJECTS
OPERATIONAL CONTROL IN THE EMERGENCY AREA BASED ON THE USE OF
ROIP CHANNELS

The paper discusses the vulnerability of the process of operational transmission of control
signals, collection and display of information about the position and movement of units in the
emergency area under high load. As a solution, it is proposed to use Internet Protocol (IP)
signaling. Coordination of signals with the Internet protocol is provided by IP gateways. In order
to take into account the economic efficiency of the system operation, the ratio of the generalized
result of the system's application in real conditions to the reduced costs of its construction and
operation is suggested. At the same time, the quality of communication is normalized by the level
of errors and time delay.
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AHAJII3 ITPOLECY CTBOPEHHSA BOJSHOI'O TYMAHY JIJISA HIJIEA
HOXEXOI'ACIHHA

[Toskerka 3aBKIM € CEPHO3HOIO 3arPO30F0 JIJIS JIFOJICHKOT0 XKHUTTS Ta MaiiHa. EdekTuBHICTh
3aX0JiB TOKEKOTACIHHS BU3HAYAETHCS IIBHIKICTIO Ta TOYHICTIO PEAKIii MOXKEKHHX CIYKO.
OpHuM 3 IHHOBAIIMHUX METO/1iB OOPOTHOM 3 BOTHEM € BUKOPUCTAHHS BOJTHOrO TymaHy. [Iporec
CTBOPEHHSI BOJSHOTO TyMaHy JUIS IUICH TIOXKEKOTAaciHHS 0a3yeThcss HAa BUKOPHCTaHHI
CHeIiaJbHUX CUCTEM PO3MUICHHS BOJAM, SIKI CTBOPIOIOTH TYMaH YaCTHHOK BOJIU PI3HOTO PO3MIpY.
Ilefi MeTOn MOXKEKOTACIHHS BHUSBISETHCS CPEKTUBHUM 4Yepe3 3JaTHICTh BOJSHOIO TyMaHY
3MEHIIYBAaTH TEMIIEPATypy Ta TUCK Y 30H1 TOPIHHSA, TUM CAMUM 3HIDKYIOYH 1HTEHCUBHICTH MTOXKEXK1
[3].

Bin e cxmaguuM 1 BKIroyae B cebe aekinbka eramiB. Hikde HaBenmeHWil aHaii3 I{bOrO
nporiecy. Bubip BiAMOBITHOT CUCTEMU PO3MMIICHHS, SIKa MOYKE OYTH BOJIOTACHUIILHUM TICTOJIETOM,
BOJITHUM BOTHETaCHMKOM a00 aBTOMAaTUYHOIO CHCTEMOIO PO3MUJIEHHS BOAW. Bonma 3a3Buuaii
BHKOPUCTOBYETHCS SIK OCHOBHHH CKIIQJHHUK JJI CTBOPEHHS BOJSHOTO TyMaHy. [HOII JI0 BOJIU
MOXYTh JOAaBaTHUCA M00aBKW Ui MIABUIICHHS €QEKTUBHOCTI TAaCIHHS TOXEXI, TakKi SK
aHTHIiHOHA. PoO3unMH mMOBWHEH OyTH NPABWIBLHO TIATOTOBIICHUH 3 ypaxyBaHHSAM HOTO
KOHIIEHTpAIlli Ta IHIIMX XapaKTePUCTHK. PO3MHMICHHS BOJM MPOBOAWTHCS 3 BUKOPHUCTAHHSIM
BIIMOBIAHOTO OOnagHaHHs. BoasHuil cTpyMiHb po3NMIIIOEThCA Ha IpiOHI Kparuii 3a JOTOMOTOK0
HacagoKk a00 HAcCOCHHUX cHCTeM. BogsHi kpamiai MarTh OyTH pO3MOIUICHI PIBHOMIPHO,
YTBOPIOIOUM TyCTUH TyMaH, SKUH Moxe e(QEeKTUBHO TacuTu BOroHb. lle moxe Bumaratu
HaJIaroKEeHHs MapaMeTpiB CHCTEMU PO3MMJIEHHS, TaKUX SK TUCK 1 KyT posnuieHHs. [lomaua
TyMaHy Ha JpKepelio noxexi. OctaHH1lM eTan - HaBeJIEHHS BOJSHOTO TyMaHy Ha JKEPEJIO MOXKEXKI.
Ile moxxe OyTH 3AIMICHEHO PYYHHM CIOCOOOM 3a JOMOMOTOI0 TOXEXKHOTOo OOJaJHaHHS abo
ABTOMATHYHO, B 3AJIXKHOCTI BiJl THITy CUCTEMH po3muieHHs [1].

[IpornoHyto pO3rISHYTH MPUHLIUI pOOOTH - BOASHUN TyMaH CTBOPIOETHCS 3a JOMOMOIOIO
CHeIiaJbHUX TPUCTPOIB, SKI PO3MUIIOIOTH BOMY Ha ApiOHI kparum. s kpamporo po3ymiHHS
BApTO MEPErjsiHYyTH CHUCTEMY KOMIUIEKTalli - pPO3MUIIIOBAYiB YHM JUCKIB HACOCIB, CHCTEMHU
KEepyBaHHs, pe3epByapu [Uid BOJU, TPYyOONpPOBiA, MAaTUYMKH BHUSBICHHS IMOXEXKI Ta 3aco0u
OJIOKYBaHHS.

Ili xparuii BiZOMBAIOTH TEIUIO, MOTJIMHAKOTH CHEPTil0 BIJ IMOXKEXI Ta BUIIAPOBYIOTHCA,
3HIDKYIOUYH TeMIIepaTypy Ta racsiud BOroHb. BiH 34aTHUI 3HIKYBATH TEMIIEpaTypy Ta BUAAISTH
TEIUIOBY EHEprilo 3 MOXKEKHOro kepena. Lle no3Bonisge epeKTHUBHO 3aracUTH MOXKEXKY Ta
3arno6irTu i mojansbIIoMy nomupeHHo. OKpiM 1BOTO ,TyMaH 3MEHIIYy€ IIKOAYy JJs MaiiHa Ta
3aTHUN 3MEHIIUTH BIUIMB Ha JIIOACHKE XKUTTS Ta JKUTTS PATYBaIbHUKIB. OCKUIbKH, BOJA
BOISIHOTO TYMaHy pPO3MHIIIOETHCS Ha TyKe IpiOHI Kparii, METOJ MOKE 3MEHIIMTU DPU3HK
MOIIKO/DKEHHST MaliHa TMOPIBHSHO 3 IHIIMMH METOAAMM IOXKEKOTaciHHs, SKi MOXYTh
BHUKOPHCTOBYBATHU OiJIbliie BOJX a00 XiMIYHUX pedoBUH [2].

Boasiauii TymMaH sk 1 Oyab-SKui 3aciO raciHHS TIOXKEXI Ma€ CBOi IepeBard Ta HEIOJIKH
bescymMHiBHO, 1110 epeBar Habarato OinbIile HiX HETOMIKIB.

IlepeBaru Tymany. EKOJIOT1UHICTb, BOASHUI TyMaH € OLIbII €KOJIOTTYHO YUCTUM METOJIOM
MOPIBHSIHO 3 IHIIUMHU PEUOBHMHAMH, [0 BUKOPUCTOBYIOTHCS JUISI TACiHHS TMOXKEXKi, TAKUMH SIK
XiMiuH1 3aco0u. MiHiMi3ye IIKOAY MaiiHa, - BOJA BOJSHOIO TYMaHy PO3IMIIIOETHCS Ha JyXKe
NpiOHI Kparuti, UM CaMUM 3MEHIIYIOUM pU3WK. MiHiMi3allisl OmiKiB A7 0COOOBOTrO CKIIamy Ta
JoIel — TaK SIK TyMaH PO3MUJIIOETHCS Ha JApiOHI Kparmii ,TO 3 IIbOr0 BUIUIMBAE IO BIH MOXeE
3HU3UTH PU3UK YPAKEHHS JIOJEH BiJ rapsg4yoro mapy Ta 3a0e3MeYuTH Kpall YMOBHU Js
PATYBAIBHUKIB y 30HI MOXexki. EQexTUBHUIA y BaXXKKOJOCTYIHHUX MICHSX- TyMaH Ma€ TapHYy
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3IATHICTh TIPOHUKHEHHS B TICHI Ta BAXKKOAOCTYIHI MICI, BOISHUI TyMaH MoOxe OyTu
e(pEeKTUBHUM Yy TOXEKOTACiHHI y BaKKOJOCTYIHHX TYHENsAX, KyTOYKax, IIUIMHAX Ta IHIII
IPOCTOPH, JIe CTaHAAPTHI METOAM IOKEKOTaciHHS MOXYTb OyTH MeEHII e(QEeKTHBHUMH.
ParionanbHe BUKOPUCTaHHSI PECYpCiB- BUKOPHUCTAHHS BOJSHOIO TYMaHy J03BOJIE€ 3MEHIIUTH
BUTPATHU BOJM, sIKa MOKE OYyTH OOMEKEHOIO Y BaKKOJOCTYITHUX MICIISIX, Ta 3MEHIILYE MOYKJIUBICTh
3aTOIUICHHS YW MOIIKOJUKeHHs MaiHa. OxomeHHs - J[piOHI Kparuli BOAM BOJSHOTO TyMaHy
MOJKYTb JIETKO TIPOHUKATH Y TPYAHOIOCTYIIHI MICIS Ta MTOKPUBATH OLIBITY IJIOMLY, IO JO3BOJISE
OUTBII €(hEKTUBHO TACUTH MOXKEXKY Ta 3aMo0iraTy ii mojanbIoMy MomupeHHo. MiHiMi3ye pU3nK
JIMMOBOI TpaBMH- TyMaH MOXKE€ 3MEHIIYBAaTH TEMIIEpaTypy Ta piBEHb TOKCHYHUX Ta3iB Y
BAYKKOJOCTYIHUX 00JIACTAX, 10 3MEHIIY€E PU3HUK IUMOBOI Ta TEIUIOBOI TPABMU ISl MMOKEKHUX Ta
0ci0, siKi MOXYTh OyTH Tix 4yac mokexi. He3Bakaroun Ha Taky BENMKY KUIBKICTH IE€peBar, Mu
MO>KEMO IMOOAYNTH MEPENiK HETOIIKIB. Bicoka BapTicTh 001aJHAHHS Ta KIIOMITKE 00IaITyBaHHSI.
HaiiGinpine vacy 3aiime oOmamityBaHHs JaHOi cuctemMu. OOMexeHa JalbHICTh [ili, - TyMaH Mae
O0OMEXEHY MalmbHICTh Jii TMOPIBHSIHO 3 IHITUMHU METOJaMU TOKEKOTACiHHS, TAKUMU SIK BOISHI
CTpyMeHi abo miHHUM cTpyMiHb. Lle Moxe oOMexyBaTu HOro e(peKTUBHICTh Y BUTIAJKAX BETUKUX
MOXKeX. PerymspHi TexHIUYHI OOCTeXEHHs, MepeBIpKH s 3a0e3MedYeHHs] MPaBUIBHOTO
byukiionyBanus [4].

AHani3 mpouecy CTBOPEHHS BOJSHOTO TyMaHy JJIsl TOXEXKOTraciHHsS JI03BOJIE€ Kpalle
PO3YMITH TEXHOJIOTIIO Ta MapaMeTpH, SKI BIUIMBAIOTh Ha €(QEKTUBHICTh TaciHHS IMOXKEXI 3a
JIOTIOMOT 010 IIbOT'0 METOTY.

OTXe, BUKOPUCTAHHS BOJSHOTO TyMaHy JUIsl I[UIEH MOXEXKOTraciHHS € e(QEeKTUBHUM,
Oe3MeYHNM 1 TIEPCIEKTHBHUM HANPSMOM PO3BUTKY MOKEKHOI TEXHIKH, SKAH MOXKE 3HAYHO
MOKpaIIUTH €eKTUBHICTh OOPOTHOU 3 BOTHEM Ta 3MEHIITUTH HOT0 HETaTUBHI HACTIAKK. BomsHumii
TyMaH € IEePCINEeKTHUBHUM METOAO0M I0KEKOraciHHS, OCKUIBKU BiH MOEJHYE B cO01 €(DEeKTUBHICTD
Ta MIHIMaJIbHY IIKOAY Il HABKOJIMIIHBOTO cepeioBuINa Ta MaiiHa. [Ipote 115 ioro eekTuBHOrO
BUKOPHUCTAHHS MOTPIOHO MPOBECTH MOANBIIN JOCTIPKEHHS 3 METOIO TIOKPAIIEHHS TEXHOJIOT11 Ta
3HMKEHHS BapTOCTI BCTAHOBJIEHHS 00J1aJIHAHHS.
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ANALYSIS OF THE WATER FOG CREATION PROCESS FOR FIRE
EXTINGUISHING PURPOSES

The use of water fog for fire extinguishing purposes is an effective, safe and promising
direction in the development of fire engineering, which can significantly improve the effectiveness
of fire fighting and reduce its negative consequences. Water mist is a promising fire extinguishing
method, as it combines efficiency with minimal damage to the environment and property.
However, for its effective use, further research is needed to improve the technology and reduce
the cost of equipment installation.
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EBAKYAIISL TA ABTOMOBLII VISI TPAHCIIOPTYBAHHSA
HOTEPHIJINX ITPU HA/IBBUYAUHUX CUTYALIAX

Ha cporonmnimHiii 1eHb MUTaHHSA €BaKyallii MOTEPIUINX BiJ HAJ3BHYAHHHUX CUTYyalliil €
Ty’Ke aKTyaJIbHUM, OCKUIBKH i TOCI TPUBAE BIIICBKOBUH CTaH, po3novaruii 3 24 mororo 2022 poxy
- 3 JIHS TOBHOMACIITaOHOT'O BTOPTHEHHS 31 cTopoHn P®. 3a el yac Mamucs 9ucenbHi IpUIbOTH
CHaps/IiB, paKkeT, CHApsAIIB BiJ TPajiB SK IO MPOMHUCIOBIN 1H(pacTpyKTypi, TaK i MO KUIUM
kBapraiaM. L{i o6cTaBuHM BUKIIMKaIM HEOOX1IHICTh €BaKyallli BETUKOI KIJIbKOCTI MOTEPILIUX HE
JUIIe B MicTax 3 0araTonoBepxiBOK, ajie i B cenax - 3 JOMIBOK B IPUBAaTHUX CEKTOPaxX.

Binomo, mo B XapkiBchKiii 007acTi HapaxoByeTbcs 56 TepuTopianbHux rpoman. [lpu
LIbOMY BCTaHOBJIEHO, 110 OUIBLIICTH IpoMaj, Akl HapaxoByroTh 10 10000 >xureniB (16 rpoman),
no 15000 sxureniB — (7 rpoman) ta no 20000 >xuteniB — (7 rpoMajn), a 3HaYHO MEHILE
TEPUTOPIAJIbHUX rpoMaf 3 kutessiMu B 35000 1 Ginblire, Ik mpecTaBieHo B Tabd. 1.

Tabmuis 1. Posmozin memkaHIiiB XapkiBCbKOi 00J1acTi Mo TpoMajam

KinpkicTb xuTeniB (TUC. JIIOEi) B rpoMai
Ho | Ho | Ho | o | Ho | Ho | Ho Ho 45 | Ho 50 | o 60 | o080
10 [15 |20 |25 |30 [35 [40
Kinekicts | 16 7 7 4 6 4 4 2 2 1 1
rpoMaj

Takuif po3moai KHUTEIIB 1O TPOMajiaM, B pa3l BAHMKHEHHS 0OCTPIJIiB, BUMAarae 3Ha4HOL
KUIBKOCT1 €BaKyaIr[iiHuX TPAHCIOPTHUX 3ac00iB. OTke, OCKUIbKU BIHCHKOBHI CTaH TPUBATHME 1
Jnam, TO HEOOXIHO ONEpPaTHMBHO-PATYBAJbHI MIAPO3AUIH  3a0€3MEUUTH  €BaKyal[iiHUM
TPAHCIIOPTOM B JIOCTaTHIN KIJTBKOCTI.

EBakyarlis — KOMIUJIEKC 3aXO/AiB 3 BHHECEHHS 1 BHUBO3Y NOCTPAKIAIUX 13 30HU
nams3Buyaiiboi curyarii (HC), noctaBka iX Ha MEAWYHI MyHKTH 1 J0 JIIKYBaJIbHUX 3aKJIaiB JUIs
HaJaHHS CBOE€YACHOI Ta HEOOXimHOT Meau4HOl Jormomoru Tta JikyBaHHs [1]. [us eBakyarii
BHKOPHUCTOBYIOTH Pi3HI CaHITapHO-TPAHCIIOPTHI 3aCO0M Ta BC1 BUIM I'POMAJICEKOT'O TPAHCIIOPTY, a
TaK0>X TPAHCHIOPT 1HIUBITYyaJTbHOIO KOPUCTYBAHHSI.

TpancnopTyBaHHs (€BaKyarlito) MO>KHa PO3IIJTUTH HA HEBIIKIIAHY (TIEPIIOT Yepru) — JJIs
MOCTPAXKAAIHMX Y CTaHi, 110 3arPOXKYe€ KUTTIO, 200 3 MOMIKOKEHHIMHU, K1 IPU 3aTPUMIII HaJaHHS
JIOTIOMOTH TIPU3BOJAATH JI0 HE3BOPOTHUX HACHIJIKIB, 1 BIICTpOYeHy (Apyroi depru) — JUis
MOCTpaXKIaJIKX, 3aTPUMKa €BaKyallii y SKUX He IPUBE/E 10 PO3NaTy KUTTEBO BAKIUBUX (DYHKIIIN
opraizmy. MapuipyT, 3a SIKAM 3IIHCHIOETHCSI BHXiJ, BUHOC 1 TPAHCHOPTYBAHHS YpPaKCHHX,
HOCHUTb Ha3BY "NIIISX MEIUYHOI eBaKyarlii'.

MenuuHa eBakyallisi — KOMIUJIEKC 3aXOJliB CIPSMOBAHHUI Ha MIaJHE TPAHCIOPTYBAHHS
XBOPOTO0, MOCTPAXKIATOT0 Y TOPAHEHOT0 Y BiJIMOBITHUN MEAMYHUHN 3aKIa]l Y1 MEIUYHUN TYHKT,
Je Moke OyTH HaJaHO aJeKBAaTHY MEAUYHY JOMOMOTY, YM MPHUUHATO PIIICHHS MPO MOJANbIIe
TPAHCTIOPTYBAHHA y IHIIUK MEAUYHUH 3akiaa. ¥ MUPHUN Yac 110 (YHKIII0 BUKOHYE EKCTpeHa
MeJM4YHa JIomoMora. TakoXX iCHye MOHSTTS MEIUYHOTO COpTyBaHHS. MeauyHe COpPTYBaHHS —
METOJ] PO3MOAITICHHS MOCTPAXIAINX Ha IPyNH (KaTeropii) 3a o3HakaMH MOTpeOu B OJTHOPIAHUX
JTIKYBaJbHO-IPOQUIAKTUYHUX Ta €BaKyalllMHUX 3aX0Jax B 3aJEXKHOCTI BiJJ KOHKPETHOI
06cTaHOBKH. Moro mpusHaueHHs B TOMY, 10O 3a0e3NEUMTH CBO€YACHE HAJAHHS MEIMYHOI
JIOTIOMOTH ypaKeHHM Ta iX MOJalblly eBakyalio. HeoOXigHICTh MpPOBEICHHS MEIUYHOTO
COpPTYBaHHs OOYMOBJIEHa MAacCOBICTIO ypakeHb BHacHiok HC 1 HEMOXIIHMBICTIO HasBHUMH
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MEIWYHUMHU CHJIAMH Ta 3ac00aMU HaJ[aBaTH CBOE€YACHO MEIMYHY JOITOMOTY BCIM MOCTPAXKAATIHIM.
Bunu copryBanns. B 3anexHocTi Bij 3a1a4, SIKi BUPIIIYIOTBCS B IPOLECI COPTYBAHHS, IPUHHATO
BUJIUIATH JIBa BUAM COPTYBAHHS: a) BHYTPILIHHONYHKTOBE; 0) €BaKyaliifHO-TPaHCIIOPTHE.

MenuuHe COpPTyBaHHS — METOJI PO3MOUICHHS MOCTPaXAAIUX Ha TPynu (Kareropii) 3a
O3HaKaMM TOTpeOU B OJHOPIAHUX JIKYBaJIbHO-NPO(MIIAKTUYHUX Ta €BaKyallHUX 3aX0/Jax B
3alIeKHOCTI BiJl KOHKPETHOI O6CTaHOBKM. MOro Hpu3HAYEHHS B TOMY, W00 3a0e3IeduTH
CBOE€YACHE HAJaHHS MEJIUYHOI JOMIOMOTY YPaKEHHUM Ta 1X [OJajbllly €BaKyallito.

HeoOxigHicTh TpOBEIEHHS MEIMYHOTO COPTYBaHHS OOYMOBJIEHA MACOBICTIO Ypa)KeHb
BHaciiIok HC 1 HEMOXKIIMBICTIO HasIBHUMH MEUYHUMHU CHJIAMH Ta 3aco0aMy HaJlaBaTH CBOCUYACHO
MEIMYHY JIOIIOMOT'Y BCIM IIOCTPaKIaJIUM.

Buou copmysanns.

B 3anexxHocTi Bij 3a/1a4, SKi BUPIIIYIOTECS B MPOIECI COPTYBAHHS, MPUUHATO BUIUIATH
7IBa BUJU COPTYBaHHS:

. a) BHYTPIILIHbOITYHKTOBE;

. 0) eBaKkyaIliiHO-TPaHCIIOPTHE.

BHyTpilIHBONTYHKTOBE COPTYBAaHHS IPOBOIUTHCS 3 METOIO PO3IOALTY YPaXKEHHUX Ha TPYNH
(B 3aJIE)KHOCTI BiJ XapaKTepy Ta TSHKKOCTI ypa)KE€HHs) NIl BCTAHOBJICHHSI Y€PrOBOCTI HaJaHHS
MEJIMYHOI IOMTOMOTH, a TaKOXK JIJIsi BU3HAYEHHs MICI (PYyHKIII1, e Mae OyTH Ha/JaHa IOTIOMOra.

EBakyariiiHo-TpaHCTIOPTHE COPTYBaHHSI MMPOBOJIUTHCS 3 METOIO PO3MOIUTY YpakeHUX Ha
OJTHOPIJHI TPYNH IO YEProBOCTI €BaKyallli, BUIY TPaHCIOPTY (aBTOMOOUIbHUM, 3ali3HUYHUH,
aBlalliiHUMN, TOIIO), MOJIOXKEHHIO B TPAHCHOPTI (Jie)Kauu, CUISYM) Ta BU3HAUYEHHS MAapUIPyTy
eBaKyallii 3 ypaxyBaHHSIM JIOKali3alii, XapakTepy Ta TSKKOCTI ypakeHHs. BupimieHHs nux
MIATaHb 3AIMCHIOETHCS HA IM1JICTaB1 JIIarHO3y Ta MPOTHO3Y.

AHani3 ICHYIOUMX TpPAaHCIOPTHUX 3aco0iB, L0 BUKOPHUCTOBYIOTHCS JUISl €BaKyarii
nocTpakaanux 13 30Hu HC moka3aB HaCTYIHI JIB1 TPYIIH, a came:

1) OpOHBOBAHMI TPAHCIIOPT V11 BUBO3Y MTOPAHEHHX 3 OIS 0010,

ABTOMOOUIBHUI TPAHCIOPT I MEIUYHOI €BaKyallii MopaHEeHWX, a caMme: CaHITapHUi
aBToM00OUIb YA3-3962; - caniTapHi aBToM00OWI1 Kiacy «B»; - ca"iTapai aBTomo0ini kinacy C; -
caniTapHuii aBTo0yc AC-66; - BanTakHui aBTOM0O1Ib ['/A3-66 3 yHiDiKOBaHUM 00JaHAHHSM; -
BaHTaXHUK aBToMOO1TH 31J1-131 3 yHiikOBaHNM caHITApHUM O0JIaTHAHHSM.

B po6oTi aBTOpamMu MPOMOHYETHCS PO3pOOKa aBapiiiHO-eBaKyal[iiHOT MAIIMHH JIETKOTO
tumy Ha 0a31i YA3 3962 mns mBHAKOI TOMOMOTH Ta TepeBe3eHHs mnoctpaxkaanux npu HC.
TakTUKO-TeXHIYHI XapaKTEPUCTHKU aBapiiiHO-eBaKyaIliifHOT MaIllMHU JIETKOro TUITYy Ha 0a31 YA3
3962 uwaseneno B Ta0d. 2.

Tabmuis 2. TakTHKO-TEXHIUHI XapaKTEPUCTHKHU CaHITapHOr0 MikpoaBToOyca Ha 6a3i YA3 3962

No 3/m TexHiyH1 mapameTpu IToxa3Hukm
1 KoJIicHa popmyia 4x4
2 Kinexicts Micup 8
3 ["abapuTH1 po3MipH: TOBXKHHA 4440 mm
4 IMpUHA 2100 mm
5 BHCOTAa 2101 mMm
6 Komicna 6a3a 2300 MM
7 JloposkHiit TPOCBIT 220 MM
8 [mubuna mogonanoro O6poay 500 MM
9 Maca cropsiIKEeHOro aBTOMOOLIIS 1805 xr
10 IloBHa maca 2730 xr
11 BanTaxxomi1iioMHICTE 925 kr
12 Pobounii 00'eM OensuHoBui, 3M3-4091
13 JBUTYH 2,71
14 [ToTyXHICTh ABUT'YHA 82,5 kBt
15 MaxkcuMaJIbHUI KPYTHUA MOMEHT 208 Hm
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16 MakcumaibHa MBUIKICTE 127 kM / Tox
17 Butpara manusa npu 90 kM / rox 13,51/ 100 kxm
18 €MHICTh AaTUBHUX OaKiB 77 n

19 HIunan 225/75 R 16

B canitapHomy wmikpoaBToOyci Ha 0a3i YA3 3962 (39629) ky30B Bke pO3AiICHO
MIEPETrOpOIKOI0 Ha KabiHy BOJis 1 caHITapHE MpuMimieHHs. [leperopoika Mae BIKHO 3 pO3CYBHUMU
crexnamu. CaHiTapHEe MPUMINICHHS BXE OOJIATHAHO BIAKWIHUMHU CUIAIHHSIMH, CHEI[laJIbBHUMU
KPOHIITEHHAMH Ta PEMEHSMH JJIsl KPIIUICHHS HOII, TIOPYYHSAMH B IPOMMax JBEpel Ta Ha Jaxy, a
TaKO’ IITOPAaMH BiIKOH OOKOBHH, JIBEPEH Ta MEPETrOPOAKH. 3aBJISKHU CIICIiaIbHUX KPOHIITEHHIB Ta
pPEMEHIB CaHITapHHH aBTOMOOUTh 3JaTHUW TEPEBO3UTH 10 YOTHPHOX Homl. Ilependadyena
MO>KJIMBICTh PO3MIILIEHHS CaHITapHOTO OOJIaiHAHHS. Y NepeIHii 4acTUHI Ha 1aXy BCTAHOBIICH Ui
MTOBOPOTHHUH MPOXKEKTOP. 3aBJIIKM HAsIBHOCTI MOCTIHHOTO MIPUBOY Ha BCI KOJieca € MOXKIIUBICTh
MIPOBOJIUTH €BAKYAIIIO MOCTPAKAATUX HE JIUIIE B MICTaX, a ¥ B CUTbCHbKIN MICIIEBOCTI.

Jlani aBTOMOOUII HPOMOHYETbCS OOJIAHATH Cy4YacHUM OOJaJHAaHHSAM JUIs MPOBEACHHS
MEPIIOYEPTOBUX aBAPIMHO-PATYBAIBHUX pOOIT (TiApaBiIidyHa MACIOCTaHISI 3 HOXHUISIMH,
pO3THCKaYaMM, JOMKpaTaMu), MOIIYKY NOCTpaKIAaluX Ta HAJaHHS iM JIOMEIUYHOI JOIOMOTHU
(Howri, MenuyHi 3aco0u), opraHizauii 3B’sA3Ky (IUPPOBI pajloCTaHIIi), OCBITICHHS MiCLsl MOALT
(1HMBiAyaNlbHI, TIEPEHOCHI Ta cTalioHapHi JixTapil). Menuuni Homi B 10 [2], mpunagu ans
MOIIYKY MOCTpaXJalIuX Ta MEAWYHI 3aco0u OyAyTh pO3MIIIEHI B CajloHI aBTOMOOUIS, a
IHCTpYMEHT (HOKHUIII, pO3THCKayl, JOMKpATH) U1 MPOBEICHHS aBapiiHO-pATYBAIBHUX POOIT
OyIyTh po3MilleHl Ha Jaxy aBToMoOUTsI. Taki aBToMo0611i OaxaHo O MaTH B KOKHINA TpomMaji B
JNOOPOBUIFHUX MOXKEKHUX IPYKUHAX.

JITEPATYPA:

1. https://pidru4niki.com/89588/meditsina/evakuatsiya_postrazhdalih
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2. JlomenuuHa qomoMora Ha Mictli mofii: mpaktuaauid mocionuk / I1. b. BonsHcbkui,
A. M. I'punzoBcrkuii, C. O. I'yp’eB Ta iH. ; 3a 3ar. pea.a. H. AepXk. ynp., mpodecopa I1. b.
Bonsacbkoro Ta a. men. H., mpodeccopa C. O. I'yp’eBa. — XepcoH : BumaBHMuunii mim
«I'empBeTnkay, 2020. — 224 c.

3. https://vsauto.com.ua/ru/blog/sarm-I-na-baze-mitsubishi-1200-dlya-gschs-

harkovskoj-oblasti/
4, https://uk.wikipedia.org/wiki/

Oleksiy Shevchuk, student of higher education, National University of Civil Defense of Ukraine;
Volodymyr Kokhanenko, Ph.D., associate professor, National University of Civil Defense of
Ukraine

EVACUATION AND VEHICLES FOR TRANSPORTATION
VICTIMS IN EMERGENCY SITUATIONS

In these theses, the problem of evacuating the injured population as a result of enemy
shelling is solved by using UAZ-469-based medical minibuses as emergency evacuation vehicles.
In order to perform emergency and rescue work, it is suggested to equip the sanitary minibus with
emergency and rescue equipment and fix it on the roof of the car. To provide immediate assistance
to victims, emergency evacuation vehicles are proposed to be located in territorial communities.
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Maxcum Isanos, 3000y6au suwjoi oceimu, HayionanvHutl yHieepcumem yugiibHO20 3aXUCmy
Ykpainu,
Jmumpo Jy6inin, x.m.n., doyenm, Hayionanvuuii ynigepcumem yusiibHo20 3axucmy Ykpainu

BHUMOT'H JIIIOYOT' O 3AKOHOJJABCTA YKPATHM JIJISI HIJITOTOBKH
HOXKEXHUX-PATYBAJIbBHUKIB 3A PAXYHOK BUKOPUCTAHHSA TPEHAXKEPIB

[IpoBeneHHs pATYBATBHUX POOIT 0COOOBHM CKIIJIOM TOKEKHO-PITYBATBHUX MiAPO3ILTIB
Ha MOXEXI Ta IX 3aXMCT MiJ Yac PO3BUTKY MOXKEXI Ha ChOTOMHIIIHIN NeHb 3MIHCHIOETHCS 32
paxyHOK KOMIUIEKTaIlii 0COO0BOTO CKJIATy CIEIiaIbHUM OSTOM Ta CIOPSKECHHSM, arapaTaMu
3aXUCTy OpraHiB JWXaHHSI, a TAKOX TEXHIYHUMHU 3aco0aMU TIOKESKOTACIHHS JUIS I0jadl
BOTHETaCHUX PEYOBHH. AJle YCITiX TaciHHS NPH BUHUKHEHHI TaKUX SBUII TIOXKEXKi, SIK POJUIOBED,
(bnemoBep Ta OekapadT mpu 1 PO3BUTKY IS OCOOOBOTO CKJIAMy TOKEKHO-PITYBAIBHHUX
miAPO3aiTiB Oy/Ie 3aekaTd BiJl IXHBOTO HaBYAHHS Ta IMirOTOBKH JI0 pearyBaHHs Ha HuX [1-5].
laciHHusg mokeXX Ta JIKBiAAIS HACHIIKIB HAJ3BUYAWHUX CUTYyallld mependadae BeICHHS
OTIEpaTUBHUX il B YMOBax CKJIaJHOI OOCTaHOBKH, BJICHb 1 BHOYI, IPU BUCOKUX 1 HU3BKHUX
TeMIIepaTypax, B 3aJUMJIICHOMY 1 3ara30BaHOMY CEpEeIOBUIIll, Ha BUCOTaxX 1 B IiJ[BajiaX, B yMOBax
BHOYXiB, OOBaJliB, 3€MJIETPYCIB TOmIO. B TOMy 4HCI y 3aJIdMJICHOMY Ta 3ara3oBaHOMY
cepenoBuii. [TocTiiiHI TpeHyBaHHS € 000B SI3KOBOIO CKJIQI0BOIO TIOCTIMHOI TOTOBHOCTI JI0 JIiH 3a
MPU3HAYCHHSIM

Ha croronHiniHiil 1eHp B SIKOCTI MIATOTOBKH 0COOOBOTO CKIIAAY MOKEKHO-PATYBATBHUX
MIJPO3UTIB BUKOPUCTOBYIOTh TpeHakepu. OKpiM npodeciiiHOi MiArOTOBKU 3 pearyBaHHS Ha
MOKEeXKY BOHHM TaKOX JO3BOJISIIOTH PO3TIISHYTH TakKi THTAHHS, SK OCOOJWBOCTI PO3BUTKY
BHYTPIIIHBOI MOXKEXKI1 32 PI3HUX YMOB ra3000MiHy, pPEryJIlOBaHHS BUCOTH HEHTpPaJbHOI 30HU Ta
MIPOBECTH aHAJII3 PO3MOALTY TEMIIEPATYPH MOKEXK] 32 BUCOTOI0. TakuM UNHOM POBEACHHS JaHUX
JOCHIPKEHb € aKTyaJdbHUM. Po3risiHeMo 3aKOHOJaBYl Ta HOPMATHUBHO-TIPABOBI akTH, II0J0
IIIFTOTOBKH TIOKEKHUX PATYBATBHHKIB.

BiamoBigno mo crarri 90 Opranizariiss MiAroTOBKH, MEPEMiATOTOBKMA Ta ITiIBUIICHHS
kBamidikarii oci0 psAIOBOTO 1 HAYAIBHHIILKOTO CKIJIQTy CIYy)XKOM IHMBIIBHOTO 3aXUCTy Ta
PATYBaJIBHUKIB IPOQeCiiHUX aBapiifHO-PATYBATBHUX CITy:KO [6] HaBeIeHO, 1110 MiABHUILICHHS PiBHS
3HaHb, YMiHb, HABHYOK Ta MPO(ECIHHUX SKOCTEH OCI0 PATOBOTO 1 HAYAIBLHUIIBKOTO CKJIaay
CIIy’)kOM IMBUIBHOTO 3aXHUCTy 3 METOI0 3a0e3MeueHHsl YCIIIIHOIO BUKOHAHHS 3aBJaHb 3a
MPU3HAYCHHSM TPOBOJIUTHCS MiJ Yac cly>kO00BOi MiAroToBku y poOounit wac. Ilopsimox
oprasizanii ciry>k00BO1 MMiIrOTOBKM BU3HAYAETHCS LIEHTPATLHUM OPraHOM BHKOHABYOI BJIa/IH, 1110
3abe3neuye (hopMyBaHHS P KaBHOI MOMITUKHU y cdepi MUBUIBHOTO 3aXuCTy. [linBUIICHHS piBHS
TEOPETUYHHUX 3HAHb, MPAKTUUYHUX HABUYOK 1 MAWCTEPHOCTI PATYBAJIBHHUKIB, 1HIIUX OCHOBHHX
MpaIiBHUKIB TpodeciiiHuX aBapiiiHO-pATYBAILHUX CIIY)KO MPOBOJUTHCS MiA Yac mpodeciiHol
MITOTOBKH 32 PaXyHOK pOOOYOro 4acy, sika OpraHi3oBY€ThCS KEPIBHUKOM CITY>KOU BiAOBITHO A0
il mpodiro.

B po6Goti [7] HaBeneHO BUMOTHM [0 HABYAJIBHO-TPEHYBaJIbHUX 0a3, IO PO3MIIICHI B
MOXKEKHO-PATYBABHUX MIAPO3/IAX, a caMe:

1. HaBuansHO-TpeHyBaIbHa Oa3a OpraHiB Ta MiAPO3ALTiB [IUBLUIBHOIO 3aXUCTY IPU3HAUCHA
JUIS IPOBEJICHHS 3aHATH, 3a11KIB Ta CAMOCTIHHOI MiATOTOBKU 0COOOBOTO CKIIATy.

2. Jlo ckiagy HaBYaJIbHO-TPEHYBAILHOT 0231 BXOJISITh:

— HaB4YanbHI KaliHeTH (3ama, Kiac, JadopaTopis), oONaHaHI TEXHIYHHUMH 3aco0aMu
HaBYaHHA (Y TOMY YHUCII MyJIbTUMEIIIHOIO TEXHIKOIO);

— HaB4YaNbHI cHopyau (CIOpT3aji, CHOPTHBHA KIMHATa, CHOPTHUBHUI MalIaHUYUK,
HaByalbHa 0allTa, CTOMETPOBa CMyra 3 TMEpelIKOJaMH, CMyra TCHUXOJOTIYHOI MiATOTOBKH,
HAaBYAJIIbHUI MaWJaHYMK 3 TMIATOTOBKM MIPOTEXHIKIB, 0ONIajHaHe Miclle s MPOBEACHHS
BOJIOJIA3HUX CITYCKiB, TETUIOAUMOKaMepa (JuMoKaMepa, TeraokaMmepa, TpEHaKEpH ).

3. IlpoBeneHHS TpeHyBaHb Ta BUKOHAHHS HABUYAIBHHX BIPaB 3 OCOOOBHM CKJIQJI0M
HAMOPAIKOBAHUX MIPO3/IIIB, Y IKUX BIJICYTHI HaBUaAJIbHI CIIOPY/IH, 31IHCHIOETHCS OJIMH pa3 Ha
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KBapTall y BH3HAUEHHX KEPIBHUKOM OpraHy Ta WiAPO3IUTy [MBUIBHOTO  3aXHUCTY
HAMOPAIKOBAHOMY ITiIPO3/IiTI, SKHA Ma€ Taki HaBYabHI criopyau. J{o TaKuX 3aHSTh 3aJTy4a€eThCs
BECh 0COOOBUI CKJIa]l MiAMOPSIKOBAHOTO MiAPO3ALTY (KpiM 0cil, 110 epedyBaroTh Ha 4epryBaHH1
Ta B PE3EPBi) 13 3aKPIIJICHUM PE3EPBHUM CIOPSHKEHHSIM Ta 00JIaTHAHHSIM.

4. Opranu Ta TiAPO3ALIM IUBUIBHOIO 3aXMCTy MArOTh HIOPOKY IUIAHYBAaTH 3aXOAU 3
YIOCKOHAJIGHHSI HAaBUYAIBHO-TPEHYBAJIIbHOI 0a3W [uis TPOBENEHHS 3aHATH 13 CIy>KOOBOL
IMITOTOBKU.

5. HaBuyanpHO-TpeHyBaibHa 0a3a Ma€ BiAMOBIIATH MpaBUiIaM Oe3MeKH Ipalli Ta CaHITapHO-
ririeHiYHAM HOpMaM.

Oxpim 1poro B po6oTi [8] 3a3HaUeHO, 110 KEPIBHUKM OPraHiB Ta ITiAPO3AUIIB IUBIILHOTO
3aXHCTy, MIAMOPAIKOBAHUX ITIPO3/UIIB MIOPOKY IUIAHYIOTh 3aXOIU 3 PO3BUTKY HaBYAIBHO-
TpPEeHYBAJIbHOI 0a3M 1 OPraHi30BYIOTh KOHTPOJb 32 BAKOHAHHIM LIUX 3aXOJIiB.

Bianmosigao o po6otu [9] B JICHC opranizoBana mpodeciiiHa miaroToBka oco00BOro
CKJIa/ly OpraHiB Ta MipO3/IUT1B HIMBUILHOTO 3aXHUCTY JI€ 3a3HaU4€HO PO HOPMAaTUBHO-IIPABOBY 0a3y
3 MUTaHb NMPOGECIHHO-TEXHIYHOI OCBITH, METOJIMYHI MaTepiajii Ta HOPMATUBHO-TIPaBOBY 0azy 3
MUTaHb CIyk00BOi MiAroroBKU. Takox B poboti [10] 3a3HaueHo, mo npodeciiiHa MiAroTOBKa —
1Ie OpraHi30BaHuM, Oe3nepepBHUIL 1 IuIecpsIMOBaHUI mporec GOopMyBaHHS 1 PO3BUTKY B OCi0
PSAIOBOrO 1 HAYaIbHUIIBKOTO CKJIaxy Npo¢eciiHUX KOMIIETEHTHOCTEH, HEOOXIIHUX Ui
npodeciiiHol JiSITFHOCTI 3a TMEBHOI0 mpodecielo (CMemialbHICTIO) Ta YCHMIIIHOTO BHKOHAHHS
MOCaJIOBUX OOOB’S3KIB Yy BIAMOBIMHIA Tally3l, a TaKOX iX CBOEYACHOTO OHOBJICHHS Ta
BJIOCKOHAJICHHSI.

B noxexHo-psaTyBanbaux mijgposainax JJCHC 3ailicHI0€ThCS TaKTUYHA M1ITOTOBKA
BiAmoBiIHO 710 [11] oCHOBHHMM 3aBIaHHSM TaKTUYHOI ITiITOTOBKH €:

—  BJIOCKOHAJICHHS 0CO0aMH JIOMYIICHHMH 10 CaMOCTIMHOTO BHWKOHAHHS OOOB'S3KIB
KEepIBHUKA TaCIHHS MOXKEXKI MPAKTUYHUX HABUYOK 3IHCHIOBATH OIIHKY OOCTAaHOBKH Ha MiCITl
MOKeX1, HeOe3MeyHo1 MoAll YK HaJI3BUYAHOI cUTyarlii, nepeadadyuTu i pO3BUTOK, MPABHIHHO
BH3HAYUTH BUPIMIATLHAN HAMPSIMOK OMEPATUBHUX JiH, MPUUMATH OOTPYHTOBAHI PIlICHHS 11010
3aCTOCYBaHHs MIJIPO3/UTIB, CBOEYACHO 30CEpPE/DKYBAaTH HEOOXiNHI CHUJIM Ta 3aco0H, BMILJIO
KepyBaTH HUMH, MAKCUMAJIbHO BUKOPUCTOBYBATH TAKTUYHI MOXKIIUBOCTI TT1IPO3/ILTIB;

— HaOyTTs 0COOOBUM CKJIAJIOM OINEPATUBHUX PO3PAXYHKIB MPAKTUYHUX HABUYOK 1100
MPaBUIILHOTO PO3yMIiHHS 00CTAaHOBKH Ha MiCIIi TMOXEXX1, BAKOHAHHS CBOiX 000B’s3KiB, KOMaH/I Ta
Haka3iB KOMaHIUPIB 1 HAYAIBHUKIB i Yac TaCiHHs MOXEXI1, JIKBIIAIli HACTiAKIB HeOe3MeuHOi
oAl UM HaI3BUYAHOT cUTYyaIii

B po6orti [12] 3a3Ha4eHO, IO AJIA MiATOTOBKHU I'a30IMMO3aXHCHUKIB BUKOPUCTOBYIOTHCS
Ta 00JAIITOBYIOTHCS 3 PO3paxyHKy o/iHA (OJMH) Ha JEp>KaBHHUM MOXKEKHO-PITYBaJIbHUI 3ariH:
TEIUIOJUMOKaMepH, TeIJIOKaMepHy, TUMOKaMepH; CMYTH TICUXOJIOT1YHOI MiArOTOBKHU (IIOJIIFOHHU);
HaBYaabHO-TpeHyBalbHI KoMmiuiekcu ['/[3C. Tlpu mpoMy HadagbHUKH OpraHiB Ta ITAPO3IiIIB
JICHC, y sikux BiICyTHI CTalliOHapHI TEIUIOAMMOKAMEPH, TeINIOKaMEpH, AUMOKaMepH, MOJIITOHH,
CMYTH TICHXOJIOT1YHOI MiJrOTOBKH 1 HaBYalIbHO-TpeHYyBalbHI KomIuiekcu ['/I3C, opranizoByoTh
MPOBECHHS 3aHSTh B IHIIMX opra”ax Ta migposainax JJCHC, ae Taki HasBHI, 3a MOTOHKECHHSIM
HavansHuka ['JI3C rapuizony. B npomy Hakasi Takox 3a3HaueHo, 1110 10 3aco0iB ['/I3C nanexats
TEeXHIYHI 3aco0u Jis MiJATOTOBKM Ta30JMMO3aXHCHHKIB, TEIUIOAMMOKAMEPH, IUMOKaMEpH,
MOJIITOHY, CMYTH IICUXOJIOTTYHOT MiArOTOBKH 1 HaBYaJIbHO-TpeHyBasibH1 kKomiuiekcu ['JI3C.

B po6ori [13] HaBeneHI BUMOT IO TPEHAKEPHOTO Ta 1HIIIOTO 00JIaIHAHHS, IPU3HAYECHOTO
JUIS TITOTOBKU Ta MEPEeBIpKH 3HaHB 0Ci0 KOMAHIHOTO CKJIaay Ta CYAHOBOI KoMaHau. Bumoru
3aCTOCOBYIOTHCS 10 TPEHAKEPHOT'O Ta 1HIIOrO 00JIaJHAHHS 3 MIATOTOBKH J0 PATYBAaHHS Ha BOJI
(mami - OGnagHaHHA) MIANPUEMCTB, OpraHi3aliid Ta yCTaHOB, IO MPOBOJATH MiJIrOTOBKY OCiO.
BuMoru BCTaHOBIIOIOTH €TMHI CTAaHAAPTH MIOJ0 YCTATKYBaHHSI, TEXHIYHHUX 3aC001B, JOKyMEHTAIIIT
OO6nanHaHHA, BUMOT J0 poOOYMX MiCLlb IHCTPYKTOpIB Ta CIyXauiB, 0 IHCTPYKTOPCHKOTO CKIIAay
s yeix HT3, mo 3aiiicHI0I0Th 03HallOMJIeHHS], IOYAaTKOBY MiATOTOBKY Ta IHCTPYKTaX 3 MUTaHb
0e31meKu A7 BCIX MOPSIKIB Ta MIATOTOBKY (haxiBLiB 3 pATYBAIbHUX IITIONOK, PATYBaJIbHUX IJIOTIB
Ta YeProBUX ILIIOMNOK, 110 HE € MBUIKICHUMH Y€PTOBUMU IUTIONMKaMU, a00 (axiBIliB MIBUAKICHHX
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REQUIREMENTS OF THE CURRENT LEGISLATION OF UKRAINE FOR THE
TRAINING OF FIREFIGHTERS FOR THE USE OF TRAINERS

Theoretical studies on the prospects of using simulators for the training of firefighters and

rescuers have been carried out in the work. The current legislation of Ukraine regarding the
professional training of personnel of civil protection bodies and units is justified.
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JTOCIIIKEHHS MOXKEKHOI HEBE3ITEKH CUHTETUYHNUX MATEPIAJIIB ITI [
YAC PO3BUTKY BHYTPIIITHOI OXKEXI

JIo CHMHTETMYHUX MaTepialiB BiHOCATHCS PEYOBMHH, IIO BUTOTOBJISIOTHCS 3 1HIIHX,
MPOCTIMUX PEYOBUH, METOAOM OpraHiuHoro cuHTe3ly. CHHTETHYHI Marepiajii MpelCTaBISIOTh
BHCOKOMOJICKYJISIPHI OpraHiuHi croiyku, To0To, nonimepu [1-3]. CUpOBUHOIO 1715l CHHTETUYHHX
MaTepialliB € MPOAYKTH CyXOi MeperoHku (KOKCYyBaHHS) BYTiLIA, cyOiimanii HadTH, mepepoOKu
nepeBruHH. CHHTETHYHI MaTepialid BiIpi3HIIOTHCS BUCOKHM BMICTOM BYTJICIIO 1 OUTBIIICTD iX HE
MiCTHTH KHCHIO. TOMy I iXHBOTO TOpiHHSA HeoOXinHMi 3HaunHuil 00'eM mositps (10-12 M%/kr).
[1ix yac HarpiBaHHS CHHTETHUYHI MaTepialiv IUIaBISATHCS 1 yTBOPIOETHCS HA MIOBEPXHI PIIKUHN mIap.
Ha BepTuKanpHHUX Ta MOXWIMX MOBEPXHSX, IIO TOPATH, PIIKUN IIap YTPUMYBATHUCS HE MOXKeE i
cTikae. ToMy Ha TaKMX IMOBEPXHSX LIap PiAMHU MA€ TOBILIUHY, 1110 HE iepeBullye 1-2 mm. Pinuna,
0 CTIKa€, yTBOPIOE Ha Mi/71031 IpUMIILIEHHs a00 Ha MOBEPXHI 3eMJI1 IIap y KiIbKa CAHTUMETPIB,
SIKUH, PO3TIKAIOYUCh, TIOIIMUPIOE TOPIHHS HA 1HIIII PEIMETH, IO Iie He TopsATh [4, 5]. B Tabmumi 1
HaBEJICHO €JIEMEHTHUHN CKJIa/ AeSIKUX CHHTETUYHHUX MaTepiaiB.

Ta6muist 1. EneMeHTHHI CKIal CHHTETHYHHX Martepiaiis [5].

CuHTeTHYHHUI MaTepian C H Q) N
[3ompeHoBHil Kayuyk 88,25 11,75 — —
Kanponakram 63,70 9,75 14,2 12,35
Harypanbamnii kayayk 88,25 11,75 - -
[Tominpomninex 85,4 14,6 — —
[TomiaxpunaTtu 55,90 6,9 37,2 —
TTomerunen 85,80 14,2 — —
denondopmanpaeriga cMoia 78,80 5,05 16,15 —

Ha cywacHoMmy ertami BUpoOM 3 CHHTETHYHUX MaTepialliB € OJHUMH 3 HAWOUIBII
PO3MOBCIO/DKEHUX B TMOOYTI JIIOAWHM, HacaMmmepen Iija vac OymiBHUIITBA Ta eKCIUTyaTarli
MPUMIIIEHB KUTIOBUX OyiBelnb. [Ipy boMy MarO4mii BETUKHUIA TIOMKUT, CAHTETHYHI MaTepialiv €
AyKe HeOE3MCUHUMH JUTS 3J0POB’S Ta JKUTTS JIOAMHU [6, 7] mig yac po3BUTKY BHYTPIIIHIX Ta
30BHINIHIX MOXeX. OKpiM OO MPH TOPiHHI CHHTETUYHI MaTepiaaud BHUIUISAIOTh HEOe3IeuHi
MIPOAYKTH 3rOPSIHHS, [0 3HAYHO MOTIPINYIOTh €KOJIOTIYHMIA cTaH AoBKiLIA [8, 9].

Ha BiamiHy Bim TBepauX OpraHiuHHUX MaTepialliB (IEpPEeBUHHU), CHHTCTHYHI MaTepiaan
MOKYTh TUIABUTHCS 1 BUIIAPOBYBATHCSI, 1[0 OOBYTIIIOIOTHCS T BUIUISIOTH MPOJIYKTH Y Fa30BOMY
arperaTHOMYy CTaHi ITijl 4ac TepMi4HOTO po3KiaaaHus abo mipoisy [1-3]. [pu 1iboMy CHHTETHYHI
MaTepiaiu MOTEHIIHO MICTATh Y JIBiui OijIbIlIe TETJIOBOI €Heprii, 1110 MOXKe BUALTUTHUCS Y IIPoLIect
3ropaHHs. Takox, BOHM Ha0araTo JIETIIe IiJi BIUIMBOM TEIUIOBOI €HEpPrii PO3KJIAJal0ThCs Ha
MAJIMBO Y TA30BOMY arperaTHOMy CTaHi, sike 31aTHe ropiTi. [IpoaykTu TepMI4HOr0 pO3KIaJaHHs
CHHTETHUYHOTO IMaJHMBa, TAKOXK, MIJISAraloTh Habararo JIErmoMy 3aiiMaHHIO, HDK MPOJIYKTH, IO
MOXOJIAITh 13 MPUPOTHOTO MATUBa. TaKUM YMHOM JTOCIIKCHHS MOKA3HUKIB MOKEKHOT HeOe3MeKn
Ta MPOLECIB TEPMIUHOI0 PO3KIaJaHHA (IIPOJIi3y) CHHTETUUHUX MaTepialliB PU PO3BUTKY MOXKEK
€ aKTyaJIbHUM Ta OTPeOye BUPILICHHS.

B pobGoti [2] HaBemeHi pe3ysibTaTd OOCHI/KEHHS BIUIMBY TEMIIEPaTypd Ha 3pa3Ku
CHHTETHYHUX MAaTepiajiB Ta 3MiHHU 1X CTPYKTYpHU HaBeJeHHi Ha puc. 1 [2].
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Pucynok 1. 3anexHicTb TeMIepaTypy NOBEPXHI 3pa3KiB CHHTETUUHUX MaTepiajiB BiJl 4acy npu
TEIJIOBOMY OTPOMiHEHHi [2]

Tak B poGoti [2] mpoBemeHi MOCTIIHKCHHS TEPMIYHOTO PO3KIAJAHHS CHHTCTHYHHX
MarepianiB, 1[0 BUKOPUCTOBYIOTbCS y OymiBHUITBI (TMIHOMOMNIETUJIEH, CIIHEHUH Ta
eKCTPYIOBAaHUH TONICTUPOI). 3a pe3ysbTaTaMy MPOBEICHUX IOCHTIHKEHb BCTAHOBIIEHO Yac Ta
TeMIIepaTypy MOYaTKy TEPMIYHOTO PO3KJIATaHHs CHHTETUYHUX MaTepialliB, a TAKOXK 3MIHY MacH
3pa3KiB MarepiajiiB /10 Ta micis BUMpoOyBaHb. [Ipu 1IbOMyY, BCTaHOBIJIEHO, IO Pi3KE 3POCTAHHS
TeMIlepaTypyd Ha TIOBEpXHI CHHTETHUYHMX MarepiajiB BiAOyBaeTbcsd BxKe uepe3 2,5 XB
(TemmepaTypa moOBepxi MiHOMOJIETWIEH ckiagae 92°C, cmiHeHoro mnomictupony — 92°C,
ekcTpynoBaHoro momictupony — 102°C). Cmig 3a3Ha4MTH, MO0 3 MOYATKOM 3MIHHU OYJI0BH
Marepiaigy BiIOYBAa€ThCS WOTrO TEPMIYHE PO3KIANaHHS 3 BHAUICHHSIM TOKCHYHHX Ta TOPIOYMX
rasiB, B IPUMIIIICHI Ji¢ TPOBOIUIIMCS TOCIIPKEHHS OyB XapaKTepHUI HAsBHUM HEMPUEMHHMI 3armax
Mpy IIbOMY TEMIIepaTypa Ha MOBEpPXHI MaTepialy cKiajnana JIjis MiHOMOJICTUIICHY CKiajaaja
129°C, cminenoro nomictupony — 123°C, ekcrpynmoBanoro momictupony — 134°C. Ha 9 xB
TeMrneparypa HaOyya Ha TOBEPXHI Marepially Ha0yJia MaKCUMaJIbHOTO Ta MOCTIHHOTO 3HAYCHHS
(mns miHomomieTwieny ckiagana 155°C, cmineHoro mosmictuponay — 151°C, exkcTpymoBaHOTO
noictupony — 164°C).

Jlnst 3amoOiraHHs  TEPMIYHOTO  pPO3KJIAMaHHS  CHHTETUYHHUX  MaTepialliB, IO
BHKOPHCTOBYIOTHCS B IKOCT1 OyIIBEJIBHUX MaTepialliB Ta B MOOYTI JIOJUHU AOULILHO HAHOCUTH
Ha iX MOBEPXHI BOrHE3aXMCHI Ckiaau (TrirmcoBa mTykatypka, Toino) [10, 11], a mpu ix ropinsxi
BHKOPHCTOBYBATH 3aCO0U MOXKEKOTaCiHHS TOHKOPO3MMICHO Bomoio [12, 13] i3 BiaAmoBiAHUMH
xapakTepuctukamu [14-16].

[IpoBeneHi excrnepUMEHTa bHI JIOCIIDKEHHS JO3BOJISAIOTH OOTPYHTOBYBATH IPOLIEC
TEPMIYHOTO PO3KIAJaHHS CHHTETUYHHX MaTepialliB 3 ypaxyBaHHIM 4acy, TEMIEpATypy Ta 3MiHU
Macu JUisi  TOJaibIIoOi PO3pOoOKH MaTeMaTMYHUX Mojened. Pasom 3 TuMm, B MOAaibIIMX
JOCHIIKEHHSX MJIaHY€ThCS MIIBUILUTH 3aXUCT MaTepiaiiB BOTHE3aXUCHUM CKJIaJIOM Ta IPOBECTU
JOCHIIKEHHS y OUTBII PO3LMIMPEHOMY Jiana30Hi TeMIIeparyp.
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Dmytro Dubinin, Ph.D., associate professor, National University of Civil Defense of Ukraine
STUDY OF THE FIRE HAZARD OF SYNTHETIC MATERIALS DURING THE
DEVELOPMENT OF INTERNAL FIRE

The issue of fire hazard during the thermal decomposition of synthetic materials used in
construction to insulate technological equipment and building structures is considered. The results
of an experimental study of thermal decomposition of synthetic materials with temperature
measurement depending on the time of thermal irradiation, changes in the mass and structure of
samples of synthetic materials under the influence of thermal radiation from a fire are presented.
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DRONE APPLICATIONS BEYOND FOREST FIRE MONITORING - FOREST FIRE
SUPPRESSION

Abstract

Aerial firefighting is effective however very expensive solution to suppress forest fires.
Drone application as a most developing branch of the aviation industry can be a complement, or
perhaps even a competitive solution with the traditional aerial firefighting. Based on the input data
drone swarm technology can be not just an effective but also an efficient solution suppressing
forest fires. In this study author used both practical and theoretical approach to investigate the
possibility of drone usage delivering suppressant to fire front. Firstly, the required width of wetting
strip and the required amount of water per unique area were investigated; practical experience
shows that based on the flame length first responders can estimate both the effective width of the
fire brake and the amount of water required per a unique area. As a second part of this paper, the
transport capability of a drone was investigated during its life cycle that is specially optimized for
firefighting. In the example author took a 100 kg transport capacity that is easy to transfer to other
drone design; in case of about 0.5 MWm™ fire intensity 100 kg water is enough to make 100 m
long fire brake, in case of 3.5 MWm fire intensity 100 kg water enough to create only 2.5 m fire
brake. Even if this latest results can be seen a bit short we have to take into account the swarm
technology. In 10 km distance 30 drones can built a 5 m long fire brake per a minute that means
300 m per hour. This result is no worse than what large or very large air tankers can built averagely
in this fire intensity. Expecting the technological development in the near future the length of the
fire brake will raise drastically meaning that drone swarm technology will be not a complement
but a competitive solution to the traditional aerial firefighting.

Keywords: aerial firefighting, drone, swarm, effectiveness, water flow

Introduction

Due to climate change, forest fires are an increasingly serious problem in the developed
world. Fires will become more frequent, more widespread, and more difficult moreover the
suppression costs are raising very dynamically. One of the most effective, but certainly the most
expensive ways to suppress fires is by using aircraft. In doing so, planes or helicopters release
various extinguishing agents, especially water or retardants, at the burning front line. Drone
applications, as the most dynamically developing branch of aviation [1] raises the question of
whether the use of drones makes sense, has a professional or an economic advantage in firefighting
tactics. Attempts have been made to use drones for fire detection [2], surveillance [3] [4], and even
to ignite controlled fires [5], but the possibility of extinguishing large-scale front lines has been
investigated very limited [6] [7].

There are more and more literatures dealing with drone technology [1] moreover the latest
time appeared even videos and reports, mostly in the social media, presenting the possibility of
drone technology in the fight with different kind of fires [8] [9] [10] [11]. Forest fire requires much
more extinguishing material than closed area fires so the drone technology due to its limited
transport capacity seems to be not reasonable for this purpose. However, the swarm technology
might compensate the limited transport capacity of single drones. As an example, a large air tanker
(LAT) carrying 12,000 litres suppressant to 100 kilometres and it can takes two circles per hour
means that the flow rate is 400 litres per minute at the fire front. The distance that is 100 kilometres
seems to be long in normal case, however this value is normal in case of LAT service. The flow
rate can be the same if a fire engine with 12,000 litres capacity transports water for 10 kilometres
distance with two circles per hour frequency. The fire does not mind about how far the water comes
from or how it gets there, the main condition for extinguishing the fire is the amount of water flow.
At the current level of technology, one drone is assumed not to be able to provide an efficient flow
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of water, but with their mass application, that is swarm technology, this might be ensured even
today. The purpose of this paper is to investigate the possibilities of drone swarm technology to
suppress fires.

Methods

The author used the relevant literatures dealing with drone swarm technology and
firefighting however there are only some that focusing specially on this topic [6] [7]. Therefore,
this study uses some assumptions that is adapted basically from other technology and practical
experiences however the data regarding forest fires calculating with comes from the practice that
confirmed by literatures as fundamentals [12] [13]. The author used in this research even his
practical experience in both the application of drones and the extinguishing of forest fires, and he
used also simple mathematical methods and logical conclusions to present the results.

Results

Knowing or estimating the intensity of a fire is important to be able to calculate how much
suppressant we need to extinguish it. Low fire intensities can be extinguished with fewer
extinguishing agents, while in the case of a higher fire intensity, the maximum amount of
suppressant that can be used is not enough. The minimum and maximum amount of extinguishing
agent required for successful suppression is known from laboratory measurements and practical
experiences.

The minimum effective amount may vary depending on the literature, usually between 0.2
and 0.5 kgm2; in this study, the author calculates a value of 0.5 kgm. The maximum amount of
suppressant does not exceed 5 kgm, even in a mature forest. Knowing the length of the flame is
needed to determine the width of wetted strip in front of the front line. Based on practical
experience, a wetted strip of 2 to 2.5 times the flame length effectively counteracts the thru-burn,
i.e., it prevents the spread of fire. The lower width value is sufficient at lower fire intensities, the
higher value is at higher fire intensities. In the study, the author calculates a 2-fold value.

Based on the above, we have to choose the amount of extinguishing agent required per unit
area by the intensity of the fire or by the height of the flame. The minimum effective amount of
water is 0.5 kgm? and the maximum is 5 kgm2. In the study, the amount of water that the author
assumed is delivered to the fire front with the drone was 100 kg. Figure 1 shows the amount of
water that is sufficient to wet this area as a function of fire intensity.

Specific water requirement regarding fire intensity Water covered surface regarding specific water

requirement in case of 100 kg water

Fire intensity [kw/m)

Nater covered surface [m2]

c water requirement [kg/m2] specific water requirement [kg/m2]

Figure 1. The amount of water that is sufficient to wet the area as a function of fire intensity
(left) and the water covered surface depending on the specific water requirement (right). Source:
author

The author assumed that the average life cycle of a drone optimized for firefighting is about
2,000 hours. It is possible if we count with the life cycles of brush less electric engines [14], that
is a main critical part of the drone. The average speed during the service life is calculated with 80
kmh, so the distance covered during the life cycle is about 160,000 km, in one half of which it
carries a fire suppression materials to the fire front that can be water, short or long term retardants.
In the other half of life cycle drone flies back to the charging station empty. The shape of the drone
is aerodynamically optimized due to continuous long-range flights, so it also produces buoyancy
with its surface design. This allows the specific energy consumption to be lower than e.g. at spray
drones of the same power. When flying back, the weight of the drone is significantly less, so its
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flight speed can be higher than average, which can result in time savings that compensate for the
loss of time caused by charging at the base and releasing time at the fire front. Using the above
assumptions, the life cycle time is halved, so the transport time of the suppressants, as well as the
return time is 1,000 to 1,000 hours. Besides the flight hours, the time of suppressant release at the
fire front and the refuelling time at the base site is considered negligible.

The load capacity of a drone developed for firefighting is assumed 100 kg. Based on this,
the transport capacity of the drone is 8,000,000 kg.km (1000 h x 80 km.h™t x 100 kg) during its life
cycle. This can be modified in the same way as the other data, following the logical principle of
the calculations to obtain the efficiency characteristics for the given values.

Based on the first assumption (A), the distance between the refuelling base and the front
line of the fire is taken to be 10 km on average. In this case, the drone can make 4 turns in 1 hour,
so the delivered quantity is 400 kg. The distance and the delivered quantity are inversely
proportional, i.e. the smaller the distance, the more the delivered quantity, and vice versa.
Assuming individual cases, as the distance increases, the quantity that can be delivered decreases
(200 kg per hour for 20 km) and increases as the distance decreases (800 kg per hour for 5 km).
During the life cycle of the drone, that is about 2,000 hours, and taking four missions per hour
cycle, 800,000 kg of suppressant can be applied at a distance of 10 km (2,000 h x 4 mission per
hour x100 kg per mission). With this process at a distance of 5 km carried 1,600,000 kg water, at
a distance of 1 km carried 8,000,000 kg water by only one drone. Based on the above we can
multiply the transported value of the water depending on the number of the drones included in the
swarm.

Water covered sutface and length of fire brake
regarding specific water requirement (100 kg)

d
“m

B 'Water ver

Figure 2. Different calculations of effectiveness with 100 kg water delivered by drone. Source:
author

Conclusions

Aerial firefighting is effective however very expensive solution to suppress forest fires.
Drone application as a most developing branch of the aviation industry can be a complement, or
perhaps even a competitive solution with the traditional aerial firefighting. Based on the input data
drone swarm technology can be not just an effective but also an efficient solution suppressing
forest fires. In the example author took a 100 kg transport capacity that is easy to transfer to other
drone design; in case of 0.5 MWm fire intensity 100 kg water is enough to make 100 m long fire
brake, in case of 3.5 MWm fire intensity 100 kg water enough to create only 2.5 m fire brake.
Even if this latest results can be seen a bit short we have to take into account the swarm technology.
In 10 km distance 30 drones can built a 5 m long fire brake per a minute that means 300 m per
hour. This result is no worse than what large or very large air tankers can built averagely in this
fire intensity.
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THE USE OF DRONES FOR FIREFIGHTING AND FIRE MONITORING

Unmanned aerial vehicle (UAV) is an aircraft designed to fly without a human onboard,
controlled either by a specific program or with the assistance of a special control station.

In today's world, the use of drones in firefighting and fire monitoring is becoming
increasingly relevant. Fires can occur anywhere and at any time, posing a serious threat to human
lives and property. Rapid detection of fires, effective intervention, and continuous monitoring can
save not only resources but also human lives.

The present demands us to address ongoing issues with modern methods, including the
problem of fires and fire monitoring, making the use of drones in this field particularly important.
By scanning the environment to detect potentially hazardous areas, unmanned aerial vehicles can
assess risks and dangers to personnel, track the movement of fire, and control its spread. These
capabilities save time for quick response and taking appropriate measures for containment and
extinguishment. A significant advantage of using UAVs for firefighting and situation monitoring
is their ability to operate in complex or hazardous conditions where human access may be limited
or impossible.

With advancements in technology, the use of drones with various devices increases,
facilitating the work of rescue teams. Equipped with a thermal camera and real-time data
processing system, drones allow us to efficiently detect fire sources and determine its intensity,
enabling prompt and targeted response, which often determines the effectiveness of firefighting.

In addition to firefighting, fire and rescue departments actively participate in search and
rescue operations, where innovative technologies significantly facilitate the work of personnel for
more effective task execution. By scanning large areas using a drone equipped with a thermal
imaging camera, rescuers can identify individuals in distress. During disaster response, such as
earthquakes, these monitoring technologies help identify dangerous chemical leaks. Moreover,
using UAVs with high payload capacity, firefighters can deliver valuable cargo to the site of
emergency much faster and with fewer resources compared to ground transportation.

With the development of technology, there is a need to improve the capabilities of
unmanned aerial vehicles, leading to a wide variety of UAV types. Depending on their structure
and size, UAVs differ in functionality, allowing for various tasks to be performed using drones.

The most common, simple, and cost-effective types of UAVs used in various fields are
multirotor drones (Figure 1). This type of drone contains more than one engine, hence its name.
Their small size and excellent maneuverability make them the best choice for aerial photography.
Quadcopters, equipped with four engines (rotors), are the most popular today. Tricopters (3 rotors),
hexacopters (6 rotors), and octocopters (8 rotors) are also distinguished.

Due to its increased maneuverability, it can move vertically up and down along a single
vertical line, forwards and backward, sideways, and rotate around its axis, allowing it to approach
structures and buildings much closer. Thus, during fire monitoring, we can gather a lot of
information in a short period, enabling quick response and successful localization. However, the
main drawbacks of these types of drones are limited endurance and speed, which restrict their use
for prolonged observation and long-range surveillance.
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Figure 1. Structure of a quadcopter: 1 - gimbal and camera, 2 - visual positioning
sensor, 3 - MicroSD port, 4 - Micro-USB port of the copter, 5 - front LED indicator, 6 -
motor, 7 - propeller, 8 - copter status indicator, 9 - antennas, 10 - battery pack, 11 - power
button, 12 - battery charge indicator, 13 - bind button, 14 - Micro-USB port of the camera.

One of the significant challenges for both the environment and fire and rescue departments
is forest fires, which can cover areas exceeding tens of thousands of square meters. Consequently,
extinguishing such fires requires a considerable amount of time. Since a fire can spread over
thousands of kilometers, determining its spread becomes problematic. To address this issue and
achieve rapid results in firefighting, fixed-wing drones (Figure 2) come to the aid.
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Figure 2. Structure of a fixed-wing drone: 1 - altitude control, 2 - direction control, 3
- left aileron, 4 - fuselage, 5 - camera compartment, 6 - propeller, 7 - right aileron.

By their design and operating principle, these types of drones remind us of airplanes, so
they are capable of using air and generating forces that allow them to stay in the air, utilizing the
advantages of their aerodynamics. Due to their capabilities, the average flight time is a couple of
hours, and with higher fuel density, the flight duration increases and can reach more than sixteen
hours, allowing us to observe the spread of fire over a long period. Thus, we obtain data that help
assess the scale of the fire and make more informed decisions regarding the deployment of forces
and resources and creating conditions for its localization. The disadvantage of fixed-wing drones
is that they require a large open space for takeoff and landing, and some larger models require
specialized ground equipment to assist them in taking off and landing.

Fire departments use unmanned aerial vehicles not only for monitoring but also for
firefighting. Drones equipped with firefighting equipment assist in extinguishing fires in high-rise
buildings. To address the issue of extinguishing large-scale fires, the VVolocopter's VVolodron can
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be used, after modifying it to transport a large amount of water. This powerful drone has a high
payload capacity.

One of the methods for extinguishing forest fires is creating backfires. Firefighters use a
drone to drop fireballs to control the fire that has occurred. Incendiary materials, the size of ping-
pong balls, explode upon impact with the ground and create a small fire. The purpose of this
method is to eliminate all possible sources of ignition to prevent the spread of fire.

In the drone industry, there are not only unmanned aerial vehicles but also devices with the
capacity to carry passengers. Ehang is one of the leading companies in manufacturing such types
of drones. They have also developed a firefighting drone by modifying the Ehang 216, installing
six projectiles that shoot dry ABC powder and a high-pressure nozzle that disperses foam for
firefighting.

- Considering these types of unmanned aerial vehicles and their potential use during
emergency response operations, we can highlight the main advantages of drones in firefighting
and fire monitoring, namely:

- Rapid deployment is the main advantage of using UAVs for firefighting and
reconnaissance, as every minute plays a crucial role in emergency situations;

- By covering a large area with a drone equipped with a camera, we can capture high-
resolution images and real-time video, giving firefighting units an advantage in organizing
reconnaissance;

- By modernizing drones with thermal imaging cameras, we gain the ability to detect
temperature fluctuations, hidden hot spots, and smoldering areas that might otherwise go
unnoticed. This technology helps firefighters efficiently direct their efforts and resources to
prevent new ignitions;

- The efforts required for firefighting demand a continuous cycle of actions and situational
assessments, so drones play a key role in monitoring progress, especially in extinguishing
wildfires.

In conclusion, the use of unmanned aerial vehicles in firefighting offers numerous
advantages that enhance the effectiveness, safety, and overall performance of firefighting efforts.
Thanks to their aerial capabilities, real-time data collection, and specialized technologies, drones
have become indispensable assets in modern firefighting operations.
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TEOPETHYHI OCHOBH OPTAHI3AIII TAKTUYHOI AT OTOBKH
HIJIPO3JLIIB CJIYKBHU IUBLIBHOI'O 3AXHWCTY B YMOBAX BIMChbKOBHUX I

VY cydacHOMY CBITI, Jie 3arpo3u O€3NeKH MOXYTh BHHUKHYTH B OyIb-SKHH MOMEHT,
eeKTHBHA MiIroToBKa 0coboBoro ckmamy JlepkaBHoi ciry:kOM YKpaiHu 3 HaJ3BHYAHHHUX
curyanii (JJCHC) B ymoBax nii BIiCBKOBOTO CTaHy CTAa€ HAJ3BUYAWHO BAKIMBOK. BiliCBKOBHIA
KOH(QJIIIKT TOPOJPKY€E HE JIUIIE TPAIUIiifHI BUKIIMKH, a i HU3KY HerepeadaueHuX oOCTaBHH, IO
BUMAaraloTh BiJl pATYBAIbHHWKIB HEAOUSKOI IMIArOTOBKA Ta TOTOBHOCTI J0 Jid Yy
Halpi3HOMAaHITHIIIUX YMOBaXx.

VY 1pboMy KOHTEKCTI, aJanTailisi TakKTU4YHOi miarotoBku ocobosoro ckiaxy HACHC no
BIMICBKOBMX YMOB CTa€ KJIIOYOBHM 3aBJaHHSAM. BoHa rmepembadae He JIHIIE OBOJIOJIHHS
pATYBaIbHUKaMH (paXOBUMH HaBUYKaMU Ta 3HAHHSMH, a i PO3BUTOK IXHBOI 3/TATHOCTI aICKBATHO
pearyBaTu Ha CTPECOB1 CHUTYyallil, IIBUJIKO MpUHMATH pIlIEHHS Ta €()EeKTUBHO CIIBIIPAIlOBATH 3
IHIIMMHU CITy*)0aMU Ta BINCbKOBUMU HIAPO31TaMH.

B naniit poboTi Mu crnpoOyemMo MpoaHaii3yBaTH OCHOBHI BUKIMKHA Ta 3aBIaHHS, IIO
nocraiTh nepen ocobosum ckinagoM JJCHC y pa3i BUHMKHEHHS BiMCHKOBOro KOHQIIKTY. Mu
TaKOX PO3TIITHEMO MOXIJIMBI NUISXU YJIOCKOHAJICHHS TAKTHYHOI MiJATOTOBKH PSATYBAIBHHKIB Y
KOHTEKCT1 BIMCBHKOBUX i, a TaKOX BU3HAYMMO KJIFOYOBI KOMIIOHEHTH, SKi 3a0e3MeuyroTh
BHCOKHH piB€Hb TOTOBHOCTI 0ocoboBoro ckinaay JJCHC no aiit y HaliCKIaaHIIIIX yMOBaX.

OcHOBHa yMKa, TIOJISITa€ B TOMY, 110 TAKTHYHA MiArOTOBKAa 0CO00BOTO ckiany [epskaBHol
cnyx6u 3 HamsBuuaiHux cutyarii (JJCHC) B ymoBax nii BICBKOBOTO CTaHy € KPUTHYHO
BKJIMBOIO TSl 3a0€3TeUeHHsI OE3MEeKH Ta 3aXUCTy HACEJICHHS Ta TepUTOpii aepxkaBu. BilicbkoBU
KOH(JIIKT CTBOPIOE HU3KY CKIIAJHUX CHTYallild, sIKI BUMAararmTh BiJ PATYBJIbHUKIB HE JIHIIE
BHCOKOTO piBHS TIpo(eciitHoi MaliCTEPHOCTI, a i 31aTHOCTI €(PEeKTUBHO JisITH B yMOBaX CTPECy Ta
0OMeXeHb.

3 1bOr0 BUIUIMBAE HEOOXIMHICTh IOCTIHHOTO YJAOCKOHAJEHHS CHCTEMH MIATOTOBKU
ocoboBoro cknaaxy JCHC mo MmoxnuBux BifickkoBHX KOH(DIKTIB. e BKitoyae B cebe He muIiie
M1BUIICHHS piBHS ()aXxoBOT MIArOTOBKYU Ta 3HAHb, ajle€ i aKIIEHT Ha PO3BUTKY HABUYOK YIPaBIiHHS
CTPECOM, IIBUIAKOTO MPUUHSTTS PIllICHh Ta CIIBIIpAIl 3 IHIIMMH BIMCHKOBUMH Ta IUBLILHHUMH
CTPYKTypaMHu.

JUis  fmocsArHEeHHS UuX IUIeldl HEeoOXiHO CHCTEMaTHYHO OHOBIIIOBATH MPOrpaMu
IIITOTOBKH, BPaXOBYIOYH Cy4acHI BIICHKOBI1 3arpo3H Ta TEXHOJIOT1YHI iIHHOBAIIi1. Tako»X Ba)KJIMBO
MIATPUMYBATH TOCTIMHUN OOMIH JTOCBIIOM 3 MapTHEPCHKUMHU BIMCHKOBUMH Ta PATYBaJIbHUMU
OpraHizarfisMy JUIs aJanTailii Kpamux MpakTUK Ta CTpaTerii.

3arainom, BiJ TaKoi MMiIFOTOBKHU 3aJIEKUTh €(DEeKTUBHICTH Ta YCHILIHICTh 1M PATYBaIbHHUKIB
y CKJIaJHUX YMOBax BIHCHKOBUX KOH(DIIKTIB, 1[0 poOUTH ii HEBII'€MHOIO CKIJIaJOBOIO
HaLlOHAJILHOI Oe311eku Ta cTadlIbHOCTI.

To OCHOBH1 aCIEKTH TAKTHYHOI MiIFOTOBKY B HAIIl Yac BKJIIOYAIOTh B ceOe:

1. Po3BuTok TakTMuHUX HaBUYOK: ocoboBuil ckiaan JJCHC noBunen OyTu HaBYeHUH Ta
TPEHOBAHMN y TAaKTUYHHMX MpUiOMax MAii B ymMoBaxX OOHOBHUX [ili, BKJIIOUAIOYH MaHEBPEHICTH,
MacKyBaHHSI.

2. KomannHo-mtabHa po6ota: EdexTHBHa MiAroroBka mnependadae po3BUTOK HaBUUOK
KOMAaHJHO-IITaOHOI pPOOOTH, 3MAaTHOCTI KOOPAMHYBAaTH MAii pATYBaJIbHUX MIAPO3JUIB Ta
B3a€MOJIISITH 3 IHIIMMHU BIHCHKOBUMH Ta LIUBUIBHUMHU CTPYKTYypaMH.

3. AnanTariis 10 HenepeadayYeHNX CUTYaIlii: MATOTOBKA MOBUHHA BKIIOYATH CUMYJISIIIIO
PI3HMX CclIeHapiiB HaI3BUYAWHUX CHUTYyallil, B TOMY YHCIl THX, IO BHUHHKAIOTh B YMOBax
BiIICBKOBOT'O KOH(ITIKTY, JUIst 3a0€3MeYeHHS TOTOBHOCTI pearyBaTi Ha HUX €)EeKTHBHO Ta IIBUKO.
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4. OcBoeHHsI 30pOHHUX Ta cHerialbHUX 3ac00iB: ocoboBwmii cknan JJCHC moBuHeH matu
JOCTaTHI 3HAHHS Ta HABUYKH y BUKOPUCTAaHHI 30pOHHUX 3aCc00iB, CIIEIIAIBHOTO OOJIAJHAHHS Ta
TEXHIKU Ui 3IACHEHHS PATYBAJbHUX OINEpaliid Ta 3aXUCTy HAcEJIeHHSA Ta 00'€KTiB Bix 3arpo3
BIICBKOBOT'O XapakTepy.

5. IlcuxomnoriuHa MiArOTOBKA: BPAaXOBYIOUM CTPECOBY Ta BHUCOKOIHTCHCHUBHY HPUPOAY
BIICPKOBUX KOH(QUIIKTIB, Ba)JIMBO 3a0€3MEYUTH TICHXOJOTIYHY CTIHKICTh Ta TOTOBHICTb
ocobosoro ckinaxy ACHC mo niif B ymoBax crpecy Ta HeOe3IeKH.

JCHC VYkpainu mig yac 00HOBHUX it Oepe y4acTh B 0ararbox acreKkTax, TAKUX sK:

1. 3anoGiranns Ham3Bu4aitHuM cutyamisiM: Pobora JICHC Mosxe BKITIOYAaTH MPOBEICHHS
MOTIEPETHIX 3aXOMdiB MIOAO MiHIMi3alii PU3HMKIB HAJA3BHYAHHUX CUTyalild y 30HI
MOJKJIMBOT'O BUHUKHEHHS BiiCHKOBUX KOH(ITIKTIB.

2. ToroBHicTh N0 pearyBaHHs: lle BKJIIOYae MiArOTOBKY Ta TPEHYBaHHS 0COOOBOTO
CKJaay JUIsl IIBHJKOIO Ta €(peKTHMBHOro pearyBaHHs Ha HaJ3BUYaiiHI cuTyalii, 110
MOKYTh BUHUKHYTH B YMOBAaX BilICBKOBOTO CTaHy.

3. VYuacTh y KoopaMHaIiitHUX Ta psATyBanbHUX onepamisx: JJCHC moxe Opatu yyacts y
peamizaiii pATYBaIBHUX Ta KOOPAMHAIIMHUX 3aXOJiB Jsi 3a0e3medeHHs Oe3neKu
HaceJIeHHs Ta 00'€KTIB KpUTUYHOI 1HYPACTPYKTYPH B 30H1 KOH(ITIKTY.

4. Hapanns rymaniTapHoi nomomoru: lle BKiIrouae HagaHHS MEAWYHOI JONOMOTH,
€BaKyal[ll0 HaceJeHHs Ta HaJaHHA HEOOXIAHMX MaTeplaibHUX PECcypciB Yy 30HI
B1IICEKOBOT'O KOH(ITIKTY.

3aranmom, taktuyHa miaroroBka B JJCHC mig yac BiifHM mOBUHHA OyTH KOMIUIEKCHOIO Ta
OpPIEHTOBAHOIO Ha peaji3alilo Haa3BUYallHUX 3axo/iB Yy BIHCHKOBUX YMOBaxX 3 METOIO
3a0e3neyeHHs 0€3MeKH Ta 3aXUCTY HACEJIEHHs Ha TEPUTOPIT AeprKaBH.

BucHoBok: 3 ychoro BHIlle HaBEAECHOIO, MOKHA CKazaTH, L]0 po3poOka Ta peanizaris
e(eKTHUBHOI TaKTUYHOI MAroToBKH ocoboBoro ckiany JICHC B ymoBax BIMCHKOBOTO CTaHy €
HEOOXITHICTIO, IO BUIUIMBAE 3 BHUMOI CYyYacCHOTO CBITY Ta 3a0e3leuye 3aXHUCT IHTEpeCiB Ta
Oe3reKu IepKaBy B yMOBaxX Ha3BUUAWHUX CUTYaIlli Ta KOH(IIKTIB.

JITEPATYPA

1. Kogaekc nuBinpHOro 3axucty Ykpainu (3Y Bix 02.10.2012 Ne 5403-VI).

2. CraTyT i y HaI3BUYAHHUX CUTYaIlisIX OpPraHiB YIIpaBIiHHSA Ta miaApo3aiaiB OnepaTuBHO-
PATYBaJIBHOI CIIy’)KOM IIMBUIBHOTO 3axXWCTy. 3arBeppkeHuid Hakazom MBC Vkpainu Bin
26.04.2018 Ne 340.

3. Meroau4Hi peKkoMeHaIlii 3 OpraHi3allii TAKTHYHOI MiATOTOBKH B TEPUTOPIAIbBHUX OpTraHax
JCHC, 3arBepmxeni Hakazom JJCHC Ne 727 Bim 12.12.2022 poky.

9. Hii miapozainie JICHC Ykpaiau B yMOBaX BOEHHOTO CTaHy — HaBYaJbHUM MOCIOHHK. —
JIsBiB: JIITYBX/I, 2023. — 308 c.

Y. V. Lavrik, I. K. Chornomaz, Ph.D., associate professor
Cherkasy Institute of Fire Safety named after Heroes of Chernobyl of the National
University of Civil Defense of Ukraine

THEORETICAL BASICS OF THE ORGANIZATION OF TACTICAL TRAINING OF
CIVIL DEFENSE SERVICE UNITS IN THE CONDITIONS OF MILITARY ACTIONS

In the conditions of military operations, units of the State Service of Ukraine for emergency
situations are entrusted with significantly more tasks during the execution of actions as assigned.
In general, tactical training in the State Emergency Service during war should be comprehensive
and focused on the implementation of emergency measures in military conditions in order to
ensure the safety and protection of the population on the territory of the state.
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B.B.Ilpuoamko, Jlvsiscvkuii 0epocadruil yHigepcumem 0e3nexku HCUmmeoisiibHOCmi
O.M. Kosanvuyk, Buwe npogeciiine yuunuwe JIo8iscbroco depaicasno2o yHisepcumemy be3nexu
AHCUMMEDIANLHOCI

AHAJII3 ®PAKTUYHOI'O YACY CJIIAYBAHHA PATYBAJIBHOI'O HIAPO3ALTY

B cyyacHux ymMoBax BOEHHOTO CTaHy, 3MiH Ta MOJAJIBIIOI JEIEHTpali3allii BIagu nepen
OpraHamM# MICIIEBOTO CaMOBPSTyBaHHS, 5K HOBOCTBOPEHUMH aJMiHICTPATUBHUMHU OJMHHUISIMHU,
nocrae mpobiema 3abe3neueHHs Oe3MeKH JIo/eH 1 TepuTopidl Bl HAA3BUYAWHUX CHUTYyaIliil Ta
nmokex. Hapasi, opranizamis 3axoaiB O€3lEeKH B paMKax aJIMIHICTPAaTUBHUX OJMHHIb
HOBOCTBOPEHHX I'POMAJI € BEJMKOIO MPOOIEMOI0 Yepe3 BiACYTHICTh JepKaBHOI MIATPHUMKH Ta Ha
CHOTOJIHIIIHIM J€Hb YCBIIOMJICHHS KOMEPIIMHUMHU OpraHi3amisiMd HE0OXiTHOCTI CTBOPEHHS Ta
MIATPUMKH PATYBAJIBHUX MIIPO3UTIB HEIEPKaBHUX (POPM.

B xomi 3milicHeHHS aHami3y [IIOYMX 3aKOHOAABYOI Ta HOPMATHUBHOI 0a3 mepen
TEPUTOPIAIBHUMU T'POMaJaMHU Ta PO3POOHMKAMH MICTOOYIBHOI JOKyMEHTAI[ll BUHUKAE DS
MUTaHb, 10J10 GOopMyBaHHs 0€3[IEKOBUX CEPEIOBUIL Ha BBIPEHUX TEPUTOPISX. BiamToBxyrounucsh
B/l OTJIsAly BUKOHAHUX HAYKOBHUX Ipallb, IIOJO0 OCIIDKEHHS TMapaMeTpiB Ta YWHHHUKIB, SKi
BIJIMBAIOTh HA ONIEPATHBHE pearyBaHHs pATYBaJIbHUX MM1IPO3/UIiB Ha HAI3BUYalH1 CUTYallli, MOA11
Ta MOKEXI, IOCTA€ JeK1IbKa MUTaHb, K1 OTPEOYIOTh BCEOIYHOTO PO3IIIALy, a camMe: ONTHUMI3alli
BUOOpY MICIl pO3TallyBaHHS JIENO 3 ypaxyBaHHSAM He juile iHdopMmalii reoiHpopMariiHux
CUCTEM, a W MPOCTOPOBUX OCOOJMBOCTEH MEBHUX TEPUTOPI; BHOIp NUIAXY CIITyBaHHS
aBTOMOOLUIS 10 MiCIS MO/1i BUKOPHUCTOBYIOUH CHEIialbHI MPUCTPOi Ta METOIU MaplIpyTU3allii B
L1JIOMY .

Ha mizxcraBi Bulie okpecaeHoro Ta MoCTaBJICHUX 3aB/IJaHb OPraHi30BaHO Ta MPOBEIEHO Pl
JOCHIIKEeHb (aKTUYHOTO Yacy JA0I3ly pATYBaJbHOTO MiAPO3AUTY 10 IMOBIPHOTO Micld MoJii Ta
YUHHUKIB, 1110 BINTUBAIOThH HA Yac JIOI3/Ty 1, BIAMOBIIHO, Yac BIIBHOTO PO3BUTKY TOMXKEXKI.

B xoni mocmimkeHHS OnMpanbOBaHO TEOPETHYHI JaHi, iHpopMmarliio reoiHdopmaiiinux
cucreM, Ha 0Oa3i Google Maps ta Waze, mposemaeno MOBHOMAKTOPHE IOCTIIKCHHS PYyXY
PATYBAIBLHOTO IMAPO3ILTY Bl MICIISI pO3TAITyBaHHS 10 MiCIIsl TTOAI1 Ha 6a3i AeKiIbKOX 00’ € THAHUX
TEPUTOPIAIbHUX TPOMAJ Ta 3IHCHEHO TOPIBHUIPHUIN aHaI3 JaHUX.

Sk, mpukiaj, MpUBOIUMO PE3yIbTAaTH OJHOTO 13 €KCIIEPUMEHTIB, BUKOHAHOTO BiJIMOBITHO
70 TUTaHY AOCIHIJKEHHS.

O06’ekt nmocmimkenb. DakTHYHUN dYac J0i3My, HWOro BIAMOBIAHICT TEOPETUUHIHN
inpopmanii orpuMaHoi Bix reoindopmamiinux cuctem Ha 6asi Google Maps ta Waze Ta
BIIMOBIHICTh OTPUMAHUX JIAHKX YMOBaM HaBEJCHUM y ueTBepTomy abzamim. 15.1.3 JIbH
b.2.2-12:2019 «IInanyBanHs Ta 3a0y/10Ba TEPUTOPiH», a caMe: MAKCUMAJILHO JIOITYCTHMOMY 4acy
MPUOYTTS MAPO3IUTIB A0 MICIS BUKIIUKY B CUIBCHKINA MICIICBOCTI.

Micue 3HaxoKeHHS 00’ €KTYy AOCTimKeHb. BinHuIbKa 001acTh, TyIbYMHCHKUN paiioH,
TynpunHCBHKa MiCbKa TepUTOpiaibHA TpoMaia. TpaHCIIOPTHA MEpeka B MeKax 00’ €KTiB: 14
JepKaBHA TOXKEKHO-pATyBaiabHa yacTuHa (M. TyipunH) TynbunHCHEKOTO PaliOHHOTO YIIPaBIiHHS
I'V ICHC VYkpainu y Binnunekiii obnacti - ¢. Jpanka, Byn. MonoaixkHa, Oyn. 102, npuBathe
clibcbKoOrocmnoaapeske mianpueMctBo «30PSy.

XapakTepuCTUKU TPAHCIIOPTHOT Mepexki Ha TUISHIN PyXYy.

1 dinanxa: Byn. JleontoBuua m. Tynpuns — 1,3 kM, kateropis goporu — III, makcumanbHO
JOMyCTUMa IBUAKICTE — 50 KM, KUIBKICTH CMYT PyXy B KOKHOMY HampsIMKy — 2, HasBHICTb
npuMUKaHHS 10 IHIIKX TPAaHCTIOPTHUX MEPEX, HAsABHICTh NApKyBaHHs TPAHCIIOPTY 00201y B3/10BX
BCI€l TUISHKHU PYyXy, KIUJIBKICTh PETyJbOBAHUX IMepexpecTb — 1, KUIBKICTh HEperyJbOBaHUX
nepexpecTb — 2, KUIbKICTh MIIIOX1AHUX MEePEXOIiB — 7.

2 Oinauka: Byn. I'arapina-Byin. Ilectens M. Tynpuun — 1,7 kM, kateropis noporu — V,
MaKCUMaJIbHO JOMYCTUMA MBHUAKICTh — 50 KM, KITBKICTH CMYT PYXy B KOKHOMY HampsiMKy — 1,
HasBHICTh MPUMHUKAHHA 16 1HIIMX TPAHCIIOPTHUX MEPEX, HAIBHICTh MOOJAMHOKOTO MapKyBaHHS
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TpaHCHOPTYy 00a0i4 B3JOBXK BCi€i AUISHKK pPyXy, KUIBKICTh pEryJibOBaHHX Iepexpectb — 1,
KUTBKICTh HEPETYJIbOBAHUX MEPEXPECTh — 3, KUIbKICTh MIIIOXIAHUX MepexoiB — 12.

3 Odinauka: 7Opora MiXK HaceleHMMHU NMyHKTaMHu M. TynpuuH — ¢. CyBOpOBCBKE - 2,4 KM,
KaTeropis 1opord — V, MakCUMaJIbHO JIOMYCTUMa MIBHIAKICTH — 90 KM, KiJIBKICTH CMYT PYyXy B
KOXHOMY HanpsiMKy — 1.

4 Oinsuxa: BynuaHa Mmepexa c. CyBopoBcbke - 3,3 kM, Kareropis moporu — V,
MaKCHUMAaJIbHO JIOMyCTUMA MBHUAKICTE — 50 KM, KUIBKICTh CMYT PYXY B KOKHOMY HampsMKy — 1.

5 Oinanxa: nopora Mix HaceneHMMH myHKTamu c. CyBopoBceke — c. Jpanka — 2,5 kM,
KaTeropis 1opord — V, MaKCUMaJIbHO JIOMyCTUMA MIBHIKICTH — 90 KM, KUTBKICTh CMYT PYyXY B
KOKHOMY HanpsimMky — 1.

6 Oinsinka: BynudHa Mepexa c. [panka — 1,2 kM, kareropis goporu — V, MakCHUMaIbHO
JOMyCTUMa MBUAKICTE — 50 KM, KUTBKICTD CMYT PyXy B KOXKHOMY HanmpsMKy — 1.

MapupyT ciiiyBaHHS pSITYBaJIbHOIO aBTOMOOLIS M1/l Yac MPOBEAECHHS JIOCIiY HaBEeIEHO
Ha PUCYHKY 1.

| Tozz: |
BYNHUA MTeoHTOBHYE, S 9 O

Mazypizka

Kankm

XmensHuLbKe
Hypaeniexka

Mectenn FaHHoNING

CyROpOBCEKE

Manku

KupH:

(=) paHKa Opai

Puc. 1. MapumipyT cjinyBaHHs i 4ac MPOBeAeHHSA J10CTiLy

[Toroani ymoBH. 3uMOBa Mopa POKy, Temieparypa nositps — -17 °C, oxxenenuis Ha BCix
TUIISTHKaX PyXy, TOBIIMHA CHIFOBOTO MIOKPHBY Ha OKPEMUX JAUISTHKAX 70 15 cM, cepenHs 7 cM.

3amyyena TtexHika. AsrtomucrepHa SCANIA P93 i3 wHacTymHUMH  TEeXHIYHUMH
XapaKTEPUCTHKAMU: BAaHTAXKOMIAHOMHICTE - 6680 kr, moBHa Maca - 16350 kr, rabaputHi po3mipu
8.05 M x 2.5 M x 3 M, HOTY>HIcTb - 283 11.c. (208 kBT), KOpoOKa nepeMukaHHs nepeaayd -aBToMar,
MaKCUMAJILHO JIOIyCTHMAa MIBHIKICTh — 120 KM/T0JI., MaKCHUMaJIbHA KUTBKICTh 0COOOBOTO CKJIaTy
— 7 ocib, mig yac I0cIiay 3HaX0AUuI0Ch 3 ocolu.

Tepminu mnpoBeaenns nocuigy. I[lowarok mnpoBeaenns 1 ekcnepumenty — 10.12,
3aBeplICHHS MPOBEACHHA 3 ekcriepuMeHTy — 14.32.

Jlani oTpumani BiJ reoiHGOpMaLiMHUX CHUCTEM 10 IMPOBEACHHS AOCTIAY HABEICHO Y
Tabmumi 1.

Tadoauus 1. 3aje:xkHICTh Yacy CJOiTyBaHHS BiJl YaCOBOI0 MPOMIKKY BHI31Y

I'eoircgop- YacoBuii MpoOMI>KOK BHI3Y ITiAPO3ILTY, TOA / 9ac CIIiAyBaHHA, XB

MarjiiHa
cucTeMa 00.00 | 02.00 | 04.00 | 06.00 | 08.00 | 10.00 | 12.00 | 14.00 | 16.00 | 18.00 | 20.00 | 22.00

Google Maps 16 18 18 18 18 18 18 19 19 18 18 18

Waze 15 16 16 16 20 20 20 19 20 20 16 15

186



3-1 MixkHapo/1Ha HayKOBO-TIpakTH4HA KoHpepeHis «IIpobiemu noxexHoi 6e3nexku 2024

PesynbraTi nmocmimy. B Xomi mpoBedeHHs AOCHiAy, WOTO Y4YacHUKAMH IOYEPTrOBUM
3MIACHEHHSAM 3aMipiB 4YacOBHX HPOMDKKIB Ta (ikcamii Moka3aHb OAOMETPY 1 CHiIOMETPY
PATYBaJIBHOTO aBTOMOOLJIS Ta HABEICHO y TAOMUII 2.

Taéauus 2. Pe3yJibTaT npoBeaeHUX JIOCTiTIB

BumiproBanuii Jinsaka
rmapaMerp 1 | 2 I 3 | 4 | 5 | 6
Jocnin 1 (vac npoeaenns 10.12-10.35)
Cepez[Hﬂ. HIBUJIKICTH PYXY PATYBaJIBHOTO 17 21 49 29 16 36
aBTOMOOIJIS, KM/TOJ:
@dakTHUHMIA Yac pyxy Ha JUJIsHII, ¢ (XB) 309 371 102 407 98 48
Jocmnin 2 (vac nposeaenns 11.57- 12.21)
Cepez[Hﬂ. HIBUJIKICTH PYXY PATYBaJIBHOTO 16 19 51 30 44 42
aBTOMOO1JIsT, KM/TOJ:
dakTHUHMIA Yac pyxy Ha JJIsHII, ¢ (XB) 321 388 98 396 101 39
Hocnin 3 (vac mposeaeHns 14.08 - 14.32)
Cepez[Hﬂ. HIBUJIKICTH PYXY PATYBaJIBHOTO 16 29 45 33 44 a1
aBTOMOO1JIsT, KM/TOJ:
dakTHUHMIA Yac pyxy Ha JUIsHIL, C (XB) 337 383 120 402 107 35

BucHoBok. 3a pe3ynpraTramMy NMPOBEACHUX JOCTIIB, PYXalOUHUCh HABITh PATYBAIHHOIO
TEXHIKOIO 13 CIEUiaJJbHUMU MNPOOJMCKOBUMU MasyKaMH, BCTAaHOBJIEHO (aKT MEpEeBUILEHHS
HOPMAaTHUBHO JIOMyCTHUMOTO 4acy pyXy MiAPO3ILTy M0 MICI MO/ii, Ta HEBIAMOBIAHICTh JaHUM
Ha/JIaHUM TeoiHpopMamiiHuMK cuctemMamu. Bimmosimno mo m. 15.1.3 JIBH b.2.2-12:2019
«IlmanyBanHs Ta 3a0y/10Ba TEPUTOPi», Yac MPUOYTTS B MEKaX MICHKUX HACEJICHHUX IMYHKTIB HE
MMOBHUHEH niepeBunryBaTH 10 XB, B CIIbChKIiH MiciieBOCTi 20 XB, 0JTHaK HAWMEHIINN (HaKTHIHUHA Yac
npuOyTTA, 32 pe3yabTaTaMHu JOCHiTy, CTAHOBUTh: B Mekax micta — 11,3 XB, B MekaX CIITbCHKOL
MiceBOCTI — 22,25 XB, IO HAMITOBXY€ Ha HEOOXIAHICTH OLIBII PETETBHOTO TOCIIKEHHS
YUHHUKIB, SKI BIUTMBAIOTh Ha 4ac J0i3y aBTOMOOLIS 1 BU3HAYEHHS ONTHMAJIBHHUX ITapaMeTpiB
CITiTyBaHHS a00 MPUUHATTS PIICHB 13 AUCIOKAIT OKPEMHX PATYBaJIbHUX (POPMYBaHb.
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Ta mapaMeTpiB ONMTHMI3allii 30H 00CTyTroBYBaHHS pATYBadbHUX Hiapo3auti. JIITYBXK]I. [ToxexHa
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V. V. Prydatko, Lviv State University of Life Safety
0O.M. Kovalchuk, Higher Vocational School of Lviv State University of Life Safety

ANALYSIS OF ACTUAL RESCUE UNIT MONITORING TIME

Study of parameters and factors affecting the optimization of depot location selection;
choosing the path of following the car to the scene using special devices and routing methods in
general. A study of the actual arrival time of the rescue unit to the probable scene was organized
and conducted. In the course of the study, theoretical data, information from geo-information
systems, based on Google Maps and Waze, were processed, a full-factor study of the movement
of the rescue unit from the location to the scene of the event was conducted on the basis of several
united territorial communities, and a comparative data analysis was carried out.
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B.B.Ilpuoamko, Jlvsiscvkuii 0epocagruil yHigepcumem 0e3nexku HcummeoisibHoCmi

BILJINB MAPAMETPIB CEPEJIOBUIIIA HA PO3TAIIIYBAHHS
PATYBAJILHOT'O NIIPO3ALTY

AHaN3yI04M Taxy3b NPHYUHHO-HACTIIKOBUX 3B’SI3KIB BUHUKHEHHS MOXKEX, a TaKOX
pe3yabTaT JOCHTIKeHb, MOYKHA YiTKO BU3HAYWTH, IO MPOLEC YCHIIIHOI JIKBIIAIIl MOXKEXK Ta
TOM’SIKIIICHHSI 1X HACIIIKIB 3QJICKUTH Bl 0araro GpaxTopis.

i dakropm MOxyTh OyTH pI3HOTO XapakTepy: JIOACHKI, BHIIAJKOBi, OpraHi3ariiiHi,
TexHIuHi Ta iH. JIFoAChKi pakTopH - I1e Yac, HEOOXITHWMM ISl BUSIBJICHHS TOKEX1 Ta MIBUAKICTH
MOBIIOMJICHHSI TIPO TMOXKEXKY. DaKkTOpH, IO CTOCYIOTHCS TEPMIHIB 30CEpEKEHHSI 0COOOBOTO
CKiamy, NpUOyTTS Ha Micie mmomii Ta 3a0e3MeueHHs NOXESKHHX IMIAPO3AUTIB 3acobaMu
MO’KEKOTACIHHS, € IEPEBAXHO OpraHi3aliiiHO-TEXHIYHUMHU.

SIK1o MM MOJMBUMOCS Ha MapaMeTpH Jlaii, TO Yac CIiAyBaHHS PATYBAJIbHUX MIJPO3ILUTIB
MOJKE€ 3aJIeKaTH BiJ MOTrOJHOI CUTYallli, 3aBaHTAXXEHOCTI JOPOKHBOI MEpEeXki TOLIO0, 0 HOCHUTH
YHICTO BUIMAJAKOBUH XapakTep. KpiM Toro, 4ac MOHITOPUHTY 3HaYHOIO MIPOIO 3aJI€KUTh B1J MICIIsS
po3TalllyBaHHs aBapiiHOro miApo3/uty abo CTaHy TOPOKHBOI MEPEXKI.

3po3yMiJio, IO CYKYITHICTh YCIX MapaMeTpiB Mae HalO1IbIIe 3HAY€HHS, OJTHAK MPOBE/ICH]
paHile JOCHIKEHHS JaHOTO MUTAaHHS BUAUISIOTH HaWBAKIIMBIIII YAHHUKH, 110 BILUTMBAIOTH Ha
3MEHILEHHSI HACTIAKIB TMOXEX1 IIIIXOM CKOPOYEHHS Yacy iX BUIBHOIO PO3BHUTKY, a OTKe,
OpraHi3aIifHO-TEeXHIYHOTO XapaKTePy.

BpaxoByroun BHIlIeBUKIIaJIeHE, OaunMO, 110 HEOOX1HO pO3pOOUTH €(PEKTUBHI TEXHIUHI Ta
oprasizauiifHi 3axoau 100 €()EeKTUBHOCTI 30HHU OOCIIyTOBYBaHHS PATYBAJIBHUX MiPO3JALIIB 3
METOI0 CKOPOYEHHSI 4acy iXHbOIO NEpeMIIeHHs 1 TUM CaMHM CKOpPOYEHHS BUIBHOIO Yacy
PO3BUTKY MOXexXi. Po3poOka edeKTUBHUX OpraHi3amiifHO-TEeXHIYHUX 3aXO0/iB MO0 ONTHUMI3aril
30HHM OOCITYTOBYBaHHS aBapiiHO-PATYBAIBLHUX MiIPO3AUIIB, 3 METOK0 CKOPOUEHHS Yacy BUIHBHOTO
PO3BUTKY TOPIHHS IIJITXOM 3MEHIICHHS Yacy MpHOYTTS MiAPO3ILUTIB € pO3pOOKOI0 ONTUMIZAIIHHOT
3a/aul BU3HAYCHHS €KCTpeMyMmy (MiHiMi3allii) BUIBHOTO 4acy PO3BHTKY IMOXKEXI 3a paxyHOK
CKOPOYEHHS Yacy MPOXOHKEHHS Ha OCHOBI aHAII3y.

OxkpeMi poOOTH 30CEpEHKYIOTHCS Ha Yaci MpHOYTTS pATYBAIBHUX IMAPO3IUTIB BIJ MICIIST
JUCIIOKAIll 70 Miclsd TOAil, HaroJIONIYIOYM Ha BIUIMBI TJI00aTbHHMX (GaKTOpiB y Tmporeci
MOHITOPHUHTY, HE PO3IJISAAI0UN CYKYITHICTh TapaMeTpiB, 110 BIUIMBAIOTh Ha MPOIEC CII1yBaHHS.

Y cBOW yepry Ha MBHUAKICTH POOOTH aBapiiiHO-pATYBAIbHOI TEXHIKH BILUIUBAE DS
opraHizarliiHuX 1 TEXHIYHUX 3aXO0/iB, IKI MM PO3IVITHEMO HIDK4e (puc. 1).

ITapamerpn . L
P P KynerypHa, Hdemorpadiune [inpHICTH
BILUTMBY HA MOJIETIOBaAHHS —> . =
iCTOpHYHa CIIaIIMHA CTaHOBHIIIE HaceJIeHHs
ONTHUMAJIBHUX 30H
\I/ Bignanenicts BiJ MaricTpaabHUX
Bimgnanenicts Bifg TPAHCHOPTHUX CHOIYYEHb Ta N KinbkicTs
MaricTpaJbHUX TPAHCIIOPTHUX ICHYIOUHX JeTo 00’ €KTIB i3 OJTHOYACHMX HOIIH
CIIOJTyYeHb MOJEJIBHHUX 00’ €KTIB BUKOPHCTaHHAM HEOE3MEUHNX

PEYOBHH Ta IIPOIIECIB

Tapavetpn 301 N Ouinka CeiicMmiuHa N Penbed Ta reorpadis
00CITVTOBYBaHHS . : -y
PH3HKIB AKTHBHICTb MOJICTIBHUX TePUTOPIH
HacTaHHS
BiamoBa 3axonis Ié HoXKexR abo
3aXHCTY [UBIIBHOI CUTYyalln
Germexu

Puc. 1. IlapameTpu MoAe/TI0BAHHSA 30H 00CTIyTOBYBAHHS
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3anexHO BijJ BU3HAYEHUX YMHHHUKIB, OJIHUM 13 BUpIIIAJLHUX HapaMeTpiB, 1o norpedye
JOAATKOBOTO OOCTEXEHHS 1 PO3IIIAAY CKOPOUYEHHS BUIBHOTO 4Yacy PO3BUTKY IMOXKEXKI — € yac
BIJICTeXKEHHS IPUOYTTS TPAHCIIOPTHHUX 3acO0IB 0 MICIsl BUKIMKY Ta JOCTaBKU OIEPATHBHOTO
CKJIaJy 1 HeoOXiqHOTO 00 HAHHS, 10 BUKOHYETHCS 3ac00aMH MapIIPyTH3aIlil Ta MOHITOPUHTY
B peaJbHOMY Yaci.

BpaxoBytoun OCHOBHY 3ajgady IOCII/DKCHHS, BIJACTEKEHHS NPUOYTTS TPaHCHOPTHUX
3aco0iB 10 Micls BUKIMKY B pEalbHOMY 4Yaci, Ta BH3HA4YCHI NapaMeTpH ONTUMi3allii,
chopMyIIbOBaHO 3a7ady CKaJSPHOI ONTUMI3allii, sSKa IMOJArae B MiHIMI3alii BUIBHOTO dYacy
PO3BUTKY TMOXKEXKI INUISIXOM BpaxyBaHHS iX pO3pOOHMKaMH MIiCTOOYMIBHOI Ta MPOEKTHOT
JOKYMEHTAIi] i/l Yac BU3HAUYEHHS MiCIs pO3TaIlyBaHHS MIPOEKTYEMOT'O TiIPO3IiTy.

B noganeiiomy 3a3HaueHi HaPSMKH TOCTIKEHb BPaXOBaHO IPY MPOBEICHHI (PaKTHIHUX
JOCIi/IiB.

3a J0MOMOT010 aHATITHYHOTO OTJISY JI0CIIKEHb 3a3HAaY€HOT 0 HalPSIMKY BCTAHOBJIEHO:

- OCHOBHI JIOCSTHEHHS IOJI0 3aCTOCYBAaHHS METOJIIB BU3HAYCHHS 30HH OOCITyrOBYBaHHS
PATYBAJIBHUX MIAPO3UTIB 32 JOIMOMOI0I0 F€ONPOCTOPOBUX 1HPOPMALIIITHUX CUCTEM;

- HEZIOJI1KU po3poOKH MiCTOOY/IIBHOI 1 TPOEKTHOT TIOKYMEHTallli, 1] Yac pOo3pOOKH KO He
BpPaxOBYIOThCSI YMHHUKM Ta TapaMeTpH, IO WMOBIPHO BIUIMBATUMYTh Ha €QEKTHBHICTH
TISUTBHOCTI H1APO3ALIIB;

[0 Ja€ 3MOTY BU3HAYUTH OCHOBHI KpPHUTEpli Ta mapaMeTpu ONTUMI3alii 4acy pO3BUTKY
BUIBHOT'O BOTHIO, @ TAKOX PO3POOUTH DS/l 3aBAAHB JUTSI TPOBEIACHHS TOCITIKECHbD.

Ha ocHoOB1 gocmipkeHHsl Ta aHali3y MapameTpiB ONTHMI3allli BUIBHOTO 4acy PO3BUTKY
MOkEX1 OMHMCAHO MUTHOBY (PYHKITIFO Ta 11 MeXi, IO € OCHOBOIO JUISI MAaTEMAaTUYHOT MO st
BHU3HAYEHHS €KCTPEMaJIbHOI TOUKU KPUTEPIIO ONTUMI3aLlii.
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V. V. Prydatko, Lviv State University of Life Safety
INFLUENCE OF ENVIRONMENTAL PARAMETERS ON THE LOCATION
OF THE RESCUE UNIT

Analyzing the field of cause-effect relationships of the occurrence of fires, as well as the
results of research, it can be clearly determined that the process of successful elimination of fires
and mitigation of their consequences depends on many factors.These factors can be of different
nature: human, accidental, organizational, technical, etc. Human factors are the time it takes to
detect a fire and the speed of reporting a fire. Factors related to the timing of the concentration of
personnel, arrival at the scene and provision of firefighting units with fire extinguishing means are
mainly organizational and technical.

With the help of an analytical review of research in the specified direction, it was
established: the main achievements regarding the application of methods for determining the
service area of rescue units using geospatial information systems; shortcomings in the
development of urban planning and project documentation, during the development of which
factors and parameters that are likely to affect the efficiency of the units' activities are not taken
into account; which makes it possible to determine the main criteria and parameters for the
optimization of the development time of free fire, as well as to develop a number of tasks for
conducting research.
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IIpucsocniox B.B.
Incmumym Oepoicasnozo ynpasuinta ma HayKo8UX O0CIIONCEHb 3 YUBLILHO20 3AXUCIY

I'ACIHHA ITOXKEXK 13 BUKOPUCTAHHSAM IEPEHOCHHUX 3ACOBIB IUMO- TA
TEIIJIOBUJAJIEHHSA

PesynbraTy aHanizy CTaTUCTUYHUX JAHUX PO MOXKEXI 32 OCTaHHI IT'SITh POKiB CBITYUTH,
10 KOYKHOTO POKY 0:1136K0 40 % T0KEK BUHUKAIOTH Y OY/IIBIISIX Ta CIIOPYAaX CYyIPOBOLKYBAINCH
CIJIbHUM 33/IMMJICHHSIM 1 BHCOKOIO Temreparypor. E(eKTHBHUM TaKTHYHMM MPUEOMOM
3MEHIICHHS 3aJUMJICHOCTI Ha TIOKEXKi Ta BIAMOBIIHO 3HM)KCHHS BIUITMBY HEOE3IIEYHUX YNHHHKIB
MOXKEeX1 Ha OCOOOBHI CKJIAJl MOXKEKHO-PATYBATBHHUX IMIJPO3AUIIB € KePyBaHHS T'a30AMMOBUMHU
MOTOKAaMU TOXKEXKI 32 TOMOMOI0I0 TIEPEHOCHUX 3ac00IB IMMO- Ta TeIUIOBHIANICHHS [1].

SIK cBIAYUTH MPAKTUYHUM JOCB1J MPOBIAHUX KpaiH CBITY, JUIs 3a0€3MeUeHHs CIIPUSITIIUBUX
YMOB TMPOBEACHHS MOXKEKHO-PATYBAJIBHUX POOIT MiJl Yac JIKBIAAIIl MOXEeX y OyJIuMHKax Ta
CIOpyAax JOIIBHO BHUKOPUCTOBYBATH IEPEHOCHI 3aco0M JUMO- Ta TeIuloBHIaieHHs [2] 3
npoaykTuBHicTiO HE MeHie 11 000 Me/ro.

l'onoBHMMH 0COGIMBOCTSMU Cy4acHMX MEPEHOCHUX 3ac001B JUMO- Ta TEMJIOBUAAJICHHS,
Hanpukiaa, BupoOHunTBa CIIA Tta €spomeiickkoro Coro3y [3] € BUCOKa IHTCHCHUBHICTH
HarHiTaHHs TOBITPSHOTO MOTOKY IIiJl MO3UTUBHUM THCKOM JI0 TPUMILIEHHS, IO TOpPUTH,
MOXJIMBICTh TIOJJaBaHHS TOBITPSHO-MEXaHIYHOI IMHU BHUCOKOI KpPAaTHOCTI 3a JIOMOMOTOIO
aJanTepy-MHOTEHEepaTOpy Ta HAMPHOTO pyKaBa, KOMIAKTHICTh, HAMIMHICTh eKCIUTyaTarlii
Ta TPUHLHUIIOBO HOBE KOHCTPYKTHBHE pillleHHs. SIK MpuKIag Ha pUCYHKY | HaBeeHO 30BHIILIHIN
BUIJISII CY4acHOTO IMEPEHOCHOro 3aco0y numo- Ta TemtoBuaaineHHs cepii «Typhoon» ¢ipmu
«Hale» (ABctpis).

Pucynok 1 — 30BHilIHIi BUIJISA IEPEHOCHOTO0 3ac00y JUMO- TA TENJIOBUIAJIEHHS cepil
«Typhoon» ¢pipmu «Hale» (ABcTpist)

Ha cporognimuiii neHp B Ykpaini ekcruryatyerbcsi 471 mepeHocHuid 3acid numo- Ta
TeIIoBUACHHS 13 sikux 350 oxuumipb 1ie 3actapim mozem cepii JAII 3 pisHUMU TpUBOIaMH.
CratucTtuuHi naHi B YKpaiHi cBiq4aTh Mpo BiIHOCHO HU3bKHI PIBEHb 3aCTOCYBAHHS MEPEHOCHUX
3aco0iB IMMO- Ta TEIUIOBHMIAJIEHHS ITiJ 4ac JkBimamii moxkex. [IpoBeaeHuil aHami3 TaKTHKO-
TEXHIYHUX XapaKTEPUCTHK Ta KOHCTPYKTHBHUX IapaMeTpiB MEPEHOCHUX 3acO0iB JUMO- Ta
TeroBuAaeHHs [4], sIKi HA CHOTOHINIHIA JE€Hb EKCIUTYyaTYIOThCS MOXKEKHO-PATYBATbHUMHU
cirysx6amu JICHC Ykpainu cBiT4UTH PO TE, 110 BOHU MAIOTh BEJIMKI MacorabapuTu Ta BiJTHOCHO
HEBEJIMKY MPOAYKTUBHICTh y PE3yNbTaTi YOro HE 3/aTHI 3aBUacHO 3a0e3meyuTH ePeKTHBHE
3HIDKEHHSI TEMIIEpaTypH Ta OCAKEHHS MPOIYKTIB TOPiHHS B MPHUMIIICHH] /I BUHHKIIA TTOXKEXa,
10 YCKIIA/IHIOE TIPOBEICHHSI ONEPATHBHO-PATYBAIBHUX JIiil JIAHOK Ta3UJMMO3aXUCHOI CITY>KOU 4UM
Hapakae Ha HeOe3reKy 0coOOBOro CKJIay Ta MPU3BOAUTH 10 30UIBIIEHHS Yacy TaciHHS MOXKEeX 1
BIJIMOBiAHY 3arvOeNb JIF0/IeH Ta 3HAYHUX MaTepiabHUX 30UTKIB.

Jns Bu3HaYeHHs €eKTUBHOCTI pOOOTH TIEPEHOCHHUX 3ac00iB UMO- Ta TEIUIOBHIAICHHS B
[HCTUTYTI Jep:kaBHOTO YIPaBIiHHS Ta HAYKOBHX JOCTIIKEHb 3 IMBUIBHOTO 3aXHCTy MPOBEACHO
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HHU3KY EKCIICPHMEHTAJIbHUX JOCIIDKeHb [5] HampaBieHMX Ha JOCHIKCHHS MIOA0 3MCHIICHHS
3aIMMIICHOCTI Ta 3HIDKEHHS TEMIIEpaTypd y HPHMIIIEHHI i3 3aCTOCYBaHHIM PI3HMX BUIB TAKUX

3ac00iB.

Ha pucynky 2 HaBeieHO pe3ysibTaTH AWHAMIKM 3MiHHM 33JUMJICHOCTI B NPUMILICHHI 3a
pe3yJibTaTaMy JIOCHI/PKEHb TPbOX 3aco0iB, JIBAa 3 SIKMX 3 PI3HOIO NMPOJYKTHUBHICTIO HArHITaHHS
TIOBITPSI, @ TPETIH 3 OJTHOYACHUM HATHITAHHSM TOBITPsI Ta Boa. Ha pucyHKy 3 HaBeIeHO pe3ybTaTu
JMHAMIKU 3MCHIIICHHS TEMIIEpaTypH B IPUMIIIICHHI 32 pe3yJIbTaTaMH JJOCTIHDKSHb BHUINE3a3HAUYCHIX

3ac00iB.
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Pucynok 2 - /lunamika 3aquMJIeHOCTI Y BUIPOOYBaJIbHOMY 00Kci 3a yacoMm 1 — 3aci0d
3 npoaykTuBHicTIO 7000 M3/rox; 2 — 3aci6 3 mpoxykTuBHicTIO 11500 M/roa; 3 — 3aci6 3 3
npoaykrusHictio 115 00 mM3/roa Ta 0IHOYACHHUM MOAABAHHSIM BOIH
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Pucynok 3 - /lunamika TeMneparypu y BUpooyBajJabHoOMYy 0okci 3a yacom 1 — 3aci0 3
npoaykTusHicTio 7000 M*/rox; 2 — 3acié 3 npoxykTuBmicTio 11 500 m/roa; 3 — 3acid 3 3
npoaykTusHicTio 115 00 M%/roa Ta o1HOYACHHM NOAABAHHSAM BOIH

3a pe3ylibTaTaMUu IlOCJ'Ii,I[)KCHL BCTAHOBJICHO, IO 3a OAHAKOBUX YMOB IIPOBCACHHSH
CKCIICPUMCHTAJIbBHUX ,Z[OCJ'Ii,[[)KCHB IIoa0 3HHUXCHHIA KOHI.[CHTpaI_IiI I[I/IMY/Ta BCIINYUHU
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TeMIepaTypH 3a NEeBHUH MPOMIXKOK Yacy, y NPUMINIEHHI 3 BAKOPUCTAHHSAM IEPEHOCHOTO
3aco0y AMMO- Ta TEIUIOBMAAJEHHs 3 MpoaykTusHicTio 11 500 M%/rox Ta omHouacHuM
nmojaBaHHSIM Boau B 2,2-2,85 pa3u edekTUBHINIE 3a aHAJNOTIYHHU 3aci0 3 MoJaBaHHSAM
TUIBKH MOBITPS.

TakuM YMHOM MiATBEPIKEHO €(PEKTUBHICTh TACIiHHS MOXKEX 3a JIOMOMOTOI0
MEepEeHOCHHUX 3ac00iB AMMO- Ta TEIUIOBUIAJCHHSA 3 (PYHKII€I0 OJHOYACHOTO IOJaBaHHS
noBiTpst Ta BoaW. Tomy y mogainbmoMy HaOyBae akTyallbHOCTI Ta MPOMOHYETHCS
3ampoBaKyBaTH A0 npaktudHux nigpo3ainiB JCHC Ykpainu Taki 3aco0u 1 BiANIOBIHI
CIocoOu X BUKOPUCTAHHS.
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V.V. Prisyazhnuk, Institute of Public Administration and Research in Civil Protection

FIRE EXTINGUISHING USING PORTABLE SMOKE AND HEAT EXTRACTION
EQUIPMENT

The work indicates the relevance of the statistics of fires in houses and buildings
in Ukraine over the past 5 years. The effectiveness of the use of portable means with the
simultaneous function of supplying air and fire-extinguishing substances by the leading
countries of the world has been noted. The results of experimental studies on the
reduction of smoke concentration and temperature over a certain period of time of
portable smoke and heat removal devices with different performance and simultaneous
water supply are given. Based on the results of research, it was determined that means
that simultaneously inject air and water into the burning zone are much more effective
when extinguishing fires. It is proposed to further introduce the following tools and
appropriate methods of their use to the practical divisions of the State Emergency Service
of Ukraine.
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T.M. Cropobazamvro, k.m.H., I[Ipycokuit A.B., 0.m.n., npog., Aximenxo M.JI., Cepeoa /].B.
Incmumym O0eparcaénoco ynpasninHa ma HayKosux 00CIiONCeHb 3 YUBLILHO20 3AXUCIY
Cmpineys B.M., 0.m.n., npogp.

Hayionanvnui ynisepcumem yuginbHozo 3axucmy Yxpainu
1.B. Manoeux
Jlenapmamenm 3anobicanns naozeuuatinum cumyayiam JJCHC Ykpainu

JIO IUTAHHSI OCOBJINBOCTEM JISAJBHICTH I'A30JIMMO3AXUCHHUKIB B
YMOBAX MOKJINBOI'O BOMOBOI'O YPAXKEHHSA

OmneparuBHo-psatyBanbHi miapo3nim JICHC koxeH neHb 3aidCHIOIOTH Onu3bko 200
BHI3[iB Ha JIKBIJAMIF0 HACIIIKIB OOCTPUTIB BOPOTOM HACEIEHUX IIYHKTIB Ta 00 €KTIB
iHpacTpykTypH [1].

Takuii craH cmpaB, a TakOX HENOOJAMHOKI (akTu 3arubeni pATYBaJIbHMKIB IiJl 4ac
BUKOHAHHS HUMH O€3IOCEPEIHIX 3aB/IaHb 3a MPU3HAYEHHSIM, CBITYUTH PO T€, 110 JOCI1HKEHHS
MTOKA3HUKIB, K1 XapaKTepU3yIOTh JISIbHICTh Ia30JUMO3aXUCHHUKIB MIPH MPOBEJICHHI aBapiiHO-
PATYBAJIBHUX POOIT B yMOBaxX MOXJIMBOIO OOHOBOTO YypaKeHHs € aKTyajJbHOI HayKOBO-
MPAKTUIHOIO 3371a4CHO.

[MuTaHHAMU MiABUILEHHS €(QEKTUBHOCTI IPOBEICHHS aBapiiHO-PATYBaJIbHUX pOOIT
MPUCBSYEHA JIOCTaTHSA KUIBKICTh HAayKOBUX poOIT, 30KpemMa TakKuX, [0 TOB’s3aHl 13 iX
MIJBUIICHOI0 CKJIAJHICTIO BUKOHAHHS, Pa30oM 3 LIMM BaXIJIMBOIO Ta HEPO3B’S3aHOI0 YACTUHOIO
poOJIeMU TIPOBENICHHS aBapiiHO-PITYBAIBHUX POOIT 0COOOBUM CKJIAJIOM B YMOBaX MOXKJIMUBOTO
00MOBOr0 ypa)XeHHsI € BIJICYTHICTb KIJIBKICHUX MOKAa3HHUKIB, IO XapaKTepU3YIOTh BIAMOBIJIHI
3aKOHOMIPHOCTI JIISITBHOCTI Ta30IUMO3aXHCHUKIB.

BiamoBigHO METOIO AOCTIIKEHB, MPOBEACHUX B pamMKax poOoTH [2], € aHami3 TOro, sK
OJIHOYACHE BHKOPHUCTAHHS Ta30JUMO3aXHCHUKAMH 3aCcO01B 1HIMBIIyaIbHOTO 3aXHUCTy OpPTaHiB
TUXaHHS (amapariB Ha CTHCHEHOMY TIOBITPi) Ta 3aCO0IB 1HAMBITYyIBHOT'O 3aXHCTY BiJl YpaKeHb
BOTHEMAJILHOI Ta XOJI0IHOT 30p0i, UM OCKOJKOBHX YaCTOK BUOYXOBHX IIPHUCTPOIB (OPOHEKMIIETIR),
[0 BJAATAIOTHCA Ha TOPC MOBEPX 3aXMCHOrO OJATY IMOXKEKHOTO, BIUIMBAE HA MOKA3HUKH, SIKi
XapaKTEPHU3yIOTh PE3yIbTaTH iX MISUTBHOCTI.

OO’€eKT MOCTIDKEHHSI — TIPOBEACHHS aBapiiiHO-PATYBAIBHUX POOIT 0COOOBHUM CKJIAJIOM B
YMOBax MOJIMBOTO 00HOBOro ypakeHHs. [IpeameT mocimiKeHHs — 3aKOHOMIPHOCTI JisSIIbHOCTI
ra30JJMMO3aXUCHUKIB TIPH OJHOYACHOMY BHUKOPHCTAaHHI 3aco0iB 1HIUBIZYaJIbHOTO 3aXHUCTY
OpraHiB IUXaHHS Ta OPOHEKHUIICTIB.

PoGoua rimore3a monAranma B TOMY, IO OTPUMaHHS KUIBKICHMX ITOKa3HUKIB, SKi
XapakTepU3ylTh  PO3IJIIHYTHHA  BapiaHT  AISUIBHOCTI  Ta30JMMO3aXUCHUKIB  (OJHOYAcHE
BHKOPHUCTAHHS 3aC00iB 1HIUBIAYaJTbHOTO 3aXUCTY OPraHiB JUXaHHS Ta OPOHEKWICTIB) Y BUTIISAII
GYyHKIIH po3MmoAlly, T03BOJISIE 3IIACHUTH Y BIAMOBIAHOCTI 10 Kputepito CTbIOAEHTa iX
MOPIBHSUIBHUN KUTBKICHHUM aHali3 IIJIIXOM CIIBCTaBIIEHHS 3 BIANOBIIHUMU pe3yJibTaTaMu y pasi
CTaH/IaPTHOT'O OCHAIIIEHHS ra30AMMO3aXUCHHUKIB (BUKOPUCTAHHS TUIHKHU 3aC001B 1HUBIAyaIbHOTO
3aXUCTY OpraHiB AUXaHHS).

MeTon OOCHIIKEHHS — eKCIepUMEHTANbHI JOCHIKEHHS pe3yJbTaTiB disIbHOCTI
ra3o/IMMO3axHCHHKIB, SIK TUIbKH B 3ac00ax 1HJIMBIIYaJbHOTO 3aXUCTy OpPraHiB JWXaHHS, TaK 1 B
KOMOiHaIil 3 OpoHEKUIETaMHU, B MOOUIBHOMY TpEeHa)Kepl KOHTEHHEPHOr'O0 TUIy BUPOOHHUIITBA
komnanii MAW GmbH (ziasi - MOO1TbHMI TpeHaXxep), 3 MOJAIBLIINM HOPIBHSIHHSAM CTaTUCTUYHUX
XapaKTepPHUCTHUK, sIKi oTpuMyroThcst Ha EOM B cepenoBuiti Excel.

Jlo ckmamy MOOITBHOTO TpeHa)Xepa BXOASTh: MOOUTHHOTO TPEHYBAIHHOIO KOMILIEKCY 3
MyJBTOM YIIPABIIiHHS, 110 pO3MiLTy€eThcs B 20-TH pyTOBOMY (6 M) METaIeBOMY KOHTEHHEDI, SIKHii
MOMIIEHO Ha TPU 30HU: KOMIIPECOpHA, MyNIbT KEPYBaHHS, MPHUMIMIEHHS 3 TPEHAXKEpaMH, Ta
MOOUTBHOT TEII0UMOKaMepu-I1abipuHTa, gKka sBisie coboro 40-ka ¢yroBuil (12 M) MeTaneBuii
KOHTEWHEp, B SIKOMY pO3MILIEHO JABOSPYCHMH JIaOipMHT, OCHAIEHUH pPi3HOMaHITHUMHU
MepenKogaMu, TUMOTeHEPYI0Y0i MAIIMHOIO Ta eIEKTPUYHUMHU TEHAMH.
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VY BianmoBigHOCTI 10 [3] WA 9ac MpakTUYHUX 3aHATH 13 Ta30JUMO3aXUCHUKAMHU, & caMe
BOHM 1 BHUCTYNaJH Yy SKOCTI JIOCHIJDKYBAaHMX, KOXX€H 3 HUX BHKOHYBAaB Yy BHIIQJKOBIH
MOCTIIOBHOCTI HACTYNHI BU3HA4Y€HI BOpPaBU 3 ypaxyBaHHAM MIiHIMQJIbHO HEOOXITHOTO
HABAaHTAXCHHS: IMIHOM 0 HeCKiHueHHUM cxoaaM (15 xJIx); Tsarosuii TpeHaxep (5 xlx); 6irosa
nopikka (10 x/[x); Bemorpenaxep (30 k/k); mMOmonaHHS TEIUIOAUMOKaMepH-TabipuHTy B
3aJUMJICHOMY CepeloBUIIl B yMoBax miaBumieHoi temmeparypu (50+2°C) ta oOMexeHOro
npocropy (20 x/[x).

[lig yac ekcriepuMEHTATBHUX JOCTIKEHb OJHI W Ti K caMi PECIIOHJEHTH BHKOHYBAJIU
OJVH pa3 O3HAuYeHWH Hadip BIpaB y 3arajJbHONPHUUHATOMY CIIOPSA/DKEHHI (KacKa IOXKEeXHa,
3aXMCHUN OJT TIOXKEKHUKA, TOSC TMOXKEKHUN PATYBAJIbHHIA, B3YTTS TMOXKEKHHKA 3aXHCHE,
PYKaBUYKH ITOKESIKHUKA, artlapat Ha CTUCHeHoMY ToBiTpi (maii - ACII)) Ta npyruii pa3 3 mepepBoro
y OoIHy 100y y TOMY X cCaMOMY CHOpSDKEHH1 M noxatkoBo (puc.l) y Oponexwuneti 3 kiacy
3aXHUCTY BIAMOBITHO /10 [4]. 3araiibHa Maca CHOPSKEHHS, B IKOMY ra30/MMO3aXUCHUK BUKOHYBaB
BIIPaBH, B MEPILIOMY BUIAJKY CKiIajana OIu3bKo 25 Kr, a 'y apyromy — 6mau3bko 35 kr (+ 40% no
BIJIHOILIEHHIO JI0 MepLIoro BapiaHTa). /lo BUKOHAHHS KOHTPOJBHOI'O 3aBJIaHHS JOIYCKaJINMCh
ra3o/IMMO3axUCHHUKH, y AKHX yacToTa cepueBux ckopoueHb (HCC) nmepen moyaTrkoM BUKOHAHHS
BMpaBH He nepeBuiyBaia 80 yu./xB.

Pucynok 1 — I'a301MM03aXHCHUK Y 3araJibHONPUHHATOMY OCHAILIEHHI Ta OPOHEKWIIeTi

OOGmamHanHsg MOOUTHPHOTO TpEHa)Xepa IO03BOJISIE B aBTOMATHYHOMY pPEXHUMI (iKCyBaTH
nianazoH cepueOuTTs Af Bim MIHIMAIBHOTO fmin 0 MaKCHUMAJIBHOTO fmax 3HaYEHHS YacTOTH

CEpLEBUX CKOPOUYEHb [yI./XB], cepeane 3HayeHHs mokasHuka cepueburrsa f [yma./xB], 06’em Q
BUKOPHUCTAHOTO MOBITPs [J] Ta TpuBalicTh t [c; XB.] 6e3mepepBHOrO BUKOHAHHS BU3HAYEHHUX
BIpPAB Ta MPOXO/PKEHHS Ja0ipuHTy B yMoBax migBuiieHoi (50+2°C) temneparypu. HasBHicTb
00’emy Q Ta TPUBAJIOCTI t JO3BOJISIIO OJTHOYACHO OIIIHUTH 1 MOKA3HMK JICTEHEBOI BEHTHIIALIII.

CraTuCTHYHUN aHAJI3 eKCIEePUMEHTAIBHUX Pe3ybTaTiB, OTPUMAHMX 1]l YaC BUKOHAHHS
y BUMNAJKOBIM MOCTIIOBHOCTI BH3HAUYEHUX KOHTPOJIHHUX BIPaB, JO3BOJUB OTPUMATH HOBUUI
HAyKOBHIl pe3ynbpTaT. Brepiie BU3Ha4eHO, 10 3aKOHOMIPHOCTI JiSUIBHOCTI T'a30JUMO3aXUCHUKIB
B YMOBaX MOKIIMBOr0 OOMOBOro ypakeHHsI, KOJIM BOHHU JOAATKOBO JO OCHOBHOTO 3aXHCHOT'O
CHOPSIKEHHS, OJSTHYTI y OPOHEKUJIETH BIAMOBIIHOTO KIIACYy 3aXHCTY, XapaKTePU3YIOThCS TUM,
[0 iX pO3MOALT OMUCYETHCS HOPMAIbHUM 3aKOHOM. lle M03BONMIIO 3a JOMOMOTOI KPHUTEPito
CrerofieHTa JUIsl 3aJIeKHUX BHOIpOK 3 piBHeM 3HauuMocTi 0=0,05 oTpumaTH SK MOKa3HUKU
TiSUTBHOCTI 0COOOBOTO CKJIa1y, BIAMIHHOCTI MiX SIKMM Yy pa3i 3/11iiCHEHHS ONEPAaTUBHOT isSIIbHOCTI
B OpOHEXHIIETaX € 3HAYMMHMH, TaK 1 MOKA3HUKU, BIIMIHHOCTI MDK SKHUMH MOKHa BBaKaTU
HE3HAYUMUMH.

BinMiueHo, 1m0 B XO0Ji MPOBEAEHHS E€KCIEPUMEHTAIbHUX IOCTIIKEHb 4aC BUKOHAHHS
MOCTABIIEHOTO 3aBJaHHS TICISI 3aCTOCYBaHHS OpPOHEXWIETYy 3 KJIacy 3aXUCTy MPaKTUYHO HeE
3MiHuBcA. [IpoTe, B pO3IIISIHYTHX B €KCIIEPUMEHTI YMOBaX HaBITh TUIBKU 32 paXyHOK 301IbIICHHS
BarM OCHAIICHHS Ta YCKJIAJAHEHHS poOOTH CYTTEBO MNOTIpIIMIMCA BcCl Mcuxogizionoriui
MTOKA3HUKH, SIKi XapaKTepU3YIOTh CTaH PATYBAIbHUKA.

VY SKOCTI MpPaKTUYHUX PEKOMEHMAIlIH, sIKI OTPUMAHO 3a pe3yJibTaTaMu MOPIBHAIBHOI
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CTaTUCTHYHOI OLIIHKH €KCIIEPUMEHTAIBHUX PE3yJIbTaTiB IisUTbHOCTI ra30IMMO3aXHCHUKIB MOKHA
BUJIUTUTH SK T, M0 YaC BHKOHAHHS KOPOTKOYACHUX 3aBJaHb B OPOHEKUIIETAX CYTTEBO HE
MIJBUIIUTHCS, TaK 1 Te, IO JJs IHIIUX 3aBJaHb Tpeba BpPaxOBYBATH, IO MOKA3HUK JIETCHEBOI
BEHTUJIANIT MOke 30UmbmuThes Bix 90 mo 115 /xB., a 11e BUMaratume JI0JaTKOBUN KOHTPOIh
3miHu naHok. Kpim 1mporo, y pasi Bukopuctanas ACII 3 o6’emom Oanona V6=6 1 mMoxHa
BUKOPHCTOBYBAaTH CIPOILIEHY OLIHKY TOro, sik 3MiHIO€Tbcs THCK P B ACII mix wac pobotu B

HETPUIATHOMY JUIS IUXaHHsI CEpPeIOBHIII], A%t ~15 MIla / xB. ~ 15 6ap/ xs.
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REGARDING THE SPECIAL QUESTION OF THE ACTIVITY OF GAS SMOKE
PROTECTORS IN THE CONDITIONS OF POSSIBLE COMBAT INJURY

It is noted that the rare facts of the death of rescuers during the performance of assigned tasks, in particular
in the conditions of possible combat damage, indicate that the study of the indicators that characterize the activity of
gas and smoke protectors during emergency rescue operations in such conditions is an urgent scientific and practical
task. The conducted analysis showed that an important and unsolved part of the problem of conducting emergency
rescue operations by personnel in conditions of possible combat damage during the war is the absence of quantitative
indicators characterizing the relevant patterns of gas and smoke protection activities. Statistical analysis of the
obtained experimental results, which were obtained during the execution of certain control exercises in a random
sequence (climbing an endless staircase, a traction simulator, a treadmill, an exercise bike, overcoming a thermal
smoke chamber-labyrinth in a smoky environment under conditions of elevated temperature (up to 50°C) and limited
space) in a mobile simulator produced by MAW GmbH, which to date most fully reproduces the working conditions
of fire-rescuers in a non-breathable environment, allowed a new scientific result to be obtained. For the first time, it
was determined that the regularities of gas smoke protection devices in conditions of possible combat damage, when
they are additionally equipped with body armor, are characterized by the fact that their distribution is described by a
normal law. This made it possible to use the Student's test for dependent samples with a significance level of a=0.05
to obtain both the performance indicators of the personnel, the differences between which in the case of operational
activities in body armor are significant, and the indicators, the differences between which can be considered
insignificant. It was noted that in the course of experimental research, the time for completing the assigned task after
using a bulletproof vest of the 3rd class of protection practically did not change. However, in the conditions considered
in the experiment, even only due to the increase in the weight of the equipment and the complexity of the work, all
psychophysiological indicators that characterize the condition of the rescuer significantly worsened. Indicators for a
simplified assessment of the working time of gas and smoke detectors are proposed.
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OCOBJIMBOCTI PO3POBKH MATEMATHYHOI MOJIEJII CKOPOUEHHSA YACY
T'YMAHITAPHOI'O PO3SMIHYBAHHS B PATIAIIMHO-3ABPY THEHII
MICHEBOCTI

B momoBini mokazaHo, IO ypaxyBaHHS 11'SIThOX aHATITHYHUX 3aJIC)KHOCTEH JT03BOJIUTH
OTPUMATH MaTEeMaTHYHY MOJEIh CKOPOUYCHHS Yacy I'yMaHITapHOTO PO3MiHYBaHHS B pajdialliiHO-
3abpynneHii micueocti (I'P P3M)

Xype=>We <W33m AW, MW mw6pm>;
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[Tepmma onucye 3anexHICTE MHOXUHU pecypciB W, siky moBuHeH 3aaisatu canep JCHC mst
3a0e3nevYeHHs] TYMaHITapHOTO pO3MIHYBaHHS B pafialliiHO-3a0pyIHEHIH MICIIeBOCTI 0e3
3HMKEHHS PIBHS 0COOMCTOT OE3IEeKH Ta SIKa BKJIIOYAE MOEHAHHS OKPEMHX BapiaHTIB OJJHOYACHOTO
BUKOPHUCTAHHS 3ac00iB 1HAMBIAYaTbHOTO 3aXUCTy MIKIPU Wiz, OPTAHIB JUXAHHA Wiison BIJT
MO>XKJIMBOTO pafialiifHOro BIUIMBY, a TaKOX KOHKPETHHUX MoOJubiKaliid OpOHEKUIETY Wepx Ta
OpoHelmoioMy Wepm Yy SKOCTI 3aXUCTy B BHOyXOHeOe3NeYyHUX MpeAMETIB, Bl YMOB
Ha/I3BUYANHOI CUTYaIlii B MICI[i TPOBEJICHHS PO3MiHYBaHHSI.

Jlpyre piBHSIHHS ONIMCY€E €KCIIOHSHIIIMHUI XapaKTep CKOPOUYCHHS Yacy BUKOHAHHS 0OpaHol
st aHami3y omepamii I'P P3M B 3anexnocti Bing mocBimy camepy JCHC, y sxocti sikoro
PO3IMIISAAE€ThCS KUTBKICTh N CIipoO BUKOHAHHS HUM IIi€l orepailii, 3 mapameTpoM A i 3cyBoMm N=1,
KW CBIIYUTH TPO TE, IO MPAaKTUYHA TIArOTOBKA Callepy IMOYMHAETHCS 3 MEPIIOi peabHO
BHUKOHAHOI CIIPOOH.

Tpere piBHSHHA TOKa3ye MOXIUBICT, TNPUNUHEHHS TpeHyBaHb canepamu JJCHC
BUKOHaHHIO 00paHnoi omnepariii ['P P3M 3a Ttiei cipobu n;v , TTcId siKoi cepeiHii yac 3/1iiCHeHHS
00paHOro BapiaHTy OMNEPATHBHOI IiSUTBHOCTI IEPECTae€ CKOPOYYBATHUCh, CBITUYEHHSIM 4YOrO €
BUKOHAHHS HYJIb-TIIOTE3U PIBHOCTI OI[IHOK CEPEeIHHOT0 Yacy BUKOHAHHS B MOTOYHINA N,, +1 Ta

nonepeaniit Ny, crpooi.
. * * . .
YerBepTa 3aeXHICTh 103BOJISIE BU3HAYNTH HOpMatuBH t,(N,,) VI OLIHIOBaHHS PiBHA

nigrorosinenocti canepiB JJCHC no I'P P3M, 3a skux Oyne 3a0esnedeHe ckopodeHHs yacy ['P
P3M, BHKOPUCTOBYIOUHM 3HAUEHHs 3BOPOTHOI PyHKIii D! cTanaapTHOro HOPMaTBLHOTO PO3MOALTY

3 TMapaMeTpaMu CepeAHbOro uacy BUKOHaHHSA oOpaHoi omeparii tW(nW Ta HOro
CEepeIHbOKBAIPATUYHOIO BIIXWIEHHS G, (nw), a TaKOX TI€l 1011 KOXKHOro HopmatuBy P, , sfika

BIJINIOB1/J1a€ IMOBIPHOCTI yJIyYeHHsI BUIIAIKOBO1 BETMUMHU B 3a/IlaHUH 1HTEpBaJl.
II’siTa  3anexHICTh /03BOJIIE 3pOOMTH BUCHOBOK, IO IMIJArOTOBKAa 3 YpaxyBaHHSIM
PO3po0JIeHNX HOPMATHUBIB € €PEKTUBHOIO, SIKIO CEePeHIi Yyac BUKOHAHHS BIIPABM MICIHS I[LOTO
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fw(nw +1) CYTT€BO 3MEHIIUTHLCA. BiMidaeThes, M0 Taka MaTeMaTHYHA MOJIENb OyJle OCHOBOIO

BIJIMIOBITHOI METOJIUKM CKOPOYEHHS dYacy TYMaHITapHOTO pPO3MIHYBaHHA B pajiamiiHO-
3a0pyaHeHi# MicueBocTi (puc. 1).

Bu3HaveHHT MHOKHHH pecypciB

!

OTpHMaHHS DapaMeTpPIB eKCIOHEHIIIHHOI 3a71eKHOCT1 Jacy
I'P P3M Bixg mocBigy camepa JJCHC

Bu3naueHHA MOMEHTY IIPHIIHHCHH TPCHYBaHb KOHTpO."IbHO'f
I'PyIIH

!

OOrpyHTYyBaHHS PeKOMEHIAIlIH 111 3aCTOCYBAHHS B IPAKTHIHIH
IiSTIBHOCTI

\

Omninka e()eKTHBHOCTI i camepis mig gac I'P P3M

v

*
E >E 3aJaHe

KopuryBaHHs BHXITHHX JaHHX

Hi

TaxK

BrpoBamkeHHST peKOMeHIaIiH

Pucynok 1. MeTtoauka cCKOpO4YeHHS Yacy TYMaHITapHOTO PO3MiIHYBAaHHS B pajialiiiHo-
3a0pyIHEHI MiCIIeBOCTI

OcoOuBICTIO TaKOi METOJAMKHK OyJie HE TITLKH pO3poO0Ka MPAaKTUYHUX PEKOMEHaIlli Ha
OCHOBI aHaTI3y MapaMeTpiB MAaTEMaTHIHOI MOJICII, ajleé i BUKOPUCTAHHS ITPOIIO3HIIIH, K1 Oy Iy Th
BUHUKATH I111 YaC MPOBEJICHHS €KCIIEPUMEHTAIbHUX TOJIFTOHHUX BUMPOOYBaHb SIK PI3HOMaHITHUX
3aco0iB MPOTUPATIAIIHHOrO Ta MTPOTHBHOYXOBOTO 3aXHCTy, TaK 1 3aCTOCYBaHHS HOBITHIX
TEXHIYHHX PIllICHb, Y TOMY pa3i TUX, SKi HA/Ial0Th MPOBIIHI 3aKOPJOHHI QipMu.

Victor Strelets, Dr. of Sciences, Professor, Senior lecturer of the Department of Automatic
Security Systems and Information Technologies
Stepanchuk Serhii, Senior lecturer of the Department of Pyrotechnics and Special Training
National University of Civil Defence of Ukraine
FEATURES OF THE DEVELOPMENT OF A MATHEMATICAL MODEL FOR
REDUCING THE TIME OF HUMANITARIAN DEMINING IN A RADIATION-
CONTAMINATED AREA

Annotation. Taking into account five analytical dependencies allows you to obtain a
mathematical model of reducing the time of humanitarian demining in a radiation-contaminated
area. The first describes the dependence of the available resources on the conditions of an
emergency situation at the place of demining, the second describes the exponential nature of the
reduction in the time of humanitarian demining depending on the experience of the sapper of the
SES, the third - the moment of cessation of training, the fourth - the procedure for obtaining
standards, the fifth - the evaluation of the effectiveness of training with application of standards.
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BUSIBJIEHHSA HA TEPUTOPII MICTA MACIITABHUX IMOXKEXK 3A
AKYCTUYHUMU CIIEKTPAMMU ITPOLECY I'OPIHHA
PIAKUX OPI'TAHIYHUX PEYHOBUH

CydacHi MicTa € CKIaJJHIMHU Ta PO3TATY)KCHUMU CHCTEMaMH 3 PO3IOALUIOM y TMPOCTOpi Ta Yaci
TapamMeTpiB KUTTEMISUTHHOCTI, SIKI 32 YMCENBHICTIO HACCTICHHS TO/IUISIOTHCS Ha HEBEIHKI, MaJli, Cepe/IHi,
BEJIMKI TOIIO, @ TAKOXK 32 XapaKTepOM CHEIiaTbHMX (DYHKI Ha MPOMMCIIOBI, TPAHCIIOPTHI, HAYKOBI,
icTopryHi, OaraToramy3eBi. 3BOPOTHIM OOKOM TIPOIIECY JKHUTTEISUTHHOCTI MICTa € Te, 10 MICTa y TPOIIeci
CBOTO (DYHKITIOHYBAHHS Ta PO3BUTKY CTBOPIOIOTH MEPETyMOBH JUTsl BAHUKHEHHST HEOE3IIEK, 1110 HETaTUBHO
BIUTMBAIOTh HA CTaH MPUPOTHO-EKOJIOITYHOT0, EKOHOMIKO-TEXHIYHOT'O Ta COLIATBHO-TIOMITUYHOrO OajlaHCy
SIK Ha TEPUTOPIT MICTa TaK 1 B PETIOHI, & TAKOXK MOYKYTb 3aBJIATH IIIKOJIM YKUTTEBOBAKIIUBIM HAIIOHATBHIM
iHTepecaM. Ha choromHi /10 HEOE3MEK 3 BEIMKHM PIBHEM COMIATBHUX Ta MaTepialbHUX 30WTKIB IS
KUTTEISUTBHOCTI MICTA MOYKHA BITHECTH MAcCIITaOHI MOXKEX1 3 JIETKO3aMHUCTUMH PEYOBUHAMH JIO SIKMX
BITHOCSTBCSA PiIKi opraiuHi pedoBunu (POP).

3abe3mnedeHHsT BIATIOBITHOrO PIBHSA OE3MEKH SKUTTEMISUIBHOCTI MICTa JIOCSATAETHCS  IIIISIXOM
crBopennst B cucreMi Smart City mincucremu Safe City, sika cripsMoBaHa Ha BUSIBJICHHS, 3arlOOIraHHS,
riocna0JIeHHs, YCYHEHHSI 1 BIZIBEPHEHHS 3arpo3, 37[aTHIX IPU3BECTH 0 COITIATBHUX Ta €KOJIOTTYHHX 30HMTKIB,
3HUIIUTH MaTepiajibHI Ta {yXOBHI IIIHHOCTI, IEPENITKOIUTH 1X IPOrpecBHOMY po3BUTKY. Mozens Safe City
MICTHUTh €Tal PEECTPAITii 3arpo3 ISl JKUTTEALUTHHOCTI MICTa, aHaTI3y Ta cCUcTeMaru3altii iHdopmartii mpo
3arpo3u, opMyBaHHsI 0a31 TAaHUX TIPO 3arPO3H, MOJICITIOBAHHSI Ta MPOrHO3YBAaHHS PO3BUTKY HEOE3IEK /IS
KUTTEMSUTBHOCTI MICTa, OIMIHKK DPIBHA IMX HEOE3NEK Ta TMPUHHSATTS aHTUKPU30BOTO YIPABIIHCHKOTO
PIILIICHHS, @ TAKOK BUKOHAHHS TIPHUHHATOrO aHTUKPU30BOTO PIITICHHSI.
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Pucynok 1 — Jliarpama 1eKOMIO3UIIli CUCTEMH PeeECTpallii 3arpo3 s KUTTEAISUIBHOCTI MicTa

[Iponec peecrpartii 3arpo3 s KHTTEAISUIBHOCTI MicTa 3TiAHO JaHUX pHUC. | BKIIIOYae
oprasizamnito (iHAHCOBOTO ayAHWTy, MOHITOPHHTY COIIAJIbHOTO CTaHy Ta JOBKLLIA,
B1JICOCTIOCTEPEKEHHS, paalallifHOTO, XIMIYHOrO Ta OIOJIOriYHOrO MOHITOPHHTY, a TaKOX
CIEKTPaTbHOTO aHalli3y BUIIPOMIHIOBaHb BiJ JoKepen Hebesmnek. [Ipu oMy, BCTaHOBJIECHO, IO
OpraHizaiis CIEKTPaJbHOrO aHalizy BUIPOMIHIOBaHb B JUKepel HeOe3NeK BKIYae
KOMIUICKCHUI aHalli3 XapaKTepUCTHK BUIIPOMIHIOBAaHb B PI3HMX YacTOTHHX Jiama3oHax (B
aKyCTUYHOMY, pajiio, iH(ppauepBOHOMY, ONTHYHOMY, YJIbTPa(]ioNeTOBOMY Ta PEHTTE€HIBCBKOMY
Jiama3oHax, a TaKoXk aHaji3 raMMa Ta KOCMIYHUX MPOMEHIB), /e KOKEeH 3 METOJIIB aHali3y Mae
CBOT SIK HEJIOJIIKH TaK 1 mepeBaru. ABTOPHU Yy CBOiX JOCTIIKEHHSX 3yMUHUIINCS HA CIIEKTPaIbHOMY
aHaJIi31 aKyCTMYHOI'O MPOCTOMY, 3 METOI0 BHsABIEHHS Ta ifeHTudikauii mxepen HC micuesoro
piBHS, cepel sIKMX MaciTaOHi moxexi POP.
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3anporoHOBaHO CUCTEMHUH MiAXiA Ta MPUHIMIIN BUKOPUCTAHHS CIIEKTPAJIBHOTO aHAII3Y
aKyCTHYHOTO IPOCTOPY MICTa, AKU 0a3yeThCsl Ha pe3ysibTaTax JOCHIHKEHb e(heKTy aKyCTHUHOL
emicii mpu BHCOKOTEeMIepaTypHOMY OKucieHHi (Topinni) POP. [lns pocnmijpkeHHS piBHSA
1H(pOPMATUBHUX MOXIIMBOCTEH IIbOro eekTy, po3polieHi BUMipIOBalIbHA CXeMa aKyCTUYHOTO
edekty (puc. 2), aaropuT™M Ta MporpamHe 3a0e3MedyeHHs IS OOpOOKH aMILTITYIHO-YaCOBUX
XapaKTepUCTUK MPHUUHATOTO aKyCTUYHOTO CHUTHAIY IEPBHHHOTO (CHajaxy) Ta OCHOBHOT'O
nporieciB ropinHs Aeskux POP, muiixoM BUKOPUCTAHHS CIIEKTPATBHOTO aHAITIZY Ta (PPaKTAIEHOTO
R/S -aHamizy. Ha puc. 2 BBe[eHI HACTyNHI MO3HAYeHHS: | — MeTalieBa Yamia 3 aHaTi30BaHOIO
OPTaHIYHOIO PEYOBUHOIO; 2 — IEKTPUYHUM MiAnai;, 3 — akyCTHUHUA MiKpo(doH; 4 — BUMUKAY IS
CHHXPOHHOTO BKJIFOYEHHS MiAmany (2) Ta akyCTUYHOTO MikpodoHna (3); 5 — [uKepeno )KUBICHHS,
6 — migcwioBay; 7 — aHAJI3aTOp CHEKTPY.

Sk npuKkiaa pe3ysbTatiB Ja00paTOPHUX JOCIIKEHB, HA PUC. 3 MPEJCTaBICHO OTPUMAHUMA
y TpoIleci eKCIepuMeHTy Ipadik 3MIHM B yacl CIEKTpa HNPUMHITOrO aKyCTUYHOI'O CUTHAIY
MIPOLIECY BHUCOKOTEMIIEPATYpPHOI'O0 OKHCIEHHS (TOpIHHS) MeTaHOody. 3MIHM B Hacl CIEKTpa
MPUIHATOr0 aKyCTUYHOTO CUrHay Ipouecy ropinas POP ¢ikcyBanucs 10 NpUIUHEHHS TOPIHHS
(BiACYTHICTH KOTMBAILHOTO PEXKUMY TOpPiHHS) B Aiana3oHi yactoT 5 1 y—25 x/ly.

AKYCTHUYHE
KOJIMUBAHHSI

IIpouec
TOpiHHSA

w

Amiiryia, dB
s &
-

-140
4 0 120
1\ < s0 5% -140
Opraniuna & r > w0 S0 35 40 45 50
1 pedoBuHa 5 Tacrora, xI'u 2 5 10 b ac, ¢
Pucynok 2 — biiok-cxema ycTaHOBKH Pucynok 3 — I'padik 3mMiHM y Haci criekTpa
JOCHIIKEHHS aKyCTUYHUX KOJUBaHb NPUMHITOr0 aKyCTUYHOTO CUTHAITY MPOLIECy
nporiecy ropiaas POP TOPIHHS METaHOITY

Merton, KMl 3alpOMIOHOBAHUM y POOOTI Ui JIAarHOCTUKH TPOIECIB TOPIHHSA PIAKUX
opraniyaux crupTis (n(C)=1+8) Ta Byraesoanis (n(C)=8,12,16 ), IpyHTYEThCA Ha DOCIHiHKEHH]
JUHAMIYHUX TIApaMeTPiB MPOIIECY, IO OMUCYIOThCS BHAOM aMILTITYIHOI MOIYJIAII aKyCTHYHOTO
curnany (n(A,(t))) Ta fioro amruriTy aHO-9acToTHMME XapakrepucTukamu (n(A,(f))), ki xkopcTKo
OB’ s13aH1 13 0COOJIMBOCTSIMHU CTPYKTYpPH HOPMAJIbHHX CHHUPTIB Ta iX 130MEpiB Ta HOPMAJIbHHX
BYIJIEBOJHIB, @ TAKOXK KUJIBKICTIO aTOMiB ByTrJeBOAHIB — n(C) y Kapkaci MOJEKyJ DOCIiHKEHUX
OpTraHIYHHUX PEUYOBHH 200 BEIIMYMHOIO MOJIIPHOI Macu (M ) uX peyoBHH.

BcranosiieHo, 1o AuHaMiKa Ipolecy TOpiHHS, TOOTO 3aJIeKHOCT] KUTBKOCTI MAaKCUMYMIB
(n(A,(t) Ta n(A,(f)) aMITYZHO-4aCOBMX Ta aMIUNTYIHO-YACTOTHHMX XapaKTEPUCTHK
MPUIHATOrO aKyCTUYHOI'O CUTHANy Mpu e(deKTi aKyCTUYHOI eMmicii, BU3HavyaeThes pizsuyumMu (
Tonans Towines Tosaines AT, P) Ta (i3MKO-XIMIYHMMH TEPMOJHUHAMIYHUMU mapaMmerpamu ( AHg, AH:)

IPOLIECY 1 ONMMCYETHCS JTHIMHUME 3aI€KHOCTAMHM Big n(C) i M opraHi4HMX peYOBHH.

MeTto0M aKyCTHUHOI eMicii BUBYEHO €(PEeKT «cranaxy», TOOTO Yyac NEPBUHHOTO MPOLECY
ropinns napis POP, Ta BCTaHOBJICHO OJJHO3HAYHY 3aJICKHICTh TPHBAIOCTI TaHOTO Tporecy ( Ar)
B1JI MapIiaJIbHOTO THCKY IMapiB HaJ YMCTUM PO3ZUYMHHHKOM Ta TeMIEpaTyporo crnanaxy (T,,,.) abo
3aiimanns (T, ). Beranosiaeno, mo uum Oinpmme P i menmme T, (T,..), THM MEHIIE Yac
«crnanaxy» Ar, ToOTO TpuBanicTh ropinHs napis POP.

3 ypaxyBaHHSM OCOOJMBOCTEH aKyCTWYHMX chekTpiB anst POP, sxi Oynu mignaxi
BHUCOKOTEMIIEpaTyPHOMY OKUCIIEHHIO, BAKOHAHO PO3paxyHOK (pakTaibHOI po3MipHOCTI ( D, ), ska
BIJUI3€pKAIOE  CTYMiHb MOJIOHOCTI ~ aMIUIITYAHO-4acoBUX  XapakTepuctuk POP, mio
aHaJ3yBaJINCs, @ TAKOK XapaKTepU3ye JUHAMIKY MPOIECiB TOPIHHA Ta 3aTyXaHHs ropiHas POP
(U1t 3paskiB MOCTiHOrO 00’eMy). PpakranbHa po3MipHICTh D, (AK CTYMiHb 3JaMaHOCTI PSIY)
BU3Hauanacs sk D, =2-H, ne H — mokasuuk Xepcra. [lokazuuk H BH3HauaBcsa i3 yMOBHU
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R/S=(cA)", me A — KiIbKiCTh NEPIOMIB CIIOCTEPEKEHHS, @ — KOHCTAHTa, SIKa 3a/1a€Thes. Ilpu
poMy, XepcT eMIIipUYHO pOo3paxyBaB KOHCTaHTY « JUIS MOPIBHSHO KOPOTKOCTPOKOBHX
TUMYACOBHX psiiiB pupoanux sBui sk 0,5. Ha puc. 4 1 5 npeacraBieHi pe3yabTaTi po3paxyHKiB
nmoka3HukiB Xepcra (H ) Ta ppakranpHOi po3mipHOCTI D, .

D,
wiH 7 K| H-cnupmu
06 i30-cnupmu 17

. ) [P ISy (S =10
05 / 8Y2N1eBO0H 161 ° 4—7—?"
alh % _ A4 .._ﬁ_-f/ 10 5

e iy P U 130-cnupmu

- 2N 9 14 8y2ne600HI
n-cnupmu  n(C) 7 n(C)

B S e R T T SR T SN I I

Pucynok 4 — XapaxTep 3MiHM ITOKa3HUKA PucyHok 5 — XapakTep 3MiHH OKa3HHKA
XepCTa ( H ) aMHJ'IiTYI[HO'l. MO Hyn;[uﬁ q)paKTaHBHOT pOSMipHOCTi ( D, ) aMHHiTyI[HOT

aKyCTMYHOT'O CUTHAILy IIpu e(eKTi MOJYJIAL{ aKYCTUYHOI'O CUTHAIY MPH e(eKTi

aKyCTUYHOI eMicii peakiii TOpiHHS JeIKUX  aKyCTHYHOI emicii peakiii ropinus aeskux POP
POP Bix ix n(C) Bix ix n(C)

Ha puc. 4 i1 5 Bukopucrani HacTynHi no3HayeHHst POP: 1 — CH,OH ; 2 — »—-C,H,OH ; 3 —
#—CyHy,OH ; 4 — i30—C4H,0H ; 5— is0—CyH,;OH ; 6 — iso—C4H,;,0OH ; 7 — C,H,O (areron); 8 —
C8H18 1 9 - C12H26 1 10 - C16H34'

[IpakTruHa cTaymicTh 3HAYE€Hb MOKAa3HUKIB H 1 D, /it BUBYeHOTO fiana3ony POP cBitanTh
MIPO JIOCTaTHIN PIBEHb JOCTOBIPHOCTI Ta HATIMHOCTI OTPUMAHHUX PE3YJIBTATIB 3AISKHOCTI aMIUTITYIHO-
YaCOBHX Ta aMIUTITY/THO-9aCTOTHHX XapakTeprucTuk ropiHs POP Bif (hi3nKo-XiMIYHHX KOHCTaHT MATMBHOI
PEUYOBHHH 1 TOMY OTPHUMaHI y po0i eKCTIEpPUMEHTATBHI Pe3yJIbTaTH MOXKYTh OyTH PEKOMEHIOBaH1 y SIKOCTI
1H(opMartiiiHOro Matepiany i 0a3u TaHUX TeolH(OPMAIIHHOT CUCTEMH aBTOMATH30BAHOTO KOHTPOJTIO
aKyCTHYHOTO IIPOCTOPY MICTa, sIK cKi1aoBoi miacuctemu Safe City B cucremi Smart City, it 10CTOBIpHOTO
BUSIBJICHHS Ta 1IeHTH(IKAITIT HA TEPUTOPIi MiCTa IDKEpesT MacTabHuX nokesk 3 POP.
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2. Tiutiunyk V.V., Kalugin V.D., Levterov A.A., Sydorenko O.V., Starodubtsev S.A., Usachov D.V.
Establishing the nature of kinetic effects of the high-temperature oxidation (combustion) process of some
liquid organic matters by acoustic radiation. Voprosy khimii i khimicheskoi tekhnologii. 2023. 6. pp. 203—
212. [Enextponnuii pecypc]. Pexum noctyry: http.//repositsc.nuczu.edu.ua/handle/123456789/19622

DETECTION OF LARGE-SCALE FIRES IN THE TERRITORY OF THE CITY
BY THE ACOUSTIC SPECTRA OF THE COMBUSTION PROCESS
OF LIQUID ORGANIC SUBSTANCES

The report is dedicated to the development of scientific and technical foundations for creating a
geographic information system for monitoring large-scale fires. This system is an integral component of the
"Safe City" subsystem within the framework of Smart City. The authors have proposed a method for
registering spectra of acoustic emissions from fire hotspots in the city area, involving certain rare organic
substances, and analyzing the impact of the physicochemical characteristics of these substances on the kinetics
of their high-temperature oxidation (combustion).
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I 1O. @omuyosa, B.A. Kpaooocon, P.1. Illeguenko 0.m.H., npogh.
Hayionanvnui ynisepcumem yuginbHozo 3axucmy Yxpainu

AHAJII3 EOEKTUBHOCTI A1 OCOBOBOT'O CKJIAJIY ABAPIMHO-
PATYBAJIBHUX OIJIPO3ILIIB IO TACIHHS MOXKEXKI TA JIKBIJAIIII
HAJI3BBUYANHOI CUTYAIIII HA OB’EKTAX 31 3BEPITAHHS
HA®TOIPOJIYKTIB

PesepByapu 1 HadTOOa3M, TEXHOJIOTIUHI HACOCHI CTaHIIii, 3aJi3HWYHI Ta aBTOMOOUIbHI
ecTakaJy, aBTO3alpaBHI CTaHIl, HAaQTONPOAYKTONPOBOAM Ta IHII TEXHIYHI 3acodu s
TpPaHCHOPTYBaHHS 1 30epiraHHs HaPTH 1 HAPTONMPOIYKTIB € YACTUHOIO CHUCTEMHU, 110 3a0e3mneuye
HaTOMpOAyKTaMU croxuBaviB (HadToOa3u), HapTOBI Ta HadrOomepepoOHI MIANPHUEMCTBA,
00'€eKTH €HEepreTMKH Ta eleKkTpudikaiii, 3amdi3HUIN, aBialii, BOJHOTO Ta AaBTOMOOLILHOTO
TPAHCIOPTY, & TAKOXK € YACTUHOIO CUCTEMH TTOCTAYaHHS IPOMHCIIOBHX 1 CLITBCHKOTOCTIOAAPCHKIX
MIJIPUEMCTB, SIKI BHKOPUCTOBYIOTH HadTonponyktu. Koxna rany3p wMae crneuudiusi
TEXHOJIOT1YH1 ITPOIIECH, SIKI CYTTEBO BILTUBAIOTH Ha MTOKEKHY HEOE3TEKY Ta MOKEKHY CTATUCTUKY.

Y BigmoBigHocti 10 BBH B.2.2-58.1-94 «llpoextyBaHHs ckiamiB HapTH Ta
HaTOMPONYKTIB 3 THUCKOM HacuueHux mnapiB He Bume 93,3 kllay ckimagu HapTH Ta
Ha(TOMPOAYKTIB MO MPU3HAYCHHIO Ta BIHOIIEHHIO JI0 CTIOKUBAYIB MOJAUSIIOTECS Ha JIB1 TPYIIH.
Jlo mepmioi rpynu HanexaTb cKiaau Juist 30epiraHHs HadTH 1 HaQTONMPOAYKTIB Ta MOCTaYaHHS
cnokuBadam (HadToOa3m), pe3epByapHi MapKu TPH HACOCHUX CTAHINSAX HA MAariCTpaJbHUX
HaTOmpoBO/IaX 1 mMepeBajoyHl HaTOOa3m id nepekadyyBaHHS HaQTH 1 HAPTONPOIYKTIB 3
OJTHOTO BHJY TPAHCIOPTY Ha iHmmwmiA. Jlo Apyroi rpynu Hamexath CKJIaJy BUTPATHUX MaTepialis,
0 BXOJSITH JI0 CKJIAJy TIPOMHUCIIOBUX, TPAHCIIOPTHHUX, CHEPTETUYHUX Ta 1HIIUX ITiJIPUEMCTB.
BiamoBigHO 10 HAPOAHOTOCTIONAPCHKUX 3aBaHb, OCOOJIUBY yBary CJiJ MPUIUISTH MEPIIiid TPyTi
CKJIAJIB, SIKi B OCHOBHOMY BUKOPHCTOBYIOTH CEPEIHI Ta BEJIMKI PE3ePBYapH.

PezepByapu Ha HadTonmpoBoaax i HaTomepepoOHUX 3aBo/IaX 30€PIraroTh 1 MEPEeKaAvIyIOTh
MepeBayKHO TOBapHY HaPTy 1 HahTOMPOAYKTH O€3 ICTOTHOI 3MIHHU iX BIACTUBOCTEH, 32 BUHATKOM
HEOOXIMHOCTI mimirpiBy B'si3kux piguH. Kpim 30epiranHs 1 mepekadyBaHHs, pe3epByapu
npoMikHOT 00poOKM B HapTOBIAH MPOMHUCTOBOCTI 1 HAPTONMEPEPOOHUX 3aBOJIAX TaKOXK
BUKOPHUCTOBYIOTHCS ISl HarpiBaHHS, OXOJIOKEHHS, cernapailii, (¢a30BUX IMePEeTBOPEHB Ta 1HIIMX
nporieciB 00poOku HadTH 1 HAPTONIPOTYKTIB.

Haiimomupenimmmu pe3epByapamu st 30epiranHs HapTH 1 HAQTONPOIYKTIB, K 1
paHimie, Tak 1 CbOroJiHI, € Ha3eMHI cTajieBl BepTHKaIbHI pe3epByapu Tuny PBC 3 ¢ikcoBanum
1axoM 0e3 ITOHTOHIB.

[ToBHOT ramy3eBoi CTaTUCTHUKM LIOJ0 TOXKEXK HAa IMX 00'€ekTax Hemae. 3 Orjsay Ha
MIPAKTUKY FaCiHHS MMOXKEK Ha CBITOBUX Ta HalllOHATbHUX HadT00a3ax, TaKi MOXKEkK1 3aTHIIAIOTHCS
CKJIQJIHUMHU 1 CTAHOBJIATH HeOe3MeKy s JIoJed Ta HaBKOJMIIHHOTO CEPENOBHINA, a TaKOX
BEJIMYE3HI MaTepialibHI BUTPATH K Ha TaCiHHS MOXEX, TaK 1 Ha JKBifaIito 30MTKiB. 3HauHI Ta
CepHO03HI MOXKEXK1 Ha TEXHIYHUX 00'€KTaxX JAJs TPAHCIOPTYBaHHSA Ta 30epiranHg HaQTONPOIYKTiB
HalyacTile BUHUKAIOTh y HaToBIN Ta HaQTOnEepepoOHiii MPOMHUCIOBOCTI.

Macogsi noxkexi Ha HadT00a3ax, PO3TAIOBAHUX y MICTaX, CTAHOBJIATH 3HAYHUN PHU3HUK.
Posmimenns nHagTo0a3 y Mexax HacelIeHHMX IIyHKTIB € HACliJKOM IOCTYHOBOi >KHUTJIOBOT
3a0ynoBu. BogHoyac, MmakcumanbHa BIZCTaHb Bif 00'€KkTiB 30epiranus HadTH 1 HAPTONPOAYKTIB
70 KUTIOBUX 1 TpOMaiChbKuX OyniBenb cTaHOBUTH 200 M, sSK 3a3HAYEHO B HOPMATHUBHUX
nokymeHTax. OueBUAHO, IO 11 BIACTaHI € JyKe€ He3HaYHMMH 1 B pa3i MOXKEXI MiJl 3arpo30i0
OTUHSIOTHCS HAHOMMKY1 Oy 1B, B TOMY YHCII 1 B )KUTJIOBOMY CEKTOPI.

Jlia Ykpainu, ne nuie Ha 343 ykpaiHCbKUX IPOAYKTOBUX CKJIaaax ekcruryaryerbes 10510
pe3epByapiB 3aralbHO0 MICTKICTIO 5 MJIH. M° 1l TUTaHHS Ma€ BEJIUKE 3HAYEHHSL.

VY pa3i nmoxkexi HEOOXIJHICTh 3axXHCTy O00'€KTiB, poO3TallOBaHUX Yy Oe3mocepenHiil
O67M3bKOCTI Bl HadTOOA3, pOOUTH MOXKEKOTraciHHS AyXe ckiaaaHuM. [ToTpiOHI Taki 3ax01H, SIK
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OyIIBHUIITBO 3aXHMCHUX OrOpPOX, IOJATKOBE [OMOMIKHE OONaJHAHHS Ta 3arajioM BeJIHKa
KUTBKICTh JTOJIATKOBOTO TIEPCOHAITY 1 3aCO0iB.

Sk cBiT4aTh CTAaTUCTUYHI aHHI, HAHOUTBIIA KUTHKICTh TIOXKEX 1 BUOYXiB BiTOYBa€THCS Ha
pesepByapHuX napkax, K1 € HaI/IHOI_HI/IpeHIH_II/IMI/I TEXHIYHUMU 00'€KTaMH, a TAKOK HA TEXHIYHUX
HACOCHHUX CTaHISX, fKIi € Maibke y BCIX KOMIIAHIAX, O[O0 3aiiMaioTbcs HadTOO Ta
HadTompoaykTaMu. ToMy MOXHA CTBEPHKYBATH, IO TIPOOIIeMa MOKEXK Ha TAKUX 00'€KTaX € IyKe
aKTyaJIbHOIO 1 TOTPeOy€ AeTATBHOTO OCIIHKCHHS IJISl TOTO, 00 3aITPOITOHYBATH ITPOTHUITOKEKHI
3aX0JW JIIS ITiIBHINEHHS PIBHS MOXEXKHOT OS3MEKH Ta IMiJroTyBaTH MOXESKHHUHA TEPCOHAT IS
raciHHA TOXEX 1 JIKBimamii Haa3BUYaHUMX CcUTyalid Ha oO0'ektax 30epiranHs HapTH 1
HaTONPOIYKTIB.

VY BENMKOMY CITUCKY €KOJIOTTYHHX HEOe3IeK, M0 3arPOXKYIOTh JIIOASIM, ICHYE MOMKIIUBICTh
3a0pyJHCHHSI HABKOJIMIIHBOTO CEPEOBHINA XIMIYHUMH CIOJYyKaMH BHACTIJIOK TEXHOTCHHUX
MOKEXK — MPOIYKTAMH 3TOPAaHHS, TOPIOYMMH PEUYOBHHAMH Ta BOTHETAaCHUMHU pPEUYOBHHAMHU.
[Toxxex1 MpU3BOAATH HE JIMIIE JO0 COLANIbHUX MW MaTepiaJbHUX BUTPAT, ajie 1 A0 3a0pyIHEHHS
HaBKOJIMIIIHBOT'O CEpEe/IOBUINA: MOBITPS, IPYHTY, BOAOMMHUIL 1 3arubesni TBapuH Ta pociauH. Ha
TENepIlIHIA Yac i NOKEKHOI OXOPOHM aKTyallbHUM € MUTaHHS He JIMIIE JIKBLAALIl MOXKexX, a
TaKOX TOTepPePKeHHsT a00 3MEHIIEHHS 3a0pyJIHCHHS YM 3arv0eri MPHpPOJIHOTO CEPeIOBHIIA.
EdextuBHICTh A1l MOXKEXKHUX MNIAPO3IUIB HpPU LIbOMY MOBHHHA XapaKTepU3yBaTUCh YacoM
TaciHHS Ta BUJIOM BOIHETACHOI PEUOBHHH, IO 3aCTOCOBYETHCS.

Pe3epByapHi mapku BiTHOCSATHCS IO Kareropii MPOMHUCIOBHX OO0 €KTIB, IO € DKepeslaMy
MOXKJIMBOTO HEOE3MEYHOr0 BIUTMBY HA €KOJIOTIO: KUIBKOCTEH TEeIUIa, IO BUIUIETHCS TPU BEJIMKUX
MOKEKaX, HAMJaCTIlle TIOPIBHIHO 3 KOMIIOHEHTaMH TEIUIOBOrO OaiaHcy atMochep, a BUKUIN
MIKPOCKOITIIYHUX KOHJIEHCOBAaHMX 4YaCTOK (Caxkl, MOMey, 37piOHEHOro MajluBa, KOHJIEHCOBAaHMX
TIPOYKTIB 3TOPSIHHSI) 3MIHIOIOTH OITHYHI BJIACTHUBOCTI atMocdepd, 1, 30KpeMa, BIAHOIICHHS MK
TIOTJIMHEHOK0 1 BIJIOWTOIO COHSYHOIO €HEPri€ro, 30UTBIIYIOTh <«ITAPHUKOBUH e(eKT», 3B’S3aHUi 3
MIBUIICHHSIM B atMocdepi KOHIIGHTpAIlii BYTJIEKHUCIIOTO Ta3y, MO 30epiracThCsl MPOTATOM TPUBAIOTO
TUMYACOBOTO TPOMDKKY. 30yprOBaHHsI BiJl TIOKEXKI y BEpXHIX ImIapax crparugikoBaHoi atMochepu
MOXKYTh TIOPOJKYBaTH TaK Ha3MBaHI «BHYTPIIIHI XBHII», 110, BOJIOIOYM 3aTHICTIO HE 3aracaroud
MTOIITMPIOBATHCS HA BEJIMKI BIJICTaHI, OOrMHAIOTH 36MHY KYJTI0. BIUTMBH BEMKUX TOXKEXK, SIK 1 BUBEPKECHb
BYJIKaHIB, HACTUIbKM BEJIHKI, 1[0 OOYMOBJIFOFOTH 3MiHY TOTOJI B IIUTMX pErioHax 3eMil, B TOMY YHCIT
BIIJTJICHHX BiJ] MICIIS TIOYKEK1, @ 3a0py THEHHS HABKOJIMIITHHOTO CEPEIOBHUITIA iX BUKHIAMH TIPH3BOIUTH J10
3HAYHOTO €KOHOMIYHOTO 30MTKY, BUKIMKYBAHOMY IIKI/UTUBUM BIUTMBOM TOKCHYHMX KOMITOHEHTIB, II0
YTPUMYIOTHCSI B HUX, Ha JTIOJMHY, CLIbChKA, JIICOBE, )KUTIIOBO-KOMYHAIbHE TOCIIOAAPCTBO, IPOMHCIIOBICTD
Ta iH. Ille OuIpIT HEOE3NEeYHO MIKIAIMBUI BIUTMB IMX 3a0pyJAHEHb HA T€HE3WC JIIOJWHM 1 TBApWH, HA
MaiOyTHI TIOKOJTIHHS 1 IPUPOTHE CEPEIOBHIIIE.

Ane KpiM 0Oe3mocepeHhOro HEraTMBHOTO EKOJIOTIYHOTO BIUIMBY BiJ TMOXKEX Ha 00 €KTax
30epiraHHs Ta repekavyBaHHs HahTh Ta HahTOMPOAYKTIB HA HABKOJIMIITHE CEPEIOBHIIIC Ta JIFOIUHY, CITiJ
PO3IIISTHYTH €KOJIOTTYHUI (PaKTOp BIUIMBY ITiJT Yac TaCiHHs MOXKEX Ha MOAIOHKX 00’ €KTax.

Takum ynHOM, icHye mpoOjema BU3HAYEHHS TOTOBHOCTI OCOOOBOTrO CKIaAy aBapiitHO-
PATYBAIBHUX MIAPO3/UTIB IO TaCiHHS MOXKEXkKI Ta JIKBiAalli Ha3BUYalHOT CUTYyallii Ha 00’ €KTax
31 30epiranHs HaQTONPOAYKTIB.

D.Yu. Fomicheva, V.A. Kradozhon, R.l. Shevchenko, Doctor of Technical Sciences., prof.
National University of Civil Protection of Ukraine Kharkiv, Ukraine

ANALYSIS OF THE EFFICIENCY OF THE ACTIONS OF PERSONNEL OF
EMERGENCY AND RESCUE UNITS FOR FIRE EXTINGUISHING AND
LIQUIDATION OF EMERGENCY SITUATIONS AT PETROLEUM STORAGE
FACILITIES

The article deals with the actual problem of determining the readiness of personnel of
emergency and rescue units to extinguish fires and eliminate emergency situations at oil product
storage facilities.
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MOHITOPUHI" ®AKTOPIB HC MIKPOJAPOHAMMU
Y BHYTPILIHIX ITPOCTOPAX

VY poboTax [1] mpomoHy€eThCSI BAKOPUCTAHHS PATYBATbHUKAMU aKyCTHUYHOTO MIPUCTPOIO SIK
J0AAaTKOBOTO 3aC00y OpiEHTYBaHHS Yy IPOCTOPI 3 HE33A0BUIHLHUM BizyanbHuM KoHTposiem (HBK)
ITiJ] Yac BUKOHAHHS ONIEPAaTUBHUX 3aBJlaHb 3 JIKBijallii HacHiAKiB Hag3BruaiHuXx cutyamiii (HC).
[Ipore, y mpOMy KOHTEKCTI BHUHHUKA€e NpoOiieMa, TOB'i3aHa 3 OOMEKEHHSMHU Ji€3JaTHOCTI
PATYBaJIBHUKIB Yepe3 HENOCTaTHIO iH(OpMaIilo Nmpo HAasABHICTH Ta XapakTep MOTCHLIHHUX
nepemkod. B pamkax Iboro TBEp/DKEHHSI OJHIEI0 3 HAWOUIBII IMEPCHEKTUBHUX oOsacTei
JOCHI/I)KEHb € BUKOPUCTAHHS MIKpOJIpOHIB [2] 1t MoHITOpHHTY (hakTopiB HC HaBKOJIUIIHBOTO
CEpelloBUIlla B 3aKPUTUX MpUMIIIeHHIX. KIro4oBi 0COOIMBOCTI MIKPOAPOHIB BKIHOYAIOTH
MEXaHIYHy MPOCTOTY, MOXJIMBICTh 3JIbOTY 3 HEBEJIUKOI IUIOLII Ta 3aBUCAHHS y (PIKCOBAaHOMY
MIOJIOXKEHHI1, a TAKOX 3[aTHICTh IPOHUKATH B YCKJIaJHEH] JIOKALIii.

[IporonyeTscst oOnagHAHHS MIKPOJAPOHIB YibTpa3BykoBUMHU aaTuukamu (Puc. 1), mo
JI03BOJISIIOTH OPIEHTYBATHUCS B IPOCTOPI, piKCyBaTH 1HPOPMAIIIIO ITPO XapaKTep MOUIKOIKEHbD [2]
Ta HasiBHICTD MEPEIIKO/ B YMOBAxX HE3aI0BIILHOTO BizyasibHOTO KOHTpoto (HBK).

¥ N 45

Puc. 1. a) - cxema po3MillleHHsI aKyCTUYHUX JAaTUYMKIB Ha KOPIyci MiKpOAPOHY (B 3ropH, 1 —
aKyCTMYHUH JaTYMK, 2 — HAMPSMOK Jii aKyCTUYHHUX XBHJIb); b) — cxema Oy/I0BU aKyCTUYHOTO
JlaT4nKa

Tak, y Mexax 3ampoIOHOBAaHOI KOHIICIIi BaXJIMBO TIPOBECTH aHAJi3 MacH,
MaHEBPEHHOCTI Ta eHepProe(eKTUBHOCTI MIKPOJIPOHY, OCKUIbKH MOXJIMBE 3HHXKEHHS
XapaKTepUCTUK BHACIIZIOK BCTaHOBJEHHS JOAATKOBUX JaTYUKIB Ha MOJEb, SKE MOXHa
BU3HAYMTH 3a JjoroMororo ¢hopmyi (1, 2 ta 3) okpemo, sIKi po3paxoByIOTh BIUIUB LUX J0JAaTKOBUX
KOMIIOHEHTIB Ha 3arajbHy €(eKTUBHICTh Ta ()YHKIIOHAIBHICTb IPUCTPOIO.

Brie Ha wmacy: Hexalh my,,, - Maca MIKpoapoHy O0e3 0JaTKOBUX JAaTYMKIB,
M jaryuka - MACA OJJHOTO JIOJATKOBOTO JaTYMKA, N - KUIBKICTh IOAATKOBUX AaTuuKiB. Toi 3aransHa
Maca M,,, 3 ypaXyBaHHSM JAaTYUKIB CTAHOBUTH:

M. =m

3ae OpoH

+m

oamqux

n. 1)
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Binnomenns B Macax (%) JOpiBHIOE:

M, —m
3ae OpoH XlOO% (2)

m()p()H

3a J0MOMOTOK0 BiJHOMICHHS BH3HAYAEMO, SIKHH BIJICOTOK MAaCH CTAaHOBUTH JOJATKOBE
aKyCTHYHE OOJIQJIHAHHS B MOPIBHSAHHI 3 MAacOI CaMOro MIiKpOApPOHY. Takwii METOJ AOMOMOXKE
3'sICyBaTH, HACKUIBKH CYTTEBUM € 30UIBIICHHS MacH BHACTIJOK BCTaHOBJICHHS aKyCTUYHHX
JaT4uKiB. BIJIMB HAa MaHEBPEHHICTh MOXHA OIIHUTH 4Yepe3 BpPaxyBaHHS 30UIBIICHOI MacH.
Hampwuxkomas, s OMiHKY BIUIMBY Ha 00€PTOBI MOMEHTH, MOKHA BUKOPHUCTOBYBATH (hOPMYIIY:

1=>" m -r?, (2)

i=1

ne: | — MOMeHT 1Hepuii Tita, M — Maca, M; — o MacoOBOrO €JIEMEHTA TUIa, I - BIACTAHb B M; —

IO MacoBOI0 €JI€MEHTa JI0 OCl 00epTaHHs, N — KIJIbKICTh MAaCOBHUX €JIEMEHTIB y TiJI1.

BcTaHOBNICHHS /TONATKOBHX aKyCTHYHHMX JATYUKIB HA MOJENb MIKPOJIPOHY HEBiIOMOT
Macu Ta MaHEBPEHHOCTI MOXKE€ CYTTEBO BIUIMHYTH Ha MOro (pyHKLIOHAJIbHI XapaKTEPUCTUKU.
Btpata MaHEBpeHHOCTI MPOSBIAETHCS Yy 3MEHIIEHHI OOEpTOBUX IIBUJIKOCTEM Ta MOMKIUBIN
3aTPUMIIl Y BUKOHAHHI KOMaH/I.

TakuM dYMHOM, KOMIpPOMIC MIDK BTpaTaMM Yy MaHEBPEHHOCTI Ta 30LIbILIEHOI0
(YHKIIOHANIBHICTIO B1100pakaeThCsl y BCTAHOBJIEHH] aKyCTUYHUX JATUMKIB, CTBOPIOIOYM OajaHC
MDK 3a0€3TMe4eHHIM JIpOoHa HEOOX1THUMH 3aco0aMM HaBiraiii Ta 30€peKeHHSIM HOTro KIIFOUOBHUX
XapaKTepUCTUK. 3aBISKUM BUPIMIEHHIO MPOOJEMH MOXKIMBO CKOPOTUTH 4Yac MOIIYKY
MTOCTPAXKIAJIOT0, 3HU3UTH 3araJIbHAKN 9ac MPOBEACHHS PATYBaIbHO-TIOIIYKOBHX POOIT Ta pooiT 3
JKBIAIT HACIIIKIB HAI3BUYAHHUX CUTYaIlll, TAKOXK I1€ 3a0€31eUnTh OUTBII TOYHY HaBIraIlito i
yac npoBeAeHH JikBifarii Hacaiakie HC. 3aBasku iXHii BUCOKiH MAHEBPEHOCTI Ta aBTOHOMHOMY
(yHKIIIOHYBaHHIO, MIKPOJAPOHU HE TOTPEOYIOTh TPUBAJIOTO TEpiogy poOOTH, IIBHUIKO Ta
e(eKTHBHO BUKOHYIOYH IOCTaBJEHI 3aBIaHHsI. KpiM TOro, ekoHOMi4Ha BHT0/a BUSIBISIETHCS Y
HEBHUCOKUX BUTpATax Ha BUPOOHUIITBO, POOJISIYH iX TOCTYIHUMHU IS IIUPOKOTO 3aCTOCYBAHHSA Y
PATYBAJIBHUX OIEPALIisX.

JITEPATYPA:

1) JleBrepoB O. A., CratuBka €. C. BusHaueHHs mapaMETpiB aKyCTHYHOTO MPHUIIATY
eximipyBauHs psaTyBajgbHHKiB. Problems of Emergency Situations. 2022. Ne 2. C. 280-295.
doi.org/10.52363/2524-0226-2022-36-21

2) Davis, E., Spollard, J., Pounds, P. (2018). Aerodynamic Force Interactions and
Measurements for Micro Quadrotors. The University of Queensland, 1, 7-30.
doi.org/10.14264/uql.2018.636

A. Levterow, DSc, Senior Researcher, Associate Professor of the Department
Y. Statyvka, adjunct, National University of Civil Defense of Ukraine.

MONITORING OF EMERGENCY FACTORS WITH MICRODRONES
IN INTERNAL SPACES

The study investigated the loss of maneuverability of microdrones due to the additional

mass of sensors based on theoretical research and formulas. It was determined that a decrease in
drone performance could occur as a result of installing additional sensors.
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INPOBJIEMA JE®IIUTY BOIU ITPU I'ACIHHI ITOKEXK IITI YAC
BOEHHOI'O CTAHY

[Migpo3minamu Ttepuropianbaux opra”ie JJCHC ynpomosx 2023 poky B VYkpaiHi
3apeectpoBaHo 67 934 nmoxexi. [lopiBHsiHO 3 2022 pOKOM KUTBKICT MOXEX 3MEHIIIIacs Ha 15,8
%. OpHi€ero 3 HaWOUIBII MOCTPAXKIAIUX TepuTopid Bif OoioBux mii y 2022-2023 pokax €
XapkiBcbka o6sacte. Y 2023 pori Ha TepuTopii XapKiBChKOi 007aCTi BUHUKIIO 5235 moxex, B
ToMy umncii 1455 noxex — 3 IpUUMH, SIKI OB’ 3aH1 3 IPOBEJAEHHIM 00iloBUX (BOeHHUX) niid. Ha
noxxkexkax 3aruHyiao 110 oci6. KwuiBcbkuil Ta CanriBChkid pailoHM M. XapKoBa € HalOUIbII
MOCTpaXXJAIMMH y Hacuiiok OoioBux nmid y 2022-2023 pokax y M. Xapkosi. ToMy KOpeKTHO
posrisgatu podoty 3 AIP3 I'Y JICHC VYkpainu y XapkiBchKiit 00acTi, 1mo 00CIyroBye aaHi
paiioHu K OJUH 3 NpuKIaAiB pyHkuionyBaHHs migpo3aiiiB JJCHC B ymoBax BOEHHOTO CTaHy.

3 motoro 2022 poky, 3 mo4yarkoM OoioBHX il Ha TepuTopli XapkoBa Ta XapKiBCbKOL
obmacTi, 0yJI0 BIIMIYEHO 30UTBIICHHS KUIBKOCTI BUIAIKIB MeMIIUTY BOAU Ha TOXKEKOTACIHHS.
Byno mpoBeneHo aHai3 CTAaTUCTUYHHMX TOKa3HWKIB omeparmBHux miii 3 TIP3 T'Y JICHC
VYxpainn y XapkiBcbkiit oomacti y 2021-2023 pokax (Tabm. 1).

Ta6mums 1. [Toxkerxxi JIIKBiIOBaHI 3a OMOMOTOI0 MMiB0o3y Boau miaposauiamu JIIMP3 3 I'Y JICHC
VYkpainu y 2021-2023 pokax

Ne [Tizpo3min ITo>xerxi JIIKBITOBaHI 3a IOTTOMOTOFO T1JIBO3Y BOJH
3/m 2021 pix 2022 pix 2023
1. 5 JAIMPY 0 10 7

2. 9 JITITPY 1 14 80

3. 11 JITPY 3 38 24

4, 18 JITPY 0 18 5

5. 22 JITPY 2 23 18

6. 27 JITPY 1 91 9

7. 36 AITPY - - -

Buaineno HacTymHI IPUYUHM, IO TPU3BOIUIIN A0 ASIIIUTY BOAHM HA IMOXKEKOTACIHHS:

1. YmkomkeHHS BOJIOIIPOBIAHOT MEpexi;

2. HeMoxnuBicTh (BENMKI TPYIHOILI) BCTAHOBUTH aBTOLIMCTEPHY Ha BOJODKEPENO Y
HACJIIOK pyHHYBaHHS (YIIKOKESHHS) MOXKEKHUX T1IPaHTIB;

3. HemoxnuBicTh (BenuKi TpyJHOII) oprasizamii mojadi BOAU CHOCOOOM IMEpEKayKu
(nebesmeka st 0cOOOBOTO CKIIAY);

4. TpuBanuii yac pyxy aBTOIMCTEPH MpU OpraHizalii mojadi BOAU METOAOM IMiIBO3Y;

5. HeoOximHiCTh YKPUTTS OCOOOBOTO CKJIaay Ta TEXHIKM Yy pasi mouyaTky (3arpos3u)
o0cTpiny;

6. HemocTtaTHs KiIbKICTh aBTOIMCTEPH y HACIIOK BEJMKOI KITBKOCTI OJHOYACHUX MOXKEXK
y MICTI.

VY nepeBakHil OUIBIIOCTI BUMAJKIB JUIs FACIHHS MOXKEX BUKOPUCTOBYEThCA BoAa. Bona €
HaWOUIBII MOMIMPEHOK BOTHETACHOK PEYOBHHOIO, BOHA MAa€ YHIKaIbHY OXOJIOKYIOUY Jil0,
3YMOBJICHY BETTUKOIO TEIUIOEMHICTIO Ta BUCOKOIO TEIIOTOI0 apoyTBOopeHHs. [1pu racinHi moxexi
BOJIOI0 BIOYBa€ThCsl pO30aBIEHHS TOPIOYOTO CEPEAOBHUINA MapaMH, IO YTBOPIOIOTHCSA IMPHU
BUIIAPOBYBAHHI, 130JISLII€I0 TOPIOYOTO MaTepiasly BiJl KUCHIO MOBITPS a00 MEXaHIYHUM BIUIMBOM
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Ha PEYOBHHY, KA TOPUTH, TOOTO 3pUBOM MOIYyM’s. IIpakTHUHO BCI YMHHHMKH AiIOTH OJHOYACHO,
aJie JIOMIHYI04OIO € OXOJIOJKCHHS TOPIOYUX PEUOBHH.

Bimomo, mo mpu TaciHHI MOXEXI KOMIIAKTHUMH CTpyMeHsMH Oinbine 90% Boau
BTpayva€eThCs, He MpuiiMarouu ydacti y raciafi [1]. JlocuTh yacTto mig 4ac BOTHEBOTO BIUIUBY
OyaiBenbHI KOHCTPYKLIi BTpayarOTh CBOi eKCIUTyaTaliiiHi skocTi. KepiBHUMH JOKyMeHTamu
BUMAraeThCsl MPU TaCiHHI TMOXKEXKI 3axumiath OyIiBeNbHI KOHCTPYKII BiJ] BIUIMBY BHCOKOI
TEeMIepaTypH, TOMY IX OXOJIOJKCHHS, SIK MPAaBHJIO, HEOJHOPA30BE, BUKOHYETHCS MiAPO3ALIaMH
JICHC npakTU9HO Ha KOXKHIN MOKEXKI.

JUis MoJoNaHHs HACHIIKIB AeimuTy BOAW Ta 3 METOH 30UIbIIEHHS e()eKTUBHOCTI
MOXKE)KOTACIHHS ~ TPOIOHYETHCS  3aCTOCYBaHHA ~ MOIU(IKOBAHMX  PIIMHHHX  3aco0iB
nokexxoracinus, 30kpema reneyrBoprotounx cucreM (I'VC). Komnonentu I'VC ckmagarotbes 3
po3unHy Ccynbdary JIy)KHOTO METally Ta PO3YMH cuiikary. llpum omHouacHOi momadi BOHH
3MIIITYIOTHCS Ha TTIOBEPXHSX, 1110 3aXUIIAIOTHCA a00 TOpsITh, 1 yTBOPIOIOTH IIap CTikoro remto. Ha
BIIMIHY BiJl PIIMHHUX 3ac00IB MOXKEXOTraciHHs, refb npaktuyHo Ha 100% 3anuinaerbes Ha
MOBEPXHi, M0 3axuiaerbcs. o TOro >k, TOBIIMHY TeJNeBOi IUTIBKM 3a TOTPEOM MOXKHA
peryioBaty, 30UTbIIy0un i B 0coOmMBO Hebesnmewnux Micisix. [lpu mpomy rems Ha 85-95%
CKJIa/Ia€ThCsl 3 BOoAU. Y mopiBHAHHI 3 Bojnowo ['OC maroTe mepeary, 110 MOJSTa€ B CyTTEBOMY
3MEHIICHHI BTPAaT 3a paxyHOK CTIKaHHS 3 MOXWJINX 1 BEPTUKAIBHUX IOBEPXOHB. [HIIOIO
nepearoto ['YC € ixHs BUCOKa BOrHe3axucHa [is. [{e 00yMOBIIeHO Ni€r0 BOH, IO MICTUTHCS B
refi, a MIcis BUIApOBYBaHHS BCl€l BOJM YTBOPIOETHCS MOPUCTHM 1map (Kcepopreinb), SKUAN
YCKIIQJHIOE TIepeiady Terjia 3a paxyHOK CBO€i HM3bKOI TEIJIOMPOBITHOCTI. TexHIuHa peaizamist
3actocyBanus ['YC posrisHyTo B poboTax [2,3].
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THE PROBLEM OF WATER SHORTAGE WHEN EXTINGUISHING FIRE IN

RESIDENTIAL BUILDINGS DURING MARITAL STATE

The issue of water shortage when extinguishing fires under martial law is considered. The statistics
of fire situation indicators in the city of Kharkov in 2021-2023 are considered. An increase in the
number of cases of fire extinguishing using the water supply method has been recorded. The causes
of water shortage when extinguishing fires under martial law have been identified. It is proposed
to use gel-forming compounds to extinguish fires.
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INPAKTHUYHI [IPOBJIEMU 3ABE3INEYEHHA HO“)KE)KHOT BE3IIEKM YKPUTTIB ¥
HABYAJIBHO-BUXOBHMUX 3AKJIATIAX YKPAIHU, BUMOTI'AM «BE3IIEYHOTI'O
OCBITHBOI'O CEPEJIOBHUIIIA»

OpHie€ro 31 CKIIQI0BUX O€3MIEYHOTO OCBITHBOTO CEPEIOBUINA € CTBOPEHHS (POH/TY 3aXUCHHUX
CTIOPYA IUBUIBHOTO 3aXHCTy B HaBYAJIBHUX 3akianax. EjeMeHTOM «0e3meyHOro OCBITHBOTO
Cepe/loBHILa» € 3a0e3MeUeHHs IOXKEeXHOiI Oe3MeKH  yKpUTTIB. Bumoru mozmo, yTpuMaHHS,
eKCIUTyaTallll Ta BeJleHHs 00Ky (OHAY 3aXMCHUX CIIOPYJ LUBLIBHOIO 3aXUCTY BCTAHOBIIEHO Y
[1].

Cratts 3 3V «IIpo ocBiTy» BU3Ha4a€e MpaBoO Ha JOCTYIHICTh OCBITU Ta MICTUTh BaXJIMBI
TIOJIOXKEHHS 11010 JJOCTYITHOCTI Ta pIBHUX MOXKJIMBOCTEH B rajiy3i OCBITH B YKpaiHi. BaxximBoro
CKJIQJIOBOIO MpaBa Ha JOCTYIHICTh OCBITH € Oe3euHe OCBITHE cepenoBuie. OCBITHIN Mpoiiec Mae
Oprati3oByBaTHcCs B O€3MEUYHOMY OCBITHHOMY CEpEIOBHIINI Ta 3AIHCHIOETHCS 3a MPUHIUIIOM
0e3MepepBHOCTI 3 ypaxyBaHHSIM BIKOBHUX OCOOJIMBOCTEH, (I3MYHOTO, TICHUXOJOTIYHOTO Ta
IHTEJIEKTYaIbHOT'O PO3BUTKY JIITEH, iX 0coO6MuBUX OCBITHIX NoTped. [lynkrom 2-1 4. 1 3V «IIpo
OCBITY» BH3HAUEHO MOHATTS — Oe3meuyHe ocBiTHE cepenosuiie [2]. TakuM YHHOM, BUSBICHHS
3a0e3MeYeHHS MTOKEXKHOT OC3TEKN YKPUTTIB Y HAaBYATLHO-BUXOBHUX 3aKJIa/IaXx YKpaiHu, BUMOraM
«0E3MeYHOr0 OCBITHROTO CEPEOBHUIIA» € aKTyalIbHOIO 3a1a4cio [3].

Bbyno mpoBeneHo anaimiz 3a0e3medeHHS TMOXKEKHOI OC3MEKH  yKPUTTIB 3a0e3MedeHHS
KpUTEPIsIM «OE3MEUYHOr0 OCBITHBOTO CEPEOBUINA» Ha MPUKIAIl 9 HaBYAIIBHUX 3aKjIadiB Pi3HOI
cnenudiku B 3-x obnactsax Ykpainu: [Tonrascekiit, KipoBorpaacekiii Ta JIHITporieTpOBChKIi, sIKi
HE MMPOBOIMJIM €BaKYaIlil0 KOHTUHTEHTY 1 MPOJIOBXKYIOTh JISIIbHICTh B YMOBaX BOEHHOTO CTaHy. 3
METOI0 Oe3MeKu 1H(popMaIlis HaJaEThCS y 3araIbHOMY BHUJII.

VYci gociimpkeni 3akiag MaroTh Y CBOIM CTPYKTYpl MAHCIOH, IO nepeadavae CTBOPEHHS
1JI01000BUX YMOB ISl O€31evHOoro nepedyBaHHs 3700yBaviB OCBITH Ta MmigoniyHuX. Beboro y 8
3aKiaaax BUXOBYIOThCS 1042 oci0, i3 Hux — 767 miteit 1o 18 pokis. I3 mporo umcina 653 ocid
nepeOyBarOTh Ha MAHCIOH], 3 HUX 378 — miTH BikoM A0 18 poKiB. 2 coliaIbHO-MEIUYHI YCTaHOBH
3MIMCHIOIOTH JIOTJIS]T Ta HAJAIOTh MOCIYTH TUIBKK 0co0aM 40J10Bi40i cTaTi — 332 miIoniYHuM.

3axucHi crnopyAu B YCiX 3aKiafax MpeAcTaBlieHl HaWMPOCTIIMMH YKpUTTAMU. [3 9
YKPUTTIB 5 BKJIIIOUEHI 10 (POHIY 3aXHMCHHUX CIOPYHA, 3 — HAaHECEHI Ha IHTEPaKTUBHY Kapty, 5 —
MalTh MACHOPT 3aXUCHOI CHOpyAW, 7 — aKTU OLIHKH 00'€KTa IIOJAO0 MOKJIMBOCTI HOro
BUKOPUCTAHHS JIJIsl YKPUTTS HACEICHHS SIK HAHMPOCTIIOTO YKPUTTSI.

7 3aKknajliB MalOTh CUCTEMY OMOBIILIEHHS, 3 IKUX:

- 6 MalTh CUTHAJIM MICIICBUX IIEHTPATi30BaHUX CHCTEM OIIOBIIICHHS B 30HI JOCSIKHOCTI
(cupeHu, ry4HOMOBIIi) Ta BUKOPUCTOBYIOTh 3BYKOB1 CUTHAIIU (JI3BIHOK);

- 1 3aknag KOPUCTYETHCS BIACHOIO aBTOMATU30BAHOIO CUCTEMOIO OTMOBIIIEHHS.

- ¥V 2 3aknaziax cuCTeMU OIMOBILIECHHS BIJICYTHI B3arali.

TexHiuHUM cTaH YKPHUTTIB:

- I3 9 3aknaziB B )KOAHOMY HE IPOBECHO PEKOHCTPYKIIii a00 KamiTalbHOTO PEMOHTY;

- HacTKOBUH MOTOYHHUI PEMOHT TOCIOIAPCHKUM CITOCOOOM MPOBEACHO B 5 3aKiaaax, B 3
3aKJ1a/lax Hapasi BUKOHYIOTbCS PEMOHTHI poOOTH MiIPSITHUMH OpraHi3auisMu, 1 yKpUTTs B3araii
HE PEeMOHTYBAJIOCH;

- 6 YKpUTTIB MalOTh €BaKyaliliHI BUXOOH, 3 HUX Yy 2 YKPHUTTAX BUXOAM 3pOOJICHI
TOCHOJAPCHKUM CIIOCOOOM. 2 YKpUTTS OyIayTh OOJamITOBaHI aBapiiHUM BHUXOJOM IIiJI yac
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MPOBEACHHS TOTOYHOTO pEMOHTY. B 1 YKpUTTI BIACYTHS MOMJIHMBICTh KOHCTPYKTHBHOTO
BUPIILIEHHS TPOOJIEMH 3 aBAPITHUM BUXOJIOM.

[TpupoHa BEHTHIIALIS IPUCYTHS Y BCIX YKPHUTTSAX, Y 4 YKPUTTSX JI0JJaTKOBO BCTAHOBJICHA
MPUMYCOBA BEHTUJISALIS.

VYkpurtss 3-0X 3akjiaaiB OOJAIITOBaHI CyYaCHUMH aBTOMAaTH30BAHMMH CHUCTEMaMHU
MO’KEKOTACIHHS, BCi 9 MOTPEOYIOTh JTOYKOMITJIEKTAIIIT 3aC00aMH TTOXKEKOTACIHHS Ta MAHIICBUMHU
iHCTpyMeHTaMHu (B HAasiBHOCTI MiHIMaibHUN HAOIp). Y 3 YKPUTTAX BHUSBICHO MOPYIICHHS HOPM
MOXKE)KHOT OE3MeKH B 4YacTWHI BHKOPHCTaHHS TOPIOUMX MarepialiiB Ta JerKo3alMHCTHX
MPEAMETIB.

Hoctyn mo nmutHOi Boau: Bci yKputTs Ha 100% 3a0e3nedeHHi 3amacaMyu MUTHOT BOJH B
CepeIHbOMY PO3paxXyHKY 2 JTpH Ha 100y Ha 1 ocoOy.

3abe3neueHHs] BUMOT IOJI0 HAJAHHS YYHSIM MOXKJIMBOCTI BIAIIOYMHKY NPHU3BOAUTH JI0
301IbIIEHHS TO’KEKHOI HAaBaHTAaru B YKPUTTSX. 3BAKAIOUN HA CHEIU(PIKY KOHTUHTEHTY JUISl IKOTO
o0JIaIITOBaH1 YKPHUTTS 1€ MUTAHHS BUMAra€ OKpeMOro BpETyJTIOBaHHS.

J1J1st IOJJ0TaHHsT BUBHAYEHUX MTPOOJIeM MPOMIOHYETHCS:

- 3aKkoHO/ABUO BPETYITIOBATH TUTAHHSA TOBHOBAKEHb Ta 30HY BIAMOBIJAIBHOCTI
3aCHOBHUKIB, KEPIBHHUKIB Ta 1HIIMX MOCAJOBUX 0CI0 y YaCTHHI HapoIlyBaHHS (OHIY 3aXMCHUX
CHOpYJl 3aKJIaJiB OCBITH, a caMme: po3poOKa Ta 3aTBEP/KEHHS JITOPUTMY AiN HpU NPUUHATTI
pilIeHHs PO HEOOX1THICTh Ta TEXHIYHI MOXKJIMBOCTI OyIIBHUIITBA HOBUX 3aXUCHUX CIIOPY/I.

- 3aKkpinUTH HAa HOPMATHBHOMY PIBHI TUIOBHH aJITOPUTM [Iil, HA BUIAJ0K KPU30BUX Ta
HaJ3BUYAITHUX CUTYaIlii{, Ha M1/ICTaB1 IKOTO MAIOTh PO3POOIIATUCS BIAMOBIIHI AITOPUTMH Ha PiBHI
obmacTeil Ta OKpeMHX 3aKJIadiB.
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PRACTICAL PROBLEMS OF ENSURING FIRE SAFETY OF SHELTERS IN
EDUCATIONAL INSTITUTIONS OF UKRAINE, IN ACCORDANCE WITH THE
REQUIREMENTS OF A "SAFE EDUCATIONAL ENVIRONMENT™"

An element of a "safe educational environment" is the provision of fire safety in shelters. An
analysis of the provision of fire safety of shelters to meet the criteria of a "safe educational
environment™ was carried out on the example of 9 educational institutions of different specificities
in 3 regions of Ukraine. Proposed solutions to ensure fire safety of shelters to meet the criteria of
a "safe educational environment".
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CEKIIA 4. SATIOBIT AHHSA HAJIBBUYAVMHAM CUTYALIIAM

Kpasuenxo P. I, kano. mexw. nayxk, cmapuiuii 00CIiOHUK,
Xpomenkos /. I, I'vauk FO. b., Inbuenxo H. M.,
Koponvosa O. I, kano. exon. Hayk, ooyenm
Inemumym O0epoxcasro2o ynpasiinua ma HAyKo8Ux 00CIIONCEHb 3 YUBLILHO2O0 3AXUCTY

AHAJII3 HOPMATUBHHUX JJOKYMEHTIB TA THIINX JI)KEPEJI IH®OPMAIII
CTOCOBHO TEPMIHIB HA 3ACOBM IMUBIVIBHOT'O 3AXUCTY

AKTyanbpHICTD yIOCKOHAJICHHS TEPMIHOJIOTIYHOT HOPMATHBHOI 0a3u YKpaiHU CTOCOBHO
3ac00iB IUBIIHHOIO 3aXMCTy IIOB’Si3aHA 3 BUPIIMICHHSM MPOOJIEMH BIOPSIKYBAHHS CHUCTEMHU
TEPMIHIB 1110/10 3aC00IB IUBLILHOIO 3aXUCTY 3a/UI1 YCYHEHHSI pU3HKIB, [TOB’SI3aHUX 3 TEXHIYHUM
peryJtoBaHHSM, HOPMYBaHHSM Ta CTaHJIAPTH3alll€l0 3aCO0IB IMBIILHOTO 3aXHUCTy B yMOBax
ajanTanii 3aKOHOJJaBCTBa Y KpaiHH J0 3aKOHOJaBcTBa €Bponeiicbkoro Coro3y B cepi TEXHIUHOTO
peryJtoBaHHs Ta CTaHAApTH3AIL.

Ha cboronmHi TepMiH «3aco0M LMBUIBHOTO 3aXUCTy» BH3HaueHO B Kopekci LMBUIBHOTO
3axucty Ykpainu [1], ACTY 3891 [2] Ta ACTY 7098 [3].

3rigHo 3 [1], [2] 3aco0u MUBIIFHOTO 3aXUCTY — II€ MPOTUIIOXKEKHA, aBapIMHO-PATYBaTbHA
Ta 1HIIA CHeliagbHa TEXHIKa, OOJaJHAHHI, MEXaHI3MH, NPWIATH, IHCTPYMEHTH, BUPOOHU
MEJMYHOTO MPU3HAYEHHS], JTIKapChKi 3aCO0M, 3ac00M KOJIEKTUBHOIO Ta 1HIUBIyaIbHOTO 3aXUCTY,
SIK1 TIPU3HAYEH1 Ta BUKOPUCTOBYIOTHCSA M1J] YaC BUKOHAHHS 3aBJaHb IIUBUIBHOTO 3aXUCTY.

VYV [3] mig 3aco0amMu TMBUIRHOTO 3aXHMCTY MAlOThCS Ha yBasl CHeliajJbHa IOXKEXKHA,
aBapiiiHO-pATyBajbHa Ta 1HIIA TEXHIKa, OOJaJHAHHS, MpWIAAW, IHCTPYMEHT, 3acoou
KOJIEKTUBHOTO Ta 1HJIWBIAyaJdbHOTO 3aXUCTY, SIKI BUKOPUCTOBYIOTH ITiJl YaC BUKOHAHHS 3aXOMIB
[UBLTHHOTO 3aXHCTY.

3rigHo 13 3MiHaMu 10 Konekcy muBiIbHOTO 3aXucTy YKpainu [4], aki Ha0yJu YUHHOCTI y
2024 pori, mig 3aco0aMu IIUBUTLHOTO 3aXKUCTY BXKE PO3YMIIOTh TTOKEKHY, aBapiiHO-PATYBAIBHY
Ta 1HIIY CHEIalbHy TEXHIKY, OOJagHaHHS, MEXaHI3MH, TPWIaaAd, IHCTPYMEHTH, 3aco0u
KOJIEKTUBHOTO Ta 1HIWBIIyaJIbHOT'O 3aXHCTy, IO MPHU3HAYEHI Ta BUKOPUCTOBYIOTHCS TIiJ dac
BUKOHAHH$ 3aBJIaHb UBLJILHOTO 3aXUCTY, Y TOMY YHCI1 3aCO0U MPOTHUIIOKEKHOTO 3aXHUCTY.

VY ocraHHIX J1BOX BU3HAYEHHAX 3 BHU3HAYCHHS TEPMiIHY «3aCO0M LMBUILHOTO 3aXUCTY»
BUKIIIOUEHO BUPOOM MEIUYHOTO MPU3HAYEHHS Ta JiKapchki 3acoOu. ToOTO, BU3HAUYEHHS LIbOTO
TEPMiHYy OXOIUTIOE TPy MPOAYKIii, IPEACTaBICHI HA PUCYHKY 1.

Y MDKHapogHUX 1 €BpOMEWCHhKHX HOPMATHUBHO-NPABOBUX aKTaX Ta HOPMATHUBHUX
JOKYMEHTaX 3aCTOCYBaHHS TEPMiHY «3aCO0U UBLIHHOIO 3aXUCTY» HE BUSIBIICHO.

VY kpaiHax — wieHax €Bpa3iiicbkoro ekoHOoMiYHOro Coro3y 3aCTOCOBYIOTH IHIINY Ha3BY
MPOIYKIIil, TOAIOHY A0 3ac00iB IIMBUIBHOTO 3aXHCTy, — MPOIYKILis, IpU3HAUEHA JJIS IUBLIBHOI
00OpOHHM Ta 3aXUCTY BiJ HA3BUYAHHUX CUTYAIill IPUPOTHOTO 1 TEXHOI'€HHOT'O XapakTepy [5], Ky
MO>KHa KOPOTKO Ha3BaTH «IPOIYKIisl IUBIILHOI 0OOPOHU Ta 3aXUCTY.

[lepmroto rpymoro 3aco0iB IUBIIBHOIO 3aXHUCTY (AMB. PUCYHOK 1) € MmoKeXHa TeXHiKa,
oOnaHaHHS, MEXaH13MH, IPUIIAJH, IHCTPYMEHTH.

VY Kogekci nuBUIbHOTO 3aXUCTy YKpainu [1] He HamaHO BU3HAUYEHHS 3a3HAUEHOI TPyId
npoaykiii. BogHoyac B HbOMY € BU3SHAUEHHS TEPMIHY «3aCO0U MPOTUIIOKEKHOTO 3aXUCTY», MiJ
SKMMH PO3YMIIOTh TE€XHIUHI 3aco0u, MpU3HAuUEeH1 AJs 3arno0iraHHs, BUSBIICHHS, JIOKali3awii Ta
TMKBiAAlii TOXEeX, 3aXHCTy JIOJeH, MaTepialbHUX MIHHOCTeW Ta JMJOBKULIS BiJl BIUIMBY
Hebe3neuHux ¢akTopiB nmoxkexi. Li 3acodu BigHECEHO 10 MPOTHUITOXKEKHOT TEXHIKH.
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3aco0u HUBLIBHOIO 3aXHCTY

A 4

MIPOTHUIIOKEKHA TEXHIKA, 00IaJHAHHS, MEXaHI3MU, IPUIaAd, IHCTPYMEHTH

P aBapiHO-PATYBAJIbHA TEXHIKA. OOJIAJIHAHHS. MEXaH13MHU. IPUJIAAU. IHCTDYMEHTH

1HIIIa crieliajgbHa TeXHIKa, 00JIaJHAHHS, MEXaHI13MH, IPUJIAJIU, IHCTPYMEHTH, 1110

MIDU3HAYEH] Ta BUKODUCTOBVIOTHCS 1111 YaC BUKOHAHHS 3aBIaHb IIUBIILHOIO 3aXMCTV

3ac00M KOJIEKTHBHOT'O 3aXUCTY, SIKi BUKOPUCTOBYIOTH ITiJT YaC BUKOHAHHS 3aBIaHb
HUBUILHOTO 3aXUCTV

3aco0M 1HJIMBITyalIbHOTO 3aXUCTY, K1 BUKOPUCTOBYIOTH 111 YaC BUKOHAHHS 3aBJIaHb

[UBLUTHHOTO 3aXUCTV
Puc. 1. 'pynu 3aco0iB nuBiibHOIrO 3axucry (4]

VY tepminonoriyaux crangaptax JCTY 2272 [6] ta ACTY 2273 [7] Bu3HaueHO TEpMIH
TPOTUTIOKESKHA TEXHIKA», a TEPMIH «MOKEKHA TEXHIKa» IMOJAaHO HepekoMmeHaoBaHuM. Ilinx
MPOTHUIIOKEKHOK TEXHIKOIO PO3YMIIOTh TEXHIYHI 3acoOW, NpH3HA4YeHl I 3amoOiraHHS,
JIOKaJII3yBaHHS Ta JIKBIyBaHHS MOXKEX, 3aXUCTY JIIOJeH, MaTeplalbHUX IIIHHOCTEH Ta JOBKILISA
B1JT JIISTHHSI HEOE3MEYHMX YNHHUKIB TIOKEXK1, TPOBAKEHHS IMOKEKHO-PATYBATBHUX POOIT.

3 posrmsiay nonoxkedsb JJCTY 2273 [7] maeMo, 1o miJl TEXHIKOIO PO3YMIIOTh MaIIMHU
(MexaHi3MH), ycTaTKOBaHHS (00aiHaHHS ), PUJIAANA, THCTPYMEHTH, a TaKOXK MPUCTPOI, armaparT,
TPAHCIIOPTHI 3ac00M Ta cUCTeMH. TOMYy B TOJAJIBIIOMY Ha3BH MEPINOi, APYTOi Ta TPETHOI Tpym
(muB. pucyHok 1) OymemMo TmomaBaTH CKOPOYCHO «IIPOTHIIOXKEKHA TEXHIKA», «aBapiiHO-
pATYyBaJibHA TEXHIKa» Ta «CICIiaIbHA TEXHIKaY.

Po3pi3HIOIOTE aKTHBHUW 1 TIACHBHHM TPOTHUIOXKESKHUM 3axucT [8]. AKTUBHHI
MPOTHUIIOKEKHUN 3aXUCT 3a0€3MeUyl0Th BHUKOPUCTAHHSM CHCTEM TIOKEXKHOI CHUTHami3alii
(BUSABJICHHS Ta OIOBIMICHHS TIPO TIOKEXKY), CTAI[IOHAPHUMH CHUCTEMaMH IT0XKEKOTaCiHHS,
CHUCTEeMaMH MPOTHAMMOBOTO 3aXHCTy Ta aBTOMATUYHUMHU MPUCTPOSMU (CUCTEMAMU) 3aKPUBAHHS
MIPOTUIIOKEKHUX Ta MPOTHIAMMOBHUX mepemkon [9]. Iumi cucremu, enemMeHTH OyAiBEIbHHUX
KOHCTPYKIIIH, TMPOIYKIlis, MaTepiaii 1 pEYOBUHH, SKI 3a0€3MEeUyIOTh MPOTUIIOKESKHUN 3aXHCT,
HaJeXaTh JI0 CUCTEM IACHUBHOTO MPOTHIOXKEXKHOTO 3axucTy. OCTaHHI CHCTEMH, CHCTEMU
MPOTUAMMOBOIO 3aXHCTy Ta aBTOMATUYHI MPUCTPOI 3aKpUBaHHS MPOTHIOKESKHUX 1
IPOTHIMMOBHX IIEPEIIKOJ HE BiJHECEHO 10 MNpoTHIOXexHOoi TexHiku B JICTY 2273 [7].
[Tonoxennst JICTY 2273 [7] He OXOIUIIOIOTH JIesiKi BUJIM 3aCO0IB MPOTUIOKEKHOTO 3aXUCTY Ta
1HIIMX 3ac001B, IO HAJEXKAaTh A0 MPOTUIIOKEKHOT TEXHIKH, PO sKi MoBa iae B JICTY 2272 [6] 1
npasuiax [10]

He BriroyeHHs AeSKUX BHUIIB MPOTHIOXKEX)HOT TexHiKK A0 JACTY 2273 [7] noB’s3aH0 3
HEJOCKOHAJIMM BU3HAUEHHSM IOHSTTS TEPMIHY «IIPOTUIMOKEKHA TEXHiKa». Takok 3 MOMEHTY
Meperjsiay UbOro CTaHAApTy MUHYJIO Oulbllle CIMHAALSTHA POKIB. 3a 1eif yac omy01iKOBaHO HOBI
penakiii cTaHAapTiB, SKi BU3HAYAIOTh TEPMIHH CTOCOBHO MPOTUIOXKEKHOI TEXHIKU. Y 3B S3KY 3
mum JICTY 2273 [7], a Takox JCTY 2272 [6], noTpeOyroTh neperisay B paMKax BUKOHAHHS
OKpeMOi HayKOBO-JJOCIIITHOI pOOOTH.
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Koroleva O. candidate economy Sciences, associate professor
Institute of Public Administration and Scientific Research on Civil Protection

ANALYSIS OF REGULATORY DOCUMENTS AND OTHER SOURCES OF
INFORMATION REGARDING TERMS FOR CIVIL PROTECTION MEANS

The relevance of improving the terminological regulatory framework of Ukraine regarding
means of civil protection is related to the solution of the problem of streamlining the system of
terms regarding means of civil protection in order to eliminate risks associated with technical
regulation, standardization and standardization of means of civil protection in the conditions of
adaptation of the legislation of Ukraine to the legislation of the European Union in in the field of
technical regulation and standardization.
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FO.B. llanimaw, xano.neo.nayx
Yepkacvkuil incmumym noicexcroi oeznexku im. I'epoie Yopnoouns HYI]3 Yrpainu

JIO IUTAHHSI CTAHY BUPOBHHUYOI'O TPABMATHU3MY B YKPATHI B YMOBAX
BOE€HHOI'O CTAHY

3a omiakamMu MixkHapOAHOT opraHi3amii mpaii, mopiaHo 6Ju3bK0 2,3 MIIH 0Ci0 y CBIiTi
TUHYTh BHACIIJIOK HENIAaCHUX BHIQJKIB Ha poboyoMmy Micmi abo uyepe3 3axBOPIOBaHHS,
OB’ si3aHUMH 3 poOOTOI0, MO cKiIagae B cepenabomy 6000 oci6 moaas. Takox MIOPIYHO Y
BCHOMY CBIiTi cTaerbcsi 6m3bko 340 MIJIH HEIACHUX BUMAJKIB Ha BUPOOHUIITBI, KEPTBAMU
akux ctaoTb 160 muH oci6. Hlopiuni exoHoMiyHi 30MTKH, MOB’s3aHI 3 BHUIUIATOIO
KOMIICHCAI[ild, BTPAaTOI poOOdYoro yacy, mepepBaMu y BUpOOHWYiN cdepi, BUOaTKamMu Ha
MeJMYHe 00CIyroByBaHHS Ta 1HIIMMH BUTpAaTaMu, CTaHOBIATH 1,25 TpiH nonapis CIIA (4
% CBITOBOTO BaJOBOI'0 BHYTPIIIHBOTO NPOAYKTY) [1].

3abe3neueHHs Oe3meku 1 3J0pOB’sl MpPalIBHUKIB HAa poOOYMX MICHUAX Y MHUpPHHH dac
notpedye 6araTo 3yCuiib, BIIPOBADKEHHS MEPEIOBUX METO/IB YIPABIIHHS Ta TEXHOJIOTIH,
pecypciB. 3 HacTaHHSIM Ta B yMOBaX BiMHM (YyHKIIOHyBaHHS CyO0’€KTIB rOCIOJIapIOBAHHS
CYTTEBO YCKJIAIHIOETHCSI HaBITh HA YMOBHO O€3MEYHUX TEPHUTOPISIX, IO MO3HAYAETHCS 1 Ha
ympaBiaiHHi B3P sk HeBiANIIBHOMY CKIQAHUKY 3arajbHOi CHUCTEMH yIpaBJiHHA
MIANPUEMCTBOM. 3yMOBJIEHO 1€ THM, IO CYCHIIBCTBO panTOBO CTUKA€TbCS 3 JOCI
HEBIJOMUMH HOMY Ta HemependadyBaHUMHM 3arpo3aMu. HaBkonuniHe cepenoBuiie, 30Kkpema
pobode, panToBO CTa€ MaKCHMaJIbHO BOPOXMM Ta MiACTYHHM. PanToM BHHHKAE
HEOOXIAHICTh My’XK€ IMBHUJKO yXBAJIIOBATH BIAMOBIAAIbHI PiIeHHsS. A TepCOHAN 0 IbOTO
4acTo HE TOTOBUH [2].

ToMy HmXYe pPO3rIIHEMO OCHOBHI HeOE3NMeKHW Ta 3arpo3u, IMOB’s3aHl 3 BOEHHUM
CTaHOM:

1. ®i3uuna HeOe3neka: BoenHuit ctaH MOXKe IPU3BOJAUTH JI0 HACUIIbCTBA, OOHOBUX i
Ta KOHQJIIKTIB MK BOPOXHUMH 30poWHMMH cuiiamu. lle cTBOprO€ pU3UK I >KUTTS Ta
3710pOB’s JIOJIEH, BKIIOYAIOYM IHUBUIBHUX MENIKAHINIB. 3BeICHHsS OyaiBeNlb, MOXKEXI,
obcTpinu Ta iHII GopMu Hi3MUHOT HEOE3IEKH € 3araJiIbHUMHU ITiJ] 9ac BOEHHUX JIiH.

2. ExoHomiuHa 3arpo3a: BoeHHUI CTaH MPU3BOAMTH 10 BiACYTHOCTI CTaOUIBHOCTI B
€KOHOMIIli. 3HMKEHHSI BUPOOHUIITBA, 3ry0JiIeHI poOoyi Miclis, 3pyiHHOBaHa iHPpacTPyKTypa
Ta 3MEHUIEHHS JOCTYIy IO OCHOBHHUX PECYpPCIB CTAHOBJIATH 3HAYHY 3arpo3y Al 1o00poOyTy
rpOMasiH.

3. I'ymanitapHa kpu3a: BoeHHHMI cTaH 3a3BHYail CYNpPOBOIKYETHCA T'yMaHITapHOIO
KpU3010, 30KpeMa IMepeMIlIeHHsIM HaceleHHS, ODKEHIIMH, T'0JIOIOMOPOM Ta HeOEe3NMeKOro
enizieMid. BiH TakoX MoOXe CHPUYMHUTH OOMEXKEHHH AOCTYH J0 MEAMYHOI JOMOMOTU Ta
IHIIKUX COLiaIbHUX MOCIYT.

4. ComianpHi mnpoOnemu: BoeHHHMEl cTaH MOXXe MNPHU3BOAUTH 10 IMOJITHYHOI Ta
colianbHOI HecTabiAbHOCTI, 30KpemMa [0 TMOpPYUIEHHS TMpaB JIOJAWHU, BKIOYAIOYU
HAaCWJIbCTBO, 3HYIIAHHS, 3HUKHEHHS Oe3BiCTHM Ta eTHiuHI koHpmiktu. Lle moxxe Mmatu
JOBrOTPUBAJI HACIIAKU I TPOMAaASIHCHKOTO CYCIIJIbCTBA.

5. Ilcuxonoriynuii BravMB: BOEHHMH cTaH MOXEe MaTH CEPHO3HUN IICUXOJOTIYHUN
BIUIMB Ha mrojei. Crtpec, TpuBOra, MOCTTPaBMATHYHUN CHHAPOM Ta Jempecis 4YacTo
BUHUKAIOTh BHACTIJOK BOEHHUX Miid. lle Moke mpu3BecTH 10 MNCHUXIYHUX MpodieM 1
MOTIPIIEHHS SKOCT1 XKUTTS. 3aralbHO KaXXy4H, BOEHHUM CTaH CTBOPIOE CKIAAHI CUTyalii Ta
BEJIMKI 3arpo3H JUIs JTI0/iel Ha 6araThoX piBHSX.

CrnpuuMHSIOTH 10JaTKOBUM TpaBMaTHU3M B yMOBAaxX BiHH Taki mofii (HeOe3nmekn), sK:

-pakeTHU oOcTpin/yaap;

- apTuiiepiicbKui 00CTpi;

- MiApUB Ha MiHaX, Ooenpunacax, o He BUOYXHYJIHU, Ta 3aIMIIEHUX Oo€nmpunacax;
- o0cTpin 31 cTpinenpkoi 30poi, 30kpemMa aBTOMaTHYHOT;
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-aBiayaap/aBiabomObap1yBaHHS;

- BUOyX (#ioro ygapHa XBuis);

- obBan OyxiBai (pyiiHyBaHHS  OyAiBeNbHMX  KOHCTPYKIiH)  YHaciloK
OomOapayBaHHS/ paKETHOTO yAapy;

-o00cTpin i3 Tauky/bTP;

- Hal3/1 TAHKA HAa aBTOTPAHCIOPTHHI 3aci0;;

- BuOyX pe3epByapiB i3 CHPOBHHOIO, KOMIIOHEHTaMH Ta TOTOBOIO IIPOIYKIi€I0
BHACJIIJIOK PaKeTHOTO yIapy.

Taka Haj3BMYalHO BENHMKa KiJTbKICTh PHU3UKIB HE MOXXE HE BIUIMHYTH HAa KUIBKICThH
TPaBMOBAHHUX Ta 3ard0IMX HAa pOOOYHMX MICISAX, O 1 MATBEPKYIOTh HACTYITHI JIaHi.

VY minoMy 3a CTaTHCTHYHHMH JAaHUMHU pOOOYHMX OpraHiB BUKOHaBYOI aupekiii PoHmy
COIIaJIBHOTO CTpaxyBaHHs YKpaiHu BrpoaoBx 3 24.02.2022 mo 01.01.2023 3apeecTpoBano
392 noBiIOMJIEHHS NpO HEIlacHI BUNAJKM Ha BUPOOHHULTBI, Kl CTalUCS Yy 3B SI3KYy 3
OoiioBuMu JisiMu. Tak, NMpU BUKOHAHHI TPYyJOBHUX OOOB’S3KIB depe3 akTUBHI 0oMoBI 1ii
nocTpaxjaano 772 mpauiBHUKM, 3 HUX 13 CMEpTENbHUM HaciaigkoMm 221 mpauiBHuk. IIpu
LbOMY IiCJISl 3aKIHUEHHS pPO3CIiyBaHHs CKiaJeHo akTH 3a popmoro H-1 mo 590 norepninux
(y t.u. 158 cmeprenbHo) , 3 skux 586 aktiB 3a ¢opmoro H—I1/II, mom’s3aHux 3
BUPOOHUNITBOM (y T.4. 157 — 3 cMepTeNbHUM HACIIJIKOM) Ta YOTHUPH akTu 3a ¢popmoro H-
1/HII, e noB’A3aHi 3 BUPOOHUITBOM (Y T.4. OJUH — 3 CMEPTEIbHUM HacaigkoM). 1o iHmmx
HEIIaCHUX BHIMAJKaX, M0 CTAJTUCS MiJ Yac BUKOHAHHS TPYJOBUX OOOB’SA3KIB 1 MOB’sA3aHI 3
BeJIeHHSIM OOWOBHUX 1M, HA SKi HE CKJaJeHO akTu 3a Gopmoro H-1 poscmimyBanHs 11e
TpuBatoTh. HailO11p11y KiJbKICTh MOTEPHUINX BlJl HEIIACHUX BUIMAJAKIB, 110 CTAJMCS MiJ 4ac
BUKOHAaHHS TPYJAOBUX OOOB’A3KIB 1 MOB’si3aHl 3 BeAeHHsAM OoiloBux ait y 2022 poui,
3apeectpoBano y: M. Kuesi 161 ocoba (y T.4. 42 J[HimpomeTpoBChKiil oOmacti XapKiBChKii

obmacti 78 — - 99 oci6 (y 1.9. 32 oci6 (y T.4. 16 — 3 cMepTEeNbHUM HACIIIKOM) , 3
CMEpPTEIbHUM HACIIJIKOM), 3 CMEPTEJIILHUM HACJIIKOM), MuKoJ1aiBCchbKiit obmacti — 76 ocib
(y T.4. 28 — 3 cmeprenbHUM Haciaigkom) , Jlonemnpkiid ob6nacti — 70 ocid (y T.4. 12 - — 3

CMEpTEIbHUM HacliKoM) Ta 3amopi3bkiit o61acti — 61 ocoba (y T.4. 13 — 3 cMepTenbHUM
Hacaigkom) [3] .

JloriuHuM € Te, 1o nMpudpoOHTOBI 00sacTi YKpainu Ta 00JIacTi 1 MicTa K1 Miaat0ThCS
O17bIII aKTUBHUM 00CTpijaM, OyayTh MaTH OiJIBINY CTAaTHCTUKY TPaBMaTU3MY BiJl HeOe3meK
BOEHHOI'O Yacy cepeJa MpaliBHUKIB MMPUEMCTB, YCTAaHOB, OpTraHi3allii.

Sxmo mpoaHani3yBaTH CTaH BUPOOHHUYOrO TpPaBMAaTHU3My 3a Taly3siMH, TO 3TiJHO
cratuctTuyHuX gaHux Jlepxmpani cranom Ha 20.10.2023 poxy cutTyarliss Ma€e HACTYIHUM
BUTJISIA:

COI[lalIbHO-KYJbTYpHOiI  chepu  (TpoMajchbke  XapuyyBaHHS, MEJMKO-CaHITapHa
JOTIOMOTa, JOIIKIJIbHA Ta IIKIIbHA OCBITa, AEpXKaBHE yIpaBIiHHSA Ta 000opoHa) — 343 ocodu;

TpancnopTHoi chepu — 150 ocib;

eHepreTuuHoi cepu — 111 oci0;

arpornpoMHCIOBOTO KOMILIEKCY — 64 ocobu;

MamuHoOyIyBaHHs — 56 0ci0;

ToproBesbHOI chepu — 48 ocio;

MeTalypriifHol MpoMuUcIoBOCTI — 35 ocib.

Hwuxue nmonano niarpamy HEIIaCHUX BUIAAKIB 31 CMEPTEIbHUM HACHIIKOM MOB’ I3aHUX
3 BUpOOHUILITBOM, 33 BUJAMU JiSJIBHOCTI. 3 MOYaTKy POKY, cTaHoM Ha 26.01.2024 poky [4].
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KinekicTe noTepninux BHaCNigoK HeLWacHUX BUNAAKIB 3i CMepTeNnbHUM HacnigKoM,
NOB’A3aHUX 3 BUPOOHMULUTBOM, 3a BUAAMM AiANLHOCTI. 3 NoYaTKy poKy, cTaHOM Ha 26.01.2024

eHepreTuyHa
2R

ﬁy,qisej:lﬁ-ﬂa

KOTNOHArnAA
couianbHo-KyNETYpHa chepaTaT... 3,8

mawvHoByaiBHa
54

MeTanyprinHa

XIMiYHWK KOMNNekc

arponpouncnosnﬁ KOMRNneKkc
15,4

TpaHenopT
KMTNOBO-KOMYHanbHe rocnoaaper... 15

Puc. 1.1 — KuibKicTh TOTEpHiAUX BHACIIIOK HEMIACHUX BHUIAJKIB 31 CMEPTEIbHUM
HACIIIIKOM

OTxe, BOEHHI li MalOTh HETaTUBHUM BIUIMB Ha CTaH TPaBMaTH3MYy Ta KUIbKICTh 3arHOINX
Ha poOoumx wMicisax. HaiOinmpm pU3MKOBOIO CHUTyaAIlld € Y COMaJbHO-KYJBTYpHIN cdepi,
TAHCIIOPTHIN Ta EHEPTETUYHIN.
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Yu.V. Panimash, candidate of pedagogic sciences, associate professor of the department
Cherkasy Institute of Fire Safety named after Chornobyl Heroes of National University of Civil
Defence of Ukraine

ON THE QUESTION OF THE STATE OF WORK-PLACE INJURIES IN UKRAINE
UNDER THE CONDITIONS OF MARITAL STATE

Society is suddenly faced with hitherto unknown and unpredictable threats. The
environment, in particular the work environment, suddenly becomes extremely hostile and
insidious. Suddenly there is a need to make responsible decisions very quickly. And the staff is
often not ready for this. Therefore, the main dangers and threats associated with martial law were
considered in the work.
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Baoum Tiomionuxk, 0.m.H., npoghecop, Hayionanvuuii ynisepcumem yuginbHoeo 3axucmy Yxpainu
Onvea Tiomionux, k.m.H., OoyeHnm, XapKieCbKutl HAYyiOHANbHUL eKOHOMIYHUL YHIGepCUmem
imeni Cemena Kysneys
Onexcano Hwenko, x.m.n., doyenm, Hayionanvuuil ynigepcumem yusiibHo20 3axucmy Ykpainu
Muxona Yoaucekui, k.m.H., doyenm, Hayionanonuil ynisepcumem yuginbHo2o 3axucmy Ykpainu

YIOCKOHAJIEHHSI ®YHKIIIOHYBAHHSI MEPEKI CUTYAIIMHUX IIEHTPIB
Y MUPHHUH YAC TA B OCOBJIMBUM MMEPIO/

OCHOBOIO CHCTEMH HAIlIOHATBHOI OS3IeKn YKpaiH! € KOMIDIGKCHA CHCTeMa Oe3MeKH, CKIIAIOBI
TIJICHCTEMH SIKOi T1epe0yBalOTh y TICHHX B3a€EMO3B'S3KAaX 1 B3AEMO3AICKHOCTSX, 3 METOI0 3a0e3MeueHHs
BIJITIOBIZIHOTO CTaHY 3aXHMINEHOCTI KUTTEBOBOKIIMBHX THTEPECIB JIFOMHY 1 TPOMAJITHUHA, CYCIUILCTBA 1
JIEpKaBH, 32 SIKUX 3a0€3MEeUyIOThCS CTATNM PO3BUTOK CYCIILCTBA, CBOEYACHE BHUSIBJICHHS, 3aMI00IraHHs 1
HeWTpai3allis peabHUX Ta MOTEHIIIHIX 3arpo3 HAIIOHATIbHUM 1HTepecaM. HartionansHa 6e3mneka Ykpainu
SK IHTETpaIbHE SIBUILE OXOIUTIOE TIOMITUYHY, €KOHOMIUHY, JAepKaBHY, COLIaIbHY, 1H(opMariiiHy,
€KOHOMIYHY, T'YMaHITapHY, BIIICbKOBY, LIUBUIbHY, IOKEXKHY, €KOJIOIYHY Ta IHIII BUIU OE3MEKH.

HopmatuBHO-TipaBoBa 0CHOBa (DYHKITIOHYBaHHSI CUCTEMH HAITIOHATBHOI Oe3nekn YKpainu Ta ii
miyicucteM noOyioBana Ha mijictaBl Koncturyii Ykpainu, 3akoHiB Ykpainu «IIpo 0cCHOBH HallloHATbHOT
Oe3nexu Ykpainm, «IIpo obopony Ykpainm», «IIpo mpaBoBHil peskuM BOEHHOTO cTaHy», «IIpo mpaBoBuit
PEXHM HaJl 3BUYAHOTO CTaHy», «I Ipo meMokpaTiaHwiA 1 TUBUTBHUI KOHTPOJIb Hajl BOEHHOIO OpraHi3aItiero
1 TIPaBOOXOPOHHUMH OpTraHaMH JIEpyKaBW», 3aTBep/bkeHa YkazoM [Ipesunenta YkpaiHu BiATOBIITHO J10
TIOJIOKEHb 3aKkoHy Ykpainu «IIpo ocHOBM HarioHabHOI Oe3mekn Ykpainmy Crpareris HarioHaIBHOL
Oe3nexku 2015 poKy, IHITIMX 3aKOHIB 1 HOPMAaTMBHO-TIPABOBHX AaKTIB, a TAKOXK Ha IMJICTAaBl BU3HAHHMX
YkpaiHoro TOroBOpiB Ta yrojl.

VY pasi BUHHMKHEHHsS] B YKpaiHi 9d Ha OKpeMHX il MicreBOCTAX HamBuuaiiHux cutyamii (HC)
TEXHOTEHHOTO a00 TMPHPOIHOTO XapaKTepy He HIDKYE 3arajlbHOICPKABHOTO PIBHS, IO TPHU3BEIN YU
MOXKYTb TIPH3BECTH JIO JIFOJICBKHX 1 MaTepiajIbHUX BTPAT, @ TAKOYK CTBOPIOIOTH 3arpo3y JKUTTIO 1 37I0POB IO
rpoMajisiH, ado MpY CrpoOl 3aXOIUICHHS JePXKaBHOIT BIIAIM YW 3MIHM KOHCTHTYIIHWHOTO JIaay YKpaiHh
IIUIIXOM HacWIbcTBa YkasoMm Ilpesunenta Yipainu (sxuii migysirae 3arBepmkeHHi0 BepxoBHoto Panoro
VYkpainu) MoXKe THMYacOBO BBOJIMTHCS TPABOBHUIM PEKUAM Ha3BUYAiHOTO cTaHy. Ham3BryaiiHuii craH B
VYipaiHi a00 B OKpeMuX ii MICIIEBOCTSX Tiepea0davac HaaHHs BiIIOBIIHUM OpraHaM JICp)KaBHOI BIIA]IH,
BIiCEKOBOMY KOMaHJIyBaHHIO Ta OpraHaM MICIIEBOrO CaMOBDSTyBaHHS BIIIOBIAHO JIO IHOTO 3aKOHY
TTOBHOBKECHb, HEOOXITHUX JUIS BIJIBEPHEHHS 3arpo3d Ta 3a0e3MeueHHs] OS3IEKH 1 3710pOB’Sl TPOMA/ISH,
HOPMAJTLHOTO (DYHKITIOHYBAHHS HAITIOHATLHOT €KOHOMIKH, OPraHiB JIEP>KaBHOI BJIA/IU Ta OPraHiB MiCIIEBOTO
CaMOBPSITyBaHHSI, 3aXUCTY KOHCTHTYIIIHHOTO JIajTy, a TAKOXK JIOITyCKae THMYACOBE, 00yMOBJICHE 3arpO3010,
OOMEKEHHs y 3MIIICHEHHI KOHCTUTYIIMHUX IPaB 1 CBOOO JIFOJIMHU 1 TPOMaJSIHHUHA Ta TpaB 1 3aKOHHUX
IHTEpECIB FOPUIMYHUX OCI0 13 3a3HaYEHHSIM CTPOKY JIii IIMX OOMEKEHb.

Y pasi 30poiiHOi arpecii 4u 3arpo3u Haray, HeOe3MeKH JIepyKaBHIi He3aIKHOCTI YKpaiHu Ta il
TepUTOpiaNbHIN 1iTicHOCTI YkazoMm [lpesunenta Ykpainu (skuii miyisrae 3aTBEpILKEHHIO BepxoBHOMO
Panoro Ykpainu) Mo)ke THMYacOoBO BBOJIUTHCS IPABOBUI PEXKHM BOEHHOTO CTaHy. BoeHHuit cran B YkpaiHi
a00 B OKpeMHX ii MICLIEBOCTSIX Tepe0avac HalaHHsI BIITOBIIHUM OpraHaM JIep>KaBHOI BJIA]IH, BIACBKOBOMY
KOMAaH/IyBaHHIO, BICHKOBMM aIMIHICTpAIliIM Ta OpraHaM MIiCIIEBOTO CaMOBPSIyBaHHS MOBHOBAYKEHD,
HEOOX1THMX TS BIIBEPHEHHS 3arpo3H, BiJICivi 30pOiHOI arpecii Ta 3a0e3reueHHs HalllOHAIbHOT OS3ITeKH,
YCYHEHHS 3arpo3u HeOe3MeKH Jep KaBHIi He3aNIeKHOCTI YKpaiHH, 1i TepUTOpiasibHii HUTICHOCTI, 8 TAKOX
THMYAcOBE, 3yMOBJIEHE 3arp030r0, 0OMEXEHHsI KOHCTUTYIIIMHUX IpaB 1 CBOOOT JIFO/IMHHU 1 IPOMaITHUHA Ta
TPaB 1 3aKOHHHX 1HTEPECIB FOPUIMYHUX OCIO 13 3a3HaUYEHHSM CTPOKY i1 IIMX OOMEKEHb.

3axomu 3 miksimamii HacmiakiB HC, moxex Ta HeOe3NmeyHMX MOMINH Ha Tepuropii YKpaiHu
3IMCHIOIOTBCST CHJIaMU IIMBUTBHOTO 3aXKCTY, Y TOMY 4MCHI Hifpo3auiamMu OnepaTHBHO-PATYBATBHOL
CITyKOM IMBUIBHOTO 3aXHUCTY, 13 3alydeHHsM opraHiB HamionanbHoi momimii YkpaiHu Ta Mmiapo3auiB
HartionansHoi rBapii YkpaiHu BiIITOBITHO /10 TIOKJIAICHUX HA HUX 3aBJIaHb. besrocepe/Hs opraizarlis ta
KOOpIMHaIlis poOiT 3 mikBinarii Haciakie HC, moxex Ta HeOe3neUHUX TOMiN 3IHCHIOIOTHCS IIIIIXOM:
00MiH iH(opMarieto Tpo 3arpo3y ado BuHUKHEHHsT HC, oskex Ta HeOe3MeYHHX MOii Y PI3HUX perioHax
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KpaiHu; TPOBEICHHS crutbHMX oneparuBHuX Hapaa ['omoBu JICHC abo #ioro 3actymHuKiB 3 ['010BOO
(3actymaukamu) HarionanmbHoi nominii Yipainu ta KomanyBadem (3actynuukamu) HartionanbsHOT rBapii
VYkpainu, kepiBHUKIB Teputopianbaux opraniB JICHC 3 kepiBHUKaMH TepUTOPIabHUX (Y TOMY YHCII
MDKpETiOHaIbHIX) opraHiB HartioHanbHOT moinii YKpaiHu Ta ONeparuBHO-TEPUTOPIAIEHUX 00’ €/THAHB
HartionansHoi rBapaii YkpaiHu; 3iiCHEHHS CIIUTFHUX 3aXO0/IiB 32 IUTaHAMH B3aEMO]Iii OPraHiB yIPaBITHHSI
Ta CHJI IIMBLUIBHOTO 3aXUCTy B pa3i BuHUKHEeHHS HC, 1m0 po3po0istoThes Ha periOHATBHUX 1 MICIIEBUX
PIBHSIX; TIPOBEICHHS CIUTbHUX HABYAHb Ta TPEHYBAHb; 3IHCHEHHS 1HIIIMX 3aXO]IiB.

3 METOor0 MiIBHITICHHS ePEKTUBHOCTI H()OPMAIIITHO-AHATITHYIHOTO 3a0€3ITeUCHHST TPUIHSATTS
VIIPABIIHCHKHX PIIlICHb, B3AEMO/Iii, KOOPAMHAIIT 1 KOHTPOJIIO 32 JISUTGHICTIO OpPraHiB BUKOHABUOI BIIA]IH,
MPABOOXOPOHHKX OPraHiB Ta BIICHKOBUX (JOPMyBaHb y chepax HalllOHAIBHOI Oe3MEeKH 1 000POHH Y MAPHHI
9ac, a TAKOK B OCOOJTMBHIA TIEPIOJT, y TOMY YHMCITi B yMOBaX BOEHHOTO CTaHy, B YMOBaX Ha/[3BUUAHHOIO CTaHy
Ta TiJ YaC BUHUKHEHHS KPU30BUX CHTYaIlil, IO 3arpOXKyIOTh HAllOHANBHIM Oesreri Ykpainu, Pana
HAaIllOHATBHOT Oe3neku 1 000pOHM YKpaiHW BUPIIIAIA POSIIMPUTH Ta Y MOJATBIIIOMY PO3BUTH €IUHY
MEpEXY CUTYaIIMHUX [IEHTPIB, J0 CKIIALy SKOI MalOTh BXOUTH ['OJIOBHMIT CUTYaIliHMI IEHTp YKpaiHy,
VYpsinoBuil cUTyalifHUI 1IEHTp, CUTYalllifHI IIEHTPH OpraHiB CEKTOpy Oe3neKH 1 00OpOHH, CUTYalliiHi
LEHTPY LEHTpaIbHUX OpraHiB BUKOHABUOl Biamy, Pamu miHicTpiB ABToHOMHOI PecnyOmixu Kpum,
obmnacHux, KuiBcbkoi Ta CeBacTONONIBCHKOI MICBKUX JIEp)KaBHUX a/IMIHICTpalliil, a TAKOXK pEe3epBHI Ta
pyXomi cuTyariiiHi neHTpu [1].

ABTOpaMH 3 METOI0 PO3BHUTKY HAyKOBO-TEXHIYHHMX OCHOB CTBOPEHHS CHCTEMU ITITPUMKH
TIPUIHSTTS aHTUKPH30BUX PIIIEHb B CUCTEMI CUTYAITIMHUX [IEHTPIB €JTMHOI IePyKaBHOI CHCTEMH ITUBLTLHOTO
saxucty (€/ICL[3) B poboTi [2] mpencTapieHa METOMKA OOTPYHTYBAHHS ONTUMAJIBHUX AHTUKPHU30BHX
pilIeHb IMI0JI0 3a0e3MeUeHHs BINOBITHOIO PIBHS O€3MeKH >KUTTEMSUTbHOCTI epxkau mpu HC pizHoro
XapakTepy B yMOBaX HEBU3HAUYEHOCT! BXIJHOI 1H(OpMALIIT VTS eKCIIEPTIB CUCTEMU CUTYALIHIX LIEHTPIB.
Curyariiinnii ietp npu (yskmionyBansi B €JICL[3 moBuHEH, y BIATIOBITHOCTI 0 JIAHUX pHC. 1,
3abe3neunTy: 1) aHaI3 OTPHMAHOI BiJT TJICUCTEMH MOHITOPHUHTY 1H(OpMAIIIT;, 2) MOJICITIOBAHHS PO3BHUTKY
HC na tepuropii MicTa, perioHy, Aep)kaBH; 3) po3poOKy Ta yXBaJICHHS YIPABIIHCHKUX PIMIEHb OO
niorniepepreHHst Ta JtikBigarii HC, a Takox MiHIMI3aIIii X HACITJIKIB.
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Pucynok 1. ®yHkIliOHaTIbHA CXeMa OOTPYHTYBAHHS ONTUMAIIbHUX aHTUKPU30BUX PIllIEHb
11010 3a0€3MEeUYCHHSI BiATIOBIIHOTO PiBHSI O€3MEKH YKUTTENISIIBHOCTI JEPyKaBH MPU HAA3BHYAMHHIX
CUTYyallll pPI3HOTO XapakTepy, B YMOBaxX HEBHU3HAYEHOCTI BXiaHOI iH(opmamii /uig eKcrepriB
CUCTEMH CUTYAIIMHUX IIEHTPIB €IMHOI Jep>KaBHOT CUCTEMHU ITUBIIBHOTO 3aXUCTY

DyHKIIOHYBaHHS], MpeJICTAaBIeHOI Ha pHC. 1, CXeMH B yMOBaX IMOBHOTH BXiJIHOI iH(opMalyi Ta
HAsBHOCTI OJIHOTO YAaCTKOBOI'O KPHUTEPIIO OLIHIOBAHHS MHOKHHM JIOIYCTUMHX PIIIEHb HE TPECTaBIIsIE
TPY/AHOILIB ITPY OOTPYHTYBaHHS ONTHMATbHUX aHTHKPU30BHX PIllIeHb. 3 HILIOTro OOKY, CydacHi mpoOieMHi
CUTYyallii XapaKTepU3yIOTbCS HETOBHOTOK 3HAHb (HEBM3HAYEHICTIO) BUXIHMX JIaHUX Ta MHOMKHHOO
YaCTKOBMX KpHTEpIIB OIlHIOBaHHA. TakuM YHWHOM, TPAOWIIMHUIA MiIXiA, 3aCHOBAaHWUU Ha
JEKOMIO3HIII{ MPoOJIeMH Ha /Bl YMOBHO HE3aJIeXkHi 3a/1aui — OaraTrokpuTepialbHOT OoNTHMI3alii B
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JIeTepMiHOBaHil, TOOTO 0e3 ypaxyBaHHS HEBH3HAUEHOCTI, IIOCTAHOBIN 1 MPUUHATTS PIIICHHS B
YMOBaxX HEBU3HAUEHOCTI JUIsl CKaJISIPHOI LIIbOBOT (DYHKIIII B Cy4acHHMX YMOBAax, HE 3a/JI0BOJIbHSIE
BHMOTaM MPAKTHKH 32 TOYHICTIO i €()eKTUBHICTIO.

Ile oOymoBieHO THM, L0 3agada OaraToOKpUTEepialbHOI ONTHUMI3allii B NPUHLIMII €
HEKOPEKTHOI0, TOMY IO JO3BOJISE BU3HAYUTH PIMIEHHS TUIBKKM 3 TOYHICTIO O OO0JIacTi
KOMIIPOMICHUX pillleHb, a 11 peryispu3amis Uis BU3HAUYCHHS €IUHOTO PIlICHHS, 3aCHOBaHA Ha
pO3paxyHKy y3arajabHeHOi 0araro(akTopHOI CKaJspHOI OLIHKH, Oa3yeTbcs Ha IOTAaHO
CTPYKTYPOBAHHX, CYO'€KTMBHHX EKCIEPTHHX OILIHKaX, JETepMiHAIlisl SKUX TNPU3BOAUTH M0
BEJIMKHX IOXMOOK. 3 1HIIOro 00Ky, METOIM MPUHHSTTS PilIeHh B YMOBaX HEBU3HAYEHOCTI 3a
CKQJIIPHOIO OIIIHKOIO 1 O4iKyBaHOTO e(dekTy, 06e3 ypaxyBaHHA HoOro OaraToKpuTepialbHOI, Tak
caMmo He azekBaTHi. ToMy BHKa€e HEOOXiTHICTh PO3BUTKY METOJI0JIOT] KOMIUIEKCHOTO BHPIIIEHHS
3aadi MPUHHATTS pilIeHb 3 ypaxyBaHHSAM OaraTOKpHUTEpiajbHOI i HETIOBHOI HEBH3HAYEHOCTI
BUXIJIHUX JaHUX.

TakuM uyuHOM, CTBOpeHHS B YKpaiHi cuTyaliiiHuX LeHTpiB, sik enemeHrtiB €JICL(3,
B1/I0YBA€THCS B YMOBaxX IMOBIPHICHOT'O TEPUTOPIaIbHO-YaCOBOTO PO3IOALTY PKEPENl BUHUKHEHHS
HeOe3nek. lle oOyMOBIIOETHCS HEBU3HAUEHICTIO IapaMeTpiB, SKI BIUIMBAIOTh HA YMOBHU
HOPMaJIbHOTO (PYHKILIOHYBaHHsSI TepUTOpPii YKpaiHu. Y 3B’S3Ky 3 LUM BUHUKae mpodiema
MPUAHATTS ONTUMATBHAX aHTUKPHU30BUX PIillIeHb B YMOBaX HEBH3HAUEHOCTI 11010 3a0€e3MedeHHs
BI/IMOBITHOTO PiBHS 0€3MEKU KUTTEMISUIBHOCTI JIEP’KaBH.

[TokazaHno, 110 nporeaypa NPUHHATTS eKCIepTaMu CUTYALIHOTO LIEHTPY YIPaBIIHCHKUX
AHTUKPHU30BHUX PIIIEHb YCKIATHIETHCS THM, 1110 HEOOX1THUMH YMOBAMH €(EKTHUBHOCTI PILIEHb €
iX CBO€YACHICTh, MOBHOTA M ONTHMAJBHICTb. TOMY, MiJBUIIEHHS €(PEKTHUBHOCTI MPUHHATHX
pileHb TOB's13aHe 3 HEOOXITHICTIO PIlIEHHS 3a/1a4yi 0araToOKpUTEpiaIbHOI ONTHMI3allli B yMOBaX
HeBU3HaueHocTi. Lle morpedye po3poOku (opMaibHUX, HOPMATUBHUX METOJIB 1 MOAENeN s
KOMIUIEKCHOTO pIIICHHS MPOoOJeMU MPUUHATTSA PIIIEHh B YMOBaX OaraToOKpUTepiaabHOCTI H
HEBU3HAYEHOCTI MPH YIIpaBJIiHHI MporiecaMu 3arnodiranas ta jokamizamii HC ms 3a6e3neueHHs
edextuBHOorO (yHKIioHyBaHHs €JICII3 3a TppomMa rpymamMmm KpHTEpiiB, a came: TMOKa3HUKH
3a0e3nevYeHHs] BIAMOBIAHOTO PIBHSA O€3MEKH J>KUTTEMISIBHOCTI; TMOKa3HUKH (DYHKIIIOHATBHOI
cupomoxkHocti €JICL[3; moka3zHuku (iHAHCOBUX 3aTpaT Ha (PYHKI[IOHYBaHHS IIi€l CHCTEMU
0e3MeKH.
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IMPROVING THE FUNCTIONING OF THE NETWORK OF SITUATION CENTERS
IN PEACETIME AND IN SPECIAL PERIODS

In order to further develop the scientific and technical foundations for creating an
information and analytical subsystem for managing the processes of preventing and eliminating
emergencies in the Unified State Civil Protection System, the paper considers the features of the
functioning of situational centers at various stages of the development of emergencies, as well as
the features of substantiation by experts of anti-crisis decisions regarding the functioning public
authorities, local governments, governments and civil protection forces to ensure an appropriate
level of safety for the life of the population and the territory of the state.
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MPOMO3ULII LIIOJ0 OPTAHIBALIIT 3AXO/IIB OMOBIILIEHHS TA
TH®OPMYBAHHS B OB’€THAHUX TEPUTOPIAJILHUX TPOMAJIAX (OTT)

OmnoBimeHHs Tpo 3arpo3y a00 BUHWKHEHHS HAI3BHYAMHMX CHUTYalllil TOJsrae y
CBO€YACHOMY JIOBE/ICHHI Takoi iH(opmalii 70 opraHiB yNpaBliHHS HUBUIBHOTO 3aXHCTY, CHII
[UBLIBHOTO 3aXUCTY, Cy0’€KTIB rOCIIOIaPIOBAHHS Ta HACEICHHS.
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Pucynok 1 —Cxema omnoBimeHHs 00’ €IHaHOT TEPUTOPiaTbHOT TPOMaIH

PimenHs nmpo omoBIIIEHHST KEPIBHOTO CKJIaAy JIAHKH TEPUTOPIAIBHOI MIJICUCTEMH €TUHOT
JIepKaBHOI CUCTEMH IUBLIBHOTO 3aXUCTY PEKOMEHAYETHCS 3A1MCHIOBATUCS PallOTPAHCIISIIIIHOIO
Mepexero, TerneOHOM, IMOCHIBHUM a00 IHITUM CITOCOOOM 3a CXEMOI0, 3aTBEPKEHOI0 MICHKUM
(CITbCHKHMM, CEITUITHUM) TOJIOBOIO, Ha ITiJICTaBi:

- MOBIJOMJICHHS MPO 3arpo3y abo BUHUKHEHHS HAJ3BMYaiiHOI cUTYyallii, OTpUMAHOIO BiJl
cy0’exrta, sSKkui € jpKepenoM iHdopmarliii, Ta (pakTHdHOI 0OCTAaHOBKH, IO CKJIajacs y 30HI
MO>KJIUBOTO YPayKE€HHS;

- MPOMNO3UIII OpraHiB BUKOHABYOI B/ Ta KEPIBHUKIB Cy0’€KTIB IOCIOJAPIOBAHHS, HA
TEPUTOPIl AKMX BHUHHUKIA (MOXXE BUHUKHYTH) HaJa3BHuUaiiHa cuTyallis abo HeOe3medHa mofis, a
TaKoX 3 ypaxyBaHHSAM BinnoBiaHux [lnaHiB pearyBaHHs Ha HaJ3BUYaliHI CUTYyaIlil 3a3HaAYECHUX
Cy0’€KTiB.

Jlyis ipyBEpHEHHS YBaru HACEJICHHsI Mepe]l OMOBIIMICHHSIM PO 3arpo3y ab0 BUHUKHEHHS
HaJ3BUYAITHOI cUTyallil nepenaerbes nonepemxysanbauii curHan "YBAI'A BCIM". Ile ronoBuuii
CUTHAJ IIUBIIBHOTO 3aXHCTy. BiH MOMA€ThCsS BKIIOYEHHSM CHPEH, 4 TAKOX 1HIIUX CUTHAIBHUX
3ac00iB, TPAHCIALIEIO CHEIIaNbHOTO TMOBIJTOMIIEHHS MepeXaMH MOBJICHHS IJi TpPUBEPHEHHS
yBaru HacCeJICHHS B €KCTPEMAIbHUX BUMAIKAX.

Ha koxHuil BUMAOK HAA3BUYAWHUX CHUTYallld CTPYKTYpHHUM MiAPO3ALSIOM 3 MHUTaHb
[UBUILHOTO 3aXUCTY TOTYIOTHCS BapiaHTU MOB1JOMIIEHb, 10 BKIIOYAIOTh:

- Miclle 1 Yac BUHUKHEHHSI HaJ[3BUYaiiHOI CUTYaIlii;

- po3MipH Ta ii MacTadu;

- yac MoYyaTKy Ta TPUBAIICTb Jil (PaKTOPIB ypaKeHHS;

- TEPUTOPIs, 110 MOTPAIUISE B OCEPEIKH (30HH) YPKECHHS,

- IOPSIIOK Ai¥ MPU HAI3BUYANHUX CUTYAITisIX.
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Lz indopmartis nepesaeTbcsi MPOTArOM S-TW XBIJIMH TICIS 1TOZAYi 3ByKOBHX CHTHANIB (CUpPEHH,
TYJKH 1 T.J1.). 3MICT KOKHOT'O TIOBIIOMJICHHS Oy/Ie 3aJIeKaTH BiJl yMOB, PO3MIpIB, TPUBAJIOCTI Ta MACIITa0iB
MOYKJIMBHX HACTIJIKIB HA/[3BUYAMHUX CHTYALIH, CTyIeHs HeOe3rekn (JakTopiB YpaXKeHHSI TSl HACEIICHHSI.

CydacHi aBTOMaTH30BaHOI CHCTEMH OTIOBIIIICHHS B 00’ €THAHUX TEPUTOPIATTEHUX IPOMaJIaX MOXKYTh
3a0e3reyuyBaTu:

- CKOPOUEHHS Yacy Ha IIPOBEJICHHSI OMOBIIICHHS Ta IH()OpMyBaHH,

- 3aJy4deHHs JI0 OMOBIIIEHHS Ta iH(OPMYBAaHHS OIEPaToOpiB PyXOMOro (MOOUTEHOrO) 3B’SI3KY,
TeJepa lioopraHiartii;

- CTBOPEHHS MICIIEBOTO pajtio (MaornotykHoro [’ M-MOoBJIeHHST) [yt TOBEACHHS 1H(pOpMAIIii, 110
CTOCYETBCSI O€3MEYHOI KHUTTEMISUIBHOCTI HACEIeHHs1 (MICLIEBI HOBMHU Ta pemma) Ta MOXJIUBOCTI
1H(bOpMYBaHH$I mpo. 3arposy a60 BUHUKHEHHS HCGCSHCKI/I Ha TICBHIM aMIHICTPATHBHIN TEpUTOPII,

- 3B’S130K B3a€MO/Iii aBTOMATH30BaHOI CHCTEMU OHOBiIIIeHHSI 00’ €THaHOT TEPUTOPIATTEHOT TPOMAIH 3
TEPUTOPIATLHOIO ABTOMATU30BAHOKO CUCTEMOIO LIEHTPATI30BAHOTO OIOBIIIEHHSL.

ABTOMAaTH30BaHa CHCTEMa OTIOBIIIEHHS TIPO 3arpo3y ad0 BHHUKHEHHS HA/3BUYANHUX CHUTYaIliH,
noOy/IoBaHa BIMOBITHO JI0 TOKa3HHWKIB €Bponeickkoro cranmapry (ET3I 102182), nependauae
3a0e3reyeHHs onositeHHs: 50% HaceneHHs - y TepMiH He Outble 3 XBUIMH; 97% HaceleHHs! - y TepMiH He
OUTBIIIE 5 XBHUJIMH.

[ndopmyBanHs y chepi IUBUTBHOTO 3aXUCTY Tiepea0avac JOBEACHHS JI0 HACETICHHS OTIEPaTHBHOI
iH(popMaltii mpo 3arpo3y ab0 BUHUKHEHHS HA/[3BUYAHOI CUTYaLlil 3 BU3HAYECHHSIM MEX 1i MOMIMPEHHS 1
HACITIJIKIB, @ TAKOX PO CIIOCOOH Ta METO/IY 3aXKCTY B/l HUX.

Opranu yrpaBIiHHS [MBUTHHOTO 3aXKCTY 3 IMTaHb IH()OPMYBaHHS HaceTIEHHs 30008’ s13aHi:

- HaJIaBaTH HACEJICHHIO Yepe3 3aco0M MacoBOi iH(OpMAITii OTIepaTHBHI Ta JOCTOBIPHI BIZIOMOCTI PO
Ha/[3BBUYANHI CUTYaIlii, 0 MPOTHO3YIOTHCS a00 BUHHUKIH, 1X KIacu(iKaIlio, MEXl TOMMPEHHST MOXKITABI
HACJIJIKU Ta CIOCOOM 3aXKCTY BiJl HHX;

- 3MIHCHIOBATH KOHTPOJIb IIOJI0 CUCTEMATUYHOrO Ta OMEPATMBHOTO ONPWITFOMHEHHS 1H(opMarTii
TIPO TIOTEHITIHHO HeOe3MeuHi 00’ €KTH Ta 00’ €KTH ITiABUILICHOT HEOS3TIEKH:

JlaHl PO TPHUPOLY MOXKIMBOIO PHBUKY IIJI Yac aBapid, BKIIOYAIOYM BIUIMB Ha JIFONCH Ta
HaBKOJIMIITHE TIPUPOTHE CEPEIOBHIIIE; CTIOCIO 1H(HOPMYBAHHS HACEJICHHS Y pa3i 3arpo3u a00 BUHUKHEHHS
aBapii; OBEIIHKY, SIKOI CIJTi/T IOTPHMYBAaTHCS;

- 3a0e31euyBaTH ONPHITIOIHEHHS 1H(OPMAITii PO HACIIIKY HA/I3BHYANHOI CUTYAITIl.

[Iporo3uiii om0 opraHizaifii 3axo/iB ONOBIIIEHHA Ta I1HQOPMYBaHHA B 00 €IHAHUX
TepuTopiaibHuX rpomaiax (OTT)

1. AHari3 craHy TEXHIYHHX 3aCOOIB OMOBIIICHHS JIIFOYMX aBTOMATU30BAaHMUX CHCTEM OTIOBIIICHHS
(TepuTOpianbHa, MICIEBa, CIICIiANbHI, JIOKAJIBHI, 00'€KTOBI), M0 (PYHKIIIOHYIOTh Ha aJMIHICTpaTHBHIMI
TEPHUTOPIi.

BuBueHHS1 HasIBHOCTI: €JIEKTPOCUPEH, BYIMYHHX T'YYHOMOBIIIB IHIIMX TEXHIYHHX 3aCOOIB OIOBIIICHHS
ICHYIOUOI aBTOMATHU30BAaHOI CUCTEMHU LIMBLILHOTO 3aXMCTY; MICIIb Ta 00 €KTIB 3 MacOBUM IepeOyBaHHIM
JIFOIEH Ta 00’ €KTIB MiABUILIEHO] HEOE3IIEKH.

BuBueHHS TEXHIYHMX XapaKTEPUCTHK OOJAJHAHHA Ta TEXHIYHMX 3acOOIB OIMOBIIICHHS (CHIHAIBHO-
T'YYHOMOBHUX TPUCTPOIB, EJIEKTPOHHKX 1H(OpMAIIIHHUX Ta0II0, eIIEKTPOHHIX CUPEHH Ta IHIIMX TEXHIYHUX
TUIONI HACEJIEHHX ITyHKTIB 00’ €JHAHOT TEPUTOPIATBEHOI TPOMA/TH.

2. IlnanyBaHHs 3axOiB 3i CTBOPCHHS HOBHX AaBTOMATH30BaHMX CHUCTEM OIOBIIICHHS Ta
1H(OpMYBaHHS Ha TEPUTOPIT 00’ €THAHOT TEPUTOPIATIEHOT TPOMAJIHL.

[puitHATTS pileHHsT 00 €IHAHOI TePUTOPIAIbHOI MpoMai 1100 (PIHAHCYBAHHS 3aXO[B 31 CTBOPEHHS
ABTOMAaTH30BaHOI CHCTEMH OMOBIILIEHHS, BU3HAUEHHSI eTariB ii oOyI0BH.

BusnaueHHs BIANOBIJAIBLHUX MOCAIOBUX OCIO 32 CTBOPEHHS aBTOMATHU30BAHOI CHCTEMH OITOBIIIICHHS Ta
Opraizalliro 4eproBoi CITy»k0u J1sl 3a0€3MeUEHHs OMOBIILIEHHSL.

CkraaHHs TIaHy 3aXO/iB I110/I0 BIPOBA/PKEHHS aBTOMATU30BAHOI CUCTEMH OIOBIILIEHHS 3 YpaxXyBaHHM
eTamiB il BIpoBampkeHHs. [IpuiHATTA po3nOpsiTIMX JOKYMEHTIB 1010 MPOBEACHHS 3aXO0/IiB 3 MOOYI0BH
HOBHX CHCTEM OIOBIIIEHHS Ta iH(popMmyBaHHsL. [lepenOaueHns (iHaHCYBaHHS 3aXO0IB 31 CTBOPEHHSI TAKUX
CHUCTEM Ha Tepurtopii 00’€aHAaHOI TepuTopiaibHOI rpoMamu. Po3poOrneHHs TEXHIYHMX BHMOT [0

219



3" International Scientific and Practical Conference «Fire Safety Issues 2024»

ABTOMATH30BAHOI CHCTEMH OTIOBIIICHHS Ta BUSHAYCHHI ITiIPSHOT OpraHi3aii 11 po3po0IeHHs IMPOSKTHOL
JOKyMEHTAIlii I0/I0 MOOYJOBM CHCTEM OIOBIIICHHS Ta iH(QOpMyBaHHS. PO3pOOIEHHSI MPOEKTHOL
JIOKyMEHTAIlii Ha CTBOPEHHSI aBTOMATHU30BaHOI CUCTEMH OToBiIeHHs Ta i moropreHHs 3 JICHC mpoektHol
OpraHizalli€ro.

3. IToGynoBa HOBOT aBTOMATHU30BAHOI CUCTEMH Ta IHPOPMYBaHHS.

Peanizamist 3aX0/1iB 11070 BIPOBA/PKEHHS HOBOI aBTOMAaTH30BAHOI CHCTEMH OIOBIIICHHS (TPUIOaHHS
CYJaCHMX  TEXHIYHMX  Ta  NPOrPaMHO-TEXHIYHMX  3aCOOIB  OIOBIIICHHS, BUKOHAHHS
ITYCKOHAJIArO/PKYBTBLHUX POOIT ITiIPSTHOIO OPraHi3aliero).

[poBeneHHsT MOCHIMHOI eKCIDTyaraiii Ta BBEACHHS B EKCIUTyaTaIlil0 aBTOMATH30BAHOI CHCTEMH
OTIOBIIIICHHSL.

4. TlpoBeneHHs 3axOiB INOAO OpraHi3amii TEXHIYHOI eKCIUTyaraiii Ta [MiATpPHIMaHHS
ABTOMATH30BaHOI CHCTEMH OIOBIIIICHHS Y POOOYOMY CTaHi.

[linroroBKa mepcoHay, Ha SIKOrO TOKJIAIAlOThCs (PYHKINI 3 OpraHizailii OIMOBIIICHHS HACEJCHHS Ta
TEXHIYHOI eKCIUTyaTallii aBTOMaTH30BaHOI CUCTEMH OTIOBIILIEHHSI.

[InanyBaHHA 3axoiB Ta VYKIQJaHHS BJNOBUIHUX JOTOBOPIB I  EKCILTyaTalliHO-TEXHIYHOrO
00CITyrOBYBaHHS aBTOMATH30BaHOI CHUCTEMH OTOBIITICHHSI.

Etam moGyoBr HOBHMX aBTOMATU30BAaHUX CUCTEM OIOBIILIEHHS Ta 1H(HOPMYBaHHS

I eran Opranizariiss 4eproBoi Ciay:kOM, Ha SIKy TOKITANAIOTHCS 3aBIaHHS 3 OIMOBIIICHHS Ta
iH(popmyBaHHs. BcranoBieHHsT 00 iHaHHS TS OTIOBIIIEHHS (y Oy/IiBJIi BUKOHABYOTO KOMITETY MiCHKOL
(CUTBCHKOI, CENMIIHOT) pa/iH;, Y TIEHTPl TPOMAJICHKOI Oe3Tekn 00’ €THAHOI TepUTOpIaTbHOI TpoMau abo B
MICIIEBOMY TIO’KEKHO-PATYBATHHOMY T PO3ILTI).

BcraHoBnieHHST €EKTPOHHMX CHPEH B IIKOJAX, JIKAPHAX a TaKOK B IHIIMX OO0'€KTaX 3 MacOBUM
niepeOyBaHHS JIFOJICH IIEHTPATTHHOTO HACEIEHOTO MYHKTY 00’ €/THAHOI TEPUTOPIATTEHOI TPOMA/IH.

I eranm TloctynoBe oOnmagHaHHS HACENEHWX MYHKTIB 00’€THAHOT TEPUTOPIATIBHOI TPOMaIH
€JICKTPOHHUMH CUPEHAMHU, TYYHOMOBISIMH Ta THIIIMMH TEXHIYHUMH 3aCO0AMH OTTOBIIIICHHS.
BripoBapkeHHsT B IIEHTPILHOMY HACEIEHOMY IyHKTI 00’€IHAHOI TEPUTOPIATbHOI TPOMaIN MICIIEBOTO
pamio (ctymii manornory>kHoro PM- MoBneHHsT) 11 iHPOPMYBaHHS HACENICHHsI, y TOMY YHCII TTiJT Yac
3arpo3u a0 BUHUKHEHH1 HaJ[3BUYAHOI CUTYaITi.

I1I erant BcraHOBJIEHHS €JIEKTPOHHMX CUPEH Ta T'yYHOMOBITIB Y BCIX HACETICHHUX ITyHKTaX 00’ €IHAHO1
TEPUTOPIATLHOI TPOMAJIH.
OO6naHaHHS HABYATLHUX Ta IHTEPHATHUX 3aKJIaIiB, 3aK/Ia B OXOPOHH 3I0POB’ S, MIATIPHEMCTB, YCTAaHOB 1
opraHizailiid, HIIMX O0'€KTIB 3 MAaCOBMM IiepeOyBaHHSM JIFOJICH BCIX HAcCEICHHMX ITyHKTIB 00’ €IHAHOL
TEPUTOPIATLHOI TPOMaIM TYYHOMOBIISIMH Ta pa lioNpUiiMadaMu J1st iH(OpMYBaHHS HACEJICHHSI.

3a0e3reueHHsT  ONOBIICHHS Ta 1H(GOPMYBAHHS CTO BIJICOTKIB HACEIEHHS 00 €IHAHOI
TEPUTOPIATLHOI TPOMAJIM Y TOMY YHCITI Yepe3 MICIIEBE PaIio.
ITokpoKkoBi i Jy1s1 CTBOPEHHSI aBTOMATH30BAaHOI CHICTEMH OIOBIIIICHHS Ta 1H()OpPMYyBaHHS HaBEICHI y
TIOIATKY.

JITEPATYPA

1. Kozekce mmBinbHOro 3axucty Ykpainu Big 02.10.2012 Ne 5403- VI.

2. ITocranoBa Kab6inery MinictpiB Ykpainu Big 26.06.2013 Ne 444 "TIpo 3arBepmienns [lopsimxy
37iHCHEHHS HABUaHHS HACEJICHHSI JTISIM Y Ha/[3BUYaHUX CUTYyaIsx" .

3. Ilocranosa Kab6inery MinictpiB Ykpainu Big 26.06.2013 p. Ne 443 "[Topsiiok miaAroToBKH J10 it
3a MPU3HAYEHHSIM OPraHiB YIPaBIiHH Ta CHJT IMBLUIHHOIO 3aXKCTY".

4. TlocranoBa Kab6inery MinictpiB Ykpainu Big 09.10.2013 Ne 787 "TIpo 3arBepmienns [lopsimxy
YTBOPEHHS, 3aB/IaHH: Ta (yHKLIT (popMyBaHb LIMBUIBHOTO 3aXUCTY".

PROPOSALS REGARDING THE ORGANIZATION OF ANNOUNCEMENT AND
INFORMATION ACTIVITIES IN UNITED TERRITORIAL COMMUNITIES

Notification of a threat or the occurrence of emergency situations consists in timely

delivery of such information to civil defense management bodies, civil defense forces, business
entities and the population.
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3ACTOCYBAHHS PUSUK-MEHE/JKMEHTY IIPU ®OPMYBAHHI
OPTAHIBALIITHO-EKOHOMIYHUX MEXAHI3MIB TPOTH/I{
HAJ3BBUYAWHUM CATYALISIM

Huni B ekoHOMIIi Hamioi KpaiHu CKiIajacs CUTYyallisi, KOJM OCHOBHI BHpOOHMYI (oM,
3acTapiil TeXHOJIOTIi, TEXHIYHI 1 TEXHOJIOTIYHI CUCTEMU € JpKeperaMu aBapiii 1 karactpod. [Ipu
3HaYHOMY 3HW)KCHHI 3armacy BapTOCTi 1 3aJIMIIKOBOTO PECYpCy TEXHOJOTIYHOTO YCTaTKyBaHHS
BHACITiJIOK KOPO3ii, BTOMH, CTapiHHS 1 3HOCY, @ TAKOXK B TIEPi0J1 OHOBJICHHS TEXHOJIOT1H IepeBi3HIX
MpoLeCciB, MaTepiaiiB 1 3MIHM MOKOJIHb (DaxiBLIB 3 BTPATOIO piBHSA Hpo¢eciiiHOCTI 3pocTae
BIPOT1JIHICTh BUHMKHEHHA HaJ3BuuaiiHux curyaui (HC) 1 BiporinHuii 30UTOK IpH aBapisx Ha
IIPOMHUCIIOBHX 1 TPAHCHOPTHUX 00'€KTaxX.

B 3B'I3ky 3 1uM mnepBHHHE 3HAUYEHHS Ma€ po3poOKa OpraHizaliiHO-eKOHOMIYHUX
MeXaHI3MIB JIKB1Jallli HACIIKIB aBapiil 1 CTUXIMHMX JIMX, I€P>KaBHOTO PEryJIIOBaHHS PUHKOBOI
€KOHOMIKM B O0JIaCTI CTBOPEHHSI €KOHOMIYHOIO MEXaHI3MY BIJIIKOJYBAHHS E€KOHOMIYHOIO
30UTKy BIiJ aBapid 1 KaTtacTpo(d rocmomaprordnM cy0'eKTaMm 1 HAaceNeHHIO NI 3a0e3nmedeHHs
CTiKOCTI (hyHKIIIOHYBaHHS €KOHOMIKHU. [IpoTe, HE3Ba)karoUM Ha BEIUKY KUTBKICTh BUKOHAHUX
JOCIiKeHb B obmacTi momnepemkenns 1 mikBiganii HC, nutanHs BH3HAYCHHS NMPEBEHTUBHUX
3aXO0iB, JIKBiAAIil HACTIAKIB, BIAIMIKOAYyBaHHS 30WTKYy, BHU3HAYEHHS OCOOTWMBOCTEH aBapil 1
KaracTpod, NOKa3HUKIB €PEeKTUBHOCTI 1 METO/IIB TX pO3paxyHKy HE 3HAXOJATh HAJIEXKHOI yBaru.

B Toit xe wac BU3HAeTbCs, MO €PEKTHUBHUM CIIOCOOOM PO3POOKM OpraHi3aiiiHo-
€KOHOMIYHUX MEXaHI3MIB JIIKBIAIlli HACHIIKIB aBapii 1 CTUXIHHUX JUX B MPOMHCIOBOCTI 1 Ha
TPAHCIIOPTHUX KOMYHIKAIIsIX SIBJISETHCS 3aCTOCYBAaHHS METOMOJOTT pPHU3UK-MEHEKMEHTa 1
KOHIICTIIIT MPUHHATHOTO pu3HKy. [Ipu 1IboMy MOBHHHI BpaxOBYBATHCS BiAMITHI OCOOJIMBOCTI 1
€KOHOMIYH1 YMHHUKH ITPOMHCIIOBHUX 1 TPAHCTIOPTHUX aBapiil (kaTacTpod).

AHaJi3 BITYM3HSIHOTO 1 3apyOiKHOTO JOCBiITy B 00JacTi PO3pOOKM 1 3aCTOCYBaHHSI
OpraHizarifHuX 1 eKOHOMIYHHUX CITIOCOOIB YNpaBiHHSA PU3UKOM (0€3MEeK0I0) TOKa3ye, MO iICHYE
JIOCUTh BEJTUKE YMCJI0 MEXaH13MIB, CIIPSIMOBAHUX Ha 3HMKEHHS piBHA pu3uKy (BuHUKHEHHS HC),
HECIIPUATIINBOI JIii Ha €KOHOMIKY, IPUPOIHE CEPEOBHILE i T. . IX CyTh BU3HAYAETHLCS 3MIiCTOM
€KOHOMIYHUX METO/IiB MiaBHIIeHHs O6e3neku 1 mpotuaii HC. Yci i MexaHi3Mu MOYKHA PO3AUTATH
Ha nekiibka rpym. CTpyKTypa CHCTEMH OpraHi3aliiiHO-€KOHOMIYHMX MEXaHI3MIB YMpaBIIiHHSI
pU3MKaMH MOKE€ BKJIIOYATH HACTYIHI MEXaHI3MHU: €KOHOMIYHIM  BiAMOBIAAJIBHOCTI;
CTUMYJIIOBAHHS 3HI)KCHHS PIBHS PU3UKY; MEPEPO3NOALTH PU3UKY; Pe3epBYBaHHA; (OPMYBaHHS 1
BUKOPHUCTAHHS LEHTpaNi30BaHUX (POHIIB; YIpPaBIiHHS MporpamMami 3HIKEHHS PIBHS PH3UKY;
OLIIHIOBAHHSI KOMIUIEKCHOTO PIBHSI PU3UKY. Y CBOIO 4epry, A0 KOXKHOI I'PYyHH MOXYTh BXOJIUTH
MEXaHI3MH, 110 MAalTh 3arajibHi MPUHIUIIOBI OCOOJIMBOCTI 1 BIJIPI3HAIOTHCSA OAWH BiJl OJHOTO
nuine aeskuMu moaudikamismu [3, ¢.18].

I'pynma wmexaHi3MIB €KOHOMIYHOi BIANOBIJAJIBHOCTI TMOBMHHA BKIIIOYATH CHCTEMY
CTaHAapTiB (HOPM, HOPMATHBIB, KBOT), BIIXWJICHHS BiJ] SKUX BeJIe 10 TNEBHUX EKOHOMIUYHUX
caHkuii (Bim mrTpadiB A0 3yNUHKH MpOIEciB, 3a00poHH OyniBHHITBA Ta iH.). BiamosinmHi
CTaHIApPTH TOPKAIOThCS B TMEPIIy Yepry BXKHUBAaHUX TEXHOJOTM TMepeBi3HUX MPOIIECiB
HeOe3neuyHux BaHTaxiB. Jo i€l x rpynu MEXaHi3MiB JOIIHHO BiTHECTH MEXaHI3MHU €KCIIEPTU3H
(mpoexTiB OymiBHHIITBA, PEKOHCTPYKIli 1 KamiTaJlbHOTO PEMOHTY CHOpYA 1 1HMIUX O0'€KTiB
CUCTEMH), B IKUX OI[IHKA PiBHS Oe3MeKu (pU3nKa) pOOUTHCS €KCIIEPTHOIO KOMICIEI0 1 eKOHOMIYHA
BIJIMOBIJANIbHICTh BU3HAYAETHCA 3aJI€KHO BiJl pe3y/IbTaTiB €KCIIEPTURH.

BaxxnuBuii kimac ckjganaTh MEXaHI3MHU BIIINIKOAYBaHHS 30UTKYy, B SIKHUX €KOHOMIYHA
BIJIMOBIAANIbHICTh MPSMO TOB'sI3aHa 3 BEJIMYMHOIO 30UTKY BijJl BUHUKHEHHS HaJ3BUYaitHOT cUTyarlil
Ha TpaHCHOPTi. Y TPyMy MEXaHi3MiB CTUMYIIOBAHHS 3HIDKCHHS PIBHS PU3UKY CIiJ BKIIOUYUTH
MEXaHi13MU MiJTbIrOBOTO OMOJATKYBAHHSI, @ TAKOK MUJIbTOBOT0 KPEAUTYBAHHS 1 KOMIIEHCAIlii BUTPAT
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Ha TPOBEACHHS 3aXOJiB IO MiJABHIICHHIO PiBHA O€3MeKH (3HWKEHHS PH3HMKY) Ha 00'eKTax
1HPPACTPYKTYpH.

Jlo MexaHi3MiB MepPepo3MOiTy PU3UKY IPOIOHYETHCS BITHECTH MEXaHI3MH CTPAaxXyBaHHS
(epxaBHe, He3aJeKHE 1 B3a€MHE CTpaxyBaHHs). ['0JIOBHMM 3aBIaHHSM CTPaXOBOTO 3aXHCTY B
[IbOMY BHIIAJKy Ma€ OyTu 3a0e3redeHHs] eKOHOMIYHOT MIATPUMKH 3ax0/iB 3 nonepempkenHs HC
Ha TPAHCHOPTi, 3IiCHIOBAaHUX JIEP’)KaBHUMH OpraHaMy BUKOHABYOI BJIaJH, OPTraHAMHU MiCIIEBOTO
CaMOBPSIIyBaHHS 1 TPAaHCHOPTHUMH OpraHi3amisiMu (HE3aJeKHO BijJ OpraHizamiiiHO-IpaBOBUX
(bopM 1 BHILy BJIACHOCTI), i CTPAXOBOr0 MOKPHUTTS 30MTKY Y pa3i iX BAHUKHEHHs [1].

Ha Bigminy Bix momepenHiX KiaciB MeXaHI3MiB, CIPSMOBaHMX B OCHOBHOMY Ha
MiABUIIEHHS PiBHA Oe3neku abo 3HWKEHHS PH3UKY, MEXaHI3MH PE3epBYBAaHHS CIPSIMOBaHI Ha
CTBOpeHHs yMOB Jutst mBuAKoT TikBigamii HC Ha 00'ekTax i 3MEHIICHHS BTPAT B Hel. MexaHi3Mu
(dbopMyBaHHS 1 BUKOPUCTaHHS [EHTPATi30BaHUX (POHIIIB OUIBIIO MipOIO MAarOTh OyTH HaIllJIeH]
HE CTUIbKM Ha (OPMYBaHHS, CKUIBKM Ha iX e(eKTHBHMU posnoaut. I, Hapemiti, npu po3poOii
MEXaHI3MIB YIPABIIIHHSA PETriOHAJIbHUMHU IpOrpaMaMu 3HIKEHHS PU3HKIB 1 IOM'SKIICHHS
HacnikiB HC mnpupoAaHOro 1 TEXHOIEHHOIO XapakTepy MOXKYTh BHUKOPHCTOBYBATHCS YCl
MEXaHi3MH, 1 B IEpUIy Yepry MEXaHi3MU CTHUMYJIIOBAHHS 3HM)KEHHS PIBHS PU3MKY 1 MEXaHI3MU
y3roJKEHHS IHTEPECIB OPTraHiB YIIPaBIIIHHS.

BusnaueHHs oprasi3aliiiHO-eKOHOMIYHHUX MEXaHI3MiB 3HM)KEHHA piBHA pusuky HC Ha
TPAHCIOPTI A03BOJISIE IEPEUTH A0 OOTPYHTYBAHHS CUCTEMHU MMOKa3HUKIB €(EeKTUBHOCTI 3aX0/iB 3
MoTepePKeHHS 1 JKB1Jalii HACTIAKIB aBapiil 1 CTUXIMHUX JMX Ha TPAHCHOPTHUX KOMYHIKALIsX.
@dopMyBaHHS TaKMX MOKA3HUKIB MOXJIMBE Ha OCHOBI 3aCTOCYBaHHS METOAOJOrl pPHU3UK-
MEHEPKMEHTY, 110 MOSCHIOEThCS BUIMAAKOBOIO mpupozoro BuHUKHeHHS HC. V ¢inancyBanH1
3axofiB 3 nonepemkenHs 1 JgikBigamii HC € mpucyTHiME 3ac00M Jep:KaBHOTO OIOJKETY, 3aCO0y
OpraHy MICIIEBOTO CaMOBPSITyBaHHS, 3ac00y OpraHizaiii TpaHCIOPTY, 3ac00y IHIMUX JKEPEIL.
I[Ipu oMy oOcCHOBHMMH HampsMamu (QiHaHCyBaHHs €: monepemkeHHs HC; mom'skimeHHs
Hachiakis Big HC; BigmkomyBanHs 30uTKy, Bukiukanoro HC.

MiKHapOIHMIA AOCB1/I TOKA3y€ BAKIUBICTh PAIIIOHATILHOTO PO3IOALTY PECYPCIB MIXK IIUMH
CKJIAZIOBUMHU. 3 €0 METOO TIOTPIOHO CHCTEMY MTOKA3HMKIB, 1110 BKIIFOYAE JBI TPYIIH : TTOKA3HUKHU
e(eKTUBHOCTI TPEBEHTUBHUX 3aXOJIB 1 MOKA3HUKH €(PEKTUBHOCTI 3HWKCHHS (TIOM'SIKIIICHHS)
30uTKy. CriouaTky po3rJITHEMO MOKa3HUKH €(DEeKTUBHOCTI TPEBEHTUBHUX 3aXO/iB.

[IpeBenTHBHI 3ax01 TpU3BOJATEH 10 3MeHTHIeHHS HC 1 CKOpOUYEeHHS MOXKIIUBOTO 30UTKY.
Oco0nuBICTh MPEBEHTUBHUX 3aXOJIB - HEOOXIIHICTh 3/IIHCHEHHS PEAIbHUX BUTPAT CHOTOJHI B
0OMiH Ha CKOPOUYCHHS BIPTYaJIbHOT'O 30MTKY B MaiiOyTHROMY. Peaiizallis mpeBeHTUBHUX 3aXO/IiB
Mae OyTH €KOHOMIYHO OOTrpyHTOBaHOW. Mipa IOCSTHEHHSI MeTH (€(EKTUBHICTh) MPEBEHTUBHUX
3aX0/iB MOX€ OYTH OIlIHGHAa BIJHOIIEHHSM BIJIBEPHEHOI'O PHU3HKY A0 PHU3HKY JO BXKUTTS
MPEeBEHTUBHUX 3ax0[iB. BuTpaTu Ha NpeBEHTUBHI 3aX0Jud MaloTh OyTH MEHIIE BapTOCTI
BiJIBEpHEHOT0 pU3UKy. EKOHOMIUHA €(EeKTUBHICTh BUTPAT HA MPEBEHTUBHI 3aX0IU MOXE OyTH
OTpUMaHa 3 BIJHOIICHHS BIIBEPHEHOr0 PU3UKY (Y BapTICHOMY BUPaXEHH1) 10 IIUX BUTPAT 1 Ui
€KOHOMIYHO OOTPYHTOBAHUX 3aX0/iB Ma€ OyTu Oinbiine onuHuIl. [Ipu MeHIIoMy 3Ha4eHHI OTO
BIJIHOILIEHHSI TOJIANbllle BKIAJACHHS 3ac00iB B IMPEBEHTUBHI 3aXOJU 3aXUCTY CTAa€ €KOHOMIYHO
HeoOrpyHTOBaHMM. BimmikomyBanHs 30uTKy micisa toro, sk HC cranacs, € 0OqHUM 3 BaXKIMBHUX
CIIEMEHTIB 3aXKMCTy HACEICHHS, a TAKOX 1HTEPECiB rocmoaapodnx cyo'ektis [2, ¢.10].

Sk Bke roBopuiIocd, HTKOBOIO (yHKIIE0 3axucTy Bix HC siBisieThes miBUIIEHHS MipU
3ano0iranHs, MOM'SKIIEHHS 1 Bl,Z[H_IKO,ZLy'BaHHH 36I/ITKy EdexTuBHICTh 3aXHCTy HaceleHHS 1
€KOHOMIKH NPUHHATUMH 33aXO0JaMU OLIHIOETHCS BiJAHOIIEHHSIM BEIWYMHM 3HWKEHHS PU3UKY B
pe3ybTaTi peaiizalii NPEeBEHTUBHUX 3aXO/IB 1 3aXO/IB pearyBaHHs O BEJIMYMHU PHU3HKY Oe3
BXKUTTS AKUX-HEOyab 3axo/iB 1o 3axucty Big HC. Toai pe3ynbTyroda eKoHOMIYHA e(heKTHUBHICTh
BuTpar Ha 3axucT Big HC Moke OyTH OIliHEHA BiAHOIIEHHSM BEIMYUHM 3HU)KEHHS PU3UKY B
pe3yNbTaTi 3aX0/IiB 3aM00IraHHs, MOM'SKIIESHHS 1 BIAIITKOAYBaHHS 30MTKY 10 BUTPAT Ha 11l 3aX0/IU.

Taxkum YMHOM, IPAaKTUYHA 3HAYYLIICTh IPOMOHOBAHOIO MiIXOAY /10 OLIIHKH €(eKTUBHOCTI
3axofiB 3axucty Bi HC Ha OCHOBI METOM0JIOTIT PU3UK-MEHEPKMEHTY IOJIATa€ B MOXJIUBOCTI
OOTrpYHTYBaHHS OpraHi3aliifHO-eKOHOMIYHHX PIIIeHb 10 BUOOPY MPEBEHTUBHUX 3aX0/IiB 3aXUCTY
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TPAHCIIOPTHUX O0'€KTIB, a TakoXkK mom'sikieHHst HacmiakiB HC Ha nmux 00'ekTax i BiIIIKOXyBaHHS
30uTKy. [IpomonoBana cucreMa po3riIsIHyTHX ITOKa3HHUKIB epeKTUBHOCTI 3axucTy 00'ekTiB Big HC
JI03BOJISIE BUPINIYBATH 3aBJaHHSA ONTUMI3allii BUTpAT Ha 3aXHCT, 30KpeMa, pamioHaJIbHOTO
po3noainy BuTpat Ha nonepempkenHs HC 1 pearyBanHs Ha HUX.

JITEPATYPA

1. BepOinpka LI. Pusuk-MeHEIKMEHT SIK CydacHa CHUCTEMa YIPABIIHHA PH3UKAMH
HiANPUEMHUIBKUX CTPYKTYp [Enextponnmii pecypc]. / LI. BepOinpka // Cranmii po3BUTOK
ekoHomiku. — 2013. — Ne 5. — C. 282-291 — Pexum pnoctymy: http://nbuv.gov.ua/UJRN/
sre 2013 5 37

2. Mantyp-Uy6ara O.C. OpranizaniiHo-€eKOHOMIYHUN MeXaHi3M YIpaBIIiHHS pPU3UKaMU
30BHINTHLOCKOHOMIYHOI AISUIBHOCTI MiAMpueMcTBa: aBToped. auc. ... kauja. ekoH. Hayk / O.C.
Mantyp-Uy6ara. — XmenbHuupkuii, 2016. — 20 ¢

3. Tymy6 O.M. InenTudikaris pu3uKy sk iHCTpYMEHT 3a0€31e4eHHs] EKOHOMIYHOT O€3TeKH
3a pPU3HMK-OPIEHTOBAHOIO MIAXOAY 1O YOpPaBJIiHHA Ha mianpueMcTsi. BicHuk Yepkacbkoro
yHiBepcutery. Cepist «Exonomiuni Hayku». 2018. Ne 4. C. 2-33.

Karpeko N.M., Ph.D. in Public administration, associate professor
National University of Civil Defence of Ukraine

APPLICATION OF RISK MANAGEMENT IN THE OF ORGANIZATIONAL
AND ECONOMIC MECHANISMS FORMATION FOR EMERGENCY SITUATIONS
PREVENTION

Currently, the economy of our country has a situation where the main production assets,
outdated technologies, technical and process systems are the sources of accidents and disasters.
With a significant decrease in the reserve value and residual resource of process equipment due to
corrosion, fatigue, aging and wear, as well as in the period of updating technologies of
transportation processes, materials and changing generations of specialists with a loss of
professionalism, the probability of emergency situations (ES) and probable damage in accidents
increases at industrial and transport facilities.

In this regard, the primary importance is the development of organizational and economic
mechanisms for liquidation of the consequences of accidents and natural disasters, state regulation
of the market economy in the area of creation of an economic mechanism for compensation of
economic losses from accidents and disasters to business entities and the population to ensure the
stability of the functioning of the economy. However, despite the large number of studies carried
out in the field of emergency prevention and elimination, the issues of determining preventive
measures, liquidation of consequences, compensation for damage, determining the characteristics
of accidents and disasters, performance indicators and methods of their calculation do not receive
due attention.
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10 MUTAHHS ®OPMYBAHHS SKCIIEPTHO-CTATUCTUYECKOI MOJIEJII
JIKBIIAIIIL HAJIBBUYAVMHUX CUTYAIIA PETTOHAJIBHOT'O PIBHS B
YMOBAX BOEHHOTI'O BILIMUBY HA CUCTEMY NIAIOTOBKH ®AXIBIIIB 3
EKCILTYATAIIl ABAPIHHO-PSITYBAJIbHOI TEXHIKA

ITin wac BoeHHWX miii cucrema miaroroBku (axisiiB cucremu JJCHC cruknynace 3
HU3KOK BUKIHUKIB SIKI CyTT€BO BIUIMHYJIM Ha SKICTh 3HaHb Ta HABUYOK, IO OTPUMYIOTh
BHITYCKHUKH 3aKJIaJiB BUIIIOT OCBITH. SIKIIIO MTPOOIIEMATHKY MTUTAHHS PO3TIISTHYTH JIUIIE B YaCTHHI
miArOTOBKM (axiBIiB 3 eKCIUTyaTamii aBapiiHO-PATYBAJIbHOI TEXHIKHM, TO CIiJl 3a3HAYUTH
HaCTYIIHE. Crama CTPYKTYpHO-JIOTIYHA CXEeMa IMPOIeCy Y3TOJDKEHHS Ta  ITiIBHINCHHS
e(eKTUBHOCTI CHUCTEMHU MIATOTOBKU (haxiBIIB 3 €KCIUTyaTalii aBapiiiHO-pATYBaJIbHOI TEXHIKU
nependavae HasBHICTb OOOB’SI3KOBOT  MPOLEAYPH  Y3TOIKEHOCTI  ONEepaTUBHO-TEXHIUHUX
rapaMeTpiB aBapiiiHO-PSTYBaIbHOI TEXHIKM Ta METOJUKHU MIATOTOBKH (axiBLiB 3 i1 eKCILTyaTalii.

OcTaHHs Ma€ HU3KY NPSIMUX Ta 3BOPOTHUX 3B’SI3KIB, SKI MalOTh 3a METYy IiJBUIICHHS
SIKOCT1 MOYJIMBOCTEHM CHUCTEMU 3aro0iraHHs Ta MPOTHAIl HAJ3BUYAMHUM CUTYAIlisiM, HacaMIiepes]
pETioHaIBHOTO PiBHA, Ta Nepeadadae MIaHOBY OCHOBY 3aCTOCYBaHHS, SIK MPOLEAYP HACHUCHHS
CHCTEMHU 3a1t00iraHHs] HOBUMH Ta MOJICPHI30BAaHNUMH 3pa3KaMU TEXHIKH, TaK 1 IJIAHOBY MIPOLIETYyPY
MIArOTOBKM (PaxiBIIiB, SIKa MOCTIHHO MEPEryIsAa€ThCs 3 YpaxyBaHHSIM YacOBUX Ta TEMAaTUYHHUX
oOMekeHb. 3a YMOB CHOTOJICHHSI HaBelleHa MpOIEAypa Y3TOJUKCHHS BHKIIIOYCHA 3 IPOIECY
PO3MOALTY aBapiiHO-PATYBAIBHOI TEXHIKH KA HAXOAUTh Y BUTJISI TyMaHITapHOT TOTIOMOTH Bij
KpaiH naptHepiB. Takox mo3a ii ceporo 3aIHIIAEThCsl TEXHIKA TYMaHITaApHOI'O PO3MIHYBaHHS Ta
crieliaJibHa TeXHiKa MOJBIHHOrO MPU3HAYECHHS.

[Topy1ieHHs 3BOPOTHUX 3B’SI3KIB MPOLEAYPH Y3rOIKEHOCT] MPU3BOAUTH 10 BUHUKHEHHS
HU3KHA TPOTHUPIY, SKI CTOCYIOTHCS SK MOXJIMBOCTEH BCEOIYHOI eKCIuTyaTallli TeXHIKHM TakK 1
MiITOTOBKU BIAMOBITHUX (haxiBIB 3 1i €KCIUIyarallii, 0 y CBOIO YEpPry MOPOKYE MpoodIeMy
CTBOPEHHS JII€BOT METOIOJIOT11 3 MiABHUIIIEHHS €¢()eKTUBHOCTI MPOIIECY 3ar00iranHs HaA3BHYaliHUX
CUTYyaIliii B yMOBaxX HEBU3HAUEHOCTI MMapaMeTpiB MiArOTOBKH (axXiBIliB Ta €KCILTyaTaIlii aBapiitHo-
PATYBaJIBHOI TEXHIKH, SIK1 TIOB’sI3aHI 3 OpraHi3aliiHO-yIpaBIiHCBKUMHA OOMEXEHHSIMH BOEHHOTO
qacy.

AHani3yloud Cy4acHHUH CTaH MUTAHHS SKE JOCIIDKYETHCS CIiJI, MO-TepIie, PO3TISHYTH
CBITOBHMH JIOCBIJ 3 MHUTaHb (POPMYBaHHS METOMOJIOTIM OINIHKM €(PEKTUBHOCTI 3aCTOCYBaHHS
PI3HOTO TOKEKHO-TEXHIYHOTO 0OyiagHaHHsA. Tak B po6oTax [1,2] po3risiHyTI OCHOBHI KpHTEpii
HEYITKOI OIlIHKA MOXKEXHOT OE3MEKH B yMOBAX PETIOHIB 3 MEPEBAKHUM MICHKUM HACEJICHHAM. Y
po60Ti [3] pO3TIIAIAIOTHECS OKPEMI MTOJIOKEHHS TeOpii HAMIMHOCTI CHCTEM Ha MPHUKJIAIl CTIHKOCTI
JIOTICTHYHHMX 3B’SI3KIB 13 3a0€3Ne4YeHHS TMOXKEKHOK TexHikor. B poboti [4] ocHOoBHa yBara
NMpUIUICHA NUISIXaM ITIBUINCHHS HAIIHHOCTI, PEMOHTONMPUIATHOCTI Ta TEXHIYHOI  Oe3meKu
aBapiiiHO-pATYyBaibHOI TexHIKUM. PoOoTa [5] mpucBsueHa BHUPIMICHHIO MUTAHHS KOMILIEKCHOTO
MIPOEKTYBaHHS MPOTUIIOKEXKHOI Oe3mekH, BKIYaun eremMeHTu merogosiorii GO Ta ocHOBU
MPOEKTYBaHHS HAAIMHOCTI. BTIM KOMIIJIEKCHO MUTaHHS Y3TOMKEHOCTI CHUCTeM 3abe3neyeHHS
TEXHIYHUMHU 3ac00aMH Ta BIAMOBIIHOI MIATOTOBKU (PaxiBIIiB 3 iX €KCIUTyaTallii Ha ChOTOJHI He
BUpiieHo. BoHo Ha0yBae J0JaTKOBOI aKTyallbHOCTI 32 YMOB MOPYILIEHHS 3BOPOTHUX 3B’SI3KiB
MPOLEAYPH Y3TO/DKEHOCTI, IO TMOB’si3aHi 3 OpraHi3amiifHO-yNpaBIiHCBKUMU OOMEKEHHSIMU
BOEHHOT'O 4acy.

Y po6oTi po3rasgaeTbes mpodaeMa GopMyBaHHS €KCIIEPTHO-CTATUCTUYHOT MATEMAaTUYHOT
MOJIeTl JTIKBiJIaIii HaJ3BUYAHUX CUTYalliil pEriOHANBHOTO PiBHSA B YMOBaX BOEHHOTO BIUIMBY Ha
cUcTeMy MIAroTOBKM (axiBLIB 3 eKCIUTyaTallii aBapiiHO-pATYBaJIbHOI TEXHIKH. Y XOji
nociimkeHHss Oyno chopmoBaHo Halip (YHKIIOHATBHUX OOMEXKEHb, IO JIO3BOJIAE YITKO
BU3HAUUTH (i3UYHE MOJE ICHYBAaHHS MaTeMAaTUYHOI MOJIENI JIKBiJalii HaJ3BUUalHUX CUTYyallii
pErioHaJbHOrO PIBHA B yMOBaX BOEHHOTO BIUIMBY Ha CHUCTEMY HiATOTOBKH (axiBIiB 3
eKCIUTyaTallii aBapiiHO-pATYBaIbHOI TEXHIKH.
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ExcnepTHo-cTaTH4HAa MaTeMaTWYHA MOJAEIb CKIAIAETHCS 13 YOTHPHOX aHATITHUYHUX
3anexxHocreil. Ilepiia onucye gocsrHeHHS HEOOXITHOTO PiBHS OE3MEKH TEPUTOPIi Ta HACEIEHHS
BIJIMOBIHO /O ICHYIOYOTO CITIBBIJIHOIICHHS TOTeHIliiHOI Hebe3meku Bix Hacmigkie HC Ta
OTIEPATUBHUX MOKIIMBOCTEH TEPUTOPIAIbHOTO MiAPO3ALTY 00 ii mpoTuii. Jpyra BCTaHOBIIOE
3aJISKHICTh MOTeHLIHHOI Hebe3neku HacaiakiB HC pi3Horo xapakrepy Bij yacy Ta BHpPIIICHHS
OKpEMOT'0 EKCIIEPTHO-aHAJITUYHOTO 3aBJAHHS MO0 IPOrHO3YBaHHS MOTEHI[HHOTO piBHS
HeOe3NeKn B paMKax (YHKI[IOHYBAaHHS TEPHUTOPIaTbHOI OIWHHMIN. TpeTs M03BOJISIE BU3HAYUTH
HOPMOBaHUH 1HJIEKC EKCIUTyaTallIHHANX MOXJIMBOCTSH JIKBijalii HaJ3BUYAMHUX CHUTYaIlil
PETiOHaTBHOTO PiBHS B YMOBAaX BOEHHOTO BIUIMBY Ta ii BIUIUB HA CUCTEMY IiArOTOBKH (haxiBIIiB 3
eKCIUTyaTallii aBapiiHO-PATYBAIBHOT TEXHIKM B yMOBaX 4YETBEPTOi MapaMETPUIHOI 3aJIe)KHOCTI,
mo Bu3Havae 4ac.OcoONMBICTIO MAHOTO MiIXOAY € MOMKJIMBICTh BHKOPHCTOBYBAaTH B SIKOCTI
MaTEeMaTUYHOTO amapaTy JjIsl PO3paxyHKY MPOTHO30BAHUX IMOKA3HUKIB PH3HKY BXKe BIZIOMI Ta
NEepeBipeH] MiAXOAW, IO 3arajoM 3a0e3NeunuTh BHUCOKHM pPIBEHb JIOCTOBIPHOCTI KIHIIEBUX
pe3yIbTaTiB BUKOPUCTAHHS €KCIIEPTHO-MAaTeMaTHYHOI MOJIETI.

CTBOpeHa EeKCHEepTHO-CTAaTUCTUYHA MOJENb J03BOJISIE€ HAaAall PO3BHBATH METOJOJOTIIO
pPO3paxyHKy OINEpPaTUBHOTO TMOTEHI[aTy TEPUTOPIAIbHOI OJMHMUIII HAa OCHOBI ICHYIOYHMX Ta
MIPOrHO30BAHUX PIBHIB MOTEHIIHOI HEOE3MEKH.
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ON THE QUESTION OF THE FORMATION OF AN EXPERT-STATISTICAL MODEL
OF THE ELIMINATION OF EMERGENCY SITUATIONS AT THE REGIONAL
LEVEL UNDER THE CONDITIONS OF MILITARY INFLUENCE ON THE SYSTEM
OF TRAINING SPECIALISTS IN THE OPERATION OF EMERGENCY AND RESCUE
EQUIPMENT

The work examines the field of problems of training specialists in the operation of emergency and
rescue equipment in the conditions of uncertainty of the process of receiving and modernizing the latter.
Approaches to the formation of an expert-statistical model of the process of coordination and improvement
of the efficiency of the system of training specialists in the operation of emergency and rescue equipment in
everyday and wartime conditions have been developed. The methodology of the process of increasing the
efficiency of the management of the base of emergency and rescue equipment in the regions has been
developed.
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YHayionanvnuii ynisepcumem yusinorozo saxucmy Yxpainu,
2[lenmp inghopmayitino-ananimuuHo20 ma mexHiyHo2o0 3abe3nedents MOHIMoOpUH2y 06 ckmie
amomnoi enepeemuku HAH Yxpainu, Ykpaina

PO3POBKA MATEMATHYHOI'O ATAPATY IIONIIEPE/ZKEHH A HAJI3BBUYAHHUNX
CUTYALIU TEPOPUCTUYHOI'O XAPAKTEPY B TYHEJIAX

OnHuM 3 HaWBAXIIMBIIIAM €JIEMEHTOM KPUTHYHOI 1HOPACTPYKTYypH 0001 JepKaBU €
00’ext TpaHcnoptHoi iHdpacTpykTypu [1]. VkpaiHa He € BHHATKOM. Bijbll TOro BUCOKHii
BIJICOTOK TE€XHIYHOT 3aHEI0aHOCTI Ta BIICYTHICTH BiIIOBIAHUX OOCATIB (JiIHAHCYBAHHS y MPOLIECU
OHOBJICHHS 1HQPACTPYKTYPH MPU3BOAUTH J0 MPHUCKOPEHHS HEOE3NEeYHUX SBUII HA 3a3HAYCHHUX
00’exTax [2]. Oco0nuBy posb BIAITPatOTh GaKTOPU aHTPOIIOT€HHOI'O BILIUBY Ha Oe3IeKy 00’ €KTiB
KPUTHYHOTO 1H(PACTPYKTYPH 3aTI3HUYHOT'O TpaHCHOPTY. [0 OocTaHHIX € BIAHECTH MOKJIMBI
TepopucThuHi aktu [3].

AHani3 HacHiKIB HaJ3BMUYaWHUX CUTYalllll TEpPOPUCTUYHOIO XapakTepy Ha 00’ eKTax
3aJII3HUYHOTO TPAHCHOPTY, K Y IPOBIIHUX KpaiHaxX CBITY, Tak 1 B KpaiHax, 10 PO3BUBAIOTHCS Ta
VkpaiHi JOBOJATH, 110 NPOTIKaHHSA IpolLleCy HaA3BUYAWHOI CcUTyalli y pa3l BHSBJICHHS
BHOYXOBOT'O TMPHUCTPOIO Ha O0’€KTI BU3HAYAETHCS HACTYITHOI XPOHOJIOTIEI0 B3aEMO3ATICKHHUX
MoJi#, a caMe: MOIITyK Ta 1IeHTUdiKaIis BHOyXOBOTO MPUCTPOIO, JTOKATI3allisl Ta 3HSITKOKEHHS
BUOYXOBOT0 IPUCTPOIO, 11T MiCTs 3aKIHYEHHS poOIT, K1 y pa3i BAHUKHEHHS M03aIlTaTHOT CUTYallii
CYIIPOBOKYIOTHCS 1I0JaTKOBUMHU 3aX0AaMU 3 11 yCYHEHHS.

3 iHII0ro 60Ky aHaji3 ICHYIOUOTO TEXHIYHOTO 00JIaiHAHHS CHEI[laIbHUX CIyK0 YKpaiHi
31 3HEMIKO/HKEHHSI TEPOPUCTHUUHUX MPUCTPOIB HA 00’€KTax 3ali3HUYHOrO TPAHCIOPTY CBIAYUTH
PO BIJICYTHICTh HA CHOTOJHI K €(DEKTUBHUX 1H)XCHEPHO-TEXHIYHMX 3aCcO0iB Tak 1, BiJIMOBIIHO,
METO/I0JIOTTYHOT O 3a0e3MeyYeHHs], a caMe KOMIUIEKCY METOAMK 3 MOTMEpeIKEeHHSI Ha[3BUUaliHUM
CUTYalllIM TEPOPUCTUYHOTO XapaKTepy 3 BUKOPUCTAHHSIM BHOYXOBUX NPHUCTPOIB Ha 00 €KTax
3II3HUYHOTO TPAHCTIOPTY [4].

EdexTuBHICTF OTpUMaHUX pE3yJbTATIB TOSCHIOETHCS BCEOIYHUM  BpaxyBaHHSIM
OCOOJIMBOCTEH CXEMHU YIpaBJIiHHSA HAI3BUYANHOIO CUTYAIlI€I0 TEPOPUCTHIHOIO XapaKTepy, sKa
BHUKJIMKAaHA BUSIBICHHSM BHOYXOBOTO MPUCTPOIO Y 3aJI3HUYHOMY TYHEJ, a caMe: MOHITOPUHT
CUTYyaIlii, BUSABIICHHS DPHU3UKY, OIOBIINIEHHS Ta €BaKyallis JIOACH, IMOIIYK Ta iJAeHTHdIKAIisA
BUOYXOBOTO MPHUCTPOIO, MPUUHATTS PIIICHHS HAa BUKOPHCTAHHA CHELiaJbHOrOo OO0JIaJHaHHS,
MIrOTOBYI 3aX0/IU, 3HEUIKOXKEHHSI BUOYXOBOTO MPUCTPOIO, 3HUILIEHHSI BUOYXOBOTO MPUCTPOIO,
JIOKaJIi3aIlisl HaCMiIKIB 3HEIIKODKEHHS, TPUHHATTS PIIICHHS HA BiHOBJICHHS 1 peKUMY pOOOTH
00'ekTa, BIUIMB Ha CHUTYyallilo, aHaldi3 €(PEKTUBHOCTI NPHBEHTHUBHUX 3aXOAIB Ta 3aXOJIiB 3
MoNepePKeHHs Ha/I3BUYaiiHO1 cuTyarlii. Takok BpaxoBaHO 1 TOW (akT, 110 3a3HAYEHI orepartii
OB’ s13aH1 MK cO00I0 MPSAMUMHU Ta 3BOPOTHUMH 3B’ s3KaMHu, K1 3a0e3mneuyroTs 30ip iHbopmarii
po cTaH 00'eKTa uepe3 eNeMEHTH CUCTEMH MOHITOPHHTY Ta BIUIMB Ha 00'€KT Yepe3 CHUCTEMY
BHUKOHABIIIB, 3a0e3nedytoun Oe3mepepBHUI Mpollec YIpaBIiHHS B 1HTepecax MiHiMizalil
HACJIIJIKIB HA/I3BUYAWHOT CUTYyaIlii TEPOPUCTUYHOTO XapaKTepy.

Oco06uBICTh 3alpPONIOHOBAHOIO Y POOOTI MIAXOAY HOJArae y IO€IHAHHI CY4YacHUX
JOCATHEHb y cdepl MOAETIOBAHHS MPOLIECIB BUHUKHEHHS Ta TMOIMEPeKEHHS HaA3BUYAMHUX
CUTYyallild, [0 Y CYKYyHHOCTI JI03BOJIsIE PO3POOUTH, Mo-mepiie, eheKTUBHI 1HKEHEPHO-TEXHIUHI
3ac00M KOJIEKTMBHOI'O 3aXUCTY; MO-ApYre, BIANOBITHE METOJOJOrIYHE 3a0e3MeUyeHHs MpoLecy
MOTIEPE/DKEHHST Ha/I3BUUAliHUX CHUTYyalllii TepOPUCTHUYHOIO XapakTepy Ha 00’ €KTaX KpUTHYHOI
1HPPACTPYKTYpH.

Jlana poGora Mae meBHI OOMEXEHHS, SKI CJIiJl BpaxOBYyBaTH MpH MNOJAJbIINX
JOCITI/DKEHHAX. A caMe y X0/l MOAAJIbIINX JOCTIDKEHb 3 (POPMYBaHHS METOJUKH MONEepeKEHHS
HQ/I3BUYAHUX CUTYyallill TEpOPUCTUYHOIO XapakTepy y TYHENSAX 3ali3HUYHOI'O TPAHCIOPTY
HEOOXIJJTHO 3alporoHyBaTH BapiaHTH HOPMATHBIB JUId OLIIHIOBAaHHS OINEpPAaTUBHUX i
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MiPOTEXHIKIB y JITHIM Ta 3MMOBHI Yac Ta 3a HASBHOCTI JOJATKOBHX YCKIIAJHIOIOYHNX (PaKTOPiB
HeOe3neky, Ha MITAIT MOKIMBOCTI XIMIYHOTO, pajiaiiHOro ab0 6AKTEPiOIOTIYHOTO YPasKeHHSL.
Crhin TakoXX MJOCHIAMTH JOUIIBHICTE BHECEHHS 3MiH MIOAO CKJIaay Ta THpPOLELypH
MiATOTOBKU OINEPAaTUBHUX IiIPO3/LTIB, SIKi Oe31mocepelHb0 OyAyTh 3aCTOCOBYBATH BiIIOBITHHUN
METOJMYHUH amapar Ta 3aco0u JOJaTKOBOTO 3aXUCTY 3 MONEPEKEHHS HaI3BUYAHNX CUTYallil
TEPOPUCTHYHOTO XAPAKTEPY y TYHEISX 3aII3HUYHOTO TPAHCIIOPTY.
Po3BUTOK JaHOrO AOCHIIKEHHS OO3BOJIUTH Y MOJAJIBIIOMY PO3POOUTH HM3KY INPAKTUYHHUX
peKOMEHMAII 10 BIOCKOHAJIICHHIO [IIOYMX CTaHIAPTHUX OINEPATUBHUX MPOLEAYp y pasi
BUKOPUCTaHHS MPUCTPOIO JIOJATKOBOTO 3aXUCTY Ta METOAMKH HOTO 3aCTOCYBAaHHS 3 METOIO
3a0e3neueHHs] CKOPOUYEHHS Yacy poOiT Mo JoKaii3alil Hal3BHYaHUX CUTYAIliil TEPOPUCTHIHOTO
XapakTepy B TYHENSX 3aJi3HUYHOTO TPAHCIIOPTY, HEAOMYIICHHIO MEPEPOCTaHHA iX J0 OiIbIl
BHCOKOT'O piBHS HeOe3MekH, Ta 3a0e3neueHHs! JOCTaTHOI'0 BUCOKOT'O PIBHS 1HJMBITyaIbHOTO Ta
KOJIEKTUBHOTO 3axucTy ocoboBoro ckiany JCHC Ta nuBinpHUX 0oci6. OnHaK NMeBHI TPYIHOILII
OUIKYIOTBCS Ha eTarli cepTudikaiiii po3po0iaeHoro o0aaHaHHS Ta HOTO MTUPOKOTO BIPOBAHKEHHS
B 0€31ocepeIHIO TiSTBbHICTD MPOTEXHIYHUX T1PO3ILITIB.
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DEVELOPMENT OF A MATHEMATICAL APPARATUS FOR WARNING OF
EMERGENCY SITUATIONS OF A TERRORIST CHARACTER IN TUNNELS

The paper considers the solution of the problem of increasing the efficiency of the process
of prevention of terrorist emergencies in the tunnels of railway transport. Within the framework of
the set scientific task the current state of the issue of formation of the mathematical apparatus of
methods of counteraction to emergency situations of terrorist character in railway tunnels is
analyzed. The physical field and conditions of formation of the mathematical model of prevention
of emergencies of terrorist character in railway tunnels and the corresponding technique on its
basis are defined. At the final stage of solving the scientific problem, the basic equations of the
mathematical model of prevention.
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MEASURES TO PREVENT EMERGENCY SITUATIONS AT HIGH DANGER
FACILITIES

With the aim of harmonizing the legislation of Ukraine with the legislation of the European
Union (EU) in the field of safety of high danger facilities (HDF) and protection of life and health
of people and the environment from the harmful effects of emergency situations (ES) on HDF by
preventing their occurrence, limiting ( localization) of development and liquidation of the
consequences, the Law of Ukraine "On objects of increased danger” [1] was improved and the
resolution of the Cabinet of Ministers of Ukraine dated September 13, 2022 No. 1030 "Some issues
regarding objects of increased danger™ [4] was adopted.

According to the law [1], the functions of the competent authority in the field of activities
related to the labor market were transferred from the State Service of Ukraine on Labor Affairs to
the State Emergency Service, which is entrusted with the following powers:

interaction between the executive authorities in the field of activities related to the HDF;

cooperation with EU bodies and other organizations on the exchange of data on HDF;

alerting and informing states in the event of cross-border impact in the event of an accident
at the HDF;

constant access of the public and business entities (BE) located in the zone of occurrence
of the "domino effect"” to information about the state of security of the HDF.

The "domino™ effect is the probability of the occurrence or consecutive occurrence of
accidents at gas stations located near the emergency shelter where the accident occurred when
hazardous substances were used.

If one or more hazardous substances (HS) are temporarily or permanently used, processed,
manufactured, transported, stored at the gas station, it must carry out an identification procedure
to determine the hazard class according to the regulatory document [4].

The legislation defines the main measures of safety regulation of HDF as the development
of BE, which according to the results of identification are HDF of the first or second class, the
Accident Prevention Policy and the Report on safety measures on HDF. All HDF must have plans
for localization and liquidation of accidents and their consequences, carry out mandatory civil
liability insurance and enter information in the State electronic register of HDF.

Identification of HDF is carried out by BE. In the process of identification, the total mass
of HS is calculated for each HDF. If the value of the total mass of the HS on the object is equal to
or exceeds the established standard of the threshold mass - the HDF is considered the HDF of the
corresponding class.

The business entity prepares a report on the results of the identification of the HDF and
sends it to the regional body of the State Emergency Service.

In document [4], the norms of the threshold masses of NS used for the identification of
HDF are brought into line with the EU legislation, the procedure of identification of HDF and their
accounting is regulated, requirements for the State electronic register of HDF are established, and
the Procedure for investigation of accidents on HDF is determined.

Identification of HDF is carried out in three stages.

At the first stage, a list of hazardous materials by individual names, classes of hazardous
materials and hazard categories, listed in Tables 1 and 2 of Appendix 1 [4], which are located or
may be located in production units at the facility in accordance with design and technical
documentation, is compiled.

At the second stage, a list of production units containing HS, defined in accordance with
paragraph 5 of this Procedure [4], is drawn up.

At the third stage, the mass of HS in each individual production unit is determined and the
total mass of HS is calculated separately for each individual name of HS, determined according to
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Table 1 of Appendix 1 [4]. In the absence of the name of the available HS in the indicated table,
the total mass of HS of the corresponding HS class (danger category), determined in accordance
with Table 2 of Appendix 1 [4], is calculated. According to the results of the identification of the
HDF, the BE prepares a report and sends it to the regional body of the State Emergency Service.
The message displays general information about HDF, class of HDF, list of sources of danger, list,
class and mass of HS, list of industries where HS is used. In addition, information about
neighboring objects, territories and construction objects that may increase the risk of occurrence
or consequences of an accident at the object, including the "domino™ effect, and information about
a legal or natural person - an entrepreneur, is entered in the notification. that carried out the
identification of the HDF and which operates (plans to operate) the object, in relation to which the
identification of the HDF is carried out.

Business entities, in order to determine the list of requirements, recommendations,
restrictions and measures aimed at ensuring compliance with the requirements of the legislation in
the field of activities related to safety equipment, prevention of accidents, determine and approve
the policy of prevention of accidents at safety equipment of class 1 or2[5] .

The accident prevention policy at the emergency shelter, approved by the BE, is provided
to the State Emergency Service or its territorial body together with the results of the identification
of the emergency shelter it operates, as well as before the commissioning of the completed
facilities no later than 30 calendar days before the date of submission to the relevant body of the
State Inspection of Architecture and Urban Planning application for acceptance into operation of
the completed facility and issuance of a certificate.

Simultaneously with the development of the Accident Prevention Policy at the HDF, the
BE develops a plan for the localization and elimination of accidents and coordinates it with the
regional division of the State Emergency Service. The plan includes an analysis of hazards,
possible accidents and their consequences, the order of interaction and actions of personnel,
emergency and rescue services, and the population in an emergency. Planning is carried out for
three emergency scenarios: accident "A" within the structural division of the enterprise; accident
"B" within the enterprise; accident "C" goes beyond the boundaries of the enterprise (local,
regional or state level) [7].

For the purpose of insur\ance protection of the property interests of the BE and citizens
against damage that may be caused as a result of an emergency, dangerous events or carrying out
work to prevent or eliminate the consequences of an emergency, as well as insurance compensation
of BE, in the use of which there is an HDF, damage that may be caused to third parties or their
property as a result of an emergency that may occur at such an object, Article 49 of the Civil
Protection Code of Ukraine requires mandatory insurance in the field of civil protection [2].

For 1st and 2nd classes of OPNs, the State Emergency Service prepares and submits a
Report on safety measures at OPNs. The report includes an analysis of the decisions made and
measures taken aimed at ensuring the safe operation of the OPN, preventing accidents and reducing
the consequences in the event of their occurrence [6]. After the occurrence of an accident at the
OPN, the SG is obliged to review the Report within 30 calendar days. In the event of failure to
eliminate identified deficiencies, the State Emergency Service, together with the State Labor
Service, the State Economic Inspection, the State Production and Consumer Service, DIAM takes
measures to stop the operation of the OPN or the source of danger.

The state electronic register of the HDF is an information and communication system
created in accordance with the requirements of the Law of Ukraine "On Public Electronic
Registers” [3]. The holder of the register is the State Emergency Service of Ukraine, which ensures
the collection, accumulation, protection, accounting, display, processing of register data and
provision of register information, as well as electronic interaction between natural and legal
persons, state bodies, local self-government bodies for the purpose of obtaining information
defined by law in the field of activity, associated with HDF.

Local state administrations, local self-government bodies post on their official websites
within 30 days after receiving information from the State Emergency Service or its territorial body
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about the inclusion of the HDF in the Register the following information about the HDF: legal
address of the BE; full and abbreviated name of the HDF; the actual address of the HDF; HDF
class.

In order to implement the specified normative legal acts, amendments were developed to
the Instructions on the organization of inspections of the activities of ministries and other central
executive bodies, local state administrations and local self-government bodies regarding the
fulfillment of the requirements of laws and other normative legal acts on man-made and fire safety,
civil protection , approved by the order of the Ministry of Internal Affairs of February 6, 2017 No.
92 [8].

State supervision and control over the functioning of the HDF in matters of labor
protection, ensuring ecological safety and protection of the natural environment, state supervision
(control) in the fields of fire and man-made safety, sanitary and epidemic safety, and urban
planning are carried out respectively by the State Service of Ukraine for Labor Affairs, the State
Environmental inspection, emergency prevention department of the State Emergency Situations
Service, State Production and Consumer Service, State Inspection of Architecture and Urban
Planning.
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BILIMB BOJIOI'OCTI HOBITPS HA YAC ITIPUMY COBOI BEHTHJIALIIT
PE3EPBYAPIB BIJI 3AJIMIIKIB ITAPIB JIETKO3AHUMHUCTHX PIITUH

[Iponec 30epiranHs CBITANX HAPTOMPOAYKTIB y pe3epByapHHUX MapKax € MPOLECOM, KU
notpelye )KOPCTKOTO JTOTPUMAHHS MpaBHI BHOyXomokexooe3nekn. BubyxomnoxkexxoHnede3nexa
I[LOTO IpoLecy 00yMOBIICHA THM, 10 OOJIaJIHAHHS PE3epBYApPHUX MAPKIB, a caMe pe3epByapu Ta
TpyOOIIPOBOIM HEOOXiAHO YTPUMYBATH B CIIpaBHOMY cTaHi. [ mbOro HEOOXiAHO NPOBOIUTH
periaMeHTHi Ta BiHOBIMIOBaNbHI poboTr. OcHOBHA HeOe3IeKa MPOBEICHHS X POOIT MOB’A3aHa
3 MOCTIMHOIO HAsBHICTIO JieTKo3aiiMucTux Ta roprounx piaus (JI3P ta I'P), a Takox ix mapis.

OCHOBHHMM 3aX0/I0M 1110/10 3HIKEHHS BUOYXOIOXKeKOHEOe3MeKH pe3epByapiB Iij yac ix
MIJTOTOBKU /10 MPOBEJEHHS PEryIaMEHTHUX Ta BIJHOBIIIOBAJIBHUX POOIT € (I3UYHE BUIIyUEHHS
PLAKUX 3aJMIIKIB JIETKO3aMHUCTHX Ta FOPIOYMX PiIMH 3 iX mapamu. OJHUM 3 IPOLECIB, KU
BXOAWTH JI0 CKJAy TMIATOTOBYMX 3aXOMIB IIOAO0 3a0e3MeueHHs BHYTPIIIHHOTO CEPEIOBHUIIA
pe3epByapiB € pUMycoBa BeHTU LIS [I[puMycoBy BEHTUIIALIIO [JIs pe3epBYyapiB IPOBOASTH Y 3a
HECTAI[lOHapHUX YMOB HAaBKOJIMIIHHOTO CEPENOBUIIA, MOXKYTh 3MIHIOBATHCh TEMIIEpaTypa
MOBITPSI Ta BOJIOTICTh. PO3TNsiHEMO BIUIMB 3MIHM BOJIOTOCTI MOBITPS HA IHTEHCUBHICTH
BUIIAPOBYBAaHHA 3alUIIKIB piakux 3anumkiB JI3P ta I'P. [HTeHCHBHICTH BUNapOBYBaHHS MapiB
3aJIMIIKIB CBITJIMX HAQTOMPOMAYKTIB OMUCYEThCS piBHSHHAM [1, 2]:

pgLF,F

(V)

ne F,u F — Bignosizui miomi BUnapoByBaHb Ta BHYTPIIHIX KOHCTPYKLiH €MHOCTI, Pp Ta L —

M, =0,065 Re®® Pry m,11%%0?, ()

B1JIMOBIHO IIUIBHICT Ta KIHEMAaTUYHA B’ SI3KICTh MOBITPS B pe3epByapi, F’I‘)1 — nudys3iiiHe Ynco

Tpaunrns (Pry = —, ne JI; —xoediuient mudysii mapis pimunm), 7, = bs IapaMeTPUYHE
I Po
. . T,
YKMCIIO THCKY; |L — Bi[HONIEHHS MOJIEKYJSAPHMX Mac HadTONMpOMyKTy Ta moBitps, 0 =—-—
p

Temneparypuuii pakrop, T — Temmeparypa rasosoro cepesosuia; T — Temieparypa pinuHu;

~ ~ A 0,33

Re — amanor uucna Peiinonsaca, mopisnroe Re=—, A =0,25(¢ (2Vf32 ) (V/ F)l’33 -
L

Koe(ilieHT TypOyJIeHTHOro 00MiHy, (| — BUTpaTH IpUILIMBHOTO NoBiTps, V — 06’ eM pe3epByapy,

fB — MIJIOIIA HPUILTHBHOTO OTBOPY (MOKY nasy), F — moma o6MmexyBaabHUX KOHCTPYKLIi B
pe3epByapi.

OCKiNbKM MIITBHICTH MOBITPS Ma€e BIACTHBOCTI OO 3MIHM CBOTO 3HAYEHHS 32 YMOB 3MIiHU
BOJIOTOCTI TOBITps (puc.l), TO TaKMM YUHOM CTa€ OYEBHJHUM BIUIMB BOJOT'OCTI MOBITPS, SIKE

MOTpAaIuIsie B pe3epByap i 4ac MPUMYCOBOT BEHTHIIALT, HA IHTEHCUBHICTh BunapoByBaHHs JI3P
ta I'P (1).
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Puc. 1. Biuiu 3minu Bosiorocti mositpst (Big 0 % 10 100 % 1a temneparypu Big 0 °C
10 100 °C) na iioro mibHicTh (Kr/m°)

[Ipouiec mpuMycoBOi BEHTHJIALI pe3epByapy ONUCYETbCA AUMDEPEHIIHHUM PIBHSIHHIM
MarepiajgbpHOro 6anancy (2)

Vdo + qedt — qegdt = Mdr, 2)

ne V — 00’eM pe3epByapy; q — BUTpPATH IMPHUILUIUBHOTO TOBITPS; (¢ Ta (s — KOHIICHTpAIlli mapiB
pIIMHKA B Ta30BOMY IIPOCTOpI amapaTry Ta B NPHUIUVIMBHOMY TOBITpi; M — IHTEHCHBHICTh
BUIIAPOBYBAHHS; T — Yac.

BpaxoByroun 1e cTa€ MOXJIMBUM 3pOOWTH BHCHOBOK, IO TIJIBUIIEHHS BOJOTOCTI TOBITPS
3MEHIIIY€ IHTEHCHUBHICTh BUIApOBYBaHHs piakux 3anumkiB JI3P ta I'P. 3amexnicte BmimBy
BOJIOTOCTI TIOBITP 1a Yac MPUMYCOBOI BEHTHJIALII pe3epByapy B HOpIBHsHHI 3 BapiaHTOM 0e3
TAKOro ypaxyBaHHs rpadiyHO OKa3aHO HA PUCYHKY 2.
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Puc. 2. IlopiBHsAIbHA OWIHKA BIUJIMBY BOJIOIOCTI NPHIVIMBHOIO MOBITPA Ha d4ac
NPUMYCOBOI BeHTHJISILI
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TakuM YMHOM NOKA3aHO BIUIMB BOJIOTOCTI MPHUILTUBHOTO MOBITPS B MPOLECI MPUMYCOBOT
BEHTHJIALT pe3epByapiB 3 JIETKO3aWMUCTUMHU Ta TOPIOUYMMH PiJMHAMHU Ha 4Yac MPUBEICHHA iX Y
BUOYXOMOKE00E3MEeUHHUI CTaH 3 METOIO MTPOBEACHHS PEMOHTHUX Ta BiTHOBIIOBAIBHUX POOIT.
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THE INFLUENCE OF AIR HUMIDITY ON THE TIME OF FORCED VENTILATION
OF TANKS FROM RESIDUAL VAPORS OF FLAMMABLE LIQUIDS

The process of storing light petroleum products in tank farms is a process that requires
strict compliance with the rules of explosion and fire safety. The explosion and fire hazard of this
process is due to the fact that the equipment of tank farms, namely tanks and pipelines, must be
kept in good condition. For this, it is necessary to carry out regular and restoration work. The main
danger of carrying out these works is related to the constant presence of flammable and
combustible liquids, as well as their vapors.

The main measure to reduce the explosion and fire hazard of tanks during their preparation
for maintenance and restoration work is the physical removal of liquid residues of flammable and
combustible liquids with their vapors. One of the processes that is part of the preparatory measures
to ensure the internal environment of tanks is forced ventilation. Forced ventilation for tanks is
carried out under non-stationary environmental conditions, air temperature and humidity may
change.

The influence of changes in air humidity on the intensity of evaporation of liquid residues
of flammable and combustible liquids is considered.

The influence of the humidity of the supply air in the process of forced ventilation of tanks
with flammable and combustible liquids at the time of bringing them into an explosion- and fire-
safe state for the purpose of repair and restoration work is shown.
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AHAJII3 IMITAIIHHUX MOJIEJIEI EBAKYAIIIL ITPU ITOXKEXKI

«MopentoBaHHS eBaKyarlii» — e MUPOKUN TePMiH, 110 OXOIUTIOE Oe3J1iY THIIIB MOJICIICH,
PO3pOo0IIEHUX 3 METOIO MOJIIIIIEHHS a00 MpeICTaBIeHHS Mpolecy eBakyarii. CIoau BXOJSTh Taki
MOJIeIi, SIK MOJICTTIOBAHHS IOPOKHBOTO PyXY [ 1], po3po06iaeHi s MacoBOi eBakyarllii B MacmTadi
MicTa (HalpyuKiIaJl, CIPUYNHEHOT CTUXIMHUMY JIMXaMH ), @ TAKOK MOJIENI MJIJaHyBaHHS MaplUIpyTiB,
METOI0 SKHX € po3poOka HalOLIbIl e(eKTUBHUX MapIIPYyTIiB €BaKyallil JUIsl BEJIUKOI KUIBKOCTI
moaen [2]. OgHak akTyaJdbHICTh LIbOIO TEPMIHY OB ’s3aHa 3 OMUCOM IMOOYAOBU IMITAlliHHUX
MOJIeJIel eBaKyarlii, METOI0 SKUX € IMITallis TMOBEAIHKUA JIOAUHU TiJ 4ac eBakyarii [3] mms
OTPUMAaHHS PeasiCTUYHIIINX PO3paXyHKIB B paMKaX aHaji3y, 10 IPYHTY€ETbCS Ha MPOAYKTUBHOCTI
[4]. Lli Momeni MOXHaA pPO3MJISAATH SK MIAKIAC MOJEJICH NUHAMIKUA JIIOJEH, 10 BKIIOYAIOThH
GyHKIIT, XapaKTEpHI sl eKCTPEHOT eBaKyallii.

CyTTeBOIO MepeBaroro iMiTalliiHUX MoJesel eBakyallii MOPIBHAHO 3 METOJJaMU PyYHOTO
PO3PaxyHKY, TAKHMH K TIOTOKOBA MOJICIb, € T€, III0 BOHU JIETKO JAIOTh 3MOTY PO3PaxOBYBaTH
MMOKA3HUKK TPOAYKTHBHOCTI. [li TMOKa3HMKM MOXHA BHUKOPHUCTOBYBATH JIISI  OIlIHKH
MPOJYKTUBHOCTI camoi iMiTariitHoi Mojeni abo HamaHHS M0JaTKOBOi iH(opMaIlii mpo mporec
eBaKyairii, mo wmojaentoeTbes. [lokazHukuW, 3acHOBaHI Ha (I3BUMYHUX BHUMIpax, BKIIOYAIOTh
IBUJIKICTh MOTOKY (4oi.- M -¢c! ) mo muisxaMm eBakyarlii, IIiTBHICTH HATOBMY (YOm. M2 ),
WBHAKICTS X0a60u (M-t ) i nosxuHy maxy (m). [TokasHuKM, 3aCHOBAHI Ha CIIOCTEPEKEHHSIX Ta
SIBJISIIOTH COOO0I0 Bi3yastizallito MOJIETbOBAHUX areHTIB 1 HABKOJHUIITHHOTO CEPEAOBHINA, BKIFOYHO
13 300pakeHHsAMH Ta Bigeo. I[i TMOKa3HWKM YaCTO BUKOPUCTOBYIOTh, KOJH PpPe3yJbTaTH
MOJICITFOBAHHS MPEJICTABISAIOTh HE CIIEIialicTaM, OCKUTBKH BOHH JICTIII TSI PO3yMiHHSI.

[IpoTe imiTamiifHl MOAEII TAKOXK MAIOTh P HEJOJIKIB, SIKI MOXKYTh BIIMBATH Ha MPOIIEC
eBakyairii. HegocratHs TouHICTh MOjENEH, a caMe IMiTalliifHI MOJIEl MOXKYTh MaTh OOMEXEHY
TOYHICTb B110OpaKeHHS pealbHUX CIIeHapiiB eBakyalii. Hampukmian, BoHM MOXXYTh HEAOCTATHHO
TOYHO TepeaBaTH MOBEAIHKY JIIOJCH Y CTPECOBUX CUTYallisIX, TAKUX SK MaHIKa.

HenocratHe BpaxyBaHHA neBHUX (DakToOpiB, a came MOJAEIl MOXYTh HEIOCTAaTHBHO
BpaxOBYBaTH Pi3HI aCNIEKTH eBaKyallii, Taki K Gpi3ndHi 0OMeXeHHS (HApHUKIa, HAsIBHICTb CXO/IIB
a00 BHXOJIB), pO3TalllyBaHHS HemepeadadyeHUX Iepenikoy, ado I1HIWBiAyadbHI BIACTHUBOCTI
JIFOJIeH, Takl K MOOUIbHICTh a00 IICUXOJIOTIYHHUI CTaH.

A Takox, oOOMeXeHHs Yy MOJICIIOBAaHHI CKJIAJHUX cueHapiiB. [leski cueHapii eBakyarlii
MOXXYTh OyTH CKJIQIH1 JIJIs BIATBOPEHHS B IMITAlIHHUX MOJENSAX yepe3 IXHIO CKIaJHICTh abo
HenependauyBaHicTb. Hampukiian, Benrki MacoBi 3axoau abo peakiliss Ha TEPOPUCTUYHI aTaku
MOXYTh OyTH CKJIIATHUMU 711 TOYHOT'O MOJETIOBAHHS.

ImiTariitne MozenOBaHHS €BaKyallii € BITHOCHO HOBOIO Tally33l0 HAyKH, 1 MOXIHUBOCTI
MOJIeTIel IMIBHIKO PO3BUBAIOTHCA. TakuM YMHOM, iICHYIOTH MPOOJIEMH, MOB'SA3aHI 3 MPAKTUYHUM
BUKOPUCTAHHSIM, SKI HEOOXiHO PO3B'sI3aTH, MEpUI HDK X BHUKOPUCTOBYBATH SIK Ba)KIMBUU
IHCTpYMEHTOM y cepi noxkexxHoi Oe3neku. /loHenaBHa HalBaXkIMBILIOKW 3 LUX Mpobiem Oyia
Bepudikallis Ta Bamigais Mmojeneil. Meroau nepeBipku MiCTATh B c001 BAKOPUCTAHHS EPEAOBUX
METOJIIB MpOrpaMyBaHHs, MEPeBipKy Oe3mocepenHiX pe3yNbTaTiB MOJEIIOBAHHSI, 31CTaBIICHHS
KIHIIEBUX Pe3yJbTaTiB MOJCIIOBAHHS 3 aHAITUYHUMU pe3ylIbTaTaMu W aHIMAaIlil0 MOJICITIOBaHHS
JUIA Bi3yaJbHOI MEpeBIpKH BUXIIHUX JaHUX Mojeni. Bamigaris moneni mMoxke OyTH AOCSATHYTa
[UIIXOM TIEPEBIPKH Ha OCHOBI EMITIPUYHUX JaHUX a00 MEpEeBipKH 3a TOTIOMOT 00 KOHTPOJIbOBAaHUX
eKCIIEpUMEHTIB, MpPH I1bOMY BaXKJIMBO KUIBKICHO OIIIHMTH pIBEHb Y3IO/DKEHOCTI MIX
MIPOTHO30BAHUMU Ta BUMIPSIHUMHU MTOKA3HUKAMH.
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[Tpuknagamu moaiOHUX IMiTalIHHUX MoeNel € mporpaMHi koMiuiekeu Legion, EXODUS
i PedGo, MassMotion, Pedestrian Dynamics i Pathfinder. ABtopamu [5-7] 3a3HadaeTbcs
aKTYaJIbHICTh BUKOPUCTAHHS MPOrPAaMHHUX KOMIUIEKCIB B pPaMKax 3a0e3Me4YeHHs IMOXKEKHOI
oe3nexu. Lli mpoaykT po3poduiy imKeHepHi (ipMH Ta KOHCAITHHT OBl KOMITaHii CIICI[iaIbHO JUTs
MIPOMUCIIOBOTO BHUKOpPHUCTaHHS. bimpmricte Mozeneil TakoX MOXHA BHKOPHUCTOBYBATH  JUIS
MOJICJIIOBAHHSL JTMHAMIKH IIIOXOIB Yy HOPMAJIbHUX, HEaBapiiHMX yMoBaX. YCi JOCHIKEHi
Moieni, 3a BuHATKOM FDS+Evac, neMoHCTpyroTh cripoMoskHICTh iMiTyBaTh moHas 18 000 arenris,
MICTKICTh CIIOPTUBHOT'O CTa/iOHy MAJIOTO Ta CEPEAHBOTO PO3Mipy Ta MAKCHUMAaJbHY TOIMHHY
MIPOIMYCKHY CIIPOMOJKHICTh BEJIMKOTO TEPMIHAY aeporopTy. B Moaensx npencraBieHo 3MilIaHy
MOBEJIIHKY areHTiB, IPUYOMY BCi MOJIEITI CKIIAIAI0THCS 3 ar€HTIB, Ki MOXKYTh MaTH 1HUBIAyaJIbHY
MEPCHEeKTHBY (TOOTO areHTH HEe MAlOTh 1HQOPMAIIl Ipo rI00aIbHE CepPEeIOBHIIE, a TIIBKU IPO
CBOE€ JIOKAJIbHE CEPEIOBUIIIC).

MoientoBaHHS eBaKyallii BaXJIMBe JJIs aHAJII3y Ta MOKPAILEHHS eBaKyallliiHUX IpoLeayp,
asie moTpelye MoAaNbIINX JOCTIHKEHb Ta yIOCKOHAJICHHS JIJIsl IOCSITHEHHSI BHCOKOI TOYHOCTI Ta
HaIHAHOCTI.

SIK BHCHOBOK, MOJEJIOBAHHS €BaKyalllii BKJIIOYA€E UIIMPOKUN CIEKTP METOJIB, Bij
MO/IETIOBAHHS JIOPOKHBOI'O PyXy [0 IMITAlllTHUX MOAENEH, SKi IMITYIOTh TOBEIIHKY JIIOJEH mif
yac eBakyauii. ImitamiiiHi Mozeni eBakyamii 3a0e3MmedyloTh MOXKJIUBICTh PEaiCTUYHOIO
BIITBOPEHHS TIPOIIECY €Bakyarii 1 JIETKO JIO3BOJISIIOTH  PO3PaxOBYBaTH  IMOKa3HUKH
MIPOJYKTUBHOCTI, TaKl SIK IIBUJKICTh MOTOKY Ta UIUIbHICTH HaTOBIY. OJHAK 1CHYIOTh NpOOIEeMU
OB’ s13aH1 3 X BaJiAaIiero Ta Bepudikariero.
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ANALYSIS OF FIRE EVACUATION SIMULATION MODELS
Evacuation modeling is important for evacuation analysis and improvement, but needs further
research and improvement. Evacuation modeling includes a wide range of methods, from traffic
simulation to simulation models. Simulation models of evacuation provide the possibility of
realistic reproduction of the evacuation process. However, there are problems associated with their
validation and verification.
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PU3UK NPUPOJHIX ITOXKEXK IIJ] YAC BIMCHKOBOI AI'PECII

BukopucranHs BiliCBKOBOT TEXHIKM Ta CHCTEM 030pOEHHS MOXKE MaTH 3HAYHUI BIUIMB Ha
MPUPOJHE CEPEOBUINE Ta CTBOPIOBATH JIOKATbHI BOEHHO-TEXHOTEHHI 30HH ITiJBUIICHOI
HeOesneku. Hebe3neka [uist HaceneHHs TIOB’si3aHa 3 3a0pyIHEHHSIM IPYHTY, BOAN HEOE3NEUHUMHU
pedoBruHamu [1]. Takox, BIHCHKOBI J1i OCUITIOIOTh PU3MK BUHUKHEHHSI IPUPOJHUX MOXKEXK Ta iX
HACJI1JIKIB Ha 3a0pyIHEHUX TEPUTOPISX.

PO3BUTOK MNpUPOAHMX TOXKEK Ha TEPUTOPISIX BINCHKOBUX KOH(QIIIKTIB 3YMOBIIIOE
HeOe3MeKy JIeTOHaIlli OOempunacip, MO0 HE PO3IPBAIUCS, SIKI 3HAXOAATHCS i MIAPOM HA3EeMHHUX
roprounx marepianis [2, 3]. HasgBuuii 10CBi Ta HAaBUYKH 3 3ar00iraHHs Ta TAaCiHHS TMOXKEX B
eKOCHCTEMax HEeJIOCTaTHIN /ISl 3aCTOCYBaHHS X Ha 3a0pyAHEHHUX TepuTopisx [4].

Haii6inpiry HeOe3neky Hapasl CTaHOBJIATH JIICM B PErioHax, J€ BiIOyBaJlMCsA YW JIOCI
TPUBAIOThH 0OMOBI JIii, a TAKOX OKYTIOBaH1 Ta 3BUIbHEH1 00siacTi. BUusiBUTH i1 O3HAUMTH Bl MOA10H1
00’€KTH JOBOJI CKJIaJHO, KpIM TOro, Lig iHopmallis He Oyae ONPIIIOIHIOBATUCA Y BUIBHOMY
JOCTYM 70 3aBEpIIEHHS BiifHU. AJle BjKe CbOTrOJHI 3ac00M MacoBoi iH(opMali roBOPSATh PO
OMM3bKO 2-3 MUTBMOHM TEKTapiB JICIB, SKl 3a3HAIM YW 3a3HAIOTHh BIUIMBY POCIHCHKOI arpecii.
Cepen HaliOUIbIIE MOCTpaXKIAIUX perioHiB Ykpainu: YepHiriBmuaa — npubnusHo 400 Tucsy
rektapiB, Cymmuna — 290 tucsy, Jlyranmmnaa — 200 tucsy, KuiBmuna, Xutomupnmna ta
XapkiBmiuHa — 120-160 Tucsiy rextapis. Ase, i nudpu OpieHTOBHI i HE BIOOPaKaOTh PeaIbHY
curyartiro [5].

Pu3KK BHHHKHEHHS MOXEK B MPUPOIHINA €KOCHCTEMI 3aJIeXKHTh Bif psaay (akropis [6].
JaH1 hakTOpH MOXKHA PO3MOIUTHTH HACTYITHUM YHHOM:

— KIIIMaTHYHUX YMOB. Bucoka temriepaTypa, HuU3bKa BOJIOTICTh MOBITPS Ta CHJIHBHUI BIiTEP
MOXYTh 30UIBIIUTA WUMOBIPHICTh BHHUKHEHHSI Ta TOITUPEHHS MOXKEXK;

— pociauHHOro MokpuBy. Cyxa pOCIMHHICTD MOXE CTAaTH JIETKO3aiMHCTUM MaTrepiajioMm,
0 CIPHSIE NIBUAKOMY HOIIUPEHHIO MOXKEXKI;

— Tonorpadii. 'opucTa MicleBICTh MOXKE CIIPUITH HIBUIKOMY MOIIUPEHHIO MOXKEXK Yepes
BITPH Ta KPYTi CXHIIH;

— OJIM3BKOCTI HAaceNeHUX MyHKTIB. [IpUCYTHICTh HaceIeHUX MyHKTIB a00 1HPPACTPYKTypH
B MPUPOJHUX EKOCHCTEMAaX IMIABHILYE PU3UK MOXKEXK Ta CTBOPIOE 3arpo3y s JKUTTS Ta MaiiHa
JIIOJIEH;

— aHTpornoreHHux (pakropis. [lopymieHHs mpaBuil MOXKEXHOI Oe3MeKu (BUKOPHUCTAHHS
BIJIKPHUTOr'O BOTHIO, HeJI0AJIC TIOBOKEHHS 31 CMITTSIM);

— 3a0pyAHEeHHS BUOYyXOHEOe3MeYHUMH IIPeIMETaMH, 1X J1eTOHYBAaHHS.

BpaxoByroun 1i GakTopH Ta BXKMBarO4M HEOOX1/IHI 3aX0A1 Oe3MeKr Ta KOHTPOJII0, MOXKHA
3MEHILIUTH PU3UK BUHUKHEHHS Ta PO3MOBCIO/KEHHS MOXKEXK Y MPUPOIHUX EKOCHCTEMAX.

Ominka ¢akTopiB 1 HACHIIKIB HEOE3MEKH MOXKEK Ha 3a0pyTHEHUX TEPUTOPIAX CKIAAAETHCS
3 poOOYHUX €TaIliB:

— iAeHTUdIKaLisA TEpUTOPIH, 3a0pyIHEHUX XIMIYHUMH €JIEMEHTaMH,
BUOYXOHEOE3MeYHUMU MpeIMETaMH BHACTIAOK 00i0BUX ild. BUusHaueHHS 30H, 1€ € MiABUIICHUN
PU3UK BUHUKHEHHS MOXEX uYepe3 MPUCYTHICTh 3a0pyIHIOIOUYMX PEYOBHUH. AHai3 MONeperHiX
BUIIAJIKIB MOXKEK Ha JIaH1i TepUTOPIii,

— OLIHKA piBHA (CTymeHs) 3a0pyJHEHHs TepUTOpid. Bu3HaueHHs BUIB Ta KUIbKOCTEH
XIMIYHHX PEUOBUH, SIKI MOXKYTh BIUIUBATH HA PU3HK MOXKEXK Ta BUHUKHEHHS TOKCUYHHUX BUKHIIB
i yac ropiHHA. BUBYEHHS BIaCTUBOCTEH LIMX PEYOBHH Ta iX B3a€EMOJIif 3 BOTHEM,;
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— inenTu(dikanis HakTopiB BILIUBY, SIKI CIPUYUHSIIOTH HETaTHBHI HACHiAKU. Bu3sHaueHHS
MOJKJIMBHX HACIIJKIB MOXEXi B KOHTEKCTI 3a0pyAHEHHS IMOBITPS, IPYHTY Ta BOJM. BuBueHHS
MOTOJTHUX YMOB, SIKi MOKYTb BIUTUBATH Ha PO3MOBCIO/PKEHHS MOXKEX Ta X IHTEHCUBHICTh. OLiHKa
Tororpadii, 110 MOXe BIJTMBATH Ha MIBUAKICTh MOMKUPEHHS BOTHIO;

— iH(pOpPMYBaHHS IOA0 MOTEHIIHHO HEOE3NMEYHUX TEPUTOPIH;

— periameHTanis IisUTbHOCTI Ha MIOTEHUIHHO HeOe3MeUHUX TEPUTOPISX;

— MOHITOPHHT Ta iH(GOPMYBaHHS MO0 JHHAMIKMA IUIONI NOTEHIIHHO HEOE3MeYyHHX
3a0pyIHEHUX TEPUTOPIi.

BaxmBo BpaxoByBaTH BCi aCHEKTH, SIKI MOXKYTh BIUTMBATH Ha PU3HK Ta HACITIIKA MOXKEK,
a TaKOX PO3pOOIATH IMOBIPHI CIIEHAPIT IS BYKUTTS 3aXO0/1iB Y BUIAJIKy BHHUKHEHHS HeOE3MeKH.
Cepen OCHOBHHMX acleKTiB MOXXHa BUAUTUTH pO3pOOKY IUIAHIB TMOIMEPEKEHHS HeOe3neKn
(cTpaTteriii BUSIBICHHS Ta KOHTPOJIIO TMOXKEK HA PAaHHIX CTalisiX, BU3HAYCHHS MPCBCHTHUBHUX
3aXO0/1iB JJIsl 3MEHILICHHSI PU3HKIB IOXKEXK1); po3poOKa IJIaHiB eBaKyallil (IiAroToBKa IJIaHiB il B
pa3i BUHUKHEHHS TIOKEX Ta €Bakyallii Jrojied 13 30H HeOe3MeKH, BU3HAYEHHS MICIb IS
THMYacoOBOI'0 HPUTYJIKY Ta MEAMYHOI JOMOMOTH); MIATOTOBKA CIHELIaNiCTIB Ta BiANOBIIHOTO
MaTepiabHO-TEXHIYHOT0 3a0e31eueHHs /i1 epeKTUBHOTO pearyBaHHs Ha MOKEX1 Ta IX HACI1IKH.
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RISK OF NATURAL FIRES DURING MILITARY AGGRESSION

Abstract. Focused attention on the risk of natural fires during military aggression. Considered
factors affecting the probability of occurrence of natural fires. Proposed stages of assessment of the factors
and consequences of the danger of fires in contaminated territories due to military actions. Emphasized
attention to the risk of natural fires during military aggression. Considered factors affecting the probability
of occurrence of natural fires. Proposed stages of assessment of the factors and consequences of the danger
of fires in the contaminated territories as a result of military operations.
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EKOJIOTTYHUI ACIIEKT BUKOPUCTAHHS BOJHUX BOTHEI'ACHHUX
PEYOBUH TA NPOBJIEMHA NIJIBUIHEHHSA IX EGEKTUBHOCTI

AKTyanpbHUM 3aBJaHHSM Y CIIpaBi MOXEXKOTACIHHA € TOUIYK 1 JOCHIUKCHHS HOBHUX
BOTHETaCHUX 3aC00iB Ta YJOCKOHAJICHHS THX, SIKi BXKE ICHYIOTh, OCKIJIbKU €()EeKTHBHICTH OOPOTHOH
3 MOKeXaMH 3HAYHOIO MIPOIO 3aJ€KUTh BiJ SIKOCTI BOTHETAaCHMX PEYOBUH Ta TEXHOJOTIH 3 iX
3aCTOCYBaHHs. Y CBITOBIM NMpakTULl Ui 3al00IraHHS BUHUKHEHHIO MOXEX Kiacy B Ta mis ix
raciHHs UIMPOKO 3aCTOCOBYIOTh a€pO30JIbHE MOJIaBaHHS BOJHUX BOrHeracHux pedoBuH (BBP) y
MOJIyM s1.

Ha crorognimHiii 1eHbh BOAA 3aJMIIAETHCS HAWMOIMIMPEHIIIUM BOTHETAaCHUM 3ac0o00M,
3aBJSIKA CBOIM JIEIIEBU3HI, TOCTYITHOCTI, €KOJIOTTYHOCTI To110. BorueracHa jist By Ha OCepeIoK
MOXKEXK1 TPOSIBISIETHCSA YEpe3 OXOJIOKEHHS, 130/10BaHHS 4yM po30aBieHHs. [Ipote Boma He
MposABIIA€ 1HTIOyBaJIbHOI N1i Ha MOyM’s, 00 3aJMIIAETbCS XIMIYHO 1HEPTHOIO 1O OUIBLIOCTI
roprounx pedoBuH. 1106 miABUIIMTH BOTHETacHy €(EKTHBHICTh BOJM, JI0 HEi M0MAIOTh PIi3HI
XIMIYHO aKTHBH1 p€4OBUHU (II€PEBa’KHO HEOPTraHIuH1 coui), 1100 MOKPAIIUTH 11 yHIKaIbHI (13UKO-
XIMIYHI BJIACTUBOCTI.

Sk 1Hri0iTopy TOPiIHHS, HAWYacCTIilIe BUKOPUCTOBYIOTH COJIl JIY’KHUX, JTYKHO3EMEIbHUX
METaJliB Ta aMOHit0. BUbIIICTh IMX PEUYOBHH € JT0Ope PO3YMHHUMHU y BOJIl 1 TOMY B MpOIlECi
TaciHHSA MOXKEX X MOKHA BUKOPHUCTOBYBATH SIK KOHIICHTPOBAH1 BOJIHI PO3YHHHU.

[IpuBepratorh yBary myOmikailii, siKi CTOCYHOTBCS PO3POOJICHHS HOBHX BOTHETACHHX
PEYOBHUH Ha OCHOBI COJIEH MepexigHIX MeTaiB. 30kpema, sik BBP yacTto BUKOpHCTOBYIOTH Ol d-
MeTaliB. BUSBUIIOCH, IO JIEsK] 3 TUX COJIeH € OUTbIl e()eKTUBHUMU 1HT10ITOpaMHU TOPIHHS, aH1kK
xmanonu — CF3Br. Bigomo, mo XimagoHu COpUYMHSAIOTH PyHHYBaHHS O30HOBOTO IIapy 3€MHOI
atMochepr 1 TOMy IX HE pPEKOMEHIYIOTh BHUKOPHUCTOBYBAaTH B CIIpaBl IOXKEKOTaCiHHS.
EdexTuBHICTh IPUAYIIEHHS TIOJYyM’ sl a8pO30JISIMH BOJHUX PO3UMHIB COJICH MEPEXiTHUX METaJIiB
3a0e31evyyeThecsi OCOOTMBUMU XIMIYHUMU BIACTUBOCTSAMU IIUX METAJIB K aKIENTOPIB €JIEKTPOHIB
YW aKLENTOPIB XIMIYHUX PaJMKAIIB, IO YTBOPIOIOTHCSA B mosyM’i. Came 111 0COONMMBICTh HAJA€e
MM BOJHUM BOTHEraCHUM KOMIIO3MLIAM 3JaTHICTh €()EKTHUBHO NPUIYNUHATH MOLIUPEHHS
nonym’s [1].

JloBOJII MEepCHEeKTUBHUMHU PEYOBHMHAMHM, SIKI MOXKHAa BHUKOPHCTOBYBATH JJIsi CTBOPEHHS
BBP, € neopraniuni comi kynpymy(Il). Cepen uporo xinacy BBP ocobmuBoi yBaru 3aciyroBye
KOHIIeHTpoBaHui Bogauuii pozunH kynpyMm(Il) xmopumay, a came — 40% Boanuii po3unn CuCly,
KU TiJ 4Yac TraciHHs OCepelKiB 3aiiMaHb Kiacy B (nu3enbHe manbHE) MOKa3aB HEaOUsKY
edextuBHicTh [2]. Tak, 3Ba)katoyn Ha BOTHEracHi BUIPOOYBaHHS KOHIIEHTPOBAHOTO BOIHOTO
po3unny CuCly, racinHs TOpiHHS qU3eIbHOrO mansHoro Iieto BBP BusBuiock y 26 pasis Okl
edeKTUBHUM, HIXK BooI0. BoraeracHa egextuBHicts 40% BogHoro po3unny CuCly € Hacnigkom
ocob6nuBoi noBeniHku xiopuay kynpymy(Il) B momym’i [3], amke micist HOTpAIUIIHHS a€pO30ITt0
BogHOro po3unHy CuCl, B 30HY TOpiHHS pPO3MOYMHAIOTHCA CKIAgHI  (I3MKO-XIMIYHI
MIePETBOPEHHS, SIKI MPU3BOAATH 10 MIEPEPUBAHHS JIAHLIOTOBUX peakiii B monym’i. Ille oaHiero
BifoMoro BBP € xommnekcHa cinp kamito 1 kynpymy — Ki[CuCls]. Excnepumenrtanbhi
JOCHIIKEHHS TOBENH, 1[0 Y pa3i raciHHs TOpPiHHS MOHOETaHOJIaMiHy BorHeracHa 3aaTHIcTh 40%
BOJHOT'O PO3UMHY Kamiit TeTpaxiopokymparty(ll) y 4,2 pa3a Buia, Hi’XK y BOJAHU, a SKIIIO 3iCTaBISITH
pe3ynbTaTé BUIPOOYBaHb 3 TaCIHHA TOPIHHS H-TEKCaHy, TO BOTHETacHa 37aTHICTh Oyzae y 3,2 pasza
BHUIIOF0, HIXK y BOIH [4].
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B miteparypi TakoXX € BiIOMOCTI I0AO0 €(PEKTUBHOTO NPUIAYLICHHS MOIyM s
KOHIIEHTPOBAaHUMHU BOJHUMH po3unHamu kamiid rekcamianodepary(Il) — Ks[Fe(CN)g] Ta kamii
rekcarianodepary(Ill) — Kiz[Fe(CN)s]. 30kpema, KOHIIEHTPOBAHUI BOJHUN PO3YMH Kallii
rekcarfianodepaty(Ill) cipomoxHUt TOBOJII JIEBO TACUTH JIiICOBI TTOKeXki. OTHAK, BUKOPUCTAHHS
BBP na ocnosi 30% Boanoro pozunny Ks[Fe(CN)s] sik iHri6iTOpa ropiHHs Ma€ iCTOTHUN HEAOJIK.
[Ipu BHecenns wiei BBP B momym’st yTBOPIOIOTBCS TyXe TOKCHYHI TMPOIYKTH TEPMIUYHOTO
PO3KJIaZaHHs IIi€i KOMIUIEKCHOI comi. 30kpeMma, Bxke mpu temneparypi 350-400 °C kamiii
rekcarianodepar(Ill) po3knamaeTbcs 3 BHAUICHHAM BKpaih TokcwuHol cmoinykun KCN i
razonoionoro aumiany (CN)o».

Sk mokasany HeIoaBHO NMpoBeeHi BunpoOyBanns [5], BBP Ha ocHOBI HeopraniuHoi coui
depymy(Ill), a came — 40% Bomuumii pozumH ¢depym(Ill) cymbdary szmarHuii edexkTuBHO
MPUIYITYBAaTH MOMUpPEHHs moym . CIlij 3a3HAYMTH, 10 BOJHUN PO3YHH Ili€l COJIi HE MICTUTH
TOKCUYHHMX TPOAYKTIB PO3KJIaZaHHsS. ABTOPU BCTAaHOBWJIM, 110 TPUBAIICTh TaCIHHS IMOIYM’f,
3YMOBJICHOTO TOPIHHSIM HEMOJSPHUX BYTJICBOJHIB, aepo30JieM KOHIEHTPOBAHOTO BOIHOTO
PO34MHY LI€T COJIl CTAHOBUTH 5 ¢, 0 Y 4,9 pa3u epexTuBHIlLIE 32 BOJAOTIHHY Boay. BogHouac
MiHIManbHUN 00’eM BuTpaueHoro 40% BogHoro po3unHy Fex(SO4); Ha MOBHE NMPUIMHEHHS
ropinns cranosus 0,2 /M2, Sk 6auMMO, aTOMH MePeXiHIX METAIB i B IIbOMY pa3i € aKIenTopamMu
€JIEKTPOHIB, 110 1 3a0e3meuye IIUM BOTHETaCHUM KOMITO3UIISIM BUCOKY 3[aTHICTh NPU3YNUHATH
MTOIIUPEHHS TOJIyM 51.
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ENVIRONMENTAL ASPECTS OF USING AQUEOUS FIRE-EXTINGUISHING
AGENTS AND IMPROVING THEIR EFFICIENCY

According to the analysis of the current situation, aerosol fire extinguishing agents based on
various s- and d-metal salts are traditionally used to extinguish fires and improve the reliability of
fire protection at various industrial facilities. Aqueous fire extinguishing agents contain chlorides,
carbonates and phosphates of alkali, alkaline earth and transition metals as their main components.
These components are able to stop the combustion process exclusively in the flame due to the
mechanism of combustion inhibition, which is not yet fully understood. The use of some fire
extinguishing agents can lead to high levels of pollution. In particular, such d-metal salts as
potassium hexacyanoferrate(Il) and potassium hexacyanoferrate(Ill) can form highly toxic
decomposition products when exposed to flames.
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EKOJIOI'TYHI HACJILAKHA ITOKEK B IPUPOJHUX EKOCUCTEMAX

[Tokexki € OCHOBHUM TOPYIICHHSIM JTICOBUX €KOCHUCTEM CBITy, 1, 3a MPOrHO3aMH, IXHIN
BILTUB TIOCHJIUTHCS B 0ararboX perioHax yepes riodanbHy 3MiHy KIIIMarTy.

[Tokexka € KIFOYOBUM EKOJIOTIYHMM MOPYIICHHSM, IO BIUIMBAE HA 3HAYHY YACTHHY
HA3eMHHUX E€KOCHCTEM CBITY, IIO OXOIUIIOE ITUPOKHHA CIEKTp perioHiB i Oiomis. Ilokexa moxe
MOTJIMHYTH BEJIMKY KUTBKICTH 0iOMac, 3MiHUTH BJIACTHBOCTI IPYHTY Ta CYTT€BO BIUIMHYTH Ha
KIIFOYOB1 TIPOIIECH B EKOCHCTEMi, BIUIMBAIOYM HA TIAPOJIOTIYHI Ta OloXIMIYHI UUKIU. 3
OioreorpadiuHoi TOYKH 30py, BOTOHb TAaKOX BIAIrpaB KIIOUOBY pOJIb B €BOJIONIl POCIHH,
HAIPHUKIIA]], CIIPUSIOYN MIEBHUM (PYHKIIIOHATHBHUM O3HAKaM, TAKUM SIK IOBTOPHE IMMPOPOCTAHHSI.

OTxe, MOB’A3aHICTh MOXKEX1 3 MIOOATBHUMHU MOJAEISIMHU PO3MOJLTY Ol0pI3HOMAHITTS Ta
POCIIMHHOCTI TaKOXX IMMPOKO Bu3HaHA. CrenudivHi HACTIIKUA TEBHOT MOXKEXK1 3aJekarh sIK Bl
BJIACTUBOCTEN €KOCHCTEMU (HAIIPUKIIAJ], EKOCUCTEMH, a/1allTOBaH1 /10 MOXKEX1 IPOTH YUY TIAUBUX 10
MOXKEXk1), TaK 1 BIJl XapaKTEPUCTHK TMOXKEX1 (HANpHKIad, I1HTEHCUBHICTh, po3Mip abo
MOBTOPIOBaHICTh. HaBiTh Mij yac OJIHIET MOXKEXkK1 BIUIUB MOXKE BIIPI3ZHATHUCS SIK BLIJIOMY, TaK 1 B
PI3HUX KOMIIOHEHTaX €KOCUCTEMH (IPYHT, POCIUHHICTD TOIIO).

BpaxoByrouu 10ro 4acTo 3HaYHUU BILJIMB Ha HABKOJIMIITHE CEPEIOBHIIE, BOTOHb IIHMPOKO
BH3HAHO KJIFOYOBOKO CHJIOIO, IO BIUTMBAE HA YHCEIBHICTh €KOCHCTeM. [[iiCHO, JIICOBI TOXKEXKI
9acTO HA3MBAIOTh OJTHUAM 13 OCHOBHUX IMOPYIICHb, SIKI HETATHBHO BILTUBAIOTH HA CKOJIOTYHHH CTaH
y pAAl Ha3eMHUX €KOCHCTEM, BKIIFOYAOUM JIicH Ta piakoiiccs. i BIuMBY MOXYTh BIJIUBATH HA
€po3iI0 IPYHTY, CTIK, SIKICTb BOAM 1 POIOYICTh IPYHTY. [IpoTe BOroHb TakoX MOXKE MOCHIUTH
JesIKI €KOCUCTEMU (K TIPSMO, TaK 1 OIMOCEPEAKOBAHO), BKIIOUAIOUM 3a0e3medeHHsT ke abo
O10JIOTIYHMIM KOHTPOJb, HYepe3 KIIYOBY pOJb, SIKYy BIIIrpalOTh MPUPOJHI TMOPYIICHHS B
€KOJIOTIYHUX Tpoliecax. 3ade3neueHHs ePeKTUBHUX 1 OaKaHUX PEe3ysIbTaTiB MOXKEKOTaCiHHS Ta
VIpaBIiHHA 3€MEIPHUMH pEeCypcaMHd BHUMAarae TJIMOIIOr0 pPO3yMiHHS BIUIUBY TOXKEXKI Ha
€KOCHCTEMH, BKJIFOYAIOYHM HACIIIKHA SK JIICOBHUX TMOXKEXK, TaKk 1 mepeadadyeHux omnamB (TOOTO
KOHTPOJIBOBAHUX MOKEXK JUIS IICH YITPABIIiHHS).

[TepeBaru icoBOT MOXKEXKi:

1. Boronp 3amo6irae moxexi. Ile Mo)ke 3maTucs AWMBHHM, ajle MaJCHBKI MOXKEXKI
HAaCIpaBlli MOXYTh 3amoOIrTH BUHUKHEHHIO OUThIIKX. [le MOsSCHIOETBCS THM, IO MAaJICHBKI
MOKEXK1 MOXKYTh JOTIOMOTTH BUIAIUTH OyIb-sKe MOTEHIIHE MaJIMBO, HAIIPUKIIAJ CyXe JIHCTA,
KOJI0JIM Ta 3apocii Kymti. LI HeBeauki moskexi He0CTaTHbO CHIIBbHI, 1100 MOITKOAUTH JIepeBa, ajie
iX JOCTaTHBO, MO0 M030aBUTH JICOBY IMiICTUIKY HA/UTUIIKY ITAJIMBA, SIKE MOXE )KUBUTH CUJIBHIIII
TTOXKEXKI.

2. 3a0e3neuye cepeloBUIlle ICHYBaHHS.Y 0ararboX €KOCHCTEMax IMOXKexXl €
MIPUPOJIHOIO YACTHHOIO JKUTTSA, 1 6araTo poCIIvH 1 TBAPUH MPUCTOCOBAHI IO PETYISPHHUX MOXKEK.
HeBenuki moxexi, SIKi OYUIIAIOTH 3apOCIi AUISHKYA I'yCTUX YarapHUKIB, CTBOPIOIOTH MIPOCTIpP AT
pOCTy PI3HOMAHITHUX HOBHX POCIMH. ACOPTHMEHT HOBUX POCIWH 3a0e3ledye ILiHHY DKy Ta
CepelloBHILle ICHYBaHHS Ui OararboX BHUIIB JUKOI MPUPOAM, CHPUSIOUU  OULIBIIOMY
010pI3HOMAHITTIO.

VY nicax HeBeNHKI MOXKEXK1 MOXKYTh JIOTIOMOT'TH PO3P1AUTH MOJIOT, J03BOJSIOYN COHSTUHOMY
CBITJIY IOCSITATH JTICOBOI MIACTUIKU. /|71 TpyHTY OE€HAHHS HOBOT'O CBITIIA, BIIKPUTOTO IPOCTOPY
Ta 6araToi MOKMBHUMH PEYOBHHAMHU 3011 CTBOPIOE 1/1eaTbHI YMOBH /711 HOBHX caJiKaHIIIB.J{eski
BUJIM €BOJIOIIOHYBAHM TaK, 110 PO3MHOXKEHHS 3aJIeKUTh BiJl BOTHIO. Hampukiaza, Taki BUAHU, SIK
Jlxex Ilaiin 1 BeTM4YHA TiraHTChKa CEKBOMS, MOKIAIAIOTHCS HA BOTOHB, 100 BUBIIHHUTU CBOE
HACiHHS, TOOTO JTICOB1 MOXKEX1 MAlOTh BUpINIaIbHE 3HAUYEHHS I HOBOT'O 3pDOCTaHHSI.

3. Bo6uBae xBopo6u. Ille ogna mepeBara J1iCOBUX MOXKEX MOJATa€ B TOMY, 110 BOHU
MOXXYTh JOMIOMOTTH 3HUIIMTH XBOPOOM Ta HIKIIJIMBUX KOMax. BOTOHB Jomomarae mpuIymninTH
MOIIHUPEHHS [IKITHUKIB, a TOILJ, 10 3aJUIINUBCA Bifl CTIAJICHOI POCIMHHOCTI, € IIIHHUM JKEPEIIOM
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MOKUBHUX PEYOBUH JJIS IEPEB 1 POCIINH, 110 3ATHAIIHITICS.

Exornoriyna mKko/a BiJl JIiCOBUX TOXKEX:

1. SIkicTb TOBITps. BmIiuB JICOBHX MOXKEX Ha SKICTh MOBITPSA MOXe OYyTH SIK
MUTTEBUM, TaK 1 TpuBamuMm. KinbKiCTh AMMY, IO BUKHUIAETHCS B arMocdepy, 9acTo MOXKE
CTaHOBHTH 3arpo3y IS 3A0pOB's MoAUHU. J[piOHI YaCTHHKH MOXKYTh 3aTPUMYBATHUCS B JICTEHSX 1
CTBOPIOBAaTH JOJATKOBE HABAaHTAKEHHS Ha CEpLEBO-CynMHHY cuctemy. Lli MikpockomiuHi
YaCTUHKU MOXXYTh CHPUYMHUTH HHU3KY IpoOJeM 3i 370poB’siM, BiJ OO0 B O4ax i HEXKHUTI 10
XPOHIYHHUX 3aXBOPIOBaHbL CepIls Ta JiereHiB. JIICOBI MOXKeXi TaKOX BHKHUIAIOTH IiIBUIICHUAN
piBEHB YagHOTO Ta3y, KUK MOKe OyTH CMEPTEIBbHUM JUIS JItoJei. J{o1aTKOBHIA BIIMB Ha SIKICThH
MOBITPSl MO’KE€ BHHUKHYTH, SKIIO BOTOHb KOHTAKTY€ 3 OyIiBJISIMH, OCKIJIBKM 0araTo Cy4acHHX
OyMiBETbHUX MaTepialiiB € Jy»e TOKCHYHUMH IIPU TOPiHHI.

2. [MutHa Boma. JIicoBi MOXeXi TaKOX MOXKYTh BIUIMHYTH Ha SIKICTh BOJH, 1HOII 3
JOBFOTPUBAIUMHU HaciigkamMu. JIiCOBI MOXEX1 3MIHIOIOTH IOBEPXHIO IPYHTY, 3MEHIIYIOTh
1H(IBTPALIIIO M1JT Yac AOIIIB 1 MPUCKOPIOIOTH MEPEMIIIIEHHS BOJH, 0Caay Ta CMITTS 3 JaHAmadTy
B MpUJIEriii MOTOKH. [{e Mae BIJIMB Ha SKICTh BOJU HMKYE 32 TEUIEHO.

3. BrnuB Ha rpyHT.Y 6araThox BHMAKax MOMLUI, 1110 3aJIUIIMBCS MICIS MOXKEkK], MOXKE
OyTH Ba)KJIMBUM JDKEPEIOM MOXUBHUX PEYOBMH, 110 MICTUTh MarHii, Kajablii, Kamii 1 pocdop.
OpHak, 3aJIeXHO BiJl IHTEHCUBHOCTI Ta TPHUBAJIOCTI T'OPIHHS, JIICOBI MOXEXKI TAaK0X MOXYTh
3aBAATH IIKOAU SKOCTI TpyHTY. [loXexi BHCOKOT 1HTEHCHBHOCTI — Ti, MO gocsrarTs 1200
rpaayciB 3a Llenbciem abo Ouiblie — HE 3aBXAU MPU3BOJATH /10 CEPHO3HUX HACIHIIKIB Y IPYHTI,
SIKITIO BOHU KOPOTKOYACHI. AJie HU3bKa 1HTEHCUBHICTH Tokexi e 300 rpamycis 3a Llenbciem,
sIKa JIOBI'O TJII€ B KOPEHSAX a00 OpraHiYHUX pEYOBHUHAX 1 MOXKE CIPUYUHUTH 3HAYH1 3MIHH B IPYHTI.

JlicoBi moxe1 MOXKYTb MaTH 3ryOHHI BIUIMB HA I'PYHT SIK (PI3UYHO, TaK 1 XIMIYHO. D13UYHO
MOXKEX1 MOXKYTh CIIPHYMHHUTH PYHHYBaHHS CTPYKTYPH TPYHTY, & TAKOX 3MEHIIUTH YTPUMaHHS
BOJIOTH Ta CIPHUATA BOJOBIAMITOBXYBAaHHIO, IO MOXE 30LIBIITUTH CIPUUHATINBICTH 0 €pO3ii.
XiMIYHMI BIUTMB TOKEK HA TPYHTU BKIIOYAE BTPATy OPTaHIYHOI PEUOBHHH, 3MIHY IIBHUIKOCTI
Kpyroo0iry MOXKMBHUX PEYOBHH 1 BTpaTy ejleMeHTIB B atMocdepy. [loxkexi Takox MOXKYTh
3MIHUTH O10JI0T1YHI BJACTUBOCTI IPYHTY Yepe3 BTpaTy MiKpOOHUX BUIIB, 0€3XpeOCTHUX 1 KOPCHIB
pociuH. OTXe, MOXeXK1 BIIITPalOTh KIIOYOBY POJIb Y CBITOBHX JIicax 1 JIICOBUX €KOCHCTEMaX,
BIUIMBAIOYHM Ha GyHAAMEHTAIbHI ACTICKTH X €KOJIOTTYHOTO (PYHKIIIOHYBaHHS.
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ENVIRONMENTAL CONSEQUENCES OF FIRES IN NATURAL ECOSYSTEMS

Wildfires are a typical ecologically destructive factor in forests, and forests play a critical
role in maintaining the functioning and structure of the ecosystem, as well as providing services
such as carbon sequestration, carbon dioxide production, commercially valuable products and
medicines. Forest fires have a wide range of social, ecological and economic consequences. The
total number of burned hectares, costs for extinguishing fires, damage to residential buildings and
structures, disruption of forest ecosystems.
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CYYACHA OPTAHIBALIA MOHITOPUHI'Y ATMOC®EPHOI'O ITIOBITPS

VY VkpaiHi npoBOIUTHCS PETYISPHUN TUIaHOBO-CTAI[IOHAPHUH (TIOBCSKICHHUI) KOHTPOJIb
crany atmoc¢epu. 3riTHo 3 MOCTaHOBOIO KabiHeTy MiHicTpiB Ykpainm (KMY) Ne 827 Big 14
cepasi 2019 «Jleski muTaHHS 3AIHCHEHHS JEPKABHOTO MOHITOPUHTY B Taly3i OXOpPOHHU
aTMOC(EepHOTO TOBITPs», MIHICTEPCTBA 1 BiZIOMCTBA 3/11HCHIOIOTh OPTaHi3allii0 CIIOCTEPEKEHb 32
PIBHSIMH HACTYNHUX 3a0pYJHIOIOUMX PEYOBHH: MIOKCHJ CIpKH, JIOKCHA a30Ty 1 OKCHIH a30Ty,
Benson, oxcun Byrnemo, Ceunens, Teepai yactku (TUi0)?, Teepai wactku (TUzs)2, Apces,
KaaMid, pTyTh, Hikenb, bens(a)mipeH, O30H. KokeH MOCT KOHTPOJIO SKOCTI aTMOC(EepHOro
MOBITPSI IPOBOAUTH 3a01p Mpo0 1 aHami3 npol KoxkHi 12 ToAMH 1 EPEKPUBAE IIIOILY B CEPEAHHOMY
3703 kM2, 10 He Bi/MOBizae cyyacHOMY piBHIO aBTOMATH3allil 3aC00iB KOHTPOITIO.

TakuM UnHOM, aKTyaJIbHUM 3aBJaHHAM € po3po0Ka Ta OOrpyHTYBaHHSI HOBUX €(DEKTUBHUX
METO/IIB MOHITOPUHTY 3a 3a0pyIHEHHSM aTMOC(EpPHOTo MOBITPS IO BIAMNOBIJIAIOTH YUHHOMY
3aKOHOJABCTBY 1 MAlOTh MOTEHLIWHY MOXJIMBICTb JO BIIPOBA/KEHHS Ha TEPUTOPIi YKpaiHu.

OpHuM 3 BapiaHTIB pilIEHHS IIi€] 3a7a4l € CTBOPEHHSI MEpPeXki MOBHICTIO aBTOMaTHYHUX
MIOCTIB MOHITOPHHTY 3a 3a0pyAHEHHSIM aTMoc(hepHOro moBiTps Ha 6a31 Mepexk 0a30BHX CTaHIIN
3G/4G onepaTopiB MOOLITEHOTO 3B'I3KY YKpaiHU.

[To3uTUBHMMHU CTOPOHAMHU y BHUKOPHCTAaHHI ICHYIOUOi Mepexi 0a3oBux cranuii 3G/4G
MOOUIBHUX ONEPATOPIB SBIISIOTHCS:

1. CrabinbHe eHepromnocTayants (y TOMY YHCII aBapiiiHe / aBTOHOMHE);

2. [IIBuAKiCHI KaHAJIM Tepeavl JaHUX 3 ABTOMATHYHUX TIOCTIB MOHITOPUHTY;

3. BiamoBigHICTE 1IHOTO PillICHHS] HOPMATUBHUM JTIOKyMeHTaM Ykpaiau i1 €C [1,2];

4, HasBHi oGmamtoBani MicIis 17151 pO3MIIIeHHs 1 00CTyrOBYBaHHS yCTaTKyBaHH: HEOOX1THA

BHCOTa JJIs1 B1I0OOpY MpoO 3aJeKHTh BiJl peiabedy MICIEBOCTI 1 KOHKPETHOTO TEPUTOPIAIbHOTO
maHyBaHHA 1 ckianae Bifg 10 mo 30 m. Bijx piBHS 3emui [1];

5. Hesnauni matepianbHi BUTpaTH: HEOOXIHY MPHIIAIOBY 0a3y aBTOMATHYHOIO ITOCTa
MOHITOPHHTY CKJIQJIal0Th CTaIlllOHAPHUN Ta30aHAI3ATOpP, JIYUIBHUK TBEPAUX YACTOK - JATYHK
OIaJ[iB, aHEMOMETP, TEPMOMETD.

Peamizariis  3amporoHOBAaHOTO  METOAY  OpraHizaiiii  MOHITOPHHTY aTtMocdepu
aBToMaTu30BaHUMH cTaHIisMU (MAAC) po3MIIIEHUMHU y «CTITbHUKAX» MOOUIBHOTO 3B'S3KY
JI03BOJIUTH OTPUMYBATHU JaHl MPO KOHLEHTpaulii 3a0pyJHIOIOYMX PEUYOBUMH IO MiAIATaIOTh
KOHTPOJIFO 3TiHO moctaHoBi KMY Ne 827, B pexuMi peasbHOro 4acy B KOHKPETHIM TOdIIl
MIPOCTOPY 3 BIIOMUMHU KOOPAMHATAMHU.

EdexTuBHa pobOTa IMPOIMOHOBAHOTO METOJY OpraHi3aiii MOHITOPHHTY aTMOC(EPHOIrO
MOBITPsI BUMArae HasiBHOCTI BIAMOBIIHOT MaTeMaTHYHOI MO [UIsl PO3paxyHKy Ta Bizyaunizalii
MOIIUPEHHS TOMIIIOK 3a0pyAHIOIOYMX PEYOBUH B aTMOCdeEpi, Ka BPaxOBYe€ 1H)KEHEPHO-TEXHIUH1
0COOJIUBOCTI METOY.

JlocimKeHHs 0 MOJICTIOBAHHIO MOMIUPEHHS 3a0pyIHIOIOUUX PEYOBUH B aTMOC(HEPHOMY
MOBITPl, B OCHOBHOMY, CKOHIICHTPOBaHI Ha OKPEMHX AacHeKTaX Yy paMKax KOHKPETHOIO
CTAIlllOHApHOT0 JpKepena 3a0pyAHeHHs aTMmochepu, M0 J03BOJSE BUPINIYBAaTH 3aBIAHHS
€KOJIOT1YHOTO MOHITOPUHTY JIJIsl OKPEMOT0 JuKepesia a00 KOHKPETHOT TepUTOpii.

Ha nanwmii yac He icCHy€e JOCTOBIpHMX MOjeNel (UM iX afamnTarlii), siki BpaXxoBYIOTb CyMapHi
BUKH/IM BiJ yCIX JDKEpesl, pO3TalllOBAHUX Ha MEBHIN TEPUTOPIi: MiANPHUEMCTB, aBTOTPAHCIIOPTHUX
3aco0iB, BHUKMJIB B pe3yJibTaTi MOXeX, aBapii UM HAA3BHYANHMX CHUTYyallii, NMpU LbOMY
BPaxoBYIOUM PO3JIIEHHS (pakena BUKUIIB (IPOTITHUMHU CIIOPYAaMU, Oy IiBISIMHU CKJIQAHOT (hopMu
1T.11.), @ TAKO’K OPIEHTOBaHI HAa MAaCIITa0HYy CITKY MiCT.

Hanpuknan, Binomuii cepBic WINDY, nHamae noctyn no intepaktuBHoi WEB kaprtu 3
MOJKJIMBICTIO B1JIOOpa)K€HHS MOIINUPEHHS TaKMX aTMOC(HEpHUX 3a0pyAHIOBAYIB, SIK OKCHIU a30Ty
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(pucynox 1) Ta TBepai yacTku (TUz5)2, OKpeMo I KOKHOTO KOMIIOHEHTY. 3asBICHHI PEesKUM
OHOBJICHHS JIaHUX CKJazae | roauHy, xoya yKpaiHChkui [1IpomMeT NmpoBOAWTH BU3HAYEHHS
BMICTY OKCHJIB a30Ty B aTMocdepi koxHi 12 roaun. Takum uynHOM HaBeneHi cepicom WINDY
JIaH1 B PeXKUMI PEATHHOT0 Yacy € PO3PaXyHKOBHMH.

Cepric WINDY npoBoauTh po3paxyHOK Ta Bi3yamizailii JaHHX 3a JOIMOMOTI'OK MOJelei
GFS ta NEMS (B sIKOCTI OCHOBHHX MOJEJeH MporHo3yBanHs). JlaHi Moaesi He BiTHOCATHCS 10
CTeliaTi30BaHUX MOJEJCH MOIIUPEHHS 3a0pyTHIOIOUMX PEUYOBHH B aTMocdepi, 0 BHKINKAE
CYMHIBH B JIOCTOBIPHOCTI HABEJICHHUX JTAHUX.

Berep.

N floxamiposa
y 53

Temneparypa

L s B ix‘ | ‘: \ e
Pucynok 1. [lomupenns y armocepHOMY MOBITP1 OKCHIIB a30Ty 3a AaHUMH cepBicy WINDY
(https://www.windy.com)

3 meToro BU3HA4YeHHS HaiOutbin edexTuBHOI popmu peamizaiii meroqy MAAC, Oynu
MpOaHaIi30BaHl HACTYITHI MOJIENI MOIMIUPEHHS 3a0pyaAHIOI0UnX pedoBuH B atMocdepi: OHJI-86,
ADMS 5 [3], AERMOD [4], BUO — FMI [5], CALPUFF, DISPERSION21, LED, MERCURE,
NAME, PUFF — PLUME, SAFE AIR [6]. Ha ocHOBi mpoBefeHOro aHati3y MOJEJICH MOMUpPEHHS
3a0pyIHIOIOYMX PEUYOBUH B aTMOCHEPHOMY MOBITP1 s po3pobku metonry MAAC 3 BU3HAYCHHS
30H MOXJIMBOTO HEOE3MEYHOro 3a0pyJaHEHHS MPU3EMHOTO Imapy arMochepHoro moBiTps Oyio
NPUUHATO PIlICHHS BIJIMOBUTHCS BiJl BUKOPUCTAHHS TPAHCIIOPTHUX MOJENEH 3 TNPHYUHH
BUKOPHUCTAHHS 3HAYHOI KIJTBKOCTI BUXIJHUX JAHHUX 1 MapamMeTpiB, (BEpTUKAIBHHN PO3MOALUI 1O
mapam aTMocQepH), o 00YMOBITIOE 3I0POKEHHS CHCTEMH.

Busznaueno, 1mo HalOLIBII MpUAATHUMU A1 afganTarii o metony MAAC e mozeni, 1o
O6asyrotbest Ha posmoaini  «[ayca» Ta wmomens OHJ[-86, ocHoBana Ha BuUpilIEHH]
HaMIBEMITIPUYHOTO PIBHSAHHS TypOyleHTHOI nudys3ii 13 3aBAaHHAM CIPOUICHUX BEPTUKAIBHUX
npodiniB cepeqHboi MBHAKOCTI BITPY 1 KOE(]Ili€HTIB TypOYJIEHTHOCTI y BHUIJIAI CTAaTUYHHUX
3aJICKHOCTEH 3 HATYPHHUM (€KCTIEPUMEHTAIBHAM ) BU3HAYCHHSM JIaHUX TTapaMeTpiB.

OcHoBHUMH BXimHUMHU JaHuMH Uit Metony MAAC € mpsiMi BUMIpU KOHIEHTpaIlii
3a0pyIHIOIOYMX PEYOBHH HAa TEPHUTOpii MicTa, 3po0JIeHI 3a JOMOMOIOK aBTOMATH30BaHUX
CTaHLIH. (PUCYHOK 2).

BuxopucTtanss 3ampornoHOBaHOTO METOJy MOHITOPHUHTY CTaHy aTMOC(EPHOTO MOBITPA
JI03BOJIUTH CTBOPIOBAaTH aBTOMATHM30BaHI cUCTeMHU iH(GOpPMYyBaHHA Ta 3abe3MeueHHs SKOCTI
aTMoc(epHOro MOBITPS HACETIEHUX MYHKTIB, 3 BUKOPUCTAHHSIM:

J KoperyBanHs pexumiB poOOTH MiANPUEMCTB (3MiHA pPEXUMY BHUKUIIB) 3
ypaxyBaHHSIM KOHKPETHHUX METEOPOJIOTIYHUX YMOB;
o [HpopmyBaHHS HacesleHHS, 10 3HAXOIUTHCS B KOHKPETHIH ToUlll MpoCcTopy, Mpo

NOTIpPIIEHHS SIKOCTI TMOBITPS, 3 BKa3yBaHHSAM pIBHIB 3a0pyIHIOIOYMX PEYOBHMH, IO
KoHTpomtooThest. Hanpuknan, nuisixom CMC-iHpopMyBaHHS.
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Pucynoxk 2. Po3paxyHkoBa ciTka 1,2 — 30HU NOIIMPEHHS 3a0pyAHEHHS aTMOC(EPHOTO MOBITPS;

(D)
3, 4 — Kepena BUKHIIB, éx - aBTOMaTHUYHUN TOCT MOHITOPUHTY Ha 6a30Biii cranuii 3G/4G 3
BU3HAYCHUMH KOOPIMHATAMH Y IPOCTOPI.
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MODERN ORGANIZATION OF ATMOSPHERIC AIR MONITORING

It is proposed to create a network of fully automatic monitoring stations for atmospheric
air pollution based on the networks of 3G/4G base stations of mobile operators of Ukraine, which
will allow receiving data on the concentration of pollutants that are subject to mandatory
monitoring in real time at a specific point in space with known coordinates. The justification of
the choice and the adaptation of the mathematical model for calculating the spread of polluting
substances in the atmosphere (a necessary component of the proposed method) were carried out,
taking into account the engineering and technical means of conducting automated measurements.
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