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I'ycap b.M. BnockoHajieHHS TEXHOJIOTTi TaciHHS Toxkex kiacy D ta A, B.
KBamidikariitna HaykoBa Ipailsi Ha MpaBax PyKOIHCY.

Huceprariist Ha 3700yTTS HAYKOBOTO CTymHeHs JokTtopa ¢iutocodii 3a
crieriayipHIicTIO 216 — moxkexkHa Oe3mneka. JIbBIBCBKUM Jep)KaBHUM YHIBEPCHUTET
oesmneku xuttenisuibHOCTI JJCHC Ykpainnm, JIsBiB, 2020.

HuceprartiiiHa po60Ta NPUCBSIYEHA BUPIIIEHHIO aKTyalbHOI HAYKOBO-TEXHIYHOI
3a7a4l — MIIBUINECHHS €()EeKTUBHOCTI TMOXKEKOTACIiHHA TOXEeXK kKiacy D (marsiro,
AIOMIHII0 Ta IX CIUIAaBIB), a TAaKOX MOXEXK Kiaacy A, B numsixom po3poOrieHHs
peLenTypyd BOTHEracCHOTO MOPOIIKY CIEIiaJbHOTO MPU3HAYCHHS Ta BUKOPHUCTAHHSIM
MeTOay KOMOIHOBAaHOTO TaciHHS Mokexk1 kiacy D, A, B BorHeracHuUM mopomKoM
Ta MIHOIO MIJBUIIEHOT CTIMKOCTI.

B po6oTi 00rpyHTOBaHO aKTyaJIbHICTh TEMH AHMCEpTaliifHOi poOOTH Ta
BAKJIMBICTh BIOCKOHAJIICHHSI TEXHOJIOTIT TaCiHHS MNOXeX Kiaacy D 3 ogHoYacHUM
raciHHAM TOXKeX Kiacy A, B.

Po3pobiieHo perienTypy BOTHEracCHOro MOPOIIKY JIJIsl TaCiHHS MOXKEeX KiaciB D
ta A, B. IlpoBemeni maGoparopHi JOCHIPKEHHS BOTHETACHUX TIOPOIIKIB PI3HOI
peLenTypH, SIKi CKIAJAl0ThCS 3 XJIOPUIY HATPII0, MEJIEHOTO METATYpPriiHOrO IUIaKY,
amo(ocy 1 aepocuily Ta BU3HAUYEHO MapaMeTpH raciHHA. BCTaHOBIEHO ONTUMAalIbHE
CITIBBITHOIIICHHS CKJIaTHUKIB BOTHETACHOTO MOPOIIIKY, 5IKi 3a0€3MeUyI0Th ONTUMAIIEHY
BEIMYMHY 1HTEHCHBHOCTI ToAaBaHHs. ONTUMaTBLHUM € TaKWA CKJIQJ BOTHETACHOTO
MOPOUIKY: XJopup Hatpito — 58 %, menenuit umak — 20 % , amodoc — 20,5% Ta
aepocusi — 1,5%. IlokparieHo BIaCTUBOCTI BOTHETaCHOTO TOPOIIKY JI0JITaBAaHHSIM
MeneHoro amodocy, creapary KalbI[il0 Ta aepoCUiy, SIKI HAJal0Th BOTHETACHOMY
MOPOILIKY TEPMOCTIMKOCTI, 130JIF0BAJILHOT, aHTH3JIEKYBaIbHOI 31aTHOCTI, TEKY4OCTI Ta
BOTHETacHOi €()eKTHUBHOCTI. Pe3ynbTaTh eKCepUMEHTATLHOTO JTOCTIHKEHHS BILTUBY
OCHOBHHMX MapaMeTpiB MPOLECY TaciHHS BOTHETaCHUM IOPOIIKOM MarHiro Ta Horo
CIUIaBiB, TBEPAUX TOPIOYMX PEUOBMH Ta TOPIOYHMX PIAWH aJeKBAaTHO BimoOpaxae

JIOCTTITHO-EMITIpUYHA  3QJICKHICTh, BHBEJCHAa Ha OCHOBI Teopii IUIaHyBaHHS



6araroakropHoro excriepumenTy. Ha mijcraBi aHami3y TaHUX €KCTIEPUMEHTATBHIX
JOCTIKeHb, TOOTO pIBHSAHHS perpecii 1 rpadiyHUX 3aleKHOCTEH, MOXKHA
3MIMCHUTA  TpU  3a0€3MEeUCeHHI  ONTHUMAajbHOI  IHTEHCHUBHOCTI  I10JIlaBaHHS
BOTHETAaCHOTO TMOPOUIKY JJid TaciHHA MarHilo Ta HOro CIUIaBiB 3a TaKOTo
ONTUMAJILHOTO CIIBBIHOIICHHS KOMIIOHEHTIB IMOPONIKY: X10pud Hampito -58%; B
menenunt wnax — 20%; amogpoc — 20,5%. Bupimmtu 1ie 3aBAaHHSA J03BOJISIE
noOy0oBaHa JOCIITHO-EMITIpUYHA 3aJICKHICTh. 3a 1i JOIMOMOTOI0 JIETKO MOYKHA
niai0paTi HeOOX1THUIM CKJIaJ BOTHETaCHOTO IMOPOIIKY JIJIsi TAaCIHHS MOXKEX KIJIaciB
D, A, B. Ilg 3anmexHicTh chpaBeqjiMBa HE TUIBKH IS PEHENTYpU 3 XJIOPHIY
HATpIl0, MEJIEHOro MUIaKky Ta amodocy, ajae 1 JJs TOPOIIKIB 3 OJIM3bKUMU
BOTHETaCHUMH BJIACTUBOCTSAMM Ta FAaCiHHS MOXKEXK BIJIMOBITHUX KJIACIB.

Kinbkicte nopowmky ¢pakiii 1o 0,1 MM cranoButh 15,53%. Takuii BigcoTok
MOPOINIKY € HEOOX1THUM JIJIsi TOTO 1100 MpHU MOoAaBaHHI BaKKI YACTUHKHU OC1IalId Ha
roprouy MoBEepxHIo, a He mijHiManuch Bropy. ®@paxuis 0,1 — 0,071MM cTaHOBUTH
21.43%, wnaitOutbmumii BigcoTok 55,50% mopoiky craHoBuTh (pakiis 0,071 —
0,045, moO CBiAYUTH MPO XOPOIIl EKCIUTyaTaliiHi XapakTepucTuku. Dpakiiis,
meHie 0,045mMm ctanoButh 12,49%.

BcTaHoBIEHO TIOKA3HMKM SKOCTI BOTHETacHOTO TIOPOINKY: BOTHEracHa
3natHicTh - 10,5 Kr/M%; CTIHKICTD /10 TEPMIYHOI JI17; HACHITHA TyCTHHA YIIIIBHEHOTO
MOPOIIKY - He Oibiie 1295 Kr/M°.

[IpoBeneno ycmimue raciHHs noporkoM KM-2 Boraunmy moxex kmacy D i
B, 1110 cB11UUTH NPO HOTO €PEKTUBHICTD.

Jlnst mporHO3yBaHHA MOKJIMBOCTI TEIUIOBOT 130JIALII OCEpENIKY TOpiHHS
OIIIYPOK CIIJIaBiB MarHito OyB MPOBEICHUIN €KCIIEPUMEHT, B 1a00OPaTOPHUX YMOBAX.
JlaGopatopHa ycCTaHOBKa CHEIlaJbHO CTBOpPEHA sl BU3HAYEHHSI €()EeKTHUBHOCTI
raciHHS JIETKUX MeETalliB. EKCIIEpUMEHT MpOBOAWIM Yy JiBa €Taly: Ha MEPIIOMY
eTami JJIsi TOro MO00 JOCSATTH BCTAHOBIICEHHS TEIJIOBOTO TMPOIECY, JOCIHIKYBAIH
TOHKHWA IIap BOTHEraCHOTO TIOPOIIKY IPU TPHUBAJIOMY TpOIECi TaciHHSA; Ha
JPYroMy €eTari TPOBOJUIOCS JEKIJIbKa €KCIIEPUMEHTIB IS SIKUX BCTAHOBJIICHHS

TEIJIOBOTO Mpolecy He 0ysI0 000B’I3KOBUM.



CtBOopeHa MaTeMaTWyHa MOJENb JJii BU3HAYCHHsS TEMIIEpaTypd Ha HE
oOirpiBaHii CTOPOHI 130JTFOBAILHOTO IIIAPYy BOTHEraCHOTO TMOPOIIKY Ta
IHTEHCUBHOCTI TaCIHHS Ha MPHUKIJIJAl TOPOIIKY CHeIiaJbHOro npuHaueHHs KM-2
st racinag moxkexx D, A, B. Jlng cTBopeHHS MaTeMaTHYHOI MOJEINI JUIsl IIhOTO
TEIJIOBOTO Tpoliecy Oyiii cpopMyIbOBaH1 OCHOBHI MOJIOKEHHS: TEIUIOBUMA MPOIEC
y IIapi BOTHETaCHOI'O IMOPOIIKY IpPU TaciHHI OIIYpOK 13 CIUIaBy MarHilo €
HECTAI[IOHAPHUM, OKpIM TIpollecy y TEepImioMy JOCHimi, IS SKOTO Taka
nepeayMoBa BUKOHYETHCS ITPU CTBOPEHHI BIAMOBIIHUX €KCIIEPUMEHTAIBLHUX YMOB;
YMOBH TEIJIOOOMIHY Ha TpaHHUIll MDK BOTHETaCHHUM TIOPOIIKOM Ta MOBITPSAM
3QJIUIIAIOTHCS OJTHAKOBUMM Ta HE3MIHHUMMU JIJISL BCIX JOCIIAIB; TeMIEepaTypa 1mapy
Ha TPAaHMULI 13 TOPIOYMM CEPEIOBUIIEM € CTAJOI0 1 HE 3MIHIOETHCS MIPOTATOM Hacy
raciHHs; 1Iap BOIHE3aXMCHOTO MOPOILIKY € OJHOPIAHUM, 130TPOITHUM 1 HE MICTUTh
NOPOKHMH; CYIYTHI TEIUIOBI MPOIECH Yy 1Iapl BOTHETacCHOTO IOPOIIKY
BPaXOBYIOThCSI TIPU BBEJEHH1 €(DEKTUBHOTO KOE(DIIIEHTY TEIJIOMPOBITHOCTI, SIKUN
BU3HAYAIOTh 332 EMIIPUYHMMHM  TOKA3HUKAMH; €(QEKTUBHUI  KOEPILIEHT
TETUTONPOBIMHOCTI A(d) HE 3aJICXKHUTH BiJI TEMIIEPATypu 1 MOTO 3HAYCHHS MOXKE
OyTH 3aJIe)KHUM BiJ TOBUIMHM IIapy BOTHEraCHOrO MOPOLIKY O. 3 OINIAIy Ha
NPUIHATI OCHOBHI TIOJIOKEHHS JUIsl CTBOPEHHS MaTeMaTWyHOi Mmojem Oynu
PO3TJIAHYTI JIBa TUIIM MPOIECIB — CTalllOHAPHUHN Ta HecTarioHapHuil. Ha rpanuii
M TOPIOYUM CEPEIOBHUIIEM Ta IIaPOM BOTHETAaCHOTO MOPOIIKY MOKHA 3alHicaTh
rpanmani ymosu I pony: 05 = 6.

JInsg  rpaHuIl MDK 1IapOM  BOTHEracHOrO TMOPOIIKY Ta MOBITPSAM
BcranoBmooThest I'Y 111 poy: /1(5)%| w=al, -6.].

Ha ocHoBi cTBOpeHOi Mojeni OyB BHU3HAYEHUM KoedillieHT TEIUIoBiaaadi
MDK HE OOITPIBHOIO CTOPOHOIO 130JIFOFOYOTrO IIIapy BOTHETACHOTO TMOPOIIKY Ta
HaBKOJIMIIIHIM CEpPEOBUILEM, IO CTaHOBUTHh o = 395,733 BT/(M2-°C), 1
JOCHTIDKeHa 3aJICKHICTh  e(PEKTHBHOTO KoedillieHTa TEIIONMPOBIAHOCTI  BiJ
TOBILIUHM 11bOTO Iapy. [lokazano, 110 11 3aJIeKHICTh OJU3bKa A0 JIHIAHOI 1 MOXKE

OyTu omnucana gpopmyior A(d) = - 0,016 + 93,907-0.



Po3pobneno MeTtoauky BU3HAUYEHHS HEOOXITHOT KiJTBbKOCTI BOTHETACHOTO
MOPOIIKY JJIsi JOCATHEHHS BIATOBITHOTO 130JIF0OBAJIBHOTO €(EKTy 1 Ha OCHOBI L€l
METOIMKHY BU3HAUYE€HA MiHIMaIbHa TOBILKMHA IIAPY I[OTO BOTHETACHOTO MOPOIIKY
0 =452 mm.

[IpoBeneHo MareMaTUyHE MOJICIIOBAaHHS TMOJABaHHS  BOTHETACHOTO
MOPOIIIKY 13 3aCMIOKOIOBAYiB Pi3HOI KOHCTPYKINi 1 00paHO HaHOLIBII ONTUMAIbHY
KOHCTPYKIIIO. 3amporOHOBAaHO  HACAJIKy-3aCIIOKOIOBaY JJIi  KOMOIHOBAHOT'O
M0JIaBaHHsI BOTHETaCHOTO MOPOIIKY JIJIsl TaciHHs mokex kiacy D ta A, B 3 1Boma
POOOUYMMU OBEPXHSIMH — CIINTUYHUM BEPXOM Ta MapabOIIuHUM BiJOMBAUEM.

BianoBigHicTh MaTeMaTHYHOI MOJIENl E€KCIIEpUMEHTAJILHO IepeBipeHa Ha
G13UuHIi  MoJenl, y BUIVISIAI 3acClOKOKOBada ISl TMOJABAHHS BOTHETaCHOIO
HOPOILIKY JUIsl TaCiHHS MOK€X MAarHiio, TBEPAUX TOPIOYMX PEUYOBUH 1 TOPHOYUX
piauH 3 ABOMAa poOOYMMH MOBEPXHIMHU — EJINTUYHUM BEPXOM Ta NapaOOoiuHUM
BiOMBayeM. MaremaTuyHa MoOJEIb OYyAyeTbCs Ha OCHOBI T€OMETPUYHOTO
MPOEKTYBaHHS PEATLHOTO 1HXEHEpHOro 00’ekta B cepemoBuili SolidWorks 3
NOoAAJBIIMM aBTOMATUYHUM OOMIHOM HEOOXIJHOIO 1H(GOpMAIIE€I0 1 Ja€ 3MOTY
IPOEKTYBaTH Pi3HI HACAJKU-3aCIIOKOIOBAYl JIsl raciHHA MoXex kiacy D ta A, B.
B po6oTi npoBesieHo raciHHg KOMOTHOBAHOT MOXKEXK1 32 pO3pOOIECHOI0 METOAUKOIO,
sKa MOJISTrae B 130J5111 TOPIOYOro METaNly MOPOLIKOM Ta HakpuBaHHS miHoo JI3P,
['P, TBepaux TrOprOYMX MaTrepiaiaiB, CTBOPEHHS €KpaHy, SKHM HE Jae
PO3MOBCIOJIKYBAaTUCh BOTHIO, Ta IOCTYITY FTOPIOYMX IMapiB B 30HY TOpiHHSA. ['aciHHA
MaKETHOI MOXEeX1 Nporuuio ycmmHo. [Topomok HakpuB MarHi€Bl OUIYpKH, Ha
BEpXHbOMY Iapi yTBopwiack kKipka. [liHa, sika moTpamwia Ha 1ed map He
3pyiiHyBanack. BuOyxiB BiJl MOTPAIUISHHS MIHU HAa OKPEM1 YACTUHKU MarHilo Bijl
pO3KJIalaHHsl BOJM, fKa € B TiHI, He cnocrepiraiock. Kpim Toro, miHOIO
M1JBUILIEHOT CTIMKOCTI HAKPUJIM BOTHUINE KJacy A - TOpIHHS JepeB’SHUX OpYCKiB,
SIIUKiB, apkety. [opiHHs Gyio mikBigoBano Ha miom 2,5 M° crBonom I'TIC -8 3a

45 c.
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Husar B.M. Improvement of classes D, A, B fire extinguishing technology. —
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Thesis for a Candidate Degree (Engineering) on a specialty 216 - Fire safety.
Lviv State University of Life Safety, Lviv, 2020.

The work is devoted to the solution of the actual scientific and technical
problem - improvement of class D (magnesium, aluminum and their alloys), A and
B fire extinguishing technology through development the dry chemical powder of
special purpose formulation together with the method of combined fire
extinguishing of classes D, A, B. This method means using fire-extinguishing
powder and foam of the increased stability.

The relevance of the topic of the dissertation and the importance of
improvement of classes D, A and B fire extinguishing technology have been
substantiated in the work.

A dry chemical powder formulation for extinguishing classes A, B, D and
and electrical installations under voltage has been developed. Laboratory
researches of dry chemical powders of various compounding consisting of sodium
chloride, ground metallurgical slag, ammophos and aerosil have been carried out
and extinguishing parameters have been defined. The optimal ratio of dry chemical
powder components, which provide the optimal value of the supply intensity, has
been established. The following composition of dry chemical powder is optimal:
sodium chloride - 58%, ground slag - 20%, ammophos — 20,5% and aerosil —
1,5%. The properties of the dry chemical powder have been improved by adding
ground ammophos, calcium stearate and aerosol. Those components gave the dry
chemical powder heat resistance, insulating, anti-caking ability, fluidity and fire-
fighting efficiency. The results of the experimental study of the influence of the
main parameters of the extinguishing process of dry chemical powder have been
adequately reflected by the experimental-empirical dependence derived on the
basis of multivariate experiment planning theory. Due to the analysis of
experimental studies, i.e. regression equations and graphical dependences, optimal
result can be reached while ensuring the optimal supply intensity of dry chemical
powder with the following ratio of powder components: sodium chloride — 58%;

ground slag — 20%; ammophos — 20,5%. The constructed experimental empirical



dependence allows solving this problem. With its help it is easy to choose the
necessary composition of dry chemical powder for extinguishing fires of classes D,
A, B. This dependence is valid not only for the formulation of sodium chloride,
ground slag and ammophos, but also for powders with similar fire extinguishing
properties and fire extinguishing classes.

The amount of powder fraction up to 0,1 mm is 15,53%. This percentage of
powder is necessary to make heavy particles settle on the combustible surface and
avoid their rising. The fraction of 0,1 — 0,071 mm is 21,43% and the fraction of
0,071 — 0,045 mm has the largest percentage (55,50%) in the powder, which
indicates good performance. The fraction less than 0,045 mm is 12,49%.

Quality indicators of dry chemical powder have been established: fire
extinguishing capacity — 10,5 kg / m?; resistance to thermal action; bulk density —
no more than 1295 kg / m®.

Successful extinguishing fires of class D and B has been performed using
powder KM-2.

To predict the possibility of thermal insulation of the magnesium alloys
raspings fire bed, an experiment has been conducted in the laboratory. The
laboratory installation for extinguishing efficiency definition has been specially
developed. The experiment has been performed in two stages: at the first stage, in
order to achieve the necessary thermal process, a thin layer of fire-extinguishing
powder during a long extinguishing process has been explored; at the second stage
several experiments have been performed. For those experiments achieving the
proper thermal process has not been necessary.

A mathematical model to determine the temperature on the unheated side of
the insulating layer of dry chemical powder and extinguishing intensity on the
example of special dry chemical powder KM-2 for extinguishing fires D, A, B has
been created. To create a mathematical model basic principles of the thermal

process have been formulated:



—thermal process in the layers of dry chemical powder during extinguishing
magnesium alloy raspings is non-stationary, except for the process in the first
experiment;
— heat exchange conditions at the boundary between dry chemical powder and air
remain the same and unchanged for all experiments;
—the temperature of the layer at the boundary with the combustible raspings is
constant and does not change during the quenching time;
— the layer of dry chemical powder is homogeneous, isotropic and does not contain
cavities;
— concomitant thermal processes in the layer of dry chemical powder are taken into
account when introducing an effective coefficient of thermal conductivity, which is
determined by empirical indicators;
— effective thermal conductivity coefficient A(0) does not depend on temperature
and its value may depend on the thickness of the fire extinguishing powder layer o.
According to the accepted basic provisions for the creation of a
mathematical model, two types of processes have been considered — stationary and
non-stationary. At the boundary between the combustible raspings and the layer of
dry chemical powder the boundary conditions of the first kind could be written:
0l—s= 6.
At the boundary between the layer of dry chemical powder and air the

boundary conditions of the third kind could be written: /1(5)%|X0= al6,-6,].

Due to the created model, the heat transfer coefficient between the non-
heating side of the insulating layer of dry chemical powder and the environment
has been determined: o = 395,733 W/(m*-C), and the dependence of the effective
thermal conductivity on the thickness of the layer has been investigated. It has
been shown that the dependence is close to linear and can be described by the
formula A(6) = - 0,016 + 93,907-6.

A method for determining the required amount of dry chemical powder to achieve
the appropriate insulating effect has been developed and on the basis of this



method the minimum layer thickness of the powder & = 45,2 mm has been
determined.

Mathematical modeling of dry chemical powder supply process using
damping nozzles of different design has been carried out and the most optimal
nozzle design has been chosen.

The adequacy of the mathematical model has been experimentally tested on
a physical model, developed in the form of a damping nozzle for the supply of dry
chemical powder. The nozzle has been made with two working surfaces — an
elliptical top and a parabolic reflector. The mathematical model has been based on
the geometric design of a real engineering object in the SolidWorks environment
with subsequent automatic exchange of necessary information. SolidWorks
environment makes it possible to design various nozzles for extinguishing fires of
classes D and A, B. The combined fire has been extinguished according to the
developed method: combustible metal has been isolated with powder and highly
inflammable liquid has been covered with foam. A screen preventing the spread of
fire and access of combustible vapors to the combustion zone has been created.
Extinguishing of such fire has been performed successfully. Magnesium raspings
have been covered with the powder and a crust has been formed on the top layer.
The foam that fell on this layer has not been destructed. No explosions caused by
the decomposition of the water in the foam after falling of the foam on the
individual magnesium particles have been observed. In addition, the class A fire
(burning wooden bars, boxes, parquet) has been covered with the foam of
increased resistance. The combustion was eliminated on the area of 2.5 m® in 45 s.

Key words: combined extinguishing, classes D and A, B fires, burning of
magnesium, burning of aluminum, damping nozzle, fires of light metals, special

dry chemical powders, technology of light metals extinguishing.
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