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VY nucepraiiiiniii po60Ti BUPIIIEHO aKTyaJlbHO HAYKOBO-TIPAKTUYHY 3aJa4y Y
rajy3i TOXEKHOI Oe3leKu — TMIJBUIIEHO e(QEeKTUBHICTh BUKOPUCTaHHS
KOMIIpECifHOT MIHM JJis TaciHHA TOXKEeX Kiacy A 3a paxyHOK BapitoBaHHS ii
KpPaTHOCTI Ta KOHIIEHTpaIlii BOAHOTO PO3YMHY MIHOYTBOPIOBaYA.

Ha cporomni TBepi peyoBHMHU 1 MaTepiadud € HaWOUIBII MOIIUPECHUMU Y
BUPOOHUIITBI, HAPOJHOMY TOCIOAApCTBI Ta MoOyTi. Bimomo, mo Bia 3araibHOl
KUIBKOCTI TIOXKEX, SKi BHHUKAIOTh Ha Teputopii aepkaBu, Onuzbko 80 %
BiIOyBa€TbCS Y CIOPyAaX J>KUTIOBOTO CEKTOpY. B yMmoBax TaciHHS IOXEX,
MOB’SI3aHUX 3 TOPIHHSAM TBEPIUX TOPIOYHMX PEUYOBHUH, OCHOBHHM BOTHETACHUM
3aco0oM € Bojaa. Asle, He3BaXKarouu Ha ii mepeBaru, MUpoKe MOMMUPEHHS, 3pDYyUHICTh
BUKOPHUCTAHHS Ta €KOHOMIYHY JOMUIBHICTH, 3HAYHA il YacCTUHA HE IMOTpAIUILE 10
30HM TopiHHA. Ha raciHHA mokexi BUKOpHUCTOBYeThcs jumie 5—10 % Bonw;
dakTuarO 90-95 % BOAM 3aTUITAETHCSA HAJAMIPHO MPOJHMTOO, IO MPU3BOIUTH 0
3HAYHUX MaTepiadbHUX 30UTKIB. OIHUM 3 HANPAMIB MiABUIICHHS €(EKTHBHOCTI
TaciHHs TOXKEXK KIacy A € 3aCTOCYBaHHS KOMIIPECIMHOI MiHU.

Kowmmpeciiina miHa Mae HH3KY IepBar HaJ IHIIUMHA BOTHETACHHUMU
PEYOBHHAMM: 32 PaXyHOK TEXHOJIOTIi MepeMillyBaHHS yTBOPIOETHCS ITiHA, sIKa €
BHUCOKOJMCTIEPCHOIO i OTHOPIAHOIO, IO POOUTH ii OUIBIT CTIHKOIO Y MOPIBHSIHHI 3
MOBITPSHO-MEXaHIYHOIO MIHOI0, 3a JIONMOMOTOI0 MPUCTPOI JI03yBaHHA MOXHA
peryJoBaTy BiIHOLICHHS KOMIIOHEHTIB MIHU, 1[0 HA/Ia€ MOXJIUBICTh YTBOPIOBATHU

MHY HEOOX1IHOT KPaTHOCTI, SIK CYXy, TaK 1 MOKpY.



[IpoBenenuii aHami3 JO3BOJMB BCTAaHOBUTH, IO 3aKOPAOHHI BHPOOHHMKHU
MPOMOHYIOTh BHUKOPUCTAHHA KOMIPECIMHOI MIHM 3 PI3HOI KpPaTHICTIO Ta
KOHLIEHTpAI[IEI0 BOJAHOIO PO3YMHY MIHOYyTBOproBaua. Ha miacTaBl mpoBEIEHOTO
aHaii3y BUSBIEHO, 10 B YKpaiHi HEe BeAyThCS POOOTH IIOAO PO3POOKH CHCTEM
reHepyBaHHsA Ta MOJABaHHS KOMIIPECIHHOI MiHW JUIsl MIAPO3JLUIIB ONEpPaTUBHO-
PATYBaJIbHOI CIYXOW HMBUTBHOTO 3axucTy. [IpoBeI€HO OIS TEOPETHYHUX Ta
eKCIIEPUMEHTANBHUX JIOCHTIKCHb, IOB’SI3aHUX 3 BHBYCHHSM BJIACTHBOCTEH Ta
BOTHETacHO1 €(EeKTUBHOCTI KOMIIPECIMHOI MiHW. AHaJI3 TEOpPEeTHYHOi 0a3u Ta
OTPUMAHUX MPAKTUUYHUX PE3YyJbTATIB IO3BOJIUB BCTAHOBUTH, 110 OUTBINA KUIBKICTh
JOCTIDKEHb MPUCBSYCHA 3aCTOCYBAHHIO KOMIPECIHHOI IMHM IS TaCiHHS TOXKEK
kinacy b. BincyTHe HaykoBe oOTpyHTyBaHHs, a00 peKOMEHaIlli, sika KpaTHICTh Ta
KOHIIEHTpAIIIsl BOAHOTO PO3UYMHY MIHOYTBOPIOBaYa y KOMIIPECiiHIN MiH1 BOJIOIIIOTh
HaOLTBIIIOI0 BOTHETACHOKO €()eKTUBHICTIO JIsl TACIHHS TBEPIUX TOPIOYHUX PECUOBHUH.

Ha ocHOBI BUIIIEBUKIAAEHOTO PO3POOJIEHO Ta 3aIIPOIIOHOBAHO MaTeMaTHUHY
MOJIENIb TIPOIECY TEHEPYBAHHS KOMIPECIMHOI TiHU, SKEe [03BOJISIE HaJaml
BUKOHYBAaTU MPOEKTYBaHHS E€KCIIEPUMEHTAJIBLHOTO 3pa3ka CHCTeMH IS
reHepYyBaHHs Ta MO aBaHH KOMIIpeciiiHoi miHu. Po3pobiena maTeMaTuiHa MoJIeIb
JI03BOJISIE IPOBOJIUTU TEXHIYHUHN PO3PAaXyHOK MapaMeTPiB CUCTEMH 3 YpaxXyBaHHAM
il BHMMOI, BHMKOHYBaTH pO3paxyHKH IIapaMeTpiB CHUCTEMH B 3aJICKHOCTI BiJ
KpaTHOCTI IHH, SKYy HEOOXIIHO OTpHMAaTH, AOCIHIIKYBAaTH BIUIMB IapaMeTpiB
MHOTEHEePYI0Y0i BCTAaBKM HAa KPATHICTh KOMIIpeciitHoi miHu. CTBOpeHa Ha OCHOBI
MaTeMaTUYHOI MOJeIl TpHKIagHAa TIporpamMa JJ03BOJISIE BHOpATH HEOOXiTHI
XapaKTePUCTUKHU CUCTEMH IS MOoAadi KOMIIPECIHHOT MiHM, Taki K poOOYHil THUCK,
JiaMeTpu OTBOPY TMOJadi TMOBITPS Ta PIAMHHOI CyMIlli, TiaMeTp 1 JOBXKHHY
MiHOTEHEPYIOYOi BCTaBKH, JIlaMETp BUXIHOT'O OTBOPY CTBOJIA.

[IpoBeneno aHaimi3 iCHYIOUMX CIOCOOIB 3MINTYBaHHS TOBITPS Ta PO3UYHHY
MIHOYTBOPIOBaYa y CUCTEMax MJig Mojadl KoMIpeciiHoi miHu. BcTaHoBieHO psn
nepeBar KOAKCIaJIbHOTO CcHocoOy 3MIIIyBaHHA HaJ IHIIMMHU  ICHYIOUHMH
TexHoNOrsIMU. Po3pobieHuil opuriHaabHUM MIHO3MINIYBAaY KOAKCI1aJIbHOT'O THUITY

MepeMilllyBaHHSI 3 PEAKTOpPOM, B SKOMYy mnependaueHi coruia JlaBams st



iHTeHCU(IKaLli MPoIecy NIHOYTBOPEHHS (OTPUMAHO MAaTEeHT HA MIHO3MILIYBay IS
KOMIIpeCiiHOT  miHM).  Po3risiHyTo  cratWyHi  3MillyBadli 3 pI3HUMU
KOHCTPYKTUBHUMHU OCOOJIMBOCTAMM, SIKI MOXYTb OYTH BHUKOPHUCTAH1 IS
reHepyBaHHs KOMIIPECIHHOT MiHU. YPaxOBYIOUH BUILEBUKIIAIEHE, CIIPOEKTOBAHO Ta
pPO3pOOIECHO EKCIePUMEHTAIBHUN 3pa30K CHUCTEMH TE€HEpyBaHHS Ta IOJIaBaHHS
KOMIIPECIHHOT MIHU Ha OCHOB1 PO3PaxyHKOBHUX JaHUX, OTPUMAHHUX 3a JIOMOMOTOIO
MaTEeMaTUYHOI MOJIEJ1 M aHaJI3y ICHYIOUMX CHUCTEM JUIS Moadl KOMIPECIMHOT MiHMU,
SAKUU J103BOJISIE OTPUMYBATH IIHY 3 pOOOYMM J11alia30HOM KpaTHOCTI BiA 5 10 25.
3a 1OMOMOT0I0 PO3pOOIEHOTO 3pa3Ka CUCTEMH T€HEpPYBaHHS Ta IOJIaBaHHS
KOMITPECiiTHOT MIHU IPOBEJIEHO EKCIIEPUMEHTANIbHI JOCII)KEHHS BIUIMBY KPaTHOCTI
Ta KOHIICHTpaIlii BOAHOTO pO34MHY MiHOyTBOproBada «BAPC-Sy» y xommpeciiiHiii
MiH1 Ha 11 BJIaCTMBOCTI Ta BCTAHOBJICHO, 110, HA BIIMIHY B1J] OBITPSIHO-MEXaHIUYHO1
MiHU, KOMIpECiiiHa miHa OUTbIIOI KPaTHOCTI Ma€ Oulblly CTIMKICTh. 30Kpema, 31
30UTBIICHHSIM KPaTHOCTI MiHU Bi 5 10 20 Ti CTIHKICTh MigBHINYEThCS 3 4,5 XB 10
21,8 xB, TOOTO Maibke yr’aTrepo. 30UIbIICHHS KOHIIEHTpAaIlii BOJHOTO PO3YHUHY
niHoytBoptoBaua “BAPC-S” Bim 4 % n0 6 % cynpoBOIKYEThCS 30UIbIIEHHAM
CTIHKOCT1 KOMIIPECIMHOI MiHU, T€HePOBaHOi 3 HBOTO, Ha 22 %, a 31 3MIHIOBaHHSAM
KPaTHOCTI MiHU B TUX CaMHX MeXax BilOyBaeThCs 3MEHIICHHS PO3Mipy IMHHOT
OynpOamku Ha 14 %, 110 3yMOBIIOE 301bIIEHHS TPUBAJIOCTI i1 iCHYBaHHA. Takox
BUSBIICHO (Ha TpuUKIanl miHoyTBoproBaua “BAPC-S”), mo y pa3i 30iIbIIeHHS
KOHIICHTpAIlii BOJHOTO PO3UMHY IMIHOYTBOpIoBada Bix 4 % n0 6 % (KoHIeHTparlii,
PEKOMEHJIOBaHOI WOTO BUPOOHUKOM) BiIOYBAETHCS 3MEHILIEHHS PO3MIPY MIHHOT
OynpOamku Ha 10 %, HACTIAKOM YOTrO € YTBOPEHHSI BHCOKOJMCIIEPCHOT 1 OLIBII
CTiiiKkoi miHU. BcTraHoBIEeHO, 110 3a 30UIBIIEHHS KPATHOCTI MiHU ii OJHOPITHICTH
3pocTae, a caMe a caMe IIiJ] 9Yac BU3HAYEHHS Jianma3oHy po3MipiB OyIb0amiox s
ninu kpatHicTio K=12,5 niametrpu OynpOamok 3naxoauwrcs B Mexax Big 0,09 mm
10 0,13 MM (KUTBKICTB pI13HUX JiamMeTpiB Oynbbaimiok N=5), mo Ha 66 % MmeHme y
MOPIBHAHHI 3 J1alla30HOM J[1aMeTPIB AJiA MiHU KpaTHICTIO K=5. (KIIBKICTh pi3HUX
niametpiB  OynpOamok  N=15).  HaiiOiipma  oAHOPIAHICTH — OynBOAIIOK

criocTepiraerbes Aist miHu kpaTHicTio K=20, ae niana3oH aiaMeTpiB 3HaAXOAUTHCS Y



mexax Big 0,09 mm go 0,11 MM. V chmiBcTraBieHHI 3 PO3ODLKHICTIO pO3MIpIB
OynpOatok minu Big kpaTtHocTi K=20 no kpatHocTi K=6 3MeHuIeHHs BinOynocs Ha
80 %. ( KUTBKICTH pi3HUX JiaMeTpiB OynpOamok N=3).

OTpuMaHO pe3ynbTaTH, IO CTOCYIOTbCS BHM3HAYEHHS BOTHETaCHOi
e(eKTUBHOCTI KOMIpECIHHOI TiHM, i 4Yac raciHHA JjabopaTopHux (He
CTaH/JapTU30BAHMX) BOTHHUII KJacy A, 3a MOKa3HUKaMU BOIHETAaCHOI 3/IaTHOCTI Ta
e()EeKTUBHOCTI TaciHHS, B 3aJIEKHOCTI BIJ] KPAaTHOCTI Ta KOHIIEHTpaIlii BOJHOIO
pO34YMHY MIHOYTBOpIOBaYa y KOMIIpECiiHIN MiHl. Bu3HaueHo, 1m0 KpaTHICTh MIHU
CYTT€BO BIUIMBAE Ha ii BOrHEracHy €()eKTUBHICTh. Tak, 301IbIIIEHHS KPaTHOCTI MIHU
3 15 1o 25 npuBoaANUTH 10 MiABUIIEHHS €(heKTUBHOCTI TaciHHA BiAMOBiIHO Ha 60 %
(Bim HAWHMIXKYOrO 3HAYEHHA TIOKa3HMKAa eQEeKTUBHOCTI TaciHHS, 1O HOro
MaKCHUMAaJIbHOTO 3HAaY€HHS, 3a SKUM OI[IHIOBAJaCh BOTHETAacHY 3/aTHICTh), B
3aJIeKHOCT1 BiJl KOHIIEHTpallii miHoyTBOpioBaya. [Ipu mpomy st po3uuny 3 6 %
KOHIIEHTpAIIIEI0 MHOYTBOpIOBadYa (Ha TMPUKIAAlI MIHOYTBOPIOBadYa 3arajibHOTO
npuszHaueHHs «bAPC-Sy»), mae wicie HaibOipiia BorHeracHa €QeKTHUBHICTS.
[IpoBeneHo eKkcrepuMEHTaNIbHI JOCTIKEHHS II0JI0 TaciHHS CTaHIapTU30BaHOTO
MOJICIPHOTO BOTHHMINA MOXKEXKi 1A BOAOI Ta KoMIpeciiHow miHoto. [lopiBHSIHO
BOTHETACHY €()EKTUBHICTh IeJICyTBOPIOIOYHNX CHUCTEM, KOMIIPECIHHOT MiHU Ta BOJIM.
O1iHKy BOTHETacHOi e(EeKTUBHOCTI MPOBEJEHO 3a IMOKa3HUKOM e()EeKTUBHOCTI

racinas [I.,. I1ig yac raciHHS MOIEIBHOTO BOTHHUINA BOJOKO 3HAYECHHS MOKA3HUKA
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edexTuBHOCTI racinHa cknano Iler = 4,12 x 1073 , aJle TICJIsl TaciHHSA

KIXc
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KT

BOTHETacHa e(eKTHBHICT, BoaW. HaiiOutbma BorHeracHa e(eKTHUBHICTH 3a

MOKAa3HUKOM €(EKTUBHOCTI TACIHHSI CIOCTEPITAa€ThCA JI1 KOMIIPECIHHOI MiHU Ta
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craHoBuTh [l..= 14 X 1073, > o Ha 80 % Oinpiie, HDK y Boau, Ta Ha 15 %
KIXC

OUIbIIE, HIK Y TeJIEYTBOPIOIOYUX CHCTEM.



Hanano pexomenpaiii mo/10 3aCTOCyBaHHSI CHCTEM KOMIIPECIHOI MiHU B
nigposainax JlepxaBHoi cinyxOu YKpaiHu 3 HaA3BHUYaWHUX CUTyalli. YKpaiHu.
3anporoHOBaHO  KOHCTPYKIIIIO ~ TEPEHOCHOI  CHUCTEMHM  MOXEXOTACIHHS
KOMIIPECIHHOIO MIHOIO, 1110 MOXe OyTH po3po0JieHa Ta BIOPOBAKEHA Y MPAKTUYHI
niapo3aim JepxaBHoi ciay:xOn YkpaiHu 3 Haa3BUYaiHUX cuTyalid. Po3poOieHo
TEXHIYH1 BUMOTH JI0 IEPEHOCHOT'O MOJYJISI MOXKEXKOTaCiHHS KOMIIPECIIHOIO MIHO0
ISt miIpo3ALTiB JlepakaBHOI iy k0u YKpaiHu 3 HaJ3BUUaWHUX CUTYalllil YKpaiHu.

KuarouoBi ciaoBa: xommpeciiiHa miHa, MOXeX1 Kiacy A, TBepAal roproui

PEYOBUHU, MOKEKOTACIHHS, CTIUKICTD, KPATHICTb.

Cnucok omy0J1ikOBaHNX MPalb 32 TEMOIO TUCEPTALi:

Crarti y HaykoBux (paxoBUX BHIAHHAX YKpaiHH, 10 BXOAATH 10
Mi’)KHAPOJAHUX HAYKOMETPUYHUX 0a3:

1. [ITaxoB C.M., Bunorpanos C.A., [Ipucsoxuaiok B.B. Po3po6ka cucremu
MO’KE)KOTACIHHSI Ta30HATIOBHEHOK TiHOI0. [Ipobiiembl nodxcaproi 6e30nacHoCcmu.
2017. Bun 42. C. 12-21.

2. [ITaxoB C.M., Bunorpagor C.A., Kogpuk A.l., Titenko O.M. Bruus
KpPaTHOCTI KOMITPECIHHOI IMHU HA TUCTIEPCHICTH 1 CTIMKICTb. [Ipobaembl nodxcaproi
besonacnocmu. 2019. Bum. 45. C. 27-33.

3. [lTaxoB C.M., BunorpamoB C.A., Kompuk A.l, Tireako O.M.,
Crumuk [.I. Bu3HadeHHS 3aJIe)KHOCTI XapaKTEPUCTUK KOMIIPECIHHOI TIiHH.
Hayxosuii sichux HIITY Vxpainu. 2019. T. 29, Ne 5. C. 103-106.

4, [lTaxoB C.M., Bunorpagor C.A., Koapmk A.l, Tirenko O.M.
Busnayenns BoraeracHoi €)eKTUBHOCTI KOMITPECIHHOT MIHM IMi/T Yac TaCiHHS HEIO
TBEPIUX TOPIOUUX PEUOBUH. [Ipobnembl nosxcaprou b6ezonacnocmu. 2019. Bun. 46.
C. 199-205.

5. [Ilaxos C.M., Kompuk A.l., Titrenko O.M., Bunorpamo C.A.

Marematnune  3a0e3medyeHHsT I  MPOEKTYBAaHHS  CUCTEM  TIE€HEpPYBaHHS



kommpeciitnoi ninu. Haykosuii eichux HJITY Ykpainu. 2020, T. 30, Ne 3. C.111-
115.

6. [lTaxoB C.M., Bunorpago C.A., Koapux A.l, Titenko O.M.
BusHaueHHs mMoka3HMKa BOTHETACHOI 3JaTHOCTI KOMMpECiiHOi miHu. [Ipobremsi
nooicaprotl 6ezonacnocmu. 2020. Bum. 47. C. 127-131.

7. Shakhov ~ S.M., Vinogradov S.A., Kodrik A.l., Titenko O.M.,
Parkhomchyk O.V. Mathematical modeling of gas-liquid flow in compressed air
foam generation systems. Technology audit and production reserves. 2020. Ne
4/3(54). P. 29-35.

CraTTs y HAYKOBOMY NePioANYHOMY BHAAHHI IHIINX JepKaB 3 HANIPSAMY,
3 AKOT'0 MiATOTOBJIEHO AMCEPTALIIO:

8. Shakhov S.M., Vinogradov S.A. Fire Extinguishing Efficiency of
Compressed Air Foam, Water and Gel Forming Agents in a Standard Class A Test
Safety & Fire Technology. 2020. Vol. 55.1ssue 1. P. 154-160.

CratrTi B iHIIMX BUIAHHSX:
Q. [Maxos C.M., Bunorpanos C.A., Jlapia O.M. Anai3 cBITOBUX 3pa3KiB
CUCTEM TIOXKEXKOTACIHHS Ta30HANOBHEHOIO TMiHOW. Hao3zseuuatini cumyayii.

Ilonepeoocenns ma nixgioayin. 2017. Bun 1. C. 50-58.

HaTenTH:

10. IIlaxor C.M., BunorpamoB C.A., Tireako O.M., Kompuk A.lL
[Tino3mimryBau 171t yTBOpEHHSI KoMIipeciiHoi miau: mat. 142507 Ykpaina: MIIK
A62C 31/12, A62C 5/02, BO5SB 7/00. Ne u 2019 11826; 3assn. 11.12.2019; omy6u.
10.06.2020, brom. Ne 11/2020.


http://journals.uran.ua/tarp/article/view/210375
http://journals.uran.ua/tarp/article/view/210375

Te3u gonoBigei, AKi 3aCBiIYYIOTH anpodaNio MaTepiajaiB AucepTAaLil:

11. [MaxoB C.M. BukopucTaHHs CTaTHYHMX 3MINIyBadiB y cUCTEMax
nojavl KoMmmpeciiiHol miHu. Teopia i npakmuxa 2acinHs noxceddc ma Jaikeioayii
Haozeuyaunux cumyayiu : 30. Mmatepianis aorn. | X MikHap. HayK.—pakT. KoH}., 18—
19 tpas. 2018 p. Uepkacu : YUIIIb, 2018. C. 144-145.

12. [MaxoB C.M, Hikymin O.®. OyHKuUiOHaTPHO—(pI3UYHA CXeMa
YCTAHOBKM JUJIsl TeHepalii KOMIpeciiiHOi MiHU. 3anobieanHs Ha036u4aUHUM
cumyayisam i ix aikeioayis : MaTepialld HayK.—MpakT. ceM., 21 moT. 2019 p. Xapkis
: HYL3Y, 2019. C. 285-287.

13. I[MaxoB C.M. Po3poOka eKkcnepUMEeHTaJbHOI YCTAHOBKH IS
NPOBEJICHHSI JOCIHIPKEHb BJIACTHUBOCTEM KOMIpeciiiHOi miHU. [lpobrnemu ma
nepcnekmusu 3abe3neyerts YyusilbHo2o 3axucmy . 30. matepiamiB gomn. MixHap.
Hayk.—TipakT. koH(}. Xapki : HYL3VY, 2019. C. 185.

14. Shakhov S.M., Balaka N.I. Innovative technologies in firefighting:
compressed air foam. Technologie Informacyjne i innowacyjne w XXI wieku: mat.
Miedzynarodowa konferencja naukova. Poland : Katowice, 2019. P. 395-406.

15. IIMaxoB C.M., Koapuxk A.N., BunorpagoB C.A., Turtenko O.M.
Pa3zpaboTka MmaTeMaTHUeCKOW MOJIETIN YCTAaHOBKH JUISl TEHEPAIIMH KOMITPECCHOHHOM
neHsl. Ypesgvlualinvle cumyayuu: npeoynpedcoeHue u aukeuoayus : cO.
matepuasioB aoki. VI Mexnaynap. Hayd.—mpakt. koHG. Munck : HUUIIBYC ,
2019. C 103-115.

16. Illaxo C.M., BunorpamoB C.A., Kompuk A.l., Tireako O.M.
[TopiBHSIHHSA BOTHETACHHUX TMOKA3HUKIB KOMIpECiiHOI miHu. Teopis i npakmuxa
2AaCiHHA nodicexnc ma nikeioayii Haodzeuuaunux cumyayii : 30. matepianis gom. Xl
MixHap. HayK.— mpakT. KoH}., 09—10 kBiT. 2020 p. Uepkacwu : YUIIIb, 2020. C. 86—
88.

17. IllaxoB C.M., BunorpamoB C.A. IlenHocmecurenp s TeHEpaluu
KOMIIDECCUOHHOW MeHbl. (Oobecneuenue 0e30NACHOCMU  IHCUZHEOESAMENbHOCTU

npobaemvl u nepcnekmugsl : ¢0. MatepuanoB noki. XI MexayHap. Hayd.—TIpaKT.

koH(}. 8-9 amp., 2020 r. Munck : YI'3, 2020. C. 291-292.



18. I[HaxoB C.M., BunorpagoB C.A., Koapuk A.l, Titenko O.M.
BusHaueHHss HailOu1bll e(pEeKTHBHOI BOTHETacHOI PEYOBUMHU I Yac TraciHHA
CTaHJAPTHUX MOJEJIBHUX BOTHUIL Kiacy A. /Ipobaemu ma nepchekmugu po36umky

cyuacHoi Hayku: 30. MatepianiB gorn. MikHap. HayK.—1pakT. koHd. Pisne: HYBI'TI,

21-22 tpasus 2020. C. 178-180.

SUMMARY
Shakhov S.M. Improving the efficiency of use of compressed air foam for
extinguishing class A fire.
Thesis for a Doctor of Philosophy in the speciality 261 — Fire Safety. National
University of Civil Defence of Ukraine, State Emergency Service of Ukraine,
Kharkiv, 2020.

In the thesis, an urgent scientific and practical problem in the field of fire
safety has been solved — the efficiency of using compressed air foam for
extinguishing Class A fires has been increased by varying its expansion ratio and the
concentration of an aqueous solution of foam agent.

Today, solids and materials are the most common in a production, the
economy, and everyday life. It is known that about 80% of the total number of fires
occurring on the territory of the State occurs in the buildings of the residential sector.
In the conditions of extinguishing fires associated with the combustion of solid
combustible substances, water is the main extinguishing agent. But, despite its
advantages, wide distribution, convenience, and economic feasibility, its significant
part does not fall into the combustion zone. Only 5-10 % of water is used to
extinguish a fire; in fact, 90-95 % of the water remains overspilled, resulting in
significant material losses. One of the ways to increase the efficiency of
extinguishing Class A fires is the use of compressed air foam.

Compressed air foam has several advantages over other fire extinguishing
agents: due to the mixing technology, the foam, which is highly dispersed and

homogeneous, that makes it more stable in comparison with air-filled foam, is being



formed; with the help of the dosing device, the ratio of the foam components can be
adjusted, which allows the formation of foam with the required expansion ratio, both
dry and wet.

The analysis made it possible to find that foreign manufacturers offer the use
of compressed air foam with different expansion ratios and the concentration of an
agueous solution of foam agent. Based on the analysis, it was revealed that in
Ukraine, there is no work on the development of generation systems and compressed
air foam application for the units of the civil defense operational rescue service. A
review of theoretical and experimental studies related to the study of the properties
and fire extinguishing efficiency of compressed air foam has been carried out. The
analysis of the theoretical base and the practical results obtained made it possible to
establish that a large number of studies are devoted to the use of compressed air
foam for extinguishing Class B fires. There is no scientific justification or
recommendation which expansion ratio and concentration of a foam agent aqueous
solution in compressed air foam have the greatest fire extinguishing efficiency for
extinguishing solid combustible substances.

Based on the foregoing, a mathematical model of the compressed air foam
generation, which allows in the future designing an experimental model of a system
for generating and compressed air foam application, has been developed and
proposed. The developed mathematical model makes it possible to carry out a
technical calculation of the system parameters, taking into account its requirements,
to calculate the parameters of the system depending on the foam expansion ratio,
which should be obtained, to study the influence of the parameters of the foam-
generating insert on the expansion ratio of compressed air foam. The application
created on the basis of a mathematical model allows selecting the necessary system
characteristics for the supply of compressed air foam, such as operating pressure,
diameters of the air and liquid mixture supply holes, the diameter and length of the
foam-generating insert, and the diameter of the discharge outlet of fire-hose barrel.

The analysis of existing methods of mixing air and a foam agent solution in

systems for supply of compressed air foam has been carried out. A number of



advantages of the coaxial mixing method over other existing technologies have been
established. An original foam educator of coaxial mixing type with a reactor, in
which converging-diverging nozzles (Laval nozzles) are provided to intensify the
foaming process, has been developed (a patent has been obtained for a compressed
air foam educator). Static educators with various design features that can be used to
generate compressed air foam have been considered. Considering the above, an
experimental sample of a generation system and a compressed air foam application
has been designed and developed on the basis of calculated data obtained using a
mathematical model and analysis of existing systems for supplying compressed air
foam, which makes it possible to obtain foam with a working range of expansion
ratio from 5 to 25.

Using the developed sample of the generating system and compressed air
foam application, experimental studies of the effect of expansion ratio and the
concentration of an aqueous solution of «<BARS-S» foam agent in compressed air
foam on its properties have been carried out and it was found that, in contrast to air-
filled foam, compressed air foam with a larger expansion ratio has a higher stability.
In particular, as the expansion ratio of foam increases from 5 to 20, its stability
increases from 4.5 minutes to 21.8 minutes, that is, almost five times. An increase
in the concentration of an aqueous solution of «BARS-Sy» foam agent from 4 % to
6 % is accompanied by an increase in the stability of compressed air foam produced
from it by 22 %, and with a change of the foam expansion ratio within the same
limits, the size of the foam bubble decreases by 14 %, which leads to an increase in
the duration of its existence. It was also found (using the example of «<BARS-S»
foam agent) that if the concentration of an aqueous solution of foam agent increases
from 4 % to 6 % (the concentration recommended by its manufacturer), the size of
the foam bubble decreases by 10 %, which results in the formation of a highly
dispersed and more stable foam. It was stated that as the expansion ratio of foam
increases, its homogeneity increases, namely, when determining the range of bubble
sizes for foam with expansion ratio K=12.5, the bubble diameters ranged from 0.09

mm to 0.13 mm (the number of different diameters bubbles n=5), which is 66 % less



compared to the diameter range for foam with expansion ratio K=5 (the number of
different bubble diameters n=15). The greatest homogeneity of bubbles is observed
for foam with the expansion ratio K=20, where the diameters range is from 0.09 mm
to 0.11 mm. In comparison with the discrepancy in the size of the foam bubbles from
the expansion ratio K=20 to the expansion ratio K=6, the decrease occurred by 80 %
(the number of different bubble diameters n=3).

Results regarding the determination of the fire extinguishing efficiency of
compressed air foam during extinguishing of laboratory (non-standardized) Class A
fire sources in terms of fire extinguishing capacity and extinguishing efficiency,
depending on the expansion ratio and the concentration of an aqueous solution of
foam agent in compressed air foam, have been obtained. It has been determined that
the foam expansion ratio significantly affect its fire extinguishing efficiency. Thus,
an increase in the expansion ratio of foam from 15 to 25 leads to an increase in the
extinguishing efficiency by 60 %, respectively (from the lowest value of the
extinguishing efficiency factor to its maximum value, according to which the fire
extinguishing capacity was estimated), depending on the concentration of the foam
agent. At the same time, for a solution with 6 % concentration of foam agent (on the
example of general-purpose «BARS-S» foam agent), the highest fire extinguishing
efficiency takes place. Experimental studies to extinguish a standardized simulative
fire center 1A with water and compressed air foam have been carried out compared
of fire extinguishing efficiency of gel, compressed air foam, and water. The
assessment of fire extinguishing efficiency has been carried out in terms of
extinguishing efficiency l... During the extinguishing of the simulative fire with
water, the value of the extinguishing efficiency factor was l..= 4.12 x 1073, , but
after extinguishing the simulative fire bed, after 5 minutes, repeated ignition has
been observed. The factor value for CaCl, gel 11.4 % — Na,0+2.95 SiO; 3.8 % —
H,O 84.8 % was l.. = 11.9 x 10 3, which is 65 % more than fire extinguishing
efficiency water. The highest fire extinguishing efficiency in terms of extinguishing
efficiency is observed for compressed air foam and is l..= 14 x 103, which is 80 %

more than water, and 15 % more than gel.



Recommendations for the use of compressed air foam systems in the units of
the State Emergency Service of Ukraine have been provided. The design of a
portable fire extinguishing system using compressed air foam, which can be
developed and implemented in the practical units of the State Emergency Service of
Ukraine, has been proposed. Technical requirements for a portable fire extinguishing
module using compressed air foam for units of the State Emergency Service of
Ukraine have been developed.
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