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HanionanbHuil yHiBepcuTeT UMBUIbHOTO 3axucty Ykpainu, JICHC Ykpainu, Yepkacu, 2026. MeTta nociimKeHHs —
nigBuIeHHs e(EeKTUBHOCTI raciHHS MOXKeX Kiacy A KOMIIPECIIHOIO ITiHOIO 33 paxyHOK BUKOPUCTAHHS
MoaudikyBasipHUX 006aBOK. Po3zin 1. IIpoBeneHo aHali3 HAyKOBUX MyOJIiKaLliil 111010 KOMIIPECIMHOI MiHU.
BcTaHOBIEHO BifCYTHICTh OCAiTKEHDb 3 MiIBUILIEHHS il €(PEKTUBHOCTI LIISIXOM TOJaBaHHS MOIU(QiKyBaIbHUX
n06aBoK. Po3pobiieno kiacudikaniio 106aBoK 32 MeXaHi3MOM BILJIMBY Ha IIPOLIEC TOPiHHS — BUJIZIEHO YOTUPU THUIIN.
J71s mojanpInX AOCTiIKeHb 06paHo: rifpodocdaT amoHito, nurinpooprodocdaT aMmoHilo, KapboHAT aMOHiIo,
KapOOHAT KaJlilo, XJIOpUZ Kaiito. Po3zin 2. Po3po6sieHo cucTemMy reHepyBaHHs Ta IOJABaHHS KOMIIPECIIHO] MiHu 3
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3a6e3neuyoTb KpaTHicTb 5-20 — Bu3HaHi HeepekTuBHUMU. [inpodocdaT amoHilo, purigpooprodocdar aMoHilo Ta
KapboHAT aMOHII0 KPaTHICTb He 3HIDKYIOTh. HalBuiy CTifiKiCTb 1oKasaB purinpooprodocdat aMmoHio — 5,45 XB Ipu
KpaTHOCTi 20, mo Ha 17% HuK4e iU TpaguLiiHoro ckiany. Posnin 3. JocmigKeHO BOTHETaCHi BJIaCTUBOCTI
KOMITPECiMHOI MMiHU 3 fo6aBkamu. ONITUMaibHa KOHIIEHTPAllis 1J1s BCiX J,06aBOK — 3%, KpaTHicTb — 18. TTokazHuku
edexTuBHOCTI racinus: aurigpooprodocdat amonito — 20,15 M2 /(kr-c), rizpodocdat amoHito — 18,04 m? /(kr-c),
KapboHat aMoHito — 14,99 m? /(kr-c). Haile(peKTHBHIIIO BU3HAHO IMiHY 3 IurinpooptodocdaTrom aMoHi0 —
nepeBullye BapiaHT 3 rinpodocdarom Ha 11%, 3 kapboHaToM — Ha 26%. Po3zin 4. [lopiBHsIbHI BUTPOOYBAaHHS Ha
CTaHJAPTU30BAaHNX MOJEJIbHAX BOTHUIIAX Kiacy 1A. Pe3ysbraTi e(PEKTUBHOCTI raciHHS: KOMIIPECiiiHa MiHa 3
murinpooprodocdarom amoHio — 16,5 M2 /(Kr-c), TpaguLiiiHa KoMIpeciiiHa niHa — 14,03, reseyTBOpIoBajbHa CyMill
— 11,9, Boma — 3,94. ButpaTa peuyoBMHU Ha raciHHg 17151 MoaugiKoBaHOI [iHM Ha 7% MeHIla 33 TPaAULiiHy i Ha 52%
MeHIIa 3a Bojy. Yac racinHs — Ha 10% meHIu 3a TpaAULiNHy MiHy i Ha 51% meHmwuit 3a Boay. Posnin 5.
ExonomiuyHe 06rpyHTyBaHHS. KoedillieHT BUKOpHCTaHHSI BOTHETaCHOI peuoBUHU — 95% npoTu 5% 1151 BOOU.
BropunHi 36uTKy 3H1Ky0ThCS Yy 80 pasis: 3 475 000 rpH 10 5 938 rpH Ha OIHY YMOBHY I1OXKEXY B XKUTIIOBOMY
cexTopi. CymapHUil eKOHOMIYHUI epeKT — 469 062 rpH. TepMiH okynHocTi obsmagHaHHsg CAFS nsg ogHOro
nigpo3ziny — 5 pokis. ONTUMasIbHI IapaMeTpu: KOHLIEHTpalist [o6aBku — 3%, KpaTHicTb — 18, TCK — 6 6ap.
HaykoBa HOBM3Ha: — BIleplle BCTAHOBJIEHO 3aKOHOMIPHOCTI BIIJIMBY II'SITU MOAUQIKYBaJIbHUX JOOABOK Ha
IIiHOYTBOPEHHS1, KPATHICTB i CTIMKiCTh KOMIIPECIMHOI MiHM; — BIIEplle OTPUMAHO MaTeMaTU4Hy MoZesb Y popmi
[IOJIIHOMIB APYTOTro MOPSIIKY, O ONMCYE 3aJI€KHICTh BOTHEraCHOI €(peKTUBHOCTI Bifl, KOHLIEHTPaLlii J0O6ABOK i
KPaTHOCTI MiHM; — BIEPLIE KiJIbKiCHO MiATBEPAKEHO IlepeBary KOMIpPeCiiiHoi NiHu 3 aurigpoopTrodocdaTom
aMoHilo: +15% 1o TpaguLiiiHoi ninu, +28% 10 resieyTBOPIOBAJIbHUX CyMillleil, +77% [0 BOAY; — YLOCKOHAJIEHO
CHACTEMY I'eHepyBaHHs IiHYU LIJISIXOM iHTerpalii anapaTHO-NpOrpaMHOro KOMILJIEKCY KOHTPOJIIO BUTPAT Y PEXKUMI

p€asbHOIO 4acy.

2. Abstract (English) Dissertation for the Degree of Doctor of Philosophy, Specialty 261 - Fire Safety — National
University of Civil Protection of Ukraine, State Emergency Service of Ukraine, Cherkasy, 2026. Research objective
— to improve the effectiveness of Class A fire suppression using compressed air foam (CAF) through the
application of modifying additives. Chapter 1. A review of scientific publications on compressed air foam was
conducted. No prior research was found addressing the enhancement of CAF effectiveness through modifying
additives. A classification of additives by their mechanism of influence on the combustion process was developed,
identifying four types. The following compounds were selected for further investigation: ammonium hydrogen
phosphate, ammonium dihydrogen orthophosphate, ammonium carbonate, potassium carbonate, and potassium
chloride. Chapter 2. A CAF generation and delivery system was developed, incorporating a hardware-software flow
control complex. The influence of five additives at concentrations of 1-5% on foam expansion ratio and stability
was studied experimentally. Potassium carbonate and potassium chloride failed to produce foam with an
expansion ratio of 5-20 and were deemed ineffective. Ammonium hydrogen phosphate, ammonium dihydrogen
orthophosphate, and ammonium carbonate did not reduce the expansion ratio. The highest stability was recorded
for ammonium dihydrogen orthophosphate — 5.45 minutes at expansion ratio 20, which is 17% lower than
conventional foam. Chapter 3. The fire suppression properties of CAF with additives were investigated. The
optimal parameters across all additives were a concentration of 3% and expansion ratio of 18. Fire suppression
efficiency results: ammonium dihydrogen orthophosphate — 20.15 m? /(kg's), ammonium hydrogen phosphate —
18.04 m? /(kg's), ammonium carbonate — 14.99 m? /(kgs). CAF with ammonium dihydrogen orthophosphate showed
the highest effectiveness — exceeding the ammonium hydrogen phosphate variant by 11% and the ammonium
carbonate variant by 26%. Chapter 4. Comparative fire suppression tests were conducted on standardized Class 1A
fire models. Suppression efficiency results: CAF with ammonium dihydrogen orthophosphate — 16.5 m?/(kg's),
conventional CAF — 14.03, gel-forming mixture — 11.9, water — 3.94. The agent mass consumed by modified CAF
was 7% less than conventional CAF and 52% less than water. Suppression time was 10% shorter than conventional
CAF and 51% shorter than water. Chapter 5. Economic analysis. The agent utilization coefficient reaches 95%,
compared to just 5% for water. Secondary damage is reduced 80-fold: from UAH 475,000 to UAH 5,938 per
standard residential fire. The total calculated economic effect is UAH 469,062. The payback period for CAFS



equipment for a single fire unit is 5 years. Optimal operating parameters: additive concentration — 3%, expansion
ratio — 18, working pressure — 6 bar. Scientific contributions: — for the first time, the governing relationships
between five modifying additives and CAF foam formation, expansion ratio, and stability were established; — for
the first time, a mathematical model in the form of second-order polynomials was developed, describing the
dependence of suppression efficiency on additive concentration and foam expansion ratio; — for the first time, the
superiority of CAF with ammonium dihydrogen orthophosphate was quantitatively confirmed: +15% over
conventional CAF, +28% over gel-forming mixtures, +77% over water; — the CAF generation system was improved
through integration of a real-time hardware-software flow monitoring complex.
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