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®YHKIIOHAJBHO-®I3UMYHA CXEMA YCTAHOBKH JIJISI TEHEPAIIIL
KOMIIPECIMHOI IITHU

3anpononosano  QyukyionanvHo-Qizuuny cxemy YCmawoeku OiA  2emepayii KOMHpeciunoi ninu, wujo
@yHKyioHanbHO NOOdiNeHa Ha Yomupu ON0KU, OJiA KONCHO20 3 AKUX 8USHAYEHO 6XIOHI ma 6UXiOHI napamempu, Wo €
NIOTPYHMAM 015 NOOAIbLULOI NOOYO08U MAMEMAMUYHOT MOOeNi YCMAHOBKU 01 2eHepayii KOMNpecitiHoi niuu.
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010K, 6XIOHI napamempu, 8UXIOHI napamempu.

IMocTanoBKka npodJeMmu

Kommpeciiina mima (KII) -  onHopigHa
IpiOHOCTPYKTpYpHa  BOTHETacHa  IiHa  HHU3BKOI
KpaTHOCTi, IO OTPHMaHa BHACIINOK 3MIIIyBaHHSI

MHOYTBOPIOBaYa, BOJAM Ta CTHUCHYTOrO MOBITPsi abo
azory [1]. Taka niHa mMae 3Ha4HO BHIY €(PEKTUBHICTH Y
MOPIBHAHHI 3 TOBITPSHO-MEXaHIYHOI ITHOK Ta 3
BOJIOIO.

CeiTOBUMHU JlilepaMd 3 BHPOOHHMLTBA 3aco0iB
nogaui KIT € wnimenpka ¢ipma «One seven» [2],
aBcTpilicbka kommadis Rosenbauer [3] Tta immi [4].
[IpoGnema noJsirae B TOMY, 110 IMUTaHHS ONTUMAaJIbLHOTO
CIIBBIJHOIICHHS KOMIIOHEHTIB y ckmami KII s
TaciHHS TIOXKEX pI3HUX KIaciB MoTpedye HAyKOBOTO
OoOIpyHTYBaHHS, SK€ Hapa3l y IMOBHOMY oOcs3i He
npoBegeHo. Taka poOOTa BUMara€ TEOPETHYHOTO Ta
eKCIIEPUMEHTAIBHOTO i ITBEPIXKSHHS.

3aranpHa ~ TEHICHLiS  OpPH  NPOSKTYBaHHI
PI3HOMAHITHHX KOHCTPYKIiif, 0COOJIMBO CKIJIAJHUX,
moOyIOBaHUX Ha BHYTPIMIHIA B3a€MOMIi OKpPEeMHX
CTPYKTYPHUX OJMHHUIL € pPO3pOOKa MaTeMaTHYHOI
Mojeni (mami — MM), mo nepenye KOHCTPYKTHBHHUM
PIILICHHSM Ta YacTO € PO3PaxyHKOBOK OCHOBOIO IS
HHUX. A B OCHOBI Takoi MareMaTH4HO! MOJeJi MOBHUHHA
cTatd (YHKIIOHAIbHO-(I3UYHA CXeMa YCTAaHOBKH JJIs
reHepailii KoMIpeciiHol niHu.

AHaJi3 0CTaHHIX JOCTIKeHb i myOJikanii

Cepen 6araThoX IOCHIKEHB, IO CIPSIMOBAHI Ha
BUBYEHHA KOMIpECIHHOI MiHM Ta e(eKTHBHOCTI ii
3aCTOCYBaHHS, HeMae poOiT, MeTow sKuX OyIo
MaTeMaTUyHe MOJIENIIOBaHHS POOOTH YCTAaHOBKH JUIS
reHepanii KOMIIpeciiHOT MiHM 3 BH3HAYEHHSM ii
¢byHnkuioHanapHO-(i3nuHOT cxemu. Tak, y poGoti [5]
OyJ0 pO3IJISHYTO Ta BHU3HAYEHO OCHOBHI CIIOCOOH
3MiINIyBaHHS 1 TeHepamii Ta30HAOBHEHOI  IIHH B

3MIIIYBaJIbHUX KaMepax.

Y poboti [6] mnpoBemeHi TOCTIIKCHHS IOIO
e(eKTHBHOCTI TaciHHA TMOXeX Kiacy b (OeHzwH,
JM3elb,  €TaHoJ) 32  JOIOMOTOK  YCTaHOBKH
ra30HANlOBHEHOI MiHM B TMOPIBHAHHI 3 TPaIHIIHHOO
ycranoBkoto IIMII. Robert G. Taylor posrisigas
NUTAaHHA BHUKOPUCTAHHA TAa30HANOBHEHOI MIHH Yy
OPUMIIIEHHSIX 3 OOMEKCHUM JOCTYIIOM TOBITps [7].

Y pobori [8] Dong-Ho Rie, Jang-Won Lee,
Seonwoong Kim OyB mpoBeieHUIl eKCIIEPUMEHT,
CHpsIMOBaHUi Ha OLIHKY epekTHBHOCTI cuctemu KADC
JUIsl TaCiHHS MOXeX Knacy b mpu nopadvi pizHUX HOpIii
TIOBITPsI B PO3YMH BOJU 1 MIHOYTBOPIOBAYA.

B po6Gorti [9] aBTOpaMu npoBeneHe AOCITIHKEHHS 3
BUBYCHHS 0COONMBOCTEH (OpMyBaHHS TMiHU Yepe3
nopucte Tio. B mapaMerpax m0CiiDKEHHS 3MiHIOBAJIH
MacoBy BHTpaTy IOBITPS 1 PO3YMHY IIHOYTBOPIOBada

npu  30epexeHHs onHi€i kpaTHocTi miHM.  Byno
BiJ[3HAUCHO, IO 31 30UIBIICHHSAM IIBUAKOCTI TOTOKY,
3MEHIIYETHCS niamerp MHHOTO OynpOammky.

Bu3HaueHo, 110 TOPHCTICTH Tpa€ BEIUKY pOJIb B
dbopmyBaHHs po3Mmipy OynsOamiku. IIpomonenboBaHi
3aJIOKHOCTI PO3MIpiB  miaMeTpiB  OympOamku — Big
KOHCTPYKIIii HOPHCTOTO TiJa.

Buennmu Kammrokom A.H., I'pauyminum A.B.
MPOBEICHO MOPIBHAIBHI TOCTIDKCHHS €(PEKTUBHOCTI
TaciHHS YMOBHOTO BOTHHINA ITOKEXi KiIacy A IMiHOKO
HU3bKOT KpaTHOCTI [10] PedynpraT nokaszaiu, mo mnpu
nojia4yi KOMITpeciitHoi MmiHM MOTPiOHO B 2 pa3u MeHbIIIe
BOTHETACHUX  3aCO0iB, HIXK TMpH  BHKOPHCTaHHA
MOBITPSIHO - MEXaHIYHO] ITiHU.

MeTtow wi€i crarTi € moOynoBa QyHKIIIOHATHHO-
¢i3ndHOi  CXeMHM  yCTaHOBKM  JuIi  TeHepauii
KOMIIpECIHHOT TiHM Ta BH3HAYCHHS BXIJIHAX Ta
BUXIJTHUX MapaMeTpiB Ui CKJIAJaHHS ii MaTeMaTHYHOL
MOJIEII.
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BuxkJiiag ocHOBHOro martepianay

Haii6inbim 3pyYHUM IHCTPYMEHTOM Juis
BHpIMICHHA 3aJad TPH OIHCAHHI CTAaI[iOHApHUX Ta
MepeXiTHUX TPOIECiB IPU MPOCKTYBaHHI KOHCTPYKIIH €
cydyacHl IporpamHi MpPOXYKTH, Taki sK rpadidHe
CepelioBUINe IMiTalliifHOro MojemoBaHHs  Simulink
(iHTerpoBane B mporpamHe cepemoBuine MatLab), mo
JI03BOJISIE 32 JIOTIOMOTOI0 OKpPEeMHUX OJIOKIB Yy BHIVISAIL
HampasieHux rpadis, OynyBaTH JMHAMIYHI MOJEII.
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CtpykTypa Takoi Mojem mo0yaoBaHa Ha OCHOBI
OKpPEeMHX, CaMOCTIHHHX OJIOKiB, IO cami 1O co0i €
OKpEeMHMMH MaTeMaTHYHUMHU MojeiasiMu. KinbKicTh
Takux OJIOKIB MOKE 3MIHIOBATUCS, CaMi OJIOKH MOXYTb
MOJIEPHI3YBaTHCh Ta BIOCKOHAIIOBATHCS.

ABTopamu TIPOTIOHY€THCS (hyHKIiOHATBHO-
(hiznuHa cxema yCTaHOBKH JUIS TeHepalil KOMIpeciiHOi
TIiHY, IO MpeIcTaBieHa Ha puc. 1.

/7/77/;( /UEX ﬂafm
@7/)( FE)( /CH/ m

Puc. 1. Cxema ycTaHOBKY JUTsI TeHEpaIlii KOMIIpeCiiHOI miH

Tak, cymim Bogu 3 MiHOyTBOproBaueM (Y
3a[JaHOMY CITiBBiTHOIIICHHI) 3HAXOJUTHCS y €MHOCTI 1.
Jlo oTBOpy 2 momaetbcs poOoumii ra3 (HOBITPs) Iij
THUCKOM Pcomp, 110 € €HEPreTHYHUM JDKEPENIOM POOOTH
ycTaHOBKH. HeoOximHa KiBKICTh TOBITPS Ta CyMimIi
BOJHM 3 MiHOYTBOPIOBAYEM PETYJIOKTHCS BiIIOBIIHO
JPOCENISIMH: T'a30BUM 3, IO MAa€ PEryjibOBaHy ILIOILY
BuXimHOTO Tepepisy Fair Ta morokom razy Gar Ta
pimMHHEUM 4, IO Mae PeryiIbOBaHy IUIOILY BHXiTHOTO
mepepisy Fw Ta motokom cymimi  (Boma 3
niHoyTBoptoBaueM) Gy. Iliciisi BUTHCKaHHS HOBITPSM
cyMimri BoaM 3 MiHOyTBOproBaueMm | wepe3 apocens 4
BOHA 3MILIYEThCS 3 MOBITPSIM Yy Kamepi 3MilllyBaHHS S5
il THCKOM Pmix, Ma4du MOTIK Gmix Ta MPOXOIUTH
gepe3 BCTaBKy 6, e BiIOyBaeTbCcsS TeHepais
KoMmmpeciifHol miHu. Jlami rortoBa miHa HAIXOAUTH Yy
nepeaKaMepy 8, 10 Mae oIy nepepizy Fex BUXITHOTO
comia Ta 3HAXOAUTHCS i THCKOM Pex, a Hami -
BUXOJUTH Yepe3 COIUIO 7, IO Ma€ IUIONLY BUXIJHOTO
niepepizy Famm .

[IponoHy€eThCST CTBOPUTH MAaTeMaTHYHY MOJIEIb
YCTaHOBKH JUIS T'eHepalii KOMIpeciiHOl MiHW TaKuM
YHHOM, 00 BOHA cTajia 00’ €JHAHHSAM OKPEMUX OJIOKIB,
KOXXHHI 3 SIKUX SIBJIsIE COOOI0 aBTOHOMHY MaTeMaTH4Hy
MOJIETb 31 CBOIMH BXOJIOM Ta BHXOJIOM, 32 JOTIOMOTI'OIO
SIKMX 3TIHCHIOETBCS B3aEMOJISI MiXK OJIOKaMH B MpoILeCi
BHUKOHAHHS 3arajabHOT 3aj1a4i MaTeMaTH4HOTO

MomemoBanHsA. L{i okpemi OJOKM MOXHA 3MIHIOBATH
BIINOBITHO 1O 3MiH KOHCTPYKIii  YCTaHOBKH,
3aJMIIAI0YM  TUIBKM CTaJOI0 30BHIIIHIO OOOJIOHKY
(KITBKICT BXOJIB, BHIXOJIB, PO3MIPHICTB) OKPEMOTro
Omoka.

MaremMaTiyHa MOJENIb YCTAHOBKH JIsi T'eHepallii
KOMITpECIfHOT ~MiHM TMOBMHHA MICTHTH HACTYIIHI
PO3paxyHKOBI OJIOKH:

- OJok mopadi rasy;

- 0JI0K mojayi CyMmilli BOJIH Ta MiHOYTBOPIOBAYa;

- OJIOK MiHOTeHEePYIOYOl BCTaBKH;

- OJIOK BUIXIJTHOTO COILIA.

Jst MaTeMaTU4HOIO
3aIpOIIOHOBAHUX

MOACIIIOBAHHA

PO3paxyHKOBHX  OJIOKIB  Hamwu
BH3HAYCHO BXI/IHI Ta BUXiHI TApaMeTPH I KOKHOTO 3
HUX.

Tak, ayst 670Ky nojavi ra3y BXiIHUMU JTaHUMH €:

- Peomp — THCK Ha Bx0i 2 (pric.1) B ycTaHOBKY, [1a;

- Pmix - THCK y Kamepi 3MinryBanss 5 (p), [1a;

- da— JiaMeTp OTBOpY COILIA MOjIaYi Tasy, M;

- T'- temmeparypa rajibMyBaHHs rasy, K;

- Kk Rar — xapakTepHi crami s oOpaHOro
poboyoro razy, Jx/(xkr-K)..

Buxigaumu qaaumu A5 OJI0Ky 1ojiavi razy e€:

- Gz — moTik ra3y (MacoBoi BUTpaTH) uepe3 OTBIp

CcoIlIa rojiayi rasy, Kr/c.
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Bximaumu manumu s OJOKY mojadi CyMiIi BOJIU

Ta MHOYTBOPIOBAYA €:
Peomp — THCK B eMHOCTI cyminii 1 (puc.l1), [Ta;

- Pmix - THCK y Kamepi 3mitryBanus 5 (puc.l), [Ta;

- dw— miameTp oTBOpY coIUIa mojayi CyMii, M,

a BUXIJHUIMH JaHUMH €:

- G —norik cymiri (MacoBoi BUTpaTH) 4epe3 OTBIp
CoIuUIa Ioayi, Kr/c.

Bxigni mapameTpu OOKY MIHOTEHEPYIOUOi BCTABKH:

- Pmix— THCK Ha Bxoxi 2 (puc.1), B yctaHOBKY, [1a;

- Pex- THCK y KaMmepi 3mitnyBanHs 5 (puc.1), Ila;

- O — miaMerp OTBOPY BHXOXIY Ta30-PiIHHHOI
cyMii (cymimn Boay Ta MIHOYTBOPIOBaya), M;

- T- temmeparypa raisMyBaHHs rasy, K;

- K Rar — xapaktepHi cram mug oOpaHOTO
pobouoro razy, Jlx/(xr-K);

- km— KpaTHICTb OfiepKAHOI MiHH;

- &gr — IOPO3HICTB MOPHUCTOTO Tilla;

- Ogr — cepeHs TOBIMHA CTIHKH IOPUCTOTO TiJia,M;

- Dygr - IiameTp miHOTeHEepYyIO40i BCTABKH, M;

- Hgr - moB)kMHA MiHOT€HEPYIOU0i BCTAaBKHU, M;

BuxigHnMu JaHIME 1IHOTO OJIOKY €:

- G — 1moTik ra3o-pimMHHOI cyMimni (MacoBOi
BUTpaTH) y tepeakamepy 8 (puc.l), xr/c.

Bxiganmu raanMHA OJTOKY BUXITHOTO COILIA €:

- Pex — THCK Ha BXOJi B COIUIO, Y IepenkaMepi 8
(puc.l), Ia;

- Ps - craTMYHUI
cepenosuia, 0,1 Mlla;

- dj— miametp oTBOpY coMma, M.

- K Rar — XapakTepHi crtam ga8 0OpaHOro
pobodoro ra3y (MOKa3HUK agiadaTH Ta ra3oBa CTaya IS
nioBiTpst), JDx/(xrK).

THCK HaBKOJIMIITHBOT'O

BucHoBku

B poborti
(bi3uuHy cXeMy YCTaHOBKH JJIsl FeHepalil KOMIpeciiHOT
MiHW, 10 (YHKIIOHATBPHO CKIAJAETHCS 3 YOTHPHOX
OJOKIB: OJIOKY Togadi ra3y, OJIOKY MoAadi CyMimli BOAH
Ta MiHOYTBOPIOBaua, OJIOKY MiHOr€HEePYIOY0T BCTABKH Ta
OJIOKY BUXIJHOTO COIUIa y BixmoBimHOCTI A0 puc. 1. s
MTOJANTBIIOT TOOYIOBH MaTeMaTHYHOI MOJIEINI YCTaHOBKH
JUTSL TeHepallii KOMIPECiiiHOT MMiHU BU3HAYECHO BXIJHI Ta

3alpONOHOBAaHO  (DYHKIIOHAJIBHO-

BUXIJIHI TApaMETPH KOKHOTO 3 PO3PAXYHKOBHX OJIOKIB.
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FUNCTIONAL PHYSICAL SCHEME OF THE INSTALLATION FOR THE GENERATION OF
COMPRESSED AIR FOAM

O.F. Nikulint, A.l. Kodrik!, O.M. Titenko?, S.A. Vinogradov?, S.M. Shakhov?
The Ukrainian Civil Protection Research Institute, Ukraine
2National University of Civil Defence of Ukraine, Ukraine

Compression air foam (CAF) is a low-frequency uniform fine-squeezed foam, obtained by mixing a foaming
agent, water and compressed air or nitrogen This foam has a much higher efficiency compared to air-mechanical
foam and water. The problem is that the issue of the optimal ratio of components in the CAF for the extinguishing of
fires of various classes needs a scientific substantiation, which is not currently fully implemented. Such work
requires theoretical and experimental confirmation. The most convenient tool for solving problems in describing
stationary and transient processes in the design of constructions are modern software products, such as the
Simulink simulation simulation environment (integrated into the MatLab software environment), which allows using
separate blocks in the form of directed graphs to build dynamic models. In the article the functional-physical
scheme of the installation for generating compression foam is proposed. It is proposed to create a mathematical
model of the installation for generating a compression foam in such a way that it becomes an aggregation of
separate units: a gas supply unit, a water mixing unit and a foam generator, a foam generator block and an outlet
nozzle block, each of which is an autonomous mathematical model with its own the input and output, through which
the interaction between the blocks is performed in the process of fulfilling the general task of mathematical
modeling. These individual blocks can be modified according to changes in the design of the installation, leaving
only the permanent outer shell (the number of inputs, outputs, dimensions) of the individual block. For the
mathematical modeling of the proposed calculation blocks, the input and output parameters for each of them are
identified, which is the basis for constructing a mathematical model of the installation for generating the
compression foam.

Keywords: functional-physical scheme, compressed air foam, mathematical model, functional block, input
parameters, output parameters.
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