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METOA BUSHAYEHHA PIBHA ITIOKEKOHEBE3IIEKH 'ASOI'EHEPATOPA
CUCTEMMU 3BEPI'AHHSA TA ITIOJAYI BOJHIO

B pobomi odeparcano 3anedxncunicmv mucky 8 nopodiCHUHi eazozeHepamopa cucmemu s0epicanns ma nooaui
B00HIO 6 3anedcHocmi 6i0 11020 HanpayloeauHa. Ilokasano, w0 HANPAYIOBAHHA 2A302eHepaAmopa Cucmemu
36epicanus ma nooaui 600HIO MA GUNAOKOBUL MOMEHM 4YACY, 6 SKUl BUSHAYAEMbCSA Ye HANPAYIBAHHS, €
CYKYNHICMIO 8UNAOKOBUX Geaudun. [{iis HANPAYO8anHs 2a302eHepamopa cucmemu 3oepicants ma nooavi 600HIO
00epaicaHi eupasu, AKI ONUCYIOMb MameMamuyHe OUYiKY8aHHs ma oucnepciro. Lli eupasu, a makodc eupas Oas
WBUOKOCI 3MIHU MUCKY 8 NOPOJICHUHI 2A302eHepamopa cucmemu 30epieants ma nooadi 600HIO i3 GUKOPUCAHHAM
DYHKYIT HOPMATLHO2O PO3ROOINY 3a0e3NeUYIOMb BUSHAYEHHS PIBHS NOJICEIHCOHEeDE3NeKU MAK020 2A302eHepamopd.

Kniouosi cnosa:, cazocenepamop, pigenv nogicediconedesnexu, UMOGIPHICMb NEPEGUULCHHS 8ETUYUHU THUCKY

dOi’lyCWlMMOZO 3HAYEHHA.

IMocTanoBKka mpodaeMu

[TanuBHO-eHEPreTHYHI Ta EKOJIOTIYHI MPOOIIEMH €
HAWOUIBINI aKTyaNbHUMH 1 TIOOAambHUMH. BoHH
o0yMoBIeHi1 HECTa4ero Ta MOJOPOXKYAHHAM
€HEepreTHYHHUX PeCcypciB, 3pocratoda NoTpeda B IKUX B
OCHOBHOMY 3aJI0BOJIBHSIETBCS 32 PaxXyHOK KOMAJIbHUX
OaHuM 13 NUIIXIB, 3JaTHUX 3MIHHUTH IfO
CUTYaIlif0, € BUKOPUCTAHHS BOJHEBHX TeXHOJOTIH [1].
EdexTuBHICTh BUKOPUCTAaHHS BOJHIO BU3HAYAETHCS,
OKpiM IHIIOTO, TEXHIYHIUM DPIiBHEM CHCTEM 30epiraHHs
Ta mojavi BoAHIO [2]. 30Kpema, Ile CTOCYEThCS TaKOl
XapaKTepUCTUKH, SIK PiBEHb NOXKEIKOBUOYXOHEOE3IEKH

I1aJInB.

BOJHEBHX CHCTEM. Y 3B’S3Ky 13 LUM OJHI€I i3
mpobieM Ha BCiX eTamax ICHYBaHHS CHCTEM
30epiranHs Ta [MOJa4yi BOJHIO € 3a0e3MeUYCHHS
HEOOXITHOTO PIBHS OpraHi3amiiHO-TEXHIYHUX 3aXO0JIiB
SIK OCHOBHUX €JIEMEHTIB 1X TIOKEXXHOT PO iTaKTHKH.

AHaJi3 0CTaHHIX JOCTIKeHb i myOJiKkanii

OxHUM 13 eJNeMEeHTIB CHCTEMHM MOXEXKHOI
mpodiTakTHKKA CUCTeM 30epiraHHs Ta MoAadi BOJHIO €
oJIepKaHHS OIIHOK PiBHS IX MOXexoHeOe3meku. Bcei
METOJH, IO BHKOPHCTOBYIOTHCS [UI OJIEPXKAHHS
TaKuX OIIHOK, MOXHa PO3MIMUTH Ha ABi rpymu. [o
Mepmoi TPynHu BiXHOCSTHCS METOMAH, SIKIi OCHOBaHI Ha
iHJeKcalil moxexoneOe3nekn cucteM 30epiraHHs Ta
momaui BomHro [3, 4]. Takumil migXix 03BOJISIE
OJIEpKyBaTU OIIIHKHU YMOBHOTI'O piBHA
MOXKEKOHEOE3MEeKH, M0 JOIIJIBHO BHUKOPHUCTOBYBATH
IIPY paHXyBaHHI cucTeM 30epiraHHs Ta 10/1a4i BOJHIO.
Jpyra Tpyna TO€IHYe CTOXacTHYHI METOJH, IO
Opi€eHTOBaHI Ha OJEpXaHHA OLIHOK WMOBIPHOCTI
BUHHKHEHHS I0KE)KOHEOe3MeuHoi CHTyalii B TaKHX

cucrema [5, 6]. B poborti [7] npexncTaBieHuii aroputm
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OJICp)KaHHS OI[IHKK PIBHS MOXKEKOHEOE3MEKH CHCTEM
30epiraHHs Ta mMoAadi BOAHIO, B OCHOBI SKOTO JICKUTH
BUKOPUCTAHHS TaKOTO IIOKa3HUKA, SK HMOBIPHICTb
BiIMOBH CHCTEMH 3a
BHHUKHEHHS B  Hill

YMOBH
IMOKEXKI.

YHEMOXJIUBICHHS

Takuit  maxig
Opi€EHTOBaHMH Ha T€, M0 B CHCTEMi MAIOTh MicIe
pantoBi BimmoBu. Ilpm mocTymoBUX BiMOBax B
cuctemi 30epiraHHsS Ta TMoAadi BOJHIO MOXeE
BUKOPUCTOBYBATHUCS y3arajbHEHHH napamerp,
HANpUKIAA, TOCTifiHa dacy ra3oreHeparopa [8].
BennurHa Takoro mapaMeTpa BHU3HAYAETHCS 32
pe3yiabTataMi KOHTPOJIIO 1 BHKOPHUCTOBYETHCS IS
OJIepXKaHHS OLIHKM PIBHA MOXeXOHeOe3neku. Aue
Takuil ~ MmigXiJ ~ OpIEHTOBaHWUI  Ha  OJiepXKaHHs
CTOXAaCTHYHHUX OI[IHOK Ha eTami eKCIulyartaiii CHCTeM
30epiraHHs Ta M0Jadqi BOJIHIO.

VY 3B’A3Ky i3 NIHM aKTyaJbHOI MPOOJIEMOIO €
po3poOka  MeTOMiB  OJIepXaHHS  OLIHOK  pIBHA
MMOKeXKHOi Hebe3meku cucrteM 30epiraHHs Ta mHojadi
BOJIHIO Ha eTarll X IPOEKTyBaHHS.

Merta Ta 3aga4i J0CTiKeHHA

Meroto pobotu € po3poOka METOAY OJep>KaHHS
OIIIHKH PiBHS MOXKEKOHEOE3MEKH OCHOBHOTO €JIEMEHTa
cuctemu  30epiraHHs Ta  TOJa4i  BOOHIO  —
ra3oreHeparopa Ha erami POCKTYBaHHS  TaKoi
CHCTEMH.

Jlnst mocsirHeHHS i€l MeTH HeoOXiTHO BHUPIIIUTH
HACTYIIHI 3a]1a4i:

- OZEpXKATH 3aJIEXKHICTh THCKY B IOPOXXHHHI
rasoreHepaTopa CHUCTeMH 30epiraHHs Ta Moiadi BOIHIO
BiJl HOTO HAIpaIfOBaHHS,

- olepXaTH  BUpa3 OIS OLIHKK  PiBHSI
MOKEXK0HEeDE3MEKH razoreLeparopa CHCTEMU
30epiraHHs Ta MOJa4i BOJHIO.

107



Komynanvue zocnooapcmeo micm, 2022, mom 4, eunyck 171

ISSN 2522-1809 (Print); ISSN 2522-1817 (Online)

BuxkJiiag ocHOBHOro martepianay

B poboti [9] mokazaHo, 0 NpW IeEepeBHILICHHI
BeIMYMH THCKy a00o TeMmMmepaTypu B IOPOXKHHHI
ra3oreHeparopa CHCTEMH 30epiraHHs Ta IMoJavi BOIHIO
BUILE KPUTHYHUX 3HAUYCHb CYTTEBO 3POCTAE€ PH3UK
BUHHMKHEHHS MOKe)KoHeOe3neyHol curyarii. Y 3B s3Ky
i3 M 3aJISKHICTH THCKY B MTOPOXKHHHI ra30oreHeparopa
p(t) Bix gacy t Moxe OyTH BUKOpHCTaHa AJIsI OJlepIKaHHS
OIIHKH PiBHS HOTO MoXe:xkoHeOe3neku. Ciil 3a3HaYnTH,
10 3aKOH 3MiHH THUCKY B TOPOKHHHI TazoreHepaTopa
cucTeMHu 30epiraHHs Ta IMOJadi BOJHIO BH3HAYAETHCS
HOro HampaloBaHHSAM — YacOM I0Jadi BOJHIO JIO
cniokuBaua T,(t), SKWHA € BHIAIKOBOIO (YHKINETO.
To6to, Mae micte py(t)=p[ta(t)].

PiBeHn MOXKEKOHEOE3MEeKH razoreHeparopa
cucteMu 30epiraHHs Ta TII0/1a4i BOJHIO Yy LBOMY
BUMAAKy Oyne BH3HAYaTHCh uepe3 WMOBIpHicTE Q(t)
TOro, II0 B MOMEHT dacy ! BeNMYMHAa THCKY B
razorereparopa  py(t)=p[t,(t)] Oyme
NEPEBULIYBATH IOITyCTHME 3HAYCHHS Py

MTOPOYKHUHI

[lpu BuUTIKaHHI i3 MOPOXHUHH Ta30TeHEpaTopa
BOJIHIO, Maca sikoro Am(t,t), THCK 3MIHIOETBCS 3TiHO i3
BHpaszoM [10]

Amlr,

p(t,t)= LRT(r,t), 1)
ne V — 00’eM MOpPOXKHHWHHU Ta3oreHeparopa; R —

razoBa mocriiina; T — Temneparypa B TOpOXHHUHI

ra3oreHeparopa.

Hust byskuii Am(t,t) mae micue

Vv
am(z,t)=PY _G(r th(t), @)

RT,
Ie po, g — TOYATKOBI 3HAYEHHS THUCKY Ta
TEMIIEpATYpU B MOPOKHHUHI rasoreHeparopa; G(t,t) —

BUTPATH BOJHIO.
Butpatn BoAHIO Yepe3 OTBip, IUIoma SIKOTO B

KPUTHYHOMY 1iepepisi S|, BUSHAYAEThCs BUPA3OM
G(’C, t) = pkUkSk (3)
e Uk,Sk — IMUIBHICTH TA IIBUIKICTH BOJHIO B

KPUTUYHOMY TIIepepi3i BIINOBIIHO, ISl SKUX MAaroTh
Micue criBBignomenns [10, 11]

Py . 05
= ‘U, = (KRT,
Pk = RT, ' = (KRTy)

k

)"‘1; T, =T, _2 (4)

2
Dk—p1( K1

k+1

Y Bupasi (4) Py, Tx— tdck ta Temmeparypa B

KpUTHUHOMY mepepisi; K — mokasnuk ania6atu; py, T; —
THCK Ta TeMIepaTypa Ha BUXOMI peAyKTOpa.

B nopansmomy OymneMo BBaXaTH, IO BEITHMYHHH
temnepatyp Ha Bxoai T(t,t) Ta Ha Buxomi Ti(t,t)
peAyKTOpa HE BIIPI3HAIOTBCS MK COOOK, a Mpolec
BHUTIKaHHS BOJHIO € aliabaTHaHuM, TOOTO [12]

k-1
T1(T,t)=T(T1t)=To[péT’tJ “ ()

0

O06’eananns (2) +~ (5) Tpanchopmye
HACTYITHUM YHHOM

O I
p(‘E, t) = p(’C, t) k {pok _0—k(_J x

Bupa3 (1)

V \(k+1
1k (6)

(&) 0t o 0

SIKMI MOYKHA 3aITUCaTH Y BUTJISI

k+1

p(x,1) 2 = p(n,1) PrSi

1 Lk
ok ———Pg 2k X
v

1
05
2 2k
RT, t).
><(k+1j (k+1 0) w(®)

SIKIO TPOTAroM Yacy T THUCK B TOPOKHMHI

k-1
2k p

()

rasoreHeparopa 3MIiHIOETbCS Ha BeamuuHy Ap(t,t),
TOOTO

A 't
p(c t) = po(l—"l’oi} ®
0

To BUpa3 (7) Oyae npuiiMaTH BUIIISL

k+1 k-1
Kl Ap(rt) 2k K Ap(rt) ) 2k
Po 2k [1— pét )] =P 2k [1— p;r )j -
0 0 ©)

1-k L 0,5

plsk X2 k1l 2k j
-——= —RT t),
Poz (k lj (k+1 JIN
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ITpu poboTi razorenepaTopa Mae Micie

Ap(t, t)py << 1,0, (10)

BHACIIIJIOK YOTO i3 BpaxXyBaHHIM CHiBBiTHOIIEHS [ 13]

k+1

(1—MJ2" —1—(k+1)x
Po

x Ap(t, t)(2kpg) ™ +
+0,5(1—k?)Ap®(t, t)(2kpo) %

(11)

k-1

(1—MJ2" —1-(k-1)x
Po

x Ap(t, t)(2kpg) ™t +
+0,5(1—k?)Ap? (1, t)(2kpg) ~%;

(12)

BHpa3 (9) npuilMae HACTYIHUIN BUIIIAL

1

kp;S 2 k-1
(s ) = 8% 2

0,5
« (ﬂ RToj «(b).

(13)

k+1
Jlns Bomuio K =1,41[11], o670
1
o2 e[ 2k )°
k+1 k+1

mo i3 BpaxyBaHHsM (13) TpaHcdopmye Bmpa3 (8) y
BUTTIAIL

(14)

Q

1,0,

p(t,t) = pg — PsSKV H(RTp)° (). (15)

v 3araJibHOMy BUIIAAKY HampamnroBaHHA

T, rasoresepaTopa Ha MOMeHT dacy {1, e cykymmictio
BHUIIAIKOBUX BECINYUH O(.Bi f BBI
n n
Tg = zaBi; tB = ZBBi’
i=1

i=1

(16)

ne Olgi — TPHUBAICTh i-TOTO HANPAIOBAHHS; Ppi —

inrepBai yacy mix (i-1) — M Ta i — M MOMEHTaMH Yacy,
BHACIIIOK 4Yoro HampamioBaHHs T,(t) rasoreHeparopa
MPEJCTABIISIE COOOK CHUCTEMY BUIAJKOBUX BEIUYHH T,

ta t, i3 MmaremaTmunMM odikyBaHHAM M[T,(t)] Ta

mucnepcieo o7[ty(t)]

m
)]=—2t;
m[z, (t)] . (17)
20 2 2
2 Bt :(&j O« +Gt t2’ (18)
O e e

e m;, My — MaTeMaTHYHEe OYiKyBaHHS BHITQJIKOBUX

2 2 .
BEJIMYUH T, Ta tB ; O, Ot — aucnepclsd BUMAJAKOBUX

BemmuMH T, Ta i .

BHacnmiziok BHOAaAKoOBOCTI (yHKIIT T,(t) THck B
NOPOXKHHMHI rasoreHeparopa pg(t) Oyae BHUIAAKOBOIO
¢dyHkiieo, MaTemaruuHe ouikyBaHHS M[py(t)] Ta
JCTIepCis 6°[1,(t)] SIKOi MAKOTh BHTIIS

m[p, ()] = po —am[z, (V)] (19)
o’[p, (0] =a"c"[z, (1) (20)

Jie mapaMeTp a 3rigHo (15) Bu3HaYaeThCs BHpa3oM
a=p;SV H(RTH)®. (21)

Skimo p,= PotApy, TO PiBeHb MOXKEKOHEOCIMEKU
Oyze BU3HAYaTHCh BUpa3om [14]

_'po—amt, ()]-po—Apo |
Qm_@[ ao[t, (1)] }
_ CD[_ am[z, (t)]+ Apo} _

aclr, (1)]
—1-d am[TB(t)]"'ApO
aclt,(t)] |

(22)

ae (D[O] — (yHKLiS HOPMAJIBLHOTO PO3MO/LTY.
Busznauenns piBHS MTOKEKOHEOE3MEKH
rasoreHeparopa cucTeMH 30epiraHHs Ta I110/1adi BOJHIO
3BOJINTBCS JI0O BHKOHAHHS HACTYITHOI ITOCIIJOBHOCTI

npoLeayp:
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- BU3HAYaIOTh MaTeMAaTU9IHI OYiKyBaHHS M., M; Ta

. 2 2
AUCIepCit G‘E’ Gt BUITIAJKOBUX BCIINYUH TB Ta tB’

- A7 3aJaHOTO MOMEHTY dacy { 3rimHo BHpasiB
(17) ta (18) BH3Ha4arOTP MaTEeMAaTHYHE OYIKYBaHHS
m[t,(t)] Ta aucrepcito o2[1,(t)] BumazkoBoi QyHKIi
To(t);

- 3rigHO BUpasy (21) mo 3amaHUM MapaMeTpam
razoreHeparopa Ta IHpolecy TreHepamil  BOJHIO
BU3HAYAIOTh IapaMeTp a — IIBHJKICTb 3MiHH THCKY B
MOPOXKHHUHI ra30reHEPaToOpa;

- i3 BHKOpHCTaHHAM BHpa3zy (22) BH3HAYAIOTh
PiBEHB MOKEKOHEOE3MEKU ra30reHepaTopa.

[Mpuknaxn. ['azoreneparop cuctemu 30epiraHHs Ta
o1a9i BOJHIO Ma€ mapaMeTpH:

To = 300 K; py = 10° Ia; SV = 10* m™, a iforo
po0O0Ta XapaKTepU3y€EThCS TapaMeTpaMu

m,=50c; m; = 104c; 6.=10c¢c; 0, = 102 c; Apo=
10° Ila; a= 1,1~103 Ma-c™.

JLiIst TAKMX ITapaMeTpiB Ha MOMEHT Jacy t = 106 C
m[t, (t)]=5-10%c; of, ()] =14-10%c.

3rigHo BHpa3zy (22) piBeHb NOXKEKOHEOE3IEKH
ra3oreHeparopa cKjaaaae 2- 10,

BucHoBku
HaromonreHo, 1mo i BU3HAYCHHS  DiBHA
MOXEXKOHEOEe3MEeKH OCHOBHOIO  €JIEeMEHTa CHUCTEMHU
30epiraHHs Ta TOAaYi BOTHIO — Ta30TeHEpaTopa,

BUKOPHCTOBYIOTBCSI METOJH, B OCHOBI SIKUX JICKHTh
IHEKcalisl  IOXEKOHEOE3lMEeKH Ta  METOAd,  SKi
OpIEHTOBaHI Ha OJlep)KaHHS OI[IHOK IMOBIpHOCTI
BUHHUKHEHHS TI07KE)KOHEOE3MeUYHUX CUTYAITIH.

ITokazano, 1[0 IS OL[IHKH
MOKEKOHEOE3MEKH ra3oreseparopa CHUCTEMH
30epiraHHs Ta Mojavi BOJHIO MOXXE BUKOPHUCTOBYBATHUCS
TaKUil TOKa3HUK, SK WMOBIPHICTh MEPEBUIICHHS
BEJIMYHUHA THUCKY B HOT0 TMOPOKHUHI IOMYyCTHMOTO

piBHs

3HAQUYCHHS.
Opnepxana THCKY B MHOPOXHHHI
ra3oreHeparopa CUCTeMH 30epiraHHs Ta 1mojaadvi BOIHIO,

3aJI€XKHICTD

sKa TpeAcTaBise JiHIMHY ¢QyHKUOilO Bix  ioro
HalpamioBaHHsA Y BHIAJKOBUH MOMEHT dacy. Llga
3aJeKHICTD ~ BUKOPHUCTOBYETHCS  [UII  BH3HAYCHHS
MaTeMaTHYHOTO OYiKyBaHHSI Ta JOWCHEpCii THCKY B
MOPOXKHUHI  Ta30TeHeparTopa, SKi, y CBOIO Yepry,
BUKOPHCTOBYIOTBCSL  4epe3  (YHKII0O HOPMalbHOTO
posmnoniny mis moOyJaoBH METOAYy BH3HAUEHHS PiBHS
MOXKEXKOHEOE3MEKN TAKOT0 Ta30TeHepaTopa.
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METHOD OF DESIGNATION OF THE FIRE SAFETY OF THE GAS GENERATOR WATER SAVING
SYSTEMS
Y. Abramov, V. Kryvtsova, A. Mikhailyuk
National University of Civil Defense of Ukraine, Kharkiv, Ukraine

A method of determining the level of fire danger of the main element of the hydrogen storage and supply
system - the gas generator - has been developed. It is noted that to determine the fire hazard level of the gas
generator of the hydrogen storage and supply system, methods based on fire hazard indexing and methods aimed at
obtaining estimates of the probability of a fire hazard situation are used.

It should be noted that for the purpose of determining the level of fire safety of the gas generator of the system
for saving and supplying water, there are methods that are based on the indexation of fire safety and methods that
are focused on the assessment of the fire safety of the fire safety situation. In the robot as a showcase, which
characterizes the fire rate of the gas generator of the system for saving and supplying water, the ability to change
the size of the vice in the empty allowable value is shown. In the robot, the fallow was obtained in the empty gas
generator of the system for saving and supplying water in the fallow from the direction. Addiction won for the
minds, that the process of supplying water to the cooldown is adiabatic, and the temperatures at the inlet of the
reducer and at the same output coincide with each other. It is shown that the direction of the gas generator of the
system is to save and supply water and the falloff moment to the hour, at which point the direction is indicated, i.e.
the sequence of falloff values. For the purpose of the gas generator of the system, the saving and supply of water is
controlled by expressions, as a mathematical description of the improvement of that dispersion. These expressions ,
as well as expression for the safety of changing the vice in the empty gas generator of the system, saving and
supplying water from the normal functions of the normal distribution, ensure the safety of the equal fire safety of
such a gas generator. A verbal interpretation was given to the method of determining the fire safety of the gas
generator of the system for saving and supplying water, and for the characteristic parameters, the first assessment
was made.

Keywords: gas generator, fire safety riven, shifting the value of the allowable value.
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