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AHoTauisi. 3abe3neueHHs 6e3nepeOiiHOCTI Ta HAMIHHOCTI POOOTH CHUCTEM BOJOOYHUIICHHS € MPIOPUTETHUM
3aBJJaHHSM IMPOMHUCIIOBOTO KOMILIEKCY YKpainu. [[ns edhekTHBHOTO yIpaBiIiHHS HAAIWHICTIO B CHCTEMaX BO-
JOOYHIIIEHHSI, HEOOXiTHO TPOBECTH aHAJII3 MOTEHI[IHHIX BiMOBJIEHb Ta BU3HAYNTH WMOBIPHICTh X BUHUK-
HEHHS. 3 METOI0 JOCHIKEHHS BU3HAYCHHS iIMOBIPHOCTI BUHUKHEHHS PU3UKIB Y Pe3yJIbTaTi BiIMOBIECHb Pi3-
HUX OJIOKIB CHCTEMH BOJIOOYMILICHHS Ha MPUKJIaai pOOOTH €IEKTOPOKOAryJIATOPY KOJOHHOTO THITY 3aIPOIIO-
HOBAHO ISl OJICP)KaHHS y3arajlbHEHUX 3aKOHOMIPHOCTEH BHKOPHCTOBYBATH CTPYKTYpPHO-(pYHKIIOHAJIBHY
OJIOK-CXeMy CHCTEM BOJIOOYHIIECHHS, IO A€ MOXKJIMBICTD 3BECTH BCIO CHCTEMY JI0 ACKIJTBKOX B3a€EMO3aJICHK-
HUX OJIOKIB, a came: 1) 6J0KOM (ibTpaIii TOHKOTO OYHILEHHS; 2) OJIOKOM OYHMILNEHHS BiJl PO3YMHHUX JOMi-
I0K; 3) OJIOKOM OYHIICHHS BijJ ITpyOOIUCTIEPCHUX TOMIIIOK; 4) TpyOo-HacocHuM OiokoM. [Tpu poGoTi cuc-
TEMH BOJIOOUHINEHHS, 3 OTJISIY Ha paHKMPYyBaHHS HaIIHHOCTI OJIOKiB MOYKHA CTBEP/KYBATH, 1110 HA TTOYATKY
MOJKe BUiTH 3 poOoTH 1-iii 00K, aani 2, 3 1 4 Oaoku. BCcTaHOBICHO, SKIIO BCi OJIOKU CUCTEMH MPALIOIOTh,
CHUCTEMa 3HaXOJUThCS B CTaHi So. [Ipy BiAMOBIIEHHX 1HIIUX OJIOKIB, y Tiil Jk€ MOCII0BHOCTI, CUCTEMa Oy/ie
B cTaHax Si, Sz, Sz 1 S4. Haiibinbmmit iHTEpec NpeacTaBiIsiioTh CTAHU CUCTEMH, IIPH SIKUX BiIMOBJICHHS OJIOKIB
BUKJIMKAIOTh HE BIJIKJIFOUCHHS BCi€i cuCTeMH, a JnIe ii mo3amTaTHy poOoTy, 0 BUSBISETHCS JIHIIE B HAC-
J/IKy TIOTIpIICHHS SIKOCTI OYMIIYBaHOT BOJU. AHAII3YIOUM OTPUMaHI pe3yIbTaTH MOXKHA CTBEP/XKYBATH, IO
TIPH eKCIUTyaTallii CHCTEMH BOJOOYHINEHHs HalO1IbIIa IMOBIpHICTH BiAMOBIeHHS B 010Ky 1. [licns BigHOB-
JIEHHS Tpale3JaTHOCTI OJIOKY 1 IpH MOANBIII N eKCILTyaTallii CHCTeMH, HaiiO1IbIla iMOBIPHICTE BUXOTY 3 JIaLy
610Ky 2, motiMm 050Ky 4 1 6s1oky 3. IMOBipHOCTI BiZIMOBIIEHHSI OJIOKIB € WMOBIpHOCTSIMH PU3UKIB, IPHIOMY
¢i3n4Ha BeNWYHHA, TOPOKYBaHa IMMH pU3UKaMHU (KIJIbKICTh 3a0pyIHEHOT BOJH, [0 HA/IIHIIIIA Y EKOCUCTEMY
9y B KOTJI0arperar) Oyzie TUM OLIBIIO0, YUM OiIbIlie TIEpio] Yacy BHABIIEHHS HecrpaBHOCTI O1oky. [Ipu mo-
CUTh TPUBATIA POOOTI CHCTEMH BOJOOYHIIIEHHS B HE1 BCTAHOBIIIOETHCS HMOBIPHICHUH TIOCTIHHUIN pEXIM T1e-
pexoiy 3i CTaHy B CTaH 3a CXEMOI0 “‘po00YMi CTaH yCiX OJIOKIB — BiIMOBJICHHS OJTHOTO YH JICKUJILKOX OJIOKIB
— PeMOHT — poOoYMii cTaH ycix OJOKiB“. IMOBIpPHOCTI TIOCTIIOBHOCTI i TPUBAJIOCTI WX MOMIH IMiIAAF0THCS
BU3HAYEHHIO, 10 JIa€ MOXKJIMBICTH 3 OJIHI€T CTOPOHU OLIIHIOBATH PU3UKH, 10 BUHUKAIOTH TP €KCILTyaTarii i
BH3HAYATH CTPATETiI0 YIPABIiHHS sl MiHIMI3allii IUX PU3HKIB.

KirouoBi ciioBa: HailiHICTh, TEXHOTCHHI PU3HKH, 00OPOTHI CHCTEMH BOJIONIOCTAUYaHHS, TEIIOCHEPTETHKA.

BCTYI1 CHUCTEMH BOJOIIOCTaYaHHSA Ta BOJOOUYHIIICHHS.

3abe3neueHHs 6e3mepeOiifHOCTI Ta HAAIHO-
CT1 poOOTH €HEPreTUYHUX CUCTEM € MpIiopUTe-
THUM 3aBJaHHAM. Lle oxorutoe npuitHATTS 3a-
XOJIIB JIJIs 3aMT00ITaHHS Ta TPOTUTIT MOKITMBUM
3arpo3aMm, TakuM SIK BOEHHI [Iii, TEPOPUCTUYHI
aKTu, Kibeparaku, IpuUpoJHi KaracTpopu ado
TEXHI4H1 3001.

Ha croronni B YkpaiHi, 3aXucT Ta Oe3mexa
SHEPreTHYHUX CHUCTEM CTAlOTh HaJI3BUYANHO
BXJIMBUMH, OCOOJIUBO 3 YpaxyBaHHSIM Pi3HHX
BH/IIB 3arp03, BKIIFOYAI0YH KOMIUIEKCHI 3arpo3u
BOEHHOTO XapakTepy. B ymoBax BOEHHOTO
CTaHy, ICHy€ pU3UK MOIIKOPKEHHS 1 3HUIIICHHS
€HepreTHYHO1 1HPPACTPYKTYPH, BKIIOYAIOYU
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3amobiranHg 3arpo3aM BKIIO4ae B cebe
BIPOBAKCHHS CUCTEM Oe€3IeKH, Ki mepeada-
YalOTh KOHTPOJIb JOCTYIY 10 €HEPreTUYHHX
00'eKTiB, 3aCTOCYBaHHS KiOEpOE3MEKOBUX TEX-
HOJIOTi#, BCTAHOB-JICHHSI CUCTEM MOHITOPHUHTY
Ta pearyBaHHsI Ha MOTEHIIIHHI Tpobaemu. Kpim
TOTO, pEryJisipHa MiArOTOBKA IEPCOHAY Ta
MIPOBEJICHHS HaBYaHb 3 EKCTPEHUX CHUTYyaIlii
JIOTIOMArarTh 3a0€3MEeYUTH MIBUAKY Ta e(eK-
THUBHY PEaKIIiio Y pa3l BUHUKHEHHS 3arpo3u.

[Mopsim 3 3axomamu Oe3rneku, po3podOKa Ta
BH3HAYCHHS IMOBIPHOCTI BUHUKHEHHS PU3UKIB
y pe3yNbTaTi BiJIMOBJICHH Pi3HUX OJIOKIB CHC-
TEMU BOJIOOUUILIEHHS € BaYKIIMBUM €TaIlOM Yy 3a-
0e3reyeHHi HaAIHHOCTI X (YHKIIIOHYBaHHSI.

Jlnia eheKTUBHOTO yNpaBIiHHS PU3HKAMHU B
CUCTEMax BOJOOYHMIICHHS, HEOOXIIHO TpOBe-
CTH aHaJ3 IIOTEHIIHNUX BIIMOB Ta BU3HAYUTH
HMOBipHICTh 1X BUHHMKHEHHS. Lleil mpormec
BKJIIOYA€ OI[IHKY CTaHy TeXHIYHOro o0maj-
HaHHS, OIIHKY HMOBIPHOCTI BUHUKHEHHS BiJI-
MOBJIEHD Ta IX HACJIIIKIB.

Ha miycraBi Takoro aHaizy MOXHA ITPOTHO-
3yBaHHS 3MIHM TOTOKY BiJIMOBJICHb, IO A€
MOJKJTUBICTh IPOTHO3YBATH PU3MKHU HA BCHOMY
nepiofii eKCITyaTallii CHCTEMU 1 BYKUTHU 3aXO0/1B
JUIs IXHBOT MiHIMI3aIli. [{e Mmoxke BKITFOUaTH 3a-
MacHi CUCTeMH a00 KOMIIOHEHTH, MPOLETypHU
TUTAaHYBaHHS OOCITYrOBYBaHHS Ta PEMOHTY, a
TaKOX CHCTEMH MOHITOPUHTY JUIsl BUSIBICHHS
HEIITaTHUX TEXHIYHUX B1JIMOBJICHb BOJOOYHC-
HOTO O0JIaTHAHHS.

METAIMETOIHU

MeTo1o 10CTiKEHHs € BU3HAYEHHS IMOBIp-
HOCTI BUHUKHEHHS PU3MKIB y pe3yJsibTaTi Bij-
MOBJIEHb PI3HUX OJIOKIB CHUCTEMHU BOJOOYH-
IIEHHs Ha MPUKIaIi pOOOTH eNeKTPOKOAaryJs-
TOPY KOJIOHHOTO THITY B TIEPEXiTHUX PEKIMAX.
[Ipu mochimkeHHI IMOBIPHOCTI BUHUKHEHHS
PHU3UKIB B CHCTEMax BOJOOYMILEHHS OYyJIH BH-
KOPHUCTaHi: CTPYKTYypHO-()YHKIIIOHAJIbHA OJIOK-
cXeMa CHUCTEM BOJIOOYHIIEHHSI, amapaT Teopii
TEIUIONPOBIIHOCTI, Teopii 1uys3ii, Teopii aBTo-
MaTHYHOTO YIIPABIIiHHS.

PE3YJIBTATHU TA ITIOACHEHHA

1. BusHaveHHs iMOBipHOCTI BUHUK-HEHHS
PM3HMKIB B pe3yJbTaTi BiAMOBJICHb PI3HHX
0JI0KIB CHCTEMH BOJAOOYHMILICHHA.

82

Pusuku, sIKi BUHMKAIOTh MPU EKCILTyaTarii
CUCTEM BOJIOOUYHUIICHHS € MPSMUM HACIiIKOM
BiJIMOBJICHb Pi3HHUX OJOKIB I1i€l cuctemu. Jlis
BU3HAYEHHS! HMOBIPHOCTE BUHUKHEHHS PU3U-
KIB 1 IIOB'SI3aHUX 3 HUMH €KOJIOTIYHHUX, EKOHO-
MIYHMX 1 COLaJbHUX HACIIIKIB HEOOXIIHO
3poOUTH HMOBIPHICHUI aHalli3 CTaHIB K pi3-
HUX OJIOKIB, TaK 1 CHCTEMH B IIJIOMY.

OmniHrorour HagIHHICTD TEepepaxoBaHUX
BUIle OJIOKIB 3a JiTepaTypHUMH AaHUMHU [1]
MO>KHA 3pOOHUTH BUCHOBOK, 1110 HalO1IbIIY Ha-
JiHHICTh Mae TpyOO-HAaCOCHHMM OJIOK, Aaili IO
yOyBaHHIO HaJIITHOCTI MOXHA PO3TAIIyBaTH 2,
3 14 Gnokwu.

[Tpu anani3i ekcriepuMEHTAIBHUX JaHUX PO-
0OTH CHCTEMH BOJIOOYMIIEHHS (HAa TPHUKIAIL
poOOTH  ENEKTPOKOAryJSTOPY  KOJIOHHOTO
TUIY), 3 OIJIAly Ha paHXUPYBaHHS HAIIIHOCTI
OJIOKIB MOKHA CTBEP/DKYBATH, IO HA TIOYATKY
MOXKEe BUUTH 3 poOoTH 1-i#t 0ok, mami 2, 3 14
0JI0KH.

Sxuio Bei GJIOKM CUCTEMH MPAIOIOTh, CHC-
TeMa 3HaXOUThCS B cTaHi So. [Ipu BiiMOBIICH-
HSIX 1HIIMX OJIOKIB, Y Tiif 5K€ MOCIiIOBHOCTI, CU-
crema Oyne B crtaHax Si, S, Sz 1 S4. HaiiOinb-
MK 1HTEepeC MPEJCTAaBIAIOTh CTAHU CHCTEMH,
IIPH SIKUX BIIMOBIIEHHS OJIOKIB BUKJIMKAIOTh HE
BIAKJIFOUEHHS BCi€l CUCTEMH, a JIHIIe 11 ITo3alll-
TaTHy pOOOTY, IO BUSBISIETHCS JIUINIE B HAc-
J1JIKY TOTIpIIEHHS SIKOCTI OYMIIYBaHOI BOJH.

Buxonsun 3 00roBopeHnx yMoB, cUCTeMa 31
CTaHy S1 3 HaHOLIBIIIOI WMOBIPHICTIO TIEpele
B CTaH Sy, MOTIM y CTaH Sz, a TOTIM y CTaH S4.
3i cTany Sz, HaOLIBII WMOBIPHO CHUCTEMA TIe-
peiine B cTaH S3, a MOTIM y CTaH S4. AHajori-
YHO, HallOUIbIII IMOBIPHUM Hepexia CUCTEMH 31
cTany Sz, y ctaH S4. [lepexia cuctemu 3i cTaHy
3 BEJIMKUM HOMEPOM JI0 CTaHy 3 MEHIINM HOMeE-
POM BBa)KAEMO 3HEBAKIIMBO MaJIlM.

Posrnsmaroun mporec mepexoay CHCTeMHU
BOJOOYHUIIIEHHI B MOXIMUBI craHd Si, Sy,
S3...Sn, mo3HauMMoO X HOMEpPOM CTaHy B
SIKOMY 3HAaXOJIUTHCSI CUCTEMa B MOMEHT 4Yacy t.
Toni mpouiec nepexoay Oye onmucyBaTUCS BU-
MaJKOBOO IUTOYHCEeNnbHO (QyHKITE X > 0,
MOXJIMBI 3Ha4eHHs siKoi piBHI 1, 2, 3...n. La
(GYHKIIISI 3MIHIOETHCS CTPUOKOMOIIOHO BiJ O1-
HOTO I[JIOYUCETTFHOTO 3HAYCHHS JI0 IHIIOTO B
3a/laHi MOMEHTH 4acy ti, to...th, Oymayun 6e3y-
MUHHOIO 3 JIiBa Ha TMpaBO 1 YTBOPIOIOYHU
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MapkiBcbkuii nanmror. ImoBipHicts Pi(K) — e
HMOBIpPHICTB TOT0, IO IiC/Is KPOKY K, y MOMEHT
qacy tx cucrema S Oyne 3HaXOTUTHCS B OYJib-
skomy ctaHi Sij ne i = 1, 2, 3,...n. IMoBipHICTB
Pi(k) Ha3uBaeTbCsi WMOBIPHICTIO CTaHy JiaH-
mora MapkoBa. IMOBipHICTE Tepexoay Ha
k-Tomy kpori 3i crany Sj y craH Sj, 32 yMOBHU
TOrO, 110 Ha Kpoiii K-1 cucrema 3Haxoaumacs B
CTaHl Sj HAa3MBAETHCS MEPEXiTHOI0 MMOBIpHI-
ctio. [Ipu po6oTi BCix OJI0KIB, cCHCTEMa 3HAXO-
TUTHCS B CTaHi So. [Ipy MOBHUX YW YaCTKOBHX
B1JIMOBJICHHSX OJIOKIB, CHCTEMa MOXKE Iepexo-
JTUTH 31 CTaHy B CTaH 32 HOMEPOM OJIOKY, IO
BiIMOBUB. Y HAIIOMy BHIAAKy Ie OyIyTh
cranm S1, Sp, S3, S4. [TowaTkoBi HIMOBIpHOCTI, 3
OIJIAYy Ha TO, IO MOTIK BiJIMOBJICHb TIOYMHA-
€TbCs 3 OJIOKY 1, 0 Mae HaHOUIBITY WMOBIp-
HiCTb  BimMmoBieHHs, Oymyts: P1(0) =1,
P2(0) =0, P3(0) =0, P4(0) =0.

J1st BU3HAYCHHS ITePEXiTHUX IMOBIPHOCTEH,
BpaxoOBYyEMO, CKa3aHE BHWINE, IO IepexigHa
HMOBIPHICTh CHCTEMH B TOW Y 1HITUH MOMEHT
gacy OyJie BiAMOBIgaTH HOMEPY OJIOKY, 1110 3HA-
XOIMTHCS B CTaHI BiIMOBJICHHS YM IO3aIlITaT-
HOT mparne3gatHocTi. BiamoBineHHS OJ0KIB
HAyTh 3a 3pOCTAIOUYUMH HOMEPAaMH, yTBOPIO-
IOYM HACTYIHI TepexiHi WMoBipHOCTI: Pi-2;
P1-3; P1.4; P2.3; P2.4; P3aa.

I'pad cucremu npencraBnenuii Ha puc. 1.

Puc.l. I'pad crpykTypHO-(OYHKUIIOHATBHOT OJIOK-
CXEMH CUCTEMH BOOOOYHIIICHHS.

Fig. 1. Graph of the structural and functional block
diagram of the water treatment system.

Posrnsimatoun MapkiBCbKUM JIAHIIOT IS
HaIIOr0 BUNAJKY, JIETKO IEPEKOHATUCS B TOMY,
0 TepeXiJHI WMOBIPHOCTI HE 3aJIeKaTh BIJT
HOMeEpa KpPOKy, a 3aJekaTh TITbKU BiJ TOTO 3
SIKOTO B SKUW CTaH 3MIACHIOETHCS TEPEXil,
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TOOTO ISl HAIIOTO BUNIAAKY MapKiBChKUU J1a-
HITIOT OJTHOP1IHUH.

[epexinHi WMOBIpHOCTI OAHOPiTHOTO Map-
KiBCHKOT'O JIAHITIOTa YTBOPATH KBAJIPAaTHY Mat-
pUITIO.

SKmo po3riasAaTH CTaHW CHCTEMHU B JIOBI-
JbHI MOMEHTH 4acy ti, tz...t3 micis moyaTky
poOOTH CUCTEMH, TO BIIMOBIIHO 110 [2] MaeMoO:

p )= ij(k—l)-pﬁ , 1)
ne,i=1..n;j=1...n,
Po3paxoByroun HMOBIPHOCTI IUIsl TIEPIIOTO
KPOKY y MOMEHT 4acy t1, ofepKyemo:
P.t)=P.{ty) P.. )
P.t) =P, Pl—Z;
P.t)=P.t,)- Pl—3;
P4 (t]_) = P1(to) : P174.

Jliis MOMeHTY yacy 1z, Ha Jpyromy Kpolii oaep-
KY€EMO:

)

Pl(tg):P1(t1)'P1—1;
Pot) - Pty Pust Pt P )
P.@)=P @) P+ P.t) P.;+P@) P.;
P.@)=P @) P .+ P.,t) Pri* Ps4) P+ P(t) P

TakuM 4MHOM, MOKHA pO3paxyBaTH WMOBI-
PHOCTI TIEpexoay BiJIMOBJICHHs BiA OJIOKY 10
0JIOKY JUTsl KOKHOTO uncia KpokiB. OHak, st
NPAaKTUYHUX MiJIeH JOCTaTHbO pPO3paxyBaTU
YUCJIO KPOKIB Ha OJUHUINI0 MEHIIE, HIK KIJTb-
KICTbh OJIOKIB.

BumieBukianene € TUIbKH OJHOIO 31 CTOPIH
3arajabHOI METOJUKHU aHalli3y PU3HMKIB MPH PO-
0OTI cUCTEMH BOJIOOYHIIICHHS.

JUii KOHKpPETHUX PO3paxyHKIB HEOOX1JTHO
pO3TIIAIaTH KOHKPETHY CHCTEMY BOIOOYH-
IIEHHS 1 KOHKPETHI KMOBIPHOCTI B1IMOBIIEHb i1
os1okiB. Hiokue HaiatoThCsl pe3yibTaT po3pa-
XYHKIB IEpexiTHUX IMOBIPHOCTEH BiJMOBJIEHb
0JIOKIB Ha IPUKJIAJ €1EKTPOKOATYJISIIIHHOT cH-
CTEeMH OYMIIEHHS. 3HAYCHHS WMOBIPHOCTEH
MPUHAMAIOTHCS 3T1THO JTOCIIKEHb BUKOHAHHUX
B po0Oori [3,4], a came: P11 =0,02; P2.2=10,025;
P33 =0,015; P4.4= 0,005; P12=0,5; P1.3=0,3;
P1.4=0,2; P2.3=0,6; P2.4=0,4; P34 = 1.

IMoBipHOCTI BiIMOBJICHB OJIOKIB Y Pi3HI MO-
MEHTH 4Yacy MoKa3aHi Ha puc. 2.
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Puc. 2. MiMoBipHOCTI Iepexosy cHCTEMH eTeKTpo-
KOAryJISIIIHOTO OYMIIICHHS BOJU 13 CTaHy
“pobota” (So) B cTan “BigmMoBa” (S1;S2;S3;S4)
i3-3a BimMoB OmokiB 1;2;3:;4. Ilepionm ekc-
mwiyartarii — 0,1; 0,5; 0,9 Bix yacy pecypcy t

Fig. 2. Probabilities of the transition of the electro-
coagulation water treatment system from the
state of "operation" (So) to the state of "fail-
ure" (Si; Sa; Ss3; Sa) due to failures of units
1; 2; 3; 4. Period of operation —0.1; 0.5; 0.9
from the resource time t

I'pad cucremu mpencraBieHuii Ha puc. 3.
AHani3yloul OTpUMaHi pe3yJbTaTH MOXKHA
CTBEP/KYBATH, 1110 TIPU EKCIUTyaTaIlii CHCTEMHU
BOJIOOYHIIICHHSI HaAHOUIbIIa HMOBIPHICTH BiJI-
MoOBJIeHHd B Osoky 1. Ilicns BigHOBIIEHHS
npate-34aTHOCTI OJIOKY 1 MPH MOJAbIIINA eKc-
IUTyaTamii CHUCTEeMH, HaiOlabIIa 1MOBIPHICTh
BUXOY 3 J1aay OloKy 2, moTiM OJ0Ky 4 1 6510Ky
3.

0,02
1

0,5

Puc. 3. I'pad enexrpokoaryisiiiHOi cUCTEMH BO-
JOOYMIIICHHS.

Fig. 3. Graph of the electrocoagulation system of
water purification.

ImoBipHOCTI BiAMOBIIEHHS OJIOKIB € IMOBIp-
HOCTSIMH PU3HKIB, NpHYOMY (i3U4YHA BEIH-
YiHA, TOPOJKYBaHA IIMMHM pPHU3UKaMU (KLUIb-
KicTh 3a0pyAHEHOI BOJH, 1110 HAAINIIIA y eKO-
CUCTEeMy 4YHM B KoTJoarperar) Oyae THUM
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OLTBIIION0, YMM OlIbIIIe TIepioJT Yacy BUSIBICHHS
HECITPaBHOCTI OJIOKY.

BUCHOBKH TA PEKOMEHJJAIIII

IMOBIpHICTH PU3HUKY TpU POOOTI CUCTEMH
BOJIOTIOCTaYaHHS IPSAMO 3aJISKUTh BiJl IMOBIp-
HICHOTO 3HAa4Y€HHS KIUIBKOCTI BIJIMOBIICHb Y
OyAb-SKUA TaHUH MOMEHT 4acy. Y CBOIO 4epry
KUIBKICTh BIZIMOBJICHb y OY/Ib-IKUH TAaHUW MO-
MEHT 4acy 3aJeKUTh BiJl TOTO, HA SKiH JUISHII
KpUBOI B1JIMOBJICHb BU3HAYAETHCS IMpalle3/at-
HICTh €JIEMEHTIB, 10 CKJa/JalTh cuctemy. Ha
MOTIEPETHIA CTafil aHali3y PHU3UKIB yXKe Ipa-
IIOF0Y01 CHUCTEMH, KOPUCTAIOYHCHh OTPHMa-
HUMHU 3aJI€KHOCTSIMH, MOKIIUBO YUCENIBHO OLli-
HIOBATH BEJIIMYUHY PU3HKY 1, SKIIO € MOMJIH-
BICTh 3aMIHU UM PEMOHTY OJIOKiB, YHCEIBHO
OLIIHIOBATH MMOBIPHICTh PU3UKY MICISI 3aMiHU
Yl PEMOHTY. YXBaJIeHHs pillleHHs Oyze 3aie-
ATy BiJ TIOPIBHSIHHSA BEIIMYMH IMOBIPHOCTI 1
BUOOpY pobouoi cxemu. PimeHHs HeoOXimHO
npuiiMaTi Ha KOPUCTh MiHIMaJIbHOI HMOBIpHO-
CT1 pU3HKY, SIKIO BOHA YKIAJA€ThCA B €KOHO-
Mi4HI PO3yMIHHS.

[Ipu mocuth TpuBaiiii poOOTI CHCTEMH BO-
JOOYMIICHHS B HE1 BCTAHOBIIOETHCSI HMOBIpHi-
CHUIl TIOCTIMHUN PEXUM MEepexody 31 CTaHy B
CTaH 3a CXeMOI0 “pobouuii cTaH ycix OJOKIB —
BIIMOBIIEHHSI OJHOTO YU JEKIIBKOX OJIOKIB —
PEMOHT — pobouuii cTaH ycix 6y0kiB“. IMoBip-
HOCTI TIOCTIZOBHOCTI 1 TPUBAJIOCTI IUX MOJIii
MiIaI0THCS BU3HAYEHHIO, IO JA€ MOKIIMBICTH
3 OJHIET CTOPOHU OIIHIOBATH PHU3UKH, IO BU-
HUKAIOTh NP €KCIUTyaTalli 1 BU3HAYaTu CTpa-
TEri0 ympaBIiHHS Uil MiHIMI3alii IIUX pU3U-
KiB.
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Assessment of the reliability of operation of water purification system units in transitional
modes

Inga Uriadnikova, Victor Khoruzhy

Abstract. Ensuring uninterrupted and reliable operation of water treatment systems is a priority task
of the industrial complex of Ukraine. For effective reliability management in water treatment systems,
it is necessary to analyze potential failures and determine the probability of their occurrence. For the
purpose of research to determine the probability of the occurrence of risks as a result of failures of
various units of the water purification system, using the example of the operation of a column-type
electrocoagulator, it is proposed to use the structural and functional block diagram of water purifica-
tion systems to obtain generalized patterns, which makes it possible to reduce the entire system to
several interdependent units, namely: 1) fine-cleaning filtration unit; 2) a unit for cleaning from sol-
uble impurities; 3) a unit for cleaning coarse impurities; 4) pipe-pump unit. When the water treatment
system is operating, taking into account the ranking of the reliability of the units, it can be stated that
the 1st unit may fail at the beginning, followed by the 2nd, 3rd and 4th units. It is established that if
all the units of the system are working, the system is in the So state. When other blocks fail, in the
same sequence, the system will be in states S1, Sz, Sz and S4. The most interesting are the states of the
system, in which block failures do not cause shutdown of the entire system, but only its off-duty
operation, which is manifested only as a result of the deterioration of the quality of treated water.
Analyzing the obtained results, it can be asserted that during the operation of the water treatment
system, the highest probability of failure is in unit 1. After the unit is restored and during further
operation of the system, the highest probability of failure is unit 2, then unit 4 and unit 3. The failure
probabilities of the units are the probabilities of risks, moreover, the physical value generated by these
risks (the amount of polluted water that entered the ecosystem or the boiler unit) will be greater, the
longer the unit failure detection period. When the water treatment system operates for a long enough
time, a probabilistic constant mode of transition from state to state is established in it according to the
scheme «working state of all blocks - failure of one or several blocks - repair - working state of all
blocks». The probability of the sequence and duration of these events can be determined, which makes
it possible, on the one hand, to assess the risks arising during operation and to determine a manage-
ment strategy to minimize these risks.

Keywords: reliability, technogenic risks, reversible water supply systems, thermal power engineer-
ing.
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