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MATEMATHUYHE MOJIEJIOBAHHA OYMIIEHHSA BOAU Y ®LJIBTPI

Mera. [l aHamizy e()eKTHBHOCTI OYMIICHHS BOJM B CHCTEMax BOJIOMIATOTOBKH BaKJIMBUAM 3aBIaHHSIM
€ po3po0Ka MaTeMaTHUYHUX MOJEJeH, O A03BOJIIFOTh BU3HAYATH CTYIiHb OYMINEHHS BOJIW Ha €Talll IPOBEACHHS
MPOEKTHHUX POOIT. OCHOBHOIO METOI0 POOOTH € TOOYIOBa YHUCETHHUX MOJCICH IS pO3paxyHKy Mporecy (ibTparii
Ta MacorepeHocy y ¢pinpTpi. Meroauka. Po3paxyHok mporiecy ¢inbTpartii 3a0pyIHeHOT BOAX y QUIBTPi MPOBEACHO
y aBa eranu. Ha mepmomy erami po3paxoBaHO TIOJI€ MIBHAKOCTI MOTOKY y (imbTpi. s po3’s3aHHA i€l 3amadi
BHKOPHUCTAHO KJIacW4HE PiBHAHHS ¢inbrpamnii. Ha gpyromy erami po3paxyHKy 3MOJEIBFOBAHO TEUil0 3a0pyaHEHOL
Boad y ¢inbTpi. Jna po3B’sa3aHHA i€l 3aadi BUKOPUCTAHO PIBHAHHS MacOIEpEeHOCY, IO BHpakae 3aKOH 30epe-
XKeHHs MacH. Lle piBHSHHS BpaxoBYe MEpeHOC JOMIIIKK (QUIbTPALiHAM ITOTOKOM, NIEPEHOC JOMIIIKH 38 PaxyHOK
Jcriepcii Ta copOILio JOMIIIKK B 3aBaHTaXeHHI ¢inbTpa. Po3B’s3aHHs piBHAHHS (iIbTpalii NpOBEAECHO 32 JIOMO-
MOTOI0 TIoTIepeMiHHO-TpUKyTHOro MeToay O. A. Camapckoro. Bu3HaueHHs HEBIJOMOTO 3HAa4YeHHs Haropy Ha 0asi
LLOI'O METOJIy MPOBEICHO 32 SBHOW (HopMyIor OiKydoro po3paxyHkKy. J[is 4ucensHOro iHTErpyBaHHs MOJIEIOBa-
JILHOTO PIBHSIHHSI MacollepeHocy y (GiIbTpi BUKOPUCTAHO PI3HUIEBY cXxeMy po3uierieHHs. Pesyabrarn. CydacHoro
TEHJICHIIII0 B rally3i BOJOIOCTa4aHHs Ta BOJOBIJIBEICHHS € CTBOPEHHS 0araTOBUMIpHHUX Ta 0araTo(pakTOpHHX Ma-
TeMaTHYHUX Moeneil. Taku Moeni JO3BOJISIOTh 3aMiHUTH (I3UYHHUN €KCIIEPUMEHT Ha 004YHCIIOBaIbHUNA. [0 KOM-
IUIEKCY CIOPYA BOAOMIATOTOBKH 000B’3KOBO HaJNleXKaTh (GNBTPH OYHIICHHS BOAU. EQekTuBHICTS poboTH PiIBTpiB
BIUIMBA€ Ha €PEKTUBHICTH POOOTH IHIIMX OYMCHUX CIIOPYJ TEXHOJOTIYHOI cxeMu ouniieHHsA. Po3pobiieHo martema-
TUYHAY MOJIETb, IO JO3BOJIAE aHANII3YBATH MPOIEC OYUIICHHS Boau y pimpTpi. Ha 6as3i miei uncenpHOT Moeli po3-
pOOJIEHO TaKeT MPUKIaJHUX TPOTrpaM ISl TPOBEICHHS KOMIT IOTEPHOTO EKCIIEPUMEHTY 3 MOJICIIOBAHHS IPOIecy
ouHIIeHHs Boau y GinbTpi. HaBeneHo pe3ynbraTi 004MCIIIOBAILHOTO €KCIIEPUMEHTY 3 MOJIETIOBAaHHS Tporecy ¢i-
JpTpariii 3a0pyauenol Bogau y ¢inetpi. HaykoBa HOBH3HA. Y poOOTI 3aMpoOMOHOBAHO YHCENIbHY JBOBHMIPHY MO-
nenb GiabTpa, 1o 0a3yeThes Ha piBHAHHI (igbTpalii Ta piBHSHHI MaconepeHocy. OCoONMMBICTIO IIiET MOETI € MOXK-
JIMBICTh MOJEJIOBaHHS TIOJISl LIBHJKOCTI Ta MPOLECY MEPEHOCY JOMIIIKK 3 YpaxyBaHHSIM reoMeTpuyHoi ¢popmu ¢i-
nbTpiB. IpakTHyHa 3HauMmicTh. Yac po3paxyHKy OZHOrO BapiaHTa 3aBiaHHs Ha 0a3i moOynoBaHOI 4YHMCENbHOT
MOJIEJi CKJIaae JEKiTbKa CEKYHI, 0 € BRKIUBUM IS IPOBEIEHHS CepiiHUX PO3PaxyHKIB Ha MpakThii. Moseri
MOYKHa BUKOPUCTOBYBATH SIK aJIbTEPHATHBY IPOBEICHHS J1JA00PATOPHUX EKCIIEPUMEHTIB.

Kniouosi crosa: ounieHHs: BOAW, MaTeMaTHYHE MOJICIIOBAHHS,; (QLIBTP; YKCEIbHA MOJIETb
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Beryn

AKXTyanpHOIO MPOOJIEMOI0 B Tally3i BOJOMOCTa-
YaHHS Ta BOJOBIABEACHHS € po3po0OKa MaTeMaTH-
HHAX MoJeJeil I BU3HAYCHHS ¢(PEKTUBHOCTI poO-
00TH PI3HUX CHUCTEM Ta CIIOPYI OYHIIEHHS BOIU
[1, 2, 3, 5-13]. BaxJIuBiCTh IHOTO 3aBIaHHS
MOB’si3aHa 3 THM, III0 BUKOPHUCTaHHSI MeToxIy (hi3u-
YHOTO MOJICTIOBAHHS € JIy’)KE KOIITOBHUM Ta MOT-
peOye 3HAYHOTO Yacy Ha OTPUMaHHs pe3yJIbTaTiB.
Tomy mocrtae HEOOXiIHICTh Y CTBOPESHHI MaTeMa-
THYHUX MOJIENICH, M0 JO3BOJSUTA O ONEpaTUBHO
BH3HAYATH ¢(EKTHBHICTHL POOOTH OYHCHOTO 00J1a-
JHAHHS U Pi3HUX YMOB €KCILTyaTallii.

VY Haml yac 3HayHy yBary MpHIUISIOTH 3aBJIaH-
HSM TiABHINEHHS e()eKTHBHOCTI pOOOTH OYHCHHX
CHOPYJl Ha CTaHIlISX BOJOIIAIOTOBKH Ta IiAIpPHU-
eMcTBax. Ha mmx craHmisx MIMPOKO BHUKOPHUCTO-
BYIOTh PI3HOTO POAY OYWCHI CHOPYIH: BiJCTIHHU-
K, 3MimryBayi Ta iH. Clig miIKpecauTH, Mo Mpak-
TUYHO Ha KOXHIM CTaHIIii BOJOMIATOTOBKH € (PUIbT-
pu. EdextuBricTh poboTh (iNBTPiB 3aleXaTh Bij
pizHuX (hakTopiB. Y BHUMAAKY MOOY/IOBH HOBHX CTa-
HITiil BOJIO MATOTOBKH a00 PEKOHCTPYKIIiT HasBHUX
BHUHHKA€E TpoOiieMa BU3HAYEHHS e(eKTHBHOCTI PO-
00TH (LTBTPIB U HOBUX YMOB EKCILTyaTarlii.

st BUpIiNIEHHS IHOTO 3aBIaHHS IIUPOKO BH-
KOPHCTOBYIOThCS eMIipuyHi [4] Ta aHaTiTHYHI MO-
nemi [6, 7]. BoHu I03BONSIOTH HOCHTH IIBHIKO
po3paxyBaTd HEOOXijHI mapameTpu QinbTpa, ane
HE BpPaxoOBYIOTh MPOCTOPOBI MpolecH QiibTparii.
ToMy IS PaKkTUYHUX I[iJICH BaXIJIMBO PO3pOOIIs-
TH MOJIeNi, MO Jal0Th MOXIHUBICT PO3B’s3yBaTH
3ajadi QinpTpanii y aBo- abo TpUBUMIpHIH mocra-
HOBIII.

Meta

Sx OCHOBHY MeTy poOOTH MU TepeadadaemMo
PO3pOOKY JBOBHUMIPHOI YMCENBHOI MOJENI Mpolie-
Ccy MacomepeHocy y ¢inbTpi. UncenbHa MOAENh
Mae OyTH 3aCTOCOBHOIO JUIS PO3PaxyHKY sIK Oe3Ha-
MipHUX, TaK 1 HamipHuX QineTpiB. KpiMm mporo, Mae
OyTH peani3oBaHa MOXIJIMBICTb MOJEIIOBAHHS
mpotiecy (inbTparii st pi3HOTO 3aBaHTaXKEHHS Ta
pizHUX po3MmipiB, popmu PinbTpa, BUTpaTH 3a0py-
nHeHoi Bomu. Takok po3poOlieHa YKcelbHA MO-
JieNb TIOBUHHA JIO3BOJISITH HPOBEACHHS CEpPiiHMX
PO3paxyHKIB i3 HEBEITUKOIO BHTPATOIO
KOMIT FOTEPHOTO Jacy.

MeToauka

CraBUMO 3aBIaHHS PO3POOKH MaTeMaTHYHOL
MoOJIeJli, IO JTO3BOJIAE PO3paxoByBaTH mpolec ¢i-
nmeTpatii 3a0pyaHeHoi Boau y PimbTpi.

[Ipormec po3paxyHKy macomepeHocy y ¢inbTpi
CKJIajaeThCsl 3 JBOX eTamiB. Ha mepmomy erami
PO3paxoByeEMO TOJIE IMIBHAKOCTI (pinmpTparii y ¢i-
neTpi. MoJentoBaibHe PIBHSHHSA Ha I[bOMY €Talll
MAa€ BUTTISIA:

0%H  o°H

—+——==0, 1)
ox2 8y2

ne H — m’e3omeTpudHumii Hartip.

[locTtaHOBKY TpaHMYHHUX YMOB JUIS DPiBHSHHS
¢inbTpanii (1) HaBeneHo B podori [3].

[Tlicns BU3HAYEHHS TMONA T €30METPHYHOTO Ha-
MOPY PO3PaxOBYEMO KOMIIOHEHTH BEKTOpa LIBHI-
KOCTi (DiNbTpalifHOTO MOTOKY y QiNbTPi TaK:

=—k @, Vv=-k ﬁ,
OX oy

ne kK — koedirienT ¢inpTparii.

UwncensHUI po3B’s30K piBHAHHA ¢inbrparii (1)
3HAXOJMMO 32  JIOIIOMOTOK  IOINEepPEeMiHHO-
TpukyTHOro MeTony O. A. Camapcekoro. Ha kox-
HOMY KPOIIi PO3IIEIUICHHS Pi3HUIIEB] PiBHSHHS IS
YHCENBHOTO iHTerpyBaHHs (1) 3aMUCYI0EMO TaK:

HIF2 —HY
0,5An

n n n+1/2 n+1/2
i — Hij +_Hi,j +H
AX?

AX?
L~ Hi N _Hirjjw2 + Hinﬁ/lz )

i,j+1
Ay?

+
Ay?

1 2 +1 +1 2 +1/2
H;'j _Hi'jjﬂ/ _ Hiyj —Hij +_Hir,1}r1/ +Hin_1% +
0,5An AX?

A2

+ Hif—Hi + “HIHHY
Ay? Ay?

ne 1 — QiKTHBHUIT Yac.

Lls pi3HHUIIEBa CXeMa € HESIBHOIO, ajlie PO3Paxy-
HOK 3HAYEHHS MOTEHIiay MBUAKOCTI Pij Ha KOX-
HOMY KpOIli PO3MICIUICHHs 3/[IHCHIOEMO TaKOX 3a
SIBHOIO (POPMYIIOIO — METOJIOM O1XKYyJOTO PaxyHKY.

[Iponiec po3paxyHKy 3aKiHUyeThCS B pas3i BU-
KOHAHHS YMOBH:
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n+l n

e Hi"j+l — HOBE HAOJIDKEHHS BETMYWHU HAIIOPY;

Hi”j — TONEepeaHE 3HAa4YeHHS BEIMYMHHU HAIopy;

€ — MaJie 4ucIIo.

[licna po3paxyHKy y GiIBTpi TONA HAMOPY BH-
3HAYa€MO KOMITOHCHTH BEKTOpa MIBHUAKOCTI (iIBT-
pauiifHOro MOTOKY Ha TPaHsX PI3HULIEBUX KOMIPOK:

Hi ~Hi,

uil-:—k—"JA =
X

vy =k Mg

1 Ay

Ha npyromy erami MOJENIOBaHHS pPO3paxoBye-
MO TIPOILIEC MACONEPEHOCY MOMIMIKH y (iIbTpi.
J1st po3paxyHKy IIbOTO MPOIECYy BUKOPUCTOBYEMO
HacTymnHe piBHsIHHA [2, 3]:

oC auC ovC
—+—+—+0oC=

ot oX oy
0 oC) 0o oC
ax(“x 8x}+ay[“y ayj' @
ne C — KOHIIGHTpAIlis TOMIMKA Y QiTbTpamiiHoOMy
MoToIll; U, V — KOMIIOHEHTH BEKTOpa MIBUIKOCTI
(GINBTpallifHOrO TOTOKY ; L, My — KOEQIIieHTH
amcnepcii; X, y — JeKapToBi  KOOPIWHATH;
0 — KoeiIlieHT, 10 BPaXxOBY€e MPOIEC COpOITii.
I'paHuuHi YMOBH JJIsl PiBHSHHS (2) pO3IIISTHYTO
y [2,3].
JInsl 9MCeNbHOrO IHTErpyBaHHs DiBHSAHHS (2)
BUKOPUCTOBYEMO HESIBHY CXEMY PO3MLICTIICHHS [2,

3].

Pe3yabTaTn

Jnst koItyBaHHSI po3po0IIeHOT YiCeIbHOT MOJIeTT
Bukopucrano FORTRAN. [lo cknany mo0OymoBaHo-
ro nakera nporpam «FILTR-UN» BxoxasaTs migmpo-
rpaMu po3paxyHKy npotuecy ¢inpTpaii Ta Macore-
perocy. OCHOBHI MOJIYJIi IIbOT'O MAKeTa TaKi:

1) mignporpama FUNX — po3paxyHOk noss Ha-
nopy y ¢inetpi Ha 6a3i merogy O. A. Camapcs-
KOTO0;

2) mignporpamMa FUNYY — po3paxyHoK mosis
HIBUJKOCTI (iIBTpaLifHOrO OTOKY Y (QiNIbTpi;

3) mignmporpama FUNDOM — po3paxyHOK MoJIst
KOHIIEHTpALii JOMIIKH y (HiIbTpi;

4) mignporpama FUNPR — npyk nons Hamopy,
(dhimpTpariiitnoi MBUIKOCTI Ta KOHIEHTpAIIi JOMi-
KA y QIIBTPI.

Ha puc. 1-3 HaBeneHO pe3ysbTaTé OOYHCITIO-
BaJIbHOTO €KCTIIEPUMEHTY IIOJ0 MOAENOBaHHS (i-
neTpamnii 3a0pyaHeHoi Boan y GiIbTpi, 30Kpema
JaHl [IOJI0 PO3MOAUTY KOHIICHTpAIlil JOMIIIKA
y BOAi, Ky ¢inbTpytoTh. KoHIeHTpalis 1oMiliku
y BOJIi TTo/1aHa B 6e3p03MipHOMY BUTIIAI (Ha BXOI
nopiBHIOE 1) .

0 Y

X

Puc. 1. [30minii KOHIEHTpaLii JOMIIIKH B GiIBTPi
t = 1,8 (wac 6e3po3mMipHHIL)

Fig. 1. Isolines of impurity concentration in the filter
t = 1.8 (time is dimensionless)

0 Y

X

Puc. 2. I30miHil KOHIIEHTpanii JOMIIIKH B (iIBTPi
t = 3,1 (4ac Ge3po3mipHHit)

Fig. 2. Isolines of impurity concentration in the filter
t = 3.1 (time is dimensionless)
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X

Puc. 3. I3omninii KOHIEHTpALIT JOMIIIKHU B GiIbTPi
t = 3,4 (4ac Ge3po3MipHHii)

Fig. 3. Isolines of impurity concentration in the filter
t = 3.4 (time is dimensionless)

SIK BHJHO 3 HaBEJCHUX PHUCYHKIB, KOHIIEHTpa-
i TOMIIIKH Y BOMi, Ky (iIBTPYIOTh, 3MEHIITY-
€TBCS 3 4acoM, 0 OOyMOBIIEHO poOOTOIO 3aBaH-
TaxxeHHs PinpTpa. Mu 0aunMo, 110 KOHIIEHTpAITis
JTOMIIIKH JJII MOMEHTY 4acy 3,4 3HauYHO MEHIIa,
HIXK KOHIIEHTpAIlis AOMIIIKK Ha TI0YaTKy (iibTpy-
BaHHs (puc. 1). Tobto Bona 3 ¢inbrpa Oyne BUXO-

IUTH 31 3HAYHO MCHIIOI0 KOHIICHTPAIIE€I0 JOMIIII-
KM, HIK Ha BXOAi y (QinbTp.

Binznaunmo, 1mo 4ac po3paxyHKy cKjaB Onu-
3bKO 5 cek.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYUMICTh

y poboTi 3aIpOITOHOBAaHA JUCEbHA
2D-moznens dinpTpa, 1m0 0a3yeThes HA PIBHSIHHI
¢inpTpawii Ta piBHAHHI MacomnepeHocy. Po3pobie-
Ha MOJIENIb JTO3BOJIIE PO3PAaxOBYBAaTH HEPIBHOMIp-
HE TI0JIe KOHIIEHTPAIil TOMIIKH y QiTbTpi.

[IpencraBnena ymcenpHa MOJAENH MOXE OyTH
BUKOpDHUCTaHa JUIS PO3PaxyHKy SK Oe3HamipHHX,
TaKk i HamipHUX QUIBTPIB, AN PI3HOTO TUIY Ta
KpPYITHOCTi 3aBaHTa)KEHHS, Pi3HOI KiNBKOCTI IIapiB
3aBaHTaxeHHs. [lepeBaroro po3po0ieHOT Mozei
€ Te, IO MOYKHA 3aJaBaTH Pi3HiI po3MipH, Gopmy
(binpTpa, pi3Hy BUTpaTy 3a0pymHeHoi Boau. Takox
3a JIOTIOMOTOFO ITi€T YMCEITBHOT MOJIEII MOXHA TIPO-
BOJIUTH CEPiiiHI PO3pPaxyHKU 3 HEBEIHKOIO BUTpa-
TOIO0 KOMIT FOTEPHOI0 4acy.

Mopens Moxe OyTH 3acTOCOBaHa Ha eTamax
MPOEKTYBAHHS, PEKOHCTPYKLIi OYHCHHUX CHOPYA
CHCTEM BOJIOIIOCTaYaHHSI.

BucHoBku

VY craTTi po3risSHYTO e(QEeKTHBHY YHCEIbHY
MOJIEIb, 10 I03BOJISIE OIEPATHBHO PO3PAXOBYBATH
mporiec GinbTparii 3a0pyaHeHoi BOAM Y (QiIbTpi.
Mogens 6a3yerbcsi Ha BUKOPUCTaHHI (hyHIaMeH-
TAJILHOTO PIBHSIHHS (inbTpamii Ta piBHAHHI 30e-
peXEeHHS Macu 3a0pyAHIOBada y QiibTpariitHomMmy
HOTOLI.

Iopanpmivii po3BUTOK ILOTO HAyKOBOTO Ha-
OpsMy CITiJi TIPOBOJAWTH B OOJIACTI CTBOpPEHHS
3D-moneni ¢inprpariii Ta MaconepeHocy y Qiibt-
pi.
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MATEMATHYECKOE MOAEJINPOBAHHUE OUYUCTKH BO/IbI
B ®UJIBTPE

Hens. [y ananmza 3¢(HEeKTHUBHOCTH OYHCTKHA BOABI B CHCTEMaX BOIOIOITOTOBKH BAXKHOW 3amadeil sSBISETCS
pa3paboTKa MaTEeMaTH4YECKUX MOJEINEH, KOTOPhIE MO3BOJIAIOT ONPEEISATh CTEIIEHb OYMCTKH BOJIBI HA 3TAIE MIPOBE-
JICHNS IPOEKTHBIX paboT. OCHOBHOM LENBIO PAOOTHI ABJISETCS NTOCTPOSHHE YUCICHHBIX MOJEICH I pacdera Ipo-
necca (uibTpanuu u MaccornepeHoca B ¢uiabTpe. Meroauka. Pacuer nmpouecca GpuibTpanyun 3arpa3HCHHON BOZIbBI
B (uibTpe mpoBeneH B 1Ba dTana. Ha nmepBoM 3Tare paccyuTaHO HOJIE CKOPOCTH MOTOKa B (unbTpe. i1 pemenns
9TOH 3aJa4M UCIOJH30BAHO KJIACCHYECKOe ypaBHEeHHWil ¢uibTpaunu. Ha BTopom srame pacyera cMOJEITHPOBAHO
TEUeHHE 3arpsi3HEHHON BOAbI B (uibTpe. s penieHus 3ToW 3aay MCIOJIb30BaHO ypaBHEHHE MaccolepeHoca,
KOTOpPOE BBIPAKAET 3aKOH COXPAHEHMs Macchl. DTO ypaBHEHHE YYHTHIBAET MEPEHOC MpHUMecH (HUIbTPaIlMOHHBIM
MOTOKOM, MEPEHOC MPUMECH 3a CYET AUCIEPCHUH M COPOIMIO MpUMeECH B 3arpy3ke GuibTpa. PemeHune ypaBHeHUS
(GUIbTpaLUK MPOBENICHO C TOMOIIBIO ONEepeMEeHHO-TpeyronbHoro Meroga A. A. Camapckoro. OnpeneneHue Heus-
BECTHOTO 3HAUCHHUs Haropa Ha 0aze ATOro MeToja MPOBEICHO 1o sBHOU (opmyiie Oerymiero cuera. /il YUCIEHHO-
IO MHTETPHUPOBAHUS MOCIHMPYIOIIETO YPaBHEHUs] MaccolepeHoca B (puubTpe HMCIOIb30BaHA pPa3sHOCTHAs CXeMa
pacmeruienns. Pesyabrarsl. CoBpeMeHHON TEHICHIMEH B 00JacTH BOIOCHAOXKEHUS W BOJOOTBEACHHS SIBIISCTCS
CO3/laHNEe MHOTOMEPHBIX ¥ MHOTO(AKTOPHBIX MaTeMaTHUECKUX Moesiei. Takue MoJeny Mo3BOISIOT 3aMEHUTD (u-
3WYECKUH SKCTIIEPUMEHT Ha BBIYHCIHUTENBHBIN. B KOMIUIEKC coOpyXeHWH BOJOMOATOTOBKU OOS3aTENBHO BXOISIT
(UIBTPBI OYUCTKH BOIBL. D (HEeKTUBHOCTH pabOTHI (PIIBTPOB BIUSAET HA 3PPEKTHBHOCTD PabOTHI IPYTUX OUYUCTHBIX
COOpYXEHHH TEXHOJIOTHYECKOH CXEMBbI OYMCTKH. PazpaboTana MaTeMaTHdecKasl MOJENb, KOTOpasl MO3BOJIIET aHa-
JIM3UPOBATh MPOLECC OYUCTKU BOABI B (pubTpe. Ha 6a3e aToit Moxenu pa3paboTaH makeT MPHUKIAIHBIX IPOrpaMm
JJIA TIPOBEACHUS KOMIIBIOTCPHOI'O SKCIIEPHUMECHTA MO0 MOJACIIUPOBAHUIO MPOIECCAa OUNCTKU BOABI B (I)I/IJ'ILTPC. HpI/IBe-
JIEHbl pe3yJIbTaThl BBIYMCIUTEIBHOIO JKCIIEPUMEHTA 10 MOJEIMPOBAHMIO IMpolecca (GuiIbTpalMu 3arpsi3HEHHON
Boubl B puibrpe. Hayunas noBu3Ha. B paGote mpesioxeHa YKCIeHHAs ABYMEpHas Mozesb GpuibTpa, 6azupyro-
LIasicsl Ha YpaBHEHUH (UIbTPALUKM ¥ ypaBHEHHU MaccornepeHoca. OCOOCHHOCTBIO 3TON MOJEIH SIBIISIETCS BO3MOX-
HOCTh MOJIEJTMPOBAHMS TOJISI CKOPOCTH U IpoIiecca MepeHoca MPUMECH ¢ YyY4eTOM reoMeTpuueckoil Gpopmbl ¢uib-
TpoB. IIpakTHyeckass 3HA4YUMOCTh. Bpems pacuera ogHOro BapuaHTa 3afaHus Ha 0a3e MOCTPOCHHOW YMCIICHHOU
MOJIETIM COCTABIISIET HECKOIBKO CEKYH]I, UTO SIBJIAETCS BaXKHBIM JUIS IIPOBEACHUS CEPUHHBIX PACUETOB HA NPAKTHUKE.
Mopgenn MO>KHO MCIIOTb30BaTh B KAUECTBE AbTEPHATHBEI IPOBEICHNS Ta0OPATOPHBIX SKCIIEPHIMEHTOB.
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MATHEMATICAL MODELING OF WATER PURIFICATION WITH
FILTER

Purpose. To analyze the effectiveness of water purification in water treatment systems, an important task is the
development of mathematical models that allow determining the degree of water purification at the design stage.
The main purpose of the work is to construct numerical models for calculating the filtration process and mass trans-
fer in the filter. Methodology. The calculation of the filtering process of contaminated water in the filter is carried
out in two stages. At the first stage, the flow rate field in the filter is calculated. To solve this problem, the classical
filtration equations are used. At the second stage of the calculation, the flow of contaminated water in the filter is
simulated. To solve this problem, the mass transfer equation is used, which expresses the law of mass conservation.
This equation takes into account the transfer of impurities by the filtration flow, the transfer of impurities due to
dispersion and the sorption of impurities in the filter material. The solution of the filtration equation is carried out
using the alternating triangular method of A. A. Samarskyi. The unknown pressure value based on this method is
determined by the explicit formula of point-to-point computation. For numerical integration of the mass transfer
equation in the filter, a difference splitting scheme is used. Findings. The current trend in the field of water supply
and sanitation is the creation of multidimensional and multifactor mathematical models. Such models make it possi-
ble to replace a physical experiment with a computational one. The complex of water treatment facilities necessarily
includes water purification filters. The filter efficiency affects the efficiency of other treatment facilities of the tech-
nological treatment scheme. A mathematical model has been developed that allows analyzing the water purification
process in the filter. Based on the developed numerical model, a package of application programs has been devel-
oped for computer simulation of the filter water purification process. The results of a computational experiment on
modeling the filtering process of contaminated water in a filter are presented. Originality. The paper proposes
a numerical two-dimensional filter model based on the filtration equation and the mass transfer equation. A feature
of the developed mathematical models is the possibility of modeling the velocity field and the process of impurity
transfer taking into account the geometric shape of the filter. Practical value. The calculation time for one variant of
the task based on the developed numerical model is several seconds, which is important for conducting serial calcu-
lations in practice. Models can be used as an alternative to laboratory experiments.

Keywords: water purification; mathematical modeling; filter; numerical model
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