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MATEMATHUYHE MOJEJIIOBAHHA ITPOIECY OUUINEHHA CTIYHUX BO/JI
TP BUKOPUCTAHHI HATTIEPOBUX ®IJIBTPYBAJIBHUX MATEPIAJIIB

Pozensuymuii npoyec ginompysanns piounu @ Oe3kamepuux YCmaHo8Kax 3 GUKOPUCHAHHAM
naneposux inbmpysaibHUX Mamepianie, a maKo;#C 3ANeHCHICMb NPOOYKMUBHOCHE (itbmpyeanibHol
VCMAHOBKU HA PIZHUX MEXHONOIUHUX pexcumax pobomu ycmanoexku. Becmanoeneno xapaxmep 3aie-
AHCHOCMI NPOOYKMUBHOCMI HpoYecy QitbmpySanus 6i0 UMpAmMu O4UWY8aHOI 800U, KOHYeHmpayii me-
XAHIYHUX OOMIWLOK, MOBWUHU MA WIIbHOCMI Naneposux hinempysanvHux mamepianie. Ompumani
Mamemamuyni Mooeni npeocmagneni NOITHOMOM OpYy2020 NOPAOKY ma 00360110Mb BPAX08YEAMU He
MITLKU MEXHIUHI XapaKxmepucmuxy, aie i 6naug XapaKxmepucmuxku naneposux QirempyeanbHux ma-
mepianié Ha NpoOyKMuUSHiCmy npoyecy QitbmpyeanHs o4uwWy8aHoi 600u. 3anpononosana mamema-
MUYHA MOOelb 00360IUMb GUIHAYUMU MA NIOIOpamu HeoOXIOHI XapaKmepucmuKy naneposux Qinom-
PYBANbHUX MAMEPIanie ma 2eoMempuiti napamempu conio8oi epynu 01 3a0e3nedueHnss MaKCcumaib-
HOI npodykmuenocmi ginempysauns. Ilpu eubopi naneposux QitbmpyearbHux mamepianie iz HeoO-
XIOHUMU 3A0AHUMU BIACTIUBOCHAMU MA IX BUKOPUCIAHHT 0008 A3K080 HOMPIOHO 8PAX08YEAMU 6NIUG
HAOYXAHHA Yent0N03HUX 80JIOKOH HA iX UPOOHUYT XapaAKMEPUCTUKU, WO MAE 3HAUMU HeoOXioHe 8i00-
OpadiceH sl 8 MEXHONIO2TUHUX Pe2lAMEeHMAax eKCniyamayii npucmpois Ha ix OCHOGI.

Knrouosi cnosa: mamemamuuni mooeni; NIAHYBAHHS eKCHEPUMEHMY OYUWEHHs, NAneposi
Ginempysanvui mamepianu, RPoOYKMUSHICMb.

The process of filtering liquid in tubeless installations using paper filter materials, as well as
the dependence of the performance of the filter installation on different technological modes of the
installation. The nature of the dependence of the filtration process on the flow rate of the purified
water, the concentration of mechanical impurities, the thickness and the density of the paper filter
materials has been established. The mathematical models obtained are represented by a second-order
polynomial and allow to take into account not only the technical characteristics, but also the influence
of the characteristics of paper filter materials on the performance of the filtered water filtration
process. The proposed mathematical model will allow to determine and select the necessary
characteristics of paper filter materials and geometric parameters of the nozzle group for maximum
filtration performance. When selecting paper filter materials with the required set properties and their
use, it is necessary to take into account the influence of the swelling of the cellulose fibers on their
production characteristics, which should be reflected in the technological regulations for the
operation of devices based on them.

Keywords: mathematical models; design of purification experiment, paper filter materials;
productivity.

IHocTanoBka nmpodaemMu
B nmanwmii yac MeroauKa po3paxyHKy MPOAYKTHBHOCTI QUIbTPYBaIbHUX YCTAHOBOK 3 Oe3Kame-
pHUI QUIBTPYBaHHAM, a TaKO)K BU3HAYEHHS OMOpPY (PiIbTPyBaJbHOI MEPErOPOAKH, 10 BUHUKAE MPU
MPOXOKEHHI uepe3 Hel BUMarae yrouHeHHA. Y (inbTpyBaJbHUX MPUCTPOSIX, 3aCHOBAHMX HAa BUKOPHU-
CTaHHi eHeprii 3aTomieHoi abo BiNbHOI CTpyMeHs piguHH, Ipouec GUIBTPYBaHHS MPOBOIUTHCS 3 3a-
KYyIOpKoIo mip ¢pineTpyBanbpHoi eperoponku. Ocaa 3 TBEpANX YaCTHHOK Ha MOBEPXHi PiIbTpyBaIbHOT
MIEPEropoIKH MPH JTOCUTH BEIHUKOI MPOAYKTUBHOCTI OYUILEHHS MPAKTUYHO HE YTBOPIOETHCS.
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3acrocyBaHHs ManepoBUX (PiIBTPYBANIBbHUX EIEMEHTIB y CIEeLiaIbHUX MPUCTPOSX, SKi 3a0e3-
MeYyloTh MATPUMAaHH HaWBUIIOl YUCTOTH OYHIYBAHOTO CEPEIOBHUIIA, OOMEXYETHCS PECYPCOM, Mill-
HicTIO, QUTBbTpalifHUMHU, COPOLIHIMY Ta IHIIMMH BIaCTHBOCTAMHU [1].

V 3B’s13Ky 3 HEOOXiJHICTIO 3a0e3MmedeHHs] HaBUIIIO1 YMCTOTH BOIH Y apMalleBTUYHIN Ta ene-
KTPOHHIN MPOMHCIOBOCTI, 8 TAKOX MOJIMBICTIO BUKOPUCTAHHS NarnepoBux (QiIbTpyBalIbHUX MaTepi-
aniB (II®M) i 11t ouMILEHHS TOBITPS Ha aTOMHUX EIIEKTPOCTaHIIAX; ¥ (QiMbTPOBEHTUISIIIHHUX CHC-
TEeMax CXOBHIL, JIIKYBAJIbHUX YCTaHOB, OINEpaliiiHMX, BUPOOHWYMX LexaX (OpOAMIIbHI BiIIiNeHHS)
Xap4oBoi Ta (papManeBTHYHOI MPOMHCIOBOCTI TOILIO, BUHHUKAE MOTpeda y MaTeMaTH4Hid MOIENmi 3a
JIOTIOMOT'OF0 SIKOi MOXKHA OyJ10 O BCTAHOBHUTH KOMITO3UIiHHU ckinan [IOM, skuii HagaBaB Ou 3pa3kam
MOTPiOHI BIACTUBOCTI, HEOOXiIHI B KOXKHIM KOHKPETHIN cuTyamii [2].

AHaJi3 0CTaHHIX JOCTiIKeHb i my0aikanin

3a0pyIHEeHHS BOIM € OAHUM 3 OCHOBHUX (DAKTOpiB PHU3MKY AJIsl 3[0pOB's, MOB'A3aHUX 13 Ha-
BKOJIMIIHIM CEPEIOBHILEM, 10 3yMOBIIIOE TIOTPEOy B HAJICKHIHN 11 OYMCTII Iepel BUKOpUCTaHHM [3].
AXTyanbpHOIO cTae Mmorpeda y BHCOKOC(PEKTHBHHUX COpPOEHTax, IO XapaKTepH3YIOTHCS OJHOYACHOIO
0OaKTepULUIHOIO Ji€0, HATPUKIIA, [UTS OUYMIIECHHS MUTHOI BOAM, BOAX Ui (hapMaleBTHYHOI IPOMUC-
JIOBOCTI, a00 iX 3aCTOCYBaHHs y MEINYHIN npakTui [4].

[Ipu QinbTpyBaHH] Pi3HUX CEPEIOBHUI MIKpOOiONOriuHi 3a0pyaHEeHHS! cOpOYyIOThCS Martepia-
JIaMH SIK 3 TPaHyJIbOBAHOIO, TaK 1 BOJOKHHCTOIO CTpyKTyporto [5]. Ilpu npomy He smie 30epiraeTbest
KUTTE3IATHICTD, a 1 e pO3MHOXKEHHS MIKpoopraHi3MiB [6]. B pe3ynbrati BinOyBaeThcs 6ioo0poc-
TaHHs COPOEHTIB 1 BUKHU] MPOAYKTIB )KUTTEASUTBHOCTI MIKpOOPTaHi3MiB, a 1HKOJIM 1 CAaMUX MIKpoopra-
Hi3MiB, y QinbTpat [7]. 3anmobiranHs 0iooOpocTaHHIO QUIBTPYBaIbHUX MaTepialiB Ta, 30KpeMa, cop-
OCHTIB 3aJTUIIAETHCS aAKTYAIBHOIO TIPo0IeMoro [8].

IcHyroTh MaTepianu, oTpuMaHi 0OpOOKOI0 HOCIS CONSIMU MeTajly, HapuKiIal, PO3UNHOM COJIi
cpibna. bakrepunuana nodaBKa 3HaXOAUTHCS HA TIOBEPXHI IUX MaTepianiB a00 y BUIIIAI 1301b0BaHUX
ioHiB, a00 y BHUITIAI KOMIUIEKCHHX 3'enHaHb. Lli marepianu He 3a0e3meuyroTh HEOOXiIHOTO PIiBHA
e(eKTUBHOCTI OYMIIEHHS Bil KOJIOITHMX YaCTOK 1 BIpyCiB, pO3MIp AKHX 3HAXOIUTHCS B Mexkax 10—30
HM [9]. Jlo HeJOMIKIB HOAA€ETHCS 1 Te, MO OAKTEPHUIUIHI BIACTUBOCTI BUKOPUCTOBYBAHUX MaTepialliB
BH3HAYAIOTHCS i0HAMH OaKTEpUIIMIHUX KOMIIOHEHTIB, IO IEPEX0IITh B Mpoleci GpinmbTpyBaHHs B ce-
penoBuIlle, [0 OYUIIAETHCA, TAKUM YHHOM, 3a0pyaHiotoun Horo [10]. s 3abe3neueHHs TpUBaIOCTi
30epekeHHs] OaKTEpUIMIHUX BIACTUBOCTEH LIUX MaTepialliB MOTPiOHE MPOCOYEHHS HOCIiB KOHIEHT-
POBaHUMH PO3UMHAMH cojed MeTamiB. Bizomo, 1o npu NeBHUX MiABULIEHNX KOHLEHTPALisX OakTe-
PUIMIHUX 10HIB METaIIB BOHU OTPYHHI Jyst rouau [11].

DopMyBaHHS METH JI0CTIIKEHHSI

MeTo10 TOCTiIKEeHb € OLiHKa BJIACTHBOCTEH CTBOPEHHX MOJEPHI30BAHUX MaTepialliB mamepo-
BUX (PIIBTPYBANBHUX AJSL PO3POOKH MaTeMaTHUYHUX MOJeENeH, ki O JO3BONMIM BU3HAUYMUTH Ta Mifi0-
paTH HeoOXiHI XapaKTePUCTHKH NarnepoBux (imbTpyBalIbHUX MaTepialiB Ta T€OMETPHYHI MapamMeTpu
COILIOBOI TPYIH ISl 3a0e3eueHHs] MAKCUMAaJIbHOT MPOAYKTUBHOCTI (DUTBTPpYBaHHSL.

Jnst ocsSiTHEHHS TOCcTaBIeHOoi MeTH Oynu chopMynbOBaHi Taki 3aBJaHHS:

— BH3HAYMTH 3aJISKHICTh QUIBTPYBaIbHUX Ta COPOLINHMUX 31aTHOCTEH AOCITIIKYBaHHUX 3pa3-
KiB MaTepiaJliB manepoBuX (GiIbTpyBaNbHUX BifJ IX XapaKTEPUCTHK Ta TEOMETPUYHHX TTapaMeTpiB COl-
JIOBOI I'PyIH;

— pO3pOOUTH MaTeMaTH4HI MOAENTI, K1 JO3BOJISUIH O BH3HAYMTH HEOOXiTHI XapaKTEepUCTUKU
nanepoBux (QUIBTpYBaJbHUX MaTepialiB i 3abe3nedeHHs] MaKCUMaIbHOI IPOAYKTUBHOCTI QiIbTPY-
BaHHSL.

BukJsiax ocHoBHOT0O MaTepiaiay

OO6csr OunILEeHOl PIgHH, 10 OTPUMYETHCS MPOTATOM MIEBHOTO MPOMDKKY Yacy 3 OAMHUII HO-
BEpXHi (IMBTPYBAIBHOI IIEPETOPOIKH, IPAMO MPOMOPLIHHUNA Pi3HUI THUCKIB 1 00€pHEHO MPOMOpLIii-
HUH B'SI3KOCTI PIIMHM 1 3aTajbHOTO OMOpY ocafy i pinpTpyBanbHOi neperopoaku [12]:

av Ap (1)

o -dr  u-(R_+R,.)
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e V — 06'eM OuMINEHOT PiMHK, M”; ; — IIOWIA TTOBEPXHi (iNbTPyBaTLHOI TIEPErOPONKH, M’ T —
TpuBaJicTh QINBTPYBaHHS, ¢; Ap — pPI3HULS THCKIB, [1a; 4 — KoedilieHT TMHAMIYHOI B'I3KOCT1 O4H-
menoi pimuuu, H-c/M% R,. — omip mapy ocany, M R .n— omip GinbTpyBanbHOT MEPEroponKu, M.

Posristaemo mporec GinbTpyBaHHS PiMHU B yCTaHOBLI Oe3kamepHOro ¢uibTpyBaHHs. Cxema
npouecy GUIBTpyBaHHs MpeAcTaBiieHa Ha puc. 1. [13]

f I
- - - = hi 'H'”"I} :
ity !
sttt

OviIrieHa — =
PiOHHA — =

Puc. 1. Cxema mponiecy ¢inbtpyBanss: | — QopcyHka; 2 — TaHreHIiabHO Bpi3aHUW maTpy-
00K; 3 — ¢inpTpyBasibHa TIeperopoaka; (J,,. — 3arajbHa BUTpaTa piguHu; (J,, — BUTpaTa OYHULIEHOT
pinuan; Q,; — BUTpaTa CKHAAHHS PIAMHU

3aranbHa BUTpaTa pisuHU Q,,,, 110 BUXOIUTH i3 cOMia B mpoleci GpilbTpyBaHHS, PO3IIISETH-
csl, SIK MOKa3aHo Ha pHc. 1, Ha Ba TOTOKH:

Q'jaz = Qoq + Q'}ﬁa (2)
ne O,, — BUTPATa OUUIIEHOT PimuHu, M/c; Q,; — BUTPATa CKUIAHHS 3a0pyIHEHOI PiIUHH, M°/C.

Benmnunna (,, BU3Ha4Ya€e NPONYKTUBHICTD (QUIBTPYBaJIbHOI YCTAHOBKH, SIKa 3aJISKUTH Bij reo-
METPUYHHUX MapaMeTpiB YCTAaHOBKH, BIACTUBOCTEH PIAUHM 1 MaTepiaiy (QinbTpyBaJIbHOI EPEropoIKy.
ToMy HeOOXiZHO BU3HAUMTH 3aJICKHICTh MPOAYKTHBHOCTI YCTAHOBKU BiJl XapaKTEPUCTHKH (PIIbTPY-
BaJIbLHOTO MaTepiaiy.

Bennunna ouynIeHoi piiMHU 3aJISKUTh: BiJl BUTPAaTH 3a0pyIHEHOT piiuHu Yepe3 coio Q..
BiJl TOBIIMHY O Ta MIUTLHOCTI p (UIBTPYBAIBLHOTO MaTepiany; Bifl BXiTHOI KOHIIEHTpAIlil MEXaHIYHUX
JOMIMIOK Ky

s noOyaoBH MaTeMaTHYHOI MOJENi 3aJIeXHOCT] MPOIYKTUBHOCTI (iNbTPyBaJIbHOI YCTAHOB-
KM BiJl BHUILEHaBEACHNX (PAKTOpIB Y BUIIIAAl MONIHOMA APYroro MOPSAKY 3aCTOCOBYBAIUCS METOIU
IUTaHyBaHHS EKCIIEPUMEHTY, a caMe, MOBHHUH (aKTOpHUH ekcriepuMeHT. PiBHI BapitoBaHHs (hakTopiB
MpeacTaBIieHi B TabOm. 1.

ExcniepuMeHTanbHi TOCTIIKEHHS TPOBOAMIIMCS 32 JOIIOMOI'0I0 €EMHOCTI TIEBHOT0 00cary. Be-
JUYWHY OYMIICHOI PiAMHU BUMIPIOBAIN HA BIANOBIAHUX TEXHOJIOTTYHUX PEeKUMaX poOOTH yCTAaHOBKH.
B pesynbraTi 00poOKK excriepuMeHTalbHUX JaHuX Oyiau OTpHMaHi OLIHKH BIUIMBY (PakTOpiB 1 B3ae-
MOJif YNHHUKIB Ha JOCHiIKyBaHUH napaMerp Q..
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Tabnuysa 1. PiBHi BapitoBaHHS (aKToOpiB

daxTopu H(;Zii‘;;{;m x*=-1,68 | x;=-1 | x,=0|x;=1| x; *=1,68
Kinpkicts ¢ineTpoBanoi X 0.66 1 15 5 234
pizuan O,.., M°/c ! ’ ’ ’
ToBumHa manepoBoro GinbTpy . 400 420 450 | 480 500
0, MKM 2
linbHiCTh MAnIEPOBOTO X 0.4 042 | 045 | 0.48 0.5
(l)iﬂBpr », F/CMZ 3 9 9 B s s
Bxingna koHIIGHTpaIlis X ) 5 10 15 18
MEXaHIYHUX AOMIIIOK Ky, I/1 4

Martpuus riady Ta BiMIOBiIHI OTpUMaHi pe3yabTaTH eKCIIEPUMEHTY HaBeACHO B Ta0ml. 2.

Tabnuysa 2. MaTpuis MIaHyBaHHS 1 pe3yJIbTaTH JOCIiIKEHHS

No KonoBane 3naueHHst (pakTOpiB B €KCIIEPUMEHTI
JOCTi Ty X X X3 X4 y

1 -1 -1 -1 1 0,35
2 1 -1 -1 1 0,65
3 -1 1 -1 1 0,42
4 1 1 -1 1 0,55
5 -1 -1 1 1 0,52
6 1 -1 1 1 0,58
7 -1 1 1 1 0,3
8 1 1 1 1 0,46
9 -1 -1 -1 -1 0,53
10 1 -1 -1 -1 0,85
11 -1 1 -1 -1 0,76
12 1 1 -1 -1 0,62
13 -1 -1 1 -1 0,74
14 1 -1 1 -1 0,72
15 -1 1 1 -1 0,67
16 1 1 1 -1 0,8
17 1,68 0 0 0 1,1
18 -1,68 0 0 0 0,25
19 0 1,68 0 0 0,58
20 0 —1,68 0 0 0,83
21 0 0 1,68 0 0,42
22 0 0 —-1,68 0 0,76
23 0 0 0 1,68 0,38
24 0 0 0 -1,68 0,78
25 0 0 0 0 0,7
26 0 0 0 0 0,68
27 0 0 0 0 0,71
28 0 0 0 0 0,72
29 0 0 0 0 0,7
30 0 0 0 0 0,69
31 0 0 0 0 0,7
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HJ’IH HepeMiH_IeHHH A0 TOYKU OIITUMYMY BUKOPUCTOBYBAJIACd MaTCMAaTHYHA MOJCIIb BUY:

y= e, x0,0x0),
1€ X1,..., X — (AKTOPH 3aICKHOCTEH.
B nmanomy BUmagKy MaTeMaTHyHa MOJEIH JJIS IOBHOT'O YOTHPHOX (PAKTOPHOTO SKCIEPUMEHTY
3 ehekTOM B3aeMoii mae Burisn [14]:

y=by b Xy +hyxp+by ety xg by X Xy Hhy3x X+ bg g Xy D3 X X by Xy Xy +
+h3ge X3 Xg B3 XX X3 B g X X Xy D34 X X3 Xyt by3g Xy X3 Xy Hh03g XX e xg e ()
1] +byy 35 +by3 G +hya- G

Jucnepcito S J% BIITBOPIOBAHOCTI BU3HAYAEMO IO PE3YJIbTATAM JIOCII/KEHb B LIEHTPI IUIAHY.

Hucnepcii, 1o xapakTepu3yloTh TOMUIKH B BU3HAUCHHI KOeilieHTIB piBHAHHS perpecii, 3rinHo [14]
IpH K = 4 CTAaHOBJIATS!

S2{by}t=0,5833; S2{b;}=0,2563; S2{b;}=01375; S2{b;; }=0,0433.
[Ipu mepeBipui koedimieHTiB 3a kputepiem Ct’topenTa (pu 5 %-My piBHI 3HAYUMOCTI Ta YH-
CIIi CTyTeHIo cB0OOaM f =5 ) BCTAHOBJIEHO, 10 BCi KOS(IIIEHTH 3HAYKMMI 1 BKITFOUEHO 10 Mojedi (2).
IlepeBipka rinmore3u agekBatHOCTI Mozedi (4) 3a kputepiem Dimmepa mpu S5 %-My piBHI 3HAYYILIOCTI
i ymcnax crynenis ceobom aucnepeii aneksatnocti f,, = N —k—(n, —1)=31-14—(7-1)=11 i mu-
crepcii BiITBOPIOBAHOCTI f, =ny—1=7~1=610Ka3a1a, W0 OTpPUIMaHi MOJIENI aJIeKBaTHI, OCKUTEKH PO3-
PaxyHKOBE 3HAUEHHs KPUTEPIIO MeHIIe TabnuyHoro F, , =254< F} (0,05; 11 6) =3,09.

[Ticns Bu3HAuUEHHS KOE(ILI€HTIB 1 JESIKUX MaTEMATUYHUX MEPETBOPEHb OTPUMAEMO MaTeMaTH-
YHY 3aJIeKHICTh JUId BU3HAYEHHS MPOAYKTHUBHOCTI (iMbTPYBaJIbHOI YCTAHOBKH Bijl BUIIEHABEACHUX
(akTopiB:

0,,=-128-34-0,,,+004-5+704- p+012-k, +0011-0,,,- 6—4-0,,.- p—012-5- p— @
~T7107 -8 kg 0.2 p-kgy +001- 0,2 +0,01- 52 +0,034 p* +034-k,, 2.

3a 10MOMOror MaTeMaTH4Hol Mozeni (4) MOKHa BU3HAYUTH MPOAYKTUBHICTE (UIBTPYBaHHS Ta
miaidpaT HeoOXilHI XapaKTEepUCTHKH MaTepialiB MarnepoBUX (PUIbTPYBalIbHUX AJsl BUPILICHHS Bil-
MOBIAHUX 3aBJaHb.

BucHoBkHn

[IpoBeneni mocmimxeHHs: Ta po3poOIeHi MaTeMaTHUHI MOJEN] JO3BOJISIIOTh BUBHAYNUTH HPOIYK-
TUBHICTb TIpoliecy QinbTpyBaHHS BiJ BUTpaTH (UIBTPOBAHOI BOAW, TOBILMHY Ta IILTHHOCTI MAaepOBUX
(GUIbTpyBaJIbHUX MaTepiajiB, BXiJHOT KOHLEHTpAlii MEXaHIYHHX JOMILIOK. 3amporoHOBaHI MaTeMa-
TUYHI MOJIEJi JO3BOJIAIOTH TAKOX BU3HAYATH HEOOX1/IHI TEXHIUHI XapaKTepUCTUKHU MarnepoBuX (PiabT-
pYyBaJbHHUX MaTepiaiB.

Bcranosneno, mo 3pa3ku i3 HaWBHINOK MIUTHHICTIO Ta HAWMEHIIIOK TOBIMMHOI Ta 3pa3Kd i3
HaIMEHIOO LIITFHICTIO Ta HAMOUTBIIO TOBIIMHOIO MAalOTh OUbITY (inbTpaliiiny Ta copOLiiiny 31a-
THICTb, HDXX 3pa3KH 13 cepelHIMH 3HAYEHHSIMH LIUTBHOCTI Ta TOBLIIMHMU. Lle 103BOJIsIE MPUITYCTUTH, IO
Ha (pUIBTPYBaNbHI Ta COPOLIHI XapaKTEPUCTUKH BIUIMBAE TAKOX 1 MPOCTOPOBE PO3TALIYBAaHHS BOJIO-
KHUCTHX COpOEHTIB y dinbTpyrouomy mapi [IOM, mo moxe Oyt noB’s3ane i3 heHoMeHOM HaOyxaH-
HS LEJIOJIO3HHUX BOJIOKOH Y BOJIOTOMY CTaHi.

[Ipu BubOpi manepoBux ¢inpTpyBaJbHUX MaTepiaiB i3 HEOOXITHUMHU 3aJaHUMH BIACTHBOCTSA-
MH Ta X BUKOPUCTaHHI 000B’3KOBO MOTPIOHO BpaXxOBYBAaTH BIUIMB HAOyXaHHS LIEIOI03HIX BOJIOKOH
Ha iX BUPOOHWYI XapaKTepUCTHKH, 1[0 MA€ 3HANTH HEOOXiqHE B110OpaKEHHS B TEXHOJIOTTYHUX periia-
MEHTaX eKCIUTyaTalil MPUCTPOiB Ha IX OCHOBI.
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MATHEMATICAL MODELING OF THE WASTE WATER TREATMENT PROCESS
WHEN USING PAPER FILTER MATERIALS
Averyanov V., Shmatko D., Sasov A., Cherneta O.

Abstract
The application of filtering paper elements in special devices that ensure the maintenance of the
highest purity of the treated medium is limited to resource, durability, filtration, sorption and other
properties.
In connection with the need to ensure the highest purity of water in pharmaceutical and
electronic industries, as well as the possibility of using the filtering paper materials for cleaning the air
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at nuclear power plants; in filter-ventilating systems of refuges, medical establishments, operational,
production workshops (fermentation departments) of the food and pharmaceutical industries, etc.,
there is a need for a mathematical model, with the help of which it would be possible to establish the
compositional structure of the filtering paper materials, which would provide the samples with the
required properties needed in each particular situation.

The conducted researches and the developed mathematical models allow to determine the
performance of the filtration process from the flow of filtered water, the thickness and density of paper
filter materials, the input concentration of mechanical impurities. The proposed mathematical models
also allow you to determine the required technical characteristics of paper filter materials.

It was found that the samples with the highest density and the lowest thickness and the samples
with the lowest density and the highest thickness had a higher filtration and sorption capacity than the
samples with the average values of the density and thickness. This suggests that the filtering and
sorption characteristics are also influenced by the spatial arrangement of the fibrous sorbents in the
filtering paper materials filter layer, which may be related to the phenomenon of cellulose fiber
swelling in the wet state.

When selecting paper filter materials with the required set properties and their use, it is
necessary to take into account the influence of the swelling of the cellulose fibers on their production
characteristics, which should be reflected in the technological regulations for the operation of devices
based on them.
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