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METOJY MTPOTHO3YBAHHSI COPBEIIMHUX ITPOIIECIB 3
BUKOPUCTAHHAM ITPUPOHUX COPBEHTIB

Hetpymxka [.M., 1-p. TexH. Hayk, npodecop, ManboBanuii M.C., 1-p. TexH. HayK, npodecop,
STunmmH IO.I71., KaH/I. TeXH. HAYK., IOLEHT,
Herpymxa K.I., acnipant
HauionanbHuii yniBepcuret «JIbBiBChbKa MoJiTeXHiKAY,
IHcTUTYT ekoJIorii, IPUPOIOOXOPOHHOI AisVIBHOCTI Ta Typu3my iM. B. YopHoBoJa, M. JIbBiB.

Pospobnena mamemamuuna modenv mMacoodMinHo20 npoyecy aocopoOyii HA NPUKIaoi CUHMEMUYHUX
6apEHUKI6 NPUPOOHUMU OUCNEPCHUMU COPOEHMAaMU 3 GUKOPUCMAHHAM Meopii JOKAIbHOI  [30mponiuHol
mypoyaenmuocmi ma eenesoi mooeni. Ompumani emnipuyHi PIGHAHHA PO3PAXYHKY KOe@iyicHmie 6HYMpPiuHbol
ma 306HIUHbOL OUPY3ii

The mathematical model of adsorption mass transfer processes on the example of synthetic dyes natural
dispersed sorbents using the theory of local isotropic turbulence and gel model. The empirical equation calcula-
tion factors internal and external diffusion

Kmiouosi crnosa: aocopbenm, bapsnuk, Kinemuxa, ougy3sis.

1. Betyn

MOXJIMBICTh TIepen0aYnTH Ta PEryIIOBATH IHTEHCHUBHICTh COPOIIIMHUX MPOIIECIB A03BOJISE B 3HAYHINA Mipi
MiABAIINTY e(pEeKTUBHICTh BUKOPHCTAHHS COPOEHTIB, 30KpeMa B IPUPOIOOXOPOHHUX TEXHOJOTISX.

MojienoBaHHS MEXaHi3My CEJICKTUBHOI 31aTHOCTI IPUPOJTHHUX COPOCHTIB B CHCTEMI «piJMHA-TBepAa (azan
B OCHOBHOMY 3aJIeXaTh BiJI KIHETUKHM UX MpoleciB. SIKIO Yac UMKy aacopOuii € 3HaYHO MEHIIUM BiJ| Yacy
nmudy3ii B 4acTHHKAx aIcOpOEHTY, MPOOJIEMaTHYHUM CTAa€ BUKOPUCTAHHS BiIOMUX KiHETUYHHUX PIBHSHB a1copO-
11, sIKi OMUCYIOTH MPOIIEC 3 JOCTATHLO JOBI'MM 4acOM HAacHuYeHHS ascopOeHTy. OKpiM 1bOro, 3 OrJIsily Ha HeBe-
JIMKUH CTYIiHb HACWYEHHS a/ICOPOSHTY 3a KOPOTKHH 4ac, MU(Y3idHUI Omip B YaCTHHII MOXe OYTH HACTIJIbKU
MaJui, Mo HaWOiIbII 3HAYHUN OMIp CTBOPIOETHCS B 30BHINIHBOAM(DY3iiHIN obnacti. Lle cnpuunHse HeoOXin-
HICTh NPUUAHSTTS IO yBaru caMe bOro napaMeTpy B KIHETUYHHUX PiBHSIHHSIX.

ExcriryaraniiiHi BJ1acTHBOCTI HEOpraHiyHMX COpPOEHTIB B 3HAYHIN Mipi 3aJIe)KaTh HE TUIBKH Bill (GOpMH iX
KPHCTAJIIYHOI PELIiTKH, aye i popMU eeMEeHTapHOI YaCTUHKH, TPaHYJIOMETPHYHOrO CKIIaay Ta KoedilieHTy 3a-
TOBHEHHS 11op. JlociipKeHHs KIHETHKH COpOLiHHUX MpoIieciB 0a3yeThCsl HA CTaAISX, SKi PO3JALIEHI MiX COOOIO B
Yaci 1 mpocTopi.

[IpomucioBi ancopOIiiiHi MPOIECH MPOTIKAIOTh HAWYACTIIIE B aCOIiaIlisIX YaCTHHOK, PO3MIpPHU SKUX € KpaT-
HUMH KUTBKOM JiaMeTpaM 3epeH ajcopOeHTy. binblmicTh Teopii, sIki BAKOPHUCTOBYIOTHCS IJIs TOOYI0BU MaTeMa-
TUYHOI MOJIeNIi MacoOOMiHY Tpoliecy aacopOIii Ha 3epHi aJICOPOEHTY Ta BCTAHOBJICHHS MIBUAKOCTI a/ICOpOIIiii-
HOT'0 TIPOIIECY, JOMYCKAOTh, IO aJCcOpOIIis MPOXOAUTh Ha AOCTYIHIN I piTUHA TpaHuIll (a3 «piauHa — TBepae
Tizo». [ToBepxHs 1i€i rpanuii (a3 cKiIagaeThes K i3 30BHINIHBOI TOBEPXHI YACTHHKUA COPOCHTY, TaK 1 3 HOBEPX-
Hi Horo nop. KiHeTnuHa XapakTepucTHKa COpOEHTY OB’ si3aHa 3 MOPHUCTICTIO YaCTHHKHU aJcopOeHTy, a cymapHa
LIBHJKICTB MPOIIECY BU3HAYAETHCS MIBUAKICTIO JIMITYIOYOI cTaIil.

BukopucraHHs TpaaUI[IfHUX METOMIB PO3PaxyHKY HIBHIKOCTI MaCOOOMIHHUX IPOIECIB 1€ JOBrOTPHUBAIHI
Ta TPYAOMICTKHIA MPOLEC 3 JIOCTATHHO BEIUKOI MOXHOKOIO eKCIIepUMEHTY. TOMY BUKOPUCTaHHS HECTaHAApT-
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HUX MiJXO/IB AJIS IPOTHO3YBaHH MEXaHi3MY Ta KIHETUKU COPOLIHHUX MPOIECIB CTBOPIOE MOXKIIUBICTD e(heKTH-
BHIIIIOI0 BUKOPUCTAHHS COPOLIHHUX 3aTHOCTEH HE TUTBKU IITYYHHX ajle 1 MPUPOTHUX MiHEpaliB.

[IporHo3yBaHHs TPOIIECY KIHETHKH amcopOIlii MpsMUX OapBHUKIB 3 CTIYHHX BOJ JIO3BOJISIE BCTAHOBUTHU
LIBHIKICTh JOCSITHEHHS PIBHOBArk, MaKCUMaJbHY COpPOLIHY EMHICTh aJICOPOCHTY UIsl IEBHOTO CKJIAy PO3YH-
HY, ME€XaHi3M copOIiifHOrO MPOIIeCy Ta PO3paxyBaTh KoedimieHTH audy3ii MacOOOMIHHOTO MPOIIECY.

2. Meta podotu

Po3pobutn MaTeMaTHYHY MOJENIb BHYTPIIIHBbOIU]Y3iiiHOT KiHeTHKH aacopOIii Ha MPHUKIaAl CHHTETHYHHX
OapBHUKIB NPHUPOIHUMHU COpPOEHTAMHM 3 BHKOPHCTAHHSIM TeOpii JIOKAJIBHOI i30TPOMHOI TYypOYJIEHTHOCTI Ta
MeToy OOMeXeHOro o0’eMy Ha OCHOBI reJieBOi MOJIEN 3 METOK PO3PaxyHKY KOe]ili€HTiB BHYTPIIIHBOI Ta
30BHIIIHBOI JuDy3ii.

3. PesynbTaTH gocigKeHHs Ta IX TeopeTHYHA iHTepnpeTanis

Jlist BUBUEHHS KIHETUKHM cOpOLiT MpsMUX OapBHUKIB 3 CTIYHUX BOJ IMPUPOAHUMH COPOEHTaMU BHKOPHUCTO-
BYBaJI PEaKkTOp 3 MiIIIAJKOW. B peakTop momilasiv MpUroTOBJICHHH PO3YMH 3 KOHIIEHTpaliel OapBHHUKA —
10Mr/n. AHaii3 BCiX pO3YMHIB MPOBOAUBCS (POTOENEKTPOKOJIOPUMETPUYHIM MeTonoM. KoHeHTpanito copbaTa
y BCIX TOYKaX PO3YHHY 1 Oe3MocepeIHhO Ha MOBEPXHI COPOCHTY MPH TaHUX YHCIaX OOCPTIB JIOMATEBOI MillIaJIKH
npuiiMaiu NOCTIHHOM, TOOTO PO3risiaIn TUQY3i0 3 TOMNIALY 1/leadbHOro nepeMinryBanHs. [lanuii meron no-
3BOJISIE 3 BUCOKOIO TOYHICTIO BU3HAYHUTH TPAHCIIOPT MACH PEYOBHHH 3 PO3UMHY JI0 IOBEPXHi COPOEHTY MpH BiJ-
CYTHOCTI, 200 HE3HAYHOMY BILIHBI TU(Y31HHOr0 MOrPAaHHYHOrO IIapy Ha audysito [ 2].

Binomo, o rizpoguHaMivHi XapaKTepUCTUKU HE 3HAYHO BIUIMBAIOTh HA IHTEHCHUBHICTh BHYTPIIIHBOIU(]Y-
31MHUX MpoLECiB aJcopOlii, sKi IPOXOAATh MOPOBOMY HpoCTOpi ajacopbenty [6]. Hamu npoBezneHi TeopeTuyHi
pO3paxyHKH KoedillieHTa 3aIIOBHEHHS MIOP B MPUPOIHUX COPOCHTAX MpsIMUMU OapBHHKaMU (puc.1) B 3ajexHOC-
Ti BiJl 4nciia 00EPTiB MillIaAJIKK Ha OCHOBI PO3pPO0JIEHOI MaTEMAaTHYHOI MOJIENTi 3 BpaXyBaHHsIM e€(eKTUBHHX KOe-
¢imientiB BHyTpimHboOi audysii [3]. ['panymoMerpuuHuii ckiaj copOEHTIB Ta pO3MOALT MO (PaKLisX OJHAKO-
BHH.
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1-enaykonim; 2 —nanueopcokim; 3 — akmueo8anutl OEHMOHIM NPIMUMU OAPEHUKAMU 8IONOGIOHO:
A - anionnum wepsonum 8C; b — axmusnum anum 4KT

Puc. 1 — BiuiuB uncia o6epTiB Milmaaku Ha KoedillieHT 3aMI0BHEHHSsI MOP aicopOeHTa

3 npencraieHol rpadivHOl 3aJIeKHOCTI BUIHO, 110 MAKCUMAJIbHUN KOS(II[iEHT 3aTIOBHEHHS TIOp MPSMHUMHU
GapBHUKAMH 15l IPUPOJIHIX aJCOPOEHTIB A0CATaeThCs IpH n=>5 ¢

BcraHoBieHHST MexaHi3My KiHETUKH cOpOLii € CKIIaJHUM 3aBJIaHHSIM 1 BUMarae oOJIiKy BCIX YMHHUKIB, IO
BIUIMBAIOTH Ha IIBUJIKICTH MAaCOOOMiHY, 30KpeMa JiaMeTp 3epHa aJICOPOCHTY, MBHUIKOCTI MepeMilllyBaHHS 1 1HIIL
[onepenHbo BU3HAUCHUI ONTHMAIBHUN OE3MEPEPBHUI PEXXUM MEPEMIlyBaHHS TO3BOJISIE AOCATHYTH CTeIeHi
cop6ii 10 94 % npsiMux GapBHUKIB 3 CTIYHUX BOJ IPHUPOJAHUMH COpOEHTaMU (pHuc.2).
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1-enayxonim, 2 - nanuzopcokim,; 3 — akmueosanuti OeHmMoHim.

Puc. 2 — Kineruka cop6uii npssmux 0apBHMKIB (A - aHiOHHOr0 YepBoHOro 8C; b — akTHBHOr0 2J10r0
47KT) npuporHuMH cOpOeHTAMH

Ha ocHOBI rpagiuHix 3alie)XHOCTEH, pO3paxyHKOBUX e(pEeKTUBHHUX KoedilieHTiB BHYTpIilIHbOI audy3ii Ta
(opMH KIHETUYHUX KPUBHX MOXKHA CTBEPDKYBATH, IO IPOLEC 3 30BHIIIHBbOIM(]Y3iiiHOTO, ab0 3MilIaHoro,
MIePEXOUTh Y BHYTPIilIHbOMU(DY3iiHNUI, KUt XapakTepu3yeTbes yncinoM bio (Bi—o).

[Ipore HaniiiHi BigzoMocTi mpo MexaHi3m audy3ii gae MeTo] nepepuBaHHs ad0 Tak 3BaHOi "KiHETUYHOI Ia-
M'saTi" [ 1,2].

Ha puc. 3 npencraBiieHi KiHETU4HI KpUBi copOlLii OapBHUKIB Ha MPUKIAlI aKTHBOBAHOTO OEHTOHITY B J0-
cllijiax 3 MepepuBaHHAIM NepeMintyBaHHs yepe3 5 xB. TpuBaiicTio B 10 xB. (At=10xB). ['pagieHTH KOHIEHTpALT B
3€pHI a/IcCOpPOEHTY BUPIBHIOIOTHCS MPOTSITOM Yacy NMEepepHBaHHS KOHTAKTy copOeHTa i po3dumHy, TOOTO, KOJIH
nipoutec Au(y3ii CIOBUIBHIOETHCS. TOMY MicIisl BiTHOBJIEHHSI KOHTAKTY IIBUJIKICTH OOMIHY BUSIBIISIETHCS O1IBIIONO
B MOPIBHSHHI 3 MIBUKICTIO, KOTpa Oyia 10 mepepuBaHHs. TakuM YMHOM 3pOCTaHHS IIBUAKOCTI cOpOIii ciy-
KHUTh CTBEP/IKYIOUNM (PaKTOPOM BHYTPIHIHBOAU(DY31HHOTO IPOLIECY, 110 MiATBEPAKYETHCSIHA pUC. 3.
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Puc. 3 — Kinetuuni kpugBi copouii 6apBHukiB (A - anionnoro 4yepBonoro 8C; b — aktuBHoro ajioro 4KT)
AKTUBOBAHUM OCHTOHITOM NPH 3MiHHUX peKUMAaXx NepeMillyBaHHA

Jlis po3paxyHKy cTereHi JOCsTHeHHs afcopOuiiiHol piBHOBaru (F) BUKOPUCTOBYBAJIM MOJEIb T'elNeBOl JU-
¢y3il 3 00Me)eHOro 00’ €EMY B €JIEMEHTApHY YaCTHHKY aicopOeHTa Kynscroi gopmu [2].

=Dy, -t

Fel-.o ® (1)

ne: D,,— xoedimient audysii, m*/c;

t —gac copOrii, XB.;

R’ — paziyc 3epHa agcopOeHTy, M.

Heo0XiqHO BiA3HAYNTH, IIIO CTEIICHEBA 3AJICKHICTh YACTKOBO XapaKTepu3ye Kpurepi Oyp’e.
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D-t
FO = —2 (2)
R
[Tpu upoMy po3paxyHOK KoedillieHTa BHYTpILIHBOI Au(y3ii NPOBOAMBCS HA OCHOBI PO3pO0JIEHOI MaTema-
TU4HOI Mozeni [3], B sKill 7 mpeacTaBisie co00r0 Oe3po3MipHHIA Yac i € aHaroroM uncia dyp'e.

[eit yvac BU3HAYAETHCS:
k
D, *t, &, G

— en * *

R* l-¢, ps*q 3)

Je: t —vac cop6uii, ¢; Dy, — xoedinieHT BHYTpimHb0i qudy3ii, M7/c; R — paniyc yacTiuHKH, M;
P, — TYCTHHA TBEP/IOi IOPUCTOI (pasH, KI/M'; €, - TOPUCTICTh YACTHHKH.

D, =tga*2R2 . 0 . G
py 1=, ps*aqq @)
A B
pl p 07
08 06
05
06 04
04 A 03
0’2 e - ) w3 0,1
0 0
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]

1-enayxonim, 2 - nanueopcokim,; 3 — akmueosanui OeHmMoHim

Puc. 4 — KineTnuni kpusi copouii npsamux 0apBHHKIB (A - aHioHHOro YepBoHoro 8C; b — akTuBHOrO
asoro 47KT) npuponHuMu copéeHTaMu

XapakTep KIHETHYHUX KPUBHX Ha pHc.4 MiATBEPKYIOTh TOMIHYIOUAH MEXaHi3M BHYTPIIIHBOI qudy3ii mpu
azcopOIii MpssMuUX GapBHUKIB 3 CTIYHUX BOJI IIPUPOJAHUMH AUCTIEPCHUMHU COPOESHTaMHU.

Jl1s mporHo3yBaHHS 30BHINIHBOAM(Y31HHOrO MpOIleCy BUKOPHCTOBYBAIHM TEOPiIO JIOKAIBHOI 130TPOMiYHOT
TypOyJIEHTHOCTI

B [7] HaBomuThCSt MeTOMKA PO3PaXyHKY TEOPETHYHOro KoedilieHTa MacoBiiadi Ha MiICTaBi Teopii JoKa-
JIBHOT 130TPOIHOI TYpOYJIEHTHOCTI JJIsl anapartiB 3 MEXaHIYHUMH NPUCTPOSIMU JUTS BUTIAJKY PO3UYMHEHHS TBEp-
JIMX YaCTHHOK, PO3MIpHU SKHUX NEPEBUILYIOTh TOBUIMHY AU(Y31HHOrO MOPraHWYHOro Imapy. BixnoigHo g0 miel
Teopii koedilieHT MacoBignayi S, po3paxoByeThCA 3a 3aNexHICTIO [7]:

1 3

B, =0267-(cy-v)*-Sc * (5)

g . “ee
ne “0 — nMToMa eHepris AUCHIIALi;
Vv — KIHEeMaTHUYHA B'3KIiCTh PiMHU, M2/C;

D _ ypcno Imixra;
D — xoedimient mudysii GapsHIKa B po3umHi, M7/c.
KoeoginienT nudysii 3a0pyaHrka B po34yrHI BU3HAYAIM 32 3aJIexHICTIO Yinki i Yanra:

08 . T(x : M@OOM) (6)
0,6
H-v
ne: T — Temneparypa, K; x — o4aTkoBa KOHICHTPALis 3a0pyIHUKA Y BOIi, T/AM ; M 4, — MONEKYIAPHA Maca
BONIMU; [ — JOMHAMIYHUN KoeillieHT B’s3kocTi Boaw, Ila*c, v - o00’eMHa MOJEKyJsIpHA Maca 3a0pyaHHKA,

D,=74-1
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cM’/MOTb.
TakuM 4MHOM, OTPUMaHi 3aJEXKHOCTI JO3BOJISIOTH B ITOBHIM Mipi MPOrHO3YBaTH MEXaHi3M MacOOOMiHHOTO
npotecy copOIii 3a0pyIHHUKIB 3 CTIYHUX BOJ IIPUPOJAHIUMU COPOCHTAMMU. .
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HOBBIE NIOAXOAbI B OBJIACTU OYUCTKH NPOMBIIIJIEHHBIX
CTOYHBIX BO/I

Papguenxo H.JL c.H.c.
IncrutyT TexHiunoi Temnodizukn HAH Ykpainu (ITT®), m. Kuis

B cmamve npedcmasienvi pesyiomamol aumepamypro2o 0030pa HOGeUuux papabomox 6 ooiacmu ouuc-
MKU NPOMBIULIEHHBIX CIOYHBIX 800, A MAKJICE OCBEMIeHa NOCAeonss paspabomra 6 smou oonacmu Mucmumy-
ma mexnuueckou meniogusuxu HAHY — smo mexnonoeuss u obopyodosanue 015 be3peazenmHol HeUmpai3a-
Yuu KUCTbIX KOHOEHCAMO8 NPOOYKIMOE C2OPAHUSL NPUPOOHO20 2434 8 OMONUMENbHbIX U NPOMBIUIEHHBIX KOMETb-
HbIX.

The article presents the results of a literature review recent developments in the treatment of industrial
waste water, as well as the latest developments in the field the Institute of Engineering Thermophysics it is
technology and equipment for nonchemical neutralize acidic condensates of the combustion products gas in
heating and industrial boilers.

Kniouesvle cnosa: neiimpanuzayus, oKUCiumenbHbie NPOYECcsyl, YibmpazeyKo8as OYUCIKA, omoxamanu-
mudecKue npoyeccol, 030HUPOBANUE, ILEKMPOXUMUYECKUE NPOYECChl, (Peppamuas i nepcyibamnas O4UcmKd.

Bormpocy oudcTKE BOABI yaenseTcs Bce Oonbllice BHUMaHKe, Kak B YKpauHe, Tak U BO BceM mupe. B oco-
OEHHOCTH OCTPO CTOMT BOMPOC OYUCTKH CTOYHBIX BOJI OOPa3yIOIIUXCS B pe3yabTaTe pabOThl MpeANpHATHI Yep-
HOM MeTajuTypriuy, XMMUYECKOH, IEeUTINI03HO-0YMaXKHOM, MalmuHOCTpoeHus. Ha ceromusuiHuii 1eHs ocoboe
BHUMAaHHUE YJICSACTCS PA3BUTHIO HOBBIX HAIMPABICHUH B OYMCTKE M HEHTPATH3AIMU 3arPA3HEHHBIX IPOMBIIILICH-
HBIX CTOKOB. DTO CBSI3aHO C TEM, YTO NMPHUMECHSIEMbIC B HACTOAIICE BPEMs TPAJAUIIMOHHBIE METObI OYHCTKH ObI-
TOBBIX U MPOMBIINUICHHBIX CTOYHBIX BOJ YaCTO HE YIOBICTBOPSIOT YPOBHIO KauecTBa 0OpabOTKU U HE OTBEUYAIOT
COBPEMEHHBIM JKOIIOrHYeckuM TpeboBaHusM. Cpemd MPOrPECCUBHBIX HAMpaBICHHH HEOOXOMHUMO BBIICIHTH
TEXHOJIOTHM OCHOBAaHHBIC Ha OKUCIUTENBHBIX mporeccax (AOP — anri. Advanced oxidation process). K uHum
OTHOCST PsiZi METOMIOB, B YACTHOCTH, IIA3MEHHBIH, MOKPOE OKHCIICHHE, OKUCICHHE B CYNIEPKPUTHIECKOH BOJIE,
(boToKaTaTUTHIECKHE MPOIECCH], 030HUPOBAHKE, BAPHUAHTHI Mpoiiecca MEHTOHA, AIICKTPOXHUMHUUYECKHE METOIbI,
Meroa 00paboTku (eppatamu u niepcynbharamu. Cpe MEepCIeKTUBHBIX HAPABICHHUI TaKKe CIIeMyeT Bbiie-
JIUTh METOJI MATHUTHOM 04ucTKH. KpoMme mepednclieHHbIX METOMOB OYHMCTKH B TIOCITEHEES BPEMsI MPOBOISITCS
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