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IMocraHoBka mpodaeMu. 3aBmaHHsA 30epeKEHHS BOJOHKEpEN 1 BOMO3a0E3NEUYCHHS CTa€ OIHUM 3
HaWaKTyaJbHIMMX A YCIX KpaiH Ta KOHTHHEHTIB. Y NONEpeqHi POKM CHCTEMa TOCIOJapIOBaHHS HE CHpHsUIa
PO3BUTKY poOIT B 007acTi OYMIICHHS HPOMHUCIOBUX CTOKIB, TOMY BOJOWMMINA Hamol KpaiHM MOCTYIOBO
HacH4yBaJIUCh BCIMa BUJaMU 3a0pyaHeHb. binbut Toro, npibHOMacIuTaOHi 00'€KTH B3araji He MaJld OYMCHUX CIOpPY .
B pesyunbTati Bigxoau OTpYIOBAIM HE TIJIBKM MOBEPXHEBI, aje i Mmij3eMHi BO/AHM, i TOMY 3a0e3NeUeHHs] HACEICHHS
BOJIOIO, MIPUIATHOIO JUIS CIIO’KUBAHHS, CTA€ aKTyalIbHUM Yy BCIX perioHax.

3arajabpHOBIIOMO, 1110 OYHUILEHHS IPOMHUCIIOBUX CTIYHHUX BOJI — 116 KOMIUIEKC METO/IB. SIKiCHE OUYMIIIEHHS HE MOXKHA
peaizyBaty 0e3 MOCIi0BHOT 0OpOOKHM CTIYHMX BOJ KUTbKOMa MeTogaMu. SIK Toka3aB Halll aHalli3, a TaKoXK aHalli3
nmpoBimHUX (axiBmiB 1i€i ramy3i YKpaiHW I OYMIICHHsI CTIYHUX BOJ Tpolec HeWTpawmizamii € mayxe
PO3MOBCIODKEHUM 1 TOMY HayKOBII TIPUAUISIOTH TaHOMY TIPOIECY 3HAUHY YBary.

CratnyHa XapakTepUCTHKA TPOIeCY HeHTpamizarlii CTIYHHUX BOJ - 1€ 3aJEKHICTh BeNMWIMHH pH Bim 103U
peareHTy y CTaJoMy PeKuMi i Mpu aBTOMAaTH3aIlii IPOIIeCy Ma€ BayKIMBE 3HaUYeHH. Ha OCHOBI 1i€i XapaKTepUCTHKH
BU3HAYAETHCS MapajurMa KepyBaHHS MPOLIECOM Ta OOIPYHTOBYETHCS CTPYKTYPHO-IIApAMETPHYHA CXeMa CHCTEMH
KEepyBaHHs, BKJIIOYAIOYM 3BOPOTHHII 3B'30K Ta CTPYKTYpPY 3BOPOTHOTO 3B’S3Ky. TakoX, B TEXHOJOTTYHHX
poO3paxyHKax 3a JOIOMOIOI0 CTATHYHOI XapaKTEePUCTUKH LIbOTO MPOLIECY MOXKHA MPAaBWIBHO BU3HAYUTH CyMapHy
JIO3y pearcHTa, sika NoTpiOHa JuIs HeWTpami3alii crivHux Box [1].

Jlyist po30aBiIeHUX PO3YMHIB CHIIBHUX KHCJIOT Ta JIYTiB 3HaYeHHs pH 1OB'sI3aHe 3 iX KOHIEHTpaLi€lo, a OTXKe, 13
HEOOXIiTHOIO Il HeWTpasi3alii 103010 peareHTy, OJHO3HAYHOIO 3AJICKHICTIO. Y LbOMY BHIIAJIKy BeJIH4YMHA pH €
IIJTKOM JTOCTOBIPHUM TMapaMeTpoM KepyBaHHs IpoliecoM HehTparmizamii. OgHak Mpu HASBHOCTI B CTIYHHX BOJAX
ORI HIXK OJHOTO 3a0pyAHIOBAYa, HAMPHUKIAA, CIpYaHOKHUCIIOTO 3alli3a B CYMIllli 3 CHJIBHOIO KHCIOTOIO, IMPOIIEC
HeHTpaizamii Mae AUITHKY, KOJIM 3Ha4eHHsI pH TPaKTHYHO HE 3MIHIOETHCS TIPH JI0/IaBaHHI peareHTy. B ocTaHHbOMY
BHITAJKy TPAJMIiHHI aBTOMATHYHI CUCTEMH 3 SKICHUM PETYJIOBaHHIM pH HE CHpaBISAIOTHCA. Y 3B’S3KY i3 IUM,
BU3HAYCHHSI KEPYIOYOT0 BIUIMBY MAa€ BECTUCS HA OCHOBI OUIBII TOYHMX MAaTEeMAaTHYHHX MOJENCH aHAaNITHYHOIO
xapaktepy. Po3po0iri Takoi Mozeli i mprucBsdeHa mpecTaBiIeHa poOoTa.

Anauni3 nmonepenaHix mocaimxens. Hapasi, koMOiHOBaHI CHCTEMH KEpyBaHHs 3 JIO3YBaHHSAM IIPOHOPLIHHO
€JICKTPONPOBITHOCTI, OyJIM 3aKiIaeH] B MONepeHI NIPOEKTH 1 BIPOBAKEHI Ha HU3LI METH3HUX 3aBoJiB. [IpakTuka
eKCILTyaTallii maTBepauia Ha{iiiHICTh pOOOTH TAKNX CUCTEM KEPyBaHH: Ha CTIYHUX BOJAX 3 KOPEJILOBAHUM BMICTOM
H>SO4 1 FeSO4 1 Ha crivHMX BOAax 3 ManuMm BMicToM 3amiza. OJHAK, OCHOBHUM HEIOJIIKOM MPOMOPIIHHOTO
JI03yBaHHS € ICTOTHE HEJIOOYHICHHS CTIYHMX BOJ 3 HU3bKMM BMICTOM KHCJIOTH 1 BUCOKMM BMICTOM 3aji3a. J{is mux
CTIYHHMX BOJIaX CHMIHAJA, IPOIOPLIHHOIO IOKa3HUKaM KOHIYKTOMETpa, «HE BHCTA4ae» sl BUBEJICHHS CHCTEMH
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KepyBaHHS B 30HY HEeWTpastizarii. PileHHsIM TaKOTO MPOTHUPITUsT MOXe OYTH BKIIFOUCHHS B KaHAI PETYIIIOBAHHS IO
eneKTponpoBigHOCTi (X ) PYHKIIIOHAIFHOTO MEpeTBOPIOBAYa, IMI0 3a0e3meduye MakopaHTHE J03yBaHHA [2], TOOTO
YCTaHOBKY J103aTOpa II0 CHUTHAITY KOHAYKTOMETpa B IMOJOXCHHS, IO BIAMOBINAE MAKCHUMAIBHOMY O, KU
MOJKJIMBHH TP LIEOMY X:

0y =155y o y<1,8

0y =28+32(x—1,8) muay =18

TakuMm 4MHOM, 332 CUTHAJIOM KOHIYKTOMETpa J103aTOp 3aBXKAU O BUXOIUB B PEKUM IIEPEBUTPATH PEArcHTY,
a MaHEBPEHUH BHXIiJl 3 [bOTO PEXHMMY B PEXHMM TOYHOI HeWTpauizauii 3abe3neuns 6u pH-meTp. Y npoMy BUIaaKy
KaHaJl peryJIloBaHHs 110 pH npautoe y JiHiiiHOMY pexxiMi. [Ipockoku BaliHa 3aKOHOMIPHO HAapOCTAIOTh 1 10CATalOTh
Ha CTIYHHMX BOJAaX 3 HU3bKMM BMICTOM 3aii3a 3HaueHHs 900 mr/m. Anami3 cuctem, mo OyJjH 3ampOlOHOBAHI IS
KepyBaHHS JaHUM mporiecoM [3,4], 0O3BOJIIE CTBEPIKYBATH, IO MaKOPAHTHE JIO3YBaHHS 3a JOMOMOTOIO
(YHKIIOHATIFHOTO TIEPETBOPIOBaya B KaHaJ X - O, TapaHTye 3B'I3yBaHHSA 3aJi3a Y BCiX €KCIUTyaTalliifHIX peXnMax,
ajyie IPU3BOANTH 10 3HAYHOTO IIPOCKAKyBaHHS BaITHA.

Tomy Hamm OyJi0 TOCTaBJICHE 3aBJAHHSI PO3POOKM MaTeMaTHYHOI MOJENI A BU3HAYEHHS CyMapHOI J03U
peareHty, ska HeoOXilHa JUIsl TIOBHOTO 3HENIKO/KEHHS CIPYaHOKHCIMX 3aJli30BMICHHX CTIYHHX BOJ Ha BCHOMY
JiamazoHi PEeKMMHUX TapaMeTpiB. Y TOJNANBIIOMY TakKa MOJENb MOXe OyTH BHUKOPHCTAaHA JUIsl aJfOpUTMa B
CyIepBi30pHOMY KepyBaHHI IporiecoM B paMkax ¢yHkiionyBanas ACK TII ounmenns [5]. I1pu Takomy kepyBaHHI
CTa€ MOXIJIMBUM POOMTH IIEpEHANIAILTYBaHHS [TapaMEeTPiB PETYJISITOPIB PU 3MiHI Jiaria30HiB 3a0py THEHHS, 110 1acTh
MOKpAILIeHHs SIKOCTI peryitoBaHHs (I SIK HACJiZOK OYMIIEHHS CTIYHHX BOJ) 32 DPaXyHOK CKOPOYEHHS dYacy
peryJroBaHHs i 3SMEHIICHHS BiAXUICHHS pH Bix 3a1aHOTO 3HAYCHHSL.

MeTo10 CTaTTi € NpEICTaBICHHS MaTeMaTHYHOI MOJEl CTAaTHKHM Ipoleca HelTpamizauii cipyaHOKHCINX
3aJI30BMICHUX CTIYHUX BOJ JUISl TEXHOJIOTIYHOTO PIiBHS KEpPYyBaHHS Cy4YacHUM IiJIPUEMCTBOM MAaJIOBIIXOIHOT
TEXHOJIOT11.

Buxyiax ocHoBHOro matepiaiay. OCHOBOIO TEXHOJIOTIYHOTO TIpOIeCy HeWTpamizamii CipuyaHOKHCINX
3aJTI30BMICHHUX CTIYHHX BOJI € peaKilii B3a€MO/Iii BaliHa 3 KUCJIOTOIO (3 YTBOPEHHSIM BOJIH Ta TINCY) i CyIb(haToM 3aiza
(3 yTBOpPEHHSIM TiZIPOOKHCY 3ajli3a Ta TiIcy).

H,80, + Ca(OH), = CaSO, + 2H,0
FeSO, + Ca(OH), = CaSO, + Fe(OH),

HetiTpamnizaiisi CTI4HUX BOJ MMPOXOAUTH Y JBi cTadii. BpaxoByroun cHiIbHI KOJMBaHHS KOHIIEHTPAIllT KHCIIOTH
1 CIpYAHOKHUCIIOTO 3aJ1i3a HA BXOJi TEXHOJIOTIYHOT CUCTEMH, HEOOXiTHO TOYHO BU3HAYATH MOTPiIOHY 703y PEarcHTy 3
THM, 100 Ha BXOJ HACTYITHOTO amapaTa TEXHOJOTIYHOI CXEMH — 3MilllyBadya, BCTAHOBUTH TaKy BeNWYHHY pH, sika
3abe3neuyBaia O ONTHMabHI YMOBHU OCBITICHHSI CTIYHOI BOJIH.
[lpu MonenroBaHHI MPOIECIB 3HCIIKOMKCHHS CIPYAHOKHCIHMX 3aTi30BMICHHX CTIYHUX BOJ 3pOOJCHI
HACTYIIHI MPUITYIICHHS:

1) Ipy HeWTpasti3alii cipyanoi KMCIOTH Tiponi3 ionis Fe** mpurHiuennii;
2) MIpU TUTPYBaHHI 17 CipYaHOKHUCIMX 3ai30BMICHUX CTIiYHMX BOJl 3MiHa 00'€My NpPaKTHYHO HE
BiIOYBA€THCH.
pHA
141

0 >
V (M)

Puc. 1 — [IpuHOMNOBI eTaNM 3HEMIKOAKEHHS CIPYAHOKUCIUX 3aTi30BMICHUX CTIYHUX BOJ
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3a BH3HAYCHHAM, BCIIMUWHA pH OOYHCITIOETHCS HAaCTYITHUM YWHOM !

pH=—lga .,

II€ ag+- AKTHBHICTH 10HIB BOJIHIO.
Ji1st 10HIB y BoAi 1 po30aBiIeHUX PO3YHMHIB BUKOPHUCTOBYIOTh KOHIIGHTPAIIii 3aMiCTh aKTUBHOCTEH, OCKIJTbKH

. . . 0) n
B cniBBinnowenni pH , =—-IgCy¥ ,  f-Cf =a
Koediuient f npubmusno piBauid 1. TakuM 4MHOM KOOPIUHATU TOYKH A BU3HAYAIOTHCS K
%)
pH, =—-IgC’, i Va=0
ne Ci P -MoJsipHa KOHIICHTpAIlisl €KBIBAJICHTIB CipuaHOT KUCIOTH.
J11st KOKHOT TOUKHM HEpIIoi AUISHKY HeHTpanisauii pH BUZHAYNTHCS 3aJIMIIKOBOIO KIJIBKICTIO CipUaHOT KMCIIOTH.

3BaXkalouM Ha Jpyre JOINYLICHHS, Ha IIJICTAaBI 3aKOHY EKBIBAJICHTIB 3aJIMIIKOBA KUIBKICTb CIpYaHOi KHCIIOTH
3aIMIIETHCS TAKUM YNHOM:

— P op I
Csa/z - C] - C3 Ve,
a BeNMYrHa pH BU3HAYUTHCS 13 CITIBBIIHOIICHHS
I _ op op 171
pH; =—1g(C/" =G5 -V7),

I . . .
e 0 <V <Vy,C{¥ - MonspHa KOHLEHTpALlisl EKBIBAICHTIB PEAreHTy.

V Toumi B Bcs KUCIIOTa TpopearyBania i pH BU3HAYAETHCS TUTLKA HASBHICTIO CIpYaHOKHUCIIOTO 3aji3a, sKe
MIOYUHAE B el Yac ocimatu. MoJisipHa KOHIICHTPAIlis CipYaHOKHCIIOTO 3aji3a, siKa MoTpiOHa A BUPa3y KOHCTAaHTH

op
JIOOYTKY PO3YHUHHOCTI Z[OpiBHIOC? . 3a BU3HAYCHHAM [6] BenmmuuHA HOOYTKY PO3YMHHOCTI TiIPOOKHUCY 3aji3a

JTOPIBHIOE
2
Jap=[Fe |[oH] .
Toni Bennunna pOH na nouarok ocapkenns Fe(OH)> ipu Binomiii konnentpauii Fe’” , Oye n0piBHIOBaTH

pOH =-lg ]ﬂP ;

Lo
2 2

a BenmuuHa pH B Toulli B, BpaxoBytoun criBBinHOMEHHs pH + pOH = 14 nipuiime BUTIIAL
AP )
1
P
~C
2
Bennuuna 00'eMy THTpaHTY, HEOOXiTHOTO JUIs NOCATHEHHS TOYKH B , Ha MiJICTaBi 3aKOHY CKBIBaJICHTIB 1
3p00JICHOTO APYTOro MPUIYIICHHS BU3HAYUTHCS 3 HACTYITHOTO BUpa3y:
op
op
G
Ha npyrili minsHmi 3HEIKOKEHHA BimOyBaeThes ocamkeHHs Fe(OH); i xoHuenrtpamis Fe’® Bech uac
3MEHIIYEThCS. 3IHUITKOBA KUIBKICTh T1IPOOKUCY 3ajli3a Ha IMiJICTaBi 3aKOHY €KBiBaJCHTIB BUSHAYUTHCS SIK PI3HHUIIS

pHp =14-(-lg

(M

B

0 U o
Y —C?p -V;" , a BenmuuHa pOH BU3HAYHUTHCS 3 HACTYIIHOTO CITiBBiJIHONICHHS:

| ap

pOH" =-lg |-
[
Toni BemuunHa pH 00YUCTIOBATUMETHCS 32 (POpMYIIOF0:
pH=14—(—l] AP ).
Tt -cr

17
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VY touni C oca/pKeHHs TiIPOOKUCY 3ajli3a 3aKiHYCHE 1 3aJMIIKOBA KOHIICHTpAIIiS 3ajli3a MpUHMAEThCs PiBHIH
KOHLIEHTpanii Fe’* B HacHueHOMY BOJHOMY PO3YHMHI TiPOOKHCY 3aIli3a, IKy MOKHA PO3PaXOBYBATH i3 3aJI€KHOCTI,

3aMponoOHOBaHOI B po0OTI [6]:
/ Py, - A
PKta .Anb = a+h ﬂ o b =
a®-b

Taxum unHOM Fe’’ BM3HAUMMO 3 BUPa3y:
':Fez+:| :3/ﬂP '
4

Orxe, BenmuunHa pOH BU3HAYUTHCS SIK:

P
pOH =-lg ll; ,
3— P
3 411
a 3HaueHHs pH B Touni C Oyne MOpiBHIOBATH:
JIP

pH, =14—-(-Ig )

1
3= P
\/ 4
KinbkicTh TUTpaHTY, HEOOXiHE JUIsl TOCSTHEHHS Touky C MOXKHA OOYHMCIIMTH 3 PiBHSHHS aHAJIOTi4HO Bupasy (1)
JUTSL OJTHOTO JIITPA CTIYHOI BOJH:
op
1 _ G
C = _op
P
G
Ha npinstani CD Benunuunna pH moctiiiHa, a MOTiM MOHOTOHHO 3poctatume. /i gocsrueHHs Touku D HeoOXinHa

HACTYITHA KiIbKICTh TUTPAHTY:
10 pH-14

op
G
Ha wiif ginsHIi BennyuHa pH BU3HAYAETHCS HAJAMIPHOIO KUTBKICTIO JIyTY:

1

Vg)ikc —

3aranpHa KiJTbKiCTh TUTPAHTY, IO HEOOXITHO ISl 3HEITKOKESHHS CIPYaHOKUCINX 3aJII30BMICHHX CTIYHHX BOJ
BU3HAYA€ThCS SIK CyMa: Vg, = Vg + AV + AV

Takum YMHOM, MAaTEMAaTUYHA MOECJIb CTATUKH JAHOT'O IIPOLECCY 3AITMIICTHECA HACTYITHOIO CUCTEMOIO piBHﬂHBZ

_lgcj()p onaV =0
~Ig(C* —C¥.V}) o0 <V <Vy
co
14— (~Ig | IP10,5C2") aﬂ,,V:VB;VB:C_IOP
pH = ’
14— (—Ig\[JIP10,5(C¥ —C¥ -17)) onaVy <V <V,
ey et c
14—(-lg ﬂP/?lO,Z.SﬂP) ()MV:VC;VC:C_f)p
3
14— (~1gC¥ V) onsaV >V,

TeopernuHi pe3ynbTaTd JOCHIIPKCHHS BHKOPHCTOBYIOTHCSI NPH PO3PaxXyHKY CyMapHOi J03M peareHry, IO
HeoOXinHa JuIs HeWTpamizamii CipYaHOKMCIMX 3ali30BMICHHX CTIYHMX BOJ. B mojambmiomy X pe3ysbTaTé
MaTeMaTUYHOT'0 MOJICIIIOBaHHs Oy lyTh BUKOPHCTaHHI JUIsl yCi€l IpoLelypH alrOpUTMy PEryitoBaHHs pH.
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CyMapHwmii CUTHaJl KEPYBaHHS 3 KOHTYPIB PETYIIOBaHHS 1O 30ypeHHIO 1 BiIXWJIECHHIO 3a0e3ledye acTaTU3M
CHUCTEMH KepyBaHHSL:

0, =0 0t 0 1,

IIpu HeonTHMaNEHOMY KEpYBaHHI JO3aTOPOM IO KaHAIy €JICKTPOIPOBITHOCTI X KaHAN perynitoBaHHs mo pH
MIOBUHEH B35TH Ha ce0e TakoX 1 PyHKILIT «TOTSATyBaHHSD) 03aTOPa 10 TOUYKK HEHTpai3ailii.

Bupimryroun 3agady po3B’si3yBaHOCTI ONTHMAJIBHOTO MOMEPEIKYBAIBHOTO NO3YBaHHsI, HEOOXIIHO MeperyciM
OIIHUTH 1H(QOPMAIIiHI MOMJIMBOCTI KaHaTy pPETYNIOBAaHHSA TIO eleKTporpoBimHocTi. [lupokuit KomIUIeKC
€KCIIEPUMEHTIB 110 BUSBICHHIO 3aJIKHOCTI 3araJlbHOT €JIeKTPOIPOBITHOCTI CIpYaHOKHCHUX 3JII30BMICHUX CTIdHHX
BOJI BiI KOHIICHTpAIIi KOMITOHEHTIB 3 MMOXUOKOI0, 110 He mepeBuinye 5% y aianazoni Cx = 0/2 mr/n i C; = 0/10 mr/m,
MOXKHA y3araJlbHUTH HACTYITHOIO aHATIITHYIHOIO 3aJIekHicTIO [3]:

1=25+Cyr(3,8-0,7C,)+0,45C;

ne: x-BOmlem'; Cy, C;—BI/n
Hasuuii curnan x (Csy) (B indopmaniiiHoMy IU1aHi BayKHA TUIBKHM HOT0 3MiHHA CKJIaI0Ba) Ta PErYJIIOI0YNI BILIHB
3,2(Cyx), O TIOTPiOHMIT IS HEHTpaTi3alii CTIYHHX BOM, yTBOPIOIOTH CUCTEMY JBOX PiBHSHB Bifl IBOX 3MiHHHX:
X(Cr,C3)=Cr(3,8-0,7Cx)+0,45C; 2)

8 =0,75C, +0,49C, 3)

V momrykax 3aco0iB BACOKOTOYHOTO BHBEJIEHHS J03aTOPa B OKOJHIFO TOYKHA HEHUTpastizamii mpecTaBIIIe€ThCS
MIEPCTIEKTUBHUM HACTYIMHUH MUIIX. HeBaxko mo6avnTH, M0 CIILHAM PIillIeHHSM PiBHAHB (2) i (3) MOXHA TIepeiTH
IO 3aJIKHOCTI:

8y =1,09%,—3,39C4 +0,76C;

Tob6ro mst popmyBaHHS MOTPIOHOI 11l HEWTpasti3awii 103M peareHTy AOoCcHTh MaTH iHpopmauito npo X i Ck
(3BUYAHO Ha KiJBKICTh JTO3M PEarcHTy BIUIMBAE TAKOXK 1 BUTPATa CTIYHUX BOJ HA BXOJI peaKkTopa Ta KOHICHTpAIlis
peareHry).

CTpyKTypHO-TIapaMeTpHUYHa CXeMa Takoi KOMOIHOBaHOI CHCTEMH KepyBaHHS TIPOIECOM HeWTpamizarii
CIpYaHOKHCIIMX 3aJ1i30BMICHUX CTIYHUX BOJ HaBeJeHA HA PUC. 2.

M- prymmop2 =
Ml - perymrop 1
5
f
Puc. 2 — CTpyKTypHO-nIapaMeTpU4YHA cXeMa CHCTEeMH KepyBaHHS MpouecoM HedTpatizamii

cipyaHOKMCJINX 321i30BMiCHUX CTiYHUX BOJ
1- BUTpaToMip CTIYHOI BOAM Ha BXOJIi B PEAKTOP 7- KianaH BUKOHABYOTO MEXaHI3MY
2- pH-Metp Ha BXOJIi B pEaKTop 8- peaxTop
3- KOHAYKTOMETp Ha BXOJli B peaKkTop 9- pH-metp Ha BHXOII 3 peakopa
4- naTYWK KOHIICHTpAIlil pearcHra 10- III-perynsTop 2 10 BiIXHICHHIO
5- Il-perynsitop 1 mo 30ypeHHio 11- cepBomnpusin
6- nosatop 12- 3amaBau
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OTmxe, onTIMaTbHE KePyBaHHS 103aTOPOM MOXe OyTH OpraHi30BaHO 32 CHTHAJIAMU 3 11 SITH JIATYMKIB: BUTPATH CTIIHNX
BOJI, €JIeKTponpoBiaHOCTi, pH (Ha BXOZI 1 BUXOi 3 peakTopa) Ta KOHIIEHTpaIlii peareHTa (SIKIIO BOHA 3MiHIOETHCS).

BucHoBkH. 3ampomnoHOBaHA MaTEMaTHYHA MOJEIb CTATHKW MPOIECY HEHTpamizamii  Cip4aHOKHCIIHX
3ai30BMICHUX CTIYHUX BOJ JO3BOJIWJIA PO3POOHUTH CTPYKTYPHO-IAPAMETPUYHY CXEMYy CHUCTEMHU KEpyBaHHS
MIPOLIECOM 1 MEpelTH 10 pO3pOOKH aNropUTMIYHOTO 3a0e3MeYeHHs] CUCTEMH KepyBaHHS. BIpOBajKeHHS CHCTEMH
KepyBaHHS JaHUM IPOIIECOM JJO3BOJIUTh BUKOHYBATH:

a) Oe3yNMUHHY MIEPEBiPKY BIAMOBIAHOCTI HIOTOYHOTO 3HAYCHHS ITApaMETPa OUYHIICHHS PErJIaMEHTHOMY 1 HeraiHy
peakiiio oneparopa Npyu BUHUKHEHHI HEBIIIOBITHOCTEH;

0) inpopmyBaTH oreparopa MpO BUPOOHUUY CHTYaIlil0 Ha 00'€KTI KEpyBaHHS B MOMEHT HEMONAIKH (IIPH
3JIMOBUX BUKHJIaX CTIYHUX BOJ);

1) 0OYHMCITIOBATH TI0 BHKJIMKY OIEpaTopa NesKi MOKa3HUKH TPOIeCy, SKi He MiAnalThes 0e3mocepeTHboMy
BHMIpPY 1 XapaKTepU3YIOTh SKICTh MPOIECY OUHIICHHS.

IMepcnekTHBY MOAAJBIIUX AOCHIIKeHb. BpaxoBytounm crnernudiky poOOTH OYHUCHHUX CIOPYI, KepyBaHHSI
TUTIOBUMHU MPOIECAMHU OUHIIICHHS TONUIBHO PEalli30BYBaTH B CYNEPBI30PHOMY PEKUMI, TIPU SKOMY KEPYIOUHI BILTHB
HA BUKOHABYI MEXaHi3Mu Oyie 3[iICHIOBATUCS Yepe3 CUCTEMHU aBTOMATHYHOTO PETyIIFOBaHHS. BH3HAYCHHS K HOTO
KEepYHUOro BILTUBY OyJie mpooauTucs Ha MikpoEOM, sika QyHKIIIOHY€ B paMKaX pO3MOiICHO CHCTEMHU KePYBaHHSI.
MareMaTiyHa MOJEINb, IO MPEACTaBICHA y JaHii poOOTI, MOXKE BHKOPHCTOBYBATHCS SIK CKJIAJI0BAa alrOpUTMa
KepyBaHHs NPOLIECOM Y PO3MOJIUICHIH CUCTEMI KepyBaHHs IpOLEecaMy BOA030€peKeHHs Cy4acHOTo IiIpHEMCTBA.
Opnieto 3 ocobnuBocteid PCK € TepuropiaibHUI poO3NOJiT MIKPOKOMIT FOTEPIB 32 PaXyHOK 4Oro 3IiHCHIOETHCS
HaOJKeHHS 3aco0iB 00poOku iHopmarii 1o iX mKepes i CoXuBadiB, TOOTO B JaHOMY BWITAIKy JO THIIOBUX
MIPOIIECiB OUMIICHHS.

B sxocti koopaunytoduoi EOM MoXe BHKOPHCTOBYBATHCS MiHi-KOMI'IoTep. BiH Mae 3mificHIoBaTH
B3a€MO3B’SI30K  OKPEMHUX YaCTHH IMPOLECIB OUYHUIICHHS, ONTUMAaJbHE KEPyBaHHS LUMH MPOLIECAMH B IIJIOMY,
BTpPYyYaTHCS B KepyBaHHS NMPH BHHUKHEHHI TNepenaBapiiHuX Ta aBapidHuX cutyamnid. Kpim Toro, Ha HbOTO Oyie
MOKJIaieHo (YHKIT KOHTPOJIO 32 MIKPDOKOMIT'IOTEpaMHU, a TaKOX IMiATOTOBKH, 30€peKEHHS 1 IiIHKUBICHHSI
nporpamamu MikpoEOM. I1pu BizmoBi MikpoEOM koopaunytoua EOM mooxe B3sTH Ha cebe YacTHHY Horo yHKIiH.
Ie Mae miIBUIYBaTH KUBYYiCTh CHCTEMH B I[LIIOMY.

Po3pobky PCK mounHaroTh 3 BU3HAYCHHS MEPEXKEBOi CTPYKTYPHU. 3 LIEI0 METOI0 HEOOXiIHO MPOBECTH aHali3
CHCTEMH 3B’ SI3KiB MIKPOKOMII FOTEPIB 3 TUIIOBUMHU MPOLICCAMH OYUILCHHSI CTIYHUX BOJI. B momanbiioMy MarTh OyTH
pO3pOOJICHI aNrOpUTMIYHE Ta MPOrpamMHE 3a0E3MCYCHHS CHCTCMH KEpyBaHHS IHIIUMHU THUIIOBUMH MpPOIECAMU
OYHIIEHHSI, IO HE OYJIH PO3TISTHYTI Y MPOBEACHOMY JTOCIiKESHHI.
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Anatolii Zhuchenko, Ruslan Osipa, Liudmyla Osipa, Dmytro Kovaliuk

STATICS SIMULATION OF THE SULPHATE [IRON-CONTAINING WASTEWATER
NEUTRALIZATION PROCESS

At the present stage of technical progress, all industries face an extremely complex problem of creating reliable
barriers that prevent the penetration of industrial emissions into the environment. Currently, the issues of stabilizing
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the quality of wastewater treatment have become especially important in connection with the task of developing
wastewater-free industrial complexes. Among the complex scientific and technical problems associated with this task,
the problem of stable and reliable maintenance of water quality parameters at the outlet of technological systems is
crucial, as leakage of pollutants immediately affects the state of basic production, disrupting its technology and
infecting ecosystems.

The focus of industry on a sharp reduction in emissions and on the creation of industrial cycles with circulating water
supply requires intensive efforts to improve the wastewater treatment technology, the introduction of high-
performance processes and devices, as well as the synthesis of control systems for typical wastewater treatment
processes.

For the performance of automated control systems for typical cleaning processes, it is necessary to develop a software
package on the basis of appropriate mathematical models of typical processes. To obtain them, methods of
mathematical and simulation modeling and variance analysis were used.

In order to assess the quality of modeling, the presented mathematical model describing the statics of the
neutralization process for ferrous sulfate water was tested for compliance. To do this, two experiments were
performed (the first at an initial concentration of sulfuric acid of 800 [mg/l] and ferrous sulfate of 4000 [mg/l] and
the second at an initial concentration of sulfuric acid of 800 [mg/l] and ferrous sulfate of 2000 [mg/l]). First of all, a
precondition for the reproducibility of experimental results was verified using the Cochrane test. The mathematical
model was verified for adequacy on the basis of Fisher's criterion for the significance level g = 0.05 with degrees of
freedom j1 = 16 and j2 = 17.

For the first experiment, Grozr = 0.50557 and Guap = 0.73; i.e., Grozr < Guap and dispersions are homogeneous. Fro:
= 1.0225 and Fnap = 2.4 and thus Frozr < Fua, and there is no reason to say that the model is inadequate.

For the second experiment, Grozr = 0.50308 and Guar = 0.73; i.e., Grozr < Gmap and dispersions are also homogeneous.
Frozr = 1.0005 and Fuap = 2.4 and thus Froz < Fuap, which also indicates that the model is adequate.

The issue related to the performance of technological systems for wastewater treatment in non-stationary modes is
directly dictated by the specific operating conditions of treatment facilities, which are expressed by the instability of
parameters at their inlet. The inability to apply the necessary technological action to the flow in time is a serious
obstacle to the implementation of the cleaning depth, which is guaranteed by the physicochemical basis of the methods
incorporated in technological systems and requiring cleaning standards. The operator cannot handle this complex
task manually. On the basis of the proposed mathematical model, a structural-parametric diagram of the automated
process control system has been developed, which makes it possible to proceed to the elaboration of algorithms and
software for the control system necessary for automated control of the wastewater treatment process.

Keywords: sulphate iron-containing wastewater, neutralization, structural-parametric diagram of the automated
process control system
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