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The analysis of filters for water purification showed that they are mainly intended to reduce rigidity, turbidity,
purification of iron, sulfates, chlorides, nitrates and organic impurities. The proposed work is devoted to increasing
the efficiency of water purification from such elements as magnesium, calcium, tri-potassium and potassium, or
more precisely, to normalize these indicators to the values defined by the state standard, which involves the
introduction of appropriate ion-exchange filters.

The aim of this article is to develop a control system algorithm, which increases the efficiency of the stage of
fine water purification by forming the optimal structure of the module of ion exchange filters and determining the
appropriate flow of purified water.

It has been determined that the ion exchange filter is a periodic apparatus and, in order to ensure the
continuity of the purification process, the filter module must contain backup capacities in the form of additional
filters of different purposes, which creates the preconditions for optimizing the structure of the specified filter
modiile.

On the basis of the analysis of the current state of the equipment for purification of drinking water, an
algorithm for determining the optimal structure of the module for ion exchange filters and the corresponding flow of
purified water is investigated. Implementation of the control system based on the given algorithm will increase the
efficiency of the stage of fine purification of the installation of water treatment.
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BUKOPUCTAHHS IMITAIIMHUX MOJEJIEM IS
ONTUMIBAIIIL POBOTH KOHTAKTHOI'O ATIAPATY
Y BUPOGHHUIITBI CIPYAHOI KUCJOTH

B cyuacnomy ceimi @ 368’43Ky 3 WSUOKUM PO3GUINKOM KOMN TOMEPHOL MeXHIKU i npospamuux 3acobié uupoxoeo
3acmocysants  3Hatiutiy  iMimayiiini moodeni Ons 06 ’exmie  Kepyeamws. Y HaseOenuti Mexawizm 1no06y0o8u
imimayitinol modeni KoHmMaxkmHo2o anapamy y eupobuuymei cipuanoi xuciomu. Iloxasami epachixu peaxyiii
memnepamyp npu cmyniHuamiil 3MiHI KOHYeHmpayil ma memnepamypu 2asy, a mMaxKoxc 2paghiku, o
OeMOHCIMPYIOMb peaKyii memnepamypy ma KOHyenmpayii 2a3y Ha Kopomxompugane 30ypenna. Llicaa npogedenns
aHanizy oOmpuMaHux pesyiemamia 3pobieHO GUCHOBKYU W00 KPUMUYHOCHI GiOXUNeHb meMnepamypy ma
KOHYeHmpayii 2asy 8i0 HOpMU.

Kmiouosi cnosa: ivimayiiina Mmodeiv, cipuana Kucioma, nepexionuti npoyec, 30ypeHHs, KOHYeHmMpayis,
memnepamypa.

DOI: 10.20535/2306-1626.1.2018.143432
© Munenpkuii B. B., 3aus O. B., Jomumrok b. C., 2018.



Bicnux Hauionanvnozo mexniunozo yrisepcumemy Yrpainu «Kuiecokuii noiimexniunuii incmumym
imeni Izops Cikopcokozor. Cepis «Ximiuna inxcenepis, exonozisi ma pecypcosoepexcens». 2018. ée 1 (17)

MocranoBka mnpoOJemu. 3HAYHA KUTBKICTh NPOIECIB YV XIMIYHIH IPOMHCIOBOCTI € HEHNCPEPBHUMH 1
BHPOOHHITBO TPHBAE MLiTOT000BO. 3YNMHKA TAKMX IIPOLECIB NPH3BOAUTH A0 3HAYHUX CKOHOMIUHHMX BTpAT.
[TpoBeeHHSI AKTUBHOTO EKCIICPHMEHTY HAa BUPOOHMIITBI YCKIAAHEHE (Mepe3 HEOOXITHICTD 3YNUHKH BUPOOHHIOTO
MPOIIECY TAa PH3HMK TMOMIKOMKCHHSI JOCTITHHKOM IPOMHCIOBOTO OOJamHaHHT). [IpoBEJCHHS K IIACHBHOTO
EKCIICPHMEHTY YacTO HE A€ MOCTITHHUKY JOCTATHBOI 1H(OPMALIi PO CIOCTEPE:KyBAaHUHA 00 €KT (Mepe3 Ay»Ke Mai
BIIXHJICHHS BXiTHHX CHTHAJIB 00 €KTa i HCMOKTHBICTH BILTHBY JOCITITHHKOM HA KOKHUH BXITHHH CHTHAJI OKPEMO).
[TpuBabmMBOIO ATPTEPHATHBOIO B FOMY BHIIAAKY € CTBOPCHHS IMITALITHOT MOJCTI.

Merorw crarti € myOikamia Pe3yIbTaTiB BHKOPHUCTAHHS IMITAIHHHX MOACICH MIa ONMTHMI3aNii poOOTH
KOHTaKTHOTO anapaTy v BHPOOHUITBI CIPUAHOI KUCIIOTH.

AxTyaabHicTh ipodaemn. CTBOPEHHSI IMiTaniifHOT MOETI BHPINIy€e 6araTo mpodieM. € MOMIIMBICTD 32JaBATH
Oyap-AKi 3HAYUCHHA BXIJHHX CHTHAJIB HC3AJCKHO OJHH BiJ OTHOTO. € MOYKIIHMBICTD MOJICTFOBATH ABAPIHHI CHTYaii.
VY cydacHOMy CBIiTI, MEpeXifHi MPOUECH B XIMIYHIN IPOMHCIOBOCTI TPHBAIOTh BIPOAOBK 0ararboX rOAWH. 3a
JIOTIOMOTOI0 KOMIT FOTEPHHUX IMITAIIHAX Moenei iHpopMamiro mpo MEepexiJHUH IMPOIIEC MOYKHA OTPHMATH Maibke
MHTTEBO (B 3AJICKHOCTI BIT KITTBKOCTI OOYHUCIICHD 1 MOTYKHOCTI OOUKCIIOBATBHOI TEXHIKH).

[TpuknagoM JOBrOTPHBAJIOTO HEMECPEPBHOTO MPOLECY MOXE OyTH MPOUEC KOHTAKTHOTO OKHCJICHHS Y
BHPOOHHMITBI cipuyaHOi kucroTH. OKuCIEHHA cipuucToro aHriapuay SO, B cipyanmit SO; BIIOYBAeTHCS B
KOHTAaKTHUX aIapaTtax 3a MPUCYTHOCTI BaHAJIEBOTO KaTtamizaropa. BecepeamHi amapara 3HaXOJITHCSA YOTHPH IHAPH
KOHTakTHOI Macu. KOHTakTHa Maca po3MimeHa Ha pemiTkax. OZHHM 3 OCHOBHHX IIOKA3HHKIB SIKOCTI poOOTH
KOHTAKTHHX aIapaTiB € CTYMHb KOHTAKTYBAHHA X, AKMH OOYHMCTIOETHCA 3a POpMyNOr0

P,

S0,
X, =——
P, so, T P, S0,
e PS o, Ta PS 0.~ mapmianbHi THCKH SO, Ta SO3 ¥ Ta3i MCIA OKUCICHHS.
2 3

CTyniHp KOHTAKTYBAaHHS HA KOXKHOMY IIApI KaTali3aTopa 3aJCKHTh BiJ TEMIEpaTypu rasy. [ BaHami€BoOTO
KaTamizaropa KOHTAKTYBAaHHA MOYMHAETHCA mpu 400 °C, mpHyOMy MAKCHMyM KOHTAKTYBAHHS, SKHH BiJNOBITAE
PIBHOBRKHOMY CTYTICHIO KOHTAKTYBAHHS, 3 I IBUIICHHIM TEMIICPATYPH 3HIKY€ThC [1].

OcHoBHIMHE 30ypPEHHAMHE € 3MiHA KOHICHTPALI] Ta TEMIEPATYPH ra3y HA BXOJl KOHTAKTHOTO BiJAIICHHS (TIPH
3MiHI KOHICHTPAIli 3MIiHIOE€THCA KITbKICTh TCIUIA, TIO0 BHALTAETHCS MPH PEAKIii OKHCIICHHS, a IIC CYTTEBO BILIHBAE
HA TEMIICPAaTYPHUH pexuM B amapari). Ha peamsHoMy 00 €kTi mi 30ypeHHS 3a3BH4ail OOMEXKYIOTBCS 1 Ty»ke Maml
(BeTMKI BIAXWJICHHS IMX JBOX IAPAMETPIB MPW3BOIATH MO apapidHmX curyaniif). I1{o06 mocmiautm peakmiro
KOHTAKTHOTO anapaTy Ha JOBUIbHAH CHTHAT (32 BETMUIMHOKO 1 (POPMyI0) HEOOXITHO CTBOPUTH IMITAIIIHHY MOJIEIb.

Ha peampHOMY 00’ €KTi CHCTEMA ABTOMATHYHOTO KCPYBAHHS MiATPHMYE CTATl TCMICPATYPH Ta3y HA BXOI 10
KO’KHOTO IIApy KOHTAKTHOI MacH (Karamizaropa). Sk mpaBWIo TEMIIEpaTypu ra3y HA BXOJAX MO KOXKHOTO INApy
nekKaTh ¥ Mexkax 420 — 450 °C [2]. MakcuMmanbHA K TEMIICPATypa HA BUXOII 3 APy KaTaIi3aTopa CKIATAE OTH3bK0
600 °C. 3amwxenHs remnepartypu razy 10 400 °C i HIDKYE IPH3BOANTD J0 3YIMUHKY PEAKII (A IE € HETPHITY CTHMHIM
Yy HemepepBHOMY BHPOOHHITBI). [lepeXiaHi MPonecH B KOHTAKTHOMY amapaTi TPWBAKOTh ACKiabKa roxuH. Hosuit
3aMyCK MPOUECY OOYMOBIIIOE 3HAYHI BTPATH Yacy (T00TO — 30uTOK). [TigBumeHns x Temneparypu 10 650 °C i pume
MPU3BOJUTh 0 TEPErpiBy Karamizatopa 1 ioro mcyBaHHIO. B mpoMy pasi HEOOXiZHO 3YHMHHATH HPOLEC 1
3aMIHFOBATH KaTamizaTtop (a me € Ay’Ke 3HA4YHI MaTepialbHI BHTPATH). 3PO3YMLIO, MO IPOBEACHHS AKTHBHOTO
EKCICPHMEHTY IPOCTO HEHPHUIyCTUME. IMiTamiiiHa »X MOACTb Ja€ MOMKIMBICTH K 3aBIOJHO BIUIMBATH HA
TEMIICPATYPHUH PEXMM BCEPEAMHI KOHTAKTHOTO amapary. € MOKIMBICTH JOCHIIKYBATH TEMICPATYPHI PE:KHMHA
OMM3BKi OO0 aBapiifHEX (TIPH TEMICPaTypi HA BXOAi A0 OJHOTO 3 IMApiB KaTtami3atopa OJH3bK0 a00 TeMIepaTypi Ha
BHXOJ1 3 OJTHOTO 3 INapiB Katamizaropa omm3pko 650 °C).

Creopenns imiTaniitnoi Moaesi. /i1 CTBOPCHHS iMiTamiHHOI MOIETI HEOOXIHO mepI 3a BCe (popmamizyBaTn
00’exT. JIm1 MAaTEMaTHIHOTO MOJCJIFOBAHHSA MOBEAIHKH 00 €KTa (AMHAMIKH 1 CTATHKH) 3PYYHO BHKOPHCTOBYBATH
cucreMy Iu(epeHIianbHuX PiBHAHD. Jlum(epeHmianbHi PIBHAHHSI MOYKHA OTPHMATH AHATNITHYHO 3 MaTepiaabHHUX
6amancis. Takok MOXKHA OTpHMaTH Au()ePCHUIATHHI PIBHSAHHA INCII OOPOOKH pPE3yJbTATiB MACHBHOTO abo
AKTHBHOTO CKCIICPUMEHTY.

Cucremy audepeHIiaIbHUX PIBHAHD JUIT TEMICPATYP B KOHTAKTHOMY amapari B HETMEPEPBHOMY BHIILIIL
MO>KHA 3aIACATH B HACTYITHOMY BHTIILAL [3]:

Txh+x,=Kx + K2x7(t - 2'0);
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L% +x, = Kox, + K0 - 7,):
X, =mx,;
Iixi+x,=x,+£0S;

Toxg + X = Koxs + Kx, (1 - 7,):
x5, +x, = x5+ £,08

];xz; +xg=Kx; + szl(Z - 2'0);
Toxg + X, = X + £,08 ;

11X+ X0 =%, +£,08 .

Jns peamizarii iMiTaniiHOTO MOAETIOBAHHS KOMIT IOTCPHEMH 3aC00aMH HEOOXiTHA MOJCTb ¥ JUCKPETHOMY
puripiai. Crucrema quepeHnianbHUX PiBHAHD [T TEMIIEPATYP B KOHTAKTHOMY anapari B AUCKPETHOMY BHTILSL:

X, (n + l) = (le1 (n)+ K2x7(n - ntau) - X, (n))% +x, (n)

2

X, (n + 1) = (K3x2 (n)+ K, x (n - nlau)— X, (n))g + X, (n)
x4(n+1):mx3(n+l);

1) = (5, )+ ©8(0n) - x, () 25+, )

5

X, (n + l) = (K3x5 (n)+ K,x, (n - nlau)— X, (n))%Z + X, (n) :
5, r41) = (5, )+ 2.056)x, () + 3, (),

Xq (n + l) = (le7 (n)+ K, x, (n - nlau)— Xg (n))% + X, (n)

8

(- 1)= 3, () + £,08() - 3, () 5+, ()

xm(nu):(xg(n)+s4®s(n)—xm(n»%xm(n).

me I 5 1 T3 — cTaJ 4acy BHYTPIIIHIX TEIUIOOOMIHHHKIB U1 CIPYHCTOTO a3y, IO HATPIBAETHCS,
T 6 1 7; — cTali yacy BHYTPIIIHIX TEIUIOOOMIHHHUKIB Ta3y, O HATPiBAETHCS,

K. K, K,, K, - xoeinientn mincuncuns;

I, T, . T, 1}, - crani wacy mapiB KOHTAKTHOI MaCH;

® — Temmeparypa, Ha AKY HATPIi€ThCA ra3 KoHneHTpanii 1% SO, npH HOBHOMY OKHCIICHHI,
S — KoHUEHTpanis cipuncToro razy SO, Ha BXOA1 B amapar,

€ — CTymiHb KOHTAKTYBaHHS B Iapi;

T() — Yac 3aMi3HIOBAHHA B 00 €KTI PETYIFOBAHHS BHY TPILIHBOTO TEIIOOOMiHHUKA;

[ —wac;

m — KOC(illi€HT;,

X — TEMIIEPATypa Ta3y Ha BXOJl 0 KOHTAKTHOTO anapaTa;
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X, — TEMIIEPATypa Ta3y Ha BHXOAl 3 MDKTPYOHOTO HMPOCTOPY APYIOro TEIUIOOOMIHHHKA Ta TEMIIEPaTypa Ha
BXO/Il 10 MDKTPYOHOTO ITPOCTOPY NMEPIIOTO TEIIIOOOMIHHHKA;

X3 — TEMIIEPATypa ra3zy Ha BUXOl 3 MDKTPYOHOTO MPOCTOPY MEPIIOTO TEIIOOOMIHHUKA,

X4 — TEMIIEPATypa ra3y Ha BXOJl 10 MEPINOTo Mapy Karaji3aTopa;

Xs — TCMIICpaTypa Ta3y Ha BHXOOI 3 TCPIIOTO INApy KATami3aropa Ta HA BXOAI A0 TPYyO TEpIHOTO
TCIUIOOOMIHHHUKA,

Xs — TeMIeparypa ra3y Ha BHXOAlI 3 TpyO mepmroro TEMmIOOOMIHHMKA Ta HA BXOAL IO APYIOTo INapy
KaTamis3aropa;

X; — TEMIICpaTypa Ta3y Ha BHXOAI 3 [APYIOr0 INapy Kartamizatopa Ta Ha BXoAl 1m0 TpyO JOpyroro
TCIUIOOOMIHHHUKA,

Xg — TeMIeparypa ra3y Ha BHXOAlI 3 TpyO ApPyroro TEIIOOOMIHHHKA Ta HA BXOJl A0 TPETHOTO MIApy
KaTamis3aropa;

X9 — TeMIleparypa ra3y Ha BHXOJI 3 TPETHOTO INApPY Karaji3aropa Ta HAa BXOAl IO UETBEPTOrO IMapy
Kartamizaropa (OCKIMBKH IUIOINA TPETHOTO TEINIOOOMIHHMKA [JyXE Mala TMOpIBHSAHO 3 [JBOMA IHOIMMH
TCIUIOOOMIHHHUKAMH, TO MOJKHA BBAXKATH, INO TEMIIEPATypa rasy IpPH NPOXOHKCHHI Kpi3b HBOTO MAaike He
3MIHFOETBCA);

X1o — TEMIIEPATYPa Ta3y HA BUXOJI 3 YUSTBEPTOTO IIAPY KaTai3aTopa.

[TincrapuBomm B 1i PIBHAHHA MOYATKOBI YMOBH (3HAUCHHS TEMIIEPATYpP ULl Iepmux (ntau+1) KpoKiB) MOXKHA
OOYHMCITHTH PEAKUi0 00’ €KTa HA Oyb-sIKi BXi/IHI CHTHATH (KOHUCHTPALIS S TA TEMICPATYPa x; Tasy Ha BxoAl). i

MPOBEACHHS IMITALIHHOTO MOJAETMIOBAHHA MiAiayTs mporpamu MathCAD ta Matlab. Jln1 cTBOPEHHS
KOMIT FOTEPHUX IMITAIIHHUX MOJENCH 31 3pyYHUM IHTep(EeHCOM MOKHA BUKOPHCTATH cepenosuma Delphi abo C++
Builder (aBTopu crarTi Bukopuctamu Delphi).

Pesynpratn MonemoBanHsS HaseacHi Ha puc. 1. Tyt 300pakeHi peakmii TemmepaTyp (IPHPOCTH) NpH
cTymiHJaTii 3MiHI KOoHUEHTpawii S rasy Ha Bxoxi HA 1 % (HOMmiHAnBHOIO KOHUEHTpauniero € 7 — 7.5 %). Ilo oci
a0CIMC BIAKIAACHUHN Yac B XBUIHHAX.

z*'nepeuoguble HApPAKTEPHMCTHEM -0 ﬁ
PeakuWa Ha Pazmetka rpapura [ paguKEM TEMNERSTYR M acwmad Ueer

55 7
e e e

45 7

Puc. 1 — Peaknii Temneparyp (mpupocTu) npu crymindgariii 3Mini konnenrpartii § razy na sxoxai na 1%

Sk GauMMO, MAKCHMABHE BIAXHJICHHS TEMIIEpaTypu ckiagae maibke 60 °C. Pesyasrarn MOICTIOBAHHS MOKA3AMH,
o 30LTBINCHHS KOHICHTPANI{ HAa OJMH BIACOTOK MPH3BOAWTH 0 3HAYHOTO INIBHINCHHS TEMIIEPATYP B PI3HUX TOUKAX
KOHTAKTHOTO amapary. PoOMMO BHCHOBOK, IO TAKC ITIBUINCHHA KOHICHTpAIIi Ta3y Ha BHPOOHHITBI HEIOMYCTHME, 00
mpu3Beno O A0 MeperpiBy Kataiizaropa (oapasy 3 6aumMo Tmepesary iMitamiiroi Moaemi). Tenep moaHBHMOCH K 00°€KT
(KOHTAKTHHH anapar) pearye Ha CTyTHYATy 3MiHy TEMIIEPATYPH x, rasy Ha Bxomi Ha 10 °C (pwmc. 2).
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}-‘Hepexoguble HApPaKTEPUCTHEK : -0 _XJ
Peakuua Ha Pazmetka rpaguka [paduku TeMneparyp Macwrad Uger

DCM | CETKA |OYMCTRA| 1| x2| «3| w4 | 5] 56| «7 [ «8| »3 |10 40 .|+ - EE

Puc. 2 — Peaknii remmeparyp (mpupocTi) npu crynminygariii 3Mini TeMmeparypu x; razy Ha Bxoai Ha 1%

Sk 6aumMo, MAKCHMAJBHC BIOIXHJICHHS, Ckiagae Omm3pko 9 °C. Lle MOke MPHU3BECTH A0 HE3HAYHOI 3MiHH
CTYIICHS KOHTAKTYBAHHSA, AJIC HC € KPUTHIHIM.

Ha BupoOHMIITBI HA KOHTAKTHUH anapat MOXYTh AiATH KOPOTKOTpHBai 30ypeHHs (10 — 15 x6) koHUEHTparii S
razy SO, abo temneparypu x; rasy SO,. Ha puc. 3. HaBeneHi peakuii Ha 30yPEHHs KOHLCHTPALUi TPHBATICTIO

JICCATH XBHJIMH 1 aMIutiTy 1010 B 1 %.

}’Peaxqua Ha KPaTKOBPEMEHHOE BO3MYILEHHE : 10l x|
Pearuma Ha Pazmerka rpadura [paduku TernepaTyp Macwrad Ueer

OCH | CETKA |OYMCTKA| w1 | 2| «3| w4 | 5| #5 | «7 | #8] »3[x10] 680 .|+ | PEE

Puc. 3 — Peaknisi Ha KOPOTKOTPHBAJIE 30ypeHHsI KOHIIEHTPAIlii razy §

m— |36
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Sk 6admMo, TPH MBOMY MAKCHMAJbHE BiAXuiacHHA McHIIE 6 °C, mo HE € KpUTHIHNM. BCi iHON BiOXHICHHS
JTOCHTB MAJIL.
Ha puc. 4. 300pakeHa peaxilig 3a 30ypeHHSA TeMIepatypu aMntitya0r0 10 °C.

Yl,f'PEaKuMﬂ Ha KpaTKOEPEMEHHOE BOIMYILLEHHE I ;J_g.lil

Peakuua Ha PasteTra rpaduka [padiiku TeMneparyp Macwrad Ueer

OCH | CETKA |DYMCTRA| ol [ %2 %3] »4| 5| #6| #7 | «8] «9[«10] 200 -[+] | <>

Puc. 4 — Peakniist Ha KOpOTKOTPHBAJIE 30yPEHHSI TEMIEPATYPH Ta3y X;

PesynbpraTn mOCHiKEHD JAFOTh MOSKIHBICTD 3pOOMTH BHUCHOBOK, IO BIAXHJICHHAMH TEMIICPATYP B LBOMY
BHIIAKY MO’KHA 3HEXTYBAaTH.

Bume 3ragyBanoch, Mo CTYMiHb KOHTAKTYBAHHS 3QJICKUTh BiJ TeMIEparypH rasy. Bin Oyae HauOimbomM mpu
Temreparypi razy Omm3pkid 10 400 °C i 3 mMABHIICHHAM TEMIIEPATYPH CTYIIHb KOHTAKTYBAHHS 3MCHILYETHCS.
INocraBmMo 33124y MIATPUMAHHS TAKOI CEpeHbOI TEMIIEPaTypH, OO 3araibHUK CTYIIHb KOHTAKTYBAHHS (HA BCIX
YOTHPBHOX INApaxX Karamizatopa) Oys sxHalOimpmmM. [Ipy ObOMY MOBHHHI BHKOHYBATHCH HACTYIHI OOME)KCHHI.
Temmepartypa ra3y Ha BXoai A0 OyAb-AKOTO HIapy KaTaxizaTopa He MoBHHHA OyTH MeHIO0 Hizk 400 °C (00 peakmis
MO’KEC TPUIMUHAUTHUCE). Temneparypa rady Ha BUXOZi 3 OyIp-SKOTO MIapy KaTaxi3aropa HE MOBHHHA IEPEBUILYBATH
650 °C (e M0Ke IPU3BECTH 0 MCYBAHHS KATATI3aTopa).

Ha puc. 5. 300pakeHi MOBSPXHI PIBHA CEPCIHBOI TMIICPATYpH K7 B amapari 3aj¢:KHO Bif KOHICHTpamii S (B
npoueHTax %) rasy SO, Ta TeMIepatypu rasy x; (Kr = f(S,x,))-

SIK BHAHO 3 PE3yJIbTATIB MOJCITIOBAHHS, OJHAKOBI 3HAYCHHS CEPEIHIX TEMIEPaTyp (PiBHIB) PO3TAIIOBYIOTHCA
B3IOBX TpsMuX. L[f0 MOBEpXHIO MO’KHA BHKOPHUCTATH MPH PO3POOLI CHCTEMH ABTOMATHYHOTO KEPYBAHHS.
[NocraBmMo 3amady MiATPUMYBATH TAKUH TEMIICPATYPHHUH PEKHM, IPH SIKOMY CEpPEIHI TEMICPATypa 3HAXOAMIACH
Om y apyrii odmacti (3encHa odmacte). [Ipu mpoMy KepyBaHHS OyJI0 O OAM3BKHM 10 ONTHMABHOTO 1 HE OyI0 On
PHU3MKY 3YIHHKH PEaKii B pa3l panToBOTO MOTPAILLIHHA B 30HY 3YIMMHKH peakiiii (0ina 00macTs).

BucHoBOK. 32 pe3yabTaTAMH MPOBSACHOTO IMITAIIHHOTO MOJCTIOBAHHS MOKHA 3pOOHTH HACTYITHI BUHCHOBKH:

1. O0’exT € Maike HE UYTIMBHM O KOPOTKOTPHBAMHX 30ypeHb. TOOTO HeMae HEOOXITHOCTI MPOCKTYBATH
CHCTEMY aBTOMATHYHOTO KEPYBAHHS 3 BUCOKOIO IIBHIKOI€I0. PEKOMEHAYIOTHCS CTaMl 4acy AJIsI CHCTEM KEPYBaHHS
KOHICHTPALIEIO 1 TEMIIEPATy POFO ra3y MpuOIM3HO piBHI 10 XBHIHHAM.

2. HaiiOimpm HEOC3MEYHHM IS MPOIECY KOHTAKTHOTO OKHUCICHHA € MiABHINCHHA KOHOCHTpamii SO,.
HowminansHoro koHIEHTpaLiero € 7,4%. [Ipu miaBUImeHHI KOHIEHTPALii ra3 HEOOXITHO PO30ABILITH MOBITPSAM (U
HOpMamizanii KoHueHTpamii). Ilpm po3podmi CHCTEMH AaBTOMATHYHOTO KEPYBAaHHSA CIIJ BPAaXOBYBATH HACTYIHI
OOMCIKCHHS: MAKCHMAJBHC CTAaTHYHC BIIXWICHHA KOHUICHTpamii = 0,1 9%, MakCHMalbHC JHHAMIYHE
(KOPOTKOTPHUBAJIC) BiAXHICHHSA KOHICHTpAMii + 1 %.
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Puc. 5 — 3o6pakennsi moBepxoHn piBHsI cepeHLOT Temmeparypu f{S, x;)

3. baskarnvu (OIM3BKUME 0 ONTHMANBHHX) € 3aBAAHHS TEMIICPATYPH 1 KOHIIEHTPALii B MEXax Apyroi odmacTi
(puc. 5). 3anCKHICTP MK ONTHMATBHOK) TEMIICPATYPOX0 1 KOHICHTPALIEK) BXITHOTO Ta3y OMM3bKA M0 JHHIHHOI
(puc. 5). To6TO ANTOPUTM KEPYBAHHS HACTYIHHHN: Hpu KOHUCHTpauii S > 7,4 % po3baBuru HOTO MOBITPAM, TIPH

KkoHUeHTpamii S'<7.4% 3MiHIOBATH TeMmmeparypy rasy Ha BXOJl J0 amapaTy 3a JiHIHHMM 32aKOHOM
x, =-25-5+415.
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USE OF SIMULATION MODELS FOR OPTIMIZATION OF THE CONTACT
APPARATUS WORK IN THE SULFURIC ACID PRODUCTION

In the modern world, in connection with the rapid development of computer technology and sofiware widely used A
far of processes in chemical industry is continuous and a production lasts twenty-four-hour. The stop of such
processes results in considerable economic losses. Realization of active experiment on a production is complicated
(through the necessity of stop of productive process and risk of damage of industrial equipment a researcher).
Realization of passive experiment often does not give to the researcher of sufficient information about the looked
after object (through the very small rejections of entrance signals of object and impossibility of influence a
researcher on every entrance signal separately). An attractive alternative in this case is creation of simulation
model.

The aim of the article is a publication of results of the use of simulation models for optimization of work of pin
vehicle in the production of sulphuric acid.

Creation of simulation model settles many problems. There is possibility to set any values of entrance signals
independent of each other. There is possibility to design emergency situations. In the modern world, transients in
chemical industry last during many hours. By means of computer simulation models information about a transient it
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is possible to get almost instantly (depending on the amount of calculations and power of the computing
engineering).

Of long duration continuous process the process of pin oxidization can exemplify in the production of sulphuric
acid. Oxidization of sulphureous anhydride SO, in sulfuric SO; takes place in pin vehicles at the presence of
vanadium catalyst. Into a vehicle there are four layers of pin mass. Pin mass is placed on grates. One of basic
indexes of quality of work of pin vehicles there is a degree of contact xp, which is calculated on a formula.

As evidently from the results of design, the identical values of middle temperatures (levels) are situated along direct.

This surface can be used for development of the system of automatic control. Will set the problem to support such

temperature condition at which a middle temperature would be in the second area (green area). Thus a

management would be near to optimal and there would not be a risk of stop of reaction in case of sudden hit in the

area of stop of reaction (white area).

On the real object the system of automatic control supports the stationary temperatures of gas on an entrance to

every layer of pin mass (catalyst). As a rule gas temperatures on entrances to every layer lie within the limits of
420-450 °C. A maximal temperature on an exit from the laver of catalyst folds close 600 °C. Decline of gas
temperature to 400 °C and below given to the stop of reaction (and it is impermissible in a continuous production,).

Transients in a pin vehicle last a few hours. The new start of process stipulates the considerable losses of time (id
est is a loss). Increase of temperature to 650 °C and higher results in the overheat of catalyst to his spoilage. In this
case it is necessary to stop a process and replace a catalyst (and these are very considerable material charges).

Realization of active experiment is simply impermissible clearly, that. 4 simulation model enables how pleasingly to

influence on a temperature condition into a pin vehicle. There is possibility to investigate temperature conditions
near to the emergency (at a temperature on an entrance to one of lavers of catalyst close or to the temperature on

an exit from one of layers of catalyst close 650 °C).

For creation of simulation model it is necessary foremost to formalize an object. For the mathematical design of
behavior of object (dynamics and statics) it comfortably to use the system of differential equalizations. Differential
equalizations can be got analytically from material balances. It is also possible to get differential equalizations
after treatment of results of passive or active experiment.

On results the conducted imitation design it is possible to do next conclusions:

1. An object is almost not sensible to short-term indignations. Id est there is not a necessity to design the system
of automatic control with a high fast-acting. Recommended to steel of time for control system by a concentration
and gas temperature approximately equal to 10 minutes.

2. Most dangerous for the process of pin oxidization is an increase of concentration of SO, A nominal
concentration is 7,4 %. At the increase of concentration gas must be diluted by air (for normalization of
concentration). At development of the system of automatic control it follows to take into account next limitations:
maximal static rejection of concentration + 0,1 %; maximal dynamic (short-term) rejection of concentration = 1 %.

3. Desirable (near to optimal) are tasks of temperature and concentrations within the limits of the second area.
Dependence between an optimal temperature and concentration entrance.
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