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Pedepat. PaccmoTpen mpomnecc ouncTkH HedTecogepKaliux CTOKOB C MPUMEHEHHEM 3JIEKTPOKOArymsIHu, 3neKTpodioTa-
IIMU U 3JEKTPOMAarHUTHOTO THIPOIMKIIOHA, pealn30BaHHbIN Ha TabopaTopHOil ycraHoBke (maTeHT PecmyOnuku bemapych Ha
n3obperenne Ne 21229). HccmenoBaHust IPOBOJWINCE C IETBI0 ONTHMH3ALMH yIEIBHBIX YHEPro3aTpaT Ipolecca OYHCTKA
CTOKOB OT TOIIMBHO-CMa30YHBIX BEHIECTB. MeToaM1 HCCIIEIOBAaHMS SBISUIUCE 0030p JIUTEpaTyphl, CPAaBHUTEIBHBIA aHAJH3,
9KCIIEpHMEHT, MaTeMaTindeckoe Moaenuposanne. Cosepskanne HETEIPOLYKTOB B CTOYHBIX BOAAX JIO U ITOCIIE OYHCTKHU Olle-
HUBAJIOCh B aHAJIUTHYECKOH JabopaTopuu BelopyccKoro rocymaapcTBEHHOTO arpapHOr0 TEXHHYECKOTO YHUBEPCHUTETa IO
CTaHJApPTHBIM METOAUKaM. BhImosHeHa ouncTka He(hTecoAepKAIUX CTOKOB Ha TaOOpaTOPHOH yCTAHOBKE C IIOMOIIBIO METO-
Ja 3JeKTPO(IOTOKOArYISLMH C yIAJCHHEM BCIUIBIBIIETO IIIAMa B 3JIEKTPOMAarHUTHOM THMAPOLMKIOHE. J[aHHBINH crocob
OYHCTKH TI03BOJISIET TIOBBICUTH CTENEHb 00€33apakKUBaHUs BOJBI, 00ECIEUNBACT 3aMKHYTOE BOJAOCHA0KEHUE, PAllMOHAIBHOE
HCTIONb30BaHUE BOJHBIX PECYPCOB, CHIKEHHE BPETHOTO BO3JACHCTBUS 3arpsA3HSIONIMX BEIIECTB HA OKPYXKAIOMIYIO CPERy.
IIpoBeneHo miaHupoBaHUe KCIEpUMEHTa. Peann3oBan TpexypoBHeEBbIN miaH bokca — benkena. Pemena 3amada ontumusa-
UM TIPOIIeCca OYMCTKH I10 YHEPreTHYECKHM 3aTpaTaM, He yXyamias TpeOyeMbIX IoKaszaTeseil KOHICHTpauu HeTeIpoayK-
TOB B BOJIE MOCJE OYHCTKU. [loyrydeHBl MaTeMaTHYecKHe MOJAENU U OIpENIeNICHBl ONTHUMAJBHBIE PEXHMBI OYUCTKH IIPU
HaMMEHBIINX YJEIbHBIX 3HEPTeTHYECKHX 3aTparax M JOCTATOYHO BBICOKOW CTENCHM OYMCTKH. 3HAYMMOCTh KOd((HIMEH-
TOB PErpeccuy OLEHUBaNach 10 Kpureputo CThIOAEHTA. YCTaHOBIEHO, YTO HAa MPEJIOKCHHOHW yCTaHOBKE CTENICHb OYHCT-
KH CTOKOB TIOCTOB MOMKHM aBTOTPAKTOPHOW TEXHHKU MOXHO JOCTHYb MPH ee mpousBoauTensHoctu G = 0,7 51/c, mIoTHOCTH
ToKa j = 150 A/M°. CTeneHb OYHCTKH, ONpeaenseMas OTHOIICHHEM KOHIEHTPALHIT 3arpsS3HATENS 0 M MOCIE OYHCTKH, CO-
craBisieT 99,9 %. Pe3ynbTaThl MOTYT OBITH HCIOIB30BAHBI MPU PEATH3alMU MHKPOIPOLECCOPHOTO YIPABIECHHS PEKHMOM
OYHCTKH, TIPHHSB B KAYECTBE YNPABISIONIEr0 BO3AECHCTBHA Takue (AKTOPhI, KaK MCXOJ{HAs KOHIIEHTPAIUs 3arpsi3HEHUH, po-
H3BOJUTEIHHOCTD YCTAHOBKH, INIOTHOCTH TOKA 3JIEKTPO(IOTOKOAryIsTOpa.

KiroueBble c10Ba: 31€KTPOKOATrYIIALHsA, JEKTPOGIOTALMSA, JEKTPOMArHUTHBII TMAPOLUKIIOH, KOHTPOJIIEP, IUIAaHUPOBAHUE
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Optimization of Wastewater Treatment Process
on Energy Costs at Truck and Tractor Washing Posts
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Abstract. The paper considers a process pertaining to purification of oily effluents while using electrocoagulation, electro-flotation
and an electromagnetic hydro-cyclone, implemented with the help of a laboratory unit (Patent of the Republic of Belarus
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Mechanical Engineering

for the invention No 21229). The investigations have been carried out with the purpose to optimize specific energy consump-
tion for the process of cleaning fuel and lubricants effluents. The following investigation methods have been applied — a litera-
ture review, a comparative analysis, an experiment execution, a mathematical modeling. Content of oil products in wastewater
before and after treatment has been evaluated in the analytical laboratory of the Belarusian State Agrarian Technical Universi-
ty in accordance with standard methods. Purification of the oily effluents has been made with the help of a laboratory unit
while using electroflotocoagulation method with removal of floated sludge in an electromagnetic hydrocyclone. This cleaning
method makes it possible to increase a degree of water disinfection, provides a closed water supply, rational use of water re-
sources, reduction of harmful effects of pollutants on the environment. An experimental design technique has been worked
out and a three-level Box — Behnken design has been implemented in the paper. The problem concerning optimization of the
purification process on energy costs has been solved without worsening the required concentration indices of petroleum pro-
ducts in water after treatment . Mathematical models have been obtained and optimal purification modes have been deter-
mined at the lowest specific energy costs and with sufficiently high degree of purification. Significance of regression coeffi-
cients has been estimated by Student criterion. It has been established that while using the proposed unit it is possible to ob-
tain a degree of wastewater purification at automotive equipment washing stations with its performance G = 0.7 I/s, current
density j = 150 A/m’. The degree of purification, determined by ratio of pollutant concentrations before and after purification,
is up to 99.9 %. The results can be used in implementation of microprocessor control of cleaning mode while taking an initial
concentration of pollution, unit capability, current density of an electroflotocoagulator as control action factors.

Keywords: electrocoagulation, electroflotation, electromagnetic hydrocyclone, controller, experimental design technique,
optimization
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BBenenne

B cenbckoxo3giicTBEHHBIX OpraHuzanuax Pec-
nyonukn benapych Ha MOHKY aBTOTPakTOPHOM
TEXHUKHM M Pa3IM4YHBIX CEJIbXO3MAIIMH 3aTpadu-
BAIOTCsI 3HAUMTENbHBIE 00bEeMBI BOABI. Kpome ToO-
ro, oOpa3oBaHHbIE NPH 3TOM CTOYHBIE BOJBI CO-
JepKaT pa3Iu4yHble MUHEPAJIbHBIE 3arps3HEHUS U
0c00EHHO HE(TENPOAYKTHl B J03aX, MPEBHIIIAIO-
KX [IPEJEIBHO AOIYCTUMBIE IIOKA3aTeNH, a TAKXKE
CHUHTETHYECKHE [OBEPXHOCTHO-aKTUBHBIC Bellle-
ctBa (CIIAB).

B crokax mocToB MOMKHA aBTOTPAKTOPHOM TeX-
HUKH U CEIbCKOXO3SIHMCTBEHHBIX MaIlluH IpUCyT-
CTBYIOT HE(TENPOAYKTHI, IOBEPXHOCTHO-AaKTUB-
Hbl€ BEIIECTBA U JIPYI'He 3arps3HUTENH, OTHOCS-
HiMecs K 4Yucily HaumOoJiee OMacHBIX ISl OKpYKa-
oueil cpenpl. MccnenoBaHusMu, MPOBEICHHBIMU
panee Ha kadenape anexrporexuuku BIATY [1, 2],
a TaKke B JMUTEPATYPHbIX HCTOYHUKAX [3—6]
YCTaHOBJIEHO, YTO MPOLIECC OUUCTKU CTOYHBIX BOJ
ot HedrenpoaykroB u CIIAB moxeT ObITH 3-
(eKTUBHO peanu30BaH SJIEKTPOXUMHUYECKUM BO3-
JNEUCTBHEM, YIpPAaBIsSEMBIM PsIOM  (aKTOPOB:
(U3UKO-XUMUUECKUMH, 3JICKTPUUECKUMH U THUA-
ponuHamMuyeckuMHu. OZHUM W3 BO3MOMKHBIX TEX-
HUYECKHX PEUICHH, Pean3yomuX MPoIecc Ouu-
CTKU He(TecoJepKaluX CTOKOB, SIBJISIETCS 3JIEK-
TPOGMIOTOKOATYJISIMSI C yIaJCHHEM BCIUIBIBIIETO
nJiaMa B JJIEKTPOMAarHMuTHOM THAPOIMKIIOHE.
OTOT METOJI OYMCTKU MO3BOJISIET MOBBICUTH CTe-
MeHb 00€33apayKUBaHUs BOABI U O0CCIICUUTH 3aM-
KHYTOE€ BOJOCHAa0)XEHHUE, PAllHOHAIBHOE HCIOJb-
30BaHUC BOJHBIX PECYPCOB, CHUKCHUEC BPCIHOI'O
BO3I[CI‘/‘ICTBI/I$I 3arpsA3HAIOIMIUMX BEIICCTB Ha OKpPY-
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xKaromyio cpeny. O4ncTKa IMyTeM 3JIEKTPOKOary-
JAUWW U 3JIEKTPOGIIOTAIIMN XOPOIIIO UCCIeT0BaHa
B psne padot, Hanpumep B [5, 6]. OnHaKO B HHUX
HE paccMaTpHUBAETCs pPacxoj]l HHEPropecypcoB.
ABTOpBI CTaThbU CTAaBUJIHU 33Ja4y JOOWUTHCA MEHb-
LIMX 3HEpro3aTpaT MpH OYHCTKE, HE CHIDKas Ka-
YeCcTBa Ipolecca.

OcHoBHAsl YaCTh

3amada ONTUMH3ALKHU MPOLIECca OYUCTKU CTOY-
HBIX BOJl BKIIIOYAET MOCTPOCHUE (PU3NUECKOH H
MaTeMaTU4YeCKOW Mojeneil mpolecca U onpezesne-
HHUE ONTHMAIBHBIX 3HAUYEHHH YNPaBISIOUIMX (ak-
TOPOB, O0ECIEUNBAIOIINX MHHHUMAJIbHBIE JHEpre-
TUYECKUE 3aTpaThl Ha €IMHMIYy 00beMa OYHCTKU
CTOYHBIX BOJ NpH TpeOyeMOM YpOBHE KauecTBa
ouncTku [7-9].

DKcIepuMeHTaIbHBIE UCCIIEIOBAHUS POBOAM-
much Ha jabopaTopHOW ycTaHoBKe (puc. la), co-
CTOSIIIEH W3 HAcoca, BBIIPSIMUTENBHOIO OJIOKa,
AIIEKTPOKOAryyaTopa, 3JeKTpodiaoTaropa, 3ieK-
TPOMAarHUTHOTO THUAPOLMKIOHA, EMKOCTH AJISI MO-
JEeTBHOTO COCTaBa 3arpsi3HEHHBIX W OYHMIICH-
HBIX BOJ, COEIMHUTENbHBIX LUJIAHIOB, CPEACTBA
KOHTPOJISI TEXHOJIOTHYECKOr0 IPOLECCa OYHCTKU.
JJist KOHTPOJISL U yHpaBJICHUs MPOLIECCOM OYHCTKH
HCTIONB30BAINCH CIICAYIOIIUE NPUOOPBI: BOJIBT-
MeTphl YHHBepcainbHble B7-65, B7-58/2, myHTHI,
koHaykromerp KII-202, wmymetumerp uudpo-
ot UTB 1818, mpomiennue B yCTaHOBIEHHOM
MOPSIKE TOCYAapCTBEHHYIO TIOBEPKY, IIPOrpaMMH-
pyemsrit koHTposutep Simatic S7-1200, coctosmmii
W3 IEHTPAJBHOTO Mpoleccopa, OJI0Ka MATAHHs, MO-
JyJisl BBOJA-BBIBO/IA IUCKPETHBIX CUTHAIOB, MOIYJIS
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BBOJIa-BbIBO/Ia AHAJIOTOBBIX CHTHAJIOB, CEHCOPHOMN
nanenu omnepatopa KTP700 Basic PN (puc. 1b).
CxeMy cocrtaBnsnu coriacHo [3—6]. B kauectBe
CTOYHBIX BOJ| HCITOJIb30BAJIMCh MOJICTIHHBIE BOJHBIC
CTOKM C COJIEpKaHUEM He(TENpOAYKTOB B HHX
ot 1800 mo 2200 mr/m.

TexHUYeCcKUil ypOBEHb IMpOIECCa OYUCTKU
CTOYHBIX BOJ[ OMPENCISACTCS IBYMS Ba)KHEHIIN-
MU TapamMeTpaMu: KauecTBoM ouucTku (C, Mr/i),
XapaKTepU3yeMbIM OCTATOYHBIM  COZCpPKaHUEM
He(TENMPOAYKTOB B CTOYHBIX BOJAAX, U YACIbHBIMU
sueprosarpatamu (s, Jk/M’). B ucmonb3yemoit
JUIT MOWKM TPY30BBEIX aBTOMOOWJIEH OCBETIICH-
HOUM MPOM3BOJICTBEHHOM CTOYHOM BOZE KOHIICHTpA-
1Sl MEXaHUYECKUX MPUMECEH HE JTOJDKHA TPEBhI-
math 70 Mr/i, 11t MOHKH JErKOBEIX aBTOMOOHIIEH
1 aBTOOYyCcOB — 40 MI/J1, KOHIIEHTpaIUs HeTerpo-
JIYKTOB — coOTBeTCcTBeHHO 20 1 15 ™Mr/m [7].

Conepxanne HEPTEIPOIYKTOB B CTOYHBIX BO-
JlaX JI0 Y TOCJe OYMCTKY OLIEHUBAIOCH B aHAJNTH-
YECKOU JTabOpaToOpuu YHUBEPCUTETA MO CTAHAAPT-
HBIM METOJIUKaM (PYKOBOJCTBO MO XUMHUYECKOMY
aHanu3y BOJ). Pe3ynbTaTsl MpPOBENEHHBIX HCCIe-
JOBaHUM OTOOpaHHBIX MPOO OPOPMIISITUCH MTPOTO-
KOJIaMH.

[lomHas yaenpHas SHEPTOEMKOCTh OUYUCTKH CO-
CTOWUT U3 MPSIMBIX M OBEIIECTBICHHBIX 3aTpat, OT-
HECCHHBIX K TOJJOBOMY 00BEMY OYUCTKU CTOKOB

9S = éZ(anpi—‘r 9051’ )5

rme Q — ToJ0BOH 00BEM OYHCTKM CTOKOB, M';
Opi> Dosi — YJAECIbHBIE NIPSIMBIE U OBELIECTBICHHBIE
3atpatsl i-ro Buaa, MJIx (kBt-u).

W3BecTHO ompeneneHne yIENbHBIX MPSMBIX U
OBEIECTBICHHBIX dHEpro3arpar mo metomauke [10].
K mpsiMbiM 3HeprozarparaMm OTHOCSITCS 3aTpPaThl,
CBsI3aHHBIE ¢ MOTPEOJICHUEM YCTAHOBKOW AJIEKTPO-
SHEPrUM Ha OYHCTKY CTOKOB. K oOBeliecTBicH-
HBIM — 3aTpaThl Ha W3TOTOBJICHHE, XpaHCHUE, 00-
CIIyKMBaHHE YCTAHOBKHU, COOp U MOJIa4y CTOKOB Ha
OYHCTKY, KOTOPBIC OMPEACISIOTCS C YIETOM JHEp-
TFEeTHYECKUX SKBUBAJICHTOB.

OnHaKO BO3MOXHOCTH JHEPreTHYECKOro aHa-
JU3a M0 YKa3aHHOM BBIIIE METOJUKE OrpaHHYHBA-
IOTCSL TEM, YTO B OOJIACTH OYHCTKH CTOKOB CEllb-
CKOXO3SIICTBEHHOTO TPOU3BOJICTBA, BO-TIEPBBHIX,
OTCYTCTBYET PETHMOHATBHBIA WM OOLICHAIMOHAITh-
HBI OaHK JaHHBIX, [TO3BOJISIONIUI aBTOMATH3HPO-
BaTh MOKMCK M HAKOIUICHWE MH(OPMAIIMH IO SHEP-
rOpeCcypcocOeperkeHNI0, OCOOCHHO OBCIICCTBIICH-
HBIX 3Hepro3arpaTr. Bo-BTOpPBIX, 3aTpaThl SHEPIHU
M PECYPCOB YaCTUYHO WJIH MOJIHOCTBIO OKYIAIOTCS
CHIDKEHHEM pHUCKOB HaHECEHHs yiepba THIpo-

ctepe.

230B,50 'y

Beon

CTOKOB OunLeHHble

CTOKW Ha cBpoc
1nv B 060pOTHbIN
LK1

POCOPHONE
SHOT ON POCOPHONE F1 LLinam
B LLNamMoHaKonuTenb

Puc. 1. Buemnuii Bux (a) u cxema (b) SKCIIepUMEHTAIBHOW YCTAaHOBKH: 1 — 3JIEKTPOKOATYIISITOP; 2 — dIeKTpodIoTaTop
CO IITAMOHAKOIUTEIEM; 3 — AJIeKTPOMArHUTHBIN THAPOLUKIOH; 4 — anekrpox; 5 — ucrounuk mutanus (UI1); 6 — 6iok kounTposutepa (BK);
7 — KoMIIbIOTEp; 8 — KaHaJI U1 OTBOAA BCIUIbIBaromero nuama; Al, A2 — ammnepmerp; V1 — BonbTMmeTp; /7 — NaTYNK TOKA;
ET — nenurens Hanpsokenus; LT — natauk ypoBHst; Q7 — IaTUUK 3IEKTPONPOBOAHOCTH (KOHAYKTOMETD); F'T — pacxomomep;
UR — MHOTOKaHaIbHBIN aHanoro-udpoBoii npeodpaszosatens; UY — MHOrOKaHaIbHBII [IM(POaHATIOrOBbI TpeoOpa3oBaTelb;
U — curHan ynpasieHus; A — JTOTH4ecKuii curuan ynpasineaus bK

Fig. 1. Appearance (a) and scheme (b) of experimental unit: 1 — electro-coagulator; 2— electroflotator with sludge collector;
3 — electromagnetic hydrocyclone; 4 — electrodes; 5 — power source (PS); 6 — controller unit (CU);
7 — computer; 8 — channel for removal of floated sludge; A1, A2 — ammeters; V1 — voltmeter; /T — current sensor;
ET — voltage divider; LT — level sensor; QT — conductivity sensor (conductivity meter); F'7T — flow meter;
UR — multi-channel analog-to-digital converter; UY — multi-channel digital-to-analog converter;
U — control signal; A — logic control signal CU
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[TosToMy Iui1s onTHMHU3alMK SHEPro3arpar Ha
OUYHUCTKY HCIOJIb30BAIM CTaTUCTUYECKYIO O0pa-
OOTKy IOJy4EeHHBIX B XOJI€ IKCIIEPHMEHTOB IaH-
HBIX KayecTBa 00€3BPEKMBAHUSA CTOKOB M IPSMBIX
yAETIBHBIX 3aTpart 3nekTposHepruu [11]. C yuetom
TOTO, YTO MAaTEPHAJIOEMKOCTh YCTAHOBKU OTHOCH-
TEJIBHO HEOOJbLIast M NPUMEHSETCS AJsl PELICHUs
9KOJIOTHUECKUX MpoOJeM M CHWXKEHHUs pacxona
BOJIHBIX PECYPCOB (3aMKHYTasi TEXHOJIOTUS TIOAAYH
BOJIBI Ha MOMKY), OBELIECTBICHHBIMH 3aTpaTaMH
MIpeHeopery.

Ha mnpsimble ynenbHble 3HEprosatpaTsl OyayT
BJIMATH CIIeyronue (GaKkTopbl:

— WCXOJHAsl 3arpsi3HEHHOCTb CTOYHBIX BOJ
nedrenpoxykramu u CIIAB, /M’ (0T 9TOTO 3aBH-
CHUT IPOJOJDKUTEIIBHOCTh OUUCTKH);

— MPOU3BOJUTENBHOCTh YCTAHOBKH 110 OYUCTKE
CTOKOB, M’/

— HaIlIPSDKEHHOCTh  DJIEKTPUYECKOro Iojsi B
anekTpodoToKoaryisrope, B/m;

— IIOTHOCTH TOKA JIEKTPOKOAryIsTopa, A/M’;

— HaIllPSDKEHHOCTh MAarHUTHOTO IIOJIL B 3JIEK-
TPOMarHUTHOM IIMKIIOHE, A/M, U JIp.

PaccunTate mnpuBeneHHBIE YIENbHBIE 3aTpa-
51 (BT-9/M”) MOKHO 110 crieyrormeii hopmyie:

H2
c :(jEJr%Jt: JE+ ““2 t

rJie j — TUIOTHOCTh TOKa AIEKTPOQIIOTOKOATYIIATO-
pa, AN E - HANPSHKEHHOCTh  AJICKTPUIECKO-
ro moiyis B djiekTpodoTokoarymarope, B/m; H —
HANPSHKEHHOCTh MAarHUTHOTO TIOJS B 3JICKTpOMar-
HUTHOM IUKJIOHE, A/M; B — BeIUYMHA MarHUTHOM
WHAYKIWA B THAPOUMKIOHE, T1; L, — MarHWTHAs
MIPOHHUIIAEMOCTh CcepiaedyHuKa, ['H/M; ¢ — mpomo-
JKATEIbHOCTh OYMCTKH, Y.

[Ipouecc oumctkm, puzndeckas MOAEIh KOTO-
poro peamm3zoBaHa Ha JTaOOPATOPHON YCTaHOBKeE,
3aBUCHT OT CJICTYIOIIUX (DaKTOPOB:

e HICXOJTHOM KOHIICHTpAIINH 3arpsA3HEHUM X, T/IT;

e POU3BOIUTEILHOCTH TIpoIiecca X, J1/c;

e ITIOTHOCTH TOKA AJIEKTPOKOATYIIATOPA X3, AN

e HAIIPSDKEHHOCTH ~ JICKTPUUYECKOTO  TOJI B
aeKTpoKoaryJssaTope Xy, B/Mm;

e HAIIPSDKEHHOCTH MAarHUTHOTO TOJSI B DJIEK-
TPOMAarHMUTHOM THJIPOLIUKIIOHE X5, A/M.

B nensx cHmwxeHUs pazMepHOCTH (HaKTOPHOTO
MPOCTPAHCTBA HA OCHOBE 3KCIIEPTHBIX OIICHOK
MPOBEJICHO PaH)XMPOBAHHE HA3BaHHBIX (DaKTOPOB

Hayka
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[0 CTEMEHW WX BIUSHHUS HAa KAdeCTBO OYHCTKH.
C y4eToM paHKUPOBaHUS U C IEJbI0 YIPOIICHUS
MaTeMaTH4ecKor mojenu ¢axTopel Xy U Xs He
BapbUPOBAIY 1 3a()MKCHPOBAIN HA YPOBHSX: HAIpS-
KEHHOCTh DJICKTPUYECKOTO TOJS B JJICKTPOKOAry-
naTope Xy = 60 B/M; HanmpspKeHHOCTh MarHUTHOTO
moJist Anekrporuaponukiona Xs= 10 A/m. Unrep-
BaJbl BapbUPOBAHUS YIPABISIONUX (HAKTOPOB
MIPUBEICHBI B Ta0I. 1.

Tabauya 1
VYpoBHH BappHpPOBaHHSI YIPABJISIIOIIUX (paKTOPOB

Variation levels of control factors

®dakrop
Hexonsas IIponsBoan
YposeHs KOHLEHTpaIys Tl; JILHOC’ZI[L [TnoTHOCTB
BAPBUPOBAHUS | 3arpsi3HEHUH, TOKa, AP
npotrecca, Ji/c
Vivht

X X X3

OcHOBHOM 2000 0,5 100

Bepxwuuit (+1) 2200 0,7 150

Huwxnwii (—1) 1800 0,3 50

Wurepan
BapbUPOBaHUS 200 0,2 50

B kauectBe mMaTemaTHueCKOH MOJENH, OMHUCHI-
BaIOIIEH 3aBHCHMOCTH TMapaMeTpPOB ONTHMHU3AINN
OT YHIPaBJISAIOMKUX (AaKTOPOB, BEIOPAHO YpaBHEHUE
perpeccuu B BUe MOJIHHOMA 2-TO TIOPSAKA

3 3 3
Y, =by+ ) bX,+ ) b X.X;+ ) bX].
i=1 i=1 i=1
=l
J>i
Jnist M3ydeHus: 3aBUCUMOCTH CTENIEHU OYUCTKU
W yIeNTbHON DHEPrOeMKOCTH TpoIecca OT Tpex
YOPaBIAIONINX (PAaKTOPOB peann30BaH TPEXypPOB-
HeBbI M1aH bokca — benkena. MaTtpuua miaHa u
pe3ynbTaThl OMBITOB MIPUBEEHBI B Ta0I. 2. 3HAYH-
MOCTh KO3((DHIIMEHTOB perpeccuy OICHUBAIACh
o xkpureputo CrbrofeHTa. Ilnan He opToroHaneH
JUTS  KBaApaTHUYHBIX A(PQEKTOB, MOITOMY HE3Ha-
guMble KOA(D(OUIIMEHTH HCKIIOYAIHNCh TIOIIaro-
BO (Taou. 3).
B pesynbprare momrydeHsl afeKBaTHBIE TIO KPH-
Tepuro Owuiepa perpecCHOHHBIE MOJIENH CO CTaTH-
CTHYECKH 3HAYUMBIMU KOd(PPHUIIMECHTAMH:

Y, =2,574+0,065X, —0,123X7;
Y, =2,191+0,109.X, +0,083X,X, —0,085X;.
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Tabruya 2
MaTtpuua miaHa U pe3yJbTaThl ONBITOB
Design matrix and results of experiments
; ¢ 27 s : :
2 e g a7 v a7 = =
T & = O O 3 - 3 -
z e | =z s = = =]
] & g £ o 2 £ 5 3 == 3%
3 S | B = = Z 2 = 3 = 3 =
23 s 522 E g 2 5 583 S | z&% 5
SIS =4 S = S = g g
2 - |82E & |E2% 5 =g c 5 | E55| B
= 9 =583 = Fg 3 = b g = 2 YR =
g2 21288 2 28 2 sES | 2 | G55 | 2
==l 5 |03 = S X3 = 2 2 8 = 2 2 8 =
— ) — )
X X5 X3 n Y Sy Y RSS, Yy S; Yy RSS,
1 1 0 4 2,56 0,0257 2,29 0,0182 2,64 0,0063 2,38 0,0086
1 -1 0 4 2,66 0,0195 2,15 0,0156 2,64 0,0004 2,22 0,0046
-1 1 0 4 2,58 0,0363 2,04 0,0089 2,51 0,0050 2,00 0,0016
-1 -1 0 4 2,57 0,0435 2,23 0,0663 2,51 0,0037 2,17 0,0042
1 0 1 4 2,53 0,0460 2,40 0,0689 2,52 0,0002 2,21 0,0342
1 0 -1 4 2,52 0,0157 2,28 0,0011 2,52 0,0000 2,21 0,0042
-1 0 1 4 2,36 0,0236 1,94 0,0020 2,39 0,0021 2,00 0,0033
-1 0 -1 4 2,26 0,0609 2,04 0,0050 2,39 0,0159 2,00 0,0018
0 1 1 4 2,46 0,0008 2,18 0,0714 2,45 0,0001 2,11 0,0054
0 1 -1 4 2,75 0,0008 2,00 0,0054 2,45 0,0893 2,11 0,0113
0 -1 1 4 2,36 0,0179 1,98 0,0320 2,45 0,0083 2,11 0,0159
0 -1 -1 4 2,39 0,0065 2,03 0,0630 2,45 0,0038 2,11 0,0058
0 0 0 12 2,55 0,0309 2,21 0,0858 2,57 0,0006 2,19 0,0003
Tabauya 3
Ko3¢ppuuuenTsl perpeccun U X a0CoJIOTHBIE NIOTPELIHOCTH
Regression coefficients and their absolute errors
VnenbHas 3HEProeMKOCTh Y CrerneHb OYUCTKU Y,
O6o3Hauenne 3 AGcomoTHas AGcomoTHas
3Havenue, kKBr-u/m 3uauenHue, Mr/a
MOTPEIIHOCTD HOTPEIIHOCTD
by 2,5500 0,0947 2,2100 0,0936
by 0,0650 0,0580 0,1087 0,0573
b, 0,0463 0,0580 0,0150 0,0573
by —-0,0288 0,0580 0,0188 0,0573
by, —-0,0275 0,0820 0,0825 0,0811
bis -0,0175 0,0820 0,0550 0,0811
bys —-0,0650 0,0820 0,0575 0,0811
b -0,0175 0,0854 0,0425 0,0844
by 0,0600 0,0854 -0,0750 0,0844
b3 -0,1200 0,0854 -0,0875 0,0844

ITonyyeHHble ypaBHEHMsI PErpeccUd MOKa3bl-
BalOT, YTO TPOM3BOAWUTENBHOCTH TpoIlecca B HC-
CJIETOBAaHHOM JHalla30HE BapbUPOBAaHUS HE OKa-
3BIBACT CYIIECTBEHHOTO BJIMSHUS Ha CTENEHb
OYHMCTKH, HO BIUSET HA YAENBbHYIO SHEPTOEMKOCTh
BO B3aMMOJIECTBHUU C MCXOJHOM KOHIEHTpaluen
3arpsisHenuil. [Ipu 3ToM ynenpHas SHEProeMKOCTh
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CHIDKAeTCsl TP YMEHBLICHUH HMCXOJHOW KOHIICH-
Tpayy 3arps3HCHAN W OJJHOBPEMEHHOM yBeInYe-
HUU TIPOU3BOIUTENIEHOCTH (pHC. 2).

BnusiHMe MIOTHOCTH TOKa BIIEKTPOKOATYJNSATO-
pa Ha 00a mapaMeTpa ONTHUMH3AIMH TPOSBISICTCS
Yyepe3 KBagpaTudHble 3(PQEKThI, KOTOPHIE yKa3bl-
BAIOT, YTO ONTUMAJbHBIC 3HAYCHUS 3TOTO (paKkTopa
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HAXOJSTCS HAa TPaHMIIAX MHTEPBaJia BAPbUPOBAHUS.
[Ipu sTOM cCTeneHb BIWSHMA IUIOTHOCTU TOKa Ha
YPOBEHBb YIEJNBHBIX 3HEPro3aTpaT yBEIMYHBAETCS
NpU YMEHBIIEHUH MPOU3BOAUTENHFHOCTH MpoLecca
OYHUCTKH (pHC. 2a).

3aBUCUMOCTh ypOBHEH KOHIEHTPALUH 3arps3-
HUTENSI OT UCXOIHOW KOHIIEHTPALMH MOCIIe OYHCT-
KA TI0A0OHA 3aBHCHMOCTH YpOBHEH 3HeprosaTpaT
ot 3Tux ke (akropoB (puc. 3a). [Toaromy mnapa-
METPBI ONITUMHU3ALUKN HE SIBISIOTCS KOH(IUKTYIO-

UMM, ¥ ONTUMAJbHBIA 1O 00OMM MapaMeTpam
PEKHM OYUCTKU PEaM3yeTCsl Ha TPaHHUIIaX HCCIie-
JIOBAaHHOTO WMHTEpPBaNa BapbUPOBAHUS TUIOTHOCTH
TOKa 3JICKTPOKOATyJISITOpa.

ITpu 5TOM | yAeIbHBIC SHEPrO3aTPAThI, H OCTA-
TOYHAsE KOHIICHTpAIMsSI  3arps3HUTENs  TOCIe
OYNCTKHU CHWXAIOTCA NpHU YMCHBIICHUH €r0 HUC-
XOJHOW KOHIIEHTpAlluud M MPOU3BOJUTEIbHOCTU
nporiecca. CTENeHb OYUCTKU, OMpeAessieMas OT-
HOIIICHAEM KOHIICHTPAIUI 3arpA3HUTENS 0 U TO0-
CJIe OUMCTKH, cocTaBiseT 10 99,9 % (puc. 3b).

VPOBHH y/IeIBHOM HEProeMKOCTH, KBT-u/M’
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Puc. 2. YpoBHU yAETIbHOM SHEPTOEMKOCTH B 3aBUCHUMOCTH OT UCXOHOM KOHLIEHTPALUH 3arpsA3HCHUH,
IUTOTHOCTH TOKA 3JIEKTPOKOATYJIATOpa IPH Pa3INIHOI MPON3BOANTEILHOCTH nponecca ounctku: a — 0,3 m/c; b — 0,7 n/c

Fig. 2. Levels of specific energy consumption depending on initial concentration of pollution,
current density of electric coagulator at different performance of cleaning process: a— 0.3 1/s; b— 0.7 l/s
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Fig. 3. Pollutant concentration levels (a) and degree of purification (b)
depending on initial contaminant concentration and current density of electric coagulator
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BbIBO/JbI

1. BpImonHeHO MOAETMPOBAaHUE ONTUMH3ALNN
Ipolecca OYMCTKH CTOKOB IOCTOB MOMKHM aBTO-
TpakTOpHOU TexHUKH. [lomyueHbl MaTeMaTnieckue
MOJIEIM M ONpEAeNeHbl ONTHUMAJbHBIE PEHKUMBI
OYMCTKH TIPM HAWMEHBIINX YAEINBHBIX SHEPTeTH-
YECKUX 3aTpaTax M JOCTATOYHO BHICOKOM KadeCTBE
0ouucTKH (110 99,9 %).

2. Pe3ynbTaThl MPOBEIEHHBIX MCCIIEIOBAHIHN IT0-
Ka3aJd, 9TO CTENEHb OYHCTKH CTOKOB ITOCTOB MOUKH
ABTOTPAKTOPHOW TEXHUKU Ha NPEAsOKEHHOHM ycTa-
HOBKC MOXHO AJOCTHUYL IIpU €€ MPOU3BOJUTCIHLHO-
ctt G = 0,7 n/c, miotHocTH ToKa j = 150 A/M’.
[lony4yeHnsle 3HaueHWs OYAYT HCIOJIB30BaHbI
IIpU peanu3aliid MHUKpPOIPOLIECCOPHOro yIpaBiie-
HUS PEKUMOM OYHCTKH B KAYECTBE yIPABIISFOIIETO
BO3JICHCTBHS.

JIMTEPATYPA

1. KpyroB, A. B. Ouncrka CTOYHBIX BOJ| IIOCTOB MOWKH CElb-
CKOXO3STIICTBEHHOI! TEXHUKH C HCIIOJIH30BAHUEM DJICKTPHYC-
CKHX M MarHuTHbIX mone#t / A. B. Kpyros, M. A. Boiixo //
OneproobecriedeHne W SHEProcOEpekeHIE B CEBCKOM XO-
3siicTBe: Tp. 5-if MexxayHap. Hayd.-TexH. koH(., 16-17 mas
2006 r., r. Mockga: B 5 4. M.: THY BUDCX, 2006. Y. 2.
DHeprocoeperaronye TEXHOJIOTUH B PACTCHUEBOACTBE U
MoOmIBHOM 3HepreTuke. C. 230-233.

2. KpytoB, A. B. Yanenue B3BEIICHHBIX YaCTHL[ B OYHCT-
HOM 3JIEKTPOMAarHUTHOM runaponukioHe / A. B. Kpyros,
M. A. Boiiko // Arponanopama. 2016. Ne 2. C. 13—18.

3. Mocum, O. B. TexHonornueckuil pacyeT YCTaHOBOK 3JIEK-
Tpokoarysimuu Bogsl / O. B. Mocun // CaHTexHHKa,
oromieHue, kKouauuuonuposanue. 2014. Ne 4. C. 62-85.

4. MopenmpoBaHie NPOMBIIUIEHHBIX 3JIEKTPO(IOTaTOPOB C
Y4ETOM CTPYKTYphI 0TOKOB / A. B. ['onoBan4nkoB [u ap.] //
Mssectusa BoarI'TY. 2007. Ne 9. C. 15-17.

5. ABneeB, b. A. AHanu3 BO3ACHCTBUS MarHUTHOT'O ITIOJIS Ha
MpoIiecc cemapanyu B ruapouukionax / b. A. Aenees //
TexHudyeckuit ayautT W pesepBbl mHpousBoacTBa. 2013.
T. 13, Ne 5/4. C. 45-47.

6. Pa3un, B. M. Marematnueckas MOzeib IpoLecca IBUXKe-
HHS 3apsHKEHHOM YaCTHIIBI B BELIECTBE MPU HAIWYUH Mar-
HuTHOTO mons / B. M. Pasun // Uzsectus TIIY. 2003.
Ne 7. C. 44-47.

7. Kcenodonos, b. C. ®noranmonHas 04nucTKa CTOYHBIX BOX /
B. C. Kcenodonor. M.: Hoseie Texnonoruu, 2003. 160 c.

8. Koctun, B. H. OnrtumuzanuoHHble 3a1auu 3JIEKTPOIHEP-
reruku / B. H. Kocrun. CI16.: Hempa, 2003. 120 c.

9. lllanrapun, B. . Onrumusanus OpoLeccoB IEKTPOKOa-
TYJISIIUOHHON J00YMCTKU THTheBbIX Box / B. JI. IllanTa-
pun, B. B. 3aBbsuioB // Hay4Hble U TEXHUUECKUE aCHEKTHI
OXpaHBl OKpYXaromel cpensl: c0. 0030pHON HH(pOpMa-
mn. 2003. Ne 5. C. 62-85.

10. CeBepreB, M. M. DOneprocOeperaromue TEXHOJIOTUH B
celbecKoxo3siicTBeHHOM npon3BozictBe / M. M. CeBepHes.
Munck: Ypamxkaii, 1994. 221 c.

442

11.

—_

10.

11.

Menbaukos, C. B. [lnanupoBaHue 3KCriepuMeHTa B HCCIle-

JIOBAaHUSAX CENBCKOXO03sHCTBEHHBIX mporieccos / C. B. Mens-

HukoB, B. P. Anenikun, I1. M. Pomun. JI.: Komoc, 1980.
168 c.

ITocrynuna 29.07.2019

INoamucana B mevats 26.09.2019

Omy6inkoBana onaita 30.09.2019

REFERENCES

. Krutau A. V., Boika M. A. (2006) Wastewater Treatment

of Agricultural Machinery Washing Stations Using Elec-
tric and Magnetic Fields. Energoobespechenie i Energo-
sberezhenie v Sel'skom Khozyaistve: Tr. 5-i Mezhdunar.
Nauch.-Tekhn. Konf., 16—17 maya 2006 g. Ch. 2. Energo-
sberegayushchie Tekhnologii v Rastenievodstve i Mobil'noi
Energetike [Power Supply and Energy Saving in Agricul-
ture: Proceedings of the 5™ International Scientific and
Technical Conference, May 16—17, 2006]. Moscow, State
Scientific Institution “The All-Russian Scientific—Re-
search Institute for Agriculture Electrification, 230-233
(in Russian).

. Krutau A. V., Boika M. A. (2016) Removal of Suspended

Particles in Treatment Electromagnetic Hydrocyclone. Ag-
ropanorama, (2), 13—18 (in Russian).

. Mosin O. V. (2014) Technological Calculation of Water

Electrocoagulation Units. Santekhnika, Otoplenie, Kon-
ditsionirovanie [Sanitary Engineering, Heating, Air Condi-
tioning], (4), 62—85 (in Russian).

. Golovanchikov A. B., Vladimtseva I. V., Germasheva Yu. S.,

Dul'kina N. A. (2007) Modeling of Industrial Electric Flo-
tation Units with Due Account of Flow Structure. Izvestiya
Volgogradskogo Gosudarstvennogo Tekhnicheskogo Uni-
versiteta = Izvestia VSTU, (9), 15-17 (in Russian).

. Avdeev B. A. (2013) Analysis of Magnetic Field Effect on

Separation Process in Hydrocyclones. Technichteski Audit
i Rezervy Proizvodstva = Technology Audit and Produc-
tion Reserves, 13 (5/4), 45—47 (in Russian).

. Razin V. M. (2003) Mathematical Model of Charged Par-

ticle Motion in Substance in Presence of Magnetic Field.
Izvestiya Tomskogo Politechnicheskogo Universiteta =
Bulletin of the Tomsk Polytechnic University, (7), 44-47
(in Russian).

. Ksenofonov B. S. (2003) Flotation Wastewater Treatment.

Moscow, Novye Technologii Publ. 160 (in Russian).

. Kostin V. N. (2003) Optimization Problems of Electric

Power Industry. Saint-Petersburg, Nedra Publ. 120 (in
Russian).

. Shantarin V. D., Zavyalov V. V. (2003) Optimization of

Electrocoagulation Post-Treatment of Drinking Water.
Nauchnye i Tekhnicheskiye Aspekty Okhrany Okruzha-
yushchey Sredy [Scientific and Technical Aspects of Envi-
ronmental Protection], (5), 62—85 (in Russian).

Severnev M. M. (1994) Energy-Saving Technologies in
Agricultural Production. Minsk, Uradzhay Publ. 221 (in
Russian).

Melnikov S. V., Aleshkin V. R., Roshchin P. M. (1980)
Planning of Experiment in Researches of Agricultural
Processes. Leningrad, Kolos Publ. 168 (in Russian).

Received: 29.07.2019

Accepted: 26.09.2019
Published online: 30.09.2019

Hayka
urexHuka. T. 18, Ne 5 (2019)





