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Summary
The optimization of the design parameters of the sorption loading of the filter is considered based on a
mathematical regression model and laboratory experimental data.
Abstract

Introduction. The problem of pollution of rivers and lakes by wastewater is a complex and multifacet-
ed object of scientific analysis. Wastewater is the source of a variety of anthropogenic impacts on
aquatic ecosystems that lead to deterioration of water quality, loss of biodiversity, threats to human
health and loss of economic value of water resources. To minimize the negative consequences of
wastewater pollution, it is necessary to develop and implement effective technologies for the treatment
and reuse of wastewater, as well as to improve management and control systems for their volume and
quality. Object. The object of the study is wastewater contaminated with heavy metals. Materials and
methods. Factors were identified to optimize the design parameters of the sorption load. Based on
algorithmic, theoretical and laboratory studies, data were obtained for the regression equation using
the Reichschaffner method. Also, a chemical analysis of the test water was carried out in laboratory
conditions, where a concentration was determined that exceeded sanitary standards for total iron and
copper. An experiment was carried out using the settling method at various time intervals to determine
the dynamics of a decrease or increase in the concentration of the studied chemical elements. Results
and conclusions. Based on the results of solving the regression equation, data were obtained in la-
boratory conditions with the help of which the coefficients B0, Bi, Bij and Bii were calculated. To check
the accuracy of the obtained coefficients using the Student method, we re-calculated the regression
model in which these equations were obtained in encrypted form, the accuracy of the resulting models
was checked using the Fisher criterion, which is not a random factor. When conducting an experiment
in laboratory conditions by settling zeolite in fractions from 0.4 cm to 0.75 cm in time intervals from 1
hour to 4 hours, the best result was a time interval of 4 hours, which showed a decrease in the concen-
tration of total iron and copper by 71%, which corresponds to mathematical calculations and proves the
purity of the experiment.

Keywords: wastewater, chemical impurity absorption, sewage treatment, zeolite, wastewater treatment
technology.

309



dkick H3 BECTH Sk

HH>XHEBOAXCKOI'O ArPOYHHBEPCHTETCKOI'O KOMITAEKCA:
HAYKA H BBICIUEE NIPOPECCHOHAABHOE OBPA30BAHHE

Citation. Bocharnikov V. S., Denisova M. D., Tronev S. V., Ovchinnikov A. S., Bocharnikova O. V.,
Kozinskaya O. V. Degree of extraction of chemical impurities when optimizing the design parameters of
sorption loading. Proc. of the Lower Volga Agro-University Comp. 2024. 309-315 (in Russian).
DOI: 10.32786/2071-9485-2024-02-37.

Author’s contribution. All authors of this research paper have directly participated in the planning, execution, or analy-
sis of this study. All authors of this paper have read and approved the final version submitted.

Conflict of interest. The authors declare no conflict of interest.

YAK 631.811.91 .
CTENEHb M3BNEYEHUA XUMUYECKUX MPUMECEWN NMPU ONTUMU3ALINN
KOHCTPYKTUBHbIX MAPAMETPOB COPBELIMOHHOU 3AIPY3KH

N 2 (74), 2024

BouapHukoB B. C., Jokmop mexHu4eckux Hayk, npogeccop
HeHucoBa M. A., kaHOuGam mexHU4YecKux HayK, doyeHm
TpoHeB C. B., dokmop mexHu4eckux Hayk, npogeccop
OBuYMHHUKOB A. C., 00KmMOp CenlbCKOX035UCMBEHHbIX HayK, npogeccop, akademuk PAH
BouapHukoBa O. B., 0okmop mexHu4ecKkux Hayk, npogeccop
KosuHckas O. B., kaHduGam cenbCKOX039UCmeeHHbIX HayK, OoueHm

@rb0Y BO Boneozpadckuti TAY
2. Boneoepad, Poccutickas ®edepayus

AkTyanbHoCTb. [lpobrnema 3arps3HeHVsI pek U 03ep CTOYHbIMM BoAaMu MnpeacTaBnser cobown
CINOXHbIA U MHOFOrpaHHbIi OOBLEKT HayyHOro aHanusa. CTouHble BOAbl SABASOTCA MCTOMHMKOM PasHO06-
pa3sHbIX aHTPOMNOreHHbIX BO3OENCTBMIN Ha BOOHbLIE SKOCUCTEMbI, KOTOPbIE MPUBOAAT K YXyALIEHUIO KayecTBa
BOAbI, CHV/KEHWNIO B1OMOrn4eckoro pasHoobpasusl, yrpo3e 340POBbI0 YESIoBEKA U MOTEPE SKOHOMMYECKOW
LEHHOCTM BOAHbIX PECYPCOB. [N MUHUMMU3ALUN HEFATUBHbBIX NOCNEACTBUIA 3arpsi3HEHNS CTOYHbIMU BOAa-
MU HeobxoaMmMo paspabaTtbiBaTb U BHEOPATL 3PDEKTUBHBLIE TEXHOMOIMM OYUCTKMA Y MOBTOPHOIO UCMOJSIbL30-
BaHWs CTOYHbIX BOA, @ TakKe COBEPLUEHCTBOBATb CUCTEMbI YNPaBIIEHUS M KOHTPOSA 3a MX 06BEMOM U Ka-
yectBOM. O6bekT. OGBHLEKTOM UCCregoBaHMA ABMAKTCA CTOYHbIE BOAbI, 3arpsi3HEHHbIE TSXKENbIMU MeTan-
namu. Matepuanbl u metoabl. bbinv onpeaeneHbl hakTopbl ANs ONTUMMU3ALUN KOHCTPYKTUMBHBIX Napa-
METPOB COPOLMOHHONW 3arpy3kn. Ha OCHOBaHWMM anropUTMUYECKMX, TEOPETUHECKMX N NabopaTopHbIX wc-
cnepgoBaHUi Gbiny NonyyeHbl AaHHbIE ANS YypaBHEHUS perpeccum no metopny PelixwadHepa. Takke B na-
BGopaTopHbIX YCNOBUSIX BbIMOMHEH XUMUWYECKUA aHanu3 uccregyemon Bogbl, rae 6bima onpegeneHa KoH-
LeHTpaLms, NpeBbIlLatoLas caHuTapHble HOpMbl OBLLErO Xkerne3a U Mean. BbINonHeH 3KCNEpPUMEHT No Me-
TOOy OTCTaMBaHMWS, B PasfvyHble MPOMEXYTKW, BPEMEHSA ONs onpeferieHns AMHAMUKU YMEHbLUEHUS Un
YBENUYEHUSA KOHLIEHTPALMM UCCreayEMbIX XUMUYECKNX SNEMEHTOB. Pe3ynbTarbl U BbiBoAbI. [10 pe3ynb-
TaTaM peLUeHUs ypaBHEHUA perpeccun bbinv NonyyYeHsl AaHHbIE B NabopaTopHbIX YCOBUAX MPU MOMOLLM
KOTOPbIX BbINOSIHEHBLI pacyeTbl KoadduumeHToB By, B, B 1 B; [Ans npoBepkn BEPHOCTN MOSYyYEHHBIX KO-
acbdpuumeHToB No metony CTbloAeHTa, MPOBOAMIIN MOBTOPHLIN pacyeT perpeccMoHHOM MOAENN MPU KOTOo-
poM ObInn Nosy4YeHbl AaHHbIe YpaBHEHUS B 3aliMpoOBaHHOM BUAE, TOYHOCTb MOSYYEHHBLIX MOAeNen npo-
BEPANOCH Mo Kputeputo Puiiepa, 4YTo ABMAAETCA Hecny4YanHbiM dakTopam. Mpu NnpoBegeHUn SKCNeEPUMEHTA
B NabopaTopHbIX YCNOBUAX METOAOM OTCTamBaHus Leonuta dgpakumsimm ot 0,4 cm go 0,75 cm B npome-
XyTKax BpeMeHn oT 1 yaca Ao 4 4acoB HaunyylMM pe3ynbTaToM SABMSETCA WMHTepBan BpeMeHu 4 yaca,
KOTOPbI MOKa3arn CHUXEHUsI KOHLIEHTpaLmm obLuero xxenesa n megun Ha 71%, 4TO COOTBETCTBYET MaTeMa-
TUYECKMM pacyeTam U A40oKa3bIBAET YNCTOTY KCNEPUMEHTA.

Knrodeebie crioea: cmoyHble 800kl, M02/10WeEeHUEe XUMUYECKUX fpumeceli, o4YuCmKa CIMOYHbIX
800, Ueos1um, mexHonoauu o4UCMKU CMOYHbIX 600.

LutnpoBanue. bovapHukos B. C., [leHucosa M. A., TpoHes C. B., OsumHHukoB A. C., bouapHukosa O. B.,
KosuHckast O. B. CTeneHb n3Bne4YeHns XMMMYeCKMxX Nnpumecer npyu onTMmMm3aunm KOHCTPYKTUBHBIX Napamer-
poB copbumoHHoM 3arpy3kn. M3secmust HB AYK. 2024. 2(74). 309-315. DOI:10.32786/2071-9485-2024-02-37.
ABTOpCKMI BKNnaa. Bce aBTOpbl HACTOSILLErO MCCNenoBaHUs NPUHUMAanM HeNnocpeaCTBEHHOE yyYacTue B MNiaHWpoBa-
HWM, BbINOMHEHUW UMW aHanu3e AaHHOro uccrnenoBaHus. Bce aBTOpbl HacTosLWelh cTaTb 03HAKOMUIUCL M 0400pUM
npeacTaBneHHbIA OKOHYaTENbHbIN BapuaHT.

KoHdnuKT nHTepecoB. ABTOpbI 3a8BMAOT 06 OTCYTCTBUM KOH(NNKTA MHTEPECOB.

BeeaeHue. B coBpemeHHOM MUpe CyLLLECTBYeT NpobrieMa Ka4yecTsa BoAbl MOBEPXHOCTHBIX W
MOA3EMHbIX BOAOUCTOHHMKOB. Kak 13BECTHO CambIM FMaBHbIMU 3arpsA3HUTENAMU ABMSAKOTCA CTOYHbIE
BOAbI Pa3NMYHOrO TUMa, TaK Kak cBpOC NPOM3BOAUTCS HEMOCPEACTBEHHO B BoAHbIE 06bekThI [1, 2, 3].
Y MHOTMX MPOU3BOACTB CyLLecTBytoLee unbTpoBasibHoe o6opynoBaHWe He Bceraa Npov3BoauT
Ka4eCTBEHHYH OYUCTKY CTOYHOM BOAbI, KOTOpas npefHasHadYeHa ans cbpoca B peku, 13-3a Yero ¢
rogamm MoBEPXHOCTHbIE BOOOWCTOUHMKA UMEIOT HE YOOBMNETBOPUTENBHYIO OLEHKY MO MX KavecTBy
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[4]. KoHueHTpaunst aHTpONoreHHbIX BELLECTB MPEBbILLAET CaHUTapHble HOPMbIl, OT Yero NpoucxoaaT
3aboneBaHnsa obmTaroLLEN BOAHON (hayHbl M HApyLLEHWsT 300POBbs Yerioeka. [pn 3ToM B CTOYHbIX
BOOAX coaepXaTcs Kak HeopraHuyeckue, Tak U TOKCUYHbIE OpraHuyecKkme 3arpasHuTenu, yaaneHue
KOTOpPbIX SABNAETCA BaXXHON Hay4HOW 1 NPOM3BOACTBEHHOM 3afadyen [5, 6, 7].

CerogHsa cenbCKOX035IMCTBEHHOE MPOM3BOACTBO SIBMSAETCA WHTEHCMBHOW OTPAacrbio 3KO-
HOMWKWN, OCHOBaAHHOW Ha LUMPOKOM Kpyre TEXHOMNOrMYeCcKMx NpoLeccoB, peannsaumnsa KOTopbIX He-
BO3MOXHa 6e3 TEXHOMOrMIN N TEXHNYECKNX cpeacTB 3PdEKTUBHOIO MCMONb30BaHWUsS BOAblI COOT-
BETCTBYIOLLIEro KayecTBa, BKIOYaloLWMX, B TOM YMCre, OpoLlieHne n obpaboTKy pacTeHun cpen-
ctBamu 3awmThl [8, 9, 10]. Ocobyo BaXXHOCTb NpUobpeTaeT NOBLILLIEHHOE Ka4yeCTBO OpPOCUTENb-
HOW BOAbI NPWU NUCMOMb30BaHUN KanernbHoro cnocoba nonuea [11].

Takke akTyanbHON siBNSeTCs npobrnema o4YMCTKA NPUPOAHBIX U CTOYHBIX BOA OT UOHOB U
COEINHEHUN TSXKENbIX METansnoB, TakMx Kak medb, Hukenb [12, 13], xeneso, mapraHel, Xpom,
kKagmui v ap. [14, 15].

Pan npoBeneHHbIX MCCNeaoBaHU OOKa3bliBaeT, YTO OAHOM M3 Hambornee apdekTUBHbLIX
TEXHONOTNN, NPUMEHSIEMbIX MPU OYMCTKE MPUPOAHBIX U CTOYHBIX BOA, ABMSETCH UCNONb30BaHME
NPUPOLHbIX N CUHTETUYECKnX copbeHTos [16, 17, 18].

Ona ynydweHus cyliectBytoLlero omnbTpoBanbHOro obopyaoBaHna Ha NPoM3BoACTBaX
HeoOX0AMMO NPOU3BOAMTL ONTUMM3ALIMIO KOHCTPYKTUBHBLIX NAapaMeTpoB PUNbTPYOLLNX 3arpy3ok.
[aHHbIN npoLecc NOo3BONUT MOBLICUTE 3(PEPEKTUBHOCTb U IKOHOMUYHOCTbL PaboTbl PUMBLTPOB.
OnTumMusaums BO MHOroM 3aBUCUT OT MHOIMMX (pakTOpPOB, TAKMX Kak KAa4eCTBO UCXOAHOW BOAbI,
BbiCOTa N pasmep dpakumi punbTpylowero Martepmana, pexmmMa u BpemMeHn unbTpaumm, a
Takke B crnocobe npombiBkM punbTpoB. lNpouecc onTumMmu3aumm 3arpy3ok unbTpa no3sBonuT
YMEHbLUNTb KONMMYECTBO LWnama, obpasytoLeroca npu ounbTpauum, Takke 3TOT NPoLecc No3Bo-
NUT NPOANINTBL CPOK 3KCMyaTauumn punbTpoBanbHOro 06opyaoBaHus.

OnNTMMKM3aUMIO KOHCTPYKTUBHBIX NapameTpoB (OUNbTPYHOLLEN 3arpy3ku MOXHO MPOM3BECTU
npv NOMoLLKM NabopaTopHbIX UCCNEAOBaHWIA, MPOMBILLMEHHbIX UCMbITAHUA WX NPX NOMOLLX MaTe-
MaTU4eCKoro MoaenupoBaHus. NoaTomy mMbl NpegsiaraeM BbINONHUTL NTabopaTopHbIE NccneqoBaHUs
N NoNy4nTb MaTemMatTu4eckme Moaeny MeTogoM perpecCcMoHHOro aHanus Aris peLleHUst KOMIPoOMUC-
CHOW 3aa4u Mo oNTUMN3aLNN KOHCTPYKTUBHBLIX NapameTpoB UMNbTPYHOLLMX 3arpy30K.

MaTtepuanbi n metoabl. [1na TOro 4Tobbl NPOBECTU ONTUMM3ALNIO PUNBTPYIOLLMX 3arpy-
30K nto6oro copObLMOHHOro BeEpTMKanNbHOro omnbTpa, HeobxoauMo onpeaennTb NnapameTpbl, TO
eCTb (pakTopbl, N0 KOTOpPbIM OyAyT peleHbl mMaTemMatudeckue 3agadn. B kavyecTtBe OCHOBHbIX
hakTopoB 6binn BbIGpaHbl 3arpy3km pasnmMyHon BeiCOThl (Tabnuua 1).

Table 1 — Sorption loading factors
Tabnuua 1 — ®akTopbl COPOLIMOHHON 3arpy3ku

Cragumn chaktopa / Stag- | PaccTosiHue ynydiue-

MapameTpbl / Options es of the Factor Hus, € / Upgrade
0 1 1 distance, €
The fretfayer of zeolt with a raction of 04 6m (c),m | 70 | 300 | 1100 400
cocond layer of zeolte wila raction of 0.1 em (@ym | 700 | 300 | 1100 400
fret ayer of zeolte wih & racton of 075 om (k) m | 400 | 200 | 600 200

Takke ona onpenerieHns kKa4eCTBEHHON OYUCTKU Yepes AaHHble crion copbeHTa Heobxo-
OMMO 3aaTb napameTpbl XMMUYECKUX SNEMEHTOB N3BIIEKAEMbIX U3 CTOYHbIX BOA, KOTOPbIMU S1B-
nawTcs obulee xeneso ¢ Hambonee NOBLILEHHOW KOHLEHTpaLMen B uccnegyemon Boge U Meab
C HaMMeHbLUEN KOHUeHTpaunen. Kaxxabii arneMeHT Obin BblpaXkeH B NPOLEHTHOM COAEPKaHUN.

BbinonHnB ob6beanHeHNe anropuTMUYECKUX U TEOPETUYECKUX UCCneaoBaHUi No 3agax-
HbIM MapameTpaMm M3BIiEKaeMbIX XMMUYECKUX 3IEMEHTOB WM BbICOTbl (PUMBLTPYIOLLMX 3arpysok,
MOXXHO NOJSTYYUTb YpaBHeEHUE perpeccuu rno metoay PenxwadHepa Ans NonyvyeHns Hannyywmx
YCITOBUIN JOCTUXEHNSA MOCTaBIEHHON LEnn.

Bce gaHHble ansa peleHnsa ypaBHEHMsT bl NonyyYeHbl B nabopaTopHbIX YCOBUSAX MpU
MOMOLLIM KOTOPbIX BbIMOMHEHbI pac4eThl KoadduumneHTos By, B;, Bj 1 B;;.
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Ona NPOBEPKN BEPHOCTU NMOJTYHEHHbIX KOS(b(bMHMGHTOB no metoany CTblogeHTa nposoan-
nn I'IOBTOprII;I pacyet perpeCCMOHHOIZ mMoaenun, npn KoOTopom Oblnun nony4yeHbl AaHHble ypaBHe-
HNA B 3aLLII/1¢)pOBaHHOM Bnae, TOYHOCTb MOJTyHEeHHbIX moaenen npoBepANnoCb No0 KpUTepuo dun-
Liepa, 4To ABndeTca HecnyqathuM (baKTOpaM.

2
Sdii

2
S*(v)
PesynbTathl U ob6cyxaeHue. UTobbl YCTAHOBUTL HEOBXOAMMYIO NOCMenoBaTenbHOCTb

NPV PacrnonoXeHnn B onpeneneHHoM nopsiake hakTopoB 3a4aHHbIX NapaMeTpoB O6LLErO Xere-
3a 1 Medu, MatemaTtyeckne Moaenu Guiny NpyuBeaeHb! B KaHOHUYECKYo dhopmy (Tabnuua 2).

F= , (2)

Table 2 — Criteria for optimization of removed chemical impurities
Tabnuua 2 — Kputepun onTummusaummn yaansembix XMMUYECKUX Npumecen

Kputepuii / Criterion
3awwmndpoBaHHbIN (X4, Xz, X3) / Encrypted (x1, x2, x3)
Mokasatenb Meau, yaansemomn n3 CTo4YHbIX
MokasaTenb obLero xenesa, yaansaemoro U3 CTOYHbIX .
Boa / Indicator of total iron removed from wastewater BoA / Indicator of copper removed from
wastewater

0,79 0,69

0,83 0,71

0,81 0,74

PacwwmdpoBaHHbIN (X4, X2, X3) / Decrypted (x1, x2, x3)

1016 976

1032 984

562 548

lMocne npoBegeHUs MaTemaTU4ecknx pacyeToB Obin BbINOMHEH XMMUYECKUA aHarnu3 uc-
criedyemMon BoAbl U onpejeneHa KoHUeHTpaums obLero xenesa v Mean, AaHHbIe npuBeaeHbl Ha
pucyHke 1.

H Obuwee weneso

H Mens

PucyHok 1 — [luarpammMa npoLeHTHOro cogepXXaHus XMMUYeCcKUX afieMeHTOB B CTOYHOM BOAe
Figure 1 — Diagram of the percentage of chemical elements in wastewater

PesynbTaT XMrnyeckoro aHanmaa nokasarn, 4To cogepxaHue obLiero xxenesa coctaBnset
92%, a megun 8%. [lanee B nabopaTopHbIX YCIOBUSX MPOBOANICS SKCMEPMMEHT MO OTCTaUBaHUIO
CTOYHOM BoAbl. B nabopaTopHOM LUunuHApe Obin NOMELLEH Pa3fiMYHOM BbICOTbI LEOMUT CrOoSIMU,
dppakumamm ot 0,4 cm go 0,75 cm. B pasnnyHblie npoMexXyTkM BpeMeHN NpoBOANITOCE OTCTanBa-
HMe, nocrie KOTOPOro NPOBOAUIICH 3amMep KOHLEHTpaLuun BELLIECTB.
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Table 3 — Results by settling method
Tabnuua 3 — PesynbTaThl N0 MeTOAY OTCTaUBaHUSA

XAMUYECKOE Bpemsi KOHTaKTa UCXo4HOW BoAbl ¢ copbeH-
Ne McxogHast KoOHUEeHTpaums, mr/n ToM, 4 / Contact time of the source water

BelLLecTBo / o . )
n/n . / Initial concentration, mg/I with the sorbent, h

Chemical
1 2 3 4
O6wee xeneso/

1 Total Iron 27,5 20,1 16,3 13,2 7,56
2 Meab / Copper 2,3 2,0 1,5 1,03 0,23

PesynbTart aKkcnepuMeHTa rnokasar, 4YTo Haunydllee BpeMsi OTCTauBaHUS U U3BMEYeHUs
npvMecen 13 CTOYHOM BOAbI COCTaBMAET 4 yac, 3a 3TOT MOMEHT BpeMeHu obLee Xene3o CHU3W-
1O KOHUEeHTpauuio Ha 71%, Takke, kak U Medb. B apyrie vHTepBansl BpeMeHn mMedb 1 obliee
XEneso AaBanu HanxyaLyo XMMUYECKYH0 peaKLmio NMpy KOHTaKTe ¢ Cop6EeHTOM.

_ 20

S

£

~ 15

=

=

w 10 5

s s

(=]

£ I A

=

=

g 0

8 0 5 10 15 20 25 30
Contact time of wastewater with zeolite

PucyHok 2 — 3ddhekTUBHOCTb M3BReYeHUsi OOLLEro XXenesa U3 CTOYHbIX BOA N0 METOAY OTCTauBaHusA
Figure 2 — Efficiency of total iron extraction from wastewater using the sedimentation method

Ha ocHoBaHuM naGopaTopHbIX AaHHbIX ObiM MOMyYeHbl PEerpeccUoHHbIE MaTemaTuye-
cKkve Mofenu npu koHTakTe copbeHTa MeTOAOM OTCTaMBaHMS B pasfnnyHble NPOMEXYTKM BpeMe-
HU AN onpeaeneHns AUHAMUKM MO CHUKEHWNIO KOHLEHTPaLIMM XMMUYECKOro BELLLECTBA B CTOYHbIX
BOAaXx.

3akntoyeHue. [Ins onTMmMmn3aunm KOHCTPYKTUBHBIX NapamMeTpoB COPOLIMOHHON uNbTpytoLLel
3arpy3ku Ha OCHOBaHWUK NabopaTopHbIX U aHaNUTUYECKUX MCCreaoBaHUM NoNy4YeHbl MaTeMaTuyeckne
MOZENM 1 peLleHa KOMMPOMMUCCHas 3aada Mo BbisIBNEHNO DakTopoB Ans obecneyeHns Haunyudero
pe3ynbTaTta usBneyeHus obLLero xenesa M Mean U3 CTOMHOW BOAbI, YTO 4OKa3blBAET NPaBUITbHOCTb
pacyeTa. Takke nabopaTopHble 3KCMEPUMEHTbI NMoKa3anu Havnydllee BpemMs OTCTauBaHusl, KOTopoe
cocTaBngaeT 4 yaca, 3a 370 BpeMs obLiee xerne3o 1 Mefb CHU3UNN KOHLEHTpaumio Ha 71%. MNoatomy
MOXHO yTBEpXAaTb, YTO BCE MaTtemaTuieckme pacyeTbl Obinv BepHbl U NOATBEPXKAEHbI NnabopaTop-
HbIMW MCCNEegoBaHNAMU.

Conclusions. To optimize the design parameters of sorption filter loading on the basis of la-
boratory and analytical studies obtained mathematical models and solved the compromise problem to
identify factors to ensure the best result of extraction of total iron and copper from wastewater, which
proves the correctness of the calculation. Also laboratory experiments showed the best sedimentation
time which is 4 hours during this time total iron and copper concentration decreased by 71%. There-
fore, it can be stated that all mathematical calculations were correct and confirmed by laboratory tests.
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Summary
A functional diagram of an autonomous inverter and an algorithm for the operation of its automatic control
system have been developed, using an intermediate high-frequency voltage conversion and a reversible
rectifier converting its industrial frequency level. The proposed circuit design of the inverter increases the
reliability of its operation and improves its weight and size indicators.
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