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Summary
The design of a sorption filter developed to increase the efficiency of water treatment technological
processes is presented. The main feature of the presented design is to ensure the continuity of the fil-
tration process due to the rapid replacement of filter cassettes without stopping the filter to perform
washing.
Abstract

Introduction. The urgent need to improve technological processes of water treatment and to develop new
approaches to increase their efficiency is connected primarily with the annually growing volume of water
consumption for household, drinking and industrial needs. In its turn, big volumes of water consumption
lead to the growth of volumes of waste water discharged into surface water sources. The methods and tech-
nologies of water treatment used in Russia are obsolete. Large areas are required for the technological pro-
cess and technical equipment is worn out, which results in improper water quality for consumers. Object.
The sorption filter with a cassette type of loading is the object of research. Materials and methods. To
increase the efficiency of technological processes of water treatment the design of a sorption filter with a
cassette type of loading was developed the main feature of which is to ensure filtration process continuity
due to operative replacement of the filtering cassettes without stopping the filter for washing. The filtering
load in chambers was distributed with decreasing of the size of grains in the direction of filtering of pro-
cessed liquid: the size of grains in the first chamber was 3-5 mm, in the second chamber 2-3 mm, in the
third chamber 1-2 mm and in the fourth chamber 0.5-1 mm. Efficiency of treatment was evaluated both for
natural water taken from a surface water source (Volga River) and for preliminarily clarified wastewater
from a cattle-breeding complex. Results and conclusions. The expediency of application of filters with
cassette type of loading is confirmed by high efficiency of natural and waste water treatment. The pH indi-
cator was reduced by 11,39 %, total iron — by 38,3 %, divalent iron — by 20,0 %, trivalent iron — by
59,09 %, zinc — by 57,72 %, copper — by 42,5 %, ammonium nitrogen — by 46,48 %, potassium — by
45,86 %.The presented design of the filter with a cassette type of loading is notable for its high efficiency
due to the continuous filtration process and rapid replacement of the filtering cassettes with a filtering load.
Rationality of the cassette filter application in the technological chain of water treatment is confirmed by
high cleaning efficiency, which is 11,39-59,09 %.
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VJIK 628.1
MNOBBIINEHUE 2OPEKTUBHOCTHU TEXHOJOI'MYECKUX ITPOLECCOB
BOAOOYUCTKHU C IPUMEHEHUEM COPBIIMOHHBIX ®UJIBTPOB C
KACCETHBIM TUIIOM 3AT'PY3KHA

A. C. OBUMHHHUKOB, 00KMOP CeNbCKOXO3AUCMBEHHbIX HAYK, npodeccop, akademuk PAH
E. B. llycroBanoB, kaHouoam cenbCKOX035UCMEEHHbIX HAYK, OOYeHm
B. C. BouapHuKOB, 00Kkmop mexHuueckux HayK, npogeccop
O. B. BouapHuKoBa, 00KmMop mexuuueckux Hayk, npogeccop
M. A. [lenucoBa, xaHouoam mexHuueckux HayK, OOYeHm

D@I'FOY BO Bonzoepadckuui I'AY
2. Boneoepao, Poccuiickas ®edepayus

AkTyajdbHOCTh. OcTpasi MOTPEOHOCTh B COBEPIICHCTBOBAHUU TEXHOJIOTHYECKUX IPOIECCOB
BOJIOOYHCTKH U B Pa3padOTKe HOBBIX MOIXOAOB JUIs TOBBIMIEHUS UX d(H(HEKTHBHOCTH B MEPBYIO OUe-
pellb CBsi3aHa € ©XErOJHO PacTyIIUMK 00beMaMH MOTPEeOIEHHUS BOJIBI HA XO3SMCTBEHHO-TUTHEBBIE U
MPOU3BOJICTBEHHBIE HYX/Ibl. B cBOIO 04epenn, Oombiie 00beMbl BOAOMOTPEOICHUS TIPUBOJIAT K POCTY
00EMOB CTOYHBIX BOJ, COpachiBa€MbIX B TIOBEPXHOCTHBIC BOJAOMCTOUHHUKH. VCHONb3yeMbie B OTeUe-
CTBEHHOH MPaKTUKE METOJIbI U TEXHOJIOTMU BOJIOOYMCTKH MOPaIbHO ycTapenu. /st TexHomornaecko-
o mporecca TpeOyroTcs OoJbIINe TIOMAIU, a TEXHHUECKOe 000py/I0BaHHE UMEET BHICOKUH (hrsnde-
CKHI M3HOC, YTO MPUBOIUT K oOeclieueHnIo moTpeduTeneil Bool HeHauiexaniero kayectsa. Qob-
ekT. OOBEKTOM HCCIIEIOBAHUS SIBISIETCS COPOLIMOHHBIA (DMIIBTP C KACCETHBIM THIIOM 3arpy3ku. Ma-
Tepuaiabl U MeToAbl. Jns moBbeHUS 3()(QEKTUBHOCTH TEXHOIOTMYECKUX MPOIIECCOB BOJIOMOJIO-
TOBKH ObITa pazpaboTaHa KOHCTPYKIUSI COPOIIMOHHOTO (PHIIBTPA C KACCETHBIM THUIIOM 3arpy3KH, IJIaB-
HOW O0COOCHHOCTBIO KOTOPOWA sIBJIsieTCsl 00ecIiedeHne HelpepbIBHOCTH Mpoliecca (GUIIbTpalnu 3a cUeT
OTEpaTHUBHOM 3aMeHbI (PUIBTPYIOMIMX KacceT 0e3 OcTaHOBKHM (PUIBTpa IUIS BBHIMONHEHUS MPOMBIBKH.
dunpTpyromas 3arpy3ka B Kamepax pachpeensuiachk ¢ yMEHbIICHHEM pa3Mepa 3epeH B HallpaBIIeHUU
¢unbTpoBaHUsT 00pabaTHIBAEMOI JKUIKOCTH: pa3Mep 3epeH B MEepBOH KaMepe COCTaBIIsLI 3-5 MM, BO
BTOPOIT kKamepe — 2-3 MM, B TpeTbel kamepe — 1-2 MM, B yerBeproi kamepe — 0,5-1 mm. Orenka 3¢-
(DEeKTHBHOCTH OYMCTKU MPOBOJMIIACH, KaK JJISi MIPUPOIHON BOJIBI, B3STOH M3 MOBEPXHOCTHOI'O BOJIO-
ucTouHuka (pexa Bonra), Tak v Ui PeABapUTENBHO OCBETICHHBIX CTOUYHBIX BOJ JKHBOTHOBOTYECKO-
ro komruiekca KPC. PesysnbTaTsl 1 BeIBOABI. LlenecooOpa3HocTh npuMeHeHHs QUIBTPOB C KacceT-
HBIM THIIOM 3arpy3KH MOJTBEP)KAAETCS BBHICOKOW 3(PPEKTUBHOCTHIO OUYUCTKH MPHUPOAHBIX H CTOYHBIX
Boj. [Tokasarens pH OTHOCHTEIBLHO HaYaIbHBIX 3HaUCHUI ObUT CHIKEH Ha 11,39 %, olmiee xene3o —
Ha 38,3 %, nByxBajeHTtHoe xkene3o — Ha 20,0 %, TpexBameHTHOE *eme30 — Ha 59,09 %, muHK — Ha
57,72 %, menp — Ha 42,5 %, aMmMoHUITHBIA a30T Ha 46,48 %, kanmit — Ha 45,86 %. [IpencraBieHnas
KOHCTPYKITHSI (PUITBTpa ¢ KACCETHBIM THUIIOM 3arpy3KH OTIUYAETCS BHICOKOW MPOU3BOAUTEILHOCTHIO 32
CUET HEMPEphIBHOCTH TIpollecca (MILTPAIMA U ONEPaTUBHOW 3aMeHbI KacceT ¢ (UIbTpYyrolieH 3a-
rpy3koi. PanioHampHOCTh NMPUMEHEHUs] KaCCETHOTO (WIBTPAa B TEXHOJIOTHYECKOW IIEMOYKE BOJO-
OYHCTKH MOJTBEPIKIAETCS BEICOKUMH TIOKa3aTeNsIMi d3PPEKTUBHOCTH OYHCTKH, KOTOPBIE COCTABIISIOT
11,39-59,09 %.

Knrouesuwie cnosa: 60()00%1/[()1’}’11("61, mexHoJsiocuu 60()00’%%07]’”(‘1/{, KdaccemHbvle Qbuﬂbmpbl,
COp61/ﬂ/l0HH6lﬂ ouucmka cmokKoe, Cnmo4Hbvle GOObZ, yeouniol.

HutupoBanmne. OpunaankoB A. C., Ilycroanos E. B., bouapaukos B. C., bouapaukosa O. B., Jle-
HucoBa M. A. TloBbiieHre 3QEKTUBHOCTH TEXHOJOTMYECKHUX MPOIECCOB BOJOOYUCTKH ¢ IPUMEHE-
HHEM COpPOLIMOHHBIX (UIBTPOB C KACCETHBIM THIIOM 3arpy3ku. Uszsecmuss HB AVK. 2023. 3(71). 363-
371. DOI:10.32786/2071-9485-2023-03-37.

ABTOpcKkMii BKJIaJ. Bce aBTOpBEI HACTOSIIET0 MCCIEIOBAHUS IMPHHUMAIN HEMOCPEICTBEHHOE y4acTHE B
IUTAHUPOBAHUHY, BHIITOTHEHUH WIN aHAJIM3€ JAaHHOIO MCCIEeOBAHI. ABTOPBI HACTOSIIEH CTaThU OJ0OPHIN
MpeICTaBIEHHbIN OKOHYATEIbHBIN BapUaHT.

KoHdaukT uHTepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(IJINKTa HHTEPECOB.
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Beegenne. Octpast noTpeOHOCTh B COBEPIIEHCTBOBAHMHM TEXHOJOTUYECKHX MPOILEC-
COB BOJIOOYHCTKH M B Pa3pabOTKe HOBBIX MOJXOAOB JUIS MOBBIIICHUS WX 3()(HEKTUBHOCTH B
MEPBYIO0 OYepe/b CBS3aHa C ©KETOJHO PACTYIIMMU 00beMaMu MOTPEOJICHHs BOJIbI Ha XO35ii-
CTBEHHO-IIUTHEBBIE U MPOU3BOJICTBEHHBIE HYX/Ibl. B cBOIO 04epenp, 60mbIine 00beMbl BOJO-
NOTPeOICHUS MPUBOAT K POCTY 0OBEMOB CTOYHBIX BOJ|, COPAChIBAEMBIX B TIOBEPXHOCTHBIE
BOJIOMCTOYHHUKH [3, 9, 10].

Hcnonp3yembie B OTEUECTBEHHOM MPAKTUKE METOJIBl M TEXHOJIOTMH BOJOOYHUCTKU MO-
panbHO yctapenu [2, 5]. st TeXHOJIOTHYECKOTo mpoliecca TpeOyIoTcs: O0IbIINE MIIOMIAIH, a
TEXHUYECKOEe 000pyAOBaHHE UMEET BhICOKUN (PU3NUYECKUI M3HOC, UTO IPUBOJIUT K oOecreye-
HUIO TIOTPEOUTENICH BOION HEHAJIekKalero kadecrna [ 1].

Takum 00pa3oM, NMPOU3BOJCTBEHHBIC NPEANPHUATHS BBIHYKIEHBI ITOJIH30BATHCS JIO-
KaJIbHBIMH CHCTEMaMH BOJIOOYUCTKH [6]. Oco0oe MecTO cpeiu TaKuX CUCTEM 3aHUMAIOT CH-
cTeMbI 00paTHOTO ocMoca. OHaKO MPUMEHEHHE 0OpaTHOTO OCMOCA Il OYMCTKH BOJBI HE
BCer/ia SIBIISIETCS ONPAaBIAaHHBIM METOJIOM ¢ (PMHAHCOBOM TOYKH 3peHHs. BBICOKast CTOMMOCTh
YCTaHOBOK U (pMHAHCOBBIE 3aTPAThl HA 0OCTYKHUBAHUE SABJIAIOTCS ONpEACAoIUMEU (pakTopa-
MU 711 OTKa3a MOTpeOuTeNs B MOjb3y Oosiee AEMEBbIX U MPOCTHIX METOJIOB BOJAOOYHMCTKH,
TaKUX Kak cOpOLMOHHAs ouucTKa [7, 8].

CopOLnOHHBIN METOJT YBEPEHHO 3aPEKOMEHI0BaII ce0sl U ABJISETCS OJTHUM U3 BBICOKO-
3¢ (GEeKTUBHBIX METOJIOB OYMCTKH IPUPOJHBIX U CTOYHBIX BoA [4]. [IpocToTa KOHCTpYKLMIA,
HAJEKHOCTh, a TAKXKE€ OTHOCUTENIbHO HeAoporas IeHa (QUIbTPYIOIIUX 3arpy30K MOCIYXHUIIO
MIPUYMHON MacCOBOTO pacpoOCTPAHEHUs COPOLIMOHHBIX (PUILTPOB [6].

[Ipu Bcex cBOUX AOCTOMHCTBAX COPOLMOHHBINA METOJI OUUCTKU UMEET CIEAYIOUIUE He-
JOCTaTKHU:

- TpebyeTcsi mepuouyueckas OCTaHOBKAa (MIBTPOB JJIs MPOMBIBKHM 3arpy3ku, a AJs
o0ecrieueHHsI HENPEPHIBHOM U CTAaOWUIBbHOM PabOTHI CTAaHLUMU BOJOMOJATOTOBKM HEOOXO0aMMa
YCTaHOBKa JIBYX U 0oJiee pe3epBHbIX (UIbTPOB;

- MIPH HCIOJBH30BAHUM MHOTOCIIOMHBIX 3arpy30K IMPOJOKUTEIBHOCTH (PHIBTPOIIHK-
JIOB CJIOEB 3a4aCTYIO Pa3HSTCS, YTO CHUKAET BpeMsl padOoThl PUIIbTPa MEXKY pereHepalusiMu.

Matepuajbl U MeToAbI. BHenpenue HOBBIX 00Jiee COBEPIICHHBIX METO/IOB U TEXHHU-
YECKUX CPEJICTB (PUIBTpPAIMH MO3BOJUT MOBBICUTH 3(P(PEKTUBHOCTh TEXHOJOTHYECKUX IPO-
1eccoB BoAonoArotoBku. C 3Toil nenbio Obla pazpaboTaHa KOHCTPYKIHS COPOIMOHHOIO
(GMIBTpa ¢ KACCETHBIM THIIOM 3arpy3KHu.

KacceTHblii GUIBTp COAEPKUT KOPIYC CO CHEMHBIMHU (PHIBTPYIOUIMMH KacCeTaMHu
(pucyHok 1) M MMeeT 4eThIpe TOPU3OHTAIBHO PACIIOI0KEHHBIX KaMEphl, B KaKI0W U3 KOTO-
PBIX PacMoJIOKEHbl NEPErOpoIKH ¢ YKJIOHOM. KaMepsl ocHaIlleHbl MOHTaKHBIMH JIFOKaMU C
VIUIOTHUTEIEHBIMU PE3HHKAMH TSl TePMETH3AINH, TIOJBOSIINAM U OTBOJISIINM MaTpyOKaMHu.
[TaTpyOku coenuHEeHBI ¢ OaiilacoM, IMEIOIINM 33/IBIKKY JIJIsl U3MEHEHHSI HAIIPaBJICHUS JIBH-
xeHus: oOpabaTeiBaeMoi Bojbl. Ha monBojsiieM narpyOke 3akperyieHbl pa3Opbl3ruBaTelu
JUIsl PABHOMEPHOTO pacIipe/ieeHHsl )KUIKOCTH 10 Beel Tuionaan GuibTpyIOIIero MmaTepuania.
OWIbTpYIOUIME KacCeThl MPSMOYTOJBbHOTO CEUYEHMsI YCTAHABIMBAIOTCS Ha HaIpPaBIISIOIIUE,
KECTKO 3aKpeIUICHHbIC Ha BHYTPEHHEH CcTeHKe Kopmyca (GuibTpa. BepXHss W HIDKHSS 4acTH
KacCeT UCIOJHEHbl B BUJE CETKU I yAep:KaHHs (QUIbTPYIOLIEro Marepuaia, a OOKOBbIE
CTEHKH BBITIOJIHEHBI BOJIOHETIPOHUIIAEMBIMHU.

[Ipemyiaraemass KOHCTPYKIMSI KacCETHOTO (PriibTpa pabOTaeT CIEIYIOIIUM 00pa3oMm.
Bona no noasonsniemMy natpyoky nojaercs B KaMepy, I'/ie yepe3 pa3OpbI3ruBaTesu nomnajgaet
B (MIIBTPYIOIIYIO KACCETY, 3a CUET Yero MPOUCXOAUT (PHIBTPALHS Yepe3 TOIY (PHIbTpyro-
1Iero Marepuaia Mmoj JeHCTBUEM IpaBUTAIMOHHBIX cuil. OTQUIbTpOBaHHASI BOJA IMOMAJAET
Ha MEepPEeropoJIKy pacloJioKEHHYIO 110]] HAKJIOHOM U CAaMOTEKOM 4Yepe3 OTBOJSAIIMM naTpyOok
neperekaer B Oaiinac, OTKy/la HalpaBJIIE€TCS B CIEIYIOIINE KAMEpHI.
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3
= 13

Pucynok 1 — CxeMa kacceTHOro (puiibTpa
1 — kopmyc; 2 — kamepa; 3 — HaKJIOHHAS TIEPEropojka; 4 — repMETUYHBIH JIIOK; 5 — KacceTa;
6 — moaBoOAAIIMI AaTPyOOK; 7 — OTBOASAINMI AaTPyOOK; 8 — Oaifmac; 9 — 3aABMIKKA TTOJBOIAIICTO
natpyoOka; 10 — 3aBH)KKa OTBOAAIICTO MaTpyoOka; 11 —3anBmkka Oaiinaca; 12 — pa30opbI3ruBaTelb;
13 —Hamnpasistonye; 14 — kopmyc Kaccerhl; 15 — cetka; 16 — punabTpyrommas 3arpy3Ka
Figure 1 — Scheme of the cassette filter
1 — body; 2 — camera; 3 — inclined partition; 4 — sealed hatch; 5 — cassette; 6 — inlet pipe;
7 outlet pipe; 8 — bypass; 9 — valve of the inlet pipe; 10 — valve outlet pipe; 11 — bypass valve;
12 — sprinkler; 13 — guides; 14 — cassette body; 15 — grid; 16 — filtering load

3amMmeHa Kaccer IIPOU3BOAUTCS YEPE3 MOHTQ)XHBIM JTIOK IIPpHU OTKIIFOYCHUHU IMOJa4M BOABI

B KaMCpPYy 3aKPLITHEM 3aJIBUKXKHU Ha IMOJABOJAIICM Han}I6Ke 0e3 OTKIIFOYEHMS OCTAILHBIX Ka-

Mep U OCTaHOBKH Ipoliecca GuibTpaluu.
['maBHBIMU TOCTOMHCTBAMH IpeJIaraéMoil KOHCTPYKIMU KAaCCETHOTO (PUIIbTpa sB-

JSIOTCS:
1. OGecnieueHue HEMPEPHIBHOCTH Ipoliecca PUIBTPALUU 3a CUET ONEpaTUBHOM 3ame-

HbI QUIBTPYIOUINX KacceT 6e3 0CTaHOBKU (DUIIbTPA AJISi BHIIOJTHEHHS IPOMBIBKH.
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2. Bo3aM0xHOCTh KOMOMHMPOBAHUS COPOEHTOB PA3IMUHBIX [0 IPOUCXOXKICHUIO U Tpa-
HYJIOMETPUYECKOMY COCTaBY B 3aBUCHMOCTH OT CTEIIEHU 3arpsi3HEHHOCTH OYMILAEMOMN BO/IBL.

3. Ilpu ucnonb30BaHUM PA3NIUYHBIX MO MPOUCXOXKICHUIO M T'PAHYJIOMETPUUYECKOMY
COCTaBy COpOEHTOB yIpaBJCHHE pereHepalnuen KacceT MPOU3BOAUTCS HE3aBUCUMO JPYr OT
npyra. Ilo 3aBeprieHny QUIBTPOLIMKIIA KACCETHl C (PUIBTPYIOLIEH 3arpy3Koil MpOU3BOAUTCS
ee 3aMeHa 0e3 0CTaHOBKU (UIIbTPA, IIPH 3TOM KacceTa ¢ OTpabOTaHHBIM COPOEHTOM OTIIPaB-
JII€TCS HA pEreHepaLuIo.

OddextuBHas padoTa QuIbTpa JOCTHTAETCS 32 CYET IPAMOTHO MOAOOPAHHOTO COp-
OCHTa U €ro rpaHyJIOMETPUIECKOro cocTaBa. HenmpaBuibHBIN 110100p GUIBTPYIOMIEH 3arpy3-
KM BJIEYET 3a cOOOM HapyuieHue (pUiIbTPallMOHHOIO MPOLecca U MOXKET MPUBECTH HEUCIIPaB-
HOCTH (pUiIbTpa.

HaubonpIiiee TexHOJIOTHYECKOE PUMEHEHUE CPEU MPUPOJHBIX aJCOPOEHTOB MOITY-
YIJIN 1I€0JIUTHI, OIIOKH U IieoauTcoaepxamue kpemuuctoie nopoas! (LICII). B npoBeaenHbIx
HaMU MCCIIEOBAaHUIX MCIOJIb30BATNCH TNIMHUCThIE OMOKH MIIOBIMHCKOIO MECTOPOXKICHMS,
COCTaB U CBOMCTBA KOTOPBIX MPUBEAEHBI B Ta0MIIE 1.

Tabmuna 1 — Xapakrepucruka coctaBa u cBoiict LICIT (M10BIMHCKOE MECTOPOXKICHHE)
Table 1 — Characteristics of the composition and properties of the zeolite-containing siliceous rocks
(Ilovlinskoye field)

Iloka3arenb | 3HaueHue
DuU3NYECKHE CBOMCTBA
OOMeHHas EMKOCTh, MI-KB/T 0,4
[LI0THOCTS, T/cM 1,1
[Topucroctsb, % 55
MunepaibHbii coctas (% oT Macc)
Knuaontunonut 25
Onan-kpucTodaIuT-TPHIUMHUT 49
Kanpuut 2
I'nuHKMCTHIE MUHEpATIBI 12
Ksapig 11
IToseBo# mmar 1
Xummueckuit cocras (% ot Macce)

Si0, 76,58
TiO, 0,33
AL O4 5,19
F6203 2,39
CaO 3,0
MgO 0,74
Na,O 0,53
K,0O 1,51
H,O 9,73

bouio mpenycMoTpeHo pacnpezeneHue GuiIbTpyroliel 3arpy3ku B KaMepax ¢ yMEHb-
LIEHHEM pa3Mepa 3€peH B HallpaBJICHUU (UIBTPOBAHUS 00pabaThIBAEMOM KUIKOCTU: pa3Mep
3epeH B IEpBOM KaMepe cocTaBlislil 3-5 MM, BO BTOpoil kamepe — 2-3 MM, B TpeTbel Kamepe —
1-2 MM, B weTBepTOil Kamepe — 0,5-1 mm.

Onenka 3¢ (eKTUBHOCTU OYUCTKU MPOBOMIIACK, KAK /Ul IPUPOJHON BObI, B3SITON U3
MIOBEPXHOCTHOTO BOJAOUCTOUHUKA (peka Boura) s neneit nuThbeBoro BOAOCHA0XKEHUs, Tak U
JUIS IPEIBAPUTENLHO OCBETJIIEHHBIX CTOYHBIX BOJI )KHUBOTHOBOqUeckoro komiuiekca KPC, uc-
M0JIb3YEMBIX JJIsl OPOILICHUS.
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Pe3yabTartel u o6cyxnenue. [1o pesyapraTaMm XHMHUECKOTO aHATN3a, TIPEICTABICHHO-
ro B Tabmnuiie 2, Obuto onpeneneHo, 4yro pH BObI U3 MOBEPXHOCTHOT'O BOJIOMCTOYHHKA MPEBBI-
maet [1JIK na 12,9 %, xene3o obuiee — Ha 56,7 %, xkene3o0 nByxBasieHTHOE — Ha 25,0 %, xene-
30 TpexBaneHTHoe — Ha 60,0 %, nuHK — Ha 88,0 %, meap — Ha 60 %. B cocraBe )KWBOTHOBOT4E-
CKUX CTOKOB ObU10 3adukcupoBano npesbinieHne bIIKs na 18,5 %, amMmoHuiiHOro a3ora — Ha
14,9 %, xamust — Ha 80,5 % (Tabmuma 3). XUMUYECKHI aHAIH3, TPOBEICHHBIN TOCTIE OYUCTKH,
YKa3bIBa€T Ha IMOJIOKUTEILHBIA PEe3yIbTaT, IOCKOJBKY MOKA3aTeNId BCEX MPUMECEH KakK B TPH-
POJHOM, TaK U B CTOYHOM BOJI€ HAXOIUIIUCH MTPEAEIaxX AOMYCTUMbBIX 3HAYEHUH.

Tabnuia 2 — XuMUUECKUI aHaJIM3 BOJIBI U3 TOBEPXHOCTHOIO BOJOMCTOYHMKA (peka Bomra)
Table 2 — Chemical analysis of water from a surface water source (the Volga river)

PesynbTaThl aHanmza TJIK, wr/n
Ne i/t HaumeHnoBaHMe BemiecTBa Ucxongnas Boaa ITocie ouncTkmn ’
MrI/11 MI/J1

1 pH 7,9 7,0 6,5-7,0
2 Cynbdatbl 108,6 90,4 500

3 Hutpuths 0,01 0,0073 0,1

4 Hutpatst 0,06 0,03 45

5 XITOpUIBI 5,1 3,5 350

6 Keneso obmree 0,47 0,29 0,3

7 2Keneso nByxBaneHTHOE 0,25 0,2 0,2

8 JKeneso TpexBaJeHTHOE 0,22 0,09 0,1

9 KectkocTh 4,1 3,7 7,0
10 Kagmmii 0,0095 0,006 0,01
11 [uak 9,4 4,35 5,0
12 Menb 1,6 0,92 1,0
13 Xpom 0,028 0,02 0,07

Tabumia 3 — XuMHUYeCcKHi aHaJIu3 CTOYHBIX BOJ KUBOTHOBOLUYECKOro komiuiekca KPC

Table 3 — Chemical analysis of wastewater from the cattle breeding complex

Pe3ynbTaThl aHanmnza TIIK, Mr/n
Ne i/t HaumenoBaHMe BemiecTBa Ucxongnas Boaa ITocne ouncTkmn ’
MI/11 MI/J1

1 pH 8,3 7,8 6,0-8,5
2 Cyxoit ocTaTok 803,4 450,8 2000
3 BIIK; 1007,0 752.,4 850
4 XITOpUIBI 66,3 36,7 100

5 Hurpater 0,1 0,07 0,5

6 A30T aMMOHMIHBIA 114,9 61,5 100
7 Maruuii 20,4 10,5 330

8 Kanpmuii 108,6 67,7 450
9 Kanuii 135,4 73,3 75
10 Hatpwuit 56,1 30,4 200
11 XKeneso pactBopumoe 0,2 0,07 20

[lenecoobpa3HocTh NpUMEHEHUs (PUIBTPOB C KACCETHBIM THUIIOM 3arpy3KH IOJ-
TBEPKIACTCS BBICOKOHW d(PPEKTUBHOCTHIO OUYUCTKU MPUPOIHBIX U CTOYHBIX BOJ (PHCYHOK
2). Ilokazarens pH oTHOCHTENbHO HavYalbHBIX 3HaueHHUM ObLI cHUXEH Ha 11,39 %, obmee
xene30 — Ha 38,3 %, naByxBaneHTHOe kene30 — Ha 20,0 %, TpexBaJ€HTHOE Kejle30 — Ha
59,09 %, uuuk — Ha 57,72 %, menp — Ha 42,5 %, aMMOHUHHBINA a30T Ha 46,48 %, Kaauni —
Ha 45,86 %.
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Pucynok 2 — IToka3zaTenu 3GeKTHBHOCTH OYUCTKH MPUPOAHBIX M CTOYHBIX BOJ
Figure 2 — Indicators of the efficiency of natural and waste water treatment

3akiouenue. Pa3paboTka HOBBIX KOHCTPYKIWH (DMIIBTPOBAIBHOTO OOOpPYAIOBAHHUS SIBISICTCS
HEOTHhEMIIEMOM YaCTBIO MOACpHU3alUNU CUCTEM OYUCTKU MPHUPOJAHBIX M CTOYHBIX BOI. Hpe}ICTaBHeH-
Hasi KOHCTPYKIHS (QHIBTPA C KACCETHBIM THIIOM 3arpy3KH OTIUYAETCs BBICOKOW MPOU3BOAUTENHHO-
CTBIO 3a CUET HEMPEPhIBHOCTH Mpoliecca GHIbTPALMH U OMEPATHBHOW 3aMEHBI KacceT ¢ (GpUIIbTPYyro-
el 3arpy3koi. PalmoHaabHOCTh HMPUMEHEHHS KacCETHOro (DHiIbTpa B TEXHOJIOIMUYECKOW IICTIOUKE
BOJOOYHMCTKHU IMOATBEPKIAACTCA BBICOKMMHU ITOKa3aTCIAMUN 3(1)(1)CKTI/IBHOCTI/I OYHMCTKH, KOTOPBIC COCTaB-
msirot 11,39-59,09 %.

Conclusions. Development of new designs of filtering equipment is an integral part of mod-
ernization of natural and waste water treatment systems. The presented design of filter with cassette
type of loading is characterized by high productivity due to the continuity of filtration process and
prompt replacement of cassettes with filter load. Rationality of application of the cassette filter in the
technological chain of water treatment is confirmed by high indicators of purification efficiency,
which make 11.39-59.09 %.

Bubanorpapuyeckunii cnucok

1. Anammu3 3¢dexkTrBHOCTH PabOThl (PUIBTPYIOMIMX 3arpy30K IpH 00E3KEIC3UBAHUH BOIBI U3
MO3EMHBIX BOJIOMCTOYHUKOB JJIsi CUCTEM KarenabHoro oporiierus / A. C. OBunHHuKOB, B. C. Bouapuu-
koB, O. B. bouapuukosa, E. B. [Tycrosanos, M. A. [leancosa // 3Bectnst HikHEBOIKCKOr0 arpoyHHUBEp-
CHTETCKOr0 KOMILJIEKCAa: HayKa M BhICIIee podeccuoHaiibHoe oopazoBanue. 2021. Ne 2 (62). C. 330-338.

2. AnmapaTtypHoe oopmIIeHHE COBMEIICHHBIX MPOLECCOB B TEXHOJIOTUU BOJIOIOJITOTOBKH /
B. B. Boponsiuer, A. E. Horukor, M. U. Jlamckora, M. 1. ®unumonos // Hosbie TexHomorun. 2020.
T. 16. Ne 5. C. 55-62.

3. Uzyuenne mexanmuzma aacopOiun [1-quHUTpOOEH30/1a MOUPHUIIMPOBAHHBIMUA OCHTOHHTA-
MU TIpU BOJOOYHMCTKE B craTHyeckux yciopusx / O. B. AramanoBa, E. . TuxomupoBa, M. B. Uc-
TpamikuHa, A. A. [TogokceHos // Boaa u sxosorus: mpoOiemsl u pemenus. 2020, Ne 2 (82). C. 3-11.

4. Kum B. [IpuMeneHme HCKYCCTBEHHBIX U TPUPOIHBIX COPOCHTOB JJIsi OYMCTKH CTOYHBIX BOJ
ot Hedrenponykro / Bomoouncrka. 2020. Ne 4. C. 28-31.

5. Jlamckosa M. 1., ®unmrmonos M. U., HoukoB A. E. Mcnonb3oBaHne 3aKkpydeHHBIX TOTOKOB U
COpOIMOHHBIX 3(P(}HEKTOB TPH BOJOOUMCTKE B HU3KOHAIOPHBIX OPOCHTENBHBIX CHCTEMAaX C JIOKAJbHON
nofaveti / Hayunwbiii sxypHan Poccuiickoro HUU npo6nem menuoparmu. 2016. Ne 4 (24). C. 189-201.

6. CopOLIMOHHBIN METOJ] OYUCTKH BOABI OT MpUMeceld HeTEPOAYKTOB C MTOMOIIBIO I[€0NnTa /
10. A. Kosuno, O. B. Cxonunuesa, C. 1. I'anosa, B. 1. ®enorosa // 'opHblii nHbOpMALIMOHHO-
aHAMTUYECKUi OroiieTenb (HaydHo-TexHuueckuid xypHan). 2020. Ne S1. C. 250-259.

369



sk H3BECTHSA ¥xkxk

HHXHEBOAXCKOI'O ArPOYHHBEPCHTETCKOI'O KOMITAEKCA:
HAYKA H BBICIUEE IPOPECCHOHAABHOE OBPA30BAHHE

N 3 (71), 2023

7. Ypeukuii E. A., Huxonenko U. B., Mopo3 B. B. Pa3pabotka, BHepeHre u uccieqoBaHue
MHOTOLIETICBOI0 COpOIMOHHOrO amnmapara / CTpOUTENBCTBO M TeXHOreHHas O0e3omacHOCTh. 2022, No
24 (76). C. 85-95.

8. Adsorption modification of the zeolite surface with chitosan / Zh. A. Tattibayeva, M. T.
Tursynbetov, S. M. Tazhibayeva, W. Kujawski, K. B. Musabekov // Chemical Bulletin of Kazakh Na-
tional University. 2019. V. 95. Ne 4. Pp. 20-26.

9. Disinfection of wastewater with ultraviolet light on devices of the cyclic principle of action / A. S.
Ovchinnikov, V. S. Bocharnikov, O. V. Bocharnikova, E. V. Pustovalov, M. A. Denisova, T. V. Repenko //
Innovative Solutions in the Agro-Industrial Complex, AgroINNOVATION 2021" 2022. P. 012014.

10. Water treatment of sur-face water using a ferrite reagent / A. S. Ovchinnikov, M. A. Den-
isova, V. S. Bocharnikov, O. V. Bocharnikova, Yu. V. Kuznetsov, T. V. Repenko, E. V. Pustovalov //
IOP Conference Series: Earth and Environmental Science. 2022. V. 996. 012002.

References

1. Analysis of the effectiveness of filter media at deferrization of water from groundwater
sources for drip irrigation systems / A. S. Ovchinnikov, V. S. Bocharnikov, O. V. Bocharnikova, E. V.
Pustovalov, M. A. Denisova // Proceedings of the Lower Volga Agro-University Complex: science
and higher education. 2021. Ne 2 (62). Pp. 330-338.

2. Hardware design of the combined processes in the water treatment technology / V. V. Borody-
chev, A. E. Novikov, M. 1. Lamskova, M. 1. Filimonov // New technologies. 2020. T. 16. Ne 5. Pp. 55-62.

3. Study of the adsorption mechanism of P-dinitrobenzene by modified bentonites during wa-
ter treatment under static conditions / O. V. Atamanov, E. 1. Tikhomirova, M. V. Istrashkina, A. A.
Podoksenov // Water and ecology: problems and solutions. 2020. Ne 2 (82). Pp. 3-11.

4. Kim V. Application of artificial and natural sorbents for wastewater treatment from oil
products // Water treatment. 2020. Ne 4. Pp. 28-31.

5. Lamskova M. 1., Filimonov M. 1., Novikov A. E. The use of swirling flows and sorption ef-
fects in water treatment in low-pressure irrigation systems with local supply // Scientific Journal of
the Russian Research Institute of Land Reclamation Problems. 2016. Ne 4 (24). Pp. 189-201.

6. Sorption method of water purification from impurities of petroleum products with the help
of zeolite / Y. A. Kozilo, O. V. Skopintseva, S. D. Ganova, V. P. Fedotova // Mining information and
analytical bulletin (scientific and technical journal). 2020. Ne S1. Pp. 250-259.

7. Uretsky E. A., Nikolenko I. V., Moroz V. V. Development, implementation and research of a
multi-purpose sorption apparatus // Construction and technogenic safety. 2022. Ne 24 (76). Pp. 85-95.

8. Adsorption modification of the zeolite surface with chitosan / Zh. A. Tattibayeva, M. T.
Tursynbetov, S. M. Tazhibayeva, W. Kujawski, K. B. Musabekov // Chemical Bulletin of Kazakh Na-
tional University. 2019. V. 95. Ne 4. Pp. 20-26.

9. Disinfection of wastewater with ultraviolet light on devices of the cyclic principle of action / A. S.
Ovchinnikov, V. S. Bocharnikov, O. V. Bocharnikova, E. V. Pustovalov, M. A. Denisova, T. V. Repenko //
Innovative Solutions in the Agro-Industrial Complex, AgroINNOVATION 2021" 2022. P. 012014.

10. Water treatment of sur-face water using a ferrite reagent / A. S. Ovchinnikov, M. A. Den-
isova, V. S. Bocharnikov, O. V. Bocharnikova, Yu. V. Kuznetsov, T. V. Repenko, E. V. Pustovalov //
IOP Conference Series: Earth and Environmental Science. 2022. V. 996. 012002.

HNudopmanust 00 apTopax
OBunHHMKOB AJjekceii CeMeHOBHY, IOKTOP CEIbCKOXO3SIMCTBEHHBIX, TIpodeccop, akagemuk PAH, 3aBe-
nyrouit kaenpoit «llpuknagnasi reoges3us, Mpupomaoo0ycTpoiicTBo U Bogomnonbk3oBanue» GI'BOY BO
Bonrorpanckuit TAY (P®, 400002, r. Bonrorpaj, mpocnekT YHUBEPCUTETCKUM, A. 26), Ten. 8 (8442)41-
81-53, e-mail: oas_volgau@mail.ru
IlycroBano EBrenmnii BacuiabeBH4, KaHIUIAT CENbCKOXO3IHCTBEHHBIX HayK, AouUeHT Kadenpsl «Ilpu-
KIIaJHasl TeoJIe3Msl, MPUPOoA000yCTPOICTBO U Bopononb3oBanuey, ®I'BOY BO Bonrorpaackuii [AY (PO,
400002, r. Bonrorpan, mpocnekT YHHBEPCUTETCKUH, A. 26), Ten. 8 (8442)41-81-53, e-mail: pustovalov-
evgeniy@mail.ru
Boyapuuxos Buktop CepreeBu4, JOKTOp TEXHMUYECKUX HayK, Ipodeccop kadenpsl «lIpukiaanas reo-
Jie3usi, MPUPOI000YCTPOCTBO U Bojomnoab3oBanue», ®I'BOY BO Bonrorpanckuii AY (PD, 400002, r.
Bonrorpan, nmpocniekT YHUBepcUTeTCKuUi, 1. 26), Ten. 8 (8442)41-17-84 ,e-mail: bocharnikov_vs@mail.ru

370



sk H3BECTHSA ¥xkxk

HHXHEBOAXCKOI'O ArPOYHHBEPCHTETCKOI'O KOMITAEKCA:
HAYKA H BBICIUEE IPOPECCHOHAABHOE OBPA30BAHHE

N 3 (71), 2023

BouapuukoBa Onecss BaiaguMHupoBHA, JOKTOp TEXHHUYECKUX HAyK, mpodeccop Kadenpsl «[Ipuknaanas
reojIe3usl, MPUPO000YCTPOICTBO U Bogomnoiabs3oBanue», ®I'bOY BO Bonrorpaackuii 'AY (P®, 40002, r.
Bonrorpan, MPOCTIEKT  YHHUBEPCUTETCKUM, . 26), Tel. 8 (8442)41-17-84, e-mail:
olesya.bocharnikova@mail.ru.
Jenucosa Mapusi AjlekceeBHa, KaHIUIAT TEXHUYIECKUX HAYK, HOLEHT Kadeaps! «[Ipuknaanas reoaesus,
IpUpPO000yCTpoiicTBO U Bogomnoiab3oBanue», ®I'BOY BO Bonrorpanckuit 'AY (P®, 400002, r. Bonro-
rpaj, TPOCIEKT YHUBEPCUTETCKUH, 1. 26), Ten. 8 (8442)41-81-53,e- mail: masha2008-1988@mail.ru.
Authors Information
Ovchinnikov Alexey Semenovich, Head of the Department "Applied Geodesy, Nature Management and
Water Use", Volgograd Agrarian University University (400002, Russia, Volgograd, Universitetsky Ave-
nue, 26) Doctor of Agricultural Sciences, Professor, Academician of the Russian Academy of Sciences, tel.
8 (8442)41-81-53, e-mail: oas_volgau@mail.ru.
Pustovalov Evgeny Vasilievich, Associate Professor of the Department of "Applied Geodesy, Nature
Management and Water Use", Volgograd Agrarian University (400002, Russia, Volgograd, 26 Universi-
tetsky Avenue, Volgograd) PhD in Agriculture, tel. 8 (8442)41-81-53, e-mail: pustovalov-evgeniy@mail.ru.
Bocharnikov Victor Sergeevich, Professor of the Department of "Applied Geodesy, Nature Management
and Water Use", Volgograd Agrarian University (400002, Russia, Volgograd, Universitetsky Avenue, 26)
Doctor of Technical Sciences, Professor, tel. 8 (8442)41-17-84, e-mail: bocharnikov_vs@mail.ru.
Bocharnikova Olesya Vladimirovna, Professor of the Department of "Applied Geodesy, Nature Man-
agement and Water Use", Volgograd Agrarian University University (40002, Russia, Volgograd, Universi-
tetsky Avenue, 26) Doctor of Technical Sciences, Professor, tel. 8 (8442)41-17-84, e-mail:
olesya.bocharnikova@mail.ru.
Denisova Maria Alekseevna, Associate Professor of the Department of "Applied Geodesy, Environmental
Engineering and Water Management, Volgograd Agrarian University (400002, Russia, Volgograd, Univer-
sitetsky Avenue, 26) Ph. 8 (8442)41-81-53, e-mail: masha2008-1988@mail.ru.

DOI: 10.32786/2071-9485-2023-03-38
THE EFFECT OF INTRA-SOIL APPLICATION OF ANIMAL BY-PRODUCTS ON
THE CARBON DIOXIDE CONTENT IN SOIL AIR

A. E. Novikov, S. Y. Semenenko, V. A. Motorin

Federal State Budget Scientific Institution «All-Russian Scientific Research Institute
of Irrigated Agriculturey
Volgograd, Russian Federation

Corresponding author E-mail: sy semenenko@vniioz.ru
Received 05.05.2023 Submitted 10.08.2023

The materials of the article are presented based on the results of research conducted with the grant
support of the Administration of the Volgograd region (Agreement dated December 14, 2022) on the
topic: "Theoretical and experimental studies of greenhouse gas emissions from various methods of
introducing wastewater from livestock complexes with the development of equipment and
technology to reduce it in the arid climate of the Volgograd region with an increase in fertility and
productivity of irrigated lands"

Summary
The relevance and importance of the livestock industry in greenhouse gas emissions has been studied
according to scientific publications. The results of experimental field studies in the conditions of a
model small-scale vegetation experiment to study the dynamics of greenhouse gas content depending
on the technology of multi-depth application of various types of cattle manure and liquid livestock
effluents are presented.

Abstract
Introduction. The problem of the intensity of changes in the global climate situation has united many
scientists in an effort to study the sources of this phenomenon and determine ways to reduce or slow
down the processes that cause it in the chain «biosphere-region-production». Object The object of the
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