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Kinaccudpukanusa cnoco00B U 000py10BaAHUSA PeKyepaluu

BTOPHUYHbLIX BO/I

I'ennaauii B. Kamamuaukos 1 kagen5@yandex.ru
WBan M. ATHCKOB 1 nagi.soichero@mail.ru

1 Boponexckuil rocy1apcTBEHHBIH yHHBEPCHTET HHKEHEPHBIX TEXHOJIOT L., p-T PeBomonuu, 19, r. Boponex, 394036, Poccust

Pedepar. Bonpockl ouncTkn BTOPHYHBIX BOJ MPOMBILIIIEHHOTO MPOM3BOCTBA 3aHUMAIOT BaKHOE MECTO M SIBIIOTCS AKTyalbHBIMH B
DKOJIOTUYECKON JIEATENbHOCTH BCEX NPENPUSTHH IUINEBOM U XMMHYECKOM orTpacied. [ O4uCTKHM TpaHCHOPTEPHO-MOEYHOH BOJBI
CBEKJIOCaXapHOTO TPOM3BOJICTBA KIIFOUEBYIO POJIb UTPaeT 000pYAOBAHHUE OUMCTHBIX COOpYKeHui. bobiioe MEHOrooOpasue 000pyjoBaHs
OYHCTKH CTOYHBIX BOJ| KIACCH(UIUPYETCS MO Pa3IMdHbBIM criocodaM. I[IprMeHseMble THIIOBBIE KOHCTPYKIMHM — 3TO OTCTOMHHKH,
THIPOLMKIIOHBI, CENapaTopsbl, HeHTpudyru. B cBoro ouepes OHM MMEIOT pa3HyIO CTETICHb OYMCTKH, IIPOU3BOAUTEIIEHOCTS 110 TTIOCTYHAIOMIEH
CYCIEH3UU 1 OYHIIEHHONH BTOpHYHOM Boje. [laHHOE 000pyaOBaHHE NENUTCS M0 KOHCTPYKLHSAM B 3aBUCHMOCTHU OT AMAaNa30Ha yaisieMbIX
yactul, CocrapieHa oOmas kiaccupMKalMs CIOCOOOB OYMCTKHM TPAHCHOPTEPHO-MOCYHOW BOZBL, @ TAaKXKe COOTBETCTBYIOILETO
obopynoBanust. Ha ocHOBe aHaiM3a MpPOLIECCOB U alapaTypHOro oQopMIICHHs BbIIEIEHbI OCHOBHbBIE CIIOCOOBI OYUCTKH CTOYHBIX BOJ:
MEXaHHYECKHH, (DH3UKO-XMMUYESCKUH, KOMOMHHUPOBAHHBIN, Ouonormueckuii W Ae3uH(ekuns. [ MOBBIMICHHS CTEIEHH OYKMCTKH U
CHIDKEHUSI TEXHUKO-DKOHOMMYECKHX 3aTpar IHMPOKO HCIOJIB3YeTcsl KOMOMHMPOBAHHBIA crioco0. OCHOBHas 3ajjadya ydacTKa OYHCTKH
TPAHCIIOPTHO-MOGUHBIX BOJ CBEKJIOCAXapHOTO IPOM3BOJACTBA — OOECIeUeHHe NPEANPHSTHS BOJOH B HEOOXOAMMOM KOJMYECTBE H
COOTBETCTBYIOILIEIO KAauecTBa IPU S3KOHOMHOM HCIIOJIB30BAHUU BOJHBIX PECYPCOB C YYETOM OTCYTCTBUS 3arpsI3HCHUS NOBEPXHOCTHBIX U
MOA3EMHBIX BOJ IPOU3BOJCTBEHHBIMU CTOYHBIMU BOJaMH. B caxapHON IPOMBIIIIEHHOCTH B HACTOAILEE BpEMs IIUPOKO IPUMEHSIOTCS
HOBBIE BHIIbI MOCYHOTO 000pYIOBaHMUS 3apyOEKHOTO IPOU3BOCTBA, TPEOYIOMINE I HOPMaJIbHOM paboThI BRICOKOE KauecTBO U OOJIBIIOE
KOJIMYECTBO OYHIIICHHON TPaHCIOPTEPHO-MOeUHOH Boapl [IpersioxeHHas KiacCU(HUKAIs MO3BOJSIET OCYIIECTBUTH CPaBHUTENbHBIN
TEXHUKO-3KOHOMHYECKHI aHalM3 TpU BBIOOpE CrOco0OB M 000pYNOBaHHS PEKyIepalil BTOPUYHBIX BOJ. PaccMOTpeHO ocHOBHOe
000pynoBaHHEe peKyIepalMil BTOPHYHBIX BOJ, HCIONB3yeMOE Ha CBEKJIOCaxapHOM 3aBoje. Hambonee pacmpocTpaHeHHBIM Ha
CBEKJIONEpEepadaTHIBAIONIEM MPETIPHSTHN SIBISICTCS PaMaIbHbINA OTCTOIHHK.

KiiodeBble c10Ba: 04NCTKa, BOAA, 000py0BaHKE, KIIacCH (UKL, TPAaHCIIOPTEPHO-MOEYHAsI BOJA CaXapHOT0 MPOU3BOJICTBA

Classification of methods and equipment recovery secondary waters
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Summary. The issues of purification of secondary waters of industrial production have an important place and are relevant in the
environmental activities of all food and chemical industries. For cleaning the transporter-washing water of beet-sugar production
the key role is played by the equipment of treatment plants. A wide variety of wastewater treatment equipment is classified
according to various methods. Typical structures used are sedimentation tanks, hydrocyclones, separators, centrifuges. In turn, they
have a different degree of purification, productivity through the incoming suspension and purified secondary water. This is
equipment is divided into designs, depending on the range of particles to be removed. A general classification of methods for
cleaning the transporter-washing water, as well as the corresponding equipment, is made. Based on the analysis of processes and
instrumentation, the main methods of wastewater treatment are identified: mechanical, physicochemical, combined, biological and
disinfection. To increase the degree of purification and reduce technical and economic costs, a combined method is widely used.
The main task of the site for cleaning the transporter-washing waters of sugar beet production is to provide the enterprise with
water in the required quantity and quality, with economical use of water resources, taking into account the absence of pollution of
surface and groundwater by industrial wastewater. In the sugar industry is currently new types of washing equipment of foreign
production are widely used, which require high quality and a large amount of purified transporter-washing water for normal
operation. The proposed classification makes it possible to carry out a comparative technical and economic analysis when choosing
the methods and equipment for recuperation of secondary waters. The main equipment secondary water recovery used at the beet-
sugar plant is considered. The most common beet processing plant is a radial settler.

Keywords: purification, water, equipment, classification, transporter-washing water of sugar production

BBeHeHI/Ie BOJbI HCIIOJIB3YIOTCS pa3JIMYHBIC CIIOCOOBI H
Bonma 3aHnMaeT BTOpoe MECTO IO HCIIOJb3ye- 00Opy/lOBaHHE OYHMCTKH CTOYHBIX BOA. Jlus
MbIM pecypcam B Mupe. J1Jis COXpaHSHHSI SKOJOTHH KQKI0H MPOMBIIUICHHOCTH HCIOJB3YIOTCS CBOH
OKpYXXaromero Mmupa 1 3KkOHOMHUU HCHOHBByeMOﬁ CII0COOBI OYHCTKH.
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Pucynok 1. Knaccudukanus cnoco6oB 1 000pyA0BaHHsI OYHCTKU CTOUHBIX BOJL

Figure 1. Classification of wastewater treatment methods and equipment
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B nmanHOll paboTe cucTeMaTH3UpOBAaHA H
0000111eHa MH(DOPMALIKS [0 PEKyIIepalin OTPa0OTAaHHON
BO/JIbI IIPOMBILIIEHHOTO [IPOU3BOACTBA Ha MPEAIPU-
ATHSX HIIEBOW U XUMUYECKO# oTpacieit [1-3].

C nenpro obecrnieueHust Harbosee YPPeKTHB-
HOTO BBIOOpa CIIOCOOOB M OOOPYIOBAHHUS OYMCTKH
BTOPMYHBIX BOA TpeQjioKeHa KiacCH(UKaIHs
OYHCTKM CTOYHBIX BOJ MO cHocodaM H BHIaM
000py/I0BaHHs OUMCTKH CTOYHBIX BOJ (pHcC. 1).

B pesymprare anammsa mpoueccoB U X
anmapaTypHoro o(opmieHHsI BbIIEICHB OCHOBHBIC
CHOCOOBI OYMCTKHM CTOYHBIX BOJ: MEXaHHUYECKHI,
(U3UKO-XUMUYECKUIT, KOMOMHUPOBAHHBIN, OHOIIO-
rudeckuii u aesuHgexnus (puc. 1). B cBoro
oyepenb OHM MMEIOT PasHyI0 CTENEHb OYHCTKH,
MIPOU3BOIUTENHHOCTD TI0 TIOCTYTIAIOIIEH CyCHIeH3UH
U OYMILEHHOM BTOpUYHON Boze. [IpumeHsiembie
TUIIOBBIE KOHCTPYKLHUH — 3TO OTCTOWHHUKH, THAPO-
LUKJIOHBI, Ccemaparopsl, UeHTpudyru. [lanHoe
00OpyZIOBaHHE JIENUTCS 10 KOHCTPYKIUSM B
3aBHCHUMOCTH OT JWaNa30Ha yJaJIieMbIX YaCTHII.

Ha ocHoBe Mexanmdeckoro crmocoba ocy-
LIECTBIISETCS, KaK PaBUIIO, B HAYaJIbHBIN TEPHOT
OYHCTKH, 3aJepKaHue KPYIHBIX HEPaCTBOPHUMBIX
npuMeceid. DTO NOCTUraeTcs NPEeUMYIIECTBEHHO
BCJICJICTBUE WCIIOJNIB30BaHUS B 00OpyAOBaHHE
IPaBUTALMOHHBIX CHIL.

O6opynoBaHHe MEXaHHYECKOH OYHCTKH
ro/ipa3zieNisieTcsl B 3aBUCUMOCTH OT JHCIIEPCHOTO
COCTaBa YacTHLl B BOJE Ul KPYIHBIX, CPEIHUX
MEJIKMX U KOJUIOMIHBIX YaCTHII.

Buonoruueckuii crnocod OYUCTKU TMPEAIo-
JlaraeT pacTBOPEHHE YaCTH 3arpsA3HEHUH CTOYHBIX
Box (opranmueckme 3arpsiHenus — XIIK, BIIK;
OmoreHHbIe BemecTBa — a30oT U (Gocdop) 3a cyer
nepepadoTKy CreUaTbHBIMU MUKPOOPTaHU3MaMU
(GaxTepusiMM M TIPOCTEHIIIMMHU), KOTOPBIC HA3bIBAIOTCS
AKTHBHBIM WJIOM WM OMOIJICHKOM.

OU3UKO-XUMUYECKHH  CHOCO0  OYHCTKU
UCTIONB3YIOT JUISl BBIACTICHUS! PACTBOPEHHBIX NPH-
Mecel U B3BELICHHBIX YaCTHII, OTIMYAIOIIUXCS 10
ux miotHocTH. K (u3nko-xuMudeckum MeTomam
OYHMCTKHA CTOYHBIX BOJ OTHOCST KOAaryJsLuIo,
(hmoTargo, ancopOIHI0, HOHHBIHA 0OMEH, SKCTPAKITHIO,
pPEeKTU(UKALNIO, BBIIAPHBAHKUE, AUCTHILIALMIO,
oOpaTHBIi OCMOC H yIbTpauIBTpaLUIO, KpHU-
CTAJUTM3ALHIO0, IecopOurio W Ip. DTH METOABI
UCIOJb3YIOT [UIsl yNajeHUs U3 CTOYHBIX BOJ
TOHKOJIMCTIEPCHBIX B3BEILICHHBIX TBEPIBIX U JKHIKHUX
YacTHL, PaCTBOPHMBIX TI'a30B, MHHEPAIbHBIX H
opranwdeckux BemiecTs [3]. DToT crmocod obnamaer
PAZOM TPEUMYIIECTB:

- BO3MOXKHOCTb ~YAQICHUS M3 CTOYHBIX
BOJI TOKCUYHBIX, OMOXMMHYECKH HEOKHCISIEMBIX
OpraHUYECKUX 3arps3HEHUM;
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- IOCTIDKeHHUE 00Jiee rTyOOKOH 1 CTaOMIIbHOM
CTENCHU OYUCTKHY;

- MEHBIIIME Pa3Mepbl OYUCTHBIX COOPYIKECHUI;

- MEHBIIIas] YyBCTBUTEILHOCTh K N3MEHCHUSIM
CTEINEHU 3arpsi3HEHUS] BTOPUYHBIX BOJ;

- BO3MOXKHOCTb TIOJIHOM aBTOMAaTHU3aIINH;

- BOBMOKHOCTh PEKYIEpalii  Pa3InIHbIX
BEIIECTB.

ObopynoBanmre (PU3NKO-XUMHIECKON OUNCTKH
B HEKOTOPBIX CIydasx TpeOyeT ImperBapUTEIbHOS
rTyOOKOE BBIIETICHHE W3 CTOYHOM BOJIBI B3BEILICHHBIX
BEIIECTB, JUIS Yero MIMPOKO MCIOB3YeTCs IPOIIece
Koarysimu [4].

Jlns Goylee KayeCTBEHHOM OYMCTKH BOIBI
TpUMEHsIeTCsl  Ie3nHMEKINs, TPeayCMaTpUBAIOIIAs
00e33apaKMBaHIe CTOYHBIX BOJI, HAIIPHMEP, Ha OCHOBE
YCTaHOBOK YJbTPa(QHOIETOBOTO O0IyYEeHHUSI.

Kpome 3T0r0o, MOKHO BBIIETUTH BHIIBI 000-
pyZIOBaHUs, KOTOpHIE MPUMEHSIOT B OTAEIBHBIX
CTIEIMAIBHBIX CIyJasX: MOOWIBHBIE YCTPOHCTBA
OUYUCTKH U TEPMUYECKON yTUIIH3AIUH.

Hapsimy co cranuoHapHBIMH CTaHIHSAMHI
OYHCTKH CTOYHBIX BOJ B CHTyanusx, Korja
UMEeTCsl MOTPEeOHOCTh B OYHUCTKE HEOOIBLIMX
X 00bEMOB MM BPEMEHHOU pabOTHI C CE30HHBIM
rpauKoM, HCIOIB3YIOTCS MOOWIBHBIE CTAaHIMH
BOJI0OUHCTKH. Kak mpaBuiio, oHM cocTosT U3 Oap-
0otépa, yroipHOro ¢uibTpa, EMKOCTH obOe33apa-
KUBaHHS M [IUPKYISIIUOHHOTO Hacoca [5].
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Pucyrok 2. Cxema KOMOHMHHMPOBAHHOIO CIIOCO0A OYMCTKH
BTOPUYHBIX BOJ

Figure 2. Scheme of the combined method of secondary
water purification

B nocnennee BpeMst 1s TOBBIMIEHNUS CTETICHN
OYHCTKH M CHIKEHHS TEXHUKO-KOHOMHYECKHX
3aTpar IHUPOKO UCTIONIB3YETCS] KOMOMHUPOBAHHBIN
Croco0, OCYIICCTBISAEMbIH KOMIIAKTHO B OJHOM
YCTaHOBKE, YTO TMOBBIIAET 3(PEKTUBHOCTH
IKCILTyaTaluu 00opyaoBanus (puc. 2).
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[Ipn KOMOMHUPOBAHHOM CITOCOOE TIpoIIece
HAMHOTO 3(Q{QEeKTHBHEE IO CTENEHU OYUCTKH,
4YeM 1Mo oTAenbHOCTH. Hampumep, oTcranBanue u
KOAryJisIHs 1al0T BBICOKYIO CKOPOCTh OCaKICHUS
gacTull. [Ipy Koarymsmuu oca’kgaeMble YacTHILIBI
COEIUHSIOTCS B arjioMepaTsl OOJbIero pasmepa
u ObicTpee mocturaroT aHa. Ho wmcnonb3oBaHue
HECKOJIbKMX BHJOB OYHCTKHM TpEAyCMaTpUBAET
perIaMeHTHPOBAHHOE  CTPOTO€  BBHITIOJHEHHE
TEXHOJIOTHUECKHX PEXUMOB Ha MPOU3BOJCTBEHHBIX
npeanpusTusax [4].

OcHoBHas 33/1a4a y4acTKa OYMCTKH TPAHCTIOPTHO-
MOEYHBIX BOJ| CBEKJIOCAXapHOIO INPOW3BOJICTBA —
obecrnieyeHue IPeITPUATHSI BOAOH B HEOOXOTUMOM
KOJMYECTBE U COOTBETCTBYIOLIETO KayecTBa
IIPY KOHOMHOM HCIIOJIb30BAaHUM BOJHBIX PECYPCOB
C y4eTOM OTCYTCTBHSI 3arpsi3HEHHUS MOBEPXHOCT-
HBIX M TOA3EMHBIX BOJ IPOU3BOJCTBEHHBIMHU
CTOYHBIMH BOJAMH.

B caxapHoii pOMBIIIJIIEHHOCTH B HAcCTOSIIIEE
BpEeMsI LIMPOKO IMPHUMEHSIOTCS HOBBIE BHIBI MOEY-
HOT'O 00OpPYIOBaHUs 3apyOesKHOTO MPOU3BOJICTBA,
TpeOyomue I HOPMaJIbHON paboThI BBICOKOE
KayecTBO M OOJBIIOE KOIHYECTBO OYMIICHHON
TPaHCHOPTEPHO-MOEUYHOU BO/IBI.

OcHOoBHOE 000pyIOBaHWE I OYHCTKU
TPaHCIIOPTEPHO-MOEYHOM BOJIbI CBEKJIOCAXapHOTO
TPOM3BOJICTBA HA CAXapHBIX 3aBOJIAX — 3TO OTCTONHHKH.

OTCTOMHUKM 1O PeKUMY PabOTHI HCTIONB3YIOT
TpPEX TUTIOB: TIEPHOIITIECKOT0, TIOTYHETIPEPHIBHOTO U
HENpEPBIBHOTO JIEUCTBHA. B KauecTBe KOHCTPYKIMIA
NPUMEHSIOTCA: TIEPUOANYECKOTO ACHCTBHS — 3eMIIsI-
HbIE OTCTOMHMKH, IOJYHENPEPHIBHOIO JECHUCTBUS —
NUPAMHUJAIBHBIE, HEMPEPHIBHOIO JEUCTBHA —
BEpPTUKAJIBHBIE, PAIUAJIbHBIE U TOHKOCIIOIHBIE.

HawnbGomnee pacnpocTpaHeHHBIM Ha CBEKIIOIIE-
pepabaTbIBaloIeM NPEANPUSITUHA TI0 COOTHOLLICHHIO
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KauecTBa OYHCTKA BTOPHYHBIX BOJA U YJ/CIBHOU
NPOU3BOIUTENILHOCTH  SIBISICTCSl  paJUalIbHBIN
orcToMHUK. OMHAKO UIA JaHHBIX KOHCTPYKITHH C
BO3PACTaHUEM TPOU3BOJUTEILHOCTH W CTEIECHU
OYHMCTKMA BTOPHYHBIX BOJ TIOBBIIIACTCS IHAMETP
oTcroiiHuka. Ha JaHHBIA MOMEHT JIHaMETPhI
pamranbHbix otcTorHUKOB 30, 45, 60 1 75 M.

Bribop TOro mWiM MHOrO METOlA OYUCTKH
(MM HECKOJTBKUX METOOB) IPOU3BOJAT C yUETOM
CaHMTapHBIX M TEXHOJIOTHYECKUX TpeOOBaHUH,
TPEABSIBISIEMBIX K OUMINICHHBIM POM3BOJICTBEHHBIM
CTOYHBIM BOJIaM C TEJBI0 JalbHEHIIET0 UX HCIOJb-
30BaHMsI, a TAKKE C YYETOM KOJIMYECTBAa CTOUHBIX
BOJI M KOHIICHTPAIIMH 3arps3HeHuit B HuX [3, 6].

Cpenu METOOB MHTCHCU(HKALMM TpoLecca
JEKaHTALMK TPU PEKyNepayu BTOPUYHBIX BOJ U
YBEITMUEHHUS CKOPOCTH OYUCTKH CTOYHBIX BOJ WC-
NOJIB3YETCS MOBBIICHHE TEMIIEPATyphl MOJAaBac-
MOM CyceH3uH, YTO 00YyCIIaBIMBACT W3MEHEHHUE BA3-
KocTH *kuaKoi daser [7-10].

3akiIoueHne

Cocrapiena o0mas kinaccupuranys crnocooos
OYUCTKH BTOPHYHBIX MPOMBIIUICHHBIX BOJ, B T.4.
TPaHCTIOPTEPHO-MOEYHOM BOJIBI, & TAK)KE COOTBET-
cTBYyIOIIero obopynosanus. Ha ocHoBe anamm3za
MPOIIECCOB U ammapaTypHOTro opOPMIICHHS BbIJIE-
JIEHbI OCHOBHBIE CIIOCOOBI OUYUCTKH CTOYHBIX BOJI:
MEXaHUYECKHH, (U3UKO-XMMHUYECKUH, KOMOUHHUPO-
BaHHBIN, OMOJIOTHYeCKH | ne3uH(eKkiws. JlaHHbIe
CHOCOOBI OTIIMYAIOTCS PA3HON CTENEHBIO OUUCTKH,
MPOM3BOAUTENBHOCTBIO 110 TIOCTYIIAOIICH CYCTICH3UN
Y OYMIIEHHON BTOPUYHOM BOJIE.

IIpeanoxennas Knaccu(pUKaus MO3BOISIET
OCYILIECTBUTh CPaBHUTEIILHBIN TEXHUKO-IKOHOMHYE-
CKHI aHAIIM3 TIPY BBIOOPE CIIOCOOOB U 000PYIOBAHHS
peKynepanyu BTOPUYHBIX BOJ.

7 Kanammukos I'.B., AtuckoB .M. I'mapomexanu-
Yeckasl 3a7ja4a CTeCHEHHOTO JIBIDKEHUS (Da3 MPH OCaKICHUH
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8 Kanamnukos I'.B., AtuckoB .M. I'mapoau-
HAMHUYECKHEe OCOOEHHOCTH OCAXKICHUS YacTHI[ ITIPO-
mecca AeKaHTaIMH IPU PEKYIepalii BTOPUIHBIX BOJ //
Bectauk BI'VUT. 2016. Ne 4 (70). C. 22-26

9 denopor H. E. MeTtoasl pacyeToB mpo-
1IECCOB M anlapaToB MHUILEBBIX MPOU3BOJCTB. M.:
BHUUIIII, 1966. 294 c.
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