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YAK: 628.356; 628.113; 628.543

E.H. Ceménora, T.JI. Tkagenxo, H.A. By6anenxo

BROAETPATAIIMSA 3ATPA3HAIOIHAX BEHIECTB B
CTOYHLIX BOAAX IIPEANIPHATHHN NHIMEBOM
IMPOMBIIJIEAHOCTH

HanmoBabHEL! yHEBEPCHTET OHINEBBIX TEXHOJIOTHI,
r. Kues, Yipauna-

Heccnedosanet npoyeccer nomyuenus 6uozaza nymem anaspobrozo cOpasicusanus
CMOUHBIX 800 NULYESHIX NPOUSBOOCTE NPU NEPUOOUECKOM U HENPEPHEHAM PEXNCU-
Max ¢ nocredyoueii ux 0oouuUcmKol cnocobom aspobuon (epmenmayuiL

Kmouennie cnoBa: anaspobuoe cOpaknBame, aKTMBHBIA Wi, a3poOHas dep-
MEHTAIMY, a3POTEHK, OHOras. “

Beegenne. B pacTosmice BpeMst TOJILXO HEKOTOPHIE [IAIIEBLIC NPEIIPHS-
THA HMCIOT COOCTBCHHBIN KOMIUIEKC O9MCTHBIX COODYXEHHH Ita oOpaborin
CTOYHEBIX BOJI pa3HOH CTEHECHH 3arpsa3HEHHOCTH [ 1 ]. Kak mpaBAno, CTOIHEIC BOAB!
cOpacrIBaioTCS B KAHAIH3ANHOHBYIO CETh HaCEJIEHHOTO MyHKTA, 9T0 mpesyc-
MAarpHBacT 3RaIATCbERIE (PHHEAHCOBRIE PaCXOXIpL, a Taloke CoO/mONeHRe HOD-
MaTHBHEIX TpeGopannii. Tax, B KAepe paspemaeTca COpaCkBATh CTOYHEIE BOAR
np XIIK 500 Mr O/mv®. Hanpamep, U1 CTOYHOM BOJEI MOJIOKOHEpepabarssa-
IOAX OPEATPHAITHI 5TOT HOKA3aTeNs BhiIe B HECKOJIBKO pa3. [lostoMy paspa-
60TK2 TEXHONOTHH ¥ CTPORTENBCTBO OYACTHEIX COOPYREHUIH JIOKANBHOIO THOA
Iyl BpeNpASTHHA MHITEBOH TPOMBIIIICHHOCTH HOCTATOYHO AKTYANbEEL

PanpoHaTbHRIM CIATACTCA BCIIOTH30BAHAE KOMIUIEKCHOH SKOJIOTHYSCKRA
¥ SKOHOMAYECKH ONpaBAAHHON TEXHOJNIOTHA, KOTOpas o0seanasIeT B cebe pas-
HbIe COOCOOLI OTHCTKHE — MeXaHHJIeCKHe, GPu3HKo-XUMHIeCKHE B OHOJIOTH-
geckae [1].

B 3aBACHMOCT# OT KOHUCHTPALHH 3arPA3HAIOMHX BEIMECTB B CTOYHBIX
BOAIaX B Ka9eCTBE OCHOBHOIO 3T2lla OYHCTKA PEKOMEHIYIOTCH aHa’poGHasA
cragas (MeraroBoe Gpoxernue), aspobHas QePMERTAAA WM KOMIUIEKCHOE
codeTanme ITEX Aryx craguit. Ecu XTIK ne npessimaer 2000 Mr O/mv3, Be-
o0X0MMO BCHONB30BaHNE aspoOHOH (epMeHTalwH [2], eciH xe npeBhmIa-
€1, TO IeNeco00pa3sHO B Ka4ECTBE OCHOBHOM CTaAd HPAMEHITH METaHOBOE
Opoxerne, a A1 FOOTHCTKY — a3poOHEIA cHocob.

‘ARaspo0Has TEXHONOTHA HMECT LIEJIbIA P/ CYIMISCTBCHABIX HPCHMYIIECTB
B CpaBHEHHH ¢ O0IMEIPHBEATOR a3poGHO# [3].

© EHX. CEMEHOBA, T.JL TKAYEHKO, H.A. BYBJIMEHKO, 2013
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MeranoBas $pepMCHTAIMA 3HAUATENHHO PACIIMPAET AHANA30H CTOUHBIX
BOJ, IPATORHEIX I8 6HONOrHYecKol OUHCTKH. AHA3POOHKIH Hponece mpe-
IYCMATPHBACT HCHOIB30BAHAE MEHBIIETC KOMHIECTBA OHOreHHBIX IEMEH-
TOB, 4TO SB/ILETCH 0COGEHRO BAXHEIM IpH 06paboTke CTOTHEIX BoA. Tak, cTog-
HEI¢ BoAkI ¢ coorHOmermeM BIIK, : N : P = (306 + 500) : 7 : i mprrogus: ans
aga3po6HOH ouncTKH. Ipr 23po6HOi TexHONOrUYM HEOGXOAEMO KOOaBICHNE
OHOreHHEIX IEMEHTOB; YKa3aHHOE COOTHOmenne Syaer cocrasinars 100 : 5:1.

Lems manBoit paboTH! —~ OnpesieieAre NapaMeTPOB IPOLECCOB aHa’pos-
HO# K a3po0HO# PepMenTaAH, NPH KOTOPLIX OCHOBHEIE ITOKa3aTEIH OTHCT-
KA CTOYHEIX BOJ XOCTHIayH GBI CBOMX MakCHMAanbLHBIX 3HAYCHHH.

Meroauxa sxcnepamenta. ONKITE TPOBONMIA Ha 1aGoparopHOi ycra-
HOBKC, KOTOpasd BXIIOYANA METAHTEHK, a3POTEHK-CMECHTEND (00BEMOM HO
5 m®), rasronszep ¥ BIOPHIHEIE OTCTOREHKH. [Iponecc MpOBCXOH B IEpH-
OJMYCCKOM H HENPEPHIBHOM pexwuMax. /i MO IepXKaHus IIOCTOSHHOH KOH-
OCHTPAlHH aKTHBHOTO HNIA B OYHCTHELX COOPYKEHMAX IIPOBOIHIIA €r0 peHup-
KyJSIHIO.

TIpm oripeseNleHAA OCHOBHBIX MHAPOXHMWYECKAX A TEXHOJOTHIECKHX
nokasareneit ouactke Boanl (XI1IK; xosmyecTBo 6Horasa; conepxanse MeTa-
Ba B GEOrase; ckopocts pasbasienms (D-107) — kak OTHOIMEHHE CKOPOCTH
IpOTOKA K 00BEMY anmapara, T'; Harpy3ka Ha HJI; OPHPOCT aKTABHOIO WA B
a3poTeHKe; 3¢ (EKTABHOCTD OIUCTKH, ONIpENeNIeMasd KaK COOTHOMEHHE KO-
IW9EeCTBA M3RIECICHHBIX 3ArPA3HMOMMX BEMECTS K HX HA9aNbHOH KOHIIEHT-
pama# no XI1K) 65U HCHONMB30BAHK CTaHIaPTHEIE METONMKH [4].

Pesyanrarsi B X o6cyxaenne. [IpoBeNeHE HCCIICIOBAHES 10 YTHIH3A-
M CTOIHBIX BOJ MOJIOKO3aBOJA (B 9aCTHOCTH, MacJIOCEP3aBO/a), KOHIEHT-
PHPOBAHHEIX CTOIHBIX BOJ CaXapHOIO 3aBOjd, IPESANPHATHH O HMPOH3BOA-
CTBY JITAMOHHOM KHCJIOTH H XjieGonexapcxux aposoxei ¢ XTTK cooTBeTCTBeHHO
4000, 3500, 12000 u 5000 mr O/mv°.

MeranoByio ¢epMEHTAIAIO 3TAX CTOYHEIX BOA Hposoxmn npe 50°C, uro
COOTBETCTBYET TEPMOPHIEHOMY pexuMy Opoxernsd. [IIg HCCIIEROBaHMA OC-
HOBHBIX IIOKasareliel mponecca MeTarororo Opoxerus cHavana Ovuro Ipo-
BeZIeHO cOpaXMBaHHAE CTOIHBIX BOJ B MEPHOAMIECKOM pexame (Tabn. 1).

IponomkuTenbHOCTs GPOXKEHAS CTOIHRIX BOJ MOJOKO3ABOAA B Caxap-
HOrO 3aBo/ia pH 30- ¥ 50 %-HEIX 032X 3arpy2Ku 0 OTHOMEHHIO K 055eMy
OIHCTHOXO COOPYXCHHA COCTABIUNA 3 H 4 CYT, OpEAUPHATHE N0 IPOA3BOA-
CTBY JTHMOHHOH KHCJIOTH —~5 # 8, a apoxokeit — 4 u 6 cyr. [lonysenmnsie
JaHHBIC CBHACTEALCTBYIT O NPAMOH 3aBACAMOCTH NPORODKETEIBHOCTH
6poxeHHAA OT KOBIICHTPAHH 3arPA3HSIONMX BEIISCTB B CTOYHEIX BOJAX.

HanGonee HETEHCHBHO MPOHECCH TpanchOpMamyH 3arpa3EAIONX Be-
[ISCTB H Fa30r¢HCPAAY MPOHCXONAT B SKCIOHSHIMANbHON B CTAlHOHAPHOH
¢rasax pocTa MEXpPOOPraHH3IMOB aKTHBHOTO HJia, YTO H IIONTBEPXKIAETCS OTLIT-
HhIMA AaHAbBIME. [TpociexaBaeTcs deTkas B3aHMOCBI3BIL MEXLY OIHCTKOR B
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cuATe30M 6Horasa; HaubGonbpIIee BeLAenenRe Grorasa BabmonaeTcs IIPH MaK-
CHMAaTbHOM IOTPEO/ICHAN NMTATEILHEIX BEMECTB CTOYHEIX BoA. Ilpn yBenn-
9YeHAHM [035I 3arpy3Ky HHTCHCHBHOCTH IPOHECCOB OYUCTKH H Ia30rCHEPANH
YMEHBIIACTCS, 9T0 NOATBEPXAACT KIIAaCCHICCKHE NPEACTABICHNES O XA3HEAC-
STEILHOCTH MEKPOOPIraHH3MOB B YCIOBHSX IOBBRIIIEHHOIO COEPKAHMS 3aT-
PS3HSIOMHX BEMIECTB.

Tabauya 1. OcnoeHbie noKasamenu OYUCMKU U 2A302eHepayuUU npu
nepuoduyeckom Gposicenu CmoyYHbIX 600 8 3ABUCUMOCU OM 003 3A2PY3KU

Hoza Brixon
Cro Hy Co
et | s, | S| croe, | o) e,
% /o ’ o,
MozoKo- 30 190 3,80 73 95,3
3aBOJ 50 240 3,50 67 94,0
CaxapHeui 36 100 3,50 68 97,1
3aB07, 50 156 3,20 64 95,7
3aBoA 3 30 1200 11,50 80 90,0
JTAMOHHOM
KHCJIOTEL 50 1300 10,00 75 89,2
JiposiokeBoit 30 1000 4,80 82 80,0
3aBOJ 50 1100 4,50 80 78,0

Crexyer OTMETATH, YTO, COIVIACHO JAHHBIM NIPEIBAPHTEIBHEIX HCCHEHO-
BaHHAM NECPROANIECCKOTO Hponecca OporkeHns, npAMeHeHHe GOJIBIAX 103 3ar-
PY3KH JULA CTOYHBIX BOJ IPEANPHSTHM [0 IPOM3BOACTBY IMMOHHON KHCIOTH!
B xnebonekapckux apoxokei spigercs Henenecoobpasaem. [losromy Opum
HCIIOJIB30BaHEI 0351 3arpy3kH 20 30 % ot o6beMa KynbTypPaJIbHOH XKHIAKOCTH
(1abn. 2). ‘

[IpoeeaeHne BeNpepbIBHONO OpOKEHHS HOKA3aI0, 9TO NPH BHIOPaHHBIX
CKOPOCTSIX pPasBeICHHUI MOXHO NOCTHYIh 3HAYATEILHOH CTCHECHE O9HCTKHE. Tak,
Gonee BHICOKast CTENEHb OYHMCTKH ROCTHTAETCS IIPH HAWMEHBIIEH CKOPOCTH
pazbaBiends H, HaoOOpoT, HauOoJIee BEICOKAs CKOPOCTS pa3BeHKeHHESA IPABO-
JAT K CHIDKeRHIO 3P deKkTuBHOCTH ouHcTKH. [loBpmienne ckopocty pa3das-
TEHHAS CIOCOOCTBYET YBEMHYCHHIO KOIMIECTBA 3arpA3HSIOMMX BEMECTB, IT0
BJIHSET Ha POUECCH aCCUMMIILIMH 3arpa3HAIOMMX BEINECTB, COCTaB MAKPO-
OpraEf3MOB, HX cuMOuoTHyecKne oTHOmeRus u Ap. [losroMy npu Gonee BHI-
COKHX CKOPOCTIX pa30aBiieHHs YacTh 3arpsa3HSIOMMX BEMECTB MPOXOTHT HE-
DONHEIA TNYTH PasnoXeHHd 10 KOHEJHHX NPORYKTOB OpOXeHHL, YTO H
CKa3bIBaeTCs Ha 3 (PEeKTUBHOCTH OYHCTKH CTOYHEIX BOI.
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Tabruya 2. OcHoGHble NOKA3GMENU OYUCMKU U 2A302eHepayuU NPU Henpe-
DbiBHOM cOpaNCUsanuu CMmouHviX 600 8 3A6UCUMOCHIU OM CKOpOCMU
pasbaenenus

XITKon, | Boixon |{Conmepxarme| Crenenp
C';(::;iax D'10% 4! MrO/md Guorasa, CH.,, OUHCTKH,
o o % %
Monoxko- 1,39 550 4,0 75 86,3
3aB0%L 2,08 670 3,6 73 83,3
CaxapHsii 1,04 220 4,0 | 70 93,7
32801 2,08 450 37 1 65 87,1
3asoz 0,42 1270 | 12,0 83 89,4
JIMIMOHHOM
KHCJIOTBI 1,04 2030 11,2 76 83,1
Hpo)meBoﬁ 0,63 1165 5,0 83 76,7
3aBOA 1,04 1480 4,7 81 70,4

Henpeprisras dpepMeHTanus KOHNEHTPAPOBARHAIX CTOYHEIX BOX MOJIO-
K034B0/Ia, CAXapHOro 3aBOAA, HpeIpHATHI [T0 IPOHA3BOACTBY IMMOHHOM KHC-
JOTHL K APOXOKEH NPHBOMUT K 3aBHCHAMOCTH BbIXoJa 6uorasa oT KOHIEHTpa-
IHHA 3arpA3HAIOMMX BEMECTB 3THX CTOYHHIX BOX. 3aBHCHMOCTBH BBIXOXQ
6morasa or CKOPOCTH pa3baniieHus B IPOLIECCe OYHCTKH MOKa3aHa Ha puc. 1.

Conepxanue B 6Horase MeTana | CTeNeHb COPKHBAHHUA 3ar PA3HIIOMIHX
BEINECTB CTOYHBIX BOJ[ B 3aBHCHMOCTH OT CKOPOCTH Pa30aBJICHAS NpEACTaB-
JIeHBl Ha pHc. 2, Ha KOTOPOM BHIHO, 9TO C ITOBBIIEHHEM CKOPOCTH pa3basie-
HHA KONAYECTBEHHBIE H KaYeCTBCHHEIE TOKA3areH GHOra3a yXymmaloTCs.

OTH Ke JaHHBIC HAXOAAT NONTBEPXKAEHHUE ¥ IPH HCCIEOBAHUA Kaye-
CTBEHHOro cocrasa GHorasa. IIponeHTHOE Conepkanne Merana B 6morase
HMEET Ty XK€ 3aBHCHMOCTh OT CKOPOCTH pa30aBiieHHS, YTO H KOIHIECTBO
oGpasoBanHOro 61orasa. Tak kax npH pacnaje 3arps3HsIOIMX BEIIECTB 00-
pasyercs YIIEeKHCHEIA a3, a OH SBISEeTCA OHAM U3 KOMIIOHEHTOB CyOCcTpa-
Ta, BOCCTRHABIIMBACMOI0 METAaHOICHAMY JIO METaHa, TO, BO3MOXHO, IIOBHI-
IMICEHE CKOPOCTH pa30aBieHEs IPABOAHT K HapyIIEHHSIM 3TOTO MEXaHH3Ma,
H HEKOTOpas 9acTh YITICKHCHOro ra3a He yCIleBaeT MPOHTH Nponecc BoccTa-
HOBJICHHSA.
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TaxaMm o6pa3om, HOTy4CHHBIE NAHHBIC CBHICTEIBCTBYIOT, IT0 HEIPEPEIB-
HEIH peXdaM OpoXeHUS HCCIICZOBAaHHBIX CTOYHBIX BOJ ITO3BOJISET HAOCTHIL
3HAYATSABHOTO H3BJICUCHHS 3arpA3HMIOMMX BEMECTB H NONYyYHTH JOIONHH-
TeTHHBIM BCTOTHAK YHEPTHH — GHOras,

Tloxazaso, ¥T0 METaHOBas (pepPMEHTAUHA — OCHOBHAA CTaXHA OYHCTKH
KOHICHTPHPOBAHHEIX CTOIHEX BO/ — IPABOAMT K SHATATEIHLHOMY CHH)KCHAIO
COlepIKaHHs 3arpa3HsIOmKx BemecTB. JUI MMOMHOH O9MCTKH Henecoobpas-
HEIM ABSIIETCS HCOOJIB30BaHue a3poOHOH (epMeHTaluH.

AdpobHYIO ROOTHCTKY HPOBOAWIM B NEPHOIMIECKOM DPEXKHME B adpo-
TeHKe-cMecuTeNe. OCHOBHOE €T0 IPEAMYINECTBO IO CPAaBHEHHIO C JPYTHMHE
THIAMH 23POTCHKOB — BO3MOXHOCTh JOCTHXXCHHMS OZMHAKOBOH KOHIICHTpa-
UHAY 3aTPA3HAIOMPX BENIECTB, akTHBHOTO HJIa H KUCIOPOAa BO3AyXa IO BCe-
My 00BbeMY COOpYKeHHS, 9T0 ofecneurBaeT BEICOKYIO 3peKTHBHOCTD OTHC-
TKH [5, 6]. KoHlienTparas nia B 3aBUCHMOCTH OT BHJa CTOYHBIX BOJ H YPOBHSA
FIX 3aTPA3HEHHOCTH COCTaBNAeT 2 — 3 1/, PesymbTaTsl 10 OUHCTKE CTOYHBIX
BOJ a3poOHBIM aKTBHBIM HJIOM NPHBEICHLI B Tab1.3.

Tabnuya 3. Ocnosueie noxazamenu aspo6rOU Q0OUUCMKU CTNOYHBIX 800

I Ipomoka-

Cromag | XK | XK . nfnom Harpysan Crenens | [Ipupoct
BOMA - B—— Ha HJI, | OYHMCTKH, HiIa,

mr O/mv’ . |TXTKr) % mr/m
MoJIOKO- 550 | 20 8 0215 | 964 203
328071 670 | 45 12 | 0295 | 933 215
Caxapmei | 220 | 20 5 0,103 | 909 149
3aB011 450 | 25 7 0,175 | 944 186
3asox | 1270 | 30 8 0,494 | 97,6 299

JIAIMOHHOH

ccorsr | 2030 | 40 13 0,789 | 98,0 442
Tipoxoxesoii| 1165 | 30 9 0453 | 97,0 232
3aBox 1480 | 40 12 |.0575 | 973 278

Harpysxa Ha WJI HeIOCPEICTBEHHO BIMAET Ha KOHEYHBIE I0Ka3aTelH mpo-
[ecca OYHCTKH CTOYHBIX BOJ. [IpH ee YBEJIMYCHHH NPOHCXOAMT CHEIKCHHE
3¢ PEeKTHBHOCTH OYHCTKH. TEOPETHIECKH MPH' BCEX 3HAYCHMSX HArpy3KH Ha
uwn XTIK oummneHHON BOARI JOMKHO OBITH OGMHAKOBRIM I KAKAOTO BHAA
CTOYHEIX BOA, TaK KaK MPOAODKUATEIHHOCTD a3palliil pa3iM4Ha, HO Ha Ipak-
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THKE 3TOI0 HE MPOHCXOAUT. ITO CBA3aHO C YBEJIAYSHAEM KOJIMYECTBA BEMECTB,
KOTOpHE He MOANAIOTCA GHOPa3NOKEHHIO IPY YBCIMYCHKH HArPy3Ki Ha WL

IIpoBeeHubIe ONBITH OKA3AM, YTO HCIIONE30BaHHAE aHAPOOHO-a3p06-
HOHM TEXHOJIOIHH OYHCTKH CTOYHBIX BOZ 00€CIIeYBAET IPAKTAYECKY ITOJTHOE
H3BjIeIcHHe 3arpsausomuX Bemects 1o XIIK. Takam oGpa3zoM, cTeneHb 09u-
CTKH CTOYHBIX BOX MOJIOKO3aBOJa, CaXapHOI0 3aBOAa, NPEANpHATHH 1O po-
H3BOACTBY TMMOHHOM KHCIIOTEI M APOACOKEH COCTaBIAET COOTBETCTBEHHO 99,5;
99,4; 99,8; 99,4 %.

Beisoap1. OnpenesieHbI OCHOBHBIE I0KA3aTE M NEPHOAMYECKOTO B HEmpe-
PBHIBHOIO PEXXHMOB OYHCTKH CTOYHBIX BOJ MPCANPHATHE MHUINCBOH MPOMBIII-
JICHHOCTH C MOCIEAYIOWEH HX JOOYHCTKOM cmoco0oM adpoGHoil depMenTa-
nuH. YCTAaHOBJICHA LeeCO00pa3sHOCTh HCIONB30BAHMSA KOMIIIEKCHOMH
aHaspo6HO-a3pOGHON TEXHONOrHA O4HCTKH. [1OBBICHTD 3KOHOMHYECKYIO 3¢-
(EeKTABHOCTE MPONEcca MOXHO 3a CYET HCHOJIB30BaHAs GHOrasa ¢ BEICOKAM
COIepIKaHUEeM MeTaHa.

Pesrome. ITposeneno nocnifkeHAs nIpouecy OTpUMaHHs 6iorasy uIIXoM
araepoGHOro 36poMKyBaHHA CTIYHAX BOX XapUOBHX IiAIPHEMCTB IIPH II€pi-
ONEIHOMY Ta Oe3nepepBHOMY peXuMax 3 HaCTYIHMM iX JOOYHIICHHIM CIO-
coboM aepo6HOi pepMenTarii.

E.I Semenova, T L. Tkachenko, N.A. Bublienko

BIODEGRADATION OF CONTAMINATIONS OF FLOW WATERS
OF ENTERPRISES OF FOOD INDUSTRY

Summary

The process of receipt of biogas is investigational at anaerobic fermentation
of sewages of food productions in the periodic and continuous modes. Further
cleaning sewer waters conducted the method of aerobic fermentation.
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