
lr9;:;~}J!JJj~~ !JJ "rB~{j-J:Oj.J[)J!iJ;]

KOM6~H~pOBaHHas:l 6~OJlOrO-X~M~LleCKas:l
OLl~CTKa CTOLlHblX BOA ,InpO~3BOACTBa XJle60neKapHbiX APO)K)Ke~ il

C.B. KARlO)J(HhIH, M.A.rJIA/(IJEHKO
MOCKO6CKUii 2ocyoapcm6eHHblii YHU6epcumem 11M. M.B.RoMOHOCO6a '

.c-
E.A. CTAPOCTHHA, C.C.lI(EPI>AKOB r..MOCKO6CKUii 2ocyoapcm6eHHblii YHU6epcumem nuU/e6blX npOU3600Cm6 3 . ,~.
1>. BEPCllPHRRE '
«l>uomaH CUCmeMC JfHmepHeiiwlUl»(/{eJlpm, HUOepJlaHObl)

Ae~CTBYIO~~e 3aBOAbi no npO~3BOACTBY pOAa CTOKOB B OTKpblTble BOAoeMbl np~BO- BOM 3Tane /la60paTopHblX ~CC/leAOBaH~~
XJ1e60neKapHbIXAPO)K)Ke~ ~MeIOTCR npaKT~- A~T K 3apa)KeH~1O rpYHTOBbiX BOA ~ 3anpe- 6bl/l np~MeHeH UASB-peaKTop (Upflow
'ieCK~ B Ka)KAOM per~OHe POCc~~, ~ Bce BMe- ~eH Ha 60/lbWe~ 'iaCT~ Tepp~TOp~~ Poc- Anaerobic Sludge Blanket reactor - aHa3-
CTe OH~ npo~3BoART OKO/lO 56 M/lH M3 CTO'i- c~~. Ha ceroAHRwH~~ AeHb 60/lbW~HCTBO PO6Hbl~ peaKTop C BOCXOAR~~M nOTOKOM
HblX BOA B rOA [1]. OCHOBHblM cblpbeM AJlR MYH~u.~na/lbHbIX O'i~CTHbIX cTaHu.~~ Tpe6y- 'iepe3 C/lO~ rpaHY/l~pOBaHHoro ~/la), <PYHK-
npO~3BOACTBa x/le60neKapHblx APO)K)KeH lOT npOBeAeH~R npeAo6pa6oTK~ CTO'iHbIX u.~OH~PYIO~~~ np~ 35 .C, AJlR YAa/leH~R
RB/lReTCR CBeKJ10B~'iHaR Me/laCCa, nO3TOMY BOA Ha npeAnp~RT~RX nepeA C6POCOM noc- OCHOBHO~ 'iaCT~ 6~Opa3/laraeMOro XnK ~
o6pa3yeMbie CTO'iHble BOAbl COAep)KaT Bbl- /leAH~X B ropOACKYIO KaHa/l~3au.~IO. u,e/lblO CY/lb<paTOB B pe3Y/lbTaTe COnYTCTBYIO~e~
COK~e KOHu.eHTpau.~~ OpraH~'ieCK~X 3arpR3- AaHHO~ pa60Tbi RB/lR/laCb pa3pa6oTKa 3<P- 6~O/lOr~'ieCKO~ CY/lb<paT-peAYKu.~~. Ha noc-
HeH~~ (10-80 r XnK//l), coeA~HeH~~ a30Ta <peKT~BHo~ TeXHO/lOr~~ O'i~CTK~ APO)K)Ke- /leAYIO~eM 3Tane AOO'i~CTK~ 6bl/l ~CnO/lb-
(0,5-1,5 r o6~ero a30Ta//l) ~ cY/lb<paTa BblXCTOKOBAO HOpM c6poca, YCTaHaB/l~Ba- 30BaH 6~O<P~/lbTp, pa6oTalO~~~ np~ -20.C
(2-10 r //l), nepeMeHHble ('iaCTO C/leAOBble) eMblX BOAOKaHaJJaM~. Ha~6o/lee TPYAHO AO- B nepeMe)KalO~eMCR a3po6Ho-aHOKC~'ieC-
KoHu.eHTpau.~~ coeA~HeH~~ <poc<popa, a CT~)K~MbIM~ napaMeTpaM~AJlR o6pa6oTaH- KOM pe)K~Me (pa6o'i~~ u.~KJ1 - 1 'i), AJlR
TaK>Ke PRA YCTO~'i~BbIX K 6~o/lOr~'ieCKoMY HbIXAP°)K)KeBbIXCTOKOB RB/lRIOTCR C/leAYIO- YAa/leH~R OCTaTO'iHOrO 6nK ~ coeA~HeH~~
pa3/l0)KeH~1O Be~eCTB ~ C~/lbHO oKpaweH- ~~e (Mr//l, ~CKJ1IO'iaR u.BeTHocTb): XnK (x~- a30Ta. Ha 3aKJ1IO'i~Te/lbHOM 3Tane npoBo-
HblX KOMnOHeHTOB (Me/laHO~Abl ~ AP.) [2]. M~'ieCKOe noTpe6/leH~e K~C/lOPOAa) - 800; A~/l~ Koary/lRu.~1O 6~o/lOr~'ieCK~ (aHa3po6-
B HaCTOR~ee BpeMR npeAnp~RT~R, Bblpa- SO 42- - 500; o6~~~ a30T - 100; N-NH3 - Ho-a3po6Ho) O'i~~eHHOro CTOKa C nOMO~blO
6aTbIBalO~~eAPO)K)K~, CTaJJK~BaIOTCR C He- 50; P-P043- - 3,5; nopor u.BeTHOCT~ 1 :128 ~OHOB Fe (III), AI ~ CaAJIRAOCT~)KeH~R HOpM
Ma/lbIM~ npO6/leMaM~ no 6e30nacHoMY (onT~'ieCKaR n/lOTHOCTb MeHee 0,2 eA. np~ c6poca no KOHu.eHTpau.~RM XnK, <poc<paTa
c6pocy CBO~X CTOKOB. C6poc noAo6Horo xapaKTep~CT~'ieCKO~AJI~HeBO/lHbl). Hanep- ~ u.BeTHocT~.

To6JluL/o 1 CTO'fHble BOAbl. Ha npeAnp~RT~RXAPO)K-
AaTa oroopa )KeBbiX npO~3BOACTB Ha~6o/lee 3Ha'i~Te/lb-

napaMeTpbl . tiblM CTOKOM no 06beMY (-30 % OT o6~ero
20.12.02 23.01.03 21.02.03 13.03.03 .o6beMa o6pa3YIO~~xCR CTO'iHbIX BOA) ~ CTe-

pH . 5,68 5,6 4,99 4,01 neH~ 3arpR3HeH~R RB/lReTCR oTpa6oTaHHaR
XnK eo' r//l 20,79 22,33 17,93 20,25 31,14 KY/l_bTYPaJJbHaR)K~AKOCTb(OK)K)nOC/l:nep-06lil BO~ cTyneH~ cenapau.~~ APO)K)Ke~ [1].
xnKS'S.WeHH"X S."ecTB' r In 2,72 2,72 1,02 0,95 2,93 I-1MeHHo OK)K C MOCKoBcKoro AP°)K)KeBOrO ,
xnK'OI1J10""HOO' r/n 1,70 1,28 1,91 0,82 1,57 3aBOAa6bl/la~CnO/lb30BaHaBHaW~X~Cc/le-
XnK CTSO "MOO' r In 16,37 18,32 15,00 18,48 26,64 AOBaH~RX. E~e OAHO~ np~'i~HO~ ~CnO/lb-

po p 30BaH~R B pa6oTe OK)K RBnReTCR TO, LiTO
BOCCTaHaBn~BalO~~e caxapa, r xnK/n 0,601 0,993 0,380 2,060 2,933 OHa 6o/lee nOCTORHHa B CBoeM COCTaBe, He-

Jl)KK, r XnK/n 0,659 0,389 0,363 0,353 0,404 )Ke/l~ o6beA~HeHHble CTO'iHble BOAbl 3aBO-

6enoK no 6peA<poPAY, Mr/n H.o. 356 41 39 72 Aa. He~oTopblexapaKTep~CT~K~OK)Knoc~e
- nepBO~CTYneH~Cenapau.~~,oTo6paHHo~c

AJOT o6~~~, Mr In H.o. 993 998 1075 1651 MOCKoBcKoro AP°)K)KeBOrO 3aBOAa C HOR6-

AJoTaMMoH~i;;Hbli;;,Mr/n 316 202 186 235 450 pR2002r.noMapT2003r.,npeAcTaBneHbIB
A30T H~TpaTHbli;;, Mr In H.o: 101 45 111 182 Ta6/l. 1. re/lb<p~/lbTpau.~oHHbIH aHaJJ~3 Heo-

. 6pa6oTaHHoH OK)K (p~CYHOK 1 ,a) nOKa3aJJ,
C1>oc<pop o6~~~, Mr In H.o. 23,2 11,6 13,2 78,30 HTO Be~eCTBa, OTBeTCTBeHHble 3a u.BeTHOCTb

C1>oc<paTbl, Mr/n 3,8 2,3 1,8 5,6 32,40 B B~A~MOH o6nacT~ (°580)' ~MeIOTC~MMeT-
Cynb<paT, Mr In 682 3028 1917 1245 2267 p~'iHOe ray~coBoe pacnpeAe/leH~e no MO-

. neKY/lRpHO~ Macce (Mr) OT 0 AO 30 KJ:I,a C
CYMMa cjJeHonbHblx COeAI-1HeHI-1~, Mr In H.o. 760 860 713 1167 MaKc~MYMOM OT 6 AO 8 KJ:I,a (np~ 3TOM 6o/lee

XapaKTepMCTMKa ~eTa 60 % u.BeTHOCT~ CBR3aHO C Be~eCTBaM~ C
XapaKTepl-1CTI-1'ieCKaR AJ!I-1Ha BonHbl, HM H.o. 580 580 580 580 Mr OT 2,6 AO 14 KJ:I,a). HanpoT~B, Be~eCTBa,

COAep)Ka~~e apOMaT~'iecKYIO CTPYKTYPYOnT~'ieCKaR nnOTHOCTb np~ 580 HM H.o. 1,17 0,76 0,755 0,880 (°280)' ~MeIOT HeC~MMeTp~'iHOe pacnpeAe-

HaCbl~eHHOCTb UBeTa, % H.o. 48,0 45,7 48,0 52,8 /leH~e no MO/leKY/lRpHO~ Macce co CAB~rOM
HpKOCTb UBeTa, % H.o. 40,6 49,6 50,2 MaKc~MYMa B H~3KOMO/leKY/lRpHYIO 06/laCTb

. (cMaKc~MYMOMOT2,6AO4,5 KJ:I,a; np~3TOMAHa3po6Hbl~ 3Tan, rAe ~cnonb30BaHO - 1 2-4 5 6o/lee 82 % nOr/lO~eH~R B Y/lbTpa<p~O/leTO-

H.o. - He onpeAenRn~ BOH 06/laCT~ CBR3aHO C Be~eCTBaM~ C Mr

.:cc 10 ~ nPOH3BOACTBO CnHPTA H JlHKEPOBOAOYHblX H3AEJlHi;;
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8 6 8 6 npeAbIAY~~X ~CCJleAOBaH~t1 [7] B 6~OCP~Jlb-

~ 3 ~ 3 Tpe 6blJla CcpOpM~pOBaHa np~KpenneHHaSl

~ ~0 0 aKT~BHa51 H~Tp~-AeH~Tp~cp~4~PYIO~a51

<1,5 2-2.6 31+-4.5 6-7,8 10,1-14 18-23 >30 <1,5 2-2.6 3.4-4,5 6-7,8 10,1-14 18-23 >30 6~OnneHKa, KOTOPYIO Mbl ~ ~CnOJlb30BaJl~

,Lluono30H MoneKynRpHou MOCCbl, KP.o ,Lluono30H MoneKynRpHou MOCCbf, KP.o A/151 o6pa6oTK~ aHaspo6HO o6pa6oTaHHOrO

. OD580 . OD580 CTOKa. 1.136blTOK 6~OMaCCbl nep~OA~YeCK~

IJ OD280 IJ OD280 C6paCb1BanC5I nyreM ~HTeHc~BHot1 06paTHot1

npOMbIBK~ 6~Ocp~JlbTpa.
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() ()

~ 3 ~ 3 pbl FeCI3. 6H20, AI2{SO4)3 ~ CaCI2. H2O) BHO-

1 ~ 0 ~ 0 C~Jl~ B pa3Jl~YHbIX KOH4eHTpa4~5IX ~ nOA-

<1,5 2-2,6 31+-4.5 6-7,8 10,1-1418-23 >30 <1,5 2-2,6 3.4-4.5 6-7,8 10,1-1418-23 >30 Aep)K~BaJl~ 3HaYeH~5I pH B A~ana30He
,Lluono30H MoneKynRpHou MOCCbl, K,LlO ,Lluono30H MoneKynRpHou MOCCbl, KP.o OT 7,2 AO 7,5 nyreM Ao6aBJleH~5I 3 M pa-

l . OD580 . OD580 CTBopar~APOKC~AaHaTp~5I.

1 IJ OD280 IJ OD280

AHanM3bl. OT6op npo6 o6pa6oTaHHoro

Pur. 1. PacnpeaeneHue no MoneKynRpHoiJ MaCCbl coeaUHeHuu, Bbf3blBalOU4ux noznoU4eHue CBema CTOKa A/151 aHan~30B 06blYHO HaY~HanC5I noc-

npu 580 u 280 HM B Heo6pa6omaHHou OK)/( (a); aHa3po6Ho o6po6omaHHoiJ OK)/( (6); Jle Tpex CMeH pa6oyero o6beMa peaKTopa
aHa3po6Ho-a3po6Ho o6pa6omaHHou OK)/( (B); B KOHe'lHOM cmOKe nOCRe KoazynR/4UU (z) A/151 TOro, YTo6bl 06eCneY~Tb era pa6oTy B

. KBa3~CTa4~OHapHblx YCJlOB~5IX. 06~ee ~

MeHee 8 K.!J.a). TaKot1 xapaKTep paCnpeAeJle- 6aTblBalO~ero CTOYHble BOAbl Ha n~BOBapeH- cppaK4~oH~poBaHHoe XnK, o6~~t1 a30T ~

H~5I nOATBep)KAaeT, YTO 3a 4BeTHOCTb OTBeT- HOM 3aBOAe «3cpec-MoCKBa». OnpeAeJleH~e cpoccpop aHan~3~pOBan~ cneKTpocpoToMeT-

CTBeHHbl He TOJlbKO apOMaT~YeCK~e coeA~- a4eTOKJlaCT~YeCKot1 aKT~BHOCT~ aHaspo6- p~YeCK~, ~CnOJlb3Y5I TeCT-Ha6opbl cp~pMbl

HeH~5I, Hanp~Mep cpeHOJlbHble Be~ecTBa. Horo ~Jla ~ aHaspo6Hot1 6~OAerpaAa6eJlb- «Hach». XapaKTep~CT~K~ 4BeTHocT~ (xapaK-

HOCT~ OK)K npOBOA~Jl~ C noMo~blO MeTO- Tep~CT~YeCKa51 A/1~Ha BOJlHbl, Hacbl~eH-
renb<l>MnbTpa(4MOHHbl~ aHanM3. Cecpa- A~K, on~caHHblX B pa60Te [4]. HOCTb ~ 5IpKOCTb 4BeTa) B Heo6pa6oTaHHot1

AeKC G-50 (Pharmacia, Sweden) ypaBHoBe- ~ o6pa6oTaHHot1 OK)K OnpeAeJl5lJl~ no Me-
W~BaJl~ 0,1 N pacTBopoM XJlOp~Aa HaTp~5I A3po6Ho-aHOKCMYeCKM~ 6Mo<l>MnbTp. ToA~KaM APHA [5].CYMMY cpeHOJlbHblX co-
(pH 7,6), KOTOpblt1 3aTeM np~MeH5IJl~ B Ka- 6blJl ~CnOJlb30BaH 6~OCP~JlbTP 4~Jl~HAP~YeC- eA~HeH~t1, cOAep)KaH~e 6eJlKOB ~ BOCCTa-

yeCTBe Mo6~JlbHOt1 cpa3bl B reJlbcp~JlbTpa- KOt1 cpOpMbl (A~aMeTp 5 CM, BblCOTa 55 CM, HaBJl~BalO~~X caxapOB OnpeAeJl5lJl~ C no-

4~OHHOt1 KOJlOHKe. J].fI5I Kan~6poBK~ KOJlOHK~ pa6oY~t1 o6beM 0,7 Jl, 3arpY3Ka - rpaH~T- MO~blO MeTOAOB Ct>OJl~Ha-~oKanbTey, 6peA-

~CnOJlb30BaJl~Cb pacTBopbl6~xpoMaTa Ka- Hblt1 rpaB~t1 C pa3MepoM YaCT~4 0,5-2 CM), cpoPAa ~ WOMOA~-HeJlbCOHaCooTBeTcTBeH-
Jl~5I (nOJlHOCTblO npoH~KalO~~t1 B reJlb) ~ ~3rOTOBJleHHblt1 ~3 CTeKJla ~ CPYHK4~OH~PY- HO [6]. Bce APyr~e aHaJl~3bl BblnOJlH5IJl~ no

AeKCTpaHa roJly6oro (nOJlHOCTblO He npOH~- 1O~~t1 B nepeMe)KalO~eMC5I aspo6Ho-aHOK- MeTOA~KaM, on~caHHblM paHee [7]. Bce ~3-

KalO~~t1 B reJlb). I.1cxoA5I ~j SJlIO4~OHHoro C~YeCKOM pe)K~MeA/151 o6pa6oTK~ aHaspoo- MepeH~5I A/151 ra30B nepeCY~TaHbl Ha HOp-

o6beMa VeBe~ecTB, ~CnOJlb3yeMbIXA/151 Ka- HO o6pa6oTaHHoro CTOKa np~ KoMHaTHot1 MaJlbHble YCJlOB~5I (1 aTM, 0 'C). CTaT~cT~-

Jl~6POBK~, HaM~ 6blJlO BblBeAeHO CJle- TeMnepaType(20:l:3'C).Onepa4~OHHa5lCXe- yecKa5lo6pa6oTKanOJlyYeHHblXAaHHblXnpo-

AYIO~ee ypaBHeH~eAJl51 onpeAeJleH~5I Mr Ma npeACTaBJl5lJla co6ot1 yaCoBot1 4~KJl, BOA~JlaCb np~ nOMO~~ nporpaMMbl
(Ve 6~xpoMaTa KaJl~5I ~ AeKcTpaHa roJly6oro BKJlIOYalO~~t1 4 cpa3b1. B TeYeH~e nepBot1 Microsoft Excel.

6b1Jl~ OTHeceHbl K pa60Y~M npeAeJlaM KO- cpa3bl ocy~eCTBJl5lJlaCb aspa4~51 peaKTopa

JlOHK~ -1500~30000Aa,cooTBeTcTBeHHo): (noToK Bo3Ayxa - 0,8 Jl/M~H) Yepe3 BHe- AHa3po6Ha51 o6pa6oTKa npOM3BOA-

. Mr=exp{12,521 -0, 1303Ve). wHlOlOneTJlIO6~ocp~JlbTpaCnoMo~bIOKOM- CTBeHHblX CTOYHblX BOA C nOMOU4blO
Heo6pa6oTaHHYlO ~ o6pa6oTaf:!Hble OK)K npeccopa. B TeYeH~e BTOPOt1 cpa3bl aspa- UASB-peaKTopa. npeABap~TeJlbHbleSKcne-

nponYCKan~ Yepe3 reJlbcp~JlbTpa4~OHHYIO KO- 4~5I OTKJllOyaJlaCb ~ ocy~eCTBJl5lJlC5I TOJlbKO p~MeHTbl nOKa3aJl~, YTO Heo6pa6oTaHHa51

JlOHKY ~ co6~pan~ cppaK4~~ 06WMOM 2, 1 CM3. BbICOKOCKOpOCTHOt1 pe4~KJl o6pa6aTblBae- OK)K BnOJlHe 6~Opa3JlaraeMa B aHaspo6HblX
. B Ka)KAot1 cppaK4~~ ~3Mep5lJl~ OnT~YeCK~e MorOCTOKa (O, 125Jl/M~H)A/151scpcpeKT~BHO- YCJlOB~5Ix{>90 % noXnK). 06o6~eHHble pe-

nnOTHOCT~ 0 np~ 580 HM (xapaKTep~CT~YeC- ro nepeMeW~BaH~5I ~ noTpe6JleH~5I OCTa- 3YJlbTaTbi aHaspo6Hot1 o6pa6oTK~ OK)K np~
Ka51 A/1~Ha BOJlHbl A/151 OK)t<) ~ 280 HM (xa- TOYHOrO K~CJlOpOAa B peaKTope. Ha npOT5I- Me30cp~JlbHbIX{35 'C) ~ KBa3~CTa4~OHapHbIX

paKTep~CT~YeCKa51 A/1~Ha BOJlHbl A/151 apo- )KeH~~ nepBblXABYX cpa3 npO~CXOA~Jl~ npo- YCJlOB~5IX npeACTaBJleHbl B Ta6Jl. 2. 1.13 AaH-

MaT~YeCK~X coeA~HeH~t1). 4eCCbl H~Tp~cp~Ka4~~ ~ AOOK~CJleH~5I opra- HbIXTa6Jl~4bl B~HO, YTO nOCTeneHHOeYMeHb-

H~YeCK~X coeA~HeH~t1. Ha TpeTbet1 cpa3e'B weH~e BpeMeH~ npe6bIBaH~5I (Bn) CTOKa B

UASB-peaKTop. 6blJl ~CnOJlb30BaH Jla6o- TeYeH~e 2-3 M~H ocy~eCTBJl5lJlaCb nOAaya peaKTope C 4,9 AO 2 cyr [HarpY3Ka no opra-

paTopHblt1 UASB peaKTOp (np5lMoyrOJlbHOe cy6cTpaTa, COnpOBO)KAaeMa51 nepeMeW~Ba- H~YeCKOMY Be~ecTBY (HOB) B ~Tore COCTa-

nonepeYHoeceYeH~e 33,64cM2, BblCOTa 82cM, H~eM C nOMO~blO pe4~KJla o6pa6aTblBaeMo- B~Jla 10 r XnK/Jl/cyr] npaKT~YeCK~ He no-
o6~~t1 pa6oY~t1 o6beM 2, 73Jl), ~3rOTOBJleH- ro CTOKa. ~eTBepTa51 cpa3a (7-28 M~H) BKJlIO- BJl~SlJlO Ha scpcpeKT~BHOCTb YAaneH~5I XnK,

Hblt1 ~3 npO3paYHOrO nnaCT~Ka ~ 060PYAO- yaJla TOJlbKO nepeMeW~BaH~e C nOMO~blO KOTQpa51 COCTaBJl5lJla 60-70 %. nOJlyyeHHble

BaHHblt1 weCTblO npo6ooT6opH~KaM~ no Bbl- pe4~KJla CTOKa ~ 6blJla nepeMeHHot1, YTo6bl pe3YJlbTaTbi corJlaCYIOTC5I C Jl~TepaTypHbIM~

COTe peaKTopa. PeaKTOp, TepMocTaT~pye- 3aBepW~Tb yaCoBot1 pa6oY~t1 4~KJl npo- AaHHbIM~ no aHaspo6Hot1 OY~CTKe CTOYHblX

Mblt1 np~ 35:1:1 'C, 6blJl ~HOKYJl~pOBaH rpa- rpaMM~pyeMoro MHorOKaHaJlbHOrO Tat1Me- BOA AP°)lOl<eBbIX 3aBOAOB [3, 8, 9, 10, 11]. B

HYJl~pOBaHHbIM ~JlOM [66,5 r 6e330JlbHOrO pa, KOHTpOJl~pYIO~ero BO3AYXOAYBKY ~ Ha- aHaspo6Ho o6pa6oTaHHoM CTOKe np~cyr-
Be~eCTBa 6~oMaccbl (6B6), a4eTOKJlaCT~- COCbl nOAaY~ CTOYHOt1 BOAbl ~ pe4~KJla CTO- CTBOBaJl~ TOJlbKO CJleAOBble KOJl~YeCTBa Jle-

yeCKa51 aKT~BHOCTb 0,3 rXnK/r 6B6/cyr np~ Ka. Ha npOT5I)KeH~~ nOCJleAH~X ABYX cpa3 TyY~X )K~pHbIX K~CJlOT (n)t<K). OAHaKo TaKoe

30 'C] ~3 npOMblWJleHHOrO peaKTopa, o6pa- npO~CXOA~Jl~ npO4eCCbl AeH~Tp~cp~Ka4~~. ~CTo~eH~e 6~Opa3JlaraeMOro xnK B CTOKe

npO~3BOACTBO cn~PTA" Jl~KEPOBOAOYHbIX ~3AEJl~1I1 ~ 11



To6nu/40 2

I 3Tanbl
napaMeTpbl I 1 I 2 I 3 I 4 T 5

Bn, CYT 4,86:t0,08 4,9:t0,09 3,28:t0,03 2,41:t0,02 1,98:t0,11
nep~oA oT6opa npo6, CYT 10 10, 8 6 c 4

HOB, r xnK06~/n/cYT 4,67:t0,03 3,66:t0,02 5,50:t0,01 7,42:t0,09 10,26:t0,61

xnK06~- BXOA, r/n 22,33 17,93 17,93 17,93 20,25
XnKo6IO - BbIXOA, r /n 7,57:t1,07 6,42:t0,46 6,63~O,62 7,09~0,04 6,72~0, 12
YAaneH~e XnKo6IO' % 66, 1~4,8 64,2~2,6 62,2:t2,9 60,5~0,2 66,8~O,6 '

XnK", - BXOA, r/n 19,61 16,91 16,91 16,91 19,3
"","b'POB

xnK"'""bTpOB - BblXOA, r /n 6,28~0,95 5,43~0,27 6,05~O,37 6,85~0, 18 5,86~0,08

YAaneH~e XnK", ,% 68,0~4,8 67,9~1,6 63,5~2,1 59,5~1,1 69,7:t0,4
",""b~BpH - BXOA c 5,68 5,61 5,61 5,61 . 4,99

pH - BbtXOA C"'C 8, 16~0, 11 8,23~0, 13 8,17~0,09 8, 14~0,04 7 ,95:t0, 10

MeTaH B 6~ora3e, % 68,2:t1, 1 66,4~O,7 66,2~O,3 67, 1~0, 1 71,7~0,2

BblXOA MeTaHa" n /n /CVT 0,74~0,20 0,69~0,03 1,22~0,05 1,53~0,02 1,92~0,02
peaKTOpa ]'

No6IO - BXOA, Mr /n 992,7 997,5 997,5 997,5 1074,6
N-NH, - BXOA, Mr /n 201,5 186,2 186,2 186,2 234,9?
N-NH - BbIXOA, Mr,f'n 702~25 847~30 783~12 762~76 729~30, .
Po6lO~BXOA, Mr/n 23,15 11,6 11,6 11,6 13,2

P-P04 - BXOA, Mr/n' 2,3 1,8 1,8 1,8 5,6
P-P04 - BbIXOA, Mr/n ",'~',6 3, '~0,2 4,8~1,5 6,5~0, 14 4,2~0, 1

cDeHonbHble tleU,(eCTBa - BXOA, Mr / n 760 860 860 860 713

cDeHonbHble Be~eCTBa - BblXOA, Mr/n 1063~240 820~66 960~90 896~34 891~41

5°4 - BXOA, Mr /n 3028 1917 1917 1917 1245

5°4 - BbIXOA, Mr/n 448~76 197~103 41~25 13~3 CneAbl
YAaneH~e cynbcpaTa, % 85,2:t2,5 89,7~5,4 97 ,9~1,3 99,3~O,2 -100
Cynbcp~A B peaKTope, Mr 5/n* 468~81 5"~29 ' 500~22 486~8 362~9

% KOHBepC~~ 5°4 B 52-* 49,4~3,8 87,2~0,7 80,0.:1:4,2 76,6~1,2 87,1~2,2

DS8o - BXOA ',"~0,09 0,76 0,76 0,76 0,755
DS8o- BblXOA 0,86~0,14 H,o, 0,73~ H,o. H.o.
CH~)f(eH~e Dson' % 22,4~6,4 H.o. 3,3 H.o. H,o. I

'5-~ np0600T60pH~K OT AHa UASB-peaKTopa (30Ha «sludge blanket»).

H.o. - He onpeAenAnH. " ;-..'c

T 6 3 CTBa cynb<l>~Aa (Ta6n. 2), KoTopble, BnpO'ieM,
0 nU/40

He 6bln~ ~Hr~6~PYIO~~M~ Afl51 M~Kpoopra-

n Ha'iano KoHe~ H~3MOB[12, 13],OAHaKOCOAep)f(aH~ecynb-

apaMeTpbl 3KcnepMMeHTa 3KcnepMMeHTa <I>~Aa B eMKocT~, KYAa nOCTYnan o6pa6oTaH-
6B6 B peaKTope, r 66,S 115,6 Hbl~ CTOK, 6blnO 3Ha'i~TenbHO H~)f(e 3a C'ieT

CB 6~oMaccbl B peaKTope, r 101,6 181,2 era X~M~'ieCKOrO ~ M~Kpo6~onor~'ieCKOrO

OK~CneH~5I B 3neMeHTapHYlO cepy (6enecble
6B6/(B, % 65,5 63,8 OCMK~ Ha6nlOAan~cb Ha rpaH~~e pa3Aena

A~eTOKJlaCT~'ieCKaA aKT~BHOCTb, r XnK/r 6B6/cyr, 0,30 0,35 )f(~AKO~ ~ ra30Bo~ <l>a3 B UASB-peaKTope,
Ha era cTeHKax ~ coeA~H~TenbHbIX TPy6Kax, a

MO)f(eT CO3AaTb npo6neMbi Afl51 nocneAYIO- 6eTa~Ha, KOTOpbl~ He onpeAen5leTC5I CTaH- TaK)Ke B np~eMH~Ke CTOKa). TaKoe 5IBneH~e,
~ero YAaneH~5I ~3 H~X coeA~HeH~~ a30Ta. AapTHbIM~ MeTOAaM~ ~3MepeH~5I XnK [11], . nO-B~A~MOMY, CB5I3aHO C ManblM o6beMoM

HeB3~pa51 Ha K~cnble 3Ha'ieH~5I pH BXOA5I- a np~ Bbl'i~CneH~~ TeOpeT~'ieCKOrO 3Ha'ie- na6opaTopHoro UASB-peaKTopa, ~ OHO Ma-

~e~ CTO'iHO~ BOAbl, o6pa6oTaHHbl~ CTOK ~Men H~5I YAenbHoro BblXOAa MeTaHa o6pa30BaH~e nOBepO5lTHO np~ npoMblwneHHo~ 3KcnnyaTa-
3Ha'ieH~5I pH OKano 8 B pe3ynbTaTe noTpe6- nocneAHero ~3 6eTa~Ha He Y'i~TbIBan~. KOH- ~~~ peaKTopa C 60nbw~M 06beMOM, KOH-

neH~5I n)KK ~ M~Hepan~3a~~~ coeA~HeH~~ ~eHTpa~~5I <l>oc<I>aTa BO3pocna (~CKnIO'ia51 ~eHTpa~~5I <l>eHonbHblX coeA~HeH~~ YBen~-
a30Ta AO aMMOH~5I. AaHHbie no YAenbHOMY 3Tan 5) B aHa3po6Ho o6pa6oTaHHoM CTOKe 3a 'i~BanaCb B npo~ecce aHa3po6Ho~ o6pa6oT-
BblXOAY MeTaHa 6bln~ Ha YPoBHe ~n~ HeMHO- C'ieT M~Hepan~3a~~~ <l>OC<I>OPHbIX coeA~- K~. BO3MO)f(HO, 3TO npo~cxOA~no ~3-3a r~A-

ro Bblwe O)f(~AaeMbIX TeOpeT~'ieCK~X 3Ha'ie- HeH~~, AKT~BHoe pa3B~T~e npo~ecca cynb- pon~3a non~MepHblX Be~eCTB, COAep)f(a~~x
H~~, paCC'i~TaHHblx noYAaJleH~IOXnK ~ Y'i~- <l>aT-peAYK~~~ Ha npOT5I)f(eH~~ Bcero 3Kcne- apOMaT~'ieCK~e rpynnbl (6enK~ ~ T, n.), KOTO-

TbIBalO~~X conyrcTBYIO~~e npo~eCCbtcynb- p~MeHTa np~BoA~no K nO'iT~ nonHOMY YAa- pble TaK)Ke BCTYnan~ B peaK~~1O np~ onpe-
<l>aT-peAYK~~~ (KoHBepc~~ cynb<l>aToB B neH~1O cynb<l>aTa B CTO'iHO~ BOAe. B pe3ynb- AeneH~M <l>eHonbHblx Be~eCTB C nOMO~blO
cynb<l>~A). 3TOo6b5lCH5IeTC5I np~cyrcTB~eM TaTe 3Toro B peaKTope B 30He aHa3po6Horo peaKT~Ba ct>on~Ha-4oKanbTey, CH~)KeH~e
B OK>KnerKo 6~opa3flaraeMOro Be~eCTBa - ~na HaKann~Ban~Cb 3Ha'i~TenbHble KOn~'ie- ~BeTHOCT~ Ha AaHHOM 3Tane 6blno He3Ha'i~-

l
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TeJlbHblM (CM. Ta6J1. 2). KaK nOKa3aJ1 reJlb-
<t>~JlbTpa~~oHHbl~ aHaJl~3 (p~CYHOK 1, 6), Ta6J7uLja 4

aHaap06Ha51 06pa60TKa, He BHeCJla cy~e- 3Tanbl
CTBeHHblX ~3MeHeH~~ B MOJleKY Jl5I p HO-Mac- napaMeTpbl

1 2" ]6
COBoe pacnpeAeJleH~e OKpaweHHblX ~ apo-
MaT~'IeCK~X Be~eCTB, LITO CB~AeTeJlbcTByeT TeMnepaTypa, '( 20,4:!:2,0 22,6:!:0,7 22,4:!:0,8

06 YCTO~'I~BOCT~ nOCJleAH~X B aHaap06HbiX A3p06HaR <pa3a, M~H 25 35 40

YCJlOB~5IX. XapaKTep~cT~Ka Me30<t>~JlbHOrO nepeMew~BaH~e nOCJ1e a3pa~~~ M~H 14 9 4
aHaap06Horo ~Jla, 06pa6aTblBalO~ero OK)K ,

npeACTaBJIeHa BTa6J1. 3. Ha npOT5I)t<eH~~ Bce- nOAa'la CTOKa B peaKTop, M~H 3 3 2

roaKcnep~MeHTa(np~MepH070AHe~)KOJl~- nepeMew~BaH~e nOCJ1e nOAa'l~ CTOKa, M~H 18 1;3 14
'IeCTBO aHaap06Horo ~Jla B UASB-peaKTope Bn C T 3 11:!:0 07 3 12:f:(j 04 4 35:!:0 44

YBeJl~'I~JloCb nO'lT~ BABoe, YAeJlbHa51 a~e- ' y " " "

TOKJ1aCT~'IeCKa51 aKT~BHOCTb HeMHoro B03- An~Te11bHoCTb oT60pa np06, cyT 9 13 10

pocJla, a COOTHoweH~e 6B6 K cyxo~ Macce HOB, r XnKo6~/11/CYT 1, 16:f:0, 16 1,52:f:0,03 1,73:f:0,03
6~oMaccbl (CM) HeMHorOYMeHbW~JlOCb. XnKofiUI- BXOA, r/11 3,59:f:0,48 4,7:f:0,05 7,9:!:0,04

A3p06Ha51 06pa60TKa aHa3p06Ho 06- XnKO6~ - BbIXOA, r In 1, 15:f:0, 17 1,49:f:0',10 2,30:f:0,02

i pa60TaHHorocToKaB6~o<l>~nbTpe. Bpa3- YAaJleH~e XnKo ,% 68,1:f:1,7 68,3:f:2,0 71,0:!:0,2
pa6aTblBaeMo~ cxeMe no O'l~CTKe CTO'lHbIX 6UI
BOA nJlaH~pOBaJlOCb Ha nepBO~ CTaA~~ 06- pH - BXOA 8,14:f:0,18 7,54:f:0,06 7,39:f:0,07

pa6aTbiBaTb KOH~eHTp~pOBaHHble CTOK~ pH - BblXOA 7 ,83:f:0, 1 8,52:f:0,04 7,63:f:(},.12. OK)KBaHaap06HoM UASB-peaKTope, 3aTeM N06 - BXOA, Mr/11 474:f:10 353:f:3 636:f:11
aHaap06Ho 06pa60TaHHbl~ CTOK CMeW~BaTb ~

C OCTaJlbHbIM~ (H~3KoKoH~eHTp~poBaHHbl- NofiUI- BbIXOA, Mr /JI 290:!:7 121:f:2 140:f:5

M~) CTOKaM~ ~ 06pa6aTbiBaTb B aap06Ho- YAaJleH~e NofiUI ' % 38,8:f:3,5 65,7:f:0,8 78,0:f:1,0

aHOKC~'IeCKOM 6~0<t>~Jlb_Tpe.ljT06bl CMOAe- N-NH, - BXOA, Mr /11 416:!:21 299:!:2 558:!:3

JI~pOBaTb nJlaH~PyeMbl~cTOK, AJJ5I aap06-Horo peaKTopa aHaap06Ho 06pa60TaHHbl~ N-NH3 - BbIXOA, Mr IJI 25:f:5 61:f:4 64:f:5

CTOK pa36aBJl5IJI~ B 2 pa3a BoAonpoBoAHO~ YAa11eH~e N-NH3, % 94,0:f:0,9 79,7:f:1,4 88,5:f:1,0

BOAO~ nepeA noM'Ie~ B 6~0<t>~JlbTp. nocJle N-NO ~ BblXOA Mr /n 207:!:31 8:1::1 12:1::2
onT~M~3a~~~ aap06Ho~ ~ aHOKC~'IeCKO~ ' "

<t>a3 B 6~0<t>~JlbTpe 6b1Jl~ nOJlY'IeHbl CJleAY- N-N02 - BbIXOA, Mr /11 C/leAbl C/leAbl C/leAbl

1O~~e pe3YJlbTaTbi 06pa60TK~ CMOAeJl~pO- #3<P<PeKT~BHOCTb AeH~Tp~<p~K~~~~, % 47, 1:f:6,5 96,6:f:1,5 86,4%1,1
BaHHoro CTOKa (Ta6J1. 4). N - BbIXOA, Mr /11 232:!:35 69:!:4 76:f:6

Ba.1AHO, LITO CTeneHb YAaJleH~5I 06~ero xnK "eopr

~ aMMoH~~Horo a30Ta COCTaB~Jla 68 ~ 94 % Nap' - BbIXOA, Mf 111 58:f:4 52%1 65%1

(Ta6J1.4,aTan 1),cOOTBeTCTBeHHo.OAHaKOBbl- P-P04 - BXOA, Mr/11 3,2:!:0,8 6,4:!:0,2 7,7:f:0,1

XOA51~~~ ~3 6~0<t>~JlbTpa CTOK ~MeJl nOBbl- P-PO - BblXOA Mr /n 3 1:f:1 2 1 7:f:0 3 4 1:f:0 8
weHHble KoH~eHTpa~~~ H~TpaTa (207 Mr N/JI, 4' "'" ,
B cpeAHeM), LITO 06b5lCH5IeTC5I Ae<t>~~~TOM <PeHO11bHble BeL!leCTBa - BXOA, Mr/AM3 456:f:39 333:f:3 869:f:12

XnK B nOAaBaeMOM Ha 06pa60TKY CTOKe <PeHonbHble BeL!leCTBa - BbIXOA, Mr/AM3' 222:f:21 105:f:10 322:f:20
AJJ5I npo~ecca AeH~Tp~<t>~Ka~~~, TaK Ka~ YAa11eH~e <peHOJl, B-B, % . 51,1:f:5,6 68,4:f:2,9 62 9:f:2 1
'IaCTb xnK 6blJla He 6~Opa3J1araeMO~ "
(-1,15 r/JI). AJl5I 6aJlaHC~pOBK~ OTHowe- 504 - BXOA, Mr 111 17:f:15 130:!:7 164:f:3

H~5I XnK/N 10-11 % nocJleAPo)t<)t<eBo~ 504-BbIXOA, Mr/11 246:f:35 285:f:45 453:f:41

6pa)KK~ A06aBJl5IJI~ K aHaap06HoMY CTOKY B OnT~YeCKaR nJlOTHOCTb - BXOA (A = 580) o 381:f:0 012' 023 0 532:f:0 001
TeYeH~e aTanOB 2-3. B pe3YJlbTaTe cy~e- " '"

CTBeHHO CH~3~JlaCb KoH~eHTpa~~5I H~TpaTa, OnT~YeCKaR nJlOTHOCTb - BblXOA (A = 58O) 0,325:f:O,O05 0,21:f:0,01 0,41:f:0,01

\ HO CJlerKa nOBbIC~JlOCb coAep)t<aH~e aMMO- CH~)t<eH~e OnT~YecKO~ MOTHOffi1 (A = 580), % 11,2:i;0,9 7,9:1::0,1 22,5:f:1,2
H~~Horoa30Ta(Ta6J1.4 aTanbI2-3). Bep05lT- -, , 10 % nOClleApOJKJKeBOI'i 6paJKKI'i 6blilO Ao6aBileHo K aHa3po6HbiM 3cpcplllOeHTaM AIlS! Toro,

HO, BP5lAJI~ B03MO)t<HOAOCT~rHYTb 60Jlee H~3- 'iTOObl c6allaHCl'ipOBaTb OTHOWeHl'ie XnKjN AIlS! AeHI'iTpl'icpI'iKaLjI'iI'i;

Koro YPOBH5I aMMOH~5I B CTOKe ~3-3a np~cy- 611 % nOCJleAPO)K)KeBO~ 6paJKKI'i 6blilO Ao6aBileHO K aHa3po6HbiM 3cpcplllOeHTaM AIlS! Taro,

. ~XHeAOCTaTKOBaTO~OTHOC~eJlbHOnpOCTO~ 'iTo6b1 c6allaHCl'ipOBaTb OTHOWeHl'ie XnKjN AIlS! AeHI'iTpl'icpI'iKaLjI'iI'i; \

KOHCTPYK~~~ 6~0<t>~JlbT-pa, rAe nOMya O'l~- . 3cpcpeKTl'iBHOCTb AeHI'iTpl'icpl'iKaLjHI'i paCC'iHTbIBaIlH no cpopMYlle:

~eMOrOCTOKa~OT60p06pa60TaHHOrOCTO- {1- ([N-NO,],... + [N-NO,,],...j([N-NH,]ox - [N-NH,],...)} .100.

Ka ocy~eCTBJl5IIOTC5I OAHOBpeMeHHO np~ ~H-
TeHC~BHOM nepeMew~BaH~~. 60Jlee BbICOKa51 CpaBHeH~1O C HOpMaM~ c6poca B KaHaJl~- YCJlOB~5IX, TO BblCOKOe cOAep)t<aH~eCYJlb<\>aTa

a<P<t>eKT~BHOCTb YAaJleH~5I aMMOH~~HOrO a30- 3a~~10 (100 Mr No6~/JI). OCTaTOYHOe coAe(:S- B CTOKaXApo)K)KeBbIX npO~3BOACTB Mo)t<eTBbI3-

Ta MO)t<eT 6blTb AOCT~rHYTa np~ pa3AeJleH~~ )t<aH~e xn Ko6~ B CTOKe (Ta6J1. 4, aTanbl 2-3) BaTb3aTPYAHeH~5I B 6~0110r~'IeCKO~ 06pa60T-
<t>a3 nOMY~ ~ oT60pa CTOKa nOA06HO TOMY, npeBblWaJIO HOpMbl c6poca B KaHaJl~3a~~1O Ke noA06Horo poM CTOKOB. COAep)t<aH~e <t>oc-
KaKaTO peaJI~3yeTC5I B peaKTOpeT~na SBBR (80O Mr/JI). KOH~eHTpa~~5ICYJlb<\>aTaBoBpe- <t>aToBBaap06Ho-aHOKC~YeCK~06pa60TaHHoM

(Seguencing Batch Biofilm reactor). B pe3YJlb- M5I 06pa60TK~ B03pOCJla 6J1arOMP51 OK~CJle- CTOKe He npeBblWaJlO HOpMbl c6poca B KaHaJI~-
TaTe AOOY~CTK~ B Te'leH~e aTanOB 2-3 KOH- H~IO CYJlb<P~AOB BO BpeM5I aapa~~~, OAHaKO 3a~~10 (3,5 Mr P/JI). HecMoTp51 Ha 63%-Hoe

~eHTpa~~5I HeOpraH~'IeCK~X coeA~HeH~~ KOHeYHa51 KOH~eHTpa~~5I CYJlb<t>aTOB He npe- YAaJleH~e<t>eHOJlbHbIXCoeA~HeH~~ BTe'leH~e
a30Ta B 06pa60TaHHOM CTOKe np~6J1~3~JlaCb BbIC~Jla 3HaYeH~~ no HopMaM c6poca B ro- aap06Ho-aHOKC~'IeCKO~ AOOY~CTK~, ~BeT-
K 70 Mr N/JI. 06pa60TaHHbl~ CTOK TaK)Ke co- POACKYIO KaHaJI~3a~~1O (500 Mr/JI), LITO MO- HOCTb CH~)t<aJlaCb TOJlbKO Ha 8-23 % (Ta6J1. 4,

Aep)t<aJI 3HaY~TeJlbHble KoH~eHTpa~~~ opra- )t<eT 6blTb TaK)Ke CB5I3aHO C npeABap~TeJlb- aTanbI2-3). KaK 6blJlO ycTaHOBJIeHO B pe3YJlb-
H~YeCKOrO a30Ta (52-65 Mr N/JI) (B03MO)t<HO, HblM OCa)t<AeH~eM aJleMeHTapHo~ cepbl Ha TaTe reJlb-<t>~JlbTpa~~OHHbIX ~CCJleAOBaH~~

He6~opa3J1araeMoro),YTOBCYMMeCOCTaB~- aHaap06HO~CTaA~~.TaKKaKnOA06HOeOCa)K- (p~CYHOK1,B)aap06Ho-aHOKC~YeCKa5l06pa-
110 120-140 Mr Noo..,/JI, T. e. HeMHoro Bblwe no AeH~e TPYAHO peaJI~3yeMo B npOMblWJleHHblX 60TKa np~BeJla K CAB~ry MOJleKYJl5IpHO-Mac-

npOl-13BOACTBO CnI-1PTA" JlI-1KEPOBOAOYHblX 1-13AEJlI-1~ ~ 13



Ta6nu~a 5

KoarynRHTbl
napaMeTpbl Fe AI Ca

Aei;;CTBYIO~a~ KoH~eHTpa~~~ ~OHa, Mr /n 0 99 196 0 195 375 0 463 1790

XnKoo..' Mr /n .1310 1110 800 1810 1040 800 1810 1620 1490

<1>eHonbHble Be~eCTBa, Mr/n 234 208 107 122 79 67 122 58 49

P-PO4, Mr/n 4,7 3,1 1,4 1,79 0,14 <0,1 1,79 <0,1 <0,1
No6uI' Mr /n 120 101 82 121 90 78 121 H.o. 61

N-NH], Mr/n 34 25 16 61 60 50 61 56 50

°580 0,325 0,298 0,17 0,219 0,138 0,122 0,219 0,062 0,052
AOM~H~~ IJrfAHa BOIlHbl, HM 578 578 577 578 577 575 578 575 575
06beM ~na, % \IIIla* - H.o. 13,7 - 90,7 92,1 - 98,8 32,2
~noBbli;; ~HAeKC, Mr /r CB* - H.o. 259 - 501 342 - 402 118

5B5/CB ~na, % - H.o. 89,6 - 51,2 54,0 - 54,6 38,9 ,'r

. nocne 30 MI1H OCa~eHI1R;

H.o. - He onpeAen~n~.

COBoro pacnpeAeIleH~SI OKpaweHHbix Be~eCTB HO~ MaCCbl xnK (60-70 %) ~3 TaK~X BbICOKO- Ka CTO'lHblX BOA B npOl13BOACTBe XJ1e60neKapHblX
B 06IlaCTb OT 4,5AO 6 KAa, a TaK)Ke KYMeHbwe- KOH~eHTp~poBaHHbIXCTOKOB, KaKOK)K. A3p06- APOJKJKeH/ /~POI13BOACTBO Cnl1pTa 11 nI1KepOBOAO'l-

- - 6 ,+. 6 HblXI13Aenl1l1. 2003. N2 3. C. 16-19.
H~IO CO_Aep)KaH~SI Be~eCTB C MOIleKYIlSlpHO~ Ho-aHOKC~'IeCK~~ ~O",~IlbTp MO)KeT blTb 4. Hooijmans C. M., Veenstra S., Lubberding H. J.
Macco~ MeHee 2 K,lJ,a no cpaBHew~1O C Heo- ~CnOIlb30BaHAIlSlYiJPJ1eH~SlOCTalO~erOCSl6nK Laboratory course process parameters and
6pa6oTaHHo~OK)K(CM. P~CYHOK 1 ,a) ~aHaa- ~aMMOH~SI BaHaap06Ho06pa6oTaHHoM CTO- microbiologY/lint. course in anaerobic waste
PO6Ho06pa6oTaHHO~ (CM. P~CYHOK 1,6). Ta- Ke. OAHaKo np~ HexBaTKeXnKAIlSl npo~ecca water treatment/Ed. G. Lettinga. - Delft.:

K~M 06pa30M, ~BeTHOCTb CTOKa B OCHOBHOM AeH~Tp~<j>~Ka~~ peKoMeHAyeTcSlA06aBIlSlTb Agricultural University, Wageningen (Holland),
,+. eo6 00 - O v..v 1990.-44c.

CBSl3aHaHeC",eHOJlbHbIM~coeA~HeH~SlM~,a BCTOKHeKOTOpylO'IaCTbH pa TaHHO~ ~ 5 S. d dM th d f th Ex . t. fW t d. .an ar e 0 s or e amlnalono aeran
cnp~cyrcTB~eMAPyr~xBe~eCTB(B03MO)KHO, AIlSl6aJJaHC~pOBK~ OTHoweH~SI XnK/N. np~- Wastewater (1995). 19th edn, American Public

aTOMenaHOil1Abl [14]). MeHeH~e KoaryIlSl~~~ AIlSl AOO'l~CTK~ aapo6- Health Association/American Water Works
HblX CTOKOB MO)KeT AOBeCT~ ~xAO HOpM c6po- AssociationjWater Environment Federation,

Koaryml~. HeKOTopble pe3yIlbTaTbI nonp~- ca B KaHaJJ~3a~~1O (~e AIlSl ~BeTHOCT~, Bbl- Washington DC, US.A. .
MeHeH~1O KoaryIlSl~~~ AIlSl AOO'l~CTK~ aapo6- 3bIBaeMO~ TPYAH06~opa3J1araeMbIM~ MeJlaHO- 6. Dawson R. M. C., Elllott.D. C., ~lIlott W. H. and Jones

K.M. (1986). Data for biochemical research. Oxford:
Ho-aHOKC~'IeCK~X a<j><j>JlIOeHTOB np~BeAeHbl B ~AaM~), OAHaKoTpe6yeMbie KOIl~'IeCTBa Koa- Clarendon Press.
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