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'HauioHanbHuii yHiBepcUTeT BOAHOIO rocrnofapcTsa Ta npupoaoKopUcTyBaHHA, M. PiBHe
METO[ NOKPALLEHHA OCAOXXYBAHOCTI AKTUBHOIO MyJny

3paTHICTD aKTMBHOMO MyJly [0 OCafXeHHs Ta YLiIbHEeHHSA
XapaKTepu3ye MyJiOBMA iHAEKC — BiAHOWEHHSA 06’eMy aKTUBHOro Myny B
Ky6iYyHMX caHTUMeTpax nicnsa BiacTowBaHHA npoTtsarom 30 xB y uuniHapax
o6'emoM 1 n oo 1 r cyxoi pe4oBUHU AaKTUBHOrO Myny. (0IOBHUM YUHHUKOM,
SIKUA BM3HA4Ya€ BeSINMMHY MYNIOBOrO iHAEKCY, € HABaHTa)KeHHA Ha Myn. Kpim
HAaBaHTAXXEHHA, HAa MYJIOBMM iHAEKC BMJIMBAKTb AOCTATHICTb PO34YUHEHOro
KUCHIO B MYJIOBiW CyMillli, HasIBHICTb B CTIYHUX BOAAX TOKCUYHUX €JIEMEHTIB,
NEerKOOKMUC/IIOBAHUX OpraHiyHuxX peuvoBuH (Uykop, TF0OKO3a, CAMPT).
BctaHoBneHo, wWo nNpu o4YMWieHi CTIYHUX BOA B LUAXTHMX aepoTeHKaxX i B
OKCUTEHKaX 3HA4YeHHS MYJIOBOro iHAEKCY CYTTEBO 3MeHLUyeTbcA. B cBow
yepry MyJioOBUA iHOAEKC BU3HA4Ya€ Ao03y MyJly B aepoTeHKy, KoediuieHT
peuMpkynsuii  akKTUBHOro Mysny, eQeKTUBHICTb po60oTU  BTOPUHHUX
BiACTINHMKIB. B oCTaHHi poKM BenuKy 3auUiKaBNeHICTb BHUKJIIMKAE MeTon
3MEHLUEHHS BeJIMMUHU MYJIOBOrO iHAEKCY LWASXOM BaKyyMyBaHHSi MYJNOBOI
cyMiwi nepea BTOPUMHHMMM BiAcTinHMKaMu. OuyeBMAHO, WO BHACNIAOK
BMAAJIEHHA rasiB nig 4yac BaKyyMyBaHHSA MYJIOBOi CyMili BigbyBa€eTbcA 3MiHa
CTPYKTYPU NNacTiBUiB aKTUBHOr0O MyJy, WO 3yMOBJIOE MNOKpalLlaHHA WMOro
ocap)XyBaHOCTi. Metowo poboTM € eKcnepuMeHTaslbHA nepeBipKa
epeKTUBHOCTI MeToAy BaKyyMHOI pAerasauii MysoBOi CyMilWli  MiCbKuX
KaHani3auimtHMX O4YMCHUX cnopyAa. [ochnimKeHHA BMKOHYBaJIMCA Ha
eKCNepuMEeHTaNIbHIN YCTaHOBLI, siIKa AABNS€E coboi sBns€e cobol Kamepy,
BMrOTOBJIEHY 3 OPraHiYHOro CKnNa, y BepXHiA 4YacTUHI wWTyuep AnSA nopadi
MYJIOBOI CyMilli i NigKNYEeHHA A0 BaKyyM-Hacocy, Y AHi BAawTOBaHWMA
BEHTU/Ib AN BUNYCKY BaKyyMOBaHOI MynoBoi cyMmiwi B uuniHap. Micna
3aBepLIeHHA BaKYyYMYBaHHfI BiAKpMBaJiuM BUMNYCKHUA BEHTWUAb i NOBINIbHO
3/IMBaNN MYJI0BY CYMill Y CKISIHUA MipHUA umniHap o6'eMoM 1 n nicna voro
BM3HaYanu 06°'eM Myny 3a Ppi3Hi npoMmikkm 4vacy. Ha nepwomy etani
[OCHig)KeHHA BUKOHYBAJM NPU Pi3HUX 3HA4YeHHAX Bakyymy — 0,02, 0,04, 0,06 i
0,07 MMNa. 3a pobouye 6yno npumHATe 3Ha4YeHHA Bakyymy 0,04 MIMa. Ha
ApyroMy eTtani 6yno BCTaHOB/IEHO ONTUMAaJIbHY TPMBaNiCTb BaKyyMyBaHHSA — 3
XBUAMHU. HecknapgHi po3paxyHKM noKasanu, WO [03a aKTUBHOroO Myny B
aepoTeHKy Moxce 36inbwmutuca 1,39 pasu, Wo BKa3sye Ha NEPCNEKTUBHICTD i
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DOUINBbHICTb 3aCTOCYBaHHA Ha KaHani3aWiMHMX OYUCHMX cnopyaax npouecy
BaKyyMYBaHHS MYJ10BOI CyMilli.

KnroyoBi cnoBa: MynoBa CyMill; MyJIOBUM IHOEKC; BAKYYMYBaHHA MYNoBOI
CYMiLui.

MoctaHoBKa npobnemMn. MynoBui iHOEKC XapaKTepu3ye 30aTHICTb
aKTUBHOI0 MyJly 00 OCaf)XeHHA Ta YLWiNbHEeHHS. MynoBun iHAEKC
BU3HAYAETHCA K 06'€EM aKTMBHOIO MyNy B KyOiYHUX CaHTUMeTpax nicns
BigcTotoBaHHa npoTtaroM 30 xB y umniHgpax o6’'emom 1 n1, BigHECEHUN O,0
1 r cyxoi pe4oBUHUN aKTUBHOrO Myny [1].

MynoBun iHOeKC NOKa3ye, Sk 06'eM 3aMMaE HGioLEHO3 aKTMBHOIO
MYy Yy CTaHi cnokotw. [na pobpe npaurynx aepoTeHKIiB Ha MiCbKUX
ouncHux cnopympax J = 80-120 cMm3/r, rnMboko MiHepani3oBaHUN My
MoxXe MaTtu iHgekc 60-90 cM3/r. Mpu «cnyxaHHi» aKTUBHOro MyJny MOro
Mynoeui iHgekc nepeeuwye 150-200 cM3/r. Takui Myn noraHo ocigac i
BiOOINAETLCA Big BOAM Y BTOPMHHMX BIACTIMHMKAX, BWUHOCUTbCA 3
OYMLLEHOK BOAOH, BHAC/IAOK 4YOro 3MEHLUYETbCHA 3aralbHUM edekT
OYMCTKUN B aE€POTEHKY.

MynoBun iHOEKC 3a1eXXUTb Bif 6araTb0X YNHHUKIB: HaBaHTaXEHHS
Ha AaKTMBHMW MyJl; [LOCTATHbOI KiNIbKOCTI GiOreHHUX eJIeMEeHTIB
(nepepyciM ¢ocdopy); AOCTATHOCTI PO3UYMHEHOrO KUCHIO B MYJNOBIN
CYMillli; HAassBHOCTI B CTIYHUX BOAAX TOKCUYHUX E€JIEMEHTIB, O MOXYTb
NPM3BeCTM A0 3arnbeni YaCTUHU aKTUBHOMO MYJy; HassBHOCTI B CTi4YHMX
BOAAaX JIErKOOKUCJIIOBAHNX OPraHiuyHMX pevyoBuH (LyKop, rnoKo3a, cnupT).

(0T0BHMM YMHHUKOM, SKUN BU3HAYAE BEIMYNHY MYIOBOIO iIHAEKCY,
€ HaBaHTa)keHHsA Ha Mmyn (puc. 1). Mpu oumncTUi MiCbKUX CTIYHUX BOO B
iHTepBani HaBaHTaeHb Ha aktmBHum wMyn 33 bBCK,ew 500-
1300 mr/(r.goby) MynoBui iHOEKC pi3KO 3pocTae, i HopManbHa poboTa
OYMCHMX CMOPYA CTAE NPAKTUYHO HEMOXXNMBOHD. [lelo 3pocTae My10BUN
IHOEKC | NPU HN3bKMX HABAHTAXKEHHAX HA aKTUBHUN MY,

3p0o3yMino, WO YMM MeHLWe 3HAYeHHs MYJIOBOro iHOEKCY, TUM
Kpallie aKTUBHWUM My OCAOXKYETbCA M YLWLINbHIOETLCA Y BTOPUHHUX
BiACTINMHMKAX, TWUM MEHLUe PEeuupKYNauUiMHOro MyJsly  NOoTpibHO
nepekavyyBaTM B aepOTEHKU | HaBnaku. KinbKiCTb peumpKynsauinHoro
MyNy BCTaQHOBJIIOETbCA 3@ TaK 3BaHUMM KoediuieHToM (cTyneHem)
peumpkynsuil.

Ha BennumHy MynoBOro iHAEKCY CWUJIbHO BMNJIMBAOTb, TaKOX, |
YMOBUW 34IACHEHHSA npouecy 6ionoriyHol OYMCTKM CTIYHMX BOA,.
BctaHoBneHo, WO npu 3AiINCHEHHI npouecy 6i0fOriYHOT OYUCTKM B
LWAXTHUX QaepoTeHKax, B YMOBAX MigBULEHOr0O TUCKY | BUCOKUX
KOHUEHTpaLiM PO34YMHEHOr0 KWCHK 3HAYEHHS MYJIOBOrO iHOEKCY
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cTaHoBUTb 60-98 cm3/r. AHanoriyHe ABMLLE 3adiKCOBAHO i NPM OYMCTUI
CTIYHMX BOO B TaK 3BaHWX OKCUTEHKax: A03a MyJly B OKCUTEHKax
NPUAMAETLCA PiBHOKW 5-12 r/gM?, KOHUEHTPaALiS PO3YMHEHOIO KUCHIO 6—
12 mr/gm3, MmynoBui iHoekc 3meHwyeTbea B 1,3-1,4 pa3n y NOpPiBHAHHI i3
3BMYalHUM, a KoedilieHT npupocTy Myny cknagae 0,25 [1; 2].

B ocTaHHI poKM B 3aKOPOOHHIW NiTepaTypi 3'ABMancsa Martepianu i3
3aCTOCYBaHHA ANs 3MEeHLWeHHS MYNoBOro IHOEKCY MYNO0BOI CyMilli
MeTony BaKyyMHol gera3auil. OnybnikoBaHi pe3ynbTaTuU 3acTOCYBaHHS
BaKyYMHOI gerasauii 3a KOpAOHOM cBig4aTb nNpo 6arato nepeBar UbOro
MeToAy, OOHAK B HWUX BIiACYTHIi HeobOXigHI BiAOMOCTI Ta peKoMeHaauil
LWOoOO0 pPO3pPaxyHKY, KOHCTPYKOBAHHA Ta eKcnjayatauil BaKyyMHUX
perasatopie [1; 2]. Tomy MeTow po6GoTM Ha nepwoMy eTani €
eKcnepMMeHTasibHa nepeBipka egeKTUBHOCTI MeToAy BaKYyMHOI
perasauii. Hapani 6yayTb po3pobnieHi KOHCTPYKUil Aera3aTtopiB i
TEXHOJIOTYHI CXeMM 1X 3aCTOCYBaHHA [Nsa iHTeHcudikauil HionorivyHol
OYMCTKU CTIYHUX BOA.

Pesynbtatm pocnimkeHb. [lepeBipka e(peKTUBHOCTI MeToay
BaKyyMHOI gerasauil 34iNCHIOBANM Ha eKCNepUMEHTasNbHIM YCTaHOBLI,
3MOHTOBaHIN B nabopaTopil Kadeopn BoAONOCTa4YaHHS, BOAOBIABEAEHHS
Ta OypoBoi cnpasu HYBITI. YctaHoBka saBnsie coboto Kamepy,
BMIOTOB/IeHY 3 opraHiyHoro ckna (puc. 1). B BepxHin yacTuHi kKamepwu
3MOHTOBAHUM LWITyUep ONs nogadi MynoBOl CyMiwi i NIAKAKYEHHSA A0
BaKyyM-HAcoCy, Y AHI BIAWUTOBAHNUN BEHTWUb A1 BUMYCKY BaKyyMOBaHOI
MYJI0BOI CyMiLi B LUIHAP.

B pocnigXeHHAX ONs CTBOPEHHA BaKyyMy BMKOPUCTOBYETbLCS
npuctpin  «MegnyHmn BigcMoktyBad 7E-A», gaKkunm npaule Ha
06a3i 6e3MacnsHOro MOPLWHEBOro BaKyyMHOro Hacocy. Bakyym
PerynoeTbCa 3a [OOMOMOrol MaHOMETpPa, SKUM BXOAUTb OO0 CKnagy
NPUCTPOI, TEXHIYHI XapaKTEPUCTUKN SKOro HaBeneHi B Tabn. 1.

Mpobu mMynoBoI cyMilwi Bigbupann Ha BUXOAi 3 aepOTEHKIB Ailo4nx
o4yncHux cnopyn PiBHEHCbKOro 06nacHOro BUPOOHMYOro KOMYHanbHOro
niaNnpMeEMCTBa BOAOMNPOBIAHO-KaHani3auinHoro rocnogapctea (POBKIM
BKI) ™. PiBHe. Bigbip MynoBsoi cymiwi 3aiicHioBanu 3rigHo 3 ACTY ISO
5667-10:2005 «Akictb Boaun. BinbnpaHHa npob. YactnHa 10. HactaHoBa
woao BiadbupaHHA npob cTiyHMXx Bog». B ycix mpobax MynoBoi cyMiui
BU3HAYaNNCA KOHLEHTPAUIl CyX0l pe4OBUHN aKTUBHOIO MyJy.

Mpoby Mynosoi cymiwi 06'emoM 1 n 3nerka 360BTyBanu, 3annBanu
B YCTAHOBKY i Nigknoyanu Ao BakKyymHol niHil (puc. 2, 3). TpuBanicTtb
BaKyyMyBaHHA ¢iKCyBanM 3a [OO0MNOMOrow  cekyHgomipa. [licns
3aBEpPLUEHHSA BAaKYYMYBaHHSA BiAKPUBANN BUNYCKHUWA BEHTUb | NOBISIbHO
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3IMBann MyJIOBY CYMiWl Yy CKASHWMW MipHUWA uuniHgp ob'emom 1 n. Y
APYroMy UWNiHAPI [OCNigXKyBanu iHWY Y4acTUHY Tiel camo npobu Mynosoi
CYMilli, KA He nigaaBanacsa BaKyyMyBaHHI. [locnig)KeHHA BMKOHYyBanu
npu TemnepaTtypi 20°C.
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J/ cymiwwi
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Buixi Z‘ BuMuKaro4min kpaH Qy20mMm
WEA = BUMYCKY MYFNOBOI CYMiLLi
MynoBOi J,

cymiLi

Puc. 1. CxeMa ycTaHOBKM ANa BaKYyMyBaHHSA MYJI0BOI CyMilli

Tabnuusa 1
TexHIYHI XapaKTepPUCTUKMN BaAKYYMHOI0 NPUCTPOIO
Ne NapameTp BennuunHa
1 | MakcMManbHUM BaKyyM He MeHwe 0,075 Mna
2 | iana3oH peryntoBaHHA BakyyMy | Big 20 klla oo Makc. 3Ha4eHHs
3 | Makc. noTik Mo noBiTp He MeHwe 18 n/xs..
4 | Makc. noTik no piguHi He MeHWe 6 n/xs.
5 | PiBeHb WyMy He 6inbwe 65 nb(A)
6 | Maca HeTTO 4,4 kr
7 | Cno)XuBaHa NOTYXHIiCTb 90 BA
8 | NabapuTHi po3mMipu 280 x 196 x 285 (MMm)
9 | MapamMeTpun XKXMUBNEHHSA ~220B/50ly,

Micna BunyckaHHa 1 N BaKyyMOBAHOI MYJIOBOI CyMilli Yy UWAIHAP
BKJIIOYABCHA CEKYyHOOMIp i ¢ikcyBaBcs 06'eM MyNi0BOI CyMiWi B LaHUN
MOMEHT 4acy. TaKi X AO0CNIAXEHHS BUMKOHYBasuUcA i Ha npobi Mynoeoi
CyMilli. AIKa He nigaaBanacsa BaKyyMyBaHHIO.
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Puc. 2. 30BHiWHIM BUrNAL YCTAaHOBKU 4,0 NOYATKY EKCNEPUMEHTIB

Ha nepwomy eTani gocnig)xeHb BUbMpanu BesIMYMHY BaKyyMy. [ins
Uboro npobu niggaeBanu BaKyyMyBaHHK TpuBanicTio 60 ¢ npu pi3HUX
3HauyeHHsix Bakyymy — 0,02, 0,04, 0,06 i 0,07 MMa (puc. 4). I3 oTpuMaHux
pe3ynbTaTiB CNiQye, Wo 30iNbleHHSA BEIMYNHM BaKyyMy NPM3BOAUTbL A0
3MEeHLUEeHHS 06'eMy Mynly Npu TiK caMin TpuBanocTi gocnigxeHHsa. OgHak,
BPaxoBy4mn MOXNBOCTI peanbHOro 30INCHEHHS npowuecy
BaKYyYMYBaHHSI Ha OYMCHMUX cnopyaax, 6yno npunHATe pilleHHs 3a
poboye 3HayeHHs BakyyMy 0,04 Mla. [MoyaTKkoBa KOHLEHTpaLia Myny 3a
CYXOl0 pe4yoBUHOI cTaHoBuNa 2,56 r/amd,

Ha pucyHKy 5 npepctaBneHi pe3ynbTaTu BaKyyMyBaHHS MYJ10BOI
CYMilli 3 NMOYATKOBOK KOHLEHTPALIE Mysy 3a CyXOK pPedyoBUHOW 2,56
r/am3 NpoTArom pi3HOro yacy 3 AKMUX cCNigye, Wo HanMeHWwux o6’'eM Myny
OOCATAETHCA NPY TPUBAIOCTI BAKYYMYBaHHS 3 XBUJTUHM.
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Puc. 3. 30BHILWHIN BUINSA[ YCTAaHOBKN NPU BUKOHAHI EKCNEPUMEHTIB
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Puc. 4. 3anexHicTb 06'eMy MYy Bif, BEJIMMUHU BaKyyMy
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Puc. 5. 3anexHicTb 06'eMy Myny Big, TPMBANOCTI BaKYyMYBaHHS

Ona ouiHkn edeKTUBHOCTI BaKyyMYBaHHS aAKTUBHOrO Myny
BUKOHAEMO fAesiki po3paxyHku. CnoyaTKy BM3HAYMMO MYNOBUN iHAOEKC
0N TPUBANOCTI BAaKyyMyBaHHS 3 XBWIWMHU — BiH cTaHoButume 430 /
2,56 = 168 cm?/r. lo3a Myny nicns BakyyMyBaHHA 6yae ctaHoBUTKU 2,56 /
0,43 =5,95 r/am?®,

3a ¢opmynow (B.12) OBH BcTaHoBMMO 3HauyeHHA KoediuieHTa
peumpKynauil akTUBHOrO Myny B aepoTeHKy — 2,56 / (1000/168 - 2,56) =
0,75, a notim 3a dopmynoto (B.15) - po3y myny B aepoTeHky 5,95 /
(1/2:0,75 + 1) = 3,57 r/om® TakuM 4YMHOM, [03a aKTUBHOrO Myny B
aepoTeHKy Moxke 36inbwmntucay 3,57 / 2,56 = 1,39 pasn.

3poCTaHHA [O03n Myny B aepoTeHKYy 3yMOBUTb 30inblUeHHS
OKMC/IOBANIbHOI  MOTY>XHOCTI aepoTeHKa, WO p[acTb MOXUBICTb
30inbWNTU MOro NPOLYKTUBHICTL 6e3 Byab-aKoro 36inbleHHA 06'emy.
[eraszauis MynoBol CyMiWi 3a PpaxyHOK BWAANeHHs MOBITPS,
BYrJIeKMCNOro rasy Ta a30Ty npu3Bene OO0 MOKpaweHHs poboTtu
BTOPMHHUX BIOCTINHUKIB 33 pPaxyHOK 3MeHWeHHs ¢noTauili Myny Ha
NMOBEPXHIHO.

BucHoBku. BukoHaHi nonepenHi  OOCHIOXEHHS npouecy
BaKyyMyBaHHSI MYJIOBOI CYMilli MOKa3anM MWOro nepcneKTUBHICTb |
OOUINbHICTD 3aCTOCYBAaHHA Ha KaHani3auiMHUX O4YMUCHMX Ccnopydax
OCKiNlbKM npouec BaKyyMyBaHHA MysioBol CyMiwi; 1) 3yMOBJIOE
3MEHLIEHHS MYJI0BOro iHAEKCY; 2) [03BONS€ 30iNbWMTM A03Yy MyNy B
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aepoOTEHKY i 3pOCTaHHA MOro OKMUCIOBaNbHOI MOTYXHOCTi; 3) nokpawye
po60TYy BTOPUHHUX BiACTINHUKIB.
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METHOD FOR IMPROVING SETTLEMENTABILITY OF ACTIVATED
SLUDGE

The ability of activated sludge to settle and compact is characterized
by the sludge index — the ratio of the volume of activated sludge in cubic
centimeters after settling for 30 minutes in cylinders with a volume of 1 liter
to 1 g of dry matter of activated sludge. The main factor that determines the
value of the sludge index is the load on the sludge. In addition to the load, the
sludge index is affected by the sufficiency of dissolved oxygen in the sludge
mixture, the presence of toxic elements in wastewater, and easily oxidizable
organic substances (sugar, glucose, alcohol). It has been established that
when wastewater is treated in deep shaft aeration tanks and in oxytanks, the
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value of the sludge index is significantly reduced. In turn, the sludge index
determines the dose of sludge in the aeration tank, the activated sludge
recirculation coefficient, and the efficiency of secondary settling tanks. In
recent years, a method of reducing the value of the sludge index by
vacuuming the sludge mixture before secondary settling tanks has attracted
great interest. It is obvious that as a result of the removal of gases during
the vacuuming of the sludge mixture, the structure of the activated sludge
flakes changes, which leads to an improvement in its settleability. The aim of
the work is to experimentally verify the effectiveness of the method of
vacuum degassing of the sludge mixture of urban sewage treatment plants.
The research was carried out on an experimental installation, which is a
chamber made of organic glass, in the upper part there is a fitting for
supplying the sludge mixture and connecting it to a vacuum pump, at the
bottom there is a valve for releasing the vacuumed sludge mixture into a
cylinder. After the vacuuming was completed, the outlet valve was opened
and the sludge mixture was slowly drained into a glass measuring cylinder
with a volume of 1 |, after which the volume of the sludge was determined at
different time intervals. At the first stage, the research was carried out at
different vacuum values - 0,02, 0,04, 0,06 and 0,07 MPa. The working
vacuum value was taken to be 0.04 MPa. At the second stage, the optimal
duration of vacuuming was established - 3 minutes. Simple calculations
showed that the dose of activated sludge in the aeration tank can increase by
1,39 times, which indicates the prospects and feasibility of using the process
of vacuuming the sludge mixture in sewage treatment plants.

Keywords: sludge mixture; sludge index; vacuuming of sludge mixture;
vacuum value; vacuuming duration; efficiency of the vacuuming process.
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