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[TokazaHa OMacHOCTb CTOYHBIX BOJ| LEJUIIOJIO3HO-OYMa)KHBIX HPENNPUATHH I BOJHBIX
HKOCUCTEM U BO3MOKHOCTh UX OMOJIOTMYECKOW OYHMCTKH B a’poTeHKax. V3ydyeHsl u 00006-
LIEHBI CyllecTBYyoUMe B Poccuu 1 3a pyOexoM CHCTEMBI adpanuy OHOJIOTHYECKOH OUUCTKU
CTOKOB LIEJUTIOJI03HO-0yMa)KHOW MPOMBINUICHHOCTH. [loKa3aHbl COBpEMEHHBIC TEHICHIHH
Pa3BUTHS a3pallMOHHBIX CHCTEM, KpUTEpHH UX BbIOOpa. Kpome Toro, o6ocHOBaHa akTyasb-
HOCTh BOINPOCA MHTCHCU(HUKALUHK OMOJOTHMYECKOW OYHMCTKH CTOYHBIX BOJ IIEJUIFOJIO3HO-
OyMa)XHBIX TPEIUPHUIATHI ITyTeM NPUMEHEHUS T'OTOBBIX TI'a30)KUAKOCTHBIX CMECEH ITOBBI-
IIEHHOH yCTOHYMBOCTH, MMEIOLIMX IY3bIPHKOBYIO CTPYKTYpy. Paspaborana meroauka mx
MOJIYYEHHUsI Ha YHUBEPCAIbHOH TabopaTopHO# ycTaHOBKE. B ncciemyeMoi ra30uaKoCTHOM
cMecH CIUIOIIHOW (ha3oil sBiseTcs BOAa, IHUCIIEPCHOW — BO3ayX. PaccMarpuBaemble ra-
30)KHJIKOCTHBIE CMECH TOJIyYEHBI IIyTeM HEIOCPEJCTBEHHOH Noaa4yn aTMOC(hEepHOro BO3y-
Xa B BOJy uepe3 BXOJHOH MaTpyOoK IeHTpoOexHOTo Hacoca. IIpoBeieHO IKCIepIMEHTalIb-
HOE HWCCIe0OBaHWEe TMAPOJMHAMHKN JBYX()A3HOTO T'a30’KHUIKOCTHOTO IIOTOKa B 3aBUCHMO-
CTH OT pa3Mepa BO3MYIIHBIX My3bIPHKOB. [IpHBeeHHBIE pe3yIbTaThl MCCIEAOBAHUS TOKa-
3bIBAIOT, YTO, YCTAHABIIMBAs PA3JIMYHbBIE PACXOMbI XKUAKOCTH M BO3/yXa, MOKHO MOJYYUThH
T'a30)KHUIKOCTHBIE CMECH C ITy3bIPbKaMH BO3yXa MOBBIIMIEHHOH YCTOMYMBOCTH pa3MepoM OT
1 10 8 MM 1 TypOyJIEHTHBIM PEXHUMOM Te€UeHHS 00euX (a3. Y CTaHOBJICHBI 3KCIIOHEHIIHAIIb-
HbIC 3aBUCUMOCTU Pa3MEPOB BO3AYIIHBIX MY3BIPLKOB OT PACXOJ0B XUAKOCTH U BO3AYyXa, a
TaKXKe JaHHBIC M0 THAPOIMHAMUYECKOMY PEXHUMY Ta30’KUIKOCTHOM CMECH «BO3IyX—BOAA».
MHoOro4uncieHHbIE HCCJIEAOBAaHUA U IPUMCHEHUE CTAaHAAPTU3UPOBAHHBIX METOJI0B U3MEPC-
HUH, UX aHamu3 U 00paboTKa MOATBEP)KIAIOT JOCTOBEPHOCTH IOJYYCHHBIX PE3yNbTaTOB.
JlaHHas ycTaHOBKa IO MCCJIEIOBAHHMIO T'a30)KUAKOCTHOTO IOTOKA NPHU3BaHA YCTPAHUTH He-
JocTaTku aHanoroB. Tak, mpejiaraemas METOAMKA MOIY4YEHUs Ta30XKHIKOCTHBIX cMecei
MOBBIIIEHHON YCTOMUMBOCTU IMO3BOJSIET OTKA3aThCsl OT JOPOTOCTOSIET0 BO3AYXOLyBHOIO
00opyoBaHUs. YHHUBEPCATBHOCTh YCTAHOBKH 3aKITIOYAETCS B TOM, YTO OHa MOXKET OBITh
MIPUMEHCHA JJId Pa3JIMIHBIX HCJ’ICﬁ BO MHOTHX OTpPAC/IAX IMPOMBINIJICHHOCTH, BKJIFOYaA ICJI-
J0N03HO-0yMakHy0. [ImaHnpyeTcs nanpHeinee uccIeI0BaHUEe Ta30KHUIKOCTHRIX CMecel
B Ha60paTOpHBIX, a 3aTEM M B PCAJIBHBIX YCJIIOBUAX. HpaKTI/I‘ICCKoe MIPUMEHCHUEC Ta30KU -
KOCTHBIX CM€CEH, UMEIOLIUX Iy3bIPbKOBYIO CTPYKTYpPY INOBBIIIEHHOW YCTOMYMBOCTH, I103-
BOJIUT MOBBICUTH 3(GPEKTUBHOCTh OYNUCTKH CTOYHBIX BOJ LEIUTIOJI03HO-OYMaXXHBIX Mpej-
NPUATHH 33 CUeT UHTCHCU(UKAIMN OMOXUMHUYECKHUX TTPOLIECCOB.

Ktouesvie cnoga: Ta30)KUIKOCTHBIC CMECH, CTOYHBIC BOIBI, OMOJIOTUYECKAs OYHCTKA, UH-
TeHCU(UKAIHS, [IEJUTIOI03HO-0yMaXKHbIE TIPEIIPUSTHS.

171



ISSN 0536 — 1036. UBY3. «JIecHoii skypHaa». 2016. Ne 3

Beeoenue

B TexHoNornyeckux mporeccax HeJUII0JI03H0-0yMaKHOTO MPOU3BOJICTBA 00-
pasyroTCsl CTOYHBIE BOJBI, XapaKTEPU3YIOIINECS CIOXKHBIM (DU3HKO-XUMHYECKAM
COCTaBOM, BBICOKOH I[BETHOCTBHIO M HETNPHUATHBIM crierududeckuM 3amaxom. Cie-
JOBaTENbHO, CITYCK HEOYHIICHHBIX WM HEJOCTATOYHO OYHUIICHHBIX CTOYHBIX BOJ
[EJUTION03HO0-0yMaXHBIX TIPEIPUATANA HEN30€KHO MPUBOINUT K CHILHOMY 3arpss-
HEHHIO BOJTHBIX DKOCHUCTEM.

Ha Bcex oTedecTBEHHBIX W OOJNBIIWHCTBE 3apyOEIKHBIX IEIUTFOIIO3HO-
OYMaXHBIX TMPENNPUATHAK JUISI OYUCTKHA CTOYHBIX BOJ Tepei] cOpOocOM B BOJOEM
NPUMEHSIOTCS. OMOJIOTHUECKIE METOABI Ha COOPYXKEHMSIX C adpoTeHKamu. V3BecT-
HO, YTO TOKCHYHOCTH CTOYHBIX BOJ| CYJIb(ATIEIUTIONO3HBIX MPEATNPHUATHIA 3HAYHU-
TEJIBHO CHHXKAETCS B IPUCYTCTBUU XO3SHCTBEHHO-OBITOBBIX BOA [6]. CyIIHOCTH
OMOJIOTMYECKOI OYMCTKY 3aKIF0YAETCSl B CHIKCHHH, B IIEPBYIO OYepeb, ONOXUMHU-
yeckoro motpedienust kucinopoza (BIIK). DddexTuBHOCTS OHONTOTHYECKOM OYHCT-
KH ONpeeisieTcs] B OCHOBHOM KOHCTPYKIHEH a’dpoTeHKa U €ro a’palloHHOH CH-
crembl. B pabote [1] mepedncieHpl KpUTEPUH ONIEHKHA YCTOWYMBOCTH (DYHKIIMOHU-
pOBaHUsI COOpYKEeHUI Ononormyeckol ourctku. Cucrema a’spanuu o0ecrevrnBaeT
cHaO)KeHHE KHCIOPOJOM M TIepeMElIMBaHUE WIOBOH CMECH, TEM CaMbIM MOJAEp-
JKUBasi aKTUBHBIM WJI BO B3BEHIEHHOM COCTOSSHUU. OT 3(QEeKTUBHOCTH TOJAYH B
a’pOTEHK W pacrpe/ieiecHusl B HeM BO3/yXa, [IepeMEINBaHMsI HIIOBOM CMECH H JIPY-
rux ()aKTOPOB 3aBHUCAT MOKA3ATEIN Ka4eCTBA OYUCTKH CTOKOB (CTENEHb OYMCTKH IO
BIIK, XIIK (xumuueckoe moTpebieHrne KUCIopoia) U T. /I.) U SHEPTeTUIECKUE T10-
KazaTenu (pacxo SHEPTUH WM BO3AyXa Ha OYUCTKY 1 M~ CTOYHOM BOABI U Ap.) [2].

O} PeKTHBHOCT OYUCTKH CTOKOB B a’POTEHKAX MOXKHO TOBBICUTH 3a CHET
WHTEHCU(HUKAINN OMOXMMHUYECKUX TPOIECCOB, & UMEHHO: YCTPAHEHUS CYIIECTBY-
IONUX HEJOCTAaTKOB WX PabOTHI, oOecrieueHusi MHHAMAIBHBIX JHEpro3aTrpaTr Ha
OYUCTKY M MaKCHUMAJIbHO BO3MOXXHOHM YTHIIHM3AIHUK OOpPa3yrOIIUXCS NP OYHCTKE
TBEPIBIX OTXO0JOB. Llenbio MPOBOANMOIO HCCIEIOBAHUS SIBISETCS PACCMOTPEHHE
BOTIpOCa 00 aKTYaJIbHOCTH NMPUMEHEHHUS TOTOBBIX Ta30)KHIKOCTHBIX CMeCei TOBHI-
HIEHHOW YCTOMYMBOCTH JJIsl MHTEHCH(DHUKAIIUK OMOJIOTHYECKUI OYMCTKH CTOYHBIX
BOJI IIEJUTIOJI03HO-0yMayKHBIX TPEIIPUSTHIA.

Memoowl uccneoosanus

Uzyuenrne u 0000IeHHE pe3yNbTaTOB HAYYHBIX HCCICIOBAHWUN WM aHAIN3
OTIbITa KCIUTyaTallil COOPYKEHUH OMONOTHMYeCKON OYMCTKHM MPHUBEIH K CO3JaHUIO
YCOBEPIIEHCTBOBAHHBIX CXE€M OYHCTKH CTOKOB B a’poTeHkax [2, 5]. Bemymumu
oreuectBeHHBIMU (Hampumep, 'HL[ PO OAO «HUU BOAT'EO», OAO «HUU
KBOB») u 3apy0eHbIMH HAYYHBIMH OPTaHU3ALMSAMHU OCYIIECTBIISIOTCS HHKEHEP-
Hble pa3paboTKu B 00JacTH MHTEHCH(HKAIUK paboThl COOPYKEHUH Ouonormye-
CKOM OYMCTKH CTOYHBIX BOJ, B TOM YHCJIE MO CO3AaHUIO 3(P(PEeKTUBHBIX cUCTEM
asparmuu [2]. Tak, B nmpoekt PAH «llepcrieKTUBHBIN TUTaH (pyHIAMEHTAILHBIX HC-
CJIEIOBaHUH 110 IPUOPUTETHBIM HAIMpPaBIECHUSAM pa3BUTHAM Hayku 10 2025 r.»
BKJIFOUEHBI HCCIICJIOBAHUS XapaKTEPUCTUK M CBOMCTB Ta30)KMJIKOCTHBIX CMeceil,
MOCTPOEHUE MOAEeNEH MBYyX(ha3HBIX TEUESHUH.
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ITo crocoOy BBOAA KMCIOPOJA W SHEPTUH IS MIEPEMEIINBAHUS KUIKOCTH
BBLJICJISAIOT CJIEAYIOIINE CHCTEMBI a3palui IPUMEHUTEIHHO K a9pOTEHKaM: ITHEBMa-
THYECKYI0, MEXaHMYECKYIO, IMHEBMOMEXaHHYECKYIO (CMEIIaHHYI0), THApaBiIdYe-
CKYI0, WK CTpy#HYyIo [2, 4, 8]. B mocnenHne ToAbI NOBBIIEHHBIA HAYYHBIN U TIPaK-
THYECKHH MHTEPEC BBI3BIBACT TMIPABIMYECKAs CHCTEMa a’panuy, NPUHIUI Jei-
CTBHS KOTOPOH 3aKIIfO4aeTcs B UCIOJIb30BAHUW DHEPIHM ABIKYIICHCS >KUAKOCTU
JUTSL CO3MaHHS Pa3BUTOM IMOBEPXHOCTH Ta30KHUAKOCTHOTO KOHTakTa [8]. AHamm3
MHOTOYHCIICHHBIX HCCIIEIOBAHUN TTOKa3bIBAET, YTO THIPABINYECKAs adparis UMEeT
pdaa MpeuMylICCTB IpU MUHUMYME HEAOCTATKOB: BBICOKAsd CTCIICHL HACBINICHUA
kuciopoaoMm (2,1... 3,8 kBt-u/kr O,); paBHOMEpHOE MEPEMEIINBAHUE UIIOBOW CMe-
CH; BO3MOYKHOCTH OOpa30BaHHUS ITy3BIPHKOB Pa3iIMYHBIX Pa3MEpOB; BBICOKAs CTe-
MeHb OYUCTKH (00see 95 %); HU3KUE SHEpro3aTpaThl U JIp.

BOHpOC AKTYAJIbHOCTH W BO3MOXHOCTU MNPHUMCHCHHUSA TIa30KUIAKOCTHBIX
cMeced Uil MHTEHCH(MKAIWM OYHCTKH CTOYHBIX BOJ IEJUTIOJIO3HO-OyMasKHBIX
NpeAnpusATAil TpeOyeT SKCIEePUMEHTAIBHOIO MOATBepKACHUS. [l n3ydeHus ra-
30KHJIKOCTHBIX TIOTOKOB B Jlaboparopun CeBepHOro (ApKTUYECKOro) dheaepaibHO-
ro yauBepcutera nmeHn M.B. JlomonocoBa (CAD®Y) Opiia coOpaHa yHHUBEpCalb-
Has yctaHoBKa (puc. 1) u orieHeHa ee pabota [3]. Llens maboparopHOTro rccnenoBa-
HUS — pa3paboTKa METOAMKH TIONYyYEHHS T'a30’KUIKOCTHBIX CMECEH MOBBIIICHHON
YCTOWYMBOCTH, UIMEIOIIUX ITy3bIPEKOBYIO CTPYKTYPY.
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Puc. 1. Cxema y1abopaTopHO#l YCTAaHOBKH /ISl ITOJTY4EHHsI Ta30’KUAKOCTHON cmecH: 1 — 1ien-

TpOOEXKHBIN Hacoc; 2, 24 — mee3omeTpsl; 3, 7, 13 — mpoxyBounsie BenTmiy; 4, 5, 8, 10, 14,

18 — nwranru [y6; 6, 12 — cmoTpoBsie konoHkY; 9, 15 — razocbopuukn; 11, 17, 22 — tpy6o-

nposoasl [1y30; 16 — tpybompoBoasl [yl5; 19 — pacxomomep xuakoctu; 20 — kiamnaH

Hy30; 21 — 6ak (BMmectumocts 100 1n); 23, 27 — tpydomnposoasr [Iy6; 25 — maiidba apocceib-

nas (dy3, dy6, Ayl0); 26 — pacxomomep Bo3ayxa; 28 — knanan yl10; 29 — mpo3paunbiii
pabounii ygacTok
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OCHOBHBIMH 3JIEMEHTaMH J1a00paTOPHON YCTAHOBKH SIBIISIOTCS: IEHTPOOEK-
HbIi Hacoc 1, Oak 21, ygacTok Bu3yanu3anuu 29 U3 cTekia, pacXxoaoMephl BO3ayXa
26 u xwunkoctu 19. B kavecTBe Ta30KHIKOCTHOH CMECH HCCICIOBAIH BOJO-
BO3IYIIHYI0 cMech. JlabopaTopHbIi CTeHA paboTaeT MO 3aMKHYTOMY IIHKITY.
Jlnis pazneneHus MoayvYaeMol ra30)KHIKOCTHON cMecH B 0ake 21 ObUT SKCIIepUMEH-
TaJbHO TOJ00PaH M YCTAHOBJICH Pa3ACiUTENb C JBOWHBIM CJIOEM CETKH (Ha puc. 1
He TIOKa3aH), pa3Mep OTBepCTHs KoToporo paseH 1,5x1,5 mm. [lomrydennsie pe3yms-
TaThl U3MEPEHU 00padOTaHBI METOJJOM HANMEHBIINX KBaJIpaTOB, IOCTPOCHHI Ipa-
JIyUPOBOYHBIE XapaKTEPUCTHKH PACXOJIOMEPOB BOJBI U BO3IyXa:

AP, = f(G,); AP, =1(G,).
3nech Pyu P, — COOTBETCTBEHHO JaBJICHUE KUAKOCTH (BOAA) U BO3yXa;
G, 1 G; — COOTBETCTBEHHO PacXoJ BOJABI M BO3yXa.

Oco0eHHOCTBIO CTEHNA SBJISIETCS TO, YTO TOJada ra3a B JKHIKOCTh OCY-
IICCTBIISACTCS HAa BCACHIBAIOIIYIO JIMHHUIO HACcOCA HEIIOCPEACTBEHHO M3 aTMOCQEPHI,
YTO MO3BOJISIET YCTPAHUTh HEAOCTATKH CYIIECTBYIONINX YCTAHOBOK, Y KOTOPBIX II0-
Jlada BO3IyXa B JKUAKOCTH OCYIIECTBISIETCS B HAMOPHBIA MAaTPYOOK C IMTOMOIIHIO
JIOTIOJTHUTENBHBIX YCTPOMCTB, UTO B CBOIO OYEPE/Ib YCIOKHICT CXEMY U OOCIYKHU-
BaHUE YCTAaHOBOK, YBEIMUMBACT SHEPro3aTPaThl.

Peszynomamaor u ux obcysxcoenue

CriocoObl co31aHMsI Ta30KUIKOCTHOIO IIOTOKA OIMCAHbl, KaAK B OT€YECTBEH-
HOM, Tak U 3apyOexxHoi juteparype [7—11]. U3BecTHO, 4TO THAPOAMHAMUYECKHE
XapaKTEePUCTUKU  ITy3bIPHKOBOI'O  Ta30KHIKOCTHOI'O  IOTOKAa  OIpPEAeIsioTCs
B OCHOBHOM JIMCIIEPCHOCTBIO Ta30Bou ¢a3el [7, 8]. Pe3ymbraThl MHOTOKpaTHBIX
HaOJFOIEHNH TTOKA3aJId, YTO MIPU YCTAHOBKE PAa3JIMYHBIX PACXOA0B KHUIKOCTH Gy 1
Bo3ayxa G, MOXHO TOJNYYUTh Ta30’KUAKOCTHBIE CMECH C Pa3IHYHBIMH pazMepaMu
(1...8 MM), KOHIIEHTpanKel U CBOMCTBaMH MY3bIPEKOB Bo3xmyxa. [loctpoeHs! rpa-
(UKH SKCTIOHEHIIMATLHOW 3aBUCHMOCTH CPETHHUX JTUAMETPOB BO3AYIIHBIX MTy3BIPh-
KOB OT pacxo/1a KUIKOCTH U Bo3jyxa (puc. 2):

d, = f(G); di, = f(G,).
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Puc. 2. 3aBHCUMOCTB TUaMETPa My3bIPHKOB OT PacXo/1a KUAKOCTH (@) 1 Bo3ayxa (6)
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brimn mogo0paHbl pa3IudHbIE THAPOIMHAMHYCCKIE PEKUMBI TSI 00euX (a3,
BrisiBieHo, uto mpeoOmagaet TYpOYJICHTHBIA PEKHM TCUCHHUS Ta303KUIKOCTHOTO
nmoToka s obeux ¢as [3].
[Monmy4yeHHbIe pe3ynbTaThl, UCXOS U3 aHATU3a U OINbITA PabOTHI adPOTEH-
KOB, TIO3BOJISIT B MMPOMBIIIJICHHBIX YCIOBUSX MOBBICUTH CTETNICHD MEPEMEITUBAHUS U
HACBIIICHHUST KUCJIOPOJIOM BO3/JyXa CTOYHOHW JKUIKOCTU. J[OCTHYL ONTHMaIbHBIX
YCIIOBHH JIJISI a9pUPOBAHHS CTOYHOM YKHJKOCTH MOXKHO TAaKKe MyTeM PeryJInpoBa-
HUS TTOJIa4H BO3/IyXa B BOJY, KOMOMHUPYS MEJKO- H KPYITHOMY3bIPYATYIO adpallHio,
YTO MOATBEPKICHO UCCIEAOBaHUAMH [3].

Buvi6oowi

1. IlpuMeHeHNe TOTOBBIX Ta30KHIKOCTHBIX CMECEH IMy3bIPbKOBOI CTPYKTYPHI
MOBBIIICHHON YCTOMYMBOCTH HMHTEHCU(PHUIUPYET OMOIOTHYECKYI0 OYHCTKY CTOY-
HBIX BOJI I[CJUTFOJIO3HO-0YMaXKHBIX MPEATPHUSITHH.

2. Pa3paboTaHa MeTOIUKa MOMYy4YEHUS Ta30’KUAKOCTHOM CMECH IIyTeM IoJa-
Y1 BO3AyXa B XKHMIKOCTh HEIIOCPEACTBEHHO M3 aTMoc(epbl uepe3 BXOAHOH marpy-
00K LIEeHTPOOEKHOT0 Hacoca.

3. DKCIEpUMEHTAIBHOTO TOJIYYEHB! XapaKTEPUCTUKH T'a30KUAKOCTHON cMe-
CH HOBBIIICHHOW YCTOHYMBOCTH, KOTOPBIC MO3BOJISIT PEryJINPOBaTh pa3Mephl BO3-
JOYUIHBIX MY3bIpeil ¥ THAPOJMHAMUKY JIBYX(a3zHOTO TEUCHHS B 3aBUCHMOCTH OT Xa-
PpaKTe€pa U CTCIICHU 3arpsA3HCHHUA CTOYHBIX BO/.
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The paper demonstrates the risk of sewage of the pulp and paper mills for the aquatic eco-
systems and the possibility of their biological treatment in the aeration tanks. The existing
aeration systems of the biological wastewater treatment of the pulp and paper industry of
Russia and foreign countries are studied and summarized. We present the current trends of
the aeration systems and the criteria for their selection. In addition, the urgency of intensifi-
cation of biological wastewater treatment of the pulp and paper mills by using the high sta-
bility gas-liquid mixtures with a bubble structure is proved. A mixture technique is devel-
oped in a universal laboratory setting. The water is a continuous phase and the air is a dis-
persed one in the observable gas-liquid mixture. The gas-liquid mixtures under considera-
tion are derived by the air direct feeding into the water through the inlet of a centrifugal
pump. The experimental study of the hydrodynamics of two-phase gas-liquid flow depend-
ing on the size of the air bubbles is carried out. The research efforts show that the liquid-gas
mixtures with the high stability air bubbles of the size from 1...8 mm and a turbulent flow
regime of the two phases can be obtained by setting different fluid and air flow rates. The
exponential dependences of the size of air bubbles on the fluid and air flow rates and the
data of the hydrodynamic regime of the gas-liquid mixture “air — water” are established.
Numerous researches and the use of the standardized methods of measurement, their analy-
sis and processing confirm the accuracy of the results. This setting for the study of a gas-
liquid flow is designed to remove defects of the analogues. Thus, the proposed technique of
obtaining the high stability gas-liquid mixtures eliminates the costly air-blowing equipment.
The set is multi-function as it can be applied for various purposes in many industries, in-
cluding the pulp and paper one. We intend to study the gas-liquid mixtures in the laboratory
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environment and in actual practice. The practical application of the gas-liquid mixtures with
a high stability bubble structure will increase the efficiency of the wastewater treatment of
the pulp and paper mills due to the intensification of the biochemical processes.

Keywords: gas liquid mixtures, wastewater, biological treatment, intensification, pulp and
paper mill.

REFERENCES

1. Bazhenov V.1, Denisov A.A. Proektirovanie sovremennykh kompleksov biolog-
icheskoy ochistki stochnykh vod [Designing of the Modern Systems of Biological Sewage
Treatment]. Ekologiya i promyshlennost’ Rossii [Ecology and Industry of Russia], 2009,
no. 2, pp. 26-31.

2. Voronov Yu.V., Yakovlev S.V. Vodootvedenie i ochistka stochnykh vod [Sewage
and Waste Water Treatment]. Moscow, 2006. 704 p.

3. Dolgoborodova S.N. Laboratornoe issledovanie metoda polucheniya
gazozhidkostnykh smesey povyshennoy ustoychivosti dlya intensifikatsii biologicheskoy
ochistki stochnykh vod [Laboratory Study of Producing Technique of High Stability Gas-
Liquid Mixtures to Intensify the Biological Wastewater Treatment]. Fundamental'nye issle-
dovaniya [Fundamental Research], 2014, no. 12, pp. 1389-1393.

4. Zhmur N.S. Tekhnologicheskie i biokhimicheskie protsessy ochistki stochnykh vod
na sooruzheniyakh s aerotenkami [Technological and Biochemical Processes of Sewage
Treatment in the Plants with the Aeration Tanks]. Moscow, 2003. 512 p.

5. Kolesnikov V.P., Vil'son E.V. Sovremennoe razvitie tekhnologicheskikh
protsessov ochistki stochnykh vod v kombinirovannykh sooruzheniyakh [Modern Develop-
ment of Technological Processes of Wastewater Treatment in the Combined Plants]. Ed. by
V.K. Gordeev-Gavrikov. Rostov-on-Don, 2005. 212 p.

6. Kosareva E.N. Snizhenie toksichnosti i ostatochnoy zagryaznennosti stochnykh vod
tsellyulozno-bumazhnykh predpriyatiy pri razlichnykh variantakh biologicheskoy ochistki:
dis. ... kand. tekhn. nauk [Reductions in the Toxicity and Residual Load of the Pulp and
Paper Mills in Various Options of Biological Treatment: Cand. Eng. Sci. Diss.]. Arkhan-
gelsk, 2007. 145 p.

7. Kutateladze S.S., Styrikovich M.A. Gidrodinamika gazozhidkostnykh sistem [The
Hydrodynamics of the Gas-Liquid Systems]. Moscow, 1976. 296 p.

8. Popkovich G.S., Repin B.N. Sistemy aeratsii stochnykh vod [Wastewater Aeration
Systems]. Moscow, 1986. 136 p.

9. Fujilawa S., Zhang R., Hayama S., Peng G. The control of Micro-Air-Bubble Gen-
eration by a Rotational Porous Plate. International Journal of Multiphase Flow, 2003,
vol. 29, pp. 1221-1236.

10. Tan R.B.H., Chen W.B., Tan K.H. A Nonspherical Model for Bubble Formation
with Liquid Cross-Flow. Chemical Engineering Science, 2000, vol. 55, pp. 6259-6267.

11. Sullivan S.L., Hardy B.W., Holland C.D. Formation of Air Bubbles at Orifices
Submerged Beneath Liquids. AIChE Journal, 1964, vol. 10, no. 6, pp. 848-854.

Received on February 19, 2015

177



