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'Benopycckuii rocy1apcTBEHHbIH TEXHONOIHUESCK i yHHBEPCHTET
2Eenopyccxcyn‘/i HAIlMOHAJIbHBII TEXHUYECKUI YHUBEPCUTET

HUCCIIEJOBAHUE PACTBOPUMOCTH O30HA B BOJE
IO BBICOTE CTOJIBA ’KUJAKOCTH

B cratbe npeacTaBIeHbl 3aKOHOMEPHOCTH PACTBOPEHHS 030Ha B BOJIE MO BBICOTE CTOJIOA )KUAKOCTH
OT mapamMeTpoB 00paboTKu. JlaHHBIE UCCIEIOBAHUS SBISIFOTCS HEOOXOAUMBIMHE JUTS Pa3pabOTKU HOBBIX
TEXHOJIOTHH Je3MHPEKIINN BOT03a00PHBIX CKBYKUH U COOPYKEHUH BOJOCHAOKEHHS C UCIIOIH30BAHH-
eM 030Ha. [IpencraBieHHbIe B IMTEPAType CBENCHUS 10 PACTBOPUMOCTH 030HA B BOJE HE IO3BOJLIOT
WCIIOJIb30BATh UX IJISl 9THX LIeJIeH.

HccnenoBanus MPpOBOAMIN HA BYX SKCIEPUMEHTANBHBIX YCTAHOBKAX JIJIS TOJYYCHUSI CICTYIOINX
mapameTpoB: BpeMst 00pabOTKH, pacXo/1 ra30BoON CMECH, KOHIIGHTPAIIUs 030Ha B ra30BOW CMECH, BBICO-
Ta CIIO0S )KUIKOCTH.

PesynbpTaThl uccnenoBaHuil s KaXKI0H M3 YCTAaHOBOK MPEACTABICHBI B BHJI€ 3aBUCUMOCTE!N KOH-
LIEHTPAIH OCTATOYHOTO 030HA B BOJIC OT BHIOPAHHBIX MapaMeTPOB 00pabOTKU H 0TOOPAXKEHBI rpadu-
yeck. ONMUCaHo BIMSHUE KaXI0TO U3 U3MEHIEMOro apaMeTpa Ha OCTaTOYHYH0 KOHLIEHTPAIMIO 030Ha
B BOZE, a TAaKKe NPHUBEIACHBI (PAKTOPHI, BIUSIONINE HA yBEIHMYCHHE KOHIEHTPALAN PAaCTBOPEHHOTO
030Ha B BOJIE MO BBICOTE Ha MEPBBIX 3 M.

ITomydeHsl MaTeMaTHYECKHUE MOJIENIH, O3BOJISIOIINE OMMCATh 3aBUCUMOCTb KOHLIEHTPAI[MHM 030HA
B BOJIC OT 33JIaHHBIX MAPaMETPOB: BBICOTHI OT TOYKH BBOJIA Ta30BOI CMECH, KOHIICHTPAIIH 030HA B Ta-
30BOM cMecH, BpeMEeHU 00paboTKH, pacxoja ra3oBoil cMecu. [IpoBeqeHa MmpoBepka 3HAYUMOCTH TOJY-
YEHHBIX YPaBHEHHH PETPEeCCHU.

KuawueBsble ciioBa: H63HH(1)€KLII/I$[, 06633apa>KI/IBaHI/Ie, BOZ[OCHaG)KeHI/IG, COOpPYKCHHA, O30H, pac-
TBOPUMOCTb.
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INVESTIGATION OF OZONE SOLUBILITY IN WATER
IN HEIGHT OF THE LIQUID

The paper presents the dissolution patterns of ozone in the water column height from processing
parameters. These studies are necessary to develop new technologies of disinfection of water wells and
water supply using ozone. Generally known data of the solubility of ozone in water does not allow to
use them for this purpose.

The investigations have been carried out on two experimental apparatuses. The following parame-
ters as time processing, flow of the gas mixture, the concentration of ozone in the gas mixture, the
height of the liquid layer have been studied.

Research results for each apparatus are presented in the graphical form of dependences of the con-
centrations of residual ozone in water from the selected processing parameters. The influence of each
variable parameter on residual ozone concentration in the water has been described, and the factors that
affect the increase of the concentration of ozone dissolved in water at the height of the first 3 m have al-
so been shown.

Such mathematical models describing the dependence of the concentration of ozone in the water
from the set parameters as the height of the insertion point of the gas mixture, the concentration of
ozone in the gas mixture, processing time, flow of the gas mixture are presented. The significance of
the regression equations has been checked out.

Key words: disinfection, water supply, facility, ozone solubility.

BBenenne. B mocnenHie Tonpl 030H BCe dare B cootBeTcTBUU € psAIOM HOPMATHBHEIX JTOKY-
WCIIONIB3YeTCS B TPOIECCaX BOAOIOATOTOBKHU [1— MEHTOB [4—6], o0Oe33apakrBaHWE MUTHLEBOW BOJIBI
3]. B mepByro odepenp, 3TO CBS3aHO CO 3HAYH- JOIyCKaeTcs MPOBOAMTH O30HOM HAapAOy C XJIO-
TENIFHBIM yCOBEPIICHCTBOBAaHHEM CaMHX T€HEpa-  pUPOBAHUEM, YIBTPA(UOJCTOBHIM OOIyUCHHEM,

TOPOB O30HA. a TaKXKC OpyruMu METOAaMH, COrjlaCOBaHHBIMHU
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['maBHBIM TOCYIapCTBEHHBIM CAHHUTAPHBIM BPauOM
Pecriy6nuku Benapych wim ero 3aMecTUTENSMU.

Hcnonp3oBaHue 030HA B BOAOIOATOTOBKE SB-
JSETCSA OJJHUM U3 MEPCIEeKTUBHBIX HampaBleHUH,
HampuMep B CHCTEMax MHTHhEBOTO BOJOCHaOXKe-
HUA 15 06e33apakuBaHus BOIbI U Je3WH(EKITNH
TpyOomnpoBoaOB [7], a Takke MNPENJIOKEHO HC-
MOJIb30BaHWE €ro Juisd Ae3MH(EKIUd BOg03a00p-
HBIX CKB&)XHH WU COOPY>KEHHUH NUTHEBOTO BOJO-
cHaOxenus [8].

Kak 0110 0T™MeueHo panee [8], A pa3paboTku
JTAHHBIX TEXHOJIOTHH HEOOXOMUMO DPEIIUTH DS 3a-
Jlad, TAKUX KaK OI[CHKa KOPPO3UOHHOW yCTOHYHBO-
CTH cTajel (MaTepuajoB 0O0CaAHbBIX TPYO CKBaXKMH,
TpyOOIPOBOIOB U 3alOpHOM apMmatypsl) [9], ompe-
neneHue 3(Q(EeKTHBHOCTH HHAKTUBAIIMU MHKPOOP-
TaHU3MOB, OIICHKA >KU3HEHHOTO IHUKJIA COBMECTHO
C aHANIM30M CTOMMOCTH JKH3HEHHOTO IHUKJIA W Kak
CIIEICTBAE TEXHUKO-DKOHOMUYECKOE OOOCHOBAaHIE
HCIIONIH30BAHMUS TPEIaracMoi TEXHOIOTHH B CPaB-
HCHHH C WCIOJNB3YEMBIMH B HACTOSIIES BpEMs
XJIOPCOIEP KAIIIMHA BEIIIECTBAMIL.

OCHOBHBIM TIPOIIECCOM B TEXHOJOTHH HCIIOIb-
30BaHMSA 030HA B BOAOIOATOTOBKE SIBISIETCS pac-
TBOpPEHHE 030HA B BOJE.

PacTBopenme 030Ha B BOZE OIICHIBACTCS 3aKO-
Hom ['enpu [10]. OgHako B nmuTepaType OTCYTCTBY-
10T JTaHHBIE TT0 UCCIEIOBAHUIO €T0 PACTBOPUMOCTH
MO BBICOTE CTOJIOA BOJIBI, YTO SIBJISCTCSI OCHOBHOM
CTaauell B paccMaTpUBacMBIX Ipolieccax.

B nmuTepaType mpuUCYTCTBYIOT JaHHBIE TIO pac-
TBOPUMOCTH O30HA B BOJIC B 3aBUCHMOCTH OT TE€M-
neparypsl o gaHHbIM XopBarca [11], a Takxke
cnpaBo4yHUKY pactBopumoctu B. b. Korana [12],
B KOTOPOM Hcmonb3yercs: koddduurent byH3eHa.
HasBaHHble UCTOYHHMKH MO3BOJSIOT CIPOrHO3HPO-
BaTh TEOPETHYECKYI0 PABHOBECHYIO KOHIEHTpa-
[IMI0 030HA HAa Pa3JIMYHBIX IIyOuHax. JlaHHbIE 3a-
KOHOMEPHOCTH Jal0T MPSAMYI0 JHHHIO, KOTOpas Ha
OTIpEICNICHHOM BBICOTE OyAeT mepecekaThcs B TOU-
K€ C HyJIeBOM KoHIeHTpauuen. OAHaKo Ha pacTBO-
peHHe 030Ha B MPUPOAHON BOJE BIHUSET MHOXeE-
CTBO (paKTOpOB, TAKMX KaK HAINYHAE OKUCISIEMBIX
BELIECTB, KOHLEHTpPAllUsl 030HA B ra30BOH cMecH,
JaBIICHHUE, pa3Mep Iy3bIPHKOB Ia3a, CO34aBacMbIX
a’paTopoM, U PSI APYTHX.

Lenp maHHOW pabOTHI — OmpeneneHue 3aKOHO-
MEPHOCTEH PacTBOPUMOCTH 030HA B BOZE IO BEI-
coTe cTo0a JKUAKOCTH OT IMapaMeTpoB 00pabOTKH.

OcHoBHasi 4actb. [lng ompeneneHus pacrt-
BOPHMOCTH 030HA B BOZE ITO0 BBICOTE CTONOA KHA-
KOCTH OBUTH COOpaHBI JIBE SKCIEPUMEHTAILHBIE
YCTaHOBKH, CXeMa KOTOPHIX TIPEUIOKEHA Ha puc. 1.

YcTaHOBKa TPEACTaBIsAET COOOM IUTACTHKO-
ByI0 TpyOy: nepBas umeet quamerp 0,1 M 1 BbIcO-
Ty 2 M, BTOopas — nuamerp 0,3 M u BbICOTY 5 M.
B tpyOe cnemanbsl oTBepcTHS ISl OTOOpa MPOO
c marom 0,5 m.

s reHepanuM 030HA MPH MPOBEJACHUH HC-
CIIeJOBAaHUM B IEPBON YCTAaHOBKE HCIOJIH30BAJICS
JKCIIepUMEHTANBHBINH 030HaTOP hupmbl OO0 «Po-
BatanTCrenCepBuc» [13], a Bo BTOpo# ycTaHOB-
Ke — o30HaTop Qupmel Finnegan-Reztek (CILLA).
s onpeneneHus MacCOBOTO COAEPKaHUs 030HA
B ra30BOM (paze MCTIOIb30BATIN aHATU3AaTOP 030HA
BMT 961 ¢upmsr Ozone Systems & Technology
International (CILIA). OnpeneneHue KOHIEHTpa-
MY 030Ha B BOJOTPOBOJHON BOJE MPOBOIHIIH
no I'OCT 18301-72 «Boga nutheBass. MeTOAbL
OTpeJIeTICHHus] COJEPX aHUsI OCTATOYHOIO O30HAY
[14]. YUyscTBUTenbHOCTE MeToa — 0,05 Mr Os/7.

B xoxe skcnepuMeHTa HCIOIB30BAIKCH ClIe-
JYIOIIKE mapamMeTpsl 00pabOTKH BOMBIL:

— JIJIs1 TIEPBOM YCTAHOBKU. KOHIICHTPALIHMS 030HA
B ra30Boii cmecu — 2,7 T/M; BpeMs 00paboTku — 1;
10; 30; 60 muH; pacxoj ra3oBoi cmecu — 3,3; 6,6;
13,2 n/q;

— JIJIsl BTOPO# yCTaHOBKM KOHIICHTPAIUS 030HA
B rasoBoil cMecu — 35; 45; 55 1/M’; Bpemsi o0Opa-
ootku — 15; 30; 45; 60 MuH; pacxoj ra30Boi cMme-

cu — 700 /4.
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Puc. 1. Cxema ycTaHOBKH
JULSL OTIPEACIICHUS PACTBOPHMOCTHU 030HA
0 BBICOTE CTOJI0A KUAKOCTH:
I — o30Harop; 2 — TpyOa; 3 — razoxon;
4 — mryuep oréopa npobd

IIpy mnpoBeneHHMH HCHOBITAHUM Ha DJKCIe-
PUMEHTaJIbHOM CTEHJE [0 IEPBOMY BapHaHTy
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OBLTM  TIOJIYYCHBI PE3YJIBTATHI,
Ha puc. 2 u 3.

W3 maHHBIX, IPEACTABICHBIX HA PHC. 2, CIEIyeT,
YTO TP BpEeMEHH OOpabOTKM BOABI B TCUCHUE
10 MMH yBemMYeHHE pacxojia MOoJaBaeMOW Tra3zoBOM
cmecu Oonee 6,6 JI/MUH HE TPUBOJAMT K 3HAYH-
TENIFHOMY  YBEIIMUEHUIO KOHIIGHTPALMK PacTBO-
PEHHOTO 030Ha B BOJE, OJHAKO MPU BpPEMEHH
o0pabotku 60 MHH YyBenuueHue pacxoaa Oojee
6,6 I/MMH TIPUBOIUT K YBEIHMYEHUIO OCTAaTOYHOMN
KOHLIEHTPAIMK 030Ha B Bozie. CIIeyeT TaKkKe yuecTh
MepUoA TOJIypachaga O30HA, KOTOPBI 3aBUCUT OT
psina napametpos [15, 16] u cocranser 1020 mun.

MIPEI0KEHHBIC
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Puc. 2. Konnenrpauunsi pacTBOPEHHOTO 030HA
B BOJIE IO BBICOTE CTOJIOA KHIKOCTH
OT pacxojia Ta30BOl CMecH:
a —BpeMs oopadorku 10 MuH;
0 — BpeMs obpadoTtku 60 MuH

Ha puc. 3 mpeacraBieHa KOHIEHTpAIUs pac-
TBOPEHHOr'O 030HA B BOJIE 110 BHICOTE CTOJI0A XKHI-
KOCTH OT BpeMeHH 00paboTKH.

W3 mnpuBEeOCHHBIX BBIINIE 3aKOHOMEPHOCTEH
BHIHO, YTO YBEJIHYCHHE PacXoja rasa IPHBOIMT
K YBEJIMUYCHUIO TIOTJIOIIEHUIO O30HA BCJICICTBHE
3HAYUTEIHLHOTO BO3PAcTaHUs IIOBEPXHOCTH Mac-
cooOmeHa.

[lo pesynapTaTaM MpPOBENEHHBIX JKCIIEPHME-
HTAJBHBIX MCCIECIOBAaHMI OBLIO COCTABICHO YypaB-
HeHue perpeccud. llpu ycioBuH 3KCIIepHMEHTa
MOJIeTTb UMEET BUJ

C,=-1,26425+0,07103 - C, —
—0,29158 - H—0,01035 - T+ 0,00745 x
x Cp+ H+0,00059 - C;- T+ 0,00107 x
x H-T—-0,00084 - C;> +0,00033 - B, (1)

rae C, — KOHIIEHTpalKsa OCTaTOYHOTO 030Ha B BO=
ne, mr/n; C, — KOHIEHTpaUUs O30HA B Ta30BOU
cMecH, F/M3; H — BrIcOTa, M; T — BpeMs, MUH.

Kopenp kBagpaTHBIN U3 cpeqHel KBaapaTHie-
ckoil omrmOku pasen 0,2753, a 3HaU€HHE YTOUYHEH-
HOro R-kBagpar paBHo 0,7418. DtH mokaszaTtenu
CBUIICTEIHCTBYIOT O XOPOIIEM IPUOIMKEHUN HC-
XOJHBIX JAaHHBIX C HapaMeTpU4ecKol MOIEIBIO.
Koaddumment xoppemsiun  MOAETH BBICOKHH U
cocrasiseT 0,8.

bmmzkue k mymo 3Hauennst RSME o3nagator
Xopolee TpUOIIDKCHIE HCXOAHBIX TaHHBIX C Ma-
paMeTpUIecKO MOEIBIO.
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Puc. 3. KoHieHTpanus pacTBOPEHHOTO 030HA B BOJIE
II0 BBICOTE CTOJI0A KHUJKOCTH OT BpEMEHH 00pabOTKH:
a — pacxoj ra3oBoii cMecH 3,3 JI/MUH;

6 — pacxoJ ra3oBoit cMecu 13,2 j1/MuH
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Puc. 4. KoHueHTpanus pacTBOPEHHOTO 030Ha B BOJIE 10 BBICOTE CTOJIOA JKHIKOCTH
TIPU PA3IMYHOIN MCXOIHOM KOHIIGHTPAIHH €r0 B Ta30BO CMECH:
@ — KOHIIEHTpALHS 030HA B Ta30BOH CMeCH 35 T/M’; 6 — KOHIIEHTPAIIHs 030HA B ra30BOil cMecH 45 r/m’;
6 — KOHIIGHTPAI}s 030HA B Fa30BOii cMecH 55 r/m’

HpI/I MpOBCACHUN HUCTIBITAaHUN Ha 9KCIepu-
MCHTAJIbBHOM CTCHAC II0 BTOPOMY BapHAHTY OBLIH
MOJY4Y€HBI PE3YJIbTAThI, IPEACTABICHHBIC HA PUC. 4,

Ilo pe3yjibTaTaM HNPOBCACHHBIX 3KCIICPUMCH-
TaJIbHBIX HCCIIETOBAHUI OBLIO COCTaBJICHO yYpaB-
HCHUC DPErpeCcCHuu. HpI/I YCJIOBUH OKCIICPUMECHTA
MOJCIb NMCCT BU

C,=—0,782340,1474 - 0 +0,2129 - H +
+0,0197 - T=0,0466 - O - H —
~0,0042-H-T, )

rae O — pacxoJ| ra30BOi CMECH, JI/MHH.

JlaHHast MoJzieNb SBIISICTCS] HAWITYYIeH, HECMO-
Tpsi Ha BBICOKOE 3HAUCHHE KBAJPaTHOT'O KOPHS W3
cpenHelt kBagpaTuyHoi omuoOku = 0,7972 u HU3-
KO€ 3HaueHue yrouHeHHoro R-kBaapat = (0,4412,
KOTOPBIC CBUICTEILCTBYIOT O CpEeIHEM MpHOIVKe-
HUW UCXOJHBIX JAHHBIX C MapaMeTpHYECKOW MO-
nenbro. KoadduimenT xoppensuy MoJieNn Takke
cpennuii u cocrasiser 0,6.

W3 mony4eHHBIX NaHHBIX BUAHO, YTO MPHU BBI-
COTE CII0S BOJBI 10 3 M B OONBIIMHCTBE CIIydacB

HaOJIfolaeTCsl yBEJIMYEHUE KOHIIGHTpAIMK pa-
CTBOPEHHOTO 030Ha B BOJIE€ O BBICOTE, YTO HE
COTJIacyeTCsl C TEOPETUYECKUMU TPEACTABICHUS-
MH O pacTBOpUMOCTH. Tak, B HIIKHEM CJIO€ KOH-
[EHTpalKs 030Ha B ra30BOM Iy3bIpbKe OoJiblias,
Oylaronmapsi ueMy, corjlacHo 3akony [enpu [10],
€ro MaccoIlepeHOC B BOJY JOJKEH OBITh Hau-
OOJIBIITNM.

[Ipu momHsITHH Ty3BIPHKOB BBEpPX (B CBSA3U C
MacCOMEPEHOCOM €ro B BOAY) AODKHO TIPOHC-
XOJUTh CHUKEHHE KOHIIEHTPALIUU 030HA B MY3bIPb-
KaX, CJIeI0BATENIbHO, HOKHO HAOII0JATCS U CHH-
JKEHHE PacTBOPUMOCTH ero B Boje. OIHaKo, Kak
CJIEIYT M3 KCIIEPUMEHTAIbHBIX JaHHBIX, B 0OJb-
IIMHCTBE CIy4YacB HAOJIOIAETCS YBEIMUECHHE KOH-
[IEHTPAI[MU PaCTBOPEHHOT'O 030HA B BOJIE.

3akiaouenue. Pe3ynbraTsl pabOTHI O3BOJISIOT
clenaTh psx BEIBOJOB.

ITokazaHo, 4TO Ha BBICOTE JIO 3 M OT MCTOYHH-
Ka MoJadd 030Ha B BOAY MPOUCXOJUT YBEINYCHUE
ero kKoHueHTpanuu. Ha onucanueiit apdexr Baus-
0T Clieayromue GakTophl:

— CKOpPOCTh MacCOINepeHoca 030Ha M3 Ta30BOM
(ha3bl My3bIpbKa B XKHIKYIO;
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— pa3nIHYHOE paclpeeicHHe ITy3BIPBKOB Tasa [TommydeHnsl MaTeMaTHYeCKHE MOJETH, T03BO-
[0 pa3Mepy, CICICTBUEM YEro SIBIISCTCS HEpaBHO- JSIONIME ONKUCATh 3aBUCHMOCTh KOHIICHTPAIlUU
MEpHOE UX BCIUIBITHE U pacIipe/ielieHHe 10 BBICOTE; 030Ha B BOJIE OT 3aJJaHHBIX NapaMETPOB: BBHICOTHI

— TypOyJIeHTHOE TMEepeMEIMBaHUE CJIOS BOJBI ~ OT TOYKM BBOJA Ta30BOM CMECH, KOHIICHTpAIHH
n3-3a OOJNBIIOTO KOJIMYECTBA MYy3BIPHKOB WIH B 030Ha B Ta30BOI cMecH, BpeMeHH 00paboTKH, pac-
clly4yae uX OOJIBIIOro pa3mepa. X0/1a ra30BOH CMecH.
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