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Èññëåäîâàíà ýôôåêòèâíîñòü èñïîëüçîâàíèÿ
îçîíà äëÿ îêèñëåíèÿ è ôëîêóëÿöèè ñòî÷íûõ âîä
íåôòåõèìè÷åñêèõ ïðåäïðèÿòèé. Èñïûòàíî âëè-
ÿíèå äîçû îçîíà íà êîíöåíòðàöèþ âçâåøåííûõ
âåùåñòâ ïðè ôëîêóëÿöèè è íà çíà÷åíèå õèìè÷åñ-
êîãî ïîòðåáëåíèÿ êèñëîðîäà (ÕÏÊ) ïðè îêèñëè-
òåëüíîé î÷èñòêå, à òàêæå ïðîäîëæèòåëüíîñòè âîç-
äåéñòâèÿ îçîíà íà èçìåíåíèå êîíöåíòðàöèè
âçâåøåííûõ âåùåñòâ è âåëè÷èíó ÕÏÊ. Èñïîëüçî-
âàíèå ïðåäîçîíèðîâàíèÿ â ñõåìå îêèñëèòåëüíîé
î÷èñòêè èññëåäóåìîé ñòî÷íîé âîäû ïîçâîëÿåò ïîë-
íîñòüþ îòêàçàòüñÿ îò ôèçèêî-õèìè÷åñêîé ñòàäèè
î÷èñòêè (êîàãóëÿöèÿ + ôëîêóëÿöèÿ), ÷òî ÿâëÿåò-
ñÿ ýêîëîãè÷åñêè öåëåñîîáðàçíûì.

Êëþ÷åâûå ñëîâà: âçâåøåííûå âåùåñòâà; îçîí;
ïðåäîçîíèðîâàíèå; ñòî÷íûå âîäû; ôëîêóëÿöèÿ;
õèìè÷åñêàÿ ïîòðåáíîñòü êèñëîðîäà.

The flocculating effect of ozone was investigated
in the process of sewage treatment containing a
large amount of suspended solids with a high
value of chemical oxygen demand (COD). The
effect of the ozone dose was tested on the
concentration of suspended solids during
flocculation and on the value of COD under the
condition of oxidative purification, as well as the
duration of exposure to ozone on the change in the
concentration of suspended solids and the value of
COD. The use of pre-ozonation makes it possible
to completely abandon the physico-chemical stage
of purification (coagulation + flocculation) in the
scheme of oxidative treatment of the studied
sewage. This is environmentally sound.

Key words: chemical oxygen demand;
flocculation; ozone; pre-ozonation; sewage
treatment; suspended solids.

Äàòà ïîñòóïëåíèÿ 24.09.19

Íà ìíîãèõ ïðåäïðèÿòèÿõ íåôòåõèìèè îá-
ðàçóþòñÿ òîêñè÷íûå ñòî÷íûå âîäû ñëîæíîãî
ñîñòàâà, êîòîðûå íåîáõîäèìî ïîäâåðãàòü êîìï-
ëåêñíîé î÷èñòêå. Íåîáõîäèìîé ñòàäèåé â òåõ-
íîëîãè÷åñêîé ñõåìå ÿâëÿåòñÿ ïðîöåññ îñàæäå-
íèÿ ðàñòâîðåííûõ è âçâåøåííûõ âðåäíûõ âå-
ùåñòâ, ïîíèæàþùèé ìóòíîñòü, öâåòíîñòü è
õèìè÷åñêîå ïîòðåáëåíèå êèñëîðîäà (ÕÏÊ).
Ðàíåå íàìè èññëåäîâàí äàííûé ìåòîä î÷èñòêè
ñ ïðèìåíåíèåì ðàçëè÷íûõ êîàãóëÿíòîâ è ôëî-
êóëÿíòîâ 1,2. Èç ëèòåðàòóðû èçâåñòíî èñïîëü-

çîâàíèå îçîíà íà íà÷àëüíîé ñòàäèè îáðàáîòêè
âîäû â äîçå, âûçûâàþùåé ôëîêóëèðóþùåå
äåéñòâèå (ïðåäîçîíèðîâàíèå) 3–7. Ïðèìåíåíèå
îçîíà â êà÷åñòâå ôëîêóëÿíòà ïîçâîëÿåò èçáå-
æàòü âòîðè÷íîãî çàãðÿçíåíèÿ ñòî÷íûõ âîä òðà-
äèöèîííûìè ðåàãåíòàìè – îñàäèòåëÿìè. Îä-
íàêî ìåòîäû î÷èñòêè ñòî÷íûõ âîä íåôòåõèìè-
÷åñêèõ çàâîäîâ ñ ïðèìåíåíèåì îçîíà èçó÷åíû
íåäîñòàòî÷íî. Ïîýòîìó íàìè èññëåäîâàíî ôëî-
êóëèðóþùåå äåéñòâèå îçîíà íà ñòî÷íûå âîäû,
ñîäåðæàùèå âçâåøåííûå âåùåñòâà ñ âûñîêèì
çíà÷åíèåì âåëè÷èíû ÕÏÊ.
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Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Ñîñòàâ èñõîäíîé èññëåäóåìîé âîäû ïðè-
âåäåí â ïðåäûäóùåé ñòàòüå 8. Äëÿ ïðîèçâîä-
ñòâà îçîíà èñïîëüçîâàëè îçîíîãåíåðàòîð
ÎÃÂÊ-02Ê, äëÿ îáåñïå÷åíèÿ ââîäà îçîíîêèñ-
ëîðîäîé ñìåñè â âîäó è êîíòàêòà ñ ïðèìåñÿìè
ðåàêòîð (äðåêñåëü); ïðèáîð êîíòðîëÿ êîíöåíò-
ðàöèè îçîíà â âîäå   ôîòîìåòð «Ýêñïåðò-003».
Â îáðàáàòûâàåìóþ âîäó îçîí ïîäàâàëè ñ ïîìî-
ùüþ ïîðèñòîãî êåðàìè÷åñêîãî äèñïåðãàòîðà.
Ôëîêóëÿöèþ è îêèñëåíèå ïðîâîäèëè â íåïðî-
òî÷íîì ðåæèìå, â âûòÿæíîì øêàôó ïðè ãåðìå-
òèçàöèè îçîíàòîðà. Êîíöåíòðàöèþ îçîíà â âîç-
äóõå ðàáî÷åé çîíû êîíòðîëèðîâàëè ñ ïîìîùüþ
èíäèêàòîðíûõ òðóáîê ÒÈ-[O3-0.003]. Ìàññî-
âóþ êîíöåíòðàöèþ âçâåøåííûõ âåùåñòâ èçìå-
ðÿëè ãðàâèìåòðè÷åñêèì ìåòîäîì  (ÏÍÄ Ô
14.1:2:4. 254-09). Ïîêàçàòåëü ÕÏÊ îïðåäåëÿ-
ëè òèòðèìåòðè÷åñêèì ìåòîäîì (ÏÍÄ Ô
14.1:2:3. 100-97).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Èñïûòàíèå ôëîêóëèðóþùåãî äåéñòâèÿ
îçîíà ïðîâîäèëè â ðàçëè÷íûõ äîçàõ (îò 0.5 äî
7.0 ìã/äì3) ïðè èíòåíñèâíîì ïåðåìåøèâàíèè
ñòî÷íîé âîäû â òå÷åíèå 2 ìèí (ðèñ. 1).
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Ðèñ. 1. Âëèÿíèå äîçû îçîíà íà êîíöåíòðàöèþ âçâå-
øåííûõ âåùåñòâ â ñòî÷íîé âîäå.

Ðåçóëüòàòû ïðîâåäåííûõ ýêñïåðèìåíòîâ
ïîêàçàëè óìåíüøåíèå êîíöåíòðàöèè âçâåøåí-
íûõ âåùåñòâ â 3 ðàçà ïðè äîçå îçîíà îò 2 äî 5
ìã/äì3, ÷òî ïîäòâåðæäàåò ýôôåêò ôëîêóëÿöèè.
Îäíàêî ïðè óâåëè÷åíèè äîçû îçîíà âûøå 5 ìã/
äì3 êîíöåíòðàöèÿ âçâåøåííûõ âåùåñòâ íà÷èíàåò
âîçðàñòàòü, ÷òî, âåðîÿòíî, ñâÿçàíî ñ ðàçëîæåíè-
åì êðóïíûõ ìàêðîìîëåêóë çàãðÿçíåíèé.

Ñëåäóþùèì ýòàïîì ðàáîòû áûëî èññëåäî-
âàíèå âëèÿíèÿ ïðîäîëæèòåëüíîñòè îáðàáîòêè

âîäû îçîíîì íà êîíöåíòðàöèþ âçâåøåííûõ âå-
ùåñòâ è âåëè÷èíó ÕÏÊ. Èç ðèñ. 2 è 3 âèäíî,
÷òî ìàêñèìàëüíîå ôëîêóëèðóþùåå äåéñòâèå
îçîíà ïðè äîçå 2 ìã/äì3 íàñòóïàåò ïðè îáðà-
áîòêå âîäû â òå÷åíèå 5 ìèí. Ïðè ýòîì õèìè÷åñ-
êîå ïîòðåáëåíèå êèñëîðîäà ïîíèæàåòñÿ íà 25%
(îò 7600 äî 5690 ìãÎ2/äì3).
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Ðèñ. 2. Âëèÿíèå ïðîäîëæèòåëüíîñòè îáðàáîòêè
âîäû îçîíîì íà êîíöåíòðàöèþ âçâåøåííûõ âåùåñòâ
ïðè äîçå 2 ìã/äì3.
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Ðèñ. 3. Âëèÿíèå ïðîäîëæèòåëüíîñòè îáðàáîòêè
âîäû îçîíîì íà âåëè÷èíó ÕÏÊ ïðè äîçå 2 ìã/äì3.

Íà ñëåäóþùåì ýòàïå íàìè áûëî èññëåäî-
âàíî âëèÿíèå íà÷àëüíîãî çíà÷åíèÿ ÕÏÊ íà
êîíöåíòðàöèþ èñïîëüçóåìîãî îçîíà , íåîáõî-
äèìóþ äëÿ ïðîâåäåíèÿ îêèñëèòåëüíîé äåñò-
ðóêöèè îðãàíè÷åñêèõ âåùåñòâ (ðèñ. 4).

Êàê âèäíî èç ïîëó÷åííûõ ðåçóëüòàòîâ,
îêèñëåíèå îðãàíè÷åñêèõ âåùåñòâ ïðîòåêàåò
ëåã÷å ïðè ìåíüøåì íà÷àëüíîì çíà÷åíèè ÕÏÊ
(5690 ìãÎ2/äì3), íåîáõîäèìàÿ äîçà îçîíà ñî-
ñòàâëÿåò âñåãî 3.85 ã/äì3, â òî âðåìÿ, êàê äëÿ
èñõîäíîé ñòî÷íîé âîäû (ÕÏÊ=7600 ìãÎ2/
äì3) – 5 ã/äì3.
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Ðèñ. 4. Âëèÿíèå äîçû îçîíà íà èçìåíåíèå çíà÷åíèÿ
ÕÏÊ ñòî÷íîé âîäû ïðè îêèñëèòåëüíîé î÷èñòêå
ñòî÷íîé âîäû â òå÷åíèå 30 ìèí: 1 – èñõîäíàÿ ñòî÷-
íàÿ âîäà (ÕÏÊ=7600 ìãÎ2/äì3); 2 – ñòî÷íàÿ âîäà
ïîñëå ôëîêóëÿöèè îçîíîì (ÕÏÊ=5690 ìãÎ2/äì3).

Òàêèì îáðàçîì, ôëîêóëÿöèÿ ñòî÷íîé
âîäû îçîíîì ïðèâîäèò ê óìåíüøåíèþ êîíöåí-
òðàöèè âçâåøåííûõ âåùåñòâ â 3 ðàçà, çíà÷åíèÿ
ÕÏÊ íà 25%, ñíèæåíèþ äîçû îçîíà äëÿ ïîñëå-
äóþùåé îêèñëèòåëüíîé äåñòðóêöèè îðãàíè÷åñ-
êèõ âåùåñòâ íà 23%. Ïðè ýòîì èñêëþ÷àåòñÿ
äîïîëíèòåëüíîå çàãðÿçíåíèå ñòî÷íûõ âîä ðåà-
ãåíòàìè, íåîáõîäèìûìè â êîàãóëÿöèîííî-ôëî-
êóëÿöèîííîì ìåòîäå. Ïîýòîìó ïðåäîçîíèðîâà-
íèå ïðåäñòàâëÿåòñÿ ýôôåêòèâíûì è ýêîëîãè÷-
íûì ïðîöåññîì î÷èñòêè ñòî÷íûõ âîä.
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8. Ìàçèòîâà À.Ê., Ñóõàðåâà È.À., Àìèíîâà À. Ô.,
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