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Ñòàòüÿ ïîñâÿùåíà àêòóàëüíîé ïðîáëåìå áîðüáû ñ ïûëüþ íà àâòîìîáèëüíûõ äîðîãàõ ãîðíîðóäíûõ ïðåä­
ïðèÿòèé. Îòìå÷åíî, ÷òî îáðàçîâàíèå ïûëè íà äîðîãàõ ãîðíîðóäíûõ ïðåäïðèÿòèé ïðèâîäèò ê çàãðÿçíåíèþ 
âîçäóõà â êàðüåðàõ è ñíèæåíèþ ïðîèçâîäèòåëüíîñòè ïðåäïðèÿòèé ïî ïðè÷èíå îñòàíîâêè ðàáîòû òåõíîëî­
ãè÷åñêîãî òðàíñïîðòà. Âûïîëíåííûå àâòîðîì èçìåðåíèÿ çàïûëåííîñòè âîçäóõà íà äîðîãàõ Çàáàéêàëüñêîãî 
êðàÿ ïîêàçàëè, ÷òî ïîêðûòèÿ ïåðåõîäíîãî òèïà õàðàêòåðèçóþòñÿ êàê ñèëüíîïûëÿùèå. Îñóùåñòâëåí àíàëèç 
îñíîâíûõ ñïîñîáîâ îáåñïûëèâàíèÿ ùåáåíî÷íûõ, ãðàâèéíûõ è ãðóíòîâûõ ïîêðûòèé. Ðàññìîòðåíû îñíîâíûå 
ïûëåñâÿçûâàþùèå ìàòåðèàëû: ãèãðîñêîïè÷åñêèå ñîëè, îðãàíè÷åñêèå âÿæóùèå, ïîëèìåðû, ëèãíîñóëüôîíà­
òû. Óñòàíîâëåíî, ÷òî ñíèæåíèå çàòðàò íà îáåñïûëèâàíèå òåõíîëîãè÷åñêèõ àâòîìîáèëüíûõ äîðîã âîçìîæíî 
îñóùåñòâèòü çà ñ÷åò ìîäèôèêàöèè îñíîâíûõ îáåñïûëèâàþùèõ ñîñòàâîâ áîëåå äåøåâûìè ìåñòíûìè ìàòåðè­
àëàìè, ïîáî÷íûìè ïðîäóêòàìè è îòõîäàìè ïðîèçâîäñòâà, îáåñïå÷èâàþùèìè òðåáóåìûé èëè ïîâûøåííûé 
ñðîê äåéñòâèÿ. Èññëåäîâàíî èñïîëüçîâàíèå â ïûëåçàêðåïëÿþùèõ ñîñòàâàõ çîë óíîñà. Ðàçðàáîòàíà òåõíî­
ëîãèÿ äâóõñòàäèéíîé îáðàáîòêè äîðîæíîãî ïîêðûòèÿ íà îñíîâå ýìóëüñèîííî­çîëüíîé ñóñïåíçèè. Ïðèâåäå­
íû òåõíîëîãè÷åñêèå ðåêîìåíäàöèè è ðåçóëüòàòû íàáëþäåíèé çà ñîñòîÿíèåì ýêñïåðèìåíòàëüíûõ ó÷àñòêîâ 
àâòîìîáèëüíûõ äîðîã. Ñäåëàí âûâîä, ÷òî ñïîñîá äâóõñòàäèéíîé îáðàáîòêè ïîçâîëÿåò â äâà ðàçà ñîêðàòèòü 
ðàñõîä áèòóìíîé ýìóëüñèè, óâåëè÷èòü ñðîê îáåñïûëèâàþùåãî äåéñòâèÿ äî 6…7 ìåñ, ñíèçèòü ïûëèìîñòü 
ïîêðûòèé â 4…5 ðàç

Êëþ÷åâûå ñëîâà: àâòîìîáèëüíûå äîðîãè ãîðíîðóäíûõ ïðåäïðèÿòèé; ïîêðûòèå ïåðåõîäíîãî òèïà; ïûëèìîñòü 
äîðîã; ñîäåðæàíèå äîðîã; áîðüáà ñ ïûëüþ íà äîðîãàõ; îáåñïûëèâàíèå äîðîã; îáåñïûëèâàþùèå ìàòåðèàëû; ïûëå­
çàêðåïëÿþùèå ñîñòàâû; îòõîäû ïðîèçâîäñòâà; çîëû óíîñà 

The article is devoted to an actual problem of dust control on the roads of mining enterprises. Dust formation on 
the roads mining leads to air pollution in quarries and performance of enterprises for the reason of a stop of work 
of technological transport. The assessments of road dustiness in Transbaikal region, made by the author, have 
showed that the transitional coatings are characterized as heavy dusted. The author has carried out an analysis 
of the main methods of dust control gravel, sand and soil surfaces. The main dust forming materials: hygroscopic 
salts, organic binders, polymers, lignosulphonates are described. It is stated that the reduced cost of dedusting 
technology of roads is possible due to the modification of the main de­dusting formulations of cheaper local mate­
rials, by­products and waste production, providing the desired or increased duration. The author has conducted 
the research on the use of dust in the compositions of fly ash. The two­stage processing technology of the road 
surface on the basis of emulsion­ash slurry is developed. The technological recommendations are given and the 
observation results for the state of experimental sections on the roads are presented. The two­stage processing 
technology allows 2 times to reduce the consumption of bitumen emulsion to increase the period of de­dusting 
steps to 6­7 months, and reduce dusting surfaces in 4...5 times

Key words: roads of mining enterprises; transitional coating; dusting of roads; maintenance of roads; struggle against dust 
on highways; dust of roads; de­dusting materials; dust cover compositions; waste production; fly ash 
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Ââåäåíèå. Òðàíñïîðòíàÿ ñåòü ãîðíîðóä­
íûõ ïðåäïðèÿòèé ïðåäñòàâëåíà, ïðå­

èìóùåñòâåííî, äîðîãàìè ñ ïåðåõîäíûìè 
òèïàìè ïîêðûòèÿ – ùåáåíî÷íûìè, ãðàâèé­
íûìè è ãðóíòîâûìè. Èõ ïûëèìîñòü ÿâëÿ­
åòñÿ íåîòúåìëåìûì ñâîéñòâîì, íàáëþäàþ­
ùèìñÿ â òå÷åíèå âñåãî ñðîêà ýêñïëóàòàöèè 
òåõíîëîãè÷åñêèõ äîðîã. Îáðàçîâàíèå ïûëè 
íà äîðîãàõ ãîðíîðóäíûõ ïðåäïðèÿòèé ïðè­
âîäèò ê çàãðÿçíåíèþ âîçäóõà â êàðüåðàõ. Â 
ðåçóëüòàòå íå òîëüêî óõóäøàåòñÿ ýêîëîãè­

÷åñêàÿ îáñòàíîâêà, íî è îñòàíàâëèâàåòñÿ 
ðàáîòà òåõíîëîãè÷åñêîãî òðàíñïîðòà, ÷òî 
ïðèâîäèò ê ñíèæåíèþ  ïðîèçâîäèòåëüíîñòè 
ïðåäïðèÿòèé, äîáû÷è è ïåðåðàáîòêè ïîëåç­
íûõ èñêîïàåìûõ [3; 6]. 

Ìåòîäîëîãèÿ è ìåòîäèêà èññëåäî­
âàíèÿ. Ñîãëàñíî ÂÑÍ 7­89, ïîêðûòèÿ àâ­
òîìîáèëüíûõ äîðîã ïî ñòåïåíè ïûëèìîñòè 
ïîäðàçäåëÿþòñÿ íà ñëåäóþùèå âèäû: íå­
ïûëÿùèå, ñëàáîïûëÿùèå, ñðåäíåïûëÿùèå 
è ñèëüíîïûëÿùèå (òàáë. 1). 

Òàáëèöà 1 / Table 1
Îöåíêà ñîñòîÿíèÿ äîðîæíûõ ïîêðûòèé ïî ïûëèìîñòè / 

Assessment of road surfaces for dusting

Ñîñòîÿíèå ïîêðûòèÿ ïî ïûëèìîñòè /
The condition of road surfaces for dusting

Óðîâåíü çàïûëåííîñòè âîçäóõà, ìã/ì3 /
The level of air dustiness, mg/m3

Íåïûëÿùèå / Non­dusting Ј 3
Ñëàáîïûëÿùèå / Low­dusting 3…10
Ñðåäíåïûëÿùèå / Middle­dusting 10…60
Ñèëüíîïûëÿùèå / Strong­dusting > 60

Âûïîëíåííûå àâòîðîì â ñîîòâåòñòâèè 
ñ ìåòîäèêîé ÂÑÍ 7­89 èçìåðåíèÿ çàïûëåí­
íîñòè âîçäóõà íà äîðîãàõ Çàáàéêàëüñêîãî 
êðàÿ ïîêàçàëè, ÷òî ïîêðûòèÿ ïåðåõîäíîãî 
òèïà õàðàêòåðèçóþòñÿ êàê ñèëüíîïûëÿùèå. 
Ïîêàçàòåëè óðîâíÿ çàïûëåííîñòè âîçäóõà 
íà ùåáåíî÷íûõ è ãðàâèéíûõ ïîêðûòèÿõ 
ñîñòàâèëè 110…250 ìã/ì3, ÷òî ìíîãîêðàò­
íî ïðåâûøàåò ìèíèìàëüíîå çíà÷åíèå äëÿ 
ñèëüíîïûëÿùèõ ïîêðûòèé. 

Îñíîâíûìè ïðèíöèïàìè äåéñòâèÿ ïû­
ëåñâÿçíûõ ñîñòàâîâ ÿâëÿþòñÿ:

1) ñïîñîáíîñòü ïîãëîùàòü âëàãó èç âîç­
äóõà. Äåéñòâèå ãèãðîñêîïè÷åñêèõ ñîëåé îñ­
íîâàíî íà ýòîì ïðèíöèïå;

2) õèìè÷åñêîå âçàèìîäåéñòâèå ñ ÷à­
ñòèöàìè ïûëè. Äåéñòâèå íåîðãàíè÷åñêèõ 
âÿæóùèõ îñíîâàíî íà äàííîì ïðèíöèïå;

3) çàêðåïëåíèå âåùåñòâà íà ÷àñòèöàõ 
ïûëè, ñâÿçûâàíèå èõ ìåæäó ñîáîé è âîâëå­
÷åíèå â ïðîöåññ îáðàçîâàíèÿ îðãàíîìèíå­
ðàëüíûõ ñòðóêòóð íà îñíîâå âûñîêîìîëå­
êóëÿðíûõ ñîåäèíåíèé. Íà ýòîì ïðèíöèïå 
îñíîâàíî äåéñòâèå îðãàíè÷åñêèõ âÿæóùèõ, 
ïîëèìåðîâ, ëèãíîñóëüôîíàòîâ è äð. [2; 6].

Òàêèì îáðàçîì, îáåñïûëèâàþùèå ñî­
ñòàâû ìîæíî ïîäðàçäåëèòü íà ïûëåïîäà­
âëÿþùèå è ïûëåçàêðåïëÿþùèå.

Â ðàçëè÷íûõ íîðìàòèâíûõ èñòî÷íèêàõ 
è íàó÷íî­òåõíè÷åñêèõ ïóáëèêàöèÿõ [2; 4; 
7; 8] äîñòàòî÷íî øèðîêî îñâÿùåíû ñïîñî­
áû áîðüáû ñ ïûëüþ íà àâòîìîáèëüíûõ äî­
ðîãàõ. Ñðåäè îñíîâíûõ ðåàãåíòîâ, íàèáîëåå 
ýôôåêòèâíûõ äëÿ îáåñïûëèâàíèÿ ïîêðû­
òèé àâòîìîáèëüíûõ äîðîã, ïðèìåíÿþò õëî­
ðèñòûå ñîëè (êàëüöèÿ, ìàãíèÿ, íàòðèÿ), 
áèòóìíûå ýìóëüñèè, ëèãíîñóëüôîíàòû. 

Ãèãðîñêîïè÷åñêèå ñîëè ñëåäóåò ïðè­
ìåíÿòü â ðàéîíàõ ñ óìåðåííûì è óìåðåí­
íî æàðêèì êëèìàòîì ïðè îòíîñèòåëüíîé 
âëàæíîñòè âîçäóõà íå ìåíåå 0,35…0,45. 
Ñîëè ìîãóò ïðèìåíÿòüñÿ êàê â ñóõîì, òàê 
è æèäêîì âèäå. Ñðîê èõ îáåñïûëèâàþùåãî 
äåéñòâèÿ ñîñòàâëÿåò 15…40 ñóò.

Ëèãíîñóëüôîíàòû òåõ íè÷åñêèå (äà­
ëåå – ËÑÒ) ïðåäñòàâëÿþò ñîáîé êàëüöè­
åâûå, íàòðèåâûå, àììîíèå âûå èëè êàëü­
öèåâî­íàòðèåâûå ñîëè ëèãíîñóëüôîíîâûõ 
êèñëîò [8]. Ëèãíîñóëüôîíàòû òåõ íè÷åñêèå 
ÿâëÿþòñÿ ïî áî÷íûìè ïðîäóêòàìè ëåñî­
õèìè÷åñêîé ïðîìûøëåííîñòè ïðè ïðî­
èçâîäñòâå öåë ëþëîçû ñóëüôèòíûì ñïîñî­
áîì: ñóëüôèòíûé ùåëîê (äàëåå – ÑÙ), 
ñóëüôèòíî­ ñïèðòîâàÿ áàðäà (äàëåå – ÑÑÁ) 
è ñóëüôèòíî­äðîææåâàÿ áðàæêà (äàëåå – 
ÑÄÁ). Ñðîê èõ îáåñïûëèâàþùåãî äåéñòâèÿ 
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ñîñòàâëÿåò 20…30 ñóò. Ñîîòâåòñòâåííî, â 
äåðåâîîáðàáàòûâàþùåé ïðîìûøëåííîñòè 
ËÑÒ ÿâëÿþòñÿ òåõíîëîãè÷åñêèìè ðàñòâîðà­
ìè è äëÿ äîðîæíûõ îðãàíèçàöèé, ðàáîòàþ­
ùèõ âáëèçè òàêèõ ïðåäïðèÿòèé. Ëèãíîñóëü­
ôîíàòû òåõ íè÷åñêèå – íàèáîëåå äîñòóïíûé 
ìàòåðèàë, ïðèìåíåíÿþùèéñÿ äëÿ îáåñïû­
ëèâàíèÿ äîðîã.

Ïðèìåíåíèå áèòóìíûõ ýìóëüñèé äëÿ 
îáðàáîòêè äîðîæíûõ ïîêðûòèé îáåñïå÷è­
âàåò íàèáîëüøèé ïåðèîä îáåñïûëèâàþùåãî 
äåéñòâèÿ, ñîñòàâëÿþùèé äî 90 ñóò. Ïðèìå­
íåíèå êàòèîííîé áèòóìíîé ýìóëüñèè ñ ñî­
äåðæàíèåì îñíîâíîãî âåùåñòâà (áèòóìà) 
â ïðåäåëàõ 50…65 %, ýìóëüãàòîðà – îò 0,2 
(äëÿ ÝÁÊ­1) äî 0,4 % (äëÿ ÝÁÊ­2) – ïîçâî­
ëÿåò îïòèìèçèðîâàòü òîëùèíó ïëåíêè áèòó­
ìà è ïîâûñèòü åãî àäãåçèîííóþ ñïîñîáíîñòü 
(ïî àäñîðáöèîííûì ñâÿçÿì, äèôôóçèîííî­
ìó ïðîíèêíîâåíèþ, çà ñ÷åò ýëåêòðè÷åñêî­
ãî äèïîëüíîãî ìîìåíòà ôóíêöèîíàëüíûõ 
ãðóïï è ïóòåì ìåõàíè÷åñêîãî çàêëèíèâàíèÿ 
òîíêîé áèòóìíîé ïëåíêè â ñóáñòðàòå) [5]. 
Ïîñëå ïðèìåíåíèÿ áèòóìíîé ýìóëüñèè èí­
òåíñèâíîñòü ïûëåâûäåëåíèÿ ïðè äâèæåíèè 
àâòîòðàíñïîðòà ñíèæàåòñÿ íà 97…98 %. 
Îäíàêî òàêîé ïðîäîëæèòåëüíûé ñðîê äî­
ñòèãàåòñÿ ïóòåì îáðàáîòêè ïîâåðõíîñòè 
äîðîæíîãî ïîêðûòèÿ ñìåøåíèåì íà äîðîãå. 
Ïðè ýòîì ðàñõîä áèòóìíîé ýìóëüñèè òèïà 
ÝÁÊ­1 èëè ÝÁÊ­2 ìîæåò ñîñòàâëÿòü 6 ë/ì2. 

Â çàðóáåæíîé ïðàêòèêå ñðåäè ñïîñî­
áîâ, îáåñïå÷èâàþùèõ íàèáîëåå äëèòåëüíûå 
ñðîêè ïûëåóäåðæèâàþùåãî äåéñòâèÿ, îòìå­
÷àåòñÿ îáðàáîòêà äîðîæíûõ ïîêðûòèé ïî­
ëèìåðàìè íà âîäíîé îñíîâå [9; 10]. Òèïè÷­
íàÿ ïîëèìåðíàÿ ýìóëüñèÿ ñîäåðæèò îêîëî 
40…60 % ïîëèìåðà, 1…2 % ýìóëüãàòîðà, 
à îñòàâøóþñÿ ÷àñòü ñîñòàâëÿåò ïðèðîäíàÿ 
âîäà. Ïîëèìåð òàêæå ìîæåò çíà÷èòåëüíî 
èçìåíÿòüñÿ ïî ñâîåìó õèìè÷åñêîìó ñîñòàâó, 
ìîëåêóëÿðíîìó âåñó, ñòåïåíè ðàçâåòâëåí­
íîñòè, ðàçìåðó áîêîâûõ öåïåé, ñîñòàâó è 
ò. ä. Áîëüøèíñòâî ïîëèìåðíûõ ïðîäóêòîâ, 
èñïîëüçóåìûõ äëÿ îáðàáîòêè ãðóíòîâ, ÿâ­
ëÿåòñÿ ñîïîëèìåðàìè íà îñíîâå âèíèëàöå­
òàòà èëè àêðèëà [1]. Íàèáîëåå èçâåñòíûì 
ñðåäè íèõ ÿâëÿåòñÿ ïîëèìåðíàÿ ýìóëüñèÿ 
LDC+12 êîìïàíèè «Enviroseal Corporation» 
(ÑØÀ), îñíîâó êîòîðîé ñîñòàâëÿåò àêðè­

ëîâûé ñîïîëèìåð – ïðîäóêò ðàäèêàëüíîé 
ïîëèìåðèçàöèè ýôèðîâ àêðèëîâîé è ìåòà­
êðèëîâîé êèñëîò è ñòèðîëà [9]. Â çàâèñè­
ìîñòè îò ñîäåðæàíèÿ ïîëèìåðíîé ýìóëüñèè 
â ðàñòâîðå 0,07…0,1 êã/ë è ðàñõîäà ðåàãåí­
òà 2,2…3,0 ë/ì2 ñðîê åãî îáåñïûëèâàþùåãî 
äåéñòâèÿ ñîñòàâëÿåò äî 6 ìåñ. 

Õîðîøî çàðåêîìåíäîâàëè ñåáÿ ñîñòà­
âû «Powered Soiltac» êîìïàíèè «Soilwork,  
LLS» (ÑØÀ), ÿâëÿþùèåñÿ ñîïîëèìåðàìè 
èç âèíèëàöåòàòà, ýòèëåíîâîãî è âèíèëîâî­
ãî ýôèðîâ ñ íàïîëíèòåëÿìè è çàùèòíûì 
êîëëîèäîì [10]. Ìàòåðèàë èìååò øèðî­
êóþ îáëàñòü ïðèìåíåíèÿ è ïðîøåë ïðî­
âåðêó â Öåíòðå òåõíè÷åñêèõ èññëåäîâàíèé 
è ðàçðàáîòîê Ñóõîïóòíûõ âîéñê ÑØÀ. 
Ïðè ðàçëè÷íîé êîíöåíòðàöèè ïîëèìåðà â 
ýìóëüñèè 0,019…0,058 êã/ë ñðîê îáåñïû­
ëèâàþùåãî äåéñòâèÿ äîñòèãàåò 12 ìåñ. 
Íåäîñòàòêîì ïðèìåíåíèÿ äàííûõ ïîëè­
ìåðíûõ ýìóëüñèé ÿâëÿåòñÿ íåîáõîäèìîñòü 
çàêðûòèÿ äâèæåíèÿ íà âðåìÿ îòâåðæäåíèÿ 
ó÷àñòêà îáðàáîòàííîãî ïîêðûòèÿ, êîòîðîå 
ñîñòàâëÿåò 24 ÷. 

Íåîáõîäèìîå êîëè÷åñòâî îáðàáîòîê çà 
ñåçîí îïðåäåëÿþò â ñîîòâåòñòâèè ñ ìåòîäè­
êîé ÂÑÍ 7­89, ñ ó÷åòîì ïðîäîëæèòåëüíî­
ñòè òåïëîãî ïåðèîäà, â òå÷åíèå êîòîðîãî íà­
áëþäàåòñÿ ïûëåîáðàçîâàíèå, è êîëè÷åñòâà 
äîæäëèâûõ äíåé:

                                                    (1)

ãäå Ï – ïðîäîëæèòåëüíîñòü òåïëîãî ïåðèîäà 
â ãîäó, ñóò (äëÿ îðèåíòè ðîâî÷íûõ ðàñ÷åòîâ 
ïðèíèìàþò äëÿ I äîðîæíî­êëèìàòè÷åñêîé 
çîíû 30…60 ñóò; äëÿ II – 60…90 ñóò; äëÿ 
III – 80…110 ñóò; äëÿ IV – 100…130 ñóò; 
äëÿ V – 120…180 ñóò); 

Ä – êîëè÷åñòâî äîæäëèâûõ äíåé çà òåï­
ëûé ïåðèîä ãîäà; 

Ò – ñðîê äåéñòâèÿ îáåñïûëèâàþ ùèõ ìà­
òåðèàëîâ, ñóò.

Ñîîòâåòñòâåííî, ïîòðåáíîå êîëè÷åñòâî 
îáåñïûëèâàþùèõ ìàòåðèàëîâ îïðåäåëÿþò 
ïî ôîðìóëå

                                          (2)

ãäå g – íîðìà ðàñõîäà îáåñïûëèâàþùèõ ìà­
òåðèàëîâ íà 1 ì2 ïðè ïåðâè÷ íîé îáðàáîòêå, 
êã (ë);
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g
ï
 – íîðìà ðàñõîäà îáåñïûëèâàþùèõ 

ìàòåðèàëîâ íà 1 ì2 ïðè êàæäîé ïîâòîðíîé 
îáðàáîòêå (g

ï
 = 0,5g), êã (ë);

N’ – êîëè÷åñòâî ïîâòîðíûõ îáðàáîòîê 
çà ñåçîí (N’ = N — 1); 

b – øèðèíà ïðîåçæåé ÷àñòè, ì; 
L —  äëèíà äîðîãè (ó÷àñòêà), êì; 
1,1 – êîýôôèöèåíò çàïàñà.
Àíàëèç ñïîñîáîâ îáåñïûëèâàíèÿ äîðîã 

ñ ùåáåíî÷íûìè, ãðàâèéíûìè è ãðóíòîâû­
ìè ïîêðûòèÿìè ïîêàçûâàåò, ÷òî, íåñìî­
òðÿ íà âûñîêóþ ñòåïåíü ïûëåïîäàâëåíèÿ è 
ïðîäîëæèòåëüíûé ñðîê îáåñïûëèâàþùåãî 
äåéñòâèÿ, ïûëåñâÿçûâàþùèå ðåàãåíòû õà­
ðàêòåðèçóþòñÿ âûñîêîé ñòîèìîñòüþ. Ñîîò­
âåòñòâåííî, äîëÿ çàòðàò íà áîðüáó ñ ïûëüþ 
íà àâòîìîáèëüíûõ äîðîãàõ ãîðíîðóäíûõ 
ïðåäïðèÿòèé Çàáàéêàëüÿ äîñòèãàåò 80 % îò 
îáùèõ çàòðàò íà âûïîëíåíèå ðàáîò ïî èõ ñî­
äåðæàíèþ â âåñåííå­ëåòíå­îñåííèé ïåðèîä. 

Ñíèæåíèå çàòðàò íà îáåñïûëèâàíèå 
òåõíîëîãè÷åñêèõ àâòîìîáèëüíûõ äîðîã 
âîçìîæíî îñóùåñòâèòü çà ñ÷åò ìîäèôèêà­
öèè îñíîâíûõ îáåñïûëèâàþùèõ ñîñòàâîâ 

áîëåå äåøåâûìè ìåñòíûìè ìàòåðèàëàìè, 
ïîáî÷íûìè ïðîäóêòàìè è îòõîäàìè ïðîèç­
âîäñòâà, îáåñïå÷èâàþùèìè òðåáóåìûé èëè 
ïîâûøåííûé ñðîê äåéñòâèÿ. 

Íàèáîëåå èçâåñòíûì èç îòõîäîâ ïðî­
ìûøëåííîãî ïðîèçâîäñòâà ÿâëÿåòñÿ çîëà 
óíîñà. Åæåãîäíî íà ïðåäïðèÿòèÿõ òîïëèâ­
íî­ýíåðãåòè÷åñêîãî êîìïëåêñà Çàáàéêàëü­
ñêîãî êðàÿ ñæèãàåòñÿ áîëåå 7 ìëí ò óãëÿ, 
â ðåçóëüòàòå ÷åãî â çîëîîòâàëàõ ñêàïëèâà­
åòñÿ áîëåå 1 ìëí ò çîëû. Òàêèì îáðàçîì, 
ìîæíî óòâåðæäàòü, ÷òî çîëà óíîñà ÿâëÿåò­
ñÿ ïðàêòè÷åñêè íåèñ÷åðïàåìûì ñûðüåâûì 
ìàòåðèàëîì, ïîëó÷àåìûì èç îòõîäîâ ïðî­
èçâîäñòâà. Îñíîâíûìè ïîñòàâùèêàìè óãëÿ 
íà òåïëîýëåêòðîñòàíöèè Çàáàéêàëüñêîãî 
êðàÿ ÿâëÿþòñÿ Õàðàíîðñêèé è Óðòóéñêèé 
óãîëüíûå ðàçðåçû. Íà îñíîâàíèè èññëåäî­
âàíèé ñâîéñòâ è ïðîâåäåííîãî õèìè÷åñêîãî 
àíàëèçà óñòàíîâëåíî, ÷òî çîëû îò ñæèãàíèÿ 
õàðàíîðñêèõ è óðòóéñêèõ óãëåé ÿâëÿþòñÿ 
ñêðûòî àêòèâíûìè, ñëåäîâàòåëüíî, ìîãóò 
èñïîëüçîâàòüñÿ êàê äîáàâêè ê îðãàíè÷å­
ñêèì è ìèíåðàëüíûì âÿæóùèì (òàáë. 2). 

Òàáëèöà 2 / Table 2 

Õàðàêòåðèñòèêà õèìè÷åñêîãî ñîñòàâà è êà÷åñòâà çîë óíîñà îò ñæèãàíèÿ 
õàðàíîðñêèõ è óðòóéñêèõ óãëåé / Characteristics of chemical composition and quality 

of fly ash from the combustion of kharanorsky and urtuysky coals

Õàðàêòåðèñòèêè / Characteristics

Çîëû óíîñà îò ñæèãàíèÿ / 
Fly ash from combustion

óðòóéñêèé óãîëü /
 urtuysky coal

õàðàíîðñêèé óãîëü / 
kharanorsky coal

Ñîäåðæàíèå, % / Content, % 
SiÎ

2
 47,27 54,64

À1
2
Î

ç
23,83 26,41

Fe
2
Î

ç
8,34 7,28

ÑàÎ 16,87 9,61
MgO 1,44 1,62
SÎ

3
0,74 0,26

Ñîäåðæàíèå ñâîáîäíîãî ÑàÎ, % / Content of free CaO, % 2,10 0,57
Ñîäåðæàíèå àêòèâíûõ CaO+MgO, % / Content of active CaO + MgO, % 1,37 0,20
Ñîäåðæàíèå âîäîðàñòâîðèìûõ ñîåäèíåíèé, % / Content of water­soluble 
compounds, % 0,63 0,72

Íàñûïíàÿ ïëîòíîñòü, ã/ñì3 / Bulk density, g/cm3 1,105 0,736
Èñòèííàÿ ïëîòíîñòü, ã/ñì3 / True density, g/cm3 2,62 2,22
Ñðåäíÿÿ ïëîòíîñòü, ã/ñì3 / Average density, g/cm3 1,644 1,246
Ïîðèñòîñòü, % / Porosity, % 37,1 43,8
Âëàæíîñòü, % / Humidity, % 0,06 0,05

Óäåëüíàÿ ïîâåðõíîñòü, ñì2/ã / Specific surface, cm2/g 1927 2207
Ïîòåðè ïðè ïðîêàëèâàíèè, % / Loss on ignition, % 2,11 0,32
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Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îá­
ñóæäåíèå. Â õîäå ïðîâåäåííîãî èññëåäî­
âàíèÿ àâòîðîì ðàçðàáîòàí ñïîñîá îáåñïû­
ëèâàíèÿ äîðîæíûõ ïîêðûòèé ïåðåõîäíîãî 
òèïà ïóòåì èõ äâóõñòàäèéíîé îáðàáîòêè 
áèòóìíîé ýìóëüñèåé ñ ïîñëåäóþùèì íàíå­
ñåíèåì çàùèòíîãî ñëîÿ èç ýìóëüñèîííî­çî­
ëüíîé ñóñïåíçèè. 

Ïåðâè÷íàÿ îáðàáîòêà ïîêðûòèÿ áè­
òóìíîé ýìóëüñèåé îñóùåñòâëÿåòñÿ ïîñëå 
ðåìîíòíîãî ïðîôèëèðîâàíèÿ è óâëàæíå­
íèÿ åãî ïîâåðõíîñòè. Ðàñõîä ýìóëüñèè ïðè 
ïåðâè÷íîé îáðàáîòêå ñîñòàâëÿåò 2,0 ë/ì2, 
òîëùèíà ñëîÿ îáðàáîòêè – 3…5 ñì. Ïåðå­
ìåøèâàíèå âçðûõëåííîãî ìàòåðèàëà ïî­
êðûòèÿ ñ ýìóëüñèåé îñóùåñòâëÿåòñÿ àâòî­
ãðåéäåðîì çà 4…6 ïðîõîäîâ. Ïî îêîí÷àíèè 
ïåðåìåøèâàíèÿ ïðîèçâîäÿòñÿ ÷èñòîâîå 
ïðîôèëèðîâàíèå ïîâåðõíîñòè ñëîÿ îáðà­
áîòàííîãî ïîêðûòèÿ è åãî óêàòêà êàòêîì 
2…4 ïðîõîäà ïî ñëåäó. 

Íà âòîðîì ýòàïå íà ïîâåðõíîñòü äî­
ðîæíîãî ïîêðûòèÿ íàíîñèòñÿ çàùèòíûé 
ñëîé èç ýìóëüñèîííî­çîëüíîé ñóñïåíçèè. 
Â  ýêñïåðèìåíòàëüíûé ñîñòàâ ñóñïåíçèè 
âõîäèëè êàòèîííàÿ áèòóìíàÿ ýìóëüñèÿ 
ÝÁÊ­3, ñóõàÿ çîëà óíîñà Õàðàíîðñêîé 
ÒÝÖ è âîäà. Ïðèãîòîâëåíèå ñóñïåíçèè îñó­
ùåñòâëÿëè ïóòåì ïåðâè÷íîãî ïåðåìåøèâà­
íèÿ çîëû ñ âîäîé â êîëè÷åñòâå 30…40 % 
îò ìàññû çîëû, à çàòåì ïåðåìåøèâàëè ðàç­
æèæåííîé çîëîé ñ áèòóìíîé ýìóëüñèåé. 
Îðèåíòèðîâî÷íîå ñîäåðæàíèå êîìïîíåí­
òîâ â ñóñïåíçèè âàðüèðîâàëîñü â ñëåäóþ­
ùåì ñîîòíîøåíèè: çîëà óíîñà – 45…49 %, 
ýìóëüñèÿ ÝÁÊ­3 – 36…38 %, âîäà – îñòàâ­
øàÿñÿ ÷àñòü. Ðàñïðåäåëåíèå ñóñïåíçèè îñó­
ùåñòâëÿëè ïî íîðìå 1,8…2,0 ë/ì2. Îáùèé 
ðàñõîä áèòóìíîé ýìóëüñèè ÝÁÊ­3 ñîñòàâèë 
2,75 ë/ì2. Äëÿ çàêðåïëåíèÿ çàùèòíîãî ñëîÿ 
íà åãî ïîâåðõíîñòè äîïîëíèòåëüíî óñòðàè­
âàåòñÿ çàùèòíàÿ ïîñûïêà èç êðóïíîãî ïåñêà 
èëè îòñåâà äðîáëåíèÿ ïî íîðìå 150…300 ã/ì2. 
Â ðåçóëüòàòå íà ïîâåðõíîñòè äîðîæíîãî ïî­
êðûòèÿ îáðàçóåòñÿ çàùèòíûé êîâðèê òîëùè­
íîé 8…10 ìì, ïðåïÿòñòâóþùèé îáðàçîâàíèþ 
ïûëè íà ïîêðûòèè, îáëàäàþùèé äîñòàòî÷íîé 
èçíîñîñòîéêîñòüþ è õîðîøåé âîäîíåïðîíè­
öàåìîñòüþ. Âçàèìîäåéñòâèå ìèíåðàëüíûõ 
êîìïîíåíòîâ çîëû óíîñà ñ êàòèîííîé äîáàâ­

êîé, ñîäåðæàùåéñÿ â áèòóìíîé ýìóëüñèè, 
ñïîñîáñòâóåò áûñòðîìó âûòåñíåíèþ âîäû è 
óñêîðåíèþ çàòâåðäåâàíèÿ ìàòåðèàëà. Â ðå­
çóëüòàòå ïðèñóòñòâèÿ çîëû óíîñà â ñóñïåíçèè 
ïðè ïðîèçâîäñòâå äîðîæíûõ ðàáîò íå ïðîèñ­
õîäèò åå íàëèïàíèÿ íà êîëåñà ìàøèí. 

Êà÷åñòâî îáðàáîòêè äîðîæíîãî ïî­
êðûòèÿ îöåíèâàëè ïî åãî âèçóàëüíîìó ñî­
ñòîÿíèþ è óðîâíþ çàïûëåííîñòè âîçäóõà. 
Çàïûëåííîñòü âîçäóõà îïðåäåëÿëè âåñîâûì 
ñïîñîáîì, îñíîâàííûì íà ïðîñàñûâàíèè 
âîçäóõà ÷åðåç áóìàæíûå ôèëüòðû òèïà 
ÀÔÀ­Â­10 ñ ïîìîùüþ àñïèðàöèîííîãî ïðè­
áîðà. Îáîðóäîâàíèå (àñïèðàöèîííûé ïðè­
áîð, ôèëüòðîäåðæàòåëè ñ êðîíøòåéíàìè â 
êîëè÷åñòâå òðåõ øòóê, ôèëüòðû, ðåçèíîâûå 
øëàíãè) çàêðåïëÿëè ñçàäè íà àâòîìîáèëå 
òèïà ÓÀÇ òàêèì îáðàçîì, ÷òîáû ïëîñêîñòü 
ôèëüòðîâ áûëà ïàðàëëåëüíà çàäíåìó áîðòó 
àâòîìîáèëÿ. Îòáîð ïûëè ïðîèçâîäèëè íà 
ñêîðîñòè 40 êì/÷. 

Êîíöåíòðàöèþ ïûëè â âîçäóõå Ñ
ô
 (ìã/ì3) 

îïðåäåëÿþò ïî ôîðìóëå

Ñ
ô 

= (q
2
 – q

1
) x 1000/Qt  x  K

1
K

2
,                                     (3)

ãäå q
1
 – íà÷àëüíàÿ ìàññà ôèëüòðà, ìã;

q
2
 – ìàññà ôèëüòðà ïîñëå âçÿòèÿ ïðîáû 

ïûëè, ìã;
Q – ñêîðîñòü ïðîõîæäåíèÿ âîçäóõà ÷å­

ðåç ôèëüòð, ë/ìèí;
t – âðåìÿ îòáîðà ïðîáû ïûëè, ìèí;
K

1
, K

2
 – ïîïðàâî÷íûé êîýôôèöèåíò íà 

òåìïåðàòóðó è äàâëåíèå âîçäóõà ñîîòâåò­
ñòâåííî.

Äëÿ îñóùåñòâëåíèÿ êà÷åñòâåííîé 
îöåíêè ñïîñîáîâ îáåñïûëèâàíèÿ äîðîæíûõ 
ïîêðûòèé íàèáîëåå öåëåñîîáðàçíûì ñ÷èòà­
åì èñïîëüçîâàíèå ïîêàçàòåëÿ îáåñïûëèâà­
þùåãî ýôôåêòà, êîòîðûé îïðåäåëÿåòñÿ ïî 
ôîðìóëå

Ý
î
 = (Ñ

ô
íåîáð ­ Ñ

ô
îáð) õ 100 %/ Ñ

ô
íåîáð,                               (4)

ãäå Ñ
ô

íåîáð – êîíöåíòðàöèÿ ïûëè â âîçäóõå 
íà ïîêðûòèè, íå îáðàáîòàííîì îáåñïûëè­
âàþùèì ñîñòàâîì, ìã/ì3;

Ñ
ô

îáð – êîíöåíòðàöèÿ ïûëè â âîçäóõå 
íà ïîêðûòèè, îáðàáîòàííîì îáåñïûëèâàþ­
ùèì ñîñòàâîì, ìã/ì3. 

Ðåçóëüòàòû ïðîâåäåííûõ èññëåäîâàíèé 
è îïûòíî­ýêñïåðèìåíòàëüíûõ ðàáîò ïîêà­
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çàëè,  ÷òî ïîñëå 7 ìåñÿöåâ ýêñïëóàòàöèè 
çàùèòíûé ñëîé èç ýìóëüñèîííî­çîëüíîé 
ñóñïåíçèè ñîõðàíèëñÿ íà 50 % îáùåé 
ïëîùàäè ïîâåðõíîñòè äîðîæíîãî ïîêðû­
òèÿ. Îòíîñèòåëüíûé ýôôåêò ñíèæåíèÿ 
ïûëèìîñòè äîðîæíîãî ïîêðûòèÿ ñîñòàâèë 
76…80 %. 

Âûâîäû. Ïî ñðàâíåíèþ ñ òðàäèöèîí­
íîé òåõíîëîãèåé îáåñïûëèâàíèÿ äîðîæíûõ 
ïîêðûòèé áèòóìíûìè ýìóëüñèÿìè ñïîñîá 
äâóõñòàäèéíîé îáðàáîòêè  áèòóìíîé ýìóëü­
ñèåé ñ ïîñëåäóþùèì íàíåñåíèåì çàùèòíî­
ãî ñëîÿ èç ýìóëüñèîííî­çîëüíîé ñóñïåíçèè 
ïîçâîëÿåò:

1) ñíèçèòü ïûëèìîñòü ïîêðûòèé â 
4…5 ðàç;

2) óâåëè÷èòü ñðîê îáåñïûëèâàþùåãî 
äåéñòâèÿ äî 6…7 ìåñÿöåâ;

3) ïðàêòè÷åñêè â äâà ðàçà ñîêðàòèòü 
ðàñõîä áèòóìíîé ýìóëüñèè äëÿ îáðàáîòêè 
ïîêðûòèÿ;

4) ðàñøèðèòü îáëàñòü ïðèìåíåíèÿ 
ìåñòíûõ îòõîäîâ ïðîìûøëåííîãî ïðîèçâîä­
ñòâà, â ÷àñòíîñòè çîë óíîñà òîïëèâíî­ýíåð­
ãåòè÷åñêèõ ïðåäïðèÿòèé.

Òàêèì îáðàçîì, ïðèìåíåíèå ñïîñîáà 
îáåñïûëèâàíèÿ ïåðåõîäíûõ ïîêðûòèé ñ 
ñîçäàíèåì çàùèòíîãî ñëîÿ èç ýìóëüñèîí­
íî­çîëüíîé ñóñïåíçèè ïîçâîëÿåò íà 30 % 
ñîêðàòèòü îáùèå çàòðàòû íà ñîäåðæàíèå 
ïîêðûòèé òåõíîëîãè÷åñêèõ àâòîìîáèëüíûõ 
äîðîã â âåñåííå­ëåòíå­îñåííèé ïåðèîä. 
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