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Ðàññìîòðåí ïðîöåññ óòèëèçàöèè êðóïíîòîííàæíûõ îòõîäîâ ïðåäïðèÿòèé òåïëîýíåðãåòèêè è äîáûâàþùåé 
ïðîìûøëåííîñòè Çàáàéêàëüñêîãî êðàÿ â äîðîæíîì ñòðîèòåëüñòâå, ïîçâîëÿþùèé ñíèçèòü ðàñõîä äîðîãîñòî
ÿùèõ ìàòåðèàëîâ è ðåøèòü êîìïëåêñ îñòðûõ ýêîëîãè÷åñêèõ ïðîáëåì. Ðàçðàáîòàíû ñîñòàâû ýêîíîìè÷åñêè 
ýôôåêòèâíûõ äîðîæíîñòðîèòåëüíûõ êîìïîçèöèîííûõ ìàòåðèàëîâ íà îñíîâå îòñåâà äðîáëåíèÿ ãîðíûõ 
ïîðîä è çîëû óíîñà, ìîäèôèöèðîâàííûõ êîìïëåêñíîé ñòàáèëèçèðóþùåé äîáàâêîé. Èçó÷åíû ôèçè÷åñêèå, 
ôèçèêîìåõàíè÷åñêèå õàðàêòåðèñòèêè, õèìè÷åñêèé ñîñòàâ èñõîäíîãî ìèíåðàëüíîãî ñûðüÿ, âÿæóùåãî è 
îáðàçöîâ íà èõ îñíîâå ñ ó÷åòîì ãîñóäàðñòâåííûõ ñòàíäàðòîâ íà ìåòîäû èñïûòàíèé è òåõíè÷åñêèõ òðåáî
âàíèé. Îïðåäåëåíî, ÷òî îïòèìàëüíîå ñîäåðæàíèå ïîðòëàíäöåìåíòà è çîëû óíîñà â îáðàçöàõ ñîñòàâëÿåò 8 
è 10 ìàñ. % ñîîòâåòñòâåííî. Îáíàðóæåíî, ÷òî óâåëè÷åíèå ñîäåðæàíèÿ çîëû óíîñà â ñîñòàâå êîìïîçèòà äî 
30 ìàñ. % ïðèâîäèò ê ïîñòåïåííîìó ðàçóïëîòíåíèþ îáðàçöîâ è ñíèæåíèþ èõ ïðî÷íîñòíûõ õàðàêòåðèñòèê, 
â òîì ÷èñëå ìîðîçîñòîéêîñòè. Äîêàçàíî, ÷òî ïðèìåíåíèå îòñåâà Æèïõåãåíñêîãî ùåáåíî÷íîãî çàâîäà è çîëû 
óíîñà ÒÝÖ2 ïîçâîëÿåò çíà÷èòåëüíî óäåøåâèòü öåíó îäíîãî êâàäðàòíîãî ìåòðà êîíñòðóêòèâíûõ ñëîåâ èç 
ðàçðàáîòàííîãî êîìïîçèöèîííîãî ìàòåðèàëà. Óñòàíîâëåíî, ÷òî îòõîäû ÒÝÖ2 (ã. ×èòà) è Æèïõåãåíñêîãî 
ùåáåíî÷íîãî çàâîäà (Çàáàéêàëüñêèé êðàé) ìîæíî ïðèìåíÿòü äëÿ ïîëó÷åíèÿ ìîðîçîñòîéêèõ ýêîíîìè÷å
ñêè ýôôåêòèâíûõ ìàòåðèàëîâ äëÿ äîðîæíîãî ñòðîèòåëüñòâà, êîòîðûå ñîîòâåòñòâóþò ìàðêå ïî ïðî÷íîñòè 
Ì 40 – Ì 60. Ðàññ÷èòàíà ñòîèìîñòü îäíîãî êâàäðàòíîãî ìåòðà êîíñòðóêòèâíûõ ñëîåâ äîðîæíûõ îäåæä â 
çàâèñèìîñòè îò òîëùèíû ñëîÿ. Â ðåçóëüòàòå ïðîâåäåííîãî èññëåäîâàíèÿ ñäåëàí âûâîä, ÷òî êîìïîçèöèîííûé 
ìàòåðèàë íà îñíîâå ïðîìûøëåííûõ îòõîäîâ Çàáàéêàëüñêîãî êðàÿ ÿâëÿåòñÿ áîëåå ýêîíîìè÷íûì, ÷åì äðóãèå 
òðàäèöèîííî èñïîëüçóåìûå â äîðîæíîì ñòðîèòåëüñòâå ìàòåðèàëû

Êëþ÷åâûå ñëîâà: äîðîæíîñòðîèòåëüíûå ìàòåðèàëû; êîìïîçèöèîííûå ìàòåðèàëû; ïðîìûøëåííûå îòõî
äû; çîëîøëàêîâûå îòõîäû; îòõîäû ùåáåíî÷íîãî ïðîèçâîäñòâà; ôèçèêîìåõàíè÷åñêèå ñâîéñòâà; ìîðîçîñòîé
êîñòü; õèìè÷åñêèé ñîñòàâ; ñòàáèëèçèðóþùèå äîáàâêè; ýêîíîìè÷åñêàÿ ýôôåêòèâíîñòü

The possibility of utilization of largetonnage wastes of enterprises of heat and power industry, as well as mining 
industry of the Transbaikal region in road construction is shown, which allows reducing the cost of expensive ma
terials and solving a complex of acute environmental problems. Compositions of economically effective roadbuild
ing composite materials, based on screening of crushing of rocks, and fly ash, modified with a complex stabilizing 
additive, are developed. The physical, physical and mechanical characteristics, chemical composition of the initial 
mineral raw material, binder and samples, based on them, taking into account state standards for test methods 
and technical requirements, were studied. The optimal content of cement and fly ash in the samples is 8 and 10 
wt. %, respectively. It was found that an increase in the fly ash content of the composite up to 30 wt. % leads to 
a gradual decompaction of the samples and a decrease in their strength characteristics, including frost resistance. 
The use of screening of the Zhiphegen crushed stone plant and fly ash of CHP2 makes it possible significantly to 
reduce the price of a square meter of structural layers from the developed composite material. It is established that 
the waste of Cogeneration plant (Chita) and the Zhiphegen crushed stone plant can be used to obtain frostresis
tant economically effective materials for road construction, which correspond to the grade of strength M 40M 60. 
The cost per square meter of constructive layers of road clothes was calculated depending on the thickness of the 
layer. It is revealed that the application of the developed composite material on the basis of industrial waste of the 
Transbaikal region is much cheaper in comparison with traditional materials in road construction

Key words: road building materials; composite materials; industrial waste; ash and slag wastes; waste of crushedstone 
production; physical and mechanical properties; frost resistance; chemical composition; stabilizing additives; economic 
efficiency

Ââåäåíèå. Øèðîêîìàñøòàáíîå ïðèìå
íåíèå â äîðîæíîì ñòðîèòåëüñòâå òðàäè

öèîííûõ êàìåííûõ ìàòåðèàëîâ ñäåðæèâà
åòñÿ èõ äåôèöèòîì è âûñîêîé ñòîèìîñòüþ. 
Îäíèì èç ïóòåé ðåøåíèÿ îáîçíà÷åííîé 
ïðîáëåìû ÿâëÿåòñÿ ïðÿìîå èñïîëüçîâàíèå 
ìíîãîòîííàæíûõ îòõîäîâ ïðîèçâîäñòâà [1; 
3–6; 8; 9], ìîäèôèöèðîâàííûõ ñòàáèëèçè
ðóþùèìè äîáàâêàìè ðàçëè÷íîé ïðèðîäû. 
Â ðåçóëüòàòå äåÿòåëüíîñòè ïðåäïðèÿòèé â 

îòâàëàõ íàêîïëåíî îêîëî 1,5 ìëðä ò çîëî
øëàêîâûõ îòõîäîâ è áîëåå 120 ìëí ì3 îòñå
âîâ äðîáëåíèÿ, ÷òî ïðèâîäèò ê èçìåíåíèþ 
ðåëüåôà è óõóäøåíèþ ýêîëîãè÷åñêîé îáñòà
íîâêè [2; 7; 10]. Â ñâÿçè ñ ýòèì ðàçðàáîò
êà ñîñòàâîâ ýêîíîìè÷åñêè ýôôåêòèâíûõ 
äîðîæíîñòðîèòåëüíûõ êîìïîçèöèîííûõ 
ìàòåðèàëîâ íà îñíîâå êðóïíîòîííàæíûõ 
îòõîäîâ ïðîèçâîäñòâà ïðåäñòàâëÿåòñÿ îñîáî 
àêòóàëüíîé.
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Öåëü ðàáîòû: ðàçðàáîòêà ýêîíîìè
÷åñêè ýôôåêòèâíûõ êîìïîçèöèîííûõ 
ìàòåðèàëîâ ñ îïòèìàëüíûìè äëÿ äîðîæ
íîãî ñòðîèòåëüñòâà ñâîéñòâàìè íà îñíîâå 
îòõîäîâ ùåáåíî÷íîãî ïðîèçâîäñòâà è çî
ëîøëàêîâûõ ìàòåðèàëîâ, ìîäèôèöèðî
âàííûõ êîìïëåêñíîé ñòàáèëèçèðóþùåé 
äîáàâêîé, ðàçðàáîòàííîé â íàó÷íîèññëå
äîâàòåëüñêîì ïðîåêòíîòåõíîëîãè÷åñêîì 
áþðî «ÇàáÈÆÒÈíæèíèðèíã» Çàáàé
êàëüñêîãî èíñòèòóòà æåëåçíîäîðîæíîãî 
òðàíñïîðòà.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ. 
Â êà÷åñòâå èñõîäíûõ ñûðüåâûõ ìàòåðèàëîâ 
âûáðàíû îòñåâ ãðàíèòíîé ôðàêöèè 0...5 ìì 
ïî ÃÎÑÒ 87362014 Æèïõåãåíñêîãî ùåáå
íî÷íîãî çàâîäà (Çàáàéêàëüñêèé êðàé) è çîëà 
óíîñà (ÇÓ) ÒÝÖ2 (ã. ×èòà), â êà÷åñòâå âÿ
æóùåãî êîìïîíåíòà – ïîðòëàíäöåìåíò (ÏÖ) 
ìàðêè ÖÅÌ II/ÀØ 32,5Á, èçãîòîâëåííûé 
íà Àíãàðñêîì öåìåíòíîãîðíîì êîìáèíàòå 
(Èðêóòñêàÿ îáëàñòü). Õàðàêòåðèñòèêè îòñå
âà ãðàíèòíîé ôðàêöèè Æèïõåãåíñêîãî ùåáå
íî÷íîãî çàâîäà ïðèâåäåíû â òàáë. 1. 

Òàáëèöà 1 / Table 1

Ôèçèêîìåõàíè÷åñêèå ïîêàçàòåëè èññëåäóåìîãî îòñåâà äðîáëåíèÿ /
Physical and mechanical properties of the screened crushing screening

Ïîêàçàòåëè, åäèíèöû èçìåðåíèÿ / Indicators, units of measure
Ôàêòè÷åñêàÿ âåëè÷èíà

ïîêàçàòåëÿ / Actual 
value ndicator

Ñîäåðæàíèå ïûëåâèäíûõ è ãëèíèñòûõ ÷àñòèö / Content of pulverized and clay 
particles

ìàñ. % / 
wt. %

0,60

Ñîäåðæàíèå ãëèíû â êîìêàõ, ïî÷âû, ðàñòèòåëüíîãî ñëîÿ, äðóãèõ ïðèìåñåé / 
Clay content in lumps, soils, vegetable layer, other impurities 0,15

Ñîäåðæàíèå çåðåí ïëàñòèí÷àòîé è èãëîâàòîé ôîðìû / Content of grains of 
lamellar and needleshaped 5,10

Ñîäåðæàíèå çåðåí ñëàáûõ ïîðîä / Content of grains of weak rocks 1,20

Óäåëüíàÿ àêòèâíîñòü (Àýôô) åñòåñòâåííûõ ðàäèîíóêëèäîâ 226Ra, 232Th, 40K / 
Specific activity (Aeff) of natural radionuclides 226Ra, 232Th, 40K

Áê/êã / 
Bq / kg 298

Çîëà óíîñà ÒÝÖ2 (ã. ×èòà) îòíîñèòñÿ 
ê òèïó Ñ – ñðåäíåçåðíèñòàÿ, êàòåãîðèè  – 
íåïó÷èíèñòàÿ, ñîäåðæèò 47 % øëàêîâîé 
ñîñòàâëÿþùåé è èìååò óäåëüíóþ ïîâåðõ
íîñòü ÷àñòèö 251 ì2/êã. Âåëè÷èíà óäåëüíîé 
àêòèâíîñòè åñòåñòâåííûõ ðàäèîíóêëèäîâ 
226Ra, 232Th, 40K, ñîãëàñíî ÃÎÑÒ 3010894, 
ñîñòàâëÿåò 248 Áê/êã, ÷òî ïîçâîëÿåò áåç 
îãðàíè÷åíèé ïðèìåíÿòü äàííûå îòõîäû òå
ïëîýíåðãåòèêè â ñòðîèòåëüñòâå.

Õèìè÷åñêèé ñîñòàâ çîëû óíîñà è âÿ
æóùåãî îïðåäåëÿëè ìåòîäîì àòîìíîýìèñ
ñèîííîé ñïåêòðîìåòðèè ñ èíäóêòèâíî 
ñâÿçàííîé ïëàçìîé (ÈÑÏÀÝÑ) ñ ïîìî
ùüþ ñïåêòðîìåòðà ýìèññèîííîãî Optima 
5300DV (167403 íì) Perkin Elmer, 
ÑØÀ. Îáðàçöû ïðåäâàðèòåëüíî ðàñ
òâîðÿëè â ñìåñè êèñëîò HCl, HNO

3
, 

HClO
4
 è HF. ÈÊñïåêòð ðåãèñòðèðîâà

ëè Èíôðàêðàñíûì Ôóðüåñïåêòðîìåòðîì 
SHIMADZU FTIR8400S íà òàáëåòêàõ ñ 

KBr, ïðèãîòîâëåííûõ ïî ñòàíäàðòíîé ìå
òîäèêå. Òåðìè÷åñêóþ óñòîé÷èâîñòü îáðàç
öîâ èçó÷àëè ìåòîäàìè äèôôåðåíöèàëüíîé 
ñêàíèðóþùåé êàëîðèìåòðèè è òåðìîãðà
âèìåòðèè (ÄÑÊ è ÒÃ) â ÈÏÐÝÊ ÑÎ ÐÀÍ 
(ã. ×èòà) ñ ïîìîùüþ ñèíõðîííîãî òåðìîà
íàëèçàòîðà STA 449F1 (ôèðìà NETZSCH, 
Ãåðìàíèÿ) ñ ïðîãðàììíûì îáåñïå÷åíèåì 
Proteus Analysis (v 5.2.1). Îáðàçöû íàãðå
âàëè â ïëàòèíîâûõ òèãëÿõ â äèíàìè÷åñêîé 
àòìîñôåðå àðãîíà ñî ñêîðîñòüþ 10 îÑ/ìèí 
îò 30 äî 998 îÑ. Ðåíòãåíîôàçîâûé àíàëèç 
(ÐÔÀ) ïîðòëàíäöåìåíòà âûïîëíÿëè ìåòî
äîì ïîðîøêîâîé äèôðàêöèè â ÈÇÊ ÑÎ ÐÀÍ 
(ã. Èðêóòñê) íà äèôðàêòîìåòðå ÄÐÎÍ3.0, 
èçëó÷åíèå – ÑuÊ

a
, Ni–ôèëüòð, U = 25 êÂ, 

I = 20 ìÀ, óãëîâîé äèàïàçîí: 2θ, °= 3–55, 
ñêîðîñòü èçìåðåíèÿ – 1 °/ìèí. 

Îáðàçöû ïîëó÷àëè ïî ñòàíäàðòíîé 
ìåòîäèêå ÃÎÑÒ 2355894. Äîçèðîâêó ñû
ðüåâûõ êîìïîíåíòîâ îïðåäåëÿëè ìåòîäîì 
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ïîäáîðà. Ôèçèêîìåõàíè÷åñêèå õàðàêòåðè
ñòèêè êîìïîçèòîâ èçó÷àëè â ñîîòâåòñòâèè ñ 
òðåáîâàíèÿìè ÃÎÑÒ 2355894 íà îáðàçöàõ 
â âîçðàñòå 28 ñóò, ïîäâåðãíóòûõ ïîëíîìó 
âîäîíàñûùåíèþ.

Ïðè ðàñ÷åòå ñòîèìîñòè îäíîãî êâàäðàò
íîãî ìåòðà êîíñòðóêòèâíûõ ñëîåâ äîðîæ
íûõ îäåæä ó÷èòûâàëè çàòðàòû íà ïðèîáðå
òåíèå îòñåâà, ïîðòëàíäöåìåíòà è ðåàêòèâîâ 
äëÿ ñèíòåçà êîìïëåêñíîé ñòàáèëèçèðóþùåé 
äîáàâêè.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îá
ñóæäåíèå. Äëÿ îáåñïå÷åíèÿ ìîðîçîñòîé
êîñòè äîðîæíîñòðîèòåëüíûõ êîìïîçèòîâ 

èìåþò çíà÷åíèå êàê ñîäåðæàíèå îñíîâíûõ 
ñòðóêòóðîîáðàçóþùèõ ìèíåðàëîâ ïîðò
ëàíäöåìåíòà, òàê è åãî õèìè÷åñêèé ñîñòàâ. 
Ðåçóëüòàòû ÈÑÏÀÝÑ ñâèäåòåëüñòâóþò, ÷òî 
ïîðòëàíäöåìåíò ñîäåðæèò ñëåäóþùèå îêñè
äû w, ìàñ. %: 7,40 Al

2
O

3
; 40,80 CaO; 4,20 

Fe
2
O

3
; 3,90 MgO; 27,90 SiO

2
; 2,80 SO

3
.

Àíàëèç ðåçóëüòàòîâ ÐÔÀ ïîðòëàíä
öåìåíòà (ðèñ. 1) ïîêàçàë, ÷òî â åãî ñîñòàâ 
âõîäÿò àëèò Ca

3
SiO

5
 (5,95; 3,03; 2,97; 

2,74; 2,18 Å), áåëèò Ña
2
SiO

4
 (3,43; 2,88; 

2,81; 2,28; 1,76 Å), ïîðòëàíäèò Ñà(ÎÍ)
2 

(3,19; 2,65 Å) è êâàðö SiO
2
 (3,35; 2,44; 

2,32; 2,21; 2,11; 1,82 Å). 

   Ðèñ. 1. Äèôðàêòîãðàììà ïîðòëàíäöåìåíòà / Fig. 1. The diffractogram of Portland cement

Ôàçîâûé ñîñòàâ ïîðòëàíäöåìåíòà ïîä
òâåðæäàþò äàííûå, ïîëó÷åííûå ìåòîäîì 
ÄÑÊ è ÒÃ (ðèñ. 2).

Ýíäîýôôåêò ïðè 119 îÑ íà ÄÑÊêðè
âîé îáóñëîâëåí ïðîöåññîì äåãèäðàòàöèè 
è ñîïðîâîæäàåòñÿ ïîòåðåé ìàññû 0,67 % 
íà ÒÃêðèâîé. Âûÿâëåíî, ÷òî ïðè òåìïå
ðàòóðå âûøå 400 °C ïðîèñõîäèò äåãèäðà
òàöèÿ Ca(OH)

2
, êîòîðàÿ äîñòèãàåò ìàêñè

ìóìà ïðè 464 °C. Íà äèôôåðåíöèàëüíîé 
ÒÃêðèâîé íàáëþäàåòñÿ íåñèììåòðè÷íûé 
ýêñòðåìóì ïðè 688 °C, ñâèäåòåëüñòâóþ

ùèé î ïåðåõîäå äâóõêàëüöèåâîãî ñèëèêàòà 
â gôîðìó. 

Èññëåäóåìàÿ çîëà óíîñà ïðåäñòàâ
ëÿåò ñîáîé ñâåòëîñåðûé ïîðîøîê è èìå
åò àëþìîñèëèêàòíûé ñîñòàâ: w, ìàñ. 
%: 36,10 SiO

2
; 10,20 Al

2
O

3
; 7,80 Fe

2
O

3
; 

1,42 MgO; 0,56 Na
2
O; 1,21 K

2
O; 0,41 TiO

2
; 

0,61 SO
3
; 9,37 CaO; 0,40 CaO

ñâ
. Ñëåäîâà

òåëüíî, äàííûå îòõîäû òåïëîýíåðãåòèêè 
îòíîñÿòñÿ ê ñêðûòîàêòèâíûì è ìîãóò ïðè
ìåíÿòüñÿ â ñîñòàâå äîðîæíîñòðîèòåëüíûõ 
êîìïîçèòîâ â êà÷åñòâå íàïîëíèòåëÿ. 
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Ðèñ. 2. Òåðìîãðàììà ïîðòëàíäöåìåíòà ïðè íàãðåâå íà âîçäóõå /

Fig. 2. The thermogram of Portland cement when heated in air

Ñîãëàñíî äàííûì èíôðàêðàñíîé ñïåê
òðîñêîïèè (ðèñ. 3), çîëà óíîñà ñîäåðæèò 
êàëüöèò, î ÷åì ñâèäåòåëüñòâóþò ïîëîñû 
ïîãëîùåíèÿ (ï.ï.) ñ ìàêñèìóìàìè ïðè 

1454, 1435 è 876 ñì1, ñâÿçàííûå ñ âàëåíò
íûìè è äåôîðìàöèîííûìè êîëåáàíèÿìè 
ãðóïïû ÑÎ

3
2.

Ðèñ. 3. ÈÊñïåêòð çîëû óíîñà Ò, % / Fig. 3. IR spectrum of fly ash Ò, %

Õàðàêòåðíûå ï.ï. ñ ìàêñèìóìàìè ïðè 
797, 779 è 692, 671 ñì1ñâèäåòåëüñòâóþò 
î íàëè÷èè â çîëå óíîñà êâàðöà è êðèñòîáà

ëèòà ñîîòâåòñòâåííî. Ïîëîñû ïîãëîùåíèÿ 
3458 è 1092 ñì1 îòâå÷àþò âàëåíòíûì êîëå
áàíèÿì ãðóïï ÎÍ è SiOSi(Al), à ãåìàòèòó 
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ïðèíàäëåæàò ï.ï. ñ ìàêñèìóìàìè ïðè 563 
è 461 ñì1 (FeO).

Ôèçèêîìåõàíè÷åñêèå õàðàêòåðèñòè
êè îáðàçöîâ, â çàâèñèìîñòè îò ñîäåðæàíèÿ 
çîëû óíîñà è ïîðòëàíäöåìåíòà, ïðèâåäåíû 
â òàáë. 2.

Äàííûå òàáë. 2 ñâèäåòåëüñòâóþò, ÷òî 
îïòèìàëüíîå ñîäåðæàíèå ïîðòëàíäöåìåí

òà è çîëû óíîñà â îáðàçöàõ ñîñòàâëÿåò 8 
è 10 ìàñ. %, ñîîòâåòñòâåííî.  Àíàëèç ïî
ëó÷åííûõ ðåçóëüòàòîâ ïîêàçàë, ÷òî ôèçè
êîìåõàíè÷åñêèå õàðàêòåðèñòèêè êîìïîçè
òîâ, ñîäåðæàùèõ 10 è 8 ìàñ. % âÿæóùåãî, 
íåçíà÷èòåëüíî îòëè÷àþòñÿ äðóã îò äðóãà, 
îäíàêî óäîðîæàíèå ìàòåðèàëà ýêîíîìè÷å
ñêè íåöåëåñîîáðàçíî.

Òàáëèöà 2 / Table 2

Ôèçèêîìåõàíè÷åñêèå õàðàêòåðèñòèêè êîìïîçèòîâ /
Physical and mechanical characteristics of composites

Êîìïîçèòû / Composites
ω, ìàñ. % ω / 

wt. % R
ñæ

, ÌÏà 

/ Rs, MPa

R
èçã

, ÌÏà / 

Rig, MPa

Ìàðêè ïî
ìîðîçîñòîéêîñòè / 

Grades on
frost resistanceÇÓ ÏÖ

ÎòñåâÏÖ6ÇÓ /  ScreeningPC6ZU

10

6

4,5 0,8
F 15

20 3,2 0,5

30 2,1 0,4 < F 15

ÎòñåâÏÖ
8
ÇÓ / ScreeningPC

8
ZU

10

8

6,8 1,2

F 2520 4,8 0,8

30 2,6 0,4

ÎòñåâÏÖ10ÇÓ / ScreeningPC10ZU

10

10

5,7 0,8

F 1520 4,3 0,8

30 3,4 0,4

Îáíàðóæåíî, ÷òî óâåëè÷åíèå ñîäåð
æàíèÿ çîëû óíîñà â ñîñòàâå êîìïîçèòà äî 
30  ìàñ. % ïðèâîäèò ê ïîñòåïåííîìó ðàçó
ïëîòíåíèþ îáðàçöîâ è ñíèæåíèþ èõ ïðî÷
íîñòíûõ õàðàêòåðèñòèê, â ò. ÷. ìîðîçîñòîé
êîñòè.

Êàê èçâåñòíî, ñòîèìîñòü (S) êîíñòðóê
òèâíûõ ñëîåâ äîðîæíîé îäåæäû, âûïîë
íåííûõ ïî òðàäèöèîííîé òåõíîëîãèè ñ 
ïðèìåíåíèåì àñôàëüòîáåòîíà, äîñòèãàåò 
4500  ð/ì2. Ïðèìåíåíèå îòñåâà Æèïõå
ãåíñêîãî ùåáåíî÷íîãî çàâîäà è çîëû óíîñà 
ÒÝÖ2 ïîçâîëÿåò çíà÷èòåëüíî óäåøåâèòü 
öåíó îäíîãî êâàäðàòíîãî ìåòðà êîíñòðóê
òèâíûõ ñëîåâ èç ðàçðàáîòàííîãî êîìïîçè
öèîííîãî ìàòåðèàëà (ðèñ. 4). Ðèñ. 4. Ñòîèìîñòü îäíîãî êâàäðàòíîãî ìåòðà 

êîíñòðóêòèâíûõ ñëîåâ íà îñíîâå êîìïîçèòà 
ÎòñåâÏÖ8ÇÓ â çàâèñèìîñòè îò èõ òîëùèíû /

Fig. 4. The cost per square meter of structural layers 
on the basis of the ScreeningPC8ZU composite, 

depending on their thickness

р.
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Çàêëþ÷åíèå. Èç ïîëó÷åííûõ ðåçóëü
òàòîâ ñëåäóåò, ÷òî êîìïîçèöèîííûé ìà
òåðèàë íà îñíîâå ïðîìûøëåííûõ îòõîäîâ 
Çàáàéêàëüñêîãî êðàÿ (îòñåâ ãðàíèòíîé 
ôðàêöèè, çîëà óíîñà) ÿâëÿåòñÿ áîëåå äå
øåâûì, ÷åì òðàäèöèîííî èñïîëüçóåìûå â 
äîðîæíîì ñòðîèòåëüñòâå ìàòåðèàëû, ÷òî 
äåëàåò ïðîâåäåííóþ ðàçðàáîòêó ýêîíîìè
÷åñêè âûãîäíîé. Êðîìå òîãî, ïðî÷íîñòíûå 

õàðàêòåðèñòèêè è ìîðîçîñòîéêîñòü êîì
ïîçèöèîííîãî ìàòåðèàëà íà îñíîâå îòñå
âà ãðàíèòíîé ôðàêöèè, ñîäåðæàùåãî 10 è 
8 ìàñ. % çîëû óíîñà è ïîðòëàíäöåìåíòà è 
ìîäèôèöèðîâàííîãî êîìïëåêñíîé ñòàáèëè
çèðóþùåé äîáàâêîé, ìîæíî ðåêîìåíäîâàòü 
ê ïðèìåíåíèþ â äîðîæíîì ñòðîèòåëüñòâå â 
ñëîæíûõ ãåîëîãîêëèìàòè÷åñêèõ óñëîâèÿõ 
ñåâåðíûõ ðåãèîíîâ.
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