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Ïðîâåäåíû èññëåäîâàíèÿ âçàèìîäåéñòâèÿ àñáåñòîöåìåíòíîé òðóáû, çàëîæåííîé â ãðóíò, ñ îêðóæàþùèì 
ãðóíòîì. Âçàèìîäåéñòâèå «òðóáà­ãðóíò» çàâèñèò îò æåñòêîñòè è ãèáêîñòè òðóá, êîòîðûå, â ñâîþ î÷åðåäü, 
õàðàêòåðèçóþò âîçíèêàþùåå íàïðÿæåíèå ïðè ðàçëè÷íûõ óñëîâèÿõ ïðîêëàäêè. Îêðóæàþùèé ãðóíò ÿâëÿ­
åòñÿ äëÿ àñáåñòîöåìåíòíûõ òðóáîïðîâîäîâ ïîñòîÿííîé íàãðóçêîé, â êîòîðûõ ïðîèñõîäèò è òåìïåðàòóðíàÿ 
äåôîðìàöèÿ. Íà âåëè÷èíó è ðàñïðåäåëåíèå íàãðóçîê, ïåðåäàþùèõñÿ íà àñáåñòîöåìåíòíûå òðóáîïðîâîäû, 
îêàçûâàåò âëèÿíèå õàðàêòåðèñòèêà ãðóíòà, ñïîñîá, ãëóáèíà çàëîæåíèÿ, îïîðà íà îñíîâàíèå è ìåñòî ïðî­
êëàäêè.

Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçàëè, ÷òî â çàâèñèìîñòè îò äèàìåòðîâ àñáåñòîöåìåíòíûõ òðóá, òèïà è 
ïëîòíîñòè ãðóíòîâ, äèíàìè÷íîñòè ïðîåçæåé ÷àñòè àñáåñòîöåìåíòíûå òðóáîïðîâîäû îáëàäàþò 35…50 % çà­
ïàñîì ïðî÷íîñòè ïðè ïîäçåìíîé áåñêàíàëüíîé ïðîêëàäêå è 100 % çàïàñîì ïðî÷íîñòè ïðè ïðîêëàäêå èõ â 
êàíàëàõ íà ãëóáèíå çàëîæåíèÿ îò 0,8 ì è áîëåå. 

Ïðè îöåíêå êà÷åñòâà òåïëîâûõ ñåòåé âàæíóþ ðîëü èãðàþò èõ òåïëîâûå ïîòåðè, êîòîðûå â îñíîâíîì 
çàâèñÿò îò òåìïåðàòóðû òåïëîíîñèòåëÿ, òåïëîçàùèòíûõ ñâîéñòâ è òîëùèíû èçîëÿöèè, òåìïåðàòóðíî­âëàæ­
íîñòíûõ óñëîâèé ýêñïëóàòàöèè.

Èç âñåõ òèïîâ èçîëÿöèè çàñûïíàÿ ÿâëÿåòñÿ íàèáîëåå ïðîñòîé è ìåíåå çàòðàòíîé, ò.ê. îíà ñâîäèò ê ìèíè­
ìóìó òåõíîëîãè÷åñêèå ïðîöåññû ïî åå óñòðîéñòâó, óñêîðÿåò è óäåøåâëÿåò ïðîèçâîäñòâî ðàáîò

Êëþ÷åâûå ñëîâà: àñáåñòîöåìåíò; òðóáîïðîâîä; ãðóíò; íàãðóçêà; íàïðÿæåíèå; òåìïåðàòóðíàÿ äåôîðìàöèÿ; 
òåïëîâûå ñåòè; êîððîçèÿ; ïðîêëàäêà; ãëóáèíà çàëîæåíèÿ

The study of interaction system between the asbestos cement pipe, laid in the ground with the surrounding soil is 
carried out. The interaction of the “pipe­soil” depends on the stiffness and flexibility of the pipes, which in turn 
characterize the tension under different conditions of laying. The surrounding ground is for asbestos cement pip­
ing a constant load, in which thermal deformation takes place. The magnitude and distribution of loads transmit­
ted on asbestos­cement pipelines is influenced by characteristics of soil, laying depth method, reliance on the base 
and routing.

The results of the research showed that, depending on the diameters of the asbestos­cement pipes, the type 
and density of soils, dynamism of the carriageway, the asbestos­cement pipelines have a 35…50 % safety factor 
with an underground non­channel gasket and 100 % safety margin when laying them in channels at a depth from 
0,8 m and more.

When assessing the quality of thermal networks, their heat losses play an important role, which mainly de­
pends on the temperature of the coolant, heat­shielding properties and thickness of insulation, and temperature 
and humidity conditions of operation.

Of all types of insulation, the backfill is the simplest and less expensive, since it minimizes the technological 
processes thanks to its design, accelerates and reduces the cost of production 
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Ìåõàíè÷åñêèå õàðàêòåðèñòèêè çàëî­
æåííîé â ãðóíò àñáåñòîöåìåíòíîé òðó­

áû ìîãóò áûòü îöåíåíû ÷åðåç ðàññìîòðåíèå 
ñèñòåìû âçàèìîäåéñòâèÿ «òðóáà­ãðóíò», ò.å. 
âçàèìîäåéñòâèå òðóá ñ îêðóæàþùèì ãðóí­
òîì çàâèñèò îò èõ æåñòêîñòè èëè ãèáêîñòè, 
êîòîðûå, â ñâîþ î÷åðåäü, õàðàêòåðèçóþò 
âîçíèêàþùèå íàïðÿæåíèÿ ïðè ðàçëè÷íûõ 
óñëîâèÿõ çàêëàäêè.

Â îòëè÷èå îò òåïëîâûõ ñåòåé, ïðî­
ëîæåííûõ â ïðîõîäíûõ è íåïðîõîäíûõ 
êàíàëàõ, ðàñ÷¸òíàÿ ñõåìà áåñêàíàëüíûõ 
àñáåñòîöåìåíòíûõ òåïëîïðîâîäîâ äîëæíà 
îòðàæàòü èõ âçàèìîäåéñòâèå ñ îêðóæàþ­
ùèì ãðóíòîì. Îêðóæàþùèé ãðóíò ÿâëÿåòñÿ 

äëÿ àñáåñòîöåìåíòíûõ òåïëîïðîâîäîâ  ïî­
ñòîÿííîé íàãðóçêîé, à òàêæå îêðóæàþùåé 
ñðåäîé, â êîòîðîé ïðîèñõîäèò òåìïåðàòóð­
íàÿ äåôîðìàöèÿ. Íà âåëè÷èíó è ðàñïðå­
äåëåíèå íàãðóçîê, ïåðåäàþùèõñÿ íà àñáå­
ñòîöåìåíòíûå  òðóáîïðîâîäû, îêàçûâàåò 
âëèÿíèå õàðàêòåðèñòèêà ãðóíòà, ñïîñîá è 
ãëóáèíà óêëàäêè òðóáû, îïîðà íà îñíîâàíèå 
è ìåñòî ïðîêëàäêè. 

Ïðè ðàñ÷¸òå àñáåñòîöåìåíòíûõ òåïëî­
ïðîâîäîâ, ïðîëîæåííûõ áåñêàíàëüíûì 
ñïîñîáîì, ó÷èòûâàëèñü ñëåäóþùèå íàãðóç­
êè è âîçäåéñòâèÿ, ïðåäñòàâëåííûå â òàáë. 1 
è ðèñ. 1.

Òàáëèöà 1/Table 1

Íàãðóçêè è âîçäåéñòâèÿ íà òðóáîïðîâîä/Loads and effects on the pipeline

Âèä/View ¹ ï/ï Õàðàêòåðèñòèêà/Characteristics 

Ïîñòîÿííûå/ 
Constant

1 Ñîáñòâåííûé âåñ òðóá, äåòàëåé, àðìàòóðû è îáóñòðîéñòâ/Own weight of pipes, parts, 
fittings and equipments

2 Âåñ èçîëÿöèè/Insulation weight 
3 Âåñ è äàâëåíèå ãðóíòà/Soil weight and pressure 

4 Ïðåäâàðèòåëüíàÿ ðàñòÿæêà îò òåìïåðàòóðíîãî è âëàæíîñòíîãî âîçäåéñòâèÿ/Preliminary 
stretching from temperature and humidity influence

5 Âíóòðåííåå äàâëåíèå/Internal pressure 

Ðèñ. 1. Ñèëîâûå ôàêòîðû, 
âîçäåéñòâóþùèå íà òðóáó

Fig. 1. Force factors affecting the pipe

Ðàñ÷åò ïðîèçâîäèòñÿ â ñîîòâåòñòâèè ñ 
ìåòîäèêîé, èçëîæåííîé â æóðíàëå «Ñòðîè­
òåëüíûé ýêñïåðò» [1].

Íà òðóáó, óëîæåííóþ â òðàíøåþ ñ âåð­
òèêàëüíûìè ñòåíêàìè, îêàçûâàåò äàâëåíèå 
âåñ îáðàòíîé çàñûïêè. Ïðè îñåäàíèè çà­
ñûïêè ìåæäó íåé è ñòåíêàìè òðàíøåè âîç­
íèêàþò ñèëû òðåíèÿ, êîòîðûå âîñïðèíè­
ìàþò ÷àñòü âåñà çàñûïêè, ðàñïîëîæåííîé 
âûøå òðóáû. Îñòàëüíàÿ ÷àñòü ïåðåäà¸òñÿ 
íà òðóáó è íà çàñûïêó, çàïîëíÿþùóþ ïàçó­
õè. Ìàêñèìàëüíàÿ è ìèíèìàëüíàÿ ãëóáèíà 
çàëîæåíèÿ çàâèñÿò îò òèïà òðóáû è óñëîâèé 
óêëàäêè.

Ïðîèçâåäåíû ðàñ÷åòû âñåõ ñèëîâûõ 
ôàêòîðîâ, âîçäåéñòâóþùèõ íà òðóáó, íàõî­
äÿùåéñÿ â ãðóíòå (ðèñ. 1): äàâëåíèå ãðóíòà 
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ñ ó÷åòîì âåñà òðóáîïðîâîäà è òåïëîíîñèòå­
ëÿ, îò àâòîìîáèëüíîãî òðàíñïîðòà.

Íîðìàòèâíàÿ âåðòèêàëüíàÿ íàãðóç­
êà îò äàâëåíèÿ ãðóíòà íà ãëóáèíó h, òñ/ì2, 
íîðìàòèâíàÿ ãîðèçîíòàëüíàÿ íàãðóçêà, òñ/ì2, 
îáùàÿ íàãðóçêà îò äàâëåíèÿ ãðóíòà è äàâëå­
íèÿ îò êîëîííû áîëüøåãðóçíûõ àâòîìîáè­
ëåé îïðåäåëÿëèñü ðàñ÷åòîì [4].

Âíåøíèå íàãðóçêè, âîçäåéñòâóþùèå 
íà òðóáîïðîâîä, îïðåäåëåíû äëÿ  âñåãî íî­
ìåíêëàòóðíîãî ðÿäà àñáåñòîöåìåíòíûõ òðó­

áîïðîâîäîâ [3], ïðè ðàçëè÷íûõ ãëóáèíàõ 
çàëåãàíèÿ òðóáîïðîâîäà è òèïàõ ãðóíòà.

Ñîáñòâåííûé âåñ òðóáû è òåïëîíîñè­
òåëÿ ÿâëÿåòñÿ ðàâíîìåðíî ðàñïðåäåëåííîé 
ïî îñè òðóáîïðîâîäà íàãðóçêîé è äåéñòâóåò 
âåðòèêàëüíî âíèç.

Ïî ðàñ÷¸òíûì äàííûì ñòðîèì ãðàôèê, 
ïîêàçûâàþùèé õàðàêòåð âîçäåéñòâèÿ íàãðó­
çîê íà òðóáîïðîâîä, ïðè ñàìûõ íåáëàãîïðè­
ÿòíûõ óñëîâèÿõ, ò.å. â îñîáî ïëîòíûõ ãðóíòàõ 
è áåç ó÷åòà äîðîæíîãî ïîêðûòèÿ (ðèñ. 2).

Ðèñ. 2. Õàðàêòåð âîçäåéñòâèÿ íàãðóçîê íà àñáåñòîöåìåíòíûé
 òðóáîïðîâîä â çàâèñèìîñòè îò ãëóáèíû çàëîæåíèÿ/

Fig. 2. The nature of the loads’ impact on the asbestos­cement pipeline, 
depending on the depth of the deposit

Ðàñ÷¸òíóþ íàãðóçêó îò âíåøíèõ âîçäåé­
ñòâèé ñðàâíèâàåì ñ ìèíèìàëüíîé ðàçðóøà­
þùåé íàãðóçêîé íà ðàçäàâëèâàíèå, êãñ/ñì2, 
âû÷èñëåííîé ïî ôîðìóëå [3]

                             ,

ãäå F – ìèíèìàëüíàÿ  ðàçðóøàþùàÿ  íà­
ãðóçêà, êãñ;

l – äëèíà ðàñ÷¸òíîé àñáåñòîöåìåíòíîé 
òðóáû, ì;

s – òîëùèíà ñòåíêè òðóáû, ì;
d

â
 – âíóòðåííèé äèàìåòð àñáåñòîöå­

ìåíòíîé òðóáû, ì.

Íàãðóçêà îò äàâëåíèÿ ãðóíòà íà òðóáî­
ïðîâîä âîçðàñòàåò ïî ëèíåéíîé çàâèñèìî­
ñòè, íàèìåíüøåå äàâëåíèå íàáëþäàåòñÿ íà 
ãëóáèíå çàëåãàíèÿ 0,4 ì, íàèáîëüøåå – íà 
ãëóáèíå 1,8 ì;  äèíàìè÷åñêàÿ íàãðóçêà, êî­
òîðàÿ  ïåðåäàåòñÿ òðóáîïðîâîäó ÷åðåç ãðóíò 
îò íàçåìíîãî òðàíñïîðòà, èìååò îáðàòíûé 
õàðàêòåð, ò.å. äàííàÿ íàãðóçêà çàòóõàåò 
ïî ãèïåðáîëè÷åñêîé êðèâîé è ñ óâåëè÷åíè­
åì ãëóáèíû ñòðåìèòñÿ ê íóëþ.  Íà ãëóáèíå 
çàëîæåíèÿ 0,9...1,2 ì, â çàâèñèìîñòè îò 
äèàìåòðà òðóáû, íàãðóçêè îò ïðîåçæàþùå­
ãî òðàíñïîðòà êîìïåíñèðóþòñÿ òîëùèíîé 
íàñûïàííîãî ñâåðõó òðóáîïðîâîäà ãðóíòà 
(ðèñ. 3).
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Ðèñ. 3. Õàðàêòåð âîçäåéñòâèÿ íàãðóçîê/ Fig. 3. Nature of loads’ impact

Ñðàâíèâàÿ ðàñ÷¸òíóþ íàãðóçêó îò 
âíåøíèõ âîçäåéñòâèé ñ ìèíèìàëüíîé ðàçðó­
øàþùåé íàãðóçêîé íà ðàçäàâëèâàíèå [2], 
íàìè âûÿâëåíî, ÷òî ñîçäàâàåìàÿ íàãðóç­
êà îò äàâëåíèÿ ãðóíòà ñîâìåñòíî ñ íàãðóç­
êîé íà òðóáîïðîâîä îò ñîáñòâåííîãî âåñà 
òðóáîïðîâîäà, ïðîåçæàþùåãî òðàíñïîðòà 
íåñîèçìåðèìî ìàëà ïî ñðàâíåíèþ ñ ìèíè­
ìàëüíîé ðàçðóøàþùåé íàãðóçêîé äëÿ àñáå­
ñòîöåìåíòíûõ òðóá. 

Â êà÷åñòâå çàñûïíûõ òåïëîèçîëÿöèîí­
íûõ ìàòåðèàëîâ ìîãóò ïðèìåíÿòüñÿ ìàòå­

ðèàëû, îáëàäàþùèå íåáîëüøîé îáúåìíîé 
ìàññîé, õîðîøèìè òåïëîèçîëÿöèîííûìè 
ñâîéñòâàìè, äîñòàòî÷íîé ïðî÷íîñòüþ, ìà­
ëîé âåëè÷èíîé âîäîïîãëîùåíèÿ è ñòîéêî­
ñòüþ â óñëîâèÿõ âûñîêîé òåìïåðàòóðû è 
âëàæíîñòè. Âñåì ýòèì òðåáîâàíèÿì â äî­
ñòàòî÷íîì êîëè÷åñòâå óäîâëåòâîðÿåò øëàê 
êîòåëüíûé, êîòîðûé â ëþáîì êîëè÷åñòâå 
ïðèñóòñòâóåò â ëþáîé ñåëüñêîé ìåñòíîñòè.

Ðåçóëüòàòû ðàñ÷åòà òåìïåðàòóðû â ëþ­
áîé òî÷êå ãðóíòà äëÿ äâóõòðóáíîãî òåïëî­
ïðîâîäà ïðåäñòàâëåíû íà ðèñ. 4, 5, 6.

Ðèñ. 4. Òåìïåðàòóðíûå ïîëÿ âîêðóã íåèçîëèðîâàííûõ àñáåñòîöåìåíòíûõ  òðóáîïðîâîäîâ/

Fig. 4. Temperature fields around uninsulated asbestos cement pipelines

– qтр, кгс/м2

– qтр, кгс/м2
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Ðèñ. 5. Òåìïåðàòóðíûå ïîëÿ âîêðóã àñáåñòîöåìåíòíûõ  òðóáîïðîâîäîâ â çàñûïíîé èçîëÿöèè

Fig. 5. Temperature fields around asbestos­cement pipelines in backfill insulation

Ðèñ. 6. Òåìïåðàòóðíûå ïîëÿ âîêðóã íåèçîëèðîâàííûõ ñòàëüíûõ  òðóáîïðîâîäîâ

Fig. 6. Temperature fields around uninsulated steel pipelines

Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçàëè, 
÷òî â çàâèñèìîñòè îò äèàìåòðîâ àñáåñòîöå­
ìåíòíûõ òðóá, òèïà è ïëîòíîñòè ãðóíòîâ, 
äèíàìè÷íîñòè ïðîåçæåé ÷àñòè àñáåñòîöå­
ìåíòíûå òðóáîïðîâîäû îáëàäàþò 35…50 % 
çàïàñîì ïðî÷íîñòè ïðè ïîäçåìíîé áåñêà­

íàëüíîé ïðîêëàäêå è 100 % çàïàñîì ïðî÷­
íîñòè ïðè ïðîêëàäêå èõ â êàíàëàõ íà ãëóáè­
íå çàëîæåíèÿ îò 0,8 ì è áîëåå. 

Ïðè îöåíêå êà÷åñòâà òåïëîâûõ ñåòåé 
âàæíóþ ðîëü èãðàþò èõ òåïëîâûå ïîòåðè, 
êîòîðûå â îñíîâíîì çàâèñÿò îò òåìïåðàòó­
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ðû òåïëîíîñèòåëÿ, òåïëîçàùèòíûõ ñâîéñòâ 
è òîëùèíû èçîëÿöèè, òåìïåðàòóðíî­âëàæ­
íîñòíûõ óñëîâèé ýêñïëóàòàöèè.

Èç âñåõ òèïîâ èçîëÿöèè çàñûïíàÿ ÿâ­
ëÿåòñÿ íàèáîëåå ïðîñòîé è ìåíåå çàòðàò­
íîé, ò.ê. îíà ñâîäèò ê ìèíèìóìó òåõíîëîãè­
÷åñêèå ïðîöåññû ïî åå óñòðîéñòâó, óñêîðÿåò 
è óäåøåâëÿåò ïðîèçâîäñòâî ðàáîò.

Â ñâîå âðåìÿ ýòîò òèï èçîëÿöèè íå ïî­
ëó÷èë øèðîêîãî ðàñïðîñòðàíåíèÿ ïî ïðè­
÷èíå óñèëåííîé ïîäâåðæåííîñòè ñòàëüíûõ 
òðóá êîððîçèè.

Â ñëó÷àå ñòðîèòåëüñòâà òåïëîâûõ ñåòåé 
èç àñáåñòîöåìåíòíûõ òðóá ïðèìåíåíèå çà­
ñûïíîé èçîëÿöèè âïîëíå öåëåñîîáðàçíî.
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