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ÂËÈßÍÈÅ ÒÅÏËÎÌÀÑÑÎÎÁÌÅÍÀ  
ÍÀ ÍÀÏÐßÆÅÍÍÎ-ÄÅÔÎÐÌÈÐÎÂÀÍÍÎÅ  
ÑÎÑÒÎßÍÈÅ ÃÐÓÍÒÎÖÅÌÅÍÒÀ 

Ðàññìîòðåíî íàïðàæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå ãðóíòîöåìåíòà ïðè íåðàâ-
íîìåðíîì ðàñïðåäåëåíèè òåìïåðàòóðû è âëàæíîñòè â åå ñëîå ïîä âîçäåéñòâèåì 
îáúåìíûõ ñèë ñ îïðåäåëåííûì ïîòåíöèàëîì. Îïðåäåëåíî, ÷òî çíà÷èòåëüíîå âëèÿíèå 
íà íàïðÿæåííîå ñîñòîÿíèå îêàçûâàåò ìîäóëü óïðóãîñòè è ëèíåéíàÿ óñàäêà. Òàêæå 
âûÿâëåíî âëèÿíèå ðàçëè÷íûõ ôàêòîðîâ íà òðåùèíîîáðàçîâàíèå ãðóíòîöåìåíòà. 
Êëþ÷åâûå ñëîâà: íàïðÿæåíèå – äåôîðìàöèÿ – òåìïåðàòóðà – âëàæíîñòü – òåïëî-
ìàññîîáìåí - ìîäóë óïðóãîñòè – òðåùåíîîáðàçîâàíèå. 

 
 

 êàæäûì ãîäîì â ïîäçåìíîå ñòðîèòåëüñòâî âñå øèðå èñïîëüçóþòñÿ ãëè-
íèñòûå ãðóíòû, çàêðåïëåííûå öåìåíòîì. Îáëàäàÿ ðÿäîì òåõíèêî-

ýêîíîìè÷åñêèõ ïðåèìóùåñòâ, ñëîè èç ãðóíòîöåìåíòà âñëåäñòâèå ïîâûøåííîé 
æåñòêîñòè ñêëîííû ê òðåùèíîîáðàçîâàíèþ, ÷òî ñíèæàåò ïðî÷íîñòü è äîëãî-
âå÷íîñòü äîðîæíûõ îäåæä. 

Â ñëîÿõ èç ãðóíòîöåìåíòà íåïðåðûâíî ïðîèñõîäèò èçìåíåíèå òåïëî- è ìàñ-
ñîñîäåðæàíèÿ (âîäÿíîé ïàð, æèäêàÿ ôàçà âîäû), ÷òî âûçûâàåò íåðàâíîìåðíîå 
ðàñïðåäåëåíèå òåìïåðàòóðû è âëàæíîñòè ïî òîëùèíå. Âîçíèêàþùèå ïðè ýòîì 
íàïðÿæåíèÿ, ÷àñòî ïðåâûøàþùèå íàïðÿæåíèÿ îò ìåõàíè÷åñêèõ íàãðóçîê, âû-
çûâàþò îáðàçîâàíèå òðåùèí. 

Ïðè íåðàâíîìåðíîì ðàñïðåäåëåíèè òåìïåðàòóðû è âëàæíîñòè â ñëîå ãðóí-
òîöåìåíòà âîçíèêàþò îáúåìíûå ñèëû ñ íåêîòîðûì ïîòåíöèàëîì Ï. 
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ãäå G — ìîäóëü ñäâèãà; μ — êîýôôèöèåíò Ïóàññîíà; α — êîýôôèöèåíò ëè-
íåéíîãî ðàñøèðåíèÿ ñëîÿ ãðóíòîöåìåíòà çà ñ÷åò èçìåíåíèÿ òåïëî- èëè ìàññî-
ñîäåðæàíèÿ; t (Z,T), W(Z,T) — ôóíêöèè ðàñïðåäåëåíèÿ òåìïåðàòóðû è âëàæíî-
ñòè âî âðåìåíè ïî òîëùèíå ñëîÿ h; Wí, tí — íà÷àëüíàÿ âëàæíîñòü è òåìïåðà-
òóðà â ñëîå ãðóíòîöåìåíòà. 

Èñïîëüçóÿ óðàâíåíèÿ òåîðèè óïðóãîñòè â ïåðåìåùåíèÿõ ïðè äåéñòâèè íà 
ñëîé ñèë, âûçâàííûõ ïîòåíöèàëàìè (1) è (2), îïðåäåëèì îòëè÷íûå îò íóëÿ êîì-
ïîíåíòû òåíçîðà íàïðÿæåíèé. Äëÿ ñëó÷àÿ, êîãäà â ñëîå èçìåíÿåòñÿ îäíîâðå-
ìåííî òåìïåðàòóðà è âëàæíîñòü, èìååì 
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Åñëè â ñëîå ãðóíòîöåìåíòà òåìïåðàòóðà èçìåíÿåòñÿ íåçíà÷èòåëüíî, à ïðîèñ-
õîäèò òîëüêî ìàññîîáìåí, òî 
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ãäå a, a1 — êîýôôèöèåíò òåìïåðàòóðî- è âëàãîïðîâîäíîñòè; ò, ò1 — êîýôôè-
öèåíòû, õàðàêòåðèçóþùèå èíòåíñèâíîñòü èçìåíåíèÿ âëàæíîñòè W è òåìïåðà-
òóðû t íà âåðõíåé è íèæíåé ãðàíèöàõ ñëîÿ ãðóíòîöåìåíòà. 

Ïîëÿ âëàæíîñòè W (Z ,  Ò )  è òåìïåðàòóðû t  ( Z ,  Ò )  â (3), (4), (6), (7) ðàññ÷è-
òûâàþòñÿ ïî ðàçðàáîòàííûì ðàíåå ôîðìóëàì [1, 2]. 

Âûðàæåíèÿ (3), (4), (6), (7) áûëè ïðîàíàëèçèðîâàíû íà ÏÝÂÌ ïðè ðàçëè÷íûõ 
çíà÷åíèÿõ ïàðàìåòðîâ ýòèõ óðàâíåíèé. 

Íàèáîëåå èíòåíñèâíî ïðîöåññ òðåùèíîîáðàçîâàíèÿ ïðîòåêàåò ñðàçó æå ïî-
ñëå óñòðîéñòâà ñëîÿ ãðóíòîöåìåíòà è óõîäà çà íèì, êîãäà íàáëþäàåòñÿ íàè-
áîëüøèé òåïëîìàññîîáìåí. 

Îñíîâíîå âëèÿíèå íà òðåùèíîîáðàçîâàíèå îêàçûâàåò õàðàêòåð ìàññî-îáìåíà 
íà ãðàíèöàõ ñëîÿ. Ïðè óñòðîéñòâå ñëîåâ íàèáîëüøèé ìàññîîáìåí ïðîèñõîäèò â 
âåðõíåé ïëîñêîñòè ñëîÿ çà ñ÷åò èñïàðåíèÿ âëàãè. Íàïðÿæåíèÿ íà ïîâåðõíîñòè 
ñëîÿ ïðèìåðíî â 10 ðàç áîëüøå, ÷åì â îñíîâàíèè. 
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Â íà÷àëå ïðîöåññà òâåðäåíèÿ â ðå-
çóëüòàòå èñïàðåíèÿ âëàãè ìàêñèìàëü-
íûìè ÿâëÿþòñÿ ðàñòÿãèâàþùèå íà-
ïðÿæåíèÿ σz. Ïî ìåðå ñíèæåíèÿ èí-
òåíñèâíîñòè èñïàðåíèÿ ðàñòÿãèâàþ-
ùèå íàïðÿæåíèÿ σz ñíèæàþòñÿ; íà-
ïðÿæåíèÿ σx è σy âíà÷àëå âîçðàñòàþò, 
à çàòåì ïàäàþò. 

Íàïðÿæåíèÿ çà ñ÷åò èçìåíåíèÿ 
òåìïåðàòóðû áîëåå çíà÷èòåëüíû. Âîç-
ðàñòàíèå òåìïåðàòóðû íà ïîâåðõíî-
ñòè ñëîÿ ñïîñîáñòâóåò èíòåíñèâíîìó 
íàðàñòàíèþ íàïðÿæåíèé. Ìèíèìóì 
âñåõ íàïðÿæåíèé îòìå÷àåòñÿ íà 6-10-
å ñóò, êîãäà äîñòèãàåòñÿ ðàâíîìåðíîå 
ðàñïðåäåëåíèå âëàãè â ñëîå. 

Âûÿâëåíî âëèÿíèå ðàçëè÷íûõ ôàê-
òîðîâ íà òðåùèíîîáðàçîâàíèå. 

Êîýôôèöèåíò Ïóàññîíà îêàçûâàåò 
íåçíà÷èòåëüíîå âëèÿíèå. Òàê, ïðè èç-
ìåíåíèè μ íà ±0,1 íàèáîëüøåå èçìå-
íåíèå â íàïðÿæåíèÿõ äëÿ ñåðåäèíû 
ñëîÿ (0,10—0,15 ÌÏà) íàáëþäàåòñÿ â 
ïåðâûå ñóòêè òâåðäåíèÿ; â äàëüíåé-
øåì ðàçíèöà â íàïðÿæåíèÿõ ïðàêòè-
÷åñêè íåçíà÷èòåëüíà. 

Ñ óâåëè÷åíèåì êîýôôèöèåíòà 
âëàãîïðîâîäíîñòè à1 çíà÷åíèÿ σz 
óìåíü-øàþòñÿ, à σx è σy âîçðàñòàþò. 
Âëèÿíèå à äîñòàòî÷íî îùóòèìîå. Òàê, 
äëÿ Ò=2 ñóò ïðè óìåíüøåíèè à1 íà 
ïîðÿäîê 10-1 î, âîçðàñòàþò â 20-40 
ðàç, ïðè ýòîì σx è σy ñóùåñòâåííî óâå-
ëè÷èâàþòñÿ. Â ïðîöåññå òâåðäåíèÿ 
èíòåíñèâíîñòü èñïàðåíèÿ ïàäàåò, à 
âëàãîïðîâîäíîñòü âîçðàñòàåò, ÷òî 
âûçûâàåò áîëüøèå íàïðÿæåíèÿ σx è σy 
è îáðàçîâàíèå òðåùèí. 

Çíà÷èòåëüíîå âëèÿíèå íà íàïðÿ-
æåííîå ñîñòîÿíèå îêàçûâàåò ìîäóëü 
óïðóãîñòè ñëîÿ. Òàê, ïðè óâåëè÷åíèè 
ìîäóëÿ ñ E=106 ÌÏà äî E=107 ÌÏà 
íàïðÿæåíèÿ â ñëîå âîçðàñòàþò â 10 
ðàç. Ïîýòîìó óâåëè÷åíèå ñîäåðæà-
íèÿ öåìåíòà, ÷òî ÷àñòî ïðàêòèêóåòñÿ 
äëÿ ïîâûøåíèÿ ïðî÷íîñòè ãðóíòîöå-
ìåíòà, óâåëè÷èâàåò òàêæå âîçìîæíîñòü  

òðåùèíîîáðàçîâàíèÿ. Â ýòîé ñâÿçè 
âåñüìà ýôôåêòèâíî êîìïëåêñíîå óê-
ðåïëåíèå ãðóíòîâ, îáåñïå÷èâàþùåå 
íå òîëüêî ýêîíîìèþ öåìåíòà, íî è 
ïîâûøåíèå òðåùèíîóñòîé÷èâîñòè. 

Ñóùåñòâåííîå âëèÿíèå íà íàïðÿ-
æåííîå ñîñòîÿíèå îêàçûâàåò ëèíåé-
íàÿ óñàäêà. Ðåãóëèðóÿ ñêîðîñòü èñïà-
ðåíèÿ âëàãè W, ìîæíî èçìåíÿòü âåëè-
÷èíó óñàäêè. 

Ïðîöåññ äèôôóçèè âîäÿíîãî ïàðà, 
à ÷àñòè÷íî è æèäêîé ôàçû âîäû, ïðî-
èñõîäèò è íà íèæíåé ãðàíèöå ñëîÿ 
ãðóíòîöåìåíòà (îñîáåííî ïðè óêëàäêå 
íà ãðóíò ïîëîòíà ñ ìàëîé âëàæíî-
ñòüþ). Ïîýòîìó òðåùèíîîáðàçîâàíèå 
âîçìîæíî è â îñíîâàíèè ñëîÿ. 

Òàêèì îáðàçîì, âñå ïàðàìåòðû, 
âõîäÿùèå â σx, σy, σz îáóñëîâëèâàþòñÿ 
ïðåèìóùåñòâåííî èíòåíñèâíîñòüþ 
ïðîöåññà òåïëîìàññîîáìåíà íà ãðà-
íèöàõ ñëîÿ ãðóíòîöåìåíòà. Ñ óâåëè-
÷åíèåì ñêîðîñòè âëàãîîòäà÷è íàïðÿ-
æåíèÿ â ñëîå âî âðåìåíè çíà÷èòåëüíî 
âîçðàñòàþò äî îïðåäåëåííîãî ìîìåí-
òà, ÷òî âûçûâàåò îáðàçîâàíèå òðåùèí. 

Ïîýòîìó ïðè óõîäå íåîáõîäèìî 
ñòðåìèòüñÿ íå òîëüêî ê òîìó, ÷òîáû â 
âîçìîæíî êîðîòêèé ñðîê îáåñïå÷èòü 
òðåáóåìûé ìîäóëü óïðóãîñòè ñëîÿ, íî 
è ê òîìó, ÷òîáû èñêëþ÷èòü îáðàçîâà-
íèå â ñëîå òðåùèí. 

Àíàëèç ïðîöåññà òðåùèíîîáðàçî-
âàíèÿ ïîêàçûâàåò, ÷òî íå âñåãäà íàè-
ëó÷øèì ñïîñîáîì óõîäà â ïðîöåññå 
òâåðäåíèÿ ÿâëÿåòñÿ ñïîñîá îáðàáîòêè 
âåðõíåé ïîâåðõíîñòè ñëîÿ ãðóíòîöå-
ìåíòà ïëåíêîîáðàçóþùèìè âåùåñòâà-
ìè. Ïðè îïðåäåëåííûõ ìåòåîðîëîãè-
÷åñêèõ óñëîâèÿõ è íà÷àëüíîé âëàæíî-
ñòè öåëåñîîáðàçíî ïðèìåíÿòü óñêî-
ðåííûå ðåæèìû ðàâíîìåðíîãî óäàëå-
íèÿ âëàãè ñ ãðóíòîöåìåíòà (îòêðûòàÿ 
ïîâåðõíîñòü, ñëîé âëàæíîãî ïåñêà è 
äð.), îáåñïå÷èâàþùèå áûñòðîå íàðàñ-
òàíèå ïðî÷íîñòè ñëîÿ è òðåùèíî-
óñòîé÷èâîñòü. 
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DEFINITION OF CONCENTRATION OF METHANE IN THE DEVELOPED SPACE  
BY RESULTS OF SHOOTING OF PARAMETERS OF A VENTILATING STREAM  
ALONG A LAVA 
Karkashadze G. G, IvanovY.M. and Ermak G. P. 
At the heart of the Method the data of measurements of an air stream, spent to repair change 

lies.The Method is based on the law of preservation of weight of a ventilating stream along a coal-
face, including inflows of methane to a proceeding stream from the developed space, a coalface 
and containing rocks. Reference values define by results of mine measurements of speed of a ven-
tilating stream and concentration of methane on length of a coalface with variable cross-section 
section. Resultant indicators it is concentration of methane in air, arriving in a proceeding stream 
from the developed space, and also mass inflows of methane from a coalface and containing 
rocks.Practical value of the received results of processing consists in operative decision-making on 
an intensification of decontamination of the developed space. 

Key words: coal seam, methane, the concentration, the developed space, coalface. 
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