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Ïðîãðåññ â ðåøåíèè ãëîáàëü-
íîé ïðîáëåìû îñâîåíèÿ ïîä-

çåìíîãî ïðîñòðàíñòâà è, â ÷àñòíîñòè, 
èñïîëüçîâàíèå âåðõíèõ ñëîåâ çåìíîé 
êîðû êàê ñðåäû äëÿ ñòðîèòåëüñòâà ïîä-
çåìíûõ õðàíèëèù ðàçëè÷íîãî íàçíà÷å-
íèÿ, îñíîâàí íà ðåçêîì óâåëè÷åíèè 
èñïîëüçîâàíèÿ ãàçîîáðàçíûõ è æèäêèõ 
óãëåâîäîðîäîâ.

Îñîáàÿ ðîëü ãàçîíåôòåïðîäóêòîâ â 
ðåøåíèè ýíåðãåòè÷åñêèõ è ýêîíîìè÷å-
ñêèõ ïðîáëåì ñòðàíû ñïîñîáñòâîâàëà 
ðàçðàáîòêå ïðèíöèïèàëüíî íîâûõ òåõ-
íîëîãè÷åñêèõ ðåøåíèé â îáëàñòè ñòðî-
èòåëüñòâà ïîäçåìíûõ ðåçåðâóàðîâ.

Ê õðàíèëèùàì íåôòåïðîäóêòîâ 
ïðåäúÿâëÿþòñÿ æåñòêèå òðåáîâàíèÿ: 
îáåñïå÷åíèå áåçîïàñíîñòè îáñëóæèâà-
þùåãî ïåðñîíàëà è íàñåëåíèÿ; ïðåäîò-
âðàùåíèå ýêîëîãè÷åñêèõ íàðóøåíèé 
îêðóæàþùåé ñðåäû, à òàêæå ñïîñîá-
íîñòü ïðîòèâîñòîÿòü êîððîçèîííîìó 
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Ïîêàçàíî, ÷òî äëÿ ãåðìåòèçàöèè ïîäçåìíîãî ðåçåðâóàðà â ïåðèîä ýêñïëóàòàöèè 
õðàíèëèùà íà âíóòðåííåé ïîâåðõíîñòè âûðàáîòîê – åìêîñòåé íåîáõîäèìî íàìîðà-
æèâàòü ëåäÿíóþ îáëèöîâêó. Â ïðàêòèêå íàøåë ïðèìåíåíèå ñïîñîá íàìîðàæèâàíèÿ 
ëåäÿíîé îáëèöîâêè ïóòåì çàïîëíåíèÿ âñåãî îáúåìà âûðàáîòîê ïðåñíîé âîäîé ñ 
âûäåðæêîé åå â òå÷åíèå ðàñ÷åòíîãî âðåìåíè è îòêà÷êîé íåçàìåðçøåé âîäû ïðè äî-
ñòèæåíèè ëåäÿíîé îáëèöîâêîé ïðîåêòíîé òîëùèíû. Óñòàíîâëåíî, ÷òî îòòàèâàíèÿ è 
ðàçðóøåíèÿ âå÷íîìåðçëûõ ïîðîä îêðåñòíîñòè âûðàáîòîê íå ïðîèñõîäèò, åñëè ñêî-
ðîñòü ïîäâîäà òåïëà ê ïîâåðõíîñòè òåïëîîáìåíà íå ïðåâûøàåò ñïîñîáíîñòè ìåðç-
ëûõ ïîðîä îòâîäèòü òåïëî âãëóáü ìàññèâà. Èñõîäÿ èç ýòîãî óñëîâèÿ, ðàçðàáîòàíû 
ìåòîäèêè ðàñ÷åòà ìàêñèìàëüíî äîïóñòèìûõ òåìïåðàòóð âîäû è òîïëèâà ïî óñëîâèþ 
ñîõðàíåíèÿ ïîðîäû â òâåðäîìåðçëîì ñîñòîÿíèè (ôîðìóëû 1 è 2).
Ïðîâåäåííûå êîìïëåêñíûå èññëåäîâàíèÿ, ñòðîèòåëüñòâî îïûòíûõ è ïðîìûøëåííûõ 
õðàíèëèù â âå÷íîìåðçëûõ ïîðîäàõ ïîçâîëÿþò îñóùåñòâëÿòü ñòðîèòåëüñòâî ïîäçåì-
íûõ õðàíèëèù æèäêèõ óãëåâîäîðîäîâ â âå÷íîìåðçëûõ ïîðîäàõ â âîñòî÷íîì ñåêòîðå 
Àðêòèêè, íà íåôòÿíûõ è ãàçîâûõ ìåñòîðîæäåíèÿõ ñåâåðà Òþìåíñêîé îáëàñòè è 
Êðàñíîÿðñêîãî êðàÿ, à òàêæå â ßêóòèè è äðóãèõ ðàéîíàõ Êðàéíåãî Ñåâåðà.
Êëþ÷åâûå ñëîâà: ïîäçåìíîå õðàíèëèùå, âå÷íîìåðçëûå ïîðîäû, æèäêèå óãëåâîäî-
ðîäû, òåïëîâîå âîçäåéñòâèå.

âîçäåéñòâèþ õðàíèìûõ ïðîäóêòîâ. Ðå-
øèòü ïðîáëåìó õðàíåíèÿ æèäêèõ óãëå-
âîäîðîäîâ ïóòåì ñòðîèòåëüñòâà ðå-
çåðâóàðíûõ ïàðêîâ èç òðàäèöèîííûõ 
ìåòàëëè÷åñêèõ ðåçåðâóàðîâ ïðè çíà÷è-
òåëüíûõ îáúåìàõ õðàíåíèÿ è ïåðå÷èñ-
ëåííûõ òðåáîâàíèÿõ ê áåçîïàñíîñòè, 
íàäåæíîñòè è ýêîíîìè÷åñêîé ýôôåê-
òèâíîñòè ïðàêòè÷åñêè íåâîçìîæíî.

Ïîäçåìíîå õðàíèëèùå – ýòî êîì-
ïëåêñ ïîäçåìíûõ è íàäçåìíûõ ñîîðó-
æåíèé, îáåñïå÷èâàþùèõ ïðèåì, õðà-
íåíèå è îòáîð íåôòåïðîäóêòîâ.

Ñîçäàíèå ïîäçåìíûõ õðàíèëèù 
øàõòíîãî òèïà â ïðàêòè÷åñêè íåïðî-
íèöàåìûõ âå÷íîìåðçëûõ ïîðîäàõ îò-
ëè÷àåòñÿ îïðåäåëåííîé ñïåöèôèêîé. 
Ïðè ýêñïëóàòàöèè òàêèõ õðàíèëèù 
òðåáóåòñÿ ñîáëþäàòü íåîáõîäèìûå 
òåìïåðàòóðíûå óñëîâèÿ. Ýòî ñâÿçàíî 
ñ òåì, ÷òî ïðî÷íîñòíûå è ôèëüòðàöè-
îííûå ñâîéñòâà ìåðçëûõ ïîðîä è ëåäÿ-
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íîé îáëèöîâêè âûðàáîòîê – åìêîñòåé 
ñóùåñòâåííî çàâèñÿò îò òåìïåðàòóðû 
ïîñòóïàþùèõ â õðàíèëèùà ïðîäóêòîâ. 
×åì íèæå òåìïåðàòóðà ïðîäóêòîâ, òåì 
ñîõðàííåå ëåäÿíàÿ îáëèöîâêà.

Ãåðìåòè÷íîñòü ïîäçåìíûõ âûðàáî-
òîê õðàíèëèùà îáåñïå÷èâàåòñÿ, åñëè 
ìàêñèìàëüíàÿ åñòåñòâåííàÿ òåìïåðàòó-
ðà ðàáî÷åé òîëùè (ìàññèâ, â êîòîðîì 
ðàçìåùàþòñÿ âûðàáîòêè) íèæå òåìïå-
ðàòóðû åãî îòòàèâàíèÿ äëÿ äèñïåðñíûõ 
ïîðîä íà 3 °Ñ, à äëÿ ñêàëüíûõ – íà 1 °Ñ.

Â ýòîé ñâÿçè ñòàíîâèòñÿ î÷åâèä-
íûì, ÷òî âàæíåéøèì óñëîâèåì ïðè-
ìåíåíèÿ ïîäçåìíûõ õðàíèëèù â âå÷-
íîìåðçëûõ ïîðîäàõ ÿâëÿåòñÿ ñîáëþ-
äåíèå òåïëîâîãî ðåæèìà ðåçåðâóàðà 
êàê â ïåðèîä åãî ñòðîèòåëüñòâà, òàê è 
â ïðîöåññå ýêñïëóàòàöèè [1].

Ïîäçåìíîå õðàíèëèùå íåôòåïðî-
äóêòîâ â âå÷íîìåðçëûõ ïîðîäàõ ïðåä-
ñòàâëÿåò ñîáîé ñèñòåìó ãîðèçîíòàëü-
íûõ âûðàáîòîê – åìêîñòåé, ïðèìû-
êàþùèõ ñ îäíîé èëè ñ äâóõ ñòîðîí ê 

öåíòðàëüíîé âûðàáîòêå [2]. Ïðè äâó-
ñòîðîííåì ïðèìûêàíèè îíè ðàñïîëà-
ãàþòñÿ â øàõìàòíîì ïîðÿäêå (ðèñ. 1). 

Â ïåðâóþ î÷åðåäü ïðîõîäÿò âû-
ðàáîòêè, îáåñïå÷èâàþùèå ñîçäàíèå 
ñêâîçíîé âåíòèëÿöèè. Âåíòèëÿöèîí-
íûå ñêâàæèíû äëÿ ïðîâåòðèâàíèÿ 
âûðàáîòîê áóðÿò äî íà÷àëà ïðîõîä÷å-
ñêèõ ðàáîò. Ïðàêòèêà ïîêàçàëà, ÷òî â 
âûðàáîòêè – åìêîñòè íå ñëåäóåò äîïó-
ñêàòü ïîñòóïëåíèÿ âîçäóõà ñ òåìïåðà-
òóðîé âûøå -3 ÷ -4 °Ñ.

Äëÿ ãåðìåòèçàöèè ïîäçåìíîãî ðå-
çåðâóàðà è ïðåäîòâðàùåíèÿ îòòàè-
âàíèÿ ìåðçëîé ïîðîäû â ïåðèîä ýêñ-
ïëóàòàöèè õðàíèëèùà íà âíóòðåííåé 
ïîâåðõíîñòè âûðàáîòîê – åìêîñòåé 
íåîáõîäèìî íàìîðàæèâàòü ëåäÿíóþ 
îáëèöîâêó òîëùèíîé 50–100 ìì. 
Â ïðàêòèêå ïðèìåíÿåòñÿ ñïîñîá íàìî-
ðàæèâàíèÿ ëåäÿíîé îáëèöîâêè ïóòåì 
çàïîëíåíèÿ âñåãî îáúåìà âûðàáîòîê 
ïðåñíîé âîäîé ñ âûäåðæêîé åå â òå-
÷åíèå ðàñ÷åòíîãî ïåðèîäà âðåìåíè 

Ðèñ. 1. Îáúåìíî-ïëàíèðîâî÷íàÿ è òåõíîëîãè÷åñêàÿ ñõåìà ïîäçåìíîãî õðàíèëèùà 
øàõòíîãî òèïà â âå÷íîìåðçëûõ ïîðîäàõ: 1 – ñêâàæèíû äëÿ ñëèâà íåôòåïðîäóêòîâ; 2 – 
òðóáîïðîâîäû; 3 – ýêñïëóàòàöèîííûé êîëîäåö; 4 – âûðàáîòêè-åìêîñòè; 5 – íàêëîííûé ñòâîë; 
6 – ïîãðóæíîé íàñîñ; 7 – öåíòðàëüíàÿ âûðàáîòêà-åìêîñòü; 8 – òàíêåð
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(20–25 ñóò) è ïîñëåäóþùåé îòêà÷êè íå-
çàìåðçøåé âîäû ïðè äîñòèæåíèè ëåäÿ-
íîé îáëèöîâêîé ïðîåêòíîé òîëùèíû.

Íàìîðàæèâàíèå ëåäÿíîé îáëè-
öîâêè ïðîèñõîäèò âñëåäñòâèå òåïëî-
îáìåíà ìåæäó âîäîé è ìàññèâîì ïî-
ðîäû. Âðåìÿ íàìîðàæèâàíèÿ çàâèñèò 
îò òåïëîôèçè÷åñêèõ ñâîéñòâ ãðóíòà, 
òåìïåðàòóðû âîäû, çàëèâàåìîé â ïîä-
çåìíûå âûðàáîòêè, è îòíîøåíèÿ ïëî-
ùàäè ñìî÷åííîé ïîâåðõíîñòè ê îáú-
åìó âîäû [3].

Â ðåçóëüòàòå ðàáîò, âûïîëíåííûõ 
â ëàáîðàòîðíûõ è íàòóðíûõ óñëîâèÿõ, 
ïîëó÷åíà çàâèñèìîñòü äëÿ îïðåäåëå-
íèÿ ìàêñèìàëüíî äîïóñòèìîé òåìïå-
ðàòóðû âîäû tmax (°Ñ), ñëèâàåìîé â 
âûðàáîòêè – åìêîñòè äëÿ íàìîðàæè-
âàíèÿ ëåäÿíîé îáëèöîâêè:
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ãäå tp – òåìïåðàòóðà ôàçîâîãî ïåðå-
õîäà âîäû â ëåä, °Ñ; tr – åñòåñòâåííàÿ 
òåìïåðàòóðà âå÷íîìåðçëûõ ïîðîä, °Ñ; 
λr – êîýôôèöèåíò òåïëîïðîâîäíîñòè 
âå÷íîìåðçëûõ ïîðîä, Âò/ì°Ñ; Sq – 
ïëîùàäü ïî÷âû âûðàáîòîê – åìêî-
ñòåé, ì2; Sw – ñóììàðíàÿ ïëîùàäü ñòåí 
âûðàáîòîê – åìêîñòåé, ì2; Ñw – îáú-
åìíàÿ òåïëîåìêîñòü âîäû, Äæ/(ì3 °Ñ); 
ar – êîýôôèöèåíò òåìïåðàòóðîïðî-
âîäíîñòè âå÷íîìåðçëûõ ïîðîä, ì2/ñ; 
V – îáúåì âûðàáîòîê – åìêîñòåé, ì3; 
Q – ïðîèçâîäèòåëüíîñòü çàïîëíåíèÿ 
âûðàáîòîê – åìêîñòåé âîäîé, ì3/ñ.

Ðàñ÷åòû è îïûò ïîêàçàëè, ÷òî çà-
ïîëíÿòü âûðàáîòêè âîäîé è îòêà-
÷èâàòü âîäó ïîñëå íàìîðàæèâàíèÿ 
ëåäÿíîé îáëèöîâêè öåëåñîîáðàçíî 
ñ ìàêñèìàëüíî âîçìîæíîé ïðîèçâî-
äèòåëüíîñòüþ, ïðåäóñìîòðåâ ìåðû, 
èñêëþ÷àþùèå ãèäðàâëè÷åñêîå ðàçðó-
øåíèå âå÷íîìåðçëûõ ïîðîä.

Ïðîäîëæèòåëüíîñòü çàïîëíåíèÿ âî-
äîé âûðàáîòîê – åìêîñòåé ïîäçåìíîãî 
õðàíèëèùà îáúåìîì 25 òûñ. ì3 íå ïðå-

âûøàåò òðåõ ñóòîê. Îòêà÷êó âîäû ïî-
ñëå íàìîðàæèâàíèÿ ëåäÿíîé îáëèöîâ-
êè îñóùåñòâëÿþò íåïðåðûâíî.

Â êà÷åñòâå òåõíîëîãè÷åñêèõ ñêâà-
æèí äëÿ ïîäà÷è âîäû â øàõòó öåëåñî-
îáðàçíî èñïîëüçîâàòü âåíòèëÿöèîí-
íûå ñêâàæèíû, îáñàæåííûå òðóáàìè 
ñ ïîâåðõíîñòè çåìëè äî ãëóáèíû 1,5–
2 ì. Â ñêâàæèíó îïóñêàþò âîäîâîä 
(ðèñ. 2), ïîñëåäíèé ñòàâ êîòîðîãî ïåð-
ôîðèðîâàí è óñòàíàâëèâàåòñÿ íà æå-
ëåçîáåòîííóþ ïëèòó, ëèáî ñâîáîäíî 
ïîäâåøåí â íèæíåé ÷àñòè âûðàáîòêè. 
Äî ââîäà ïîäçåìíîãî õðàíèëèùà â 
ýêñïëóàòàöèþ óçåë ïîäà÷è âîäû äîë-
æåí áûòü äåìîíòèðîâàí, à ñêâàæèíà 
ëèêâèäèðîâàíà.

Ñëèâ íåôòåïðîäóêòîâ â ïîäçåìíûå 
ðåçåðâóàðû ïðîèçâîäèòñÿ ÷åðåç òåõ-
íîëîãè÷åñêèå ñêâàæèíû 3 (ðèñ. 3).

Ðèñ. 2. Êîíñòðóêöèÿ òåõíîëîãè÷åñêîé 
ñêâàæèíû äëÿ çàïîëíåíèÿ âûðàáîòîê-
åìêîñòåé âîäû: 1 – âîäîâîä; 2 – öåíòðèðó-
þùåå êîëüöî; 3 – æåëåçîáåòîííàÿ ïëèòà



111

Òåðìîìåòðàìè, óñòàíîâëåííûìè â 
òåðìîêàðìàíàõ Ò, çàìåðÿåòñÿ òåìïå-
ðàòóðà ñëèâàåìîãî ïðîäóêòà. Â âû-
ðàáîòêå – åìêîñòè òåõíîëîãè÷åñêàÿ 
ñêâàæèíà îáîðóäóåòñÿ ðàñïðåäåëè-
òåëüíûì óñòðîéñòâîì 13, îáåñïå÷èâà-
þùèì ðàññðåäîòî÷åíèå òåïëîâîé íà-
ãðóçêè ïî äëèíå âûðàáîòêè. Ðàñïðå-
äåëèòåëüíîå óñòðîéñòâî ìîæåò áûòü 
âûïîëíåíî â âèäå ïîäçåìíîãî òåïëî-
îáìåííèêà, êîòîðûé âìîðàæèâàåòñÿ 
â ëåä ñêðåïåðíîé äîðîæêè öåíòðàëü-
íîé âûðàáîòêè â ïðîöåññå íàìîðàæè-
âàíèÿ ëåäÿíîé îáëèöîâêè. Â çàâèñè-
ìîñòè îò òðåáóåìîé ïðîòÿæåííîñòè 
òðóáîïðîâîäà, îí ìîæåò áûòü óëîæåí 
â îäíó èëè áîëåå íèòîê èëè âûïîëíåí 
â ôîðìå çìååâèêà. Êîíñòðóêòèâíûå 
ïàðàìåòðû òåïëîîáìåííèêà (äèàìåòð 
è îáùàÿ ïðîòÿæåííîñòü òðóá) îïðåäå-
ëÿþòñÿ ðàñ÷åòîì.

Òåõíîëîãè÷åñêèå ñêâàæèíû äëÿ 
ñëèâà íåôòåïðîäóêòîâ â õðàíèëèùå 
îáîðóäóþòñÿ äâóìÿ ñîîñíî ðàñïîëî-
æåííûìè òðóáàìè ïî âñåé ãëóáèíå. 
Âíåøíÿÿ òðóáà (219õ9 ìì) ÿâëÿåòñÿ 
îáñàäíîé, à âíóòðåííÿÿ (108õ4 ìì) – 
òåõíîëîãè÷åñêîé, ïî êîòîðîé ïðî-

èçâîäèòñÿ ñëèâ ïðîäóêòà â ðåçåð-
âóàð.

Çàòðóáíîå ïðîñòðàíñòâî îáñàäíîé 
êîëîííû ñêâàæèíû ãåðìåòèçèðóþò 
ïóòåì ïîñëîéíîãî ïðîìîðàæèâàíèÿ 
âîäîïåñ÷àíîé ïóëüïû. Ïîñëå ïîëíîé 
ïðîìîðîçêè âîäîïåñ÷àíîé ïóëüïû 
â çàòðóáíîì ïðîñòðàíñòâå ñêâàæèí 
ïðîèçâîäÿò òåïëîãèäðîèçîëÿöèþ èõ 
îãîëîâêîâ. Îáùàÿ âûñîòà òåïëîãèäðî-
èçîëÿöèîííîãî ñëîÿ ñîñòàâëÿåò 0,5 – 
0,6 ì. Ðàñ÷åòû è ïðàêòèêà ïîêàçàëè, 
÷òî òàêîé ñëîé òåïëîãèäðîèçîëÿöèè 
îáåñïå÷èâàåò ñîõðàíåíèå òåïëîâîãî 
ðåæèìà îãîëîâêà ñêâàæèí.

Îïûò ýêñïëóàòàöèè ïîäçåìíûõ õðà-
íèëèù, ïîñòðîåííûõ â âå÷íîìåðçëûõ 
ïîðîäàõ, ñâèäåòåëüñòâóåò î íåîáõîäè-
ìîñòè íàäåæíîãî îáåñïå÷åíèÿ óñòîé-
÷èâîñòè è ãåðìåòè÷íîñòè òåõíîëîãè÷å-
ñêèõ ñêâàæèí. Ïðè çàêà÷êå íåôòåïðî-
äóêòîâ ñ ïîëîæèòåëüíîé òåìïåðàòóðîé 
÷åðåç íåòåïëîèçîëèðîâàííóþ êîëîííó 
òðóá îáñàäíàÿ êîëîííà è çàìîðîæåí-
íàÿ âîäîïåñ÷àíàÿ ñìåñü íàãðåâàþòñÿ, 
â ðåçóëüòàòå ÷åãî â çàòðóáíîì ïðî-
ñòðàíñòâå îáðàçóåòñÿ ïóëüïà, êîòîðàÿ 
íà÷èíàåò ïîñòóïàòü â âûðàáîòêó – 

Òåõíîëîãè÷åñêàÿ ñõåìà ýêñïëóàòàöèè ïîäçåìíîãî õðàíèëèùà: 1, 10 – ôèëüòðû; 
2, 11 – æèäêîñòíûå ñ÷åò÷èêè; 3 – òåõíîëîãè÷åñêàÿ ñêâàæèíà äëÿ ñëèâà íåôòåïðîäóêòîâ; 
4 –óêàçàòåëü óðîâíÿ òîïëèâà â âûðàáîòêå-åìêîñòè; 5 – òåõíîëîãè÷åñêàÿ ñêâàæèíà äëÿ îòáîðà 
íåôòåïðîäóêòîâ; 6 – ìàíîìåòð; 7 – ïîãðóæíîé íàñîñ; 8 – ìåòàëëè÷åñêèé ðåçåðâóàð; 9 – íàñîñ; 
12 – íàëèâíîé ñòîÿê; 13 – óñòðîéñòâî äëÿ ðàññðåäîòî÷åíèÿ òåïëîâîé íàãðóçêè ïðè ñëèâå íåô-
òåïðîäóêòà ïî äëèíå âûðàáîòêè-åìêîñòè; 14 – çóìïô; Ò – òåðìîêðàí ñ òåðìîìåòðîì
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åìêîñòü. Ïðè ýòîì òåõíîëîãè÷åñêàÿ 
ñêâàæèíà òåðÿåò óñòîé÷èâîñòü è ñòà-
íîâèòñÿ íåãåðìåòè÷íîé. Äàëüíåéøàÿ 
ýêñïëóàòàöèÿ íåòåïëîèçîëèðîâàííîé 
ñêâàæèíû ìîæåò ïðèâåñòè ê îïóñêà-
íèþ îáñàäíîé êîëîííû è îáðóøåíèþ 
ïîðîä â çîíå ñîïðÿæåíèÿ ñêâàæèíû ñ 
âûðàáîòêîé – åìêîñòüþ.

Îòòàèâàíèÿ è ðàçðóøåíèÿ âå÷íî-
ìåðçëûõ ïîðîä â îêðåñòíîñòè âûðàáî-
òîê íå ïðîèñõîäèò, åñëè ñêîðîñòü ïîä-
âîäà òåïëà ê ïîâåðõíîñòè òåïëîîáìå-
íà íå ïðåâûøàåò ñïîñîáíîñòè ìåðçëûõ 
ïîðîä îòâîäèòü òåïëî âãëóáü ìàññèâà. 
Èñõîäÿ èç ýòîãî óñëîâèÿ è èñïîëüçóÿ 
ýêñïåðèìåíòàëüíûå äàííûå, ðàçðà-
áîòàíû ìåòîäèêè ðàñ÷åòà ìàêñèìàëü-
íî äîïóñòèìîé òåìïåðàòóðû òîïëèâà 
(täï) ïî óñëîâèþ ñîõðàíåíèÿ ïîðîäû â 
òâåðäîìåðçëîì ñîñòîÿíèè.
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ãäå QT – ïðîèçâîäèòåëüíîñòü çàïîë-
íåíèÿ ðåçåðâóàðà íåôòåïðîäóêòîì, 
ì3/ñ; VT – îáúåì íåôòåïðîäóêòà, 
ñëèòîãî â âûðàáîòêè – åìêîñòè, ì3; 
αæ – êîýôôèöèåíò òåïëîîòäà÷è îò íå-
ôòåïðîäóêòà ê âíóòðåííåé ñòåíêå òðó-
áû èëè ê ìåðçëîé ïîðîäå, Âò/(ì3 °Ñ); 
Ñò – îáúåìíàÿ òåïëîåìêîñòü íåôòåïðî-
äóòà, Äæ/(ì3 °Ñ); Ðq – ïåðèìåòð ïî÷âû 
âûðàáîòîê – åìêîñòåé, ì; h – óðîâåíü 
çàëèòîãî òîïëèâà, ì; îñòàëüíûå îáî-
çíà÷åíèÿ ïðèâîäèëèñü â ôîðìóëå (1).

Òåõíîëîãè÷åñêèå ñêâàæèíû äëÿ 
îòáîðà òîïëèâà ðàñïîëàãàþòñÿ íåïî-
ñðåäñòâåííî íàä çóìïôîì â öåíòðàëü-
íîé âûðàáîòêå. Óçåë îòáîðà òîïëèâà 
è çàìåðà åãî óðîâíÿ ðàçìåùàåòñÿ â 
âûðàáîòêàõ – åìêîñòÿõ â òåõíîëîãè÷å-
ñêîé ñêâàæèíå, îáñàæåííîé òðóáàìè 
äèàìåòðîì íå ìåíåå 500 ìì. Îòêà÷êà 
ïðîäóêòà èç õðàíèëèùà îñóùåñòâëÿåò-
ñÿ ïîãðóæíûì íàñîñîì, ðàçìåùåííîì 

â çóìïôå (ðèñ. 4). Â ïåðèîä çàêà÷êè 
òîïëèâà â âûðàáîòêè – åìêîñòè, âî 
âðåìÿ õðàíåíèÿ, à òàêæå â ïðîöåññå 
îòáîðà òîïëèâà âåäåòñÿ íàáëþäåíèå 
çà åãî óðîâíåì.

Â öåëîì îïûò ñòðîèòåëüñòâà è ýêñ-
ïëóàòàöèè ïîäçåìíûõ õðàíèëèù â âå÷-
íîìåðçëûõ ïîðîäàõ ïîêàçûâàåò, ÷òî 
îñíîâíûå ñëîæíîñòè âîçíèêàþò â ðå-

Ñõåìà òåõíîëîãè÷åñêîé ñêâàæèíû (êî-
ëîäöà), îáîðóäîâàííîé äëÿ ýêñïëó-
àòàöèè õðàíèëèùà: 1 – äâà îòâåðñòèÿ 
0,7õ1,8 ì; 2 – äâà ïîëóêîëüöà íà ñâàðêå; 
3 – øóðô; 4 – ñåêöèè òðóáû íàñîñà; 5 – ãðóí-
òîâàÿ îòñûïêà; 6 – ýëåêòðîäâèãàòåëü íàñîñà; 
7 – óðîâíåìåð; 8 – ïîë íàñîñíîé; 9 – ëåí-
òà óðîâíåìåðà; 10 – âîäîïåñ÷àíàÿ ïóëüïà; 
11 – íàïðàâëÿþùèå ñòðóíû; 12 –ïîïëàâîê; 
13 – ñúåìíàÿ ñåòêà; 14 – çóìïô; 15 – ãðóç 
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çóëüòàòå íàðóøåíèÿ òåïëîâîãî ðåæè-
ìà ëåäîïîðîäíûõ âûðàáîòîê – åìêî-
ñòåé, òàê êàê â áîëüøèíñòâî ðàéîíîâ 
Êðàéíåãî Ñåâåðà òîïëèâî äîñòàâëÿþò 
ëåòîì ñ òåìïåðàòóðîé 5–15 °Ñ. Âîç-
ìîæíî îõëàæäåíèå æèäêîãî òîïëèâà 
íåïîñðåäñòâåííî ïåðåä åãî ñëèâîì â 
ïîäçåìíûé ðåçåðâóàð. Îäíàêî ïðèìå-
íåíèå õîëîäèëüíûõ ìàøèí â óñëîâèÿõ 
Êðàéíåãî Ñåâåðà, êàê ïðàâèëî, ýêî-
íîìè÷åñêè íå îïðàâäàíî, à ïðîêà÷êà 
ïîñòóïàþùåãî íà õðàíåíèå òåïëîãî 
òîïëèâà ïî òðóáàì, âìîðîæåííûì â 
ëåä, ïîçâîëÿåò ïîíèçèòü òåìïåðàòó-
ðó òîïëèâà ïðè ñëèâå åãî â ðåçåðâó-
àð òîëüêî â îáëàñòè ïîëîæèòåëüíûõ 
çíà÷åíèé, ÷òî íå äàåò âîçìîæíîñòü 
ñîõðàíèòü åñòåñòâåííóþ òåìïåðàòóðó 
ìåðçëîé ïîðîäû â ïåðèîä ýêñïëóàòà-
öèè õðàíèëèùà.

Íà áàçå èññëåäîâàíèé, âûïîëíåí-
íûõ â ëàáîðàòîðíûõ è íàòóðíûõ óñëî-
âèÿõ, íàó÷íî îáîñíîâàíû, ðàçðàáîòà-
íû è âíåäðåíû òåõíè÷åñêèå ðåøåíèÿ, 
îáåñïå÷èâàþùèå íàäåæíóþ ýêñïëóà-
òàöèþ øàõòíûõ õðàíèëèù, ñóùíîñòü 
êîòîðûõ çàêëþ÷àåòñÿ â ñëåäóþùåì.

1. Ñîçäàíèå òåïëîâîãî áóôåðà, 
â êà÷åñòâå êîòîðîãî ñëóæèò ëåäÿíàÿ 
îáëèöîâêà, íàìîðàæèâàåìàÿ íà âíó-
òðåííåé ïîâåðõíîñòè âûðàáîòîê – 
åìêîñòåé ïóòåì èõ âðåìåííîãî çàïîë-
íåíèÿ ïðåñíîé âîäîé. Òåìïåðàòóðà 
âîäû äîëæíà áûòü áëèçêîé ê 0 °Ñ, íî 
íå âûøå ðàññ÷èòàííîé ïî ôîðìóëå (1), 
ñ öåëüþ ïðåäîòâðàùåíèÿ îòòàèâàíèÿ 
âå÷íîìåðçëûõ ïîðîä íà ïîâåðõíîñòè 
âûðàáîòîê-åìêîñòåé. Ïîñêîëüêó ïðè 
íàìîðàæèâàíèè ëåäÿíîé îáëèöîâêè 
ñóùåñòâåííî ïîâûøàåòñÿ òåìïåðàòó-
ðà âå÷íîìåðçëûõ ïîðîä, âîçìîæíî èõ 
îõëàæäåíèå ïðèíóäèòåëüíîé âåíòèëÿ-
öèåé â õîëîäíîå âðåìÿ ãîäà.

2. Ïðåäîòâðàùåíèå îòòàèâàíèÿ 
âûðàáîòîê-åìêîñòåé â ïåðèîä èõ çà-
ïîëíåíèÿ òåïëûì ïðîäóêòîì ïóòåì 
ðåãóëèðîâàíèÿ ñêîðîñòè åãî ñëèâà.

3. Åæåãîäíàÿ àêêóìóëÿöèÿ õîëîäà 
àòìîñôåðíîãî âîçäóõà â âå÷íîìåðç-

ëûõ ïîðîäàõ, âìåùàþùèõ âûðàáîò-
êè-åìêîñòè. Ïîíèæåíèå òåìïåðàòóðû 
âå÷íîìåðçëûõ ïîðîä îñóùåñòâëÿåòñÿ 
â ðåçóëüòàòå òåïëîîáìåíà ñ òîïëèâîì, 
îõëàæäàåìûì â ìîðîçíûé ïåðèîä 
ãîäà ïîñðåäñòâîì åãî ïðîêà÷êè ÷åðåç 
íàçåìíûé òðóáîïðîâîä.

4. Ðàññðåäîòî÷åíèå òåïëîâîé íà-
ãðóçêè ïî ïîâåðõíîñòè òåïëîîáìåíà; 
îõëàæäåíèå òîïëèâà ïóòåì åãî ïåðåìå-
øèâàíèÿ ñ õîëîäíûì îñòàòêîì òîïëèâà 
â ðåçåðâóàðå; ñíèæåíèå ãèäðàâëè÷å-
ñêîé íàãðóçêè íà ìåðçëóþ ïîðîäó ïðè 
ïîìîùè ñïåöèàëüíûõ óñòðîéñòâ äëÿ 
ïðèåìà âîäû è òîïëèâà.

5. Ïðåäîòâðàùåíèå îòòàèâàíèÿ 
âå÷íîìåðçëûõ ïîðîä è âîçìîæíîãî 
ïðîðûâà òàëûõ âîä â âûðàáîòêè – åì-
êîñòè ïóòåì òåïëîèçîëÿöèè òåõíîëî-
ãè÷åñêèõ ñêâàæèí.

Ðàçðàáîòàííàÿ òåõíîëîãèÿ ñòðîè-
òåëüñòâà è ýêñïëóàòàöèè ëåäîïîðîä-
íûõ øàõòíûõ õðàíèëèù îáåñïå÷èâàåò 
ñîõðàííîñòü ïîðîä, âìåùàþùèõ âûðà-
áîòêè-åìêîñòè, â ìåðçëîì ñîñòîÿíèè è 
ïîçâîëÿåò ïîääåðæèâàòü ñðåäíåãîäî-
âóþ òåìïåðàòóðó âå÷íîìåðçëûõ ïîðîä 
íå âûøå åñòåñòâåííîé (ñ òåíäåíöèåé ê 
âîçìîæíîìó ïîíèæåíèþ); îáîñíîâàíà 
âîçìîæíîñòü ïîâûøåíèÿ òåìïåðàòóðû 
íà êîíòóðå ðåçåðâóàðà äî òåìïåðàòó-
ðû ôàçîâûõ ïåðåõîäîâ âîäû â ïåðèîä 
íàìîðàæèâàíèÿ ëåäÿíîé îáëèöîâêè è 
çàïîëíåíèÿ æèäêèì òîïëèâîì.

Ïðîâåäåííûå êîìïëåêñíûå èññëå-
äîâàíèÿ, ñòðîèòåëüñòâî îïûòíûõ è ïðî-
ìûøëåííûõ õðàíèëèù â âå÷íîìåðçëûõ 
ïîðîäàõ, ðàçðàáîòêà íåîáõîäèìûõ 
òåõíè÷åñêèõ óñëîâèé, ãîñóäàðñòâåí-
íûõ è âåäîìñòâåííûõ íîðìàòèâíûõ 
äîêóìåíòîâ ïîçâîëÿåò îñóùåñòâëÿòü 
ñòðîèòåëüñòâî ïîäçåìíûõ õðàíèëèù 
æèäêèõ óãëåâîäîðîäíûõ òîïëèâ â âå÷-
íîìåðçëûõ ïîðîäàõ â Âîñòî÷íîì ñåê-
òîðå Àðêòèêè, íà íåôòÿíûõ è ãàçîâûõ 
ìåñòîðîæäåíèÿõ ñåâåðà Òþìåíñêîé 
îáëàñòè è Êðàñíîÿðñêîãî êðàÿ, à òàê-
æå â ßêóòèè è äðóãèõ ðàéîíàõ Êðàé-
íåãî Ñåâåðà.
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Quick pace of the industrial advance in the Far North results from the acceleration of mining operations 
at the largest mineral deposits. 

Reliability of handling and distribution systems for liquid and gaseous hydrocarbons in the areas of the 
Far North is only achievable through holding of oil products in storages with sufficient volume to meet annual 
demands for a given oil product. 

The Far North territory, with lumped mining of nearly all gas, oil, nonferrous metals and gold in Russia, 
has the wide-spread and thick cover of dispersed permafrost suitable for construction of underground support-
free storages. 

Russia has the developed technology and hands-on experience of constructing and operating the under-
ground storages of liquid hydrocarbons in permafrost. 

The author shows that sealing of an underground storage during operation requires freezing of ice jacket-
ing on inner surface of the storage. 

The practically applied technique of the constructed ice jacketing consists of feeling the underground 
storage with fresh water, holding the water for a design time period and then pumping out of unfrozen water 
when the ice jacket has reached design thickness. 

It has been found that permafrost surrounding such storages does not melt and fail if the thermal input 
rate at the heat transfer surface is not higher than the capacity of the permafrost to spread depthward. 

Based on this condition, the calculation procedures for maximum allowable temperatures of water and fuel 
are developed under condition of the ever-frozen state retention (formulas 1 and 2). 

The comprehensive research and practical experience of pilot commercial storage construction in per-
mafrost confirm feasibility of underground liquid hydrocarbon storage construction in ever-frozen subsoil on 
the east of the Arctic Region, at oil and gas reservoirs on the north of the Tyumen Region and Krasnoyarsk 
Territory as well as in Yakutia and other regions of the Far North. 

Key words: underground storage, permafrost soils, liquid hydrocarbons, thermal effects
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