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Â öåëÿõ îáåñïå÷åíèÿ áåçîïàñíîñòè äëèòåëüíîé ýêñïëóàòàöèè òðóáîïðîâîäîâ â êëèìàòè÷å-

ñêèõ óñëîâèÿõ Ñåâåðà ïðîâåäåíà îöåíêà îñòàòî÷íîé ïðî÷íîñòè è òåõíè÷åñêîãî ñîñòîÿíèÿ

ìàòåðèàëà òðóáû ìàãèñòðàëüíîãî ãàçîïðîâîäà äèàìåòðîì 530 ìì èç ñòàëè 14ÕÃÑ. Ìåõàíè-

÷åñêèå ñâîéñòâà îïðåäåëÿëè ñ èñïîëüçîâàíèåì ñòàíäàðòíûõ ìåòîäèê ðàçðóøàþùèõ èñïû-

òàíèé â ëàáîðàòîðíûõ óñëîâèÿõ. Ôàêòè÷åñêèå çíà÷åíèÿ òðåùèíîñòîéêîñòè è çàïàñà ïðî÷-

íîñòè òðóáû íàõîäèëè ïóòåì íàòóðíûõ èñïûòàíèé âíóòðåííèì äàâëåíèåì äî ðàçðóøåíèÿ.

Òàêèå èñïûòàíèÿ ïðîâîäèëè íà ñòåíäå, âêëþ÷àþùåì îáúåêò èññëåäîâàíèé è êîìïüþòåð-

íî-èçìåðèòåëüíûé êîìïëåêñ, êîòîðûé ïîêàçûâàåò ðåàêöèþ îáúåêòà íà íàãðóçêó. Èñïûòà-

íèÿ ïðîâîäèëè íà ôðàãìåíòå òðóáû, êîòîðûé âûðåçàëè èç ëèíåéíîé ÷àñòè ìàãèñòðàëüíîãî

ãàçîïðîâîäà è çàâàðèâàëè ñôåðè÷åñêèìè çàãëóøêàìè. Íà íàðóæíóþ ïîâåðõíîñòü ñòåíêè

òðóáû âäîëü åå îñè íàíîñèëè íàäðåç, ãëóáèíó êîòîðîãî ðàññ÷èòûâàëè òàêèì îáðàçîì, ÷òîáû

ðàçðóøàþùàÿ íàãðóçêà íà ëèãàìåíòíîå ñå÷åíèå â ìåñòå íàäðåçà ñîîòâåòñòâîâàëà ðàáî÷åìó

äàâëåíèþ ãàçîïðîâîäà. Ðåçóëüòàòû èññëåäîâàíèé íå ïîêàçàëè ñóùåñòâåííûõ èçìåíåíèé

ìåõàíè÷åñêèõ ñâîéñòâ ìåòàëëà òðóáû ìàãèñòðàëüíîãî ãàçîïðîâîäà, íå ïîëó÷èâøåãî âèäè-

ìûõ êîððîçèîííûõ è äåôîðìàöèîííûõ ïîâðåæäåíèé ïðè äëèòåëüíîé åãî ýêñïëóàòàöèè â

óñëîâèÿõ Ñåâåðà. Èñïûòàíèÿ íà óäàðíûé èçãèá íå âûÿâèëè îõðóï÷èâàíèÿ ìåòàëëà òðóá.

Íàòóðíûå èñïûòàíèÿ òðóáû ñ èñêóññòâåííî íàíåñåííûì òðåùèíîïîäîáíûì êîíöåíòðàòî-

ðîì ïîçâîëèëè ðàññ÷èòàòü çíà÷åíèå êðèòè÷åñêîãî êîýôôèöèåíòà èíòåíñèâíîñòè íàïðÿæå-

íèé, ïî êîòîðîìó ìîæíî îöåíèòü îñòàòî÷íóþ ïðî÷íîñòü òðóáû ñ ïðîäîëüíîé òðåùèíîé.

Çíà÷åíèå ñèëîâîãî êðèòåðèÿ ìåõàíèêè ðàçðóøåíèÿ ñâèäåòåëüñòâóåò î ñîõðàíåíèè äîñòà-

òî÷íî âûñîêîé âÿçêîñòè ëèñòîâîãî ìåòàëëà òðóá. Ïîäîáíûå èñïûòàíèÿ ïðèìåíÿåìûõ â ìà-

ãèñòðàëüíûõ ãàçîïðîâîäàõ òðóá (ðàçëè÷íûõ òèïîðàçìåðîâ, èç ðàçíûõ ìàðîê ñòàëåé) áóäóò

ïðîäîëæåíû ñ ó÷åòîì äèàïàçîíîâ òåìïåðàòóð è äåãðàäàöèè ìàòåðèàëà ïîñëå äëèòåëüíîé

ýêñïëóàòàöèè.
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The residual strength and technical condition of the material of 530- mm steel pipe (14KhGS) of main gas

pipeline are estimated to ensure the safety of long-term operation of pipelines in climatic conditions of the

North. The mechanical properties are determined using standard methods of mechanical testing in labo-

ratory conditions. A full-scale pressure test up to failure is used to determine the actual values of the frac-

ture toughness and safety factor of the pipe. Full-scale tests were carried out on a test bench, a com-

puter-measuring complex which displayed the reaction of the object to the load. A pipe fragment was cut

from the linear part of the main gas pipeline and welded with spherical plugs. The outer surface of the

pipe was notched along the pipe axis. The depth of the notch was calculated such that the breaking load on

the ligament section at the notch site corresponded to the working pressure of the gas pipeline. No signifi-

cant changes in the mechanical properties of the pipe metal were revealed in the absence of visible corro-

sion and deformation damage during long-term operation of the pipe in the North. Impact tests did not re-

veal embrittlement of the metal of the tested pipes. Full-scale tests of a pipe with an artificially applied de-

fect made it possible to calculate the value of the critical stress intensity factor, which allowed us to esti-

mate the residual strength of a pipe with a longitudinal crack. The value of the strength criterion of the

fracture mechanics indicates the preservation of a sufficiently high viscosity of sheet metal pipes. Similar

tests of the pipes (of other size and made of other materials) operating in the main gas pipelines should be

continued taking into account temperature ranges and material degradation after long-term operation.

Keywords: main gas pipeline; full-scale tests; failure; mechanical properties; critical stress intensity

factor.

Ââåäåíèå

Â íàñòîÿùåå âðåìÿ ïðîáëåìà ïðîäëåíèÿ ñðî-

êà ñëóæáû è áåçîïàñíîé ýêñïëóàòàöèè ïîòåíöè-

àëüíî îïàñíûõ ïðîèçâîäñòâåííûõ îáúåêòîâ —

îäíà èç âàæíåéøèõ íàó÷íî-òåõíè÷åñêèõ çàäà÷.

Ìàãèñòðàëüíûå ãàçîïðîâîäû, ïðåäíàçíà÷åííûå

äëÿ òðàíñïîðòèðîâêè ïðèðîäíîãî ãàçà èç ðàé-

îíîâ äîáû÷è ê ïóíêòó ïîòðåáëåíèÿ, ÿâëÿþòñÿ

îáúåêòàìè ïîâûøåííîãî ðèñêà, íà êîòîðûõ âåëè-

êà âåðîÿòíîñòü âîçíèêíîâåíèÿ òåõíîãåííûõ àâà-

ðèé, âûçâàííûõ â òîì ÷èñëå è íåäîñòàòî÷íîé ýêñ-

ïëóàòàöèîííîé ïðî÷íîñòüþ ìåòàëëà. Ðàçðóøå-

íèÿ ìàãèñòðàëüíûõ ãàçîïðîâîäîâ ìîãóò ïðèâåñòè

ê áîëüøèì ýêîíîìè÷åñêèì ïîòåðÿì, íàðóøèòü

ýêîëîãè÷åñêîå ðàâíîâåñèå öåëîãî ðåãèîíà, âû-

çâàòü êàòàñòðîôè÷åñêèå ïîñëåäñòâèÿ äëÿ îêðó-

æàþùåé ñðåäû, íàðóøèòü æèçíåîáåñïå÷åíèå íà-

ñåëåííûõ ïóíêòîâ.

Â ïåðâóþ î÷åðåäü ýòî ñâÿçàíî ñ òåì, ÷òî áîëü-

øèíñòâî ìàãèñòðàëüíûõ ãàçîïðîâîäîâ Ðîññèè íà

äàííûé ìîìåíò íàõîäèòñÿ â ýêñïëóàòàöèè áîëåå

33 ëåò [1]. Â ÷àñòíîñòè, ìàãèñòðàëüíûå ãàçîïðî-

âîäû Ðåñïóáëèêè Ñàõà (ßêóòèÿ) ýêñïëóàòèðóþò

â çîíå ðàñïðîñòðàíåíèÿ âå÷íîìåðçëûõ ãðóíòîâ

ñ 1970 ã., ò.å. ñðîê ýêñïëóàòàöèè ïåðâîé íèòêè

ãàçîïðîâîäà ñîñòàâëÿåò îêîëî 50 ëåò. Áîëüøàÿ

÷àñòü ëèíåéíûõ ìàãèñòðàëüíûõ ñèñòåì ðåñïóá-

ëèêè ðàñïîëîæåíà â ñëîæíûõ èíæåíåðíî-ãåîëî-

ãè÷åñêèõ óñëîâèÿõ — íà çàáîëî÷åííûõ è îáâîä-

íåííûõ òåððèòîðèÿõ, îïîëçíåâûõ ó÷àñòêàõ è

ïëîùàäÿõ. Íà ìåòàëë òðóá âîçäåéñòâóþò ýêñòðå-

ìàëüíî-êëèìàòè÷åñêèå ôàêòîðû, ÷òî ôîðìèðóåò

îñîáûå óñëîâèÿ ýêñïëóàòàöèè ãàçîïðîâîäà

[2 – 5].

Íàó÷íûå èññëåäîâàíèÿ [6 – 9], ïîñâÿùåííûå

èçó÷åíèþ äåãðàäàöèè ñòðóêòóðû è èçìåíåíèþ

ìåõàíè÷åñêèõ ñâîéñòâ ñòàëåé äëèòåëüíî ýêñïëóà-

òèðóþùèõñÿ ìàãèñòðàëüíûõ ãàçîïðîâîäîâ, ïîêà-

çûâàþò, ÷òî ìåòàëë òðóá â òå÷åíèå äëèòåëüíîé

ýêñïëóàòàöèè íå ïðåòåðïåâàåò îñîáûõ ñòðóêòóð-

íûõ èçìåíåíèé. Óñòàíîâëåíî [1], ÷òî ïðîäîëæè-

òåëüíîñòü ýêñïëóàòàöèè íå îêàçûâàåò çàìåòíîãî

âëèÿíèÿ íà îñíîâíûå ìåõàíè÷åñêèå ñâîéñòâà

òðóá. Îñíîâíîé ïðè÷èíîé ðàçðóøåíèÿ ïîäçåì-

íûõ ãàçîïðîâîäîâ ÿâëÿåòñÿ êîððîçèÿ ìåòàëëà

òðóá èç-çà íàðóøåíèÿ çàùèòíûõ ñâîéñòâ èçîëÿ-

öèîííîãî ïîêðûòèÿ. Ýòè äàííûå ïîäòâåðæäåíû

ðåçóëüòàòàìè èññëåäîâàíèÿ ñòðóêòóðû [6 – 8],

à òàêæå òåì, ÷òî ìåõàíè÷åñêèå ñâîéñòâà ìàòå-

ðèàëà çà äîâîëüíî äëèòåëüíûé ïåðèîä ýêñïëóà-

òàöèè òðóá â ñîñòàâå ìàãèñòðàëüíûõ ãàçîïðîâî-

äîâ, íàõîäÿùèõñÿ â äëèòåëüíîé ýêñïëóàòàöèè,

ñîîòâåòñòâóþò òðåáóåìûì íîðìàòèâíûì õàðàêòå-

ðèñòèêàì [9].

Â òî æå âðåìÿ â íåêîòîðûõ ðàáîòàõ [10 – 12]

ïîêàçàíî, ÷òî ïðè äëèòåëüíîé ýêñïëóàòàöèè ìà-

ãèñòðàëüíûõ òðóáîïðîâîäîâ (áîëåå 20 ëåò) â ìå-

òàëëàõ òðóá ïðîèñõîäÿò ïðîöåññû, õàðàêòåðíûå

äëÿ äåôîðìàöèîííîãî ñòàðåíèÿ. Äåãðàäàöèÿ

ñâîéñòâ ìåòàëëà ñâÿçàíà ñ ïåðåðàñïðåäåëåíèåì

óãëåðîäà, àçîòà è äðóãèõ ýëåìåíòîâ, ýâîëþöèåé

äèñëîêàöèîííîé ñóáñòðóêòóðû, ðàñïàäîì öåìåí-

òèòà, îáðàçîâàíèåì ìèêðîòðåùèí. Ýòî ìîæåò ïðè-

âåñòè ê ïîâûøåíèþ òåìïåðàòóðû âÿçêîõðóïêîãî

ïåðåõîäà, ðàçâèòèþ óñòàëîñòíûõ ïðîöåññîâ, ïðè-

âîäÿùèõ ê ñíèæåíèþ êðèòè÷åñêîãî ðàçìåðà äî-

ïóñòèìûõ äåôåêòîâ, âîçðàñòàíèþ îïàñíîñòè êîð-

ðîçèîííîãî ðàñòðåñêèâàíèÿ ïîä íàïðÿæåíèåì.

Àíàëèç âîçíèêíîâåíèÿ àâàðèé íà ìàãèñò-

ðàëüíûõ ñèñòåìàõ ßêóòèè ïîçâîëÿåò ñäåëàòü âû-

âîä, ÷òî âåðîÿòíîñòü îòêàçîâ, îáóñëîâëåííûõ äå-

ãðàäàöèîííûìè ïðîöåññàìè â ìåòàëëå òðóá ïðè

èõ äëèòåëüíîé ýêñïëóàòàöèè, âîçðàñòàåò [13, 14].

Ïðè÷èíîé ðàçðóøåíèÿ òðóáîïðîâîäîâ, êàê ïðà-
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âèëî, ñòàíîâÿòñÿ äåôåêòû òèïà òðåùèí, à òàêæå

íåäîñòàòî÷íîå ñîïðîòèâëåíèå ìàòåðèàëà èõ ðàñ-

ïðîñòðàíåíèþ ïðè âîçäåéñòâèè çàäàííûõ ýêñ-

ïëóàòàöèîííûõ ôàêòîðîâ (òåìïåðàòóðû, ñðåäû,

ñêîðîñòè íàãðóæåíèÿ, õàðàêòåðà è äëèòåëüíîñòè

äåéñòâèÿ íàãðóçêè è ò.ä.). Ïîýòîìó ïîìèìî èçó-

÷åíèÿ âëèÿíèÿ äëèòåëüíîé ýêñïëóàòàöèè íà ìå-

õàíè÷åñêèå ñâîéñòâà ìåòàëëà ãàçîïðîâîäà, âîç-

íèêàåò íåîáõîäèìîñòü îïðåäåëåíèÿ âåëè÷èíû ñî-

ïðîòèâëåíèÿ ìàòåðèàëà ðàñïðîñòðàíåíèþ â íåì

òðåùèíû (åãî òðåùèíîñòîéêîñòè) è ó÷åòà çíà÷å-

íèé ýòîé õàðàêòåðèñòèêè ïðè îöåíêå îñòàòî÷íîé

ïðî÷íîñòè ìàòåðèàëà â êîíñòðóêöèè ïðè çàäàí-

íûõ óñëîâèÿõ åå ýêñïëóàòàöèè.

Èññëåäîâàíèå èçìåíåíèÿ ìåõàíè÷åñêèõ

ñâîéñòâ òðóáíûõ ñòàëåé â ïðîöåññå äëèòåëüíîé

ýêñïëóàòàöèè èìååò áîëüøîå çíà÷åíèå äëÿ ïîíè-

ìàíèÿ ïðîöåññîâ ðàçðóøåíèÿ, à îïðåäåëåíèå

ôàêòè÷åñêèõ çíà÷åíèé ïàðàìåòðîâ òðåùèíîñòîé-

êîñòè è çàïàñîâ ïðî÷íîñòè ðåàëüíûõ ìåòàëëîêîí-

ñòðóêöèé íåâîçìîæíî áåç ïðîâåäåíèÿ íàòóðíûõ

èñïûòàíèé [15, 16]. Ïðèêëàäíàÿ çàäà÷à òàêèõ

èññëåäîâàíèé ñîñòîèò â îöåíêå îñòàòî÷íîé ïðî÷-

íîñòè è òåõíè÷åñêîãî ñîñòîÿíèÿ ìàòåðèàëà òðóá,

à òàêæå âûðàáîòêå ïðîãíîçîâ, êàñàþùèõñÿ ïåð-

ñïåêòèâ äàëüíåéøåé áåçîïàñíîé ýêñïëóàòàöèè

äåéñòâóþùèõ ãàçîïðîâîäîâ.

Öåëü ðàáîòû — èññëåäîâàíèå ìåõàíè÷åñêèõ

ñâîéñòâ ìåòàëëà ãàçîïðîâîäà èç ñòàëè 14ÕÃÑ ïî-

ñëå äëèòåëüíîé ýêñïëóàòàöèè â ýêñòðåìàëüíûõ

óñëîâèÿõ Ñåâåðà.

Ìåòîäû èññëåäîâàíèÿ

Èññëåäîâàëè ôðàãìåíòû òðåõ òðóá (èç ôåð-

ðèòíî-ïåðëèòíîé ñòàëè 14ÕÃÑ) äèàìåòðîì

530 ìì è òîëùèíîé ñòåíêè 8 ìì, âûðåçàííûå èç

ó÷àñòêà ìàãèñòðàëüíîãî ãàçîïðîâîäà ïîñëå äëè-

òåëüíîé ýêñïëóàòàöèè (â òå÷åíèå 50 ëåò) ñ ðàáî-

÷èì äàâëåíèåì 3,5 – 5,5 ÌÏà. Ïðè âèçóàëüíîé

îöåíêå ìåòàëëà òðóá íàëè÷èå êîððîçèîííûõ è äå-

ôîðìàöèîííûõ ïîâðåæäåíèé íå áûëî îáíàðóæå-

íî. Òðóáû èìåëè ñåðòèôèêàòû êà÷åñòâà (1963 ã.),

â êîòîðûõ ïðèâåäåíû äàííûå î ìàðêå ñòàëè, ïðå-

äåëàõ ïðî÷íîñòè è òåêó÷åñòè ïî ðåçóëüòàòàì çà-

âîäñêèõ èñïûòàíèé.

Èñïûòàíèÿ îáðàçöîâ íà ñòàòè÷åñêîå ðàñòÿ-

æåíèå ïðîâîäèëè ïî ÃÎÑÒ 10006–80 è ÃÎÑÒ

1497–84 ïîñðåäñòâîì íàãðóæåíèÿ íà ýëåêòðîìå-

õàíè÷åñêîé èñïûòàòåëüíîé ìàøèíå Zwick/Roell

Z600, èñïûòàíèÿ íà óäàðíûé èçãèá — ïî ÃÎÑÒ

9454–78 íà èíñòðóìåíòèðîâàííîì ìàÿòíèêîâîì

êîïðå Amsler RKP 450. Íàäðåçû îáðàçöîâ (V-

îáðàçíûå) íàíîñèëè ñïåöèàëüíûìè íîæàìè

(ïðîòÿæêàìè) íà ìîòîðèçîâàííîì ñòàíêå Black

Charpy. Òåìïåðàòóðó èñïûòàíèÿ â äèàïàçîíå îò

–60 äî +20 °C îáåñïå÷èâàëè îõëàæäåíèåì îáðàç-

öîâ â êëèìàòè÷åñêîé êàìåðå Lauda RP 890. Çíà-

÷åíèå óäàðíîé âÿçêîñòè íàõîäèëè óñðåäíåíèåì

ðåçóëüòàòîâ èñïûòàíèé òðåõ îáðàçöîâ.

Õèìè÷åñêèé ñîñòàâ ìåòàëëà òðóá îïðåäåëÿëè

â ñîîòâåòñòâèè ñ ÃÎÑÒ 18895–97 íà îïòèêî-ýìèñ-

ñèîííîì àíàëèçàòîðå Foundry-Master.

Íàòóðíûå ãèäðàâëè÷åñêèå èñïûòàíèÿ ïðîâî-

äèëè â ñïåöèàëüíîì áåòîííîì áóíêåðå. Íà ðèñ. 1

ïðèâåäåíà ñõåìà èñïûòàòåëüíîãî ñòåíäà íàãðó-

æåíèÿ ôðàãìåíòà òðóáû âíóòðåííèì äàâëåíèåì.

Èñïûòàòåëüíûé ñòåíä ïðåäñòàâëÿåò ñîáîé

ñèñòåìó äëÿ ïðîâåäåíèÿ íàòóðíûõ èñïûòàíèé

òðóáû è êîìïüþòåðíî-èçìåðèòåëüíîãî êîìïëåêñà

äëÿ ñíÿòèÿ ïîêàçàòåëåé ðåàêöèè èñïûòûâàåìîãî

îáúåêòà íà íàãðóçêó. Òðóáó 1 íåïðåðûâíî íàãðó-

æàëè ïóòåì çàêà÷êè âîäû èç çàïðàâî÷íîé åìêî-

ñòè 3 ïîñðåäñòâîì ðó÷íîãî íàñîñà ÍÐ äî ðàçðó-

øàþùåãî äàâëåíèÿ ñ îäíîâðåìåííîé ðåãèñòðàöè-

åé òåìïåðàòóðû. Âíóòðåííåå äàâëåíèå ïðè èñïû-

òàíèÿõ èçìåðÿëè ìàíîìåòðîì ÌÍ. Òåìïåðàòóðó

ìåòàëëà òðóáû âî âðåìÿ èñïûòàíèÿ ðåãèñòðèðî-

âàëè ïðåîáðàçîâàòåëåì ñèãíàëîâ, ïðèõîäÿùèõ îò

òåðìîìåòðîâ ñîïðîòèâëåíèÿ (ÒÑ) è òåðìîïàð

ïðåöèçèîííûõ (ÒÏ), «Òåðêîí» 4. Äàâëåíèå ïîä-

íèìàëè ñî ñêîðîñòüþ 0,12 – 0,16 ÌÏà/ìèí.

Èñïûòàíèÿ ïðîâîäèëè íà îòðåçêå òðóáû äëè-

íîé 6 äèàìåòðîâ, êîòîðûé áûë âûðåçàí èç ëèíåé-

íîãî ó÷àñòêà òðóáû ìàãèñòðàëüíîãî ãàçîïðîâîäà

è çàâàðåí ñôåðè÷åñêèìè çàãëóøêàìè (ðèñ. 2, à).

Íà íàðóæíîé ïîâåðõíîñòè ñòåíêè òðóáû âäîëü åå

îñè áûë íàíåñåí íàäðåç äëèíîé 260 ìì (ðèñ. 2, á).

Ãëóáèíó íàäðåçà ðàññ÷èòûâàëè òàêèì îáðàçîì,

÷òîáû ðàçðóøàþùàÿ íàãðóçêà íà ëèãàìåíòíîå

ñå÷åíèå â ìåñòå íàäðåçà ñîîòâåòñòâîâàëà ðàáî÷å-

ìó äàâëåíèþ ãàçîïðîâîäà; ðàäèóñ íàäðåçà —

0,7 ìì.

Ðåçóëüòàòû èññëåäîâàíèé

Â òàáë. 1 ïðèâåäåíû äàííûå ñïåêòðàëüíîãî

àíàëèçà ìåòàëëà èññëåäîâàííûõ òðóá. Ïî ñîäåð-

æàíèþ õèìè÷åñêèõ ýëåìåíòîâ îí ñîîòâåòñòâóåò

ñîñòàâó ñòàëè ìàðêè 14ÕÃÑ ïî ÃÎÑÒ 19281–2014.

Ïî ýëåìåíòàì C, Si, Mn, Cr ìåòàëë èññëåäîâàí-

íûõ òðóá è ñòàëü 14ÕÃÑ ðàçëè÷àþòñÿ â ïðåäåëàõ

15 – 29 %.

Â òàáë. 2 ïðåäñòàâëåíû ðåçóëüòàòû ìåõàíè-

÷åñêèõ èñïûòàíèé ñòàëåé èññëåäîâàííûõ òðóá è

äàííûå ñåðòèôèêàòîâ. Ïðè ñðàâíåíèè âûÿâëåíî,

÷òî ïðåäåëû òåêó÷åñòè (óò) è ïðî÷íîñòè (óâ) èñ-

ñëåäîâàííûõ òðóá íå âûõîäÿò çà äèàïàçîíû äàí-

íûõ ñåðòèôèêàòîâ.

Äàííûå èñïûòàíèé íà óäàðíûé èçãèá ïðåä-

ñòàâëåíû â òàáë. 3. Çäåñü æå äëÿ ñðàâíåíèÿ ïðè-

âåäåíû ìèíèìàëüíûå òðåáîâàíèÿ ê çíà÷åíèÿì

óäàðíîé âÿçêîñòè òîëñòîëèñòîâîãî, øèðîêîïîëîñ-

íîãî óíèâåðñàëüíîãî ïðîêàòà è ãíóòûõ ïðîôèëåé

ïî ÃÎÑÒ 19281–2014 äëÿ ñòàëè 14ÕÃÑ.
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Ðåçóëüòàòû ñïåêòðàëüíîãî àíàëèçà è ìåõàíè-

÷åñêèõ èñïûòàíèé ïîêàçàëè, ÷òî ïî õèìè÷åñêîìó

ñîñòàâó è ìåõàíè÷åñêèì õàðàêòåðèñòèêàì îñíîâ-

íîé ìåòàëë âñåõ òðåõ òðóá ìàãèñòðàëüíîãî ãàçî-

ïðîâîäà ñîîòâåòñòâóåò ñòàëè 14ÕÃÑ (ÃÎÑÒ

19281–2014). Äèíàìè÷åñêèå èñïûòàíèÿ íå âû-

ÿâèëè îõðóï÷èâàíèÿ ìåòàëëà òðóá — óäàðíàÿ

âÿçêîñòü îêàçàëàñü íå íèæå ìèíèìàëüíûõ çíà÷å-

íèé ïî ñòàíäàðòó (ñì. òàáë. 3).

Ïðè îöåíêå îñòàòî÷íîé ïðî÷íîñòè êîíñòðóê-

öèé îòâåòñòâåííîãî íàçíà÷åíèÿ øèðîêî èñ-

ïîëüçóþò ïðèíöèï áåçîïàñíîãî ïîâðåæäåíèÿ, äî-
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4

Ðèñ. 1. Ñõåìà ñèñòåìû èñïûòàíèÿ è êîìïüþòåðíî-èçìåðèòåëüíîãî êîìïëåêñà: 1 — èñïûòóåìàÿ òðóáà; 2 — áóíêåð; 3 —

çàïðàâî÷íàÿ åìêîñòü; 4 — ïðåîáðàçîâàòåëü ñèãíàëîâ òåðìîìåòðîâ ñîïðîòèâëåíèÿ (ÒÑ) è òåðìîïàð ïðåöèçèîííûõ (ÒÏ)

«Òåðêîí»; Ê1, Ê2, Ê3, Ê4 — øàðîâûå êðàíû; Ê5 — âîçäóõîñïóñêíîé êðàí; ÌÍ — ìàíîìåòð ìåõàíè÷åñêèé; ÍÐ — ïîäêà÷è-

âàþùèé íàñîñ ðó÷íîé

Fig. 1. Diagram of the test system and computer-measuring complex: 1 — test pipe; 2 — hopper; 3 — refueling capacity; 4 —

signal converter of resistance thermometers (TS) and thermocouples precision (TP) “Terkon”; K1, K2, K3, K4 — ball valves;

K5 — air valve; MN — mechanical pressure gauge; HP — manual booster pump

à á

Ðèñ. 2. Ôðàãìåíò òðóáû äèàìåòðîì 530 ìì (à) è âèä ïðîäîëüíîãî íàäðåçà íà òðóáå ïðè ãèäðàâëè÷åñêîì èñïûòàíèè (á)

Fig. 2. A 530-mm pipe fragment (a) and a longitudinal notch on the pipe during a hydraulic test (b)

Òàáëèöà 1. Õèìè÷åñêèé ñîñòàâ (%) ìåòàëëà òðóáû (÷èñëèòåëü) è ñòàëè 14ÕÃÑ ñîãëàñíî ÃÎÑÒ 19281 (çíàìåíàòåëü)

Table 1. Chemical composition (%) of pipe metal (numerator) and steel 14KhGS according to GOST 19281 (denominator)
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ïóñêàþùèé íàëè÷èå äåôåêòà â èçäåëèè. Êðè-

òè÷åñêèé ðàçìåð äåôåêòà îöåíèâàþò ìåòîäàìè

ìåõàíèêè ðàçðóøåíèÿ, â êîòîðûõ ïðèìåíÿþò ïà-

ðàìåòðû òðåùèíîñòîéêîñòè. Íàèáîëåå äîñòîâåð-

íûå çíà÷åíèÿ òðåùèíîñòîéêîñòè êîíñòðóêöèé

îïðåäåëÿþò ïóòåì íàòóðíûõ èñïûòàíèé.

Îêðóæíîå íàïðÿæåíèå â ñòåíêå òðóáû îöåíè-

âàëè ïî ôîðìóëå

ó
è

= pR/t,

ãäå p — äàâëåíèå; R è t — ðàäèóñ è òîëùèíà

ñòåíêè òðóáû. Êðèòè÷åñêèé êîýôôèöèåíò èíòåí-

ñèâíîñòè íàïðÿæåíèé îïðåäåëÿëè êàê [17]
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M
x

c
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ãäå a — ïîëóäëèíà òðåùèíû; M — êîýôôèöèåíò

êîíöåíòðàöèè íàïðÿæåíèé ñêâîçíîé òðåùèíû â

öèëèíäðå; cos È — ïîïðàâêà íà íàëè÷èå ïëàñòè-

÷åñêîé çîíû; (4 – x)/2 — ïîïðàâêà, ó÷èòûâàþùàÿ

íàïðÿæåííîå ñîñòîÿíèå â çàãëóøåííîì òðóáî-

ïðîâîäå.

Ðàçìåðû èñïûòàííîé òðóáû: R = 257 ìì;

t = 8 ìì; l = 130 ìì; òåìïåðàòóðà èñïûòàíèé —

îò 0 äî –1 °C. Ðàçðóøåíèå íàñòóïèëî ïðè äàâëå-

íèè 57 àòì (ðèñ. 3). Îêðóæíîå íàïðÿæåíèå â

ñòåíêå òðóáû â ìîìåíò ðàçðóøåíèÿ ñîñòàâëÿëî

0,5óò, ÷òî ñîîòâåòñòâîâàëî 185 ÌÏà. Âåëè÷èíà

êðèòè÷åñêîãî êîýôôèöèåíòà èíòåíñèâíîñòè íà-

ïðÿæåíèé Kc = 416 ÌÏà · ì1/2. Äàííîå çíà÷åíèå

ñèëîâîãî êðèòåðèÿ ìåõàíèêè ðàçðóøåíèÿ Kc ñâè-

äåòåëüñòâóåò î äîñòàòî÷íî âûñîêîé âÿçêîñòè ëèñ-

òîâîãî ìåòàëëà òðóá è ïðåâûøàåò ìèíèìàëüíî

íîðìèðóåìûé ïîêàçàòåëü Kc — íå ìåíåå

400 ÌÏà · ì1/2 [16]. Ðåçóëüòàòû êîððåëèðóþò ñ

äàííûìè ðàáîòû [18], ãäå ïðèâåäåíû çíà÷åíèÿ

òðåùèíîñòîéêîñòè äëÿ íîâûõ òðóá èç àíàëîãè÷-

íîãî êëàññà ñòàëåé.

Çàêëþ÷åíèå

Èññëåäîâàíèÿ ìåõàíè÷åñêèõ ñâîéñòâ òðóáû

èç ñòàëè 14ÕÃÑ ìàãèñòðàëüíîãî ãàçîïðîâîäà äèà-

ìåòðîì 530 ìì, íå èìåþùåãî âèäèìûõ êîððîçè-

îííûõ è äåôîðìàöèîííûõ ïîâðåæäåíèé, íå âû-

ÿâèëè ñóùåñòâåííîãî èõ èçìåíåíèÿ â ïðîöåññå

äëèòåëüíîé ýêñïëóàòàöèè â óñëîâèÿõ Ñåâåðà.

Â ðåçóëüòàòå íàòóðíûõ èñïûòàíèé ó÷àñòêà

òðóáû ñ èñêóññòâåííî íàíåñåííûì òðåùèíîïî-

äîáíûì êîíöåíòðàòîðîì ïîëó÷åí êðèòè÷åñêèé

êîýôôèöèåíò èíòåíñèâíîñòè íàïðÿæåíèé

Kc = 416 ÌÏà · ì1/2. Çíà÷åíèå ïàðàìåòðà Kc ïî-

çâîëèëî îöåíèòü îñòàòî÷íóþ ïðî÷íîñòü òðóáû ñ

ïðîäîëüíîé òðåùèíîé.

Â äàëüíåéøåì íåîáõîäèìî ïðîäîëæèòü ïî-

äîáíûå èñïûòàíèÿ â öåëÿõ îïðåäåëåíèÿ òðåùè-

íîñòîéêîñòè áîëüøèíñòâà ïðèìåíÿåìûõ â ìàãè-

ñòðàëüíûõ ãàçîïðîâîäàõ òèïîðàçìåðîâ òðóá èç

ðàçíûõ ìàðîê ñòàëåé ñ ó÷åòîì äèàïàçîíîâ òåìïå-

ðàòóð è äåãðàäàöèè ìàòåðèàëà ïîñëå äëèòåëüíîé

ýêñïëóàòàöèè. Îñîáûé èíòåðåñ âûçûâàþò íàòóð-

íûå èñïûòàíèÿ òðóá ñ êîëüöåâûìè ñâàðíûìè ñî-

åäèíåíèÿìè ìàãèñòðàëüíîãî ãàçîïðîâîäà èç-çà

èõ ÷àñòûõ ðàçðóøåíèé â óñëîâèÿõ Ñåâåðà.

Áëàãîäàðíîñòü

Àâòîðû âûðàæàþò áëàãîäàðíîñòü èíæåíåðàì

ÈÔÒÏÑ ÑÎ ÐÀÍ Òèõîíîâó Ð. Ï., Ñåìåíîâó Ñ. Â.,

Ëèòâèíöåâó Í. Ì., ñîòðóäíèêàì ÎÎÎ «Ãàçýêñ-

ïåðòñåðâèñ» è ËÏÓÌÃ ÀÎ «Ñàõàòðàíñíåôòåãàç»,

ïðèíèìàâøèõ ó÷àñòèå â íàòóðíûõ èñïûòàíèÿõ

òðóá.
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Ðèñ. 3. Òðåùèíà, îáðàçîâàâøàÿñÿ ïðè èñïûòàíèÿõ ôðàã-

ìåíòà ëèíåéíîãî ó÷àñòêà òðóáû

Fig. 3. The crack formed upon testing of the pipe fragment

Òàáëèöà 2. Ñðåäíèå çíà÷åíèÿ ìåõàíè÷åñêèõ ñâîéñòâ ìå-

òàëëà òðóá (÷èñëèòåëü) è äàííûå ñåðòèôèêàòîâ íà ýòè

òðóáû (çíàìåíàòåëü)

Table 2. The mechanical properties of the pipe metal (nu-

merator) and reference certified data for those pipes (deno-

minator)

ó
ò
, ÌÏà ó

â
, ÌÏà ä, %

361 404

350 480

�

�

519 563

510 595

�

�

30 33�

�

Òàáëèöà 3. Ñðåäíèå çíà÷åíèÿ óäàðíîé âÿçêîñòè ìåòàë-

ëà èññëåäîâàííûõ òðóá

Table 3. Impact toughness of the studied metal pipes

Ìàòåðèàë

Òåìïåðà-

òóðà èñïû-

òàíèÿ, °C

Óäàðíàÿ

âÿçêîñòü,

Äæ/ñì2

Ìåòàëë òðóá +20 124 – 143

–10 126 – 134

–40 62 – 124

Ñòàëü 14ÕÃÑ

(ÃÎÑÒ 19281–2014)

òîëùèíîé îò 5 äî 12 ìì

–20 Íå ìåíåå 34
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