
Äðåéô ìåõàíè÷åñêèõ õàðàêòåðèñòèê òîïëèâîïðîâîäîâ Common Rail ïðè íàðàáîòêå

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 6, 2019

Í
Î

Â
Û

Å
 Ì

À
Ø

È
Í

Û
 È

 Î
Á

Î
Ð

Ó
Ä

Î
Â

À
Í

È
Å

15

ÓÄÊ 62-225.1
DOI: 10.31992/0321-4443-2019-6-15-20

ÄÐÅÉÔ ÌÅÕÀÍÈ×ÅÑÊÈÕ ÕÀÐÀÊÒÅÐÈÑÒÈÊ 
ÒÎÏËÈÂÎÏÐÎÂÎÄÎÂ COMMON RAIL ÏÐÈ ÍÀÐÀÁÎÒÊÅ

DRIFT OF MECHANICAL CHARACTERISTICS OF COMMON 
RAIL FUEL LINES DURING OPERATING TIME

Â.Î. ÑÂÅÙÈÍÑÊÈÉ, ê.ò.í.
Àëòàéñêèé çàâîä ïðåöèçèîííûõ èçäåëèé, Áàðíàóë, 
Ðîññèÿ, sveschinsky@yandex.ru

V.O. SVESHCHINSKIJ, PhD in Engineering
Altai factory of precision products, Barnaul, Russia, 
sveschinsky@yandex.ru

Â ïðîöåññå ýêñïëóàòàöèè ñòàëüíûõ òðóáîïðîâîäîâ ïðîèñõîäèò èçìåíåíèå, äðåéô, õàðàêòåðèñòèê ìàòåðèà-
ëîâ, èç êîòîðûõ îíè èçãîòîâëåíû. Â îáëàñòè òåõíîëîãè÷åñêèõ òðóáîïðîâîäîâ è òðóáîïðîâîäîâ íåôòåãàçîâîãî 
êîìïëåêñà ýòîìó âîïðîñó ïîñâÿùåíà îáøèðíàÿ ëèòåðàòóðà, âêëþ÷àþùàÿ êàê íàó÷íûå ïóáëèêàöèè, òàê è íîð-
ìàòèâíûå ãîñóäàðñòâåííûå è îòðàñëåâûå äîêóìåíòû. Èçìåíåíèå õàðàêòåðèñòèê ìàòåðèàëà òîïëèâîïðîâîäîâ 
âûñîêîãî äàâëåíèÿ äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ íå ïðèâëåêàëî âíèìàíèÿ ñïåöèàëèñòîâ. Òîïëèâîïðîâîäû 
áûëè âàæíûì êîìïîíåíòîì äâèãàòåëåé, íî ïðè òîì óðîâíå äàâëåíèé âïðûñêà, ìàòåðèàëàõ è òåõíîëîãèÿõ, îïðå-
äåëÿþùèõ, â òîì ÷èñëå, ñòîèìîñòü êîìïîíåíòà â îáùåé ñòîèìîñòè äâèãàòåëÿ, îíè îñòàâàëèñü âíå çîíû îñîáîãî 
âíèìàíèÿ. Ðàçâèòèå â Ðîññèè ñîáñòâåííîãî ïðîèçâîäñòâà ñèñòåì òèïà Common Rail äåëàåò íåîáõîäèìûì èç-
ó÷åíèå ïîâåäåíèÿ äåòàëåé â óñëîâèÿõ äëèòåëüíîãî íàãðóæåíèÿ âíóòðåííèì ãèäðàâëè÷åñêèì äàâëåíèåì óðîâ-
íÿ 1600 êã/ñì2 è âûøå. Äðåéô õàðàêòåðèñòèê ìàòåðèàëîâ òîïëèâîïðîâîäîâ âûñîêîãî äàâëåíèÿ ìîæåò èìåòü 
áîëüøîå çíà÷åíèå ñ òî÷êè çðåíèÿ íàäåæíîñòè òîïëèâíîé ñèñòåìû è äâèãàòåëÿ â öåëîì. Âïåðâûå ïðîâåäåíû èñ-
ñëåäîâàíèÿ ìåõàíè÷åñêèõ õàðàêòåðèñòèê ñòàëüíûõ áåñøîâíûõ òðóá ïðè ðàçëè÷íîé íàðàáîòêå íà áåçìîòîðíîì 
ñòåíäå ïðè íàãðóæåíèè âíóòðåííèì ãèäðàâëè÷åñêèì äàâëåíèåì 1600 êã/ñì2 ñ ÷àñòîòîé ïóëüñàöèé 45–55 Ãö. 
Óñòàíîâëåíî, ÷òî ïðè íàðàáîòêå óâåëè÷èâàåòñÿ òâåðäîñòü â ïîïåðå÷íûõ ñå÷åíèÿõ òîïëèâîïðîâîäîâ. Òàêæå 
óâåëè÷èâàåòñÿ ñòàíäàðòíîå îòêëîíåíèå çíà÷åíèé òâåðäîñòè, òî åñòü ðàçáðîñ çíà÷åíèé. Õàðàêòåð èçìåíåíèÿ 
ïðåäåëà ïðî÷íîñòè è ïðåäåëà òåêó÷åñòè ïðè íàðàáîòêå ñâûøå 1100 ÷ òðåáóåò äîïîëíèòåëüíûõ èññëåäîâàíèé. 
Ñäåëàí âûâîä î íåîáõîäèìîñòè ïðîâåäåíèÿ èñïûòàíèé áîëüøåãî êîëè÷åñòâà îáðàçöîâ íà äâèãàòåëå äëÿ âûÿñ-
íåíèÿ ïðåäåëüíûõ çíà÷åíèé ìåõàíè÷åñêèõ õàðàêòåðèñòèê ìàòåðèàëà.
Êëþ÷åâûå ñëîâà: ìåõàíè÷åñêèå õàðàêòåðèñòèêè, òâåðäîñòü, òîïëèâîïðîâîäû âûñîêîãî äàâëåíèÿ, òåõíè÷åñêîå 
ñîñòîÿíèå.

During the operation of steel pipelines, there is a change, drift, in the characteristics of the materials from which 
they are made. In the field of technological pipelines and oil and gas complex pipelines, an extensive literature is 
devoted to this issue, including both scientific publications and regulatory state and industry documents. Changes 
in the material characteristics of high pressure fuel lines of internal combus-tion engines did not attract the attention 
of specialists. Fuel lines were an important component of en-gines, but at that injection pressure level, materials and 
technologies, which determine, inter alia, the cost of a component in the total cost of the engine, they remained out-
side the area of special attention. The de-velopment in Russia of its own production of Common Rail systems makes 
it necessary to study the be-havior of parts under conditions of prolonged loading with an internal hydraulic pressure 
of 1600 kg/cm2 and higher. The drift of the characteristics of the materials of the high pressure fuel lines can be of 
great importance, in terms of the reliability of the fuel system and the whole engine. For the first time, studies were 
carried out of the mechanical characteristics of seamless steel pipes at various operating times on a non-motorized 
test bench under loading with an internal hydraulic pressure of 1600 kg/cm2 with a pulsation frequency of 45–55 Hz. 
It has been established that during running hours, the hardness in the cross sections of the fuel lines increases. The 
standard deviation of hardness values also increases, i.e. the spread of values is present. The nature of the change in 
the tensile strength and yield strength with an operating time of more than 1100 hours requires additional research. 
It is concluded that it is necessary to test a larger number of samples on the engine to find out the limiting values of 
the mechanical character-istics of the material. 
Keywords: mechanical characteristics, hardness, high pressure fuel lines, technical condition.
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 Ââåäåíèå
Èçâåñòíî, ÷òî â ïðîöåññå ýêñïëóàòàöèè 

ñòàëüíûõ òðóáîïðîâîäîâ ïðîèñõîäèò èçìåíå-
íèå, äðåéô, õàðàêòåðèñòèê ìàòåðèàëîâ. Ñó-
ùåñòâóåò îáøèðíàÿ ëèòåðàòóðà, ïîñâÿùåííàÿ 
ýòîé ïðîáëåìå ó òðóá íåôòå-ãàçîòðàíñïîðòíî-
ãî êîìïëåêñà è òåõíîëîãè÷åñêèõ òðóáîïðîâî-
äîâ, â ÷àñòíîñòè [2, 3, 5–10].

Â îòíîøåíèè òîïëèâîïðîâîäîâ âûñîêîãî 
äàâëåíèÿ (äàëåå – ÒÂÄ) ñèñòåì Common Rail 
ñèòóàöèÿ ïîêà íåñêîëüêî èíàÿ. Ïðîèçâîäñòâî 
ñèñòåì Common Rail â Ðîññèè òîëüêî íà÷èíàåò 
ðàçâèâàòüñÿ. Ïðè ýòîì èíôîðìàöèè î ïîâåäå-
íèè ìàòåðèàëîâ, äëèòåëüíîå âðåìÿ íàõîäÿùèõ-
ñÿ ïîä äàâëåíèåì 1600 êã/ñì2 è áîëåå, ÿâíî íå-
äîñòàòî÷íî. 

Íåîáõîäèìîñòü â òàêîé èíôîðìàöèè åñòü. 
Ñ îäíîé ñòîðîíû, ýòî ñâÿçàíî ñî âñå áîëåå óæå-
ñòî÷àþùèìèñÿ òðåáîâàíèÿìè ê äâèãàòåëÿì 
è èõ òîïëèâíûì ñèñòåìàì. Ñ äðóãîé ñòîðîíû, 
íåîáõîäèìîñòü â òàêîé èíôîðìàöèè îáóñëîâ-
ëåíà ðàçâèòèåì îòå÷åñòâåííûõ ñèñòåì ïîäà÷è 
òîïëèâà ïîä äàâëåíèåì 1600 êã/ñì2 è áîëåå. 
Óæå ñåãîäíÿ âåäóòñÿ îïûòíî-êîíñòðóêòîðñêèå 
ðàáîòû ïî ñîçäàíèþ îòå÷åñòâåííûõ ñèñòåì 
ñ äàâëåíèÿìè âïðûñêà òîïëèâà 1800 êã/ñì2 
è âûøå. 

Ñèñòåìû Common Rail ïîëó÷àþò âñå áîëü-
øåå ðàñïðîñòðàíåíèå â ñîâðåìåííûõ äâèãà-
òåëÿõ: ïî íåêîòîðûì îöåíêàì, îêîëî 80 % 
àâòîìîáèëüíûõ äâèãàòåëåé êîìïëåêòóþòñÿ 
òîïëèâíîé àïïàðàòóðîé ýòîãî òèïà. Â Ðîññèè 
ïîñëå ïðèíÿòèÿ ýêîëîãè÷åñêèõ íîðì óðîâíÿ 
EURO-IV ïîâûøåíèå äàâëåíèÿ âïðûñêà, ðåà-
ëèçóåìîå, ãëàâíûì îáðàçîì, â ñèñòåìàõ òèïà 
Common Rail, ñòàëî îñíîâíûì ïóòåì ðàçâèòèÿ 
òîïëèâíîé àïïàðàòóðû äèçåëüíûõ äâèãàòåëåé.

Äî ñèõ ïîð ïðåäïðèíèìàëèñü îòäåëüíûå ïî-
ïûòêè èçó÷åíèÿ ñâîéñòâ ìàòåðèàëîâ òîïëèâî-
ïðîâîäîâ, ðàáîòàþùèõ â óñëîâèÿõ öèêëè÷åñêî-
ãî íàãðóæåíèÿ âíóòðåííèì ãèäðàâëè÷åñêèì 
äàâëåíèåì. Îòäåëüíûå ðåçóëüòàòû òàêèõ èññëå-
äîâàíèé ÒÂÄ, èçãîòîâëåííûõ èç ñòàëüíîé áåñ-
øîâíîé òðóáû êèòàéñêîãî ïðîèçâîäñòâà (ñòàëü 
St52), èçëîæåíû, â ÷àñòíîñòè, â ðàáîòå Â.Î. Ñâå-
ùèíñêîãî è äð. [11].

Öåëü èññëåäîâàíèÿ
Îïðåäåëåíèå õàðàêòåðà èçìåíåíèÿ âî âðå-

ìåíè ïðåäåëà ïðî÷íîñòè, ïðåäåëà òåêó÷åñòè, 
îòíîñèòåëüíîãî óäëèíåíèÿ è òâåðäîñòè â ïîïå-
ðå÷íîì ñå÷åíèè òîïëèâîïðîâîäîâ âûñîêîãî äàâ-
ëåíèÿ ïðè äëèòåëüíîì íàãðóæåíèè âíóòðåííèì 
ãèäðàâëè÷åñêèì äàâëåíèåì 1600 êã/ñì2.

Ìàòåðèàëû è ìåòîäû
Îáúåêò èçó÷åíèÿ
Òîïëèâîïðîâîäû âûñîêîãî äàâëåíèÿ òîïëè-

âîïîäàþùåé ñèñòåìû àêêóìóëÿòîðíîãî òèïà, 
èçãîòîâëåííûå èç ñòàëüíûõ áåñøîâíûõ òðóá 
ðàçìåðíîñòè 8âí.3 ïðîèçâîäñòâà ðîññèéñêîãî 
ïðåäïðèÿòèÿ ÎÀÎ «Ïåðâîóðàëüñêèé íîâîòðóá-
íûé çàâîä» (äàëåå – ÎÀÎ «ÏÍÒÇ») [4]. 

Â òåõíè÷åñêèõ óñëîâèÿõ [4] íà òðóáû ïðî-
èçâîäñòâà ÎÀÎ «ÏÍÒÇ» äëÿ òîïëèâîïðîâîäîâ 
âûñîêîãî äàâëåíèÿ ìàðêà ìàòåðèàëà íå óêà-
çûâàåòñÿ. Ýòî âïîëíå ñîîòâåòñòâóåò îáùåìè-
ðîâîìó òðåíäó: â ìåæäóíàðîäíîì ñòàíäàðòå 
ISO 8535-1:2016 è ðîññèéñêîì ãîñóäàðñòâåííîì 
ñòàíäàðòå [1] ìàðêè ìàòåðèàëà òðóá íå óêàçû-
âàþòñÿ, à ðåãëàìåíòèðóþòñÿ ëèøü ñâîéñòâà 
ïðîêàòà. Õèìè÷åñêèé ñîñòàâ ìàòåðèàëà, èç êî-
òîðîãî áûëè èçãîòîâëåíû òðóáû, ïðèâåäåí 
â òàáëèöå 1.

Ðàíåå áûëè ïðîâåäåíû ïðåäâàðèòåëüíûå èñ-
ñëåäîâàíèÿ ïîâåäåíèÿ ìàòåðèàëà ÒÂÄ ïîä íà-
ãðóçêîé äëÿ òðóá ïðîèçâîäñòâà êîìïàíèè 
Jiangsusheng zhangjia gangfuren he gaojingguan 
Co., Ltd. Ðåçóëüòàòû êðàòêî èçëîæåíû â 
ðàáîòå [11].

Ïîðÿäîê ïðîâåäåíèÿ ðàáîò
Èç òðóá îäíîé ïàðòèè ïîñòàâêè èçãîòîâè-

ëè è çàìàðêèðîâàëè òðè çàãîòîâêè. Îò êàæäîé 
çàãîòîâêè îòðåçàëè îáðàçåö äëÿ îïðåäåëåíèÿ 
ìåõàíè÷åñêèõ ñâîéñòâ è òâåðäîñòè â ïîïåðå÷-
íûõ ñå÷åíèÿõ. Èç îñòàâøèõñÿ òðóá èçãîòîâè-
ëè òðè òîïëèâîïðîâîäà, êîòîðûå óñòàíîâèëè 
íà áåçìîòîðíûé ñòåíä äëÿ îáêàòêè êîìïîíåí-
òîâ òîïëèâíûõ ñèñòåì òèïà Common Rail: íà-
ñîñîâ âûñîêîãî äàâëåíèÿ è ôîðñóíîê. Îïèñà-
íèå ýêñïåðèìåíòàëüíîé óñòàíîâêè êðàòêî äàíî 
â ðàáîòå [11]. 

Òàáëèöà 1

Õèìè÷åñêèé ñîñòàâ ìàòåðèàëà òðóá
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ÒÂÄ ñíèìàëè ñ èñïûòàíèé ïîî÷åðåäíî.
Íàðàáîòêà òîïëèâîïðîâîäîâ ñîñòàâèëà:
– îáðàçåö № 1 – 1103 ÷àñà;
– îáðàçåö № 2 – 1520 ÷àñîâ;
– îáðàçåö № 3 – 540 ÷àñîâ.
Äëÿ êàæäîãî îáðàçöà îïðåäåëÿëè ïðåäåëû 

ïðî÷íîñòè, òåêó÷åñòè, îòíîñèòåëüíîå óäëèíå-
íèå è òâåðäîñòè â ïîïåðå÷íîì ñå÷åíèè. 

Ïðåäåëû ïðî÷íîñòè, òåêó÷åñòè, îòíîñè-
òåëüíîå óäëèíåíèå èçìåðÿëè íà óíèâåðñàëü-
íîé ðàçðûâíîé ìàøèíå Instron 3369 â ÀëòÃÒÓ 
èì. È.È. Ïîëçóíîâà.

Òâåðäîñòü HV
0,1

 èçìåðÿëè íà ìèêðîòâåðäî-
ìåðå SHIMADZU HMV-G21DT â íåñêîëüêèõ 
ïîïåðå÷íûõ ñå÷åíèÿõ îáðàçöîâ äî è ïîñëå íà-
ðàáîòêè íà îêðóæíîñòÿõ äâóõ ðàäèóñîâ: R2 ìì 
è R3,5 ìì. Íà êàæäîé îêðóæíîñòè òâåðäîñòü 
èçìåðÿëè â âîñüìè ðàâíîðàñïîëîæåííûõ 
òî÷êàõ. Êîíòðîëüíûå ñå÷åíèÿ ðàñïîëàãàëè 
íà ïðÿìûõ ó÷àñòêàõ òðóáû, ÷òîáû èñêëþ÷èòü 
âîçìîæíûå èñêàæåíèÿ èç-çà âëèÿíèÿ ïåðåðàñ-
ïðåäåëåíèÿ òâåðäîñòè ïðè ãèáêå. 

Êðîìå òîãî, äëÿ òðóá â ñîñòîÿíèè ïîñòàâêè 
(ïåðåä óñòàíîâêîé íà ñòåíä) è ïîñëå íàðàáîòêè 
540 ÷àñîâ îïðåäåëÿëè ìèêðîñòðóêòóðó ìàòåðèàëà.

Âñå îáðàçöû áûëè ïîñòàâëåíû íà ñòåíä 
îäíîâðåìåííî. Ïðè îáùåì íà÷àëå îòñ÷åòà íà-
ðàáîòêè ôàêòè÷åñêè äëÿ êàæäîãî îáðàçöà ñó-
ùåñòâîâàëî äâà ìîìåíòà äëÿ èçìåðåíèÿ õàðàê-
òåðèñòèê ìàòåðèàëà: ìîìåíò ïåðåä óñòàíîâêîé 
(òðóáà â ñîñòîÿíèè ïîñòàâêè) è ìîìåíò ïîñëå 
ñíÿòèÿ ïðè êîíêðåòíîé íàðàáîòêå. Ýòî îáñòî-
ÿòåëüñòâî, ñòðîãî ãîâîðÿ, ïîçâîëÿåò îöåíèâàòü 
òîëüêî îäèí âðåìåííîé ïðîìåæóòîê – îäíî çíà-
÷åíèå íàðàáîòêè – äëÿ êàæäîãî îáðàçöà, òî åñòü 
ãðàôèê èìååò òîëüêî äâå òî÷êè. Ðàñïðîñòðàíÿÿ 
âûâîäû íà âñå çíà÷åíèÿ íàðàáîòîê, ìîæíî ïî-
ëó÷èòü, ñ íåêîòîðîé ïîãðåøíîñòüþ, çàêîíî-
ìåðíîñòü èçìåíåíèÿ õàðàêòåðèñòèê â ïðåäåëàõ 
íàèáîëüøåé äîñòèãíóòîé íàðàáîòêè.

Ðåçóëüòàòû è îáñóæäåíèå
Èçìåíåíèå ìèêðîñòðóêòóðû ìàòåðèàëà
Â ñîñòîÿíèè ïîñòàâêè òðóáû èìåëè ñîð-

áèòíî-ïåðëèòíóþ ìèêðîñòðóêòóðó áàëëà 8 
(ðèñ. 1), ïîñëå íàðàáîòêè ìèêðîñòðóêòóðà ñòàëà 
ïðåèìóùåñòâåííî ñîðáèòíîé áàëë 8 (ðèñ. 2 è 3).

Èçìåíåíèå ïðåäåëîâ ïðî÷íîñòè è òåêó÷åñòè
Â òàáë. 2 ïðåäñòàâëåíû ðåçóëüòàòû èçìå-

ðåíèé ïðåäåëà ïðî÷íîñòè, ïðåäåëà òåêó÷åñòè 
è îòíîñèòåëüíîãî óäëèíåíèÿ îáðàçöîâ ïðè ðàç-
ëè÷íîé íàðàáîòêå. 

Èçìåíåíèå òâåðäîñòè â ïîïåðå÷íîì ñå÷åíèè
Â òàáë. 3 ïðåäñòàâëåíû ðåçóëüòàòû èñïûòà-

íèÿ òâåðäîñòè â ïîïåðå÷íûõ ñå÷åíèÿõ òîïëè-
âîïðîâîäîâ íà ðàäèóñå R2 ìì.

Â òàáë. 4 ïðåäñòàâëåíû ðåçóëüòàòû èñïû-
òàíèÿ òâåðäîñòè â ïîïåðå÷íûõ ñå÷åíèÿõ òî-

Ðèñ. 1. Ìèêðîñòóêòóðà ìàòåðèàëà òðóáû 
â ñîñòîÿíèè ïîñòàâêè

Ðèñ. 2. Ìèêðîñòóêòóðà ìàòåðèàëà òðóáû 
ïîñëå íàðàáîòêè 540 ÷àñîâ

Ðèñ. 3. Ìèêðîñòóêòóðà ìàòåðèàëà òðóáû 
ïîñëå íàðàáîòêè 1103 ÷àñà
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ïëèâîïðîâîäîâ íà ðàäèóñàõ R3,5 ìì, ñîîòâåò-
ñòâåííî.

Ïîâåäåíèå ìàòåðèàëà òðóáû ïðè äëèòåëü-
íîì íàãðóæåíèè âíóòðåííèì ãèäðàâëè÷åñêèì 
äàâëåíèåì 1600 êã/ñì2 èìååò îñîáåííîñòè, 
êîòîðûå ìîãóò áûòü îáúÿñíåíû òîëüêî ïóòåì 
äîïîëíèòåëüíûõ èññëåäîâàíèé. Ê òàêèì îñî-
áåííîñòÿì îòíîñèòñÿ, â ÷àñòíîñòè, õàðàê-

òåð èçìåíåíèÿ ìåõàíè÷åñêèõ õàðàêòåðèñòèê. 
Äî óðîâíÿ íàðàáîòêè 1103 ÷ íàáëþäàåòñÿ ìî-
íîòîííîå óìåíüøåíèå çíà÷åíèé âñåõ õàðàêòå-
ðèñòèê. Ïðè ýòîì ôèêñèðóåòñÿ óìåíüøåíèå 
è êîýôôèöèåíòà ïëàñòè÷íîñòè. Óñëîâíî ýòî 
ìîæíî òðàêòîâàòü, êàê ðàçóïðî÷íåíèå òðóáû. 
Èçâåñòíî, ÷òî â íåôòåãàçîâîì êîìïëåêñå íîð-
ìèðóåòñÿ ïðåäåëüíîå çíà÷åíèå êîýôôèöèåí-

Òàáëèöà 2
Èçìåíåíèå ìåõàíè÷åñêèõ ñâîéñòâ ìàòåðèàëîâ 

Òàáëèöà 3
Òâåðäîñòü íà ðàäèóñå R2 ìì

Òàáëèöà 4

Òâåðäîñòü íà ðàäèóñå R3,5 ìì
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òà ïëàñòè÷íîñòè. Ðàíåå ñ÷èòàëîñü, ÷òî «îò-
íîøåíèå ïðåäåëà òåêó÷åñòè ê âðåìåííîìó 
ñîïðîòèâëåíèþ äîëæíî áûòü íå áîëüøå 0,75 
äëÿ óãëåðîäèñòûõ ñòàëåé, 0,8 – äëÿ íèçêîëå-
ãèðîâàííûõ, 0,85 – äëÿ òåðìè÷åñêè óïðî÷íåí-
íîé ñòàëè» [12]. Â íàñòîÿùåå âðåìÿ, â ñîîò-
âåòñòâèè ñ ðóêîâîäÿùèìè äîêóìåíòàìè ÏÀÎ 
«ÃÀÇÏÐÎÌ», äëÿ êëàññà ìàòåðèàëîâ, áëèç-
êîãî ê ñòàëÿì, èç êîòîðûõ èçãîòàâëèâàþòñÿ 
ÒÂÄ, êîýôôèöèåíò ïëàñòè÷íîñòè íå äîëæåí 
ïðåâûøàòü 0,9. 

Â õîäå èñïûòàíèé îòìå÷åíî íåçíà÷èòåëü-
íîå óìåíüøåíèå êîýôôèöèåíòà ïëàñòè÷íîñòè 
äî íàðàáîòêè 1103 ÷, íî çàòåì íàáëþäàåòñÿ 
ðåçêîå óâåëè÷åíèå çà ñ÷åò ðîñòà ïðåäåëà òå-
êó÷åñòè ïðè ñîõðàíåíèè íåèçìåííûì ïðåäåëà 
ïðî÷íîñòè. Ýòî îáñòîÿòåëüñòâî ïîêà òðóäíî 
îáúÿñíèòü. 

Èñïûòàíèÿ òâåðäîñòè â ïîïåðå÷íîì ñå÷å-
íèè îáðàçöîâ õîðîøî äåìîíñòðèðóþò ôàêòè-
÷åñêèé ðàçáðîñ õàðàêòåðèñòèê õîëîäíîäåôîð-
ìèðîâàííûõ ñòàëüíûõ áåñøîâíûõ òðóá, â òîì 
÷èñëå â ñîñòîÿíèè ïîñòàâêè. Äëÿ èñïûòàíèé 
áûëè âçÿòû òðóáû îäíîé ïàðòèè ïîñòàâêè, 
èçãîòîâëåííûå èç çàãîòîâîê îäíîé ïëàâêè 
ïî åäèíîé òåõíîëîãèè íà îäíîì è òîì æå îáî-
ðóäîâàíèè. Òåì íå ìåíåå, âèäíî, ÷òî ðàçáðîñ 
çíà÷åíèé òâåðäîñòè ïðè íóëåâîé íàðàáîòêå, 
òî åñòü â ñîñòîÿíèè ïîñòàâêè òðóáû, íå òîëüêî 
ñóùåñòâóåò, íî è èìååò ðàçëè÷íîå ñòàíäàðòíîå 
îòêëîíåíèå äëÿ âñåõ îáðàçöîâ.

Ïðè íàðàáîòêå íàáëþäàåòñÿ óâåëè÷åíèå 
òâåðäîñòè â ïîïåðå÷íûõ ñå÷åíèÿõ ÒÂÄ. Ýòî 
õîðîøî çàìåòíî ïî èçìåíåíèþ óðîâíåé ñðåä-
íåé ïî ñå÷åíèþ òâåðäîñòè.

Îáùèì äëÿ îáðàçöîâ îêàçàëîñü óâåëè÷å-
íèå ñ ðîñòîì íàðàáîòêè çíà÷åíèé ñòàíäàðòíî-
ãî îòêëîíåíèÿ òâåðäîñòè îò ñðåäíåãî ïî ñå÷å-
íèÿì. Ýòîò ðåçóëüòàò ïðîòèâîðå÷èò äàííûì, 
ïîëó÷åííûì ïðè èñïûòàíèÿõ òîïëèâîïðîâî-
äîâ èç ñòàëè St52 [11]. Íåëüçÿ òàêæå ñ÷èòàòü, 
÷òî äëÿ èñïûòûâàâøèõñÿ òîïëèâîïðîâîäîâ 
ïîäòâåðäèëñÿ âûâîä, ñäåëàííûé â ðàáîòå [11], 
î áîëüøåì âûðàâíèâàíèè òâåðäîñòè íà ðàäèó-
ñå R2 ìì, ïî ñðàâíåíèþ ñ ðàäèóñîì R3,5 ìì. 
Ïðè íàðàáîòêå 540 ÷ ñòàíäàðòíîå îòêëîíåíèå 
òâåðäîñòè íà ðàäèóñå R3,5 ìì ïî÷òè â 4 ðàçà 
ìåíüøå, ÷åì íà ðàäèóñå R2 ìì. Ýòî îáñòîÿ-
òåëüñòâî ìîæåò áûòü ñâÿçàíî ñ íåðàâíîìåð-
íîñòüþ ìåõàíè÷åñêèõ ñâîéñòâ íå òîëüêî â ïî-
ïåðå÷íûõ, íî è â ïðîäîëüíûõ ñå÷åíèÿõ òðóáû.

Â õîäå èñïûòàíèé âñå îáðàçöû ñîõðàíèëè 
ãåðìåòè÷íîñòü, ñëó÷àåâ ðàçðóøåíèÿ íå áûëî. 

Îáðàçöû ñíèìàëèñü ñ èñïûòàíèé ïðè äîñòèæå-
íèè ðàçíîñòè â íàðàáîòêå ≈ 500 ÷. 

Ýòî îáñòîÿòåëüñòâî, íàðÿäó ñ çíà÷åíèåì 
êîýôôèöèåíòà ïëàñòè÷íîñòè ïðè íàðàáîòêå 
1520 ÷, ãîâîðèò î òîì, ÷òî â óñëîâèÿõ áåçìî-
òîðíîãî ñòåíäà ñòàëüíûå áåñøîâíûå òðóáû ðàç-
ìåðíîñòè 8âí.3 ïðîèçâîäñòâà ÎÀÎ «ÏÍÒÇ» 
èç ìàòåðèàëà, èìåþùåãî õèìè÷åñêèé ñîñòàâ 
ïî òàáë. 1, âûäåðæèâàþò äëèòåëüíóþ ðàáîòó 
ïðè äàâëåíèè 1600 êã/ñì2. Íàñêîëüêî ìîæíî 
ñóäèòü ïî äàííûì èñïûòàíèé îäíîãî îáðàç-
öà, íàðàáîòêà 1520 ÷ íå ÿâëÿåòñÿ ïðåäåëüíîé 
äëÿ äàííûõ òðóá. Áåçóñëîâíî, äëÿ áîëüøåé îáî-
ñíîâàííîñòè òàêîãî âûâîäà, íåîáõîäèìî ïðî-
âåäåíèå äëèòåëüíûõ èñïûòàíèé, âî-ïåðâûõ, 
íà äâèãàòåëå è, âî-âòîðûõ, ðàñøèðåííîé âûáîð-
êîé – ïðè áîëüøåì ÷èñëå îáðàçöîâ. Ýòî òàêæå 
áóäåò ïîëåçíî äëÿ îïðåäåëåíèÿ ïðåäåëüíûõ çíà-
÷åíèé ìåõàíè÷åñêèõ õàðàêòåðèñòèê ìàòåðèàëîâ.

Çàêëþ÷åíèå
Âûâîäû ïî ðåçóëüòàòàì ïðîâåäåííûõ ðàáîò 

íîñÿò ïðåäâàðèòåëüíûé õàðàêòåð, îäíàêî íàìå-
÷àþò íàïðàâëåíèÿ äàëüíåéøèõ èññëåäîâàíèé.
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