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О
áîðóäîâàíèå õèìè÷åñêèõ ïðîèçâîäñòâ, â çíà÷è-
òåëüíîé ñòåïåíè, ïîäâåðæåíî âëèÿíèþ ðÿäà äåñ-
òðóêòèâíûõ ôàêòîðîâ, êîòîðûå óõóäøàþò åãî áåç-

îïàñíóþ ýêñïëóàòàöèþ. Îäíèì èç òàêèõ ôàêòîðîâ ÿâëÿ-
åòñÿ êîððîçèîííàÿ óñòàëîñòü. Äàííûé âèä èçíîñà ïðåä-
ñòàâëÿåò ñîáîé î÷åíü îïàñíûé ïðîöåññ, êîòîðûé ìîæåò
ïðèâåñòè ê ðàçðóøåíèþ îáîðóäîâàíèÿ, ïðè÷åì åãî ðàç-
âèòèå áóäåò ïðîèñõîäèòü ñðàâíèòåëüíî áûñòðî, ÷òî íåîá-
õîäèìî ïðèíèìàòü âî âíèìàíèå ïðè îðãàíèçàöèè ðÿäà
ìåðîïðèÿòèé ïî îáåñïå÷åíèþ áåçîïàñíîñòè îïàñíûõ
ïðîèçâîäñòâåííûõ îáúåêòîâ â äàííîé îòðàñëè.

Êîððîçèîííî-óñòàëîñòíûé èçíîñ (èëè êîððîçèîííàÿ
óñòàëîñòü) ïðåäñòàâëÿåò ñîáîé ïðîöåññ ðàçðóøåíèÿ ìå-
òàëëà ïðè âîçäåéñòâèè èíòåíñèâíûõ öèêëè÷åñêèõ íàãðó-
çîê, êîòîðûé îñëîæíåí äåéñòâèåì íà ìåòàëë êîððîçèîí-
íî-àêòèâíûõ ñðåä. Òî åñòü ýòî ñâîåãî ðîäà êîððîçèÿ ìå-
òàëëà, íî ïîä íàïðÿæåíèåì. Ïîýòîìó â áîëüøåé ñòåïåíè

äàííîé êîððîçèè ïîäâåðæåíû òå ýëåìåíòû õèìè÷åñêîãî
îáîðóäîâàíèÿ, êîòîðûå ïîäâåðæåíû äåéñòâèþ ðàñòÿãè-
âàþùèõ íàïðÿæåíèé. Âûíîñëèâîñòü òàêèõ ýëåìåíòîâ ñó-
ùåñòâåííî ñíèæàåòñÿ â òå÷åíèå ñðîêà ýêñïëóàòàöèè. 

Êîððîçèîííàÿ óñòàëîñòü õàðàêòåðèçóåòñÿ âîçíèêíî-
âåíèåì ðÿäà òðåùèí ïî ìåæçåðåííûì ãðàíèöàì, êîòîðûå
ðàñïðîñòðàíÿþòñÿ â ìîìåíò, êîãäà ìåòàëë íàõîäèòñÿ â
íàãðóæåííîì ñîñòîÿíèè. Êîððîçèÿ ïðîèñõîäèò çà ñ÷åò
îáðàçîâàíèÿ öåëîé ñåòè òðåùèí, êîòîðûå âïîñëåäñòâèè
îáúåäèíÿþòñÿ â îäíó êðóïíóþ óñòàëîñòíóþ òðåùèíó.

Íà ïîäâåðæåííîñòü ìåòàëëà êîððîçèîííî-óñòàëîñò-
íîìó èçíîñó âëèÿåò ðÿä ôàêòîðîâ:

◆ Êîëè÷åñòâî ïðèìåñåé â ìåòàëëå. Íåêà÷åñòâåí-
íûå ñïëàâû, èç êîòîðûõ èçãîòîâëåíî õèìè÷åñêîå îáîðó-
äîâàíèå, ìîãóò áûòü â çíà÷èòåëüíîé ñòåïåíè ïîäâåðæåíû
ðàññìàòðèâàåìîìó èçíîñó, âûçâàííîìó íåêà÷åñòâåííîé
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Annotation
The equipment of chemical manufactures, largely influenced by a num-

ber of destructive factors that impair its safe operation. One such factor is
corrosion fatigue. This type of wear is a very dangerous process that can
lead to destruction of the equipment, and its development will occur rela-
tively quickly, it is necessary to take into account when organizing a series
of activities to ensure the safety of hazardous production facilities in the
industry. This article is devoted to the problem of corrosion-fatigue wear the
equipment of the chemical industry. The main causes of corrosion-fatigue
wear of chemical equipment were analyzed. New approaches to protect the
metal against corrosion under the influence of stress are a very important
task and requires a lot of effort to find a new approach to solving a number
of problems in the field of industrial safety.

Keywordds: wear, equipment, chemical industry.

Êîøåíñêîâ  Ïåòð  Ôåäîðîâè÷
Òåõíè÷åñêèé äèðåêòîð ÎÎÎ "ÏÐÎÌÝÊÑ"

Êîíîïëÿíèêîâ  Îëåã  Âëàäèìèðîâè÷
Íà÷. îòä. äèàãíîñòèêè è ýêñïåðòèçû
òåõíè÷. óñòðîéñòâ ÎÎÎ "ÏÐÎÌÝÊÑ"

Ñêîñûðåâ  Àëåêñåé  Íèêîëàåâè÷
Âåä. èíæåíåð ÎÎÎ "ÏÐÎÌÝÊÑ"
Ñìèðíîâ  Âÿ÷åñëàâ  Ñòåïàíîâè÷

Äèðåêòîð ÎÎÎ ôèðìà "Ñòàëüïðîåêò"
Âàâèëîâ  Àëåêñàíäð  Âàëåíòèíîâè÷

Äèðåêòîð ÎÎÎ "Èæèöà-Ýêñïåðò"
Àííîòàöèÿ
Îáîðóäîâàíèå õèìè÷åñêèõ ïðîèçâîäñòâ, â çíà÷èòåëüíîé ñòåïåíè,
ïîäâåðæåíî âëèÿíèþ ðÿäà äåñòðóêòèâíûõ ôàêòîðîâ, êîòîðûå ñíèæà-
þò åãî áåçîïàñíóþ ýêñïëóàòàöèþ. Îäíèì èç òàêèõ ôàêòîðîâ ÿâëÿåòñÿ
êîððîçèîííàÿ óñòàëîñòü. Äàííûé âèä èçíîñà ïðåäñòàâëÿåò ñîáîé
î÷åíü îïàñíûé ïðîöåññ, êîòîðûé ìîæåò ïðèâåñòè ê ðàçðóøåíèþ îáî-
ðóäîâàíèÿ, ïðè÷åì åãî ðàçâèòèå áóäåò ïðîèñõîäèòü ñðàâíèòåëüíî áû-
ñòðî, ÷òî íåîáõîäèìî ïðèíèìàòü âî âíèìàíèå ïðè îðãàíèçàöèè ðÿäà
ìåðîïðèÿòèé ïî îáåñïå÷åíèþ áåçîïàñíîñòè îïàñíûõ ïðîèçâîäñòâåí-
íûõ îáúåêòîâ â äàííîé îòðàñëè. Äàííàÿ ðàáîòà ïîñâÿùåíà ïðîáëåìå
êîððîçèîííî-óñòàëîñòíîãî èçíîñà îáîðóäîâàíèÿ õèìè÷åñêîé ïðî-
ìûøëåííîñòè. Ïðîâåäåí àíàëèç îñíîâíûõ ïðè÷èí, âûçûâàþùèõ êîð-
ðîçèîííî-óñòàëîñòíûé èçíîñ õèìè÷åñêîãî îáîðóäîâàíèÿ. Ïðèìåíå-
íèå íîâûõ ïîäõîäîâ ïî çàùèòåìåòàëëà îò êîððîçèè ïîä âîçäåéñòâè-
åì íàïðÿæåíèé, ÿâëÿåòñÿ î÷åíü âàæíîé çàäà÷åé è òðåáóåò áîëüøîãî
îáúåìà óñèëèé äëÿ íàõîæäåíèÿ íîâûõ ïîäõîäîâ ðåøåíèÿ ðÿäà ïðîá-
ëåì â îáëàñòè ïðîìûøëåííîé áåçîïàñíîñòè.
Êëþ÷åâûå ñëîâà:
Èçíîñ, îáîðóäîâàíèå, ïðîìûøëåííàÿ áåçîïàñíîñòü.
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òåõíîëîãèåé ïðîèçâîäñòâà. Â îñîáåííîñòè ýòî õàðàêòåð-
íî äëÿ îáîðóäîâàíèÿ, ïðîèçâåäåííîãî â Êèòàå;

◆ Òåìïåðàòóðà. Ïîâûøåíèå òåìïåðàòóðû ïîëîæè-
òåëüíî âëèÿåò íà ðàçâèòèå óñòàëîñòíûõ òðåùèí. Ïî-
ñêîëüêó õèìè÷åñêàÿ òåõíîëîãèÿ èìååò íåïîñðåäñòâåííîå
äåëî ñ ïîâûøåííûìè òåìïåðàòóðàìè, òî äàííûé ôàêòîð
î÷åíü ñèëüíî âëèÿåò íà áåçîïàñíóþ ýêñïëóàòàöèþ îáî-
ðóäîâàíèÿ;

◆ Àãðåññèâíîñòü êîððîçèîííî-àêòèâíîé ñðåäû.
Ïîâûøåíèå àãðåññèâíîñòè ñðåäû ñèëüíî óâåëè÷èâàåò
ñêîðîñòü ðàñïðîñòðàíåíèÿ óñòàëîñòíûõ òðåùèí. Â òàêîì
ïðîöåññå õèìè÷åñêèå âåùåñòâà âûñòóïàþò ôàêòîðîì,
êîòîðûé ñèëüíî ïîâûøàåò ñêîðîñòü ðàñïðîñòðàíåíèÿ òà-
êèõ ïîâðåæäåíèé. Ïîìèìî ýòîãî, ïîâûøåíèå êèñëîòíîñòè
ñðåäû ìîæåò ñèëüíî ñíèçèòü ïðî÷íîñòü ñïëàâîâ;

◆ Õàðàêòåð íàãðóæåíèÿ ìåòàëëà. Öèêëè÷íîñòü íà-
ãðóçîê ìåòàëëà, î÷åíü ñèëüíûå âåëè÷èíû íàïðÿæåíèé
ñïîñîáíû ñóùåñòâåííî ïîâëèÿòü íà âîçíèêíîâåíèå óñòà-
ëîñòíûõ òðåùèí.

Ñòîèò îòìåòèòü, ÷òî â áîëüøèíñòâå ñâîåì, õèìè÷åñêàÿ
ñîñòàâëÿþùàÿ êîððîçèîííîé óñòàëîñòè ÿâëÿåòñÿ ñêîðåå
ýëåêòðîõèìè÷åñêîé, ïîñêîëüêó èìåííî ðîëü ïåðåíîñà çà-
ðÿäà íà ïîâåðõíîñòè ìåòàëëà ñèëüíî óñóãóáëÿåò óñòàëî-
ñòíûé èçíîñ. Ñîãëàñíî äàííûì ðÿäà èññëåäîâàíèé, êîð-
ðîçèîííî-óñòàëîñòíûé èçíîñ - ýòî ïðîöåññ ïîâåðõíîñò-
íûé è îáðàáîòêà ïîâåðõíîñòè â çíà÷èòåëüíîé ñòåïåíè
âëèÿåò íà íåãî. 

Áåçîïàñíàÿ ýêñïëóàòàöèÿ òåõíè÷åñêèõ óñòðîéñòâ â
õèìè÷åñêîé ïðîìûøëåííîñòè ðåãëàìåíòèðóåòñÿ ÔÇ-
116 [1] è Ôåäåðàëüíûìè íîðìàìè è ïðàâèëàìè "Ïðàâè-
ëà áåçîïàñíîñòè õèìè÷åñêè îïàñíûõ ïðîèçâîäñòâåííûõ
îáúåêòîâ" [2]. Îäíàêî òàêèå òðåáîâàíèÿ â áîëüøèíñòâå
ñâîåì íàïðàâëåíû íà ïðîòèâîäåéñòâèå âëèÿíèþ îáùåé
êîððîçèè. Â ÷àñòíîñòè, ñîãëàñíî òðåáîâàíèÿì [2] íà ñòà-
äèè ïðîåêòèðîâàíèÿ äîëæíî çàêëàäûâàòü èñïîëüçîâàíèå
êîððîçèîííî-ñòîéêèõ ìàòåðèàëîâ, à òàêæå ïðèìåíåíèå
ìåð çàùèòû îò êîððîçèè. Âåëè÷èíà êîððîçèîííîãî èçíî-
ñà äîëæíà îïðåäåëÿòüñÿ ñ ïðèìåíåíèåì íåðàçðóøàþùå-
ãî êîíòðîëÿ, òðåáîâàíèÿ, ê ïðîâåäåíèþ êîòîðîãî, îïðåäå-
ëåíû â ýêñïëóàòàöèîííîé äîêóìåíòàöèè.

Ìîæíî âûäåëèòü ñëåäóþùèå ñïîñîáû çàùèòû îò êîð-
ðîçèîííîé óñòàëîñòè, êîòîðûå ìîæíî óñëîâíî ðàçäåëèòü
íà ìåõàíè÷åñêóþ è õèìè÷åñêóþ (ýëåêòðîõèìè÷åñêóþ) ñî-
ñòàâëÿþùèå:

◆ Èñïîëüçîâàíèå ýëåêòðîõèìè÷åñêîé çàùèòû.
Ïðèìåíåíèå êàòîäíîé è ïðîòåêòîðíîé çàùèòû ñíèæàåò
èçíîñ çàùèùàåìîãî ìåòàëëà, ÷òî çíà÷èòåëüíî ïîâûøàåò
ñðîê ñëóæáû õèìè÷åñêîãî îáîðóäîâàíèÿ;

◆ Èñïîëüçîâàíèå ñïîñîáîâ ñíÿòèÿ îñòàòî÷íûõ íà-
ïðÿæåíèé. Ïðèìåíåíèå ðàçëè÷íûõ ïîäõîäîâ äëÿ òåðìè-
÷åñêîé îáðàáîòêè ñïëàâîâ (ê ïðèìåðó, çàêàëêà ñ ïîñëåäó-
þùèì îòïóñêîì) ñèëüíî ïîâûøàåò âûíîñëèâîñòü ìåòàë-
ëà ïî îòíîøåíèþ ê âûøåóêàçàííûì ôàêòîðàì. Äëÿ ñíÿ-
òèÿ îñòàòî÷íûõ íàïðÿæåíèé òàêæå èñïîëüçóþò òàêèå ìå-
òîäû îáðàáîòêè ïîâåðõíîñòè, êàê íàêëåï äðîáüþ, çàêàëêà
òîêàìè âûñîêîé ÷àñòîòû è îáêàòêà ðîëèêàìè. 

◆ Èçìåíåíèå õàðàêòåðà âîçäåéñòâèÿ íàïðÿæåíèé
íà ïîâåðõíîñòíûé ñëîé ìåòàëëà. ×àñòî ñòàðàþòñÿ èçìå-
íèòü õàðàêòåð âîçäåéñòâèÿ íàïðÿæåíèé íà ìåòàëë, â ÷à-
ñòíîñòè, êîððîçèîííàÿ óñòàëîñòü àêòèâíî ðåàëèçóåòñÿ
ïðè äåéñòâèè ðàñòÿãèâàþùèõ íàïðÿæåíèé, ïîýòîìó íàëî-
æåíèå ñæèìàþùèõ íàïðÿæåíèé ìîæåò ñèëüíî ïîâûñèòü
çàùèòó ìåòàëëà îò ýòîãî âèäà êîððîçèè;

◆ Èçìåíåíèå öèêëè÷íîñòè ðàáîòû îáîðóäîâàíèÿ.
Òàêîé ïîäõîä ÿâëÿåòñÿ âåñüìà äåéñòâåííûì, îäíàêî,
ýêñïëóàòèðóþùèå îðãàíèçàöèè íåäîñòàòî÷íî àêòèâíî åãî
èñïîëüçóþò;

◆ Àçîòèðîâàíèå ñòàëåé. Ïðèìåíåíèå àçîòèðîâà-
íèÿ âî ìíîãîì ñïîñîáñòâóåò ïîâûøåíèþ ñîïðîòèâëÿå-
ìîñòè ìåòàëëà äåéñòâèþ êîððîçèîííîé óñòàëîñòè.

Ñòîèò îòìåòèòü, ÷òî â íîðìàòèâíî-òåõíè÷åñêîé äîêó-
ìåíòàöèè ïðàêòè÷åñêè îòñóòñòâóþò ìåðû çàùèòû îáîðó-
äîâàíèÿ îò êîððîçèîííî-óñòàëîñòíîãî èçíîñà íà ðàçëè÷-
íûõ ñòàäèÿõ åãî æèçíåííîãî öèêëà (ýêñïëóàòàöèÿ, ïðîåê-
òèðîâàíèå è ò.ï.). Èìåííî ïîýòîìó íåîáõîäèìûì ðåøåíè-
åì ïðîáëåìû ÿâëÿåòñÿ ðàçðàáîòêà íîâûõ àêòóàëüíûõ
òðåáîâàíèé áåçîïàñíîñòè ê ïðîâåäåíèþ ìåðîïðèÿòèé ïî
çàùèòå îáîðóäîâàíèÿ îò êîððîçèîííî-óñòàëîñòíîãî èç-
íîñà. 

Òàêèì îáðàçîì, ïðèìåíåíèå ðàçëè÷íûõ ïîäõîäîâ äëÿ
çàùèòû îò êîððîçèîííî-óñòàëîñòíîãî èçíîñà ÿâëÿåòñÿ
êëþ÷åâûì ðåøåíèåì ïðîáëåìû áåçîïàñíîé ýêñïëóàòà-
öèè õèìèêî-òåõíîëîãè÷åñêîé àïïàðàòóðû. Ïðèìåíåíèå
íîâûõ ïîäõîäîâ ïî çàùèòå îò êîððîçèè ïðè âîçäåéñòâèè
íàïðÿæåíèé, ÿâëÿåòñÿ çàäà÷åé î÷åíü âàæíîé è òðåáóåò
áîëüøîãî îáúåìà óñèëèé äëÿ íàõîæäåíèÿ íîâûõ ïîäõîäîâ
ðåøåíèÿ ðÿäà ïðîáëåì â îáëàñòè ïðîìûøëåííîé áåç-
îïàñíîñòè.
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