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Б
åçîïàñíàÿ ýêñïëóàòàöèÿ ãðóçîïîäúåìíûõ ìàøèí
âî ìíîãîì ñâÿçàíà ñ ñîáëþäåíèåì òðåáîâàíèé
ïðîìûøëåííîé áåçîïàñíîñòè, êîòîðûå âî ìíîãî

ïîçâîëÿþò ïðåäîòâðàòèòü âîçíèêíîâåíèå àâàðèé íà
îïàñíûõ ïðîèçâîäñòâåííûõ îáúåêòàõ. Îäíàêî ñóùåñòâó-
þò íåêîòîðûå îñîáåííîñòè òàêèõ îáúåêòîâ, êîòîðûå ìîãóò
ïðèâîäèòü ê î÷åíü ñèëüíîìó ñíèæåíèþ áåçîïàñíîñòè
ýêñïëóàòàöèè ãðóçîïîäúåìíûõ ìàøèí. Ê ÷èñëó äåñòðóê-
òèâíûõ ôàêòîðîâ, îêàçûâàþùèõ íåïîñðåäñòâåííîå âëèÿ-
íèå íà áåçîïàñíóþ ýêñïëóàòàöèþ òàêèõ îáúåêòîâ, îòíî-
ñèòñÿ óñòàëîñòü ìåòàëëîêîíñòðóêöèé. Âîçäåéñòâèå öèê-
ëè÷åñêèõ íàãðóçîê è äåéñòâèå êîððîçèîííî-àãðåññèâíûõ
ñðåä âî ìíîãî ñïîñîáñòâóåò ðàçâèòèþ óñòàëîñòè è ìîæåò
ïðèâåñòè ê âíåçàïíîìó ðàçðóøåíèþ ìåòàëëîêîíñòðóê-
öèé, ÷òî ÷ðåâàòî êàòàñòðîôè÷åñêèìè ïîñëåäñòâèÿìè.

Óñòàëîñòíàÿ ïðî÷íîñòü ìåòàëëîêîíñòðóêöèé ÿâëÿåòñÿ
îñíîâíûì ïîêàçàòåëåì, õàðàêòåðèçóþùèì ñïîñîáíîñòü
ìåòàëëà ïðåïÿòñòâîâàòü âîçíèêíîâåíèþ ðàçðóøåíèÿ ïðè
âîçäåéñòâèè ïîñòîÿííî ìåíÿþùèõñÿ íàãðóçîê. Âëèÿíèå
ïåðåìåííûõ íàãðóçîê, êîòîðûå ìåíÿþòñÿ ïî âðåìåíè è
âåëè÷èíå ïðèâîäèò ê ïîÿâëåíèþ óñòàëîñòíûõ òðåùèí. Òà-
êèå òðåùèíû î÷åíü îïàñíû áëàãîäàðÿ èõ ñïîñîáíîñòè
âûçûâàòü âíåçàïíîå ðàçðóøåíèå ìåòàëëîêîíñòðóêöèé.
Íåëüçÿ íå îòìåòèòü íåäîñòàòî÷íûé óðîâåíü íàó÷íî-èñ-
ñëåäîâàòåëüñêèõ ðàçðàáîòîê â îáëàñòè îïðåäåëåíèÿ ìå-
õàíèçìà óñòàëîñòè ìåòàëëà, êîòîðûé äî ñèõ ïîð íåäîñòà-
òî÷íî èññëåäîâàí. 

Â ïðîöåññå âîçäåéñòâèÿ öèêëè÷åñêèõ íàãðóçîê â ìå-
òàëëå ïîÿâëÿþòñÿ ìèêðîðàçðóøåíèÿ, êîòîðûå ñïîñîáíû
îáúåäèíÿòüñÿ è îáðàçîâûâàòü êðóïíûå óñòàëîñòíûå òðå-
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Annotation
Safe operation of lifting equipment links with the requirements of

industrial safety, which many help to prevent the occurrence of accidents at
hazardous industrial facilities. However, there are some features of these
objects, which can lead to a very large reduction in operational safety of lift-
ing equipment. Among the destructive factors that have a direct impact on
the safe operation of such facilities, the fatigue of steel structures is also
included. This article is devoted to the influence of fatigue on the safe use of
lifting equipment. The main aspects of the identification of fatigue of metal
structures for lifting equipment were analyzed. Fatigue of metal structures of
lifting equipment is a very negative impact, reducing their safe operation.
Research in the area of reducing the fatigue effect on lifting machines is a
major challenge which will significantly improve the safety of operation of
such facilities.
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Àííîòàöèÿ
Áåçîïàñíàÿ ýêñïëóàòàöèÿ ãðóçîïîäúåìíûõ ìàøèí âî ìíîãîì ñâÿçàíà
ñ ñîáëþäåíèåì òðåáîâàíèé ïðîìûøëåííîé áåçîïàñíîñòè, êîòîðûå âî
ìíîãî ïîçâîëÿþò ïðåäîòâðàòèòü âîçíèêíîâåíèå àâàðèé íà îïàñíûõ
ïðîèçâîäñòâåííûõ îáúåêòàõ. Îäíàêî ñóùåñòâóþò íåêîòîðûå îñîáåí-
íîñòè òàêèõ îáúåêòîâ, êîòîðûå ìîãóò ïðèâîäèòü ê î÷åíü ñèëüíîìó ñíè-
æåíèþ áåçîïàñíîñòè ýêñïëóàòàöèè ãðóçîïîäúåìíûõ ìàøèí. Ê ÷èñëó
äåñòðóêòèâíûõ ôàêòîðîâ, îêàçûâàþùèõ íåïîñðåäñòâåííîå âëèÿíèå íà
áåçîïàñíóþ ýêñïëóàòàöèè òàêèõ îáúåêòîâ, îòíîñèòñÿ óñòàëîñòü ìåòàë-
ëîêîíñòðóêöèé. Äàííàÿ ñòàòüÿ ïîñâÿùåíà âëèÿíèþ óñòàëîñòè íà áåç-
îïàñíóþ ýêñïëóàòàöèþ ãðóçîïîäúåìíûõ ìàøèí. Ïðèâåäåíû îñíîâíûå
àñïåêòû èäåíòèôèêàöèè óñòàëîñòè ìåòàëëîêîíñòðóêöèé ãðóçîïîäú-
åìíûõ ìàøèí.Óñòàëîñòü ìåòàëëîêîíñòðóêöèé ãðóçîïîäúåìíûõ ìàøèí
ÿâëÿåòñÿ î÷åíü íåãàòèâíûì âîçäåéñòâèåì, ñíèæàþùèì èõ áåçîïàñ-
íóþ ýêñïëóàòàöèþ. Ïðîâåäåíèå èññëåäîâàíèé â îáëàñòè ñíèæåíèÿ
äåéñòâèÿ óñòàëîñòè íà ãðóçîïîäúåìíûå ìàøèíû ïðåäñòàâëÿåò ñîáîé
îñíîâíóþ çàäà÷ó, ðåøåíèå êîòîðîé ïîçâîëèò çíà÷èòåëüíî ïîâûñèòü
áåçîïàñíîñòü ýêñïëóàòàöèè òàêèõ îáúåêòîâ.
Êëþ÷åâûå ñëîâà:
Óñòàëîñòü, ãðóçîïîäúåìíûå ìàøèíû, ïðîìûøëåííàÿ áåçîïàñíîñòü.
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ùèíû. Ãîâîðÿ îá óñòàëîñòè, ñòîèò ïðèíèìàòü âî âíèìàíèå
äåéñòâèå êîððîçèè, ïîñêîëüêó îíà ñïîñîáñòâóåò áûñòðî-
ìó ðàçâèòèþ âûøåóêàçàííûõ ïîâðåæäåíèé, ïîýòîìó ÷àñ-
òî èñïîëüçóþò òåðìèí "êîððîçèîííî-óñòàëîñòíûé èçíîñ"
äëÿ õàðàêòåðèñòèêè êîëëåêòèâíîãî äåéñòâèÿ êîððîçèè è
óñòàëîñòè.

Îñíîâíûìè ïðè÷èíàìè ïîÿâëåíèÿ óñòàëîñòíûõ äå-
ôåêòîâ ÿâëÿþòñÿ:

◆ Íåäîñòàòî÷íîå êà÷åñòâî ïðîâåäåííîãî ðåìîíòà.
Â ïðîöåññå ðåìîíòà ìîãóò îñòàâàòüñÿ ïîâðåæäåíèÿ, êî-
òîðûå íå áûëè óñòðàíåíû è ñ òå÷åíèåì îïðåäåëåííîãî
÷èñëà öèêëîâ ìîãóò ïåðåðàñòè â óñòàëîñòíûå òðåùèíû;

◆ Íàðóøåíèå òðåáîâàíèé áåçîïàñíîé ýêñïëóàòà-
öèè. Áåçîïàñíàÿ ýêñïëóàòàöèÿ ãðóçîïîäúåìíûõ ìàøèí
äîëæíà ðåàëèçîâûâàòüñÿ â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè
ýêñïëóàòàöèîííîé äîêóìåíòàöèè. ×àñòî ýêñïëóàòèðóþ-
ùèå îðãàíèçàöèè ïðåíåáðåãàþò òàêèìè òðåáîâàíèÿìè è
èñïîëüçóþò áîëüøåå ÷èñëî öèêëîâ íàãðóçêè, ïîâûøåí-
íûå ìàññû è äðóãèå ôàêòîðû, ÷òî ñïîñîáñòâóåò ïîÿâëå-
íèþ óñòàëîñòíûõ ïîâðåæäåíèé;

◆ Âîçäåéñòâèå îêðóæàþùåé ñðåäû. Âëèÿíèå êîð-
ðîçèîííî-àêòèâíûõ ãàçîâ âîçäóõà ïðîìûøëåííîé çîíû,
âîçäåéñòâèå ïîâûøåííîé âëàæíîñòè ñïîñîáíî â çíà÷è-
òåëüíîé ñòåïåíè óñèëèâàòü âëèÿíèå óñòàëîñòè íà áåç-
îïàñíóþ ýêñïëóàòàöèþ ãðóçîïîäúåìíûõ ìåõàíèçìîâ.

Ñòîèò îòìåòèòü, ÷òî ýêñïëóàòàöèÿ ãðóçîïîäúåìíûõ
ìåõàíèçìîâ ïðè íàëè÷èè óñòàëîñòíûõ ïîâðåæäåíèé çà-
ïðåùàåòñÿ. Ñàìûì íåãàòèâíûì ôàêòîðîì â óñòàëîñòè
ìåòàëëîêîíñòðóêöèé ÿâëÿåòñÿ òî, ÷òî îíè ìîãóò ðàçðó-
øàòüñÿ ïðè çíà÷åíèÿõ íàïðÿæåíèé çíà÷èòåëüíî ìåíüøèõ
ïî ñðàâíåíèþ ñ ïðåäåëîì òåêó÷åñòè.

Áåçîïàñíàÿ ýêñïëóàòàöèÿ ãðóçîïîäúåìíûõ ìàøèí
ðåãëàìåíòèðóåòñÿ ÔÇ-116 [1] è Ôåäåðàëüíûìè íîðìàìè
è ïðàâèëàìè"Ïðàâèëà áåçîïàñíîñòè îïàñíûõ ïðîèçâîä-
ñòâåííûõ îáúåêòîâ, íà êîòîðûõ èñïîëüçóþòñÿ ïîäúåìíûå
ñîîðóæåíèÿ" [2]. Îäíàêî â íèõ ñîâåðøåííî îòñóòñòâóåò
èíôîðìàöèÿ, ïîñâÿùåííàÿ èäåíòèôèêàöèè óñòàëîñòíûõ
ðàçðóøåíèé è ïðîòèâîäåéñòâèþ óñòàëîñòè.

Ïðîâåäåíèå îáñëåäîâàíèÿ ìåòàëëîêîíñòðóêöèé ãðó-
çîïîäúåìíûõ ìàøèí ïîçâîëÿåò â çíà÷èòåëüíîé ñòåïåíè
êîíòðîëèðîâàòü íàëè÷èå óñòàëîñòíûõ ïîâðåæäåíèé. Îñî-
áîå âíèìàíèå äîëæíî óäåëÿòüñÿ ñëåäóþùèì îáëàñòÿì:

◆ Ìåñòà ïåðåñå÷åíèÿ ñâàðî÷íûõ ñîåäèíåíèé;
◆ Îáëàñòè ïðîâåäåíèÿ ðåìîíòà. Â îñîáåííîñòè

áîëüøîå âíèìàíèå äîëæíî óäåëÿòüñÿ ìåñòàì çàâàðêè
òðåùèí;

◆ Ìåñòà êðåïëåíèÿ ðàñêîñîâ è ñòîåê ê ïîÿñàì;
◆ Îáëàñòè ñ ïåðåïàäîì òîëùèíû è ïåðåïàäîì ïëî-

ùàäè ñå÷åíèÿ ïðè ñîåäèíåíèè ìåòàëëîêîíñòðóêöèé.
Òàêæå â áîëüøåé ñòåïåíè íà óñòàëîñòü âëèÿåò êîëè-

÷åñòâî ïðèìåñåé â ìåòàëëàõ, ïîýòîìó èäåíòèôèêàöèÿ õè-
ìè÷åñêîãî ñîñòàâà ñòàëåé ìåòàëëîêîíñòðóêöèé ÿâëÿåòñÿ
î÷åíü âàæíûì àñïåêòîì â îáëàñòè êîíòðîëÿ óñòàëîñòè.
Ýêñïëóàòàöèÿ ãðóçîïîäúåìíûõ ìàøèí ïðè âîçäåéñòâèè
ïîâûøåííûõ òåìïåðàòóð òàêæå ñïîñîáñòâóåò ïîÿâëåíèþ
è áûñòðîìó ðàñïðîñòðàíåíèþ óñòàëîñòíûõ ïîâðåæäåíèé.
Ê ïðèìåðó, â ðÿäå îòðàñëåé (â îñîáåííîñòè, â õèìè÷åñêîé
è ìåòàëëóðãè÷åñêîé ïðîìûøëåííîñòè) ìåòàëëîêîíñòðóê-
öèè êðàíîâ ìîãóò ïîäâåðãàòüñÿ âëèÿíèþ ëó÷èñòîãî òåï-
ëîîáìåíà îò ðàáî÷èõ ñðåä è îáîðóäîâàíèÿ, áëàãîäàðÿ ÷å-
ìó òåìïåðàòóðà ïîâåðõíîñòè ìåòàëëîêîíñòðóêöèé ìîæåò
áûòü çíà÷èòåëüíî âûøå, ïî ñðàâíåíèþ ñ òåìïåðàòóðîé
îêðóæàþùåãî âîçäóõà. 

Â ñëó÷àå îáíàðóæåíèÿ òðåùèí â ñâàðíûõ øâàõ è ìå-
òàëëîêîíñòðóêöèÿõ ãðóçîïîäúåìíûõ ìàøèí íåîáõîäèìî
ïðîâîäèòü èõ êîíòðîëü íåðàçðóøàþùèìè ìåòîäàìè.
Îáúåì è ìåòîä íåðàçðóøàþùåãî êîíòðîëÿ îïðåäåëÿåòñÿ
êîìèññèåé, êîòîðàÿ ïðîâîäèò îáñëåäîâàíèå. Áîëüøèì
íåäîñòàòêîì ñóùåñòâóþùèõ ìåòîäîâ êîíòðîëÿ ÿâëÿåòñÿ
èõ ñïîñîáíîñòü êîíòðîëèðîâàòü óæå ðàçâèòûå ïîâðåæäå-
íèÿ.

Â ïîñëåäíåå âðåìÿ äîñòàòî÷íî ïåðñïåêòèâíûì ÿâëÿ-
åòñÿ ìàãíèòíûé ìåòîä äèàãíîñòèêè ìåòàëëîêîíñòðóêöèé,
êîòîðûé ñâÿçàí ñ ïîñòðîåíèåì êàðòèíû èçìåíåíèÿ ìà-
ãíèòíûõ ñâîéñòâ ìàòåðèàëîâ â çàâèñèìîñòè îò ÷èñëà
öèêëîâ íàãðóæåíèÿ. Ñòîèò îòìåòèòü, ÷òî òàêîé ìåòîä îñ-
íîâûâàåòñÿ ãëàâíûì îáðàçîì íà íàëè÷èè áîëüøîãî "íà-
ðàáîòàííîãî" ìàòåðèàëà äëÿ ðàçëè÷íûõ ñòàëåé, êîí-
ñòðóêöèé è äåôåêòîâ.Îäíàêî, íåñìîòðÿ íà ïðèìåíåíèå
íåðàçðóøàþùåãî êîíòðîëÿ, íàèáîëüøóþ äîëþ ñðåäè
ïðè÷èí àâàðèé íà îáúåêòàõ, ýêñïëóàòèðóþùèõ ïîäúåìíûå
ñîîðóæåíèÿ, çàíèìàåò èìåííî ÷åëîâå÷åñêèé ôàêòîð.
Ïðîáëåìà îðãàíèçàöèè ïðîâåäåíèÿ êîíòðîëÿ òåõíè÷åñ-
êîãî ñîñòîÿíèÿ â îïðåäåëåííîì ïåðèîäè÷åñêîì ðåæèìå
ñòîèò äîñòàòî÷íî îñòðî è ýòî íåëüçÿ íå ïðèíèìàòü âî
âíèìàíèå.

Òàêèì îáðàçîì, óñòàëîñòü ìåòàëëîêîíñòðóêöèé ãðóçî-
ïîäúåìíûõ ìàøèí ÿâëÿåòñÿ î÷åíü âàæíûì âîçäåéñòâè-
åì, ñíèæàþùèì èõ áåçîïàñíóþ ýêñïëóàòàöèþ. Ïðîâåäå-
íèå èññëåäîâàíèé â îáëàñòè îñëàáëåíèÿâîçäåéñòâèÿ óñ-
òàëîñòè íà ãðóçîïîäúåìíûå ìàøèíû ïðåäñòàâëÿåò ñîáîé
îñíîâíóþ çàäà÷ó, ðåøåíèå êîòîðîé ïîçâîëèò çíà÷èòåëü-
íî ïîâûñèòü áåçîïàñíîñòü ýêñïëóàòàöèè òàêèõ îáúåêòîâ.
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èñïîëüçóþòñÿ ïîäúåìíûå ñîîðóæåíèÿ".
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