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ÐÅÇÞÌÅ

Ââåäåíèå. Íåîáõîäèìîñòü ïðîâåäåíèÿ äàííîãî èññëåäîâàíèÿ îáóñëîâëåíà ÷àñòî âîçíèêàþùèì â ïðîìûø-

ëåííîì âûñîòíîì ñåêòîðå è ñïîðòå âîçäåéñòâèåì íà âåðåâêè õèìè÷åñêèõ ðåàãåíòîâ è îòñóòñòâèåì â øèðî-

êîì äîñòóïå èíôîðìàöèè îá èçìåíåíèè ïðî÷íîñòè âåðåâîê ïîñëå òàêîãî âîçäåéñòâèÿ.

Öåëè è çàäà÷è. Çàäà÷à íàñòîÿùåé ðàáîòû ñîñòîèò â ïîëó÷åíèè ýêñïåðèìåíòàëüíûõ äàííûõ ïî ñíèæåíèþ

ïðî÷íîñòè âåðåâîê íà ðàçðûâ ïîñëå âîçäåéñòâèÿ ðàñòâîðîâ ðàçëè÷íûõ êèñëîò, à òàêæå â îïðåäåëåíèè êðèòå-

ðèåâ îöåíêè âîçäåéñòâèÿ êèñëîò íà âåðåâêè â öåëÿõ ïîâûøåíèÿ áåçîïàñíîñòè ëþäåé, ðàáîòàþùèõ ñ âåðåâ-

êàìè íà âûñîòå â ïðîìûøëåííîñòè è ñïîðòå.

Ìåòîäû. Äëÿ ýòîé öåëè èññëåäîâàëîñü âëèÿíèå ðàñòâîðîâ ñåðíîé, ñîëÿíîé è ôîñôîðíîé êèñëîò (êàê íàèáîëåå

÷àñòî âñòðå÷àþùèõñÿ íà ïðàêòèêå â ñïîðòèâíîé è ïðîèçâîäñòâåííîé ñôåðàõ) íà ñòàòè÷åñêèå ïîëèàìèäíûå

âåðåâêè (êàê íàèáîëåå øèðîêî èñïîëüçóåìûå ñðåäñòâà èíäèâèäóàëüíîé çàùèòû). Ìåòîäû èññëåäîâàíèÿ

âêëþ÷àëè â ñåáÿ îáðàáîòêó èñïûòóåìûõ îáðàçöîâ êèñëîòîé â òå÷åíèå 30 ñ è 1 ÷, ïîñëåäóþùóþ âûäåðæêó

â íîðìàëüíûõ êëèìàòè÷åñêèõ óñëîâèÿõ è èñïûòàíèÿ ñòàòè÷åñêîé íàãðóçêîé.

Ðåçóëüòàòû. Â õîäå èññëåäîâàíèÿ âûäåëåíû ñëåäóþùèå êðèòåðèè òàêòèëüíîãî îáíàðóæåíèÿ ïîâðåæäåííîãî

ó÷àñòêà: óâåëè÷åíèå æåñòêîñòè âåðåâêè; ïîâûøåíèå òâåðäîñòè íà ó÷àñòêàõ âîçäåéñòâèÿ; ëèïêàÿ ïîâåðõíîñòü

îïëåòêè. Íàèáîëåå ñëîæíûìè ñ òî÷êè çðåíèÿ âèçóàëüíîãî îáíàðóæåíèÿ âîçäåéñòâèÿ êèñëîò îêàçàëèñü âåðåâ-

êè, ñîñòîÿùèå èç ðàçíûõ ìàòåðèàëîâ â îïëåòêå è ñåðäå÷íèêå: åñëè îïëåòêà áîëåå èíåðòíà ê âîçäåéñòâèþ êèñ-

ëîòû, ÷åì ñåðäå÷íèê, îíà ìàñêèðóåò ïîâðåæäåíèÿ ñåðäå÷íèêà. Òàê, îáðàçåö ñ ïîëèýôèðíîé îïëåòêîé ïðàêòè-

÷åñêè íå èìåë âèçóàëüíûõ è òàêòèëüíûõ îòëè÷èé îò íîâîãî ïîñëå âîçäåéñòâèÿ H2SO4 â êîíöåíòðàöèè 45 %

â òå÷åíèå 30 ñ, ïðè ýòîì îñòàòî÷íàÿ ïðî÷íîñòü ñîñòàâèëà 46,8 %. Êðîìå òîãî, îïðåäåëåíû õàðàêòåðíûå

îñîáåííîñòè ðàçðûâà âåðåâîê, ïîâðåæäåííûõ êèñëîòîé: ÷àñòè÷íîå âûòÿãèâàíèå ïðÿäåé ñåðäå÷íèêà; îòäåëå-

íèå îïëåòêè îò ñåðäå÷íèêà; âûòÿãèâàíèå îòäåëüíûõ ïðÿäåé ñåðäå÷íèêà.

Âûâîäû. Â öåëîì, õîòÿ âñå ðàññìîòðåííûå ðàñòâîðû êèñëîò îêàçûâàëè íåãàòèâíîå âëèÿíèå íà ïðî÷íîñòü îá-

ðàçöîâ, íå âñÿêîå âîçäåéñòâèå ìîæíî ëåãêî îáíàðóæèòü. Òàêèì îáðàçîì, ðåçóëüòàòû ïîçâîëÿþò ñäåëàòü âûâîä

î íåîáõîäèìîñòè íå òîëüêî òùàòåëüíîãî èíñïåêöèîííîãî êîíòðîëÿ, íî è çíàíèÿ ïîëíîé èñòîðèè ýêñïëóàòàöèè.

Ïðåäñòàâëåííûå ðåçóëüòàòû ïîìîãóò ñôîðìèðîâàòü îáðàçîâàòåëüíûé ìàòåðèàë äëÿ àâàðèéíî-ñïàñàòåëüíûõ

ñëóæá è ýêñïåðòíûõ êîìèññèé, à òàêæå ïîâûñèòü êîìïåòåíöèè ïðîôèëüíûõ ñïåöèàëèñòîâ, îòâå÷àþùèõ çà áåç-

îïàñíîñòü è îõðàíó òðóäà â ðàçëè÷íûõ îðãàíèçàöèÿõ.

Êëþ÷åâûå ñëîâà: ïîëèàìèäíàÿ âåðåâêà; õèìè÷åñêîå ïîâðåæäåíèå; ñïåëåîëîãèÿ; àëüïèíèçì; âåðåâî÷íûé

äîñòóï.
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ABSTRACT

Introduction. The relevance of this work is due to the frequent occurrences of various chemical substances affect-

ing ropes in sport and in the industry of high-altitude works, as well as due to the lack of open-access information

on changes in the rope tensile strength under effect of chemicals.

Aims and purposes. The aim of this work is to improve the safety practices in the usage of ropes both in sport and in

industry by assessing the effect of acid solutions on the rope tensile strength, and by providing recommendations

for pre-usage visual inspection procedures so that to detect ropes exposed to acids.

Methods. We study the influence of sulfuric acid, hydrochloric acid, and phosphoric acid, as substances wide-

spread in sport and industry, on static polyamide rope, the type of rope used commonly as personal protective

equipment. The methods used involve measuring the breaking strength of the ropes after either 30 sec and 1 hr

of exposure to different concentrations of these acids. In addition, photographs of ruptures are provided, so that

safety specialists be able to detect future causes of rope failures.

Results. The results of the tests conducted show the main markers of the effects of acids on the samples to be

the following: increase in the stiffness of the rope in relation to parts not exposed to the acid; increase in the hard-

ness in the areas of exposure, as a result of sintering of individual fibers; sticky surface of the sheath, in the cases

when partial dissolution of the sheath takes place.

Conclusion. Though all acid solutions tested have negative impact on rope strength, not all are easy to detect.

Particularly deceiving can be ropes with polyether sheath, in which the latter, being less sensitive to acids, may

camouflage the damage to inner fibers, while after 30 sec of exposure to 45 % H2SO4 such damage leads to de-

crease in the tensile strength down to 46,8 % of its original strength. Thus, we conclude that the only reliable way

to protect oneself from a rope failure is to know the history of the rope in an entire manner.

Keywords: polyamide rope; chemical damage; speleology; mountaineering; rope access.
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Ââåäåíèå

Ïðèìåíåíèå âåðåâêè (êàíàòà) â êà÷åñòâå êîìïîíåí-

òà, îáåñïå÷èâàþùåãî áåçîïàñíîñòü ÷åëîâåêà, èçâåñò-

íî åùå ñ ïåðâûõ âîñõîæäåíèé â Àëüïàõ â XVIII â.

Íà ïðîòÿæåíèè áîëåå äâóõ âåêîâ åå êîíñòðóêöèÿ

ìåíÿëàñü, ñèíòåòè÷åñêîå ñûðüå çàìåùàëî îðãàíè÷å-

ñêîå, ñïîñîáû è ñôåðû ïðèìåíåíèÿ ðàñøèðÿëèñü.

Â èòîãå âåðåâêà ïðî÷íî âîøëà â ñïîðòèâíûå è èí-

äóñòðèàëüíûå ñôåðû êàê îñíîâíîé êîìïîíåíò, îáåñ-

ïå÷èâàþùèé áåçîïàñíîñòü ïîëüçîâàòåëÿ.

Ïî òèïó âåðåâêè ïîäðàçäåëÿþòñÿ íà êðó÷åíûå è

ïëåòåíûå. Êðó÷åíûå âåðåâêè (ðèñ. 1) ñîñòîÿò èç íå-

ñêîëüêèõ (÷àùå âñåãî òðåõ) ñêðó÷åííûõ ïðÿäåé.

Òàêèå âåðåâêè èìåþò íèçêóþ ñòîèìîñòü, íà íèõ

òÿæåëî âÿçàòü ïðîìåæóòî÷íûå óçëû, íî çàòî óäîáíî

äåëàòü êîíöåâûå ïåòëè (îãîíû) èëè ñðàùèâàòü êîí-

öû âåðåâîê (ñïëåñíè). Êðîìå òîãî, ýòîò òèï âåðåâîê

ñêëîíåí ê ðàñêðó÷èâàíèþ, ïîýòîìó êîíöû äîëæíû

áûòü ôèêñèðîâàíû.

Ïëåòåíûå âåðåâêè ñîñòîÿò èç ïðÿäåé, ïåðåïëå-

òåííûõ ìåæäó ñîáîé (ðèñ. 2). Ýòó êàòåãîðèþ ìîæíî

ðàçäåëèòü íà äâå áîëüøèå ïîäêàòåãîðèè — ñ ñåðäå÷-

íèêîì è áåç íåãî. Òàêèå âåðåâêè õàðàêòåðèçóþòñÿ

êðàòíîñòüþ ïåðåïëåòàåìûõ ïðÿäåé. ×åì áîëüøå â

âåðåâêå ïåðåïëåòàåìûõ ïðÿäåé, òåì îíà ìÿã÷å, íî åå

èçíîñîñòîéêîñòü ïðè ýòîì ïàäàåò. Âíóòðè âåðåâîê

áåç ñåðäå÷íèêà îáðàçóþòñÿ ïîëîñòè, è ÷åì áîëüøå

â íåé ïðÿäåé, òåì áîëåå çàìåòíû ïîëîñòè. Âåðåâêè,

èìåþùèå ñåðäå÷íèê è îïëåòêó, ïîëó÷èëè íàèáîëü-

øåå ðàñïðîñòðàíåíèå â ñïîðòå è èíäóñòðèàëüíîì äî-

ñòóïå, òàê êàê îïëåòêà âûïîëíÿåò çàùèòíóþ ôóíê-

öèþ ïî îòíîøåíèþ ê ñåðäå÷íèêó, êîòîðûé, â ñâîþ

î÷åðåäü, íåñåò íà ñåáå îñíîâíóþ íàãðóçêó. Áûâàþò

âåðåâêè äâîéíîãî ïëåòåíèÿ, â êîòîðûõ è îïëåòêà,

è ñåðäå÷íèê ïëåòåíûå, à òàêæå âåðåâêè ñ ïàðàëëåëü-

íûìè êðó÷åíûìè ïðÿäÿìè â ñåðäå÷íèêå. Ïîñëåä-

íèå ïîëó÷èëè íàèáîëåå øèðîêîå ðàñïðîñòðàíåíèå

â ñïîðòå è ïðîìûøëåííîñòè. Îïëåòêà â òàêèõ âå-

ðåâêàõ, êàê ïðàâèëî, 24-, 32- è 48-ïðÿäíàÿ è ïðî÷-

íîñòü íèòåé èñïîëüçóåòñÿ íàèáîëåå ýôôåêòèâíî.
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Ðèñ. 2. Ïëåòåíàÿ âåðåâêà ñ ñåðäå÷íèêîì

Fig. 2. A kernmantle rope

Ðèñ. 1. Êðó÷åíàÿ âåðåâêà � Fig. 1. Twisted rope
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Âåðåâêè ñ ñåðäå÷íèêîì äåëÿòñÿ íà äâà îñíîâíûõ

òèïà — ñòàòè÷åñêèå è äèíàìè÷åñêèå. Îñíîâíàÿ îñî-

áåííîñòü ñòàòè÷åñêèõ âåðåâîê çàêëþ÷àåòñÿ â ìàëîì

ðàñòÿæåíèè ïîä äåéñòâèåì íàãðóçîê, ïîýòîìó èõ ïðè-

ìåíÿþò ïðåèìóùåñòâåííî â çàôèêñèðîâàííîì ñî-

ñòîÿíèè â êà÷åñòâå îïîðû ïðè ïåðåìåùåíèè. Âàæíûì

ñâîéñòâîì äèíàìè÷åñêèõ âåðåâîê ÿâëÿåòñÿ ñïîñîá-

íîñòü ê àìîðòèçàöèè è ãàøåíèþ ýíåðãèè ïàäåíèÿ [1],

÷òî äåëàåò èõ îñíîâíûì êîìïîíåíòîì, îáåñïå÷èâà-

þùèì áåçîïàñíîñòü â ñïîðòèâíîé äåÿòåëüíîñòè â

ñèòóàöèÿõ, êîãäà âîçìîæíî ïàäåíèå ÷åëîâåêà. Â ïðî-

ìûøëåííîñòè äàííóþ ôóíêöèþ âåðåâîê çàìåíèëè

ñïåöèàëüíî ðàçðàáîòàííûå àìîðòèçàòîðû ðûâêà

[2, 3], ïîýòîìó òàì ïðèìåíåíèå äèíàìè÷åñêèõ âå-

ðåâîê ÿâëÿåòñÿ î÷åíü áîëüøîé ðåäêîñòüþ.

Â íàñòîÿùåå âðåìÿ âåðåâêè èçãîòàâëèâàþò èç

ñèíòåòè÷åñêèõ ìàòåðèàëîâ [4–6], â îñíîâíîì èç ïî-

ëèàìèäà, ðåæå èç ïîëèýôèðà. Ýòîò ìàòåðèàë â áîëü-

øåé ñòåïåíè èçíîñîóñòîé÷èâ, ìåíüøå ðåàãèðóåò

íà êèñëîòû, ïðåâîñõîäèò ïîëèàìèä ïî òóãîïëàâêî-

ñòè, íî áîëåå ãðóáûé. Â ñâÿçè ñ ýòèì ÷àñòî ïðèáåãà-

þò ê êîìáèíàöèè ýòèõ ìàòåðèàëîâ: îïëåòêó âûïîë-

íÿþò èç ïîëèýôèðà, à ñåðäå÷íèê — èç ïîëèàìèäà,

÷òî ïîçâîëÿåò ïîâûñèòü èçíîñîóñòîé÷èâîñòü âåðåâ-

êè ñ ñîõðàíåíèåì ýëàñòè÷íûõ ñâîéñòâ. Âñòðå÷àþòñÿ

âåðåâêè, èçãîòîâëåííûå èç ïîëèïðîïèëåíà; çà÷àñ-

òóþ îíè èìåþò õîçÿéñòâåííî-áûòîâîå íàçíà÷åíèå.

Ïðåèìóùåñòâî òàêèõ èçäåëèé ñîñòîèò â ñëàáîì ðàñ-

òÿæåíèè, âûñîêîé ñòàòè÷íîñòè è ëåãêîñòè. Ïðè ýòîì

ó âåðåâîê èç ïîëèïðîïèëåíà èìååòñÿ è ðÿä íåäî-

ñòàòêîâ, íàïðèìåð íèçêàÿ òóãîïëàâêîñòü è óñòîé÷è-

âîñòü ê èñòèðàíèþ. Íàèáîëåå ïðî÷íîå ñûðüå, ïðè-

ìåíÿåìîå äëÿ ïëåòåíèÿ âåðåâîê, — âûñîêîìîëåêó-

ëÿðíûé ïîëèýòèëåí è àðàìèä. Âûñîêîìîëåêóëÿðíûé

ïîëèýòèëåí îáëàäàåò âûñîêîé ñòàòè÷åñêîé ïðî÷íî-

ñòüþ è ëåãêîñòüþ, à àðàìèä — åùå è î÷åíü âûñîêîé

òóãîïëàâêîñòüþ (�500 °Ñ).

Íàçîâåì íåêîòîðûå îòëè÷èòåëüíûå îñîáåííîñòè

âåðåâîê:

� ïîëèàìèäíûå âåðåâêè èìåþò íàèáîëüøåå ðàñ-

ïðîñòðàíåíèå êàê â Ðîññèè, òàê è â ìèðå. Îáëà-

äàþò âûñîêèìè ïðî÷íîñòíûìè õàðàêòåðèñòè-

êàìè è îòíîñèòåëüíî íåáîëüøèì âåñîì, õîðîøî

òÿíóòñÿ; áëàãîäàðÿ ñâîèì êà÷åñòâàì íàèáîëåå

÷àñòî ïðèìåíÿþòñÿ äëÿ îáåñïå÷åíèÿ áåçîïàñ-

íîñòè. Èç íåäîñòàòêîâ ìîæíî âûäåëèòü ñëàáóþ

óñòîé÷èâîñòü ê êèñëîòàì, ïîãëîùåíèå âëàãè è

èçìåíåíèå ñâîéñòâ ïðè íàìîêàíèè;

� ïîëèýôèðíûå âåðåâêè â Ðîññèè ïðåäñòàâëåíû

ñëàáî. Ñàì ìàòåðèàë èìååò áîëåå íèçêóþ ñïî-

ñîáíîñòü ê ðàñòÿæåíèþ, ÷åì ïîëèàìèä, íî áîëåå

âûñîêóþ óñòîé÷èâîñòü ê òåìïåðàòóðå è èçíî-

ñîñòîéêîñòü. Ïîëó÷èë ðàñïðîñòðàíåíèå â ïðî-

ìûøëåííîì ñåêòîðå äëÿ îáåñïå÷åíèÿ áåçîïàñ-

íîñòè ïîëüçîâàòåëåé. Ïîëèýôèðíûå âåðåâêè

èìåþò áîëüøèé âåñ ïî ñðàâíåíèþ ñ ïîëèàìèä-

íûìè;

� âåðåâêè èç ïîëèïðîïèëåíà íàøëè ñâîå ïðèìåíå-

íèå â õîçÿéñòâåííî-áûòîâûõ, âñïîìîãàòåëüíûõ

öåëÿõ; â ñèëó âûñîêîé ñòàòè÷íîñòè è îòíîñèòåëü-

íî ìàëîãî âåñà óñïåøíî ïðèìåíÿþòñÿ â ñïîðòå,

ãäå âàæíà ëåãêîñòü è îòñóòñòâèå ðàñòÿæåíèÿ ïðè

íàâåäåíèè ïåðåïðàâ ÷åðåç ïðåïÿòñòâèÿ. Îíè èìå-

þò íåâûñîêóþ ñòîèìîñòü, áîëüøå ïîäâåðæåíû

òåðìè÷åñêèì ïîâðåæäåíèÿì, à òàêæå ìåíåå èç-

íîñîñòîéêèå, ÷åì ïîëèàìèäíûå âåðåâêè;

� âåðåâêè èç âûñîêîìîëåêóëÿðíîãî ïîëèýòèëåíà îá-

ëàäàþò î÷åíü âûñîêèìè ïîêàçàòåëÿìè ïðî÷íîñ-

òè è íèçêèì ðàñòÿæåíèåì, ìàëûì âåñîì, ñðàâ-

íèìûì ñ ïîëèïðîïèëåíîì. Íå âïèòûâàþò âëàãó,

èìåþò âûñîêóþ óñòîé÷èâîñòü ê óëüòðàôèîëåòî-

âîìó èçëó÷åíèþ è èçíîñó. Ïðèìåíÿþòñÿ â ñèñ-

òåìàõ, òðåáóþùèõ òî÷íûõ îòíîñèòåëüíûõ ïåðå-

ìåùåíèé, à òàêæå âûñîêîé ïðî÷íîñòè, íåáîëü-

øîãî âåñà (ðèããèíã, âîäíûé ñïîðò, àëüïèíèçì).

Èç íåäîñòàòêîâ ìîæíî âûäåëèòü î÷åíü âûñîêóþ

ñòîèìîñòü è íèçêóþ ñòîéêîñòü ê ïîâûøåííûì

òåìïåðàòóðàì;

� èçäåëèÿ èç àðàìèäà, êàê è âûñîêîìîëåêóëÿðíîãî

ïîëèýòèëåíà, èìåþò î÷åíü âûñîêóþ ïðî÷íîñòü

è ìàëîå ðàñòÿæåíèå, íî â îòëè÷èå îò íåãî ñïî-

ñîáíû âûäåðæèâàòü î÷åíü âûñîêèå òåìïåðàòó-

ðû. Òàêèå âåðåâêè èñïîëüçóþò ñïàñàòåëè è äðóãèå

ñïåöèàëüíûå ñëóæáû. Ê ìèíóñàì ìîæíî îòíåñ-

òè î÷åíü âûñîêóþ ñòîèìîñòü, íèçêóþ óñòîé÷è-

âîñòü ê óëüòðàôèîëåòîâîìó èçëó÷åíèþ è èçíîñî-

ñòîéêîñòü.

Íåêîòîðûå õàðàêòåðèñòèêè âåðåâîê ïðåäñòàâëå-

íû â ðàáîòàõ [7–10] è äîïîëíåíû â òàáë. 1.

Ìîæíî âûäåëèòü äâà íàïðàâëåíèÿ èñïîëüçîâà-

íèÿ ðàññìîòðåííûõ âûøå âåðåâîê. Ïåðâîå íàïðàâ-

ëåíèå — ýòî ñïîðò (ðèñ. 3) [11]. Êàê áûëî ñêàçàíî

ðàíåå, íà÷èíàÿ ñî âðåìåí ïåðâûõ âîñõîæäåíèé ëþ-

äåé â Àëüïàõ è äî ñåãîäíÿøíåãî äíÿ âåðåâêà ÿâëÿ-

åòñÿ îäíèì èç îñíîâíûõ êîìïîíåíòîâ îáåñïå÷åíèÿ

áåçîïàñíîñòè â ãîðàõ. Â ðÿäå ñëó÷àåâ îíà äîëæíà

íå òîëüêî íàäåæíî óäåðæèâàòü ÷åëîâåêà ïðè ñðûâå,

íî è ãàñèòü ÷àñòü ýíåðãèè ðûâêà, âîçíèêàþùåãî â

ðåçóëüòàòå ïàäåíèÿ [1], ÷òî î÷åíü âàæíî äëÿ ñîõðà-

íåíèÿ çäîðîâüÿ ñïîðòñìåíà. Ñèëà ðûâêà, ïðèõîäÿ-

ùàÿñÿ íà åãî òåëî, íå äîëæíà ïðåâûøàòü óñëîâíî

äîïóñòèìóþ âåëè÷èíó 12 êÍ. Âñå ýòè òðåáîâàíèÿ

äîëæíû îáåñïå÷èâàòü äèíàìè÷åñêèå âåðåâêè, ðåãó-

ëèðóåìûå ñòàíäàðòîì EN 892 [12]. Îíè ïðèìåíÿþò-

ñÿ ïðåèìóùåñòâåííî â ñêàëîëàçàíèè, àëüïèíèçìå,

ëåäîëàçàíèè è ãîðíîì òóðèçìå, ò. å. òàì, ãäå åñòü

âîçìîæíîñòü ïàäåíèÿ ÷åëîâåêà. Ñòàòè÷åñêèå âåðåâ-

êè, ñîîòâåòñòâóþùèå òðåáîâàíèÿì ÃÎÑÒ EN 1891

“Ñèñòåìà ñòàíäàðòîâ áåçîïàñíîñòè òðóäà. Ñðåäñòâà

èíäèâèäóàëüíîé çàùèòû îò ïàäåíèÿ ñ âûñîòû. Êà-
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íàòû ñ ñåðäå÷íèêîì íèçêîãî ðàñòÿæåíèÿ. Îáùèå òåõ-

íè÷åñêèå òðåáîâàíèÿ. Ìåòîäû èñïûòàíèé”, ïðèìå-

íÿþòñÿ â îñíîâíîì â ñïåëåîëîãèè è ñïîðòèâíîì òó-

ðèçìå, à òàêæå â òåõ ñëó÷àÿõ, êîãäà âåðåâêà ñëóæèò

îïîðîé äëÿ ÷åëîâåêà è íåïîäâèæíî çàêðåïëåíà.

Âòîðîå íàïðàâëåíèå — ýòî ïðîìûøëåííàÿ áåç-

îïàñíîñòü [13–16] è âåðåâî÷íûé äîñòóï [17]. Íåêîãäà

ïåðåêî÷åâàâøèå èç ñïîðòà ìåòîäû ïðîâåäåíèÿ ðàáîò

ïîëó÷èëè îïðåäåëåííûå ïðåîáðàçîâàíèÿ è ïðî÷íî

âîøëè â ïðîìûøëåííîñòü. Â ÷àñòíîñòè, â ýëåêòðî-

ýíåðãåòèêó, ãäå âåðåâêè ïðèìåíÿþòñÿ äëÿ äîñòóïà è

ýâàêóàöèè ñ àíòåííî-ìà÷òîâûõ ñîîðóæåíèé, âûøåê

è ò. ä. Íà âåòðîãåíåðàòîðàõ òàêæå íå îáîéòèñü áåç ãðà-

ìîòíîãî èñïîëüçîâàíèÿ ñòàòè÷åñêèõ âåðåâîê, ïî êî-

òîðûì ðàáîòíèêè ïðîèçâîäÿò ñïóñê âäîëü ëîïàñòåé

â öåëÿõ èíñïåêöèè. Â ãîðîäñêîé ñðåäå ïðîìûøëåí-

íûå àëüïèíèñòû âûïîëíÿþò ðàáîòû íà êðîâëÿõ è

ôàñàäàõ çäàíèé ñ èñïîëüçîâàíèåì ñïåöèàëüíîãî îáî-

ðóäîâàíèÿ, ïîìîãàþùåãî ïåðåìåùàòüñÿ âäîëü ïðî-

âåøåííûõ âåðåâîê. Çàâîäû óêîìïëåêòîâàíû ãèáêè-

ìè àíêåðíûìè ëèíèÿìè [18, 19], áóëüøàÿ ÷àñòü èç

êîòîðûõ ñîñòîèò èç âåðåâîê ñ çàäåëàííûìè êîóøà-

ìè, ñîåäèíåííûìè ñ àíêåðàìè (ðèñ. 4).

Èñïîëüçîâàíèå âåðåâîê äëÿ îáåñïå÷åíèÿ áåç-

îïàñíîñòè âî âðåìÿ ïðîèçâîäñòâà ðàáîò ðåãóëèðó-

åòñÿ ðÿäîì íîðìàòèâíûõ äîêóìåíòîâ. Âåðåâêè â

îáÿçàòåëüíîì ïîðÿäêå äîëæíû ïðîõîäèòü ñåðòèôè-

êàöèþ íà ñîîòâåòñòâèå Òåõíè÷åñêîìó ðåãëàìåíòó

Òàìîæåííîãî ñîþçà, à òàêæå ÃÎÑÒ EN 1891. Ñòàòè-

÷åñêàÿ ïðî÷íîñòü âåðåâîê òèïà À íå äîëæíà áûòü

íèæå 22 êÍ èëè 15 êÍ ïðè çàâÿçàííîì óçëå “âîñü-

ìåðêà”. Âåðåâêà äîëæíà âûäåðæèâàòü íå ìåíåå ïÿòè

ïîñëåäîâàòåëüíûõ ðûâêîâ ïðè ñáðàñûâàíèè ãðóçà

ìàññîé 100 êã ñ âûñîòû 2 ì, à òàêæå ñîîòâåòñòâîâàòü

ðÿäó äðóãèõ òðåáîâàíèé (ðèñ. 5). Êîíòðîëü çà èõ èñ-

ïîëíåíèåì îñóùåñòâëÿåò ãîñóäàðñòâî.

Íåñìîòðÿ íà òî ÷òî âåðåâêà ïðèìåíÿåòñÿ êàê â

ñïîðòå, òàê è â ðàçëè÷íûõ îòðàñëÿõ ïðîìûøëåííî-

ñòè, îíà âîñïðèèì÷èâà êî ìíîãèì ôàêòîðàì, ñïî-

ñîáíûì íàíåñòè åé óðîí: ïîðåçàì, òåðìè÷åñêèì

âîçäåéñòâèÿì, ïåðåòèðàíèþ, âîçäåéñòâèþ õèìè÷å-

ñêèõ âåùåñòâ. Ïîñëåäíèé ñòàë ïðè÷èíîé ãèáåëè â

ìàå 2017 ã. ìîëîäîãî ñïåëåîëîãà Àëåêñåÿ Êàðàñåâà.

Ìàòåðèàë

Material

Ïëîòíîñòü,

ã�ñì3

Density,

g�cm3

Ðàçðûâíàÿ ïðî÷-

íîñòü, ñN�dtex

Tensile strength,

cN�dtex

Òåìïåðàòóðà
ïëàâëåíèÿ, °Ñ

Melting point,
°Ñ

Óäëèíåíèå
ïðè ðàçðûâå, %

Stretch
to rupture, %

Óñòîé÷èâîñòü
ê óëüòðàôèîëåòó

Ultraviolet
resistance

Ñîïðîòèâëåíèå
èñòèðàíèþ

(èçíîñîñòîéêîñòü)

Abrasion resistance

Ïîëèàìèä

Polyamide 1,14 6,2–8,2 215 22–24
Ñðåäíÿÿ

Medium

Ñðåäíÿÿ

Medium

Ïîëèýôèð

Polyether 1,38 6,2–8,4 260 10–17
Âûñîêàÿ

High

Ñðåäíÿÿ

Medium

Ïîëèïðîïèëåí

Polypropylene 0,91 6,1–6,6 170 20
Íèçêàÿ

Low

Íèçêàÿ

Low

Âûñîêîìîëåêóëÿð-
íûé ïîëèýòèëåí

High-molecular-
weight polyethylene

0,95 23–40 150 3,5–4
Âûñîêàÿ

High

Âûñîêàÿ

High

Àðàìèä

Aramid 1,4 20–35 500 2–5
Íèçêàÿ

Low

Íèçêàÿ – ñðåäíÿÿ

Low to medium

Òàáëèöà 1. Ñâîäíàÿ òàáëèöà ñðàâíèòåëüíûõ õàðàêòåðèñòèê ìàòåðèàëîâ äëÿ âåðåâîê

Table 1. A comparative summary of characteristics of different rope materials

Ðèñ. 3. Ïðèìåíåíèå âåðåâîê â ñïîðòå

Fig. 3. Application of ropes in sport
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Ìåñòî îáðûâà âåðåâêè áûëî ñëåãêà îêðàøåíî â êðàñ-

íîâàòûé öâåò áåç èíûõ îò÷åòëèâûõ ïðèçíàêîâ ïî-

âðåæäåíèÿ. Ðåíòãåíîôëóîðåñöåíòíûé àíàëèç ïîêà-

çàë â ìåñòàõ îáðûâà íàëè÷èå ñåðû, ÷òî ñâèäåòåëü-

ñòâóåò î õèìè÷åñêîì ïîâðåæäåíèè. Â ñâÿçè ñ ýòèì

áûëî ïðèíÿòî ðåøåíèå ñîáðàòü êàê ìîæíî áîëüøå

ñâåäåíèé î òàêèõ ïîâðåæäåíèÿõ äëÿ óïðîùåíèÿ èõ

îáíàðóæåíèÿ ïðè èíñïåêöèè ñíàðÿæåíèÿ [20, 21].

Öåëü íàñòîÿùåé ðàáîòû — ïîâûøåíèå áåçîïàñ-

íîñòè ëþäåé, ðàáîòàþùèõ ñ âåðåâêàìè íà âûñîòå

â ïðîìûøëåííîñòè è â ñïîðòå, â ÷àñòíîñòè ïîëó÷å-

íèå ýêñïåðèìåíòàëüíûõ äàííûõ ïî ïàäåíèþ ïðî÷-

íîñòè âåðåâîê ïîñëå âîçäåéñòâèÿ ðàñòâîðîâ ðàçëè÷-

íûõ êèñëîò; îïðåäåëåíèå êðèòåðèåâ îöåíêè âîç-

äåéñòâèÿ êèñëîò íà âåðåâêè äëÿ èíñïåêöèîííûõ

ìàòåðèàëîâ, êîòîðûå ñìîãëè áû ïîïîëíèòü ñóùåñò-

âóþùèå ìàòåðèàëû ïî ýòîìó âîïðîñó, à òàêæå äëÿ ïî-

âûøåíèÿ êîìïåòåíöèé ïðîôèëüíûõ ñïåöèàëèñòîâ,

îòâå÷àþùèõ çà áåçîïàñíîñòü è îõðàíó òðóäà â ðàç-

ëè÷íûõ îðãàíèçàöèÿõ.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè áûëè ðåøå-

íû ñëåäóþùèå çàäà÷è:

� ðàçðàáîòêà è àïðîáàöèÿ ìåòîäèê îáðàáîòêè èñ-

ïûòóåìûõ îáðàçöîâ èññëåäóåìûìè ðàñòâîðàìè

êèñëîò;

� îöåíêà îñòàòî÷íîé ïðî÷íîñòè îáðàçöîâ ïîñëå

âîçäåéñòâèÿ ðåàãåíòîâ;

� ñáîð è àíàëèç ïîëó÷åííûõ ìàòåðèàëîâ;

� ñîñòàâëåíèå òèïîâûõ ïðèìåðîâ ïîâðåæäåíèÿ

ó÷àñòêîâ âåðåâîê ïîñëå âîçäåéñòâèÿ êèñëîò äî

èñïûòàíèÿ íà îñòàòî÷íóþ ïðî÷íîñòü è ïîñëå

ðàçðûâà;
� âûâîäû è çàêëþ÷åíèÿ ñ ïðåäñòàâëåíèåì íåîáõî-

äèìûõ ðåêîìåíäàöèé ïî èòîãàì èññëåäîâàíèÿ.

Ìåòîäû èñïûòàíèé

Èñïûòàíèÿ ïðîâîäèëèñü íà îáðàçöàõ ñòàòè÷å-

ñêèõ âåðåâîê òðåõ ìàðîê äèàìåòðîì 10 ìì, ñîîòâåò-

ñòâóþùèõ ÃÎÑÒ EN 1891, òèïà À. Ó âñåõ òðåõ ìà-

ðîê âåðåâîê ñåðäå÷íèê, îñíîâíîé êîíñòðóêòèâíûé

ýëåìåíò, íåñóùèé íàãðóçêó, ñîñòîÿë èç ïîëèàìèäà.

Âçàèìîäåéñòâèå ñ êèñëîòîé ÿâëÿåòñÿ íàèáîëåå ðàç-

ðóøèòåëüíîé ðåàêöèåé äëÿ äàííîãî òèïà ìàòåðèà-

ëà. Äëÿ ñðàâíåíèÿ ïîëó÷åííûõ ðåçóëüòàòîâ âî âñåõ

èñïûòàíèÿõ èñïîëüçîâàëàñü òîëüêî íîâàÿ âåðåâêà,

èç îäíîé ïàðòèè, ïîëó÷åííàÿ íåïîñðåäñòâåííî ñ

çàâîäà-èçãîòîâèòåëÿ. Äëÿ îáúåêòèâíîãî ïðîâåäåíèÿ

èñïûòàíèé è ïîñëåäóþùåãî àíàëèçà ïîëó÷åííûõ

ðåçóëüòàòîâ âñå îáðàçöû áûëè îáåçëè÷åíû è çàøèô-

ðîâàíû ñ ïîðÿäêîâûìè íîìåðàìè 1, 2 è 3. Â êàæäîì

èñïûòàíèè ó÷àñòâîâàëî ïî òðè îáðàçöà êàæäîãî

øèôðà. Îáùåå êîëè÷åñòâî èñïûòàííûõ îáðàçöîâ

ñîñòàâèëî 108 åä.

Äëÿ èññëåäîâàíèé èñïîëüçîâàëèñü êèñëîòû â

êîíöåíòðàöèÿõ, íàèáîëåå ÷àñòî âñòðå÷àþùèõñÿ íà

ïðàêòèêå êàê â ñïîðòèâíîé ñôåðå, òàê è â ïðîèçâîä-

ñòâåííîé:
� ñåðíàÿ êèñëîòà H2SO4 — 45 è 20 % (â àâòî-

ìîáèëüíûõ àêêóìóëÿòîðàõ, â ìîþùåì ñðåäñòâå

ÀÒÑ-350);
� ñîëÿíàÿ êèñëîòà HCl — 15, 10 è 5 % (â ñîñòàâå

âñåõ ñìûâîê âûñîëîâ ñî ñòåí, â ìîþùåì ñðåäñò-

âå ÀÒÑ-350);
� ôîñôîðíàÿ êèñëîòà H3PO4 — 30 % (â ïðåîáðàçî-

âàòåëÿõ ðæàâ÷èíû).

Ðèñ. 4. Èñïîëüçîâàíèå âåðåâîê êàê ñðåäñòâà èíäèâèäóàëü-

íîé çàùèòû îò ïàäåíèÿ ñ âûñîòû â èíäóñòðèàëüíîì äîñòóïå

Fig. 4. The usage of ropes as personal protective equipment

Ðèñ. 5. Ëàáîðàòîðíûå èñïûòàíèÿ íà ñòàòè÷åñêóþ ïðî÷íîñòü

âåðåâêè èç ïîëèàìèäà (ñëåâà) è âûñîêîìîëåêóëÿðíîãî ïîëè-

ýòèëåíà (ñïðàâà)

Fig. 5. Tension strength laboratory tests of a polyamide rope

(on the left) and of a high-molecular-weight polyethylene one

(on the right)
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Ìåòîä èññëåäîâàíèÿ ìîæíî ðàçäåëèòü íà äâà

îñíîâíûõ ýòàïà: ïåðâûé — îáðàáîòêà èññëåäóåìûõ

îáðàçöîâ õèìè÷åñêèìè ðåàãåíòàìè ñ ïîñëåäóþùåé

âûäåðæêîé â íîðìàëüíûõ êëèìàòè÷åñêèõ óñëîâè-

ÿõ; âòîðîé — èñïûòàíèÿ îáðàçöîâ ñòàòè÷åñêîé íà-

ãðóçêîé ïîñëå ïåðâîãî ýòàïà.

Ýòàï 1. Êîíòðîëüíóþ çîíó èñïûòóåìîãî îáðàç-

öà äëèíîé 25 ñì ïîìåùàëè â êþâåòó ñ êèñëîòîé çà-

äàííîé êîíöåíòðàöèè íà çàäàííîå â èññëåäîâàíèè

âðåìÿ. Êîíöåíòðàöèè êèñëîò îïèñàíû âûøå. Âðåìÿ

âîçäåéñòâèÿ âñåõ êèñëîò â ýêñïåðèìåíòå ñîñòàâëÿëî

30 ñ è 1 ÷. Âðåìÿ âûäåðæêè 30 ñ áûëî ïðèíÿòî â êà-

÷åñòâå èìèòàöèè ñëó÷àéíîãî ïîïàäàíèÿ õèìèè íà

âåðåâêó, à 1 ÷ — êàê óñëîâíîå âðåìÿ, â òå÷åíèå êîòî-

ðîãî âåðåâêà ìîæåò íàõîäèòüñÿ ïîä âîçäåéñòâèåì ðå-

àãåíòîâ âî âðåìÿ âûïîëíåíèÿ ðàáîò. Âûäåðæêà îá-

ðàçöîâ îñóùåñòâëÿëàñü â ïîìåùåíèè ïðè òåìïåðà-

òóðå (22�3) °Ñ è âëàæíîñòè 44–53 % â òå÷åíèå 5 ñóò.

Ýòàï 2. Èñïûòàíèÿì ïîäâåðãàëèñü âñå òðè îá-

ðàçöà êàæäîãî øèôðà äëÿ êàæäîé êîíöåíòðàöèè è

âðåìåíè âîçäåéñòâèÿ. Äîïîëíèòåëüíî áûëà èñïûòà-

íà êîíòðîëüíàÿ ãðóïïà èç 9 îáðàçöîâ áåç âîçäåéñò-

âèÿ õèìèè. Êðàòêàÿ ìîäåëü ïðîâåäåíèÿ èñïûòàíèé:

� èñïûòàíèå íà ðàçðûâ êîíòðîëüíûõ îáðàçöîâ êàæ-

äîãî øèôðà;

� îáðàçöû êàæäîãî øèôðà ïîñëå âîçäåéñòâèÿ ôîñ-

ôîðíîé êèñëîòû êîíöåíòðàöèåé 30 %, âðåìÿ âîç-

äåéñòâèÿ 30 ñ è 1 ÷;

� îáðàçöû êàæäîãî øèôðà ïîñëå âîçäåéñòâèÿ ñåð-

íîé êèñëîòû êîíöåíòðàöèåé 20 è 45 %, âðåìÿ

âîçäåéñòâèÿ 30 ñ è 1 ÷;

� îáðàçöû êàæäîãî øèôðà ïîñëå âîçäåéñòâèÿ ñî-

ëÿíîé êèñëîòû êîíöåíòðàöèåé 5, 10 è 15 %, âðåìÿ

âîçäåéñòâèÿ 30 ñ è 1 ÷.

Èñïûòàíèÿ íà ñòàòè÷åñêóþ ïðî÷íîñòü ïîñëå âîç-

äåéñòâèÿ êèñëîòû íà îáðàçöû ïðîâîäèëèñü íà ñòåí-

äå äëÿ èñïûòàíèé ñðåäñòâ èíäèâèäóàëüíîé çàùèòû

îò ïàäåíèÿ ñ âûñîòû (äàëåå — ÑÈÇ) [22].

Áëîê äëÿ ñòàòè÷åñêèõ èñïûòàíèé ÑÈÇ îò ïàäå-

íèÿ ñ âûñîòû îòâå÷àåò òðåáîâàíèÿì ï. 4.1 ÃÎÑÒ Ð

12.4.206–99 “Ñèñòåìà ñòàíäàðòîâ áåçîïàñíîñòè òðóäà

(ÑÑÁÒ). Ñðåäñòâà èíäèâèäóàëüíîé çàùèòû îò ïàäå-

íèÿ ñ âûñîòû. Ìåòîäû èñïûòàíèé” (àíàëîã EN 364)

è ðàñïîëàãàåòñÿ ìåæäó äâóìÿ äâóòàâðîâûìè êî-

ëîííàìè, êîòîðûå ïîääåðæèâàþò äâå äâóòàâðîâûå

áàëêè — âåðõíþþ è íèæíþþ. Íà íèæíåé áàëêå çà-

êðåïëåí ãèäðîöèëèíäð, ñïîñîáíûé ðàçâèâàòü òÿ-

íóùåå óñèëèå äî 60 êÍ. Ãèäðîöèëèíäð ñîåäèíåí ñ

äàò÷èêîì äëÿ èçìåðåíèÿ ñèëû, ê êîòîðîìó ÷åðåç

âèëêó-ïåðåõîäíèê çàêðåïëÿåòñÿ èñïûòàòåëüíûé

îáðàçåö. Äëÿ ñîçäàíèÿ ñòàòè÷åñêîãî íàãðóæåíèÿ îá-

ðàçåö ñîåäèíÿþò ñ íåïîäâèæíîé àíêåðíîé òî÷êîé,

à ãèäðîñòàíöèÿ ïî ðóêàâàì âûñîêîãî äàâëåíèÿ (ÐÂÄ)

â øòîêîâóþ ïîëîñòü öèëèíäðà ïîäàåò ðàáî÷óþ æèä-

êîñòü äëÿ âòÿãèâàíèÿ øòîêà è íàòÿæåíèÿ èñïûòà-

òåëüíîãî îáðàçöà. Äàò÷èê èçìåðåíèÿ ñèëû ñîåäèíåí

ñ ðåãèñòðèðóþùèì ïðèáîðîì, êîòîðûé ôèêñèðóåò

óñèëèå íà îáðàçöå. Âèëêà-ïåðåõîäíèê (d = 25 ìì)

èìååò ñúåìíûå ïàëüöû äëÿ ñîåäèíåíèé ìåæäó ýëå-

ìåíòàìè è äëÿ êîíòàêòà ìåæäó èñïûòóåìûìè îá-

ðàçöàìè (d = (10�0,1) ìì; d = (12�0,1) ìì). Âîêðóã

ñòåíäà äëÿ èñïûòàíèé óñòðîåíî çàùèòíîå îãðàæäå-

íèå äëÿ ïðåäîòâðàùåíèÿ ïðîíèêíîâåíèÿ ëþäåé â

èñïûòàòåëüíóþ çîíó âî âðåìÿ èñïûòàíèé.

Ïðè ïðîâåäåíèè èñïûòàíèé ìîãóò ïðèìåíÿòüñÿ

ðàçëè÷íûå òèïû íàñàäîê äëÿ çàõâàòà âåðåâî÷íûõ

èñïûòóåìûõ îáðàçöîâ â ñîîòâåòñòâèè ñ ÃÎÑÒ Ð

ÈÑÎ 2307–2014 “Èçäåëèÿ êàíàòíûå. Ìåòîäû îïðå-

äåëåíèÿ íåêîòîðûõ ôèçè÷åñêèõ è ìåõàíè÷åñêèõ

ñâîéñòâ”:
� çàõâàò òèïà áëîê;
� çàêðåïëåíèå èñïûòóåìîãî îáðàçöà ïîñðåäñòâîì

ïåòëè ñ îáåèõ ñòîðîí;
� êëèíîâèäíûé çàæèì è ò. ï.

Â ðàìêàõ äàííîãî èññëåäîâàíèÿ èñïûòóåìûé îá-

ðàçåö âåðåâêè äëèíîé 3,0 ì çàêðåïëÿëñÿ íà çàõâàòàõ

òèïà áëîê. Ïîñëå ýòîãî áëîêè ñ çàêðåïëåííûì íà íèõ

îáðàçöîì âñòàâëÿëèñü â ñòàòè÷åñêóþ èñïûòàòåëü-

íóþ ìàøèíó äëÿ íàãðóæåíèÿ, êàê îïèñàíî âûøå.

Óñòàíîâëåííûé îáðàçåö äîïîëíèòåëüíî çàêðûâàë-

ñÿ ïðîçðà÷íûì çàùèòíûì ÷åõëîì èç ïîëèýòèëåíà

äëÿ ïðåäîòâðàùåíèÿ ðàçáðûçãèâàíèÿ ðåàãåíòîâ.

Ìèíèìàëüíàÿ ýôôåêòèâíàÿ äëèíà èñïûòóåìîãî îá-

ðàçöà ìåæäó áëîêàìè ñîñòàâëÿëà Lå = 1,2 ì. Ïîñëå

óñòàíîâêè èñïûòóåìîãî îáðàçöà ïðîâîäèëîñü åãî

íàãðóæåíèå ñî ñêîðîñòüþ (250�50) ìì�ìèí. Â ìî-

ìåíò ðàçðóøåíèÿ îáðàçöà ôèêñèðîâàëàñü ðàçðûâíàÿ

íàãðóçêà è ìåñòî ðàçðóøåíèÿ âåðåâêè. Ôîòîôèêñà-

öèÿ îáðàçöîâ ïðîâîäèëàñü äî è ïîñëå èñïûòàíèÿ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïîëó÷åííûå äàííûå ïî ðàçðûâíûì íàãðóçêàì ïî

êàæäîìó èñïûòàíèþ áûëè ïðèâåäåíû ê ñðåäíåìó

çíà÷åíèþ â ñîîòâåòñòâèè ñ ôîðìóëîé

F F F Fñð � 
 
( ) ,1 2 3 3 (1)

ãäå Fñð — ñðåäíÿÿ ðàçðûâíàÿ íàãðóçêà îáðàçöà êàæ-

äîãî øèôðà äëÿ äàííîé êîíöåíòðàöèè è âðåìå-

íè âîçäåéñòâèÿ, êÍ;

F1, F2, F3 — ðàçðûâíàÿ íàãðóçêà ñîîòâåòñòâåííî

1, 2 è 3-ãî îáðàçöîâ â äàííîì èñïûòàíèè, êÍ.

Ðàñ÷åò îñòàòî÷íîé ïðî÷íîñòè îò ïîëó÷åííîé ïðè

èñïûòàíèè êîíòðîëüíûõ îáðàçöîâ ïðîâîäèëñÿ ïî

ôîðìóëå

A
F

F
îñò

ñð

ñð ê

� �
.

,100 (2)

ãäå Aîñò — îñòàòî÷íàÿ ïðî÷íîñòü îò ïîëó÷åííîé ïðè

èñïûòàíèè êîíòðîëüíûõ îáðàçöîâ, %;

Fñð.ê — ñðåäíÿÿ ðàçðûâíàÿ íàãðóçêà êîíòðîëü-

íûõ îáðàçöîâ, êÍ.
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Â òàáë. 2 ïðèâåäåíû ñâîäíûå äàííûå ïî èñïûòà-

íèÿì íà îñíîâàíèè ñðåäíèõ çíà÷åíèé, ïîëó÷åííûõ

ïî ôîðìóëå (1). Â íèõ îòðàæåíà ïîòåðÿ ïðî÷íîñòè

äëÿ êàæäîãî øèôðà, à òàêæå ñðåäíåå çíà÷åíèå ïî

òðåì øèôðàì. Îáðàçöû ¹ 1 è 2 ïîêàçàëè íàèáîëåå

áëèçêèå çíà÷åíèÿ ïîòåðè ïðî÷íîñòè, ÷åì îáðàçöû

¹ 3. Ýòî îáúÿñíÿåòñÿ òåì, ÷òî îáðàçöû ¹ 1 è 2 èìåëè

îäèíàêîâûé õèìè÷åñêèé ñîñòàâ — ïîëèàìèä 100 %

â îòëè÷èå îò îáðàçöîâ ¹ 3, êîòîðûå èìåëè îïëåòêó

èç ïîëèýôèðà, à ñåðäå÷íèê — èç ïîëèàìèäà. Êàê èç-

âåñòíî, êèñëîòîñòîéêîñòü ïîëèýôèðà âûøå, ÷åì ïî-

ëèàìèäà [5, 6]. Â ñèëó ñâîåé ïîâûøåííîé èíåðòíî-

ñòè ïî îòíîøåíèþ ê ðàñòâîðàì êèñëîò ïîëèýôèðíàÿ

îáîëî÷êà ñîçäàëà óñëîâèÿ, ïðè êîòîðûõ èññëåäóåìûå

êèñëîòû îêàçàëè áîëåå ñèëüíîå âëèÿíèå íà ñåð-

äå÷íèê, ÷åì íà îáðàçöàõ ñ ïîëèàìèäíîé îïëåòêîé.

Íà ðèñ. 6 ïðåäñòàâëåíû ãèñòîãðàììû ðåçóëüòàòîâ

èññëåäîâàíèé ïî îñòàòî÷íîé ïðî÷íîñòè â çàâèñè-

ìîñòè îò âèäà êèñëîòû, åå êîíöåíòðàöèè è âðåìåíè

âîçäåéñòâèÿ.

Ïî ðåçóëüòàòàì èñïûòàíèé ìîæíî âûäåëèòü íàè-

áîëåå íåãàòèâíûå âîçäåéñòâèÿ êèñëîò:

� ëþáîå âîçäåéñòâèå ñåðíîé êèñëîòû H2SO4, ñðåä-

íÿÿ îñòàòî÷íàÿ ïðî÷íîñòü íàõîäèòñÿ â äèàïàçî-

íå îò 67,5 äî 27,3 %;

� âîçäåéñòâèå ñîëÿíîé êèñëîòû HCl â êîíöåíòðà-

öèÿõ 10–15 % ïðè âðåìåíè âîçäåéñòâèÿ 1 ÷ áûëî

äîñòàòî÷íûì, ÷òîáû ñðåäíÿÿ îñòàòî÷íàÿ ïðî÷-

íîñòü íàõîäèëàñü â äèàïàçîíå îò 67,5 äî 48,6 %.

Â ðåçóëüòàòå âçàèìîäåéñòâèÿ ðàñòâîðîâ êèñëîò

ñ ïîëèàìèäîì âîëîêíà âåðåâêè ÷àñòè÷íî ðàñòâîðÿ-

þòñÿ, íàðóøàåòñÿ èõ ñòðóêòóðà. Âîëîêíà âåðåâêè

ïðåâðàùàþòñÿ â îòäåëüíûå àìîðôíûå, ñëèïøèåñÿ

ìåæäó ñîáîé ÷àñòèöû ïîëèàìèäà. Â òàêîé ïîâðåæ-

äåííîé ñòðóêòóðå íàðóøàåòñÿ ðàñïðåäåëåíèå íà-

ãðóçêè ïî âîëîêíàì è âñëåäñòâèå ýòîãî ïàäàåò ïðî÷-

íîñòü â öåëîì.

Â ðàìêàõ ïðîâåäåííûõ èññëåäîâàíèé áûëè ñî-

áðàíû äàííûå î âèçóàëüíîì è òàêòèëüíîì ñîñòîÿíèè

èññëåäóåìûõ îáðàçöîâ ÷åðåç 5 ñóò ïîñëå âîçäåé-

ñòâèÿ êèñëîò (òàáë. 3). Îñíîâíûå ìàðêåðû âîçäåé-

ñòâèÿ êèñëîò íà îáðàçöû ñëåäóþùèå:

� óâåëè÷åíèå æåñòêîñòè âåðåâêè ïî îòíîøåíèþ ê

ó÷àñòêàì, íà êîòîðûå êèñëîòà íå âîçäåéñòâîâàëà;

� ïîâûøåíèå òâåðäîñòè íà ó÷àñòêàõ âîçäåéñòâèÿ

âñëåäñòâèå ñïåêàíèÿ îòäåëüíûõ âîëîêîí;

� ëèïêàÿ ïîâåðõíîñòü îïëåòêè âñëåäñòâèå åå ÷àñ-

òè÷íîãî ðàñòâîðåíèÿ.

Îñîáî õî÷åòñÿ îáðàòèòü âíèìàíèå íà òîò ôàêò,

÷òî ïîñëå âîçäåéñòâèÿ H2SO4 â êîíöåíòðàöèè 45 %

â òå÷åíèå 30 ñ îáðàçåö ñ ïîëèýôèðíîé îïëåòêîé

ïðàêòè÷åñêè íå èìåë âèçóàëüíûõ è òàêòèëüíûõ îò-

ëè÷èé îò íîâîãî, ïðè ýòîì îñòàòî÷íàÿ ïðî÷íîñòü ñî-

ñòàâèëà 46,8 %. Òî æå ñàìîå íàáëþäàëîñü è ïîñëå

âîçäåéñòâèÿ íà îáðàçåö ñ ïîëèýôèðíîé îïëåòêîé

H2SO4 â êîíöåíòðàöèè 45 % â òå÷åíèå 1 ÷ â îòëè÷èå

îò ïîëèàìèäíîé îïëåòêè, â ðåçóëüòàòå ðàñòâîðåíèÿ

êîòîðîé ïðîèçîøëî îãîëåíèå ñåðäå÷íèêà (ðèñ. 7).

Íàèìåíîâàíèå
êèñëîòû

(êîíöåíòðà-
öèÿ, %)

Acid (concent-
ration, %)

Âðåìÿ
âîçäåéñòâèÿ

Exposure
time

Ðàçðûâíàÿ íàãðóçêà îáðàçöà
(ñðåäíåå çíà÷åíèå), êÍ

Breaking load of sample
(mean over samples), kN

Îñòàòî÷íàÿ ïðî÷íîñòü îáðàçöà (ñðåäíåå çíà÷åíèå)
îò ïîëó÷åííîé ïðè êîíòðîëüíûõ èñïûòàíèÿõ, %

Residual tensile strength of sample, relative to the ori-
ginal strength at control tests (mean over samples), %

¹ 1

No. 1

¹ 2

No. 2

¹ 3

No. 3

Ñðåäíåå
çíà÷åíèå

Mean
over types

¹ 1

No. 1

¹ 2

No. 2

¹ 3

No. 3

Ñðåäíåå
çíà÷åíèå

Mean
over types

H3PO4 (30)
30 ñ � 30 sec 27,19 27,15 25,03 26,46 95,73 90,5 83,3 89,8

1 ÷ � 1 hr 24,75 25,78 24,24 24,92 87,13 85,9 80,6 84,6

H2SO4 (20)
30 ñ � 30 sec 19,36 21,21 19,10 19,89 68,17 70,7 63,6 67,5

1 ÷ � 1 hr 19,44 20,11 17,02 18,86 68,44 67,0 56,6 64,0

H2SO4 (45)
30 ñ � 30 sec 15,50 16,63 14,08 15,41 54,58 55,4 46,8 52,3

1 ÷ � 1 hr 5,88 7,12 11,28 8,09 20,69 23,7 37,5 27,3

HCl (5) 1 ÷ � 1 hr 26,06 26,18 27,27 26,50 91,76 87,3 90,7 89,9

HCl (10)
30 ñ � 30 sec 25,38 25,11 25,24 25,24 89,35 83,7 84,0 85,7

1 ÷ � 1 hr 20,94 22,64 16,06 19,88 73,72 75,5 53,4 67,5

HCl (15)
30 ñ � 30 sec 19,04 22,04 14,08 18,39 67,04 73,5 46,9 62,5

1 ÷ � 1 hr 14,02 17,32 11,64 14,33 49,36 57,7 38,7 48,6

Òàáëèöà 2. Ñâîäíûå äàííûå ïî èñïûòàíèÿì ïîñëå âîçäåéñòâèÿ êèñëîò (ïî êàæäîé ïîçèöèè áûëî èñïûòàíî ïî òðè îäèíàêîâûõ

îáðàçöà êàæäîãî øèôðà)

Table 2. Summary of rope tests after exposure to acids (for each of the three rope types — No. 1 and 2: 100 % polyamide rope, No. 3:

polyamide core with polyether sheath — three identical samples were tested)
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Â òàáë. 4 ïðåäñòàâëåí âíåøíèé âèä îáðàçöîâ

ïîñëå ðàçðûâà. Â ðÿäå ñëó÷àåâ â ìåñòå ðàçðûâà îá-

ðàçöîâ èç ïîëèàìèäà íàáëþäàëèñü îòäåëüíûå ñëèï-

øèåñÿ âîëîêíà. Â ïðîöåññå èñïûòàíèé ó îäíèõ îá-

ðàçöîâ âîëîêíà ðâàëèñü ñðàçó, áåç îòäåëåíèÿ îïëåòêè

îò ñåðäå÷íèêà è áåç âûòÿãèâàíèÿ âîëîêîí ïîñëåä-

íåãî, à ó äðóãèõ — ïðîèñõîäèëî îòäåëåíèå îïëåò-

êè îò ñåðäå÷íèêà è âûòÿãèâàíèå åãî îòäåëüíûõ ïðÿ-

äåé. Ó íåêîòîðûõ îáðàçöîâ ñòðóêòóðà ñåðäå÷íèêà

ïîñëå ðàçðûâà ñòàëà ïîõîæà íà âàòó. Õàðàêòåðíîé

Ðèñ. 6. Ãèñòîãðàììû ñâîäíûõ äàííûõ ïî èñïûòàíèÿì íà îñòàòî÷íóþ ïðî÷íîñòü îáðàçöîâ ¹ 1–3 (ñîîòâåòñòâåííî à–â) è

åå ñðåäíèå çíà÷åíèÿ (ã) ïîñëå âîçäåéñòâèÿ êèñëîò: 1 — H3PO4, 30 %, 30 ñ; 2 — òî æå, 1 ÷; 3 — H2SO4, 20 %, 30 ñ; 4 — òî æå, 1 ÷;

5 — H2SO4, 45 %, 30 ñ; 6 — òî æå, 1 ÷; 7 — HCl, 5 %, 1 ÷; 8 — HCl, 10 %, 30 ñ; 9 — HCl, 10 %, 1 ÷; 10 — HCl, 15 %, 30 ñ; 11 — HCl,

15 %, 1 ÷

Fig. 6. Histograms of summary data on tests for residual strength of samples No. 1–3 (respectively, a–v) and its average values (g) after

exposure to acids: 1 — H3PO4, 30 %, 30 sec; 2 — the same, 1 hr; 3 — H2SO4, 20 %, 30 sec; 4 — the same, 1 hr; 5 — H2SO4, 45 %, 30 sec;

6 — the same, 1 hr; 7 — HCl, 5 %, 1 hr; 8 — HCl, 10 %, 30 sec; 9 — HCl, 10 %, 1 hr; 10 — HCl, 15 %, 30 sec; 11 — HCl, 15 %, 1 hr

Ðèñ. 7. Ñîñòîÿíèå îïëåòêè îáðàçöîâ èç ïîëèàìèäà ñ îñòàòî÷íîé ïðî÷íîñòüþ 20,69 % (à) è èç ïîëèýôèðà ñ îñòàòî÷íîé ïðî÷íî-

ñòüþ 37,5 % (á) ïîñëå âîçäåéñòâèÿ H2SO4 ñ êîíöåíòðàöèåé 45 % â òå÷åíèå 1 ÷ è ïîñëåäóþùåãî êîíäèöèîíèðîâàíèÿ â òå÷åíèå

5 ñóò â íîðìàëüíûõ êëèìàòè÷åñêèõ óñëîâèÿõ

Fig. 7. Sheath condition of the samples from polyamide with a residual strength of 20.69 % (a) and from polyester with a residual

strength of 37.5 % (b) after 1 hour of exposure to 45 % H2SO4 and 5 days of subsequent conditioning under standard climatic conditions
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¹

ï�ï

No.

Âèä îáðàçöà

Sample type

Ñîñòîÿíèå îáðàçöà � Condition of the sample

Âèçóàëüíîå � Visual Òàêòèëüíîå � Tactile

Âîçäåéñòâèå ôîñôîðíîé êèñëîòû H3PO4 â êîíöåíòðàöèè 30 % â òå÷åíèå 30 ñ

30 sec of exposure to phosphoric acid H3PO4 in 30 % concentration

1 Óâåëè÷åíèå íàñûùåííîñòè öâåòà

Increase in color saturation

Íåáîëüøîå óâåëè÷åíèå æåñòêîñòè

Slight increase in stiffness

Âîçäåéñòâèå ñåðíîé êèñëîòû H2SO4 20 % â òå÷åíèå 30 ñ

30 sec of exposure to sulphuric acid H2SO4 in 20 % concentration

2 Íåçíà÷èòåëüíîå óâåëè÷åíèå íàñû-
ùåííîñòè öâåòà

Slight increase in color saturation

Íåáîëüøîå óâåëè÷åíèå æåñòêîñòè

Slight increase in stiffness

3 Íåçíà÷èòåëüíîå óâåëè÷åíèå íàñû-
ùåííîñòè öâåòà

Slight increase in color saturation

Íåáîëüøîå óâåëè÷åíèå æåñòêîñòè

Slight increase in stiffness

Âîçäåéñòâèå ñåðíîé êèñëîòû H2SO4 20 % â òå÷åíèå 1 ÷

1 hr of exposure to sulphuric acid H2SO4 in 20 % concentration

4 Íåçíà÷èòåëüíîå óâåëè÷åíèå íàñû-
ùåííîñòè öâåòà

Slight increase in color saturation

Íåáîëüøîå óâåëè÷åíèå æåñòêîñòè

Slight increase in stiffness

5 Íåçíà÷èòåëüíîå óâåëè÷åíèå íàñû-
ùåííîñòè öâåòà

Slight increase in color saturation

Íåáîëüøîå óâåëè÷åíèå æåñòêîñòè

Slight increase in stiffness

Òàáëèöà 3. Âèçóàëüíîå è òàêòèëüíîå ñîñòîÿíèå îáðàçöîâ ïîñëå âîçäåéñòâèÿ êèñëîò

Table 3. Visual and tactile condition of samples after rope exposure
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¹

ï�ï

No.

Âèä îáðàçöà

Sample type

Ñîñòîÿíèå îáðàçöà � Condition of the sample

Âèçóàëüíîå � Visual Òàêòèëüíîå � Tactile

Âîçäåéñòâèå ñåðíîé êèñëîòû H2SO4 45 % â òå÷åíèå 30 ñ

30 sec of exposure to sulphuric acid H2SO4 in 45 % concentration

6 Óâåëè÷åíèå íàñûùåííîñòè öâåòà

Increase in color saturation

Óâåëè÷åíèå æåñòêîñòè, îáðàçîâàíèå
òâåðäîãî âåðõíåãî ñëîÿ

Increase in stiffness, emergence of
a rigid outer layer

7 Íåçíà÷èòåëüíîå óâåëè÷åíèå íàñû-
ùåííîñòè öâåòà

Slight increase in color saturation

Íåáîëüøîå óâåëè÷åíèå æåñòêîñòè

Slight increase in stiffness

8 Óâåëè÷åíèå íàñûùåííîñòè öâåòà

Increase in color saturation

Çíà÷èòåëüíîå óâåëè÷åíèå æåñòêîñòè,
îáðàçîâàíèå òâåðäîãî âåðõíåãî ñëîÿ

Significant increase in stiffness, emer-
gence of a rigid outer layer

Âîçäåéñòâèå ñåðíîé êèñëîòû H2SO4 45 % â òå÷åíèå 1 ÷

1 hr of exposure to sulphuric acid H2SO4 in 45 % concentration

9 Óâåëè÷åíèå íàñûùåííîñòè öâåòà,
ïîòåðÿ òåêñòóðû ïëåòåíèÿ

Increase in color saturation, loss
of the braiding pattern

Çíà÷èòåëüíîå óâåëè÷åíèå æåñòêîñòè,
ïîÿâëåíèå ëèïêîé îñíîâû

Significant increase in stiffness, sheath
becomes sticky

10 Óâåëè÷åíèå íàñûùåííîñòè öâåòà,
ïîòåðÿ òåêñòóðû ïëåòåíèÿ, îãîëå-
íèå ñåðäå÷íèêà

Increase in color saturation, loss of
the braiding pattern, exposure of
the core

Çíà÷èòåëüíîå óâåëè÷åíèå æåñòêîñòè,
ïîÿâëåíèå ëèïêîé îñíîâû

Significant increase in stiffness, sheath
becomes sticky

11 Íåçíà÷èòåëüíîå óâåëè÷åíèå íàñû-
ùåííîñòè öâåòà

Slight increase in color saturation

Óâåëè÷åíèå æåñòêîñòè

Increase in stiffness

Ïðîäîëæåíèå òàáë. 3 � Table 3 continuation
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îñîáåííîñòüþ ðàçðûâà îáðàçöîâ ñ ïîëèýôèðíîé

îïëåòêîé ÿâëÿåòñÿ îòñóòñòâèå âûòÿíóòûõ èç ñåð-

äå÷íèêà æãóòîâ âîëîêîí, êàðòèíà ðàçðóøåíèÿ ïðè

ýòîì íàïîìèíàåò ðàçðûâ ïåðåáèòîé ÷åì-òî âåðåâêè.

Â ðÿäå ñëó÷àåâ òàêîé æå õàðàêòåð ðàçðûâà íàáëþ-

äàëñÿ è ó îáðàçöîâ ñ ïîëèàìèäíîé îïëåòêîé. Ïðè

ïîâðåæäåíèÿõ âåðåâêè êèñëîòîé âûñîêèõ êîíöåíò-

ðàöèé (HCl 15 %, H2SO4 45 %) ðàçðûâ âåðåâêè ïðî-

èñõîäèë ñ âûòÿãèâàíèåì æãóòîâ ñåðäå÷íèêà, ò. å. ïðè

èñïûòàíèÿõ âíà÷àëå ðâàëàñü îïëåòêà îáðàçöà, ïîòîì

ïðîèñõîäèëî âûòÿãèâàíèå è ðàçðûâ æãóòîâ ñåðäå÷-

íèêà. Ïðè ýòîì íà ïîâåðõíîñòè âåðåâîê íàáëþäàëèñü

ìàêñèìàëüíûå ðàçðóøåíèÿ îïëåòêè. Ìåíüøåå ïî-

âðåæäåíèå âíóòðåííèõ æãóòîâ âåðåâêè â ïîäîáíûõ

ñëó÷àÿõ ìû îáúÿñíèëè áîëüøåé ïëîòíîñòüþ êèñëî-

òû, åå ìåíüøåé òåêó÷åñòüþ è, êàê ñëåäñòâèå, áîëåå

ìåäëåííûì ïðîíèêíîâåíèåì âî âíóòðåííèå ñëîè

âåðåâêè.

Äàííûå òàáë. 4 áóäóò ïîëåçíû ïðè ðàçáîðå àâà-

ðèéíûõ ñèòóàöèé, ÷òîáû ïðè ïåðâîé îöåíêå â ÷ðåç-

âû÷àéíûõ ñèòóàöèÿõ ìîæíî áûëî îòëè÷èòü ìåõà-

íè÷åñêîå ïîâðåæäåíèå âåðåâêè îò õèìè÷åñêîãî.

Âûâîäû

1. Äëÿ îáåñïå÷åíèÿ áåçîïàñíîñòè ïðè âûïîëíå-

íèè ðàáîò íà âûñîòå â ïðîèçâîäñòâåííîì ñåêòîðå

[13–17] ñ èñïîëüçîâàíèåì ñðåäñòâ èíäèâèäóàëüíîé

çàùèòû, à òàêæå ïðè ïðîâåäåíèè ñïîðòèâíûõ ìåðî-

ïðèÿòèé ñ èñïîëüçîâàíèåì èíâåíòàðÿ, çàùèùàþùå-

ãî ñïîðòñìåíà îò ïàäåíèÿ ñ âûñîòû [11], íåîáõîäèìî

ñâîåâðåìåííî ïðîâîäèòü èíñïåêöèîííûå ïðîâåðêè

ïðèìåíÿåìîãî ñíàðÿæåíèÿ. Îäíèì èç êëþ÷åâûõ àñ-

ïåêòîâ èíñïåêöèîííîé ïðîâåðêè ÿâëÿåòñÿ íåïîñðåä-

ñòâåííûé îñìîòð ñíàðÿæåíèÿ íà íàëè÷èå äåôåêòîâ

[20, 21].

2. Âåðåâêà ìîæåò áûòü ïîäâåðãíóòà ìåõàíè÷å-

ñêèì, òåìïåðàòóðíûì è õèìè÷åñêèì âîçäåéñòâèÿì.

Îäíèì èç ñàìûõ ñêðûòûõ è òðóäíî îïðåäåëÿåìûõ

ÿâëÿåòñÿ èìåííî õèìè÷åñêîå ïîâðåæäåíèå âåðåâêè.

Äàííûé òèï ïîâðåæäåíèÿ ìîæåò ïðîãðåññèðîâàòü

âî âðåìåíè, óõóäøàÿ ýêñïëóàòàöèîííûå õàðàêòåðèñ-

òèêè âåðåâêè, ÷òî, âåðîÿòíî, ïðèâåäåò ê îòêàçó ñíàðÿ-

æåíèÿ è âîçìîæíîìó íåñ÷àñòíîìó ñëó÷àþ. Ïðè ýòîì

âðåìÿ ìåæäó ïîïàäàíèåì õèìè÷åñêîãî âåùåñòâà íà

âåðåâêó è åå îòêàçîì ìîæåò áûòü î÷åíü çíà÷èòåëü-

íûì, âïëîòü äî ãîäà è áîëåå. Â ìàå 2017 ã. â ïåùåðå

Ìîíàñòûðü-×îêðàê â ðåçóëüòàòå îáðûâà âåðåâêè òðà-

ãè÷åñêè ïîãèá ñïåëåîëîã. Ïåðâûå âûâîäû óêàçûâà-

ëè íà ñëåäû ìåõàíè÷åñêîãî ïîâðåæäåíèÿ âåðåâêè,

íî â äàëüíåéøåì ýêñïåðòèçîé áûëè âûÿâëåíû ñëåäû

õèìè÷åñêîãî âîçäåéñòâèÿ. Äàííûå ìàòåðèàëû íåîá-

õîäèìî ïðèíèìàòü âî âíèìàíèå ñïåöèàëèñòàì, îò-

âå÷àþùèì çà áåçîïàñíîñòü ïðîâåäåíèÿ ìåðîïðèÿ-

òèé íà âûñîòå êàê â ïðîìûøëåííîì ñåêòîðå [13–17],

òàê è â ñïîðòèâíîì [11].

3. Îñíîâíûìè êðèòåðèÿìè âèçóàëüíîãî êîíòðîëÿ

ÿâëÿþòñÿ: èçìåíåíèå êîíòðàñòíîñòè öâåòà ïîâðåæ-

äåííîãî ó÷àñòêà îïëåòêè ïî ñðàâíåíèþ ñ äðóãèìè,

íåïîâðåæäåííûìè, êàê â ñòîðîíó óâåëè÷åíèÿ, òàê è

óìåíüøåíèÿ; íàëè÷èå áåëåñûõ ó÷àñòêîâ. Êàê ïîêàçà-

ëè èññëåäîâàíèÿ, íàèáîëåå ñëîæíûì ñ òî÷êè çðåíèÿ

âèçóàëüíîãî îáíàðóæåíèÿ îêàçàëñÿ îáðàçåö ñ ïîëè-

ýôèðíîé îïëåòêîé, íà êîòîðîì âîçäåéñòâèå êèñëî-

òû ïðàêòè÷åñêè íå ïðîÿâëÿëîñü.

¹

ï�ï

No.

Âèä îáðàçöà

Sample type

Ñîñòîÿíèå îáðàçöà � Condition of the sample

Âèçóàëüíîå � Visual Òàêòèëüíîå � Tactile

Âîçäåéñòâèå ñîëÿíîé êèñëîòû HCl 15 % â òå÷åíèå 30 ñ

30 sec of exposure to hydrochloric acid HCl in 15 % concentration

12 Ïîòóñêíåíèå îêðàñêè îïëåòêè,
ïîÿâëåíèå áåëûõ îáðàçîâàíèé

Fading of the sheath color, emer-
gence of white formations

Çíà÷èòåëüíîå óâåëè÷åíèå æåñòêîñòè

Significant increase in stiffness

13 Óâåëè÷åíèå íàñûùåííîñòè öâåòà,
ïîÿâëåíèå áåëûõ îáðàçîâàíèé

Increase in color saturation, emer-
gence of white formations

Çíà÷èòåëüíîå óâåëè÷åíèå æåñòêîñòè

Significant increase in stiffness

Îêîí÷àíèå òàáë. 3 � End of Table 3
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¹

ï�ï

No.

Âèä îáðàçöà

Sample type

Îïèñàíèå
õàðàêòåðà ðàçðûâà

Description of the rupture

Ôîñôîðíàÿ êèñëîòà H3PO4, êîíöåíòðàöèÿ 30 %,
âðåìÿ âîçäåéñòâèÿ 30 ñ

30 sec of exposure to phosphoric acid H3PO4

in 30 % concentration

1 Ðàçðûâ îáðàçöà ñ ïî-
ëèàìèäíîé îïëåòêîé
áåç õàðàêòåðíûõ îò-
ëè÷èé

Polyamide sheath
sample ruptured
without any characte-
ristic distinctions

2 Ðàçðûâ îáðàçöà ñ ïîëè-
ýôèðíîé îïëåòêîé, îò-
ëè÷èé ïî ñðàâíåíèþ ñ
êîíòðîëüíûìè îáðàç-
öàìè íå íàáëþäàåòñÿ

Polyether sheath
sample ruptured with
no visible difference
from control samples

Ôîñôîðíàÿ êèñëîòà H3PO4, êîíöåíòðàöèÿ 30 %,
âðåìÿ âîçäåéñòâèÿ 1 ÷

1 hr of exposure to phosphoric acid H3PO4

in 30 % concentration

3 Ðàçðûâ îáðàçöà ñ ïî-
ëèàìèäíîé îïëåòêîé,
÷àñòè÷íîå âûòÿãèâàíèå
ïðÿäåé ñåðäå÷íèêà

Polyamide sheath
sample ruptured; core
strands got partially
pulled

4 Ðàçðûâ îáðàçöà ñ ïîëè-
ýôèðíîé îïëåòêîé, îò-
ëè÷èé ïî ñðàâíåíèþ ñ
êîíòðîëüíûìè îáðàç-
öàìè íå íàáëþäàåòñÿ

Polyether sheath sample
ruptured with no visible
difference from control
samples

Ñåðíàÿ êèñëîòà H2SO4, êîíöåíòðàöèÿ 20 %,
âðåìÿ âîçäåéñòâèÿ 30 ñ

30 sec of exposure to sulphuric acid H2SO4

in 20 % concentration

5 Ðàçðûâ îáðàçöà ñ ïî-
ëèàìèäíîé îïëåòêîé,
îòäåëåíèå îïëåòêè îò
ñåðäå÷íèêà

Polyamide sheath
sample ruptured;
sheath got separated
from the core

Òàáëèöà 4. Ñîñòîÿíèå îïëåòêè è ïðÿäåé ñåðäå÷íèêà ïîñëå

ðàçðûâà

Table 4. The condition of sheath and core strands after rupture
¹

ï�ï

No.

Âèä îáðàçöà

Sample type

Îïèñàíèå
õàðàêòåðà ðàçðûâà

Description of the rupture

6 Ðàçðûâ îáðàçöà ñ ïîëè-
ýôèðíîé îïëåòêîé, îò-
ëè÷èé ïî ñðàâíåíèþ ñ
êîíòðîëüíûìè îáðàç-
öàìè íå íàáëþäàåòñÿ

Polyether sheath sample
ruptured with no visible
difference from control
samples

Ñåðíàÿ êèñëîòà H2SO4, êîíöåíòðàöèÿ 20 %,
âðåìÿ âîçäåéñòâèÿ 1 ÷

1 hr of exposure to sulphuric acid H2SO4

in 20 % concentration

7 Ðàçðûâ îáðàçöà ñ ïî-
ëèàìèäíîé îïëåòêîé,
îòäåëåíèå îïëåòêè îò
ñåðäå÷íèêà

Polyamide sheath
sample ruptured;
sheath got separated
from the core

8 Ðàçðûâ îáðàçöà ñ ïîëè-
ýôèðíîé îïëåòêîé, îò-
ëè÷èé ïî ñðàâíåíèþ ñ
êîíòðîëüíûìè îáðàç-
öàìè íå íàáëþäàåòñÿ

Polyether sheath
sample ruptured with
no visible difference
from control samples

Ñåðíàÿ êèñëîòà H2SO4, êîíöåíòðàöèÿ 45 %,
âðåìÿ âîçäåéñòâèÿ 30 ñ

30 sec of exposure to sulphuric acid H2SO4

in 45 % concentration

9 Ðàçðûâ îáðàçöà ñ ïî-
ëèàìèäíîé îïëåòêîé,
îòäåëåíèå îïëåòêè îò
ñåðäå÷íèêà, âûòÿãèâà-
íèå îòäåëüíûõ ïðÿäåé
ñåðäå÷íèêà

Polyamide sheath
sample ruptured;
sheath got separated
from the core and some
of the core strands got
pulled out

10 Ðàçðûâ îáðàçöà ñ ïîëè-
ýôèðíîé îïëåòêîé, îò-
ëè÷èé ïî ñðàâíåíèþ
ñ êîíòðîëüíûìè îá-
ðàçöàìè íå íàáëþäà-
åòñÿ

Polyether sheath sample
ruptured with no visible
difference from control
samples

Ïðîäîëæåíèå òàáë. 4 � Table 4 continuation
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Íà ðèñ. 7 íàãëÿäíî ïîêàçàíî ñðàâíåíèå äâóõ îá-

ðàçöîâ ñ îïëåòêàìè èç ðàçíûõ ìàòåðèàëîâ ïðè âîç-

äåéñòâèè íà íèõ H2SO4 â êîíöåíòðàöèè 45 % â òå÷å-

íèå 1 ÷ ñ óêàçàíèåì îñòàòî÷íîé ïðî÷íîñòè. Â èòîãå

ìîæíî çàêëþ÷èòü, ÷òî âåðåâêè, ñîñòîÿùèå èç ðàç-

íûõ ìàòåðèàëîâ â îïëåòêå è ñåðäå÷íèêå, îñîáåííî

åñëè îïëåòêà áîëåå èíåðòíà ê âîçäåéñòâèþ õèìè÷å-

ñêîãî âåùåñòâà, ÷åì ñåðäå÷íèê, ïðåäñòàâëÿþò ñîáîé

ñêðûòóþ îïàñíîñòü è òðåáóþò òùàòåëüíîãî èíñïåê-

öèîííîãî êîíòðîëÿ [20, 21] ñ ïîëíîé èñòîðèåé ýêñ-

ïëóàòàöèè è ñîîòâåòñòâóþùåé îöåíêîé ðèñêîâ [23].

4. Îñíîâíûìè êðèòåðèÿìè òàêòèëüíîãî êîíòðî-

ëÿ ïîâðåæäåííîãî ó÷àñòêà ÿâëÿþòñÿ:

� óâåëè÷åíèå æåñòêîñòè âåðåâêè ïî ñðàâíåíèþ ñ

ó÷àñòêàìè, íà êîòîðûå íå áûëî âîçäåéñòâèÿ êèñ-

ëîòû;

� ïîâûøåíèå òâåðäîñòè íà ó÷àñòêàõ âîçäåéñòâèÿ;

� ëèïêàÿ ïîâåðõíîñòü îïëåòêè.

5. Ïðèâåäåííûå â òàáë. 4 äàííûå ïîìîãóò ñïåöè-

àëèñòàì ïðîôèëüíûõ íàïðàâëåíèé ïðè àâàðèéíî-

ñïàñàòåëüíûõ ðàáîòàõ ïðåäâàðèòåëüíî îöåíèòü ïðè-

÷èíû îòêàçà âåðåâêè. Åñëè ñîñòîÿíèÿ âîëîêîí ñåð-

äå÷íèêà ïîñëå ðàçðûâà îáúåäèíèòü ïî îñíîâíûì

ãðóïïàì, òî ìîæíî âûäåëèòü ñëåäóþùèå:

� ÷àñòè÷íîå âûòÿãèâàíèå ïðÿäåé ñåðäå÷íèêà;

� îòäåëåíèå îïëåòêè îò ñåðäå÷íèêà;

� âûòÿãèâàíèå îòäåëüíûõ ïðÿäåé ñåðäå÷íèêà.

¹

ï�ï

No.

Âèä îáðàçöà

Sample type

Îïèñàíèå
õàðàêòåðà ðàçðûâà

Description of the rupture

Ñåðíàÿ êèñëîòà H2SO4, êîíöåíòðàöèÿ 45 %,
âðåìÿ âîçäåéñòâèÿ 1 ÷

1 hr of exposure to sulphuric acid H2SO4

in 45 % concentration

11 Ðàçðûâ îáðàçöà ñ ïî-
ëèàìèäíîé îïëåòêîé,
îòäåëåíèå îïëåòêè îò
ñåðäå÷íèêà, âûòÿãèâà-
íèå îòäåëüíûõ ïðÿäåé
ñåðäå÷íèêà, ÷àñòè÷-
íîå ñëèïàíèå ïðÿäåé

Polyamide sheath
sample ruptured;
sheath got separated
from the core, some of
the core strands got pull-
ed out, and strands got
partially stuck together

12 Ðàçðûâ îáðàçöà ñ ïîëè-
ýôèðíîé îïëåòêîé, îò-
ëè÷èé ïî ñðàâíåíèþ ñ
êîíòðîëüíûìè îáðàç-
öàìè íå íàáëþäàåòñÿ

Polyether sheath samp-
le ruptured with no vi-
sible difference from
control samples

Ñîëÿíàÿ êèñëîòà HCl, êîíöåíòðàöèÿ l5 %,
âðåìÿ âîçäåéñòâèÿ 1 ÷

1 hr of exposure to hydrochloric acid HCl
in 15 % concentration

13 Ðàçðûâ îáðàçöà ñ ïî-
ëèàìèäíîé îïëåòêîé,
÷àñòè÷íîå âûòÿãèâà-
íèå ïðÿäåé ñåðäå÷íè-
êà, ñòðóêòóðà ñåðäå÷-
íèêà ïîõîæà íà âàòó

Polyamide sheath
sample ruptured;
sheath got separated
from the core, core
strands got partially
pulled, and the core
structure started re-
sembling wadding

14 Ðàçðûâ îáðàçöà ñ ïîëè-
ýôèðíîé îïëåòêîé, îò-
ëè÷èé ïî ñðàâíåíèþ ñ
êîíòðîëüíûìè îáðàç-
öàìè íå íàáëþäàåòñÿ

Polyether sheath sample
ruptured with no visible
difference from control
samples

Ïðîäîëæåíèå òàáë. 4 � Table 4 continuation

¹

ï�ï

No.

Âèä îáðàçöà

Sample type

Îïèñàíèå
õàðàêòåðà ðàçðûâà

Description of the rupture

Ñîëÿíàÿ êèñëîòà HCl, êîíöåíòðàöèÿ 15 %,
âðåìÿ âîçäåéñòâèÿ 30 ñ

30 sec of exposure to hydrochloric acid HCl
in 15 % concentration

15 Ðàçðûâ îáðàçöà ñ ïî-
ëèàìèäíîé îïëåòêîé,
÷àñòè÷íîå âûòÿãèâà-
íèå ïðÿäåé ñåðäå÷íèêà

Polyamide sheath
sample ruptured; core
strands got partially
pulled

16 Ðàçðûâ îáðàçöà ñ ïîëè-
ýôèðíîé îïëåòêîé, îò-
ëè÷èé ïî ñðàâíåíèþ ñ
êîíòðîëüíûìè îáðàç-
öàìè íå íàáëþäàåòñÿ

Polyether sheath sample
ruptured with no visible
difference from control
samples

Îêîí÷àíèå òàáë. 4 � End of Table 4
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Â íåêîòîðûõ ñëó÷àÿõ ê êàæäîé èç âûøåóêàçàí-

íûõ ãðóïï ìîæíî äîáàâèòü èçìåíåíèå öâåòà ïðÿäåé

ñåðäå÷íèêà.

Ðåçþìèðóÿ âûøåèçëîæåííîå, ìîæíî îòìåòèòü

íåñêîëüêî îñíîâíûõ íàáëþäåíèé.

Âî âñåõ âàðèàíòàõ âîçäåéñòâèÿ íà îáðàçöû êèñ-

ëîòû îêàçûâàëè íà íèõ íåãàòèâíîå âëèÿíèå, îäíàêî

íå âñÿêîå âëèÿíèå ìîæíî ëåãêî îáíàðóæèòü. Îñîáî

íåãàòèâíîå âëèÿíèå íà îáðàçöû âåðåâêè îêàçàëà

H2SO4 è íàèáîëåå âûñîêèå êîíöåíòðàöèè ÍÑl.

Ïîëèýôèðíàÿ îïëåòêà â îáðàçöå ¹ 3 îêàçàëàñü

ñâîåîáðàçíîé ìàñêèðîâêîé äëÿ îáíàðóæåíèÿ õèìè-

÷åñêîãî ïîâðåæäåíèÿ èç-çà ñâîåé ïîâûøåííîé ñòîé-

êîñòè ê ðàñòâîðàì êèñëîò. Êèñëîòà ïðàêòè÷åñêè áåñ-

ïðåïÿòñòâåííî ïðîíèêàëà ê ñåðäå÷íèêó, âîçäåéñòâóÿ

íåïîñðåäñòâåííî íà íåãî, ÷òî â áîëüøåé ìåðå îòðà-

çèëîñü íà âåëè÷èíå îñòàòî÷íîé ïðî÷íîñòè ïî ñðàâ-

íåíèþ ñ äðóãèìè îáðàçöàìè. Â ñèëó âûøåóêàçàííûõ

ïðè÷èí âèçóàëüíîå ñîñòîÿíèå îïëåòêè, äàæå ïðè âîç-

äåéñòâèè 45 %-íîé êîíöåíòðàöèè H2SO4, áûëî íà-

ìíîãî ëó÷øå, ÷åì ó äðóãèõ îáðàçöîâ, îïëåòêà êîòî-

ðûõ ïðè òàêîé êîíöåíòðàöèè ðàçðóøàëàñü åùå äî

èñïûòàíèé íà ïðî÷íîñòü. Â ñâÿçè ñ ýòèì íåîáõîäèìî,

âî-ïåðâûõ, áîëåå âíèìàòåëüíî ïðîâîäèòü èíñïåêöè-

îííóþ ïðîâåðêó ïîäîáíûõ òåõíîëîãè÷åñêèõ ðåøå-

íèé, à âî-âòîðûõ, èññëåäîâàòü âåðåâêè èìåííî èç

íåñêîëüêèõ ìàòåðèàëîâ â êîíñòðóêöèè â ðàçëè÷íûõ

ñî÷åòàíèÿõ.

Â ðàìêàõ ñëåäóþùèõ èñïûòàíèé ïî ïîäîáíûì

íàïðàâëåíèÿì íåîáõîäèìî ñôîðìèðîâàòü òèïîâûå

ñîñòîÿíèÿ ðàçðóøåííûõ îáðàçöîâ è èõ âîëîêîí, ÷òî

ïîìîæåò ñîçäàòü îáðàçîâàòåëüíûé ìàòåðèàë äëÿ àâà-

ðèéíî-ñïàñàòåëüíûõ ñëóæá è ýêñïåðòíûõ êîìèññèé.
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