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ÐÅÇÞÌÅ

Ââåäåíèå. Îäíèì èç ñàìûõ ðàñïðîñòðàíåííûõ ñïîñîáîâ óñòðàíåíèÿ òå÷è èç ñðåäñòâ õðàíåíèÿ (ðåçåðâóàðîâ)

è òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ ÿâëÿåòñÿ îñâîáîæäåíèå ðåçåðâóàðîâ, â êîòîðûõ îáíàðóæåíà òå÷ü, îò õðà-

íÿùèõñÿ â íèõ ïðîäóêòîâ. Ê äðóãèì ñïîñîáàì îòíîñèòñÿ ðåìîíò ðåçåðâóàðîâ ïóòåì çàäåëêè òðåùèí è ñêâîç-

íûõ îòâåðñòèé ñ ïîìîùüþ ïðèñïîñîáëåíèé, âêëþ÷àþùèõ ïðîäóêòîñòîéêèå íàêëàäêè è âñòàâêè (ïðîáêè), ñïå-

öèàëüíûå ñòÿæíûå áîëòû (çàêëåïêè) ñ øàéáàìè è ãàéêàìè, à òàêæå ââåäåíèå â ïðîäóêò îòðóáåé. Ýêñïåðè-

ìåíòàëüíûé è àíàëèòè÷åñêèé àíàëèç ñîñòàâà îïåðàöèé ïðè ïðèìåíåíèè ýòèõ ñïîñîáîâ ïîêàçàë, ÷òî îíè

îòëè÷àþòñÿ áîëüøîé òðóäîåìêîñòüþ, a ýòî óâåëè÷èâàåò âðåìÿ, çàòðà÷èâàåìîå íà óñòðàíåíèå òå÷è.

Ìåòîäû. Ñóùíîñòü òåõíîëîãèè çàêëþ÷àåòñÿ â òîì, ÷òî ìåæäó ñòàíäàðòíîé íàäóâíîé ïîäóøêîé ñ ïðîóøèíàìè â

óãëàõ è âåðõíèìè è íèæíèìè íàòÿæíûìè ðåìíÿìè ìîíòèðóåòñÿ ïðèñîåäèíèòåëüíûé óçåë, êîòîðûé ïîçâîëÿåò

èñïîëüçîâàòü íà äâà ðåìíÿ ìåíüøå. Â ñòàòüå ïðèâåäåíû ôîòîãðàôèè ïðèñîåäèíèòåëüíîãî óçëà è îñíîâíûõ

ýòàïîâ íàêëàäûâàíèÿ íàäóâíîé ïîäóøêè íà æåëåçíîäîðîæíóþ öèñòåðíó ïðè âåðòèêàëüíîì ðàñïîëîæåíèè

êðåïÿùèõ ðåìíåé.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Ïðåäëàãàåìàÿ òåõíîëîãèÿ îáåñïå÷èâàåò äîñòèæåíèå ñîöèàëüíîãî, ýêîíîìè-

÷åñêîãî è òåõíè÷åñêîãî ðåçóëüòàòîâ, à èìåííî: ïîâûøåíèÿ áåçîïàñíîñòè ðàáîò ïî óñòðàíåíèþ òå÷è; ïîâûøå-

íèÿ îïåðàòèâíîñòè; ñîêðàùåíèÿ âðåìåíè ëèêâèäàöèè òå÷è ïóòåì óñêîðåíèÿ ïðîöåññà óñòàíîâêè íàäóâíîé

ïîäóøêè; ïîâûøåíèÿ ýêîëîãè÷åñêîé áåçîïàñíîñòè, áëàãîäàðÿ ñîêðàùåíèþ âðåìåíè, çàòðà÷èâàåìîãî íà

óñòðàíåíèå òå÷è; îáåñïå÷åíèÿ áîëåå âûñîêîãî óðîâíÿ áåçîïàñíîñòè ïóòåì èñêëþ÷åíèÿ ðàáîò íà âûñîòå è ñî-

êðàùåíèÿ âðåìåíè ëèêâèäàöèè òå÷è; óïðîùåíèÿ îïåðàöèé è ñíèæåíèÿ èõ òðóäîåìêîñòè çà ñ÷åò ñîêðàùåíèÿ

îáùåãî êîëè÷åñòâà îïåðàöèé; óìåíüøåíèÿ âëèÿíèÿ ÷åëîâå÷åñêîãî ôàêòîðà íà âðåìÿ óñòðàíåíèÿ òå÷è.

Âûâîä. Ñðàâíèòåëüíûé õðîíîìåòðàæ óñòàíîâêè íàäóâíîé ïîäóøêè îáùåïðèíÿòûìè ñïîñîáàìè è ïîñðåä-

ñòâîì ïðåäëàãàåìîé òåõíîëîãèè ïîêàçàë ñëåäóþùåå: ïðîäîëæèòåëüíîñòü óñòðàíåíèÿ òå÷è èçâåñòíûì ñïîñî-

áîì ñîñòàâëÿåò 15–20 ìèí, à ïî ïðåäëàãàåìîé òåõíîëîãèè — 3–5 ìèí. Äëÿ îáåñïå÷åíèÿ èñêðîáåçîïàñíîñòè

ïðèñîåäèíèòåëüíûé óçåë îáðåçèíèâàåòñÿ.

Êëþ÷åâûå ñëîâà: íàäóâíàÿ ïîäóøêà; îïûò; ïðèñîåäèíèòåëüíûé óçåë; ðåçåðâóàð; òðóäîåìêîñòü; ÷åëîâå÷åñêèé

ôàêòîð.
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ABSTRACT

Introduction. One of the most common ways to eliminate leaks from storage facilities (tanks) and process equip-

ment is to release the tanks in which a leak is detected from the product stored in it. The following methods are

the repair of tanks-sealing cracks and through holes with the help of devices, including product-resistant lining

and inserts (plugs), special tie bolts (rivets) with washers and nuts, as well as the introduction of the product bran.

Experimental and analytical analysis of the composition of the operations of these methods showed that they have

a great complexity, which increases the time to eliminate leaks.

Technology. The essence of the technology lies in the fact that between the standard inflatable pillow with eyelets

in the corners and the upper and lower tension belts are attached to the connecting unit. The connecting node
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allows the use of two belts less. The article presents photos of the connecting unit and the main stages of the infla-

table pillow overlay at the vertical location of the fastening belts on the railway tank.

Results and discussion. The proposed technology ensures the achievement of social, economic and technical

results, consisting in: improving the safety of work to eliminate leaks; increasing efficiency; reducing the time of

elimination of leaks by accelerating the installation of an inflatable pillow; increasing environmental safety, by re-

ducing the time of elimination of leaks; providing a higher level of security by eliminating the actions at height and

reduce the time of elimination of leaks; simplification and reduction of labor intensity by reducing the total number

of operations; reducing the impact of human factors on the duration of time to eliminate leaks.

Conclusion. The comparative timing of the installation of an inflatable pillow by conventional methods and through

the proposed technology showed the following: the duration of the leak elimination by the known method was

15–20 minutes; the duration of the leak elimination by the considered technology was 3–5 minutes. To ensure

intrinsic safety, the connecting node is rubber-coated.

Keywords: inflatable pillow; experience; connecting node; tank; labor intensity; human factor.
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Ââåäåíèå

Îñíîâíîé ïðè÷èíîé óòå÷åê ïðîäóêòà èç ðåçåðâóàðà

äëÿ õðàíåíèÿ îïàñíûõ õèìè÷åñêèõ âåùåñòâ èëè

èõ ñîåäèíåíèé, “êîòîðûå ïðè ïîïàäàíèè â îêðóæà-

þùóþ ñðåäó ñïîñîáíû âûçâàòü ÷ðåçâû÷àéíóþ ñè-

òóàöèþ (×Ñ): çàðàçèòü âîçäóõ, âîäó, ïî÷âó, ïðèâåñòè

ê îòðàâëåíèþ è ãèáåëè ëþäåé, æèâîòíûõ, ðàñòåíèé,

õðàíÿùèõñÿ îáû÷íî â âèäå ãàçà èëè æèäêîñòè, ÿâëÿ-

åòñÿ ïëîõîå òåõíè÷åñêîå ñîñòîÿíèå ñðåäñòâ õðàíå-

íèÿ è òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ, âûçûâàåìîå

íåñâîåâðåìåííûì ïðîâåäåíèåì ïðîôèëàêòè÷åñêèõ

ðåìîíòîâ, íàðóøåíèåì ïðàâèë ýêñïëóàòàöèè è

íèçêîé òåõíè÷åñêîé êóëüòóðîé îáñëóæèâàþùåãî

ïåðñîíàëà” [1–8]. Óòå÷êà ýêîëîãè÷åñêè îïàñíîãî

ïðîäóêòà â ïðîöåññå íàêàïëèâàíèÿ ïðåäñòàâëÿåò

áîëüøóþ îïàñíîñòü êàê äëÿ îáñëóæèâàþùåãî ïåð-

ñîíàëà, òàê è äëÿ îêðóæàþùåé ñðåäû [9–13]. “Òàê,

ïðè ñêîðîñòè èñòå÷åíèÿ äâå êàïëè â ñåêóíäó óòå÷êà

áåíçèíà ñîñòàâëÿåò ïðèìåðíî 3,5 êã�ñóò. Â çàêðûòîì

ïîìåùåíèè ñêëàäà ïðè îòñóòñòâèè âåíòèëÿöèè îá-

ðàçóåòñÿ âçðûâîîïàñíàÿ ñìåñü, îáúåì êîòîðîé çà-

âèñèò” [1] íå òîëüêî îò ïåðèîäà âðåìåíè äî åå óñòðà-

íåíèÿ, íî è îò ïðîäîëæèòåëüíîñòè ïðîöåññà óñòðà-

íåíèÿ òå÷è. Òàêèì îáðàçîì, äëÿ ïðåäîòâðàùåíèÿ

âîçíèêíîâåíèÿ îïàñíîé ñèòóàöèè ïðè âîçíèêíîâå-

íèè òå÷è ðåçåðâóàðà îäíèì èç ðåøàþùèõ ìîìåíòîâ

ÿâëÿåòñÿ ìèíèìèçàöèÿ âðåìåíè óñòðàíåíèÿ òå÷è ðå-

çåðâóàðà.

Ê îäíèì èç ñàìûõ ðàñïðîñòðàíåííûõ ñïîñîáîâ

óñòðàíåíèÿ òå÷è îòíîñèòñÿ îñâîáîæäåíèå ðåçåðâó-

àðîâ, â êîòîðûõ îáíàðóæåíà òå÷ü, îò õðàíÿùèõñÿ â

íèõ ïðîäóêòîâ [14–16]. Îäíàêî â ýòîì ñëó÷àå òå÷ü,

â çàâèñèìîñòè îò åå ðàñïîëîæåíèÿ, ìîæåò ñîõðà-

íÿòüñÿ äî òåõ ïîð, ïîêà åìêîñòü ïðàêòè÷åñêè ïîëíî-

ñòüþ íå îñâîáîäèòñÿ îò ïðîäóêòà, ÷òî îòíþäü íå ñïî-

ñîáñòâóåò ðåøåíèþ ïðîáëåìû ñîêðàùåíèÿ âðåìåíè

ëèêâèäàöèè òå÷è.

Äðóãèìè ñïîñîáàìè óñòðàíåíèÿ òå÷è â ðåçåðâóà-

ðàõ ÿâëÿþòñÿ çàäåëêà òðåùèí è ñêâîçíûõ îòâåðñòèé

ñ ïîìîùüþ ïðèñïîñîáëåíèé, âêëþ÷àþùèõ ïðîäóê-

òîñòîéêèå íàêëàäêè è âñòàâêè (ïðîáêè), ñïåöèàëü-

íûå ñòÿæíûå áîëòû (çàêëåïêè) ñ øàéáàìè è ãàéêàìè

[17–19], à òàêæå ââåäåíèå â ïðîäóêò îòðóáåé, êîòî-

ðûå ïîòîêîì æèäêîñòè ïðèòÿãèâàþòñÿ ê îòâåðñòèþ

è çàêóïîðèâàþò åãî ïîä äàâëåíèåì æèäêîñòè. Â êà-

÷åñòâå îòðóáåé ïðèìåíÿþòñÿ ïëàñòìàññîâûå õëîïüÿ

ðàçìåðîì îò 1 äî 50 ìì [1]. Îäíàêî è â ýòîì ñëó÷àå

ñîõðàíÿåòñÿ ïðîáëåìà ñîêðàùåíèÿ âðåìåíè óñòðà-

íåíèÿ òå÷è, ïîñêîëüêó íà îáðàçîâàíèå ïðîáêè, çà-

êðûâàþùåé åå, òðåáóåòñÿ ìíîãî âðåìåíè. Ïðè ýòîì

íåò ãàðàíòèè, ÷òî òå÷ü áóäåò óñòðàíåíà ïîëíîñòüþ.

Ïðîáëåìà ñîêðàùåíèÿ âðåìåíè óñòðàíåíèÿ òå÷è

ðåøàåòñÿ ïðèìåíåíèåì ñïîñîáà åå óñòðàíåíèÿ â ãî-

ðèçîíòàëüíî ðàñïîëîæåííîì ðåçåðâóàðå äëÿ õðàíå-

íèÿ ãàçà èëè æèäêîñòè, êîòîðûé çàêëþ÷àåòñÿ â ñëå-

äóþùåì. Ê íàäóâíîé ïîäóøêå ñ âåðòèêàëüíûìè ïðî-

óøèíàìè ïðèñîåäèíÿþò ïî äâà âåðõíèõ è íèæíèõ

íàòÿæíûõ ðåìíÿ. Çàòåì íèæíèå ðåìíè ïîî÷åðåäíî

ïðîòàñêèâàþò ïîä ðåçåðâóàðîì íà ñòîðîíó, ïðîòè-

âîïîëîæíóþ ïîâðåæäåííîìó ó÷àñòêó. Ïîñëå ýòîãî

ñ âåðõíèìè íàòÿæíûìè ðåìíÿìè ïîäíèìàþòñÿ íà

ðåçåðâóàð è ïîäòÿãèâàþò èõ íà ñåáÿ äî òåõ ïîð, ïîêà

íàäóâíàÿ ïîäóøêà íå ïðèìåò âåðòèêàëüíîå ïîëîæå-

íèå è íå íàêðîåò ïîâðåæäåííûé ó÷àñòîê ðåçåðâóàðà.

Óäåðæèâàÿ ïîäóøêó â òàêîì ïîëîæåíèè, ïîî÷åðåäíî

ïåðåäàþò âåðõíèå ðåìíè íà ñòîðîíó, ïðîòèâîïîëîæ-

íóþ ïîâðåæäåííîìó ó÷àñòêó. Çàòåì ñî ñòîðîíû, ïðî-

òèâîïîëîæíîé ïîâðåæäåííîìó ó÷àñòêó, âåðõíèå è

íèæíèå íàòÿæíûå ðåìíè íàòÿãèâàþò òàê, ÷òîáû ïî-

äóøêà ïëîòíî ïðèëåãàëà ê ïîâðåæäåííîìó ó÷àñòêó

âíåøíåé îáîëî÷êè ðåçåðâóàðà, è ôèêñèðóþò èõ. Íà-

êîíåö, ïîäóøêó íàêà÷èâàþò âîçäóõîì äî äàâëåíèÿ,

îáåñïå÷èâàþùåãî óñòðàíåíèå òå÷è [20, 21].

Àíàëèç ñîñòàâà îïåðàöèé ïðè ýòîì ñïîñîáå è

ïîñëåäîâàòåëüíîñòè èõ âûïîëíåíèÿ ïîêàçàë, ÷òî îí

îòëè÷àåòñÿ áîëüøîé òðóäîåìêîñòüþ. Ýòî ïðèâîäèò

ê óñëîæíåíèþ ñïîñîáà è, êàê ñëåäñòâèå, ê óâåëè÷å-

íèþ âðåìåíè óñòðàíåíèÿ òå÷è. Êðîìå òîãî, ïðè ýêñ-
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òðåííîé çàäåëêå òå÷è â ðåæèìå äåôèöèòà âðåìåíè

èç-çà ÷åëîâå÷åñêîãî ôàêòîðà âîçìîæåí âàðèàíò ïåðå-

ïóòûâàíèÿ ðåìíåé â ìîìåíò ïåðåäà÷è èõ íà ïðîòè-

âîïîëîæíóþ ñòîðîíó, ÷òî ïîòðåáóåò ïîâòîðíîé óñòà-

íîâêè ïîäóøêè â òðåáóåìîå ïîëîæåíèå è ïðèâåäåò

ê óâåëè÷åíèþ âðåìåíè óñòðàíåíèÿ òå÷è. Ïîñêîëüêó

ïðè ýòîì ñïîñîáå ñíà÷àëà ïðèñîåäèíÿþò ê íàäóâ-

íîé ïîäóøêå íàòÿæíûå ðåìíè, à çàòåì íàäóâíóþ

ïîäóøêó íàêëàäûâàþò íà ïîâðåæäåííûé ó÷àñòîê,

ïîäòÿãèâàÿ íà ñåáÿ ïðèñòåãíóòûå ê íåé âåðõíèå íà-

òÿæíûå ðåìíè, ýòî ñîçäàåò áîëüøóþ âåðîÿòíîñòü

ïîïàäàíèÿ íà ðåìíè àãðåññèâíûõ ñðåä èç ïîâðåæ-

äåííîãî ó÷àñòêà ðåçåðâóàðà êàê â ïðîöåññå ïðèñî-

åäèíåíèÿ ê ïîäóøêå, òàê è ïðè óñòàíîâêå ïîäóøêè

ïî ìåñòó, ÷òî ñíèæàåò áåçîïàñíîñòü ñïîñîáà ïðè åãî

èñïîëüçîâàíèè. Êðîìå òîãî, ýòîò ñïîñîá âêëþ÷àåò

ðàáîòû íà âûñîòå.

Èçëîæåííûå ñïîñîáû óñòðàíåíèÿ òå÷è è èõ íå-

äîñòàòêè óêàçûâàþò íà àêòóàëüíîñòü èññëåäîâàíèÿ

â äàííîé îáëàñòè.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ îïèñàíèå àâ-

òîðñêîé òåõíîëîãèè óñòðàíåíèÿ òå÷è â ãîðèçîíòàëü-

íî ðàñïîëîæåííûõ ðåçåðâóàðàõ.

Ìåòîäîëîãèÿ

Àâòîðñêàÿ òåõíîëîãèÿ óñòðàíåíèÿ òå÷è ëèøåíà

âûøåïðèâåäåííûõ íåäîñòàòêîâ è ðåøàåò ïðîáëåìó

ñîêðàùåíèÿ âðåìåíè ëèêâèäàöèè òå÷è.

Ñóùíîñòü ïðåäëàãàåìîé òåõíîëîãèè çàêëþ÷àåò-

ñÿ â ñëåäóþùåì. Ñíàðóæè íà ïîâðåæäåííûé ó÷àñ-

òîê îáîëî÷êè ðåçåðâóàðà íàêëàäûâàþò âåðòèêàëüíî

íàäóâíóþ ïîäóøêó ñ âåðòèêàëüíî çàêðåïëåííûìè

â óãëàõ ïðîóøèíàìè, ê êîòîðûì ïðèñîåäèíÿþò ïî

äâà âåðõíèõ è íèæíèõ íàòÿæíûõ ðåìíÿ. Ñî ñòîðîíû,

ïðîòèâîïîëîæíîé ïîâðåæäåííîìó ó÷àñòêó, íàòÿæ-

íûå ðåìíè íàòÿãèâàþò òàê, ÷òîáû ïîäóøêà ïëîòíî

ïðèëåãàëà ê ïîâðåæäåííîìó ó÷àñòêó îáîëî÷êè ðå-

çåðâóàðà, è ôèêñèðóþò èõ â òàêîì ïîëîæåíèè. Çàòåì

ïîäóøêó íàêà÷èâàþò âîçäóõîì äî äàâëåíèÿ, îáåñ-

ïå÷èâàþùåãî óñòðàíåíèå òå÷è. Íîâûì â ïðåäëàãà-

åìîé òåõíîëîãèè ÿâëÿåòñÿ òî, ÷òî íàòÿæíûå ðåìíè

ïðåäâàðèòåëüíî ðàçìåùàþò íà ñòîðîíå, ïðîòèâîïî-

ëîæíîé ïîâðåæäåííîìó ó÷àñòêó, íàäóâíóþ ïîäóø-

êó âðó÷íóþ íàêëàäûâàþò âåðòèêàëüíî íà ïîâðåæ-

äåííûé ó÷àñòîê îáîëî÷êè ðåçåðâóàðà è òàêæå âðó÷-

íóþ óäåðæèâàþò â íåîáõîäèìîì ïîëîæåíèè (ðèñ. 1),

à çàòåì íà ñòîðîíó, ïðîòèâîïîëîæíóþ ïîâðåæäåí-

íîìó ó÷àñòêó, ïåðåáðàñûâàþò ÷åðåç ðåçåðâóàð è ïîä

ðåçåðâóàðîì ñîîòâåòñòâåííî âåðõíèé è íèæíèé ïðè-

ñîåäèíèòåëüíûå óçëû (ðèñ. 2) ñ ïîìîùüþ çàêðåï-

Ðèñ. 1. Óäåðæèâàíèå íàäóâíîé ïîäóøêè â íåîáõîäèìîì ïî-

ëîæåíèè

Fig. 1. Holding the inflatable pillow in the required position

Ðèñ. 2. Ïðèñîåäèíèòåëüíûé óçåë ñ ïðèêðåïëåííûìè ê íåìó

çàìêàìè ïåðâîãî è âòîðîãî âåðõíèõ (íèæíèõ) íàòÿæíûõ

ðåìíåé

Fig. 2. Connecting unit with locks of the first and second upper

(lower) tension belts attached to it

Ðèñ. 3. Ïðèñîåäèíèòåëüíûé óçåë ñî ñðåäñòâàìè óäåðæàíèÿ

â íàòÿíóòîì ñîñòîÿíèè

Fig. 3. Connecting unit with means of holding in the tense state
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ëåííîãî íà êàæäîì èç íèõ ñðåäñòâà óäåðæàíèÿ, êî-

òîðîå ïîñëå äîñòèæåíèÿ ïðèñîåäèíèòåëüíûì óçëîì

ïðîòèâîïîëîæíîé ñòîðîíû ïðèâîäÿò â íàòÿíóòîå

ñîñòîÿíèå (ðèñ. 3). Çàòåì ê âåðõíåìó ïðèñîåäèíè-

òåëüíîìó óçëó ïðèêðåïëÿþò ïåðâûé è âòîðîé âåðõ-

íèå íàòÿæíûå ðåìíè, à ê íèæíåìó — ïåðâûé è âòî-

ðîé íèæíèå íàòÿæíûå ðåìíè òàêèì îáðàçîì, ÷òîáû

ðàññòîÿíèå ìåæäó íèìè ñîîòâåòñòâîâàëî ðàññòîÿ-

íèþ ìåæäó âåðòèêàëüíûìè ïðîóøèíàìè íàäóâíîé

ïîäóøêè. Ïîñëå ýòîãî ñ ïîìîùüþ ñîîòâåòñòâóþùå-

ãî ñðåäñòâà óäåðæàíèÿ ïðèñîåäèíèòåëüíûå óçëû ñ

ïðèêðåïëåííûìè ê íèì ðåìíÿìè ïåðåòàñêèâàþò íà

ñòîðîíó ïîâðåæäåííîãî ó÷àñòêà, ãäå, ïî-ïðåæíåìó

óäåðæèâàÿ âðó÷íóþ ïîäóøêó â ïåðâîíà÷àëüíî äî-

ñòèãíóòîì ïîëîæåíèè, ñíà÷àëà ïîî÷åðåäíî îòñîåäè-

íÿþò îò âåðõíåãî ïðèñîåäèíèòåëüíîãî óçëà ïåðâûé

è âòîðîé âåðõíèå íàòÿæíûå ðåìíè è ïðèñîåäèíÿþò

èõ ê ñîîòâåòñòâóþùèì âåðõíèì âåðòèêàëüíûì ïðî-

óøèíàì ïîäóøêè, à çàòåì ïîî÷åðåäíî îòñîåäèíÿþò

ïåðâûé è âòîðîé íèæíèå íàòÿæíûå ðåìíè îò íèæ-

íåãî ïðèñîåäèíèòåëüíîãî óçëà è ïðèñîåäèíÿþò èõ

ê ñîîòâåòñòâóþùèì íèæíèì âåðòèêàëüíûì ïðî-

óøèíàì ïîäóøêè. Çàòåì ñî ñòîðîíû, ïðîòèâîïî-

ëîæíîé ïîâðåæäåííîìó ó÷àñòêó, íàòÿæíûå ðåìíè

íàòÿãèâàþò òàê, ÷òîáû ïîäóøêà ïëîòíî ïðèëåãàëà ê

ïîâðåæäåííîìó ó÷àñòêó îáîëî÷êè ðåçåðâóàðà, è ôèê-

ñèðóþò èõ â òàêîì ïîëîæåíèè, ïîñëå ÷åãî ïðåêðà-

ùàþò ðó÷íóþ ôèêñàöèþ ïîäóøêè è íàêà÷èâàþò åå

âîçäóõîì äî äàâëåíèÿ, îáåñïå÷èâàþùåãî óñòðàíå-

íèå òå÷è.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðè äàííîé òåõíîëîãèè âûïîëíåíèå ïåðâîé îïå-

ðàöèè, ïðè êîòîðîé íàäóâíóþ ïîäóøêó âðó÷íóþ íà-

êëàäûâàþò âåðòèêàëüíî íà ïîâðåæäåííûé ó÷àñòîê

îáîëî÷êè ðåçåðâóàðà è òàê æå âðó÷íóþ óäåðæèâàþò

â òðåáóåìîì ïîëîæåíèè, ïîçâîëÿåò êðàòêîâðåìåííî

ïðåêðàòèòü óòå÷êó ïðîäóêòà èç ðåçåðâóàðà è îáåñ-

ïå÷èòü âîçìîæíîñòü âûïîëíåíèÿ îñòàëüíûõ îïåðà-

öèé. Ðåçóëüòàòû õðîíîìåòðèè ïîêàçàëè, ÷òî âðåìÿ

ðåàëèçàöèè ýòîé òåõíîëîãèè ñîñòàâëÿåò íå áîëåå

3–5 ìèí, ÷òî äàåò âîçìîæíîñòü çà ñ÷åò ìóñêóëüíîé

ñèëû ïðåêðàòèòü íà ýòî âðåìÿ âûõîä ïðîäóêòà èç

ðåçåðâóàðà è äåëàåò óäåðæàíèå ïîäóøêè âðó÷íóþ

ïðàêòè÷åñêè áåçîïàñíûì. Ïîñêîëüêó â îïèñûâàåìîé

òåõíîëîãèè èñïîëüçóþò íàäóâíóþ ïîäóøêó ñ âåð-

òèêàëüíî çàêðåïëåííûìè â óãëàõ ïðîóøèíàìè è íà-

êëàäûâàþò åå âåðòèêàëüíî íà ïîâðåæäåííûé ó÷àñ-

òîê îáîëî÷êè ðåçåðâóàðà, îáåñïå÷èâàåòñÿ âîçìîæ-

íîñòü çàêðåïëåíèÿ ïîäóøêè íà ïîâðåæäåííîì

ó÷àñòêå ðåçåðâóàðà ïîñðåäñòâîì îõâàòà ïîñëåäíåãî

ïî ïåðèìåòðó íàòÿæíûìè ðåìíÿìè ñ ïîñëåäóþùèì

èõ çàêðåïëåíèåì íà ñòîðîíå, ïðîòèâîïîëîæíîé òå÷è.

Ïðåäâàðèòåëüíîå ðàçìåùåíèå íàòÿæíûõ ðåìíåé

íà ñòîðîíå, ïðîòèâîïîëîæíîé ïîâðåæäåííîìó ó÷àñò-

êó, èñêëþ÷àåò îïåðàöèþ èõ ïåðåáðîñêè ñî ñòîðîíû

ïîâðåæäåííîãî ó÷àñòêà íà ïðîòèâîïîëîæíóþ ñòî-

ðîíó, ÷òî ñîêðàùàåò âðåìÿ óñòðàíåíèÿ òå÷è, ïîâû-

øàåò îïåðàòèâíîñòü, óïðîùàåò òåõíîëîãèþ, ñíè-

æàåò âëèÿíèå ÷åëîâå÷åñêîãî ôàêòîðà íà ïðîäîëæè-

òåëüíîñòü ïðîöåññà óñòðàíåíèÿ òå÷è.

Êðîìå òîãî, ïðåäëàãàåìîå èñõîäíîå ðàçìåùåíèå

íàòÿæíûõ ðåìíåé íà ñòîðîíå, ïðîòèâîïîëîæíîé ïî-

âðåæäåííîìó ó÷àñòêó ðåçåðâóàðà, îáåñïå÷èâàåò âîç-

ìîæíîñòü èñïîëüçîâàíèÿ â ýòîé òåõíîëîãèè âåðõíåãî

è íèæíåãî ïðèñîåäèíèòåëüíûõ óçëîâ. Ïåðåáðîñêà

íà ïðîòèâîïîëîæíóþ ñòîðîíó âåðõíåãî è íèæíåãî

ïðèñîåäèíèòåëüíûõ óçëîâ è èõ âîçâðàò îáåñïå÷èâà-

þòñÿ áëàãîäàðÿ çàêðåïëåíèþ íà êàæäîì èç íèõ ñðåä-

ñòâà óäåðæàíèÿ. Âåðõíèé è íèæíèé ïðèñîåäèíèòåëü-

íûå óçëû ïåðåáðàñûâàþò ñîîòâåòñòâåííî íàä ðåçåð-

âóàðîì è ïîä íèì, ÷òî îáåñïå÷èâàåò âîçìîæíîñòü

ïðèñîåäèíåíèÿ ê íèì ñîîòâåòñòâóþùèõ íàòÿæíûõ

ðåìíåé. Êðîìå òîãî, çàêðåïëåíèå ðåìíåé ñ ïðîòèâî-

ïîëîæíîé îò ïîâðåæäåííîãî ó÷àñòêà åìêîñòè ñòî-

ðîíû ïðàêòè÷åñêè ñâîäèò ê íóëþ âåðîÿòíîñòü ïîïà-

äàíèÿ íà íèõ àãðåññèâíûõ ñðåä èç ïîâðåæäåííîãî

ó÷àñòêà ïðè ìîíòàæå ê íàäóâíîé ïîäóøêå, ÷òî ïî-

âûøàåò áåçîïàñíîñòü ðàáîò. Ïîñëå äîñòèæåíèÿ ïðè-

ñîåäèíèòåëüíûì óçëîì ïðîòèâîïîëîæíîé ñòîðîíû

ñðåäñòâî óäåðæàíèÿ ïðèâîäÿò â íàòÿíóòîå ñîñòîÿ-

íèå, ÷òî ïîçâîëÿåò ñýêîíîìèòü âðåìÿ ïðè âîçâðàòå

ïðèñîåäèíèòåëüíîãî óçëà.

Íàòÿæíûå ðåìíè ïðèêðåïëÿþò ê ïðèñîåäèíè-

òåëüíîìó óçëó íà ðàññòîÿíèè äðóã îò äðóãà, ñîîòâåò-

ñòâóþùåì ðàññòîÿíèþ ìåæäó âåðòèêàëüíûìè ïðî-

óøèíàìè íàäóâíîé ïîäóøêè, ÷òî îáåñïå÷èâàåò èõ

ïåðåòàñêèâàíèå ïðàêòè÷åñêè ïàðàëëåëüíî äðóã äðóãó

è îïåðàòèâíîå ïðèêðåïëåíèå ê ïðîóøèíàì ïîäóø-

êè. Êðîìå òîãî, ïåðåòàñêèâàíèå íàòÿæíûõ ðåìíåé

ïîñðåäñòâîì ïðèñîåäèíèòåëüíûõ óçëîâ ïðàêòè÷å-

ñêè èñêëþ÷àåò ïåðåïóòûâàíèå ðåìíåé, òàê êàê îáåñ-

ïå÷èâàåòñÿ âîçìîæíîñòü ÷åòêîãî âèçóàëüíîãî êîíò-

ðîëÿ, ÷òî ïîâûøàåò îïåðàòèâíîñòü ðàáîòû. Â ðå-

çóëüòàòå ñíèæàåòñÿ âëèÿíèå ÷åëîâå÷åñêîãî ôàêòîðà

íà ïðîäîëæèòåëüíîñòü ïðîöåññà óñòðàíåíèÿ òå÷è,

ñîêðàùàåòñÿ âðåìÿ ëèêâèäàöèè óòå÷êè, ïîâûøàåò-

ñÿ îïåðàòèâíîñòü è, êàê ñëåäñòâèå, îáåñïå÷èâàåòñÿ

áåçîïàñíîñòü ðàáîòû è ýêîëîãè÷åñêàÿ áåçîïàñíîñòü.

Îäíîâðåìåííî óïðîùàåòñÿ ïðîöåññ è ñíèæàåòñÿ òðó-

äîåìêîñòü îïåðàöèé çà ñ÷åò ñîêðàùåíèÿ èõ îáùåãî

êîëè÷åñòâà ïî ñðàâíåíèþ ñ äðóãèìè ñïîñîáàìè.

Êðîìå òîãî, â ïðåäëàãàåìîé òåõíîëîãèè âîçìîæ-

íîñòü èñïîëüçîâàíèÿ ïðèñîåäèíèòåëüíîãî óçëà äëÿ

ïîäà÷è ê íàäóâíîé ïîäóøêå íàòÿæíûõ ðåìíåé èñ-

êëþ÷àåò íåîáõîäèìîñòü âûïîëíåíèÿ ðàáîò íà âû-

ñîòå ïðè ëèêâèäàöèè òå÷è â ãîðèçîíòàëüíî ðàñïî-

ëîæåííîì ðåçåðâóàðå, ÷òî óïðîùàåò ïðîöåññ è ïî-

âûøàåò áåçîïàñíîñòü ðàáîò.
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Ïîñêîëüêó â îïèñûâàåìîé òåõíîëîãèè ñíà÷àëà

ïîî÷åðåäíî îòñîåäèíÿþò îò âåðõíåãî ïðèñîåäèíè-

òåëüíîãî óçëà ïåðâûé è âòîðîé âåðõíèå íàòÿæíûå

ðåìíè è ïðèñîåäèíÿþò ê ñîîòâåòñòâóþùèì âåðõíèì

âåðòèêàëüíûì ïðîóøèíàì ïîäóøêè, à çàòåì ïîî÷å-

ðåäíî îòñîåäèíÿþò ïåðâûé è âòîðîé íèæíèå íàòÿæ-

íûå ðåìíè îò íèæíåãî ïðèñîåäèíèòåëüíîãî óçëà è

ïðèñîåäèíÿþò ê ñîîòâåòñòâóþùèì íèæíèì âåðòè-

êàëüíûì ïðîóøèíàì ïîäóøêè, èñêëþ÷àåòñÿ âîç-

ìîæíîñòü ñäåðãèâàíèÿ íàäóâíîé ïîäóøêè, óäåðæè-

âàåìîé ìóñêóëüíîé ñèëîé, ÷òî òàêæå ïîâûøàåò áåç-

îïàñíîñòü ðàáîòû è ñíèæàåò âëèÿíèå ÷åëîâå÷åñêîãî

ôàêòîðà íà ïðîäîëæèòåëüíîñòü ïðîöåññà óñòðàíå-

íèÿ òå÷è.

Çàêëþ÷åíèå

Ïðåäëàãàåìàÿ òåõíîëîãèÿ îáåñïå÷èâàåò äîñòè-

æåíèå ñîöèàëüíîãî, ýêîíîìè÷åñêîãî è òåõíè÷åñêî-

ãî ðåçóëüòàòîâ, à èìåííî: ïîâûøåíèÿ áåçîïàñíîñòè

ðàáîò ïî óñòðàíåíèþ òå÷è; ïîâûøåíèÿ îïåðàòèâíî-

ñòè; ñîêðàùåíèÿ âðåìåíè ëèêâèäàöèè òå÷è ïóòåì

óñêîðåíèÿ ïðîöåññà óñòàíîâêè íàäóâíîé ïîäóøêè;

ïîâûøåíèÿ ýêîëîãè÷åñêîé áåçîïàñíîñòè áëàãîäàðÿ

ñîêðàùåíèþ âðåìåíè óñòðàíåíèÿ òå÷è; îáåñïå÷åíèÿ

áîëåå âûñîêîãî óðîâíÿ áåçîïàñíîñòè ïóòåì èñêëþ-

÷åíèÿ ðàáîò íà âûñîòå è ñîêðàùåíèÿ âðåìåíè ëèê-

âèäàöèè òå÷è; óïðîùåíèÿ ïðîöåññà è ñíèæåíèÿ òðó-

äîåìêîñòè çà ñ÷åò ñîêðàùåíèÿ îáùåãî êîëè÷åñòâà

îïåðàöèé; ñíèæåíèÿ âëèÿíèÿ ÷åëîâå÷åñêîãî ôàêòî-

ðà íà âðåìÿ óñòðàíåíèÿ òå÷è.

Îïûòíûì ïóòåì óñòàíîâëåíî, ÷òî òåõíîëîãèÿ ïðè-

ìåíåíèÿ ïðèñîåäèíèòåëüíîãî óçëà ïðè ëèêâèäàöèè

òå÷è ïîñðåäñòâîì óñòàíîâêè íà òå÷ü íàäóâíîé ïî-

äóøêè íà ðåçåðâóàð ïðè âåðòèêàëüíîì ðàñïîëî-

æåíèè êðåïÿùèõ ðåìíåé íå òîëüêî îáëåã÷àåò, íî è

çíà÷èòåëüíî óñêîðÿåò ïðîöåññ óñòàíîâêè áàíäàæà.

Ñðàâíèòåëüíûé õðîíîìåòðàæ óñòàíîâêè íàäóâíîé

ïîäóøêè èçâåñòíûì îáùåïðèíÿòûì ñïîñîáîì [3, 4]

è ïîñðåäñòâîì ïðåäëàãàåìîé òåõíîëîãèè ñ èñïîëü-

çîâàíèåì ïðèñîåäèíèòåëüíîãî óçëà ïîêàçàë, ÷òî ïðî-

äîëæèòåëüíîñòü óñòðàíåíèÿ òå÷è èçâåñòíûì ñïîñî-

áîì ñîñòàâëÿåò 15–20 ìèí, à ïî çàÿâëåííîé òåõíî-

ëîãèè — 3–5 ìèí.

Äëÿ îáåñïå÷åíèÿ èñêðîáåçîïàñíîñòè ïðèñîåäè-

íèòåëüíûé óçåë îáðåçèíèâàþò.
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