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Ïðîâåäåí àíàëèç ïðîåêòíûõ ðåøåíèé ïî îáåñïå÷åíèþ çàùèòû ÀÝÑ îò ýêñòðåìàëüíûõ âîçäåé-
ñòâèé. Ïðåäñòàâëåíû ðåçóëüòàòû ñåðèè ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé êîíñòðóêöèé ñ áåñ-
ñâàðíûìè ñòûêàìè àðìàòóðû äëÿ èñïîëüçîâàíèÿ èõ â çàùèòíîé îáîëî÷êå ðåàêòîðà. Óñòàíîâëåíû
íîðìàòèâíûå è ïðåäåëüíûå ìîìåíòû äëÿ èñïûòóåìûõ îáðàçöîâ. Ïîñòðîåíû äèàãðàììû “íà-
ãðóçêà – ïðîãèá” äëÿ ðàçëè÷íûõ ñõåì íàãðóæåíèÿ. Äàíî îïèñàíèå ýêñïåðèìåíòàëüíûõ óñòàíî-
âîê äëÿ âîñïðîèçâåäåíèÿ ñòàòè÷åñêèõ è äèíàìè÷åñêèõ âîçäåéñòâèé íà ýëåìåíòû æåëåçîáåòîí-
íûõ êîíñòðóêöèé.
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Êðàòêèé îáçîð ñîâðåìåííûõ ïðîáëåì
ïðîåêòèðîâàíèÿ ÀÝÑ

Â ïîñëåäíèå ãîäû â ìèðîâîé è îòå÷åñòâåííîé ïðàê-
òèêå ïðîåêòèðîâàíèÿ àòîìíûõ ýëåêòðîñòàíöèé (ÀÝÑ)
ñóùåñòâóåò îáùàÿ òåíäåíöèÿ ê óæåñòî÷åíèþ òðåáî-
âàíèé ïî çàùèùåííîñòè ñòðîèòåëüíûõ êîíñòðóê-
öèé, âíóòðåííåãî îáîðóäîâàíèÿ è ïåðñîíàëà ïðè
äåéñòâèè îñîáûõ äèíàìè÷åñêèõ íàãðóçîê ñ ó÷åòîì
ïîâûøåíèÿ èõ ïðîãíîçèðóåìîé èíòåíñèâíîñòè. Ê ïî-
äîáíûì îñîáûì âèäàì íàãðóçîê ìîæíî îòíåñòè: ñåé-
ñìè÷åñêîå âîçäåéñòâèå, óäàð ñàìîëåòà, ïîæàð, íàãðó-
æåíèå êîíñòðóêöèé âîçäóøíûìè óäàðíûìè âîëíà-
ìè, íåñàíêöèîíèðîâàííûå âîîðóæåííûå àòàêóþùèå
äåéñòâèÿ è ò. ï. Ýòè îáñòîÿòåëüñòâà îáóñëàâëèâàþò
íåîáõîäèìîñòü âûÿâëåíèÿ çàïàñîâ êîíñòðóêòèâíîé
ïðî÷íîñòè, äåòàëüíîãî îïèñàíèÿ îñîáåííîñòåé ôîð-
ìèðîâàíèÿ çîí ðàçðóøåíèÿ, ðàñïðîñòðàíåíèÿ âîç-
ìóùåíèé â ðåàëüíûõ êîíñòðóêöèÿõ, â òîì ÷èñëå îñíà-
ùåííûõ ñðåäñòâàìè óäàðî-, âèáðî- è ïîæàðîçàùèòû,
à òàêæå ðåàêöèè îáîðóäîâàíèÿ è ïåðñîíàëà [1–7].

Â îñíîâó îáåñïå÷åíèÿ áåçîïàñíîñòè â áîëüøèí-
ñòâå ïðîåêòîâ îòå÷åñòâåííûõ àòîìíûõ ýëåêòðî-
ñòàíöèé çàëîæåí ïðèíöèï ãëóáîêî ýøåëîíèðîâàí-
íîé çàùèòû íà ïóòè ðàñïðîñòðàíåíèÿ èîíèçèðó-
þùèõ èçëó÷åíèé [8–14].

Ñèñòåìà îðãàíèçàöèîííûõ è òåõíè÷åñêèõ ìåð ïî
îáåñïå÷åíèþ çàùèòû ÀÝÑ ñîñòîèò èç ïÿòè óðîâíåé
çàùèòû. Ïðè ýòîì äëÿ ÷ðåçâû÷àéíûõ àâàðèéíûõ ñè-
òóàöèé ïðåäóñìîòðåíû çàùèòíûå, óïðàâëÿþùèå è
ëîêàëèçóþùèå ñèñòåìû áåçîïàñíîñòè, êîòîðûå ïðå-
äóñìàòðèâàþòñÿ â ïðîåêòå äëÿ ïðåäîòâðàùåíèÿ ðàç-
âèòèÿ îòêàçîâ â ñëó÷àå îøèáîê ïåðñîíàëà è ýêñòðå-
ìàëüíûõ âíåøíèõ âîçäåéñòâèé.

Ê òàêèì ñèñòåìàì áåçîïàñíîñòè îòíîñÿòñÿ:
� äâîéíàÿ çàùèòíàÿ îáîëî÷êà ðåàêòîðà;
� óñòðîéñòâî ëîêàëèçàöèè ðàñïëàâà àêòèâíîé çîíû

ðåàêòîðà;
� ñèñòåìà ïàññèâíîé ïðîòèâîïîæàðíîé çàùèòû

(ÑÏÏÇ);
� ñèñòåìà ïàññèâíûõ êàòàëèòè÷åñêèõ ðåêîìáèíà-

òîðîâ âîäîðîäà.
Äâîéíàÿ çàùèòíàÿ îáîëî÷êà ðåàêòîðà ñîñòîèò èç

âíóòðåííåé ãåðìåòè÷íîé îáîëî÷êè è íàðóæíîé çà-
ùèòíîé æåëåçîáåòîííîé îáîëî÷êè ñ êóïîëîì è ïëè-
òîé îñíîâàíèÿ.

Ñèñòåìà ïàññèâíîé ïðîòèâîïîæàðíîé çàùèòû
âêëþ÷àåò â ñåáÿ ñèñòåìó ïàññèâíîãî îòâîäà òåïëà
(ÑÏÎÒ). ÑÏÎÒ ñîñòîèò èç ÷åòûðåõ íåçàâèñèìûõ
êîíòóðîâ åñòåñòâåííîé öèðêóëÿöèè ñðåäû âòîðîãî
êîíòóðà, ïðåäíàçíà÷åííûõ äëÿ äîëãîâðåìåííîãî
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îòâîäà îñòàòî÷íûõ òåïëîâûäåëåíèé îò ðåàêòîðà ïðè
ïîòåðå âñåõ èñòî÷íèêîâ ýëåêòðîñíàáæåíèÿ, âêëþ-
÷àÿ àâàðèéíûå, êàê ïðè ïëîòíîì ïåðâîì êîíòóðå,
òàê è ïðè òå÷àõ òåïëîíîñèòåëÿ ïåðâîãî êîíòóðà. Îò-
âîä òåïëà îò ÑÏÎÒ ê êîíå÷íîìó ïîãëîòèòåëþ îñó-
ùåñòâëÿåòñÿ òàêæå ïàññèâíûì ñïîñîáîì, çà ñ÷åò
åñòåñòâåííîé öèðêóëèöèè âîçäóõà. ÑÏÎÒ ñïðîåê-
òèðîâàíà òàêèì îáðàçîì, ÷òî îíà ñïîñîáíà ôóíêöè-
îíèðîâàòü âî âñåõ ðåæèìàõ ýêñïëóàòàöèè ÀÝÑ êàê
íåçàâèñèìî, òàê è â êîìáèíàöèè ñ äðóãèìè ñèñòåìà-
ìè áåçîïàñíîñòè.

Ñèñòåìà ïàññèâíûõ êàòàëèòè÷åñêèõ ðåêîìáèíà-
òîðîâ âîäîðîäà ïðèçâàíà ïðåäîòâðàùàòü íàêîïëå-
íèå âîäîðîäà, ïðîèñõîäÿùåå ïðè ïàðîöèðêîíèåâîé
ðåàêöèè è íàðÿäó ñ ñèñòåìàìè àâàðèéíîãî ïàðî-
è ãàçîóäàëåíèÿ ÿâëÿåòñÿ ýôôåêòèâíîé ñèñòåìîé
ïðåäîòâðàùåíèÿ âçðûâà âíóòðè îáîëî÷êè ðåàêòîðà
(ðèñ. 1) [12].

Öåíòðàëüíûì ýëåìåíòîì êîíñòðóêòèâíîé çàùè-
òû ñîâðåìåííîé ÀÝÑ ÿâëÿåòñÿ ãåðìåòè÷íàÿ îáî-
ëî÷êà ðåàêòîðà, ñïîñîáíàÿ âûäåðæèâàòü íå òîëüêî
ýêñòðåìàëüíûå âíåøíèå ìåõàíè÷åñêèå âîçäåéñòâèÿ
(çåìëåòðÿñåíèÿ, óðàãàíû, ïàäåíèå ñàìîëåòà è ò. ï.),
íî è âíóòðåííåå äàâëåíèå äî 0,4 ÌÏà.

Â ðàáîòå À. Í. Áèðáðàåðà è À. Þ. Ðîëåäåðà [3]
îáîñíîâàíû ïðîåêòíûå òðåáîâàíèÿ ïî ó÷åòó óäàðà
ëåãêîãî ñàìîëåòà ìàññîé äî 5000 êã, èñïîëüçóåìîãî
íà âíóòðåííèõ àâèàëèíèÿõ. Ó÷åò òàêîãî óäàðà ïî-
çâîëÿåò îäíîâðåìåííî îáåñïå÷èòü çàùèòó îò ëåòÿ-
ùèõ òåë äðóãîé ïðèðîäû ñ áëèçêèìè ìàññàìè è ñêî-
ðîñòÿìè (íàïðèìåð, ïîäíÿòûõ â âîçäóõ óðàãàíîì

èëè òîðíàäî; îáðàçîâàâøèõñÿ ïðè îáðóøåíèè ñòðîè-
òåëüíûõ êîíñòðóêöèé, âñëåäñòâèå çëîíàìåðåííûõ
äåéñòâèé ëþäåé è ò. ï.).

Àíàëèç íåîáõîäèìîñòè ó÷åòà â ïðîåêòå áîëåå
òÿæåëîãî ñàìîëåòà îñíîâàí íà èñïîëüçîâàíèè ïî-
íÿòèé âåëè÷èíà äèñòàíöèè îòáîðà (ÂÄÎ) è óðîâåíü

îòáîðà ñîáûòèé ïî âåðîÿòíîñòè (ÓÎÂ).
Ïðîöåäóðà àíàëèçà âîçäóøíîé îáñòàíîâêè âî-

êðóã ÀÝÑ èçëîæåíà â [15, 16]. Àíàëèç íà÷èíàåòñÿ
ñ óñòàíîâëåíèÿ âåðîÿòíîñòè ïàäåíèÿ ñàìîëåòà íà
ÀÝÑ â ðåçóëüòàòå îáùåãî âîçäóøíîãî äâèæåíèÿ â
ðåãèîíå. Åñëè îíà ìåíüøå ÓÎÂ, òî â ïðîåêòå ó÷è-
òûâàåòñÿ ïàäåíèå ìàëîãî ñàìîëåòà ïî íîðìàì [16].
Â ïðîòèâíîì ñëó÷àå íåîáõîäèìî óñòàíîâèòü âñå
ïîòåíöèàëüíî îïàñíûå ìåñòà (“èñòî÷íèêè”), îòêóäà
ìîæåò óïàñòü ñàìîëåò, è ñðàâíèòü ðàññòîÿíèå äî íèõ
ñ ÂÄÎ. Åñëè ïëîùàäêà ÀÝÑ ðàñïîëîæåíà çà ïðåäå-
ëàìè ÂÄÎ, òî ïàäåíèå ñàìîëåòà èç äàííîãî èñòî÷-
íèêà ìîæíî íå ó÷èòûâàòü, à åñëè â ïðåäåëàõ ÂÄÎ,
òî ñëåäóåò âû÷èñëèòü âåðîÿòíîñòü ïàäåíèÿ ñàìîëå-
òà èç ýòîãî èñòî÷íèêà. Åñëè ïîëó÷åííàÿ âåðîÿòíîñòü
ìåíüøå ÓÎÂ, òî ñîáûòèå íå ó÷èòûâàåòñÿ, â ïðîòèâ-
íîì ñëó÷àå îíî äîëæíî áûòü ó÷òåíî â ïðîåêòå. Äëÿ
ýòîãî íåîáõîäèìî óñòàíîâèòü òèïû è õàðàêòåðèñòè-
êè âñåõ ñàìîëåòîâ, ïàäåíèå êîòîðûõ âîçìîæíî èç
äàííîãî ìåñòà.

Äëÿ ñëó÷àÿ ïàäåíèÿ ñàìîëåòà íà îáîëî÷êó ÿäåð-
íîãî ðåàêòîðà ñîâðåìåííîé ÀÝÑ ðàññìîòðèì òîëüêî
ìåõàíè÷åñêèå íàãðóçêè. Ïðè ýòîì äåéñòâóþò äâà
âèäà íàãðóçîê — îò ðàçðóøåíèÿ ôþçåëÿæà è îò óäà-
ðà îòíîñèòåëüíî òâåðäîãî äâèãàòåëÿ (òóðáèíû). Íà-
òóðíûé ýêñïåðèìåíò ñ ñàìîëåòîì “Phantom” RF-4E
ïîêàçàë, ÷òî ïðè óäàðå 94 % ýíåðãèè áûëî çàòðà÷å-
íî íà åãî ñîáñòâåííîå ðàçðóøåíèå è òîëüêî 6 % —
íà äåôîðìàöèþ ïðåãðàäû.

Îáëîìîê ñàìîëåòà, â êà÷åñòâå êîòîðîãî ÷àñòî
ïðèíèìàþò òóðáèíó äâèãàòåëÿ, ñ÷èòàåòñÿ àáñîëþò-
íî òâåðäûì òåëîì. Õàðàêòåð ïîâðåæäåíèÿ êîíñò-
ðóêöèè îïðåäåëÿåòñÿ ïî ýìïèðè÷åñêèì ôîðìóëàì.
Ñëåäóåò ó÷èòûâàòü òîò ôàêò, ÷òî ðàçðóøåíèÿ ñòðîè-
òåëüíûõ êîíñòðóêöèé ïðè ïàäåíèè îáúåêòà ñ îòíî-
ñèòåëüíî íåáîëüøîé ìàññîé, íî ñ âûñîêîé ñêîðî-
ñòüþ áóäóò áîëåå çíà÷èòåëüíûìè, ÷åì îò óäàðà òÿ-
æåëîãî, íî îòíîñèòåëüíî ìåäëåííî äâèæóùåãîñÿ
òåëà. Ïðè çàäàííîé ñêîðîñòè è õàðàêòåðèñòèêàõ
ñíàðÿäà ïîâðåæäåíèå áóäåò òåì ìåíüøå, ÷åì âûøå
ïðî÷íîñòü áåòîíà, áîëüøå òîëùèíà ïðåãðàäû èëè
âûøå ñòåïåíü ïîäàòëèâîñòè îáîëî÷êè.

×òî êàñàåòñÿ òåïëîâîãî âîçäåéñòâèÿ íà îáîëî÷-
êó ðåàêòîðà ïðè âîçìîæíîì ãîðåíèè àâèàöèîííîãî
òîïëèâà, òî ðàñ÷åòû, ïðîâåäåííûå ñïåöèàëèñòàìè
Ëèòîâñêîãî ýíåðãåòè÷åñêîãî èíñòèòóòà [5], ïîêà-
çàëè, ÷òî äåãðàäàöèè ïðî÷íîñòè ìàòåðèàëîâ îáî-
ëî÷êè â ñëó÷àå ïîæàðà íà êðûøå Èãíàëèíñêîé ÀÝÑ
íå ïðîèñõîäèò, åñëè îòñóòñòâóåò ðàçðóøåíèå áåòîí-

Ðèñ. 1. Îáîëî÷êà ðåàêòîðà íà ÀÝÑ “Ôóêóñèìà” ïîñëå âçðûâà
âîäîðîäà
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íûõ êîíñòðóêöèé. Ñòðóêòóðíàÿ ïðî÷íîñòü áåòîíà è
ñòàëè àðìàòóðíûõ ñòåðæíåé ïðè íàãðåâå óõóäøàåò-
ñÿ íåçíà÷èòåëüíî.

Ó÷åò ñòåïåíè ïîâðåæäåíèÿ æåëåçîáåòîííûõ êîí-
ñòðóêöèé ïðè ïîæàðàõ çàòðóäíèòåëåí â ñèëó íåîä-
íîðîäíîñòè ìàòåðèàëîâ, âõîäÿùèõ â ñîñòàâ æåëåçî-
áåòîíà. Íàãðåâ ïðèâîäèò ê ðàçíûì òåìïåðàòóðíûì
äåôîðìàöèÿì öåìåíòíîãî ñâÿçóþùåãî, íàïîëíèòåëÿ
è àðìàòóðû. Êàê ñëåäñòâèå, ïðîèñõîäèò èçìåíåíèå
ìåõàíè÷åñêèõ ñâîéñòâ ýëåìåíòîâ æåëåçîáåòîíà,
óìåíüøåíèå ìîäóëåé ñæàòèÿ è êðó÷åíèÿ ìàòåðèà-
ëîâ, ÷òî âûçûâàåò ñíèæåíèå ïðî÷íîñòè êîíñòðóê-
öèé è âîçíèêíîâåíèå äîïîëíèòåëüíûõ ïðîãèáîâ.

Ñîñòîÿíèå æåëåçîáåòîííûõ êîíñòðóêöèé ïðè âîç-
äåéñòâèè âûñîêèõ òåìïåðàòóð â ñëó÷àå èíòåíñèâíî-
ãî ïîæàðà àêòèâíî èññëåäóåòñÿ êàê â Ðîññèè [17, 18],
òàê è çà ðóáåæîì [19–21]. Ïðè ýòîì äëÿ ïîëó÷åíèÿ
èíôîðìàöèè î ïðî÷íîñòíûõ õàðàêòåðèñòèêàõ ñòðóê-
òóðû áåòîíà è àðìàòóðû â æåëåçîáåòîííûõ ïëèòàõ è
êîëîííàõ, íàðÿäó ñ ïðÿìûìè èçìåðåíèÿìè ñòåïåíè
íàãðóçêè ìàòåðèàëîâ [17–19], ïðèìåíÿþòñÿ è ìåòî-
äû ëèíåéíîãî è íåëèíåéíîãî ðåçîíàíñà [20, 21].

Îäíàêî â ñëó÷àå íàëè÷èÿ ðàçëîìîâ êîíñòðóêöèé,
ðàçáðîñà îáëîìêîâ ðàçëè÷íûõ ìàòåðèàëîâ çíà÷è-
òåëüíî ïîâûøàåòñÿ âåðîÿòíîñòü âîçíèêíîâåíèÿ ìíî-
ãî÷èñëåííûõ î÷àãîâ ïîæàðîâ, âûçâàííîãî ðàçëèâîì
àâèàöèîííîãî òîïëèâà è îáðàçîâàíèåì òîïëèâíî-
âîçäóøíîé ñìåñè, êîòîðûå â ñëó÷àå íåïðèíÿòèÿ ñâîå-
âðåìåííûõ ìåð ìîãóò äîñòèãàòü êðóïíûõ ðàçìåðîâ.

Ïðè ïîâðåæäåíèè ñòðîèòåëüíûõ êîíñòðóêöèé
èç-çà ïîÿâëåíèÿ òðåùèí, ñêâîçíûõ îòâåðñòèé, ðàñ-
êðûâàíèÿ àðìàòóðíîãî ñëîÿ ìåõàíè÷åñêàÿ ïðî÷íîñòü
è ïðåäåë èõ îãíåñòîéêîñòè ìîãóò çíà÷èòåëüíî ìå-
íÿòüñÿ [17–22].

Òàêèì îáðàçîì, ñîõðàíåíèå öåëîñòíîñòè ñòðîè-
òåëüíûõ êîíñòðóêöèé çäàíèé è ñîîðóæåíèé ÀÝÑ
ñòàíîâèòñÿ îäíèì èç ðåøàþùèõ ôàêòîðîâ äëÿ îáåñ-
ïå÷åíèÿ áåçîïàñíîñòè ýêñïëóàòàöèè ðåàêòîðà â
óñëîâèÿõ ÷ðåçâû÷àéíîé ñèòóàöèè.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ
æåëåçîáåòîííûõ ýëåìåíòîâ

Â íàñòîÿùåå âðåìÿ ðàçðàáàòûâàþòñÿ íîâûå ïîä-
õîäû ê ïîâûøåíèþ êîíñòðóêòèâíîé çàùèòû îáîëî-
÷åê ÀÝÑ, â ðàìêàõ êîòîðûõ ïðîâåäåíû èñïûòàíèÿ
ïåðñïåêòèâíûõ æåëåçîáåòîííûõ èçäåëèé ñ “áåñêîí-
òàêòíûìè” ñòûêàìè àðìàòóðû. Ïðèíöèïèàëüíûå âîç-
ìîæíîñòè ïðèìåíåíèÿ “áåñêîíòàêòíûõ” ñîåäèíåíèé
àðìàòóðíûõ êîíñòðóêöèé (òèïà ïåòëåâûõ ñòûêîâ,
à òàêæå ïðÿìûõ èëè ãíóòûõ ïåðåïóñêîâ ñ ðàçëè÷-
íûìè àíêåðíûìè óñòðîéñòâàìè) áûëè äîêàçàíû â
õîäå ïðåäâàðèòåëüíîé ñåðèè ýêñïåðèìåíòîâ. Îêîí-
÷àòåëüíîå âíåäðåíèå ýòèõ êîíñòðóêöèé ñäåðæèâà-
åòñÿ èç-çà îòñóòñòâèÿ èëè íåïîëíîòû íîðìàòèâíî-
ìåòîäè÷åñêîé áàçû äëÿ èõ ðàñ÷åòà è ïðîåêòèðîâàíèÿ.

Â ðàìêàõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé áûëè
ïðîâåäåíû ïîëíîìàñøòàáíûå èñïûòàíèÿ æåëåçî-
áåòîííûõ ëèíåéíûõ ýëåìåíòîâ ñ áåññâàðíûìè ñòû-
êàìè àðìàòóðû â ðàçëè÷íûõ óñëîâèÿõ.

Â ïðîöåññå èñïûòàíèé áûë âûïîëíåí êîìïëåêñ
èçìåðåíèé è íàáëþäåíèé, êîòîðûé ïîçâîëèë:
� îïðåäåëèòü çíà÷åíèÿ ðåäóêöèîííûõ ìíîæèòåëåé

ê íîðìàòèâíûì êðèòåðèÿì ïðî÷íîñòè è òðåùè-
íîñòîéêîñòè íîðìàëüíûõ è íàêëîííûõ ñå÷åíèé,
ñîäåðæàùèõ áåññâàðíûå ñòûêè ñòåðæíåâîé àðìà-
òóðû ïðè ïîâòîðíûõ è ðåæèìíûõ íàãðóæåíèÿõ;

� ïðîâåñòè ñîïîñòàâèòåëüíûé àíàëèç òðåùèíî-
ñòîéêîñòè, íåñóùåé ñïîñîáíîñòè è æèâó÷åñòè
(ñïîñîáíîñòè ê ôóíêöèîíèðîâàíèþ â ïîâðåæ-
äåííîì ñîñòîÿíèè) ýëåìåíòîâ ñ ðàçëè÷íûìè êîí-
ñòðóêöèÿìè àðìàòóðíûõ ñòûêîâ;

� ñôîðìóëèðîâàòü ðåêîìåíäàöèè ïî ïðèìåíåíèþ,
ðàñ÷åòíîìó îáîñíîâàíèþ è êîíñòðóèðîâàíèþ æå-
ëåçîáåòîííûõ ýëåìåíòîâ ñ ðàçëè÷íûìè òèïàìè
ñòûêîâ ñòåðæíåâîé àðìàòóðû.
Èñïûòàíèÿ ïðîâîäèëèñü íà ãèäðîñòàòè÷åñêîì

ñòåíäå ÎÎÎ “Ñòðîéäèíàìèêà”. Ìîäåëè ðàçìåðîì
4700�400�400 ìì áûëè çàïðîåêòèðîâàíû è èçãîòîâ-
ëåíû íà ïðîèçâîäñòâåííîé ïëîùàäêå Óïðàâëåíèÿ
ïðîìûøëåííûõ ïðåäïðèÿòèé. Çàÿâëåííûé èçãîòî-
âèòåëåì êëàññ ïðî÷íîñòè áåòîíà æåëåçîáåòîííûõ
ìîäåëåé — Â25.

Íèæå ïðèâåäåíû ðåçóëüòàòû èñïûòàíèé ïî äâóõ-
òî÷å÷íîé ñõåìå íàãðóçêè ëèíåéíûõ ýëåìåíòîâ, ñî-
äåðæàùèõ äâà ïåòëåâûõ ñòûêà, àðìàòóðó �28À400
è óñèëåííûõ ñî ñòîðîíû “ðàñòÿíóòîé çîíû” äîïîë-
íèòåëüíûì àðìèðîâàíèåì �40À400. Íà ðèñ. 2 ïðè-
âåäåí âèä ýêñïåðèìåíòàëüíîé óñòàíîâêè ñ ëèíåéíûì
ýëåìåíòîì, îïåðòûì ïî êðàÿì, è äâóìÿ ãèäðîäîì-
êðàòàìè, ñîçäàþùèìè íàãðóçêè âáëèçè ïåòëåâûõ
ñòûêîâ.

Íà ðèñ. 3 ïðåäñòàâëåí ëèíåéíûé ýëåìåíò íà ïåð-
âîì ýòàïå âîçäåéñòâèÿ íà íåãî íàãðóçêîé, ðàâíîé
70 % îò ìàêñèìàëüíîé ðàçðóøàþùåé. Íà ôîòîãðà-
ôèè òðåùèíû â áåòîíå âûäåëåíû ìåëîì, à ïîëîæå-
íèå ñòûêà óñëîâíî îáîçíà÷åíî êðåñòîì. Íà ðèñ. 3
õîðîøî ïðîñìàòðèâàþòñÿ òðåùèíû â çîíå ðàñòÿæå-
íèÿ è âíóòðè áåòîííîãî ÿäðà ïåòëåâîãî ñòûêà.

Îáîáùåííûå ðåçóëüòàòû èñïûòàíèé äëÿ âàðè-
àíòà ìíîãîêðàòíîãî çíàêîïåðåìåííîãî ìåõàíè÷å-
ñêîãî âîçäåéñòâèÿ íà îäíó èç îïîð ïðèâåäåíû íà
äèàãðàììå “íàãðóçêà – ïåðåìåùåíèå”, ïðåäñòàâëåí-
íîé íà ðèñ. 4 [23].

Äèàãðàììà çíàêîïåðåìåííîãî íàãðóæåíèÿ äëÿ
äðóãîé îïîðû íå ïðèâîäèòñÿ. Ìàêñèìàëüíûå çíà÷å-
íèÿ íàãðóçêè íà îáåèõ îïîðàõ â êàæäîì öèêëå íà-
ãðóæåíèÿ ïðàêòè÷åñêè ñîâïàäàþò. Îòëè÷àåòñÿ õà-
ðàêòåð êðèâîé äëÿ ôèíàëüíîãî öèêëà íàãðóæåíèÿ
(äî ðàçðóøåíèÿ). Äëÿ ïðèâåäåííîé äèàãðàììû óðî-
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âåíü íàãðóçêè îñòàåòñÿ âûñîêèì âïëîòü äî ðàçðó-
øåíèÿ îáðàçöà.

Â õîäå èñïûòàíèé âïåðâûå óäàëîñü èññëåäîâàòü
îñîáåííîñòè ðàçðóøåíèÿ ïåòëåâîãî ñòûêà ïî êîñîìó
ñå÷åíèþ. Îíè çàêëþ÷àþòñÿ â òîì, ÷òî ðàçðóøåíèå
äîñòèãàåòñÿ òîëüêî ïðè îäíîñòîðîííåì íàãðóæåíèè
â óñëîâèÿõ ïðèëîæåíèÿ íàãðóçêè íåïîñðåäñòâåííî
âáëèçè ñòûêà. Òðåùèíà âîçíèêàåò ïðè íàãðóçêàõ
0,7–0,8 îò ìàêñèìàëüíîé.

Õàðàêòåð äèàãðàììû íàãðóæåíèÿ ïðè ðàçðóøå-
íèè ïåòëåâîãî ñòûêà ïî êîñîìó ñå÷åíèþ ñóùåñò-
âåííî îòëè÷àåòñÿ îò àíàëîãè÷íîé çàâèñèìîñòè ïðè
îòñóòñòâèè òàêîãî ðàçðóøåíèÿ. Â ïîñëåäíåì ñëó÷àå
íå ïðîèñõîäèò ðåçêîãî ñíèæåíèÿ íàãðóçêè äàæå ïðè
ñóùåñòâåííûõ äåôîðìàöèÿõ (ñì. ðèñ. 4).

Ïðè ñîçäàíèè çíàêîïåðåìåííîé íàãðóçêè îáðà-
çåö âûäåðæèâàåò íå ìåíåå äâóõ öèêëîâ íàãðóæåíèÿ.
Â ñëó÷àå èñïûòàíèÿ ïî òðåõòî÷å÷íîé ñõåìå èçãèáà
(ïðèëîæåíèÿ ñîñðåäîòî÷åííîé íàãðóçêè â öåíòðå
ïëèòû) îáðàçåö áûë ðàçðóøåí âíå çîíû ïåòëåâîãî
ñòûêà.

Äëÿ ðàçðàáîòêè ðåêîìåíäàöèé ïî ïðèìåíåíèþ,
ðàñ÷åòíîìó îáîñíîâàíèþ è êîíñòðóèðîâàíèþ ïðåä-
ëîæåííûõ âàðèàíòîâ ñòûêà íà÷àëèñü èñïûòàíèÿ
êîíñòðóêöèé íà äèíàìè÷åñêóþ îäíîíàïðàâëåííóþ
è çíàêîïåðåìåííóþ íàãðóçêó (ðèñ. 5). Ýòè èñïûòà-
íèÿ ïðèçâàíû äàòü îòâåò íà âîïðîñ îá ýôôåêòèâíî-
ñòè èñïîëüçîâàíèÿ ïåòëåâûõ ñòûêîâ àðìàòóðû äëÿ
ñíèæåíèÿ èíòåíñèâíîñòè ðàçðóøåíèé ïðè óäàðå è
âçðûâå. Â ñëó÷àå ïîëó÷åíèÿ óäîâëåòâîðèòåëüíûõ
ðåçóëüòàòîâ ìîæíî îáîñíîâàííî ðåêîìåíäîâàòü íî-
âûå ðåøåíèÿ ïðîåêòíûì îðãàíèçàöèÿì äëÿ âíåäðå-
íèÿ íà îáúåêòàõ ËÀÝÑ.

Çàêëþ÷åíèå

Ê íàñòîÿùåìó âðåìåíè ðîññèéñêèìè è èíîñòðàí-
íûìè ñïåöèàëèñòàìè ñôîðìèðîâàíû â îñíîâíîì

Ðèñ. 3. Õàðàêòåðíûå òðåùèíû ïðè ðàçðóøåíèè áåòîíà âáëèçè
ïåòëåâîãî ñòûêà

Ðèñ. 4. Çàâèñèìîñòü çíàêîïåðåìåííîãî íàãðóæåíèÿ îáðàçöà Ð

íà îäíîé èç îïîð îò ïåðåìåùåíèÿ öåíòðà ïðîëåòà �L: 1, 2 —
ïåðâûé è âòîðîé öèêëû íàãðóæåíèÿ; 3 — òðåòèé öèêë íàãðó-
æåíèÿ (ðàçðóøåíèå)

Ðèñ. 5. Êîïðîâûé ñòåíä äëÿ äèíàìè÷åñêèõ èñïûòàíèé

Ðèñ. 2. Îñíàñòêà äëÿ èñïûòàíèé è îáðàçåö â êàìåðå íàãðó-
æåíèÿ
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òåîðåòè÷åñêèå ïîäõîäû ê èññëåäîâàíèþ ñóùåñòâåí-
íî íåëèíåéíûõ çàäà÷, ñâÿçàííûõ ñ âîçìîæíûìè ðàç-
ðóøåíèÿìè, ïîæàðîì è âçðûâîì ïðè ïàäåíèè ñàìî-
ëåòà èëè èíîãî ëåòÿùåãî òåëà íà îáîëî÷êó ðåàêòîðà
ÀÝÑ. Ïîëîæåíî íà÷àëî ýêñïåðèìåíòàëüíûì èññëå-

äîâàíèÿì ñòîéêîñòè æåëåçîáåòîííûõ êîíñòðóêöèé
ê âçðûâó è óäàðó. Ðåçóëüòàòû èññëåäîâàíèé ïîçâî-
ëÿþò íàäåÿòüñÿ íà äàëüíåéøåå ïîâûøåíèå áåçîïàñ-
íîñòè ÀÝÑ è ñîçäàíèå íîâûõ ýôôåêòèâíûõ ïðîåêò-
íûõ ðåøåíèé èõ êîíñòðóêòèâíîé çàùèòû.
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ABSTRACT

In recent time requirements for security of building constructions, an internal inventory and personnel
at action of special inertial reaction taking into account increase in their predicted intensity are
toughened.

It is possible to carry to similar special types of loadings: seismic influence, blow of the plane,
the fire, a loading of designs air shockwaves, the unauthorized armed attacking actions and so forth.
These circumstances cause need of identification of stocks of design durability, the detailed descrip-
tion of features of formation of zones of destruction, distribution of indignations for the actual designs
including equipped with tools shock-, vibration- and fire-protection.

The central element of design protection of the modern NPP is the pressure-tight cover of
the reactor (containment) capable to maintain not only extreme external mechanical influences
(earthquakes, hurricanes, plane crash, etc.), but also intrinsic pressure up to 0,4 MPa.

However, at damage of building constructions because of emergence of cracks, through holes,
a dehiscence of a reinforcing layer mechanical strength and a limit of their fire proofness can change
considerably.

Thus, preservation of a wholeness of building constructions of the NPP becomes one of decisive
factors for safety of operation of the reactor in the conditions of emergency situation.

Now new approaches to increase in design protection of envelopes of the NPP are developed.
In particular, tests of perspective concrete goods with “non-contact” joints of fittings are carried out
(like loopback joints, and also direct or bent restart-up with various anchor devices).

Within the pilot studies full-scale tests of reinforced concrete linear elements with unwelding
joints of metal mountings in various conditions were carried out.
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Tests were carried out at the hydrostatic stand of LLC “Stroydinamika”. Sizes of models
4700�400�400 mm. The class of durability of concrete of reinforced concrete models declared by the
manufacturer is B25. The generalized test data for option of multiple sign-variable mechanical
influence are provided on the chart “loading movement”.

During tests for the first time it was succeeded to investigate features of destruction of a loopback
joint on slanting section. Destruction of a loopback joint on slanting section is reached only at
a unilateral loading in the conditions of the application of loading immediately near a joint. The crack
arises at loadings 0,7–0,8 from maximal.

For development of recommendations about application, calculated justification and designing of
the offered options of a joint tests of designs on the inertial unidirectional and reversal load began.
These tests are intended to give the answer to a question of effectiveness of use of loopback joints of
metal mountings for decrease in intensity of destructions at shock and explosion.

Keywords: protective shell; seismic impact; aircraft shock; fire protection system; fire resistance
limit; Nuclear safety; damage prevention; contactless joints reinforcement; hydrostatic stand; dynamic
stand.
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