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Èññëåäîâàíî âëèÿíèå òåìïåðàòóðû, ôîðìû è äëèòåëüíîñòè âûäåðæêè ïðè öèêëè÷åñêîì

íàãðóæåíèè, à òàêæå ñòåïåíè äâóõîñíîñòè íàãðóæåíèÿ íà ñêîðîñòü ðîñòà òðåùèí â ñòàëè

12Cr–2Ni–Mo. Ïîêàçàíî, ÷òî âñå ïîëó÷åííûå ðåçóëüòàòû ïîïàäàþò â òîëåðàíòíûé èíòåðâàë

ñ 90%-íûì óðîâíåì äîâåðèòåëüíîé âåðîÿòíîñòè.

Êëþ÷åâûå ñëîâà: êîýôôèöèåíò èíòåíñèâíîñòè íàïðÿæåíèé, öèêëè÷åñêîå
íàãðóæåíèå, ñêîðîñòü ðîñòà òðåùèí, äâóõîñíîå íàãðóæåíèå.

Íàäåæíîñòü è äîëãîâå÷íîñòü ýëåìåíòîâ ãàçîòóðáèííûõ óñòàíîâîê (ÃÒÓ)
èìåþò áîëüøîå ýêîíîìè÷åñêîå çíà÷åíèå. Ïðåäïîëàãàåòñÿ, ÷òî äåòàëè ÃÒÓ íå
ñîäåðæàò òðåùèíîïîäîáíûõ äåôåêòîâ, îäíàêî èç-çà îñîáåííîñòåé êîíñòðóê-
öèè â íèõ âñåãäà ïðèñóòñòâóþò êîíöåíòðàòîðû íàïðÿæåíèé, êîòîðûå ÿâëÿ-
þòñÿ èñòî÷íèêàìè èõ ïîÿâëåíèÿ. Êàê îòìå÷àëîñü ðàíåå [1], íàèáîëåå îòâåòñò-
âåííûìè äåòàëÿìè ÃÒÓ ÿâëÿþòñÿ äèñêè êîìïðåññîðà è òóðáèí, ðàçðóøåíèå
êîòîðûõ íå ëîêàëèçóåòñÿ âíóòðè äâèãàòåëÿ. Ñîãëàñíî òåõíè÷åñêèì óñëîâèÿì,
ñðîê ñëóæáû ÃÒÓ îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì: ïðè çàÿâëåííîì ðåñóðñå
ñ 95%-íîé âåðîÿòíîñòüþ íå áîëåå ÷åì â îäíîì äèñêå èç ïàðòèè (íàïðèìåð,
500 øòóê) âîçìîæíî ïîÿâëåíèå òðåùèíû äëèíîé äî 0,75 ìì. Îäíàêî òàêîé
ïîäõîä ïðè ýêñïëóàòàöèè âåñüìà êîíñåðâàòèâåí è íå äîñòàòî÷íî îáîñíîâàí
[2], ÷òî ìîæåò ïðèâåñòè ê äîñðî÷íîì ñíÿòèè äâèãàòåëÿ ñ ýêñïëóàòàöèè.

Â ðàáîòå [1] ïðåäñòàâëåíà öèêëîãðàììà íàãðóæåíèÿ ÃÒÓ â çàâèñèìîñòè
îò êëàññà èñïîëüçîâàíèÿ. Àíàëèç óñëîâèé ýêñïëóàòàöèè ïîêàçûâàåò, ÷òî îñíîâ-
íûì ïîâðåæäàþùèì ôàêòîðîì äèñêîâ ÿâëÿþòñÿ öåíòðîáåæíûå ñèëû, à ïðè
äëèòåëüíîé ðàáîòå – åùå è âîçäåéñòâèå òåìïåðàòóðû, îïðåäåëÿþùåé ïðî÷-
íîñòíûå õàðàêòåðèñòèêè ìàòåðèàëà.

Ìàòåðèàëîì äëÿ èññëåäîâàíèÿ ñëóæèëà æàðîïðî÷íàÿ õðîìîíèêåëåâàÿ
ñòàëü 12Cr–2Ni–Mo. Â òàáë. 1 ïðåäñòàâëåíû îñíîâíûå ìåõàíè÷åñêèå õàðàêòå-
ðèñòèêè ñòàëè â çàâèñèìîñòè îò òåìïåðàòóðû.

Â òàáë. 2 ïðèâåäåíû ðàñïðåäåëåííûå ïî ðàäèóñó ìîäåëüíîãî äèñêà çíà-
÷åíèÿ òåìïåðàòóð, óïðóãèõ íàïðÿæåíèé, ñòåïåíè äâóõîñíîñòè ( )� � � �� R ,
ñîîòâåòñòâóþùèå íîìèíàëüíîé ìîùíîñòè äâèãàòåëÿ, ïîëó÷åííûå ïî ïðî-
ãðàììå ðàñ÷åòà îñåñèììåòðè÷íûõ îáîëî÷åê âðàùåíèÿ íà îñíîâå ìîäèôèöè-
ðîâàííîãî ìåòîäà êîíå÷íûõ ýëåìåíòîâ [3].

Ðåæèìû ýêñïëóàòàöèè ÃÒÓ [1] è îöåíêà ðàñïðåäåëåíèÿ òåìïåðàòóð è
íàïðÿæåíèé ïî ïîëîòíó äèñêà (òàáë. 2) ïîçâîëèëè îïðåäåëèòü ãðàíèöû èññëå-
äîâàíèÿ õàðàêòåðèñòèê òðåùèíîñòîéêîñòè.
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Â òàáë. 3 ïðåäñòàâëåíû âèäû íàãðóæåíèÿ ïðè èññëåäîâàíèè ñêîðîñòè
ðîñòà òðåùèí (ÑÐÒ) â ñòàëè 12Cr–2Ni–Mo. Òàì æå ïðèâåäåíû òèïû èñïîëü-
çóåìûõ îáðàçöîâ, âèä íàãðóæåíèÿ, òåìïåðàòóðà è çíà÷åíèÿ êîýôôèöèåíòîâ
çàâèñèìîñòè Ïàðèñà, îïèñûâàþùåé ëèíåéíûé ó÷àñòîê êèíåòè÷åñêîé äèàãðàì-
ìû óñòàëîñòíûõ ðàçðóøåíèé (ÊÄÓÐ). Îäíîîñíîå íàãðóæåíèå ïðîâîäèëè ñ
èñïîëüçîâàíèåì ñòàíäàðòíûõ êîìïàêòíûõ îáðàçöîâ ñîãëàñíî ðåêîìåíäàöèÿì
ðåãëàìåíòèðóþùèõ äîêóìåíòîâ [4].

Ðàíåå [1] áûëî ïîêàçàíî, ÷òî ïðè öèêëè÷åñêîì íàãðóæåíèè ñ âûäåðæêîé
âðåìÿ ïåðåõîäà îò ìàëîìàñøòàáíîé ïîëçó÷åñòè ê óñòàíîâèâøåéñÿ íà íåñêîëü-
êî ïîðÿäêîâ âûøå âðåìåíè âûäåðæêè è ðåàëüíîãî âðåìåíè ïðîâîäèìûõ
ýêñïåðèìåíòîâ. Êðîìå òîãî, îòìå÷àëîñü, ÷òî ïðè âûáðàííûõ òåìïåðàòóðàõ è
âèäàõ íàãðóæåíèÿ â ðàññìàòðèâàåìîì äèàïàçîíå èçìåíåíèÿ êîýôôèöèåíòà
èíòåíñèâíîñòè íàïðÿæåíèé (ÊÈÍ) ðàçëè÷èå â ñêîðîñòÿõ ðîñòà òðåùèí óñòà-
ëîñòè íåçíà÷èòåëüíîå.

Èññëåäîâàíèÿ ïî îöåíêå âëèÿíèÿ ñòåïåíè äâóõîñíîñòè íàãðóæåíèÿ � íà
õàðàêòåðèñòèêè öèêëè÷åñêîé òðåùèíîñòîéêîñòè ïðîâîäèëè íà êðåñòîîáðàç-
íûõ îáðàçöàõ. Äî íàñòîÿùåãî âðåìåíè íåò íîðìàòèâíûõ äîêóìåíòîâ îòíîñè-
òåëüíî âûáîðà ðàçìåðîâ è ôîðì òàêèõ îáðàçöîâ. Ïðè âûáîðå òèïîðàçìåðîâ
îáðàçöîâ ðóêîâîäñòâîâàëèñü ãåîìåòðè÷åñêèìè ðàçìåðàìè èçó÷àåìîãî îáúåêòà
(äèñêà), ñîçäàíèåì ïëîñêîíàïðÿæåííîãî ñîñòîÿíèÿ â ðàáî÷åé ïëîùàäêå îáðàç-
öà, âîçìîæíîñòÿìè èñïûòàòåëüíîãî îáîðóäîâàíèÿ. Äëÿ èñêëþ÷åíèÿ ïåðåðàñ-
ïðåäåëåíèÿ ïðèêëàäûâàåìîé íàãðóçêè íà äåôîðìèðîâàíèå êîíöîâ êðåñòîîáðàç-
íîãî îáðàçöà â õâîñòîâèêå áûëè ñäåëàíû ïðîðåçè, ÷òî ïîçâîëÿåò ñîçäàòü îäíî-
ðîäíî äåôîðìèðóåìûå îáëàñòè äîñòàòî÷íûõ ðàçìåðîâ, â êîòîðûõ íàïðÿæåíèÿ
ìàëî çàâèñÿò îò ôîðìû ñîïðÿæåíèÿ õâîñòîâèêîâ ñ ðàáî÷åé ÷àñòüþ è ìîãóò
áûòü îïðåäåëåíû êàê îòíîøåíèå íàãðóçêè ê ïëîùàäè ïîïåðå÷íîãî ñå÷åíèÿ.

Ò à á ë è ö à 1
Ìåõàíè÷åñêèå õàðàêòåðèñòèêè ñòàëè 12Cr–2Ni–Mo ïðè ðàçëè÷íîé òåìïåðàòóðå

Ò , �Ñ � â, ÌÏà �0 2, , ÌÏà Å� �10 5 , ÌÏà 	, % 
 , %

20

300

350

400

450

1030

888

863

844

775

785

688

674

664

600

2,14

1,96

1,91

1,81

1,83

14,0...17,0

–

–

10,0...11,5

–

55...60

–

–

61...64

–

Ò à á ë è ö à 2
Çíà÷åíèÿ òåìïåðàòóð è íàïðÿæåíèé ïî ðàäèóñó äèñêà ÃÒÓ
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Ñîãëàñíî ðåçóëüòàòàì èññëåäîâàíèé õàðàêòåð âëèÿíèÿ äâóõîñíîãî íàãðó-
æåíèÿ íà ÑÐÒ óñòàëîñòè â ñòàëÿõ ïðîòèâîðå÷èâûé [5–7]. Ñ óâåëè÷åíèåì
äâóõîñíîãî íàãðóæåíèÿ ÑÐÒ ìîæåò âîçðàñòàòü, óìåíüøàòüñÿ è íå èçìåíÿòüñÿ
ïî ñðàâíåíèþ ñ òàêîâîé ïðè îäíîîñíîì íàãðóæåíèè.

Â îáùåì âèäå ìåæäó ðàçìåðàìè îáðàçöà, ôîðìîé è äëèíîé òðåùèíû,
âåëè÷èíîé ïðèëîæåííûõ íàïðÿæåíèé è ÊÈÍ ñóùåñòâóåò çàâèñèìîñòü

K l F l1 � � � ( ). (1)

Ñ ïîìîùüþ ïðîãðàììíîãî êîìïëåêñà [3] áûëè âû÷èñëåíû çíà÷åíèÿ
âåñîâîé ôóíêöèè F l( ), ÷òî ïîçâîëÿåò îïðåäåëèòü K1 ïðè ðàçëè÷íîé ñòåïåíè
äâóõîñíîñòè íàãðóæåíèÿ (��0; 0,5; 1) è, ñëåäîâàòåëüíî, ïîñòðîèòü çàâèñè-
ìîñòü ÑÐÒ îò K1. Â òàáë. 3 ïðåäñòàâëåíû ðåçóëüòàòû òàêèõ èññëåäîâàíèé ïðè
ðàçëè÷íûõ òåìïåðàòóðàõ è ñòåïåíè äâóõîñíîñòè íàãðóæåíèÿ.

Ò à á ë è ö à 3
Ðåæèìû íàãðóæåíèÿ ïðè èññëåäîâàíèè ÑÐÒ â ñòàëè 12Cr–2Ni–Mo,

çíà÷åíèÿ Ñ è n çàâèñèìîñòè Ïàðèñà

¹

ýêñïå-

ðèìåíòà

Òèï

îáðàçöà

Öèêëè÷åñêîå íàãðóæåíèå � T , �C C n

Ñèíóñî-
èäàëüíîå, Ãö

Âðåìÿ
âûäåðæêè, ñ

1 CÒ-0,5 15 0 20 5 170 10 11, � � 2,201

2 15 0 450 2 28 10 12, � � 3,100

3 20 0 300 4 2 10 12, � � 2,800

4 20 0 450 6 0 10 12, � � 2,792

5 Êðåñòî-

îáðàçíûé

20 0 450 3 54 10 11, � � 2,430

6 ÑÒ-0,5 3600 0 350 4 45 10 13, � � 3,340

7 3600 0 400 7 31 10 13, � � 3,367

8 3600 0 450 7 045 10 13, � � 2,595

9 Êðåñòî-

îáðàçíûé

20 0,5 450 3 22 10 11, � � 2,380

10 20 0,5 350 6 25 10 11, � � 2,179

11 20 0,5 400 2 02 10 10, � � 1,930

12 Êðåñòî-

îáðàçíûé

1 1,0 450 1 48 10 11, � � 2,437

13 20 1,0 350 4 74 10 13, � � 3,524

14 20 1,0 400 6 74 10 12, � � 2,954

15 20 1,0 300 3 1 10 10, � � 1,820

16 20 1,0 450 3 12 10 12, � � 2,869
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Íà ðèñ. 1 â äâîéíûõ ëîãàðèôìè÷åñêèõ êîîðäèíàòàõ ïðèâåäåíû ðåçóëü-
òàòû èññëåäîâàíèé ñîãëàñíî òàáë. 3. Êàæäàÿ çàâèñèìîñòü ÑÐÒ ïðè öèêëè-
÷åñêîì íàãðóæåíèè îò ÊÈÍ áûëà ïîëó÷åíà ïî ðåçóëüòàòàì 15–30 íàáëþ-
äåíèé. Ïîñêîëüêó ïðè èññëåäîâàíèè ýòèõ çàâèñèìîñòåé ðåçóëüòàòû èçìåðå-
íèé ÑÐÒ è ÊÈÍ íîñÿò ñëó÷àéíûé õàðàêòåð, íåîáõîäèìî îöåíèòü âûáîðî÷íûé
êîýôôèöèåíò êîððåëÿöèè r ìåæäó ñëó÷àéíûìè âåëè÷èíàìè, êîòîðûé ïîçâî-
ëÿåò îïðåäåëèòü “òåñíîòó” ñâÿçè ìåæäó íèìè. Êîýôôèöèåíò êîððåëÿöèè
îïðåäåëÿëè ïî ôîðìóëå [8]

r
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� �

� �
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11

(2)

ãäå K i1 , Vi – òåêóùèå çíà÷åíèÿ ÊÈÍ è ÑÐÒ; K1 , V – ñðåäíèå çíà÷åíèÿ.

Ñîãëàñíî ðåçóëüòàòàì ðàáîòû [9], çíà÷åíèÿ êîýôôèöèåíòîâ êîððåëÿöèè,
íàõîäÿùèåñÿ â äèàïàçîíå 0 95 1 0, | | , , r ñâèäåòåëüñòâóþò î ïðàêòè÷åñêè ôóíê-
öèîíàëüíîé ñâÿçè ìåæäó ñëó÷àéíûìè âåëè÷èíàìè K i1 è Vi . Ðàñ÷åòû, âûïîë-
íåííûå ïðè ïîñòðîåíèè ÊÄÓÐ (òàáë. 3), ïîêàçûâàþò âåñüìà ñèëüíóþ ñâÿçü
ìåæäó óêàçàííûìè âåëè÷èíàìè, ïðè ýòîì êîýôôèöèåíòû êîððåëÿöèè ïðèíè-
ìàþò çíà÷åíèÿ îò 0,887 äî 0,957.

Èç àíàëèçà ðàñïîëîæåíèÿ ÊÄÓÐ âèäíî, ÷òî, íåñìîòðÿ íà ðàçëè÷íûå
óñëîâèÿ íàãðóæåíèÿ (òàáë. 3), îíè íàõîäÿòñÿ â ïîëîñå ðàçáðîñà íå áîëåå
äåñÿòè ðàç â ðàññìàòðèâàåìîì äèàïàçîíå èçìåíåíèÿ ÊÈÍ, ÷òî ñîãëàñóåòñÿ ñî
ñòîõàñòè÷åñêîé ïðèðîäîé óñòàëîñòíîãî ðàçðóøåíèÿ [10] (ðèñ. 1). Äëÿ ïðî-

Ðèñ. 1. Äèàãðàììû óñòàëîñòíîãî ðàçðóøåíèÿ ñòàëè 12Cr–2Ni–Mo ïðè ðàçëè÷íûõ óñëîâèÿõ
íàãðóæåíèÿ: 1–16 – íîìåðà ýêñïåðèìåíòîâ â òàáë. 3.

da dN , ì/öèêë

K1 , ÌÏà ì
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âåðêè ãèïîòåçû íîðìàëüíîãî çàêîíà ðàñïðåäåëåíèÿ ñëó÷àéíûõ âåëè÷èí ÑÐÒ
ïðè êàæäîì ôèêñèðîâàííîì çíà÷åíèè ÊÈÍ èñïîëüçîâàëè êðèòåðèé Äýâèäà
[11] äëÿ 10%-íîãî óðîâíÿ çíà÷èìîñòè. Óñòàíîâëåíî, ÷òî äëÿ òðåõ âûáðàííûõ
ÊÈÍ (20, 40, 60 ÌÏà ì ) çíà÷åíèÿ êðèòåðèÿ Äýâèäà íàõîäÿòñÿ íà ãðàíèöå
êðèòè÷åñêèõ. Ñëåäîâàòåëüíî, ãèïîòåçà íå îïðîâåðãíóòà.

Ñ öåëüþ ïðîâåðêè ïðèíàäëåæíîñòè çàêîíà ðàñïðåäåëåíèÿ ñëó÷àéíûõ
âåëè÷èí ÑÐÒ ê îäíîìó èç îáùåïðèíÿòûõ âîñïîëüçóåìñÿ ðåêîìåíäàöèÿìè
ðàáîòû [8].

Ïî ôîðìóëàì îöåíêè âûáîðî÷íûõ ïàðàìåòðîâ ðàñïðåäåëåíèÿ ñëó÷àéíûõ
âåëè÷èí âû÷èñëÿëè ïîêàçàòåëè àñèììåòðèè
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Çíà÷åíèå ïîêàçàòåëÿ àñèììåòðèè óêàçûâàåò íà îòëè÷èå ðàññìàòðèâàåìî-
ãî ðàñïðåäåëåíèÿ îò íîðìàëüíîãî. Ðàñ÷åòû ïî ôîðìóëå (3) ïîêàçûâàþò ñóùåñò-
âåííîå îòêëîíåíèå ïîêàçàòåëÿ àñèììåòðèè îò íóëÿ (ñîîòâåòñòâåííî 0,8112;
0,758; 1,348) äëÿ òðåõ ðàíåå âûáðàííûõ çíà÷åíèé ÊÈÍ.

Äëÿ îïèñàíèÿ ðàññåÿíèÿ çíà÷åíèé ÑÐÒ ïðè ôèêñèðîâàííûõ ÊÈÍ èñïîëü-
çîâàëè ïëîòíîñòü ðàñïðåäåëåíèÿ ïî Âåéáóëëó [12]:
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ãäå õ – ñëó÷àéíàÿ âåëè÷èíà; a, b – ïàðàìåòðû ìàñøòàáà è ôîðìû, à�0,
b�0; c – ïàðàìåòð ñäâèãà.

Èñïîëüçîâàíèå çàêîíà ðàñïðåäåëåíèÿ Âåéáóëëà èìååò ïðåèìóùåñòâà ïåðåä
íîðìàëüíûì ðàñïðåäåëåíèåì. Ñ÷èòàåòñÿ, ÷òî ðàñïðåäåëåíèå Âåéáóëëà áîëåå
ãèáêîå, ïîñêîëüêó â íåãî âõîäÿò òðè ïàðàìåòðà, êîòîðûå ïîçâîëÿþò òî÷íåå
îïèñàòü çàêîíîìåðíîñòè ðàññåÿíèÿ ñëó÷àéíûõ âåëè÷èí.

Â ïðàêòè÷åñêèõ îöåíêàõ ïðè îïðåäåëåíèè òîëåðàíòíîãî èíòåðâàëà äëÿ
ñëó÷àéíîé âåëè÷èíû ÑÐÒ ñ 95%-íîé äîâåðèòåëüíîé âåðîÿòíîñòüþ ðóêîâîäñò-
âîâàëèñü ðåêîìåíäàöèÿìè [12].

Íà ðèñ. 2 ïðèâåäåíû ñðåäíèå çíà÷åíèÿ ÑÐÒ âî âñåì äèàïàçîíå èçìåíåíèÿ
ÊÈÍ, à òàêæå âåðõíÿÿ è íèæíÿÿ ãðàíèöû ïîïàäàíèÿ ÑÐÒ â èíòåðâàë ñ
äîâåðèòåëüíîé âåðîÿòíîñòüþ 90%.
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Ð å ç þ ì å

Äîñë³äæåíî âïëèâ òåìïåðàòóðè, ôîðìè ³ òåðì³íó âèòðèìêè ïðè öèêë³÷íîìó
íàâàíòàæåíí³ òà ñòóïåíÿ äâîâ³ñíîñò³ íàâàíòàæåííÿ íà øâèäê³ñòü çðîñòàííÿ
òð³ùèí ó ñòàë³ 12Cr–2Ni–Mo. Ïîêàçàíî, ùî âñ³ ðåçóëüòàòè äîñë³äæåííÿ
ïîòðàïëÿþòü â òîëåðàíòíèé ³íòåðâàë ³ç 90%-íèì ð³âíåì íàä³éíî¿ ³ìîâ³ðíîñò³.

1. Ïîêðîâñêèé Â. Â., Åæîâ Â. Í., Êóëèøîâ Ñ. Á. è äð. Âëèÿíèå ðåæèìîâ
ýêñïëóàòàöèè è êîíñòðóêöèîííûõ ôàêòîðîâ íà ðàçâèòèå òðåùèí â ñòàëè
12Cr–2Ni–Mo // Ïðîáë. ïðî÷íîñòè. – 2009. – ¹ 3. – Ñ. 66 – 77.

2. Tschirne K. U. and Holzbecher W. Effectiveness of Modern Lifing Concepts-
Consideration of Economical Aspects Conserning in Group A Parts of
Military Engines // NATO RTO-MP-17. – Paper 2. – 1999.

3. Êàïëóí À. Á., Ìîðîçîâ Å. Ì., Îëüôåðüåâà Ì. À. ANSYS â ðóêàõ èíæåíåðà:
Ïðàêòè÷åñêîå ðóêîâîäñòâî. – Ì.: Åäèòîðèàë ÓÐÑÑ, 2003. – 272 ñ.

4. ASTM E647. Standard Test Method for Measurement of Fatigue Crack
Growth Rates. – ASTM, 2001. – 43 p.

5. Miller K. J. Fatigue under complex stress // Metal Sci. – 1977. – 11, No. 8-9. –
P. 432 – 438.

6. Adams N. J. Some comments ot the effect of biaxial stress on fatigue crack
growth // Eng. Fract. Mech. – 1973. – 5, No. 4. – P. 983 – 992.

da dN , ì/öèêë

Ðèñ. 2. Äîâåðèòåëüíûé èíòåðâàë äëÿ ÑÐÒ â çàâèñèìîñòè îò çíà÷åíèé ÊÈÍ: 1 – ïî ñðåäíåìó
çíà÷åíèþ ÑÐÒ.

K1 , ÌÏà ì

ISSN 0556-171X. Ïðîáëåìû ïðî÷íîñòè, 2012, ¹ 1 87

Ðåçóëüòàòû èññëåäîâàíèÿ õàðàêòåðèñòèê òðåùèíîñòîéêîñòè ...



7. Cotterell B., Lee E., and Mai Y. W. Mixed mode plane stress ductile fracture //
Int. J. Fract. Mech. – 1982. – 20. – P. 243 – 250.

8. Ñòåïíîâ Ì. Í. Ñòàòèñòè÷åñêèå ìåòîäû îáðàáîòêè ðåçóëüòàòîâ ìåõàíè-
÷åñêèõ èñïûòàíèé: Ñïðàâî÷íèê. – Ì.: Ìàøèíîñòðîåíèå, 1985. – 232 ñ.

9. Øèíäîâñêèé Ý., Øþðö Î. Ñòàòèñòè÷åñêèå ìåòîäû óïðàâëåíèÿ êà÷åñò-
âîì. Êîíòðîëüíûå êàðòû è ïëàíû êîíòðîëÿ / Ïåð. ñ íåì. – Ì.: Ìèð, 1976.
– 597 ñ.

10. Èâàíîâà Â. Ñ., Òåðåíòüåâ Â. Ô. Ïðèðîäà óñòàëîñòè ìåòàëëîâ. – Ì.:
Ìåòàëëóðãèÿ, 1975. – 455 ñ.

11. Çàêñ Ë. Ñòàòèñòè÷åñêîå îöåíèâàíèå. – Ì.: Ñòàòèñòèêà, 1976. – 598 ñ.

12. ÃÎÑÒ 11.007-75 (ÑÒ ÑÝÂ 877-78). Ïðèêëàäíàÿ ñòàòèñòèêà. Ïðàâèëà
îïðåäåëåíèÿ îöåíîê è äîâåðèòåëüíûõ ãðàíèö äëÿ ïàðàìåòðîâ ðàñïðå-
äåëåíèÿ Âåéáóëëà. – M.: Èçä-âî ñòàíäàðòîâ, 1981. – 30 c.

Ïîñòóïèëà 04. 06. 2010

88 ISSN 0556-171X. Ïðîáëåìû ïðî÷íîñòè, 2012, ¹ 1

Â. Â. Ïîêðîâñêèé, Â. Í. Åæîâ, Â. Ã. Ñèäÿ÷åíêî è äð.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




