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Ââåäåíèå

Äëÿ îáîñíîâàíèÿ ñðîêîâ è îáúåìîâ ïðî-
âåäåíèÿ ðåãëàìåíòíûõ ðàáîò ïðè ýêñïëóàòàöèè 
àâèàöèîííûõ ãàçîòóðáèííûõ äâèãàòåëåé (ÃÒÄ)  
ïî òåõíè÷åñêîìó ñîñòîÿíèþ íåîáõîäèìî ðóêî-
âîäñòâîâàòüñÿ êîíöåïöèåé áåçîïàñíîãî ðàçâè-
òèÿ òðåùèíû â îñíîâíûõ ýëåìåíòàõ äâèãàòåëåé,  
êîòîðàÿ ïîçâîëÿåò èçáåæàòü ñíèæåíèÿ íåñóùåé 
ñïîñîáíîñòè,  äèñáàëàíñà è äðóãèõ îïàñíûõ ïî-
ñëåäñòâèé. 

Îïûò ýêñïëóàòàöèè ïîêàçûâàåò,  ÷òî äàæå ïðè 
ñîáëþäåíèè âñåõ íîðìàòèâíûõ òðåáîâàíèé ïðè 
ïðîåêòèðîâàíèè, èçãîòîâëåíèè è ýêñïëóàòàöèè â 
ýëåìåíòàõ êîíñòðóêöèè íàáëþäàþòñÿ ðàçðóøåíèÿ 
è îòêàçû, ïðè÷åì äî 70% èõ íîñèò óñòàëîñòíûé 
õàðàêòåð. Ïðè ýòîì ñòàäèÿ ðàçâèòèÿ òðåùèíû îò 
íà÷àëüíîãî ðàçìåðà äî êðèòè÷åñêîãî ìîæåò ñî-
ñòàâëÿòü äî 30% îáùåé äîëãîâå÷íîñòè. 
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Êîíöåïöèÿ áåçîïàñíîãî ðàçâèòèÿ òðåùèíû 
ïðåäóñìàòðèâàåò ïðåäâàðèòåëüíûå ñòàíäàðòíûå 
èñïûòàíèÿ ìàòåðèàëîâ, èç êîòîðûõ èçãîòîâëåíû 
îñíîâíûå ýëåìåíòû äâèãàòåëÿ, íà ñêîðîñòü ðàç-
âèòèÿ òðåùèí óñòàëîñòè (ÑÐÒÓ) ñ ó÷åòîì êîì-
ïëåêñà ýêñïëóàòàöèîííûõ (òåìïåðàòóðà, ôîðìà 
öèêëà íàãðóæåíèÿ, ÷àñòîòà è ò.ä.) è êîíñòðóê-
öèîííûõ (êîíöåíòðàòîðû íàïðÿæåíèé, ñâàðíûå 
øâû, òîëùèíà ñòåíêè è ò.ä.) ôàêòîðîâ. Ýòî ïî-
çâîëÿåò ïîëó÷èòü êîýôôèöèåíòû óðàâíåíèé, àï-
ïðîêñèìèðóþùèõ â äâîéíûõ  ëîãàðèôìè÷åñêèõ 
êîîðäèíàòàõ  ëèíåéíûé ó÷àñòîê (ó÷àñòîê Ïàðèñà) 
äèàãðàììû ÑÐÒÓ.  Ïîñëå èíòåãðèðîâàíèÿ çàâè-
ñèìîñòè ÑÐÒÓ ìîæíî îïðåäåëèòü êîëè÷åñòâî öè-
êëîâ ðàçâèòèÿ òðåùèíû îò íà÷àëüíîãî åå ðàçìåðà 
äî êðèòè÷åñêîãî. ×òî ñ ó÷åòîì ñîîòâåòñòâóþùèõ 
òðåáîâàíèé íîðì ïðî÷íîñòè àâèàöèîííûõ ãàçî-
òóðáèííûõ äâèãàòåëåé è áóäåò ñëóæèòü îñíîâîé 
äëÿ îáîñíîâàíèÿ íàçíà÷åíèÿ ñðîêîâ ïðîâåäåíèÿ 
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îñìîòðîâ è ðåãëàìåíòíûõ ðàáîò.
Îäíèì èç îñíîâíûõ ýëåìåíòîâ àâèàöèîííûõ 

ÃÒÄ ÿâëÿåòñÿ êîðïóñ êàìåðû ñãîðàíèÿ (ÊÊÑ). 
Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå 

ÑÐÒÓ â ìàòåðèàëå ÊÊÑ àâèàöèîííîãî ÃÒÄ ñ 
ó÷åòîì ýêñïëóàòàöèîííûõ è êîíñòðóêöèîííûõ 
ôàêòîðîâ.

Ïîñòàíîâêà çàäà÷è

ÊÊÑ èçãîòîâëåí èç òîíêîëèñòîâîãî õðîìî-
íèêåëåâîãî ñïëàâà òîëùèíîé 1,6 ìì è ñîñòîèò 
èç îáå÷àéêè è ôëàíöåâ. Êîíñòðóêöèÿ êîðïóñà 
ñâàðåíà è òåðìîîáðàáîòàíà ïî ñïåöèàëüíî 
ðàçðàáîòàííîé òåõíîëîãèè. Ìàêñèìàëüíîå èç-
áûòî÷íîå äàâëåíèå âîçäóõà â ïîëîñòè ÊÊÑ 
âî âñåì äèàïàçîíå ðåæèìîâ ýêñïëóàòàöèè 
13 êã/ñì2,  ìàêñèìàëüíàÿ òåìïåðàòóðà ýêñïëóà-
òàöèè 600 °Ñ.

Èñõîäÿ èç óñëîâèé ýêñïëóàòàöèè,  íåîáõîäè-
ìî èññëåäîâàòü ÑÐÒÓ â õðîìîíèêåëåâîì ñïëàâå 
ÊÊÑ ïðè òåìïåðàòóðàõ 550 °Ñ, 600 °Ñ â: çîíå 
òåðìè÷åñêîãî âëèÿíèÿ (ÇÒÂ),  ò.å. íà ðàññòîÿ-
íèè 2 3 ìì îò ãðàíèöû ñàðíîãî øâà,  îñíîâíîì 
ìåòàëëå (ÎÌ),  ñâàðíîì øâå (ÑØ). 

Òîëùèíà îáðàçöîâ äîëæíà ñîîòâåòñòâîâàòü 
òîëùèíå èçäåëèÿ,  ò.å. 1,6 ìì,  à ñâàðíîé øîâ 
èçãîòîâëåí ïî òåõíîëîãèè ñâàðêè êîðïóñà ÊÊÑ. 
Êîëè÷åñòâî îáðàçöîâ äîëæíî áûòü äîñòàòî÷íûì 
äëÿ âûïîëíåíèÿ ñîîòâåòñòâóþùåé ñòàòèñòè÷å-
ñêîé îáðàáîòêè ðåçóëüòàòîâ. 

Ìåòîäèêà ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

Èññëåäîâàíèÿ ïðîâîäèëèñü íà ñåðâîãèäðàâ-
ëè÷åñêîé óñòàíîâêå «Ãèäðîïóëüñ 400êÍ» ôèðìû 
SHENCK (Ãåðìàíèÿ) ñ êëàññîì òî÷íîñòè 0.5%, 
êîòîðàÿ ïðåäíàçíà÷åíà äëÿ ñòàòè÷åñêèõ, ïîâòîðíî 
ñòàòè÷åñêèõ, öèêëè÷åñêèõ  èñïûòàíèé îáðàçöîâ 
ðàçëè÷íîé ãåîìåòðèè ïðè ðàñòÿæåíèè (ñæàòèè) 
â øèðîêîì äèàïàçîíå ñêîðîñòåé íàãðóæåíèÿ 
è äåôîðìàöèé ïðè òåìïåðàòóðàõ èñïûòàíèé 
-196 °Ñ...+1000 °Ñ. 

Ñòàíäàðòíûé ìåòîä èñïûòàíèé ìàòåðèàëîâ 
íà ÑÐÒÓ, ïðèâåäåííûé â [1] äîïóñêàåò èñïîëü-
çîâàíèå îáðàçöîâ ñ èçâåñòíîé Ê-òàðèðîâêîé,  
ò.å.   çàâèñèìîñòüþ êîýôôèöèåíòà èíòåíñèâíîñòè 
íàïðÿæåíèé (ÊÈÍ)  îò îòíîñèòåëüíîé äëèíû 
òðåùèíû (l/W)  [2] ïðè âûïîëíåíèè óñëîâèé 
óïðóãîãî äåôîðìèðîâàíèÿ.

Äëÿ èññëåäîâàíèÿ èñïîëüçîâàëè ïëîñêèé 
ïðÿìîóãîëüíûé îáðàçåö íà ðàñòÿæåíèå,  äëèíîé 
220 ìì è øèðèíîé ðàáîé ÷àñòè (W)  70 ìì. Â 
îáðàçöàõ äåëàëèñü êðàåâûå íàäðåçû (êîíöåíòðà-
òîðû)  äëèíîé 18 ìì äëÿ èíèöèàöèè íà÷àëüíîé 
òðåùèíû â íóæíîì ìåñòå îáðàçöà: â ÎÌ, â ÑØ 
è â ÇÒÂ (ðèñ. 1). Âûáîð êîíöåíòðàòîðà òàêîãî 
ðàçìåðà âî ìíîãîì îïðåäåëÿëñÿ îñîáåííîñòüþ 
êîíñòðóêöèè îáðàçöà.

 
1    2  3

Ðèñ. 1. Ôîòî èíèöèèðóþùèõ íàäðåçîâ íà îáðàçöàõ:
1 – ïî çîíå òåðìè÷åñêîãî âëèÿíèÿ (ÇÒÂ); 

2 – ïî ñâàðíîìó øâó (ÑØ); 3 – îñíîâíîé ìåòàëë (ÎÌ)

Çàðîæäåíèå òðåùèíû ôèêñèðîâàëîñü âèçó-
àëüíî ïðè ïîìîùè îïòè÷åñêèõ ìèêðîñêîïîâ 
ÌÁÑ-9 ñ èñïîëüçîâàíèåì ñòðîáîñêîïè÷åñêîãî 
îñâåùåíèÿ íà ïðåäâàðèòåëüíî ïîëèðîâàííîé 
ïîâåðõíîñòè îáðàçöà.

Òåêóùàÿ äëèíà òðåùèíû â õîäå ýêñïåðèìåí-
òà èçìåðÿëàñü âèçóàëüíî ïðè ïîìîùè ïðÿìîãî 
ìåòîäà,  ò.å. îïòè÷åñêèì ìèêðîñêîïîì ñ öåíîé 
äåëåíèÿ 0,05 ìì. 

Íà ïîëèðîâàííîé ïîâåðõíîñòè îáðàçöà ïðåä-
âàðèòåëüíî íàíîñèëèñü ðèñêè ñ øàãîì 4,0 ìì 
ïðè ïîìîùè ïðèáîðà ÏÌÒ-3. Íàíåñåííûå ðè-
ñêè ñëóæèëè áàçèñîì ïðè èçìåðåíèè ïðèðîñòà 
òðåùèíû. 

Ýòè ðåçóëüòàòû ïîñëóæèëè îñíîâîé äëÿ ïî-
ñòðîåíèÿ äèàãðàìì ÑÐÒÓ. ÊÈÍ ðàññ÷èòûâàëè 
ïî ôîðìóëå [1]:

 
 (1)

ãäå,  Y(l/W)= 1,99-0,41λ+18,70λ2-38,48λ3+53,85λ4; 
λ  = l/W;

l,  W – äëèíà òðåùèíû è øèðèíà îáðàçöà 
ñîîòâåòñòâåííî,  

t – òîëùèíà îáðàçöà (t = 1,6 ìì äëÿ îñíîâ-
íîãî ìåòàëëà è çîíû òåðìè÷åñêîãî âëèÿíèÿ; 

t = 2,4 ìì äëÿ ñâàðíîãî øâà);
P  – íàãðóçêà íà îáðàçåö.
Ãðàíèöû ïðèìåíèìîñòè ôîðìóë äëÿ îòíî-

ñèòåëüíîé äëèíû òðåùèíû 0<λ<0,6. 
Èñïûòàíèÿ íà ÑÐÒÓ ïîñëå èíèöèèðîâàíèÿ ïî 

[1] èñõîäíîé óñòàëîñòíîé òðåùèíû ïðîâîäèëèñü 
ïðè ïîñòîÿííîé íàãðóçêå è ñîîòâåòñòâóþùåé òåì-
ïåðàòóðå 550 °Ñ  è 600 °Ñ.    Ïðè ýòîì ñîáëþäàëè 
óñëîâèå,  â ñîîòâåòñòâèè ñ êîòîðûì íàïðÿæåíèÿ 
â ñå÷åíèå íåòòî â ïðîöåññå èñïûòàíèé íå äîëæíî 
ïðåâûøàòü 0,8 îò ïðåäåëà òåêó÷åñòè,  ò.å. 

 
.  (2)

Ãåîìåòðè÷åñêèå ðàçìåðû îáðàçöà äëÿ ïðîâå-
äåíèÿ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé îïðå-
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äåëÿëèñü èçìåðåíèÿìè èññëåäóåìîãî îáúåêòà,  
âîçìîæíîñòÿìè èñïûòàòåëüíîãî îáîðóäîâàíèÿ 
è òðåáîâàíèÿìè íîðìàòèâíûõ äîêóìåíòîâ. Ýòî 
äàëî âîçìîæíîñòü íà êàæäîì îáðàçöå ïîëó÷àòü 
40-70 òî÷åê èçìåðåíèé.

Äëÿ êîñâåííîé îöåíêè ìåõàíè÷åñêèõ ñâîéñòâ 
ÎÌ, ÑØ, ÇÒÂ è íàëè÷èÿ îñòàòî÷íûõ íàïðÿ-
æåíèé â ðåçóëüòàòå òåõíîëîãè÷åñêîé îïåðàöèè 
ñâàðêè áûëî âûïîëíåíî èçìåðåíèå òâåðäîñòè ïî 
ìåòîäó Ðîêâåëëà (HRC)  íà ïðèáîðå òâåðäîìåð 
ýëåêòðîííûé ôèðìû «ERNST»,  Øâåéöàðèÿ .

Èçìåðåíèÿ òâåðäîñòè ïðîâîäèëè íà îïè-
ñàííîì ðàíåå îáðàçöå äëÿ èññëåäîâàíèÿ òðå-
ùèíîñòîéêîñòè íà ðàññòîÿíèè ~ 15 ìì îò ÑØ 
è ñ  øàãîì 0,5 ìì ïî íàïðàâëåíèþ ê ÑØ. Íà 
ðèñ. 2 ïðåäñòàâëåíà ôîòîãðàôèÿ èññëåäóåìîé 
÷àñòè ïîâåðõíîñòè îáðàçöà ñ óêàçàíèåì íàïðàâ-
ëåíèÿ äâèæåíèÿ îò îñíîâíîãî ìåòàëëà ê çîíå 
òåðìè÷åñêîãî âëèÿíèÿ ñâàðíîãî øâà.

Ñëåäóåò îòìåòèòü,  ÷òî èçìåíåíèÿ òâåðäî-
ñòè ïî HRC ïðè ïåðåõîäå îò ÎÌ ê ÇÒÂ   íå 
íàáëþäàåòñÿ. Íåáîëüøèå ôëóêòóàöèè íå âû-
õîäÿò çà ãðàíèöû ïîãðåøíîñòè èçìåðåíèé. Ýòî 
ñâèäåòåëüñòâóåò î íåçíà÷èòåëüíûõ îòëè÷èÿõ 
ìåõàíè÷åñêèõ ñâîéñòâ èññëåäóåìûõ çîí.

Ðèñ. 2. Çîíà èçìåðåíèÿ òâåðäîñòè îò îñíîâíîãî 
ìåòàëëà ê ñâàðíîìó øâó

Ñòàòèñòè÷åñêàÿ îöåíêà ïîëó÷åííûõ ðåçóëü-
òàòîâ è åå àíàëèòè÷åñêîå îïèñàíèå

Â ðàáîòå [3] îòìå÷åíî, ÷òî ëþáîå èçìåðåííîå 
çíà÷åíèå èìååò öåííîñòü òîëüêî â òîì ñëó÷àå, 
åñëè äëÿ íåãî óêàçàíà ïîãðåøíîñòü. Êàê ïî-
êàçûâàåò îïûò ïðîâåäåíèÿ èññëåäîâàíèé äàæå 
ïðè òùàòåëüíîé îòðàáîòêå òåõíîëîãèè èçãîòîâ-
ëåíèÿ îáðàçöîâ è ìåòîäèêè èñïûòàíèé íàáëþ-
äàåòñÿ ðàññåèâàíèå ïîëó÷åííûõ ðåçóëüòàòîâ, 
êîòîðîå íåîáõîäèìî ó÷èòûâàòü ïðè îöåíêå 
óñòàëîñòíûõ õàðàêòåðèñòèê ìàòåðèàëîâ.

Äëÿ îöåíêè ïîãðåøíîñòè èçìåðåíèé è àï-
ïðîêñèìàöèè ýêñïåðèìåíòàëüíûõ äàííûõ,  à 
òàêæå äëÿ ãðàôè÷åñêîãî îòîáðàæåíèÿ çàâèñèìî-
ñòåé âîñïîëüçîâàëèñü ñòàíäàðòíîé ïðîãðàììîé 
OriginPro 8.1. 

Â ïðîãðàììå ïî èçâåñòíûì çàâèñèìîñòÿì 
îöåíèâàþò çíà÷åíèÿ êîýôôèöèåíòà êîððåëÿ-
öèè:
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ãäå Xi = lgKi,  Yi = lgVi,  
X , Y  – ñðåäíèå çíà÷åíèÿ ñëó÷àéíûõ  âåëè÷èí 

Xi, Yi.
Äëÿ îïèñàíèÿ ëèíåéíîãî ó÷àñòêà çàâèñèìî-

ñòè ÑÐÒÓ îò ÊÈÍ èñïîëüçóåòñÿ çàâèñèìîñòü 
Ïàðèñà:
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Çíà÷åíèÿ êîýôôèöèåíòîâ b è À îïðåäåëÿþòñÿ 
ïî èçâåñòíûì ôîðìóëàì: 
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ãäå Xi,  Yi èìåþò òå æå îáîçíà÷åíèÿ,  ÷òî è äëÿ 
ôîðìóëû (3);

M – ÷èñëî íàáëþäåíèé.
Â ðàáîòå [3] îòìå÷åíî,  ÷òî ïðè äîñòàòî÷íî 

áîëüøèõ âûáîðêàõ (M>30)  çàêîí ðàñïðåäåëå-
íèÿ íîñèò íîðìàëüíûé õàðàêòåð è ñîãëàñíî 
ïðîãðàììå OriginPro 8.1 âåðîÿòíîñòü òîãî,  ÷òî 
95% âûáîðêè ïîïàäàåò â çàäàííûé èíòåðâàë 
îïðåäåëÿåòñÿ ïî ôîðìóëå:

 

S SP X 1.96 a X 1.96 0.95
M M

 
− < < + = 

 
,  (7)

ãäå à – èñòèííîå ìàòåìàòè÷åñêîå îæèäàíèå ñëó-

÷àéíûõ âåëè÷èí iX ,
Ì – îáúåì âûáîðêè.

Ðåçóëüòàòû ýêñïåðèìåíòà è èõ àíàëèç

Íà ðèñ. 3,  4 ïðåäñòàâëåíû ðåçóëüòàòû ïî 
ÑÐÒÓ â õðîìîíèêåëåâîì ñïëàâå ÊÊÑ ïðè 
òåìïåðàòóðàõ 550 °Ñ è 600 °Ñ ñîîòâåòñòâåííî,  
â ðàçíûõ çîíàõ îáðàçöà,  êîòîðûå îáîçíà÷åíû 
íà ðèñ.1. Íà ðèñ. 5,  ðèñ. 6 ãðàôè÷åñêîå ïðåä-
ñòàâëåíèå èíòåðâàëîâ ïîïàäàíèÿ ñëó÷àéíîé 

âåëè÷èíû iX  â òîëåðàíòíûé èíòåðâàë ñ  95%-
íîé âåðîÿòíîñòüþ,  ãäå æèðíûìè ëèíèÿìè 
ïðåäñòàâëåíû ñðåäíèå çíà÷åíèÿ ÑÐÒÓ äëÿ 

ÑØ, ÎÌ è ÇÒÂ. Äëÿ òî÷åê, ïîëó÷åííûõ íà 
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ÇÒÂ è ÎÌ ïðîâîäèëàñü ñîâìåñòíàÿ ñòàòèñòè-

÷åñêàÿ îáðàáîòêà, ò.ê. èç ðèñ. 3, 4 ñëåäóåò, ÷òî 
ðàçáðîñ ýêñïåðèìåíòàëüíûõ äàííûõ ïî ÑÐÒÓ 
ìåæäó ÇÒÂ è ÎÌ íåçíà÷èòåëåí. Â òàáë.1 ïðåä-
ñòàâëåíû çíà÷åíèÿ êîýôôèöèåíòîâ óðàâíåíèå 
Ïàðèñà äëÿ èññëåäóåìîãî ñïëàâà è åãî ñâàðíîãî 
øâà ïðè ÷àñòîòå f = 15 Ãö è àñèììåòðèè öèêëà 
íàãðóæåíèÿ R = 0,1.

Ðèñ.3. Ðåçóëüòàòû èññëåäîâàíèÿ ñêîðîñòè ðîñòà òðåùèíû 
ñïëàâà ÊÊÑ ïðè òåìïåðàòóðå 550 °Ñ

Ðèñ. 4. Ðåçóëüòàòû èññëåäîâàíèÿ ñêîðîñòè ðîñòà òðåùè-
íû ñïëàâà ÊÊÑ ïðè òåìïåðàòóðå 600 °Ñ

Çíà÷åíèÿ b è A ïî ôîðìóëàì (5)  è (6)  
îïðåäåëÿëè ïî 20-40 èçìåðåíèÿì ñëó÷àéíûõ 

âåëè÷èí  è ,  ÷òî ñîîòâåòñòâîâàëî ðåêî-

ìåíäàöèÿì [2].  Ãäå îòìå÷åíî, ÷òî â èíòåðâà-
ëàõ ñîîòâåòñòâóþùèõ 10-êðàòíîìó èçìåíåíèþ 
ÑÐÒÓ äîëæíî áûòü îïðåäåëåíî íå ìåíåå 15 
çíà÷åíèé, ïîëó÷åííûõ íå ìåíåå ÷åì íà äâóõ 
îáðàçöàõ â äèàïàçîíå ñêîðîñòåé ðîñòà îò 5.10-5 
äî 10-3 ìì/öèêë. 

Èç ïðèâåäåííûõ  äàííûõ ñëåäóåò, ÷òî ñîïðî-
òèâëåíèå ðàçâèòèþ òðåùèí óñòàëîñòè â ìåòàëëå 
ÑØ íåñêîëüêî íèæå, ÷åì â ÎÌ è ÇÒÂ, ò.å. 
ñêîðîñòü ðîñòà òðåùèíû âûøå ïðè òåìïåðàòóðå 
550 °Ñ  ïðèìåðíî â òðè ðàçà, à ïðè òåìïåðàòóðå 
600 °Ñ  – â äâà ðàçà.

Ðèñ. 5. Óñðåäíåííûå çíà÷åíèÿ ÑÐÒÓ äèàãðàììû Ïàðèñà: 
1 – ÑØ, 2 – ÇÒÂ è ÎÌ; 3 – äîâåðèòåëüíûå èíòåðâàëû 

äëÿ ÑØ, 4 - äëÿ ÎÌ è ÇÒÂ

Ðèñ. 6. Óñðåäíåííûå çíà÷åíèÿ ÑÐÒÓ äèàãðàììû Ïàðèñà: 
1 – ÑØ, 2 – ÇÒÂ è ÎÌ; 3 – äîâåðèòåëüíûå èíòåðâàëû äëÿ 

ÑØ, 4 - äëÿ ÎÌ è ÇÒÂ
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Òàáëèöà 1. Çíà÷åíèÿ êîýôôèöèåíòîâ óðàâ-
íåíèÿ Ïàðèñà (4)

t,  °C
Ëîêàëèçàöèÿ 
ðîñòà òðåùè-
íû íà îáðàçöå

b A

550

Îñíîâíîé 
ìåòàëë è çîíà 
òåðìè÷åñêîãî 
âëèÿíèÿ

1.83 3.308E-7

Ñâàðíîé øîâ 1.762 4.61E-7

600

Îñíîâíîé 
ìåòàëë è çîíà 
òåðìè÷åñêîãî 
âëèÿíèÿ

1.78
3.078E-7

Ñâàðíîé øîâ 2.09 1.043E-7

Äîïîëíèòåëüíî ê èññëåäîâàíèþ öèêëè-
÷åñêîé òðåùèíîñòîéêîñòè áûëè âûïîëíåíû 
ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ óñòàëîñòíîé 
ïðî÷íîñòè îáðàçöîâ ñî ñâàðíûì øâîì èç ýòîãî 
æå ñïëàâà ïðè ìàêñèìàëüíîì íàïðÿæåíèè â 
öèêëå ðàâíîì 25 êã/ìì2,  ÷òî ïðèáëèæåííî ñî-
îòâåòñòâóåò çíà÷åíèþ îêðóæíûõ íàïðÿæåíèé â 
ñòåíêå ÊÊÑ è àññèìåòðèè öèêëà íàãðóæåíèÿ 
ðàâíîé 0,1. Ïîêàçàíî,  ÷òî ðàçðóøåíèå (îá-
ðàçîâàíèå òðåùèíû äëèíîé 2 3 ìì)  îáðàçöîâ 
â ñâàðíîì øâå íà÷èíàåòñÿ ïðèìåðíî ïðè 
300 òûñÿ÷àõ öèêëîâ íàãðóæåíèÿ.

Çàêëþ÷åíèå

Èññëåäîâàíèÿ íà òðåùèíîñòîéêîñòü æà-
ðîïðî÷íîãî õðîìîíèêåëåâîãî ñïëàâà êîðïóñà 
êàìåðû ñãîðàíèÿ àâèàöèîííîãî ãàçîòóðáèí-
íîãî äâèãàòåëÿ ïîêàçàëè,  ÷òî â ðàáî÷åì äëÿ 
ýòîãî ñïëàâà äèàïàçîíå òåìïåðàòóð ñêîðîñòè 
ðîñòà óñòàëîñòíûõ òðåùèí â çîíå òåðìè÷åñêî-
ãî âëèÿíèÿ è îñíîâíîì ìåòàëëå îòëè÷àþòñÿ 
íåçíà÷èòåëüíî,  à â ñâàðíîì øâå,  ñ  ó÷åòîì 
ñòàòèñòè÷åñêîé îáðàáîòêè ðåçóëüòàòîâ,  ñêî-
ðîñòü íà ó÷àñòêå Ïàðèñà â äâà -òðè ðàçà âûøå,  
÷åì â îñíîâíîì ìåòàëëå è çîíå òåðìè÷åñêîãî 
âëèÿíèÿ. 
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Ïîñòóïèëà â ðåäàêöèþ 01.06.2018

Â.Â. Ïîêðîâñüêèé, Â.Ã. Ñèäÿ÷åíêî, Â.Ì. ªæîâ, I .À. Ïåòðèê, À.Â. Ì³õàéëþòåíêî, 
Þ.Ã. Ðîìàíåíêî. Âïëèâ åêñïëóàòàö³éíèõ ³ êîíñòðóêö³éíèõ ÷èííèê³â íà øâèäê³ñòü ðîñòó 
òð³ùèí âòîìè â æàðîì³öíîìó í³êåëåâîìó ñïëàâ³ êîðïóñó êàìåðû çãîðÿííÿ àâ³àö³éíîãî 
ÃÒÄ

Äîñë³äæåíî øâèäê³ñòü ðîñòó òð³ùèí âòîìè â çîí³ òåðì³÷íîãî âïëèâó, ó çâàðíîìó 
øâ³ òà â îñíîâíîìó ìåòàë³ æàðîì³öíîãî í³êåëåâîãî ñïëàâó êîðïóñó êàìåðè çãîðÿí-
íÿ àâ³àö³éíîãî ãàçîòóðá³ííîãî äâèãóíà ïðè òåìïåðàòóð³ åêñïëóàòàö³¿ (550, 600 °Ñ). 
Åêñïåðèìåíòè âèêîíóâàëèñü íà ïëîñêèõ çðàçêàõ ïðè ¿õ ðîçòÿãóâàíí³,  òîâùèíà çðàçê³â 
1,6 ìì, ùî äîð³âíþº òîâùèí³ êàìåðè çãîðÿííÿ. Ïîêàçàíî, ùî ç óðàõóâàííÿì ñòàòèñòè÷íî¿ 
îáðîáêè åêñïåðèìåíòàëüíèõ äàíèõ, çà ê³íåòèêîþ ðîñòó òð³ùèí âòîìè çîíà òåðì³÷íîãî 
âïëèâó ³ îñíîâíèé ìåòàë ìàëî â³äð³çíÿþòüñÿ, à øâèäê³ñòü çðîñòó òð³ùèí âòîìè â çâàð-
íîìó øâ³ íà ä³ëÿíö³ Ïàð³ñà â äâà -òðè ðàçè çá³ëüøóºòüñÿ.

Êëþ÷îâ³ ñëîâà: øâèäê³ñòü ðîñòó òð³ùèí âòîìè, ðåñóðñ, êîðïóñ êàìåðè çãîðÿííÿ, 
àâ³àö³éíèé ãàçîòóðá³ííèé äâèãóí.

V.V.Pokrovsky, V.G.Sydiachenko, V.N.Ezhov, I.A.Petrik, A.V.Mikhaylyutenko, 
Yu.G.Romanenko. Effect of operating and construction factors on the fatigue crack growth rate 
in the heat-resistant nickel alloy of aircraft gas turbine engine combustion chamber casing

For scientific justification of operation of aviation gas-turbine engines on technical condition it 
is necessary to have information on the fatigue crack growth rate in material of details of engines 
from the initial cracks sizes to critical. This information, according to normative documents, is 
used at purpose of terms and volumes of carrying out scheduled tasks at maintenance of engines. 
Work purpose: the research fatigue crack growth rate in a high-temperature ni-base alloy of a 
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combustion chamber casing of the aviation gas-turbine engine taking into account operational 
(temperatures) and constructional (a joint weld, product thickness) factors. Experimental procedure: 
the studies were performed on a flat specimens on tension (plate 1.6 mm thickness) with a local 
cut by a standard ASTM E647 technique at temperatures of tests +550 °C and +600 °C. Fatigue 
crack growth rate was investigated in the base metal, in a joint weld and in a zone of thermal 
influence apart 2 3 mm from a joint weld. For this, a fatigue crack was initiated from a mechanically 
incised notch that was located in a corresponding place with respect to the welded seam: over 
the base metal, welded seam, and the zone of thermal influence. A linear portion of the fatigue 
crack growth diagrams is constructed and the coefficients of the Paris equation are obtained. 
Confidence intervals are also given, which illustrate the region where the results of the experiment 
hit the target with a probability of 95%. Conclusion: it is shown that taking into account statistical 
data interpretation on fatigue crack growth rate of the zone of thermal influence and the main 
metal differ slightly while fatigue crack growth rate in a joint weld increases in two three times. 
Assessment of mechanical characteristics of studied alloy was performed, upon transition from 
the base metal through a zone of thermal influence to a joint weld. For this purpose were used 
measurements of hardness by Rockwell’s method. Results showed minor change of hardness that 
indirectly explains small difference (in borders of a statistical error) on the fatigue crack growth 
rate in the base metal and a zone of thermal influence.

Key words: fatigue crack growth rate, combustion chamber, gas turbine engine.
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