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Èññëåäîâàíû ñèãíàëû àêóñòè÷åñêîé ýìèññèè ïðè èñïûòàíèè íà îäíîîñ-
íîå ðàñòÿæåíèå ïëîñêèõ îáðàçöîâ ñòàëè 20, èñïîëüçóåìîé äëÿ äåòàëåé ñâàð-
íûõ êîíñòðóêöèé ñ áîëüøèì îáúåìîì ñâàðêè, à òàêæå òðóáîïðîâîäîâ, êîëëåê-
òîðîâ è äåòàëåé, ðàáîòàþùèõ ïðè òåìïåðàòóðå îò –40 äî 450 °Ñ ïîä äàâëå-
íèåì. Èñïûòàíèå íà ðàñòÿæåíèå ñ îäíîâðåìåííîé ðåãèñòðàöèåé àêóñòè÷åñ-
êîé ýìèññèè ïðîâîäèëîñü íà óíèâåðñàëüíîé èñïûòàòåëüíîé ìàøèíå ôèðìû
Tinius OIlsen Ltd, ìîäåëü H100KU, ïðè ñêîðîñòè ïåðåìåùåíèÿ àêòèâíîãî çàõ-
âàòà 0,05 ì/ìèí. Ðåãèñòðàöèÿ ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè ïðîâîäèëàñü ñ
èñïîëüçîâàíèåì øèðîêîïîëîñíûõ äàò÷èêîâ GT350 ôèðìû GlobalTest è àíà-
ëîãî-öèôðîâîãî ïðåîáðàçîâàòåëÿ NationalInstruments 6363X ñ ïîñëåäóþùèì
ñîõðàíåíèåì ðåçóëüòàòîâ ðåãèñòðàöèè â âèäå âðåìåííîãî ðÿäà â ïàìÿòè êîì-
ïüþòåðà. Ñðàâíèòåëüíûé àíàëèç àìïëèòóäíîãî ðàñïðåäåëåíèÿ ñèãíàëà àêóñ-
òè÷åñêîé ýìèññèè äëÿ îáëàñòè ïëîùàäêè òåêó÷åñòè è îáëàñòè ðàçðóøåíèÿ ïðî-
âîäèëñÿ ïî âåëè÷èíå èíôîðìàöèîííîé ýíòðîïèè, ôðàêòàëüíîé ðàçìåðíîñòè è
ïàðàìåòðó ñàìîîðãàíèçàöèè. Ïîêàçàíî, ÷òî èíôîðìàöèîííàÿ ýíòðîïèÿ, ôðàê-
òàëüíàÿ ðàçìåðíîñòü è ïàðàìåòð ñàìîîðãàíèçàöèè ñèãíàëà àêóñòè÷åñêîé ýìèñ-
ñèè äëÿ îáëàñòè ðàçðóøåíèÿ èìåþò ìåíüøèå çíà÷åíèÿ, ÷åì â îáëàñòè ïëîùàä-
êè òåêó÷åñòè. Íàèáîëüøåå èçìåíåíèå â çíà÷åíèÿõ íàáëþäàëîñü äëÿ ïîêàçàòå-
ëÿ ñàìîîðãàíèçàöèè è íàèìåíüøåå äëÿ ôðàêòàëüíîé ðàçìåðíîñòè, âñëåäñòâèå
÷åãî ïàðàìåòð ñàìîîðãàíèçàöèè àìïëèòóäíîãî ðàñïðåäåëåíèÿ ñèãíàëà ÿâëÿåò-
ñÿ íàèáîëåå èíôîðìàòèâíûì ïðè îïèñàíèè ïðîöåññîâ, ñâÿçàííûõ ñ àêóñòè-
÷åñêîé ýìèññèåé. Óñòàíîâëåíî, ÷òî â êà÷åñòâå äîïîëíèòåëüíîé èíôîðìàöèè
ìîæíî èñïîëüçîâàòü äàííûå î ñòðóêòóðå ïàðàìåòðà ñàìîîðãàíèçàöèè. Ïîëó-
÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î âîçìîæíîñòè ïðèìåíåíèÿ ñòàòèñòè÷åñ-
êîé ìîäåëè ðàñïðåäåëåíèÿ Äèðèõëå â êà÷åñòâå ìîäåëè ïðîöåññîâ, ñâÿçàííûõ
ñ ïîÿâëåíèåì ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè îò èñòî÷íèêîâ çàðîæäàþùèõñÿ
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è ðàçâèâàþùèõñÿ äåôåêòîâ ïðè øòàòíûõ èñïûòàíèÿõ èçäåëèé èç êîíñòðóêöè-
îííûõ óãëåðîäèñòûõ êà÷åñòâåííûõ ñòàëåé ñ ïåðëèòíî-ôåððèòíîé ñòðóêòóðîé.

Êëþ÷åâûå ñëîâà: àêóñòè÷åñêàÿ ýìèññèÿ, èíôîðìàòèâíûå ïàðàìåòðû, àìï-
ëèòóäíîå ðàñïðåäåëåíèå, ñàìîîðãàíèçàöèÿ, ðàñïðåäåëåíèå Äèðèõëå, ïëîñêèé
îáðàçåö.

Ââåäåíèå

Â íàñòîÿùåå âðåìÿ àêóñòè÷åñêàÿ ýìèññèÿ (ÀÝ), îñíîâàííàÿ íà ÿâëåíèè âîçíèê-
íîâåíèÿ è ðàñïðîñòðàíåíèÿ óïðóãèõ âîëí óëüòðàçâóêîâîãî äèàïàçîíà, âîçíèêàþ-
ùèõ â ðåçóëüòàòå ëîêàëüíîé äèíàìè÷åñêîé ïåðåñòðîéêè ñòðóêòóðû ìàòåðèàëà âñëåä-
ñòâèå âíåøíåãî âîçäåéñòâèÿ, øèðîêî ïðèìåíÿåòñÿ â íåðàçðóøàþùåì êîíòðîëå êàê
ìåòîä òåõíè÷åñêîé äèàãíîñòèêè [1–6]. Íà òî÷íîñòü è äîñòîâåðíîñòü ïîëó÷åííûõ ðå-
çóëüòàòîâ âëèÿåò ðÿä ôàêòîðîâ, îáóñëîâëåííûõ îñîáåííîñòÿìè ðåãèñòðàöèè ÀÝ-èí-
ôîðìàöèè è èçìåðåíèåì äèàãíîñòè÷åñêèõ ïàðàìåòðîâ (àìïëèòóäíîãî ðàñïðåäåëå-
íèÿ ñèãíàëà, ïîäñ÷åòà ïðåâûøåíèé ïîðîãà, ñïåêòðàëüíîé ïëîòíîñòè è ò.ä.). Êîíå÷íàÿ
öåëü ìåòîäà ÀÝ-äèàãíîñòèêè – îöåíêà ñîñòîÿíèÿ êîíòðîëèðóåìîãî îáúåêòà, ó÷èòû-
âàþùàÿ ñëîæíûé õàðàêòåð âçàèìîäåéñòâèÿ ýëåìåíòîâ åãî ñòðîåíèÿ è îñîáåííîñòè
ïîâåäåíèÿ ìàòåðèàëà â ðåçóëüòàòå âíåøíåãî âîçäåéñòâèÿ. Èçâåñòíî [7–17], ÷òî êà-
÷åñòâåííîå èçìåíåíèå ñâîéñòâ ìàòåðèàëà ìàøèí è êîíñòðóêöèé â ïðîöåññå èõ ýêñ-
ïëóàòàöèè çàâèñèò îò êîìïëåêñà âçàèìîñâÿçàííûõ ïðîöåññîâ ìåõàíè÷åñêîãî (óñòà-
ëîñòü, íàêîïëåíèå äåôîðìàöèè è ò.ï.) è ôèçèêî-õèìè÷åñêîãî (êîððîçèÿ, ýðîçèÿ, àä-
ñîðáöèÿ è ò.ï.) ïðîèñõîæäåíèÿ, èìåþùèõ ýíåðãåòè÷åñêóþ ïðèðîäó, íà÷èíàÿ ñ àòîì-
íî-ìîëåêóëÿðíîãî óðîâíÿ è êîí÷àÿ óðîâíåì äåòàëåé è óçëîâ. Ýòî îçíà÷àåò, ÷òî ïàðà-
ìåòðû ñèãíàëîâ ÀÝ, ÿâëÿþùèåñÿ, êàê ïðàâèëî, îòîáðàæåíèåì óêàçàííûõ ïðîöåñ-
ñîâ, îïðåäåëÿþòñÿ ñîâîêóïíîñòüþ ñëó÷àéíûõ ñèòóàöèé. Ïîýòîìó ðåøåíèå çàäà÷è
äèàãíîñòèêè óñòàíîâëåíèåì êîððåëÿöèîííûõ ñâÿçåé ìåæäó ïàðàìåòðàìè ñèãíàëîâ
ÀÝ è âèäàìè ïîâðåæäåíèé èëè çàâèñèìîñòüþ íàïðÿæåíèå–äåôîðìàöèÿ èìååò î÷å-
âèäíûé íåäîñòàòîê. Ìîæíî òîëüêî ïðåäïîëîæèòü, ÷òî â ìàòåðèàëå îáúåêòà ïðè åãî
ýêñïëóàòàöèè ðåàëèçóåòñÿ èìåííî òî íàïðÿæåííî-äåôîðìèðóåìîå ñîñòîÿíèå, äëÿ
êîòîðîãî òàêàÿ ñâÿçü áûëà óñòàíîâëåíà. Ïîñëåäíåå ñ ó÷åòîì îñîáåííîñòåé ðàñïðî-
ñòðàíåíèÿ ñèãíàëîâ ÀÝ ïðèâîäèò ê íåîáõîäèìîñòè äàëüíåéøåé ðàçðàáîòêè ìåòî-
äîâ ðåøåíèÿ çàäà÷ ÀÝ-äèàãíîñòèêè, îñíîâàííûõ íà ìåõàíèçìå èçó÷àåìîãî ÿâëåíèÿ.

Ìàòåðèàëû è ìåòîäû

Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ áûëà âûáðàíà ñïîêîéíàÿ íåëåãèðîâàííàÿ êà-
÷åñòâåííàÿ ñòàëü 20 â íîðìàëèçîâàííîì ñîñòîÿíèè ñ ïåðëèòíî-ôåððèòíîé ñòðóêòó-
ðîé (ðèñ. 1), èñïîëüçóåìàÿ äëÿ äåòàëåé ñâàðíûõ êîíñòðóêöèé ñ áîëüøèì îáúåìîì
ñâàðêè, à òàêæå òðóáîïðîâîäîâ, êîëëåêòîðîâ è äåòàëåé, ðàáîòàþùèõ ïðè òåìïåðà-
òóðå îò –40 äî 450 °Ñ ïîä äàâëåíèåì.

Èçìåðåííûå ìåõàíè÷åñêèå õàðàêòåðèñòèêè ìåòàëëà ñîñòàâèëè: ïðåäåë ïðî÷íî-
ñòè σâ = 442 ÌÏà, óñëîâíûé ïðåäåë òåêó÷åñòè σ0,2 = 275 ÌÏà, îòíîñèòåëüíîå óäëè-
íåíèå δ = 27% (ðèñ. 2).

Õèìè÷åñêèé ñîñòàâ èññëåäóåìîãî ìàòåðèàëà: 0,19% Ñ, 0,45% Mn, 0,2% Si,
0,08% Cr, 0,06% Ni, 0,05% Cu, 0,02% S, 0,01% P. Èçîáðàæåíèÿ ñòðóêòóðû èññëå-
äóåìîãî ìàòåðèàëà ïîëó÷åíû íà îïòè÷åñêîì ìåòàëëîãðàôè÷åñêîì ìèêðîñêîïå
KEYENCE VHX-1000. Õèìè÷åñêèé ñîñòàâ îïðåäåëÿëñÿ ñ ïîìîùüþ îïòèêî-ýìèñ-
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ñèîííîãî ñïåêòðîìåòðà QSN 750-II ôèðìû OBLF. Ìåõàíè÷åñêèå ñâîéñòâà ìàòåðèà-
ëà îïðåäåëÿëèñü ïóòåì èñïûòàíèÿ íà ðàñòÿæåíèå ñòàíäàðòíûõ ïëîñêèõ îáðàçöîâ
¹21 ïî ÃÎÑÒó 1497-84. Èñïûòàíèå íà ðàñòÿæåíèå ïðè îïðåäåëåíèè ìåõàíè÷åñêèõ
ñâîéñòâ ìàòåðèàëà è èñïûòàíèå íà ðàñòÿæåíèå ïëîñêèõ îáðàçöîâ (ðèñ. 3) ñ îäíî-
âðåìåííîé ðåãèñòðàöèåé ÀÝ ïðîâîäèëîñü íà óíèâåðñàëüíîé èñïûòàòåëüíîé ìàøè-
íå ôèðìû Tinius OIlsen Ltd, ìîäåëü H100KU, ïðè ñêîðîñòè ïåðåìåùåíèÿ àêòèâíîãî
çàõâàòà 0,05 ì/ìèí.

Ðåãèñòðàöèÿ ñèãíàëîâ ÀÝ ïðîâîäèëàñü ñ èñïîëüçîâàíèåì øèðîêîïîëîñíûõ äàò-
÷èêîâ GT350 ôèðìû GlobalTest è àíàëîãî-öèôðîâîãî ïðåîáðàçîâàòåëÿ NationalInstru-
ments 6363X ñ ïîñëåäóþùèì ñîõðàíåíèåì ðåçóëüòàòîâ ðåãèñòðàöèè â âèäå âðåìåí-
íîãî ðÿäà â ïàìÿòè êîìïüþòåðà. Èçìåíåíèå âî âðåìåíè äåéñòâóþùåãî íà èñïûòóå-
ìûé îáðàçåö íàïðÿæåíèÿ ðåãèñòðèðîâàëîñü ñ òî÷íîñòüþ 0,5% ñðåäñòâàìè èñïûòà-
òåëüíîé ìàøèíû. Ôðàãìåíò çàðåãèñòðèðîâàííîãî ñèãíàëà ÀÝ äëÿ íà÷àëüíîé ñòà-
äèè íàãðóæåíèÿ èñïûòóåìîãî îáðàçöà ïðåäñòàâëåí íà ðèñ. 4.

Ðèñ. 1. Ñòðóêòóðà ñòàëè 20: à – óâåëè÷åíèå â 200 ðàç, á – óâåëè÷åíèå â 1000 ðàç

à) á)

400

500

0               5          10          15          20         25          30

Ðèñ. 2. Êðèâàÿ çàâèñèìîñòè íàïðÿæåíèÿ îò äåôîðìàöèè äëÿ ñòàëè 20

Äåôîðìàöèÿ, %

100

200

300

Í
àï

ðÿ
æ

åí
èå

, Ì
Ï

à

Ðèñ. 3. Îáðàçåö äëÿ èñïûòàíèé íà ðàñòÿæåíèå ñ îäíîâðåìåííîé ðåãèñòðàöèåé ñèãíàëîâ ÀÝ

20±0,26

40
±0

,3
1

20±0,26

30±0,26

65±0,37 40±0,3112
±0

,0
5

R20+1

∅15+0,43

2 îòâ.



191

Îáúåì çàðåãèñòðèðîâàííîãî âðåìåííîãî ðÿäà àìïëèòóä ñèãíàëà ÀÝ çà âðåìÿ
èñïûòàíèÿ ñîñòàâèë 1048576 çíà÷åíèé. Ïîñëå îòñå÷åíèÿ øóìîâîé êîìïîíåíòû ïî-
ðîãîì 0,001 ìÂ âðåìåííîé ðÿä ñèãíàëîâ ÀÝ ñîêðàòèëñÿ äî 578 çíà÷åíèé (ðèñ. 5).

Ñ ïðèâÿçêîé êî âðåìåíè èñïûòàíèÿ çíà÷èòåëüíîå ïðåâûøåíèå ñèãíàëà ÀÝ íàä
óðîâíåì øóìà äî 12 äÁ è 8 äÁ íàáëþäàëîñü â îáëàñòè ïëîùàäêè òåêó÷åñòè è çîíå
íåîáðàòèìîãî ðàçðóøåíèÿ (ðèñ. 6).

 Ñðàâíèòåëüíûé àíàëèç àìïëèòóäíîãî ðàñïðåäåëåíèÿ ñèãíàëà ÀÝ äëÿ îáëàñòè
ïëîùàäêè òåêó÷åñòè è îáëàñòè ðàçðóøåíèÿ ïðîâîäèëñÿ ïî âåëè÷èíå èíôîðìàöèîí-
íîé ýíòðîïèè, ôðàêòàëüíîé ðàçìåðíîñòè è ïàðàìåòðó ñàìîîðãàíèçàöèè.

Ðèñ. 4. Ôðàãìåíò ñèãíàëà ÀÝ

Ðèñ. 6. Èçìåíåíèå âî âðåìåíè íàïðÿæåíèÿ è àìïëèòóäû ñèãíàëà ÀÝ
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Ðàñ÷åò èíôîðìàöèîííîé ýíòðîïèè ïðîèçâîäèëñÿ ïî ñòàíäàðòíîìó àëãîðèòìó
[18–20]:

,lninf ∑−=
i

ii ppS (1)

ãäå pi – âåðîÿòíîñòü. Ñðåäñòâàìè Microsoft Excel áûëè ïîñòðîåíû ãèñòîãðàììû ðàñ-
ïðåäåëåíèÿ ïî âåðîÿòíîñòè óêàçàííûõ âûøå ñèãíàëîâ (ðèñ. 7).

Îïðåäåëåíèå ôðàêòàëüíîé ðàçìåðíîñòè D ïðîâîäèëîñü ïî ôîðìóëå D = 2 – H,
ãäå H – ïîêàçàòåëü Õåðñòà, êîòîðûé îïðåäåëÿåòñÿ ìåòîäîì íîðìèðîâàííîãî ðàçìà-
õà [21, 22] êàê

.
2/ln

/ln
n

SRH
π

= (2)

Çäåñü S – ñòàíäàðòíîå îòêëîíåíèå, R – ðàçíîñòü ìåæäó ìàêñèìàëüíûì è ìèíèìàëü-
íûì îòêëîíåíèåì îò ñðåäíåãî, âûðàæåíèå äëÿ êîòîðîãî èìååò âèä

).(min)(max meanmean AAAAR ii −−−= (3)

Âû÷èñëåíèå çíà÷åíèÿ ïàðàìåòðà ñàìîîðãàíèçàöèè ïðîâîäèëîñü ñ èñïîëüçîâà-
íèåì ñòàòèñòè÷åñêîé ìîäåëè ðàñïðåäåëåíèÿ Äèðèõëå êàê îòíîøåíèå ñóììàðíîãî
âçâåøåííîãî êîëè÷åñòâà âûÿâëåííûõ â àíàëèçèðóåìîì ÷èñëîâîì ðÿäå çàðåãèñòðè-
ðîâàííîãî ñèãíàëà ìîäåëåé Äèðèõëå i-é ðàçìåðíîñòè, èìåþùèõ îòðèöàòåëüíîå çíà-
÷åíèå âíåøíåé (ïîòîêà) ýíòðîïèè, ê ñóììàðíîìó âçâåøåííîìó êîëè÷åñòâó ìîäåëåé
Äèðèõëå, èìåþùèõ ïîëîæèòåëüíîå çíà÷åíèå âíåøíåé ýíòðîïèè [23–25]:

.
∑
∑
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c iQ
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Â êà÷åñòâå ìåðû ñòðóêòóðû ïàðàìåòðà ñàìîîðãàíèçàöèè ïðèíÿòà âåëè÷èíà Kci
âêëàäà â çíà÷åíèå ïàðàìåòðà ìîäåëåé Äèðèõëå ðàçíîé ðàçìåðíîñòè:

.
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Ðèñ. 7. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïî âåðîÿòíîñòè ñèãíàëîâ ÀÝ:
a – çîíà ïëîùàäêè òåêó÷åñòè, á – çîíà ðàçðóøåíèÿ
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  Ðåçóëüòàòû è îáñóæäåíèå

Ïîëó÷åííûå çíà÷åíèÿ èíôîðìàöèîííîé ýíòðîïèè, ôðàêòàëüíîé ðàçìåðíîñòè è
ïàðàìåòðà ñàìîîðãàíèçàöèè àìïëèòóäíîãî ðàñïðåäåëåíèÿ ñèãíàëà ÀÝ äëÿ îáëàñòè
ïëîùàäêè òåêó÷åñòè è îáëàñòè ðàçðóøåíèÿ ïðèâåäåíû â òàáëèöå 1.

Òàáëèöà 1
Ñòàòèñòè÷åñêèå ïàðàìåòðû ñèãíàëà ÀÝ

äëÿ îáëàñòè ïëîùàäêè òåêó÷åñòè è îáëàñòè ðàçðóøåíèÿ
Sinf D Kc

Îáëàñòü ïëîùàäêè òåêó÷åñòè 1,34 1,69 2,84
Îáëàñòü ðàçðóøåíèÿ 0,88 1,67 0,14

Íà ðèñ. 8 ïðåäñòàâëåíà ñòðóêòóðà ïàðàìåòðà ñàìîîðãàíèçàöèè àìïëèòóäíîãî
ðàñïðåäåëåíèÿ ñèãíàëà ÀÝ äëÿ îáëàñòè ïëîùàäêè òåêó÷åñòè è îáëàñòè ðàçðóøåíèÿ.

Êàê âèäíî èç ðåçóëüòàòîâ, ïðèâåäåííûõ â òàáëèöå 1, èíôîðìàöèîííàÿ ýíòðî-
ïèÿ Sinf, ôðàêòàëüíàÿ ðàçìåðíîñòü D è ïàðàìåòð ñàìîîðãàíèçàöèè Kc ñèãíàëà ÀÝ
äëÿ îáëàñòè ðàçðóøåíèÿ èìåþò ìåíüøèå çíà÷åíèÿ, ÷åì â îáëàñòè ïëîùàäêè òåêó÷åñ-
òè. Ïðè ýòîì íàèáîëüøåå èçìåíåíèå â çíà÷åíèÿõ íàáëþäàåòñÿ äëÿ ïîêàçàòåëÿ ñàìî-
îðãàíèçàöèè è íàèìåíüøåå äëÿ ôðàêòàëüíîé ðàçìåðíîñòè. Ïàðàìåòðû ñèãíàëà ÀÝ,
âîçíèêàþùåãî â ðåçóëüòàòå ëîêàëüíîé äèíàìè÷åñêîé ïåðåñòðîéêè ñòðóêòóðû ìàòå-
ðèàëà â çîíå ðàçðóøåíèÿ, ñòàíîâÿòñÿ ìåíåå õàîòè÷íûìè (óìåíüøåíèå Sinf) è ìåíåå
êëàñòåðèçîâàííûìè (óìåíüøåíèå D). Åñëè ðàññìàòðèâàòü ñàìîîðãàíèçàöèþ êàê
ïðîöåññ, ñóùíîñòü êîòîðîãî ñîñòîèò â ôîðìèðîâàíèè ñîâîêóïíîñòè âçàèìîäåéñòâèé,
âåäóùèõ ê ñîçäàíèþ ñòàáèëüíîé ðåàêöèè ñòðóêòóðû ìàòåðèàëà íà âíåøíåå âîçäåé-
ñòâèå, òî, êàê ñëåäóåò èç äàííûõ òàáëèöû 1, óìåíüøåíèå ïàðàìåòðà ñàìîîðãàíèçà-
öèè ñâèäåòåëüñòâóåò î ñíèæåíèè óñòîé÷èâîñòè ñòðóêòóðû ìàòåðèàëà â çîíå ðàçðó-
øåíèÿ ê òàêîìó âîçäåéñòâèþ. Êðîìå ýòîãî, ïðè ïåðåõîäå â çîíó ðàçðóøåíèÿ èçìå-
íÿåòñÿ ìåõàíèçì ïëàñòè÷åñêîé äåôîðìàöèè è óñëîâèÿ ôîðìèðîâàíèÿ ñèãíàëà ÀÝ.
Åñëè â îáëàñòè ïëîùàäêè òåêó÷åñòè çà ôîðìèðîâàíèå ïàðàìåòðà ñàìîîðãàíèçàöèè
ñèãíàëà ÀÝ îòâå÷àåò äåñÿòèìåðíàÿ ìîäåëü Äèðèõëå, òî â çîíå ðàçðóøåíèÿ ýòîò ïà-

Ðèñ. 8. Ñòðóêòóðà ïàðàìåòðà ñàìîîðãàíèçàöèè àìïëèòóäíîãî ðàñïðåäåëåíèÿ ñèãíàëà ÀÝ
äëÿ îáëàñòè ïëîùàäêè òåêó÷åñòè è îáëàñòè ðàçðóøåíèÿ
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ðàìåòð ñôîðìèðîâàí òîëüêî íà áàçå ïÿòèìåðíîé ìîäåëè, ïîñêîëüêó âêëàä ìîäåëåé
áîëåå âûñîêîãî ïîðÿäêà ðàâåí íóëþ (ñì. ðèñ. 8).

Çàêëþ÷åíèå

Ïðåäëàãàåìûé ïîäõîä ê àíàëèçó àìïëèòóäíîãî ðàñïðåäåëåíèÿ èìïóëüñîâ àêóñ-
òè÷åñêîé ýìèññèè ÿâëÿåòñÿ ïîïûòêîé àâòîðîâ ñ ïîçèöèé ñèíåðãåòèêè ðåøèòü çàäà-
÷ó îöåíêè âîçíèêàþùèõ â ïðîöåññå ïëàñòè÷åñêîé äåôîðìàöèè ïîâðåæäåíèé ñòðóê-
òóðû ìàòåðèàëà. Ïðîâåäåííîå èññëåäîâàíèå ïîêàçàëî, ÷òî ïàðàìåòð ñàìîîðãàíèçà-
öèè àìïëèòóäíîãî ðàñïðåäåëåíèÿ ñèãíàëà ÿâëÿåòñÿ íàèáîëåå èíôîðìàòèâíûì ïðè
îïèñàíèè ïðîöåññîâ, ñâÿçàííûõ ñ àêóñòè÷åñêîé ýìèññèåé. Â êà÷åñòâå äîïîëíèòåëü-
íîé èíôîðìàöèè öåëåñîîáðàçíî èñïîëüçîâàòü äàííûå î ñòðóêòóðå ïàðàìåòðà ñàìî-
îðãàíèçàöèè. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î âîçìîæíîñòè ïðèìåíåíèÿ
ñòàòèñòè÷åñêîé ìîäåëè ðàñïðåäåëåíèÿ Äèðèõëå â êà÷åñòâå ìîäåëè ïðîöåññîâ, ñâÿ-
çàííûõ ñ ïîÿâëåíèåì ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè îò èñòî÷íèêîâ çàðîæäàþùèõñÿ
è ðàçâèâàþùèõñÿ äåôåêòîâ ïðè øòàòíûõ èñïûòàíèÿõ èçäåëèé èç êîíñòðóêöèîííûõ
óãëåðîäèñòûõ êà÷åñòâåííûõ ñòàëåé ñ ïåðëèòíî-ôåððèòíîé ñòðóêòóðîé.
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STUDY ACOUSTIC EMISSION SIGNALS AT TENSION STEEL 20
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An investigation was made of acoustic emission signals during uniaxial tensile testing of flat
specimens of steel 20 used for parts of welded structures with a large volume of welding, as well as
pipelines, collectors and other parts operating at temperatures from –40 to 450 °C under pressure.
Tensile testing with simultaneous registration of acoustic emission was carried out on a universal
testing machine manufactured by Tinius OIlsen Ltd, model H100KU, at a movement speed of the
active gripper of 0.05 meters per minute. Registration of AE signals was carried out using wideband
GT350 sensors from GlobalTest and an analog-to-digital converter NationalInstruments 6363X
with subsequent storage of the registration results in the form of a time series in the computer
memory. A comparative analysis of the amplitude distribution of the AE signal for the area of the
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yield area and the area of destruction was carried out according to the value of information entropy,
fractal dimension, and self-organization parameter. It was found that the parameter of self-
organization of the amplitude distribution of the signal is the most informative in describing the
processes associated with acoustic emission. As additional information, it is advisable to use data
on the structure of the self-organization parameter. The results obtained indicate the possibility of
using the statistical model of the Dirichlet distribution as a model of processes associated with the
appearance of acoustic emission signals from sources of incipient and developing defects during
routine tests of products made of structural carbon high-quality steels with a pearlite-ferrite structure.
The paper presents a version of the model and modeling algorithms for FE-modeling corrosion
cracking processes in structural elements loaded by pressure and exposed to aggressive corrosion
media. To assess the effectiveness of the present models and algorithms, the failure process of a
thin-walled tubular specimen partly submerged into a chlorine-containing liquid and loaded by
axial tension is numerically modeled.

Keywords: acoustic emission, informative parameters, amplitude distribution, self-organization,
Dirichlet distribution, flat pattern.


