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Ðàññìîòðåí ñïîñîá óëüòðàçâóêîâîãî êîíòðîëÿ ìåõàíè÷åñêèõ íàïðÿæåíèé, ó÷èòûâàþ-

ùèé íåîäíîðîäíîñòü ñòðóêòóðû ìàòåðèàëà è íå òðåáóþùèé ðàçãðóçêè êîíñòðóêöèè èëè

èñïîëüçîâàíèÿ îáðàçöîâ ýòàëîíîâ. Ñïîñîá îñíîâàí íà èçìåðåíèè ýõî-ìåòîäîì âðåìåí

ðàñïðîñòðàíåíèÿ îáúåìíûõ óïðóãèõ âîëí è îïðåäåëåíèè îòíîñèòåëüíûõ âåëè÷èí í31 è

í32, ñâÿçàííûõ ñî ñòðóêòóðîé ìàòåðèàëà è ìåõàíè÷åñêèìè íàïðÿæåíèÿìè. Óñòàíîâëåíî,

÷òî â êàòàíîì ìàòåðèàëå ìåæäó ïàðàìåòðàìè í31 è í32 â îòñóòñòâèå ìåõàíè÷åñêèõ íà-

ïðÿæåíèé ñóùåñòâóåò ëèíåéíàÿ ñâÿçü, êîòîðàÿ íàðóøàåòñÿ â ïðèñóòñòâèè íàïðÿæåíèé.

Íà áàçå äàííîãî ýôôåêòà ïîñòðîåí ñïîñîá îïðåäåëåíèÿ ðàçíîñòè ãëàâíûõ íàïðÿæåíèé.

Ïîêàçàíû îñíîâíûå îòëè÷èÿ ðàçðàáîòàííîãî ñïîñîáà îò èçâåñòíûõ ìåòîäîâ óëüòðàçâó-

êîâîãî êîíòðîëÿ íàïðÿæåíèé, òåîðåòè÷åñêè îáîñíîâàí ýôôåêò, ïîçâîëÿþùèé ó÷èòû-

âàòü íåîäíîðîäíîñòü ñòðóêòóðû ìàòåðèàëà, ïðèâåäåí ïðèìåð àïðîáàöèè. Íà îñíîâå âû-

ðàæåíèé äëÿ ñêîðîñòåé ðàñïðîñòðàíåíèÿ îáúåìíûõ óïðóãèõ âîëí â îðòîòðîïíîì ìàòå-

ðèàëå, ñîñòîÿùåì èç êóáè÷åñêèõ êðèñòàëëèòîâ, è äîïóùåíèè î íàëè÷èè ñôîðìèðîâàâ-

øåéñÿ ïðè ïðîêàòêå ìåòàëëà ïðîñòîé ïðîïîðöèîíàëüíîé ñâÿçè ìåæäó êîýôôèöèåíòàìè

ôóíêöèè ðàñïðåäåëåíèÿ îðèåíòèðîâîê ïîëó÷åíî àíàëèòè÷åñêîå âûðàæåíèå, êîòîðîå

îïèñûâàåò ñâÿçü ìåæäó ïàðàìåòðàìè í31 è í32 â îòñóòñòâèå ìåõàíè÷åñêèõ íàïðÿæåíèé.

Ïðèâåäåíû ðåçóëüòàòû ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ, êîòîðûå ïîäòâåðæäàþò ýêñïå-

ðèìåíòàëüíî íàáëþäàåìóþ ëèíåéíóþ ñâÿçü ìåæäó ïàðàìåòðàìè í31 è í32 â îòñóòñòâèå

ìåõàíè÷åñêèõ íàïðÿæåíèé. Ïðèâåäåí ïðèìåð èñïîëüçîâàíèÿ ñïîñîáà äëÿ îïðåäåëåíèÿ

îñòàòî÷íûõ íàïðÿæåíèé â ñòàëüíîé ñâàðíîé ïëàñòèíå. Ïðîâåäåíî ñðàâíåíèå ðåçóëüòà-

òîâ óëüòðàçâóêîâûõ è ýëåêòðîòåíçîìåòðè÷åñêèõ èçìåðåíèé. Îòìå÷åíû îñîáåííîñòè

îïèñàííîãî ñïîñîáà îïðåäåëåíèÿ íàïðÿæåíèé è îáîçíà÷åíû ãðàíèöû ïðèìåíèìîñòè.

Êëþ÷åâûå ñëîâà: óëüòðàçâóêîâîé ýõî-ìåòîä; ìåõàíè÷åñêèå íàïðÿæåíèÿ; óïðóãèå âîë-
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A method of ultrasonic control of the mechanical stresses which takes into account the heterogeneity of

the material structure and does not require unloading of the structure or using reference samples is

considered. The procedure is based on echo-method of measuring time of the bulk elastic wave propa-

gation and determination of the relative values í31 and í32 related to the material structure and me-

chanical stresses. It is shown that stresses violate the linearity of the relationship observed between

the parameters in the absence of the mechanical stresses in the rolled material. This effect formed a

basis for developing a method of the deviator stress determination. The purpose of the study is to dem-

onstrate the main advantages of the developed method against the known ultrasonic techniques used

for evaluation of the mechanical stresses, give theoretical grounds to the effect which allows taking

into account the heterogeneity of the material structure, and also to exemplify the procedure. An ana-

lytical expression is derived using bulk elastic wave velocity in an orthotropic material composed of cu-

bic crystallites and an assumption on the existence of simple proportional relationship between the
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coefficients of the orientation distribution function in rolled metal. Presented results of the mathemat-

ical modeling confirm the experimentally observed linear dependence between the parameters í31 and

í32 in the absence of mechanical stresses. The results of evaluating residual stresses in a welded steel

plate are presented as an example of the applicability of the developed procedure. Data of ultrasonic

technique and data of strain gage measurements are compared. The features of the described method

of stress determination are marked and the applicability limits are specified.

Keywords: ultrasonic echo-method; mechanical stresses; elastic waves; structural heterogeneity;

texture.

Àíàëèç íàïðÿæåííîãî ñîñòîÿíèÿ ìàòåðèàëà —

ñëîæíàÿ íàó÷íî-òåõíè÷åñêàÿ ïðîáëåìà, ðåøåíèå

êîòîðîé íåîáõîäèìî äëÿ îáåñïå÷åíèÿ áåçîïàñíîé

ýêñïëóàòàöèè ìàøèí è êîíñòðóêöèé. Âûñîêèå

ìåõàíè÷åñêèå íàïðÿæåíèÿ â ìàòåðèàëå, êàê èç-

âåñòíî, ìîãóò ñòàòü îäíîé èç ïðè÷èí ðàçðóøåíèÿ.

Â íàñòîÿùåå âðåìÿ ïðè îïðåäåëåíèè ìåõàíè-

÷åñêèõ íàïðÿæåíèé â ýëåìåíòàõ êîíñòðóêöèé

øèðîêî ïðèìåíÿþò ðàçëè÷íûå ìåòîäû íåðàçðó-

øàþùåãî êîíòðîëÿ. Óëüòðàçâóêîâîé êîíòðîëü

íàïðÿæåííîãî ñîñòîÿíèÿ îñíîâàí íà ýôôåêòå

àêóñòîóïðóãîñòè, êîòîðûé îòðàæàåò âëèÿíèå ìå-

õàíè÷åñêèõ íàïðÿæåíèé íà ñêîðîñòè ðàñïðîñòðà-

íåíèÿ óïðóãèõ âîëí. Òåîðåòè÷åñêèå îñíîâû ïðè-

ìåíåíèÿ àêóñòîóïðóãîãî ýôôåêòà, âëèÿíèå íà

íåãî ðàçëè÷íûõ ôàêòîðîâ, à òàêæå ðàñ÷åòíûå àë-

ãîðèòìû äëÿ âû÷èñëåíèÿ íàïðÿæåíèé ïî ðåçóëü-

òàòàì èçìåðåíèÿ ñêîðîñòåé èëè âðåìåí ðàñïðî-

ñòðàíåíèÿ óïðóãèõ âîëí â ðåàëüíûõ êîíñòðóêöè-

îííûõ ìàòåðèàëàõ ïîäðîáíî ðàññìîòðåíû, íà-

ïðèìåð, â ðàáîòàõ [1 – 4]. Îäíàêî ñóùåñòâóþùèå

ñïîñîáû îïðåäåëåíèÿ ìåõàíè÷åñêèõ íàïðÿæåíèé

ñ ïîìîùüþ óëüòðàçâóêà, â òîì ÷èñëå èíæåíåðíûå

ìåòîäèêè, ðåãëàìåíòèðóåìûå íàöèîíàëüíûìè

ñòàíäàðòàìè [5, 6], òðåáóþò ïðîâåäåíèÿ èçìåðå-

íèé íà÷àëüíûõ (ñîáñòâåííûõ) çíà÷åíèé ñêîðî-

ñòåé èëè âðåìåí ðàñïðîñòðàíåíèÿ óïðóãèõ âîëí,

ñâÿçàííûõ ñî ñòðóêòóðîé ìàòåðèàëà; ïðè ýòîì

ïðåäïîëàãàåòñÿ, ÷òî îáúåêò êîíòðîëÿ äîëæåí íà-

õîäèòüñÿ â ðàçãðóæåííîì ñîñòîÿíèè.

Íåñìîòðÿ íà ìíîãî÷èñëåííûå èññëåäîâàíèÿ,

ïðîáëåìà ðàçäåëåíèÿ âëèÿíèÿ ìåõàíè÷åñêèõ íà-

ïðÿæåíèé è ñòðóêòóðû íà ïàðàìåòðû ðàñïðî-

ñòðàíåíèÿ óïðóãèõ âîëí îñòàåòñÿ îäíîé èç âàæ-

íåéøèõ ïðè îïðåäåëåíèè íàïðÿæåííîãî ñîñòîÿ-

íèÿ ðåàëüíûõ êîíñòðóêöèîííûõ ìàòåðèàëîâ

óëüòðàçâóêîâûì ìåòîäîì è øèðîêî îáñóæäàåòñÿ

â íàó÷íîì ñîîáùåñòâå. Ðàçðàáîòêà ñïîñîáà óëüò-

ðàçâóêîâîãî êîíòðîëÿ ìåõàíè÷åñêèõ íàïðÿæå-

íèé, ó÷èòûâàþùåãî âëèÿíèå ñòðóêòóðíîé íåîä-

íîðîäíîñòè ìàòåðèàëà è íå òðåáóþùåãî ðàçãðóç-

êè êîíñòðóêöèè, ïðåäñòàâëÿåò î÷åâèäíûé íàó÷-

íûé è êîììåð÷åñêèé èíòåðåñ.

Ðàíåå óæå áûë ïðåäëîæåí è çàïàòåíòîâàí

óëüòðàçâóêîâîé ñïîñîá îöåíêè îñòàòî÷íûõ íà-

ïðÿæåíèé I ðîäà â îñíîâíîì ìåòàëëå ñâàðíûõ ñî-

åäèíåíèé áåç ðàçãðóçêè êîíñòðóêöèè [7, 8].

Öåëè äàííîé ðàáîòû — ïîêàçàòü îñíîâíûå

ïðåèìóùåñòâà ðàçðàáîòàííîãî ñïîñîáà ïåðåä èç-

âåñòíûìè ìåòîäàìè óëüòðàçâóêîâîãî êîíòðîëÿ

íàïðÿæåíèé, òåîðåòè÷åñêè îáîñíîâàòü ýôôåêò,

ïîçâîëÿþùèé ó÷èòûâàòü íåîäíîðîäíîñòü ñòðóê-

òóðû ìàòåðèàëà, è ïðèâåñòè ïðèìåð àïðîáàöèè

ñïîñîáà.

Ïðè îäíîñòîðîííåì äîñòóïå ê ïëîñêèì ýëå-

ìåíòàì êîíñòðóêöèè ñ âûñîêîé òî÷íîñòüþ

ýõî-ìåòîäîì èçìåðÿþò âðåìåíà ðàñïðîñòðàíåíèÿ

îáúåìíûõ óïðóãèõ âîëí. ×åðåç âðåìåíà ðàñïðî-

ñòðàíåíèÿ óïðóãèõ âîëí âûðàæàþò îòíîñèòåëü-

íûå âåëè÷èíû, êîòîðûå èñïîëüçóþò äëÿ îöåíêè

ìåõàíè÷åñêèõ íàïðÿæåíèé:
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ãäå v1 è v2 — ñêîðîñòè ïîïåðå÷íûõ âîëí, ïîëÿ-

ðèçîâàííûõ âî âçàèìíî ïåðïåíäèêóëÿðíûõ íà-

ïðàâëåíèÿõ; v3 — ñêîðîñòü ïðîäîëüíîé âîëíû; t1

è t2 — âðåìåíà ðàñïðîñòðàíåíèÿ ïîïåðå÷íûõ

âîëí; t3 — âðåìÿ ðàñïðîñòðàíåíèÿ ïðîäîëüíîé

âîëíû. Äëÿ èçîòðîïíîãî ìàòåðèàëà í31 = í32 = í,

ãäå í — êîýôôèöèåíò Ïóàññîíà.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâà-

íèé îáðàçöîâ èç êàòàíûõ ëèñòîâûõ ñòàëåé

(ðèñ. 1) ïîêàçûâàþò, ÷òî â îòñóòñòâèå îñòàòî÷íûõ

íàïðÿæåíèé â êàòàíîì ìàòåðèàëå ñóùåñòâóåò ëè-

íåéíàÿ ñâÿçü ìåæäó âåëè÷èíàìè í31 è í32:

í32 = Bí31 + Q, (3)

ãäå êîýôôèöèåíòû B è Q îïðåäåëÿþò ìåòîäîì

íàèìåíüøèõ êâàäðàòîâ.

Àáñîëþòíîå çíà÷åíèå ïîãðåøíîñòè îïðåäåëå-

íèÿ âåëè÷èí í31 è í32 ñ ïîìîùüþ óëüòðàçâóêîâîãî

ýõî-ìåòîäà íå ïðåâûøàåò 2 · 10–4, ÷òî ñóùåñòâåí-

íî íèæå, ÷åì ðàçáðîñ äàííûõ âåëè÷èí â èññëåäî-

âàííûõ îáðàçöàõ. Ìåòîäèêà óëüòðàçâóêîâûõ èç-

ìåðåíèé èçëîæåíà â ðàáîòå [7].
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Ïðèñóòñòâèå ìåõàíè÷åñêèõ íàïðÿæåíèé ïðè-

âîäèò ê îòêëîíåíèþ çíà÷åíèé í31 è í32 îò ïðÿìîé

(ðèñ. 2):

äí = í32 – Bí31 – Q. (4)

Â ôîðìóëå (3) ïîä í31 è í32 èìåþòñÿ â âèäó

çíà÷åíèÿ, îïðåäåëåííûå â îòñóòñòâèå íàïðÿæå-

íèé, à â ôîðìóëå (4) — çíà÷åíèÿ, íàéäåííûå â

ïðèñóòñòâèè îñòàòî÷íûõ íàïðÿæåíèé.

Êàê ïîêàçàíî â [7], âåëè÷èíà îòêëîíåíèÿ

îò ïðÿìîé çàâèñèò îò ðàçíîñòè ãëàâíûõ íàïðÿ-

æåíèé

ó2 – ó1 = kíäí, (5)

ãäå kí — êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè, îï-

ðåäåëÿåìûé äëÿ èññëåäóåìîãî ìàòåðèàëà â õîäå

îáó÷àþùåãî ýêñïåðèìåíòà. Äëÿ èññëåäîâàííûõ

ëèñòîâûõ ñòàëåé Ñò3ñï, 15, 20, 09Ã2Ñ, 15Ã2ÑÔ

çíà÷åíèÿ êîýôôèöèåíòà îêàçàëèñü âåñüìà áëèç-

êèìè è ïðàêòè÷åñêè íå çàâèñÿùèìè îò ñòåïåíè

ïðîêàòà ëèñòà: kí = 200 – 240 ÃÏà.

Â êàæäîé çîíå èññëåäóåìîãî ó÷àñòêà êîíñò-

ðóêöèè, ãäå òðåáóåòñÿ ïîëó÷èòü ðàñïðåäåëåíèå

îñòàòî÷íûõ íàïðÿæåíèé, óëüòðàçâóêîâûì ýõî-

ìåòîäîì èçìåðÿþò âðåìåíà ðàñïðîñòðàíåíèÿ

óïðóãèõ âîëí è îïðåäåëÿþò âåëè÷èíû í31 è í32.

Íåîáõîäèìî, ÷òîáû èçìåðåíèÿ áûëè ïðîâåäåíû

òàêæå â çîíàõ, ãäå âëèÿíèå îñòàòî÷íûõ íàïðÿæå-

íèé çàâåäîìî ìàëî, íàïðèìåð, íà çíà÷èòåëüíîì

óäàëåíèè îò ñâàðíîãî øâà. Çàòåì àíàëèçèðóþò

êîððåëÿöèîííîå ïîëå òî÷åê {í31; í32} è ñòðîÿò

ïðÿìóþ, ñîîòâåòñòâóþùóþ çîíàì, ãäå íàïðÿæå-

íèÿ îòñóòñòâóþò (ó1 ) 0; ó2 ) 0). Äàëåå ìåòîäîì

íàèìåíüøèõ êâàäðàòîâ îïðåäåëÿþò êîýôôèöè-

åíòû B è Q è ðàññ÷èòûâàþò îòêëîíåíèÿ îò ïðÿ-

ìîé äëÿ âñåõ îñòàëüíûõ çîí. Çàòåì â êàæäîé çîíå

íà èññëåäóåìîì ó÷àñòêå êîíñòðóêöèè ñ ïîìîùüþ

âûðàæåíèÿ (5) îöåíèâàþò ðàçíîñòü ãëàâíûõ

íàïðÿæåíèé.

Îïèñàííûé ñïîñîá èñïîëüçîâàëè äëÿ îïðåäå-

ëåíèÿ îñòàòî÷íûõ íàïðÿæåíèé â ñâàðíîé ïëàñòè-

íå èç ñòàëè 20. Ïîëó÷åííîå ðàñïðåäåëåíèå çíà÷å-

íèé ðàçíîñòè ãëàâíûõ íàïðÿæåíèé â íåñêîëüêèõ

òî÷êàõ ñîâïàëî ñ ðåçóëüòàòàìè, ïîëó÷åííûìè

ýëåêòðîòåíçîìåòðè÷åñêèì ìåòîäîì (ðèñ. 3).

Èçâåñòíî, ÷òî ñòðóêòóðíàÿ íåîäíîðîäíîñòü

ìàòåðèàëà, âîçíèêàþùàÿ ïðè åãî ïðîèçâîäñòâå,

ïðèâîäèò ê íåîäíîðîäíîìó ðàñïðåäåëåíèþ óïðó-

ãèõ õàðàêòåðèñòèê [9]. Ðåçóëüòàòû óëüòðàçâóêî-

âûõ èññëåäîâàíèé áîëüøîãî êîëè÷åñòâà ïëîñêèõ

îáðàçöîâ èç ëèñòîâûõ ñòàëåé ïîêàçûâàþò, ÷òî

ðàñïðåäåëåíèå âåëè÷èí í31 è í32, õàðàêòåðèçó-

þùèõ óïðóãèå ñâîéñòâà ìàòåðèàëà, íå ñëó÷àéíî.
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Êîððåëÿöèîííîå ïîëå {í31; í32} äëÿ êàæäîãî îá-

ðàçöà (ñì. ðèñ. 1) àïïðîêñèìèðóåòñÿ ïðÿìîé ñ êî-

ýôôèöèåíòîì êîððåëÿöèè áîëåå 0,95.

Ñóùåñòâîâàíèå â îòñóòñòâèå íàïðÿæåíèé ëè-

íåéíîé ñâÿçè ìåæäó âåëè÷èíàìè í31 è í32, ïî-âè-

äèìîìó, ñâÿçàíî ñ îñîáåííîñòÿìè êðèñòàëëî-

ãðàôè÷åñêîé òåêñòóðû, ñôîðìèðîâàâøåéñÿ ïðè

ïðîêàòêå ìåòàëëà. Åñëè òåêñòóðà îáðàçîâàëàñü â

ðåçóëüòàòå îïðåäåëåííîãî âèäà îáðàáîòêè, íà-

ïðèìåð ïðîêàòêè, òî ìîæíî îæèäàòü, ÷òî êîìïî-

íåíòû òåêñòóðû âçàèìîñâÿçàíû [10].

Â ðàáîòå [10] íà îñíîâàíèè èññëåäîâàíèÿ

áîëüøîãî êîëè÷åñòâà ïëàñòèíîê èç ãîðÿ÷å-

êàòàíîé ñòàëè ñäåëàí âûâîä î íàëè÷èè ïðîñòîé

ïðîïîðöèîíàëüíîé ñâÿçè ìåæäó êîýôôèöèåí-

òàìè ôóíêöèè ðàñïðåäåëåíèÿ îðèåíòèðîâîê W400

è W420:

W420 = RW400, (6)

ãäå R — êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè.

Äëÿ îáðàçöîâ, ïðîêàòàííûõ ïðè òåìïåðà-

òóðàõ âûøå è íèæå ýâòåêòè÷åñêîé, áûëè ïîëó÷å-

íû ðàçíûå çíà÷åíèÿ R: R1 = –0,13 è R2 = –0,71

[10]. Î÷åâèäíî, êîýôôèöèåíò R äîëæåí çàâèñåòü

îò õèìè÷åñêîãî è ôàçîâîãî ñîñòàâîâ ñïëàâà.

Äëÿ ëèñòîâîãî ìàòåðèàëà, ñîñòîÿùåãî èç êó-

áè÷åñêèõ êðèñòàëëîâ, ñïðàâåäëèâû ñëåäóþùèå

âûðàæåíèÿ äëÿ ñêîðîñòåé óïðóãèõ âîëí, ðàñïðî-

ñòðàíÿþùèõñÿ ïî òîëùèíå [6]:
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ãäå K — ìîäóëü îáúåìíîé óïðóãîñòè; G — ìîäóëü

ñäâèãà; C — ôàêòîð àíèçîòðîïèè êðèñòàëëà; ñ —

ïëîòíîñòü.

Èç ñîâìåñòíîãî ðåøåíèÿ óðàâíåíèé (1), (2),

(6) – (9) ñëåäóåò ñâÿçü ìåæäó âåëè÷èíàìè í31 è í32

â îòñóòñòâèå íàïðÿæåíèé:

�
32
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. (10)

Âûðàæåíèå (10) íå ñîäåðæèò ïëîòíîñòè ñ è

ôàêòîðà àíèçîòðîïèè êðèñòàëëà C. Ïðè R = 0

îíî äàåò í31 = í32. Â äèàïàçîíå ðåàëüíûõ èçìåíå-

íèé âåëè÷èí í31 è í32 çàâèñèìîñòü (10) ìîæåò

ñ÷èòàòüñÿ ëèíåéíîé.

Íà ðèñ. 4 ïîêàçàíû çàâèñèìîñòè (10), ïîñòðî-

åííûå ïðè R1 = –0,13 è R2 = –0,71 äëÿ ìàòåðèàëà

ñ ìîäóëÿìè óïðóãîñòè K = 167,8 ÃÏà è G =

= 82,0 ÃÏà, èññëåäîâàííîãî â ðàáîòå [10].

Ïîñêîëüêó ìîäóëè K è G è êîýôôèöèåíò R

çàâèñÿò îò õèìè÷åñêîãî è ôàçîâîãî ñîñòàâîâ, ñëå-

äóåò îæèäàòü, ÷òî çàâèñèìîñòü (10) óíèêàëüíà

äëÿ êàæäîãî êîíêðåòíîãî ìàòåðèàëà.

Àíàëèòè÷åñêîå âûðàæåíèå (10) îáúÿñíÿåò

ýêñïåðèìåíòàëüíî íàáëþäàåìóþ â ðàçíûõ ëèñòî-

âûõ ñòàëÿõ ëèíåéíóþ ñâÿçü ìåæäó âåëè÷èíàìè

í31 è í32 â îòñóòñòâèå ìåõàíè÷åñêèõ íàïðÿæåíèé.

Ôàêò îòñóòñòâèÿ ëèíåéíîé ñâÿçè ìåæäó âåëè÷è-

íàìè í31 è í32 â ëèñòîâîì ìàòåðèàëå óêàçûâàåò

íà íàëè÷èå ìåõàíè÷åñêèõ íàïðÿæåíèé.

Â çàêëþ÷åíèå îòìåòèì îñíîâíûå îòëè÷èÿ

îïèñàííîãî ñïîñîáà îò êëàññè÷åñêèõ ìåòîäîâ îï-

ðåäåëåíèÿ íàïðÿæåíèé ìåòîäîì àêóñòîóïðóãîñòè

[1 – 6] è îáîçíà÷èì ãðàíèöû åãî ïðèìåíèìîñòè.

Ðåàëèçàöèÿ ñïîñîáà íå òðåáóåò ðàçãðóçêè

êîíñòðóêöèè èëè èñïîëüçîâàíèÿ îáðàçöîâ ýòàëî-

íîâ äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ ðàñïðîñòðàíå-

íèÿ óïðóãèõ âîëí, ñâÿçàííûõ ñî ñòðóêòóðîé ìàòå-

ðèàëà. Ñòðóêòóðíàÿ íåîäíîðîäíîñòü â äàííîì

ñëó÷àå ó÷èòûâàåòñÿ, êîãäà èñïîëüçóåòñÿ ëèíåé-

íàÿ ñâÿçü ìåæäó ïàðàìåòðàìè í31 è í32, êîòîðàÿ

ñóùåñòâóåò â êàòàíîì ìàòåðèàëå â îòñóòñòâèå ìå-

õàíè÷åñêèõ íàïðÿæåíèé. Ñóùåñòâîâàíèå òàêîé

ñâÿçè ñâÿçàíî ñ îñîáåííîñòüþ êðèñòàëëîãðàôè÷å-

ñêîé òåêñòóðû ïðîêàòêè — íàëè÷èåì ïðîïîðöèî-
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íàëüíîé ñâÿçè ìåæäó êîýôôèöèåíòàìè ôóíêöèè

ðàñïðåäåëåíèÿ îðèåíòèðîâîê W400 è W420. Òàêèì

îáðàçîì, äëÿ ðåàëèçàöèè ñïîñîáà íåîáõîäèìî ïî-

ëó÷àòü ðàñïðåäåëåíèå âåëè÷èí í31 è í32 íà ó÷àñò-

êå, ãäå òðåáóåòñÿ îöåíèòü íàïðÿæåíèÿ, à òàêæå

íà ó÷àñòêå, ãäå íàïðÿæåíèÿ îòñóòñòâóþò èëè çà-

âåäîìî ìàëû. Íàïðèìåð, ÷òîáû îïðåäåëèòü îñòà-

òî÷íûå íàïðÿæåíèÿ â òðóáå îò êîëüöåâîãî ñâàð-

íîãî øâà, íåîáõîäèìî ïðîâîäèòü èçìåðåíèÿ òàê-

æå è íà çíà÷èòåëüíîì óäàëåíèè îò øâà. Ñïîñîá

ïðèìåíèì òîëüêî äëÿ êîíñòðóêöèé èç êàòàíîãî

ìåòàëëà, íàïðèìåð òðóá, è ïîçâîëÿåò îïðåäåëÿòü

ðàçíîñòü ãëàâíûõ íàïðÿæåíèé ïðè äâóõîñíîì íà-

ïðÿæåííîì ñîñòîÿíèè.
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