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Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âçàèìîñâÿçè êðèñòàëëîãðàôè÷åñêîé òåêñòóðû

ïîëèêðèñòàëëè÷åñêèõ ìàòåðèàëîâ è àíèçîòðîïèè èõ ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ. Ïðè-

âåäåí îáçîð ìåòîäîâ ðàñ÷åòà àíèçîòðîïíûõ ñâîéñòâ ïîëèêðèñòàëëîâ íà îñíîâå äàííûõ, ïî-

ëó÷åííûõ ðåíòãåíîâñêèìè ìåòîäàìè ïðÿìûõ è îáðàòíûõ ïîëþñíûõ ôèãóð. Ðàñ÷åòíûå ìå-

òîäû, îñíîâàííûå íà ïðèìåíåíèè ôóíêöèè ðàñïðåäåëåíèÿ îðèåíòèðîâîê êðèñòàëëèòîâ,

òðåáóþò èñïîëüçîâàíèÿ áîëüøèõ îáúåìîâ ýêñïåðèìåíòàëüíûõ äàííûõ, ïîýòîìó îíè íå

ïðèãîäíû äëÿ ýêñïðåññ-îöåíêè óðîâíÿ àíèçîòðîïèè ôèçè÷åñêèõ ñâîéñòâ îáðàçöîâ ïðè èõ

òåðìîìåõàíè÷åñêîé îáðàáîòêå. Ïðåäëîæåíà ìåòîäèêà äëÿ îïðåäåëåíèÿ àíèçîòðîïíûõ

ñâîéñòâ, èñïîëüçóþùàÿ «îðèåíòàöèîííûå ôàêòîðû». Ñ ïîìîùüþ ýêñïåðèìåíòàëüíûõ äàí-

íûõ ðåíòãåíîãðàôè÷åñêîãî àíàëèçà (ìåòîä îáðàòíûõ ïîëþñíûõ ôèãóð) ïîëó÷åíû âûðàæå-

íèÿ äëÿ ðàñ÷åòà àáñîëþòíîãî è îòíîñèòåëüíîãî îòêëîíåíèé ôèçè÷åñêîãî ïàðàìåòðà òåêñòó-

ðèðîâàííîãî ïîëèêðèñòàëëà îò åãî çíà÷åíèÿ â èçîòðîïíîì ñîñòîÿíèè. Îöåíåíû âêëàäû îò-

äåëüíûõ êðèñòàëëîãðàôè÷åñêèõ îðèåíòèðîâîê â ôîðìèðîâàíèå àíèçîòðîïèè ñâîéñòâ îá-

ðàçöà. Èññëåäîâàíà äèíàìèêà êîëè÷åñòâåííûõ èçìåíåíèé àíèçîòðîïíûõ ñâîéñòâ ïîëè-

êðèñòàëëà â ïðîöåññå òåêñòóðîîáðàçîâàíèÿ. Äëÿ àíàëèçà èñòî÷íèêà íàèáîëåå áûñòðûõ èç-

ìåíåíèé àíèçîòðîïèè ñâîéñòâ èñïîëüçîâàëè êîýôôèöèåíòû ìàòðèöû «îòêëèêà», ðàñ÷åò

êîòîðûõ íå çàâèñèò îò ðåçóëüòàòîâ êîíêðåòíûõ äèôðàêòîìåòðè÷åñêèõ èçìåðåíèé, à ÿâëÿ-

åòñÿ îáùèì äëÿ âñåõ ìåòàëëîâ ñ ãåêñàãîíàëüíîé ïëîòíîóïàêîâàííîé (ÃÏÓ) — ðåøåòêîé.

Ðàñ÷åò àíèçîòðîïèè êîýôôèöèåíòà òåïëîïðîâîäíîñòè, óäåëüíîé ýëåêòðîïðîâîäíîñòè è

òåìïåðàòóðîïðîâîäíîñòè âûïîëíÿëè äëÿ îáðàçöîâ äåôîðìèðîâàííîãî èòòðèÿ, ïðîøåäøèõ

õîëîäíóþ ïðîêàòêó ñî ñòåïåíüþ îáæàòèÿ å = 25 %. Óñòàíîâèëè, ÷òî êîíå÷íûå ôèçè÷åñêèå

ñâîéñòâà ïîëèêðèñòàëëà ñ ÃÏÓ-ñòðóêòóðîé â çíà÷èòåëüíîé ñòåïåíè îïðåäåëÿþòñÿ ïèðàìè-

äàëüíûìè êðèñòàëëîãðàôè÷åñêèìè îðèåíòèðîâêàìè {1015}, {1124}.
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êîçåìåëüíûå ìåòàëëû; ðåíòãåíîâñêèé àíàëèç; äèôðàêöèÿ.
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The results of studying correlation between the crystallographic texture of polycrystalline materials and

anisotropy of their physical and mechanical properties are considered. The methods for calculating the

anisotropic properties of polycrystals based on the data obtained by X-ray methods of direct and inverse

pole figures are reviewed. Calculation methods based on the use of the distribution function of crystallite

orientations require the use of a large amount of experimental data and, hence, they are not suitable for

express estimation of the anisotropy level of the physical properties of samples upon their thermomecha-

nical processing. A method for rapid estimation of the anisotropic properties of the sample based on the

use of Äi (“orientation factors”) in the calculations, is proposed. Experimental data of X-ray analysis

(method of inverse pole figures) are used to calculate the absolute and relative deviations of the physical

parameter of textured polycrystal from the same value in the isotropic sample. The contributions of indi-

vidual crystallographic orientations to the formation of the anisotropy of the properties of the sample are

estimated. The dynamics of quantitative changes in the anisotropic properties of a polycrystal in the pro-

cess of texture formation is studied. To analyze the source of the most rapid changes in the anisotropy of

properties, we used the coefficients of the “response” matrix, the calculation of which does not depend on

the results of specific diffractometric measurements, but is common for all metals with a hexagonal

close-packed (hcp) lattice. The anisotropy of the coefficient of thermal conductivity, electrical conductivity,

and thermal diffusivity was calculated for the samples of deformed yttrium which underwent cold
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rolling with a reduction ratio of å = 25%. It is shown that the final physical properties of the hcp

polycrystal are largely determined by the pyramidal crystallographic orientations {1015}, {1124}. The re-

sults of the study form a basis for analysis of the anisotropy of the physical properties of hcp-metal sam-

ples upon thermomechanical processing.

Keywords: polycrystal; texture; anisotropy; structure; deformation; rare-earth metals; X-ray analysis;

diffraction.

Ââåäåíèå

Ôèçè÷åñêèå ñâîéñòâà ïîëèêðèñòàëëè÷åñêèõ

ìàòåðèàëîâ âî ìíîãîì îïðåäåëÿþòñÿ èõ êðèñòàë-

ëîãðàôè÷åñêîé òåêñòóðîé [1 – 3]. Ñðåäè ôàêòî-

ðîâ, îïðåäåëÿþùèõ óðîâåíü àíèçîòðîïèè ôèçè-

êî-ìåõàíè÷åñêèõ ñâîéñòâ ìåòàëëè÷åñêèõ ìàòå-

ðèàëîâ, ìîæíî âûäåëèòü àíèçîòðîïíûå ñâîéñòâà

îòäåëüíîãî ìîíîêðèñòàëëà, ôóíêöèîíàëüíîå ðàñ-

ïðåäåëåíèå êðèñòàëëèòîâ ïî îðèåíòèðîâêàì, ñòå-

ïåíü ðàññåÿíèÿ òåêñòóðíûõ êîìïîíåíò, ñôîðìè-

ðîâàííûõ ïðè òåðìîìåõàíè÷åñêîé îáðàáîòêå

[4 – 9].

Ñóùåñòâóþò ðàçëè÷íûå ìåòîäèêè ðàñ÷åòà

ôèçèêî-ìåõàíè÷åñêèõ ïàðàìåòðîâ ïîëèêðèñòàë-

ëîâ íà îñíîâå ýêñïåðèìåíòàëüíûõ äàííûõ îá èõ

òåêñòóðå. Ìåòîäû, îñíîâàííûå íà èñïîëüçîâàíèè

ôóíêöèè ðàñïðåäåëåíèÿ îðèåíòèðîâîê êðèñòàë-

ëèòîâ (ÔÐÎ), ïðåäïîëàãàþò çíà÷èòåëüíûé îáúåì

âû÷èñëåíèé ñ ïðèìåíåíèåì àïïðîêñèìàöèè äàí-

íûõ è ðàñ÷åòà ñðåäíèõ (èíòåãðàëüíûõ) òåêñòóð-

íûõ ïàðàìåòðîâ. Çíàÿ ÔÐÎ, ìîæíî îïðåäåëèòü

àíèçîòðîïèþ óïðóãèõ, ïëàñòè÷åñêèõ, ïðî÷íîñò-

íûõ è ìàãíèòíûõ õàðàêòåðèñòèê òåêñòóðèðîâàí-

íûõ ïîëèêðèñòàëëîâ [10 – 15]. Îäíàêî åå ðàñ÷å-

òû (ñ ïîìîùüþ ãàðìîíè÷åñêîãî ìåòîäà) íà îñíîâå

èçìåðåíèé ïîëþñíûõ ôèãóð, ñîïðÿæåííûå ñ èç-

âåñòíûìè òðóäíîñòÿìè [16, 17], íå ïîëó÷èëè øè-

ðîêîãî ðàñïðîñòðàíåíèÿ íà ïðàêòèêå.

Àíèçîòðîïíûå ñâîéñòâà ïîëèêðèñòàëëîâ

ìîæíî òàêæå îïèñàòü ñ ïîìîùüþ ïîäõîäà, îñíî-

âàííîãî íà ìåòîäàõ ñòàòèñòè÷åñêîãî ìàòåðèàëî-

âåäåíèÿ, ó÷èòûâàþùèõ ñôîðìèðîâàííóþ òåêñòó-

ðó ìàòåðèàëà [18 – 20]. Íî è îí òðåáóåò ñóùåñò-

âåííîãî âðåìåííîãî ðåñóðñà äëÿ âû÷èñëåíèé.

Òàêèì îáðàçîì, ïîäîáíûå ìåòîäû ìåçîìåõà-

íèêè íå ïðèãîäíû äëÿ ýêñïðåññ-îöåíêè àíèçî-

òðîïíûõ ïàðàìåòðîâ ïîëèêðèñòàëëîâ.

Öåëü ðàáîòû — ðàçðàáîòêà ìåòîäèêè îöåíêè

îòêëîíåíèÿ àíèçîòðîïíûõ ôèçè÷åñêèõ ïàðàìåò-

ðîâ ïîëèêðèñòàëëà îò ïàðàìåòðîâ áåñòåêñòóðíîãî

ýòàëîíà è îïðåäåëåíèÿ âêëàäà ðàçëè÷íûõ êðè-

ñòàëëîãðàôè÷åñêèõ îðèåíòèðîâîê â ôîðìèðîâà-

íèå àíèçîòðîïèè îáðàçöà ïðè åãî òåðìîìåõàíè-

÷åñêîé îáðàáîòêå.

Ìåòîäèêà ðàñ÷åòà àíèçîòðîïèè

ôèçè÷åñêèõ ñâîéñòâ ïîëèêðèñòàëëîâ

Ïðåäëàãàåìàÿ ìåòîäèêà, îñíîâàííàÿ íà èñ-

ïîëüçîâàíèè òåêñòóðíûõ ïàðàìåòðîâ [3], ïîç-

âîëÿåò ðàññ÷èòûâàòü àíèçîòðîïíûå õàðàêòå-

ðèñòèêè ìåòàëëîâ, èìåþùèõ ãåêñàãîíàëüíóþ

ïëîòíîóïàêîâàííóþ ñòðóêòóðó (ÃÏÓ-ñòðóêòóðó),

îöåíèâàòü àáñîëþòíîå è îòíîñèòåëüíîå îòêëîíå-

íèÿ âåëè÷èíû ôèçè÷åñêîãî ïàðàìåòðà òåêñòóðè-

ðîâàííîãî ïîëèêðèñòàëëà îò çíà÷åíèÿ â èçîòðîï-

íîì îáðàçöå, à òàêæå îïðåäåëÿòü âêëàä êðèñòàë-

ëîãðàôè÷åñêèõ îðèåíòèðîâîê â àíèçîòðîïèþ

ôèçè÷åñêèõ ñâîéñòâ. Êðîìå òîãî, îíà äàåò âîç-

ìîæíîñòü èññëåäîâàòü äèíàìèêó êîëè÷åñòâåííûõ

èçìåíåíèé àíèçîòðîïíûõ ïàðàìåòðîâ â ïðîöåññå

òåêñòóðîîáðàçîâàíèÿ. Â ðàñ÷åòàõ èñïîëüçîâàëè

äàííûå äèôðàêòîìåòðè÷åñêèõ èçìåðåíèé ïî ìå-

òîäó îáðàòíûõ ïîëþñíûõ ôèãóð (ÎÏÔ) [21].

Àíèçîòðîïíûå ôèçè÷åñêèå ïàðàìåòðû ìîíî-

êðèñòàëëîâ (â ñëó÷àå ãåêñàãîíàëüíîé ñòðóêòóðû)

îïèñûâàþòñÿ âåëè÷èíàìè òåíçîðîâ âòîðîãî ðàí-

ãà. Ïðè ýòîì èìåþòñÿ òîëüêî äâå íåçàâèñèìûå

âåëè÷èíû, çàäàþùèå òåíçîð. Ïîýòîìó âûðàæå-

íèå, ñâÿçûâàþùåå âåëè÷èíó íåêîòîðîãî ôèçè÷å-

ñêîãî ïàðàìåòðà ïîëèêðèñòàëëà (Si), èçìåðåííî-

ãî â i-ì íàïðàâëåíèè, ìîæíî âûðàçèòü ÷åðåç òåê-

ñòóðíûé ïàðàìåòð (Äi) è ìîíîêðèñòàëëè÷åñêèå

êîíñòàíòû:
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ñòàëëà, è âäîëü íåå.

Òåêñòóðíûé ïàðàìåòð — óñðåäíåííàÿ áåçðàç-

ìåðíàÿ âåëè÷èíà, çàâèñÿùàÿ îò ýëåìåíòîâ ìàò-

ðèöû ïîâîðîòà îòäåëüíûõ êðèñòàëëèòîâ îòíîñè-

òåëüíî îñåé, ñâÿçàííûõ ñ ïîëèêðèñòàëëè÷åñêèì

îáðàçöîì [3]:
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Ïðè óñðåäíåíèè Äi ðàññ÷èòûâàëè ñ èñïîëüçî-

âàíèåì êîýôôèöèåíòîâ ïî Ìîððèñó [10]:

Äi = fn cos2èin = PnAn cos2èin, (4)

ãäå fn — äîëÿ êðèñòàëëèòîâ ñ n-é îðèåíòèðîâêîé

â òåêñòóðå îáðàçöà; Pn — ïîëþñíûå ïëîòíîñòè íà

ÎÏÔ; èin — óãîë ìåæäó ãåêñàãîíàëüíîé îñüþ

êðèñòàëëèòîâ ñ n-é îðèåíòèðîâêîé è i-é îñüþ îá-

ðàçöà; An — êîýôôèöèåíò Ìîððèñà.

Ïðè òåðìîìåõàíè÷åñêîé îáðàáîòêå ìåòàëëîâ

ìåíÿåòñÿ èõ òåêñòóðà è, êàê ñëåäñòâèå, ìåíÿþòñÿ

ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà. Â ñëó÷àå îöåíêè

ñêîðîñòíûõ ïàðàìåòðîâ òåêñòóðîîáðàçîâàíèÿ è

äèíàìèêè èçìåíåíèÿ ôèçè÷åñêèõ ñâîéñòâ íåîá-

õîäèìî ñðàâíèòü ÎÏÔ, ïîëó÷åííûå íà äàííîì

ýòàïå îáðàáîòêè, ñ ðåçóëüòàòàìè ïðåäøåñòâó-

þùåãî ýòàïà. Äëÿ ýêñïðåññ-îöåíêè àíèçîòðîïèè

ñâîéñòâ â ïðîèçâîëüíûé ìîìåíò òåõíîëîãè÷å-

ñêîãî ïðîöåññà òðåáóåòñÿ ðàñ÷åò îòêëîíåíèÿ òåê-

ñòóðíîãî ñîñòîÿíèÿ ìàòåðèàëà îò ñîñòîÿíèÿ èçî-

òðîïíîãî ýòàëîíà.

Ñðàâíèâàÿ ôèçè÷åñêèé ïàðàìåòð òåêñòóðèðî-

âàííîãî îáðàçöà (Si), èçìåðåííîãî â i-ì íàïðàâ-

ëåíèè, ñ âåëè÷èíîé èçîòðîïíîãî ýòàëîíà (Sèçîòð),

ìîæíî îïðåäåëèòü
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ì cos ( ) .2

% (6)

Äëÿ èíòåãðàëüíîãî îòêëîíåíèÿ âåëè÷èíû

ôèçè÷åñêîãî ïàðàìåòðà â i-ì íàïðàâëåíèè â òåê-

ñòóðèðîâàííîì îáðàçöå îò çíà÷åíèÿ â áåñòåêñòóð-

íîì ýòàëîíå â ñëó÷àå ïðåíåáðåæåíèÿ êîððåëÿöè-

îííûìè ñâÿçÿìè äëÿ ïîëþñíûõ ïëîòíîñòåé íà

ÎÏÔ ïîëó÷àåì

� � � �S S S A P
i in

n

n in n

n

	 	

	 	

& &

1

17

2

1

17

ì cos ( ) ,%

ãäå ÄPn = Pn – Pèçîòð = Pn – 1 (Pèçîòð — ïîëþñíàÿ

ïëîòíîñòü äëÿ èçîòðîïíîãî ýòàëîíà).

Äëÿ àíàëèçà àíèçðîòðîïíîãî ñîñòîÿíèÿ îá-

ðàçöà èñïîëüçîâàëè áåçðàçìåðíóþ âåëè÷èíó

çi — îòíîñèòåëüíîå îòêëîíåíèå Si îò Sèçîòð:

' '
i

i

in

n

S

S
	 	 	

	

&

�

èçîòð
1

17

	 �

	

&

�S

S
A Pn in n

n

ì

èçîòð
cos ( )( ).2

1

17

1% (7)

Îòðèöàòåëüíûå çin ïðèðàâíèâàëè ê íóëþ,

òàê êàê îíè íå ìîãóò ïîíèæàòü àíèçîòðîïèþ

íèæå èçîòðîïíîãî ñîñòîÿíèÿ.

Îòíîñèòåëüíûé âêëàä êàæäîé èç èññëåäóå-

ìûõ êðèñòàëëîãðàôè÷åñêèõ îðèåíòèðîâîê â àíè-

çîòðîïèþ ôèçè÷åñêîãî ïàðàìåòðà ïîëèêðèñòàëëà

ñîñòàâëÿåò:

f
in

in

in

n

	 (

	

&

'

'

1

17
100%. (8)

«Ýôôåêòèâíîñòü» îòäåëüíûõ êðèñòàëëîãðà-

ôè÷åñêèõ îðèåíòèðîâîê (Di) â ïðîöåññå ôîðìèðî-

âàíèÿ àíèçîòðîïèè ñâîéñòâ ïðè òåêñòóðîîáðàçî-

âàíèè îïðåäåëÿëè, îöåíèâàÿ ÷àñòíûå ïðîèçâîä-

íûå îòíîñèòåëüíîãî îòêëîíåíèÿ îò èçîòðîïíîñòè

ïî âåëè÷èíàì ïîëþñíûõ ïëîòíîñòåé íà ÎÏÔ

(ñóììèðîâàíèå ïî ïîâòîðÿþùèìñÿ èíäåêñàì):

D
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S

S
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P
ik
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�
ì

èçîòð
cos ( )2

	 	

� �S

S
A

S

S
Rn in nk ik

ì

èçîòð

ì

èçîòð
cos ( ) ,2

% ) (9)

ãäå Rik = An cos2(èin)änk — áåçðàçìåðíûå ïàðàìåò-

ðû (ýëåìåíòû ìàòðèöû îòêëèêà).

Ïàðàìåòðû Dik õàðàêòåðèçóþò «îòêëèê» S â

i-ì íàïðàâëåíèè íà åäèíè÷íîå èçìåíåíèå ïîëþñ-
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à á

Ðèñ. 1. Òåêñòóðà õîëîäíîäåôîðìèðîâàííîãî èòòðèÿ â íà-

ïðàâëåíèè íîðìàëè ê ïëîñêîñòè ïðîêàòà: à — êðèñòàëëî-

ãðàôè÷åñêèå îðèåíòèðîâêè; á — ðàñïðåäåëåíèå ïîëþñíîé

ïëîòíîñòè íà ÎÏÔ

Fig. 1. The texture of cold-deformed yttrium in the direc-

tion normal to the rolling plane: a — crystallographic orien-

tations; b — distribution of the pole density on the inverse

pole figure



íîé ïëîòíîñòè k-é îðèåíòèðîâêè íà ÎÏÔ. Áåç-

ðàçìåðíûå ïàðàìåòðû Rik íå ñâÿçàíû ñ êîíêðåò-

íûì ôèçè÷åñêèì ïàðàìåòðîì ïîëèêðèñòàëëà,

îíè îòðàæàþò îáùèå çàêîíîìåðíîñòè ôîðìè-

ðîâàíèÿ àíèçîòðîïèè ñâîéñòâ òåêñòóðèðîâàííûõ

ìàòåðèàëîâ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íà ðèñ. 1 ïðåäñòàâëåíû ðåçóëüòàòû ðåíòãå-

íîâñêîãî àíàëèçà òåêñòóðû ïîëèêðèñòàëëè÷åñêî-

ãî îáðàçöà èòòðèÿ ïîñëå äåôîðìàöèè õîëîäíîé

ïðîêàòêîé ñî ñòåïåíüþ îáæàòèÿ å = 25 %. Èñõîä-

íîå ñîñòîÿíèå îáðàçöà áëèçêî ê áåñòåêñòóðíîìó,

÷òî ïîçâîëÿåò íå ó÷èòûâàòü âëèÿíèå ôàêòîðà

«íàñëåäñòâåííîñòè» òåêñòóðû â ïðîöåññå òåê-

ñòóðîîáðàçîâàíèÿ ïðè ïëàñòè÷åñêîé äåôîðìà-

öèè. Â òåêñòóðå äåôîðìèðîâàííîãî ìàòåðèàëà

âûäåëÿþòñÿ ïðåèìóùåñòâåííûå áàçèñíàÿ (0001)

è ïèðàìèäàëüíûå {1015}, {1013} êðèñòàëëîãðà-

ôè÷åñêèå îðèåíòèðîâêè, ÷òî ôèêñèðîâàëè òàêæå

ïðè îñàäêå èòòðèÿ [22]. Òàêîé òèï ôîðìèðó-

þùåéñÿ ïðè ïðîêàòêå òåêñòóðû — ñëåäñòâèå ðàç-

âèòîãî ïðèçìàòè÷åñêîãî {1010}*1120+ è áàçèñíî-

ãî (0001)*1120+ (0001)*1120+ ñêîëüæåíèé [23].

Ðåçóëüòàòû ðàñ÷åòà àíèçîòðîïèè êîýôôèöè-

åíòîâ òåïëîïðîâîäíîñòè (ë), òåìïåðàòóðíîãî ëè-

íåéíîãî ðàñøèðåíèÿ (á) è óäåëüíîãî ñîïðîòèâëå-

íèÿ (ñ) (ìîíîêðèñòàëëè÷åñêèå ïàðàìåòðû, èñ-

ïîëüçîâàííûå ïðè âû÷èñëåíèÿõ, ñîîòâåòñòâîâà-

ëè òåìïåðàòóðå T = 300 Ê [24]) ïðèâåäåíû â òàá-

ëèöå (S
!
, S|| ñîîòâåòñòâóþò ïåðïåíäèêóëÿðíîìó

è ïàðàëëåëüíîìó ãåêñàãîíàëüíîé îñè êðèñòàëëè-

òà íàïðàâëåíèÿì, �Si è çi îïðåäåëåíû äëÿ i-ãî

íàïðàâëåíèÿ â îáðàçöå, ñîâïàäàþùåãî ñ íàïðàâ-

ëåíèåì íîðìàëè ê ïëîñêîñòè ïðîêàòêè).

Âèäíî, ÷òî àáñîëþòíûå (ÄS) è îòíîñèòåëüíûå

(ç) îòêëîíåíèÿ çíà÷åíèé ôèçè÷åñêèõ ïàðàìåò-

ðîâ, õàðàêòåðèçóþùèõ ñîñòîÿíèå äåôîðìèðîâàí-

íîãî îáðàçöà, îò çíà÷åíèé â èçîòðîïíîì ñîñòîÿ-

íèè ïî ñâîåìó çíàêó è âåëè÷èíå ñîîòâåòñòâóþò

èñõîäíûì ìîíîêðèñòàëëè÷åñêèì ïàðàìåòðàì.

Ðàññ÷èòàííûå ýëåìåíòû ìàòðèöû «îòêëèêà»

Rin è âêëàäû êðèñòàëëîãðàôè÷åñêèõ îðèåíòèðî-

âîê êðèñòàëëèòîâ fin â àíèçîòðîïèþ ôèçè÷åñêèõ

ïàðàìåòðîâ òåêñòóðèðîâàííîãî îáðàçöà èòòðèÿ

ïðåäñòàâëåíû íà ðèñ. 2 (i-å íàïðàâëåíèå ñîîòâåò-

ñòâóåò íîðìàëè ê ïëîñêîñòè ïðîêàòà, n-å — îïè-

ñûâàåò ìîíîêðèñòàëëè÷åñêóþ îðèåíòèðîâêó).

Óñòàíîâèëè, ÷òî â õîäå òåêñòóðîîáðàçîâàíèÿ,

ïðîòåêàþùåãî âî âðåìÿ îáðàáîòêè ìàòåðèàëà,

íàèáîëåå çíà÷èìû äëÿ ôîðìèðîâàíèÿ êîíå÷íûõ

ôèçè÷åñêèõ ñâîéñòâ ïîëèêðèñòàëëà äèíàìè÷å-

ñêèå èçìåíåíèÿ, ïðîèñõîäÿùèå ñ ïèðàìèäàëüíû-

ìè êðèñòàëëîãðàôè÷åñêèìè îðèåíòèðîâêàìè

{1015}, {1124} (ñì. ðèñ. 2, à). Èçìåíåíèå ïîëþñ-

íûõ ïëîòíîñòåé íà ÎÏÔ äëÿ íèõ ñëåäóåò ðàñ-

ñìàòðèâàòü êàê èñòî÷íèê íàèáîëåå áûñòðûõ èç-

ìåíåíèé àíèçîòðîïèè ôèçè÷åñêèõ ïàðàìåòðîâ

îáðàáàòûâàåìîãî ìåòàëëà.

Íàèáîëüøèé âêëàä â àíèçîòðîïèþ ôèçè÷å-

ñêèõ ïàðàìåòðîâ èññëåäóåìîãî îáðàçöà âíåñëè

ïèðàìèäàëüíûå êðèñòàëëîãðàôè÷åñêèå îðèåí-

òèðîâêè {1014}, {1015}, {1013}, ðàñïîëîæåííûå

â óãëîâîé îáëàñòè 15 – 35° îòíîñèòåëüíî ãåêñà-

ãîíàëüíîé îñè ìîíîêðèñòàëëîâ èòòðèÿ (ñì.

ðèñ. 2, á).
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The results of the calculation of the anisotropic parameters of polycrystalline yttrium

Ïàðàìåòð S
!

S
||

*S+ (S
||

– S
!
)/*S+ ÄS

i
ç, %

ë, Âò/(ì · Ê) 11,80 14,90 12,70 0,24 0,48 3,79

á · 106, Ê–1 4,68 17,10 9,00 1,38 1,93 21,45

ñ · 108, Îì · ì 80,50 39,50 66,70 –0,61 –6,37 –9,56

à

á

Îðèåíòèðîâêà êðèñòàëëèòîâ

Îðèåíòèðîâêà êðèñòàëëèòîâ

Ðèñ. 2. Âåëè÷èíû áåçðàçìåðíûõ ïàðàìåòðîâ R
in

(à) è f
in

(á) äëÿ ïîëèêðèñòàëëè÷åñêîãî îáðàçöà èòòðèÿ

Fig. 2. Values of the dimensionless parameters Rin (a) and

fin (b) for the polycrystalline yttrium sample



Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïðåäñòàâëåííóþ ìåòîäèêó

ðàñ÷åòà àíèçîòðîïíûõ ôèçè÷åñêèõ ñâîéñòâ ìå-

òàëëîâ ñ ÃÏÓ-ðåøåòêîé ïî äàííûì ðåíòãåíîâ-

ñêîãî òåêñòóðíîãî àíàëèçà ìîæíî èñïîëüçîâàòü

äëÿ ýêñïðåññ-îöåíêè ôèçè÷åñêèõ ïàðàìåòðîâ îá-

ðàçöîâ â õîäå èõ òåðìîìåõàíè÷åñêîé îáðàáîòêè.

Ìåòîäèêà ïîçâîëÿåò ðàññ÷èòûâàòü îòêëîíåíèÿ

âåëè÷èíû òîãî èëè èíîãî ôèçè÷åñêîãî ïàðàìåòðà

îò åãî çíà÷åíèÿ â áåñòåêñòóðíîì ýòàëîíå. Êðîìå

òîãî, ìîæíî îïðåäåëèòü, êàêèå êðèñòàëëîãðà-

ôè÷åñêèå îðèåíòèðîâêè — èñòî÷íèê íàèáîëåå

áûñòðûõ èçìåíåíèé ôèçè÷åñêèõ ñâîéñòâ ìàòå-

ðèàëà, à òàêæå îöåíèòü âêëàä ðàçëè÷íûõ îðèåí-

òèðîâîê êðèñòàëëèòîâ â àíèçîòðîïèþ êîíå÷íîãî

ñîñòîÿíèÿ îáðàçöà. Ïîëó÷åííûå ðåçóëüòàòû ìî-

ãóò áûòü èñïîëüçîâàíû äëÿ îïòèìèçàöèè òåõíî-

ëîãè÷åñêèõ ïðîöåññîâ îáðàáîòêè ìåòàëëîâ ïðè

ïðîèçâîäñòâå ìàòåðèàëîâ ñ çàäàííûì óðîâíåì

àíèçîòðîïèè ôèçè÷åñêèõ ñâîéñòâ.
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