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Àííîòàöèÿ. Ðàññìîòðåíà çàâèñèìîñòü èçìåíåíèÿ èíòåðôåðåíöèîííîé êàðòèíû íà ïîâåðõíîñòè
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ñÿ, âäîëü îñè ðàñòÿæåíèÿ, ïëîùàäüþ ïîïåðå÷íîãî ñå÷åíèÿ äëÿ íàãðóæåíèÿ åãî ÷àñòåé íà ðàçëè÷-
íóþ ñòåïåíü äåôîðìàöèè. Ïðîèçâåäåíî ðàñòÿæåíèå îáðàçöà äî äîñòèæåíèÿ óñèëèÿ ïðåäåëà òåêó-
÷åñòè â íàèìåíüøåì ïî ïëîùàäè ñå÷åíèè îáðàçöà. Ðàññ÷èòàíû ëîêàëüíûå ñòåïåíè äåôîðìàöèè
ó÷àñòêîâ îáðàçöà, è óñòàíîâëåíà çàâèñèìîñòü èçìåíåíèÿ èíòåðôåðåíöèîííîé êàðòèíû ìèêðîñòðóê-
òóðû ïîâåðõíîñòè îáðàçöà îò âåëè÷èíû ñòåïåíè äåôîðìàöèè.
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Abstract

Based on the previously developed technique for determining the crystallographic orientation in polarized
light, the authors propose evaluating the change in the interference pattern after the sample loading. For
this purpose, a sample with decreasing cross-sectional area along the tension axis was fabricated, for loading
its parts on various degree of deformation. The sample was being stretched until the yield stress was reached
in the smallest section of the sample. After stretching, the local degrees of deformation of the sample sections
were calculated. Three main sections with deformations of 1.5%, 5.5% and 17.5% were identified.

Metallographic section, subjected to electrolytic etching for the surface observing by the polarizing
microscopy, was fabricated from each section. As was established earlier, three basic colors, namely blue,
brown and yellow, which volume fractions changed depending of the deformation degree, were being observed
on the sample.

The dependence of microstructure interference pattern on the degree of deformation was determined
in the course of the studies for the AD0 alloy microstructure. It has been established that with an increase
in the degree of deformation, the volume fraction of blue and yellow grains increases. The volume fraction
of brown grains decreases, which can be explained by the fact that these grains correspond to the [110]
crystallographic direction, which is more amenable to plastic deformation in the FCC lattice.

It should be noted that the volume fraction of blue and yellow grains increases by 25% at a deformation
of 5.5%, while that of brown grains decreases by 44%. At the degree of deformation of 17.5%, the volume
fraction of brown grains becomes smaller by another 17% compared to the 5.5%, while the volume fraction
of blue and yellow grains slightly increases by 4 and 6%, respectively.

The authors propose employing the obtained dependencies to control the anisotropy and degree of
deformation in the production of aluminum parts and products, as well as the express method for controlling
the crystallographic orientation.

Keywords: anisotropy of mechanical properties, color film etching, polarizing microscopy, crystallographic
orientation determining

For citation: Voronin S.V., Chaplygin K.K. Interference Pattern Dependence on the Deformation Degree
of the AD0 Alloy Sample Surface Microstructure in Polarized Light. Aerospace MAI Journal, 2022, vol. 29,
no. 3, pp. 253-259. DOI: 10.34759/vst-2022-3-253-259

Ââåäåíèå

Ê ÷èñëó îñíîâíûõ òåõíîëîãè÷åñêèõ ïðîöåñ-
ñîâ ïðè èçãîòîâëåíèè àâèàöèîííûõ äåòàëåé îò-
íîñÿòñÿ ïðîöåññû îáðàáîòêè ìåòàëëîâ äàâëåíè-
åì (ÎÌÄ). Ïðè ÎÌÄ â ìåòàëëå ôîðìèðóåòñÿ òåê-
ñòóðà äåôîðìàöèè [1]. Òåêñòóðîâàííîñòü, âîçíè-
êàþùàÿ â ìåòàëëå, îêàçûâàåò çíà÷èòåëüíîå âîç-
äåéñòâèå íà àíèçîòðîïèþ ñâîéñòâ ãîòîâûõ èçäå-
ëèé è çàãîòîâîê. Ýòî ìîæåò ïîâëèÿòü íà êîíå÷-
íûå õàðàêòåðèñòèêè äåòàëè â ïðîöåññå ýêñïëóà-
òàöèè [2—5], íàïðèìåð, òàêèå êàê ðàçëè÷èå ôè-
çèêî-ìåõàíè÷åñêèõ ñâîéñòâ ìåòàëëà â îáúåìå
ìàòåðèàëà [6], ðàçíîòîëùèííîñòü ïðè íåêîòîðûõ
ïðîöåññàõ ÎÌÄ [7—9], ýëåêòðî- è òåïëîïðîâîä-
íîñòü, êîððîçèîííàÿ ñòîéêîñòü.

Äëÿ îïðåäåëåíèÿ àíèçîòðîïèè íàèáîëåå ðàñ-
ïðîñòðàíåííûìè ÿâëÿþòñÿ ìåòîäû ðàñòÿæåíèÿ
îáðàçöîâ âî âçàèìíî ïåðïåíäèêóëÿðíîì íàïðàâ-
ëåíèè, îñàäêà è èññëåäîâàíèå ñòåïåíè áî÷êîîá-
ðàçîâàíèÿ âäîëü ðàäèàëüíûõ íàïðàâëåíèé îáðàç-
öà [10, 11]. Îäíàêî ýòî ìåòîäû ðàçðóøàþùåãî

êîíòðîëÿ, îíè òðåáóþò çàòðàò ìàòåðèàëà íà èñ-
ïûòàíèÿ.

Îäíèì èç ïåðñïåêòèâíûõ ìåòîäîâ êîíòðîëÿ
ñòåïåíè àíèçîòðîïèè ÿâëÿåòñÿ ìèêðîñòðóêòóð-
íûé àíàëèç òåêñòóðîâàííîñòè ìàòåðèàëà â ïðî-
öåññå åãî ôîðìîâêè [12—14]. Òåêñòóðà ìåòàëëà –
ýòî ïðåèìóùåñòâåííàÿ îðèåíòàöèÿ çåðåí êðèñ-
òàëëè÷åñêèõ ðåøåòîê â ïîëèêðèñòàëëå [15]. Èñ-
ñëåäîâàíèÿ âëèÿíèÿ êðèñòàëëîãðàôè÷åñêîé îðè-
åíòàöèè íà ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà ìå-
òàëëîâ [16, 17] è îïðåäåëåíèå çàâèñèìîñòè ìåõà-
íè÷åñêèõ ñâîéñòâ ìåòàëëîâ è ñïëàâîâ îò àíèçîò-
ðîïèè ïðè äåôîðìàöèè [18] ÿâëÿþòñÿ âîñòðåáî-
âàííûìè ïðè ñîçäàíèè àâèàöèîííûõ äåòàëåé äëÿ
ñàìîëåòîâ íîâîãî ïîêîëåíèÿ. Íåñìîòðÿ íà øè-
ðîêîå ïðèìåíåíèå êîìïîçèöèîííûõ ìàòåðèàëîâ
â êîíñòðóêöèè ñàìîëåòà, íà òåêóùèé ìîìåíò
îäíèì èç ñàìûõ ðàñïðîñòðàíåííûõ àâèàöèîííûõ
ìàòåðèàëîâ îñòàåòñÿ àëþìèíèé.
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Ïåðñïåêòèâíûì ìåòîäîì îïðåäåëåíèÿ êðèñ-
òàëëîãðàôè÷åñêîé îðèåíòàöèè ìîæíî ñ÷èòàòü
îïðåäåëåíèå ìåõàíè÷åñêèõ ñâîéñòâ ñ ïîìîùüþ
ïîëÿðèçàöèîííîé ìèêðîñêîïèè [19]. Ïðè îñóùå-
ñòâëåíèè äàííîãî ìåòîäà ïîäãîòîâëåííàÿ ïîâåð-
õíîñòü ìàòåðèàëà èññëåäóåòñÿ ïîñðåäñòâîì ìåòàë-
ëîãðàôè÷åñêîãî ìèêðîñêîïà ñ ïðèìåíåíèåì ïî-
ëÿðèçàöèîííîãî ñâåòà. Â ïîëÿðèçîâàííîì ñâåòå
íà ïîâåðõíîñòè ìåòàëëà íàáëþäàåòñÿ èíòåðôå-
ðåíöèîííàÿ êàðòèíà. Ýòî ïðîèñõîäèò èç-çà ýô-
ôåêòà äâîéíîãî ëó÷åïðåëîìëåíèÿ ïàäàþùåãî
ñâåòà, îäíîâðåìåííî îòðàæàþùåãîñÿ îò îêñèäíîé
ïëåíêè è ÷àñòè÷íî ïðîõîäÿùåãî ÷åðåç íåå è îò-
ðàæàþùåãîñÿ îò ïîâåðõíîñòè ñàìîãî ìåòàëëà, èç-
çà ÷åãî ñâåò íà âûõîäå ïðèîáðåòàåò ðàçëè÷íóþ
äëèíó âîëíû [20]. Äëèíà âîëíû îòðàæåííîãî
ñâåòà, à ñîîòâåòñòâåííî, è öâåòà íà ïîâåðõíîñòè
çåðåí çàâèñèò îò èõ êðèñòàëëîãðàôè÷åñêîé îðè-
åíòàöèè, êîòîðàÿ, â ñâîþ î÷åðåäü, âëèÿåò íà àíè-
çîòðîïèþ ìåõàíè÷åñêèõ ñâîéñòâ ìåòàëëà ïî ðàç-
íûì íàïðàâëåíèÿì. Îäíàêî ðàíåå äàííàÿ çàâè-
ñèìîñòü îïðåäåëÿëàñü òîëüêî íà îòîææåííîì
ìàòåðèàëå, ò.å. áåç íàïðÿæåíèé, âîçíèêàþùèõ
èç-çà äåôîðìàöèè. Ïîýòîìó öåëüþ äàííîé ðàáîòû
ÿâëÿëàñü àïðîáàöèÿ ìåòîäèêè îïðåäåëåíèÿ êðè-
ñòàëëîãðàôè÷åñêîé îðèåíòàöèè çåðåí â ïîëÿðè-
çîâàííîì ñâåòå äëÿ îöåíêè òåêñòóðîâàííîñòè, âîç-
íèêàþùåé ïðè ðàçëè÷íûõ ñòåïåíÿõ äåôîðìàöèè.

Ìàòåðèàëû è ìåòîäû

Äëÿ îïðåäåëåíèÿ ìåõàíè÷åñêèõ ñâîéñòâ áûëè
èçãîòîâëåíû ñòàíäàðòíûå îáðàçöû íà ðàñòÿæåíèå
ïî ÃÎÑÒ 1497 «ÌÅÒÀËËÛ. Ìåòîäû èñïûòàíèÿ
íà ðàñòÿæåíèå» [21] èç àëþìèíèåâîãî ñïëàâà
ÀÄ0, âûáðàííîãî ñ öåëüþ èñêëþ÷åíèÿ âëèÿíèÿ
ðàçëè÷íûõ ôàç è ïðèìåñåé, ïîñêîëüêó ñïëàâ ÿâ-
ëÿåòñÿ òåõíè÷åñêè ÷èñòûì.

Ïîñëå èçãîòîâëåíèÿ îáðàçöû áûëè ïîäâåðã-
íóòû îòæèãó â ìóôåëüíîé ýëåêòðè÷åñêîé ïå÷è
ÝÊÏÑ-10 ïðè òåìïåðàòóðå 380°Ñ â òå÷åíèå

25 ìèí [22] äëÿ ñíÿòèÿ íàãàðòîâêè, êîòîðàÿ ìîãëà
ïîâëèÿòü íà ðåçóëüòàòû èñïûòàíèé. Èñïûòàíèÿ
íà ðàñòÿæåíèå ïðîèçâîäèëèñü íà ðàçðûâíîé ìà-
øèíå ÈÐ 5113-100. Íà÷àëüíûå ðàçìåðû îáðàçöîâ
ïðåäñòàâëåíû â òàáë. 1.

Ïî ðåçóëüòàòàì èñïûòàíèé áûëè ïîëó÷åíû
äèàãðàììû ðàñòÿæåíèÿ îáðàçöîâ, ñ ïîìîùüþ êî-
òîðûõ ðàññ÷èòàíû çíà÷åíèÿ íàãðóçîê â íåîáõî-
äèìûõ òî÷êàõ, ïî êîòîðûì â äàëüíåéøåì ìîæ-
íî ðàññ÷èòàòü íàãðóçêè âðåìåííîãî ñîïðîòèâëå-
íèÿ ðàçðûâó è ïðåäåëà òåêó÷åñòè (òàáë. 2).

Áûë èçãîòîâëåí îáðàçåö ñ óìåíüøàþùåéñÿ
ïëîùàäüþ ïîïåðå÷íîãî ñå÷åíèÿ âäîëü îñè ðàñ-
òÿæåíèÿ. Â ìàêñèìàëüíîì ñå÷åíèè îáðàçåö èìåë
øèðèíó 28 ìì, â ìèíèìàëüíîì — 18 ìì. Òîëùè-
íà îáðàçöà ïîñòîÿííàÿ è ðàâíàÿ 8 ìì. Äàííûå
ïàðàìåòðû ðàññ÷èòûâàëèñü èñõîäÿ èç âåëè÷èí
óñèëèé, ïðåäñòàâëåííûõ â òàáë. 2. Ïîäîáíàÿ
ôîðìà îáðàçöà íåîáõîäèìà äëÿ òîãî, ÷òîáû ïðè
ðàñòÿæåíèè íà îáðàçöå îäíîâðåìåííî áûëè äî-
ñòèãíóòû: â ìèíèìàëüíîì ñå÷åíèè – âåëè÷èíà
óñèëèÿ âðåìåííîãî ñîïðîòèâëåíèÿ ðàçðûâó, â
ìàêñèìàëüíîì – óñèëèÿ ïðåäåëà òåêó÷åñòè. Áëà-
ãîäàðÿ ýòîìó âîçìîæíî îòñëåäèòü èçìåíåíèå
ñòðóêòóðû â õîäå ïëàñòè÷åñêîé äåôîðìàöèè.
Ïîñëå èçãîòîâëåíèÿ îáðàçåö áûë ðàçìå÷åí ðèñ-
êàìè ñ èíòåðâàëîì 5 ìì. Êîíå÷íûé âèä îáðàç-
öà ïðåäñòàâëåí íà ðèñ. 1.

Ðàñ÷åò ëîêàëüíîé ñòåïåíè äåôîðìàöèè

Ñ ïîìîùüþ íàíåñåííûõ ïðè ðàçìåòêå ðèñîê
ïðîèçâîäèëèñü ðàñ÷åòû ëîêàëüíûõ ñòåïåíåé äå-
ôîðìàöèé îáðàçöà. Çíà÷åíèÿ ïëîùàäè ïîïå-
ðå÷íîãî ñå÷åíèÿ îáðàçöà ïî äëèíå ðàáî÷åé çîíû
ïðåäñòàâëåíû â òàáë. 3.

Ïîñëå èçìåðåíèé èñõîäíûõ ðàññòîÿíèé ìåæ-
äó ðèñêàìè, òîëùèíû è øèðèíû îáðàçöà ïî âñåì
âûáðàííûì ñå÷åíèÿì íà èñïûòàòåëüíîé ìàøè-
íå ÈÐ 5113-100 ïðîèçâîäèëîñü íàãðóæåíèå îá-
ðàçöà äî äîñòèæåíèÿ ðàíåå ýêñïåðèìåíòàëüíî îï-

Òàáëèöà 1

Ãåîìåòðè÷åñêèå ðàçìåðû îáðàçöîâ íà ðàñòÿæåíèå

Íîìåð 
îáðàçöà 

Шèðèíà à0,  
ìì 

Òîëùèíà b0,  
ìì 

Äëèíà ðàáî÷åé  
÷àñòè l0, ìì 

Íà÷àëüíàÿ ïëîùàäü 
ïîïåðå÷íîãî ñå÷åíèÿ F0,  

ìì2 

1 27,8 8,1 70 224 

2 27,9 8,1 70 225 

3 27,7 8,0 70 221 



Ñ.Â. Âîðîíèí, Ê.Ê. ×àïëûãèí S.V. Voronin, K.K. Chaplygin

256Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò. 29. ¹ 3 Aerospace MAI Journal, vol. 29, no. 3

ðåäåëåííîé íàãðóçêè ïðåäåëà òåêó÷åñòè îáðàçöà
äëÿ áîëüøåãî ñå÷åíèÿ, ïðèáëèçèòåëüíî ðàâíîé
6400 Í. Ïîñëå íàãðóæåíèÿ èçìåðÿëîñü ëîêàëüíî
îòíîñèòåëüíîå óäëèíåíèå íà êàæäîì âûáðàííîì
ó÷àñòêå. Äàííûå èçìåðåíèé ïðåäñòàâëåíû íà
ðèñ. 2 â ñîîòâåòñòâèè ñ ïëîùàäüþ ïîïåðå÷íîãî
ñå÷åíèÿ.

Àíàëèç ìèêðîñòðóêòóðû ïîâåðõíîñòè
ó÷àñòêîâ îáðàçöà â ïîëÿðèçîâàííîì ñâåòå

Ñîãëàñíî ðèñ. 2 áûëè âûäåëåíû óñðåäíåííûå
ó÷àñòêè îáðàçöà:

— ó÷àñòîê íà ðàññòîÿíèè îò 0 äî 35 ìì — ñî
ñòåïåíüþ äåôîðìàöèè 17,5%;

— ó÷àñòîê íà ðàññòîÿíèè îò 35 äî 60 ìì — ñî
ñòåïåíüþ äåôîðìàöèè 5,5 %;

— ó÷àñòîê íà ðàññòîÿíèè îò 60 äî 85 ìì — ñî
ñòåïåíüþ äåôîðìàöèè 1,5%.

Îáðàçåö ðàçðåçàëè íà òðè ÷àñòè è èç êàæäî-
ãî ó÷àñòêà èçãîòîâèëè ìèêðîøëèô, êîòîðûé áûë
ïîäâåðãíóò ýëåêòðîëèòè÷åñêîìó òðàâëåíèþ, íå-
îáõîäèìîìó äëÿ ïîëó÷åíèÿ íà ïîâåðõíîñòè èí-
òåðôåðåíöèîííîé êàðòèíû ïðè äàëüíåéøåì èñ-
ñëåäîâàíèè ìåòîäîì ïîëÿðèçàöèîííîé ìèêðî-
ñêîïèè. Â êà÷åñòâå ýëåêòðîëèòà äëÿ òðàâëåíèÿ
áûë ïðèìåíåí ðàñòâîð 40%-íîé ïëàâèêîâîé êèñ-
ëîòû, áîðíîé êèñëîòû â äèñòèëëèðîâàííîé âîäå.
Ìèêðîñòðóêòóðà ïîâåðõíîñòè øëèôîâ ïðåäñòàâ-
ëåíà íà ðèñ. 3. Èç ðèñóíêà âèäíî, ÷òî ñ óâåëè-
÷åíèåì ñòåïåíè äåôîðìàöèè çåðíà ñòàíîâÿòñÿ
áîëåå âûòÿíóòûìè ïî íàïðàâëåíèþ äåôîðìàöèè.

Òàáëèöà 2

Ìåõàíè÷åñêèå ñâîéñòâà ñïëàâà ÀÄ0, ïîëó÷åííûå ïî ðåçóëüòàòàì èñïûòàíèé íà ðàñòÿæåíèå

Ðèñ. 1. Îáðàçåö ñ ïåðåìåííîé ïëîùàäüþ ïîïåðå÷íîãî ñå÷åíèÿ ïî äëèíå ïîñëå íàíåñåíèÿ íåîáõîäèìîé ðàçìåòêè
è ìàðêèðîâêè

Òàáëèöà 3

Çíà÷åíèÿ ïëîùàäè ïîïåðå÷íîãî ñå÷åíèÿ îáðàçöà

Íîìåð  
îáðàçöà 

Íàãðóçêà  
ïðåäåëà  

òåêó÷åñòè, Í 

Íàãðóçêà ïðåäåëà  
âðåìåííîãî  

ñîïðîòèâëåíèÿ  
ðàçðûâó, Í 

Âðåìåííîå 
ñîïðîòèâëåíèå  

ðàçðûâó σâ, ÌÏà 

Ïðåäåë  
òåêó÷åñòè σ0,2,  

ÌÏà 

Îòíîñèòåëüíîå 
óäëèíåíèå δ5,  

% 

1 5434 13310 59 24 50,0 

2 6461 14940 66 29 50,0 

3 7370 14660 68 33 47 

Ñðåäíåå 
çíà÷åíèå 

6422 14403 64 29 49 

Ðàññòîÿíèå îò 
êðàÿ ðàáî÷åé 
çîíû, ìì 

0 5 10 15 20 25 30 35 40 

Ïëîùàäü 
ñå÷åíèÿ S, ìì2 226,6 226,7 144,3 141,0 148,2 153,2 159,9 166,0 172,4 

Ðàññòîÿíèå îò 
êðàÿ ðàáî÷åé 
çîíû, ìì 

45 50 55 60 65 70 75 80 85 

Ïëîùàäü 
ñå÷åíèÿ S, ìì2 

178,9 184,5 192,3 197,7 205,7 210,6 219,9 224,6 225,8 
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Òàêæå áûë ïðîâåäåí êîëè÷åñòâåííûé àíàëèç
îáúåìíîé äîëè çåðåí ðàçëè÷íîãî öâåòà â ñîîòâåò-
ñòâèè ñ ðàíåå ðàçðàáîòàííîé ìåòîäèêîé îïðåäå-
ëåíèÿ ìåõàíè÷åñêèõ ñâîéñòâ îòäåëüíûõ çåðåí [19].

Ðåçóëüòàòû

Ðåçóëüòàò êîëè÷åñòâåííîãî àíàëèçà îáúåìíîé
äîëè çåðåí ðàçëè÷íîãî öâåòà ïðåäñòàâëåí â
òàáë. 4.

Èç òàáëèöû âèäíî, ÷òî íà ó÷àñòêå îáðàçöà ñî
ñòåïåíüþ äåôîðìàöèè 5,5% ïðîèñõîäèò ðåçêîå
óìåíüøåíèå îáúåìíîé äîëè çåðåí êîðè÷íåâîãî
öâåòà è óâåëè÷åíèå îáúåìíîé äîëè çåðåí ñèíåãî
è æåëòîãî öâåòà.

Ýòîò ýôôåêò ìîæíî îáúÿñíèòü òåì, ÷òî êî-
ðè÷íåâûå çåðíà óñëîâíî ñîîòâåòñòâóþò êðèñòàë-
ëîãðàôè÷åñêîìó íàïðàâëåíèþ [110], âäîëü êîòî-
ðîãî ïëàñòè÷åñêàÿ äåôîðìàöèÿ â äàííîì ìàòåðè-
àëå ïðîõîäèò ëåã÷å. Ïîýòîìó ñ óâåëè÷åíèåì ñòå-
ïåíè äåôîðìàöèè çåðíà äàííîãî íàïðàâëåíèÿ
ïðîïàäàþò èç ïîëÿ çðåíèÿ íàáëþäàþùåãî â ìèê-
ðîñêîï.

Âûâîäû

Îïðåäåëåíà çàâèñèìîñòü èçìåíåíèÿ èíòåðôå-
ðåíöèîííîé êàðòèíû ìèêðîñòðóêòóðû ñïëàâà
ÀÄ0 îò ñòåïåíè äåôîðìàöèè. Óñòàíîâëåíî, ÷òî ñ
ïîâûøåíèåì ñòåïåíè äåôîðìàöèè îáúåìíàÿ äîëÿ
çåðåí ñèíåãî è æåëòîãî öâåòà óâåëè÷èâàåòñÿ, à

Ðèñ. 2. Ãðàôèê ðàñïðåäåëåíèÿ îòíîñèòåëüíîãî óäëèíåíèÿ ïî äëèíå îáðàçöà

Ðèñ. 3. Ìèêðîñòðóêòóðà êðàÿ ïîâåðõíîñòè îáðàç-
öîâ â ïîëÿðèçîâàííîì ñâåòå: à – ïðè ñòåïåíè äå-
ôîðìàöèè 1,5%; á – ïðè ñòåïåíè äåôîðìàöèè 5,5%;
â – ïðè ñòåïåíè äåôîðìàöèè 17,5%

Òàáëèöà 4

Îáúåìíàÿ äîëÿ çåðåí îïðåäåëåííîãî öâåòà
â ñîîòâåòñòâèè ñî ñòåïåíüþ äåôîðìàöèè

Äåôîðìàöèÿ îáðàçöà 1,5% 5,5% 17,5% 

Îáúåìíàÿ äîëÿ ñèíèõ çåðåí, % 39,4 49,5 51,5 

Îáúåìíàÿ äîëÿ êîðè÷íåâûõ 
çåðåí, % 

37,0 20,7 17,2 

Îáúåìíàÿ äîëÿ æåëòûõ çåðåí, % 23,6 29,7 31,5 
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êîðè÷íåâîãî öâåòà — óìåíüøàåòñÿ. Ýòî ìîæíî
îáúÿñíèòü òåì, ÷òî äàííûå çåðíà ñîîòâåòñòâóþò
êðèñòàëëîãðàôè÷åñêîìó íàïðàâëåíèþ [110], áîëåå
ïîäàòëèâîìó äëÿ ïëàñòè÷åñêîé äåôîðìàöèè â ÃÖÊ
ðåøåòêå.

Ñëåäóåò îòìåòèòü, ÷òî ïðè äåôîðìàöèè 5,5%
îáúåìíàÿ äîëÿ ñèíèõ è æåëòûõ çåðåí óâåëè÷èâà-
åòñÿ íà 25%, à êîðè÷íåâûõ óìåíüøàåòñÿ íà 44%.
Ïðè ñòåïåíè äåôîðìàöèè 17,5%, â ñðàâíåíèè ñ
5,5%, îáúåìíàÿ äîëÿ êîðè÷íåâûõ çåðåí ñòàíîâèò-
ñÿ ìåíüøå åùå íà 17%, îáúåìíàÿ äîëÿ ñèíèõ è
æåëòûõ óâåëè÷èâàåòñÿ íåçíà÷èòåëüíî — íà 4 è 6%
ñîîòâåòñòâåííî.
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