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Àííîòàöèÿ. Îáñóæäàþòñÿ ñâîéñòâà óñëîâèé ïëàñòè÷íîñòè äëÿ àíèçîòðîïíûõ òåë â ñëó÷àå
ïëîñêîé äåôîðìàöèè.
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1. Ðàññìîòðèì çàìåíó ïåðåìåííûõ [1]

σx = σ + k cos 2ϕ, σ = 1
2 (σx + σy) ,

σy = σ − k cos 2ϕ, tg2ϕ = 2τxy

σx−σy
,

τxy = k sin 2ϕ,
(1)

ãäå σx, σy, τxy � êîìïîíåíòû íàïðÿæåíèé â äåêàðòîâîé ñèñòåìå êîîðäèíàò xy, σ � ñðåäíåå
äàâëåíèå, ϕ � óãîë íàêëîíà ïåðâîãî ãëàâíîãî íàïðÿæåíèÿ ê îñè x.
Âåëè÷èíà ìàêñèìàëüíîãî êàñàòåëüíîãî íàïðÿæåíèÿ τmax îïðåäåëÿåòñÿ èç ñîîòíîøåíèÿ [2]

τmax =

√(
σx − σy

2

)2

+ τ2
xy. (2)

Èç (1), (2) ñëåäóåò

τmax = k. (3)

Ñîãëàñíî (1), (3) âåëè÷èíà k ÿâëÿåòñÿ ìàêñèìàëüíûì çíà÷åíèåì êàñàòåëüíîãî íàïðÿæåíèÿ.
Óñëîâèå ïëàñòè÷íîñòè ìàêñèìàëüíîãî êàñàòåëüíîãî íàïðÿæåíèÿ Òðåñêà � Ñåí-Âåíàíà äëÿ

èçîòðîïíîãî òåëà ñîãëàñíî (2), (3) èìååò âèä

(σx − σy)2 + 4τ2
xy = 4k2, k − const, (4)

ãäå k � ïðåäåë òåêó÷åñòè íà ñäâèã.
Ñëåäóÿ [3], çàïèøåì óñëîâèå ïëàñòè÷íîñòè äëÿ àíèçîòðîïíîãî òåëà

A (σx − σy)2 + 4Bτ2
xy = 4k2

0, k0, A, B − const, (5)

ãäå A,B � êîíñòàíòû àíèçîòðîïèè.
Èç (1), (5) ïîëó÷èì
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k(ϕ) =
k0√

A cos2 2ϕ+B sin2 2ϕ
. (6)

Óñëîâèå ïëàñòè÷íîñòè (5), ñîãëàñíî (1�3) ìîæíî çàïèñàòü â âèäå

(σx − σy)2 + 4τ2
xy = 4k2 (ϕ) , (7)

ãäå k(ϕ) îïðåäåëåíî ñîîòíîøåíèåì (6).
Âåëè÷èíà k(ϕ) ÿâëÿåòñÿ ïåðåìåííûì ïðåäåëîì òåêó÷åñòè íà ñäâèã â çàâèñèìîñòè îò óãëà ϕ.

Âåëè÷èíà 2k(ϕ) ÿâëÿåòñÿ ïåðåìåííûì ïðåäåëîì òåêó÷åñòè íà ðàñòÿæåíèå âäîëü íàïðàâëåíèÿ,
îáðàçóþùåãî óãîë ϕ ñ îñüþ x.
Ñîîòíîøåíèå (6) çàïèøåì â âèäå

k(ϕ) =
k0√

A+B
2

√
1 +

(
A−B
A+B

)
cos 4ϕ

. (8)

Íà ðèñ. 1 ïîêàçàí õàðàêòåð èçìåíåíèÿ çàâèñèìîñòè k= k(ϕ) ñîãëàñíî (8).

Ðèñ. 1.

2. Ðàññìîòðèì óñëîâèå ïëàñòè÷íîñòè

(σx − σy)2 + 4τ2
xy + 2 (σx − σy) τxy = 4k2

0, k0 − const. (9)

Èç (1), (8) íàéäåì

k2 + k2 cos 2ϕ · sin 2ϕ = k2
0. (10)

Èç (10) íàéäåì

k(ϕ) =
k0√

1 + 1
2 sin 4ϕ

. (11)

Óñëîâèå ïëàñòè÷íîñòè (10) ñîãëàñíî (1�3) ìîæíî çàïèñàòü â âèäå (7), ãäå k(ϕ) îïðåäåëÿåòñÿ
ñîãëàñíî (11). Íà ðèñ. 2 ïîêàçàí õàðàêòåð èçìåíåíèÿ çàâèñèìîñòè k= k(ϕ) ñîãëàñíî (11). Â
îáîèõ ñëó÷àÿõ (ðèñ. 1, 2) èìååò ìåñòî ÷åòûðåõëåïåñòêîâûé õàðàêòåð àíèçîòðîïèè, óãîë ìåæäó
îñÿìè ñèììåòðèè íà ðèñóíêàõ 1, 2, ñîîòâåòñòâóþùèé ñîîòíîøåíèÿì (8), (11), ñîñòàâëÿåò π

8 .
3. Ðàññìîòðèì óñëîâèå ïëàñòè÷íîñòè
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Ðèñ. 2.

A (σx − σy)2 + 4Bτ2
xy + 2C (σx − σy) τxy = 4k2

0, k0, A, B, C − const. (12)

Èç (1), (12) íàéäåì

k(ϕ) =
k0√

A+B
2

√
1 +

(
A−B
A+B

)
cos 4ϕ+

(
C

A+B

)
sin 4ϕ

. (13)

Âûðàæåíèå (13) ìîæíî çàïèñàòü â âèäå

k(ϕ) =
k0√

A+B
2

√
1 +M · cos 4 (ϕ− ϕ0)

, (14)

ãäå tg4ϕ0 = C
A−B , M =

√(
A−B
A+B

)2

+
(

C
A+B

)2

.

Ñîãëàñíî (14) ÷åòûðåõëåïåñòêîâûé õàðàêòåð àíèçîòðîïèè ñîõðàíÿåòñÿ, îñè ñèììåòðèè ïî-
âåðíóòû íà óãîë ϕ0 ïî îòíîøåíèþ ê îñè x.
4. Ðàññìîòðèì óñëîâèå ïëàñòè÷íîñòè Ìèçåñà

(σx − σy)2 + (σy − σz)
2 + (σz − σx)2 + 6

(
τ2
xy + τ2

xz + τ2
yz

)
= 6k2

0, k0 − const. (15)

Â ñëó÷àå ïëîñêîãî íàïðÿæåííîãî ñîñòîÿíèÿ èìååò ìåñòî

σz = τxz = τyz = 0. (16)

Èç (15), (16) ïîëó÷èì

(σx − σy)2 + σ2
x + σ2

y + 6τ2
xy = 6k2

0. (17)

Èñïîëüçóÿ ïðåäñòàâëåíèÿ

σx =
σx + σy

2
+
σx − σy

2
, σy =

σx + σy

2
− σx − σy

2
, (18)

çàïèøåì âûðàæåíèå (17) â âèäå

3 (σx − σy)2 + 4σ2 + 12τ2
xy = 12k2

0. (19)
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Èç (1), (19) áóäåì èìåòü

k =

√
k2
0 −

σ2

3
. (20)

Óñëîâèå ïëàñòè÷íîñòè (19) ñîãëàñíî (1), (20) ìîæåò áûòü ïåðåïèñàíî â âèäå

(σx − σy)2 + 4τ2
xy = 4k2 (σ) , (21)

ãäå k(σ) îïðåäåëÿåòñÿ ñîãëàñíî (20).
Ðàññìîòðèì óñëîâèå ïëàñòè÷íîñòè äëÿ àíèçîòðîïíîãî ìàòåðèàëà

A (σx − σy)2 + 4Bτ2
xy = 4k2 (σ) , A,B − const, (22)

âåëè÷èíà k(σ) îïðåäåëÿåòñÿ èç (20).
Èç (1), (22) àíàëîãè÷íî (8) ïîëó÷èì

k(σ, ϕ) =
k(σ)√

A+B
2

√
1 +

(
A−B
A+B

)
cos 4ϕ

. (23)

Óñëîâèå ïëàñòè÷íîñòè (23) ñîãëàñíî (1), (23) ìîæåò áûòü ïåðåïèñàíî â âèäå

(σx − σy)2 + 4τ2
xy = 4k2 (σ, ϕ) ,

ãäå k(σ, ϕ) îïðåäåëÿåòñÿ ñîãëàñíî (23).
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ABOUT PLASTIC OBJECTS ANISOTROPY

I.Yakovlev Chuvash State Pedagogical University

Abstract. Plasticity conditions characteristics for anisotropic objects at �at deformation are
considered.
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