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!.".#$%&’($

!"#!$%"&’()*+,(-’. $#’/*0’ (-#!+*1’,2%$%
(),#3/., ’#2*#%1’//%$% 1%&%-/’2*

!"#"$%&"’ ()%*+,$%-./001’ *0"./$%"-/- 0,*&" " -/20)3)("’ "4/0" ,&,+/4"&,.
5. 6. 7/8/-0/.,, 9$,%0):$%&, 7)%%":

!""#$%&’(. !"##$%&’()" *"+"," % -’.,()// .0’.1%02"#&/,(#-%1% #&(’3)4, "’$/’%5"))%1%
.0’.1/$/ 5%2%-)"$/. 624 ’(7()/4 *"+",/ /#0%28*.9&#4 *"-%): #%;’")()/4. !"*’"<%&")"
0’%1’"$$" +24 =>? +24 )";%3+()/4 .0’.1%02"#&/,(#-%@ 1’")/A:. B’/5(+(): ’(*.28&"&:
’"<%&: 0’%1’"$$: +24 #&(’3)(@ # 0’4$%.1%28):$ 0%0(’(,):$ #(,()/($, "’$/’%5")):$/
%+)/$, +5.$4 / 04&89 5%2%-)"$/, ’"*2/,)%1% ’"+/.#" / ’"#0%2%3()):( ’"*2/,):$ %<’"-
*%$. !"#,(&: 0’%/*5%+/2/#8 )" 0(’#%)"28)%$ -%$089&(’(, 5’($4 ’"#,(&%5 0’(+#&"52()):;
5 #&"&8( .0’.1%02"#&/,(#-/; 1’")/A 3-5 $/).&.

)*+,-./- 0*#.%: C0’.1%02"#&/,(#-"4 1’")/A", *"+"," -’.,()/4 .0’.1%1% #&(’3)4, #&(’-
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!"#$%&" ’()$* +,(-&"$., "#0/’")& -"D(+’: /)D%’$"A/%)):; E-%)%$/,(#-/; #/#&($;
e-mail: evtikhov_do@sibsau.ru; AuthorID:1036711

1*( &’$’2#.%"’(: A0$&7/0 ?.B. C0’.1%02"#&/,(#-"4 1’")/A" #-’.,/5"($%1% #&(’3)4, "’-
$/’%5"))%1% 5%2%-)"$/ // >(#&)/- F.5"7#-%1% 1%#.+"’#&5())%1% 0(+"1%1/,(#-%1% .)/5(’-
#/&(&" /$. G.H.H-%52(5". I(’/4: ?(;")/-" 0’(+(28)%1% #%#&%4)/4. 2024. J4(62).I. 53-61.
DOI: 10.37972/chgpu.2024.62.4.004 EDN: SANGJY

3$2$:5 /8=C1&’/02%2 %2 =#1/0&57 1&D"%E&& Creative Commons Attribution 4.0 International
(CC-BY 4.0).

© K5&/;%5 6.L. 2024
;)%-*<"3,: 01.11.24; <$"0:-, . </=,->: 08.12.24; )<*#3"&).,0,: 27.12.24.

53



Vestn. Chuvash. Gos. Ped. Univ. im. I.Ya.Yakovleva Ser.: Mekh. Pred. Sost.

DOI: 10.37972/chgpu.2024.62.4.004 EDN: SANGJY
Research Article

D.O.Evtikhov

THE ELASTIC-PLASTIC BOUNDARY OF A TORSIONAL ROD,
FIBER REINFORCED

Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russia

Abstract. The problem of torsion of an elastoplastic rod reinforced with elastic fibers is considered.
Conservation laws are used to solve the problem. A computer program has been developed to find
the elastoplastic boundary. The results of the program for rods with rectangular cross-section
reinforced with one, two and five fibers of diMerent radii and arranged in diMerent ways are
presented. Calculations were performed on a personal computer, the calculation time of the elastic-
plastic boundaries presented in the article is 3-5 minutes.
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14565785. !"#$%&’()’ *+,*-$+."/0)1’/2$3 -,"()45 6 /2,*1)6"’75#

/0’,%(8#, (’$9#$&)7$ &.8 ("#$%&’()8 +,’&’." +,$1($/0) ):&’.)8 ).) &.8

’-$ *+,$1(’()8 +,) +$7$;) +."/0)1’/2)# &’<$,7"4)3. =,) >0$7 6"%($, 10$-

95 +."/0)1’/2$7* &’<$,7),$6"()? +$&6’,-".)/@ 0$.@2$ 9.):2)’ 2 6(’A(’3

+$6’,#($/0) /.$) 7"0’,)".", ) 10$95 6 +,$4’//’ &’<$,7),$6"()8 (’ +,$):$-

A.$ ,":,*A’()’ *+,$1(8’7$-$ ):&’.)8 ) (’ *#*&A).)/@ ’-$ >2/+.*"0"4)$((5’

#","20’,)/0)2). =,) >0$7 6 ("/0$8;’’ 6,’78 )/+$.@:$6"()? 2$7+$:)0(5# 7"-

0’,)".$6 *&’.8’0/8 6/’ 9$.@A’ 6()7"()8. B [1] =,)6$&80/8 +’,65’ ,’:*.@0"-

05 )//.’&$6"()8 +,)(4)+)".@($ ($6$-$ 2$7+$:)0", +,$):6$&)7$-$ 7’0$&"7)

+$,$A2$6$3 7’0"..*,-)) / )/+$.@:$6"()’7 6 2"1’/06’ )/#$&(5# 2$7+$(’(0$6

*-.’6$.$2(" ) 1)/0$-$ %’.’:", +$2":"($, 10$ 6’.)1)(5 +,$1($/0) +,) ):-)9’ )

,"/08%’()) 7$-*0 +,’65A"0@ 2000 ) 1000 C=". B [2] ,"//7"0,)6"’0/8 +,)7’-

(’()’ /0,*20*,($-<*(24)$(".@($-$ "(".):" 6 2"1’/06’ $/($6($-$ )(/0,*7’(0"

&.8 +,$’20),$6"()8 /0,*20*,5 /).$65# >.’7’(0$6 2$(/0,*24)3 ): 2$7+$:)4)-

$((5# 7"0’,)".$6. D<$,7),$6"((5’ /0,*20*,5 $9’/+’1)6"?0 *&’.@(*? (’/*-

;*? /+$/$9($/0@ 2$7+$:)0(5# 2$(/0,*24)3, 9.):2*? 2 7"2/)7".@($3. B [3]

E"//7"0,)6"’0/8 *+,*-$’ &’<$,7),$6"()’ 2$7+$:)0", /$/0$8;’3 ): &6*# +."-

/0)(, /68:"((5# "&-’:)$((57 /.$’7 6 /$/0$8()) +.$/2$3 &’<$,7"4)). B [4]

+,$6’&’(5 )//.’&$6"()8 /0$32$/0) <$,7),*’7$-$ 2$7+$:)0($-$ 7"0’,)"." +,)

65/$2$/2$,$/0($7 /$*&",’()). B [5] ,"//7$0,’(" :"&"1" $ ("+,8%’(($7 /$/0$-

8()) 2$7+$:)4)$(($-$ 9,*/" / *+,*-$+."/0)1’/2$3 7"0,)4’3 ) *+,*-)7) 6$-

.$2("7), ,"/+$.$%’((57) 6&$.@ $/) 9,*/".

=’,’1)/.’((5’ +,$9.’75 +,)6$&80 2 :"&"1’ ("#$%&’()8 *+,*-$+."/0)1’-

/2$3 -,"()45 /2,*1)6"’7$-$ /0’,%(8, ",7),*’7$-$ *+,*-)7) 6$.$2("7) [6].

F$ ,"9$0 "60$,$6 [7–9] (’ 95.$ +,’&/0"6.’($ ><<’20)6($-$ 7’0$&", 2$0$,53

+$:6$.8. 95 ,’A"0@ >0* :"&"1*. G/+$.@:$6"()’ :"2$($6 /$#,"(’()8 &.8 ,’A’-

()8 &)<<’,’(4)".@(5# *,"6(’()3 +$:6$.).$ +$.*1)0@ "(".)0)1’/2)’ <$,7*-

.5 &.8 ("#$%&’()8 *+,*-$+."/0)1’/2$3 -,"()45 /0’,%(’3.

"9:;<794=< ><6<?8. E"//7$0,)7 *+,*-$+."/0)1’/2)3 /0’,%’(@, ",7),$-

6"((53 *+,*-)7) 6$.$2("7), /7. ,)/*($2 1.

=*/0@ u = ωxz, v = ωyz - ’&)(/06’((5’ (’(*.’65’ 2$7+$(’(05 0’(:$," ("+,8-

%’()3. B *+,*-$3 :$(’ $() *&$6.’06$,8?0 *,"6(’()87:

εu

εx
+

εv

εy
= ux + vy = 0,

εu

εy
+

εv

εx
= uy + vx = a, (1)

a = →2Gϑ,

6 +."/0)1’/2$3 :$(’:

εu

εx
+

εv

εy
= ux + vy = 0,

ω 2
xz

+ ω 2
yz

= u2 + v2 = k2
s
, (2)
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!"#. 1. $%&’(")*+,-. #/+&0+12, *&,"&3)*11-. )343%1*,"

)(&’2/5 6():* $9$:("1"?0 +,$):6$&(*? +$ /$$06’0/06*?;’3 +’,’7’(($3.

E"//7$0,)7 +$+’,’1($’ /’1’()’ /2,*1)6"’7$-$ /0’,%(8 ,)/*($2 2. H&’ L –

9$2$6"8 +$6’,#($/0@ /0’,%(8, 2$0$,"8 ("#$&)0/8 6 +."/0)1($7 /$/0$8()), 0$-

-&" (" (’3 65+$.(8’0/8 */.$6)8:

{
un1 + vn2 = 0

u2 + v2 = k2
s

(3)

ks - +,’&’. 0’2*1’/0) 6 7"0,)4’, kB - 6 6$.$2(’, kB > ks. n1, n2 - 2$7+$(’(05

6(’A(’-$ 6’20$," ($,7".) 2 9$2$6$3 +$6’,#($/0).

!" -,"()4’ 6$.$2$( Li = (x→xAi)
2+(y→yAi)

2 = R2
Ai

) 7"0,)45 65+$.(8’0/8

*/.$6)’ [10]: {
un1 + vn2 = ω

u2 + v2 = k2
s

(4)

$0/?&" +$.*1"’7:

u = ωn1 ↑ n2

√
k2
s
→ ω 2, v = ωn2 ± n1

√
k2
s
→ ω 2,

x = xAi +RLin1, y = yAi +RLin2,
ω - :"&"(($’ 2"/"0’.@($’ ("+,8%’()’, RLi - ,"&)*/ i-$-$ 6$.$2(".

I"+)A’7 (1) 6 6)&’:

F1 = ux + vy = 0, F2 = uy → vx → a = 0. (5)
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!"#. 2. 536+&+(13+ #+(+1"+ #%&’(")*+,373 #/+&018, *&,"&3)*11373 ’6&’7"," )343%-
1*,". $/&+4%*," ’%*9313 1*6&*)4+1"+ 3:;3<* %31/’&3) 6&" )-("#4+1"" "1/+7&*4*.

I"2$( /$#,"(’()8 &.8 /)/0’75 (5) :"+)A’7 6 6)&’ [7]:

εxA+ εyB = !1F1 +!2F2 = 0, (6)

:&’/@ !1,!2 (’2$0$,5’ .)(’3(5’ &)<<’,’(4)".@(5’ $+’,"0$,5.

=*/0@ A = ϖ1u+ ϱ1v + ς1, B = ϖ2u+ ϱ2v + ς2
, 0$-&" ): (6) +$.*1"’7:

ϖ1
x
+ϖ1ux+ϱ1

x
v+ϱ1vx+ς1+ϖ2

y
u+ϖ2uy+ϱ2

y
v+ϱ2vy+ς2 = φ1(ux+vy→a)+φ(uy→vx).

(7)

ϖ, ϱ ) ς <*(24)) 0$.@2$ $0 x, y.

G: (7) /.’&*’0:

ϖ1 = ϱ2, ϱ1 = →ϖ2, ς1
x
+ ς2

y
= →aϖ1,






ϖ1
x
→ ϱ1

y
= 0,

ϱ1
x
+ ϖ1

y
= 0,

ς1
x
+ ς2

y
= →ϖ1a,

(8)

A = ϖ1u+ ϱ1v + ς1, B = →ϱ1u+ ϖ1v + ς2.

E"//7$0,)7 &6" ,’A’()8 /)/0’75 *,"6(’()3 (8) )7’?;)’ $/$9’(($/0@ 6 0$1-

2’ (x0, y0), +’,6$’ ,’A’()’ 6$:@7’7 6 6)&’:
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ϖ1 =
x→ x0

(x→ x0)2 + (y → y0)2
,

ϱ1 = → y → y0
(x→ x0)2 + (y → y0)2

, (9)

ς1
x
+ ς2

y
= →aϖ1,

-&’ ς2 = 0, ς1 = →aarctg y→y0

x→x0
.

B0$,$’ ,’A’()’ 6$:@7’7 6 6)&’:

ϖ3 =
y → y0

(x→ x0)2 + (y → y0)2
,

ϱ3 =
x→ x0

(x→ x0)2 + (y → y0)2
, , (10)

ς3
x
+ ς4

y
= →aϖ3,

-&’ ς3 = 0, ς4 = →a

2 ln((x→ x0)2 + (y → y0)2).
G: :"2$(" /$#,"(’()8 (6) /.’&*’0:

!

S

(Ax +By)dxdy =




∮

L

+
n∑

i=1

∮

Li



 = 0, (11)

-&’ S – +$+’,’1($’ /’1’()’, L --,"()4" S, Li--,"()4" i-$-$ 6$.$2(".

J$-&" ): (11) +$.*1"’7 &.8 +’,6$-$ ,’A’()8:

2↼u(x0, y0) = →ωxz(x0, y0)2↼ = →




∮

L

+
n∑

i=1

∮

Li



 , (12)

&.8 60$,$-$ ,’A’()8:

2↼v(x0, y0) = →ωyz(x0, y0)2↼ = →




∮

L

+
n∑

i=1

∮

Li



 . (13)

K$.’’ +$&,$9($ +$&$9(5’ 651)/.’()8 ,"//7"0,)6"?0/8 6 [8].

L$,7*.5 (12) ) (13) +$:6$.8?0 +$/0,$)0@ *+,*-$+."/0)1’/2*? -,"()4* &.8

/2,*1)6"’7$-$ /0’,%(8, ",7),*’7$-$ 6$.$2("7). J$12) +$+’,’1($-$ /’1’()8,

6 2$0$,5# 65+$.(8’0/8 */.$6)’ u2 + v2 ↓ k2
s

+,)("&.’%"0 *+,*-$3 $9."/0),

$/0".@(5’ – +."/0)1’/2$3.

D )/+$.@:$6"()’7 >0)# <$,7*. ("7) 95." ,":,"9$0"(" +,$-,"77" &.8 MBC

6 /,’&’ Maple. !" ,)/*(2"# 3, 4 +,’&/0"6.’(5 ,’:*.@0"05 ,"/1’0" *+,*-$+."-

/0)1’/2$3 -,"()45 /0’,%(8 2h x 2l, +,87$*-$.@($-$ +$+’,’1($-$ /’1’()8, ",-

7),*’7$-$ *+,*-)7) 6$.$2("7), -&’ l=6, h=3, :("1’()) 2,*08;’-$ +","7’0,"

a=0.2, 7’/0$+$.$%’()’ 4’(0," 6$.$2(" ) ’-$ ,"&)*/ *2":"( 6 +$&+)/) 2 ,)/*(-

2*. D6’0.5’ $9."/0) *+,*-)’, J’7(5’ +."/0)1(5’.
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!"#. 3. =6&’7364*#/"(+#%*8 7&*1">*, xA1 = 0, yA1 = 0, RL1 = 1.

!"#. 4. =6&’7364*#/"(+#%*8 7&*1">*: a)xA1 = 3, yA1 = 1.5, RL1 = 1;
:)xA1 = 3, yA1 = 1.5, xA2 = →3, yA2 = →1.5, RL1 = 1, RL2 = 1;
))xA1 = 3, yA1 = 1.5, xA2 = →3, yA2 = →1.5, RL1 = 0.2, RL2 = 0.2;
7)xA1 = 0, yA1 = 0, xA2 = →3, yA2 = →1.5, xA3 = 3, yA3 = 1.5, xA4 = →3, yA4 = 1.5, xA5 =
3, yA5 = 1.5, RL1 = 1, RL2 = 0.2, RL3 = 0.2, RL4 = 0.2, RL5 = 0.2.

@<=AB?5785. E"//7$0,’(" :"&"1" $ 2,*1’()) *+,*-$+."/0)1’/2$-$

/0’,%(8, ",7),$6"(($-$ *+,*-)7) 6$.$2("7). F.8 ,’A’()8 :"&"1) )/+$.@-

:*?0/8 :"2$(5 /$#,"(’()8. E":,"9$0"(" +,$-,"77" &.8 MBC &.8 ("#$%&’()8
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*+,*-$+."/0)1’/2$3 -,"()45. =,)6’&’(5 ,’:*.@0"05 ,"9$05 +,$-,"775 &.8

/0’,%(’3 / +,87$*-$.@(57 +$+’,’1(57 /’1’()’7, ",7),$6"((57) $&()7, &6*-

78 ) +80@? 6$.$2("7), ,":.)1($-$ ,"&)*/" ) ,"/+$.$%’((5’ ,":.)1(57 $9-

,":$7. E"/1’05 +,$):6$&).)/@ (" +’,/$(".@($7 2$7+@?0’,’, 6,’78 ,"/1’0$6

+,’&/0"6.’((5# 6 /0"0@’ *+,*-$+."/0)1’/2)# -,"()4 3-5 7)(*0.

B5,"%"? 9."-$&",($/0@ ("*1($7* ,*2$6$&)0’.?, +,$<’//$,* D’("A$6* D.

G. :" +$/0"($62* :"&"1) ) 6()7"()’ 2 ,"9$0’.

!"#"$%&’($)%"

*+,-. -/0121/. 100%.
3145,6+0 64072781/. ?)/3&- <+%4*&"&’@/ 3/#’/#/)"+ 8)1-; " 63/+1>"*421-;
%31A4"%/3) "1/+&+#3), #)89*11-; # 6’:4"%*>"+. 1*#/38B+. #/*/2".
&801946+ 564-48621/-46:. ?)/3&- 9*8)48@/ 3: 3/#’/#/)"" )1+C1+73 A"1*1#"-
&3)*1"8 6&" 6&3)+<+1"" "##4+<3)*1"8.

ADDITIONAL INFORMATION

Authors’ contribution. 100%.
Competing interests. The authors declare that they have no competing interests.
Funding. This study was not supported by any external sources of funding.

$&’(;<’=;<

[1] $*&%"#81 D. $., $*&%"#81 ?. E., F34("1 ?. ?. " <&. F3,639"/1*8 #/*42 // F3,63-
9"/- " 1*13#/&’%/’&-. 2024. N. 16, J 3. I. 202–207. EDN: EAQPSQ. DOI: 10.36236/1999-
7590-2024-16-3-202-207.

[2] $343)2+) 5. G., 5+&)’C"1 H. $., I+&1*%3) G. $., ?;,+<2813) ?. G. $/&’%/’&13-
A’1%>"31*421-. *1*4"9 %*% 3#13)* 6&3+%/"&3)*1"8 #/&’%/’&- ,*##3JAA+%/")-
1-; #"43)-; J4+,+1/3) %31#/&’%>". "9 %3,639">"311-; ,*/+&"*43) // F3,639"-
/- " 1*13#/&’%/’&-. 2023. N. 15, J 4. I. 237–246. EDN: FASWSZ. DOI: 10.36236/1999-
7590-2023-15-4-237-246.

[3] K37*(+)* G. L., M4*734+) N. G. !*9&-) 63 ,3<+ I *<7+9"311373 #438 # ’(+/3, <"*73-
1*421-; %3,631+1/ /+193&* 1*6&80+1". // G+#/1"% O’)*C#%373 73#’<*&#/)+113-
73 6+<*737"(+#%373 ’1")+&#"/+/* ",. P. Q. Q%3)4+)*. $+&"8: R+;*1"%* 6&+<+4213-
73 #3#/381"8. 2022. J 4(54). I. 47–56. EDN: ULGOYA. DOI: 10.37972/chgpu.2022.54.4.005.

[4] M34-C+) ?. ?., S3473)* C. D. G4"81"+ %+&*,"(+#%373 )343%1* SiC ) ,+/*443-
,*/&"(13, %3,639"/+ 1* +73 #/3.%3#/2 6&" )-#3%3#%3&3#/13, 1*7&’0+1"" //
5&"%4*<1*8 ,+;*1"%* " /+;1"(+#%*8 A"9"%*. 2022. N. 63, J 6(376). I. 145–149.
EDN: PUGZHK. DOI: 10.15372/PMTF20220616.

[5] $+1*C3) $. P., $*)3#/2813)* P. N., Q;13 ?. D. P97": %3,639"/1373 :&’#* //
$":"&#%". *J&3%3#,"(+#%". 0’&1*4. 2024. N. 25, J 1. I. 25–32. EDN: RRHQRY.
DOI: 10.31772/2712-8970-2024-25-1-25-32.

[6] O))/) P. 6., F(’(0")%5 Q. B. C0’.1%-02"#&/,(#-"4 *"+",". R%5%#/</’#- : R".-", 1983.
I. 126.

[7] S/’4-%5 B. B., I()"7%5 I. G., H;)% O. R. B’/2%3()/( #/$$(&’/@ / *"-%)%5 #%;’")()/4
- ’(7()/9 +/DD(’()A/"28):; .’"5)()/@. R%5%#/</’#- : G*+-5% IL !OR, 2001. I. 192.

[8] Senashov S. I., Yakhno A. Conservation laws, hodograph transformation and boundary
value problems of plane plasticity // Symmetry, Integrability and Geometry: Methods
and Applications. 2012. Vol. 8. P. 071. EDN: RGOBNN. DOI: 10.3842/SIGMA.2012.071.



+*F+)B*GH3I-(A3@H. )FH<-JH 3@F+(-!HA6B)B 3IAFK<. ... 61

[9] I()"7%5 I. G., F(’(0")%5" L. R., S%)+’/) O. O. L< .0’.1%02"#&/,(#-%$ -’.,()//
#&(’3)4 // >(#&)/- I/</’#-%1% 1%#.+"’#&5())%1% "E’%-%#$/,(#-%1% .)/5(’#/&(&" /$.
"-"+($/-" ?. T. !(7(&)(5". 2013. J 3(49). I. 100–103. EDN: RFWONN.

[10] !"<%&)%5 U. R. ?(;")/-" +(D%’$/’.($%1% &5(’+%1% &(2". ?%#-5" : R".-", 1988. I. 712.

REFERENCES
[1] Sarkisyan N. S., Sarkisyan A. O., Kolchin A. A. et al. Composite steel // Composites

and nanostructures. 2024. Vol. 16, no. 3. P. 202–207. EDN: EAQPSQ. DOI: 10.36236/1999-
7590-2024-16-3-202-207. in Russian.

[2] Solovyov P. V., Pervushin Yu. S., Zhernakov V. S., Akhmedianov A. V. Structural and
functional analysis as the basis for designing the structure of the mass of eTective power
elements of structures made of composite materials // Composites and nanostructures.
2023. Vol. 15, no. 4. P. 237–246. EDN: FASWSZ. DOI: 10.36236/1999-7590-2023-15-4-237-246.
in Russian.

[3] Bogacheva V. E., Glagolev L. V. Rupture according to the mode I of the
adhesive layer taking into account the diagonal components of the stress tensor //
Bulletin of the Chuvash State Pedagogical University named after I. Ya. Yakovleva.
Series: Mechanics of the limit state. 2022. no. 4(54). P. 47–56. EDN: ULGOYA.
DOI: 10.37972/chgpu.2022.54.4.005. in Russian.

[4] Golyshev A. A., Dolgova C. D. Influence of ceramic SiC fiber in a metal
matrix composite on its resistance under high-speed loading // Applied mechanics
and technical physics. 2022. Vol. 63, no. 6(376). P. 145–149. EDN: PUGZHK.
DOI: 10.15372/PMTF20220616. in Russian.

[5] Senashov S. I., Sevastyanova I. L., Yakhno A. N. Bending of composite timber //
Siberian Aerospace Journal. 2024. Vol. 25, no. 1. P. 25–32. EDN: RRHQRY.
DOI: 10.31772/2712-8970-2024-25-1-25-32. in Russian.

[6] Annin B. D., Cherepanov G. P. Elastic-plastic problem. Novosibirsk : Nauka, 1983. P. 126. in
Russian.

[7] Kiryakov P. P., Senashov S. I., Yakhno A. N. Application of symmetries and conservation laws
to the solution of diMerential equations. Novosibirsk : Publishing House of the SB RAS, 2001.
P. 192. in Russian.

[8] Senashov S. I., Yakhno A. Conservation laws, hodograph transformation and boundary
value problems of plane plasticity // Symmetry, Integrability and Geometry: Methods
and Applications. 2012. Vol. 8. P. 071. EDN: RGOBNN. DOI: 10.3842/SIGMA.2012.071.

[9] Senashov S. I., Cherepanova O. N., Kondrin A. A. On elastic-plastic torsion of a rod // Bulletin
of the Siberian State Aerospace University named after academician M. F. Reshetnev. 2013.
no. 3(49). P. 100–103. EDN: RFWONN. in Russian.

[10] Rabotnov Yu. N. Mechanics of a deformable solid. Moscow : Nauka, 1988. P. 712. in Russian.


