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!"#$%$&$ ’()*+,- -,./"%0% %-. 1.2.!3+%"#0)4) 516, 7)#08/, 5)##%9

!""#$%&’(. ! "#$%&’()* $%#%+) &,$-./#0%$’ 1&23&$4 2&$%3&)"5’ 657-3 8#’ /9’ :5;-
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1. 789:9;<9 < =>9:8?><@9AB;C9 D89:9;<E ! "#$%&’&((#) *(+&(&%(#)
,%-./*.& $"& 0#123&& ,%*’&(&(*& (-4#56/ .#("/%7.8*#((9& ’&/-’-/&%*-19 *
0*#.#’,#:*/9, #01-5-;<*& "1#+(#) ’*.%#"/%7./7%#) [1–3]. =*.%#- * (-(#-
"/%7./7%(9& "#"/#6(*6 /-.*4 ’-/&%*-1#$ :->-"/7; %&-?*%7;/ (- *:’&(&(*&
#%*&(/-8** .##%5*(-/(#?# 0-:*"- /%&4’&%(#?# ,%#"/%-("/$-. =-/&’-/*>&".#&
’#5&1*%#$-(*& 7.-:-((94 ’&/-’-/&%*-1#$ /%&07&/ ,%*$1&>&(*6 -,,-%-/- ’*.-
%#,#16%(#) /&%’#’&4-(*.* [4–8].

@*(&)(#& -(*:#/%#,(#& ’*.%#,#16%(#& /&1#, 4-%-./&%*:7;<&&"6 171 #,%&-
5&16;<*’* ,#"/#6((9’*, ’#+&/ 09/2 %&578*%#$-(# " ,#’#<2; ",&8*-12(94
.##%5*(-/(94 ,%&5"/-$1&(*) [9–12] . ?&’*/%#,(#’7, - :-/&’ . 712/%-?&’*/%#,-
(#’7 *, #.#(>-/&12(#, . 712/%-*:#/%#,(#’7.

! (-"/#6<&) %-0#/& ’&/#5 ’-/%*>(#?# ,%&5"/-$1&(*6 A-6 [13–21] ,%*’&(6&/-
"6 . -"*’’&/%*>(9’ /&(:#%-’ >&/$&%/#?#, 516 ,#"1&57;<&?# ,#"/%#&(*6 B*?7%
A-6 516 -"*’’&/%*>(94 ’#5&1&) ?&’*/%#,(#?#, 712/%-?&’*/%#,(#?# * 712/%--
*:#/%#,(#?# ’*.%#,#16%(#?# 7,%7?#?# /&1-.

C:1#+&(*& (-"/#6<&) "/-/2* 0-:*%7&/"6 (- %&:712/-/-4, /&%’*(#1#?** * ,#-
(6/*64 ,%&5957<*4 ,701*.-8*) [22–36].

2. 2<F>G=GAE>;CH I=>IJ<H =G@9;K<?A D<AG8CL < MGM9;@;CL
;?=>EN9;<H. D-""’#/%*’ /%&4’&%(#& E$.1*5#$# ,%#"/%-("/$# " :-5-((#)
$ (&’ 5&.-%/#$#) ,%6’#7?#12(#) "*"/&’#) .##%5*(-/ xi. F-5-5*’ ’*.%#,#16%-
(9) 7,%7?*) ,#/&(8*-1 U , %-"">*/-((9) (- &5*(*87 *($-%*-(/(#?# G1&’&(/-
#0H&’- dω , " &"/&"/$&((9’* /&(:#%(9’* -"*’’&/%*>(9’* -%?7’&(/-’* $ $*5&

U = U (εsm,ϑsm) , (1)

?5& εsm I -"*’’&/%*>(9) /&(:#% 5&B#%’-8**; ϑsm I -"*’’&/%*>(9) /&(:#%
5&B#%’-8** *:?*0-–.%7>&(*6. J,%7?*) ,#/&(8*-1 $ "17>-& *",#12:#$-(*6 *(-
$-%*-(/(#?# G1&’&(/- #0H&’- 6$16&/"6 -0"#1;/(9’ *($-%*-(/#’ (".-16%#’),
(& :-$*"6<*’ (* #/ .-.*4 ,%&#0%-:#$-(*) /%&4’&%(#?# ,%#"/%-("/$-.

! "17>-& 1*(&)(#?# -(*:#/%#,(#?# ’*.%#,#16%(#?# 7,%7?#?# /&1- G(&%?&/*-
>&".-6 B#%’- $ ,%#*:$#12(#) "*"/&’& .##%5*(-/ ’#+(# ,%*(6/2 $ $*5&:

2U = H
1
islmεisεlm +H

2
islmϑisϑlm +H

3
islmεisϑlm. (2)

K/’&/*’, >/# &5*("/$&((9’ #,%&5&16;<*’ /&(:#%#’ >&/$&%/#?# %-(?- .#’,#-
(&(/9 .#/#%#?# #.-:9$-;/"6 >7$"/$*/&12(9’* . ,%&#0%-:#$-(*6’ :&%.-12(#?#
#/%-+&(*6 * 8&(/%-12(#) *($&%"** /%&4’&%(#?# ,%#"/%-("/$- 6$16&/"6 #,%&-
5&16;<*) /&(:#% H

3
islm.
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L16 #,%&5&16;<*4 ?&’*/%#,(94 /&(:#%#$ * /&(:#%#$ .##%5*(-/(9& ,%&5-
"/-$1&(*6 [9] *($-%*-(/(9& #/(#"*/&12(# ?%7,,9 $%-<&(*) ,#17>-;/"6 $ B#%-
’& [12]

H
1 islm

= a
1
gisglm + b

1
gilgsm + c

1
gimgsl ,

H
2
islm = a

2
gisglm + b

2
gilgsm + c

2
gimgsl ,

H
3
islm = a

3
gisglm + b

3
gilgsm + c

3
gimgsl .

(3)

F5&"2 a
a
, b
a
, c
a
, (a = 1, 2, 3) I 5&$6/2 #,%&5&16;<*4 ".-16%#$ ?&’*/%#,(#?# ’*.%#-

,#16%(#?# 7,%7?#?# /&1-. “=&/-*(5&."” a I (7’&%7&/ #,%&5&16;<*& ".-16%9.
M /#>.* :%&(*6 /&(:#%(#) -1?&0%9 a

a
, b

a
, c

a
, .-. ’*(*’7’, 6$16;/"6 ?&’*/%#,-

(9’* (?&’*/%#,(9’*) *($-%*-(/-’*.
!9>*"1*’ .#’,#(&(/9 #,%&5&16;<*4 /&(:#%#$ (3) $ 5&.-%/#$#) "*"/&’& .#-

#%5*(-/. L16 ?&’*/%#,(#?# 7,%7?#?# /&1- (&(71&$9’* .#’,#(&(/-’* 0757/:

H
a

1111 = H
a

2222 = H
a

3333 = a
a
+ b

a
+ c

a
,

H
a

1122 = H
a

2211 = H
a

1133 = H
a

3311 = H
a

2233 = H
a

3322 = a
a
,

H
a

1221 = H
a

2112 = H
a

1331 = H
a

3113 = H
a

2332 = H
a

3223 = b
a
,

H
a

1212 = H
a

2121 = H
a

1313 = H
a

3131 = H
a

2323 = H
a

3232 = c
a
.

(4)

K"/-$3*&"6 60 .#’,#(&(/ $ .-+5#’ *: #,%&5&16;<*4 /&(:#%#$, (& 7.-:-((9&
$ (4), 0757/ %-$(9 (71;.

N#17*:#/%#,(#& ’*.%#,#16%(#& /&1# (-:#$&’ 712/%-?&’*/%#,(9’, &"1* .#’-
,#(&(/9 &?# #,%&5&16;<*4 /&(:#%#$ $##0<& (& *:’&(6;/"6 (* ,%* .-.*4 ,%&-
#0%-:#$-(*64 /%&4’&%(#?# E$.1*5#$- ,%#"/%-("/$-, /.&. 6$16;/"6 /&(:#%-’* "
,#"/#6((9’* .#’,#(&(/-’* [10–12]. J>*/9$-6 ,%&5"/-$1&(*& 516 /&(:#%#$ >&/-
$&%/#?# %-(?- " ,#"/#6((9’* .#’,#(&(/-’* [10], #,%&5&16;<*& /&(:#%9 ’#+(#
,%&5"/-$*/2 $ $*5&

H
c
islm = a

c
ϖisϖlm + c

c
ϖimϖls (c = 1, 2, 3), (5)

/.&.
b
c
= 0 (c = 1, 2, 3). (6)

K,%&5&16;<*& /&(:#%9 712/%-?&’*/%#,(#?# 7,%7?#?# /&1- *’&;/ %#$(# 15
(&(71&$94 .#’,#(&(/:

H
a

1111 = H
a

2222 = H
a

3333 = a
a
+ c

a
,

H
a

1122 = H
a

2211 = H
a

1133 = H
a

3311 = H
a

2233 = H
a

3322 = a
a
,

H
a

1212 = H
a

2121 = H
a

1313 = H
a

3131 = H
a

2323 = H
a

3232 = c
a
.

(7)

K"/-$3*&"6 66 .#’,#(&(/ $ .-+5#’ *: #,%&5&16;<*4 /&(:#%#$ %-$(9 (71;.
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,-%9 /&(:#%(94 *(5&."#$ (is, lm) 11 22 33 12 13 23 21 31 32
’-/%*>(9& *(5&."9 (K,N) 1 2 3 4 5 6 7 8 9

!"#$%&" 1. ’(()*+),)*%+ -". )+/0(./12 % 3").%4/12 %/5+6,(*.

C:#/%#,(#& ’*.%#,#16%(#& 7,%7?#& /&1# (-:#$&’ 712/%-*:#/%#,(9’, &"1*
.#’,#(&(/9 5$74 &?# #,%&5&16;<*4 /&(:#%#$ $##0<& (& *:’&(6;/"6 (* ,%* .--
.*4 ,%&#0%-:#$-(*64 /%&4’&%(#?# E$.1*5#$- ,%#"/%-("/$-, /.&. 6$16;/"6 /&(-
:#%-’* " ,#"/#6((9’* .#’,#(&(/-’*.

J>*/9$-6 ,%&5"/-$1&(*& 516 /&(:#%#$ >&/$&%/#?# %-(?- " ,#"/#6((9’* .#’-
,#(&(/-’* [10], 516 #,%&5&16;<*4 /&(:#%#$ >&/$&%/#?# %-(?- *’&&’

H
c
islm = a

c
ϖisϖlm + c

c
ϖimϖls (c = 1, 2), (8)

*1*

H
c
islm = a

c
ϖisϖlm → 1

2
c
c
(ϖilϖsm → ϖimϖsl) +

1

2
c
c
(ϖilϖsm + ϖimϖsl) (c = 1, 2). (9)

3. ’<JI>C %?E :AE IAB@>?J9M<@>G=;GJG < IAB@>?<OG@>G=;GJG
@9A. L16 .#’,-./(#"/* :-,*"* /&(:#%(94 7%-$(&(*) *(#?5- $9?#5(# *",#12:#-
$-/2 ’-/%*>(9& #0#:(->&(*6 [13, pp. 113–115], .#/#%9& ,#:$#16;/ ,%&5"/-$*/2
.#’,#(&(/9 /&(:#%- >&/$&%/#?# %-(?- G1&’&(/-’* ’-/%*89, 7’&(23*$ .#1*>&-
"/$# *(5&."#$ " 4 5# 2, - /&(:#%9 $/#%#?# %-(?- I $&./#%-’*. K5(-.#, (&#0-
4#5*’# ,#’(*/2, >/# 5$74*(5&."(9& G."/&("*$9, "##/$&/"/$7;<*& /&(:#%-’
>&/$&%/#?# %-(?-, (& ,%&#0%-:7;/"6 ,# /&(:#%(9’ ,%-$*1-’.

N%&#0%-:#$-(*& #,%&5&16;<*4 /&(:#%#$ H
a

islm (a = 1, 2, 3) $ (2) . $*57 5$7-
’&%(94 ’-/%*8 075&’ ,%#*:$#5*/2 :-’&(#) *(5&."#$ "#?1-"(# /-01*8& 1.

K,%&5&16;<-6 ’-/%*8- H
a

KN ,%* 7>&/& (3) ,%*(*’-&/ $*5

H
a

KN =





a
a
+ b

a
+ c

a
a
a

a
a

0 0 0 0 0 0

a
a

a
a
+ b

a
+ c

a
a
a

0 0 0 0 0 0

a
a

a
a

a
a
+ b

a
+ c

a
0 0 0 0 0 0

0 0 0 c
a

0 0 b
a

0 0

0 0 0 0 c
a

0 0 b
a

0

0 0 0 0 0 c
a

0 0 b
a

0 0 0 b
a

0 0 c
a

0 0

0 0 0 0 b
a

0 0 c
a

0

0 0 0 0 0 b
a

0 0 c
a





. (10)

F-’&/*’, >/# ’-/%*8- H
a

KN "*’’&/%*>(- #/(#"*/&12(# ?1-$(#) 5*-?#(-1*.
D&:712/-/ ,#"/%#&(*6 B*?7%9 A-6 516 #,%&5&16;<&?# ?&’*/%#,(#?# /&(:#%-
,%&5"/-$1&( (- %*". 1.
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7%,. 1. 8*93+./": ;%<9." =": 3").%&1 (-.+5+$:>?+<( )+/0(." H
a

KN <+3%).(-/(<(
3%6.(-($:./(<( 9-.9<(<( )+$". ↑ @ /9$+*1+ 6(3-(/+/)1, • @ 6(3-(/+/)1 ()$%4/1+
() /9$:, ↓ = (H

a
12 + H

a
44 + H

a
47), A%./13% ().+06"3% % 59<"3% ,(+5%/+/1 ."*/1+

6(3-(/+/)1.

7%,. 2. 8*93+./": ;%<9." =": <+3%).(-/(<( 3%6.(-($:./(<( 9-.9<(<( )+$". ↑ @
/9$+*1+ 6(3-(/+/)1, • @ 6(3-(/+/)1 ()$%4/1+ () /9$:, ↓ = (H

a
12 + H

a
44 + H

a
47),

A%./13% ().+06"3% % 59<"3% ,(+5%/+/1 ."*/1+ 6(3-(/+/)1.

L$7’&%(-6 B*?7%- A-6 516 ?&’*/%#,(#?# ’*.%#,#16%(#?# 7,%7?#?# /&1- ’#-
+&/ 09/2 ,#17>&(- ,7/&’ #0H&5*(&(*6 G1&’&(/-%(94 B*?7% 516 #,%&5&16;<*4
’-/%*8 ("’. %*". 1). A- %*". 2 ,%&5"/-$1&(- B*?7%- A-6 516 #,%&5&16;<*4
7%-$(&(*) ?&’*/%#,(#?# ’*.%#,#16%(#?# 7,%7?#?# /&1-. N&%&"&>&(*& +*%(94
1*(*) (- %*". 4 (& ?#$#%*/ # "$6:* "##/$&/"$7;<*4 .#’,#(&(/ #,%&5&16;<*4
’-/%*8.
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7%,. 3. 8*93+./": ;%<9." =": (.-+5+$:>?+B 3").%&1 H
a

KN 9$C)."<+3%).(-/(-
<(/9$C)."%0().(-/(<( 3%6.(-($:./(<( 9-.9<(<( )+$". ↑ @ /9$+*1+ 6(3-(/+/)1, •
@ 6(3-(/+/)1 ()$%4/1+ () /9$:, ↓ = (H

a
12 + H

a
44 + H

a
47), A%./13% ().+06"3% %

59<"3% ,(+5%/+/1 ."*/1+ 6(3-(/+/)1.

K,%&5&16;<-6 712/%-?&’*/%#,(-6/712/%-*:#/%#,(-6 ’-/%*8- H
a

KN ,%*
7>&/& (3) ,%*(*’-&/ $*5

H
a

KN =





a
a
+ c

a
a
a

a
a

0 0 0 0 0 0

a
a

a
a
+ c

a
a
a

0 0 0 0 0 0

a
a

a
a

a
a
+ c

a
0 0 0 0 0 0

0 0 0 c
a

0 0 0 0 0

0 0 0 0 c
a

0 0 0 0

0 0 0 0 0 c
a

0 0 0

0 0 0 0 0 0 c
a

0 0

0 0 0 0 0 0 0 c
a

0

0 0 0 0 0 0 0 0 c
a





. (11)

O*?7%- A-6 516 #,%&5&16;<&) 712/%-?&’*/%#,(#)/712/%-*:#/%#,(#) ’-/-
%*89 ,%&5"/-$1&(- (- %*". 3. L$7’&%(9& B*?7%9 A-6 516 712/%-?&’*/%#,(#?#
* 712/%-*:#/%#,(#?# ’*.%#,#16%(#?# 7,%7?#?# /&1- ,#17>-;/"6 ,7/&’ #0H&5*-
(&(*6 G1&’&(/-%(94 B*?7% 516 #,%&5&16;<*4 712/%-?&’*/%#,(94 * 712/%-*-
:#/%#,(94 ’-/%*8 * ,#.-:-(9 (- %*". 4 * 5 "##/$&/"/$&((#.

4. 5?FAPQ9;<9 ! %-0#/& #0"7+5-;/"6 * "/%#6/"6 5$7’&%(9& B*?7%9
A-6, -5-,/*%#$-((-6 . ,%&5"/-$1&(*; -"*’’&/%*>(94 #,%&5&16;<*4 /&(:#-
%#$.

(1) K0<-6 -(*:#/%#,(-6 B#%’- ’*.%#,#16%(#?# 7,%7?#?# ,#/&(8*-1- (--
,%6+&(*) %&578*%7&/"6 . ?&’*/%#,(#) B#%’&, - :-/&’ . 712/%-?&’*/-
%#,(#) *, #.#(>-/&12(#, . 712/%-*:#/%#,(#).
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7%,. 4. 8*93+./": ;%<9." =": 9$C)."<+3%).(-/(<( 3%6.(-($:./(<( 9-.9<(<( )+$". ↑
@ /9$+*1+ 6(3-(/+/)1, • @ 6(3-(/+/)1 ()$%4/1+ () /9$:, ↓ = (H

a
12+H

a
44+H

a
47),

A%./13% ().+06"3% % 59<"3% ,(+5%/+/1 ."*/1+ 6(3-(/+/)1.

(2) N#"/%#&(9 5$7’&%(9& B*?7%9 A-6 516 -"*’’&/%*>(94 #,%&5&16;<*4
/&(:#%#$ * /&(:#%#$ ?&’*/%#,(#?#, 712/%-?&’*/%#,(#?# * 712/%-*:#-
/%#,(#?# 7,%7?#?# ’*.%#,#16%(#?# /&1-.

(3) N#17>&(9 B*?7%9 A-6, ?%-B*>&".* ,%&5"/-$16;<*& ?&’*/%#,(#&, 712-
/%-?&’*/%#,(#& * 712/%-*:#/%#,(#& ’*.%#,#16%(#& 7,%7?#& /&1# * "$6-
:6’* ’&+57 .#’,#(&(/-’* -"*’’&/%*>(94 #,%&5&16;<*4 /&(:#%#$.



148 B. !. 6+FGH@-<

7%,. 5. 8*93+./": ;%<9." =": 9$C)."%0().(-/(<( 3%6.(-($:./(<( 9-.9<(<( )+$". ↑
@ /9$+*1+ 6(3-(/+/)1, • @ 6(3-(/+/)1 ()$%4/1+ () /9$:, ↓ = (H

a
12+H

a
44+H

a
47),

A%./13% ().+06"3% % 59<"3% ,(+5%/+/1 ."*/1+ 6(3-(/+/)1.

!"#"$%&’($)%"
*+,-. -/0121/. D,+ "*)(.1 -(5)*+.A5">) ,(()*+),)*%+ ,*(+<( "*)(.,)*" 3+A59-
/".(5/13 6.%)+.%:3 ICMJE (*,+ "*)(.1 */+,$% ,9?+,)*+//1B *6$"5 * ."0."#()69
6(/&+-&%%, -.(*+5+/%+ %,,$+5(*"/%: % -(5<()(*69 ,)")C%, -.(4$% % (5(#.%$% ;%-
/"$C/9> *+.,%> -+.+5 -9#$%6"&%+B).
3145,6+0 64072781/. E*)(.1 5+6$".%.9>) (),9),)*%+ :*/12 % -()+/&%"$C/12
6(/;$%6)(* %/)+.+,(*, ,*:0"//12 , -9#$%6"&%+B /",)(:?+B ,)")C%.
&801946+ 564-48621/-46:. 7"#()" *1-($/+/" -( )+3+ <(,95".,)*+//(<( 0"5"/%:
(F <(,.+<%,)."&%% 124012500437-9).

ADDITIONAL INFORMATION
Authors’ contribution. All authors confirm that their authorship meets the international
ICMJE criteria (all authors have made a significant contribution to the development of the
concept, research and preparation of the article, read and approved the final version before
publication).
Competing interests. The authors declare that they have no competing interests.
Funding. The study was carried out on the topic of a state assignment (state registration
number 124012500437-9).



IJIJKB<<LB M-)+FL <G. ?N. +NOPFGPFI*<LQ ... 149

$&’(;<’=;<

[1] DeValk Tyler, Hestetune Jonah, Lakes Roderic S. Nonclassical thermal twist of the
chiral gyroid lattice // Phys. Status Solidi (B). 2022. Vol. 259, no. 12. P. 2200338.
doi:10.1002/pssb.202200338.

[2] Aouadi Moncef, Ciarletta Michele, Tibullo Vincenzo. Analytical aspects in strain
gradient theory for chiral Cosserat thermoelastic materials within three Green-
Naghdi models // Journal of Thermal Stresses. 2019. Vol. 42, no. 6. P. 681–697.
doi:10.1080/01495739.2019.1571974.

[3] Lakes Roderic. Composites and metamaterials. Singapore : World Scientific, 2020.
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1964. 429 p.].

[11] G9."H6%/ I. D., 7"5"+* J. =. K(*".%"/)/( -(,)(://1+ )+/0(.1 * -.(,)."/,)*"2
I*6$%5". L$+3+/)1 )+(.%% // D+,)/%6 M9*"H,6(<( <(,95".,)*+//(<( -+5"<(<%4+-
,6(<( 9/%*+.,%)+)" %3. NO O6(*$+*". ’+.%:: G+2"/%6" -.+5+$C/(<( ,(,)(:/%:.
2022. J 2(52). H. 106–115. DOI: 10.37972/chgpu.2022.52.2.012.

[12] G9."H6%/ I. D., 7"5"+* J. =. K(*".%"/)/( -(,)(://1+ )+/0(.1 * -.(,)."/-
,)*"2 I*6$%5". P.%$(A+/%: 6 3+2"/%6+ 6(/)%/993" // D+,)/%6 M9*"H,6(<( <(-
,95".,)*+//(<( -+5"<(<%4+,6(<( 9/%*+.,%)+)" %3. NO O6(*$+*". ’+.%:: G+2"/%6"
-.+5+$C/(<( ,(,)(:/%:. 2022. J 2(52). H. 118–127. DOI: 10.37972/chgpu.2022.52.2.013.

[13] Nye J. F. Physical Properties of Crystals, their representation by tensors and matrices. Oxford :
Clarendon Press, 1957. 322+xv p.

[14] Wooster W. A. Experimental Crystal Physics. Oxford : Clarendon Press, 1957. 116+vi p.
[15] Voigt W. Lehrbuch der Kristallphysik (mit Ausschluß der Kristalloptik). Fachmedien,

Wiesbaden : Springer, 1966. 116+vi p.
[16] Standards on Piezoelectric Crystals // Proceedings of the I.R.E. New York : IRE, 1960. P. 18.
[17] Zheng Q. S., Spencer A. J. M. On the canonical representations for Kronecker powers of

orthogonal tensors with application to material symmetry problems // Int. J. Engng Sci.
2021. Vol. 31, no. 4. P. 617–635.

[18] Krylova E. Yu, Murashkin E. V., Radaev Y. N. The Nye cells and figures for athermic
hemitropic, isotropic, and ultraisotropic micropolar elastic solids // Mechanics of
Solids. 2024. Vol. 59, no. 3. P. 1311–1320. DOI: 10.1134/s0025654424603719.

[19] G9."H6%/ I. D., 7"5"+* J. =. 8*93+./1+ ;%<9.1 =": 5$: <+3%).(-/12 3%6-
.(-($:./12 9-.9<%2 )+$ // N0*+,)%: ’".")(*,6(<( 9/%*+.,%)+)". =(*": ,+-
.%:. ’+.%:: G")+3")%6". G+2"/%6". N/;(.3")%6". 2024. P. 24, J 1. H. 109–122.
DOI: 10.18500/1816-9791-2024-24-1-109-122.

[20] Q349&1# K. R., I-3#E;5" K. !., S#/#)1 R. 8. D)3)<&/"4) :5;3&2&9’3"4) :&/)95
#"5>&%3&2"&* -23-7&$%5 // !4@5$95%)9+"4) %)<"&9&755 5 235;9#/"#’ :#%):#%5;# : :#-
%)35#94 III "#-@. ;&"6. $ :)./-"#3. -@#$%5): 7. Q&:$&:&9+$;-"#-T:-3) 7–11 &;%’,3’



150 B. !. 6+FGH@-<

2024. Q&:$&:&9+$;5*-"#-T:-3) 7&$-/#3$%1)""4* -"51)3$5%)% Q&:$&:&9+$;-"#-T:-3),
2024. H. 226–229.

[21] Murashkin E. V., Radayev Y. N. Two-dimensional Nye figures for some
micropolar elastic solids // Mechanics of Solids. 2023. Vol. 58, no. 6. P. 2254–2268.
DOI: 10.3103/S0025654423700243.

[22] 7"5"+* J. =. P."*%$( 3/(A%)+$+B * 6(*".%"/)/12 ;(.39$%.(*6"2 3%6.(-($:.-
/12 )+(.%B 3+2"/%6% 6(/)%/993" // D+,)/. ’"3. <(,. )+2/. 9/-)". ’+.. Q%0.-3").
/"96%. 2018. P. 22. H. 504–517. DOI: 10.14498/vsgtu1635.

[23] 7"5"+* J.=., G9."H6%/ I.D. P,+*5()+/0(./": ;(.39$%.(*6" 3+2"/%6% <+3%)-
.(-/12 3%6.(-($:./12 ,.+5 // P.(#$+31 -.(4/(,)% % -$",)%4/(,)%. 2020. Vol. 82,
no. 4. P. 399–412. DOI: 10.32326/1814-9146-2020-82-4-399-412.

[24] Murashkin E. V., Radayev Yu. N. On a micropolar theory of growing solids // Journal
of Samara State Technical University, Ser. Physical and Mathematical Sciences. 2020.
Vol. 24, no. 3. P. 424–444. DOI: 10.14498/vsgtu1792.

[25] G9."H6%/ I. D., 7"5"+* J. =. K )+(.%% $%/+B/12 <+3%).(-/12 3%6.(-($:.-
/12 ,.+5 // D+,)/%6 M9*"H,6(<( <(,95".,)*+//(<( -+5"<(<%4+,6(<( 9/%*+.,%)+)"
%3. NO O6(*$+*". ’+.%:: G+2"/%6" -.+5+$C/(<( ,(,)(:/%:. 2020. J 4. H. 16–24.
DOI: 10.37972/chgpu.2020.89.81.031.

[26] Murashkin E. V., Radaev Y. N. Coupled Thermoelasticity of Hemitropic Media.
Pseudotensor Formulation // Mechanics of Solids. 2023. Vol. 58, no. 3. P. 802–813.
DOI: 10.3103/s0025654423700127.

[27] G9."H6%/ I. D., 7"5"+* J. =. K -($%*".%"/)/(,)% (,/(*/12 9."*/+/%B ,*:0"/-
/(B )+.3(9-.9<(,)% 3%6.(-($:./(<( )+$" // D+,)/%6 M9*"H,6(<( <(,95".,)*+/-
/(<( -+5"<(<%4+,6(<( 9/%*+.,%)+)" %3. N. O. O6(*$+*". ’+.%: 3+2"/%6" -.+5+$C-
/(<( ,(,)(:/%:. 2023. J 3(57). H. 112–128. DOI: 10.37972/chgpu.2023.57.3.010.

[28] G9."H6%/ I. D., 7"5"+* J. =. G9$C)%*+,(*": )+.3(3+2"/%6" <+3%).(-/12 3%6-
.(-($:./12 )+$ // D+,)/%6 M9*"H,6(<( <(,95".,)*+//(<( -+5"<(<%4+,6(<( 9/%-
*+.,%)+)" %3. N. O. O6(*$+*". ’+.%: 3+2"/%6" -.+5+$C/(<( ,(,)(:/%:. 2023. J
4(58). H. 86–120. DOI: 10.37972/chgpu.2023.58.4.010.

[29] Murashkin E. V., Radayev Y. N. On Algebraic Triple Weights Formulation of
Micropolar Thermoelasticity // Mechanics of Solids. 2024. Vol. 59, no. 1. P. 555–580.
DOI: 10.1134/s0025654424700274.

[30] K(*"$+* D. E., G9."H6%/ I. D., 7"5"+* J. =. G")+3")%4+,6": )+(.%: ,*:0"//12
-$(,6%2 <".3(/%4+,6%2 )+.3(9-.9<%2 *($/ * 3%6.(-($:./12 6(/)%/993"2 -+.*(-
<( )%-" // N0*+,)%: ’".")(*,6(<( 9/%*+.,%)+)". =(*": ,+.%:. ’+.%: G")+3")%6".
G+2"/%6". N/;(.3")%6". 2014. Vol. 14, no. 1. P. 77–87. DOI: 10.18500/1816-9791-2014-
14-1-77-87.

[31] Kovalev V. A., Murashkin E. V., Radayev Y. N. On weak discontinuities and jump
equations on wave surfaces in micropolar thermoelastic continua // N0*+,)%: ’".")(*-
,6(<( 9/%*+.,%)+)". =(*": ,+.%:. ’+.%:: G")+3")%6". G+2"/%6". N/;(.3")%6".
2015. Vol. 15, no. 1. P. 79–89. DOI: 10.18500/1816-9791-2015-15-1-79-89.

[32] Murashkin E. V., Radayev Y. N. On a classification of weak discontinuities in
micropolar thermoelasticity // Materials Physics and Mechanics. 2015. Vol. 23, no. 1.
P. 10–13. DOI: 10.18500/1816-9791-2015-15-1-79-89.

[33] Murashkin E. V., Stadnik N. E. Compatibility conditions in continua with
microstrusture // MATEC Web of Conferences. 2017. Vol. 95. P. 12001.
DOI: 10.1051/matecconf/20179512001.

[34] G9."H6%/ I. D., 7"5"+* J. =. P.:31+, %/*+.,/1+ % 0+.6"$C/1+ *($/(*1+ 3(51
,*:0"//12 *($/ -+.+3+?+/%B % 3%6.(*."?+/%B * <+3%).(-/12 3%6.(-($:./12
,.+5"2 // D+,)/%6 M9*"H,6(<( <(,95".,)*+//(<( -+5"<(<%4+,6(<( 9/%*+.,%)+)"



IJIJKB<<LB M-)+FL <G. ?N. +NOPFGPFI*<LQ ... 151

%3. N. O. O6(*$+*". ’+.%: 3+2"/%6" -.+5+$C/(<( ,(,)(:/%:. 2021. J 2(48). H. 115–
127. DOI: 10.37972/chgpu.2021.48.2.014.

[35] G9."H6%/ I. D., 7"5"+* J. =. !+.3%4+,6%+ % ")+.3%4+,6%+ -$(,6%+ <".3(/%-
4+,6%+ *($/1 * "&+/).%4+,6(3 %0().(-/(3 )+$+ // D+,)/%6 M9*"H,6(<( <(,95".-
,)*+//(<( -+5"<(<%4+,6(<( 9/%*+.,%)+)" %3. N. O. O6(*$+*". ’+.%: 3+2"/%6" -.+-
5+$C/(<( ,(,)(:/%:. 2023. J 2(56). H. 99–107. DOI: 10.37972/chgpu.2023.56.2.010.

[36] Murashkin E. V., Radayev Y. N. Heat transfer in anisotropic micropolar solids //
Mechanics of Solids. 2023. Vol. 58, no. 9. P. 3111–3119. DOI: 10.3103/S0025654423700255.

REFERENCES
[1] DeValk Tyler, Hestetune Jonah, Lakes Roderic S. Nonclassical thermal twist of the

chiral gyroid lattice // Phys. Status Solidi (B). 2022. Vol. 259, no. 12. P. 2200338.
doi:10.1002/pssb.202200338.

[2] Aouadi Moncef, Ciarletta Michele, Tibullo Vincenzo. Analytical aspects in strain
gradient theory for chiral Cosserat thermoelastic materials within three Green-
Naghdi models // Journal of Thermal Stresses. 2019. Vol. 42, no. 6. P. 681–697.
doi:10.1080/01495739.2019.1571974.

[3] Lakes Roderic. Composites and metamaterials. Singapore : World Scientific, 2020.
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[8] Neuber H. Über Probleme der Spannungskonzentration im Cosserat-Körper // Acta

Mechanica. 1966. Vol. 2. P. 48–69. DOI: 10.1007/BF01176729.
[9] Gurevich G. B. Fundamentals of the Theory of Algebraic Invariants. Moscow : GITTL, 1948.

408 p.
[10] JeLreys H. Cartesian Tensors. Cambridge : Cambridge University Press, 1931. 101 p.
[11] Murashkin E. V., Radayev Yu. N. Covariantly Constant Tensors in Euclidean Spaces.

Elements of Theory // Vestnik Chuvashskogo gosudarstvennogo pedagogicheskogo
universiteta im. IYa Yakovleva. Seriya: Mekhanika predelnogo sostoyaniya. 2022. no.
2(52). P. 106–115. DOI: 10.37972/chgpu.2022.52.2.012.

[12] Murashkin E. V., Radayev Yu. N. Covariantly Constant Tensors in Euclidean Spaces.
Applications to Continuum Mechanics // Vestnik Chuvashskogo gosudarstvennogo
pedagogicheskogo universiteta im. IYa Yakovleva. Seriya: Mekhanika predelnogo
sostoyaniya. 2022. no. 2(52). P. 118–127. DOI: 10.37972/chgpu.2022.52.2.013.

[13] Nye J. F. Physical Properties of Crystals, their representation by tensors and matrices. Oxford :
Clarendon Press, 1957. 322+xv p.

[14] Wooster W. A. Experimental Crystal Physics. Oxford : Clarendon Press, 1957. 116+vi p.
[15] Voigt W. Lehrbuch der Kristallphysik (mit Ausschluß der Kristalloptik). Fachmedien,

Wiesbaden : Springer, 1966. 116+vi p.
[16] Standards on Piezoelectric Crystals // Proceedings of the I.R.E. New York : IRE, 1960. P. 18.
[17] Zheng Q. S., Spencer A. J. M. On the canonical representations for Kronecker powers of

orthogonal tensors with application to material symmetry problems // Int. J. Engng Sci.
2021. Vol. 31, no. 4. P. 617–635.

[18] Krylova E. Yu, Murashkin E. V., Radaev Y. N. The Nye cells and figures for athermic
hemitropic, isotropic, and ultraisotropic micropolar elastic solids // Mechanics of
Solids. 2024. Vol. 59, no. 3. P. 1311–1320. DOI: 10.1134/s0025654424603719.



152 B. !. 6+FGH@-<

[19] Murashkin E. V., Radaev Y. N. Two-dimensional Nye figures for hemitropic micropolar
elastic solids // Izvestiya of Saratov University. Mathematics. Mechanics. Informatics.
2024. Vol. 24, no. 1. P. 109–122. DOI: 10.18500/1816-9791-2024-24-1-109-122.

[20] Krylova E. Yu., Murashkin E. V., Radaev Y. N. Transient micropolar models of anisotropic
elasticity // Computational technologies and applied mathematics: Proc. III scientific. conf.
with international. participation, Komsomolsk-on-Amur, October 7–11, 2024. KnAGU, 2024.
P. 226–229.

[21] Murashkin E. V., Radayev Y. N. Two-dimensional Nye figures for some
micropolar elastic solids // Mechanics of Solids. 2023. Vol. 58, no. 6. P. 2254–2268.
DOI: 10.3103/S0025654423700243.

[22] Radaev Y. N. The multiplier rule in covariant formulations of micropolar theories of
continuum mechanics // Vestn. Sam. gos. tekhn. un-ta. Ser. Fiz.-mat. nauki. 2018.
Vol. 22. P. 504–517. DOI: 10.14498/vsgtu1635.

[23] Radaev Y. N., Murashkin E. V. Pseudotensor formulation of the mechanics of
hemitropic micropolar media // Problems of strength and ductility. 2020. Vol. 82, no. 4.
P. 399–412. DOI: 10.32326/1814-9146-2020-82-4-399-412.

[24] Murashkin E. V., Radayev Yu. N. On a micropolar theory of growing solids // Journal
of Samara State Technical University, Ser. Physical and Mathematical Sciences. 2020.
Vol. 24, no. 3. P. 424–444. DOI: 10.14498/vsgtu1792.

[25] Murashkin E. V., Radayev Yu. N. On theory of linear hemitropic micropolar
media // Vestnik Chuvashskogo gosudarstvennogo pedagogicheskogo universiteta im.
IYa Yakovleva. Seriya: Mekhanika predelnogo sostoyaniya. 2020. no. 4. P. 16–24.
DOI: 10.37972/chgpu.2020.89.81.031.

[26] Murashkin E. V., Radaev Y. N. Coupled Thermoelasticity of Hemitropic Media.
Pseudotensor Formulation // Mechanics of Solids. 2023. Vol. 58, no. 3. P. 802–813.
DOI: 10.3103/s0025654423700127.

[27] Murashkin E. V., Radayev Yu. N. On the polyvariance of the basic equations of coupled
thermoelasticity of a micropolar solid // Vestnik Chuvashskogo gosudarstvennogo
pedagogicheskogo universiteta im. IYa Yakovleva. Seriya: Mekhanika predelnogo
sostoyaniya. 2023. no. 3(57). P. 112–128. DOI: 10.37972/chgpu.2023.57.3.010.

[28] Murashkin E. V., Radayev Yu. N. Multiweight thermomechanics of hemitropic
micropolar solids // Vestnik Chuvashskogo gosudarstvennogo pedagogicheskogo
universiteta im. IYa Yakovleva. Seriya: Mekhanika predelnogo sostoyaniya. 2023. no.
4(58). P. 86–120. DOI: 10.37972/chgpu.2023.58.4.010.

[29] Murashkin E. V., Radayev Y. N. Heat transfer in anisotropic micropolar solids //
Mechanics of Solids. 2023. Vol. 58, no. 9. P. 3111–3119. DOI: 10.3103/S0025654423700255.

[30] Murashkin E. V., Radayev Y. N. On Algebraic Triple Weights Formulation of
Micropolar Thermoelasticity // Mechanics of Solids. 2024. Vol. 59, no. 1. P. 555–580.
DOI: 10.1134/s0025654424700274.

[31] Kovalev V. A., Murashkin E. V., Radaev Yu. N. Mathematical theory of coupled plane
harmonic thermoelastic waves in micropolar continua of the first type // Izvestiya
Saratovskogo universiteta. Novaya seriya. Seriya Matematika. Mekhanika. Informatika.
2014. Vol. 14, no. 1. P. 77–87. DOI: 10.18500/1816-9791-2014-14-1-77-87.

[32] Kovalev V. A., Murashkin E. V., Radayev Y. N. On weak discontinuities and
jump equations on wave surfaces in micropolar thermoelastic continua // Izvestiya
Saratovskogo universiteta. Novaya seriya. Seriya Matematika. Mekhanika. Informatika.
2015. Vol. 15, no. 1. P. 79–89. DOI: 10.18500/1816-9791-2015-15-1-79-89.

[33] Murashkin E. V., Radayev Y. N. On a classification of weak discontinuities in
micropolar thermoelasticity // Materials Physics and Mechanics. 2015. Vol. 23, no. 1.
P. 10–13. DOI: 10.18500/1816-9791-2015-15-1-79-89.



IJIJKB<<LB M-)+FL <G. ?N. +NOPFGPFI*<LQ ... 153

[34] Murashkin E. V., Stadnik N. E. Compatibility conditions in continua with
microstrusture // MATEC Web of Conferences. 2017. Vol. 95. P. 12001.
DOI: 10.1051/matecconf/20179512001.

[35] Murashkin E. V., Radayev Yu. N. Direct, inverse and mirror wave modes of
coupled waves of displacements and microrotations in hemitropic micropolar media //
Vestnik Chuvashskogo gosudarstvennogo pedagogicheskogo universiteta im. IYa
Yakovleva. Seriya: Mekhanika predelnogo sostoyaniya. 2021. no. 2(48). P. 115–127.
DOI: 10.37972/chgpu.2021.48.2.014.

[36] Murashkin E. V., Radayev Yu. N. Thermal and athermal plane harmonic waves in an
acentric isotropic solid // Vestnik Chuvashskogo gosudarstvennogo pedagogicheskogo
universiteta im. IYa Yakovleva. Seriya: Mekhanika predelnogo sostoyaniya. 2023. no.
2(56). P. 99–107. DOI: 10.37972/chgpu.2023.56.2.010.


