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Abstract. Photopolymer resins after curing are the subject of research. The materials are widely
used in additive manufacturing of prototypes for casting on burnt model. The negative impact
of thermal expansion of photopolymer resins prototypes made, which leads to defects is noted
by researchers. The aim of the work is to construct a viscoelastic model of the material. The
mathematical description of the materials behavior is aimed at predicting the stress-strain state
of the research object under complex technological conditions. The Maxwell model on the basis of
Prony series, is chosen to describe the material behavior in the first approximation. The author’s
numerical identification procedure is used to describe the material model. The Envisiontec SI500
behavior model construction was performed in the work based on data from experiments in the
temperature range from 0 to 100 °C. The E(T, Ṫ ) dependencies are constructed.
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25676896. !"#$%&’$ #$(&)*)+"" ,"-).) "/0)*1234#/5 6*5 0-)"27)6/#78

98,"&)/#-)"#$*1&’( " 87"8:")&&’( 6$#8*$% 0-" .-30&)/$-"%&)9 " 9$*.)/$-

-"%&)9 0-)"27)6/#7$ [1, 2]. ;8<$/#7) "26$*"5 7) 9&)+)9 287"/"# )# =)-9’, 7 .)-

#)-34 0-)"/()6"# 28*"7.8 -8/0*878, " #$(&)*)+"% $$ 0)*3<$&"5 [3]. >-$9$&&’$

" ?.)&)9"<$/."$ 28#-8#’ &8 0-)"27)6/#7) #7$-6)% )/&8/#." "*" 0-$//-=)-9

57*54#/5 /6$-@"784A"9 =8.#)-)9 6*5 )#-8B)#." #$(&)*)+"<$/.)+) 0-):$/-

/8 0-" "2+)#)7*$&"" )0’#&’( 6$#8*$% [2]. C66"#"7&’$ #$(&)*)+"" 7&$6-54#/5

0-" 0$<8#" 0$/.)9 *"#$%&’( =)-9 [6], *"#1$ 0) 7’0*87*5$9’9 " 7’@"+8$9’9

9)6$*59 [7] " 0-$:"2")&&)9 *"#1$ [8] 6*5 B’/#-)+) /)268&"5 =)-9’ #-$B3$9)+)

.8<$/#78. >&$6-$&"$ 7 *"#$%&’$ #$(&)*)+"<$/."$ 0-):$//’ 9$#)6)7 " /-$6/#7

866"#"7&’( #$(&)*)+"% 57*5$#/5 0$-$6)7’9 &80-87*$&"$9 -827"#"5, &80-87-

*$&&’9 &8 37$*"<$&"$ +"B.)/#" " ?==$.#"7&)/#" #$(&)*)+"<$/."( 0-):$//)7

*"#15 [3, 4]. C #8.@$ /)268&"$ /*)@&’(, 7 #)9 <"/*$ " #)&.)/#$&&’( +$)9$#-"-

<$/."( )BD$.#)7 [5]. E6&"9 "2 &8"B)*$$ 0$-/0$.#"7&’( #$(&)*)+"<$/."( -$,$-

&"% 6*5 B’/#-)+) 0-)#)#"0"-)78&"5 57*5$#/5 0-):$// *"#15 0) 7’@"+8$9’9

9)6$*59. F0-)A$&&85 /($98 #$(&)*)+"<$/.)+) 0-):$//8 0-$6/#87*$&8 &8 -"/.

1.

!"#. 1. $%&’( )&%*+,+-".&#/+-+ 01+2&##( ,")34 0+ 567"-(&’6’ ’+8&,4’

G"2".)-9$(8&"<$/."$, #$(&)*)+"<$/."$, -$8.:")&&’$ " ?./0*38#8:")&&’$

/7)%/#78 =)#)0)*"9$-)7 ).82’784# 7*"5&"$ &8 .8<$/#7) 0)7$-(&)/#" *"#)+)

"26$*"5 &8 I-V ?#808( 7 <8/#" 9)-=)*)+"" " ,$-)()78#)/#". E/&)7&)$ 7*"-

5&"$ #$-9)9$(8&"." 98#$-"8*8 &8 #$(&)*)+"<$/."% 0-):$// &8B*468$#/5 &8

VI ?#80$, .)+68 0-)"/()6"# 7’0*87*$&"$ =)#)0)*"9$-&)% 9)6$*" 6*5 0)*3<$-

&"5 *"#$%&)% =)-9’ "2 +"0/8 "*" 9$*.)6"/0$-/&)+) .78-:8. H//*$6)78#$*59"

)#9$<84#/5 B)*1,"$ 6$=)-98:"" =)#)0)*"9$-&)+) 98#$-"8*8 7 0-):$//$ 7’-

@"+8&"5 [9]. I8&&’% ?==$.# 0-"7)6"# . 0)57*$&"4 9".-)- " 98.-)-#-$A"&

" 7’B-8.)7.$ =)-9’ [10, 11]. J8 0)/*$6&"( ?#808( #$(&)*)+"<$/.)+) 0-):$/-

/8 9)-=)*)+"5 =)#)0)*"9$-&)+) 0-)#)#"08 )/#8#)<&) 7*"5$# &8 .8<$/#7) "2-

6$*"5, 0)*3<$&&)+) 0-" 0)9)A" *"#15. I*5 /&"@$&"5 &$+8#"7&)+) ?==$.#8
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-8//98#-"784#/5 5<$"/#’$ /#-3.#3-’ -82&)% +$)9$#-"" [6, 12], "29$&$&"$ -$-

:$0#3-’ 98#$-"8*)7 [13], "//*$6)78&"5 7*"5&"5 #$(&)*)+"<$/."( -$@"9)7 [3]

" #.6. J) 6*5 -8:")&8*"28:"" #$(&)*)+"<$/."( 0-):$//)7 #-$B3$#/5 0-"9$&$-

&"$ 9$#)6)7 98#$98#"<$/.)+) 9)6$*"-)78&"5 " 0-$6".#"7&)% 8&8*"#".", 7 #)9

<"/*$ 6*5 /)268&"5 <"/*$&&’( 9)6$*$% 0)7$6$&"5 98#$-"8*)7 [14, 15].

!6:;<;6=>89?6@A96 @5<B@C5> D<C<E<F9;6:8<G< ;>C6:9>F>. > 68&-

&)% -8B)#$ -8//9)#-$&8 2868<8, /7528&&85 / )0"/8&"$9 9)6$*" 0)7$6$&"5 =)#)-

0)*"9$-&)+) 98#$-"8*8 &8 )/&)7$ /))#&),$&"% #$-9)752.)30-3+)/#" / "/0)*1-

2)78&"$9 <"/*$&&)% 0-):$63-’ "6$&#"=".8:"", -8&$$ 0)6#7$-6"7,85 /7)4

=3&.:")&8*1&)/#1 0-" )0"/8&"" /982)<&’( " 0)*"9$-&’( 98#$-"8*)7 [16]. >

0$-7)9 0-"B*"@$&"" 7 .8<$/#7$ 98#$-"8*8 "//*$6)78&"5 7’B-8& =)#)0)*"9$-

Envisiontec SI500 (EnvisionTec Inc., Ferndale, Michigan) [15]. K8B)#8 &80-87*$&8

&8 8680#8:"4 8*+)-"#9)7, 8 #8.@$ ):$&.3 7)29)@&)/#" )0"/8&"5 =)#)0)*"-

9$-&’( 98#$-"8*)7 .8. #$*8 L8./7$**8 / "/0)*12)78&"$9 -56)7 Prony. > -89-

.8( "//*$6)78&"5 7’0)*&$&) "9"#8:")&&)$ 9)6$*"-)78&"$ DMA-?./0$-"9$&#8

0-" &8+-$7$ :"*"&6-"<$/."( )B-82:)7 3×7 " 4×9 99 0-" T → [0; 100] °C / -82&)%

/.)-)/#14 &8+-$78 Ṫ → [5; 15] °C/9"& 0-" )6&))/&)9 6$=)-9"-)78&"" )B-82:8

uz = 0, 005l. M./0$-"9$&# 0)27)*5$# )0-$6$*"#1 287"/"9)/#" 9$(8&"<$/."( (8-

-8.#$-"/#". 98#$-"8*)7 )# #$90$-8#3-’ (7-$9$&", <8/#)#’) 0-" 6$%/#7"" &8

)B-82$: )/:"**"-34A$% /"*’. J8 -"/. 2 0-$6/#87*$&’ 287"/"9)/#" ="2".)-

9$(8&"<$/."( /7)%/#7 98#$-"8*8 )# #$90$-8#3-’: 9)63*1 N&+8, 9)63*1 /67"-

+8, .)?==":"$&# O38//)&8. I8&&’$ 0)*3<$&’ )/-$6&$&"$9 -$23*1#8#)7 ?./0$-

-"9$&#8*1&)% 7’B)-.".

!"#. 2. 9(5"#"’+#)3 :";"/+-’&%(*".&#/"% #5+<#)5 :+)+0+,"’&1*+-+ ’()&1"(,(
Envisiontec SI500 +) )&’0&1()=16

2HIA<JE:JG>H ;<76FK E<567689H ;>C6:9>F> 8> <@8<56 :H7<5
Prony. I*5 )0"/8&"5 0)7$6$&"5 98#$-"8*8 "/0)*1234#/5 -56’ Prony 7

/752.$ / 9)6$*14 #$90$-8#3-&)-7-$9$&&)% 8&8*)+"" >"*159/8-!8&6$*8-G$--"
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(WLF), 0)27)*54A"$ )0"/8#1 0)7$6$&"$ 98#$-"8*8 &8 ,"-).)9 6"8082)&$ #$9-

0$-8#3-. P7521 &80-5@$&"5 " 6$=)-98:"" "9$$# 7"6 (1):

ωij(t) =

∫
t

0

2G(t↑ ε)
eij(ε)

dε
dε +

∫
t

0

K(t↑ ε)
ϑij(ε)

dε
dε , (1)

+6$ ωij – .)90)&$&#’ #$&2)-8 &80-5@$&"%; eij – .)90)&$&#’ 6$7"8#)-8 6$=)--

98:"%; G – 9)63*1 /67"+8; K – 9)63*1 )BD$9&)+) /@8#"5; ϑij – .)90)&$&#’

#$&2)-8 )BD$9&’( 6$=)-98:"%. > -89.8( ?./0$-"9$&#8*1&)+) "//*$6)78&"5

)0-$6$*$&8 287"/"9)/#1 9)63*5 N&+8 )# 7-$9$&". I*5 7)29)@&)/#" )0"/8&"5

/7)%/#7 =)#)0)*"9$-&)+) 98#$-"8*8 -5689" Prony, 0-)7$6$9 -56 0-$)B-82)78-

&"%. O-" 0)/#)5&/#7$ 9)63*5 )BD$9&)+) /@8#"5 K 287"/"9)/#1 .)?==":"$&#8

O38//)&8 )# 7-$9$&" B36$# 7’+*56$#1 /*$634A"9 )B-82)9:

ϖ(t) =
3K ↑ E(t)

6K
. (2)

O)*3<"7 287"/"9)/#1 .)?==":"$&#8 O38//)&8 )# 7-$9$&", 0$-$%6$9 . )0"-

/8&"4 9)63*5 /67"+8 )# 7-$9$&":

G(t) =
E(t)

2
(
1↑ ϖ(t)

) . (3)

EBA"% 7"6 9)63*5 /67"+8 7 287"/"9)/#" )# 7-$9$&", 0-" )0"/8&"" -5689"

Prony "9$$# 7"6:

G(t) = G→ +G0

n∑

i=1

ϱie
→t
ωi . (4)

+6$ G→ – /67"+)7)% 9)63*1 7 .)&$<&’% 9)9$&# 7-$9$&"; G0 – /67"+)7)% 9)-

63*1 7 &8<8*1&’% 9)9$&# 7-$9$&"; ϱi – 7$/)7’$ .)?==":"$&#’; ςi – 7-$9$&8

-$*8./8:"".

I*5 )0"/8&"5 7*"5&"5 #$90$-8#3-’ &8 752.)30-3+"$ (8-8.#$-"/#"." 98#$-

-"8*8 "/0)*123$#/5 #$90$-8#3-&)-7-$9$&&85 8&8*)+"5:

AWLF (T ) = 10
C1(T→Tr)
C2+(T→Tr) , (5)

+6$ C1, C2 – ?90"-"<$/."$ 0)/#)5&&’$ 98#$-"8*8; T – #$.3A85 #$90$-8#3-8; Tr

– 0)/#)5&&85 B82)785 #$90$-8#3-8.

P7521 9$@63 7-$9$&$9 " #$90$-8#3-&)-7-$9$&&)% 8&8*)+"$% "/0)*123$#/5

0-" 3<$#$ 7-$9$& -$*8./8:"":

ς↑
i
=

ςi

AWLF (T )
. (6)

>$.#)- &$"27$/#&’( x = {ςi,ϱi, Tr, C1, C2} )0-$6$*5$#/5 &8 )/&)7$ (4) " (5)

/ "/0)*12)78&"$9 9&)+)08-89$#-"<$/.)+) "#$-8:")&&)+) 8*+)-"#98 )0#"9"28-

:"" J$*6$-8-L"68. E/#8&)7.8 "#$-8:")&&)% 0-):$63-’ 287$-,8*8/1 0-" 6)-

/#"@$&"" 0)+-$,&)/#" 9$&$$ 5 %.

J8 -"/. 3 0-$6/#87*$&’ 08-89$#-’ -568 Prony 6*5 Envisiontec SI500 " /7521

9$@63 7$/)7’9" .)?==":"$&#89" " 7-$9$&89" -$*8./8:"".
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8) B)

!"#. 3. >6;/+=01=-(4 ’+8&,3 0+5&8&*"4 Envisiontec SI500 *( +#*+5& 148+5 Prony: ( –
0(1(’)&16 5&/)+1( *&";5&#)*6%; ? – ;(5"#"’+#)3 5&#+56% /+@::"2"&*)+5 +) 51&’&*
1&,(/#(2""

>/$+) 6*5 )0"/8&"5 #$-9)752.)30-3+)+) 0)7$6$&"5 =)#)0)*"9$-&)+) 98#$-

-"8*8 0)#-$B)78*)/1 )0-$6$*"#1 40 08- .)?==":"$&#)7 ϱi ↑ ςi. >52.)30-3+85

9)6$*1 0)7$6$&"5 =)#)0)*"9$-&)+) 98#$-"8*8 0)/#-)$&8 &8 )/&)7$ 3-87&$&"%

98./7$**)7/.)+) #"08. M#8 9)6$*1 .)#)-85 B’*8 7$-"=":"-)78&8 &8 "9"#8:"-

)&&)% 9)6$*" 0)7#)-54A$% DMA-?./0$-"9$&#.

I*5 8&8*"28 )#*"<"% <"/*$&&)+) " &8#3-&)+) ?./0$-"9$&#8 )0-$6$*5$#/5

φ = (Aexp ↑ Anum)/Aexp • 100%, +6$ Aexp – ?./0$-"9$&#8*1&’$ 68&&’$, Anum –

68&&’$ 0)*3<$&&’$ 7 -89.8( 7’<"/*"#$*1&’( 0-):$63-, A – 08-89$#- ="2".)-

9$(8&"<$/."( /7)%/#7 98#$-"8*8 (E, G, ϖ).

J8 -"/. 4 0-$6/#87*$&8 287"/"9)/#1 ="2".)-9$(8&"<$/."( /7)%/#7 =)#)0)-

*"9$-8 )# #$90$-8#3-’ " -8/()@6$&"$ -$23*1#8#)7 6*5 &8#3-&)+) " <"/*$&&)+)

?./0$-"9$&#8.

Q8-8.#$- 287"/"9)/#" ="2".)-9$(8&"<$/."( /7)%/#7 98#$-"8*8 0-" &8#3--

&)9 " <"/*$&&)9 ?./0$-"9$&#8( "9$$# 98*’$ )#*"<"5. K8/()@6$&"$ 68&&’(

&8#3-&)+) " <"/*$&&)+) ?./0$-"9$&#8 0) E " G 6) #$90$-8#3-’ /#$.*)78&"5

35,329 °P, )0-$6$*$&&)% 7 -89.8( 0-):$63-’ "6$&#"=".8:"", 9$&$$ 5 %. O-"

#$90$-8#3-8( 7’,$ #$90$-8#3-’ /#$.*)78&"5 &8B*4684#/5 2&8<"#$*1&’$ )#-

*"<"5 E " G &8#3-&)+) " <"/*$&&)+) ?./0$-"9$&#8 6) 90 %. M#) 9)@$# B’#1

/7528&&) / &$.)--$.#&)/#14 "*" )#/3#/#7"$9 0)*&’( 68&&’( ?./0$-"9$&#8*1-

&’( "//*$6)78&"% 7 )#.-’#’( "/#)<&".8(. K8/()@6$&"$ .)?==":"$&#8 O38/-

/)&8 6)/#"+8$# 20-25 %, 98./"98*1&)$ 8B/)*4#&)$ 2&8<$&"$ 0)+-$,&)/#" /)-

/#87*5$# 0,099. R-$B34#/5 ?./0$-"9$&#8*1&’$ "//*$6)78&"5, &80-87*$&&’$ &8

)0-$6$*$&"$ #$90$-8#3-’ /#$.*)78&"5 98#$-"8*8.

O) -$23*1#8#89 /$-"" <"/*$&&’( ?./0$-"9$&#)7 0)/#-)$&’ 287"/"9)/#"

E(T, Ṫ ) (-"/. 5). E#*"<"5 9)63*$% N&+8, 0)*3<$&&’( 6*5 )B-82:)7 -82&)% 7$-

*"<"&’, &$ 0-$7’,84# 0,08 % (-"/. 5, B).

J8 -"/. 6 0-$6/#87*$&’ 287"/"9)/#" 9)63*5 N&+8 )# /.)-)/#" &8+-$78 )B-

-82:8 0-" -82&’( #$90$-8#3-8(.
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8) B)

7)

!"#. 4. 9(5"#"’+#)3 :";"/+-’&%(*".&#/"% #5+<#)5 :+)+0+,"’&1( +) )&’0&1()=16:
( – ’+8=,3 A*-(; ? – ’+8=,3 #85"-(; 5 – /+@::"2"&*) B=(##+*(; /1(#*(4 ,"*"4 –
."#,&**6< @/#0&1"’&*); .&1*(4 ,"*"4 – *()=1*6< @/#0&1"’&*); #&1(4 ,"*"4 – ω

8) B)

!"#. 5. !&;=,3)()6 "’")(2"" DMA-@/#0&1"’&*)(: ( – ;(5"#"’+#)3 ’+8=,4 A*-( +)
)&’0&1()=16 " #/+1+#)" *(-1&5(, +?1(;&2 3×7 ’’; ? – +),"."4 ’+8=,4 A*-( +?1(;2+5
3×7 " 4×9 ’’

S87"/"9)/#" 9)63*5 N&+8 )# /.)-)/#" &8+-$78 )B-82:8 0-" #$90$-8#3-8(

9$&$$ 60 °P 9)@$# B’#1 )0"/8&8 0)*"&)9)9 7#)-)% /#$0$&", 0-" #$90$-8#3-8(

B)*$$ 60 °P 287"/"9)/#1 B*"2.8 . *"&$%&)%. L8#$98#"<$/.85 287"/"9)/#1 E(Ṫ ),



72 !. -.3GI+@C!A, A. A.@A6H<3@-J, B.C. <C3C!, ?. C. *+3GC!AKC!

8) B)

7) +)

!"#. 6. 9(5"#"’+#)3 ’+8=,4 A*-( +) #/+1+#)" *(-1&5( +?1(;2( 01" 1(;*6% )&’0&1(-
)=1(%: ( – 20 °C; ? – 30 °C; 5 – 40 °C; - – 100 °C; #"*44 ,"*"4 – +?1(;&2 3×7 ’’; /1(#*(4
,"*"4 – +?1(;&2 4×9 ’’

0)*3<$&&85 9$#)6)9 &8"9$&1,"( .786-8#)7, 6*5 )B-82:)7 3×7 99 0-" -82&’(

#$90$-8#3-8(:






E(Ṫ )
∣∣∣
T=20↑C

= 0, 0028Ṫ 2 ↑0, 3224Ṫ + 2656, 7

E(Ṫ )
∣∣∣
T=30↑C

= 0, 0388Ṫ 2 ↑2, 4102Ṫ + 2600, 8

E(Ṫ )
∣∣∣
T=40↑C

= 0, 4875Ṫ 2 ↑21, 626Ṫ + 2291, 9

E(Ṫ )
∣∣∣
T=100↑C

= ↑0, 0019Ṫ + 22, 384

(7)

I*5 0-)7$-." (7) B’*8 0-)7$6$&8 /$-"5 7’<"/*"#$*1&’( ?./0$-"9$&#)7 /)

/.)-)/#59" &8+-$78 9$&$$ 5 " B)*$$ 15 °C/9"&. K8/()@6$&"$ 9)63*$% N&+8, 0)-

*3<$&&’( 0) =)-93*89, )# <"/*$&&)+) -$,$&"5 9$#)6)9 .)&$<&’( ?*$9$&#)7,

&$ 0-$7’,8$# 0,2 %.

L>AFM?6896. L)6$*1 #$*8 L8./7$**8 0)6()6"# 6*5 )0"/8&"5 0)7$6$&"5

=)#)0)*"9$-&’( 98#$-"8*)7 7 -89.8( #$-9)9$(8&".". I*5 .8<$/#7$&&)+) 0)-

/#-)$&"5 9)6$*" #-$B34#/5 68&&’$ /$-"" &8#3-&’( ?./0$-"9$&#)7 7 -89.8(
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DMA-8&8*"28, 8 #8.@$ ?./0$-"9$&#8*1&) )0-$6$*$&&85 #$90$-8#3-8 /#$.*)78-

&"5.

!"#"$%&’($)%"
*+,-. -/0121/. >. C. $)1=/+5( *(0"#(*"& )&/#)( 1=/+0"#", 01+5&8&*"& @/#0&1"-
’&*)+5, D. D. E(’&*#/"% *(0"#(*"& )&/#)( 1=/+0"#", #+-,(#+5(*"& :"*(,3*+< 5&1#""
1=/+0"#", A. F. G+#+5 01+5&8&*"& @/#0&1"’&*)+5, H. F. B=#)+5(,+5 +?;+1 ,")&1()=-
16 0+ )&’& #)()3", 1&8(/)"1+5(*"& )&/#)( 1=/+0"#".
3145,6+0 64072781/. D5)+16 8&/,(1"1=I) +)#=)#)5"& 45*6% " 0+)&*2"(,3*6%
/+*:,"/)+5 "*)&1&#+5, #54;(**6% # 0=?,"/(2"&< *(#)+4J&< #)()3".
&801946+ 564-48621/-46:. K()&1"(,6 0+,=.&*6 5 1(’/(% 01+-1(’’6 1(;5"-
)"4 0&1&8+5+< "*7&*&1*+< L/+,6 M>6#L(4 L/+,( (5"(2"+**+-+ 85"-()&,&#)1+&*"4N
BGCBO -. B&1’3.
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Abia A. I. Optimizing the Material Extrusion Process for Investment Casting Mould
Production // Journal of Manufacturing and Materials Processing. 2024. Vol. 8(6). Art. 265.
https://doi.org/10.3390/jmmp8060265.

[4] Nikitin K. V., Dyachkov V. N., Kharchenko S. V., Yudin D. M., Yudina K. A. Features of Using
Sla-Technology in the Manufacture of Molds for Lost Wax Casting // Foundry production



GHI6C6HJA<-(H3@A. 6C?HKL *C!H?H<-. ... 75

and metallurgy. 2024. L 3. F. 37–40. https://doi.org/10.21122/1683-6065-2024-3-37-40. (in
Russian)

[5] Mukhtarkhanov M., Perveen A., Talamona D. Application of Stereolithography Based 3D
Printing Technology in Investment Casting // Micromachines. 2020. Vol. 11(10). Art. 946.
https://doi.org/10.3390/mi11100946.

[6] Lynch P., Hasbrouck C., Wilck J., Kay M., Manogharan G. Challenges and opportunities
to integrate the oldest and newest manufacturing processes: Metal casting and
additive manufacturing // Rapid Prototyping Journal. 2020. Vol. 26. P. 1145–1154.
https://doi.org/10.1108/RPJ-10-2019-0277.

[7] Ravochkin A. S., Chibirnova Yu. V. Verification of Numerical Methods for Modeling of
Investment Casting for Gas Turbine Engines Castings in Program LVMFlow // Procurement
production in mechanical engineering. 2022. I. 20, L 11. F. 488–492. DOI 10.36652/1684-
1107-2022-20-11-488-492. (in Russian)

[8] Gilmanshina T. R., Uskov I. V., Belyaev S. V., Baranov V. N., Uskov D. I., Bogdanova T. A.
Making Salt Cores in Precision Casting Production // Soviet Castings Technology. 2014. L 8.
F. 17–20. (in Russian)

[9] Odinokov V. I., Dmitriev E. A., Evstigneev A. I., Evstigneeva A. A., Ivankova E. P.,
Chernyshova D. V. On the Force E]ect of the Support Filler and Interlayer Friction on the
Stress State of a Multilayer Shell Mold during Casting According to Smelted Models // Vestnik
of the Yakovlev Chuvash State Pedagogical University. Series: Mechanics of Limit State. 2023.
L 1(55). F. 33–45. DOI 10.37972/chgpu.2023.55.1.005. (in Russian)

[10] Basar O., Veliyath V. P., Tarak F., Sabet E. A Systematic Study on Impact of
Binder Formulation on Green Body Strength of Vat-Photopolymerisation 3D Printed
Silica Ceramics Used in Investment Casting // Polymers. 2023. Vol. 15(14). Art. 3141.
https://doi.org/10.3390/polym15143141.

[11] Okoruwa L., Tarak F., Sameni F., Sabet E. Bridging Experimentation and
Computation: OMSP for Advanced Acrylate Characterization and Digital Photoresin
Design in Vat Photopolymerization // Polymers. 2025. Vol. 17(2). Art. 203.
https://doi.org/10.3390/polym17020203.

[12] Richard C. T., Kwok T.-H. Analysis and Design of Lattice Structures for Rapid-Investment
Casting // Materials. 2021. Vol. 14(17). Art. 4867. https://doi.org/10.3390/ma14174867.

[13] Alberto J. R., Garg S., Streeter S. S., Giallorenzi M. K., LaRochelle E .P. M., Samkoe K. S.,
Pogue B. W. 3D printing fluorescent material with tunable optical properties // Scientific
Reports. 2021. Vol. 11. Art. 17135.

[14] Zakharov S. K., Antsev A. V., Kalabin I. D. Analysis of the Causes of Defects in Investment
Casting Using a Computer Simulation System // Izvestiya Tula State University. Technical
sciences. 2024. L 8. F. 185–189. DOI 10.24412/2071-6168-2024-8-185-186. (in Russian)

[15] Smetannikov O. Y., Samusev I. V. Experimental Identification of Constitutive Equations
Parameters For Photopolymer Composite // Journal on Composite Mechanics and Design.
2013. I. 19, L 1. F. 105–116. (in Russian)

[16] Nosov Y. O., Kamenskikh A. A. Experimental study of the rheology of grease by the example
of CIATIM-221 and identification of its behavior Model // Lubricants. 2023. Vol. 11. Art. 295.
https://doi.org/10.3390/lubricants11070295. (in Russian)


