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567689:;< 589=>?  > 6@ &?9 ?  86@6 89 A86@6B677>5> 

9567&7>5> C>@6B;8>?97;< REPASTHPC 

6. D. E0$,, 6. 8. ?3+$1F!- (>/+") 

 !"#$%&$'!( )(**#+,--.(!(//%/0,1" *#*$%) (MPP), .!%-2/(3(45(6 + &/(**% 

*'.%!&-).04$%!-+, '*$(,(+/#+(%$, 7$- &(83-)' .!-9%**-!' -2%*.%7#+(%$*6 3-*$'. 

/#:0 & *-2*$+%,,-; /-&(/0,-; .()6$#, ( %*/# + .!-<!())%, =(.'5%,,-; ,( -3,-) #= 

.!-9%**-!-+, ,'8,- .-/'7#$0 3(,,1%, !(*.-/-8%,,1% + .()6$# 3!'<-<- .!-9%**-!(, $- 

=(3%;*$+'%$*6 )%"(,#=) .%!%3(7# *--25%,#;. >$( (!"#$%&$'!( ,(&/(31+(%$ !63 -<!(-

,#7%,#;. ? 7(*$,-*$#, ,%-2"-3#)- '7#$1+($0 $-.-/-<#4 *#*$%)1 # !(9#-,(/0,- !(*-

.!%3%/6$0 3(,,1% )%83' .!-9%**-!()#, #*.-/0=-+($0 *.%9#(/0,1% *!%3*$+( 3/6 )%8-

.!-9%**-!,-; .%!%3(7# *--25%,#;, ( + */'7(% !%(/#=(9## *#*$%)1 .-33%!8&# #)#$(-

9#-,,-<- )-3%/#!-+(,#6, ,%-2"-3#)- $(&8% *.%9#(/0,1) -2!(=-) -2%*.%7#$0 *#,-

"!-,#=(9#4 )-3%/#!'%)1" .!-9%**-+. @/6 !%:%,#6 .%!%7#*/%,,1" =(3(7 *'5%*$+'4$ 

)-3%/#, )%$-31 # *!%3*$+( !(*.!%3%/%,,-<- #)#$(9#-,,-<- )-3%/#!-+(,#6, + $-) 7#*-

/% SLX (Henriksen, Wolverine Corp., AB ), C%!( (?. ?. D&-/0,#:,#&-+ # 3!., E-**#6), 

@#(,( (?. ?. F'*%+ # 3!., G&!(#,() # 3!'<#%. H!#7%) !(=/#7,1% *!%3*$+( !(*.!%3%/%,-

,-<- )-3%/#!-+(,#6 -!#%,$#!'4$*6 ,( !(=/#7,1; &/(** =(3(7. ? .!%3*$(+/%,,-; !(2--

$% 3/6 !%(/#=(9## <%,%!($-!( */'7(;,-<- «<!(I( *-*%3*$+(» ,( +17#*/#$%/0,-) &/(-

*$%!% * MPP-(!"#$%&$'!-; #*.-/0='%$*6 *!%3( !(*.!%3%/%,,-<- )-3%/#!-+(,#6 

RepastHPC  [1] (Collier,  !<-,,*&(6 /(2-!($-!#6, AB ). A#*$%)( RepastHPC .-=+-/6%$ 

JII%&$#+,- !%(/#=-+($0 )-3%/#!-+(,#% &/%$-7,1" (+$-)($-+ # .!-9%**1 ,( *%$6".  

5!,!(3#$% 2(3G3 +'+!0+)-3 

F%,%!(9#6 <!(I( *-*%3*$+( ,(7#,(%$*6 *- */'7(;,-<- !(=2!(*1+(,#6 «9%,$!-+» 

+ 67%;&# <!#3( (<!#3 .!%3*$(+/6%$ *-2-; 67%#*$'4 *$!'&$'!', =(3(+(%)'4 ,( -*,-+% 

&+(3!($,-; !%:%$&#). K%,$!1 #)%4$ «*#/'», &-$-!(6 -.!%3%/6%$ 3/6 «9%,$!-+» +%!--

6$,-*$0 =("+($( 9%,$!-) *-*%3,#" (%5% ,% =("+(7%,,1") 67%%&. L("+(7%,,(6 9%,$!-) 

67%;&( + 3(/0,%;:%) 3%;*$+'%$ -$ #)%,# 9%,$!(, +1.-/,66 =("+($ *-*%3,#" 67%%&. ? 

*#$'(9##, &-<3( !(=/#7,1% 9%,$!1 .!%$%,3'4$ ,( =("+($ -3,-; 67%;&#, =("+($#+:#; 

67%;&' 9%,$! -.!%3%/6%$*6 .'$%) *$-"(*$#7%*&-<- <-/-*-+(,#6. M(83(6 #= =("+(7%,,1" 

9%,$!-) 67%%& <-/-*'%$ -$ #)%,# 9%,$!(, &-$-!1) =("+(7%,(. H!-9%** */'7(;,1" =(-

"+($-+ 67%%& =(&(,7#+(%$*6 I-!)#!-+(,#%) &(!$1 -2/(*$%;. 

H!-9%** <%,%!(9## <!(I( *-*%3*$+(, !%(/#=-+(,,1; + RepastHPC, .!%3*$(+/%, 

,( !#*. 1, 2. F!#3 !(=2#+(%$*6 ,( /-&(/0,1% .-3<#31, !(*.-/-8%,,1% + .()6$# !(=/#7-

,1" .!-9%**-!-+. ?=(#)-3%;*$+#% )%83' .-3<!#3()# -*'5%*$+/6%$*6 7%!%= 2'I%!,1% 

67%;&# )%83' .-3<!#3()# (!#*. 2).  

 

8$+. 1. 5!,!(3#$% 2(3G3 +'+!0+)-3: 

,(7(/0,(6 &-,I#<'!(9#6; .!-)%8'$-7,(6 &-,I#<'!(9#6 # &-,%7,-% *-*$-6,#% 
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A#,"!-,#=(9#6 *-3%!8#)-<- 67%%& -*'5%*$+/6%$*6 .-*/% &(83-<- :(<( =("+($( 

9%,$!()# *-*%3,#" 67%%&. 

N,I-!)(9#6 - <!(I% (+%!:#,1 <!(I( (**-9##!'4$*6 * 9%,$!()# ,( <!#3%) "!(-

,#$*6, &(& # /421% 3(,,1% + MPP-(!"#$%&$'!%, /-&(/0,- + &(83-) .!-9%**%.   .--

*&-/0&' + .!-9%**% <%,%!(9## ,%-2"-3#)- #)%$0 #,I-!)(9#4 -2 -25%; *$!'&$'!% 

<!(I(, .!# #,#9#(/#=(9## )-3%/# (.-*/% !(=2!-*( 9%,$!-+ <!(I( *-*%3*$+() 3/6 +*%" 

+%!:#,, &-$-!1% ,% 6+/64$*6 /-&(/0,1)# + $%&'5%) .!-9%**%, *-=3(4$*6 &-.##. O(-

&#) -2!(=-), +*% .!-9%**1 "!(,6$ -2!(= %3#,-<- <!(I(, ( 3-2(+/6%)1% + -3,-) #= .!--

9%**-+ !%2!(, 3-2(+/64$*6 + 3!'<#% .!-9%**1 + !%='/0$($% *#,"!-,#=(9##. 

 

8$+. 2.  $,H(',$I3#$% (!J!(  

(H!# *-=3(,## )%83' +%!:#,()# .!-9%**-!-+ P1 # P2 !%2!( (A-B) *,(7(/( !%2!- *-=3(%$*6 

/-&(/0,- (A-B2) #/# (B-A1) # + 3(/0,%;:%) 3-/8,- *#,"!-,#=#!-+($0*6 3/6 +*%" 

.!-9%**-!-+) 

H!%3/-8%,,(6 !%(/#=(9#6 * #*.-/0=-+(,#%) *!%31 3/6 !(*.!%3%/%,,-<- )-3%-

/#!-+(,#6 RepastHPC .-=+-/6%$ <%,%!#!-+($0 <!(I1 *-*%3*$+( ,%-2"-3#)-<- !(=)%!( 

3/6 JII%&$#+,-<- #**/%3-+(,#6 *$($#*$#7%*&#)# )%$-3()#. M(& )-8,- +#3%$0 ,( 

!#*. 3, * '+%/#7%,#%) =(3%;*$+-+(,,1" .!-9%**-!-+ 3-*$#<(%$*6 *'5%*$+%,,-% ')%,0-

:%,#% +!%)%,# <%,%!(9## (<%,%!#!'%$*6 <!(I *-*%3*$+( * 9%,$!()# -3,-; *#/1, !(=-

2!-*(,,1" .- <!#3' 1 )/,. * +%!-6$,-*$04 0,001 + 67%;&%). 
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8$+. 3. K3-$+$/'+)F -(!/!,$ 2!,!(3#$$ 2(3G3 ') *$+13 4('#!++'('-  

-.*$+1$)!1F,'2' "13+)!(3 >/+"'2' 2'+L03(+)-!,,'2' )!H,$*!+"'2' L,$-!(+$)!)3 

 -'M+)-3 2(3G3 +'+!0+)-3 

E(**)-$!#) '*$-;7#+-*$0 <!(I-+ *-*%3*$+( .!# */'7(;,1" '3(/%,#6" '=-

/-+/!%2%! <!(I(. E(*7%$ '*$-;7#+-*$# +1.-/,#) .- (,(/-<## * !(*7%$()# '*$-;7#+-*$# 

3/6 !%:%$7($1" )-3%/%;. O(&, .!# #**/%3-+(,## !%:%$-& + $%-!## .%!&-/69## !(*-

*)($!#+(%$*6 $(& ,(=1+(%)1% =(3(7( *+6=%; # =(3(7( '=/-+. ? =(3(7% *+6=%; #5%$*6 -$-

+%$ ,( +-.!-*, &-$-!1; ,( 6=1&% #**/%3-+(,#6 '*$-;7#+-*$#, */%3'%$ *I-!)'/#!-+($0 

$(&: &(&'4 3-/4 *+6=%; ,'8,- '3(/#$0 ()-3%/#!'6 «-$&(=1» *+6=%;), 7$-21 !%:%$&( 

P'I%!,1% 67%;&#
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.-$%!6/( '*$-;7#+-*$0? ? =(3(7% '=/-+ */'7(;,- '3(/64$ '=/1 (*--$+%$*$+%,,- '3(/6-

4$*6 +*% #,9#3%,$,1% '=/' *+6=#). G*$-;7#+-*$0 !%:%$&# #,$%!.!%$#!'%$*6 7%!%= *--

"!(,%,#% $(& ,(=1+(%)-<- *$6<#+(45%<- &/(*$%!( (+ $(&-) */'7(% -*$(4$*6 :#!-&#% 

+-=)-8,-*$# .%!%,-*( +1.-/,6%)1" I',&9#; * -3,-<- '=/( ,( 3!'<-;). M/(*$%!-) + 

$%-!## .%!&-/69## ,(=1+(%$*6 9%.-7&( *+6=(,,1" )%83' *-2-; '=/-+. H!# =,(7%,#6" 

+%!-6$,-*$# p '3(/%,#; '=/-+/*+6=%; 2-/0:% .-!-<-+-<- =,(7%,#6 pc + 2%*&-,%7,-; 

!%:%$&% )-8,- ,(;$# &/(*$%!1 $-/0&- &-,%7,-<- !(=)%!(. H!# =,(7%,#6" )%,0:% pc 

-2!(='%$*6 *$6<#+(45#; &/(*$%!, + */'7(% 2%*&-,%7,-; !%:%$&#, *+6=1+(45#; 2%*&--

,%7,-% &-/#7%*$+- '=/-+. G*$-;7#+-*$0 "(!(&$%!#='%$*6, $(&#) -2!(=-), +%!-6$,-*$04 

P .!#,(3/%8,-*$# & «*$6<#+(45%)' &/(*$%!'» */'7(;,- +12!(,,-<- '=/( .!# =(3(,-

,-; +%!-6$,-*$# '3(/%,#; '=/-+/*+6=%;. ? $%-!## .%!&-/69## '*$(,(+/#+(%$*6, 7$- =(-

+#*#)-*$0 P(p) ,-*#$ &!#$#7%*&#;, .%!%&/47($%/0,1; "(!(&$%! 3/6 2%*&-,%7,1" !%-

:%$-&. @/6 &-,%7,1" !%:%$-& =(+#*#)-*$0 P(p) #=)%,6%$*6 ./(+,-, ,% + &!#$#7%*&-; 

$-7&% pc, ( + &!#$#7%*&-; -2/(*$# =,(7%,#; p (!#*. 4).  

O#.#7,1% I-!)1 # !(=)%!1 &-,$(&$,1" &/(*$%!-+ .!# !(=/#7,1" =,(7%,#6" 

+%!-6$,-*$# '3(/%,#6 p *+6=%; + !%:%$&% #=-2!(8%,1 ,( !#*. 5.  

8$+. 4. ?!('%),'+)F  

2$23,)+"'2' (+)%2$-3NO!2') 

"13+)!(3 

8$+. 5. C3"+$/31F,.! "',)3"),.! "13+)!(. -  

(!P!)"! 4($ (3I,.H -!('%),'+)%H L031!,$% (!J!( p 

('+)31F,.! "13+)!(. ,! 4'"3I3,.) 

G*$-;7#+-*$0 <!(I-+ *-*%3*$+( .!# */'7(;,1" '3(/%,#6" +%!:#,/!%2%! )-8%$ 

21$0 $(&8% #**/%3-+(,( * .-=#9#; $%-!## .%!&-/69## (!#*. 6). Q( !#*. 7 #=-2!(8%,1 

$#.#7,1% !(=)%!1 )(&*#)(/0,1" &/(*$%!-+ .!# !(=,1" +%!-6$,-*$6" '3(/%,#6 p !%2%! 

<!(I( *-*%3*$+(.  

8$+. 6. >#!,"3 4'('23  

4!("'1%#$$ - I303*! (!J!( 01% 

2(3G'- +'+!0+)-3 

8$+. 7. C3"+$/31F,.! "',)3"),.! "13+)!(. - 4($ 

(3I,.H -!('%),'+)%H L031!,$% (!J!( p  

(-*$(/0,1% &/(*$%!1 ,% .-&(=(,1) 

L(&-,1 .%!&-/69##, '*$(,-+/%,,1% 3/6 !%:%$-&, $(&8% ,%.-*!%3*$+%,,- .!#-

)%,#)1 # & <!(I() *-*%3*$+(. ? 7(*$,-*$#, *!%3,%% &+(3!($#7,-% -$&/-,%,#% R, "(!(&-

$%!#='45%% :#!#,' &!#$#7%*&-; -2/(*$# +%!-6$,-*$# '3(/%,#6 !%2%!, ')%,0:(%$-

*6 (!#*. 8)  * !-*$-) 7#*/( +%!:#, N .- *$%.%,,-)' =(&-,': R(N)=C N 
-1/(! d)

, <3% d = 2 – 

!(=)%!,-*$0 .!-*$!(,*$+(,   – &-JII#9#%,$, =(+#*65#; -$ *%)%;*$+( <!(I-+, S – -3,( 

#= &-,*$(,$ $%-!## !%:%$-7,-; .%!&-/69##. H-32-! S # C .- =(+#*#)-*$6) R(N), .-/'-

7%,,1" ,( -*,-+% *$($#*$#7%*&-<- )-3%/#!-+(,#6 '3(/%,#6 !%2%! + <!(I(" *-*%3*$-

+( ()%$-3  C-,$%-M(!/-), .-3$+%!83(%$ .!#)%,#)-*$0 &-,*$(,$1 S = 4/3, '*$(,-+/%,-

,-; [2] 3/6 ./-*&#" !%:%$-&. 
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8$+. 9.   )(L")L(3, 'J(3IL!/3% 

4($ -.+.H3,$$ /3++$-3 

L21!('0,.H ,3,')(LJ'" 

 

8$+. 8. &!'(!)$*!+"3% $ Q/4$($*!+"3% I3-$+$/'+)$ R ') N - 2(3G! +'+!0+)-3: 

– –  $%-!%$#7%*&(6 !(N); –o–  J).#!#7%*&(6 !(N) 

? !(2-$% [3] -2*'83(%$*6 .!#,(3/%8,-*$0 <!(I( *-*%3*$+( & &/(**' *$($#*$#7%-

*&# -3,-!-3,1" <!(I-+, ( $(&8% 3-.-/,#$%/0,- !(**)($!#+(%$*6 *+-;*$+( ,( .-!-<% 

.%!&-/69##. O(&#) -2!(=-), <!(I1 *-*%3*$+( !(*:#!64$ $%-!#4 .%!&-/69## ,-+1)# 

*$!'&$'!()#. ? !(2-$% [4] <!(I1 *-*%3*$+( .!#)%,64$*6 + &(7%*$+% *!%31 +=(#)-3%;-

*$+#6 .-.'/69#; «"#5,#&-+–8%!$+», ( $(&8% *!%31 !(*.!-*$!(,%,#6 +#!'*(. 

K3"1N*!,$! 

B#!-&-% .!#)%,%,#% &/%$-7,1" (+$-)($-+ ,(:/# .!# )-3%/#!-+(,## $!(,*.-!$-

,1" .-$-&-+, /%*,1" .-8(!-+, .!-9%**-+ 3#II'=##, + 9%/-) &/%$-7,1% #*.-/0='4$*6 3/6 

)-3%/#!-+(,#6 .!-*$!(,*$+%,,--!(*.!%3%/%,,1" *#*-

$%), +&/47(6 &+(,$-+1% [5, 6]. ? !(**)-$!%,,-; #)#-

$(9#-,,-; .!-<!())%, !(=!(2-$(,,-; 3/6 +1.-/,%,#6 

+ ),-<-.!-9%**-!,-; *!%3%, &/%$-7,1% (+$-)($1 #*-

.-/0='4$*6 3/6 <%,%!(9## .!-*$!(,*$+%,,--

!(*.!%3%/%,,-<- */'7(;,-<- <!(I( – <!(I( *-*%3*$+(. 

F!(I *-*%3*$+( )-3%/#!'%$ *$!'&$'!', #=-)-!I,'4 

,%&-$-!-; ./-*&-; #/# .!-*$!(,*$+%,,-; ,%!%<'/6!-

,-; '.(&-+&%, $(&(6 *$!'&$'!( )-8%$ 21$0 )-3%/04 

,%&-$-!1" I#=#&--"#)#7%*&#" )#&!-*$!'&$'! (!#*. 9). 

? *$($0% -$)%7(%$*6 *'5%*$+%,,1; +1#<!1: + .!-#=-

+-3#$%/0,-*$# .!# <%,%!(9## <!(I( *-*%3*$+( ,( MPP 

(!"#$%&$'!% * #*.-/0=-+(,#%) *!%3*$+ )-3%/#!-+(,## 

RepastHPC. 
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