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;

<(#=2()0*>0?(4-")



<(#=2()0*>0?(4-")

<@(0AB4()=-($40(CB4(%+(0>*-06@(0")(0*>0@B.@270$4C$%+(40#$+@B%(-704"-B%.06@(0D$6(05$2(*2B6@B+0=(-B*40@$)0
E((%0(%6B-(270B.%*-(40E70$-+@(*2*.B)6)0*%0(C(-70+*%6B%(%6,0F*#=2(30#$+@B%B%.0*>0#(+@$%B+$20+*#=*%(%6)0
-(=-()(%6)0$%0"%4(%B$E2(0>*-#0*>0B%4")6-B$20(%.B%((-B%.0-(G"B-B%.0+*#=(6(%+(0B%0)(C(-$20)"==*-6B%.0
=-*+())()H0B%+2"4B%.0#B%B%.H0#(6$20*-(0-(>B%B%.0$%40#(+@$%BI(40#$%">$+6"-B%.0B%0C$-B*")0)6$.(),

J"==-())(40$-+@(*2*.B+$204B)+*C(-B()0>-*#0(C(-70+*%6B%(%60*>0*"-0A*-240>$220B%6*06@$60C(-70+$6(.*-70*>0@B.@0
6(+@%*2*.70$%40$220B6)0C$)60B#=2B+$6B*%)0>*-0$%70)*+B(6706@$60@$)0-($+@(406@$602(C(20*>0$4C$%+(#(%6,0K%(0*>0
6@(0#*)60)(%)$6B*%$20$-+@(*2*.B+$20>B%4)0*>06@B)0LB%40A$)0#$4(0E70$0)6$6(&-"%0#B%B%.0+*#=$%70(3+$C$6B%.0
$22"CB$20.*2404(=*)B6)0$2*%.0E*6@0)B4()0*>06@(0M*I@7#0'BC(-H02*+$6(40B%06@(0N-$20O*"%6$B%0'$%.(0*>0'"))B$,

F*%)B)6(%60(36-$+6B*%0*>0>B%(0$22"CB$20.*240>-*#06@(0)B6()0(%+*"-$.(407($-)0*>0#B%B%.0$+6BCB670B%06@(0$-($H0
$%40$2*%.06@(0%($-E70P$-$4$0$%40Q$2E$%7"@0'BC(-)H0A@B+@0>2*A0*"60*>06@(0%*-6@A()6(-%0N-$20O*"%6$B%),0R%
$44B6B*%06*06@(0.*2406$-.(6H0#B%B%.0(%.B%((-)0A(-(0)"-=-B)(406*0@$C(0$2)*0)(=$-$6(40*6@(-0@B.@&4(%)B670
#(6$20>-$.#(%6)0+*#=*)(40*>06"%.)6(%,0<@()(06B%70$-6B>$+6)0A(-(0*E6$B%(40$604(=6@)0*>0S9&S:T0UV&S80#WH0
+*--()=*%4B%.06*06@(0D$6(05$2(*2B6@B+0>-*#0X89H9990E=,0<@(0@B.@0="-B67H0#B+-*&)+$2(0$%40#$+@B%(40>*-#)0*>0
6@()(06"%.)6(%0$-6B>$+6)0+*%>B-#0$0@B.@&6(+@0*-B.B%Y0-$%.B%.0>-*#0S,8Z0UV0+#W06*09,999S8Z0U9,99V0##W0B%0)BI(,
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Tungsten micro-spiral



R%0$44B6B*%06*06@(0$==$-(%6270#$%">$+6"-(406"%.)6(%0#B+-*&)=B-$2),0*6@(-0metallic >-$.#(%6) with heavy0
elements0B%+2"4(40#(26(40#B+-*&>-$.#(%6)0*>0!"#$%&"'(')'!*"+,*-$(./,00$%"!**,&"12!1"/,'*-"(,1"!/1'!**&"
3$"4-$(1454$-"3&")/4$(14)1)6"!(-"7!)"(,1",84-49$-"3&"$80,)'%$"1,"12$"$*$:$(1)"5,%"!"0$%4,-",5";<=6==="&$!%)[

>,00$%"/,4()"-!%?$("!51$%"!"5$7"/$(1'%4$)"7412"!"124/?"3*!/?"*!&$%",5"/,00$%",84-$@"A81%$:$*&"124("/,00$%")04%!*)"
)2,'*-"3&"3$",84-49$-"1,"!")1,%!+$",5"1$()",5"12,')!(-)",5"&$!%)"4("12$"-!:0")4*1"!/1'!**&"/,:0*$1$*&"%4+21"4(1,"12$"
/,%$@"B2&"!00$!%"12$("12$":$1!*"0!%14/*$)"4("12$"0'3*4)2$-"02,1,)03%4+21"7412",(*&"):!**"1%!/$)",5",84-!14,(C"S

<@(0.*24(%H0+*==(-&2BL(0#B+-*&)=B-$2)0$%40)B#B2$-270+*2*-(40#(26(40>-$.#(%6)0U$E*C(H02(>6W0$-(04(>B%B6BC(270
B4(%6B>B(40E706@B)0$"6@*-0$)0!'%4/2!*/':H0A@B+@0A$)0-(=-*4"+(40B%0+$#=>B-(06()6)0E70=@*%*%06-$%)#"6$6B*%0
>-*#0+*==(-0>-*#08&S\&8989H0$%40)"E)(G"(%6270B4(%6B>B(40E7080#(6@*4)0$)0$0EB%$-70$22*702$7(-0*>0.*240$%40
6B6$%B"#,0<@(0+@(#B+$20>*-#"2$0>*-06@(0$22*70A$)0)=(+B>B(407($-)02$6(-0E70-()($-+@(-)0$60OR<H0$)0]&<BV1",

^"-6@(-0@($6B%.0$60$%%($2B%.06(#=(-$6"-()0>$+B2B6$6()0+*#=$+6B*%0B%6*0$0#*-(04(%)(0$6*#B+0$--$%.(#(%60
$)0_&<BV1"H0A@B+@0(3@BEB6)06@(0(3*6B+0=-*=(-6B()0*>0$0)"=(-$22*7H04B)=2$7B%.0-(4&.*240+*2*-H0)"=(-@$-4%())0
$%40-**#06(#=(-$6"-(0)"=(-+*%4"+6BCB670B%0)6-*%.0`O0>B(240+*%4B6B*%),0<@()(0=-*=(-6B()0A(-(0$==2B(40B%0
6@(0+*%)6-"+6B*%0*>02(CB6$6B*%0)2(4)06@$60@*C(-0)(C(-$20B%+@()0$E*C(0$06-$+LA$70#$4(0*>0#$.%(6B+0)6*%(,

<@(0$%+B(%604(E-B)0*>0#B+-*&#$%">$+6"-(40#(6$20>-$.#(%6)0A(-(0(3+$C$6(40%($-06@(0+*%>2"(%+(0*>06@(0
M*I@7#H0P$-$4$0$%40Q$2E$%7"@0'BC(-)H0B%06@(0N==(-0N-$20O*"%6$B%)0*>0'"))B$,0<@(0>B%(06"%.)6(%0#B+-*&
)=B-$2)0*>04B>>(-(%60)BI()0$-(0C(-70)B#B2$-0B%0>*-#0$%40>"%+6B*%06*06"%.)6(%0>B2$#(%6)0")(406*4$70B%0)6$%4$-40
2B.@60E"2E)0U#$.%B>B(4H0E(2*AWH0B#=2B+$6B%.06@(B-0")(04("12$"2$!-*4+21"$*$:$(1)",5"24+2.)0$$-"*$#41!14,(")*$-),
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Tungsten  filament

Modern  light  bulb



<@B)0)"-=-B)B%.0+*%+2")B*%0B)0)"==*-6(40E70$0+*#=(22B%.0E*470*>0(CB4(%+(06@$60B)0G"B+L270.-*AB%.H0E(B%.0
4-$A%06*.(6@(-0>-*#04B)+*C(-B()0#$4(0B%04B)=$-$6(0-(.B*%)0*>06@(0A*-240A@(-(0@7=(-4B#(%)B*%$20(C(%6)0
+*%6B%"(06*06$L(0=2$+(,0`7(AB6%())0$++*"%6)0-(=-()(%60$04B-(+60>*-#0*>0(CB4(%+(06@$60B)0*>6(%04B)-(.$-4(40
E706@(0.(%(-$20="E2B+0>*-02$+L0*>0)+B(%6B>B+0+*#=-(@(%)B*%H07(60(3=2$B%)06@(06-"(0*-B.B%0*>06@(0#B+-*&)=B-$2),

5-B*-06*0Sa:bH0$0=$B-0*>01#(-B+$%0."$%*0=-*)=(+6*-)0(3=2*-B%.06@(02$%4)+$=()0*>0<(@$#$0F*"%67H0F$2B>*-%B$
%($-0O*"%60D$))(%04B)+*C(-(40$%0$%+B(%60)"E6(--$%($%02(CB6$6B*%06-$%)=*-60)7)6(#0AB6@0>*-A$-40@($42B.@6)[

c(0+$#(06*0$0=2$+(0A@(-(06@(0+$C(-%0AB4(%(40*"60$02B662(0$%40A(0)$A0)*#(0LB%40*>0#$+@B%(,,,0$0C(-70)6-$%.(0
+*%6-BC$%+(,0R60@$40$0C(-70>2$60E*66*#H0E"606@(0>-*%60A$)0+"-C(40"=A$-40)*#(6@B%.02BL(0$06*E*..$%,0<@(0E*66*#0
=2$6(0A$)0$E*"60\Z06@B+L0$%40B60A$)06@(0+*2*-0*>0="-(0+*==(-,0Q"60B60A$)0C(-70@$-406(#=(-(4,

126@*".@0R0@$C(,,,0(3=(-B(%+(0B%0#(6$2)0$%40$22*7)H0R0@$40%*0*==*-6"%B6706*0(3$#B%(0B60+2*)(270(%*".@06*04(6(-#B%(
d")60A@$60B60A$),0R04*"E60C(-70#"+@0B>0R0+*"24,0R60@$40$0)($60B%06@(0>-*%604B-(+6270E(@B%40$0@($C704$)@E*$-40$>>$B-0$%4
6@(-(0A$)0$04B$20)@$=(40B%0$0)(#B&+B-+2(0AB6@0>B."-()0*-0#$-LB%.)0*%0B6,,,0R>06@(-(0A$)0$0#*6*-H0B60A$)0B%06@(0-($-,01220
R0+*"240)((0A$)080@*-)()@*(0*-0#$.%(6&)@$=(40*Ed(+6)06@$60>$+(40($+@0*6@(-0AB6@06@(0-*"%40=$-6)06*06@(0*"6)B4(,

c@(%06@B)06@B%.0A$)0B%0*=(-$6B*%H0$0E-B22B$%60.-((%0$-+0)((#(406*02($=0E(6A((%06@(06A*0$%406*0+*%6B%"(06*0.2*A0$)
B60A$)0B%0*=(-$6B*%,0<@(0*%270)*"%40B60.$C(0*>>0A$)0$0@"#0*-0E"II06@$60)*"%4(402BL(0$0E$66(-70+@$-.(-0B%0*=(-$6B*%,
<@(0)($60B%06@(0>-*%60A$)0C(-70AB4(,0<@(0*%270#(6@*40*>0*=(-$6B*%0A$)0$0E2$+L06($-&)@$=(40*Ed(+6H0A@B+@0@"%.0
>-*#06@(0=$%(20E70$0+@$B%,

K%(0*>06@()(0#(%0)B66B%.0B%0
6@(0#B442(06**L06@B)06@B%.0$%40
6*"+@(406@(0)@$-=0(%406*06@(0
>B-)60>B."-(0*%06@(02(>60)B4(0*>0
6@(04B$2,0c@(%0@(06*"+@(406@(
>B-)60>B."-(H06@(0+*%6-$=6B*%0
)((#(406*0#*C(0$2#*)60*"60
>-*#0"%4(-0"),0Q"60B60A$)06@(0
)#**6@()60$%40G"B(6()606$L(&
*>>0R0(C(-0(3=(-B(%+(4,0c(0
)((#(406*0>2*$6,0P*606@(0
)2B.@6()60)*"%40*-0CBE-$6B*%,0

1%40$>6(-0A(0@$406-$C(2(40>*-0
$0#B%"6(0@(06*"+@(406@(0%(360
>B."-(0*%06@(04B$20$%40*"-0
)=((40B%+-($)(40$60$%0
$2$-#B%.0-$6(,0Q"60A@(%0@(0
@$40$4C$%+(406@(0E2$+L0
*Ed(+60*C(-0=$)606@(0+(%6(-0*>0
6@(04B$2H0*"-0)=((40B%+-($)(40
"%6B20R0+*"240@$-4270E-($6@(,

R0+$%e60E(.B%06*0()6B#$6(06@(04B)6$%+(0A(0@$406-$C(2(40*-0*"-0)=((4H0E"60B60A$)06(--B>B+,0<@(06A*0@*-)()@*(0*Ed(+6)0
B%06@(0-($-0+-($6(40$0.-((%02B.@606@$60)*#(@*A0)@*%(0>$-0$@($40*>0")H02B.@6B%.0"=06@(0+$C(-%0>*-0$02*%.0A$7,0R0)**%
%*6B+(40$0E2$+L02B%(0-"%%B%.04*A%06@(0+(%6(-0*>06@(0+$C(-%0$%40*"-0B%%(-&#*"%6$B%06$3B0)((#(406*0>*22*A06@$6,8

<@(0$)6*"%4B%.0$++*"%60*>06@(0)"E6(--$%($%0$E4"+6B*%0*>06@(0."$%*0=-*)=(+6*-)0=-*CB4()0$04(6$B2(40
4()+-B=6B*%0*>0$%0$"-B+@$2+"#02(CB6$6B*%0)2(40)7)6(#H0$)0=-(CB*")270)@$-(40B%0>"220AB6@06@(04B)+*C(-70*>06@(0
<(@$#$057-$#B40B##(4B$6(270)*"6@0*>0O*"%60D$))(%0C*2+$%B+0=($L,0<@(0=-*)=(+6*-T)04()+-B=6B*%0*>06@(0
"%")"$20$==($-$%+(0*>06@(0-(4&.*240)"=(-$22*70+2($-270#$6+@()06@(0>-$.#(%6$-70-(#$B%)0-(+*C(-(40E706@(0
$22"CB$20#B%B%.0*=(-$6B*%)0B%06@(0%*-6@(-%0N-$2)H0$2*%.06@(0M*I@7#H0P$-$4$0$%40Q$2E$%7"@0'BC(-),

1220B%4B+$6B*%)0>-*#06@(0)=(+B$20B%>*-#$6B*%0*E6$B%(40B%0)"E6(--$%($%0@B.@&)=((406-$%)B60)7)6(#)0-"%%B%.0
E(2*A0F$2B>*-%B$H0P(C$4$H01-BI*%$0$%40B%6*0O(3B+*0)"==*-606@(0(3B)6(%+(0*>0$0)B#B2$-06"%%(206-$%)B60)7)6(#0
-"%%B%.0B##(4B$6(270E(2*A06@(0$%+B(%604(E-B)0>B(24)0$%40.(*=*27#(-0=2$6($")0*>06@(0N==(-0N-$20O*"%6$B%),0
<@(0)6$6(0*>0(3+(22(%60=-()(-C$6B*%0AB6%())(40B%02*%.06-$+LA$70)(+6B*%)0*%06@(0=2$6($"0)"..()6)06@(0)7)6(#
*>0B%6(-+*%%(+6(406"%%(2)06@$60+*%6B%"(0E(2*A0.-*"%40@$C(0$2)*0E((%0=-()(-C(4H0!(-":!&")14**"3$"4("')$@
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<@(0(3B)6(%+(0*>0$%0$4C$%+(40"%4(-.-*"%40+BCB2BI$6B*%06@$60=*))())(40@B.@&)=((402(CB6$6B*%0C(@B+2()0A$)0
-(=*-6(40B%06@(0SaV9)0E70$%012("60`24(-0%$#(40PB)&c(&Q$)L,0!B)0>"220$++*"%60A$)0="E2B)@(40B%0$%0$-6B+2(0E70
',f,0!*A$-4H0(%6B62(4[0e<@(0D(.(%40*>0g"B%#$)0?$22(7TH0-(6(22B%.0@B)0N^K0(%+*"%6(-0$)0$07*"%.0@"%6(-H0
A@B+@0B%+2"4(40@B)0$E4"+6B*%06*0$%0"%4(-.-*"%40+B670E(2*A0g"B%#$)0?$22(7H0%($-0F@$6@$#0J*"%4H012$)L$,0

PB)&c(&Q$)LT)04()+-B=6B*%0*>0E(B%.0-()+"(40E706@(0>$B-&)LB%%(40.B$%60B%+2"4()0$0C(-70E-B(>0$++*"%60*>0@B)0
-B4B%.0*%0$0)B2(%6H0@B.@&)=((40C(@B+2(06@$606-$C(22(40$2*%.0$0)@B%7H0#(6$22B+0=$6@A$70B22"#B%$6(40>-*#0$E*C([

<@(0>((2B%.0*>0E(B%.0A$6+@(40E(+$#(0)6-*%.(-H06@(%06@(0+-($6"-()0
$==($-(4,,,<@(70A(-(06@(0Q*A&B))H0%(B6@(-0#$%0%*-0$%B#$207(60AB6@0
6@(0+"%%B%.0$%40CB2(%())0*>0E*6@0h+-($6"-()0A@B+@H0)B%+(0$%+B(%60
6B#()H0@$40E*24270)6*2(%0+@B24-(%0$%40A*#(%0>-*#06@(06-BE(),,,0`$+@0
A$)0+2$40B%02*B%+2*6@0$%40)$%4$2)0*>0)*#(0)#**6@H0)@B%70#$6(-B$2H0
$%40$60($+@0E(260A$)0$0L%B>(0$%40$0)#$220E*3&2BL(0$>>$B-0A@B+@0
$==($-(406*0E(0$0A($=*%0*>0)*#(0)*-6,0<@(0+-($6"-(0B%06@(02($40
@($4(40>*-0$02*A0*C(-@$%.B%.0+2B>>0$606@(0E$)(0*>0A@B+@0$%0*=(%B%.0
6*0$0+$C(0A$)0CB)BE2(i0jJ"44(%27H0*%(k0*>06@(0Q*A&B))0$B#(40@B)0
2B662(0E*3&2BL(0A($=*%0$60@B#H0+$")B%.0(36-(#(0=$B%0$%40=$-$27IB%.0
@B#0+*#=2(6(27,01#B40AB24H0=($2B%.02$".@6(-0PB)&c(&Q$)L0>$B%6(4,0

c@(%0@(0-(.$B%(40+*%)+B*")%())H0@(0$%406A*0*>06@(0+-($6"-()0
A(-(06-$C(2B%.0B%0$0A(B-40+*%C(7$%+(06@$60#$4(02B662(0)*"%407(60
6-$C(2(40$60.-($60)=((4H0$2*%.0$0AB4(0)@B%70-*$4,0R%)B4(06@(0+$C(0B60
A$)0G"B6(02B.@60>*-06@(0C(-70-*+L0*C(-@($40)@*%(0AB6@0$0=$2(0)B2C(-70
+*2*-,0`C(-04*A%A$-406@(B-0+*%C(7$%+(0A(%6H06@(%0>B%$2270+$#(06*0$
)6*=0B%0A@$60)((#(40$0C$)60+$C(-%i0K%(0*>06@(0Q*A&B))0$B#(40@B)0
2B662(0E*3&A($=*%0j$%40>B-(4H0-(%4(-B%.0@B#0"%+*%)+B*")ki0
PB)&c(&Q$)L0$A*L(06*0$0>((2B%.0*>0B%>B%B6(0+**2%())0$%40+*#>*-6Y0
6@(%0@(0-($2B)(406@$60@(0A$)0)6B220B%06@(0+$C(H0E"60*%06@$60)6-$%.(0
C(@B+2(0$%40E(B%.0-(6"-%(406*06@(0)"->$+(Y0E"60B%)6($40*>06@(0
@B4(*")0+-($6"-()06@$60@$406$L(%0@B#04*A%0B%6*06@(0+$C(H06@(0*6@(-0
*++"=$%60*>06@(0+*%C(7$%+(0A$)0$0#$%H0@".(0$%40>$B-0*>0+*2*-B%.,

<@(0.B$%60)((#(406*0E(0$A$-(06@$60PB)&c(&Q$)L0A$)0$A$L(H0>*-0@(06"-%(40$%40)#B2(4H06@(%0@(0)=*L(06@*".@0@B)0
2B=)04B40%*60#*C(,0l!$C(0%*0>($-0PB)&c(&Q$)LH07*"0AB220E(0-(6"-%(406*07*"-0=(*=2(H06@*)(0A@*#07*"0+$2206@(0Q*A&
B))0B%06@B)0+$C(0$-(0%*0#*-(,0c@B2(0A(0A(-(0$E)(%60*"-0@*#(0A$)04B)+*C(-(40$%40*++"=B(40E706@(0Q*A&B)),0<@(0
.*4)0A(-(0LB%406@$60A(0-(6"-%(40A@(%0A(04B4,Z0<@-*".@0PB)&c(&Q$)Le)0#B%40-$%06@(0)6*-B()06*240@B#0B%0@B)0
+@B24@**40*>06@(0.B$%6)0A@*0@$40CB)B6(40@B)0=(*=2(0B%0$.()0=$)6,,,0

J**%06@(70-($+@(406@(0+$C(0(%6-$%+(0$%406@(0.B$%60$%40PB)&c(&Q$)L0.*60*"60*>06@(0%*A0#*6B*%2())0C(@B+2(,0
fB#270PB)&c(&Q$)L0+*"2404B)+(-%06@(0*"62B%(0*>0)*#(6@B%.0@".(0-()6B%.0A@(-(06@(0E"-%(40=$6+@0*>0($-6@0A$)0$%40
@(0L%(A0)*#(@*A06@$606@B)0#*%)6(-0@$40+$")(40B6,0<@(0.B$%60E-*L(0B%6*0@B)06@*".@6)H0B%06@$60A$70*>0)=($LB%.0
AB6@*"60"66(-B%.0$0)*"%4,0mR0AB220-(6"-%07*"06*07*"-0+$%*(0$606B4(A$6(-H04*0d")60$)0R0B%)6-"+607*",0J6$%40AB6@B%06@B)0
+B-+2(0R0@$C(0B%)+-BE(4H0+2*)(07*"-0(7()0$%404*0%*60*%0$%70$++*"%60*=(%06@(#,Z

cB6@06@$606@(0.B$%602(>60PB)&c(&Q$)L0$%40(%6(-(406@(0+$C(0$.$B%,0n")606@(%0PB)&c(&Q$)L0>(260$0)B+L(%B%.0>$22B%.0
>((2B%.0$)0B>0@(0A(-(0>$22B%.0>-*#0$0.-($60@(B.@6H06@(%06@(0>((2B%.0A$)0.*%(H0$%40@(02**L(40$E*"606*0>B%40@B#)(2>0*%0
6@(0)$%40%($-0@B)0+$%*(,0c@(%0PB)&c(&Q$)L0-(6"-%(406*0@B)0%$6BC(0CB22$.(0$%406-B(406*06(220*>0@B)0$4C(%6"-(H0@(0A$)
)+*>>(40$60$)0@$CB%.0$0E$404-($#0*-0>$22B%.0$%40@"-6B%.0@B)0@($40$%404-($#B%.0B60$22,0Q"606@(-(0A(-(0$0>(A0A@*04B40
E(2B(C(0$%40)*#(0A@*0)6B2204*im0V

<@(0)"E6(--$%($%0`<0$E4"+6B*%0(3=(-B(%+(0B%0g"B%#$)0?$22(7H012$)L$0-(6*240E70PB)&c(&Q$)L0)@*A)0#$%70
)B#B2$-B6B()06*06@(0=-(&Sa:b0$E4"+6B*%06*0$0)"E6(--$%($%0+B670-(=*-6(40E706@(080=-*)=(+6*-)0$60O*"%60D$))(%H0
F$2B>*-%B$,0<@(0)(#B&+*%)+B*")0)6$6(0*>06@(0@"%6(-0$>6(-0@B)0$66$+L0(3=2$B%)0A@70@B)0$++*"%60B)0B%+*#=2(6(H0
A@(%0+*#=$-(40AB6@06@$60*>06@(0F$2B>*-%B$0=-*)=(+6*-,0<@(012("6T)0$E4"+6B*%06**L0=2$+(04(+$4()0E(>*-(06@(0
F$2B>*-%B$0$E4"+6B*%0(C(%6H0)*#(6B#(0B%06@(0C(-70($-270Sa99),

O$.%(6B+0.(*=*27#(-0E$)$2606-$+LA$7)0E(2*A0g"B%#$)0?$22(70$-(0+*C(-(40E70$0)@((60*>02"#B%*")0#(6$22B+0
=2$6B%.0)(60B%6*06@(0=$B-(40.-**C()0$%40+(B2B%.06@$60B22"#B%$6()06@(0(%6B-(02(%.6@0*>06@(06-$+LA$706"%%(2,0N)(0
*>0)B#B2$-0#(6$22B+0A$22)0A$)0-(=*-6(40$60$%0"%4(-.-*"%40`<0B%)6$22$6B*%0E(2*A0O(-+"-70Q$)(H0P(C$4$,:
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!B.@&-()*2"6B*%0)$6(22B6(0B#$.(-70*>06@(0-(.B*%0)"--*"%4B%.06@(0$22"CB$20.*24&#B%B%.0)B6()0A@(-(06@(0$%+B(%60
#$%">$+6"-(40$-6B>$+6)0A(-(0-(+*C(-(40-(C($2)0#$%70B%6(-()6B%.0>($6"-()06@$60@$C(0%*60E((%0-(+*.%BI(40
E70=-(CB*")0-()($-+@(-)0*>06@(0#B+-*&)=B-$2),0<@(0@B.@0CB)BEB2B670*>06@()(0$%+B(%6H0#$%&#$4(0)6*%(0>($6"-()
)"..()6)06@(0'"))B$%0.*C(-%#(%60@$)0$2-($4704(6(-#B%(40$0+*%%(+6B*%0AB6@0N^K0$+6BCB670*C(-06@(0$-($,

'(=*-6)0*>0C(-70)#$2204B)+*B4$20N^K)0h!(-"12$"4(54(41$)4:!**&"):!**")49$",5"12$"D,92&:"E4#$%":4/%,.)04%!*"
5%!+:$(1)h0-(C($206@(0#*4(-%&4$70=-()(%+(0*>06B%70`<0@"#$%*B4)0h+(,:$)6"0484$)0$%40)0%41$)h0-()B4B%.0
E(2*A06@(0N-$2057-$#B40F*#=2(30)"--*"%4B%.0O*"%60P$-*4%$7$,0<(+@%*2*.B+$204(E-B)04(=*)B6)0B%0$22"CB$20
)6-$6$0$606@(0+*%>2"(%+(0*>06@(0M*I@7#H0P$-$4$0$%40Q$2E$%7"@0'BC(-)0Ub;,Va:V:9;oPH0b9,pp\a\bSo`W0
#")60@$C(0E((%0A$)@(404*A%06*06@$602*+$6B*%0E70@($C70-$B%)H0>-*#06@(0@B.@(-0(2(C$6B*%)0)B6"$6(40"=-BC(-,

122"CB$204(=*)B6)0#B%(40*%0E*6@0)B4()0*>06@(0M*I@7#0'BC(-0Ub;,:9bpa8\oPH0b9,pVb;VbSo`W0A(-(0=-*4"+6BC(
B%0%$6"-$20$22"CB$20.*24H0$)0A(220$)0#*-(0#B+-*&)BI(40#(+@$%B+$204(E-B)0>-*#0$0E7.*%(06(+@%*2*.B+$20$.(,0
DB%."B)6B+06-$+()0*>0$4C$%+(40+"26"-$20*-B.B%)0$-(0=-()(-C(40B%06@(0%$#()0*>0#$%702*+$6B*%)0)6B220")(406*4$7,
<@(05$2(*&J$%)L-B60C*6BC(0%$#(0qN-$2T0B)0+*#=*)(40*>080@B(-*.27=@)[0"-0$20H0#($%B%.0lU<@(W0>B%()60$EB2B67ZY0B%0
-(>(-(%+(06*00)&/24/"!(-"+$($14/"$(2!(/$:$(1"!/24$#$-"3&"%$),(!(1"F1*!(1$!("7!1$%.34%124(+"0%!/14/$)@"
<@()(0)=(+B$20=-$+6B+()0A(-(0-()=*%)BE2(0>*-0(%4*AB%.06$2(%6)0$%40$EB2B6B()0$#*%.06@(06(#=2(0+*##"%B67,
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<@(0*C(-.-*A%06-$+LA$70>($6"-(0-"%)0%*-6@($)6A$-406@-*".@06@(0#B442(0*>0$0AB4(0.(*=*27#(-0G"$-6IB6(0
$%40#"4)6*%(0=2$6>*-#H0(36(%4B%.0>-*#06@(0)*"6@A()606*06@(0%*-6@($)60$2*%.0$0)6-$B.@602B%(0#($)"-B%.0*C(-
S0#B2(0US,b0L#W,0Q(>*-(0B6)04()6-"+6B*%0E70+$6$+27)#B+0(-"=6B*%)H06@(0*-B.B%$202(%.6@0*>06@B)0)(+6B*%0*>0)6*%(0
6-$+LA$70(36(%4(40>*-06@(0>"2204B)6$%+(0*>06@(0-$B)(40=2$6($"0E(>*-(0+*%C(-.B%.0AB6@0$0)(+*%406-$+LA$7,

N-$20.(*=*27#(-0=2$6>*-#0$%406-$+LA$70S0Ub;,:9::88oPH0b9,9;9;Vo`H0$E*C(W0B)02*+$6(408Hp:80#B2()0>-*#0
6@(0r-($6057-$#B40*>0rBI$H0`.7=6Y0+*#=-B)B%.0SS,98s0*>0`$-6@T)0#($%0+B-+"#>(-(%+(04B)6$%+(0USStS99W,0

N-$206-$+LA$70S
M*I@7#0'BC(-H0'"))B$
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'()*%$%60$2B.%#(%60*>06@(0.(*=*27#(-0=2$6>*-#0$%406-$+LA$70)B6(0$606@(0SSs0-$4B$204B)6$%+(0+*B%+B4()0
AB6@06@(0.2*E$20#$%4$2$0.(*=*)B6B*%B%.0)7)6(#0*>0$%+B(%60#(.$2B6@B+0=7-$#B4)0$%406(#=2()H0+*%>*-#B%.06*
6@(0G"$%6"#0G"$4-$6B+0>*-#"2$0j0I%uS0v0I%

80k,0<@(0+*%C(-.(%+(0*>0@B.@&B%6(%)B670B%>-$)*"%40)6$%4B%.0A$C()0
$606@B)0%*4$20=*B%60.(%(-$6()0)6-*%.02*+$2BI(40`O0>B(24)0E706@(06-$%)4"+6B*%0*>0=B(I*(2(+6-B+0.(*=*27#(-),

<@()(0)=(+B$20`O0+*%4B6B*%)0(%$E2(06@(0>"%+6B*%$2B670*>0@B.@&)=((40$"-B+@$2+"#02(CB6$6B*%0)2(4)H0+*#=-B)(4
*>0$06@B+L0E$)(0=2$6(0AB6@0$0=$B-0*>0-"44(-)0>B66(406*06@(0AB46@0*>06@(06-$+LA$70.-**C(),0<"%.)6(%0#B+-*)=B-$20
(2(#(%6)0A(-(0")(40B%06@(0)2(4T)0@($42B.@6)H0#*"%6(40*%06@(0>*-A$-404$)@0E*$-40B%0>-*%60*>080*-0V0-*A)0*>0
E(%+@0)($6),0<@(02(CB6$6B*%0)2(4)0A(-(0=*A(-(40E70$06@(-#B*%B+0.(%(-$6*-0$%40$0+*#=$+60.-$CB670#*6*-,

!B.@&C(2*+B670B#=$+6)0+$")(40E706-$+L04(-$B2#(%60*-0@($4&*%0+*22B)B*%0*>080C(@B+2()0*++"--(40*%0$0-(."2$-0
E$)B)0*C(-0=(-B*4)0*>06(%)0*>06@*")$%4)0*>07($-)0$606@B)0)B6(H0.(%(-$6B%.0$0C(-702$-.(04(E-B)0>B(240$-*"%406@(0
$".#(%6(40=2$6($",0'$B%>$220-"%*>>0+*22(+6(406@()(0>-$.#(%6$-70B%4")6-B$20#$6(-B$2)0B%06@(0$22"CB$204(=*)B6),

<@(0=$-6B$2270=-()(-C(40-(#$B%)0*>0$0.(*=*27#(-0G"$-6IB6(t#"4)6*%(0=2$6>*-#H04()B.%$6(40@(-(0$)0N-$20
6-$+LA$7080Ub;,V8paSboPH0b9,9S:;Vo`H0$E*C(W0B)04"(0)*"6@0*>06-$+LA$70S0h-"%%B%.0B%0$%0$2#*)60=$-$22(20
*-B(%6$6B*%06*06@(0>B-)6,0Q*6@0*>06@()(0)B6()0@$C(0E((%0*++2"4(40>-*#0CB(A0E702*A&-()*2"6B*%0)$6(22B6(0B#$.(-7
="E2B)@(40E70r**.2(0`$-6@H"1,"24-$"F1*!(1$!("1$:0*$")41$)"4("E'))4!("1$%%41,%&6"!(-"4("$#$%&",12$%"/,'(1%&@

^*-6"%$6(27H0@B.@&-()*2"6B*%0)$6(22B6(0B#$.(-70>*-06@B)0$-($0@$)0E((%0=-*CB4(40*%2B%(0E70$%0$26(-%$6(0)*"-+(0
U@66=)[tt)$6(22B6(),=-*tWH0-(C($2B%.04(6$B2)0*>06@(0E-*$4H02(C(20=2$6($"0EB)(+6(40E70$0)6-$B.@602B%(0*>0.-((%0
C(.(6$6B*%0>2*"-B)@B%.0$2*%.06@(0$3B)0*>06@(0=$-$22(20.-**C()0@B44(%0E(2*A06@(0=(-#$>-*)60A@(-(0A$6(-0-"%),

<@(06*6$202(%.6@0*>06@B)0=-()(-C(40)(+6B*%0*>06@(0)#$22(-0)6*%(0=2$6>*-#0*>06-$+LA$7080(36(%4)0>*-0wStV0#B2(H0
*>>(-B%.0$0)(+*%4$-70)B6(0>*-0+*#=$-B)*%06*06@(02$-.(-0=2$6>*-#H0$%40B%4B+$6B%.06@(0.-$%40)+$2(0*>06@(0*-B.B%$2
2$7*"60=2$%0*>06@(0=2$6($"06-$%)B60)7)6(#,0`2(C$6(40=2$6>*-#)0=-*CB4(0=$%*-$#B+0CB(A)0*>06@(0-BC(-)0E(2*A,

N-$206-$+LA$708
M*I@7#0'BC(-H0'"))B$
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<@(0.-($60$E"%4$%+(0*>02(C(2(40-B4.(2B%(0A$2LA$7)06@$60+*%%(+606@(0#$B%0#*"%6$B%0=($L)H0B%0$%0$-($0
)(C(-$20#B2()0)*"6@0*>06@(0M*I@7#0'BC(-0.(*=*27#(-0=2$6>*-#)H0)"..()606@(0(3B)6(%+(0*>0)B#B2$-0@B.@&
)=((406-$%)B60)7)6(#)0B%06@(0+*-(0*>06@B)0$%+B(%60N-$20+B67,0F-*))&)@$=(40$%40E($"6B>"2270+"-CB%.0-B4.(2B%(0
A$2LA$7)0+*%%(+606@(0#$B%0=7-$#B40Ub:,aSa9\;8oPH0;a,\S9Vp:So`W06*0)(C(-$20*6@(-0-(>$x$4(40#*"%6$B%0
6(#=2(0)6-"+6"-()0Ub;,98pV;;SoPH0;a,:S:8p:;o`W06@$60+$%0)6B220E(04B)+(-%(40B%0)$6(22B6(0B#$.(-70U$E*C(W,

O*4(-%0B%4")6-B$20#B%()0@$C(0E((%0(36-$+6B%.06"%.)6(%0$%40#*27E4(%"#0*-(0>*-04(+$4()0B%06@(0B##(4B$6(0
CB+B%B670*>06@(0N-$2057-$#B40F*#=2(3H0(3=2*B6B%.0qP$6BC(0<"%.)6(%0>-*#06@(0Q*2e)@$7$05*2e7$0'BC(-0?$22(70
$%40O*"%60P(-*7L$H0'"))B$T0U898SW,;0<@(0$E"%4$%+(0*>0$-+@(*2*.B+$20(CB4(%+(0+*%>B-#)06@$60$%+B(%60
#B%B%.0*=(-$6B*%)0$60O*"%60P(-*7L$0=-*CB4(406"%.)6(%0-()*"-+()0>*-0=-*4"+6B*%0*>0C(-706@B+L0qNT&)@$=(40
(2(+6-*#$.%(6)0>*-06@(0=-*="2)B*%0*>0@B.@&)=((40$"-B+@$2+"#02(CB6$6B*%0)2(4)0$2*%.0.(*=*27#(-06-$+LA$7),

<@B)0$%+B(%60N-$20+B670B)0)B6"$6(408pa0#B2()0>-*#06@(0>*-()60@*#(0*>06@(0?(4-")0)$.(01%$)6$)B$H0%($-06@(0KE
'BC(-06*06@(0)*"6@($)6,0<@(0N-$20"%4(-.-*"%40+B670$%401%$)6$)B$T)0.2$4(0$-(0=(->(+6270=*)B6B*%(406*0-(+(BC(0
=)7+@*$+*")6B+0)7%+@-*%BI$6B*%0>-*#0B%>-$)*"%40)6$%4B%.0A$C()0>*+")(40E706@(0K-B*%057-$#B40F*#=2(3,

1%$)6$)B$T)0>$#B270.2$4(H0B%06@(06$B.$0>*-()6)0X8;L#0($)60*>06@(0KE0'BC(-0Ub8,b;oP0bb,\9o`WH0B)0)B6"$6(40
$==-*3B#$6(2708Hpb90#B2()0>-*#06@(0r-($6057-$#B4H0$04B)6$%+(0-(=-()(%6B%.0=-(+B)(270SS,9s0*>0`$-6@e)0
#($%0+B-+"#>(-(%+(0*>08:H\a80#B2(),0<@B)0-()*%$%604B)6$%+(0B%6(-C$20+*%)6B6"6()0Sta0*>0`$-6@e)0#($%0
+B-+"#>(-(%+(0*>08:H\a80#B2()H0+*%>(--B%.0AB-(2())0=*A(-0$%40>$+B2B6$6B%.0.2*E$206(2(=$6@B+0+*##"%B+$6B*%,
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q?(4-")T0B)06@(05$2(*&J$%)L-B60C*6BC(0%$#(0>*-06@(0-(.B*%0
L%*A%06*4$70$)0q'"))B$TH0)@*AB%.06@(0)$#(0-**60)722$E2(0
q-")T06@$60@$)0E((%0=-()(-C(40E70+"26"-$206-$4B6B*%)0B%06@(0
-(.B*%0>*-0*C(-0SVH99907($-),0<@(0$%+B(%60>*-#0*>06@(0%$#(0
B)0+*#=*)(40*>0;0@B(-*.27=@)H0-($4B%.[00C(040-"0)0H0#($%B%.0
lM%*A2(4.(0=-*6(+6B%.H0)*"%4B%.0>-*#0AB6@B%Z,0<@B)0E($"6B>"20
)$+-(40)(%6B#(%60=-$B)()06@(0=(-C$4B%.0-$7)0*>0B%>-$)*"%40
-()*%$%+(06@$60B#E"(0+*%)+B*")%())0B%02B>(>*-#)06@-*".@*"6
6@(0+*)#*)H0+*%C(7B%.0B%%(-0-(+(=6BCB6706*0%$6"-$2H0%("6-B%*&
E$)(40#())$.()0)(%60>-*#06@(0!B.@(-0J(2>06@$60(%@$%+()0
B%%(-0L%*A2(4.(0$)0A(220$)0=)7+@B+0B%6"B6B*%0$%40B%)B.@6,

?*6BC(0%$#()0)"+@0$)06@()(0$2)*0-(>(-(%+(06@(0$%+B(%6)T0
)LB22>"20$==2B+$6B*%0*>0$6*#B+0>*-+()0*>0-$4B*$+6BC(04(+$70>*-0
#((6B%.0$220*>06@(0%((4)0*>0@"#$%B67Y0>*-0(2(+6-B+$20=*A(-H0
B22"#B%$6B*%H0@($26@+$-(H0%$6$204(C(2*=#(%6H02B>(0(36(%)B*%H0
6(2(=$6@B+0+*##"%B+$6B*%H0@B.@&)=((406-$%)=*-6$6B*%0$%40$220
*6@(-0+*%+(BC$E2(0>"%+6B*%),0^*-06@B)0-($)*%H0*-(0#B%B%.0*>0
-$4B*$+6BC(0$%40#$.%(6B+0#(6$2)0)"+@0$)06"%.)6(%0$%40
#*27E4(%"#0A$)0"%4(-6$L(%0*%0$%0B%4")6-B$20)+$2(0$60)B6()0
6@$60B%+2"4(40O*"%60P(-*7L$,0F*#=$-B)*%0*>0B)*6*=B+0-$6B*)0
>*-0($+@0*>06@(06"%.)6(%0#B+-*&)=B-$2)0AB220=-*CB4(04(>B%B6BC(0
#$6+@()0-(C($2B%.06@(0)*"-+B%.0*>04B>>(-(%60*-()0h,%"-4)0*!&"
)?$7$-"4),1,04/"%!14,)"4(-4/!14#$",5"02,(,("1%!():'1!14,(@

16*#B+0=$-$#(6(-)0>*-06@(0-($+6B*%0@$C(0E((%0$==2B(406*04(>B%(0)=(+B>B+06(#=(-$6"-(t>-(G"(%+70B%6(-$+6B*%)0
*>0B)*6*=()0")B%.06@(0=@*%*%0-()*%$%+(0>*-#"2$(0*>0f-,0c$26(-0D"))$.(,0<@(0=@*%*%0>-(G"(%+70*>06"%.)6(%
B)*6*=(0UcS\bW0B%0B6)0-()60)6$6(0B)0VaHb;SHV9S0!IH0$++*-4B%.06*06@(0$6*#e)0(3$+60$6*#B+04B$#(6(-0$6089oF[

<@(02$6()60$6*#B+04$6$0>*-06@(06"%.)6(%06-$%)>(-0B)*6*=(0$%40#(6$)6$E2(0#*27E4(%"#06$-.(60B)*6*=(0$-(0
=-*CB4(4H04(>B%B%.06@(04(.-((0*>0$++"-$+70>*-0($+@0-()=(+6BC(0=@*%*%0-($+6B*%0+$2+"2$6B*%0U@B.@2B.@6(40B%0
E2"(W,0<@(0=@*%*%0>-(G"(%+70*>06-$%)>(-0B)*6*=(0UcS\bW0#$6+@()06@$60*>06@(06$-.(60B)*6*=(0UO*S99W0$60a98,SoF[

J6$-6B%.0`2(#(%6[0<"%.)6(%0UcS\bW <$-.(60`2(#(%6[0O*27E4(%"#0UO*S99W
P$6"-$201E"%4$%+([0a,8:s P$6"-$201E"%4$%+([09,Sps
16*#B+0O$))[0S\;,a;:Vb 16*#B+0O$))[0aa,a9p:\
f(%)B670U.-$#)t+#VW[0Sa,8; f(%)B670U.-$#)t+#VW[0S9,88
`3=,0F*(>>B+B(%6[09,99999:; `3=,0F*(>>B+B(%6[09,99999;

<@(0(36-(#(2702*%.0_&4(+$70@$2>&2B>(0*>06@(0#(6$)6$E2(0UO*S99W0=-*4"+60*>06@B)0E$)B+0-()*%$%60>B))B*%0-($+6B*%
+*#=2e#(%6)06@(0(36-(#(2702*%.0]&4(+$70@$2>&2B>(0*>0 UcS\9WH0>*-0>$+B2B6$6B%.0G"$%6"#06(+@%*2*.70$==2B+$6B*%)0
E(2*%.B%.06*06@(0)$#(0+2$))0*>06-$%)4B#(%)B*%$204B)+0+-$>60)((%0$%40=@*6*.-$=@(40B%06@(0)LB()0*>06@(0N-$2),
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N)(0*>0#*27E4(%"#&(%-B+@(406"%.)6(%0$22*7)0B%0$(-*)=$+(0C(@B+2()0B)0B#=2B+$6(40E70.(*=*27#(-0$-6B>$+6)[

R%0*%(0#B%(H02*+$6(40:90#0"%4(-.-*"%40B%06@(0M"IE$))0-(.B*%0*>0'"))B$H06@(02*+$20#B%(0A*-L(-)0@$C(0"%+*C(-(40
$0>(A0)6*%(04B)+)06@$60$-(0)@$=(40(3$+6270$)0N^K)06@$60$-(0=@*6*.-$=@(40B%0C$-B*")0-(.B*%)0*>06@(0A*-24[

<@(04B)+0B)0=(->(+6270-*"%40$%40B)0-*".@270S,80#0AB4(H0B60A(B.@)0$==-*3B#$6(2708990L.,0<@(04B)+&)@$=(40*Ed(+60
+*#()0>-*#06@(0*=(%0=B60#B%(0B%0M"IE$))H0'"))B$H0:90#04((=,05-(CB*")2706@(70>*"%402*6)0*>0=-(@B)6*-B+0E*%()0
6@(-(H02BL(06@(06")L)0*>0#$##*6@)0E"606@*)(0A(-(%T604((=(-06@$%0890#,0J*06@B)0#B.@60E(06AB+(0$)0*24,01++*-4B%.06*
6@(#,06@(-(0Aere0a +*"=2(0*>06@(04B)+)0E"60the *6@(-0*%(0A$)04$#$.(40E706@(0(3+$C$6*-,b

197

Discoidal   healing  platform

Kuznetsk,  Russia  -  2015 



M"I%(6)L mining sectorH0in M(#(-*C*0-(.B*%H0'"))B$0U;V,9:S8p\SoPH0:b,b8;VbVVo`H0$E*C(W,0B)02*+$6(40
SHpp;0#B2()0>-*#06@(0r-($6057-$#B4H0+*#=-B)B%.0p,SVs0*>0`$-6@T)0#($%0+B-+"#>(-(%+(0UatS8;W,0`3$+60
=2$+(#(%60$60;Vo0P*-6@02$6B6"4(0(%)"-()0(>>B+B(%60-(+(=6B*%0*>0B%>-$)*"%40)6$%4B%.0A$C()H0-(>2(+6B%.06@(0
C$2"()0*>0^BE*%$++B0zapa0USHpp;,\\i030S9&898W0B%0#B2()0$%40^BE*%$++B0z8:;0Up,S8i030S9&;9W0B%0=(-+(%6,

<@(0@B.@0+*%6(%60*>0>B%(270.-*"%40=$-6B+"2$6(0#(6$2)0)")=(%4(40B%06@(04B)+T)0.(*=*27#(-02B#()6*%(0#$6-B30
+*%6-BE"6()06*0B6)0"%")"$2270@B.@04(%)B670$%40A(B.@6H0B%+2"4B%.0%*6$E2(02(C(2)0*>06"%.)6(%0$%40#*27E4(%"#0
>*-0+*%>(--B%.0#$.%(6B+0=-*=(-6B()0B%0$44B6B*%06*0]&0$%40_&4(+$70(#B))B*%)06@$60-(CB6$2BI(06@(0@"#$%0E*47,
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10#"+@02$-.(-04B)+&)@$=(40#(6$22B+0.(*=*27#(-0@($2B%.0=2$6>*-#0A$)0(3+$C$6(40B%089S;H0>-*#0$%*6@(-0*=(%0=B6
#B%(0)B6"$6(40$==-*3B#$6(270S,;0#B2()0%*-6@A()60*>06@(06*A%0*>0{@B-%*C)LH0B%0'"))B$T)0?*2.*.-$40-(.B*%[

106($#0*>0B%C()6B.$6*-)0B%0'"))B$0@$C(0>*"%40#*-(06@$%0$04*I(%0)6*%(04B)+)0B%06@(0?*2.*.-$40-(.B*%0*>0'"))B$,0
<@(06($#0+2$B#)06@$606@(04B)+)0+*%6$B%06"%.)6(%H0$0@B.@04(%)B670#(6$206@$60@$)0$==2B+$6B*%)0B%0#B2B6$-706(+@%*2*.7,0
<@(0%$6"-(0*>06@(04B)+)0-(#$B%0$0#7)6(-7,

'"))B$%0%(A)0)B6(0Q2*L%*60?*2.*.-$40-(=*-6)06@$606@(0>B%4B%.0A$)0#$4(0E706@(0'"))B$%,,,00.-*"=0M*)#*=*B)LH02(40
E70?$4B#0F@(-%*E-*CH04"-B%.0(3+$C$6B*%)0B%06@(0{@B-%*C)L704B)6-B+6i0c@B2(06@(06($#0@$40=-(CB*")2704B)+*C(-(40
#*-(06@$%0$04*I(%04B)+&)@$=(40)6*%()H06@(70-(+(%6270>*"%40$0=$-6B+"2$-2702$-.(0*%(,0lc(0$2-($470>*"%40$04*I(%0*>
6@()(04B)+)0*>0%*60#*-(06@$%010# 0B% 04B$#(6(- 0$%4 0B% 0M"IE$)) 0$ 04B)+ 0*> 0$E*"6 08 0# 0B% 04B$#(6(-HZ 0F@(-%*E-*C told 0
Q2*L%*60?*2.*.-$4H0$44B%.06@$606@(0%(A()60*%(0B)0"%BG"(0E(+$")(0B60B)02$-.(-06@$%0$2206@(0*6@(-),

l<@(0)@$=(,,,H0A@B+@0-()(#E2()06@(0=*="2$-0B#$.(0*>0$0>27B%.0)$"+(-H0@$)02(606@(0B#$.B%$6B*%0*>06@(0+*%)=B-$+70
6@(*-B)6)0>27HZ0-(=*-6) International Business Times,0lJ+*660c$-B%.0*>0UFO Sightings Daily06@B%L)06@B)0B)0=-**>06@$60
$2B(%)0(3B)60$%40+2$B#)06@(04B)+0B)0#$4(0*>06"%.)6(%,0<"%.)6(%0B)0$2)*0L%*A%0$)0A*2>-$#H0$%40B)0")(40B%0)=(+B$20
#B2B6$-706(+@%*2*.7,Z

<@(0N^K0B%C()6B.$6B*%06($#0@$)0#$4(02$CB)@0+2$B#)0$E*"606@(0)6*%(04B)+)H0)6$6B%.06@$606@(70+*"240E(0$E*"60$0
#B22B*%07($-)0*24H0$%40#$B%6$B%B%.06@$606@(70$-(0#*)60=-*E$E270#B2B6$-704-*%()06@$60A(-(04$#$.(40B%0$%0$66$+L0*%0
O$-)0E(>*-(0>$22B%.06*0`$-6@,0^*-6"%$6(27H0)+B(%6B)6)0$606@(0{@B-%*C)L70#")("#0$-(06$LB%.0$0#*-(0-$6B*%$20$==-*$+@
$%40$-(0)6"47B%.06@(02$-.()60)6*%(04B)+06*04(6(-#B%(0B6)0$.(0$%40#$6(-B$2,0J*#(0)L(=6B+)0$2)*0E(2B(C(06@$606@(0
-*+L)0A(-(0%*60(C(%0#$%&#$4(0E"60$-(0)B#=2706@(0-()"260*>0*-4B%$-70-*+L)0)@$=(40E70(-*)B*%,

`$-2B(-06@B)07($-H0$%*6@(-04B)+&)@$=(40)6*%(0*Ed(+60A$)04B)+*C(-(40B%0'"))B$0E70$0+*$20#B%B%.0+*#=$%7H06@B)06B#(0
B%0JBE(-B$T)0M"I%(6)L0Q$)B%,0<@(0)6-$%.(0-(2B+0A$)0>*"%40:90#0"%4(-.-*"%4H0A@B+@0)"..()6)0B60B)0G"B6(0*24,0
1-+@$(*2*.B)6)0A@*0(3$#B%(406@(0)6*%(04B)+H0A@B+@0B)0=(->(+6270+B-+"2$-0AB6@0$04B$#(6(-0*>0S,80#H0)6$6(406@$60B60
A$)0#$%&#$4(,0<@(0-(+(%62704B)+*C(-(402$-.(0)6*%(04B)+0B)0+"--(%6270*%04B)=2$70$606@(0{@B-%*C)L70#")("#H0
A@(-(0B60B)0"%4(-.*B%.0>"-6@(-06()6B%.,p

<@(0C(-702$-.(H04B)+&)@$=(40)6*%(0=2$6>*-#0(3+$C$6(404"-B%.06@(0B%4")6-B$20#B%B%.0*=(-$6B*%)0$60{@B-%*C)L7
$==($-)06*0@$C(0E((%0+$-(>"2270#$%">$+6"-(40$++*-4B%.06*06@(0$4C$%+(40.(*=*27#(-0+@(#B)6-70L%*A2(4.(
*>06@(0162$%6($%),0<@(0#(.$2B6@B+0*Ed(+60)@*A)06@(0$%*#$2*")0=-()(%+(0*>06"%.)6(%0=$-6B+"2$6(0B%+2")B*%)0
4B)6-BE"6(40(C(%270AB6@B%06@(0.(*=*27#(-0#$6-B3H0-(+*%)6B6"6(40>-*#0>B%(270="2C(-BI(404B*-B6(,
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Discoidal
 

healing
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Magnetic
 

geopolymer
 

diorite
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Russia
 

-
 

2015



<"%.)6(%0B)0$0=$-$#$.%(6B+0(2(#(%6H0E(B%.0A($L270$66-$+6(40E70$%0(36(-%$20#$.%(6B+0>B(24,0$%40>*-#s0B6)0
*A%0#$.%(6B+0>B(240B%06@(0)$#(04B-(+6B*%0*>06@(0$==2B(40(36(-%$20#$.%(6B+0>B(24,0<@B)0=-*=(-670B)0B%4"+(40B%0
C$-B*")0#(6$2)0$)0$0-()"260*>06@(0=-()(%+(0*>0"%=$B-(40(2(+6-*%)0B%06@(0+*%)6B6"(%60$6*#),0

<@(0*-EB6$20=$6@)0*>06@()(0"%=$B-(40(2(+6-*%)0B%06"%.)6(%0$6*#)0"%4(-.*0$%0B%4"+(40)6-"+6"-$20-($2B.%#(%6H
6@(-(E70+*%>*-#B%.06*0$%70$==2B(40(36(-%$20#$.%(6B+0>B(240-()"26B%.0B%0$0%(60$66-$+6B*%,0<@(0#$.%(6B+0
)")+(=6BEB2B670*>06"%.)6(%0B)0b,\0|#0v0M#&S0U30S9&;WH0A@B+@0$==-*$+@()06@$60*>06B6$%B"#0U$2)*0=$-$#$.%(6B+W,

<@(0B--(."2$-0+*%6*"-)0*>06@(0E$)(0*>06@(04B)+*B4$20#(.$2B6@0A(-(0(3=*)(404"-B%.06@(0-(#*C$20=-*+())H0$)0
6@(0(%B.#$6B+0$-6B>$+60A$)0E(B%.0@*B)6(40"=06@(0+2B>>)B4(0U$E*C(W,0<@()(0>($6"-()0+*%>B-#06@(0-*"%4H0+*%C(30
=2$6>*-#0A$)0*-B.B%$2270$>>B3(406*06@(0.-*"%402$7(-0AB6@B%0$%0"%4(-.-*"%406"%%(20*-0+@$#E(-,0O(.$2B6@B+0
=2$6>*-#)0)"+@0$)06@B)0)(-C(406@(0)$#(0EB*=@*6*%B+0@($2B%.0>"%+6B*%)0$)0#(.$+(-$#B+0=2$6>*-#)0*>06@(0
'$C%(06"%%(2)0*>06@(0?B)*L*057-$#B40F*#=2(30B%0=-()(%6&4$70Q*)%B$H04$6B%.06*0XV:H;990E=,\0
,
<@(0C$-B*")0@($2B%.0=2$6>*-#)0(3+$C$6(40AB6@B%06@(0'$C%(06"%%(20)7)6(#0A(-(0+$)60B%0.(*=*27#(-0E(-2B%B6(H
A@B+@H0E(B%.0B)*#(6-B+0AB6@06@(0)6-"+6"-(0*>0G"$-6I0+-7)6$2H0=*))())()06@(0)$#(0=B(I*(2(+6-B+0=-*=(-670$)0
6@(0$-6B>B+B$20E$)$26)0*>06@(0{@B-%*C)L0.(*=*27#(-04B)+,0<@(0+*%C(30>*-#0>$+B2B6$6(40B6)0")(0$)0$0G"$%6"#0
@($2B%.0=2$6>*-#0>*-0)B66B%.0$%402$7B%.0*%06*=0*>0A@B2(0-(+(BCB%.0(>>(+6BC(04*)()0*>0_&-$4B$6B*%0$%40}&-$7)0E70
(3=*)"-(06*0#(6$)6$E2(06"%.)6(%0$%40#*27E4(%"#0B)*6*=()0UcS\9H0O*S99W0B%+*-=*-$6(40B%6*06@(0)6*%(,0

<@(0.(*=*27#(-04B*-B6(04B)+0*>0{@B-%*C)LH0'"))B$0U;S,99aSabSoPH0::,p;\9b9:o`H0$E*C(W0A$)0(3+$C$6(40
SHbSV0#B2()0>-*#06@(0r-($6057-$#B40*>0=-()(%6&4$70rBI$H0`.7=6,0<@B)0-()*%$%604B)6$%+(0+*--()=*%4)06*0
b,:\s0*>0`$-6@T)0#($%0+B-+"#>(-(%+(0USVt899WH0AB6@0(3$+60=2$+(#(%60$60;So0P*-6@02$6B6"4(0>*-0+*%>(--B%.0
(3+(22(%60-(+(=6B*%0*>0B%>-$)*"%40)6$%4B%.0A$C(0-()*%$%+(0>*+")(40E706@(0K-B*%057-$#B40F*#=2(3,
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Discoidal  healing  platforms

Magnetic  geopolymer  basalt

Huangguzhen,  China



<@(0)$#(04B)+*B4$20>*-#H0#$.%(6B+0.(*=*27#(-0+*#=*)B6B*%0$%40@($2B%.0>"%+6B*%)0+$%0E(0*E)(-C(40*>
)(C(-$20+B-+"2$-0#(.$2B6@)0(3+$C$6(40B%0899p0$60$0-*+L0G"$--70B%06@(06*A%0*>0!"$%.."H0)B6"$6(40B%0nB$%.3BH0
F@B%$a0U8\,;;VS8bboPH0SSp,apb\VV\o`W,0J6$6(&$>>B2B$6(40B%4")6-B$20#B%B%.0*=(-$6B*%)0)"+@0$)06@B)0$-(0
-()=*%)BE2(0>*-06@(04()6-"+6B*%0*>0$02$-.(0=-*=*-6B*%0*>0$%+B(%60$-6B>$+6)0E(2*%.B%.06*0#(.$2B6@B+0+"26"-()H0
)"+@0$)06@()(06-$.B+0(3$#=2()0*>04B)+*B4$20.(*=*27#(-0E$)$260@($2B%.0=2$6>*-#)0*>06@(02$%4)0*>0c",

r(*=*27#(-04B)+)0A(-(0(3+$C$6(40B%06@(0#*4(-%&
4$70+B670*>0!"$%.."I@(%H0F@B%$0U8\,;;pa:9SoPH0
SSp,ap:8Vb\o`H0$E*C(WH0)B6"$6(40;HS980#B2()0>-*#0
6@(0r-($6057-$#B4,0<@B)0-()*%$%604B)6$%+(0B%6(-C$20
-(=-()(%6)089,:as0*>0`$-6@T)0#($%0+B-+"#>(-(%+(0
U:St899WH0$))"-B%.0(>>B+B(%60ND^0A$C(0-(+(=6B*%,0<@B)0
4B)6$%+(0$2)*0-(>2(+6)06@(0C$2"()0*>0^BE*%$++B0z:9p0
U;HSS9,p:i030S9&\SW0B%0#B2()0$%40^BE*%$++B0zSS\0
U89,:bi030S9&8VW0B%0=(-+(%6,0K6@(-0(3$#=2()0*>0#$%&
#$4(0#(.$2B6@B+0E*"24(-)0"%+*C(-(40E70E"224*I(-)0
$60!"$%.."I@(%0A(-(0)@$=(406*0)(-C(04B>>(-(%60
>"%+6B*%)H0$%40+$%0E(0($)B2704B)6B%."B)@(40>-*#0
%$6"-$20-*+L0E706@(0=-()(%+(0*>0)"->$+(0+*$6B%.)0
+*#=*)(40*>0*-$%.(0#(6$L$*2B%0+(#(%60U$602(>6W,

fB)+*B4$20@($2B%.0=2$6>*-#)0*>06@B)0LB%40$-(0>*"%40B%0#$%70-(.B*%)0*>06@(0A*-24Y0-(=-()(%6B%.06@(0B+*%B+0
)@$=(0*>06-$%)4B#(%)B*%$20)=$+(+-$>60*>06@(0162$%6($%0+BCB2BI$6B*%,01(-B$20)B.@6B%.)0*>02"#B%*")0)=$+(+-$>60
*>06@(0)$#(067=(0$-(0(%+*"%6(-(406*06@B)04$70B%06@()(0)$#(0-(.B*%)0L%*A%0>*-0#(.$2B6@B+0>B%4),0N^K0
$+6BCB670%($-0$-+@(*2*.B+$20I*%()0A$)0-(=*-6(40E70-()B4(%6)0B%0?*-*%(I@H0'"))B$0B%06@(0$"6"#%0*>0Sa\aH0B%
$0)(-B()0*>0)=$+(+-$>602$%4B%.)06@$60B%+2"4(40$%0B%+B4(%60AB6%())(40E70#$%70+@B24-(%0$60$0+*##"%B670=$-L[
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K%0J(=6(#E(-08pH0Sa\aH0B%0J*"6@05$-L0$2*%.0O(%4(2((C0J6-((60B%0?*-*%(I@H0'"))B$H0#$%70=(*=2(0+2$B#(406*0
@$C(0)((%0$0N^K02$%4B%.,0J(C(-$20+@B24-(%0A(-(0=2$7B%.0B%06@(0=$-LH0$%40$606@(0E")0)6*=H06@(-(0A(-(0$E*"60890
$4"26)06@$60)"44(%270)$A0$0=B%L02B.@60B%06@(0(C(%B%.0)L7H0>-*#0A@B+@0$04$-L0-(40E$220(#(-.(4,0160>B-)6H0B60)((#(40
6*0>2*$60$%406@(%0)2*A2704()+(%4(4,

R606**L0$E*"60$0#B%"6(0E(>*-(06@(0N^K0.(%62702*A(-(406*0$0@(B.@60*>0S;0#0$E*C(06@(0=$-LH0$%406@(%0)2*A270+B-+2(4
$E*C(0B60>*-0$0)@*-606B#(,01>6(-06@$6H06@(0N^KH0A@B+@0A$)0$==-*3B#$6(270S90#0B%04B$#(6(-H0>2(A0$A$7,010>(A0
#B%"6()02$6(-H0$%*6@(-0N^K0$==($-(40B%06@(0)$#(0=2$+(H0$%406@(0=(*=2(0)$A0$0.B$%60$2B(%,0R60A$)02**LB%.0
$-*"%4H04-())(40B%0$0)B2C(-0)"B60$%40E-*%I(0)@*(),0<@(0$2B(%04B40%*60@$C(0$0-($20@($4H0*%270)*#(6@B%.02BL(0$0
@"#=0E(6A((%0B6)0)@*"24(-),

<@-((0(7()0+*"240E(0)((%0*%06@B)0@"#=H0$%406@(0(7(0B%06@(0+(%6(-0A$)0B%6(%)(2706"-%B%.0>*-A$-40$%40E$+LA$-4,0
c@(%06@(0+-($6"-(04B)$==($-(40B%6*06@(0)@B=0$.$B%H06@(0@$6+@0+2*)(4H0$%406@(0+-$>604()+(%4(40$%40$==-*$+@(40
AB6@0$02*"40@"#,0<@(0E-B.@627&.2*AB%.0)@B=0)6*==(40S0#0$E*C(06@(0.-*"%4H0-*+LB%.0E$+L0$%40>*-6@,0^*"-02$%4B%.0
=B22$-)0(#(-.(40>-*#06@(0E$)(0*>06@(0*Ed(+60$%40)$%L06*06@(0.-*"%4,01++*-4B%.06*0(7(AB6%())()H06@(0*Ed(+60A$)0
*C$2H0(..&)@$=(4H0$==-*3B#$6(270S;0#02*%.0$%40b0#0@B.@,

1>6(-06@(02$%4B%.H0$0@$6+@0)2*A270*=(%(4H0$%406A*0.-B#H0@"#$%&2BL(0>B."-()0+$#(0*"6i0j10V0#&6$220#$%0B%0$0
)=$+()"B60A$)0$++*#=$%B(40E70$0#"+@0)#$22(-0(%6B67,k0K%(0*>06@(0E(B%.)0#*C(402BL(0$0-*E*6Hi04()+-BE(40$)0$0
jA$2LB%. automaton constituted by ak0 E*3&2BL(0 jE*47k0 AB6@0 $-#)0 $%40 2(.); and0 AB6@0 glowing E"66*%) 00 *%0 B6)0 +@()6,

1606@$60C(-70#*#(%6H0$0E*70>-*#06@(0.-*"=0*>0+@B24-(%0=2$7B%.0%($-E70)+-($#(40B%0>($-,0<@(06$220$2B(%0+$)60@B)0
.$I(0$60@B#0AB6@0@B)0+(%6-$20(7(H0AB6@*"60#*CB%.0@B)0@($4,0102B.@60+$#(0*"60*>0@B)0(7(0$%40)6-"+L06@(0E*7H02($CB%.
#*6B*%2())0>*-0)(C(-$20#B%"6(),0<@(080+-($6"-()0-(6"-%(406*06@(B-0>27B%.0#$+@B%(H0$%406@(0AB6%())()06@*".@606@(0
$2B(%)0A(-(0$E*"606*04B)$==($-,0Q"60$>6(-0$0>(A0#B%"6()H06@(70-(6"-%(4H0$%40%*AH06@(0.B$%60A$)0@*24B%.0$0)B2C(-0
S,80#&2*%.0=B=(0B%0@B)0@$%4H0A@B+@0B60=*B%6(40$60$0Sb&7($-&*240E*70A@*04$-(406*0.(606**0+2*)(06*06@(0>27B%.0*Ed(+6,

?$)7$0J"-B%H0AB6%())
?*-*%(I@H0'"))B$ - Sep , 1989
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<*06@(0@*--*-0*>0AB6%())()H06@(0E*70)"44(%2704B)$==($-(40AB6@*"60$06-$+(,0<@(%06@(0+-($6"-()06"-%(40$-*"%40
$%40)2*A270+2B#E(406@(02$44(-0B%6*06@(B-0>27B%.0#$+@B%(H0(%6(-(40B6H0$%40+2*)(406@(0@$6+@,0<@(0)@B=0-*)(0$E*C(0
6@(0.-*"%4H0)*$-(40B%6*06@(0$B-0$%40>2(A0$A$70$60$%0(C(-&B%+-($)B%.0)=((4,0R604*4.(406*06@(0)B4(H0=$))(40*C(-0
$06$220-()B4(%6B$20E"B24B%.0$%404B)$==($-(40B%6*06@(0)L70C(-70G"B+L27,0<@(0AB6%())()0)$B406@$60(3$+6270$606@(0
#*#(%60A@(%06@(0)=$+(+-$>604B)$==($-(4H06@(0Sb&7($-&*240E*70$==($-(40B%06@(0=$-L0$.$B%,

'"))B$%0P(A)01.(%+70<1JJ0A$)06@(0>B-)60*%(06*0$%%*"%+(06@B)0)@*+LB%.0N^K02$%4B%.0B%+B4(%6,,,0?2$4B#B-0
D(E(4(C0)$B40@(0@$406$2L(40AB6@0#$%70AB6%())()H0B%+2"4B%.0V0+@B24-(%0U{@(%7$0Q2B%*CH0?$)7$0J"-B%H0$%40~"2B$0
J@*2*L@*C$W,0c@(%06@(0+@B24-(%0A(-(0$)L(406*04-$A06@(0N^K0j>-*#0$0=-B*-02$%4B%.0(C(%604$7)0($-2B(-kH06@(B-0
)L(6+@()0A(-(06@(0)$#(H0$%406@(0*Ed(+60@$40$0E$%$%$0)@$=(,
,
n*"-%$2B)60D(E(4(C0$2)*0+2$B#(406@$606@(-(0@$40E((%0V0j4B>>(-(%60N^Kk02$%4B%.)0E(6A((%0J(=6(#E(-08V0$%408a0
4"-B%.06@$606B#(,0<@B)0#($%606@$606@(0?*-*%(I@0N^K0B%+B4(%60A$)06@(0)(+*%402$%4B%.,,,S9

<@(0)(-B()0*>0)=$+(+-$>602$%4B%.)0$60"-E$%0=$-L)0B%0?*-*%(I@0A(-(0$++*#=$%B(40E70)(C(-$20#$d*-0N^K0
)B.@6B%.)06@$60+2")6(-(40$E*C(0)(C(-$20CB22$.()0B%06@(0$-($06*06@(0)*"6@H0L%*A%0>*-0$-+@(*2*.B+$20-(#$B%),
104-$#$6B+04(#*%)6-$6B*%0*>06(#=*-$-70B%CB)BEB2B670A$)0.BC(%Y0B%4"+(40B%06@(0E*470*>0$%0*C(-270B%G"B)B6BC(0
E*70E706@(0(#B))B*%0*>0$0>*+")(40}&-$70E($#0>-*#0$0E$6*%&2BL(0A($=*%0+$--B(40E706@(0.B$%60`<0@"#$%*B4,

<@B)0$+60-(=2B+$6()0$%+B(%60R%4B$%0JB44@$06(+@%BG"()06@$60=-()+-BE(0=(-B*4B+0$==2B+$6B*%)0*>0}&-$7)0U>-*#0
L"2B.$B0#(-+"-70$#$2.$#0E($4)0+*%6$B%B%.0-$4B"#SSW06*0(%$E2(0)=(+B$20$EB2B6B()0B%+2"4B%.01)6-$20=-*d(+6B*%H0
G"$%6"#06(2(=*-6$6B*%0!(-",014/!*"4(#4)434*41&"3&"2,*-4(+"12$"$:4))4#$"3$!-)"4("12$":,'126"3$*,7"12$"3%!4(@

<@(0E*3&2BL(0-*E*60)((%0$60?*-*%(I@0+*--()=*%4)06*0$0E*370-*E*604()+-BE(40B%06@(0SapV0N^K0+*%6$+60+$)(
*>0`%-BG"(0F$)6B22*&'B%+�%H0B%0#((6B%.)0%($-0Q*.*6ÄH0F*2*#EB$0AB6@0`<)0>-*#06@(0J@B&(2&2@*0)6$-0)7)6(#[
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10)6-$%.(0+@$-$+6(-0*>0$E*"60b90+#0B%0@(B.@60#$4(0@B)0$==($-$%+(,0R6)0C(-702$-.(0$%40E"2.B%.0@($40)@*A(40
=(->(+62706@(0B#=-())BC(0-B4.()0*>0B6)0E-$B%0#$)),0R%)6($40*>0$0)L"22H0B60@$40B%0)*#(0=$-6)0)*#(6@B%.0C(-70)B#B2$-06*0
.2$))H0B6)0(7()0A(-(0E"2.B%.,0!(0A$2L(402BL(0$%0$"6*#$6*%H0)AB%.B%.0@B)0E*470>-*#0)B4(06*0)B4(,0<@(0C(-70%$--*A0
)@*"24(-)0$22*A(406@(0>*-#$6B*%0*>0$06-B$%."2$-&)@$=(40E$+LH0(%4B%.0B%0$0C(-706@B%0A$B)6,0^*-06@(0>B-)606B#(H06@(0
#*#(%60@(0)@*A(40@B)0E$+L0R0*E)(-C(40$0)6-$%.(0)7#E*2,,,0R60A$)0$0LB%40*>0-*E*60E"60AB6@0)*#(0@"#$%0
+@$-$+6(-B)6B+),0R06@*".@60R0"%4(-)6**406@$60B60A$)0=-()(%6(406*0#(0>*-06@(0)*2(0="-=*)(0*>0)((B%.0B6,S8

<@(0l)6-$%.(0)7#E*2Z0F$)6B22*&'B%+�%0*E)(-C(40*%06@(0E$+L0*>06@(0-*E*60$E*$-406@(0J@B&(2&2@*0#*6@(-)@B=0
A$)0%(C(-04()+-BE(40*-0)L(6+@(4H07(60#*)602BL(270+*--()=*%4)06*06@(0(#E2(#0)((%0*%06@(0?*-*%(I@0N^K,
f()+-B=6B*%)0*>06@(0.B$%60`<0@"#$%*B40$60?*-*%(I@0#$6+@06@*)(0*>0$0.B$%60`<0@"#$%*B40(%+*"%6(-(40E70
1%4-($)0!(B%B)+@0B%06@(0)+(%B+0-()*-606*A%0*>0r2*A(H0r(-#$%7H0*%0'Å.(%0R)2$%40B%06@(0Q$26B+0J($[

P*A06@(0=B+6"-(0*>06@(0#$%06@$60A$)08,V0#&6$220U$E*"60pTWH0)6$%4B%.0B%06@$60*240>$-#)6($4H0A@*0)6**40B%0>-*%60*>0
#(,0!B)0@($40B%0+*#=$-B)*%06*0@B)0E*470@(B.@60A$)0A$706**0)#$22,0`C(%06@*".@06@(0)BI(0*>06@(0E*470B%)6B22(40
>($-0B%0#(0B%B6B$227H0B60(#$%$6(40.**4%())0$%40LB%4%())H0$%40=($+(0>-*#0B6,0R60@$40$0-*"%4B)@0>$+(0AB6@0@($C70
(7(E-*A)06@$60%($-270#(60*C(-06@(04$-L0)@B%B%.0)2$%6(40(7()H0$%40A@$60A$)0C(-70%*6B+($E2(0A$)0$%0B%+-(4BE270
EB.0%*)(,0<@(0)LB%0+*2*-0A$)0)2B.@6270E-*A%,0!(0-()(#E2(40$0#B442(0`"-*=($%0$60#*)6,SV

JB#B2$-0$++*"%6)0*>0.B$%60`<)0AB6@0)#$22H0-*"%40@($4)0+*--()=*%406*0p&aT&6$220P(=@B2B#t@"#$%0@7E-B4)0
B4(%6B>B(40B%06@(0QBE2(0$)06@(0GH,()",5"F(!?IJS:0>-*#0(3*=2$%(60K$5!*0U2*+$6B*%0"%L%*A%W,0Q(2*%.B%.06*06@(0
124(E$-$%0`<0F*%>(4(-$6B*%HS;0S8T&6$22H0="-(&E2**4(40P(=@B2B#0.B$%6)0A(-(0>*-#(-270L%*A%0$)06@(0L,%-)",5"
F1*!(14)60$#*%.06@(0J*%)0*>06@(0D$A0*>0K%(0$%406@(0J*%)0*>0Q$$2,0c$->$-(0E(6A((%06@()(0.-*"=)0-()"26(40
B%06@(0+$6$)6-*=@B+0(3=2*)B*%0*>06@(0>*-#(-0=2$%(60M$%6(L0$60XpaH9990E=H02($CB%.0*%270$)6(-*B4)0B%0B6)0A$L(,

1%0B4(%6B+$202B.$6"-(0)7#E*206*06@(0*%(0)((%0*%06@(0?*-*%(I@0+-$>60A$)0=@*6*.-$=@(40B%0n"%(H0Sabp0*%06@(0
"%4(-)B4(0*>0$0A@B6(H04B)+*B4$20)=$+(+-$>60E70^(-%$%4*0J()#$&O$%I$%*0B%0J$%0n*)Ç04(0?$24(-$)H0J=$B%,Sb

!B)0)(-B()0*>0.-$B%70E2$+L&$%4&A@B6(0B#$.()0@$C(0E((%0(%@$%+(40")B%.01R06**2)0U$E*C(W,0J()#$&O$%I$%*0
B4(%6B>B(406@(0)7#E*20!)"!("4()4+(4!",5"12$"/4#4*49!14,(",5"0*!($1"F'/,6",5"12$"F*02!">$(1!'%4")1!%")&)1$:@
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<@(0#*#(%6$-702$%4B%.0*>0$0C(-70)B#B2$-067=(0*>0)=$+(+-$>60AB6@0$0A@B6(&+*2*-(40@"220A$)0-(=*-6(40E70
J*+*--*H0P(A0O(3B+*05*2B+(0J(-.($%60D*%%B(0{$#*-$0*%01=-B208:H0Sab:,Sp00{$#*-$0@$40*E)(-C(40$0A@B6(H0
*C*B4$20+-$>60)"==*-6(40E70:02$%4B%.0)6-"6)04B)=2$7B%.0$0-(2$6(40@B(-*.27=@B+0B%)B.%B$0*C(-06@(0(%6-70@$6+@,0
?B)"$20-(+*%)6-"+6B*%)0*>06@(0J*+*--*0+-$>60E$)(40*%0@B)04()+-B=6B*%0)@*A04B)6B%+60)B#B2$-B6B()06*06@(02$%4(40
N^K0)((%0$60?*-*%(I@Y0)2,74(+"!"#4%1'!**&"4-$(14/!*",#,4-"-$)4+(6")1%'1)"!(-"2!1/26"&$1",("!"2':!(")/!*$@

<(+@%*2*.B+$20)B#B2$-B6B()0*E)(-C(40E(6A((%0`<0@"#$%*B4)0>-*#06@(0F$)6B22*&'B%+�%0N^K0+*%6$+60+$)(0B%0
J*"6@01#(-B+$0$%406@(0?*-*%(I@H0'"))B$0N^K02$%4B%.0+$)(0$-(0-(B%>*-+(40E70)@$-(402B%."B)6B+0>($6"-(),0
10+2($-2702(.BE2(0@B(-*.27=@B+0=@-$)(0A$)0-(=*-6(40E70(7(AB6%())0$++*"%6)0*>06@(0#*)60)B.%B>B+$%60*>06@(0
N^K02$%4B%.0B%+B4(%6)0B%0?*-*%(I@H0'"))B$06@$60*++"--(400B%06@(0+*##"%B670=$-L0*%0J(=6(#E(-08pH0Sa\a,0

<@(0@"220*>06@(02$-.(H0*C*B4$20)=$+(+-$>60=-()(%6(40$%0"%")"$20(#E2(#0+*#=*)(40*>0V05$2(*&J$%)L-B60
@B(-*.27=@)H0-($4B%.[00<-B4$)$0-$02$)0H0#($%B%.0lV90-()*%$%+()0.-$%6B%.0)@B%B%.Z0UE(2*AW,0<@(0q-$02$)T0
=*-6B*%0*>06@(02B.$6"-(0B)0)@*A%0$)02B%()0-$4B$6B%.0>-*#06@(0q6-B4$)$T0.27=@,0<@B)0=@-$)(0=-$B)()0EB*=@*6*%B+0
E(%(>B6)0*>0162$%6($%06(#=2(0=-$+6B+()Y0/,(#$%14(+"/,):4/"%$),(!(/$)"4(1,"$*$/1%4/41&"!(-"*4+21"4("12$"3,-&@

R6(#)0(3+$C$6(40>-*#06@(0=-B#$-702$7(-0*>0@"#$%0*++"=$6B*%0$60D$)+$"30F$C(H0^-$%+(0A(-(04$6(406*0
XSpHV990E=H0A@B+@0B%+2"4(40$0)#$220.(*=*27#(-0)$%4)6*%(0*B202$#=,0r(*#(6-B+0)7#E*2)0$-(0>*-#(40E70
6@(0(22B=6B+$20>"(20A(220$%40@B(-*.27=@B+0B%)+-B=6B*%)0#$4(0$2*%.06@(0@$%42(06@$60-(B6(-$6(0B6)0())(%6B$20
>"%+6B*%[00É0-$02$)&$)0-$02$)0H0#($%B%.0lU<@(W0K%(0>*-0.-$%6B%.0)@B%B%.H0.-$%6B%.0)@B%B%.Z0UE(2*AW,

M2$"+$,:$1%4/"5,%:!1",5"24$%,+*&024/"1$81)"!%$")$$("12%,'+2,'1"L!1$"N!*$,*4124/")41$)"4("A'%,0$6"4(/*'-4(+"
$81$()4#$"7!**":'%!*)"7412"!(4:!*"54+'%$)"!(-",("!"+$,0,*&:$%")!(-)1,($",4*"*!:06"724/2"%$!-)O""%!"*!)"6"
:$!(4(+"P+%!(14(+")24(4(+Q"R,00,)41$S@"M2$"*!:0I)"5'(/14,("4)"/,(#$&$-"3&"12$")4:0*$"24$%,+*&024/"02%!)$6"
724/2"4(5,%:)"12$":$!(4(+",5"!(,12$%"+*&02"*4+!1'%$")$$(",(")0!/$/%!51"4("12$")?4$)",#$%"12$"D,)1$(?4")41$@

KB202$#=H0B%)+-BE(4
r(*=*27#(-0)$%4)6*%(
D$)+$"30F$C(H0^-$%+(0&0SpHV990E=
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!"#$%&'('''$)*$+,-"#./.01-+/$213#$.4$5.23#671$12$2138+3#9$16$-"+/7$+69$/1:#23.6#$)/8442$.;#,/..7160$3"#$
<.6$=1;#,($>?$:1/#2$2.83"$.4$3"#$:.9#,6@9+A$-13A$.4$B.,.6#C"($=8221+D$!"#$>E?'2$FGH$/+691602$I#,#$
+--.:*+61#9$)A$.;#,4/10"32$.4$163#,;#6160$3.I62D$J13#$#K-+;+31.62$A1#/9#9$+$3,.;#$.4$:+::.3"$1;.,A$
+,314+-32$#60,+;#9$I13"$0#.:#3,1-$"1#,.0/A*"2$-.,,#2*.69160$3.$L+/#.@J+627,13$;.31;#$3#K32$M.;#,/#+4ND

O6$#22#631+/$L+/#.@J+627,13$*+22+0#$I+2$#60,+;#9$.6$+$:+::.3"$1;.,A$91+9#:($,#+9160P$$Q$Q$Q$Q$Q$,+8+$
7+,$8*+:+ $($:#+6160$R!"#$H6#($3"#$H6#($3"#$H6#S$,.+,160$I.,72$M.4$3"#N$"10"#23DDDT$M.**.213#ND$!"12$
*",+2#$I+2$,#13#,+3#9$)A$3"#$O3/+63#+6$J.62$.4$3"#$U+I$.4$H6#V$162-,1)#9$.6$I+//2$.4$-+;#2($3866#/2$+69$
3#:*/#$-"+:)#,2($-#,#:.61+/$13#:2$+69$"#+/160$3../2$4.869$+3$91;#,2#$213#2$28-"$+2$W+;,1612($X,133+6AV$
WY)#7/1$!#*#($!8,7#AV$Z8::160)1,9$LA,+:19($[-8+9.,V$+2$I#//$+2$+3$\-+($]+C-+$+69$L+,+-+2($16$L#,8D

!"#$5.23#671@X.,2"#;.$+,-"#./.01-+/$213#$M^>D_?^`ab_c]($_ED'^>^&'_ c[N$12$/.-+3#9$>(^__$:1/#2$4,.:$3"#$
W,#+3$LA,+:19($-.:*,12160$aD>ad$.4$[+,3"e2$:#+6$-1,-8:4#,#6-#D$!"12$,#2.6+63$9123+6-#$,#4/#-32$3"#$
;+/8#2$.4$G1).6+--1$f&_?$M>(^_?D^>S$K$>'@?bN$16$:1/#2$+69$G1).6+--1$f>&E$MaD>a>S$K$>'@_'N$16$*#,-#63($
#628,160$#441-1#63$,#-#*31.6$.4$164,+2.869$,#2.6+6-#$4.-82#9$)A$3"#$H,1.6$LA,+:19$g.:*/#KD

!"#$+6-1#63$*/+-#6+:#$h5.23#671e$12$-.:*.2#9$.4$&$0/A*"2($,#+9160P$$7.$23#$6$71$($:#+6160$R[00$M.4$3"#N$
:.1238,#$M.4$3"#N$#22#631+/$#6#,0AT($,#4#,#6-160$4.0$+69$I+3#,$;+*.,$-.69#62+31.6$1698-#9$)A$164,+2.869$
,#2.6+6-#D$Z869,#92$.4$23.6#$+69$).6#$+,314+-32$I#,#$#K-+;+3#9$4,.:$3"#$i &>('''$)*$"+)13+31.6$213#($
!"#!$%&!"'()*"' -&+,- (*$$./%&!*" (*0(&1+(2!$!"!&3(%"#(4.''+4&!"' (%"(."#+,',*."# ($*-/)+5 (+5!4&4(0%,(6+)*7 8

B#682$4108,#($91+9#:

j+::.3"$1;.,A($162-,1)#9

5.23#671($=8221+$@$`_('''$)*
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!"#$+9;+6-#:#63$.4$0#6.:1-$2#k8#6-160$3#-"6./.0A$"+2$-+3+*8/3#9$.8,$0,.I160$869#,23+69160$.4$3"#$
2106141-+6-#$.4$<]O$9123,1)831.6$*+33#,62$I"#6$.)2#,;#9$4,.:$+$),.+9#,$0#.0,+*"1-$*#,2*#-31;#D$j+**160$
.4$A<]O$9123,1)831.6$*+33#,62$4.,$"+*/.0,.8*$=>+$*,#2#63$2#;#,+/$6.3+)/#$"10"@-.6-#63,+31.6$C.6#2$3"+3$
-/823#,$16$+,#+2$.4$[8,.*#$M+).;#ND$J8,*,12160/A($3" #$/+,0#23$C.6#$.4$"10"@-.6-#63,+31.6$4.,$3"12$"+*/.0,.8*
28,,.8692$3"#$:.9#,6@9+A$-13A$.4$B.,.6#C"$l-.16-19160$I13"$1691-+31.62$4,.:$"#10"3#6#9$FGH$+-31;13A$+69
3"#$9#21,+)/#$*1#C.#/#-3,1-$*,.*#,3A$.4$3"#$/1:#23.6#$)#9,.-7$869#,/A160$3"#$-"+/7$4.,:+31.62$+3$5.23#671D

O6$+22#22:#63$.4$3"#2#$7#A$4+-3.,2$*.163$3.$3"#$*,#2#6-#$.4$+6$+6-1#63$28)3#,,+6#+6$-.:*/#K$8*0,+9#9$
+69$:+163+16#9$)A$[!$;1213.,2$4,.:$*/+6#3$O8-.D$U16081231-$4#+38,#2$4,.:$3"#$FGH$/+69160$-+2#2$#;16-#$+$
-/.2#$+441613A$I13"$3"#$-.2:1-$-8/38,#$+69$"10"$-1;1/1C+31.6$.4$3"#$O/9#)+,+6$g.64#9#,+31.6$.4$>>$I.,/92$3"+3$
"+2$-.63,1)83#9$3"#$0#6#31-$23.-7$4.,$;+,1.82$[!$"8:+6.192$.4$3"#$O3/+63#+6$*2A-".+-.8231-$2.-1#3AD

O6$1:*.,3+63$2#-.69+,A $-/823#,$4.,$A<]O $"+*/.0,.8* $=>+$12$*,# 2#63$16$+$*+,31-8/+,$+,#+$I#23$.4$3"#$B./0+ $
=1;#,($I"#,#$+6-1#63$+,-"#./.01-+/$,#:+162$-"+,+-3#,1231-$.4$3"#$O3/+63#+6$-8/38,#$"+;#$)##6$86-.;#,#9D$
[K-+;+31.62$"+;#$,#;#+/#9$2*"#,1-+/$+,314+-32$2138+3#9$2#;#,+/$:#3#,2$)#/.I$3"#$28,4+-#($+69$-.:*.2#9$.4$
:+06#31-$0#.*./A:#,$)+2+/3$I13"$416#$28,4+-#$-.+31602$.4$+6$.,+60#$:#3+7+./16$-#:#63$M.**.213#ND$g/.2#/A
,#/+3#9$912-.;#,1#2$.4$:+06#31-$0#.*./A:#,$)+2+/3$2*"#,#2$-+23$)A$O3/+63#+6$06.:#2$+3$213#2$.6$3"#$B./0+
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Healing  sphere
Magnetic  geopolymer  basalt
Mokraya  Olkhovka,  Russia
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Gnome
  ridgeline  temples

Geopolymer  limestone
Zayukovo,  Russia
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Gnome levitation  silo  entrance   

Zayukovo,
 

Russia
 

-
 

2012

Geopolymer  limestone
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Gnome levitation silo
Geopolymer limestone

Zayukovo, Russia
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Gnome levitation silo
Geopolymer limestone

Zayukovo, Russia
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Radon-infused healing baths
Geopolymer  sandy limestone

Mount Bestau, Russia
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`4'*)92(H#)=0&-A(B1$(*08#(298=0*4(*&'9*0($'*//9.(,&.$#'8(<9$%(*"#$%&'(='&,9#1804(1"298.#,&'&2($&)=0&(
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V9:%04(8=&.9*09E&2(84"$%&$9.(8$#"&(.*8$9":($&.%"9_1&8(#/($%&(B4:#"&(!$0*"$&*"(.9,909E*$9#"(*==09&2(B#$%(*0;*09(
*"2(*.929.(*_1&#18(8#01$9#"8(/#'()9-9":(<9$%(=10,&'9E&2(B&2'#.;(/'#)($%&(89$&](49&029":(&9$%&'(.*18$9.(#'(
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C%&(1"9/#')A(/9"&3:'*9"&2(.#)=#89$9#"(*"2(%9:%(%*'2"&88(#/(:'*"#29#'9$&(8*)=0&8(/'#)(!$0*"$&*"(=4'*)92(
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#"($%&(8#1$%(892&(#/(>*;&(?884;;(@10(<&'&(*==*'&"$04('*E&2()*"4($%#18*"28(#/(4&*'8(*:#A(0&/$(<9$%(2&&=(
:#1:&8()*''9":(<%*$(<*8(#".&(*(/0*$A($'9*":10*'(/'#"$*0(/*^*2&F

G&/0&.$9":($%&(8*)&(2&89'*B0&(:&#0#:9.*0(*"2(:&#8=*$9*0(/&*$1'&8(8&&"(*$(l&8$*1(`4'*)92A(1'*"91)3'*291)(
#'&(8#1'.&8(<&'&(298.#,&'&2("&*'($%&(8#1$%&'"(8%#'&(#/(>*;&(?884;(@10F(?"218$'9*0(1'*"91)(#'&(='#.&889":(
/*.909$9&8(<&'&(.#"8$'1.$&2(8&,&'*0(2&.*2&8(*:#(*B#,&($%&(0*;&892&($#<"(#/(@*2+9(P*9A(<%9.%(<*8(/#1"2&2(*8
*()9"9":($#<"(+18$("#'$%(#/(*"(*".9&"$(=4'*)92A(92&"$9/9&2(%&'&(B4($%&(8*)&("*)&FLM

@*2E%93P*9(`4'*)92A(#,&'0##;9":($%&(8#1$%&'"(8%#'&(#/(>*;&(?884;(@10A(@4':4E8$*"(ab\FMkJKcMdOA(eeFJcKdYA
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&//9.9&"$('&.&=$9#"(#/(/#.18&2(=0*"&$*'4(9"/'*8#1"2F(C%98('&8#"*"$(298$*".&(9"$&',*0(*08#('&/0&.$8($%&(,*01&(#/(
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N&#=#04)&'(:'*"#29#'9$&(=4'*)92A(<9$%(9$8(/'#"$(/*^*2&(8&,&'&04(2*)*:&2F(C%&(2*';&'(#'*":&3B'#<"(
.#0#'*$9#"(#/(.*8$(:&#=#04)&'(:'*"#29#'9$&()*$&'9*0(/#')8(*(B'#*2(2&B'98(/9&02(#"($%&(<&8$&'"(80#=&(#/($%&(
=4'*)92A(B&0#<($%&('&)*9"8(#/(<%*$(<*8(#".&(*(=*,&2(*=&-(<*0;<*4F

C%&(*".9&"$(=0*.&"*)&(Q@*2E%93P*9R(98(.#)=#8&2(#/(c(`*0&#3P*"8;'9$(:04=%8A('&*29":I((;*(2(E(%9(8*(9A(
)&*"9":(S6#00#<9":(&$&'"9$4(/'#)(<9$%9"A(8&"29":(/#'$%(;"#<0&2:&(#/(C%98UF(C%98("*)&('&/&'&".&8($%&(5"9$4(
69&02(#/(:'*,9$*$9#"A(09";9":(&*.%(9"29,921*0(<9$%(%98h%&'(#<"(V9:%&'3P&0/(/'#)(<9$%9"](<%&'&B4(!"#$%&'(&)*+)
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Geometric fa��ades (razed)
Geopolymer granodiorite

Kadzhi-Sai, Kyrgyzstan



C%&(0#":3#B/18.*$&2($'*.&8(#/('*E&2(!$0*"$&*"($&)=0&8(.*"(*08#(B&('&,&*0&2(B4($%&(#..1''&".&(#/($'*"83
29)&"89#"*0(&,&"$8($%*$(2&/4(*"4(89)=0&(&-=0*"*$9#"F(P1.%(<*8($%&(.*8&(<9$%(*"(#22(298.#,&'4()*2&(B4($%&
G1889*"()909$*'4(9"($%&(81))&'(#/(JKcJ(m#/(*()9889":(!"$#"#,3!\()909$*'4(*9'.'*/$(*..#))#2*$9":(J\(
=*88&":&'8F(C%&(*B*"2#"&2(*9'=0*"&(<*8(*..92&"$*004(8=#$$&2(/'#)(*"(*9'=0*"&(#,&'/049":(*('&)#$&(/#'&8$(
8&.$#'(&*8$(#/(>*;&(!4*"A(/&2(B4($%&('9,&'8(#/($%&(`1$#'*"*(`0*$&*1(9"("#'$%&'"(G1889*FLJ

C%&(*9'=0*"&(%*2(2&=*'$&2()#"$%8(&*'09&'(/'#)(n#';1$*(P&,&$8;4(*9'B*8&(#"(*(8%#'$('1"($#(*("&9:%B#'9":(
*9'/9&02(<%&"(9$(298*==&*'&2F(C%&(89$&(#/(9$8(298.#,&'4(9"($%&(/#'&8$(#/($%&(̀ 1$#'*"* (̀ 0*$&*1(<*8 (>JA\MM km (
*<*4 (/'#) (9$8(#'9:9"(=#9"$A(*"2 (/*' (#1$892&(#/(9$8()*-9)1) ('*":& (#/(#=&'*$9#"(.*=*B909$4F(H0&*'04A($%&8&(
.9'.1)8$*".&8 (.#"/9') ($%&(*9'.'*/$ (<*8 ($'*"8=#'$&2($#($%*$(0#.*$9#"(B4(*"#$%&'A()1.% (0*':& r(*9'.'*/$ (189":(
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,*01&8(#/(69B#"*..9(ike(aLAckbFLkj(-(JM3Zf(9"()90&8(*"2(69B#"*..9(i\ZM(aJbFcKj(-(JM3kef(9"(=&'.&"$F(

C%&(`*0&#3P*"8;'9$(,#$9,&(=0*.&"*)&(Q!4*"R(98(.#)=#8&2(#/(\(%9&'#:04=%8A('&*29":I((*9(*"(A()&*"9":(S!4&A(
a$%&f(l'&*$%UA('&/&'&".9":($%&([9,9"&(/#'.&(#/($%&(5"9$4(69&02F(C%&(*".9&"$("*)&(#/($%98(*'&*A(Q`1$#'*"*RA(98(
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'&/&'&".&($#(&)9889#"8(#/($%&(.#8)9.(:'*,9$*$9#"*0(<*,&(B*.;:'#1"2(='#21.&2(B4(B0*.;(%#0&(.#00989#"8FL\

H#)=0&$&(2&$*908(.#".&'"9":($%&(JKcJ(`1$#'*"*(`0*$&*1(567(*B21.$9#"(%*8(B&&"(;&=$(/'#)($%&(:&"&'*0(
=1B09.A(81::&8$9":(#$%&'(9".92&"$8(#/(,*"98%9":(*9'=0*"&8(9"($%&(<92&'('&:9#"(9"(81B8&_1&"$(2&.*2&8()*4(
/#00#<(* (89)90*'(=*$$&'"($%*$(/1'$%&'(9)=09.*$&8($%&("&/*'9#18(*.$9,9$9&8(#/(* (567 (B*8&(B&"&*$%($%&(=0*$&*1F

D1.%()#'&(9"/#')*$9#"(%*8(B&.#)&(=1B09.04(*,*90*B0&('&:*'29":(*"#$%&'()*+#'(567(&,&"$($%*$(#..1''&2(
"&*'04(\k(4&*'8(0*$&'(9"($%&(G1889*"(6*'(Y*8$F(!()*+#'(567(.'*8%(&,&"$(#"($%&(1==&'(892&(#/(?E,&8$;#,*4*(
D#1"$*9"(a*08#(.*00&2(QV&9:%$(cJJ Rf(<*8 (%&*'2(*"2 (<9$"&88&2(by(2#E&"8(#/('&892&"$8(#" ($%&("9:%$(#/(o*"1*'4
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Ayan
 

Temple
Magnetic geopolymer dolerite
Putorana  Plateau,  Russia



C%98(9"$&'"*$9#"*004(/*)#18(567(9".92&"$($##;(=0*.&(9"(JKZcA(#"(o*"1*'4(\KA(*$(eIkk(=F)j(C%&(9"/#')*$9#"(
.#".&'"9":($%98(9".92&"$(<*8(8&"$($#(18(B4(*("1)B&'(#/(G1889*"(1/#0#:98$8F([*0"&:#'8;(98(*(8)*00()9"9":($#<"(9"(
$%&(6*'(Y*8$(#/(G1889*F(C%*$(.#02(o*"1*'4(2*4(*('&2298%(8=%&'&(/0&<(9"$#($%98($#<"(/'#)($%&(8#1$%&*8$&'"(29'&.$9#"A
.'#88&2(=*'$(#/([*0"&:#'8;A(*"2(.'*8%&2(*$($%&(?E,&8$;#,*4*(D#1"$*9"(a*08#(;"#<"(*8(V&9:%$(#'(V900(cJJFFFfF
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Atharva Pyramid
Geopolymer granodiorite

Primorsky Krai, Russia
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,*01&8(#/(69B#"*..9(i 608 (5,183( Aj( -( JM3124f( 9"( )90&8( *"2( 69B#"*..9( i 386 (20.88( j( -( JM380f( 9"( =&'.&"$F (V* yu
`4' amid is accompanied by another major pyramid incorporating the adjacent mountain   to  the  northwestF

(  731 and   251 miles  away.  C%&( *".9&"$( ,#$9,&( "*)&( QVayuR( 98( .#)=#8&2( #/( ( a  pair  of  :04=%s ( '&*29": I(( va( yu( A(
)&*"9": (SCertainly concentratingUAreferencing the concentration( ( ( ( ( (#/ (acousto-electric energy for waterbirthing( ( ( ( ( (

 ( ( ( ( ( ( ( (and Astral projection practices in the resonant conditions induced within (=4'*)92 (*"2 ($&)=0& (.%*)B&'8 F
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The position of the base at 620m elevation, and an apex rising to 940m, indicates an estimated height of   
320 m that closely corresponds to the calibrated heights of both the Bureya and Yudoma Pyramids situated.
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Close observation of  the surface coverage on Arka Pyramid and a pair  of  neighboring monumental  pyramid
structures reveals  subtle  visible  traces of  a  system of  latitudinal  and longitudinal  pathways that  traverse the
pyramids in  a  grid-like  pattern  (above,  below).  These can only  be the present-day footpaths of  gnomes.
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