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:EALKG:GK( G:@E=C>;ABCM( WGK;:M=GAL=G-EBLCK=JM( K;X;ALK( =E( CY<;=;=C;( W:G>Z
=GAL=JM(AKGDALK(@G:=JM(WG:GN(:EYHC>=GD(@;G<G:[GHG@C>;ABGD(W:C:GNJO(,GBEZ
YE=GQ(>LG KGYN;DALKC;(G:@E=C>;ABCM(WGK;:M=GAL=G-EBLCK=JM(K;X;ALK(=E(@G:=?\(
WG:GN?(WG(KA;D(;;(WGK;:M=GALC(C(LGHIBG(=E(WGK;:M=GALI(K=?L:C(]W?:GK(GLHC>EZ
;LAP(WG(ME:EBL;:?(A([CYCBG-MC<C>;ABGD(LG>BC(Y:;=CPQ(>LG(=EMGNCL(AKG;(GLG^:EZ
_;=C;( K( CY<;=;=CC( [CYCBG-<;ME=C>;ABCM( AKGDALKQ( K( >EAL=GALC( W:G>=GAL=JMQ(
CAAH;NGKE==JM(LCWGK(@G:=JM(WG:GN(– HE^:ENG:CLEQ(@:E=CLEQ(W;A>E=CBEQ(<:E<G:EO

*:JD?@K?5 G:9@=L5 @G:=J;( WG:GNJQ( G:@E=C>;ABC;( WGK;:M=GAL=G-EBLCK=J;(
K;X;ALKEQ(<;ME=GMC<C>;ABC;(ME:EBL;:CALCBCQ(?W:?@GWHEALC>;ABC;(AKGDALKEO

 !"#$%&#"!-)*(+"&M5$#4!"+&+57*5.#'()/+0M1)(!$+5
 $2N&!- 0)'(+4&+%5"0)'(+"!'(#653M$'O*+%5 !$M.
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1GAH`N_;=G(KWHCK KGNC PB(WGK;:M=;KG-EBLCK=Ga :;>GKC=C LE KGN=CM(:GY>C=`K
G:@E=`>=CM( WGK;:M=;KG-EBLCK=CM( :;>GKC= =E( Y<`=C <`F=GA=CM( KHEALCKGAL;D
@`:AIBCM(WG:`N(:`Y=Ga @;G<G:[GHG@`>=Ga W:C:GNCO(,GBEYE=GQ(XG KWHCK G:@E=`>=CM(
WGK;:M=;KG-EBLCK=CM(:;>GKC= =E( @`:AIB? WG:GN?(WG(KA`D( aa WGK;:M=` ` L`HIBC =E(
K=?L:`]=\(WGK;:M=\ ]W?:`K(K`N:`Y=PbLIAP YE ME:EBL;:G< `Y [`YCBG-M`<`>=Ga LG>Z
BC(YG:?, XG(Y=EMGNCLI AKGb K`NG^:E_;==P K(Y<`=EM [`YCBG-<;ME=`>=CM(KHEALCKGZ
AL;D, YGB:;<E <`F=GA=CM, NGAH`N_;=CM LCW`K( @`:AIBCM( WG:`N( – HE^:ENG:CL?,

@:E=`L?Q(W;A>E=CBEQ(<E:<?:EO
*:JD9@S G:9@=L5@`:AIB` WG:GNC, G:@E=`>=`(WGK;:M=;KG-EBLCK=` :;>GKC=CQ(<;Z

ME=GM`<`>=` ME:EBL;:CALCBCQ(W:?_=G-WHEALC>=` KHEALCKGAL`.

.* 6./0&"+ 0(#.9" cO 5(=EALGPX;;(K:;<P(:EY:?];=C;(@G:=JM(WG:GN(
:EAA<EL:CKE;LAP( BEB( AHG_=JD( [CYCBG-MC<C>;ABCD( W:GF;AAQ( ME:EBL;:( :EYKCLCP(
BGLG:G@G(YEKCACL(GL(K;HC>C=J(C(ABG:GALC(W:CHG_;=CP(=E@:?YBCQ(=EW:P_;==G@G(
AGALGP=CP(G^d;BLEQ(;@G(W:G>=GALC(C(AL:?BL?:=JM(AKGDALKO(5(AGGLK;LALKCC(A(eLC<(
:EFCG=EHI=J<( PKHP;LAP( :EAA<GL:;=C;( eLG@G( W:GF;AAE( =E( <CB:GABGWC>;ABG<(
?:GK=;(f1gQ(K(:E<BEM(BGLG:G@G(:EY:?];=C;(KGY=CBE;L(K(<;AL;(BG=LEBLE(:EY:?]EZ
\X;@G( eH;<;=LE( A( WG:GNGD( C( AGW:GKG_NE;LAP( :EY:JKG<( AKPY;D(<;_N?( Y;:=E<C(
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CHC( =E:?];=C;<( MC<C>;ABCM( AKPY;D( K( B:CALEHH;Q( WGPKH;=C;<( <CB:GL:;XC=Q( E(
LEB_;(;@G(ANKC@G<(KNGHI(WGK;:M=GAL;D(ABGHI_;=CPO

7CHIKE:C([2] W:;NALEKHP;L(<;ME=CY<(:EY:?];=CP ;NC=C>=G@G(eH;<;=LE:=G@G(
G^d;<E( hY;:=E) BEB(W:GF;AA EBLCKEFCC( N;[;BLGK( B:CALEHHC>;ABGD( :;];LBC(WGN(
KHCP=C;<(WGNK;N;==GD(e=;:@CC(NG(G^:EYGKE=CP(L:;XC=J(C(;;(:EAB:JLCPO((5 eLG<(
W:GF;AA;( BE_NJD KCN( N;[;BLE( h:;^;:=JDQ( WGK;:M=GAL=JDQ( G^d;<=JDi( AWGAG^Z
ALK?;L( N:G^H;=C\( B:CALEHHE =E( KWGH=;( GW:;N;H;==J;( >EALCFJ, :EAW:;N;H;=C;(
BGLG:JM(WG(:EY<;:E<(WGN>C=P;LAP(ALELCALC>;ABC< C(C<W?HIA=J<(YEBG=G<;:=GZ
ALP<O(5(:;Y?HILEL;(CAAH;NGKE=CD(f3, 4] ^JHG ?ALE=GKH;=GQ(>LG(K(AH?>E;(<G=GHCLZ
=GD(WG:GNJ(hCYK;AL=PBi(:EAL:;ABCKE=C;(W:GCAMGNCL(CY-YE(EBLCKCYEFCC(:;^;:=JM(
L:;XC=Q( :EY:?];=C;( WG:[C:E( h@G:=EP( WG:GNE A( B:?W=J<C( KBH\>;=CP<Ci( GA?Z
X;ALKHP;LAP(WG(WGK;:M=GAL=J<(L:;XC=E<O(

-EBAC<EHI=GD( W:G>=GALI\ G^HENE;L( @CWGL;LC>;ABG;( LK;:NG;( L;HG( A( ^;YN;Z
[;BL=J< B:CALEHHC>;ABC<(AL:G;=C;<Q(LO;O(L;HG(C<;;L(CN;EHI=?\(CHC(L;G:;LC>;Z
AB?\(W:G>=GALIO(#;EHI=EP(W:G>=GALI(KA;@NE(<;=I];(CN;EHI=GD(CY-YE(=EHC>CP(K(
B:CALEHHC>;ABGD :;];LB;(N;[;BLGKO((7G:=EP(WG:GNE(KA;@NE(C<;;L(:EYHC>=J;(N;Z
[;BLJQ((BGLG:J;(W:CA?XC B:CALEHHC>;ABG<?(AL:G;=C\(<C=;:EHGK(f5]. 

5(<C=;:EHEM(N;[;BLJ(<G@?L(^JLI(LG>;>=J<C(hW:C<;ACQ(KEBE=ACC(C(LOWOiQ(HCZ
=;D=J<C hB:E;KJ;(C(KC=LGKJ;(NCAHGBEFCCiQ(G^d;<=J<C(hWG:GNJ(C(L:;XC=JiO(5(
@G:=JM(WG:GNEMQ(B:G<;(N;[;BLGKQ((AGN;:_EXCMAP(K(<C=;:EHEMQ((K(BE>;ALK;(LEBGZ
KJM(KJAL?WE\L(@:E=CFJ Y;:;=Q(AHG;K(C(LOWO(%CAHG(:EYHC>=JM(N;[;BLGK(K(NE==GD(
WG:GN;Q( BEB( C( KHCP=C;( NE==G@G N;[;BLE( =E( W:G>=GALI( WG:GNJQ( ( YEKCACL( GL( ;;(
AL:G;=CPQ( ( K=;]=CM(?AHGKCD(C(:;_C<GK :EY:?];=CPO(5HCP=C;(N;[;BLGK( YEBH\Z
>E;LAP(K(LG<Q((>LG(G=C(?<;=I]E\L(N;DALK?\X?\ WHGXENI(A;>;=CP(G^:EYFEQ((LO;O(
WHGXENI( A;>;=CPQ( ( B( BGLG:GD( W:CHG_;=E( :EALP@CKE\XEP ACHEO( *:G<;( eLG@GQ(
K^HCYC( N;[;BLGK( BG=F;=L:C:?\LAP( =EW:P_;=CPQ( E( Y=E>CL( C( e=;:@CPO( 1;[;BLJ(
WGKJ]E\L( A:;N=;;( =EW:P_;=C;( K( <EL;:CEH;Q( >LG( <G_;L( W:CKGNCLI B :EY:JK?(
AKPY;D(<;_N?(CG=E<C(hCHC(ELG<E<Ci((C(:EY:?];=C\(L;HEO +H;NGKEL;HI=GQ CY<;Z
=PP(K=;]=C;(?AHGKCPQ((<G_=G(CY<;=PLI(W:G>=GALI(<EL;:CEHE. 

,:G>=GALI(<C=;:EHE(YEKCACL(GL(AKG^GN=GD(WGK;:M=GAL=GD e=;:@CC, Y=E>;=C;(
BGLG:GD( <G_=G( CY<;=PLI( W:C( WG<GXC( NG^EKH;=CP( WGK;:M=GAL=G-EBLCK=JM K;Z
X;ALK( h,.5i(=;G:@E=C>;ABGD(C(G:@E=C>;ABGD(W:C:GNJQ( AG:^C:?\XCMAP(=E(WGZ
K;:M=GALC(<C=;:EHGKO

4;HI(:E^GLJ(– CY?>;=C;( KHCP=CP(WGK;:M=GAL=G-EBLCK=JM(K;X;ALK(=E(W:G>Z
=GAL=J;(AKGDALKE(WG:GN(:EYHC>=GD(B:;WGALC(C(G^dPA=;=C;(W:GF;AAGKQ(W:GCAMGZ
NPXCM(W:C(eLG<(KGYN;DALKCCO(

-. !#$./($(#!j6/0 . c($++/!1"5.&$)O kBAW;:C<;=LEHI=J;(CAZ
AH;NGKE=CP( KHCP=CP( G:@E=C>;ABCM( WGK;:M=GAL=G-EBLCK=JM( K;X;ALK( K( YG=;( :EYZ
:?];=CP( =E( CY<;=;=C;( W:G>=GALC( <GN;H;D( CY( :EYHC>=JM( LCWGK( @G:=JM( WG:GN(
hHE^:ENG:CLQ( @:E=CLQ( <:E<G:( C( W;A>E=CBi( W:GKGNCHC( K( HE^G:ELG:CC( BE[;N:J(
L;M=C>;ABGD(<;ME=CBC(*:;<;=>?@ABG@G =EFCG=EHI=G@G(?=CK;:ACL;LE(C<;=C(-CZ
MECHE("AL:G@:ENABG@GO(

+?>EA=`(:;A?:AG;=;:@GY^;:`@E\>`(L;M=GHG@`a(@`:=C>G@G(KC:G^=CFLKEO(5CW?AB(2/2013(12).
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5( !"#$%&'!"(( eBAW;:C<;=LGK(WPLI W:GCYKGHI=G KJ^:E==JM(<GN;H;D(– eLEZ
HG==J;( G^:EYFJ(– :EY:?]EHC( ALELC>;ABGD(=E@:?YBGDQ( AGYNEKE;<GD(CAWJLEL;HIZ
=GD(<E]C=GD(EDZ–lSSQ(C(GW:;N;HPHC(W:;N;H(W:G>=GALC(W:C(GN=GGA=G<(A_ELCCO(
#;Y?HILELJ(CAAH;NGKE=CD(W:CK;N;=J(K(LE^HO(lO

 E^HCFE(l– ,:;N;H(W:G>=GALC(eLEHG==JM(G^:EYFGK(CY(@G:=JM(WG:GN

,G:GNE
"^Z
:EYFJ

,:;N;HI=EP(
=E@:?YBE(W:C(
GN=GGA=G<(
A_ELCCQ(B&

,:;N;H(W:G>Z
=GALC(W:C(GNZ
=GGA=G<(

A_ELCCQ(-,E

+:. Y=E>;=C;(
W:;N;HE(
W:G>=GALC(
W:C(GN=GGAZ
=G<(A_ELCCQ(

-,E

"LBHG=;=C;(
W:;N;HE(W:G>Z
=GALC(G^:EYFGK(
GL(A:;N=;@G(
Y=E>;=CPQ(m

6LG>=O
W:;N;H(
W:G>=OQ(
-,E

/E^:E-
NG:CL

1 142 88,7

98,74

10,2

98,74

2 168 105 6,3

3 140 87,5 11,4

4 182 113,75 15

5 158 98,75 0

7:E=CL

1 204 127,5

151,5

15,8

151,5

2 272 170 12,2

3 256 160 5,6

4 210 131,25 13,4

5 270 168,75 11,4

,;A>E-
=CB

1 178 111,25

105,87

5

105,87

2 150 93,75 11

3 180 112,5 6,3

4 181 113,12 6,8

5 158 98,75 6,7

-:EZ
<G:

1 146 91,25

99,88

8,6

99,88
2 154 96,25 3,6

3 172 107,5 7,6

4 155 96,9 3

5 172 107,5 7,6

5G(#)$"$%&'!"(( eBAW;:C<;=LGK(CY?>EHC(CY<;=;=C;(W:G>=GAL=JM(ME:EBL;:CZ
ALCB(@G:=JM(WG:GN(WGN(KGYN;DALKC;<(G:@E=C>;ABCM(,.5Q(NHP(>;@G(G^:EYFJ(WGZ
<;XEHC( K( :EALKG:( G:@E=C>;ABG@G( WGK;:M=GAL=G-EBLCK=G@G( K;X;ALKE( hAGALEKn(
E=CG=GEBLCK=J;(,.5(lo–TS(mQ(=;CG=G@;==J;(,.5(po(mi(A(KGNGD(hlnV(– NE==EP(
BG=F;=L:EFCP(?ALE=GKH;=E(:E=;;Q( BEB(=EC^GH;;(GWLC<EHI=EPi(C( K( KGN?Q( @N;( KJZ
N;:_CKEHC(CM( K( L;>;=C;(GN=G@G(>EAEO(,GAH;( eLG@G(G^:EYFJ(=E@:?_EHC( ALELC>;Z
ABGD(=E@:?YBGD(NG(:EY:?];=CPQ(GW:;N;HPP(CM(W:;N;H(W:G>=GALCO(

1HP(CY?>;=CP(CY<;=;=CP(<;ME=C>;ABCM(ME:EBL;:CALCB(WG:GN(G^:EYFJ(NGZ
WGH=CL;HI=G(WG<;XEHC(K(;<BGALI(A(KGNGDQ(BGLG:EP(LEB_;(G^HENE;L(AWGAG^=GZ
ALI\( B( WGK;:M=GAL=G<?( =ELP_;=C\O( #;Y?HILELJ( eBAW;:C<;=LGK( W:CK;N;=J( K(
LE^HO(RO
+?>EA=`(:;A?:AG;=;:@GY^;:`@E\>`(L;M=GHG@`a(@`:=C>G@G(KC:G^=CFLKEO(5CW?AB(2/2013(12).
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 E^HCFE(R(– ,:;N;H(W:G>=GALC(G^:EYFGK(WGAH;(KGYN;DALKCP(=E(=CM(KGNJ
C(:EALKG:E(,.5(K(L;>;=C;(GN=G@G(>EAE

,G:G-
NE

2CN-
BGALI "^:EYFJ

,:;N;HIZ
=EP(=E@:?YZ
BE(W:C(

GN=GGA=G<(
A_ELCCQ(B&

,:;N;H(
W:G>=GALC(
W:C(GN=GZ
GA=G<((
A_ELCCQ
-,E

+:;N=;;(
Y=E>;=C;(
W:;N;HE(
W:G>=GALC(
W:C(GN=GZ
GA=G<(A_EZ
LCCQ(-,E

"LBHG=;Z
=C;

W:;N;HE(
W:G>=GALC(
G^:EYFGK
GL(A:;N=;@G
Y=E>;=CPQ(

%

6LG>=;=-
=JD
W:;N;H(
W:G>=GZ
ALCQ(-,E

/E^:E-
NG:CL

,.5

1 136 85

70,36

21*

72,68
2 115 71,8 2
3 112 70 0,5
4 78 48,75 30*
5 122 76,25 8,3

5GNE

1 77 48,12

81,23

40*

79,37
2 134 83,75 3,1
3 120 75 7,7
4 160 100 23*
5 159 99,3 22,2*

7:E=CL

,.5

1 214 133,75

118,5

12,9

118,5
2 206 128,75 8,6
3 202 126,25 6,5
4 158 98,75 16,7
5 168 105 11,4

5GNE

1 192 120

113,66

5,6

120
2 190 118,75 4,5
3 182 113,75 0,1
4 204 127,5 12,2
5 141 88,13 22,5*

,;A>E-
=CB

,.5

1 155 96,8

82,73

17

82,73
2 120 75 9
3 121 75,6 8,6
4 128 80 3,3
5 138 86,25 4,3

5GNE

1 220 137,5

106,5

29*

98,75
2 148 92,5 13
3 179 111,9 5
4 145 90,4 15
5 160 100,2 5,9

-:EZ
<G:

,.5

1 127 79,4

82,01

3,1

82,01
2 138 86,25 5,2
3 148 92,5 13
4 131 81,9 0,1
5 112 70 15

5GNE

1 136 85

88,9

4,4

88,9
2 140 87,5 1,6
3 120 75 16
4 165 103,13 16
5 150 93,8 5,5

*W:G<EM

+?>EA=`(:;A?:AG;=;:@GY^;:`@E\>`(L;M=GHG@`a(@`:=C>G@G(KC:G^=CFLKEO(5CW?AB(2/2013(12).
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#CA?=GB(l(– $Y<;=;=C;(A:;N=;@G(W:;N;HE(W:G>=GALC(:EYHC>=JM(LCWGK(
@G:=JM(WG:GN(K(YEKCAC<GALC(GL(?AHGKCD(K=;]=;D(G^:E^GLBC

,GH?>;==J;( NE==J;( AKCN;L;HIALK?\L( G( LG<Q( >LG( CY<;=;=C;( W:G>=GAL=JM(
AKGDALK(W:GL;BE;L(GN=GLCW=G(NHP(HE^:ENG:CLE(C(@:E=CLE(C(WGN>C=P;LAP(AL;W;=Z
=GD( YEKCAC<GALC(LCWE(?q(Er;-bx A(KJAGBGD(AL;W;=I\(EWW:GBAC<EFCC( h:CAO(liO  5(
<:E<G:;(eLC(CY<;=;=CP(W:GCAMGNPL(:EK=G<;:=G(WG(HC=;D=GD(YEKCAC<GALCO(,;AZ
>E=CB(KJWENE;L(CY(G^X;D(BE:LC=JQ(WGABGHIB?(=EHC>C;(K(=;<(MC<C>;ABCM(AKPY;D(
LCWE( s–"–Si–(O–Si–O)n–O–sAWGAG^ALK?;L( G^:EYGKE=C\( <;_<GH;B?HP:=JM(
AKPY;D( <;_?( ELG<E<C( B:;<=CP( C( KGNG:GNE( KGNJQ( BCAHG:GNE( C( KGNG:GNE( KGNJQ(
BCAHG:GNG<(C(ELG<E<C(B:;<=CP(Y;:;=(WG:GNJO

 EBC<( G^:EYG<Q( N;DALKC;( ,.5( =E( CY<;=;=C;( W:G>=GAL=JM( ME:EBL;:CALCB(
@G:=GD( WG:GNJ( YEKCACL( GL( LCWE( AE<GD( WG:GNJ( C( GL( ;;( [CYCBG-<;ME=C>;ABCM(
AKGDALKO( EBQ(=EW:C<;:Q(@:E=CL(PKHP;LAP(?W:?@G-M:?WBGD(WG:GNGDQ(K(LG(K:;<P(BEB(
W;A>E=CB(C(<:E<G:(– WHEALC>=G-M:?WBC;O(&EAJX;=C;(WG:GN(EBLCK=J<C(:EALKGZ
:E<C(GW:;N;HP;LAP(K;HC>C=GD(C(ME:EBL;:G<(WG:CALGALC(WG:GN hWG(WGH?>;==J<(
NE==J<(=EC^GH;;(A?X;ALK;==J;(CY<;=;=CP(W:G>=GALCQ(TVmQ(W:GCAMGNPL(K(W;AZ
>E=CB;Q(BGLG:JD(C<;;L(KJAGB?\(WG:CALGALIiO(

5 )"!)*!%& '!"(( eBAW;:C<;=LGK( CY?>EHC( CY<;=;=C;( W:G>=GAL=JM( ME:EBL;Z
:CALCB(@G:=JM(WG:GN(WGN(KGYN;DALKC;<(,.5 C(KGNJQ(YEWGH=P\XCM(]W?:JQ(W:GZ
AK;:H;==J;(K(G^:EYFEMO(  

+?>EA=`(:;A?:AG;=;:@GY^;:`@E\>`(L;M=GHG@`a(@`:=C>G@G(KC:G^=CFLKEO(5CW?AB(2/2013(12).
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5(eLGD(A;:CC(eBAW;:C<;=LGK K(]W?:J(YEHCKEHC(KGN?(C(:EALKG:(WGK;:M=GALZ
=G-EBLCK=G@G K;X;ALKE hAGALEKn( E=CG=GEBLCK=J;( ,.5( 15–TS(mQ( =;CG=G@;==J;(
,.5(po(mi(A(KGNGD(hlnV(– NE==EP(BG=F;=L:EFCP(?ALE=GKH;=E(:E=;;(BEB(=EC^GH;;(
GWLC<EHI=EPi((C(KJN;:_CKEHC(K(L;>;=C;(GN=G@G(>EAEQ(WGAH;(>;@G(G^:EYFJ(=E@:?Z
_EHC(KNGHI(GAC(]W?:E(ALELC>;ABGD(=E@:?YBGD(NG(:EY:?];=CPQ(GW:;N;HPP(CM(W:;Z
N;H(W:G>=GALCO(#;Y?HILELJ(eBAW;:C<;=LGK(W:CK;N;=J(K(LE^HO(3. 

 E^HCFE(T(– $Y<;=;=C;(W:;N;HE(W:G>=GALC @G:=JM(WG:GN(W:C(ALELC>;ABG<
=E@:?_;=CC(W:C(=EHC>CC(,.5(C(KGNJ(K(YG=;(:EY:?];=CP

,G:GNE 2CN-
BGALI

"^
:EY
FJ

,:;N;HI=EP(
=E@:?YBE(
W:C(GN=GZ
GA=G<(A_EZ
LCCQ(B&

,:;N;H(
W:G>=GALC(
W:C(GN=GGAZ
=G<((A_ELCCQ(

-,E

+:;N=;;(
Y=E>;=C;(
W:;N;HE(
W:G>=GALC(
W:C(GN=GGAZ
=G<(A_ELCCQ(

-,E

"LBHG-
=;=C;(
W:;N;HE(
W:G>-

=GALC(G^Z
:EYFGK(GL(
A:;N=;@G(
Y=E>;=CPQ(

% 

6LG-
>=;==JD
W:;N;H(
W:G>-
=GALCQ(
-,E

1 2 3 4 5 6 7 8

/E^:ENGZ
:CL

,.5

1 142 88,8

83,8

11

83,8
2 125 78,1 9,6
3 134 83,8 0
4 133 83,3 0,6
5 136 85 1,4

5GNE

1 116 72,5

72,8

0,4

72,8
2 110 68,75 5,6
3 130 81,25 11,6
4 110 68,75 5,6
5 116 72,5 0,4

7:E=CL

,.5

1 103 64,38

77,38

16

71,72
2 126 78,75 1,8
3 150 100 29*
4 120 75 3
5 110 68,75 11,2

5GNE

1 172 107,5

96,62

11

96,62
2 132 82,5 14
3 150 100 3,5
4 157 98,12 1,2
5 152 95 1,7

,;A>E=CB

,.5

1 129 80,5

77,7

3,6

77,7
2 118 73,75 5
3 131 81,88 5,4
4 132 82,37 6
5 112 70 10

5GNE

1 118 73,75

82,3

10,3

82,3
2 146 91,25 10
3 131 81,88 0,1
4 128 80,02 2,8
5 135 84,6 3
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,:GNGH_;=C;(LE^HO(T
1 2 3 4 5 6 7 8

-:E<G:

,.5

1 174 108,75

91,75

18,5

91,75

2 130 81,25 11,4

3 122 76,25 16,9

4 136 85 7,3

5 172 107,5 17,1

5GNE

1 158 98,75

89,49

10

89,49
2 137 85,6 4,3
3 137 85,6 4,3
4 154 96,25 7,6
5 130 81,25 9,2

* W:G<EM

#CA?=GB(R(– $Y<;=;=C;(W:;N;HE(W:G>=GALC((@G:=JM(WG:GN(W:C(ALELC>;ABG<(
=E@:?_;=CC(W:C(=EHC>CC(:EALKG:E(,.5(C(KGNJ(K(]W?:EM

#;Y?HILELJ(CAAH;NGKE=CDQ(W:;NALEKH;==J;(K(LE^HO(T(C(=E(:CAO(RQ(GLHC>E\LAP(
GL(NE==JM(LE^HO(l(C(:CAOl(C(WGYKGHP\L(KJNKC=?LI(AH;N?\X?\(@CWGL;Y?n
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– NHP(W;A>E=CBE(– W:C(KGYN;DALKCC(=E(WG:GN?(K=?L:C(]W?:GK(KGNJ(WGAH;NZ
=PP(KJWGH=P;L(:GHI(t^HGBC:?\X;@G(<GALE(– W;:;<J>BCu(K(^HC_=;D(YG=;(KAH;NZ
ALKC;( AG^ALK;==GD( NC=E<C>;ABGD( KPYBGALCQ( ?W:?@GALC( C( L;B?>;ALCQ( >LG(
AWGAG^ALK?;L(?K;HC>;=C\(A:;N=;@G(W:;N;HE(W:G>=GALC(WG(A:EK=;=C\(A(=;G^:EZ
^GLE==GD(@G:=GD(WG:GNGD(NHP(W;A>E=CBEv(

– NHP(HE^:ENG:CLEQ(@:E=CLE(C(<:E<G:E(>EALC>=G(K(^HC_=;D(YG=;(<G_;L(W:GZ
CAMGNCLI( MC<C>;ABG;( KYEC<GN;DALKC;( – @CN:GHCY( hli–(3) – A( CG=E<C( <E@=CPQ(
BEHIFCPQ(BE:^G=EL-CG=E<CQ(>LG(W:CKGNCL(B(G^:EYGKE=C\(=E(WGK;:M=GALC(WG:GNJ(
<CB:GAHGP(N:?@CM(MC<C>;ABCM(AG;NC=;=CD(LCWE(Mg(OH)2, Ca(OH)2 C(LOWOQ(<;=PZ
\XCM(ME:EBL;:(W:G>=GAL=JM(AKGDALK(K(^HC_=;D(YG=;O(kLG(ALE=GKCLAP(W:C>C=GD(
?<;=I];=CP( _;ALBGALC( <;_ELG<=JM( C( <;_<GH;B?HP:=JM( :;^;:( B:CALEHHG@:EZ
[C>;ABGD(AL:?BL?:J(WG:GNJO(5AH;NALKC;(KA;M(KJ];?WG<P=?LJM(W:C>C=(W:C(CAZ
WGHIYGKE=CC( KGNJ( BEB( WGK;:M=GAL=G-EBLCK=G@G( K;X;ALKE( W:;N;H( W:G>=GALC(
WG:GNJ(K(CLG@;(A=C_E;LAPO

                             Mg
2+

 + H2O w(Mg(OH)2 + 2H
+ 

                                           (1) 

                              Ca
2+

 + H2O w(Ca(OH)2 + 2H
+             

                                    (2) 

                             CO3
2–

 + H2O w(HCO3
–
 + OH

–
                                             (3) 

,:C(N;DALKCC(WGK;:M=GAL=G-EBLCK=JM(K;X;ALKQ(AGN;:_EXCM(K(AKG;<(AGALEK;(
G:@E=C>;ABC;( AG;NC=;=CP( A( CG=GEBLCK=J<C( @:?WWE<C( LCWE( –OH, –SO3H, –

OSO2H, –OPO2H C(LOWO(=E^H\NE;LAP(PKH;=C;Q(=EYKE==G;(=E<C(te[[;BL(ABH;CKEZ
=CPu( KAH;NALKC;( :EAL;BE=CP( WG( WGK;:M=GALC( <CB:G- C( <EB:GL:;XC=( C( AE<G@G(
]W?:E( BEB(<EB:GWGK;:M=GALCQ( >LG( =;( NE;L( KGY<G_=GALC(<CB:G- C(<EB:GL:;XCZ
=E<(=C(:EAB:JKELIAPQ(=C(A<JBELIAPO(,GBEYEL;HC(NC=E<C>;ABGD(KPYBGALC(:EALKGZ
:GK(G:@E=C>;ABCM(,.5(C(CM(L;B?>;ALC(=C_;Q(>;<(?(KGNJQ(>LG(C(G^;AW;>CKE;L(BEB(
^J(A]CKE=C;(L:;XC=O(5AH;NALKC;(eLG@G(W:;N;H(W:G>=GALC(KGY:EALE;LO((((

5c5"1cO(  EBC<( G^:EYG<( eBAW;:C<;=LEHI=G( WGNLK;:_NE;LAP( e[[;BL ENZ
AG:^FCG==G@G(G^H;@>;=CP(N;[G:<EFCD(CHC(ENAG:^FCG==G@G(WG=C_;=CP(W:G>=GZ
ALCQ( G^?AHGKH;==G@G L;<Q( >LG( ENAG:^C:?\XC;AP( K;X;ALKE h,.5iQ( W:G=CBEP( K(
?ALIP(<CB:GL:;XC= K(WGK;:M=GAL=JM(AHGPM(N;[G:<C:?;<G@G(L;HEQ(G^H;@>E\L(CM(
:EYKCLC; [6]. 

+CAL;<E(N;[;BLGK(NE_;(K(=EC^GH;;(MG:G]G(G^:EYGKE==JM(B:CALEHHEM(AGYNEZ
xL( YE:GNJ]CQ( =E( BGLG:JMQ( =E>C=EP( A( AE<JM( <EHJM( N;[G:<EFCDQ( :EYKCKE\LAP(
<CB:GL:;XC=JO($M(K;:GPL=;D]C;(:EY<;:JQ(E, AH;NGKEL;HI=GQ(C(:EY<;:J(K(?ALIZ
PMQ(=;W:;:JK=G(?K;HC>CKE\LAP(A(KGY:EALE=C;<(N;[G:<EFCC, K<;AL;(A(L;<(:EALxL(
C(K;HC>C=E(ENAG:^FCG==G@G(e[[;BLEO(,GK;:M=GAL=G-EBLCK=J;(K;X;ALKEQ( AGN;:Z
_EXC;AP(K(A:;N;Q(GB:?_E\X;D(N;[G:<C:?;<G;(L;HGQ(ENAG:^C:?PAI(=E(;@G(K=;]Z
=;D( WGK;:M=GALC( C( W:G=CBEP( K( ?ALIP( <CB:GL:;XC=Q( NGH_=J( G^H;@>ELI( CM(
:EYKCLC;( NG( EBLCK=JM( :EY<;:GK( C( eLC<( AWGAG^ALKGKELI( G^:EYGKE=C\(WHEALC>;Z
ABCM(ANKC@GKO
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/$ !#. 6#.
1. 1GH?NE:bKE(3O-OQ(/;<C_E=AIBE(5O1OQ(*GYHGKAIBE( OyOQ(*G<C:(.O'O(5HCPZ

=C;(WGK;:M=GAL=G-EBLCK=JM(K;X;ALK(K(YG=;(:EY:?];=CP(@G:=JM(WG:GN(=E(C=L;=Z
ACK=GALI( CM( N:G^H;=CP( W:C( KGYN;DALKCC( C<W?HIA=JM( =E@:?YGB zz( &E?BGKCD((
K`A=CB((&EF`G=EHI=G@G(@`:=C>G@G(?=`K;:ACL;L?O(– 2012. – {(|hlTSiO(– +O(UT–97. 

2. &ENI(.O(#EY?W:G>=;=C;(@G:=JM(WG:GN(}(WG<GXI\(:EYKCLCP(K(=CM(<CB:GL:;Z
XC=( W:C( CAWGHIYGKE=CC( ,.5( C( eH;BL:G:EY:PN=JM( L;M=GHG@CDn( #;[;:ELJ( ~��(
����������(��(�}���}�(���(��}�������(h,GHI]Ei(fkH;BL:G==JD(:;A?:A]. – #;_C<(NGAZ
L?W?n( http://www.profuturo.agh.edu.pl/pliki/Referaty_VI_KKMU/NI/P_42_AGH-

VI_KKMU.pdf

3. Bro�ek M., Oruba-Bro�ek E.: Zale�no��(wytrzyma�o�ci na rozci�ganie ziaren

wapienia i porfiru od rodzaju mikroszczelin. In�ynieria mineralna z. spec. nr 3 s. 200–

207. Kraków, 2003 

4. Bro�ek M., Oruba-Bro�ek E.: Wp�yw struktury ziaren mineralnych na ich

w�a�ciwo�ci wytrzyma�o�ciowe na przyk�adzie wapienia i porfiru. Gospodarka

Surowcami Mineralnymi. t. 19 z. 3 s. 91–109, 2003.

5. ,:GLEAGK �.$.,  ;G:;LC>;ABC; GA=GKJ <;ME=C>;ABG@G :EY:?];=CP @G:=JM
WG:GN. -GABKE, &;N:E 1985. 

VO(#;^C=N;: ,O.O(5YEC<GAKPYI(WGK;:M=GAL=JM(C(G^d;<=JM(AKGDALK(:EALKG:GK(
WGK;:M=GAL=G-EBLCK=JM( K;X;ALK( zz( 6AW;MC( BGHHGCN=GD( MC<CCO( – -On( &E?BEQ(
1973.–+O(U–68.

SURFACTANTS AS DESTABILIZERS OF ELASTOPLASTIC PROPERTIES 

OF ROCKS

Ya. Doludareva, V. Kulynych, T. Kozlovska, V. Doludarev

Kremenchuk Mykhailo Ostrohradskyi National University 

vul. Pershotravneva, 20, Kremenchuk, 39600, Ukraine. E–mail: tehm@kdu.edu.ua

It is investigated the influence of water as a surfactant and aqueous solutions of 

surfactants for changes in the strength properties of rocks of different geomorphologi-

cal nature. It is shown that the effect of surfactants on the rocks over its entire surfaces 

and only on a surface within the boreholes differs in character from the physico-

chemical point of view, that is displayed in changing of the physico-mechanical prop-

erties, in particular strength, of studied rocks: labradorite, granite, sandstone, marble. 

Key words: rocks, surfactants, mechanochemical characteristics elasto-plastic 

properties.
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