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MC;&,AOR>SANKL>TU&VV=U&S;&.@HNU&W<W=9U&8LO>@B>;&E-mail: Nataly.Remez@gmail.com 

C. ':&7>?@ABC
/ANHBKL@F&SAKMX>OKGNHBBEF&SMY>B@G>OBEF&MB@NHOK@GHG
MC;&6;&,>BXHOEU&V:U&S;&/ANBAU&<<WWWU&8LO>@B>; E-mail: akraychuk@pisem.net

 O@NHXHBE& OHZMCDG>GE& J@KCHBBASA& YAXHC@OAN>B@T& NZ>@YAXHFKGN@T& KHFKYA[
NZOENBAF& NACBE& K& \OTYAMSACDBEY&]MBX>YHBGAY& A\AOE&7^ ;& />KKY>GO@N>HGKT&
Z>X>J>& \OA& XN@_HB@H& GNHOXASA& AXBAOAXBASA& GHC>& \OTYAMSACDBAF&]AOYEU& B>IA[
XTRHHKT& N& BHASO>B@JHBBAF& M\OMSAF& KOHXH;&  ACMJHBBAH& A`ELBANHBBAH& X@]]H[
OHB?@>CDBAH& MO>NBHB@H& K& KAAGNHGKGNMaR@Y@& B>J>CDBEY@& @& SO>B@JBEY@&
MKCAN@TY@&OHb>HGKT&J@KCHBBA;&!KKCHXMaGKT& NC@TB@H J>KGAGBEI&I>O>LGHO@KG@L&
LACH`>B@FU&SHAYHGO@JHKL@I&@&@BHO?@ABBEI&\>O>YHGOAN&]MBX>YHBG>U&I>O>LGHO@[
KG@L& SOMBGANASA& AKBAN>B@T& @& \AXOEN>HYASA& NZOENJ>GASA NHRHKGN>& B>& KHFKYA[
KGAFLAKGD&A\AOE;

7DEA;FG;& HDIF?J NZOENU& KHFKYANZOENB>T& NACB>U& B>J>CDBA-LO>HN>T& Z>X>J>U&
J@KCHBBAH&YAXHC@OAN>B@H;&
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$>?cAB>CDB@F&GHIBcJB@F&MBcNHOK@GHG8LO>dB@&P. 1Q
NMC;&,AOR>ScNKDL>U&VV=U&Y;&.@dNU&W<W=9U&8LO>dB>;&E-mail: Nataly.Remez@gmail.com 

C. -:&7>?@ABC
/cNBHBKDL@F&XHO_>NB@F&SMY>BcG>OB@F&MBcNHOK@GHG
NMC;&6;&,>BXHO@U&V:U&S;&/cBHU&<<WWWU&8LO>dB>;&E-mail: akraychuk@pisem.net

$>NHXHBA& OHZMCDG>G@& J@KHCDBASA& YAXHCaN>BBT& NZ>eYAXcd& KHFKYAN@`MIANAd&
IN@Cc& Z& ]MBX>YHBGAY& A\AO@&7' ;& /AZSCTX>eGDKT& Z>X>J>& \OA& OMI&_AOKGLASA& AX[
BAOcXBASA&GcC>&\OTYALMGBAd&]AOY@U&RA&ZB>IAX@GDKT&N&`HZYH_BAYM&\OM_BAYM&KH[
OHXAN@RcU& \cX& Xcea& \>X>aJAd& KHFKYcJBAd& IN@Cc; )GO@Y>BH& ZN@J>FBH&
Xc]HOHB?c>CDBH& OcNBTBBT& Z& NcX\ANcXB@Y@& \AJ>GLAN@Y@& c& SO>B@JB@Y@& MYAN>Y@&
N@OcbMeGKT&J@KHCDBA;&2AKCcX_MaGDKT&N\C@N&J>KGAGB>I&I>O>LGHO@KG@L&LAC@N>BDU&
SHAYHGO@JB@I& G>& cBHO?cFB@I& \>O>YHGOcN& ]MBX>YHBGMU& I>O>LGHO@KG@L& SOMBGANAd&
AKBAN@&c&\cXO@N>HYAd&N@`MIANAd&OHJAN@B@&B>&KHFKYAKGcFLcKGD&A\AO@. 

7DEAIFO& HDIF?J N@`MIU& KHFKYAN@`MIAN>& IN@CTU& \AJ>GLANA-LO>FAN>& Z>X>J>U&
J@KHCDBH&YAXHCaN>BBT. 
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#."8#7f$)6"f& /#,)"g; )XBAF& @Z& N>_BHFb@I&\OA`CHY& XCT& XHFKGNMa[
R@I&SAOBAXA`EN>aR@I&\OHX\O@TG@FU&O>ZYHRHBBEI&N`C@Z@&B>KHCHBBEI&\MBLGANU&
TNCTHGKT&A\OHXHCHB@H&KGH\HB@&NC@TB@T&NZOENBEI&O>`AG&B>&MKGAFJ@NAKGD&KAAOM[
_HB@F;& #LGM>CDBAKGD& X>BBASA& NA\OAK>& A`MKCANCHB>& MNHC@JHB@HY& A`hHYAN&
NZOENBEI&O>`AGU&N&J>KGBAKG@U&\OANHXHB@HY&N`C@Z@&O>ZC@JBEI&AIO>BTHYEI&A`h[
HLGANU& LAGAOEH& N& OHZMCDG>GH& GHIBASHBBEI& B>SOMZALU& G>L@I& L>L& NC@TB@H& KHFKYA[
NZOENBEI&NACBU&YASMG&B>IAX@GDKT&N& ZABH&O@KL>;&!K\ACDZAN>B@H&iBHOS@@&NZOEN>&
I@Y@JHKL@I&Z>OTXAN&NZOENJ>GEI&NHRHKGN&j00kU&>&G>L_H&O>ZC@JBEI&MKCAN@F&\AX[
OEN>B@T& A`MKCANC@N>aG& BHA`IAX@YAKGD& O>KJHGAN& @& KAZX>B@T& i]]HLG@NBEI&YH[
GAXAN& M\O>NCHB@T& NC@TB@HY& KHFKY@JHKL@I& NACB;& ">L@Y& A`O>ZAYU& \OA`CHY>&
NZ>@YAXHFKGN@T&KHFKYANZOENBEI&NACB&K&\O@OAXBEY@&@&@B_HBHOBEY@&A`hHLG>Y@&
TNCTHGKT&>LGM>CDBAF&N&B>bH&NOHYT;& O@&iGAY&NAZB@L>HG&BHA`IAX@YAKGD&\ACMJH[
B@T&\OASBAZBAF&A?HBL@&MKGAFJ@NAKG@&G>L@I&A`hHLGANU&JGA&BHNAZYA_BA&`HZ&GAJ[
BASA& ZB>B@T& NC@TB@T& @& I>O>LGHO>& XHFKGN@T& NBHbB@I& K@C;&  AiGAYM& NAZB@L>HG&
BHA`IAX@YAKGD&XHG>CDBASA&@ZMJHB@T&NZ>@YAXHFKGN@T& KHFKYANZOENBEI&B>SOMZAL&
B>&AKBAN>B@H&AIO>BTHYASA&A`hHLG>;

,ACDb@BKGNA&O>`AG&\A&@KKCHXAN>B@a&MKGAFJ@NAKG@&KAAOM_HB@F&\AKNTRHBA&
@ZMJHB@a& NC@TB@T& KHFKY@JHKL@I& NACB& AG& ZHYCHGOTKHB@F& lV–=m;& !KKCHXAN>B@F&
NC@TB@T&KHFKYANZOENBEI&NACB&B>&\O@OAXBEH&@&@B_HBHOBEH&A`hHLGE&ZB>J@GHCD[
BA& YHBDbH& l9, 7]. 5HCDa& O>`AGE& TNCTHGKT& @KKCHXAN>GD& NC@TB@H& >Y\C@GMXBA-

J>KGAGBEI& I>O>LGHO@KG@L& KHFKYANZOENBEI& NACB& B>& @BGHBK@NBAKGD& LACH`>B@F&
AKBAN>B@T&KAAOM_HB@T;

4#"'/!#7&!& /'-87f"#"g&!667'2)0#$!3;& 0& L>JHKGNH& A`hHLG>& @K[
KCHXAN>B@F&`ECA&NE`O>BA&AKBAN>B@H&C@B@@&iCHLGOA\HOHX>J&j7^ kU&O>K\ACA_HB[
BAF&N`C@Z@&.ARHHNKLASA&SO>B@GBASA&L>ODHO>&j.@HNKL>T&A`C;k;

2CT& J@KCHBBASA& YAXHC@OAN>B@T& KHFKY@JHKLASA& XHFKGN@T& NZOEN>& B>& ]MBX>[
YHBG&AIO>BTHYASA&A`hHLG>&`EC&@K\ACDZAN>B&\AIAXU&O>ZO>`AG>BBEF&N&O>`AGH&lnm;&
/>KKY>GO@N>HGKT&Z>X>J>&A&XN@_HB@@&_HKGLASA&AXBAOAXBASA&GHC>&\OTYAMSACDBAF&
]AOYEU&LAGAOAH&B>IAX@GKT&N&`HZSO>B@JBAF&M\OMSAF&KOHXHU&\AX&XHFKGN@HY&\>X>[
aRHF&KHFKY@JHKLAF&NACBE;&$>J>CA&XHL>OGANAF&K@KGHYE&LAAOX@B>G&KANYHRHBA&K&
?HBGOAY&Y>KK&GHC>U&B>\O>NCTaR@H&AK@&O>K\ACA_HBE&NXACD&KGAOAB&\OTYAMSACD[
B@L>;& AC>S>HGKTU& JGA&]OABG&\>X>aRHF&NACBE&XAKG@S>HG& SO>B@?& GHC>& N&YAYHBG&
NOHYHB@& oW;& O@& pW&GHCA&B>IAX@GKT&N&KAKGATB@@&\ALATU&>&\ACBEF&NHLGAO&\HOH[
YHRHB@T&N&KOHXH u K&LAY\ABHBG>Y@&! @&" KAN\>X>HG&K&NHLGAOAY&\HOHYHRHB@T&u+ N&
\>X>aRHF&NACBH

),cossinuu #$#%&'& ( +−= + )0,0)((u ≤=+   , (1)

SXH&) – MSAC&YH_XM&AKDa&* @&]OABGAY&\>X>aRHF&NACBEU&+& ( – KLAOAKGD&O>K[
\OAKGO>BHB@T&NACBE;&

2N@_HB@H& GNHOXASA& \OTYAMSACDBASA& GHC>& A\@KEN>HGKT& KYHRHB@HY& ?HBGO>&
Y>KK&u* K LAY\ABHBG>Y@&!, ", @&Y>CEY&MSCAY&\ANAOAG>&q* 

)R()(u*   - =′′ ,              )M()(I *   =′′α , (2) 

K&BMCHNEY@&B>J>CDBEY@&MKCAN@TY@
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,0)0(u)0(u ** =′= ,0)0()0( ** =′= αα (3)

SXH&- – Y>KK>&GHC>&HX@B@JBAF&GACR@BEU&I – YAYHBG&@BHO?@@&GHC>&AGBAK@GHCDBA&
?HBGO>& Y>KKU&R @&M – KAAGNHGKGNHBBA& O>NBAXHFKGNMaR>T& @& YAYHBG& B>\OT_HB@FU&
XHFKGNMaR@I&B>&GHCA&KA&KGAOABE&M\OMSAF&KOHXEU&LAGAOEH&NEO>_>aGKT&JHOHZ&BAO[
Y>CDBAH&B>\OT_HB@H&./ B>&\ANHOIBAKG@&GHC>&KCHXMaR@Y&A`O>ZAYr

∫=
0

/ 10  2 )()( σ , ∫ ×=
0

/ 103  4 ])([)( σ . (4) 

2N@_HB@H&KOHXE&A\@KEN>HGKT&X@B>Y@JHKL@Y&MO>NBHB@HY&7TYH: 

2

2

2
 

!
!35 35 !16"7381

∂
∂

=−+ ρµµλ )(
,

(5)

SXH&LAi]]@?@HBGE&7TYH&9 @&:U& >& G>L_H&\CAGBAKGD&s& KNTZ>BE&KA&KLAOAKGTY@&
\OAXACDBEI& 8 @& \A\HOHJBEI& ; NACB& N& SOMBGH& ]AOYMC>Y@r& ρµλ /)( +28 ,

ρµ /=2; . 

$>J>CDBEH&MKCAN@T&XCT&OHbHB@T&j=k&Z>X>aGKT&N&N@XH&jVkU&>&SO>B@JBEH&MKCA[
N@T&– N&KCHXMaRHY&N@XHr

0=<%$τ , ][ *** =3!! 0/ ++ ×+= α . (6)

->X>J>&ASO>B@J@N>HGKT&O>KKYAGOHB@HY&GACDLA&\AKGM\>GHCDBASA&XN@_HB@T&GHC>;
0& OHZMCDG>GH& @K\ACDZAN>BBAF& N& lnm&YHGAX@L@& KAKG>NCHBA&@& OHbHBA& MO>NBHB@H&

XN@_HB@T&j:k&K&MJHGAY&\HON@JBEI&X@]O>L?@ABBEI NACB&XCT& <2>/8;&6@KGHY>&NACBU&
A`O>ZAN>BB>T&\O@&NZ>@YAXHFKGN@@&\CAKLAF&NACBE&K&BH\AXN@_BEY&\OTYAMSACDBEY&
GHCAYU&Z>N@K@G&AG&NOHYHB@U&KAAGBAbHB@T&KGAOAB& >?@ /= U&MSC>&\>XHB@T&). 

2CT&ALABJ>GHCDBASA&A\@K>B@T&\AKGM\>GHCDBASA&XN@_HB@T&GHC>&`ECA&\ACMJHBA&
A`ELBANHBBAH&X@]]HOHB?@>CDBAH&MO>NBHB@H&K&\HOHYHBBEY@&LAi]]@?@HBG>Y@r

[ ] ++ +′−=+′′+′′ !!A!B!A!/ νχττ )()( *** 001 242 , ->/ /
2ρ= . (7)

0HC@J@BE& t& @& u& A\OHXHCTaG& \AOTXAL& \OAIA_XHB@T& \>X>aRHF& NACBAF& MCAN&
GHC>&Z>&NOHYT& <2>/8C@&O>X@MK&?@C@BXO@JHKL@I&NACBU&A`O>ZAN>BBEI&\O@&iGAY;

-B>JHB@T& @BXHLK>& \O@&D0 \AL>ZEN>aGU& L>L@H& MSCE& GHC>& NZ>@YAXHFKGNMaG& N&
X>BBEF&YAYHBG&K&&\>X>aRHF&NACBAF;

)\@K>B@H&XC@B&MJ>KGLAN&`ACDbHF&KGAOABE&\OTYAMSACDBASA&GHC>U&SXH&\OA@K[
IAXTG&X@]O>L?@@&\CAKL@I&NACB&j\>X>aR@I&@&AGO>_HBBEIk&@YHHG&N@Xr

)1cos/1()(0 −= #>A ττ

\O@& 1cos,20 ><< #Eτ c&&\O@& 1cos,cos20 <<< #E#Eτ ;

]cos)[(2)(0 #EE>A +−= ττ \O@& ]cos1{cos2 #E#E +≤<τ ;

00 =)(τA \O@&& 2)cos1( ≤<+ τ#E )/( >8 =τ .
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)\@K>B@H&XC@B&MJ>KGLAN&\CAKL@I&NACB&B>&`ACDbHF&KGAOABH&GHC>&@YHHG&KCH[
XMaR@F&N@Xr

)()( ττ −= E>A 21 \O@&& E≤τ ,

01 =)(τA \O@&& Eτ > .

7@BHFBEH&NHC@J@BE&!FGC!,G A0, A1 AGBHKHBE&L&\ACAN@BH&YHBDbHF&KGAOABE&\OT[
YAMSACDB@L>&>U&@&X>CHH&KJ@G>aGKT&`HZO>ZYHOBEY@;&$>J>CDBEH&MKCAN@T&A\OHXH[
CTaGKT&KAAGBAbHB@TY@&j<k;

2CT& MJHG>& AKA`HBBAKGHF& KHFKY@JHKLASA& XHFKGN@T& NZOEN>& KLAOAKGD& O>K\OA[
KGO>BHB@T&NACBE&'& ( Z>X>N>C>KD&&N@XH&lvmr

)sin()exp()(   ! ' - ωβ−= , (8)

SXH&!- – Y>LK@Y>CDB>T&KLAOAKGD&KYHRHB@T&J>KG@?&SOMBG>U&LAGAO>T&O>KKJ@GE[
N>C>KD&\A&iLK\HO@YHBG>CDBEY&X>BBEY&lVWm;

2CT& O>KJHG>& J>KGAGE& LACH`>B@F& AKBANE& KAAOM_HB@T& H/πω 2= `EC@& @K[
\ACDZAN>BE&iLK\HO@YHBG>CDBEH&X>BBEH&lwmr

ν









+=

1/3

6/1

Q

r
1)l015.0(I2J=H

, (9)

SXH&=2U&t&– iLK\HO@YHBG>CDBEH&LAi]]@?@HBGEU&MJ@GEN>aR@H&KNAFKGN>&\AOA[
XEx&JIC – C@BHFB>T&Y>KK>&KLN>_@BBASA&Z>OTX>U&A – XC@B>&Z>OTX>U&JC– Y>KK>&Z>OTX>U&
3 – O>KKGATB@H&AG&i\@?HBGO>&NZOEN>&XA&\MBLG>&B>`CaXHB@T;

2>BB>T&Z>X>J>&OHb>C>KD&J@KCHBBA&YHGAXAY&/MBSH-.MGG>&JHGNHOGASA \AOTXL>&
GAJBAKG@;& />KJHGE& \OANAX@C@KD& XCT& MSC>& YH_XM& AKDa& * @ ]OABGAY& \>X>aRHF&
NACBE&#oyz:&@&AGBAbHB@T&KLAOAKGHF&\A\HOHJBAF&@&\OAXACDBAF&NACBE&{oWU=U&JGA&
KAAGNHGKGNMHG& KMSC@BLM;& >O>YHGOE&\>X>aRHF& NACBE& O>KKJ@GEN>C@KD& XCT& O>K[
KGATB@F&3o<WU&VWWU&VWWWU&:WWWU&<WWW&Y&AG&i\@?HBGO>&NZOEN>&@&XCT&G>L@I&NZOENJ>[
GEI& NHRHKGNU& LAGAOEH& @K\ACDZMaGKT& B>& L>ODHOHU& >& @YHBBA, >BHY@LK& wWx&
SO>YYAB@G&=Wz=Wx&>YYAB@G&| 9&}0U&K&Y>KKAF&Z>OTX>&O>NBAF&:WU&VWWU&VWWWU&:WWWU&
<WWWU&:WWWWU&=WWWW&LS;

$>&O@K;&V&\OHXKG>NCHB>& Z>N@K@YAKGD&KYHRHB@T&A\AOE&7^ U&O>K\ACA_HBBAF&
B>&O>KKGATB@@&~o:WWW Y&AG&i\@?HBGO>U&N&Z>N@K@YAKG@&AG&NOHYHB@&\O@&NZOEN>I&Z>[
OTXAN&SO>YYAB@G>&=Wz=W&O>ZBAF&Y>KKEr&V&– J o&<WWW&LSU&:&– J o&:WWW&LSx&<&– J = 
VWWW&LSx&�&– J o&VWW&LSx&=&– J o&:W&LS;

!Z&>B>C@Z>&O@KMBL>&YA_BA&KXHC>GD&NENAXU&JGA&JHY&`ACDbH&Y>KK>&Z>OTX>U&GHY&
`ACDbH&>Y\C@GMX>&@&J>KGAG>&LACH`>B@F&AKBAN>B@T&AIO>BTHYASA&A`hHLG>;

$>&O@K;&:&\O@NHXHBE&Z>N@K@YAKG@&KYHRHB@T&AKBANE&7^ U&O>K\ACA_HBBAF&B>&
O>KKGATB@@& 3oVWWWY& AG& i\@?HBGO>U& AG& NOHYHB@& \O@& NZOENH& Z>OTX>& SO>YYAB@G>&
=Wz=W&Y>KKAF&Jo<WWW&LS&N& KMSC@BL>I&O>ZC@JBAF&\CAGBAKG@r&V&– 1940=ρ LSzY 3 ,

2 – 1790=ρ LSzY 3 ; 3 – 1590=ρ LSzY 3 . 

!Z& O@KMBL>& KCHXMHGU& JGA& JHY& `ACHH& \CAGBEF& SOMBGU& GHY& `ACDbH& >Y\C@GMX>&
LACH`>B@F&AKBAN>B@T&KAAOM_HB@T;&^GA&A`hTKBTHGKT&GHYU&JGA&YHBHH&\CAGBEHU&\A[
O@KGEH& SOMBGE& TNCTaGKT& XHY\]@OMaR@Y@& KOHX>Y@U& N& LAGAOEI& \OA@KIAX@G& S>[
bHB@H&iBHOS@@&NACB;
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/@KMBAL 1 – ->N@K@YAKGD&KYHRHB@T&A\AOE&7^ &AG&NOHYHB@&\O@&NZOEN>I&Z>OTXAN&
SO>YYAB@G>&=Wz=W&O>ZBAF&Y>KKEr&1 – J o&<WWW&LSU&:&– J = 2000 LSx&<&– J o&VWWW&LSx&

4 – J o&VWW&LSx&=&– J o&:W&LS

/@KMBAL 2 – ->N@K@YAKGD&KYHRHB@T&AKBANE&7^ &AG&NOHYHB@&\O@&NZOENH
Z>OTX>&SO>YYAB@G>&=Wz=W&Y>KKAF&Jo<WWW&LS&N&KMSC@BL>I&O>ZC@JBAF&\CAGBAKG@r

1 – 1940=ρ LSzY 3 , 2 – 1790=ρ LSzY 3 ; 3 – 1590=ρ LSzY 3

->N@K@YAKGD&KYHRHB@T&AKBANE&7^ &AG&NOHYHB@&B>&O>KKGATB@@&3o<WWW&Y&\O@&
NZOENH&Z>OTXAN&Y>KKAF&Jo<WWW&LS&O>ZC@JBEI&00&\O@NHXHB>&B>&O@K;&<;&$MYHO>?@T&
LO@NEI&KAAGNHGKGNMHG&G>L@Y&00r&V&– >BHY@LK&wWx&&:&– >YYAB@G&|9&}0x&<&– SO>Y[
YAB@G&=Wz=W;&!Z&>B>C@Z>&O@KMBL>&KCHXMHGU&JGA&Y>LK@Y>CDB>T&>Y\C@GMX>&XAKG@S>[
HGKT&\O@&NZOENH&Z>OTX>&>BHY@LK>&wW;& O@&NZOENH&Z>OTX>&SO>YYAB@G&=Wz=W&G>LAF&
_H&Y>KKE&>Y\C@GMX>&KYHRHB@T&N&=U=&O>Z&YHBDbHU&> >YYAB@G>&|&9&}0&– N&VU9&O>Z&
YHBDbH;& ">LAH& O>K\OHXHCHB@H& ZB>JHB@F& >Y\C@GMX& LACH`>B@F& AKBANE&7^ & \O@&
NZOEN>I&O>ZC@JBEI&00&AX@B>LANAF&Y>KKE&A`hTKBTHGKT&KAAGNHGKGNHBBEY&O>K\OH[
XHCHB@HY&XHGAB>?@ABBEI&I>O>LGHO@KG@L&X>BBEI&00U& >&@YHBBAr& N& G>LAY&_H&\A[
OTXLH& NAZO>KG>B@T& B>IAXTGKT& \CAGBAKGDU& GH\CAG>& NZOENJ>GASA& \OHNO>RHB@T& @&
KLAOAKGD&XHGAB>?@@&NZOENJ>GEI&NHRHKGN&jG>`C;&Vk;
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/@KMBAL 3 – ->N@K@YAKGD&KYHRHB@T&AKBANE&7^ &AG&NOHYHB@&B>&O>KKGATB@@
3C= <WWW&Y&\O@&NZOENH&Z>OTXAN&Y>KKAF&JC= <WWW&LS&O>ZC@JBEI&00: 

1 – >BHY@LK 70; 2 – >YYAB@G&| 9&}0; 3 – SO>YYAB@G&=Wz=W

">`C@?>&V&– (>O>LGHO@KG@L@&00

0g0)2g;& ">L@Y& A`O>ZAYU& XCT& @KKCHXAN>B@T& >Y\C@GMXBA-J>KGAGBASA& XHF[
KGN@T&KHFKYANZOENBAF&NACBE&B>&\OA?HKK&LACH`>B@T&AKBAN>B@T&A\AOE&7^ &`ECA&
\OANHXHBA& J@KCHBBAH&YAXHC@OAN>B@H& NZ>@YAXHFKGN@T& KHFKYANZOENBAF& NACBE& K&
\OTYAMSACDBEY& _HKGL@Y& GHCAY;& !KKCHXAN>C@KD& AKA`HBBAKG@& LACH`>B@T& KAAOM[
_HB@T& N& Z>N@K@YAKG@& AG& Y>KKE& Z>OTX>U& XHGAB>?@ABBEI& I>O>LGHO@KG@L& 00& @&
\CAGBAKG@&SOMBG>;&/HZMCDG>GE&X>BBAF&O>`AGE&YASMG&`EGD&@K\ACDZAN>BE&XCT&O>K[
JHG>& \>O>YHGOAN& NZOENBEI& O>`AGU& LAGAOEH& XAC_BE& A`HK\HJ@N>GD& KHFKYAKGAF[
LAKGD& AIO>BTHYEI& A`hHLGAN;&  OAXAC_HB@HY& X>BBAF& O>`AGE& YA_HG& `EGD& `ACHH&
XHG>CDBAH& @KKCHXAN>B@H& LACH`>GHCDBASA& \OA?HKK>& K@KGHYE& PSOMBG& – AKBAN>B@H&
AIO>BTHYASA&A`hHLG>Q&XCT&O>ZC@JBEI&G@\AN&SOMBGAN&@&O>ZO>`AGL>&OHLAYHBX>?@F&
\A&NE`AOM&\>O>YHGOAN&NZOENBEI&O>`AG&K&MJHGAY&ML>Z>BBEI&AKA`HBBAKGHF;

7!"'/#"8/#
V; 6HFKY@JHKL@H&NAZXHFKGN@T&B>&S@XOAGHIB@JHKL@H&@&iBHOSHG@JHKL@H&KAAOM[

_HB@T&z&.>M]Y>B&,;2;&�MCDY>B&6;*;&– 4;r&$>ML>U&VvnW;&– :=9&K;
:;  OAJBAKGD&@&B>XH_BAKGD&LABKGOML?@F&#^6&\O@&AKA`EI&X@B>Y@JHKL@I&NAZ[

XHFKGN@TI&z&#;$;&,@O`O>HOU&6;*;&�MCDY>B&– 4;r&^BHOSA>GAY@ZX>GU&Vvnv;&– <W�&K;&
<; 0Z>@YAXHFKGN@H&]MBX>YHBGAN& KAAOM_HB@F& iCHLGOAKG>B?@F& K& AKBAN>B@HY

\O@&X@B>Y@JHKL@I&B>SOMZL>I&z #; ; .@O@CCANU&0;0; .OECANU&#;'; 6>OS�KTB&– 4;r&
^BHOSA>GAY@ZX>GU&Vvn�;&– <=�&K;

00
6LAOAKGD&
XHGAB>?@@&

K, YzK

 CAG[
BAKGDU&L0/
LSzY3

"H\CAG>&
NZOENJ>GASA&
\OHNO>RHB@T&

JU&LL>CzLS

 AL>Z>GHCD&
\AC@GOA\E

 AL>Z>GHCD
@ZAiBGOA\E

#BHY@LK&wW 5000 1220 3200 2,33 1,25

#YYAB@G&9&}0 4340 1000 1030 1,90 1,25

*O>YYAB@G&=Wz=W 3600 950 1000 1,90 1,25
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�;&2@B>Y@JHKL@H&YAXHC@&KAAOM_HB@F&N&GHAO@@&KHFKYAKGAFLAKG@&z ^;';&(>J@[
TB, 0;#;&#Y`>O?MYTB – 4;r&$>ML>U&VvnV;&– :W�&K;

5;& (CHNBaL& ";0;& &  cXN@RHBBT& B>XcFBAKGc& A?cBL@& KHFKYA`HZ\HL@& `MXcNHCD&
OcZBASA& GHIBcJBASA& KG>BM& \O@& GHIBASHBB@I& N@`MI>Ir& >NGAOH];& X@K;& B>& ZXA`MGGT&
B>ML;&KGM\HBT&L>BX;&GHIB;&B>ML;r&K\H?;&W=;V=;W<&&P0cXLO@G>&OAZOA`L>&LAO@KB@I&LA[
\>C@BQ&z&";&0;&(CHNBaLU&$"88&P. 1». – .@dNU&:WWv;&– :<&K;

9;&)?HBL>& KHFKYA`HZA\>KBAKG@& KAAOM_HB@F& \O@& NAZXHFKGN@@& B>& B@I& NZOEN[
BEI&NACB&K&MJHGAY&@I&K\HLGO>CDBEI&I>O>LGHO@KG@L&z&0;0;&,AFLAU&#;#;&.MZDYHB[
LAU& ";0;& (CHNBaL& zz& 0cKB@L $>?cAB>CDBASA& GHIBcJBASA& MBcNHOK@GHGM& 8LO>dB@
$"88&�. 1�U&KHOcT&�*cOB@?GNA�;&– 2008 – |&V9;&– 6;&<–13.

7. /@CDLA&4;#;&)&XN@_HB@@&N&M\OMSAF&KOHXH&_HKGLASA&\OTYAMSACDBASA&GHC>&\AX&
XHFKGN@HY&\CAKLAF&NACBE&//4HI>B@L>&GNHOXASA&GHC>;&– 1977. – | 1. – 6. 158–164.

n;& 6\HLGOE& @& @I& \O@CA_HB@H& L& Z>X>J>Y& NZOENBASA& XHC>& z& 0; ; $>SAOBEFU&
!;!;&2HB@KaL – .@HNr&!BKG@GMG&SHA]@Z@L@&@Y;&6M``AG@B>, 2010. – 184 K. 

INFLUENCE OF AMPLITUDE-FREQUENCY ACTION OF SEYSMIC -

BLAST WAVES ON FOUNDATION OF SUPPORT LEP AT KOSCHEEVSKIY 

GRANIT QUARRY

V. Remez
National Technical University of Ukraine "KPI"
vul. Borsagovska, 115, Kyiv, 03056, Ukraine. E-mail: Nataly.Remez@gmail.com 
S. Kraichuk
PSC «Experimental technology of explosive works»
vul. S. Bandery, 12, Rivne, 33000, Ukraine. E-mail: akraychuk@pisem.net  
The results of numeral simulation of interaction of seysmic-blast waves are result-

ed with rectangular foundation of support LET. A task is examined about motion of 
homogeneous solid of rectangular form, being in an unlimited elastic medium. The got 
differential equation with the proper initial and boudary conditions decides numerally. 
Influence of frequency descriptions of vibrations, geometrical and inertia parameters 
of foundation, behaviours of the ground foundation and undermined explosive on sey-
smic resistant are developed.

Key words: explosion, seysmic-blast wave, initial-boundary problem, numeral de-
sign.
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