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2)&CT=<W@B 5.*., 2)S@T@I@B ).1., V)%CFCICBJ +.2. 
 

1);+*('(<( #)%3'.'4)*$'9 '**0)/%>,+'5 
2)B%&:0)$*+,7 *)5*&%0%#'4)*$,7 K$*:)/'A'7 !;GH -C@ 

 
 

!GL?DERCBR GHPAKVC>CW LBBKHED?>MLN FD G>BFDPM>?>MLU REHGMWQ ?PGW?D? M> FDKL@DMH 1DOMDG (BH?HGD-
P>F>EM>R [>BCV )LC>R) L OKLPILQ PHJKHCGRBHMLN. $BFDKVPD?>KLBV P>FLBL FHGLDE> =976-=999 @@, FDKA[HMMWH 
BC>MTLRJL M> CHGGLCDGLL )>P>QBC>M> - .>K@>G (TLG), !DE@DGMDH (PDG), 7HGHME> (ZRN), ;>I>M[L (MAK) L 'A-
JWS (CHM),- G>BFDKD]HMMWJL M> GH@LDM>KVMWQ G>BBCDRMLRQ DC FDKL@DM> 1DOMDG, $PA[>KLBV >JFKLCAEMWH 
DCMDSHMLR Pg/Pn, Sn/Pn, Sm/Pn, Lg/Pn L DCMDSHMLR >JFKLCAE ? IDEH I Pn. !GLJHMHMMWN JHCDE FDI>P>K ?WBD-
IAU YXXHICL?MDBCV G>BFDPM>?>MLR FDEPHJMWQ REHGMWQ ?PGW?D? ? DFGHEHKHMMWQ [>BCDCMWQ EL>F>PDM>Q, G>P-
KL[MWQ EKR G>PMWQ BC>MTLN: DIDKD 5 4T - EKR BC>MTLN .>K@>G L 7HGHME>, DIDKD 2,5 4T - EKR BC>MTLN ;>I>M[L L 
'AJWS, DIDKD =,25 4T � EKR BC>MTLL !DE@DGMDH. 

 
!B@G@=<@ 
!GDOKHJ> BHNBJL[HBID@D G>BFDPM>?>MLR 

FDEPHJMWQ REHGMWQ ?PGW?D? L PHJKHCGRBHMLN FGL-
DOGHK> DBDOAU >ICA>KVMDBCV FDBKH REHGMWQ LBFW-
C>MLN, FGD?HEHMMWQ $MELHN L !>ILBC>MDJ ? =998 
@DEA #9$. #HSHMLH FGDOKHJW M>LODKHH BKD]MD EKR 
BG>?MLCHKVMD BK>OWQ BDOWCLN (mb<4.5) L M> GH@LD-
M>KVMWQ G>BBCDRMLRQ (DC MHBIDKVILQ BDCHM ED 2-2.5 
CWB. IJ). !GL C>ILQ G>BBCDRMLRQ GH@AKRGMWH BHNB-
JL[HBILH ?DKMW G>BFGDBCG>MRUCBR ? PHJMDN IDGH L 
?HGQ>Q J>MCLL L M> LQ ELM>JL[HBILQ Q>G>ICHGL-
BCLI>Q PM>[LCHKVMD BI>PW?>UCBR LPJHMHMLR BIDGD-
BCL L FD@KD^HMLR, B?RP>MMWH B MHDEMDGDEMDBCVU 
BGHEW ? KLCDBXHGH L >BCHMDBXHGH [=, 7, 8, =3]. _CD 
?WMA]E>HC BDFDBC>?KRCV BHNBJL[HBILH P>FLBL 
?PGW?D? L PHJKHCGRBHMLN ? FGHEHK>Q BG>?MLCHKVMD 
MHODKVSLQ G>NDMD?. 8 C>IDJ BKA[>H EKR FDKA[HMLR 
ODKHH LKL JHMHH FGHEBC>?LCHKVMDN ?WODGIL E>MMWQ 
FGLQDELCBR LBFDKVPD?>CV P>FLBL, M>IDFKHMMWH ? 
CH[HMLH DCMDBLCHKVMD EKLCHKVMD@D FHGLDE> ?GHJH-
ML. %EM>ID >M>KLP E>MMWQ DBKD]MRHC LPJHMHMLH 
CHQML[HBILQ Q>G>ICHGLBCLI >FF>G>CAGW, LBFDKV-
PAHJDN ? G>PKL[MWH FHGLDEW ?GHJHML.  

8 M>BCDR^HN BC>CVH FGL?HEHMW GHPAKVC>CW 
LBBKHED?>MLN FD G>BFDPM>?>MLU REHGMWQ ?PGW?D? 
M> GH@LDM>KVMWQ G>BBCDRMLRQ - M> FDKL@DMH 1DO-
MDG, G>BFDKD]HMMDJ ? BH?HGD-P>F>EMDN [>BCL )L-
C>R, L OKLPILQ I MHJA PHJKHCGRBHMLN. %CKL[LH ?W-
FDKMHMMWQ LBBKHED?>MLN DC FGL?DELJWQ ? MHIDCD-
GWQ P>GAOH]MWQ FAOKLI>TLRQ FDBKHEMLQ KHC [=0�
=2,=4,=6] BDBCDLC ? BKHEAU^HJ. 8D-FHG?WQ, LB-
FDKVPD?>MW E>MMWH FD ?PGW?>J L PHJKHCGRBHMLRJ 
P> PM>[LCHKVMD ODKHH EKLCHKVMWN FHGLDE ?GHJHML 
(=976-=999 @@.). 8D-?CDGWQ, DOG>O>CW?>KLBV P>FLBL 
BHNBJL[HBILQ BDOWCLN, FDKA[HMMWH M> BC>MTLRQ, 
G>MHH MH LBFDKVPD?>?SLQBR EKR GHSHMLR P>E>[L 
G>BFDPM>?>MLR (PDG, CHM). 8-CGHCVLQ, FGD?HEHM 

ODKHH EHC>KVMWN [>BCDCMD-?GHJHMMDN >M>KLP P>FL-
BHN B THKVU ?WR?KHMLR M>LODKHH YXXHICL?MWQ IGL-
CHGLH? G>BFDPM>?>MLR. %CKL[LH ?WFDKMHMMWQ G>ODC 
DC DFLB>MMWQ ? [6] P>IKU[>HCBR ? CDJ, [CD LBFDKV-
PD?>MW ? DBMD?MDJ P>FLBL BC>MTLN, ODKHH OKLPILQ I 
FDKL@DMA 1DOMDG, > C>I]H BHNBJL[HBILH BDOWCLR LP 
BG>?MLCHKVMD MHODKVSD@D G>NDM> L CDKVID 2HM-
CG>KVMDN ,PLL, ? FGHEHK>Q IDCDGD@D M>QDELCBR 
FDKL@DM (GLB.=). )GDJH CD@D, FGL DOG>ODCIH 
P>FLBHN, FDKA[HMMWQ G>PMDGDEMDN >FF>G>CAGDN, 
FGLJHMRK>BV APIDFDKDBM>R [>BCDCM>R XLKVCG>TLR, 
[CD FDP?DKLKD LBIKU[LCV YXXHICW, B?RP>MMWH B 
G>PKL[LHJ [>BCDCMWQ Q>G>ICHGLBCLI FGLODGD? L 
BA^HBC?HMMD AJHMVSLKD G>POGDB E>MMWQ. 

 

 
 
7,+. J. D'(-' ('+<)8)#"&,* +";+.)+-'&>,; , 
G<,>"&-()F +)6:-,;. (@("%/)89&,='., )6)A&'-
C"&: +";+.)+-'&>,,, AF"A$)C='., � <)$A".&:" 
*$"(&:" FA(:F:, =(%#='., � A".8"-(*+"&,*.) 
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%<>?@PJ =JRI_G@=<N < <>TCILUCBJ==M@ 
PJ?@A<JIM 

&KR LPA[HMLR LBFDKVPD?>KLBV P>FLBL, 
FDKA[HMMWH M> BC>MTLRQ )DJFKHIBMDN 
BHNBJDKD@L[HBIDN YIBFHELTLL %OZHELMHMMD@D LM-
BCLCAC> XLPLIL 7HJKL #,+ (TLG, PDG), $MBCLCAC> 
@HDXLPL[HBILQ LBBKHED?>MLN +>TLDM>KVMD@D REHG-
MD@D THMCG> #) (MAKZ, ZRN), $MBCLCAC> BHNBJD-
KD@LL #) (PDG) L $MBCLCAC> BHNBJDKD@LL #HBFAO-
KLIL )WG@WPBC>M (CHM). +> GLB. =. FGL?HEHM> I>G-
C> G>BFDKD]HMLR BHNBJL[HBILQ BC>MTLN L YFLTHM-
CGD? LBBKHEAHJWQ BDOWCLN.  

6WKD DOG>ODC>MD 60 P>FLBHN FD 35 BDOWCLRJ 
LP G>NDM>, D@G>ML[HMMD@D IDDGELM>C>JL 39'- 43' 
BH?HGMDN SLGDCW L 86'- 92' ?DBCD[MDN EDK@DCW. 
!>G>JHCGW DOG>ODC>MMWQ BDOWCLN FGL?HEHMW ? 
C>OK.=. &L>F>PDM J>@MLCAE mb EKR DOG>ODC>MMWQ 
BDOWCLN - 3,4 - 6,2. _FLTHMCG>KVMWH G>BBCDRMLR 
BDBC>?KRKL 550 - 2300 IJ. 

8 M>BCDR^HN G>ODCH LBFDKVPD?>KLBV E>MMWH, 
FDKA[HMMWH B FDJD^VU BHNBJL[HBILQ BC>MTLRQ 
G>PMWQ CLFD?, E>MMWH D IDCDGWQ FGL?DERCBR ? C>OK. 
2 [2-5, =7].  
 

 
.>OKLT> =. !>G>JHCGW DOG>ODC>MMWQ BDOWCLN LP G>NDM> FDKL@DM> 1DOMDG. 
 
S<AC?J GCIEC?J 'IHR<=J 8J?J, BA@PO ?<T mb Ms Ml %?J=K<< 

4=,64 88,2= 33 =0/=7/=976 (29=) 5:00:03.8 - 4.90     TLG 
40,76 89,66 33 ==/=7/=976 (322) 6:00:=7.600 - 4.60     TLG 
43,735 87,283 22  5/=6/=983 (=36) =6:30:0=.400 - 4.90 3.60   TLG 
39,7 90 0  6/09/=983 (=60) 6:25:=6.000 - 4.40     TLG 
4=,=6= 93,274 33  9/04/=984 (248) 5:23:32.=00 - 4.90     TLG 
4=,54 88,67 0 =0/03/=984 (277) 5:59:57.900 ex 5.40     TLG 
42,042 84,394 50 ==/20/=986 (324) 2:40:25.600 - 4.60     TLG 
4=,584 88,737 0 6/05/=987 (=56) 4:59:58.300 ex 6.2 4.4  TLG 
4=,566 88,688 0  5/26/=990 (=46) 7:59:57.800 ex 5.40     PDG 
4=,37 87,5 33 =2/=8/=99= (352) =3:44:03.900 - 4.50     TLG 
4=,604 88,8= 0 5/2=/=992 (=42) 4:59:57.500 ex 6.50 5.0   PDG 
42,904 87,045 33  4/=4/=993 (=04) 8:3=:09.700 - 4.40   4.80 ZRN 
4=,54 88,74 0  6/=0/=994 (=6=) 6:25:58.000 ex 5.80 4.=   PDG 
4=,58 88,77 0 =0/07/=994 (280) 3:25:57.900 ex 5.9 4.5   CHM, MAKZ 
42,422 87,=99 22  3/=8/=995 (077) =8:02:36.600 - 5.20   5.40 ZRN 
4=,59 88,82 0  5/=5/=995 (=35) 4:05:57.900 ex 6.0 5.00   ZRN 
42,5=3 86,678 33  7/05/=995 (=86) 23:38:48.900 - 4.50     MAKZ, TLG 
4=,63= 88,447 =0  8/02/=995 (2=4) ==:59:43.900 - 4.=0     CHM, MAKZ, ZRN 
4=,56 88,79 0  8/=7/=995 (229) 0:59:57.900 ex 5.9 5.7   CHM, ZRN, PDG 
42,==7 86,9== 33 =2/=2/=995 (346) =7:3=:=6.800 - 4.30     TLG, ZRN 
42,=82 87,627 24  3/20/=996 (080) 2:==:2=.900 - 4.80     CHM, MAKZ, ZRN 
4=,8 88,2 30  5/=0/=996 (=3=) ==:26:05.000 - 3.80     MAKZ 
4=,60 88,66 0  6/08/=996 (=60) 2:55:58.00 ex 5.7 4.4   CHM, MAKZ, ZRN 
4=,824 88,42 0  7/29/=996 (2==) =:48:57.800 ex 4.90     CHM, MAKZ, TLG 
39,606 9=,569 33  8/24/=996 (237) =2:=5:26.200 -       TLG, ZRN 
42,34 86,99 =0  2/08/=997 (039) =7:=2:09.=00 - 4.60     TLG 
39,=97 90,598 33  5/=3/=997 (=33) 2=:=3:00.300 - 3.40     TLG 
42,6=8 86,=58 22  5/27/=997 (=47) =:56:24.800 - 4.90     TLG, ZRN 
39,06= 89,276 33  6/08/=997 (=59) 20:25:53.600 - 4.70     MAKZ, TLG, ZRN 
42,554 86,008 33 2/07/=998 (038) 22:42:44.000 - 4.=   MAKZ, PDG, TLG 
42,076 9=,587 33  =/25/=999 (025) =9:50:05.000 - 4.80     CHM 
4=,624 88,36 33  =/27/=999 (027) 6:25:0=.800 - 4.50     CHM, PDG, TLG 
4=,674 88,463 23  =/30/=999 (030) 3:5=:05.400 - 5.90 5.30 5.50 CHM, PDG, TLG 
4=,624 90,823 33  4/29/=999 (==9) 5:27:55.200 - 4.30     PDG, TLG 
42,037 87,959 2=  5/0=/=999 (=2=) =3:48:52.000 - 4.20     PDG, TLG 
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.>OKLT> 2. %FLB>MLH BHNBJDBC>MTLN. 
 

(C>MTLR )DDGELM>CW ,FF>G>CAG> 
+>P?>MLH )DE 3', N 4', E 

8WBDC>, J 4HDKD@L-
[HBILH ABKD-

?LR 
.LF !DKDB> FGDFABI>-

MLR, 4T 
;>I>M[L MAKZ 46.808 8=.977 600 >MEHPLC STS-2 0,008-45 
!DE@DGMDH PDG 43.327 79.485 =300 @G>MLC ();-3 

CMG-40T 
CMG-3 

0,5-9 
0,03-80 
0,03-80 

.>K@>G TLG 43.249 77.223 ==20 @G>MLC '$(( 
,((-6/=2  
CMG-3 

0,022-45 
0,5-=6 
0,03-80 

7HGHME> ZRN 52.95= 69.004 420 @G>MLC STS-2 0,008-45 
'AJWS CHM 42.998 74.75= 655 @G>MLC STS-2 0,008-45 

 
1@?CG<FJ CRAJRC?F< GJ==MQ 
8BH BHNBJL[HBILH E>MMWH, IGDJH E>MMWQ 

'$((, FGL?DELKLBV I TLXGD?DJA ?LEA. +> BFHICG 
BL@M>K> JD@AC ?KLRCV G>PKL[MWH X>ICDGW, ? CDJ 
[LBKH J>@MLCAE> BDOWCLR. 'CDOW LJHCV ?DPJD]-
MDBCV BDFDBC>?KRCV BDOWCLR B G>PKL[MDN J>@MLCA-
EDN, LPJHGHMLR FGD?DELKLBV CDKVID FDBKH [>BCDC-
MDN XLKVCG>TLL B FDJD^VU APIDFDKDBMWQ XLKVC-
GD?. )GDJH CD@D, ?HGDRCMD, BA^HBC?AHC G>PKL[LH ? 
I>[HBC?H G>BFDPM>?>MLR ?PGW?D? EKR G>PMWQ [>B-
CDCMWQ EL>F>PDMD?. +> MHIDCDGWQ [>BCDC>Q G>PKL-
[LH DCMDSHMLN S/P EKR ?PGW?D? L PHJKHCGRBHMLN 
JD]HC DI>P>CVBR D[HMV BLKVMWJ, M> EGA@LQ ]H [>B-
CDC>Q YCD G>PKL[LH JD]HC OWCV PM>[LCHKVMD BK>OHH. 
!GLJHMHMLH MHBIDKVILQ APILQ [>BCDCMWQ EL>F>PD-
MD? FDP?DKRHC M>LODKHH CD[MD DFGHEHKLCV B>JWH 
YXXHICL?MWH ? BJWBKH G>BFDPM>?>MLR EL>F>PDMW 
[>BCDC EKR I>]EDN BC>MTLL. %FGHEHKHMLH [>BCDC-
MWQ EL>F>PDMD?, ? IDCDGWQ M>OKUE>HCBR M>LODKHH 
YXXHICL?MDH G>PEHKHMLH FDEPHJMWQ REHGMWQ ?PGW-
?D? L PHJKHCGRBHMLN B FDJD^VU >JFKLCAEMWQ DC-
MDSHMLN FDFHGH[MWQ ?DKM I FGDEDKVMWJ, C>I]H 
OWKD FGHEJHCDJ M>BCDR^H@D LBBKHED?>MLR. %O^LN 
[>BCDCMWN EL>F>PDM DFGHEHKRKBR Q>G>ICHGLBCLI>JL 
>FF>G>CAGW, J>@MLCAEDN L YFLTHMCG>KVMWJL G>B-
BCDRMLRJL ODKVSLMBC?> DCDOG>MMWQ BDOWCLN. 7> 
FGHEHK>JL YCD@D EL>F>PDM> DCMDSHMLH BL@M>K/SAJ 
FGDBCD MH FDP?DKRHC FGD?DELCV LPJHGHMLR. $BFDKV-
PD?>KLBV XLKVCGW B THMCG>KVMWJL [>BCDC>JL 0,6 
4T , =,25 4T , 2,5 4T, 5 4T L FDKDBDN FGDFABI>MLR 
2/3 DIC>?W. />G>ICHGLBCLIL XLKVCGD? OWKL FDEDO-
G>MW C>ILJ DOG>PDJ, [CDOW DOHBFH[LCV BDFDBC>?L-
JDBCV B >M>KD@D?WJL E>MMWJL '$((. !GHDOG>PD-
?>MLH E>MMWQ BJH^HMLR (();) ? E>MMWH BIDGDBCL 
('$((, ,((-6/=2, CMG-3, CMG-40T, STS-2) LKL 
M>DODGDC MH FGDLP?DELKDBV, C>I I>I C>IDH G>PKL[LH 
E>MMWQ MHBA^HBC?HMMD EKR >JFKLCAEMWQ DCMDSH-
MLN FGL LBFDKVPD?>MLL APIDFDKDBMWQ [>BCDCMWQ 
XLKVCGD? [Rogers et al., =997]. 

$PJHGRKLBV J>IBLJ>KVMWH >JFKLCAEW ? 
?DKM>Q Pg, Sn, Sm, Lg, > C>I]H ? IDEH M> 300-N, 450-
N L 600-N BHIAMEH DC JDJHMC> LPKA[HMLR ? D[>@H, 
IDCDGWH DODPM>[>KLBV BDDC?HCBC?HMMD c300, c450, 
c600 L LPJHGRKLBV ?D ?GHJHMMDJ DIMH DC 20 B ? [>B-
CDCMDJ EL>F>PDMH DIDKD 0,6 4T, ED =0 B ? EL>F>PDMH 

DIDKD 5 4T. Sm � ABKD?MDH DODPM>[HMLH ?DKMW, 
FGLQDER^HN FDBKH ?BCAFKHMLR Sn ED ?BCAFKHMLR Lg 
L LJHU^HN J>IBLJ>KVMAU >JFKLCAEA ? YCDJ ?GH-
JHMMDJ LMCHG?>KH. "BKL >JFKLCAE> Sn FGH?WS>K> 
?BH >JFKLCAEW ? YCDJ LMCHG?>KH, CD B[LC>KDBV, [CD 
Sm BD?F>E>HC B Sn (GLB.2, 3). 8GHJR ?BCAFKHMLR 
?DKMW Sm EKR G>PMWQ IDJFDMHMC DFGHEHKRKDBV MH-
P>?LBLJD, CD HBCV X>ICL[HBIL M> I>]EDN IDJFDMHM-
CH DFGHEHKRKLBV G>PKL[MWH ?DKMW, ABKD?MD M>P?>M-
MWH Sm. 8 CHQ BKA[>RQ, ID@E> ?DKMD?WH X>PW MH 
?WEHKRUCBR LKL ?WEHKRUCBR D[HMV BK>OD, P>JHGW 
>JFKLCAEW BDDC?HCBC?AU^HN ?DKMW MH FGD?DEL-
KLBV. 7>JHGW >JFKLCAE M> 300-N, 450-N L 600-N BH-
IAMEH DC ?GHJHML ? D[>@H MH FGD?DELKLBV, HBKL M> 
BDDC?HCBC?AU^HJ LMCHG?>KH ?GHJHML H^H MH M>-
OKUE>HCBR P>CAQ>MLH LKL >JFKLCAEW IDKHO>MLN 
A]H BDDC?HCBC?AUC AGD?MU XDM>. 

 

 
 
7,+.2. L";+.)/('..' A".8"-(*+"&,*, A'("/,+-(,-
()F'&&)/) 20 .'(-' J996 /)$' &' +-'&>,, !'-
='&C,, <)+8" C'+-)-&); B,89-('>,, F $,'<'A)-
&" + >"&-('89&); C'+-)-); 2,5 H>. 

 
8 MHIDCDGWQ BKA[>RQ FDBKH [>BCDCMDN 

XLKVCG>TLL AGD?HMV BL@M>K> BC>MD?LCBR BKLSIDJ 
BK>OWJ FD BG>?MHMLU B AGD?MHJ XDM>. 8 YCDJ BKA-
[>H P>JHGW C>I]H MH FGDLP?DELKLBV. 

&KR >M>KLP> OWKL LBFDKVPD?>MW CDKVID DC-
MDSHMLR BDDC?HCBC?AU^LQ >JFKLCAE I >JFKLCAEH 
Pn, LPJHGHMMDN M> CDN ]H IDJFDMHMCH (?HGCLI>KV-
MDN LKL @DGLPDMC>KVMDN). !GHDOG>PD?>MLH @DGLPDM-
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C>KVMWQ DBHN IDDGELM>C FD >PLJACA MH FGDLP?DEL-
KDBV. _CD B?RP>MD B CHJ, [CD MHIDCDGWH E>MMWH, 
DBDOHMMD BC>GWH, MH FDP?DKRUC FGDLP?DELCV C>IDH 
FGHDOG>PD?>MLH EDBC>CD[MD IDGGHICMD.  
 

 
 
7,+. 3. L";+.)/('..' <)$A".&)/) *$"(&)/) FA(:F', 
A'("/,+-(,()F'&&)/) 7 )=-*6(* J994 /)$' &' 
+-'&>,, !'='&C,, <)+8" C'+-)-&); B,89-('-
>,, F $,'<'A)&" + >"&-('89&); C'+-)-); 2,5 
H>. 

 
&KR G>BFDPM>?>MLR G>BBJ>CGL?>KLBV BKH-

EAU^LH Q>G>ICHGLBCLIL >JFKLCAEMWQ DCMDSHMLN: 
- BGHEMLH ?WODGD[MWH PM>[HMLR EKR ?PGW?D? L PHJKH-
CGRBHMLN; 

- ELBFHGBLL FD ?WODGIH; 
- IDYXXLTLHMC I>[HBC?> G>PEHKHMLR: 

exS5
6

eq

exeq
qd

S
 X - X K , 

@EH eqX  L exX  - BGHEMLH ?WODGD[MWH PM>[HMLR, > 

eqS L exS - ELBFHGBLL EKR PHJKHCGRBHMLN L ?PGW?D? 
BDDC?HCBC?HMMD ([HJ ?WSH >OBDKUCM>R ?HKL[LM> 
IDYXXLTLHMC> I>[HBC?> G>PEHKHMLR, CHJ BDDC?HCBC-
?HMMD JHMVSH ?HGDRCMDBCV DSLOIL); 
- FDGD@D?DH PM>[HMLH, FGL IDCDGDJ FGDLBQDELC 
G>PEHKHMLH ?PGW?D? L PHJKHCGRBHMLN; 

- DSLOIL CLF> «KD]M>R CGH?D@>» L «FGDFABI THKL». 
7EHBV «KD]M>R CGH?D@>» � YCD IDKL[HBC?D DSLOD[MD 
G>BFDPM>MMWQ ?PGW?D? (C.H. PHJKHCGRBHMLN) FD DC-
MDSHMLU I DO^HJA IDKL[HBC?A BDOWCLN, G>BFDPM>M-
MWQ I>I ?PGW?W, > «FGDFABI THKL» � IDKL[HBC?D 
?PGW?D?, DFDPM>MMWQ I>I PHJKHCGRBHMLR, FD DCMDSH-
MLU I DO^HJA IDKL[HBC?A ?PGW?D?, EKR IDCDGWQ OW-
KL BEHK>MW P>JHGW BDDC?HCBC?AU^LQ F>G>JHCGD?. 

-=JI<U DF>T@A<P@=?JIL=MQ GJ==MQ 
L-'&>,* @'8/'( 
!D BC>MTLL .>K@>G OWKD DOG>ODC>MD 22 BD-

OWCLR B YFLTHMCG>KVMWJL G>BBCDRMLRJL DC 700 ED 
=200 IJ L J>@MLCAE>JL mb 3,4 � 6,2 , LP MLQ =9 PHJ-
KHCGRBHMLN L 3 FDEPHJMWQ REHGMWQ ?PGW?>. !D 
DFLB>MMDN ?WSH JHCDELIH FGD?DELKLBV LPJHGHMLR 

FD ?BHJ FHGH[LBKHMMWJ ?DKMD?WJ X>P>J: Pn, Pg, 
Sn, Sm, Lg, c300, c450, c600. \>PW c300 L c600 LB-
IKU[HMW LP E>KVMHNSH@D G>BBJDCGHMLR, C>I I>I EKR 
ODKVSLMBC?> BDOWCLN ? BDDC?HCBC?LL B JHCDELIDN, 
DFLB>MMDN ?WSH, DML MH P>JHGRKLBV. 

+> IDKL[HBC?D P>JHGD? BA^HBC?HMMD FD?KLR-
KD DCMDSHMLH BL@M>K/SAJ ? G>BBJ>CGL?>HJWQ [>B-
CDCMWQ EL>F>PDM>Q. 8 EL>F>PDMH B THMCG>KVMDN 
[>BCDCDN 0,6 4T OWKD DOG>ODC>MD 2= BDOWCLH, ? 
EL>F>PDMH B THMCG>KVMDN [>BCDCDN =,25 4T � 22 BD-
OWCLR, ? EL>F>PDMH B THMCG>KVMDN [>BCDCDN 2,5 4T � 
2= BDOWCLH, ? EL>F>PDMH B THMCG>KVMDN [>BCDCDN 5 
4T � =3 BDOWCLN. 

8BH BC>CLBCL[HBILH G>B[HCW OWKL BEHK>MW 
FD ?WODGIH, OHP >FFGDIBLJ>TLL IGL?WQ G>BFGHEH-
KHMLR. +>LKA[SHH G>BFDPM>?>MLH M>OKUE>HCBR FGL 
LBFDKVPD?>MLL [>BCDCMDN XLKVCG>TLL B THMCG>KV-
MDN [>BCDCDN 5 4T. _CD QDGDSD ?LEMD L FD IDYXXL-
TLHMCA I>[HBC?> G>PEHKHMLR, L FD IDKL[HBC?A DSL-
ODI. \>P> Pg FKDQD ?WEHKRHCBR M> XDMH EGA@LQ ID-
KHO>MLN L, ?LELJD, FD YCDN FGL[LMH FD@GHSMDBCL 
P>JHGD? BLKVMD AQAES>UC Ha THMMDBCV. /DGDS>R 
BFDBDOMDBCV G>BFDPM>?>MLR FD DBC>KVMWJ F>G>JHC-
G>J M> [>BCDCH DIDKD 5 4T E>HC ?DPJD]MDBCV LB-
FDKVPD?>CV LQ ? IDJFKHIBH L FG>ICL[HBIL LBIKU-
[LCV ?HGDRCMDBCV DSLOIL. "ELMBC?HMMWJ BHGVaP-
MWJ D@G>ML[HMLHJ R?KRHCBR ?WBDILN AGD?HMV SA-
JD? M> YCDN [>BCDCH, IDCDGWN MH FDP?DKRHC ? MHID-
CDGWQ BKA[>RQ BEHK>CV BDDC?HCBC?AU^LH P>JHGW. 
)>I ?LEMD LP IDKL[HBC?> DOG>ODC>MMWQ BDOWCLN, 
FGLOKLPLCHKVMD 40% P>FLBHN ?WF>KD LP G>BBJDCGH-
MLR ? EL>F>PDMH [>BCDC DIDKD 5 4T LP-P> ?WBDID@D 
AGD?MR SAJ>. &>MMWH FD YXXHICL?MDBCL G>BFDPM>-
?>MLR FGL?HEHMW ? C>OKLT>Q 3-5 L GLB. 4. .>I I>I 
FGHDOG>PD?>MLH @DGLPDMC>KVMWQ IDJFDMHMC FD 
>PLJACA MH FGDLP?DELKDBV, CD GHPAKVC>CW DOG>ODC-
IL FD YCLJ IDJFDMHMC>J MDBRC ?BFDJD@>CHKVMWN 
Q>G>ICHG. +> ?HGCLI>KVMDN IDJFDMHMCH M>LKA[SHH 
I>[HBC?D G>BFDPM>?>MLR E>UC F>G>JHCGW Sm/Pn L 
Lg/Pn. )DYXXLTLHMC I>[HBC?> G>PEHKHMLR G>?HM 
BDDC?HCBC?HMMD =,94 L =,68. 
 

 
 
7,+. 4. 7'+<("$"8"&," )-&)R"&,; Sm/Pn $8* FA(:-
F)F , A".8"-(*+"&,;. L-'&>,* @'8/'(, ='&'8 Z. 
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.>OKLT> 3 %SLOIL G>BFDPM>?>MLR. (C>MTLR .>K@>G, I>M>K Z. 
 

*<IL?A, 'K #JAJP@?A Pg/Pn Sn/Pn Sm/Pn Lg/Pn c450/Pn 
!DGD@D?DH PM>[HMLH =,747 2,4=2 3,557 7,032 =,=87 
FGDFABI THKL 0,667 0,333 0,667 0,667 0,333 0,6 
KD]M>R CGH?D@> 0,800 0,800 0,875 0,800 0,600 
!DGD@D?DH PM>[HMLH =,62= 0,867 =,267 =,69= 0,303 
FGDFABI THKL 0,333 =,000 0,667 0,667 0,333 =,25 
KD]M>R CGH?D@> 0,333 =,000 0,667 0,667 0,333 
!DGD@D?DH PM>[HMLH 0,708 0,50= 0,578 0,370 0,048 
FGDFABI THKL 0,333 0,333 0,333 0,667 0,000 2,5 
KD]M>R CGH?D@> 0,333 0,600 0,600 0,667 0,000 
!DGD@D?DH PM>[HMLH 0,608 0,220 0,3=4 0,263 0,079 
FGDFABI THKL 0,500 0,000 0,000 0,000 0,000 5 
KD]M>R CGH?D@> 0,667 0,000 0,000 0,000 0,000 

 
.>OKLT> 4 %SLOIL G>BFDPM>?>MLR. (C>MTLR .>K@>G, I>M>K E-W. 
 

*<IL?A, 'K #JAJP@?A Pg/Pn Sn/Pn Sm/Pn Lg/Pn c450/Pn 
!DGD@D?DH PM>[HMLH 3,954 3,042 6,860 =5,300 2,046 
FGDFABI THKL =,000 =,000 0,500 =,000 =,000 0,6 
KD]M>R CGH?D@> =,000 =,000 0,889 =,000 =,000 
!DGD@D?DH PM>[HMLH 2,862 =,878 2,83= 3,859 0,570 
FGDFABI THKL 0,000 =,000 =,000 =,000 0,000 =,25 
KD]M>R CGH?D@> 0,000 =,000 =,000 =,000 0,000 
!DGD@D?DH PM>[HMLH 0,8=4 0,487 0,754 0,75= 0,084 
FGDFABI THKL 0,000 0,500 0,000 0,500 0,000 2,5 
KD]M>R CGH?D@> 0,000 0,500 0,000 0,500 0,000 
!DGD@D?DH PM>[HMLH =,98= 0,522 0,833 0,856 0,=87 
FGDFABI THKL 0,000 0,000 0,000 0,000 0,000 5 
KD]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 

 
.>OKLT> 5 %SLOIL G>BFDPM>?>MLR. (C>MTLR .>K@>G, I>M>K N-S. 
 

*<IL?A, 'K #JAJP@?A Pg/Pn Sn/Pn Sm/Pn Lg/Pn c450/Pn 
!DGD@D?DH PM>[HMLH 3,428 ==,266 7,6=9 20,229 2,952 
FGDFABI THKL 0,500 =,000 =,000 =,000 0,500 0,6 
KD]M>R CGH?D@> 0,750 =,000 =,000 =,000 0,857 
!DGD@D?DH PM>[HMLH 3,225 3,37= 4,08= 5,725 =,=56 
FGDFABI THKL 0,500 0,500 0,500 =,000 0,500 =,25 
KD]M>R CGH?D@> 0,500 0,833 0,750 =,000 0,750 
!DGD@D?DH PM>[HMLH =,04= 0,330 0,54= 0,4=8 0,093 
FGDFABI THKL 0,000 0,500 0,500 0,500 0,000 2,5 
KD]M>R CGH?D@> 0,000 0,500 0,500 0,500 0,000 
!DGD@D?DH PM>[HMLH =,056 0,325 0,556 0,460 0,=57 
FGDFABI THKL 0,000 0,500 0,000 0,000 0,500 5 
KD]M>R CGH?D@> 0,000 0,500 0,000 0,000 0,500 

 
L-'&>,* !'='&C, 
!D BC>MTLL ;>I>M[L OWKD DOG>ODC>MD 9 BD-

OWCLN B YFLTHMCG>KVMWJL G>BBCDRMLRJL DC 550 ED 
=050 IJ L J>@MLCAE>JL mb 3,8 � 5,9 , LP MLQ 6 PHJ-
KHCGRBHMLN L 3 FDEPHJMWQ REHGMWQ ?PGW?>. \>P> Pg 

FKDQD ?WEHKRHCBR M> XDMH EGA@LQ IDKHO>MLN, L FD-
YCDJA E>KHH MH >M>KLPLGD?>K>BV. 

-GD?HMV SAJD? FD DCMDSHMLU I FDKHPMDJA 
BL@M>KA PM>[LCHKVMD JHMVSH, [HJ M> BC>MTLL .>K-
@>G. 8 B?RPL B YCLJ FG>ICL[HBIL ?BH ?WOG>MMWH 
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BDOWCLR OWKL DOG>ODC>MW ?D ?BHQ G>BBJDCGHMMWQ 
[>BCDCMWQ EL>F>PDM>Q. +>LKA[SHH G>BFDPM>?>MLH 
M>OKUE>HCBR FGL LBFDKVPD?>MLL [>BCDCMDN XLKVC-
G>TLL B THMCG>KVMDN [>BCDCDN 2,5 4T. 'ACV QA]H, MD 
C>I]H EDBC>CD[MD YXXHICL?MDH G>BFDPM>?>MLH M>-
OKUE>HCBR FGL XLKVCG>TLL B THMCG>KVMDN [>BCDCDN 
=,25 4T. 8 THKDJ ?DPJD]MDBCV G>BFDPM>?>MLR FD 
BC>MTLL ;>I>M[L KA[SH, [HJ FD BC>MTLL .>K@>G, 
C>I I>I DCMDSHMLH BL@M>K/SAJ M> M>LODKHH YXXHI-
CL?MWQ, ? BJWBKH G>BFDPM>?>MLR, [>BCDC>Q FDP?DKR-
HC DOG>O>CW?>CV ODKVSHH IDKL[HBC?D BDOWCLN. 
&>MMWH FD YXXHICL?MDBCL G>BFDPM>?>MLR FGL?HEH-
MW ? C>OKLT>Q 6-8 L GLB. 5. !D CHJ ]H FGL[LM>J, 
[CD L M> BC>MTLL .>K@>G, GHPAKVC>CW DOG>ODCIL FD 
@DGLPDMC>KVMWJ IDJFDMHMC>J MDBRC ?BFDJD@>CHKV-
MWN Q>G>ICHG. +> ?HGCLI>KVMDN IDJFDMHMCH M>L-
KA[SHH I>[HBC?D G>BFDPM>?>MLR E>UC F>G>JHCGW 
Sm/Pn L Sn/Pn ? [>BCDCMDJ EL>F>PDMH DIDKD 2,5 4T. 
)DYXXLTLHMC I>[HBC?> G>PEHKHMLR G>?HM BDDC?HC-
BC?HMMD 2,4 L 2,3. 
 

 
 
7,+. 5. 7'+<("$"8"&," )-&)R"&,; Sm/Pn $8* FA(:-
F)F , A".8"-(*+"&,;. L-'&>,* !'='&C,, ='-
&'8 Z. 

 
.>OKLT> 6 %SLOIL G>BFDPM>?>MLR. (C>MTLR ;>I>M[L, I>M>K Z.  
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c300/Pn c450/Pn c600/Pn 
!DGD@D?DH PM>[HMLH =,486 2,574 8,642 =,46= 0,4=5 0,247 
FGDFABI THKL 0,000 0,000 0,000 =,000 0,667 0,667 0,6 
KD]M>R CGH?D@> 0,000 0,000 0,000 =,000 0,500 0,500 
!DGD@D?DH PM>[HMLH =,263 =,480 3,69= 0,507 0,=04 0,068 
FGDFABI THKL 0,000 0,000 0,000 0,333 0,000 0,000 =,25 
KD]M>R CGH?D@> 0,000 0,000 0,000 0,333 0,000 0,000 
!DGD@D?DH PM>[HMLH =,034 =,242 =,384 0,=37 0,029 0,008 
FGDFABI THKL 0,000 0,000 0,000 0,000 0,000 0,000 2,5 
KD]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 0,000 
!DGD@D?DH PM>[HMLH 0,6=8 0,744 0,774 0,=20 0,0=6 0,032 
FGDFABI THKL 0,333 0,333 0,000 0,333 0,333 0,000 5 
KD]M>R CGH?D@> 0,333 0,333 0,000 0,333 0,333 0,000 

 
.>OKLT> 7 %SLOIL G>BFDPM>?>MLR. (C>MTLR ;>I>M[L, I>M>K E-W.  
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c300/Pn c450/Pn c600/Pn 
!DGD@D?DH PM>[HMLH 3,272 3,677 =2,672 2,835 0,775 0,3=7 
!GDFABI THKL 0,333 0,000 0,000 =,000 0,333 0,000 0,6 
1D]M>R CGH?D@> 0,500 0,000 0,000 =,000 0,333 0,000 
!DGD@D?DH PM>[HMLH 2,058 2,529 5,=40 =,076 0,259 0,086 
!GDFABI THKL 0,000 0,000 0,000 0,000 0,000 0,000 =,25 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 0,000 
!DGD@D?DH PM>[HMLH =,834 =,69= =,799 0,280 0,037 0,0=3 
!GDFABI THKL 0,000 0,000 0,000 0,000 0,000 0,000 2,5 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 0,000 
!DGD@D?DH PM>[HMLH 0,848 =,27= 0,826 0,=62 0,02= 0,033 
!GDFABI THKL 0,000 0,000 0,000 0,333 0,333 0,000 5 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,333 0,333 0,000 
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.>OKLT> 8 %SLOIL G>BFDPM>?>MLR. (C>MTLR ;>I>M[L, I>M>K N-S. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c300/Pn c450/Pn c600/Pn 
!DGD@D?DH PM>[HMLH 2,4=9 3,605 ==,82= 2,90= 0,709 0,293 
!GDFABI THKL 0,667 0,000 0,000 =,000 0,667 =,000 0,6 
1D]M>R CGH?D@> 0,500 0,000 0,000 =,000 0,667 =,000 
!DGD@D?DH PM>[HMLH 2,203 2,938 6,6=6 =,083 0,2=5 0,096 
!GDFABI THKL 0,000 0,000 0,000 0,000 0,000 0,000 =,25 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 0,000 
!DGD@D?DH PM>[HMLH 2,692 =,999 =,424 0,320 0,050 0,0=8 
!GDFABI THKL 0,000 0,000 0,000 0,000 0,000 0,000 2,5 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 0,000 
!DGD@D?DH PM>[HMLH 0,774 =,0=8 0,706 0,=43 0,0=8 0,027 
!GDFABI THKL 0,333 0,000 0,333 0,333 0,333 0,000 5 
1D]M>R CGH?D@> 0,333 0,000 0,333 0,333 0,333 0,000 

 
L-'&>,* 2"("&$' 
!D BC>MTLL 7HGHME> OWKD DOG>ODC>MD == BD-

OWCLN B J>@MLCAE>JL mb 4,= � 6,0 , LP MLQ 8 PHJKH-
CGRBHMLN L 3 FDEPHJMWQ REHGMWQ ?PGW?>. _FLTHM-
CG>KVMWH G>BBCDRMLR M>QDELKLBV ? FGHEHK>Q =700-
2300 IJ. \>P> Pg FKDQD ?WEHKRHCBR M> XDMH EGA@LQ 
IDKHO>MLN L ? B?RPL B YCLJ E>KHH MH G>BBJ>CGL?>HC-
BR. .>I ]H MH G>BBJ>CGL?>UCBR X>PW c300 L c450, 
C>I I>I ? BDDC?HCBC?LL B ?WOG>MMDN JHCDELIDN DML 
MH P>JHGRKLBV. &KR BC>MTLL 7HGHME> ?D ?GHJHMMWQ 
DIM>Q, BDDC?HCBC?AU^LQ YCLJ X>P>J, H^H MH M>-
OKUE>HCBR P>CAQ>MLH, [CD B?RP>MD B ODKVSLJL YFL-
THMCG>KVMWJL G>BBCDRMLRJL FD BG>?MHMLU B EGA-
@LJL BC>MTLRJL. 

 8 EL>F>PDMH B THMCG>KVMDN [>BCDCDN 0,6 4T 
OWKD DOG>ODC>MD =0 BDOWCLN, ? EL>F>PDMH B THM-
CG>KVMDN [>BCDCDN =,25 4T � == BDOWCLN, ? EL>F>-
PDMH B THMCG>KVMDN [>BCDCDN 2,5 4T � =0 BDOWCLN, ? 
EL>F>PDMH B THMCG>KVMDN [>BCDCDN 5 4T � 7 BDOW-
CLN. +HDOG>ODC>MMWJL ? [>BCDCMDJ EL>F>PDMH DID-
KD 5 4T DI>P>KLBV BDOWCLR B J>@MLCAE>JL mb <4,5. 
+>LKA[SHH G>BFDPM>?>MLH M>OKUE>HCBR FGL LB-
FDKVPD?>MLL [>BCDCMDN XLKVCG>TLL B THMCG>KVMDN 
[>BCDCDN 5 4T, C>I ]H I>I L EKR BC>MTLL .>K@>G. )>I 
?LEMD LP FGL?HEHMMWQ ? C>OKLTH E>MMWQ, M> YCDN 
[>BCDCH MH OWKD EDFA^HMD ML DEMDN DSLOIL FGL 
G>BFDPM>?>MLL ?PGW?D?. !D?HEHMLH IDYXXLTLHMC> 
I>[HBC?> G>PEHKHMLR C>I]H AI>PW?>HC M> ODKHH ?W-
BDIAU M>EH]MDBCV G>BFDPM>?>MLR FD BG>?MHMLU BD 
BC>MTLHN .>K@>G. +D ODKVSLH YFLTHMCG>KVMWH G>B-

BCDRMLR FG>ICL[HBIL MH FDP?DKRUC EHK>CV DTHMIA 
BDOWCLN B J>@MLCAE>JL mb <4,5. &>MMWH FD YXXHI-
CL?MDBCL G>BFDPM>?>MLR FGL?HEHMW ? C>OKLT>Q 9-== 
L GLB. 6. #HPAKVC>CW DOG>ODCIL FD @DGLPDMC>KVMWJ 
IDJFDMHMC>J C>I]H MDBRC ?BFDJD@>CHKVMWN Q>G>I-
CHG. +> ?HGCLI>KVMDN IDJFDMHMCH M>LKA[SHH I>[H-
BC?D G>BFDPM>?>MLR E>UC F>G>JHCGW Sm/Pn L Sn/Pn 
? [>BCDCMDJ EL>F>PDMH DIDKD 5 4T. )DYXXLTLHMC 
I>[HBC?> G>PEHKHMLR G>?HM BDDC?HCBC?HMMD 2,7 L 2,6. 
 

 
 
7,+. 6. 7'+<("$"8"&," )-&)R"&,; Sm/Pn $8* FA(:-
F)F , A".8"-(*+"&,;. L-'&>,* 2"("&$', ='&'8 Z. 
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.>OKLT> 9 %SLOIL G>BFDPM>?>MLR. (C>MTLR 7HGHME>, I>M>K Z. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c600/Pn 
!DGD@D?DH PM>[HMLH 0,=56 0,763 0,883 =,==9 
!GDFABI THKL 0,333 0,333 0,000 =,000 0,6 
1D]M>R CGH?D@> 0,333 0,750 0,000 =,000 
!DGD@D?DH PM>[HMLH 0,=39 0,274 0,328 0,=45 
!GDFABI THKL 0,333 0,333 0,667 =,000 =,25 
1D]M>R CGH?D@> 0,333 0,333 0,667 =,000 
!DGD@D?DH PM>[HMLH 0,=20 0,=76 0,=43 0,098 
!GDFABI THKL 0,667 0,333 0,333 0,000 2,5 
1D]M>R CGH?D@> 0,500 0,333 0,333 0,000 
!DGD@D?DH PM>[HMLH 0,=59 0,203 0,=36 0,086 
!GDFABI THKL 0,000 0,000 0,000 0,000 5 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,000 

 
.>OKLT> =0 %SLOIL G>BFDPM>?>MLR. (C>MTLR 7HGHME>, I>M>K E-W. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c600/Pn 
!DGD@D?DH PM>[HMLH 0,==9 =,22= =,574 2,=55 
!GDFABI THKL =,000 0,333 0,667 =,000 0,6 
KD]M>R CGH?D@> =,000 0,667 0,500 =,000 
!DGD@D?DH PM>[HMLH 0,=84 0,364 0,673 0,7=6 
FGDFABI THKL 0,667 0,667 0,000 0,500 =,25 
KD]M>R CGH?D@> 0,500 0,500 0,000 0,667 
!DGD@D?DH PM>[HMLH 0,228 0,275 0,2=9 0,=58 
FGDFABI THKL 0,333 0,333 0,333 0,000 2,5 
KD]M>R CGH?D@> 0,333 0,333 0,333 0,000 
!DGD@D?DH PM>[HMLH 0,323 0,333 0,=62 0,==6 
FGDFABI THKL 0,000 0,000 0,000 0,000 5 
KD]M>R CGH?D@> 0,000 0,000 0,000 0,000 

  
.>OKLT> == %SLOIL G>BFDPM>?>MLR. (C>MTLR 7HGHME>, I>M>K N-S. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c600/Pn 
!DGD@D?DH PM>[HMLH 0,479 =,409 3,3=5 3,294 
FGDFABI THKL 0,333 0,333 0,333 =,000 0,6 
KD]M>R CGH?D@> 0,500 0,667 0,333 =,000 
!DGD@D?DH PM>[HMLH 0,398 0,759 =,897 0,878 
FGDFABI THKL 0,667 0,333 0,333 0,500 =,25 
KD]M>R CGH?D@> 0,500 0,333 0,667 0,500 
!DGD@D?DH PM>[HMLH 0,252 0,37= 0,244 0,206 
FGDFABI THKL 0,333 0,000 0,000 0,000 2,5 
KD]M>R CGH?D@> 0,333 0,000 0,000 0,000 
!DGD@D?DH PM>[HMLH 0,289 0,4=7 0,2=3 0,=33 
FGDFABI THKL 0,000 0,000 0,000 0,000 5 
KD]M>R CGH?D@> 0,000 0,000 0,000 0,000 

 
L-'&>,* O%.:R 
!D BC>MTLL 'AJWS OWKD DOG>ODC>MD 9 BD-

OWCLN B YFLTHMCG>KVMWJL G>BBCDRMLRJL DIDKD 
==50 IJ B J>@MLCAE>JL mb 4,= � 5,9, LP MLQ 5 PHJKH-
CGRBHMLN L 4 FDEPHJMWQ REHGMWQ ?PGW?>. 8 EL>F>-

PDMH B THMCG>KVMDN [>BCDCDN 0,6 4T OWKD DOG>ODC>-
MD 9 BDOWCLN, ? EL>F>PDMH B THMCG>KVMDN [>BCDCDN 
=,25 4T � 9 BDOWCLN, ? EL>F>PDMH B THMCG>KVMDN 
[>BCDCDN 2,5 4T � 8 BDOWCLN, ? EL>F>PDMH B THM-
CG>KVMDN [>BCDCDN 5 4T � 5 BDOWCLN. $P-P> J>KD@D 
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IDKL[HBC?> E>MMWQ GHPAKVC>CW DOG>ODCIL M> [>BCD-
CH DIDKD 5 4T E>KHH MH >M>KLPLGD?>KLBV. 8DKMD?WH 
X>PW Pg L c300 MH G>BBJ>CGL?>KLBV FD CHJ ]H FGL-
[LM>J, [CD L M> EGA@LQ BC>MTLRQ. +>LKA[SHH I>[H-
BC?D G>BFDPM>?>MLR M>OKUE>HCBR FGL LBFDKVPD?>-
MLL XLKVCG> B THMCG>KVMDN [>BCDCDN 2,5 4T. 

&KR DOG>ODC>MMWQ BDOWCLN M>FG>?KHMLH M> 
LBCD[MLI FG>ICL[HBIL BD?F>E>HC B M>FG>?KHMLHJ E-
W. .>ILJ DOG>PDJ, JD]MD M>OKUE>CV FDKRGLP>TL-
DMMWH G>PKL[LR ELBIGLJLM>MCD? OHP FGHDOG>PD?>-
MLR @DGLPDMC>KVMWQ IDJFDMHMC. (>JWJL M>EH]-
MWJL ELBIGLJLM>MC>JL EKR YCDN BC>MTLL R?KRUCBR 
>JFKLCAEMWH DCMDSHMLR, P>JHGHMMWH M> ?HGCL-
I>KVMDN IDJFDMHMCH. $P @DGLPDMC>KVMWQ IDJFD-
MHMC M>LKA[SHN DI>P>K>BV G>EL>KVM>R(E-W). &>M-
MWH FD YXXHICL?MDBCL G>BFDPM>?>MLR FGL?HEHMW ? 
C>OKLTH =2-=4 L GLB. 7. +> ?HGCLI>KVMDN IDJFDMHM-
CH M>LKA[SHH I>[HBC?D G>BFDPM>?>MLR E>HC F>G>-
JHCG Lg/Pn ? [>BCDCMDJ EL>F>PDMH DIDKD 2,5 4T. 
)DYXXLTLHMC I>[HBC?> G>PEHKHMLR EKR MH@D 3,37. 
&KR IDJFDMHMCW E-W KA[SLJ IGLCHGLHJ C>I]H 
R?KRHCBR F>G>JHCG Lg/Pn M> [>BCDCH DIDKD 2,5 4T. 
)DYXXLTLHMC I>[HBC?> G>PEHKHMLR EKR MH@D G>?HM 

2,68. +> IDJFDMHMCH N-S G>PEHKHMLH FG>ICL[HBIL 
MH M>OKUE>HCBR. 

 

 
 

7,+. 7. 7'+<("$"8"&," )-&)R"&,; Lg/Pn $8* FA(:-
F)F , A".8"-(*+"&,;. L-'&>,* O%.:R, ='&'8 Z. 

 
.>OKLT> =2. %SLOIL G>BFDPM>?>MLR. (C>MTLR 'AJWS, I>M>K Z. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c450/Pn c600/Pn 
!DGD@D?DH PM>[HMLH =,684 2,776 6,473 3,432 0,9=4 
FGDFABI THKL 0,000 0,250 0,000 0,250 0,250 0,6 
KD]M>R CGH?D@> 0,000 0,250 0,000 0,400 0,250 
!DGD@D?DH PM>[HMLH =,240 2,254 4,774 =,=26 0,323 
FGDFABI THKL 0,000 0,250 0,000 0,250 0,000 =,25 
KD]M>R CGH?D@> 0,000 0,250 0,000 0,250 0,000 
!DGD@D?DH PM>[HMLH =,267 =,983 2,526 0,398 0,=42 
FGDFABI THKL 0,000 0,000 0,000 0,000 0,000 2,5 
KD]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 

 
.>OKLT> =3 %SLOIL G>BFDPM>?>MLR. (C>MTLR 'AJWS, I>M>K E-W. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c450/Pn c600/Pn 
!DGD@D?DH PM>[HMLH 2,292 3,085 7,796 3,505 =,325 
!GDFABI THKL 0,250 0,000 0,000 0,250 0,000 0,6 
1D]M>R CGH?D@> 0,250 0,000 0,000 0,400 0,000 
!DGD@D?DH PM>[HMLH =,868 2,472 3,820 =,386 0,582 
!GDFABI THKL 0,000 0,000 0,000 0,000 0,000 =,25 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 
!DGD@D?DH PM>[HMLH =,705 3,626 4,653 0,803 0,266 
!GDFABI THKL 0,250 0,000 0,000 0,000 0,000 2,5 
1D]M>R CGH?D@> 0,250 0,000 0,000 0,000 0,000 
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.>OKLT> =4 %SLOIL G>BFDPM>?>MLR. (C>MTLR 'AJWS, I>M>K N-S. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c450/Pn c600/Pn 
!DGD@D?DH PM>[HMLH 4,735 =2,068 24,=90 =3,430 =,922 
!GDFABI THKL 0,500 0,500 0,500 0,250 0,250 0,6 
1D]M>R CGH?D@> 0,333 0,500 0,500 0,500 0,250 
!DGD@D?DH PM>[HMLH 4,079 6,=78 =2,048 3,265 0,999 
FGDFABI THKL 0,500 0,750 0,250 0,500 0,000 =,25 
KD]M>R CGH?D@> 0,333 0,500 0,250 0,333 0,000 
!DGD@D?DH PM>[HMLH 4,233 6,77= 7,778 =,273 0,690 
FGDFABI THKL 0,250 0,250 0,250 0,250 0,000 2,5 
KD]M>R CGH?D@> 0,400 0,400 0,250 0,250 0,000 

 
L-'&>,* V)$/)(&)" 
!D BC>MTLL !DE@DGMDH OWKD DOG>ODC>MD 9 

BDOWCLN B J>@MLCAE>JL mb 4,= � 6,5, LP MLQ 5 PHJ-
KHCGRBHMLN L 4 FDEPHJMWQ REHGMWQ ?PGW?>. _FL-
THMCG>KVMWH G>BBCDRMLR M>QDELKLBV ? FGHEHK>Q 
550-950 IJ. \>PW Pg L c600 MH >M>KLPLGD?>KLBV. 
8BH BDOWCLR OWKL DOG>ODC>MW FGL FDJD^L XLKVC-
GD? B THMCG>KVMDN [>BCDCDN 0,6 4T, =,25 4T L 2,5 4T. 
!D G>PKL[MWJ FGL[LM>J ? EL>F>PDMH B THMCG>KV-
MDN [>BCDCDN 5 4T ODKVSLMBC?D BDOWCLN DOG>OD-
C>CV MH AE>KDBV. +>LKA[SHH G>BFDPM>?>MLH M>OKU-
E>HCBR FGL LBFDKVPD?>MLL XLKVCGD? B THMCG>KVMW-
JL [>BCDC>JL =,25 4T L 2,5 4T. .>I]H JD]MD M>-
OKUE>CV YXXHIC FDKRGLP>TLL OHP FGHDOG>PD?>MLR 
@DGLPDMC>KVMWQ IDJFDMHMC (>PLJAC 97-=03°). ,M>-
KD@L[MD BC>MTLL 'AJWS, M>LODKVSHN THMMDBCVU 
LP @DGLPDMC>KVMWQ IDJFDMHMC DOK>E>HC IDJFDMHMC> 
E-W, OKLPI>R FD M>FG>?KHMLU I G>EL>KVMDN BD-
BC>?KRU^HN. &>MMWH FD YXXHICL?MDBCL G>BFDPM>-
?>MLR FGL?HEHMW ? C>OK. =5-=7 L GLB. 8. +> ?HGCL-
I>KVMDN IDJFDMHMCH M>LKA[SHH I>[HBC?D G>BFDPM>-
?>MLR E>HC F>G>JHCG Sm/Pn ? [>BCDCMDJ EL>F>PDMH 
DIDKD 2,5 4T. )DYXXLTLHMC I>[HBC?> G>PEHKHMLR 
EKR MH@D 2,27. &KR IDJFDMHMCW E-W KA[SLJ IGLCH-
GLHJ C>I ]H R?KRHCBR F>G>JHCG Sm/Pn ,MD ? [>BCDC-

MDJ EL>F>PDMH DIDKD =,25 4T. )DYXXLTLHMC I>[HBC-
?> G>PEHKHMLR EKR MH@D G>?HM 2,3=. 

 

 
 
7,+. 8. 7'+<("$"8"&," )-&)R"&,; Lg/Pn $8* FA(:-
F)F , A".8"-(*+"&,;. L-'&>,* V)$/)(&)", ='&'8 
E-W. 

 
.>OKLT> =5 %SLOIL G>BFDPM>?>MLR. (C>MTLR !DE@DGMDH, I>M>K Z. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c300 c450/Pn 
!DGD@D?DH PM>[HMLH 0,930 0,930 3,=33 0,683 0,=70 
!GDFABI THKL 0,500 0,500 0,000 =,000 0,000 0,6 
1D]M>R CGH?D@> 0,500 0,500 0,000 =,000 0,000 
!DGD@D?DH PM>[HMLH =,4=6 =,4=6 3,=77 0,607 0,=38 
!GDFABI THKL 0,000 0,000 0,000 0,000 0,000 =,25 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 
!DGD@D?DH PM>[HMLH 0,772 0,864 =,008 0,296 0,059 
!GDFABI THKL 0,000 0,000 0,000 0,000 0,500 2,5 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,500 
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.>OKLT> =6 %SLOIL G>BFDPM>?>MLR. (C>MTLR !DE@DGMDH, I>M>K E-W. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c300 c450/Pn 
!DGD@D?DH PM>[HMLH 2,=29 3,505 2,870 0,947 0,544 
!GDFABI THKL 0,667 0,333 0,000 0,500 =,000 0,6 
1D]M>R CGH?D@> 0,500 0,333 0,000 0,500 =,000 
!DGD@D?DH PM>[HMLH 4,459 4,459 4,472 =,578 0,224 
!GDFABI THKL 0,000 0,000 0,000 0,000 0,000 =,25 
1D]M>R CGH?D@> 0,000 0,000 0,000 0,000 0,000 
!DGD@D?DH PM>[HMLH 3,805 4,306 4,376 0,663 0,=94 
!GDFABI THKL 0,333 0,333 0,000 0,500 0,000 2,5 
1D]M>R CGH?D@> 0,333 0,333 0,000 0,500 0,000 

 
.>OKLT> =7 %SLOIL G>BFDPM>?>MLR. (C>MTLR !DE@DGMDH, I>M>K N-S. 
 

*<IL?A, 'K #JAJP@?A Sn/Pn Sm/Pn Lg/Pn c300 c450/Pn 
!DGD@D?DH PM>[HMLH 3,9=6 4,609 =4,662 3,52= =,552 
!GDFABI THKL 0,500 0,500 0,000 0,000 0,500 0,6 
1D]M>R CGH?D@> 0,500 0,500 0,000 0,000 0,500 
!DGD@D?DH PM>[HMLH 3,095 4,720 7,98= 2,260 0,38= 
FGDFABI THKL 0,500 0,000 0,000 0,500 0,000 =,25 
KD]M>R CGH?D@> 0,500 0,000 0,000 0,500 0,000 
!DGD@D?DH PM>[HMLH 4,088 4,088 5,978 2,269 0,3== 
FGDFABI THKL 0,500 0,500 0,500 0,500 0,000 2,5 
KD]M>R CGH?D@> 0,667 0,500 0,667 0,750 0,000 

 
)R>HXG@=<@ A@UHIL?J?CB 
\LPL[HBI>R BA^MDBCV G>BFDPM>?>MLR FDE-

PHJMWQ REHGMWQ ?PGW?D? B FDJD^VU >JFKLCAEMWQ 
DCMDSHMLN GH@LDM>KVMWQ X>P BDBCDLC ? CDJ, [CD 
FGL REHGMWQ ?PGW?>Q JHMVS>R EDKR YMHG@LL LPKA-
[>HCBR ? ?LEH FDFHGH[MWQ ?DKM, [HJ FGL PHJKHCGR-
BHMLRQ. 8 M>BCDR^HN G>ODCH LBFDKVPD?>KDBV MH-
BIDKVID CLFD? F>G>JHCGD?, Q>G>ICHGLPAU^LQ FDFH-
GH[MWH ?DKMW, [CD BML]>HC ?HGDRCMDBCV DSLODI 
FGL FGLJHMHMLL LQ ? IDJFKHIBH. +HEDBC>CD[MDH 
IDKL[HBC?D ?PGW?D? MH FDP?DKRHC M>EH]MD DFGHEH-
KLCV XDGJA IGL?WQ G>BFGHEHKHMLR LPA[>HJWQ >J-
FKLCAEMWQ DCMDSHMLN EKR FDEPHJMWQ REHGMWQ 
?PGW?D?. &KR FGHEFDKD]HMLR, [CD XDGJ> IGL?WQ 
G>BFGHEHKHMLR EKR ?PGW?D? >M>KD@L[M> XDGJH IGL-
?WQ G>BFGHEHKHMLR EKR PHJKHCGRBHMLN, MHEDBC>CD[-
MD DBMD?>MLN. !DYCDJA ?BH BC>CLBCL[HBILH G>B[HCW 
FGD?DELKLBV OHP >FFGDIBLJ>TLL IGL?WQ G>BFGHEH-
KHMLR. (KHED?>CHKVMD, MHC ?DPJD]MDBCL DFGHEHKLCV 
?HGDRCMDBCV DSLODI G>BFDPM>?>MLR FD @HMHG>KVMDN 
BD?DIAFMDBCL. %THMI> ]H M>BCDR^H@D JHCDE> FD 
?WODGIH FGLJHMLCHKVMD I MHIDCDGWJ BC>MTLRJ 
(MAKZ, PDG) E>HC FG>ICL[HBIL =00-FGDTHMCMAU 
M>EH]MDBCV DFGHEHKHMLR ?PGW?D? FD ?BHJ DCDOG>M-
MWJ BDOWCLRJ, [CD, G>PAJHHCBR, MHGH>KVMD EKR 
DTHMIL FD @HMHG>KVMDN BD?DIAFMDBCL. !D DBC>KV-
MWJ BC>MTLRJ M>EH]MDBCV DFGHEHKHMLR ?PGW?D? 

BGHEL BDOWCLN, IDCDGWH AE>KDBV DOG>ODC>CV M> YX-
XHICL?MWQ [>BCDC>Q, C>I>R ]H, MD MH EKR ?BHQ DCD-
OG>MMWQ BDOWCLN AE>HCBR FGDLP?HBCL P>JHGW M> 
BDDC?HCBC?AU^LQ [>BCDC>Q FD G>PKL[MWJ FGL[L-
M>J. ) YCLJ FGL[LM>J DCMDBRCBR DCMDBLCHKVMD 
ODKVSLH YFLTHMCG>KVMWH G>BBCDRMLR EKR BC>MTLL 
7HGHME>, ? B?RPL B [HJ MH AE>KDBV DOG>ODC>CV BDOW-
CLR B J>@MLCAEDN mb <4,5 FDBKH [>BCDCMDN XLKVC-
G>TLL ? EL>F>PDMH DIDKD 5 4T, L ?WBDILN AGD?HMV 
SAJD? EKR BC>MTLN 'AJWS L .>K@>G M> BDDC?HCBC-
?AU^LQ YXXHICL?MWQ EL>F>PDM>Q [>BCDC. 

8 GHPAKVC>CH LBBKHED?>MLR DOM>GA]LKDBV 
BA^HBC?HMMDH DCKL[LH [>BCDCMWQ EL>F>PDMD?, M>L-
ODKHH YXXHICL?MWQ ? BJWBKH G>BFDPM>?>MLR FDE-
PHJMWQ REHGMWQ ?PGW?D?, EKR G>PMWQ BC>MTLN. .>I 
EKR BC>MTLN .>K@>G L 7HGHME> M>LKA[SLJ OWK EL>-
F>PDM [>BCDC DIDKD 5 4T. &KR BC>MTLN ;>I>M[L L 
'AJWS � EL>F>PDM [>BCDC DIDKD 2,5 4T, EKR BC>M-
TLL !DE@DGMDH � =,25 4T.  

)>I A]H OWKD DCJH[HMD, ELBFHGBLL F>G>JHC-
GD? EKR FDEPHJMWQ REHGMWQ ?PGW?D? DI>P>KLBV 
PM>[LCHKVMD JHMVSH, [HJ >M>KD@L[MWH ELBFHGBLL 
EKR PHJKHCGRBHMLN. _CD DOBCDRCHKVBC?D E>HC M>EH-
]EA M> ?DPJD]MDBCV LBFDKVPD?>MLR JHCDE> EKR 
G>PG>ODCIL M>EH]MWQ IGLCHGLH? G>BFDPM>?>MLR 
FDEPHJMWQ REHGMWQ ?PGW?D? ? J>KDLPA[HMMWQ ? 
YCDJ DCMDSHMLL G>NDM>Q (!>ILBC>M, $MELR). 
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Ëîáíîð ïîëèãîíûíäà¹û ÿäðîëûº æàðûëûñòàð ìåí æåð ñiëêiíóëåðäi àéìàºòûº àðàëûºòà àéûðûï òàíó 
 

2)ÊîïíèWåâ Þ.Ô, 2)Øåïåëåâ Î.Ì, 1)Ñîêîëîâà È.Í. 
 

1)Ãåîôèçèêàëûº çåðòòåó èíñòèòóòû 
2)Ðàñåé ¹ûëûì àêàäåìèÿñûìåí æåð ôèçèêàñû áiðiêêåí èíñòèòóòûíû»  º½ðàìà 

ñåéñìîëîãèÿëûº ýêñïåäèöèÿñû 
 

Ëîáíîð (²ûòàéäû» ñîëò¾ñòiê-áàòûñ á¼ëiãi)ïîëèãîíûíäà¹û ÿäðîëûº æàðûëûñòàðäû æ¸íå î¹àí æàºûí 
ìà»àéäà¹û æåð ñiëêiíóëåðäi àéûðûï òàíó æ¼íiíäåãi çåðòòåóëåðäi» ºîðûòûíäûñû àéòûëàäû. Ëîáíîð 
ïîëèãîíûíàí àéìàºòûº ºàøûºòûºòà îðíàëàñºàí ²àçàºñòàí òåððèòîðèÿñûíäà¹û Òàë¹àð, Ïîäãîðíîå,Çåðåíäà, 
Ìàºàíøû, ×óìûø ñòàíöèÿëàðûíàí àëûí¹àí 1976-1999 æûë¹û æàçáàëàð ºîëäàíûë¹àí.  

Pg/Pn Sn/Pn Sm/Pn Lg/Pn àìïëèòóòòûº ºàòûíàñû æ¸íå Ðï-ãå ºàòûñòû àìïëèòóòòûº ºàòûíàñû 
çåðòòåëãåí. ²îëäàíûë¹àí ¸äiñ 5Ãö. øàìàñûíäà¹û Òàë¹àð ìåí Çåðåíäà 2,5Ãö øàìàñûíäà¹û Ìàºàíøû ìåí 
×óìûø 1,25 Ãö øàìàñûíäà¹û Ïîäãîðíîå ñèÿºòû ¸ð ò¾ðëi ñòàíöèÿëàð¹à àðíàë¹àí æåð àñòû ÿäðîëûº 
ñûíàºòàðûí áåëãiëi äèàïàçîí æèiëiãiíäå àéûðûï òàíóäû» òèiìäiëiãií ê¼ðñåòòi. 
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Discrimination between Nuclear Explosions and Earthquakes at Regional Distances for Lop Nor Test Site 
 

2)Yu. F. Kopnichev, 2)O.M. Shepelev, V)I.N. Sokolova 
 

1)Institute of Geophysical Research 
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This paper shows the results of research on discrimination between nuclear explosions at Lop Nor test site, 
which is situated in the North Western part of China, and nearby earthquakes. The amplitude ratios Pg/Pn, Sn/Pn, 
Sm/Pn, Lg/Pn and coda amplitude to Pn ratios were used according to the records from the stations, located on the terri-
tory of Kazakhstan. The most effective for discrimination frequency ranges were estimated for each station basing on 
these relations. They differ significantly from station to station. 
 


