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8 BC>CVH DFLB>MD LBFDKVPD?>MLH I>KLOGD?D[MWQ ?PGW?D?, FGDLP?HEaMMWQ M> (HJLF>K>CLMBIDJ LBFWC>-
CHKVMDJ FDKL@DMH ? =997 L =998 @.@., EKR BDPE>MLR @DED@G>X> L DODO^aMMWQ BIDGDBCMWQ DEMDJHGMWQ JDEHKHN 
PHJMDN IDGW L ?HGQMHN J>MCLL FK>CXDGJHMMDN [>BCL )>P>QBC>M>. !GL?HEHMW C>OKLTW ?GHJHM FGDOH@> P, Pn, Pg, 
S, Sn, Lg-?DKM ? EL>F>PDMH DC 0 ED 740 IJ, BIDGDBCMWH JDEHKL: PHJMDN IDGW - ED @KAOLMW 44 IJ, ?HGQMHN J>MCLL 
- ED @KAOLMW =20 IJ. +D?WN @DED@G>X BG>?MHM B @DED@G>X>JL, FDKA[HMMWJL G>MHH )(_ $\7 ,+ (((# L 
IASPEI-9=. 

 
8 =997 @. L =998 @. M> (HJLF>K>CLMBIDJ LB-

FWC>CHKVMDJ FDKL@DMH FGD?HEHMW QLJL[HBILH 
?PGW?W, DBMD?MDN THKVU IDCDGWQ OWKD AML[CD]H-
MLH REHGMDN LMXG>BCGAICAGW L I>KLOGD?I> BHNB-
JL[HBILQ BC>MTLN JH]EAM>GDEMDN BLBCHJW JDML-
CDGLM@> #=$. !DBKH FGD?HEHMMWQ ? =997 @. 25-
CDMMWQ ?PGW?D? OWK FDBCGDHM B?DEMWN BQHJ>CL[H-
BILN @DED@G>X EKR G>BBCDRMLR ED 400 IJ L DFGHEH-
KHM ? FHG?DJ FGLOKL]HMLL DEMDJHGMWN BIDGDBC-

MDN G>PGHP LBBKHEAHJD@D OKDI> PHJMDN IDGW 2HM-
CG>KVMD@D )>P>QBC>M> #2$.  

+>BCDR^>R G>ODC> FDB?R^HM> ACD[MHMLU FD-
KA[HMMD@D @DED@G>X> L G>BFGDBCG>MHMLU H@D M> 
ODKVSLH G>BBCDRMLR FACHJ EDFDKMHMLR E>MMWJL, 
FDKA[HMMWJL ? GHPAKVC>CH GH@LBCG>TLL BHNBJL[H-
BILQ ?DKM DC ?PGW?D?, FGDLP?HEHMMWQ ? =998 @. � 
25-CDMMD@D M> FKD^>EIH 6>K>F>M L =00-CDMMD@D M> 
@DGMDJ J>BBL?H &H@HKHM. %O^LH B?HEHMLR DO YCLQ 
?PGW?>Q FGL?HEHMW ? C>OK. =. 

 
.>OKLT> =. %O^LH B?HEHMLR DO LBFDKVPD?>MMWQ I>KLOGD?D[MWQ ?PGW?>Q =998 @. 
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&KR FDBCGDHMLR @DED@G>X> LBFDKVPD?>KLBV 

P>FLBL BC>TLDM>GMWQ BHNBJL[HBILQ BC>MTLN +>-
TLDM>KVMD@D REHGMD@D THMCG> #HBFAOKLIL )>P>Q-
BC>M )AG[>CD?, ;>I>M[L, 8DBCD[MDH, 6DGD?DH, 'I>-
KD?D L 7HGHME>. )GDJH CD@D, OWK> DG@>MLPD?>M> 
GH@LBCG>TLR ?PGW?D? M> OKLPILQ G>BBCDRMLRQ - DC 
0.=IJ ED =5IJ BFHTL>KVMDN BHNBJL[HBIDN BHCVU LP 
[HCWGHQ ?GHJHMMWQ BC>MTLN, > C>I]H GH@LBCG>TLR 
?PGW?D? H^H E?AJR ?GHJHMMWJL BC>MTLRJL, G>BFD-
KD]HMMWJL ? G>NDMH BHKHMLN 6>RM>AK L )>GI>G>-
KLMBI (YCL BC>MTLL XAMITLDMLGD?>KL FGL FGD?HEH-
MLL BD?HCBID->JHGLI>MBID@D YIBFHGLJHMC> ? =988 
@DEA).(HNBJL[HBILH BL@M>KW M> OKLPILQ G>BBCDR-
MLRQ (DC 0.= IJ ED =5 IJ) GH@LBCGLGD?>KLBV B LB-
FDKVPD?>MLHJ DODGAED?>MLR K>ODG>CDGLL Los-
Alamos L FGL BDCGAEML[HBC?H B A[aMWJL YCDN K>OD-
G>CDGLL. &DICDG> 8.`.)LJ L M./>@@HGCL (1>JDMC-
&DQHGCBI>R PHJM>R DOBHG?>CDGLR (LDEO), )DKAJ-

OLNBILN -ML?HGBLCHC (:,) FGLMLJ>KL A[>BCLH ? 
P>FLBL GH@LDM>KVMWQ BL@M>KD? M> ?GHJHMMWQ L FD-
BCDRMMWQ BHNBJL[HBILQ BC>MTLRQ ? G>JI>Q BD@K>-
SHMLR JH]EA )DMBDGTLAJDJ AML?HGBLCHCD? (IRIS) 
L +>TLDM>KVMWJ 5EHGMWJ 2HMCGDJ #HBFAOKLIL 
)>P>QBC>M. %ODGAED?>MLH, LBFDKVPD?>MMDH M> ?GH-
JHMMWQ BC>MTLRQ, R?KRKDBV BDOBC?HMMDBCVU LDEO.  

#H@LBCG>TLR ?PGW?D? FGDLP?DELK>BV TLXGD-
?DN BHNBJL[HBIDN >FF>G>CAGDN FD CGHJ IDJFDMHM-
C>J � Z, N-S L E-W. +> ?GHJHMMWQ BC>MTLRQ GH@L-
BCG>TLU ?HKL BC>MTLL PASSCAL, M> BC>TLDM>GMWQ 
� BHNBJDFGLHJMLIL STS-2, REFTEK, M> BC>MTLRQ 
'I>KD?D L 8DBCD[MDH � BHNBJDFGLHJMLIL CMG-3, 
REFTEK, [CD DOHBFH[LKD ?WBDIAU CD[MDBCV DFGH-
EHKHMLR ?GHJHM, SLGDILN [>BCDCMWN L ODKVSDN 
ELM>JL[HBILN EL>F>PDM GH@LBCG>TLL BHNBJL[HBILQ 
BL@M>KD?. 8 C>OK. 2, ? FDGREIH ?DPG>BC>MLR YFLTHM-



$45%&'2%9"!$, /"&$6-%9%3!(: 92-(9%9 !" 4,7$5"&".$!4/%7 $45(.".,&'!%7  
5%&$0%!, +&* 8.%3!,!$* 4/%-%4.!%0% -"2-,2" 2,7!%) /%-( $ 9,-:!,) 7"!.$$ 

 

 46 

CG>KVMWQ G>BBCDRMLN, FGL?HEHM FHGH[HMV BC>MTLN, 
P>FLBL IDCDGWQ LBFDKVPD?>MW ? E>MMDN G>ODCH.  

 
.>OKLT> 2. 8GHJHMMWH L BC>TLDM>GMWH BHNBJL[H-
BILH BC>MTLL, GH@LBCGLGD?>?SLH I>KLOGD?D[-
MWH ?PGW?W =998 @., L BDDC?HCBC?AU^LH YFLTHM-
CG>KVMWH G>BBCDRMLR (/, IJ). 

 
%?J=K<O &CG ////, FP. 
8PGW? =00 CDMMWN, &H@HKHM. 
8WMDBM>R S3 3,3 
8WMDBM>R S6 5,9  
8WMDBM>R S4 ==,5 
8WMDBM>R S5 =3,6 
)AG[>CD? KUR =02 
)>GI>G>KLMBI  KKL =94 
6>RM>AK BAY 2=0 
;>I>M[L MAKZ 442 
8DBCD[MDH  VOS 589 
6DGD?DH BRV 652 
'I>KD?D CHK 670 
7HGHME>  ZRN 7=9 
8PGW? 25 CDMMWN, 6>K>F>M. 
)>GI>G>KLMBI  KKL 254 
6>RM>AK BAY 246 

 
+> GLB.= FGL?HEHMW P>FLBL Z-IDJFDMHMCW 

BHNBJL[HBID@D FDKR =00- CDMMD@D ?PGW?>, ?WFDK-
MHMMWH M>LODKHH OKLPILJL BC>MTLRJL S3, S4, S5, S6 
(C>OK.2), M> IDCDGWQ FD GHPAKVC>C>J >M>KLP> ?WEH-
KHMW FGDEDKVMWH, FDFHGH[MWH L FD?HGQMDBCMWH 
?DKMW. +> GLB.2 E>M> >M>KD@L[M>R P>FLBV BC>MTLL 
)AG[>CD? M> AE>KHMLL =02 IJ. +> P>FLBL YCDN BC>M-
TLL [HCID ?WEHKRUCBR E?> ?BCAFKHMLR DC =00-
CDMMD@D ?PGW?> FGDEDKVMWQ P - ?DKM B G>PMLTHN ?D 
?GHJHML 3,3B, FGL[HJ ?CDGDH LP MLQ FD LMCHMBL?MD-
BCL FGH?DBQDELC FHG?DH. 8 FDFHGH[MWQ S -?DKM>Q 
C>I]H ?WEHKRUCBR E?> ?BCAFKHMLR, FDBKH IDCDGWQ 
M>OKUE>UCBR D[HMV LMCHMBL?MWH FD?HGQMDBCMWH 
?DKMW. 8 P>FLBRQ 25-CDMMD@D ?PGW?> =997@. ?CDGWH 
P L S ?BCAFKHMLR ?WEHKHMW MH OWKL. )>I ?WRBML-
KDBV, YCD DCG>]HMMWH DC @G>MLTW ;DQDGD?L[L[> 
?DKMW )-(

MP  L )-(
MS , IDCDGWH [GHP?W[>NMD GHEID 

AE>HCBR BCDKV DC[HCKL?D M>OKUE>CV M> BHNBJL[H-
BILQ P>FLBRQ.  

) M>LODKHH LMCHGHBMDN [>BCL @DED@G>X> ? 
FGHEHK>Q G>BBCDRMLN =80-250IJ, @EH FGDLBQDELC 
BJHM> CLFD? ?DKM, ?BCAF>U^LQ M> P>FLBL FHG?WJL, 
DCMDBRCBR P>FLBL BC>MTLN )>GI>G>KLMBI L 6>RM>AK. 
.GHQIDJFDMHMCMWH P>FLBL =00-CDMMD@D ?PGW?> YCLQ 
BC>MTLN FGL?HEHMW M> GLB.3. 7>GH@LBCGLGD?>MMWH 
FGDEDKVMWH ?DKMW LJHUC BKD]MAU BCGAICAGA. +>-
[>KD @GAFFW FGDEDKVMWQ ?DKM B?RP>MD B J>KDLM-
CHMBL?MWJL MLPID[>BCDCMWJL IDKHO>MLRJL, FGD-
EDK]>U^LJLBR 0,6B � 0,8B. 8BKHE P> MLJL ?BCAF>HC 
?WBDID[>BCDCM>R Pn-?DKM>, FGH?DBQDER^>R LQ FD 
LMCHMBL?MDBCL. ;>IBLJ>KVMWH IDKHO>MLR ? #-
?DKM>Q B?RP>MW B Pg-?DKMDN. $Q LMCHMBL?MDBCV ? 
MHBIDKVID G>P FGH?DBQDELC LMCHMBL?MDBCV Pn-

?DKMW L HH MLPID[>BCDCMD@D FGHESHBC?HMMLI>. 8 
@GAFFH S ?DKM AE>HCBR ?WEHKLCV Sn-?DKMA, Q>G>ICH-
GLPAU^AUBR BJH^HMLHJ EDJLM>MCMWQ FHGLDED? ? 
ODKHH EKLMMDFHGLDEMAU DOK>BCV L MHIDCDGWJ GDB-
CDJ >JFKLCAE FD BG>?MHMLU B #-IDEDN. 7>CHJ DCJH-
[>HCBR Lg-?DKM>, B IDCDGDN B?RP>M J>IBLJAJ LMCHM-
BL?MDBCL YCDN [>BCL P>FLBL.  

+> P>FLBL BC>MTLL ;>I>M[L ?DKMD?>R I>GCL-
M> ? #-?DKM>Q C>I]H BKD]M>R. 8 CH[HMLH FHG?DN 
BHIAMEW DCJH[HMW MLPID[>BCDCMWH IDKHO>MLR BK>-
ODN LMCHMBL?MDBCL. 7>CHJ [HCID ?WEHKHMD ?BCAFKH-
MLH ?WBDID[>BCDCMDN Pn-?DKMW. 'HGHP 8,8 B DCJH-
[HMD M>[>KD Pg-?DKMW - M>LODKHH LMCHMBL?MDN ? 
@GAFFH FGDEDKVMWQ ?DKM. 8 @GAFFH FDFHGH[MWQ 
?DKM DCJH[HMW E?> CLF> ?DKM � Sn L Lg. 
 

 
 
7,+.J. 2'<,+, J00--)&&)/) FA(:F' F:&)+&:., 
+-'&>,*. 1"(-,='89&'* =).<)&"&-'. (."#$% 
F"(-,='89&:., 8,&,*., 2 +"=). 
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MS  

 
 

7,+.2. 2'<,+9 J00--)&&)/) FA(:F'. L-'&>,, D%(-
C'-)F. 1"(-,='89&'* =).<)&"&-'. (."#$% F"(-
-,='89&:., 8,&,*., 5 +"=) 

 
+> M>LODKVSHJ AE>KHMLL - ? BHNBJL[HBIDN 

@GAFFH 6DGD?DH (GLB. 4) BCGAICAG> P>FLBHN BQDEM> 
EKR ?BHQ BC>MTLN. 8 #-?DKM>Q ? DBMD?MDJ M>OKUE>-
UCBR CGL ?BCAFKHMLR: MLPID[>BCDCMDH FHG?DH, FDBKH 
MH@D FGLJHGMD [HGHP BHIAMEA - ?WBDID[>BCDCMDH 
?CDGDH (Pn) L, M>IDMHT, [HGHP =0-=2 BHIAME Pg-
?DKM>. (DDCMDSHMLH LMCHMBL?MDBCHN Pg L Pn ?DKM 
LPJHMLKDBV ? FDKVPA Pn-?DKMW. 8 @GAFFH S-?DKM 
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?WEHKHMW Sn- L Lg- ?DKMW. ;>IBLJ>KVMWH IDKHO>-
MLR DCMDBRCBR I Lg- ?DKMH. 
 

 
 
7,+.3. 2'<,+, J00--)&&)/) ='8,6()F)C&)/) FA(:F'. 
L-'&>, E'*&'%8, D'(='('8,&+=. 1"(-,='89&'* , 
/)(,A)&-'89&:" =).<)&"&-:. (."#$% F"(-,-
='89&:., 8,&,*., J5 +"=). 

 

 
 
7,+.4. 2'<,+, J00--)&&)/) FA(:F'. L-'&>,, +";+-
.,C"+=); /(%<<: E)()F)". 1"(-,='89&'* =).<)-
&"&-'. (."#$% F"(-,='89&:., 20 +"=). 

 
(HNBJD@G>JJW ?BHQ BC>MTLN OWKL LBFDKVPD-

?>MW EKR FDFDKMHMLR @DED@G>X>, BDBC>?KHMMD@D FD 
E>MMWJ I>KLOGD?D[MWQ ?PGW?D? =997 @.#2$. +D?WH 
E>MMWH FDP?DKLKL FDBCGDLCV @DED@G>X ()-98, FGL-
?HEHMMWN M> GLB. 5. !GL H@D FDBCGDHMLL P>FDKMHMW 
EL>F>PDMW G>BBCDRMLN, ? IDCDGWQ A FHG?D@D ?>GL-
>MC> @DED@G>X> DBC>?>K>BV MHDFGHEHKHMMDBCV - ? 
DOK>BCL ?WQDE> ? FHG?WH ?BCAFKHMLR Pn-?DKM (ED L 
FDBKH). -E>KDBV FGDEDK]LCV @DED@G>X ED 740 IJ B 
?DKMDN Pn ? FHG?WQ ?BCAFKHMLRQ FGLJHGMD B G>?-
MDJHGMWJ S>@DJ FD G>BBCDRMLU. !DKH ELBIGHCMWQ 
PM>[HMLN ?BCAFKHMLN ?BHQ CLFD? P L S ?DKM FHGH?D-
ELCBR ? BLBCHJA ?GHJHM FGDOH@> FGL FDJD^L JHCD-
E> @G>XL[HBIDN LMCHGFDKRTLL BDDC?HCBC?AU^LQ 
BHNBJL[HBILQ X>P. 

8 M>[>KVMDN [>BCL @DED@G>X> ()-98, M> G>B-
BCDRMLL 0-=60IJ (BC>MTLL S3-S6, )AG[>CD?) FDKA[H-
M> AMLI>KVM>R EKR G>NDM> LMXDGJ>TLR D EDIGLCL-
[HBILQ DCG>]HMLRQ ?DKM P;DCG L S;DCG FD C>I M>PW-
?>HJDN "M>[>KVMDN CD[IH", IDCDG>R G>PEHKRHC @DED-

@G>X DCG>]HMMDN ?DKMW M> [>BCL - EDIGLCL[HBIAU 
L P>IGLCL[HBIAU, > C>I]H IDMCGDKLGAHC M>[>KD 
?DKM Pn L Sn ?D ?CDGWQ ?BCAFKHMLRQ. -MLI>KVMDBCV 
FDKA[HMMWQ E>MMWQ P>IKU[>HCBR ? CDJ, [CD OK>@D-
E>GR PM>[LCHKVMDN JD^MDBCL ?PGW?> L FGHLJA^H-
BC?>J LBFDKVPAHJDN BHNBJDKD@L[HBIDN >FF>G>CAGW, 
GH>KLPD?>MW ABKD?LR ?WEHKHMLR EDIGLCL[HBILQ 
DCG>]HMMWQ ?DKM DC @G>MLTW ;, IDCDGWH FG>ICL-
[HBIL MLID@E> MH GH@LBCGLGAUCBR M> J>KWQ YFL-
THMCG>KVMWQ G>BBCDRMLRQ FGL M>OKUEHMLRQ CLF> 
4(7 LP-P> MHOK>@DFGLRCMWQ Q>G>ICHGLBCLI GH@LBC-
GLGAU^LQ I>M>KD? (J>KWN ELM>JL[HBILN EL>F>-
PDM, APIDFDKDBM>R [>BCDCM>R Q>G>ICHGLBCLI>). _CL 
?DKMW DOW[MD FDEJHMRUCBR YIBCG>?>@>MCMWJ M>-
ODGDJ BFDG>EL[HBILQ DBHN BLMX>PMDBCHN, GH@LBC-
GLGAHJWQ M> D]LE>HJWQ ?GHJHM>Q. 8WEHKHMLH 
>OBTLBBW M>[>K> ?DKM Pn L Sn C>I]H ?HBVJ> ?>]MD 
L LMXDGJ>CL?MD, FDBIDKVIA E>HC ?DPJD]MDBCV G>P-
EHKVMD L IDGGHICMD ?W[LBKRCV BIDGDBCMWH JDEHKL 
PHJMDN IDGW L J>MCLL. 

!DKA[HMMWN @DED@G>X DBMD?MWQ BHNBJL[H-
BILQ ?DKM EKR G>BBCDRMLN 0-740 IJ - ()- 98, ? TLX-
GD?DJ ?LEH FGHEBC>?KHM ? C>OK. 3. 7EHBV B S>@DJ 
=0IJ-20IJ FGL?HEHMW [LBKHMMWH PM>[HMLR ?GHJHM 
FGDOH@> ?DKM P, Pn, Pg, S, Sn, Lg. 
 
.>OKLT> 3. %ODO^HMMWH @DED@G>XW DBMD?MWQ 

BHNBJL[HBILQ ?DKM ()-98 
 

////, FP ., Pg Pn S, Lg Sn 

0 0,0  0,0  
=0 =,8  3,3  
20 3,5  6,3  
30 5,2  9,3  
40 7,0  =2,=  
60 =0,4  =7,4  
80 =3,6  22,9  
=00 =6,7 20,2 28,3 35,6 
=20 20,0 22,3 34,0 39,= 
=40 23,2 24,8 39,6 43,2 
=60 26,4 27,3 45,4 47,5 
=80 29,6 29,9 5=,0 5=,9 
200 32,8 32,6 56,8 56,4 
220 35,8 35,2 62,2 60,9 
240 39,0 37,9 68,0 65,6 
260 42,2 40,5 73,4 70,= 
280 45,4 43,= 78,8 74,5 
300 48,5 45,6 84,2 79,0 
320 5=,7 48,2 89,5 83,5 
340 54,7 50,9 94,9 87,9 
360 57,8 53,5 =00,3 92,4 
380 60,8 56,2 =05,6 97,0 
400 63,8 58,8 ==0,9 =0=,3 
420 66,8 6=,4 ==6,2 =05,6 
440 69,9 63,8 =2=,6 =09,9 
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////, FP ., Pg Pn S, Lg Sn 

460 73,0 66,3 =26,8 ==4,0 
480 76,0 68,6 =32,0 ==8,2 
500 79,0 7=,= =37,4 =22,5 
520 82,0 73,5 =42,8 =26,6 
540 85,0 75,9 =48,= =30,9 
560 88,0 78,3 =53,3 =35,0 
580 9=,= 80,7 =58,5 =39,0 
600 94,= 83,0 =63,7 =42,8 
620 97,= 85,4 =68,9 =46,5 
640 =00,2 87,6 =74,3 =50,2 
660 =03,3 90,0 =79,6 =54,= 
680 =06,2 92,4 =84,6 =58,3 
700 =09,2 95,0 =89,4 =62,4 
720 ==2,2 97,5 =94,= =66,6 
740 ==5,3 =00,0   

 
6WKD FGD?HEHMD BDFDBC>?KHMLH FDKA[HMMD@D 

@DED@G>X> ()-98 B LBFDKVPAHJWJ EKR LBBKHEAHJD@D 
G>NDM> @DED@G>XDJ, BDBC>?KHMMWJ ? )DJFKHIBMDN 
BHNBJDKD@L[HBIDN YIBFHELTLL ()(_) $MBCLCAC> 
\LPLIL 7HJKL ,+ (((# ? =964 @. #3$, > C>I]H B 
@DED@G>XDJ IASPEI-9=.  

8BH CGL JDEHKL FG>ICL[HBIL DELM>ID?W EKR 
Pn- L Sn- ?DKM ?D ?BaJ LPA[>HJDJ EL>F>PDMH G>B-
BCDRMLN. &KR Pg ?DKMW BA^HBC?AUC PM>[LCHKVMWH 
DCIKDMHMLR ?W[LBKHMMWQ ?GHJaM FGDOH@> @DED@G>-
XD? IASPEI L )(_. (IDGDBCV YCDN ?DKMW FD @DED-
@G>XA ()-98 FGH?WS>HC BDDC?HCBC?AU^LH PM>[HMLR 
? E?AQ EGA@LQ JDEHKRQ. 8 JHMVSHN BCHFHML, MD YCD 
C>I]H B?DNBC?HMMD L Lg �?DKMH. #>BQD]EHMLR ? @D-
ED@G>X>Q BC>MD?RCBR FDMRCMWJL, HBKL A[HBCV, [CD 
@DED@G>XW, BDBC>?KHMMWH FD PHJKHCGRBHMLRJ, Q>-
G>ICHGLPAUC DGD@HMMAU ML]MUU [>BCV PHJMDN ID-
GW, @EH FD BG>?MHMLU B FK>CXDGJDN BIDGDBCL Vp L 
Vs LJHUC JHMVSLH PM>[HMLR. +D?WN @DED@G>X, FD-
BCGDHMMWN FD I>KLOGD?D[MWJ ?PGW?>J, R?KRHCBR 
Q>G>ICHGLBCLIDN LJHMMD FK>CXDGJHMMDN IDGW. 
(D?F>EHMLH @DED@G>XD? Pn B?LEHCHKVBC?AHC D FGL-
JHGMD G>?MWQ PM>[HMLRQ Vp ? EL>F>PDMH @KAOLM 45-
=20 IJ J>MCLL M> FK>CXDGJH L ? DGD@HM>Q. 

&DBCL@MACDN EKLMW @DED@G>XD? B LPOWCIDJ 
Q?>C>HC EKR CD@D, [CDOW LPA[>CV BIDGDBCMAU JDEHKV 
PHJMDN IDGW M> FK>CXDGJH M> ?BU HH JD^MDBCV FD 
@DED@G>X>J P+Pg L S+Lg, DFLBW?>U^LJ «FGRJWH» 

GHXG>@LGD?>MMWH ?DKMW, FGDMLI>U^LH ED HH FD-
EDS?W. .>I, M> (HJLF>K>CLMBIDJ LBFWC>CHKVMDJ 
FDKL@DMH, @EH BGHEMRR @KAOLM> @G>MLTW ; - 44 IJ 
(FD E>MMWJ ;%87 L 4(7), EKR HH LPA[HMLR EDBC>-
CD[M> EKLM> @DED@G>X> FDGREI> 600 IJ. &>KHH FGD-
BKH]L?>UCBR IAKLBDDOG>PMWH DBL BLMX>PMDBCHN, 
M>FGRJAU BDDC?HCBC?AU^LH CLF>J ?DKM Pg L Lg L 
@HMHPLBA, FGLFLBW?>HJDJA LJ ? YIBFHGLJHMC>KV-
MDN BHNBJDKD@LL. .>ILJ DOG>PDJ, GH>KLPD?>M> ?DP-
JD]MDBCV LPA[HMLR BIDGDBCMWQ Q>G>ICHGLBCLI 
FK>CXDGJHMMDN IDGW, > C>I]H, [CD DBDOHMMD ?>]MD, 
JD^MD@D BKDR ?HGQMHN J>MCLL (80IJ), [CD MHEDB-
CAFMD 4(7 B DOW[MDN EKLMDN @DED@G>X> ED 250-
300IJ, > C>I]H BHNBJDKD@LL ? B?RPL B DCBACBC?LHJ 
M> FK>CXDGJH BLKVMWQ PHJKHCGRBHMLN EKR HH EH-
C>KVMD@D LPA[HMLR. 

!GL ?W[LBKHMLRQ DEMDJHGMDN DODO^HMMDN 
BIDGDBCMDN JDEHKL G>PEHKVMD EKR BDDC?HCBC?AU-
^LQ @DED@G>XD? PHJMDN IDGW L J>MCLL FGLJHMHMD 
GHSHMLH DOG>CMDN P>E>[L GHXG>@LGD?>MMWQ ?DKM 
«$+8"#(» [4]. ,K@DGLCJ FDP?DKRHC ?W[LBKLCV 
A[>BCIL BH[HMLR B FDKD]LCHKVMWJL L DCGLT>CHKV-
MWJL PM>[HMLRJL @G>ELHMC> zV 11 / . 8 M>SHJ 
BKA[>H BGHE> EKR FDKA[HMLR DEMDJHGMD@D BH[HMLR 
OWK> FGHEBC>?KHM> ? ?LEH FKDBIDF>G>KKHKVMWQ 
BIDGDBCMWQ BKDa?. _CD FDP?DKLKD LBFDKVPD?>CV 
>K@DGLCJ GHSHMLR E?AJHGMDN DOG>CMDN P>E>[L EKR 
?W[LBKHMLR BIDGDBCMDN JDEHKL. !DKA[HMMWH BID-
GDBCMWH JDEHKL FGHEBC>?KHMW M> GLB. 6 L ? C>OK. 4, 
5, 6. +> GLB. 6, EKR BG>?MHMLR, FDI>P>MW DODO^aM-
MWH JDEHKL FGDEDKVMWQ L FDFHGH[MWQ ?DKM PHJMDN 
IDGW, FDKA[HMMWH G>MHH JHCDEDJ 4(7. 

8 OKL]>NSHJ OAEA^HJ FGHEFDK>@>HCBR FGD-
?HBCL FGD?HGIA MD?DN JDEHKL M> CHBCD?WQ FGLJH-
G>Q, ? I>[HBC?H IDCDGWQ FGHEFDK>@>HCBR LBFDKVPD-
?>CV BKHEAU^LH E>MMWH, FDKA[HMMWH M> CHGGLCD-
GLL (HJLF>K>CLMBID@D LBFWC>CHKVMD@D FDKL@DM>: 
MD?WQ I>KLOGD?D[MWQ ?PGW?D?, FGD?HEHMMWQ ? 
=999 -2000 @.@., FDEPHJMWQ REHGMWQ L QLJL[HBILQ 
?PGW?D?, FGD?HEHMMWQ ? BD?HCBIDH ?GHJR; PHJKHCGR-
BHMLN B YFLTHMCG>JL ?OKLPL FDKL@DM>. #HPAKVC>CW 
CHBCLGD?>MLR FDP?DKRC DTHMLCV, M>BIDKVID MD?>R 
JDEHKV AKA[SLC KDI>KLP>TLU BHNBJL[HBILQ BDOW-
CLN FGL LBFDKVPD?>MLL P>FLBHN G>PKL[MD G>BFDKD-
]HMMWQ BHNBJL[HBILQ BC>MTLN. 
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7,+.6. 06)65"&&'* +=)()+-&'* .)$"89 <()$)89&:? , <)<"("C&:? F)8& A".&); =)(: , F"(?&"; .'&-,, $8* M"&-
-('89&)/) D'A'?+-'&' <) A'<,+*. ='8,6()F)C&:? FA(:F)F (+<8)R&'* 8,&,*) , $'&&:. HL2 (<%&=-,(&'* 8,-
&,*). 

 
.>OKLT> 4. %ODO^HMM>R BIDGDBCM>R JDEHKV PHJMDN IDGW FD E>MMWJ 4(7. 
  
H, 
FP  40 37.5 35 32.5 30 27.5 25 22.5 20 =7.5 =5 =2.5 =0 7.5 5 2.5 0 ////, FP 

Vs 3.99 3.93 3.9= 3.89 3.85 3.82 3.79 3.77 3.78 3.77 3.70 3.67 3.64 3.63 3.60 3.45 2.90 Vs, 
FP/> 

Vp 6.74 6.75 6.80 6.86 6.87 6.75 6.57 6.45 6.35 6.28 6.30 6.30 6.30 6.20 6.=5 6.00 5.25 Vp, 
FP/> 

 
.>OKLT> 5. #>B[HCM>R BIDGDBCM>R JDEHKV PHJMDN IDGW FD @DED@G>X>J DC I>KLOGD?D[MWJ ?PGW?>J. 
 

Vs Vp Vs Vp 
H, FP V, FP/> H, FP V, FP/> H, FP V, FP/> H, FP V, FP/> 
0.= 3.=8 0.= 5.72 32.0 3.76 37.8 6.64 
2.6 3.39 =.8 5.78 36.7 3.77 39.7 6.62 
6.0 3.73 5.2 6.06 40.4 3.82 4=.9 6.62 
8.2 3.67 8.6 6.24 42.4 3.78 44.0 6.66 
==.0 3.6= =0.9 6.29 44.0 3.79   
=4.4 3.60 =4.3 6.3=     
=7.3 3.6= =7.3 6.45     
2=.9 3.68 =8.8 6.36     
26.0 3.73 23.6 6.40     
28.6 3.73 32.= 6.52     
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.>OKLT> 6. #>B[HCM>R BIDGDBCM>R JDEHKV J>MCLL FD @DED@G>X>J DC I>KLOGD?D[MWQ ?PGW?D?. 
 

Vs Vp 
H, FP 

C? TCB@AQ=C>?< 
2, FP 
C? 1 

Vs H, FP 
C? TCB@AQ=C>?< 

2, FP 
C? 1 

Vp 

44.= 0.= 4.88 44.= 0.= 8.0 
44.4 0.4 4.88 44.4 0.4 8.0 
47.2 3.2 4.77 45.9 =.9 7.94 
52. 8.6 4.70 49.7 5.7 7.84 

58.4 =4.4 4.65 54.3 =0.3 7.8= 
63.9 =9.9 4.67 57.6 =3.6 7.88 
68.7 24.7 4.67 60.9 =6.9 7.82 
73.9 29.9 4.65 65.= 2=.= 7.80 
78.6 34.6 4.70 68.8 24.8 7.82 
82.0 38.0 4.74 76.2 32.2 8.05 
85.= 4=.= 4.75 84.6 40.6 8.24 
88.2 44.2 4.77 88.4 44.4 8.3= 
99.7 55.7 4.93 92.6 48.6 8.35 
==6.2 72.2 5.=6 =0=.2 57.2 8.47 
=22.2 80.2 5.25 =07.6 63.6 8.62 

   ==0.9 66.9 8.46 
   ==5.4 7=.4 8.4= 

 
0<?@AJ?HAJ. 
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1)Ãåîôèçèêàëûº çåðòòåó èíñòèòóòû 
2)²Ð Áiëiì æ¸íå ¹ûëûìè ìèíèñòðëiãiíi» ñåéñìîëîãèÿ èíñòèòóòû 

 


1997 æ¸íå 1998 æûëäàðû á½ðûí¹û Ñåìåé ïîëèãîíûíäà 25 æ¸íå 100 òîííàëûº çàðÿäïåí æàñàë¹àí 
ä¸ëäiêòåó æàðûëûñòàðäû, 0-äåí áàñòàï 720 êì àðà ºàøûºòà îðíàëàñºàí ²àçàºñòàí àóìà¹ûíäà áið ºàòàð 
ñàíäûëûº ñåéñìèêàëûº ñòàíöèÿëàð òiðêåäi.²àçàºñòàííû» ò½¹ûðíàìàëûº á¼ëiìiíäåãi ºûðòûñòû» æ¸íå 
æî¹àð¹û æàºòà¹û ìàíòèÿíû» ãîäîãðàôûí æ¸íå  áið ¼ëøåìäåãi æûëäàìäûºòàðäû» æèíàºòàë¹àí ìîäåëií 
æàñàó ¾øi», ñåéñìîãðàììàëàð ºîëäàíûë¹àí. 0-äåí áàñòàï 740 êì àóºûìäà Ð, Ðn, Pg, S, Sn, Lg  
òîëºûíäàðäû» ¼òó óàºûòû êåñòåìåëåði, ºûðòûñòû» 44 êì òåðå»äiêêå øåií æ¸íå æî¹àð¹û æàºòà¹û 
ìàíòèÿíû» 120 êèëîìåòð òåðå»äiêêå øåií æûëäàìäûëûº ìîäåëi ê¼ðñåòiëãåí. Æà»àäàí æàñàë¹àí ãîäîãðàôòû 
ºîëäàíûï æ¾ðãåí ÊÑÝ æ¸íå IASPEI - 91 ãîäîãðàôòàðìåí ñàëûñòûðó æ½ìûñû ¼òêiçiëäi. 
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Using Calibration Explosions at Semipalatinsk Test Site for Adjustment of Velocity  
Cross-Section of Earth Crust and Upper Mantle 
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The calibration explosions, conducted at former Semipalatinsk test site in =997 and =998, with charge of 25 tons 
and =00 tons, were recorded by a number of digital seismic stations, located in Kazakhstan at distances varying from 0 
to 720 kilometers. The recorded seismograms were used for creation of travel time curves and generalized one-
dimensional velocity models of the crust and upper mantle of the platform region of Kazakhstan. The travel time tables 
were obtained for the P, Pn, Pg, S, Sn, Lg phases for a distance range from 0 to 740 kilometers, and velocity model of 
the Earth's crust to the depth 44 kilometers and the mantle to the depth up to =20 kilometers. A comparison of compiled 
hodograph with existing CSE and IASPEI-9= hodopraphs was made. 
 
 


