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JKVGNCISKPFPPBZ\[NEZMKFR[KPFCBPXTG\CZMK\ZVKF
\GL-SKPVGRK\CTGXPFDCGFF:RKSKGRRGFZB[GRKC-30IGNKO
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GNBGRYGNGDKF,PZMHZVGBKZCKQ,CK"ICKNKRSGQ,V\I-\YGGF,GFVYGNJFNZVGBFSBYNZ,BGRKCZSKJ\\N-BCKC

\YXKZ

CZMK\ZVKFFKBJKVGNYZKR\KRYGE\KFRPXBCJKVGN
C[B\G\NPKRKFQ.RDTKO\GLSKPVGRKKOP\BKPKOCPKGIE
NJKVGNCCZMK\ZVKF,PMKGGQ[FOCEZLMNNRPXBKO
CYKZC\BKCZKOFZDK[KONYZKRFIKXGRK\,MPGFNCGIGJ
F[KEZF,GPMKGGQ[CBPXTG\CZGRMGSYGVDPK[P\BV[Z\
DK[FNJKVGNC[B\G\VRKPKG\.JKVGNHFRG[BCTKYZ
BGVKVBNKBJKCK,GPJZ\GNFYNTNR[KP\O[NIGNKOTO
ISKP\EZMKFBGGKZ.[NG[KOIGNKOTCZGJKVGNKO
CZMK\ZVKKOMRDE[B\G\PPBKZG\CEZMKFR[KPFC\YG-
VF[CKQEXPCZ1997GKRGBZ.1999CBPXTG\CZGRMGS-
YGVKFVKCZBGVJK\FGIEZXR\Z\GL-SKPVGRKGEZMGFGMRS
PYGZYZKRF[NBKZKEKGO-192NYKZC\FRDT,C[RKKOBG
[NG[FJKVGNKO.\DGCG\IKGCKG\NJKVGN,MVK[RCEYG
BREGSYGVK\BGZRJDRK\NBIZFJKVGNRPXBGC-27P\GL
30FIGNKO[SKKPGB\FJKVGN)%90(,G[KVGZ\SPKRK
RYCTC-26)%86(.CZMK\ZVKFFKBJKVGNKTKNNV\KI\
ISKPG\PPBKZG\CEZMKFR[KPF.

FYEPF

FYZRG\FQFJKVGNFPYGCNCRDTKO[B\KKO[NFZKBF[BKQ
BV[ZG\NR\IO,BGNOCM-%40PQFIGNKOFPJGVNKO

CFYZRFPPYGZIKXGRK,IGHZ\GR[RK\FPINFCCK\-FIHF~1|.
C[RKOFBIZGRG\R\YCNFPIE[FCZMK\ZVKF,[FKBJKVGN
CYZKRFZEKGBYJKCK\CJGGIYXZ,M[KJFJKVGNK\NXEFFYZRF
FIKXGRK\~2=4|.PMKGGQ[FPJZFFCSKSK\[NZEKG\ZVKFFKB
NBV[ZPR\YZKRFP̂ZaK\NRDTFPPBKZ\GLPKHTGZFRHYCZKYPF
FCZKBFSCKCG,FZK[CZMK\ZVKFPBV[Z\N\\PRG\DEGNG\[N

YZKRFCBGVQPPGYENBHGZFZXGK,CYXCCKRGRK)2-12 GyN[TF(BG
BUDCGFKG\Z)PTN12 GyN[TF(,\GLPKHTGZP[LFJKVGN
GFRHY.

DGZPKOBIEKOFCKBGNVGVGNZKG\FP\IE[\[NFCZMK\Z-
VKF.F[KJFRGS\FNZB[GRFC\IKN\FPBF~5|BLREIYF
N[GNKKOC[RG\F[K[KOTOFGVT\PBKXKOYGGKKOCTNKBRZDKG\
DCGFG\NJKVGNC[B\G\PPBKZG\.FJMRKYFFHB\IHZFNZVZ-
JGBZFJKVGNKTYCVK\GIO[N[KVGZKOJMRGNGDKKO[BKV[ZG
NSDNFZVGBKNJVNCCJKIG\CPYGZG\HTKZKOCTNKZEKGBYJKCKG\
DCGFF.BNFMNNGB\[KJ\F-afterloading,CFPGIEZPYGZ
FYZKRFNPYGOFZXGKGPGXBPPRGNBIZFJKVGNCBGVQBGJGPJK
~6|,\GLGKEGBFPKYGOCBPXTG\CZGRMGSYGVVKCZBGVJKDPK[.
MPG-MQFGMRSGBKHGJGVKON[KPG[BG\ORK\QNFMKQMYGVSKG\
[BGZMQM-2=4P"PGTGCKKQVIG\P-1P"PGB[ZVTKNG\ODCGFF
P-10 Ci.FBKHGJGVKOFPYGCNKOFOBKZKEKGO-192(192Ir),XHKGO-

137(137Cs),BGVNEKGO-103(103Pd)FCJGIKOKG\ZNSDNFPJVN
PB[ZPYGZG\ZEKGO[FKGPYGCNKOCTCZ.PRGU[RKNFDCZ\
FVGVGNZKG\[NFCZMK\ZVKFFKFF[\MNNG\JMRKYG\FEKPG\
FPBV[ZG\MT\NFDEKZB\PKYGOFRDTGPPEKG,GNGGEBB\
FPKYGOFZXGK[NFPYGZG\FZEKGBYJKCKKOFPGIEZKO.

RDTKO\GL-SKPVGRKKOP\BKPKOCPKGIENCZMK\ZVKF,PMKGGQ
[CBPXTG\CZGRMGSYGVDPK[P\BV[Z\F[D\YKZCFN[B\G\
VRKPKG\,GBNGRPXBG\CEZLMNNCYKZCFNBKCZKOFZDK[KO
NYZKRF,MPGFNCGIGJF[KEZF.RDTKOPPBKZKO\GL-SKPVGRKKO
[N\BKO[BKROYJRKO)NSCLC(CEKZGDT1TET4BGDZGZG\
\GL-SKPVGRKG\R[RG\GIGEZG\,FOPJZG\NJKVGNCCZMK\ZVKFDO
C[NCKOFPGYEPKO[NFJKVGN,CPYGOBGCXEJKVGNYZKR\K
PPYGZIKXGRK,BOP\CZZ[BKBV[ZNR\IGBOBKQIEKZFN\GL
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FRFGZ)lumen(~7|.C[NCKOP\YEPKO[NSZJQFZKBG\FJKVGN
CCZMK\ZVKFFGBCTKYZVNKBJKCK.CIGNKOCFOYKKP\ISKP\
EZMKFR[KPF,RK\QNF[KD[KVGZ\SPKRKCTKYCG\SKEZ\JKVGNKO
YXZF~4,8=10|.NBIZJKVGNMHFRTNPKOFPGVJKHKSCM-%50TE
%90[NFIGNKO,GR[P\C-%50TE%65[NFPJGVNKO.[KVGZKO
BNFRP[MKOCEZLMNNNP[L5=7IGE[KO~11=14|.

CTCGEFHGBRGPEGGIKOTNSKEZ\IGNKOCSZJQCSKPVGRG\
[TCZGJKVGNCPMGRRGCZMK\ZVKFVNKBJKCK\,GTNF\GXBG\
[R\YCNGCJKVGNHF.

IGNKOG[KJG\

[NG[KOIGNKOTCZGJKVGNKOCZMK\ZVKKOMRDE[B\G\PPBKZG\CEZMK
FR[KPFCPMGRKONBGRYGNGDKFGNPING\ZKBFCPZMHFZVGBKZCKQ,C\YGVF
[CKQEXPCZ1997GKRGBZ1999)JCNFPS'1(.FFGZKG\NJKVGNMNNGYGXZ
R[KPF,\PJ,FPGVJKHKSGENY\ZKBG\P[RK\NISKPF.

NBIZBKNIG[PYGPKCBPXTG\NKEGYBKQ%2,PCGXT\CZGRMGSYGVKF
CCZGRMGSYGVDPK[,GBHGZFISKPFFZKB\KPHGFF.XR\ZBJGO)French 4.7(
PGIEZEZLFCZGRMGSYGVCBXTG\PGNKLY[KIT[GKP\M\FPPYOB\
FXR\ZCPZMHFISKPFF[B\K\.NBIZ[NKVFHFKZF[NFCZGRMGSYGV,
RYCTFXR\ZCPYGPGT"KFECY\GBNFBU)\PGRF1(GPKYGPGRCEYC[KYGU
ZKBG\NBIZFIEZ\PYGZEPFZEKGBGVYK)\PGRF2(;NT\KOPGIEZXR\Z
RGSUCYKZC\FZB[GQMEKNYXZB\P[LFFYZRFFREZ[.

FIGNFPGTCZNIEZFPXGKECPTZM\CYZFZBKK\K\GPM[KZJTKRF
BGJGPJK(Palo Alto, California, USA), Varisourse HDR remote

afterloaderFPMKNPYGZKIKE[N10YKZKCYXF[NIGJCBGZL150
S"P.NPM[KZRK\QNICZTET[ZKOXR\ZKO.IK[GCKFEGHGPJZKFFO[N500

cGyCZKIGY[N1S"PPQFPYGZ.

NBIZJKVGN[N5=10EYG\CNCE,R[NUFXR\Z,GCEZLMNNFIGNF
P[GIZZNCK\G.MNFJKVGNKORT[KOBVGBTNCSKSBPCGNJGZK.CIGNKOTO
ISKPFPNBFBGMPTJPNBF,RK\QJKVGNCNKKHZRKBGEKPKGO-KBD
)Neodymium-YAG(FPZIKCB\FINNGPBV[ZB\FIEZ\FXR\Z.

\GXBG\

R\GRKFIGNKOGVZJKOBGEG\PIN\OGPSGMPKOCJCNFPS'.1FJKVGNRK\Q
N-30IGNKOGCSL-FMNRK\RG78JKVGNKOMBNF,CPPGXTM-2.6JKVGNKO
NIGNF.N-5IGNKORK\QZYJKVGNBIE.

\DGCG\IKGCKG\NJKVGN,MVK[RCEYGCBGVQBGCKKYJKCKT"KXKNGO
ZRJDQBGCBPXTG\CZGRMGSYGVKF,RXVGC-27P\GL30FIGNKO)%90(,
G[KVGZ\SPKRK{C-26)%86(.IGNFBIE[FGVRFNJKVGNTYCFPGVJKHKS,
RVJZM[CGTNBIZFJKVGNPIP\FPGVJKHKSPSKCK.IGNFBIENYFCRXGZ
JZMBGBHGVDBK.C[RKFIGNKOY[FNFTZKLFBOF[B\TXPF,BGFJKVGN
DZPGNSKCGL.

F[KVGZFZRJDRKF[MKICKG\Z{FTNPG\F\PJFZKB\K[CTKYCG\
FISKPFFG[DC-4IGNKO.[KVGZZRJDRKRGSU[FGCIQC-2IGNKO,FKF
SVKDFPFKZF[NF\SRKQCZKBG\[CTKYCG\FISKPF.C-6IGNKORGSVKO
FGCIRFFYJR\FPKPXBCZRJDQ.

F[KVGZFCZGRMGSYGVKF\CJBCFTNPG\BGCFYJR\FPKPXBF\GL-
SKPVGRKGBGCIQC-21IGNKO.

JCNF1:IGNKOTOISKPG\\GL-ZKB\KG\

[JGVNGVNKBJKCK\CBPXTG\CZMK\ZVKF

DKNPPGXT)\IGO(68[')51=82['(
DCZKO/R[KO20/10

SGDF[B\FZB[GRK\
[B\CZKBF[NBP\BKOYJRKO24

[B\CZKBFP\BKOYJRKO2

DZGZG\SZJQF[E2

DZGZG\SZJQFjZM[\2

F\GGKG\TKYZKG\
YGXZR[KPF19

FPGVJKHKS5

ENY\ZKBFISKP\K\6

PYGOFISKPF
SKPVGQZB[KKPRK9

SKPVGQZB[K[PBNK10

SKPVGQFCKRKKO3

SKPVGQBGRFKPRK\TNKGRF3

SKPVGQBGRFKPRK\BPXTK\3

SKPVGQBGRF[PBNK\TNKGRF2

\PGRF1:IGNFNBIZFMRS\FXR\ZEZLFBUGPKYGPGCSKPVGQ.

\PGRF2:FXR\ZPPGYOC\GLFSKPVGQ.
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F[KVGZF\SPKRKF[MKICKG\ZFKF[KVGZCYGXZFR[KPFGFGCIQC-
18IGNKO,C-8IGNKOFRGSVKOINFFTNPG\BGFVI\\F[KTGN.

C-3P\GL5FIGNKO[\NGR\OFTKYZK\FKK\FFPGVJKHKS,FCKB
FJKVGNNFVSY\DRKI\FEO.

C-2IGNKOIHZF\PJCZKBFGRXVFCXKNGPKZRDJQ,GC-6IGNKO
FPKPXB[YJQNBIZFJKVGNFIN[GCNDEGN.

EKGQ

CZMK\ZVKFPGEZRK\FKB[KJFKTKNFNJKVGNVNKBJKCKC[B\G\
PPBKZG\CEZMKFR[KPF,MVK[PGCBCEKGGIHF.CTKYCG\FJKVGN
IN[KVGZ\SPKRKGBGCKKYJKCKCZGCO[NFPJGVNKO,CEGPF
NEKGGIKFO[NBIZKO~9,15|.[KVGZ\SPKRK,CTKYZ[KTGN
GFPGVJKHKS,\NGKCPKYGOFRDTCSKPVGRG\.FTZM\FXNI\
FJKVGNKOFKBPTJCTKK\K\MB[ZFISKPFF\GL-SKPVGRK\FKB
NNB\PJ,GREZ[\SZKY\BKGGZGZ-HKNGINFEDP\FYJR\FISKPF.

JKVGNINGVKFGBJKVGNCNKKHZ,CTKYZNKKHZPSGDRBGEKPKGO-
KBD,FVG\IISKPG\CSKPVGRG\CPFKZG\ZCF,BLP\Y[F
NF\DCZTNISKPG\DEGNG\GMZGLCSKCGMKOC[KTGZDCGFKISK\.
BGPRODOCCZMK\ZVKFR\YNKOCSKCGMKOFRGCTKOPPR\YZKRF
DCGFFCPKEFCN\KXVGKFM\GXBF[NFCENKOPYGPKKOCYGJZ
FRFGZBGCPKYGOFXR\Z.BNFPGVKTKOCEZLMNNMFPGVJKHKS,
SPVR\,RXGZGFKXZG\NBIZFJKVGNFCZMK\ZVK.BGNOMVK[RPXB
CTCGEFHGGCTCGEG\BIZG\,[KTGZFSKCGMKOGF\PG\FTYC
CZMK\ZVKFFGBCZPF[NBIGHKOPTJKO~12,15,16|,VIG\
PBNF[NJKVGNCNKKHZ.CIGNKOZCKO,[KNGC[NNKKHZNV\KIF
ZB[GRK\TOJKVGNCCZMK\ZVKF,KMGNNFCKBNV\KI\ISKPG\
\GL-SKPVGRKG\.

CZMK\ZVKFFKBNTK\KODOF[KJFFPGTEV\CJKVGNCSZJQ
FZKBF.F[\NF\GL-ZKYP\K\[NYGVSKG\ZEKGBYJKCKG\BG[N
BZKDDPK[[CGPXGKKODZDKZKKGEZEKGBYJKCK,EGGIFCSVZG\.BKQ
FSMPFTNPKE\FKTKNG\FKISK\[NJKVGNKOBNF,NCEBG
C[KNGCTOJMRKYG\BIZG\,MDGQMZK\FZEKYNK\BGINYK\,BG
FYZRFIKXGRK\~2|.

NVKML,NPZG\[BKQR\GRKOTNML,[CZMK\ZVKFP[VZ\B\
FFKGG\ZG\CIKKO[NFPJGVNKO,FZK[RK\QCBPXTG\FNFYNTN
IGNKOFNGYKOCISKPG\CZKBG\TYCSZJQZKBG\P\YEOBG
DZGZG\\GL-SKPVGRKG\.
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...BPB[NKBGPZ\[M[FKBDGPZ\NSZGDSGGEZ,BUBIENB
XZKLNET\MPFVTPKOVZPFGSZDFBG\G,BCNCPF[RVNPFSVZ
[NK,BV[ZFKFNVZRSTGEZGPQBG[RKKO.M\C\KBG\G[RF,GPIY\K
BG\G[NG[[RKO.
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