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Full-circuit Numerical Simulation of Single-stage LTD Cavity Based on
the Bergeron Algorithm
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Abstract: Based on the Bergeron algorithm, a full-circuit numerical calculation model of the discharge branch and the
single-stage cavity of linear transformer driver (LTD) is established. The self-consistent simulation from discharge
branches to the LTD cavity is realized by combining experimental results from spark channel resistance tests of gas
switches and discharge characteristic tests of the LTD cavity. The results show that the output characteristics of the LTD
cavity can be accurately predicted by taking into account the dynamic characteristics of the spark channel resistance of
gas switches, the electromagnetic coupling between the discharge branches, and the triggering closed time of gas switches.
When the LTD cavity is charged at +100 kV, the peak output power is 82 GW, and the resistance load energy efficiency is
about 80%; meanwhile, the energy loss ratio due to gas switch spark channel resistance is 5.7%. The single-stage LTD
full-circuit simulation method established in this paper lays a foundation for the simulation of LTD pulsed power devices.

Key words: linear transformer driver(LTD); Bergeron algorithm; spark channel resistance of gas switches; mutual in-

ductance of discharge bricks; energy efficiency

0 55

B2 A4S I 28 9K 5 Y5 (linear transformer driver,
LTD)E R — AR KB ik b T 22 AR A A S HOR
Pz —, W AT R BIRECTIR . i E R,
DN HCE K B K SR, T 2 Z FEda i 20 o)
AR Rk Bk X5 A S SR B SR T 3

il

BEeRBWMA: HEARPFIEE(12275222); BRITH B AREIERIT
FiHK1(2025JC-JCQNO039).

Project supported by National Natural Science Foundation of China
(12275222), Natural Science Basic Research Program of Shaanxi Prov-
ince(2025JC-JCQN039).

PIFER04, @57 LTD 4 BB TR, Uk
AW LTD f b PR RE(HIR . M. ThESE),
FAMFF R TR BEEOIRAS . Bk 2.
BRE A 55 DR 30 ks YRR R 2 e, & LTD
BETHR AL A AT BB ) S B A T 1501,

f£ LTD FERALLIT I, 3% SEHh Y E 5 s
=, PR AT BEE TR SR T
1L 40 2% 97 i (transmission line code, TL-code) /7 Al
L5 B4CRY SCREAMEREIFT BERTHAPL, i H]
PSpice FAFIOGER G [ TR SCEE A LTD ik Js i
HL PR AL O-12], [F P 3= 2R H TL-code. PSpice 45



PEoRT, EHBeWg, VAR, S ST IR RS .2 LTD 4 i U i 1937

TERE T LTD it R A0 PR 3R AT 9213160, 50
TR SRR A () B RERR A YL R OC Al I 1 ) HK
PEOTI810 RO H R ION, REERE 0204, gD it
AR5 LR B B AT -

X LTD HLBR LA AT 5% 25 70 Bk, PSpice Hift:
V4 PR 1) PR FL 1 ) R 9 ik oy TR, S
fEFIEARE, AN aT ik G A T H AU SR ) 221
T H H IR 75T DUA e 5% (Bergeron algorithm)
(R ERLER LTD ki re S R AUBIE 7T, BRiE 1 A28 )
WRPE) DU RIEA RGO THRA, Aot
PR ABSE L, R AR R A S A
RETCAF MRS S Uik, S5 RO FEIE B AT HL IR
VRSN TCAFRY, AH ECHE g O A 55 2509 R IR FE
JEJEAT L BH T ) TL-code J77%1251, 78 AL F REHE
A HLER I B A 224,

ASCIERT IR 7o 2t b, FEAeh TR T A
e SR LTD  J50HL S % A B 20 A5 He 4 v g A 1Y 4
SLOTVE, BT RARTE IR KA IEE B A R
TR SR B AR A T Ok S I N 2 55 S
DA PG 22 58 388 K 7 R P A6 A% F5 AR 58 BT I AT ok 7
AL % MA H.9% LTD SREOCRHG], 455548
KK ACIHIE FEBHA LTD F Bk s e P (1 s 56 &5
XA AT BIE , ST T AT PR S B 38 R AR
EVARL, FEiH5 7 LTD [ e BE 40 RE AN A A%
LyE

1 HERIER

1.1 R

IEF TR 2 AN A A T ARG e
& LTD [R5 A TR FE 5T, FRAFE TS SRR, F s
FAEMERS, K s SO e B R e i, i
17X ERZHONGE, AT R A5 2% i BoR L H 45 S
Z4 . SR TR ST s i P e HOE R AR S
AW 1R Coi NXCEEHEZ, ST 21 H
B SERCR IR AY s Lok NS BB DL
FF O HRA 5 R P 55 200 B HL R Rriok J9SCEE N FH,
NEEE, B 7 HASENE, EEEHSE S A
FF 5, 70V B 0] 538 5 Lswiten J9FF KL IH 18 HLIEK
Rswien NFF R KAEIEIE HIBH, Jy—> B I 18] 2246 1) 3
BME; Lioad NIHEHEIE; Rioad N HEHETH

BT DI RHERY, i gy, RS RE ot
UL, SEITHE R WE 2 B, B Iobhicke

AY Iy ._\: ‘\ ‘\ . .
Iibrick~ ILswtich~ ILload 7'3 ;ﬁ‘é 5& EE /)ﬁ JE > Ucbrick~  ULbrick~

0 ahe +

TC_/WV\_:'_(/
o— Y[} Yy
Lbrick Rbrick stitch stitch Lload Rload

BT TR S T S R L

Fig.1 Circuit of the discharge branch connected with load

I Cbrick

I L yA
Lbrick Lswitch Lload
Ucpric Ubriek Ulswitch ULiowd Ulioad

Revrioe R Rigvieen Rijgad

2 RS A e S L
Fig.2 Bergeron algorithm equivalent circuit of

the discharge branch

ULswich~ ULload J9FLER %19 5 FL I, Uload FOME P H
Utswiich~ ULload TF5 o Rcbrick~ Ribricks Riswtich RLioad
393 A R B v ERL A LR TG AR X I ) A A PR
I H 2 L R R R IR T A
Yoo Ubrickc = Lo (1)
Uiiac = [U corick  Utbrick  ULswiteh Uload]T @

L = [I corick  Librick  Liswiten  ioad ]T €
s Yoriok N HLER T AUFANFERE o BL Tcvrick A1 ibrick
N1, HEEE TR
Lo (1) =_2(O_UCbn'ck(t))/RCbrick ~Joiat—A)  (4)
Liiac(?) =2(UCbn'ck(t)_ULbn'ck(t)) ! Ripgige + it = A) (5)
s Ar TR TG o Roriek WIGR1E A E T HEX,
FETF IR 2, Roriok FEAE B E HONSEPRME . Jufi
TS, LTD B AR — Mol AR T 50 K AL B TE HY
BEL 57 A0 Ay ] 7 A, 30 3 B T30 P S 60 15 S B v UK
IR H 2450280, -t m] g Je T i R e e R AL A5 R,
TR AR SR USRI S H . SR, AT
FRRACIETE L B0 R Bk IR . RITH A BORRE
Wi 291, g A Bk R B B &R LTD 78 F S B
FAEELIR M, 75 B4 LTD s 5]\ S v i
R AR
RIS BEAE 5 3 R AL A B AL AN 1) %% D) AR
R, R RARL AR JLHER, BER
BN T SRR KA TE AT, R T



1938 e FL R BOR

2026, 52(4)

H K ACLE LS AR AR e H B ) &2 s B 7%
AL RS Toepler, Rompe and Weizel, Bra-
ginskii Fl Vlastos 55, X $6 K 1118 38 LAY A — A
A B, Bl

Raw{ﬁ#umﬂmp (6)

s m Al p RIESEHREL: (o) i % o il I 5C (A
BRICTHLL . B 5 R BREE B . A B Bk 9 eE
HZ=AEK. MTHE T KAGIEE B AR5
LTD SRR gAY, — & KM Rompe and
Weizel 5% Braginskii £, #5000 B HeR H B AR
RN HUT, sefr b, AR RS AR
SEPMETCIE TRV E, RO IUEATZ B2, B
TSLEmELE R, BB E S, A B
HIHERRME . FESRAME DI e B BRI, AR T
KKAEIBIE FEFH Rewien HT IR, FIH AN T—
SAZH A, A SEE AR T O KA E i@ E FEFE )
AR
1.2 B4 LTD &8

FLARHUE N LTD ki “ 2 ik, 2 88 9F
BC” BIFEA TG, BN ANBOE SRR $.4% LTD
FAEROR A 51 4 ) FL BRI 3 Firoas s 3522 R B0 S %
WSS AR, 3 M. ST, Coi—
Con N SCREERHE IR Lor— Lo 73 7 N85 S IS5 3L
HLE, Roi—Ron 73 N OSSR . &%) LTD
1B TR e, F AR TR s [ 2% 1) il
S £l e S o o NP P s AT 2 N 3
FEI B A R FERH FRBR AR FR 20T, Reore N85 UGS
TAFEHPH, Leore NHLCHIK . HEEERONHIE Liad
HTHLEH. Rioad 5 1Ko

HLZS . HUBOTE S B S 1 DU vk S e D
Bl 4, w735 R R ST . B 4
Icoi—Icon~ Tubi—IioN~ Ticore FH TLioad 73 A AT FE S i
CIRON N i s S i S 3
I, Ucoi—Ucbn~ Urbti—UwbNs ULload 1 Uload 9 HLES
B AEHEE, Reoi—Rcovs Ribi—RioN~ Ricores Rlioad
73 )y L LS L R SE TO A IR IR PR S FELRHL

LTD BB, %2 A4 T3 is &R,
T HL S HOR b SRR Ny o R AR AR A, #E T 20 LTD
B PERe . WHFTR BT, LTD i 3% 2[5
HRA) 5 SR R 13%, ANA] 2RS0B3, FRAE
TN JFER, S 2 [ HEIIAE SR 1 PR AR IR R L
TERTSCH% 1 H0 55 r F s B R T A2, i N = %

B3 B LTD Hiik
Fig.3 Circuit of the single-stage LTD cavity

B4 2% LTD 1) DA 5 o

Fig.4 Bergeron algorithm equivalent circuit of the sin-

gle-stage LTD cavity

2 F ELJRORT R AT L ) TR
K1 3 AL P LTD JRCRE SO R HURK, HE
BHAZAE R, B

Gy, 0 0
0 C, - 0
Ccavity = : . . (7)
0 0 Coy
I Ly, My, My, MblN_
M b21 Lb2 M b23 7 M b2N
Lcavity =My My, Ly - Mgy (8
_Mle szvz MbN3 LbN i
T
Rcavity = [Rbl Ry, ’ RbN] )

A Ceavity WEIHETERE; Leaviy IR LRI
B 5 Reaviey AREEREEBH [0 B o 5 0 S BK HUBORR & LR
XHLE, LA S R £ R RO R o AR AR
R 0 » X A 0 3R U A A T R SR P TR
B Moo 958 1SS 55 2 A SCRRTE] I ELIR, RIK



PERT, EHBEIE, SN,

S ST IR RSN .2 LTD 4 i B i 1939

FHE. KB 4 F &SRR AR R E B R R E A )
wRN, RRIWE S ot B
R A A RO TR A3 A -

Uc= [UCbl Uy = Ucpy ]T (10)

U = [ULbl Uy Uy ]T (1)
I. = [ICbl Lo, © e ]T (12)
I :[ILbl I1p ) ILbN]T (13)
FEL R ELL SRR % ) S5 H BEL 2 1) 9 -

R At/ (2 Cniry) (14)
Ry =2L /At (15)

IR A R AT ST R TSR AR, B
YorisUcavity = Leavivy (16)

cavity

Lyy=[I" L' I L] (8
FEFLZL LTD H, il st (B AR+ 30,
VB AT SBI 2T LY tacay FITZ L
(R TEZS S AR REALEG,  LABEIDLE S B T i e 43 i
St LTD 4 H R (0 B0 17 M4 S e 45
7 LT » SIS BRI S 2R,
THERBE 24

T
Ui :|:UCT ULT ULioa Uload:l a7

2 SKEOESE

2.1 R EESELG

B 1 ANSARTF A 2 A 100 nF HL 28 28 4 RO H
X, A SR M ST B, B E AT K
FEIRTE 2. SUARTF S DT[] Bt e B A A 34,
FAEIBREE 28 6 mm. SLIA R 6 Fiw, 1
AR R 28I I R SRR o CH S R A B K LB
gk, YT HLBE 24 47 28k B BE 5 S % BEL i Bl T
i, PRI FRIE A DRIE R E . B S8
AR E —BER T4, HTE Pearson k[ LA
W& AT FL . 2 N ERE R SK PVM-5 430 0 &
RIS AR A, 3 I A AR R Sy 5% 794 i
L

FF TAEHRE N 60 kV, SJESHIA 031,
0.27. 0.23 MPa, XM TAERE 58 60%-
65%- 70%, Mtk 3 s fEfilk S, Wk 7(a). (b)
Fs SRR 2 R S8 I 45 57 5 F IR T 2 799
B o AL, A8 A it it e T B A TE S

FRIE 2.2 5 AT ik B S AR, (H AT B
B (A) B BT A Coria=50 nF, HLK

I I I
C U L U Lload 77

D EC D ij Utioad D ij“ad
R
RC RL o RLIoad
I[mrc
L

RS LURFEHSLRIRLE LTD JUA S Ehs

Fig.5 Bergeron algorithm equivalent circuit of the sin-

I ——

gle-stage LTD cavity based on matrix calculation

+60kVo — I}
100 kQ 100 nF
NN I 1.85Q
fik 2 Jok e 500 Q g
Ty RRET: T2
L4 -5
& Pearson
PVM-5 e
-60kVo — I}
100 kQ 100nF =+

K6 A S S A =)
Fig.6 Experimental layout of the discharge branch

Loia=142 nH, WP Ruia=0.25 Q, ik B &
Lioae=60 nH, % FFH Rioas=1.85 Q.

SARTF IR K AE B TE (1) B AR J5CHE AR A T
ARk, HIEFRMA0* m &), CHXTERE
W FE BS T  /MS 2, BRI 5% K AR 38 HLJRK Lowitch
PR TT R FH v A0 e o R h 4 FURR IR 11 S5 7 R
BRI, BT

L. =14d=33.6nH (19)
A d AFFRIFRIEE, B 2.4 cm. 2% 2 i@1E
FCHL S EEL BRI LR T 52

FF 5% 5 ity HL R Uswiten 1990 46 {8 52 56 W00 73 N

123 kV, fE /g H ) TH R B

=L d—I+R

switch switch d ¢ switch

Rswiten 77 %) X A Rompe-Weizel #7371 F
Braginskii #RBPSHET, Rl

U I (20)

RSwnch (t)*ROLWCIZ@ll/2 (2 | )
( _[ (T )dz’)
sw1tch ( )_ﬂ
J. P (r)dr (22)

ﬁl:':l ARompe Weizel ﬂ?[] ABragmskn ﬁj\ IJjj %i&lﬁ ’ %EX{E
73579 1.6 F1.0.000 015 i, SRHS 2 AL BH A A LS



1940 LR ROR

2026, 52(4)

BRI SO F IR TR SR ity HL R 6 K A58
TE PR BY S SEaa s ST, Wil 7 s, HRFE
B, KAEEIE H P A RO TR, BRI 1 QLR
FE 50~70ns, 5ICHR[391HE TG M IR A5 R
RS, [0l IR TR (0~100%) 9 150 ns, 7E
LU I KA EIE PRS0 0.2 Q.

35

I —F R (PR TAERECN60%)
30 - - - H2ROPRTAERECH60%)
L = - - FEIRTKTLERECN65%)
25 == = 4R (PR TAERECN65%)
Y S W RRES SR PR TAERECNT0%)
20 = =56 K (TR ITLERECNT0%)
< [ — —57% 1(Rompe-Weizel)
= 15 — - -}#72(Bragmsii)
= I
= 10
5
0
— 5 I
“1900 0 100 200 300 400 500 600 700 800
Ff [8]/ns
(a) [B] % i
140 — B IR OPE IR REN60%)
120F %) - - - B2ROTRTAEREN60%)
| = BIR(HRITIERECH65%)
i - == AR OFRTAERECN65%)
00F 4 e ESRFLTAERICNT0%)
| == FOR (TR TIERECAHT0%)
S 80 — =} | (Rompe-Weizel)
S I — - - {2 (Bragmsii)
= 60
e I
40F
20}
o e e e —
29000 100 200 300 400 500 600 700 800
i [7]/ns
(b) FF < ¥ %ty HL
207 BRI LIEREN60%)
18f - - - PR OTPRTAERECN60%)
L — -« PEIROTRTAMERECN65%)
16 - - - - AR P TIERICH65%)
14 B e SR FRIAERECNT0%)
i == FOR K TAERECHT0%)
121 — — %A 1(Rompe-Weizel)
% 1ok — - - B2 Bragmsii)
72 g+
6 * i\
4 i \
b N N
0 B 1 1 \‘u 1 ‘ " 1 " 1 n 1 - |— 9
0 50 100 150 200 250 300

HTIEﬂ/ns
(c) R M FF 5 KAk JE 18 H

B 7 SCRSSIR S5 RS BN O H

Fig.7 Discharge branch experimental results compared with

simulation

22 B4 LTD #RIRSEIE

AL MA FL LTD Bk Jo 4 - 4 i i
BRI 7R B a0 B 8 70, 24 AN e S v 5 A e
FERAT B, BFE T 23 N S A 1AM R S
R B AR =2 290 mm, /&N 346 mm, HJZ A
K SFe S e %5

TR 2.1 TR ECR S B, S
M 123, YN LRI B S8, BT
Lg% LTD B ot 2408

Cbl = Cb2 =Rr— CbN = Cbrick =50nF (23)
Ly =Ly == Ly = Ly + Loy, =175.60H - (24)
Ry =Ry == Ry = Ry =0.25Q (25)

SCI R TUR N, AR A At ST B S )
HIKL) N 22.5 nHEU. SCER[A0]TH 5 1 AN F) A7
SO S BRI B S R RN S LG, RIS
SCEEAB, UFE T RSO SISO IR, B
SO 1S3 MA>90°mS, WAHE 153K
HIEON 0. UL 2] 7B LIRS Leavityo

fil & BN

i A S

it EH L
8 MA Zi R4 5 LTD BboR i

Fig.8 Gas-insulated mega-ampere-class LTD cavity

Tl OBHR SRS |53 I AR S5
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No.1 brick in the LTD cavity

AT PSRRI ifﬁl‘ﬂ 51‘5_@%%[1 B
) b 2 2 Lb/% fti/nH
Moz 15 0 39.0 8.8
M3 30 1 7.1 1.6
M1 45 2 23 0.5
M1 60 3 0.9 0.2
M 75 4 04 0.1
M7 90 5 0.2 0.05




PEoRT, EHBeWg, VAR, S ST IR RS .2 LTD 4 i U i 1941

BLZl LTD FAI A, RO il H K Leore=10 pH,
FAFEHPH Reore=45 QP01 SN F KIS 71
B BN Licadc=6.7 nHI26], Ri0,4=0.087 Q.

LTD #Hef1 4k F it B Rogowski AR 4 HL I 2K
PEl B, B RS T R A O B HLBE 2 R A
200, AR A S R T O IR 46 S A SR IR H ) 422
AL E, 250 T B-dot Rk DANE I 7 B i
B BT IRSL I RBUE LT 5 TF 0 A BB s e
SRR THER O A= P TR % ) 5 v N S
TEIEE M Btk B A B B AR, FBOZR
Sk RBETCE AR €. Bk, B-dot #R3kEE
F T HIWr OGP S I 21 DL B R AT ik e
ERHMIE .

WSCER 34108, 1ZH 4 LTD B By
+80kV, TAERECH 65%, & I1AE 3 KJaxH it
1T R AT e oy B AL, AR 2ehd. HHUESE
17303 K, IEWRIRIL 299 K, Hr, BEwiG
51 RIEE R 100 K, ZHEGEE 2 KIEHE fiR 99
K, FHEIGEH 3 RIEE R 100 Ko FFO& H IR
R4, Hh 1 UONERE S 1R TSR R
78 HL 78 BT R AR R AR FR. BRI IE 5 2 K
RS 3 R I iy R BT s AR A S A5 238 el SR K
FHUE Y R E B, WMok B S 2215 1R
o R LR S OY, fR4E B-dot FTilTS 3
P HLL RGO Fd N 1, F o KA I8 3E HLBH 2 )
K H Rompe-Weizel Y1 Braginskii #7Y, IGEA
ST L2 LTD HL AR A v o
22,1 JFRFERDHH

%13 K, BHREHEIEFEMKE, B9 ST
A7 38 HL AL R A7 8 H H (1) I 56 38k T RS0 38 T (14 %F
o SEIOUE ARIEIEBE AL, BA Sk 2 ik
TR SR A URE T A SH R, B
PRABRUOT IR AT TR A . AT, SRAARSC LS
Tt AR, 2 BRI O e FEAR R SR A5 1) FLJAURT i s
WA, 5500045 30 E ke (IE > ) — 2
PEECUT, VAR ATV Kk 08 S TR A 22 /N T 5%,
HZER F R BN AR, X EZEH
RS AIFES L, MR AR, RIRIEE N
765 kA, HLEWE(EA 67kV, HIHFZIA 112 ns.

10 25 1 & JB0H S % LI S B0 U8 T A ASE
I . T B-dot M REERFATIRE, KR
P A0 25 SN % R IR AE AT A — 4k, R
Braginskii FPHASERY A SRR, 23 HITFR®

800 — — 1574 1(Rompe-Weizel)
I — - — 1A 2(Bragmsii)
600
g 400(
w
200
0 J
- 1 1 1 \I..' 1 1
a0 0 200 400 600 800 1 000
i [8]/ns
(a) BRI
80
S
— — R 1 (Rompe-Weizel)
— - — 1A 2(Bragmsii)
60
> 40
=
1
F 9
0
. *®
o 20 1 1 1 1 1 1 1 L 1 L 1
0 200 400 600 800 1 000
I [8)/ns
(b) $ 3 L [

B9 55 13 KB sele 45 5 Rt 07 5O Ee
Fig.9 LTD cavity experimental results of shot-13 compared

with simulation

T Z 53 B 16 nso 25N L SRR ARLLRT S G
TEIEAAATT o FF I T IE I ZIAE XS 6 (1) T3 S % el T
ZHJRECM, HIRATVR R, A T
222 FFRAENAR

543 K, BHRHLE IER Ak, H, 55
22 5 2 AMNJFROREIE, S A L R SEER R 5
BRI 45 B EE ] 11 oo 1R AR . H
WIE(E N 740 kKA, HIEIEE 63 kV, FHELEE 13
KAKT 3%F1 6%, HIHTZIN 112 ns.

Bl 12 43 3es th T 85N He S FEL UL S U T
AR . 5 S0 22 SH K5I G2 200 ns
1270 ns. SCHR[B3DAMORAHEAT T 08T, #HL
PEFF OGRS R0 (LA SRS [R5, T4 oAt S %
HLIAL I 2R, AN [0 S PR BRI o K T i
WA, AN HBREE, SEEEIE. XS
/INZ SR S R R, TS RLC S5 25 F B 11 [
BHEAR/DN, SEOLHRRIRS, RGN ST



1942 i B ERR 2026, 52(4)
= ) —a
I —A—%Eg?s +%§g4 800 — — FH7 1 (Rompe-Weizel)
40+ —— IS —3ZHR6 — - —JERID ii
I KT —e—37HK8 Crigmsit
—— K9 —e—37HK10 600
30F —o— HE1l ——3CHS12
E H +%§§13 V%Egm -
2 ook —37#15 —— 38416
= 1T o B8 = ™
B A 19 v 20 =
& 10 -4 S B2
Ll - b B3 200
g
I 0
-10
R 200 400 600 800 1000 207 200 40<E>ﬂﬂj/ 600 800 1000
i} 18] /ns t'[Al/ns
s (a) 25 (a) A HBIA
| [ e 80 —T
sl o BEE = ~ B8 Rompe e
1 ! 7 8 — - — i) i
- B 60F B2 Bregusil
30F L |- SRl —— 3812
|| R 13 3k 14
5 e
S I SO U - - @e-
- D|-e- 308821 <3082 %
& 0F L3 g
+I>< | !
OpF—
T S
-20 | | . | . | . ) e i " i
0 200 400 600 800 1000
i [A]/ns i [A]/ns
QF & (b) $ 3 B &

K10 55 13 ARSI %% S L T

Fig.10 Current waveform of each brick in shot-13

P SRR TR, HR9% FEA UG B R G R R
AR BES B U M R U ASIRES, B IR 1 2%
AN SRS TBORIE T (14835 8 135 Be % 5 S B0 B AR 177

AL, 5450 22 53O AE S AT, SRR
SR L, 3X A2 T 9% B-dot R340 F LTD #5idk
FER Y, AN N S % LR RGBS N B
LTD fEfiR i fIAI 9 i 3% . LTD Rk Ik
AR DL RGO IR AN, B-dot 25 i ARk
PR B R, DR FRAE B-dot /BN HL IR LT
AT DA o MRS OC Sl fE 2 h, B-dot 4G
JERRLR R RS TG LTD b s A BE i
TR, 5% SR R T 1R AE .
223 JERAEMH

226 Kk, BEHLEREINAE, 2 23 SIFRAE
i R B SO, DA% SR R . fER Y,
WE A 22 M FIER LT K T1% B O <, i)
PITH SR L L I, SRR TR S T AR A

BIL 55 43 ARSI 45 R S R0 0N B
Fig.11 LTD cavity experimental results of shot-43 compared

with simulation

WA 13 B o PR 47 25 L LA b 5 S B DT RC L BEL /N
%, RSSO E B E gy, T I 2R
FEIRY . FHIIEMEZ) AN T0 KA.
2.3 B LTD f&ERig i 4F
HHAT 7 A REHLE £ 100 KV R4 HU IR,
BER M, TR TAE RN 65%, <L 0.53 MPa,
AR BEAEATS A 0.087 Q. LY S Yk 1)yt ik FH R
REEERINE 14 fiR. FFoF@N 218N
8 ns, LIS 975 kA, HLJEWEAE )y 84 kV, T
V215 110 ns.
FEERFEFEE100 KV B, SAEAE Ecavi TR AN
E,.. =0.5NC,. U

cavity switch —

(26)
05x23x50x10”>¢200x1m)2J=23kJ

AR RS, T T AR Y T R AN
BEE, WK 15 Pron. B IS fE D508 82 GW,
G ALK R IR I R0 480 ns, FERAER AN



PERT, EHBEIE, SN,

S5 BT WA RSAR S LTD 4 RS B, 1943

—a— K1 e 3D —A—fiﬁ‘%S Scpg4
ol AR R S TR
—h— RO e TER10 —o— SRRl —— SR 12
B =k
-l -0 -hh-- =
80} b d.2)| ‘3'&?%22 > %23
B
gty
3
™
I [E]/ns
(a) L%
—a— ST e STHED A3 v S0
L —— 5 6 7
= B T
| SR e SIS 4 S v SO0
sor Lo Sl < S - J
é \
B
gty
3
™
i [8]/ns
(b) HE
12 55 43 JOREHRSIG 2 S RO
Fig.12 Current waveform of each brick in shot-43
801 —
60k — — fEA 1 (Rompe-Weizel)
I — - =12 (Bragmsii)
40 -
I P
< 20 /
% L
S
2
-20
-40
,60 [

It [8]/ns
B 13 58 226 AREERSLIG H TR FIRTIEE S0 S50 L
Fig.13 Experimental and simulation comparison of the

self-discharge branch current waveform in shot-226

18.2 kJo MLHRAE 772 Bk i 1EF i H e & o L a1
16 ffin. MRS SRR Sy 80%, HIR
20%H FEAE SR, o ok Tl L BHTE AR L
5.7% . RN B SAEBRFLBTR 58 42 DLRC, 21 480 ns

1200 —
1000 — — f5%Y 1 (Rompe-Weizel)
— - —5%12(Bragmsii)
800
< 600
= L
X5 400F
m L
200f /
o
0
-200F -
[ 1 1 1 L 1 1 1
0 200 400 600 800 1 000
I []/ns
(a) LA AR
100
[ — 5
— — R 1 (Rompe-Weizel)
80 — - — 1572 (Bragmsii)
60
>
2 40
|
w
20
0
-20
1 1 1 L 1 1 1
0 200 400 600 800 1 000
i [8]/ns
(b) $ 3 HL [

14 BEHFE H100 KV SR S0 Y S A5 0T LE
Fig.14 LTD cavity experimental results when charged at

+100 kV compared with simulation

- 24
1207 — ]
1001 - R {20

MR/IGW

Mo 0 100 200 300 400 500 600°
fiF 7] /ns
B 15 BEiERFEHE100 KV IR R A AL &
Fig.15 Load power and energy when the LTD cavity
charged +100 kV

N, HARIRARREE 5%, HARZ 93%H A
BH Y HERE &

FEH PSR, 1 B RSP  0.15 Q, H
RBEAL, THE T R Th 2 Re & DL

LIPS B AL kb I s S L, A



1944 EEEREA 2026, 52(4)
120 120- _f{ﬁ'ﬁ?&ﬁ -24
| 100k- = 'J\ﬁkﬂbﬁ et =120
100 i : |
[ 16
80 |
» % 12 =
X N 1 i
3 60 ﬁi 8 iﬂg
i i & 1
o 40 4
= L ]
20 I 1°
0 280 0 100 200 300 400 500 600"
I i} [8]/ns
-2 . 1 L 1 . 1 L 1 L 1 L 1 ! ~ N S, NN
40 o 100 200 300 400 500 600 B 17 A7 E+100 kV. BHHTVCECH 518 TR AL &
i [E]/ns

16 TR HAE100 KV I 535 e & 5 E
Fig.16 Energy ratio of each part when the LTD cavity

is charged at £100 kV

17 FIE 18 Fim. BEB, R3S B 58 400
i, FiH DR IGE L 88 GW, F#AEEN
20.2 kJ. JFORFIE L HIFEL) 5 4.4%, SCEE A FHIH
FERE LY 7.8%, LTD LK) L H B 67 25 1) R =
R LR 87.8%

3 &g

1) & T AT R KA E B P B A R
I8 FRL S S (R LA B O i S B N 220 (1) P A
A, AR TIN B LTD a5 AR, X T
PO QI8 [R5 1 R B e AN [P TR DA TR A
ARG, 1 A RS SR P BT

2) BT B IE 5 ) Rompe and Weizel
8y Braginskii 5835 AT BN AR b SRS AR T 58 K
1eEIE P ) 3h A& 2

3) g LTD HssE+100kV, i E(H D)%
982 GW, HIFHAEREE LA 80%, HH <Akt
KKACIETE HLH REEEATFE 5 SRR & LN 5.7%.

4) ARSI R Z R8RSR 25 0 T H H 9L Y A
PR, FEENSLRHMESR, TPk
TE FLEE G ARSI IO Y, DUSE A A 1 S ik
LTD ki TAE 2

S22 #k References

(1] PhRE, DREZE, B i, 55 P Z S0 A K FL gk SRR &
Bt R ] BRI, 2017, 8(2): 020102.
SUN Fengju, QIU Aici, WEI Hao, et al. Development of conceptual
design on fast Z-pinch pulsed power driver with hundreds of
terawatt[J]. Modern Applied Physics, 2017, 8(2): 020102.

(2]

(31

(4]

(3]

(6]

e /%

Fig.17 Load power and energy when the LTD cavity is
charged at +100 kV and impedance is matched

120

100

80
60
40

20

L L s | " 1 L Il L 1 s
-100 0 100 200 300 400 500 600

i [8]/ns

K18 RIHFgH£100 KV, FHFTICACHS #5670 AE & 5 H
Fig.18 Energy ratio of each part when the LTD cavity is

charged at £100 kV and impedance is matched

Mg, R 1B, AR, & Z A AT N L E RIS Y
Jik R AR )], Hh I AL AR 274, 2024, 44(17): 7007-7023.
QIU Aici, WU Jian, SUN Fengju, et al. Research progress on Z-pinch
dynamics and its direct-driven pulsed power technology[J]. Proceed-
ings of the CSEE, 2024, 44(17): 7007-7023.

KIM A A, MAZARAKIS M G. The story of the LTD development[J].
IEEE Transactions on Plasma Science, 2020, 48(4): 749-756.

WOM, E B, ARSCRE, AR PPIBeb ikt B RAR IR AR R BhTR
FRWF BRI S ER A, 2015, 41(6): 1798-1806.

CHEN Lin, WANG Meng, ZOU Wenkang, et al. Recent advances in
fast linear transformer driver in CAEP[J]. High Voltage Engineering,
2015, 41(6): 1798-1806.

B, K M, PNREE, A ELZACTE AR IR SRR I R A
LT, RO SRIT R, 2012, 24(5): 1201-1205.

WEI Hao, LIU Peng, SUN Fengju, et al. Modeling induction cavity
used in linear transformer drivers[J]. High Power Laser and Particle
Beams, 2012, 24(5): 1201-1205.

STYGAR W A, AWE T J, BAILEY J E, et al. Conceptual designs of

two petawatt-class pulsed-power accelerators for high-energy-density-



PEoRT, EHBeWg, VAR, S ST IR RS .2 LTD 4 i U i

1945

(7]

(8]

(9]

(10]

(1]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

physics experiments[J]. Physical Review Special Topics-Accelerators
and Beams, 2015, 18(11): 110401.

WESELOH W N. Tlcode-a transmission line code for pulsed power
design[C]//Proceedings of the 7th Pulsed Power Conference. Monterey,
USA: IEEE, 1989: 989-992.

KIEFER M L, WIDNER M M. SCREAMER:
pulsed-power design tool[C]//Proceedings of the 5th IEEE Pulsed
Power Conference. Arlington, USA: IEEE, 1985: 685.

HARIJES C, ELIZONDO J, STRUVE K, et al. Circuit modeling for
ZR[C]//Proceedings of the 14th IEEE International Pulsed Power
Conference. Dallas, USA: TEEE, 2003: 917-920.

KIM A A, KOVALCHUK B M, BASTRIKOV A N, et al. 100 ns
current rise time LTD stage[C]//Proceedings of 2001 Pulsed Power

a single-line

Plasma Science, 28th IEEE International Conference on Plasma Sci-
ence and 13th IEEE International Pulsed Power Conference. Las Vegas,
USA: IEEE, 2001: 1491-1494.

LECKBEE J J, MAENCHEN J E, JOHNSON D L, et al. Design,
simulation, and fault analysis of a 6.5-MV LTD for flash X-ray radi-
ography[J]. IEEE Transactions on Plasma Science, 2006, 34(5):
1888-1899.

DOUGLASS J D, HUTSEL B T, LECKBEE J J, et al. 100 GW linear
transformer driver cavity: design, simulations, and performance[J].
Physical Review Accelerators and Beams, 2018, 21(12): 120401.

JA A, W, ERH, % Z-800 3L E A4 IR AR
). EHEROR, 2020, 46(7): 2610-2615.

ZHOU Quan, LI Yutai, WANG Xinxin, et al. Full circuit simulation
and optimization design for Z-800[J]. High Voltage Engineering, 2020,
46(7): 2610-2615.

FENRIN, B 3h, VUEIE, 2% 15 MA Z fii4E5: B A S A A
LRAR R AL R R ERASULD]. B EAAR, 2022, 71(10): 105202.
GONG Zhenzhou, WEI Hao, FAN Siyuan, et al. Circuit simulation of
current loss in magnetically insulated transmission line system in 15-
MA Z-pinch driver[J]. Acta Physica Sinica, 2022, 71(10): 105202.
JEREIR, B, BIHE, & ZERITRREARR RS E
Al B RN )]. PEZE ARSI R SA2AR, 2026, 60(2): 1-10.

FAN Siyuan, WEI Hao, LI Pengchao, et al. A two-dimensional circuit
model for multi-module parallel linear-transformer-driver accelera-
tors[J]. Journal of Xi’an Jiaotong University, 2026, 60(2): 1-10.

LIU P, SUN F J, YIN J H, et al. Effect of cavity-triggering sequences
on output parameters of LTD-based drivers[J]. IEEE Transactions on
Plasma Science, 2011, 39(5): 1247-1253.

CHEN L, LIU Y B, WANG Z G, et al. Numerical study on key factors
affecting synchronization of multiple spark-gap switches in sin-
gle-stage LTD[J]. IEEE Transactions on Plasma Science, 2023, 51(2):
507-514.

LIU P, SUN F J, WEI H, et al. Influences of switching jitter on the
operational performances of linear transformer drivers-based drivers[J].
Plasma Science and Technology, 2012, 14(4): 347-352.

HE X, SUN F J, JIANG X F, et al. Characteristics of switch prefire
generated fault voltages transmitted in a four-stage LTD module[J].
IEEE Transactions on Plasma Science, 2022, 50(6): 1904-1911.

WEI Z Y, RAO X N, HE X, et al. Circuit simulation with nonlinear
magnetic core of a new linear transformer driver stage[J]. IEEE
Transactions on Plasma Science, 2019, 47(8): 4084-4090.

JIEEE, T AR, PR, B SRR AR RS S R R 07
WEFC[]. mHUERAR, 2024, 50(4): 1792-1800.

WAN Zhenbo, DING Weidong, SUN Fengju. Simulation research on

magnetization processes of magnetic cores in linear transformer driv-

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

er[J]. High Voltage Engineering, 2024, 50(4): 1792-1800.

RAEL, R 7. PSpice fij H AR SR AT AU [T]. BUACHLTHIAR,
2008, 31(20): 24-26.

WU Shaoqin, SONG Ning. Investigation in PSpice convergence prob-
lem[J]. Modern Electronics Technique, 2008, 31(20): 24-26.

Fertm, ek, EEE, 45 B LTD Fkebdsfh ki FPieie s
T EHEBRAR, 2025, 51(12): 6085-6093.

JIANG Hongyu, JIANG Xiaofeng, WANG Zhiguo, et al. Trigger tim-
ing optimization method of single-module LTD pulsed source[J]. High
Voltage Engineering, 2025, 51(12): 6085-6093.

&R, MEREESS TS S EM]. J0a: HERFHR
#, 2015: 106-166.

HE Jinliang. Theory and methods for time and frequency domain elec-
tromagnetic transient analysis[M]. Beijing, China: Tsinghua University
Press, 2015: 106-166.

REESC, L fi. TLCODE #MITIEAA[]. st 5 k74,
2005, 17(4): 614-618.

SONG Shengyi, QIU Xu. Introduction to TLCODE simulation meth-
od[J]. High Power Laser and Particle Beams, 2005, 17(4): 614-618.
JIANG X F, SUN F J, WANG Z G, et al. A gas-insulated
mega-ampere-class linear transformer driver with pluggable bricks[J].
Review of Scientific Instruments, 2020, 91(12): 123303.

VRS, DR, FLhRiE, & RIS N BRI 12
PR FLZL LTD Byt [T]. SRR FHAEE, 2022, 13(4): 040404.
SUN Fengju, QIU Aici, JIANG Xiaofeng, et al. Twelve-stage linear
transformer driver with one terra-watts power on a sharing common
cavity shell and internal in-situ triggering method[J]. Modern Applied
Physics, 2022, 13(4): 040404.

JIANG HY, JIANG X F, SUN F J, et al. Design and experiment anal-
ysis of a low inductance three-electrode field-distortion gas switch[J].
IEEE Transactions on Plasma Science, 2019, 47(8): 4114-4120.
S E . TP IR KAL BB Bk B B2 R (0], 5RO S RLTOR,
2011, 23(11): 2881-2884.

PENG lJianchang. Influence of spark resistance on output pulse front
edge of gas switch[J]. High Power Laser and Particle Beams, 2011,
23(11): 2881-2884.

ROSE J W, COFFEY M W, FLAMMER P D, et al. Nonlinear spark
resistance and capacitive circuit models of electrostatic discharge[J].
IEEE Transactions on Plasma Science, 2020, 48(2): 462-470.

WEN Z M, WANG Z G, LIU Y B, et al. Study on multichannel dis-
charge characteristics IEEE
Transactions on Plasma Science, 2023, 51(11): 3348-3357.

JE, R, KB, S R KIETT SRR EL]. SRBOL
HRFH, 2012, 24(4): 843-846.

SUN Xu, SU Jiancang, ZHANG Xibo, et al. Resistance properties of
gas spark switch[J]. High Power Laser and Particle Beams, 2012,
24(4): 843-846.

LR, IR, EEE, % JRg B LR KRR IR AT
KHAE BRI SB[ DU P, 2022, 13(4): 040405.
JIANG Xiaofeng, SUN Fengju, WANG Zhiguo, et al. Close dispersion
of gas switch in the driving source of mega ampere linear transform-
er[J]. Modern Applied Physics, 2022, 13(4): 040405.

R, ZWelg, £EE, % LTD ZARAITR Bt g
TSGR FE[I]. DU AEE, 2022, 13(4): 040410.

JIANG Hongyu, JIANG Xiaofeng, WANG Zhiguo, et al. Electric field
optimization and pre-fire rate of LTD multi-gap gas switch[J]. Modern
Applied Physics, 2022, 13(4): 040410.

B IEh. SEHIBKMH DD R ERGRIM]. PE%2: BRVGRISAEOR I AL,

of multigap gas switch gaps[J].



1946 e LR AR 2026, 52(4)

2003: 26.
ZENG Zhengzhong. Introduction to practical pulsed power technolo-

k2]

1992—, 5, ML, BiHR

FENGEE DRI R HLAE # KD IR
T3 TS AR

E-mail: jianghongyu@nint.ac.cn

gy[M]. Xi’an, China: Shaanxi Science and Technology Press, 2003:
26.
[36] WOODWORTH J R, ALEXANDER J A, GRUNER F R, et al.

Low-inductance gas switches for linear transformer drivers[J]. Physi-

cal Review Special Topics-Accelerators and Beams, 2009, 12(6): » J
060401. JIANG Hongyu

[37] ROMPE R, WEIZEL W. Uber das toeplersche funkengesetz[J]. Ph.D. candidate
Zeitschrift fir Physik, 1944, 122(9): 636-639.

[38] BRAGINSKII S I. Theory of the development of a spark channel[J].
Soviet Physics-JETP, 1958, 34(6): 1068-1074.

[39] Z=WeE, 2%, SRIFAR, S RIS AL HUBE A i 12
[0]. mHERA, 2013, 39(6): 1390-1395.
LI Xiao’ang, LI Zhibing, ZHANG Qiaogen, et al. Spectroscopic diag-

FNREGEAZ 1)

1967—, 55, i+, Wi

G YN ERC Rt R T e NN VAN = D) 1E
Sk Th AR 2 5 T HIWE L AR

E-mail: sunfengju@nint.ac.cn

nostics on spark resistance of gas discharge[J]. High Voltage

Engineering, 2013, 39(6): 1390-1395. SUN Fengju
[40] ZZWEUE. LTD ey Th 26 S BRI AR 1 B HL K B BB 14 52 i i Ph.D., Professor
[D]. Fi%2: PHZess@ AR, 2023. Corresponding author

JIANG Xiaofeng. Research on discharge characteristics of high power

brick in LTD and its influence on single-stage LTD characteristics[D].
Xi’an, China: Xi’an Jiaotong University, 2023. OR8] 2025-09-15 &I 2026-02-02 G EOCH




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


