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BT, R -EFEICE BHEIRTEOERO 3FRICHHIT S, 75/ TEILBAET
g, L —IBOBENIFICREIND, REQV —F—HlTCIERIEETH S, L
L, 7y EREOETHL, B0V ¥Rl TR ERITHREEL SN,

AR ORI BER

L — Y —FTOEFESHEEN & L RTEEREER PR LML — 50 RT
REWHHLUTHDERS, EFRREETREERETHELL, B -BORTE
(35 L — -G A HHEH T 3 EEA ., RFRETHINCE - 258, BT - ETH
DY —arRF vy VEXUHEY YV —FORFREAFEFERICE >THARE LTHEET
B LI, '

1 EFE%R
BRI PBIRES L UORIREEE LTHD RS, WIEIREDKSIES 6. b & UK
REOWKHEH ¢ (J& 2k THEL 5N 3,

#(B) = O(R)Y ri( R) | (1)
#(R) = O(R)Y yuy( R) (2-2)
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I IT, BERNIORIREY 8(R) KA TRENS,

3
o(R) ={V B’ (2#2URS Ry) (2-3)
0 (F=#2LR> Rw)

Ef, YISERERAFEE, [, MB&+¥HEREOGAEFH, KBETHETHY, [f,

MEIEE & BIRBED AT B FE, IS THTH 3. B XEFHONSESE (R 5%, R
SAE) , RyRETFRERAELTED, KX TEFHOERMA LBEST 505,

By =1.3x10784Y3[¢em) (2-4)

PLEAR b BB R TFRORFRNEIROTH 5, JOLSBEIRWTE, BEFEONE
ST 35T BHRIE—TIA - THEWL, LML, REMEYEBIIIOFFEWTHST
HLHEEL NS,

2.2 UV—¥—EORFHR

L—HF—IBOEFHRE, V-V—-BBlUETESHOEELTHMNCERS, £/, BT
FRIKEELUETFREL, BIRBLUETO 2ERE LTRSS, CORTREEMC
780, BFREFHICES VR & X ICEFOREIAITES TR L 5, %
IC, fxEmANcEER S T Licd B,

L— Y —BOEFROBEREARI — | IR, V—Y—BOEERY k% x il
IS, SN RVE R VEHCHRD S, TOXIRERELIIEE, VY -EEikds
NG FAT Y VA ) ERETRE NS,

A1) = Ay & sin(kx — af) (2-5)
CCT,7@%¥®EE@E,tﬁﬁﬁ%ibfﬁ@,wﬁv—$~%®ﬁﬁwﬁ,kﬁ
TR PVOKREXITHS, ARREEZZELTEYD, VY —IBOEROEX EiBLT
b —H —1BOMEE Iy & IRICRTEIHEE b2,
Ay = — (2-6)
Io = 28|}CE02 . (2‘7)

FofZl, eo BEZEHROFERTHD, ¢ BETEPONETH S, BORBIE, HEOF
FRICHBIS B, '
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HE B = /it + (B + oA 0 - 22 2-8)

V= —EDOEFRD N IV R =T v H(r, p, t) 134855
THZoNS, 0T, m3BFOFHIEER, ZEFETHOGTE, ¢ 3HRERTHLS,
%72, p 3 BLEHRTH B, FETROEHHFRRL, “ONILFT UOLEES
B LTHALNS,

dr 8 ,——
'g;— =—H(r, pt) (2-9)
op )
4 0 >
%§=—f;H&mJ) {2-10)
or
—H(r,p,t) = —H(r,p,t) (2-1D
dt ot

EE, TRAF-PMEETIRTRE, NI T UHRESOERE S B0I2(2-11)
RTHAONAHRAZMMLFBRIROY, L—F-—BOBFRRIALF-DREELKEN
AR THEOT, (- 1IDREMNE TRELIBY, Fi, (299,10, 11) RTRENSE
AR TR LB 20T, BN JENTERL, Lzn->T, HiEinc
- TEOHEILBAAEAERL 2 &K 5,

FBSTd 5 L —HF — D RNFEFORE XICENXTIEEICEVIES, HBERSOEEIIIZE
Yodiis, z0HE, KRRTR, vy#ESUTERLEOA%2EHY 5, SHOMETH,
ZDEHBRIFEO V-V —-REZEZTHEDT, BEFRIEx yEEOABEETEEEL T,
DX &, HECET AMHFEREM  SEHII B EDT, 5 HOELHS
FEAEBFERO I EITES,

2.3 RIS EBER
L —F~GOBFEHEEN & LFETFEHEREC BT, RAERicy Ly —
—BOFIEEMNE L L TR D . T DRSO FUSHIEBHHER Pr(f) QKA TEREI NG,

1
Hﬁy=%+ﬁﬁ§%|%mlz (2-12)
be(t) 1ITERIERT

ba(t) = =i [} < #(R) | V(R,7()) | :(R) > exp (ieowr) dr (2-13)
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THEZbhE, JITH, oy BEFREROFTERECOZXNVF-ETHB, T,
VR () (&7 —o HEFRT -

V(I_i;)(t)) = _—_.;'ei—— (2-14)
| R—r(t) |
L b -
=w?§ﬁ%ﬁ%ﬁnmmnmmn (2-15)

THRINDB, I rddB4BEFHAREER L ETOEE F(t) 09 bHEOKE WA,
INEWFERLTWA, Licdi-T, @-13) ADITHERZHET 2158, FEL0DE
EOBENRZVIVNELWHITHEEA T2 LIETFHAERT o0,

PILEDIERN S, BEENCHET 3 ETEIEBREE Pit) HROX I K3,

Ps(t) = 16;‘:62 ) (2L1—1)3 CU,, L, 1) | Fou(®) | ? (2-16)
CU,L,I) = (ﬂ;(;?lfiLl-)]- I LLOO | 10 >2 (2-17)
Fun(t) = [ F(r(0) Y1 (F(7)) exp (i) dr (2-18)
fulr) = e [ RIS | 8(R) | *dR (2-19)

T, (2—17)5-_tq7~]a)< >TRINTVW AR ZClebsh-CordanfrTh 5, £/, (2-19)
ROHEREFEHREBECHER L EFOMBBEOTHE r (1) O&LOAKREVIVAE
WAODIBEMFETY, EFRRSEBEOR X XRTHRYETS .

BFORE F) IcBIL TIR2-9)Hh S KEMICE SN bOEML, (2-18,19)K %3t
BT 3OS ERETOMBEEORES r(t), TOILEE () JIKRRTEAL 603,

r(t) = /x@) + y(t)* (2-20)
r(t) = % (2-21)

7—arRT e VEQ-15AO & S ICEKEFEMBEMTEML TV 50, JORERBOK
HLABEFENEOT R NF —BAICERT ENEEBRL TV S, #lZE, L=10E&3E
El &%, L=2054 E2 EBBLRIha, Ihid, BEFEREEBRESLTEZT
WBicwHic, TRAF—ENTIRET 2B TFHASNETHIT EHOLHEHELINSTH
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%, LIchi-T, ELZBBORTEIESHERII(Z2-16)RDOLIC-H>VTOMEL STV
ELTHRADL ST 3,

+L
PP = 16%::& : (2Li-1)3 C(ly, Lin)zM;_L | Fru(2) | (2-22)

AFETI, (2-22)RTEIN B ETHRHEERERERD 3,

3. FHE#HER

(2-9,10, INRTEE N B LV —P~BORFZOESHERB L 5 (2-22) KRB LT (2-17,
18,18, } A TH I N A FHFHIEEFE N 2 HEFICRAELMFRROKREZ B UTEL
S BZHEE Runge—Kutta HicK DR/, ML —F—BOBEE B %30 [a.u.]=1.54x
10'Y [V/em?] (G&EE &, =6.3 x10'° [W/em®] BT 2 EHROWS TISHEFO L BE
D4 REEORES) &L, V-V -H0RFEK0E 40 [eV] &L, COV—¥—
DFEE, XeClL—H— Il TWA, £z, EFEEENREE:Y 7 v&19°F (B8
HA=19, EFEERERy=3.4TX107"® [en]) & L, FEFEREENT - 2 ITRTEEIRE
INOEE | BiEREE~DER (El BF) 2FXl:, I0EFOIRNF—E w2110 [kev]
THbB, £, FEOTHISHE | s uE, RFEMEERHEOMBER s L THE
T 1, .

KO- 3ix yFELDT v BOEFHEETRT, DRI L -V -BOMh5E0IKE
HUFETOEFRERIFICRTEERE—ERFRE 2L I HEINL0T, B —¥—FTIdE
BOHENONEDTNGE I E0nME, iz, @EIFEFVEFZIGE TS ZENERT
HBDIT, Bl —HF—E TSI ETETFRRERFREZICHEDEI J&3090h5, KO -4
7w ZROBRFHEEORMENE, T UTHI - 5187 v ZOFEFROEL TR IVF—OER
EERY, RPEEORMMNELEZE-> T &, HMEDOREE, EFIRFZICESH
TWBIEghs, -4, HI-5067 vy ROBEFRRAD LR NVF—RENSIE
DIRIWF-REIZZY, 414 AL TOBE I EM N5,

R - 6 E PR REERT, B — 4 TRINZETEELMES ETH 5
&, EBFWRTEICE SO L ZICHERIELLTOE I L3005, i, BFNET
B DWW E B/ —a v BT vy vy WAL D REL LB TH 5, SHEENCETFIR
AFALLTLEDDT, A7 (L&, BREI—FEOHEELE, K)o, Z0EEGELZ
1073 TH 5B, COZEd5, SEBELLLV—TF BT FEFHEOHN 0. 1 %EENET
T s EFEZL oA,
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4. & W

BT HRehiiici-» 10840 —F ~BOBTESH 2R & LR FREESHHER
DHEZ{T- 720, ZORRE, MREEE T vRI9'PF ELIES, W 0 1%0ORTFENE
EREED O E—EHBREICEIET 5 T &M oo, Thid, ERTHACRETE 2HiE
Thd. LML, Thid, RFREHHINEI JEMELVEVSTHRCYL-TDOIET
H5,

B, FFOXH1E17uottfil, ERNICE, BEFOFEORE, BAIEmEENT
W5, ERESET AKEEURTOEE, R—TORTEREBICRBMGEEID AN
BT &L -TC, HHESRTOLIRPENTRETH S, UL, Thid, BFAFETE YHRHELS
D—-HTHO, YEIHMEO—BTIRIIN,

AEDkiz, @@L - —~BORTFRERTRICE > THELTERAE, BFHIFENICH
i, BFROFRIREERE > TWA Z &Icii 50, BFHETE, FRREOCHRE
ERETAIERTERY, AL, DRERERS W3 ERIRECThehETERA
ENBENSTH B, T1bhb, FARKRECHZONMIDNHOITVDTH S,

HTHTEFEZRD, Z20ROLIRXVF—ZEHNICATRFOA A AALERRL
B, BFHIETIE, HEHETOHRMICAAUITEIERESDINRN, 14 4LLIEE
5 &1d, BIREQLANF—PHEELLEVDI IETHENS, THEKRT BICIENE
EVEEE SEMAERAIC L SRR S B0 ETE,

L7zd3-C, BFREHHRNICEK - IBS0RTHREEBHEIME L ETRRNE
EX 5%, 0%, ERTHEAL L ICHHERTRELHERIZE TV EBANSH S, IO
Lo, RFROBFAEMCED BOBYNIEE SV T A5 - T,
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FE BV —Y Ik 3R
— RTrREEFRINR - 158 —

1. BL®IC
G. A Rinker et al ® OBIETRE, L—¥—BLBFLOMEEIEM H() 2RATEY
BB FHEIER & LT,

Hi(t) = -—eF’-Esinmt (3-1)

22T, ¥ HEFOMBEE, B 2V -¥-S0BH0%s, ZLTokU—¥ 50
BERETHS, BEETFLOHEERAZIOLICERL THEOLRLOE, L—F—I1ED
SRR & L TRA BDE L, RETFORNS U BMHERICHONTW 51550
ATHD, LIdi-T, V—HF-dENFREZL, LA TFRIGEELZESBESICIEBEHTER
W,

AT, V-¥F-BLEFLOMEER Hi(t) ZRETDIFICESHT

A(t) . (3-2)

LRE, JIT, PUBTOMMEERETHY, AlL)BKRTRINGL—F-HON
Z MRF v TH B,

A() = Aysinot : ' (3-3)
- B
2rZU, Ao="2 (3-4)

THB. 3-DRERUAKXTHBIDOT, V-V —FOBENKE LW ->THHEICHK
VT EERLE->TOA,

AT, BEOHRLIUHE NI EOFRFREHBINICHE» & X &S, BFER
&V —BORTFREICHHE L TRTHEEEEER D, BTFHRIIERERROBEHR
135, V—¥—B0RTRIE 3-0RE L —F 8L ET & O & LTRTRE
IKHDKRS Z&iclie, LhL, V=V —IB0OMENKEL K- UEA84HITR BTN
FHRERIVELHELINTORVOLRRIRTS 2, AHRTIE, HBMEEEIREVES
WHWSHS FloquetEimax Vi Akl y VYEBRERWSFED 2 54, SE0
RICEHTEBNE I EREITT B &I Lz, EFRINTHHOVOBERIN-BET,
BT HMEEEHROED LB L UHEETI 2 &It 5,
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AR TH, FFEEREETHOE X EFER, 7RI FEL, V-1
XeClL—HF—2BuizB5030Ld 5, VL—¥—BOFIRWICWLTIE, 987 bV
e RENEDBALRIY z8FAE L THERZED S,

2 L—H—BORTROETFTHFENLTER
BEFZEKEBURETRETEEE, ROSNIN =T H(E) 13(3-2) XTHEXN3B
V—H—Ig L BT EOHEEEREZANT,

H(@) = Hy + H(t) , (3-5)
&, REANB, ZITC, Hy3EEFSH I NV =7 orTRATEINS,

P _Z
Hy = Iy "—"_— | (3-6)

(3-5)RXEBVT, BTOY 2L T4 A —FERIR
HOT([ L) = fﬁ-;%‘lf(r,_?) | (3-7)

LEREND, ST, U(rt) HEBENTSS,

Pl EORH N E— RO T, (-DRXTRINZIFEETFLOHEEERNFEEI
NEFNIZEEHTHRYIEZLS, UL, V—HF—E0EENAZVESIRESG Tl K
5C&HT%HMQ%®$5E%éT%,ﬁﬁ%ﬁ%ﬁéﬁﬂﬁ%?ﬂﬁﬁ@%m@ﬁ%%
TLIETESY, EREEIOLSMHEETS O LIRTETS B,

2.1 Floquet¥Ei&

Floquet ). 1. Shirley ® 2k » TIRIEX NIRRT, HEHEEEOKE WESHIED
FF () ROBHEINTVLERTH S, OHERI, ¥ FloquetDEBEZRHWT
BRI TVAOT, —BRIICERD I, 02 18T, Floquet EERIC2WTHAZET
W, V=¥ —B0EENKEL - IBARERNTE 30%E RT3,

(3-NRD Y 2 LF 4 v H —~HEEXOME L HMBIN W (1) 2RO X S ICEEBHIRE
DERLTERT 5, '

W(r,t) = 3\ calt)gulT) | | (3-8)
IIT, aldTRANFE—DREFRET, clt) ZFOREOHEIRIETH B,

a(r) 137 OREORKEEE T, KAD LI Iz RF—EHHeaZ b2 (3-6)NDHEEH
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LT,
Hodolr) = eatha(T) (3-9)
I CHREIEAEELL T, BEIREa, S0 2ENOIEEETS, FOBS, (3-T)
kD & S TFFIEHIRESE xS,

it o) =ty o) (o) i

ZIT, GADTHERRIKRATEZ 6N B,
Hop(t) =< ¢ | H(t) | ¢ > (3-11)

HEZZTOWBRONINI=ZT VL, VY52 EBETHEOT, (ROXDTEH
HIERSEEZIERT 5.

Haalt +7) = Hag(t) (f:fib r=—2£—) (3-12)

LIchioT, N IA =7 v O&ELDITHERBRAO L SIC7 — ) 2ETERE NS,

Hop(l) = f H Pexp (inwt) (3-13)

R=—o0

775 L, 7—V R g

HS =2 [TH,4(t) exp (- inot) dt (3-14)

_?0

TH 5, Floquet EFmpic LB &, Z0XKD BEAPMISRENABETEValb—T 1 Vi —
HREAOBI RIS RTRI NS,

A oo

ca(l) = 3, 3 BN sy, exp(—i(q, — nw)t) (3-15)
y=an=—o0
8+

cgt)y=3% % th;’ 8o, exp{— i(q, — nw)t} (3-16)
7=q p=—oo
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T, 80a S0 BHEROTHRGETRE ZEHTH S, (3-15, 16)=D (D,(,;) BLT
qp t3(3-T)xUT(3-15 1) RERAL TELNEZROFERNSKD B ENTE S,

8 too
>3 HEP 0B +nhedl) = kg0 (3-17)
r=anp=—<
oFERI
@ =<ak | gz > (3-18)
H® P +n hobedu=<an | Hp | vk > (3-19)

TEHSINS Floquet NI W7 Y Hy BLUNZ MV | gg> 2EHATEIETROL
5 KEEEREICFE T 5,

Hr| qg>=qg| gz > (3-20)

ZOFloquet NIV =7 Y Hep BEUEENRZ b | qg > OEFHISITHIRRZET -
1 1ZRg, BEARRHS, Floquet /NI b7 VIEBITHEBTITH Y, HENZ FVIER
FIDFIRY FATHB, ZDOFloquetBRIZEMIIIBORBTITHHEE 2 BFLEE
iz b5, ZOBERBICEWT, BOXFOHICH 15007 LEFOKREnTH 5,
Lichi=T, JOBERERAVNESETRIN (ki) ZERcRETIENTEE LD
2125,

ERICINOEZFHETAESE, V-V —BO@EIIRUTRT AL IAETEELAN
BU, Livl, BOBESASVEBAR, FTHIEROBIHGED S 5 EEEREEEN
TRIESI, ¥, BET2EEGRESL 2BNOATEL, E5IELHFNIEELR
{183, Licdi-T, SROBRTFEMETEA TVWAX S WL —¥—HicBL T, Floquet
ERETROEENEEE (3-12), (3-15, 1) RTHRETE 2, BEMICRDHL I LIETE
MW, 2FD, V—F—0O@mENRIIORE{ L2553 FloquetIBRmIEEHTERWE
W3 I ETH B,

2.2 a¥yEBAERWICEHE
DKL, W C Henneberger ‘W ik - TIRE XN FHET, KATEEINZ2=7 Y%
UG ZBNROY 2 VT4 v H-FERIHELT, V- —EORFRER,

U(t) = expli(alt) - p+ B(1))] | | (3-21)
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at) = " Az p (3-22)

Bu)=§;;j:giﬂ%k (3-23)

ST, AW BE-DRTHEINERY PURF ULy LTH D, DIy ) B,
EFOMBICHET A LROBE ) 2ROL S cEHRT 3,

UMFHUE) = T+ alt)) (3-24)

Liehi»T, L—¥—BORFRIEETEZ V2 V74 v —HERRKRTREINS,

7 Zed - Y B
I a— ¢(r’ t) = /h_¢( pt) 3-25
[”m |r+me} Fret (325

W. C. Henneberger DR T, (3-25)AD 7/ —orB5 oy v LOEAE Tz)(t) TF4 55—

1 | oY1
— . ZHT"dU'tﬂ'" (3-26)
| F+alt)| a7l or/ T

B%1T - T, ZOMEAEHE LTHRDE- T3, LAL, 20K T 5 —BEOHKE
DAZEERTE 20 L —F—BOEENLER/NS WIBSIC2WTTH S, Lizhi-T,
IOFETHE, BFEHETELI TEHML —F—BOBEFREROES LR TER,
Lol, BL—¥F—ic L 3FETFERHIEERI L~ —IEheEsd 3BT L HFEHEO
7—arRF Y v VTRFEPIET 5 EEATHEDT, (3-2600RD&3 71 5—E
BT ALENRY, 20, BRIKET SIS/ —orvRF vy VEFDE 5T
HICHWA I ENWTE5DTHD, IOBE, V—F—BOWMEICRRE{ES &8 Tx
5, _ ' :
AL TR, JO31=7 VERARWHETHRY —F—BORFHREERS 2 &0t 5,

2.3 ML —¥—i &3 ETHEEERO BT RIIIEL
MEROEZFICL B FEMESREE L7 VEBREE L 2R THROEKS LIROD X H I/
3, ‘ . :
© BFR (1 sRB) , FFHR GERE) W L —F —~ o0 1 5,
@ L—¥ B0 B TETH - BFHD 7 —0 v F ¥ ¥+ VBRI ST
BN 5.
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@ BEFEEEFNIO/—OrvEFr Y v VEREFRE LTEHEL, BEFZIIRERR
BICEBL, BFRA4 175,

COBEOETHIEESRE P (D) BEFENEERVWTARTEINS,

1 .
Pg(t) = ?FT% A%; | ba(t) | 2oy (e) (3-27)

ba(8) = =i [T < g By, 7) | V(R 7, 7) | 8 B)gs(r, 7) >
Xexp(imnt)dT (3-28)
L, FJ—orvRTy e id

&
| B-r—a() |

V(R.r ) =— (3-29)

Thbd, BFHERICELTE, BIECESLEHTHS, 3-2DRicHT,  DfEE
FEZDBIRAED T NTIZHVWTOMAEREKR L TW3E, BEFRICE LT, WRREDKEEIRR
Gi(r 1) 13(3-25) XA BET S, TORBEMEASICH CEETERY, 22T, B0
SELE LT, TOREREEERETEREINS 1 s REDKRERIMET 3,

@(7, t) =, /%exp(—Zr)exp(ieit) (3-30)

ZIT, e il sRREOZRLF-EHETHD, £, WRINEOHHEE: (T t)id
(3-25)Kh o BT vy VOIEERWICHEROBTH D, KDL D ICEHIREDIRERE
TRINS,

g(rit) = k\/—%—jik(kr)yik,m(;)exp(ieit) | (3-31)

L3S LERTH D, L, my BEYRREOFVETY, MREBFHTH S, £, ju
EBRAR oy E VB TH B, e WIREOZRVF-T, k LIRATHESIFONS,

g = —’zi . - (3‘32)
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BEFROBREEZUED L 51~ 1358, B-2NRORTFROKIREEFE o (e) 13K
D& HcKIN D,

L
orgp) = e (3-33)

(3-21) RO R FRIEEB R L BARMNICHET 284, RISRT7—orRFE Vv
D7 - LT RERN 3,

1 _ 1 ooodm s>
= J da—z expliq - x) (3-34)

(3-20)RKicBVTC, T=R-r—at) ThiZ(G20)RTEINE 7 —OvEF LY 4l
D7 — ) THEBRFTATE, (-2 ROWHNERE B,r 2 Lt OEEOBTESA
%, 2L, KADELS I explig-dt)] BT 2L, § OB t DIELE O
TETEHNTES,

expliq - a(t)]

o0 oo
=2 X i)M+Nsz(—;-anq)Jm(—;-auq)
Nl=—= ¥2=—co
xexp[i{ (N1 + N2)8, + (N1 — No)awt} ] (3-35)
b Al O
_ A _ B '
Q=T (3-36)

THod, Fl, (3-3)AD T IFF 1By t/bﬁﬁﬁ?zﬁén (3-24, 35) A% (3-28)=UcRA
75L&, t>oOBRTORFHIEESHRIXATEL N5,

1 o
Tt u J del X MR

ME,Mf ik,mbk Nl=oo

Pp(t) =

X2ré(wy + & — & — Nw) &)t (3-37)
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VLN (- do L il L aoa el %
¢ =_ 5 f q—q—2 Manq N+N1 2aﬂq

x < ¢y (R) | exp (ig- B) | ¢ (B) >

X < gy () | exp (~ig- ) | ¢ (D) >

Xexp [i(N + 2N1)8,] (3-38)
3-2NRD S EFNIEHTHY, ZOERANOERRLRANF—REFLRL TV, %
7z, NIZIEOBHEO & EZRICBNEINELEFOH (AOBED EXRISHTIINELTFOD
) 2RLTVS, 3-20)RD ¢, ¢ RBE~FHBIREOHEBREE(3-30)X, #IKEORKS
B (3-3)RicHB i 2 TR OHERETH 5, (3-27)THREZERAIC L TO SN,
CHUFRIREN COFROIC L VHEE L TR VEF—IREEE LB 0 6 ThH 5, ERRE, B
MM D OBEEREZHETHIERBWOT, BEAERYND OBBEREW,; 1X(3-37)K
ZEEt Th-72fl&85,

PIEOBERWIC LD, L —¥—BIC Lk 3RTREBEEZBFRIVNCRETS ENT
EDXIIU T, (3NADHENS, BIROESLENRD, RTROERENEEL
TOWAETFEHEEHERLBEIENTES, £z, (3-21,22,2)RD =7 V&,
(3-29), (3-34), (3-35)HKD 7 —ovBF vy VOREVICL D, FNETREDES
EDTEIMN - BT RNEBIFISTETRET A I &L i » 12,

2.4 LYtk BKRBEURFOSHFRNA A 1L

B — P~ BORTFRBEBRICEVT, L~ SRR L 7o TR V3 —HETFHR
CEFRCAEINEY, ERIICELT, BFRNAZOIXNF-OREEZZHINE LB
Hhiha,

ZoT, ARETIR, BRFRAESE LTRY, BlU—¥F -k X 3REEUEFOS T
WA A AT DWTOHET BT &ic Uiz, £, L—¥—8BEEREL LABS, 20
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the;niMotion of electron in Laser field
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the Motlon of electron 1n Laser field
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(1) J. F. Berger et al, J. Quant. Radiat. Transfer Vol. 40, No. 6, 717. (1988)
(2) G. A. Rinker et al, SPIE Vol. 875
~ Short and Ultrashort Wavelength Lasers, 92. (1988)
(3) J. H. Shirley, Phys. Rev. 138, 4B, 979. (1965)
{(4) W. C. Henneberger, Phys. Rev. Lett. 21,12, 838. (1968)
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. UU®»IC

Ru, RABXUVPAIEVICHEILUTW S -0BASKRTE L Kidh 2, Eal WEEk
FILEN TV S DBETA v FITHWLY, GRICEHERDL TE£OMEEDR EICHOL
o5, BEEOHIRIZEFTAMETH b BEEH KA AP ONIx O53EEIE UHILL FIH
INTVW3E, ZOEMNCEBRM L LTHRAIN TS, COLREVHRERERZLIIDS
T, BEERRERNC SEHMA R OMEHE /DR, bAETREHEFRHALHE - TH
5, '

FHEZREROBRLHEIISr—Y, "*70s BEEEBIHROBEHRETH S (Rl 1,
L 1), B2ETHEORTSIFAETRE THRICBI IWARSRZRE LT, BED0%%:
55, BEOHEHEORAE P Ru—Rhick 3 bOTH B, Lihio TRIEH DB
DBA&KEXRESEE - B LRI 2 FRNAREO BETHEE KR L RO MBS 2B BIC
THEFTEL, HRICHFDLOFHLCBOSEOH L WHEREE L TEWTH 5, AINX
N-BAERRIZZ DBRERED 1D HRICHIIRD S 2 N LENICHE-CE SR E LTRIHTE
AJREMED B B,
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o, HH Ry FRBABOBF T u—-TIA 0TI Y-
(electron probe microanalyser, EPMA) fE#HT

21 [FLsIC
SERZEREICSIH S v FEBIThN, ML OMREE/O 2o 0iclY, REHERE
FRSDH/ A5 AL ED XS ICHEINTVANEMBLERD 3, XFRAREGKE
BOFICHECENVETY v TS 5709, BItE—/0OlE L30T ZNSOHIE
(ZAFHWIE" PN ETH S, EPMAREOHRICZAFHEZBEAYT 38, 2 %Pd
SEPEHAFAMNLZOEPMADOBRICZATHEIEZEA L ToOBEL-FERTE 300
Fap% 2% pal

2.2 NRSUHL 2 REERFHHORME EPMART

FARES 10g KR/ S5 U L. 28% 7 v VEHBICANT VT VAR LEASERIET
800°C 2 RFRIANEAL foo MIEERTIS0C &S = 1, BUSEBIHRN SE Y 2B M UED
=FDE PMASGREIT- 7 (K2 1a), BIESRFITMAEL20kY, BEEHR 5X1072 A,
XML LHIB° Th-7,

EPMAD#EREARE? LISRT, /35 VY ADLaED ¥ — 7 B 1480 1. 3~1. 6%
Thotz, THICZAFRBEETL, PUBEREL 0~2. 1% %180, 7 AFRESRBREHO
BALROETES (Z2) , BEH (A) BLUEHERIN » 8ElL (F) L3 XBORR -
ENVRT v TORIETH S, MOBEAMIAEI NS h o707, AEhORERE298%
&L THEEREORMAE Ui, BDELUFEICX AEOHELZRL /DY, /35 DY LEEMN
HEUWT 2O TiIrhiid -7,

2.3 shiddiR e FRERERIE PMA DR

St v B E VIR L RTE OSEARET, 75 A TE PMA%ZIT- /-
(H2. 1 b) o MERMEG/ DT L2 REEFRNMERUTH B, F/EESH L& LTPd,
Rh, MOZBIEL T, E—/BERRL2OBOTHS, EEENLOE—IEIDLESE
2.3, M2 21TRy, KBDESEICAHLTOE I Ldvhhnd, ZAFHEEZESD,
T X OB XU T B AR Y ORHO i EM TOEERINEEHDIMo, Pd, Pdicot
TLrEREZRoNGEh -7, TOERX=YZBIIRE{ELTE-0RFICLSHEEN
TEEIN- T, TODIHENRIN « HELOFSORBENTEFHIEIITELh -T2,
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3, HS RILEFI A A W ERBRE O SIE R ER

3.1 RLolc

WABGREBTIBEEN S AEHFEMA 54, ZOBEEEKEOMEEN S & OO
BEAFEZ 5, ETOAEKOFERINRY L EHBICHERLTIT), DL EMIILE
NEMBRL, RUBBIZEEBIRELRD THENERNWETH S, & I APRMZ—EIBIC
B L—RIIBEE NS, FOLDEETORMDERNTEFICW, 75 AERFEMA
T, EERE LMD THEMETY JLickD, TELHRY VEEEFN L LTEPMA
BT - TERNTHEIR TS,

32 £ B

O SRS R I RSB L B RE L /. 0T, LWRHKELFBRME
RTH B, MkEERS 1, MEAMEK 1a (LWR), b (FBR) iRy, E&EH
TS (scanning electron microscope, SEM) HEE#AXS3. 2a, bioRd,

8 10g & BT, 28% 7 v < YEHRICANERUFETI00°C 2 Refm# L7: (F3.3) .
HBREME. £ 2KFT, BRPOFBHFEERS. 4 1RT, AERALTHIECITE
LUtz BUSHRHHEN GRS Y ERDH LU TUML, BrbtsmiiELl TS EMEBE, 20t
XA ETo ., READ I v F 2 73 fThiih- 1,

3.3 # 8

Ry IFBEhOB D2, EHMIRBEEUTO, SEMIck2HmMOEEIL
ZEHOWERR FICHEIN S L ITHEI -1, BOEXRIC X 598 TldMo, Ru, Rh, Pd
DO~k ("3 5) E—-2PEWCEERLTERBRTEL -7,
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4 FURRCIVHOFEEEIC X ZBAEREROER

4.1 FLsIC
BEEZBETAHLOVFRELTIvE IV EREERIC L 25BN H B, =
DR/ AVEEFAEY VT LA RUBURETRED bi# £%EET 5. OB
ETAVRIGEBERELTEBIVE LD, ROTI V{1 A v hskikEEm L
TERBRCARRT2LEAONTVS, BRELESBRBYTETAICIVEBELT
EURIRETH B, €723 VE /I VRO ERERIBEIC X D BRANTRETS 2,

4.2 £ B

B4 1ISRd & BEEEZAV ., BREHEELTAY /—~VE @7 b= MY LE,
FaoftE LTF S FA7Ivavih (TEAL) £l Ly Y73 »VE R
avft¥y (EDD 1) %, B&kE LTRuR, RhidK, PR, HBERAMFEE (LWRM
B AW, ZA7 S AICEBAE 1000, 3% 5mol, 3 v {k410mmol NI ER
i1, BEBREMATIO 30, 60538ICHER I nl% 2 B >OMLAHENE Lz, &
RO BARREEHRICEIEL 72, FER—LD 3 T {LKBBRERIC L BAREROD
HEROWMEEZT I,

4.3 WHHREEE

BRONTEERA 1, 210RY., AREERTRPMORMIFZLALERL Eh-Tz,
FRE UCEERITHEIVNS W D BRI & » TR LIS < - T Ak
BB, —HEICRh, RuDBR(ATI3SBEL EICREH SO TRZETSORMENSLE L LD
N3, IUKERRTIIIVROBMIT L > TRIDBIEEANBIR%IZHEL TV, Fio
BABRRERETRAVERTRRALCERLTOWS, S¥=xZPE LB LI VR
FRNANCBER L T 5 ATHWEVHE TS 5,
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b. MEBANBRFREDRK

51 LIS

ST HEABREICH O ARENSERES o TR 2 LIt D IEEREOER:H 5
BEI/PO—ATED, ThETHOVTOBERENRD DL B S EBOEE
DY A oY hek iv nl tut-c1-:U N O~

5.2 ®& B
ERAAFRERRO R & — LA%K5. 1IZ7R7, Mo 3.2735g, Ru 3.2660g, Rh 0.8194g,
Pd 0.8176g% DD HAHAHKTILRE L. ThEANAY FTVRERHOI00ke! /e TEE
¥1emEEH Loem®@_ Ly MIIIEREL 72, 74T BEK T T50kef,cn®, 1500°C,
2 MRS Ls, RO LBIHERF VU AR STHRL, INHEBTY—F 7y
TS5 0T 4 N —THRB, KL, EREXRONRIE, SEMBE, BEXENME
o7 '

5.3 MERIEE

BEOREMICHIT 2 ERERS. 1ICRT, IERIA2. 0% TH -1, K5 2 XA
FANRY PVTH B, M0 FEEXNF, Ru, Rh, PAIEEZIZE—ST 20— 7B
DIREIL TN TOWEEEIBESSd -7, SEMBEOHER, BRL HEREINE
5 ~10 2 mOKHRTH > 72 (5. 3) , BOEXBUHICEONAREXBRRY FAO—H
AL THS. 412ET. Ry, Rh, PADE— 27 BEVWCERDE-TWVWE, R—Z51 vk
FUOE—7DBIRNF~ROF—) v IEERTEULce= 2 T VEFICX A E- 7T
MEEBRT 0SS Alc LB E— 2 EEERS. 2I0RT. HEERCE O/ (wt %)
{#Mo 37.79%, Ru 36.91%, Rh 21.05%, Pd 4.25% THh - t, FIHDEESHICHE~TRA
DI LPAAYRD L Tv 3, PADRADRIEB~ OB THIATE 5, —HROENIYED
IV THIBA DI, Mo, Ru, Rh, PARE— 7 BB L TOTHEHPEETH 5, Z0O7:
DR ERE - Te 2 Bbh s,
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6. Stk RETERER

6.1 [XCHIC

F &R EE 2R &S o B TN R RIN U CRE SBT3 56t & U CIE
TEIEHESNTNG, 24

FEEIN Y FFy vy 7LD BBV RNF-DOXIANT 5 LEETFRERINTEE
BT kA0, WEFORTNIELER S, JOBTFEAMDEMOEHES LD bEd 2
AL SEHMEETIETHERL, FALEBMENERT (6. 1a) , K6 2SR LS
IR, ETHEKE BMEREOEMEOBIFICED 3 7 1 7 ONEALFIFTTET
5, [DEEHIKROBBTEN L O bETHIULHERE L-B4E L TkRORENE S
0, WEFELBREOHIETEN LD HIERK SIENEK F TBREORENIR S, §47
| OYRURATE EMBEORENTRAL DD, 447 2 IIKRIIRET OB T LT
WD, 747 3EMIKREIREETREIRET B HOTH S, 17 | TKE-BE
DEREAERE 2 1R U BT HDTIEET 215810 RRNRE T 280 0 ICB TR
fkxh 3,

SAMOBH DI Y ARV S LUTO LS BPEHSES B, FIMRIED DY
12AETUNEF-—FEFASZERLEODIHL, B8H0E ¢ HiZMEOCLTOBMNT
BF—EFERATTRETSH S (6. 1b) . £/ 7y BRIANVF—DBOOT—AD 7§
TEHOEF— EIMERIET 5,

yEIEE LTI S BRI & B b0 (RERGEAR) &k —mgAE Y
¥ DREBEEETE L SVERIC L S b0 GBEAR) L2535 (6. 3) .

Z OEREOAIRER AT 5 7o D EMRE A R R R B RS TR RER R %
ReELi, '

FEEEFRRCAEORHEL 156 C—MS ORBGIERARA - HEEDRESHH
TR otz, T TR ARBEROICHBARKL 72,

6.2 EEFA
Z I TS HERuE B O 7z NERHRIE A 2 & 300nCi 12 T Cs B HHRIR & B W i R E A B
WDV TETBIR X2 FRIET,
RHEDMRIN G B BERO LAV F O -3 B8R, rRRICOVTERTRD L HIcRSN S

AEy= Ev-¢{(uen/0) o, x + a .~100
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¢=go-exp[ — x - (££/0) )
AEB=(EB/3) ¢ a

ICTORBEHRDO 7S v 7 R [sec™'], aldfiifOoEEY, EvR3ryHRTR
F—, EBRBBOFRIAZANF—THB, $1- BRI 0NOE BETOEERXRY FNVE
EOOTEOFEH A NF-EFRAIANF—-D1 /3 &1,

F FHEHERuE F W ORDRIC DWW TEA S B,

RIGSR e & U CRuZ R LcTi0 27Kic 25wt BB L, £EAZ10g on’ &7 3,
Ti0, DNy F¥ v » T1d3.0eVTH B, ERLABTF - EFLHD > bRIBIKFST 5EE&
THHLETHRETHATHEOT I BEREL I, Ti0 RUKOERERIUFMBR U T 2V
F—-RIUFEAERES. 1 ITRT,

SRIRICIE, PRBERE33000MWd,“ton, ot 130MIton, EROH L% 150HGEIL fofERE
AR SR E M /cRuE AWV S,

WA 1 tonZi 7z DRuBld

1.90 x 10%g ~ton

Ruth® ' SRUDEE %% 5 % &1 5 & A STRER

%5_ x 6.02 X 10% X 2.189 X 1078
= 6.216 X 10 [ Bq/gRu ]
T& 50

VSR BTE 3386, 2 AR Lz B0 TH B, FIHENIRING 2 2L F—{T

AE o1 = AE s+ AR 0 +AEB
= 3.02 x 10" +1.87 x 10 +1.45 x 108

=1.50x10%¥[eV/s-gRu]
L7 TRBEREREVIZIRO KL H 1285,

AE 11 %994%3600
V=g 0B X gaaxim

=1.00 x10°[1/hr - gRu]

IRICAKEREEREZ 1 m® /hr & § 5 DI HETRuER
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1000/107=10%

&18Y, BIFFEHORETFIFREEROFENMEYT 5, 2L CORIBREHRFEE L T8
BEETHOMERE L TOLERTIRAV, | tondRuKF 238 EICER I 2001
FELOVD, KESEABEEREE L THAVAILETEETH 5, J0BE ABRRRIGERICR
RENTLEIOT, KEREFEEIL 1 0BEICHEL S, L UEFEICCePCsiE v g5
EHOBWF PEHWE I ETHASES S,

R TCs R AW RBEERRIC DLW TELTH B,

RIGFREREER U 7Ti0 ZKIC50wt BiE X €, EAA 2g cn? (BEEE 3 cnlc#E2) &4 3,

VTS DHUIE A6, 2 bR, 1

BRRIRERRD JURIGEE TRINS WAMRCFS LIV OTHEEORIN G 3 =% /U
F—i3

AE totat =AE ye62
=1.45 X 1014eV/S

THbB, ZOLEDKREREHEZ

_ AE 1 1 6
V= B G x0.03x7xm>§22.4x3600x10

=0.158[ u1/hr]
THb, RIBBAREREMIE L, KEEE 1 ppnd 722 DI AETBEEL L

300x 108 x1x 107
0.158

=1.90hr]
L1520, 2REOBEHTERNIRETH B,

63 % &

BV B REEARSE. 4 — 510RT. K—MEROA-7-AER | | OEBIC
HBAHEOREIENTD A B, KES V7 ik I E F ABHEEIC L B ¢ 80
RS EIETH 5, FRATHLUTRESh, ABEL Y ABEEEECERENS, K
SHEH 22 BEEEICUA L—8% G C —M S KM LR LI kRO E1T 5. KD
St RSB OTH S UBRIEEBAEF + ) THRTEBL Sy 7 759 ¥ REES
TEUENS B,
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6.4 1RERER

KEOERICEHBRBHEA VS, 24700 ) L OTHRUAEEKES R 5 ~250u 1%
BREEICHALF v VT HRERBELLBGC -MSTHrLI, M/AZ=201F >
DI BOFBELO—FIZK6. 6 10RE, E—7OBEREHETE1:0, F+ Y THARR
—EDRYTE— I/ DES LHHEOBRERE~, RT3 HE2mE L2 (K6.7) ,
- TEBOEBICE - 7EEEAVAEDDICE— 78S EAVB I EATES, LALE
A LESEKERE U — 7 EEE OIS, 80:ELEROBEFIENE HEEG
RN -7 (6. 8) ,

6.5 GCEEOHR

EBESEVZORERESRSYONE TIIEEN REA RIS S3KES RSN
B, EOREER Ny 7757 FEAETZERELVE—7 2RHT 3 EOREIE
RENnic, TNCOENSFHRA RN 1 BOBRETIAG COHBEE TRV TWI VTS
NEZ ohil,

6. 912G C —M S ORBO—MTH 5, EEEEBAOFEAN R d—8AH ZEDIZA
SINF PV TFTHRATHEENS, KOTSVTHBEEL EFBHIF ¥ VP H R E & BITAEN
NTIZE > THLBENS, NASNVTZEBEL TREEZTID A B LR G &E
ICiRALAL, BRSNS E SV T2 TICRET LB ETEE D & onisEdiHEGC
Ko b, BEDHKETIIN RBOIORANSNTETOMEF v ) THRATEBETER
WV, 207 L HREBT AAHEFICEL TRV ERHREERICEZEL, 2EBLE
OFRETHID THETICET 2 EIT/ 5, ERR, HREYD, HTREDERE VT E
DROEEOEHAHET 5LH 50Uty FSHTOEI A LT85 ATHREHE
BEOYDETULHIIELLVWI EMHRL., ZITEELZLDHENEVIDOIER
BEEDT vy FEY 2~ 42 1 /1S 0 BRHBEPHCHBEICE SNB LS I~ 1z, B
EHH O EERTORBOILH HIERI NS,

HE, HIEORRICHT ABDONOHEEETEF vV THARTERT LI AT D
75 LEEEBA N, BEIEETREORGTRENSVIRED S 4 3 L 7 ORitE
1T 3,
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7. £ & ¥

R ANEREOHEMIE S EMTHET 2R CRRIOENBVIENME S E{ s,

SO HIC X BHHHER I Z BROWBAHICHE I MTEOBEIIAMR L 2, BEXROHIE
& DMo, Ru, Rh, PAZERH L7cbDOE— I PRBICER O &> TENThO E— 7 EREIEE
Y RAG TSN ol '

E PMARIEEE RO 3P 2 B EFPUZERMC >V TR Z AFREIC X D ZITREL%E
BRHULY, b4ty PRI YL TII—HOTHE TIEEREED - 12 T & &R
DOEHEMN TOERBBNREN—HBOTRMTLIEL oM TOIED > 1o/ HBIETE -
126

IUHE/ IVERBRICK 3 EASEERIZ SN E TEENIREE - 72y, RAOBERICERISS
HICIL B LRI NG, FIUELE U TKRERLEIT) LKV BBIERT 20 Bbh
5,

FAKHRRERI LB OFEEIAIT > TV ALFIHIC S DITRBEAMA 2 LERH D, RE
BERIIFEDLRITEDZITHSE, Bt + VTHRTEEL, ARICELERELIC—E
BOBHESN TR ARITIHEND B,

— 100 —
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8. H &M ZE

CO—EMEE L TET—HFEH LIDIRGC —MS ORERAE 318 » febsfl» fo &k
HIES, FHFBREBALRBENEIVWTHBZDIL, BELEDMRIET S LEURETL
BEIENED-TVL, TS50 I7PERED BREMIRE L -720T 5, ABOANGZE
EATHILY, BEEELTHIZDVAVERAT I BIRREL CHBOIGIN->TE L,
EBOFTEIED > TOWEVY, MANoRAh-BUDOEHIERTEIZESTHIER
WARYMS NSRRI - XD IKE S,

z £ X W

(1] I.Uchiyama, A. Watanabe, S.Kimoto, X#R<A 707+ 31 ¥,
Nikkankougyousinbunsha, Tokyo Chiyodaku Kudankita 1-8-10, p.127-184.

[2] A Fujishima, K Honda, Bull. Chem. Soc. Jpn., 44,1148 (1971)

[3] K. Yamaguchi, M. Satoh, Chem. Soc. Jpn.,(2), 258 (1984).

[4] K Doumen, {k5:&T3E, 42-2, 34 (1989).

[5] C.M Lederer, V.S.Shirley, Table of Isotopes seventh edition, WILEY-
INTERSCIENCE, 605 Third avenue, New York, N.Y. 10016.

— 101 —
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#11 (R ERRHER

FOKEF (PHR) 0] EERE 2
g/Mg Ci/Mg g/Mg - CiMg

T7F /4 FILE]
i % 0.54E+05]  4.05E+001  8.56E+05  4.25E-01
27VZDL 7.49E+02 1. 8iE+01 2.49E+02]  2.07E+01
T bZ L 9. 03E+03 1. 08E+03 1.03E+05|  2.57E+05
T AV L 1. 40E+02 1.88E+02]  3.53E+02|  9.39E+02
F o)A 4. 70E+(Q1 1. 85E+04 1. T1E+01 1. 42E+04
7S 1 6.64E:05]  2.02E+04] 9. GOE+05| 2. 72E+05

T RERMITE
M F L 7.17E-02 6. 90E+02 1.03E-01 1. 05E+03
L 4. 87E+01 3. 96E-01 7.36E+00 5.95E-01
B3 1. 38E+01 <1E-1 2. 50E+00 <1E-1
T)T R 3.60E+02 1. 10E+04 3. 49E+02 5.43E+03
WEV DL 3.23E+02 1.90E+02 1. 99E+02 1.66E+01
AbOXFI L4 8. 68L+02 1.74E+05 5.91E+02 1. 62E+05
Ay b L 4.53E+02]  2.38E+05)  2.85E+02]  2.35E+05
8 W il N 3.42E+03|  2.77E+05]|  3.09E+031 4.53E+05
—F7 1.16E+01]  5.21E+05)  2.328+01]  8.58E+05
EUTF 3. 09E+03 <1E-1 3.96E+03 <1E-1
T7HFI L 7.528+02 1.43E+01 9. 79E+02 1658401
WFrZoL 1.90E+031  4.99E+05]  3.37E+03 1. 21E+06
07 L 3.19E+02 4, 99E+05 9.41E+02 1.21E+06
INT DT A 3.498+02 <1E-1 1.95E+03|  2.68E-01
3B 4,21E+01 2. 758403 4. 08E+02 8.01E+02
ARITL 4. 75E+401 5. 95E+01 1.41E:02 3. 23E+02
AL 1.08E+00| ~ 3.57E-01 2. 28E+00 4.81E-01
AX 3. 28E+01 3.85E+04 8. 31E+01 8. 29E+03
TFE 1. 36E+01 7.96E+03]  3.46E+01 2. 38E+04
FILIL 4. 85E+02 1. 34E+04 5.07E+02 4, 26E+04
IA7E 2.12E+Q2 2.22E+00 5.00E+02 3. 55E+00
¥/ 4. 87E+03 3.12E+Q0 4. 77E+03 5.278+00
Iy A 2.40E+03 3.21E+05 4. 30E+03 1.52E+05
YL 1. 20E+03 1. 00E+05 1. 46E+03 1.18E+05
AN I 1. 14E+03 4. 92E+01 1. 28E+03 7.43E+02
TtUD L 2.47E+03 8. 27E+05 2.91E+03 8. 76E+05
?'512 FU AL 1. 09E+03 7.71E+05 1. 23E+Q3 8.76E+05
2F LA 3.51E+03 9.47E+01 3. 88L+03 7.84E+01
TROAFIL 1. 10E+02 1. 00E+05 3.92E+03 3. 21E+05
B )L §.96E+02 1. 25E+03 9.45E+02 5. 66E+03
;;—<E3t5ﬁ7la 1.26E+02 1. 35E+04 1. 54E+02 4.90E+04
HE U.: 77 A 6. 29E+01 2.32E+01 2.06E+02 6.05E-01
FIE DL 1.25E+00|  3.02E+02|  4.27E+01 7. 13E402
TARATOT) LI §.28E-01 <lE-1 1. 68E+01 <1E-1
N Bt 3.00E+04|  4.42E+06) 4 2GE+04 6. 63E+06
5 $Hl 9.95E+05] 4 44E+08] 1.00Es06] 5. 00508

Cl]m?ﬁltﬁﬁé hi-FRBPOT 5 v IMgYnbTEHS AL, FHARMEZIIMWd kg, B
WAIOMW/ Mg, WOHLEOMHMMIILSOH.

(21 FLBLUYS Yr PRREEAL IS VLSNP 20 LA bR I Mo Ha DT REhAR., B
EUFRRMEITMWe/ ke, BIENTRHAAD. OMW/ Me, ROLLEORAMEAL 5048,

— 102 —
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#2.1

Pd?2%EERHOY— /75X

E—-7E& AR IR (%)
sample Pb-Me | Pd-La Pd-L o
2%P d1E#E1) 3245.0 | 115.0 1.39
2%P d E#2| 3060.0 135.5 1.63
2%P d#|H#E3| 3200.0 | 130.0 1.57
Pd 1E#E — 8300.0
#2.2 SfHEERCEEASOE- 78X
E—75d R EE B(%)
Pb-Ma 1|Pd-La1|Rh-La1|Ru-La1|Te-La 1{Mo-La1|Pb-Ma1|Pd-Lat1|Rh-La1{MoLa
Site '
Pb-1 1878.0 36.5 210 3815 130.0 15.0f 58.09 0.44 0.31 0.28
Pb-2 1670.0 49.0| 245| 456.0] 1145 525 51.65 0.59 0.36 0.99
= |Pb-3 1516.0 325 10.0| 192.0 41.0] ND 46.89 0.39 0.15| ND
Pb-4 1516.0 13.5 9.0 28.0 11.5 12,5 46.89 0.16 0.13 0.24
Pb-5 1364.0 16.0/ ND 20.5 115 ND 42.19 0.19] ND ND
¥l |Pb-6 1554.0 26.0 10.0 42.0 8.5 ND 48.07 0.31 0.15| ND
' |Glass-1 63.5 ND ND ND 9.0 345 1.96] ND ND 0.65
Glass-2 94.5 11.00 ND ND ND 30.0 2.92 0.13} ND 0.57
Sample ND : g
1Z [2%PdiZ#-1 || 3245.0 115.0] -~ — — —
2%PdiZE#-2 | 3060.0 1355 — — — —
H#E |2%PdiZH#E-3 | 3200.0f 180.0] — — — —
FEH | 3233.0
= Mo Z# — — — — — 5300.0
Rh iZ# — — 6770.0] — — —
Fl|Pd 1= — 8300.0| — — — —

6¥0-76 0T78Nd INd
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#3. 1 EERERRREMAR

R u Mo R h Pd O: (%)

FBR#MH |39, 0 89. 83 10.1 10. 4 0.7
LWRMH® |61. 1 19. 83 8. 10 10.86 0. 86

#3.2 BESH

i LWR FBR
WER (g) 10. 0397 |11. 5031
HEXHBEEE (g) 0. 2086 14 0. 2811
®;ERE (Cc) 8§00 800
XKW EE (C) 750 750

o S| (hr) 2 2

— 104 —



PNC PN8410 94-049

#4. 1 FRAFRESEARRICL AEBERER
R (5)
10 30 60
Ru [TEAI/I:2/CHsNO ND ND ND
Rh {TEAI/1z/CHaNO tr tr tr
Pd { TEAI/I12/CHsNO 7. Tppm 15. Oppm | 22. 7Tppm
Ru ND ND ND
EDDI/1:/CHs0H Rh tr tr tr
TR ' i Tttt e
Pdi 0. 2ppm tr tr
ANEHR
Ru ND ND ND
A3 e e S et
TEAI/I:/CHasNO |kRh tr tr tr
Pd| 1. 4pPm tr tr
ND : g9
t r:EBRHE
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F®d. 2 FIVAOKKRBKERIC S 5BBEEBER

- BRESRE (2] , BRE [opm] (FHRETERY%)

SR | B
(mg) 30 150 300
Rh [18. 3 |HI: 379 (11%) 841 (19%) | 210 (6%)

22. 8 |HI/I: 739 (20%) 857 (23%) 1910 (51%)

Ru| 6.8 |HI/I: | 431 (832%) ——- 270 (20%)
| 880 (28%) | -——- 1420 (45%)
g T R - -
A 298. 9 |HI/I. [Rh|11(2.56%) | ——- 30 (6. 8%)
G i R T B —_—
P82 (4. 1%) | ——— 30 (3. 8%)
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#5. 1 HEREEE
# 1 2
GRS 8. 178568
R 8. 11278
HIP - #BH& 7. 9189¢g
TR LR 7. 52838 (HEI92%)
BRI & B3 RD 0. 39566¢

#5.2 FHELBFHEICLL Y-/ HHK(cps) DHE

Manual Auto wi%

cps Gross cps
Mo-L o 620.540 407.773 37.79
Ru-La 485.210 402.973 36.91
Rh-La 242.047 317.260 21.05
Pd-L« 53.032 203.043 4.25
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R6 1 BALF S ¥ EAOERBINRIE UL 2 L% —BIRE
Ti0 He0
w/ 0(cn2/e) | Uons p(cu2/E) | &/ 0(cn2/8) | thoa/ O(cn2/g)
500keV 0.085 0.03 0. 09867 0.03299
600keV 0.08 0.03 0.08957 0.03284
#6.2a '""RuDiis
TRV F— | SRR | BuBE [ /s-gRul
B|3. BMeV | 80% | 4. 98X10'2
7| 500keV | 20% | 1. 24X 102
B00keV | 10% | 6. 22X10"
#6.2b CsObHR
T RINFE— SHSZEL | BHE [ /s] BT ng/cn’ ]
B| 0. 51KeV 84% | 1. 04X10' |170
1. 1 8keV 6%|6. 86X10* {500
7 | B2 2keV 85% (9. 44X10°
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UCERT A7 S5 — L v OBHEEGICRANY Y AR THEA RERMNEEL T
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DRERIZEHZERGE0 (Ceo) DHOHB0~30%, T0ODHDA~10%F2EE, fhicT6, 78, 82,
84, 86, 90, 94, BDMPEIHEETE, 5K CuDFEDHREELR OGN, T0DD
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0o T & BREEENERINE M FESNTHA BT 23 | miarAEF (fec)®
CornHOFFEL 2K Coo&Rba CooidFNENI19. 3K & 0K ICHBzEIFERL 25 21
MIHEDC oo THE LK X Ceo&RbX Coold19. 4K & 28, SKIcF N EFNIBEEERS L B
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B2 DY ¥ T DO TR XBREIRT 1T - 72,
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h (®—-1), BEETL]A OREEHOERERL TS, RICbl~c kS IcBRTIRQ
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70T b5 LERBLTCoo Bt L 72, BEBMARER DI SIEEERET 27512250
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3.3 Microparticle (MACRON)

3 1B TERLIMC, 500eVOE — A« ZTRAF—FETH/NIVOTIET ZHTF
R TICTBEILERRBL, D, OBl TFE /O LR EIZT A,

B FEILE T AEFII AR, FESTTEIMICINET 52 &,

(FIRER)

@ WHFATEBEIEL Fr—v 7o 7URFRIE ST,

@ fEEL< 7o RO,

@ Cockeroft-Waltonfi#&ss, Van de Graaff JLAEBREAVWTO< 7 0O,

77 0V ORTFHEEEL0.01 [unlD bOIMEKTRETH S LT, PTcREE IR o=
11.5 [g/cn® 1 TH B S 7 I BRI I CEDOEFNESENTVWE Z &S5, T
Z1000fEIc>% | BREEEZEGZ TPNUIMELRAF —IA550keV &85, TOK, w70
VIRENHBICHEI TN LV I EHN 5, :

BISCTRA RIS, B 3N TEEBIRAIERE-TMALTWS, TOLDIE
B EVIAEERALTOS, K TIEMEBEORANEZRLTE .

EESE Eg

M7 BEwE
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B7Tokdiz, BEEREERHEL TOAEEARERZRICEOEEBNEMUIc LT
%, COK, BIKERF Y+ VBALEFELL RS ETALSERIRNAS, TOER
7 —0 RIS K>TBRANSEHNITHWL,

A, BEBIERTHEELT, B420¥E%a, bTHhELT 5,

BRI ARMEREIE, T 5BHFADBFE OB LN S,

Ey = (b/a)Eq (3.9)

CIT, n (b/a)ldREHb/ KT AR TH 5,
(3.9) &g &LIi

Qb=47fﬁo7?(b/a)Ea (3.10)

THEAL LML BB EICEHNS,

XTIIT, FEMKTODICEENEREIESE B5EERT,
8Dk, FITEREBEREL, Mice /D VyEEVTHELEIIBVLIICEE
iz CEREEAEINY 5,

Ty Al -

— V¢

8 <o

TEHEELETEHE =Ve/DE (3.10) Rich-TEBLI< s BV REARKE L TREE
M0, EREEIC L BN AR RIS R TAICERT 5, 25 LTI/ oV
WES T3, 2LT, THREGO—MICAEEITEL S&ickDd, <70y %8&HKS
DTHB,

CO& D BEFERERDS, <70 OREHAEE LTHATILENTES, L
T, TO=77 o B ERROMBAROETFHOMFTLBEZMI A LICEDw7arD
MR TRETS B |
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3.4 EBOMHLH

- Magnetic field Bz
macron ©
source reactor

|
mass >~<—O—Cﬁ;—o—=>o—4-—
separator o .- o-
accelerator macron accelerator

B9 Moving Target D ¥ AF A

@ER) 7
¥ =4y MNEWR 0.5mol (50g)
B CiA Y ER ' 14857
g 3. 4m (for B=10T)
HER 1071 Torr
(MACRON)
R 0.0l um
B FAROEFE 2, 935%10°
GRS 293
HInEHE 550 kV
B8
iRt ' 10%cn2sec ~!
IR NF— ' Thermal
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COETR, 270 bFeds—EEENICHAUADTECERY Y ZIKHAVWS 1200
BEBICOWTIRET 2T O, HA R, B TFERFESHERRGIC L DT Y — A% FERE
BEEEILEEITVS, LHL, NTEILOHR, /7—orKEFILDE—LERE
FEITIRA, ZOHINTFE—LAEZLEICA LAY B L5 B E2E > & 5 HEEHEREE
ARSI,

BUABRIBIC VTR, BEADHHDOT S ATHEOAF TR SN TETVAD,
ENESBILLTRADELTO HHELEEBEOLRICRE S X 5 SRS E T L/
DTHET 5,

I ITR, BEOHTE—HERNFNEDL D IRES METFETVS,
4.1 25838 (M| GMA)

ABRERICEEZIAMNEEVEEEHLED I EICL - TEONARERATH D, 75
AwDHT T v 7 (E10) O—>TH 5,

Field line

Current
direction

X10 fE/S IS — (mirror) BESEIAT

 ORESELAL IR HRICID » T TREGOESHES K E C D, ROIMTETINE Y,
H DA TR ERN IS O MO RO TR I NS, ZO& 5 SRIBHER%
S—RBE WS,

15 -BRO—F& LT, FIEZMATREINTOS “nignacel " ICTHVL SN TV B8H
XNSHBEFAT A LEER S,
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migmacel | OEREAFIZIERIZ, MEEELAVWTRATELI SN 3,

T2 Z \2
Bz-—BU[l—k(ﬁ) +2k(§)] (4.1a)
Br= —2kB0%32 (4.1b)
Bo=0. (4.1c)
T, Be :r=z=0h0TORE

r RO O OMEEE

R WHBOYERIERES

k : (<1) field index
C OSBRI B A E—REN TOERNEEEEZED, (4 1) RE, FREOLVESD
Lorentz®D=,

dv = —=
v—
m-g =qvxB | (4.2)

KHRAL, ZhEFHN MNEETESERT, TOHER, x, ¥, I O 2BELHGAERNE
LNBY, Ih%E 4IRORunnge-Kuttaik Tt e & FIHISMHEE L TS,
HMENTE L TEBTEEAT, 7 —~HBOMBRTOERNEHLAHOHRIZOV
TRANTHB,
13kGauss, field index k=0.20WB~ERGT%150keVO LR NVF—TASNT L L,
d :2.0141022 [a. u. ] =1875.584[MeV]
ThHaEh5, (3.4) REFONUSESE, SERKO LS CHEENS,

p=_ /150 X 10-3(150 x 1082 X 1875.584), (4.3a)
= 93.72124997 [MeV] (4.3b)
B =0.0126463826 _ (4.3c)

v = 3.791289415 x 10°

BEF¥ZE o [(m] i3,
©=0.060866 [m] =6.08 [cm] (4.3d)
IoICAM TR i,

9
g = _"‘T‘l =1,0087 x 1077 [sec] (4. 4)

migmacel IORH U:AD OFROERAE K EURI2Ic R,
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COMPUTER DRAWN  MIGMA ORBITS

THE MIGMA PRINCIPLE OF CONTROLLED FUSION

S\

//lé@\

Nuclear Instruments and Method I (1973)

% [em]

BOGDAN C. MAGLICH

XZ PLANE

Z VS TIME

Z [em)

150 keV deuteron
13 kG field with k=0.2
for the first 1.6  plsec

6¥0-¥6 0IF8Nd INd



I R=1.5[m]
1MeV deuteron injected

08(T) k

PNC PN8410 94-049

(70, 0, 0)

(x,y.z)
(80)

3.12 psec

( 89°,-89°)

migma orbits XZ plane 1MeV

migma orbits XZ plane. 1MeV

T

L
40 &0
R {cm]
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TR O, ~7—’?J%$«_J:-:‘CE&5:§®§§<faoft‘%ﬁﬁfh?bﬂi%]‘éﬂ’( R
HLHEBICEALAD ENTHE I &N S

Tld, TORBEEfrEMoving Target HNOBAEELTHSL,
BIETHEHLIHIC, <70 3RS An) oM EE%E L, FOEEE LORIED z 75
210 [T] AHETHA (HII) .

A
76.58([T] 1L
(for 3[m]) V
-T- Bz=10[T]
Bo ; .\J.\

36.04([T] V /} (3. 37{m])

X113 Moving Target 3 S

L7zh-T, (41a) RicHBVTr =34 MBBOYENLTARESIZR=4hIBELTH

i, LGRS TOREORZ S13Bo=36.036 (T1&HE->TLEY, z AROEEIZES1n]

OFFTB:=40. 540 [TIAERI TN 60,

HEOKBSFROBCEBHAISEIIT ) &XBT, 12 TEWIERBTHS, M

BEA# >MEITF3 &,

@ 40 [T] bOEHRELEVWERIChIz > TEET 5 LIIRTRTH 5,
19864F, SRALAZSBMBBIEFTIL 1 [TIASERE TV B2, RRA%RIZAIN
BE2mMTH S,

@ COXINEHATEELGEBREIEST LRFNEE SR80, #hThESIET o
9, TORHICBEBERENHILLTLE S, -

® Moving Target D I 5 —RUERYIRNSRBOAENIAEL, FHR2AEERI
E5LTLES, COLDIFEEOEAPERIFOEBOMBICLZEMNESEN
B

DT &M oMoving Target D 3 5 —RUBISREAREHRETH B,
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4.2 BN A (Weak focusing)EBEIR
COHITE, —fTFICOWTOEEE (single particle theory) iC>W TN T, FL T
PINADFRBIZ WS, EBROERY » 7T, SRONFIE-TEY, 07k
HEFPEHENERICL > TL 3, FRRIDOPROLDIZ, E—LRAGISL1D,
SbNTLES EVD & 5 UEEAES 505 Th B (E— ARZIE:, bean instability),

—ﬁmﬁ%ﬁﬁ%ﬁ¥%ﬁﬁ,Uyﬁ%@é&étbtﬁﬂfﬁﬁ%ﬁ%ﬁfbiéqﬁ
FAHEFINEHICT B &%, HFERNAZES, FHLREEEEILNVS, £EE0
BLTHWS &, BOML Y XOL S BEMBEBRAICE-EAEWSI I EILK S,

F4 i3, fmEmEa (bending magnet) TRUAD K IR » 7 EfED, BFFE L& LL

-

Jo

storage Ting

X14 BM (bending magnet) U >4

IDEHIEY IS OhOE — LIZREN T
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BsEtER
I DEAONERHROESH RN,

d?r vt
mmz— - mT— eVB.
(4.5)

(BFOER%-eLT5)
LB, HGADEIFIRLITH S,
s=vt. (U TR FOHEE) (4.6)
EVSEHT (4.5) REIEIANE, o

d?x _1 B
i T B 4.7
&5,
ST, ¥EFEOTRINSVET B L,
r=pop+x. (x<p) (4. 8)

EEBVT, xXO—RETREZLD L,

%§=%—§m§%. (4.9)
E18B, Lichi=T, ROFERESE,

g f%§§-=-f§n (4.10)
(4.10) RULFEFMREIFOHTER

%%;:-1fx. (41D
LACFILHELTVS, LEN-T, (4.10) ROBIREZTH B,

: x=A-w&%+B'én%. | (4.12)

Ihid2 7o, “HAORXEZARELTIFLEETSH 5,

L1zdiaT, HUDE S Y v 7 OhAE 2T MOKESR, horizontal direc-
tion) ICIAEET, MEAE (FEEAE, vertical direction) IIIREETH B,
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Ti3E D Lk oHEARIMBEEICIZATHAHIN?

B A
BBIc & ANGRIEHIC L » THEFRIZEEICT B EEER B,

B15iZMEImEEO LA B EEICEETHEERL TV S,

T
5

i G T

B
. ) /
tR oy ————— —_ 4
H
%”\Z‘\z/i

B15 WHic & APCRIER

RS- HTI <, BMOL S IAMINEEROE 20, SEICEECEBRTICH LT
BRLE? SAN b OERLEICS [ ERTHIVE . TOFEFE-7Ed 5 &N LA
Wiy, ¥ OB EB-ETHENEITHEIIES, 2F 0, HAROThEET LD
HMEE, WAROREWNEF N, NTFRPOEORD 2 LEICERT 5,

b LEEEAAMENIZ St i, EAS SEI ) BEFICITIAE OT, KT
ICHc>TRONTLE D,

T D& D ISHBEEES T2 DITIRRIENRI6D &L SIS - ThhE L,
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16 ERARROMERAR

DL S HBAAEED M BRAAHEEEAT (conbined) BRG LV,
HENTATENEOE D RS & 5700, PEEBER o OF { OREA ORI R,

D& ICHEZE DT,

ByzBu(%)_n- (n>10) (4.13a)
o (1+%)—n. (4.13b)

VDL -TVWABERET B, 22 TnidEDIndex /-3 nfEL Lidh, ED

MEERITINGA—-ITHA,
Maxwel1 582K,
rot B=0,

PO SN

(4.14)

0B, 0B, _
0x dy

0. (4.15)

THBHDT,
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oBx | __nBa (4.16)
6y Tr=pg 0o ’
L5,
AT ORISR,
an an ------
Bx_"Bxlr=p + dx |r=,a X+ ay |r=,a y+ (4.17)

LEETE 37, RLTHEAROBENTVWE S It 20T,

Bx | =0

ey U (4.18)
ThY, £,
4B, _
. |r=,J =0,
(4.19)
Th 5, &-TBld,
B
Bx=-"Lly, - (4.20)
0
155,
(4.20) AR B SRS EAOESHBERIIBLADENTVOT,
d2
-a§=—§%w (4.21)
L1853, FHEAROESARER,
d®x 1 1/p+x\™
c.isz:"?xT 'E""E(ppx) ’ (.2
LD, xO—RETAEMB L,
2 —_
dfx _ (1 n)x. (4.23)

ds? 02
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ERA, (4.21), (4.23) A oBFOEENL, KE, EEOWHARICOWTEEHLED F
by DREAHBRTEINTVAI &b 5, fuE LOo—fd s BFRI#APTRIT
WRT & D IEHET B,

B17 n=050FHEOEFOHE

HEFEIINEETH B7o0iTid,

n>0, . (4.24)
THBINENSHD, BARPLETDH B7-0DIC,
n>1, (4.25)

ThHdHIENBETHDIENFDPS, 2EDE—LREETH ST,

0<n<]1 (4.26)

(4.23) KO SEEOHE XD IC, BNADERE, BARODEREZBMEICLT,
HELRDOPERZB TV S,

(4.13), (4.20) RTEHASHB3RIBNHEMoving Target HD360°CREBRIA (FLEH
Bo=34 m)icEALERERLBITRT,
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X7 PLANE

X7 PLANE

&
L ]
” :
- . S D B B
~400 -200 a 200 400 —400 -200 o 200 400
X {em] % [em]
r
{
XY PLANE 2 vs TIME
400 1 T T SARAERRANEN I e
. E
2eo - ui[\ /\ /\ /\ /\ /\ ]
- R e o
TIME [ms)
—-200 :
n=0.5
(o, )=(89-907)

—- 400 PR B |

-400

(AR EE I n =0. 1

(6, ¢) = (89°, 90°)

400

(DR RIER N =0.5
(8, ¢) = (85°, 90° )

18 Moving TargetH360°CIRMIERIG (HE¥EE 0 =38.4 [m])
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18D EICHW BRI TEL 6N 5,

nt X
sz p ?Z! (4-27&)
nBg ¥y
By=—>i2, (4.27)
- _ A% = -
B.=-Bo(£)". (p=3.4[m], Be=10 [T]) (4.27c)

HhoansiHic, EFAECENIRTFRALNEIIRZ I ET30080WT0n5lE
M2 b—va vtk DEHENA, BREREXRE  ThEENETEESROIERLE
R3ELE->TVB I EMDbh5, @QFEERSE, FEOTHINTFOREETLEICHE
L7zbDid, bxdEER o ORBEIRE > TWS, MTEBOAHEIC ETICEST 50
T, RFOBREIZHEE o OHBEICEEMFVWLOLE-T, PERIEAMIEONTV S,

BRESEn =0.51cE 3 & (4.2]), (4.23) RiF2{RELIED, KE, FEHEON—
& bo ARBEOE (v v,) ZEBIREEESAY, 2I20.7078785, COXHBHATR
A8 EO—ENSKE, BEAEKDAREATASIN I DY » E—Lida2/2
BlEL, Fh—RciEET 5,

Frhwray s E—AZRZE [cml, A3 4 D F—F 9 VERHALADL LT AL,
RUBAENIZ9. 18~10. 30[ T] THY-+4, EBFEENHZKEITH S, £, OMR
AR T B DOBBOMEE L, FEAEKETELS, BEZEIES (cn] BETH S, #HiE
OELIEIEER B, ®RATEZL o0 B,

— U(i)n . | (4.28)
T

L,z 3RETEE EOBEOE S
P EDEEND,

360 ° BRBHAEDAEBVLENAERY v 7 idMoving Target HOTHIRME
UEALLTHEL T, BROENOBERZEZ THERERE A>TV 5,
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FOE HBULHELEE DK

COETIE, FAETRIT L7270 EHY) 7O — LREEM (beaminstability)
oW TERLTWS, BEX oM AREAR,

@ VT EE-TOWARTFLERES « VN—HOBRET R LOEHXE,
@ E-—-ANORTFRETLOEHZE,

@ W BEICL - THI X I XN BT OEEORLEM,

@ E-—LDOERMALEE,

® vvioborigickszxAF—HE%,

® ZEHEERBRICLBZFr—T U3y h,

REREFLNS,

51 E—ALETF (beam current)

CITiR, BACERY VI EOBEE - LAERPERINLTIERE S0 EFHN
TH5, BiicBH5M% | BBV BEIEFHBTH S,

V2 7A%EES E—LER I,

I=fg=feN, (5.1)

THZ ohd, 2T, fIIEEEER (revolution frequency) Thh, ATEZ Hh

v _ v _ cf

f_f_%R_%R' (5.2
: BFOEE

L: Y v7—FoRX

R : =2 7R

et

BARICEEZRALT,

_3.2647 x 104
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3.0x108
2.93 X 1(#

Bx OERY v 7 O%E, IOEHEZRFFTHOICEGIRFD]ife tineEREN 5B,

I=fgN =1528.250 x 293 x 1.602 x 1072 x =17.336x10* [A]. (5.4)

5.2 vvioboOrvistickdEE

voyobosigtid, BROBTFRRETOREN BT TEAMTFOhE L,
BB RAET 2B BN S EN A ERBO—RETH 5, BETEWI BT /o
Ve E— LI RNF-EHRHT Bl & -T, PETREOKEBY - o ThTLE
WHEEBEAES LA N0 D, BIRZRAVF-DELAATHWIHET 703 ) Y 7OR
BICHRLTHELTLEINSE S, Lid-T, vvrabuoriigickszrl¥—i8
FNEDRED bOIROMERNICHNTH S,

HHAE d QICETERIICHH I E/87—P i,

dP ¢

* 2 12
m—-—‘i—xal‘]l Sin 9. (5_5)

TEEING, L-TLEFTIE, ThiEESTEI&ickD,

2 R
P=-3-—-C—3-TVI2, (47[5:1)
_2 e? (dP dP
"gmzca(dt dt)' (5.6)
3185, &7, LorentzAEMHMNS
_ 2 e? (dP, dP*
P__§m203(dr dr)' (5.7
&5, 1BL,
1 1
dr=—dt , =
T=S 7 =57 (5.8)
Thbd, £,
_(dP, dP*\_(dP 1 (dE
(dr dr)_{dr -CT(T;)} (5.8)
. ({dP\_ 1dE ] .
x5z, (d—r)—wiPl»;W. BB, (5.10)
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T, P=rmV w=°5. PHOWTEEHAN,

Uy rd—BdaBE Tl dh&, —BATEIZRNVF-Usl,

To ds
Up=|Pdt =¢ P—,
o~ fPa=§ Pl

208%e . e?  mec?

r:__...._
4r gomce? Az ggmec? me?

2
=2932x2.8x 10 B x M C
mc?

(5.11)

(5.12)

(5.13a)

(5.13b)

(5.13¢)

(5.14a)

(5.14b)

WA, r(mc?)=2032x2.8x10¥xm,c?=12x10"" [m MeV] &R5H15,

Uy=15x10"%2 [MeV].

BA UADBS 4B S Blow 7 0 V3T, T+#107 BT amdx ¥ —18E13

U=15X102x7.7x100=1.2x107* [MeV].

Lizi-T, 7o b vBEhitick 32 A F— B3 NE0OTELNRLTH

BWI &g -t,

B ldw s 0 rO& ) EIHFECEVHRTFEIERN (8~107) - D& LisRE

THEHZTHETVWENSTH S,
LS50, (5.12) REROICEERANT,
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1  2e* P!
micip? 8 c? pimd

P=§e2m9&ﬁ4 (5.15)
LD, ¥R p—E% 5I13FE UESROK o U THE O/ S0 —0EEmd 4 BITKL
Bl BhoTH B, '

5.3 BZHZREDHEEER

B2 F v A—DTid, 1078~1071 [Torr]) ODBEEFEH ADEFET 5.

T rny s =L, HERRTHREFHRER LEFRICESHREEA1D, 414 {LE
D LTEZRNF—RE->TLEINES S, BENREOHEFANEOREY - LDOEK
FH B E RIETHIERI,

FE LT, RARKBETROESETRT

#4 PFUYry  EHZEE L8107° [Torr]

A A H. CHy Ho0 c0
A 2 16 18 28
SHE (%) 50 3 3 44

BREN RS, BEAEDH: LOOBAIDEHDTOEI BN S,
Lichi=T, CCTRe/70vEl 7RAEOEEHEZEZLS, (K19)

macror

B19 Ha A R & OEHEEREL

T, EHEPAE-ERMOT /0 EHELTOWAEEBMON 7 R EDFHREEEL
A&, EHBREFNEZANVF—EER ENOEHERO T 7 0 OESHED 13,

[ M-m
T M m P | (5.16)

p
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Z T, macron M=99%2. 93%10°
He m=2
THZohs,
7, HEROTANVF-F Q,

., 1 (M-m\’_ (M-m\
E "'55;(13:?5;) P"(Tﬁi?ﬁ?) E. (G.17)

BN LANF-DE(LBAE,

4iMm -7
AE=E-E'=———_E=2758x10"E. _
(M +m)’ (5.18)
&R, o RE—BIOFERTT IO viZ, 2. 18107 DEE TR NVF -5 T LICT
5,
BZERI0! [Torr] &5 EH A AOEEILS. 5+10° [/em® 1 THBhS, <70 O8]

B MRS IS, 145107 [en?] TH B D,

314 X 1072 x 3.5 x 10° =10.99 x 10~® [/em],
=1,009% 107 [/m].

2%, 1000 MORFEIH LT/ 0v LA REOHEENG IERE 5,
WA, —& (21.4 [m])D S bicl 410 mHEHET 2 &icii 3,
NEE L #2802 VF —Enid,

Ea=(1-28x10-7)""" E. (5.19)

THALNA,
M EEEZEZIBEDO LANF—BREPEDE(LDHEFZE LDT,

27O NF-510% (550eV—=500eV)ZELT B &, HEE~I7hoTNTLEY,
P T REEROAS S REME-TLES,
(5.19) o, =7 0L 18107 ALAETHL I EMWETE, ThETICETS
R, 3. 16TIEITH B,
Ho#7 R & OBEBELARET 5 £ 40 3 R CTLONBE LA L ¥—%%-TLE S,

XAy E—LEBREAALOHRBEESHETH S, HREE LTE, E8EEE
ERTLINERTEGHIRAVF—ZHEATPEIENEL NS,
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Energy loss of MACRON

L. 1 I I T [ T [} I T l ] i 1 I l ] I T 3 |

| injected energy i

_ 800 ﬁlg/ 550 keV ]

> -
@

x —

400 |

= T 7

U’ -
By

= i

: -

W 200 —

0 |

20
5 L. T ] ] I I T 3 T 3 T I | | | T f [ T

— 4 :_ orbit 34 m _:

£ ¢ .

a .

@ =

= -

5 ]

0] —]

e ]

o

20

Time [hours]

20 EZEEA107%, 107°, 107!°(Torr] & LIEAaD</ 0ryDIRNF—Digks
MEROBEZARR T oy LAbOD
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5.4 ZTHERMRICIIAREKE
BTRUAF VIERZRE>-DILBRS AVIIHAOCEHTEOBEZ BHICHETE
5, LD, COBROLDIHEILRRLAY, E-LREZEARXE LR EOHRENEHN
3, |
<< E— ADFHERREIMICIEIINTRE S, >>

Uniform beam

A 2 I
.............. Em—\ S
density p

line density A

H21 HMHEE—Adspace charge fore

—HE—LEFET S, BEo, REEILTEE,
B I=dev, - (5.20a)
BEE  A=p(za?). (5.20b)
IIT, r<adlEs,

Gauss' Theorenk ® E.= ?g?r , (5.21)
- |
Anpe’ re DEBLD Hd,:—g%r, (5.22)

X 5T, Lorentz 7713,

(5.23)

1 e’ 2 (1_“v_2)r_ e?1 1

Fl= =_%4 ..
T Imaleg c? 2rategy 72

L85,
EREMIC X SRR, ENGRIUETES S~ 1 Th/PhaCiRELSTN,

T, BAO= 70y« E—=LIZDOWTERENYE (space charge effect) DA TR
BlCER L & D,
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wi/ny e E—-LANK20 LS IEAE0 enl @ F—F w VEII—HRIZOHLTOWBE ER
ET B,

Bz =10 [T]

v

macron beam

® @& @
v _® © 1@
0.2 [m] . q=293

H.V.550 kV

F23 w2y E—LOR

Vv T OBV,
V=rxr 27R = 2.684 [m®’] .
THY, TOY IR/ VyPR—HamLT0wALT2EEE 013,
0=3.814%x10" [/m®].
s,
T, YYIRETOEREUBEZEL S,

= GeA _gepmr _de0 .y 0005 10% [V/m]. (5.24)
2r v 2meor 2e0
B, = uH,, (5.25)

_ thdepv _ qepv
2 2g¢c?

r=17.334x10"% [T].

BRICK B/, BBIcK2 i, EhEN

2.2

Fr=qeE. = q2§" r=9.597 X 1075, (5.26)
Q
Fp=qevB, = LV 1 194 %1079 - (5.27)
v 2eg c? ' '
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L#di-T, /1D,

Fg _ & _ 1
_F_E.=W=_f}7=8.443x107. (5.28)
L1853,

BRICEAHEIE—LBEERERSHLARICE X, BBICE 2 NINEREE 5 A IEH L
H1 (v FH) Ths, (5.28) o, w7y« F—ARZTCIERLTLED A,
%L,:@%ﬁﬁ%ﬂ%@#éiﬂt&?nﬁ,%@ﬁ%@@ém“m
Bext=B¢><£§-=6.19><105 [T]. (5.29)
Fs
EREbLONDE, TOXSERTA I NEBERIEERT 5 EIEARTRETH B, £ T,
R EBXZB31-DICRBRPENEFVNETH S,

B — LOZEMER BT TPT 554,
BFOEEN,, =70 HTFOEENLEL, E—L8r, #EvETHL, BFL<wsO
YOEMEMRICL > TTE r DUEOCERI,

e
250

Er = (N1 - Nm)r ) (5 30)
E— ADZEREENEF TERHIATONINNe THBHD, E—Alcli< EEREO
3L, B AREEIC - 1B ET B I LB,

E— LOEMERIC O LU TETFOERAMED TEON O NaDEBESICH,

E--5r. G
TH 50 LEHHER,

mt=eE,,  p=4y jzzﬁ _ | (5.32)
"o

il; z_élj\e/_ r. v ¢ IR (5.33)
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Z=0, r=r., &THIL,

1/
r=ryg cos[( ;Ij\ef) z ] . (5.34)

Fibhb, PECETORENEINE, &l — ARPEREIED D,
ATROEEIC LY, TXAF-100keVOETEAS T B54,
A BEHOKRE S,

Ie=qxep(zr¥)y=3.7x10° [A]. (5.35)

&35,
SOHMLEFA T/ A Y o E— AOFERHEICH UAD 358N S 5,
ZD1ic, </ DEBRODL 57— 0 ryBFr vy WLk -TCEFE I v TEE
B EEERI,
E—LB&a, YV /7ORENR, E—-LOBRNREINLDORFHEA [/u]
r =<a DA, Gauss' theoremic kD

_eA r
2meg a2’

E, = (5.36)

r>= a DEFE,

ed i
2reg T

E,=— ' (5.3D

T T 7 li[llliillll(llll

1.00

0.75

0.50

llllllillflllll

E/(er/2nen)

|l|il(1iliillli]ll[

0.25

Illllll

Oloo||1||1||||||||LL!|[1|||;
0.5 1 1.5 2 2.5

(@]

r/a
K23 E—AD{ERER
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7, E—LOESRRT Y v VI,

ed [ 1 a
= il 5.38
v 2n£g(2a2 2+1ogr0), raa, (5.38)
2reg To ’ -

L85, Hedic (5.38), (5.39) REBIRY 5,

L. T T T ] I T T [ T I T T T T r T T T 1 __

8 a/ro = 0.005 ]

L afro = 0.01 ’
g_)o

R4 ]

S I ajro = 0.05 j
@

L L i

= o a

2 al=0.1 7

O B ] I l. I i i 1 1 I 1 | 1 1 | 1 | 1. ]

-1 -0.5 0 0.5 1

I/To

Q25 E—AD{ERBERT v

BTERF Vv VEABRBDEBAONAIETOES TR VF—EFFIIVRBORF v b

OHFIHEEEXNS, §E LOBTOEENEEEFORELICE > THRF V¥V v VHF IR
B0, My EYFHMMIEhG, 21T, E-LOBRPE2IChELINEE DI
PETEEEINELLS,
ZFLT, /02 E—LOEEMICKBBTFO S v EVFITOWTHENTHAI, Beld
HREHE <7007 —avREHEMAILWDITTHE05, ROBRICLARENO
ZENOEEMOBEE10 S THRLIGRET, EFEANLBREORS BN EE-
THtz, (125 ZH) '
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il

400 —

I » ]

200 [ -
-200 [— —
I . ;
I BN

-400— |
B N I

~400 —2C0 0 200 400
X [em]

B25 oL ETOFESEMGETO FS v BV

Y {em]
o

IO&HiT, BFEI0 [T] OMBRICID R/ 5 VEEE LIRS 0 vy OREHE
DfFEEEHIRE) (N—F PO VIRBIO Y1) T4 &0 h-1, TDIT&ITLD, A
HEFHUBHNCT 70« E—LEFINT S I EWIRFENS, i, BFOAFHIOWL
T, BESS20 [en] BENIOERTN O A LISBEER26IZRY,

40

T T T T T T T T l T T T T T

(100 keV)

=20

0

It!f|lllll1'll|

—20

illlIIlrlllIll[lllf

~40 .
0 100 200 300

26 i bEFOAN

BIPASHIBARIES T 3058 (RELTR, BRUNSTHRLVR/ A 5 LEHE L
TW3, 5—<—¥FF30.1 mlEE) 20T, E—-LREEATTBFRRME, E—
AOHFUET A 251 S A ETHHE, BEEUTEFEIIETS, D3
2, CCETHELAETAIET /0y « E—AR, BFRASOEDS SRS (V32—
Y2 VTR, 619 [TIAER »72) THALRADS T &G 5,

PlED &Sz, =70 OEBREFAL THEILEFERMLAD S,

EREIZIE, =702 PDUARLUTBRICETFEASTT S, £ZhE2EOETEVDHELD
LT, E=-LE2UENSEREE TAREZRITITW EVWIHFENEZELLNLD,
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BOE ¥ & ®

BT IR I L AR AR OEL R (transnutation) Y, EMERI(Moving Target)
ORI L DERETH B,
ST ME R EO— > O REEART 2 &N TR T,

B TeMEL T XV F —FiIc b FREREEICSEORRE - 70 EET A LIcEB L
T, IR 2hlFora ¥ —24i#HT 200 IC, RHFORPETEOFIC

EFHAEET 3 2 &Ick 0 TCOESERIAEL. 1+10°Eh0 5 MR T2 J &NT

X3,

Moving Taraget DIERIC K D HWHEMEEEABON S,

EMoving Targetif® M\ - MINEEE O RE TS, EROBHO LIl - TR %
ﬁ’) f\:o

O HBIRNAF—IFLOVIRINF—RFE-72 TR0 [T] OBIERH->REEHGE
Auiid, FE$aEd 4 n] EROFETFROFD ZFRSEZ JENTE S, ZHITLD
BFFEPoDRBEFEFHLEIEVIDOTH S,

@ BFEFED O OERYIFRERE & HERE &R S LA LI ITBEEIC Y -4y B
BTN, BERFREDO VAT LAEEZ LI ENTES,

@ TCAMHTI LTEES#3 I Stk DIRT AHHTE, A 4 SR TS OHHA I
Sh& 3, ¥E1 un OF —F—ONRE T EBREICERS NERET 7 /58— L
SHBIERLDRESY, BEGCIRET 2 &\ > ERHLETHSNTVS,

@ =<=7urs E-LOBLADAODI S —#HIE, POFEBOMBORE X0 [T] 2
EORMAIERI LTI ST, RREREL,
th,¢®ﬁﬁu@$@%ﬁbéof:®£%yv+wmﬁm%ﬁu¢ﬁmm®%%%
by FEIHBILENTES, LI -T, SEFEIERINIUL, MIMA-cellD LS
7835 —EEMoving TargetiEO—DoDRELIEDBEITHA D,
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® Movig TargetiDER Y > 7icid, 360° BHEBRAZE LD LABNNANEED Y
A TOESTH D, EREINEEBIFHER, 9.7~10.3 [T] THB0T, +HHE
OREAICAV 51 3 EEUERL ORI O TETS 5.

19454E, D.W.Kerst 320X ) BPRNAMAEEVWTETONLEEDOR—7 b
VBRI L TVWE I EEERLTHL,

R 71 o0 TE A OREROHENR

@ HELEL WS BERNE P T UADKEIGRI ., HELEZEOLM, b
g5y FOIETRZAF—, RRABSEELSEE2E(ERELLTIEREEN, —20
BRI —DOHERPLETH 5,

@ =w/orysE—L0EHE RUBRENSRED NI E-LBRORESE, 107[A]
ERBHTH S, Feld, CHEREBICHBERRELZTEIZ O, E-LDERE
ERIRHETH 5,

@ AFETIBE—RTHEOSEHR L A, R E—LOKEANSEEHR, 750
b, BENALOHR, £—LHTRLOEHRIEICE - THEEI SN SRHTALE
A+ ER L i E LIRd i 5100,

@ A2 OHETIE, ER) Vv IERFROBFUTRICESLTVEDITHES, T
hick 2EEOHL, BREGOBBREEOHLITELEL>TL 3, £, EFR
RERY v SOBHRICXSXINADTHEND, ZHCKZIFEEDES, TS,
B OE OB O ENOEICE - TS %,

PIEDESIKEETLZHDTH 5,
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B2EodsE

T -~HEo-HEL T, #HZHETCREEATYS " nignacell” AL
BhTwa#adHhhruE2f BT 222, BEABERREAGEE

FHWTHRATELXZL5N0 %,

MIGHMA
B. = Bo[l—k[%)2+2k(%y] ,
| B, = —2k Bo—o 107'° [Torr]
| . 76.58. [1] £
nacron 107'° [Torr] | (3 n]) \
source ' pea(}tor T, Be Ir=z=0 LT OREIE B:llo [T]

Ve | | _ r CRBOMS S OB B =38 04 [Tj *
. L ) . O: .
LI ) //(3.37 [m])

k . Tield index

vl o vHAIS -KE

nass
separator

accelerator IS Wb ToR /a0 ERARENEEs RBERFig 2T T,

400T‘.lll|III.‘II'I‘|‘II'_i

200 —

—-200—

: —400LIL4LLEIIII!IIIIlIIl!——i
accelerator —400 —200 0 200 400

S -EBTOTIOYOMBEYIaL -V a v

S

27 Movimg Target BEV A F 4L 1

— 235 —



PNC PNB410 94-048

$R0HAN

macron
source

mass
separator

accelerator

macron

_neutron major
radius

reactor

(161 He¥)

><]

mninor
radius

e” accelerator
(100 keV)

><]

X 28 Moving Target & X5 4 T

BERY VY

-y rENE
B U & & A
Wl &

HEE

0.5 nol (50 g}
14 hours (T «1¢)
3.37T m (for B.=10T)

10°'° Torr

Huicroparticle {HACRON)

hT# 0.01 pgm
HMFHRORTH 2.935%10°
B 283
EN A0 B & 550 keV
H 715
i FE H0'® co"*sec”!
::::}:)L:"ﬁ— Thermatl
HACRON D@ B = & A % — 161 [He¥]

o E 32.647 [km/sec)
EHER 7.336%10° [A]
E 7N E RS
B, = 2HeX
AT
B, = —-—nBQz-ﬂz ,
2 s
AL g
B. = B°[r) ' =
(p=3.37 [m],B,=t [T])
Bl ok
e nfe)?
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ot

FIE F At

BEOBMETRICEOLDTHOHOMREL > THWAELRIZU, Pu, pEDOT727F= NTH
%, NSOFRFEHELZhENEHEERET 2 C & IZHUBERNOBRRICEOTRO T
HETHD, LIL, IN677F= FOENHERELICEMLTE0, &-» TEEE
H5YEES ELERIEEL W,

B, BUETRU, PiOBETHRECHTBTBP(Y VB M) 7FA) $EEOEEMH O K
DEBOZVEFIET 2 Purexitd WIMETORAEZROTU LPUDAEAETT- TS, &
D7 ATIZU, Pu, Np, FPORSTHRRAR M6 U, PudBRENCEINT S 2 &ICidEEL
TWAHNRE—HOTLEN SORFRILT L bR LIBVALY,

ONp D43

HEOPurexiEzZ2 AW 7o ATHA I T AMHBEEOTPIZU, Py, NpicBIL TH
RREAARZVSDTH B, L UARE, Purexit3EHEARENS U LPuskBIYT 5 2 &
ZHME L TOADOTNICEL TEETETHLAVWAREFMHIREE & - TLEWSEORT
FEE-TVWABPY, URNpAEHELTLE S, Py, UDREOR EEWHE, F/-NpDHR
A QURE LR a A TH B 2 LEEET NN DRl Hil LERT 5 2 &3,
PurexiZFZ X HILRBI B A7 DICHENRILETH B,

OEMIETE (Purexi®) 12851 3BYLETRIS
BB TIRICBIF AU, Pu, NI oW TORTHAEEEFig 1I1SRd, 72U, Pu, Np#
NEND3IHTRP LIHEROR DS E R ETFig 2 GEEh : EBLERE, il . HFERED TR
7, FUETIETOU, Pu, NpDBRLETRIGEFig 12> TiHfAT 2 &, TTHEHES
AR A AR U - IEAIE (B Smol /D)3 U, Py, NpsEh 2t U, Putt, Putt, Np®Y,
(Np*") EOVHKETEEL TS,

(Co-extration) LI CRIFHEMHAZITY Z&ic&k->TU, Py, Np&& URIVEREHEBER
D ETT->TWVWD, I TIFPuDHRE LiIf 57 0ETH[TH AN FoF 7 3
>t N 0H) 2R WTPu (VI) %Pu (IV) ICFAEEL TV 5,

(Partition process)IET*‘ti?”D-&XPﬁ]J: DIREH LTS A EELTELY S+
244y UN)EMAZNENOETE U, Pu®t, NpPricfiEEL, Puod%iT-TCU
EPu, NpZSHEL TS, COB, WERICREL T 2EREIEP (1) 2EBLT 20
T, BRLETHBEE FS VY (NH) 2MATEMBEOSMEEP (V) OBTLET>TH
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%o
" (Valency adjustment) T#2& (Pu-Refining process) TAZTIING,, NOA ALK X AL
COBETIRPEC T E L > TV B bOEE(EL TP, (PuY) IcFEEL, BEMHEET-T
PudNpDREEZIT-> T B,

ORIEBEOERADER
 RETEEEROMET O A ISR L& S B S N D E R 2TV B, L
LD ow RZHEAEL LICRIERE, S8, XK SRl TopLEZR S/
h, FEMOBAEZZEZZILREERELNILTHY, I IMEEOTIBEFERINS,

HEBLETTEEAVAFIRELTH

(1) BB AEORDD ISR LIBRIEBTLRIGERFHT 2 /- DREENRE(EBTE

B, EREVANUBERTOCEFEMEEENT 2 I LICXDEEME L TAS SRS
REEERTE 5,
(2) Np, Ru&U, PullRICERET 2 EEEDH ZROBET O 7 7 A VEHEITE
22&hoU, DREEEESELTE S,

() {LEHAFEBEORDLD KD ZRNF— ’%ﬂﬁﬁ‘é‘%ﬁ_bfuizxﬁ\ﬁﬂhm@ﬁ%?&:/

Y MITE S, EREVEEELHETES,

(@) V=¥—0kJIRERCENTOSAREERT 556, THThOTROER Y

N =1
5) L—HF—0OLHELEEOBVELXHAVS & U — —FEEE L KINAED o Bk
BCs | B 5 2 b oERHIEEICEN TV 3,
6) BEMHL TOWBAREIZOVTHE, ROLSETHERAVRBIFONTVS,
@ NO, NO.ARICK BEBEEDHEL,
@ Fig. 1D (Partition process) TIETIIPu (IV) OETO i3t &R LD
U (V) WHEE &h, ZOHRURBMEHEROE/LARHBELE RS,
EWVD HONEIF N5,

Kick BREFHOFHAEITHIEE, F—RENFThOLRICHET 2HBRERT TOR{L
B, BRIGETEE RIDEEOEROLNEND S, Pu, U, Np, ZOftFP(Fission
Products) OXALREITSWTRAART—INZA-THEHT, ThENTHORIGRED
B{LBILD A A X LDV TOHEGHE DiThh T,

FMERBLBCICHT 284, fHx0&BIcMT e tET— R0 £/
ZhHi3 TS Stic & BFP, REEER, TRPERAERORIG, BERIck 37k, iR,
BIRONME, RETEHTXTOYWHE HAN, EF3YY, USFR A4 vete) T3l THRK
i, BLRTRIEOBMAICL AR GEERNCAR) Z2ZELEIThIEE SN,
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AR TIIEAE, FNENOITE (FIcPy, Np) KL TOMBEKRFPTOXRIT L BE1L
BTRIGOBREAERT 2 - OERRBREIT- TV 5,
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FB2E INFTATONTE 55k

IHE TicPuli{k, NpHEifk, Pu, NpDiRASHE, Pu, Am, NpDESERE, KOLTONRE
HRERAHIH 7 0= MEERAVWTIThh TV S, (7 o< MEC OO TIEETHIAT 2, )
wTable 2 iCPudbMBGTBRE RGN GRBRBRER, XRITHE, B&LIrkoME
H ExH0R) LABNOREH TS,
fhdgeit & LTid . :
 Pu, NpOFIHREREIZT~T1 X107 mol/1, 1 10 %mol/1ICFHEE,
cBEI X AHEERL TR DERBERTXTACTERRRESLT 5,
o RIS TNTKES » A,
o BITANITNTHAN, b F5 Y V2 A,
LT3,
*lig 12ICElBR T — ¥ 27
Table 3 OHICNpDBATHERDABNo & HEBREHERT,
ZOTREFEHEEZ LEh >V TV EHN, E RSV Vit » TEFEEFEEL
T MDD TORBHFEBRLIT-> TV 3,
veFig. 13ICBRT — ¥ 2R T,

OIDOHABOERELTIE
Pulc>W0WT: < Pu (ID) FREBEHC K » TPy (V) TPy (V) FTEMEXN S,
« Pu (I (SEMFHCB O THBRBEAEWAD Py (IV) 12720 5 < Pu(VD)
IZEnic L,
NpiZ2WT o o Npld BB K »TNp (V) IS X3,

OIDMERID2EDXINEENEBONTN S,

« Pu (ID 5Py (V) ~NORIGIBTHBBENBO EKE L THEWTHELLT 2048
Bk DRET AREME /A Vick-~TIESND EEFEZ 5N 5B,

o Pu (V) MSPu (VD) NORIRIFEESHC X BELRFORENEL SNVl
L BEERLTHEEEZZ 0N B,

» NoASERBEHC X - TNp (V) TEETADIHEBRIC([H -7 /KEBS V TORITANS |
N (Fig. 3)DEEEICNp (V) ORNEE (Fig. 4, Table 1)TH380mESLiEE
ERFEELISWDN (V) oL BWEEZ NS,
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OAEIR INETITON TEEHBRDER T £ X TH S SN LRI /MEL L 72,
BT - TV BN ORBROMEEFTAT 5,

(1) Np (V) OFRELRIGERE I XEA72038R Ny (V) ORIREMETHRIRT ¥

KL ==t~ (A=980nm, ¢ =10mm, P=21mW) %F\ 7 HREEER,
B B No:Hd-Np-L1~H4-Np-L7
B SS X —F V=Y — DSR2 RTlEERS,

(2) BEc/kéB S v TFEAVWREFERICEOTN (V) #8INd2E 03 &89 -T
W3 (Fig. 13DaENo : H3-Np-L1~H3-Np-L2), ThIC W TR TEEDEENH 5,
@ Np (VD) PEESGICE - THiEE NN (V) KX,

@ EEES N THERERICT - 7CiHEERAND (VD Z28&ot, Np (IV) ZBEELNp (V) T
LI,

% I TIORTHFAED A A = X LEFHITT 57-D7KRS » 7 ORSHEA: 2R
O¥t& 400l TORE GEROBNEE : Fig. 5) &4 v b LRI DO TORS
A,

# B No:H4-Np-L8~H4-Np-L9

RE ST A —F KBS TS ERET HBRICKERS S OEEE SRR T 25R

| (4H-Np-L8) & FEEROWRINEE: ( A >400nm) ZHERR U126 TORE T
ZiB (4H-Np-L9)
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BB RBEE (ME7o<w b ALER

RE I 7 0w MESPLUEED 2 BEOREAEEHVTIT» 1,

ONfRHESE ,

LEERXEFig 6 OKBS o7 EEHE L —F—) K#BE D, BEIKES TOA- KB
BELS VTN REEREERD DWW RS —5 —, AEEAVPCERENTEDZNENE
TROLITERE B - TS, BHBBIIBHEZBD ZAICHELVONEICEB OIS
7= A= TR T ~ZBIEL, TORE ST — Wen?)IHEETES (sec. ) 2HNITHE
H LT3,

£ B

OfA H® kN SXBERNRS VY- FeL VD
SEREE  10mm
M OB ARAH

O & ¥ E: KBS UTARITEE WACMED
FBESE/KERS 7« BM0-250D]
S 4T A B E : KSXG-501MHW
5 v 7 N R HK-500/SR
ARV —Y— (RRF M5 T4V y 7 ZED
Yk L — Y —FF : $DL-6302-HI
cW H 77 & 50m¥
(AT O £ VHETO A 20miFEE)
B K :980%=5mm
oA ® O F:é=10m
V- —FFHE— P27 SDL-801-H
ALY —FEE : SDL-800
CWE  HS7200mWet IS
OA ¥ —~ 5 — REFANEEHERY—5—
(CEEUE Y — 5 —TARENZREIB AL D)
(1) fEEH
O B K # H:—10~80C
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@ FERERE : 0, 1C
@ EHERME  FEERT
(2) TBIRER
O #BHE: 1~10n] BEAOEKES @ 3kgf)
@ [EdzEL - 100~2500rpm
(3) il
O REHEZE
o BRI EHEEE ¢« —10~80°C
o FERESEELT : Pt100 3R
o BREHIENERE © 0. I'CLW
ORT— A== KBSV TH  IBT— R —F— (T —L > b))
(1) Er¥—~AwF
® + ¥ ¥ BB (U, S. #3No3596514)
@ #% & # BH:300om~30um
® BATIAHSIEE : 2000/cn?
(2} “YRF UL
@ IEER - 0. 97
@ #B E:+0.5% U0.6um)
« PEYR L —H—F  MC2500 (A VT4 v 72EED
SPECTRAL RESPONSE : 0. 25~354m
AVERAGE POWER(max) : 10W
MINIMUM RESOLUTION : 10 W/ 1J
POWER DENSITY(max) : 200W/cm®
PEAK POWER DENSITY(max) : 1MW/cm®
SINGLE PULSE ENERGY(max) : 10J
ENERGY DENSITY(max) : 1J/cm® ~
PRECISION : < 1 %
ACCURACY : 3. 0%
RESPONSE TIME : 3 sec

SHCNCORONCECECHNCN RS,

Oy ow FEE
7 ov MEEOEEREFig TIREE2, JOEBEILEERBICHE VT, Pu, Np,
UDFEFiiZza#L, ELRETFHEERTILD0TH S, BERE /7 vl V7, A S
Ly, 7537varalbii—, aiflEENSEBRINTEVZNThOAMRIETREDOELE

— 245 ~



PNC PN8410 94-049

DIT -T2,

BIEFIER< 70y yokkkbohohicy Y A VZRERE (30°C) ShizHith
SLEBDIS IV aralbli—k&-THMEN, 6087 D 18, sec OFETENE
NEEN L ENIAT 2V ABOM2MRICiRD SHF o b, TOMERES, TE, R
i, BREE LBRENENE o TRIEE T o lIERITY, £OF—F%2 2 Ea—FICHD
Ad, TI7HLTVE, TOF—7 L7570 %Fig 8, Fig 9IRY, Fig 8 dzh
ZThoOHBEOMERER wol/ ), BARHE min), BHEHME (J/nl), BHHEE D &£
NENDT S 7 a N, #V v MOF~5ThHB, Fig. 9 @Fig 81 H0F—F7 LD
fC7 57 v a N, BEEICa AV v PEEORDIRTFEOFEREEZ L 1T T7TH
%,

COFig. 8DF—%, Big. 9075 7RO LD TH 3, Fig. 9075 7iIcHWT, s
2B BMINET S 7 a NoDPNEWIES (TBPOSRBHOED D) 5Py (),
Pu (IV) ObDER->TWVWS, ZOMIPu (VI) OIUAEN B 3T 72N OFHBRTRIEF
ZRELTHVEOTREAEVIBREELTHEYL, ToThTholia AT v MO S
3 & D ZNENOETHORERAEHT 3, ChERSMREICELHSEPig §—20
SHEHDS 57 (H3-15)D & A ISl BEE, SHhcHETMEELEE 7S T7DES
na,

= B
OHfiti A 5 b : YN 5 LOFTIADTLERERE TRO & 5 BFIETIT- TV 3,
T briciEh U TBPE, 75 LMEREESLTRERKMNESY, -4
Y=\ Ry —F—FHVTZEDREE T & b %2 ST U THEFSE, ZR8
TRETE FrE2EF LRI LAICFERT S,
75 LR : ARY B=HQ (A y ¥ a : 200~240)
TBP (VB MY —n—T7FN) : Rt
O rutr7: BRI/ o< MNHEE L= v PLC-6A
(1} EFREXR
D #HEFE 0. 1~ 5nl/min (10~500kgf/cm?)
0. 1~9. 9ml/min{10~250kgf/cm?)
® HENEHEE : =2 %%£7:1320 4 1/nin(0. I~ 5mnl/min)
® wmEZEr  0.5% (0.1~ 5nl/min)
(2) EESIER
@ HFEEEH : 10~500kgf/cm? (10kgf/cm® X5 v )
@ HravIaF—:5um

— 246 —



PNC PN8410 94-049

® SAT4 NI —: 2pum
@ ERIEEHERE : 10~40C
OERBERAE : YREEREE) o~y —F 25 v FCB-500TSH!
RAifiE : 134 /nin
OIS aryalbyy—:SF-60L
CaitilE=E « 7o #8IDC-862R2
cadUFlU—a VEHE (BfE) : ID-451F
YyFUL—F—:InS (Ag) 53mm¢d X 4mmt
HETFEEE | 7696 (BR+F P22 R)
EARREER ¢ 0. ScpmPA T
B  15% 2L E (U0 BEERIRIC oW T)
BB A5 E ¢ SC-756B
o A= N—H VR —5 : TDC-511
ISR 647
TryFaL s F R 50usec
BERERR : T4 VI NMAK
ST « 10V
« /1) % BDP-111
ORI : QIEEIT S T LAZHENpEEL (7.135X107° uei/20u DABIE L Sk bR
| RERD B,

O tieE
HEREFig 10iICRd, BB NSV —EREREHNOR-TED FOMEE TR
DEBOTHB, BNRNVT~d 70T Ry 7 ARICH Y, DEhEF R/ 0~T Ry 7
AACH B, COMNRT 7 13—tk » THEHROEET-> TV B,

¥ &

Oy EFERERT - HITACHI330T HEC 4 stkesst
BB R RACH : 187~2500nm
IR A EREE : 185~2600am
® & K BAREIE 0. 20

- SRS 1 Onm
REEHEE  BAREE 20 ln
EFRSME 0. 5om

— 247 —



PNC PN8410 94-049

FJEIERERE (NBSOSOERHE T « /b & IS TRIE)
: =0, 0024BS (ABSO~0. 5)
0. 004ABS (ABSO. 5~ 1)
=0.3%T

AEEBRM: (NBSOS0AEH# 7 « L& IZTRIE)
: =0. 001ABS (ABSO~0. 5)
+0. 002ABS (ABSO. 5~ 1)
0. 1% T

ZZSERE (ABSO) ¢ 0. 0004ABS/F  340nm

A B HE:0.07Tom (GEATRRIED

% St 1 0. 0001% AT

— 248 —



PNC PN8410 94-048

Fix FREE&HER

CrTable 3 IZNpDERBHFRBROTBEELHABRNDRE BT 5,
DL LTI
« NpOFIEFEE 32T 4 X102 mo1/1ICHE,
« ERRNREORELZI RV L O BREREIZWCTHRRNES T 5,
EN T3,

QYR L —F —F B O BEHRER
NpDRBERERD 7 — & ZR T,
o flHI 7 T bk : Fig. 13
« 4 3 B i :Fig 14
COF—F o FHEEL —F —DXTONp (V) OREURISERIshE, ©LA
BOETRTHRE L Tzl BRIE) OFRFEFHIFEELTHS,

OKERS v 2RO S
NpDFESHERERD 7 — & AR T,
« I 7 o iR Fig 13
« 45 Ot & B % :Fig 15
PHIORBRTIIKES » 7OLBEERBE TSN (V) 28U TWiDicSEo0
HRTHEHMEOITSo2EDH B,

— 249 —



PNC PN8410 94-043

BOE & 23

OERI
HRE L —F 2 HA LB TR 5BV EW S BRICE 272, Thid
Bkl —Y —ORIRAEHO XN F - BLBRTBUES X D E CEX SNT R LRIE
ERIFICEVE SRS, $AEAFRENEEI TINIHENRI RN LEL 6N 5,

OEER 2
KT TS TORBTIRE T DEIIh -7z, ThiZEEONpERS—EENHRICE
BLIcEREEEL TEEFER L TOAOTHROREE L - hDIBETEL M- 1T
W, SELFEFHOFENTER M- bDEEZI OGNS, THITDVWTRNpDREPHE
ORI TNB LD TORBRICK » TEDRBVERNL OGNS DD EEDLNS,

OSFNEE
SHAEERICOOWTREREN S 70D 0 SFEBICSHEN D - 7209 %, K/ T7 74
NeZNALTVWBDTEDEE CEORER, RV —, X7 743—, SHLBEOMD
TS A Y bete)icoVWTHBHRICK - TEHED, J0FE TREET, EBSTE bICE
B TF— 5 2B ERELY, JOXDBERICKDEHERICEAL TIEHKDS 5
F— 7 EREVEL ERESMEE UTRIEFIECIA 2 ICZRBORMD D 5,
itﬂﬁ%&f&%mwﬁﬁﬁuﬁmﬁﬁﬁéﬁot%o%ﬁﬁﬁmLTh%tb%@%
B, MEREICELTRENSE A5, T2V TIRRED & I3EREHERZITD
e, RERENICHBIENDOFNEFRORFMICOVWTORMNANY b IL%E & - THBMHEN
Hb,

— 250 —



PNC PN8410 94-049
BeE SBROFBBRUE

« NSRS RE O T O UEIEOWRE
HT 4 AN BB THIHREMEERE L IR 2 /0 - TRy 7 R
PICA UIBRIEER B ERBRESICL 5 HOIKT 5,

« PUiT DO T O IBEAER
PRz iTh BRI B O TPuDRIGRENR ED L 577 7 7 7 — IR L TV 2D
H~ B, |
s NpIZ DWW T OHEYE L — —, KRS T TORER
N EFRADNE 2 ERMICHEE LNp( V) LIEBROBR LR TEAN O BN ZE LT Np(V)
DARELRIGERET T,

« AMZDWT OB L —H —, YAG-DYE L — ¥ —TORSFHER
AmOD A5 5 500nm & HNOo DRI R 200~ 400nmD S % 8 » TO 2 e AR

e Py, NpOYekc k BT L AT MR
SR TR I o\ OIS & 2 EBA B ORI (£ A — Y : Pig. 11)

o EIREHEIC & B MO TRITTE DO LS ERE, ARihHRS
FERESHC & A TRUSTR DR LA HED rTHetk
ZECHR

(1) Enokida, Y., Suzuki, A.:NEUT Research Report 87-04 {1987)
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Fig. 1 ~ Valency conditions of U,Pu and Np in the processes
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13 190 | 0.30724450]19
I 825 | 1.334087989
15 15387 { 24.88)953428
16 5147 | 8.3230918499
[7 1665  2.6924320828
18 874 | 1.4133247083
19 565 ] 0.9136481242
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i1l 178 | 0.2477417918
12 235 | 0.3270748375
13 245 | 0.3409929157
14 3738 | 5.2025776281
i5 34294 | 47.730657351
16 6854 | 9.5394507926
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Pu (ID 13514.835 | 20.557435003
Pu (V) 1498 | 22786099597
Pu () 50729 | 77. 183955037
it 65741.835 100

6V0-76 OTPBNd INd



— 092 —

L5-5

No, bt (m 1)

1.78

Fix (1)
150

FIERE (M) R (¥/ cm) PRE C(Bml)

No, HEE (m1) rr#m 5h)
1.5-4 1.83 L2
ALY (1) BREZ(W/cof) AR (I/aD)
3 1.5 | 5385.2981445
‘ Hemer (i 1)
50
TS5 asNahy st %
i 61| 0.0845448128
2 540 | 0.7484303752
3 122451 16.971351748
4 535 | 0.7415004843
g 265 | 0.3872852767
& 407 | 0.5640947457
7 379 | 0.5252872448
8 264 | 0.3658992945
9 222 | 6.3076880431
10 248 | 0.3437235797
11 201 | 0.2785824174
12 242 | 0.3354075867
13 293 | 0.4/44088707
14 2887 | 4.0013305429
1S 38756 | 53.715125223
16 8837 |12.2479244917
17 2860 | 3.9539090241
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Tablel The Absorpfion of Np

BR[| & & (MNp/) | o Do) | #FEsGs| = £ | % =
i %233.5 2295 '
0. 005~0. 14 *267.0 1593 1.0M HCIO, L 2)
*787.5 48.2
%661 30.5
N ' * 361 1.8 )
+428 23.9
P 0. 005~0. 14 *504 22.9 1.0M HCIO, % 2
% 590. 5 16.1
* 743 43.0
% 825 24.5
0. 0001~0. 0131. 715 38 1. 0M HNO 3)
0.002425 723 143.9 } L. OM HCIO
0. 01300 44,6 s 1, 4~7)
0, 00752 126 ' 1, 0 HC
0.001775 964 191. 2 } }
o 1.0
0. 01300 146.9 MHCIO 1, 4
Vi 0. 005~0. 14 %617 23.7 1.0M HCIO, 1, 2)
0.00111 23.5 5
> } 1:0M HCI 3.5 8)
0.00111 583 325 1,9,10)
0.01012 290, 8 1. 0M HCIO, }
0.00111 985 305 1: 0M H\S0, 1L 49
] 0.0125 1230 44. 8 1~2M HNG, 11, 12)

1) R. Sjoblom, J.C. Hindman, J. Amer. Chem. Soc., 73, 1744 {1931). 2y C.F. Mearz, G R.Waierhury,
“Treatise on Analytical Chemistry ", Part 11, Vol. 8, p. 284, Interacience, New York (1862).
3 E. K. Dukes, Y. E. Shuler, DP-343 (1550). 4) J.C. Hindman, L. B. Magousson, T. J, LaChapelle,
Nat. Nucl. Energy Ser., M.14B, 1033 (1319). 5) A.C.Rykev,G.N.Yakovley, Sovict Redischem., 8, 207(1535),
6) .J. C. Hindman, J. C. Sullivan, D. Cohen, J. Amer. Chem. Soc., 75, 3278 (1934). 7 J. C. Hiadman,
J. C. Sullivan, D. Cohen, J. Amer.'Chem. Soc,, 80,1812 (1553). . 8) A.G. Rykov, G. N. Yakovlev, Sooier
Rediochem., 8, 25 (15685). %) D. M. Gruen, J. ). Kawz, J.Amer. Chem. Sec., 15, 3772 (1953), 10)
L. B. Magnusson, J. R. Huizenga, J. Amer, Chem. Soc, 15, 2242 (1953). 1) C. A. Colvin, Araf.
Chem., 35, 805(1953). 12) C. A, Colvin, H\WV-SA-2557 (1962).
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Tabie 2 P u ®YcBEHEHBRORABRSEH

CPu Only
(EFTHIOESE)
(1o [HND21 (D 3.0 6.0
1.0 2
1.5 7 1 8

OPu 1 NP , Am ?E‘l%'
GEcH) 10f555ED)

CHNO21(M) 0.5 3.0. 4.0 8.0 8.0
S/ on?)
0.9 I
1.0 3
1.5 4,5 9 B 10
(87 ESED)
[HND23CHD 3.0 Puyr @ 1X102 M
HE/ cn?)
NpigE ¢ 1X1073 M
1.5 i1, 12
BIEEE . 20 C
0.15 13
BTH P HANLEFZ VY
(B Es)
THNDSJ(N) 3.0
R/ om®)
0,15 14

ONp + A4 v33%P u (Am=25EE . )
GEFTH| 0555

CHND51CND 3.0
BE(F/en®)
1.5 15,18
(iR
THND:TCND 3.0
S (H/en?)
0.2 17
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Table3 N p OXBHHABROFABEN
OHS
infor . »
file no: TH B (N) N p#EM & It # ¥ # W aE E (W/em?)
H3-Np-L1 3.0 4x10°2 IR 40 3 % 4 U Hgs v 7 (2 E) 1.5
H3-Np-L2 3.0 4%10°2 HAN,BEF 2/ & Hes v 7 (2 ik &) 1.5
OHA4
infor :
file no WEEE W N p 3 E () el Tl | ¥k B e gt em g (Wen?)
H4-Np-L1 3.0 4%10°2 HAN, bR 245 45 & EER R 21.2%10°°
Hd-Np-L2 3.0 4%10°2 HAN,Eb 5245 5 & AR - Y- 21.0%107°
H4-Np-L3 3.0 1%10°2 HAN, ER" 5245 34 5§ AR L — Y — 20.0%10°°%
Ha-Mp-14 3.0 4%10°7 HAN, Eb 5245 5 & W v — - §9.3%]0"3
Hd-Np-15 3.0 4%10°% HAN,br 52{% 4 & g XIS
Hdi-Np-LB 3.0 4*%10°% JR 5 39 %o L FWEHF L — - 18.8%10°°2
H4-Np-L7 3.0 4%10°% BT 4 39 % e L % X IS
Hd=Np~L3 3.0 41072 FRHFofEYHE Hes v (2 &) 1.4
H4-Np-L9 3.0 4%10°2 JR&E 2 M R Hes v 7 (400~ 600nm) 0.7
BHEE 20T
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FUFY AT OERIC AVLISEHESNICERINFIREEE THOATHEL,
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fiD R D

AVLIS 5 v &N b=y LESEETR AEENEET 50, AEZOMOITE~DIS
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L= —ERESEER VT HHE DFFTIRIN,
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KR IBIEEIEVEETLMMEELSVWERREIZZ V., FIE 1 EEL &
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8. NV —Y—RIAASEEICRE 9 5 SAEN ST

3.1 #ERE
IS4 AMERIRFE Y AT LDIALOGIS & O ERRFRZAT » 7o SRR 15 o1 HER
ZBEICLT, FROGREIROFET, DBRE, /EEWE, BHEESEHE~T,

3.2 HERE
AERBRIIRN-VLRIRT EEDTH S, £ TCLTHOFEANR 21,
REISEEHEICLDLUTOX S5 7,

[T

A TLf

AL IZHEAEIT & BRI E F O Fo B
FRASE+ AT K B 2 BERIEESCARRRUG % F W /BRI
Z TR RIS B\ 7B

L — = LIS F W 7o BT

% DD T7 % D 1 BT

2R 5O RS EECICR T & S5

S o e N

3.2. 1 FIEBEXEA LI K BRI E RO R
(1) U.Bosel, H.J.Neusser and E.W.Schlag:Chem. Phys.Lett., 61 (1979) iL
“Production of isotopically pure molecules by dye laser excitation”
EEME  WHFT R 5 P2 (HaCaNo)
V== Ar A A L —F - R THERE L — —
#® & :18134.5cm7!
FRETEAE « 60mliT 2 BRI A RE A
TEEYEORBIIER, ENEIK 1 Torr&HEEI NS,
SBERTE : HoCoNy — 2HCN + N, '
SYERRE  VNBEL TI1077, PPCICEEL T1308
(2) K. B.Thakur and V. A. Job:Symposium on Quantum electronics {(Held at)
Pune extended abstracts of contributed papers (1981) 151.

“Isotope selective laser photolysis of s-tetrazine”
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TEEE - XIFF7T F 5V 2 (HaCaNa)
V== Ny = — R FBREL—F—
ArAF v =Y —R SRR L —F—
i £ : 5513. 9A
FRSSREE : EEMEORERER, EAERKH 1 Torr&EEIN D,
SYHEETE : HaCoNy — 2HON + N, |
BEREL - 2SNV AFETIRL T, CWETIZ10008L L,
fH F: (BETHBRREDEVOE, VY51 VENEEL, EEFa—=v
TIRTEA1HEHBELTHS,
(3) R.R.Karl Jr. and K.K. Innes:Chem Phys.Lett., 36 (1975) 275.
“Dye-laser-induced separation of nitrogen and carbon isotopes”
{EZME  XIFFT R Z V2 (HalaNy)
V—#— i Ar1 A v =¥ —RFWEHR L -~
¥ & 55154
JRETZE ¢ 5 nW~25mWT0. 5534 & 30453 G
EEMBEORERER, EAEW 1 Torr&iEEIN 2,
EHETE < HoCoNe — 2HON + N,
SYBEREL  BORT2
(4) N.J.Turro, G.B.Schster, R.G. Bergman, K.J.Shea, J.H Davis:
J. Am. Chem. Soc., 97 (1975) 4760.
“Isotopically selective photochemistry in molecular crystals”
YERUIE : N ¥ Y= MY 7 RROxHRT S5V (HaCaNy)
< M)A DEEIZL 6K
V== Ny L= =R SBE L~ —
#® & :17766cm™!
ARG« By FO BEE
SYEEETE : HaCoNy ~ 2HCN + N,
SRR 1N, P LTI000ES B SN B,
(5) B.Dellinger, D.S.King, R.M. Hochstrasser and A B. SmithII:
J. Am, Chem. Soc., 99 (1977) 7138,
“High-resolution optical spectroscopy and laser isotope enrichment of
matrix-isolated s-tetrazine in argon”
VEE : 7T v b ) 7 REPOREF b5V HalaNs)
R4, 2K, HIREEIZ1000f5F2R

— 302 —



PNC PN8410 94-049

V—=HF— Ny =R FEREL -~

% £ 117928, dem™!

FREERME - 7SV AR DR L50HZ T 5 43R

SrHfEx@i2  HoCoNy — 2HCN + N,

SRR . SBHERUCBE L TRARGEIE IV, BEBROTHANY PO TF—FT
lEHe "0 N RTERICHBIL TH D, 2RHREIIFFFICAZ W (100020 L
HadEELND) .

(6) P.A Hackett, R.A Back and S.Koda:Can., 56 (1978) 2981.
“Enrichment of nitrogen-15 by the direct laser photolysis of
ammonia-ds in the A-X transition”

YESEME : 7>E=T (NDy)

V—t— N b= =R TERL —V—O 2 {55

& :220.39m

FREISRE : 5 uJD/ IV A%E10Hz T 3 BERSRR S
ND. DREE IR, EJ113300Torr
T BT RO UNTHAREIRO0. 40% ~47. 5%

DEEEIE | OIS
NDs = ND: + D
ND: + ND» — N;D:«

NeDy + D — NaBs + Do
2N2Dy — 2NDs+ N
ORIETN & LTS h b &LHEES NS,

SBEREL : &S T4 8

(7) H. L. Chen:Patent US4064025 (1977)

“Separation of carbon and nitrogen isotopes by selective
photodissociation azo or diazo compounds”

TEEWE : 7/ ME i EZ V77 VA Y
BIZIET VA S v CalleNo) , DTV AS Y (CHN)RE

L=~ BRL—F—PTEA (0 LV —F—10E
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SRR VTV A VLT

CH:Nz — CHy + N2

CH:+ C:Ha — C3He

TV AT AU TR EL .
SYERREL : ST L

3.2.2 FRALEARARICK B 2 BRSNS ERIGE B\ Fo B E
(1} Y.Izawa, Y.Noguchi, C.Yamanaka:Oyobutsuri, 44 (1875) 898.
“Separation of nitrogen isotopes by laser light”
C. Yamanaka:Genshiryoku Kogyo, 21 (1975) 8.
“Development of energy by laser. Nuclear fusion and isotope separation”
Y. Izawa, Y.Noguchi, C.Yamanaka:Jpn.Conf.Radioisot., 12 (1976) 322.
“Separation of nitrogen isotopes by Laser light”
Yeded . 7 == 7 (NH3)
L=t : TEA CO, L —H'—
TYBEZTDT 4 M —%iE - f KRB
HOE: A1=02Tcm}, A2:=22054
RESERE © BRBRAT AV — =33 50l D/ VA %5000 a2 v b
SEAE=100W/cm?
7 EZT OREIEER, EF7310Torr~100Torr
SYBEETE :NH; — Nil, + |
NH: + NH: — N.H,
NoHs + H — Nolls + He
2NaHa — Z2NHs+ N
ORIGTN, & LTI h 5,
STEERE : ETIREE _
(2} R.V.Ambartsumyam, V.S.Letokhov, G.N.Makarov and A. A Puretskii:
JETP Lett., 17 (1973) 63.
“Sepration of mitrogen isotopes with a laser”
fREEME . 727 (W)
L —#—: TEA (0, b —H—
TUVEITDT 4 VT B e EKHEN
W OB A:1=%Tcn?, 2.=4535lcn!
RRETSRAF « REEAT AV — ¥ —ED TR VF—i360n] /7 UV R
EANKDKBDLRMIEC=0. 3 «F, U=20kV
T yELTORERER, EFid20Torr
VINHs : YNHa=11 : 1
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SMHEEFE c NHs — NHe + H
NH: + NH: — NzHs
Nely + H — NpHs + H,
2N:Ha — 2NHs + N
OFIETN & UTBEIh A,
SHEERE: BETA
(3) P.F.Zittel:Report DOE/ER/01017-TI1 (1986}
“A progress report and proposal concerning the study of isotopically selective,
two step, photodissociation of polyatomic molecules”
TEEME : RIEERR, EEER, RIERATAOX S SRERBETRON, MFIClET»
' Z DN, 0
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& A =N00 v IRENCHEST B B
ﬂz=193nm
FRATEAF « FoaRd L
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20D B=3.4

3.2.3 BTG RO F g s
(1) A M Glazova, A G Kudziev, G. I.Tkashelashvili and Eh.B. Shatberova:
Izv. Akad. Nauk Gruz. SSR. Ser.Khim., 12 (1986) 93.
“Study of isotope effect during dissociation of CF3NF.
perfluoromethylamine molecule in field of C0, laser radiation”
{EEE . 7 v BERIAF VT I (CFNFe)
—H'— . TEA C0: L —H—
# B 938 Tem!
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CFaNF, %18
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2NFz — NoF,4
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{2) N.V.Chekalin, V.S.Dolzhikov, Yu.R. Kolomiysky, V.S, Lokhman, V.S.Letokov and
E. A, Ryabov:Phys. Lett. A, 29 (1976) 243.
“Isotope shift in the spectrum of multiquantum absorption of
nitromethane molecule in intense IR field"
N. V. Chekalin, V.S.Dolzhikov, Yw R.Kolomiysky, V.S.Lokhman, V.S$.Letokov and
E. A. Rvabov:Appl. Phys., 13 (1977) 311.
“Experimental selection of molecules for isotope separation by multiple-photon
dissociation in an intense IR field"
R. V. Ambartsumyan, C.I.Bekov, Yu. A Gorokhov, V.S.Letokov, G. N.Makarov,
V. I.Mishin, E.A. Ryabov, A.A. Puretskii, N.V.Chekalin:
Report KFK-tr-523;AED-Conf-77-070-001 (1977)
fEEE : = bo A 7> (CHNDp)
b ——  TEA COp L —+F—
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v s RB R 51R4131025cm™!
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EHEEENS,
DEERE . v EBELEAICL 65, viERE LRSI 18
(3) H.Chen and C.Borzileri:J. Appl. Phys., 50 (1979) 7177,
“Nitrogen isotope separation by multiphoton dissociation of methylamine”
H. Chen and C.Borziler:Report UCRL-81744;Conf-790415-1 (1978)
“Nitrogen isotope separation by multiphoton dissociation of methylamine”
TESEMHE : AF V7 1 (CHaNH:)
L—4— : TEA CO. L —H'—
B & 9P (24)
RS . 7 V3 v Z=60d/cn?
{EEMEORERER, E/EL 0Torr
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SYHEBEE ¢ CHaNH., — CHs + NH,
NH: + NO — Nz -+ Ha0
CHs + NO — CHsNO
SRR BRET2.0
(4) S, A Tuccio:Patent US 4193855 (1978)
“Isotope separation by multiphoton dissociation of methylamine
with an infrared laser”
VeSS . AF AT 3 v (CHaNH:)
L—4— : TEA C0: L —+—
e & L0R (14)
FRERZR : 600~T700ndTH000 = v b FR&T
ERMEORERER, E/73L 0~ 0Torr
S1HEBFE : CHyNH, — CHa -+ NH:
NH: i3 7 v E=TIEDH 3,
SRR S TL 6T

(5) C.P.Robinson, S.D.Rockwood, R.J.Jensen, J.L.Lyman and J.P.Aldridge:

Patent CA 1060840 A (1979)
“Laser isotope separation by multiple photon absorption”
EEEE : =7 v{b2FR (NFa)
L —4— : TEA C0» L —H—
i R iCdEL
BERE  RARY Yy — & LTREERD,
SIHEEEE : NFs — NF, + F
2F + H. — 2HF
SYEEREL b
B ERIT-THREL,
{6) E.B.Aslanidi, A.B.Bakhtadze, K.V.Baiadze, R.L Zainullin, M.N.Kerner and
Yu, S. Tur ishchev: Soobshch. Akad. Nauk. Gruz. SSR, 90 (1978) 573.
“Separation of isotopes of carbon, boron, and nitrogen in a strong infrared
laser field”
fEsEnE : =7 vikZHR (\Fs)
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B & :103lem™ (v dRED 90T (v oiRED)
RRETERM : Sl L
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SIHEEFE : NFs — NF, + F
SIELREL : SobEL
o EERIT- TR,

(7 V.D.Borman, B.I.Nikolaev and V.1.Troyan:At.Energ., 40 (1976) 69.
“On the possibility of stimelating an isotopically selective heterogeneous
reaction by laser radiation

YESE . 7 vE=7 (NH;)
—HF— (0 L —H~
i E:10.6un
JRGTERF - GRaN L
SEEATE : NHs — NH, + H
2H — He
2NHy — N + 2H,
IHECRER - SlREL
& ERIIT > TV,
(8) L.P.Kudrin:Report IAE-2412 (1977)
“Experiments on isotope separation in the infrared laser radiation field”
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=4~ (0 L —H—
# &:10.7Tun
fRgTSREE < L
SBOBIE | Mo N ISR T 5,
SRR : oL
B F:ERIET-THEWY,

.24 V—¥—FRFERIGE RV TI5EH
(1) A Hartford jr. and S.A Tuccio:Chem Phys.Lett., 60 (1979) 431 .
“Nitrogen isotope enrichment via infrared laser induced isomerization of methyl
and ethyl isocvanide”
A Hartford jr. and $. A Tuccio:Patent US 4202741 (1878)
“Enrichment of nitrogen isofopes by induced isomerization of isocyanides”
VEEE « A F VAV T2 F (CHNC)
TF A T F (CHsCHNC)
L —H— : TEA (0 L —¥'—
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SRR

ﬁ?ﬁ- Z .

AFNAY T FDIFS  10P(40), 945cm™

IF AV YT RO 10P(34), 984cn™

400~500mJ D TR L F—"T1000~2500% = v M RET
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AFNAY T FOBE
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IFNAY VT FOBE
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Bofcv 7o FEER L= MY MEI7 02 b 7S TEINTEBICOBTE
5o

AFNAY T RICELTL 24~1.34

ITFNAY T RICEALTL LY

1000cn™' DB OESLEL 7 M 4 en™ ' BBETH 5,
2150cm™ ' OIS FEIAIE S 7 FA40em ' H A DT, X SITKEITHMREAN

- BT A,

(2) N {i. Basov,

Eh. M. Belenov, V. A, Isakov, B, P.Markin, A.N.Oraevskii, V. l.Romanenko

and N. B. Ferapontov:Sov. J. Quant. Electron., 5 (1975) 510.

“Laser-stimulated chemical reactions and isotope separation”

EESE
==

AR
SYBERTE

STBEREL
(3) V. Laurent,

s BE (N2 +0.)

QAA wFNE——H—L
BAERPOFES 2 VBELOE 1 A b—7 A
A b=2 ZAHD X FNF—130. 8~1. 4]/ 7 SR
{EEYEDREILZER, HEAI3200~500Torr

N2 + 02 — 2NO

#1600 _
T.Kikindai:Bull. Soc. Chim. Fr., (1972) 1258.

“Two chemical reactions that can be activated by the infrared radiatien of a

carbon dioxide laser”

TEEE
L=t
®’ &
RS
STBEETE

NH; + €0, F£7213 NHs + NO.
CO L —H—
10.6um
L
NHa -+ CO.DIFE
ONH4
NHs + €0z — (C0<
NH.
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EH AT 5,
NHs + NO.DEEIIELAMEL,
SYRECREN  FCuRARL
B % FRASRCET AERHTOPRTOEL,
(4) J.R.Mcdonaldo and A.P.Andrew:Patent US 154348 (1981)
“Separating light isotopes such as nitrogenl5 from maturally abundant gases like
nitric oxide”
W F: XERAFOIDIHIIITATS 5,
N0 & C0. ORIGZRIAL THBET 2 L5TH 5B,

(5) C.Schmidt:Proc. Soc. Photo-Opt. Instrum. Eng., 99 (1977) 271
“Laser-induced association as a possibility for isotope separation”

W B RAFODIEIIINHTSH 5,
SGHFZMALTHHTSILITH S,

(6) D.F.McLaughlin, W.H. Christiansen:Proc. Int.Conf.Lasers., (1987) 43.
“Investigation of mitrogen oxidation under condition of vibrational
non-eqilibrium”

A B XERRATF O DFEMIIAHETH 5,
No + 0= N0 + NORIEZFIHLTHHT 2L 5TH 5,

{7) D.F.Maclaughlin:Laser~induced oxidation of nitrogen as a technique for isotope
separation, (Univ. of Washington, Seatle, 1981)
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bt (W HFfLZE L — ¥~

S - B N
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SHEBIE : OF HMLEL — =T 00 ABEL, NI TR V¥ —E RS 75, 040
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3.2.5 ZofhokEER B
(1) J.Gelbwachs and T.S.Hartwick:IEEE, J. Quantum. Electron., 11 (1975) 52,
“Radiation-presuure separation of molecules and atoms”

PESEYE - —BEEHR (D) FhE@7re=7 (W)
VEEYE RV HEROTICA-TV S,

V—H—: T UELTOBRER</ /00 1—7
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—E{b BRI L T30, 3

fE  E ERICIAMMOAT, ERIFT--THEL,

(2) A.X.Folin and P.L.Chapovskii:JETP.Lett., 38 (1983) 549 .
“Observation of light-induced drift of ammonia molecules”
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(1) J.L.Lyman and J. Jensen:Chem. Phys.Lett., 13 (1972} 42l
“Laser induced dissociation of NzF,"
M NF OBRTREIC OV THENTO S,
(2) P.Lavigne, J.L.Lachambre and G.Otis:Opt.Commun., 22 (1977) 75.
“Photodissociation of N:Fy by a nanosecond CO: laser pulse”

I 7 N L OB FHREEC DV THETH S,

— 311 —



PNC PN8410 94-048

(3} Aa.S. Sudbo, P.A Sculz, E.R Grant, Y.R Shen and Y.T. Lee:
J. Chem, Phys., 68 (1978) 1306.
“Multiphoton dissociation products from halogenated hydrocarbon”
Aa. §. Sudbo, P.A Sculz, E.R.Grant, Y.R. Shen and Y.T. Lee:
J. Chem. Phys., 70 (1979) 912,
“Simple bond rupture reactions in multiphoton dissociation of molecules”
A F NP DOERFREEC SO THENTL S,
(4) J.D.Campbel, G. Hancock, J.B.Halpern and K. H Welge:
Chem. Phys. Lett., 44 (1976) 404.
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Fig.l. Diagram of the experiment. 1 mass-spectrum analyser,
2 vacuum cell with merallized microporous membrane,
3 IR-laser, 4 IR-radiacien detector
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INTENSITY (ARBITRARY UNITS)

PNC PN8410 94-049
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INTENSITY

RELATIVE

PNC PN8410 94-049
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