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ABSTRACT

Againsted the requirements of laser ionization experiment in air, in this paper,
developed a Q-switched Nd:YAG laser amplifier system, whose master oscillator’s
operation material was large slendemness ratio ($4.2mm x130mm ). The output pulse of the
system was15ns, the output energy was805.9mJ , the angle of divergence was 2mrad , the
peak power was 68.4 MW /cm’®, and the system magnification was 2.5. When pump energy
and operation material volume were constant, theoretical and experimental results showed
selecting large slendemness ratio operation material can help the output energy increase.

In this paper, physical model of laser ionization in air. plasm'a channel formation
mechanism. ior;ization characteristics. detection method of plasma ,as well as the technology
of electrical field imposed on the beam were studied. Making use of developed nanosecond
pulse laser proceeded laser air breakdown experiment. Through imposing electrical field on
nanosecond pulse laser beam+ changing electric pole range interval, implemented the laser
air breakdown. Tested and measured the data in different conditions, and drawed the curve of
power density of laser. electrical-field intensity. the length of ionization. Theoretical and
experimental results showed that when increasing the power density of laser and gradually
decreasing electrical field imposed on beam, was still able to obtain identical ionization
length, When the power density of laser was 508.6 MW /cm® and electric voltage was 53KV,
could obtain 8cm length ionization.

Key words: laser air ionization laser fonization length breakdown threshold

laser amplifier large slenderness ratio
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EEFERAREREET, n LHEHERE S (~10°m™), BFEE— EHE

THBHHE KR A fEtE, HNEETREANGENER. RE, K FRIE

BOLHIRE BT REA CHALAENEE, B ENEAESATIERERE, BL
FHRBBEETHENEAF=E—NERm Sk, RHIAERR.

BT R ER G i i Tl SIBUE S I P T REHE R A, 1R S AR
EENFFEBFRRBERERRER. F. MorgenB ABRBTEXRGPRUKEBS
X HRNERHEGTHERDTH, WHASERREESE:

2.2
_Y_=_q_2_ﬂ_ (3.23)
N N (v2+o)

AF: v AHRMRESE, v, RATETHRBBUENE, SEBEX, £ ¥t
B g A—ME5RAEXNSY. Bl — S AE e E R B LA,
v _ [377q(v_m)2
N w \N
BB R R B TR AR A
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1(r) (3.24)




(dn’) =vn, =n N [377;] (2’—’"——) ]I(t) : (3.25)
dt |, @ \N
KPP : FTHRcRTBRERE.
AR, ME—SAELEEATFRENRZEENEME, REFIBEPH
BFEEMNTELES.:
(i"_e_),:,,ﬂ[?'”q (".m_)z};(,)ﬁwp (3.26)
d N |

wz n3,’2

HTHBRMNOHELERE SR ENAREOLRALE, ERMNAFELED, &
EE SR B F BB, T A BBk BER 1A 2R

I(t)=1, exp{-41n2[(t—tp)2/r; ]] (3.21)
R 7, DEOLIKE.

BEEEAEEE, SHREEETREN,

- \%
_Z(UI) Ey

L A2
W=4QD(UI] E—”exp (3.28)

E 3 E

R Q =a,c/a,=41x10sec” RETFHIEHE, a, = g’ [he =1/137 REAB L H

-

*, ao-hz/(4ﬂzq2m)% Bohr #¥42, U, =U,/U, ,» U, =13.6eV RERFHEEE,
7
&=M#~m%ﬁE?er¥&ﬂ%ﬁ,ﬁ%,%ﬁ%%%E-m“ﬂ E, B,

REEEEREK, YEEHTEATFHRFEBIATRERN (y, <1), BEEAH

EZ TS, toxl, WERH#RTRF (4F) EXAGHTHBMHBHEE,
HEZEETENSETHRETERENTER:

"a’:f -(N-n)W (3.29)
NEEETHRRTEERLIETE:
n,(t)=N[l—exp(—Wt)] (3.30)

§ 3. 2 BCA B EFIBIER A AR A B F RS

BT HIBE A RLE,
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LEE R RBERETS PN, BETRERERBANN, 3RTEA
SR E L AT S ROB NN, RTA:

(3)
nzuo+ﬂ;inf—)w(w)r (3.31)

ERF3Re(x®) /20, By, MERTUBH R =n, +n, | Ef=ny +n,0 . ZRES

i B RSB REZSPiEE, SO ESRERLEGTE, ENELRK
L RFRERT A RNHENED DL, EERETTFPRAT FOMHER,
MEFHEROEREYE BREEBEFHEIRA-—FHEUEERNNE, KA
ERZLRNER, FEARENRR. B ERESRSEROLIEBEA LM,
UHLBHEFTIEBEAMEN, FIRER, FETREENFETE, MEATHE

R RN EET FAREMNC) ., An = - /207, Ko =[4re’n (1) /m 2

SETHAZ. TR, FENFEFERTHERRRAE TR RIELEARERN
KERF, EP—PRER FEERREE. BOLRNBERENFETHNE
R ERFE, LXFERHUCLLE P EENFEHN, BARTUEZSFHARK
RSB TIREE. AYRIBENT B

YT

. B3 1 BT eENEhAAHE
BN A R KN B SR RTRE, TURRER CHEET
FEEN - EYERR, BREXMENTREFHEAFZNERFHAENARS
PLR %S F AR K R MO P I R BE B IX LS, 19994F, Mlejnek % iR

T FESAEMER ), ZHRIAY, BTEEEARSE, KOREET R E

Y, SR/ NGRS, R R B B A A, B ATSNEE
LMTrASE TR, FENSETHERNRSE, KeEnmaREek
BB SIE LR, WFIREEE R ERSE. X8, BEOCRITLRELER,
A, WTERAKMER, TASKIESORS. HELERTUBE FHEE
FERAE

‘ ) e . {k)
?_Ez—z——Bm?-{aEE-)E—i-a—%‘—-f-ikung|E|2E'“z—kl)£E—ﬁ——|E|ﬂ"2E
3z 2k, 8 rdr 2 or 2p, 2

(3.32)
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8 g 2

ﬁ=EZW|UT§ (3.33)
SR THEN S hEHRE

BEAALARL: EEETEREN, S2RLTSER AHELBEND)
EEHURERLBAERSH, ALMERIAE, ALEELRTRBEN, X+40
AHTFLEETHN A BES, RINTUBIERRNSETHAEE LHEARERN
AL, ST, SRELMABENMMAALKENER. DAY
HRITRABEWEERRE N 1, ML EIEF BN SRS ERA LA RER
e YR, F-EREERETELESNREE, NhTaLRLmRsE, '5
FauiaEEs: 2, ALALHEEESNIOLRE, KEXNETENNM, EF
e /ANFL A 8 R VT LA O PR 24 () I B A

BEEGUER: T8 EOBLEFSPERERSEFHEE, FEE0E
SRR, BEAT, FHNEBEERANSETHEESR, BTEEHL
Brp B R, EEAMNETEEGHNRIREUE SRR, MEESRE,
BEEAMNETFEFES. EABTHANERGARKERE LRET, SRERE
EHEGERAEE LBIEK, FMARAERECMKTSKEET, EFARE
SHOLRESF, BT ESOCThRA M, 0 R Rk A B T B £ A A 5t 75 et
i, MAEHRKEEMTEHNET, Sy e RERERTF TEEHL.

AR EE B BB ERT . R—RNEHM R, KRESHA

EAEHER, Y ERERRBOL XA, HPRRRS S
TR LRSS, HAERIR, ATTREBOERIRE. FRERRT, ZX
BINMERATE, BAMBEREOERS, SHOLEERRITRRMAEERL
TR, BAREESHTFEEYE, BRPEREIRRPEAXIZHREMA—
B, RIRAKSIINGEER R, LILTEER L, EIPL KT
“ AR, WAL SRR

FRMFAE® ., SLREHFH, BTHREEROER, FUFZERBAY]

R FHRFRATAE. FUEFNFEEEETNRR. ZRRRAERR
ARAHEEZEW TR HEEENR L EENRERT ST HLF.
BEHETATRE, AEESIREAHY. CEFSRENRRG TESHE
BHTTER, HERNES. 207, BRABHE— e EEFER TROREEAN,
R AMNEE (2~3 kV) BRAERSREE, E5PMNERTELBSER
FTRASERTRET, EoHREHLE/N, THREA BZE> LT REH.
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RHESCE T, WFRERARE, BEREASAR. KRN T AL
BHFTAE—F “@R” ER, MTANEFHEEFRRER.

3.2 FEE FTHILHMREULRLR 3.3 BAEESTURETR

B ESMAE, ARAREIRETAEYF. BNBEHTMTREETWES. 35777,
AR TFIEBERA, B2, EHRCHIERATHEA BZEILT—FENGHE
Bl R E . AFRBZ[R] 1100 ~ 200 (K FE&E— B TE R (L. BOCHSTABEER, A,
. BEIGIA—AME B R A B = ke, S MBI EATE R AE S,
XRHEA, BZRIMNZESEL ., A BEICLEREHRT FHEE. SINBAEHY
FEATKERWEET, XEMEETFEFABRSXBURNBAGERTHSH
—SIRBRRE, RASHSHET.

BEHFERBHRKERN N KE, HEEREARAETURHSHEET (BT
RED , EANABRFOERUTIGEET, MEASHE-FEENXTHENH.
A B B AR, BRRENMLRH PR ERTFRY, HMEREIFEA
B SR ZEEEEANH XS5, UL FREEESABEE.

$3.3 ES5HBHESM

FRTHEBRIMERRE. X—BEETH, EFBTHTASH TRENET
MeEF, HPBTHESRRH, RTHARH, FEEARFTHNELLSR. X_RE
ERTHTFEXRERNAROERTZ MM MAEEER, MEMBREKELE
H. REREFETANTEEHEESRES.

KAUEETFHREEAREEGH

REERE Bk A FE TR E SR R TR RS

EEBAEE |

MEZSBERETEEMN, BT ZANMEFELNRTFNETZAMOME, F
ERTHS . BENERT, RIEREEHFEIBEREE.

J=(ne’impy,)E (3.34)
Ky, REBTHEFHRESNE; ENHEEERE. d8. 30 XBEEZX.

n=my,/ne (3.35)
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mEEEF—BTFHREUREFERENMERN, FEEHRA TR REE
EHREEAROEY, WTEH:

n[Q-m]=52x10°Z n AT [eV]) ' (3.36)
HPmARECHE, —HEA10; ZABTFHRBELE.

REAR 3.36) RIOAURSEHBARBTHE, UZRPEAF, Z2H
{LATEZ = 5, B T,=50eV, WH n=69x10"Q-m. TUFHEREELEHFT, &
hEETHEERFRIFNERE.

FELEE

EASBRBHEAT, EF5FHEFZAMNRER N EEONTFREL K

(21, ShAf ROREAE R

Vy =N, 0, (3.3D

S By RETESPHRTZEMNREME: o, HRTFHERER, o, BFHRFO®E:
o, EEFETFHBETFHRIERE, o, =7al,0, =4’ /am,e’ o 38 (3.37) AN (3.35)
R, FEERAFNFHNEDEE S, = 8T, /Jam, . WH:

7 =2.38x10%(n, /1, )T 0, [ Q- m] (3.38)

ST LTI AR 1, /n, = 5x10°,T,, = 5eV,0, =107°m*, Wy =~2.3x10°[Q m].
M EEATLAZEERFEL, SEFHAEERTRFNEFE, TIHT
KHESHBREE (n,,=10'Q-m), ATHERRFNTEYE, DREEFLRE,

BERERNAHE, BEMELERAEN TRIHTLEMRE, BERRER
Ri1#X.
B EBREP B E TP AR R R E A
YHBAEERPEENEREEE TN EHBE TRV EIERHZRLTHENT
HERAN, XMERMFENRIEEE, AT BN EE. £ PR
BidzE, HEBER—THAHET, EET, ARTRPHI TARNRE, H
TPEEMPRIBOEEHBFAEEFHES, EABTHESR, BHBETRIE
RS F LR AES. WRBEAFINGERT, BB b BT I
KB EHHENEER, &5RFSSFHRBARE. BN T 88 FHETS FESMM
MR TREES R FRERBENSRERRMER, BRRHBHRT,
REFE S| BB M R R A, BAAUNER. ETULER, RBHAHELR,
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BB IE P R AL T R R BRI A TR R T EA R .

d; = ane "’7"; —ﬂepngnp + ylnn’ (3' 393)
dn, '

il gnn,-gnn, (3.39b)
an, nm, - B, mn, =, (3.39¢>

dt
Hbn BREBTER, n, RABTER. o RESHINBRGFRNMEREEERL.

nREFMASTHRMEREY, 4,, B, FMHNREBTSERT. EETEART
HMEEFRY, ,, B,MEELHEE, r RABETEIMBXGEATRERERTH
ﬁ%%%%%ﬁoa,n,ﬁﬂnﬁ%%ﬁEﬂMﬁ%%ﬁE~E%%E,ﬁﬁﬂﬁ
BHFOERER R, AAREATSEE. ERFIIMEBBRYE, ZRERIIE,
EZEMOEMNT, a=0, 7=62x10"s", B, =B, =B =22x10"m/s , FERWIHB
KER—EHNEHT, BRIERREy, BROEREKRIEL, RTUERMRALRK
532nm, BBy, =n=62x10"s", FEHALBEH18xI0W /om®.

EEBRRHE, T8 (3.39) BWGEEHNA: n,0)=n,0)=n,, n(0)=0, K
P, BEENVERTERE. FRSHEABAKFERIPERNBREENRSR
TFEEREI -10%m” NEBRA . ERESINBBER, a=0, RERFFEER
B, +n,=n,, HI2 (3.39) ABLN:

—P=--,8n; (3.40>

R TT R G 1R B 7 R0 B I () A AL ) ik

n
oo (3.41)
7, () 1+ Bn ot

¥ (3.4D) ARATTRE (3.3%92) , #B&n, BHAn, —n,, WALBERHART
BB 1] B9 32 13 AR B H 4> T 7R
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s R TwLL (3.42)
dt 1+ fn g 1+ fn g

BBERMEHBREAER, Wy, hER, FE (3.42) AFWUTERBRANENT
-

"( * |)‘
n, (1) = Tl 21€ ) (3.4
(77 + y])(1+ ﬂngﬂr)
—pm X
n, (6= () =n (1) = Sl (3,40 -

(+ 1)1+ fng)

M (3.41) AELEY, BEPERTFHERESBTFORMIERMERTX.
UARFEBRRMEOE, My, =08, BTFEEHEERLHRERA:

n,(:)-l%% (3. 45)
ZRETES

BIEEMRERBTHN, ZREERERRETERY:

n e |xf Psin? (%) (3.46)

He PN FE SRR, [ AR, | ANFEE,
Bk = 22 [ (30) ~n(0)] HEHER DL KER, o HERSHE. TR, =K

FRHB RN RERBOGREETER. EFETHEEAN, TEFERERYE
AERFAREUNHNEETENBEER, TFHEATLUEUEA:

2

n =n0+nzf—2az , (3.47)

2

b, RAKIHE, n WELIFHERY, o, = [4re'n,/m, ] HEEFHEE,

WA, ZKIERABHEREETUS R

Ak zgiz [n(3w)—n(w)]

3 167e’
’:‘Cﬂ ”0(E”m)*”o(“’)""‘21(“’)'F Q;EQJ:E

(3.48)
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(6 o2
%—-k%l— (3. 49)
@

EAFEN=KIEERERS, (3.48) APER T 5B BRAR /R BRER,
FEXELETEEN, AFEEURTH (3.49) &, HP W hr M hFrmgR

¥. M (3.48), (3.49) BHRATTLIEL, HURKEEBSEELREANETFEERX, ¥
HIBEBK, BFFEHELSBK, HHEUEAKEREEEXR, 4, ZKIFBEHERY
ZREFAD, W, TRERITESKIEHERREFERNN, ERNEHFLE
(3.49) K, BEEOLCREAMMALREN, FUERARBROLCAREH
ERRBERENESRBRNERTR, XCSBATRELRIEEL. BR, &

TERET O MATR T, RAQERE MIANREAE 1, (30) 5 n, (o) HEEH
T, (30) Hony () NI FORMAABL KFL R, MTTRB RS NR BN E,

EmE

YBERICL P ER S AR, BRTEHRTHEE, ERAAATHAS
REBMSKEP R T e H, FHF—HIREBENEEFU—ERIARES LK, BR
KUTURBREHOEERR, AFOHFIRKEER, ERES BEFEMHD
HFGFRFAR. GolubMFARRR, EABRFTETHFETHREENRA, FEH
#AEHTUATRHAESERBFHRER: BtL5RMAMER RN, X4

RUCLABOC OB Y, 58, PEEAEN, MEOBRHRAISR KRN ER
cosf =v,, Jv, » HHv, BB HREEEN R HREE. HABHOAEETUE

K
cosB-n(wu)/n(w') (3.50)

e, n(wp) Fn(o' )5 HERTEGHETER REN RPHOTHE.

BEFEMN=ZRERESE —BAU—EARBH R, KEDCHXER, f
HAITERER &S TR KRR ETES A
cos8 = n(e)/n(3w)
=1.000275/1.000295
=0.99998
FTLL, ZIRIERRIIEST £ 0 ~6.3mrad , RALKMELE RITEBRE, #—PiE
LT BIER AR T UEERVMCE KB
HEEGN



BEEAANFER—MEFRROELHALERE™, ERAKA, BHMA

. BRTFRI. BEFHEE, NERM. EXBLEHEAE FRBEHNHILR
g1, MEHThERHEM DR MEARBRASZEAN TP, BTAHHEY
LML, B AM. BOMERREAERER, TUNRSINER—HE
Sy BEEASER. BEZAXAEFTRAREW, NENROEHBNERS, Ba
SR AR R A RS R R RRAER.

§3.4 BATSBEORMEAR

 ESETABEA, BOLRBERIXSx10® ~1x10"W /em®, BT EE A

10" ~10%em™, EEIHMHEHT, NEENNPERSEENERREEL, RML

MEBEEFRRAGEH AR EESBTHE. GFR AMIRRTREGENEET
FEEHITHRR, TEFRBE. RETHE. ROtk THRIEE. RISk ERIIE,
EEREE, BREARGE. RAEEN. ZKEENERNRERNREES. TH
EENME—-TEHNEHEHRES,

EELE: SETHRGENEELHTFENERFRERER BT ESZS
FiEHE, TRERENHEAKEE, ROEEBTFHEMRERE, FRREEHEH
FhhEg, HRERNERTUMHAEEFES. FETHFRENEEANTHET
FEEFBRAEN. HRESH, EHEBEARANENAESES, RETURZE
EHKE. ERAEENYETFEEREERLERERNRLERER. U, B
LW T ERETEE FARBERSHMBOLREN BT E I ME BN — STk,

RAZN: FEFEEENTOCRNTIENESRERER CHARTESS
e, BTFERSFHEATREDRE mEah8AT, AN, Z5hH>~ET

AENEBRECHTHEARED ST, FlN, (B33 AN, (CILHF), X

BEEARTRARESKE, mEBME. MARY, BERHNTEILE =
BEHEPHE300-460nm TEA, HEERNEBANBMBERAES, WELRLE

3.8, REWEFERAN; (B3, — X' I KB AN, (CT],— B[], Kif) KsE KK

FAEAN. BT EENXAES R AEE M & AR T EURECR A, BTLULEE
SeEB R T BEAMEEEE, hRNREANEOtEEETER, UK
187 UGS Bl B X L3R e 4k K B R, SR BB E R AR
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100 | J\
Yoo 50 o o w0 400 40 40 &0
M /nm
B3. 4 SHTHEEHRLLHE

HEENE:. BENEZAFEANSEFAEERTHEHLMRE, AE3E
#, XA TERITURARSHEERLZG, RAREEEER, DUETHA,
WAL TREKENEE LR B FEEEFaANES.

PREsR. ERETHEENARNELAREREF, SEEN—/NME, BiE
TEFEHLE, FHLNEGRERRE T BEADLABRRSMER, XERTLA
CODMBE A PR EREMNER. ARTRAETUERGHEENKE, &&
MERAEEANRLELEER, AT RERREETRAIEBNHR.

BLEMMBM LR g, AERRBRARAFAHERKERS, BTHRENS,
HRAFH O REERDEIARNEABREKE T RARERN SRS, HEAEN
BHRE S, BhTFRIREE —EMETHEENREDLEMEMEESE, 238N
RRMHRE, TREHERAEREEE RSz BN EAYE 2.

§3.5 x&E/NG&

FEFENEATSEHATTERIT. BRARTEAZSERNE TR
HMBZEAEYRER, HRATELSER FEERRNIENEhERHZH,. R
BAR TEAZSAERS®. @i, ZWERES . EARNMRESSRFSNTE,
BENMATEAZRENRRMER. BABRSHRNTHET BT ARMHLE
ARtE. XAEFTF-ERNAADRABOLHRTZEBLRFA.
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FOE  APKPEERBIEAR

BATRHENREL-ERMNCEMTHENE, XEEARS THAANE
FRENRER: RENAS_ERHHHERTFEERTEIRELRFA, Rt
THRELRFE, HMATEREENTRAE: BEXNAEMERETIHE, B
%,

§4.1 MAXSHTFZFHE

BUAREFRONEEAEER (3.2 . HHEERETEXRTH,

i(ikl;)-gg-R,.N(I-t-EkT;)—xR,N _ “.D
dr\ 2 )

EREDFRFREHETFRHRNMNEZRLE, FUE-T0EHRTREEEESIE
KB R FEhRERIE N, TN R T A HLEhREIE (3/2)4T, SR K BT BhAERIR

£

b, BT ARAS FHE SRS RO THENRD . KRBT HaTFRE, P
BB, o N EHBTOMOORERY: k WBREBEN, | RETFFE— R
FHREE:  RETHATHRIBRENEEE: R BETHHEZ. #R . R,

MR, BAHLUTEA:
R =be " | (4.2)
R, =be (4.3)
R, =be ™" 4.9

b, by, b, B K EREE R ERTERATFIEATEN R,
TEROLIB R R B I (7 > 0.1s ) FOMEIR R, 5 BMESE S0t T i R A9
L
R =R, (4.5
M(4.2) R (4.3) RETH:
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fi;% (4.6)
BT FEAETAHRENEGAN, ZRCERREN ARKNERT, Bad
FREATFEH, WdT,/de=0, HEBEEEFERE, FE 4.1 AUNEHTR
%0, W (4. 1) RPERBREOIR S EREHERNR, BRE:
aP/n, =xRN
U ES o
eV _,

(4.8)
me vi+w' ©

EXFEEA, v<w, SLH:

4.7

de*vn v .
a -~ T=a—n, , (4.9)
m,c,0 07

Hha mde’/me,; v av/N. BLRBARE 440 KX, @7 XA (4.9 KTH:

kT, = —— ‘ 410
ln(b3xw]

av'P
M 46 R (4.10) RTBREHASHFHENEN:

2 x/(1-A)
w2

— (4.11>
av |\ b,

FRFb=bx. RELADAUNKSEFHIERERTEE X FTEER, K
HEBHMEWT:

b =6.4x102W -cm’
b =2.0x10"cm’ /s
b, =2.0x10%cm’ /s

a =0.106cm® /s

I-A4=125eV
x =3eV

BUEZERA 41D SUMFBOEAE REKRTA:
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1
p 3550 [ 1em*] (4.12)

th 2
A’#"
XRE, RAAFEFRESEENTFIRRE, XISUNNESRE -8, T
HERDSMGENERKTEE, GFRASHENXAREHBEHTER M. XM

HiH CO, Bt Nd YAG R ZEBMAEI MRS ENHIEFREL AN
7.316x10° ~1.293x10° (W /em?) . 6.011x10° ~1.193x10" (W /cm* ) H

1.703x10" ~ 3.010x10" (W /cm® ), BRATH 4 RE N —BL
LHEHKREATL Onshf, N KrolIFALHMASHFHENER.

11 -7
B, =220 1w em] (4.13)
"
XEEKA20Tum .
DB Hendersoné‘%ﬂj&‘]k%ﬁi?lﬁ]@ﬁmﬁﬁ:
1
= 2'8;2101 [W/cmz] (4.14)
e

—fih, ETERSHYE, CO,H0t. Nd:YAG BANURAEXHETRE
SHEL0 ~10° (W /em? )« 10" ~107 (W /cm® | 110" ~ 104 (W fom® ) 218, BAtk%riabE

B ERERFEENR. AP EEFUBERERRRTH, TFREXHERE
K2~3M BB %, BHEFERIPHERORFETRRIFXRENT, FUELRFKR
SPMEFRAE-RERTHHAENHE. ARARNTHFESBNZSEF RS
HAKB) NE B A, BTLl, BRBESEREsD N F R N A T HOt

MR E. WARERAD=1.0cm, ¢, =3.3x10°cm/s AZESFHEE, WIEZ
NI B A, =D /c, =3.0x10%s, BOLRKIPRHLERS [N A T ILE.

§4.2 MERNFRELE

EEHARETEREFEVET AR, ROWKBTEH., FAEFESEE,
RERREKHNEER, SRTESCRESEFAHEEE, NEERERI—&
BUOEKARY, Bl KSHARSHERAR, BEATHEROBOEEER
K. ATHRATHORME IR ENSE ERRBETNAHRAECEL N HES,
HOTUBLERER LS, BHTREEMSE, FLERAARARLESE
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HmBA. BEXEBNREHTFRAS, BREALBIHASTRERE, B

BORZESRE MR BbEELRELRG KRR K:

1, REGHHRBEA ST FRE SeUFNERAME, RIS H—ESRITERBN
AR EN—FHB KR YAC Bk, EIHARNAEEAKRE TR
BFHTHENEE LR, RERABOEARE. RERHHIENENIER
Bpr, Wb ARRTRA, DEFFTMTFESHTRE, ATH - PREFER
MDEER, HAXRESRA, BET REZRANSRERH —P EHLRKD,

ERREEATHERR, SROBRTIRERE D 508. 6 MW /om’ .

2. BUARESE, BENREDERGETFRHEDK—MHELX HTLHALT, B
TIANREHHTAEE, REERFPHNAREREIR. BRELRZHBEET
8, RIMEA—I8HROEBRBR, #‘&ﬁ‘?“"&fﬁﬁﬁﬁbﬂ%%ﬂﬁﬁﬁ, #AT
TRERNREEEHTA.

3, AUZBRREHTROLEELRMA, BELELSATEBEAE, JRTEFREE
DENFREENERATEAGEFHRE, HATSHFSEARDREEMNX
. WNAHESOCRENTEENBEBHRESHE &4,

§4.3 MiEHABEELWEE SN

LREE
RELULEE, BN TUTEREE. WTHE

, M4 1 ETREGEER
1. —HK Nd :YAG B2 2. FREZRSK 3. KE&FEH
4, MEFBE GIOREELRERE, UadEBMES 5. ERiFERES
FAHBK Nd YAG E BN R, KBRS 5805.9ms , BkE

17 15ns BB PP BOE, BKKH1.06um, XEEZOSmm, BOBEHETFEN N

68. AMW jcm® ;. RFAF RETFEXTBEHITY R, HBEAMABEN 3 &, F@ids
¥E271000mm , ®20mm FI2BEHEBITESE, BIMARER OLSmm, & KIEED)
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