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Abstract

The spectrum is one of the most important parameters of Continuous Wave HF Chemical
Laser, the oscillation of each line’s intensity is the chief characteristic of it, and thus a
measurement in real time is urgent needed. Owing to the weakness of array detector technology,
the spectrometers in HF band are hard to obtain. Therefore, a structure with common PbS
infrared detectors is brought forward in the thesis to measure the fluctuation of the intensity of
lines in high-speed, by means of improving the optic construction.

Due to the big size of PbS detectors, the volume of the instrument is too huge to accept in
conventional structure of the multi-channel spectrometer, if the dispersion wants to be kept. The
method called layered receiving and interlaced collecting is proposed accordingly, and the
experiment confirms that it can reduce the request of dispersion effectively, as well as the
volume of system. Further research shows that the calibration to astigmatism, curvature of field,
and coma aberration is the major request on design; in addition, the location of lines needs to be
demarcated.

A horizontal and asymmetric Czerny-Tumer structure is elected, and the parameters are
optimized via detailed analyses of aberration. The result of calculation reveals that the focus
surface can be considered a plane, and the size of focus spots can match the detectors, thus the
effects of imaging achieve the demands of design.

According to the analyses, an experimental device has been set up, the separate detector
modules which can slip on layers horizontally are fit to the receiving system, as well as a board
installed at the location of the focus plane. Take He-Ne laser for reference, the device is
calibrated, and through the detecting system which response rate and background noise has been
measured, the whole system is experimental investigated, and the history of the intensity of two
important lines are presented. The conclusion shows that the scheme of spectrometer is feasible.

On this research, the plan and referenced data for engineering are provided, some problem of
project are detailed, and the further works should be developed are indicated. Therefore, the
foundation for the instrument has been established.

Key words: Multi-channel spectrometer, Continuous Wave HF Chemical Laser, mid-infrared

band, detector, laser grating, aberration
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Wiiese;

8B ARR 1—4

b 300 ]

B 3.1 MR RREAERES

HISH




BB R EBAR K ER R E B F L83

K 3.2 A&MEE 3.3 R THRERR

HYURMA TR —RAFHNE LP TF=MMLEXN ZRARGMEERE, RAEHEAEX
ANFEEBESA 3B, BEMSRERBESIESMER. X, 4EHMELKERE
BENTFHRMBAIE BRI, HP—AMERTUERI—BERTHRN, W 3.3 fir.
B mRNBRAE, RERTNEMBME: PHRERBOLT, KEFEBRRH %
hh5t. XMEMT, HAFHEZILELMEIEAT Imm, HH4F 4 ZiLLEFEER KT 10mm B AT
WRER, BNEBNERERE 120 (0.5 KBRGEE. 03 KBEBILE).

ATRIESFERBR, FEREARTEES M, FEAANARMNBASERS
KT etlh, #AN6ER R H% R SLhr b i e A & MR 8L FIERIRE .

Ak, HERE, BKER/DKELIT (1P11 F12P8), HAEUA LI T AR IEE: A i
BEAD—ANBER, BEEXEEM LB — S5 /MUGBERSE 1710, BBAE
o R — MRS R B X N R esR A, L b, RS HBLAIELR, HESETH
B HERET, FREASEENREE T, o LAINOX — O B SChRxT M i .

§3.3 RiFHE

AT WAL BRBTERNATE, SRR MRANEERE, AXRITT —ER
UETr i

1. REER

REFHFCREWE 3.4 B, WNE LTS HF Btk R MBS A RKEES
RAGERF M L, ARBEKMELERUANFRKAELS, BLASMEE, 4%
BB LR = B RS

B16 T



H B BHF AR ET LR EAR

Q SHHAM

y\\#kﬁiéﬁ

kAN

B34 XREE TR

HTRARERETRERZRRENIERR, RERLT HMS RS, UWETHMHTE
WRR % R EEEE,
() BET RAGKARAHM. HBEEHAE.
Q) BRRAERMERAHNME, EHRBERN; BRI FER, REICRE: UK
B E FLBBR =M T LB B RR -
() BRFERERE, NEWFHEENRBEERUEWHEK.

2. ERFEATE

HF $OCRETAMKE, RIRATR, AT ETSAFNERER, TR F HRE
He-Ne B0t (#K 0.6328 um, ALAEF NN, 5 HF #EtHm B LREH, #BIE 2.1 %
PR EBURE M, HEE 4. S RATHEEAA L THRKSD 514 0.6328x4 =2.5312um .
0.6328x 5 =3.164um W1 —HATH 6Lk, T HF BOLKBKTEERZ[2.5507, 3.0958] (um),
ER—EATHEE FIFE BRXE A . XFESL T, He-Ne A 4. 5 HATH EREHAH
AT HF BOLELREXERMAR . RAZFETUE DA ERATEERME, FiFid
HEEBEA B RTEHE .

Xt 0 FATHEG (LLSFECHRE A S H A R R B0 CUE I8 & H i ot
FOREK, SREETPEERBOLRNSENRRE, —HEBERILERZ 0 LA
HBE. LLO RATHAR AR, MBEEM—IH R ELIK,

A5, RRFBEMBRBRELTEHHRE, FEBRHENGE, MITEREWENY
EBEAAR, TR 4. 5 ZATHBBEH SN —5K BE SRR W E T LB,
HMBA—FKFPEL. ERAKRRE, EFNEHBL, NEBERENES. RIEgE
Hig, XS£SARKEE— N EAE.

BITH



HB R B R KFERREREIR X

3. BKBHRERE

HTFREPFESHRERE, BRARER TR E A MR E KRN SR
B, DARSRERHEREE. FHEREFEREBETEKENNSEERRFELME
5Kz MBI R, XBEARYE S PR B IR B AL B 5 1T UHE It o R A 1 R

IR 2.1.2 FHHS AT &0, X TP EATH e, iELATH AN BEKAIHSAR—INER,
EETEETN, FHKALZHABE R HERT LB Fh e SR K 50 8 2 88
XFo

EREEMHT, TUEBLSEMEEORNEEEZ RM—RSEE, F—REKHR
0.532 um MZ BB E N, 55 He-Ne B0t it Xit, SBHE 4. 5 RiTH
&k SRR 2.128 um, 2.66 um ) —RATHELIL L. HHHKH, ASEM He-Ne 4L
4. S RATHERL 4 4NSE S 23 MRIER TS EIREFHRR.

§3.4 BBRE R

RIFRKRE— S BEA HF {80 Ll BSMasMEg. ME%E. BotFhR
RET M. AE&MEE. BEUR. BEAR. FHEER. YROMENE, SHuER
3.3 Fi7s:

#33 ARRERHBHE

JoifF e WK
M#ES CaF, T BRTE WM ¢20; R =30.9mm; d = 2mm
B CaF, T4 ERE W $80; R = 276mm;d = 3mm
et s EHE  64x64mm’;420g /mm ;
fist e FER (LD 6~ 264517, ~2.15m
V17 & 5 x3 KOs e ERFEME 130x16mm?; R =1000mm; d =15mm
THEESE
M, MiESEERE LHL-h 292.78mm
B L e ] J2 200m
KB AE g 200
Fe 5 VI AR
B ! 107mm
Mm-S el e 81.73°
SEYEERE 3.5 B

EI8 R




BB RHEBAR KR A B A8 3

ks
BEMEHE
AR I
e
K 3.5 AT LYE
1. EEEGAR

TFRBOLE, HXEIhE 34W, FARBRLORsR, EGmE 3.6 FE 3.7 Fix:

B 3.6 BEAREERR B 3.7 3EITENAR A8 R R
REPHEARKERRL, EIRRBAR[2.5507, 3.0958] (um) HEEBXHICBE PR
FEAR, TR ZATEN 18 KGR AR . TP Z B R B K. T EZR
BRI E, BARTEL, R AR I8 B0 1R A 22 2 e, [HkIEl 3.6 FIE 3.7
EHIABERRNEAS %,
HATIER 40W, FIRSEMEHERE LT, MR 3.8 ME 3.9 Fix:

K 3.8 FTENZREEW K 3.9 Helf PR

BI9T



EP R RAR KRR EREAIL L

HTHSRERRERSE, RATHRLRN, GRRANE, AR PHEX LM i
TR, REAAVIBEREN, MR,

EHOLBRITERRE, Bd—REELERE, BRHRSH—BIIAREN. BEK
FEROERHOEHERRE TERS, M, TRABAIINERBA B, K+ —4K
#anE 3.10 Box:

1000

Y Axis Tithe
§

T T Y T T T Y
0 00 w0 3800 7% 3800 906
X AxE TR

B 3.0 BaFRSERER

E A RR AN A (om™), FHERN 7 XX EEL, SRBERER. BTE
LRIRPEBERT IR, EPQLIRR RPN BENEASE.

BE LR ERER, AUTEA:

() #HEAT 3 ZXAK, B 6-7 MR, SREAMNEBERMERT. B—BRREM
HF, WEZA 2. 4. 585E, HP 48R, 21KZ.

() 3 ExBES, FLHFHERAESR 30.5mm, FTFHEES 29.1mm, &HTHEHAZ.
X R BT =RMEERTER AT E RS E R

() F—LMNE, ARSELHABREARAR, LB, YERR. ZRHTY
BMAFARNBEAHAIIEEN. WREEHXEES, BFEREHES
Bz kA m .

(4 BRBREMNLCBGEHEE, XRHETHUIRN 7 FERETTEANTELEX
BEKBREN—L, MpHERREERRL—MEMREHEE, RildERAgRIEE
KPS £ T ZE He-Ne BOLM 4. 5 ZTHERMEES, HikPRIEE IR
REGFARLER) HRERERE.

) EERERFHE 5 MERL, RERRARALTHRAPL, XFHERLEN
MEFERE.

B



HBRHE B AR KFEHF I AEBR #4018 3

2. FEKEFEAR
He-Ne BOL EEABOCEEE, FINKREE, REMEFAENE 3.11 Fix:

He-Ne@ask BHEE He-NeF5%

AN
N\

BRFR BHAGEGIFNNE FERBREE
3.1 BRI IERB IR

B R EAHR MR LIRATH G, ERDeME BB BEER L, BT
K, 5B2FLEX.

ERNBEBEEUR L5 3 AN SE R E)E, ITFHE, 8 HF $oe®R, £R
—AEUR EERERERME. SRS RR LR mE 3.12 FiR:

pema
pen : /

L

3.12 WAL 5L

HTS5 AT SR He-Ne Y6t 4 LATHAEDE, ML LRERALTRE S 2 1P1,
H A& LA LIRE N EEEE, ANETRETSESD, AREEKR, FBEL
WEFEFAERE, SHHERTRHEER, BRETUEHELEARZ M.

3. ARE®

B, dBREWEETIT, R ERSRE HOLRF A HERE R BN E,
B 5B Z BB fith i AaF .

IR, GITEMEH R T BOLRE A RMBERSY . RRPHRT 7 M EEME
SR, SRANREABNERMYE. BLl, ST ELHS, BETHIRER
A0 HF/DF (L B0, &3ERHINLERR, #3518 FHELBEM L& BT LA
AEGRAEBS . EARKRRS, HMENHRE 40cm %, BEWEE 0%, BOLBRITIEE
WARET, XENERHTEREFNEE, BOLRBHAERLRESOTHEBITER 24

F21 W




HB R R AR K ETIRE R E AL

%o
BJE, RIEW LK LB N S% TS T ER AN, ELERIRH
PEREFEEHNRERENESNSERE L.

EHBANEE RN ERERRRE. Hill. i, BENFESBPFREKNER
R RFAsgSHHAEEE. R MBANAREEM AT HRARZ —,
CEREBEXRNRERE.

BNH



BV ERAEIFRERFRIE L

FOE REFHTES

RAEMARTORETURMOAFEER, Bt 3.5 THoth, SEEAENYER
WERMAEERE: WEANTHED. B ANREMEE, BES MELRENTEA
SAX.

AEERBLTBREERINEHSITREMRIEW, RERETEFERSS
BT, TRERMETEARERR, BEXANASTREHT R,

§4.1 REEHILE

R EMEARFERITHOEM, FOERNESTHTHETR—KFEN RN
&, ZEEEWT:

(1) WHERNLERERMTHROIEE, EXMNEBARERB ST EMER
e TUE SRR R B RENER TERRE. FE3 HF BOtNThRE
7 BB RE D ERFOCFELANE SR, Kby RAmRABE R NERE CaF, fF
ARtEL, ZMEEZ-BREABHERT 93%.

() MMM AERELER, FREEHAKRBRASNETEAAEZLES, Bk
R, CEREEHRRLERBVFEEHR, MIRFRASFELE.

() —KERKEEREZNZRELEN HEBAORRREWHE. WHaEHEEX
O EERERLIHE, ERUREREHERE, FNEFHSESRTHRH
B

@) nHFRCTR-EEAAEMTRERAGER, BRI KEDREN
BEmERE, BRI ASHTE, RHEEREERRA, BHEEKEE
.

RIE 2.2 FRITE, ETEHRENKBREENERMARRLEREEZ 55
B, BEBRAEI—ANEERAER, B REHS MR R [ LA S Hok
BRERE. X—¥ZLH AL HTE Ebert-Fastic £ Czerny-Turner RZAFM A LM R
. KFESTLEEMNEMRLEMNRZAFIENIR Czemy-Tumer G5¥), ZEWOTEREE. #
HEMEE. TEAHLE. damBMNERFELs, RBREME, MEENE 4.1
FT7R.

B



E B EERRETAERFELIR X

B 4.1 KPAEXTHR C-T ZHa A

HF (LB R AR B E, EEE EER=ZRE2HARERES, XEEFH K
TREREMBERT, BRI S5EHEANERNAX, KANo, KEEEIRN
R, BEEFRT, ZEEFE (R=x), EH ELNEREFIEEREZESAER. &
FBEME, SNMERKEERTEEIxImm’ LUK,

§4.2 XETLHS LR

AETHSBEFEREMERENEE [REEW . RERMEENEE £, ML, U
B GHEENEE .
FCENFRMEREEMAR, B f=/, f,HFBTENZEHREARFEE.
AN _de S
Al Al coso
KRN BB THE BRI Imm® , FIE/NHFEERE AL > 1mm; HEERPHEKERK
BANIRFELE 2P9 M 1P12, BIREB/DMEKE AL =3.4nmm . 1845 2.2 W, RAF
EfTH RO E D B BOTHN, MRFERIRIERONHA, NREHDANA, W
B/ AR20, EXFHERT, #4% 2P M 1P12 HAGBE N Ap=0.18 . ¥ LRI
KRAN@DRX, 7% f,2325mm .
RERGMERNEESK, RENERRLEHEER, BRKEEEREFTEE
BB ILRA R EAMCERTHR AR, TEEOMEEAETFESHFBESTE. &
RSHMMEHESREBRZEINXRWE 4.1 Fir.

@1

WU



BB B AR KSR E R

R 4.1 BBRUEHESHSHERRRR

BB MG ARBE f (mm)

R LIE R E I, (mm)

B/MEBEEIEE Al(mm)

325

220

1

500

340

L5

650

>400

2

GAEERE, B[ =500mm AR MESE, W, =340mm . BELEHEREE,
Ribs KT M R IE 64mm . HARTEE: 21>(2m—,1m)dii-=300mm (REHEHIER K
).

§4.3 RALEHWSHERE

EMZ ARLRSHFEELIRESRAE. RIE 22 THENGESTER,
HANBESARRELTE, UETHHEEREUEURBERY: REAEITEHE
%O

431 EBUETE

HATETHE, BREIFEENSERNARFRAEREZELTHEHAR, BEELA
—WINELTRE: (BEE 4D
( U=6-9

2f-1 sinU,)
2f

@ = arcsin(

=U,'=2w-U,
< ,_, Sin®
L (sinUk'
tanU, ' ,
“(-L'+ /)

coso

L N=Vk+t'lkl

@R F TR RAME RIS L, 5k RRE k FELEMEHEE IR
LRAMEBI RGO TTARER; [ RAFREEKARELER: A RHESEREE: o &
HEm S mATEmOEA, —BASAK, RARHHERENETER.

f=fi=fRMESEE, BIF42 F0iE0, B =500mm. ¢hkiHES 5B R
GENHKA, KRERREGERERN T OELEEBOLR THEERXZA, 3 HEH
REA&EHAEE AR, B

42)

-Dr

I =

B2 W



HBBHERAR KEFIRERF LIRS

(a, =20y = 2arcsin[ 2}2" ;L

sin(6, - )]

17 <20, 00 4.3)
a W
— D a—
2 2L

@3)RF y RRZEABKE, HRE 20, =7 a MERRBERKENTLER: o 5
AEEMEERNERLN BT RSEOALERNES; o, RRETEREPONENE

5 AR M B8 R ST RTRIOC MR R F s W R AR AR .
EETEEN @ ZERTURBE@)RN T EHELRLE, FRIOE 4.2 Fix:

LML ) L 1]

He-tle P11 299 He-Ne
“* 2 =&
K42 EEME

ZREYW, LREEMBERERE, CBSRKHERNXRETERNHREN
FERE,

432 ®ESWH

RAE 2.2.3 FWHITS, FIFLEZFE, Al EENABRERFES B EMEE
r&iER.

SHFEREM S, HHMAEBEAEREENM i, FHEERERMBEERAFTAERE
X, B EHISH, ATUERHEBEMERENEREN .

Bl 43 BRIEZAIEHEL

BRGSO P ORMEE RO IES R, BRI RTE 4.3
Fizm. BPETHRESNNEMAEL], THApHSENNEEHEL],, W

W26 W




EHBRHEROR KT A& B Aie 3

[ 1
u, —smUp s

WE S, L=co,u=0,i=-}i—,u’=—~j';,ip=w: ERANABERAN, BB MER T,

2f
u,'=u'=-Qi-u)=-2i; ERAREF, i=—i'\n=-n'=1; BREFEBLNEHETLEIL
2h  Wcosd,
HA (4="—=""T=X%
f S

BLERAMRAREOREBEEALR, BEEABIAEZRENNHIZE j, RET
DIHEH A RP AR LB ERRER:
(1) BE:
J=mu=—ny,'u," =i, fu,"=i, f2i
S, =hni(i*—u)(f-i')=hz(—i)2z'=—{% @49

RAEHUTHREARQR.19), H4S,=5,=S,=S, =0, BEEREERLIRERTAL

1
TA, == Y +2%)

. (4.5)
TA, = —S8,z(y* +2%)
2nu'
W y=1, z=0, BEERHAFEE:
Ll o Lg
Prae -Zn,u,ZS: 7S =gt 46)
Q) EE:
J=y'u," =i, fu, =i, f2i
L, _-j2f
i - h2 (4'7)
e i K
Sy =i (i) =5, '7=5’72-
RARQ2.19), #4S,=8,=5,=5,=0, B EREIBEF:
TA =—L-S n(3y2+z’)=il—}-'ir](3y2+zz)
7 2nut ! 4 f
4.8)

2

1 i, h
TAd =——8 n2yz) =2 n2
= 1(2yz) 4 fﬂ( yz)

AW



HP R E A RETRER F A8

RYE 2.2.3 FHITHE, EEERNREHRLMEER, BELN 204y, BEKE 3 puy
(ng"ﬁ P e SFEIp,y=1, z=0 Hp,z=1, y=0 M

T4 =32 3 pp 3 pc,_s
716 e Pux 9)

T4,=0

Z

(3) BESHH:

Sm=hmﬁf-ma—fa=smif=‘€;
4.10)

1
SIII+SIV_S(_) J —Sm"'] 7
L BMIRHRE, ATCUERLGAR S, +S, =0,
GENZhZH THRNYERESIEN, EE-FEMMYL, REHHA—ELER
IER#, RZIFR.
KT, 45 =5, =5, =0

(
T4 *_[(3S111 +8p ) )’]—5};777 y= ’2h77 y
TAZ=———[(S,”+SW)'722]=0 @.11)

(x -x,)= 7 f—z_z_” =i fn’ = fo’
lll h2 f
Bn,y=1, z=0 fn,z=1, y=0, MEGHHERKERZZR
s 1 22h 1 ., 1.,
T4, =ih=> S A, =>4
v " f 7772 2 o (4.12)
T4, =0
ERMABESARFEN R EHHEMILE A R, £EEEAR, Nn,y=1, BELE:
low = 2TA, = Af @® =W cos6,0” (4.13)

EREN AL, MESES R, RN/, SEETRNEEKER

lgys = Af 0 = Ly (4.14)
n

B8R



HB R AR R ERREREML L

BEHE, CRLFRESHAATEZANRE BEEREILM FETH.
EIHAT 1AL S TR

~
- ~
~. ~..

) A TSN ()
1o i ~3inal
: S
— / 3 TNIs. !
N e i 1764, Ty
T _NJ —““'"‘”:';::—?-.:' ~,

B 4.4 RETRBR L RIEH LR

ZHRARREET W TFRA:

(770=h

. . 2f hi

J=”ou=hlp5?——L=-7p

9 2f-L 4.15

==L (4.15)
2f

b J2f_ J2f

G TE R

HTRERMNREEN, FUAMKNEEREHRES AR, BRABARERHT
A

S =8,( )2 =‘le ="£(l 'x_)2

2 d ey (4.16)
SIV =L

f

FEINREA, REEFNFHI, FUZHEwiRER— MR, 815223 ¥H
wWig, HEEMERLZAR:

R= 3S,,,j+ 5 (2.24)
WRFERZTENRE, FER=co, W3S, +S,=0, #:
2oL
2 | V3 @.17)
L=2(1--£)f=o.85f

B9R



HB R FRAKEHREREM R

R, BBTHRRIECHMTUSIER L=085/ 1, & EmAFEH. KN RERE
RS &S IS o A

[1-—(1-—f- J 4.18)
LR, RERRFE=MIENGE, HENERNFERERELEMSEZ A

BIXRA:

[ 1
Pasg = —Aaf

1
Jpgze-EA So 4.19)

ﬁﬁ—Afa)

Hpw ANMER, AR ERBRBARIAARIILE, o b EBRFTHAROP LN
ZRHBMBMHRE LOASA, 2 AAETEARGY).

ERREMTTHAGBK, BIHEXNILE A RN, MEGEREATAoBK, FHitst
BRETBMBAMEGHAEE.

433 HEBRGEKE
ERREMNSBBECRBEBRT, S%TM™REOILHN hEHRENRE,
PAR SERRESAERS L EREAMEERRL . SEMEEREMERIBE,

1. HBRLRE
HEERAMT, MERENSEEHREEFENRGELFRRE, LRINEELE,
EAURRA:

TA, =yT4', ;2+TA
g (4.20)
T4 =TA", fL +T4',

RFfi=f'=fi=f" T4, T4, REXHERIEBROEBERE, y RRERLEN
FIRKE,

E30OM



HETRFERARREFRREREMR L

XK EME%

no AN e = X7 m
I AN ]

AN >

B 4.5 % B8 % CF RO E

W 45 Fin, EREEANERRSR, HEMERKENABRKRARRY:

’3=E/A=W°°sek
W, W cosé,
1 cosé,

cosd,

}/-_-

5=
RA@E20)3, TRIFHFALRENEGE:

4.21)

(4.22)

(4.23)

(1) XE:
REBEEM, HREEXMBEENTRE D, TLUTLHARN
_V2
Zpaz —aA f
Q) EB=:
HTRZAEEZS o RIEH, MEEMENREYEN 0 RS, —ENEETUE—E
R EMEEAHE.
( 1 W, _ 1 Wcosé, .,
P —E(T) oy f —5( 7 Y af
1 Wio .1 Wcosf,,
154 —E(T) wlf—32( 7 Y f

a.
me =3Py~ 7:P) %3P, (—;—"—ri A
1

MBS, %2% =20, MATFREORK L, HNOSERBAT, HRBLOS

Q

EE—ERE LK.

BIIRH



E B RHERAR R EFRERF A 1B

() &
REGHE o’ SIEH, FTUGBERSRM: EBREHEA, ABKEN 1, HEHit.

> lgw =rho! +h,0f

4 (4.24)
2 lawe =;(a)f ”0:)

2. WLRE

LR RRFEBEAAERAF O AR REERER: FBSNES . BAEER
E#EFGRAROWMEREN S = ra, AT AFBRES RN FERNELERTRO
MREFRNFES, FSMMERTFE A

~Ad =r(1-cosa) = %&z 4.25)

BT S,aMRDE, A RZHANE, BR—BERT, WOBRITRFE, Bl y,n
fIEE, FIFROEEHE.
5GEZRHMEETEAR, HREENREN y, S, B

f 1
20W =S,(y* +z2)y+S3y277+5(S3 +8,) + 2 +Syn* + S’

S, =S5,Ay+S5,An

{8, =28,8y+2S,,An (4.26)
Sy =28,An

S, =(3S, +S,)Ay+35,An

(So =S, 4y

(4.2 A% y F z KW, BEJLARERER:

2nu'ATA, =595i)£=s2(3y2 +22)+ (38, +8,)ym + S’

4.27)

2nu'ATA, = %? =8,2y2)+(S; +S,)zn
z

MU, dROERNGE BT LGS S, RE. Hil, B, HRIXN
RES, -5, HOEHRLES AL B2 R,

ELBRANERT, S 80, EHYS, WREREAS, WY S, tEELRER
B, B2yln, ROBEREFACEEMERE. KH P OBKSLHRSNET

1

ASFREFSE R, PO, BP0, P ORREEN SBRERLEETLL

B2




HP B R AR K EFRER /X

HHLEEIKE.
RFEFERLCEHEAT R, Hit, KERBREZRNKELSE —EHm.

3. BBRRZANEHRE

MmETHEMNSHAEGTNNERE, ERRVCHEEE —ERE.

M HKF 430g/mm MEBL K, BHEEKFHAHBKRT 90 ; HH AT 400g/mm
W7 ERERT 500mm KR MES A RRIELERNEE. Bk, B%H 420g/mm K%
ML A&,

T8 F G = S B R T 7E 60x 60mm’ 276, WEENABEIAS i a FEEDT 7 FE
BERIEREZEZENTOBKEETHFIELZRXEA, a FEXTY, Bibta RS LLEEE.

HENLSHEEFFEOWE 4.6 Fin, ETiSHAEBRMEERISEHIEDE 4.2
Bi7Re

2 T 1 I I T
goetrggntn o l ] I l
el bl ] [
2 1 1 ] 1 I
(i 50 100 150 200 X0 300
e BRE #& MM KENE  BoHd  HAe¥E  SAMEERKE BERAKE PHER
&% ¢ (®%) [¢ ¢ ¥ [€ 5 3] ¢33 (€3 3] [€ ¥ 3]
1He-Ned 2531 46144 535393 462903 831424 159813 0.824991 18.0523 3B2M

2 1Pt 2550 468256 852471 445828 805632 167514 0865622 19322 345174
3 1P2 2578 4731% 920585 421358 728705 178719 0927126 21244 35.5582
4 1P3 2508 488952  9.89861 395496 593032 190991 099662 23457 36.7363
S 1P4 2539 500544 871447 388387 385997 204056 1.07486 26.8606 38.0675
6 2P 2666 510773 196003 345158 151102 215438 1.1467 281057 38.3008
T iP5 2672 513076 779702 34002 0914852 217976  1.16324 28625 39.5868
8 22 269 522253 37756 319902 170574 227968 123038 30.7207 40.7566
9 P86 2707 526636 681855 310496  -300435 232664 126315 37448 41,3335

10 23 2727 534685 56853 293566 587834 241142 132450 BVEEB 424258 o REEE (B
11 1P7 274 541409 573425 27977 8433 24305 13768 529U 43TB

12 P4 2760 548202 70351 266177 412252 254968 143085 IS4 4436 724113
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26 | He-NeS | 3.1640 80.70 59.3254 -377.6423 | 0.0587 | 2.4465 | 4.279%4 49.2153
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