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FOARE. FERPIRASFREA . X F—Bofk, BT rrfmiEshiizy, g mxt
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(3125 A BIRL 7~ 8] B R REAR TR 51 1 1) b B eaS 5 ) F B S Z A28 BRI,
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XU B8 LR 1800k, 283 180°/kat, B4k eL Bt zhizs). (HIAE& A REEE R AL
MZE S, SRS RIS Bt i Ja RO TP I9ME), R i TRt shid e, &R4x
WIRCHIZATIE #S, MM SF S Rl B )5, P AR 2R B B FAPIRES, S AR5 A 2
ROAE. FERESRER R L, RN “ BRI 5, [BIAIE LS R N T RS 1 FID, R
R IR S DB R 2 B (4 R 8 R BE LI B RSN, SRR AL s BE MR FE R A 1k, TX Lt
TEURR (1 5 PR ) IE R FRAT A EE M 0, DL 10, R IEDk v TT DAYE BRI (R ARS8 ST 5
M, 53 UL R 7 R AR 21 SO P e I B i AR KRR 22, i R AN kot e 81 RAAS [ e 1] 8] e

v WAL, TR R e (- Z) At WLE 11, 4R

M(t) = Moexp (- Tiz)

IR EOEATE, AT SE B ie- B e sh i & 7.

¥ (a) (b) (©)

d (€)

90° kb 180° kP )N

11 HREEIAE 5 TR

9 /76



55 FH BRI ARG — A B s, BN —RRE B e, 78 “ ERE” 180 kil
J RS2 B (8 8 0 s 2 AR RN i SRUNATBHIZ 3)), (EREE |, e D&y #E
ANFEREA X Ik, 848 180° ikt H ek A~ fE 3 5 4.

HR B3R ) B e R K 7 SR & T AFAEFE KA TR B R R i, DR HUAS [ ) Bf
(IR R o kPP PV B 2 0K, IR E BB RIS BIRCPERIRAS, 1X B 1] — M
5Ti. J&>kH Carr, Purcell, Maiboom I Gill FL[FH&H T AR N CPMG 1) B e [B1 3 Bk v 7
Hl:

90y — 7— 180y — 27— 180, — 27... (Il )

EIFEQOL kI JG, #E 17 37, 57, N E180 KM (CFAR x, y FoR BTN S Sk i
D) ATE 27, 4z, 67, . SIS EBEIRISAE S, ZFEN T (AL AT UK A%, ik
PhIEI R 7 B ARF /N, JE R CLHERR B ES 5o T R R T-I0. 534k, IXAN ke 7 5l T Bl
0 R8Oy ik AN HER A B A, OB EAN 7 Bkt AN A HER B K Dh BE, IR ZE AT

5. BERKHAIEREK A

PRI EAIR FCAR FR) S5 5909 Z8 G S L PR a3 DA A SR K 2 [ S A0 LRI B0, R it o 1
e, IR BRI IR, 2 LR IR B A, 12 DA SRRy ot SRR
R B P BAIT . ARAE AT GEEEANR], RS R AR 3 D R K e R Rk e ARk e ]

,||,\ I
il

u\‘ ‘ (i
H J ,dmcu J r

|J||H|

0 t

12 (a) Bk S AR T (I ) 35K) (b) Ak e SRS ) A3 1 B (403K)

GEBERUR, BRI R e, R AT B, T DABOR BRI R T 7, IR,
FEBE AT BRI TR 58 PR, (LSNP AU FELAER, X 2 (s e, U BEIOR BB/
BEBRNEH R T, RS, H g, il 12 A 13 .

g Ve f f
B 13 (a) 5 N E-IRBE TR 00 S AR ik v (1) 38) (b) SEK K AR . 1R 77 Y AT (AR
6. MRI 4%
6.1 REFEIR i AZ 2

10 / 76



HARMNAR MR 55K EGE N ERMLRE. H MRI EET%L?’F;TT%%HAE?W
WR e E SRR SR i TR, X EARON R, XA A LR, B
AN SR A N R VF 2 RO AR 1/ IMARI L (18] 14)

LS T

e IEEEEEEE
14 k. RS

RIERE— AR E —ME S, XSRS B E L. #ET MR (55 REE.
FREATAS, R RNZZ A MMER MR 55 KR, 555 MR -5 T2 T 35 R 3R g A X R 5% 4
EHRRE TR RNERESRICFEN MG ER . E5 KNI RRKEZERRR, 55K,
BERFER: E5/, BERFEN. ZFEHT USR] — 6K E MRL R, BARR e 15
B,

T
HEt
)

Hr %
¥ R dn TF
/
HEIE

FEWEZED
S e & BN B N

15 WEFLIR g IS

WA AT S [ AR : (5 SRR BAS BN xo py 2 B = A5 R A 2R A6k 2 3 1
SE. MAEAMEES B HIIESR T HAE S AL E W], oA RS IR AR A ], R
£ Bo E&IN—EEFEY, T ISRRE R AR, Rk n] DL e (S SR E, XA
AR gD, CFRIE RS G SRS IR Gy AR SRioih B k% Gp
S EAE IR R, AT CAE R, T AT A AT R B AN B R I I 2 2 ok S B R —
(rTRE, AT S IR AZ R i 1 4 2 A T T2 A 14
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MHCLEEBRE TR T, RUSERIT y TNARCE. EXbeRER S, HTX
FH 5 2 e B I AR e p 5 T i, RSB B2 3 75 29339 22 AN - BRI PR AR 57 66 3 37 5t
9, BDHAR, BHRERE—AMET . TEINAIRECRT y J7 15 R H AR AL E e R
N34T, WUEN 3 Uk AEREDN 256 1T, WUEMEIN 256 UK. FIALEEE 7 RS RO 19.

BB ~
\ G SRR

¥y y

G REHRENF

G, t n N hgﬂ, G_
AR

(a) (b)

19 MO BRI 1 S ) 3 B e 5
6.4 PRGN  x FRIEN

DA 3x3 HFERE NG, fERL BotEFI T, 9 MARHE LA oo #E3), BA5 5 3R E# A,
5T RLEBREEN dcosant, W 20(a)FT7s. 7E x J7 [N ESRZRGaA AR REYsy, XFEANRF1 f 1

0 cos @yl coswyt

» @ 0 cosw,t |cosayt

cos®y ——> 4cosmy!
ot 2 ; 0 cosayt | 2coswpt| 0 ——> (—cosayf)+(3cos ayf)H2cos agt)
~2c0sw,! 0 cosw,! -2coswyf] 0 cosajt

G,
X
(a)5ERF ()RR

20 REBRRIGF, SFIHH%EARRE

WA T, WE 200)in. M55 A8N T, RERIESIIFEBANT, Rom Ao
W — IR KNS, WRIESINEAE, N AN 505K T, REEE
RWABKT, R Ne'. ZFEZHHEMEAE 3 5, 556 3 MR, 551 E5EER (-cos(a
t)+3cos(wnt)+2cos(an’t)) .3 FIFEREH] 3 AMFRFRIL; 256 FIFEFER 256 MFERKFRIX . X
FE x BEOAL B AR B MG R, AMFRRIA T EAEE R, MRS, RN
[ B e A 6 B 3, BT R AR BIIE 5 A0 8 1 K A ] A0 6 i 7y

S ARG gD RIS 2 g, SRAE B REILIR(E 5 P A B A R B R R KARALE R, &
ATH 4 AR ok b BRAE 5, TS, B KEEAR e, mT DAAS 3 4k lkr 2 E 1.
6.5 55 RE REERY. KFERFRARAERRH
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BEIHRAG S RELEIBAIE T, 8 Tk S, & 2GS NP5 S,
BRI NS S, RAEGBEL S 2. W 21 Jror, ELEPTNRFE R 18] [ & &)
BRI RAEEIRE, HAT KR VAT RRONRFEIR H v 3. X —AME 5 KA P i 2 (0 I 1)

sinG (@) AT, =REE
- L]
[ L] - S e
I | - - -.l -
L

(a) (b)

1 1 ] d? ] FH
/AT, =y @y

() (d)

Kl (a) 1R 211 RF (55, 4 sinc AL, 75 ZLERAES 2B 0) A5 5, A REwL
TN XIS 54T [ A, KB EE (M — RAT5TRAE S, N T7s b e
BB VAT BREG B SEPR RS 5 o B A e fm iz e B (d), R — M I5dE
5, PRIHEIE 7 0 B (o) 45 5 ik i Ak 2.

K 21 (55 R E

FRARFENS 0], REEANZ B KA W vinax /215 5 BCKAIR, RERSIZF 2012 />
G SRR MFRE, Bl ve =VAT >2vinax. N T8 THE A B AR, KA S — R 2
IR, Bl 32, 64, 128, 256 B 1024 %5, HEREEMIME 53 78 B2 A0 4 o it
ZA], CRAETFENLT. K 22 BoRnRERN MR 5 SHE A RIEIE S, 4 A2 N
A B 7 T U A K23 ).

TR

. . . [ ] . .
~ NS\
EVAVAVAVa a8 Sl Ll A

[ ] ° [ + [ ] [ ] [ ]
NS N

L 4 .-——.—+—-.—-—. L g B RE

) . [ ] + ® ° [
o o 3

. . ] L [ ] . . TR
o ®

. . [ ] [ . t TR

° . ° L‘KE‘“XT-:J

T,

227X 7 FEFER A A K SR

7. BB ER

BRI 2 4 EUR, FTERATZUCRAE . B KE5 REF N —A AW, tinfk
FHIFE N 128x64. FURGISECHN 128, MAMHISECH 64, TERE 64 K55, A 64 1
FA. A AR 128 AR A A — A KN FIZ D AR AN 3 (64 2D AH
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REREEES 28D, BRRAF R — AL B R T R 128 MIRGE R . R8Tk
ERELL, FATEFERIRE, BRRECN 2 k. 4 TEBEBINAEE BONIEIRME 5 8T
55, WRRIMRECN n, WAG TR o, M RBENUE S, B e I nvn
T, WMEME LR Vsl RN 23 Bros. 1 AN IR () D9 ket 7 1) F A ] TR,

migkMew
| B
¥ ¥
f“"_l"'""l"""‘l'_'_l_l"'r ,f—|- T T _I_SS_I_S
0 1 2 3 4 & 61 62 53 64 128 SE'EEJEM
AN 1%3 250 512 (CARH T
s \“‘x\ 258 512 102404 THABEHTED
SRR
260-2500 M8} 64 ﬁ#gkd‘?m

23—l —HEWT R BB T 7 2L A A

HH A 250-2500 ms YU R N, MO GREDECH 64 (I35, HUA 64 NNEHA; MAIgRIDECH 128 (1)
T, A 128 MNEA; MO gmASECH 256 iE, BA 256 MR, RImREs Bl 2 F 4 1)
s R 2 A4 £,

BEETRR, PAERERTFEEIVN PR ARSI RE B FIE E 6
Tt 0 AR AL BE FE Y R E 5 I A I DD A e B FE Y s AR HE AR AL SR f5 4L NE(number of
excitation)Fl & 1K EL NS(number of scan) 1R 2 & IS 5 K& #FAE 5HE 5 0BG 2]
B, RS S FTHE AN A )y TRXNExNS. TR Mk e 5B SN, NE MM %Y
H, NS MRk
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SRR — R R LR AR
“ARBSER R AR5 (R 1 R

IR 4T R A

R

Bl 1 BRSNS

KR ZE MDA R G0 R aVE IRHERG AR P 90 TR BoRBE s A AR TR
WA T SR ITTAERE ot #E KIRBRIR B, K/NAIDY 0.5 T, BEAH STk
f£15 PPM LL'F, SI7EHIFE 1 em EARRIERA . NPRIEREIZ AR EE, KRR 7 2R IR AR
32°C, BRSSP ITTHER, SORENCERE, OISR, WEE/N
T 0.01°C. SEUGFE S bRAE AR A ZRR, T EAR 15 mm RIBUE T, R RS ik e L
fE 1.5 em 24, AEHEE 1.5 cm, %fEESSSRETER, SHEWNE.

FESCIR AR SEIR A A PN, 35008 “ A RREIER 7 Hr SRR A0« AT G
SRR N A7 RPN BRI .

FERAR IR SLI0 = Hon B P KR I Kbl

LRANE

PSR PR N A, Sy A AN R o B 00 N RS ER R FE A S Rt
BT ARE, M AR T B AT 7 58 i WA RS, <Al
TSR P N A

F—HANE KRTHILREARSH K SE FFFI M a5

HSEAE N D AL H TR
WESIRAGAE = A RASH, MR RGSH: IRIIE 90kt Al 180° kit . A K
EESNHENFZHMSE . XESHHH ZAEM AT 5] (Q-FID) il EAE.

g\mﬁﬁﬁ@§$§ﬁ%W%(E%miﬁﬁﬁﬁﬁnoW%ﬁ%ﬁ$ﬂ@%#%9w%
M, 180°HkMH.

BT “GUBMRERATRIT PR 3) “Default” P, 5.

1o RS HdER AR, MBS SR E E
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LT - o

w0 o ) o = i
AR &H0 0L &
BRI AR S | AR ZNES
|seamE 20 - 5
SRR oD BEY)
—_— BEAE 68 5
O1E
SEQ D swiowy 125 - V- Z8F-a8F -8 ©eNsd |
SFHMHZ) 2 RFD(ms) 0050
O1(H) 9941118 RG1(db) 100
Plius) 900 DRGL 3
™ 1024
ot
TWims) 1200000 NS 4
3
&
E ]
5 0
: |
= Dﬂ‘m
© © e 9 » uslsn

Bl 2 BlioREE A S M B A

2. AESHEDOT, FPIEIUERE Q-FID (ks FF))

LAl&H&H&00LE
BT B st B ARN EABS

B B s 13
3 uRK nes o
oE 3

e
sq g v oFEV - gBW -0 Felis
QMG PGse
b »
M) B
oy RERECNG
Bl -

i) 90 oRG T
o s
a3
R LM N »
Ples) 1800 E
B
i) s ¥
HEOH 0 &
ﬁﬁﬂai
5 )
Q@ @ @ v @

K 3 SRR P41

3. WEBIIIEZE RG1 N 20, s DRG1 N 3, AT BEBURIEZE PRG A 3, SHZER RFD
4 0.002-0.02, IX/NEE AR DL,

SRER )G, ERMIFRDBH NS EHI ES.

4. d D BTRUCERE, KZATE 10 S, il @, iR
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e I e ————— s
AR H &0 0L &

RHRITABE EDUMR20-015V-1 s |k =
IS Q0 s koo Py =
L TE —an -3
= —
P
N
. .
X o,
kY > —
g =
[ - T
i . T
2
@ @ [C] @ “
K4 RFEEIR

5. i ﬁl AR B S SR O, RIRE S EE I E{H SF (spectrometer
frequency) JN_bESAE S K AL & O1(offset);

e, el
A E &S &S H 0 0 L &
L ] %)
wmfers — =
anE
P R | -
-
T e T N 1
o =
w1 =
o I = ‘-\
- Y
in e
] 3 © e

K5 R B iR e i B
6. TESEEMICRA il NILIRIAME, BI SF A1 O1 BME. BB REE, JRhig %,
BEAZ:
(1) WZSAE SR S BRI, ARE1TE DN & i B ?

(2) SEIRIFEER (B 5) AFETREEN PG (8 4), SSfE 5 MESESRA L TkR
BUSTHEES, X2HaERE?

(3) E W HAIE N 4 kHz (¥ FID {55, M FID {8 5 fl 52Ty A 10 3%, (3% Rbs 42 48 IS
SYRRINRE; BCE EAZAE BAR A AT R S B D

7. $$Eﬂ » PR ZEOERE (B 6), AR A BT 90 FLAN 180 FE ikt
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H2h FHRH BT X
B4 B ENTFHo0EAN 180 BoA R EER S

EgRAEEw o
gEpAEEe) 50

FhnEls) [L.O
FHFAT
& B
O R
HEE

Kl 6 S4B XHEHE
8. WHBRME, A& IR R AP, e R A

WA FRERWE 7 Fron, Bt v 909k v (PL), AR 1809k 7 (P2).
LA PGB R WA, U R R R ), N R R

9. M4 E 3T EIM 909F 180k TE(E P1 A P2 id sk fEELHE P . P2 {EAE FID 7
FIRARE R, 7E SE Al A BoR ok,

[TE =IO/

AR &H S H 0 0 L. &

EAEE | wREE|

BRI BT | 52 FRRE-NAZ20-15mem ) —
#75 [o = . =
el o B 61527 mHE s
o
100 FOREF BP0 Feds
_—
100 200- B T =i
- 70 /"
’ =) N
= .
0 \
— . N
E-0 \‘\
.
.
-
-
_ .
é "6
S 18-
= 40
=
120 ",
110 \
100 \-‘
\
bt i
©
» \
i ‘\
= \ y
- N
». \‘
» \
\: = FIREE)
EfRa)

@ @ @

K7 909 1809k % 1) H 3 F-HR 45
10. e A EIH 909K 1809k vi (1T 16 M.
SESESS
(1) 909N 180Nk % (& A1 EH SNSRI, & T2 & N e 4541 2

(2) 1809k & (A1 909Hik vi (L o< R Wl 2 JE IR A4 2
—. HJEE¥ (Spin Echo) HIMIMI, 23] SE W24 HH. %FE«“Q-SE”F 4.
FID 5246 BARTE W B RS HUNEBA 2, (B2 FID SEX A G —E R, &0 3E Bk
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KAfET: B3 FID AR BIRIME 5, AME SRR o R 1) 5t FROR I I 0K, iy L3 2 52 8 ik
SAEICITERI S, TRl R T 2 — RIID IR, F 2 a]; i 200 bR A
SRR, PRIL, — T CLHERR IS AN 82 STk I EL AT DA 645 5 5 2 SR s 18] F Jik o
FeoRSE SR, SE FRAIE e B HEBR M AN ST IR — PR B Akt 1. ansRAE 90
JEE IR T 0> 180 FERK M, ] LA A2 E B Iml e, IR Mkt [ 35 7 41

Bk RIS EA A AR P15 A ik i et ] 8 s

90° 180° 90°
. |
R A ﬂ [\
" RIIAY
RFD ! P1 DL1 P2 ACQ W
] 8 i ke [ 33 5 41

P1 Tl ik ol 90 J ik e
DL1 FFEE, 90 J ik 7 45 AR R —A 180 J& ik % 146 1) i 1) 71
P2 R ik 180 Ji ik o
ACQ KR ],  HHRAE S TD FERFESIZE SW R E . ACQ=TD/SW.

i 4E DL1

DL1 /&F5 90 FE Rk -5 FH4E 180 F5 Rk 2 [a] ¥y Bsf (1] 1] [
3 DL fErT R sz ®] SE 15 5 AR, XA BT 5 8 21 TR AR 1) B 9 B50RH
S AT, TR RN T B YO E S s, W B RN DL A
T K1 B BOME S 2, W) SZak £ LK DL AE. 385 7R SR AL
PA12 185 DL ETE 0.03~0.05 Fb2 [0 LAJg/N 71 B Y BONHAE = B2,
AT TE (Time of Echo)

5]y 7= A [ 1) TE (Time of  Echo), #FNYEIEIFE], TE=2DLI1+P2.

2.1 KA I E B E 3

1. EFE“Q-SE”F4. FEf N KE @i, SE#% FRKE.

- - VEBAERE K P A s2 a6 T, TD N R, 4k [ shit
28 | BE .
SW 100kHz | 2. BECHRIRME 2kHz, Hib W0 378 5 R

RED | 0.08ms | 3 yyg s AR5 HOMEEL, (7505 BIRAE A/ ards
™wW 1500ms | 4 spsg@l i, EmHREEREEDEA E. 4503 R E

RGlL |20 it 16 TE 4 5 ms, 30 ms ff) ACQ i, FfHiih ACQ=TD/SW;
DRGI | 3 5. BB [EI ] TE 4 5ms, 10ms, 20ms, 30ms, 40ms Z5HAth 10
PRG |2 ME, BEUESIRERVNEIWIGER =52 — P, e S A R
NS 2 6] T [ AT S A BOME L, Al S ) St TR TR) 7o

TE 10 ms 6. 25 M [RIR A5 5 9 E 15 (AR I 8] (4 7 1 O 3 AR
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=, BEFHBEE 7 WUE, %F Q-CPMG F5l

CPMG JT- 51| 2 FH R U B i 8 1) sth PR () (R R LB — o iR —A> 90 &
SRR S SO N T AR 22 180 FESFARUBK . A3t I — A~ 180 Ji 5 A5 ik i &1 4 2E 2% Fh T3
ANE BN EAE 5 3208, HH T LATEAS 5 10 (R 8 06 mii A KA AN 52 35350 50 1 52 el ) B
PR, IXRERAE 5 R AR R WA S IR PR I AN 2 37 3 S M 4. Bt 3 S S A4
TG 2 R IRBM 2 S IR — 2 th £, R FE A B 1 ) sth PO R I 2% S ORE, 1T DA
AR LAAFER) Tl ZoREIXEE T {l, FEEFARERE S, BATFHEE
B A REFR A . il “EdE A SRS RIS ESE S, R EdE, [0
ZHCH origin &, 5 T, 51HENIS B T EMLEL
Bkt 5 SEAN A

CPMG J7Z1 bk iy e i 9 s

NECH/M180°Bkis

' i
90’ 180° 180° 180° 180° 90°

RF I ...... I
| !

i i
RFDi Pli DLlE P2 2DL1 ™

Rx n{\ﬂﬂf\ nnﬂ[\f\ ,,,,,, alla
L

ACQ

9 il CPMG JF 41

Pl T ikt 90 FF ik 5
DLI1 BFZE, 90 Rk TR PR E 180 FE Rk ZE 4RI (], 180 FERkiheh
HE T —AN 180 FEJF4AN 2*DLI1
P2 T ikt 180 5 fik o
NECH 180 JE 5 Atk >
Peaks parity Z: 5 ROEMRAE AL F 8 BB . — ke S sk
5] %~ ¥t NECH

AN O AR S 5 RS 2 1 [l i, 2 F P itin 180 Bk b ) /N4, @ w150l
PR T B B NS R[N Bl S o2 & TR, NECH RRER/D, IXFES F IR A A 2L
fEE; NECH XAREKK, EFEAMLFFCLESHRIE 2 FICRAE S EM . #ie b,
NECH N iZ A R i 58 5t T4 0 e /N BIE 2. FEREAT ARl v AR SE G, 388 500 T FoA Tk 3
1000~2000 /> [A] 3.
3.1 SERANEA: WERXSMEBE TG E T,
1. i%&F¥ Q-CPMG F41;
2. ZE FREESH;

8 | Bl
SW 100 kHz
RFD 0.08 ms
™ 1500 ms
RG1 20
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DRG] |3 3. AIPLE Y RG1, DRGI 1 DRG1, #1559k A AAHIAI;
PRG 1 4. Z TE Ml NECH ¥ HE, SFEMM T HG EHFEAENE,
NS 2 ATPAZ AR UAME, i i R 4R EE T H e et 14

TE__L04ms Lo v @ armsnet

NECH | 2000

6. KFFEEW G, HdE A3 IRAT
7. fECFA B RO E SRR, HdsR AR TE 1 NECH {H;

&E%%w*ﬁﬁ&ﬁ,&Eﬁﬁ%&ﬁ%ﬁ(@lm,ﬂu%ﬁﬁﬂﬁ;

EERESM

b
RS )
OE&a==E
ERSENE 20 mEsRSR (EEAR -
SFFET IS MEms) 0.01 A ES S 100
SpigEtiEE A E(ms) 1000000 ETEERu) 0.00
EEAE(sRT BEAOREL 10000
Kl 10 SO S EE
N + b—
8. SIHAIRWIA 11 o
(0 BE . " = | B &R
iEaEe | RESRIY | BEEE|
380 [
80 N X
340 -\
320 [
300 .'. |
280 | u
280 .'- |
240 ] {
w220 / .
= 20 . |
180 / {
160 s |
140 .
120 " +
100 |
80 lI
60
40 ] .
20 p‘ h'q Fi \
0 ——
0.01 0.1 1 10 100 1,000 10,000
SRR R (ms)

Bl R s
9. BE “RIHEH”, KT ERE TE, ERRAFA FILT D
10. B BRI “HdE A7 BRI EBIEEE S, 28R, FXECH origin
A, Bl T, SRV I DA
HERE: JEWAENEER A TE MEE A% NECH, #ESHERIBEE, HEES
FRIBLTR.
R
(1) 2R PR A2
(2) FHAHG AR ) 5t R T 2
M9, rshBeE 7 &, %E#F Q-IR fF5)
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FE 2 BORRS B S PAPIRES R, FROAFES IR i R, HARYE B - d s ot
B, Hah G A A s IR 8] 7y SRERAE. FRATRI A R % & (Inversion Recovery, IR)/F
FIRM L S DA s RS (B]. e IR PAIIBk S kg kAT T 21 s
IR

IR J741 H B ik (180 B Rk avin) sz tH Jik (90 B2 ik ) 7 2EL ik, ELAATET IR 7410 fik
M A 12 Bs.

180° 90° 180°
RF
P2 P1 ™W™
" ) Nna
U V)
RFD DL1 RFD
12 1R J£%
R RIZCE NTI

NTI KA IR 17 it 75 i 28 i 75 200 55080 i 8, 552 DL AN NTT — R iZ AN T
20, FF 7T MR I 75 2 1T Vi AR R SRV DL R 55t T o R A0S~ 03 24189 K NTIE,
BIZSHAETKR ONF 500, ENSTERRA 2K AL ),
i ZE DL1
DL1 & F8 53 bk 5 135 Hi Rk 2 [ RO (] (1B, B 180 BE Rk -5 90 FE ik 1] (¥ s []
[EIRG. AT IE Ty, BATHEE R E AT IR SL36, Jf HARRSLIEN 7 24 AN [F (% DL A0
FogA—X DL, HE3—/ME5 R KIEE. FATFAAE DL 18 21 MEE R IR FE &
M 5 i 28, SRR S T ERTRE. N T HERRRRE S I M m s 75 i 28, DL1 [
ALY R 1% MR O — BRI A R B 5e &5t TR 00 DL 8. 78 SE A m] LLdE i
WA E DL H. BB R:
(D fESHE S RE “%E DL
(2) fEFH A EE RE “A3)ikE DL1” J5, & FHEF “Be”

(3) bR RAE T Ecm s, H3hi & DL 4.
REDLL 3] ’ 5% . | #i.
™. | 1024,
5= DL1{ms) ‘ SW . 100 KHz -
. G| RFD. | 0.08 ps.
2 0.372
3 0.602 TW . 3000 ms -
4 1.290 RGl. | 20-
5 2,402
= 4472 DRGI1-| 3
7 8.326 PRG -
8 15.499 NS
9 28.854
10 53716 NTI - 20
o e DLI. | HE/%E .

13 WHE DL1
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Ho DL, el LFEshiA, £l 13 frsiIfiimF, FIMmAAER DL {H.
HE: HZRE DL a4, DL MsKEA TW, (ERER, wJLOE G m TW (i, 615
SRAWME, WanfEmAEY, HOKH DL A LA E A 3000 ms-5000 ms.

4.1 WEKREH I HGHIRE R Ty

1. &+ Q-IR 74,

2. ZH L RKEEESH: WEIF DL

3. i U0 JEEAREE, REES HANEIL
A RRELEAUS, ORELE RN 14 FiT. KO E A ISR YRR — e B,

SHdR

ERE Bas [

VRV —EFE Y - Vel

5000
4,500
41000
3500
3000
2,500
2000
1500
1,000

500

TE SRR

500
-1.000
-1500
2,000
2,500
-3,000
-3500
-4,000
4,500
5,000

[ 200 400 600 00 1,000 1200 1400 1600 1,500 2,000 2,200 2,400
FAFEHBms)

B 14 IR JFHKEELE B

5. e U gL WS I RS
6. RIHARINE 15 Fis

A k= o[l %
(Rt E ISR |

750 !
700

850 ik
600 —
550 i "‘
500 r .
450 | |
B a0 [
350 . |
300 r ‘*
250 |

200 | 1
150 *‘ |
100 f |
= / L

(]

0.0t 04 1 10 100 1,000 10,000 100,000
EREmS)

K15 IR s R
7. fEiGEA RHEH IR FPYERFELS RithZdonm &, 240 DL1 A TW J T & 45
8. i “HIEE M 2S5 DL FHE TR, RaEZEEE, B2 H CH origin 5,
R T, SUFENG R TE R
WieE%:
(1 W Ty S BERA 7 90 R TR 1 2
(2) WHEAFR DL EM H K242
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BoMALRNE BRERFIRG
KA HTEAE, TR, BT 16 Pros.

(XA FII R AT — A

E EXIT SYSTEM

16 MAGHAIF LS

VER:  TERMEE S A S ST I RAF S SO AR BEAE SCHRAE . TR AR 155
W RAE SR SRR FH P HEAT SO AR OGHRAE , TR A2 B R MR B3 B s BRI A SRR I
KA.

ESEHR AR A A [F K e B BAR . 1 e [ 38 7 71 A A e AR (1 AR 37, At 5
FAZ P HN AR T I — P FI R R S, eI T 3 R B o 75 B = /MRS 4 LR
Ky BRKPR 90 BE kAT 180 fikel, EEFESIIAT; HIXFEREEESE, e s
() EAR 2 E A K2 RN % H Slices. 21 Slice Width., JZTH £7. & Offset Slice.
R A0 (Saggital, Coronal, Axial) , #LEF K/ FOV £,

2.1 KA MRIERAR

A BRI BT [ 35 P 31 AR
2.1.1 FFAREASH GLIRBE . 90°8kH. 180°MkH) K515
1 EPRCBAREAE CREMD

2. gl SCONCSETE Y e sE R N 3R BATIRAD

CH B System Configuration S0 AL, Wik 17 fios)
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System confipuration

EETET
0}
R
I
I
R
0 ]
IR
[
[0 ]
I
[
R
.
EET
ECTR
o]
o]
o]
o]
o ]
o0 |
o]

50.0

Auto Center Frequency G 3 sTop _

Kl 17 System Configuration Z %0 15 5 [

(LA F#% 8 Center Frequency—>Manual Shimming (HLF%J3%) —RFAmp Jli/Fi%—iF57)

3. st Ao Comter Froquoncy | soyy o s A |
12§ H B F IR, 0% SFOLMH2)IM1E, & 18;

Kl 18 BIHRIIE)S FID 5%, RERE S KIS, SRR SR

(S PR —ANMEHD
XD R AT A B R A, Kl 19 R 20;
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K 19 WA AL FID (55

20 WEH¥IEIR I FID B S

19 R WA A I OL, TRAE I A2 AR EoE e B 20 i
SHITELL, FIDAE T RIRRCER. EHIAAS), FIFEME Groffset. Gyoffset. Gzoffset
WA GHATERK Y 10, JERIE A BE 2R E+100) . d17] DUE A %E Manual Shimming
RTIRB R KA, RAWSIIGE N . ICFK U H Gxoffset. Gyoffset. Gzoffset {H. 1%
“STOP™ % 1L #1113

5. RS HE A | (SERE B D | S, Bl L,

X0 R TR AR ) 90° ik AN 180° Rk b A, Bk R K215 S AR (i AT
B Ak i T R B SE D 5 Y R L = AN 34 StartRFAmMp(%) 154 05 EndRFAMP(%)
4 3; RFAmp Increment(%)14 0.1. RS RIE 21 (SartnfEfket i —F) , HHE
rHIG A RIS ZS AL B (B 90° fik AT 180° kb D
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6. ICREIAIRNPI R EA.

B 21 F-3R Bk 900k AN 180° ik IS T B

G BT A P P RS R R R, T G A A P R Pk 8 R 43 28 2 S k. A Ak
PRRDEETE KSR, R RO RE R, WOR AT BE, AT DUST AN i S2 BRI 5
Bk E F e sine PEHKPE, E IR SRR REE DN, WOR I A, RBEBURFESR — B R
FERIFEAN R, LA PR R ey, ol ] AR PR, SRR Ik ok o R R P R
WO e (WU MA)s FEAE BT, 8 [ e F KT, S5O ik (e SR 1R R Al e 1)
WOk e (W M), B, 75 ABER T HIF, HENKh 750 H 90k kit Al 180°%K ik i 2H
B, JEEE P1 AT P2 [FIRS N 3200 fRP, TiiELt 240 RFAT FiT RFA2 SR 1A% fir 75 21 90°
A 180CHR ik i 11 5 AT R £

2.1.2 ARG S ESL

DA $2 ISR 1) =N AD I 1-PRESCAN;  2-SCOUT; # 1 PRESCAN %(#

3-SCANTFIA A,
SFO1(MHz) -| -

1. B ZEM<1-Prescan™$&4H, #fF BT OBE . H

213 B FHRFK IR FE 5 Gx offset -

R R ISR, S0 RO,

HAE R /N—FENE 2 FEIX — 30 Fp e AT an e 0 R ) 2 Gz offset -

2. Hdi2-Scout ik, BHEIFIETUEH, Sk REA90(%) .
RFAIS0(%) .| -

KPR AT, U ik P 47 BRI TR AL/
I RS NS RS B R, S e SR E MR R R
X BLER2 R E A G OX— B ER N HTR (TW) —B4200 ms) .
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Paranetei | @ mage |

|

K 22 T e e g

3. MREEMHMEIR, #EMEANRE RS kifZ8q, $ii“3-Scan™ %4,
A, ARG SHRRIC T e MG S WR2fs.

" . . ) . %22 LOCALIZERSH X B
S G #EIT (Sagittal YZ, Coronal XY, Axial XZ). 2

HANE (1~52). EHEE (0.5~5mm) KJZMHIERE (0.5~5 FOV Read(mm). | 60
mm). EF K/, A7 E Offset Slice2s 2% .

FOV Phase(mm) - | 60 .

4. $ZHHEXPORT IMAGE..., fiHi g%, fA/EDEH Slices - 4.
LS e,

Slice Width(mm) » | 2.8

5. {ER3IPILFHERTYIEIE. Wit E237 B Slice Gap(mm) - | 1.6
Sweep Width(SW)ZH1I1H.

%3 Sequenced I S B (conts e
Averages. a
TR(ms)- s
TE(ms)- .
Read Size- .
Phase Size- .
Sweep Width(SW). | |

K 23 [ AR S HUE

6. %2 ESlice Width (0.5-5 mm), fREFHANSEALE,, FFifé “3-Scan” Wil
(W RS R S, FRRERREED

7. WEFOVEIL SO BRI GEHD . UsEFOV A30x30, WLERIGA
INIE G

8. ILRELIMSHMAR, 4l EBRIIREE.
2.2 ZRREE ) MRIERER

1 JRNZRRRE G
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2. MNFE I ERS . “2-SCOUT”; “3-SCAN”, TR %4 SRR SN

%

Slices » 2.
3. BRGNS HICERY— A RERTOEG. fe ]
33 % H R

TR(ms) - 400/500 -

A S S E Slice Width (0.5-5mm) A& MM, fRFFH | Read size. 256.

BRI, WREGA PR, WAREEEA S | |
RS2 LY

Averages - 4.

4, BRI 4Gk /N Phase Size 1 64 B 128, {REFHAB S
A A5, W2 EGHIAR L, U B AR AL R AL KNG o R 5 K SR R GO

. SEHERMRE X

1. #28 RGl(receiver gain), FFHWE DRGI(digital receiver gain), BIEBK PRG(pre-
receiver gain) 15T 3HFERT RFD(RF delay)

PRI A NMR 3 S AR/, B R R TR, — AR g R, B A3k
I ZHEE S A AR ACNSE S, RG1, DRGI Ml PRG 2 AR BICRS 4. RG1
P25, RG1 K6 2ETE I N[-3, 40] (5230 . RG1 HIBORMEHGR: A=107 , Hih A &K
5% DRG1 2875525, DRG1 MG ai7EEIA[0, 7] CEEO. WRES BRI E T
F5N S, BAVMEE R LEINVGESHEN L A ENZPRRL: | =23, fnf
RG1 KK, G 58RI R DRG1 KK, 55 A2 HEH, (555 TEHE ¥-65536
F+65535. PRG 2 A7 B UK S 25, PRG (3825 E B A0, 3]

RFD & SAMAERT(0.002-0.5 Yl ). RFD &3 2EiR 90° fik i e fir ik [ el 585 — A
SKAE RURRAFEIN [, e AR 2 2B B R AR B 5 Hh S Uik o5 5 (R 2 s I8 FID {5
S 5BIHLFEE. & R RE B @i F-1 s, FEPLE 24T T REELE 5 T 6 G,
283 — B[] i 1E) CRROHL BRI TED J5, 00 Rx WE £3 “0” FFER#E S, B F-1 ()
/& RFD K THEUSHLIIZERS [E], Bl 20 145 5 A kb5 5 isem, WigEgEs. B8

(b) /& RFD /NTHESHLIIZERS 8], T T2l B 4S5 35 RE S E 5 sz 7 (H
RFD tANGER/N, BNRERIME S RAMOETERW 7. R HRIT.D;

§= r FRIBHEERTHES izl \ wewmms
Q0EBK 90K
! RFD { k . RFD : \
< - -
Friatz) 0 Rx t  FFHatw 0 Rx ¢

(a) (b)
K F-1  RFD SHAZER & SR B
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2.TD, SW FI NS & TW

B35 KFERE TD, TD ZMK T HI PR s, RATEEE TD WoALL 2 R R
¥, Hltn. 256, 512, 1024 %

BWHLHFE SW, SW 2155 KRR, UG S8 ya SRRy 5,
LR RO, BT O SIER A a, SW A b, THESHLIZEUAS S S 2 75 L [a-
0.5b, at+0.5b]. WAk, SWILRAE T IRRAESR, FEJER KA, 18 SW 24 100 KHz,
LA WG RERR 10 P RE—IRE S, [ERFERENE, ERZBHELEY, &I SW AZN
T 100KHz, W15 SW K/NUA ] G EHE 0z P A UG5 . EREZSHNT, HiR
PEFE S PR gk ) RIS R T SW L. B EIL R, WE SW N 100 KHz. Wi K IUE 55t
B AR (et [EHARES), TIRZ3E K SW 2 200 KHz.

BEERMFRBNS, NS A AT B S RFE PSRRI, R RS AR A2 AL,
WEEOLT, EERFERBMNIZADT 4 KNS 8K, WERFEE S S B LB

(SNRoc /NS ), 48R ZHEAT AL AN 0] 11 2B NS BIRANRAZARGE R it 15 5 A B 1

558 555 A AL HE I T

ZRFTTE) TW (Time of Wait), WUk FFIEERE (TR) (Time of Repeat), HIA
SRPABUBK i RD A i, R it P K TH AR IR RE s A S RUBK RO IS, A Y TH AR ORI RE
B BN E], FRA R B SR ARRAS . TW 2 B R AR SR IN ], FLAR I 12 Al
—UCRAE G IR G — KA R B IX BT 18], AN [R] B S SR (R B T AN R A, X2 At
B RE E IR AR O (MBI [A] 7). 4R FRATAT LAk B — MBI A, XA ] DUE
FLTARAIRE A, AR R IX 2R AR BT E). P DA — AN A R () ] AR iy AR, TW
E— MK T 5 f5% 68 T

KIME GEMD:

EATRKSEIIVE R 7T LR 25 5 (g2 3. %#¢ Q-FID, i 2kHz ¥ FID (25, 45
%71 RG1, DRG1, PRG, WMZ(E5 181k,
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L5 — FESER

19 BTz th KOS K — S oW EZ R ELE AR LW HEFR LA FEL
Touw s ek, FEFRTARLCHRIE, LHRANRLMCEZIN, EHARLT
W, B, KB AERINT BHRA T RFANBIEDORS (CREFHE) 2
G, WM R BT R AR R, AR R, 1896 F, MEFELWFE M FRE T AL
R HaT, ERARKES R T 2R, Rt Yeh, 4R RN
WL Dy Fe Dy A A G T E . BRIERA D HESGFHZA 10 (R, 1{t=0.304 8 m)4y
T 2B KGR B kiR, KAEF—FLT4 D &EFEHRRLGILEA LR
B RAR, X—AEMHRANEZER . BTHARENS L, EFEMREZE 1902 LR K
FiEN R E, €5 1845 SFayikis F 8 0 A= 1875 SF 09 50 R —H#, & L5254k 32
FROTERAZ—, AAMIFT ARGV EIZL, EXMNTHWHRG L, RFApTe94
MAETRSTH. R, %808 56485 K8tk ERRMREE AE T & —FF,
A A HAEA T BF ARMBIXREAG RRRI ARG T F oyt sisE 5 A e st se4n LAE
RagLEx,

FF iR E XS A =5 m A e AR X AR £) B B0 H EF5 T — A%
3% B4z (L=eBldnm.c)f) L E M EF EE KT, EFEZHKE, RRT AL THEIZFH)
HEZHS, NAZEELHEL TRE, FRERSHMWANERERSTONE S T =
&, BERNAEBETARTELTUNTFT AN EELE, AMMMBIRAZARTFTEITAE. R
FESHN PR RETERT RFD N EOMBE,

AR, AT UMK IR ERITAY R B FHE
e HEEA i s NE LAY FILER P T AT A XA H ORI, Brd At 2R
BT VA B RERAY JAA, WARRAGREIET W4nid g BT . Ak, AFAHSREZZEA
ERAEBLEMOE R T kL —,

—. LR
HEFRFRSEBEMNSAZIR

JRF B TRUEIZSh A, A BiEs), B T POERR W A, A B e

T, CAMSYIEMBNE I B RMABIE s GUT K R:

FHREE, AN E e
% okl

m = _gll%’ Hs = _gss%

o g M gs 73N T RIBE ¢ (R 75 B e g BRI 7: ws RBURMET, E B E IR TRIFE Y
H SR B4
eh
ﬂBzz

= 0.5788 X 10~*eV/T
me

AR PR R N B =R 23, RV AR RERE S T OB R AT B IERARE, (2

B Lo Ja W 2N = e 2, DI T i v SRS R I AT N A B . BTEL, e
TSR u N
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p=wt s = —(gl+ gs) Ll

W1 TS bl R T I OB S s 2 A Y, e ST
B e A [ IR AE AT B e — HUBAH AR, BT
PuBMzhE I A eMaE s Ahse S mshEheit. X
I, Ml WBEZ TSE j et , 45 RBHEHE p theg j gt
(E 1), BAHE p 2 fEREET j 2 BT j 19
B (EAIMEAIN, BT EE RS j ek AN ATy
[, B SSMEm AR EAE ST % G TRPEED; TiF
111 j R EREE N, SAMEAHE A M. H
K&, UAMESEESET, TR s S8 j IEHEARZ R, R
(e rh SEBRER A E I R TAT T j i, AT
TR &, NRTFRIAREAE, ©5 8 MmshEA
LESY

pi=—-g-’j ©)

it g BRBIE g Y 1 e T AR S
j2+lz—52 j2—l2+52
g = gl 2]2 + gs 2]2
PLgml, g=2 REHFIRFI 2, PRS2 ALEE jG+1), (DA s(s+D)RAN L, BifE 5
MR TFH g ATA

JG+D)-1(1+1)+s(s+1)
2j(j+1)

g=1+ 2)

L
WU H B 3 2 2 NN AN A A R T 5k ?
2. ZRTRTRERES SAZE
X2 T I, PR B (DA AORE R RBHEE 5 I 7 BB E J Z R

w=-9%] 3)

B g RF¥bE Mz EMARRATR, PLLF s 20 0 R R 1 2R @ AN i1 0 M 3 &
ME MR, SR N

pu=—(gili+gs1+ gbtgssot+..+ glli+gsSi+...)”73

¥ LS #fy, ST AR LA R BIERSIE L SR THAEMASE s B
BRGNS ERAIES. Bk, EXAIS5A

p=— (gL+gS L 4

XPL=X1;, S=Ys;. HTWHTZTHETFROPEMSIENLBIRMAZIEHLAE, &
A SRR DTk RS T2, BTl L A1 S i R 75 Al 52 )2 A i s 73k 4T 2n B
o T ZHFEFRT LS MG, &F jj G, TR, TATR S EF 1A
R WA TIREN, XA

pu=(gli+gss1+ gllz+gSSz)%B
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T L5 s efEER TLNY s &N j., BHik
u=— (gji+gjo) ”73

At i, g Mo, @ AN —FME A HEFREAERN g K1, S ()N85
JU+D+j1Gy+1) —jo(G + 1) + JU+1D) —j1Gi+ D +j2G +1)

9= 2JJ+ 1) 92 2JJ+ 1)
A T AW EFHE A EE T
3. EE¥MN
e MR, BRATVRIE LR /M3 RGE B — I IngE = AE:
AE=-u-B

XM g EAME S RAER N 2K, 1 Hid S REFEAS T4z B A 5%, MU ONER
[FIFEE, XLERTEE T R O . T R TR, EAEAMEL A I B
% EE, RN R 7MW, BISMNES T BEIREA (L, S, J, My, X
—tneeEAN

Ko _ Bs _

AE=<—ﬂ]-B>=g<]-B>h g<]Z-B>h gugBM,

X J=Myh Jy JAE z J71E (RGNS B 771D BRIy . M=J I, J 7L 5
BVAT, wHinT5 B RFAT, XN AE > 0. M=—J i, JHJTHEEET S B RFAT, w
PR TY5 B AT, X AE<0. X T[R—AN J{H. My AT{E—J Fl J Z B H 20+1 ME, B AE
H 201 DARIRE . Ft, Tz —A-6ede, fERSaMER THRER 2041 M ngEE
T3 240 201 ADNSFRe, BEARRTT IR BE RS B
AE = gugBM,

B INESHNS, SR T HAEH EcBRIT R E; B RS FIRER AE v
hv =E¢-E;
I b#iss B G, fed Ex 5 E#RAT R . WReH E RS MEhER 78 SETHN ¢
Tl JO, MOFI g®; Fegl Er [N JO, MOF g®, Kb E 5 Er kXN )22 THEK
[RIRER ST A

EM®) = E; + gPusBMY
EM") = E; + gPusBM "
Bk, fime, (M) SEMD)ZEEGE, KA v
hv' =E (M) - E (M)
= B — B + (M 9P - M g®) B
=hv+ (M](f)g(f) - M](i)g(i))yBB
R, A RS I RS e 5 T 2R A AR 22
’”_V:(My@“L‘Mpgm)%? (5
B EEAVN
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KB LA
eB
- 4mtm,c
FRANBAEZEBANL, [~46.68B/m, B AN T CRAHD.
4. wEEN

X122 L I R RE RO AT A T PN e T

(1) AJ=-0i=0£1, B 5 LARRRNAE,

(2) AM=Myp-My=0, 1, Ji, > Fl My My 53 5 8BRIE R G B2 A 30 & & Bom i 130
M AM=0 ), XL e R, I ZAE N

ve= v MO (g - g(i))B‘%B
LA BOU MO FIM D TR RN (200 +1) R (U0 +1) F K, SEFIXB A

BN Ao (B, WT AJ=0 MBE, MO E5MO R AN NE, SoRsm, [

U, WA TSR R, BAE o L. (HR AT E TR R AT OSSR, e
PRBNTT 1A~FAT T WA W AR ARG o

4 AMy =MP-MO=+1 B, ST, E IR 1R E R BRI S O T

BAT WG 5 RV f s B na, DAORKF I 5 A6 7 BMA R MBS E . B esmd
KERFEGH N KT AZh B RENA TR iess, NIt mmggnt, &2
R B SERE B (A FARNENE e B R ARE, B IR, AN (KIS kP o ik, H

_ 62 o ) pHB
vy = v (MP g — Mf g(O)B?

4 AMy =MD -MO=1 B, SRR, SR T 1A R A, R R S T

AR 7 IR F B — R A T R B (A TR N I B R,
Mo RlRBE, SRR ok, HAA
U

Voo = V7 (M](f)g(f) - M](i)g(i))BWB

K, AM=t1, No M7y, WHIERMEERS, AM =+1 NATRERIRG, AM =-1 N/
[l (41 06 o 171 LT b R 5 I D9 AR 50 38 LT ) e A D'
[piE

ML R TR R REM SR Blo ", oLk, WifESHIAEE AT M FEREN % Hle’, o
o L2
Z. AR E-FAF (Fabry - Perot, {54 F-P) infEE

B B=1T [A=500 nm, M1 (5) AfF5E S0 ZEL 5 RS20 M ZE MR 7y
A}~0.012 nm, Av~14 GHz
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Pt ABRATTE Y v 70 B A R 0 G AR R R 2 2 3 R 2k o ARSI, SRATAE AT A2 F-P ife
Heo e B P s SO R R (BUE A S SR, IR 5 e AT
AR DI N R TS5 R v A A/20 32200, [ ZE—RZ1H 90% (WK 2).

AWK AR AT SR BIRIEE Y ¢ (0 F-P ARAERN, BONGHG0R KA 205

F-P
A
\[ _ 0_1 Ild
e D/2
t e

B2 NIOGAE F-P ARHER A i) 2 R

L56, WHALEN R ZE AR
A=2ntcos 0 (6)
o n bR ER TAEX A B 2. £ T ied, J A4 n=1 B0, WL ZSHN

6= 27” 2ntcosf 7

S R GRS A/ A=ma, BT

mA=2tcos 6

X m IR, FATHEE. X, E290A 8 ERE TN
Iy

I = W (8)

A R RS IS .

L. HARY

BOGERTAMMBA, 3NS5 A+AL, & F-P ArdE B R AR5 80 Bl
R RN (RIZ0 AN Z6 56 Al

6, = 27n2tc0591 9)

21
b2 = A+AL

SR 3 AR, PRI AR TR AL Y 6 R A2

2tcosf, (10)
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, 20’ 1-4R)?
sin? L = LR
2 4R 1

BRI, 5'~0 B nx, WA 2 i %

(1-R) e

VR
HT 26'=%-61, HILAH

(1-R)
VR
£ 9 A (10> AN L, HAGHLE

5 =

(1D

52_§1=2

3,060, 5

|
|
|
|
|
|
Il

A 22t VR

) A (1-R)
Hor, A0 F-P bRk B BE S W B N 22, I 3 PR ECRENE S R HI

A AMFR A AT () 43 345

1 B e B SR R

WSS K A BINAS A AL, MRTE N mt] RS E & m RES, KN

(m+1) A=m(I+AR)

BATIRAANFFAE B B B . e AT T AR LT AV IR R R P TR BOR 8 11
BRI . BRI X RSN AL, TS R AR F GRS RS . R T ETFIX 5
BRI, BRATH A K bR L BOGREEE . Y ASHEE AT, WA

(12) 0

Y
NMp=Z== (13)
BRI, B HGEEEAT: A
AVp == (14)

2t

1 1S A A 55 0N K AR L (B E FLRE B T 54 808 (IO
IR B, AT SORER RS ANE F, il (12) M (13) 15

vy _ i
oA 1-R
HEATIPE D5 SR AR AT A S0 TR R A R T BAE SRR B LA C15)
ORT T P AT RS Ro1, 3P LA O A SO AIE (A, A
() _E PR 32 F-P dRdE H 0 TAEX P82 /M, B F-P kit EL G IAIBEAE ¢ A B iR, Al
IR UM 784, XA TR ER 42/M itk B (1) K45

F= (15

47 _(1-R)
MR
Bl
1_0a-®
M~ 2m/R
KR, SO FRE, BRI R, P N AH HLULR .
e R -

R | mm ) F-P THAURESH Hes46.1 nm AR RYPTIRIE KA 0.1
nm LR, SRR 0 U AT 4
=, XRRE
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BATVFT AR SZESE E AN 4 OB MK 5 KBRS F-P FriE R foR. J6lE
RHEFRAT 3) RS R AL RGIES 4 L TWIEEAR 6 J5, LATALFAT Y77 U 2 F-
P brdER 7, FH A ALE S 8 25, WEEP AL E I NG 9 SR AN 10 2
WG . WA 5 WA TIRDCR R IR R 2. e i S FR SR 1) 0 F LS 5 1R T
59, 1EnA B, BHFELETFAERBOCEEATHOC BORE 0-5 V HEF S, HXAH
JEAE SR AT X-Y i34t FEMARIERT. /EAELR Y #if5S, Rreimk
/No LR X HE S EINERR XM F-P brfERARR], RRTWRIEREE. XNMES
(PSRRI UAE B 5 Se36 35 B R TH A 2H

EE 4, JEIRE 4-RJeiE s L SOLHIRG B F-P FrdE R, DUEARAERRES 215111
MR . WS 4, NS 0, T b i T 4 S B ] kA 2 ORI AR 2 4
N
A= 2ntcosd = mi (16)

= 0[] Il ==

K4 FESRNHISCIRE R Ot i)

- S IR, 2-HmEk: 306 4-BOUER: S5-Ik - Tt

7-F-P hrAER;  8-HuRiES: 9-/NLIGH: 106G E

ASERE F-P bRt RS SR AE 8-RUARIESE Lo WA b, B — RINEEN D L
T BEAEL, XA F-P AR 2 RT3 AR NS BT IT R i ey
FWT R . ERRITW RN, [ESADREZE. B (16) K, KU n. ¢ A6 HAT AL
REZE . A AFERISIT5E. BATHRISRIRINERBIE 1 0 THAE ne FDGHEIEE R
W o L7 0 2R . ARFRATHE A 2 US43 430 F-P AR (FrE R R 5 i W] #R
t A R ¢ BUERRIEMEL F-P T00 . BATHIRE 75750088 F-P B = A 2 <
P no BEE n B9, FATATLAE — midd (0=0) MBIAF T RN F LD 5
5o WA SIS my mAl. mt2. AR EG BRI SR my m-1. m-2..... .2
Sk Lo

SERHRE F-P iR
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AUEFRE F-P AR R 102 B A 5 R o U BT ALK SR AT 5 6 n T A

5 SRR F-P AR A 5 E K
1-ERAa R iR, 2-mmik; 36U 4-BOLEE: s-miRN: 6T, 7-F-P brifE B,
8- iESL; 9- P A8  10-EUE BT 11-/MLGH; 12-¢HfEIEE

FEZ Ao SR F-P AnviE Bl 2 R X — JE B B R BT 58, ASBA P B i 2 )
AT o AEE, 399 2B R sR AR AR /N, BT DABR T 8] )R] R 2k — 2k n, B NG
JHIP KN 630 nm, FRUEEFIAIFG A | mm, BEHZ 82, WAERN 1 atm(l atm =
1.013x10° Pa)iif, T#5280 33T 0.93 NIk, Al LA 2RO ik B brE BN A E, H
AR RIFR 7 2, FRLARAUE T 2 T ISR : OFRifE R %= N UR SRR, KRR,
HX — T8 AN 52 1) 25 PN 7 A5 T 1)1 5 B2 ANAH B2 TR R PAT R s @ N IR BE AR AL 2/,
AR e 2 U AN B T 2 (A1 TA) PR . SR B A ) SR 40 F-P AnifE B2 B il 5 B
BRI LIRS E RS RS0, #HTAUREH B SR R R S R SRR
G XSS RUREDHE ERALEE r g, RO AL, DURIE F-P ARdER T
B E S SRS RIFMLMEA L. FRED BB SAE R AR 0-5 V [H
EES, AR XY 03 00h ) X g, mi AN B i, ROz XFEEAT
CATE FEL I 753 2 Hg Ji T3k 28 S L 38 2 0N /r 4 2%

K6 sinke & 1L A

H1F 6 (gt — D it vl LAS 21

D2 D2
cosf = f—2= A+ Y ~1-—
JiE+ (D /2)? 4f; 8f;
Bz (6) GRERITEE =1, 5
ml D3,
E = _S_fzz (17)
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, [ i
D}, = 8 — L2 o
i i
FEBL, T4 SO EARAR, TH 1
N IBATEENGS (0 ik 0) HIe4 Ha R . | |
L BBRAG DT IR B K. T 4 T ‘%\
BANTTT D2 5 AR R o | f |
BRIt , T T A T B S T v || f
BRI AT 5200 5 i CCD 75 Hi iy |42 oo
7R T2 B R AT S0 06 DAV L WY AN
B ok 5461 A Bk
YR AR RIS @, SRR 5 R e S

BEARRL I 2 A SASAN2SS [ a?
BARTEE 6, $RHIXNESE L1, Ly HIAERE KOG ALK

. sERAE

SEIG I FEAR N R e H F-P bl %2 Hg546.1 nm fZE S35, BTl 28 iz 43,
N2 58 2y 24 1) B S v A5 P PR i ol B o

5 S S A, AT S LR TR o IR F-P AR R AT RE B R A
AR . I RSN AN Gy (8B TRTT RI R ARIRAS . Zm B E M. S50 1) B
YERTZZE T (A5 0 3R
YR (PS-IV AR50 F-P SRt R0 5) rhscifde B, TSI, FFmscis g
R GEREICRA) Y #ifE 51k, AR Mg i e & s 2 S AT %A
Ho MEEAT, NMAEGHEMAEE LSO T IRE, HEH ERNEE SRR T .
FERRLT, WS, R LS O B R EATBURIR D . ERARTE
fi, ASAEE oI . O T Bk, W77 L AL E, R3] F-P _ERDG
AT
P F-P A R TPATEE . VEES % (PS-IV AUEFH F-P brdE Ui B ) A pwappof s
J7i5. MEFELEAMFESNN, AN By, e SCR R RFATE O AR A B
U, RS Eameiise . S, N iAEhE . WEB KRS, SR
PRI WOREA, MR e S N, KAARR, BRI e OB 4
BERED
e B, HAMENITERER.CEM G, FHEREL B BBk, U
&R B 5E O SO S U IR G R, TR IRRR 22 A A A iR ez, i fese IR SO R AR
HIRE S .
KPAAMEL G, HENTKE. FFRS R AR TUBORES SO i (EEE R
JEH-600 V~-800 V) o VER“FH-1F1E7TFIC, BRIAFES A S 41,  Hopth sy 1) S AE 4 1
frE, PLodshldsid .
FITFRMAT TF (D HRAIDRAAERT, KOO K. X #lifE 5 8% 5000 mv,
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Ic=Uo/1GQAF H HL¥it -
a) WIEE T IR lo B AR Uc A1 R
WE X S E U=25kV. 35kV, & Uc, M Ic FF1EE.
#: BTERABHNAZEARMRE, A HEEASTREE Ue BURFHAR, BUE
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FFIGMERT, MM LBHERERE U HBHXR, UETERMTNSE.
Wil EMERE IcBE Uc IR R, FHHe A R X 6 & Bt 2 R v A FE e DA 2 )
AE PR FRLIAE BT 7 1) 2 % R R AS [ R S AT 2
b) W EAANE T L BE X BRI 1 AR
) M EAEAE TR LB X emE U Nk
MABEE U (5kV. 7.5kV~35kV), | Ic I-AEE.
d) TR b)FI o)l 45 1) PR 2% i 2R IR A
Wi GM THEUE AT B s BRI X SRR TAR IR A4 7 BSR4 s S
J AR R ?
(W e X OCEA TR AL, FFRIERE (Lambert) 4
X EAEFRRA R A 1 3 ek 2 a0 R I FR O &R

I =1,-e* )

Horb: Lo AN X OGHEREE, T2 X R, whizM R RE, 4 izt
BHEERE ;s LRI B

AKX WETWACHEWE 9 s Bl AE 17, B 1 BEES508 0.5 mm. 1.0
mm. 1.5mm. 2.0 mm. 2.5 mm 1 3.0 mm ] 6 FERWHR A . %A E 9 s i)y
%y PR AR TR 5 1S 48 R AR B I 200 4, —FERKR, 5—F
FEAEAR G B, HF 2R S DU R RO, BRI T 0 7, H a6 1S 2,
S EAS R SO A T X R, BRI AT I &

9 RS 1 22
TR AR X SRR 1500/sec AH, EREHA 1 Bragg & M5,
A AE Y] SCAN BRI Al 3E4T H Zhill & .
(a) FIEENERAERIAER, JFR XU I R 5 u
Wig: 8 TIRIENMAE R, A AL BEA O A 4 ?
() WFFE X JEEM BRI IR AR B B SRR SR 7 B ok &
XOGHIEEH 2 A I=1oer, TSR X AR RE T2 I R AR X6 IR
FHUR . WAL REC v BUN RE o, My =t oo BIYIXEE REOAEAE IE T Y5 )5

=, N R L 2= e yy e — T o \ N = o)
BEEp, WHHRERMOF R u, =2 1, =2 o, =2 AR NRERE
P P

e BERCR B EAUN R W A4 NI TRIER R, Na= 6.022x10%/mol; 3§15

MK ﬁﬂ‘]lﬂLJ%X*H&H@“JE?%%&”EE“EEE”%ua:um~NA , Ta=Tm'NA ,
A A
G"‘:Gm'NA; EAT BIFK NI T e R H 57 RS AR O i U AR B AT
A

MR MACARR T AT IO AR T, " A1 B P 5% 2R A2 ks = Tt O
FEZ BRI A PR B DX 38, X AN RIS IR X2k, BT IR R i a2 R R &R
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T A% 3)

FH T3 A R A AT SR AR B BE X OGNS ARk, AT DUE BT X GAE
ARG AT R HEAN R I o SRERET, FRATTAT DU 7E USRS BT A DR s A0 4l i
Hil b R S B AR IO, A3 SRR X2 IE S % T=R/Ro=e ", i
M5 R R B 1 BEI KA AL 28 . 7EA = 35~100 pm Y0 [ P 3 8% i 2 3t /s - W A %
I, FEROLFHEIMZR AN

2 2
oM A gotmt A InT A g,om A

“p N, g9 N, p-x Ny g N,
(F: ERFPE“cm?/g” 2B, )
X Cu Ml Zr, B PREASHE:

“4)

TR plg-em’ x/cm Alg-mol”!
Cu (7=29) 8.92 0.007 63.55
Zr (Z=40) 6.49 0.005 91.22

(@) AR id sk — & ATH 2k, Ar 4 S seco

(b) FULAR AT Cu Frid K — TS L (RIS B2 2670 X ar e, Atk
10 sec.

(o) FRMERAIH Zr Frid K — 6 ATHHEZ, Ar 4 10 seco

(d) 1E+¢ Transmission & HEPA[HH Cu JFFl Zr Jr IEHHE T~A.

(e) RHE (4> AE W FIEs o, BOWOBSCRTT, AT AR #2614

() PCEHFIEE P 2 M 2R e 7], FHFh iR = A A R R A .

(g) XHHFE SR AR (3 HHfEEa.
Wik: NTRAKX 3 1 Ea, Wif b E I et ?

(7)) IS5 FESEEE (Moseley’s law) f% =JR(Z-0)
K

P 5 Fh T L B T X O R TR R . X b S R (kB
W, WIAER E UAUA TR T NG &8 B W2 E > B HRE9B K A=he/E K
WA : A<Aeo SBKANT A MRHIL T, B S WOR A BS, TRITIMROSCR B0 fE—
KK T A WURRERSSA T L, WUCRETEA PN — NS, o BABTH IR
i B e K FO 5 A0 7 01 10 7% AT TR MG 28 0 A 9705 Kb I B 8 K A A A
Avir. . FRZM R

F

T3 L
L, Lu

L 3

K10 W A i B XOBIK IR

55 / 76



WU, 1913 FHEEYIPER Henry Moseley fEM & T S Ft &M K EWINGL G, B4
DUt 24 71 44 ) 58 FiE

\/%=«/§-(Z—ak) (5)

H R NEESE (Rydberg) HE, Z NEFRFE, ath K 52ZM MR, SRy,
K 5EEM B R 5 o 725 TP ECN 30 3 60 [MYEHIN TN . ARSI AT 20 e R
o 1X ZANE L

BB 7T — A R L R R BRE Y AR S HU I A

LI TNEINN S (T0), 43 BIE TR FA Ze ISR GE 4354 IFIERD . Mo WU
Ay Ag WA . In WA RORS G T I8 NaCl @b iR rOATS e CURio A B 223570 X it
JERRAL, FFR I X A IR DAL b )32 S 2 BE A R AR AL

FA A et 1) “Draw k-edge” i 2 7E “Transmission” & 111 91 ) 8% 2% # £8_E AR i &R Bl k-55 2
WA AL E (Bpas IR ITERL ? ).

£ Moseley & HHH ELZA G 3K Moseley’s i€ 1 K H 21 R Fl oy

YHRBHEAEZ: R=1.097373x10"m"!, o =3.6 (WFHEREZ).,

WiB: SIS E M ABUR I FHIE IR R,

01 R=1,163"10"/m, ok =44

(}q()‘”zs‘pm‘”2

[ T T
0 10

11 Zr(40). Mo(42). Ag(47). In(49)I(Ax)"2 F1 Z (s H% £

(B M HEH A E

X O R BESAEHA — MR PR B A (L), FRANS XU BINE B &

HX. 1915 4, EEBEZK W. Daune A1 F. L. Hunt & 3 7 %638 BR K 55 i s 22 18] (1) [
EEA oK 2

Amin ~1/U (6)
PRI A L PR A A XoT N2 ) 52 B R R, T X D601 HE SRAT R e K E B2 NS FEL T 1) 42 830
fie eU, FrLAFRATTAT LTS 3
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Amin="hc/eU, (7
Hod U N XOEER ISR T BREX—AZ, AT LR B 58 w8 b

Y=A'X, A=1196 pm*kV

UEI31[U 1‘]kV U,‘Ud ‘ U,EIS 0.08

T I
a [t 002

SEGH, AT LME BT NaCl @i, 03 AN R ng i H R (AT S 05 0 08 PR I8 N )
— 5y, RIS AR RIS Thae, 3 AN [FI0IE s R B PRI s 2R
XF Amin ~1/U AE B, @I EZRIUA B AT SR H W B e 450 A B 12 BoR i — AN IR B 45
H.
(a) W& M4 BEAER— Bragg & 1 M0 2 FATHEL L (R~D):
I SEG AT FR AL T BE , ) 5 2% 1 2 SE T U PR 0 34T BRI S (A X T B ? O,
A5 AN [ 03 R T 180 R PR A Ao
£ Planck & 1 HXF 43 21 (1) &40 ST EA WA @R ELREME R R ? ), 15 HS 8w
HWHL e
W B S B SCRR S5 h=6.62x10 *)-sec.
OO\ BESE, %K
8.1, MRLRE X Ot R 5 HR 774 Z KR

SEBRRA, MR XGRS R E e R TR Z ek g, /)
u =fl2). ®)
H O SE kit iy 5 Z 2 RIFREE R,
RAHISLIAEM: KE XL, WIBRIHMEE (45 554834) HHRIAF 2 CHHIEREN
0.05 cm [, NFHMEL C. Al. Fe. Cu. Zr. Ag FIWRUCH #IR), NaCl 5, 45, k. Hil.
BEAARIWOY (Un'5 554832), %%
o N TS GM THEUETE ST H BRI I LR e RS S A6 8 BRI, 1% A ] i B S
%2 (AIZELLS (=) PI4RD
Wik: SLIRHPEEINL A Z ZMPRR BT —FEEREOCR? W= X — a5 R 15
R AT A 2 i — 25 VT S0 RAIE B AR (1 34 7
SIS H AT e F B S50 T R TR

JTER Z x/cm Ai/pm
£ 13 0.050 796.7
i 26 0.050 174.3
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] 29 0.007 138.1
i 40 0.005 68.9
H 42 0.01 61.9
# 47 0.005 48.6

8.2+ AR{A] HI AR SR AR 45 SRR AL SRARAE X OB RS K R BIRFAETE FT 75 2 00 f5e /I L7 s L s 2
TR SRR IR VR 4518

8.3, H OISR : HIASZIGHR M A1 RO ¢ AR IE FREE RN o

BER

X JGHRFE G A SO R BRI ? i AUE R XOBE R, XPFOGIE A E (5
KO M (BRED) BRI

MR TR —DNNERTHAERE, ZE TR R RS K AR R ? e —id 8
RAEBMESHAHFR?

X M A REREAT AR S5 K 23 T 2 Dy 17 WU AR AR ) R T R, R A8 AR I, X R A R 1)
FITT A A AZR? MR B IR AT E A A A ZK?

X OGE IS 4 B

N ARERIH X CE BB RSN YA ? R AR A48 AR TR H T & ) 2

X OGAE B 5 A FL B AR AR L . XOBE RIS . XOGBE IR WA AR R?
KIGNA =, BEERZEAT AZOR? MRASH X 6 EHM 2 A r i L,
X SIS R A ?

ey F AR S5 v B F B A8 R B AR 3R AT — < B (X D ?

RAEA LIS AL, Bt LA & T 3R 0 R 1 P ) 77 2.

BETH:

A, ERHRTE. R RREY GEZRO . Rilg: & ERZEHAMRAE. 1999.

WOR, BOEE. TS, B 2 EREH R 1995.

B TS RS GE RO . dbat: JERUREEH AR 1997,

R ARSI = . AR SEES . B R KA HARHE. 1997,

ZEE. e, EOE. K mEsele, F=M Jbat SSEHE B, 2001
BT, BER X WM. Bilg: BSSERsE . 1994.

TAEM L yhonE. BRESE. Ju CGETRO . dbat mSEE HRAL. 2000.
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LR h FEL Y EE—
e

EXERAEORR T L ELN O RNE, M TFERMNARBGRNEEE LTS, A WILFH
REREEN, JE&RMFE A RS TR, ACHAT 24 M0 %, RAEALTZ—, R
IR EAEY TS AL, WELGMMRE . Hik. RREEY,
ZANETRANE, R AFEEEREZ -ANEFFOLEF. RZERALALENGHEER
EVHRATEAEMHT: 1) A—ANEEMAH, 2) A—ARATAKESGEM, 3) A=
NGB T, 4B 1 B9 K % (Chua's circuit) P9R — NG A ik &4,
T HFGIEREERE, HEFWEFEELE (Leon 0. Chua) #4%T 1983 F42 th jF 5%
o HHFK, EXRBEUBGTTABAE T RLHE, HegRt bR Len"Enitith
R I R M 4 A4 2. 4 Chen K 2.3, Colpitts #3525, AT SETMOS &4
oAy 42 W 26 45 M R IK R 95" ERAR T AR R IL R, HA R R 6 R AT

SR SR

FERZ ARLNE e b, 42 (K B DR LA A T B BLRWIIET, RO B SE B ik 2 R e
TR R M R EEIE B, KRS T 42 IR BRI SEAR A 2 TR 2 B T R AR S B
SR (Gl —prs) KEZooEA R R CREETIET LIRS G=1/R 2%, VLT
TR A G RARoR, T SIS A AR R B0 A AT Gy UL DL
ARLMEGH Nro B RISATIRETT DA AR 7 R4 R A -

du
Cl d'[l :G(Uz _U1)_ g(U1)
¢, Y _gu,-uy+1, M
dt
o,
dt

Hdr Uy o8 ¢ (BUATH Ne) PismI R, Ux 8 G (B L) Wivmi g, LoRi@id L R,
(U NARLME A BH A 1V ik sk %, HRER A

G -G
gU)=GU + bz L(U-E|-|U+E]) @

KPS AR R BT K 3. N g(UORRBED, gU)n =B, HEFBHRLE
1, BTCARRATRT LLRE SR = A X R BEAT o TP X TR A BR, W] BL— IR A
CH2 CH1

Nr

JAVAV/
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K1 ZEREK ISR
ET: RRERERMERGEAER, EANEIRGIEH AT CH1, CH2 EFi TR BT,
B F ek B N5% BNC 2k S 2 LAY,

U U I B — A SRR A5 25 100, B A2, Azl o s s X =[U, U, 1T .

TSR — BUER X RBHBUEAE Ui-Us I 46805, AT IR R B X-Y
HORMEE, BIH U Z=0= A B .
FEREAN XA, D5 RE() AT BASCS en R A gtk 75 7

X(t) = AX(t)+b
X(0) = X,

HH X0, b AZMERE, A A=W, JTRE(DLE X(t) = O I AR RN kA3 1 ) A 3h

Xo» Xo =—A7D . BRI REN AT 5 A ZrE 55 05 12 X(t) = AX(E) [R5 AN Bl U7

Xo WAl HREQ)MAMEE HFEAN-AR0, # A fF/E=DARIEE My has A3y TR
HIPSE
x(t) = c,e™E +c. e, +ceME, @

Hdr &R MR FIARTER &, o HFIEIRES Xo T -
TEHEELT, AF—DSEAMEE y A—X I EAIEE otio, TR DS K-

X(t) =X, (t) +X.(t)

X, (t)=c.e"s, (5)

X, (t) = 2c.e”[cos(wt + ¢, )77, —sin(wt + ¢,)77;]
A & L ARTEAEN N I AE &, netin 2 LY R ARMEEX B ATER o ¢ov v o HH
YIRS HRE . 25 LTI, R ICH ST FEAH AR :

X(t) = Xq +X, () +X.(t) (6)

BAOESLALE F 5 & J7 AL N Er, 38 ne AL ni 5K FTHHCA Bco 7T REAR KRS 7
x{()TE Er J7[A], xc(OFEF1H Ec W J7FR B REE I T A0 A an R PERT: Wik y<0, xd(t)45
A 05 W y>0, x(OWFH Br Fdadofd. Htnl WL, 0 TR — SR A HULE X(6),
Er J7 1A By EE IEEE S, B LUE G Ao 2 B Ec S (B 1. 2). 1R >0 H o0,
M xc()7E Ec P NIRIEE BN A Xos #7 6<0, x(t)7E Ec [ AR Us 46 2 A3 A Xoo
XL i AR AT BN X IR AT I R R A

AL A S 254 T ] 2 i, ERAS B e E — R I BBOR s UGS SR 4 4 B L i
FL353N) 1 6 MME EH (R=3.3kQ. R=R5=22kQ. Rs=2.2kQ. Rs=Rs=220Q, 1&FE 1%)
PR, NI RISV BAR AR B R AA Wi 3 Fosi -V Rk, Bk $75r 8 bk
HN AN X, 7R &N XS 2 B B AL, 73 B R B REERAR N Gos Gas Gy, B Ga<Gy<0
I8 SO A S I S BT DI Ga=-1/R1-1/Rs=(-7.6£0.1)x10*Q"",  Gy=1/R3-1/Rs=(-4.09
+0.06)x104Q1,
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Gy,
T | X | £EX
"~ E 0 E
Ufa.u.

K 3. BARFEZR M H -V Rt OREERD

KR AE

BRI SR KT

R Bt d7id, A B R, WSS . XURY . AR = . B 5]
XU G| F 2, I SRS AR B R U U B 5

MEIRL M F LR 1-V etk

1. M 4 sk, RESRAESNE), 227304 30Hz, 300Hz A1 3.3kHz S5 I &
FRLRMEGH A -V Rk, FHEA RS -V 28R f.
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S
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R 2 R

K 4 SMEE S IR E -V Rk R s 1
R e
X B KRR EER: KRBT, FERAESMNRN. REEMARK BNC #2kK145
RN, ik, B4 PREF =AM, MRS R AR L S Nr B0E R
KA R, ATRCRARITTER: WioHE 5 R4S BNC filismst i, REKESK
AR IR SR BRI . XA, IEMBITRHE | SR, ASehe oAl S
WA, BREES BB,
B S Bosifigiik: fEREHEA—A =100Q FRAE R, ELM: 5 H w0 BE U4
£ CHI 5mill &, HI CH2 Simf (K r 93 ) oIS AQRS HLIRAS 5 oRAD S -7 2R, Seasmy A
SIRHLEG B B R 15 5 A 55 KB IR . CHI A1 CH2 (M5 S 73— XUEAs B
MEEARL ML LR A AH ], 0 FLE B AR RS I 1 -7 B2k .

PUB R PR TTIEAF R -V B Z R R, e R .
IrMTER RS IR, FHRRAR IR 11 48 2 TR 1 O KK

Nr

® ———
"H® cH2

K5 EE SRR -V R s

5. GEMD ARk AR AR 1-v gk, HHrFRImgR.

=, GEHD TS ENEMIEL T BRRRE

1. 3 SR s s 28 BRI [ 2 1T el 5 FH 3R 2 L A

)

2. HEREE S RAESMERE, HRENERS . BERIE, THedR. SRR, Wl

R RIRN. R SRR B R I SRR A — A EAR BB — MR B A

3. HEREEER LCR RIME XN S4L.

4. FISCBRINAS S5 S HOR AR T AR (1), FIBARRIZEM R ARSI S, S ASh A
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(A T AR PRI 1 o
Pu. & C il
WAFSEE 7k, SCHLA HRA C AT 7RIS MIREAREL, FEHe G IR C s 31
AH AN A
(EMHD BEB
K H VYK Runge-Kutta y2:3R 7 F24H (1), & FAHE .
FH FET 355 B 2 Sk B s 35 705 R A3 ke
22 UL B R AR 2> 25 B, A5 H SR A U BASE TR DR I R B, ARSI g2 25 5
AT B
(B2 BERFER
BEl I SCHR, 7 AR IR TP SR BT S B v, SRS B SIS IR SL AN 1 SRR, IF
SE R TR VP R S 3 R i B VR S
(BHR) nk
BN RS 2 &0 TE B .

BER

LM RSB )2 AT NI A RS 2

— ARG R G 2/ DA EIE T ? KM AER?

K FELNE A7 P B R ) — > W B M v, il A4 i BE BELE A 23, R b % Fl e AT R IR 2 T
SHEMARZR? A PGB F AT DTSRI &, FHMRERIma R,
EFERMAEL AT FEAL? A4 & Runge-Kutta 74?2

G YA C AHH A AAF?

ZH R
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L. O. Chua. Nonlinear Circuits[J]. IEEE Transactions on Circuits and Systems. CAS-31(1),1984:
69-87.
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EB, B, R, AREtE BRI R LR B RIWTTC[)]. SCRETN SRR, 4, 1999:
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SR BERL
5 HRIREHEAX ARG PR AT : NCE-2 AU E28 P i R i S2 38 A= i i B 45 . 2000.2
W AR A E IR AT . XT4400 R A ECFAFAE R IE S

ot L
FRMAFHRE

— A (FEHHERR) —BEHFT

R E

b LBYIE T A AR AR I, RONIR T R S B T, RS
P 55 A B e S PR A, 7 2 DA D R L B Wl D) M U R R A R P O 2
WG 3L 22 B ORI A IR 2R IERIN . IR BT RBE (<10%em), ROZHU A #
T, AR B HGE T Ot (~10 Vem/s), JUAHXS 2 IEHEH .

REAER AN EAREAN — N80 3, WRE T AR —FF, OR35S 1 48T )
A 25T BAMRN A EE R ARENERL 2 AR, BB 5 AT 1 AR A 22 i R SE Ve 1 R IR
EARH, BV IE W R — R i sk, f g et AE M TAREIE R 4t
FIIRIEHLIE AT AT - AR IR AR S A S5 FE RUZ B AR SE, 3 L UM R R IB S A B
XL Z AR B =R G, B, WG e B T 2 R . X
R, HSARZRMERE A A AR AT SRS B ORI — S

FRLePERL Y, HATAE N EEOT S, Bl R, . #EUER. IGLT. oA
i, FIEZRRG. MR E R 2 HEERIER 28 52 i TR S AR L.

—AMARG MR A S A RIE L, WERARZIER . Blin— i dhik, S
S R OGS AN S R A OGBS E B, USCONARZAE A L g A 50 B, LA AR RIS AR
WIS E R, S AN AR MR 1o B gR, (OSBRI, AT N4 R ik
(1. sEbr b, BARRFAEGE 2B I LF IR CRIR S S5 2N K, #ZARZIER
Rk, At RGE AR R LG L, TR FARMARZIRLYER, ZetE 2 —Miil.
AT R GEAE LA X AR LA X 4T D9 2 TR0 S35 (R 1 FR 22 01 o 190 G R iR 35 o U3 e
LRME XA T IR0, EAEARZRIEX, SR ARG A R BRI AR 1 .

M B, AL RGRRA LIS N B A F RO IE N B Fa iR R SR T TR/
PN Z AT LA o S0 R B T DO I P A 5 R R He—, T RE A B R AR, H
TR 5 BAREANEN, (HIL A2 RIS B .

XA ARRYE RS WS NABE, BRATIAFAFR N R, T RIS AR S
FEAE RN ZUT AR B R ZESE . BN BE [ R R 3 8 Fourier 287 ik NG AR L &
Gatre Hik, RGMARLIEN R RGUT AR I NE. X TARLNE R ST MR TT A&
FH = PR A

Wit —, HEWSRHLT, MTRMPTEG RN RS, TRERARAN, B ERRA
A . W T BIREAE R R ] A9 AUPR 1) SRR AR, BIRIREE I SRR I R 5F R 48
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FATATLAZE BB S A BT RE AR RGBT

TR AR RGBTy, BRI T AR Z M R GO0 T W16 2 A I BURK I - TR
T G RAE LY Qe vak B A F T I, 5 R 2 B AT 4Rt 7. T
RTINS TR AR S, WS T-E AN, RIS E NSRRI AL T —
BB GV 5 eR BCE RRAR AR K — 2R M) U 2R Gt e PR R (R PR i« 491 0 3% e 300 )RR
TERERS, 2> XSEABT S, 73 SR U AR R A AR BS54 o T SR PR 4 T
TENZAZ 2 7 56 B AR FAF IS % 5 R IRAT S F IR0 e 10 AR 15 7 o

Xt IR ARG AN IR R e Ho—s MITRI e R TE R GRIAT N
A TR RS I ARA PR BEATLAT o AR — A IS T A 0 SI 60 2 8 R =5 2 At AT T AR i
DUBA 5 L8 ¥ 22 U9 T M A (R BEATLAT DR 75 B2 BT 3 D9 A Fh 1 DR e AR VR T T 7 2R 1) o L
o MTEBURA A R RARZNE R S8, SR RERIRIE AT RV 2 . X — KA,
MTCARFER SR 7R : VR 22 SR G b T L EE B S 2RAT S — 1] S AR AR L, A TRl
2R, RMDGE B AMERGRIE . —, A AR TR A S R i Rk

POERTERIEIE L RS (B8 FAT N EA R KA B, X—2bT 245
X T HIAR A AR — 2 i T ERATE SE B R REI A & it 52 RS A6 51
PO AEAT I AR R B A BRI 70 7 3 o JX AR PR HE RS 7306 A AT YR R LS R G
TR H AU AU R AT RE

BN —TJ5iE, — DI OIICERTERIER RS, EFERAFE ER1T 8T, A
GUECE PR, DM EAT R PTRER . FUEE T Wi e RARBLR 10T Ja 2 A7 L R
SERPEIRIE AR ? 30, Wnfapxt— MR AR ST AT TR ? 4 TR R B R
RAG, BT ATERIN RN, HEXRAG TR, RN, BRIk
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