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*. itmim*H0tL

v = //or, 270 = (100 km/s-Mpc)/! (1.1)

it'5 Hubble -C l'*. (H0 CcIH f|lc#a6(b

ia-C l'/fi'O-C , h -C*)bL-C l'*. ft (i 0.3-1.) (l.l)KU:

* i , r = c///0 = 3x 103/i 1 Mpc " C , v HdBS i ft * A\ £ 0gE#(iffiiM£ix

itili'^Lt'. IgiliS® t;A'‘3fe iIW±ft:lb, % ^

L/o^oT , ftixftixiiitftlM

nJfgCc/J'^^O ABS^a^M-C l '* L l 'X .* .

i 3c*t

#-c*Sd»ibS*tt-t<o¥gJ: i)MJ<oS lMt»i 0, ^<oi£<oftgi?Mt2.

7?M = -i^= -^Gp(t)RM, M = ^p(t)RM3 (1.2) 

tnZ>'MSbJjM£.tZ'& 5 As f>cca-3fcfi>b, 1 L'C^*/i'¥-{&#<0&

31S!)i"*/e ftcomoving coordinates, Lagrange 1$

jg^<D-)fI)*;§AL, LoliSS^z(W) i»tttf, HS«K#-m/fo(f)

=a(th<M) -C**. Lfci'ot

v = Rm = d(t)%(M) =—Rm = HRm, H=— (1.4)
a a

<oX 5 i- Hubble O ffilijd. l)d>ff 6ix*. £ A-ixH t 1.3)*rffli-ixii', &<D

O O X?

-^?G|0( <)a2 a2H2( 1 —12 1 2£y
Z2(M)

12 =
p( f) 

PcAt)’ Pc A(!
3//2(n

8iz G

(1.5)

(1.6)

11 �  3

12 density parameter), pcr (i^^Sr^fcritica l density) < iif (iix

*. (1.5)ota iiA/lcft#LCci'7)'ib, *34 A/tc#c#Lfri'. L/c*'o 

-C(1.5)(t, < i

? fr-/u|fa(/) <D .S>*£

(1.5) J: 0 12> 1 12< 1 £

i/Ab*'*. H&£ffi^K Cot'-C lift®! [A] C iL < ^> ix*.

(1.6) <D 22(f) (o^2i29ti^5i'f:ffi£0a*'O^lJ'C '< O fl(l.l)^ffll'2xH:, f&

^2x*i'*i'*/cW i-C 'S fti'ii^0J: 5lo/c*. 

pcr(f0) = 1.88 x 10-29A2 g-cm~3 = 10.5A2 keV-cm ‘3

= 2.76x 10nh2M® Mpc-3 = 1.12xlO-5/!2mNcrn-3 (1.7)

::t mNit^fKm, A2® (JAP iBM(1.99xl033 g).

(1.5)'C '£'JV f = 0 (12 = 1) Cc*. pcca~3tz^b, d2°ca~1-?£><), a °c t2/3 i 
(BH-S . L/c/Xo-C , 22=|-ri i&O , 

ift*. ::t

Ho * = 9.78h 1 x l()9 y = ^ h 1 Mpc =-------------h~ l cm (1.8)

:bix;b;h<0^®-C(i, (1.5)<0*3<0 2 

J: >) 4'J'£l'0 i;X»cj; 9^5g$ft-C lIE5|/cfi(iS/iiS iJS^ixT 

I'/cl'. t'-fLuc-fr J;, 12 = 1 ©^•&©¥^®ffi(1.7)-^ft&(1.8);6''*l*<0

(1.3)<0*30S®J.x- T' /U+' - i IIJx^ ,u tfjlO fr *!§£-,

ft/cb*

7?2 — c2, <^2 - Me2 (1.9)
K m

" C 'li—£hbtRu?>c/H . tz tz

l — *ffl>R finif^|wii:^X9-; ^<DS(i.5)H i

*(f£IS [M] #BS).
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O T jlISiSc * L tz k-tz . 3tli Doppler »*t? Jf ?£(' Jy O-f h

^4U-CS fi^h.2>*s dK^O fsH iO i

Jy
I
c

cz)r
Aa
a

(1.10)

oH fesjb!), v(t)a it)= -mttcz . %is&f*t0 t-ttut

v(t)a(t)=v(to)a(to) tz ti'b ,

v(t) _ 2o + &l _ - , <52 _ - . _ a(lp)
y(lp) 2 q ^o a(l)

(1.11)

" C , 07jiS^(red shift )<£>;*; cT $ i: I < 5 .

(l.ll)icl^x(t', 4ft©

m&T i' b mffi £ -c ©SIHJ©##**^ L-c l '5. W O& & MIJ*'^A6-C ffi

1929 0.003-C*o^**‘, 1960 ^ftftJ^Q S O

(^i-ft- fDoMtz li 1 €>*-0 , 2-4.5 iz i

-C '^o-C l'?). ffc, CMB (1.6ffi#M)ft2~103<ofe ft^lliP . |JiA

fr-tir*. ^~(10 3)3/2/0— 1055/2 ‘y oB#ft,

£<£ 0 4 (103)3 = 109 fS4rt^‘ofcB$fttO 'tf*^45K^h^illS47(:bL-t:^ 

5 0ti>5.

C©i5t4 • tijg

Z <D rig£C9H;liJ J(look-back)(i,

( 4 )*r<DB$fttc%Mmti'ft&irz zk, (* ©ft#frzML

x-kft'&w-e&zzk, <0 2 4kt$t>'MtzZtiZ&&\iz iit&tt£Z . (*)©£f#

(£'>& < t 4 2^103-t:(i^/-c^ia-r*Jib-f> ot(iP®2 (i£

ibM'£ <

( * )oigiP l$o^(#(ti^o«t 5 (-/£?.. i'tflfflH'&S liljficlr >- t-ftui', 

l f-ft#t££i'C fIif£ toXS fg-fb £ Xhz'MMlTbft^B-Z (optica l depthlli,

1-2 «M �  5

01-1 gii&y
© f' tz i, D®#^©
©^©S^fll^ Z C . T—4000 K 
-oo**<o4 ,14'fbo^niff f 
^WbftL,
= 10~2, /z =0.5 t Ltz . mR • 
ftSL @ @(i, A : Rayle igh ft 
SL, B : ttW .'RU , C : HT-ft 
SL, C ' : K le in-£f4ftSL, D :

10“ 1015 1020 1025 E : CMB 3fc£-K i
y (Hz) £

:«(t), ff(y) '£,

t (v , t) — cj n(t')o(va(to)/a(t'))dt' (1.12)

-e*£. r(v,t) = l kts:Z>&<Dv t z(t) (DM&itW

1-1 ©<t *> £&£. <h*o y-C4 2~103 1 O ft© look-back Z t
ti'ioti'b .

z<0.l © ra ffioM

^CJ \zW ibixX\.Xz . z>0.1© rjiioMtfcJ

»- raSoM«ci ©4©£Jlfco£:i,'S4©£%*.ib;H*. -c

liQ S O©! 5 I'^ik

oMttj

/d2=0.05 liZ^R .A .X&bir, S fSW-X-^dlitz hfi'bX foZ).

1-2 iS/“I

E^ffi O  gym iftttigf  * S KfitS-t 4 i L -C «fa

ottao^-c* o , wE&&<omm

(omgX&Z , kWfe-^
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(1.8XD1 5 fr?I:£^S)bi'B tp[flcDX r -

im*imkLxomn<o&f8.-ffliovm,  tm

(fcLtl>4 4<0<?:#x.<b.ft£.

#1WIS4: 1 Mpc <D @ ffi(cf -C '±H*-C 

10 — 30 Mpc < b\.'<0±g$<D&&t£ffi&tfM,bilZ. Z<D'<?--/<D

iA ,i'ffftlftv'Moi**s^ic48L. 

rtiltl'i C it!'l)b. -tL" C ,

(cluster of ga laxies) £ty&. ^ 5

sca le structure)(£ £ ~£ l 'fa: l 'i§iSXJ](^& £ t< O i/filo-H£.

td'Sfa:* A-zRKifci'T-C&S . lAHIit&gfi 

l£x *r - ^IZ-fotzZ).

^MO^raBS ftilfiJlMpc-C 'JbSAs (1.7)it) (lMpc)3lU*

Ml Mpc) - 10114fc2G0M® (1.13)

cot/K^i^f ii£. - ZX’Qo = p(to)/pcr(t0) liS ft©«ffi$l£[(1.6)<D fiI.

il-2 ^lr^lao^isj^(aSog
<0 *)*>!bCom) ©^l^<0 2500 IS® (M.
G e llar and J. Huchra: Science 246 (1989) 897.)

1-2 «?0r �  7

o-t, i>-bb

A , 4L" C t'-5& A> , ;?r<oSR^)'C D()JA'i|;fjUt'

fij-fiiiMMMt

^< £0 to (iffiRJg>5J( e lliptica l 

ga laxy) £ ^ iM >“1 ( spira l ga laxy) $ h Z> . AS<7)i4/nJ(±)liQ t7.l' < o

4 ©fli o -a ' 2). i/S ttffiffl © tf-L'SH tc1t'\'1* P4® M £ A fa; � � £ * - /r

(bulge)2&»2b 0 , ^©^© AxicgtyR®t:lig)fM;^o < O iitTL'C t'

c o-C l'£O fa: 4 <o £#X1 Ibix-C i'£. chle ftLIffR ffiinJ 

fcit*'xst'>fa:< , M£^t^WB l£MnW%?^W tbfoX\<'tzk^sfr>hZ>.

y-C '4, i A , «h

i<^.)tc-tir^)S t;^)?> . ®^^inT t;'4 tfxitXmf: 10~2 JUT"C , H jP lrK j 

fa:^-^l&W fa± ll;fa^©iP iP itfc|l-c £ £.

ix, 13 1-3 <D £ 5 fa: S te ffi ^(rota tion curves )fa'|# i£> .HT t >£. t '£ ffi'gft'fi

M<r)=^ (1.14)
Lr

01-3 i® 4* «?6jn«S© S te ffi 
-f 21 cm x ^ ?

1 /u i t ) Doppler £jj HI " C iS O b h 
fc®fc£g t ©H i&t©
M«.
^©At£(25 3M®/(l')2 J: 0 
fl*t'¥fl). *11* X lift'f: 
WPHgto^tij-C 'KA io'a '4 
H< i:i>bi>4. (R .Sancisi and 
T .S .A lbada: in Dark Ma tter 
in the Universe , eds. J.Kor- 

0 20 40 60 mendy and G . Knapp (Reide l,
^cC A* b ©iE S t (kpc) 1987).)



8 �  i fwotis—*®i

iflUtTI't*. mpl<D±^^itr-20kpc, y-300 km/s " C*

0, M-10UM®, l^ff#fB1ttl08y ifr*.

Itfc 0 £€H i

trod» L l'.

l’ / � 'd'i.H&t'#•£ � »;:&3v£{fci L'toiiitffi 

h /KD igi L" C#f 0 , > > + '^{5

^LT , 4/t, U 7JU^g( f+® [B])

taoTS^*A¥-iO TJftiS®i O KI^M«*‘O V'-C l,'£. Lfed' 

ot, ¥*K i*S®ffl0^ot'-t4, la fltoIMoM^ii!tt^

ot, K i:d'f(t®£;h£.

C O i 5 /tSR ijlffid'^ftS^K^S^lKS lgravita tiona l mass)MG i(i 

gljti, £ � H&’T ttSKS iluminous mass)

M l  it'5. )fe itMO T l6ffiC)'g-i;t;ab 0 , ttlfitiIfI< O^S ifit I 

t> . RS O fci^tiX <om&, Me (iML 1 0 4±^t'. ioUd'H f-SS i- 

£ <Dd'£rilo ”C# < (DMmA'fo 0 , ^^tltfi 1 missing mass), RS tl/cH 

M( hidden mass)fnlllfa E  i B fli'ix'tt '£. C * <£>* �  t- — 'K 'J'fi

* lb otf -C ff ft L-C v' 5. i <o;S£ratf>

-a;bdi£dark ma tter) btyhih,

HMd'b#-') i-'/mUT*^fi**0 4©dMK ffi^±j&'»o-ct''S .

MS , s, a*

4,'ll'd'6^3 9 kpc <D Frl®LhiC f± ilL'tt '£. SKU ifi 

®XbtV!)K<0±¥(~%%)btM.K t£'?X&'), g| 9 d'ffiP iC*'*-£'£>£. lo^ 

<fifiE B^SLt)t'?). globular cluster) It 105'6

25pc < bi'OmW^tsM.<D^ V'<9 \-tzW i^X foZ). i O^'C tD^gE ftS  

|i§;fi1%o^*®©mo3fgS£ < , ioM@ /pc3^4ji1~£. tfc, «ttM0 

RM^iiJfc+L-tfcb-f, SM4>'C S t*1LtB 

firC**. ;oi 5 4«ttM«li^O AP-(ha lo)iB fli'K^>. *tta0(5 

i'JI2ttd'!8®'trfct'4 5 1 ocD it<0®S i(£, open cluster) id*|g>"[

1-2 ISM �  9

jtE fl(ga lactic cluster) i n#(£'ii.£ . S<D f @ $B£ 103 JUT , iSS E 4 

fgl-i its. m01cM£frC 'M(iM0OJlMB#^-d'6»bffi£,H/c4<O

Soft®ife

X p -y t Lft 4 oti Hertzsprung Russe ll 0! HR 0) i »f li'4t?> 

(01-4). iO0±-C '*«^(9O X)< O fift±*5IJ±H iM^. -o£^?iJo,®g 

S liftK ftS , (S fiMti'J'HSiM'C 'S)-6. ftO fttioS liglligiant star), S 

(white dwarf )/£ E X& 0 , ? t/rd'bE S lJd'O < .

Softl=K±fifi||ft®clt-c^^S^iSd«ib, ft®z .(t, *®fi® re ff, ¥ 

BR t LX ,

L = i7zR2aTeff* (1.15)

<r ii S te fan-Boltzmann [C] <D(C . 7)S#M). L titi^X , re ff d‘[3I

LX L <D icJ;5. HRHd'ib, gSKS ifigdt±^?iJgo 102

e®4oi'4?>^i, 10-2^tr, T^Jgd'±M?'Ja

o 106f£4ft£t'C i,

«ttfi0oa«ll&l'±3fi?!fii#fe E S(red giant, HR0-e*B*± O l 

®)id'ibiSS . /u<£ b fit'ft^olg:#)

X-<^ F ;uS)

11-4 HR 0. S O ftgtS ffiiS®

£.%W\M.<r> htcfrftt, f&ligggl 
t£ i 6 fiSU liS itfrtpi-s . 
i®iii:IS§ft®<(i.62>S;).
® Mb ii 10 pc C O gg * -c O ^ *g .
(1.75)S t:' D = 10pc i Lfc4«0.
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-t l' r t tiM 6 il'C \' £. zhbco Mit W& (population)

AStvf-ithZ . 0t?gI<oS_l;

&. JtxiiltliJ/llji: IB6t§:'C\ I S i^ii

,h?> . t K*, a :, y,z <o

X 5

*1-1

®-mM WSJ

a ftfe E fi

7n ^ S«ns *®6 1 M
A’= 0.75 X = 0.73

y = 0.25 y = 0.25

Z< 0.0002 Z = 0.02

IM'Pt'O i^') (O '- p - n «

SW fcJt

P3 4£ _t o fi R % K (interste llar ma tter) It m 10 0 pc <0 J9- £ ic ft ft L X l«* 

**> , /J'S l:S(t-KJ:0 4)K< i!cSpcf'C^L-C i'S . SPelt/R^iKIf/E 

43ttttffioHI^(-lcm-3,102K)i f * > ftLJc HH ^ (-lO^cnr3 , 

104K) E^.h'C l'S . tfc, ffii*> 103'5M® (>103cm-3,10K)

75'ScftItfcD , iM'rr[P'C&>£ �

X PT <D i)8L^XZ>t)

/V . GIVIp 
~R

(1.16)

-Zhh. -ft^ib PT t p-Z iktZ Jeans ScE X} X *) 'J'£ t '^g-C liM^JR 

ffiifi'f?Z .bhXV 'Z> . PT-pkT/mN ilt,

3/2 10 24 g.cm 3'j !/2^.
|0

(1.17)

1-2 ®)d J » //

Lfc^t SKIt®< (5 Mf i, fi4B j H I«« J; 0 4 (E fi • IS® 

z 5 Lfcfgfi •

ini -5radiative cooling)"££>£. -f/£4?4>, 102 K( =10~2 eV) 0^1

§|x a  +'-*>

r/ttiS-hJa iJ;i-. io-3'-4

eV n'rX fOdtlfc'' v Kfa t'.

ilt, *4

1
nn<JvT

102: 10~l6cm2\/102 K\1/2/10cm~3
T -

«H
(1.18)

tXkI'. iA ,^co^xx^U , SPbI

^RH-C i; A , *<0-C2>2.. f-Hte-' > K O®e<JtSI

<7) gmmmnf^x 10-3'1 y to^ --e*£.

IfiiFo^l/fliB/ij^f^^coS itlU F<a*ti£>£. IS® y, H

t m C 2 ftlScgL'C 'ScgL^^'l t t/4 4 £c£ffi^gf5«i 2Gm/v2 O t- *'-" C& 0 ,

(1.19)

—7j, £ i-ftu±', «rG£<oJt(i

fcZ Gm \10-14 f£B<r~102K>J— ~ ~ < (i 20 )
^ yVI ho2 S(y = 30km/s)

r-&6. tic, � *yitLX iohi<Xm.%i/]F fBt)>tLlJ<P> e2/Gmpme~~10i0

fn4±^(.-. Z C O X5K , rf;
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4

^" C a fe-hit', ^ ?' ^ ¥ —fftififiBMi/fcigravitationa l wave)C>®:(±4'C 'LM|B C 

fct 1 £ ^ * ,r =p - gcte-e^mt-t Z  S#fsT * X ~ X rG W ii* 1 %

E GM2/R j R_\5/2 
G W Lew ( G /c5) I Q 12 'fg1 dy

" C ' & £ . i gravita tiona l radius) rgliflM

i-C , GM/rg=c2/2 1 0

(1.21)

<D?M>UcD jl£lii

>'. = -™-3=<10,(^) ™  < l-22>

T O ifitli'. MxU l'icPS^'C 'li, ttk^jt-C O rdy ti

rdy
2 t i R

— 2n
R3 \i/2
GM

~ lx R \3/2lM®\l/2
1 AU M

(1.23)

X ftZ . 13^astronomical unit), 1AU , (titP i • PsW i^E E^I't;' 

1 AU = 2 X 10-5 pc tr* 5 . rdy It 1065( /?/10 pc)3/2(106M®/M) K2 y (U ttl. 

0), 108-4(7?/10kpc)3/2(10nM®/M)1/2y (^M)<£>*-^-tr&S . (1.21)1 0 , 

J&tfcMffl'C fi

tz tzL, ±<DW&it£*ft&m&<O K\.^£E&kfLts:Ltz)fi&'e , S3£K l

(tM|W|±<oi£jgiia-C-So @^gS!)/fi'cort^a iBdW^ix,

i t -c ska s ti z ft^m utewem i o tttt z ixxz .
—ft, f^ft^Xht'Mtb^-X  'L-¥-i

m%tts:z . &#frt, v’v

1-3 a . �  13

^ft^W^X: i F U ffioe^-co 3r. *3U = F - T FJftcF l  -C L ,

%(D^X ^ Z'ltlh&ftftXbhZ . zcol 5

—jjg^tf F i/tt: tMM, £ 0 <DR#F b]

l i " C '^)-5. tt O B^fU l x -v — yu (t( 1.19 -, t^v2—GmN/R

(^O fiF S iV , ¥g/?> , n~N/R3 tirhrt,

1 / /?** \ 1/2
#------- ^2 2 ~N  - (Vrdy (1.25)

dQvn \i:G im.in 'G  Nm j

£O B#F e llt, ISMX ltftftJ:

O ftl'. LML, fffRISMU ti^ < £0*11 0 ,

^X>Mf0Lfz(relaxed)ftMxi3X'O l'X\.'Z tftftbftZ . C<DZkbt, M

i . 25 j  to it® d ,i s m l  ft 2 fcWM'MUconfttf tbmeo t <0 

i^Megurt^. -TMivU , ©M-eMigg-ufr < , 

ft & E ift-f s ^ f  11' o mm  u tzz tftftbhxi'Z .

1-3 M

x^x- ftxx^xftz 11 u-xi©MiaPJtx&z . mft-^m^ftx 

l'Z<D fi>!fj(ft-$:x!ftttX&Z . ¥&vmm%<Q fri!»X'm^l'XH&i>&< X  

ftimftft1!, A^ftXMmiftMW ftMXXXZ . L tz ft^X , 

<x%U iftW ftftXxi3\.^xio, to

i5c, So5f^E(±SgfF^<oS^4 ^ )5 t: tftftb, ftfiolgxr ®I?E 

oS i^fttt<0-(:'l.5. Z C D tz tbi -ft 

t' ?> i: t' X . (5 .

t'4+^-®S/£*'x*As ^ kft< , H .tURIi't

if-f. ®SA«+^#»!iibttStit
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i fij£T^IW(free-fa ll collapse time)

^coll
r 3 yv

g m!
i

<Gpn) 1/2 103;s/U'qg
p

�  3 \ 1/2 j 10 20 rr • cm 3\
iO6 —----- 8r^P

(1.26)

d'*S</£*?, W lJO K iii',

$£&;&. ^t-C , c^W^liK^E tfi-C E E tlAU tJPL,

ft o fcB#^-C^TA'lh*ibK , IT* * ^ +

fc, S D li^f |a] # �  1-fSMi"  & ffiK ijS?(shock wave ) O  ^ T- 'i' ¥— £ ft £.

< &W*O t/«£®3?L, +#3fc&fr«^;fcc>5$ F^®;3S

4*'L'§l5lU iiS fi •

= 7(g);5'>$(9S£.H6.

Mf, tt @ ©«t!c»^#S*fc::£lcfr4.

f'j7/^IA ‘ip, £/ £11#^*

/M?- 12 (ftn± O + 2[/=0 oM{£tc&£. Ifci'ot,  £ it.

£ �  = 12+1/ � "-f <o

-c&£. :tflM, ¥fl£, T t-thti

Q ~ -QMl u ~ M_kT
R m  n

(1.27)

(1.28)

£ liffi'p-fZ . r*U i(1.28) 1 1 £ oiHc'>(JR*§)£ r -

0151-, -fts.inbit®h

rtfC G fo b £ SS .4:-1 £. ii#O lllft;'C-(iS l&#t't;^/>'-t 5 O liS^- * ^ +:'-

L^'L,

*/U +'-4rH:ttJ L-ct'?) co-C*&. r T i*‘i b •

«(**««

1-3 tt �  75

jfc{iiO B£K*7-/i'-C i<§>o < 0jlfrt£.

gc-6i;, l:<0~*si'¥-W<*1%lb>b&x.-f1tfimZh'C< b. mi&tUt, 

as** Ib£ ft 0 6 5 (¥fl £ fi®-eft * b) cft o

-a>i.wm5. SUM, Ig^+tt©

{£©-e iiMA ‘±^/£ 1, < + yftL *. ffifi-C O ft

• ^: F /iH--C*<f:®S*'»fi||^a f|4rS fcL-C i'Sds ^off£M

bir, %<&&)%& E <n> X 5 #•

fcjMcio-c^E S ix-ci'*.

Itf-co^iflgS tTg^ / = (<7A«A ’ a)’1 £-f*Ui\ ftlTo?)S ix£ li((2.35).£

#!«), M r (=3Pr) ilt,

F ~-ic^^L (1.29)
ar R

%W fe PT A'K ttE E £ r  i

_ GM/R _ Mo\X\ 
rKH inR2 F £ c w n

ftltU litS irftibSa^A^JiSRJU-ttSLB fSarirffA iL, XA(t 

A 0$c5H fgiiS()Jfc, <7Th liUtf-SScSLo Thomson Krffllt. il'Srt <7A£A><7Th " C " 

&-£> • ^ O J; 5 fa lLo^S^- Ke lvin-He lmholtz JR^i t' 5 .

- O B tffflliffiO f  S&'&g ( »10“6 g/cm3) <r> rcon (1.26) I 0 iti > .

C fKU t, ^>o < 0 <bJR*iL-C±^lJa^£ot:i'< o-C*)5.

fiitgS fiT i^E T iijE tcj; z>Jj-e£x.ri

£ _ G A/p 
£ £2

M - pR3 (1.31 )

< . (1.31)02^10
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in-3p3\ 1/2
p ~ GM2/V /3 ffcti A f - ( 4 ) (1.32)

E E A) F p A T A A> O A i»f8cA fl5K( equa tion of sta teH ft® [C] )A 

*0, #ffiilA{iF = Fr + F R . W7H-i4r^Lt, PT = pkT/mNp . PT 

>PR A £c£O it A f<(18/p2)A f® comb'd-, Z<r>b£

_ GMrngp 
kR

itz  (£
/ /?r \3 i

P ' m^p) G3M2

(1.33)

HI l-5K ij|S J; 5f-(

bfb 'M15 A* USAS) A> , bi'ntz C . b b'br/i^b).

f£fi • F ermi $.= FX*&Z> tz ib^WLT ftiiivtyW ifi'MWz-

tzb> . iS E a a a .w-ltfro

ff-oAAo§g£-®AAA-ib-f, IIE iilgE fAdiA lf £ti-ft-S itilllKL A t'5.

i>f r=ot, coulomb im^mnb

SL^wmM<omm>b

(A t z/3)Pf3V _ 
(2xh)3

(1.34)

A fob, flE Eo F ermi jSS fjil:/> F 1£,

LfcA'o A F ermi ^= F — (i

«F 2 m P  F 2 =

ne=Ne/V — p/m?iPe b It,

1/3 = »(£ H^T'07r/ ' WIN

J-l___£_
Pe2/3) 1 g/cm

(1.35)

(1.36)

F ermi E A)< $£ji!JE E A j) F f  (A , A- t/F = Hee F tz fi>b.

P _ diUr/p) 
F a u/p)

P 2
QW lN^e O

cc ^5/3 (1.37)

0 1-5 O p-T m± .-d P F»PT b tc degenera te re �

gion), F F«Fr A fc*®Mc*#«iB ttA l'5.

i -3 a �  17

H 1-5 llMiD l®ttfi®Tct

(tt; = 2)t;'S bLtl O lii. it 
IS M5 E  (* « E  *t A IS (e+e A & A A 
Sk & ft m ( F e ) A M t) A $ Jb (c ft i> 
H i-W . ©IS(t'® F F ermi %fo~C <p 
= [itf-fT> •> + /u]/*T = 3 O fJt 
(f-t®[c]#K). xcosiu otiT 
AISH:®, £_bfit#iftiiiiIi$cA£>£ .

pF>mec F ermi x^lUtr'—it

sF = Vme2c4+/>F2c2— mec2 (1.38)

A tc 0 , pFb>mec A ti

P F = —^— j-e F^ pi/3 d.39)
m^Pe o

bts:b). tcto pF=mec t Compton iS E j^ ic A lllHxi',

8Amec\3 8?r 1 ... _, ,, in,
Pec - ^eWNy^-^-j = PeWNy ^ - lO Ve g’Cm 3 (1.40)

p<pec A O F ermi E fj( 1.37)4X1.32)0 F A ft A-fA) A

/ p \ 1/2

^ec'
(1.41)

„, 1 mpi3 1 033 , ,,
H fch ^ 2 2 ~ 2 S ' 1 A f -Pe W(p3

(1.42)

X wpi (A P lanck B i t nfitti

[he ,A , 1019 G eV
mpi - I '10 5 g ' - 2

1 L j  C
(1.43)

A f<Mch " C t, M 1.41) A ft ± 6. X tU i0 1-5 A A f -

$ts^fio71 > o , iuitt

A iti&KK&K&fcasfcKAftb &5 x A4 x# a EL a i-s . 

t fz , p»pec A O ffi,iE tJ( 1.39 >4X 1.32 lAftAAtUA A f ii-X^f® A tc 0 ,
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--E O fllti Meh (A ^ L t'. ’tfa folbW-F 'tO fMiME E tl'X i^X .bhii SLcoX&l^tt 

_hlS fil2>>abS<7>'C ab?> . A «0_h|5S< iS ii Chandrasekhar HM E vf-tih, IE 

5ft-ft

Mch = = 1.47(-)2M® (1.44)
/V mp; 'Ap

S . E Eui Chandrasekhar t HSS t;'S

•C ab S . E X  (£ C ubX

nj iifiofc©tl>4.

S Ox^W- <t7c*e;^

figli roc^?"1 (1.33)fiA'ib, *^Jt2*i^';3itr^oixX/?^'>'L> So^ 

'C 'oI5<0 T  E ®T1^0$i&S4^/xP5(thermo-nuclear fusion

reactionists. 5 -

E le ftS . e  »K tfiEuMii±f 'o fz

^ -C Eg.!E O«£fC(tffiO£^**¥-, E K:fi, (1.28)Eg& 

oT , E O fcabd. 28)0 Q t U

fi" > -S O tiX'E  S'>tS E E*t-ct S O 'C abS .

H 1-6 (ilK^O K ii&dl iMfS ,)O tS^f-)d'-oSIC l)l). -

Coulomb i^/i'+'-O lS ’ C ftJ otl>

S to-cabS . ;oS fe>6|i>fi5 l ooJff£&ttgii56 F e®oabfc O-c

H 1-6 Kdt^ogMS/i E 
0 O lS-a-^- +'-.

^ = l-30oa7^iifS#^K( 
AL-cSL-C abS . &(A = 
56) ft ifi-e is a- ^ ^ +' -

1-3 ft �  /9

111-7 S^fe'Rox^ffl.bS .
14S i 4- 1061 Llz t$nm\ 
fllUSS it). H fiJUS 
S tmt», (SSS tix. (A .

0 10 20 30 40 50 60 70 80 90 G . W . C ameron f 1969) O x

E O n ^ frMXte ts; % Z £-£ � &%. lO fcft, ^Ogilil'^li

:o|J: 0 fii'g-citft-gficj;

S ffiot)KoS*aBScti01-7OJ: 51-,

(E '/so. L/c^oT , aoflgU-C 'O^StciiTK^oili^MfBA^^tofci: E

4'Ogf-cab 0 , Coulomb till:f-^O^B rA-
10“13 A j'/Scm X'ht

10

^ 8

S 6

^" l&MeV ~ 1010*(|^)K (1-45>

-E j , *R+ .ka5oa*»±(1.33)J: 0 107K 7S7i‘G > , M^flo 

io3eoa-:«cs^^ii.'C^E iiErticiiifiditEct'. l ^ l , m*]±<o&mt 

mf-E lSo h >* JU^S C '^T ig E ft S O-C  ab£.

^JELC , i:ll^cgf)-ciaS fe-o-a>s 14N(p>r)150oS lC^E 0, 1 v 

^ ^ 5?Sa O jS i§!$ £7 P E L 7T K tjE itlrBP it 4" a = P Q , 12 —E dE fft, T $1 

ttH lffiSS tS-C li r~ 10 3 . T = 107 K •CoKS .i^P tU lt

r„
1 1 
P imQ

1027 xl0-10s - 1085 y (1.46)

E ftS . - E-C j&®$ji'>P~10 ‘27 E 'h£l'ft£> lE , 10-*°s E l^ i 7 p O B# 

Pe flA i 1010 y E ld S'&’^ftS O B fPs'HE1 -C* # < ft o T L i 5 O C ab S . t L P
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<< l ft-ftitF iillftK iftft- •K<ftS f£8.i?£ft 0 , M^ftft^ft^ft-fe fllB 

-fftS , Lftftoftfi4ftfft&ftS i£a iffiLftftoft£'*ft 5 .

®ft1ft®#£-£~f\ ^oSPg<o»4i> i< ftiuft, ftA ft-^ft/rft-^JS ftitt;. 

-fft£, ft o , HuSK t?

«'Ex.*‘i-|WI±offLi'i!!^R E^f ft. :oi5ta t, 

it, B ft'iifttiMft^tft'S iF ftuift-fts ^t-•£*, so 

rta f)^7n^fi)5Scii ?-?t- ftttftllfi  ® £ ft £.

;oi 5 fft Mftft)^ft^¥-th£(i|BIHvff-7C^tb!c^4;ft5fH“ft .

0 1-5 cofSIPcft ft;b-frft t , H it 'Mo4J'L'a l)t:'ii|fijS i'ft ft ft'fftS jiS iiiftiit-ftft 

A £ft;fttft^ft*ftx*(ftftL F e lUT iftftfF ftiift. 'b U
ggftftife FrK iftft'*! C £ ft < -5. c ogffift-

ttB E B tifig^ft^Lftftftft, Mtlot»W), S ftIFJtS ift* 

ft. ^*S iittffi^S^:4:ffli't:»*‘ixft(i.27)o*S*£fi^fto-c> IfoH 

f£ft?%iP£fJ4ft < ft. :ol 5ftfS i«lA;fife lIt'l)?..

fifeS fiO fiiS iiHe 4 ftftC , O ft& 0 , (1. 44)cDK#Rm J; >) gl > . S 

ftftftftSrn1ft&£P0#PB lftftft 1 , Mb-14 1-4 #M)K l45it'E t5

1010yftftft. (£iS<011)tA-Ilt^f, £'ia£H-ft&ftfi& 

SMt F A £i ft ft«M^l£l f-*# L ft1' ft ft ft iE5lfttt«ftft 1'.

MB ft'fS fttJK ftlll 1-7 ftfi*£ftflftoftftft. cftffljmttM I ft MS®

feK^MPul^K ftifibKftilfti' 4 <0 £ cosmic abundance) £

nftlftiift. LftLMgii, ^IlSB ft^T ttlSJ, K E ftft^ft-flT , FriiftBP i

a ,, ¥&#&, H il«^ft£'ooiflS^^tSLft4o-t*^. *3(§*£tr*l®^®

tlK<0^*-C-ft*ftSPx*(C ,S i, F e ft £")ft It®S F ftL ft, ftftF 'fttfrft 

'&bhZ > it.7tM, #4'xl, |p>Jfif£ft£ — £ftfttS ftft• Lftft>oftlE fiiicti 

^P fj#:?± .tt( solar abundance ) ft ft ft'£> ft ft, SMI $5H ft3£'P £ L ft ffil 'ft

1-3 M �  2/

ftlft A £ft&ft.

z . ftffiJcft ft^e®(£Mrt®ft'ft7c^ftb?ftitft ft < , Io«% • ffittift £ 

^ft^Rft&B F iiftlifMi -f£ftft£ftft. A ftftft, ft*

R ffftftIsjPJflWftS ftftj£-£> 'jtm^W • itffiftSK P F iP£,hft((3.40):£f1J&ft 

wm^b- l ft*>oft,

4&f?ft'^>ft-

xlfeS ftbt u ftftftuio + ftF fti, €x.ft-t£ LftMoflgr,»cffiU;i«>!b 

iifti'£>7i:^ftgft')*^ft£"ftj; oftMft^t^-tft^'gft&ft. ftfcc. 5 

Lft#.£ft-tft-ft F e ft 0 @ A '7C*L*^®ft ^ftb '. 

gftc 5 LftMU-^ft&B , ®ft®ft'kbtfr£'ii, i-ftft^P iJ; ')H4oi« 

S£MjlLftftft.

— h U ft

F ftlftPS F £ B tt F ft&ftft, giliftBS fiftifa 10 'ftft 

irwft'B iS'tft. L ft L , B tt.ft-lliF^7o®;ljftffift-<7d;i< ft •< ft® ft 

ft£)ft, -K F ltii(i'f-43-foo|a iS ftft-o fti'ft. A ft£26f£ftft®ttF ft|S§ 

ft ft It A cD ffLbjft' y y x F ift £ £ ft 0 , ft-ftg

� tft. Lft^'oft®|*)ft'ft®ttF-ft^/gft£ I'ftfti'ftiO ft'ift.

l^^)4ftf.B^ft-i£A ft£(iS lJcO lf,tl|ft'rtdt:/ft>'S:'Z E ft£ £'4 ft. IT ft 

F ermi ^ + ft-*i®ttT-£P iF-t)K fi^(0.78MeV)i 0 < ftia ft', H

ft-^'P irF iA iS lR^FLftfxtE p + e = n + ue ( - ^ - 1 !> /)ftgft%. fto/ftft 

ft' n^dpjii'tftftifte ftfe iliftff- y £> , ^ofe ftHftftft

>fti.'ftft. A^ft*gEl3ft+tti'-4^fk$K ft 

ftft'B ft. i:ftS lftftfte^'^l'fft;«If ft £ Lft^> , 4 l V e ff'ffimZ h X m'M 

LftftftiiftftiilS FMJIfftiftiW ftftiift a  £ftftft.

ST ft'Isff-F^ftfgbKLftftftJgftftft, ribi4ft£ftftftsco4-ift, KBoP lf 

A^ttF-ftfe fbLft^S jfibS ftftftft*, B ttF iS fiMi-ftft. ftft

iitr£^F fB tlft>ftT ftA;^f o , IgB litiS ift, ^F A' -ttftftfF i-ft^ 

tt^M^HftSJ^ft. ‘ F B F-A'fW iSLftftftft^i-'A'^dO-ft'lF-ftP iF-ft'S
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#LA t'Afc*A'£>A .

S fiiA&kLATKsfiAAfil 'A^AfAA iAAJZ'AAS^iAAAP tAAA tiAA fc 

fbAAAAAA-f, C O iC .eAmtS . £ 5 L A ^ A® fi££ A^IRS t  

10-42cm2 A>A- A-A& 0 , <7,otf/wp~10-5( (M/M®) (1010 cm/if )2A 

hbfrb, SfeSMA i 5frffimJtA4 ,e(£il»f£. AAAA , ®S it. 

A lgAAA MK«, /S , r HZt £ )t£it A i£)i0A t!ff a MX £ A A» t ft 0 , 

SH£Ao < 0 i^BA fluS^AAA , - ^ - 1 y / A4h£^5fLAAL ABA -

£ <AAa6 MeV A - A-O ve <D#AIR£ £ o 

A fi*<k®A©&K£&itgsilgA'£ 4.

MA lAiSA jifT't'A t&i§6=!)DA'fS(££ 5 L A^tt^H tL neutroniza tion)A& 

A . -A , H tB ftli/f AA44i££fcfbAA a i^a ^ A-A-iiA . � £<A lr.5bA' 

t£, A^R^A te4b(£^A^ A-A%H a AA4AA - ttlnt, 

fE A^RA^- A 'A'-^ fttHI" A to A (£$A .  A oti'5. A AAA £ 

fbiO i^t'^ft£. £A®(£llA^£'rA-A£>£. BA

9 - 9 AL, £ At^f-coA 

-f-AAbbA4 At oti'< (O '? fob. F e^a i 0 III> x*(£4BbiAbA> i£A 

oitii LAf/AAA tot, A-A—il^K iRLA4

£ o#lit^4M4A t)R t£a;x_£ P iiT 

A O 8MeV lU hO^A'U £-4rig-fA . Bf?. R £ AJRffi L ASA ^ A / l - A - 

A GMmn/R>& MeV £fc< t

/1014 cr,cm''3\1/2A/>0.08 — M —..- M® (1.47)
' P 1

ttzb. pF = mNc AftAf&H^Jtli, (1.40)tmetmN F i^iit

PNc-Pecf — I' - 10158g-cm-3 (1.48)
' me ’

ttzb. (1.41)tftctpNc ^i^fxfcMt(1.47)iC fflW ilf, p>W3 

g-cm~3 A'A ttA^RAA ftA'A tt f-fiA A te A A-5.

13 S �  23

^j|S®»:niSM, ABvAA-lU

I® IS E E A A A A £A AH j£i£ Chandrasekhar H it MCh i t - 0 A PUR it A 2b£. 

£<£>APURIR£|tltt/P l.t££H'-t tlAU lK .tpfti'A . AAL, 'A ttA feRA i£ 

^AA i-p9S i£ftlSAAA , ffi,ts.S ,ftA>Ac,l|-A @ A(£E®AA < A£. LAL, 

^©a*(£APSHfiofI^AA^A£AAA*£.

?A , fioBAR$Ati&»J£A F e £ A ilA A'E A-o £, ^O ffi^A lkAA 

j$£PA# j £A . 4 L ^ o F e 7 7 i'( A/Ch AT A A , £ <o ^ ri£O fe lii L 

ATflfcl ftMA A o A l' < . LAL, 4 l (Uchti hit, HAffiH E E A 

A££AAAJAA^#.AJtX ffiAI®4TL, A ttf fbA ilfj-t A . A L A^ffiAUSA 

$F lA f£ A$Ji£ 1014-44g/cm3 A L a AA . tti, tt®--'- F^rtJ:?, 

®lAIA C£ o A lRfffiA fflhL, 11®^ A-A>Af-l£S(bL, S O O fi 

to-2itffi&mttsib. iurif-zrrm<vmn=- *. - i y / ^4(02-7#,®) 

A A lt £ 0 /ftBA ftA AAA . ffi A , ®l»£/f  A A f£* L ft A AvSTL A < 

A^ltiR i*^Lft31®AK fc£4£»£$A ftA< . £O ft*A , V- '.ftp 

(£Mch £ 'lI^otiLA t, 4>A£-#ALA^oAnroR»(£MChblT 

4ftA^§4t4B~fA . II 5!1SS t M(supernova)(££ 0 L ft 4 A 4 #x_ft A , 4# 

Hco j . t- /u A-®(£ => t c d J1AA /i' A-, So 7c => ~r ft 4114 A JU neutron 

star) AAA .

SN 1987A A ’%15 A t- i - 1 U / 9-xM02-8#S)iA(£lxt-A 

A — fttfe iftft 1053 erg 4 ffLAA ii, £ hit M®c2~1054 erg A lSg&'t' A . LA 

4F A , n 70t-f5tt*AW l.22)<0 10 fggltiJtS^AA . S lftti^A 

AA-@ %RA)l£^A't£ F e £ 0 f£ '7cH A ft A A14

F e £ yfl'^Opl3ttz .it, s j©?I(slow capture process) 4

r 1© fl (rapid capture process ), A A A A i '£ A <o P i A 111 %. <D p j® S ( proton 

capture process A j >A A . s ;@ §4£ He ^^A>PS^9^jl'fboo®|5^A'A £ A As 

ffeo2oti @|lTM')*^04l£«f#( 101'2 s ) (£A £ A . s j @ A;A i£ 209B i AA O £ 

AAA A . riigA'^ttAif JKA 1018cm~2-s >AAAA£0, A ttA ffi* 

£ 4 t£ jS iltA £ 0 4 S tjf£iAA>Mi® AAA A>AA A A lLt4A^ifiJ® £ A il
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Srfif nova) k f' b k ^x.bkib . £tz , ,

H , He mi>'%j£#)iZ-&&MirZ>< O tJ'X1lliU<—X9—X* *& 

b .

(5$lrfeK ii-i& toifS^ L x P i'Mibm.^ i,^><oxU^^x g -f, 

#-5 R#<o&»i, *©rt«*«-e ft

a i«ll;4r^*K i^S i^-tirS-tf-J: 0, Ux C im«TLtl'< . 41

accre tion disc) it Z V  R <X # «-C IS 4 L ^ i 0

X$gt:'*¥< fit* ntjfi t. £c ^5 . c*ia'‘ia«iSS X fcMwS fiffrSWH lS fl-iio

xi'b. 43l4tF S i-7"7X-7 4-®<-y t^-+;.y i-jjs-c^t:, 

^•col,x.A'< ia-t;'X^M0JU-y— £fr£. tfc, ifi«^S^o»i31S*^>(b =» 

'S'<9 4

<o4& b , zhuy'y y ? ,+.-/i. k^ts^hxi'b.

H O , - � WL\^lfcoW&&&WL^&±L^x\'Z> . itz , j-il,

r if!'' — *• 1fa £*o31#!lc 4 ^ ^ X t 'b k -%x.bhX\, 'b .

1-4 amt*.v%

mB .*ttXW;*x L $ hx I >fa t 'is ^ t?,4<o

-C fcb, ^-^ts'MUk^xbhX^b.

H li^fi • b ®t -®S«o

^.t?oa ia*««S[*oi»i±*'»ieni-c*5. tos^oasRn,

£ ts.bA .X-, c 4 Mgfa f5g*rK .f3:'L

t:c'2>.

14 �  27

$JL, /J'^S

^?D f^n«rt<oi(  ̂tlg<D*¥figo^lS f£*?,. Ii kM 

� fia ii', *oKSMf£ftTPS^&3. 1-5 X b ,

IggW faTKK i^ifcS b. cia li^SKM 10~aM@) £ >rt £ L±X&b . 

Ld>L, £5 LfaTRK ftlU h-C t 4 f£,tJ5:i£ft)t7!>kl'£ < ts

bt>-b, mm± .<r>m <D jm±^h£ >-)-k$<tsb. c 5 Ltz i&itmmt^

jgltibrown dwarf) k^fithb, ISMl^lPsM^K^ 1 'Z>X>\^§X 4&£ .

fa O liJK i^W 4-yfbL-C t't, g?^(f d-y|g^-, 4^T iS£\ van der 

Waa ls *f£ i £IS^-fa £') (D jfili£&—Ws\.'t>*bX$>b. ff’ fdi^ £ *4 Pa l 

O Coulomb ^^ffiL'CJ&b itojf ig-C '£> 0 , 4Ifi:f-|*10$ 4 £'

it-c < &. Mm - 0, jfi'ftoS

icife b , t tzyvMVtB ii¥'&ffl.)&X-H tsi'X>xm&*Wfk'? fcfifeScktsb.

yKMW-^ti^<D±^ $ Bohr «B = ft2/mee2 t:'t>'o Ibi M/C fciW iO® 

S li WN/(2aB)3= 1.4 g/cm3 " C ife ^5 . —^J, @ i'®;j1C > F ermi •= �  ^ ^ ¥— (1. 

36 )^^J4j Coulomb if-Af - f2n1/J if Ll'<i:l< i , iiiiofil k tH i^r 

bhb. b+^^tt^iii', (ST-H ith-rt'-C 'a f-ii

k^ts^bnXh b .

\%=h(X E Sg^li nA -Ry/( 2 o b >3 = 1.8 x 1(F dyn/cm2 (Z CXRy = e2/2aB fi 

Rydberg £&) � £', c hi:±.i fr>b ^^.^fts^kV iiW .^fi^O^:^ ^ 

ftL£, @ ^oB E*S$//sfi, %?mibx-Sb< (Daw^x&bz . k*%m-f 

bk, HA i b^ VWe/mNfg'J'$l'*.

t'4, 5. Nri‘+#'J'£tt;H tfga®

0 e* . me „* mpflB^ ~---- o, no> — v—Ry-«B 'W n
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iF .5f U iiftA4) 0.0167 O ffinfljS t'* 0 , 1 SSWU 1 AU)-C

1 AU = 1.495978 x 1013 cm

AUS fS i-tso-e .

E H^S^-C§• ft). fttio^a-i> l" ic/c^sg^iil a 0—tzS(pc)ii-i'

= 1 AU = 1,496x 1013
lpC 1" *(180x60x60)-! 3.09 x 1018 cm (1.60)

tftiii 1 1 ft*£(ly)O i?l.f±-C(i 1 pc = 3.26 ly tl£>

ft).

^P iO iSAS—

fflsloitfe £hx\ '6 . ft A-<oS

ftiii^ P i/£$!((solar constant) ft if  h

SPHSIft = 1.96 ca l/(cm2-min) = 1.36 x 106 erg/(cm2-s) (1.61)

1/3^)SWAS , S O AS te iif A iil-ft). 

itft#fLA t-ft) ftlthit', £SP§»t-f$ii

L® = 4 t t ( 1 AU)2x(*|5§^£S O = 3.83 x 1033 erg/s (1.62)

SPJI it 32'

R® = 1 AU- (y-) = 6.96 x lom cm (1.63)

LfcSo-r, BM%stLfzm%<T)U .mtL® = ixR®2oTe!!®i t 0 Te ff® = 5785 

K i ft (), 7 (tS ft A ft).

I o A^S-XfJU jScA itL® (O 10-7'-«e)tO®KS tU , JftfS«titL@ 

o io-ioo^)to--x )^7k7(oi(’auH?.. io8

g-cirr3 7))f( £ 102-6 km G D3fci#( photosphere) ft ofiiftift) £

H A ills; It  " C&ft) A\

a  7 h /uSute f^O Fraunhofer iHS< Pe ttit )^>SSS ft). 9& 

tifci * ^ A-i±|W) US E S<0ff«ft L a  Mt£ 4ift>ft's ftU t£

1-4 W iitft �  37

;ttft,S46flgfJii A ft>©A£>ft> . ft ^0*¥H(H0)*l

*feorA i*xA^ h

SPIS ffi. PDA , *pi®

ffi$iJ£;h.ft> iiiifci:UJ; otS ftJ. KJRo 

S tt'$tftA4t±Ji, ®JR<0'J'S i'®S-C fiT @ ji'l.AS . T @ A ii*fS«-h 

If. • TK^xtfftft^S-Tffi^'fftilftfS ftftCo'C U .iQ ia ft). SP iSAA)-x-A/rA-$ii 

7SU4A itft#fli;gA*ft,A ft A<DAA tt*4S ll^ft& 

0 , M^A/ l-A-S o ^

10 6 (tfttitofttfftjIiiiiodUcU-ftA titliS jD lL, gift gftcfto Uon 

P(corona)< OJn*S® ft fcft> . p p A it{fi?g|i;C >A:46 106K 4 fa 0 , 

jgSS F^*PI®(solar wind)-xftIftotl'S . SP§ft4U$(l. 62)<D 10 6 

©^A/r A-*ispj§sift tr y 9 x’A'^coAUcU'C 'jftU i^ftift).

1 gauss AS , H*A it 103 gauss K  .

= <mmn^mv S fe( ifcMXIft 26 day /S iM, MB lMH i'ftlSH) ft $& A , trig 

$£fa 7“ 7 -f. t fti UogiS ftftiiA fta iWuji g A 'L- A - <ft>S

i&® @ A£>9, fcE jfc. 7i^ryi:t'o*|®B*IS ffife ftU-C«if8$H5. =ftuft 

•I ^ u t * ^ A a  A - die a i 4 SJfti L A ft#t o fg 10 -16 A-f #•' A t -. ft h b SP ft 

XMW£h-C\.'Z>&&ts;r£W}&b±XW i^tci&$>Z> 4< O A itfa < , 

4blftftfiO tgmA iififl;XSA l Act A ftiftA&£ ft#444.-U'ft. 

igI*A<D iAJLA-S*l

SPgMtft-±H l£)cAM#ti-* ^ A A-S it, i?E = 6378 km ft L T

/e = = 1-73 x 1024 erg-s1 = 1.73xlQ i7W (1.64)

X'&%. ^A-S<7>S itt 1013-5 W ftiS j# 10125 W

iiSut % ft)S

1038 4 erg
5 x 10 3 s/100 y 

1 day 10227erg- s"1 = 10157 W

(1.65)



32 �  i Scotia—

-fF U i', GMe 2|7? e I/7?e 2-A e i *), li?E I -i?E/( 10393 erg//E) —/?E/1075 y~ 

20 cm/y i ft 0 , lE SS itfH-A £ frJ&fitilffi i A 5 - ffcA , ite$(il/?E l~ 

10~2-7 cm/y ’V'ffibHZ). L AL, ffiH fcti, JteS li*AA tiA < ftftttx* 

le i ta^x.ibK'C l'?). ‘klU;&Shbti$.BM<vft) l/lO O

RriLbh,

&«cAratfc£©~*'i'¥-iH»5H§®L^*S . AP^tl 0^0 2000 kca l 

<0^ ¥- $rft#A8PxL AWAU i'A b A l \ -

&*> . -t%£, 50 fiSAA lt 4.7 x 10" W btsiZ> . -A , AP§ft#t /E A 2.3 x 

104 (4x 1013 W)A3fe#l£O AAibAfttll-#}*;*)H£. £#K .*ffi#gA

I:liA£jAA i£AibA;5A®^twyA'-<o 10~2 A AA , iMB-C fift 

f£ ItoO 103fo itiP lttLT l.'^A it^);5. Jftjfi17) 0 A—ftti 4 x 1011 

W A- h 0 , £ii: # O  ftffi*gl: K i H l£jg L A ^ 5.

A llttW^E KAS i

iit® AME ti P = 106 dyn-cm 2-C& 0 , Ami! £ fi P/«rE = 1.03 x 103 g/ 

cm2 titi'b, A^O i&ili

= 4^e2—- 102L72g (1.66)
P e

� tA lifSA^KI: I024 12 gic< AM'A^A^mAA

(gtAI < S frtS . tl, Boltzmann IIJ±

0 n(z)cce“z/"» Aab 0

_ kT _ n ,1 T \ 
20 ,/e  8,4 288 K km (1.67)

£ASA , ±»A»O fi{£ftio ita jH^kL-O 'S .

*»ft*t©*4*ili»!£ft50kin f A^±lAm-t: flA lR^A .?> . S fcftU 

<103 A)(iO ,N O flttidS 102km W±)A iifi£;k, &A02 

$ tb&TSA iizh � / y O 3 ftADAJtX liftg 25 km) tyc

jg-tZ . mffl<V± icttm$IWtiW500km i-C lA^O , fi®(il03K

1-4 JMiicKS �  33

h. O2&J: ?>nAJO iA4JPB ElH(ffiS80km-50km)(iftA 290 K O f - 

� o. APbIISJ: 0T O6S)ligA(±£)S(i *tgtH±S fi(~ ll

kmSK liTIf  l-ftAo-tigiRL, &#tiinAJR t:'

///ftH ChapmanAP F R 4" JU F  nf ii'A £. It, A fittli-A-fbcDflE li; • 

£«©IJI6£jfig-e!!£tL,  7 T 4- /RRofgA^A iF^AA F).

AM-e O ft  A A «J $ * < 7000 A > 4 > 3800 A X ii* M L A ©Jfc £ H

6. tctz immtutm&m^, &#f<o^j3o% uRM^mrix. a m- c o

(R iK4*;5O A ilft(R feA^in«sA)5)(0(±^;g(#|o^j47% A* A . bi#fgR^ 

(a lbedo) i L A^oHASStt,

7? @ \1/2 (1-a lbedo)1/4
T e = 1 AU( 7'eff© 4 = 253 K (1.68)

LAL, J&^AMo-f j^fi^li^ 288K(15°C)A& 0 , F O U liSga ti&AU i 

±^t|pjT E<ombAAnte fct1- 

AM ft - <0 ic *f L A AJg m A <r>-c* 5. A)S SH A Jfe tt HUH fifijg

j; o-C ffXX>hb. rtofiS iHAD F r04 = (l + r)Tr4 t

A£. F A F t (288 K/253 K)4 — 1.7 AA6, Z AM/iAiS

HJil'oT t r li-tK'-tirV 1 (O A- ^MAMAItr

fl&ScAMT'W&ft 10-3 cm Bao#^*|<0!»JR(t C02, N02 , H20 A i'lc J: 

£. C O a O a iite E K tiAco^l.SxlO-4-::'*^/)^, AA li, A

r-103(g/cm2)-ACoA'-l i *5. f'2.2cm2/git5. LA'LSIBSrcft, 

BAJtX^K(<r(iO>A^J; ^ R ti> 0 , tof-m 103

cm2/gict/iA?). A , «RJR»r@ «(ft»[J])(J.ll)(t(J.5)tJ;f7S lg 

tM^LA lRA>ib, Jy 1C Doppler flg ^ i )& i , A'10_4s^1~l/

(3 hour). t C02 A l '*'», oAJ:

Adttl-tO^*^A-JRSti, KHo^AP flU-C C R lolt 

� C 'liA< , ^23% !tA^MoMfb»iA4)tL-t;-0oAAA ,
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a ., m, Mffitcz tosmtumo.2% & >)h>v-bH-ci'Z> .

{Still, P

iti'i. - o fa fa j; 0 fa 

10/?E oi fa fa fa ff fa £ fa fafa faKa iili-fa'S ttfa i £ & 0 , T'/t!i40i?E < 

fa t' f fa'fa O tilg'J/faS fa . fa <D fa + t"fa j — ^riSS tlh magne tosphere) £1' 

5 . icpJ§IS ,fa> ^ fa ,L- fa ’ — SK l£ 0.5 erg/(cm2-s) ( —1 keV x 5 cm-3 x 400 km/s) 

fa', 10-6-4 (faS^l'Y^ (t£ Y>fa®TB lI^B§fa '( ~20/?E)<D fa\ 2x

1020 erg/s £ /£ 0 , 2bK C<D 1/10 ttliffi, ABM

fa fa X-rjgjjij, t —^ x Ifa ffil 'bhb � tz tzL, 4-P7<oM:| 

ii-fo £TI®(100~500 km)fa'*fa .

^aH lil05kmO X-< XY i^'s facO faMIifa 1]o flit (3.84x 105km, 

0.055)^£>?> . 2e ‘O S f/F ffl-t:'JliiJ5)cafe i4!^fe^'(

B lfiLfa i 'fa . fahbt^-^- ff'MME&'bB  fa £ 4rE

|LtJoY , l^»c3cmfit'B(tia^d»0oo*2,. fa<D#, ^fa ilH fa'fe i

1-5

fa^glfaS t, bhibhAkiMf-i^^ bMk t. O^K t'M 

0«-tfa4<fafa(*fa . xm>bm%irz~***-mtMMRm'e<D iR  

m � ffa l^tofa i'fa/fa , fa iiU fa fotRSbtni^fa-^ fa-ft

ifa liS^ffa'giofcglll£ii^O '-oi'" C l'fa i'. fa fa 

fa-& o , g £ L fa fc$fa'

ffa&ll, *na , »5fa i'^S iJ^-ftu£, fR*t»£, 4t3Ifag«-tfa ftli 

L/fa t4fa>£ fa fa ti, *«»#ffa&fa . ± , fa faufa-^ - t u / ilM

fa iiP:bfaB li£ttfa^fa . S fcR tlMfeHo l

ffftlfa iifa fa ih^fR lfbfe ffa linfa fa - £ tfa'c^fa . L t Y L, S ttfa ltfiS fafa^

(±«m • ^Mtifa jfc+L, «®£ XJI^fa fuq&i'fa i'fa .

1-5 ?S«oIi �  35

^(D flfacE

Rayle igh ticSL^J; 0 ^£#fa fa|A7fao tf$^o <

fa . ^ft< O HJfa£(i,

^ifto 10 1 fa£> 0 , f$iO||0SS(i 104erg/(cm2-s-sr> fa* fa . &Q <D W 

fa^tifaoio7fa'*fa . t, tf @ ~ i0-4sr 109

erg/(cm2-s-sr), 1] ffioSBWgiiW^co 0.2 gfgfafa fcfa .

gPe i (i  xm it fa§§ $ h  r i'fa < d fa , xmu c Tcft n < d  mm it«
££ifa . ^rl-t, f£flt] 4 S ite (night sky light )fa>afe fa fa fa>(fa ,

-e tifa i'. Ifljio^-c,

HB ffS 5ns (i

fins — 10~3erg/(cm2-s*sr) (1.69)

fa , fa ^ ilWgJO liU it (star fie ld light K in 10 Infill?) l '.

fins »-lt£ fa t 'te&< OMoo fa*if^ i .

^mlit(a irglow) t >-5.

T-(O H ,02fa fa)co®i®feMK" , fe20%^£*^. «

0 <D^jvtiIS i®3t(zodiaca l light)”C , £ ? x h HJ;

OgcgL)tfa'*?> .

B„soJ: 5 fa#S&#j-(i«T?litfa tt'C 'fa < ifaS ftoMctfffti-a fa , 

/.V .fliioolb . ifttliff®/ (erg/(cm2's-sr)) C>flw5^#f£7b 4 i 

fa , $m*^fJd2<oy 4 xtftoh&ts. Lfa

A»ofa , H;4>l+c9fJt|lS £ / (erg/(cm2-s)) fa>/'^®0|SJ9h±^fa>^f4:^rii^fa't'i 

51-J0*r+#'J'S

I > fJO 2 (1.70)

faUf-dfaR't^M-tfa^L'jK'fa i,

fa flftH O it'' 'U fa-'/^t/ifa ffilLfa l - fa . ^ fa fa 4-E l 1-8 ^ fa

-W i-fa^t'0(iMA»fa< O B jM^<fa^W iLfao#*&#li-T fa  ? p^~ t y

iS®cO:f!'gg'v -f fa P CMB , cosmic microwave background ) fayfe



Co On
S

i
ft

•4
-

X3 o
a

O
r

n
u

ttt
jIL

P
H

to
&

r
1

M
3

3
r<

5
F

§

«
S

3
-

a
e>

n
.

3
3

a

O
H

vo
^

I
O

r

a ^>
4

V
,

*
3

®
4

s
&

'

3

e>
i

S
II

r<
II

>S
n

a
s

&
CO

m
O

n X
r<

a
S

I
r

1
$

H
11

Ol
3

4a
-

a
A

llt
a

S
V

to
3

o
1

(I
k

\
5^

.
3

3
3

3
H

i
4*

-
3

rf
-

\
m

i
rw

S
n

R
3

*
1

3
f*

®
&

3
4^

.
»

s
a-

_
h

m

5
»

fi
is

a
<-

X
3

3
S

'
5^

1

-li
nj

;P
CO

&
3

1—
‘

a
4

3
(p

i
S

'

to
X

O
'

n
<—

3
51

®
<s

L-
<•

h

H
4-

1�
o

'
3

r
3

’T
t

»
3

V
-+

�>
II o

1

f-
3

to O
a

3
V

3
.

a
-

r 3
o

1

£H r<
a 3

1 CO
s
s

3 ®

S
i

3

c ~
r

3

P
I

CO 0
>

CO ft)
rv

O
N

t> ®
H

IV
T3

r<

'
»

-t
-t Oq

H
3

^}
33

3’
<r

~
V

3

3
\

3
I®

to o
N

jv
8

?
3

ct
o 0

o 3 to

o 3 to

0
^ 3
-

ft 3

o o

sa
.

=D
r

vtr
n-

-4
-

3
3 1
3

3
ff

C/3
(f

i
e~

<r“
''
 

"
3

S
i

*

5
Jl

w •-
t

tji
3

A
(T> -t

I
f

V
4

§
?

3
Cr

q
-

e>
t

H

n> <
rv 3

4
1

3

n 3 to

V r

rv 3

a
-

(V

3
}

K_
ft

3
W

3
V

O
v

-o
^-4

-
0
#

C/3
(V

-
o

P
i-

IS
r<

s
#

—
S

if
i

2
3

(V
3

11
3

*
CO

3

o
»

II O
i

3
3

S

§
*<

1
X

o
-3

]
3

cc
to

H
-

o
*

e>
Si

3
H

i
HH

n
e>

t

a
r

j
^

K
-

 
3

, 
3

1 
6?

 S
i 

00
 

#
r

i
’

X
 F

t 
#
 f

lt 
f

: 
(V
 

£
S
 
3

H
 

70
S
 

S
 
g

3

“
“

l|
£

jfi
f 
3

 f
ij
 n

| 
8

;
»
 

8
 

a
 
s

 ^
 

3
 *

 2
® 

®
 f

 
rv
 3

 i
p
 S

 M
 

f
 g

 P
 3

3
 §

 r
\ 

a
 

3
v
 
m
 <

3 
.-

 i
S

f
 

r&
 i

s-
 I

s
 ^

 
*
£

&
£

*
?
 

S
 

is
 •
 

pa
 §

£
X

»
'
 

*

s
s

’S
S

s
s

S
»

tf^
 3

 
o
 n

®f
 ®

 ’5
. 

4*}
3

 m
 • 

a}

V sc

3 m 3

�o
 

i
a

h
to

 |
®

(* ss sc o tv �a o

n
3

r
3

ffn
V

3
4

a
0

>&
S

31
3

He
.

Pi-
3

br
c~

3
3

3
H

3
*

a
n 1 i>m

ru
y

3
3

e>
m

yv
Pi
�

£m
ON

0N
51

1
Sf

fl
s

'
3

'
3

a
r

3
/+

(V
s

3*
e>

H
i

O4
3

to ®

£
1 a e> O co O a
-

s
3

s-
 

n
K

, 
3 r.

H
 

<3
 

1
3
 

3
 

ft
 

3S
 

5®
 

ov
 

3
 

3
 

3
S 

3
fT

ft
 

S
 

®
 

'�
" 

3

V
? 3 3 3 to to "s 3 (V

to cn O OQ h< ® + O Crq

0
V

3
-

3
H

XT
to

r\ sf n>

s 2i
fff

l r\

>pa
3* 3 0

r» -4
4- mrc a

£ hr

/
to 3

O X3 O
3

H
12

-
3

o
*

3 nn[
i

-b
o "O

O
4 3

3 a
3

o'
S

3} r
M Oi

o
®

i
9-r Oy

eV c~
s

S C
L ft)

$HD
-

g
3 *

H—
1

3
03

8
3

3
ff

l
X

3
85

OI
a

4
n

V
V

.
H

to C
n

O OQ o
o X n> Crq o 3 3 0Q

IS s H Pi
- 4
 

a s
 

«>
* 

ak
 

3
to

3 a- P 3 3 sS 3 5t& u 3 p a-

4 3 3
i

iSi
m

3 H
- 0 

*
(V 4

N
 

r\

r a- 3
-

(V # 3 3' 3 3 c~ to

3
 

P#
E

&
 

3

3
 

ffl
} 

3
 

IS
3

* 
H

-

\

to (V

H
-

P o X o

S

rt> -s oq o 3

P4 Hi
-

a S �



38 �  1 ^tecotyiM—fit®

/ (erg/(cm2-s) mb V' X ft

10“5

lO-10

10-»
lpc lkpc IMpc lGpc

01-9 a im®, xs> , *$--c
HZL, L = 10 <~1014L®

[0.1M®], [0.075M®] t*& *

ft, mbkt3H®((1.75)£), K(tnIS .)tiL^fiK*((1.77)A), X 
fi X Uhuru ¥fi, ft lilS«O W-m! (1 Jy
xlO10 Hz = 10-16W-m-2).

0 1-9 f

J_
hv

lQ6.8-0.4m

'5500 A'

»5£SS*'»MiitrftltJ9K iA5 fins (1.69)<05t?flE(i 

^2fi„s____ .jA0\2IBm\l X
hv

10-2.2(^)2(^I> ,
' 1”' ' 10 3M55 o o  a '

(1.77)

(1.78)

£/£ 0, A62Bns = l ifcltii',

mns = 22.5-5 log<J0/l') (1.79)

tts.z> . i x*±4fc>*RH^feK mnsii'J'2 <

x/tA i L tlfP l'C ' # �  ?>fc261-li±B!l'C '£O^I±lX)‘'jiZ'g< i: -

1-5 � 39

0 1-10 tfciliSIB^H lBrflLfc
777777" ft^jgoK i, ®$Ii
A>^Sa(@ #Ta^®)i 3C273 (Q S O ttO T tg?-^? I- a . [3C 
273] tt 3C 273 ^ z = 3 <D$1 (O .

ix^tiPfg<0±#• £&£. -ixib<oM#K«t o -C iiiP .iloP l^ti

0 1-10 li^-fX 5 (C|£]_hLT l'5.

«ia*»ti6tfC 'tti=fd'‘a ii-sds *a<owr<o# -m\t^x

o-c, ftffiii*> iradi

KJcfr 5 SS S l±» 15 cm -C* 5. & £' t fflM L tzB iff^<O^P

y i * i- y -

"I- X fcJli&trftKm*-15 ctn/11 km-3" 0 , B^RU^kO * 7r - >H t 2

~5ms-C£>£. :5LT , M 'C ftL

ms< O t-?'-t7-/ ^ ;ix^^^'>>fLU—v 3 >£iA\

>?(see ing)©*f*£l«5. a^frJfe ,&£3iS»0#jgK: 

K^tlxlf^'0.1 t-C 'J'? < -C^S .

n = 1.0 + 0.000296( x/1030 g/cm2) (273.2 K/T). * li-t £ .£ 9 1:£k :£> 4 *jH @  S .
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v 9 'i A'C fJlE-f ^ft#)(adaptive fa i'fa iS^A .iQ .H'C t '£. H itft 

i'—^'-3feS#J< O til»-C*fS O»»4:llL§l^i-4|iC^-C*4. 4 fa , HST 

(Hubble5nAMSm=H3fa®l«-fanAa->x*x--> 3 x 

H fa l'^s <t £ psf (point spread function

LX&gX'i>Z(ttm [D] #BSJ.

C C D h

9*e t6*‘±t?jbofc.

4; 0 '"t C C D (charge-coupled device)fa>

i 5 H fa 0 , 7 X k L'C i&z .bhbt-f-tfl^t quantum

e fficiency) 0.1 ~0.2 lb C C D < F > 0.8 ~0.9 tcft± L fa .

gii, A t oifiiK ti)5*'fy •> + -

imT$te^^w(fix>fiXzbxim-tbc txfob. mmrmntzwz . c c d ®

H k‘ 9 -fe/MC 'J'£ < fK&JbHX l '%> . f?!l AH , 5 cm x 5 cm O C C D fa; 2048 x 

2048 flH<D k" 9 1 k° ? -t/uo+ 4 XU J/p = 24.4 /jm

-C&5.

5 cm/F = 2.9°/F(m) £ fa 0 , 1 k° 9 -te /K faMjA tr^HSIH 5’/F(.m) k fa Z> . L 

/Jot, (1.78)4:0

- -1 -e f H flS£«»-C 't (AM®JlX)x(uyX'n5ltX)x(l;^a$)x(^^)~ 

0.9 x 0.8 x 0.8 x -X:& 0 , ^feSH ErC U ?«•*#« 1 £fa£> .

fa i'^fbO^Ki, A£ifa , ^fb§-'€>gif(§llH

A- = ^(y)/t + /Vns+/2f + l? (1.81)

15 'f:'igO iJ»l �  4/

Lfz t)'r>-Cx{D/2)2ft> jrX&hii., Ad (D ftf&ffe-e&Mi'kbz-b

A-V iVns ilH iH , SPIK^H

'>7(D!^7

JQ-3.2^ _41p

24 fiml \ F D
1 m2\ 1 min

t
cm -2.C-1 (1.82)

kts-b. z tut, / 4- xoaupliHJ: 0 i (1.70)£Ug

fa A A A .

A E S»(0 C C D U lA ffiSm '*> £'fa# < - k , 4 fa ll#

PsIS E S lO^lliitC tj§L A t'5. ffiJAH , lOkpc <0

WM^hbt-b L~L@ tab m — 20 0 , ulii 0 W4l‘fs*8< O ffiO

ffcu 106/I°xrA&&. P ixHWS l6" c X kbtzn X 5 41

A)10»li*t oA«'/nJtoltlttilO 3'5MpcA|0]D< 20^*re£>6. ftftfa i' 

•C iiiP>*‘P>«?5r4:jiO 'ffi*itJf 20IPIRJ: 0 W*l106/sr,

22.5 3M$4A±H$ £ Aof$(ii 107-5/sr £ ft 0 , WISH 1' Xhb .

Rayle igh-JeansRS ttt'O ilftttW i^^Lfc£#©«*»* 

(brightness tempera ture) Tb X'A< F> X b C^b£hb.

2 p 2
h = ~rkTb(v) 

c.1

= 3.08x 10 28(vMHz)2( Tbfa) K) W-m~z-Hz '-sr-' (1.83)

Tb(v) 4tz 1 W-m~2=103

erg-s' ’•cm-2 .

(> i 7 y k - ^ - y 4: P ,(^,^)(/>,(0,0) = 1 tS

^&fb)A^4o-dr(f, T yf -5>-f'Jf#(ga in)C H

W„A p = y Ae ffA j| IJ0,<p)P>(0,v)dQ  (1.84)

XJfz_bh%. � - - A^aPS®»/le fr = /i2/|| PAd,ip)dQ = X2/Q^\Xr yf
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10~8 erg- cm_2-s_1-sr~1 IcA fttC t"A .

JftiOJd X fiffiM Uhuru d(i A = 103 cm2 , B\ = 10 s-1 , Q = 5°x 5° X B\ d 

yJjjldA^Atd. t = 5 x 104 s ( ~ 14 B#P b])i L, 3ff A

dfiilA 10_3cm“2-s_1 11£ A . c d®®? 10'11 erg- cm'2^'1 A 1 Uhuru t 

l' b . 10“11 erg• cm'2-s~’/5keV = 10~32 W • m~2-Hz 1 X foi> (H i 1-10). 

E inste in ffiMd'4 Bx d»£;&iAt < , 1-10 d<t )K/iot dg> .

=i 'J y d, v y

-v, irfzh, fcA ldii l°~ l' dd-A-dA-$ftgd&£. zhtcz t l , ifeJS

*4 ifcMS< fc*<odM%i'^l8fc;h.di'S .

r H il 4 *>(* 0 d mm £ A , a ^ TWU d - -etjJMK <3 x

104m), «A®(~104m)d®ffid4tl«2;H£. r *§grlAgf A A lSAA41

A)££AABA^d^d^d-Akj)^i: < AdR-

feSIAA^AtPftiNa l, CsD^ffll'fcv^U-^a >«U i#i6‘fflt'ibKS .

X idl^i^ic r 5 dt,

AMWdfSrSf^^^io^x -y 5. :dfcfcd7 vd

•> A> A'd0S&A iS f££;Hy> . 10 MeV d(£ 105 A 1 odl^y

l £r}£5 c. 100MeV tl±di®^d/i.d- riH&fctU-liXn0—

x r tK teZ . r*S ilMG R O i*ttdBATS E li6x 10~8

erg-cm~2 hthdrlSA'— x h  0 , E G R E T (i (20 — 3) x 104 MeV

dixf-/^--C5x 10~8 cm'2-s'> d^iti^oTtg-C '*^.

^ d yi-d-St i: LX lilhlgffid 4 d ^ ¥“8^dla

A£d. #UxJi, 1015 eV dT i&l^d km2-s-sr= (3.4 m)2-day-sr ^

oifiA i, -A ,

^d^d-eAdfiggS ifi^d/ud-dBA • A iARflfig-thd, Adf @ $; 

A ifcAA- tx~t£ZhZ> . ggxtw^-d-dfiT rif  fit j d# 

F lriLdAM, m, m, W i i'dI«d^H i'fiJffl?hdi>5.

1 -5 �  45

IS ^ ^ A - A1£'€A*ft U®Mfd 1 d T O A X A- H -> * 9 •-d 

lodMO A P-S fdm *A)^«LdfiA»&£iiLfc&d, 

ydWtflAd LAdditALdtA . IIAA;i§(itJK<¥£ X0 In (£/£,;) d 

jgc: 0, ftASA ito A/fc d&£. AMdii£c —81 MeV , X0-37g-cm-2 

ktaZ). L fci'od^M+ddiyyt V — (a ir shower IdfiAA iSA tfe hie

^i-Ad(i£^1019eV d^d&S .  0 1,-x A yr d'-A >

t^-itAadh^dg^SSfd, � > + ^-fpf-iiite h^®L/i:l'. LAL, 

h$dd-> + -7 - ST (i Cherenkov Ht ->>dU—-> a >i^ft5dd, 

«fe±^ta iSLfc)t^tHS(10-l2±lls dfflftlfctfjlfcij; odMMfgiAA 

rdJ: 5&A8cdli, It,

Cherenkov AtiflJAA iP l A fsAA^ ddfl^ d r 8SdJ|)]^S i

T?> - h^d#4.

^a-MJ/, b a i®

L te l'— a-M) /(v), WIMP , weakly-interact �

ing massive particle), BA l®tch'ff)?ftt6d-> ddyL'^^tiii‘(5^dtip 

todi'5. WIMP ftJP jiSISIIfedit^S l^/iA t,

H $ hi S IffflB fTffl fcl- 4 p dfi f (SUSY fiT ) �d* S .

pdS(SWrffi»«f,(t, I^Td/>HM( ~90G eV)lUTd(i, £,2^ht^llL, fi 

^t'/^-dC^ii'Jdl'. r ddV)Jid»®gi®dlSd-f Z> 10 MeV d- 

d — d(i <r„-~ 10~41 cm2 Xh 0 , Sy^'V^ttlSA^^^^'ttSS fe itve-^ve- 

ftt')dtt$ibi--dio-2d*s. L*‘L, ^ttgftS fiidillC T^d^^a t: 

-U> hKJ£d^°c(&f-$:)2dJ; 5 (' < tti c k LfoZ> .

IfeTdCMB K«ltt', tdtdfclftii- h U yaWh^id-t^ 

li-fd&sat, £„-10'4eV i'J^ddd^UbiiTPTtgdA)?). Md®J|ftd 

(i, A iJSdii)td^2%,

d(i)t J; 0 4 102 fg 4 tc ^ d /L d-A'; v Xf&lii ghig . AP i v tcoi ^dii 

2-2®ddh?.. SN 1987 A d|?^d- ^ - M/P-x h^iihS iadl AA 

C tod-x h d yjtB lt 1010cm-2d, cA litfe hddAP ft^MtA 1010-8cm”2-
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S'1 (Dm 1

t" .y 7"^ > WIMP O S ffS lrtoS l mxCIotfti5(4-4®).

p -^Jt pH-lO Vcr co «

fS-i-tiiii, %WMie tD^^sm-D^i> i Dy KDS O^-tt

rx ~ (°xv>
«PH Mde t

mx m n
(1.89)

WIMP i^0^tt*^^J;?,Sg*-C^ftkeV X-X-D^X^X-ir

DBIlK ifcS .

iga^^t't'lgi-tso-cgsi&ii -kHz i/c

5. ^ffiilifyy ifH-lf, ^ (£ i

/g w  ~ ^<*2> ~ 1044'6(i kHz) *2erg‘s Ucm 2 (1-90)

WM^D % H fifccoiI/flS'C , aMc2 A'i'=/ — ///3rg/c B#PBE]'C1(/)$tP1/''1-

=P - (C left L tz t i~H ii

\nD  2/g w ~
aMc2
firjc

10595(-^-) erg-s 1 (1.91)

� tib'b h~ ia/$)l/2l/D . mBZ l&igfi. I't/Gw = ^lii'£&(1.62)i:*i(t 

(/, ^~10-19(lkHz/y) tti 6. S ft, U— 

gfgLT l'6 A H 10 20- 10 23 Xhb.

1-6

M£}o£® A iJ/I £ ,H ?> CMB li, 2.74K O®f£tt#t< C>x-<7 l /^4>o. /rL

S EM-C*6i#x.ib^6. fiH feoffiMii, o&ftttmttLtigiK

fciff, coK^yc-ccco^gtogfU igti^SL^i'C i, /si'

tii5. iilficoft

1-6 markon �  47

|,j-it'^=P'-(ic/ucizc^i-%. Ltz fa'iXZco&MitfmP frMxitfo o x./S i'.

nrkT k 400 cm 3 2.5x10 4 eVA io- (1.92)
V n o b n »i n c 2 10 6cm 3 1 G eV

U> i: £*S/ct6 . ~ /'i i-Mo

i.'ft!t-& * lO N^a ~3 , Pr^a 4 fit)>b, X ^ =¥-'$sJS .ht

la(t0y\ip(t) = jO N( t0) (q/7s) +pr{ /)>
a it) (1.93)

< tzZ'fz teqita iteq)/a it0)= io^tii^b, 

mi teq=( 10 4 )3/2l0-104 y tt£i> .

6. L/c/Zo-t,

fgtclli, c t ti-C-^TS i'. a-fc, c o®(i*frf Jt^tt

H</)fc#((c j; ^ 4o)i, xriol^c)^ i J: ot!6$ ktiftMo

gpT t^xx

1 ida\2 S k
bdtl z G9f>r (1.94)

--tfflisW fiB fiihb. cojt(£(1.5Hcsj^-r, a D'hZ i

&m<D 2mti'tsi<t£%t>>b, &m*&MLx&bftz> . d .941

X prcca -4 P , accfi/2 C/i4-(1.94)</)S/ia(cftA i‘/U£'

L/c/)l0-t

*r =

1 _ 32e _ 32 t t
^2 ^ ^ G Q QyT

45 (1/4Tpi/fpi\4/2 _ 2.6 1
16/ t 3 gx 4 t g l 4 ( t S )4 2 MeV

(1.95 )

(1.96)
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;:t, 0r = ^*4/i5(ftc)3 t±ftlH*iS(((C .7)£#B8), rP1 = mP1c2, tP1 =

ft/mPic = GmPi/c3—10 433 s (4^T''p¥- P lanck ¥•&.

§1&<DB$£IJ <0 Tr0 = 2.7K li,

(1.92)*»^ftLt, P lanck 5 fcMiSLT l'?..

(1.97)

(1.96) It t«1 s £ l'o fcSIIO^ ¥-K lt-O i>nhiti o fc.

d 0 1-11

A*s -*• T' * ¥- <D^fc© SB lItfft:* ofci

5 5W E^4r^»L-ci'4.

£ (G eV)

1018-

1015

h'v?''N*>
Ijl^C O^Fnl

(s)
P lanck xXXx

asiaift 1(U42

G UT
10-3s

1012 10-3°

109 -

106-»

f 7 — fi7 —

C R(1021 eV) f?*?.
IT

JO-24

io-18

103

- IH E P
- A G S ;
- K E K 
-LAMP '

H E RA - - - LE PI/SLC
-------- TRISTAN

-------- __ P E TRA

10-12

w* z°

Q C D io-«

0 1-11 Ig4&*<o5<D4t*/u¥-(fiK) • B#£0£ tra ils */p 
¥-<o jtte .

1-6 ®«r^C<05 �  49

;g2£l£^(L{¥9®£

2 L -C1 '£.

As - ?-?/£ < ,

gS&Ltt'S tV'SoA's «E-a»oH^<oMll^i!lst:'*s.

:o7l xT lc^x.(i', 1 &ffite&©flirfftT?a;fc

o " C io o , %:< d£ a v  AsU ftftl^lS ita tdifjt 'bixh.it

garT* — JV  (1.98)

d(£>JSc#tA>I^tdJ; 0 Tcca-> <D X b iz ft 3%&<D 2.7 

K Idfc o tz C Dtz t ~ ir-hJi,

a(to) __ T g u t  __ i o w / 7" q u t ) 
«U g u t ) 2.7 K ' 1016 G eV

(1.99)

ttz teZ . d dT?K£$K&A'>**ft—S lm(G UT)0^*^

dO i!3|<7)*§r;S(± , f|ft|SJ 

iPJl^ix'C l'^E&x^flfltOnilJjgSc c///o= 1028cm A* ^ g u t  1 cm <D i —-*£T

xx'fo'itz , tilii:4±i'.

®S*8rF<D fijS t ® IS W> 6 £'

fpffnii: i 4fd^<

� C ', a^0Jt»4-C Sff-t5 40t?*5. ferciifr < ,

re lic particle lb d <h" C2b%.

±=f-nX .

<• L7» l , *NS8

W i-g^A'^ft-t£ d kK tcZ . z<D tMc,

l  4 x-m^t -c i > % %. s®nmm-
4 7c, flc-

a ift<olt^-C lt*^/£V-iPff4:fi5£-f-*fcJ6tdi!t^< <D**0<O&iF4:a|A i-
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Zz ttcteZ . L"C ,

£fr£. 0 x.£ L, ifc

£;H3.

* *-*M:3£i'fJU8*L -C*i5, 4LIE RH»;fcib. lO '20 ©g£4-C W8

Mfi'Mtftz-f-e&ZA'', ^Mhatz<o^Mt±^ < iti'h'C i'Z . JfC S tt, M

tsifi^tzc tK$>% t%z .bfrt> . mih, (M

H ijtj'ii nr~~ w b~ mb "0'<fc o fz C . £ L. ”C ,

Jg = WB-ne .. IjLlcmJ ^ 2x10-8 (1.100)
nr 400 cm J

tm$L2hz> . -<oicf#(t-l^H tjo^ *-?r$*s£&? * -*4r£j*-t5te tJ[ 

0W«S lE K i*»-(t4 C P £ £K«L-tiI]$£;H3 £#*.

IbK-C C 'S .

t ^Ijep^ia?,. ^L-t,

>1 o®^<o5®>feJB#<7)^Jg^ b r fiicft L -C t'£ 4

a®055fr#iS!6‘lbitlgK ifl[teWe)ar4:Jt3ii‘2>0»t. t/i

^t£-c*£. -:£. SW E 

� +£ i ^ r^xy-^-e itCMB L^!I^ibt'©:fc£$AMK!fflS

KT i'S . & £, ^fb^tHgUt 105 iifct'J'?'.'.

¥ ‘$ifi''K=E V iMfi'bl&t. ofcit >~ l\y — > 3

-< >7U — v 3

i L, R=a(c/H0) ifltli, «»1 T?*£ - £ 

otl'S . £(£, T g u t '/ST p , (^<1)

1-6 �  51

ft’(fcuT) — — 1030/pi (1.101)
p

~tiLis*tm<?>ftmmft sG <m.3) © *£?&!+ 
-fbk, * ii v-ffiipSr Jt i®l'-C ,

S g = 8^G J

(1.102)

;;t, Z = R/R (il:t!j<7B#|tf]* y-/K #~(cr)-2. Lfci>oT(l. 101) £

C l. 102) J: 0

(S G) ft"T t IO 90 » ft (1.103)

Mfi, (1.3) J; 0

-
2 _ SxGpR2

3c2
+ 2£ (1. 104)

---C , </(G W?2)Atf?>0&6, R/z i> r (1.102)

<O S G Lfcdio-C^’SrifiK ifci'iitfS G ttSc^L-C l'#, R-

ipiiz .i'C lft'P irhrt, Sc-ft/pi/cr^ft ttni> . 

x(tfi f fa fpfa l '.

d( GpR2)/dR>0 £1'5 ^ +'- (

z titz ftL, K<£^*'L'¥-btfoW .WMk  

H'MSbLX%1tirZ> ‘&igfi>t£i'A>b, -'ScS iS^itt^S . p=—^fa  

i? itiiifcra iicftjfcJ&iSI**. Gp ;5»—sg-C 'fa <tt,  

d(GpR2)/dR>0 O fcttfcSSfc-tirtf, a® /? A)®;#i i 

•t.^-C-. JP itSK3i-C*S iBf^c id'-C-t, :(OJ: ~;7 u-->

3 ^U , -f x 7 u - -> 3 >K!S^r (a/^S'/3)
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xl03Ofg4»-fc£'ix(3:'S G ~-fi C OJ; S tcMM*

M (quantum universe) 1t'5 .

i 9 5 /i/c^cLt: t'ftt'.

**. -ifi,

/P1 -y-4 £ LA^7cB#£(&(x HJy/),

®/££')*r*A-f&. ftli/P , 4 0li£A4cA£frx5-

- /i'-C fi^,'fk L AIS i'tK fi^ * ^ ¥ - IB® X O^K lIfr'C 'l. 

ib I 5 LfciA

A7cBrf:£il^€>1&[S|&*).5>£ f t'C O—MMt

5ic, *?»£**»* � H f-fc* 

Ihl C 1 5 ic, xB#^oi£^*'^-IS®A f#e ia6B$^1*fME

tt^>^SS'&(t3i^7C^PB!<ox X-ZL-H^a -C& 0 , co^ifccD i:^#^

#x.&ctK t£%. tctfiut, #mwfc<o

©*fiM4©^*JC , IcftL a ii Hamilton

4k V ¥l>'B-&btiZ > . iO^ff=^(M.30)4r Whee ler-DeW itt^g^(ft» 

[M]#M)>t'5. ^(0O) ;«) Whee ler-

DeW itt 4;@ ^1£

da2
- Vrf(fl) W(a) = 0 (1.105)

i/to, VrfC fl) (*B l-12(a) O i 5ic^£f 5. fl»//1oS®>MSJI 

-tr**}.

1-6 �  53

Ve ff(a)

0 1-12 (a)K^*/M=-'- -^-C(0 Whee ler-DeW itt
Wry/t*, (b)rftt*>tb<o|lJ'ij.

S'ftfb £ L " C £ ib x.i c £ (cfc £. #J £.}£', 0 1- 12(a) <D .-hf- y -> + /K7)|J j  

© a = 0 < O ffi«( ) *» lb a >H -i ©fflljic h y * 5C i *'»#

»<otrch& rfe j <tiq^Aytr, £

it£r * A' 6 0|iJ^ (crea tion from nothing) J £iSS£L'C t >£. £ co^jgi £ 

4 /£> frt U

(decoherence)£ LT ffi^i-S l®;t|^cDg®£ 4M®L-a . >£.

iW^y —'r'yffii|&0t 1 jS E»H»*'*IP;F8H4<0

#fcttSg©jg&fc:&££ A/x-t £O fH f?ii many-

world interpreta tion) £ 4 ufkih i .

i o £ //-1oPEfl-t;'(i(f#Pd](irt|5[<i:L't:giii-^t#A^-i:

(M.35)-C A&J; 5 1£, 0 1-12( b) © J; 5 4B$3!© X 

4 x t ? x£%*.£ - £t£fr£. 4rLX£©,£ 5/<cB#^|f;g 4 rfc^fb©#] 

£iSS£;h£.

*3fc©H^©flJ£ti, 7C B#'^g^(7)t^|tf|fh, t/H£fflAT F ffl, MIftK t'P

'^-SHk, ^©jgS=£ L'C lraL:ibh?ii't^ii'iliP>?it'. zhbit, 

Q&WkfoiQ SLT lfcA'tz tf^ qc^A^-t ®IJE£ ftM'A#-/£t (O-C-

hi.
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1-7

'C SA tlALO l 'fciS iiO f' < . CMB (i^RicO fen^

1£LJiftftttoHA O <fc S . £o?g AoHA ttfi^K ioK feAB#o 

K^t  A flJO iSA rott^fjffifcfAx.01'*. c 0li£ it 6«t^A A 

ttfCLO-glftoA ftltiig^I^JL I o HIE

IS i©^

77 x-r) tvm^'mmwhx^zm^

it, A ifflAo t A v ft® X ft Saha <D3£(C . 15)

x2 _ 2 (2nmekT)3/2 _x /tT i q i8.3-68.5/ t -3 
1-x n h3 e ' (UBh2/lO-u)T3

(1.106)

fc t 0 Ax. bh h . /K lfiO d A W t^A / l-¥— z i = 13.6 eV , T'3= T/103 K O '

*s. stATAA fcoiiOx^ioA-fAo^o, (i.i06>o£i2A 1 oo

A O it r~ 103-57 K 0'& 0 , C AU FoStO 'fA lIJS C fC x AS'ALfC AoAtt 

IkA't'i'ts-. - O AA>fC l|JA i O Thomson ii(SLO ti|iP fflAc £ >

AS fAMioAA it, 'l^m®^,t.®^iS />^i7'CgcgLL/£</<cO , gifc 

HA fc^lSrt-% - itcAA . cot 5 fC TKHIfiAo A ttfbo to O , zD= 

103-57 K/2.7 K -1031 O E f#JP lict/H £ 0|&f££(decoupling)tf'cfc t £.

IsftffiitO&A iS tg tiffcA fiA inO A A , t £ t £ —f§fc£H FLO l 0cO 

O&AA fiSA A C^A A ix&AA A(tO \ -l*$HJfi§I --$fc £ £"

tZ> . &AA ftflft|g£H§ tDkt*AA fff#A'f  ft* A O

v(t)=q^v(t») (1.107)
a it)

AA* £

1 -7 'fAMW tfttf <h �  55

Id
vypdv-Q 

ghi>{ tDVkTD— 1 it)
g( t) (3
a lto1

ita fe
(1.108)

C C O T(t) = TDa(tD)/a(t). VAa f f )/a( fD))3 ft t fC A'ft* VoC O&mfeW . 

O A*A O , (l.lO8)O£i2it0#fy]tO O S it, T(f) OMftfe#tA#S ELO 

I'S i £4-^)5. LAL, C iiftA < t C i AoO /fSLO l 'A ,W ttt#foS 

Mot, 4 £ & Wc* ?, t figfa fc&fc -a ' -5 c £

fctt.f: ASA*.

IlftO A ffiO 'itffiMPe ltlR ft t A y AL O A 0 , tD A0SA4 O O F bA c S  

lt> AAhO O*. ^O lgH ft^ttSc^ic/c^ftfct *

ifiE liS . S t *W fcAz=A0 t OMfC^^fflO A C iifi', ASHA 

W  £ t/B £ O lS A fiffit  A f&i Oca6fC tet|-c §• *.

M7itt£®JtK i>0£'

AyAAAAfC jiOoA£AA ft', CMB ft 2 d —1031 A O O ft 

A Ocfc*. fttlT j, tMJ£A O O**:4;tlAoftA fiz-5 O Q S O Ocfc*. It 

ft[tjIA*A0 z oAA ttlftt O ilA fc&ttLOo*. ffi#.tl7ffl2;H*ftA 

oK|p oB#O fi(g(.tft^H$gLffi(last sca ttering surface) £ A ft'ii* . C O f:i 

�  t 0ittO li^A^M^iiSK look-back )(ttttgO-«fe^. 

r^-t^^O-oito^ttft, Z i It,

fife2 = c2dt2 — a( t)2dx2 = 0 (1.109)

O S'-AgtiT). B t^lJ / fcl^pjf Z(f) ^>6!*|-i-$tit;llL;-f7i'(z = 0 fc*j^M?i-gfc 

to fC jgL/ci-fiiJt, t

z( 4 c ra t
z + 1 =

g( tp)
a (f) ’ ‘ a ( 4 )

� rz(fo> =a( t0)x( tz) Ogtl^lfc^)^ . a^t2'3 ti'tUt

(1.110)

rtfo> = 3c^0[l — (1 + z )-1/2] (1.111)

2^°° O lfb.t, r„( to), particle horizon) t ! ' 5 . i ftH-

F&SLffii O ftiS lt Jr-Scto/^IO31 tT t^,. JO , fo^ftO ife^^oA t^ft 

r*( ;D) —3ctr, 'C~&'bfi'b, A iloflffctc.fe lt (5 A# ’ £ It



5 6 �  i %im—ms.

1031roo(fD) = 1031(10“31)3/2roc(fo) = 10"155roo( fo1

mw& LB-coM: m

Ad = M
_(4x/3)p( to)r£>( t^)3

1/3
- (10°-7)

M 1/31 h \ 1/3

(1.112)

(1.113)
1015M @) W

w mi c s l d b o w s^^o #* ^ $ p> k i® s^p >

(-)
\ F >M

8T\
T ' \HJ0) 3 ' 10 1 M(M)

(1.114)

A lWSJffc^C OB E S i J0-lO°O fr)glt6-Cm££^<O

112)1$ asov^x

10“1-55=i 6° i/to, x^i^S iiS ttk^il-'M X tr£>£.

z^lO^li&^jgO t, z —5tritlE S'C Q S Od'^x.

T *5 <?, * ©l$ftJ&‘ P>m« 4 t'K itt � * (O ilo*S*'»-e £X # �T1'5.
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