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J=HA UL, IRD 4 DDA FERE (HEFEE) ZRH U CouORBIZRSY 1 7V %
W,

(a) FEZ R G

(b) W&z okidfe

(c) S5 HE R

(d) W HE R

R RERE (a) TIE, RISHOSIERE (DA, BIRE LET) T OEREVEICELTE D,
RIZEIRBIED S BEZ TS, FEMER (c) TIE, RIFRE Ty (Th < Ty) ORIEREJE
WELTED, RIMEEBRABEZ T 5, ROASERBFE» OZ TN 8&EZ Q,, KIRE
AT 28EZ Q 2358, 1 ¥ A ZNVOMIZRMIRIZ LTI B(HE W 1%, Bh
FHEIFEWNED, W=0Q,—Q2 725,

— I, RPEREVED? S Z T A BEIZNT 5, RPIBITH L TT 24FHOEEG % Bk
BDBMERL WS, BERE n LT 22T dL, ROV —H A 7 IVDEEIE,

W _ Q1-Q
1
= Q1 Q (1)
Thb, NIV =147 VOENRKR %, (FEYEIZLST,
15
77—1—?1 (2)

THHEZENHSNTWS

PARTl, Th =T, T =T - AT & U, 2D X5 IZ/EEME L UTRK 2 HILFRED
KEEANYOMWEZY) Y E—HIZHLRAD R ZREL, KEKEBEANREBIZHES 225
DA Di#E (a)~(d) IZ> TREHBIET D, ANV —F ANV %2EX S,

P (#5E)

AR - IXHE )
! | T SEmE
PlL__
B 45 \ \\gﬁﬂ
P-AP |~ - =
W 14 T-AT:ERER }
Tt : -
| ]
[ | |
L L,
ViVy Vo Vo Vv
(1&H&)
X 2. %R 2 MHILAFIRRED K EZEEME L TNV ) —H 1 T
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(a) WRE T, KV, C2MHILFREICHE%%, WE T OERBVRICHE X B THRE V,
FTCHREREED, ZOM, RIFEE Q1 2L THIKDKD—EBKRILL, RD
JEH P XiRE T ORIFZEKIEIZR =05,

(b) REEIREAJELSEIOEEL, BWEAES Y2, Z0OM, ROBEIXT »5 T - AT 2,
JEJ3l& P 526 P — AP (249 5,

(c) REWE T — AT OKIREAJFIZEMI ¢ CHFRITMHET 5, Z0OM, RIFEE Q) 2K
HUTKAELKD —H2HA L, ROEI P — AP IXEE T — AT ORIFZAKITEIZR T
ns,

(d) &&IZ, REMEBJELSUOMEL, TOEKE Vi ETHEVERT 5, 2O/, ROiR
Blx T — AT 225 T2, EHE P— AP 25 PIZZ4L, TOREIZRS,

Z 2T, RIFIKARKDIREDME - T F KD —HHEFE LU TR N T % SRR @R
(a), BV, KELKD A L CTARBDRA 3 2 SRIEHHBE (c) T, EhEEhEh
DBEOHMELRTE PBLUY P— AP T, —ETHBI IZEEL LS,

1 RE T ORINZASKE P IZBIT2HRIREDOK 1 ELVHD DEEE Vi, KESLE
VT DREE Vs, K1 ENVDHTD OEFERE L 95, BFE (a) ITBWTHEE
WIS 280 Q 2o DmE VW THRYE,

LY A 7 NVOENRDPMRITT 2HFH W X, X2 ODin'ﬁ“bE“CIT_EIﬁﬁ/TIi?I’Lt R D T AR
IZFELW, WE, ENEM AP, WREEL AT A mizha <, HF W

W= (Vo —V1)AP

LEflTE s L9 5,

12 AV =31 27 V0EGH% (1) B (2) TFE LW E2HWT, BEfA

AP L )
AT " T (Vgas — Vi)

By, 272U, AT T &EELUTEW,

X (3) THEZR AT PEE/NOMIREZ & 5 &, fIRZEDIREKFNE 2RI UUN DR

RAZRG5,
dP L

- = 4
dT'" T (Vgas — Viiq) @)

CORFIIVIIR -0 RA4AVDR LTINS,
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13 IKFSKDIETE Vgas 1< SR, KDEKFE Vg DEGITED L L, £z, KEKDIRES
BRAZHELADOEOTERT S L, R (4) X
1 dP L
P dT ~ RT? (5)
YA ERYE, 22T R IIEMAEKEHRTH B,

f 4 D Ty DADMREGIEE Py & U, H568 L AMHEIC X550 Y Lzr %, R (5)
ERH LT, B T ORRIELEN

1 1\L
THALND ZLERYE, T 7T explo] 1TFEHBEE e KT,

M5 FEHNzk2E, 0°C BLO 25°C OADEMALITEIEX, FHUFN 0.611 x 103 Pa B &
V' 3.17x10° Pa TH 5, & (6) ZFWTKDERE L 2kd &, 72, 27°C ORIA
LT Py 23kD &, 270, GMEER RIZIEE 1 IZEZSNAHEE WV X,

IKDFEFEED FEHIEIXIRSE 25°C T L = 4.40x 10* J/mol TH Y, IRE L & HIZhTHIT/N
XL BBZeMHoNT WS, BAFRTI, KOEFKADEL LT, BEIZEST L =44x%x10*
J/mol ZHWT, #MIZEZ X,

f16 KOEFKEL D55, MEANDLFE P(Vaas — Viig) ZHUD FRWT2E D ARG T3k
DOMROETDITBERTIINF =L EZITE, 25°C D& & 1 HDKDFHKFD
SIROHTDIZBERIINFY— U, 2RKD &, £/, ZO U, &, TOREDKSF
D HEEE) T 4L F — OSIIME Kos OIS, [ 3 LB, Veas IZH LT Viig % R
LTV, BERSR T OYHEROBMEZ AWV X,

AXHDKDE EREIEICE 5 ARDARENE

FAAKSEPED AR DIRE D 25°C 725 27°C £T 2°C B LAZE E, LRAEDOKAKDERIHE
NEED 70 ENFEHMT 2 02HEL, HKOEE EFIZKONENENIFEHINT 5
RNV ENEZ LD,

mE x TOSUE GEXRE) %2 T(z), KR&E%Z P,(z), R[RDKEK[DEEZ Plx) 95,
T(x)=T0O)f(r) &L E, BHIZX2LEE 2 12 &5 FHENLKEORE NI,
_q_ @ _ -3
flz)=1 QP(O)Q:’ (a=6.0x10"" K/m) (7)
LEzon5, 72720, T(0) ¥#EH (r = 0) TOSETH S, FmE x & U TR O HFH
0=2=10'm 2#&F25Z i, HEOEE T(0) 2 0°CRRELLTH, f(z) DF2

TEHIE 0 < %x«m YR, H1EE DR AI N,

16



%7[%ﬁxwﬁﬁjmguﬁ?éﬁ«»w@ﬂ%%&%fmmajéo1>7§5x@
v x,

Py(z) = Py(0)e™A* (8)
YIEPTES, AR, 27U, T(0) MAEMMSMEEA D X DBIETHY,
M8 KR&UE Pu(z) DEE = A7 E RO,
(a) Bz LBIFBREDEE plz) L LT, EHZEBZHLEHOHNY AV Dk %

i,
(b) ZhzfE Z&iz&y,

i) = 0o |- [ g0

LRBIEERYE, REL, P(0) BEETOKRSETH S, 7, BRENT
L& 72 b OVIIEED M, OBEMSMKREE X,
() flx)=1EMTH L

Py(z) = Pa(0) e 7" (9)

YEREL, ZD B EKRDE, £, T(0) EEEDSMNIEL D E OBIETEE,
MBS 3R 1 OYHEEOBEE WV X,

T, ZnoDRAZMNT, RRDKARLRDEPREAAKEIZ RS EEEZRD LS,

9, BEOEFICONTREE Pu(r) RIEAT 5. KGOKELNE P(r) b RKAEI
HHIL THAT 5, Thbb

P
= 7.0) (10)

CARETS B

O W TOAELSIE P0) L BIRIZELKE Py(0) O g (1), $74bb

Y45,

(a) TTICRD= Py(z) B Py(z) OEELEMOR (FnZFhX (8), (9) AV
T, KELGHEDVRHELRTIZE L BDEE o, DRAERD K,

(b) ¢ = 0.6 THEIREH 25°C D& &, KELGDELVFRACEIZE L RDEE 2,
IR
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M9 DFERIE, ¢ <1, T72bb, BEHTEED 100% TR TH EZTIXEED 100% 127
U, TNEY ERTENREETLIIL2EBKT D, ThbL o, 1T IEXRETIEHE] 20
SZET, “BEDEE” LIFIXNTWS, HEH TOWED 100% DGEIEEE IXMERIZ/ 5,

Bglc, ¢=1, $hbb, HHTOKEINEPMAELTICEL TS L LT, ik
DREAT G ENDEAERCY 72 0 OAEKOEE F [kg/m?] £Rkd &5,

NAMPy(z)

10 ZOHFLIIMAT 2L, GE v TORKOMUAIKEAKDEREE ps(v) 1 RT(2)

THEALNDG, 772U, M I3ZKGFOEETH 5,

m)%@N:ﬁ%¥%$2®ﬁM®TT,F@%ﬁ%ﬁ@iokﬁb,:@ﬁ&ﬁ&%

D x THOHILDEH X,
(b) #EKIEEED 25°C BLUV2T°C DL ED F Offi, Fos BV Fyy 2RO &, 7277
L, fARZASIEOMEIE, 5 T5E2oN~2d0D, BLUOZFITRODEEDOZ AW E

RLAHFIZEHEENDKAELKRE F I BEKEEFIENS, EOFERIE, WEARDO EFRIZEDE
ENEINTA2Z L Z2RIBLTWS, UL, HERERE/IIZE D ZNFNOHIB O KNI E S5 E
B350, ZZTEBFREBLTOVRVWEDORERKLADRNG Y, BHLTo2AE0hbo
TH D HMTIERW,
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B4 (70 50
FRINBDHRE ERERE

SO HANRREE TH 2 EOWMEEZ THEL S,
K1ig~AnvyyaZLvys - IvywivK (HR ) 2REENS, il DROREEE & E
(BAIISR B 72 ) DT XV F M E) 27U b0Ths, EHIEE LY, HR MO
ORISR, EhSHIE BBERYL RoT\Wa, M5 FIh TORINEEH
SNBIEMD, TORNEERA, TICHETSEE ERIELILR, 1 OYEENE
EFEEIEA LA S, 0 ERIOWIIEREEXLTHE S,
GAIA’'S HERTZSPRUNG-RUSSELL DIAGRAM

30000 700050004000 3000 KEERE [K]

0B A F G K M Stellar type
—10000
—1000
0 ’Giant branch —100
| 525
= -10
o] ~
r ¥ ~
5 L Il
R oo ~ o
< : EXRS P
':R & Main sequence @
: —0.1 K
X
R
—0.01
—0.001
I I I [ I

0 1 2 3 4 5
—&WUEL B (BP-RP) LYK=

BJ 1. B FHEBEBI OB E 71 7 (Gaia) &, SRIRDKEE L 3R %2 T 5 Z &
ZH I E U, 1000 fE1E S 0 1E 5 O AL E X HE) O JlE PR 4« DY EOHIE 21772 > TW\Wb,
ORI, HATIZE>THIESINIZEIZOWT, KGNHER 12 U-EDNE L %240k
iz, BRORMMIRE T, (B K) 2 BHIOBEIZL TRRLEZEALVLY S a TV T - Ty
VK (HR K) TH2* (L N H BB https://sci.esa.int/web/gaia/-/60198-gaia-
hertzsprung-russell-diagram),

*1 Ao B D IZ BT OHEBZ X124 A 7 CHIE LU -HBEORBEDOAEMIE L [H1 7 OMN %R, 4
I DMERNIZ R U 72381, FNITMOBEZ MG L TEHEMIZHE LD TH 5,
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1. WEEHK

e i BUE BN

B2 R DY c 3.00 x 108 ms~!
HEBIIER G 6.67 x 107 Nm2kg 2
B DE & mp,  1.67x 10727 kg

Ry UEH K
HE B 28 P i B a

1.38 x 10723 JK-!
6.02 x 10232 mol ™!
756 x 10716 Wm3sK 4

DIFofMTIE, BiE, FAERPSRD, HRIFFTOLDOEHDIZEHNIAHE L TWS &3 5,
/o, WHEHRRIZGEZ oNEBOR S & BUEIZEHIZHVT LW,

11 B2 ORAKORRIZ, BOWNET, dbn o r, HEm OEREz LD, O3 M
D, FEH Ar, B Am OHF@EZA D, Ar & Am IZHUNEE U, BIRNDOEHLIE—
Efl p LAY, WNEOHZEL 2L LOHIFE L T2 & e dniE, B ERIZ

Anr2Ar £ 725D T,

ERTIENTE D,

Am = 4mr?Arp

Am — 0 OfRZ & 52 212&D, @E@@Ij—r Z, r & p THRYE,
m

BEX Ar
Bk { BeAm

B p

BEOEE M
BEDO¥YER

2. SEOWrm DX

DAFRTIE, BEm 2HNERE LT, B r XBE p RXOYMHEL2 m OBE Ak

Mo
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il 2

il 3

Al 4

BlE, EOTIEEL LD & T2 NEIWRIT LS LS ATADENIZLZHEDPHD
B2 T, NFEWEHPREIZH 5, BRIz <ENIE, NUOHT AP @< EIDAT

HBINS, AMEEIEELT
_GmAm

)
L%, —F, BAHEMED 0 I TAENZ p LRiIE, B&IZEH < TADEIIT
EBNFNMEEIEL UT, HEOEM 4mr? 12, HOWNMIRETOES p(m) &4
fRETDEN p(m + Am) D% Ap = p(m + Am) —p(m) ZF U7z

—4mr? Ap

12725,
Am — 0 D2 &5 Z 212k D, %Bﬁé&( fwa m&r, BLUOYHER G TXYE,

EOHLTIE, BEm =0, $%r0)=0 f»z%o EOHLTOEEER p(0) = pe,
JEN% p0) =pe T 5, —F, BORMETIE, BEm ZEORER M 2% <,
E7-, BOYRE RE92%, r(M)=R Thbd, RETOEE p(M) &1 p(M)
&, ZNEN pe & pe EOFHTINIVOT, T p(M) =0, p(M)=0 &7 5,

(a) M1 TRkD7-EBEIT .
,

dm

= f(?“, p)

OHTRENT WS, £ s—; 2RO L HE 2 OMO r(m) OFHOLE(LE
YU, HAD r ¥ p ZREORLE KEDMOFHEE NS Z L2k D, p %,
M & R T#HH,

(b) [ 2 Tk 7z EEAEIE

am =g(m,7)

DI TRINTWD, Eﬂd ZBOHLE R E DD p(m) O DZALHE
LU, HAD m & r IZIFEOHLERMOMEDEIEEZH NS Z 212X, p.
%, M & R, BXUYHEH G THRE,

(c) EoBEREL Y%, TNTNIUEOKGREDME M =2x103%kg, R=7x10°m
EUT, p. & p. DEIEAEZ, ZHENAEBT 1 HiTRd &,

BEOEMIIKETHDE L LD, EORLNHTIHEENLEH VO TKERFIE1 4> HT

YEFe ICEHLTWEEEZONS, £, FARBELGAREARTIENTES,

(a) HLTO HY & e~ DR FHEE (BAAFED -0 ORFEH) OMEREE D, H
ADWE T, %, M & R, BLXOYHETEK G, k, m, TXY,

(b) M =2x10kg, R=7Tx10m & LT, T, OWIEHEZ, A% 1 Tk X,
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FOMTRELE <, RENXREIMENDT, TXIVF—IZBRMIZHN SN TR NS, &
Br LT, BEEXDLS50VDHAXITHWNTWADTHAID, TNE2EZLE-DIZ, LTE
I T(m) 122V TORBS T AMNTHE D,

m

[l 5

ZITIE, TAAF—@FeTH (B OEHTEIEND L LTHEE S, EONMBIE
FIZ L o TRFULSAEIT, A AV EEBFITEIDIBIN - XD, J Cbs - 7

M) OEFHIEEUSAHALRED (FU XL - Ur—2) &igh, 1 PEAmEC
O SHEHEE, BOHMETIEE Y FA— MVEREIZEHE LW, ZO#ETERE Am,
W% r(m), B Ar OFREH AHEER? SR 2 HEEZTHD,

R BRI B 72 0 ITIRIN S N B RN O T 3OV F —&id, BRI AS 3 2 BLALIRE
HIzH DTV F—i& (WEHHE) ((m), MFITHBDES Ar 1B 2 &3z, %
DIHEDAZERT DEAWVIZEWKD, T2 T, BAEEDZY OREHEE k1 QRITI
[RE)UHmETD ednid, BBICBINE D T L F — %, HARE B0,

kp LAr

ERIND, £oT, HlHEE c & UT, BRI, HEH»S

_ g,
C

F

DIEEIT@ N 2%IT5 I L2535,
— T, BEHE prag 1, TE T O 4RIZHHIT D Z ERHoNT WS, ZOHHIGR
L, WHEECHEITEND a D1/3THD,

a
Prad = §T4

rRIND, LoT, B U TE<IEIIC L4 ME DT F %, BREOmEE 4mr?
2Bk D NMIEKTH T DS E praa(m) AMUKRE TOHEHE praa(m + Am) D7
Aprad = Praa(m + Am) — praq(m) ZF U7 DTH S50 6, NHIRFITORE T(m)
MUK CDWE T'(m + Am) O AT =T(m+ Am) — T(m) 2 HNT,

4
Fz—Mﬁ%TMT

tHrERING, T
Bl EDERIIESE, L T(m) 12oWCT O j—m %, 0 r T, 5, BEOW
HE a, ¢ TEHE,
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M6 EOFLTIZL0)=0Thd, £72, EOXKM TOWEHFHE (M) IZEDONE L (2l
ANCRAQRN
(a) [ 5 TRD7- ALK
dT

% :h(g,’l”,T,fi)

DHTHENT G, FUOUMH | & RO L K E OMD T(m) OFH
DELRTEEHZ, LD (, r, T IZIXEDTLE R OMOFEMEZ A,
Fe vk EERKRTOVEEME (k) TEHEMZDLZLICED, BOXE L %, M &
(k), BLXOYHER a, ¢, G, k, m, TEE, 772U, EOXKHOIEE, b
TOWRE T IZHRBE e +DIEVDT, ZZTIH0 AR LTEN,

(b) BEOBEREL¥RE, TNETNIIEDOKGREEDME M =2x1030kg, R=7x10%m
YU, (k) =102m?kg™ ! L L7z& &, BONE L OBIKE CELIIZ W) %2, &
EF 1 HiTkd &,

M7 RORMREE T, 8T 5k, Bhs BRSNS EET ALY — (B0E)
LiE, T, ®4ReRAEMEOFICHHIT S, BOLE R 5, BOEE M ITHHILT
WB Ll L &, [ 6(a) DREEEM T (k) 2L © T, ffet (51 BT 2
m) &R &,

Bk ETRO Mo TV A ED di WA DFER 2 R, BITED KB O F i i% 47 (H4E & R
LEoNTVWDS, TNFEERWHFMOGHNRFALE LT, ERIED I 3 ILF —EGTEIE Ul
HTOKEPSAN) T LANDEBERISTHD EEZ NG,

RIZEENTZRHTIIKEDANRSK D ETH 72 LTH, EOHFNETKEN HIET 2 £
TKEZEDERMARIENRED &, PR TIEANY U ARFEIKME KIS 22 U T RER %
BT 2 L5125, FRRIZ, NV DYLAPMETS L, KEPKMEEZEITEIIIRE5TH
55, LnrL7ahs, HR MIE, KEBEGRKIGHEE TV ERVIEREO RN, EHEIKIZE
BTHhHdILZRLTWVWSE, ZHEESILTTHA 50, W OLDOFRHNEFEDS>H, ZIT
I, GG ED T 2V F —IGTHTH 2D, HAHOBBEIC LV RLREZ2E 2
THED,

M8 KIZ, EOTINF—HEHAENTLSTOANY Y AR TEOMMEDEEE, k%
RO GDGES, EONEIR, ERINEOLZLFEUEETHIELLDS, K
HOMMEMKIETIX, KEFRFHAODDSAY D LFEFE 1 OWBEL, AU 7LD
ARIRTI, NV ALFRTE3 DOPORZBR L DHBEL S, 202 e, BLY, K
#% (‘H), ~V v s (fHe), % (12C) OFEFED, ThEh, 1.008, 4.002, 12.000
ThHhsdILIZHFEHLUT, KEQORTEEDEMA SKIGH T 2V X —IGTH T b 2 I & ~
VD LADR T EOBBME KNP T 2V — B CTh 2L DEZI DL ZE Kk X,
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(a)
CcC =
(b)
T =
8 16
(a)
P =
(b)
o= , hd*=
(c)
d=400m DL & c= , h= V=
d=100m DL & c= , h= V=
d=25m 0)?:% Cc = , h = , V=

=
o
I
=110
—+




MIBF v L Y 2022

E2f MEBEAK 15 H2FrLUUES K4
1 4 15
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A g
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B3 MREREK 44 FE2FvLUIUES K4

9 8 i\

(a)

Ty =
(b)
Ty =

R 10 9 M

(a)
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(b)
Fys = , For =
s oot
J=§

13




MEF v L Y2022

BAP RERE 14 B2relLUUBS| | &4

R 1 5
dr
dm
R 2 5 M
dp
dm
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(a)
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(b)
Dc ~
(c)
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(a)
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5 —
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a
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