HEHEARFAFRERIEAH N
HHERERFER AUKBERZFR
BrajiisiiE E@AH

[(EFRIE YPEF HREH)

(EEFER)

ARI7AIVIE, 2018 FELIFDEMRIEDHERICH W THEEBEI NZEEDH
ZI/EH U TS (IRTORBEZBRIEHL TLIDIFTTIER), EieARE
UFzFEICHEINEBESE., OEABZERUZFEICHEINHEDR
HEET,

OSEEM Tl BEICX U TCBRZERDEENH D, £z, —f2 9 DHRES
NaE, ABDORMBEFICT R TORIBEXXNZERE (S URRI N TLVRWIES
EBRH 3, BBICK D TIIRICEVWTHRE T D EFIETRT 256055,



[OEEER  HREH]

iR

TNZHN ) —Y AT LD 4 SDOTFatRAEZRLELDTHSH, ZHITHOWNT
PIFORIZEZ S0,

Pressure

Fimitk T2

Volume — 5
M1 BFicBIF 5=y b B— 3 &2 fRICFE L2 S0,
fl2: o4O o ATy habE—2n2 L LARVDILED T ot 2,
M3 RBJRICHEE L TR 22 7 e XX ED AN EORA~OEEFH L
U,
fM4:flsotExnzr ho b —0ZLEITZEDLHIIZRESNDHN?

i

1 SRR D PRI A LD K 9IS, R0 N AR ¢ & & BT
DI pHLE, FORLOEIEN., KEZ ¢ BT AR N AT
HELT, ZORABOEALDO D HREXIZED X S IZEREIND D,

[ 2 IR O Z Ny &35 &, TOWMBHTRADOIED L H1272D
AR



)]

M1 21205 1 1ERNC DWW THEEBA L2 S0,
B2 : #2081 BRI A BEAEEDO KKICY CIIH A rE2 A, ST
Zp E L THBEORDLYVICHBaZH O TaPA a8 LZREOMERELE
FENAT MU ZREONE= RV —OHEINEEZZ 2 7R &0,
13 : 2 D& E2AWT., EFEEE (Cv) OEMEZTIH L2 S0,
4 : K[ED p+ Ap., AR a+ A o, JIENTHAT 2L LT ES )20
HBIEANED L HIICEKEDINEZ R,



B M1ICRTEDIC, BEENEBEHETESIRT L DVOLBICDODRMNIZEEm
DEEN., MNEAEE 0 TEIREZLU TL\DES, UTORICEART
Lo 7272L. AE O ITH1 DLDICHBEDRICHDETEIEET D,
1 BROBEEAROZEREEINEEZHPDESZHVNVTRULAREIL,
2 EENINEEZg&T2E. BROEHDEEARDEDSZRULETIL,
M3 WEAMEICOVLWTHERDEFHAREANZ LRI,

M4 ABEeMNTDNEVNEUT, TOEEAHIENZME T, —iREEZEKHR
AN

M5 ZTOROIREBDER T ZKedD, TOMMGAERY FOFREERTD
MR LT,

41



MRE K2R/ =1 2ILDEFEE—-FEART. AB. BC. CD. DA DIEIC 4
DOTOCRNED, COHICEAL TUITFOMICEZ BRIV (MEZE V.
ENZEp&U, IPICHDLDITREIX TI, T2 THD, Fe. RICHEA
Vg 28% Q1. Q2&9 3,

1 ANSBADEIXEDKISRTOLRANERALBET L,

12 BCZEDHENRZEZTRL. BHS CADELIFEDLS>BRTOERH
ZERBALBRTL,

B3 LS4 D0T77O0FRT.ROI OE—SOZENRIDDIEEDT

OEZINZEZZRTV, £z, FOETOIY MOB—OZ{LEETL
Aa AN

befr 28 R

Fimex T1

EH >

DNEHRE T2

B2



R SROITHRY FOEMRENIC DWW TOEH HIEA TH D,
d?x dx 5 _
moz+ ZmyE + mwix = mFysin (wt)
ASRBIC S DAL, B, mlFBEYDBERETHBoy For 0, 0o FTNTNFAICLS
BVWEHET Dot = 0CIRYFICHNVRIEBI ZE S X TDERDIRY FOEE ZEHERT D,

Fﬂﬁ1 '\"4[&__%23:0

M1 y = 0B&UF, = 0DEE. 0 « 1 TIHIRY FOESHHERN
2
mlm = —-mg0
EREMICEF D EEHPBE L T UETRDERS. IFRDEER, glTENINEE
THhd,
2 BI1OFBRLNS. IR FOEEAEIREI# w0, Z KD K,
B3 y # 0B LUF, = 0D EE HRY FOEBIDOFFRZERRE Lo
B4 y # 0B LUF, # 0DEE HRY FOEBIDOFHZERRE Lo

FIZEEE ;ko)Fnﬁ'I ~3(:’§Z<J:o
1 BAZFICHITDEEEBRDFEZZHALLT L,
2 MEDLEZE (IANZEHRBLET L,
3 B—EDYEICEZASNDRAEETNICLDERERIEDREFRZETRULATL,

FI:E%E }XODF':-‘?H'vZ(CéZcJ:o
1 BEEOEELEERICS VW TEEHDIDYDEEE-—X I PEFEDISIBRETHDH
ZERBALRT L,
B2 —RRICHADEELEFICH VT H 1 DEEE—AVFEADE-ATVFEDERIEE
DEIBREDHEEHRALRT LN,



F&E LUTOBVICEZGETL,

fa 1
{2
[ 3
f[4
i
i 1

{2

HRIHEDREAREREEZEVN T, TORMKRZFHALETL,

BHFOE 1 FNZHBALEET L

BRI OEFRMBAZ(EICHE VT, BAFOE 1ERIXEDL S ICRIN
SN TERULETLY,

BNFOE2FZEFHRALET L

LUTFORWICEZLRTU,

¥R a, BEMO—HFEHKEEZ D, COROEBERLEBEDIHOEINHNDYD
BHEE—X D bOEEAEZHBALGET,

CDIREEBDH DKFELISES. FIIXT U TKFEIZEWNTELE vo &
SZROEHICOVWTO, EFHAREADIITAZHRALRIL,



[SE5CaRR REfl]

i H10kdic, SETRSO—KE2ENS ENMEEORE Sg) ObL
T, BRm, $F o OBE—H2OEE, KE»OAE R 2 THE LIRS,
Bt = OCHMNICEREET. AREISEC B> TTRSICERb DL L, 20
MR x LT3 (AREOEG#TEICK | OREICEELT3). AoV
T, EOEGHE Y OEMEE—2AY R T L L, BLOEEY v, HinfE
Erok+3. ¥, MELHEEOMBERAZ f L L, &8 BRI
CERTEZHOLTE. UTOM1~R4icE xR E.

- X1

| C 2
1 MROEEE—AY ML, I= m—&fxé*k&n‘*bfxéw

RS 2 Hﬁmﬂﬁéﬁa?k,ﬁmbﬁBé%Akowf UTFoD (1) ~ (6) @
RIZE X R EW.

(1) AEDELO®, ﬁﬁh%otﬁnoﬁﬁﬁﬁﬁi m, v, f, 6, g%mwTE,

ER/ 31 |

(2) AgEoREOEESLSEBR %, Iw“fa%ﬁWTE%&éw

(3) AEDELOEE v L FGRAEEe OBREZR LRIV,

(4) mfmj HIZBITAAREOELOEE v, EATENE x, BEAEE 2 ROAS
W, EL, AEOBRMEE—AC PR OREEANSZ k

,(S)Hﬁwﬁ%wm#w¥—#ﬁrTé a%TL&éw,



(6) BEAf%Z, m, 0, gV TEBERI.

M3 onbaAKe LY KREL DL, AR RBLENVELS LIk 3.
ZOREGZAV, AELPHEOMORFIEERRE 2R LRV,

M4 MAENBEILEG, BRVELDEE (0>6) I22o0T, BUITFD (1), (2)
DORVIZEZ 22 &V,
(1) AEOELO, fEIZH->7=FmOEBFRX, BLUOEEOESHFRAZ L
NENFEELRS. 7L, ARLHEOROBESRREE: v &35,
(2) ZDHFRE, AEDOHEH TN F—IHMRELLRV. RERELRVO), HH
ik ~R7p X,



%R

M 2@)D & D IZHERBREET:, To, Te (Ta> T >T) D3H>DEJRA, B, C&
DLV BLY, WEEBLAEOCIVRYVZ2T5RE2EFZ X, ZhiE%D
EIERZ L2 5. PIHRETORDDBEST, T hobt™—%S, NE=T
FNF—%2Upk L, UTFOO~ODE S FEZ ZDIETITS (K20)).

O ZDZEIRA L BB S W TRRE THFEB 2 AV TRD Xt L T HERE

FICAHEEZITVY, RDOT Y ho b —% SIIZELEE5.

@ %D ~DEDHAY Z W L THFELEE L AV TR D ioxt L CHEFFAIZ

BEITV, RDDIBEZLICELEES.

@ RDAEENEB & BRI S B /RRE T HFEERB % AV TRD Ioxt L TR

EINZAEEZITV, RDOT Y o b —%2 SICELEE 5.

@ FZD ~DEDHAY %R L T HFEBEZ VTR D IR L CEFIIC(E

BEITV, RDDIREZTAIELEE5.
® RDHENFEC L BT EE AR S W RRE T HFERB % AV TR D Ikt L TR

BICHEEZRITY, RDOT Y b b —% SICELE 5.
® %RD ~DOBEDOHAY 2R L THFEEBE S AV TR D ICkt L CHEFHIC

BX2ITV, RDOBREZ LICE(LIE5.
BRIEOO®TIIEHNFRIBE, QOO TITHEFMIABRENLERINS.
@DBRIEZDRD DRI RNAX—% Ur L T5. ZBRIETHRD MBEVRA, B,
C MOEZITMSTABEZTNTN O O, O &L, 2REO~@%BEL TR
D NOFEENSRENT-HAEORINEWETD. THODORESCHLEITAD
BEER55E60H5. BIROBELLITEETE, 00 O O, W LI DOE
RAAFEORYVMVIIFELRNLDO LTS, UTOM1~M4ICBFRXRIV.

(a) AR (b) RDOIRREZ ML

I,>T,> T,

(XS REET,)

Sy RET, T> hOE—S, REBIRILFE—0,]|

\(@%ﬁﬁm } JIRIEOD | ERNEEEI2
=5 [T, IT> hOE—s,|

; VN GORE ol
OHEQ, | fREn, T> ~OE—5)|

W s . ¢&W®:%§W%EEE
= D 5 g BET, T hOE—S,

D SR 00 [ER| JIRIE@ ; SN AER
RET, T> hOE—S,)|

JIRIEG : RIS RIEIR

j RS
AHEC J 1BF@ ; ERmbieTe
(HExtBE T [RET, T> ROE—s;, RAITRILF—U|




1 BHESE 1 EACESE, O~@DRNERIELEZELI-RD ORI
/l/f‘_%'ﬂﬁUf-UO% Qa: Qb, Qc, W%ﬂib\fibﬁtéb\.

2 O~@NBNFRIELRXEEZBLAERDOTY FrE—ELS - S % Ou O
'QC) Ta, Tb, Tc%ﬁﬁ‘/‘fﬁbfié‘/‘.

I3 0a<0, G>0, 0:<0, W=0, So=5& LicHa, O~OnBNLRIELE
DFRERE LTRDBEIEB SRR ZZITMoTHRA L CltHELEZ &
CRB. ZOLED Gl QEENEN O To, Toy TEANTRLRIW.
2B, B20ZxZHAVWTRL.

Bld 0a=20, G20 (L Qu+0p#0) &L, O:<0, W<0, So=S3& L7
e, RDIIBRA, B OOBEZITERS THIR C ITHRT S & &bz iR
Biloxt LT T58B L RRE 5. Z OBMEBIDRIRE R D B 7 HITLL
FTD20o0DH A INVEEZXD. T 0:.>0, Oh=0% LTO~ODRSFHRIE
FIVAINMTI. TNZH A7V ERY, TOHREMN LTS, KRIZ Q=
0, Ob>0&¢ LTO~ODPRNFRIEEZ 1 YA INITH. ThEVAINL2ELE
W, EORRENLLTSH. (1) ~ (3) OBMWITEZXZRE.

(1) MBIXUOM%Z T, Thy, T.ZHAVWTRLRI.

(2) A2V 1 EFAL TN 2 2EDETRDBHZERICH L TITo et EOR
% Qs Ob, M, MEANTRLRE,

(3) LEDHERZRAWAZ LIZLY, ZOBEEEE 0, =20 & LTEINLIZ L &
DN Z Ty T, TeZHNTRLAREZV.



PR %= P s TirEsAE, [ (D] KikdpTIRES L

ZANT, BEE—AV MBI 2 TOXEZTELI LRI .

[EH&E M offitko, BEH.O G 2l b H 580
TOYVoEEE—XA VL I PALNTWDS L X,
Z Oy & AT CHRRE 4 BNl £ Y DIEMEE
— AVt I &32E, I=Ig+Md?, »AKYIL
2.
CZOEHMIIUTOXSICAEHT 22 L3 TE 3,
M1okoic, Z@ipEEF0 G 2#5 XYZER
JERER, B X TN % PATHEN L 72 xyz 1B HEAE R
e b, Zil 2ot d L L, T ZE N
TbYVOEEE—AVE Ig &1 &2 5. MIEKNOEEDORPICOWT, ZRZEh
DIEEER CTOREE, (Xp,Yp,Zp), (Xp,yp,zp) & T 5. T/, xyzZMERICE T 2HE
b G DFEER (xg, V6 2e) £ $5. M P& Zihbs X Zihe o2 2N ZN R, r
&L, HPEFEOWMNTSOREEZ dv, BEERkpL 358, TNHLOEZHTZN
ZFnooTbh oEEE—2A v ML, EFEICL-T,
Io=[[(D]dv, 1=[1)] dv,
ERING, 7 LED AR 2AEREICEET 27 THE. R? & 2 BEZhEh
XYZPAER & xyz) BB RICB T 25 P OEE T ET &
=L |. 2 & ]

2T X, Yp X Yo EHWT, Xp, ik Xp=[ (D) | e=[ () |t kN3,
XoT rt= DA% Xp, Yp, xg, yg ZHWTERT L,

X 1

r2 =] CH | -
ek 1= [[(4) Jdv cffAT 3 &,
I =] ) | -
ERIND, 22T, M= [pdv, x> +ys2=| (&) [THY, [Xppdv, [Yppdv X
| (21) | e sl cruchrcLrb,
I=1I;+Md?,

BRE S,



fiRE EAOEENZEET LU TFOM 1~ 2 1I2&F 272 S0,

M1 —kkENS (EHINEE g ORES g) ObET, EEOBENTICN 2 ihim
(- TS ER (HEm) OFEHEZEXL. K2IRTHY, A0 ZFmt

X2

L, x il 2K 5510, y il & SniE 5 m &3 5 HERICRE W T, Eliﬂﬁ@ﬂ‘ﬂjiﬁiy:E

(NIEH) FERINDLETDH. HaOEERNL, xy FENICREROND ET5. LL
T (1) ~ (3) OREWIZEZ 2SIV,

1y

9}

=v

O

Xl 2

(1) BRIZHOWToOER FEREXNZRLARSW. 2L, BEANMtEm» o=y 5
EFIHORESZNETD.

(2) BROINFHT IV —=PMEFEEIND T EER LRSI,

(3) HANx=0fHITHUMREIT 2 & E DB Z RO IV, ZDEE, BUMR
EIERENE L TEEITE 20D LT 5.

M2 RN, HEORRS NI y=u(X) tREINIEEEEZXD. 272
L, u(x)iZx=0CH/MEU)=0% & v, 7> _FEEREHMNU(0)20 THDHIED
DRBAEE T 5. EAD x=0{L THUMEENT 5 & 22 RD 7. 2
DL, MUMEENIHIER E L AL TES b D LT 5.



Gl KB DOEFFRIWZUBRRICEE T 2L PO 1~ 4 12& x e s v, 2721,
WD —DDOES) R
TdS = dU + pdV

oU op

| =T|£]| -

) -l o
ZRHWCTEW., ZZ2C, V, p, T, U, SiZEhTh, K, £, RE,
N L ¥ —, = hob =45, £, [EEHER L L, HESKE

W sk
oT |,

Vv

J ¥ van der Waals [ /&IZEB1T5 1 mol H72 0 OEREEETE C =(

ERTR LT R,

11 REEGEK pV =RTIZHED 1 mol OEAXUATIL, dU=CdT &7ebH L%
RL7REW.

R

2 1 mol OEARG KD YESHIITEGETL (dS=0) IZBWT, TVS =const. (E%)
DOBEARNER Y S-S Z &R L X0,

i3 REEH R (p+%)(V—b)=RT (a, PIXEH) IZHE D 1 mol @ van der Waals

R

KURDOUEFRIWBEFE (dS=0) K%wT,T@u@6=cmﬁ<E§MD%%ﬁ

RO NEDZ L HR LR S,

14 IS, OB L0 B S 2 RIT 2Ot XE O MEFFRIB B RIS

WTE S B RREFRA pV=% ICHE, NI R L E— R U = TV (a2 %)

L R A NARIEOUEERIMEGERE (dS=0) IZBWT, TV = const. (%) DR
YN A RVAS N N DY Y AN



Bl R1DOX5IC, ETRED HKREAHOG LT, KERKIZEESHT

WAEER DHERN DD . FERDTE LN SENITNIALEIZ, $2r, EEm
DI FR I BERM e FFORE DR THNCFEB LI 25, BRIT¥KREE
LFIZENY, TOR, BVIXIUHE. 22T, BRE2EERD EIZoRED
TEENODMNEBEDOTHIT TN ENE LTERTEZ DT 5. %,
EROBELZIEDREREE Y DEMT—AVIT, EERoF L EEROBBLEFEA
FPEMEBNE EMEFREDRTAEZO, RELEOMICEB BEIDAE S
2F, BEHAOKESEN, ENMEEOKRE SE gL L, sV BEEILE
PRNED LTS, ROBEBOETHAEZ MV BT ML EF, RO
BONGEEROFLEBWIZEMARZ ML Ei LT3, LTORM1~M212%
ZTRSUN, '

FI1 BRASEERZIES TICENR - T D & & OEENZOWNT, /A (1) ~ (7).
IZEZ 2S00,

(1)%@EbwﬁﬁN?FWﬁﬂﬁ®k%éwE§®%%%ﬁwﬁéw.

2
v

(2) HOTLOMAESY braita-"l5r i LRED L HHEST |

r+R

DEITIT I DR LR E .

(3) ROBLEHZOWNWT, §7 ML iRy MR- I HAOEB T ERAE
TNENILTREN, |

(4) HOEERIZET BB FERXE ST TRE.

(5) FFILLEERTHILLED, ROBELAY DREAREDORE SE o LT

5.@6&w%##6%tw®%%%ﬁb&én
(6) UTOBRAEH LS. £z, TOHEMEWRLIHA L2 X0,
1 2 1 \(do\
—2-m(r+ R) (“ZF)(E) =mg(r + R)(1-cosb)
(7) BEAHF, BEMANZOOBEERLELTRLARIW. I, m, r, g&AW5
Z k.



2 BRIZ0=6, FTER -7 ZATHEY DT, BRELEROMO% L EBRE 1
B0 ZHNTELAS . T THROBEE e LT, [=Zm? 20T

K.




Bl SROICHEEMOES UT, EEMEWS) B8’dHY, 72, O b
BBt r DL ZAICHEM AT/ 2EE m OER BT, &
BEmEWnd) BHoT, BEamd, EEAMMLEESAZZTT, &
WTWBARIMEE XS, TOER m OPEZRDZV. TOEE, ZDFR
BETD 2 DOREFE, T742bb, AESE~Y MBI Laplace:
Runge-Lenz X7 kv (BEL~7 bV, LH\ D) 2IERT 5.

% t, O 28R ETAEA m OMEBRY Mk r, BA m O
EX7 b vE v, TESNEEZGLT5H. 5L, EaimlE, KOE
R (D IcLiEnd.

d 1r
mav = —GMmr—z; (1)

BAEEDZYOAEEBENZ MV h X, ROLIICEESNS.
h=rxv (2)
%7, Laplace-Runge-Lenz X7 kL e &, RDOLIIZTERINS.

_ 1 .
e=-G—Mcl7Xh)—; (3)

UTOR 1T~ 2128 %72 &\,
B, BEICHZY, LEITSUT, ROXRT NVEH OAREZHEN
7RE,
A-(BxC)=B-(CxA)=C-(AxB) (a)
Ax(BxC=(A-C)B-(A-B)C (b)

11 BATFoo/R (1) ~ (2) IZ& 272 &0,

(1) X @ 2FHALT, X Q) TERBEINZEHMNEED- DAEHEN
J MNVRABPREFEETHDZ EERLREN,

(2) X Q) OomBEhLDAFEELDZLIZLY, X (B) TEEIIT
Laplace-Runge-Lenz X7 hl e PRFETHDH I L ERLARIN,



2 M1 TRLEZEZAWNT, UTO/NR (1) ~ (3) IZ&ZRE
VW, 28, e=lel,h =|h|, LEEL, e &t rtDRTHAEZLT
5.

(1) AR m O#ER, —2>OFEDOEIZHDZ EEHPA LIV, £,
Laplace-Runge-Lenz X7 b/l e 23, O 2R &35 &, TOHPEFE
DEZHDZEEZBRBALRE.

(2) % (3) OFWLL r & OWME LB ITL D, BEOFRROBEER
RTHDHRORK (@) ZRDRE.

L

r=1+ecos6 (4)'

=77 L,

h

]
Q 3
S|

95,

(3) 0<e<1DHFHIC, PUBVHEHLRDZ L%z, X @) HHEREEC
BT oMAOLRROBER2EHTHILIZLY, RLRSV,





