HRFAROERLAHZET, COMEMFOPERTRVWITEEA,

LS4 IR (BR8] 6 450
AR [ 1] %2

EERHE |6 ¥ M R B F

B
T
O

- Ji9
i %
SM64E1H25H (K) 10 ¢ 00 4 ~12 ¢ 00 4

RES=¢ 30

1. ZBEIVOFAITEIZIRRARLTE L,

2. Hlo Bz, $heEE, ML Ta, BHoB»FOHEEINATWVWE D OMITED
%W,

3. EEHER Ax—F7 3y, BKRHMNGREOEFERSEILTEREZ -
<, #iﬂ@*kbi90(77 LEDE BT IHEIERT 2,)

4. BMOIERIZLIZ2-> T, BEHICHERF L X CRREBRK LIRS 2,

IFF 1 ~13 =Y, £YiFT 15 ~ 29 R—, Y |Z 31 ~ 39 R—, ¥FIL
4] ~ 46 R—, FEE |3 47 ~ 58 R—YTH %, REHMILRBERNEE 2 &
21¥, AEt2HTh B,

BTExdnE, Frdr P CEEZFIZMLE 3,

5. IZUOICHEMTFoRBRBRBEBMICERLE-EBZATHIHrZA, RRES,
KE%rit AT 2, BETH3RERMBIRRELRLCHDERIRT 2,

6. OOVWTHERMIIRRES, K4, IR, HABRBIB AL, ZhE5M
=735,

7. RERMKIZ, ELEA =23 NTVWEWEAIE, BETSHZVWI LD
2,97 —2 (—Flic<—2 %28 3%) ShTWaHESIR, EEOFHRHA
2% 5,

8. A XMEDOME IEERBEIMICEFEEDLED, ATV L I ITTEIC
£<,

9. MEMFOZAIPMIZIAERHE R SICHEMA LTI W, UDEEL TIXw
7w,

10, #EAEH IR v,

11, MEMFHLIUBEREKIE, WIThHFLHLTIEEL RV,

2 wWE A H OE ¥ HE
B o— FE K K %




1t




-

T 20 EH B,

1~18 3w —0 o— FARDEETH D, TNETNDER
BDZRFOFNSRBESE 1 DEY, BERKICE 1~18
DI THEFZEMETHY DORT I &,

19 B LU 20 FERAKXDEBTH S, BULREEZ, #
ZHREDIEERAICEE DTS &,

WHWENONIE, Z7ARAFOEH MNM=6.02X10%/mol,
SHEEHAF=831X10°PaL/(K*mo) &L, BEFEIZ

RODEZEES Z &
H=1.00 C=12.0 N=14.0 0=16.0
Na=23.0 Ca=40.0

X—7 - bHR (FE1~18)]

M1 koeBICET 258055, ELLDidEND,

@ ® 0 0

ERIFEFOMMETE, FEDQFFoMThAEIN TV 5,

— I BB T AR, T RIE T S BT < Vo
IR (R R T,

— kIR 3R TH B,

JAMIRD 2 RICE T 20K BT XTT VA ) RBILRTD 5,




B2 MOELBDH>E, BTV BDEEND,

@ FRFOENEP S L EOEFEZID S > T— MDA 4 »ICd 5 DICHERS T
ANF—%, A+ Mz xVF-LWV I,

@ —iC, A4 ML X VF DN VFEFIIE, B A L ITB D P T 0,

@ FHFB1HEOEFEZIMN-T, —MiDEA 4+ vicisEEictshs i
WEF—Z, BEBTHINE VS,

@ —fic, BFBMNAIPREVETEE, BAA VISP 0,

® 1TeRE oy v EFEEN, F—ABOMOTTROFF L HEL T, Ba 4
VITIED T,

B3 xomdoZ| 7 |~ 9 |iwovc, SbuEmEaoMaTzEhn,

([ 7 ] ot bt X 0L, WE T &I~ EDBART, i 1
MO TR 5155 &, QML EOTEHED S8 BLAYIN S B, 6 LIk
DHKTHED R 5 b DRI THBEN I,

7 1 v
@ BaM LIRS {EN EESE
@ BAEY Hifk EESE
©) Bam HER VLS
@ BaM LEEEN AL
® HEIE LER={Z EESE
® ALE LEEEN EESE
@ PEYIE LIRS {EN AL
® HEIE Hifk EVES




M4 womisoEM | 7 |~ 9 |eonT, RbEaEaoiad 3 Ehn,

[, PIEASARRIED & RARIBIC D B & B ITBBE LR 5 T R V¥ —
([Z ] @ BRRES S BARECED S &S CBEERD T RV F -
(4D xvs[ 5]

7 1 0
@ T R HIEB PEV
@ FHHEEL R i 24 REW
&) Lz FIEEL INE WD
@ RIEBN T R REW
® e A2 FHAEEL PE WV
® FHEEL T g REW
@ e 21 HIEB hEV
RIFEE A i 24 REW

16 RoOBIGHRICEET 25D 5 5, [ELWVWDIEENN,
7n + Cu’"™ — 7Zn?’" + Cu

FRALEITCRUL T80,

Zn 3@ h, Cu’"3igtans,

Zn OEEHEFMEEN T Cu DEHEEMEN L D /M,
Culd Zn £ b1 4 ELPT W,

Zn 2 OB TAEZIHY, Cu®tid 2 HOBETEKS,

@ ® 0 0



RI6 1E(br b v A OREERICBET 2D 5 5, IELWLWOREND,

F MUY ADHERITIFERDLERL O,
—fic, B CEEES AR T 5,

F MU A SEIRESS A TIRETER T B,
—fic, BRETICKERIL S b ) U ADEEKT B,
+ b)Y A 3ERTHERT B,

@ ® 0 0 6

97  fhiEicBdd 2tk 5B, IELWVWDIRE N,

@ B SOBE R CIREE (EK, gk, SR TREL, RE—iliEl
POGYVE & 5278 B IRRETIFAET %,

@ B SUBYE & 515 IRRETHAE L, AE—Mbii 3 SUCYE & [ UIRAE
THAT %o

@ Bl & A &5 S & RIBYIE & [F CIRRETHEAEY 2,

@ bl & A &5 S & RUBYIE & 1S 2 IRRETHEAET B,

® il & b33t T OIRPRE IBRIGRE IS EEE X 5,



18 oD FRIC>WVWT, [ELWHEGE IR END,

o o

FHESEDOEN R, HrENoEBck -7, HESKHKLD 657185,

FHEXETS, KRS N TREESFISES <,
FHESAETS, SESEMA FTRBEESARICES

a b c

@ ik ik ik

@ ik ik ECl

€ ik E ik

@ ik B B

® ik ik ik

® = ik B

@ e iE

ik B B

B9 “PHpREEICH 2 LI N ORILNAKIC, KL ZMAE X, Pbly OBEMERED XS

KELT 2EEZONBD, 12720, KL

BOMWERELIEVbDET B,

@ ® 0 0

Pbl, = Pp2° + 21

s 5,
B3 5,
LA

KI O RINE/DETH T Pbly ORME XD L,

_6_

BinkhcEEL, KIZMA 5 &TH

Pbl, & KI 2ME¥ERIGAE#E 4 DT, Pbly OIAMRE OZALIZFRITE L,

ZaThHNITHENT %,



RE10 OB FEFEIc>VWT, IELWHHER IZEND,

a Ak b v aokEiklE, [BHE - FlEOMBESKIZHNRT, BTN EL 155,
b b+ )Y aKEKEZ, EEROMPSKITHENT, #ErEL 55,

c b vV v LKA, REOMPSKITERT, BEESEL K5,

a b c
@ ik ik
@ ik ik B
© ik B ik
@ ik E= B
® E ik ik
® 2 ik B
@ B E ik
B B B

BN 2B OEA 4 v 2E5CKERICCL 2NA 5 &, EbiciiBEEL 22EA
FVOMAEREELT, ELLDREND,

@ Fe?t & AP @ Cu?" & Fe?t @ Agt& Na®
@ AgT& PRt ® Ag"& Cult



12 koo | 7 [~ @ [iwovT, SbEtmiEaoMlaT s,

rtEi e e otmonsRaME [ 7 | Lns. AR, TrE=TKkEZD
ichs [ 4 |pousRamrEFonsd, co[ 7 |c#amize, 7y
T =7 il L, pH OZ(LAIA 5 C & AHETH 5,

7 1 0
@ % T i b7y ve=v A HR
@ TR A SR PA Sy
©) T b7y ve="v A Hatr
@ RETiK [E SR A BT
® o4 NEK 7y vE=Y A rhAn
® ao A PRk Wele+ b ) o & AN
@ a2 oA PR b7y ve=v A4 AT
a0 4 FIER A SR PA BT

13 ROHBT, LARERMARDBELAT B D EN0,

@ 1-7°\sx/ = @ Fa~yv @ ke =

@ Q- AF TRy ® 2-757 v



B4 kofmEoREsBEoRo%EM| 7 |~ 9 [weovc, mbwEbniEs
DHLEE I END,

= AUEME O

AME REE EH
IKBEALF b ) 9 &, KEEIEA ) & & i [Z ]s2r»
REEF Y o Ltk it [4 ]s2r»
krh AARFEKT 572
7 1 ~
@ L i A ] v
@ JEL i e ZINUING
® Jf e ) YBEAIV Y Y A
@ LI a7 ] v
® A Ja et ZINUING
® i f Jf ) YBEAIV Y Y A

16 HeZ2iie LT, =7 v v ZKERLERCKIDSELLET A, FRIRET
11.2L ORFENHE S NI, 7T L (gl Dy YRR L 72D,

@ 13.0 @ 14.0 @ 15.0 @ 28.0 ® 30.0



16 koA 4 vokoRoZEM| 7 |~ 9 [wovc, ®bwEsiEmgom
GEiEENDL,

% Ha v olpk

S Ve etk
[Cu(NH),** 4
[Zn(NH;),** 4 [4]
[Fe(CN)g]*~ EAEATE

7 1 v

@ | EE@EEE EHE 6

@ | EMEEE EHT 8

@ | FHEkE EHE 10

@ EH EPIEKIE 6

® EHE P AT 8

® EHE EP T 10




17 ROEFREEOZHEMEITO>VT, ELVHAREEENH,

78 EroFoE HIARF &
) —NO, —0— —COOH
@ —NO, —0— —S0,H
©) —NO, —oH —COOH
@ ~NO, —on —S0,H
® —NH, —0— —~COOH
® ~NH, —0— —S0,H
@ —NH, —oH —CcooH
~NH, —0oH —S0,H
RI18 7 = — V) v 7k EEICT 2L Enn,
@ @) @ ©
l
C
H CHsCOOH CH;0H
@ OH © NH,




BRERK (v—7v— MAK OE@D, B19EKT 20
DFREWMICIE S,

RERKIIY FICERAL, BEBAICEK RS NICHDDH
REXIREL D,

REIX, BI19DREHDLDIC, ZEBSELEEDICEEA
5L,

s (P19, 20)

BI19 RORIGRHOZE ~ s R, 122 L, 72

W7 v F Ly oEE AT,

HCI y
7
7EFLY N\ HO { @ } SR - -
( )

AEE
[#ZZ 5]
519
7 A 2 T
H y <|3H3 Hooo#
c=cC COOH
C\C/CH3 CHy—C—OH / \ /
| | H c=c
CH
H s H H




920 FRlthdKEsRIciEiR S 27 5 = v 04 & VIREOEXTH 5, I
55T, 77=vORHKERPH X CHERMKERPICE T 54 4 VIREEDOH
B EZhENidE,

Hhik K ia

CHs O
|l
HN'—C—C—0"
|
H







LT

L hh

Y







&EIE20EH B,
BERZTNTNOREOFREOFH S 1 DFV, BERHMEIC
1 ~FE200% 89 2EMZMETHY 27T &,

1 AHCET2UTOXEDZEM (F) ~ (T) ITH TR 2B L CHIEDOIE
LWHLAR X &b,

— iz, MlENToORBICBI2=A VXD LD, (7 ) %
3Ls & LTITbTWw 5,

(7 )k 77=vt (4 ) BEELELTTF/7vyvic (9 ) fdo
V) VBROBKSE LTALETH L, (T ) I, VVIRED LOKATHLET A
NE=Y VBFEESYIAT (T ) LV VRRIIKSL LS, ANV KT
5, 2OTFINVKX =D, AEATOWEOERCHHNONIELZ EDOS FEEX
EMEBEED 7201 fibn 2,

(7) (1) (7)) | (D
@ | ADP ) R—2 2 | ATP
@ | ATP ) R—2 2 | ADP
® | ADP ) R—2 3 | ATP
@ | ATP ) R—2 3 | ADP
® | ADP | FAXYYR—2R 2 | ATP
® | ATP | FAXYYR—2A 2 | ADP
@ | ADP | FAXYYR—2R 3 | ATP
ATP | FAX¥ ) HR—A 3 | ADP




2

MERIZBE T 2 AT OXFEDOZEM (7) ~ (F) 1248 TEF 2EUOIEL WA
13 End,

RUNTELPR THE SN, 27 Bi3mkpEshT (7 ) &
TY, 87 I EERIZLETHERRLELY, 7 vBREIE LT EITA D,
—75, i AMERILE & 7 2354, TRIFEIKMES T ( 4 ) LIEHREC
%2, (A4 ) 3EFERIS, BRE ( 9 ) EwWIHIREIZEoT (T )
ER Y 7 = VBB B, IRIFIRIE, 7 = v RRIRHE ClE KBRS & Bx B
RIisExly, ( F ) LKiepEsnsg,

(7) (1) (9) () (#)
@ | TV 7Y e) v B i1t 7% F VCoA | “fbiRE
@ | Zra—x B W7/ % %4 o R V&S
® | 7vE=T| TVEVV F 27 v = )WCoA | it
@ R34 IR ALY v | Yre v [
® 7 I 7Y eY v B7 3 VeV | CRR{LRHE
® |[Zwva—2R B HEER B %1t A7 = )VCoA [lFES
@ | TvE=7| ZV%xVv | BUHY vEMb | XV ol | RS
R 3 AR FE s 7 & F VCoA M

M3 ZEFRFEEIC & o THRMITAERT 2 LAY A £ ik &,

© e 06 00

7 vAtA 4 v
HAERR A 4 >~
TYVEZY LA F Y
Bt A A+ >~
THRA % >~

g (1) 144~




M4 HEBOHEHOF—DHEPHDO LI TERLTVSEDIEEND,

Ytk o i~ B 3 2,
DNADOEE»fTob 5,

Mgk ot L <, Rammiicornsd,
1PN LN S AT R

MR EE A LT, KRogtakicit s,
AT & O MR 25 i 2o

©@0 6600



M5~M8 BIEFHBIHTIUTOXFELHA, KIHIIEZ L,

AEMIGENICAHDEHMIZIDNAILE 3, BETFOHKI T, £ IDNAD
(7 ) AE» LT, IRXOHOHEIITHEHN ZRNAD X 7 L % F R puiifs 4
% Z &12& D, DNADOEERLF HARNAICIEE S N5, £ ODRNADEFIZ L 72255
T, RSV EDBERSND,

RNAIZ, ( 4 ) AETH 2, RNAD X7 VA F FiE, FioEs» (9 )
Thd, BHAEMORNALZ, ( £ )& ( & ) %&Es (T ) PEIK
»ri, (F ) BOLSADLEINTmMRNA 2% %, ZOBE2 () v
9. mRNAR2 S (% ) ITBEIL, ZO—IZ) XY — L0502, U R
Y — L D3E oW TzmRNAIZ I, (RNADHES T %, t(RNAIZ, mRNAD I K > izfE
A7 vFarveiwnd (7 ) H—MolERILE, 7vFa FVITHIE
TOREDT I RITHEAT 2EML2H 2, tRNAIZE T, VARY —4h T THEIE
N1z 7 I B, ABEFORY RTFF RIZ, (1) R7F FREGICE DFETDL
ZLETERYNRITEDBERE D,

M5 XEFD () - (A4) () 12U TEE2HEOEL WA IZEND,

0] 1) (2)
@ 2 1 2
@ 2 1 3
® 2 2 2
@ 2 2 3
® 3 1 2
® 3 1 3
@ 3 2 2
® 3 2 3

M6 XEFD (9) ITUTIFIIMWEDOLIRE LTIELVDIE ENd,
@ 77=v @ vV @ rrr=v @ FEIXYVR—2R
&® F3Iv ® virvv @ VAR—2 ® AFF=v



7 XEFDO () ~ (F) ITYTEIIWEOLIRE LTIELWVLWDIE E N,

() (#) (H) (*)
@D 4y oy Zx VYV ATLIA4v T | fHE
) fviroy —xYVy A4 7 | FlRaRE
©) A4 >¥hruv S A BN e
@ A4 >¥hruv S A BN A e B
® XYY Aviay | 794y v 7 | ME
® XYV Avray | AFIALvv7 | HIBOER
@ XYV 4 vbhov BN e
XYV 4> hrov BN A e B

I8 THREE (1) TR 25tk H 5, IELWD DOFHETIE END,

a —HOT7IVBOAINKXVELMEOT I VBROT I E»DL, KEIDTF
DR NTHEE T 5,

b ZofiAlE, -CONH-EHEiLsh 2,

c KEFETEMILE LT, HBHNFHWEETDH 2,

d Z2HoO7 I VBEIOMATORLLE, R)RTFREHTE 2,

@ (a, b) @ (a, c¢) ® (a, d) @ (a, e)
® (b, ¢) ® (b, d) @ (b, e) (e, d)
® (c, e) @ (d, e)



M9, M10 Mz AOBHOEEEMOBEAKTH 2,

M9 Mo (7) ~ (B) OEAHOMAEDLETIELWD DIF ERDL

EMMEI EELEL: ( 7 ) LZhazlE ( 4 ) 2E&LEDOE

(9 ) v, RIIMEH» ( 7 ) 26 ( 4 ) ~ZLHSKATHFERE
ahaslz (T ), ( #F ) #EoT (A ) ITELNLBETEL S,

(7) 1) (%) (1) () (1)
@ | mEE | R—<vB | mME | BRI | ORMREE | R
@ SRR BUME | R— v 88 | SERAVE | RGBS | SeE
@ | sk | ke | mME | RGBS | RMREE | R
@ | R—<vi | R BUME | RORME | RGBS | s
® | R—<vi | R BUME | EMORMS | RGRE | s
BI10 EMo () ~ (B) TEHRNEAZ DT EADL
a Xvnr8g b A%V c R
d 7 va—=x e NYTvvyv

@ (a, b) @ (a, ¢) ® (a, d) @ (a, e)

® (b, ¢) ® (b, d) @ (b, e) (¢, d)

@ (c, e) (d, e)




BI11 UL I A Y 749XV NOBNIT 2 F v 7 40 XAV MBIV ASRZ LI
FoTilexz BV, 2OMFEICET AU TOXEDZEM () ~ (T) 124T
3 2EAOIELWHESEIZEND

MR LA EBEM MR D 5T B &, MR~ (7 ) itHE s,
I O MBI IS B AL A3 F A U, M R A Eb 2, MHfaEsA L <
MECTW2TEORIZ ( 4 ) 8H), 22256 (9 ) PHHI D,
(9 )BTI7FYT747AVMIKERTDE, IAVVET I FUDBHEATS
X001k, Bz Ay vonfEEagEEieLc ( £ ) 20, ( T )
DHRZANT Lo TCIFAY YT A TAY BT IF VT 4 TAY NZh| &
e, MIELE Z 5,

(7) 1) () (T)
@ roRIFTV NERES BV T LA TV LR
@ | Zv7FvY VR | Rl FRYVV AL A FER=
©) TeFray v iIANITAES NI WA F Y ATP
@ FaRIFTV £ RTIAYT LA TV RNA
® TeFNay v 1 8 DN WA F ATP
® FoRIFYY BNR | =Ry nA TV LR
@ | 7vT7FVIVER | AHEHE FEVV LA TV ATP
® TeFNay v NS AV KA F Y RNA




RI12 JERICBI L TROXEFOZEM () ~ () 124 T F 2FEMDOIEL WHlAE
ZEnDy,

BERE & 3 EWORNIT Lo TEZFNZBRTH 5, FWHIRIINEEZE > T
BEICEES 2 2 RIRB SRS, ZOWRBIIENFICE-oT (7 ) &h, NE
2H2ITEEED (4 ) ItfEzbnd, (4 ) OIRENZ, 5T SEW
OREER RS, BEE LD (9 ) OWEMIEOBRRENE S 1,
PEARAR 2SS 3 2, 2 OB IZEEMRIZ XD, (T ) TEbh, BELELTH

Tansz,

(7) (1) (9) ()
@ FEE UIRAY(T VTR PNl
@ L) FHFEBPIIR S FSS 73V
©) /N B a VTR JEE
@ o FHFEBPIIR S FSS 73V
® FEE UIRAY(T IIFIE it
® L) A PR a VTR JEE
@ /N B a VT PNl




F13, 14

YA NVE L 2NEEZFARDT0I1Z, 4 FAOHEHREZHNT (7)
»o (%) OFEBREITo7, 72720, WTNOERSKEITA 2o TEILHEH T

T2bDET 5,
b ) €P) ()

=

(7)
(4)
(v)
(=)
()
(%)
(%)

()

(=) CONNNCORNNNCY
)

FllC B oFX v v e D,
FeIiICER X v v T e D,

St & D TR WA N—THEHI,

Fedmiloar & D FEBEH A N—THE D,

ERF & YR 2 & I AT 120 £ TELIAD,
ERR RO O 2> & T 12 PATIT 0 £ T LAY,
B/ & MO I E ORI LT E®EICE LIAT,

13 JenHAITHMANE 2 o 1o B A R T C G THETIX Ehd,

(7),

(v), (), ()

(7),

(v), (), (%)

(7),

(), (v), ()

(4),

(v), (), ()

4), (), (=), (&), (&)

(4),

(v), (=), ()

SHCMCNCHCAHCAS

(4),

(v), (=), ()




14 StEMICE L Y A vE it ENdy,

@ TFLrvv
@ A DA =v

@ VYV

® 7I7vvVR

@ F—Fvv
® 74 b+7ub

15 RoXEHOZEM () ~ () 12HTEE 2EBUDOIE L WHHEEIE E D,

Faor»ro2iz ( 7 ) BoHEEIIELT, (4 ) 2EEKRL, 3512
B & TR B E I oMb LT, ERTER S LT v,
BEEROBETIE, MigsMbd a7 Tnl, REonzBicik: o

M2 EATRbNTWS (9 ) Shiiigsed Rond,

(9 ) SN TIES K 054, MIBSIER %
DNAnWTR ML L, FEFOMIESLHREICEEL5 225284, T2 4HELT

BEA TV K

oL i (T ) v,

(7) () (9) ()
@ ZAEH | W JA#L AZu—vR
) ZHEE | MRIE | SurIafe | TRE-VR
©) ZAEH | REE JA#L AZu—vR
@ gp¥- RE | Fursafe | AZu—v 2
® IS JR%E JA#ML TRR=VR
® 5p7- W® | Turonfk | TREF—VX

R Z MR L L35,




16 XOFEIZ, 2N ZREAHOE—»FBRIZOVWTIHERTZ DD TH L, P~T
D ZOHETIEIZW T2 H D% E D,

MG AR ASFRIETH I 333

AMGEAR DS AT T L TR ARE S 2,
AR R LSS 2,

fMleE s =3 d,

H @ AN

l

® 719>
® 1 >7~->9—>=I
® 9->7->14—->XI

—

— ) —

l
l

l

© 6 ®
G AN
Ao e
NEVIN
YRV

l

- A —

l

17 BN OHIIE ITHRCEEE, I H o TR & BERILRIT 3 1ER W UG A3
2%, RORFHUTEI DT, EHHIKTH 2HlEEIE ENnd,

a TS b 4%, ¢ Lok c JRfEH

d Bk e KBS

@ (a, b) @ (a, ¢) ® (a, d) @ (a, e)
® (b, ¢) ® (b, d) @ (b, e) ® (¢, d)

® (c, e) (d, e)



BI18 IIZXIR « MKEERIN T EINA A -2 LOBRER LT DD TH S, HFHDA
DNAF—=KIZR LN 2B E D,

(mm)
4000 -
4 3000
65
K 2000+
H
1000 -
0 . . . .
—10 0 10 20 30 (°C)
T TR
@ Fovy—xv, vury)
@ F—K, V<Y<
©) TV—=V =R 7 TRAYVINL IV
@ RAYFERXX, =KV
® Vyavvwy, M FuA
® <744




19, 20 Kb osEOARMFFRIZH T 251 4 — 2 OFEEN T ZHBAMITR LT

W2, ROMIZEZ Ko

2500m A

1700m A+ 3

-------- 700mfsf T
C \

19 HMH DA, B, CITHETIEEEZNA A —LDIELWHAERIE &,

A B C
SIS HRdssph IRZER AR
SIS IRZERT AR R ZEN
R BGEN SIS IRZER AR
R BGEN IRZERT AR SHEERIAE
R AR HRdssph SHEERIAE
R AR SIS R ZEN

©0 6600

20 o Cw itk 2l AR L K FLilaeid End,

a —&iz, EE21000 mE< b EXdRIE 5 ~6°CIETFT 2,
b JdLEETIFE2500mE ) HEWE ZBDBHEMBRE X5,
c AIMNFEHOBUERIZIINA <Y, a7rEETL EFOBRRIS/HLTWD,

@ (anH) @ (bo#) ® (coH)
@ (a, b) ® (a, ¢) ® (b, c¢)
@ (a, b, ¢) (L)






Y




N
B 138D B,
BERZNZNOERBOZREOFND 1 DBV, BEREIC
~ DZETBEHRENETEYDORT &,
M| IRBEETT, v—¥ > — FAROEGCHEES &
BEERHLTIEED,

%

(1) &2UEBKO & S Ic—IRZFEES NIRITHD NP oNIRETEIEL TV 5,
oL E, ROMIFITr» BRI SR E LT, ELLWbDE, RO D~
&DHbpo—DEN, 2L, ROBEREMATZIE/NSL, YKIEET

OHBEZIEb0ETE, [ 1]
B
P
@ XDO—H DU BENEZ IR E S LD &> TV 5,
@ RO hr P BEHNREICAREET, #HHEXTH 23,
@ ROWEHITr P 5ENREICREST, RLRETH S,
@ 3XO—F DI BIEIHKRE L, MDD BIETI/NE O,
& XROESRYIADEEITIRIEL, FiEL TOAYKITE 2D 5780,



(2)

TR (n > 1), E&d(m) OFED, »2WEOREICILN >TW5, C
TITHER A (m) OHESEAZES hh S @I EEICAS L, oL@ ET
IS 2 0eH & R N (W & OBIRHD TRAT L 7O & 5 729 O/
DEDIEE d%#FKTHAELT, ELLHDE, RO D~®DH bhb—DFEN,

dZ(m)

n n 2n 4n
D o @ 7 @ T @ -
® A ® ~ @ A ® M

2n n

(3) #3400 g A - e BERDOHDPIUREZ B & D D% Mok » Tz, MO

EWET 5, Ben L PIMHEOMARIASHLE TR I/K, BbYDHEREIT10kg T
bb, BbDEW-LDE1bm MFESELEE, HOEEMN25C EH LA, C
OMOHE C(J/(g+ K)DEITHK LIV HDE, KO D~@ D5 Eh 56—
N, o2 L, ENIMEEOKREEE98m/sPE L, PR EAEOEE RMERET

£t5, C=[3 ] (J/(g K

PR

BbD

15m
@ 0.80 @ 0.90 @ 1.05 @ 1.10
®& 1.20 ® 1.35 @ 150 1.65



(1) ROX 512, 80 cn THTIE AN L F4HIEVRIER A, BICERE 10V
Wi AR L, ABMIC—BEEEE < 5, B —32X10 °C OH T HE
KN E->TB2o AlEING &=, BEY LIHE W) iRkbillV iz,
KO D~ ®D S birs—oiE~, W=[4 ]| D

é 8.0 cm E
v
|
@ 26x10 " @ 4.0%x10°7 @ 32x10°° @ 8.0x10°
® 26x10* ® 4.0x10° @ 1.3x10° 2.5%10°



(5) MoX5iT, FHREVEGIRD 2 A0EH P, Q %, 120cm RHBNTHE X,
P, QohRic, F¥E30em D1 B34 VCEEOVI, PIZIFNEEIC
20A, QUITIFEMAZIC30AOEREMRLICEEZ, COFLO DHIGN0 &2 5
e, CITHETERI(A) & LTROEVEEZ, KO D~@®D ) bhb—D5%
~

W RREL, m=314&EFE, =[5 | (A)

P 12.0 cm Q
2.0 A
¢ A/ TB.OA
C
3.0 cm
@ 0.16 @ 0.24 @ 0.32 @ 040
& 0.60 ® 0.80 @ 1.2 1.6



(6) MDXS7, FE20m® DAL 112 1.0x10° Pa, 300 K o HiH 43 FBRAH S &
MEV-THBY, FH20A[IE, 30m® THo, AEOFREETH S, v 7
ZRE, PO RS L7k, BERNOKUADET (Pa) OfEiE LT, LWL
bOE, KO D~@®D I bpb—2E~N, 122201, FAEEBEOPH EDEFHVE

Dr¥5, [ 6 |Pa)

Iy 7
wesl wes 2
@ 1.0x10" @ 2.0x10" @ 3.0x10" @ 4.0x10"
® 5.0x10" ® 6.0x10* @ 7.0x10* 8.0x10*



Il M1oxsic, FOESE +Q(+Q >0) #b-oEHEm O/NEAEES £ O\

RO SEm AT Tl & RIFICEE L, BEW —Q 2/NRicw - < L5 T/h
ERETKVRRRE ¢ ONLEIC S /o & X, SRIBMERE 0 OMEER L TRk L, 7 —
o Y OFEROIPIERZ k &L, ENEEOKRESZg &4 5 L%, ROKMIC

BEA Ko

+@

'y O O
5

. A

X 1

(1) F#Htan 0 2EZITRELTELLHEDE, RO D~ B DS Hip b —DFEN,

kQ kQ’ mgk@Q® mgk@”
mgl @ mgl ® ! @ 0°
_kQ k@ mgl mgl®
® mgl* © mgl* @ kQ° kQ°

(2) ROERNTZ2RIAELTIELLEDERD D~ @D B 5—DiFEN,

mgk@Q* mgl+kQ* mgl+kQ*
® @ M @ A
Vm'g '+ K'Q" kQ mgl+kQ*
@ © mt? © g
2 JW
@ VmgﬂJrécQ mgl +2kQ
mgl mgl



(3)  BEBRAE/NERD S THICEWAEN S, X1 OWREEICK 32 Tlc, FREEN
Wit HHORZXI W AEERIRELTIELLWHDE, RO D~ @®DHE0H

-z~ [

kQ kQ kQ* kQ*
@ v @ i ©)) / @ 7’
® klQ ® KiQ @D klQ* k0*Q*

Kiz, BEMAETFTTERL &L L UNDL S TRICES TS L, R20XI 1S,
INERIZERE N T AB & LA 1TREN L7 CO/NEROEE B VT, SR EHHE
MEOBTAEHMTNES L, NERPKFEICHIRB L TV B L LTEATEILHD
LT B, Fh, NEBEACFEEL TV &S, ABMRIEEMNTH /N kH S+
SN TE D, NREABEREOMO s —n v JRERTE 2 b0 LT 5,

(4) /NERDHIRENZBHG L e A D ok FALO ICHRWICERES 2 £ TICET 5 K5
1K TRELTIELLWEDE, RO D~ @D L b—D%~,

@ L/L @ Z /L C>ﬂ/£ C>bw/£
g 2V g g g

 [g /g g 9
C>4VC2 ® L/4 c>%/ﬁ qazﬂ/ﬂ



M| EE50kg oWk A CEHE30keg DYIAB 22 hENXD L H1cdMic> 5 L

rET A, ENENOYMEKB—HENTINEE a (m/s?) TE 72,
722 L, WHEEKRDES LB, ESHEtEsusos L, EHNEEOKRE X
2 98m/s? &9 5,

(1) WKEE a (m/s?) %R Ko

(2) WAz > 59K <5k T (N)ZRD £,

(3) KIfF&mHzo>m CARITE RS (N)ZKD &,









(1) B, gmao[  |obokRET, 4, 9, I,
7=y —brD—, £, 0, 1, 2, -9 DESPHEFEN,
ENEFN—D2FTOMELTNS, xbBEILEEEPHES
METEYDRT &,
FEAAKOMERES - IS LIcBERMICY—09BI &,

(2) BENQHICKEBZHE, LIRS (ZhULELHNATER
WEDSHE) ICT5 &,

(3) ZICRSMNIENDEES, RSOPEIZBBELFICTEIE,
BIZIEV12 DB, 2/3 D&5I12F 3,

(4) || REREBEETT, v—7 >— FRBOETICHEES
EBEEREHELTLIEE0N,

. %

ROBTEA Ko

1) (z+3y) (x—y) (2 +22y+2y>) BT 2 &
x4+| 7 |x3y+| 1 |x2y2*| L/ |xy3*| T |y4’6‘36€>o

(2) (x—D(x—3)(xz—2)(x—1D) -8 ZNEiHd 5 &

(:rzfl * |x+| | |)(x2*| + |x+| 9 |) Thb, 2L, <

L9 5,




(3) 200 HMx, yIcBAT A7 — 7% FITRT . y DML 4, 5kl 08 TH 5,

x5 1 2 3 4 5
T 6 2 2 6
y 5 a b 5 3

colx a=|4 |, o= 3 |chrr, EL, a<bET B,

72, zeyosnma] ¥ [ ¥ ]css,

8 J 0 v e x,

sin A B sin B B sin C
Vi R + v
AABC ONFID S 5, ixb/NSVAODIEEER ThH 5,

(4) AABCIltBWT,

(5) 2By = ax’+bx+2 D75 7 OIESD (4, —6) D& X,
Y

o= [T ese.

7_'_




6) Fo[ = Jeticazsbnz, FoO~@0 5o 1 2E,
m > —4
i 2 AR o'+ 2ma+2m+8 = 0 152 SO EDMRE bo o[ = | s 2,
O MELXHTHBH, TH&ETREL
TaE&UETH B0, MESZAETIRZV
BTN TH B
WEZEMET S, THASMETHRL

® © ©®

(1) OA = (a. 2), @§=C%m6—a)&¢éo(a>m

PR AB FICHEHFEL, ABZ1:21cANd 5 & &,
OP <|—Z—| /n] LE R X
fr— 7@, ~z\= °

E

o

F72, |OP| Mz & 2D, 0 =

-~
7~
-~

Th b,

(8) IROAZFERZMT,
log%(x—l)-i- log,(z+1) >3

(2] =< 2=

o




Il a.=1, a,=1, a,.,=a,.,ta, TEDSNZEF {a,} 1T>VT, LIFDOKR

WIZEZ Lo

B a,) O—MIHERDBID, a,,—aay, = Bla,—aa,) EB< (o, BITERD

2 atp=[ T ] as=[F 5 |crz,

(3) a<BODEGA, a=

VL2, B A R
(=1 O

W oa IZI{( 2 R I ><I o e I >"}%é
“



M Goarsz

B f(x) = 2212 0T, IROBMWICEZ X,

(1) c2FHET B, file, ) THifRy = f(2) LET3EBOXERD X,

(2) R4 20) 2o 2 ROBHED MM y = f(2) 1IT511F 5 K 5 8T8t OFPHZERD X,

(3) FHHt M2)TKRDIHHZI L9 5, (1, 20 oIy = f(x) K507

2RO OBE A ZNE A Ala, ), B(b, b)) (72 L,a < b)) EB<L,
CDLEE, HEAB & ol O S DREIEAE KD Ko



)
O







~
HEIE35EDH B,
BEIZZTNZNORMBOZRKDOPHS51DFV, BERHEIC
fl1~350ZETBEMZMETHY DRI &L,

N

(1 -R4) THRHEOEITHEILLEELZDBDE, D~@DI)bhrb—oD

1

@ movie @ lose ® woman @ improve
2

@ word @ worse @& northern @ worth
M3

@ increase @ occasion @ pleasure @ division
H4

@ visited @ needed @ watched @ collected
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@ airplane @ bicycle ® corner @ forget

fi 6
@ balance @ volume @ violin @ product

7
@ familiar @ register @ hotel @ advice

fE 8
@ damage @ agreeable @ routine @ conclude
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9
She learned (9 ) to make the cake from her mother.
@ what @ when @ why @ how
10
Alady ( 10 ) name is Yamada wants to see you.
@ which @ who @ whom @ whose



11

IThave (11 ) the person for ten years.

@ knew @ known @ to know @ to be known

12
The football player is very famous all ( 12 ) the world.

@ in @ for @ over @ among

13
A: Firstof (13 ), please read the manual before you start the task.
B: This road is uphill ( 13 ) the way.

@ everything @ some @ any @ all

14
A:Hewent (14 ) atrip to Europe last week.
B: I talked with him (14 ) the phone last night.

@ to @ on @ for @ at
Ri15

A: Last night, ( 15 ) of a sudden, it started raining heavily.
B: Above (15 ), don’t be afraid to make mistakes.

@ any @ once @ some @ all
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16 A: EALAKRICHEEDSD D F 3 D
B: ( ) kind of books ( ) ( Jyou( 16 )?

@ interested @ are ® in @ what
BI17 A: CHhx XA L BEHVWZL X,
B: Your help ( ) ( ) (17 ) ( ).

@ appreciated @ greatly & be @ would

18 A:1can’t but love my dog.
B:1( ) ( ) (18 ) ( ).

@ my dog @ can't @ loving @ stop
19 A: Due to the heavy rain, we arrived late.
B: ( ) it rained heavily, our ( ) (19 ) ( ).
@ was @ arrival ® delayed @ as
120 A: This is the best opportunity to buy a new car.

B: This is the best opportunity ( ) anew car ( ) (20 )
( ).

@ to @ for ® Dbought @ be
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O~@rLETL I,
121 A: There are many things I have to do today.

® e 006

H122

® 6 006

23

B: Can I help you?
A: Thanks.

B: (' 21 ) ? You must have been working hard.

What'’s the matter
Do you want something to drink
You look tired, don’t you

Are you feeling all right

A: How far is your office from your house?
B: About one hour.
A: (22 ).Thear it sometimes takes more than two hours in Tokyo.

B: The train is also crowded.

It isn’t so bad
You are lucky
It must be tiring

It must be a problem

@ Typhoons start above the ocean, and move across the ocean slowly.

@ People must be very careful when they are coming. & They bring

strong winds. @® They also bring heavy rains over land.

24

@ I have a friend who likes traveling. @ I got a postcard from a friend who

visited Africa. @ It shows some animals that I’ve not seen. @ It must be

exciting to see them in the wild.



VI| (25—R29) XoHEXD () ITAZEmLET L DD EZEFL SV,

125 The winter is just around the corner.

It's getting very cold recently. But ( 25 ).

@ it doesn’t matter
@ 1don’t hate it
@ [domind it

@ it doesn’t go as usual
126 It's been a while since I visited Disneyland last time.
[ think I ( 26 ) go there again soon.
@ can @ need to @ should @ will be able to
127 1 ran out of toilet paper! I'll go and check if they have it at the drugstore,
(27 ).

@ anyway @ Dby the way @ way out @ on the way

128 The French food I had yesterday had a very ( 28 ) taste.

@ crunchy @ crispy @ sticky @ rich

29 ( 29 ), how many languages do they speak throughout the world now?

Frankly speaking
Generally classified

Exactly classified

® e 0 6

Historically speaking
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A lot of people love fast food. It tastes good. We can order and eat quickly.

That saves time.

Fast food restaurants also sell toys. They are popular with children. Students

like these restaurants, too. They meet friends there and study.

Be careful about eating too much fast food. It isn’t good for you. Fortunately,

hamburgers and french fries aren’t the only menu items. Some fast food

restaurants also sell healthy food like salad.

B30 ALOWHFITHUTIZEIOLRWVDDERFT SV,

Fast food tastes good

® e 0 06

Some food may be unhealthy

The price is cheap to get together

Ordering fast food takes little time

A: Buy one donut, get one free
(The free donut must cost 150 yen or less.)
This coupon is good from: Feb.1-Feb.28

B: Buy six donuts, get one free
(The free donut must cost 150 yen or less.)
This coupon is good from: Mar.1-Mar.31

C: Buy one drink, get one free

(Buy a coffee, tea, or hot chocolate. Get a
second drink for free. The free drink must
cost 280 yen or less.)

This coupon is good from: Apr.1-Apr.30

D: Buy 12 donuts, get a free toy
(Each donut must cost 130 yen or more.)
This coupon is good from: May1-May31

131
TWHDEFEFL IV,

® e 0 0

kFtiE. A, B, C, D, 4D — RV OHMATH 2, ZONFITETEES

The coupons are all good for one month
You can get a free coffee with coupon C
Coupon B may be good for families

Every coupon offers the free donut



Mark: Do you feel like a snack?

Rachel: Sure. There is an ice cream shop near here. It's called Silver Scoop.
Mark:  Silver Scoop is the best! But it’s closed on Mondays.

Rachel: Hmm... Marble Top has apple pie. Oh, I hear the owner is on vacation.
Mark:  What else... Mindy’s Place and Happy Beans.

Rachel: I like Happy Beans a lot. It's more of a coffee shop though.

132 SHELONKITUTIETELTVDDERIL I WV,

Both of them like ice cream
Happy Beans has a snack and coffee

Two shops are closed on Mondays

® e 0 6

Silver Scoop is the best for ice cream

(/Reading Links 1/, FF2£%, 2021)
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I have done a lot of stupid things in my life, but what I did last week was

[33] the worst.

I really admire one of my colleagues. He’s smart and he’s a hard worker. He
also knows how to have a good time. When we have company parties, he always
tells really funny jokes and says witty things. He seems to be especially nice to
me.

I was sure he wanted to get closer to me, [f34] ( ) . I sent him an e-mail.
I was hoping I would get a reply right away, but I didn’t. He acted like nothing
had happened, but my boss was different. When [ was alone with him in the copy

room, he whispered, “You're so cute,” in my ear.

133 the worstZx Z & M2y, DU LD EHEFL S W,

HEAERTEZCORKELTLED 2L

A—N% FAIZE ST LEST2 LD THDLZ L

A IcE o bR A—VEFEST LI E
FEBEMFRERIDH L ERLEL)D LT LEoT2Z L

® 6 0 e

34 () ITANZDITRDBBY LD EETFL I W,

@ and I knew he was waiting for my mail
@ but I didn’t want to call him directly
® so I decided not to wait any longer

@ for I heard it from my friend

([HFF o SFHF I, 7 X 24, 2013)

[RR— DI S % 5]



As robot technology improves, robots are becoming an increasingly
important part of our daily lives. Robots, of course, have many advantages over
human beings. They work hard, never need to rest, do not complain, and do not
need to be paid. Moreover, by performing simple tasks, they make it possible for
workers to focus on jobs that require more skills. Yet as more robots enter the
workplace, their creators face a new problem — how to design them so that

human beings can get along with them.

I35 AXLORHKIZYUTIEELLRVDDEEFLE WV,
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