TEONFH Do) DEHEEHE &
PNGE 2t

(11480029) |

TR 1LE~TR L SEE BEFAREHE ERFE (B) (2)]
MERRBEE |

FA1 443 A
mEhEE KB —H
(THRE FENEEEEY 5 —)



g FHIEEEE O & RN

1. EBHFEEOBHINTOUNT e v v v v en e e e oo .. 8
2. BRYRSBEOBEGLMIEZRD T v 8

wmx  SERFE 0 V7 A TCORMRESEE

1. HUFaTbORRFEEREE: - v 11
2. FEERFEEIF—. i e e 23
3. A 35
4 AR - e s e e 46
%ﬁii%fﬁ@%
1. BEER2HEEEREZRESOEE . - - 59
2. ERIFE (EEEEEEER) Ok - - oo 61
3. YRR1ISEEY~T—AT—)b. . e 63

s BAEICBIT 3 RHESETICEATSRHE -

1. AUF4TFHFMNA—F a—KRZOBRHPHEFOHI . -+ - - - - - 73
2. O T TORIABEDIRE: - -+ v+ v v v v v 116

woe  EAL11-124EE ORISR O RS : Y134 EDOTEH)
1. - VT S 12292
2. R I I A R R A AR PP 128

3. HERSEIOSTALTROAS RS SHEEE LOWE . . . 178



LB E

TR TEELLA IR R EA BB HI B S, IV BB ORI LB
HELED DML BN RSN, FERE T, TR 7 EICEENE 70500 RE %M
BEL . MBS E TR 2 AR RFICFIT AN D BIFROARE | O Eifi- FR 10
4 AT Yotz Ez, ZOEERE 0 SAOF T, REBEHEORERITIVT
24, BRFENTOIEE TOMEREFIC OV TOMBROMHBAT, KREIMIROH
BOEE Do TV ZEDBBEEERIE T ATV Veolz, ZOZLTE DMK, R EN
B AU B RKEBEDOFB LV > THhIWTH A,

B IR R A B S EARTISE (B) (2) TROUAEF O O R YR S EREE L AR E1%
RO 1L, IS BRDIA T, ROAFLR BB, HrIEEDVHL, 230
BIEIZR o TV K EDD TEELHIM., FRI10FEENDIIFEE, OFEIZ T X TR T
BB, £ DMHEBEAREOREICLEROAEHEOMENDY, Fhe—F Tk, KELH
BOBEBEPEROZELLLTREREOPF TRITANLNDIINC R oz, DX BIE D%
SWNTIZIE, EFE o TESTE LN NOMIERE N BT SADEMEZIT TV B
bHH T TWBITEY VRV,

_GDﬂ—'f—ﬁ}F%ﬁ'@EfJEEkJ:Z)KEF%@EB‘J&i ROAZIZBEL T, ROAZEZEDY

BB COMBIMERI T RED REIBRTE B AR E ICHE L2 LV VR ARV X 25 08B
FETBHIEL, ThbE—RFEDEFITLENTILE BREL TS, $o, Bl O
T, FILWEREEIC SOV TORKEEDOHY Y, EE4ELTRAZLY BEICLTW
B

bbNOBFR S AL B %O KB 2 EEREL TOREL O EMPHF-TWE, 21
PRIT, ZOTEBRNZA D300 CEL B D FRAFEDEE I ABERNEI LIZE R THER,
RETEB T B D, ROAZERE~OREEERVHHENIZH LT, bhbh O’z
BIEIZ2>TWAL, BREHIZOWTS, B2 EOHELIREIIHERIZLTNS
EWVSbhbhDBEDESITITbiRo T3, ZO/MEFIZHRESN TS b NDEE)
DIRITHES N 2 D—BHIZ 23T LEHARELTB,

HRARE
 TFEREBEREHE S —
BwE ke —#



PR REL
rﬂé(ﬁl?«%‘@ﬁ.ﬁ)@ﬁ@%%ﬁ*kkFﬂgiﬁﬂfﬁﬁ@?ﬁm

SRR
MAERERE KE — (TERFLAERPHEFTF— D
MESEE: LT Fl (TERELER 8%
MRTEE HE B (TEREREATTER T F— #R)
WRAEE €&F AX (TERFEFEN &)
MESEE BT TEE (TERFEER #2)
WRGHEE 2RV TV (FERELEREEE T 7 — 2

RATRERE (B8R (SFRE(L: FH)
ERR11ERE 6, 500/
SRR 24EE 3, 900H
YRk 1 34EE 2, 300H

% & . 12, 700H
FRFER

(1) 223%
K —H [TERE ~BE»L0BE~] ;| KEEFELHE 22%25,
(2000411 4)

(2) DERRR
RE —# TRPEMECEREREK] ; KEHFES (2000468)

(3)H IR %
JRE 2t NI Bk ) ;| FERPRAEREHE T & —
(1999410H1R)
RN B NRITEEPERE2) ;| TERPREEREEET 2 »—
(200043 A4)
&F "R NRTTHEEHRES) ; TERREENSZHE R &—
(20014E34)

K —if TeEREHE R 7—H AR MRS E HEMERE
TIERFRERZHET L 2— (20014128)



px  RHREETOES LR

-]

1.  AWFEo BEIZOWT

AL 9EE 6 A 26 BICITPNEPREFTERRIOF 2 RERERIIT.RIF7H 3L A,
SR I REARERMOEIIEE, \WDODIRUAE | BT B0, EREEEMEST
HRAID—HEHIEL, ZHiICEo> T, HFEFIMEZOSFICEVTRHICEN R NZ
b, 17 B TORERLAFTEDIL R 0T, THERFETI, T 6 FELLIRUA
5 | DM TRISEERTETA, ZORAOREITESNT, P 9 FEMD o
RIS nT T8 B RREE, WBFEOZET, R 10F 4 AANEOPELEETIILICL
T, 1838, ZOT O FNIER IF 10 A 1 BHbeER L7 — (REERNEHE ¥
—) BHRLERo TEBLTNDILD THD,

FUDICRHEEHET OXEICHEL CTTERECIEERE 0I5 2B A LR E
2 ~B, .

FelER 2SI AL, FEEETIE Frontier Science Program &ERL TV,

ZOTRTIETIE, BT, [k, MAIRRFRIZE> T, B AROBZEORKARETIVE
IENHSNAEMENR AN EFERTHZEE BREL TV S, BIADOSCEABRLLLE, &
Eix. SAMEOREEIERRURERL TR, BELIOBRZERNIZIZE D> TR,
HE. BOBEIIKEO HHECEFHBLRMHL TRERE LR TN, Thbn T
MEOEAFRBITFLEAEAETELONZLDOTHS, FIzIT, BFHBLER T35
VRAZ—ORBIIZFROZL, LS R E OEFMBE ORBLI/AE TEENTLDOTHS, IRl
T 7= 72 TV | 1T B S < AR BEHR RO SUL R SR S BR K SEE [ L ORIZ AL T B D I3 E >
BRZETHD, HERD—BEL TN DDOENE TRELZ LIF LN ZENTO frontier
EEIBRWVWTHRICERT 2L THD, EERET T TAIFTIOIHIRHLEFICG
X CEEENEZDTHD,

BT, Zo7ul SATIIREOZRESICH T AR ELERLL, BBAEDEIT,
ZTREAREZEMRL CHE2@ME o HERVWAEREE - TWAHEEILNE, 20T 1
TSLTiL, BB FEDFELREIIENNRHIIZTENZEIT THRBEICABIENTES, i

3



DOFBIZOWTE, 1 ERECKRBIZASTHE T oV T A LN TRETH B, K221
B AR E LD AN TR EH AR R OR DL, B, B, &iFe, iy Bhs
I DEBE, NFEFRECENENEMARBIFELTNS, EERE TS SA | D54
EZNODEMBBEOFNLE SORKESKBBZEEIORRLT, STRIEH T30
12 TEDD THB, Fe, BERBEDELDRETITOITWBARIL, —E DR
ENTET K EADIEE R > TNINBT AN BHBROLD THS, (LRSS TOIS A
THIHIDIIRBREITET 70, RRBIIEBE, BEE, ) — BEARVEELAL
T, ENLEBRLARNG, +2IC M2 TEREENTHLEIZ&IZ LT,

BEZOBEL, 20Tl 2B L TREORRII—FERUALTHE, BAEDK
FBRLTX—TFURLEDNTVWAZLIZRAHDEETHS, B D2EIT REDZER AT
B Do TREICASTRIT, WYICKRBEET T Vasl, BEEESLLI L0
DAHD, ZHUTRFICRBIT BMZBITIT-EV L LI BERA VD IR E3T L Th 3,
TR ET RS T TIL, BAED— A— AT, FERMIED 45 B CHAIRARTIE STV, i
FENTTER T2V BERERF > THHIZ&ITLT, FOEDICLERBRE LRSI
T+ AT Lo,

ZDIIRREQDE NI O —REFEEITH BIF BB 5 X 2LDLE 2 bR,
UAZEDANZORER, WBEEET —REEDELNEELAE I TONLTNBEDT
H3B, '

ULZERLL, RHIRSHEODV S 2 U TOACERL T, RSB A & D58
TRTHRL. FREE OMRLITV V2B bE DEBRToTE,
BRI EEBI T 2FMRIEAE P OELT, BELT 20 MEER DOFRE L.
- AXRERMOBEMRLINDoTB, 51T, BE 2BV TIBLEEBR#E DikEr
ﬁ@ﬁﬂh“@%f:ﬁﬁ%ﬁ%‘%‘@fﬁﬁ%@@%mmv\7‘:‘; ZDIDIT, MEBIRREZITV VR,
FRRZEEERZET 0 FAOM B EZREURRO LB N R B A HE BT 5
ANHEREEDOHYFIZ VTR,

RICITRRUAZEDERIRIR, BT 055 2~0 HEER IR AT,

YRR 13 SEEETEERIRIL
44 3ELE 24 154 GEl
HEEH (N 0 2 2 3 8
TEER (A 3 | 1 1 0 4




[t PIAR]

(ERR 1 OFEEAFER)

KEETFERNELZNETRL, ( ) REFEREORT,

H B A St X 1)
b | AL |BEBE | P ED | EE || AN | ED|
,
g% ] g | dtke = it | WS
R
1 2 3
AL AL
EEERER *1 1
1 2 3
Py
aht * 1 * 1
(k1 1 EEANTEE)
H 5 R 1 X 5]
|db¥E | R (BAR | PER|EE | PN | F O
&t , 2
% i 1B | AL = w | 7| E
Favs
TR 2 1 3
2t 2 ! 3
(FRE 1 2 EEAFER)
H By SRy 45 1 X B
bvE | R | BEE|PE AR (PR | E D
g 2
E 15 | ke E ik "=
@ .
s 2 1 3
BEERER (1) (1)

op
i
—+

(1)

(1)




(Frk 1 BEEAFE)

H & A K 5
AL ¥E | 3L [B93E | B |ER (Rl AN |20
-2 i B =
| ﬁ ® 45 | dbke = i 5
B
B R 3 3
A8t 3 3
HRER IR
(ERE 1 0 4EEE) K FEEAEEZNETRL, () BREFE2RETRT,
B S s R 5
- it ¥ | #t mg b T R s
E H{E |4 & = il
.17
6 1 2 91| 11&428
HSERKESE (1) (1) | lzonWTH
* 1 * 1 | AR~
HEICBIT S 1 1
)
KA 1 1
BE
7 1 2 1 11
|8 (1) (1)
* 1 * 1




(FRR 1 14EEE)

H B SR S X ]
b ¥ | EAe (B8 R | R HiEE (| AN | F o
B _ 7 B
E BE |4 B = i
217
9 1 2 1 1 14 | 14428
B SETESE
* 1 *1 |lzonTH
9 1 2 1 1 14 | EERd~
CEH ,
* 1 * 1
(SERK 1 2 4EBE)
H & 22 Bl
b v [ 3RdL | BA R | R BRI TE | R WA | F oD
T : B e
iH R {g | dbke £ ,
214
1 7 1 6 15 1 7428
BRI EE (1) (1) (2) oW TH
* 3 * 3 BEmH
ANEIZBIT 3 1 1
ERHE
KEAFER 1 1
BE
1 1 7 1 6 1 17
&5t (1) .u) (2)
%* 3 %* 3
(ERE 1 3 4EBE)
H B 2R X B
e g || |BE | h &5 |aT# | Rl | F oo
s ) , #| o mE
E B (g ke E fit,
g |
1 5 1 7 7TAERIT
HamrrE R
*1 *1 | DOVWTHEE
) 1 5 1 7| BBHE
Bt
* 1 * 1




(PR 1 4 6RBE)

| HH B SR X
_— ¥ | B (B OE|P B AR (P EAul | o o s
i B g | dbka Ed it
21

1 11 1 1 14 14428
HHERES (1) |BEEY) ‘ (2) |lZ2nWTH
‘ * 4 *4 | BEEBHE

1 11 1 1 14

A8t (1) (1) (2)

* 4 * 4

2. EERSEFTOEKLMIERDT

I RIS EE L O E I I B RS T E S TR SRR A
L. KEHEEEZITEILEERL TV, LL, I E— LB 2 s R+ 5 B A
BT BRI — 2T,

AR I R BE TR 2 BB ST LA R AT Th 2, IR 1h B LD E
o, BEADLOBEERHE OLEENHED THIUL, KEAZLERICHRITLE RV
TTHD, #oT, —BHFBEROITKRESRERERHBIELT, RERELZIT3IC
SEPLVENREEIE X TV BHEID BN BETHE, ZOBKT, KEAITAZEH S
FOEMEE X BILSRERD, SBLTHIEIRF TE2ELRN, 2 RS EOE L
TORYEE THA),

BEDTERZRERZ T 0S5 MIED THLVERFIFROL LT ERSN TV B 212,
AARIZBIT B ORBD DI RN IHFENRNEEFE P e E 2D, FDHIHRD
THEBAE P SEETEDLLEXIAERBREEE V)5 25 25 AEL AT RIS,
BIXiE BEICL ChBR2EET PEE X RET HRHHER THAZ LORRDEDIC,
3HMITh2MEORBEIT, BEEFLALOBEROERRR. ERBLIUVEZRE
M 7o) — BT L R HER 33 B R D Th B, BERBRIT 27 SRR E )T
BEAHDAMBIIZHED DZLITENZ LT, FFTTRETIEH B, L., — BB
DEBEROILEE OAZRBICEHTNIT, EBITRLTREALHARE X LB
THD, ZOIBREBOBRHARERARRIRNIT, ROFRLLTHTEETOR AL
EETREETAZLTHDD, DED, BEDOKEAERBRE RLIBEROEANE T, &
Bl E COMNE FEER BB 3 X T 3B L LETHS,

FRREDEERET Y TACIBEL BHELTEIT. Rol0 BTN KEA

8




ZRBEEIZOTOHORE S 2, FIUIEE O BROTRITIVE, #HER0BME1 85
HNRWED DRBIR TH o7,

BT OMLEMEITTRDDVIIAR—Y TIT AR THIA <&a§éh’(b\5_af HDOH,
B2V TII 272 BRI, B ANEERB TCoOERICITERA RS, B
OHRTIFEFITEMROLL LD LEDLN TR, RFWEBRIZI-THSL TETWHEE
xBTS, MEEORERLRKRID LK F ORBHERDOLNTNS, T, THE
ITECEL B ELRHEOLHTHIFRIL 27220, B 2 FETHICHDREARER PR
DITTHD,

FNTIEM D 2B EI THAID, (L, £, HERkE 2, TRCRFOERIILER
WD THAID, FRIFORBIILTERA LB RRBYLNIOE-TRY, £REHIC
R E B X I IR FNERREND, ZOEKRTI, WTFNORFIZBNTHEF SR
5B, T TEDLEFITH, MR THRVWVEVE L F RV BRI TV DA D BRSO R
VHEREBOEDITHETHS,

EFROIS, FERFEERZE IO/ SATIIRED RS ESHTL AL THRELE,
L, BHEIATORHBEHE T REARZOKIFBERRDENS, [MiiabiT,
KRR R UADE TOREERD RN EIZIT, R —F —ITR2D 2R, Z07dIC
— WX AZEE LIX R DHVF 2T L LIEEERDIRD b1, FlzIT, HEROEN-FRES
TTHATDROT, AXBLIUHEBEROEF ., e RA 2 LOZRIC LDt 2{L#H
BE., fiREFELRDLND, :

TFERZEERET 0T FATIIIOBHRNEEEIToTVEN, BiXREMEARD
Do R LITRFTBE AT A BB DO FY MO TR+272TETHD, TZTEM
BEHEORZE OBRANE TLROOND, DD, FOEOEFEED THY, EEBTA
ZLUTHOREHBFIZOWVWTIBNBAMIELEVDIZ LT3, SBERRILH% B O RYH &%
BRIZ2o TV, EOLZADBREREBIIMERDOLENKRERS, ZOLRFE
ZARRE 2T I RO, FEE2 ARE T 8D, MRFEBRLL T, TERRICELT
SEICEHEFLEML T, L00ABRENEICKREAEERTRENELNDILY
RDEND, FDOISITRBE, HELRELEAICE BRI LR AIERO Ry B EHE %
EETE, —%Bﬁé% |0 BRI EEHE ORBEIRSTBENTED, ZDIH72E N EATEE
DRENRVER I, EREE O RERLRICRE AL AR EBRN TR HSHE IR
HE7ew, 8z, Eﬁﬁ%ﬁi%aﬁﬁ‘@ﬁ%ﬂ%ﬁétﬁﬁ{%Téx_{&B‘J IR DIVEVHIET
i1, REDKERET 0 FA~DERICARERX DO TEERIRN,

BE., R REEENLETHY, TRHEMCBIMENHELVI A TRIREB LA X
FD720, FILWVRLE B RS TIIE DD, 7220 B ATEY BH LD THY, {7
HWZUSEETITR 4 LLTESRV OB R EFHE THS, BEICHESRFMNTEV X #HRL
NADLHTHEVRIOBEH EEZERL TEETRETHY, 0D DM EELT
INETHD, ZTNDOD B EDRBERXZDDIZIZRAREE I —ANLE T AMETHB,

9



L LbRHIREEBTNLIETAMBHBDIT T2V s, Bx X470 AMBERLIFE
THD, T LRNWTUoLIEERFL 32808, L) — —ITIRDRMFLEER L TV BLES
AADHRMEDOTIZL, EROFEERBCEIFEE CIOLTEERBLONA,
FERKEZEOPITH, REFELT)—F —2 o P ERABEBM KT 5050, Rob&EENR
HMEBEFEMOENY, ZLOFBLEED P TRNALTHRIRICHS,
SREQTHMTIRE TR YROZLE BARD IIITFTIRETH S,

10



sz SBERFET0 ST ATORHEREET

1. BEURSHETON) F=27 20O L EE

TRl LEEDOHY $2 5 ADEMH-7TiL, Tl 1 OFECKETERPRE X
THEHEOERZEDO W OIOEEMTRbE, £-. BEEES P M{Lan, &
V¥ 27 AOBRAEICONWT @%ﬁﬁ?ﬁi‘i@&b b,

1. BRI TS LADOLY F2T b

SRR T T ST AORER BRMICIIERER TH I BENE L IXTESICHBE
LTWER, T FaF MIEEEBERON Y =27 AT, SERES 0SS
ADOHVF2T A LEBoTHEERZTTOTVE, TRl LEEDGEERSE 0SS
LAOBERE 2R 11T, EREUFZR2IITT, ThHOREDI b, £¥EHOHE
FAERERL B, BEH - TR CHRBINL TV 2EMBBIZYWTIL, £ERYE T rS
ADBET—BRFEALFRIUEBZLZHLTVD, EENEHREORE & LTI Mg
FEIT—] EPRHEIN. BABENEROBVV/PNABKORERTR2OA TV 3,

1. 1 FRIIEEDOH Y ¥ 2T ARBR

£ 3T, ERFET 0 ST AEEDERIVFEORBFIZRT, 1, 28EROEER S
TaTIL0H ) Fa T AT, K, WEZBESFOWRE LRI TDIILELRER
HEEZDOL LTSN, BEINESHON Y $25 A8~_—2 L LT3, 14F
WIZITHEPFERER B O MMER B & L THEYBI, BII(h%) . BET. ®E%CI, CI1(E
BEREE) . BRE., BiES%. BEAEE, (LEER. DEBFEA B2, EMRE OME
BB E LU THEEEAZEBETS, ZNHLORB TIX, £ERY 0SS AD%4IHE
FEMBERMITICHAR I TVS 7 FRICHE LT\ 5, EMERE B OB ER
L INZ, BEEYEER THI2ELETRETA I LICRo TV, ZDEEHWSRH:
RENZ b FERET 07T ATHIFERTRESED LI L, 2R TIL,
BFERA R & L THEFEDI EWE %), BEE. EL@TF %), REYE. KRR
BB (R, 77—V —fZhrs) . EMRE & LTHEL, BRKFI, 11, WEBHFR
REEBIET D,

11



1 KERETIDTSLEWEE
| B

X

5

2 % A B

fir

A
&
=®
R

oo
L —

GERER N

4Bk

2FEWR

3R

4EER

—EE
R

HE=
QR

<
<

S8
=

%

HYFE
HEKAL

Eed

¥
o

i

(-

&

SEREE IS

©

aHE |

| B

N | W
(o]

WHRIFREB -

BIAREEB

BRI E TS B

WEFEB 1 H¥AML

N'N#Nahj'mﬁ

WEEEEB 1 /%S 1

WEFB I AN 2

WEFHEEBINERYE 2

WEFC | BREKFEAM 1

WEBEFEC | WREERT

B C I RIS E A 2

WEFRE C I BRMAERE

MIEED 1 Bftr AR

WEFRED | A AERE

ololo|lo|o|lo|o|eo|o|olele|o]|e

WHEFE | BFH%EAN

WESHEE | RFHERE

W R 1

©(0|©

(2)

T s )

@)

HREEA

©

ERELFB

©

2 |

(L ERE R

11

o

(2)

€ EE

2

2

QORI LERE, OFMILERLENE, BENEERAEETT,
@EH, EEOBERMMIE (

) TRT,
OBEEMIE, B LTV AREETT,

12




# ¥ ® B

 £}

SR

| g
| B

=
|

DA

R R PR

1)K

2R | IER

HER

T o L
5|
A\ RYE

I8
Vi

1%

| sERs |

5%

HBYFE

IEE - ER

L

Fq

B A F

v
2

| BFAED

[RrAE

olo|o

MY ERYE

BRI

©

BRI

B 0B W

itk S i

WAL

E % 7 AR |

BT ERI T

HE

RetEiy

I ]

| ApERN 1 Y

| symmee

e L

10100

SOhT P4 T

R 1

RFEE¥ T

FEHEY

SeHEREIE

O

[ s

ISR SHESHFCHE ECH SR FY FX

HPMERE

T aEE |

| FEERPE S0

| EBEE |

SR S —I

BHE

RS I —IV -

£HE

Seohl s |

Tasm

| nemnn

(12)| -

()

RERSERIT

©|0|0|0|0|0

a2

(GHE)

R R

JMTojlojlolw|o|lo|leo|vwinw]lew|vwlow|{vw|ivw|jo]jelelieslololo o]l |N =3

®)

(8)

EHE

13




®2 RBERFT0/TLAOREEM
FERFET 0 ST AORET, BB T LITRO L D ITEDEERED N TVET,

% ® % ¥ ® g
- HPIHERE
# @ % B OB B ¥ B B B

BE B |xR & |HBLE| AR-Y -\ &|IF—|@E |5 M| E M BATH
SEEE | S B A | 3 |
B B BI® B|#H BI® BIERBE|® BI® B|#& B
(&)

8~10 | 0~

|

Bt s ~ 12 2 2 12 ~ 18 42 |68~72| 140

I |

REt 26 ~ 30

O¥-EEFRBORIE

@%lﬁﬂﬁ@ﬁ&

+ BEfESHE R (3¥7ﬂﬂ i@:ﬁ&ﬁ‘ﬁﬂ&%ﬁmﬁ%ﬁﬁ) DFFFIZHOWVTIE, %m%ﬁ»&

SERRE 1 TROEWITRI LT 6 BT, B 1BOBHITH LT 2 BT CIRE L,;*ch (A
BEHOBRITOVTH T LTS, ) i, WEAMVHERAL (S EEESRIERN D24ED

FHEERV D, )Dﬁﬁdﬂ/‘f‘b %lﬁt/%—@ﬁg@Th WL, 4%&'[&‘(‘%

ELET,

P RENEBOVTIL, RO EFCE A > TRIET B J:7D>T%i‘9“

- OWERE ORE

-@%ﬂa<#mm@mﬁﬁ%m@$w@sﬁﬁwmﬁ%a%>uowrm,ra.Am

EXfbl, TP BRHRLER), (o, AMERE 254 1REMEE, 1d. &
REFR) RO EMEHERR (é:pﬁﬁﬂsh K2WTH, B2 (12EA513E)
ICORNE At LIt BRI E Db 1 R L LR BIE L2 UE2 ) 24 A,

- ENEFERT T /7 AERIRE & LORETE, 4 BAE CRASE L LTS

¥,

14



=3 WAk 1 14EE 1 FARREER

#3—1— (a)
1R 2R 3[R 48R 5 6 R
BEECI | FEIL&S | . N
. M| Ml | LSS | mm BSMA |MEEB | XREIS
x| PEECI | BaETILES | BT
BRISF intensive E3I)—
e .
W | e | A S
x Y B |
| HEEA | {dsm | frsER [erEm | OReI~—
- . | CALL WEER ] | WEER] | WEER]
o [T PR WERRI | wERRT | wEsm
3 | B | S WREA | | TIF—
| - RS B B Y
~ BEOTB | v TIF— | w34
- TR B W
W | somcdie | wmeEB | BEEE D el
DEERE | FRILES | gy FheR
o 7| o e |intensive | P00 00| B e
Y %ﬁ%@ ﬁgﬁ HL&S YT 71' I \‘X
& 715 - BRER, | intensive A B I
#£3—1— (b)
158 218 3R AR 518 61
W Cl R IIL&S CALL - -
LU | e | T REZA | XREIS—
ey | PEFCI | #EIL&S | EE% | CALL ;
B g | intnsve | 3— |5 i
a | P2EBT e o BRI
x #ESET
U | m #¥B e | (e |eERR | OREIS—
- | BB TEER] | WEER] | BERR
I il PEERT | wEERT | HEel
% | e B wEEA |G il
rerer | BERED | v DERE | e
* I BEIZE | pwmmp | X701 IS S
Py P 2 Wﬁg B %ﬁ#
el BEIEB | s B I
WEFEE | FREIL&S | g - - E A=A
o U o it | mensve | WVHE | ©vEL mea | T
Ty | PEREE | HEIL&ES | o e FH= A
B | 1% BRek |intnsive |7 BB | FAVEE2 oo

15




#3—1— (c)

218 318 4 51 618
BEECl | #BIL&S |, w5 o
o U mmmr |iengve | OOE o SREST
oo | PEECT | FEILES | DR |, ”
P | mpser | itensve | z3y— | HTD2 s
=
i |2 T | mmera 7
PS =
g | 72000 (L v e s | soRes—
S . |CAlL wERR] | WEER] | R
il S WESRI | WEERI | EERI
. ey A5
wn | o | DEEDL | Rea mgyon | 2T
U | HORRE B TERE | B
|| LERA BEOYE | swpmp -
o | BEEDL | | BAE B W
B mgetny | BOFB | pnnes 3
YEEFERE | SFRIL&S | g BRI | AAh=AR
o I | e s | intensive | PO OKE | EEERL | e
b J1%: - BRER | intensive BB | WEPD TIf—

16




SRR 1 14REE 2 SFAERSTIRIR

#3—2— (a)
1R 2R 3R AR 515 6 1R
Wi | 2R wrmgers |0 | g =
B — . =
- WEEE | G e
3 | 235 1R e | Rt
#1789 %ﬁ* Bl \wmsern | wmmmn | oo
S 7 | PEEBT T e~
B e Sy 1D
- T EER | R | R
N RUE | EEAPEY | BMSED | ymewn | smemmu | vmssma
AR T = B DI
1 | I mREED | e
AR 7 . A
AT | Bvass BI &i’r‘/ %E@f;_
A wEEEE | T
4 1 N ?.
| miet B FFEEB | s
vy %ﬁ# F ISR
N e smIR | mmiep1 | PRr [T
e wieB | FEIR | mlrn | TLT7
%£3—2— (b)
118 2R 3R AR 5 R 618
B T R P
n | mmes PEREEE gy | PRI ZIh—
x| PEECL | GEEEL | R
RS BT/ | HRI
’ fo
#1789 *‘fﬁﬁ* Bl | ppmsewn | tmmy | oo
H TIh— FRAT
o |BERR | WEER] | BERR]
s RESE] | pmwpn | wmkmn | pmee
. - o B DT
% | EELEB BRI bopwad
e Moy
X A £IF— | —A
ThEERE -~ W
1 %‘H St BT HIBRRIE B S
=5 =3
EOE HIE IR w1 | PET AL=/3A
& I EIf—
44 YRS JEINYY 2 oy AV N=VAV S
9| e me | FL sEIR | wmern | D000

17




#3—2— (c)

118 2R | 3R 4R 508 618
B | =3 IR 2 YEE s e
L 3 Zﬁi&%E gl ZE I
4 = ¥ EI SR :
B RER  goie | am1 e
M 0
e P e P L T b
X = - ' EI—
7% A e M
o | st | mmsee1 | PESRL MESTRL | RSB
" it ’ T | wEsRI | wEERI | EERT
44 e s ZJ—J=x R
2y e ?a%ﬁ;_n | w7 %ﬁj DI
G | g g | | B | DR
RiTRA HIETIR s Yy F L=/ R
& ‘ W 1 R dang
e J%#1 sEIR | wEprn | D02

18



1.2 FERFEEIF—

FERFEIT L, FBERET RS T 2D HIH 2T 2D R ThL - Lb U HHF B TH
D, SEERIET TS TR EDVMER B Lieo T3, SR E I — 3B +IF— W
BEEEIFT— IR EIT— FA=ARREIF—04ARBENBRY, TR 11EEITR4D L
HiatIF =D, FEIF—DORNELEMRITICOVTIL, FHYHEHLOHE

PBRENTZW,

ANFEROWER - YBEFEIT -3, [RA—XRKREHEE~OORBEZRELT,

BB A FEOBETRUL, MARERMAICTEDMI<HEL T, AF— MeiBb R e
BB | EUTRE-ST DTS, 207, R 1RO 144 B 0 Setfl 33
F—TiL, BMBZEERE T DI SADREDRITIRY, KDY HEBRTEBIICL
oo EERB DR LOSEEDEER I — TR S MWER SR D34 D — b HFEL
720 FIT, SR E T Y — DO BEER LU TEE L YudsonBiRIZ L B35 F )7
oY DF X AN A R ORBITIEERE T T ST A LUNDRE Lo TR SRR

7’207:0

R4 ERR11FEEEER I —

Y |
TIF—DRER | 4E 8 3 BH | BER &
148 XH A | 6B | A0S
24F iy A | 4R | HEGUEY)
3T —
PEETT L ae | x| 8 | se |emx
ofE Sl & | 5B | BRS
14 K& K| BB | myERsger
MBI — | 26 K A | 3B | HEEs)
o4 K Kk | sB | BROR
YFEIF— | 1% most | A | e
A=A 1, 24F &F & 6FR

19




%®

YISO | LT BE | R 5
148 K x| 6B | HE(EE)
YEtI ) — 14E Yudson & 6B | WE(GvFD)
2% | HmU-TE | Ak | 4B | AEGUEY) -BoBLR
14 e A | SR | AEiTEER (EA)
BT
PREFET | e | mk@p | x| om | e
TREIF— 14 Ak k| e
F =R 1, 24E . &F & 5[

1.3 FEREER
2FRBEHAD R 2ER ZHEH, TEHOBKOWERY, 1FERIZHE2—3
OB L CIRERE 21T B LLTEMLE, Z0f Bt 36K, 4ERICHTR
THOFREEZRD DD DU L L TIFREERFETEFTRY T —LL TOEHELF T
TS, B REBOFRABELRNTIHEN, 1EROEA IS — LU THER THHE
NENTERINTNBED, FRI12EED ANZENLIL, ZOF B2 T EREHR L L
TIFRDUMER B IZEE T3 LiTleoTz,

1. 4 BEFEAIF 250K OEIMIHE

EEERER B ILE ST TOITEEICEL T, REBE LRI 2T 558
MENTEY, IFERITITEFEZ. 2ERICIT—F 4T ERLUEEE /TN T
W3, ERRIEEDLERZE T usT AEA T, D ABIFRATE2E T L BListening
and Speaking DAV T Ta—A RN, v a—FeRAW- BB EEHE 0l
ATHDHCALLIGERBIEL, $o. BEEOBABELTONE, 2ERDV—F 127D
RETIHERFMICEOIEERMETR L IFNBIThN, FMERBATLEBEBIERLLT
BRI RFREERT VRI ML IR ENTh T,

SEERET BT FATIE, VRARHRLLELY A HE) DEMBATHERIT>T B, X
TV a—ADRMICOVTHEAFHEOREBRSNE, Z05h, o/ BRETHTDR
TEBRFEYHEL, LROFFENVF 2T bLOMBRHRICLY, FANTREE ME), (3488
JIDE EIZEREDH T TS,

i, VFAERRE T ~ER ANEL, HEEEBICAK T L2  TEBRMICIRD DY, 258

20



Bl B LR B ORI RRE. NEORRRENRELL TERoT,

1. 5 HUF=TLOEMH, BmEK

SERIET 0T FADHVF 2T MIYBREOEBEFLERL . ST LY EER O
HYF 2T MR oI THRBRSN TN S, ZOLRHBRI—2 T2 T, TRREEOS
VTR ST TR RO D VF 2 F 2B L TIEE I AP B EHE 2R LT
BREENTRERO—EE RAIITELR) T,

ERI2FEEDOH)FaTATIIUTORERERETALLLE,

THER R 3B 2 TRERFEG 280 LU CH#T 3L

-+ TEERFEEBRIGEAL IZ oW T, REBRETHEZER O3ER TIT o TWA i
FRRIPEETIHOTHY, FRRIEZSEIL T, eER SRR 3BT MRl
FEBRI 3H(L1&T3

» THEERMEERIIL TSV T RE~ORE B LV O T, BEFIT LT - T, 3&E
KA E IR E 2 I CEREFT 25 DL 5,

- TRRBIFE | LRI HIDEDELTHRD

© TERELFAL TEREEB I OWT, BEMEL 2o TV BLOERBIRUELL, Fic
THIBRFLFEA ] THIBRALEB ] (MBI E2A~2F | ZRIMER B LL GBI

- DERRE 20T, BRL Th BT L7272 e SRl 2 7 n 5 AR B
RDDRERS o

© THRSFREB) . HREARBEEEEB T\ T, TERMIT . [7— Y| (8%
SRR R TR, (RREM OV THRAEX B3I LN TEB LT
2o

FERFETn7F20FMB B ICIRROEME BB

© THRERFEEIT—1 6HNL &R I — AW EEIF—) 28T, (4Rl
T —IBWEEFEEIT ) 2BL), TREREEIF—ICH L= AR EIF—) 28
), TFEERFEIT—IDCCREIT—) 2B B 8EMIZE T,

© TRER I 1 G B TSHERI R I — AW EI T —)2 80T | SEiERl

21



wIFT—IBWHBEFE I —) 2B, [EERFEEIT— IIC@‘A:/*ZX"?:&'?‘*-“) 2
Bf7]. FHOEMIZER

v TSR I —III 6BUT | A TSRl eI — A B3 F—) 2Bt | | [4ErERlae
LI ;B ERE I —) 280, FABMICE R

o [SeiERI¥EEIF—IV 6HAL) 2 MRl — VAWEREI T —)2B0 ), [EER
24— VB FE LIS —) 28T, FH4BICER

2. FAERMHIEOERM

SEHERIE RIS AT, AN A OBRNCHE U BEHELISELY, SR
0SS IMEE DRER Y LT B DI A DTF 2 —F—F T, RER D5
WL BT &) EL TR, L LAAss, S M L F oy — DRI
MR T WEORIBENH T, FZ T, BANBARIZHER LW ENE U LEITEH
TAE ORISR BIDIT, SERTHELEAL, $4EORE LOMY, £EHEY
IR E AR ERb o The Br b, FR1EEL, 1E4RLLIBEIE, 2F
AREREAKELL, TRREROR 14414 ORISR T Hm0o TR
WLz, ~
BT BT IE. B0 BIESIENICIN R BER ISR L RELOE
BAHEATDN, ¥, REOHRLS LR ARSI FERBC LB FoTOERE,
BB LSBT L0 ERE ToC. REDEREFBE L,

3. FAOERE

SEHERIET 0T T 0, BLUMEER S EORMLHEL THIE,

FERET 0T T LEEDIL D24 ITIER TORRITHBEROPULIT Tho7uas,
2R TIX BN DORMEE R ED TND, BBBFEEAF YT L TAELILILIZE D) LD
NEIFEROMIZEDLE L, 2FE TR ENZMITLTNEEN D, EABEICERL
B EEREO TS TANR, Z02BITHAOWTIEREE ST I AT I LN TEEES
D6 |

E7e, 2HAEDI L DRI ONTHIFRPOMEEN Qb T ITAD A THY, D1
BNTOVTE LI DORAEE R TS,

4. FFEE~DOBHR

TR ET 0T TLOREIEETYBEROFELFRLEBLZHTIILNZL &
7o ERAHIZATO 2R FERO S BHHERITE L BML TRV, MBFERZE~D
HEPBHRED, FERET S 7 AIMBEROZECROERTOMERE &L

22



EOHREEZ TS, o

T, FEER T 1Y T A BRIASN B L0 EOWBER O 41T Fh D2
HEIBRTTER THHENDIL TS, ZHITIE, M7, SR I — I c BSR4
DBEMEBFE LIZL, HEF LD, WEERO L O ITABRITHILTRATIC
(BTN IF —=AThIO LT LB TV B AT REMEL 3 B,

FERET 0T T ADEEITITBE AOBERRITONTOEN, ZOWBIImELRO
HEPITONDHEBOEITHD D WEFEROZENIOMBLHIAL ., Setsfirn
T 7 LDFEEERZRMUTOBERIL BTG, ZOLI7%H2b B 3BH2EIF— 04T
NBEZELHDEITH S,

BEETOIIX2TLDBNEDED, FIEE~DHREPEENICHLDT L1t
REETHD, BEOFETIIHHRERSET 2~3 L THIKREE~DRVOAZDOEE
WAED, FR 10 FEAROHIER A TR LD LI0b TEESR | SHbb TV
BIHTHA,

2. FGiERFEEIT—

11FESER I — UEHBEEI—) IOV T

FRR11EEEE, BB EIT—LU T, ATE1 - BHIOBET, L 1EE (34) 1T LT
ARDEIT—2{Tolz, BRAD L/ 3HAEOHHE, TnU% iz BHERE 2T, &
HECIL REGEROBRIELL TEDDAVONETOH D, RBREET /%1 (33,
1973) Z AV =,

FREMEI. B EMEL 7 bELTERATL, 2R EEE B B2 OB TRV
ReLTz, BETHEMRET, LREREREDNYLREMTYTEML, H DS
MBI TRT BT ETHB,

<EXF#>
REVFEETER TN HT WBEOLBADOMELEL DD DI E L H O AL

e A | B T ORPOBEERHL TNB LV BRE - TV\B, DI
DBFFEE D B HHNTAT - TV BRBEARR O F ik (3 2V IO BV F) 2B oz
NMBBREZE-TVD, BT NECHE NREIT. EARSBOHBEOFEE T LaTh
BOMBTHDIH, FEHBFEEL~VONEITTTICHABETHY, S AEEIcE
RALUTEWIR TV _RTET B LT, A B#ETHE, LALERA%IE. =
—hOEBFEAEATITINEWS T HARHRO D, BEFOEEO ML BT,
B2 G AL RELIFEEL AL TR LN TED, FLTEORBE., MR END

23



Fo PRTERVWEIREE N ENNDEND, WhIZHBO RS 1 £4£L ~ LTk
DOITLENTEBDTHA,

TOTRBEREARERPLEDPND BV S LOWFER %2, e DEEFAIZEALT, »0HL
FHEETOTHRBLTEILIZ LT, WEOE L FE2FITMITE L THRD TEETHS,
BHETRER2ME 4 DBRROPIZ, BIZAEH THOEHBHRERERZRD DL 54
BEOZEZF L, BT RENL RS GEE) 2 HAR KL LW O 1E4£D /1%
DEBEN L (TEX) FifHToha0THB,

EBICEXIE, WEDEZZ Lo EFITHTTICBRF /1003 %% (BT 20,
SOICEMGBELELELIRILICRDL, WREOAKDH Y F RN A7 EH 1 HMN
BIEAZ LiThiahddarizuy,

<EREOmWTE >

HEFERIFT— DA, BIBERO ML F I TTE0, BREBOBFLIToT-, 20
i BRI ERE ARV R o THYEZEVY T3, 20 BIEENE - T4 #
FRIREAVTE SORYMIEMRHT D, HEELEDERIIZNVCERR2AL ML,
HHVIRIREITD, LVOIBER2 RV S ThB,

HYFITIT, BB Ro b ) THRRICOLLE BN EDEB LTI L%, £E
HSERE LI, ZORVFITED, INETHEVRBRL TIARMoE A5 Bbing, B4
EBZTOBTLENTIEURZ B, LV BT LED, B2 A N ERICHTITS
fEDLIT, TBEED TRMRLLDOTHY, MEE>THB0D, ATV DA, SoiFY
DPBIRNIENREN, T, BELRABEDERE NITELHEMNL. BEr2HNcS
TTNBIET T, HBWELE 2 TEHRFBLHAMAL TWBIIT TR, Rdveh & it H
ROBDTHY, LIF B TOIRASZIAED CEELRRFIERIT THAILE LS,

bI—RERROE, HRELH Q2 CRECHEAIRT VI THSS, HELENT
BT L0 EITb b AAMBH CHVEE THS, LHLAaNRb, B4 THA TR E
BRI MDD L oM UBARICENET 2LV D2 X, A7 ARFZR 4B TH R LT &)
FTIENTERVWEARNREEN THD, ZOEIF—Tit, BREEDARVAAR—RTHY.
ELZ LB BB LIZOT, BAEBANZES TIIEROL oh ) Ui B B LER 57117 Th Y
KBRERPESFRELTEONE, o T BRI EL B S TR LV IO — 1258 % -
DTIXR2VIDNEE Z T3,

NEOEMEIZEL TE, AZEoTETFIEL &5 Ab0OD ., Bhil R TX5RETH
DTLEFE X TG, BOHZHL TVBNEDHRIT, HYFNRRAY, TEESIRD 5
LYLTUF®, BT OERE LG RIINDILIRETH o7, LnLAss, B0 H
FORMB- /B - BIT—ICBMT AL T, WEEDEE Lo TRIICELEE,R 54
R TELIW TERITIIENTEZD TIIRVIIEE X TS, '

24



<R E > -
BEOHBZZT U he L TRAT L, CNEIRFITARN TV EWIRY FEIToT, WAL, B
TR 0 B B AR ) B T SRR b, DR VML E T, LI BT ALY
TREIDLE, WHERMBETEREROBERLEVFEES, ELT, FORLE X F4E
ZAE. —w%%@bb\Fpﬁ%%ﬁ<rﬁ'll‘;3:5&:ﬁ¥ﬁ6®f£é:v\51&%@?%&7:7)@7:73%'@%65 7=
7EL . SRR EEL ST SR AL N2 B X572 B, 72T B IS TR LT, K1
FEA LS THBESCHREREOFE PBO TEETHAILTEIETHRV S, Zhidd
BHFEEIT— DO FIIRB~HEITBIRICLE,

EH TR, 1FEEDTAHZEIOANER., IR HRROMBE L 7= 8% (K
F) DFEFITEWSNTLEVD S ThD, HFEEIF—EL T, ZHEEHLTHEEHT =0
TeDTHD, NFELNIDNE, R REREBICEIL C2BOM Y FBRREED, £nafE
TERATE, E— TR T OO0, LOLEFELL TOMS FRRBITER DA ten &
T BABBROMEIETEE 2 BLV RN T THB, ’

ZORMBERE T RO THEEMR O TLLIZ LT L, HERY CIETE e
LTV, ZDJTEPLT, BT OV NETRLE LML LV IIEE R LD ol bT
HB, ZDIIRGTHRE 2RIE, WOSAIITNEOIRITIVRY RERENH I LI,
TIE BRI END, TEBFOREEITIHENCL M 5T, TRV DRAE D TEL
DEVMEELB, HBVNTTEBRAITILL AL ALICBBEEAR T THE)., L)Lk
TR, SAIZ Lo TRAMRRBIZARDEDUINTTe, ZHOVIHZ LA TEBDIL, RIIVae
EoThD NI LTHS,

BHIAD (HBVIRUARED) KR LELT, BOVERCTAEERITXTHIARHIT
bid, ZD7d, EIF—HHERT Tholz it X, 2 OZ SRR ARS VST T
| FEFIERRERVERRAINE, 2T BRELT. HRRVWFDO24E~DLL M
FABTLITHRY, Fl, TEBFDEATIIHSDEZERRBTARVBE Y523 Lz
eofc, MRITFAENES TEMLERDIZLAL VLV LIRIERMDNBH, Z0+S
T—ICBTAHRY ., HEBETUH LoV Ui T, 241D TIERICHERTE0ThHA,
BIERERDY, BB RRERAE—EIOEIF—%tboThhotl bR B, K2k
EZTOERZERT, DEBOTO, ROASEEIL, B4 2T RO FEREDE
EIZFREREAA TG, SHHZO LI RERREIF—RERHES TSR bR
MERIND, :

2B, ZOEIF—DAEKHNEIL. BFA-LEAVTEES LICBREICmbES, &
WIZL2AToTe, D7 LbBEBITBMRTIHE R, £ E3IF—CEEMICEMAITHhhTRY
FAEDOKIGITIMA THLOEMoTRZLIT, HYHEOBEYIINE L CHROCEE
THB,

HRTOMEIZ Lo TIMES NI LD T O NB REAEREET OWHEGIC, ROA A
DEE LVIREBR2FIE B L TTHIN, LD IEDANTHIDT LRI LI,

25



Remarks on the lecture course (teaching philosophy)
in classical mechanics at the Center for Frontier Science

1. Introductory lectures. Motivation.

When starting the course of lectures, I explain students the motivation for this not
quite usual approach to the stuff. They should understand why one has to go beyond
the usual school treatment based on the Newton’s equations.

~ Because of the natural resistance of our conscious with respect to a new and rather
abstract formalism, I do not spare time for arousing students interest to the matter.
This is especially important for first several lectures devoted to the Lagrange
formalism,

I tell students about centuries of efforts in reformulating the Newton mechanics in
various equivalent forms, in attempts to simplify solutions of concrete problems or
in a search of some basic principles which govern our World.

I explain that the equivalence of various formulations breaks down when we go up
to the next level - quantum mechanics. I use this example to demonstrate that
physicists should master different approaches to a given problem (the conclusion
which was persistently advocated by R. Feinman).

That is why I make a break just after introducing the Hamilton’s least action
principle and derivation of Lagrange’s equations, and explain a natural physical
origin of this principle, which look absolutely marvellous in the framework of
classical mechanics. For this purpose I give a notion about the quantum mechanical
summation of path amplitudes and show qualitatively the origin of the classical
path with a minimal action.

2. Symmetries and conservation laws.

In this part I emphasize the beauty of the approach, which uses a minimal set of
basic assumptions to obtain important and non-trivial consequences. I explain also
that this kind of derivation is not a particular trick, that the use of symmetries is
what the fundamental science is based on. Thus, the students should have in mind
the importance of this stuff, which they will meet many times in future courses.

3. Integration of the equations of motion.

When considering one-dimensional problems, I attract the attention of students to
the remarkable fact that three dimensional problems of practical interest (e.g. in
the Sun system astronomy) may be reduced to one-dimensional ones due to the
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conservation laws. During lectures on the motion in central field and on the
Kepler’s problem, I pay attention to a unique property of the Coulomb potential -
the existence of closed orbits. Also, I ask students whether they would agree to live
in a World with a “gravitational force” inversely proportional to the third (fourth)
power of the distance, instead of the actual second power. This is the starting point
for the discussion of stable orbits and a “falling at the centre” phenomenon.

4. Collision between particles.
In the beginning of lectures on this topic I explain that study of particle collisions is
practically the main tool of the elementary particle physics and it is used also in
atomic and solid-state physics. - I emphasize, that the basic notions of the classical
collision theory (like “scattering cross-section”, “impact parameter’, etc.) will be
used also in further courses in relativistic theory and quantum mechanics.
Therefore, the students should take these new basic notions quite seriously.

“As a topic of a special practical and historical interest, we consider in detail the
Rutherford’s problem of Coulomb scattering.

5. Small Oscillations.

Here I emphasize a very general character of the problem which arises in various
physical systems. The material of the chapter is relatively simple and familiar to
the students. To arose their interest, we discuss a new beauty phenomenon -
parametric resonance.

6. Motion of a rigid body.

Here we consider basic concepts, like the relationship between angular velocity and
the angular momentum, tensor of inertia, and equations of motion of a rigid body. I
use a relatively simple example of a symmetric top to describe the precession
phenomenon. Finally we discuss the motion in a rotating system and the origin of
the centrifagal and Coriolis forces.

7. The canonical equations.

To explain the meaning and the importance of a quite complicate and abstract
material of this chapter, I use the similar motivation as in the beginning of the
course. Namely, I describe the connection of this stuff with notions of quantum
mechanics. For instance, speaking about the Poisson brackets, I sketch their
relationship with commutators of quantum mechanical operators. Doing so, I do not
pursue the aim of an advanced explaination of the future material, my purpose is
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only to demonstrate the significance of the classical stuff we are considering. With
the same motivation, when dealing with the Hamilton-Jacobi equation, I explain its
connection with the quasi-classical limit of the Schroedinger equation. When
considering the Liouville’s theorem, I outline its importance for statistical physics
which will be learned in future courses. I end this chapter (and the whole course)
with a lecture on amazing properties of adiabatic invariants.

Throughout the course, the consideration of theoretical concepts is accompanied by
solution of corresponding textbook problems. As the material of lectures requires a
gradual increase of the mathematical level, I control continuously whether the
students have got the necessary skill. If required, I introduce the necessary notions.
The given course of the classical mechanics is a fruitful field for practical
applications of mathematical analysis, theory of differential equations, and
analytical geometry.
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Some impressions about the student education
at the Center for Frontier Science

Although one year experience is not sufficient for serious analysis, I shall try to
summarize some observations about the educational process at the Center for
Frontier Science (CFS), Chiba University.

When I started to work at the Center, my first feeling was that I returned to my
youth, to the two years at the Physical and Mathematical School (later referred to
as “PMS”) by Moscow State University and to the very beginning of my following
study at the Moscow Physics and Technology Institute (now University). In my
second report I shall describe in more detail the history, organization principles, and
practice of selecting and teaching talented high school students in Russia. And
here I shall mostly consider the system “from inside” - I shall discuss perceptions
and emotions of students involved in this system. I am. sure that problems and
feelings of such students are quite common and are determined by their affiliation
with a “distinguished institution” and by requirements they meet. I am familiar
with all this stuff because I was myself one of such students.

This knowledge and understanding of the problems helped me very much in
| teaching and establishing contacts with the CFS students.

The first feature is that the selected students are, as a rule, the best students in
their local areas. (For instance, when selected, I was the winner of physical and
mathematical Olympiads of my “prefecture” and had also a prize of the all-Russia
Olympiad. So were also my classmates at the PMS).
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Typically, they know or wish to know more than it is provided by the standard
high-school program. Far not every schoolteacher of physics and mathematics can

answer to questions they ask sometime. Thus, these students are quite self-reliant,

When selected, students deal with classmates of comparable abilities. On one hand,

it is pleasure to communicate with classmates with the same interests. The

students find themselves in a kind of “club”, and very soon they become in friendly

relations to each other, On the other hand, the students meet new requirements

that are considerably stronger than they have met before. The volume and the

content of materials to be learned are considerably greater than they ever met in .
the ordinary school. Some of students (or rather all of them!) may become
disappointed with such a drastic change of educational level. I remember my own
feeling of frustration during my first PMS year, when I had a lot of problems with
understanding new physical and mathematical concepts. (Later I overcame
partially these problems and was even recognized as one of “best physicists” of the
PMS. But I still remember how discouraging were my first months, Some of my
classmates did not bear the burden and had to abandon the PMS).

The first year is especially difficult in this sense. It is very important to help the
students to overcome the unavoidable initial barrier. An important step in this
direction is to establish good human and working relationships between students
and the teacher, '

The subject of my permanent concern is to encourage the students to be active in
the educational process. Every lecture I repeat my request not to hide their
misunderstanding if occurs, but to ask questions at once. I suggest them also to
contact me outside of the lecture time if they face problems. The smallness of the
number of CFS students allows to combine lectures with elements of a seminar, so
that I make breaks and ask questions to control the understanding of the audience.
I explain them also that they should not be discouraged with difficulties of
understanding, as it takes time to become accustomed to new concepts.

All this works well. I see the fast evolution of the students in the desirable direction.
They have become more relaxed and uninhibited. They do ask a lot of questions
during the lectures. They immediately correct my misprints. Sometimes they ask
the same (quite serious) questions which I asked myself long ago when learned
- this rather complicate stuff. Recently I felt really happy, when one of my answers to
student’s question was found “too simplified and unsatisfactory”, so that I had to
present an extended and complete justification. This is a good evidence for the
well-established working relationship. I hope this relationship will strengthen in
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course of our further cooperation.

The CFS students have somewhat different conditions as compared to those we had
at the PMS. First of all, the number of CFS students (3 for each grade) is
considerably smaller than the number of students at an PMS class (typically, about
20). The smaller number of students allows for more attention paid to each of them
by the teaching stuff. However, I consider the mutual interaction of students as
another important part of the educational précess. From my point of view, when the
activity of the CFS is recognized, future enrolments might be increased up to 5-7
students per year. I do not touch the question about circumstances which would
allow for such an increase, but I have only in mind more advantageous conditions
for students. It would be better for them to have more classmates for better
communication and diversification of their small community. For the educational
process the above number (5-7) is still reasonable and still allows for the individual
contact with every student during the classes.

Another, very positive feature is that the CFS students of different grades seem to
have good inter-grade contacts. I hope these contacts will further develop so that
younger students could be helped and advised by the older ones.

The next important point is the CFS student’s attitude to learning foreign
languages (English). The importance of mastering foreign languages was clear for
the top Russian scientists who founded the top Russian educational institutions for
physics and mathematics in the 50-60s. Both at the PMS and later at the Moscow
Physics and Technology University, the program for English education was as
strong as programs for the “exact” sciences. Now I have to admit that we had to bear
this “burden”, but our attitude to the language learning was not as serious as it had
to be, and we did not use this possibility as much as it deserved. The reason was
that this knowledge seemed to be not very practical in Russia of those years.

The country was rather closed, contacts with rare foreigners were strictly
controlled and not encouraged. Trips abroad were considered as an outstanding
event, as a privilege of few “outstanding” people (my first trip to a capitalist country
was already during the “perestroika’, 15 years after my graduation from the
university). That is why the reasons for learning English beyond the level sufficient
for reading scientific journals, were considered as somewhat abstract. Later, like
many of my Russian colleagues, I realized my educational drawbacks and had to
make up for lost time.

Well, the situation has changed drastically in present Russia, where the necessity

and advantages of mastering foreign languages have been well understood by the
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society.

That is why I consider the CFS efforts in improving the language education as
actions of the highest priority. Indeed, the CFS students do not consider English as
an abstract subject to be learned just for exams. The practice of arranging their
summer trips to USA followed by their reports (in English) at a special party, is also
very important step in this education, Hopefully this practice will be continued. And
what to say more about the pioneering idea to face the CFS students with regular
lectures given by a foreign professor?! This is a breakthrough step towards their
future participation. in international schools and conferences, international
communication, and also towards the possibility of continuing their education in
leading scientific centers and universities of the world. .

No surprise that the CFS students demonstrate a striking progress in their English.
Even after the first year their English communication skill has become considerably
higher than that of other university students.

The experiment started at the CFS seems to be very fruitful and promising. I hope
to confirm my expectations in near future.
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BRBREITRRIZE SRETH S,

2. FOERRIT. REBREROW CHESNZNETHS,

3. BN OFRECEENENORMICEL T, HREDOEBRMELHAETRETHS,

4 1T talented” (FRED H D) EWVIFEDOFEAZIFFLIV, U, BV RE HBIRES.
EFEOEECTEE, BV BN O, BERA~DORVESR B DEDIERAEAZD
BEWRTAZLSTEREAR), BENORFSIL, BEDFEERMICENTHI0H LR,
FREBAFEICE DI LIl « DIfetEIX. MER. AV 7 4/ =7 4 # i & (California
Personality Inventory) 3 DRMER B, HHESIZI>THHMET LA AR TH A, RACHIR
RETMIT, BEREB CHFREZEDONDLI R, FHEEE TEELRIKTERLDO TR
CihiE bR,

Qﬁmm.&wmr—-

EREDIER BIKE

FREATIEHDZOHEFRBOKRSHTIX, ERIFRT-oTEY, HIELBELNL T
%, HEREREEDIRERDHDR, Tk, EOBRBICEHOLOHDEMREID, HEET N&ENE
IDEPD DHEIETHELE L TIHFBREZRHELID EVIBDTH S, o, TNOLORERHB-H
12, HEESITEERBICMA b5, ZNETOIIRE, 2o BICRBITEFREE TS
BEDOFERIZ, UTIEETLLRHLPMED T —FBFAS N TOBILERL TS,
MR- EE-BEELRARERR, EROBRMK, B FER, RETHAE. /IR
(Feldhusen and Baska, 1989), % K B8 (Coleman, 1985), mE#E, Al A MTorrance,
1984), AEVERRAEFLERRImm, 1984), %, KFEAZEERBATIZ, KF~OHRED S
ELTIERFIAENTWS, Var X R 7 AR FESZ I F#E (Johns Hopkins University
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Study of Mathematically Precocious Youth) DR —7K¥EIZZ FEH b7y Rk FHE&(Stanley and
Benbow, 1983)%°. DM F HEHIEL ThHB, BIREHED —H L L CHEMERERBLF]
AT hiE, RADERHEREL R TS AEORN Z M 280 R Y RIBHLE 2
Do

FXTEEROA AR TIEHDP, B, R BT RITET LN SV (Feldhusen, Asher
and Hoover, 1984), Hax IO T, REZFIHTE0OTHNIT, AREREELIET5
AT, E ORI OOV TEARI YIRZ 3 LB 3855 (Hoge and Cudmore, 1986), &
DMOT —FRFFHES, BREGAR TRIN, FMSNTER, ZHEENBELTWBENY
FEERFEIRTIZEA L Z2VHills, 1971, p. 692),

RIBFEOEREDEL, EEORE., BEICEWTHEOBRERZFHT2E88
ZEIEL TE7=(e.g., Howley, Howley, and Pendarvis, 1986; Reynolds and Birch, 1977; Richert,
Alvino, and McDonnel, 1982), L2>L ., FHlR B OMECRMEMIZ Lo T, BEFEOFEMES
RYETHEND, LB T, FBELTAET BEFREITHEREZVORATEMT
1X72< OTDIZRI AT 22, ELTENENDFERN Z 72 AZEFAIRES BRI ER
IZEDIITFETID, Thd, FIALLWT —FOREORYHEICHFS L2V F —F %I
750X, &LRM LT HDOEELTH D,

~ [p. 6]
FRER

BHIEFHE B2 459)EERZE B S (National Association for Gifted Children Committee on
Special Populations)?3BAGANILTWAFEHTLALIE, T9§BIER ) (special populations)izg
ENBDIL, [TI7VHRT AUBA, CRNR=y 7, TAVHRENE, TOTKEEHEE, #
FHEE, MEEE$E., EEE. £kt (Jenkins-Friedman, Richert, and Feldhusen,
1991)THD, FAERRSLIEEDOANEN LD T REEF TOEEOREIL, HFHFOFME,
FHEET2EE OROEHIBERBOREF LT RERL ERTHS,

FREERH THAMEDTD DBRERITIV T, MAERD 5D 3 LBRMETE I LNEHD
WFRE I Lo THRIHI LTV 5(Baldwin, 1985; Baska,.1989; Davis and Rimm, 1985; Frasier,
1989; Richert, 1985, VanTassel-Baska and Willis, 1987), HROESRELEELRORTTY
ARTAIINDERETHD, NECARIZLIRACKEAZEERROZOHEIZLN
L IEERICHHLIT7IARTAVIANLBADBRRELARLEZS BADFEHBAD
BHRERZEILTHL, BAIVED-TeLDZETHB(Hilliard, 1984),

DEZER, BHEZEERBROF IR R ORNBEVIEBRITIT., BIar 2 RAIm L kR
72{AiE 233 %(Reynolds and Brown, 1984), 20, F8BEF THvA VT A DFEIBLHREIE~
DXIELLTIE, EBE S OBRH ., AFEFFFE%EL T 5 2 (VanTassel-Baska, 1989),
B 2 O ALK IS LT i AT LR b DBV E E B L= 7 XM %47 9 (Frasier, 1989;
Richert, 1991), 77— AFF 4 DF k% iV D(Maker, 1989)ENDHENBREN TS, L
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L. Stanley(1986)i. FEHI B AR TORKICERESPHSMEBZHRALIZEE D
RERICOVT, EERREL TS, O L2 FEZBY AT, BERESHELE
D, BESNIEHODEREINDILV AT E TR T DI LD TERVAEFEITRAIRA
MREEXIZDTEHLNARV, EORDVICEIRBLIDI, BHREIAITENORK
ERELREL,. ETOFMEHFITOVWT, ZOEREIIEDRZLETHS, BOBRIL, HD
EWCESNTND, XY, BEOFERICZEDRVFREHIEROHNERERESE
BrbICiL, SRR TP E T BAEED RO BEERIT. LR~ VOB F 2T A
FRGET RERDOTHD,

[pp. 6-7]
RIRFE

BL B CEBARFERIT, 2FEEITRAHEE (BR) 2EBDRMLEZ 4T, ERO%KE
T EDBIEITRATYKZETHD, BV TV HEL, LBATIOFERERATAEX
VY, L LI T, BRSNS AEFF T OREEIEEH LT D, WO/
BES7E %, Popham(1990)%, BE BB 1T BB THE, [N B THARIED, T
27K, DS EREWLTOBENEHLIIE XS] 0. 3DBAEMNEN, ER_TND, BEIC
R oTEFEHFED, SOLORBEITEENDEAD, FRBYLREEFHEN DIV, TE
BERIZL TV Ah ) BERE CHERBEZEDEINICESVE, BIRREDTD D&%
EHDTLHTED, AYFL. SEEBRCERKITO»DOT, SREE ORI O RIEEE
RO LBEFBRORAHL THRICT 2T LBIFETHD,

AZFTRGLLTO, BRBIZBITIRUVADREL, EROBEFESCHFRED
BrREICREBENS, BB T — 2B LU (Fid) EME O 2RI A +hiE, EER
REIRIIDES), RIBEEZRETHDOLRL, BERROLEOREICE TS
L EEDOMEHTEE ST TENAD, & Stanley(1986)iTB TV 3,

[pp. 7-8]
B SE B RELIT

—HREIITIZ, EEORE - BKIZIE, BROFMBEELF A TIHREELNY, ZT0HK
& EOFEEB DEZREL, COIDNTTF —FEMAEDLE I, Vol mit, K&
REETHD, EBAMAZ, EOIDTTNIE, BYIZ, DOAEETBREKOERRENESIC
RABIDT, BREINTET —F 2T AENTEBDELIMN, T—IZ, . T—FDEHKD
ThH.ELDFRET. P TERYRAEERREBAENTEDELBRRELIDOTHS
(Feldhusen, Baska, and Womble, 1981), BIRIBE TOZER~DILEDOBE HH, FHRICE
EThD, HEEEDIRL, ZOBRLLTOARITEMER, 7—F0MAEbRHIL
TEDLDDPLLIAR, EDOFIERE T, FEBILTBRSNVERTSNZVTIZ LT
bLNRWDTHD, B, T—FRBEDFIEDELL, T—F0ELDF L), D —
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RIELE2 TRV, THBD FiEELTEITENDDIL, @R—ART7 R <Ny 7 2
(198D L5722 Ny 7 A%FIAT5, QR AZEEBRERL, TEAH L CESEY
BATEHTS. OBEFEHRECHASNA2 TOREMEIC B AERITS, QIERE
I R KIRE2— R RFF (IR EMR OB EFIRT 57, BAIT 2RI 2 H
%, RETHD, VWTNOTED, XOBDERDREE TRT DI DRI - BikH
DEZNTHD0, BT R BMICE X by, |

FRREZE THEEORBICAEEIFIAINTOBOE, A, BIEEIC TS
DBRIESNTVDEE X BTV B235ThB(Hoge, 1988, 1989; Peterson, 1976), HEmia
IZBNT, HEWTBEDRREL T, EEVPRINEED DML R THELIEBBRIC
HBLEEILNTWVWADTHB, BEFREICRRBEVOFEPAVONIDONELSfLEndL
VWOZ L, BIEESCEMENIT —FL@EBF RN, OB B, OBTFERICH TR
hit, LORMICREDHHEE X LN TWAZ LN DN, EDLHRhIT T, F—FDOINE T
BEROTHD, NWEENDETF —F#i, £ERBBICAVONET —ZNK Y ICEEDFOH
D%IHZEFRIT DD THIZEERT LORL DO TRITERLARN,

ZERIFOIL, EE, FE BFRICBWT, BERLISAZTICELFIHSNTVWA N,
FREFTOIEEOR/DEERBR TIIREFASN TR, ZOFEICE-T, F—F0D
B, EERIBHFEDOHE O S OMBEZRR TEATRENHZ, LEBIRSHTE
RAviid, FRICHER2FPRIR TR THS, ZIUZEBEHELR TRIN TEXEEE Mz
(Meehl, 1954; Sawyer, 1966), _

TITH EERE ORET — IO, M. AIMEORILLL TEERIRSWE RV,
DEYD, UTRIIRERIL. T TEXBLERHBLVDZLTHS, 1) BEBIE, 2)
EFEFEM RE TR (TRIER) . 3) BERE, 4) MREORIE (HMFE%EH), o
BRDTH DIEFIENT 2L, EERBOEMRTOU W EELEEEOHD . ZYRLOD
9 D7eDITh, ZO R EIERREEITIT, HEBBROE AR RIER, 1EEDHS
W ERFBEDAEREDT —IBAFTENE, ENEFIALTFHHOKETT L (F
) B TRILNTED, ZOFEEZRAVIUT, AEOBEICH RSN BEORBGE
ERTIENTES, REERT —IDETOERIT, MHEbE, FEROESEFH~O
FHEOEEVTH D, 2O THLNIESMBIREIL, AFLEEA ALTRIS
AUIZHIBT B REE L O RAMRER T EMRIBRE 4725, FIUL, AEORE SR EHINSEE
RALTWDD, EEEIZSLERV, Z5RLTWA,

[pp. 8-9]
APFFED Fik BRSO

ANZHBEDEEDT —F R T 2720, EROERRERL, XBICLABMBERHRMNL
T, 1991 6E6 B IZB M TR IEFH LT, 1991 4E6 AHb 11 Bzt T, B3, &F. HiEHm
REDTETT —FRINE LT, EEEEBICTHOVWTOFRIT, 1991 €6 4235 10 Alzhs
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T EESRERL TR,

AZROF —F L%, B (FEERCAETIMIERZ L FK) COFELHE
(HS-GPA)., KEHERFMERB(SAT-M, SAT-VIZRITAEELE/RAIM A DRI av D
B RREAZZEHTAMACT), SAT FHRR, FEFARERICL2Em MR ER
HH A, ELTENOEBEA LB R THD, FHMERELEL 277 — 2%, AFKL. 2B D,
RRETHHEDTIPL, £TD GPA ThD, FHEVEGCPADFILIL, ENENDOFITE
EO o7, BR F, EFEOBREOKMEZLHLILLDOTHD, FRFHEITTNTN
UTFDINTRLE,

HS-GPA= R T HEHHE

GPAl =HEFR1IER O¥ELHEDOFTS

GPA2 =%F1EFR24E R DFEFEEEOVS

GPA0l =#HTEEKLFE R OLERDOFEXETIE

GPA02 =%1E¥IR26F B DLEBDFETHE |

58D 1991 FEDEFEALB DT —FBEE ST (6364), 1990 FEIZHELIZ2KDIBH D1
BETIL, 1991 ERICE 1 RERE T U AL LEERITHIBLE 50 £400F —FEiRft
LTIz, DI IR TIIBRA DL 58 £ RBHDOT —FEBHL TN, BRI, HBEK,
AREIZOVWTOF —FH &R TINE LT,

1991 £E DB A M 10 A 12T T, BEE~DRRIEFHE L, FEDBKFED BT
IZOWTOEMNRIFREZ DT, R TREEBFLE LBk —T 4R —F—IZ, HD
BEBRICAI-fAV I a—2fToTe, /P 2—2ED D00 12 OBMZAELE
(fH#&B) . 1V FE2— X2 THFL, TORFEEIL T, AN EELBETHL)1Z AT
TRBIT, aTEmRE,

[p. 9]
REXR |
A EOREXNRIT, WAL FEHBEERTROELETHD, LLTO RN ERICEBL
TV =, .
c ASLOFERIOEBET, HEIFOERTHS,
- QEDIEOHERRTHD,
< BEFE B EHRLELTVWS,
- NEEBRRIRII= IR FMEL LTV,
1REBR 2 TOER T, EREITRSER (A ADOBR2ERITHEY) ITAZLTVWS, 1
B CIXB B4R (R LR IC AR T2, INWELZT —F 0, 2%, 5, ABEIZIANR
IRUIRLIEBY THS, 2BIIAE - ARBICOWTOTF —FRHEES L,
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£1 ERE WA AR AGE, HSEMBIIC LSRR

N M F AA H A W  NA FiE EOM

B

*

A 1500 90 60 14 2 32 102 42 108
B 50 25 25 3 1 4 42 ' 50
c 85 54 31 30 55
D 195 96 99 9 1 28 156 1 26 169
E 64 33 31 8 2 6 48 2 62
F 58 38 20 9 49
G 140 70 70 26 " 13 101 26 114
&

E 742 406 336 60 6 83 449 1 1835 607

N: A M:BF F:&F AATIZUIRTAVLA(RA)
H:ex=wys ATV7HR W:BA NATAVAEEAE
* BEEE AFEZRE (AROBKIFICHY) 251,

[pp. 10-12]
AL Ht
AZRE DT —H

BIRITEDZ 2R TF R THE»EFMT 570, R il2BBE0F —F%INEL
7o —HITBIRREICFIASNIETOAEMOT —F, bO—FITiIMERREL, 2ERL
(Xi%) ZEROZERMBMREEND, AF BRIV THSIEST b FHE
FELT, BE I TFRSNDERBER T oD DU ERELU TRV, FREKE -
TeBHITLLFO@EYTH B,

B TOFEEFEIHEHS-GPA), R TORERSMEIT, E~EPAFITEEL TV
BT, OFAR (A ARDOTEIFITHY) L 10 FAERPORERETHD, XEOWHT
RSN B BV4D REICH L, A+=4.33, A=4.0, A-=3.62, B+=3,33, B=3.0, B-=2.62,
C+=2.33, C=2.0, C-=1.67, D+=1.33, D=1.0, D-=.67 &L7z, BORTRINI=BREL, 25 T
EloTHBVAD REI\CEMR LT, 713 ADAELED GPA BRERITREN TV,

REFEEFBEIERBR(SAT), BFEEICAT-V)LEZGAT-M)DEAA 200 535 800 £ TO

FRRELTRENTS, SAT DR/RIL, FHEE 500 LU, EEREN 100 1/23 5 057k
SNIRERRTHD, 58 542 £ DEEITOVT, SAT OBRBAFE T, 60 £lz01
TILPSAT DFRDBIRIILVTVEN, SATOREICHRE LU, FEEROPIZIZSATORD
DIZ ACT ZERAL TV, fLOZR TRV KO0 DB HERB O B AT T,

FEIR, SMOEXTEHEHBEFOBROR G TM A EERNERERICLoT
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T, 886564 OREDEERBDENOEFTMBED LN, BEDEKIBE
ELTHEDLNIICLAREBEO—HEL THEDNZIZLA, ZHb O 7Rl % MEIETAmR | £V
>4 BT CFARHEL L CRIBSHT TRV BIVE,

TR, FREDFBHERTIL, BATBITREEEOTELRERTHS, 5014
DFEAOEENERICETERRED b,

BE R AR (BRI TIHEETER) NBEORKEELLTAVWBNE, BE A
%ﬁtﬂ?‘ét&bkﬁﬁﬁ&#ﬂﬂk&%?‘r%fﬁi@zf:@j:?(:’!%?b%%’)o EEERE T LV DL, B3
DRFEFETART, HAERLHEMKIUETT 25D THB, MERFIELONIDIL, HE AL
HEHT2MHNPEEAVT, BRZEAEGDE, BEREZEHTRLEKLR THS, HEH
FETE. BEREERTAEDICERIC o TR R FREAVTUE, 619 & D54

NEOBA KB AFETEE,
PR, BFEAEDERZHFIL, %@7~5%§H{ﬁ%§%‘t&b*€$ﬁﬁ5 @J%ﬁﬁ RV, 742
ZDBEOHFREED, BFITL, KFiF0La—RELE,
BB A4 12 B T R SR D M Y 1 TRD LRI Th B,

FREFRK1FBORELYMOFYE (GPAL), FEER 1B OFETHEDOEH LN
SOVE, FEERAER 1, 2 FAEVEETEE 250, B XBOLE 4 AOBBYT
HELEERAERRDT, SO0 R LRI EFRMBEFELEBREZBHEL TV, By
DR TIHREO BRIDTD ITILEEOGPARESE, BAl, HBEOR B OLITRK->TVS,
EERRMEOH BT EMEL L TIHBLZGPARZE R TALV OB EL, BEE T HRD
BHELTVWALDERBRTHREELVIZEZICESNTNS, 6KAH6444 DELED T —
FEREDT,

TEFE2F B ORRETHED T (GPA2), FEFRK2ERDEELHMEOEHT, 1
FAEDHELERICUTHELR, GPAIIAZ2ER ISR ENTRIEEKLLTE NS
WER TE LD THoTER DD IV, 4882 DFADEBDOPIC2EA DK
#.BR KFEOR B O ADoK,

FEERL, 26 B OLBEBORLETHE (GPAOL, GPAO2), 3KEM3344 DEAED 14
BOEEROFEEFYMEL, 3158 DREDEEROLHRORELHELHELE, 1
FEBOLBEROEEFHMTIFERICET U LUMER B D, 26 B 0RHF 02 E T
EIZ2EMICEB LB B 2RLTWS, ORI, 2EMDEB R L2 ChBLE
LEELED,

A/ VT ALV RDOEEDWELER~D72DIC, TRE LT MELED Iz F4E D
NRBIZETHIEROED T, BEET AVHEEANRE, T7UARTAVDNERN). TOT R,

EAR=w7 BADST V=TT, 1991-19926F RETITREEHIIERF D5
OOR DEAEDEBRBAFTE, FMITTROLBITHB,
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A& - AFE ¥ NRe—f b

BA 449 T75%
TOTR ' 83 14
T7VART AV IAEN 60 10
= A 6 1
T AU RENTE | 1 o1

DT —FITL Bl £SO R T AR IZITHE R BN Tl LIZB L TH B,
TOTROUEBBEHTE, T7VARTAVIANERAN) EERA =y 7D RPETES, 199
2EKOLFFFEROIEBEBIL2, 9934 Tholz, R2ATALNBIDIZ. 7 MOADEA
MEFRTEREE OB OHIMTT 2L, TUT RIIBOENR<A VT 4—T, BA, TAVY
SEEARE, EANRS 7 HEEA RICEBILTRY, 77UDRTAVIABANZT—19%L
AADEEGLTTHS,

[p. 12]

%2 FEFREFHELAE - AL (1 9 9 2EMKERE)

2 W AA H A NA 0t
A 196 24 . ‘ 15
B 356 37 33 188 15
c 214 186 4 15 .24
D 314 26 3 60 4
E 211 40 1 20 1 2
F 351 121 7 63 7

G 99 6 4 18 15

H 105 15 1 10

I 248 9 27 68

& 2094 294 80 442 23 60
% 70% 10% 3% 15% 1% 2%

W: BA AA TZIVHFRTAIVIN (BAN) H:ezx=ws
A TPTH NA: 72U bEEAE

T —F DI iE
FBEEIZONVT, ARREOT —F L FEEBROBBED T —I D220 F —F 5, A%
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BT —FTi%, B CO¥ELHE (HS-GPA) . KEFEZHEMERE (SAT) B A, BEE
ELITIAANY EHEFHALZSH T BROBETHELNLETOT —IRNEEND, #F
EEROBMOT —F1TiL, ¥, BR, HEOREORMEED T, EFEIFBL(E
i) 24E BIZ /BN A D RIRIZ OV TOFRNEEND, HERIEATE NBIZOVWTOF
RITFF DT —F & ENS,
B TOZELYME (HS-GPA) . KEEEFEIERBRECE (SAT-M) |, KFEEEERR
. ETERRS SAT-V) | FEFRLE B OEETHED LY (GPAL) | FIEFEK2F B DFEHE

EEME D FE (GPA2) , MR, mEFLEA, HERDOEHEBITOWTES, AVTYV,
B, EEEE, RIEA, B AICBT AR (descriptive statistics) 23 @bz, &
BTOZELYMHE (HS-GPA) . REEZFMIERBREE SAT-M) | KEEZHEERRSTE
BB (SAT-V) | FEFERKIER OREEFEDOEYE (GPAL) , FEEM2FE B OREFRY
fEDEHI (GPA2) DIE B OIS (descriptive statistics) DEEFEELE R, XN T4 (B
AR T T7RRTERRANELT, K, R, A A7 7 ST R OBIRIZ O
THBOETEL, REOSTBEBOELRLUZES I DEERREDITF v
®(Duncan’s) multiple-range test BRI, SEOSFERT O AV pER, p<. 05
TENFE ChHOBRITI Lo —F—CHREEFOFETHD, TOMDBAIT. HEME.
DTARDT VT 7LV, 05127,

FRIE LM BB EOBBOBROBRLRESEANLLDI, ERELEROTEE D
77 OFRER N BREOERE ST v N y /AR M T ed s 7 - HER A E #
BV, B LER DT O 5 I A AR LR OB & IR &IK15: 1 Tho
oo 72721, 2BEZBIA THIB: 1 Th o7, MBEAD <Ny RITRITH20DBEDOHAEH
BT, HFHEIDTTNA—T LI *ﬁﬁgﬁ’?ﬁ BEMEDOPL )L, BEEH A B(the number
of observations), *BEQUDKB.«#AZ‘D’@:UDJK@&&: BUEHE L. BEHE B (the number of
observations)|Z tH &7 Ao 7x,

FRE, 1R B OFELHEDEE), FIERESIL2E B, TAEROR KOS ERR )
BREET, HEEROXTITAVEFRARKOERIL, FROVAT AL TRERY,
MPRHTLEE—Tidid olc, ZOMROTAEDOME L. BlIf=(regression equations)iZHs
BESUDIT DO OUBTIEELL T, FEMEITEX DR~V (p=. 15)ITLi,

—RERBEBEHZEEIROFIEEZRAVE, BIREELMATHORNEREIT, BENT
BIEBEOEBIZFSELTVWAHETHS, B2I0BBHEH L0 FE-THRRE T
VTR (BRGRED . B2 OEEN B/ OO, FRROMOBEITH AT, H4 0
FTRBFOBED FREKIZ W TOFRE L5 X5,

BFLLFIZONWTDRI 2 DRHFELEN, T7UIRTAUIAN(BAN), ER =y s TV
TR ICHBESNDEEITER V7T, NBOGHTILTE R o1,

64 DAEE B EMBILE L64 DBKT—F 41X —F —EDAVFE2— R HF L, T

FL. REDH L. AV ZE2— DRI SDWTHRRIL T TEED =, FEBICOVWTER
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P, FEBICH TR AL BT, BEATLAOLEKGERL, FMHERORHN
REERITEDICA I a2 -/ FRITHE TERITONTOREREEFLA W
7o '

[ES

TREOREREFERILLAT O4-DE BT TRT,

1. AFEREOLER

2. T —FDOFBHE

3. AER#EOT—FOMBBIOLERIRSHT

4. TEEOSHT ,
ERIIBMERALEHEL RV TR,

[pp. 13-15]
ANERE 0T FL00OEEBR
INSL R ER ~DARZIIZEREFOBBTHD, £MO10FE£ED HFEE O F
NEBIBITOND, T2ELAVIAT T I—TILELEDFNOREB TN B, AFER
REEEFRICOVTDERDEELBoTOREREELABL, FEEROALESE
BATAOEELRERITZIER —THBEZ LN DB, ERBIISEM I ST TES,
1. BEROT a5 NERRIBELH LI AR O WIH L AT B, ASREH,
o RAE~DOKBRX, '
. N OBITNBFTICHR T OHUE TO RS LE LR
. TUE| SV TOARIKEIC LD IEHMITE '
. ABEREFHELEROT 0TS ETAFRTORE
. ZBRAEDTD OFEREHMER, L, BETLO®EMEAE
. AVT 4=, N RHEEVAELDEIBDROATRICED S BMER T DI, #
AR OT-HIR TTNFALET NI N A L TYIN—NEEZITIANL 14 CL B
T3
7. 1EMEIIBEERNICER OIS S0 NEREFH T 2B 22T
BI=D DM ERNEINTENE TV —F APV BEDORE
8. FROTmTI1EMEEITEML, MRV LR O T — 72 HelE+ 5700
sk D X M % B A EMA1ED |
TNHLDIEBD BB, TEBEITEDRBRIHIERDERMELIFTEILTHA,
10FE IR D MV IAT BT I—TIXOFEA) MEED ARBEHIL. 2—T—V0E
SOHBEERICEALTRHT2IORO NS, i, HEESICIHEELI—4F0OHE
RBEEND, FEICIT, ERE. Rk, EHEOHF. Bk, T8, HH TV ToFEHR
EESHEERHD, BED/PRIERDZIEL SV, BEEICITHEE, BE T REENE
AL, HRATOHEN CEBITELRITIER B,

(o >IN &1 IR SNV I
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RS IIsCE, BR, BEOBENEE, SbIC (Fid) EWE LMo TV 2 EHEM:

B, A7 eT—, BEAEL, #ETICE TN, A% BEmREER HEBRO P OFR
AREBERALTEA TS, HERITIT, JVENEFEO— R AR AT+ 51T
@JO)inJ*]*F/(?’(Likert—type)%Wﬂﬁ BRYRESEN TG, Shiz, FIUTITEREE DO F .
2 REFOBRLSIIER T80, FEERICETERCLOMEERLIERE
Bl LH7% B AREEFBROBHMAEEN T2, BEDCHENHB LIV EF—H
AT BHELHB, HRRITW R, FRICEETETS, R, #HEU B RE SHEE
BIX L TEROARBEFICERE T EbH 5, B/NOANFREHMEEITREOEIT
HAB,

=

L NEEE

2. BIE10EAEITIERESH (V)4 T HFI—~CIIoE4)

. FEROREN KRR SOBB TR YU LT, BRILEETEN TS GBE. 9FEEL
104E 40D 1281 D ¥ RO FHEORI ISR HIB)

. BT IT¥ BE, v Ea—F— 85 —b7R Y OBIESS I ~DBL

. BB D, STRRE, BRI OREE

. RADAZELINEVIIRNAE

. R B REIC RV AR

. ERL BEA~OMBL OREIE

9. HENEH

10. BEOEE, ¥, WEHHET. SHIT(Ei) BREII T 5 —h b DRI

11. mEsE \

12. fhoKEFEH (BT RN, LAT L OB v/ R SRR T AN

w

0o N O g b

{p. 15]
EEFE _

FROBBERRLEIZ, MANLRIZNEHEEFELLAIEONBEIORIFEEES
BEAFLOERLIMT 2, FERRTEA2HL5LDERANVE, BEFEF—20H
FREAAFRAFTITERICLVR2D, ZREV FROOREIADORE., HETEZER NS
18 DREBVOBRSNTNT, FERDO FHEFNLEER ICBMAVN—E2REHED
0D, T, ERLEN, FVEFEHTAHELLT, HETEDERDAD AL R—LN55
BbdH 3,

FAMD REFERFEL DRV TEREEL T¥RLHY, 2BEER 217 TEE%
BEZBTRHTIERLDHD, IRERLTORRE T, BERIIFEL-FEBHICEK
DEKDEBREEXBIIERINS, FADIBTIL, EEONEEXTFIZLoTHITA,
FEEF—L2OZRO¥IT. ZOZFORICHIELTVD, FEBITESNZ2T0OEED
FOFRVE TONEEBZFHMT 5, LEERLVRILTEEDIC, BERICHARTA LI

92



RE523,

BEBICEYEPOIMERTLLbIC, HEEOFBEEEERK T A0 OMRMESE
ERETHET, FEORFEHTIT—RREICIEE, ¥, BIED3 OO EBER TALIHBHS,
#1OTAYEICIE, HEEOKE. BROER~OBERHOBEN, 232=/—Ta i
71, ARBBGR. SRR & N5, MEREOR R LEREMP HPEE OBRICEE
NAEEIE, EiE LA BILIESIA,

D121 2II-DOBRETIT. 2ADHE EREOBESCHERMOHBEE B BHLO0
L RBEIBIRBTAEDIEbNG, )b, ERICE-> TITHAEROFEK, B EEO
EmEeTH 0, HEER LREROEESENOEREERMTS, ZENE 2 OFROFM
BT, BRI E RN —+20, EMIcHIHEHARATOEG ROBBEYTO. 50&E)
BT, i, BB LB — RN E BRITRIEKIET B, BRRERIIEEE
B OB AR LT HT, BET AL HEE ORKOIEM OBMIBELL TR
2L BB L. BEIM A LREOEED 1| ERLLTEOERLHD, BEDOREORE
HAEHET AME S GE R SAT), BB DS EETHE, 5T MA, mETMazEL,
EH T RITIMROBER F (£ 5H D TEEHITHIT, |

[p. 16]
FNTOmEEE

BRI L (F7213) HEHF OB RIZESWT, BRERE LB RE ST R K EEE
DYAPEZRAEE RFEM R £ IAEEBRZRIVBH T, VWTNOBREITHE
HEPZEARZLEE (F—TFT 1av) OS2 E X5, 1 BER & CEELRBEL
HED 1 DIZLTWD, EHEORMEREIIREHOBRIEIL, BV oE O 0l - 12288,
A ORI, FEERE, MANRERICTBLTHWS, S#EEZEEN B4 ITEFEL
T B, Tool | ADABTEDEICHIZBI DD,

Bl R~ S, B b AU AL TV BIR TR, BRI E IR
R, B AEREERESPRELELLEB TIORFERZ2RICHTIOERLE
LOTIRR, LAWY ANITHBREZBRL , £V ERICAFETIREE T H0OIZLD
TLEERTIRE L EZDLOTHB, TUITHI DL TEDOFERAZEDT D DHEREIC
TRV LIRS, EOLIRBAITIL, £RIT2E B OEELZT BHRND S, $ib
B CIEESRRTE O1BFE TRGE I F B REAMER R H A LB, FIS I &
Boni=HEEZTREAEELROLND,

HEERCEAN REDOMITE SO FEONEOZT —F 43 a2 -0, FV /-)‘flchzsfit‘r
DT 7ANREREZ R TAIL0H D, BMOEERNROZ(HROBIRT AMNIEEY
BIZiThnb, BHEEBMERIZENERE, EROFA. B, HIFITOVTIVELL
REAZRIT B,
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B DRiIK |

M ORTEIIR D, ARFBRKBEROIDEME T, BEEDOWRELTHEVIEER
D, WEDEICH o TVBE AR AEHRINZBSLEMBRED, TAMEA,
SR DR, BT A, WETE AL 0T —FROMIC, Bl BREALDEER
AT IUZ R B, ARE BRI T HERORNEEE SHTL THBL, BAER
# DIBIRITE AR EMZBIE TRV BV I Z IR DA, TeLAENITEME TEENTH
2o EEDE—BFEIT, hOBELOMMREERICE SV TENENDOBEREIEOM
BEEZRETHIETHD, SO ERTHEMRRHIFICE SO TNEFESRESL T
i

BB, SEREOREDNTDOBEAEHETIILTHS, Thbb, 0L
BALIESRALLOFETRASDE TH—DORABALED, FRI LT, FHEOF
FEPFRILRLD, BADEZH AT IERLbIVT, EHE AU THETI2RLH
b, BEEBBITFOES KITESWT, EMHE T, ik, M5, A AT L, ELTaR
TOIRMZ NI BZETH B, ZORFRETIZ, IZLA L OERPIENLRBECNBR OER
o TR SR T3, -

B R D BB IS E Ol o7 IR DA 65% ., Bfl BRI E TR T-HRE D 65%7%, £
HEEE O o O ZBRIELS Tz ESWCREENS, BOD &ML, AR AR, 5,
IR, HE B AT RAEZERL T, PRECRKERREE MBKT 3.

REHLITEOEE

ELAE DM S BEEH B LD ANEBE FEEFRHEICIT, BB LI TICBET 38
WA B, AERETSNHEEIALBREBSOREICEBEH LT TEILNTE
B ANEEEOESEZIT TN B2 2 BRNMAIC BT CES LMV HAI LN TED, B
EOB IR LT TORMEAMICE 2T IR, BER U CIERD
BB EROF IR TID B OB I EMNSNSRERLREE TS, BED
FELROBYF T, BEPRD TV BEEOLDICLBE CEHE R ERESELNNE
SHERUIMT B LI TS, BAIDRERBDLNBLbHEL, BENIZLbhD, B
EERROTOHEIAROD BRI FHRICEERHP L TET 52125
TED, ZOERROREIGHMATZHDOTHD,

F—Z DT IEOTLRAIREE

BT ENS R YIRS TR THE»ETM T B0, Box iZ2BED T —FRUNEL
Too —H BRI BICRAINZLTOAREROT —F bI—FITIIEERERL 2R L
(3i3) ZRSERF D ESERMR S 2 FEILD,
FRIELARDRETH

B TORETHE (HS—GPA),, 4 713 Ao DOFELHHEN AF TE, HS~GP
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ADRHIL 4.14, BfKi% 2,33, £OZET 1.81 ThDH, HS—GPADTHEIL 3.77, RHERZE
11.27 Tholm. EFHREOIFELFRMBOHS —GPADE X LN AEBI LR~ 57012
Wieo EFAMIE o THERHEDO Ve &b 10i3h D FIFED D 7eKLb 12 LiITHED
ENBHBENIT LB Dh o7 (p=.001),

B TORETHE (HS —GPA) B L&A, 3% - PEERNCHELE (R3BR), ¥
HWEIEEDOERDBNEINERETIEOICLT AN RV, BLMOFEHEICITER
DETRBOD LN 07, PiBE LEEZEOMITITFEROEZPED LN (p=.001), %
E2 DHS —~GPAD LR EDIFI B EAoTe, ANER O EHEDERTRB0ICEFR
ZOSWMERVE, 2FTORBR, FHEIIABOEIRBD oMo,

KO MO B R (SAT— M), SAT—MO & A12800 £ CSAT— MO
(EAIT330A T 4T0EDER DT, £2EEDSAT-MBRDOEHRIXE5998, ATV
X600, T=—FiZ6608 ThoT-, SAT—MERD M OEHEFEITI4THoT, Eh
REOSITIZEY, SAT-MIZBALTIREZMOZERKRENEVWIZ LR b7, (p
=.0001), FEEHE DB AR (649) LRIEAR (532) DET117 R TEBEETILU L ThHo
7o BHEREOELM O ITL2EI11620:0688E T TH o7,

[p. 18]
&3 B - PEAIL SERODAFROBRTORRTHME (HS—GPA)

=% AN ¥y R BIE BE T—FZ b P{&
BF 384 3,76 .28 2.33 4,14 -1.7 .09
=F 327 3,79 .26 2.50 4.10
¥ 507 3.78 .25 2.60 4.00
ik 107 3.65 .38 2.33 4.10 -3.3 .001
2R 713 3.77 .27 2.33 4.14

1991 DEELED AR EOSAT-MB RO EHRELHTE Duncan’s multiple
range test DFER, T RICKELRENHBIENRENT, BUTRLII I, 7OT7HR4E
DL RHBESEL, T7VART AVINEROEE REEERETILL EFE ) o7,

TUTREELBNER, CARZyIEEETIVIRT AV I NEEDH TIZSAT—M
DB RIERZBTI RN bz, UL, 7VTREEDEYE RITeA A=y s 4
LT IZVART AVHNEEDNTHOEHFERIVBERBICE o, E-B ANEEDE
BB/RIITZIART AV NEFRLIVDDFEEITE DT, EANRZy AR LD TIIEE
IR 0T, ‘
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4 N - NFEHEE (SAT-M) BR

MK - AT B4 T mEEE  RE e

FIYBRTAIBA (BA) 34 510 79 350 790
I:;(/‘::-’-‘y? . 6 545 66 460 640 -
BA 342 589 96 330 800
TOTR 89 629 8 8 370 770
2ERE 542 599 - 94 330 800

SAT—MODB/BRITONWT, FEF--FBLIEARDBEXENENOXEFRITFBLREN
RoNBDEIDEMADD, T/ RURERELHELE, RSIRLEEBY, tRRET
IE FEEANCBRE U AR EELOMICERREBZEVIENREN, BF4E
 REDOSAT-MOTHBRILFEROFH/ELUESNTATICHYBRE CH» -

(p=.0001), ‘

KEFE L E R - FTHEHBR (SAT-V), SAT-VERDKFIL790, HiEit24
0. FDEII550ThHol, /EDFHRIT520, AV T1E520, F—RIZ530THB, SAT
—VERDORERZEIS0T | FRITL->TI6DESH T,

1991FEDLED AR DOSAT - VEBRESH L TREICELD T, BALERDTHE
- RDBELEL, TIVART AN ANEF LR TEERZETO. 5L EEI--, BRADIES
DETEANR= I EETROREL, TIVIRT AVDATCEDEI -, EHFREDOSHD
R AET LA BRENDDIEMRENT,

SAT— VOB EDERMDERRIET 572010, EHREOSW T 2FToT, F REIZE
BThoTe (p=.0001), t REDFRER. BROAEM, BELEELPBLZARDOMT,
SAT— VOB RICH BBV ENRENT (BT, THREOFANCIL, BaAl
MICHERENDHDBTEMRENT,

FEIM R, HEEOBETMICIT, PRI Lo T & RIS ORI\ HiLT
Wiz, ERDOEHLEHFZEERSITRL TH D, CRITHBEEEOFMERELREL b
Teo ZOEBECOFMITLL T OEI2EEMED Likert REICE>THREN T AT %
FRCHEBD D, MBS, #1055, REFETED S, BV, BRECE T, FEE
AR R SRR DBRAMIBRRL 2 0TV, LIl T, Z0 2RO BIFFMAIC SV TIE, HE
RELTHERFMAR L Th AT L7, BIEFEMAIC DV TRSITRLIZMEH L, &30
YU EHEEZ LDV ERL TV ANEHIBERL TS LR, BETMA%
FRH T TEB LIRS BOBIEN RV DT, HEDOSHILTERD -7,
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*5 B4R, ¥ PEROEE (SAT-M) R

TR A Ry ENEE RERE BiE B T—FAk PiE
By 295 617 93 5 330 800 5.18 .0001
=F 245 576 92 6 330 770

% 390 594 96 5 330 800

ik 102 600 100 10 330 800 .6 .6
[p. 20]

#6 ANFE - AFERIETERES (SAT-V) &R

ANFE - AT AN Y RERE BiE b4
TIZUMRTAVIAN (BA 34 469 68 240 600
7TOTR 69 495 82 300 680

R NR=wv 7 6 492 120 350 690

=PN 342 529 87 300 790

LA 542 520 80 240 790

#£7 B&Rl, ¥ PIEMOETHEESN (SAT—V) FRER

B A& s3] BYiRE  Std est FE BH T—F2Zk P{E
B¥ 295 523 80 5 240 790 . 6 .5
#F 245 518 91 6 290 730

E¥E 390 521 90 4.5 240 790

g 102 518 79 8 290 720 -4 T
[p. 21]

#* 8 0 glE = R

E2id X W ADTLY  =—F  REES RiE B
A 150 6 7 70 70 9 30 80

B 50 184 180 170 23 40 150
D 194 70 70 65 11 30 80
E 6 4 19 19 17 6 8 35

F 58 79 80 78 4 60 84
G 140 11 11 10 2 7 15
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EEETM A, B ME PR, mHTED . SER CTOREFMEICHIT2EREICNK-
T\ Bx PRI R Do THIN TV, 7 501 £ oDOEBFMABAFTE L, £F
B DV THEBE - ER AT RATORIC . RADEEMAE, ROUTRT IO, 2R TIHRKE
HICE SRS D TVRd ok, TEEM AR5 COFMIL. WALl Lizbon
565 ELTbDEThot, :

PRI, TRER RO D, BT 406 4 . KTFAHE1E 336 AV Ve, 1992 FRITINEL
TROF—FENF UL, 2B CRILTAROMBE A4S LAY, 28 TIRBT4A
EDOENRLFAEEL EE TV, hOERTIHTEB L2 Tholz, & 10 2, HEK
DB AEHEBERL TG,

#9 FRA E AR

A¥ ¥ REEE  AVTY ®—F BiE B

Bk

c 53 4 .4 4 4 3 4
D 188 .9 4 5 1 5
E 62 8 3,5 9 6 1 17
F 58 53 8. 4 55 60 26 65
G 140 5 1.1 6 6 2 6
[pp. 22-23])

#10 B xR TE FTERE 3 (1992 &%)

FR aft BF xF Ef - EROEOLD BEE
A 235 111 124 2L

B 629 3438 281 BF 565%

C 273 115 158 k¥ 58%

D 407 178 229 &¥F 56%

E 275 134 141 2L

F 549 289 260 30

G 142 85 57 Br 60%

L 2510 1260 1250 2L

HIgTEEEL L TOEY

1, 2R FRFDOEETLEED FH(GPAL GPA2), 644 £ DAEFEITOWT, B1EEROK
FERL REBOBMT —FRAFLUIL, TRLOER OB 1 REROLETHED L L
FHIL, GPAL & —FbLTe, ZOATTV—0biZ R U, 02288 LI S EEE D 5
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ERERSTVWE RIT, IBIEVRIRE B B3HoT=lzb Thd, Lo T, FEEHHED L
B LI VB DX RE Y ThD, GPAL DE#IIL 4.0, RIEIL 1.33, FDEIL 2.67 ThH-
7=, GPAl DIEIIEIL 3.21, AV T 13 3.33 TH B, GPAL DM DELEREL 60 ThoT=,
SO ST LT, FRHICEERERDHBIENRENTE (£=.0001), ANEZ LIZHEE
S LIECA, ARBEOEREE THALBBD LI, FHESELEMEDIXTY
TROERE, BHHIEDST-DITER =y I DAEFETHD, t-test ITLoT, B DEHEMIZIX
HERENRNIEIWRENT, BEE L, HAVTEREEL QD 4EREL, FIBLIZAREE
DORETIE. GPAL DEBIZH BN R (p=.0001), FHMB IV >T=DIT, FEEL
TWBAERETHoT, A

HOEER D EIETIE(GPAD), FE2HFERFO BB AFE TEOIE, 480 £ TH
B, FELHEMPLHEHL., GPA2 La—R KL, 2BITOVWTIEIDO T —FE /b b
7o F—FINEDORER T, L T2ER Lo ThHD, ML T, fiDFR T, %%
FRWT U7 A FEAS B ¥\ V=, GPA2 DE#IT 4.00, BK{EIX 1.00 THoto, GPA2 DFHE L
3.16, XV T V1% 3.76 Thols,

SEBOFHD, FRITE-T GPA2 OEEICHEREVH DL DT (p=.0001),
MR DOEEE REBIC)NTTe LA BROEEM T, FREICHEFEREZIRDN )T,
TFAEFED GPA2 DT, BFERIVVERICRED DT, ‘

NFE ANFETLIC GPA2 DESEDHMAITLILI D, HEREITAONE) T, &
RUT-AREFRUARD GPA2 FHEEREBIINTLZA, FRAREN AN, %
LT AHED GPA2 DEEIE 3.20, FHBL=4TEIX 2.59 ThHovs,

1., 2FERFO LB O FETIYE(GPAOL, GPA02), '
BUREROSEEROLETREL AR 334 ZHATTEE, GPAIL DREIT 4.0, BIE
1,67, FDEIL 3.33 Thote, GPA0L DEHHEI 3.15, AT VIE 3.30 ThHor,

FABS - EIR ST
HEERTEEDOBEICFIAEN T ETFRIEKELRD_EEHL, W ELEELLTOLE
¥ GPAL LOFREREELH L, 2 DRRITEMLERH B, BRI (F 11),

*11 TR & mEREDFERS

M GPA1l GPA2 GPAO1 GPAO2
HS—GPA . 53 L 41 ek .51 ek .42
SAT—M L 2T ek . 28 . 34 W .12 %
SAT-V L 18 ek . 33 A . 28 %k .23 .
ACT . 25 .23

ELFE . 04 —, 18 %k . 40 ok —. 14 x
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fia::3 —, 15 %k - 02 .27 ek .11
HER | —. 08 . 28 % .18 .18 w
R -, 02 -, 09 -, 038 —. 10 %

* 05 LALTHEELETT.

.0 1 VUL THEREMEETRT

GPAl: FREFK | R OEELHHED LY

GPA2: HEFH2FEE OFHETHEDTS

GPAOL: #HEHK 1 £ OLHB DY R TIE

GPAO2: #18 #1124 B DLBM O ¥R FHIE

HS —GPA: BB TOHFREFHE

SAT—M: KEFHEFEIERBILESB R

SAT—V: R¥ESHIRB T TN B

ACT KKRFEAFRERE AT AN

[p. 24]

FRRTHETCTFREKLL TORKDP T, HA-GPA 232 T DY BT E 1l L Brb 3R
BIRIZHY, REDIBIL.41 55,53 THo7=(p<.01), O FRIEHKDOF T, £ TOM M1
ELDFEERBBICHo7DIL, SAT-M, SAT-V, ACT #iF T3, FEHE LWl sn
BAGRIC— BiEIL R o Te, TELFAR, FRFTMALHNERELOM T, 2 TIZAD
AR, IRETE AR, IR THERBHE, LR THo, *EA REHBTE ML DFERS
X, HA-GPA ®oiE#F X }~ LEEAT o LD woln,

BlR5HT

R 12 TRTIOKE, SFFEORIBSFBREDIH6EY TiL, HS-GPA BESEEV OREERT
o BEEDR 100 ZEX TS TRVTHLRIBLEN TS, TOIHAFITIL, SAT-M
BENUTHEN TN D, ZHDHIT, RERM(R-square) DIBIL.30 735,44 Tho7, GPA %
BRUVCET LV TORIRMEIL.15 235.29 THB, BE—-o7 135 FRAIC YT D T2
i, B LCRETIE, RZREIIED TED o7, BIEEEASRE LS NN = kot
B, OIS —PlIEREEIR LR DB R — 2L B —fiCIItaRa R & D fE |z
18> TW Nz, EHETAM 3% B ICRIZN B — ootz

®12  FEG TMEEBEGP A 1 O d0@RkE R AIEAT

= BHE 14z 2 3fr R2
A 141 HS—GPA SAT-M R .44
B 50 . L5 .15
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6 4 HS—GPA . 07

C

D 184 HS—GPA SAT—M 5 . 40
E 56 i HERI i .29
F 54 . OBR HS—GPA PRI .22
G 140 HS—GPA =i ACT . 38
A&D 333 HS—GPA SAT-M . 33
& . 416 HS—GPA SAT-M SAT-V . 30
[pp. 25-30]

AV FE 2—HF

FEFBOR T, AEFBEOEBREE L —F 43— I IV FE 2—% LT, £1
ZHEL, EEEIL. NESHTL. Q‘Fﬁ]ﬁ BTk, BEILELN-EZICIT. B
BEERZLTHD,

1. EROBEEHRICOVTORSERATIATEEDENC, EOEIRILZLTHOETS,
VoD FEBREITLENE, MADEBRA~DEFREEEITITELE TV, A%T R
HEDHDEE~DEFELHIREL TV, LTOEB X, KEBOEKETIToTWBE
ETHD,

(a) FRRNZ., BEER. KR, EFEFa—F 1 F—F—, ERBYUL T 15— BEH
DHEF EEICHIET S, (HE% 12)

(b) A D2 DHLE T, éﬁb%ﬁ%‘%ﬁbtﬁ%&ﬁ%%f& (r‘J 12)

() BARZESERITS, (A 10)

(d) EREZ B TORASICEITSES, (R 10)

(e) FRR LTV THEH, (F10)

O ECEEEEED, ([F6)

LsLe b, 1RERT, SBERTRAMY, TNbOFEBOREITHRA TR, §
AN REREEO— AT BEAEMOEBEERIC >V TZDISIE TV 3, [14H
i% 186 & TL7z, 2F BITIE 224 AT/ ELE, RDEIT 263 4 T, B4 1T KB R TLE,
LnLS4EIT 237 4 TLIE, |ZO¥BD ASHATZEREE 140 £0b 1754 THEZ LR E
ZB5&, MREIEDY2DIRZITh D, o, HEERORMEEEF ITRREZOLIICEVELE,
MERATONZEREED 2L, TRE RO R ERITERBLIVRVDOTT, 20K
ERYTITRDLIIRVERT A, JBIOEROBAEEIZINIT, THEOESERETIHFRNLE
WTWEDIEHENRTT, L L, TO%, ERADHERFDFERLBIODN, FIETHR 4B
ETDILIEITEERA ), ZORITOVTIE, ZOXIITEI ALV VE, T2V E->TN
RVHI R R T — 27T LS, ME~OHAIZTTETHEE~ORAB TRRD 18R
I8 oTe EBNET, 1MNX T, 6BDILEKITIT, MADEE~DEGEEBEHEITAE
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LA AHARVVRWOTHS, ZILERIEE 258, FEFBROHFREIC OV TORHS
AFIITEE - TOVDEZLETHE AR,

2. HEfEOIEH, BRFHRETIHENEDIETH,

B2 REERERLNN, 12 AOEYET 10 ARTHbL3 | L& 2T, BEBRIZEDD
BE. BT, SRIC Lo TRE BTV, HAEYFITIIIE T, [ENICH
PUET, % (FE) BOMER, AR T/NAXOEOBRRELELOET, REZR
ST AT TIEHVES A, EEELEBECEMT DT TOHIEEA, TTPD, £
BT, Bho TV 2NEWSERELOAS LIVER A, IBIOEYETISS o7, [—
OB IIEEESICEDVET, BIROEREERCHTNIOTT, FRERCAZEL
70, AT 2RS0T ABREICIEAIEDVER A, IZOLOZEELD
oz, TBPYET, — ORI ERE, SHREIMILIOR TREFHEIEDIET, |

3. BiE. BEFHEICEDILETOARIEEZITSETOETH,

LTOEEEN, £EOCRIERICEDIE M-I OHBERL TV 5, LEELE, L
M. JED B S P EITIERA B BB, s CREBRE DA AT, JIE - FHIC
SWTHOEMBREETIELANAILOBEERZRBHL-OIZIRETE ok, FIZiZZ
DE>REE BT, [HRITATboTIMEZITET, Thb, TRICLIRIEZRS%
BEAN, BB, FRERA, REEERES, IS, EEOMEEICONT, 2. 3
REE DS SEITVET |

DI EELAEYEL OV, [EOREDIIEERIToTWADIFAE FITL @b
TN, RO TVBEDEE LT, ISR EADIZHALTT, FEHICB A ELIAD DA
CER IR UET S, BRI ER A, | EEBI0EEZIC LT, 2BMICh
7 A EERARE T NATFHE XD LIRL DO THD, [EEFLOLDOTYT, 1HBD
BAI0% B I EEOBEREEMELLARLIHELET, |

4. 10 4 (A AROBEBIELEITHEY) RIFEEITRoTORVWAR T, MICTREEZE T2
AETHIE, ZITAIETD
1D Y24 ZRLREE N ZT ANV LEE L, ZRLORZENLE X BND
DIk, BT FREEZHL TV THMERRBITED bR BE TREL TOARWAERIIRL
T AR RTIVRAREABRNEVIZETHD, TN AR EE THD, W, Z
FANTOERA, 10 EERETLTWADERMELTEIEN, O AELH A OF 2
DTE, I, HEEROEBFIIZDOIOICEE L, T ANET, EBRICELDERE
B3, BEEAE (24 A TR Y) BRI R OFEAE (FEIEE) ZRIELTARLTEET . &
BEDAERED 12%IE8EEND, EILBEERET LKA T 10 £EITERLTVET, K
KBTI EREIRIIIToTVETA, IFEBTREOENEZHLTCVE, EWHDOREMET
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To IZOLIREE BT, [RIANEE A, BEEBRDLED LT DR A OHIR
V& T2 & DAEREICH ST ALY, BiE L7, #iEE L0, é:b\ot.;c‘: ibi-li'}u
BERBHIVTEFIU \_rt?x.é TR 2 DEEDTT, |

5. BRBRTHRLNEEGE, BHEHEIFALTOETH, | ‘
IREER MO ERE TR, 7TART I OLFIBAENTVB, HBEECIL, SRE PR HL
TSI EFIA L E T, %38 (H38E) DEEIBENEFML, OV B oK
ITAERDET | BIOEEE ICLIIL, Hx 75>i7)=“r=a7-2>«%ﬁ521‘6|% R 5158
i ERPBEDOERE TEOLIRBEE > T MCElb LBV ET, |37, B0
RERLIEEbH oM, TbHAATY, R CIIBETIC, B E O BELHRA T
SoTWEY, ZIULERRE, BFIZEABEE LD, L2 LB ALVETFA, FIEEIIEE
EHA, Eﬁﬂ@f:%mﬁ%@z&@f:emﬁm\glﬁv\iﬁ'e J

HOEHHIL, BROBKL AT ADORITHENTHONT, ROIIICHE L, [HEES
RTEFAF270ERPLE T LB D TIRARVDTE, 2E2b, T 20Oz
FaTLEMMATVET, BHIIRRB BT NEEED=—R W EDETHBEDTE, T
T30, Bx ZFEDOBRENCAIIIRERTRE, OV OBEFERRA ~& T, |

6. FALITHTAHMERE ITHVET), HEBAE. CDLYEFT, S BRITTA T D,
—HRDEEF LT HIE | (remedia) LV DRBBAFERN, LA, BADRREREELE. 6
ADIT=F4X—F—DREA RGN DD | LEE LT, £0BA B TFhhT N3
B FBUC Lo TR TEIV Bl ER R TV BLI B b B, LT 10% D
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Notes on the system of training
young mathematicians and physicists in Russia

Center for frontier Science
Prof. Vladimir Yudson

1. General explanatory remarks about the Russian system of education.

A general system (not speaking about strongly specialized industrial, artistic,
military education, etc.) includes primary schools (1-8 grades for children of 7-15
years, respebtivelY) and secondary schools 9-10 grades for 15-17 year students). On
leaving a secondary school, one receives a certificate about the accomplished school
education which allows to enter a university.

Thus, there is some correspondence between Russian secondary school and
Japanese (and USA) high schools. The difference is that the school education in
Russia is accomplished earlier,

Until recently the majority of Russian general schools followed a common program
determined by the Ministry of Education. However, even at that time some schools
were allowed to speéialize in a deeper teaching of selected subjects. These are, for
iristance, traditional Ianguage schools, where foreign languages are learning since
the second grade, etc. (Last years the system has become more flexible and the
school educational politics is basically determined by available facilities, teaching
staff, and partially also by wishes of parents and pupils).

2. Some historical background.

Serious specialization in physical and mathematical education in Russia began in
the early 60s. Those years are characterized by a unprecedented growth of interest
to exact sciences. This interest was induced by Russian and international successes

in cosmos, by nuclear power applications, by industrial applications of electronics
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and solid state physics (it was just the time of first popular TV and transistor radio
sets in Russia), the invention of laser, dreams about thermonuclear synthesm ete. It
was also the time, when new striking concepts of quantum mechanics and relativity
went out from physical cabinets towards the wide audience. Popular books on these
subjects as well as about researchers in these fields, were in great demand. All this
stimulated the great interest of the society and especially of young generations. ,
Besides of the remarkable public interest, there was also an objective demand for a
considerable increase of the educational level in exact sciences - the state needed a
lot of physicists, mathematicians, highly educated engineers for the developing of
high-technological programs, nuclear industry, electronics, cosmic and military
research sectors, etc.

That is why actions directed to the improving the education level in exact sciences
were given a moral and partially a material support of the government. A lot of top
Russian scientists were very enthusiastic about this Renaissance process. Besides
of all, it was also believed that exact sciences would increase the cultural level of the
population and would promote a partial liberalization of the society from official
ideological doctrines,

3. There are several forms of actions, including the following ones:

a) Edition of the government supported popular scientific journals and magazines :

" for various age and education levels. They rank from rather simple magazines

directed to children with an initial interest to physical phenomena up to quite

. academic popular journals similar to “Scientific American”,

b) Partial support of “study groups ” (out of school time) , where children may
learn about some amusing topics in physms and mathematlcs

¢) Partial support of classes with a deeper study of physics and mathematics in few
schools of a prefecture, where there is an appropriate teaching staff,

d) Organization of a hierarchy of Olympiads in physics and mathematics (on a local
region level, on a prefecture level, and finally of the all-Russia Olympiad).

e) Organization of regular physical and mathematical “courses by correspondence”
for secondary school students. The best ones are the mathematical courses of
Moscow State University and physical courses of Moscow Physics and Technology
University (the both universities are the highest rank Russian institutions for
mathematics and physics, respectively). These courses give quite a serious and
regular insight for the material which is deeper than the usual school treatment,
and touches more wide circle of topics.
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f) Organization of a few special schools for active learning physics and mathematics
on the basis of leading scientific and educational centers.

4. 1 was involved in almost all the forms of this system. I was learning at the
Kolmogorov special physical and mathematical secondary school by Moscow State
University. I participated in physical and mathematical Olympiads when I was a
schoolboy. Later I took part in organization of these Olympiads, including
all-Moscow and all'Russia physical Olympiads. For several years, in parallel with
my education at Moscow Physics and Technology University, I was teaching at the
abovementioned correspondent physical courses.

Each of these activities deserves special description, but this goes beyond the
framework of my current essay. That is why, here I shall concentrate on a more
detailed description of only one of the subjects -the special schools,

5. Some history.

Because of a large geographic extension of Russia and restricted government
resources, the science in Russia of the early 60s was concentrated mostly in and
around Moscow, and also in a very few leading universities and scientific centers in
other parts of the country. Therefore, the physical and mathematical education in
most of the regions could hardly be supported by local scientific institutions. That is
‘ whyk there became actual an idea to organize a few special boarding secondary
schools for talented senior schoolchildren selected from all the country. This idea
was strongly supported by top rank Russian scientists. Among them were
mathematicians - academicians A.N. Kolmogorov, M.A. Lavrent’ev (the first director
of the Novosibirsk academic scientific center), L.D.Faddeev; and physicists -
academicians S.T.Belyaev, I.K. Kikoin, et al. Their influence and efforts helped to
overcome a natural resistance of the Russian Ministry of Education. In 1963, it was
decided to open three such special schools “as an experiment”. These schools were
opened in Moscow, Leningrad (S.-Petersburg), and in the academic town
“Academgorodok” by Novosibirsk (simultaneously there was opened also a school in
Kiev, the capital of Ukraine).

The true story of making that breakthrough decision has not been completely
disclosed. I head rumours about the decisive role of late academician Kikoin who
belonged to top leaders in the nuclear program and had powerful influence on the
governmental circles,

Both Kikoin and especially Kolmogorov paid a lot of attention to the Moscow school.
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They even presented several lectures - in statistical niolecular physics (Kikoin) and
mathematical analysis (Kolmogorov).

After Kolmogorov's death, the Moscow physical and mathematical school (‘PMS”) by
the Moscow State Umvermty was given his name.

6. Basic structure and principles of the Kolmogorov PMS,

A, Exams.

Exams to this school consist of two parts. The first one is a written exam which is
arranged usually in parallel with physical and = mathematical Olympiads in
prefectures which are attributed to the Moscow PMS = “zone”.

This most populated zone includes the European part of Russia (except the
North-West region - the zone of the S.-Petersburg PMS), Ural region, and West
Siberia. Children selected on the basis of this exam are invited for the second
exam, where PMS teachers make the final selection.

There are two forms of enrolment: a basic one - for 15 year children, who spend in
the PMS two years; an additional one - for 16 year children, who spend only one
year in PMS,

B. Payment. ,
The school belongs to the state, and as in all other schools, there is no tuition fee.
Parents have to pay only for the boarding of their children.

In my time the boarding fee was 56 rubles / month. Those time it was about
25-30 % of the mean salary of an engineer (nowadays, a huge income dispersion of -
different groups of the population makes the current figures far less
representative than in former time of strictly regulated economics).

This payment provides PMS students with textbooks, pens, notebooks, etc., with
four meals a day, with school uniform and some other clothes and shoes, and
with furnished dormitories (typically 4-5 person in a room) in one of the buildings
connected with the teaching building by tunnels.

C. Education.

Formally, besides of a deeper study of exact sciences, PMS students have to learn
also other standard school subjects. However, in practice, some of these subjects
are absent (like drawing) or given in a shortened form.

On the other hand, increased intellectual abilities of the selected audience allow to
teach some general subjects (like literature and history) on a higher level than it
is possible in ordinary schools. And the foreign language (English) program is at
least twice stronger than in ordinary schools.
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The major attention is given, of course, to physics and mathematics. The teaching
| staff includes instructors, lecturers, and professors of the Moscow State
University (MSU). Recently the PMS has been officially attributed to MSU (as a
special chair) which has simplified the involvement of MSU staff in the teaching
process.

The mathematical program includes mathematical analysis (with elements of
complex analysis), algebra (with elements of the theory of groups, abstract
algebras, etc.), and geometry, including elements of analytical and complex
geometry. The program in physics formally corresponds to the standard school
course but is characterized by much more quantitative approach based on the
enhanced mastering of mathematics.

Besides of obligatory courses there is a lot of additional special courses, and
seminars. both in physics and mathematics, which may be attended after the
official school day. (For instance, I remember a seminar on elements of the special
relativity, which I attended). |

During the last semester, there are also obligatory courses which prepare students
to university entering exams.

7. An outcome.

PMS students demonstrate high results in Moscow physical and mathematical
Olympiads. As a rule, the PMS collects more prizes than all other Moscow schools
- altogether.

Despite a severe competition at entering exams to Moscow Physical Technical
University and to the Mechanical-‘Mathematical Department of the MSU, more
than 60 % of PMS students enter thése two most prestigious institutions (in physics
and mathematics, respectively). The total number of PMS students entering various
universities approaches 97 %.

Strong impact of knowledge acquired at the PMS helps the students also at their
further university study and promotes their success. A lot of former PMS students
have made good carrier in academic and high-technology sectors. A number of
them have become recognized physicists and mathematicians.

“The experiment” started in 1963, demonstrates quite fruitful results.
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