|
|
SCIENCE

&
HUMANITIES

( E2FEAR ) 03
VENFXNESRELAD (B8

Mathematics and T hinking

Wﬁﬂiﬁc#tﬂhﬂi

niversity of Technology Press



Kb | %

NNy
e

BT 4E
O ZkH

L
e

\V*\’?P
b b b

N

SCIENCE

&
HUMANITIES

( HRAR )
HERFXNWIESEBMAR (F248)

\ {17/ I j
(VECLLHLETTECL LS U . £ 1LY

KEIE T KFH R4

Dalian University of Technalogy Press



BB MRS B (CIP) #18

B 54 . Bl / RANG. T, 2
L KGE - KEERET R2E L. 2016. 1

CRC2E R 2 SO LSS R A 1)

ISBN 978-7-5685-0162-0

. O 1. O @QF M. OFF KR
B4 V. QO1-05

o [ R AS B A CTP Bl 4% 7 (2015) 55 249449 %5

K F TR 2 M R AE U i
Mk R TR {4 I 80 5 MEBCHE Y 116023
KFT:0411-84708842 (£ H .0411-84701466 HEM :0411-84708943
E-mail:dutp@dutp. en  URL:http://www. dutp. en

KA AR £ B AT R 2 W] B K B TR R A A AT
g 1 5 188mm X 260mm Elgk.7.5 FH106 T5¢
2008 4E 7T HES 1 kR 2016 4= 1 H &5 2 il

2016 4F 1 A5 1 KB A

FAEHwmE - NHE £ b BT AEREAT < B o I
ESNiIR e S

ISBN 978-7-5685-0162-0 E f:39. 00 Jo



‘M i
— )

HEMEXUESEELS - 218

MEEH THA
& 51 (it G Em T

EST ) 37
FRA ¥iEzE K2
WHE T & FLE

MEZR HIA



B A A i

20 42 80 4EAX . B 7R IR A5 06 75 — BHE R T — A WL e
INHBCE % 5 B RE AR 2 R 36 50 A 2 R 2 b B R
OR3GO A A TR RO R R RO R A R E A
AL A HIR R B TR RO R B IR R 19— A 40 3 T
BB 5 AR AL 2 B o ) 4 o A

FOHE A b ] 25 B 2% IR 25 10 50 A B T B0 AR AUEE B R B2 10
A4 R L TR E R 2 B I 1R 25 4 30 b o . B b2

R A RO 1 I FET VL PR 26732 IR0 e 0 7 A 2 o 10
P b R AR 2. 9 O I SR N TR SR A4
S TUE TR B B EL KO B 0O R R K T AE B
AMTTB SELHE 7 2 B 00 2 N SCRESE O A, B2 B 1R — TR
ARG T . O T 2 AR A I R — A TR AT e S G o
MR - AT - BOE VR B, SHF AR RER S A
6 S 45 1 L B 4 300 LA R e AT 28 A 5 B 4 R 2 R
S MR L ROR SO L BRI b RS R T
RIFHOE R F AT B A X3 225 B, 0] B0 5 4T 8 2 9 3%
1706 1 A 20 2 T 2 5 0 0 5 R BOAR O L H UK KB
GRS B B 6 S T AR A S HOE R AR RN % R
B, Fo 1B E B AR A AR PR G 2 T 2 g B R B A

=Tl TN T 1980 AR A H D CEE » JRAT » BOE OB RIS L L AR WS A s s TR T e A A A ik
t AR T



P 17 132 4 008 132 0« JF L BE 88 DA v 255 3008 B9 03 2. 45 ) 5 5. FR AT A
BB A5 11 38 0 i3 A7 ) AELAEU AR SR TR 2 1. K R TR ATT Y Y.

FEAT I A o 0 FR AT R AR AN A B ik B 0% R AT
AR AR B — A 5 A0 55 1% AR+ S XE O I A3 b ) B A0 0 AR R IR
M. Aad IRATHESS Jy. ATR VDA B K & e i i JATT A9 F5 ) fE
ZR AR LT S L« B A i K B fu] R OF A A AT i i
5 REE . ()2 T Ok M A AL 2 O W .

KA TR WA B F T « RO« BE)iXEMN
15 A A 5 0 37 B S 2kt H R GE £E 500 CBCE B SR B s
el N )1 B B R A DR I R A 1 A 1 R )
i AR AT B X . 2 T I R R 2% R
A ] 18 3 4 AE R BT L A 0B L O XTI o S i 0 0 R G
N0 A A ) A S A B 0 TR 22 A s Al BE A {5 AN 8.

0 AT I o A5 A B RO B e L R AT M IR AT A0 A
Z R E R T EH B TRAL A T S LR IR A
A BUAE 15 TS8R O3 5 At BT A A

Fe ST Ul VIR AR A 15 19 A A 7 4 1] K 3 BT R AR &
7~ H R SR

T &I

2008 4 6 H



B X

& it /1
BNFESLENE%

HESHE /6

L1 Beamxi g S5g g /6

1.2 HegEmomik S gidge /12

1.3 Besmg 0 e —eila /16
L4 BeEmh gk /21
#E5EAH /28

2.1 HeehHfrafie /28

2 B hIEAe /32 _
3 BRI R S PR R R TE /36
HESNEL /39

3.1 HerES5EmAgE /39

3.2 BeESatk /43

3.3 Bewos b py B IR /47
5.4 B A NWEAERRIE /50

Do

[R]

HEESHMIY

HESBEN /50
ol BOESERENEYE /55

L2 BRI SRR /59

4.3 BUEREIR B /64



i HE5EZ /7

1 B S5ERE4% /71

L2 BUERRERRER /74
5.3 BUEMRMIIE /79

N BES5ER /84
6.1 HeeES5EW Y /84
6.2 B EAEWEBMIER. /87
6.3 HFEHWMHE /91
6.4 BFHMWFEFIRHE /96
6.5 BFEAMEEGRE /99

(S2]

(@]

HFEMRESEEWBLENES

+t WERARSEAMNES /103
71 BeEE P AL AR /108
7.2 BEMIPAEARB S IE /106
AZBHShXBE /111



e T EEA AR KGR oE 5 LS T T A2 2. B W fETE M
TR AR B G R AE B L SR AR KA. S ok HeE SR R MER L
ELLORE TR S A 2R A B R SRR g . R S
N — G — M%) W A2 E T Y. AT X e 6 2T LA
s REBA R, BEAR Gk . % 1175 X B — A/ Bk i ey 5 8
Ut LA A A58 (W7

PROR L BOF R — ) AT T A% {H R TR R T R
i B 2B TR R V. G b U R BRSO i R
SR ATEM I 2R BN o A — RS B B A —
XSS 1 8 A7 fﬁ%@éﬁkﬁéiﬁI‘ﬂﬁ%%éﬁéﬁd‘iﬁﬁﬁﬁﬂ%&dﬁl‘tﬂ%&
7 REVAE 1) S ) 25 BRI FH 4 A0 [ 802 S8 A4 5 EC b S8 9 2l 1) 06 R LR
AN R R RE 125 1Y 1. X o R G TR 2 AR L L 2 T — IR L
(1 JE AR 0K L Rl T R AN IO 12 R A A T K 1) B IO T T T LR L i K
Fn v (308 7. IR U0 & A T AN AR IR 2 HAk . M BOZ A — F A
) 9T 38 AR IR

O E2 5k AN N B R O S ) W P i
1A A B S oy 5 B A A e R L R R S
SRR E R CHREMERMNTERR FZHEEITUERE
i A O L R R SR S Bh AR 1 2 i A ) A G S 4 T
KL R XA B SR o A AT R R B 4G sh 5
i k27 JEL A 3 2 104 22 5 o T LA B 40 00 il 2 e e of Ak 1) e e 45 R
FEXT LM 2000 . ok 25 AT o sk R R e B s B il Rk



I 10 (S R 33 AN Y (ERC AR ] B 3 BAT S A SRR
FONYER S L S L VAN T SRR A B M S R T
Ay A REX ARG L L SRR L Y T R AN
TERC - AR REFR BN L 0 o AT A 2R S A 3 L X 9 I TS 4 Il
Wg? HoF 5 A R ERE R OC R e B SO R R
FOGCZRWE? AT IR S A B4 K 3] 8 A S A4 o) A R 40 A
ROFE— A BCF A LR AR [ B L

P50 AR AR B 0K R 2 IF 5 100 B BE e O fif e X T TR (] @t
PRAL T HE ORI AR BEAE AR A A I A R AT A
Ivi) B ) i A M 40 6 3 4 43 AT R A 4T 55 o A 2k I B R
B S AHE R J2 AT 55, A2 A7 I AE A BPL T B AR &R L B R
PE.— A M A R W A Bh T o3 — R IRHLAE 1 ol . o 5 AT
SR 00 20 VR A 2 ) 2 0 U 0 S0 20 A B 2R
(. T30 R A LA (™ S 06 A T ARG L B O R S L R el A
F (1 S5 A ) R A IO R 0 DRt R TR A G R BT
S o S Y A R e B A LG R A b R AT
DS T80 50 A B AR R A g SRR 0 0GR A O SE kR T
TR AR G A A B TC A T R Sk 0 R AL i i ) R L R
APHROF R Y O FR AR A3 IR A B A

PHEHCE S AR R N TRCOETR B JE M A o s
(Y B N T AR ) P A B S AR AR T e e A B DAY i A
AETG S LA R DETE. D E B ECHEE G A G, Polya) fiT 1Y
COGRE R RO (0 R B0 OB 5 R 380 S 1 b SO iR 2k
VI z s, SEEBCEE AR T B RAE I (L Lakatos) 9 CUEW] 55 )2
B — A5 o B T #5652 ik Bl o S K OF . 3 o 8 A S B L A S
PAAS T 1 1 3 8 B2 5 A kg REL 4 1) O 3R o 7 S 6 LA A AT 1 i
55 7 S G R 0 O 1) 1 A2 LI DATE AT Bt Y A
JELAE G AR R 70 0 AN 8 TR AT . 0] 307 8 T 48 1 3 SR TR A S AN
e IO 8 1 AT 8h « {HHVAR A0 2 R0 2 I S 17— G 0L b B P

(0 A i | SCHK HE b 25 20 GO 0 4 L Y — s BRI B0 SR ) e 0% 30 110 2% ol RSt ef 0 ek M b R e () 01492
o LG L L] — ORI« 2 FLES 0 P R 00 AN E 2 I RRAS N ]

. D o



o0 L. B R 9 FVRCS 07T 3 9100 R 2 03 322 A 48 20 11
5. G oo PRI~ R FCIT S A TAE 8 BOE BRI RSO Sl
T TR SR, e R R B TR A U A
3 3 AR T L 850 T 0 350 SR b A B L B S R 1 O B
E A B W 4 5 0 2 TR 9 — A~ 48 250 53 I (0 R 95 45 T R Ao 0 W
VR 208 A B0 s 71 B BRI 5t 4.

R BT 7 T B0 S 0 0 17 oK 2 h MO AT R
RA . SBOF 5 A 09 6 2 A B9 0 A R R R L A R 2 KK B
B IR 0 KO B0 T 00T L4 3 5ot S BT i 2 8 L A 0 7 4
O 10 S S 2 g 0 4 B T A i 7 Y L 5 0 R 4 T
e 177 S 5t 5 0 A R A T RO R T
A7 — 1 T A I T ] T B B e R 6 R O R
J7 2 Rt RS W A4 S 0 RO ST RE NS A 1 9 Mo 0 48 L 2 Rt
F A5 A R 5K 2t T 42 0 IR P AR A 8 o = A

(0RO BT T T B 5 S ) TR G0 G B T 2 7 2k
AU A A AT R 2 3 3 B 1 O 37T o B S S MR L i
Ak 43 38 T B 7 K T B« A i R T 1 4 2 L 2 RS P
FIRE N 2. %%, B EBCEE A« ST (A Lax) fl G+ 5 2 4%
(G Groat) W 4 th - 4 FH 52 42 10 00 9 0% 300 25 11 55 2 1 38
I 2 A VR AT SR LB 9 A M. 2 AT AN B L A A
Z AT E 5 e B 2 R B 7 — . U R
P ) A T BRI 5 SO 5 5 A O 5 S 106 B L (B0 S0
FI 2 T S0 22 B S 0 K 1 1 5 35k A 1 7 e 4
3 I3 A B TN 7 0« /IS B o P 1 0 o (8 e
A — I 1 R £ 35200 o S A

SR 5 SAE e 2 0 T « e [ A SR SO R T P AT
B R . A Bl AR A g etk Ry s e AT TE SN
L {1 17 15 oK B0 KOF 10 D B - 58 TR JE R M L B0 SR b e B
I 7 L T 2 L B il ) 00 R RS B R S 2k

Lo A= Wil B B4 0] 80P ) e 2 B th RRRE TOST AR 55 90-91 B,



T 45 ST BB W00 L 3505 154 il S 20 4 0B 4 ) 56 7% o RE 79 B
ABFGE. BRI I 00 B0 0T SR o A A 5 9 B S ) A K75 B
HE 58— 0 B B9 SR W A % A TR R T4 1 SR AL
2R . B ARl 3R [ BB B 5T A RS K L i B HE
$TF U5 A SRR SRR B EAE B 3 T LR (0 SR T i T
HTERHERE YRR AR, X — R i g R R B R R R

FHEHOE 5B R X FRF 2SO R 2 R R R
BEAG. 7 ASR A B) AE RO SO SR R R S R e ) M
5 % U 25 08 T £ T . i A B 0 LT 2 vh 2 O L 3 U R A
) 9 IE 2 7E T 40 U1 200 0 B A 0 SRR R L R . DRSS
SEAE (9 36 B AT BT AT TR0 1 9 S 2 i ) R 9 3 SR
VP 88 1 R SRR P KO- ST [ SR B FRE 2 B 2 4% 4k 19 %%
R AT AL . RO 5 A O R IR R A B T BAER 2
R BOE B A B RS B R AR T KRS R
A B R A S T e R 1 MR T A % e S 5 0 11 A R
B AR X . U K ARSI %l (B2 0 L (A A A B
b5 MU S A BT 3K A BT R 4.

B SRAENERR - MKEH A S0 RMT 55
R R M S B R BT R T M TR R A
INBLI VAR BIE S AN B S A B NCE JRPNITh £ 0N
S B EAK  BA 5 . SUR 4T S S K E 0 TR
LT A SR R T L TR AR O 5 1 K
B R LA — B sk R A b L SO B B A
R 2 A R A . L2 AT e R AR BT R &L AT
KA th O A9 AR R X 5 SR AT I B O A
H FF 3.



Ber 57 I 4k



- BeESHR

L1 HENNREBRBYE

BUF R G A 5R  — TT R, 807 Y % 2 46 A i g 8 Ay
Y. F B R SR A R R X BCE S EE R i
) H A AL
"X AN A R IR T FSC abstractio” « 50 SC & A7 “ HE B . il
RSB U L , — A B I A K S 9 [ ) A R
Jai Pk BCRFAE i F LAl Al A T A I Pk SRR AE 0 S A R X OB A A
A < 5 — A B R B A T P R SR A fE TR SR 2
R R R R E B Uk R ok — R R A
I P R I e e Al AR A A S M R AE Y AR V. B E R &
YR Z 05 B0 T b BLAT SR A FF 21 ARAE ) — Al L T AL 8K
HiF 2 H0# Xr%miﬁé‘ﬁﬁn{mﬂfﬁﬁf M. M =R 5 =4
WFRA=RRX K AR R B =BT R R
B A AR R A R A R SO S S I b il g i SR AT
MR F A R UL A TR A PR 2k i RE i R AR 1 A £
X IEME S INAE [ 0T TE )T — 2 H A YR b (EOEE R B SR AT = K
55 26, FRATTAS W PR Al G2 200 g 55 R 7. A A R BOR - sy 11
1 W HAT] B SRR I 23 (8] PR HL A 9 P B, 48 A AR A 1 A R
A ARy B AS BE 5 75 RKC LG 45 () P AR Rt M S 0 L A 2 R i
SR e NS e - AEE CR HAN
A ES S ol (5 LI E (S8 B ARl 1 I N 2 onl 161 S A Al 1 R (RN R AR T G
(40 F 45 b L BR LG 2 [ 5555, 5555 il 52 7 50 b a8 s e Ul 535 B30 4% K 1Y



4.

554 B 0 S AE T BCE X R0 AR I8 1k CREAE B A AR
Joi Ak ERCREAE o AR R AN [] 11 (1] 2 B0 o 4 o 4 i 4 (] B 4R 05 X el iy
G S AR (R ] AT R Ay R A 2 5 E S Ak 0 W, iz X Rl ik U o AR
i (1) B 2B 3 L T b AR A6 S (o) R Y A L K A DD

Sr—

OO0~

] B 2

1 2 o E R AR m 2 A B 1 RE—RHE
G 2 QORI R TP (AR E R XA EEA — A Ry
A 58 A Tl .t A 1 R R R L R AT 2 AR A
i1 78 i) i MR (A AR 20 A A A 2 0 L R AT AT LA 4 Tl A G AT K
2k B X A 2R P anE 3 B RERRIC IR A T A A F

WIS O HEATTA BRIGA 8B B f1C &al@ e D] D R
fi ZliE EfF #oEEN GG A i H O fn T e e ]
T T B N fE%E S.

PAE B B 2 prac a5 4.

I & F
=/ 8 E H
H g1
(O e s
B A [& 0 1 J
0 C F !
& 3 A 4

AR oy ST ZE o A iR AT e T 3 A9 il ik o iz
FH T PR AL TR A PRI 73 I 58 4 — B0, T B RO AT K
2R PR IT R AT A T SR AS [ B Ky % G b il RO — > BoAT SR
(M " 2™ 1 P IES ) R 2% 4 T e 2 4 A ) .

XA G0 B v DL 2P OF B8 A Ll s A e . A b
T 7% 6 2 HEL o PR B b 1 G A 28 22 Ak R A5 AN [A] s 2R ERAE LR R

GXHAYE 1 FE 4w P ). Davis & R. Hersh: The Mathematical Experience. Birkhauser. 1981, Chapter V.

l7.



FEE T IR AR s e R E " AB.1; BC.2;CD.2; DE.2; EF,
1" KU A 5B Z4—FdiE.B Y5 C Z[E 4G M 5% A6 6
S 5. X HAT JLAT LY 99 4% K kit _CID_

— g BB A R N 4 '. y F

T — Y145 R ES R K AR

TEFEATEES R R, B

Py AN I DA Tv) 255 =5 90 1) AR 22 i P sl 4R ke v i JBC 4 0 1) TR A e o 41 B 4

TUE 5 LA AT B0 235 R o L S A 1t 62 0. s el il 42 ml B Ok - Al 527

Pl G« 7 pR EROHE 2 b g | i 0 TR ARE A A 5 o O L o £ s i

1A A LA A Fh b 2 H]. s K LT LA T 3R ) 25 i L 4

KEME G B A TR O 5 RIS MR % i

FER R AR I BUFXT & H&’*%LL% SRR SE (HAE N b

Fou B SR X AT A H AR R A A AR i B

A T A i e S o g LA e LA R X R A LA P AR iR

IBYE LR A ATE I B P AR ) B (R R g i & o i S8 48 0%
sy B A R RSL Y A S 0 B AE GRS dH 2 7 1 it F). SR f5 L ax 8t

PIAT 1 A1l G2 1 B0 A8 S A SELAE b B MK 25 A 25 U A v B BT

ES 3 4 R (D SN N 7 S8 % N R N T i e 1 o

A6 S5 1 2 00 T 55 T 1R el b R ) L A B TE A L BT 4 L T TR .k

10 o SR AT B2 0 A 2 il 5 R A £ L A 2 el il 4 S R ] 3 R )

R iR B R AR T AR a2

S S 1 P4 L AR T PR R L B R L ST AE NS S CE AT R

A G AR AN AE 3 2 v 5 50 F B X T E R B

I IS A R R Sy AT b 0 56 I AR Y

Sif il 4 A9 S B S RE AR — S T 1B oK AN A G 0 BoE S R

K | R R 0 56 FR 45 4 4T H AR 1 AR R REAE R E T k.

I il G S R DU AT R O G AR PR AR 2 00 A T SRR 7 I AN (Y

Tt BB A A T S R A K KA B R o L X R

SR — R N TEGE VA BIR 2 B A AR RS

SRR ARG EE IR BN EG N IERETENRSZ

(6] FAY K 2R L oo oe e 027 UL B L () AT PR B ) 4% R R 2R R I R R —

& 5



S, H L TR — o 40 4 4 2 ) 2 5 8 414 B A A
3 2. B B2 O 0 B 2 004 WLHO B P R 2 2, L & T 4
2530 52 TR " OTE S T SR 1 5 TR L 75 A 1 — A TR
SR 5B 7 2 4 0 R B 7 A1
2 1) T 5 TR A% T . %5 0905 A A L . LA B 1y T
R R A 5 (EL 0 A7 1 107 72 22 A% 08 1 105 5 I T e R 5578
GBS Bl R AR b I b TR G ) ) B R 2K R
il 5 4 5 2 0 SR K S — R A 3 1 A B
Py TP

M 93 2 ) — AR 50 o 2 7 LA 4 5 2R 10 B2 5 4 2
AT 00« B AR S B ol 0 B2 45 9 551 5 1 25 2 % 140 9 )
g by R e T 4 9 U0 T S % B K %L o
5 2R PR A3 U 6 2 0 o 0 LA . A 3 2 1 5
AR T s L AT SR B L LA o, A
B A4 0 K R AL L o L L A R L R H
B TR JL 0] 5 2R e AT 7 9 RF 08 56 R U5+ 745 31 £ 7 i
75 BT R ST R L] o s T S L1 S T L E ] —
AREHE T UL FESZ BRSBTS T TR — A o % 2 b 4
5 %87 T 9825 6. 75 125 56 o 0F 5 048 5 W 76 100
i1 8 0 E L4 A e 5 RO A B o O 5 M L
52— 2 5 X Al O 6 B A2 R , 788 8 g 52 4 1) S5 4 o
“RL{".

B 0 2 A R 1 L T LR 2 4 e Al
0 IR K TR 17 0 S — A i SR B R £ 5
AR B X8 L P 8 AT /AN 9 A YA A L R A
A 1 e VA TR LA i1 SR OF T B TSN T 6
e PR T 5 0SB A I T S T A e S 6 AR A T
AT BAF S — B 6 2 T B S RO S R Sk L 2 A
VB B A e 45 22 96 o 47 L. 50 2 78 £ 1 20 2 1 T

(

D
2

FREMTHLPY « B 8. (AR08 ). iRt E ARt iR 4k . 1982 42,4 103 W1,
CBUER R CE) . EigRER AR A 1881 4,55 33-58 Wi.



