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BN BR D AZBARTAZER), R {Te7 | ¢ € T} RBARTARZER], Al
FR T 2R Mes s AR T Al A BRI, nRAAERANE R SE T 1S
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=
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(rb) E_ ﬁXln'sound(tz—' + _‘(ﬁ), JH\IJZ?Y:E 8/’ t,, ’U/y 8”1 t”’ ’U,” {ﬁff%{‘

caxmy(s’) Al,-true(t’) A pf(u/, s’ At — T¢T) H
caxmp(s”) AL, -true(t”) A pf(u”, s At" — T=¢™)o

Xt s = s'As" st = ! At FIFEAS w5 caxmyp (s)ALL,-true(t) Apf(u, sAt — L7,
Bl —3,,-Sound(T), ¥J&! O

5|38 11 ([1, Proposition 2.11]). & T £ &4 PA &9, T & L8932t . WAEL A X
¢ S En+1’ %Bz]‘

T+ ¢ — 3s,t,u[caxmpa(s) AL, -true(t) A pf(u, s At — "¢7)]s

EI 1L R T RE4A PAW, IL,-TEXLA, S,-THEGEE, RAT Y
¥,-Sound(T).
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PR AT = THIL,(N), WARYE T 1 S, -l S mT 0 T 2 — R H 2, 1-58
2 IREP IL,-58 21D IAEXT R g L A3 E,-Sound (T + —(z)) 18 A
B i 5] B

Vs, t,u[caxmy(s) A Il -true(t) — —pf(u, =(z) As At — "L,
WAFAE—DAB R p € Ty 1675
T+ p<+ 3,-Sound(T + —p). 3)
UEM AL Z AT, SBIE= WS .
W= 3. 7% 1/ po

W= 69IE 8. B T + p, WIAFTE s,t,u € N {45 caxmy(s) A IL,-true(t) A
pf(u, sAt — Tp7) fe—NHEH) Spyr B BT EK S, -BAE L,(WNV) C
T* HAME, BBl T* - =X,-Sound(T + —p), M T* F —p, X5 T* 11—
P JE ! O

BrS 4. T F $,-Sound(T + p) — po
WrE a9, ARPESIEE 11 0740, (B ¢ € S B0
PAF ¢ — 3s,t,u[caxmpa(s) A IL,-true(t) A pf(u, s At — "¢ T)].
ESYIf]
T* b ¢ — s, t,u[caxmpp(s) AL, -true(t) A pf(u, s At — "op7)]. 4)

ST N E Va(axmpa(z) — axmy(z)) (T A& PA T Al Vo (axmpa(z) —
axmy(z)) € IL,,, ITIARYE T 19 11,,- 58 21k ol 45

T* - Va(axmpp(xz) — axmp(z)). Q)

H (4) #1 (5) 18 T* F ¢ — 3s, t,u[caxmy(s) A IL,-true(t) A pf(u,s At — T¢7)],
NTATLE ¢ € Spy1 B8 T F ¢ — =%,-Sound(T + —¢). XHT —p e X1,
B T* F —p — =%,-Sound(T" + p), Bl T* + 3,-Sound(T + p) — p- O

WS 5. T* + X,-Sound(T) F po
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B 5 AR B, R T* + X,-Sound(T) t/ p, WIHRHE (3) AI15

T* + 3,-Sound(T") F 3,,-Sound(T" + —p) — po (6)
R = 4 715
T* + ¥,-Sound(T') - 3,,-Sound(T" + p) — p- 7

R4E 51 3 10 AT45
T* + ¥,-Sound(T") - 3,-Sound(T" + p) V ¥,-Sound(T" + —p). (8)
ZEE (6)s (7) F1(8) Al T* + X,-Sound(T) F p, FJ&, ATLAREEREOL. O

o] ) 5 BLAER . AW T - X,-Sound(T). W T* + %,-Sound(T),
I ARYENT 5 5 AT T - p, SWTE 3 F)JE. B T 1 2,-Sound(T). O
£ 9 ([3, Theorem 2]). %=X T R 8.4 PA &Y. T, - T E X8, I, -T 4932
#®, AT 3,-Sound(T).

Shr b, 42T E P 11 B3R 790 AT DR IL, - A] SEMEAR SR IS TE .
EIE 12, wR T ROA PA G, IL,-TEXE, I, - THEWHE®L, AT
I1,,+1-Sound(T).

HIL10. R T AL PAW., S - TRELE, [, - THGLR, RATH
I1,,+1-Sound(T).

IEBA. AR E B 12 AN R HSE: 4RSS B, -E XIS T, #A M52 5%
WS T’ 475 PA 11, 1-Sound(T) < II,,,1-Sound(T”). O

FIRHET R EHE R S A A B E I AR E N ERRRN. 2
13 FUEM 5 E T e 14,

EI 13 ([3, Theorem 3]). % n > 0, HHLE—ANELE PAK., Ay-TEX
8. B, 1-TEIE® TEF THX, 1-Sound(T).

IR 1. % n >0, AAHEAE—NECLEPAM, IL-TEX, X, -THEHHE
#* T 44 T+ ¥,_1-Sound(T).

EIB14. 2% n >0, #ALE—NEEPAKN., Ay - TR, IL,-T 6
& S #£1F S + II,,-Sound(S).

IR 12. % n >0, #ABHEE—ANLE PAMY, IL,-TR LA, IL,-TEHEL
S #£4% T + IL,-Sound(S)
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5 JERVARTKEFRIL SR —H

EIRAET R R R A e e R AR A Ok T-RTEEMER), B A
BUVE ROHET B R R 55 AN SE A E BRI AL Y AR, HEE SR
UE AR AL O BERF PR B A e s BRAUE AR B JelE Wi A2 — 0 2R AR
e T 2 =R VES A, FHEMIEAGEIEY] B 5 — 3k

BN 5 (IEHER). W T £ LMHE, ¢ RIEEAR. 4 Ory) 2
pbr(y) = Jzpfr(z,y) H Ore £ Or(y; "¢ ) = Or(T¢7)-

EX 16 (FTIEPESRAF). BT W& XL, ¢,¢ ZMERAN. =AAHEMESR
SR

DR T F ¢, WA T Ore;
Dy : T+ 0Or(¢ — o) = Ore — Oy
D3 : T F Op¢p — Op0Ore.
AR AR A ] s B T 75 B9 2 &R, BR T Xm0 @ U2 41,

AYHEBL B %A S FHER S A S et g A, BT 285 PAK. X,-7
SE ST — AR . WHFURIL, IXFER BRI AN — i A2 T A AT IEPE SR A -

SIEE12. En>1. R T ROEPA., I,- T2, —&E®, AT
—Z #H & Dio

SEW. MR RG] BEAR G LT E ¢ MMEA m € NB N E pfim, T67),
A N E Japf(e,"¢7), BTN E Org. R, Oré € B, — S,1, BHILHEHE
A Orp & T. O

PR 5 ZEom AL AR T A G T 7 0 e i 2. BTl 12, R
T 32 Sp-5e R HE R — DT 7T, SR RIEe T W 2T E
IATHE PR SR o

SIIE13. R T ROAHPAW., X,- T8y, —&8, X,-2 4202k, R4
T‘/"%/i Dlo

JER. {8 [23, 5[# 10.1.2] FIERH . O

SEE 14, R T RS PAM, I,-TEXH, —&K&EL, AT HZ Dy
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YL 7IE[23, 26 10.2 %] PO AT ECEEE T 2 Dy HE . O
SIEB15. e R T R4 PAM, B, TR, —H#), -2 23k, 2
T i# % Do
AL DI [23, 26 10.3 9] AU AT AR RS2 Dy HUIE . O
EEIH 130 14, 15 ) “3,-RE A7 S0 “I,—-nlE X7, 3t
“Sn-SE AT BON “IL, o -sE A7, S T DIEI R 3 41458
DRI 30 2 2 A A I AR IS I P RS R R UL, Dl RFAE/R SR — A se 4
PEE B UE IR IR R AN REUE Y B S0 — B, e — e s, M
SR AR T, B, R RR RS 4 Y HTUEES 1) SR A A e
At E ) AR

HEIL13. R T RO PAW, IL,-TE L6, —&89, IL,-2 4092 #, A
Tt/ Con(T),

B BT =T+ 1,(N), BT & X,-fl%Em. mF T 2800, R
SEH 11 A[15 T I 8,,-Sound(T) . X T %,,-Sound(T) £ Con(T + I1,(N)) =
Con(T), KTt/ Con(T), O

Wit 14, R T ROAPAY., X, - TR X4, —&4y, I1,-£ 469328, I
4 THCon(T)s

IEHL RHER 13 UERI T E R 11 SOy E R 9 BT, [

Wit 15, wR T R4 PAW, I,-TE L4y, —Hb4), 3, -2 269328, IF
4 THCon(T).

JER. MREHES 13 FI9]HE 8 {5, O

L 16. w2 T A5 PAR., S, - TR, —&, S, -2 208k,
ARA T Con(T).

JEBR. MRAEHES 14 F15| B 8 T4, O

W AR T R b SRR HE) B R B A S ek e R i
PLHY, Rl 2t 7 AL TR B & — B R #ie .
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IR 17. H%n >0, HAEL-ALEPAKN, Ay - TR, 1L, -2 28
i T4 T Con(T),

BB CBTE A RKEEN Yo, X1, X2, - - - » FeH xo = Con(Tp). Wi R i) 4
T: To=PA+1, 1 (N); WRT +y; 280, 2T =T+ xi» G4
Tip1 =Ti+-xi: T =U;en Tio 7E [3, Theorem 3] 41, iEH] T T & Ap -7l E X
FIs X, - A FEREEE, FE T - 2, 1-Sound(T). XK AT, 1(N) C T, Kt
T & I1,,_1-58 4, 1M H# 2,_1-Sound(T) £ Con(T + I1,,_1(N)) = Con(T)
"13 T+ Con(T). O

IR 18. £%n >0, #AALE—ANOLSPAN., A, - TEX, X,-To0HE
#® S &4 S+ Con(S).

IEBA. KR 17 AEI Y IL,— (W) 2508 B, (W) BIATS O

6 I HFERA TN EEAENEFEEN
6.1 RN ERRA R

PR T2 AR — B B 4R S SO — Rk, RSN . 4
—MNAEAIEIS T CXBEIFABRAMAEZBIANRD, R WEEAR, @5
—MNEFEZEAF S MBS —ES, FEEFTN 5N T T
FLLE S AN SR R, AN A RS DAl R as A s 8. ks T
KRS 0y 1 2y woeeee G5k, ATV, WU 2RI A RS JEALTE N, AR
EXAT AT B ARG, R AR, £—Fi2H
ARG E A 22N 18T B ABIMA—r 8 ARG ABE.

TEFHE R AN SV e PRAIE R J5 , AN/ 23 e )3 T 2 BEe 1 A se 4tk
MRIAGE RN ER R, i J. W, Dawson. 3 (H. Wang) . H.-D.
Ebbinghaus %% \. Dawson £ 1999 k3% | — R &, B 7 k=R KA
S, I EE R AR R S8 A PR E BN 58 A v e B At IR SCE B AR YL
“Godel and the limits of logic” ([5]), HH “the limits of logic” #&fE &1k
TTEREIR: EEEERLE GBEZR) Tul (24, 5 90 T()D:

X zE R 045 (1)t 18982 4 7 2 e (1929 F); (2) xt
HEATHFH K ZGEME—NEZEEP KT H R L P A 7 &
(1930 F); Q) HEMERKFH X ARG —BMER —F AT A TIE
#93ERH (1930 ) -eeee TAM R (1) THAA ARG LR, F
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BT AV RARZA “B T RGBT H T AANBEOIHHR
Ko X —RIBAI AT 2RI (2) Fo (3) 4F T ANK, Ak BAAURAL
Fo BLAR B0 AE AR AL By R e

HAH 2) I & AHE/RE— e tEE R 1, 3) BEaHE /R A4t
EH 3, M “HUAL” s T4k & SCHITE]; Ebbinghaus 55 N\ B 7E Ho 9w 3
(B2 H) Fidl ([6, 55 186 T1]):

Intuitively this means that there is no decidable consistent system of
axioms for mathematics which, for every mathematical statement, allows
us to either prove or disprove it. In this fact an inherent limitation of the

axiomatic method is manifested.

H ) “axiomatic method” B AFRM T, MAb & XS5 AMTTIEMF . AU
gk, HE 10 FmEE EHEELL “Limitations of the Formal Method” A/ ([6, 28 151
. AR, Ebbinghaus % NN NATE M GIE T AT EAR B [ A 1R R .

HEAAEEE R, WA TEEINRIALE AT AN TTERRR AN E&ER .
LSS — AN S8 A E B AT IR, 5 A e B R 5 2k
Bhe WIEB S PIE, RWIRN. — BRI AR R AT . BRI
WS g, B%iEM. —B0dESIE RS B E — e K EA T A
(), (R IR L2, R UEsRINY . —FU RS 0 AT Az BR J ] DU 542 1) :
TR E L —aE B 9 IR, e AnE X —wH it Th(N).
WF 2, ZHUHIIATE IS, B R E SRR, maEE Ty
E . B, AR AR AR IR, I A e L IH 45
TR TR PR -

6.2 X R E X HY S HF

YERNUME T L (mechanism) KK AN, T. Hobbes (I [10])  J. O. de
La Mettrie (JL [14]) S AVCAANBIL R (mind) FIFHEE 2R S80I ER #5452 LA
B, B2 — G0 MR BT DR MU E T E E X (com-
putabilism), fEIXT5 1 EBE—, KK (brain) AL RIEARG — G THEHL
—HELAE L [24, 55231 WD M RAUEE X (antimachanism) IR
A%, N.Malcolm (I [16]). D. Chalmers (VL [2]) EAMETFHLR, EiR
A HESHREEREE TR OREZE, AT IEZRE AL
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CARE RIS TR B2 R, AT O & 380 RASAT Bk
EWR, X EEFEIAN “ N2 B HESKEY)” MPE.

EHEIRAN T Ak BAE IR W] UR BN T R BHUI T SOJEH = T 53 X
WA g A EHE R AN 4P PREEAT IR BRI AF /K . TR, Lucas. R.
Penrose 55 A% . /RN RN EREFFEEE B2 — S HLEE GHENLD (24,
55231 ], HEAY AL RE—GHLE, R0 RS A LSS, il
BB /R 5 R S8 A s BRI B SR R SO EIEAT T IR

0 RN C TR B R B AR XA (AR ) o X3 A,
I RC AT KT P — A, IR2XHFERE X AL TH
G EFIR, he XA X ey — &, [R2ERTEFERS
ZARRANEIE I HEMNEBET: R — 6 R B5R ILIEANE R —
HA, MACTARIERN R L L A F—BMWayiE5) ] LT AR A $F 8
“IRIT W, F—FdE, ATEACIERANEE, ATRAGE (&£
EOALZEFRIN) —SREIEANE, CEREFNTFHRFLRL,
B TREAGE 4, £ ERFEIEVANA FREC R FAEERGEHE,

BT ERFR, KMNTAFE ] RF S ZBLAGMNE GIL
Faftn— s, C I AEATHLE AR AL P2 £ % 6938 R AL) | S B E— X
O R FI R AR PR, (R —F AR A)

W RX [BA—RS R RBAZOHEERA] RAEW, R2AXE
REAREMRZALEHETE, BHCHTCREEAEMGEA, mn B
REARPRAEET RDECN. ZIHF—k, AXEBRIFEEHRRTE,
mHBEMEL LEZZTR -G, 5ETEROFRHMRRBLLT A A
HIFE T ZAAMAT LG RENRFS X (e, —K 5K EHRBT
R BEHEAANAE) DTHIRAREORELS R H. £iXk
AR E, B AARBAETHOAEEIE (W RERME, RILEZE
ok, BoHFE), AMKFTHEAMIXEAG TR, TMUm
B, X F BT AR E A AF T AT 09 7 KAk PR (B, B E
BRK RN T EAHOMR) . XREEEMFHAIET T AR A “HEH R
MEXL” GG &

(A, & FpidmA s, ]

*Lucas FISIE ([15]D 5 8HME/REHSIEAAL, X B A S8R AU IE; 17 Penrose [ IE &
Vi 5 BHE R FRIE A M2 4, EZERRKES5 6.3 TTARBREY), Mol HBAIES 6.3 1.

SPEL [22, 55 324-326 1] B [24, 55 231-241 F1416-419 1], ZBIESEFRET 1951 €E11 [7],
2T 1972 1 [22, £ 324-326 W] A EHE/RIJIEARE EER—DEERRIE, AEHEK
Az ™7 e, FIR NS SR AT e AN T AL [] MR
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FAchth, SR EMERSE A AR E, e 11, ] POy EHER
ORI AN KU L ETRIR SR, HAbE S 2 Rt i
O RATIEAM Iy — G 2R T LIRS ARSE H AT BOER Bl &, I8 A R4
HE AR A e e At s R NI ERIE A, W B, e SR,
B TCIFAE R E AT “ARE” SR EK, HORFIEE RN T2,
B O RIEE A PSS, BB A — 20 RAREHRE MR ARIE A FARYE
PEARWLE S ATRAHRRR “AAAE — o0 RABEHE AR, BbO Rk
P HIFLES o

6.3 ITEFERMNIAVHEIP

[FIREAE B T BB R 28 A 5e AV e B 3, Penrose JGJE7E [17, 18] HHiRHH
WIE 5 T “Hali%2 /) (insight) ANEERTHEHL (algorithmically) A& A7 ”
RIS F K o AR B 2R 58 07 58 SORE: o0 A U i RERTIE B DA K g
AR AR BEE I vk . R R

(1) BB EEANANERG S T ANMERFZ AR T F e B4,

Q) M4, R|/TERF I T2MEE, © TMIEY G Z—HH,

Q) [EAKFREAN] £Msid & Z—FKH.

(4) BT S TAIMEAMGZA [RFRR)PLEGEHR], AT
S T AR & &2 —H Y,

(5) F/A! B, RNAELEWILGNIEE K,

mA 3) rfER, B LRBIERZARE W51, T/ Penrose 70 M FI G 1E
WIET 3): (o) FAVEIE & HUE T HRATHIEBAR; (b)) BATARIEE & IUE 1A
MBAE, RS AEE, HARIE PR

(Ba.l) H&A4mid HKAVEY B —F 8,
(Ba2) A, R EM40iE S WAET KA1 EA, IR A KL Soil
S 2 —E,

KT P, Penrose 7E— @ FEE _FoRBI T AN REEM: B 4E ) ml FE 1

2RI I B R R A BRI, T DL G U S A B R
MGG T — & 0% 95 10 8 B BI85 (R AR 38 U5 T AR B8 PR HL A B A3 VA T MOt Y,
PR ABE RS, (HEHGE R E L, 0 9m A E HIE AL 2T Bl “ R ARE SR
e

SNHEBRAT R, AZABAE DL R SO TR E I B AR A e
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(3b.1) IR L, S /N ILE Fodf 3 HLN) £ 28 5% .

(3b.2) HANFLEYR ZCPEAR T AL AAE L

(3b.3) F+H, AN 69 F B AT A EAEIE, RAAXE
ERF LT ALILEMIEEANZ L RXZEAELZH,

(3b.4) T KA Joil BANN L Ao i 3L LN AL R A Y, BTARA S

H S A,
A LAE BIFEIX A T (1R UE T, Penrose (13843 A8VE 55 w48 /R A B SR 32
XA Sl A T2 4

M Penrose [ “HEAIRGEIIARER AT 7 (0 SRR 5K, Al
WU EAABEHRE B A TR EHUTEUR, BRI E
T AN SR 0 AR U T AL N X — BN IE i A DL AHE
IR AR HONRA, R “ABARS 67 BN “ B L5
¥ BAEMIALAS 7 P LAAS B — AN AS AR R IR IE, 173X A 485 AR IE mT L4
ENT AR RIS AE AR B A DA B AR SR A e A T e B O S
IHTRIE, AT S A SR BESR A B

7 8] #%

ARSCKBHE IR A B e B AT 7 AR HE, JREE T X e HE S i) B R
ANTEVEE B EH AL T SHE R A et e B AR N . Ik ER,
PR A 17 R i (B B B B S 1 ) RS 4 tH AR i — P R . 5 — A 1) R S 4
IR EHER AR A E A K. )T EHERE AT ett el a S
D-AIEEVEAE ORI, WA S n-—BUEME ISR . T IEAE) T ) EHE R 56 — A e 4t
SEFRHI RS T-ASEMEA G, BARBWA S n-— B S HIHE 1) &S
IREE A GE A M e PR
B 1. X T AOA PAS., X, -TELE (IL,-TE X)) 6932, R T
A n-—%88, IRA T nCon(T) £&mL? mFaz, IRA m,n Z/EXT A
A%V
5N RS AR E BB R B R AR . B S E X T S
HAREE & —BWER R RS, T R_RAZEEN.

B8R 2. Je B —/NIERTIE F—&M, MAMAEEHR G A, FHH LA
— /P — AT X ?
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Generalisations and Their Philosophical Impacts of Godel’s

Incompleteness Theorems

Conden Chao

Abstract

There are five parts in this paper: (1) generalize meta-theoretic properties, such
as consistency, syntactical completeness, w-consistency, soundness with respect to N,
completeness with respect to A, definability involved in Gédel’s incompleteness theo-
rems to more generalized ones which would be researched in details; (2) recall the gen-
eralized Godel’s first incompleteness theorems proved by Salehi and Seraji the crtical
one of which will be provided a new and readable proof, and show two more results:
foralln > 0if T is a X, 1-definable (IL,-definable) and 11, ,,-sound extension of
Robinson arithmetic then 7" is not IL,,, ; -deciding; (3) recall the generalized Godel’s sec-
ond incompleteness theorems proved by Seraji and me which would be also provided
a new and readable proof, and show two more results: foralln > 0if T"isa X, ;-
definable (11,,-definable) and II,,, ;-sound extension of Peano arithmetic then 7" cannot
show self IL,,,;-soundness; (4) with two different approaches prove four generalized
Godel’s second incompleteness theorems involving consistency: for all n > 0 if T'is a
Yn11-definable (II,,-definable) and 3, ;-complete (IL,-complete) extension of Peano
arithmetic then 7' cannot show self consistency, and, furthermore, define two collec-
tions of theories which can prove self consistency; (5) review the philosophical impacts
of Godel’s incompleteness theorems, refute the limitations of formal methods, back up
anti-mechanists and defend the status of mathematicians based on generalized Godel’s
incompleteness theorems .
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