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1 EU&HIC

CDFERTIE, BELRPEOWIB LA S E > T, MEDEEZICET % Lowenheim-Skolem 0 &R
2, HRICET 2 Los @ D)L BIRAMOBHRIC O W TR E T, Th o1, BRI LN 2508
DOHPFI KSR T T, BOERPAIEARCT 7 VR, A, SRR Z SR b oSN TwE S
23, TITHEH) DEBPRETVER L D ORBRTYT. BEREEIEECE L V) HA U L EBANICOITL T
ALY ERIHIFHTTOT, BLOHTRZE! L) AL TH, HFERADENIPS T EENED
I E kb 2002 EE L CTHIFTEBWET, 7, UFTRAEICED S L 0ilsomE)
KB L TE, BRWIGESCEHECTHZESZZEIABH D T, £, ZoRETIEE T VHERNZ
filim % 58 E L <, E.E'ﬂ w2l IE A S o TwuELA, Lowh & LBERMYOEAR2 T 5DT
Hiug, BRWIAHOM&EZ Lo b EERL T, BREEHIC X > TEK LM XOBRZHELT 2 LW H
2T BHRETTD, REOWE LAMKE X223 AT 2. BEGHIED A IZHT [11) 25 9],
TLH [10], Hf% - /NIF 7] %= &%, 7 VHEEROFENZNFIC OV TR, 8] #F L Rl £ ).

R ONIZMBERICHZ 20 b LR ETAD, #HE Qalg d SADFHERELEOBEFRLHAL L TL 2 FE
<7,

2 WENESEHE

Bera il 2 oL 3B S . Fi, EHPHHTEEEEE T LAY Ta01c, LIZLIZHRER
RS Cnd s TEE RECFNICERT 21085 T, CORFETHELNTL LSS, BRI E
BITLLIADSHROLD.

Nl RGO EE R - EWVETWEZAED, ZOHNIHEODPERL TEPLEL TS 0EH
BhHD, 2L, SBADELTOLSEIAL»? LI EE, DFh, EARBECMEE S LR
FDH, LV I EERWHEPICLTEMRL TEAS AL, B2, BoMazEz o[ D, —oomE
T, LER 0,1 2 L, EAEE LSRN ITEMEGREET € P RMioTHRT 2 2 LIk

DR “w” &Y opES L, AYAFTIE T4 v 2 DFEM, &) ROz k572,
*2) £ (w27 | Ghbotz ) 8 S rUEBIE T2,



%, DX, TOHERTINRZIZ-Z DI TELLZTNER VDR

Def. 1 (|=|nl:l) g L ¥, WFEFLE I <P |’L S I> B4 5 71 <fj |] € J>; EBGELE T <Ck | ke K>
@%HO)%:TZ@ 5, ES 7LC, %Lnunaﬁéﬁ Eﬁéﬁuﬁﬁ (=8 arlty t ﬂﬂibiﬂ% a%ﬁ N, Mg 7b§§'47 ﬂm[,‘(j% b,

P % n BN TH D L, f 1E g AHOBERCh 2 E LS

Bl 1. e MOTBHIE Lo=() THD, 22T 13 228K T TH 2. i, HHOERD X )
Ic THAIE) 2 RTERGIS e #HIMATL L, = (e) ELTHROLDESD, ¢ BRESTEM
WTERHKRZ DT, FHEICMALTHORLKRTH S,

« S uﬁﬁ@mnuiﬁzp—< > TH5b. ZIZTel ;éll_aﬁﬁﬂﬁ“é%%.
-m¢%®;%i£mpqm+ﬁ<>?%%.Oiﬁﬁﬁﬁ,ﬁ~@2%ﬁ%ﬁ%ﬁ,<uz§ﬁ
RS TH B,

. BECHTNIUTIMMTE Lo, FlRIE RAY P ABBOFER Lyecr = (0, + 2|z € R)

TH5, ZIC, Fa BAAT—MEE2RITOL D 1 ZHBEEISTH 5.

ok, SiB ﬁ%ﬁ%ﬁﬁ?%ck@,%ﬁ%%ﬁf?%of@bf%iw —fiz, SREDHlT %
WL IZ LB HR A NEIII Z 203, BERDOLIHIIC e FTTETE2RELLY) BHRKLZ DT,
—HEIC I3 2 2,

RIZ, sine & x2, 14+1 EvoimHAcidhy T8 42330 E LT, LBEZERLLD.

Def. 2 (JB). XD X HIZL T, Sii L DIBRED S :
o EHGS ¢ IZHTH 3.
o BWGLH x; BHTH D,
o O nEEEEGEET, n,..., 7 BHEASIE, f(r,..., ) DETHS,
o UETHEONZbDETRHTSH S,

Fric, ZHECSOHBLL 2 IHZ2 B L5,

FORBO T EEoN2b02FRETH S LVINHICKD, HMROMRICET 2/FE2H9
CEDHES, D, 29 LA EEORBIC—AELDDHEBELDT, BBRICIE TMETEO NS D
P~ LEPNTVLDS EFATRL O,




Bl 2. o T,y BERET DL, (2,y) 1d Lo DEHTH S, ZOLIHICHBEEICHIET 2D1:ETH

HpwoT, RICBEGU SR " HHEFOLG, B> T oy REEECILICT S, £,
e BEFGIH LI L, e-eld Lo DEHTELZ WD, L, DEIZIER>TWS, 1-21F, 1,2 4E
EVIHI MDD E E SRS L WVETIE Lo I8b L KHEEFNTLRVLDOT, EL5DHTY
o, () REE - BEEHORFER DI D LRIV TR AR LD T, SR TR,

o B z,y oW T zey i3 Lgp DEHTIE RV, e IZBKGS TR HMELB 156 TH 5. I
12, Lgp GEBGES BBIEGLS bR w0, EHEHSUNDEE 7%\,

¢ 04 (0-2) iF Log DHETH B LW, “(7 LHT ) ilS 2 A S 700 Tl
WIFETIE R, 25, FTRAD I 23 mbirwnl LT, BAEDH 2505 5E 13 G
THO I L 2@OBH LT 5,

2 ECHEETIUL, R EER T I EHkKS.

Def. 3 (RER). 53 £L OREREZXD LI ICEHRT 2

(1) 71,70 DHEHDEE, 7 = FiwHATH 3.
(2) P 28 n-BBHORFERLS T 7y, 1 DEHORE, Pry.L7, EEHERATH B,

MDEo—o%#kicRFREBR LS.

(3) o, DHRIROWE, ~p 5L oV LHRERTH,
(4) = PEHGLE, o BHRIROWE, Jrp bRIEATH S,

B ETRETH-T, HREAVOLD, ZNTHIBEMINATIKE I bORBEOTER
RHHL LS. oV i To ik ¢y %2, —p & To Thwvy %, Jup ld (o 2T X9 % o PEET
By LOIEREERIL TS, (o) L TES1E) b HEEO) REDBRITOL LD, ZNs ORI
aTiE EOZO0MART MER) TES LML NTLIDIDT, ZREIUTHIET 5 MM 2RO
EHIHALTEL

OAY .= (—p V), o= .= eV, Yoy .=. 2Jz—p

A, =V B ESTFOERICHCNLTERRIEZ) BT D B0od Ltk wh, iehign» Eiis ORI REIC
%% D THERERICR>72DTH 5.

*3) HBEERBAL I D EHVI LA LHR ST T T RE W,




il 3. o VaVy(r -y =y -x) %, THREXIAHTH 2, JLE2RT Lo-mMlATH 2. Zhrxsel
Mg S THENTIE, —Fe——Ty— = (z,y) - (y,2) LD, HITA. x-y FETH>T Lo-mPAT
%, Vady(z -y =e) 1 L, DB TH 5, FHORBDOTT, LA Lo-mmBlaid
Ve(Vy(z -y =yAy-x=19y) > VyIz(y-2=2)) THS. ZDLIHIL, SiEITE-STH, WYEN
BRDOTTECHLUNREZHHT 2 2 LNk 2 LR H S, WL, —BECEBDOHFELTE
R BRI, 2z 4 HETTOWMELDT, Firthils EAMZBEML THLVEE - 1
MEBEZLIEDH D, I, ERICLBDILRE Y.

o B x,y 00T, wey F Lgp DA TH S, TaVy(y dz) 1&, zdy .= ~xey EMFLT 2
TR, BEADHEELZRT Lop OB TH 5.

« 040=0%Ve(0+z=0) It Lok Th2. LirL, 2<y®y<z ¥ Lop-Tatsns,
VaVydz(x < z < y) &% 9 TlE%RW, Vavydz(z <z Az <y) EFHTIE, Log-imMXE %3,

o RTCOEBDERATCHMIN TR Th X, LR, Va(z £y) BiwHEATH2. 0
LE, By EmMEK Vo(r £ y) CTHHTHZ L2ERBINTWEWE RS, AHHTROER
BHRBIN TV ERY). 2O IFHEICL? LHELZOTRIFEBEVIZL 2w, L%
(21, ... mp) EFOTES, o2, 2, DHAOABELEEZEERVODE L, FEBITH
ZRALIDDZ o(ty,...,t,) EEL, HHEBEZE 50O HZERER & 23X LTS,

3 IENXOEIREMFLK

e R ER L 7208, HETXFINOMBIE L L TERL 72T TH 5. w3 S 208
BNEZERT 20105, ZOBIRZED TP S LT IUTERD L,

Def. 4. L-B& A= (A, P, fA,}|licl,jeJkeK) L, REMiLTIDTHS :

J I

o ABRZETHVESTHS, A=A RELEL, A OHEREEL E LWL T 5.
o P B n-BRoliER S O, Pk A Lo n-BRTH S, oFhH PHC A",

o fi W nj-mécﬁa;&aaﬁ@ﬁ, [FiAN 5 ATh B,

o o BERGLSOW, e ATHD.

LoD PR A R, L OFTD A TOMREIES,

E7e, LO—ROPAE 7 Iicx L, BIGEL T L2 THl8y L2 2THICN L TRDIELARZIS 2 ik
D, 7O A TORR T ZIFHIICERT 2.

ZCT, LHEAICNL, ABEZE LN E ) BFHE LA) 28252 ENHES,



Def. 5. L-H5iE A WKL, SE L) 2 L) =LU{ca|a€ A} TEHETS., TITe 1 LICH
FNnhvEik, facATEICREIHLOEREETHY, ac A DRRETIENS, P =a Ll
TR ZEDTRL I LICXD, A FHERIC LOA)-HEEE RS2 2 LK.

XC, LHEEWIDEEZZDIL, WD TEBIK, 252 T30 TH-o7z. #227T, RDLIHICL
T ADBEREZED TR S &

Def. 6 (FRREMR). LM A £ LOA)-imlR o 1L, BIRAE o A1 o 2T EHD) 2K
D& S ITIHAICED 5 -

MAEM ==t =13

(2 AEPr...7h = (..., 7)) e P¥
B)AEeVYp<=AEp FLF A=Y DD EL—TIDRLT 5.
4) AE—p<—=AE=p TR

G)AETnp<= Hb ac AVFHELT, AEp[o] £k 5.

722L, 22T o[E] i, o OHICHBICHBLT 2288 o 2 7 TEEMZAZLDTH .

ATTED, A o IHE A T o BRZTEILEZRITYTH S, e ZF, BHORHZ Grp LEL &,
(Z,+) E Grp, (R*,-) | Grp 7223, (N,+) £ Grp TH 2, ZTIv-o7cltzbo L) ROBRE7DI,
RDEIICERET 5.

Def. 7.« L-BREROES T ofiz LOBRE ) L8R4 L L)
o L-HE%E A B DHENEE G5 :A=DB) TH2EE, The(A) =The(B) %252 LTH2.
o T % LMHMET D, LMEAD, THED pe T ICHL A kT EE, AT DEFI
ThHHEERY). ZOEE, AT 8L,
o W o IZOWVT, MR T DEBOET L AT AR LRIH, TEp E3F#HL.
o The():={¢: LHHMEX | A=} 25 LIOVTO ADREBRELS.
o Diag() := Thy = { ¢ : LE)-HFHHR | A= o} %, A OWMERER L5
o BE A DB VPEABTHS LIF, @Y o A— B BEFELT,

o(cm) =2 a(fgl(ul, CeylUp)) = f%(o(ul), vy o(up))

(U1, ... up) € P <= (o(w1),...,0(u,)) € P®

il TIETHE, ZDOEE A2V LHEL,




WG L RHUCBI T 2 ER 2RO ERLTT, TALREIHEEICOWTERLTE ).

Def. 8 (BRM8IE, #MFWIEE).

o LG ABITOVT, AN B OPAMEETHLL1E, ACBTHY, UTD=2DFEMEDEL
T5IETHS
(1) BHEGLS c IcoW»T, =%
(2) n-EBONEERLS P icowT, P*=PPnAr
(3) n-ZBBEEGES f IcowT, fBrAn =%
o ABB OWHHIETH S LT B, EED LA)-FIL o 28

AEp—=BEyp

T EE, AL B OWMERIMEETH S, THI1E B 13 A DHMELERKTHL LB, A<DB
LEL, RBROEEEMAR, A< B Diag(A) = Thew)(B) TH3,

BlziE, M= N, +) & 3= (Z,+) OFIHEETH 20, N < Z Tlri\, Z ISP FEET 20
NEZbZ2bHTEE026THE, £, MaR) & H={(89)|acR*} 2825, (H+,) &
(Mo(R), +,-) OEIEE L 2D, FERMIGEZREN ([9) & (§9) Tha. MAFOERIC 0,1 240
DRI L D, AORVEARE (+, )-HoMED, G025 A1E (1, H)-BoERIERE 3T 5.
¥/, St L=(+<)Z2VT, A= (N,+,<) & B = (N\{0},+,<) A%, LaL, L(B)-
A =Va-(x < 1) 252 2L, BEY BXAKE Y 2DOT, B <A TEEWL,

WIS RG220 & LT, (Q,<) <R, <)%, (Q+,) < (C,+,-) REPAISNT S,

L0 iz, o »OfEENE Z 6 NBRC, ZDIEAMHBYFIEREZMRT 2 5EEH 2029 > ?
ZOBID—203, REITH ) BEORHRLLETH2BETH 5.

4 BROTERE tos DEE, £UTERAE

LEDEDG Z 5 NIRIS, 20 TFBRAERESLZA) TRUTIHEEZWMOH L2 0ERETH 3.
FHIFORERTOH o7 kI, 7408 —DBIELT[0,1] LOME 1 ODEEREDRT 7 4 VY —hH
5, MIEE 1 OBEGIIHS I TRER) BAETH S, VIV T 7408 =13 ZDOHTHHEITF XDl 7 4
NE—THY, TVFT T4 VY — BT 2EAE TREARES) 2kTh 2 LR 22T, Ko
PR CHOSIOWEZIRD T O, IV T7 7408 —%fioThEI, LWIRTH .

) = FUBHRTIR, TBH Do BAEIRE P OEERREAEOSM 2T Eh S,
*5) BB A A A HIEE, YT 7 4 LY —BARENCHAL bDTH 3,




Def. 9. {A;}ics 2 L-RBEEDOHE (I #£0), F21 ED7405—F 2%, ZO, [[,o, (2] LoJH
BIfR ~r ZRCTERT 5.

UN}-U%{Z'GI\U(@'):D(Z‘)}E]: (u,U€H|2li|>
el
ZDOLE, ~r BRAMBRLEZ>TVS, u,v ¥ TREVEST T IUL, 2EDRAEREL LIS
T—HTHL, u,v ZFLVERMTON, R ~5 TH 5.
{Uitier D F Ik 2888 (reduce product) € = Hie]mi/}— &, TLes 2G| @ ~7 X 2RLED
ETHD. Wb, u D ~p X BFAEEE [u]lr EFHTIE,

ueH|Qli|}

icl

[Lic: QlZ'/]: = { [u] 7
Ui

DZETHS, ZOLE, €O LMEE L TOBHE S, BIEGEI7ICBET 2MRIZRICKDED S,

([ual, .- [un]) € Pt & {iGI ’ (u1(2),...,un(i)) € P } cF
Qs fun]) = ] (72 L) = S (ua (i), un(0))
& = [CQli]

Feic, V727408 — U ICBIT 2t %288 (ultraproduct) &£ 5.

LD ~r PEBICHMEBIRE A2 LTINS, £, LR DOERED well-defined TH % Z &1
AR SITRTRELD, M 2O THEADEBHEE T3,

D TTRAE R L ZATRUETAHEAZNODHE LD, 0w T EZ2ERML ZDBRDEHT
b5,

%HE 1 (Lot DEHE). U: [LOIN 57408 =, €= [Le, %/u
olat,...,an) : LaHR, [u],. .., [un] € 1€ £F 2L, RDIKIL,

CEp(ul,.. ., [un)) e {iel|A Eolur(i),...,un(d)) } €U

EILDFEH D21, ROMEEES .

R 1. t(a1,...,a,) & LTH, 7(i)

I
=
=

5
=
2
S
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ZHURMRR D ZONEMETH 5 L, G S HUITIRIE TRE 2 DT T TIRAEML, Los DEMZ/RT,
Lo DEMDF. L(C) Ol OMEIFINE TR Y. U, |€ Dite L(C) Tof4Tz 8§ %,
(i) o= Pty...t, (FHTwHE) oL & P %2 mZBHAELS, t,...,t, 2 L(C) DHET S L,

C = (Pty...ty)([ud, ..., [un))
& CE Pt(lud,. .., [un]) -t ([, - - [un])

& (ti[w], s [un)) st (el [un])) € PE (F DER
& ([r], -y mm]) € PC (il 8 L R o G % o 72
s{iel | (r1(i), ..., T (i) € PY } €U (D E
s{iel|A = Pti(ur(i),. .., un(i)) ... tm(ui(i),. .., u,(i)) } €U = @%fs«

e{iel|A = (Pt .. tm)( () Sup(i) b eU (F D%
(i) p = VI DR, 9 IZmEZ 7 T Th 2 £ T2 (RNEDOKE).

¢ (Y VI (ul, ..., [un])
& CEd([ud, .. fun]) VI([udd, - fun])

S CEP([ul,. . fun]) T2 = I([u], - [un]) (F DEH)
< {iell|; ):w(ul(z
(

). ,un(z))}EUiti{zGHQl (i), .., un(i) Y €U (HBEDIE)
eliel A= yu(i). . un@) Ui e I = (ua(i),. .. un(i)) } €U
@{ZEI’QI E(u(i),. .., un (i) £ 721032, E 9 (ur(3),. .., n(z))}eu
s{iel|A Eui(d),...,un(i) Ve (ur(i),...,u,(i)) } €U (F o0&
s{iel|AE @V ur(i),...,u(i)) } €U

2REL, (%) T, UBIVET 74 VY —D, AUBEU > AcUVBeU L4252 L%fior,
(iii) ¢ = - DI,

¢ (=) ([ua], ..o [un]) © €= d([udd, - fun]) TR

]
s {iel| 'Z’(/J(U1(Z)7 un(i)) } ¢ U (JFHNE DR E)
o I\ (51| % bl un(i)) €U @GNS LI
e{iel | A FE(u(i), .. ('))}GU
©{Z€I|9‘z|=ﬂ/}(ul(l) un(i)) } €U O

(iv) ¢ = Fz(a, [u1],. .., [un]) O, ZOFEHIGEIRABZE S | (<) DRI D W TR0,
Si={ieT |k Jed(@ (). un()} LB ue [l 1] 2K L5 CHKRT 3. 27,
e S IEHL T, EIRATICED A = v(u(i), w1 (i), un(i)) E% 5 % 3 IHEYG A uli) € 2]
ZRNG, i ¢ S OEAEIZELIMTS Xwhs || OILEiS GBIRABI V), $2&, [u 2
W([ul, (], ..., [un]) 2T 5.

DEXDRINE,

Lo$ DEHDRLE LT, X¥MfFoNns,



F 1. ¢: LBl £ 925 L E,

Ly lEee{icl|AEpyel

T2 R =ALTE Z0LkHL, KA PELOEEOMEEZ, FFICBE (VVE 77—
ultrapower) EWMER. ZDEE, ue A IOV T e, (i)=u (G €l) XV EHEBEK c, € 1A ZEDN
L, G u— [el] 1KED A Lo, AU =T2A/U OFIHEE & M 2 L3RS,

COLE, LA o(nr,. .. an) UKD B ¢

"Wy Eellew] - lew)) & A ol un)
EoT, A< AU WK ThD. T, ¢ 58 LHRERD & X KAWL,
"Wy keeAey

Wb, U= (WEmRE) <53,

FE, TLo§ DEM + VIV T 74 VY —DffiE) LERABIBFRETHZ 2 EBASNT RS ¢

THE 2. AC <= Loé+ 7V T 7 4 V% —DHliE

Proof. it = ZHS 2 HDT, « 2717,
{Xitier ZHVIROLRGIFEERDIREL, X =, Xs £T5. WHCHRTZHIHZSZ LT,
XNI=0 ELTHRY, Z22TA=XUTI L@EL., 2o, “JHMEFRE %

b2 (ae XAbeInaeX,)Va=beX
WK DED, WG A= (A,€) 2ERD. X, }ier WERBEEZR -0V ERET S, ZDLE,
T:={JCI|{X;}je/ BREB AR }
T EDAFTAERD. AFTN T CP() LIFRENTHIEAED Z L Th 2[0):

(a) 0eZ,I¢T
(b)) AcINBCA=BeZ

*6) 4 FPMALITES Boole B 1 Th { —D Boole RB L TEHRINZWRTH Y, WHEDOA F7 L EZEEEFRESS
T\, Boole REDA 77 iz VNE Ryt ofEF D ThHY, THEROA F7IVIFHERTON, o) TYuofzh, &
Rz 2 L2 B0, MHEPALCLAHZRF > TR0 REAARRI ETIERWES ), HIZ, Boole fREUCIX AR THER
ELTCOREDAD, Z DR Boole f{BDA F 7L ETHIBRE LTHA T 7 NME—HKT 5.



(¢c) ABeI=AUBeZI

EEEZRTOHBZEY, A TT7NMIE7 4 V8 —DOWNMRTHY, NI BES) DEEHICK>TWw 2,
{X;Vier EEFBIBZFR 20D T, ¢ THY, BIRBEEE R OBOMIHIZR ) BN Z R >0 T
BHID " DODFMIEKLRTH B, £, &4 DERBEOMZEZNUL, T D DDOITICHNIET 5HHHN
IR Z RO Z L b0 5.

CITC, IVPATTLOR, F={XCI|XecZ} tBIEF T Lo74Ny—L%2%, ko7, X
W9 BIEIEIRBRE R e JCT o2 T Eo74a vy —Lis, 22T, DILNZ 71457 —D%
BIRED FCU EBZINET 740 —U ZHA ).

COW, BEIAU ZFEZL). 5, ABIXV éDEHRLD A EVudv(vEu) PELL T3, Lo D
EEED, A=1A/U THZDT, 1AU =VuTv(wéiu) £5 D, 22T, FiC u=[id] LETIE 53
ve A DEFEL T [v] Efidf] £hB. THE, BEOEEDLS

J={iel|v@l)eid;(i) } el (1)

O

Y55, THE, EDEHRID v(i)Eiovd)EX, THEDT, J={icl|v@)eX;}eU %D, ko

T fIT 13X ey OEREBCH D] oT I eI ThY, INJEFCU %3, T2 (1) &r
bETO=JN{I\J)EU LD, UDT7ANI—THb I LICFIETS.

5 BEABODBAETET I &EBEFT

22Tk, BEZHOCTAHARKOHBETS T LV EZRKT 2. BEETIV (non-standard model) &»9H DI,
WHEARIN L) RMERL2ETLTH Y HS, —RFEREOMENTIIEC AU HEZR> LI &
ETNDILETHS, i, THHEE) EWITEIS OIS X I, THIPICHRK S 7 BERNT L SBERDH
ZEETH B,

9, FEid (1] I TR N LD Fréchet 74 V¥ —%E2 5.

Fo:={X CN|N\ XZHRES }

TNETT74NE—DREICED, 2D Fy 2E&LXI9B IV T 74— U ZMABZEPHRSE, 0D
INVETTANT—=ETILE T 7 4 VY —DHIEICE > THD, ZDIFIIGERAED b DT, &
RODTERBEEDDDOBHN )BT L2 FERLTEL.

PUFCIR, IFBROSHE Lor = (+,-, <) 2B T, IFE 3 = (Z,+,,<) O U ok 2% *3 = "3/
ZEZ5, LS DEBDR LD 3 <3 TH-o7e, I, o & Lor(B)-imfElE T2 L,

Eee3kEe

DRI B DIEo7, N LOHEGH idy 252 5 &, FRiT O & ARICL T w = [idy] ZERERDOH
RBER->TOR b, fcd [id— 1] ® [id?] BEEFZUE, 9 LEMERARD AR EUC
T 2DE 57, ZOLK) RERROHABD Z L%, BARBABETS, 4, —[lid<-nthsD

2T MEoT J U TRETERSTHIE, HHET ) L LTEWIRW, F OERIIHE»IC TS T 2 EANEINBE % 7
BOIRTHEORE) THoTM, TVE 774V —ORIEIZE D ZNZRLb DB U DT, U IIFERBEHZRTOH D
BAST0EL Lk wrsTHS,

10



T, 3 BADEBROBEEDLFFOI LIch 5, FHihoBERITOEAICEVLTE, 22T 3 ofbbhic
R = (R,N,Z,Q,<,<,+,| - |,sin,...) &3 X9 AMEOME "R 2 Mo e H2 22 Lathiks[d)]
T, N,Z,Q B2 nERE, B, AHBEERT -EBOGEE TH Y, sin DIEIZAE A TRI%L 1ok
BT BREEFIELTws EBAIF L0,

T5 &, PIZERKEDFEIOFEHDOE T IERD L HICEZ LT EBHRS. FHibTlE, F9EETHD
L) 2 DRIEE M o AT 21T, 20 G BYER R 1T & D RE O JFEEAS *R TRALT
ZHEMHLE, XDFELARE ). 7, Los DEHDR LD R <*R 2D T, L(R)-im#=2 R TR
VD ZEE R T Z LIZFAETH B, B E AARBUSTIEE 0 I B LB AR, KBTI a
KR LT THB o ZRAMEERD ) Ew IR L(R)-HHEATHIT 2, ZhE R CHLICRLT 20T,
RICHLOTWLSTHETH S, FiZ, "R TOMAROREIOHRIIGRAMEEZFFOI LICH D, ZOHFEH
I &, FBEGES ficowT, f A3 [0,1] CHEREER 6 1XH 5 HTRAMEERIOZ LD (FR T) RE 5,
TIT, HAOBE f 0 TR TH By TIRKIEERINS ) L wvoFLEEE LR) THIP AR TH 20T,
SEFFELZEB R THRHIZD, TO LI, BHEOFEECHBICBIT 2mETH2RY, BIEEEML->
T*R CZOMEZAHLZELTY, R THZOEHMBELT 207, (HBEEK) TR THRHZIOZ L
R TRD L, "R TROVVZDZEIFR TR D1 D THBER) LI DIFT )0 EKRTH 3,

EIAT, ZOXI)BRROHAREDEET 2 L) RERTREA I LI 5, HO 3 LZ2olE
TEZLY. 5, LEOBEE n 12OV T, nn—1 0Tk cds, Wb,

3EVRIM(n=2-mVn—-1=2-m)
DBIRSLT 2D THo72. T5 &, Los DEHDRR 75
AEYnIm(n=2-mVn—-1=2-m)

ThH3. £oT [id » [id —1 OwFars 2 tHns 2 tick [V Whzliz 2 cHoTRsE,
NHBEROHAKIC L >T w2, ZOTHEZREVIELT, *3 OTLOEERDI ag > a1 > - > > -+
BESND, INSIVTNRL 0 XD KRSV, Lo THARORERAIINE SN LItk D,

Lo L, ARKOBIED & HEMPTIRGEE L BVER, EI0ITED? SRADVEITOLLDI,
FBEREEREL CHI 2HAOMMTH o7, DF D, HEMATINGEE L vy b THARBIIESIT 2
Yoo, S5 Log Bio—BBERETEIHEIAZVELR) Z D, JOHREDEIZHEDOTH
[0 ARBOBIINEE, TEED ERED S 5 5 WA EAIRMADNEET 21 LW IH BRSNS,
CO A 1T 2 R FRERHE TEIT AR VDO TH S, T L, THREDOWMAESG) F
FIETTEIEMAGAET 225, AAROIHAKITHSHE IR SN2 20, HLAEHOMIES LKA
B, LW TEREZDEL IS ETLDBODTIIRNES ) D,

ZI1FvoTh, TEELMH REDEETZI IV LZAHLEZE, tEbs»rb Lkwn, 2
S, BAEALRABCOTHIUIA TP AR EERZLD T LIRS, —BbiEHTg &% 2T o

*8) X b IR O AR D B0, EORDLZ Yy — AR EZTCEATEOED, EIHLL R 20T 2 TRIRTY
SR TOREL E2 SHBICMATMEEZEZEZTw 5, BERID Fic2wTid Keisler [5] % Goldblatt [4], 75k |14] % &%
SR N0,

) XESENDE DL, TN T T AN —DWY FILL>ThrboTL 5

*10) fil g, Lo *R CIRAERFIE WS 2B 2 ERIEL, Lo L, *R TOHRBHEARLEATL 0T, MHRHEENZE
WCOHFRIITH % L) FEFIizRs v, Xh—fRic, BETOFETZ2ET N TIE, ZDOETIOVNTELEG L BEETLD X
AT 2 RN EDSEEHTE S,

11



RODTIERWD? ER)RMOHTHKZ 29, 20U 200 6 TR T I —BOBGEwmE % X
RELTOVRZDEBRRD LI LHEICX S,

BIOHOAT L wo b Dld, WIGT 2 —BBRZERI LMKz ED 2. 29 LLHH%Z ZFC £4Hoh
TIRTL T, Z DML BIERHEREITH, LV OPERKL D THF) TPoTwW3 I EAEDTH
%, ZOE%T, HABHIFENIC—BERE L 20 Lo ZFC £4HO N CREMAES L v») 2 e
MonTws, NERABE VAL F7ABEET 2D T~ E0I) LI RSEHOEKIE, ZIvokl E
ThHD, WL, —BRERIIZEAMED 2V Y MER LRV B BIEE R o TwW a0, EFLH
R EATIE BRI F o CBAZIN TV EDTH B, T/, —BbERETZD o HESL) ZHEIC
W) 2 EBHRELE LT, LOBEMRITORR TP o7& )12, DERELCHEAR E2FOFEICHNT
MATLERERESRL XS %2 LK% 1D)]

6 Loéwenheim-Skolem DFEIE

REIZ, TTILVDOEEICEED % Lowenheim-Skolem DEHZMEMNL THOLDIZL X )., wWELR D TELZRB
XTLEEY.

EIE 3 (Lowenheim-Skolem). £ ZWHFiE, B 2R LHEE 5.

(a) MERRIEE k < card(B) & card(S) <k &% % SC|B|ITHL, S EZEARE R %2 L9 %Y
TR A < B DEET 5.
(b) card(B) <k % 561F, RE k L% 5 K BRYEFEIEK A - B FET 5.

AL D728, ROYERIHEDHESRM 2 £ FAHIL TH < -

%8 2 (Tarski-Vaught $IERMH). B : LAl ACB L35, 2ok, RIZFMH:

(1) A L HAAREE NS ETA<DB L55,
(2) EED LA)-wHR o(z) KBELT, BEJp(r) = % ac ADBH>T B pla)

Proof. 1 =2 ZHW%EDT, 2= 1 %17, ETIMWIMEL 22 LE2TRT.
B IF LmHEALDT, EHGELT c WL, BEIx(zr=c) t%2. T5L2L0H2 ac ADPHFELT
BEa=cth?, koTPr=acAThHs. BEGLTOHEACOVTHLRKTHS.
ZIT, WIEROMGE L R 2FH 2R T, o & LOA)-mBAE LT,
A eBlEye (2)

ZARRIE LV, o ORERICBIT 2Rk CIEH T 2. ¢ 2T THhIUL, A 25 B DEIHGETH 2 2

) BB, HESHETERD LD, AHMBEMICAL Lok KELH .
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EDB (2) BT 5. £, ¢ 23 Boole fiGDOMICH>Tw B LEELHELTH S, ¢ = Ja(x) DEFIE,

B Jp(x) & Hbac ABH>TB = Y(a) ()
& Hba€ AVDH > TAE Y(a) (ANEDIE)
< A E Jxp(x)
XoTRInk O

ZDEMEPBRT VL DL, TETEEPYERIEE IR ok, X223 Ty 220 vk
5THD EVWHITETHD, 22T, LER5 SICEY ZWLEZMITREL T Z & T Lowenheim-Skolem
DEMEZIHL X 9.

Léwenheim-Skolem DEMDFEH.  (a) Z#UIFFICTA Lowenheim-Skolem DER LMFEN 5, 7,
HiiZ Lowenheim-Skolem OEIL L Bo AT LRI EIBET I L H S0,
ROEZHEY, SICRYZVIIEMIMATY-T, ZNDEHA k HTREY 22 2R T. B Oy
EHDEFAI Al <w) ZRDOEHITL THEKT 5.
9, Ag=S £9%. 5, L(A,) mBllE L OFLTE A, DITLOHRIITEHIT 2DT, Z D%
% (card(L) + card(A,) + Ro)<¥ < k<Y =k %2, I TERAEBZE->TWS. RO
ok L, ZOHBRINIBEDOBRE k<@ 23k &£—BT 2 2 LILBRABLFMETD 3.
22T, L(A,)-iwd p(z) IK2WVT, a, € BERDEIICED S :

B Ee)EthbEIBac B (Bl Jrp(x))
£ BTG (otherwise)

Y, 22Ta, 25 L SICHLBRRBZE>TWS. ChzlwT,
Api1 =AU {a, | o(x) : L(A,)-THEK } 0

EED, A=, ., An EEL. BISHIT, card(A) <k TH S, $#IF, A C B Tarski-Vaught D¥
AR T S LA B AR, o(z) & L)AL LT, B dee() LT 5. COM, A0
EDTTED D2 n<w BHFIEL, o(z) 1Z LOA,)-iwBlE %5, A, DEROMLETTLD, o(x) 13 Ay
IZff ay, € App1 CAZED. ko T B Epa,) £42DT, A<B TH2, K, card(S) =k
UL, A DREIX k L5,

(b) 553 LR Lowenheim-Skolem DFER LT, FHITIFRD a7 MEEIT D) :

e T OFEEOERBAEARET V2RO %S, T bETLERD,

CORDFIZ Los DEIZM ) & & THEPITHKL DT, HHTIHIL THATHL Y (2T
PoHHV), INIZARDIUL, RDXIIZLTRE S,
ca(la<k)Z L(B) ICEENBVHVICRZZEREITEL, L =L(DB)U{c|a<k} TS, C
ZT, T=Diag(B)U{ca#cgla<B<r} L. T DEEOAWRETES T CT BETVE
FoZ LR2TT,

*12) C pEBOAH DK, EEOMEESEREIIEEZ S, LI MMM a Y 8y FMEERIIZBITW R0 L ED
N TH 5, LarL, mfofIOES S H2 AN LT, 3V 87 MEERIZEBICZ DM D a v 87 MEL FHEE &
% [0l WeEReE 1.8.4)[12] #hE vI).
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£7, WERIKOEEDPS B =T NDiag(B) TH 5. T DD IE {cay # Coos---+Can, # Cp,} D
Bchsd, %, B BEEBEETHLIDT, & coprcp, DEEDEIICEFLNER->TL 22 LD
k2., koTBET. #>T T OEBOARBIEANETLVZROOT, AT t4dk5%
LHEC»Ronsd, aeB &, € TOAFDMRR & ZH—HLTPRZILICk) B<C LAD,
BHIZT DETLTHLHENS €l vk OB 202 FFODT, k <card(C) THB., 22T, TH
Lowenheim-Skolem %M L CTHREE x £ 22TV A ZHUE, I RDZLDER D,

F1¥, Lowenheim-Skolem DEMIIBIRABERMETH 5. L WIEHIZE —~FHEIRAIEA 7 OBRIZIES
HIC®o7 S5 LVLDT, 595 Qalg d RP3—7TiatHL T<NFE T,

Loéwenheim-Skolem D EFIE, —PERERICIZETVOBEEZBEH LR VBE W) FRTH S, i
Hie 238 RABICE o0 2 LSRR TIlE R, Lo h L LEBHD»H %,

IF DEFIEZ LT 2L, Godel DFERMEEIICED V EZF L2 BETNVV BEET 2. BRA
H2H2DT, FRc V IZEREFLVLTHS. Xk-o7T, Lowenheim-Skolem DE L ), EAFJOAIEETIL
UCV ZW2ZEDHKS. 2o, T Cantor DX AMGEIC X IUE, Ry < 2% 2k ? EFUHAEHE
ot s, FHRD L) BEHREREOESIFEL RS o2 )AL 2RV 2?2 FELI I LwHE
PEIZZTEZHIZ, LeL, INREFETEZ Y, 2520 THHE, ZEORBEOMEVBED LI I L TE
FINEPBOHZ), EEX LY OBEENELVEVIDIZ, X &Y OBICEHNBHFET S E W) 2
EThot, 2FD, EEOREIIZOREDIHME RIEBOEFEEICKET 0. Zo8gha, U 3T
HHIERGHTZ2EHENT V ICHET 22, U ICBHFELRVDE, koT, V 26 iU U IFnHEE
G20, U ohd 6 RIUIEHIETRE IR wL, Z2NEIs0 THEE) TTokhy, Lw)H Il Licks,

CABWEETVERS TRDEL WO S ) 2, BEWRTIEH 268 ZF oML Th b I L 2mTR
ICBRBIE L V) O b 2[D)] SEIRAF S, 2 oMbl E O TN DR S s BEAHITH 5,
WHETHOWONZEEOHFELR R T O, ZF OWEE TIPS &) FIEIEE ICEE R ATREE I
BoTWVWEDTH S,
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