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ABSTRACT. In this paper, we investigate a projective module with unique maximal sub-
module. We show that this projective module is indecomposable. To show this fact, we
prove the following two properties.
(1) There are two possibilities for a projective module P with unique maximal submod-
ule. That is, P is indecomposable or P has a direct decomposition P = P; & P, such
that P; has unique maximal submodule and P, does not have any maximal submodule.
(2) Nakayama-Azumaya Lemma holds for any projective modules [2, 7]. This means
that any nonzero projective module has a maximal submodule.

By similar observation, we will know that a module with unique maximal submodule
is indecomposable and Nakayama-Azumaya Lemma will hold for a direct summand of a
direct sum of finitely generated modules [9].

In the last part of this paper, we give a characterization for P to be finitely generated
by using the property of a generating set of P.
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fHRE 4.2, EERIR IR P DSME— OB L 2 K295, 20L&, P OUN
R {ar,a9,- -} Ty ar €L Da, €L (i >2) B EHD0H 5,

DIEEH a € PT aq g L kt&%jﬁ% D «S\ %ﬁ%_ 4.1 J: D 3’05*&‘4\%&7%1‘ {(11,(12, }75‘
Hb, THIZ, ZOEIBMNERBRD S B, 1> 2126 U, IRDEDZa, € LERDBED%
EUELTWL, LIk P OH—ORAEOMBETa, & LTHBDT, ayR+L =P Th5,

FIT,. HBbrecR beLTay=ar+bs7%%, ay & LTHA%E. ay% ay—ayr € LT
EENZATH, agr = (ag—ar)r+are 2O R C ajR+aaR = a1 R+ (ag—a;r)R7EDT
ZDOEAEI MR ay € L L2 BMUNERRRTH 5, Hah#a R+ -+a,R (n=3,4,--+)
W2, ZOEEZIERKED IR L, KD BM/NENRZS D, O



ERLDELED S, Ware DFIED AL T B e E 0 5fF 2 BUNERCR 2 W TEIR T E 5,

T 4.3. B R EOEREISTRZINEE P A3 — ORBAIR D INEE L 2229 5, {a1,aq,--}
ZagLhDa €L (i>2) 2y POM/NEERE TS, HLSREMNEFETe e RT
P=cREBRDBMBELHEFMIT, HE2ARBt TCayR+Y a,R£P &5 Thb, Z

1>t

DL ¥, LIEPOBROWABAMEET L = eJ(R) Th 5,

FEER. FEATHAETL e DD P=eR L7276, ay ¢ L THAIMNERARTIEt =1 KD,
B & AMTHB/INERCR DEFD SN D LD,

2 IREZ - TUNER R DD LT D, ZOFRMEZRZTRND t ZELS L
{ay,as_1,a¢, a1+ F BNERRIZREZDT, t =32 LTHw, 22T, RELD
M =aR+>Y aR#PTdhHb, R0 # P/M = (asR+ M)/M = ayR/(asR(\ M)

>3
tﬁ%ﬁ%%ﬁﬁ%f:R—+@R%aﬁM@RﬂMﬁ%%iéou_f f#0&D
ker f # RT®H%, TIT, kerf C I LR BMAEATFT TN 25, BTHRWERE
R/ker f — R/I D% 2 DT, P/M H & HHINEE R/If\@?é“@tﬁb\ﬁ’éﬁl%ﬁi‘%éo )
HRIEOKE H/M &3 5&, H/IMIEP/M OWBKHSNETHE, L->T., HIFPD
MARE D MEETH D, 22T MCHEY a € HEDT, H#LT%%OyMiL#
P OUWE—DMRIMAMBFETH S LITKT D, £oT. {a} PWEER, T4abb, P
KEHTH 5,
M — DRRARER 53 IR % F¢ D K [ B RN ChH 5 Z Lk, HEHTEABRNR
7@ E<HIoNTWS, 22T, HE5RFEMMETLer DD P_eRé:&é O

FRE 44 LEOEED S, ARER TR WES IR P ASME— DSR2 INEE L %

For&E a1 €L, a;€L(i>2) THAIMNMNERIZHLTIZ, EEROBERKEt>2¢L

lJVC\ {al,at,atﬂ,"-}%*@/J\ibﬁ%citﬁéo j—fc}:;})%\ a1R+ZaiR:P tt}:%o Cj’b
>t

1. ay LA OERMED 76 %2 MUNESRD? SHUD BRW2 A8 KREBUNERRZ KT Z

EmRLTWS,

EIR 4.5. ME— DOWAIRDINEE L 2 R > ERAER TR WEBFIHEIEEP Do ¢ L, a; €
L (i > 2) %5723 LEOM/NERRIZH LT, EEOBARE t>22 LT, ARMEDT
’EHXDB%L\fCEﬁNé{al,at,atﬂ,}%@/J\EW%Kf&%O jt&:b%\ G1R+ZGZR:P<‘:

>t
£%,
5. fifi/e#ifH (SUPPLEMENTARY EXPLANATION)

e — DRRARIER I MIFEZ FE DB IIREIZ DWW T, [1] TR TWS EREZEHKL TH L,
Homg(M, —) DNEM & AU 72 5 & &, Ug (FERXE—IV (quasi-small) £ IFIXN 5, [1](2003
)Tk DX IZIHEN TN A, T 1978 FIZ, BT 3V —[FfEDELE TR 8]
T, EHEDEBIZEDERINT WS,

T 5.1 ([1]). Us 28 S FOBFIMEEE U, TOHEFRAIE%E R = Endg(U) &5, %
7-. K% f € RTEH THRVWERE2IKOES, L% f € R CHEETRWERTE2IKD
EHET3, T E, WIEMED 5,

(1) Ug IZHERE — )L TR,

(2) Ug W& FAER T, Bl RINEE RR/K (EHEIEETH O S f(Us) =Ug TH 5,

fekx



ZDEMENED LD &, R K ITARAER TR WEMNSINEETH 5, £72. RK/J(R)K =
rRR/L T, TNSIXBMANBETDH 5,

S F(Us) = Us Iz d 2 MBEE, [8] 2T, #F T — R & OBIR T B S ER IR

feK
(self-generator) & I INEBEHE I NT WS,
27T, Hl2.6Z2MNT, EROMEOHZ —-DEXTEL,

Bl 5.2. T4 2.6 DEEFEHANS Z 2T 5, B SITFAERT Us IZHFIINEET
Bolz, FEBE. Us DEAMBEE, L <i<12UT, BE{v, |1 <z <i} X0AR2HH
RE Jif Ty 2o SIS (v, | § <@ <i} ZOBRBWMAMBET/ T, BB, ZITHE, M
EHHI B0, TNTFhOWOINEEE J, J, LA CE 52 HVWTRT I LIZT 5,

Us i&. SECIBETIERWAY, &M 4.5 Ot Z2 w72 T ARER TRWAIE LR ERR%E
FoTWwbd, Tabb, BNz =1 <z <zp <+ T, KilZDOW T <1D
gn%:1t@5%®%ﬁﬁﬂmét\ﬁ%}ﬁﬂ%%é@iﬁ%ﬂ@éoﬁﬁ\:@i
R o AREOTE2RYRWTHKARE UTEBREZR LTV,

AN, Us ODHCHERFEE%2 R=Endg(U) BV & RIFK 2M—DWKA 7
TIVIZFEDRATER T, rR/K \GHFA RINBETH D L 2 HENPDOTHA S,
UDHCHRKZ fd2L, fU)IZUDOHSMEET, BHNEIZRSRNDT, 5
fOU)=J; (i > Hichkd, L <s<t <iTfJ) = Jpf(J) = Jg8 = th & LT,
Jo = Jn = Jon L0, J, = f(Js) = f(Jwn) = f(J)vn = Jgon = Jgn D35, p=qh 78D
p<qTHb, Thbb, fld1FT7VOAETOIFERERET 2, ()= f(L,) =
fUL) = fU) e = JiJo = Jip KDL ker f =T #0885, Tbb, fARHTH
2y, BETHBIL, AMTHEZLIEAMICES, ZhED K =1ad(R) &% 5,
feEKIFEHRPORHTHRVD, 1 - fHEHFTRINE1I=01-f+f€RLKRZD
T, 1—fIREHTHE, LT, AMTHS, £->T. RIZK =rad(R) ZH—D
KA T 7 IR DREATER T, rR/K I3HHA RIFETH 5,

WIZ, AEMRFEFELUT, UgZ3ERAE—)LTRWVWI L 2MGEL TA S,
ry =1 &8P r; (i =1,2,---) Tr; > %#Oiliglori =1 BB DES,
ZoeE, £i=1,2,--- XL, BEEK f; : U — J. & fi(ve) = v, v, & v, DF
TEHET S, ZOLE, j <L I220T, jr < L&D f(uy) =02%5, $hbE,
ker f; :EVC“%%)O ZIT.a:Us— [ J, & alvy) = [[(fi(ve)) THRO S, Ko, 1T

T ieN ieN
DWW, mr <L ¥BBr BB E, EOHENS, j> 1 220 Tre <ra <t &0,
fi(ve) =0&RBDT, fi(v,) #0845 jIFERETH 2, Liz>T, alFBENAD
A a:Us — > @®J, L8> TW0Wb, —hH, EEPODLND LI, a DBIZAERRE
€N
DEMIZIEEETNZNDT, Ug FHERE—IL TR,
ZIZT, S AHU)=UTHBEDT, gUIHCEKNTH S Z 2D bh 5,
€N

BB, K B EARCTARBERTRWIIETH S Z L 2HA L THAS,

HFRIA L <r <rp <. Ty <Llimr=12%2b0%M5, £illdL, &

%’Tj fl U — JTi %Hy% . Ty = Tih <7 C:Z_;%)'OL/‘ fj U — Jj @é%’i”i fj = fivh TAbH
NDDT, fi, fo, - FWNEFRTH S, —JT. BFHMNGH S G RRMEDE 2 D R



WTHHFAEMA L 0. {f;} 2 o ARMEDOMERIE Z R\ THIUNERRIZR>TWS, L
7o T, AREKRTEWI Lhbrb,

K DBREHNEPBE L O K/J(RK 2 R/L &7>TWAH, O RIZDOWTIEFED
FERDO LS ITREENWEL S, (1] 2EHTNE. K IZHNENEETK/J(R)K 2 R/L £7325
TWBIRTTHB, b ULHBHES gg = g L RBBNERR {g;} BEN D Z 2127
5, HL, Bhgne T (1] OfRE2EDRIZRSRRETHS S, O

HE 53 ERlbadTHI 520560 2%OLDRRMAEEITTEL,
RIZBEARTHY, K=J(R) LW->72DT, K=L=JR) THbILIIFEET 5,
(1) K/J(R)YK 2 R/LTH2Ll¥ K/K?=~ R/K 2FEKT 25, R/K XFBIEHDIRT
HEDOFMEETH S, LU, #l52TlE, KDEHTRWHERE f: U — J,CcU
i oi=(Vi)h < \% <Vi<l&O, fi=(frllkb, K2IZAS, $hbb,
K=K*Thb, K/K2=0TFENVEL 5,
(2) K ST, ERLDESITK = K276, J(R)K = K WD b, SRR
Al - REOME (EM 33BXV2,7) L0 K =0, 720 FEMNEL B,
(3) K/J(R)K = R/L DKL L&, K H3ME—DRERE IR J(R)K %> & \»
D EIRIIK D 72K 72 B,
INHIZDWTH, BllRD 5 Hi8 IFMAEZE L TAL W,
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