http://jnrm.srbiau.ac.ir colw ;> ow pwd

DAA-YOAAX :LL5 o, lows

JNRM

ol 2 (g B RgR Glidos g pgke dlg oMl al31 olSuiils

G2 K sdgse 390 )3 (2l
(5ol v 50

AV/VIYY i oyl u,lb A8/ O/VY dllie il s b

bAS>
5 e lodsdo 5l amess lsia S =K cloJsse [T] 15 a8k sy 5 bl il G R 18 58
» ..\.w.:l) Ub‘_;’ -y Jg.\.o sg»&:ul dLmJ9..\.o 9 ulJu.J -\ J9JA ;ulJU.J Lg[mJa.\.a a5 Lixo L}JA} RHISW w/uu L&*"’K’U]
Cob g0 8 gy 2050 ) Sl —K ISl 3 g lSail (ol sl gt sla Sy ) By lie )
Sy STk g Sl e =K Jse MG —dimg (M ) <00 (5 5L M Joae =R gl oS oS o
2ol s il b~k Jpe M depth(R,)<k -1 il 4 peSpec(R)
3o Jl odizl b egdler .depthy (M) 2K eusts axtls depth(R, ) 2K «Sissb 4 P e Spec(R )
Sy 4 PESPEC(R) yo oy 51 kw5 51 cud by —K  Jota M oS o ol oy — il
S 4 PESPEC(R) oy 5 il b -k Jse M, depth(R,)<k -1
Slolo (5, 85 @S oo ol s . G-dimy (M) < depth (R, )~k st 3 depth(R, ) >k
2 blee S =K sladgre oM g (S = (psS” JlaySle slaJgie oIS K unr b (nge g (nlidi)gS
Cunddy ) 395 Sl =K Jsse e =K sladgre 9l CpsJiols o ol sl (B 5 p5Y Ll b

'r"i)BTu‘"

(e — oS JlazSlo Jgdo e lSl Jpto b =K Jpao 1 5AIS" glaojlg

Email: maryamsalimi@ipm.ir Sl Joosge "


http://jnrm.srbiau.ac.ir/

AY¥ WAV Sl oo o)leds oyl JUo /(03 3 (g slopighs | (oo 50

2l Jote =R S N 08 (5,9 1Y-Y @y i
089> (b (B0 e

8y :N —Hom, (Hom, (N ,R),R)
Sygods &S cwl Buer —RS
et pin s 2 (M) () = ()
Baer  NEN a0y S
8y :Hom, (N,R)—>R

3 e W > (N)

oy @

il Jgde =R N s (08 Y=Y dasMe
axsb N e Homg (N,R) Jsae —R
Joe —R 5 d95s
delaa o Homg (Hom, (N,R),R)
Jote oy 1y N7 sl dgie otal N oo

s 54 Homg (N,R)

Sy odal b g Jodo (M Joso ¥V Ly x5
KOy M DM B b 5 yen o o
odel sl Jgso (M Jgso (izmen a3l S5
B b Bupes B el
Jsde @ly il o Gy M >MT
o cal il g Ky =0 o5, cul b oM
s Ky =Ker(8y, ) Jps K, =C, =0
.l Cy, =Coker (8, )
Canl paseie JolS (oulSl oo b5l 4 psblen
Lol Jgte & oS (w8l Jgte SO
s & boye b Shy cpl ol gpdn b S

b Busen &S cuwl gl Jsre EXE gus
Al e Cand 4 55 g

sdual oS wlSal G Joao =R F-Y oy i
WS By balpd 5 ol e 050
Al Wge  alie G Jsre =R (V)

dosdo — V)
S59 9 1SS obal il R @lis cpl yulpw
S o dge alie dagie R ples 5
b e Moo —RO Gy s
8y :M —Hom, (Hom, (M ,R),R)

Aol Sy (M)(w)=w(m) cpe
gy WeHom(M ,R) » s MeM
35550 00 (Sl S M Jgio =R 39350
Lt [2] il () S K Gy dSyn
a5y 1) Sl sl I oS
ROSTa 08 e g 08 (g o5 20 b (lidyS
e MopY Sl au b ity 5 (oo ladl
G —dimy M =0 o 1l Lkl Jsie —R
5 Cbo dsle 3y50 2ol Jobd @lio oyl .
Y] Gl gl oSl abite oyl e b sl
a3 e meass |y [1.7] o5 2] 5 [1.1] o515
k20 ylply b =K sbaoie Saa 7] 5
9 PUe sladste I (g ol Bly 1 58 (B
iy sl Joto 45 Las cpty o8 &1yl 1, wlSial
Slio =Y Jgde ((wlSail sla sl 9 SB o =) oo
sloJgte o Shy (oyp 4 @lis ashl 5 il
oS &S S e ol ibpe b —K
sladgie Ny (Je = a8 Jlow Sl (slaJgre
Snp b (iS5 g mdge slaails g9y b —K
Aisle K

5Lyl -

Sis 3 3l 590 CbMasl g wuplie ¢ i oyl )
oS oo Ole 1) dm

o lp ety a9 sl ‘[1] »
oy Aoy (i B id)S (Syme dgo aliie Joto
Ol 096 590 dm e im0 &) ()65 (claails
S Sy b ks I Jbd S dbuwy 4 ax
S Sl slagde pb 4 culio (Soiglgen
e &l daghe ol (B (sl D9di e oy
ol B9 (b (S5 e



Ad

Sl K b ste 3,90 5 (0l

WS e [F s A AT anad
—R oy ST a8l aige ails S (R, M K)
G —dimg (M ) <o il wsls M o
5]

G —dim, (M )+depth, (M ) =depthR
o5 M =0 & whg &
.depth, (M ) <depthR

M Joae —R sl [V) conss v] A=Y auad

sl alize Pdg (M) oo cosl )5,

Sl g9, (WSl g OU 2 s Jgse -V
(Rl )95 9 plaso

Wge (plite 5 301 Jodo yo & > JiE (i
Jgde o a8 5,8 ol o NAOA Jlo jd ol Sl
b plaie adge dils S5 R ol8 1 el 3l ¢ uslSie
Cygo & |y aoeis cpl Pgolo dadny AL Y ST ae
2D xowgi 4

¥ oSl olite adge glails Rais 008
Slewl wsl M Jato =R @jgopl )3 il
Jih Jexl yo sly g PAgM <1 51 ks
bl M gse =R P Jley 1oyt

53 B Jste 455 nl (sl 1y (stebiie S Bl 5]
andb Bl 085 Jlai 3 pS da b (ks )eS glaadls
ol M Jge  —R 4l Ay
o) el 3, G-dimg (M) <pd; (M)
dml Bgal g pu gl 3)90 3 1y (ab Jgw ccdlae
2,8 by ) gl Blal Y] a8 o

¥ Slas an b oplidi)sS g (ndge gladls R ST()
5] il wlSwl s —R S M
.G-dim, (M )=0

Al ¥ an b pldiysS g adge slails RST(Y
ks 5 51 ol olSl (M Jste —R o5

eeilasb A 21 ey (V)
Ext,, (G,R)=0=Ext; (G",R)

oo (2l 5 5SGon Jore —R 0 0T Jho
el JolS sl Jpo S,

M Gy o3l s -G & F-Y Gy

G G ~G
G'=.—5G, —15G, ,—

— G, ——5>M -0
G &l Jol lSail Jgro 6 Gy (o o oS
ool (laidy conl dtaslg G w8 M el s
Canddy i Sypots G7 I M o8 Gl i S
2l 0

G=.—t1,G 4 ,G —%,

...a—‘G>GO -0
5 o G Wge ol Jgto =R a a8 Ll
—R 2955 558559 9 Ve alite slaJse —R
Jol8 (wlSal Jgdo S oo (plits g 90590 Jge
G S g alize Jgao R 2 lply o
b s

b ks -G S b M 31 V- Gy s
il sy 070 oy Sy 4 3L G
eolize M (plts)f dn pusS o o5 1 G =0
0z Jobo 0 elss (M (i pgS e ooy .l
] ol Ll
G —dim; (M )=
inf{sup{n >0|G, #0}|

cwl Ml s G G
blijl dse alie Jsae —R Sy (pliiyss am
bl o8 & cllao pl 2l Jgo o Bes b (S35

il Bypme 2y



AF WAV Sl oo o)leds oyl JUo /(03 3 (g slopighs | (oo 50

Ssgb « PeSpc(R) » uln ()
5 cily Sl Jyso M, cdepth (R, ) <1
S b 4 peSpec(R) » oy (i)
wil 2l depth(R, )2 2

G-dim, (M, )<depth(R,)-2.

G il Qe Joae M ass (0538 (V) ol 2
2 ouly & WS b cudls Y o)l
depth(R, )21 &b 4 peSpec(R)
.G-dim, (M, )<depth(R,)-1 @
PESPEC(R) 1 sly A-F oliS b 15 225
wb depth(R))21 & b«
.depth;, (M )>1
sl oy = el Jgo 8 5l eolazal b Jl>
G-dim, (M, )=
depth(Rp)—deptth(Mp)
<depth(R,)-1
2 Sl eed Gl CandlS AT oIS gl ¢ puSe
depth(R, )21 i,k 4 peSpec(R)
Jodizal by 5,5 5k depthy (M) =105
S TN
depth(Rp)—deptth(Mp):
G-dim, (M)
<depth(R,)-1
S & PESPEC(R) o uly ol
depth, (M, )>1 5 .depth(R,)>1
s3in < 1) 4l (1)

9 Vb oo 4mS V-V auadd jl udtune job 4 ) @l
25 oaalie [V] o [A] Y] o 1) Wl lgs o0

G-dimg (M) =0 p Jlusle
5 Sl cladse )90 3 (e Jold ik ()
o5 1y [A] Jgoles 5 3] oo V] Bl b5 i
apab Ol )3 &S el o 1y o)l el ey oo

oS oo oozl o 511,80 Lol

W)hd s 5 3lee [V-F=Vo 35 X V=Y 5,135

S s Slewl Gl Jsae M (Y)
il o e My peASS(R) o ol (i)
Sspb 4 peSpec(R) oy (i)
depth(R,)>1
.deptth(Mp)zl
514 5 )l Sl Jgia M (1)

Sspb o PpeSpec(R) (i)
5 sl il Js M, depth (R, ) <1
Sspb 4 peSpec(R) oy (i)
depth(R, )>2
depth, (M, )>2
N5 owosd g Sl V¥ 0155 5 old s yy5 ansb
sl [VY 0 )8 ¥ 5[V o)l55

sl Al

sl ausly

sk ke G-dimg (M) 51 .Y-Y auas
)15y 25 sloo)ljS o5 ]

ST g Sl Qe Jsae M (1)
sk b Jose M peASS(R) ol (i)
Supsb a4 peSpec(R) » oy (i)
ol 4zl depth(Rp)zl

G-dim, (M, )<depth(R,)-1.

S 9,51 cosl (lSail Jgao M (V)



AY

Sl K b ste 3,90 5 (0l

ULM: ‘bﬁ)Lf O‘}L_c 4 Lol gl’:‘& —k Lg‘.mJB.\o

S = 28 oy Slo (slaJgra IS oS wamd o
‘511439«0 ‘SL(M&B &9 ul;u.: —k stbJ9.Lo u»% 9
9 oY Lol (bl p adblee K s b pliis)eS

-k s Jode (ol Gpd Juols aSol (gl 3
gl Coawd 1y 358 o —K oo OB

s Jste “R S M a0 V-F @y
Jos S (7)1 P,—5P—>M —0
LM Gl bl (g sl Ml 55555
25 ©pon el 5 e il D (M ) Slos
oS (oo )%
D (M )=Coker(u”:P, >P/)
& iy () 5 B9 L oS Ol
(7):0->M" —5p;
— 5P " >D(M)—0

Al o Candy

RS M s 2510055 V] Y-F o138
Su M >MT ws sy ask Jgee
s Ky = Kerdy 1.l (5s> b 500
25 b sla i, o541 C = Cokerd,,

sl

o 123l eopl pogMe
Ext, (D (M ),R)=Ext;*(M",R)
Sdgre Siio F-F oIS 9 YV ped ouyn b

25 iy 5 gt |y Db —K

oaol iy =K (M Jste —RY-F Gy
WL Ml) ‘lSi Sk ,m ‘_g‘); le).tb .)9“)@
-\ o Js cplply Exty (D(M),R)=0

SAIM(R) <2 o gpsb o wil (ki)
ol wsb WSl Joo -R S M
((G-dim, (M )=0)pd, (M )=0

e il (R,M) a5 F-Y aoeits

sy (WY apdd) [V-Y-Y 4 ¥ ab .ol
ey ccasl (e (M plet)sS an) M 5550
ot 0o b sl () plise (e R
S1.depth(R,)<2 o) peSpec(R) ,»
wsb {¥) Y- 438 5 o5 ] depth(R, ) =2
» (G-dim,(M,)=0)pd, (M,)=0
Jste M) Y- asd 3b Sppo ol pf
00 V¥R ged ] b g ol wlSs!
depthR, (M, ) =
depth,, (Hom, (M .R,))
2min{2,depth(Rp)}
ol
(G-dim_(M,)=0)pd, (M,)=0

chaie lails (R,M) s (o8 iF-F aoess
Sl M Jge =R il ¥ s b (ol 8)
A s 9 A _—
2 ulys (G-dim, (M) <1)pd, (M ) <1
el b P JeSlps  Jol o o]

.(G-dime(Mp)zo)dep(Mp)=0

g oo SL3IYLY ases sl .yl

obo K oo -F
K>0 Glply obo —K o Jgre S {V] 5
5 PUe lodste §| awgs ol Bly > )5 (Syme
Jgte b0 slagre o Lne py )5 &) (ol
b Qb o =Y Jgde ¢ awlSail sl Jodo 5 LU o =)



AN WAV Sl oo o)leds oyl JUo /(03 3 (g slopighs | (oo 50

S G a4 peSpec(R) » uly (i)
S =K s M, cdepth(R, )<k 1

5 bl

S sy & peSpec(R) oy (i)
! azis depth(R, )=k
.depth, (M, )=k

M oo pp = bl Jgep 5 w0pde 4
2ouly Sk oy Socwl Gl K
Y S R peSpec(R)
S =K s M, cdepth(R, )<k 1
S b o PESPEC(R) » oy 5 il
w3 s> depth (R, ) 2k

G-dim, (M, )<depth(R,)-k .

e =K Jse R S M s’ (0380l
o)l o g sl )82 299 2 (1) y0 ) 3 el
sl )5 (i)
o) 3b G —dimy (M ) <00 e (uSep
(ék)b)ﬁ P M & s i el S 5-F
(i) sk o T depth(R,) 2 K 518 o 500
ot 5 depthy (M) 2K o)l
.deptth(M p)Zmin{k,depth(Rp)}
e =K Jgre My i) Gk o ol 3 52
il S o 3o (S ) by o M Ly
9 L;u.o}n dlﬁd.o.b <“9) oS D o (JL'“" cdold] Jel
o288 JloSle (slagro (XS K am bl o8
AN 2 L UL(_S" _k dLbJa..\A U»Mfg quSw—
M Jste (R (g0 dils (59, &5 mgd o0 5L
o 2 395 50 04al (JBo = 28 Jlou S
.depth, (M )=dim, (M )=dimR

g Y laste 5 by cbste plod S
Jote (K >3 (ol iten wlSal slaJghe olon
2l WSl Jgoe M Sl el O —k (M
el auh A<i<k -2y
—+ g p dys 3 Exty (M7,R)=0
ol QU

A3k Jote =R G M wis 15,8 . F-F alaaMo
s g 51 cwsl b =K Jgre M gl o
Jssa —R, M .peSpec(R) oy 5

b ol —K

d.\,o(ék Jbys p M Jsto =R :0-F 2y 25
il wxsls PESPEC(R) ,a (sl ol o 5 o
.depth,, (M, )=min{k,depthR |

il Joto —R KM 08 (505 .5-F 0,155
e K20 3G —dim; M <00 &S 64k
:iloles 55 0)lge oyl 5o Bl s

ol B =K Jge M (i)

.\.Su.od.w(ék ) bys » M (i)

M lisys8 da o8y [FY anad V] b .yl
I adoles (i) g (1) 5)lge 2l alize (ndg0 obo 4
elie b M lisi)ss an (g (ol Ko B)b
adles (md90 ygb & M pliiipsS as 035
Fo)lis o cunl izw cnl pree @l (So ) 4028
R ) p—‘-"” ul.:L;v —k d’lJbJ}.\A d").g ‘) \

waib o —R M ws 15,8 V-F anad
G —dimg (M ) <o 55

ks g Sl cwl Qb =K Jsse M jg0 ol
K



AQ

Sl K b ste 3,90 5 (0l

Jgte & M C:)N & A8 5,8l Ly

D] b Jb sl (JBe = 255 Jloy Sl Jgo S
- o2 Juisle slodgre N g M {Y=5 aos
N g M AF ans 3b gy ol JSa

it Sy —K (gl Joe

S ol ) PESUPP(M ) wiS' (238 (S
Ly s M gl el by =K Jse M

b 55 o 3o (S )
deptth(Mpg@ij:
depthy, (Mpp)
+depth, (N, /(pR,)N,)
> depth, (M)
Zmin{k,depth(Rp)}
b s 45 e 3o (S ) by 5 M ®N 1

g oy lils RS o8 A-F asl
R S M as o g il Kose b plits s

Lddleo ):) dlﬁo)l}f U)yow“ » _\»)L) )n.«oL\ Js.\o

.G —dim, (M )=0 (i)
ol JSo = a8 JlaySlo Jgao M (i)

g e aoes (1) 51 (1) V-F auad 3l .y g
» G —dimg (M) =0 5 2,8 (i) = (i)
Db s 4B sy = yuilul Jgo b 3l oS g0l
Jse —R M o o(ill) =)
S My oty asl JSe = o Sl Sl
2 ouly JSe - o Jupsle Jse —R,

(S:k Jbys 3 M il el peSupp(M )

=K Jgre M S o)i5 b 11 g 0S5 0 o

16,8 ol
s Mg sl Jol5 Slil il G R s’ (08
2 Gly g & 2tl yiob sloga —R N
S.Tor® (M,N ) =0 sl awsh (i 21
il JSa = o8 Jleojsle Jyre o M ON

I = a8 Jlorjsle ladse N 5 M a5
o Sl 4S5l sl B g p3Y Ll casl
S =K Jgse Sl =K sladgae )5uil

o2y9l oo Cawddy |y 2945

JolS Sl il Sy R & 08 55 A-F apuid
N 3 M s 58,000 dim(R)=k sl
» sl Spb 4 il jaol glbase —R
» TOﬁR(M,N)ZO el azab 121
5 S cwl Oy =K Jge M C:)N S0y

sl by —K sladese N g M 51l



WAV Sl oo o)leds oyl JUo /(03 3 (g slopighs | (oo 50

[1] M Auslander, M Bridger, (1969).
Stable module theory, American
Mathematical Society, Providence.

[2] R Belshoff, (2009). Remarks on
reflexive  modules, Covers, and
envelopes, Beitrage Algebra Geom.

[3] W Bruns, J Herzog, (1993), Cohen -
Maculay Rings, Cambridge University
press, Cambridge, University press,

[4] E Enochs, O.M.G Jenda, (2000).
Relative Homological Algebra, de
Gruyter Expositions in Mathematics,
Vol. 30, Walter de Gruyter and Co
Berlin.

[5] C Huneke, R Weigand, (1994).
Tensor Products of modules and the
rigidity of Tor, Math. Ann.

[6] C Huneke, R Weigand, (2007).
Correction to “Tensor Products of
Modules and the rigidity of Tor”, Math.
Annalen.

[7] V Masiek, (2000). Gorenstein
dimension and torsion of modules over
Commutative Noetherian rings, Comm.
Algebra.

[8] P Samuel, (1964). Anneaux gradués
factoriels et modules réflexifs, Bull.

[9] J.-P Serre, (1958). Classes des Corps
Cyclotomiques, Sem. Bourbaki .



