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REEL AR IR ILTE R RECH M EE 3z —. TR E NS ) — B EL -Hom
- AREHIEIN, Bl T2 AR E ) RE. Hom - AR S /& i Makhlouf A1 Silvestrov
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Hom - R454 &%, Hom - SUREA Hom-Hopf REEE, FH4AH T —SEERMR. £
ik [6, 7] HF, ME#E E X T Hom-w-smash FAI Hom-w-smash &A1, H3 R T EATHM =
AR R S5 1.
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B 454 il B )i Hom-smash 7, iiFEB] Hom-smash #7J& Hom - {1, HZ5 B2 BN
Hom - 55 Hopf 1R 770 261

2 Hom - 55 Hopf X#

ASCHIFTA TARRREIR b BT, Bt sk SRR Ze MR 4848 & B, ool
i Sweedler KT RAHRIIERIL S, BIXT H HHMEREIC hy A(R) =Y h @ ho. KT
Hom - A& Hom - KA AINEETE S 3 S0k [1-3].
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EX 2.1 WO i (H, p,m, «) 52— Hom - REL, (H, A, e, a) &> Hom - R85, H
PRECFN R AR ELEE R 2 T FI A 2R

Alzy) = Az) A (y), (2.1)
e((wy)alz)) =D elwy)e(yoa(2)), (22)
e(a(x)(y2) = ) ela(x)yz)e(r2), (2.3)
(Aa) A1) =) 11 Lly®a(ly), (2.4)
(@A) A1) =) a(l) @1yl @ 1y, (2.5)

MFESTTH (H, pyn, A, e, ) H—A Hom - §5RAREL, HFHEHEA (H, «).
EX 2.2 19 % (H, o) &4 Hom - 338U4REL, S« H — H 2&—NERMEMET, a5 e

Soa=aos, (2.6)
D mS(w) = e(li0*(x))1a, (2.7)
> S(mi)re = Lig(a*(z)1a), (2.8)
D (S(@n)r12)S(a?(x2)) = S(a’(2)), (2.9)

MFK (H, o) 52— Hom - 55 Hopf A%k, JFFK S #& Hom - 55 Hopf fEL (H, o) HIXTARMRES.
5$ 2.3 EE (27) *D (28) ﬁ, g%?‘%‘"i” 2(37115(1'12))0(2(1'2) = oz4(:c) *D Z a2(:1:1)(5(:c21)x22) =
at(x). X T (2.9) XAEBHEUE W F

D (S(@)z)S(@%(x2) = > (Lie(a?(a

= S(a*(x)).

7 2.4 Hom - §5 Hopf AUEBE AN 2 45 S AT 2 RE A, (H Y S o = Id B,
‘B2 55 Hopt AREL. (H RPN e RAREWLS I, Hom - §5 Hopf AA#UH & Hom-Hopf XK.
XS T (R) 4541, Hom - 55 Hopf fRE A Hom-(R) 45A1H, Bl po(a®@u) = po (u® )
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M(a®@A)oA=(A®a)oA. Hik Hom - 5 Hopf AREWAE (&) 45 & VERFRREZ i ih
WL o S5 T S LA I BE 25 W e 1. 96T Hom - 55 Hopf AR PIAH S 508 Z 13 SCHk [10].
WL 2.5 W (H,a) &—4> Hom - 55 Hopf {X%, Hili &M coS =¢, MAH UM TR

Sort=nfos Sormf=n*os. (2.10)
E XMfERzeH, A

Sornt(z) = Za 110%(2))S(15)

= ZE 11a S(12)
= ) e(S(e*(2))S(11))S(12)

= Z Lie(a?(S(z))1s)

Mo S(x).

[FEEAHE S on® =1l o S AROL.
tﬁﬁ’]ﬁ%ﬂﬁ% SH*") c HR M1 S(HE) ¢ HE. H1T (1) =1, FIAH Y a(li) ®
=1, © 1y, i a(HY) C HY Fl a(HR) C HE.
fp EE 2.6 &% (H,«) /2> Hom - 55 Hopf 1%, WA W F45
M (z) N (y) = a(N(y))a™ (M (). (2.11)
W MMTEE x,yec H, H

M (z) N (y) =

) 1are(a®(y)a ! (122))
ela(1y)a?(z)) 1 1e(a®(y)a (1))

a(ly)e(a®(y)ly)e(lia®(z))a™ (12)

3 Hom - 55 Hopf X#_E£RY smash 1

KT Hom - #. Hom - &, Hom - BACHA Hom - BLR AL I AH IFME S AT 2 [ STk
[5]. N, 455/ H - # Hom - fRBUIMES.

EX 3.1 ¥ (H,«a) & Hom - 55 Hopf /X%, (A, 3) /& Hom - A0E. 4B — AL tEm i
p:H®A— A, p(h®a)="h-a, (FEERE h,ge H fMa,be A, A FHFAKAL

a?(h) - (ab) =Y (h1-a)(ha-b), h-1s=""(h)- 14, (3.1)
(hg) - B(a) = a(h) - (g-a), PB(h-a)=al(h)-Ba), lm-a=p(a), (32)
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WFR Hom - /8% (A, B) &— A3/ H - 5% Hom - ¥ #5 o = Id M1 3 = Id, WF§KE H - 5
Hom - RECZ TR [11] T HI—A557 H - BAHEL #7 (H, o) /& Hom-Hopf A%, W54 H -
1 Hom - fREE SR [5] H1—N2 H - 1 Hom - 2L

AT (H, ) & Hom - §5 Hopf A%k, HIGXIM S BIUH, (A, 3) 5575 H - £ Hom -
RE, Wy =B a. NHE, B 1y 1,14 N1

(A,B8) 7£ (H,a) L) Hom-smash 1 (AfH,~) /& 487 A T [H %18 H 1 m & 25 (1)
A®ge H, BHEMEW T

(ath)(btg) = D a(a™*(ha) - 47 (D)™ " (ha)g, a,b€ A, hog € H,
Hoath FORIAE a @ h £ AfH HHRTERSE, B
A®yH = {a®hla-z@h = B(a)@a " (x)a ' (h) B a®@zh = 7" (a)-a(z)@a(h),x € H"}.
SRR RS HE 5, A B P IEAB S H - 15
a-z=5Ya'(z)-a=a(zx-1),a€ A,z e H".
3138 3.2 (4,0) 7£ (H,a) L) Hom-smash B (AfH,~) f&— N4 546275 181 ) Hom
_ ﬁﬁﬁi TR a,b,c € A M h,g, k€ H, A

v((ath)(btg)) = > Bla)(e ' (h) - b)thaalg) = v(ath)y(big),
(ath)(181) = > a(a” 2( h1) - )WDZZG(”L(Q_Q( ))'A)ﬁhz

= Y a-n"(a?(h))the =Y Bla)te (M*(a *(h)))a  (ha)
= Bla)falh )
(1g1)(agh) = D o '(11)-afa '(12) h—211~aﬁ12h
= ) 8711 a) - a(la)ialh) =D ST 1) - 87 (a))ta(h)
= Y a (57 (12)1h) - ata(h ):Za‘l(s 1(WR(l)))-aﬁoz(h)
= Bla)ia(h),

Yath)((bg)(ctk)) = Y _(Bla)ia(h))(bla*(g1) - B (c))ha " (g2)k)
= Y B)a () (87 (0)(a"*(91) - B77(0))))tha(a" (g2)k)
= Zﬁ(a ¥(ha1) - B7H) (@ (haa) - (@™ (g1) - B72(0)))hz(a”  (g2)k)
= Y B@)((a () - BB (@ (@ Hha)gr) - B7H(e))ta  (haz) (@ (g2)k)
= ) (a(@*(h)- B *%b)))(a*"’(a*(hm)gl)-c)ﬁa*(a*l(hm)gz)a(k)
= ) (a(@ *(h) - B7H(0)a " (ha)g) (B(c)fa(k))
= ((ath)(big))y(ctk).

(
(
IXAEB Hom-smash 1 (AfH, v) &—~ A 4000 T#1 £ Hom - /8%

3.3 #Fa=Id M p=Id, N Hom-smash ! (AfH,~v) /& 3C#k [12] F ) smash #; #
(H, ) /& Hom-Hopf 1%k, ] Hom-smash # (AfH, ~) &3k [6] 1 Hom-smash F.
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538 3.4 &% (AtH,~) &—> Hom-smash i, WXMEE a,b € A fl h,g € H, FTIHI KR
KA

(1) (o) (1) = abel;

(2) (12h)(Tkg) = Tthg;

(3) (afl)(1ig) = B(a)io(g);

(4) (18h)(bf1) = 3= a™ (7n) - biho.

iE AMEE a,bc AR h,gec H, &

(afl)(bf1) = Y ala ))ﬁlz—Za(S‘l(a‘l(S(a‘l( 1)) - B7Hb))E1
= > a8 (b)( S(a*l 1) -D)le =D 87 (ab)(S(1y) - Dt
Z L(ab) - S(11)41, = Zabﬁa L(S(11))a" (1) = abil,

(1th)(11g) 1(a 2<h1 <h2>g—ZT<ﬂL<a-2<h1>>-Twa-l(hg)g
ZT (™ oM ha)g =Y Tha (M (a2(h) (" (h2)g))

Tta~ 1<a a™>(h1))ha)a(g)) = Tthg,

(ag1)(Ttg) Z a(a 2(11 ﬁofl(l )g =Y a(M*(a™*(11)) - Dta""(12)g
= Y a-mH a2 (1)ie " (1)g = Y Ala)ia (M (a~2(11))(a " (12)g))
= ) Bla)fa~ 1(a HL< *(11))12)a(g)) = Bla)ialg),

(Ih)(bi1) = > T(a H(b))fa (ko)1
= ) a7l (h) - btho.

EHE 3.5 W (H,«a) /& Hom - 5§ Hopf A%, HI5X N S, (A, 3) & Hom - 53 WAREL.
R (A, B) 2557 H - £ Hom - &, HFHXMTAHER h € H a € A, FHZATRGL

calh-a)=eg(h)eala), egoS=cy,
AAh a Zhl a1®h2 ag,2h1®h2 CL—ZhQ@hl a,

M| Hom-smash # (AfH,~) & Hom - 5§34, Hd (AfH, ) BFIRAREEE 25K E Hom
- R, HARTRFR AT SN

Aagr(ath) =Y (arthi) ® (asths), eag(agh) = ea(a)er (h).

UL (A, 8) Y& Hom - 55 Hopf A%k, HEIXIMA Sa, Wi ER HE -1 C Z(A), I
Hom-smash 1 (AfH,~) t/2& Hom - 55 Hopf 1A%k, HIXKA

Sagu(ath) =y S(a*(ha)) - Sa(87*(a))8S(a ™" (hn)).

HUE 24X, Hom-smash 1 (A$H, ) /& Hom - fXEURT Hom - RARVEL. B i5 @ B4R AT,
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WEA] Hom-smash 1 (AfH,

A agr((ath)(big))
ZAAnH ala™?(hy) - B7(b) e " (h2)g)

> ar(@(hur) - B (b)) (har)gr @ az(a 2 (haz) - B (b2))ia " (ha2) g2
> ar(@7 () - 870t (ha12) g1 @ az(@ P (hany) - B (b2))fa " (ha2)gs
> ar(@7 () - 87 (00) o2 (hain) g1 @ az(a P (hasa) - B (b2)) o (ha2)gn
> ar(a?(har) - B (b)) (ha2)gr @ az(a 2 (har) - B (b2))ia ™ (ha2) g2
D (a1fh) (bafigr) © (aaftha) (bafigo)

D ((@18h1) @ (asfhs))(bitgr) ® (batgn))

Aagr(ath) Aage (big).

iz B A A 261, ISR R T AR AL 5SRIE

€AuH(((aﬁh)(bﬁg)) (Cﬁk))
me a(a™(h) - 571 O) (@ (@ (ha1)gy) - )™ (@ (has)ga)a(k))
> ealla hi) - B87H0)) (@ (™ (ha1)ga) - ©))en (@ (a ™ (haz)ga) (k)
> eala(a™(hay) - 871 (b1))ea((@ > (hiz) - 87 (b)) (@ (a ™ (har)g) - )
en(a?(hag)a™ (921)) w(a™ (gaz)a(k))
ZeA(a(ofl 1) - B7HB)))ea((@ > (hair) - 7 (b2)) (@2 (ha12) - (@ (g1)
B7He)))en(a” (h22)04 Hg21))em(a™ (ga2) (k)
> eala(a™(ha) - B (b)))eala (har) - (B (b2)(@2(g1) - B7())))
en(a?(haz)a™ (go1))em (@™ (ga2)a(k))
> eala(a™ (ha) - B (0))en (@ (har))ea(B7 (bala(g11) - €)))
ern(a™?(has)a ™ (g12))en (920 (k)
> eala(a™ (b)) - B (01)))ea(ba(a(g12) - €))
en(a™ (h2)a Ygn))em(g20(k))
D ealala (hy) - B (b1)))ea(ba(a 2 (g21) - €))
en(a 1(h2> ) u(a 1(922) (k))
ZEAuH(( Hha) - B7HB)) e (ho)gr)e agm (ba(@ 2 (g21) - )™ (ga2)a(k))

Z eagr ((ath)(bifigr))eagn ((bofigs)y(cik)).

eapr(V(agh)((bhg) (ctk))) = Y _ eapm(v(ath) (baiga))e agm ((brtigr) (ctk)).

v) TR E X 2.1 1) (2.1)-(2.5) Bl MAEE a,b € A M h,ge H, H
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HFRFAEENae Are B FHa v =5" (o () a=alz 1), B a(x)-1=
Blz-1)=1-2, Xt T egoS =ey ML, FILbmd 2.5 vl%n S(HL) c HE f1 S(H®) c HT
BAL, BT
Tiln) @ (Tofila) (Twtly) @ y(Torf1a)

)@ (Ta(a™>(1a1) - 871 (T1))e " (122)11) @ (B(12)e(12:))

1)) @ (Ta(a(112) - 87 (11)) o 1) @ (B(Ta ) (1))

1™ (112)) ® (Ta(a™>(111) - 871 (T1))ila11) ® (B(1a)fer(12))

® (Ta(a™ (1) - 871 (1)) (122)10) @ (B(T2)pa(12))
1) - S(11))ta (1a9)14) ® (B(1 (1))
® (187 (1) (S(11) - D)ta (1a2)11) @ (B(12 ) (1))
® (87 (1a11) (S (11)) - D™ (122) 1) @ (B(T2)far(12))
(87 (T2) (T S(17))pa ™ (122)11) @ (B(Ta)fa(12:))
(B (Ti2) (@™ (11) - D™ (122)11) @ (B(T2)t(12))
(871 (Th2) (> (111) - Dit211) ® (B(T2)fa(12))
(871 (T2) (@ (112) - Dla1y) ® (B(1a) (1))
1) ® (87 (T12) (@2 (1a1) - Do (1a2) 110) @ (B(T2)fa (1))
“H(1)(M (a2(121)) - D™ (122)11) ® (B(T) (1))
(87 (Th2) - M* (@ (1o1))e ™ (1a2) 1) @ (B(T2) (1))
( 21)) (@ (122)11:))) @ (B(1)(12:))
(
(

ﬁ 1

MMMMMMMMMMMMMMMMMMM

1) @ (g™ (M (a1
1) @ (Tiafa (M (a7 (121))122) 11) @ (B(T2)t(12:))
181 ® (Tiaflalr) ® (B(12)fa(12))

1n8111) ® (Tiaflin) © (B(T2)4a(12))

= (D ®7) Dagr (141).

GEIGIES
(v @ Dagnr) Dagrr (181) = > v(Tag1h) @ (Tola) (1of1s) @ (T 1)

[Al 1t Hom-smash #1 (AfH, ) & Hom - §5XUREL.
Ba, B (H,a) f1 (A, B) /& Hom - §5 Hopf f$(H H” -1 C Z(A). BT

Sag oy =70 Sapm,
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HEIIE A S, BUFRUEM Sagm W2 E L 2.2 Y (2.6

)-(2.8) Ti. Bt ac AR he H H

(1% Sagn)(ath) = > (arh1)Sagu (asfths)
= Z(alﬁfh)(s( ?(ha2)) - Sa(B~ (a2))8S (o (ha1)))
= > a(@(ha) - (S(@7*(ha2)) - Sa(B7*(a2))))ha " (h12S (1))
= > ai(a7¥ (h11S(h2)) - Sa(B7" (a2)))a ™ (h12S(han))
= > a(@ (S (ha)1) - Sa(B (az)))ta (71 S(ha))2)
= > (@ta " (h1S(ha)))(Salaz)il) = > (arfa™ (M"(h)))(Sa(as)t1)
= D (87 (@) - a (M (R)ED)(Sala2)il) = Y (B (@) - o~ (M*(R)))Salaz)tl
= D (B @) (@ (" (h >>-A>>SA<a2>ﬂ1=Zal<< mL(h))-Tm '(Sa(a2))f1
= Y a(B7(Sa(a)(a (M (h) - 1)L =D B (a1Sa(az))(M*(h) - Dt
D R GH O H >tmL< ).
GIEEs
M(agh) = Y eapn((Ta#1)7 (ath)) 1ot
= Y ean((T1f11)(8*(a)fa? (h)))1af12
= ZEAﬁH(Tl( “2(111) - Bla)fa " (112)a (h)) otz
= > eam(li(a™(11) - B(a)fa " (1ar)a?(h))Tafla ™ (122)
= Y ean(i(B(a)(S11) - 1)a" (121)a?(h)) Lot (122)
= > eam(B7 (1A% (@)(a(S(11) - Da (121)0% (b)) Tafie ! (122)
= D cam (B (LA a) (- S(L)a (Lar)a® (1) Tata (122)
= Y eam(B7 (118 (@) (@ (11) - Dia ™ (121)a? () Tafa ™ (122)
= Y eam (87 (MA@) (M (a7 (11)) - D! (1ar)a? (b)) Tafa ! (122)
= EgAuH(ﬁfl(Tlﬁz(a)) M (e~ (11))ga ™" (121)a? (7)) Tafa ™" (122)
= Y ean(Lif(@)ta (M (@7 (1)) (™ (121)a?(h)))) Tafe ™ (12)
= Y ealip(@)Taten (M (o~ (1)) (@ (1a1)a?(h)))a ! (122)
= Y M @)ten(lva(l)en(la (™ (1ar)a®(h))a ™ (12s)
= Y mH@ten(lilien (@ (1o 112)a’ (1)) 12
= > na)ten(a(lr)a’(h)1,
= n¥(a)tn* (h >.

BRI (1 % Sagm)(ath) = NE(ath). FFEA1R (Sagm = I)(ath) = M (ath).
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X SC 2.2 HE (2.9) 2, FAE X 3.1 i (3.1). (3.2) AR5 HE 3.3 K B 4
fEH" - 1C Z(A), i

Z(SAuH(anﬁhu)(alzﬁhlz))SAuH( *(asths))

= ) (Su

)
(S (a2 )
= > (Sula™*(h1z)) - Sa(B (a11)))(Su (@ P (harrz)) - B (a12))S (@ (hnnn) Jhaz)
(SH(h22 )

(h112)

Sa(B~ (a11))4Su (! (h111))) (a12h12))

A(B(a2))iSu(a(ha1))

= Z((SHQ ?(h1122)) - Sa (B (a11)))(Su(a™?(ha121)) - B~ (a12))8Sm (@ (ha11)) ha2)

(SH(h22

= Z(SH(

= > (Sula

(Su(a

= > (Sula”

(a” )
)-S5 )
( )
) - Sa(B(a2))8SH (a(ha21))
( )
) - Sa(Blas)

4(B(a

)8SH (aw(ha21)))

Y(hi12)) - Sa(B7 (a11))B™ (a12)8Sa (@™ (hi11))hi2)

)
(Sw(ha2) - Sa(B(az))SH (c(h21)))
“H(hia)) - (B (@) ((Su (e (hinz))a™ (ha)) -
“H(haz)) - Sal
2(h1122)) - (B (@) (Su (a2 (ha121)) - (@ %(
(Su(a™2(h22)) - Sa(B~ (a2))))E(Su (@™ (hanr)) e  (hiaa)) S (a(ha))
) (M6~ (@) (@ (h21)Su(a *(has)) - Salaz)))t

a2)))4(Su(a™*(hi111))a ™" (hi22))Su (eu(har )
h’lQl) :

(ha1))

(67 (@) (a7 ((a™ (P12)Su(ha))1) - Salas))d(a™" (hi2)Su(h2))2)
(67 (@) (@ ((M*(h2))1) - Salaz))ia™ (M (ha))2))

(M8~ (a1))ga™ (M (he)))(Sa(Blaz))81))

(B~H (B (@) - @~ 1M (ha))81)(Sa(B(az))E1))

(B MR (B (@) (@ (" (ha)) - 1))Sa(Blaz))A1)
MR8~ (@) (@ (" (ha)) - T)S a(a2))41)

(BN (B7(a1)))S a(az)) - M (ha)g1)

MR (87 (a1))Sa(B(az))tN* (ha))
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Frbl Hom-smash # (AfH,~) /& Hom - 55 Hopf {24

E 3.6 WUERLNEMS o A1 g RAESFMY, BIXHMERR a e AN he H, A y(a®h) =
a ® h, W] Hom-smash # (AfH,~) /& H3CHR (8] & X155 Hopf AAKL, FFAr15 30k [13] H i)
i 1.8 BOCHR [16] H)ERE 2.2, W (H, o) #1 (A, 8) #& Hom-Hopf 18k, ] Hom-smash 4
(AfH,~) & Hom-Hopf 0%k, 15 3CHR [6] HHIH] 2.2.
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HOM-SMASH PRODUCTS OVER HOM-WEAK HOPF ALGEBRAS

ZHENG Nai-feng
(College of Science, Ningbo University, Ningbo 315211, C’hina)

Abstract: In this paper, we study the concept of weak Hopf algebras over Hom-Hopf
algebras. Using the method of establishing weak left H-module Hom-algebras, we construct
Hom-smash product and demonstrate that Hom-smash product is a Hom-algebra and Hom-weak
Hopf algebra, which generalizes weak Hopf algebra introduced by Bohm etc..

Keywords: Hom-weak Hopf algebra; weak left H-module Hom-algebra; Hom-smash
product
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