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2 I � } B A � 45 >
(	hk 1/0) �a6H� L(p, q) (|p| > 1). $�q F )>�7��� γ ? M ZY�R�B$ γ < M Z>�q�(. �u^w�q�(� Mγ >E�> H ′- [* (<YH*"�C 2 ') M�8�(p, �Z A <H�#4 Mγ Z>���[R Mγ k\j6��Y T1{ T2. #�B, "!)Ee��k T (r1, s1; r2, s2), �Z si/ri <�� A >z��? Ti )>	h, i = 1, 2. �u>_!(v"|: HS 3.3 K? M Z��q�(n m/n-Dehn ?CQ<e�2�_[O; HS 3.4 l)_e� T (r1, s1; r2, s2) < L(p, q) Z�q�(�>(!℄ .�u>(p"|: C 2 '.-_�!>7P8{$f-S, C 3 'l)__!HS{Nu.

§2 :r=!�'!
r&me�>#�e~{�;6. �uZ/�:>&me�Jw�k<0WGH�>, r�{H*>e~J<�> (� [3, 13] ).

§2.1 �+�1w Heegaard |Æ� H ′- |Æ0 M <#jW^>&me�, F <H�#4 M Z>0WW^GH��q. $�q
F � M �&\j�PY C1 { C2, ∂+C1 = F = ∂+C2, B$ M = C1 ∪F C2 k M >
Heegaard [*, $�q F >Kh g(F ) k Heegaard [*>Kh. M > Heegaard KhH*k min{g : M )2?Khk g > Heegaard [* }. ℄Q^P, �)0WW^GH�>&me�)J2? Heegaard [* [14].0 M <#jW^&me�, F <H�#4M Z>0WW^�q. $ F ! M �&\j�Y H1 { H2, H1 ∪F H2 = M , H1 ∩H2 = F , B$ H1 ∪F H2 < M > H ′- [*.��, 9 M <�&me�4, Heegaard [*{ H ′- [*<#W>; 9 ∂M 6= ∅ 4,

Heegaard [*{ H ′- [*< M >�`>[*.u [15] Nu_ H ′- [*<0WW^GH�&me�>	�(p.z� 2.1[15] �)0WW^GH�>&me�)J2? H ′- [*.0 H <#j�Y, J < ∂H )#℄�7���. $ J 5 H Z#j�Y:�>�,�&�#4#D, B$ J <�Y H >5�. 1 Jaco ��HS [16] G'<:|q>vX.�% 2.1[17] 0 H1 ∪A H2 <&me� M > H ′- [*, �Z A <��, J < A >z��. M <�Y9�19 J < H1 � H2 >5�.
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§2.2 L(p, q) ?w���
0 T k6��Y, D < T Z#j�Y:�, $ m = ∂D < T >p�. ��, T >�)\℄p�J? F = ∂T )~�. 0 l < F )5 m �&�#4#D>�7���, � l< T >5�, B {l,m} p&_ H1(F ) >#K�>1&8��, $k6��Y T >#KEU��. H1(F ) Z>8M p[l] + q[m] G'Cn<#℄H�>�7��� γ 9�19 p{ q <�M>KH, $ q/p < γ >	h, �^#! γ �:k γ(p,q). ��, γ < F )>p�
(�5�) 9�19 γ = γ(0,±1), 	hk ∞(� γ = γ(±1,q), 	hk#jKH). 9 p < 0 4,

γ(−p,−q) 5 γ(p,q) <�`>��, U<W��T. ?|uZ, $ γ(p,q) <s4 T > (p, q)- ��. 9 p 6= 0 4, γ(p,q) ^#�:li p > 0 >�7���.k�7Æ�, |uZ^#0�q F )>�7��� γ �:T? H1(F ) Z>`GO.�% 2.2 [18, Yy9.4] 0 T k6��Y, p 5 q, p′ 5 q′ k�M>KH, � p, p′ 6= 0. B2|a(k&V:

(1) 2?`� h1 : T → T , 9< h1(γ(p,q)) = γ(p,−q).

(2) K4 m ∈ Z, 2?`� h2 : T → T , 9< h2(γ(p,q)) = γ(p,q+mp).

(3) 2?`� h3 : T → T , 9< h(γ(p,q)) = γ(p′,q′) 9�19 p = p′ 6= 0, q ≡ ±q′(mod

p), � p = p′ = 0, q, q′ = ±1.

(4)K4�MKH r { s, γ(p,q) 5 γ(r,s) ? ∂T )�&�#4#D9�19 | p q
r s | = ±1.0 T1 ∪F T2 k&me� M >#jKhk 1 > Heegaard [*, �Z T1 { T2 k6��Y, T1 ∩ T2 = F k�q. 0 h : F → F kD~/., 9< T2 >p�`�4 T1 )>

(p, q)- �� γ(p,q), B M G'Cn<� γ h T1 )[�#j 2- ���, >�Q< 2- �q�,[O\(#j6��Q<e�. M 1 γ(p,q) g�?H, �e� M k L(p, q).��, L(0, 1) ∼= S2 × S1; L(1, q) ∼= S3; 9 p > 1 4, L(p, q) ka6H� L(p, q).a6H�&5Æg�[O [3]: L(p, q) ∼= L(p, q′)9�19 q ≡ ±q′ (mod p)� qq′ ≡ ±1

(mod p); L(p, q) 5 L(p, q′) <`j��>9�192? n ∈ Z, 9< ±qq′ ≡ n2(mod p).a): S3 <j#> Heegaard Khk 0 >&me�, �U2 S2 × S1 {a6H�>
Heegaard Khk 1. .f, 2|q> Heegaard [*j#�HS&V.z� 2.2[14] L(p, q) )�)\j`Kh> Heegaard �q<~�>.D 2.1 1968 |, Waldhausen[19] Nu_ S3 { S2 × S1 > Heegaard [*j#�HS;

1983 |, Bonahon[4] Nu_a6H�> Heegaard [*>j#�HS.1HS 2.2, L(p, q) >Khk 1 > Heegaard �q?~�)*|<j#>.



4 I � } B A � 45 >z6 2.1 0 T1∪F T2 k&me� L(p, q)>#jKhk 1> Heegaard[*, γ = γ(r,s)k F )#℄s4 T1 > (r, s)- ��. $ γ �< T1 { T2 >p�, B$ γ < L(p, q) Zs4
T1 > (r, s)- �q�(.��, L(p, q) Z>�q�(<Y�R(.

§2.3 Seifert �1: �#0 D ka�q C )>7s:�, D )>D x 0�p� (θ, r) �:, �Z r kD x :9D O >=R, θ kD x >`$.0 p { q k#K�M>KH, p > 0. ��, (H� D × I/(θ, r, 0) ∼ (θ + 2πq/p, r, 1)k#j6�� (∼= D × S1), �n T(p,q). �(/.k h : D × I → T(p,q). K4:� O ∈ D,

e = h({O} × I) < T(p,q) Z>#℄�7���; K4 x = (θ, r) ∈ D \ {O}, h((θ, r, 0)× I) ∪

h((θ+ 2πq/p, r, 0)× I) ∪ · · · ∪ h((θ+ 2πq(p− 1)/p, r, 0)× I) < T(p,q) Z>1 p ℄�7�$/Ao�Wp&>#℄�7���, G��7����$k< T(p,q) >~m. $ T(p,q) k#j�> (p, q)- �~m�6��. $ p > 1, $ e k T(p,q) >+~m, $ T(p,q) >Y e~mkMB~m. 9 p = 1 4, T(1,q) >oj~m�kMB~m, $ T(1,q) kM#>~m�6��.!(C:, T(p,q) <T>Q2~m>x#�.0 M <#j0W&me�. $ M G'[*&#j���#>�7��� ($ojG >�7���k#j~m) >x#�, 9<oj~m? M Z2#jtbb6�~`�4#j�>~m�6��, B$ M k#j Seiferte�. $G#~m(pk M > Seifert~m�. 0 M1 { M2 �k Seifert e�, $2? M1 : M2 >i[`�! M1 >oj~mJ/: M2 >~m, B$ M1 { M2 <`p>.|qsE#\pA Seifert e�>WQ. 0 B k#j0WW^>�q (r�GH�),

D = {D1, · · · , Dk} < B >z!>#j\\�#>:�k, � B′ = B\D. d ρ : M ′ → B′k B′ )>#j S1- 1��� M ′ <GH�>. $ B′ <GH�>, B M ′ = B′ × S1; $ B′<�GH�>, B M ′ = B′×̃S1 < B′ )#j�> S1- 1. ��, B′ 	G'^wD~:�
D2 �,)#��#�K aj { bj <:, ��G�D~`�G'�N<:> S1- 1 M ′ <GH�>: 0 D2 × S1 )P, 9 aj { bj <#KT��4, 0#j�' S1- ,e>��`� h : aj × S1 → bj × S1 MD~�� aj × S1 { bj × S1; 9 aj { bj <#K`��4, 0#j�' S1- ,e>T�`� h : aj × S1 → bj × S1 MD~�� aj × S1 { bj × S1. �� M ′ >#jH�, 0 s : B′ → M ′ k&q/. (li ρ ◦ s = id >W�/.), ! B′ >K.4 Di >�,[O�k di, ∂M

′ >
x βi = s(di) >�q�,[O�k Fi, � αi k Fi)>~m, 1 6 i 6 k. {αi, βi} p&_ H1(Fi) >#K�>1&8��, i = 1, · · · , k. d
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Ti k�6��, ci <�p�, K4�MKH pi { qi, ��#j`� hi : ∂Ti → Fi , 9<
hi(ci) = qiαi + piβi ∈ H1(Fi) (pi 6= 0), 1 6 i 6 k. !G�`� hi nkD~/., ^wG�D~/.� T1, · · · , Tk D: M ′ ), 9<:#jH�>&me� M , �� M ′ >~m(pG'f�B�dV M , 9< M <#j Seifert e�. $ B k M >AH�, ! Seifert e� M �k M(±g, b; (p1, q1), · · · , (pk, qk)), �Z (+g, b) (� (−g, b)) �: B <Khk g 2
b j�,[O>GH��q (��GH��q).u [3]Z>(kT)�)0WW^GH�> Seiferte�J`p4x#jM(±g, b; (p1 , q1),

· · · , (pk, qk)), �� Seiefrt e�&5Æg�[O.|ql) Seifert e�>#�&P(k, !?C 3 'Z0:.HS 2.3 l)_GH� Seifert e�>g�[O, +HSZQa)> Seifert e�Qf,�SQ2 Seifert e�J2j#>~m(p.z� 2.3[3] +|qa)>�\e�f, GH� Seifert e�>~m(p?�~`p)*|<j#>:

(1) M(0, 1; (p, q)), S1 ×D2 >~m(p2N �, �Z p 5 q �M, q/p ∈ Q;

(2) M(0, 1; (2, 1), (2, 1)) = M(−1, 1; ), S1×̃S1×̃I 2\\~m(p;

(3) M(0, 0; (p1, q1), (p2, q2)), S
3, S2 × S1 {a6H�>~m(p2N �;

(4) M(0, 0; (2, 1), (2,−1), (p, q)) = M(−1, 0; (q, p)), �Z p, q 6= 0;

(5) M(0, 0; (2, 1), (2, 1), (2,−1), (2,−1)) = M(−2, 0; ), S1×̃S1×̃S1 2\\~m(p.,., L(p, q) < Seifert e�: 9AH�< S2 4, ~m(pZVN2?\j+~m;9AH�k RP 2 4, ~m(pZVN2?#j+~m.$#j&me�<\j�> I- 1��,)K.> ∂I- 1Q�, B$e�k#j	1. ?HS 2.4 Z, S1×̃S1×̃S1 <\j Möbius )>� I- 1>�, �K.> ∂I- 1<#j��. a6H�<#OVN2\j+~m> Seifert e�, HS 2.4 Ku_?lH Seifert~m(p>�W|, "}�Ha6H�>O�, ��H p { q >S.z� 2.4[5] $ Seifert e� M(0, 0; (p1, q1), (p2, q2)) `�4a6H� L(p, q), B p =
∣∣ p1 p2

−q1 q2

∣∣, q =
∣∣∣ p1 p′

2

−q1 q′
2

∣∣∣, �Z (p′2, q
′
2) < ∣∣∣ p2 p′

2

q2 q′
2

∣∣∣ = 1 >#k*.z� 2.5[3] 0 M k#jGH�>G< Seifert e�, B M `p4 S2 × S1 �
RP 3#RP 3.d M <#j Seifert e�, S < M Z>�#�q. $ S k M Z$fMB~mQ�,B$ S <#jGR�q; $ S 5 M >Q2~m��&�#, B$ S <#jJ��q. HS 2.6 �u�G< Seifert e�Z>�Y�q�~�4#jJ�>�GR>�q.



6 I � } B A � 45 >z� 2.6[13] 0 M k0WW^�G<> Seifert e�, B M Z�)#j�Y�qJ~�4#jJ��q�#jGR�q.U�B, !AH�k 2- �q�62&j+~m> Seifert e�$kQ6e�.

§3 B4��0 T1 ∪A T2 k&me� M >#j H ′- [*, �Z T1 { T2 �k6��Y, A < MZH�#>��, � A >z�� δ <s4 Ti > (ri, si)- ��, ri > 1, i = 1, 2. !)Ee��k T (r1, s1; r2, s2), r1, r2 > 1.��, ∂M <�q, M <':�kAH��VN62\j+~m> Seifert e�.1vX 2.1 GR%<:"|vX.�% 3.1 T (r1, s1; r2, s2) <6��Y9�19 r1 = 1 � r2 = 1.�% 3.2 �0?&me� M = T (r1, s1; r2, s2) = T1 ∪A T2 Z, r1, r2 > 2, B M �G<��,�G<, ���� A ? M Z<�Y>.< , r1, r2 > 2, 1vX 3.1 GP M �<6��Y.�0 M <G<>, B M Z2?�Y 2- �q, ���Z5 A ,4#�sX��#Hl,> 2- �q, �k P . , T1 { T2 J<�G<>, q P 5 A #H�#YH, � P ∩A >oj[OJ< P { A )>�7���. d J ′ < P ∩A ? P )lz>[O. , r1, r2 > 2,q J ′ #H? A )Y�Y. _B, J ′ ? 2- �q P ),H>:��k A ? M Z>�P:�, 0O r1 = 1 � r2 = 1, mM. d J ∈ P ∩ A <? A )Y�Y�lz>[O, � J ,H A )#j:� ∆ , 9< P ∩ int(∆) = ∅. � J �A P G<:\j:� E1 { E2, d
P1 = E1 ∪∆, P2 = E2 ∪∆, B 2- �q P1 { P2 ZV,2#jk M Z>�Y 2- �q, �X0k P1. ? ∆ b4~�%I P1, ! P1 +R A, 0O |P1 ∩A| < |P ∩A|, 5 P >����0mM. ,., M k�G<&me�.

' 1 P ∩ A�0 M <�,G<>, 0 D k ∂M ? M Z>�P:�. 1 M >�G<�, !�q
∂M � D m�PQ< 2- �q#H? M Z,H6��, 0O M k6��Y, 5�0℄ 
r1, r2 > 2 mM. ,., M �,�G<.
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 ��q N^- U℄ Z�[ 3Lil 1 ? Heegaard \+?'nf�[?�r�) 7&P r1, r2 > 2, �� A >z�� δ �< Ti >p�, i = 1, 2. Q' A ? Ti Z�G�P, 0O A ? M Z�G�P.�0 A ? M Z<�,��>, B M k6��Y. 1vX 3.1, δ < T1 � T2 >5�,� r1 = 1 � r2 = 1, 5�0mM.vX<N.HS 3.1 �u, 9 r1, r2 > 2 4, T (r1, s1; r2, s2) Z>�Y[R��?~�)*|<j#>.z� 3.1 �0?&me� M = T (r1, s1; r2, s2) = T1 ∪A T2 Z, r1, r2 > 2. $ A′ <
M Z>�Y[R��, B A′ 5 A ? M Z<~�>.< &P r1, r2 > 2, 1vX 3.1, M �<6��Y. 1vX 3.2, �� A ? M Z<�Y>. ;6), M <':�kAH��62\j+~m> Seifert e�, � M > Seifert~m(pk M. U�B, A ?~m(p M Z<GR>��. n;�0, A′ < M Z>�Y[R��, ? M Z~� A′ , 9< A′ 5 A ,4#�sX, �? M >Q2�Y[R��Z, A′ 5 A >�#[OHl,. 1HS 2.6, G'? M Z2# ~� A′, 9< A′ ?M Z�E<J�>, �E<GR>.A}�0 A′ ? M >~m(pM Z<GR>, B ∂A′ { ∂A �1M > S1- ~mp&, ,.G'�0 ∂A′ ∩ ∂A = ∅, 0O A′ ∩ A >[O�k�7���. &P A′ { A �?
M Z�G�P, $ A′ ∩ A 2[O? A )Y�Y, ? A′ ∩ A Z��? A )Y�Y�lz>[O J , B J ? A ),H:� D1, 9< D1 ∩ int(A′) = ∅. , A′ ? M Z�G�P, q J? A′ )",H:�, �k D2. 146��Y T1 { T2 ��G<, Q' D1 ∪D2 ? T1 �E
T2 Z,H6��. ~�%I A′, ! D2 �6��w D1, �G�, |A′ ∩A|, 5 |A′ ∩A|>���mM. q A′ ∩ A >oj[O? A { A′ )J�Y.$ A′ ∩ A 6= ∅, &P A { A′ �? M Z�Y, B1�lz:�Q, wpG'2# �0 A′ ∩ A >oj[OJ<#℄? A { A′ )��Y>�7���. d C ∈ A ∩ A′, B
C 0 A′ )�|#j�� A∗, 9< A ∩ int(A∗) = ∅. �X0 A∗ ⊂ T1. ! A � C �A<:\j��, [��k A1 { A2. , A∗ ? T1 Z�,��, qG'? M Z~�%I A′,9< A′ ~�4�� A′′ = A′ \A∗ ∪ A1 � A′ \A∗ ∪ A2. 2O? M Z~�%I A′′ , 9<
|A′′ ∩A| < |A′ ∩A|, G5 |A′ ∩A| >����mM. ,., A∩A′ = ∅, � A′ H�#46��Y T1 � T2.�X�0 A′ ⊂ T1. a):6��YZ>�Y�qU2:�, ,. A′ ? T1 Z�,��. , A′ ? M Z�Y, q A′ 5 A ? M Z<~�>. (k<N.|qDg A′ ?~m(p M ZJ�>�J. 1u [3], Seifert e�Z>J�[R�q!e�[*k\j�GH��q)>� I- 1. , A′ ? M Z<J�>[R��, q
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M\A′ >oj[OJ< Möbius 6)>� I- 1, � M <#j	1, � M ∼= S1×̃S1×̃I. 1HS 2.3 (2), S1×̃S1×̃I <2\\~m(p, [�k M(0, 1; (2, 1), (2, 1)) { M(−1, 1; ). 9
M = M(−1, 1; ) 4, A′ <.~m(pZ>J�[R��. 0 M1 k M\A′ >#j[O, B
M1 < Möbius 6 B )>� I- 1. , A ?M Z<GR>, q A ∩ B <#℄? A { B )J�Y>�7�, ��7��A B ��W^. 0O A ? M Z<Y[R>, 5�� A ?
M Z>[R�mM. q A′ ? M ZJ�>�J��)�.HS<N.nkHS 3.1>R%k, |q>kl)li r1, r2 > 2>&me� T (r1, s1; r2, s2)>d�[O.)� 3.1 0 M = T (r1, s1; r2, s2), M

′ = T (r′1, s
′
1; r

′
2, s

′
2), li r1, r2, r

′
1, r

′
2 > 2. M 5

M ′ `�9�19 r1 = r′1, r2 = r′2, � s1 ≡ ±s′1 (mod r1), s2 ≡ ±s′2 (mod r2); � r1 = r′2,

r2 = r′1, � s1 ≡ ±s′2 (mod r1), s2 ≡ ±s′1 (mod r2).< �0 M = T (r1, s1; r2, s2) = T1 ∪A T2, M
′ = T (r′1, s

′
1; r

′
2, s

′
2) = T ′

1 ∪A′ T ′
2.$2?`� h : M → M ′, B1HS 3.1, h(A) ? M ′ Z~�4 A′. ,. M `�4 M ′9�192?`�

h′ : (M ; (T1, A, T2)) → (M ′; (T ′

1, A
′, T ′

2))�
h′ : (M ; (T1, A, T2)) → (M ′; (T ′

2, A
′, T ′

1)).1vX 2.2, (k&V.%|MDg�q�(? L(p, q) Z>�H�.0 T ′
1 ∪F T ′

2 k L(p, q) >Khk 1 > Heegaard [*, γ ⊂ F <s4 T ′
1 > (r, s)- �q�(, η(γ) ⊂ L(p, q) < γ ? L(p, q) Z>MBb6, li η(γ) ∩ F = A′ < F )#j��. � L(p, q)γ = L(p, q) \ η(γ) k�( γ ? L(p, q) Z>�H�, � T1 = T ′

1 ∩ L(p, q)γ ,

T2 = T ′
2 ∩ L(p, q)γ , A = F \A′ = T1 ∩ T2, B T1 { T2 �k6��Y, A k��. ,.,

L(p, q)γ )2? H ′-[* T1∪AT2,$.[*k L(p, q)γ >E�> H ′-[*,$ Ak L(p, q)γ>E�> H ′- [*��.1�q�(>H*, γ < L(p, q) Z>Y�R(, q�� A ? T1 { T2 ZJ�G�P.�� A >z�� δ <s4 T1 > (r, s)- ���, ,. L(p, q)γ <&me� T (r, s; r′, s′). 1vX 3.1 GP, L(p, q)γ <6��Y9�19 r = 1 � r′ = 1.? L(p, q)γ = T1 ∪A T2 Z, $ A >z�� δ <s4 T1 > (r, s)- ��, yn δ s4 T2<5n��O�?
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' 2 γ "�9 T1 y (2, 3)- ���z� 3.2 0 T1 ∪A T2 k&me� M = L(p, q)γ >E�> H ′- [*, γ <s4 T1> (r, s)- �q�(. B A >z�� δ <s4 T2 > (ε(rq − sp), ε(sp′ − rq′))- ��, �Z
ε = ±1, |rq − sp| > 1, (p′, q′) < ∣∣ p q

p′ q′

∣∣ = ±1 >#k*.< 0 T ′
1 ∪h T

′
2 < L(p, q) >Khk 1 > Heegaard[*, {αi, βi} k6��Y T ′

i >#KEU��, i = 1, 2, h : ∂T ′
2 → ∂T ′

1 <li h∗(β2) = pα1 + qβ1 >`�. , T1 ∪A T2 k M>E�> H ′- [*, qU�!Dg δ ? T ′
2 )>��O�.�0 h∗(α2) = p′α1 + q′β1, �Z p′ { q′ k�M>KH. 14 |α2 ∩ β2| = 1, Q'

|h∗(α2) ∩ h∗(β2)| = 1, 1vX 2.2 (4), h∗ >�O:I P =
(
p′ q′

p q

) li detP = ±1. ,.,

h∗

(
α2

β2

)
= P

(
α1

β1

)
,

h−1
∗

(
α1

β1

)
= P−1

(
α2

β2

)
= ±

(
q −q′

−p p′

)(
α2

β2

)
= ε

(
q −q′

−p p′

)(
α2

β2

)
,�Z ε = ±1. 0O2

h−1
∗ (δ) = h−1

∗ (rα1 + sβ1) =
(
r s

)
h−1
∗

(
α1

β1

)

= ε
(
r s

)( q −q′

−p p′

)(
α2

β2

)

= ε((rq − sp)α2 + (−rq′ + sp′)β2).$ rq− sp = 0, B q

p
=

s

r
, � γ ? T1 )>	hk q

p
. q γ ? T2 ⊂ L(p, q) Z,H:�,5 γ < L(p, q) Z>Y�R(mM. ,. |rq − sp| > 1.h)QE, h−1

∗ (δ) ? ∂T ′
2 )>	hk (−rq′+ sp′)/(rq− sp), � δ <s4 T2 > (ε(rq−

sp), ε(sp′ − rq′))- ��.HS<N.(~vX 3.1 {HS 3.2, 2"|k.)� 3.2 0 γ < L(p, q)Zs4 T1 > (r, s)-�q�(, T1∪AT2 < L(p, q)γ >E�>
H ′-[*. B L(p, q)γ <e� T (r, s; ε(rq−sp), ε(sp′−rq′)), ε = ±1, |rq−sp| > 1,� (p′, q′)
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p′ q′
∣∣ = ±1 >#k*. U�B, L(p, q)γ <6��Y9�19 r = 1 � |rq − sp| = 1.0 M k&me�, K < M z!>#j�(, η(K) < K ? M Z#j0WMBb6.�MK = M\η(K)k�(K >�H�, F = MK∩∂η(K)k�q. �� η(K)>#KEU�� {α, β} ⊂ F , �Z α { β [�k η(K) >5�{p�. d h : F = ∂η(K) → F = ∂MK k`�>,9< β ? h|>`��<	hk m/n ∈ Q∪{∞}>�� γ(n,m) (h(β) = nα+mβ).��, e� M ′ = MK ∪h η(K) 1 m/n g�?H. $ M ′ kK M ��( K n m/n-Dehn?CQ<e�, �Z m/n $k Dehn zH.��0)q>�y γ = γ(r,s) { L(p, q)γ . 9 r = 1 � |rq − sp| = 1 4, L(p, q)γ k6��Y, .4K L(p, q) � γ n Dehn ?CQ<e� M ′ k S3, S2 × S1 �a6H�.Dg r, |rq − sp| > 2 ��|, HS 3.3 K? L(p, q) Z� (r, s)- �q�(n Dehn ?CQ<e�2�_[O.z� 3.3 0 γ k L(p, q)Z> (r, s)-�q�(, r > 2� |rq−sp| > 2, M ′ kK L(p, q)� γ n m/n-Dehn ?CQ<e�, B|a(vQ#&V:

(1) |m| > 1 9�19 M ′ kQ6e�, .4
M ′ ∼= M(0, 0; (r, s), (ε(rq − sp), ε(sp′ − rq′)), (m,n)),�Z ε = ±1, (p′, q′) < ∣∣ p q

p′ q′

∣∣ = ±1 >#k*;

(2) |m| = 19�19 M ′ ka6H� L(p∗, q∗),�Z p∗ =
∣∣∣ r ε(rq−sp)

−s ε(sp′
−rq′)

∣∣∣, q∗ =
∣∣∣ r p′

2

−s q′
2

∣∣∣,

ε = ±1, (p′2, q
′
2) < ∣∣∣ ε(rq−sp) p′

2

ε(sp′
−rq′) q′

2

∣∣∣ = 1 >#k*, (p′, q′) < ∣∣ p q

p′ q′

∣∣ = ±1 >#k*. U�B,9 n = 0 4, M ′ <a6H� L(p, q);

(3) m = 0 9�19 M ′ <G<>, .4 M ′ <\ja6H�>W^{, M ′ `�4
L(r, s)#L(ε(rq − sp), ε(sp′ − rq′)),�Z ε = ±1, (p′, q′) < ∣∣ p q

p′ q′

∣∣ = ±1 >#k*.< d M = L(p, q)γ = L(p, q) \ η(γ) = T1 ∪A T2, �Z η(γ) k γ ? L(p, q) Z>MBb6, T1 ∪A T2 < M >E�> H ′- [*. 0 {αi, βi} k Ti >#KEU��, i = 1, 2. 1HS 3.2 GP, γ = rα1 + sβ1 ∈ H1(∂T1), γ = ε(rq − sp)α2 + ε(sp′ − rq′)β2 ∈ H1(∂T2), �Z
ε = 1 � −1, ε(rq − sp) > 0. 1�0℄ GP, r, |rq − sp| > 2. 1vX 3.1 {vX 3.2, M�<6��Y, � A < M Z>�Y��. Q' T1 <�> (r, s)- �~m�6��, T2 <�> (ε(rq − sp), ε(sp′ − rq′))- �~m�6��, � M <':�kAH��62\j+~m> Seifert e� M(0, 1; (r, s), (ε(rq − sp), ε(sp′ − rq′)).0 T k6��Y, M ′ = M ∪h T kK L(p, q) � γ n m/n-Dehn ?CQ<e�,

h : ∂T → ∂M <li h(β′) = nγ +mβ >`�, �Z β′ { β [�k T { η(γ) >p�, γk A >z�� (< γ ? L(p, q) Z>#j��E�) �< M >#jMB~m.A}, [�Nu (1), (2) { (3) >�!�.
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(1) �0 |m| > 1. B T k�> (m,n)- �~m�6��, q M ′ `�4' 2- �q
S2 kAH��62&j+~m> Seifert e�, �Q6e�

M ′ ∼= M(0, 0; (r, s), (ε(rq − sp), ε(sp′ − rq′)), (m,n)).

(2)�0 |m| = 1. B h(β′) = nγ±β, � γ < T >5�, q T <M ′ Z>M#>~m�6��. ,. M ′ `p4 M(0, 0; (r, s), (ε(rq − sp), ε(sp′ − rq′)). 1-S 2.4 GP M ′ <a6H�, �k L(p∗, q∗), �Z p∗ =
∣∣∣ r ε(rq−sp)

−s ε(sp′
−rq′)

∣∣∣, q∗ =
∣∣∣ r p′

2

−s q′
2

∣∣∣, (p′2, q′2) < ∣∣∣ ε(rq−sp) p′

2

ε(sp′
−rq′) q′

2

∣∣∣ = 1>#k*. U�B, $ n = 0, B h(α′) = ±γ +m′β, �Z α′ < T >5�, .4 M ′ 9<a6H� L(p, q).

(3) �0 m = 0. , n { m <�M>KH, q n = ±1, h(β′) = ±γ, γ ? T Z,H#jp:�. d D1 { D2 k ∂A ? T Z,H>\j��>p:�, � {D1, D2} �A6��Y T G<:\j6�� E1 { E2, 9< ∂Ei ∩ Ti = Ai < ∂M )>��, i = 1, 2, �
∂A1 = ∂A2 = ∂A, A1 ∪ A2 = ∂M = ∂T . � P = A ∪ D1 ∪ D2, M

′
i = Ti ∪Ai

Ei, i = 1, 2,B P k M ′ Z>[R 2- �q, ! M ′ [ke� M ′
1 { M ′

2, �Z M ′
i <� Ai h Ti )D 2-��Q<e�, i = 1, 2. ,., M ′

1 `�40a6H� L(r, s) ZeF#j6��Q<e�,

M ′
2 `�40a6H� L(ε(rq− sp), ε(sp′ − rq′)) ZeF#j6��Q<e�.q M ′ <G<>&me�, �<� 2- �qk P . ,. M ′ <\ja6H�>W^{, �

M ′ ∼= L(r, s)#L(ε(rq − sp), ε(sp′ − rq′)).TQ, 1HS 2.5, Q6e�{a6H��<�G<>&me�. 1HS 2.3 (3), a6H�> Seifert ~m(pZVNU2\j+~m, Q'Q6H�5a6H�#H�`�.h)QE, (1), (2) { (3) >([�<N.�0 M = T (r1, s1; r2, s2). 1vX 3.1 P M <6��Y9�19 r1 = 1 � r2 = 1.��6��Y< L(p, q) Z (1, s)- �q�(>�H�. K4 r1, r2 > 2 >��, HS 3.4 [�l)_ M <a6H� L(p, q), S3 '� S2×S1 Z (r, s)- �q�(>�H�>(!℄ .z� 3.4 �0 M = T (r1, s1; r2, s2).

(1) M < L(p, q) Z (r, s)- �q�(>�H�9�19 (r1, s1) = (r, s), r2 = ε(r1q −

s1p) > 2, s2 = ε(s1p
′ − r1q

′), �Z ε = ±1, (p′, q′) < ∣∣ p q

p′ q′
∣∣ = ±1 >#k*;

(2) M < S3 Z (r, s)- �q�(>�H�9�19 (r1, s1) = (r, s), r2 = ε(r1q − s1),

s2 = r1, �Z ε = ±1;

(3) M < S2 × S1 Z (r, s)- �q�(>�H�9�19 (r1, s1) = (r, s), r2 = εr,

s2 = s, �Z ε = ±1.< (1) �0 M < L(p, q) Z (r, s)- �q�(>�H�, T ′
1 ∪A′ T ′

2 < M >E�> H ′-[*. &P r1, r2 > 2, 1vX 3.1, M �<6��Y, Q' A { A′ ? M ZJ<�Y>. 1HS 3.1 GP, �Y�� A { A′ ? M Z~�. ,., �3#��, wpG'�0 T ′
i = Ti,
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i = 1, 2, A′ = A, �� (r, s) = (r1, s1). 1HS 3.2, A >z�� δ <s4 T1 > (r, s)- ��,<s4 T2 > (ε(rq− sp), ε(sp′− rq′))- ��, �Z ε = ±1, (p′, q′) < ∣∣ p q

p′ q′
∣∣ = ±1>#k*.TQ, ([�G1HS 3.3 (2) R%<:.

(2) �0 M < S3 Z (r, s)- �q�(>�H�, T ′
1 ∪A′ T ′

2 < M >E�> H ′- [*.5 (1) Z>NuOL, δ <s4 T2 > (ε(rq − s), ε(rq − s)(−p′)± r)- ��. 1vX 2.2 (2),

δ `�4 T2 )> (ε(rq − s), r)- ��. ,., r2 = ε(rq − s) � s2 = r., S3 = L(1, q), q([�5 (1) OL, G1HS 3.3 (2) R%<:.

(3) �0 M < S2 × S1 Z (r, s)- �q�(>�H�, T ′
1 ∪A′ T ′

2 < M >EU> H ′- [*. 5 (1)Z>NuOL, δ <s4 T2 > (εr, ε(sp′−rq′))-��, �Z (p′, q′)< ∣∣ 0 1
p′ q′

∣∣ = ±1>#k*. q p′ = ±1, δ <s4 T2 > (εr, εr(−q′)± s)- ��. 1vX 2.2 (2), δ `�4 T2)> (εr, s)- ��., S2 × S1 = L(0, 1), q([�5 (1) OL, G1HS 3.3 (2) R%<:.HS<N. u � � � - � /
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On Torus Knots in 3-Manifolds with Genus One

Heegaard Splitting
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Abstract Let M = L(p, q) be a 3-manifold which admits a Heegaard splitting T ′
1 ∪F T ′

2

of genus 1, where p and q are co-prime integers, and a meridian curve of T ′
2 has the slope

s = q/p on T ′
1. A simple closed curve γ on the torus F is called a torus knot in M if
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it is non-trivial in M . The main results of the paper are as follows: the authors classify

the manifolds obtained by performing a m/n-Dehn surgery along a torus knot in M , and

describe the characteristics for the manifold obtained by gluing two solid tori together along

an annulus on the boundary of each solid torus to be a torus knot complement in L(p, q).
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