Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺň. Ś. Ń. Śőąőńěćă ŚŐ ŘĂŊ Ŕàěŕàĺŋâ ò 59, ĺîŋì 1999

Łńăááĺäĺłăæĺï ăćâőňőàäĺğňőć áćőąőďŋőľ čàãŕŕë àăŋčă 2 ŕő àăŋčăň čàãŕŕ ŋěŕőďćĺęŋëå âőçěł

Ő. Ć. Ąőčőŕőńìáłĺľ

Ŕãáâì F_n { áćőąőďŋăï čàãŕŕă àăŋčă n ĺ Aut(F_n) { ěě čàãŕŕă ăćâőňőàäĺğňőć. Ďńï ńîąőčő α ∈ Aut(F_n) çěàěğ Fix(α) őąőğŋăçĺň čàãŕŕã ŋěŕőďćĺęŋëå âőçěł α: Fix(α) = {x ∈ F_n| α(x) = x}. Ąěáâćĺŋă ĺ Ţíŋďěńì [6] ďőłăğăńĺ, çâő rk(Fix(α)) 6 n. Łőńńĺŋğ ĺ Šñàŋěà [8] łńăááĺäĺæĺàőćăńĺ ăćâőňőàäĺğňë α á rk(Fix(α)) = n. Ć ďăŋŋőľ àăąőâě ňë ďăěň łńăááĺäĺłăæĺî ăćâőňőàäĺğňőć áćőąőďŋőľ čàãŕŕë àăŋčă 2 ŕő àăŋčăň čàãŕŕ ŋěŕőďćĺęŋëå âőçěł, łńăááĺäĺłăæĺî čàãŕŕ ŋěŕőďćĺęŋëå âőçěł ăćâőňőàäĺğňőć ĺ łńăááĺäĺłăæĺî áâăąĺńĺğăâőàőć íńěňěŋâőć. Ć łăçěáâćě áńěďáâćĺï ňë ŕőńãçăěň íääěłâĺćŋëľ ăńčőàĺâň, àěèăîéĺľ ŕàőąńěňã áőŕàïęěŋŋőáâĺ ć čàãŕŕě Aut(F_2). Ňë ďăěň âăłęě ăńčőàĺâň ďńï ŋăåőęďěŋĺï ąăğĺáă ŕőďčàãŕŕë Fix(α) ďńï α ∈ Aut(F_2).

1. Ťőàňãńĺàőćłĺ âěőàěň

Ŕãáâì F_2 { áćőąőďŋăï čàãŕŕă á ąăğĺáőň {a, b}. Őŕàěďěńĺň ŋěłőâőàëě ăćâőňőàäĺğňë F_2: β : { a → a b → ab , γ : { a → b^{−1}a b → b , ρ : { a → ab b → a^{−1} , τ : { a → b b → a^{−1}b^{−1} , σ : { a → b^{−1} b → a , σ_1 : { a → b b → a , σ_2 : { a → a^{−1} b → b^{−1} , σ_3 : { a → a^{−1} b → b . Ňë ĺáŕőńìğãěň áńěďãîéěě ŕàăćĺńő łőňŕőğĺæĺĺ ăćâőňőàäĺğňőć: ěáńĺ φ, ψ ∈ Aut(F_2) ĺ x ∈ F_2, âő φψ(x) = ψ(φ(x)). Ďńï x ∈ F_2 őąőğŋăçĺň çěàěğ St(x) áâăąĺńĺğăâőà íńěňěŋâă x ć čàãŕŕě Aut(F_2). Ěáńĺ H { áćőąőďŋăï čàãŕŕă, âő çěàěğ rk(H) őąőğŋăçĺň ěě àăŋč. Ďńï ŕàőĺğćőńìŋőčő ŕőďňŋőęěáâćă X čàãŕŕë őąőğŋăçĺň ⟨X⟩ ŕőďčàãŕŕã, ŕőàőęďěŋŋãî X. Őąőğŋăçĺň [x, y] = x^{−1}y^{−1}xy, x^y = y^{−1}xy. Ďńï g ∈ F_2 őąőğŋăçĺň çěàěğ ^g ăćâőňőàäĺğň, ĺŋďãæĺàőćăŋŋëľ áőŕàïęěŋĺěň g: ^g(x) = g^{−1}xg, x ∈ F_2.

Ŕãáâì − : Aut(F_2) → GL_2(Z) čőňőňőàäĺğň, ĺŋďãæĺàőćăŋŋëľ ăąěńĺğăæĺěľ F_2. Ĺğćěáâŋő, çâő čàãŕŕă ćŋãâàěŋŋĺå ăćâőňőàäĺğňőć Inn(F_2) ïćńïěâáï ïďàőň íâőčő čőňőňőàäĺğňă ĺ, çâő

GL_2(Z) ∼= D_4 ∗_{D2} D_6 ∼= ⟨—σ, —σ_1⟩ ∗_{⟨σ̄2,σ̄1⟩} ⟨—ρ, —σ_1⟩, (1)

čďě D_n { ďĺíďàăńìŋăï čàãŕŕă ŕőàïďłă 2n.

Ńěňňă 1.1. 1) Ńîąőľ ŋěâàĺćĺăńìŋëľ ŕěàĺőďĺçěáłĺľ ăćâőňőàäĺğň ĺğ Aut(F2) ĺňěěâ ŕőàïďőł 2, 3 ĺńĺ 4. Ĺňěěâáï àőćŋő çěâëàě łńăááă áőŕàïęěŋŋőáâĺ ăćâőňőàäĺğňőć ŕőàïďłă 2, őďĺŋ ŕőàïďłă 3 ĺ őďĺŋ ŕőàïďłă 4. Ăćâőňőàäĺğňë σ_1, σ_2, σ_3, σ_3^a, τ ĺ σ ïćńïîâáï ĺå ŕàěďáâăćĺâěńïňĺ.

2) Ńîąőľ ŋěâàĺćĺăńìŋëľ ŕěàĺőďĺçěáłĺľ íńěňěŋâ GL_2(Z) ĺňěěâ ŕőàïďőł 2, 3, 4 ĺńĺ 6. Śãéěáâćãěâ àőćŋő âàĺ łńăááă áőŕàïęěŋŋőáâĺ íńěňěŋâőć ŕőàïďłă 2 ĺ ŕő őďŋőňã ŕőàïďłă 3, 4 ĺ 6. İńěňěŋâë —σ_1, —σ_2, —σ_3, —τ, —σ ĺ —ρ ïćńïîâáï ĺå ŕàěďáâăćĺâěńïňĺ.

Ŕěàćőě ãâćěàęďěŋĺě áőďěàęĺâáï ć [17], ćâőàőě áńěďãěâ ĺğ àăğńőęěŋĺï (1). Ğăňěâĺň, çâő ρ { ăćâőňőàäĺğň ŕőàïďłă 6 ŕő ňőďãńî ćŋãâàěŋŋĺå ăćâőňőàäĺğňőć:

ρ^6 = “ bab^{−1}a^{−1}. Śńěďãîéăï ńěňňă ďőłăğăŋă ć [8].

Ńěňňă 1.2. Ŕãáâì α ∈ Aut(F2). Šőčďă rk(Fix(α)) = 2 ć âőň ĺ âőńìłő âőň áńãçăě, łőčďă α áőŕàïęěŋ á β^t, t ∈ Z. Ŕàĺ t ≠ 0 ĺňěěň Fix(β^t) = ⟨a, [a, b]⟩.

Ŕãáâì α { ăćâőňőàäĺğň âăłőľ, çâő α^n { ćŋãâàěŋŋĺľ ăćâőňőàäĺğň ĺ n > 2 ňĺŋĺňăńìŋő. Ďńï u ∈ F_2 ŕőńőęĺň w(α, u) = uu^α . . . u^{αn}�^1 . Ďńï w ∈ F_2, w ≠ 1 ŕãáâì √ w őąőğŋăçăěâ áńőćő u, âăłőě, çâő u^k = w ĺ k ňăłáĺňăńìŋő. Ŕőńőęĺň √ 1 = 1.

Šěőàěňă 1.3. Ŕãáâì α ∈ Aut(F2) \ Inn(F2). Ěáńĺ α äĺłáĺàãěâ ŋěâàĺćĺăńìŋőě áńőćő ĺğ F_2, âő ŕőáńě ŕőďåőďïéěčő áőŕàïęěŋĺï ćëŕőńŋïěâáï őďŋő ĺğ ďćãå: α ∈ ⟨β, γ⟩ ĺńĺ α áőćŕăďăěâ, ŕő ňőďãńî ćŋãâàěŋŋĺå ăćâőňőàäĺğňőć, á őďŋĺň ĺğ áńěďãîéĺå: ρ, τ, σ, σ_1, σ_2, σ_3, β^t, β^tσ_2. Ěáńĺ α ∈ ⟨β, γ⟩ ĺ α ŋě áőŕàïęěŋ ć Aut(F_2) áő áâěŕěŋìî β, âő Fix(α) = ⟨[a, b]⟩;

Fix(β^t) = ⟨a, [a, b]⟩ ŕàĺ t ≠ 0. Łàőňě âőčő, ćëŕőńŋïîâáï áńěďãîéĺě ãâćěàęďěŋĺï.

1. Fix(ρ^u) = ⟨ √ w(ρ, u^{−1})aba^{−1}b^{−1} ⟩ ≠ {1}. 2. Ěáńĺ φ = τ, σ, σ_1 ĺńĺ σ_2, âő Fix(φ^u) = ⟨ √ w(φ, u^{−1}) ⟩. Ąőńěě âőčő, w(φ, u^{−1}) = 1 ⇔ φ^u áőŕàïęěŋő á φ ⇔ áãéěáâćãěâ x ∈ F_2 âăłőě, çâő

u = (x^{−1})^φx ďńï φ = σ ĺ σ_1, (x^{−1})^φx ĺńĺ (x^{−1})^φbx ďńï φ = τ, (x^{−1})^φx ĺńĺ (x^{−1})^φax, ĺńĺ (x^{−1})^φbx ďńï φ = σ_2. 3. Fix(σ_3^u) =

⟨b^x⟩ , ěáńĺ u = (x^{−1})^{σ3} x, {1} , ěáńĺ u = (x^{−1})^{σ3} ax, ⟨ √ w(σ_3, u^{−1}) ⟩ ≠ {1} , ěáńĺ u ≠ (x^{−1})^{σ3} a^εx,

čďě x ∈ F_2, ε = 0, 1.

Ć ŕěàćőň áńãçăě σ_3^u áőŕàïęěŋő á σ_3, ćő ćâőàőň { á σ_3^a, ć âàěâìěň σ_3^u ŋě áőŕàïęěŋő ŋĺ á σ_3, ŋĺ á σ_3^a.

4. Ŕãáâì β^t^u äĺłáĺàãěâ ŋěâàĺćĺăńìŋőě áńőćő ĺğ F_2 ĺ t ≠ 0. Šőčďă β^t^u áőŕàïęěŋő á β^t^a^s ĺńĺ á β^t^w^s_0 ďńï ŋěłőâőàőčő w_0 = a^{k1} b^{−1}a^{k2} b . . . b^{−1}a^{k2r} b, čďě w_0 ŋě áőąáâćěŋŋăï áâěŕěŋì, k_i ≠ 0, i = 1, . . . , 2r ĺ s ∈ Z. Śőŕàïčăîéĺľ íńěňěŋâ ňőęŋő ćëąàăâì ć Inn(F_2). Ąőńěě âőčő,

Fix(β^t^a^s) = ⟨a, bab^{−1}a^{−1}⟩ , ěáńĺ s = t, ⟨a, a^{−1}b^{−1}ab⟩ , ěáńĺ s = 0, ⟨a⟩ , ěáńĺ s ≠ 0, t, Fix(β^t^w_0^s) = ⟨w_0⟩ ďńï s ≠ 0.

5. Ŕãáâì β^tσ_2^u äĺłáĺàãěâ ŋěâàĺćĺăńìŋőě áńőćő ĺğ F_2 ĺ ŕãáâì t ≠ 0. Šőčďă β^tσ_2^u áőŕàïęěŋő á β^tσ_2 “w^{−1}_1 w^s_0 ďńï ŋěłőâőàőčő w_0 = w_1w^{σ2}_1 ĺ s ∈ Z, čďě w_1 = a^{k1} b^{−1}a^{k2} b . . . a^{k2m+1} b^{−1}, k_i ≠ 0, i = 1, . . . , 2m + 1 ĺ w_0 ŋě áőąáâćěŋŋăï áâěŕěŋì. Śőŕàïčăîéĺľ íńěňěŋâ ňőęŋő ćëąàăâì ć Inn(F_2). Ąőńěě âőčő,

Fix(β^tσ_2 “w^{−1}_1 w^s_0) = ⟨w_0⟩.

Šěőàěňă 1.4. Ćáě ćőğňőęŋëě âĺŕë, á âőçŋőáâìî ďő ĺğőňőàäĺğňă, áâăąĺńĺğăâőàőć ŋěâàĺćĺăńìŋëå íńěňěŋâőć ĺğ F_2 ć čàãŕŕě Aut(F_2) ŕěàěçĺáńěŋë ć áńěďãîéěň áŕĺáłě: Z, Z × Z, ⟨x, y | x^{−1}yx = y^{−1}⟩, ⟨x, y | x^2 = [x, y^2] = 1⟩ ĺ ⟨x, y | xyx = yxy⟩. Šěőàěňă 1.5. Śãéěáâćãěâ íääěłâĺćŋëľ ăńčőàĺâň, ŕőğćőńïîéĺľ ďńï ŕàőĺğćőńìŋőčő ăćâőňőàäĺğňă α ∈ Aut(F_2) ŋăåőďĺâì ŋěłőâőàëľ ąăğĺá ěčő čàãŕŕë ŋěŕőďćĺęŋëå âőçěł Fix(α).

Šěőàěňă 1.6. Ŕàőąńěňă áőŕàïęěŋŋőáâĺ ć čàãŕŕě Aut(F2) íääěłâĺćŋő àăğàěèĺňă.

2. Ŕàěďćăàĺâěńìŋëě äăłâë

A. Ŕãáâì ˚ { łőňŕăłâŋăï ŕőćěàåŋőáâì á ąăğĺáŋőľ âőçłőľ x. Őąőğŋăçĺň çěàěğ Homeo(˚) čàãŕŕã ćáěå čőňěőňőàäĺğňőć ŕőćěàåŋőáâĺ ˚, çěàěğ Isot(˚) { čàãŕŕã ćáěå čőňěőňőàäĺğňőć ˚, ĺğőâőŕŋëå âőęďěáâćěŋŋőňã čőňěőňőàäĺğňã. Őąőğŋăçĺň çěàěğ Homeo(˚, x) ĺ Isot(˚, x) ŕőďčàãŕŕë čàãŕŕ Homeo(˚) ĺ Isot(˚), áőáâőïéĺě ĺğ ćáěå čőňěőňőàäĺğňőć, äĺłáĺàãîéĺå x. Ŕãáâì Isot_x(˚) őąőğŋăçăěâ ŕőďčàãŕŕã čàãŕŕë Isot(˚) áőáâőïéãî ĺğ âěå čőňěőňőàäĺğňőć, łőâőàëě ĺğőâőŕŋë, őâŋőáĺâěńìŋő x, âőęďěáâćěŋŋőňã čőňěőňőàäĺğňã.

Ŕãáâì ν { ğăňłŋãâăï łàĺćăï ć ˚. Čőćőàïâ, çâő ν ŋăåőďĺâáï ć őąéěň ŕőńőęěŋĺĺ, ěáńĺ ν ńőłăńìŋő ćńőęěŋă ć ˚ ĺ ŕěàěáěłăěâ áěąï âàăŋáćěàáăńìŋő ąěğ âőçěł łàăâŋőáâĺ âàĺ. Ţăáá ĺ Śłőââ [13] ććěńĺ áńěďãîéĺě łőňąĺŋăâőàŋëě ďćĺęěŋĺï, ŋě ĺğňěŋïîéĺě áćőąőďŋőčő čőňőâőŕĺçěáłőčő łńăááă ν:

1. İńĺňĺŋăæĺï ňőŋőčőŋă, őčàăŋĺçĺćăîéěčő ďĺáł ć ˚ \ ν. 2. İńĺňĺŋăæĺï ąĺčőŋă, őčàăŋĺçĺćăîéěčő ďĺáł ć ˚ \ ν.

3. Čőňőâőŕĺï àěąàă âàěãčőńìŋĺłă ć ˚ \ ν çěàěğ ŕàőâĺćőŕőńőęŋãî ćěàèĺŋã (áň. àĺá. 1).

ff�_{-1 -} @_{@@@}�_� @_{@@@}�_� ¯˚_{-3} 2

Řĺá. 1

Ŕěàćëě ďćă ďćĺęěŋĺï ãňěŋìèăîâ çĺáńő âőçěł áăňőŕěàěáěçěŋĺï łàĺćőľ. Šàěâìě ďćĺęěŋĺě ŋăğëćăěâáï âàěãčőńìŋëň ĺ ŋě ĺğňěŋïěâ çĺáńő âőçěł áăňőŕěàěáěçěŋĺï.

Ğăňłŋãâăï łàĺćăï ν, ŋăåőďïéăïáï ć őąéěň ŕőńőęěŋĺĺ ć ˚, ŋăğëćăěâáï ňĺŋĺňăńìŋëň ŕàěďáâăćĺâěńěň, ěáńĺ őŋă ĺňěěâ ňĺŋĺňăńìŋő ćőğňőęŋőě çĺáńő âőçěł áăňőŕěàěáěçěŋĺï áàěďĺ ćáěå łàĺćëå, ŋăåőďïéĺåáï ć őąéěň ŕőńőęěŋĺĺ ĺ áćőąőďŋő čőňőâőŕŋëå ν.

Šěőàěňă 2.1 [13]. Ŕãáâì ˚ { łőňŕăłâŋăï ŕőćěàåŋőáâì.

(1) Ğăňłŋãâăï łàĺćăï ν, ŋăåőďïéăïáï ć őąéěň ŕőńőęěŋĺĺ ć ˚, ňőęěâ ąëâì ŕěàěćěďěŋă ć ňĺŋĺňăńìŋëľ ŕàěďáâăćĺâěńì łőŋěçŋëň çĺáńőň ďćĺęěŋĺľ ćĺďă 1, 2 ĺ 3.

(2) Ŕãáâì ν ĺ μ { ďćă čőňőâőŕŋëå ňĺŋĺňăńìŋëå ŕàěďáâăćĺâěńï. Šőčďă áãéěáâćãěâ łàĺćăï ν^′, ŕőńãçěŋŋăï ĺğ ν łőŋěçŋëň çĺáńőň âàěãčőńìŋëå ďćĺęěŋĺľ, ĺ ĺğőâőŕĺï ŕőćěàåŋőáâĺ ˚, ŕěàěćőďïéăï ν^′ ć μ.

B. Ŕãáâì T^0 őąőğŋăçăěâ âőà á ďëàłőľ. Ŋăŕőňŋĺň, çâő F2 őąőğŋăçăěâ áćőąőďŋãî čàãŕŕã á ąăğĺáőň {a, b}. Ğăäĺłáĺàãěň âőçłã x ć T^0 ĺ őâőęďěáâćĺň F_2 á π_1(T^0, x) âăł, çâő ŕăàăńńěńì T^0 áőőâćěâáâćãěâ íńěňěŋâã b, ă ňěàĺďĺăŋ { íńěňěŋâã a. Šőčďă, ŕàĺ ŕőďåőďïéěľ őàĺěŋâăæĺĺ, čàăŋĺçŋăï ŕěâńï T^0 áőőâćěâáâćãěâ íńěňěŋâã a^{−1}b^{−1}ab. Łăęďëľ ăćâőňőàäĺğň α ∈ Aut(π_1(T^0, x)) ĺŋďãæĺàãěâáï ŋěłőâőàëň čőňěőňőàäĺğňőň ~α ∈ Homeo(T^0, x). Ąőńěě âőčő, Homeo(T^0, x)/Isot_x(T^0) ∼= Aut(π_1(T^0, x)) = Aut(F_2) ĺ Isot(T^0, x)/Isot_x(T^0) ∼= Inn(F_2) [18].

Śãéěáâćãěâ ćğăĺňŋő őďŋőğŋăçŋőě áőőâćěâáâćĺě ňěęďã łńăááăňĺ áőŕàïęěŋŋőáâĺ íńěňěŋâőć F_2 ĺ áćőąőďŋëňĺ čőňőâőŕĺçěáłĺňĺ łńăááăňĺ ğăňłŋãâëå łàĺćëå ć T^0. Ďńï w ∈ F_2 őąőğŋăçĺň çěàěğ ~w ŋěłőâőàãî ğăňłŋãâãî łàĺćãî ĺğ áćőąőďŋőčő čőňőâőŕĺçěáłőčő łńăááă, áőőâćěâáâćãîéěčő łńăááã áőŕàïęěŋŋőáâĺ w. Ňőęŋő áçĺâăâì, çâő ~w ňĺŋĺňăńìŋëľ ŕàěďáâăćĺâěńì.

Ŕãáâì α ∈ Aut(F_2), w ∈ F_2 ŋě ïćńïěâáï áőąáâćěŋŋőľ áâěŕěŋìî, w ≠ 1, ĺ ŕãáâì α(w) = w. Šőčďă ~α( ~w) áćőąőďŋő čőňőâőŕŋő ~w. Ŕő âěőàěňě 2.1, ~α( ~w) ňőęěâ ąëâì ŕěàěďćĺŋãâă ć ~w á ŕőňőéìî łőŋěçŋőčő çĺáńă âàěãčőńìŋëå ďćĺęěŋĺľ ĺ ĺğőâőŕĺĺ. Ŕãáâì N( ~w) { ŕőďŕőćěàåŋőáâì T^0, ïćńïîéăïáï őąêěďĺŋěŋĺěň àěčãńïàŋőľ őłàěáâŋőáâĺ łàĺćőľ ~w ĺ ćáěå łőňŕőŋěŋâ ďőŕőńŋěŋĺï ł íâőľ őłàěáâŋőáâĺ, čőňěőňőàäŋëå ďĺáłã ĺńĺ łőńìæã, áőďěàęăéěňã ∂T^0. Ăŋăńĺğĺàãï âàěãčőńìŋëě ďćĺęěŋĺï, ňőęŋő ğăłńîçĺâì, çâő áãéěáâćãěâ ĺğőâőŕĺï ~i ŕőćěàåŋőáâĺ T^0, őâőąàăęăîéăï ~α(N( ~w)) ŋă N( ~w) ĺ âăłăï, çâő ~i(x) = x. Ąőńěě âőčő, (~α~i)( ~w) áćőąőďŋő čőňőâőŕŋő ~w ć N( ~w).

Ńěňňă 2.2 [15]. Śńěďãîéăï čàãŕŕă łőŋěçŋă:

{φ ∈ Homeo(N( ~w))| φ( ~w) áćőąőďŋő čőňőâőŕŋő ~w ć N( ~w)}/Isot(N( ~w)).

C. Ćáě ćőğňőęŋëě âĺŕë ŕőďŕőćěàåŋőáâěľ N( ~w), á âőçŋőáâìî ďo čőňěőňőàäĺğňă, ŕàĺćěďěŋë ŋă àĺá. 2 (íâő ňőęŋő ďőłăğăâì á ŕőňőéìî ăàčãňěŋâőć, ĺáŕőńìğãîéĺå àőď ŕőćěàåŋőáâĺ). $ % � fflffififl̊ ¯ ˇ ˘ x b a $ % � fflffififl $ % � fflffififl_l^P $ % � fflffififl

Śń. 1 Śń. 2 Śń. 3 Śń. 4

Řĺá. 2

İâő ćńěçěâ łńăááĺäĺłăæĺî α ĺ w á âőçŋőáâìî ďő áőŕàïęěŋŋőáâĺ ć Aut(F_2). Řăááňőâàĺň íâĺ áńãçăĺ.

1) Ć íâőň áńãçăě ~w áőőâćěâáâćãěâ áńőćã w, łőâőàőě áőŕàïęěŋő ć F_2 á [a, b]^{±1}. Ŕőíâőňã α áőŕàïęěŋ á ŋěłőâőàëň íńěňěŋâőň ĺğ St([a, b]). Ŕő [4] íâőâ áâăąĺńĺğăâőà àăćěŋ ⟨β, γ⟩. 2) Šăł łăł Homeo(T^0)/Isot(T^0) ∼= GL_2(Z), âő αi { ăćâőňőàäĺğň łőŋěçŋőčő ŕőàïďłă ŕő ňőďãńî Inn(F_2) ććĺďã ńěňňë 2.2. Ŕő ńěňňě 1.1 α áőŕàïęěŋ á ρ, τ, σ, σ_1, σ_2, σ_3 ĺńĺ 1 ŕő ňőďãńî ćŋãâàěŋŋĺå ăćâőňőàäĺğňőć.

3) Ć íâőň áńãçăě ŕőďčàãŕŕă čàãŕŕë Homeo(N( ~w)), áőáâőïéăï ĺğ ćáěå čőňěőňőàäĺğňőć, őáâăćńïîéĺå čàăŋĺæã T^0 ŋă ňěáâě, ŕőàőęďěŋă, ŕő ňőďãńî Isot(N( ~w)), ďćãňï łőňňãâĺàãîéĺňĺ čőňěőňőàäĺğňăňĺ. Ŕěàćëľ ĺŋďãæĺàãěâáï őâàăęěŋĺěň őâŋőáĺâěńìŋő ŕńőáłőáâĺ P , áőďěàęăéěľ ~b, ćâőàőľ ĺŋďãæĺàãěâáï ćàăéěŋĺěň ŋă 180^∘ ćőłàãč őáĺ l ∈ P (áň. àĺá. 2). İâĺ čőňěőňőàäĺğňë ĺŋďãæĺàãîâ ŋă π_1(T^0, x) ăćâőňőàäĺğňë σ_3 ĺ σ_2^b. Ńîąőľ čőňěőňőàäĺğň ŕőďŕőćěàåŋőáâĺ N( ~w), äĺłáĺàãîéĺľ čàăŋĺæã N( ~w), ňőęěâ ąëâì ŕàőďőńęěŋ ďő čőňěőňőàäĺğňă T^0 á ŕőňőéìî âőńìłő áâěŕěŋĺ áłàãçĺćăŋĺï Ďíŋă ćďőńì ŕàőáâőľ ğăňłŋãâőľ łàĺćőľ, àăğďěńïîéěľ T^0 \ N( ~w). Ŕőíâőňã α = β^tσ^p_2σ^q_3 ŕő ňőďãńî ćŋãâàěŋŋĺå ăćâőňőàäĺğňőć, p, q ∈ {0, 1}, t ∈ Z.

Ăćâőňőàäĺğňë β^tσ^p_2σ_3^u, čďě u ∈ F_2, áőŕàïęěŋë á ąőńěě ŕàőáâëňĺ ăćâőňőàäĺğňăňĺ:

θ^{−1}(β^tσ^p_2σ_3^u)θ = σ_3 ^u^θ ŕàĺ t = 2n, p = 0, θ = β^nσ_3, σ_1 ^u^θ ŕàĺ t = 2n + 1, p = 0, θ = β^nγ^{−1}σ_3,

σ_3“ b^{−n}u^θ ŕàĺ t = 2n, p = 1, θ = β^nσ_1,

σ_1 “ a^{−1}(ab)^{−n}u^θ ŕàĺ t = 2n + 1, p = 1, θ = β^nσ_1β.

4) İâőâ áńãçăľ ďãăńěŋ áńãçăî 3.

3. Ďőłăğăâěńìáâćă âěőàěň

Ńěňňă 3.1. Ěáńĺ β^t(w) áőŕàïęěŋő á w, t ≠ 0, âő w áőŕàïęěŋő á a^k ĺńĺ á

w_0 = a^{k1} b^{l1} . . . a^{kr} b^{lr} , čďě r çěâŋő, l_i = (−1)^i, k_i ≠ 0, i = 1, . . . , r.

Ďőłăğăâěńìáâćő. Śńőćő w ŋě ňőęěâ ąëâì áőŕàïęěŋő á b^l ŕàĺ l ≠ 0. Ŕőíâőňã ŕàěďŕőńőęĺň, çâő w áőŕàïęěŋő á w_0 = a^{k1} b^{l1} . . . a^{kr} b^{lr} , čďě k_i, l_i ≠ 0, i = 1, . . . , r. Śńőćő w_0 áőŕàïęěŋő á β^{nt}(w_0) = a^{k1} (a^{nt}b)^{l1} . . . a^{kr} (a^{nt}b)^{lr} ďńï ńîąőčő n ∈ Z. Ćëąěàěň âăłőě n, çâőąë |k_i ± nt| > max{|k_1|, . . . , |k_r|} ďńï ćáěå i. Šőčďă b-áńőčĺ ć æĺłńĺçěáłőň áńőćě β^{nt}(w_0) ŋě áőłàăéăîâáï. Ŕőíâőňã l_i = ±1. Ąőńěě âőčő, l_{i+1} = −l_i ďńï ćáěå i (mod r), âăł łăł ć ŕàőâĺćŋőň áńãçăě áãéěáâćãěâ ąőńìèăï áâěŕěŋì a ć æĺłńĺçěáłőň áńőćě β^{nt}(w_0). Ŕőáńě áőŕàïęěŋĺï ŕőńãçăěň l_i = (−1)^i, i = 1, . . . , r. � Ńěňňă 3.2. Ŕàěďŕőńőęĺň β^t^u(w) = w, čďě w = v^{−1}w0v ĺ w0, łăł ć ńěňňě 3.1.

Ěáńĺ w_0 ŋě áőąáâćěŋŋăï áâěŕěŋì, âő β^t^u = ^v^{−1}(β^t^w_0^s)^v ďńï ŋěłőâőàőčő s ∈ Z.

Ďőłăğăâěńìáâćő. Ĺáŕőńìğãï w_0 ∈ Fix(β), ĺňěěň

v^{−1}w_0v = u^{−1}β^t(v^{−1}w_0v)u = u^{−1}β^t(v^{−1})w_0β^t(v)u.

Śńěďőćăâěńìŋő, β^t(v)uv^{−1} = w^s_0 ďńï ŋěłőâőàőčő s ĺ ďőłăğăâěńìáâćő ńěčłő ğăćěàèĺâì.

�

Ńěňňă 3.3. 1) Ŕãáâì w0, łăł ć ńěňňě 3.1 ĺ s ≠ 0. Ěáńĺ w0 ŋě áőąáâćěŋŋăï áâěŕěŋì, âő Fix(β^t ^w^s_0) = ⟨w_0⟩.

2) Fix(β^t) = ⟨a, a^{−1}b^{−1}ab⟩, Fix(β^t^a^t) = ⟨a, ba^{−1}b^{−1}a⟩, Fix(β^t^a^s) = ⟨a⟩ ŕàĺ t ≠ 0 ĺ s ≠ 0, t. Ďőłăğăâěńìáâćő. 1) Ŕàěďŕőńőęĺň t ≠ 0. Ććĺďã ńěňňë 1.2 ďőáâăâőçŋő ďőłăğăâì, çâő β^t ^w^s_0 ŋě áőŕàïęěŋő áő áâěŕěŋìî β. Ŕàěďŕőńőęĺň ŕàőâĺćŋőě: β^t ^w^s_0 = α^{−1}β^lα. Ňăâàĺçŋëě ćëçĺáńěŋĺï ŕőłăğëćăîâ, çâő l = ±t. Šăł łăł β^{−1} = σ^{−1}_3 βσ_3, ňë ňőęěň áçĺâăâì, çâő l = t. Śŋőćă ĺáŕőńìğãï ňăâàĺæë, ŕőńãçăěň α = β^r^x ĺńĺ α = β^rσ_2^x ďńï ŋěłőâőàëå x ∈ F_2 ĺ r ∈ Z. Ć ŕěàćőň áńãçăě w^s_0 = (x^{−1})^{βt} x, ćő ćâőàőň w^s_0 = (x^{−1}b)^{βt}(b^{−1}x). Ĺâăł, àăááňőâàĺň ãàăćŋěŋĺě w^s_0 = (z^{−1})^{βt}z. Ŕãáâì z { ěčő àěèěŋĺě ňĺŋĺňăńìŋőľ ďńĺŋë. Šőčďă ŕőáńěďŋïï ąãłćă z^{−1} ěáâì b ĺńĺ b^{−1}: z^{−1} = a^{p1}b^{q1} . . . a^{ps}b^{qs}, p_2, . . . , p_s ≠ 0, q_1, . . . , q_s ≠ 0. Šăł łăł w_0 ∈ Fix(β), âő w^s_0 = (z^{−1})^{βkt} z^{β(k}�^{1)t} ďńï ńîąőčő k ∈ Z. Ŕěàěňŋőęăï íâĺ àăćěŋáâćă ŕàĺ k = 1, . . . , n, ŕőńãçăěň w^{ns}_0 = (z^{−1})^{βnt} z = a^{p1} (a^{nt}b)^{q1} . . . a^{ps}(a^{nt}b)^{qs} · b^{−qs} a^{−ps} . . . b^{−q1} a^{−p1} . Ćğïć ďőáâăâőçŋő ąőńìèőě n, ňë ňőęěň áçĺâăâì, çâő ŋěâ áőłàăéěŋĺľ ňěęďã bąãłćăňĺ ć (z^{−1})^{βnt} . Ěáńĺ q_s 6 −1, âő ŋěâ áőłàăéěŋĺľ ŋă áâëłě ňěęďã (z^{−1})^{βnt} ĺ z. Ěáńĺ q_s > 2, âő ĺňěěâáï áőłàăéěŋĺě âőńìłő őďŋőľ ŕăàë ąãłć ňěęďã (z^{−1})^{βnt} ĺ z. Šăł łăł b { ŕőáńěďŋïï ąãłćă w^{ns}_0 , âő p_1 = 0 ć őąőĺå áńãçăïå. Šăł łăł a^{±1} { ŕěàćăï ąãłćă w^{ns}_0 , âő q_1 > 0. Ŋő âőčďă ŕěàćëľ áńőč w^{ns}_0 ěáâì a^{nt}, çâő ŕàĺćőďĺâ ł ŕàőâĺćőàěçĺî ŕàĺ ąőńìèĺå n. Ěáńĺ q_s = 1, âő q_{s−1} < 0, ĺŋăçě w^{ns}_0 áőďěàęăńő ąë áńőč a^{nt}. Šőčďă z = b^{−1}a^{−ps}bz_1, |z_1| < |z| ĺ w^s_0 = (z^{−1}_1 )^{βt} z_1 { ŕàőâĺćőàěçĺě.

2) İâő ãâćěàęďěŋĺě áńěďãěâ ĺğ ăńčőàĺâňă ć [20]. �

Ńěňňă 3.4. Ŕãáâì w ŋě áőąáâćěŋŋăï áâěŕěŋì, w ≠ 1 ĺ t ≠ 0. Śńőćő (β^tσ2)(w) áőŕàïęěŋő á w âőčďă ĺ âőńìłő âőčďă, łőčďă w áőŕàïęěŋő á w_0 = w_1w^{σ2}_1 , čďě w_1 = a^{k1} b^{−1}a^{k2} b . . . a^{k2m+1} b^{−1}, k_i ≠ 0, i = 1, . . . , 2m + 1, b^{−1} ĺ b ŕěàěňěęăîâáï.

Ďőłăğăâěńìáâćő. Ĺáŕőńìğőćăâì (β^tσ_2)^2 = β^{2t}^a^t ĺ ńěňňã 3.1. � Ńěňňă 3.5. Ŕàěďŕőńőęĺň (β^tσ2^u)(w) = w, čďě w = v^{−1}w0v ĺ w0, łăł ć ńěňňě 3.4. Ěáńĺ w_0 ŋě áőąáâćěŋŋăï áâěŕěŋì, âő β^tσ_2^u = ^v^{−1}(β^tσ_2 “w^{−1}_1 w^s_0)^v ďńï ŋěłőâőàőčő

s ∈ Z._{Ďőłăğăâěńìáâćő íâőľ ńěňňë ăŋăńőčĺçŋő ďőłăğăâěńìáâćã ńěňňë 3.2 ĺ ĺáŕőńìğãěâ}

âőâ äăłâ, çâő (β^tσ_2)(w_0) = w^{−1}_1 w_0w_1. � Ńěňňă 3.6. Ŕãáâì w0, łăł ć ńěňňě 3.4, s, t ∈ Z. Ěáńĺ w0 ŋě áőąáâćěŋŋăï áâěŕěŋì, âő Fix(β^tσ_2 “w^{−1}_1 w^s_0) = ⟨w_0⟩.

Ďőłăğăâěńìáâćő. Őąőğŋăçĺň x = β^tσ_2 “w^{−1}_1 w^s_0. Šőčďă x^2 = β^{2t}^w_0^{2s−1}, çâő áńěďãěâ ĺğ àăćěŋáâć (β^tσ_2)^2 = β^{2t}^a^t, (w^{−1}_1 )^{βtσ2} = a^{−t}(w^{−1}_1 )^{σ2} ĺ (w_0)^{βtσ2} = w^{−1}_1 w_0w_1. Śńěďőćăâěńìŋő, Fix(x) ⊆ Fix(x^2) = ⟨w_0⟩. Őąàăâŋőě ćłńîçěŋĺě őçěćĺďŋő.

�

Ďőłăğăâěńìáâćő âěőàěňë 1.3. Şâćěàęďěŋĺï âěőàěňë ďő áńőć \Łàőňě âőčő" áńěďãîâ ĺğ ŕãŋłâă 2.Ś ĺ ńěňňë 1.2. Ŕãŋłâë 4 ĺ 5 âěőàěňë áńěďãîâ ĺğ ńěňň 3.1 { 3.6. Ďőłăęěň ŕãŋłâë 1, 2 ĺ 3. Ŕãŋłâë 2 ĺ 3 àăááňăâàĺćăîâáï ŋĺęě áőćňěáâŋő.

1) Šăł łăł ρ^6 = “bab^{−1}a^{−1}, âő “ w(ρ, u^{−1}) · aba^{−1}b^{−1} = (^u^{−1}ρ^{−1})^6. İâő ćńěçěâ ⟨ √ w(ρ, u^{−1}) · aba^{−1}b^{−1} ⟩ 6 Fix(ρ^u). Ąőńěě âőčő, w(ρ, u^{−1}) · aba^{−1}b^{−1} ≠ 1, âăł łăł ć Aut(F_2) ŋě áãéěáâćãěâ íńěňěŋâă ŕőàïďłă 6 (áň. ńěňňã 1.1). Šăł łăł ρ^u ĺ β^t ŋě áőŕàïęěŋë ŕàĺ ńîąőň t, ňë ŕőńãçăěň Fix(ρ^u) = ⟨ √ w(ρ, u^{−1}) · aba^{−1}b^{−1} ⟩ ććĺďã ńěňňë 1.2.

2) Ŕãáâì |φ| = n. Šőčďă w(φ, u^{−1}) = (^u^{−1}φ^{−1})^n. Ć çăáâŋőáâĺ, ěáńĺ φ^u áőŕàïęěŋő á φ, âő w(φ, u^{−1}) = 1. Łàőňě âőčő, őâáîďă áńěďãěâ, çâő ⟨ √ w(φ, u^{−1}) ⟩ 6 Fix(φ^u). Ěáńĺ w(φ, u^{−1}) ≠ 1, âő ⟨ √ w(φ, u^{−1})⟩ = Fix(φ^u). Šěŕěàì ŕàěďŕőńőęĺň, çâő w(φ, u^{−1}) = 1. Šőčďă |φ^u| = n. Śńãçăľ 1. Ŕãáâì φ ∈ {τ, σ, σ_1, σ_2}.

Ŕő ńěňňě 1.1 φ^u = ψ^{−1}φψ ďńï ŋěłőâőàőčő ψ ∈ Aut(F_2). Ŕőíâőňã Fix(φ^u) = (Fix(φ))^ψ = {1}, âăł łăł Fix(σ_1) = {1}, Fix(σ) 6 Fix(σ^2) = Fix(σ_2) = {1} ĺ Fix(τ ) = {1} ććĺďã âěőàěňë 1 ĺğ [1].

Ĺğ ňăâàĺæ áńěďãěâ, çâő ěáńĺ φ = σ, âő ψ = σ^i^x ďńï ŋěłőâőàëå i ∈ {0, 1, 2, 3} ĺ x ∈ F_2. İâő ćńěçěâ u = (x^{−1})^σx.

Ěáńĺ φ = τ , âő ψ = ρ^t^y = τ^{t1} ρ^{t2} ^x ďńï ŋěłőâőàëå t ∈ {0, . . . , 5}, t_1 ∈ {0, 1, 2}, t_2 ∈ {0, 1}, y, x ∈ F_2. İâő ćńěçěâ ^u = (^x^{−1})^τ τ^{−1}ρ^{−t2} τ ρ^{t2} ^x. Ěáńĺ t_2 = 0, âő u = (x^{−1})^τ x. Ěáńĺ t_2 = 1, âő u = (x^{−1})^τ bx.

Ěáńĺ φ = σ_1 ĺńĺ σ_2, âő w(φ, u^{−1}) = 1 ćńěçěâ u^φ = u^{−1}. Ś ŕőňőéìî ŕàőáâőčő ăŋăńĺğă áńőć ĺńĺ ňăâàĺæ ńěčłő ćëćěáâĺ ęěńăěňãî äőàňã u.

Śńãçăľ 2. Ŕãáâì φ = σ_3.

Ŕő ńěňňě 1.1 áãéěáâćãěâ ψ ∈ Aut(F_2) âăłőě, çâő σ_3^u = ψ^{−1}σ_3ψ (ŕőďáńãçăľ 1) ĺńĺ σ_3^u = ψ^{−1}(σ_3^a)ψ (ŕőďáńãçăľ 2). Ĺğ ňăâàĺæ áńěďãěâ, çâő ψ = σ^{ε3}_3 σ^{ε2}_2 ^x ďńï ŋěłőâőàëå ε_2, ε_3 ∈ {0, 1}, x ∈ F_2. Šăł łăł σ_2 ĺ σ_3 łőňňãâĺàãîâ, âő u = (x^{−1})^{σ3} x ć ŕőďáńãçăě 1 ĺ u = (x^{−1})^{σ3} a^{±1}x ć ŕőďáńãçăě 2. Ğăňěâĺň, çâő (x^{−1})^{σ3} a^{−1}x = (x^{−1}_1 )^{σ3} ax_1, čďě x_1 = a^{−1}x.

Ć ŕěàćőň ŕőďáńãçăě σ_3^u = ^x^{−1}σ_3^x ĺ Fix(σ_3^u) = (Fix(σ_3))^x = ⟨b^x⟩. Ćő ćâőàőň ŕőďáńãçăě σ_3^u = ^x^{−1}(σ_3^a)^x ĺ Fix(σ_3^u) = (Fix(σ_3^a))^x = {1}. Ěáńĺ u ≠ (x^{−1})^{σ3} x ĺ u ≠ (x^{−1})^{σ3} ax, čďě x ∈ F_2, âő |σ_3^u| ≠ 2. Ć íâőň áńãçăě w(σ_3, u^{−1}) ≠ 1 ĺ Fix(σ_3^u) = ⟨ √ w(σ_3, u^{−1}) ⟩. Šěőàěňă ďőłăğăŋă. �

Šěőàěňă 1.4. Ćáě ćőğňőęŋëě âĺŕë, á âőçŋőáâìî ďő ĺğőňőàäĺğňă, áâăąĺńĺğăâőàőć ŋěâàĺćĺăńìŋëå íńěňěŋâőć ĺğ F_2 ć čàãŕŕě Aut(F_2) ŕěàěçĺáńěŋë ć áńěďãîéěň áŕĺáłě: Z, Z × Z, ⟨x, y | x^{−1}yx = y^{−1}⟩, ⟨x, y | x^2 = [x, y^2] = 1⟩ ĺ ⟨x, y | xyx = yxy⟩. Ďőłăğăâěńìáâćő. Ŕãáâì w ∈ F_2, w ≠ 1 ĺ w ŋě áőąáâćěŋŋăï áâěŕěŋì. Őąőğŋăçĺň çěàěğ St(w) őąàăğ St(w) ć GL_2(Z). §áŋő, çâő St(w) ∼= St(w)/⟨ ^w⟩.

Śŋăçăńă àăááňőâàĺň áńãçăľ, łőčďă w áőŕàïęěŋő á [a, b]^{±1}. Ňë ňőęěň áçĺâăâì, çâő w = [a, b]. Ĺğćěáâŋő, çâő St(w) = ⟨β, γ⟩ (áň., ŋăŕàĺňěà, [4]; íâő ęě áńěďãěâ ĺğ [16]). Ďőłăęěň, çâő St(w) = ⟨β, γ | γβγ = βγβ⟩. Ğăňěâĺň, çâő áőőâŋőèěŋĺě γβγ = βγβ ćńěçěâ áőőâŋőèěŋĺï [(βγβ)^4, β] = 1 ĺ [(βγβ)^4, γ] = 1. Šăł łăł St(w) ∩ Inn(F_2) = ⟨ ^[a, b]⟩ = ⟨(βγβ)^4⟩, âő ďőáâăâőçŋő ďőłăğăâì, çâő St(w) = ⟨β, γ | βγβ = γβγ, (βγβ)^4 = 1⟩. İâő áńěďãěâ ĺğ àăğńőęěŋĺï

SL_2(Z) ∼= Z_4 ∗_{Z2} Z_6 ∼= ⟨—σ⟩ ∗_{⟨σ̄2⟩} ⟨—ρ⟩

ĺ ćëàăęěŋĺľ βγβ = σ ĺ γβ = ρ^{−1}.

Šěŕěàì ŕàěďŕőńőęĺň, çâő w ŋě áőŕàïęěŋő á [a, b]^{±1}.

Şâćěàęďěŋĺě 1. Čàãŕŕă St(w) ŋě áőďěàęĺâ ŕőďčàãŕŕë, ĺğőňőàäŋőľ Z_2 × Z_2. Ďőłăğăâěńìáâćő. Ŕàěďŕőńőęĺň, çâő St(w)/⟨ ^w⟩ áőďěàęĺâ Z_2 ×Z_2. Ĺğ (1) áńěďãěâ, çâő GL_2(Z) áőďěàęĺâ âőńìłő ďćă łńăááă áőŕàïęěŋŋőáâĺ ŕőďčàãŕŕ ĺğőňőàäŋëå Z_2 × Z_2. Őďĺŋ łńăáá áőďěàęĺâ ŕőďčàãŕŕã ⟨—σ_1, —σ_2⟩, ćâőàőľ { ŕőďčàãŕŕã ⟨—σ_3, —σ_2⟩. Ŕőáńě ŕőďåőďïéěčő áőŕàïęěŋĺï ŋěőąåőďĺňő àăááňőâàěâì ďćă áńãçăï.

1) St(w) áőďěàęĺâ σ_1^u_1 ĺ σ_2^u_2 ďńï ŋěłőâőàëå u_1, u_2 ∈ F_2.

Šőčďă σ_1 ĺ σ_2 äĺłáĺàãîâ őďŋő ĺ âő ęě áńőćő w á âőçŋőáâìî ďő áőŕàïęěŋĺï. Ńěčłő ŕőłăğăâì, çâő w áőŕàïęěŋő á æĺłńĺçěáłĺ ŕàĺćěďěŋŋëňĺ áńőćăňĺ ćĺďă v_iv^{σi}_i ďńï i = 1, 2. Ŕőíâőňã áãéěáâćãěâ ŋěâàĺćĺăńìŋőě àăğńőęěŋĺě v_1 = w_1w_2 âăłőě, çâő v_2 = w_2w^{σ1}_1 ĺ v^{σ2}_2 = w^{σ1}_2 w_1. İâő ćńěçěâ v^{σ2σ1}_2 = v_2. Šăł łăł Fix(σ_2σ_1) = {1}, ňë ŕőńãçăěň v_2 = w = 1 { ŕàőâĺćőàěçĺě.

2) St(w) áőďěàęĺâ σ_3^u_3 ĺ σ_2^u_2 ďńï ŋěłőâőàőčő u_3, u_2 ∈ F_2.

Šăł łăł w^{σ3} áőŕàïęěŋő á w, âő áńőćő w áőŕàïęěŋő áő áâěŕěŋìî b ĺńĺ áő áńőćőň ćĺďă v_3v^{σ3}_3 . Ś ďàãčőľ áâőàőŋë, w áőŕàïęěŋő áő áńőćőň ćĺďă v_2v^{σ2}_2 . Ŕőíâőňã w ŋě áőŕàïęěŋő áő áâěŕěŋìî b. Ăàčãňěŋâĺàãï, łăł ĺ ćëèě, ğăłńîçăěň, çâő v^{σ2σ3}_2 = v_2. Őâáîďă áńěďãěâ, çâő v_2 { áâěŕěŋì a ĺ w = 1. Ňë áŋőćă ŕőńãçăěň ŕàőâĺćőàěçĺě. �

Şâćěàęďěŋĺě 2. Ěáńĺ w ≠ 1 ŋě áőąáâćěŋŋăï áâěŕěŋì ĺ St(w) áőďěàęĺâ ĺŋćőńîæĺî, âő w { ŕàĺňĺâĺćŋëľ íńěňěŋâ ĺ St(w) ĺňěěâ ŕàěďáâăćńěŋĺě ⟨x, y | x^2 = [x, y^2] = 1⟩.

Ďőłăğăâěńìáâćő. Ŕő ńěňňě 1.1 ńîąăï ĺŋćőńîæĺï ć Aut(F_2) áőŕàïęěŋă á σ_1, σ_2, σ_3 ĺńĺ á σ_3^a. Šăł łăł łăęďăï ĺŋćőńîæĺï σ_1, σ_2, σ_3^a äĺłáĺàãěâ âőńìłő 1 ĺ Fix(σ_3) = ⟨b⟩, âő w { ŕàĺňĺâĺćŋëľ íńěňěŋâ. Šěŕěàì ãâćěàęďěŋĺě 2 áńěďãěâ ĺğ [21] ĺńĺ ĺğ áńãçăï 3 ŋĺęě. �

Ŕőáńěďŋïï çăáâì ďőłăğăâěńìáâćă âěőàěňë 1.4 ĺňěěâ ďěńő á ďćãňï áńãçăïňĺ, čďě čàãŕŕă St(w) łőŋěçŋă ĺ ąěáłőŋěçŋă.

1) Ŕàěďŕőńőęĺň, çâő čàãŕŕă St(w) łőŋěçŋă. Śŕĺáőł ćáěå łőŋěçŋëå ŕőďčàãŕŕ ć GL_2(Z), á âőçŋőáâìî ďő ĺğőňőàäĺğňă, áńěďãîéĺľ: {1}, Z_2, Z_3, Z_4, Z_6, D_2, D_3, D_4 ĺ D_6. Ěáńĺ St(w) = {1}, âő St(w) = ⟨ ^w⟩ ∼= Z. Čàãŕŕë D_2, D_4 ĺ D_6 őâćěàčăîâáï ŕő ãâćěàęďěŋĺî 1. Ďàãčĺě áńãçăĺ àăááňăâàĺćăîâáï á ŕőňőéìî áńěďãîéĺå ãâćěàęďěŋĺľ.

(i) Ńîąăï łőŋěçŋő ŕőàőęďěŋŋăï ŕőçâĺ áćőąőďŋăï čàãŕŕă ĺğőňőàäŋă äãŋďăňěŋâăńìŋőľ čàãŕŕě łőŋěçŋőčő čàăäă łőŋěçŋëå čàãŕŕ [18].

(ii) Ńîąőľ íńěňěŋâ ŕőàïďłă 3 ć Aut(F_2) áőŕàïęěŋ á τ ĺ, áńěďőćăâěńìŋő, äĺłáĺàãěâ âőńìłő âàĺćĺăńìŋőě áńőćő.

(iii) Ńîąőľ íńěňěŋâ ŕőàïďłă 4 ć Aut(F_2) áőŕàïęěŋ á σ ĺ, áńěďőćăâěńìŋő, äĺłáĺàãěâ âőńìłő âàĺćĺăńìŋőě áńőćő.

Ŕàěďŕőńőęĺň, çâő St(w)/⟨ ^w⟩ ĺğőňőàäŋő D_3, Z_2, Z_3, Z_4 ĺńĺ Z_6. Šőčďă ćěàèĺŋŋëě čàãŕŕë áőőâćěâáâćãîéěčő čàăäă čàãŕŕ ĺğőňőàäŋë {1} ĺńĺ Z_2 . Ŕő ãâćěàęďěŋĺî 2 ćěàèĺŋŋëě čàãŕŕë ňőčãâ ąëâì âőńìłő âàĺćĺăńìŋë. Őâáîďă áńěďãěâ, çâő St(w) ∼= Z.

2) Ŕàěďŕőńőęĺň, çâő čàãŕŕă St(w) ąěáłőŋěçŋă. Šőčďă áãéěáâćãěâ íńěňěŋâ α ∈ St(w) âăłőľ, çâő |α| = ∞. Ŕő âěőàěňě 1.3, α áőŕàïęěŋ á íńěňěŋâőň ĺğ ⟨β, γ⟩ ĺńĺ α áőŕàïęěŋ á β^t^u ĺńĺ á β^tσ_2^u ďńï ŋěłőâőàëå t ∈ Z\ {0}, u ∈ F_2. Ć ŕěàćőň áńãçăě α äĺłáĺàãěâ ŋěłőâőàëľ íńěňěŋâ, áőŕàïęěŋŋëľ á [a, b]. Ŋăŕőňŋĺň, çâő α äĺłáĺàãěâ áńőćő w, łőâőàőě ŋě áőŕàïęěŋő á ńîąőľ áâěŕěŋìî [a, b]. Ŕő ńěňňě 1.2, rk(Fix(α)) = 2 ĺ α áőŕàïęěŋ áő áâěŕěŋìî β. Ć ńîąőň áńãçăě ĺğ âěőàěňë 1.3 ĺ ŕàěďŕőńőęěŋĺï, çâő w ŋě áőąáâćěŋŋăï áâěŕěŋì, áńěďãěâ, çâő w ăćâőňőàäŋő áőŕàïęěŋő á w_0 = a^{k1} b^{−1}a^{k2} b . . . b^{−1}a^{k2r} b, čďě k_1, . . . , k_{2r} ≠ 0, ĺńĺ á w_0 = a. Ĺâăł, ąěğ ŕőâěàĺ őąéŋőáâĺ áçĺâăěň, çâő w = w_0. Ğăňěâĺň, çâő β ∈ St(w_0).

Čàãŕŕă GL_2(Z) áőďěàęĺâ áćőąőďŋãî ŋěăąěńěćã ŋőàňăńìŋãî ŕőďčàãŕŕã F łőŋěçŋőčő ĺŋďěłáă n > 5. Ŕàěďŕőńőęĺň, çâő St(w_0) ∩ F ŋě æĺłńĺçěáłăï čàãŕŕă. Šőčďă áãéěáâćãěâ —δ ∈ St(w_0)∩F âăłőě, çâő ⟨—δ, —β^n⟩ { áćőąőďŋăï čàãŕŕă àăŋčă 2. Ć çăáâŋőáâĺ, |—δ| = ∞ ĺ | —β^n—δ| = ∞. Łăł ąëńő ŕőłăğăŋő ćëèě, ńîąőľ íńěňěŋâ ĺğ St(w_0), çěľ őąàăğ ć GL_2(Z) ĺňěěâ ąěáłőŋěçŋëľ ŕőàïďőł, áőŕàïęěŋ á β^t^u ĺńĺ á β^tσ_2^u ďńï ŋěłőâőàëå

t ∈ Z, u ∈ F2. Ćğïć δ2 ćňěáâő δ, ňőęŋő áçĺâăâì, çâő δ áőŕàïęěŋő áő áâěŕěŋìî β ŕő

ňőďãńî ćŋãâàěŋŋĺå ăćâőňőàäĺğňőć. Šőčďă Tr(—δ) = 2 ĺ Tr( —β^n—δ) = ±2.

Ĺáŕőńìğãï ńěčłĺě ňăâàĺçŋëě ćëçĺáńěŋĺï, ňőęŋő ćëćěáâĺ, çâő —δ = —β^s. Ŕőńãçăěň ŕàőâĺćőàěçĺě. Ŕőíâőňã čàãŕŕă St(w_0) ŕőçâĺ æĺłńĺçěáłăï ĺ áőďěàęĺâ ⟨ —β⟩ ć łăçěáâćě ŕőďčàãŕŕë łőŋěçŋőčő ĺŋďěłáă. Ŕőíâőňã ńîąőě —α ∈ St(w_0) łőňňãâĺàãěâ á —β^n ĺńĺ őąàăéăěâ —β^n. Šőčďă —α = —β^k ĺńĺ —β^k —σ_i ďńï ŋěłőâőàëå k ∈ Z, i = 2, 3, 4, čďě σ_4 = σ_2σ_3. Ŕő ãâćěàęďěŋĺî 1, St(w_0) = ⟨ ^w_0, β⟩ ∼= Z × Z ĺńĺ St(w_0) = ⟨ ^w_0, β, σ_i^u⟩ ďńï ŋěłőâőàëå u ∈ F_2, i = 2, 3, 4. Řăááňőâàĺň íâĺ âàĺ áńãçăï.

Śńãçăľ 1. St(w0) = ⟨ ^w0, β, σ2^u⟩.

Šőčďă w_0 = w_1w^{σ2}_1 , čďě w_1 = a^{k1} b^{−1}a^{k2} b . . . a^{kr} b^{−1}, r ŋěçěâŋő ĺ u = w^{−1}_1 w^l_0. Őąőğŋăçĺň σ_2 ^w^{−1}_1 çěàěğ σ^′_2. Šőčďă St(w_0) = ⟨ ^w_0, β, σ^′_2 | (σ^′_2)^2 = ^w^{−1}_0 , [σ^′_2, β] = [ ^w_0, β] = 1⟩ ∼= ⟨β, σ^′_2 | [σ^′_2, β] = 1⟩. Śńãçăľ 2. St(w0) = ⟨ ^w0, β, σ3^u⟩.

Šőčďă w_0 = w_1w^{σ3}_1 , čďě w_1 = a^{k1} b^{−1}a^{k2} b . . . a^{kr} b, r çěâŋő ĺ u = w^{−1}_1 w^l_0. Őąőğŋăçĺň σ_3 ^w^{−1}_1 çěàěğ σ^′_3. Šőčďă St(w_0) = ⟨ ^w_0, β, σ^′_3 | (σ^′_3)^2 = ^w^{−1}_0 , (σ^′_3)^{−1}βσ^′_3 = β^{−1}, [ ^w_0, β] = 1⟩ ∼= ⟨β, σ^′_3 | (σ^′_3)^{−1}βσ^′_3 = β^{−1}⟩.

Śńãçăľ 3. St(w0) = ⟨ ^w0, β, σ4^u⟩.

Řăááňőâàĺň ďćă ŕőďáńãçăï. (1) w_0 = a.

Šőčďă u = a^k ĺ St(w_0) = ⟨^a, β, σ_4 | (βσ_4)^2 = ^a^{−1}, σ^2_4 = 1, [β, ^a] = [σ_4, ^a] = 1⟩. Ĺáŕőńìğãï ŕàěőąàăğőćăŋĺï Šĺæě, ŕőńãçăěň St(w_0) = ⟨β_1, σ_4 | (σ_4)^2 = [σ_4, β^2_1] = 1⟩, čďě β_1 = βσ_4.

(2) w_0 = a^{k1} b^{−1}a^{k2} b . . . b^{−1}a^{k2r} b.

Šőčďă w_0 = w_1w^{σ4}_1 , čďě w_1 = a^{k1} b^{−1}a^{k2} b . . . a^{kr} b^{−1}, r ŋěçěâŋő ĺ u = w^{−1}_1 w^l_0. Őąőğŋăçĺň σ_4 ^w^{−1}_1 çěàěğ σ^′_4. Šőčďă St(w_0) = ⟨ ^w_0, β, σ^′_4 | (σ^′_4)^2 = ^w^{−1}_0 , (βσ^′_4)^2 = ^w^{−1}_0 , [β, ^w_0] = 1⟩. Őąőğŋăçĺň βσ^′_4 çěàěğ β^′. Šőčďă, ĺáŕőńìğãï ŕàěőąàăğőćăŋĺï Šĺæě, ŕőńãçăěň St(w_0) = ⟨β^′, σ^′_4 | (β^′)^2 = (σ^′_4)^2⟩. İâă čàãŕŕă ĺňěěâ âăłęě ŕàěďáâăćńěŋĺě ⟨x, y | x^{−1}yx = y^{−1}⟩.

Ğăňěâĺň, çâő ćáě čàãŕŕë ć âěőàěňě 1.4 àěăńĺğãîâáï. Šěőàěňă ďőłăğăŋă. � Ńěňňă 3.7. Ŕãáâì α ∈ Aut(F2) ĺ |α| = 2. Šőčďă ňőęŋő íääěłâĺćŋő àěèăâì, á łăłĺň ĺğ ăćâőňőàäĺğňőć σ_1, σ_2, σ_3, σ_3^a áőŕàïęěŋ α, ă âăłęě íääěłâĺćŋő ŋăåőďĺâì őďĺŋ ĺğ áőŕàïčăîéĺå íńěňěŋâőć, ěáńĺ âăłőćőľ áãéěáâćãěâ.

Ďőłăğăâěńìáâćő. Ŕő ńěňňě 1.1, α áőŕàïęěŋ á őďŋĺň ĺğ ăćâőňőàäĺğňőć σ_1, σ_2, σ_3, σ_3^a, ĺ íâĺ ăćâőňőàäĺğňë ŕőŕăàŋő ŋě áőŕàïęěŋë. Ĺáŕőńìğãï łăŋőŋĺçěáłĺľ čőňőňőàäĺğň − : Aut(F_2) → GL_2(Z), ňőęŋő ŋăľâĺ ψ ∈ Aut(F_2), y ∈ F_2 ĺ i ∈ {1, 2, 3} âăłĺě, çâő α = ψσ_iψ^{−1}^y = ψσ_i^y^ψψ^{−1}. Őąőğŋăçĺć u = y^ψ, ňőęŋő áçĺâăâì, çâő α = σ_i^u. Ďăńěě ňë ĺáŕőńìğãěň ŕ. 2 ĺ 3 ĺğ âěőàěňë 1.3.

1) i = 1. Šőčďă ňőęŋő ŋăľâĺ x ∈ F_2 âăłőľ, çâő u = (x^{−1})^{σ1} x. Ć íâőň áńãçăě α = ^x^{−1}σ_1^x. 2) i = 2. Šőčďă ňőęŋő ŋăľâĺ x ∈ F_2 âăłőľ, çâő u àăćŋő (x^{−1})^{σ2} x, (x^{−1})^{σ2} ax ĺńĺ (x^{−1})^{σ2} bx. Ć ŕěàćőň áńãçăě α = ^x^{−1}σ_2^x, ćő ćâőàőň α = ^x^{−1}βσ_2β^{−1}^x, ć âàěâìěň α = ^x^{−1}σ_1βσ_2β^{−1}σ^{−1}_1 ^x.

3) i = 3. Šőčďă ňőęŋő ŋăľâĺ x ∈ F_2 âăłőľ, çâő u àăćŋő (x^{−1})^{σ3} x ĺńĺ (x^{−1})^{σ3} ax. Ć ŕěàćőň áńãçăě α = ^x^{−1}σ_3^x, ćő ćâőàőň α = ^x^{−1}(σ_3^a)^x.

Őąőğŋăçěŋĺï. Őąőğŋăçĺň çěàěğ SAut(F_2) ŕőńŋëľ ŕàőőąàăğ SL_2(Z) őâŋőáĺâěńìŋő čőňőňőàäĺğňă − : Aut(F_2) → GL_2(Z). Ďńï α ∈ SAut(F_2) őąőğŋăçĺň çěàěğ C(α) æěŋâàăńĺğăâőà α ć čàãŕŕě SAut(F_2), ă çěàěğ C(α) { őąàăğ C(α) ć SL_2(Z) ŕàĺ ãłăğăŋŋőň čőňőňőàäĺğňě.

Ďńï A ∈ GL_2(Z) őąőğŋăçĺň çěàěğ C(A) æěŋâàăńĺğăâőà ňăâàĺæë A ć GL_2(Z). Ĺğćěáâŋő, çâő ěáńĺ A ≠ ±E, âő C(A) = ⟨±A_1⟩, čďě A = A^k_1 ĺ k { ňăłáĺňăńìŋő.

Ńěňňă 3.8. 1) Ďńï ŕàőĺğćőńìŋőčő íńěňěŋâă ąĺăćâőňăâŋőľ čàãŕŕë ňőęŋő íääěłâĺćŋő ŋăľâĺ łőŋěçŋőě ňŋőęěáâćő, ŕőàőęďăîéěě ěčő æěŋâàăńĺğăâőà [12].

2) Ŕàőąńěňă áőŕàïęěŋŋőáâĺ ć ąĺăćâőňăâŋőľ čàãŕŕě íääěłâĺćŋő àăğàěèĺňă [10].

3) Čàãŕŕă łőá B_n á n ŋĺâïňĺ ąĺăćâőňăâŋă [19, 7]. 4) SAut(F_2) ∼= B_4/Z(B_4), čďě Z(B_4) { æěŋâà čàãŕŕë B_4 [14].

Šěőàěňă 1.5. Śãéěáâćãěâ íääěłâĺćŋëľ ăńčőàĺâň, łőâőàëľ ďńï ďăŋŋőčő ăćâőňőàäĺğňă α ∈ Aut(F_2) ŋăåőďĺâ ŋěłőâőàëľ ąăğĺá ěčő čàãŕŕë ŋěŕőďćĺęŋëå âőçěł Fix(α).

Ďőłăğăâěńìáâćő. Śçĺâăěň, çâő α ≠ 1 ĺ α ≠ σ_2^u (ŕő âěőàěňě 1.3 ĺňěěň Fix(σ_2^u) = ⟨ √ w(σ_2, u^{−1}) ⟩). Ś ŕőňőéìî ňăâàĺæ ĺ ãâćěàęďěŋĺľ 2 { 4 ńěňňë 3.8 ňőęŋő őŕàěďěńĺâì, áőŕàïęěŋ ńĺ α á β^t ďńï ŋěłőâőàőčő t ≠ 0. Ěáńĺ α = ψ^{−1}β^tψ, âő Fix(α) = (Fix(β^t))^ψ = (Fix(β))^ψ = ⟨a, [a, b]⟩^ψ. Ŕőíâőňã ďăńěě ňë áçĺâăěň, çâő α ŋě áőŕàïęěŋ á β^t ďńï ćáěå t. Šőčďă rk(Fix(α)) 6 1 ŕő ńěňňě 1.2.

Śŋăçăńă àăááňőâàĺň áńãçăľ, čďě α ∈ SAut(F_2). Ś ŕőňőéìî ãâćěàęďěŋĺï 1 ńěňňë 3.8 ŋăľďěň łőŋěçŋőě ňŋőęěáâćő ŕőàőęďăîéĺå c_1, . . . , c_k æěŋâàăńĺğăâőàă C(α). Šăł łăł C(—α) { ŕőçâĺ æĺłńĺçěáłăï čàãŕŕă ĺ C(α) 6 C(—α), âő ňőęŋő ŋăľâĺ łőŋěçŋőě ŕàěďáâăćńěŋĺě ďńï C(α) ć ŕőàőęďăîéĺå —c_1, . . . , —c_k:

C(α) = ⟨—c_1, . . . , —c_k | w_1(—c_1, . . . , —c_k) = · · · = w_s(—c_1, . . . , —c_k) = 1⟩.

Čàãŕŕă Fix(α) ïćńïěâáï ïďàőň łăŋőŋĺçěáłőčő čőňőňőàäĺğňă C(α) → C(α), ĺ, áńěďőćăâěńìŋő, áőćŕăďăěâ á ŋőàňăńìŋëň ğăňëłăŋĺěň íńěňěŋâőć w_1(c_1, . . . , c_k), . . . , w_s(c_1, . . . , c_k) ć čàãŕŕě C(α). Ěáńĺ ćáě w_i(c_1, . . . , c_k) = 1, âő Fix(α) = {1}. Ěáńĺ ęě w_i(c_1, . . . , c_k) ≠ 1 ďńï ŋěłőâőàőčő i, âő Fix(α) = ⟨ √ w_i(c_1, . . . , c_k) ⟩. Ŕãáâì âěŕěàì α ∈ Aut(F_2) \ SAut(F_2) ĺ α ĺňěěâ ąěáłőŋěçŋëľ ŕőàïďőł. Šőčďă rk(Fix(α^2)) 6 1. Ć áăňőň ďěńě, ěáńĺ rk(Fix(α^2)) = 2, âő α^2 áőŕàïęěŋ á β^k ďńï ŋěłőâőàőčő k ≠ 0. Ĺğ ňăâàĺæ áńěďãěâ, çâő k çěâŋő ĺ α áőŕàïęěŋ á β^{k/2}^v ĺńĺ á β^{k/2}σ_2^v ďńï ŋěłőâőàőčő v ∈ F_2. Ć çăáâŋőáâĺ, α ∈ SAut(F_2). Ŕàőâĺćőàěçĺě. Šăł łăł Fix(α) 6 Fix(α^2), âő ňë ňőęěň ŋăľâĺ ŕőàőęďăîéĺľ čàãŕŕë Fix(α).

Ŋăłőŋěæ, ŕãáâì α ∈ Aut(F_2) \ SAut(F_2) ĺ α ĺňěěâ łőŋěçŋëľ ŕőàïďőł. Ŕő ńěňňě 1.1, α áőŕàïęěŋ á σ_1, σ_3 ĺńĺ á σ_3^a, ĺ á ŕőňőéìî ńěňňë 3.7 ňë ňőęěň ŋăľâĺ ąăğĺá Fix(α) ĺ ć íâőň áńãçăě. Šěőàěňă 1.5 ďőłăğăŋă.

Šěőàěňă 1.6. Ŕàőąńěňă áőŕàïęěŋŋőáâĺ ć čàãŕŕě Aut(F2) íääěłâĺćŋő àăğàěèĺňă.

Ďőłăğăâěńìáâćő. Ŕő ãâćěàęďěŋĺïň 2 { 4 ńěňňë 3.8 (áň. âăłęě [3]) ŕàőąńěňă áőŕàïęěŋŋőáâĺ ć čàãŕŕě SAut(F_2) àěèăěâáï íääěłâĺćŋő. Šăłęě íääěłâĺćŋő àěèăěâáï ŕàőąńěňă áőŕàïęěŋŋőáâĺ ďćãå ăćâőňőàäĺğňőć ĺğ SAut(F_2) íńěňěŋâőň ĺğ Aut(F_2).

Ŕãáâì âěŕěàì φ, ψ ∈ Aut(F_2) \ SAut(F_2). Ŋěőąåőďĺňëň ãáńőćĺěň áőŕàïęěŋŋőáâĺ íńěňěŋâőć φ ĺ ψ ć čàãŕŕě Aut(F_2) ïćńïěâáï áőŕàïęěŋŋőáâì ňăâàĺæ —φ ĺ —ψ ć čàãŕŕě

GL_2(Z). Ŕãáâì —ν^{−1} —ψ—ν = —φ ďńï ŋěłőâőàőčő ν ∈ Aut(F_2). Ŋăľďěň y ∈ F_2 âăłőľ, çâő ν^{−1}ψν = φ^y. Őâáîďă áńěďãěâ, çâő íńěňěŋâë φ ĺ ψ áőŕàïęěŋë âőčďă ĺ âőńìłő âőčďă, łőčďă íńěňěŋâë φ ĺ φ^y áőŕàïęěŋë. Ŕàěďŕőńőęĺň, çâő c^{−1}φc = φ^y. Ĺáŕőńìğãï àăğńőęěŋĺě GL_2(Z) ∼= D_4 ∗_{D2} D_6, ňőęŋő ŋăľâĺ âăłãî ňăâàĺæã —φ_1, çâő —φ = —φ^k_1 ĺ k {

ňăłáĺňăńìŋő. Šăł łăł —φ ≠ ±E, âő C( —φ) = ⟨± —φ_1⟩. Šőčďă —c = ± —φ^j_1 ďńï ŋěłőâőàőčő æěńőčő j. Ŕãáâì j = qk + r, 0 6 r < k. Ğăňěŋïï c ŋă φ^{−q}c, ňőęŋő áçĺâăâì, çâő —c = ± —φ^r_1. Šőčďă c = σ^ε_2φ^r_1 ^f ďńï ŋěłőâőàëå f ∈ F_2, ε ∈ {0, 1}.

Ĺâăł, φ ĺ φ^y áőŕàïęěŋë âőčďă ĺ âőńìłő âőčďă, łőčďă ďńï ŋěłőâőàëå r ĺ ε, 0 6 r < k, ε ∈ {0, 1}, ĺ íńěňěŋâă f ∈ F_2 ćëŕőńŋïěâáï ^f^{−1}(φ^{−r}_1 σ^{−ε}_2 φσ^ε_2φ^r_1) ^f = φ^y. Šăł łăł őąàăğë íńěňěŋâőć φ^{−r}_1 σ^{−ε}_2 φσ^ε_2φ^r_1 ĺ φ^y ć čàãŕŕě GL_2(Z) áőćŕăďăîâ, âő őŋĺ őâńĺçăîâáï ŋă íńěňěŋâ ĺğ Inn(F_2). Ŕőíâőňã ďőáâăâőçŋő ŋăãçĺâìáï àěèăâì áńěďãîéĺľ ćőŕàőá:

Ďńï ďăŋŋëå α ∈ Aut(F_2) ĺ x ∈ F_2 áãéěáâćãěâ ńĺ f ∈ F_2 âăłőľ, çâő ^f^{−1}α ^f = α^x? (2) Śńěďáâćĺěň ŕőáńěďŋěčő àăćěŋáâćă ïćńïěâáï àăćěŋáâćő

^f^{−1}α^2 ^f = (α^x)^2. (3)

Ďőłăęěň, çâő ňőęŋő íääełâĺćŋő àăáŕőğŋăćăâì áãéěáâćőćăŋĺě f ∈ F_2, ãďőćńěâćőàïîéěčő àăćěŋáâćã (3). İńěňěŋâë α^2 ĺ (αx)^2 ŕàĺŋăďńěęăâ SAut(F_2) ĺ ďńï ŋĺå íääěłâĺćŋő àăğàěèĺňă ŕàőąńěňă áőŕàïęěŋŋőáâĺ ć SAut(F_2). Ŕàěďŕőńőęĺň, íâĺ íńěňěŋâë áőŕàïęěŋë ć SAut(F_2) ĺ ŋăľďěŋ ŋěłőâőàëľ íńěňěŋâ g_0 ∈ SAut(F_2) âăłőľ, çâő g^{−1}_0 α^2g_0 = (α^x)^2. İńěňěŋâ g_0 ňőęěâ ŋě ŕàĺŋăďńěęăâì Inn(F_2). Ňŋőęěáâćő ćáěå àěèěŋĺľ ãàăćŋěŋĺï g^{−1}α^2g = (α^x)^2, g ∈ SAut(F_2), áőćŕăďăěâ á ŕàăćëň áňěęŋëň łńăááőň C(α^2)g_0, čďě C(α^2) { æěŋâàăńĺğăâőà α^2 ć čàãŕŕě SAut(F_2). Ŕőíâőňã àěèěŋĺě ãàăćŋěŋĺï (3) ć čàãŕŕě F_2 áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă —g^{−1}_0 ∈ C(α^2). Ŕő ńěňňě 3.8 ňőęŋő ŋăľâĺ łőŋěçŋőě ňŋőęěáâćő ŕőàőęďăîéĺå ďńï C(α^2) ĺ, áńěďőćăâěńìŋő, ďńï C(α^2). Šăł łăł GL_2(Z) { ŕőçâĺ áćőąőďŋăï čàãŕŕă, âő ŕàőąńěňă ćåőęďěŋĺï ć ěě łőŋěçŋő ŕőàőęďěŋŋãî ŕőďčàãŕŕã C(α^2) íääěłâĺćŋő àăğàěèĺňă. Ŕàěďŕőńőęĺň, çâő —g^{−1}_0 ∈ C(α^2), âő ěáâì —g^{−1}_0 = —c ďńï ŋěłőâőàőčő c ∈ C(α^2). Ŕőńăčăï f_0 = cg_0, ŕőńãçăěň, çâő f_0 { àěèěŋĺě ãàăćŋěŋĺï (3), ńěęăéěě ć F_2.

Ĺâăł, ŕãáâì áãéěáâćãěâ àěèěŋĺě f_0 ãàăćŋěŋĺï (3), ńěęăéěě ć F_2. Ćáě àěèěŋĺï ãàăćŋěŋĺï (3), ńěęăéĺě ć F_2, ĺňěîâ ćĺď hf_0, čďě h ∈ Fix(α^2). Ŕőíâőňã ćáě àěèěŋĺï ãàăćŋěŋĺï ^f^{−1}α ^f = α^x, ěáńĺ őŋĺ áãéěáâćãîâ, ĺňěîâ ćĺď hf_0 ďńï ŋěłőâőàëå h ∈ Fix(α^2).

Šăłĺň őąàăğőň, ćőŕàőá (2) áćőďĺâáï ł ćőŕàőáã ő áãéěáâćőćăŋĺĺ âăłőčő íńěňěŋâă h ∈ Fix(α^2), çâő ^f^{−1}_0 ^h^{−1}α^h ^f_0 = α^x. Ŕőńőęĺň z = f_0x^{−1}(f^{−1}_0 )^α. Šőčďă ŋăďő àěèĺâì áńěďãîéĺľ ćőŕàőá:

áãéěáâćãěâ ńĺ âăłőľ íńěňěŋâ h ∈ Fix(α^2), çâő h^{−1}h^α = z ?

Ŋěőąåőďĺňëň ãáńőćĺěň áãéěáâćőćăŋĺï âăłőčő h ïćńïěâáï àăćěŋáâćő z^α = z^{−1}. Ŕàěďŕőńőęĺň, çâő őŋő ćëŕőńŋěŋő (ć çăáâŋőáâĺ, z ∈ Fix(α^2)) ĺ z ≠ 1. Šőčďă rk(Fix(α^2)) = 1 ĺńĺ 2. Ŋăľďěň ąăğĺá Fix(α^2) ŕő âěőàěňě 1.5. Ěáńĺ rk(Fix(α^2)) = 1, âő α őąàăéăěâ ńîąőľ íńěňěŋâ Fix(α^2), âăł łăł z^α = z^{−1}. Śńěďőćăâěńìŋő, ęěńăěňëľ h ć íâőň áńãçăě áãéěáâćãěâ âőčďă ĺ âőńìłő âőčďă, łőčďă z ïćńïěâáï łćăďàăâőň. Ŕàěďŕőńőęĺň, çâő rk(Fix(α^2)) = 2. Śňěŋĺň őąőğŋăçěŋĺï: őčàăŋĺçěŋĺě α ŋă Fix(α^2) őąőğŋăçĺň çěàěğ α, čàãŕŕã Fix(α^2) őąőğŋăçĺň çěàěğ F_2. Šőčďă |α| = 2. Ććĺďã ńěňňë 3.7, ŕőáńě ŕőďåőďïéěčő áőŕàïęěŋĺï ňőęŋő áçĺâăâì, çâő α àăćěŋ σ_1, σ_2, σ_3 ĺńĺ σ_3^a. Ć łăęďőň ĺğ íâĺå áńãçăěć ćőŕàőá ĺááńěďãěâáï ńěčłő. �

Ńĺâěàăâãàă

[1] Ąőčőŕőńìáłĺľ Ő. Ć. Ł ŕàőąńěňě áőŕàïęěŋŋőáâĺ ăćâőňőàäĺğňőć áćőąőďŋëå čàãŕŕ // Ăńčěąàă ĺ ńőčĺłă. 1989. Š. 28, ò 1. C. 18{28.

[2] Ńĺŋďőŋ Ř., Ÿãŕŕ P. Łőňąĺŋăâőàŋăï âěőàĺï čàãŕŕ. Ň.: Ňĺà, 1980.

[3] Ňăłăŋĺŋ Č. Ś. Ő ŋőàňăńĺğăâőàăå čàãŕŕë łőá // Ňăâ. Śą. 1971. Š. 86, ò 2. C.

171{179.

[4] Ňăńìæěć Ă. Ĺ. Őą ãàăćŋěŋĺĺ zxyx^{−1}y^{−1}z^{−1} = aba^{−1}b^{−1} ć áćőąőďŋőľ čàãŕŕě // Ăńčěąàă ĺ Ńőčĺłă. 1962. Š. 1, ò 5. C. 45{50.

[5] Űĺèăŋč Ţ., Ťőčâ Ě., Łőńďěćăľ Ţ.-Ď. Ŕőćěàåŋőáâĺ ĺ àăğàëćŋëě čàãŕŕë. Ň.:

Ŋăãłă, 1988.

[6] Bestvina M., Handel M. Train tracks and automorphisms of free groups // Annals of Math. 1992. V. 135, ò 2. P. 1{53.

[7] Charney R. Artin groups of ˛nite type are biautomatic // Math. Ann. 1992. V. 292, ò 4, 671{684.

[8] Collins D. J., Turner E. C. All automorphisms of free groups with maximal rank ˛xed point subgroups // Math. Proc. Camb. Soc. 1996. V. 119, ò 4. P. 615{630.

[9] Dyer J. L., Scott G. P. Periodic automorphisms of free groups // Comm. Alg.

1975. V. 3. P. 195{201.

[10] Epstein D., Cannon J., Holt D., Levy S., Paterson M., Thurston W. Word processing in Groups. Boston: Jones and Barlett, 1992.

[11] Garside F. A. The braid group and other groups // Quart. J. of Math. 1969. V.

20, ò 78. P. 235{254.

[12] Gersten S. M., Short H. Rational subgroups of biautomatic groups // Annals of mathematics. 1991. V. 134. P. 125{158.

[13] Hass J., Scott P. Shortening curves on surfaces // Topology. 1994. V. 33, ò 1. P.

25{43.

[14] Karrass A., Pietrowski A, Solitar D. Some remarks on braid groups // Contemporary Math. 1984. V. 33. P. 341{352.

[15] Levitt G., Vogtmann K. A Whitehead algorithm for surface groups, Preprint, 1997.

[16] McCool J. Some ˛nitely presented subgroups of the automorphism group of a free group // J. Algebra. 1975. V. 35. P. 205-213.

[17] Meskin S. Periodic automorphisms of the two-generator free group // Proc. Conf.

Canberra, 1973. Berlin: Springer, 1974. P. 494{498 (Lecture Notes in Math. V. 1974).

[18] Stallings J. R. Group theory and three dimensional manifolds // Yale Math. monographs. ò 4. New Heaven: Yale Univ. Press, 1971.

[19] Thurston W. P. Circulated note.

[20] Turner E. C. Finding indivisible Nielsen paths for a train track map // Proc. of a workshop held at Heriot - Watt Univ., Edinburg, 1993. Cambridge: Cambridge Univ. Press, 1995. P. 300{313 (Lond. Math. Soc. Lect. Note Ser. V. 204).

[21] Zieschang H. -Uber Worte S^{a1}_1 S^{a2}_2 . . . S^{ap}p in einer freien Gruppen mit p freien Erzeugenden // Math. Ann. 1962. V. 147. P. 143{153.

Ăďàěá ăćâőàă:

ĄŐČŐŔŐŃĲŚŁĹĽ Őńěč Ćńăďĺňĺàőćĺç Ĺŋáâĺâãâ ňăâěňăâĺłĺ ŚŐ ŘĂŊ, ŕà. Ăłăďěňĺłă Łőŕâîčă, 4, 630090 Ŋőćőáĺąĺàáł

E-mail: groups@math.nsc.ru