inepoint ĂŃČĚĄŘŻ ŃĹ, ĂŚŚŐŰĹĹŘŐĆĂŊŊŻĚ Ś œ-ŤŞŊŁŰĹ§ŇĹ, Ĺ ĆĚŘŚĂŃĲŊŻĚ ĎĚŤŐŘŇĂŰĹĹ

Ć. Ň. Ąãåèâăąěà, Ď. Ć. Ńěľłĺŋ

Śőŕőáâăćĺň ŕăàě ŕőńĺŋőňőć f ĺ g őâ ďćãå ŕěàěňěŋŋëå ŕőńĺŋőň

H(f; g) = 1 4 | | | | | f(x;y)−f(z;y)

z−x +^{f(x;w)−f(z;w)} z−x g(x;y)−g(z;y)

z−x +^{g(x;w)−g(z;w)} z−x f(x;y)−f(x;w)

y−w +^{f(z;y)−f(z;w)} y−w g(x;y)−g(x;w)

y−w +^{g(z;y)−g(z;w)} y−w

| | | | | : Ŕàĺ (z; w) → (x; y) ŕőńãçăěň äãŋłæĺőŋăńìŋëľ őŕàěďěńĺâěńì fxgy − fygx ŕăàë f ĺ g.

Ŕãáâì P { čàăďãĺàőćăŋŋőě łőńìæő ŕőńĺŋőňőć őâ {˘_k} ŋăď C , deg ˘_k = k ĺ deg t = 0 ďńï t ∈ C . Ďăńěě n ĺ s ćáěčďă őąőğŋăçăîâ ŕăàã ćğăĺňŋő ŕàőáâëå ŋăâãàăńìŋëå çĺáěń âăłĺå, çâő s ¿ n ⩾ 2. Ďńï t ∈ C ŕőńőęĺň F (x; y; ˘; t) = y^n − x^s − ∑ i;j t ˘_{ns−in−js}x^iy^j, čďě 0 ⩽ i ⩽ s − 2 ĺ 0 ⩽ j ⩽ n − 2. Ŕãáâì deg x = n ĺ deg y = s, âőčďă deg F = ns.

Ććěďěň łőńìæő Q_t = P [x; y]=(∇F (x; y; ˘; t)), čďě ∇ = (@x; @y). Ŋăąőà ňőŋőňőć G = {x^iy^j}, 0 ⩽ i ⩽ s − 2, 0 ⩽ j ⩽ n − 2, őąàăğãěâ ąăğĺá łőńìæă Q_t. Őąőğŋăçĺň çěàěğ In;s ãŕőàïďőçěŋŋőě ŕő ãąëćăŋĺî ňŋőęěáâćő ćěáőć {i_1 = 2(ns − n − s), i_2; : : : ; i_{(n−1)(s−1)} = 0} íńěňěŋâőć ąăğĺáă G; őâňěâĺň, çâő íâő ãŕőàïďőçěŋĺě áâàőčőě. Ďńï x^iy^j ∈ G ŕőńőęĺň x^iy^j = e_k, čďě k = in + js ∈ In;s. Ŕőńãçăěň e = {e_i}. Őąőğŋăçĺň çěàěğ F(x; y; ˘) őąàăğ ŕőńĺŋőňă F (x; y; ˘; 1) ć łőńìæě Q_1. Ťĺłáĺàãěň ąăğĺá {e_i~e_j} ć łőńìæě E_t = Q_t ⊗_P Q_t ≈ P [x; y; z; w]=(∇F (x; y; ˘; t); ∇F (x; w; ˘; t)).

Ńěňňă 1. Őąàăğ ŕőńĺŋőňă H(∇F (x; y; ˘; t))F(x; y; ˘) ć łőńìæě E_t ŕàěďáâăćńïěâ áőÄ ąőľ áĺňňěâàĺçěáłãî ąĺńĺŋěľŋãî äőàňã S^{(t)}(e; ~e), á ňăâàĺæěľ {s^{(t)}_{i;j}(˘)}.

Ććěďěň ŕàőĺğćőďïéãî äãŋłæĺî ńĺŋěľŋëå ďĺääěàěŋæĺăńìŋëå őŕěàăâőàőć {‘^{(t)}_k } ŋă łőńìæě P :

‘^{(t)}(e) = ∑ i∈In;s

e_i ‘^{(t)}_{2(ns−n−s)−i} = ∑ i;j∈In;s

e_i s^{(t)}_{i;j}(˘) @_{˘ns−j} :

Őŕěàăâőàë ‘^{(t)}_k ğăŋãňěàőćăŋë ćěáăňĺ, deg ‘^{(t)}_k = k, âăł çâő deg ‘^{(t)}(e) = 2(ns − n − s).

Ńěňňă 2. Ŕőńőęĺň fl(i; j) = 3ns − 2n − 2s − i − j. Šőčďă s^{(0)}_{i;j} (˘) = fl(i; j)˘_{fl(i;j)}, ěáńĺ (ns − fl(i; j)) ∈ In;s, ĺ àăćŋő ŋãńî ć őáâăńìŋëå áńãçăïå.

Őąőğŋăçĺň çěàěğ ´(˘; t) őŕàěďěńĺâěńì ňăâàĺæë S^{(t)}(˘).

Ńěňňă 3. Ĺňěěň ´(˘; 0) = (ns˘ns)^{(n−1)(s−1)}, ĺ ´(˘; 1) á âőçŋőáâìî ďő çĺáńőćőčő ňŋőęĺâěńï àăćěŋ ďĺáłàĺňĺŋăŋâã ´_F (˘) ŕőńĺŋőňă F (x; y; ˘; 1).

Šěőàěňă 4. Ŕãáâì k ∈ In;s ĺ Œ_k(˘; t) ∈ P . Šőčďă ‘^{(t)}_k (´(˘; t)) = Œ_k(˘; t) ´(˘; t), ŕàĺÄ çěň Œ_0(˘; t) = (n − 1)n(s − 1)s, ă Œ_k(˘; 0) = 0, k ¿ 0.

Śńěďáâćĺě 5. Ćěłâőàŋëě ŕőńï ‘^{(t)}_k łăáăîâáï ŕőćěàåŋőáâĺ {´(˘; t) = 0}.

Ć âěőàĺĺ őáőąěŋŋőáâěľ [1] ŕőńĺŋőňë ćĺďă F (x; y; ˘; 1) ćáâàěçăîâáï łăł ňĺŋĺćěàáăńìŋëě ďěÄ äőàňăæĺĺ ĺğőńĺàőćăŋŋőľ őáőąěŋŋőáâĺ y^n −x^s. Ĺň áőŕőáâăćńïîâáï âăł ŋăğëćăěňëě ňăâàĺæë ńĺÄ ŋěăàĺğőćăŋŋőčő áćőàăçĺćăŋĺï ĺ ňăâàĺæë ŕőńŋőčő áćőàăçĺćăŋĺï ĺŋćăàĺăŋâőć čàãŕŕë, áćïÄ ğăŋŋőľ á őáőąěŋŋőáâìî. Ć àăąőâě [2] őŕĺáăŋ ăńčőàĺâň ćëçĺáńěŋĺï ňăâàĺæ ŕőńŋőčő áćőàăçĺćăŋĺï, őáŋőćăŋŋëľ ŋă ňěâőďě [3] ŕőáâàőěŋĺï ćěłâőàŋëå ŕőńěľ łăáăîéĺåáï ďĺáłàĺňĺŋăŋâă őáőąěŋŋőáâĺ.

Śńěďáâćĺě 6. Śěňěľáâćő ňăâàĺæ S^{(t)}(˘) ďăěâ ňăâàĺæã ńĺŋěăàĺğőćăŋŋőčő áćőàăÄ çĺćăŋĺï ŕàĺ t = 0 ĺ ňăâàĺæã ŕőńŋőčő áćőàăçĺćăŋĺï ŕàĺ t = 1.

Řăááňőâàĺň ăńčěąàã Ńĺ W_1 ćěłâőàŋëå ŕőńěľ ŋă ŕàïňőľ c ąăğĺáőň {¸_k = t^{k+1}d=dt}, k = −1; 0; 1; : : : , ĺ łőňňãâăæĺőŋŋëňĺ áőőâŋőèěŋĺïňĺ [¸_i; ¸_j] = (j − i)¸_{i+j}.

Šěőàěňă 7. Ŋăąőà őŕěàăâőàőć {‘^{(0)}_k }, k ∈ In;s, ŕőàőęďăěâ ăńčěąàã Ńĺ W^{(n;s)}_1 , ã

łőâőàőľ [‘^{(0)}_i ; ‘^{(0)}_j ] = (j − i)‘^{(0)}_{i+j}, ěáńĺ i + j ∈ In;s, ĺ àăćŋő ŋãńî ć őáâăńìŋëå áńãçăïå.

Šăłĺň őąàăğőň, ďńï ńîąőľ ŕăàë (n; s) őŕàěďěńěŋă äăłâőà-ăńčěąàă Ńĺ W^{(n;s)}_1 ăńčěąàë

Ńĺ W_1 ŕő ňőďãńî áőőâŋőèěŋĺľ: {‘^{(0)}_q = 0, ěáńĺ q ∈ Z\ In;s}.

Űěŋâàăńìŋőě ňěáâő ć ŋăèĺå ĺááńěďőćăŋĺïå ŕő âěőàĺĺ ăąěńěćëå äãŋłæĺľ ğăŋĺňăîâ œ-äãŋł-æĺĺ [4], áćïğăŋŋëě á âăł ŋăğëćăěňëňĺ (n; s)-łàĺćëňĺ, ğăďăćăěňëňĺ ãàăćŋěŋĺïňĺ fn;s(x; y; ˘) = 0. Ŕőńĺŋőň fn;s(x; y; ˘) àăćěŋ F (x; y; ˘; 1), ć łőâőàőň ćáě ˘_j c őâàĺæăâěńìŋëňĺ j àăćŋë 0, â.ě. ŕàěďáâăćńïěâ áőąőľ ďěäőàňăæĺî őáőąěŋŋőáâĺ y^n − x^s á ŋãńěćëňĺ ňőďăńìŋëňĺ ŕăàăňěâàăňĺ. Řăğňěàŋőáâì ŕàőáâàăŋáâćă őáâăćèĺåáï ŕăàăňěâàőć {˘_j }_{j¿0} àăćŋă dn;s = (n + 1)(s + 1)=2 − [s=n] − 3. Őąőğŋăçĺň çěàěğ P_+ łőńìæő ŕőńĺŋőňőć őâ {˘_j}_{j¿0}.

Ććěďěň ãŋĺćěàáăńìŋőě ŕàőáâàăŋáâćő Jn;s ňŋőčőőąàăğĺľ §łőąĺ (n; s)-łàĺćëå łăł ŕàőáâàăŋáâÄ ćő àăááńőěŋĺï Jn;s → Mn;s ∼= C^{dn;s} , áńőěň łőâőàőčő ŋăď âőçłőľ ˘ ∈ Mn;s ïćńïěâáï ňŋőčőőąàăÄ ğĺě §łőąĺ áőőâćěâáâćãîéěľ łàĺćőľ. Ć áńőě ĺňěîâáï łăŋőŋĺçěáłĺě łőőàďĺŋăâë u = (u_1; : : : ; ug), g = (n − 1)(s − 1)=2 (áň. [5]). Śĺčňă-äãŋłæĺï ŕàěďáâăćńïěâ áőąőľ æěńãî äãŋłæĺî œ: Jn;s → C ŕő ćáěň ăàčãňěŋâăň. Ć łőńìæě D ďĺääěàěŋæĺăńìŋëå őŕěàăâőàőć ŕő u ĺ ˘ á ŕőńĺŋőňĺăńìŋëňĺ łőíääĺæĺěŋâăňĺ ńěęĺâ ăŋŋãńïâőàŋëľ ĺďěăń A(œ) = {L ∈ D | L(œ(u; ˘)) = 0}. Ĺďěăń A(œ) ŕőàőęďěŋ őŕěàăâőàăňĺ {L_k}, k ∈ In;s, ŕàĺ íâőň [L_i; L_j] = ∑ k c^k_{i;j}(˘)L_k, čďě c^k_{i;j}(˘) ∈ P_+.

Őâőęďěáâćĺň ŕőńĺŋőňë ĺğ P_+ á őŕěàăâőàăňĺ ãňŋőęěŋĺï ŋă ŋĺå ć łőńìæě äãŋłæĺľ ŋă Jn;s. Ŕàĺ íâőň [L_i; p] ďńï p ∈ P_+ ŕàěďáâăćńïěâ áőąőľ őŕěàăâőà ãňŋőęěŋĺï ŋă ŋěłőâőàëľ ŕőńĺŋőň ĺğ P_+. Ŕãáâì ß: P → P { ŕàőěłâőà, ćëďěńïîéĺľ P_+. Őŕàěďěńĺň ďěľáâćĺě őŕěàăâőàőć {L_k} ŋă łőńìÄ æě P äőàňãńőľ L_i(p) = [L_i; ß(p)].

Šěőàěňă 8. Ďěľáâćĺě őŕěàăâőàă L_k ŋă łőńìæě P ğăďăěâáï ćěłâőàŋëň ŕőńěň ‘^{(1)}_k

ŕő äőàňãńě L_k(p) = ß(‘^{(1)}_k (ß(p))).

Ĺğőńĺàőćăŋŋăï őáőąěŋŋőáâì ŋăğëćăěâáï ŕàőáâőľ, ěáńĺ çĺáńő ěě ňőďăńìŋëå ŕăàăňěâàőć àăćŋő ŋãńî [1]. Ćáě ŕàőáâëě őáőąěŋŋőáâĺ ćĺďă y^n − x^s ĺáçěàŕëćăîâáï áŕĺáłőň ŕăà (n; s): (2; 2g + 1), g = 1; 2; : : : ; (3; 4) ĺ (3; 5). Ć íâĺå áńãçăïå P_+ = P .

Śńěďáâćĺě 9. Ďńï ŕàőáâëå őáőąěŋŋőáâěľ ćĺďă y^n − x^s ãłăğăŋŋőě ďěľáâćĺě ďăěâ âőçŋőě ŕàěďáâăćńěŋĺě ăńčěąàë Ńĺ, ŕőàőęďěŋŋőľ őŕěàăâőàăňĺ {L_k} ĺ őŕěàăâőàăňĺ ãňŋőęěŋĺï ŋă ŕőńĺŋőňë ĺğ P .

Ććěďěň őŕěàăâőàë {L^{(0)}_k } ŋă Q = C [u_1 ; : : : ; ug], ŕőńăčăï L^{(0)}_i (q) = L_i(q)|_{˘=0} ďńï q ∈ Q.

Šěőàěňă 10. Şłăğăŋŋőě ďěľáâćĺě őŕěàăâőàőć {L^{(0)}_k } àěăńĺğãěâ âőçŋőě ŕàěďáâăćÄ

ńěŋĺě ăńčěąàë Ńĺ W^{(n;s)}_1 ŋă łőńìæě Q, ŕàĺ łőâőàőň {L^{(0)}_k } ŕőàőęďăîâ ăŋŋãńïâőàŋëľ ĺďěăń ŕőńĺŋőňă œ(u; 0).

Ŕőńĺŋőňë œ(u; 0) őŕĺáăŋë ć àăąőâě [5] ĺ ŋăğëćăîâáï ŕőńĺŋőňăňĺ Ÿãàă{Ćěľěàèâàăááă.

ŚŔĹŚŐŁ ŃĹŠĚŘĂŠŞŘŻ

[1] Ć. Ĺ. Ăàŋőńìď Őáőąěŋŋőáâĺ łăãáâĺł ĺ ćőńŋőćëå äàőŋâőć. Ň.: Ťăğĺá, 1996. [2] Ă. Ą. ČĺÄ ćěŋâăńì // Ťãŋłæ. ăŋăńĺğ ĺ ěčő ŕàĺń. 1980. Š. 14. ò2. Ś. 4{14. [3] Ć. Ň. Ğăłăńîłĺŋ // Ťãŋłæ. ăŋăńĺğ ĺ ěčő ŕàĺń. 1976. Š. 10. ò2. Ś. 69{70. [4] V. M. Buchstaber, V. Z. Enolskii, D. V. Leykin // Rev. Math. Math. Phys. 1997. V. 10. ò2. P. 3{120. [5] Ć. Ň. Ąãåèâăąěà, Ď. Ć. Ńěľłĺŋ, Ć. Ğ. İŋőńìáłĺľ // Ťãŋłæ. ăŋăńĺğ ĺ ěčő ŕàĺń. 1999. Š. 33. ò2. Ś. 1{15.

Ňăâěňăâĺçěáłĺľ ĺŋáâĺâãâ ĺň. Ć.Ă. Śâěłńőćă ŘĂŊ; Ĺŋáâĺâãâ ňăčŋěâĺğňă, Łĺěć, Şłàăĺŋă E-mail: buchstab@mendeleevo.ru, dile@imag.kiev.ua

Ŕàĺŋïâő àěďłőńńěčĺěľ 06.05.2002