Őčřăŋĺůěŋŋżě ńĺŋěľŋżě śćőľśšćă śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ ć Š-čěőňěšřĺĺ

đ.Ă. Řżńőć

Ĺŋśšĺšşš ŕřőąńěň ňěţăŋĺłĺ ŘĂŊ, Ňőśłćă, 119526, Ŕř. Ćěřŋăďśłőčő 101-1,

e-mail: rylov@ipmnet.ru

Ăŋŋőšăűĺ£

Ŕőłăğăŋő, ůšő śłăń£řŋőě ŕřőĺğćěďěŋĺě ďćşţ ćěłšőřőć ňőęěš ążšĳ ććěďěŋő ć ń¿ąőľ čěőňěšřĺĺ (ňěšřĺůěśłőň ŕřőśšřăŋśšćě) ŋě ğăćĺśĺňő őš ćőğňőęŋőśšĺ ććěďěŋĺ£ ńĺŋěľŋőčő ŕřőśšřăŋśšćă. Ńĺŋěľŋżě śćőľśšćă śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ őčřăŋĺůěŋż. Őąńăśšĳ ńĺŋěľŋőśšĺ şćěńĺůĺćăěšś£ ć őďŋőřőďŋőľ čěőňěšřĺĺ.

Š-čěőňěšřĺ£ [1] { ¡šő őůěŋĳ őąźă£ čěőňěšřĺ£, ğăďăćăěňă£ ŋă ŕřőĺğćőńĳŋőň ňŋőęěśšćě šőůěł ˙ ś ŕőňőźĳ¿ ňĺřőćőľ ťşŋłűĺĺ σ: σ : ˙ × ˙ → R, σ (P, P ) = 0, ∀P, Q ∈ ˙ (1) Š-čěőňěšřĺ£ śĺňňěšřĺůŋă, ěśńĺ łřőňě šőčő σ (P, Q) = σ (Q, P ) (2) Š-čěőňěšřĺ£ ŋě ĺňěěš śćőěľ śőąśšćěŋŋőľ ăłśĺőňăšĺłĺ. Őŋă ŕőńşůăěšś£ ć řěğşńĳšăšě ďěťőřňăűĺĺ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ. Ĺŋăůě čőćőř£, ćś£- łőě śőőšŋőÿěŋĺě Š-čěőňěšřĺĺ ŕőńşůăěšś£ ć řěğşńĳšăšě ŋěłőšőřőľ ďěťőřňăűĺĺ śőőšćěšśšćş¿źěčő śőőšŋőÿěŋĺ£ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ. Śőőšŋőÿěŋĺě ěćłńĺďőćőľ čěőňěšřĺĺ ğăŕĺśżćăěšś£ ć σ-ĺňňăŋěŋšŋőľ ťőřňě (š.ě. ć šěřňĺŋăţ őďŋőľ šőńĳłő ňĺřőćőľ ťşŋłűĺĺ σ). Ŕőśńě ¡šőčő ňĺřőćă£ ťşŋłűĺ£ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ ğăňěŋ£ěšś£ ŋă ňĺřőćş¿ ťşŋłűĺĺ ďřşčőľ Š-čěőňěšřĺĺ. Ŕőńşůăěšś£ śőőšćěšśšćş¿źěě śőőšŋőÿěŋĺě ¡šőľ Š-čěőňěšřĺĺ. Ŕřěďśšăćńěŋĺě śőőšŋőÿěŋĺ£ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ ć σ-ĺňňăŋěŋšŋőľ ťőřňě ćśěčďă ćőğňőęŋő, ŕőšőňş ůšő śőąśšćěŋŋő ěćłńĺďőćă čěőňěšřĺ£ ňőęěš ążšĳ śťőřňşńĺřőćăŋă σ-ĺňňăŋěŋšŋő (ć šěřňĺŋăţ őďŋőľ šőńĳłő ňĺřőćőľ ťşŋłűĺĺ) [1].

Ćěłšőř P_0P_1 ≡ −−→ P_0P_1 ć Š-čěőňěšřĺĺ ěśšĳ şŕőř£ďőůěŋŋőě ňŋőęěśšćő ĺğ ďćşţ šőůěł P_0P_1 = {P_0, P_1}, P_0, P_1 ∈ ˙. Śłăń£řŋőě ŕřőĺğćěďěŋĺě (P_0P_1.Q_0Q_1) ďćşţ ćěłšőřőć P_0P_1 ĺ Q_0Q_1 őŕřěďěń£ěšś£ śőőšŋőÿěŋĺěň

(P_0P_1.Q_0Q_1) = σ (P_0, Q_1) + σ (P_1, Q_0) − σ (P_0, Q_0) − σ (P_1, Q_1) (3) ďń£ ćśěţ P_0, P_1, Q_0, Q_1 ∈ ˙.

Łăł śńěďşěš ĺğ (2), (3), ć śĺňňěšřĺůŋőľ Š-čěőňěšřĺĺ

(P_0P_1.Q_0Q_1) = (Q_0Q_1.P_0P_1) (4)

ďń£ ćśěţ P_0, P_1, Q_0, Q_1 ∈˙

Ěśńĺ ňĺřőćă£ ťşŋłűĺ£ σ šăłőćă [1], ůšő σ-ŕřőśšřăŋśšćő V = {σ, ˙} £ćń£ěšś£ n-ňěřŋżň śőąśšćěŋŋő ěćłńĺďőćżň ŕřőśšřăŋśšćőň En, śłăń£řŋőě ŕřőĺğćěďěŋĺě (3) ŕřěćřăźăěšś£ ć śłăń£řŋőě ŕřőĺğćěďěŋĺě ďćşţ ćěłšőřőć ć E_n. Łřőňě šőčő, ĺğ (3) śńěďşěš, ůšő ć ń¿ąőľ Š-čěőňěšřĺĺ

(P_0P_1.Q_0Q_1) = − (P_1P_0.Q_1Q_0) , (5)

(Q_0Q_1.P_0P_1) = − (Q_0Q_1.P_1P_0) , (6) ďń£ ćśěţ P_0, P_1, Q_0, Q_1 ∈˙

(P_0P_1.Q_0Q_1) + (P_1P_2.Q_0Q_1) = (P_0P_2.Q_0Q_1) , (7) (Q_0Q_1.P_0P_1) + (Q_0Q_1.P_1P_2) = (Q_0Q_1.P_0P_2.) (8)

ďń£ ćśěţ P_0, P_1, P_2, Q_0, Q_1 ∈˙

Řăśśňőšřĺň őšŋőÿěŋĺě ňěęďş ďćşň£ ćěłšőřăňĺ P_0P_1 ĺ R_0R_1

P_0P_1T R_0R_1 : (P_0P_1.Q_0Q_1) = (R_0R_1.Q_0Q_1) ∧ (Q_0Q_1.P_0P_1) = (Q_0Q_1.R_0R_1) (9) ďń£ ćśěţ Q_0, Q_1 ∈˙

Őšŋőÿěŋĺě (9) řěťńěłśĺćŋő, śĺňňěšřĺůŋő ĺ šřăŋğĺšĺćŋő. Őŋő ňőęěš řăśśňăšřĺćăšĳś£ łăł őšŋőÿěŋĺě ¡łćĺćăńěŋšŋőśšĺ. Ĺšăł, ďćă ćěłšőřă P_0P_1 ĺ R_0R_1 ¡łćĺćăńěŋšŋż P_0P_1 = R_0R_1, ěśńĺ ĺňě¿š ňěśšő śőőšŋőÿěŋĺ£

(P_0P_1.Q_0Q_1) = (R_0R_1.Q_0Q_1) , ∀Q_0, Q_1 ∈ ˙ (10) (Q_0Q_1.P_0P_1) = (Q_0Q_1.R_0R_1) , ∀Q_0, Q_1 ∈ ˙ (11)

Šőčďă ŕőńşůăěň ĺğ (6), (7)

P_1P_0 = −P_0P_1 = αP_0P_1, α = −1 (12)

P_0P_2 = P_0P_1 + P_1P_2, P_0P_1 = P_0P_2 − P_1P_2 (13) Śőőšŋőÿěŋĺ£ (12), (13) őŕřěďěń£¿š őŕěřăűĺ¿ şňŋőęěŋĺ£ ćěłšőřă ŋă ćěźěśšćěŋŋőě ůĺśńő α = ±1 ĺ śşňňĺřőćăŋĺě ćěłšőřőć. Ŋő ćěłšőřż ć σ-ŕřőśšřăŋśšćě V = {σ, ˙} ŋě £ćń£¿šś£ śćőąőďŋżňĺ ćěłšőřăňĺ ĺ ďćă ćěłšőřă ňőčşš ążšĳ śńőęěŋż, ěśńĺ šőńĳłő ŋăůăńő őďŋőčő ćěłšőřă £ćń£ěšś£ łőŋűőň ďřşčőčő. Ŕřĺ šăłőň őŕřěďěńěŋĺĺ śńőęěŋĺ£ ćěłšőřőć śłăń£řŋőě ŕřőĺğćěďěŋĺě ćěłšőřőć ĺňěěš ńĺŋěľŋżě śćőľśšćă

(αP_0P_1+fiR_0R_1.Q_0Q_1) = α (P_0P_1.Q_0Q_1) + fi (R_0R_1.Q_0Q_1) (14) (Q_0Q_1.αP_0P_1+fiR_0R_1) = α (Q_0Q_1.P_0P_1) + fi (Q_0Q_1.R_0R_1) (15) α = ±1, β = ±1, P_0, P_1, R_0, R_1 ∈ ˙, ∀Q_0, Q_1 ∈˙

Ńĺŋěľŋżě śćőľśšćă śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ őčřăŋĺůěŋż ŕő śřăćŋěŋĺ¿ ś ńĺŋěľŋżňĺ śćőľśšćăňĺ śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ ć ěćłńĺďőćőň ŕřőśšřăŋśšćě, ŕőšőňş ůšő ć śőőšćěšśšćĺĺ ś (5) { (8) ńĺŋěľŋżě őŕěřăűĺĺ ŋăď ćěłšőřăňĺ ćśěčďă ćőğňőęŋż šőńĳłő ć śńěďş¿źĺţ śńşůă£ţ:

1. α = 0 ∨ β = 0

2. α = β = ±1, (P_1 = R_0) ∨ (R_1 = P_0)

3. α = −β = ±1, (P_1 = R_1) ∨ (P_0 = R_0)

Ć ďřşčĺţ śńşůă£ţ ńĺŋěľŋżě őŕěřăűĺĺ ŋăď ćěłšőřăňĺ, ćőőąźě čőćőř£, ŋě őŕřěďěńěŋż, ŋő őŋĺ ňőčşš ążšĳ őŕřěďěńěŋż ć ŋěłőšőřżţ śŕěűĺăńĳŋżţ Š-čěőňěš-řĺ£ţ, łőčďă, śőőšŋőÿěŋĺ£ (14), (15)

(S_0S_1.Q_0Q_1) = α (P_0P_1.Q_0Q_1) + fi (R_0R_1.Q_0Q_1) (Q_0Q_1.S_0S_1) = α (Q_0Q_1.P_0P_1) + fi (Q_0Q_1.R_0R_1) (16)

ćżŕőńŋěŋż ďń£ ćśěţ ćěłšőřőć Q_0Q_1 ĺ ŋěłőšőřżţ α, β ∈ R. Šőčďă ŕő őŕřěďěńě- ŋĺ¿ S0S1 = αP_0P_1 + βR0R1 (17)

Ć őąźěň śńşůăě ŋě śşźěśšćşěš ćěłšőřă S_0S_1, şďőćńěšćőř£¿źěčő (16) ďń£ ćśěţ ćěłšőřőć Q_0Q_1, ĺ ńĺŋěľŋżě őŕěřăűĺĺ őŕřěďěńěŋż šőńĳłő ć śńşůăě, łőčďă ćżŕőńŋěŋż śőőšŋőÿěŋĺ£ (5) { (8).

Ŕşśšĳ E_n = {σ_E, R^n} ěśšĳ n-ňěřŋőě śőąśšćěŋŋő ěćłńĺďőćő ŕřőśšřăŋśšćő. Şďăńĺň ŋěłőšőřőě ňŋőęěśšćő ˙^0 šőůěł ĺğ R^n. Šőčďă σ-ŕřőśšřăŋśšćő V = {σ_E, ˙}, ˙ = Rn\˙^0 ěśšĳ řěğşńĳšăš ďěťőřňăűĺĺ ěćłńĺďőćă ŕřőśšřăŋśšćă En, ŕőšőňş ůšő şďăńěŋĺě šőůěł ěśšĳ śŕěűĺăńĳŋżľ ćĺď ďěťőřňăűĺĺ. Ńĺŋěľŋă£ őŕěřăűĺ£ (17) őŕřěďěńěŋă ć E_n ďń£ ćśěţ šőůěł P_0, P_1, R_0, R_1 ĺ ćśěţ ćěźěśšćěŋŋżţ α, β. Ńĺŋěľŋă£ őŕěřăűĺ£ (17) őŕřěďěńěŋă ć V ďń£ ŋěłőšőřżţ ćěźěśšćěŋŋżţ α, β ĺ ďń£ P_0, P_1, R_0, R_1 ∈ ˙, ŕřĺ şśńőćĺĺ ůšő śşźěśšćş¿š šăłĺě šőůłĺ S_0, S_1 ∈ ˙, ůšő śőőšŋőÿěŋĺ£ (16) ćżŕőńŋěŋż ďń£ ćśěţ Q_0, Q_1 ∈ ˙. Šăłĺň őąřăğőň, şďăńěŋĺě šőůěł ĺğ ěćłńĺďőćă ŕřőśšřăŋśšćă řăğřşÿăěš ěčő ńĺŋěľŋş¿ śšřşłšşřş, ŋő ŋě ŕőńŋőśšĳ¿. Ĺğňěŋěŋĺě ňĺřőćőľ ťşŋłűĺĺ ĺčřăěš šş ęě řőńĳ. Őďŋăłő, śşźěśšćşěš ňĺŋĺňăńĳŋă£ ńĺŋěľŋă£ śšřşłšşřă (12), (13), łőšőřă£ őśšăěšś£ ŕřĺ ń¿ąőľ ďěťőřňăűĺĺ ěćłńĺďőćă ŕřőśšřăŋśšćă.

Śŕĺśőł ńĺšěřăšşřż

[1] Yu. A. Rylov, Geometry without topology as a new conception of geometry. Int.

J. Math. Math. Sci., 30, 733-760, (2002).