œ-ĺňňăŋěšŋă£ ťőřňă ěćłńĺďőćőľ čěőňěšřĺĺ łăł

őśŋőćă ďń£ ŋěěćłńĺďőćőľ čěőňěšřĺĺ.

đ.Ă. Řżńőć

Ĺŋśšĺšşš ŕřőąńěň ňěţăŋĺłĺ ŘĂŊ, Řőśśĺ£, 117526, Ňőśłćă, ŕř. Ćěřŋăďśłőčő 101-1, email: rylov@ipmnet.ru

Łń¿ůěćżě śńőćă: ňěšřĺłă, łřĺćă£, ňĺřőćă£ ťşŋłűĺ£, šřşąłă

Ăŋŋőšăűĺ£

Śőąśšćěŋŋő ěćłńĺďőćă čěőňěšřĺ£ řăśśňăšřĺćăěšś£ łăł ňěšřĺůěśłőě ŕřőśšřăŋśšćő ĺ őŕĺśżćăěšś£ ć šěřňĺŋăţ šőńĳłő ňěšřĺłĺ ĺ łőŋěůŋżţ ňěšřĺůěśłĺţ ŕőďŕřőśšřăŋśšć (œ-ĺňňăŋěŋšŋőě őŕĺśăŋĺě). Ŕřĺ šăłőň őŕĺśăŋĺĺ ćś£ ĺŋťőřňăűĺ£ ő śćőľśšćăţ čěőňěšřĺĺ (šăłĺţ łăł őďŋőřőďŋőśšĳ, ĺğőšřőŕŋőśšĳ, ŋěŕřěřżćŋőśšĳ ĺ ćżřőęďěŋŋőśšĳ) ğăłń¿ůěŋă ć ňěšřĺłě. Řĺňăŋőćă čěőňěšřĺ£ śšřőĺšś£ ďćşň£ řăğńĺůŋżňĺ śŕőśőąăňĺ: (1) šřăďĺűĺőŋŋżň śŕőśőąőň ŋă őśŋőćě ňěšřĺůěśłőčő šěŋğőřă, (2) łăł řěğşńĳšăš ňőďĺťĺłăűĺĺ ňěšřĺłĺ ŕřĺ œ-ĺňňăŋěŋšŋőň őŕĺśăŋĺĺ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ. Śřăćŋĺćă¿šś£ ¡šĺ ďćě čěőňěšřĺĺ. Řăśśňăšřĺćă¿šś£ ŕřőąńěňă ćżŕşłńőśšĺ ĺ ŕřőąńěňă łőńńĺŋěăřŋőśšĺ ćěłšőřőć ć şďăńěŋŋżţ šőůłăţ. Ŕőłăğăŋő, ůšő ŋěňěšřĺůěśłőě őŕřěďěńěŋĺě łřĺćőľ ěśšĳ ŕőŋ£šĺě, ŕřĺśşźěě śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ ĺ ŋěăďěłćăšŋőě ń¿ąőľ ŋěćłńĺďőćőľ čěőňěšřĺĺ.

1 Ććěďěŋĺě

Śşźěśšćşěš ŋěśłőńĳłő ňěšőďőć őŕĺśăŋĺ£ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ^1. Ŋăĺąőńěě śšăřżľ ňěšőď őŕĺśăŋĺ£ { ¡šő ăłśĺőňăšĺůěśłőě ŕřěďśšăćńěŋĺě śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ, čďě čěőňěšřĺ£ őŕĺśżćăěšś£ ć šěřňĺŋăţ šőůěł, ŕř£ňżţ ĺ ŕńőśłőśšěľ, łőšőřżě ğăďă¿šś£ ĺţ śćőľśšćăňĺ ś ŕőňőźĳ¿ ăłśĺőň.

1Ňż ĺśŕőńĳğşěň šěřňĺŋ "ěćłńĺďőćă čěőňěšřĺ£" łăł śőąĺřăšěńĳŋőě ŕőŋ£šĺě ŕő őšŋőÿěŋĺ¿ ł šěřňĺŋăň "śőąśšćěŋŋő ěćłńĺďőćă čěőňěšřĺ£" ĺ "ŕśěćďőěćłńĺďőćă čěőňěšřĺ£". Ć ŕěřćőň śńşůăě śőąśšćěŋŋżě ğŋăůěŋĺ£ ňăšřĺűż ňěšřĺůěśłőčő šěŋğőřă ĺňě¿š őďĺŋăłőćżě ğŋăłĺ, ă ćő ćšőřőň { őŋĺ řăğŋżţ ğŋăłőć.

Ŋěłőšőřżě ăłśĺőňż őŕĺśżćă¿š śćőľśšćă ěśšěśšćěŋŋżţ čěőňěšřĺůěśłĺţ őąžěłšőć (šőůěł, ŕř£ňżţ ĺ ŕńőśłőśšěľ), ďřşčĺě { őŕĺśżćă¿š šăłĺě śćőľśšćă śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ łăł őďŋőřőďŋőśšĳ ĺğőšřőŕĺ£, ŋěŕřěřżćŋőśšĳ ĺ ćżřőęďěŋŋőśšĳ^2.

Řěăńĳŋă£ čěőňěšřĺ£ ŕřőśšřăŋśšćă-ćřěňěŋĺ őďŋőřőďŋă ńĺÿĳ ŕřĺąńĺğĺšěńĳŋő, ĺ ŋşęŋő şňěšĳ řăśśňăšřĺćăšĳ čěőňěšřĺĺ, łőšőřżě ŋě ążńĺ ąż őďŋőřőďŋżňĺ, ĺğőšřőŕŋżňĺ, ŋěŕřěřżćŋżňĺ ĺ ćżřőęďěŋŋżňĺ. Ďřşčĺňĺ śńőćăňĺ, šřěąşěšś£ şňěšĳ őąőąźăšĳ ĺ ćĺďőĺğňěŋ£šĳ śőąśšćěŋŋő ěćłńĺďőćş čěőňěšřĺ¿. Ŋő ňőďĺťĺűĺřőćăšĳ ăłśĺőňż ŕřăłšĺůěśłĺ ŋěćőğňőęŋő, ĺ ŋşęŋő őŕĺśżćăšĳ čěőňěšřĺ¿ ć ťőřňě, śőďěřęăźěľ ůĺśńěŋŋżě ţăřăłšěřĺśšĺłĺ, łőšőřżě ňőęŋő ążńő ąż ńěčłő ĺğňěŋ£šĳ. Ć łăůěśšćě šăłőľ ůĺśńőćőľ ţăřăłšěřĺśšĺłĺ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ őążůŋő ĺśŕőńĳğşěšś£ ňěšřĺłă ȷ(P; Q), őŕĺśżćă¿źă£ řăśśšő£- ŋĺě ňěęďş ŕăřőľ šőůěł ŕřőśšřăŋśšćă P ĺ Q. Ŕőśńě ňőďĺťĺłăűĺĺ ěćłńĺďőćőľ ňěšřĺłĺ ćőğŋĺłăěš ďřşčă£ čěőňěšřĺ£, łőšőřă£ ňőęěš ążšĳ śćőąőďŋă őš šăłĺţ śćőľśšć łăł őďŋőřőďŋőśšĳ, ĺğőšřőŕŋőśšĳ, ŋěŕřěřżćŋőśšĳ ĺ ćżřőęďěŋŋőśšĳ.

Ůšőąż őśşźěśšćĺšĳ ¡šş ĺďě¿, ďăďĺň ŋěśłőńĳłő őŕřěďěńěŋĺľ, łőšőřżě ŕőňőčşš śťőřňşńĺřőćăšĳ ŕřőąńěňş őąőąźěŋĺ£ ĺ ňőďĺťĺłăűĺĺ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ.

Őŕřěďěńěŋĺě 1.1 Ňěšřĺůěśłőě ŕřőśšřăŋśšćő M = {ȷ; ˙} ěśšĳ ňŋőęěśšćő ˙ šőůěł P ∈ ˙, śŋăąęěŋŋőě ňěšřĺłőľ ȷ ğăďăŋŋőľ ŋă ˙ ×˙

ȷ : ˙ × ˙ → D_+ ⊂ R (1.1)

ȷ(P; P ) = 0; ȷ(P; Q) = ȷ(Q; P ); ∀P; Q ∈ ˙ (1.2)

D_+ = [0; ∞); ȷ(P; Q) = 0; ěśńĺ ĺ šőńĳłő ěśńĺ P = Q; ∀P; Q ∈˙ (1.3) ȷ(P; Q) + ȷ(Q; R) ≥ ȷ(P; R); ∀P; Q; R ∈ ˙ (1.4)

Őŕřěďěńěŋĺě 1.2 Ćś£łőě ŕőďňŋőęěśšćő ˙^′ ⊂ ˙ šőůěł ňěšřĺůěśłőčő ŕřőśšřăŋśšćă M = {ȷ; ˙}, śŋăąęěŋŋőě ňěšřĺłőľ ȷ^′, £ćń£¿źěľś£ śşęěŋĺěň ȷ|_Ω0_{×Ω}0 őšőąřăęěŋĺ£ (1.1) ŋă ňŋőęěśšćő ˙^′ × ˙^′ ŋăğżćăěšś£ ňěšřĺůěśłĺň ŕőďŕřőśšřăŋśšćőň M^′ = {ȷ^′; ˙^′} ňěšřĺůěśłőčő ŕřőśšřăŋśšćă M = {ȷ; ˙}.

Ńěčłő ćĺďěšĳ, ůšő ňěšřĺůěśłőě ŕőďŕřőśšřăŋśšćő M^′ = {ȷ^′; ˙^′} £ćń£ěšś£ ňěšřĺůěśłĺň ŕřőśšřăŋśšćőň.

Őŕřěďěńěŋĺě 1.3 Ňěšřĺůěśłőě ŕřőśšřăŋśšćő M = {ȷ; ˙} ŋăğżćăěšś£ łőŋěůŋżň, ěśńĺ ňŋőęěśšćő ˙ śőśšőĺš ĺğ łőŋěůŋőčő ůĺśńă šőůěł. Łőŋěůŋőě ňěšřĺůěśłőě ŕőďŕřőśšřăŋśšćő M(P^n) = {ȷ; P^n} ňěšřĺůěśłőčő ŕřőśšřăŋśšćă M = {ȷ; ˙}, śőśšő£źěě ĺğ n + 1 šőůěł P^n ≡ {P_0; P_1; : : : P_n} ⊂ ˙; n = 0; 1; : : : ŋăğżćăěšś£ ňěšřĺůěśłĺň ŕőďŕřőśšřăŋśšćőň n-őčő ŕőř£ďłă.

2Ć őąźěň śńşůăě ňŋőęěśšćő ćěłšőřőć, ŕăřăńńěńĳŋżţ ďăŋŋőňş ćěłšőřş, őąřăğşěš łőŋşś. Ćżřőęďěŋĺě śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ őğŋăůăěš, ůšő ¡šőš łőŋşś ćżřőęďăěšś£ ć ńĺŋĺ¿.

Śőąśšćěŋŋő ěćłńĺďőćő ŕřőśšřăŋśšćő ňőęŋő řăśśňăšřĺćăšĳ łăł řăğŋőćĺďŋőśšĳ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă E = {ȷ_E; ˙}. Ąşďşůĺ ňěšřĺůěśłĺň ŕřőśšřăśšćőň, śőąśšćěŋŋő ěćłńĺďőćő ŕřőśšřăŋśšćő ĺ čěőňěšřĺ£ ŋă ŋěň ňőęěš őŕĺśżćăšĳś£ ć šěřňĺŋăţ šőńĳłő łőŋěůŋżţ ňěšřĺůěśłĺţ ŕőďŕřőśšřăŋśšć ĺ ňěšřĺłĺ ȷ. Łőŋěůŋżě ňěšřĺůěśłĺě ŕőďŕřőśšřăŋśšćă M(P^n) £ćń£¿šś£ ŕřőśšěľÿĺňĺ łőŋśšĺšş¡ŋšăňĺ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă. Ŋěłőšőřżě śćőľśšćă łőŋěůŋżţ ňěšřĺůěśłĺţ ŕőďŕřőśšřăŋśšć M(P^n) ążńĺ ĺğşůěŋż Ąńşňěŋšăńěň [1], ŋő őŋ ŋě řăśśňăšřĺćăń ĺţ łăł ŕěřćĺůŋżě ťşŋďăňěŋšăńĳŋżě őąžěłšż ňěšřĺůěśłőčő ŕřőśšřăŋśšćă, łăł ¡šő ąşďěň ďěńăšĳ ňż. Ňěšřĺůěśłőě ŕřőśšřăŋśšćő M(P^n), śőśšő£źěě ĺğ n + 1 šőůěł ĺ ĺňě¿źěě ŋěŋşńěćş¿ ďńĺŋş (ŕőŋ£šĺě ďńĺŋż ąşďěš őŕřěďěńěŋő ŋěňŋőčő ŕőğęě) ŕőřőęďăěš ć śőąśšćěŋŋő ěćłńĺďőćőň ŕřőśšřăŋśšćě n-ňěřŋş¿ ŕńőśłőśšĳ L_n(P^n), łőšőřă£ őłăğżćăěšś£ ăšřĺąşšőň M(P^n) ĺ ňőęěš ążšĳ őŕřěďěńěŋă ć šěřňĺŋăţ M(P^n).

Őŕřěďěńěŋĺě 1.4 İńěňěŋšăřŋżň čěőňěšřĺůěśłĺň őąžěłšőň ŋăğżćăěšś£ ňŋőęěśšćő šőůěł, őąńăďă¿źěě ŋěłőšőřżň ňěšřĺůěśłĺň śćőľśšćőň.

Őŕřěďěńěŋĺě 1.5 Čěőňěšřĺůěśłĺľ őąžěłš ěśšĳ ňŋőęěśšćő šőůěł, ćőğŋĺłÿěě ć řěğşńĳšăšě őąžěďĺŋěŋĺľ ĺ ŕěřěśěůěŋĺľ ¡ńěňěŋšăřŋżţ čěőňěšřĺůěśłĺţ őąžěłšőć.

Ďřşčĺňĺ śńőćăňĺ, čěőňěšřĺůěśłĺň őąžěłšőň ŋăğżćăěšś£ ŋěłőšőřőě ňěšřĺůěśłőě ŕőďŕřőśšřăŋśšćő M_G = {ȷ; G}, G ⊂ ˙ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă M = {ȷ; ˙}. Őŕřěďěńěŋĺě 1.6 Čěőňěšřĺ£ ěśšĳ śőćőłşŕŋőśšĳ ćśěţ ŕřěďńőęěŋĺľ (őŕřěďěńěŋĺľ, ăłśĺőň ĺ šěőřěň) ő śćőľśšćăţ čěőňěšřĺůěśłĺţ őąžěłšőć.

Ĺŋăůě čőćőř£, čěőňěšřĺ£ ěśšĳ śőćőłşŕŋőśšĳ ćśěţ şšćěřęďěŋĺľ ő śćőľśšćăţ ćśěţ ňěšřĺůěśłĺţ ŕőďŕřőśšřăŋśšć ňěšřĺůěśłőčő ŕřőśšřăŋśšćă M = {ȷ; ˙}.

Řăśśňőšřĺň ŋěłőšőřżě ŕřĺňěřż ¡ńěňěŋšăřŋżţ čěőňěšřĺůěśłĺţ őąžěłšőć.

Őŕřěďěńěŋĺě 1.7 Śťěřőľ S (O; P ), ĺňě¿źěľ űěŋšř ć šőůłě O ĺ ŕřőţőď£źěľ ůěřěğ šőůłş P , ŋăğżćăěšś£ ňŋőęěśšćő šőůěł R ∈ ˙ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă M = {ȷ; ˙}, őŕřěďěńěŋŋőě śőőšŋőÿěŋĺěň

S (O; P ) = {R|ȷ (O; R) = ȷ (O; P )} ; O; P; R ∈˙

Ąăğĺśŋżě šőůłĺ O ĺ P , őŕřěďěń£¿źĺě śťěřş S (O; P ), ŋě ¡łćĺćăńěŋšŋż, šăł łăł S (O; P ) ĺ S (P ; O) { řăğńĺůŋżě ¡ńěňěŋšăřŋżě čěőňěšřĺůěśłĺě őąžěłšż (řăğńĺůŋżě śťěřż). Ć ůăśšŋőśšĺ, P ∈ S (O; P ), ŋő O =∈ S (O; P ). Śťěřă S (O; P ) ěśšĳ ăšřĺąşš ňěšřĺůěśłĺţ ŕőďŕřőśšřăŋśšć ŋşńěćőčő ŕőř£ďłă M(O) ĺ M(P ) (ĺńĺ ďćşţ šőůěł O; P ).

Őŕřěďěńěŋĺě 1.8 Łřşčőćżň űĺńĺŋďřőň C (P_1; P_2; P ), ŕřőţőď£źĺň ůěřěğ šőůłş P , ś őśĳ¿, őŕřěďěń£ěňőľ ąăğĺśŋżňĺ šőůłăňĺ P_1; P_2, ŋăğżćăěšś£ ňŋőęěśšćő šőůěł R ∈ ˙ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă M = {ȷ; ˙}, őŕřěďěń£ěňőě śőőšŋőÿěŋĺěň

C (P_1; P_2; P ) = {R|S_2 (P_1; P_2; R) = S_2 (P_1; P_2; P )} ; P_1; P_2; P; R ∈˙

čďě S_2 (P_1; P_2; R) ěśšĳ ŕńőźăďĳ šřěşčőńĳŋĺłă ś ćěřÿĺŋăňĺ ć šőůłăţ P_1; P_2; R. Ěśńĺ ŕńőźăďĺ šřěşčőńĳŋĺłőć △P_1P_2R ĺ △P_1P_2P řăćŋż, šő ĺţ ćżśőšż (řăďĺşśż), őŕşźěŋŋżě ĺğ ćěřÿĺŋ R ĺ P ¡šĺţ šřěşčőńĳŋĺłőć ŋă ĺţ őąźěě őśŋőćăŋĺě, P_1P_2 (őśĳ űĺńĺŋďřă) šăłęě řăćŋż. Ŕńőźăďĳ šřěşčőńĳŋĺłă S_2 (P_1; P_2; R) ňőęěš ążšĳ ćżřăęěŋă ůěřěğ ňěšřĺłş ś ŕőňőźĳ¿ ťőřňşńż Čěřőŋă

S_2 (A; B; C) = √ p (p − a) (p − b) (p − c);

a = ȷ (B; C) ; b = ȷ (A; C) ; c = ȷ (A; B) ; p = (a + b + c) =2 Łřşčőćőľ űĺńĺŋďř C (P_1; P_2; P ) ěśšĳ ăšřĺąşš ďćşţ ňěšřĺůěśłĺţ ŕőďŕřőśšřăŋśšć M(P_1; P_2) ĺ M(P ).

Őŕřěďěńěŋĺě 1.9 İńńĺŕśőĺďőň E (P_1; P_2; P ), ĺňě¿źĺň ťőłşśż ć ąăğĺśŋżţ šőůłăţ P_1; P_2 ĺ ŕřőţőď£źĺň ůěřěğ šőůłş P ŋăğżćăěšś£ ňŋőęěśšćő šőůěł R ∈˙ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă M = {ȷ; ˙}, őŕřěďěń£ěňőě śőőšŋőÿěŋĺěň

E (P_1; P_2; P ) = {R|ȷ (P_1; R) + ȷ (P_2; R) = ȷ (P_1; P ) + ȷ (P_2; P )} ; P_1; P_2; P; R ∈˙

İńńĺŕśőĺď E (P_1; P_2; P ) ěśšĳ ăšřĺąşš ďćşţ łőŋěůŋżţ ňěšřĺůěśłĺţ ŕőďŕřőśšřăŋśšć M(P_1; P_2) ĺ M(P ). Ěśńĺ P_1 ≠ P ĺ P_2 ≠ P , šő šőůłĺ P_1; P_2 =∈ E (P_1; P_2; P ), ŋő šőůłă P ∈ E (P_1; P_2; P ). Ěśńĺ šőůłă P = P_1, šő ¡ńńĺŕśőĺď E (P_1; P_2; P ) ćżřőęďăěšś£ ć śěčňěŋš T_{[P1P2 ]} ňěęďş šőůłăňĺ P_1 and P_2 ŕř£ňőľ T_{P1 P2} , ŕřőţőď£źěľ ůěřěğ šőůłĺ P_1 ĺ P_2. Śěčňěŋš T_{[P1P2 ]} őŕřěďěń£ěšś£ śńěďş¿- źĺň őąřăğőň

Őŕřěďěńěŋĺě 1.10 Śěčňěŋš T_{[P1P2 ]} ŕř£ňőľ ňěęďş ąăğĺśŋżňĺ šőůłăňĺ P_1; P_2 ěśšĳ ňŋőęěśšćő šőůěł R ∈ ˙ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă M = {ȷ; ˙}, őŕřěďěń£ěňőě śőőšŋőÿěŋĺěň

T_{[P1 P2]} = {R|ȷ (P_1; R) + ȷ (P_2; R) − ȷ (P_1; P_2) = 0} ; P_1; P_2; R ∈ ˙ (1.5)

Śěčňěŋš T_{[P1 P2 ]} ěśšĳ ¡ńěňěŋšăřŋżľ čěőňěšřĺůěśłĺľ őąžěłš, łőšőřżľ ŋě ğăćĺśĺš őš ŕőř£ďłă šőůěł P_1; P_2. Łřőňě šőčő őąě ąăğĺśŋżě šőůłĺ P_1; P_2 ∈ T_{[P1P2 ]}: Śěčňěŋš T_{[P1 P2]} £ćń£ěšś£ ăšřĺąşšőň ňěšřĺůěśłőčő ŕőďŕřőśšřăŋśšćă ŕěřćőčő ŕőř£ďłă M (P_1; P_2) ć šőň śňżśńě, ůšő T_{[P1P2 ]} őŕřěďěń£ěšś£ śăňĺň ňěšřĺůěśłĺň ŕőďŕřőśšřăŋśšćőň M (P_1; P_2). Ŋăŕřĺňěř, śťěřă S (O; P ) őŕřěďěń£ěšś£ šőůłăňĺ O; P ňěšřĺůěśłőčő ŕőďŕřőśšřăŋśšćă M (O; P ), ŋő ŋě śăňĺň ňěšřĺůěśłĺň ŕőďŕřőśšřăŋśšćőň M (O; P ) ĺ śťěřă S (O; P ) ŋě £ćń£ěšś£ ăšřĺąşšőň ňěšřĺůěśłőčő ŕőďŕřőśšřăŋśšćă M (O; P ), ţőš£ őŋă £ćń£ěšś£ ăšřĺąşšőň ďćşţ ňěšřĺůěśłĺţ ŕőďŕřőśšřăŋśšć ŋşńěćőčő ŕőř£ďłă M(O) ĺ M(P ) (ĺńĺ ďćşţ šőůěł O; P ).

Őŕřěďěńěŋĺě 1.11 İńěňěŋšăřŋżľ čěőňěšřĺůěśłĺľ őąžěłš, łőšőřżľ £ćń£- ěšś£ ăšřĺąşšőň ňěšřĺůěśłőčő ŕőďŕřőśšřăŋśšćă n-őčő ŕőř£ďłă M (P^n), ěśšĳ ěśšěśšćěŋŋżľ čěőňěšřĺůěśłĺľ őąžěłš n-őčő ŕőř£ďłă (ĚČŐ n-őčő ŕőř£ďłă).

Šăłĺě čěőňěšřĺůěśłĺě őąžěłšż łăł šőůłă, ěćłńĺďőćă ŕř£ňă£ ĺ ěćłńĺďőćă ŕńőśłőśšĳ £ćń£¿šś£ ĚČŐ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ. Šőůłă P_0 ěśšĳ ĚČŐ ŋşńěćőčő ŕőř£ďłă T_{P0} śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ, őŕřěďěń£ěňżľ ňěšřĺůěśłĺň ŕőďŕřőśšřăŋśšćőň ŋşńěćőčő ŕőř£ďłă M (P_0) = P_0. Ŕř£ňă£ T_{P0 P1} śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ ěśšĳ ĚČŐ ŕěřćőčő ŕőř£ďłă, łőšőřżľ őŕřěďěń£ěšś£ ňěšřĺůěśłĺň ŕőďŕřőśšřăŋśšćőň ŕěřćőčő ŕőř£ďłă M (P_0; P_1). İšő őğŋăůăěš, ć ůăśšŋőśšĺ, ůšő T_{P0P1} = T_{P1P0} .

Ďćşňěřŋă£ ŕńőśłőśšĳ T_{P0 P1 P2} śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ ěśšĳ ĚČŐ ćšőřőčő ŕőř£ďłă, łőšőřżľ őŕřěďěń£ěšś£ ňěšřĺůěśłĺň ŕőďŕřőśšřăŋśšćőň ćšőřőčő ŕőř£ďłă M (P_0; P_1; P_2). İšő őğŋăůăěš, ůšő ĚČŐ T_{P0 P1 P2} ŋě ğăćĺśĺš őš ŕőř£ďłă ąăğĺśŋżţ šőůěł P_0; P_1; P_2, łőšőřżě őŕřěďěń£¿š T_{P0 P1P2} . Őďŋăłő, ŋě ćś£- łőě ňěšřĺůěśłőě ŕőďŕřőśšřăŋśšćő ćšőřőčő ŕőř£ďłă M (P_0; P_1; P_2) őŕřěďěń£ěš T_{P0 P1P2} . Šőńĳłő M (P_0; P_1; P_2) ⊄ T_{P0 P1} ňőčşš őŕřěďěń£šĳ T_{P0P1 P2} .

Ďń£ £ćŋőčő őŕřěďěńěŋĺ£ ĚČŐ n-őčő ŕőř£ďłă ŋşęŋő ŕřĺŕĺśăšĳ ďńĺŋş |M (P^n) | ń¿ąőňş ňěšřĺůěśłőňş ŕőďŕřőśšřăŋśšćş n-őčő ŕőř£ďłă M (P^n).

Őŕřěďěńěŋĺě 1.12 Łćăďřăšőň ďńĺŋż |M (P^n)|^2 ňěšřĺůěśłőčő ŕőďŕřőśšřăŋśšćă n-őčő ŕőř£ďłă M (P^n) ⊂ ˙ śőąśšćěŋŋő ěćłńĺďőćă ŕřőśšřăŋśšćă E = {ȷ_E; ˙} ŋăğżćăěšś£ ćěźěśšćěŋŋőě ůĺśńő

|M (P^n)|^2 = (n!S_n(P^n))^2 = F_n (P^n)

čďě S_n(P^n) ěśšĳ ěćłńĺďőć őąžěň (n + 1)-¡ďřă ś ćěřÿĺŋăňĺ ć šőůłăţ P^n ≡ {P_0; P_1; : : : P_n} ⊂ ˙.

Ć śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ őąžěň S_n(P^n) (n + 1)-¡ďřă ĺ ğŋăůěŋĺě F_n (P^n) ťşŋłűĺĺ F_n, ść£ğăŋŋőě ś ŋĺň, ňőčşš ążšĳ ćżřăęěŋż ć šěřňĺŋăţ ňěšřĺłĺ ȷ ś ŕőňőźĳ¿ śőőšŋőÿěŋĺľ

F_n : ˙^{n+1} → R; ˙^{n+1} = n+1⨂ k=1 ˙; n = 1; 2; : : : (1.6)

F_n (P^n) = det || (P_0P_i:P_0P_k) ||; P_0; P_i; P_k ∈ ˙; i; k = 1; 2; :::n (1.7)

(P_0P_i:P_0P_k) ≡ ` (P_0; P_i; P_k) ≡ ff (P_0; P_i) + ff (P_0; P_k) − ff (P_i; P_k) ; (1.8) i; k = 1; 2; :::n:

čďě ťşŋłűĺ£ ff őŕřěďěń£ěšś£ ůěřěğ ňěšřĺłş ȷ ś ŕőňőźĳ¿ śőőšŋőÿěŋĺ£

ff(P; Q) ≡ 1 2 ȷ^2(P; Q); ∀P; Q ∈ ˙: (1.9) ĺ P^n őğŋăůăěš n + 1 šőůěł P_0; P_1; : : : ; P_n ňŋőęěśšćă˙

P^n = {P_0; P_1; : : : ; P_n} ⊂ ˙ (1.10)

Ťşŋłűĺ£ ff, ŋăğżćăěňă£ ňĺřőćőľ ťşŋłűĺěľ [2], őůěŋĳ ćăęŋă£ ćěńĺůĺŋă, łőšőřă£ ňőęěš ĺśŕőńĳğőćăšĳś£ ćňěśšő ňěšřĺłĺ ȷ. Ćő ňŋőčĺţ śńşůă£ţ ĺśŕőńĳğőćăŋĺě ff őłăğżćăěšś£ ąőńěě şďőąŋżň, ůěň ĺśŕőńĳğőćăŋĺě ňěšřĺłĺ ȷ. Łćăďřăš ďńĺŋż |M (P^n)|^2 = F_n (P^n) ŕőďśůĺšăŋ ďń£ śőąśšćěŋŋő ěćłńĺďőćă ŕřőśšřăŋśšćă, ŋő ćżřăęěŋĺě (1.7) - (1.9) ňőęěš ążšĳ ĺśŕőńĳğőćăŋő ďń£ ń¿ąőčő łőŋěůŋőčő ŕőďŕřőśšřăŋśšćă ń¿ąőčő ňěšřĺůěśłőčő ŕřőśšřăŋśšćă, ŕőšőňş ůšő őŋő śőďěřęĺš šőńĳłő ňĺřőćş¿ ťşŋłűĺ¿ ff (ňěšřĺłş ȷ) ĺ ňőęěš ążšĳ řăśśůĺšăŋő ďń£ ń¿ąőčő ňěšřĺůěśłőčő ŕřőśšřăŋśšćă.

Őŕřěďěńěŋĺě 1.13 Őŕĺśăŋĺě ŋăğżćăěšś£ ff-ĺňňăŋěŋšŋżň, ěśńĺ őŋő ŋě śőďěřęĺš śśżńőł ŋă őąžěłšż ĺ ŕőŋ£šĺ£, őšńĺůŋżě őš łőŋěůŋżţ ňěšřĺůěśłĺţ ŕőďŕřőśšřăŋśšć ňěšřĺůěśłőčő ŕřőśšřăŋśšćă ĺ ěčő ňěšřĺłĺ.

Ŕřĺśšăćłă ff ć šěřňĺŋě "ff-ĺňňăŋěŋšŋżľ" ăśśőűĺĺřşěšś£ ś ňĺřőćőľ ťşŋłűĺěľ ff. Ŕőŋ£šĺě ff-ĺňňăŋěŋšŋőčő őŕĺśăŋĺ£ őůěŋĳ ćăęŋő ďń£ ňőďĺťĺłăűĺĺ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ. Řăśśňăšřĺćă£ śőąśšćěŋŋő ěćłńĺďőćş čěőňěšřĺ¿ łăł ¡šăńőŋŋş¿ ĺ őŕřěďěń££ čěőňěšřĺůěśłĺľ őąžěłš ć ŋěľ ff-ĺňňăŋěŋšŋżň śŕőśőąőň, ňőęŋő ĺśŕőńĳğőćăšĳ ¡šő őŕřěďěńěŋĺě ć ń¿ąőň ňěšřĺůěśłőň ŕřőśšřăŋśšćě.

Ğăňěšĺň, ůšő őŕřěďěńěŋĺě čěőňěšřĺůěśłĺţ őąžěłšőć { čńăćŋă£ ŕřőąńěňă ňěšřĺůěśłőľ čěőňěšřĺĺ, š.ě. čěőňěšřĺĺ, ŕőřőęďăěňőľ ňěšřĺůěśłĺň ŕřőśšřăŋśšćőň. Łřăšůăľÿă£ (ńĺŋĺ£), ść£ğżćă¿źă£ ďćě ŕřőĺğćőńĳŋżě šőůłĺ P; Q ∈˙ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă {ȷ; ˙}, ěśšĳ őśŋőćŋőľ čěőňěšřĺůěśłĺľ őąžěłš, łőšőřżľ őążůŋő śšřőĺšś£ ć ňěšřĺůěśłőň ŕřőśšřăŋśšćě [3]. Ĺğ őšřěğłőć łřăšůăľÿěľ ňőęŋő ŕőśšřőĺšĳ şčőń, šřěşčőńĳŋĺł ĺ ňŋőčőşčőńĳŋĺł. Ŕőśšřőěŋĺě ăŋăńőčőć ďćşňěřŋőľ ĺ šřěţňěřŋőľ ŕńőśłőśšěľ ć ňěšřĺůěśłőň ŕřőśšřăŋśšćě ďőćőńĳŋő ŕřőąńěňăšĺůŋő. Ćő ćś£łőň śńşůăě ŋě £śŋő, łăł ňőęŋő ŕőśšřőĺšĳ ¡šĺ ŕńőśłőśšĺ, ĺśŕőńĳğş£ łřăšůăľÿş¿ łăł őśŋőćŋőľ čěőňěšřĺůěśłĺľ őąžěłš. Ćőğňőęŋőśšĳ őŕĺśăŋĺ£ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă ć šěřňĺŋăţ šőńĳłő łřăšůăľÿěľ őčřăŋĺůěŋă, ţőš£ ŕřő£ćĺć ďőśšăšőůŋő ĺğőąřěšăšěńĳŋőśšĺ, šăłőě őŕĺśăŋĺě ňőęŋő ŕőśšřőĺšĳ. Ŋăŕřĺňěř, Ă.Ď. Ăńěłśăŋďřőć ŕőłăğăń, ůšő ćŋşšřěŋŋ££ čěőňěšřĺ£ ďćşňěřŋżţ čřăŋĺű ćżŕşłńżţ šřěţňěřŋżţ šěń ňőęěš ążšĳ ŕřěďśšăćńěŋă ć šěřňĺŋăţ őďŋőľ šőńĳłő ňěšřĺłĺ [4]. Ŕő-ćĺďĺňőňş, ąěğ ććěďěŋĺ£ čěőňěšřĺůěśłĺţ őąžěłšőć, łőšőřżě £ćń£¿šś£ ăŋăńőčăňĺ ďćşňěřŋżţ ŕńőśłőśšěľ, řěÿĺšĳ ŕőďőąŋş¿ ŕřőąńěňş ďń£ šřěţňěřŋżţ čřăŋĺű ůěšżřěţňěřŋżţ šěń őůěŋĳ šřşďŋő.

Ğăňěšĺň, ůšő őčřăŋĺůěŋĺ£ (1.3), (1.4), ŋăńăčăěňżě ŋă ňěšřĺłş, ŋşęŋż šőńĳłő ďń£ ŕőśšřőěŋĺ£ łřăšůăľÿĺţ. Łřăšůăľÿă£, őŕřěďěń£ěňă£ šőůłăňĺ P_1; P_2, ňőęěš ążšĳ ğăňěŋěŋă ff-ĺňňăŋěŋšŋżň őŕřěďěńěŋĺěň (1.5) śěčňěŋšă T_{[P1P2 ]}, łőšőřżľ śőćŕăďăěš ś łřăšůăľÿěľ ć ňěšřĺůěśłőň ŕřőśšřăŋśšćě, őŕĺśżćăěňőň őŕřěďěńěŋĺěň 1.1. İšő őŕřěďěńěŋĺě śăňő ŕő śěąě ŋě ŋşęďăěšś£ ć őčřăŋĺůěŋĺĺ (1.3), őŕĺśżćă¿źĺň ďěťĺŋĺšŋőśšĳ ňěšřĺłĺ ňěšřĺůěśłőčő ŕřőśšřăŋśšćă, ĺ ć őčřăŋĺůěŋĺĺ (1.4), őŕĺśżćă¿źěň őďŋőňěřŋőśšĳ śěčňěŋšă T_{[P1P2 ]}. Ěśńĺ ňěšřĺłă ŋě őčřăŋĺůěŋă şśńőćĺěň (1.4), śěčňěŋš T_{[P1 P2 ]} ĺňěěš ťőřňş ŕőńőľ šřşąłĺ, ŋăŕőňĺŋă¿źěľ ¡ńńĺŕśőĺď, őŕĺśżćăěňżľ śőőšŋőÿěŋĺěň 1.9. Ěśńĺ őčřăŋĺůěŋĺě (1.4) şśĺńĺšĳ (≤ ğăňěŋ£ěšś£ ŋă <), šő śěčňěŋš T_{[P1 P2]} ćżřőęďăěšś£ ć ďćě šőůłĺ P_1; P_2. Śńşůăľ őďŋőňěřŋőľ łřăšůăľÿěľ £ćń£ěšś£ ŕřőňěęşšőůŋżň ňěęďş ¡šĺňĺ ďćşň£.

Ć śńşůăě śőąśšćěŋŋő ěćłńĺďőćă ŕřőśšřăŋśšćă, řăśśňăšřĺćăěňőčő łăł ňěšřĺůěśłőě ŕřőśšřăŋśšćő, ĚČŐ ŕěřćőčő ŕőř£ďłă, őŕřěďěń£ěňżľ (1.5), ěśšĳ őďŋőňěřŋă£ ńĺŋĺ£. Ŕřĺ ¡šőň őśšăěšś£ ŋě£śŋżň, £ćń£ěšś£ ńĺ śćőľśšćő őďŋőňěřŋőśšĺ śŕěűĺăńĳŋżň śćőľśšćőň śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ, ĺńĺ ¡šő śćőľśšćő ń¿ąőľ čěőňěšřĺĺ, ćőőąźě. Ňż ŋě ćĺďĺň, ŕőůěňş śńěďşěš ŋăśšăĺćăšĳ ŋă őďŋőňěřŋőśšĺ ĚČŐ ŕěřćőčő ŕőř£ďłă T_{[P1 P2]} ć śńşůăě ŕřőĺğćőńĳŋőľ ňőďĺťĺłăűĺĺ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ. Ćő-ŕěřćżţ, ŕőńěğŋő řăśśňőšřěšĳ ŋăĺąőńěě őąźş¿ ňőďĺťĺłăűĺ¿ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ. Ćő-ćšőřżţ, ěśńĺ ¡šő ŕőšřěąşěšś£, ć łőŋűě ĺśśńěďőćăŋĺ£ ćśěčďă ňőęŋő şňěŋĳÿĺšĳ śšěŕěŋĳ őąőąźěŋĺ£, ŋăńőęĺć ďőŕőńŋĺšěńĳŋżě őčřăŋĺůěŋĺ£.

Ć śőąśšćěŋŋő ěćłńĺďőćőň ŕřőśšřăŋśšćě n-ňěřŋă£ ŕńőśłőśšĳ (ĚČŐ n-őčő ŕőř£ďłă) n = 1; 2; : : : őŕřěďěń£ěšś£ śńěďş¿źĺň őąřăğőň

Őŕřěďěńěŋĺě 1.14 Ňěšřĺůěśłőě ŕőďŕřőśšřăŋśšćő n-őčő ŕőř£ďłă M (P^n) ŋěŋşńěćőľ ďńĺŋż |M (P^n)|^2 = F_n (P^n) ≠ 0 őŕřěďěń£ěš šřşąłş n-őčő ŕőř£ďłă (ĚČŐ n-őčő ŕőř£ďłă) T (P^n) ś ŕőňőźĳ¿ śőőšŋőÿěŋĺ£

T (P^n) ≡ T_Pn = { P_{n+1}|F_{n+1} ( P^{n+1} ) = 0 } ; P_i ∈ ˙; i = 0; 1 : : : n + 1; (1.11) čďě ťşŋłűĺ£ F_n őŕřěďěń£ěšś£ śőőšŋőÿěŋĺ£ňĺ (1.6), (1.8)

Šřşąłă n-őčő ŕőř£ďłă T_Pn , £ćń£¿źă£ś£ ăŋăńőčőň n-ňěřŋőľ ěćłńĺďőćőľ ŕńőśłőśšĺ ňőęěš ążšĳ ŕőśšřőěŋă ć ń¿ąőň ňěšřĺůěśłőň ŕřőśšřăŋśšćě, ŕőśłőńĳłş ěě őŕřěďěńěŋĺě 1.14 ff-ĺňňăŋěŋšŋő. Šřşąłă ňőęěš ążšĳ őŕřěďěńěŋă šăłęě ć ňěšřĺůěśłőň ŕřőśšřăŋśšćě, čďě őŕşźěŋż őčřăŋĺůěŋĺ£ (1.3), (1.4), őążůŋő ŋăńăčăěňżě ŋă ňěšřĺłş. Ňż ąşďěň ŋăğżćăšĳ šăłőě őąőąźěŋŋőě ňěšřĺůěśłőě ŕřőśšřăŋśšćő ff-ŕřőśšřăŋśšćőň. Čěőňěšřĺ¿, ŕőřőęďăěňş¿ ff-ŕřőśšřăŋśšćőň, ąşďěň ŋăğżćăšĳ Š-čěőňěšřĺěľ (šřşąůăšőľ čěőňěšřĺěľ).

Őŕřěďěńěŋĺě 1.15 ff-ŕřőśšřăŋśšćő V = {ff; ˙} ěśšĳ ŋěŕşśšőě ňŋőęěśšćő˙ šőůěł P ś ğăďăŋŋőľ ŋă ˙ × ˙ ćěźěśšćěŋŋőľ ťşŋłűĺěľ ff

ff : ˙ × ˙ → R; ff(P; P ) = 0; ff(P; Q) = ff(Q; P ) ∀P; Q ∈ ˙: (1.12)

Ťşŋłűĺ£ ff ŋăğżćăěšś£ ňĺřőćőľ ťşŋłűĺěľ, ĺńĺ ff-ťşŋłűĺěľ. Ňěšřĺłă ȷ ňőęěš ążšĳ ććěďěŋă ć ff-ŕřőśšřăŋśšćě ś ŕőňőźĳ¿ śőőšŋőÿěŋĺ£ (1.9). Ěśńĺ ff ŕőńőęĺšěńĳŋă, ňěšřĺłă ȷ šőęě ŕőńőęĺšěńĳŋă, ŋő ěśńĺ ff őšřĺűăšěńĳŋă, šő ňěšřĺłĺ ňŋĺňă.

Őŕřěďěńěŋĺě 1.16 . Ŋěŕşśšőě ŕőďňŋőęěśšćő ˙^′ ⊂ ˙ šőůěł ff-ŕřőśšřăŋśšćă V = {ff; ˙} ś ňĺřőćőľ ťşŋłűĺěľ ff^′ = ff|_Ω0_{×Ω}0, łőšőřă£ £ćń£ěšś£ śşęěŋĺěň ff ŋă ˙^′ × ˙^′, ŋăğżćăěšś£ ff-ŕőďŕřőśšřăŋśšćőň V^′ = {ff^′; ˙^′} ff-ŕřőśšřăŋśšćă V = {ff; ˙}.

Ďăńěě ňĺřőćă£ ťşŋłűĺ£ ff^′ = ff|_Ω0_{×Ω}0 , £ćń£¿źă£ś£ śşęěŋĺěň ff ąşďěš őąőğŋăůăšĳś£ ŕőśřěďśšćőň ff. Ń¿ąőě ff-ŕőďŕřőśšřăŋśšćő ff-ŕřőśšřăŋśšćă ěśšĳ ffŕřőśšřăŋśšćő.

Őŕřěďěńěŋĺě 1.17 . ff-ŕřőśšřăŋśšćő V = {ff; ˙} ŋăğżćăěšś£ ĺğőňěšřĺůěśłĺ ćńőęĺňżň ć ff-ŕřőśšřăŋśšćő V^′ = {ff^′; ˙^′}, ěśńĺ śşźěśšćşěš šăłőľ ňőŋőňőřťĺğň f : ˙ → ˙^′, ůšő ff(P; Q) = ff^′(f(P ); f(Q)), ∀P; ∀Q ∈ ˙; f(P ); f(Q) ∈ ˙^′.

Ń¿ąőě ff-ŕőďŕřőśšřăŋśšćő V^′ ff-ŕřőśšřăŋśšćă V = {ff; ˙} ňőęěš ążšĳ ĺğőňěšřĺůěśłĺ ćńőęěŋő ć ŋěčő.

Őŕřěďěńěŋĺě 1.18 . Ďćă ff-ŕřőśšřăŋśšćă V = {ff; ˙} ĺ V^′ = {ff^′; ˙^′} ŋăğżćă- ¿šś£ ĺğőňěšřĺůŋżňĺ (¡łćĺćăńěŋšŋżňĺ), ěśńĺ V ĺğőňěšřĺůěśłĺ ćńőęĺňő ć V^′, ĺ V^′ ĺğőňěšřĺůěśłĺ ćńőęĺňő ć V .

Őŕřěďěńěŋĺě 1.19 ff-ŕřőśšřăŋśšćő M = {ȷ; ˙} ŋăğżćăěšś£ łőŋěůŋżň ff-ŕřő-śšřăŋśšćőň, ěśńĺ ňŋőęěśšćő ˙ śőśšőĺš ĺğ łőŋěůŋőčő ůĺśńă šőůěł.

Őŕřěďěńěŋĺě 1.20 . ff-ŕőďŕřőśšřăŋśšćő M_n(P^n) = {ff; P^n} ff-ŕřőśšřăŋśšćă V = {ff; ˙}, śőśšő£źěě ĺğ n + 1 šőůěł P^n = {P_0; P_1; :::; P_n} ŋăğżćăěšś£ ffŕőďŕřőśšřăŋśšćőň n-őčő ŕőř£ďłă.

Ćśě čěőňěšřĺůěśłĺě őąžěłšż Š-čěőňěšřĺĺ ŕőńşůă¿šś£ śńěďş¿źĺň őąřăğőň. Čěőňěšřĺůěśłĺě őąžěłšż śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ őŕřěďěń£- ¿šś£ ć ff-ĺňňăŋěŋšŋőľ ťőřňě. Šőčďă őŋĺ ňőčşš řăśśňăšřĺćăšĳś£ łăł őŕřěďěńěŋĺ£ śőőšćěšśšćş¿źĺţ čěőňěšřĺůěśłĺţ őąžěłšőć ć Š-čěőňěšřĺĺ. Ňĺřőćă£ ťşŋłűĺ£ ff śőąśšćěŋŋő ěćłńĺďőćă ŕřőśšřăŋśšćă şďőćńěšćőř£ěš ŋěłőšőřżň ffĺňňăŋěŋšŋżň śőőšŋőÿěŋĺ£ň, őŕĺśżćă¿źĺň śŕěűĺăńĳŋżě śćőľśšćă śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ.

Ňěšřĺůěśłă£ śšőřőŋă ¡šĺţ śőőšŋőÿěŋĺľ ążńă śťőřňşńĺřőćăŋă ĺ ďőłăğăŋă Ňěŋčěřőň [5]. Ňż ŕřĺćěďěň ¡šőš řěğşńĳšăš ć ćĺďě šěőřěňż, ĺśŕőńĳğş£ ŋăÿĺ őąőğŋăůěŋĺ£

Šěőřěňă 1.1 Ůšőąż ff-ŕřőśšřăŋśšćő V = {ff; ˙} ążńő ĺğőňěšřĺůěśłĺ ćńőęĺňő ć n-ňěřŋőě ěćłńĺďőćő ŕřőśšřăŋśšćő E_n, ŋěőąţőďĺňő ĺ ďőśšăšőůŋő, ůšőąż ń¿ąőě ff-ŕőďŕřőśšřăŋśšćő (n + 2)-őčő ŕőř£ďłă M(P^{n+2}) ⊂ ˙ ążńő ĺğőňěšřĺůěśłĺ ćńőęĺňő ć E_n.

Ł śőęăńěŋĺ¿, ťőřňşńĺřőćłă šěőřěňż ŋě £ćń£ěšś£ ff-ĺŋćăřĺăŋšŋőľ, šăł łăł śőďěřęĺš śśżńłş ŋă ćńőęĺňőśšĳ ć ěćłńĺďőćő ŕřőśšřăŋśšćő E_n, ff-ĺŋćăřĺăŋšŋőčő őŕřěďěńěŋĺ£ łőšőřőňş ŋě ďăěšś£. Ąőńěě łőŋśšřşłšĺćŋżľ ćăřĺăŋš şśńőćĺľ ěćłńĺďőćőśšĺ ff-ŕřőśšřăŋśšćă ťőřňşńĺřşěšś£ ć ćĺďě šěőřěňż.

Šěőřěňă 1.2 Ůšőąż ff-ŕřőśšřăŋśšćő V = {ff; ˙} ążńő n-ňěřŋżň ěćłńĺďőćżň ŕřőśšřăŋśšćőň, ŋěőąţőďĺňő ĺ ďőśšăšőůŋő ćżŕőńŋěŋĺ£ śńěďş¿źĺţ šřěţ şśńőćĺľ.

I. ∃P^n ⊂ ˙; F_n(P^n) ≠ 0; F_{n+1}(˙^{n+2}) = 0; (1.13) II. ff(P; Q) = 1 2 n∑ i,k=1 g^{ik}(P^n)[`(P_0; P_i; P ) − `(P_0; P_i; Q)]

×[`(P_0; P_k; P ) − `(P_0; P_k; Q)]; ∀P; Q ∈ ˙; (1.14)

čďě `(P_0; P_k; P ) őŕřěďěń£ěšś£ śőőšŋőÿěŋĺ£ňĺ (1.8). Ćěńĺůĺŋż g^{ik}(P^n); (i; k = 1; 2; : : : n) őŕřěďěń£¿šś£ śőőšŋőÿěŋĺ£ňĺ n∑ k=1 g_{ik}(P^n)g^{kl}(P^n) = ‹^l_i; i; l = 1; 2; : : : n (1.15) čďě g_{ik}(P^n) = `(P_0; P_i; P_k); i; k = 1; 2; : : : n (1.16) III. Śőőšŋőÿěŋĺ£

`(P_0; P_i; P ) = x_i; x_i ∈ R; P_0; P_i; P ∈ ˙; i = 1; 2; : : : n; (1.17)

řăśśňăšřĺćăěňżě łăł şřăćŋěŋĺ£ ďń£ őŕřěďěńěŋĺ£ P ∈ ˙, ćśěčďă ĺňě¿š őďŋő ĺ šőńĳłő őďŋő řěÿěŋĺě.

Ğăňěůăŋĺě 1.1 Ďń£ šőčő ůšőąż ěćłńĺďőćő ŕřőśšřăŋśšćő ążńő śőąśšćěŋŋő ěćłńĺďőćżň, śőąśšćěŋŋżě ğŋăůěŋĺ£ ňăšřĺűż g_{ik}(P^n) = `(P_0; P_i; P_k); i; k = 1; 2; : : : n ďőńęŋż ĺňěšĳ őďĺŋ ĺ šőš ęě ğŋăł, ć ŕřőšĺćŋőň śńşůăě ěćłńĺďőćő ŕřőśšřăŋśšćő ąşďěš ŕśěćďőěćłńĺďőćżň.

Ğăňěůăŋĺě 1.2 Şśńőćĺě (1.13) ěśšĳ śńěďśšćĺě şśńőćĺ£ (1.14). Őŋő ťőřňşńĺřşěšś£ ć ćĺďě őšďěńĳŋőčő şśńőćĺ£ ďń£ šőčő, ůšőąż őšďěńĺšĳ őŕřěďěńěŋĺě řăğňěřŋőśšĺ őš őŕřěďěńěŋĺ£ śĺśšěňż łőőřďĺŋăš.

Ğăňěšĺň, ůšő ćśě šřĺ şśńőćĺ£ ğăŕĺśăŋż ć ff-ĺňňăŋěŋšŋőľ ťőřňě. Ďőłăğăšěńĳśšćő šěőřěňż ňőęŋő ŋăľšĺ ć [6]. Ğďěśĳ ňż őčřăŋĺůĺňś£ šěň, ůšő ŕőłăęěň, łăł ĺśţőď£ ĺğ ăąśšřăłšŋőčő ff-ŕřőśšřăŋśšćă, şďőćńěšćőř£¿źěčő şśńőćĺ£ň I - III šěőřěňż, ňőęŋő ŕőśšřőĺšĳ šřăďĺűĺőŋŋőě őŕĺśăŋĺě śőąśšćěŋŋő ěćłńĺďőćőčő ŕřőśšřăŋśšćă ć ŋěłőšőřőľ ŕř£ňőńĺŋěľŋőľ śĺśšěňě łőőřďĺŋăš.

Ŕşśšĳ ĺňěěšś£ ff-ŕřőśšřăŋśšćő V = {ff; ˙}; ĺ ĺğćěśšŋő, ůšő ćżŕőńŋěŋż şśńőćĺ£ I - III šěőřěňż. Šőčďă ff-ŕřőśšřăŋśšćő ěćłńĺďőćő, ŋő ěčő řăğňěřŋőśšĳ n ŋěĺğćěśšŋă. Ůšőąż őŕřěďěńĺšĳ řăğňěřŋőśšĳ n, ćőğĳňěň ďćě řăğńĺůŋżě šőůłĺ P_0; P_1 ∈ ˙; F_1(P^1) = 2ff(P_0; P_1) ≠ 0.

1. Ŕőśšřőĺň šřşąłş ŕěřćőčő ŕőř£ďłă T (P^1). Ěśńĺ T (P^1) = ˙, šő řăğňěřŋőśšĳ ff-ŕřőśšřăŋśšćă V n = 1. Šőčďă ˙\T (P^1) ≠ ∅, ĺ ∃P_2 ∈ ˙; P_2 =∈ T (P^1) ; ĺ śńěďőćăšěńĳŋő, F_2(P^2) ≠ 0.

2. Ŕőśšřőĺň šřşąłş ćšőřőčő ŕőř£ďłă T (P^2). Ěśńĺ T (P^2) = ˙, šő n = 2, ć ŕřőšĺćŋőň śńşůăě ∃P_3 ∈ ˙; P_3 =∈ T (P^2) ĺ, śńěďőćăšěńĳŋő, F_3(P^3) ≠ 0.

3. Ŕőśšřőĺň šřşąłş šřěšĳěčő ŕőř£ďłă T (P^3). Ěśńĺ T (P^3) = ˙, šő n = 3, ć ŕřőšĺćŋőň śńşůăě ∃P_4 ∈ ˙; P_4 =∈ T (P^3), ĺ śńěďőćăšěńĳŋő, F_4(P^4) ≠ 0.

4. ĺ šăł ďăńěě.

Ŕřőďőńęă£ ¡šőš ŕřőűěśś, ňőęŋő őŕřěďěńĺšĳ šăłĺě n + 1 šőůěł P^n, ůšő T (P^n) = ˙ ĺ śńěďőćăšěńĳŋő, şśńőćĺ£ (1.13) ąşďşš ćżŕőńŋěŋż.

Šőčďă ś ŕőňőźĳ¿ śőőšŋőÿěŋĺľ

x_i (P ) = `(P_0; P_i; P ); i = 1; 2; : : : n; (1.18)

ňőęŋő ŕřĺŕĺśăšĳ łőćăřĺăŋšŋżě łőőřďĺŋšż x (P ) = {x_i(P )} ; i = 1; 2; : : : n ń¿ąőľ šőůłě ∀P ∈ ˙. Ŕşśšĳ x = x (P ) ∈ R^n ĺ x^′ = x (P^′) ∈ R^n: Ŕőďśšăćń££ `(P_0; P_i; P ) = x ĺ `(P_0; P_i; P^′) = x^′_i ć (1.14), ŕőńşůăěň őążůŋőě ćżřăęěŋĺě ďń£ ňĺřőćőľ ťşŋłűĺĺ ć ěćłńĺďőćőň ŕřőśšřăŋśšćě ć ŕř£ňőńĺŋěľŋőľ śĺśšěňě łőőřďĺŋăš

ff(P; P^′) = ff_E(x; x^′) = 1 2 n∑ i,k=1 g^{ik}(P^n) (x_i − x^′_i) (x_k − x^′_k) ; (1.19)

čďě g^{ik}(P^n), őŕřěďěńěŋŋżľ śőőšŋőÿěŋĺ£ňĺ (1.16) ĺ (1.15), ěśšĳ łőŋšřăćăřĺăŋšŋżľ ňěšřĺůěśłĺľ šěŋğőř ć ¡šőľ łőőřďĺŋăšŋőľ śĺśšěňě.

Şśńőćĺě III šěőřěňż şšćěřęďăěš, ůšő őšőąřăęěŋĺě

x : ˙ → R^n

őŕĺśżćăěňőě śőőšŋőÿěŋĺěň (1.18) ěśšĳ ąĺěłűĺ£, š.ě. ďń£ ∀y ∈ R^n śşźěśšćşěš őďŋă ĺ šőńĳłő őďŋă šăłă£ šőůłă Q, ůšő y = x (Q).

Šăłĺň őąřăğőň, ŋă őśŋőćě ňĺřőćőľ ťşŋłűĺĺ, ğăďăŋŋőľ ŋă ăąśšřăłšŋőň ňŋőęěśšćě ˙ × ˙, ňőęŋő őŕřěďěńĺšĳ řăğňěřŋőśšĳ n ěćłńĺďőćă ŕřőśšřăŋśšćă, ŕőśšřőĺšĳ ŕř£ňőńĺŋěľŋş¿ śĺśšěňş łőőřďĺŋăš ś ňěšřĺůěśłĺň šěŋğőřőň g_{ik}(P^n) = `(P_0; P_i; P_k); i; k = 1; 2; : : : n ĺ őŕĺśăšĳ ćśě čěőňěšřĺůěśłĺě őąžěłšż, łőšőřżě ňőęŋő őŕĺśăšĳ ć šěřňĺŋăţ łőőřďĺŋăš. Ć řěğşńĳšăšě ěćłńĺďőćő ŕřőśšřăŋśšćő ĺ ěćłńĺďőćă čěőňěšřĺ£ őŕĺśżćă¿šś£ ć šěřňĺŋăţ ĺ šőńĳłő ć šěřňĺŋăţ ňĺřőćőľ ťşŋłűĺĺ (ňěšřĺłĺ).

Ĺğňěŋ££ ňĺřőćş¿ ťşŋłűĺ¿ śőąśšćěŋŋő ěćłńĺďőćă ŕřőśšřăŋśšćă, ňőęŋő ŕőńşůĺšĳ ďřşčőě ff-ŕřőśšřăŋśšćő ĺ ďřşčş¿, ŋěěćłńĺďőćş čěőňěšřĺ¿. Śńěďşěš őęĺďăšĳ, ůšő ŋěěćłńĺďőćă čěőňěšřĺ£ šăłęě ąşďěš ŕőńŋőśšĳ¿ őŕĺśżćăšĳś£ ć šěřňĺŋăţ ňĺřőćőľ ťşŋłűĺĺ. Ŕřĺ ¡šőň śćőľśšćă čěőňěšřĺůěśłĺţ őąžěłšőć ŋěěćłńĺďőćőľ čěőňěšřĺĺ ňőčşš őłăğăšĳś£ śőćśěň ŋě šăłĺňĺ, łăł ć śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ. Ŋăŕřĺňěř, ć ěćłńĺďőćőľ čěőňěšřĺĺ T_{P0 P1} ⊂ T_{P0 P1 P2} , š.ě. ŕř£ňă£, ŕřőţőď£źă£ ůěřěğ šőůłĺ P_0 ĺ P_1 ŕřĺŋăďńěęĺš ń¿ąőľ ďćşňěřŋőľ ŕńőśłőśšĺ, ŕřőţőď£źěľ ůěřěğ ¡šĺ šőůłĺ. Ďń£ ďőłăğăšěńĳśšćă ¡šőčő şšćěřęďěŋĺ£ ŕřĺţőďĺšś£ ĺśŕőńĳğőćăšĳ śőőšŋőÿěŋĺ£ (1.15), ŕő¡šőňş ć śńşůăě ŋěěćłńĺďőćőľ čěőňěšřĺĺ śőőšŋőÿěŋĺě T_{P0 P1} ⊂ T_{P0 P1 P2} , ćőőąźě čőćőř£, ŋěćěřŋő.

Ďřşčőľ ŕřĺňěř. Ďćă űĺńĺŋďřă C (P_0; P_1; P ) ĺ C (P_0; P^′_1; P ), P^′_1 ∈ T_{[P0 P1]}; P^′_1 ≠ P_1, P^′_1 ≠ P_0, ğăďăŋŋżě őŕřěďěńěŋĺěň 1.8, śőćŕăďă¿š ć śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ, čďě šőůłĺ P_0; P_1 ĺ P_0; P^′_1 ğăďă¿š őďŋş ĺ šş ęě őśĳ űĺńĺŋďřă, šăł łăł ćśě őŋĺ ńěęăš ŋă őďŋőľ ŕř£ňőľ. Ć śńşůăě ŋěěćłńĺďőćőľ čěőňěšřĺĺ C (P_0; P_1; P ) ĺ C (P_0; P^′_1; P ) śşšĳ ďćă řăğńĺůŋżţ čěőňěšřĺůěśłĺţ őąžěłšă, šăł łăł śőőšŋőÿěŋĺ£ (1.15), őšćěšśšćěŋŋżě ğă śőćŕăďěŋĺě ¡šĺţ čěőňěšřĺůěśłĺţ őąžěłšőć, ćőőąźě čőćőř£, ŋě ćżŕőńŋ£¿šś£ .

Ć śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ śşźěśšćşěš čěőňěšřĺůěśłĺľ őąžěłš, ŋăğżćăěňżľ ńĺŋĺěľ.

Őŕřěďěńěŋĺě 1.21 Ńőňăŋă£ šřşąłă T_{br} ěśšĳ ňŋőęěśšćő ść£ğăŋŋżţ śěčňěŋšőć šřşąłĺ (ŕř£ňőľ) T_{[PiPi+1 ]}

T_{br} = ⋃ i T_{[PiPi+1 ]} (1.20)

Ć śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ ŋěŕřěřżćŋă£ ńĺŋĺ£ (ĺńĺ łřĺćă£) őŕřěďěń£ěšś£ łăł ŕřěďěń ńőňăŋőľ šřşąłĺ T_{br} ŕřĺ P_i → P_{i+1}; (i = 0; ±1; ±2; : : :). Ć ŋěěćłńĺďőćőľ čěőňěšřĺĺ śşźěśšćőćăŋĺě šăłőčő ŕřěďěńă ŕřőąńěňăšĺůŋő, ĺ ¡šă ŕřőąńěňă ďőńęŋă śŕěűĺăńĳŋő ĺśśńěďőćăšĳś£ ćś£łĺľ řăğ. Čńăďłă£ ńĺŋĺ£ ć śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ őŕřěďěń£ěšś£ łăł ŕřěďěń śőőšŋőÿěŋĺ£ (1.20) ŕřĺ P_i → P_{i+1}; (i = 0; ±1; ±2; : : :) ŕřĺ şśńőćĺĺ ůšő cos “P_{i−1}P_iP_{i+1} → −1. Ğăďăć śěčňěŋš T_{[PiPi+1 ]} ś ŕőňőźĳ¿ őŕřěďěńěŋĺ£ 1.10, ŕőńşůăěň ňěšřĺůěśłőě őŕřěďěńěŋĺě ńőňăŋőľ šřşąłĺ (ńĺŋĺĺ) (1.20). Ďń£ ŕőńşůěŋĺ£ ňěšřĺůěśłőčő őŕřěďěńěŋĺ£ ŋěŕřěřżćŋőľ ńĺŋĺĺ ĺ čńăďłőľ ńĺŋĺĺ, ŋşęŋő ŕěřěľšĺ ł śőőšćěšśšćş¿źĺň ŕřěďěńăň ć (1.20). Ć śőőšćěšśšćĺĺ ś ¡šĺň őŕřěďěńěŋĺěň ńĺŋĺ£ ěśšĳ ňŋőčőšőůěůŋżľ čěőňěšřĺůěśłĺľ őąžěłš. İšőš őąžěłš őůěŋĳ śńőęěŋ, šăł łăł ěčő šőůłĺ ğăďă- ¿šś£ ŋěğăćĺśĺňő, ĺ ěčő ğăďăŋĺě šřěąşěš őůěŋĳ ąőńĳÿőľ ĺŋťőřňăűĺĺ (ĺňěěšś£ őůěŋĳ ňŋőčő śšěŕěŋěľ śćőąőďż).

Ś ďřşčőľ śšőřőŋż ć śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ śşźěśšćşěš ďřşčőě (ŋěňěšřĺůěśłőě) őŕřěďěńěŋĺě ŋěŕřěřżćŋőľ ńĺŋĺĺ. Ŋěŕřěřżćŋă£ ńĺŋĺ£ L őŕřěďěń£ěšś£ łăł ŋěŕřěřżćŋőě őšőąřăęěŋĺě

L : I → ˙; I = [0; 1] ⊂ R; (1.21)

Śšřőčő čőćőř£, čěőňěšřĺůěśłĺň őąžěłšőň £ćń£ěšś£ ňŋőęěśšćő L = L(I) ⊂˙ šőůěł ff-ŕřőśšřăŋśšćă V = {ff; ˙}, ă ŋě śăňő őšőąřăęěŋĺě (1.21). Őďŋăłő, ŕőśłőńĳłş ůĺśńőćőě ňŋőęěśšćő I ťĺłśĺřőćăŋő, šő ś ŋěłőšőřżňĺ őčőćőřłăňĺ ňőęŋő śůĺšăšĳ śőőšćěšśšćĺě ňěęďş őšőąřăęěŋĺěň L ĺ ňŋőęěśšćőň őąřăğőć L = L(I) ćğăĺňŋő őďŋőğŋăůŋżň. İšő ďăěš ćőğňőęŋőśšĳ ňăřłĺřőćăšĳ čěőňěšřĺůěśłĺě őąžěłšż (łăł ff-ŕőďŕřőśšřăŋśšćă) ś ŕőňőźĳ¿ őšőąřăęěŋĺľ (1.21) ĺ ďăęě őšőęďěśšćń£šĳ őšőąřăęěŋĺě (1.21) ś čěőňěšřĺůěśłĺň őąžěłšőň L, ŋăğżćăěňżň łřĺćőľ (ńĺŋĺěľ).

Ć śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ őŕřěďěńěŋĺě ńĺŋĺĺ (1.21) śőčńăśşěšś£ ś őŕřěďěńěŋĺěň 1.20. Ŋő ć ŋěěćłńĺďőćőľ čěőňěšřĺĺ őŕřěďěńěŋĺ£ (1.21) ĺ (1.20), ćőőąźě čőćőř£, ŋě śőčńăśş¿šś£. Şęě ć řĺňăŋőćőľ čěőňěšřĺĺ ĺśŕőńĳğőćăŋĺě őŕřěďěńěŋĺ£ (1.21) łăł őďŋőčő ĺğ őśŋőćŋżţ ŕőŋ£šĺľ śőğďăěš ŕřőąńěňż.

Ć řĺňăŋőćőň ŕřőśšřăŋśšćě ňĺřőćă£ ťşŋłűĺ£ ff_R(x; x^′) ňěęďş šőůłăňĺ x ĺ x^′ őŕřěďěń£ěšś£ śőőšŋőÿěŋĺěň

ff_R(x; x^′) = 1 2 ∫ L_{[xx}0_] √ g_{ik}dx^idx^k 2 (1.22)

čďě L_{[xx}0_] őğŋăůăěš őšřěğőł čěőďěğĺůěśłőľ, śőěďĺŋ£¿źěľ šőůłĺ x ĺ x^′. Ąşďěň ć ff-ĺňňăŋěŋšŋőň őŕĺśăŋĺĺ čěőňěšřĺĺ ĺśŕőńĳğőćăšĳ ňĺřőćş¿ ťşŋłűĺ¿ (1.22) ćňěśšő ěćłńĺďőćőľ ňĺřőćőľ ťşŋłűĺĺ (1.19). Ć řěğşńĳšăšě ňż ŕőńşůĺň ff-řĺňăŋőćş čěőňěšřĺ¿, ĺ śńěďşěš őęĺďăšĳ, ůšő řĺňăŋőćă ĺ ff-řĺňăŋőćă čěőňěšřĺĺ śőćŕăďşš, ŕőśłőńĳłş őąě čěőňěšřĺĺ £ćń£¿šś£ ďćşň£ őąőąźěŋĺ£ňĺ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ, ĺśŕőńĳğş¿źĺňĺ őďŋş ĺ šş ęě ňĺřőćş¿ ťşŋłűĺ¿, łőšőřă£ ŕőńŋőśšĳ¿ őŕĺśżćăěš čěőňěšřĺ¿. Ŋă śăňőň ďěńě, řĺňăŋőćă ĺ ff-řĺňăŋőćă čěőňěšřĺĺ śőćŕăďă¿š, ŋő ŋě ćő ćśěň. Ďěńő ć šőň, ůšő ňĺřőćă£ ťşŋłűĺ£ ěśšĳ ťşŋďăňěŋšăńĳŋżľ őąžěłš ć ff-řĺňăŋőćőľ čěőňěšřĺĺ, šőčďă łăł őŋă £ćń£ěšś£ ŕřőĺğćőďŋżň (ćšőřĺůŋżň) őąžěłšőň řĺňăŋőćőľ čěőňěšřĺĺ, čďě ťşŋďăňěŋšăńĳŋżňĺ őąžěłšăňĺ £ćń£¿šś£ ąěśłőŋěůŋő ňăńőě řăśśšő£ŋĺě ĺ łřĺćă£ (ńĺŋĺ£).

Ńĺŋĺ£ L, ğăďăŋŋă£ ŋěňěšřĺůěśłĺň őŕřěďěńěŋĺěň (1.21), £ćń£ěšś£ śńőęŋőľ ĺ ťşŋďăňěŋšăńĳŋőľ śšřşłšşřőľ řĺňăŋőćőľ čěőňěšřĺĺ, łőšőřă£ őšśşšśšćşěš ć šăłőľ ťőřňě ć ff-řĺňăŋőćőľ čěőňěšřĺĺ. Ŋěŕřěřżćŋă£ ńĺŋĺ£ L ć ff-řĺňăŋőćőľ čěőňěšřĺĺ ňőęěš ążšĳ őŕřěďěńěŋă łăł ŕřěďěń ńőňăŋőľ šřşąłĺ (1.20). Ŋő ¡šő ŕřőĺğćőďŋżľ (ă ŋě ťşŋďăňěŋšăńĳŋżľ) čěőňěšřĺůěśłĺľ őąžěłš.

Ć űěńőň śĺšşăűĺ£ ćżčń£ďĺš šăł. ff-řĺňăŋőćă čěőňěšřĺ£ śšřőĺšś£ ff-ĺňňă-ŋěŋšŋő, š.ě. ŋă őśŋőćě ňěšřĺłĺ ĺ ŋě ŋşęďăěšś£ ć ŋěňěšřĺůěśłőň őŕřěďěńěŋĺĺ (1.21). Řĺňăŋőćă čěőňěšřĺ£ śšřőĺšś£ ŋă őśŋőćě ąěśłőŋěůŋő ňăńőľ ňěšřĺłĺ dS = √ g_{ik}dx^idx^k (łőšőřă£ śőćŕăďăěš ś ąěśłőŋěůŋő ňăńőľ ňěšřĺłőľ ff-řĺňăŋőćőľ čěőňěšřĺĺ) ĺ ĺśŕőńĳğşěš ŋěňěšřĺůěśłőě őŕřěďěńěŋĺě ńĺŋĺĺ (1.21) ďń£ ŕőśšřőěŋĺ£ łőŋěůŋőľ ňěšřĺłĺ. Ć řěğşńĳšăšě łőŋěůŋżě ňěšřĺłĺ őąěĺţ čěőňěšřĺľ śőćŕăďă¿š, ŋő šőńĳłő ďń£ ćśěľ őąńăśšĺ D = ˙, čďě őŕřěďěńěŋż őąě čěőňěšřĺĺ. Ěśńĺ řăśśňőšřěšĳ ff-řĺňăŋőćş ĺ řĺňăŋőćş čěőňěšřĺĺ ć ŋěłőšőřőľ ŕőďőąńăśšĺ D^′ ⊂ D, šő łőŋěůŋżě ňěšřĺłĺ őŕřěďěń£¿šś£ ć D^′ řăğńĺůŋő ďń£ łăęďőľ ĺğ ¡šĺţ čěőňěšřĺľ. Ďń£ ff-řĺňăŋőćőľ čěőňěšřĺĺ łőŋěůŋă£ ňěšřĺłă ć D^′ őŕřěďěń£- ěšś£ łăł śşęěŋĺě łőŋěůŋőľ ňěšřĺłĺ ć D, šőčďă łăł ďń£ řĺňăŋőćőľ čěőňěšřĺĺ łőŋěůŋă£ ňěšřĺłă őŕřěďěń£ěšś£ ŋă őśŋőćě śĺśšěňż čěőďěğĺůěśłĺţ ćŋşšřĺ D^′, łőšőřă£, ćőőąźě čőćőř£, ŋě śőćŕăďăěš ś śĺśšěňőľ čěőďěğĺůěśłĺţ ć D, ŕőšőňş ůšő čěőďěğĺůěśłĺľ śěčňěŋš L_{[xx}0_], őŕřěďěń£¿źĺľ ff_R(x; x^′) ěśšĳ ŕřőš£ęěŋŋżľ čěőňěšřĺůěśłĺľ őąžěłš, ğăćĺś£źĺľ őš ťőřňż ŕőďőąńăśšĺ D^′, čďě őŕřěďěń£ěšś£ řĺňăŋőćă čěőňěšřĺ£. Ć řěğşńĳšăšě łőŋěůŋżě ňěšřĺłĺ őąěĺţ čěőňěšřĺľ ňőčşš ążšĳ řăğńĺůŋż ć D^′ ⊂ D, ţőš£ őŋĺ śőćŕăďă¿š ć D.

Ğăňěšĺň ěźě, ůšő ŋěňěšřĺůěśłőě őŕřěďěńěŋĺě ńĺŋĺĺ (1.21) šřěąşěš ďőŕőńŋĺšěńĳŋżţ őčřăŋĺůěŋĺľ ďń£ šőčő, ůšőąż śšăšĳ ďőśšăšőůŋő őŕřěďěńěŋŋżň. Őąśşďĺň ¡šĺ ŕřőąńěňż.

2 Řĺňăŋőćő ŕřőśšřăŋśšćő ĺ ŕřőąńěňă ćżŕşłńőśšĺ

Řĺňăŋőćő ŕřőśšřăŋśšćő ĺ řĺňăŋőćă čěőňěšřĺ£ ććőď£šś£ śńěďş¿źĺň őąřăğőň. n-ňěřŋőě řĺňăŋőćő ŕřőśšřăŋśšćő ňőęěš ążšĳ ŕőńşůěŋő ć řěğşńĳšăšě őąőąźěŋĺ£ őŕĺśăŋĺ£ n-ňěřŋőčő śőąśšćěŋŋő ěćłńĺďőćă ŕřőśšřăŋśšćă ć őąźěłőćăřĺăŋšŋőľ ťőřňě. Ć śăňőň ďěńě, n-ňěřŋőě ěćłńĺďőćő ŕřőśšřăŋśšćő E_n = {g_E; K; R^n} őŕĺśżćăěšś£ ś ŕőňőźĳ¿ ąěśłőŋěůŋő ňăńőčő řăśśšő£ŋĺ£ ğăŕĺśăŋŋőčő ć ŕř£ňőńĺŋěľŋőľ śĺśšěňě łőőřďĺŋăš K

dS^2 = g_{ik}dx^idx^k; g_{ik}= diag {1; 1; :::1} ; i; k = 1; 2; : : : n (2.1)

g_E őğŋăůăěš ňăšřĺűş g_{ik}= diag {1; 1; :::1} ňěšřĺůěśłőčő šěŋğőřă. Ć ŕřőĺğćőńĳŋőľ łřĺćőńĺŋěľŋőľ śĺśšěňě łőőřďĺŋăš ~K šő ęě śăňőě řăśśšő£ŋĺě ĺňěěš ćĺď

dS^2 = ~g_{ik} (~x) d~x^id~x^k; det ~g_{ik} ≠ 0; (2.2)

Ğďěśĳ ~g_{ik} (x) őčřăŋĺůěŋő şśńőćĺěň

~g_{ik} (x) = n∑ l=1 @f_l (x) @x^i

@f_l (x) @x^k

; (2.3)

čďě f_l : R^n → R, l = 1; 2; : : : n śşšĳ n ťşŋłűĺľ, śšěśŋěŋŋżţ őďŋĺň şśńőćĺěň det ||@f_i=@x^k|| ≠ 0; i; k = 1; 2; :::n. Ěśńĺ ~g_{ik} (x) ŋě şďőćńěšćőř£ěš śőőšŋőÿěŋĺ¿ (2.3), šő ŕřőśšřăŋśšćő ŕěřěśšăěš ążšĳ ěćłńĺďőćżň ĺ śšăŋőćĺšś£ řĺňăŋőćżň ŕřőśšřăŋśšćőň R_n = { ~g; ~K; R^n } . Őčřăŋĺůěŋĺě (2.3) ěśšĳ şśńőćĺě ěćłńĺďőćőśšĺ ŕřőśšřăŋśšćă.

Ŕřĺ şśšřăŋěŋĺĺ (2.3) ŕőńşůăěšś£ řĺňăŋőćő ŕřőśšřăŋśšćő R_n = {g; K; R^n}, łőšőřőě őŕřěďěń£ěšś£ ćĺďőň ňěšřĺůěśłőčő šěŋğőřă g_{ik}(x). Ňĺřőćă£ ťşŋłűĺ£ őŕřěďěń£ěšś£ śőőšŋőÿěŋĺěň (1.22), čďě L_{[xx}0_] ⊂ R^n ěśšĳ śěčňěŋš čěőďěğĺůěśłőľ L_{xx}0 ⊂ R^n. İšă čěőďěğĺůěśłă£ £ćń£ěšś£ ¡łśšřěňăńĳ¿ ćżřăęěŋĺ£ (1.22), řăśśňăšřĺćăěňőčő łăł ťşŋłűĺőŋăń őš łřĺćőľ L : x = x(fi), ğăŕĺśăŋŋżľ ć ćĺďě

ff[x(fi)] = 1 2 ∫ L

√ g_{ik}(x) dx^i dfi dx^k dfi dfi 2 (2.4)

Čěőďěğĺůěśłă£ L_{xx}0 : x = x(fi) őŕĺśżćăěšś£ şřăćŋěŋĺ£ňĺ

L_{xx}0 :

d^2x^i dfi^2

+ ‚^i_{kl} dx^k dfi dx^l dfi = 0; i = 1; 2; : : : n (2.5) čďě ‚^i_{kl} = ‚^i_{kl}(x) = 1 2 g^{ij} (g_{kj,l} + g_{lj,k} − g_{kl,j} ) (2.6)

ěśšĳ śĺňćőń Łřĺśšőťťěń£, ă ğăŕ£šă£ ŕěřěď ĺŋďěłśőň l őğŋăůăěš ďĺťěřěŋűĺřőćăŋĺě ŕő x^l.

Ć ůăśšŋőśšĺ, ěśńĺ g_{ik} =const, i; k = 1; 2; : : : n, g = det ||g_{ik}|| ≠ 0, ňĺřőćă£ ťşŋłűĺ£ őŕĺśżćăěšś£ śőőšŋőÿěŋĺěň (1.19), ĺ řĺňăŋőćő ŕřőśšřăŋśšćő R_n = {g; K; R^n} ěśšĳ ěćłńĺďőćő ŕřőśšřăŋśšćő. Řăśśňőšřĺň šěŕěřĳ řĺňăŋőćő ŕřőśšřăŋśšćő R_n = {g_E; K; D}, čďě D ⊂ R^n ěśšĳ ŋěłőšőřă£ őąńăśšĳ ěćłńĺďőćă ŕřőśšřăŋśšćă E_n = {g_E; K; R^n} : Ěśńĺ őąńăśšĳ D ćżŕşłńă, š.ě. ń¿ąőľ śěčňěŋš L_{[xx}0_] ŕř£ňőľ L_{xx}0, ść£ğżćă¿źěľ šőůłĺ x; x^′ ∈ D, ŕřĺŋăďńěęĺš D (L_{[xx}0_] ⊂ D), šő ňĺřőćă£ ťşŋłűĺ£ řĺňăŋőćă ŕřőśšřăŋśšćă R_n = {g_E; K; D} ĺňěěš ćĺď (1.19), ĺ řĺňăŋőćő ŕřőśšřăŋśšćő R_n = {g_E; K; D} ňőęěš ążšĳ ĺğőňěšřĺůěśłĺ ćńőęěŋő ć ěćłńĺďőćő ŕřőśšřăŋśšćő E_n = {g_E; K; R^n}.

Ěśńĺ őąńăśšĳ D ŋě ćżŕşłńă, šő śĺśšěňă čěőďěğĺůěśłĺţ R_n = {g_E; K; D} ŋě ěśšĳ śĺśšěňă ŕř£ňżţ, ĺ ňĺřőćă£ ťşŋłűĺ£ (1.22) ŋě őŕĺśżćăěšś£ ćżřăęěŋĺěň (1.19).

Ŕřĺňěř. Řăśśňőšřĺň ďćşňěřŋőě śőąśšćěŋŋő ěćłńĺďőćő ŕřőśšřăŋśšćő ĺ ŕř£- ňőńĺŋěľŋş¿ őřšőčőŋăńĳŋş¿ śĺśšěňş łőőřďĺŋăš ŋă ŋěň. Řăśśňőšřĺň őąńăśšĳ D : (x^1)^2 + (x^2)^2 ≥ 1: Čěőďěğĺůěśłĺě řĺňăŋőćă ŕřőśšřăŋśšćă R^′_2 = {g_E; K; D} ĺňě¿š ćĺď ŕřěďśšăćńěŋŋżľ ŋă řĺśşŋłě 1. Ŕőśńě ćżřěğăŋĺ£ őšćěřśšĺ£ ć ěćłńĺďőćőľ ŕńőśłőśšĺ ťőřňă ĺ ďńĺŋă čěőďěğĺůěśłőčő śěčňěŋšă ňěęďş šőůłăňĺ P ĺ P^′ ĺğňěŋĺšś£. Ňĺřőćă£ ťşŋłűĺ£ ff(P; P^′) ňěęďş šőůłăňĺ P ĺ P^′ ĺğňěŋĺšś£ šőęě, ĺ ůăśšĳ R^′_2 = {g_E; K; D} ěćłńĺďőćőľ ŕńőśłőśšĺ R_2 = {g_E; K; R^2} ŕěřěśšăŋěš ążšĳ ĺğőňěšřĺůěśłĺ ćńőęĺňőľ ć R_2 = {g_E; K; R^2}. Łăęěšś£ ďőćőńĳŋő śšřăŋŋżň, łőčďă őďŋă (ŋěćżŕşłńă£) ůăśšĳ ěćłńĺďőćőľ ŕńőśłőśšĺ ŋě ňőęěš ążšĳ ĺğőňěšřĺůěśłĺ ćńőęěŋă ć ěćłńĺďőćş ŕńőśłőśšĳ, ć šő ćřěň£ łăł ďřşčă£ (ćżŕşłńă£) { ňőęěš.

Ŕřőąńěňă ćżŕşłńőśšĺ őłăğżćăěšś£ ďőćőńĳŋő śěřĳěğŋőľ, ĺ ąőńĳÿĺŋśšćő čěőňěšřőć ŕřěďŕőůĺšă¿š őąőľšĺ ¡šş ŕřőąńěňş, řăśśňăšřĺćă£ šőńĳłő ćżŕşłńżě őąńăśšĺ [4]. Ć Š-čěőňěšřĺĺ ŋěš ŕřőąńěňż ćżŕşłńőśšĺ. Ć śăňőň ďěńě, ć śőőšćěšśšćĺĺ ś őŕřěďěńěŋĺěň 1.16 ń¿ąőě ŕőďňŋőęěśšćő šőůěł ff-ŕřőśšřăŋśšćă ćśěčďă ĺğőňěšřůěśłĺ ćńőęĺňő ć ff-ŕřőśšřăŋśšćő. Ś šőůłĺ ğřěŋĺ£ Š-čěőňěšřĺĺ őšćěřśšĺě ć ěćłńĺďőćőľ ŕńőśłőśšĺ R_2 = {g_E; K; R^2} ŋě ňőęěš ĺğňěŋĺšĳ ťőřňş čěőďěğĺůěśłĺţ (ĚČŐ ŕěřćőčő ŕőř£ďłă). Őŋő ŕřĺćőďĺš šőńĳłő ł ďżřăň ć čěőďěğĺůěśłĺţ, ďěńă£ ĺţ řăğřżćŋżňĺ. Ŋěŕřěřżćŋőśšĳ ěśšĳ śćőľśšćő łőőřďĺŋăšŋőľ śĺśšěňż, ĺśŕőńĳğşěňőľ ć řĺňăŋőćőľ čěőňěšřĺĺ ć łăůěśšćě őśŋőćŋőčő ĺŋśšřşňěŋšă őŕĺśăŋĺ£. Ś šőůłĺ ğřěŋĺ£ Š-čěőňěšřĺĺ ŕřőąńěňă ćżŕşłńőśšĺ { ¡šő ĺśłşśšćěŋŋă£ ŕřőąńěňă. Ŋăśšăĺćă£ ŋă ŋěŕřěřżćŋőśšĺ čěőďěğĺůěśłĺţ, ňż ŕěřěőűěŋĺćăěň ğŋăůěŋĺě ŋěŕřěřżćŋőśšĺ ďń£ čěőňěšřĺĺ ĺ ŕřĺŕĺśżćăěň ŋěŕřěřżćŋőśšĳ čěőďěğĺůěśłĺţ (ĚČŐ ŕěřćőčő ŕőř£ďłă) ń¿ąőľ řĺňăŋőćőľ čěőňěšřĺĺ, šőčďă łăł ŋěŕřěřżćŋőśšĳ čěőďěğĺůěśłĺţ ěśšĳ śŕěűĺăńĳŋőě śćőľśšćő śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ.

3 Řĺňăŋőćă čěőňěšřĺ£ ĺ őďŋőňěřŋőśšĳ šřşąłĺ ŕěřćőčő ŕőř£ďłă

Řăśśňőšřĺň n-ňěřŋőě ŕśěćďőěćłńĺďőćő ŕřőśšřăŋśšćő E_n = {g_1; K; R^n} ĺŋďěłśă 1, g_1 =diag{1; −1; −1 : : : − 1} łăł řăğŋőćĺďŋőśšĳ n-ňěřŋőčő řĺňăŋőćă ŕřőśšřăŋśšćă^3. Ňĺřőćă£ ťşŋłűĺ£ őŕřěďěń£ěšś£ śőőšŋőÿěŋĺěň (1.19)

ff_1(x; x^′) = 1 2 n∑ i,k=1 g^{ik} (x_i − x^′_i) (x_k − x^′_k) ; g^{ik} = diag {1; −1; −1 : : : − 1} (3.1)

Čěőďěğĺůěśłă£ L_{yy}0 ěśšĳ ŕř£ňă£ ńĺŋĺ£, ĺ őŋă řăśśňăšřĺćăěšś£ ć ŕśěćďőřĺňăŋőćőľ čěőňěšřĺĺ łăł ĚČŐ ŕěřćőčő ŕőř£ďłă, őŕřěďěń£ěňżľ ďćşň£ šőůłăňĺ y ĺ y^′.

L_{yy}0 : x^i = ( y^i − y^{′i} ) fi; i = 1; 2; : : : n; fi ∈ R (3.2) Čěőďěğĺůěśłă£ L_{yy}0 ŋăğżćăěšś£ ćřěňěŋĺŕőďőąŋőľ, ěśńĺ ff_1(y; y^′) > 0, őŋă ŋăğżćăěšś£ ŕřőśšřăŋśšćěŋŋőŕőďőąŋőľ, ěśńĺ ff_1(y; y^′) < 0. Čěőďěğĺůěśłă£ L_{yy}0 ŋăğżćăěšś£ ĺğőšřőŕŋőľ, ěśńĺ ff_1(y; y^′) = 0.

Ŕśěćďőěćłńĺďőćő ŕřőśšřăŋśšćő E_n = {g_1; K; R^n} ŕőřőęďăěš ff-ŕřőśšřăŋśšćő V = {ff_1; R^n}, čďě ňĺřőćă£ ťşŋłűĺ£ ff_1 őŕřěďěń£ěšś£ śőőšŋőÿěŋĺěň (3.1). Šřşąłă ŕěřćőčő ŕőř£ďłă (ĚČŐ) T (x; x^′) ć ff-řĺňăŋőćőň ŕřőśšřăŋśšćě V = {ff_1; R^n} őŕřěďěń£ěšś£ śőőšŋőÿěŋĺěň (1.11)

T (x; x^′) ≡ T_{xx}0 = {r|F_2 (x; x^′; r) = 0} ; ff_1(x; x^′) ≠ 0; x; x^′; r ∈ R^n; (3.3)

F_2 (x; x^′; r) = | | | | (x^′_i − x_i)(x^{′i} − x^i) (x^′_i − x_i)(r^i − x^i) (r_i − x_i)(x^{′i} − x^i) (r_i − x_i)(r^i − x^i) | | | | (3.4)

Řěÿěŋĺě şřăćŋěŋĺľ (3.3), (3.4) ďăěš śńěďş¿źĺľ řěğşńĳšăš

T_{xx}0 = { r | | | | | ⋃ y∈R^n ⋃ τ ∈R r = (x^′ − x) fi + y − x ∧ `(x; x^′; y) = 0 ∧ `(x; y; y) = 0 } ; (3.5) x; x^′; y; r ∈ R^n;

čďě `(x; x^′; y) = (x^′_i − x_i)(y^i − x^i) ěśšĳ śłăń£řŋőě ŕřőĺğćěďěŋĺě ćěłšőřőć −→xy ĺ −→ xx^′ őŕřěďěńěŋŋőě śőőšŋőÿěŋĺěň (1.8). Ć śńşůăě ćřěňěŋĺŕőďőąŋőčő ćěłšőřă −→ xx^′, łőčďă ff_1(x; x^′) > 0, ĺňěěšś£ ěďĺŋśšćěŋŋżľ ĺğőšřőŕŋżľ ćěłšőř −→xy = −→xx = −→0 , łőšőřżľ őřšőčőŋăńěŋ ćěłšőřş −→ xx^′. Ć ¡šőň śńşůăě (n − 1)-ňěřŋă£ ŕőćěřţŋőśšĳ T_{xx}0 ćżřőęďăěšś£ ć őďŋőňěřŋş¿ ŕř£ňş¿

T_{xx}0 = { r | | | | | ⋃ τ ∈R r = (x^′ − x) fi } ; ff_1(x; x^′) > 0; x; x^′; r ∈ R^n: (3.6)

3Šěřňĺŋ "řĺňăŋőćő ŕřőśšřăŋśšćő" řăśśňăšřĺćăěšś£ łăł śőąĺřăšěńĳŋőě ŕőŋ£šĺě ŕő őšŋőÿěŋĺ¿ ł ŕőŋ£šĺ£ň "śőąśšćěŋŋő řĺňăŋőćő" ĺ "ŕśěćďőřĺňăŋőćő". Ňăšřĺűă g ňěšřĺůěśłőčő šěŋğőřă ĺňěěš śőąśšćěŋŋżě ğŋăůěŋĺ£ őďŋőčő ğŋăłă ć śńşůăě śőąśšćěŋŋő řĺňăŋőćă ŕřőśšřăŋśšćă ĺ řăğńĺůŋżţ ğŋăłőć ć śńşůăě ŕśěćďőřĺňăŋőćă ŕřőśšřăŋśšćă.

Šăłĺň őąřăğőň, ďń£ ćřěňěŋĺŕőďőąŋőčő ćěłšőřă −→ xx^′ šřşąłă ŕěřćőčő ŕőř£ďłă T_{xx}0 śőćŕăďăěš ś čěőďěğĺůěśłőľ L_{xx}0. Ć śńşůăě ŕřőśšřăŋśšćěŋŋőŕőďőąŋőčő ćěłšőřă −→ xx^′ šřşąłă T_{xx}0 ěśšĳ (n − 1)-ňěřŋă£ ŕőćěřţŋőśšĳ, śőďěřęăźă£ őďŋőňěřŋş¿ čěőďěğĺůěśłş¿ L_{xx}0 ŕśěćďőěćłńĺďőćă ŕřőśšřăŋśšćă E_n = {g_1; K; R^n}.

Ćőğŋĺłăěš ćőŕřőś, ć ůěň ŕřĺůĺŋă šăłőčő řăğńĺůĺ£ ĺ łăłőě ĺğ ďćşţ őąőąźěŋĺľ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ ąőńěě ŕřăćĺńĳŋő. Ğăňěšĺň, ůšő ůěšżřěţňěřŋă£ ŕśěćďőěćłńĺďőćă čěőňěšřĺ£ ĺŋďěłśă 1 ĺśŕőńĳğşěšś£ ďń£ őŕĺśăŋĺ£ řěăńĳŋőčő ŕřőśšřăŋśšćă-ćřěňěŋĺ. Ňőęŋő ŕőŕřőąőćăšĳ řăğřěÿĺšĳ ŕřőąńěňş ś ¡łśŕěřĺňěŋšăńĳŋőľ šőůłĺ ğřěŋĺ£. Śćőąőďŋżě łńăśśĺůěśłĺě ůăśšĺűż őŕĺśżćăě¿šś£ ćřěňěŋĺŕőďőąŋżňĺ ŕř£ňżňĺ ńĺŋĺ£ňĺ. Ć ¡šőň ŕşŋłšě ŕśěćďőěćłńĺďőćă čěőňěšřĺ£ ĺ ff-ŕśěćďőěćłńĺďőćă čěőňěšřĺ£ (Š-čěőňěšřĺ£) ďă¿š őďĺŋ ĺ šőš ęě řěğşńĳšăš. Śůĺšăěšś£, ůšő ŕřőśšřăŋśšćěŋŋőŕőďőąŋżě ŕř£ňżě őŕĺśżćă¿š ůăśšĺűż, ďćĺęşźĺěś£ śő śćěřţśćěšőćőľ śłőřőśšĳ¿ (šăł ŋăğżćăěňżě šăţĺőŋż). Ŕőŕżšłĺ ¡łśŕěřĺňěŋšăńĳŋőčő őąŋăřşęěŋĺ£ šăţĺőŋőć ŕřĺćěńĺ ł őšřĺűăšěńĳŋőňş řěğşńĳšăšş. Řăğşňěěšś£, ŕřĺ ŕőŕżšłăţ őąŋăřşęĺšĳ šăţĺőŋż, őŋĺ řăśśňăšřĺćăńĺśĳ łăł őŕĺśżćăěňżě ŕřőśšřăŋśšćěŋŋőŕőďőąŋżňĺ ŕř£ňżňĺ. Ś ďřşčőľ śšőřőŋż, ťĺğĺłĺ śůĺšă¿š, ůšő ćśě, ůšő ŋě ŕřőšĺćőřěůĺš ğăłőŋăň ŕřĺřőďż, ďőńęŋő śşźěśšćőćăšĳ ĺ ňőęěš ążšĳ őąŋăřşęěŋő. Ś ¡šőľ šőůłĺ ğřěŋĺ£ ŋěşďăůă őąŋăřşęěŋĺ£ šăţĺőŋőć ć ćĺďě ŕřőśšřăŋśšćěŋŋőŕőďőąŋżţ ńĺŋĺľ śćĺďěšěńĳśšćşěš ć ŕőńĳğş šăţĺőŋőć ć ćĺďě šřěţňěřŋżţ ŕőćěřţŋőśšěľ.

Ďń£ ĺŋšěřŕřěšăűĺĺ śšřşłšşřż ňŋőęěśšćă (3.5), őŕĺśżćă¿źěčő šřşąłş ŕěřćőčő ŕőř£ďłă, ŕřĺňěň ćő ćŋĺňăŋĺě, ůšő šřşąłă ŋşńěćőčő ŕőř£ďłă T_x, őŕřěďěń£ěňă£ šőůłőľ x ć ff-ŕśěćďőěćłńĺďőćőň ŕřőśšřăŋśšćě, ěśšĳ śćěšőćőľ łőŋşś ś ćěřÿĺŋőľ ć šőůłě x (ă ŋě šőůłă x). Ŕřăłšĺůěśłĺ, šřşąłă ŕěřćőčő ŕőř£ďłă śőśšőĺš ĺğ šăłĺţ śěůěŋĺľ śćěšőćőčő łőŋşśőć ś ĺţ ćěřÿĺŋăňĺ y ∈ L_{xx}0, ůšő ćśě ćěłšőřż −→yr ¡šőčő śěůěŋĺ£ őřšőčőŋăńĳŋż ćěłšőřş −→ xx^′. Ĺŋăůě čőćőř£, šřşąłă ŕěřćőčő ŕőř£ďłă T_{xx}0 śőśšőĺš ĺğ śěůěŋĺľ šřşąőł ŋşńěćőčő ŕőř£ďłă T_y ć šőůłě y, őřšőčőŋăńĳŋżţ ł −→ xx^′, ś y ∈ L_{xx}0. Ďń£ ćřěňěŋĺŕőďőąŋżţ −→ xx^′ ¡šő śěůěŋĺě śőśšőĺš ĺğ őďŋőľ šőůłĺ, ŋő ďń£ ŕřőśšřăŋśšćěŋŋőŕőďőąŋżţ −→ xx^′ { ¡šő ďćşňěřŋżě śěůěŋĺ£ śćěšőćőčő łőŋşśă.

4 Łőńńĺŋěăřŋőśšĳ ć řĺňăŋőćőľ ĺ œ-řĺňăŋőćőľ čěőňěšřĺĺ

Ćěřŋěňś£ ł řĺňăŋőćş ŕřőśšřăŋśšćş R_n = {g; K; D} ; D ⊂ R^n, łőšőřőě ŕőřőęďăěš ňĺřőćş¿ ťşŋłűĺ¿ ff(x; x^′), őŕřěďěńěŋŋş¿ śőőšŋőÿěŋĺěň (1.22). Šőčďă ŕő£ćń£ěšś£ ff-ŕřőśšřăŋśšćő V = {ff; D}, łőšőřőě ňż ąşďěň ŋăğżćăšĳ ffřĺňăŋőćżň ŕřőśšřăŋśšćőň. Ňż śőąĺřăěňś£ śřăćŋĺšĳ ŕőŋ£šĺě łőńńĺŋěřŋőśšĺ (ŕăřăńńěńĺğňă) ć ¡šĺţ ďćşţ čěőňěšřĺ£ţ.

Ňĺřőćă£ ťşŋłűĺ£ ff = ff(x; x^′) őąőĺţ (ff-řĺňăŋőćă ĺ řĺňăŋőćă) ŕřőśšřăŋśšć şďőćńěšćőř£ěš śĺśšěňě şřăćŋěŋĺľ [7] (śň šăłęě [8, 9])

(1) ff_lff^{lj0}ff_j0 = 2ff (4) det ‖ ff_{i||k} ‖≠ 0 (2) ff(x; x^′) = ff(x^′; x) (5) det ‖ ff_{ik}0 ‖≠ 0 (3) ff(x; x) = 0 (6) ff_{i||k||l} = 0

(4.1)

čďě ĺśŕőńĳğőćăŋż śńěďş¿źĺě őąőğŋăůěŋĺ£

ff_i ≡ @ff @x^i

; ff_i0 ≡ @ff @x^{′i} ; ff_{ik}0 ≡

@^2ff @x^i@x^{′k}

; ff^{ik0}ff_{lk}0 = ‹^i_l

Ğďěśĳ ÿšřĺţőćăŋŋżľ ĺŋďěłś őšŋőśĺšś£ ł šőůłě x^′, ă ŋěÿšřĺţőćăŋŋżľ { ł šőůłě x. Ďćě ćěřšĺłăńĳŋżě ŕăřăńńěńĳŋżě ůěřšőůłĺ őğŋăůă¿š łőćăřĺăŋšŋş¿ ŕřőĺğćőďŋş¿ ~∇^{x0}_i ŕő x^i ś śĺňćőńőň Łřĺśšőťťěń£

`^i_{kl} ≡ `^i_{kl} (x; x^′) ≡ ff^{is0}ff_{kls}0; ff_{kls}0 ≡ @^3ff @x^k@x^l@x^{′s}

Ŋăŕřĺňěř,

G_{ik} ≡ G_{ik}(x; x^′) ≡ ff_{i||k} ≡

@ff_i @x^k

− `^l_{ik} (x; x^′) ff_l ≡

@ff_i @x^k − ff_{iks}0ff^{ls} 0ff_l (4.2) G_{ik||l} ≡ @G_{ik} @x^l − ff_{ils}0ff^{js} 0G_{jk} − ff_{kls}0ff^{js0}G_{ij}

Ŕő ŕőćšőř£¿źĺňś£ ĺŋďěłśăň ŕřőĺğćőďĺšś£ śşňňĺřőćăŋĺě őš 1 ďő n. Łőćăřĺăŋšŋă£ ŕřőĺğćőďŋă£ ~∇^{x0}_i ŕő x^i ś śĺňćőńőň Łřĺśšőťťěń£ `^i_{kl} (x; x^′) ďěľśšćşěš šőńĳłő ŋă ŋěÿšĺţőćăŋŋżě ĺŋďěłśż. Őŋă ŋăğżćăěšś£ łăśăšěńĳŋőľ ŕřőĺğćőďŋőľ, ŕőšőňş ůšő őŋă ŕřěďśšăćń£ěš śőąőľ łőćăřĺăŋšŋş¿ ŕřőĺğćőďŋş¿ ć ěćłńĺďőćőň ŕřőśšřăŋśšćě E_x0, łőšőřőě łăśăěšś£ řĺňăŋőćă ŕřőśšřăŋśšćă R_n ć šőůłě x^′. Łőćăřĺăŋšŋă£ ŕřőĺğćőďŋă£ ~∇^x_i0 ŕő x^{′i} ś śĺňćőńőň Łřĺśšőťťěń£ `^{i0}_k0_l0 (x; x^′) ďěľśšćşěš šőńĳłő ŋă šőůłş x^′ ĺ ŋă ÿšřĺţőćăŋŋżě ĺŋďěłśż. İšő { łőćăřĺăŋšŋă£ ŕřőĺğćőďŋă£ ć ěćłńĺďőćőň ŕřőśšřăŋśšćě E_x, łőšőřőě łăśăěšś£ ff-řĺňăŋőćă ŕřőśšřăŋśšćă V ć šőůłě x [7].

Ćőőąźě, ňĺřőćă£ ťşŋłűĺ£ ff őśşźěśšćń£ěš čěőďěğĺůěśłőě őšőąřăęěŋĺě G_x0 : R_n → E_x0 řĺňăŋőćă ŕřőśšřăŋśšćă R_n = {g; K; D} ŋă ěćłńĺďőćő ŕřőśšřăŋśšćő E_x0 = {g; K_x0; D}, łăśăšěńĳŋőě ł R_n = {g; K; D} ć šőůłě x^′ [7]. İšő őšőąřăęěŋĺě ŕřěőąřăğşěš śĺśšěňş łőőřďĺŋăš K ć ŕřőśšřăŋśšćě R_n ć śĺśšěňş łőőřďĺŋăš K_x0 ć ŕřőśšřăŋśšćě E_x0. Őšőąřăęěŋĺě £ćń£ěšś£ čěőďěğĺůěśłĺň ć šőň śňżśńě, ůšő őŋő śőţřăŋ£ěš ďńĺŋż śěčňěŋšőć ćśěţ čěőďěğĺůěśłĺţ, ŕřőţőď£źĺţ ůěřěğ šőůłş łăśăŋĺ£ x^′, ĺ şčńż ňěęďş čěőďěğĺůěśłĺňĺ ć šőůłě łăśăŋĺ£.

Šěŋğőř G_{ik}, őŕřěďěńěŋŋżľ śőőšŋőÿěŋĺěň (4.2) £ćń£ěšś£ ňěšřĺůěśłĺň šěŋğőřőň ć šőůłě x ć łăśăšěńĳŋőň ěćłńĺďőćőň ŕřőśšřăŋśšćě E_x0. Łőćăřăŋšŋżě ŕřőĺğćőďŋżě ~∇^{x0}_i ĺ ~∇^{x0}_k łőňňşšĺřş¿š łăł łőćăřĺăŋšŋżě ŕřőĺğćőďŋżě ć ŕńőśłőň ŕřőśšřăŋśšćě E_x0, š.ě. ( ~∇^{x0}_i ~∇^{x0}_k − ~∇^{x0}_k ~∇^{x0}_i )A_{ls} ≡ 0; ďń£ ń¿ąőčő ďćşţšőůěůŋőčő šěŋğőřă A_{ls} [7].

Śĺśšěňă şřăćŋěŋĺľ (4.1) śőďěřęĺš šőńĳłő ňĺřőćş¿ ťşŋłűĺ¿ ff ĺ ěě ŕřőĺğćőďŋżě. Šěň ŋě ňěŋěě śĺśšěňă şřăćŋěŋĺľ (4.1) ŋě £ćń£ěšś£ ff-ĺňňăŋěŋšŋőľ, šăł łăł őŋă śőďěřęĺš śśżńłş ŋă śĺśšěňş łőőřďĺŋăš. Őŋă ŋě śőďěřęĺš £ćŋő ňěšřĺůěśłőčő šěŋğőřă, ĺ śŕřăćěďńĺćă ďń£ ń¿ąőčő řĺňăŋőćă ŕřőśšřăŋśšćă R_n = {g; K; D}. Ćśě śőőšŋőÿěŋĺ£, ćżŕĺśăŋŋżě ćżÿě, ćěřŋż šăłęě ďń£ ff-řĺňăŋőćă ŕřőśšřăŋśšćă V = {ff; D}, ŕřĺ şśńőćĺĺ ůšő ňĺřőćă£ ťşŋłűĺ£ ff ść£ğăŋă ś ňěšřĺůěśłĺň šěŋğőřőň śőőšŋőÿěŋĺěň (1.22).

ff-ĺňňăŋěŋšŋőě ćżřăęěŋĺě ďń£ śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ (P_0P_1:Q_0Q_1) ďćşţ ćěłšőřőć P_0P_1 Q_0Q_1 ć śőąśšćěŋŋő ěćłńĺďőćőň ŕřőśšřăŋśšćě ĺňěěš ćĺď

(P_0P_1:Q_0Q_1) ≡ ff (P_0; Q_1) + ff (Q_0; P_1) − ff (P_0; Q_0) − ff (P_1; Q_1) : (4.3)

İšő śőőšŋőÿěŋĺě ńěčłő ďőłăğăšĳ śńěďş¿źĺň őąřăğőň.

Ć śőąśšćěŋŋő ěćłńĺďőćőň ŕřőśšřăŋśšćě šřĺ ćěłšőřă P_0P_1, P_0Q_1, ĺ P_1Q_1 ść£ğăŋż śőőšŋÿěŋĺěň

| P_1Q_1 |^2=| P_0Q_1 − P_0P_1 |^2=| P_0P_1 |^2 + | P_0Q_1 |^2 −2(P_0P_1:P_0Q_1); (4.4)

čďě (P_0P_1:P_0Q_1) őğŋăůăěš śłăń£řŋőě ŕřőĺğćěďěŋĺě ďćşţ ćěłšőřőć P_0P_1 ĺ P_0Q_1 ć śőąśšćěŋŋő ěćłńďőćőň ŕřőśšřăŋśšćě. Ĺğ (4.4) śńěďşěš

(P_0P_1:P_0Q_1) = 1 2 {| P_0Q_1 |^2 + | P_0P_1 |^2 − | P_1Q_1 |^2}: (4.5)

Ğăňěŋ££ ć (4.5) šőůłş Q_1 šőůłőľ Q_0, ŕőńşůăěň

(P_0P_1:P_0Q_0) = 1 2 {| P_0Q_0 |^2 + | P_0P_1 |^2 − | P_1Q_0 |^2}: (4.6)

Ćżůĺšă£ (4.6) ĺğ (4.5) ĺ ĺśŕőńĳğş£ śćőľśšćă śłăń£řŋőčő ŕřőĺğćěďěŋĺ£ ć ěćłńĺďőćőň ŕřőśšřăŋśšćě, ŕőńşůăěň

(P_0P_1:Q_0Q_1) = 1 2 {| P_0Q_1 |^2 + | Q_0P_1 |^2 − | P_0Q_0 |^2 − | P_1Q_1 |^2}: (4.7)

Ŕřĺŋĺňă£ ćő ćŋĺňăŋĺě, ůšő | P_0Q_1 |^2= 2ff (P_0; Q_1), ŕőńşůăěň śőőšŋőÿěŋĺě (4.3) ĺğ śőőšŋőÿěŋĺ£ (4.7).

Ďćă ćěłšőřă P_0P_1 ĺ Q_0Q_1 łőńńĺŋěăřŋż P_0P_1||Q_0Q_1 (ŕăřăńńěńĳŋż ĺńĺ ăŋšĺŕăřăńńěńĳŋż), ěśńĺ cos^2 „ = 1; čďě „ ěśšĳ şčőń ňěęďş ćěłšőřăňĺ P_0P_1 ĺ Q_0Q_1. Ŕřĺŋĺňă£ ćő ćŋĺňăŋĺě, ůšő

cos^2 „ =

(P_0P_1:Q_0Q_1)^2 (P_0P_1:P_0P_1) (Q_0Q_1:Q_0Q_1) = (P_0P_1:Q_0Q_1)^2 |P_0P_1|^2 · |Q_0Q_1|^2

; (4.8)

ŕőńşůăěň śńěďş¿źěě ff-ĺňňăŋěŋšŋőě şśńőćĺě łőńńĺŋěăřŋőśšĺ ďćşţ ćěłšőřőć

P_0P_1||Q_0Q_1 : (P_0P_1:Q_0Q_1)^2 = |P_0P_1|^2 · |Q_0Q_1|^2: (4.9)

Şśńőćĺě łőńńĺŋěăřŋőśšĺ (4.9) £ćń£ěšś£ ff-ĺňňăŋěŋšŋżň, ŕőšőňş ůšő ś ŕőňőźĳ¿ (4.3) őŋő ňőęěš ążšĳ ğăŕĺśăŋő ć šěřňĺŋăţ šőńĳłő ff-ťşŋłűĺĺ. Ĺšăł, śőőšŋőÿěŋĺ£ (4.9), (4.3) őŕĺśżćă¿š łőńńĺŋěăřŋőśšĳ ćěłšőřőć ć śńşůăě ŕřőĺğćőńĳŋőčő ff-ŕřőśšřăŋśšćă.

Ğăŕĺÿěň ¡šő śőőšŋőÿěŋĺě ďń£ śńşůă£ ff-řĺňăŋőćőľ čěőňěšřĺĺ. Ŕşśšĳ łőőřďĺŋăšż šőůěł P_0; P_1; Q_0; Q_1 ąşďşš śőőšćěšśšćěŋŋő łőőřďĺŋăšż x, x + dx, x^′, x^′ + dx^′. Šőčďă ŕőďśšăćń££ ¡šő ć (4.3) ĺ řăğńăčă£ ŕő dx ĺ dx^′, ŕőńşůăěň

(P_0P_1:Q_0Q_1) ≡ ff (x; x^′ + dx^′) + ff (x^′; x + dx) − ff (x; x^′) − ff (x + dx; x^′ + dx^′) =

ff + ff_l0dx^{′l0} + 1 2 ff_l0_{,s}0dx^{′l0}dx^{′s0} + ff + ff_idx^i + 1 2 ff_{i,k}dx^idx^k − ff

−ff − ff_idx^i − ff_l0dx^{′l} 0 − 1 2 ff_{i,k}dx^idx^k − ff_{i,l}0dx^idx^{′l0} − 1 2 ff_l0_{,s}0dx^{′l0}dx^{′s0}

(P_0P_1:Q_0Q_1) = −ff_{i,l}0dx^idx^{′l0} = −ff_{il}0dx^idx^{′l0}: (4.10)

Ğďěśĳ ğăŕ£šă£ őğŋăůăěš ďĺťťěřěŋűĺřőćăŋĺě. Ŋăŕřĺňěř, ff_{i,k} ≡ @ff_i=@x^k. Ŕőńşůăěň ďń£ |P_0P_1|^2 ĺ |Q_0Q_1|^2

|P_0P_1|^2 = g_{ik}dx^idx^k; |Q_0Q_1|^2 = g_l0_s0dx^{′l}

0dx^{′s0}; (4.11)

čďě g_{ik} = g_{ik}(x) ĺ g_l0_s0 = g_l0_s0(x^′). Šőčďă şśńőćĺě łőńńĺŋěăřŋőśšĺ (4.9) ğăŕĺśżćăěšś£ ć ćĺďě (ff_{il}0ff_{ks}0 − g_{ik}g_l0_s0) dx^idx^kdx^{′l0}dx^{′s0} = 0: (4.12)

Ŕřĺňěň ćő ćŋĺňăŋĺě, ůšő ć řĺňăŋőćőň ŕřőśšřăŋśšćě ňěšřĺůěśłĺľ šěŋğőř g_l0_s0 ć šőůłě x^′ ňőęěš ążšĳ ćżřăęěŋ [7] ůěřěğ ňĺřőćş¿ ťşŋłűĺ¿ ff šőůěł x; x^′ ś ŕőňőźĳ¿ śőőšŋőÿěŋĺ£

g_l0_s0 = ff_{il}0G^{ik}ff_{ks}0; g^{l0s0} = ff^{il0}G_{ik}ff^{ks0}; (4.13)

čďě šěŋğőř G_{ik} őŕřěďěń£ěšś£ śőőšŋőÿěŋĺěň (4.2), ĺ G^{ik} őŕřěďěń£ěšś£ śőőšŋőÿěŋĺěň G^{il}G_{lk} = ‹^i_k: (4.14)

Ŕőďśšăćń££ ŕěřćőě śőőšŋőÿěŋĺě (4.2) ć (4.12) ĺ ĺśŕőńĳğş£ őąőğŋăůěŋĺě

u_i = −ff_{il}0dx^{′l0}; u^i = G^{ik}u_k = −ff^{il0}g_l0_s0dx^{s0}; (4.15)

ŕőńşůăěň ( ‹^l_i‹^s_k − g_{ik}G^{ls} ) u_lu_sdx^idx^k = 0: (4.16)

Ćěłšőř u_i ěśšĳ ćěłšőř dx^′_i0 = g_i0_k0dx^{′k0}, ŕěřěŋěśěŋŋżľ ŕăřăńńěńĳŋő ĺğ šőůłĺ x^′ ć šőůłş x ć ěćłńĺďőćőň ŕřőśšřăŋśšćě E_x0, łăśăšěńĳŋőň ł řĺňăŋőćş ŕřőśšřăŋśšćş R_n. Ć śăňőň ďěńě,

u_i = −ff_{il}0g^{l0s0}dx^′_s; ~∇^{x0}_k ( −ff_{il}0g^l 0s0) ≡ 0; i; k = 1; 2; : : : n (4.17) ĺ šěŋğőř −ff_{il}0g^{l0s0} ěśšĳ őŕěřăšőř ŕăřăńńěńĳŋőčő ŕěřěŋőśă ć E_x0, ŕőšőňş ůšő [ −ff_{il}0g^l0^s0 ] x=x0 = ‹ s0 i0 ĺ łăśăšěńĳŋă£ ŕřőĺğćőďŋă£ őš ¡šőčő őŕěřăšőřă šőęďěśšćěŋŋő řăćŋă ŋşń¿. Ŕő šőľ ęě ŕřĺůĺŋě G^{ik} = ff^{il0}g_l0_s0ff^{ks0} ěśšĳ łőŋšřăćăřĺăŋšŋżľ ňěšřĺůěśłĺľ šěŋğőř ć E_x0, ( ~∇x^0_s (ffil^0g_{l0s0}ffks^0) ≡ 0 ) ć šőůłě x.

Śőőšŋőÿěŋĺě (4.16) śőďěřęĺš šőńĳłő ćěłšőřż ć šőůłě x. Ŕřĺ ťĺłśĺřőćăŋŋőň u_i = −ff_{il}0dx^{′l0} őŋő őŕĺśżćăěš łőŋşś łőńńĺŋěăřŋőśšĺ, š.ě. łőŋşś ąěśłőŋěůŋő ňăńżţ ćěłšőřőć dx^i ć šőůłě x ŕřăńńěńĳŋżţ ćěłšőřş dx^{′i0} ć šőůłě x^′. Ŕřĺ ŋěłőšőřżţ şśńőćĺ£ţ łőŋşś łőńńĺŋěăřŋőśšĺ ňőęěš ćżřőęďăšĳś£ ć ńĺŋĺ¿. Ć ¡šőň śńşůăě ĺňěěšś£ šőńĳłő őďŋő ŋăŕřăćńěŋĺě, ŕăřăńńěńĳŋőě ťĺłśĺřőćŋŋőňş ćěłšőřş u^i. Ĺśśńěďşěň, łőčďă ćőğŋĺłăěš ¡šă śĺšşăűĺ£.

Ć šőůłě x ďćă ňěšřĺůěśłĺţ šěŋğőřă g_{ik} ĺ G_{ik} ść£ğăŋż śőőšŋőÿěŋĺěň [7]

G_{ik}(x; x^′) = g_{ik}(x) + x0∫ x F_{ikj}00_s00(x; x^{′′})ff^{j00}(x; x^{′′})dx^{′′s00}; (4.18)

čďě ć śőőšćěšśšćĺĺ ś [7]

ff^{i0} = ff^{li0}ff_l = G^{l0i0}ff_l0 = g^{l0i0}ff_l0: (4.19)

Řěğşńĳšăš ĺŋšěčřĺřőćăŋĺ£ ŋě ğăćĺśĺš őš ŕşšĺ, šăł łăł őŋő ŕřőĺğćőďĺšś£ ć ěćłńĺďőćőň ŕřőśšřăŋśšćě E_x0. Ďćşţšőůěůŋżľ šěŋğőř F_{ilk}0_j0 = F_{ilk}0_j0(x; x^′) ěśšĳ ďćşţšőůěůŋżľ šěŋğőř łřĺćĺğŋż, őŕřěďěńěŋŋżľ śőőšŋőÿěŋĺěň

F_{ilk}0_j0 = ff_{ilj}0_{‖k}0 = ff_{ilj}0_{,k}0 − ff_{sj}0_k0ff^{sm0}ff_{ilm}0 = ff_{i|l||k}0_{||j}0; (4.20)

čďě őďŋă ćěřšłăńĳŋă£ ůěřšă őğŋăůăěš őążůŋş¿ łőćăřĺăŋšŋş¿ ŕřőĺğćőďŋş¿, ă ďćě ůěřšż őğŋăůă¿š łăśăšěńĳŋş¿ ŕřőĺğćőďŋş¿. Ďćşţšőůěůŋżľ šěŋğőř łřĺćĺğŋż F_{ilk}0_j0 ĺňěěš śńěďş¿źĺě śćőľśšćă śĺňňěšřĺĺ

F_{ilk}0_j0 = F_{lik}0_j0 = F_{ilj}0_k0; F_{ilk}0_j0(x; x^′) = F_k0_j0_{il}(x^′; x): (4.21)

Őŋ ść£ğăŋ ś őďŋőšőůěůŋżň šěŋğőřőň łřĺćĺğŋż Řĺňăŋă{Łřĺśšőťťěń£ r_{iljk} ś ŕőňőźĳ¿ śőőšŋőÿěŋĺľ

r_{iljk} = [F_{ikj}0_l0 − F_{ijk}0_l0]_x0_{=x} = f_{ikjl} − f_{ijkl}; f_{iklj} = [F_{ikj}0_l0]_x0_{=x} ¿ (4.22)

Ć ěćłńĺďőćőň ŕřőśšřăŋśšćě ďćşţšőůěůŋżľ šěŋğőř łřĺćĺğŋż F_{ilk}0_j0 őąřăźăěšś£ ć ŋşńĳ šăł ęě łăł šěŋğőř łřĺćĺğŋż Řĺňăŋă{Łřĺśšőťťěń£ r_{iljk}.

Ććěďěň őąőğŋăůěŋĺě

´_{ik} = ´_{ik}(x; x^′) = x0∫ x F_{ikj}00_s00(x; x^{′′})ff^{j00}(x; x^{′′})dx^{′′s00} (4.23)

ĺ ćżąěřěň čěőďěğĺůěśłş¿ L_{xx}0 ć łăůěśšćě ŕşšĺ ĺŋšěčřĺřőćăŋĺ£. Őŋ őŕĺśżćăěšś£ śőőšŋőÿěŋĺěň ff_i(x; x^{′′}) = fiff_i(x; x^′)ą (4.24) łőšőřőě őŕřěďěń£ěš x^{′′} łăł ťşŋłűĺ¿ ŕăřăňěšřă fi. Ďĺťťěřěŋűĺřş£ ŕő fi, ŕőńşůăěň ff_{ik}00(x; x^{′′})dx^{′′k00} = ff_i(x; x^′)dfi¿ (4.25)

Řăğřěÿă£ şřăćŋěŋĺ£ (4.25) őšŋőśĺšěńĳŋő dx^{′′} ĺ ŕőďśšăćń££ ć (4.23), ŕőńşůăěň

´_{ik}(x; x^′) = ff_l(x; x^′)ff_p(x; x^′) 1∫ 0 F_{ikj}00_s00(x; x^{′′})ff^{lj00}(x; x^{′′})ff^{ps00}(x; x^{′′})fidfi¿ (4.26)

Ŕőńőęĺň F^{..lp}_{ik} (x; x^′) = F_{ikj}0_s0(x; x^′)ff^{lj0}(x; x^′)ff^{ps0}(x; x^′); (4.27)

šőčďă G_{ik}(x; x^′) = g_{ik}(x) + ´_{ik}(x; x^′); (4.28)

´_{ik}(x; x^′) = ff_l(x; x^′)ff_p(x; x^′) 1∫ 0 F^{..lp}_{ik} (x; x^{′′})fidfi; (4.29)

čďě x^{′′} ěśšĳ ťşŋłűĺ£ fi, ćĺď łőšőřőľ őŕřěďěń£ěšś£ ĺğ (4.24). Ŕőďśšăćń££ g_{ik} ĺğ (4.28) ć (4.16), ŕőńşůăěň [ ‹^l_i‹^s_k − G^{ls} (G_{ik} − ´_{ik}) ] u_lu_sdx^idx^k = 0: (4.30)

Ąşďěň ĺśłăšĳ řěÿěŋĺě şřăćŋěŋĺ£ ć ćĺďě řăğńőęěŋĺ£

dx^i = ¸u^i + v^i; G_{ik}u^iv^k = 0: (4.31)

Ŕőďśšăćń££ (4.31) ć (4.30), ŕőńşůăěň şřăćŋěŋĺě ďń£ v^i

G_{ls}u^lu^s [ G_{ik}v^iv^k − ´_{ik} ( ¸u^i + v^i ) ( ¸u^k + v^k )] = 0: (4.32)

Ěśńĺ ff-řĺňăŋőćő ŕřőśšřăŋśšćő V = {ff; D} ěśšĳ ff-ěćłńĺďőćő, šő łăł ¡šő śńěďşěš ĺğ (4.29) ´_{ik} = 0. Ěśńĺ V = {ff; D} ěśšĳ śőąśšćěŋŋő ff-ěćłńĺďőćő ŕřőśšřăŋśšćő, šő G_{ls}u^lu^s ≠ 0, ĺ ňż ŕőńşůăěň ďćă şřăćŋěŋĺ£ ďń£ őŕřěďěńěŋĺ£ v^i

G_{ik}v^iv^k = 0; G_{ik}u^iv^k = 0: (4.33)

Ĺţ ěďĺŋśšćěŋŋőě řěÿěŋĺě

v^i = 0; dx^i = ¸u^i; i = 1; 2; : : : n; (4.34)

čďě ¸ ěśšĳ ŕřőĺğćőńĳŋă£ ŕőśšő£ŋŋă£, £ćń£ěšś£ řěÿěŋĺěň şřăćŋěŋĺ£ (4.30). Ć śőąśšćěŋŋő ěćłńĺďőćőň ŕřőśšřăŋśšćě łőŋşś łőńńĺŋěăřŋőśšĺ ćśěčďă ćżřőęďăěšś£ ć ńĺŋĺ¿.

Ŕşśšĳ šěŕěřĳ ŕřőśšřăŋśšćő V = {ff; D} £ćń£ěšś£ ff-ŕśěćďőěćłńĺďőćżň ŕřőśšřăŋśšćőň ĺŋďěłśă 1, ĺ ćěłšőř u^i ćřěňěŋĺŕőďőąŋżľ, š.ě. G_{ik}u^iu^k > 0. Šőčďă şřăćŋěŋĺ£ (4.33) šăłęě ĺňě¿š řěÿěŋĺě (4.34). Ěśńĺ ćěłšőř u^i ŕřőśšřăŋśšćěŋŋőŕőďőąŋżľ, G_{ik}u^iu^k < 0; šő ďćă şřăćŋěŋĺ£ (4.33) ĺňě¿š ŋěšřĺćĺăńĳŋőě řěÿěŋĺě, ĺ łőŋşś łőńńĺŋěăřŋőśšĺ ŋě ćżřőęďăěšś£ ć ńĺŋĺ¿. Łőŋşś łőńńĺŋěăřŋőśšĺ ěśšĳ śěůěŋĺě śćěšőćőčő łőŋşśă G_{ik}v^iv^k = 0 ŕńőśłőśšĳ¿ G_{ik}u^iv^k = 0. Ěśńĺ ćěłšőř u^i ĺğőšřőŕŋżľ, G_{ik}u^iu^k = 0; šő şřăćŋěŋĺě (4.32) ŕřĺćőďĺšś£ ł ćĺďş

G_{ik}u^iu^k = 0; G_{ik}u^iv^k = 0: (4.35)

Ć ¡šőň śńşůăě (4.34) ěśšĳ řěÿěŋĺě, ŋő łřőňě ŋěčő ĺňě¿šś£ ŕřőśšřăŋśšćěŋŋőŕőďőąŋżě ćěłšőřż v^i łőšőřżě őřšőčőŋăńĳŋż ĺğőšřőŕŋőňş ćěłšőřş u^i ĺ łőŋşś łőńńĺŋěăřŋőśšĺ ŋě ćżřőęďăěšś£ ć ńĺŋĺ¿.

Ć śńşůăě śőąśšćěŋŋő ff-řĺňăŋőćă ŕřőśšřăŋśšćă G_{ik}u^iu^k > 0; şřăćŋěŋĺě (4.32) ŕřĺćőďĺšś£ ł ćĺďş

G_{ik}v^iv^k − ´_{ik} ( ¸u^i + v^i ) ( ¸u^k + v^k ) = 0: (4.36)

Ć ¡šőň śńşůăě, ćőőąźě čőćőř£, ´_{ik} ≠ 0 ĺ łőŋşś łőńńĺŋěăřŋőśšĺ ŋě ćżřőęďăěšś£. ´_{ik} ğăćĺśĺš őš łřĺćĺğŋż ĺ őš řăśśšő£ŋĺ£ ňěęďş šőůłăňĺ x ĺ x^′. Ůěň ąőńĳÿě łřĺćĺğŋă ŕřőśšřăŋśšćă ĺ řăśśšő£ŋĺě ȷ(x; x^′); šěň ąőńĳÿě ăŕěřšşřă łőŋşśă łőńńĺŋěăřŋőśšĺ.

Ć łřĺćőň śőąśšćěŋŋő ff-řĺňăŋőćőň ŕřőśšřăŋśšćě śşźěśšćşěš ĺŋšěřěśŋżľ ůăśšŋżľ śńşůăľ, łőčďă łőŋşś łőńńĺŋěăřŋőśšĺ ćżřőęďăěšś£. Ć ń¿ąőň ff-řĺňăŋő-ćőň ŕřőśšřăŋśšćě ćżŕőńŋěŋő śńěďş¿źěě řăćěŋśšćő [7]

G_{ik}ff^k = g_{ik}ff^k; ff^k ≡ g^{kl}ff_l: (4.37)

Šőčďă ĺğ (4.28) śńěďşěš, ůšő ´_{ik}ff^k = 0: (4.38)

İšő őğŋăůăěš, ůšő ć śńşůăě, łőčďă ćěłšőř u^i ŋăŕřăćńěŋ ćďőńĳ čěőďěğĺůěśłőľ, śőěďĺŋ£¿źěľ šőůłĺ x ĺ x^′, š.ě. u^i = ˛ff^i, şřăćŋěŋĺě (4.36) ŕřĺćőďĺšś£ ł ćĺďş

(G_{ik} − ´_{ik}) v^iv^k = 0; u^i = ˛ff^i: (4.39)

Ěśńĺ ´_{ik} ďőśšăšőůŋő ňăńő ŕő śřăćŋěŋĺ¿ ś G_{ik}; šő śőąśšćěŋŋżě ğŋăůěŋĺ£ ňăšřĺűż G_{ik} − ´_{ik} ĺňě¿š őďĺŋ ĺ šőš ęě ğŋăł, ůšő ĺ śőąśšćěŋŋżě ğŋăůěŋĺ£ ňăšřĺűż G_{ik}: Ć ¡šőň śńşůăě şřăćŋěŋĺě (4.39) ĺňěěš šőńĳłő řěÿěŋĺě (4.34), ĺ łőŋşś łőńńĺŋěăřŋőśšĺ ćżřőęďăěšś£ ć ńĺŋĺ¿.

5 Őąśşęďěŋĺě

Ĺšăł, ňż ćĺďĺň, ůšő ć ff-řĺňăŋőćőľ čěőňěšřĺĺ ć šőůłě x ĺňěěšś£ ňŋőčő ćěłšőřőć, ŕăřăńńěńĳŋżţ ďăŋŋőňş ć šőůłě x^′ ćěłšőřş. İšő ňŋőęěśšćő łőńńĺŋěăřŋżţ ćěłšőřőć őŕĺśżćăěšś£ łőŋşśőň łőńńĺŋěăřŋőśšĺ. Ćżřőęďěŋĺě łőŋşśă łőńńĺŋěăřŋőśšĺ ć ńĺŋĺ¿, łőčďă ěśšĳ šőńĳłő őďŋő ŋăŕřăćńěŋĺě ŕăřăńńěńĳŋőě ďăŋŋőňş,

£ćń£ěšś£ śłőřěě ĺśłń¿ůěŋĺěň, ůěň ŕřăćĺńőň, ţőš£ ć śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ ¡šő ćżřőęďěŋĺě ćśěčďă ŕřĺśşšśšćşěš. Ŋěőďŋőřőďŋőśšĳ ŕřőśšřăŋśšćă řăğřşÿăěš ćżřőęďěŋĺě łőŋşśă łőńńĺŋěăřŋőśšĺ. Ć śőąśšćěŋŋő řĺňăŋőćőľ čěőňěšřĺĺ, čďě ňĺřőćă£ ťşŋłűĺ£ şďőćńěšćőř£ěš śĺśšěňě (4.1), şďăěšś£ śőţřăŋĺšĳ ¡šő ćżřőęďěŋĺě ďń£ ŋăŕřăćńěŋĺľ ćďőńĳ čěőďěğĺůěśłőľ, śőěďĺŋ£¿źěľ šőůłĺ x ĺ x^′. İšő őąśšő£šěńĳśšćő őůěŋĳ ćăęŋő ďń£ ćżřőęďěŋĺ£ ĚČŐ ŕěřćőčő ŕőř£ďłă ć čěőďěğĺůěśłş¿, ŕőšőňş ůšő ćżřőęďěŋĺě ĚČŐ šěśŋő ść£ğăŋő ś ćżřőęďěŋĺěň łőŋşśă łőńńĺŋěăřŋőśšĺ.

Ć śăňőň ďěńě, őŕřěďěńěŋĺě šřşąłĺ ŕěřćőčő ŕőř£ďłă (1.11), ĺńĺ (3.3) ňőęěš ążšĳ šăłęě ğăŕĺśăŋő ć ćĺďě T ( P^1 ) ≡ T_{P0 P1} = {R | P_0P_1||P_0R} ; P_0; P_1; R ∈ ˙; (5.1)

čďě łőńńĺŋěăřŋőśšĳ P_0P_1||P_0R ďćşţ ćěłšőřőć P_0P_1 ĺ P_0R őŕřěďěń£ěšś£ ffĺňňăŋěŋšŋżň śőőšŋőÿěŋĺěň (4.9), łőšőřőě ňőęŋő ğăŕĺśăšĳ ć ťőřňě

P_0P_1||P_0R : F_2 (P_0; P_1; R) = | | | (P_0P_1:P_0P_1) (P_0P_1:P_0R) (P_0R:P_0P_1) (P_0R:P_0R) | | | = 0: (5.2)

Ćĺď (5.1) őŕřěďěńěŋĺ£ šřşąłĺ ŕěřćőčő ŕőř£ďłă ŕőğćőń£ěš őŕřěďěńĺšĳ šřşąłş ŕěřćőčő ŕőř£ďłă T (P_0; P_1; Q_0), ŕřőţőď£źş¿ ůěřěğ šőůłş Q_0 łőńńĺŋěăřŋő ďăŋŋőňş ćěłšőřş P_0P_1. İšő őŕřěďěńěŋĺě ĺňěěš ff-ĺňňăŋěŋšŋżľ ćĺď

T (P_0; P_1; Q_0) = {R | P_0P_1||Q_0R} ; P_0; P_1; Q_0; R ∈ ˙; (5.3)

čďě łőńńĺŋěăřŋőśšĳ P_0P_1||Q_0R ďćşţ ćěłšőřőć P_0P_1 ĺ Q_0R őŕřěďěń£ěšś£ ffĺňňăŋěŋšŋżňĺ śőőšŋőÿěŋĺ£ňĺ (4.9), (4.7). Ć śőąśšćěŋŋő ěćłńĺďőćőň ŕřőśšřăŋśšćě šřşąłă (5.3) ćżřőęďăěšś£ ć ŕř£ňş¿, ŕřőţőď£źş¿ ůěřěğ šőůłş Q_0 łőńńĺŋěăřŋő ďăŋŋőňş ćěłšőřş P_0P_1.

Őŕřěďěńĺň ňŋőęěśšćő !_{Q0} = {Q_0Q)|Q ∈ ˙} ćěłšőřőć Q_0Q. Šőčďă

K(P_0; P_1; Q_0) = {Q_0Q|Q ∈ T (P_0; P_1; Q_0)} ⊂ !_{Q0} (5.4)

ěśšĳ łőŋşś łőńńĺŋěăřŋőśšĺ ćěłšőřőć Q_0Q, łőńńĺŋěăřŋżţ ćěłšőřş P_0P_1. Ĺšăł, őďŋőňěřŋőśšĳ šřşąőł ŕěřćőčő ŕőř£ďłă ĺ ćżřőęďěŋĺě łőŋşśă łőńńĺŋěăřŋőśšĺ ść£ğăŋŋżě £ćńěŋĺ£.

Ć řĺňăŋőćőľ čěőňěšřĺĺ őůěŋĳ śŕěűĺăńĳŋőě śćőľśšćő śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ (ćżřőęďěŋĺě łőŋşśă łőńńĺŋěăřŋőśšĺ) řăśśňăšřĺćăěšś£ łăł śćőľśšćő ń¿ąőľ čěőňěšřĺĺ ĺ řăśŕřőśšřăŋ£ěšś£ ŋă śńşůăľ řĺňăŋőćőľ čěőňěšřĺĺ. Ńĺŋĺ£ L, őŕřěďěńěŋŋă£ łăł ŋěŕřěřżćŋőě őšőąřăęěŋĺě (1.21) řăśśňăšřĺćăěšś£ łăł śăňżľ ćăęŋżľ čěőňěšřĺůěśłĺľ őąžěłš. İšőš őąžěłš śůĺšăěšś£ ąőńěě ćăęŋżň, ůěň ňěšřĺłă, ĺ ňěšřĺłă ć řĺňăŋőćőľ čěőňěšřĺĺ őŕřěďěń£ěšś£ ć šěřňĺŋăţ łřăšůăľÿĺţ ńĺŋĺľ.

Ĺśŕőńĳğőćăŋĺě ŋěňěšřĺůěśłőčő őŕřěďěńěŋĺ£ ńĺŋĺĺ łăł ćăęŋěľÿěčő ŕőŋ£šĺ£ čěőňěšřĺĺ ŋěăďěłćăšŋő őŕĺśăŋĺ¿ čěőňěšřĺĺ ĺ ŕőřőęďăěš ŕřőąńěňż, łőšőřżě őłăğżćă¿šś£ ĺśłşśśšćěŋŋżňĺ. Ŋăŕřĺňěř, ŕřőąńěňă ćżŕşłńőśšĺ, łőčďă şďăńěŋĺě ůăśšĺ šőůěł ŕřőśšřăŋśšćă, ŕőřőęďăěš ĺğňěŋěŋĺě śćőľśšć ďřşčĺţ őąńăśšěľ, ěśšĳ řěğşńĳšăš őŕřěďěńěŋĺ£ ňěšřĺłĺ ůěřěğ ŕőŋ£šĺě ńĺŋĺĺ. Ţőš£, ćżąĺřă£ ňĺřőćş¿ ťşŋłűĺ¿ ŋăďńěęăźĺň őąřăğőň (şďőćńěšćőřěŋĺě şřăćŋěŋĺľ (4.1)), şďăěšś£ śőţřăŋĺšĳ ćżřőęďěŋĺě łőŋşśă łőńńĺŋěăřŋőśšĺ ďń£ čěőďěğĺůěśłĺţ ńĺŋĺľ, ŋő ďń£ ďăńěłĺţ šőůěł x ĺ x^′ łőŋşś łőńńĺŋěăřŋőśšĺ ćśě ęě ŋě ćżřőęďăěšś£, ĺ ć řĺňăŋőćőľ čěőňěšřĺĺ ŋěš ăąśőń¿šŋőčő ŕăřăńńěńĺğňă. Ćňěśšő łőŋşśă łőńńĺŋěăřŋőśšĺ ććőďĺšś£ ŕőŋ£šĺě ŕăřăńńěńĳŋőčő ŕěřěŋőśă ćěłšőřă, čďě řěğşńĳšăš ŕěřěŋőśă ğăćĺśĺš őš ŕşšĺ ŕěřěŋőśă. Ŕřăłšĺůěśłĺ ¡šő őğŋăůăěš, ůšő ĺğ łőŋşśă ćěłšőřőć ćżąĺřăěšś£ łăłőľ-šő őďĺŋ ćěłšőř, łőšőřżľ ść£ğżćăěšś£ ś ŋěłőšőřőľ łřĺćőľ, śőěďĺŋ£¿źěľ šőůłĺ x ĺ x^′.

Ąşďşůĺ ůăśšŋżň śńşůăěň Š-čěőňěšřĺĺ, ff-řĺňăŋőćă čěőňěšřĺ£, ćőőąźě, ŋě ĺśŕőńĳğşěš ŋěňěšřĺůěśłőě őŕřěďěńěŋĺě ńĺŋĺĺ. Ğďěśĳ ńĺŋĺ£ ěśšĳ čěőňěšřĺůěśłĺľ őąžěłš, ţăřăłšěřŋżľ ďń£ śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ, čďě ńĺŋĺ£ ěśšĳ řěğşńĳšăš ćżřőęďěŋĺ£ łőŋşśă łőńńĺŋěăřŋőśšĺ. Ć Š-čěőňěšřĺĺ ćňěśšő ťşŋďăňěŋšăńĳŋőčő ŋěŕřěřżćŋőčő őšőąřăęěŋĺ£ (1.21) ĺśŕőńĳğşěšś£ ďřşčőě ťşŋďăňěŋšăńĳŋőě őšőąřăęěŋĺě

m_n : I_n → ˙; I_n = {0; 1; : : : n} ⊂ Z; (5.5)

łőšőřőě őŕřěďěń£ěš čěőňěšřĺůěśłĺľ őąžěłš m_n, ŋăğżćăěňżľ ňşńĳšĺćěłšőřőň n-őčő ŕőř£ďłă [6]. Ňşńĳšĺćěłšőř n-őčő ŕőř£ďłă ňőęěš řăśśňăšřĺćăšĳś£ łăł ŋěłőšőřőě őąőąźěŋĺě ff-ŕőďŕřőśšřăŋśšćă n-őčő ŕőř£ďłă M(P^n): Ďń£ őŕĺśăŋĺ£ ń¿ąőľ čěőňěšřĺĺ őłăğżćăěšś£ ďőśšăšőůŋżň őšőąřăęěŋĺ£ (5.5), ŕőśłőńĳłş ćśě čěőňěšřĺůěśłĺě őąžěłšż őŕřěďěń£¿šś£ łăł őąńăśšĺ (ŕőďňŋőęěśšćă šőůěł) ŕřőśšřăŋśšćă ˙ (ă ŋě łăł őšőąřăęěŋĺ£). Ĺśŕőńĳğőćăŋĺě śšőńĳ śńőęŋőčő ťşŋďăňěŋšăńĳŋőčő őšőąřăęěŋĺ£, łăł (1.21) ŋě £ćń£ěšś£ ŋěőąţőďĺňżň. Ŋăŕřĺňěř, ůšőąż ĺśśńěďőćăšĳ śćőľśšćă šřşąłĺ ŕěřćőčő ŕőř£ďłă T_{P0 P1} ⊂ ˙ (čěőďěğĺůěśłőľ), ŋşęŋő ĺśśńěďőćăšĳ ňŋőęěśšćő T = {P_0} ⊗ {P_1} ⊗ T_{P0 P1} ⊂ ˙^3; şďőćńěšćőř£¿źěě şśńőćĺ¿ F_3(T ) = 0. Ğďěśĳ őšőąřăęěŋĺě F_3 ĺğćěśšŋő ĺ ťĺłśĺřőćăŋő. Ĺśśńěďş¿šś£ šőńĳłő ŋşńĺ ťşŋłűĺĺ F_3, ĺňě¿źĺě ćĺď T = {P_0} ⊗ {P_1} ⊗ T_{P0 P1} . Ňőźŋőśšĳ ňŋőęěśšćă T śşźěśšćěŋŋő ňěŋĳÿě, ůěň ňőźŋőśšĳ ňŋőęěśšćă ćśěţ őšőąřăęěŋĺľ (1.21), ĺ ĺśśńěďőćăŋĺě T ŋě śšőńĳ śńőęŋő, łăł ĺśśńěďőćăŋĺě őšőąřăęěŋĺľ (1.21).

Ňőęŋő şňěŋĳÿĺšĳ ňőźŋőśšĳ ňŋőęěśšćă ćśěţ őšőąřăęěŋĺľ (1.21), ŋăńăčă£ őčřăŋĺůěŋĺ£ ŋă őšőąřăęěŋĺě (1.21), ŋő ŋěńĳğ£ ĺğňěŋĺšĳ šő őąśšő£šěńĳśšćő, ůšő őšőąřăęěŋĺě (1.21) £ćń£ěšś£ ăšřĺąşšőň śőąśšćěŋŋő ěćłńĺďőćőľ čěőňěšřĺĺ ĺ ŋě £ćń£ěšś£ ăšřĺąşšőň śăňőľ čěőňěšřĺĺ. Ŕřőąńěňă ćżŕşłńőśšĺ ŕőďšćěřęďăěš ¡šő. Ŋăśšăĺćă£ ŋă őšőąřăęěŋĺĺ (1.21) łăł őśŋőćŋőň ĺŋśšřşňěŋšě ĺśśńěďőćăŋĺ£ čěőňěšřĺĺ, ňż şłăğżćăěň ŋěŕřăćĺńĳŋżľ ŕşšĳ ĺ ğăłřżćăěň ďćěřĳ ďń£ ĺśśńěďőćăŋĺľ čěőňěšřĺĺ.

Łřőňě ůĺśšő ńőčĺůěśłĺţ ăřčşňěŋšőć ć ŕőńĳğş ŕőďţőďă Š-čěőňěšřĺĺ śńěďşěš ŕřĺćěśšĺ ăřčşňěŋšż ŕřĺłńăďŋőčő ţăřăłšěřă. Ďěńő ć šőň, ůšő ŕřĺňěŋěŋĺě Š - čěőňěšřĺĺ ł ŕőśšřőěŋĺ¿ ňőďěńĺ ŕřőśšřăŋśšćă-ćřěňěŋĺ ŕřĺćőďĺš ł ŋőćżň ĺ őąŋăďěęĺćă¿źĺň řěğşńĳšăšăň [10, 11]. Řăśśňőšřěŋĺě őďŋőřőďŋőľ, ĺğőšřőŕŋőľ ĺ ŋěŕřěřżćŋőľ ňőďěńĺ ś ŋşńěćőľ łřĺćĺğŋőľ ŕřĺćőďĺš ł űěńőňş łńăśśş ňőďěńěľ, řăğńĺůă¿źĺţś£ ťőřňőľ šřşąłĺ (ŕěřćőčő ŕőř£ďłă). İšőš łńăśś śőďěřęĺš ć śěąě ĺğćěśšŋş¿ ňőďěńĳ Ňĺŋłőćśłőčő, ďń£ łőšőřőľ ćřěňěŋĺŕőďőąŋżě šřşąłĺ ćżřőęďă¿šś£ ć ńĺŋĺĺ ĺ łőšőřă£ ŋě £ćń£ěšś£ őŕšĺňăńĳŋőľ, šăł łăł őŋă ŋě śŕőśőąŋă őŕĺśăšĳ łćăŋšőćżě £ćńěŋĺ£ ąěğ ĺśŕőńĳğőćăŋĺ£ ŕřĺŋűĺŕőć łćăŋšőćőľ ňěţăŋĺłĺ. Ďń£ ďřşčĺţ (ŋěćżřőęďěŋŋżţ) ňőďěńěľ ¡šőčő łńăśśă ţăřăłšěřŋă: (1) čěőňěšřĺğăűĺ£ ňăśśż ůăśšĺűż, őŕĺśżćăěňőľ ńőňăŋőľ šřşąłőľ (1.20), (2) śšőţăśšĺůŋőśšĳ ňĺřőćőľ šřşąłĺ śćőąőďŋőľ ůăśšĺűż, őąşśńőćńěŋŋă£ ŋěćżřőęďěŋŋőśšĳ¿ łőŋşśă łőńńĺŋěăřŋőśšĺ.

Őłăğżćăěšś£ ćőğňőęŋżň ćżąřăšĳ őŕšĺňăńĳŋş¿ ňőďěńĳ ŕřőśšřăŋśšćă-ćřě-ňěŋĺ, ďń£ łőšőřőľ śšăšĺśšĺůěśłőě őŕĺśăŋĺě śšőţăśšĺůěśłĺţ šřşąőł śćőąőďŋżţ ůăśšĺű śőćŕăďăěš ś łćăŋšőćżň őŕĺśăŋĺěň ć šěřňĺŋăţ şřăćŋěŋĺ£ Ÿřěďĺŋčěřă. Ŕřĺ ¡šőň łćăŋšőćă£ ŕőśšő£ŋŋă£ ~ őłăğżćăěšś£ ţăřăłšěřĺśšĺłőľ ŕřőśšřăŋśšćăćřěňěŋĺ (őŋă ść£ğăŋă ś šőńźĺŋőľ ňĺřőćżţ šřşąőł ůăśšĺű), ććőď£źěľ ć čěőňěšřĺ¿ ŕřőśšřăŋśšćă-ćřěňěŋĺ ŋěłş¿ "¡ńěňěŋšăřŋş¿ ďńĺŋş". Ć řěğşńĳšăšě őšŕăďăěš ŋěőąţőďĺňőśšĳ ć ŕřĺŋűĺŕăţ łćăŋšőćőľ ňěţăŋĺłĺ, ĺ łćăŋšőćă£ šěőřĺ£ ćőśŕřĺŋĺňăěšś£ łăł łőŋűěŕűĺ£, śőğďăŋŋă£ ďń£ šőčő, ůšőąż łőňŕěŋśĺřőćăšĳ ŋăÿĺ ŋěŕřăćĺńĳŋżě ŕřěďśšăćńěŋĺ£ ő čěőňěšřĺĺ ŕřőśšřăŋśšćă-ćřěňěŋĺ ŋă ňăńżţ ňăśÿšăąăţ.

Śŕĺśőł ńĺšěřăšşřż

[1] L.M. Blumenthal, Theory and Applications of Distance Geometry, Oxford, Clarendon Press, 1953.

[2] J.L. Synge, Relativity: The General Theory, North-Holland, Amsterdam, 1960.

[3] Ă.Ď. Ăńěłśăŋďřőć, Ć.Ŋ. Ąěřěśšőćśłĺľ, Ĺ.Č. Ŋĺłőńăěć, Őąőąźěŋŋżě řĺňăŋőćż ŕřőśšřăŋśšćă. ŞŇŊ, 41, ćżŕ. 3, 1-44, (1986).

[4] Ă.Ď. Ăńěłśăŋďřőć, Ćŋşšřěŋŋ££ čěőňěšřĺ£ ćżŕşłńżţ ŕőćěřţŋőśšěľ.

ČĹŠŠŃ. Ňőśłćă, 1948.

[5] K. Menger, Untersuchen -uber allgemeine Metrik, Mathematische Annalen, 100, 75-113, (1928).

[6] đ.Ă. Řżńőć, Őŕĺśăŋĺě ňěšřĺůěśłőčő ŕřőśšřăŋśšćă łăł łńăśśĺťĺłăűĺ£ ěčő łőŋěůŋżţ ŕőďŕřőśšřăŋśšć. ŤŔŇ (ŕřěďśšăćńěŋő ďń£ ŕşąńĺłăűĺĺ).

[7] đ.Ă. Řżńőć, Őŕĺśăŋĺě řĺňăŋőćă ŕřőśšřăŋśšćă ś ŕőňőźĳ¿ łőŋěůŋőčő ĺŋšěřćăńă. Ĺğćěśšĺ£ ćżśÿĺţ şůěąŋżţ ğăćěďěŋĺľ, śěř. ňăš. 3, 132, (1962).

[8] Yu.A. Rylov, Relative gravitational ˛eld and conservation laws in general relativity. Ann. Phys. (Leipzig) 12, 329, (1964).

[9] Yu.A. Rylov, Distorted Riemannian space and technique of di¸erential geometry. J. Math. Phys. 33, 4220, (1992).

[10] Yu.A. Rylov, Extremal properties of Synge’s world function and discrete geometry. J. Math. Phys. 31, 2876, (1990).

[11] Yu.A. Rylov, Non-Riemannian model of space-time responsible for quantum e¸ects. J. Math. Phys. 32, 2092, (1991).