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Äî 150-ði÷÷ÿ Îäåñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó iìåíi I. I. Ìå÷íèêîâà

Ó ñåðåäèíi 19 ñòîði÷÷ÿ ó Ðîñi¨ íàçðiëà íàãàëüíà ïîòðåáà ñòâîðåííÿ âèùîãî íàâ÷àëüíîãî
çàêëàäó íà Ïiâäíi êðà¨íè. Íå çâàæàþ÷è íà ïàíóâàííÿ ôåîäàëüíî-êðiïîñíèöüêèõ âiäíîñèí,
ÿêi ïåðåøêîäæàëè ðîçâèòêó âñüîãî íîâîãî i ïðîãðåñèâíîãî, êàïiòàëiñòè÷íi ïðîäóêòèâíi ñèëè
âïåâíåíî ðîçâèâàëèñÿ i ïðîêëàäàëè ñîái øëÿõè â óñi ñôåðè ãîñïîäàðñüêîãî, ñóñïiëüíîãî i
êóëüòóðíîãî æèòòÿ. Ïiâäåíü, øâèäøå âiä áàãàòüîõ öåíòðàëüíèõ ãóáåðíié Ðîñi¨, âòÿãóâàâñÿ
â êàïiòàëiñòè÷íèé ðîçâèòîê. Òóò øâèäêèìè òåìïàìè ðîçâèâàëèñÿ òîâàðíî-ãðîøîâi âiäíîñèíè,
÷åðåç ïîðòè Àçîâî-×îðíîìîð'ÿ, îñîáëèâî ÷åðåç Îäåñüêèé ïîðò, íàëàãîäæóâàëèñü òîðãiâåëüíi
âiäíîñèíè ç äåðæàâàìè Çàõîäó. Æèòòÿ âèìàãàëî âñå íîâèõ i íîâèõ ñïåöiàëiñòiâ äëÿ
ñiëüñüêîãî ãîñïîäàðñòâà i ïðîìèñëîâîñòi, îñâi÷åíèõ óðÿäîâöiâ äëÿ äåðæàâíîãî àïàðàòó. Øiñòü
óíiâåðñèòåòiâ, ùî iñíóâàëè íà òîé ÷àñ ó Ðîñi¨ (Ìîñêîâñüêèé, Ïåòåðáóðçüêèé, Êàçàíñüêèé,
Äåðïòñüêèé, Êè¨âñüêèé òà Õàðêiâñüêèé) � íå ìîãëè ïîâíiñòþ çàáåçïå÷èòè Ïiâäåíü íåîáõiäíèìè
ñïåöiàëiñòàìè.

Îäåñüêié íàöiîíàëüíèé óíiâåðñèòåò iìåíi I.I. Ìå÷íèêîâà

Ïðèðîäíèì áóëî çàñíóâàòè âèùèé íàâ÷àëüíèé çàêëàä â Îäåñi � öåíòði ìîëîäîãî
Íîâîðîñiéñüêîãî êðàþ, ùî øâèäêî ðîçâèâàâñÿ. Óðî÷èñòå âiäêðèòòÿ Íîâîðîñiéñüêîãî
óíiâåðñèòåòó âiäáóëîñÿ 13 òðàâíÿ 1865 ðîêó.

Ïåðøèé íàâ÷àëüíèé ðiê â óíiâåðñèòåòi ðîçïî÷àâñÿ 7 âåðåñíÿ 1865 ðîêó íà òðüîõ
ôàêóëüòåòàõ - ôiçèêî-ìàòåìàòè÷íîìó ( ó ñêëàäi 12 êàôåäð), iñòîðèêî-ôiëîñîôñüêîìó ( 11
êàôåäð) òà þðèäè÷íîìó (13 êàôåäð). Ïåðøèì ðåêòîðîì ñòàâ ïðîôåñîð ìàòåìàòèê I.Ä.
Ñîêîëîâ.

Çàâäÿêè çóñèëëÿì ïåðåäîâèõ â÷åíèõ - I.I. Ìå÷íèêîâà, I.Ì. Ñå÷åíîâà, Î.Î. Êîâàëåâñüêîãî,
Ë.Ñ. Öåíêîâñüêîãî, Ì.Ô. Ãàìàëiÿ, Î.À. Âåðiãî, Ì.Ä. Çåëiíñüêîãî, Î.Ñ. Ïîñíèêîâà, Î.Î.
Êî÷óáèíñüêîãî, Â.I. Ãðèãîðîâè÷à òà iíøèõ. Íîâîðîñiéñüêèé óíiâåðñèòåò øâèäêî ïåðåòâîðèâñÿ
â îäèí ç öåíòðiâ äåìîêðàòè÷íî¨ êóëüòóðè óêðà¨íñüêîãî i ðîñiéñüêîãî íàðîäiâ i ñòàâ âiäiãðàâàòè
âàæëèâó ðîëü ó ðîçâèòêó íàóêè.

Ïî÷àòîê äîñëiäæåííÿì â ãàëóçi ìàòåìàòèêè ó Íîâîðîñiéñüêîìó óíiâåðñèòåòi äàëè ó÷íi i
ïîñëiäîâíèêè âèäàòíèõ âiò÷èçíÿíèõ ìàòåìàòèêiâ Ì.Â. Îñòðîãðàäñüêîãî i Ï.Ë. ×åáèøåâà �
I.Ä. Ñîêîëîâ, �.Ô. Ñàáiíií, Ñ.Ï. ßðîøåíêî òà ií. Âîíè òà ¨õ âèõîâàíöi çàêëàëè ôóíäàìåíò
îäåñüêî¨ ìàòåìàòè÷íî¨ øêîëè.

Îñîáëèâî ñëiä âiäçíà÷èòè âêëàä I.Â. Ñëåøèíñüêîãî. Éîãî íàóêîâi äîñëiäæåííÿ áóëè
ïðèñâÿ÷åíi òåîði¨ íåïåðåðâíèõ äðîáiâ, çàñîáó íàéìåíøèõ êâàäðàòiâ, ìàòåìàòè÷íié ëîãiöi i

5



íàïðèêiíöi 19 ñòîëiòòÿ íàáóëè ôóíäàìåíòàëüíîãî õàðàêòåðó. Ó Êðàêîâi (êóäè Ñëåøèíñüêèé
I.Â. ïåðå¨õàâ ó 1911 ðîöi) áóëî íàäðóêîâàíî 2-òîìíèé êóðñ éîãî óíiâåðñèòåòñüêèõ ëåêöié ç
òåîði¨ ìàòåìàòè÷íèõ äîâåäåíü. Âií âèõîâàâ â÷åíèõ, ñåðåä ÿêèõ � âèêëàäà÷i Íîâîðîñiéñüêîãî
óíiâåðñèòåòó É.Þ. Òiì÷åíêî, Â.Î. Öèììåðìàí, Ö.Ê. Ðóññüÿí, �.Ë. Áóíèöüêèé, ÿêi
ïðîäîâæèëè äîñëiäæåííÿ â îáëàñòi òåîði¨ iíòåãðóâàííÿ äèôåðåíöiàëüíèõ ðiâíÿíü, âàðiàöiéíîãî
÷èñëåííÿ, ìàòåìàòè÷íî¨ ëîãiêè, iíòåãðàëüíèõ ðiâíÿíü. �ì íàëåæàòü òàêîæ ïðàöi ç ïèòàíü
àíàëiçó, òåîði¨ ÷èñåë òà ãåîìåòði¨.

Âàãîìèé âêëàä ó ðîçâèòîê îäåñüêî¨ ìàòåìàòè÷íî¨ øêîëè âíåñëè Â.Ô. Êàãàí i Ñ.Î.
Øàòóíîâñüêèé, ÿêi çàéìàëèñÿ îáãðóíòóâàííÿì òà ïîáóäîâîþ ìàòåìàòè÷íî¨ íàóêè. Ïåðøi
íàóêîâi äîñëiäæåííÿ Êàãàíà ïîâ'ÿçàíi ç ãåîìåòði¹þ Ëîáà÷åâñüêîãî. Çíà÷íèì âêëàäîì
â íàóêó áóëà éîãî ìàãiñòåðñüêà äèñåðòàöiÿ ¾Îñíîâè ãåîìåòði¨¿, â ÿêié áóëî íàäàíî
ñèñòåìàòè÷íå âèêëàäåííÿ íååâêëiäîâî¨ ãåîìåòði¨ íà îñíîâi àêñiîì ç àíàëiçîì ¨õ íåñóïåðå÷íîñòi
òà íåçàëåæíîñòi. Âïåðøå â iñòîði¨ âiò÷èçíÿíèõ óíiâåðñèòåòiâ âií ó 1921-22 ðð. ïðî÷èòàâ
êóðñ ëåêöié ç òåîði¨ âiäíîñíîñòi. Â Ìîñêâi Â.Ô. Êàãàí, äå âií ïðàöþâàâ ç 1929 ð., çàñíóâàâ
øèðîêîâiäîìó òåíçîðíó äèôåðåíöiàëüíî-ãåîìåòðè÷íó øêîëó.

Ïîìiòíèé âïëèâ íà ìàòåìàòè÷íi äîñëiäæåííÿ çäiéñíèâ Ñ.Î. Øàòóíîâñüêèé, îäèí iç ïåðøèõ
ïðåäñòàâíèêiâ êîíñòðóêòèâíèõ íàïðàâëåíü ó ñó÷àñíié ìàòåìàòèöi. Â÷åíèé àêñiîìàòè÷íî
îá ðóíòóâàâ òåîðiþ ïëîùèí,à òàêîæ ïîíÿòòÿ îá'¹ìó ìíîãîãðàííèêà áåç çàëó÷åííÿ òåîði¨
ìåæi. Øèðîêî âiäîìèé îðèãiíàëüíèé êóðñ Øàòóíîâñüêîãî Ñ.Î. ¾Ââåäåíèå â àíàëiç¿, îñíîâè
ÿêîãî çàñòîñîâóþòüñÿ ó ñó÷àñíié ìàòåìàòèöi. Ó 1917 ðîöi Øàòóíîâñüêèé îïóáëiêóâàâ ðîáîòó
¾Àëãåáðà êàê ó÷åíèå î ñðàâíåíèÿõ ïî ôóíêöèîíàëüíûì ìîäóëÿì¿, äå âèêëàâ íîâå ïîáóäóâàííÿ
òåîði¨ Ãàëóà. Éîìó íàëåæàòü òàêîæ ïðàöi â îáëàñòi òåîði¨ ÷èñåë, ìàòåìàòè÷íîãî àíàëiçó,
ãåîìåòði¨.

Íà ïî÷àòêó 20 ñò. ìàòåìàòè÷íå âiääiëåííÿ Íîâîðîñiéñüêîãî óíiâåðñèòåòó çàêií÷èëè âiäîìi
ðàäÿíñüêi ìàòåìàòèêè Ä.Î. Êðèæàíîâñüêèé, Ì.Ì. Âàñèëü¹â, Î.Ñ. Òóð÷àíiíîâ, Ã.Ë. Ìèõíåâè÷,
Ç.Þ. Æåìàéòiñ, Ã.Ì. Ôiõòåíãîëüö òà ií. Ðîçâèòêó âiò÷èçíÿíî¨ ìàòåìàòèêè ñïðèÿëà äiÿëüíiñòü
ìàòåìàòè÷íîãî âiääiëåííÿ Íîâîðîñiéñüêî¨ ñïiëêè äîñëiäíèêiâ. Éîãî çàñiäàííÿ âiäâiäóâàâ
âiäîìèé ìàòåìàòèê i ìåõàíiê Î.Ì. Ëÿïóíîâ. Ïî çàïðîøåííþ óíiâåðñèòåòó ó 1918 ðîöi
âií ïðî÷èòàâ öèêë ëåêöié ïðî ôîðìó ðóõó íåáåñíèõ òië, äå âèêëàäàëèñÿ ðåçóëüòàòè éîãî
áàãàòîði÷íèõ äîñëiäæåíü.

Ìàòåìàòèêè Íîâîðîñiéñüêîãî óíiâåðñèòåòó ïðèéìàëè àêòèâíó ó÷àñòü ó ðîáîòi ç'¨çäiâ
ðîñiéñüêèõ äîñëiäíèêiâ. Åòàïíèì äëÿ íèõ áóâ 7 ç'¨çä, ÿêèé âiäáóâñÿ â Îäåñi ó 1883
ðîöi. Ïiäãîòîâêîþ çàéìàâñÿ ôiçèêî-ìàòåìàòè÷íèé ôàêóëüòåò. Ó ðîáîòi ìàòåìàòè÷íî¨ ñåêöi¨
ïðèéìàëè ó÷àñòü âiäîìi ðîñiéñüêi â÷åíi Í.�. Æóêîâñüêèé i Ñ.Â. Êîâàëåâñüêà, à òàêîæ
ïðîôåñîðè Íîâîðîñiéñüêîãî óíiâåðñèòåòó Í.Î. Óìîâ i Â.Â. Ïðåîáðàæåíñüêèé.

Ç 1920 ïî 1933 ðîêè íà áàçi Íîâîðîñiéñüêîãî óíiâåðñèòåòó iñíóâàâ Iíñòèòóò íàðîäíî¨
îñâiòè (IÍÎ). Öåé ïåðiîä õàðàêòåðèçó¹òüñÿ íàïðóæåíîþ îáñòàíîâêîþ áîðîòüáè i ïîäîëàííÿ
òðóäíîùiâ. Íå çâàæàþ÷è íà ãîñòði ïðîòèði÷÷ÿ, ÿêi ïàíóâàëè â ñòiíàõ IÍÎ ó ðîêè ðîçðóõè
i ãîëîäó, æèòòÿ i ïîáóò ïîñòóïîâî ïîëiïøóâàëèñü, óäîñêîíàëþâàâñÿ íàâ÷àëüíèé ïðîöåñ.
Ïîìiòíèõ óñïiõiâ áóëî äîñÿãíóòî êîëåêòèâîì íàóêîâî-äîñëiäíî¨ êàôåäðè íà ÷îëi ç É.Î.
Òiì÷åíêîì. Ñåêöiÿìè êàôåäðè çàâiäóâàëè Ñ.Î. Øàòóíîâñüêèé, É.Î. Òiì÷åíêî, Ã.Ê. Ñóñëîâ.
Íàóêîâi ðîçðîáêè î÷îëþâàëè Î.Ñ. Òóð÷àíiíîâ (âàðiàöiéíå ÷èñëåííÿ), Ì.Ñ. Âàñiëü¹â (ìåõàíiêà,
âåêòîðíå ÷èñëåííÿ), Ê.Í. Ùåðáèíà (ìåòîäèêà ìàòåìàòèêè), Ä.Î. Êðèæàíîâñüêèé i Í.Ã.
×åáîòàðüîâ (àëãåáðà), ç iì'ÿì ÿêîãî ïîâ'ÿçàíî ôîðìóâàííÿ ðàäÿíñüêî¨ àëãåáðà¨÷íî¨ øêîëè
i ïî÷àòîê ¨¨ ñâiòîâîãî âèçíàííÿ.

10 áåðåçíÿ 1933 ðîêó âèéøëà Ïîñòàíîâà Ðàäíàðãîñïó ÓÐÑÐ ïðî âiäíîâëåííÿ äåðæàâíèõ
óíiâåðñèòåòiâ íà Óêðà¨íi, ùî ñòàëî ïiäñòàâîþ äëÿ âiäðîäæåííÿ óíiâåðñèòåòó â Îäåñi.
Ïåðåä óíiâåðñèòåòîì, ÿêèé áóëî ïåðåéìåíîâàíî â Îäåñüêèé, ñòàâèëàñü çàäà÷à ãîòóâàòè
âèêëàäà÷iâ i àñèñòåíòiâ äëÿ âèùèõ i ñåðåäíiõ ñïåöiàëüíèõ íàâ÷àëüíèõ çàêëàäiâ äëÿ ñåðåäíüî¨
øêîëè, íàóêîâèõ ïðàöiâíèêiâ, ñïåöiàëiñòiâ ðiçíîãî ïðîôiëþ. Ñòðîê íàâ÷àííÿ â óíiâåðñèòåòi
âñòàíîâëþâàâñÿ ï'ÿòü ðîêiâ. Ïîïåðâàõ ó ñêëàäi Îäåñüêîãî óíiâåðñèòåòó áóëî ÷îòèðè
ôàêóëüòåòè - ìàòåìàòè÷íèé, ôiçè÷íèé, õiìi÷íèé i áiîëîãi÷íèé, à ïîòiì áóâ îðãàíiçîâàíèé
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ñîöiàëüíî-åêîíîìi÷íèé ôàêóëüòåò ç iñòîðè÷íèì âiääiëåííÿì.
Ó àêòèâiçàöi¨ íàóêîâî-äîñëiäíèöüêî¨ ðîáîòè ó âèùié øêîëi çíà÷íó ðîëü çiãðàëà Ïîñòàíîâà

Ðàäíàðãîñïó ÑÐÑÐ âiä 13.01.1934 ðîêó ïðî ïðèñâî¹ííÿ â÷åíèõ ñòåïåíiâ i ââåäåííÿ íîâî¨
øòàòíî¨ ñèñòåìè. Äî 1940 ðîêó â Îäåñüêîìó óíiâåðñèòåòi ñòóïåíü äîêòîðà íàóê áóëà ïðèñâî¹íà
14 â÷åíèì, êàíäèäàòà íàóê � 67 ïîøóêóâà÷àì. Íàóêîâi êàäðè ãîòóâàëèñü ãîëîâíèì ÷èíîì ÷åðåç
àñïiðàíòóðó.

Iìïóëüñîì äëÿ ðîçâèòêó ìàòåìàòèêè â Îäåñüêîìó óíiâåðñèòåòó ïîñëóæèëà äiÿëüíiñòü
ó÷íÿ Í.Ã. ×åáîòàðüîâà, ÷ëåíà-êîðåñïîíäåíòà ÀÍ ÓÐÑÐ Ì.Ã. Êðåéíà. Ïðåäñòàâëÿþòü
iíòåðåñ éîãî äîñëiäæåííÿ â îáëàñòi àëãåáðè, òåîði¨ ôóíêöié, ôóíêöiîíàëüíîãî àíàëiçó, òåîði¨
äèôåðåíöiàëüíèõ òà iíòåãðàëüíèõ ðiâíÿíü. Ç ïî÷àòêó 30-õ ðîêiâ Ì.Ã. Êðåéí ðàçîì ç Ô.Ð.
Ãàíòìàõåðîì âèâ÷àâ âëàñòèâîñòi îñöèëÿöiéíèõ ìàòðèöü. Óñïiøíèìè áóëè òàêîæ äîñëiäæåííÿ,
ÿêi âiäíîñÿòüñÿ äî äåÿêèõ ñïåöiàëüíèõ êëàñiâ ôóíêöié, ùî ïðîâåëè Ì.Ã. Êðåéí ðàçîì ç
Á.ß. Ëåâiíèì. Ì.Ã.Êðåéí äîñëiäæóâàâ ïèòàííÿ ïðî íàéêðàùå íàáëèæåííÿ ôóíêöié çà
äîïîìîãîþ òðèãîíîìåòðè÷íèõ ìíîãî÷ëåíiâ (1937ð.) i ôóíêöié êiíöåâîãî ñòóïåíþ (1938), â
îáëàñòi ôóíêöiîíàëüíîãî àíàëiçó âií ðàçîì çi ñâî¨ìè ó÷íÿìè ïîáóäóâàâ òåîðiþ êîíóñiâ. Ó
ïåðåäâî¹ííi ðîêè Ì.Ã. Êðåéí ñòâîðèâ îäíó ç ïåðøèõ â ÑÐÑÐ øêîëó ôóíêöiîíàëüíîãî àíàëiçó
(¨¨ ïðåäñòàâíèêè - Ì.Î. Íàéìàðê, Â.Ë. Øìóëüÿí, Ì.Î. Ðóòìàí, Î.Ï. Àðòåìåíêî òà ií.)

Óíiâåðñèòåò æèâ ó ðèòìi ìèðíî¨ ïðàöi. Àëå ðîçïî÷àëàñÿ âiéíà. Ñåðåä ñòóäåíòiâ-
ìàòåìàòèêiâ ç ÎÄÓ, ÿêi ó ÷åðâíi 1941 ðîêó îòðèìàëè äèïëîìè ïðî îñâiòó, áóâ i ìàéáóòíié
÷ëåí-êîðåñïîíäåíò ÀÍ ÓÐÑÐ Ãåðîé Ñîöiàëiñòè÷íî¨ ïðàöi, ëàóðåàò Ëåíiíñüêî¨ i Äåðæàâíî¨
ïðåìié ÑÐÑÐ, çàñòóïíèê Ãîëîâíîãî êîíñòðóêòîðà ÊÁ ¾Þæíûé¿ Ì.Ô. Ãåðàñþòà.

Ç âåðåñíÿ 1941 ïî êâiòåíü 1944 Îäåñüêèé óíiâåðñèòåò ïåðåáóâàâ â åâàêóàöi¨ (ñïî÷àòêó ó
ì.Ìàéêîï, à ïîòiì � Áàéðàì-Àëi � ðàéîííîìó öåíòði Ìàðiéñüêî¨ îáëàñòi Òóðêìåíñüêî¨ ÐÑÐ).

Ïiñëÿ âèçâîëåííÿ Îäåñè âiä òèì÷àñîâî¨ îêóïàöi¨, óíiâåðñèòåò ó ïîâíîìó ñêëàäi âiäíîâèâ
ñâîþ ðîáîòó 1 æîâòíÿ 1944 ðîêó. Ó 1944-45 íàâ÷àëüíîìó ðîöi íà øåñòè óíiâåðñèòåòñüêèõ
ôàêóëüòåòàõ íàâ÷àëèñü 1043 ñòóäåíòè i 60 àñïiðàíòiâ. Âèêëàäàííÿ çäiéñíþâàëè 166
âèêëàäà÷iâ, îá'¹äíàíèõ ó 51 êàôåäðó. Ñåðåä íèõ � 24 ïðîôåñîðè, 59 äîöåíòiâ i êàíäèäàòiâ íàóê,
83 âèêëàäà÷à. Ïðîôåñîðñüêî-âèêëàäàöüêèé ñêëàä çà ðiâíåì ñâî¹¨ ïiäãîòîâêè i êâàëiôiêàöi¨
óñïiøíî çàáåçïå÷óâàâ íàâ÷àëüíî-âèõîâíèé ïðîöåñ i íàóêîâî-äîñëiäíèöüêó ðîáîòó.

Â 1945 ðîöi óíiâåðñèòåò çàêií÷èëè 273 ñòóäåíòè, â òîìó ÷èñëi 104 ôiëîëîãiâ, 66 iñòîðèêiâ,
41 ãåîãðàôiâ, 31 õiìiêiâ, 22 áiîëîãiâ i 9 ôiçèêiâ òà ìàòåìàòèêiâ.

Ó 1945 ðîöi, â ðiê íàøî¨ Ïåðåìîãè, Îäåñüêèé óíiâåðñèòåò ñâÿòêóâàâ ñâî¹ 80-ði÷÷ÿ, â çâ'ÿçêó
ç ÷èì éîìó áóëî ïðèñâî¹íî iì'ÿ âåëèêîãî â÷åíîãî I.I.Ìå÷íèêîâà, ëþäèíè ìèðíî¨ ïðîôåñi¨,
ëþäèíè-òâîðöÿ. Äëÿ êîëåêòèâà âèêëàäà÷iâ i ñòóäåíòiâ öåé àêò ñòàâ ñèìâîëîì ïåðåõîäó âiä
âî¹ííèõ áóðü äî ìèðíîãî æèòòÿ.

Ó ïåðøi ïîâî¹ííi ðîêè ìàòåìàòè÷íå âiääiëåííÿ ôiçèêî-ìàòåìàòè÷íîãî ôàêóëüòåòó
ñêëàäàëîñÿ ç äâîõ êàôåäð � ìàòåìàòè÷íîãî àíàëiçó òà ãåîìåòði¨ i àëãåáðè. Íà êàôåäði
ìàòåìàòè÷íîãî àíàëiçó ç óñïiõîì äîñëiäæóâàëèñü çàäà÷i, ïîâ'ÿçàíi ç ïðîáëåìàìè íàáëèæåííÿ
ôóíêöié (ïðîô. Å.Î. Ñòîðîæåíêî, ïðîô. Â.I. Êîëÿäà, ïðîô. Àðê.Î. Êîðåíîâñüêèé òà ií.) i
ïðîáëåìàìè iíòåãðàëüíèõ îïåðàòîðiâ (ïðîô. Ã.Ñ. Ëiòâií÷óê, ïðîô. Í.Ë. Âàñèëåâñüêèé, äîö.
Î.Ï. Íå÷à¹â, äîö. Ç.Ì. Ëèñåíêî òà ií.) Íà êàôåäði ãåîìåòði¨ i àëãåáðè öåíòðàëüíå ìiñöå ó
íàóêîâèõ äîñëiäæåííÿõ çàéìàëè ïèòàííÿ îñíîâ ãåîìåòði¨.

Ó 1960 ðîöi ïiñëÿ ðîçïîäiëó ôàêóëüòåòó íà ôiçè÷íèé i ìåõàíiêî-ìàòåìàòè÷íèé, äåêàíîì
ìåõàíiêî-ìàòåìàòè÷íîãî ôàêóëüòåòó ñòàâ ïðîôåñîð Ì.I. Ãàâðèëîâ. Êîëî éîãî íàóêîâèõ
iíòåðåñiâ âêëþ÷à¹: îá ðóíòóâàííÿ íîâîãî ìåòîäó ó òåîði¨ çâè÷àéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü,
îñíîâàíîãî íà òåîði¨ ìîìåíòiâ, à òàêîæ ïîâíèé ìåòîä äîñëiäæåííÿ ïðîáëåìè ñòiéêîñòi
ðîçâ'ÿçêiâ ñèñòåì Ãàìiëüòîíà-Ïóàíêàðå ïðè ìàëèõ çìiíàõ ïàðàìåòðó. Ç 1988 ðîêó êàôåäðó
äèôåðåíöiàëüíèõ ðiâíÿíü î÷îëþ¹ ïðîôåñîð Â.Ì.�âòóõîâ. Â÷åíèìè êàôåäðè äîñëiäæóþòüñÿ
àñèìïòîòè÷íi âëàñòèâîñòi ðîçâ'ÿçêiâ äåÿêèõ êëàñiâ íåëiíiéíèõ äèôåðåíöiàëüíèõ i iíòåãðî-
äèôåðåöiàëüíèõ ðiâíÿíü íîâèìè àíàëiòèêî-ãåîìåòðè÷íèìè i àíàëiòè÷íèìè ìåòîäàìè.

Äîñëiäæåííÿ â îáëàñòi îá÷èñëþâàëüíî¨ ìàòåìàòèêè, ùî ðîçïî÷àëèñü íà ôàêóëüòåòi ó 1957
ðîöi äîöåíòàìè Ñ.Ì. Êiðî òà Ì.Í. Øâåöîì, ïðèçâåëè äî ñòâîðåííÿ ó 1961 ðîöi êàôåäðè
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îá÷èñëþâàëüíî¨ ìàòåìàòèêè, ÿêó çàðàç î÷îëþ¹ Â.Â. Ðåóò. Îñíîâíèé íàïðÿì íàóêîâèõ
äîñëiäæåíü êàôåäðè ç ìîìåíòó ¨¨ ñòâîðåííÿ áóâ ïîâ'ÿçàíèé ç íàáëèæåíèìè ìåòîäàìè ðîçâ'ÿçêó
äèôåðåíöiàëüíèõ ðiâíÿíü � ÿê çâè÷àéíèõ, òàê i â ÷àñòèííèõ ïîõiäíèõ. Ç ñåðåäèíè 70-õ
ðîêiâ ñòâîðèëàñÿ ãðóïà ç âèâ÷åííÿ ñèñòåìíîãî ïðîãðàìóâàííÿ, ÿêà çàéìàëàñÿ ñòâîðåííÿì
ïðîãðàìíîãî çàáåçïå÷åííÿ äëÿ íîâî¨ îá÷èñëþâàëüíî¨ òåõíiêè, ùî ðîçðîáëÿëàñü â Iíñòèòóòi
êiáåðíåòèêè ÀÍ ÓÐÑÐ (äîöåíòè Ä.Î. Îñòðîóõîâ, Ò.I. Ïåòðóøèíà, Â.Ñ. Ìàêîãîí, Â.Ì.
Ãðåáüîíêií òà iíøi).

Êàôåäðà àëãåáðè i òåîði¨ ÷èñåë áóëà ñòâîðåíà ó 1963 ðîöi ïiñëÿ ðîçäiëó êàôåäðè àëãåáðè i
ãåîìåòði¨. �¨ î÷îëèâ Ì.Í. Øâåöü, çàñëóãà ÿêîãî ïîëÿãà¹ ó ïðîïàãàíäi íîâèõ íàóêîâèõ iäåé. Ó
1978 ðîöi êàôåäðó î÷îëèâ Ï.Ä. Âàðáàíåöü, ñïåöiàëiñò â îáëàñòi àíàëiòè÷íî¨ òåîði¨ ÷èñåë. Éîìó
íàëåæàòü ðåçóëüòàòè ïðî ðîçïîäië çíà÷åíü ìóëüïëiêàòèâíèõ ôóíêöié ó êîðîòêèõ iíòåðâàëàõ i
ó àðèôìåòè÷íèõ ïðîãðåñiÿõ.

Ç ìîìåíòó ñòâîðåííÿ êàôåäðè ãåîìåòði¨ i òîïîëîãi¨ ¨¨ êåðiâíèêîì äî 1989 ðîêó áóâ Ì.Ñ.
Ñèíþêîâ, ÿêèé ïiñëÿ çàêií÷åííÿ àñïiðàíòóðè òà çàõèñòó äèñåðòàöi¨ íà çäîáóòòÿ â÷åíîãî
ñòóïåíþ êàíäèäàòà ôiçèêî-ìàòåìàòè÷íèõ íàóê â Ìîñêîâñüêîìó äåðæàâíîìó óíiâåðñèòåòi ó
1955 ðîöi, áóâ íàïðàâëåíèé íà ðîáîòó â Îäåñüêèé äåðæàâíèé óíiâåðñèòåò. Ñàìå ç òîãî ÷àñó
ïðàâîìiðíî ãîâîðèòè ïðî ïî÷àòîê íà êàôåäði ñèñòåìàòè÷íî¨ íàóêîâî¨ ðîáîòè, ÿêó î÷îëþâàâ
Ì.Ñ. Ñèíþêîâ, ïîÿâó ñâîãî êîëà íàóêîâèõ iíòåðåñiâ òà òåìàòèêè, à â ïîäàëüøîìó - i ïðî
ôîðìóâàííÿ âëàñíî¨ íàóêîâî¨ øêîëè.

Îäíèì iç íàïðÿìiâ íàóêîâèõ äîñëiäæåíü êàôåäðè ¹ ãåîäåçè÷íi, F - ïëàíàðíi òà P
- ãåîäåçè÷íi âiäîáðàæåííÿ àôiííîçâ'ÿçíèõ, ðiìàíîâèõ òà êåëåðîâèõ ïðîñòîðiâ. Òàêèì
âiäîáðàæåííÿì ïðèñâÿ÷åíi áàãàòî÷èñåëüíi äîñëiäæåííÿ Ì.Ñ. Ñèíþêîâà, éîãî ó÷íiâ òà
âèïóñêíèêiâ êàôåäðè � Ñ.I. Ôåäèùåíêî, Ñ.Ã. Ëåéêà, É.É. Ìiêåøà, I.Ì. Êóðáàòîâî¨,
Î.Ì. Ñèíþêîâî¨, Í.Â. ßáëîíñüêî¨, Â.�. Áåðåçîâñüêîãî, I.Ã. Øàíäðè, Ê.Ì. Çóáðèëiíà.
Äîñëiäæóâàëèñü âëàñòèâîñòi ãåîäåçè÷íèõ âiäîáðàæåíü ðiìàíîâèõ ïðîñòîðiâ íà ñèìåòðè÷íi òà
åêâiàôiííi ïðîñòîðè, áóëî ââåäåíî ïîíÿòòÿ ïîëóñèìåòðè÷íîãî ðiìàíîâîãî ïðîñòîðó, âèâ÷àëèñü
òàê çâàíi íîðìàëüíi ïðîñòîðè. Ì.Ñ. Ñèíþêîâ îòðèìàâ íîâó ôîðìó îñíîâíèõ ðiâíÿíü
òåîði¨ ãåîäåçè÷íèõ âiäîáðàæåíü ðiìàíîâèõ ïðîñòîðiâ. Öå äîçâîëèëî ïåðåéòè äî äîñëiäæåííÿ
çàãàëüíèõ çàêîíîìiðíîñòåé íàçâàíèõ âiäîáðàæåíü. Òàêèì ÷èíîì áóëè îòðèìàíi ðåçóëüòàòè,
ùî äîçâîëÿþòü äëÿ êîæíîãî ðiìàíîâîãî ïðîñòîðó ó ïðèíöèïi âñòàíîâèòè, ÷è äîïóñêà¹
âií íåòðèâiàëüíå ãåîäåçè÷íå âiäîáðàæåííÿ, à ÿêùî äîïóñêà¹, òî çíàéòè âñi ïðîñòîðè, ÿêi
ñêëàäàþòü éîãî ãåîäåçè÷íèé êëàñ.

Çàâiäóâàííÿ êàôåäðîþ ãåîìåòði¨ i òîïîëîãi¨ ÎÍÓ ó 1988-2010 ðð çäiéñíþâàâ äîêòîð
ôiçèêî-ìàòåìàòè÷íèõ íàóê, ïðîôåñîð Ñâÿòîñëàâ Ãðèãîðîâè÷ Ëåéêî � ó÷åíü ïðîôåñîðà
Ì.Ñ. Ñèíþêîâà. Âií ðîçðîáèâ ïðèíöèïîâî íîâèé íàïðÿì ó äèôåðåíöiàëüíié ãåîìåòði¨
óçàãàëüíåíî-ãåîäåçè÷íèõ âiäîáðàæåíü ìíîãîâèäiâ. Íèì ðîçãëÿíóòi ïîâîðîòíî-ãåîäåçè÷íi òà
ñïií-ãåîäåçè÷íi âiäîáðàæåííÿ, ÿêi  ðóíòóþòüñÿ íà âàðiàöiéíîìó óçàãàëüíåííi ãåîäåçè÷íèõ
êðèâèõ òà ãåîäåçè÷íèõ âiäîáðàæåíü íà áàçi ôóíêöiîíàëiâ ïîâîðîòó êðèâèõ ó (ïñåâäî)
ðiìàíîâèõ ïðîñòîðàõ.

Íàïðèêiíöi 50-õ ðîêiâ ìèíóëîãî ñòîëiòòÿ Ì.Ñ. Ñèíþêîâ ðàçîì ç äåêiëüêîìà ÷ëåíàìè
êàôåäðè, àñïiðàíòàìè òà ñòóäåíòàìè ïðèñòóïèâ äî ñèñòåìàòè÷íîãî äîñëiäæåííÿ íåñêií÷åííî
ìàëèõ äåôîðìàöié ïîâåðõîíü ç çàñòîñóâàííÿì ñó÷àñíèõ ìåòîäiâ òåíçîðíîãî àíàëiçó, òåîði¨
óçàãàëüíåíèõ àíàëiòè÷íèõ ôóíêöié I.Í. Âåêóà òà ãðàíè÷íèõ çàäà÷. Äîñëiäæåííÿ Ì.Ë.
Ãàâðèëü÷åíêà ïðèñâÿ÷åíi äåôîðìàöiÿì, ùî çáåðiãàþòü åëåìåíò äîâæèíè íà ïîâåðõíi òà
íåñêií÷åííî ìàëèì ãåîäåçè÷íèì äåôîðìàöiÿì. Ñïåöiàëüíi íåñêií÷åííî ìàëi äåôîðìàöi¨
ïîâåðõîíü äîñëiäæóâàëèñü Å.Ä. Îáîçíîþ òà Ë.À. Ãàðìàøîâîþ. Ë.Ë. Áåçêîðîâàéíà âèâ÷à¹
ïèòàííÿ íåñêií÷åííî ìàëèõ äåôîðìàöié, ÿêi çáåðiãàþòü åëåìåíò ïëîùi ïîâåðõíi (àðåàëüíi
äåôîðìàöi¨).

Äîñëiäæåííÿ íåñêií÷åííî ìàëèõ àðåàëüíèõ äåôîðìàöié ïîâåðõîíü ïðîäîâæó¹òüñÿ ó÷íÿìè
Ë.Ë. Áåçêîðîâàéíî¨ � Í.Â. Âàøïàíîâîþ òà Ò.Þ. Ïîäîóñîâîþ, ÿêi óñïiøíî çàõèñòèëè
êàíäèäàòñüêi äèñåðòàöi¨.

Áàãàòî÷èñåëüíi ðåçóëüòàòè Ì.Ñ. Ñèíþêîâà ëîêàëüíîãî i ãëîáàëüíîãî õàðàêòåðó, ÿêi
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îòðèìàíi ó òåîði¨ ãåîäåçè÷íèõ âiäîáðàæåíü ðiìàíîâèõ ïðîñòîðiâ, ïîñèëèëè ìîæëèâiñòü ¨õ
çàñòîñóâàííÿ ó ôiçèöi òà ìåõàíiöi. Àêòóàëüíèì ñòàëî âèâ÷åííÿ íàáëèæåíèõ ãåîäåçè÷íèõ
âiäîáðàæåíü. Â êiíöi 1980 ðîêiâ Ì.Ñ. Ñèíþêîâ ïîñòàâèâ ïðîáëåìó ¨õ ñèñòåìàòè÷íèõ
äîñëiäæåíü i ðîçðîáêè iíâàðiàíòíî¨ òåîði¨ íàáëèæåíèõ ìåòîäiâ ó ðiìàíîâié ãåîìåòði¨.
Äîñëiäæåííÿìè ó öüîìó íàïðÿìi çàéìà¹òüñÿ äîöåíò Ñ.Ì. Ïîêàñü, ÿêèé ç 1 âåðåñíÿ 2010 ðîêó
î÷îëèâ êàôåäðó ãåîìåòði¨ i òîïîëîãi¨.

Ó ïåðiîä 1967-2013 ðð. â àñïiðàíòóði êàôåäðè íàâ÷àëèñü òà çàõèñòèëè êàíäèäàòñüêi
äèñåðòàöi¨ 24 ãðîìàäÿí ÿê Óêðà¨íè, òàê i çàðóáiææÿ.

Ñåðåä íèõ Íàäü Ïåòåð i Áà÷îØàíäîð (Óãîðùèíà), Ñàìi Àëü Õóññií, ÌîõñåíØèõà, Ìiøåëü
Õàääàä (Ñiðiÿ), Ðààä Äæàìåë Êàäåì (Iðàê), Ìiêåø Éîçåô ( ×åõiÿ), Åñåíîâ Ê.Ð. (Êèðãèçñòàí).

Ó 1964 ðîöi áóëà îðãàíiçîâàíà êàôåäðà ìåòîäiâ ìàòåìàòè÷íî¨ ôiçèêè (çàâiäóâà÷ êàôåäðè
ïðîôåñîð Þ.É. ×åðñüêèé). Îñíîâíèé íàóêîâèé íàïðÿì êàôåäðè � ðîçðîáêà òåîði¨ êðàéîâèõ
çàäà÷ àíàëiòè÷íèõ ôóíêöié òà ¨¨ çàñòîñóâàííÿ äî çàäà÷ ìàòåìàòè÷íî¨ ôiçèêè. Þ.É. ×åðñüêèé
âïåðøå äîñëiäèâ ðiâíÿííÿ ïëàâíîãî ïåðåõîäó (ïîäàëüøèé ðîçâèòîê ðiâíÿííÿ òèïó çãîðòêè) òà
âêàçàâ îñíîâíi ¨õ çàñòîñóâàííÿ.

Â 1972 ðîöi êàôåäðó î÷îëèâ ïðîôåñîð Ì.ß. Ïîïîâ, ó÷åíü Ì.Ã. Êðåéíà. Íèì áóëà ñòâîðåíà
íàóêîâà øêîëà, ùî âèâ÷àëà çàäà÷i ìåõàíiêè äåôîðìîâàíîãî òâåðäîãî òiëà òà ìiøàíi çàäà÷i
ìàòåìàòè÷íî¨ ôiçèêè. Ïiä êåðiâíèöòâîì Ã.ß. Ïîïîâà áóëè ðîçðîáëåíi íîâi íàáëèæåíi i òî÷íi
ìåòîäè ðîçâ'ÿçêó ìiøàíèõ çàäà÷, çîêðåìà êîíòàêòíèõ çàäà÷ òåîði¨ ïðóæíîñòi. Â çâ'ÿçêó ç
òèì, ùî ç 1972 ðîêó êàôåäðà ðîçïî÷àëà ïiäãîòîâêó ñïåöiàëiñòiâ ç ïðèêëàäíî¨ ìàòåìàòèêè, áóëè
ðîçðîáëåíi íîâi ñïåöiàëüíi êóðñè, ÿêi ïîâ'ÿçàíi ç çàñòîñóâàííÿ ÅÎÌ: òåõíîëîãiÿ ïðîãðàìóâàííÿ
i ïðîåêòóâàííÿ ïðîãðàìíèõ êîìïëåêñiâ, îïåðàöiéíi ñèñòåìè, ïàêåòè ïðèêëàäíèõ ïðîãðàì òîùî.

Ðîçðîáêîþ àñèìïòîòè÷íèõ ìåòîäiâ â çàäà÷àõ îïòèìàëüíîãî êåðóâàííÿ òà ¨õ çàñòîñóâàííÿì
äî äîñëiäæåííÿ äèíàìiêè i îïòèìàëüíèõ ðåæèìiâ ðîáîòè ñóäîâèõ êîìïëåêñiâ çàéìàëàñü ãðóïà
â÷åíèõ ïiä êåðiâíèöòâîì ïðîôåñîðà Â.Î. Ïëîòíiêîâà. Íà áàçi öi¹¨ ãðóïè ó 1974 ðîêó áóëà
îðãàíiçîâàíà êàôåäðà îïòèìàëüíîãî êåðóâàííÿ i åêîíîìi÷íî¨ êiáåðíåòèêè. Äîñëiäæåííÿ
ïðîâîäèëèñü ó òiñíîìó êîíòàêòi iç øêîëàìè Ë.Ñ.Ïîíòðÿãiíà, Þ.Î. Ìiòðîïîëüñüêîãî, Î.Ì.
Ñàìîéëåíêà, à òàêîæ Ë.Î. Òèõîíîâà i À.Á. Âàñèëü¹âî¨.

Ó 1977ðîöi áóëà ñòâîðåíà êàôåäðà âèùî¨ ìàòåìàòèêè (çàâiäóâà÷ êàôåäðè ïðîôåñîð
Î.Â.Êîñòií), ñïiâðîáiòíèêè ÿêî¨ çàéìàëèñÿ àíàëiòè÷íèìè ìåòîäàìè äîñëiäæåííÿ çâè÷àéíèõ
äèôåðåíöiàëüíèõ ðiâíÿíü i ðiâíÿíü ìàòåìàòè÷íî¨ ôiçèêè.

Îäåñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi I.I. Ìå÷íèêîâà ñüîãîäíi ¹ îäíèì iç ôëàãìàíiâ
îñâiòè i íàóêè íà ïiâäíi Óêðà¨íè � öå 4 íàâ÷àëüíî-íàóêîâi iíñòèòóòè, 11 ôàêóëüòåòiâ, 3
íàâ÷àëüíî- íàóêîâi öåíòðè, êîëåäæ, 99 êàôåäð, 3200 âèêëàäà÷iâ òà íàóêîâèõ ñïiâðîáiòíèêiâ
140 äîêòîðiâ íàóê, ïðîôåñîðiâ òà ïîíàä 800 êàíäèäàòiâ íàóê, äîöåíòiâ, 5 àêàäåìiêiâ,
÷ëåíiâ-êîðåñïîíäåíòiâ ÍÀÍ Óêðà¨íè i ãàëóçåâèõ àêàäåìié. Â óíiâåðñèòåòi ïðàöþþòü 27
âñåñâiòíüîâiäîìèõ íàóêîâèõ øêië. Ïiäãîòîâêà ôàõiâöiâ çäiéñíþ¹òüñÿ çà 30 íàïðÿìêàìè òà
32 ñïåöiàëüíîñòÿìè. Â ÎÍÓ ïðàöþþòü 10 ñïåöiàëiçîâàíèõ ðàä, â ÿêèõ çàõèñò äèñåðòàöié
çäiéñíþ¹òüñÿ çà 31 ñïåöiàëüíîñòÿìè. Óíiâåðñèòåò ñïiâïðàöþ¹ ç ÷èñëåííèìè ëiöåÿìè,
ãiìíàçiÿìè i øêîëàìè. Â àñïiðàíòóði çà 101 ñïåöiàëüíîñòÿìè íàâ÷à¹òüñÿ ïîíàä 350 îñiá. Ó
2014 ðîöi áóëî çàõèùåíî 58 êàíäèäàòñüêèõ òà 8 äîêòîðñüêèõ äèñåðòàöié.
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Í.Ñ. Ñèíþêîâ

Â ñâÿçè ñ 90-ëåòèåì ñî äíÿ ðîæäåíèÿ

(1925-1992)

4 èþëÿ 2015 ãîäà èñïîëíÿåòñÿ äåâÿíîñòî ëåò ñî äíÿ ðîæäåíèÿ èçâåñòíîãî ó÷åíîãî-ãåîìåòðà,
äîêòîðà ôèçèêî-ìàòåìàòè÷åñêèõ íàóê, ïðîôåññîðà Îäåññêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà
èìåíè È.È. Ìå÷íèêîâà Íèêîëàÿ Ñòåïàíîâè÷à Ñèíþêîâà.

Æèçíåîïèñàíèþ è õàðàêòåðèñòèêå ïîëó÷åííûõ Í.Ñ. Ñèíþêîâûì íàó÷íûõ ðåçóëüòàòîâ
ïîñâÿùåíî íåìàëî ïðåäûäóùèõ ïóáëèêàöèé (ñì., íàïðèìåð, À.Ä. Àëåêñàíäðîâ, À.Ì. Âàñèëüåâ,
Ý.Ã. Ïîçíÿê Íèêîëàé Ñòåïàíîâè÷ Ñèíþêîâ (ê 60-ëåòèþ ñî äíÿ ðîæäåíèÿ)/ Óñïåõè ìàò. íàóê,
1986. - ò. 41, âûï.2. - ñ.215-216; Ñ.Ã. Ëåéêî, Ñ. Ì. Ïîêàñü, Í.Â. ßáëîíñêàÿ. Ê 80-ëåòèþ
ñî äíÿ ðîæäåíèÿ ïðîôåññîðà Í.Ñ. Ñèíþêîâà / Òåçè äîï. VI Ìiæíàð. êîíô. ç ãåîìåòði¨ òà
òîïîëîãi¨ / Çà ðåä. Â.I. Äiñêàíòà.- ×åðêàñè, 2005 -ñ.106-107; Íèêîëàé Ñòåïàíîâè÷ Ñèíþêîâ.
Áèáëèîãðàôè÷åñêèé óêàçàòåëü ëèòåðàòóðû. Ñåðèÿ "Ó÷åíûå Îäåññû", âûï. 36, ñîñòàâèòåëü
È.Ý. Ðèêóí, Îäåññêàÿ ãîñóäàðñòâåííàÿ íàó÷íàÿ áèáëèîòåêà èì. Ì. Ãîðüêîãî, Îäåññà, 2006;
À.Â. Àìèíîâà, Ñ.Ã. Ëåéêî, Ñ.Ì. Ïîêàñü, Ì.Î. Ðàõóëà, À.Ê. Ðûáíèêîâ, È.Õ. Ñàáèòîâ è äð.
Íèêîëàé Ñòåïàíîâè÷ Ñèíþêîâ. Â ñâÿçè ñ 85-ëåòèåì ñî äíÿ ðîæäåíèÿ. Òåçèñû äîêëàäîâ
ìåæäóíàðîäíîé êîíôåðåíöèè "Ãåîìåòðèÿ â Îäåññå - 2010", Îäåññà, 2010, ñ.9-13)

Ïåðâûå ðàáîòû Í.Ñ. Ñèíþêîâà áûëè ïîñâÿùåíû ÷àñòíûì âîïðîñàì òåîðèè ãåîäåçè÷åñêèõ
îòîáðàæåíèé ðèìàíîâûõ ïðîñòðàíñòâ.

Ïîñëå íàõîæäåíèÿ íîâîé ôîðìû îñíîâíûõ óðàâíåíèé òåîðèè ãåîäåçè÷åñêèõ îòîáðàæåíèé
ðèìàíîâûõ ïðîñòðàíñòâ Í.Ñ. Ñèíþêîâ ïåðåøåë ê èçó÷åíèþ îáùèõ çàêîíîìåðíîñòåé
âûøåóêàçàííûõ îòîáðàæåíèé. Ïîëó÷åííûå èì îñíîâíûå òåîðåìû ïîçâîëèëè äëÿ êàæäîãî
ðèìàíîâà ïðîñòðàíñòâà, îòíåñåííîãî ê ïðîèçâîëüíîé ñèñòåìå êîîðäèíàò, óñòàíîâèòü, äîïóñêàåò
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îíî íåòðèâèàëüíîå ãåîäåçè÷åñêîå îòîáðàæåíèå èëè íåò, à åñëè äîïóñêàåò, òî, â ïðèíöèïå, íàéòè
âñå ïðîñòðàíñòâà, ñîñòàâëÿþùèå åãî ãåîäåçè÷åñêèé êëàññ. Ïîÿâèëàñü òàêæå âîçìîæíîñòü
ðåøàòü âûøåóêàçàííûå âîïðîñû ïðèáëèæåííî è äàæå ÷èñëåííî, ÷òî, íåñîìíåííî, ïðåäñòàâèëî
èíòåðåñ ñ ïðèêëàäíîé òî÷êè çðåíèÿ.

Åñòåñòâåííûì îáîáùåíèåì ïîíÿòèé ãåîäåçè÷åñêîé ëèíèè, ãåîäåçè÷åñêîãî îòîáðàæåíèÿ
ïðîñòðàíñòâ àôôèííîé ñâÿçíîñòè ÿâëÿþòñÿ ââåäåííûå Í.Ñ. Ñèíþêîâûì ïîíÿòèÿ ïî÷òè
ãåîäåçè÷åñêîé ëèíèè, ïî÷òè ãåîäåçè÷åñêîãî îòîáðàæåíèÿ àôôèííîñâÿçíûõ ïðîñòðàíñòâ. Èì
áûëè âûäåëåíû òðè òèïà òàêèõ îòîáðàæåíèé, íàéäåíû õàðàêòåðèçóþùèå èõ óðàâíåíèÿ.

Ôóíäàìåíòàëüíûå òåîðåòè÷åñêèå ðåçóëüòàòû ïî ëîêàëüíîé òåîðèè ãåîäåçè÷åñêèõ
îòîáðàæåíèé è åå îáîáùåíèÿì, ïîëó÷åííûå Í.Ñ. Ñèíþêîâûì è ðàçâèâàåìûå åãî
ó÷åíèêàìè, ñîçäàëè ïðåäïîñûëêè äëÿ ñèñòåìàòè÷åñêèõ èññëåäîâàíèé ãëîáàëüíûõ àñïåêòîâ
ñîîòâåòñòâóþùèõ òèïîâ äèôôåîìîðôèçìîâ. Äëÿ òàêèõ èññëåäîâàíèé Í.Ñ. Ñèíþêîâ ïðèâëåê
ìåòîäû Õîïôà-Áîõíåðà-ßíî.

Ââåäÿ ïîíÿòèå F-ïëàíàðíûõ êðèâûõ è F-ïëàíàðíûõ îòîáðàæåíèé àôôèííîñâÿçíûõ
ïðîñòðàíñòâ, Í.Ñ. Ñèíþêîâ íà÷àë ðàçðàáîòêó òåîðèè F-ïëàíàðíûõ îòîáðàæåíèé, ÿâëÿþùèõñÿ
øèðîêèì îáîáùåíèåì ãåîäåçè÷åñêèõ, ïî÷òè ãåîäåçè÷åñêèõ, àíàëèòè÷åñêè ïëàíàðíûõ è
êâàçèãåîäåçè÷åñêèõ îòîáðàæåíèé.

Ìíîãî÷èñëåííûå ðåçóëüòàòû ëîêàëüíîãî è ãëîáàëüíîãî õàðàêòåðà, ïîëó÷åííûå â
òåîðèè ãåîäåçè÷åñêèõ îòîáðàæåíèé ðèìàíîâûõ ïðîñòðàíñòâ è åå îáîáùåíèÿõ, óâåëè÷èëè
âîçìîæíîñòè èõ èñïîëüçîâàíèÿ â òåîðåòè÷åñêîé ôèçèêå è ìåõàíèêå. Àêòóàëüíîé ñòàëà
ðàçðàáîòêà ïðåäëîæåííûõ Í.Ñ. Ñèíþêîâûì èíâàðèàíòíûõ îòíîñèòåëüíî ñèñòåìû êîîðäèíàò
ïðèáëèæåííûõ ìåòîäîâ, íîâîãî ïîäõîäà ê ïîñòðîåíèþ ãåîìåòðèè êàñàòåëüíûõ ðàññëîåíèé
àôôèííîñâÿçíûõ è ðèìàíîâûõ ïðîñòðàíñòâ.

Íàó÷íûå èíòåðåñû Í.Ñ. Ñèíþêîâà ðàñïðîñòðàíÿëèñü è íà äðóãèå íàïðàâëåíèÿ
èññëåäîâàíèé â îáëàñòè ãåîìåòðèè. Ñ êîíöà 1950-õ ãîäîâ îí, âìåñòå ñ íåñêîëüêèìè
÷ëåíàìè êàôåäðû, àñïèðàíòàìè è ñòóäåíòàìè, çàíèìàëñÿ ñèñòåìàòè÷åñêèì èññëåäîâàíèåì
áåñêîíå÷íî ìàëûõ àðåàëüíûõ äåôîðìàöèé ïîâåðõíîñòåé ñ èñïîëüçîâàíèåì ñîâðåìåííûõ
ìåòîäîâ òåíçîðíîãî àíàëèçà, òåîðèè îáîáùåííûõ àíàëèòè÷åñêèõ ôóíêöèé è êðàåâûõ çàäà÷.

Ïîä ðóêîâîäñòâîì Í.Ñ. Ñèíþêîâà â Îäåññå ñëîæèëàñü îðèãèíàëüíàÿ íàó÷íàÿ øêîëà,
ðàçðàáàòûâàþùàÿ òåîðèþ äèôôåîìîðôèçìîâ îáîáùåííûõ ïðîñòðàíñòâ. Îíà ïîëó÷èëà
ïðèçíàíèå â íàøåé ñòðàíå è çà ðóáåæîì. Â íàñòîÿùåå âðåìÿ ïðåäñòàâèòåëè ýòîé øêîëû
æèâóò è ðàáîòàþò íå òîëüêî â Óêðàèíå, íî è â äðóãèõ óãîëêàõ Çåìíîãî øàðà. (Cì., íàïðèìåð,
ìîíîãðàôèþ J.Mikeš, A.V anžurovà, I.Hinterleitner Geodesic Mappings and Some Generaliza-
tions, Olomouc, 2009.)

Íèêîëàé Ñòåïàíîâè÷ îñòàâèë äîáðûé ñëåä â Îäåññêîì óíèâåðñèòåòå íå òîëüêî
ðåçóëüòàòàìè ñâîèõ íàó÷íûõ èññëåäîâàíèé, íî è ñîçäàíèåì êàôåäðû ãåîìåòðèè è òîïîëîãèè,
ñâîåé ó÷åáíî-ïåäàãîãè÷åñêîé äåÿòåëüíîñòüþ, ñâîèìè âçãëÿäàìè íà çàäà÷è ïðåïîäàâàíèÿ,
îáó÷åíèÿ è âîñïèòàíèÿ ìîëîäîãî ïîêîëåíèÿ. Ñëåä ýòîò ñîõðàíèòñÿ íàäîëãî, ñêîðåå âñåãî -
íàâñåãäà.

Ñîòðóäíèêè êàôåäðû
ãåîìåòðèè è òîïîëîãèè
Îäåññêîãî íàöèîíàëüíîãî óíèâåðñèòåòà
èìåíè È.È. Ìå÷íèêîâà
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Ââèäó íåïðåðûâíî óâåëè÷èâàþùåãîñÿ êîëè÷åñòâà ó÷¼íûõ è ñôåð èõ íàó÷íûõ èçûñêàíèé âñå
áîëåå àêòóàëüíîé ïðîáëåìîé ñòàíîâèòñÿ ïîèñê ñðåäñòâ ñðàâíåíèÿ ¾óñïåøíîñòè¿ ó÷¼íûõ ìåæäó
ñîáîé. Ñàì ôàêò âõîæäåíèÿ ó÷åíîãî â Àíãëèéñêîå Êîðîëåâñêîå íàó÷íîå îáùåñòâî, íàïðèìåð,
èëè ïîëó÷åíèå ïðåñòèæíîé, âñåìèðíî èçâåñòíîé Íîáåëåâñêîé ïðåìèè èëè ïðåñòèæíåéøèõ
Ìåæäóíàðîäíûõ ïðåìèé (Àáåëåâñêàÿ è Ôèëäîâñêàÿ â ìàòåìàòèêå èëè ïðåìèÿ Òüþðèíãà â
èíôîðìàòèêå è Ïðèòöêåðîâñêàÿ â àðõèòåêòóðå) îáúåêòèâíî êàê ìåðû óñïåøíîñòè ó÷åíîãî
ñòàëè ìàëîýôôåêòèâíûìè èç-çà àáñîëþòíîñòè è ÷ðåçâû÷àéíî ìàëîãî êîëè÷åñòâà òåõ, êòî
óäîñòîåí ÷åñòè èõ ïîëó÷åíèÿ. Äëÿ òåõ, êîìó äî ïîëó÷åíèÿ òàêèõ íàãðàä è ïðåìèé åùå
äàëåêî, à àçàðòà ¾ïîìåðÿòüñÿ ñèëàìè¿ âìåñòå ñ òåì íå ìåíüøå, ñóùåñòâóþò ðàçëè÷íûå
íàóêîìåòðè÷åñêèå ïîêàçàòåëè. Öåëü íàóêîìåòðè÷åñêèõ èññëåäîâàíèé - äàòü îáúåêòèâíóþ
êàðòèíó ðàçâèòèÿ íàó÷íîãî íàïðàâëåíèÿ, îöåíèòü åãî àêòóàëüíîñòü, ïîòåíöèàëüíûå
âîçìîæíîñòè, çàêîíû ôîðìèðîâàíèÿ èíôîðìàöèîííûõ ïîòîêîâ è ðàñïðîñòðàíåíèÿ íàó÷íûõ
èäåé. Ðåàëèçàöèÿ ýòîé öåëè âêëþ÷àåò â ñåáÿ ðÿä êîíêðåòíûõ çàäà÷, ñîâîêóïíîå ðåøåíèå
êîòîðûõ äîëæíî äàòü îòâåò íà áîëüøèíñòâî ïîñòàâëåííûõ âîïðîñîâ. Ñåðüåçíûé âêëàä
â ñîçäàíèè ìåòîäîëîãèè è èíñòðóìåíòàðèÿ íàóêîìåòðèè âíåñ Þ. Ãàðôèëä, êîòîðûé â
1955 ãîäó âûñêàçàë èäåþ îá èíäåêñèðîâàíèè ññûëîê íà ïðåäñòàâëåííûå â ïðèñòàòåéíîé
áèáëèîãðàôèè ïóáëèêàöèè. Îñíîâîïîëàãàþùàÿ èäåÿ íàóêîìåòðè÷åñêèõ ðåéòèíãîâ îñíîâàíà
íà ïîâåðõíîñòíîì âçãëÿäå íà ïðîöåññ ïîëó÷åíèÿ íàó÷íîãî ðåçóëüòàòà. Âñå ïîäîáíûå
ïîêàçàòåëè ìîæíî óñëîâíî ðàçäåëèòü íà 3 òèïà: îñíîâàííûå íà êîëè÷åñòâå ïóáëèêàöèé,
îñíîâàííûå íà êîëè÷åñòâå öèòèðîâàíèé è êîìáèíèðîâàííûå ïîêàçàòåëè (îñíîâàíû íà
êîëè÷åñòâå öèòèðîâàíèé è êîëè÷åñòâå ïóáëèêàöèé îäíîâðåìåííî).

Ïîêàçàòåëè, îñíîâàííûå íà êîëè÷åñòâå ïóáëèêàöèé â öåëîì ìàëîýôôåêòèâíû, ïðåæäå
âñåãî, èç-çà î÷åâèäíîé ñóáúåêòèâíîñòè. Îöåíèâàÿ ðåçóëüòàòèâíîñòü ó÷¼íûõ ïî òàêèì
ïîêàçàòåëÿì, ìîëîäûå ó÷¼íûå áóäóò âñåãäà â çàðàíåå ïðîèãðûøíîì ïîëîæåíèè ïî ñðàâíåíèþ
ñî ñâîèìè ñòàðøèìè êîëëåãàìè. Ñ öåëüþ íèâåëèðîâàíèÿ âîçðàñòà ó÷åíîãî ïðåäëàãàëñÿ è
îòíîñèòåëüíûé ïîêàçàòåëü, ðàññ÷èòûâàåìûé êàê îòíîøåíèå îáùåãî êîëè÷åñòâà ïóáëèêàöèé
è íàó÷íîãî ñòàæà àâòîðà. Ïî òàêîìó ïîêàçàòåëþ àáñîëþòíûì ðåêîðäñìåíîì ìîæíî ñ÷èòàòü
ñîâåòñêîãî õèìèêà Ñòðó÷êîâà Þ.Ò., êîòîðûé çà ïåðèîä ñ 1981 ïî 1990 ãã. îïóáëèêîâàë 948
ñòàòåé, ò.å. â ñðåäíåì 4 äíÿ íà ñòàòüþ. Èçâåñòåí òàêæå è àìåðèêàíñêèé ïðîôåññîð Ý. Òîïîëü,
êîòîðûé â ïåðèîä ñ 1980 îïóáëèêîâàë 1702 ñòàòüè, ò.å. â ñðåäíåì 7 äíåé íà ñòàòüþ. Âî ìíîãîì
òàêîìó ïîëîæåíèþ äåë ñïîñîáñòâóþò è ¾õîëîäíûå¿ àâòîðû, ò.å. âêëþ÷åííûå â ñîñòàâ àâòîðîâ
çà ñâîé àâòîðèòåò è êîñâåííóþ ïðè÷àñòíîñòü ê íàó÷íîìó êîëëåêòèâó. Òàê, èçâåñòíî áîëåå 80-
òè ñëó÷àåâ, êîãäà îäíîâðåìåííî ñîàâòîðàìè ñòàòüè ÿâëÿëîñü áîëåå 3000 ÷åëîâåê è îäíà ñòàòüÿ
Èíñòèòóòà ôèçèêè âûñîêèé ýíåðãèé èç Ïðîòâèíî, àâòîðàìè êîòîðîé çíà÷èòñÿ 3185 ÷åëîâåê
[1].

Ïîêàçàòåëè, îñíîâàííûå íà êîëè÷åñòâå öèòèðîâàíèé - èíäåêñû öèòèðîâàíèÿ (êàê ïðàâèëî,
îòðàæàþò ñóììàðíîå êîëè÷åñòâî ññûëîê â íàó÷íûõ ïóáëèêàöèÿõ íà ðàáîòû àâòîðà).
Èíäåêñ öèòèðîâàíèÿ â öåëîì îòðàæàåò ðåàêöèþ íàó÷íîãî ñîîáùåñòâà íà ñîîòâåòñòâóþùèå
ïóáëèêàöèè. Â îñíîâå òàêèõ ïîêàçàòåëåé ëåæèò ïðåäïîëîæåíèå, ÷òî ïëîõèå ðàáîòû íå
öèòèðóþò, çà èñêëþ÷åíèåì îñîáûõ îòíîøåíèé ìåæäó àâòîðàìè. Öèòèðóåìîñòü çàâèñèò íå
òîëüêî îò óðîâíÿ íàó÷íûõ ðåçóëüòàòîâ, íî è îò äðóãèõ ôàêòîðîâ, íàïðèìåð, ñâîåâðåìåííîñòè.
Äëèòåëüíîå âðåìÿ î÷åíü íèçêîé áóäåò öèòèðóåìîñòü ïóáëèêàöèé ñ íàó÷íûìè ðåçóëüòàòàìè,
êîòîðûå çíà÷èòåëüíî îïåðåäèëè òåêóùèå ïîòðåáíîñòè èëè âîçìîæíîñòè èõ èñïîëüçîâàíèÿ [1].

Áîëüøèíñòâó èíäåêñîâ öèòèðîâàíèÿ ñâîéñòâåííû òàêèå îñîáåííîñòè:
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a) èãíîðèðóþò ñàìîöèòèðîâàíèå èëè öèòèðîâàíèå ñîàâòîðàìè, ÷òî ñóùåñòâåííî ñíèæàåò
ðåéòèíã ¾ó÷åíîãî-çàòâîðíèêà¿ ïóáëèêàöèè êîòîðîãî èíòåðåñóþò òîëüêî åãî ñàìîãî;

b) èãíîðèðóþò ïîâòîðíûå öèòèðîâàíèÿ îäíîé ðàáîòû îäíèì òåì æå ó÷¼íûì, ÷òî óìåíüøàåò
âëèÿíèå äîãîâîðíîãî öèòèðîâàíèÿ;

c) ó÷èòûâàþò ëè÷íûé âêëàä ó÷åíîãî, ðàçäåëÿÿ êîëè÷åñòâî öèòèðîâàíèé ìåæäó
ñîàâòîðàìè;

d) ó÷èòûâàþò ðåïóòàöèþ öèòèðóþùåãî èçäàíèÿ, âçâåøèâàÿ êîëè÷åñòâî ññûëîê â æóðíàëå
íà åãî ôàêòîð àâòîðèòåòíîñòè;

e) ó÷èòûâàþò èíòåíñèâíîñòü öèòèðîâàíèé â ðàçíûõ íàóêàõ (â áèîëîãèè â 8 ðàç âûøå, ÷åì
â ìàòåìàòèêå [2]).

Ïðè ýòîì, êðîìå ïðÿìûõ ññûëîê íà êîíêðåòíóþ ñòàòüþ â ñïèñêå ëèòåðàòóðû òàêæå èìååò
ìåñòî ñêðûòîå è íåôîðìàëüíîå öèòèðîâàíèå � ò.å. ññûëêà íà êîíêðåòíûé òðóä íåïîñðåäñòâåííî
â òåêñòå ïóáëèêàöèè, áåç åå äàëüíåéøåãî óïîìèíàíèÿ â ñïèñêå ëèòåðàòóðû. Ïðèâîäÿòñÿ
íàáëþäåíèÿ [3], ñîãëàñíî êîòîðûì ÷åðåç 10-30 ëåò ïîñëå ïóáëèêàöèé ñòàòåé-øåäåâðîâ íà íèõ
âñå ÷àùå íà÷èíàþò ññûëàòüñÿ íåôîðìàëüíî.

Ïîêàçàòåëè, îñíîâàííûå íà êîëè÷åñòâå ïóáëèêàöèé è íà êîëè÷åñòâå öèòèðîâàíèé
îäíîâðåìåííî â îñíîâå öåëè ñâîåãî ñîçäàíèÿ ñîäåðæàò çàäà÷ó âûÿâëåíèÿ ó÷¼íûõ, êîòîðûå
ïèøóò ìíîãî è êà÷åñòâåííî. Îäíèì èç òàêèõ ïîêàçàòåëåé ÿâëÿåòñÿ èíäåêñ Õèðøà.
Èíäåêñ Õèðøà � ïîêàçàòåëü, ïðåäëîæåííûé â 2005 ãîäó àðãåíòèíî-àìåðèêàíñêèì ôèçèêîì
Õîðõå Õèðøåì èç Êàëèôîðíèéñêîãî óíèâåðñèòåòà â Ñàí-Äèåãî ïåðâîíà÷àëüíî äëÿ îöåíêè
íàó÷íîé ïðîäóêòèâíîñòè ôèçèêîâ. Èíäåêñ Õèðøà ÿâëÿåòñÿ êîëè÷åñòâåííîé õàðàêòåðèñòèêîé
ïðîäóêòèâíîñòè ó÷¼íîãî, ãðóïïû ó÷¼íûõ, íàó÷íîé îðãàíèçàöèè èëè ñòðàíû â öåëîì,
îñíîâàííîé íà êîëè÷åñòâå ïóáëèêàöèé è êîëè÷åñòâå öèòèðîâàíèé ýòèõ ïóáëèêàöèé. Èíäåêñ
Õèðøà èëè h-èíäåêñ � ýòî ìàêñèìàëüíîå öåëîå ÷èñëî h, óêàçûâàþùåå, ÷òî àâòîð îïóáëèêîâàë h
ñòàòåé, êàæäàÿ èç êîòîðûõ ïðîöèòèðîâàíà õîòÿ áû h ðàç. Ýòè h ñòàòåé ñîñòàâëÿþò ÿäðî Õèðøà
èëè h-ÿäðî. ×òîáû ïîïàñòü â ÿäðî Õèðøà, ñòàòüþ äîëæíû ïðîöèòèðîâàòü õîòÿ áû h ðàç.
×òîáû ïîëó÷èòü âûñîêèé èíäåêñ Õèðøà, íàäî ïèñàòü ìíîãî, ïðè ýòîì, íå äðîáÿ ðåçóëüòàòû
ïî íåñêîëüêèì ïóáëèêàöèÿì. Ïðîñòîòà ðàñ÷åòîâ è íå÷óâñòâèòåëüíîñòü ê òèïîâûì ïðèåìàì
èñêóññòâåííîãî óëó÷øåíèÿ âûøåðàññìîòðåííûõ ïîêàçàòåëåé ìãíîâåííî ñäåëàëè èíäåêñ Õèðøà
ïîïóëÿðíûì íàóêîìåòðè÷åñêèì èíäèêàòîðîì.

Íåäîñòàòêè èíäåêñà Õèðøà ñâÿçàíû ñ òåì, ÷òî â íåì íå ó÷èòûâàþòñÿ:

1) íàñêîëüêî ïðåâûøåí ïîðîã öèòèðîâàíèé â ÿäðå Õèðøà;

2) äëèíà ¾õâîñòà¿, ò.å. êîëè÷åñòâî ïóáëèêàöèé, íå âîøåäøèõ â ÿäðî è óðîâåíü èõ
öèòèðîâàíèÿ.

Äëÿ êîìïåíñàöèè ýòèõ íåäîñòàòêîâ ïðåäëîæåíû áîëåå òðèäöàòè ìîäèôèêàöèé èíäåêñà
Õèðøà. Äàëåå ïðèâåäåíû ëèøü íåêîòîðûå èç íèõ:

• Individual h-index (original) � ðåçóëüòàò äåëåíèÿ ñòàíäàðòíîãî h-èíäåêñà íà ñðåäíåå
÷èñëî àâòîðîâ â ñòàòüÿõ, êîòîðûå âõîäÿò â Õèðø-ÿäðî ïóáëèêàöèé. Ýòîò ïîêàçàòåëü
ïðèçâàí óìåíüøèòü âëèÿíèå íà h-èíäåêñ ÷èñëà ñîàâòîðîâ ïóáëèêàöèé, êîòîðîå, ïî ñòàòèñòèêå,
ñóùåñòâåííî îòëè÷àåòñÿ â ðàçëè÷íûõ îáëàñòÿõ çíàíèé;

• Individual h-index (PoP variation) � âû÷èñëåíèå h-èíäåêñà êîãäà âìåñòî ïîëíîãî ÷èñëà
öèòèðîâàíèé êàæäîé ñòàòüè èñïîëüçóåòñÿ îòíîøåíèå ÷èñëà öèòèðîâàíèé ê ÷èñëó àâòîðîâ
ïóáëèêàöèè;

• g-Index � èíäåêñ, ó÷èòûâàþùèé ñòàòüè ó÷åíîãî ñ íàèáîëüøèì öèòèðîâàíèåì, êîòîðûé
îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì:
Íàèáîëüøåå öåëîå ÷èñëî g ïóáëèêàöèé, êîòîðûå âñå âìåñòå íàáðàëè g2 è áîëåå öèòèðîâàíèé.
(Èñïðàâëÿåò íåäîñòàòîê èíäåêñà Õèðøà, êîòîðûé ìîæíî ñôîðìóëèðîâàòü ñëåäóþùèì
îáðàçîì: ¾åñëè ñòàòüÿ ïîïàäàåò â ÷èñëî íàèáîëåå öèòèðóåìûõ h ñòàòåé, òî öèòèðîâàíèå ýòîé
êîíêðåòíîé ñòàòüè áîëüøå íèêàê íå ó÷èòûâàåòñÿ¿);

• a-Index � ýòî ïðîñòî ñðåäíåå ÷èñëî ññûëîê íà ñòàòüè, âõîäÿùèå â Õèðø-ÿäðî;

• m-Index � ýòî ìåäèàíà ÷èñëà öèòèðîâàíèé h ñòàòåé, âõîäÿùèõ â Õèðø-ÿäðî ïóáëèêàöèé
àâòîðà. ßâëÿåòñÿ íåêîòîðûì âàðèàíòîì a-èíäåêñà è ïîïûòêîé ó÷åñòü ðàñïðåäåëåíèå ÷èñëà
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öèòèðîâàíèé ñòàòåé, âõîäÿùèõ â Õèðø-ÿäðî;

• i-Index � íàó÷íàÿ îðãàíèçàöèÿ èìååò èíäåêñ i, åñëè íå ìåíåå i ó÷¼íûõ èç ýòîé îðãàíèçàöèè
èìåþò èíäåêñ Õèðøà íå ìåíåå i (i-èíäåêñ = 20 îçíà÷àåò, ÷òî íå ìåíåå 20 ó÷¼íûõ èìåþò èíäåêñ
Õèðøà 20);

Îäíàêî âñåì ðàññìîòðåííûì èíäåêñàì ñâîéñòâåííû ñóùåñòâåííûå íåäîñòàòêè [3]:

a) òàê êàê, íàóêîìåòðè÷åñêèå ïîêàçàòåëè ëåãêî âû÷èñëèòü, òî âåëèê ðèñê èõ
íåàäåêâàòíîãî èñïîëüçîâàíèÿ â êà÷åñòâå åäèíñòâåííîãî êðèòåðèé îöåíêè ìíîãîãðàííîé íàó÷íî
� èññëåäîâàòåëüñêîé äåÿòåëüíîñòè ó÷åíîãî;

b) èñïîëüçîâàíèå íàóêîìåòðè÷åñêèõ ïîêàçàòåëåé â êà÷åñòâå êðèòåðèåâ îöåíêè íàó÷íîé
äåÿòåëüíîñòè ïðîâîöèðóåò ó÷¼íûõ ê ¾íàêðóòêå¿ ýòèõ ïîêàçàòåëåé ðàçëè÷íûìè ñïîñîáàìè.

Êðîìå òîãî, ñëåäóåò òàêæå îòìåòèòü è äðóãîé íå ìåíåå âàæíûé íåäîñòàòîê. Â îñíîâå ñâîåé
âñå ðàññìîòðåííûå èíäåêñû öèòèðîâàíèÿ áàçèðóþòñÿ íà ïðåäïîëîæåíèè, ÷òî àâòîð ÷åñòíî
óêàçûâàåò äðóãèõ àâòîðîâ, íà ïîëîæåíèÿ êîòîðûõ ññûëàåòñÿ â ñâîåì ñîáñòâåííîì íàó÷íîì
òðóäå, â ïðîòèâíîì ñëó÷àå îí ðèñêóåò áûòü îáâèíåí â ïëàãèàòå è ñîãëàñíî Çàêîíó îá àâòîðñêèõ
è ñìåæíûõ ïðàâàõ áûòü ïðèòÿíóòûì ê îòâåòñòâåííîñòè. Èç âûøå ïðèâåäåííîãî âûòåêàþò êàê
ìèíèìóì äâå ñóùåñòâåííûõ ïðîáëåìû:

a) Ñîãëàñíî óïîìÿíóòîìó Çàêîíó êðàéíå òðóäíî ïðèòÿíóòü êîãî-ëèáî ê ðåàëüíîé
îòâåòñòâåííîñòè çà ïëàãèàò. Ñïåöèàëèñòû îòìå÷àþò, ÷òî, íåñìîòðÿ íà çíà÷èòåëüíîå
óâåëè÷åíèå êîëè÷åñòâà ïðåñòóïëåíèé äàííîé êàòåãîðèè, ýôôåêòèâíîñòü áîðüáû ñ íèìè
ïðîäîëæàåò îñòàâàòüñÿ íà íåâûñîêîì óðîâíå. Ñóäû ðàññìàòðèâàþò ëèøü 2 ïðîöåíòà îò îáùåãî
÷èñëà âîçáóæä¼ííûõ äåë, à ïî÷òè 98 ïðîöåíòîâ ïðåêðàùàåòñÿ íà ñòàäèè ïðåäâàðèòåëüíîãî
ðàññëåäîâàíèÿ [5]. Êà÷åñòâî ïðèìåíåíèÿ íîðì óãîëîâíîãî çàêîíà ïî äåëàì î íàðóøåíèè
àâòîðñêèõ è ñìåæíûõ ïðàâ ïðîäîëæàåò îñòàâàòüñÿ âåñüìà è âåñüìà íèçêèì [6].

b) Âòîðîé âàæíîé ïðîáëåìîé îñòà¼òñÿ ñêâîçíîå öèòèðîâàíèå. ×òîáû ïðîùå îïèñàòü ñóòü
ïðîáëåìû � âûøå íàìåðåííî ïðèâåäåí ïðèìåð, êîòîðûé áåç äîïîëíèòåëüíîãî àêöåíòèðîâàíèÿ
âíèìàíèÿ òàê è îñòàëñÿ áû íåçàìå÷åííûì. Äëÿ òîãî, ÷òîáû îïèñàòü ïðîáëåìó î íèçêîé
ñòàòèñòèêå ðåàëüíîé îòâåòñòâåííîñòè çà ïëàãèàò, î êîòîðîé øëà ðå÷ü â ïðåäûäóùåì ïóíêòå,
áûëà èñïîëüçîâàíà ñòàòüÿ [7], àâòîðàìè êîòîðîé, â ðåçóëüòàòå ñàìîñòîÿòåëüíî ïðîâåä¼ííîé
ñòàòèñòè÷åñêîé ðàáîòû, áûëè ïðåäñòàâëåíû óäîáíûå öèôðû, êîòîðûå è ëåãëè â ñâîþ î÷åðåäü
â îïèñàíèå ïóíêòà a) âûøå. Îäíàêî óêàçàííûå òàì æå èñòî÷íèêè èíôîðìàöèè [5] è [6]
áûëè èñòî÷íèêàìè â ðàáîòå [7], íî ñàìà ðàáîòà [7] îòìå÷åíà â ñïèñêå íå áûëà (èçíà÷àëüíî).
Òàêèì îáðàçîì, ÿâíîé ñòàíîâèòñÿ ïðîáëåìà, êîãäà îäíèì àâòîðîì ïðîâîäèòñÿ ãëîáàëüíàÿ
îáú¼ìíàÿ àíàëèòè÷åñêàÿ ðàáîòà, ïðèâîäÿòñÿ ñâîè èñòî÷íèêè ëèòåðàòóðû, îäíàêî, çà÷àñòóþ,
â ñïèñîê ëèòåðàòóðû äðóãèìè ïðèâîäÿòñÿ ëèøü èñòî÷íèêè ýòîé ðàáîòû, îñòàâëÿÿ çà ïîëåì
çðåíèÿ ÷èòàòåëåé àâòîðà ïåðâè÷íîãî àíàëèòè÷åñêîãî îáîáùàþùåãî òðóäà, âûäàâàÿ èõ ïðè
ýòîì çà ðåçóëüòàò ñîáñòâåííîãî èññëåäîâàíèÿ. Â ðàáîòå [1] äàæå ïðèâîäèòñÿ çàíÿòíûé ïðèìåð
îáíàðóæåíèÿ òàêèõ ôàêòîâ, êîãäà â ñïèñêàõ ëèòåðàòóðû îò ñòàòüè ê ñòàòüå ¾êî÷óåò¿ îäíà
è òà æå èçíà÷àëüíî äîïóùåííàÿ îïå÷àòêà, ÷òî íàïðÿìóþ ñâèäåòåëüñòâóåò î òîì, ÷òî àâòîðû
íå ÷èòàëè îðèãèíàëà è ïðèâîäÿò ðàáîòó óæå êàê èñòî÷íèê íåïîñðåäñòâåííî ñâîèõ èçûñêàíèé,
ëèøü ïîòîìó, ÷òî òà çíà÷èëàñü èñòî÷íèêîì â ðàáîòå êîòîðàÿ, ïî ñóòè âîðóåòñÿ.

Êðîìå ðÿäà î÷åâèäíûõ íåäîñòàòêîâ ðàçëè÷íûõ íàóêîìåòðè÷åñêèõ ïîêàçàòåëåé
óïîìèíàþòñÿ òàêæå ìíåíèÿ, ÷òî ïîãîíÿ çà îöåíêîé öèòèðóåìîñòè îòå÷åñòâåííûõ ðàáîò
ÿâëÿåòñÿ ëèøü ñòèìóëîì äëÿ òîãî, ÷òîáû âñå ðàáîòû ïåðåâîäèëè íà àíãëèéñêèé ÿçûê,
äëÿ óäîáñòâà çàðóáåæíûõ ó÷åíûõ è óäîáñòâà ðàçëè÷íûõ ñïåöñëóæá. Òàêæå ïðèñóòñòâóþò
ìíåíèÿ, ÷òî âñÿ ïîãîíÿ çà íàóêîìåòðè÷åñêèìè ïîêàçàòåëÿìè ñðåäè ó÷¼íûõ Ìèðà êîñâåííûìè
ìåòîäàìè íàìåðåííî ïðîâîöèðóåòñÿ ïðåäñòàâèòåëÿìè îñíîâíûõ ãëîáàëüíûõ ñèñòåì Web of
Science (WoS) êîìïàíèè Thomson Reuters (ÑØÀ) è Scopus êîìïàíèè Elsevier (Ãîëëàíäèÿ) ò.ê.
ýòî â ñâîþ î÷åðåäü ñòèìóëèðóåò îòå÷åñòâåííûå æóðíàëû âñòóïàòü â ýòè ñèñòåìû, ÷òî êîíå÷íî
î÷åíü íå ïðîñòî äëÿ ïîñëåäíèõ â âèäó âûñîêèõ òðåáîâàíèé ïðåäúÿâëÿåìûõ ê æóðíàëàì �
ïðåòåíäåíòàì, íî è î÷åíü íå äåøåâî.

Â âèäó ðàññìîòðåííûõ íåäîñòàòêîâ íàóêîìåòðè÷åñêèõ ïîêàçàòåëåé àâòîðû [4] ïðåäëàãàþò
îòêàçàòüñÿ îò ïðàêòèêè èñïîëüçîâàíèÿ ïðè îöåíêå âêëàäà ó÷åíîãî â íàóêó ðàçëè÷íûõ
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èñêóññòâåííûõ ïîêàçàòåëåé è äàæå ïðåäëàãàþò ðÿä àëüòåðíàòèâíûõ ìåð:

1. Ñëåäóåò âíîâü ðàçäåëèòü ¾ïåðå÷åíü ÂÀÊ¿ íà ¾äîêòîðñêèé¿ (äîñòàòî÷íî êðàòêèé, íå
áîëåå 10 ïðîöåíòîâ îò òåêóùåãî ñïèñêà) è ¾êàíäèäàòñêèé¿;

2. Ñëåäóåò âîññòàíîâèòü íà íîâîé îñíîâå èñïîëüçîâàâøååñÿ â ÑÑÑÐ ðàíæèðîâàíèå íàó÷íûõ
èçäàòåëüñòâ íà ¾öåíòðàëüíûå¿ è ¾ðåãèîíàëüíûå¿;

3. Ïðè ïðîâåäåíèè íàó÷íûõ êîíôåðåíöèé ñëåäóåò âíåäðèòü ïðàêòèêó ïîäâåäåíèÿ èòîãîâ ñ
âûäåëåíèåì àâòîðîâ íåñêîëüêèõ ëó÷øèõ äîêëàäîâ;

4. Äîïîëíèòü ïàðó ¾Äîêòîð íàóê¿ - ¾Êàíäèäàò íàóê¿ òðåòüåé ñîñòàâëÿþùåé
¾Çàñëóæåííûé äîêòîð íàóê¿;

5. È äð.

Îäíàêî î÷åâèäíûì â ïðåäëîæåííûõ ìåðàõ ÿâëÿåòñÿ òîò ôàêò, ÷òî â ïðîöåññå
îïðåäåëåíèÿ çà àâòîðîì ïðàâà ïóáëèêàöèè â ¾öåíòðàëüíîì¿ íàó÷íîì èçäàíèè èëè ïîëó÷åíèÿ
ñòàòóñà ëó÷øåãî äîêëàäà è ïðî÷èõ, òàêæå ïðèñóòñòâóåò ñóáúåêòèâíûé ôàêòîð ëè÷íîãî
ìíåíèÿ (ëè÷íîãî îòíîøåíèÿ ê àâòîðó) ìíîãîóâàæàåìûõ ÷ëåíîâ îðãàíèçàöèîííîãî êîìèòåòà
êîíôåðåíöèè èëè ðåäàêöèîííîé êîëëåãèè æóðíàëà.

Âûâîäû: Íåñìîòðÿ íà ðàññìîòðåííûå íåäîñòàòêè ðàçëè÷íûõ íàóêîìåòðè÷åñêèõ
ïîêàçàòåëåé è ãåíåðèðóåìóþ ñïîðíîñòü èõ íåîáõîäèìîñòè, à òàêæå ó÷èòûâàÿ âîçìîæíîñòè
¾íàìåðåííîãî íàêðó÷èâàíèÿ¿ ýòèõ ïîêàçàòåëåé, î÷åâèäíûì ÿâëÿåòñÿ âñå æå èõ íåîáõîäèìîñòü
êàê ðàç â ïåðâóþ î÷åðåäü èç-çà èõ ñòðåìëåíèÿ ê îáúåêòèâíîñòè. Åñëè ðàáîòà êà÷åñòâåííàÿ,
êòî áû íå áûë åå àâòîð, à åå ðåçóëüòàòû ïðåäñòàâëÿþò öåííîñòü äëÿ ïðîäâèæåíèÿ
ðàçðàáîòîê äðóãèõ ó÷åíûõ, ïðåäïîëàãàÿ êîíå÷íî ÷åñòíîñòü ïîñëåäíèõ, áóäóò èìåòü ìåñòî
ññûëêè íà óêàçàííóþ ðàáîòó, à ñòàëî áûòü, óâåëè÷åíèå öèòèðóåìîñòè ïåðâîíà÷àëüíîãî
àâòîðà. Áåçóñëîâíî, ðàññìîòðåííûå íåäîñòàòêè íàóêîìåòðè÷åñêèõ ïîêàçàòåëåé ñóùåñòâåííû
è ìàêñèìóì âíèìàíèÿ äîëæíî áûòü óäåëåíî íåïîñðåäñòâåííî íèâåëèðîâàíèþ èõ êàê òàêîâûõ.
Â êîíöå êîíöîâ, âàæíûì ÿâëÿåòñÿ íå êîëè÷åñòâî ïóáëèêàöèé è äàæå íå íàäóìàííàÿ
ðåñïåêòàáåëüíîñòü èçäàíèé, â êîòîðûõ îíè ïóáëèêóþòñÿ, à òî, ÷òî èìåííî çàëîæåíî
â ïóáëèêàöèè, è îò òîãî íà ñêîëüêî îíî èìååò öåííîñòü äëÿ ðàçâèòèÿ íàóêè, ÷òî è
áóäåò â ñâîþ î÷åðåäü îòðàæåíî â êîëè÷åñòâå ññûëîê è öèòèðîâàíèé íà òðóä. Íå áóäåì
çàáûâàòü, ÷òî êîãäà â 1905 ãîäó Àëüáåðòó Ýéíøòåéíó ïðèñâîèëè äîêòîðñêóþ ñòåïåíü, åãî
äèññåðòàöèÿ îêàçàëàñü àáñîëþòíûì ðåêîðäîì êðàòêîñòè ñðåäè ó÷¼íûõ âñåõ âðåìåí, êîãäà-
ëèáî çàùèùàâøèõ äèññåðòàöèè: íåñêîëüêî ñòðàíèö ðóêîïèñíîãî òåêñòà, â îñíîâíîì ôîðìóëû,
èç êîòîðûõ âàæíåéøàÿ îáåññìåðòèëà åãî èìÿ: "ýíåðãèÿ ðàâíÿåòñÿ ìàññå, ïîìíîæåííîé íà
êâàäðàò ñêîðîñòè ñâåòà". Ýòî ôóíäàìåíò íîâîé íàóêè.
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Çíàõîäæåííÿ ôiíàëüíî¨ òîïîëîãi¨ çà äîïîìîãîþ âiäêðèòèõ íàñè÷åíèõ ìíîæèí

Â. Ì. Áàáè÷, Â. Î. Ï¹õò¹ð¹â

(ÊÍÓ iìåíi Òàðàñà Øåâ÷åíêà, Êè¨â, Óêðà¨íà)

E-mail address: vyacheslav.babych@gmail.com, vasiliy@univ.kiev.ua

Íåõàé X � íåïîðîæíÿ ìíîæèíà, {(Xα, τα), α ∈ T} � ðîäèíà òîïîëîãi÷íèõ ïðîñòîðiâ, {fα :
Xα → X, α ∈ T} � ðîäèíà âiäîáðàæåíü ìíîæèí. Òîäi íà ìíîæèíi X iñíó¹ íàéñèëüíiøà
òîïîëîãiÿ, âiäíîñíî ÿêî¨ âñi âiäîáðàæåííÿ fα, α ∈ T , íåïåðåðâíi [1]. Âîíà ìà¹ âèãëÿä

τ = {U ⊂ X | f−1α (U) ∈ τα, α ∈ T}. (1)

Öÿ òîïîëîãiÿ çâåòüñÿ ôiíàëüíîþ òîïîëîãi¹þ íà X âiäíîñíî ðîäèíè âiäîáðàæåíü {fα, α ∈ T}.
Âàæëèâèì ÷àñòêîâèì âèïàäêîì ôiíàëüíî¨ òîïîëîãi¨ ¹ ôàêòîðòîïîëîãiÿ [2, 3]. Íåõàé

(X, τ) � òîïîëîãi÷íèé ïðîñòið, Q � íåïîðîæíÿ ìíîæèíà i p : X → Q � âiäîáðàæåííÿ
ìíîæèí. Ôiíàëüíà òîïîëîãiÿ íà Q âiäíîñíî âiäîáðàæåííÿ p íàçèâà¹òüñÿ ôàêòîðòîïîëîãi¹þ

íà Q âiäíîñíî òîïîëîãi¨ τ é âiäîáðàæåííÿ p, ÿêå â öüîìó âèïàäêó íàçèâà¹òüñÿ ôàêòîðíèì. Öþ
ôàêòîðòîïîëîãiþ ìè ïîçíà÷àòèìåìî τp.

Ïîïðè òå, ùî ôiíàëüíà òîïîëîãiÿ çàäà¹òüñÿ ÿâíî, ¨¨ ïðàêòè÷íå çíàõîäæåííÿ çà
ôîðìóëîþ (1) âèìàãà¹ îá÷èñëåííÿ ïðîîáðàçiâ âñiõ ïiäìíîæèí ìíîæèíè X âiäíîñíî êîæíîãî
âiäîáðàæåííÿ fα òà ¨õ ïåðåâiðêó íà íàëåæíiñòü òîïîëîãi¨ τα, α ∈ T . Òîìó âàæëèâèì ¹
âiäøóêàííÿ åôåêòèâíiøèõ ìåòîäiâ ïîáóäîâè ôiíàëüíî¨ òîïîëîãi¨. Çðó÷íèì iíñòðóìåíòîì äëÿ
öüîãî âèÿâëÿ¹òüñÿ àëãîðèòì çíàõîäæåííÿ ôàêòîðòîïîëîãi¨ çà äîïîìîãîþ âiäêðèòèõ íàñè÷åíèõ
ìíîæèí.

Òåîðåìà 1. Âiäîáðàæåííÿ p : X → Q òîïîëîãi÷íèõ ïðîñòîðiâ ôàêòîðíå òîäi é ëèøå òîäi,

êîëè âiäêðèòèìè (çàìêíåíèìè) â Q ¹ ìíîæèíè âèãëÿäó p(A)∪B, äå A � âiäêðèòà (çàìêíåíà)

â X íàñè÷åíà âiäíîñíî p (òîáòî A = p−1(p(A))) ìíîæèíà, à B ⊂ Q\p(X), i ëèøå âîíè.

Çíàéøîâøè âñi ôàêòîðòîïîëîãi¨ τ fα íà X âiäíîñíî òîïîëîãi¨ τα òà âiäîáðàæåííÿ fα,
ôiíàëüíó òîïîëîãiþ íà X âiäíîñíî ðîäèíè âiäîáðàæåíü {fα, α ∈ T} ìîæíà îá÷èñëèòè ÿê
ïåðåòèí îòðèìàíèõ ôàêòîðòîïîëîãié.

Ïðèêëàä 1. Çíàéäåìî ôiíàëüíó òîïîëîãiþ íà ìíîæèíi äiéñíèõ ÷èñåë R âiäíîñíî ðîäèíè

âiäîáðàæåíü {fα : R → R, α ∈ [0, 1)} ç åâêëiäîâèõ ïðîñòîðiâ, çàäàíèõ ðiâíîñòÿìè fα(x) =
[x]+α, äå [x] îçíà÷à¹ öiëó ÷àñòèíó äiéíîãî ÷èñëà x. Îñêiëüêè äëÿ êîæíèõ α ∈ [0, 1) òà x ∈ R
ïðîîáðàç f−1α (fα(x)) = [[x], [x]+1), òî âiäêðèòèìè â ïðèðîäíié òîïîëîãi¨ íàñè÷åíèìè âiäíîñíî

fα ¹ ìíîæèíè ∅, R, (−∞, n), n ∈ Z. Îòæå, çà òåîðåìîþ 1

τ fα = {Aα, (α+ Z) ∪Aα, (α+ {m ∈ Z | m < n}) ∪Aα, n ∈ Z, Aα ⊂ R\(α+ Z)}, α ∈ [0, 1).

Ìíîæèíà U ⊂ R íàëåæèòü øóêàíié ôiíàëüíié òîïîëîãi¨ òîäi é ëèøå òîäi, êîëè iñíó¹ òàêå

ðîçáèòòÿ {T, T ′, T ′′} ìíîæèíè [0, 1), ùî U = Aα = (α′ + Z) ∪ Aα′ = (α′′ + {m ∈ Z | m <
nα′′})∪Aα′′ , äå nα′′ ∈ Z, Aα ⊂ R\(α+Z), Aα′ ⊂ R\(α′ +Z), Aα′′ ⊂ R\(α′′ +Z), äëÿ âñiõ α ∈ T ,
α′ ∈ T ′, α′′ ∈ T ′′. Çâiäñè, øóêàíà ôiíàëüíà òîïîëîãiÿ íà R ìà¹ âèãëÿä

{ ∪
α′∈T ′

(α′ + Z) ∪ ∪
α′′∈T ′′

(α′′ + {m ∈ Z | m < nα′′}) | nα′′ ∈ Z, α′′ ∈ T ′′, T ′, T ′′ ⊂ [0, 1), T ′ ∩ T ′′ = ∅}.
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Àíàëiç îäíîãî äèôåðåíöiàëüíîãî ðiâíÿííÿ ç ÷àñòèííèìè ïîõiäíèìè äðóãîãî

ïîðÿäêó

Ë. Ë. Áåçêîðîâàéíà, Þ. Ñ. Õîìè÷

(Îäåñüêèé íàöiîíàëüíèé óíiâåðñèòåò iì.I. I. Ìå÷íèêîâà, Îäåñà, Óêðà¨íà)

E-mail address: liliyabezk@gmail.com, khomych.yuliia@gmail.com

Êâàçiàðåàëüíà íåñêií÷åííî ìàëà äåôîðìàöiÿ ìiíiìàëüíî¨ ïîâåðõíi S (H = 0,K 6= 0) ç
âiäõèëåííÿì âiä äîòè÷íî¨ ïëîùèíè, ñòàöiîíàðíèì ó áóäü-ÿêîìó íàïðÿìi, áóëà ïðåäìåòîì
äîñëiäæåííÿ â [1]. Ó äàíié ðîáîòi çàäà÷à ïðî iñíóâàííÿ çàçíà÷åíî¨ äåôîðìàöi¨ íåìiíiìàëüíî¨
ïîâåðõíi S (H 6= 0,K 6= 0) çâîäèòüñÿ, çîêðåìà, äî äîñëiäæåííÿ ðiâíÿííÿ (ó ëiíiÿõ êðèâèíè)
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∂x2
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)
. (1)

Òóò E 6= 0−åéëåðîâà ðiçíèöÿ, à ÷åðåç À i Â ïîçíà÷åíi ãðóïè äîäàíêiâ, ÿêi ìiñòÿòü âèêëþ÷íî
ôóíêöiþ T 1 àáî T 2 òà ¨õ ÷àñòèííi ïîõiäíi ïåðøîãî ïîðÿäêó âiäïîâiäíî. Òàêèì ÷èíîì, ëiâà
÷àñòèíà ðiâíÿííÿ âèðàæà¹òüñÿ ëèøå ÷åðåç T 1, à ïðàâà ÷àñòèíà ïðåäñòàâëåíà ÷åðåç T 2. Ëiâà
i ïðàâà ÷àñòèíè öüîãî ðiâíÿííÿ ðiâíîïðàâíi. Êðiì òîãî, âåëè÷èíè ∂g11

∂x2 ,
∂g22
∂x1 îäíî÷àñíî â

íóëü íå îáåðòàþòüñÿ. ßêùî ∂g11
∂x2 = ∂g22

∂x1 = 0, òî ç ðiâíÿííÿ Ãàóñà äiñòàíåìî K = 0, à öåé

âèïàäîê ìè âèêëþ÷èëè ç ðîçãëÿäó. Ïîêëàäåìî äëÿ âèçíà÷åíîñòi ∂g11
∂x2 6= 0. Òîäi ðiâíÿííÿ (1) â

çàãàëüíîìó âèïàäêó áóäå íåîäíîðiäíèì äèôåðåíöiàëüíèì ðiâíÿííÿì ç ÷àñòèííèìè ïîõiäíèìè
äðóãîãî ïîðÿäêó âiäíîñíî T 1 òà çàäàíîþ ïðàâîþ ÷àñòèíîþ. Çíàéäåìî éîãî äèñêðèìiíàíò
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(
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+
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E
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∂x1

)2
 . (2)

ßêùî S−ïîâåðõíÿ åëiïòè÷íîãî òèïó (K > 0, H 6= 0), òî ðiâíÿííÿ (1) ¹ íåîäíîðiäíèì
ðiâíÿííÿì ãiïåðáîëi÷íîãî òèïó âiäíîñíî ôóíêöi¨ T 1.

ßêùî S−ïîâåðõíÿ ãiïåðáîëi÷íîãî òèïó (K < 0, H 6= 0), òî ìîæëèâi âàðiàíòè:

à) ó âèïàäêó ∂
∂x1

(
H√
E

)
= 0 ðiâíÿííÿ (1) ¹ ðiâíÿííÿì åëiïòè÷íîãî òèïó âiäíîñíî T 1;

á) ó ðàçi 4 = 0 ðiâíÿííÿ (1) ¹ ðiâíÿííÿì ïàðàáîëi÷íîãî òèïó âiäíîñíî T 1.

Ïðèïóñòèìî òåïåð, ùî ∂g11
∂x2 = 0. Òîäi 4 = − E

K2

(
∂

∂x1 (
H√
E
)
)2

i âèíèêàþòü âèïàäêè:

à) ÿêùî ∂
∂x1

(
H√
E

)
6= 0, òî ðiâíÿííÿ (1) ¹ ðiâíÿííÿì ãiïåðáîëi÷íîãî òèïó âiäíîñíî T 1;

á) ÿêùî ∂
∂x1

(
H√
E

)
= 0, òî ðiâíÿííÿ (1) ìiñòèòü ÷àñòèííi ïîõiäíi ëèøå ïåðøîãî ïîðÿäêó

âiäíîñíî ôóíêöi¨ T 1.
Äàëi â ðîáîòi ïðîâîäèìî äîñëiäæåííÿ äåÿêèõ ãðàíè÷íèõ çàäà÷ äëÿ äèôåðåíöiàëüíîãî

ðiâíÿííÿ (1).
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Ïåðåääîòè÷íi òà äîòè÷íi ïðîñòîðè äî ìåòðè÷íîãî ïðîñòîðó X ó òî÷öi p (ç òî÷êè çîðó
ñåêâåíöiéíîãî ïiäõîäó, [1]) − öå ìåòðè÷íi ïðîñòîðè (ΩX

p,r̃, ρ) iç ìåòðèêîþ ρ, ÿêà çàëåæèòü âiä
âèõiäíî¨ ìåòðèêè d òà çàäàíî¨ ìàñøòàáîâàíî¨ ïîñëiäîâíîñòi r̃ = (rn)n∈N äîäàòíèõ äiéñíèõ
÷èñåë, ùî çáiãàþòüñÿ äî íóëÿ. Òî÷êè ïåðåääîòè÷íèõ ïðîñòîðiâ − öå êëàñè åêâiâàëåíòíèõ ïî-
ñëiäîâíîñòåé iç X, ÿêi çáiãàþòüñÿ äî p, i ñåðåä öèõ òî÷îê ¹ âèäiëåíà òî÷êà, â ÿêó ïåðåõîäèòü
ïîñòiéíà ïîñëiäîâíiñòü (p, p, . . . ).

Âèâ÷àþòüñÿ äåÿêi âçà¹ìîçâ'ÿçêè ãëîáàëüíèõ âëàñòèâîñòåé iíôiíiòåçèìàëüíèõ ìåòðè÷íèõ
ïðîñòîðiâ (ïåðåääîòè÷íèõ òà äîòè÷íèõ) ç ëîêàëüíèìè âëàñòèâîñòÿìè âèõiäíîãî ìåòðè÷íîãî
ïðîñòîðó. À ñàìå, äîñëiäæåíî ïèòàííÿ ïðî içîìåòðè÷íó âêëàäåíiñòü ïåðåääîòè÷íèõ ïðîñòîðiâ
ó ñêií÷åííîâèìiðíi åâêëiäîâi ïðîñòîðè [2]; îïèñàíî ñòðóêòóðó ìåòðè÷íèõ ïðîñòîðiâ, ïåðåääîòè-
÷íi äî ÿêèõ ìàþòü íåâiä'¹ìíó òà íåäîäàòíó çà Àëåêñàíäðîâèì êðèâèíó [3]; âñòàíîâëåíî óìîâè
îáìåæåíîñòi ïåðåääîòè÷íèõ ïðîñòîðiâ [4].
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Òîïîëîãi÷íà åêâiâàëåíòíiñòü ïîëiíîìiâ

Ñ. Â. Áiëóí

(ÊÍÓ iì. Òàðàñà Øåâ÷åíêà, Êè¨â, Óêðàèíà)

E-mail address: sbilun@univ.kiev.ua

Ðîçãëÿíåìî ôóíêöiþ Z = P (x), äå P (x)-ïîëiíîì. Áóäåìî äèâèòèñü íà Z = P (x), ÿê íà
ôóíêöiþ äâîõ çìiííèõ âiä x i y. Êðèòè÷íèìè òî÷êàìè öi¹¨ ôóíêöi¨ áóäóòü âñi òî÷êè íà ïðÿìèõ
x = ai, äå ai-êðèòè÷íi òî÷êè P (x).

Òåîðåìà 1. Íåõàé P (x), Q(x)-äâà ïîëiíîìà, íà ÿêi ìè äèâèìîñü, ÿê íà ïîëiíîìè âiä äâîõ

çìiííèõ x i y. Òîäi ïîëiíîì P (x) òîïîëîãi÷íî åêâiâàëåíòíèé ïîëiíîìó Q(x) òîäi i òiëüêè

òîäi, êîëè öi ïîëiíîìè òîïîëîãi÷íî åêâiâàëåíòíi ÿê ôóíêöi¨ îäíi¹¨ çìiííî¨.

Òåîðåìà 2. Ðîçãëÿíåìî ôóíêöiþ Z = P (x) · (A · y), äå P (x) íå ìà¹ êðàòíèõ êîðåíiâ. Äâi

òàêi ôóíêöi¨ Z1 òà Z2 òîïîëîãi÷íî åêâiâàëåíòíi òîäi i òiëüêè òîäi, êîëè òîïîëîãi÷íî

åêâiâàëåíòíi ôóíêöi¨ P1(x) i P2(x).

Ðîçãëÿíåìî äàëi ôóíêöiþ Z = P (x) · Q(y). Âèíèêà¹ ïèòàííÿ: êîëè òàêi ôóíêöi¨ áóäóòü
òîïîëîãi÷íî åêâiâàëåíòíi?

Ëåìà 1. ßêùî Z = P (x) ·Q(y) i P (x) ìà¹ êðàòíi êîðåíi, à Q(y) íå ìà¹ êðàòíèõ êîðåíiâ, òîäi

ìíîæèíà êðèòè÷íèõ òî÷îê
∑

(F ) ¹ íåçâ'ÿçíå îá'¹äíàííÿ ïðÿìèõ.

Ñïèñîê ëiòåðàòóðè

[1] Äæ. Ìèëíîð Îñîáûå òî÷êè êîìïëåêñíûõ ãèïåðïîâåðõíîñòåé.,- Ìèð.Ìîñêâà, (1971).

[2] Ð. Óîêåð Àëãåáðàè÷åñêèå êðèâûå.,- ÈË.Ìîñêâà,(1952).
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Ðåàëiçàöiÿ ñòðóêòóðíî-ôóíêöiîíàëüíî¨ ìîäåëi ôîðìóâàííÿ ìåòîäè÷íî¨

êîìïåòåíòíîñòi ìàéáóòíiõ â÷èòåëiâ ó íàâ÷àííi ãåîìåòði¨

Ñ. Â. Iâàíîâà, Ã. À. Äåðåáiçîâà

(ÄÇ ¾ÏÍÏÓ iì. Ê.Ä.Óøèíñüêîãî¿, Îäåñà, Óêðà¨íà)

E-mail address: ivasvit@ukr.net

Òðèâàëèé ÷àñ ïðîâiäíèì íàïðÿìîì íàóêîâî-ìåòîäè÷íî¨ ðîáîòè âèêëàäà÷iâ êàôåäðè
ìàòåìàòèêè òà ìåòîäèêè ¨¨ íàâ÷àííÿ Äåðæàâíîãî çàêëàäó ¾Ïiâäåííîóêðà¨íñüêèé íàöiîíàëüíèé
ïåäàãîãi÷íèé óíiâåðñèòåò iì. Ê.Ä. Óøèíñüêîãî¿ ¹ äîñëiäæåííÿ ìåòîäè÷íî¨ êîìïåòåíòíîñòi
â÷èòåëÿ ó íàâ÷àííi ìàòåìàòèêè ó÷íiâ çàãàëüíîîñâiòíiõ øêië. Ïiä êåðiâíèöòâîì ïðîô.
Ñ.Î. Ñêâîðöîâî¨ ðîçðîáëåíà ñòðóêòóðíî-ôóíêöiîíàëüíà ìîäåëü ôîðìóâàííÿ ìåòîäè÷íî¨
êîìïåòåíòíîñòi ìàéáóòíiõ â÷èòåëiâ ó íàâ÷àííi ìàòåìàòèêè, ïðè öüîìó çíà÷íà óâàãà ïðèäiëåíà
ôîðìóâàííþ ¨¨ ãåîìåòðè÷íî¨ ñêëàäîâî¨.

Ó äàíié ìîäåëi âiäîêðåìëåíi: íîðìàòèâíèé, âàðiàòèâíèé, ñïåöiàëüíî-ìåòîäè÷íèé,
êîíòðîëüíî-îöiíþâàëüíèé, òåõíîëîãi÷íèé òà ïðîåêòóâàëüíî-ìîäåëþâàëüíèé êîìïîíåíòè
ìåòîäè÷íî¨ êîìïåòåíòíîñòi i âèçíà÷åíi ïðîâiäíi òåõíîëîãi¨ ¨õ ôîðìóâàííÿ íà îñíîâi ñèñòåìíîãî,
äiÿëüíiñíîãî, çàäà÷íîãî òà îñîáèñòiñíî-çîði¹íòîâàíîãî ïiäõîäiâ. Çîêðåìà âñòàíîâëåíî, ùî
íà ëåêöiÿõ i íà ïðàêòè÷íèõ çàíÿòòÿõ äîöiëüíî âèêîðèñòîâóâàòè òåõíîëîãiþ êîíòåêñòíîãî
íàâ÷àííÿ (À.Î. Âåðáèöüêèé), îñêiëüêè öÿ òåõíîëîãiÿ äîçâîëÿ¹ çìîäåëþâàòè çìiñò ìàéáóòíüî¨
ïðîôåñiéíî¨ äiÿëüíîñòi. Äàíà òåõíîëîãiÿ ïåðåäáà÷à¹ øèðîêå âèêîðèñòàííÿ äèäàêòè÷íèõ
äiëîâèõ iãîð.

Íàìè ïiäãîòîâëåíi ìåòîäè÷íi ðåêîìåíäàöi¨ ùîäî ïiäãîòîâêè òà ïðîâåäåííÿ òàêèõ ðîëüîâèõ
iìiòàöiéíèõ iãîð ÿê ¾Óðîê ãåîìåòði¨ ó îñíîâíié òà ñòàðøié øêîëi¿, ¾Ãåîìåòðè÷íi çìàãàííÿ¿,
¾Ìåòîäè÷íèé êîíãðåñ¿ äëÿ ñòóäåíòiâ ôiçèêî-ìàòåìàòè÷íèõ ôàêóëüòåòiâ âèùèõ ïåäàãîãi÷íèõ
íàâ÷àëüíèõ çàêëàäiâ. Çîêðåìà, äëÿ êîæíî¨ ç äàíèõ äiëîâèõ iãîð ðîçðîáëåíà iìiòàöiéíà
ìîäåëü, ÿêà ìiñòèòü: äèäàêòè÷íi öiëi, ïðåäìåò ãðè, ãðàôi÷íó ìîäåëü ó÷àñíèêiâ ãðè, ñèñòåìó
îöiíþâàííÿ. À òàêîæ iãðîâà ìîäåëü, çà ÿêîþ âèçíà÷àþòüñÿ: öiëi ãðè, êîìïëåêò ðîëåé i ôóíêöié
ãðàâöiâ, ñöåíàðié, ïðàâèëà ãðè òîùî.

Äëÿ äèäàêòè÷íî¨ ãðè ¾Ìåòîäè÷íèé êîíãðåñ¿ ïðîâiäíèìè ââàæà¹ìî òåìè ¾Àêòóàëüíi
òåõíîëîãi¨ íàâ÷àííÿ ãåîìåòði¨ ó øêîëi¿ òà ¾Êîìï'þòåðíi ïðåçåíòàöi¨ íà óðîêàõ ãåîìåòði¨¿.

Ó äàíèõ ìåòîäè÷íèõ ðåêîìåíäàöiÿõ âiäîáðàæåíèé áàãàòîði÷íèé äîñâiä âèêîðèñòàííÿ
äiëîâèõ iãîð, ÿêèé ñâiä÷èòü, ùî iìiòàöiéíi òà ðîëüîâi äiëîâi iãðè ¹ åôåêòèâíèì çàñîáîì
ôîðìóâàííÿ ìåòîäè÷íî¨ êîìïåòåíòíîñòi ñòóäåíòiâ, áî äîçâîëÿþòü ìîäåëþâàòè ñêëàäíi òèïîâi
íàâ÷àëüíi ñèòóàöi¨ i àíàëiçóâàòè ñïîñîáè ïðîôåñiéíî¨ äiÿëüíîñòi â÷èòåëÿ ó öèõ ñèòóàöiÿõ.

Ñïèñîê ëiòåðàòóðè

[1] Ñ. Â. Iâàíîâà, Ä. Ñ. Ïîëiäà. Äiëîâi iìiòàöiéíi ðîëüîâi iãðè ÿê âàæëèâèé çàñiá íàáóòòÿ
ñòóäåíòàìè ìåòîäè÷íèõ êîìïåòåíöié: ñïåöèôiêà ïðîåêòóâàííÿ // Àêòóàëüíi ïðîáëåìè
ìåòîäèêè íàâ÷àííÿ ìàòåìàòèêè: Ìàòåðiàëè IV - VI ðåãiîí. íàóê.-ïðàêò. êîíô., Îäåñà, 22-23
êâiòíÿ 2010 ð., 13-14 êâiòíÿ 2011 ð., 4-5 êâiòíÿ 2012 ð. Ïiä ðåä. Ñ.Â. Iâàíîâî¨. � Î.: ÀÎ
Áàõâà, (2012), Ñ. 48-57.

[2] Ñ. Î. Ñêâîðöîâà. Äèíàìi÷íà ìîäåëü ïðîöåñó ôîðìóâàííÿ ìåòîäè÷íèõ êîìïåòåíöié
ó ìàéáóòíiõ ó÷èòåëiâ // Ïåäàãîãiêà ôîðìóâàííÿ òâîð÷î¨ îñîáèñòîñòi ó âèùié i
çàãàëüíîîñâiòíié øêîëàõ: çá. íàóê. ïð. / ðåäêîë.: Ò.I. Ñóùåíêî (ãîëîâ. ðåä.) òà ií. �
Çàïîðiææÿ, Âèï. 17 (70), (2011), Ñ. 177-183.
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Äåôîðìàöi¨ âåòîðíèõ ïîëiâ Ìîðñà-Ñìåéëà íà òðèâèìiðíèõ ìíîãîâèäàõ ðîäó 2

I. Ì. Iâàíþê

(ÊÍÓ iì. Òàðàñà Øåâ÷åíêà, Êè¨â, Óêðà¨íà)

E-mail address: ivanna.ivanyuk@gmail.com

Íåõàé F = ∂H = ∂H
′
� çàãàëüíà ïîâåðõíÿ ðîäó g êðåíäåëiâ, u = {u1, ..., ug} � ñèñòåìà

ìåðèäiàíiâ êðåíäåëÿ H i v = {v1, ..., vg} � ñèñòåìà ìåðèäiàíiâ êðåíäåëÿ H
′
, H ∪ H ′

= M �
ðîçáèòòÿ Õåãîðà ìíîãîâèäà M . Òðiéêà (F, u, v) íàçèâà¹òüñÿ äiàãðàìîþ Õåãîðà ìíîãîâèäó M .

Äiàãðàìè Õåãîðà (F, u, v), (F
′
, u

′
, v

′
) ìíîãîâèäiâM ,M

′
íàçèâàþòüñÿ ãîìåîìîðôíèìè, ÿêùî

iñíó¹ òàêèé ãîìåîìîðôiçì h : F → F
′
, ùî h(u) = u

′
, h(v) = v

′
àáî h(u) = v

′
, h(v) = u

′
(ïîðÿäîê

ìåðèäiàíiâ ïðè öüîìó íå ìà¹ çíà÷åííÿ). Äiàãðàìè Õåãîðà (F, u, v), (F
′
, u

′
, v

′
) íàçèâàþòüñÿ

içîòîïíèìè, ÿêùî iñíó¹ òàêà içîòîïiÿ ϕt : F → F,, ùî ϕ0 = 1, ϕ1(u) = u
′
, ϕ1(v) = v

′
. Äiàãðàìè

(F, u, v), (F
′
, u

′
, v

′
) íàçèâàþòüñÿ íàïiâiçîòîïíèìè, ÿêùî iñíóþòü òàêi içîòîïi¨ ϕt, ψt : F → F ,

ùî ϕ0 = ψ0 = 1, ϕ1(u) = u
′
i ψ1(v) = v

′
.

Äiàãðàìè (F, u, v) i (F, u
′
, v

′
) íàçèâàþòüñÿ åêâiâàëåíòíèìè, ÿêùî âiä îäíi¹¨ ìîæíà ïåðåéòè

äî iíøî¨ çà äîïîìîãîþ ãîìåîìîðôiçìiâ, íàïiâ¨çîòîïié i îïåðàöié äîäàâàííÿ îäíîãî ìåðèäiàíà
äî iíøîãî.

Ìîæëèâi íàñòóïíi ðóõè äëÿ äiàãðàì: 1) âèòÿãóâàííÿ ïðîñòèõ ïåòåëü, 2)êîâçàííÿ 3)ïîïàðíà
ïåðåñòàíîâêà âåðøèí (1),(2) ìiæ ñîáîþ àáî (3) i (4).

Òåîðåìà. ßêùî iñíó¹ äåôîðìàöiÿ, òî âîíà ðåàëiçó¹òüñÿ ðóõàìè 1), 2), 3), Êîæåí ðóõ
çàäà¹ìî ïàðîþ äiàãðàì, âiä îäíi¹¨ ìîæíà ïåðåéòè äî iíøî¨ ïîñëiäîâíiñòþ ðóõiâ.

Òåîðåìà. ßêùî äâi ñiì'¨ òîïîëîãi÷íî åêâiâàëåíòíi â êëàñi Ti, òî âîíè çàäàþòü îäíàêîâi
ïîñëiäîâíîñòi ñóìiæíèõ äiàãðàì. Äâà ïîëÿ êëàñó Ti ìîæíà ç'¹äíàòè øëÿõîì (ñiì'¹þ âåêòîðíèõ
ïîëiâ) â êëàñi Ti, ÿêùî iñíó¹ ïîñëiäîâíiñòü ñóìiæíèõ äiàãðàì, ùî ç'¹äíó¹ âiäïîâiäíi ãðàôè.

Íåõàé êiëüêiñòü ðóõiâ âiä îäíi¹¨ äiàãðàìè äî iíøî¨ - n. Çàíóìåðó¹ìî âñi ìîæëèâi ðóõè
öiëèìè ÷èñëàìè, ÿêi áóäåìî íàçèâàòè îñíàùåííÿì. Ïîñëiäîâíiñòü äiàãðàì, â ÿêî¨ ó êîæíié
ïàði çàäàíå îñíàùåííÿ, áóäåìî íàçèâàòè îñíàùåíîþ.

Òåîðåìà. ßêùî äâîì ñiì'ÿì âiäïîâiäàþòü îäíàêîâi îñíàùåíi ïîñëiäîâíîñòi, òî âîíè
òîïîëîãi÷íî åêâiâàëåíòíi.

Ñïèñîê ëiòåðàòóðè

[1] Ìàòâååâ Ñ.Â., Ôîìåíêî À.Ò. Àëãîðèòìè÷åñêèå è êîìïüþòåðíûå ìåòîäû â òðåõìåðíîé
òîïîëîãèè. Èçä. Ìîñêîâñêîãî óíèâåðñèòåòà. � 1991. � 301ñ.

[2] Ïðèøëÿê Î.Î., Iâàíþê I.Ì. Òîïîëîãiÿ ñiì'¨ âåêòîðíèõ ïîëiâ íà ïîâåðõíi, Proc. Intern. Geom.
Center, Vol.6, �4. � ñ. 44�51.

[3] Iâàíþê I.Ì., Ïðèøëÿê Î.Î. Òîïîëîãi÷íà ñòðóêòóðà äåôîðìàöié âåòîðíèõ ïîëiâ Ìîðñà-
Ñìåéëà íà òðèâèìiðíèõ ìíîãîâèäàõ ðîäó 2: Proc. Intern. Geom. Center. � 2014. � Vol.7,
�4.
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Ìîëåêóëè ç àòîìiâ ñòåïåíi 2 íà ïîâåðõíÿõ ç êðà¹ì

Î. Ì. Iâàíþê

(ÊÍÓ iì. Òàðàñà Øåâ÷åíêà, Êè¨â, Óêðà¨íà)

E-mail address: oxana−ivanyuk@ukr.net

Íåõàé M - çàìêíåíèé îði¹íòîâàíèé äâîâèìiðíèé ìíîãîâèä (ïîâåðõíÿ), f - ãëàäêà ôóíêöiÿ
íà M . Äëÿ ìíîãîâèäiâ ç êðà¹ì àíàëîãîì ôóíêöié Ìîðñà ¹ m-ôóíêöi¨.

Îçíà÷åííÿ. Ôóíêöiÿ f : M −→ R íàçèâà¹òüñÿ m-ôóíêöi¹þ, ÿêùî:
à) óñi ¨¨ êðèòè÷íi òî÷êè � íåâèðîäæåíi i íå ëåæàòü íà ∂M ;
á) êðàé ìíîãîâèäó ìîæíà ïîäàòè ó âèãëÿäi îá'¹äíàííÿ ∂M = ∂M− ∪ ∂M0 ∪ ∂M+ òàêîãî,

ùî îáìåæåííÿ f∂ ôóíêöi¨ f íà ∂M0 ¹ ôóíêöiÿ Ìîðñà.
Îçíà÷åííÿ. Àòîìîì íàçèâà¹òüñÿ îêië P 2 êðèòè÷íîãî øàðó, ÿêèé çàäà¹òüñÿ íåðiâíiñòþ c−

ε ≤ f ≤ c+ε äëÿ äîñòàòíüî ìàëîãî ε, ðîçøàðîâàíó íà ëiíi¨ ðiâíÿ ôóíêöi¨ f i ÿêà ðîçãëÿäà¹òüñÿ
ç òî÷íiñòþ äî ïîøàðîâî¨ åêâiâàëåíòíîñòi P 2 = {x : −ε ≤ f(x)− c ≤ ε}.

Íåõàé íà ïîâåðõíi X2 çàäàíà ôóíêöiÿ Ìîðñà f . �¨ ëiíi¨ ðiâíÿ ðîçøàðîâóþòü ïîâåðõíþ,
òîáòî âèíèêà¹ ðîçøàðóâàííÿ ç îñîáëèâîñòÿìè. Ðîçãëÿíåìî âñi êðèòè÷íi çíà÷åííÿ ci ôóíêöi¨ f i
âiäïîâiäíi ¨ì êðèòè÷íi ðiâíi f = ci. Êîæíîìó òàêîìó ðiâíþ âiäïîâiäà¹ äåÿêèé àòîì. Ïðè öüîìó
ãðàíè÷íi îêîëè àòîìiâ ç'¹äíàíi öèëiíäðàìè, ÿêi ¹ îäíîïàðàìåòðè÷íèìè ñiì'ÿìè íåîñîáëèâèõ
çâ'ÿçíèõ ëiíié ðiâíÿ. Çîáðàçèìî íàøå ðîçøàðóâàííÿ ó âèãëÿäi ãðàôà, â ÿêîñòi âåðøèí ÿêîãî
âiçüìåìî àòîìè. Öå îçíà÷à¹, ùî êîæíié âåðøèíi ãðàôà ïîñòàâëåíèé ó âiäïîâiäíiñòü äåÿêèé
àòîì, ïðè÷îìó âêàçàíî âçà¹ìíî-îäíîçíà÷íó âiäïîâiäíiñòü ìiæ ãðàíè÷íèìè îêîëàìè àòîìiâ i
ðåáðàìè ãðàôà, ÿêi äîòèêàþòüñÿ äî äàíî¨ âåðøèíè-àòîìà. Êiíöi àòîìiâ ç'¹äíàíi ðåáðàìè, ÿêi
âiäïîâiäàþòü îäíîïàðàìåòðè÷íèì ñiì'ÿì ðåãóëÿðíèõ îêîëiâ.

Îçíà÷åííÿ. Îïèñàíèé ãðàô íàçâåìî f -ìîëåêóëîþ W, ÿêà âiäïîâiäà¹ ïàði (X2, f).
Òåîðåìà. Âñi ìîëåêóëè ç ÷îòèðìà i ï'ÿòüìà êðèòè÷íèìè òî÷êàìè ìîæíà îòðèìàòè:
1) ñêëå¨âøè 2 àòîìè ñêëàäíîñòi 2;
2) ñêëå¨âøè 3 àòîìè ñêëàäíîñòi 2;
3) ñêëå¨âøè ìiæ ñîáîþ íå âñi êðèòè÷íi òî÷êè àòîìiâ ñêëàäíîñòi 2.

Ñïèñîê ëiòåðàòóðè

[1] Ïðèøëÿê Î.Î., Ïðèøëÿê Ê.Î., Ìiùåíêî Ê.I., Ëóêîâà Í.Â. Êëàñèôiêàöiÿ ïðîñòèõ m-
ôóíêöié íà îði¹íòîâàíèõ ïîâåðõíÿõ: Æóðíàë îá÷èñë. òà ïðèêë. ìàòåì. � 2011. � �1 (104).
� ñ.1-12.

[2] Iâàíþê Î.Ì., Ïðèøëÿê Î.Î. Àòîìè ñòåïåíi 2 íà ïîâåðõíÿõ ç êðà¹ì: Proc. Intern. Geom.
Center. � 2013. � Vol.6, �3. � ñ.40-53.

[3] Iâàíþê Î.Ì., Ïðèøëÿê Î.Î. Ìîëåêóëè ç àòîìiâ ñòåïåíi 2 íà ïîâåðõíÿõ ç êðà¹ì: Proc.
Intern. Geom. Center. � 2014. � Vol.7, �3. � ñ.27-37.

23
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Íåõàé Mg � çàìêíåíà ãëàäêà îði¹íòîâíà ïîâåðõíÿ ðîäó g, à C1;1(Mg) � êëàñ ãëàäêèõ
ôóíêöié íà Mg, ÿêi ìàþòü òî÷íî îäèí ëîêàëüíèé ìiíiìóì, îäèí ëîêàëüíèé ìàêñèìóì òà îäíó
(â çàãàëüíîìó âèïàäêó âèðîäæåíó) ñóòò¹âî êðèòè÷íó òî÷êó òèïó ñiäëà (êëàñ ¾ìiíiìàëüíèõ
ôóíêöi¨¿ íà Mg). Ôóíêöi¨ f1 i f2 ç êëàñó C1;1(Mg) íàçèâàþòü òîïîëîãi÷íî åêâiâàëåíòíèìè,
ÿêùî iñíóþòü ãîìåîìîðôiçìè h : Mg → Mg i l : R1 → R1 (l çáåðiãà¹ îði¹íòàöiþ), òàêi
ùî f2 = l ◦ f1 ◦ h−1. ßêùî h çáåðiãà¹ îði¹íòàöiþ, ôóíêöi¨ f1 i f2 íàçèâàþòü O-òîïîëîãi÷íî
åêâiâàëåíòíèìè àáî æ òîïîëîãi÷íî ñïðÿæåíèìè.

Çàäà÷à ïðî ïiäðàõóíîê ÷èñëà O-òîïîëîãi÷íî íååêâiâàëåíòíèõ ôóíêöié ç êëàñó C1;1(Mg)
ïîâíiñòþ áóëà ðîçâ'ÿçàíà â [2]. Ïèòàííÿ ïðî ïiäðàõóíîê ÷èñëà òîïîëîãi÷íî íååêâiâàëåíòíèõ
ôóíêöié ç êëàñó C1;1(Mg) çàëèøàëîñü âiäêðèòèì.

Òåîðåìà 1. Äëÿ äîâiëüíîãî g = n−1
2 (n ∈ N) ÷èñëî òîïîëîãi÷íî íååêâiâàëåíòíèõ ôóíêöié ç

êëàñó C1;1(Mg) ìîæíà îá÷èñëèòè çà ôîðìóëîþ

d∗∗g =
1

2

(
d∗g + S±H(g; 1)

)
, (1)

äå d∗g � ÷èñëî O-òîïîëîãi÷íî íååêâiâàëåíòíèõ ôóíêöié ç êëàñó C1;1(Mg), ÿêå (ç óðàõóâàííÿì
ðåçóëüòàòiâ ðîáîòè [2]) ìîæíà çíàéòè çà ôîðìóëîþ

d∗g =
1

n

d(n) + ∑
i|n, i 6=n

φ
(n
i

)
· d(i) · φ∗

(n
i

)
·
(n
i

)i−1 , (2)

φ∗(q) = |{1 ≤ h < q| ÍÑÄ(h, q) = 1 = ÍÑÄ(h+ 1, q)}|, φ(q) = |{1 ≤ h < q| ÍÑÄ(h, q) = 1}|,
d(n) = 2(n−1)!

(n+1) = 2(2g)!
(2g+2) = SH(2g; 1) � ¾Hultman number¿ [3] (ïîñëiäîâíiñòü A060593 â [4]);

à âåëè÷èíà S±H(g; 1) � öå ¾signed Hultman number¿ [3] (ïîñëiäîâíiñòü A001171 â [4]), ÿêó
(ç óðàõóâàííÿì ðåçóëüòàòiâ ðîáîòè [1]) ìîæíà çíàéòè çà ôîðìóëàìè

S±H(g; 1) =
23g+1 · (g + 1)! · (g!)2

(2g + 2)!
+

g∑
i=1

min(i;g+1−i)∑
j=1

c(i; j) ·
[
2i−j−1(2j)!(i− 1)!(g + 2− i− j)!

(2j − 1)j!

]2
,

(3)

c(i; j) =
(−1)g+2+i−j · 2i−j+1 · (g + 1) · (2i− 2j + 1) · (i− 1)!

(g + 2 + i− j)(g + 1 + i− j)(g + 1− i+ j)(g − i+ j)(g + 1− i− j)!(2i− 1)!(j − 1)!
.

(4)
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Â óìîâàõ ñüîãîäåííÿ, â ÷àñ iíôîðìàòèçàöi¨ ñó÷àñíîãî ñóñïiëüñòâà âèíèêà¹ ãîñòðà ïîòðåáà
ó âèêîðèñòàííi íîâiòíiõ òåõíîëîãié â ìàòåìàòè÷íié îñâiòi. Ñàìå òóò ó íàãîäi ñòàþòü ÿê
ïðîãðàìíå çàáåçïå÷åííÿ, òàê i ìîæëèâiñòü âèêîðèñòàííÿ on-line äæåðåë. Âñå öå çóìîâëþ¹
íåîáõiäíiñòü ïiäâèùåííÿ êâàëiôiêàöi¨ âèêëàäà÷à â îñâî¹ííi äàíèõ ðîçðîáîê i ìåòîäèê íàâ÷àííÿ
òà âïðîâàäæåííÿ ¨õ äî íàâ÷àëüíîãî ïðîöåñó. Îñêiëüêè ïiäâèùåííÿ êâàëiôiêàöi¨, çàçâè÷àé,
çäiéñíþ¹òüñÿ îäèí ðàç íà 5 ðîêiâ, òî âêðàé âàæëèâèì ¹ ïðîâåäåííÿ ìåòîäè÷íèõ ñåìiíàðiâ â
ðàìêàõ êàôåäðè, ñåêöi¨, ÂÍÇ.

Äî åôåêòèâíèõ ñïîñîáiâ çàñòîñóâàííÿ êîìï'þòåðíèõ çàñîáiâ ó íàâ÷àëüíîìó ïðîöåñi
ïðè âèâ÷åííi âèùî¨ ìàòåìàòèêè ìîæíà âiäíåñòè: âèêîðèñòàííÿ åëåêòðîííèõ ïiäðó÷íèêiâ,
òðåíàæåðiâ, åíöèêëîïåäié, ñëîâíèêiâ; âèêîðèñòàííÿ òà çàáåçïå÷åííÿ äèñòàíöiéíî¨ ôîðìè
íàâ÷àííÿ; ïðîâåäåííÿ on-line ñåìiíàðiâ, òðåíiíãiâ, êîíñóëüòàöié; âèêîðèñòàííÿ êîíòðîëüíèõ
ïðîãðàì, òåñòiâ äëÿ ïåðåâiðêè çíàíü i óìiíü ñòóäåíòiâ; ñòâîðåííÿ i ïiäòðèìêà ñàéòiâ âèêëàäà÷iâ;
ñòâîðåííÿ ïðåçåíòàöié íàâ÷àëüíîãî ìàòåðiàëó.

Àíàëiç äîñâiäó âèêîðèñòàííÿ åëåêòðîííèõ ïðåçåíòàöié ïîêàçó¹, ùî âîíè äîçâîëÿþòü
âèäîçìiíþâàòè çìiñò çàíÿòòÿ, çàäiÿòè òâîð÷èé ïîòåíöiàë âèêëàäà÷à, ÿêèé ìà¹ ìîæëèâiñòü
ñêîðåãóâàòè ñòâîðåíi íèì åêðàííi ôîðìè ïðåäñòàâëåííÿ çìiñòó íàâ÷àëüíîãî ìàòåðiàëó i
çäiéñíþâàòè ñàìîàíàëiç ïëàíîâàíîãî çàíÿòòÿ. Ïåðåâàãè çàíÿòòÿ ç âèêîðèñòàííÿì ïðåçåíòàöié
ïîëÿãàþòü òàêîæ â òîìó, ùî äåìîíñòðàöiéíi ìîæëèâîñòi ìóëüòiìåäiéíîãî çàáåçïå÷åííÿ
äîïîìàãàþòü çáåðiãàòè ñòiéêó ìîòèâàöiþ ó ñòóäåíòiâ i çàáåçïå÷óþòü ðîçâèòîê ïðîñòîðîâî¨
óÿâè.

Âàæëèâó ðîëü â ïiäñèëåíi íàâ÷àëüíîãî ïðîöåñó âiäiãðàþòü: ñàéòè âèêëàäà÷iâ, ñåðåäîâèùå
äèñòàíöiéíîãî íàâ÷àííÿ, "õìàðíi" ñåðâiñè, ïðîãðàìíi ïàêåòè òà iíøi ðîçðîáêè ([1] - [4]).

Íåçâàæàþ÷è íà òðóäíîùi, ùî âèíèêàþòü ïiä ÷àñ âïðîâàäæåííÿ íîâiòíiõ iíôîðìàöiéíèõ
òåõíîëîãié, êàôåäðà âèùî¨ ìàòåìàòèêè ÎÍÀÕÒ äîêëàäà¹ ìàêñèìóì çóñèëü äëÿ âïðîâàäæåííÿ
¨õ äî íàâ÷àëüíîãî ïðîöåñó, ó âiäïîâiäíîñòi äî âèìîã ñüîãîäåííÿ.
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Ïîòóæíèì çàñîáîì iíòåíñèôiêàöi¨ é àêòèâiçàöi¨ íàâ÷àííÿ, çîêðåìà ìàòåìàòèêè, ¹
âèêîðèñòàííÿ êîìï'þòåðíî¨ òåõíiêè.

Ïðè âèêîðèñòàííi êîìï'þòåðà â ÿêîñòi íàâ÷àëüíîãî çàñîáó âèäiëÿþòü òðè éîãî îñíîâíi
ôîðìè: êîìï'þòåð ÿê òðåíàæåð, ÿê ðåïåòèòîð, ÿê ïðèñòðié, ùî ìîäåëþ¹ ïåâíi ïðåäìåòíi
ñèòóàöi¨ (iìiòàöiéíå ìîäåëþâàííÿ). Êîìï'þòåð òàêîæ âèêîðèñòîâó¹òüñÿ äëÿ ïðîâåäåííÿ
ãðîìiçäêèõ îá÷èñëåíü. Òðåíóâàëüíi ñèñòåìè çàñòîñîâóþòüñÿ äëÿ âèðîáëåííÿ òà çàêðiïëåííÿ
íàâè÷îê, âèêîðèñòîâóþòüñÿ ïðîãðàìè êîíòðîëüíî-òðåíóâàëüíîãî òèïó. Öi ïðîãðàìè
âiäíîñÿòüñÿ äî òðàäèöiéíîãî ïðîãðàìîâàíîãî íàâ÷àííÿ.

Ðåïåòèòîðñüêi ñèñòåìè ïåðåäáà÷àþòü ¾äiàëîã¿ ìiæ ñòóäåíòîì i êîìï'þòåðîì. Òóò iñíó¹
îáåðíåíèé çâ'ÿçîê, ÿêèé çäiéñíþ¹òüñÿ íå ëèøå ïðè êîíòðîëi, àéâ ïðîöåñi çàñâî¹ííÿ çíàíü.

¾Äiàëîã¿ ç êîìï'þòåðîì âiäðiçíÿ¹òüñÿ âiä äiàëîãó ìiæ ëþäüìè. Äiàëîã - öå ðîçâèòîê òåìè,
òî÷êè çîðó ñïiâðîçìîâíèêiâ òîùî. ¾Äiàëîã¿ ç ìàøèíîþ òàêèì íå ¹. Iíäèâiäóàëiçàöiÿ íàâ÷àííÿ
çäiéñíþ¹òüñÿ çà ðàõóíîê ðîçãàëóæåíî¨ ïðîãðàìè.

Âèêîðèñòàííÿ êîìï'þòåðíèõ ìîäåëåé ïðåäìåòíèõ ñèòóàöié ðîçêðèâà¹ âëàñòèâîñòi öèõ
ñèòóàöié, ðîçøèðþ¹ çîíó ïîøóêó âàðiàíòiâ ðîçâ'ÿçóâàííÿ òîùî.

Çãiäíî ç iíôîðìàöiéíèì ïiäõîäîì, íàâ÷àííÿ ÿâëÿ¹ ñîáîþ iíäèâiäóàëiçîâàíèé ïðîöåñ ðîáîòè
ñòóäåíòà çi çíàêîâèìè âiäîìîñòÿìè íà åêðàíi. Â îñòàííi ðîêè çìiñò ïiäðó÷íèêiâ i íàâ÷àëüíèõ
ïîñiáíèêiâ çàêëàäàþòü â êîìï'þòåð. Àëå, ÿêùî íàâ÷àëüíèé ìàòåðiàë áóâ íåçðîçóìiëèì
ïðåäìåòíîþ ìîâîþ, òî âií çàëèøèòüñÿ íåçðîçóìiëiì i ìîâîþ ïðîãðàìóâàííÿ.

Íàóêîâöi òèõ êðà¨í, äå íàêîïè÷åíèé âåëèêèé äîñâiä êîìï'þòåðèçàöi¨, ââàæàþòü, ùî ðåàëüíi
äîñÿãíåííÿ â öié ãàëóçi íå äàþòü ïiäñòàâ óâàæàòè, ùî âèêîðèñòàííÿ êîìï'þòåðà êàðäèíàëüíî
çìiíèòü òðàäèöiéíó ñèñòåìó íàâ÷àííÿ. Âèêîðèñòàííÿ êîìï'þòåðà â íàâ÷àëüíîìó ïðîöåñi - öå
íå ïàíàöåÿ. Òðåáà òàê ñïðîåêòóâàòè ïðèíöèïîâî íîâó òåõíîëîãiþ íàâ÷àííÿ, äå êîìï'þòåð
îðãàíi÷íî âïèñóâàâñÿ á ÿê ïîòóæíèé çàñiá íàâ÷àííÿ.

Åëåêòðîííå ñåðåäîâèùå çäàòíå ôîðìóâàòè òàêi ÿêîñòi, ÿê ñõèëüíiñòü äî
åêñïåðèìåíòóâàííÿ, ãíó÷êiñòü, ñòðóêòóðíiñòü òîùî, ùî ñïðèÿ¹ ñòâîðåííþ óìîâ äëÿ òâîð÷îãî
íàâ÷àëüíîãî ïiçíàííÿ, âñòàíîâëþâàííþ çâ'ÿçêiâ ìiæ íîâîþ òà ñòàðîþ iíôîðìàöi¹þ òîùî.

Çàñòîñóâàííÿ êîìï'þòåðà ïîâèííî ñïðèÿòè ôîðìóâàííþ ìèñëåííÿ ñòóäåíòà, îði¹íòóâàòè
éîãî íà ïîøóê ñèñòåìíèõ çâ'ÿçêiâ i çàêîíîìiðíîñòåé.

Äëÿ êîìï'þòåðíîãî íàâ÷àííÿ äîöiëüíî îáèðàòè òiëüêè òàêèé çìiñò, äëÿ çàñâî¹ííÿ ÿêîãî íå
ìîæíà îáiéòèñÿ áåç êîìï'þòåðà. Âàðòî òàêîæ çàçíà÷èòè, ùî ïiäâèùåííÿ àêòèâíîñòi ñòóäåíòà
ñïðÿìîâó¹ éîãî äî ñàìîñòiéíî¨ ðîáîòè, à ñèñòåìàòè÷íà ñàìîñòiéíà ðîáîòà íàä íàâ÷àëüíèì
ìàòåðiàëîì íà çàíÿòòÿõ i â ïîçààóäèòîðíèé ÷àñ ñïðèÿ¹ çðîñòàííþ àêòèâíîñòi, òîáòî àêòèâíiñòü
i ñàìîñòiéíiñòü îñîáèñòîñòi òiñíî âçà¹ìîïîâ'ÿçàíi òà äîïîâíþþòü îäíå îäíîãî.

Ñïèñîê ëiòåðàòóðè

[1] Ò. Â. Êðèëîâà, Î. Ì. Ãóë¹øà, Î. Þ. Îðëîâà. Êîíöåïöiÿ àêòèâiçàöi¨ ïðîöåñó íàâ÷àííÿ
ìàòåìàòèêè ñòóäåíòiâ âèùî¨ òåõíi÷íî¨ øêîëè // Ìàòåðiàëè XVI ìiæíàð. íàóê.-ìåòîä.
êîíô. ¾Ìåòîäû ñîâåðøåíñòâîâàíèÿ ôóíäàìåíòàëüíîãî îáðàçîâàíèÿ â øêîëàõ è âóçàõ¿,
Ñåâàñòîïîëü, 19-23 âåðåñíÿ 2011 ð. - Ñåâàñòîïîëü: ÑåâÍÒÓ, (2011), ñ. 80-83.
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Ìàòåìàòè÷íà îñâiòà ÿê ìåòîä ïiçíàâàëüíî¨ àêòèâíîñòi ñòóäåíòiâ

Í. Â. Íóæíà

(ÎÍÀÏÒ, Îäåññà, Óêðàèíà)

E-mail address: Lada5.00@rambler.ru

Îäíèì iç ñïîñîáiâ ïiäâèùåííÿ ÿêîñòi íàâ÷àííÿ ìàòåìàòèêè ¹ çàñòîñóâàííÿ â îñâiòíüîìó

ïðîöåñi ìåòîäiâ, ñïðÿìîâàíèõ íà ñòàíîâëåííÿ i ðîçâèòîê ïiçíàâàëüíî¨ àêòèâíîñòi i

ñàìîñòiéíîñòi. Ïåäàãîãi÷íà òåõíîëîãiÿ ðîçâèòêó êðèòè÷íîãî ìèñëåííÿ ñïðèÿ¹ àêòèâiçàöi¨

íàâ÷àëüíî¨ äiÿëüíîñòi, ìîòèâàöi¨ íàâ÷àííÿ i òèì ñàìèì ïiäâèùåííþ éîãî ÿêîñòi. Ç

ìåòîäè÷íî¨ òî÷êè çîðó äàíà òåõíîëîãiÿ - öå ñèñòåìà ðiçíèõ ïðèéîìiâ, ÿêi îá'¹äíóþòü

âñi âèäè íàâ÷àëüíî¨ äiÿëüíîñòi, ùî âêëþ÷à¹ ïðîáëåìíå íàâ÷àííÿ, òåõíîëîãiþ íàâ÷àëüíî¨

äèñêóñi¨ i ò.ä. Äëÿ ïîñòiéíîãî óäîñêîíàëåííÿ ÿêîñòi íàâ÷àííÿ ìàòåìàòèêè íà êàôåäði

ïðàöþ¹ ìåòîäè÷íèé ñåìèíàð. Îñíîâó òåõíîëîãi¨ ðîçâèòêó êðèòè÷íîãî ìèñëåííÿ ñòàíîâèòü

ìîäåëü òðüîõ ñòàäié: ¾âèêëèê - ðåàëiçàöiÿ (îñìèñëåííÿ) - ðåôëåêñiÿ (ìiðêóâàííÿ)¿. Ïåðøà

ñòàäiÿ - ñòàäiÿ âèêëèêó. Îñíîâíà ìåòà äàíî¨ ñòàäi¨ - àêòóàëiçàöiÿ íàÿâíèõ çíàíü ïî

äîñëiäæóâàíîìó ïðåäìåòi, îáãîâîðåííÿ òà çàïèñ âñi¹¨ iíôîðìàöi¨, íàïðèêëàä, ó âèãëÿäi âiðíèõ

i íåâiðíèõ òâåðäæåíü. Çàñòîñîâóþòüñÿ ðiçíi ïðèéîìè òàêi ÿê: ãðàôi÷íà ñèñòåìàòèçàöiÿ

çà äîïîìîãîþ òàáëèöü àáî êëàñòåðiâ, ðîçïîâiäü - ïðèïóùåííÿ çà êëþ÷îâèìè ñëîâàìè,

ñêëàäàííÿ ñïèñêó ¾âiäîìî¨ iíôîðìàöi¨¿i ò. Ä. Ðîáîòà íà äàíié ñòàäi¨ çäiéñíþ¹òüñÿ ÿê

iíäèâiäóàëüíî, òàê i â ãðóïàõ. Âñi âæèâàíi íà ñòàäi¨ âèêëèêó ïðèéîìè ñïðèÿþòü ôîðìóâàííþ

ïiçíàâàëüíîãî iíòåðåñó äî ïðåäìåòà. Äðóãà ñòàäiÿ - ñòàäiÿ îñìèñëåííÿ. Íà äàíié

ñòàäi¨ âiäáóâà¹òüñÿ ïåðøå çíàéîìñòâî ç íîâîþ iíôîðìàöi¹þ, ïðåäñòàâëåíîþ àáî ó âèãëÿäi

ëåêöi¨, àáî ôiëüìó (ôiëüìè: ¾Iñòîðiÿ ìàòåìàòèêè¿, ¾Ãåîìåòðiÿ Âñåñâiòó¿, ¾Ìàòåìàòèêà è

êðàñîòà¿, ¾Ñåêðåòíûå êîäû¿, ÀÑÀDEMIA. Ìèõàèë Öôàñìàí ¾Êàê è çà÷åì ìû çàíèìàåìñÿ

ìàòåìàòèêîé¿, ÀÑÀDEMIA. Íèêîëàé Àíäðååâ ¾Ìàòåìàòè÷åñêèå ýòþäû¿, ëåêöiÿ ¾Ìàòåìàòèêà

i ìàòåìàòèêè¿, ¾Ôðàêòàëè¿), àáî òåêñòó ïiäðó÷íèêà (êàôåäðà çàáåçïå÷åíà äâîìà íàâ÷àëüíèìè

ïîñiáíèêàìè òà ìåòîäè÷êàìè ïî âñiì ðîçäiëàì). Äàëi âiäáóâà¹òüñÿ àíàëiç íîâèõ çíàíü,

ñïiââiäíåñåííÿ ¨õ ðàíiøå âèâ÷åíèìè i ñèñòåìàòèçàöiÿ ñòàðèõ i íîâèõ çíàíü. Öüîìó ñïðèÿþòü

òàêi ïðèéîìè ÿê: âåäåííÿ çàïèñiâ (ïîäâiéíi ùîäåííèêè, áîðòîâi æóðíàëè), ìàðêóâàííÿ ç

âèêîðèñòàííÿì çíà÷êiâ ¾+¿, ¾�¿, ¾?¿, ¾V¿(¾+¿- òå, ùî ñòàëî öiêàâèì i íåñïîäiâàíèì, ¾�¿�

òå, ùî ñóïåðå÷èòü óÿâëåííÿì,¾?¿� òå, ïðî ùî õîòiëîñÿ á äiçíàòèñÿ äîêëàäíiøå,¾V¿- òå, ùî

âæå âiäîìî), ïîøóê âiäïîâiäåé íà ïîñòàâëåíi â ïåðøié ÷àñòèíi ïèòàííÿ i ò. ä. Ó÷íi íà ñòàäi¨

îñìèñëåííÿ â÷àòüñÿ ôîðìóëþâàòè âèñíîâêè, ðîáèòè âèñíîâêè, ïðàöþþ÷è iíäèâiäóàëüíî i â

ïàðàõ. Òðåòüîþ ñòàäiÿ - ñòàäi¨ ðåôëåêñi¨ õàðàêòåðíà òâîð÷à ïåðåðîáêà, àíàëiç, iíòåðïðåòàöiÿ i

îöiíêà âèâ÷åíî¨ iíôîðìàöi¨.
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Çàãàëüíi íåñêií÷åííî ìàëi äåôîðìàöi¨ ïîâåðõîíü ïðè äåÿêèõ îáìåæåííÿõ

Ò. Þ. Ïîäîóñîâà

(Îäåñüêà äåðæàâíà àêàäåìiÿ áóäiâíèöòâà òà àðõiòåêòóðè, Îäåñà, Óêðà¨íà)

E-mail address: tatyana_top@mail.ru

Í. Â. Âàøïàíîâà

(Îäåñüêà íàöiîíàëüíà àêàäåìiÿ õàð÷îâèõ òåõíîëîãié, Îäåñà, Óêðà¨íà)

Iñíóâàííÿ çàãàëüíî¨ íåñêií÷åííî ìàëî¨ (ç.í.ì.) äåôîðìàöi¨ ðåãóëÿðíèõ ïîâåðõîíü S
âèçíà÷à¹òüñÿ ðîçâ'ÿçêîì íàñòóïíî¨ ñèñòåìè ðiâíÿíü [1]:

T̃αi,α − biαT
α = 0, bαβT̃

αβ + Tα,α = 0,

à ÷àñòèííi ïîõiäíi âåêòîðà çìiùåííÿ ìàþòü âèãëÿä:

yi = ciα

(
T̃αβ + µcαβ

)
rβ + ciαT

αn,

äå µ(x1, x2)-äåÿêà ôóíêöiÿ êëàñó C2.
Ðîçãëÿäà¹òüñÿ ç.í.ì. äåôîðìàöiÿ S, ÿêà õàðàêòåðèçó¹òüñÿ íàñòóïíèìè âëàñòèâîñòÿìè:
1. ñôåðè÷íèé îáðàç S ñòàöiîíàðíèé, òîáòî, âàðiàöiÿ îäèíè÷íîãî âåêòîðà íîðìàëi n ïîâåðõíi

äîðiâíþ¹ íóëþ:δn = 0;
2. çáåðiãà¹òüñÿ (â ãîëîâíîìó) ñiòêà ëiíié ãåîäåçè÷íîãî ñêðóòó [2].
Çàäà÷à ïðî iñíóâàííÿ òàêîãî òèïó äåôîðìàöié S çâåäåíà äî ðîçâ'ÿçóâàííÿ ñèñòåìè äâîõ

äèôåðåíöiàëüíèõ ðiâíÿíü âiäíîñíî ôóíêöi¨ µ òà êîíòðàâàðiàíòíîãî âåêòîðà Tα:

µi +BkAkiµ+ CkAki = 0,

äå µi =
∂µ
∂xi
, (i = 1, 2), Aki, B

k- âiäîìi ôóíêöi¨ òî÷êè ïîâåðõíi S, à ôóíêöi¨ Ck âèðàæàþòüñÿ
÷åðåç Tα òà ¨õ ÷àñòèííi ïîõiäíi.

Äîâåäåíà íàñòóïíà
Òåîðåìà. Ìiíiìàëüíi ïîâåðõíi S êëàñó C4 i òiëüêè âîíè, äîïóñêàþòü íåòðèâiàëüíó ç.í.ì.

äåôîðìàöiþ çi ñòàöiîíàðíèìè ñôåðè÷íèì îáðàçîì i ëiíiÿìè ãåîäåçè÷íîãî ñêðóòó.

Â ÿêîñòi ïðèêëàäó ðîçãëÿäàþòüñÿ ç.í.ì. äåôîðìàöi¨ êàòåíî¨äà ïðè âêàçàíèõ îáìåæåííÿõ.

Ñïèñîê ëiòåðàòóðè

[1] Ë. Ë. Áåçêîðîâàéíà Ñòðóêòóðà ìíîæèíè ðîçâ'ÿçêiâ ñèñòåìè ðiâíÿíü äëÿ çàãàëüíî¨

íåñêií÷åííî ìàëî¨ äåôîðìàöi¨.,- Òåçè äîïîâiäåé ìiæíàðîäíî¨ êîíôåðåíöi¨ "Ãåîìåòðiÿ â
Îäåñi-2004".-Îäåñà(2004)-ñ.7-8.

[2] Ò. Þ. Âàøïàíîâà Ïðî iñíóâàííÿ äåôîðìàöié ïîâåðõîíü ç ñòàöiîíàðíîþ LGT-ñiòêîþ.,-
//Ìàòåðiàëè òðåòüî¨ ìiæíàðîäíî¨ íàóêîâî¨ êîíôåðåíöi¨ ìîëîäèõ â÷åíèõ i ñòóäåíòiâ ç
äèôåðåíöiàëüíèõ ðiâíÿíü òà ¨õ çàñòîñóâàíü, ïðèñâÿ÷åíà ß.Ëîïàòèíñüêîìó. -Ëüâiâ (3-6
ëèñòîïàäà), 2010, ñ.48-49.
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Òîïîëîãiÿ m-ïîëiâ ç òðüîìà ñiäëàìè íà 2-âèìiðíîìó äèñêó

Ïðèøëÿê Î.Î., Ïðóñ À.À.

(ÊÍÓ, Êè¨â, Óêðà¨íà)

E-mail address: prishlyak@yahoo.com, andrei.prus@mail.ru

Íåõàé Ì - ãëàäêèé(êëàñó C∞) êîìïàêòíèé n-âèìiðíèé ìíîãîâèä ç êðà¹ì, X � ãëàäêå
âåêòîðíå ïîëå, âñi îñîáëèâi òî÷êè ÿêîãî íå ëåæàòü íà êðàþ.

Íåõàé â îêîëi òî÷êè êðàþ x0 = (x10, ..., x
n−1
0 , 0) çàäàíà êàðòà ç êîîðäèíàòàìè (x1, x2, ..., xn),

xn ≥ 0.
Ïîëå X = (X1, X2, ..., Xn) òðàíñâåðñàëüíå äî êðàþ ó òî÷öi x0, ÿêùî X

n(x0) 6= 0 i äîòè÷íå,
ÿêùî Xn(x0) = 0. Ïîçíà÷èìî N ⊂ ∂M ïiäìíîæèíó òî÷îê, ó ÿêèõ ïîëå äîòèêà¹òüñÿ êðàþ.

Ïiäìíîãîâèä N íàçâåìî íåâèðîäæåíèì, ÿêùî âñi éîãî òî÷êè íåâèðîäæåíi. Ïîçíà÷èìî òi
êîìïîíåíòè N , ó ÿêèõ ∂Xn

∂x1 (x0) > 0, ÷åðåç N+
i , à â ÿêèõ

∂Xn

∂x1 (x0) < 0, ÷åðåç N−i .
Îá'¹äíàííÿ âñiõ òî÷îê, ùî ïðîõîäÿòü ÷åðåç N+

i ïðè ðóñi ïî òðà¹êòîðiÿõ ó ïîçèòèâíîìó
íàïðÿìêó áóäåìî íàçèâàòè ñòiéêèì ìíîãîâèäîì äëÿ N+

i , à ÿêi ïðîõîäÿòü N
+
i ó íåãàòèâíîìó

� íåñòiéêèì ìíîãîâèäîì äëÿ N+
i .

Âåêòîðíå ïîëå Õ íàçèâà¹òüñÿ m-ïîëåì, ÿêùî âèêîíàíi òàêi óìîâè:
1) ïîëå ìà¹ ñêií÷åíå ÷èñëî êðèòè÷íèõ åëåìåíòiâ (îñîáëèâèõ òî÷îê i çàìêíóòèõ îðáiò) i óñi

âîíè íåâèðîäæåíi (ãiïåðáîëi÷íi) i íå ìàþòü iç êðà¹ì ñïiëüíèõ òî÷îê;
2) α- i ω-ãðàíè÷íi ìíîæèíè êîæíî¨ òðà¹êòîði¨, ÿêùî âîíè âèçíà÷åíi, ëåæàòü â îá'¹äíàííi

êðèòè÷íèõ åëåìåíòiâ;
3)ïîëå òðàíñâåðñàëüíî ïåðåòèíà¹ êðàé ó âñiõ òî÷êàõ, çà âèíÿòêîì òî÷îê ïiäìíîãîâèäiâ

Ni ⊂ ∂M ðîçìiðíîñòi n-2, ùî ¹ íåâèðîäæåíèìè;
4)ñòiéêi i íåñòiéêi ìíîãîâèäè êðèòè÷íèõ åëåìåíòiâ i ïiäìíîãîâèäiâ N+

i ïåðåòèíàþòüñÿ
òðàíñâåðñàëüíî.

Åëåìåíòàðíèì êâàäðàòîì íàçèâà¹òüñÿ êâàäðàò, ñòîðîíè ÿêîãî îði¹íòîâàíi òàê, ùî äâi ç
âåðøèí ¹ äæåðåëàìè, à äâà iíøi ñòîêè.

Áóäåìî ðîçãëÿäàòè òàêi m-ïîëÿ, ó ÿêèõ N+
i = ∅. Òîäi êîæíîìó òàêîìó ïîëþ ìîæåìî

ïîñòàâèòè ó âiäïîâiäíiñòü äiàãðàìó, ùî îòðèìàíà ç åëåìåíòàðíèõ êâàäðàòiâ, ñêëå¹íèõ çà
ãîìåîìîðôiçìàìè ñâî¨õ ñòîðií. Â ðîáîòi [1] çíàéäåíi äiàãðàìè ç îäíèì òà äâîìà êâàäðàòàìè òà
äîâåäåíî, ùî m-ïîëÿ áóäóòü òîïîëîãi÷íî åêâiâàëåíòíèìè òîäi i òiëüêè òîäi, êîëè ¨õ êâàäðàòíi
äiàãðàìè içîìîðôíi.

Íàìè äîâåäåíî, ùî ÿêùî ñêëåéêà êâàäðàòiâ äà¹ äâîâèìiðíèé äèñê, òî âîíà çàäà¹ m-ïîëå
íà íüîìó.

Ðîçãëÿíåìî âåêòîðíi m-ïîëÿ, ó ÿêèõ 3 ñiäëîâi òî÷êè (òðè åëåìåíòàðíèõ êâàäðàòè).
Ñêàæåìî, ùî m-ïîëå ìà¹ òèï (a, b, c), ÿêùî ó íüîãî a âèòîêiâ, b ñiäåë òà c ñòîêiâ. Íàìè
áóëî çíàéäåíî âñi m-ïîëÿ ç òðüîìà ñiäëàìè. Âèÿâèëîñÿ, ùî ¹ 3 ïîëÿ òèïó (0,3,0), 6 ïîëiâ òèïó
(1,3,0), 8 ïîëiâ òèïó (2,3,0), 6 ïîëiâ òèïó (0,3,1), 8 ïîëiâ òèïó (0,3,2), 14 ïîëiâ òèïó (1,3,1), 5
ïîëiâ òèïó (1,3,2), 5 ïîëiâ òèïó (2,3,1).

Ñïèñîê ëiòåðàòóðè

[1] À. Î. Ïðèøëÿê. Òîïîëîãè÷åñêàÿ êëàññèôèêà-öèÿ m-ïîëåé íà äâóõ- è òðåõ-ìåðíûõ

ìíîãîîáðàçèÿõ ñ êðàåì., - Óêð.ìàò. æóðí., (2003) ò.55, No.6, Ñ.799-805.

[2] Ì. Â. Ëîñåâà, À. Î. Ïðèøëÿê. Î ñòðóêòóðíî óñòîé÷èâûõ îáûêíîâåííûõ äèôôåðåí-

öèàëüíûõ óðàâíåíèÿõ íà ïîâåðõíîñòÿõ ñ êðàåì., - Æóðíàë îá÷èñë. òà ïðèêëàä.
ìàòåìàòèêè., (2003) No.1(87),C.45-48
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m-ïîëÿ íà îäíîçâ'ÿçíié îáëàñòi áåç âíóòðiøíiõ ñiäëîâèõ òî÷îê

Ïðèøëÿê Î. Î., Õîìiöüêèé Î. À.

(ÊÍÓ, Êè¨â, Óêðà¨íà)

E-mail address: prishlyak@yahoo.com, ostapkhomitskyi@mail.ru

Íåõàé M - ãëàäêèé (êëàñó C∞) êîìïàêòíèé n-âèìiðíèé ìíîãîâèä ç êðà¹ì, X - ãëàäêå
âåêòîðíå ïîëå, âñi îñîáëèâi òî÷êè ÿêîãî íå ëåæàòü íà êðàþ.

Íåõàé â îêîëi òî÷êè x0 = (x10, . . . , x
n−1
0 , 0) êðàþ çàäàíà êàðòà ç êîîðäèíàòàìè

(x1, x2, . . . , xn), xn ≥ 0.
Ïîëå X = (X1, X2, . . . , Xn) òðàíñâåðñàëüíå äî êðàþ â òî÷öi x0, ÿêùî X

n(x0) 6= 0 i äîòè÷íå,
ÿêùî Xn(x0) = 0 . Ïîçíà÷èìî N ⊂ ∂M ïiäìíîæèíó òî÷îê, ó ÿêèõ ïîëå äîòèêà¹òüñÿ êðàþ.

Òî÷êó x0 ∈ N áóäåìî íàçèâàòè íåâèðîäæåíîþ, ÿêùî â ñèñòåìi êîîðäèíàò (x1, x2, . . . , xn),
ÿêà âèáðàíà, ÿê îïèñàíî âèùå, âèêîíóþòüñÿ òàêi íåðiâíîñòi:

X1(x0) 6= 0 i
∂Xn

∂x1
(x0) 6= 0

Ïiäìíîãîâèä N íàçâåìî íåâèðîäæåíèì, ÿêùî âñi éîãî òî÷êè íåâèðîäæåíi.
Ïîçíà÷èìî êîìïîíåíòè N , ó ÿêèõ ∂Xn

∂x1 (x0) > 0, ÷åðåç N+
i , à â ÿêèõ

∂Xn

∂x1 (x0) < 0, ÷åðåç N−i .
Áóäåìî ðîçãëÿäàòè âåêòîðíi ïîëÿ X, ÿêi ìàþòü òàêi âëàñòèâîñòi:

• ïîëå íå ìà¹ ñiäëîâèõ òî÷îê i çàìêíóòèõ îðáiò.

• α− i ω−ãðàíè÷íi ìíîæèíè êîæíî¨ òðà¹êòîði¨, ÿêùî âîíè âèçíà÷åíi, ëåæàòü â îá'¹äíàííi
ñòîêiâ òà âèòîêiâ;

• ïîëå òðàíñâåðñàëüíî ïåðåòèíà¹ êðàé ó âñiõ òî÷êàõ, çà âèíÿòêîì òî÷îê ïiäìíîãîâèäiâ
Ni ⊂ ∂M ðîçìiðíîñòi n-2, ùî ¹ íåâèðîäæåíèìè;

• òðàåêòîði¨, ùî ïðîõîäÿòü ÷åðåç N+
i , ïåðåòèíàþòüñÿ òðàíñâåðñàëüíî.

Íàçâåìî åëåìåíòàðíèì òðèêóòíèêîì òðèêóòíèê, ñòîðîíè ÿêîãî îði¹íîâàíi òàê, ùî îäíà
ç âåðøèí ¹ äæåðåëîì, à îäíà - ñòîêîì. Öå ðiâíîñèëüíå òîìó, ùî ñòîðîíè íå óòâîðþþòü
îði¹íòîâàíîãî öèêëó. Âåðøèíó, ùî, íå ¹ äæåðåëîì ÷è ñòîêîì, áóäåìî íàçèâàòè ñiäëîâîþ.

Çà êîæíèì âåêòîðíèì ïîëåì áóäó¹ìî äiàãðàìó, ùî ñêëàäà¹òüñÿ ç åëåìåíòàðíèõ
òðèêóòíèêiâ, ñêëå¹íèõ çà ãîìåîìîðôiçìàìè ñòîðií ç óðàõóâàííÿì îði¹íòàöié. Íàìè çíàéäåíî,
ùî ÿêùî N+

i ñêëàäà¹òüñÿ ç òðüîõ òî÷îê, òî iñíó¹ 16 âàðiàíòiâ âåêòîðíèõ ïîëiâ áåç ñòîêiâ i
âèòîêiâ, 44 âàðiàíòè ç îäíèì ñòîêîì àáî âèòîêîì, 4 âàðiàíòè ç îäíèì ñòîêîì i îäíèì âèòîêîì,
2 âàðiàíòè ç äâîìà ñòîêàìè àáî âèòîêàìè.

Ñïèñîê ëiòåðàòóðè

[1] À. Î. Ïðèøëÿê Òîïîëîãè÷åñêàÿ êëàññèôèêàöèÿ m-ïîëåé íà äâóõ- è òðåõ-ìåðíûõ

ìíîãîîáðàçèÿõ ñ êðàåì., - Óêð. ìàò. æóðíàë, (2008), ò.55, �6, Ñ.799-805.

[2] Ì. Â. Ëîñåâà, À. Î. Ïðèøëÿê. Î ñòðóêòóðíî óñòîé÷èâûõ îáûêíîâåííûõ

äèôôåðåíöèàëüíûõ óðàâíåíèÿõ íà ïîâåðõíîñòÿõ ñ êðàåì, - Æóðíàë îá÷èñëþâàëüíîé
è ïðèêëàäíîé ìàòåìàòèêè., (2003), � 1(87), Ñ.45-48.
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Ãèïåðáîëi÷íi âåêòîðíi ïîëÿ ç ìiíiìàëüíèì ÷èñëîì îñîáëèâèõ òî÷îê íà ìåæi

ïîâåðõíi

Í. Ì. Ðèñü

(Êè¨âñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Òàðàñà Øåâ÷åíêà, Êè¨â, Óêðà¨íà)
E-mail address: pantera.mail@mail.ru

Ðîçãëÿäàþòüñÿ âåêòîðíi ïîëÿ íà ïîâåðõíi ç ìåæåþ, ÿêi äîòèêàþòüñÿ äî ìåæi íå ìàþòü
âíóòðiøíiõ îñîáëèâèõ òî÷îê òà çàìêíåíèõ òðà¹êòîðié, à îñîáëèâi òî÷êè, ùî ëåæàòü íà ìåæi,
¹ ãiïåðáîëi÷íèìè. Îñòàííÿ óìîâà îçíà÷à¹, ùî òî÷êè áóâàþòü 4 òèïiâ: 1) âèòîêè, 2) ñòîêè, 3)
a-ñiäëà, ó ÿêi âõîäÿòü äâi òðà¹êòîði¨ ïî ìåæi ïîâåðõíi, à îäíà òðà¹êòîðiÿ âèõîäèòü âñåðåäèíó
ïîâåðõíi, 4) b-ñiäëà � äâi òðà¹êòîði¨ âèõîäÿòü ïî ìåæi ïîâåðõíi, à îäíî âõîäèòü ïî âíóòðiøíîñòi
ïîâåðõíi.

Ñåðåä âñiõ òàêèõ ïîëiâ áóäåìî ðîçãëÿäàòè ïîëÿ ç ìiíiìàëüíèì ÷èñëîì îñîáëèâèõ òî÷îê.
Íà ïîâåðõíÿõ ç îäíi¹þ êîìïîíåíòîþ ìåæi òàêi ïîëÿ áóäóòü ìàòè îäèí âèòiê òà îäèí ñòiê. Íà
îði¹íòîâíié ïîâåðõíi ðîäó g âîíè ìàþòü 2g a-ñiäåë òà 2g b-ñiäåë. Íà íåîði¹íòîâíié ïîâåðõíi
ðîäó g âîíè ìàþòü g a-ñiäåë òà g b-ñiäåë. Îòæå, ó òàêèõ ïîëiâ íà òîði ç äiðêîþ áóäå 6 îñîáëèâèõ
òî÷îê, íà ëèñòi Ìüîáióñà � 4 îñîáëèâèõ òî÷êè, íà ïëÿøöi Êëåéíà ç äiðêîþ � 6 îñîáëèâèõ òî÷îê.

Íàìè áóëî âñòàíîâëåíî, ùî ç òî÷íiñòþ äî òîïîëîãi÷íî¨ åêâiâàëåíòíîñòi íà òîði ç äiðêîþ
iñíó¹ äâà òàêèõ ïîëÿ, íà ëèñòi Ìüîáióñà � ¹äèíà ïîëå, íà ïëÿøöi Êëåéíà ç äiðêîþ � òðè ïîëÿ.

Àâòîð âèñëîâëþ¹ ùèðó ïîäÿêó íàóêîâîìó êåðiâíèêó Ïðèøëÿêó Îëåêñàíäðó Îëåãîâè÷ó, ïðîôåñîðó

êàôåäðè ãåîìåòði¨ ìåõàíiêî-ìàòåìàòè÷íîãî ôàêóëüòåòó Êè¨âñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó

iìåíi Òàðàñà Øåâ÷åíêà, çà ïîñòàíîâêó çàäà÷i òà öiííi ïîðàäè.

Ñïèñîê ëiòåðàòóðè

[1] À.Î.Ïðèøëÿê. Òîïîëîãè÷åñêàÿ êëàññèôèêàöèÿ m-ïîëåé íà äâóõ- è òðåõ-ìåðíûõ
ìíîãîîáðàçèÿõ ñ êðàåì // Óêð.ìàò. æóðí., ò.55, No.6, 2003.- ñ.799-805.

[2] D.P.Lychak, A.O.Prishlyak. Morse functions and �ows on nonorientable surfaces// Methods of
funct.an. and topology, V.15, N.3, 2009. P.251-258.
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Ôóíêöi¨ íà äîïîâíåííi äî òðèâèìiðíîãî äèñêà â ïîâíîìó òîði.

Ê. Î. Ñåðäå÷íþê

(ÊÍÓ, Êè¨â, Óêðà¨íà)

E-mail address: katelyogkaya@gmail.com

Ðîçãëÿíåìî òðèâèìiðíå òiëî B×S1 \D3. Öå ïîâíèé òîð ç äâîìà ïîâíèìè òîðàìè âñåðåäèíi
íüîãî òà âèêèíóòèì òðèâèìiðíèì äèñêîì. Äàíå òiëî ìîæíà óòâîðèòè îáåðòàííÿì äâîâèìiðíîãî
äèñêà ç äâîìà äiðêàìè íàâêîëî îñi Oz

Íà äîñëiäæóâàíîìó òiëi çàäàíà ôóíêöiÿ áåç âíóòðiøíiõ êðèòè÷íèõ òî÷îê. Öÿ ôóíêöiÿ áóäå
íàçèâàòèñÿ m-ôóíêöi¹þ. Ïðè öüîìó íà ìåæi âèðiçàíîãî òðèâèìiðíîãî äèñêà áóäóòü êðèòè÷íi
òî÷êè. Îáìåæåííÿ ôóíêöi¨ íà ìåæó � ôóíêöiÿ Ìîðñà.

Ôóíêöiÿ íà B×S1 \D3 ìà¹ ÷îòèðè êîìïîíåíòè êðàþ: òðè êîìïîíåíòè êðàþ � òîðè, à ÷åò-
âåðòà � ñôåðà (ìåæà âèðiçàíîãî äèñêà). Íà ïåðøèõ òðüîõ êîìïîíåíòàõ êðàþ ôóíêöiÿ ïîñòiéíà,
à íà ãðàíèöi D3 � òàêîæ ôóíêöiÿ Ìîðñà.

Ìè äà¹ìî ãðóáó òîïîëîãi÷íó êëàñèôiêàöiþ ôóíêöié áåç âíóòðiøíiõ êðèòè÷íèõ òî÷îê íà
ïîâíîìó òîði ç äâîìà ïîâíèìè òîðàìè âñåðåäèíi òà ç âèêèíóòèì îêîëîì âíóòðiøíüî¨ òî÷êè,
ùî ìà¹ ãðàíè÷íi òî÷êè íà ãðàíèöi âèðiçàíîãî òðèâèìiðíîãî äèñêà.

Ïîâíèé iíâàðiàíò ôóíêöi¨ íà äàíîìó òiëi áóäå ñêëàäàòèñü iç:

1. Ãðàôà Ðiáà;

2. Ñëiâ ó êîæíié iç ñiäëîâèõ âåðøèí;

3. Ãðóï ðåáåð;

4. Ðîäiâ êîæíî¨ ç ãðóï ðåáåð.

Ïðè ïîáóäîâi ãðàôà Ðiáà òðèâèìiðíîãî òiëà, ñëiä çàóâàæèòè, ùî âèéäå äâà ãðàôè: ïåðøèé
� äëÿ B × S1 , à äðóãèé � äëÿ ñôåðè. Îäèí áóäå âiäîáðàæàòèñü ó iíøèé.

Ãðàô Ðiáà äëÿ ñôåðè, âçàãàëi êàæó÷è, ìîæå áóòè áóäü-ÿêèì äåðåâîì. Âií âiäîáðàæà¹òüñÿ
íà äðóãèé ãðàô Ðiáà. Ïðè öüîìó, ïðîîáðàç ñôåðè ìîæå âiäîáðàæàòèñü ó ðiçíi ìiñöÿ íà ãðàôi
äëÿ B × S1.

Ïîçíà÷èìî ðåáðà ïåðøîãî ãðàôà áóêâàìè a, b, c ðóõàþ÷èñü çâåðõó âíèç i ç ïðàâà íàëiâî.
Ñiäëîâà âåðøèíà áóäå îäíà. Ïðîîáðàç ñôåðè ïîçíà÷èìî ÷åðåç d.

Îòæå, ïðåäñòàâèìî ãðàô ó âèãëÿäi ïîñëiäîâíîñòi íàáîðiâ ðåáåð, òàê, ùî êîæåí íàáið âiä-
ïîâiäà¹ ðåãóëÿðíîìó ðiâíþ ôóíêöi¨:

1. 1){a}; 2){a, d}; 3){a}; 4){b}, {c};

2. 1){a}; 2){a, d}; 3){b, d}, {c, d}; 4){b}, {c};

3. 1){a}; 2){a, d}; 3){b}, {c, d}; 4){b}, {c};

4. 1){a}; 2){b}, {c}; 3){b}, {c, d}; 4){b}, {c}.

Ñïèñîê ëiòåðàòóðè

[1] À. Î. Ïðèøëÿê Òîïîëîãè÷åñêèå ñâîéñòâà ôóíêöèé íà äâóõ- è òðåõìåðíûõ ìíîãîîáðàçèÿõ.,-
Palmarium Academic Publishing, (2012), Ñ. 33-53.

[2] À. Â. Áîëñèíîâ, À. Ò. Ôîìåíêî Èíòåãðèðóåìûå ãàìèëüòîíîâûå ñèñòåìû. Ãåîìåòðèÿ, òî-

ïîëîãèÿ, êëàññèôèêàöèÿ. Òîì.1.,- Èæåâñê: Èçä. Äîì "Óäìóðñêèé Óíèâåðñèòåò (1999), Ñ.
444.
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Ì-äiàãðàìè Õåãîðà äëÿ ìíîãîâèäiâ ç ìåæåþ

Ä. Ì. Ñêî÷êî, Â. Â. Ìîðîç

(ÊÍÓ iì. Ò.Ã.Øåâ÷åíêà, Êè¨â, Óêðà¨íà)

E-mail address: geroyasf@gmail.com

E-mail address: vikamoroz1993@gmail.com

Â [1] òà [2] Ïðèøëÿê Î.Î. ââiâ ïîíÿòòÿ m−äiàãðàì Õåãîðà äëÿ êëàñó m−ôóíêöié íà
òðèâèìiðíèõ ìíîãîâèäàõ.

Íåõàé â ïðîñòið R3 âêëàäåíî ìíîãîâèä T , òàêèé, ùî T = M
⋃
N - îá'¹äíàííÿ ðó÷îê,

iíäåêñè ÿêèõ äîðiâíþþòü 1, 0, (0, -1), (0, +1), (1, -1), F = ∂M = ∂N - ñïiëüíà ïîâåðõíÿ ç
ìåæåþ ìíîãîâèäiâ M òà N . Íàáið u = {u1, u2, ..., un, um1 , um2 , ..., ums } íåïåðåòèííèõ, ïðàâèëüíî
âêëàäåíèõ êðèâèõ íà ïîâåðõíi F òàêèõ, ùî áóäü-ÿêå ui ¹ êîñåðåäíüîþ ñôåðîþ ðó÷êè iíäåêñó 1,
à umj - ïåðåòèí êîñåðåäíüî¨ ñôåðè ðó÷êè iíäåêñó (1, 1) ç F íàçèâà¹òüñÿ óçàãàëüíåíîþ ñèñòåìîþ
ìåðèäiàíiâ êðåíäåëÿ M . Íàáið v = {v1, v2, ..., vn, vm1 , vm2 , ..., vms }, ÿèé ñêëàäà¹òüñÿ çi ñôåð
ðó÷îê iíäêñó 2 i ïåðåòèíó ñåðåäíiõ ñôåð ðó÷îê iíäåêñó (1, +1) ç F , íàçèâà¹òüñÿ óçàãàëüíåíîþ
ñèñòåìîþ ìåðèäiàíiâ êðåíäåëÿ N. Òðiéêà (F, u, v) íàçèâà¹òüñÿ m-äiàãðàìîþ Õåãîðà ìíîãîâèäà
T , à ïîâåðõíÿ F - ïîâåðõíåþ Õåãîðà.

Íåõàé M òà N - êîìïàêòíi ïîâåðõíi ç ìåæåþ, ùî âêëàäåíi â R3 i çàäàíî ãîìåîìîðôiçì
h : M → N, çà ÿêèì öi ïîâåðõíi ñêëåþþòüñÿ. Ïîáóäó¹ìî íà êîæíîìó ç ìíîãîâèäiâ M òà N
ìåðèäiàíè òàêèì ÷èíîì, ùîá êiíöi êîæíîãî ç íèõ íàëåæàëè ðiçíèì êîìïîíåíòàì ìåæi i ÿêùî
âçäîæ íèõ ðîçðiçàòè ïîâåðõíþ, îòðèìà¹ìî ïîâåðõíþ ç îäíi¹þ êîìïîíåíòîþ ìåæi.

Îòîòîæíèìî ìíîãîâèäè M òà N ç äåÿêèìè ãðàôàìè GM òà GN òàêèì ÷èíîì: êîìïîíåíòè
ìåæi ïðåäñòàâèìî ÿê òî÷êè, à ìåðèäiàíè ÿê ðåáðà. Ãðàôè GM òà GN - äåðåâà, ðåáðà ÿêèõ
ïiñëÿ ñêëåþâàííÿ íå ïåðåòèíàþòüñÿ. M òà N ìàþòü îäíàêîâó êiëüêiñòü êîìïîíåíò ìåæi, à
ñàìå âiä îäíi¹¨ äî ï'ÿòè.

Äëÿ âèïàäêiâ, êîëè M òà N ìàþòü ïî îäíié êîìïîíåíòi ìåæi iñíó¹ 1 âàðiàíò ñêëåéêè, äëÿ
2: 1, äëÿ 3: 2, äëÿ 4: 12. Ðîçãëÿäàþ÷è âèïàäîê ç ï'ÿòüìà êîìïîíåíòàìè ìåæi, îòðèìà¹ìî
ãðàôè íà ï'ÿòè âåðøèíàõ, ÿêèõ ìîæíà ïîáóäóâàòè ëèøå òðè (íåiçîìîðôíi äåðåâà): ç 2, 3, òà 4
ëèñòêàìè, òîìó iñíó¹ âñüîãî øiñòü òèïiâ ñêëåéîê: òðè äëÿ âèïàäêó êîëè GM içîìîðôíèé GN

i òðè êîëè GM òà GN íå ¹ içîìîðôíèìè.
Â ïðîöåñi ðîáîòè ñòâîðåíî àëãîðèòì çíàõîäæåííÿ òàêèõ ñêëåéîê, ÿêèé áóëî ðåàëiçîâàíî

íà ìîâi ïðîãðàìóâàííÿ java script. Â ðåçóëüòàòi îáðàõóíêiâ îòðèìàíî 93 âàðiàíòè ñêëåéîê
ãðàôiâ íà ï'ÿòè âåðøèíàõ: 2-ëèñòêîâèé + 2-ëèñòêîâèé: 23; 3-ëèñòêîâèé + 3-ëèñòêîâèé: 24;
4-ëèñòêîâèé + 4-ëèñòêîâèé: 2; 2-ëèñòêîâèé + 3-ëèñòêîâèé: 30; 3-ëèñòêîâèé + 4-ëèñòêîâèé: 10;
4-ëèñòêîâèé + 2-ëèñòêîâèé: 4; ÿêèì âiäïîâiäà¹ 93 ñêëåéêè êîìïàêòíèõ ìíîãîâèäiâ ç ï'ÿòüìà
êîìïîíåíòàìè ìåæi.

Ä. Ì. Ñêî÷êî òà Â. Â. Ìîðîç âèñëîâëþþòü ïîäÿêó íàóêîâîìó êåðiâíèêó Ïðèøëÿêó Î.Î.
çà ïîñòàíîâêó çàäà÷i òà íàäàííÿ öiííèõ ðåêîìåíäàöié äëÿ ¨¨ âèðiøåííÿ.

Ñïèñîê ëiòåðàòóðè

[1] O. O. Ïðèøëÿê Òîïîëîãè÷åñêèå ñâîéñòâà ôóíêöèé íà äâóõ- è òðåõìåðíûõ ìíîãîîáðàçèÿõ.
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Ïðî íîðìàëüíi íåñêií÷åííî ìàëi êîíôîðìíi äåôîðìàöi¨ ïîâåðõîíü
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Ïðîäîâæåíî äîñëiäæåííÿ íåñêií÷åííî ìàëèõ êîíôîðìíèõ äåôîðìàöié ïîâåðõîíü ([1], [2],
[3]) çà äåÿêèõ îáìåæåíü íà òèï äåôîðìàöi¨.

Îñíîâíi ðiâíÿííÿ íåñêií÷åííî ìàëèõ êîíôîðìíèõ äåôîðìàöié ïîâåðõîíü ÷åðåç êîìïîíåíòè

âåêòîðà çìiùåííÿ U(x1, x2) = uir
i+

0
u n ìàþòü âèãëÿä

∇jui +∇iuj − 2
0
u bij = 2ϕgij ,

äå gij , bij-êîåôiöi¹íòè ïåðøî¨ òà äðóãî¨ êâàäðàòè÷íèõ ôîðìè âiäïîâiäíî, ϕ(x1, x2)- ôóíêöiÿ
êîíôîðìíîñòi.

Äåôîðìàöi¨, äëÿ ÿêèõ ui = 0,
0
u6= 0 íàçèâàòèìåìî íîðìàëüíèìè. Âèâ÷à¹ìî íåñêií÷åííî

ìàëi êîíôîðìíi äåôîðìàöi¨ ïîâåðõîíü ϕ(x1, x2) 6= const, ùî ¹ íîðìàëüíèìè.

Òåîðåìà 1. Íîðìàëüíi íåñêií÷åííî ìàëi êîíôîðìíi äåôîðìàöi¨ äîïóñêàþòü ïîâåðõíi, äëÿ

ÿêèõ bij = Hgij , (H = const 6= 0) i ëèøå âîíè. Ïðè öüîìó âåêòîð çìiùåííÿ ìà¹ âèãëÿä

U = −
ϕ

H
n.

Äëÿ íîðìàëüíèõ íåñêií÷åííî ìàëèõ êîíôîðìíèõ äåôîðìàöié ðîçãëÿíóòî çàäà÷i íà
çáåðåæåííÿ ïîâíî¨ òà ñåðåäíüî¨ êðèâèí ïîâåðõíi.
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Ñèñòåìíiñòü ïðîöåñó ôîðìóâàííÿ ìåòîäè÷íî¨ êîìïåòåíòíîñòi çàáåçïå÷ó¹òüñÿ çîêðåìà,
éîãî ñïðÿìîâàíiñòþ íà îïàíóâàííÿ ñòóäåíòîì ñèñòåìè ìåòîäè÷íèõ êîìïåòåíöié ÿê ñóñïiëüíî
çàäàíèõ âèìîã äî îáñÿãó é ðiâíÿ çàñâî¹ííÿ ñóêóïíîñòi ìåòîäè÷íèõ çíàíü, íàâè÷îê, óìiíü,
öiííiñíèõ îði¹íòàöié òà äîñâiäó âèêîíàííÿ ìîëîäèì ôàõiâöåì ðiçíèõ âèäiâ ìåòîäè÷íî¨
äiÿëüíîñòi. Ñó÷àñíèé ñòàí ïiäãîòîâêè ìàéáóòíiõ â÷èòåëiâ ó ïåäàãîãi÷íèõ ÂÍÇ, ïiäõîäè äî
¨¨ óäîñêîíàëåííÿ âèñâiòëþþòüñÿ ó ïðàöÿõ I. Àêóëåíêî, Í. Áiáiê, Í. Ãëóçìàí, Ñ. Iâàøíüîâî¨,
Î. Iãíà, Í. Êi÷óê, Ç. Êóðëÿíä, À Êóçüìèíñüêîãî, Î. Ëåáåä¹âî¨, À. Ìîðìóëü, Ë. Ï¹òóõîâî¨, Î.
Ñêàôè, Ñ. Ñêâîðöîâî¨, Í. Òàðàñåíêîâî¨, À. Õóòîðñüêîãî òà ií. Íàóêîâöi ïî-ðiçíîìó òðàêòóþòü
ìåòîäè÷íó êîìïåòåíòíiñòü ìàéáóòíüîãî â÷èòåëÿ, àëå îäíîñòàéíî¨ äóìêè ùîäî âèçíà÷åííÿ
ïîíÿòòÿ ó ãàëóçi íàâ÷àííÿ ìàòåìàòèêè íà ðiâíi ñòàíäàðòó äîñi íåìà¹.

Ó ðîáîòi [2] ¹ ñïðîáà îêðåñëèòè çìiñò ïîíÿòòÿ ¾ìåòîäè÷íà êîìïåòåíòíiñòü¿ ÿê ñèñòåìó
íàóêîâèõ, ïñèõîëîãi÷íèõ, ïåäàãîãi÷íèõ i ïðåäìåòíèõ çíàíü òà ïðîôåñiéíî-ìåòîäè÷íèõ óìiíü,
ÿêi áàçóþòüñÿ íà çíàííÿõ äèäàêòè÷íèõ ìåòîäiâ, ïðèíöèïiâ i ïðèéîìiâ òà ñïðèÿþòü
ôîðìóâàííþ âñiõ êîìïîíåíòiâ ïðîôåñiéíî¨ êîìïåòåíòíîñòi. Òàêå âèçíà÷åííÿ, ââàæà¹ À.
Ì. Ìîðìóëü, ìîæå áóòè âèêîðèñòàíèì ó ïîäàëüøîìó äîñëiäæåííi ïðîôåñiéíî¨ ïiäãîòîâêè
ìàéáóòíüîãî â÷èòåëÿ ãóìàíiòàðíîãî ïðîôiëþ. Â àâòîðåôåðàòi À. Ì. Âîëîùóê òëóìà÷èòü
ìåòîäè÷íó êîìïåòåíòíîñòü ó÷èòåëiâ ãóìàíiòàðíîãî ïðîôiëþ ÿê çäàòíiñòü åôåêòèâíî áóäóâàòè
íàâ÷àëüíî-âèõîâíèé ïðîöåñ íà ãóìàíiñòè÷íèõ çàñàäàõ, ùî  ðóíòó¹òüñÿ íà ñèñòåìi ñïåöiàëüíî-
íàóêîâèõ, ïñèõîëîãî-ïåäàãîãi÷íèõ, ìåòîäè÷íèõ çíàíü, ïðîôåñiéíî-ìåòîäè÷íèõ óìiíü i íàâè÷îê,
iíäèâiäóàëüíî-ïñèõîëîãi÷íèõ õàðàêòåðèñòèê i äîñâiäi ¨õ âèêîðèñòàííÿ â ïðîöåñi ïðîôåñiéíî¨
äiÿëüíîñòi [1].

Êåðóþ÷èñü çàãàëüíîþ ìåòîþ ïiäãîòîâêè â÷èòåëÿ ó âèùîìó ïåäàãîãi÷íîìó íàâ÷àëüíîìó
çàêëàäi ââàæà¹ìî, ùî òåðìií ¾ïiäãîòîâêà ìàéáóòíüîãî â÷èòåëÿ¿ äîöiëüíî âèêîðèñòîâóâàòè
ó äâîõ àñïåêòàõ: ÿê ïðîöåñ íàáóòòÿ ìàéáóòíiì â÷èòåëåì ïðîôåñiéíî¨ êîìïåòåíòíîñòi i ÿê
ðåçóëüòàò ïðîöåñó ïiäãîòîâêè, ùî âiäïîâiäà¹ áàæàíîìó ðiâíþ ñôîðìîâàíîñòi ïðîôåñiéíî¨
êîìïåòåíòíîñòi. Òàêèì ÷èíîì, ïiä ìåòîäè÷íîþ êîìïåòåíòíîñòüþ ìàéáóòíüîãî â÷èòåëÿ
ìàòåìàòèêè ìè ðîçóìi¹ìî áàçó ñôîðìîâàíèõ ìåòîäè÷íèõ, ïåäàãîãi÷íèõ, ñïåöiàëüíî-íàóêîâèõ,
äèäàêòè÷íèõ çíàíü i íàêîïè÷åíèõ óìiíü òà äîñâiäó ó âèêîðèñòàííi ¨õ â ïðîôåñiéíié äiÿëüíîñòi.
Äàíå âèçíà÷åííÿ ìîæå âèêîðèñòîâóâàòèñÿ äëÿ ïiäãîòîâêè ìàéáóòíiõ ó÷èòåëiâ ìàòåìàòèêè
ñóñïiëüíî-ãóìàíiòàðíîãî ïðîôiëþ íàâ÷àííÿ.
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Íà ñó÷àñíîìó åòàïi ìiæíàðîäíèé äîñâiä ñâiä÷èòü ïðî çðîñòàííÿ ðîëi ôóíäàìåíòàëüíî¨
ïiäãîòîâêè ñòóäåíòiâ òåõíi÷íèõ óíiâåðñèòåòiâ, çîêðåìà ìàòåìàòè÷íî¨. � î÷åâèäíèì, ùî ñàìå
ìàòåìàòèêà ôîðìó¹ ëîãiêó -� óíiâåðñàëüíèé åëåìåíò ìèñëåííÿ. Óìiííÿ ïðàâèëüíî çäiéñíèòè
àíàëiç ñèòóàöié òà çðîáèòè âèñíîâêè øëÿõîì ëîãi÷íèõ ðîçäóìiâ; óìiííÿ âiäðiçíÿòè âiäîìå âiä
íåâiäîìîãî, äîâåäåíå âiä íåäîâåäåíîãî; óìiííÿ êëàñèôiêóâàòè, óçàãàëüíþâàòè, âèñëîâëþâàòè
ãiïîòåçè, ñïðîñòîâóâàòè ¨õ àáî ïiäòâåðäæóâàòè ñèñòåìîþ ëîãi÷íèõ ìiðêóâàíü, êîðèñòóâàòèñÿ
àíàëîãiÿìè � òàêà ðîçóìîâà äiÿëüíiñòü õàðàêòåðèçó¹ âèñîêîêâàëiôiêîâàíîãî ñïåöiàëiñòà ç
iíôîðìàöiéíèõ òåõíîëîãié. Âñå íàçâàíå äà¹ åôåêò ðîçâèòêó àíàëiòè÷íîãî ìèñëåííÿ òà
îñîáèñòîñòi â öiëîìó. Îòæå, çàäà÷à âèùî¨ øêîëè � çäiéñíèòè íåîáõiäíi çìiíè â îðãàíiçàöi¨
òà ïðîâåäåííi íàâ÷àëüíèõ àóäèòîðíèõ òà ïîçààóäèòîðíèõ çàíÿòü, ïiä ÷àñ ÿêèõ áóäå óñïiøíî
çäiéñíþâàòèñÿ àíàëiòèêî-ñèíòåòè÷íà äiÿëüíiñòü ñòóäåíòiâ.

Íà âèêîíàííÿ öèõ âèìîã âèêëàäà÷àìè êàôåäðè âèùî¨ ìàòåìàòèêè Äåðæàâíîãî
óíiâåðñèòåòó òåëåêîìóíiêàöié áóëî ðîçðîáëåíî i âïðîâàäæåíî ó íàâ÷àëüíèé ïðîöåñ íàâ÷àëüíî-
ìåòîäè÷íèé êîìïëåêñ äèñöèïëiíè ¾Âèùà ìàòåìàòèêà¿. Äàíèé êîìïëåêñ ìiñòèòü ðîáî÷ó
ïðîãðàìó äèñöèïëiíè, òåêñòè ëåêöié, íàâ÷àëüíi ïîñiáíèêè, ëàáîðàòîðíèé ïðàêòèêóì [1],
âàðiàíòè ðîçðàõóíêîâî-ãðàôi÷íèõ ðîáiò òà çðàçêè ¨õ ðîçâ'ÿçàííÿ, òèïîâi òðüîõðiâíåâi
êîíòðîëüíi ðîáîòè, ïèòàííÿ òà çàäà÷i äî iñïèòó (çàëiêó), çàäà÷i ïiäâèùåíî¨ ñêëàäíîñòi, òåñòè
[2].

Ñòðiìêèé ðîçâèòîê ñó÷àñíèõ iíôîðìàöiéíèõ òåõíîëîãié âiäêðèâ íîâi ïåðñïåêòèâè ó ñôåði
îñâiòè: ç'ÿâèëàñÿ ìîæëèâiñòü íåîáìåæåíîãî òèðàæóâàííÿ íàâ÷àëüíî¨ ëiòåðàòóðè, øâèäêå
òà àäðåñíå ¨¨ ïðåäñòàâëåííÿ, àâòîìàòèçîâàíèé êîíòðîëü òà ñàìîêîíòðîëü. Âïðîâàäæåííÿ
ïðîãðàìíîãî êîìïëåêñó MOODLE äîçâîëèëî ìàêñèìàëüíî çàáåçïå÷èòè âçà¹ìîäiþ ìiæ
âèêëàäà÷àìè òà ñòóäåíòàìè ÿê äåííî¨, òàê i iíøèõ ôîðì íàâ÷àííÿ.

ßê ïiäñóìîê, ïîòðiáíî âiäìiòèòè, ùî åëåêòðîííèé íàâ÷àëüíî-ìåòîäè÷íèé êîìïëåêñ
äèñöèïëiíè ¾Âèùà ìàòåìàòèêà¿ ïðîéøîâ óñïiøíî àïðîáàöiþ ó ïðîöåñi âèâ÷åííÿ ìàòåìàòèêè
äåííî¨, çàî÷íî¨ òà äèñòàíöiéíî¨ ôîðì íàâ÷àííÿ.
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At present time an active development was received development of geometry of a chaos (see, for
example, [1]). One should mention studying multiple dynamical systems in mathematics, physics,
chemistry etc as a perspective �elds for application of geometry of a chaos [2], [3]. The main
purpose of our work is an employing a variety of techniques for characterizing dynamics of the
nonlinear solitonic systems identifying the presence of chaotic elements. We consider the temporal
solitonic solutions of the time-dependent Schr�odinger equation. To analyze calculated temporal
evolution of the time-dependent Schr�odinger equation soliton we use the di�erent techniques, in
particular, correlation integral analysis, mutual information approach, false nearest neighbour al-
gorithm, Lyapunov exponent's analysis, and surrogate data method etc (see details for example, in
[3].

As usually, the phase space of the system is reconstructed by delay embedding. The mutual
information approach, correlation integral analysis, false nearest neighbour algorithm, Lyapunov
exponent's analysis, and surrogate data method are used for comprehensive characterization of
chaotic behaviour and computing topological and dynamical invariants. The correlation dimension
method provided a low fractal-dimensional attractor thus suggesting a possibility of the existence
of chaotic behaviour of the time-dependent Schr�odinger equation soliton. Statistical signi�cance of
the results is con�rmed by testing for a surrogate data. The next important result is connected
with the �rstly realized forecasting temporal evolution of the time-dependent Schr�odinger equation
soliton which has been preformed within the combined chaos-geometric and nonlinear prediction
model [4], [5]. The basic idea of the prediction method of chaotic properties of the system is in
the use of the traditional concept of a compact geometric attractor in which evolves the computed
(measured) data, plus the implementation of neural network algorithm of predicted trajectories.
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Given x, y ∈ Rn, n ≥ 2, and λ ∈ R, we denote by x⊕ y the coordinatewise maximum of x and y
and by λ� x the vector obtained from x by adding λ to each of its coordinates. A subset A in Rn

is said to be max-plus convex if α� a⊕ β � b ∈ A for all a, b ∈ A and α, β ∈ R with α⊕ β = 0 (see
[1]). Geometry of the max-plus convex sets is considered in di�erent publications (see, e.g., [2, 3]).

We denote the hyperspace of all nonempty max-plus convex compact subsets in Rn bympcc(Rn).
In [4] it is proved that mpcc(Rn) is homeomorphic to Q \ {point}, for all n ≥ 2. Here Q denotes
the Hilbert cube, Q = [0, 1]ω.

Let σ denote the set of �nite sequences in Q. We also denote by mpccp(Rn) the subset in
mpcc(Rn) consisting of all polyhedral compact max-plus convex sets.

The main result of the talk is the following: the pair (mpcc(Rn),mpccp(Rn) is homeomorphic
to the pair (Q \ {point}, σ \ {point}).

A similar question can be considered also for the hyperspace of the so called max-min compact
convex sets [5].
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It is well known that dynamics of the quantum systems in external electromagnetic �eld has
features of the random, stochastic kind and its realization does not require the speci�c conditions.
The importance of studying a phenomenon of stochasticity or quantum chaos in dynamical systems
is provided by a whole number of scienti�c and technical applications, including a necessity of
understanding chaotic features in a work of di�erent quantum ionformatics and neuro-cybernetics
systems. New �eld of investigations of the quantum and other systems has been provided by a great
progress in a development of a chaos theory methods [1], [2]. In previous our papers [3], [4]
have given a review of new methods and algorythms to analysis of di�erent systems of quantum
mechanics, optics and informatics.

In this paper we have used the nonlinear method of chaos theory and the recurrence spec-
tra formalism to study quantum stochastic futures and chaotic elements in dynamics of atomic
systems in the external electromagnetic �elds. We present new approach to the universal quantum-
dynamic and chaos-geometric modelling and analysis of the chaotic dynamics of nonlinear processes
in atomic systems in intense electromagnetic �elds and some quantum-informatics systems. In order
to make modelling chaotic dynamics it has been constructed improved complex system (with chaos-
geometric, neural-network, forecasting, etc. blocks) that includes a set of new quantum-dynamic
models and partially improved non-linear analysis methods including correlation (dimension D) inte-
gral, fractal analysis, average mutual information, false nearest neighbours, the Luapunov exponents,
Kolmogorov entropy, power spectrum, surrogate data, nonlinear prediction, predicted trajectories,
neural network methods etc.

As applicatin of presented method we have carried out computing energies, spectral parameters,
resonance widths etc for caesiym and ytterbium atoms in a strong dc and ac electric �eld and found
anti-crossings, complex power spectra with chaotic elements (inducing nonlinear resonances, then,
their strong interaction, creating stochastic layers and global stochasticity).
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We present an advanced numerical algorithm to computing energy spectra of N-particle �nite
quantum (atomic) systems and implemented new scheme of quantization of the stationary (quasi-
stationary) states of the Dirac-Fock equation. In di�erence of our previous similar self-conjunctive
versions [1], new method has a few new elements which provide its more e�ectiveness. First element
is implementation of the ab initio version of the quantum electrodynamics perturbation theory for
the N-quasi-particle systems with using optimized, gauge invariant Dirac-Fock equation relativistic
orbital basis's generation scheme [2]; second point is using an advanced algorithm in quantization
of the quasi-stationary states for the many-body Dirac equation an advanced procedure of the
Fano-Byorke type [3] for calculating the perturbation operator matrix elements between the N-
quasi-particle states and at last an accurate accounting the complex exchange-correlation e�ects by
using the mnost e�ective many-body density dependent functionals [3]. The corresponding theorem
establishing a link between gauge non-invariant contributions into the matrix elements and quality
of the relativistic eigen functions basis of the corresponding Dirac-Fock Hamiltonian is proven.

As applicatin of a new approach we present the results of computing energy and spectral pa-
rameters for dielectronic satellites of in spectra of the alkali-elements multicharged ions. There
are ;isted new data on the spectra levels energies, di�erent contributions of the relativistic and
exchange-correlation corrections, line intensities distribution for transitions between con�gurations
with great number of lines [3]. For comparison there are listed the test data obtained within di�er-
ent methods, namely, multi-con�guration Dirac (Hartree)-Fock calculation, standard and advanced
density-functional theories. It has been shown that a new approach provides quite high accuracy
in comparison with the stadard methods and is to be most e�ective in studying the complex con-
�gurations, where it is realized an intermediate case [3].
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This work goes on studying and development of a new e�ective numerical approach to problem
of quantization of states of the relativistic equations and further using the corresponding eigen
function basis in the calculations of the permitted beta-transitions by means of the golden Fermi-
rule [1]. In this paper we present a new e�ective scheme to quantization of the stationary (quasi-
stationary) states for the Dirac-Slater equation (see [2] with density dependent forces and on its
basis develop a new numerically e�ective approach to computing the beta-decay characteristics.
Dedspite of earlier developed models (see [1]) the present model has a few advantages. Firstly it
is based on more e�ective Dirac-Slater equation model of a self-consistent �eld in atomic systems
from the computational viewpoint. Secondly, it contains a new element connected with introducing
the consistent density dependent functionals into the Dirac-Slater equation in order to take into
account as the one-particle as the many-particle correlation e�ects. Further we have used an e�ective
procedure (see [3] for construction of the optimized sets of the Dirac-Slater equation eigen functions
and correspondingly eigen values. In order to provide and check ful�lling the gauge invariance under
solving the optimized Dirac-Slater equation with density dependent forces, the QED gauge-invariant
approach [3] and the Yord equalities have been used. Besides, it has been performed an accurate
analysis of quality and accuracy of the computed eigen values and eigen functions sets.

As an example, a new Dirac-Slater approach with density dependent forces is applied to comput-
ing the beta-decay parameters of a set of the permitted beta transitions for some middle and heavy
elements. As usually (see, for example, [1]), the correction due to the �nite size of a nucleus (the
charge distribution in a nucleus is modelled within the known Gauss and Fermi models) is accounted
for in the zeroth approximation of the Dirac-Slater equation perturbation theory in an electric and
vacuum-polarization potentials, which are substituted to the e�ective Dirac-Salter equations (i.e on
the non-perturbative basis) [3]. Computing for superpermitted transitions has demonstrated an
excellent agreement between theoretical and experimental data. Calculation of the e�ect for the
atomic self-consistent �eld type on the Fermi function shows that for little and intermediate values
of nuclear charge Z a di�erence in the data, provided by di�erent methods is quite little, however
for big Z (for example, 241Pu-241Am) it becomes quite signi�cant. It fully corresponds to earlier
obtained results [1].
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Let F be a Fr�echet space and B a bornology on F containing all compact subsets. Assume
that B is chosen such that T (B) ⊂ B for all continuous linear endomorphisms T of F . Let M be a
manifold modelled on F and F ′

B the dual of F endowed with the topology of compact convergence.
The B-cotangent bundle of M is de�ned as TM ′

B
⋃
x∈M (TxM )′B, where TxM is the tangent space at

x ∈ M . TM ′
B is the vector bundle in the category of locally convex spaces [?]. Thus, we are able

to de�ne the generalized tangent bundle as the Whitney sum TM = TM ⊕TM ′
B. Weak symplectic

and Poisson structures for M were investigated in [?]. The summery of our results are as follows.
A Fr�echet Lie algebroid is de�ned as a triple (E, [·, ·], ρ) consisting of a vector bundle E over a

manifoldM , together with a Lie bracket [·, ·] on its module of sections Γ(E) and a morphism of vector
bundles ρ : E → TM , called the anchor, such that the anchor and the bracket are to satisfy the
Leibniz rule and the induced map ρ : (Γ(E), [·, ·]E)→ (X(M), [·, ·]) is a Lie algebra homomorphism.
Here X(M) is the space of all vector �elds over M . We de�ne Fr�echet Courant algebroids exactly
as the Banach manifolds case, see [?] for the de�nition Banach Courant Algebroids.

Let X,Y ∈ X(M) and α, β be di�erential forms. The Lie derivative LX and the contraction map
ıY are de�ned in obvious fashion way. Now de�ne the bracket [X,Y ]TM = ([X,Y ],LXβ−(ıY ◦ddR α))
and the anchor λTM given by λTM (X,α) = X. If we de�ne ∆TM ((X,α), (Y, β)) = α(Y ) + β(X),
then (TM, [X,Y ]TM , λTM ) is Courant Lie algebroid. A vector subbundle D of the Courant algebroid
TM that coincides with its orthogonal complement D⊥ with respect to ∆TM is said to be an almost
Dirac structure. It is called a Dirac structure if, in addition, is closed under the bracket [·, ·]TM. We
showed that the Dirac structure inherits the Lie algebroid structure from the Courant bracket.

Let (M,ω) be a weakly symplectic Fr�echet manifold and Ωk(M) the spaces of k-forms. De�ne
a morphism

ω : Ω1(M)→ X1(M); β(ω(α)) = ω(α, β), ∀α, β ∈ Ω; 1(M). (1)

The weak symplectic form ω induces a unique lie bracket of 1-forms given by

{α, β} = Lω(α)β − Lω(β)α− ddR ω(α, β). (2)

This bracket de�nes a Lie algebroid structure on the B-cotangent bundle TM ′
B with the anchor

ω : TM ′
B → TM which is given by β(ω(α)) = ω(β, α); α, β ∈ TM ′

B. We then de�ne Chevally-
Eilenberg cohomology associated to TM ′

B. The bracket (??) detrmines also the Lichnerowicz-
Poisson cohomology of M and we have

Theorem 1. The Lie algebroid cohomology of the B-cotangent bundle Lie algebroid is the

Lichnerowicz-Poisson cohomology of M .
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Our work goes on our studying the problem of quantization of the stationary and quasi-stationary
states for the corresponding relativistic Dirac-like equations and precise calculating the radiative
decay widths and corresponding probabilities. The most known computational methods such as the
multi-con�guration Hartree-Fock and Dirac-Fock ones provide widespread computing the energy
eigen values and di�erent spectral parameters for many-body atomic systems. From the computa-
tional viewpoint, these methods do not often allow to reach a high accuracy simultaneously with
computational e�ectiveness. Here the serious numerical problems are connected with correct de�ni-
tion of the high-order correlation corrections, sing the gauge-noninvariant procedures of generating
relativistic orbital basis's etc [1].

Here we develop an alternative approach to computing the energy eigen values and di�erent
spectral parameters for many-body atomic systems, which is based on direct implementation of
the model potential method within the traditional Dirac-like relativistic schemes. We carried out
a new e�ective procedure for quantization of the stationary and quasi-stationary states for the
corresponding Dirac-like equation with Hellmann model potential. Starting from this model and
the relativistic energy approach combined with gauge-invariant QED perturbation theory formalism
[1] we re-develop a precise approach to calculating the (permitted and forbidden) radiative decay
widths and probabilities of transitions in spectra of such relativistic systems as multicharged ions
[2]. The theorem establishing a link between the asymptotic properties of the Dirac-Hellmann
operator eigen functions and minmax estimates of the corresponding radiative transition integrals is
proven. As the test application, we have preformed computing the energies, transition probabilities,
radiation decay widths for E1,E2,M1 transitions in spectra of the Sodium-like ions (Z=15-36). There
is performed a detailed comparison of received energy and spectral data with available alternative
theoretical and experimental results for the cited systems.
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It is developed an advanced operator approach to quantization of the quasi-stationary (scatter-
ing, resonance) states of relativistic many-body Dirac and Klein-Gordon-Fock equations for three
classes of non-stationary and collision tasks. Earlier we have developed an e�ective operator ap-
proach to quantization of the quasi-stationary (scattering, resonant) for Dirac equations in a class
of non-stationary tasks. New algorithm has been developed and based on the gauge-invariant QED
perturbation theory with the gauge-invariant zeroth approximation and mapped Fourier grid tech-
nique [1]. We make more advanced an computational block of an approach to take into account
the many-body correlations in the quantum systems, signi�cant contribution of high-lying Rydberg,
autionization, resonant states in spectrum of the energy eigen-values of the total Hamiltonian plus
a continuum pressure [2]. The generalized Grant theorem is proved.

As application of an advanced approach we calculate the radiation decay probabilitity and low-
energy collision cross-section as an imaginary part of the complex energy of the whole compound
system with using relativistic energy approach and S-matrix Gell-Mann and Low adiabatic formalism
[4]. Besides, a general theorem limiting the asymptotic behaviour of the collision cross-section at
in�nite energy for systems, described by the Dirac and Klein-Gordon-Fock equations.
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Within geometry of a chaos we present new advanced approach to treating a deterministic chaos
in the complex dynamical systems, which includes new or available advanced techniques such as
the predictors trajectories algorithm, stochastic Green's functions method, multi-fractal geometry
methods, including the fractal Green's functions one, advanced averaged mutual information scheme,
correlation integral analysis, false nearest neighbour algorithm, Lyapunov's exponent's analysis,
improved surrogate data method version etc [1], [2]. The chaos-geometrical approach is designed
for analyzing the space-temporary data series in modelling interactions in a complex dynamical
system of any physical nature [3] and formal search of characteristic features of chaotic behaviour
of the system. The predictors trajectories algorithm, stochastic Green's functions and optimal
propagators methods provide an e�ective basis for high-qualitative forecasting evolution of the low-
and even high-attractors dynamical systems.

As a concrete example, we studied the nonlinear dynamics of some geophysical systems (temporal
series of cosmic rays intensities and concrete sets of seismological data) in order to discover and
detect a chaos elements plus provide an e�ective high-quality forecasting of the temporal system
evolution. The most interesting numerical data are in discovering as a weak chaos as hyperchaos
regimes [4]. There have been presented the temporal dependences of the output signal amplitude,
phase portraits, statistical quanti�ers for a weak chaos arising via period-doubling cascade of self-
modulation and for developed chaos at large values of the dimensionless length parameter. .
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Our short communication is devoted to a conjecture proposed by J.A. Barker and D.G. Larman
in frameworks of the geometric tomography theory [1], [2].

Conjecture. Let P , Q, M ⊂ Rn be convex bodies such thatM belongs to the interiors of P and

Q. Assume that whenever H ⊂ Rn is a hyperplane supporting M , the (n− 1)-volumes vol(P ∩H)
and vol(Q ∩H) are equal. Then P coincides with Q.

Actually this problem remains open, the answer is known for some particular cases only. For
instance, the Barker-Larman conjecture is shown to be true if P , Q are convex polygons and M is
a strongly convex centrally-symmetric body with analytical boundary in R2, see [3], or if P , Q are
convex polyhedra and M is a ball in Rn, n ≥ 3, see [4].

We are interested whether the Barker-Larman conjecture holds true for convex bodies in non-
Euclidean geometries like the hyperbolic one. The theorem bellow a�rms the Barker-Larman
conjecture for convex polygons in the hyperbolic plane H2.

Theorem. Let P , Q ⊂ H2 be convex polygons, which contain a disk Ω of radius t > 0 in their

interiors. Assume the lengths of segments P ∩ τ and Q ∩ τ are equal for every geodesic τ ⊂ H2

tangent to the circle Σ = ∂Ω. Then P coincides with Q.
The proof is based on ideas developed by V. Yaskin in [4] for convex polygons in the Euclidean

plane. The principal observation, which follows from the proof, is that the Barker-Larman con-
jecture in the two-dimensional case does not depend on the particular metric structure of R2 or
H2. Apparently, one can accomplish the proof for a large class of metric spaces realized in terms of
R2 or domains of R2 equipped with non-Euclidean distance functions possessing generic analyticity
properties. We discuss the case of H2 just as a simple and illustrative example only.

A more general case of convex polyhedra in Rn, n ≥ 3, was treated in [4] in a slightly di�erent
manner, so it would be interesting to adapt V. Yaskin's technics in order to prove a multi-dimensional
analogue of the theorem for convex bodies in Hn or in other non-Euclidean metric spaces with
dimension n ≥ 3.
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Let F 2 be a pseudo-spherical surface of constant negative Gauss curvature K ≡ −k20 in the four-
dimensional Euclidean space mathbbR4. Given a horocyclic parametrization r(u, v) of F 2, when the
metric form of F 2 reads ds2 = du2 + e−2udv2, consider a transformation ψ : F 2 → F̃ 2 represented
by the formula r̃ = r + ∂r

∂u . Similarly to the classical theory of surfaces in R3, the transformation
ψ is called the Bianchi transformation of F 2 [1]. For surfaces in R3 the Bianchi transformation
preserves the pseudo-sphericity, the transformed surface has the same Gauss curvature as the initial
one[2]. For surfaces in R4 the situation is quite di�erent: generically the Gauss curvature of F̃ 2 is
not constant negative [1].

There are two particular classes of pseudo-spherical surfaces in R4 which admit Bianchi trans-
formations resulting in pseudo-spherical surfaces. One class consists of pseudo-spherical surfaces in
R3 ⊂ R4, any such surface admits a one-parametric continuous family of Bianchi transformations
so that the transformed surfaces remain pseudo-spherical and inherit the Gauss curvature. Another
class consists of particular pseudo-spherical surfaces in R4, which does not belong to R3 ⊂ R4 and
whose fundamental forms are represented in terms of solutions of a special system of non-linear
partial di�erential equations [G1]. Any such surface admits at most two di�erent Bianchi transfor-
mations resulting in pseudo-spherical surfaces. It turns out, that no one of these surfaces admits
exactly two di�erent Bianchi transformations resulting in pseudo-spherical surfaces.

Theorem. Let F 2 be a pseudo-spherical surface in R4, which does not belong to R3 ⊂ R4. If F 2

admits a Bianchi transformation ψ : F 2 → F̃ 2 so that the transformed surface F̃ 2 is pseudo-spherical

too, then this Bianchi transformation is unique.

The question whether the same uniqueness result holds true for the more general case of B�aklund
transformation is still open.
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This paper continuous our work on analysis probles of eigen functions and values for di�erent
operators in application to the two-centre quantum systems in an external �eld. Here we present a
new advanced approach to quantization of quasistationary states of the Schr�odinger equation with
tow-centre Hellmann model potential for diatonic system in an external DC electric �eld. As a basic
approach we start from the formalism of operator perturbation theory ([1], [2]). Several approaches
for quantization of the states of the Schr�odinger equation with di�erent forms of the external (for
example, DC electric �eld potential,Stark task, scattering problem etc) potentials are usually used.
As a rule, in a case of a strong external �eld there is arisen a problem of the correct calculating
the optimized sets of eigen functions and correspondingly eigen values especially. This task is very
complicated for the two-centre systems, where one should realize the separtaion of the variables in
the spheroidal coordinates.

Generalization of the operator perturbation theory formalism in application to the diatomic
systems is reduced to modi�cation of the di�erential equation system. The key feature of the
approach is that the zeroth order Hamiltonian, possessing only stationary states, is determined
only by its spectrum without specifying its explicit form. It is proven the theorem establishing
a link between a quality of quasidiscrete states functions and accouning the correlation e�ects
within the Hellmann model potential scheme. The operator perturbation theory basis is used in
problem of the full diagonalization of the energy matrice. More simpli�ed version reduces to a
search for one eigen-value, which is transited to the state under switching on a �eld. In this case a
solution of determining the maximal eigen-value and the corresponding eigen-vector is realized by
usual iterative methods. The results of the test numerical calculations of the simple diatomics are
presented and analyzed [3].
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In this work we go on our investigation of a problem of the eigen-values spectrum and eigen-
functions for an e�ective relativistic many-body Dirac Hamiltonian of the �nite heavy many-body
Fermi-systems and further application to quantitative description of the electroweak interactions
with calculating the corresponding electro-weak amplitudes for transition, in which the parity non-
conservation e�ect takes a place. Here we present an advanced approach to quantization of the
bound and quasistationary states of the relativistic Dirac equation with a non-singular (singular)
electromagmetic potential and additional weak interaction potential within generalized nuclear-
QED formalism [1]. New element is development of the optimal scheme for calculating electro-weak
amplitudes of the transitions with parity non-conservation, provided by e-N electroweak interaction.
It is based on relativistic energy approach and QED gauge-invariant many-body perturbation theory
with using the optimized one-quasiparticle representation [2]. There are considered the conditions
when a gauge invariance of theory is violated. The corresponding theorem is proven.

New approach is applied in calculating the hyper�ne structure parameters, parity non-
conservation electro-weak amplitudes for a set of the heavy �nite Fermi-systems with accounting of
exchange-correlation, Breit, weak e-e interactions, radiative and nuclear (magnetic moment distri-
bution, �nite size, neutron �skin�) corrections, nuclear-spin dependent corrections due to anapole
moment, Z-boson ((AnVe) current) exchange, combined hyper�ne and Z boson exchange ((VnAe)
current) interactions [3]. The �rst predictions of a weak charge for superheavy elemnts are pre-
sented. The data for test systems (caesium etc) are compared with Standad model data.
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We continue [1], [3] to investigate conformal equivalence of functions given on domains in the
plane. We found the �elds of rational di�erential invariants of the conformal pseudogroup, acting
on functions and use it to get criterion of their equivalence.

The main results given by the following theorems.

Theorem 1. The �eld of rational di�erential PSL2(R)-invariants on the jet spaces of functions on

the unit disk is generated by invariants (J0, J1, J2) and their invariant derivatives ∇i
1∇

j
2(Jl). The

�eld separates regular orbits.

In this theorem
J0 = u, J1 = t2T, J2 = T−1(u20 + u02),

∇1 = T−1(u10
d

dx
+ u01

d

dy
),

∇2 = T−1(−u01
d

dx
+ u10

d

dy
),

and
T = u210 + u201 6= 0, t = 1− x2 − y2.

This theorem can be also reformulated in terms of the Tresse derivatives [2].

Theorem 2. The �eld of rational di�erential M�obius invariants of functions on the unit disk is

generated by invariants (J0, J1, J11, J12, J2) and their Tresse derivatives Da+bJ
DJa

0DJb
1
, where

J11 = ∇1(J1) =
2

T

(
(u210u20 + 2u10u01u11 + u201u02) + 2t(xu10 + yu01)

)
,

J12 = ∇2(J1) =
2

T

(
u10u01(u02 − u20) + (u210 − u201)u11 + 2t(yu10 − xu01)

)
.

The last theorem allows us to get PSL2-classi�cation of smooth functions de�ned on the unit
disk or simply connected domains with smooth boundaries.
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Let M and X be the smooth manifolds of dimensions n and r, respectively, n > r, and f : M →
X be a smooth map (submersion). Following [2], we write the structure equations of the manifold
M in the form

dωi =ωj ∧ ωij ,

dωij =ωkj ∧ ωik + ωk ∧ ωijk,

dωijk =ωmjk ∧ ωim − ωimk ∧ ωmj − ωijm ∧ ωmk + ωm ∧ ωijkm, . . .

Here, ωi, i, j, k,m, ... = 1, 2, . . . n, are the basic di�erential forms of the manifold M , depending on
the di�erentials parameters xi � local coordinates on M .

It is known [12], that the forms ωi and ωij form the basis of the bundleH1(M) �rst-order coframes

of M ; the forms ωi, ωij , ω
i
jk form the basis of the bundle H2(M) of the second order coframes of M ,

etc.
Similarly, we write the structure equations of the manifold X:

dϑa =ϑb ∧ ϑab ,

dϑab =ϑcb ∧ ϑac + ϑc ∧ ϑabc,

. . .

Here ϑa, a, b, c, ... = 1, 2, . . .m, are the basic di�erential forms of the manifold X, depending on
the on the di�erentials duα, where ua are the local coordinates on X.

Let f : E3 → R be a smooth function and E3 be three-dimensional Euclidean space. Then we
obtain the Theorem.

Theorem Let f : E3 → Rbe a submersion, and the space E3 is related to the orthonormal

frame, and sstructure equations of pseudo-group transformations on R are written in the form

dϑ1 = ϑ1 ∧ ϑ1
1, dϑ

1
1 = ϑ1 ∧ ϑ1

11, dϑ
1
11 = ϑ1

1 ∧ ϑ1
11 + ϑ1 ∧ ϑ1

111, . . .

. Then pseudo-group of gauge transformations is trivial, and the families of frames on E3 and on

R can be chosen so that the form ω3 is the the principal one on R, and there are the frames of the

�rst, second, etc. orders such that the equations

ϑ1 = ω3,
ϑ1
1 = −a1ω1 − a2ω

2 + a3ω
3,

ϑ1
11 = (−b11 + 2a1a11 + 2a2a12)ω

1 + (−b22 + 2a1a12 + 2a2a22)ω
2,

and etc hold, and these equations are completely integrable on the manifold E3 × R.
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The real trees (R-trees) �nd numerous applications in di�erent parts of mathematics. In particu-
lar, Kirk ([1]) established connections between R-trees and the hyperconvex metric spaces introduced
by Aronszajn and Panitchpakdi ([2]).

A geodesic segment [x, y] with endpoints x, y in a metric space (X, d) is the image of an isometric
embedding α : [0, d(x, y)]→ X.

We say that a metric space (X, d) is a geodesic space if for every x, y ∈ X there exists a geodesic
joining x and y.

A metric space (X, d) is called an R-tree if
1. (X, d) is a geodesic space;
2. if [x, y] ∩ [x, z] = x, then [y, z] = [x, y] ∪ [x, z];
3. for every x, y, z ∈ X there exists w ∈ X such that [x, y] ∩ [x, z] = [x,w].
A rooted R-tree consists of an R-tree (X, d) and a point x0 ∈ X called the root.
In the sequel, we suppose that (X, d, x0) is a rooted R-tree. For any x ∈ X, we let ‖x‖ = d(x, x0).
For t ≥ 0, de�ne Xt = {x ∈ X | ‖x‖ = t}. Let ˜expX = A ∈ expX|A ⊂ Xt for some t > 0.
We prove that the space ˜expX is an R-tree.
Let P (X) denote the set of probability measures of compact support on a space X. It is known

that the construction of probability measures of compact support determines a functor on the
category of Tychonov spaces and continuous maps ([3]). If (X, d) is a metric space, then the set
P (X) can be endowed with the Kantorovich metric ([4]); if d is an ultrametric, then the set P (X)
can be endowed with an ultrametric dHV ,

dHV (µ, ν) = inf{r > 0|µ(Br(x)) = ν(Br(x)), for every x ∈ X}.
Let P̃ (X) = {µ ∈ P (X) | supp(µ) ∈ expt(X), for some t ≥ 0}. Let d̃ be the restriction of dHV

onto P̃ (X).
It is also proved that the metric space (P̃ (X), d̃) is an R-tree.
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Let M be a connected orientable surface, P be either the real line of the circle, and Did be the
group of di�eomorphisms of M isotopic to the identity. This group naturally acts from the right
on the space of smooth maps C∞(M,P ) and for each smooth map f : M → P one can de�ne its
stabilizer S = {h ∈ Did | f ◦ h = f} and orbit O = {f ◦ h | h ∈ Did} with respect to that action.

Assume that f : M → P is a Morse map and let Γ be the Kronrod-Reeb graph of f . Then the
stabilizer S naturally acts on Γ. Let also G be the group of all automorphisms of Γ induced by
elements from S.

This group is �nite and if M 6= S2, then there exists k ≥ 0 and the following exact sequence

1 −→ Zk −→ π1O −→ G −→ 1.

Moreover, it was early shown by the author that π1O is isomorphic with a subgroup of some braid
groups ofM , which implies that π1O has no elements of �nite order. Then the above exact sequence
implies that π1O is a Bieberbach group. The aim of the talk is to describe the algebraic structure
of π1O and G for the cases when M is distinct from the 2-sphere and 2-torus [1, 2, 3].

A similar description of the structure of π1O and G for Morse functions on 2-torus was given
in [4, 5, 6].
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In the paper of Prof. M. Prvanovi�c ([7]), we found a curvaturelike tensor �eld (holomorphic curvature
tensor �eld) in an almost Hermitian manifold.

Using the above tensor �eld, we de�ned a new curvaturelike tensor �eld, named contact holomor-
phic Riemannian (brie�y (CHR)-) curvature tensor �eld in an almost contact Riemannian manifold
([5]). And we gave some geometrical properties of this tensor �eld. For example, we showed that a
Sasakian (CHR)-space form is a Sasakian space form ([5]).

In this talk, we de�ne another curvaturelike tensor �eld named (CHR)3-curvature tensor in
an almost contact Riemannian manifold which will be more natural and di�erential geometrical
than the last one. Then, we give some geometrical properties of this tensor �eld. In particular, we
consider this tensor �eld in a Kenmotsu and a Sasakian manifolds.
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For the last tens years fractals play very important role in studying of various geological objects
and processes [2], [3], [4]. Fractal dimension is the fundamental characteristic of fractals (see [1], for
de�nitions). It is obvious now that pore structures are well treated as fractals and loess soil gives us
an example of such a structure. We consider processes of under�ooding and subsidence of loess soil.
These two processes are deeply related and depend on each other. Loess soil may be considered as
a structure which consists of pores and particles. The pore structure has an essential in�uence on
under�ooding while the particles structure forms the soil in the process of subsidence.

The pore size distribution function Np(L > dp) is de�ned as the number of pores of size L
such that L > dp , where dp runs positive reals. In the same way we can de�ne the particle size
distribution function Ns(L > ds). These functions for fractal structures obey the following relations

Np(L > dp) ∼ dp
−Dp

and
Ns(L > ds) ∼ ds

−Ds

where Dp is the fractal dimension of pore size distribution and Ds is the fractal dimension of
particle size distribution. We developed a method of calculation of Dp and Ds based on computer
analysis of pictures of loess soil.

Evidently, the level of loess soil subsidence LS strongly depends on the total volume of pores VpT

which may by estimated as VpT = N(
dpmax

dpmin
)3−Dp ,where N is a constant, dpmax and dpmin are the

maximal and minimal sizes of pores. Certain approaches for more precise calculations of VpT based
on fractal properties of pore structures were considered in [4]. However LS also depends on the size
SS of the new "skeleton" of the soil which is formed by solid particles after subsidence. In its tern
SS depends on the function Ns(L > ds) because in the number big particles is essential then they
form new "skeleton" with essential pore valume the porosity of "skeleton" is not essential. However,
in fact Ns(L > ds) must obey Ns(L > ds) ∝ ds

−Ds and it allows as to obtain some estimations
for SS . So, we may conclude that topological characteristics Dp and Ds may be very helpful in
forecasting of loess soil degradation.
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Great discoveries of new physics at very short distances are connected with particle accelerators.
Colliding protons on protons at the LHC or electrons on positrons at the ILC in future, we can
discover basic particles and fundamental forces in nature. LHC highlighted the problems of new
physics, which can be solved with the help of new accelerator, such as ILC, which will be the
complementary electron-positron collider for the Large Hadron Collider. Linear collider experiments
are able to study simpler, more elementary processes without the complicated �background� present
at the LHC and achieve a higher level of precision. There are three main directions of searches
for new physics: Higgs physics; supersymmetry and as an addition dark matter candidate; extra
dimensions. The properties of Higgs particles and interactions with other elementary particles
will be measured. The Higgs is the most sensitive Standard Model particle to new physics, and
for this reason an accurate measurement of its couplings provides an excellent way to indirectly
discover new phenomena [1]. The resolution of the hierarchy problem of the Standard Model,
gauge coupling uni�cation as well as dark matter candidate are predicted by supersymmetry [2].
Searches for supersymmetry are also based on the electroweak pair production of neutralinos and
charginos, leading to decay channels with lightest SUSY particles � LSPs, that are the dark matter
candidates. Supersymmetry is also motivated by solutions to several theoretical problems and
is the most popular candidate for a superstring theory. Superstring theory, that uni�es gravity
with other forces requires the Universe to have additional dimensions to those of space and time.
To see the detailed structure of these extra dimensions [3] and their associated particles are the
purposes not only for experimental physics but also to check the predictions of superstring theory.
Using AdS/CFT correspondence, which provide to realistically model of real-world systems, it is
necessary to note that compacti�cations of string theory on various Anti-deSitter spacetimes are
dual to various conformal �eld theories. IIB strings are contained in N=4 super-Yang-Mills at the
conformal point [4]. But string theory not only contains particle spectrum that may be measured at
the experiment but also resolves the cosmological constant problem. Thus, we come to the solving
of properties of the vacuum problem, which already manifests itself in the physics of the Higgs boson
in consideration of the stability of electroweak vacuum. So we are on the verge of a thin touch of
one of the fundamental theories - string theory and experimental discoveries, which will be made in
the near future.
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We consider continuous functions on two-dimensional manifolds such that:
(f1) they have discrete sets of local extrema;
(f2) if a point is not a local extremum, then there exist its neighborhood and a number n ∈ N,

such that function restricted to that neigbourhood is topologically conjugate to Re zn in some
neigbourhood of zero.

If n > 1 or z is a local extremum, we shall call it a singular point of such a function.
Given a f : M2 → R, let ΓK−R(f) be a quotient space of M2 with respect to its partition which

consists of components of level sets of f . It is known that ΓK−R(f) is a topological graph when M2

is compact (see [1, 2]).
We present following conditions that guarantee that the space ΓK−R(f) has a simple structure

in the case of a non-compact M2.
(k1) Components of a level set of f can contain not more than �nite number of singular points.
(k2) Let K be a union of components of level sets of f that contain singular points. For every

compact C ⊂M2 a set f(C ∩K) is �nite.
(k3) Let x1, x2 ∈ M2 be contained in distinct connected components of a level set f−1(a) for a

certain a ∈ f(M2). Then there exist open U1 3 x1 and U2 3 x2, such that for every b ∈ f(M2) and
a component Fb of f

−1(b) the relation holds (Fb ∩ U1 = ∅) ∨ (Fb ∩ U2 = ∅).
A continuous function f : M2 → R is called K-R�simple if it complies both with conditions

(f1)-(f2) and (k1)-(k3).
Let G be a locally-�nite loop-less topological graph. Let V0 be a subset of the set of leafs Vl of

G. Let e ⊂ G be a closed edge of G, incident to a leaf from V0. A set e \ V0 is called a stalk. A
topological space G0 = G \ V0 is named a topological graph with stalks.

Theorem 1. Let a continuous f : M2 → R be K-R�simple.

Then ΓK−R(f) is a topological graph with stalks.

Theorem 2. Let f : M2 → R be a continuous function. Suppose it complies with (f1)-(f2).
Then conditions (k2) and (k3) on f are necessary for ΓK−R(f) to be a graph with stalks.

If M2 = R2 then condition (k1) is also necessary.

There is an example of f : M2 → R such that ΓK−R(f) ia a graph with stalks but the condi-
tion (k1) is not ful�lled for f .
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Let M be a n-dimensional manifold with boundary ∂M = {xn = 0} for local coordinates
(x1, x2, . . . , xn), xn ≥ 0, f : M → < � smooth function, such that critical points of f coincide
with the critical point of its restriction to the boundary f |∂M and function f has no more than one
critical point on each level.

Theorem 1. Let p0 ∈ ∂M be a non-degenerate critical point of function f and non-degenerate
critical point of function f |∂M , such that f(p0) = 0. Then we can choose a local coordinate system
(x1, x2, . . . , xn), xn ≥ 0 about p0 such that p0 has the coordinates (0, 0, . . . , 0) and function f can
be represented by the following form:

f(x1, x2, . . . , xn) = −x21 − x22 − . . .− x2λ + x2λ+1 + . . .+ x2n−1 + δx2n (1)

for some δ ∈ {−1,+1}.
The pair of numbers (λ, δ), which is de�ned by equality (1), we call the index of critical point

p0 ∈ ∂M of function f .
Also remark that if p0 ∈ ∂M is not critical point of the function f and f(p0) = 0, then there

exists a coordinate system (x1, x2, . . . , xn), xn ≥ 0 about p0 such that function f can be written in
the next form: f(x1, x2, . . . , xn) = x1.

Corollary. Within conditions of theorem 1 in the case of surface we have the next four repre-
sentations of function f :

(I) f(x, y) = x2 + y2, y ≥ 0;
(Ii) f(x, y) = −x2 + y2, y ≥ 0;
(Iii) f(x, y) = x2 − y2, y ≥ 0;
(Iv) f(x, y) = −x2 − y2, y ≥ 0.
Unlike the Morse lemma [3] we can't get three local representation of function f , because

appropriate coordinate transformation changes the boundary of the surface.
Forth we will consider only the case of 2-dimensional manifold with boundary.
Considering handle decomposition of surface for cases of di�erent indexes of critical points, we

get three atoms and consequently six f -atoms, which we will call atom A, atom B and atom C.
Atom [1] A can be determined by equality x2 + y2 + z2 = R2, z ≤ 0, y ≥ 0, atom B: x =

(R + r cosu) cos v, y = r sinu, z = (R + r cosu) sin v, 0 ≤ v ≤ π/2, z ≥ −R and atom C: x =
(R+ r cosu) cos v, y = r sinu, z = (R+ r cosu) sin v, 0 ≤ v ≤ π/2, z ≥ −R, x ≥ −R.

Theorem 2. Each atom coincides with the atom A or atom B, or atom C.
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The aim of the work is carrying out an e�ective numerical procedure of quantization of stationary
and quasi-stationary states for the Klein-Gordon-Fock equation and construction of the perturbation
theory formalism for further computing spectra of the complex pionic systems, including calculating
radiation characteristics (such as resonance energies and widths, oscillator strengths) and estimating
the strong pion -nucleon interaction e�ects [1]. As the basic theoretical approach we use the
relativistic Klein-Gordon-Fock equation one and construct a formalism of the relativistic many-
body perturbation theory with direct accounting electromagnetic and strong interaction potentials
according to methodise [2].

The general potential includes a bare electric and vacuum-polarization potentials of a nucleus
with implementation of the known Gauss model for a nuclear charge distribution plus phenomeno-
logical optical model potential to account strong pion-nuclear interaction. The theorem establishing
a connection between quality of the relativistic eigen functions basis of the corresponding Klein-
Gordon-Fock Hamiltonian of the many-particle pionic system and gauge non-invariant contributions
into the radiation width is proven.

As application of a new approach we present the results of computing di�erent n,l-n',l' (n=1-5)
state energies, radiation transition probabilities for pionic atoms of caesium, ytterbium, and ura-
nium. The received numerical data are compared with available alternative theoretical and the most
accurate empirical data of the Berkley, CERN and Virginia laboratories [3]. The detailed analysis
show that there is quite good agreement between empirical data and results of our computing espe-
cially for high-lying states. However in a case of low-lying states there are some essential di�erence
between data that can be explained by the known limitation of the used optical potential model of
strong interaction.
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The paper goes on our work on carrying out an e�ective procedure of quantization of quasi-
stationary states of Dirac-Kohn-Sham equation [1] with non-singular potential and developing
a new general approach to calculating energy and radiation characteristics of the resonances in
spectra of heavy atomic systems, includinbg high-lying states, autoionization, Rydberg resonances.
The new approach is based on the QED many-body perturbation theory with Dirac-Kohn-Sham
zeroth approximation combined with the generalized relativistic energy approach (Gell-Mann and
Low S-matrix formalism) [2] and applied to quantitative studying spectra of superheavy elements,
including new elenments with Z-114-118.

As usually, the relativistic wave function zeroth basis is calculated from the Dirac-Kohn-Sham
equation with a potential, which includes non-singular electric potential plus exchane-correlation
functional [3]). All correlation corrections of the second order and dominated classes of the higher
orders diagrams (electrons screening, particle-hole interaction, mass operator iterations, continuum
pressure etc) are taken into account. It has been proven a generalized minmax theorem establishing
a link between a QED perturbation theory zeroth-approximation orbital basis quality and value of
the gauge non-invariant contribution to resonance width. Some applications of new approach are
presented [4], in particular, energies for the low-lying, Rydberg and autoionization states in spectra
of superheavy elements, including new elenments with Z-114-118, and numerical estimates of the
di�erent contributions of the relativistic and exchange-correlation corrections.
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The main purpose of our work is to carry out new advanced procedure for quantization of
states of the nonrelativistic Schr�odinger equation with two-center model electric potential directly
and e�ective one-particle correlation potentials of the density-functional theory type [1]� [3]. We
present a new e�ective procedure for quantization of states of the Schr�odinger equation with two-
center potential and a chaos-geometric approach to search of spectral elements of a chaos in spectra
of diatomic systems. The last block includes, in particular, correlation integral analysis, false nearest
neighbor algorithm, Lyapunov exponent's analysis, improved surrogate data method version ( in
versions of [4]).

As usually, the two-center Schr�odinger equation zeroth approximation is generated by an e�ective
non-relativistic Hamiltonian of the diatomic systems which includes the nuclear, self-consistent
�eld (the Hellmann potential is used) and one-particle correlation exchange-correlation potentials.
The important advancement of our approach is connected with using new e�ective procedure for
quantization of states of the Schr�odinger equation with two-center potential and quite simple and
accurate accounting for the main exchange-correlation e�ects.

As example of application of our approach we have carry out the numerical calculation of the
energy eigen values spectra and eigen functions basis for some diatomic systems (dimers of alkali
elements: sodium and francium) [2]. The main conclusions are in a). there is a physically reasonable
agreement between our numerical results and empirical data ground and �rst excited states energies
(potential curves); b) concrete numerical estimates have shown that there is absent a chaotic features
in spectra of the lithium dimer, however one could wait for availability of a weak chaos in spectra
of the francium dimer. At least, the two �rst positive numerical values of he Lyapunov's exponents
con�rm the last preliminary conclusion.
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All the necessary information about tiled orders can be found [1].
Let Λ = {O, E(Λ) = (αi,j)} � consolidated tiled order over discrete valuation ring O with

maximal ideal πO, where π � prime element, E ∈ Mn(Z), i M � irreducible Λ � grating. In [2] V.
A. Jategaonkar gave necessary and su�cient conditions that Λ/πΛ-module Ì/πÌ decomposes into
a direct sum of modules. Projective dimension grating M equals to in�nity.

If such grating doesn't exists, we will say that the tiled order Λ satis�es Jategaonkar condition.
Irreducible Λ � grating Ì, so that Λ/πΛ- module Ì/πÌ decomposes into a direct sum of

modules, exists if and only if Λ ' A = {O,A = (ai,j)}, where A =

(
A1 A12

A21 A2

)
, A ≥ 0, A21 ≥ 2U,

U =

 1 · · · 1
· · · · · · · · ·
1 · · · 1

.

Lets suppose that G = G(Λ) is a simple graph, which is constructed on the tiled orders Λ ⊂
Mn(D) as follows: set of vertices is V G = {1, 2, ..., n}. Points i and j are connected by an edge if
and only if αij + αji = 1.

If graph G = G(Λ) is connected, then Λ satis�es Jategaonkar condition.
Theorem 1. Let Λ � consolidated tiled order in Mn(D), where n ∈ {4, 5},

Λ =

(
Λ11 Λ12

Λ21 Λ22

)
�bilateral Peirce decomposition order Λ and

G(Λ) = G(Λ11)
⋃
G(Λ22). Let Q(Λ) � directed graph tiled order Λ. Then Λ satis�es Jategaonkar

condition if and only if a cycle exists i1 → j1 → i2 → j2 → i1 in directed graph Q(Λ) with
αi1j1 + αj1i2 + αi2j2 + αj2j1 < 4, where i1, i2 ∈ V G(Λ11), j1, j2 ∈ V G(Λ22)

Theorem 2. Let Λ � consolidated tiled order in Mn(D), where n ≤ 5, which satis�es Jate-

gaonkar condition. Than
∑n

i,j=1 αij ≤ (n−1)n(n+1)
6 .

The author sare sincerely grateful to research advisor Pryshlyak O.O., professor at the geometry depart-
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problem and valuable pieces of advice.
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A compact orientable manifold (surface) M with a boundary ∂M will be considered. The
function f : M → R is called m-function if: a) all its critical points are nondegenerate and do
not lie on the boundary ∂M ; ; b) edge of manifold can be represented as the union of ∂M =
∂M− ∪ ∂M0 ∪ ∂M+ that the restriction of f∂ function f to ∂M0 is a Morse function and if the set
of ∂M− 6= ∅(∂M+ 6= ∅), then the function f takes its minimum (maximum) value [1].

Generalized snake is called a sequence of positive numbers xi, which satisfy the conditions
x0 6= x1 6= ... 6= xn, 0 ≤ xi ≤ m,n,m ∈ N [2].

In the case of the four critical points, there are two snakes, one feature implemented on leaves
Mobius.

Consider the m−function which has 6 critical points. Number of Morse functions on the circle
with 6 critical points equals to the number of appropriate substitutions, namely 16. The functions
on the circle are de�ned by snakes.

Theorem. For each snake which is de�ned the Morse function on the circle with six critical points

there is a one up to the topological equivalence, m-function on the Klein bottle with a hole without

internal critical points the restriction of which is topologically equivalent to the given Morse function.

The author sare sincerely grateful to research advisor Pryshlyak O.O., professor at the geometry depart-

ment Faculty of Mechanics and Mathematics Taras Shevchenko National University of Kyiv for setting a

problem and valuable pieces of advice.
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Êîíòàêòíàÿ ôîðìà Ëè è êîíöèðêóëÿðíàÿ ãåîìåòðèÿ ëîêàëüíî êîíôîðìíî

êâàçè-ñàñàêèåâûõ ìíîãîîáðàçèé

Î. Å. Àðñåíüåâà
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Íà ñåãîäíÿøíèé äåíü âåäóòñÿ àêòèâíûå èññëåäîâàíèÿ ãåîìåòðèè ïî÷òè êîíòàêòíûõ

ìåòðè÷åñêèõ ñòðóêòóð íà ìíîãîîáðàçèÿõ. Îäíèì èç íàèáîëåå àêòóàëüíûõ âîïðîñîâ

ýòîãî ðàçäåëà ãåîìåòðèè ÿâëÿåòñÿ âîïðîñ î ïðåîáðàçîâàíèÿõ òîãî èëè èíîãî âèäà ýòèõ

ñòðóêòóð. Îñîáûé èíòåðåñ ïðåäñòàâëÿþò êîíôîðìíûå ïðåîáðàçîâàíèÿ è èõ ÷àñòíûé ñëó÷àé

� êîíöèðêóëÿðíûå ïðåîáðàçîâàíèÿ. Êðèòåðèé, ïîçâîëÿþùèé âûäåëèòü êîíöèðêóëÿðíûå

ïðåîáðàçîâàíèÿ èç êëàññà êîíôîðìíûõ ïðåîáðàçîâàíèé ðèìàíîâûõ ñòðóêòóð áûë ïîëó÷åí

ÿïîíñêèì ãåîìåòðîì Êåíòàðî ßíî. Ñ äðóãîé ñòîðîíû, îäíèì èç íàèáîëåå èíòåðåñíûõ

êëàññîâ ïî÷òè êîíòàêòíûõ ìåòðè÷åñêèõ ñòðóêòóð ÿâëÿþòñÿ òàê íàçûâàåìûå êâàçè-ñàñàêèåâû

ñòðóêòóðû, ââåäåííûå â ðàññìîòðåíèå Äýâèäîì Áëýðîì. Èõ çíà÷åíèå îïðåäåëÿåòñÿ,

ïðåæäå âñåãî, òåì, ÷òî îíè, â îïðåäåëåííîé ñòåïåíè, ÿâëÿþòñÿ êîíòàêòíûì àíàëîãîì

êåëåðîâûõ ñòðóêòóð, èãðàþùèõ îãðîìíóþ ðîëü â ñîâðåìåííîé ãåîìåòðèè è åå ïðèëîæåíèÿõ.

Íàëè÷èå êîíôîðìíûõ è êîíöèðêóëÿðíûõ ïðåîáðàçîâàíèé ïîçâîëÿåò ââåñòè â ðàññìîòðåíèå â

êîíòàêòíîé ãåîìåòðèè êëàññû ïî÷òè êîíòàêòíûõ ìåòðè÷åñêèõ ñòðóêòóð, êîòîðûå äîïóñêàþò

ëîêàëüíî êîíôîðìíîå èëè ëîêàëüíî êîíöèðêóëÿðíîå ïðåîáðàçîâàíèå â êâàçè-ñàñàêèåâó

ñòðóêòóðó: ëîêàëüíî êîíôîðìíî êâàçè-ñàñàêèåâû è ëîêàëüíî êîíöèðêóëÿðíî êâàçè-ñàñàêèåâû

ñòðóêòóðû ñîîòâåòñòâåííî. Â íàñòîÿùåé ðàáîòå ïîëó÷åí êðèòåðèé, ïîçâîëÿþùèé âûäåëèòü

ïîäêëàññ ëîêàëüíî êîíöèðêóëÿðíî êâàçè-ñàñàêèåâûõ ñòðóêòóð èç êëàññà ëîêàëüíî êîíôîðìíî

êâàçè-ñàñàêèåâûõ ñòðóêòóð, èíòåíñèâíî èçó÷àåìûõ â ïîñëåäíåå âðåìÿ. Ïîëó÷åíû íåêîòîðûå

ïðèëîæåíèÿ è îáîáùåíèÿ ýòîãî ðåçóëüòàòà.

Ïóñòü M2n+1 � ãëàäêîå íå÷åòíîìåðíîå ìíîãîîáðàçèå, ñíàáæåííîå ïî÷òè êîíòàêòíîé

ìåòðè÷åñêîé ñòðóêòóðîé (êîðî÷å, AC-ñòðóêòóðîé). Íàìè äîêàçàíà ñëåäóþùàÿ
Òåîðåìà. AC-ñòðóêòóðà äîïóñêàåò ëîêàëüíî êîíöèðêóëÿðíîå ïðåîáðàçîâàíèå â ÷àñòè÷íî

êâàçè-ñàñàêèåâó ñòðóêòóðó òîãäà è òîëüêî òîãäà, êîãäà åå êîíòàêòíàÿ ôîðìà Ëè

óäîâëåòâîðÿåò óðàâíåíèþ ßíî

∇ω = ω ⊗ ω + ρg,

ãäå ω � êîíòàêòíàÿ ôîðìà, ρ � ãëàäêàÿ ôóíêöèÿ, g � ìåòðè÷åñêèé òåíçîð.
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Äîêàçàíà
Òåîðåìà 1. Äëÿ òîãî, ÷òîáû ïðè àðåàëüíîé áåñêîíå÷íî ìàëîé äåôîðìàöèè ìèíèìàëüíîé

ïîâåðõíîñòè S ⊂ E3 ñîõðàíÿëàñü ñðåäíÿÿ êðèâèçíà, íåîáõîäèìî è äîñòàòî÷íî, ÷òîáû

êîìïîíåíòû ïîëÿ ñìåùåíèÿ U = Uαrα +
◦
Un̄ óäîâëåòâîðÿëè ñëåäóþùåé ñèñòåìå óðàâíåíèé

Uα,α = 0, (1)

gij
◦
U ,ij − 2K

◦
U = 0, (2)

ãäå gij−ìåòðè÷åñêèé òåíçîð, à K 6= 0− ãàóññîâà êðèâèçíà ïîâåðõíîñòè.
Óðàâíåíèå (1) ñîäåðæèò îäíî äèôôåðåíöèàëüíîå óðàâíåíèå ñ ÷àñòíûìè ïðîèçâîäíûìè

ïåðâîãî ïîðÿäêà îòíîñèòåëüíî äâóõ íåèçâåñòíûõ ôóíêöèé u1, u2. Â ðàáîòå îáùåå ðåøåíèå
óðàâíåíèÿ (1) ïðåäñòàâëåíî ÷åðåç ïðîèçâîëüíûé ãðàäèåíòíûé âåêòîð ψα ∈ C1 â âèäå ui =
ciαψα, i = 1, 2, ciα− äèñêðèìèíàíòíûé òåíçîð.

Óðàâíåíèå (2) ïðåäñòàâëÿåò ñîáîé îäíî äèôôåðåíöèàëüíîå óðàâíåíèå ñ ÷àñòíûìè

ïðîèçâîäíûìè âòîðîãî ïîðÿäêà ýëëèïòè÷åñêîãî òèïà îòíîñèòåëüíî ôóíêöèè
◦
U. Ò. ê. ãàóññîâà

êðèâèçíà ìèíèìàëüíîé ïîâåðõíîñòè âñåãäà îòðèöàòåëüíà, òî óáåæäàåìñÿ, ÷òî ïîñëåäíèé
êîýôôèöèåíò (−2K) > 0. Äëÿ òàêîãî óðàâíåíèÿ ïðèìåíåíèå òåîðèè èçâåñòíûõ êðàåâûõ çàäà÷
ïðîáëåìàòè÷íî. Ñ äðóãîé ñòîðîíû, èìååò ìåñòî ñëåäóþùàÿ

Òåîðåìà 2. Äëÿ êàæäîé ìèíèìàëüíîé ïîâåðõíîñòè (K 6= 0) ìîæíî âûáðàòü ïîñòîÿííûé
âåêòîð c òàê, ÷òî íàéäåòñÿ îáëàñòü ïåðåìåííûõ x1, x2, â êîòîðîé äëÿ åäèíè÷íîãî âåêòîðà
íîðìàëè ïîâåðõíîñòè âûïîëíÿåòñÿ óñëîâèå c · n > 0 (èëè c · n < 0) è â êîòîðîé óðàâíåíèå (2)

èìååò íåíóëåâîå ðåøåíèå
◦
U = c · n.

Ïðè óñëîâèÿõ òåîðåìû 2, êàê èçâåñòíî [1], ê óðàâíåíèþ (2) ìîæíî ïðèìåíÿòü òåîðåìû
ñóùåñòâîâàíèÿ è åäèíñòâåííîñòè ðåøåíèé êðàåâûõ çàäà÷. Â ðåçóëüòàòå, ïîëó÷åíû íåêîòîðûå
ðåçóëüòàòû äëÿ ïîâåðõíîñòè ñ ãðàíèöåé.

Ñïèñîê ëèòåðàòóðû

[1] È. Í. Âåêóà Íîâûå ìåòîäû ðåøåíèÿ ýëëèïòè÷åñêèõ óðàâíåíèé., - Ì.-Ë.: Ãîñòåõèçäàò.-
1948.
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Î ÷àñòíîì ñëó÷àå ïî÷òè ãåîäåçè÷åñêèõ îòîáðàæåíèé òèïà π1

Â. Å. Áåðåçîâñêèé, É. Ìèêåø

(Óìàíñêèé íàöèîíàëüíûé óíèâåðñèòåò ñàäîâîäñòâà, Óêðàèíà)

E-mail address: berez.volod@rambler.ru

(Palacky University, Olomouc, Czech Republic)

E-mail address: josef.mikes@upol.cz

Ðàññìàòðèâàþòñÿ êàíîíè÷åñêèå ïî÷òè ãåîäåçè÷åñêèå îòîáðàæåíèÿ ïåðâîãî òèïà
ïðîñòðàíñòâ àôôèííîé ñâÿçíîñòè An → Ān, õàðàêòåðèçóþùèåñÿ ñëåäóþùèìè óðàâíåíèÿìè
(ñì. [1,2,3]):

P hij,k + P hik,j = −PαijP hkα − PαikP hjα + δhkaij + δhj aik, (1)

ãäå aij � íåêîòîðûé ñèììåòðè÷åñêèé òåíçîð, çàïÿòîé îáîçíà÷àåòñÿ êîâàðèàíòíàÿ ïðîèçâîäíàÿ
â ïðîñòðàíñòâå àôôèííîé ñâÿçíîñòè An.

Óðàâíåíèÿ (1) ñâåäåíû ê çàìêíóòîé ñèñòåìå òèïà Êîøè â êîâàðèàíòíûõ ïðîèçâîäíûõ
îòíîñèòåëüíî ôóíêöèé P hij(x), aij(x). Óñòàíîâëåíî, ÷òî êîëè÷åñòâî ñóùåñòâåííûõ ïàðàìåòðîâ,

îò êîòîðûõ çàâèñèò îáùåå ðåøåíèå òàêîé ñèñòåìû, íå ïðåâûøàåò ÷èñëà 1/2 n(n+ 1)2.
Èìåþò ìåñòî

Òåîðåìà 1. Òåíçîðû

∗
W h

ijk = Rhijk −
1

n− 1
(Rijδ

h
k −Rikδhj ),

Wij = Rij −Rji,

à òàêæå òåíçîð ïðîåêòèâíîé êðèâèçíû Âåéëÿ ÿâëÿþòñÿ èíâàðèàíòíûìè ãåîìåòðè÷åñêèìè

îáúåêòàìè îòíîñèòåëüíî ïî÷òè ãåîäåçè÷åñêèõ îòîáðàæåíèé ïåðâîãî òèïà, îïðåäåëÿåìûõ

óðàâíåíèÿìè (1).

Òåîðåìà 2. Åñëè ïðîåêòèâíî-åâêëèäîâî èëè ýêâèàôôèííîå ïðîñòðàíñòâî An äîïóñêàåò

ïî÷òè ãåîäåçè÷åñêîå îòîáðàæåíèå, õàðàêòåðèçóþùååñÿ óðàâíåíèÿìè (1), íà Ān, òî Ān
ÿâëÿåòñÿ ïðîåêòèâíî-åâêëèäîâûì èëè ýêâèàôôèííûì ïðîñòðàíñòâîì ñîîòâåòñòâåííî.

Òàêèì îáðàçîì, ïðîåêòèâíî-åâêëèäîâû è ýêâèàôôèííûå ïðîñòðàíñòâà îáðàçóþò
çàìêíóòûå êëàññû îòíîñèòåëüíî ïî÷òè ãåîäåçè÷åñêèõ îòîáðàæåíèé, îïðåäåëÿåìûõ
óðàâíåíèÿìè (1).

Â ñëó÷àå, êîãäà òåíçîð aij(x) òîæäåñòâåííî îáðàùàåòñÿ â íóëü, óðàâíåíèÿ (1) âïîëíå
èíòåãðèðóåìû.

Ñïèñîê ëèòåðàòóðû
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Â.Â.Øàðêî [1] äàë íåîáõîäèìîå è äîñòàòî÷íîå óñëîâèå èçîòîïíîñòè äëÿ ïðàâèëüíûõ
ìèíèìàëüíûõ ôóíêöèé Ìîðñà íà îäíîñâÿçíîì ìíîãîîáðàçèè ðàçìåðíîñòè, áîëüøåé ïÿòè. Îí
íàçûâàë ôóíêöèè Ìîðñà f0 è f1 íà ìíîãîîáðàçèè Mn èçîòîïíûìè, åñëè ñóùåñòâóåò ïóòü
γ : [0, 1] −→ C∞(Mn, R), òàêîé, ÷òî γ(0) = f0, γ(1) = f1 è γ(t) - ôóíêöèÿ Ìîðñà äëÿ
âñåõ t ∈ [0, 1]. Ïðè ýòîì ôóíêöèè Ìîðñà f è g, çàäàííûå íà ìíîãîîáðàçèè Mn, íàçâàíû
ñîïðÿæåííûìè, åñëè ñóùåñòâóþò äèôôåîìîðôèçìû h : Mn → Mn è k : [0, 1] → [0, 1],
èçîòîïíûå òîæäåñòâåííûì, òàêèå, ÷òî f = k ◦ g ◦ h. Åñëè h è k - ãîìåîìîðôèçìû, òî ôóíêöèè
(íå îáÿçàòåëüíî Ìîðñà) f è g íàçûâàþò (ñì., íàïð., [2]) òîïîëîãè÷åñêè ñîïðÿæåííûìè, åñëè
îíè òîïîëîãè÷åñêè ýêâèâàëåíòíû [3] è ãîìåîìîðôèçì k ñîõðàíÿåò îðèåíòàöèþ.

Ïîñêîëüêó ñîïðÿæåííàÿ ôóíêöèÿ - ïîíÿòèå òåîðèè ôóíêöèé, ÿâëÿþùååñÿ êîíêðåòíûì
îòðàæåíèåì íåêîòîðîãî èíâîëþòèâíîãî îïåðàòîðà äëÿ ñîîòâåòñòâóþùåãî êëàññà ôóíêöèé,
òî ñîïðÿæåííûå â óêàçàííîì âûøå ñìûñëå ôóíêöèè åñòåñòâåííî ðàññìîòðåòü, êàê ÷àñòíûé
ñëó÷àé ôóíêöèé, èçîòîïíûõ â áîëåå øèðîêîì ñìûñëå.

Îïðåäåëèì èçîòîïíûå ôóíêöèè ñëåäóþùèì îáðàçîì. Ïóñòü M - n-ìåðíîå ìíîãîîáðàçèå
è X - åãî ïîäìíîæåñòâî. Ñëåäóÿ îïðåäåëåíèÿì [4], îáîçíà÷àåì ÷åðåç Iso(M,X) ãðóïïó
åãî èçîìîôèçìîâ (Cr-äèôôåîìîðôèçìîâ, r = 1, . . . ,∞ èëè ãîìåîìîðôèçìîâ èëè PL-
ãîìåîìîðôèçìîâ), íåïîäâèæíûõ íà X. Iso(M,�) = Iso(M). Åñëè M îðèåíòèðóåìî, òî
Iso+(M) îáîçíà÷àåò ãðóïïó èçîìîðôèçìîâ, ñîõðàíÿþùèõ îðèåíòàöèþ M . Iso0(M,X) -
ïîäãðóïïà â Iso(M,X), ñîñòîÿùàÿ èç âñåõ èçîìîðôèçìîâ, èçîòîïíûõ idM â ïðîñòðàíñòâå
Iso(M,X).

Ôóíêöèè f0 è f1 íà ìíîãîîáðàçèè íàçîâåì èçîòîïíûìè (Cr-èçîòîïíûìè èëè íåïðåðûâíî
èçîòîïíûìè èëè èçîòîïíûìè ôóíêöèÿìè Ìîðñà), åñëè ñóùåñòâóþò òàêàÿ íåïîäâèæíàÿ íà X
èçîòîïèÿ H : (M,X) × I → (M,X) × I è èçîòîïèÿ h : [0, 1] × I → [0, 1] × I,Ht ∈ Iso0(M,X)
è ht ∈ Iso+0 ([0, 1]), ÷òî äëÿ âñåõ t ∈ [0, 1] ht ◦ f0 = ft ◦ Ht èëè ft = ht ◦ f0 ◦ H−1t - ôóíêöèè
îäèíàêîâîãî âèäà (Cr-ãëàäêèå èëè íåïðåðûâíûå èëè ôóíêöèè Ìîðñà).

Ñïèñîê ëèòåðàòóðû

[1] Â. Â. Øàðêî Ôóíêöèè íà ìíîãîîáðàçèÿõ (àëãåáðàè÷åñêèå è òîïîëîãè÷åñêèå àñïåêòû).,-
Êèåâ: Íàóê. äóìêà, (1990), 296ñ.

[2] A. O. Prishljak Topological equivalence of smooth functions with isolated critical points on a

closed surface.,-http: //arxiv.org/pdf/math/9912004.

[3] Â. Ì. Àëåêñååâ, Â. Ì. Òèõîìèðîâ, Ñ. Â. Ôîìèí Îïòèìàëüíîå óïðàâëåíèå.,- Ì, (1979), 200ñ.

[4] È. Þ. Âëàñåíêî, Ñ. È. Ìàêñèìåíêî, Å. À. Ïîëóëÿõ Òîïîëîãè÷åñêèå ìåòîäû â èçó÷åíèè

ãðóïï ïðåîáðàçîâàíèé ìíîãîîáðàçèé.,- Òð. Èí-òà ìàòåìàòèêè ÍÀÍ Óêðàèíû, (2006), 30-
80ñ.
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Íåéòðàëüíàÿ ýíòðîïèÿ âíóòðåííåãî îòîáðàæåíèÿ
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Â òåîðèè äèíàìè÷åñêèõ ñèñòåì, ýíòðîïèÿ äèíàìè÷åñêîé ñèñòåìû � ÷èñëî, âûðàæàþùåå
ñòåïåíü õàîòè÷íîñòè å¼ òðàåêòîðèé. Ðàçëè÷àþò ìåòðè÷åñêóþ ýíòðîïèþ, îïèñûâàþùóþ
õàîòè÷íîñòü äèíàìèêè â ñèñòåìå ñ èíâàðèàíòíîé ìåðîé äëÿ ñëó÷àéíîãî âûáîðà íà÷àëüíîãî
óñëîâèÿ ïî ýòîé ìåðå, è òîïîëîãè÷åñêóþ ýíòðîïèþ, îïèñûâàþùóþ õàîòè÷íîñòü äèíàìèêè áåç
ïðåäïîëîæåíèÿ î çàêîíå âûáîðà íà÷àëüíîé òî÷êè.

Ïðè ýòîì, âàðèàöèîííûé ïðèíöèï óòâåðæäàåò, ÷òî äëÿ íåïðåðûâíîé äèíàìè÷åñêîé
ñèñòåìû íà êîìïàêòíîì ìíîæåñòâå, òîïîëîãè÷åñêàÿ ýíòðîïèÿ ðàâíà ñóïðåìóìó ìåòðè÷åñêèõ,
âçÿòîìó ïî âñåì âîçìîæíûì âûáîðàì èíâàðèàíòíûõ ìåð äàííîé ñèñòåìû.

Â ðàáîòàõ [2, 3] áûë ââåäåí ðÿä íîâûõ èíâàðèàíòîâ òîïîëîãè÷åñêîé ñîïðÿæåííîñòè
âíóòðåííèõ (ò.å. îòêðûòûõ äèñêðåòíûõ) îòîáðàæåíèé, â êà÷åñòâå ìîäåëè äëÿ êîòîðûõ
èñïîëüçîâàëèñü äèíàìè÷åñêèå èíâàðèàíòíûå ìíîæåñòâà ãîìåîìîðôèçìîâ, êîòîðûå îñíîâàíû
íà àíàëîãèè ìåæäó òðàåêòîðèÿìè äëÿ îáðàòèìûõ îòîáðàæåíèé è íàïðàâëåíèÿìè â ìíîæåñòâå
òî÷åê, èìåþùèõ îáùèé îáðàç, êîòîðîå ðàññìàòðèâàëèñü êàê òðàåêòîðèÿ â äâóõ èçìåðåíèÿõ.
Â íàïðàâëåíèè èòåðàöèé � �âðåìÿ�, à òðàíñâåðñàëüíîå åìó � �íåéòðàëüíîå� èçìåðåíèå.

Ðàñïðîñòðàíÿÿ ýòó àíàëîãèþ íà ýíòðîïèþ, ìû ìîæåì ðàññìàòðèâàòü îáû÷íóþ ýíòðîïèþ
êàê ñâÿçàííóþ ñ íàïðàâëåíèåì �âðåìåíè� è ââåñòè åùå îäíó ýíòðîïèþ, �íåéòðàëüíóþ�
ýíòðîïèþ, êîòîðóþ ìîæíî ðàññìàòðèâàòü êàê ÷èñëî, âûðàæàþùåå ñòåïåíü õàîòè÷íîñòè
ðàñïîëîæåíèÿ ðàçëè÷íûõ ïðîîáðàçîâ íåîáðàòèìîãî îòîáðàæåíèÿ äðóã îòíîñèòåëüíî äðóãà,
è ñâÿçàííóþ ñ ïîñëåäîâàòåëüíîñòüþ ëîêàëüíî òîæäåñòâåííûõ îòîáðàæåíèé f−n ◦ fn.

�Íåéòðàëüíàÿ� ýíòðîïèÿ ïî îïðåäåëåíèþ ðàâíà íóëþ äëÿ îáðàòèìûõ îòîáðàæåíèé. Ìîæíî
îïðåäåëèòü êàê ìåòðè÷åñêóþ, òàê è òîïîëîãè÷åñêóþ íåéòðàëüíóþ ýíòðîïèþ. Âû÷èñëåíû
ïðèìåðû, äëÿ êîòîðûõ íåéòðàëüíàÿ ýíòðîïèÿ íå ðàâíà íóëþ.

Ñòðîãîå îïðåäåëåíèå íåéòðàëüíîé ýíòðîïèè èñïîëüçóåò òîò ôàêò, ÷òî äëÿ íàêðûòèÿ f äëÿ
êàæäîãî n ≥ 1 âåòâè ìíîãîçíà÷íîãî îòîáðàæåíèÿ f−n ◦ fn ìîæíî îòîæäåñòâèòü ñ îòäåëüíûìè
àâòîìîðôèçìàìè ãðóïïû àâòîìîðôèçìîâ Afn íàêðûòèÿ fn. Òîãäà c íàêðûòèåì f ñâÿçàíà
ïîñëåäîâàòåëüíîñòü ñâîáîäíî äåéñòâóþùèõ äèñêðåòíûõ ãðóïï

Af ⊂ Af2 ⊂ · · · ⊂ Afn ⊂ . . . ,

è íåéòðàëüíóþ ýíòðîïèþ ìîæíî ðàññìàòðèâàòü êàê so�c entropy ([4]) òàêîãî äåéñòâèÿ. Ýòà
êîíñòðóêöèÿ ðàñïðîñòðàíÿåòñÿ è íà áîëåå îáùèå âíóòðåííèå îòîáðàæåíèÿ, ãäå äåéñòâèå óæå
íå ñâîáîäíî íà ìíîæåñòâå òî÷åê âåòâëåíèÿ.

Ñïèñîê ëèòåðàòóðû
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Íåóñòîé÷èâîñòü ïëàìåíè è ãåîìåòðèÿ ãàçîâîãî ôàêåëà
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E-mail address: viktor@te.net.ua

Ãàçîâûå ôàêåëû ïîäðàçäåëÿþòñÿ íà ëàìèíàðíûå è òóðáóëåíòíûå. Ìîäåëü ëàìèíàðíîãî

ôàêåëà ïðåä-ïîëàãàåò íàëè÷èå ¾õîëîäíîãî êîíóñà¿, îãðàíè÷åííîãî ôðîíòîì ïëàìåíè, ïðè ýòîì

ôðîíò ïëàìåíè ìîæåò ðàññìàòðèâàòüñÿ êàê çîíà êîíå÷íîé ïðîòÿæåííîñòè. Ïðèíöèïèàëüíîå

îòëè÷èå òóðáóëåíòíîãî ôàêåëà îò ëàìèíàðíîãî ñîñòîèò â òîì, ÷òî èç-çà íàëè÷èÿ â

àýðîäèíàìè÷åñêîé ñòðóêòóðå ïîòîêà òóðáóëåíòíûõ âèõðåé è ïóëüñàöèé ôðîíò ïëàìåíè

ïåðåñòàåò èìåòü ÷åòêèå ãðàíèöû. Ïîíÿòèå ¾ñêîðîñòü ðàñïðîñòðàíåíèÿ ôðîíòà òóðáóëåíòíîãî

ïëàìåíè¿ ïðàêòè÷åñêè òåðÿåò ñìûñë. Ãåîìåòðèÿ è ðàçìåðû òóðáóëåíòíîãî ôàêåëà â ñðàâíå-

íèè ñ ôàêåëîì ëàìèíàðíûì îïðåäåëÿþòñÿ ñîâåðøåííî èíà÷å.

Ïðîáëåìó òóðáóëèçàöèè ãàçîâîãî ôàêåëà ñâÿçûâàþò ãëàâíûì îáðàçîì ñ âîïðîñîì î òîì,

ëàìèíàðíîé èëè òóðáóëåíòíîé ÿâëÿåòñÿ ñòðóÿ ãîðþ÷åé ñìåñè â ãîðåëêå. Îäíàêî ïîäîáíûé

ïîäõîä ÿâëÿåòñÿ âåñüìà óïðîùåííûì. Îáùåèçâåñòíî, ÷òî ïåðåõîä ê òóðáóëåíòíîñòè â

ñòðóå ãîðþ÷åé ñìåñè îáóñëîâëåí ðàçâèòèåì íåóñòîé÷èâîñòè ëàìèíàðíîãî òå÷åíèÿ âÿçêîé

ñðåäû (åñëè ìîäåëèðîâàòü ïîäà÷ó ãîðþ÷åãî êàê òå÷åíèå â êàíàëå èëè òðóáå). Îäíàêî,

óñòîé÷èâîñòü òàêîãî òå÷åíèÿ îáåñïå÷èâàåò òîëüêî ëàìèíàðíîñòü ïîòîêà ãîðþ÷åé ñìåñè, íî

íå ãàðàíòèðóåò ëàìèíàðíîñòü ñàìîãî ôàêåëà, òàê êàê ôàêåëüíîå ïëàìÿ ñàìî ïî ñåáå ìîæåò

áûòü íåóñòîé÷èâûì, ÷òî ïðèâîäèò ê àâòîòóðáóëèçàöèè ãîðåíèÿ.

Äåòàëüíî èññëåäîâàíà íåóñòîé÷èâîñòü è ñòðóêòóðà ïëàìåíè (â òîì ÷èñëå ôàêåëüíîãî).

Äîêàçàíî, ÷òî âîçìîæíîñòü ðàçâèòèÿ íåóñòîé÷èâîñòè è ïåðåõîäà ïðîöåññà ôàêåëüíîãî ãîðåíèÿ

ê òóðáóëåíòíîñòè îïðåäåëÿåòñÿ ñîîòíîøåíèåì ìåæäó äëèíîé âîëíû λm ìàêñèìàëüíî áûñòðî

íàðàñòàþùåãî ñî âðåìåíåì âîçìóùåíèÿ, àëãîðèòì îïðåäåëåíèÿ êîòîðîé ïðèâåäåí â ðàáîòàõ è

äëèíîé Λ îáðàçóþùåé êîíóñà ïëàìåíè. Âîçìîæíû òðè ïðèíöèïèàëüíî ðàçëè÷íûå ñèòóàöèè.

Åñëè

λm > Λ, (1)

òî íåóñòîé÷èâîñòü íå èìååò ìåñòà (âîçìóùåíèÿ ñ íåóñòîé÷èâûìè äëèíàìè âîëí íå ìîãóò

ðåàëèçîâàòüñÿ èç-çà îãðàíè÷åííîñòè äëèíû ôðîíòà ïëàìåíè) è àâòîòóðáóëèçàöèÿ ãîðåíèÿ íå

ïðîèñõîäèò.

Åñëè

λm ≈ Λ, (2)

òî íåóñòîé÷èâîñòü, ñêîðåå âñåãî, ïðîÿâëÿåòñÿ íå â àâòîòóðáóëèçàöèè ïëàìåíè, à â èñêàæåíèè

ãåîìåòðè÷åñêîé ôîðìû åãî ôðîíòà. Ôðîíò ïëàìåíè â ïëîñêîì ñå÷åíèè ïðèíèìàåò

äóãîîáðàçíûå ôîðìû, � ïðè ýòîì ãåîìåòðè÷åñêèå ïàðàìåòðû äóã îïðåäåëÿþòñÿ äëèíîé âîëíû

λm, � îäíàêî ñàìî ïëàìÿ îñòàåòñÿ ëàìèíàðíûì. ¾Õîëîäíûé êîíóñ¿ â ýòîì ñëó÷àå ïðèíèìàåò

òþëüïàíîâèäíóþ ôîðìó.

È, íàêîíåö, åñëè

λm < Λ, (3)

òî ïëàìÿ íåóñòîé÷èâî è ôàêåë ñòàíîâèòñÿ òóðáóëåíòíûì.

Îòìåòèì, ÷òî (ìàêñèìàëüíûé) ïîïåðå÷íûé ðàçìåð òóðáóëåíòíîãî ôàêåëà îïðåäåëÿåòñÿ, â

ïåðâóþ î÷å-ðåäü, ìàñøòàáîì òóðáóëåíòíîñòè, ò.å. ïàðàìåòðîì, êîòîðûé íàïðÿìóþ çàâèñèò îò

λm.
Ðåøåíèå çàäà÷è î ãåîìåòðè÷åñêîé ôîðìå è ðàçìåðàõ ãàçîâîãî ôàêåëà ïîçâîëÿåò áîëåå

ýôôåêòèâíî óïðàâëÿòü ïðîöåññîì ñæèãàíèÿ òîïëèâà (îñîáåííî � ïåðåìåííîãî ñîñòàâà) â

òîïêàõ è êàìåðàõ ñãîðàíèÿ.
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Åù¼ ðàç î ãåîìåòðè÷åñêèõ ìåòîäàõ â òåîðåòè÷åñêîé ôèçèêå

À. Í. Ãåðåãà

(ÎÍÀÏÒ, Îäåññà, Óêðàèíà)

E-mail address: a.herega@gmail.com

Â ìàòåìàòè÷åñêèé àïïàðàò òåîðåòè÷åñêîé ôèçèêè â äâàäöàòîì ñòîëåòèè âîøåë ðÿä
óíèâåðñàëüíûõ è ñïåöèàëüíûõ ðàçìåðíîñòåé. Ñóùåñòâóþò äâå îñíîâíûå ãðóïïû çàäà÷, â
êîòîðûõ ðàçìåðíîñòè ñòàëè ðåàëüíûì èíñòðóìåíòîì ïîëó÷åíèÿ è àíàëèçà ðåøåíèé. Ïåðâàÿ
� ýòî çàäà÷è ñòîõàñòè÷åñêîé äèíàìèêè, â ÷àñòíîñòè, ïðîáëåìû òóðáóëåíòíîñòè. Â ýòèõ
çàäà÷àõ ðàçìåðíîñòè ÿâëÿþòñÿ äîñòóïíûìè äëÿ èçìåðåíèÿ è ñòðóêòóðíî óñòîé÷èâûìè
õàðàêòåðèñòèêàìè ñèñòåìû, ñâÿçàííûìè, â ÷àñòíîñòè, ñ ïîêàçàòåëÿìè Ëÿïóíîâà; à òàêæå
ïîçâîëÿþò ïðîâåñòè êëàññèôèêàöèþ ñòðàííûõ àòòðàêòîðîâ è ñâÿçàííîãî ñ íèìè õàîòè÷åñêîãî
ïîâåäåíèÿ. Âòîðàÿ ãðóïïà � çàäà÷è ïåðêîëÿöèîííîé òåîðèè: ðàçäåëà ñòàòèñòè÷åñêîé ôèçèêè,
â êîòîðîì íà ïðîòÿæåíèè ïîëóâåêà èññëåäóþòñÿ ãåîìåòðè÷åñêèå ôàçîâûå ïåðåõîäû.

Äëÿ êðèòè÷åñêèõ ïîêàçàòåëåé ôèçè÷åñêèõ âåëè÷èí, êàê ïðàâèëî, ìîæíî óêàçàòü
ìíîæåñòâî, ñ ðàçìåðíîñòüþ êîòîðîãî ýòîò ïîêàçàòåëü ñâÿçàí. Â ñâîþ î÷åðåäü, èññëåäîâàíèå
ñòðóêòóðû òàêèõ ìíîæåñòâ ìíîãî äà¼ò äëÿ ïîíèìàíèÿ êðèòè÷åñêîãî ïîâåäåíèÿ ñèñòåìû è
ñîîòíîøåíèé ìåæäó ïîêàçàòåëÿìè, ïîçâîëÿåò ïðîñëåäèòü ñâÿçü ìåæäó ïîâåäåíèåì ñèñòåìû â
ïðîìåæóòî÷íîé àñèìïòîòèêå è å¼ ãåîìåòðèåé.

Â îáçîðå ïðîàíàëèçèðîâàíî ïîíÿòèå àäåêâàòíîñòè ìåðû òî÷å÷íûõ ìíîæåñòâ, áàçèðóþùååñÿ
íà ðàçìåðíîñòè Õàóñäîðôà-Áåçèêîâè÷à, è åå ðîëü â îïðåäåëåíèè ôðàêòàëüíîé ðàçìåðíîñòè,
ââåäåííîé â ðàññìîòðåíèå Á. Ìàíäåëüáðîòîì. Ôðàêòàëüíàÿ ðàçìåðíîñòü è åå âîçìîæíûå
âàðèàíòû ðàññìàòðèâàþòñÿ êàê ìåòðè÷åñêèå ïîíÿòèÿ, êîòîðûå îïðåäåëÿþòñÿ àëãîðèòìàìè
ïîêðûòèÿ ìíîæåñòâà d-ìåðíûìè øàðàìè. Ðàññìîòðåíû ñïîñîáû ïîêðûòèÿ îãðàíè÷åííûõ
ìíîæåñòâ, ïðåäëîæåííûå Ã. Êàíòîðîì è Ã. Ìèíêîâñêèì, îáîáùåíèå Æ. Áóëèãàíîì
ðàçìåðíîñòè Ìèíêîâñêîãî íà ñëó÷àé äðîáíûõ ðàçìåðíîñòåé, à òàêæå íàèáîëåå ýêîíîìè÷íîå
ïîêðûòèå, ïðèâîäÿùåå ê ðàçìåðíîñòè Ïîíòðÿãèíà-Øíèðåëüìàíà.

Îáñóæäàþòñÿ âîïðîñû âîçìîæíîñòè èñïîëüçîâàíèÿ îäíèõ ðàçìåðíîñòåé äëÿ îöåíêè
äðóãèõ. Ïîêàçàíî, ÷òî äëÿ ñàìîïîäîáíûõ ìàòåìàòè÷åñêèõ ôðàêòàëîâ (òèïà êàíòîðîâîé ïûëè,
êîâðà Ñåðïèíñêîãî è äðóãèõ) ìàññîâàÿ ðàçìåðíîñòü ñîâïàäàåò ñ ðàçìåðíîñòüþ Õàóñäîðôà-
Áåçèêîâè÷à, ò.ê. îïðåäåëÿåòñÿ ðàçìåðíîñòüþ ïîäîáèÿ ñêåéëèíãîâîãî çàêîíà. Êðîìå òîãî,
äëÿ ãëàäêèõ êðèâûõ è ïîâåðõíîñòåé âåëè÷èíà ðàçìåðíîñòåé Ìèíêîâñêîãî-Áóëèãàíà DMB è
Õàóñäîðôà-Áåçèêîâè÷à DH ñîâïàäàåò, è ñ ó÷¼òîì òîãî, ÷òî DMB ëåã÷å ïîäà¼òñÿ îöåíêå, îíà
ìîæåò èñïîëüçîâàòüñÿ äëÿ îïðåäåëåíèÿ âåëè÷èíû DH , ïî àíàëîãèè ñ òåì, êàê ¼ìêîñòü ïî
Êîëìîãîðîâó èñïîëüçóåòñÿ äëÿ îöåíêè ðàçìåðíîñòè Õàóñäîðôà-Áåçèêîâè÷à.

Â äîêëàäå ðàññìîòðåíû òàêæå îáîáù¼ííûå ðàçìåðíîñòè Ðåíüè, â ÷àñòíîñòè,
èíôîðìàöèîííàÿ è êîððåëÿöèîííàÿ, ðàçìåðíîñòü ýíòðîïèè ìåðû, ìàññîâàÿ ðàçìåðíîñòü,
âíåøíÿÿ è âíóòðåííÿÿ ðàçìåðíîñòè êðèâîé, ýôôåêòèâíàÿ ðàçìåðíîñòü è äðóãèå.
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Ãåîìåòðè÷åñêèé ìåòîä ñðàâíèòåëüíîãî àíàëèçà ýíåðãåòè÷åñêèõ

íåãàðìîíè÷åñêèõ äåòåðìèíèðîâàííûõ ïðîöåññîâ è åãî ïðèìåíåíèå â

ðàäèîòåõíèêå

Ì. Í. Ãîðáà÷åâ

(Èíñòèòóò îáùåé ýíåðãåòèêè, Êèåâ, Óêðàèíà)

E-mail address: khimjuk@ied.org.ua

Çàäà÷è ñðàâíèòåëüíîãî àíàëèçà ýíåðãåòè÷åñêèõ íåãàðìîíè÷åñêèõ äåòåðìèíèðîâàííûõ

ïðîöåññîâ â ðàäèîòåõíè÷åñêèõ öåïÿõ è óñòðîéñòâàõ èìåþò ïðîáëåìíûé õàðàêòåð è ÿâëÿþòñÿ

âåñüìà àêòóàëüíûìè. Ýòî îáúÿñíÿåòñÿ ñëåäóþùèìè ïðè÷èíàìè:

1) âñå áîëåå øèðîêèì ïðèìåíåíèåì êëþ÷åâûõ ðåæèìîâ ðàáîòû â ñîâðåìåííîé

ðàäèîòåõíèêå, â ðåçóëüòàòå ÷åãî ýíåðãåòè÷åñêèå ïåðèîäè÷åñêèå ïðîöåññû ÿâëÿþòñÿ

ñóùåñòâåííî íåãàðìîíè÷åñêèìè (íàïðèìåð, â óñèëèòåëÿõ êëàññà Ä);

2) íåýôôåêòèâíîñòüþ òðàäèöèîííî ïðèìåíÿåìûõ îäíîìåðíûõ ìàòåìàòè÷åñêèõ ìîäåëåé â

âèäå ñîñòàâëÿþùèõ ïîëíîé ìîùíîñòè S (àêòèâíîé P , ðåàêòèâíîé Q è ìîùíîñòè èñêàæåíèÿ T )
äëÿ ñðàâíèòåëüíîãî àíàëèçà êëþ÷åâûõ ðåæèìîâ, êîòîðûé íåîáõîäèì íà ýòàïå ïðîåêòèðîâàíèÿ

è ðàçðàáîòêè ðàäèîòåõíè÷åñêèõ óñòðîéñòâ ñ ïåðåìåííûìè ïàðàìåòðàìè.

Óêàçàííûå ïðè÷èíû ÿâèëèñü îáîñíîâàíèåì äëÿ ðàçðàáîòêè ãåîìåòðè÷åñêîãî ìåòîäà

ñðàâíèòåëüíîãî àíàëèçà ïåðèîäè÷åñêèõ ýíåðãåòè÷åñêèõ íåãàðìîíè÷åñêèõ (ÏÝÍ) ïðîöåññîâ â

ðàäèîòåõíè÷åñêèõ öåïÿõ è óñòðîéñòâàõ. Ðàçðàáîòàííûé íîâûé ãåîìåòðè÷åñêèé ìåòîä îñíîâàí

íà íàõîæäåíèè è ïðèìåíåíèè òðåõìåðíûõ ãåîìåòðè÷åñêèõ ìîäåëåé ÏÝÍ ïðîöåññîâ â âèäå

ðåæèìíûõ òðàåêòîðèé ñîâìåñòíî ñ ïðåäëîæåííûì êðèòåðèåì Kσ äëÿ îöåíêè ýôôåêòèâíîñòè

ÏÝÍ ïðîöåññîâ êàê ôèçè÷åñêè åäèíîãî öåëîãî:

Kσ =
xmax(q)− xmin(q)

1 + zσ(q)
,

ãäå xmax(q)è xmin(q) - çíà÷åíèÿ íîðìèðîâàííûõ ïî ìîäóëþ âåêòîðà ïîëíîé ìîùíîñòè

S êîîðäèíàò, ñîîòâåòñòâóþùèõ íà÷àëó è êîíöó ðåæèìíîé òðàåêòîðèè (ÐÒ), êîòîðàÿ

ðàñïîëîæåíà íà ñôåðè÷åñêîé îáîëî÷êå ðàäèóñà ρ = 1; zσ(q) - ñðåäíåå çíà÷åíèå íîðìèðîâàííîé
êîîðäèíàòû z(q)íà çàäàííîì äèàïàçîíå èçìåíåíèÿ ïåðåìåííîãî ïàðàìåòðà, íàïðèìåð,

äîáðîòíîñòè q.
Ïðè ýòîì ÷èñëèòåëü â ôîðìóëå äëÿ ðàñ÷åòà êðèòåðèÿ Kσ ïðîïîðöèîíàëåí äëèíå ÐÒ

â çàäàííîì äèàïàçîíå èçìåíåíèÿ ïåðåìåííîãî ïàðàìåòðà q, à êîîðäèíàòà zσ(q) îïðåäåëÿåò

ïðîñòðàíñòâåííóþ îðèåíòàöèþ ðåæèìíîé òðàåêòîðèè â òðåõìåðíîì ýâêëèäîâîì ïðîñòðàíñòâå.

Â äîêëàäå ïðèâåäåí ïðèìåð ðåøåíèÿ çàäà÷è ñðàâíèòåëüíîãî àíàëèçà ÏÝÍ ïðîöåññîâ â

ðàäèîòåõíè÷åñêîé ëèíåéíîé öåïè òèïà RL ñ ïåðåìåííîé äîáðîòíîñòüþ q â äèàïàçîíå îò

qmin = 1 äî qmax = 40 ïðè âîçäåéñòâèè äâóõ ðàçëè÷íûõ íåãàðìîíè÷åñêèõ äåòåðìèíèðîâàííûõ

èñïûòàòåëüíûõ ñèãíàëîâ, øèðîêî ïðèìåíÿåìûõ â ðàäèîòåõíèêå è ýëåêòðîñâÿçè. Ïåðâûé èç

ýòèõ ñèãíàëîâ ÿâëÿåòñÿ ðàçíîïîëÿðíûì íàïðÿæåíèåì ñèììåòðè÷íîé ïðÿìîóãîëüíîé ôîðìû

ñ øèðîòíî-èìïóëüñíîé ìîäóëÿöèåé. Âòîðîé ñèãíàë èìååò ôîðìó ìåàíäðà. Ïåðâîìó ñèãíàëó

ïðè óãëå ìîäóëÿöèè α = π/3 ñîîòâåòñòâóåò çíà÷åíèå êðèòåðèÿ Kσ = 0, 3392, âòîðîìó ñèãíàëó

ñîîòâåòñòâóåò çíà÷åíèå êðèòåðèÿ Kσ = 0, 4612. Ïðè ýòîì áîëüøèì çíà÷åíèÿì êðèòåðèÿ Kσ

ñîîòâåòñòâóþò áîëåå ýôôåêòèâíûå ÏÝÍ ïðîöåññû.

Â ðàññìîòðåííîé çàäà÷å, èìåþùåé áîëüøîå ïðèêëàäíîå çíà÷åíèå, áîëåå ýôôåêòèâíûì

ÿâëÿåòñÿ ÏÝÍ ïðîöåññ, ñîîòâåòñòâóþùèé ñèãíàëó òèïà ìåàíäð.
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Èíäèêàòðèñà íîðìàëüíîé êðèâèçíû åâêëèäîâîé ïîâåðõíîñòè ïñåâäîåâêëèäîâà

ïðîñòðàíñòâà

Ì. À. Ãðå÷íåâà, Ï. Ã. Ñòåãàíöåâà

(ÇÍÓ, Çàïîðîæüå, Óêðàèíà)

E-mail address: mag83@list.ru,steg_pol@mail.ru

Ïóñòü V 2(u1, u2) - åêëèäîâà ïîâåðõíîñòü â ïñåâäîåâêëèäîâîì ïðîñòðàíñòâå 1R4 (ñ ìåòðèêîé
ñèãíàòóðû − + ++). Â êàæäîé òî÷êå M ïîâåðõíîñòè V 2 îïðåäåëåíû äâå íîðìàëè:
ïñåâäîåâêëèäîâà ñ íàïðàâëÿþùèì âåêòîðîì n̄1 è åâêëèäîâà ñ íàïðàâëÿþùèì âåêòîðîì
n̄2. Êàæäîìó íàïðàâëåíèþ τ̄(du1, du2) â êàñàòåëüíîé ïëîñêîñòè TMV

2 ñîîòâåòñòâóåò âåêòîð
íîðìàëüíîé êðèâèçíû k(τ̄), ðàñïîëîæåííûé â íîðìàëüíîé ïëîñêîñòè NM . Ïðè âðàùåíèè
íàïðàâëåíèÿ τ̄ â êàñàòåëüíîé ïëîñêîñòè TMV

2 êîíåö âåêòîðà k ¯(τ) îïèøåò íåêîòîðóþ
êðèâóþ, êîòîðóþ, ïî àíàëîãèè ñ åâêëèäîâûì ïðîñòðàíñòâîì, áóäåì íàçûâàòü èíäèêàòðèñîé
íîðìàëüíîé êðèâèçíû ([1]). Â îòëè÷èå îò åâêëèäîâà ïðîñòðàíñòâà, â ïðîñòðàíñòâå 1R4 âåêòîð
íîðìàëüíîé êðèâèçíû èìååò âèä

k(τ̄) =
(r̄ss, n̄1)

|n̄1|
n̄1 +

(r̄ss, n̄2)

|n̄2|
n̄2 = −i(r̄ss, n̄1)n̄1 + (r̄ss, n̄2)n̄2 = −iII

1

ds2
n̄1 +

II2

ds2
n̄2,

ãäå r̄ss - âåêòîð êðèâèçíû êðèâîé íà ïîâåðõíîñòè V 2, èìåþùåé íàïðàâëåíèå τ̄ â òî÷êå M , IIk

- âòîðàÿ êâàäðàòè÷íàÿ ôîðìà, ñîîòâåòñòâóþùàÿ íîðìàëè n̄k, k = 1, 2.
Äëÿ íàõîæäåíèÿ êîîðäèíàò x1, x2 òî÷êè èíäèêàòðèñû âûáåðåì â ïëîñêîñòè NM ðåïåð ñ

íà÷àëîì â òî÷êåM , áàçèñíûìè îðòàìè n̄1, n̄2 è ïåðåéäåì ê íîâîé ïàðàìåòðèçàöèè ïîâåðõíîñòè
òàê, ÷òîáû äëÿ åå ìåòðè÷åñêîãî òåíçîðà âûïîëíÿëîñü óñëîâèå gij = δij . Òîãäà

x1 = −i(L
1
11 + L1

22

2
+
L1
11 − L1

22

2
cos 2ϕ+ L1

12 sin 2ϕ),

x2 =
L2
11 + L2

22

2
+
L2
11 − L2

22

2
cos 2ϕ+ L2

12 sin 2ϕ,

ãäå óãîë ϕ îáðàçîâàí íàïðàâëåíèåì τ̄ è êîîðäèíàòíîé ëèíèåé u1.
Ìîæíî ïîêàçàòü, ÷òî ýòè óðàâíåíèÿ ÿâëÿþòñÿ óðàâíåíèÿìè öåíòðàëüíîé êðèâîé âòîðîãî

ïîðÿäêà è ïðèâåñòè èõ ê êàíîíè÷åñêîìó âèäó. Ðÿä ñâîéñòâ ïîâåðõíîñòè îïðåäåëÿþòñÿ
ñâîéñòâàìè åå èíäèêàòðèñû íîðìàëüíîé êðèâèçíû. Â ÷àñòíîñòè, ãàóññîâà êðèâèçíà
åâêëèäîâîé ïîâåðõíîñòè V 2 âûðàæàåòñÿ ÷åðåç êîîðäèíàòû α, β öåíòðà èíäèêàòðèñû è åå
ïîëóîñè a, b â âèäå

K = α2 + β2 − a2 − b2.

Ñïèñîê ëèòåðàòóðû

[1] Þ. À. Àìèíîâ Ãåîìåòðèÿ ïîäìíîãîîáðàçèé .- Ê.:Íàóêîâà äóìêà, (2002), 467ñ.
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Îá îäíîì êëàññå ýëàñòè÷íûõ òêàíåé ðàíãà ρ

Ê. Ð. Äæóêàøåâ

(ÒâÃÓ, Òâåðü, Ðîññèÿ)

E-mail address: dzhukashev@gmail.com

Â ðàáîòå [1] áûëà ïðîâåäåíà êëàññèôèêàöèÿ âñåõ ýëàñòè÷íûõ òðè-òêàíåé ñ òåíçîðîì
êðó÷åíèÿ ðàíãà 1 (ò.å. ðàíã ïðîèçâîäíîé àëãåáû, îáðàçóåìîé òåíçîðîì êðó÷åíèÿ ðàâåí
åäèíèöå). Áûëî äîêàçàíî, ÷òî òàêèå òêàíè îáðàçóþò äâà êëàññà, Er

1 è Er
2 .

Â äàííîé ðàáîòå ïðèâåäåíî ÷àñòè÷íîå êëàññèôèöèðîâàíèå ýëàñòè÷íûõ òêàíåé ðàíãà 2,
íàéäåí îäèí èç êëàññîâ òàêèõ òêàíåé, à òàêæå ïðîâåäåííî îáîáùåíèå êëàññîâ òêàíåé ðàíãà 1
Er

2 è òêàíåé ðàíãà 2 Er
2(2) äî êëàññà òêàíåé ðàíãà ρ - êëàññà Er

2(ρ). Îñíîâíûì ðåçóëüòàòîì
ðàáîòû ÿâëÿåòñÿ

Òåîðåìà 1. Òêàíè Er
2(ρ), çàäàííûå óðàâíåíèÿìè

zu = xu + yu +
1

3
buabc(x

a − ya)ybxc + cuabx
ayb, (1)

za = xa + ya,

ãäå buabc = −buacb = const, cuab = −cuba = const, u = 1, ..., ρ; a, b, c = ρ + 1, ..., r, ÿâëÿþòñÿ

r-ìåðíûìè ýëàñòè÷íûìè òêàíÿìè è ðàíã åå ïðîèçâîäíîé àëãåáðû, îïðåäåëÿåìîé òåíçîðîì

êðó÷åíèÿ, ðàâåí ρ.

Ñïèñîê ëèòåðàòóðû

[1] Äæóêàøåâ Ê.Ð., Øåëåõîâ À.Ì. Ìíîãîìåðíûå ãëàäêèå ëóïû ñ óíèâåðñàëüíûì ñâîéñòâîì

ýëàñòè÷íîñòè - Ìàòåìàòè÷åñêèé ñáîðíèê, 2015, òîì 206:5 (â ïå÷àòè)
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Àíàëèòè÷åñêàÿ àïïðîêñèìàöèÿ ãåîìåòðè÷åñêîé ôîðìû ýðèòðîöèòà

Â. Â. Çóá

Â. Õ. Êèðèëëîâ

Â. Ì. Êóçàêîíü

(ÎÍÀÏÒ, Îäåññà, Óêðàèíà)

E-mail address: kuzakon_v@ukr.net

Íîðìàëüíûé ýðèòðîöèò(íîðìîöèò) ÷åëîâå÷åñêîé êðîâè èìååò ôîðìó äâîÿêîâîãíóòîé ëåïåøêè
ñ óòîëùåííûì òîðîâèäíûì êðàåì. Â ðàáîòå [3] ðàññìàòðèâàåòñÿ ãåîìåòðèÿ ìîäåëè ýðèòðîöèòà,
çàäàííîé â öèëèíäðè÷åñêèõ êîîðäèíàòàõ ïîñëåäîâàòåëüíî ñîåäèíåííûìè êðèâûìè Áåçüå.
Îäíàêî, òàêîé ïîäõîä, êàê ëþáàÿ ñïëàéí-èíòåðïîëÿöèÿ, çíà÷èòåëüíî óñëîæíÿåò ðàñ÷åòû,
êîòîðûå ïðèìåíÿþòñÿ â ñîâðåìåííîé ïàòîôèçèîëîãèè êðîâè. Àâòîðû ïðåäëàãàþò
àïïðîêñèìèðîâàòü ïðîôèëü íîðìîöèòà â âèäå ëèíèè èç ñåìåéñòâà êðèâûõ Ïåðñåÿ. Ýòè êðèâûå
ïðåäñòàâëÿþò ñîáîé ëèíèè ïåðåñå÷åíèÿ ïîâåðõíîñòüþ ýëëèïòè÷åñêîãî òîðà

y2 = b2 − b2

a2
(√

x2 + z2 − d
)2

ñ ïëîñêîñòüþ, ïàðàëëåëüíîé åãî îñè z = p, ïðè÷åì, ãåîìåòðè÷åñêèé ñìûñë ïàðàìåòðîâ
ñëåäóþùèé: a, b � ïîëóîñè ýëëèïñà; d � ðàññòîÿíèå îò íà÷àëà êîîðäèíàò äî öåíòðà ýëëèïñà; p
� ðàññòîÿíèå îò îñè òîðà äî ñåêóùåé ïëîñêîñòè.

Òàêèì îáðàçîì, ïðîôèëü ýðèòðîöèòà â ïåðâîì êâàäðàíòå êîîðäèíàòíîé ïëîñêîñòè xOy
îïðåäåëÿåòñÿ óðàâíåíèåì

y = c

√
a2 −

(√
x2 + p2 − d

)2 (
c =

b

a

)
Åñëè óðàâíåíèå ïðîôèëÿ ýðèòðîöèòà ïðåäñòàâèòü â ïàðàìåòðè÷åñêîé ôîðìå{

x(t) =
√(

d+ a cos t
)2 − p2;

y(t) = b sin t,

ïëîùàäü ïîâåðõíîñòè ýðèòðîöèòà ìîæíî íàéòè, âû÷èñëèâ èíòåãðàë:

S = 4π

β∫
α

√(
a2 sin2 t+ b2 cos2 t

)(
d+ a cos t

)2 − b2p2 cos2 tdt,

ãäå α = 0, β = π − arccos d−pa . Îáúåì ýðèòðîöèòà íàõîäèì êàê:

V = 2π

b∫
0

(d+√a2 − y2

c2

)2

− p2

 dy − 2π

b∫
y0

(d−√a2 − y2

c2

)2

− p2

 dy,

ãäå y0 = c
√
a2 − (d− p)2.

Ñïèñîê ëèòåðàòóðû

[1] ×èæåâñêèé À. Ë. Ñòðóêòóðíûé àíàëèç äâèæóùåéñÿ êðîâè. � Ì.: Èçä-âî ÀÍ ÑÑÑÐ, 1959.

[2] Âëàñîâ Â. Í.Âû÷èñëåíèå íåêîòîðûõ ïîêàçàòåëåé ýðèòðîöèòîâ ÷åëîâåêà.- Ì, Ýë � 77-6567,
ïóáë.14137, 12.01.2007.

[3] Íàãîðíîâ Þ. Ñ., Æèëÿåâ È. Â. Îïòèìèçàöèÿ ôîðìû ýðèòðîöèòà â ñîîòâåòñòâèè

ñ äàííûìè àòîìíî-ñèëîâîé ìèêðîñêîïèè.- Ìàòåìàòè÷åñêàÿ ìîðôîëîãèÿ. Ýëåêòðîííûé
ìàòåìàòè÷åñêèé è ìåäèêî-áèîëîãè÷åñêèé æóðíàë. Òîì 12. Âûï. 1. 2013.
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Ðàñ÷¼ò îïòèìàëüíûõ ðàçìåðîâ íàñàäêè ïë¼íî÷íîãî îõëàäèòåëÿ

Â. Õ. Êèðèëëîâ, Í. Ï. Õóäåíêî

(ÎÍÀÏÒ, Îäåññà, Óêðàèíà)

E-mail address: khudenkon@mail.ru

Ðàçðàáîòàíà ìåòîäèêà ðàñ÷¼òà îïòèìàëüíûõ ðàçìåðîâ íàñàäêè ïðîòèâîòî÷íîé âåíòèëÿòîðíîé
ãðàäèðíè. Ðåøàåòñÿ çàäà÷à íåëèíåéíîãî ïðîãðàììèðîâàíèÿ ìèíèìèçàöèè ñòîèìîñòè
àïïàðàòà, îòíåñ¼ííîé ê ãîäó ýêñïëóàòàöèè.

Äëÿ îïðåäåëåíèÿ îïòèìàëüíûõ ýêñïëóàòàöèîííûõ è êîíñòðóêòèâíûõ ïàðàìåòðîâ ãðàäèðíè
ýêîíîìè÷åñêàÿ ýôôåêòèâíîñòü ìîæåò áûòü çàïèñàíà â âèäå ïðèâåäåííûõ çàòðàò [1]∏

= E +
k

τ1
,

ãäå E � ãîäîâûå ýêñïëóàòàöèîííûå ðàñõîäû, ãðí/ãîä; k
τ1

- êàïèòàëîâëîæåíèÿ, ïðèõîäÿùèåñÿ
íà îäèí ãîä íîðìàòèâíîãî ñðîêà îêóïàåìîñòè τ1, ãðí/ãîä;

Öåíà àïïàðàòà îïðåäåëÿåòñÿ ñîîòíîøåíèåì

Ψan = ManKan,

ãäå Man � ìàññà, ò; Kan � öåíà åäèíèöû ìàññû àïïàðàòà, ãðí/ò. Ìàññà àïïàðàòà ðàâíà

Man = nSδρ = nLHδρ,

ãäå n � êîëè÷åñòâî ëèñòîâ ïëîñêîïàðàëëåëüíîé íàñàäêè; S � ïëîùàäü ëèñòà (S = LH, L �
äëèíà ëèñòà, ì; H � âûñîòà íàñàäêè, ì); δ - òîëùèíà ëèñòà, ìì; ρ - ïëîòíîñòü ìàòåðèàëà
íàñàäêè (àëþìèíèé, ò/ì3).

Óäåëüíûå êàïèòàëîâëîæåíèÿ â íàñîñû (êîíñîëüíûå) è âåíòèëÿòîðû (îñåâûå) âêëþ÷àþò â
ñåáÿ èõ ñòîèìîñòü ñîâìåñòíî ñ ýëåêòðîäâèãàòåëÿìè è ñòîèìîñòè ìîíòàæà. Ýòè çàòðàòû, ïî
äàííûì (http: //www.sanventika.ru) ìîæíî îïðåäåëèòü ïî óðàâíåíèÿì

K1 = c1 + α1N
b1
1 ãðí/êÂò (a1 = 1, 103, b1 = 3, 411, c1 = 740, 374)

K2 = a2N
b2
2 ãðí/êÂò (a2 = 599, 426, b2 = 0, 3058), ãäå N b1

1 , N b2
2 ìîùíîñòè íàñîñà è

âåíòèëÿòîðà.
Çàäà÷à îïòèìèçàöèè ðåøàåòñÿ ïðè îãðàíè÷åíèè ñâÿçàííîãî ñ óñòàíîâëåíèåì çàâèñèìîñòè

òåìïåðàòóðû æèäêîñòè íà âûõîäå èç àïïàðàòà îò íåçàâèñèìûõ ïåðåìåííûõ

tB = t(n,L,H,GmΓ ).

Ïîëó÷åíû îïòèìàëüíûå çíà÷åíèÿ ýêñïëóàòàöèîííîé (GmΓ - ìàññîâûé ðàñõîä âîçäóõà) è
êîíñòðóêòèâíûõ (n, L, H � n - êîëè÷åñòâî ëèñòîâ; L � äëèíà íàñàäêè; H - âûñîòà íàñàäêè)
ïåðåìåííûõ, ñîîòâåòñòâóþùèõ ìèíèìóìó êàïèòàëîâëîæåíèé â àïïàðàò è âåíòèëÿòîðû,
îòíåñ¼ííûõ ê ãîäó îêóïàåìîñòè äëÿ òèïîðàçìåðíîãî ðÿäà ãðàäèðèí.

Ñïèñîê ëèòåðàòóðû

[1] Â. Ï. Àëåêñååâ, Ý. Ä. Ïîíàìàð¼â, Í. Ã. Ñóðèëîâ. Ê âûáîðó îïòèìàëüíîé êîíñòðóêöèè
ãðàäèðåí // Õîëîäèëüíàÿ òåõíèêà. � 12, (1971), Ñ. 41- 43.
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Èíâîëþòèâíûå ãèïåððàñïðåäåëåíèÿ è ãîëîìîðôíûå âåêòîðíûå ïîëÿ íà ïî÷òè

ýðìèòîâûõ ìíîãîîáðàçèÿõ

Â. Ô. Êèðè÷åíêî

(ÌÏÃÓ, Ìîñêâà, Ðîññèÿ)

E-mail address: highgeom@yandex.ru

Î. Å. Àðñåíüåâà

(ÌÏÃÓ, Ìîñêâà, Ðîññèÿ)

Ïóñòü M � n-ìåðíîå ãëàäêîå ìíîãîîáðàçèå, X(M) � C∞(M)-ìîäóëü ãëàäêèõ âåêòîðíûõ
ïîëåé íà M , d � îïåðàòîð âíåøíåãî äèôôåðåíöèðîâàíèÿ, LX � îïåðàòîð äèôôåðåíöèðîâàíèÿ
Ëè â íàïðàâëåíèè âåêòîðíîãî ïîëÿ X. Âñå ìíîãîîáðàçèÿ, òåíçîðíûå ïîëÿ è ò.ï. îáúåêòû
ïðåäïîëàãàþòñÿ ãëàäêèìè êëàññà C∞.

Ôèêñèðóåì âåêòîðíîå ïîëå ξ ∈ X(M). Õîðîøî èçâåñòíî, ÷òî îíî ïîðîæäàåò
ëîêàëüíóþ îäíîïàðàìåòðè÷åñêóþ ãðóïïó äèôôåîìîðôèçìîâ Ft ìíîãîîáðàçèÿM . Ðàññìîòðèì
äèôôåðåíöèàëüíî-ãåîìåòðè÷åñêóþ ñòðóêòóðó S = {T1, . . . , TN } íà M , îïðåäåëåííóþ
êîíå÷íûì ÷èñëîì òåíçîðíûõ ïîëåé íà M .

Îïðåäåëåíèå 1. Ñòðóêòóðà S íàçûâàåòñÿ ξ-èíâàðèàíòíîé, åñëè êàæäûé èç òåíçîðîâ, åå
ñîñòàâëÿþùèõ, èíâàðèàíòåí îòíîñèòåëüíî îïåðàöèé óâëå÷åíèÿ, ïîðîæäåííûõ ýëåìåíòàìè
ëîêàëüíîé îäíîïàðàìåòðè÷åñêîé ãðóïïû Ft.

Îïðåäåëåíèå 2. [1] Âåêòîðíîå ïîëå ξ ∈ X(M) íàçûâàåòñÿ òîðñîîáðàçóþùèì, åñëè

∇ξ = ρ id+a⊗ ξ

è íàçûâàåòñÿ ïñåâäî-òîðñîîáðàçóþùèì, åñëè ∇ξ = ρJ + a ⊗ ξ, äëÿ íåêîòîðûõ ρ ∈ C∞(M)
è a ∈ X∗(M). Äèôôåðåíöèàëüíóþ 1-ôîðìó a è ôóíêöèþ ρ íàçîâåì õàðàêòåðèñòè÷åñêèìè.
Òîðñîîáðàçóþùåå âåêòîðíîå ïîëå íàçûâàòñÿ êîíöèðêóëÿðíûì, åñëè da = 0, è íàçûâàåòñÿ
ñïåöêîíöèðêóëÿðíûì, åñëè a = 0.

Îïðåäåëåíèå 3. Âåêòîðíîå ïîëå ξ íà ïî÷òè ýðìèòîâîì ìíîãîîáðàçèè M íàçûâàåòñÿ
ãîëîìîðôíûì, åñëè ýíäîìîðôèçì J ξ-èíâàðèàíòåí.

Òåîðåìà 1. Òîðñîîáðàçóþùåå âåêòîðíîå ïîëå ξ íà ïî÷òè ýðìèòîâîì ìíîãîîáðàçèè M
ãîëîìîðôíî òîãäà è òîëüêî òîãäà, êîãäà

∇ξ(J)X = a(JX)ξ − a(X)Jξ; X ∈ X(M).

Òåîðåìà 2. Ãèïåððàñïðåäåëåíèå íà ïî÷òè ýðìèòîâîì ìíîãîîáðàçèè, ïîðîæäåííîå
äèôôåðåíöèàëüíîé ôîðìîé, äóàëüíîé ãîëîìîðôíîìó òîðñîîáðàçóþùåìó âåêòîðíîìó ïîëþ íà
ýòîì ìíîãîîáðàçèè ÿâëÿåòñÿ âïîëíå èíòåãðèðóåìûì.

Ñïèñîê ëèòåðàòóðû

[1] Àìèíîâà À.Â. Ïðîåêòèâíûå ïðåîáðàçîâàíèÿ ïñåâäîðèìàíîâûõ ìíîãîîáðàçèé // Ìîñêâà,
ßíóñ-Ê, 2003, 619 c.
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Àáñîëþòíî òîðñîîáðàçóþùèå âåêòîðíûå ïîëÿ íà ξ-èíâàðèàíòíûõ
äèôôåðåíöèàëüíî-ãåîìåòðè÷åñêèõ ñòðóêòóðàõ

Â. Ì. Êóçàêîíü

(ÎÍÀÏÒ, Îäåññà, Óêðàèíà)

E-mail address: kuzakon_v@ukr.net

Èçó÷àþòñÿ äèôôåðåíöèàëüíî-ãåîìåòðè÷åñêèå ñòðóêòóðû S = {T1, . . . , TN } íà M ,
îïðåäåëåííûå êîíå÷íûì ÷èñëîì òåíçîðíûõ ïîëåé íàM . Ïðèìåðàìè òàêèõ ñòðóêòóð ÿâëÿþòñÿ
ðèìàíîâû ñòðóêòóðû (N = 1), ïî÷òè ýðìèòîâû ñòðóêòóðû (N = 2), ïî÷òè êîíòàêòíûå
ñòðóêòóðû (N = 3), è ò.ï.

Îïðåäåëåíèå 1. Ñòðóêòóðà S íàçûâàåòñÿ ξ-èíâàðèàíòíîé, åñëè êàæäûé èç òåíçîðîâ, åå

ñîñòàâëÿþùèõ, èíâàðèàíòåí îòíîñèòåëüíî îïåðàöèé óâëå÷åíèÿ, ïîðîæäåííûõ ýëåìåíòàìè

ëîêàëüíîé îäíîïàðàìåòðè÷åñêîé ãðóïïû Ft.

Ðàññìîòðèì øåñòü íàèáîëåå èçó÷åííûõ ïîäêëàññîâ êëàññà ïî÷òè ýðìèòîâûõ ñòðóêòóð
âìåñòå ñ óñëîâèÿìè , èõ îïðåäåëÿþùèìè [3]:

• Ïî÷òè êåëåðîâû (AK): dΩ = 0;

• Ïðèáëèæåííî êåëåðîâû (NK): ∇X(J)Y +∇Y (J)X = 0;

• Êâàçèêåëåðîâû (QK): ∇X(J)Y +∇JX(J)(JY ) = 0;

• Ýðìèòîâû (H): ∇X(J)Y −∇JX(J)(JY ) = 0;

• Êåëåðîâû (K): ∇J = 0;

• Ëîêàëüíî êîíôîðìíî-êåëåðîâû (LCK-ìíîãîîáðàçèÿ)

Îïðåäåëåíèå 2. Òîðñîîáðàçóþùåå âåêòîðíîå ïîëå ξ íà ïî÷òè ýðìèòîâîì ìíîãîîáðàçèè

(M,J, g) íàçîâåì àáñîëþòíûì, åñëè âåêòîðíîå ïîëå Jξ òîæå òîðñîîáðàçóþùåå.

Äîêàçàíû ñëåäóþùèå òåîðåìû:

Òåîðåìà 1. Òîðñîîáðàçóþùåå âåêòîðíîå ïîëå ξ ∈ X(M) áóäåò àáñîëþòíî òîðñîîáðàçóþùèì

òîãäà è òîëüêî òîãäà, êîãäà

∇X(J)ξ = 0 (X ∈ X(M)).

Òåîðåìà 2. Àáñîëþòíî òîðñîîáðàçóþùåå âåêòîðíîå ïîëå íà ïðèáëèæåííî êåëåðîâîì

ìíîãîîáðàçèè ãîëîìîðôíî òîãäà è òîëüêî òîãäà, êîãäà îíî ñïåöêîíöèðêóëÿðíî.

Ñïèñîê ëèòåðàòóðû

[1] Â. Ô. Êèðè÷åíêî , Â. Ì. Êóçàêîíü Î ãåîìåòðèè ãîëîìîðôíûõ òîðñîáðàçóþùèõ âåêòîðíûõ

ïîëåé íà ïî÷òè ýðìèòîâûõ ìíîãîîáðàçèÿõ ,- Óêð. ìàòåì. æ., 2013, ò.65, No 7, ñ.1005-1008.

[2] À. Â. Àìèíîâà Ïðîåêòèâíûå ïðåîáðàçîâàíèÿ ïñåâäîðèìàíîâûõ ìíîãîîáðàçèé,- Ìîñêâà,
ßíóñ-Ê, 2003, 619 c.

[3] A. Gray , Hervella The sixteen classes of almost Hermitian manifolds and their linear invariants

,-Ann. Math. pure and appl. 123 (1980), 35-58.
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4-êâàçèïëàíàðíûå îòîáðàæåíèÿ ïîëóêâàòåðíèîííûõ ìíîãîîáðàçèé

È. Í. Êóðáàòîâà, Ì. Õàääàä

(ÎÍÓ, Îäåññà, Óêðàèíà)
(Ìåæäóíàðîäíûé óíèâåðñèòåò Âàäè, Ñèðèÿ)

E-mail address: irina.kurbatova27@gmail.com

Ðàíåå ìû ðàññìàòðèâàëè 4-êâàçèïëàíàðíûå îòîáðàæåíèÿ ïî÷òè êâàòåðíèîííûõ
ìíîãîîáðàçèé ([1]).

Ââåäåì â ðàññìîòðåíèå ñòðóêòóðó, êîòîðàÿ ïîðîæäàåòñÿ ïàðîé ïî÷òè êîìïëåêñíûõ
ñòðóêòóð ([2]), êîììóòèðóþùèõ ìåæäó ñîáîé. Íàçîâåì åå ïîëóêâàòåðíèîííîé.
Ñîîòâåòñòâåííî, íàçîâåì ïî÷òè ïîëóêâàòåðíèîííûì ðèìàíîâî ïðîñòðàíñòâî Vn c çàäàííûìè

íà íåì ïî÷òè êîìïëåêñíûìè ñòðóêòóðàìè
1
F è

2
F , êîòîðûå íàðÿäó ñ

1

Fαi

1

F hα = −δhi ,
2

Fαi

2

F hα = −δhi (1)

óäîâëåòâîðÿþò óñëîâèÿì
1

Fαi

2

F hα −
2

Fαi

1

F hα = 0. (2)

Òåíçîð
3

F hi =
1

Fαi

2

F hα ,

î÷åâèäíî, îïðåäåëÿåò ñòðóêòóðó ïî÷òè ïðîèçâåäåíèÿ :

3

Fαi

3

F hα = δhi .

Êàê îáû÷íî, ïîä êåëåðîâîé áóäåì ïîíèìàòü ïîëóêâàòåðíèîííóþ ñòðóêòóðó íà Vn, äëÿ
êîòîðîé

s

F hi,j = 0, s = 1, 2, 3.

Ïîêàçàíî, ÷òî êåëåðîâî ïîëóêâàòåðíèîííîå ïðîñòðàíñòâî ïðèâîäèìî.
Ðàññìîòðèì (ïñåâäî-)ðèìàíîâû ïðîñòðàíñòâà (Vn, gij) è (V n, gij) c ïîëóêâàòåðíèîííûìè

êåëåðîâûìè ñòðóêòóðàìè
s
F ,

s

F , s = 1, 2, 3, íàõîäÿùèåñÿ â 4ÊÏÎ, ñîõðàíÿþùåì ñòðóêòóðó.
Òîãäà â îáùåé ïî îòîáðàæåíèþ ñèñòåìå êîîðäèíàò (xi) èìåþò ìåñòî

Γ
h
ij(x) = Γhij(x) +

3∑
s=0

s
q(i(x)

s

F hj)(x),

ãäå
◦
F hi = δhi ,

3

F hi =
1

Fαi

2

F hα ,
s

F hi (x) =

s

F
h
i (x),

s
qi(x) - íåêîòîðûå êîâåêòîðû.

Âûÿâëåíû ñòðóêòóðíûå îñîáåííîñòè òàêîãî îòîáðàæåíèÿ. Ïðèâîäèòñÿ ýôôåêòèâíûé
ñïîñîá êîíñòðóèðîâàíèÿ ïîëóêâàòåðíèîííûõ êåëåðîâûõ ïðîñòðàíñòâ è èõ 4-êâàçèïëàíàðíûõ
îòîáðàæåíèé.

Ñïèñîê ëèòåðàòóðû

[1] È. Í. Êóðáàòîâà Î äèôôåîìîðôèçìàõ ïî÷òè êâàòåðíèîííûõ ìíîãîîáðàçèé.,- Ìàò.Ñòóäi¨.
- 2013. - Ò.40, No. 1.- Ñ. 95-103.

[2] Ä. Â. Áåêëåìèøåâ Äèôôåðåíöèàëüíàÿ ãåîìåòðèÿ ïðîñòðàíñòâ ñ ïî÷òè êîìïëåêñíîé

ñòðóêòóðîé .,- Èòîãè íàóêè: Ãåîìåòðèÿ, 1963. Ì.: ÂÈÍÈÒÈ.1965 165�212.
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Î ñïåöèàëüíûõ ïî÷òè ãåîäåçè÷åñêèõ îòîáðàæåíèÿõ ïðîñòðàíñòâ àôôèííîé

ñâÿçíîñòè ñ êðó÷åíèåì

Ë. Ï. Ëàäûíåíêî

(ÏÍÏÓ, Îäåññà, Óêðàèíà)

E-mail address: marbel@ukr.net

Ðàññìàòðèâàþòñÿ ïðîñòðàíñòâà àôôèííîé ñâÿçíîñòè An êëàññà Cr ñ êðó÷åíèåì (n > 2,
r > 1). Êàê èçâåñòíî ([1]), êðèâàÿ L íàçûâàåòñÿ ïî÷òè ãåîäåçè÷åñêîé ëèíèåé ïðîñòðàíñòâà
An, åñëè ñóùåñòâóåò êîìïëàíàðíîå âäîëü L äâóìåðíîå ðàñïðåäåëåíèå E2, êîòîðîìó â êàæîé
òî÷êå ïðèíàäëåæèò êàñàòåëüíûé âåêòîð ýòîé êðèâîé. Îòîáðàæåíèå ïðîñòðàíñòâà àôôèííîé
ñâÿçíîñòè An íà ïðîñòðàíñòâî àôôèííîé ñâÿçíîñòè Ān, ïðè êîòîðîì êàæàÿ ãåîäåçè÷åñêàÿ
ëèíèÿ ïðîñòðàíñòâà An ïåðåõîäèò â ïî÷òè ãåîäåçè÷åñêóþ ëèíèþ ïðîñòðàíñòâà Ān, íàçûâàåòñÿ
ïî÷òè ãåîäåçè÷åñêèì. Êàê è äëÿ ïðîñòðàíñòâ àôôèííîé ñâÿçíîñòè áåç êðó÷åíèÿ, äëÿ
ïðîñòðàíñòâ àôôèííîé ñâÿçíîñòè ñ êðó÷åíèåì ñóùåñòâóþò òðè òèïà ïî÷òè ãåîäåçè÷åñêèõ
îòîáðàæåíèé: Ï1, Ï2, Ï3 ([2]).

Ïðè ïî÷òè ãåîäåçè÷åñêîì îòîáðàæåíèè òèïà Ï2 êàæäàÿ ãåîäåçè÷åñêàÿ ëèíèÿ ïðîñòðàíñòâà
An ïåðåõîäèò â ïî÷òè ãåîäåçè÷åñêóþ ëèíèþ ïðîñòðàíñòâà Ān, äëÿ êîòîðîé ïîëå êîìïëàíàðíîãî
äâóìåðíîãî ðàñïðåäåëåíèÿ E2 îïðåäåëÿåòñÿ êàñàòåëüíûì âåêòîðîì λh è âåêòîðîì F hαλ

α,
ÿâëÿþùèìñÿ ðåçóëüòàòîì âîçäåéñòâèÿ íà êàñàòåëüíûé âåêòîð λh íåêîòîðîãî àôôèíîðà
F hi ([1;2])

Íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿþò ïî÷òè ãåîäåçè÷åñêèå îòîáðàæåíèÿ òèïà Ï2,
óäîâëåòâîðÿþèå óñëîâèþ âçàèìíîñòè. Ýòî òàêèå îòîáðàæåíèÿ òèïà Ï2 , îáðàòíûå ê êîòîðûì
òàêæå ÿâëÿþòñÿ îòîáðàæåíèÿìè òèïà Ï2 è ñîîòâåòñòâóþò òîìó æå àôôèíîðó.

Â îòëè÷èå îò îòîáðàæåíèé òèïà Ï2 ïðîñòðàíñòâ àôôèííîé ñâÿçíîñòè áåç êðó÷åíèÿ,
äëÿ ïðîñòðàíñòâ àôôèííîé ñâÿçíîñòè ñ êðó÷åíèåì èç óñëîâèÿ âçàèìíîñòè íå âûòåêàåò
åñòåñòâåííûì îáðàçîì êàêèõ-ëèáî àëãåáðàè÷åñêèõ óñëîâèé íà àôôèíîðíóþ ñòðóêòóðó F hi ([2]).
Ïî àíàëîãèè ñ îòîáðàæåíèÿìè òèïà Ï2 ïðîñòðàíñòâ àôôèííîé ñâÿçíîñòè áåç êðó÷åíèÿ çäåñü
ðàññìàòðèâàþò òàê íàçûâàåìûå îòîáðàæåíèÿ Ï2

2(e), äëÿ êîòîðûõ F hαF
α
i = eδhi , e = ±1, ëèáî

e = 0, à ïîòîì è îòîáðàæåíèÿ Ï3
2(e) (F hαF

α
β F

β
i = eδhi ), Ï4

2(e) (F hαF
α
β F

β
γ F

γ
i = eδhi ), ...,Ïn2 (e).

Äëÿ îòîáðàæåíèé Ïn2 (e), n > 4, ïîñòðîåíû èíâàðèàíòíûå ãåîìåòðè÷åñêèå îáúåêòû òèïà
ïðîåêòèâíûõ ïàðàìåòðîâ Òîìàñà è òåíçîðà Âåéëÿ.

Ñïèñîê ëèòåðàòóðû
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êðó÷åíèåì., - Ðóê. äåï. â ÂÈÍÈÒÈ 19 èþíÿ 1979ã., � 2190-79 Äåï.
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Î ñåðäöåâèíå íåêîòîðîé ÷åòûðåõìåðíîé ëåâîé òêàíè Áîëà

À. À. Ìèõååâà

(Òâåðñêîé ãîñóíèâåðñèòåò, Òâåðü, Ðîññèÿ)

E-mail address: heathjensen@yandex.ru

Ìû ïðîäîëæàåì èçó÷åíèå ñåðäöåâèíû ëåâîé òðè-òêàíè Áîëà Bl, íà÷àòîå â [1], [2]. Òðè-
òêàíè Áîëà îáðàçóþò îñîáûé êëàññ òêàíåé, ñâÿçàííûõ ñ ñèììåòðè÷åñêèìè ïðîñòðàíñòâàìè,
êîòîðûå ïîðîæäàþòñÿ ñåðäöåâèíàìè ýòèõ òêàíåé [3]. Â íàñòîÿùåé ðàáîòå ìû èññëåäóåì
÷åòûðåõìåðíûå òêàíè Bl ñ îäíîé è òîé æå ñåðäöåâèíîé. Ïóñòü óðàâíåíèå òêàíè Bl çàïèñàíî
â âèäå

z = f(x, y), x, y, z ∈ Rr,

òîãäà ñåðäöåâèíà òêàíè Bl çàäàåòñÿ óðàâíåíèåì [3]:

f(a, f−1(b, f(a, y))) = f(c, y), a, b, c ∈ X, (1)

ãäå a, b, c - ïàðàìåòðû âåðòèêàëüíûõ ñëîåâ, âõîäÿùèõ â ïðîèçâîëüíóþ ëåâóþ êîíôèãóðàöèþ
(Bl). Ðàññìîòðèì ÷åòûðåõìåðíóþ íåðåãóëÿðíóþ ãðóïïîâóþ òðè-òêàíü R, îïðåäåëÿåìóþ
åäèíñòâåííîé íåàáåëåâîé äâóìåðíîé ãðóïïîé Ëè

z1 = ex
2
y1 + x1, z2 = x2 + y2.

Èñïîëüçóÿ (1), íàõîäèì óðàâíåíèÿ ñåðäöåâèíû CR â âèäå:

c1 = a1 + (a1 − b1)ea
2−b2 , c2 = 2a2 − b2.

Âåðíà
Òåîðåìà. Ïóñòü R - ÷åòûðåõìåðíàÿ ãðóïïîâàÿ òðè-òêàíü, îïðåäåëÿåìàÿ åäèíñòâåííîé

äâóìåðíîé íåàáåëåâîé ãðóïïîé Ëè. Ñóùåñòâóåò âñåãî äâå íåãðóïïîâûå ÷åòûðåõìåðíûå ëåâûå
òðè-òêàíè Áîëà ñ òîé æå ñåðäöåâèíîé CR, ëåâûìè îáðàòíûìè ïàðàñòðîôàìè ê íèì áóäóò
ñðåäíèå òêàíè Áîëà Π3 è Π4 ïàðàáîëè÷åñêîãî òèïà (ïî êëàññèôèêàöèè À.Ä. Èâàíîâà, ñì.
[4]).
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ïðîåêòèâíîì ïðîñòðàíñòâå// Ãåîìåòðèÿ îäíîðîäíûõ ïðîñòðàíñòâ, Ì.: Ìîñê. ãîñ. ïåä.
èí-ò. 1973. Ñ. 42�57.
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ÊÐÓ×ÅÍÈÅ ÎÁÚÅÊÒÀ ÑÂßÇÍÎÑÒÈ ÍÀ ÑÅÌÅÉÑÒÂÅ
ÖÅÍÒÐÈÐÎÂÀÍÍÛÕ ÏËÎÑÊÎÑÒÅÉ, ÎÁÎÁÙÀÞÙÅÌ ÏÎÂÅÐÕÍÎÑÒÜ

Î. Ì. Îìåëüÿí

(Áàëòèéñêèé ôåäåðàëüíûé óíèâåðñèòåò èì. È. Êàíòà,
Êàëèíèíãðàä, Ðîññèÿ)

E-mail address: olga_omelyan2002@mail.ru

Â ðàáîòå èíäåêñû áóäóò ïðèíèìàòü ñëåäóþùèå çíà÷åíèÿ:

i, · · · = 1, p; a, · · · = p+ 1,m;

α, · · · = m+ 1, 2m− p; u, · · · = 2m− p+ 1, n.

Â ïðîåêòèâíîì ïðîñòðàíñòâå Pn ïðîäîëæèì ðàññìîòðåíèå m-ìåðíîãî ñåìåéñòâà Bm,
îïèñàííîãî öåíòðèðîâàííîé ïëîñêîñòüþ Lm ðàçìåðíîñòè m, ïåðåñåêàþùåéñÿ ñ êàñàòåëüíîé
ïëîñêîñòüþ Tm ê ïîâåðõíîñòè öåíòðîâ ïî p-ìåðíîé ïëîñêîñòè Lp (Lm

⋂
Tm = Lp, 0 ≤ p ≤ m).

Óðàâíåíèÿ ýòîãî ñåìåéñòâà Bm áûëè ïîëó÷åíû ðàíåå â ðàáîòå [1]. Â ãëàâíîì ðàññëîåíèè
G(Bm), àññîöèèðîâàííîì ñ ýòèì ñåìåéñòâîì, áûëà çàäàíà ãðóïïîâàÿ ñâÿçíîñòü Γ è íàéäåíû
äèôôåðåíöèàëüíûå óðàâíåíèÿ äëÿ åãî êîìïîíåíò [1].

Âíåñåì â ñòðóêòóðíûå óðàâíåíèÿ áàçèñíûõ ôîðì ωi, ωα ñåìåéñòâà Bm ôîðìû ãðóïïîâîé
ñâÿçíîñòè ω̃ = ω − Γiω

i − Γαω
α, à èìåííî:

Dωi = ωj ∧ ω̃ij + ωα ∧ ω̃iα + Sijkω
j ∧ ωk + 2Sijαω

j ∧ ωα + Siαβω
α ∧ ωβ, (1)

Dωα = ωβ ∧ ω̃αβ + Sαijω
i ∧ ωj + 2Sαiβω

i ∧ ωβ + Sαβγω
β ∧ ωγ ,

ãäå
Sijk = Γi[jk], S

α
ij = 1/2(Γijα − Γiαj), S

i
αβ = Γi[αβ], (2)

Sαij = Λα[ij], S
α
iβ = 1/2(Λαiβ − Γαβi), S

α
βγ = Γα[βγ].

Êâàäðàòíûå ñêîáêè â (2) îçíà÷àþò àëüòåðíèðîâàíèå. Â ïðàâûõ ÷àñòÿõ ðàâåíñòâ (2)
ñîäåðæàòñÿ êîìïîíåíòû ðàñøèðåííîé àôôèííîé {Γijk,Γijα} è ðàñøèðåííîé ëèíåéíîé ñâÿçíîñòè
{Γαβi,Γαβγ}, ïîýòîìó îáúåêò S áóäåì íàçûâàòü îáúåêòîì êðó÷åíèÿ ýòèõ ñâÿçíîñòåé íà ñåìåéñòâå
öåíòðèðîâàííûõ ïëîñêîñòåé Bm.

Ó÷èòûâàÿ äèôôåðåíöèàëüíûå ñðàâíåíèÿ [1] äëÿ êîìïîíåíò óêàçàííûõ âûøå ñâÿçíîñòåé,
ïðèõîäèì ê ñëåäóþùèì ñðàâíåíèÿì:

∆Sαij ≡ 0,∆Sαiβ − Sαijω
j
β ≡ 0,∆Sαβγ − Sαiγωiβ + Sαiβω

i
γ ≡ 0, . . . (3)

Òåîðåìà 1. Îáúåêò êðó÷åíèÿ S ãðóïïîâîé ñâÿçíîñòè Γ ÿâëÿåòñÿ òåíçîðîì, ñîäåðæàùèì

1 ïðîñòåéøèé ïîäòåíçîð Sαij � òåíçîð íåãîëîíîìíîñòè äàííîãî ñåìåéñòâà è 4 ïðîñòûõ

ïîäòåíçîðà {Sαij , Sαiβ},{Sαij , Sαiβ, Sαβγ},{Sαij , Sijk}, {Sαij , Sαiβ, {Sαij , Sαiβ, Sαβγ}, {Sαij , Sαiβ, Sijk, Sijα}.

Ñïèñîê ëèòåðàòóðû

[1] Îìåëüÿí Î.Ì. Îáúåêò àññîöèèðîâàííîé ñâÿçíîñòè íà ñåìåéñòâå öåíòðèðîâàííûõ

ïëîñêîñòåé, îáîáùàþùåì ïîâåðõíîñòü, // Òð. ìåæä. êîíô. Îäåññà. Ñ. 108 - 109 (2008)
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Èíôèíèòåçèìàëüíûå êîíôîðìíûå ïðåîáðàçîâàíèÿ â ïðîñòðàíñòâå âòîðîãî

ïðèáëèæåíèÿ

Ïîêàñü Ñ. Ì., Êðóòîãîëîâà À. Â.

(Îäåññêèé íàöèîíàëüíûé óíèâåðñèòåò èìåíè È.È. Ìå÷íèêîâà, Îäåññà, Óêðàèíà)

E-mail address: pokas@onu.edu.ua, 01link01@rambler.ru

Äëÿ ðèìàíîâà ïðîñòðàíñòâà Vn(x; g) íåíóëåâîé ïîñòîÿííîé êðèâèçíû K ñòðîèì
ïðîñòðàíñòâî âòîðîãî ïðèáëèæåíèÿ Ṽ 2

n (y; g̃) [?]:

g̃ij(y) = gij
◦

+
K

3

(
gil1
◦

gjl2
◦
− gij
◦

gl1l2
◦

)
yl1yl2 , (1)

ãäå gij
◦

= gij(M0), M0 - ïðîèçâîëüíàÿ ôèêñèðîâàííàÿ òî÷êà ïðîñòðàíñòâà Vn.

Â Ṽ 2
n èññëåäóþòñÿ èíôèíèòåçèìàëüíûå êîíôîðìíûå ïðåîáðàçîâàíèÿ

y′h = yh + ξ̃h(y)δt. (2)

Èçâåñòíî([1]), ÷òî â Ṽ 2
n âåêòîðíîå ïîëå ξ̃h(y) îïðåäåëÿåò êîíôîðìíîå ïðåîáðàçîâàíèå òîãäà

è òîëüêî òîãäà, êîãäà

L
ξ̃
g̃ = ψ̃g̃. (3)

Ôóíêöèþ ψ̃(y) çàäàåì â âèäå:

ψ̃(y) =

∞∑
σ=0

b
σ
, b

σ
= bl1l2...lσy

l1yl2 · . . . · ylσ , bl1l2...lσ − const. (4)

Âåêòîð ξ̃h(y) èùåì â âèäå:

ξ̃h(y) =

∞∑
σ=0

ah
σ
, ah

σ
= ahl1l2...lσy

l1yl2 · . . . · ylσ , ahl1l2...lσ − const. (5)

Â ðåçóëüòàòå àíàëèçà îáîáùåííûõ óðàâíåíèé Êèëëèíãà (3) ïîëó÷àåì:

ξ̃h(y) = ah + ahl y
l +

K

3

(
gl1β
◦

δhl2 − gl1l2
◦

δhβ

)aβ
1 +

∞∑
p=2

1

2p− 1
Ap−1

+
3A

K

∞∑
p=2

1

2p

p+ 1

2p+ 1
bβ

2p−3
+

+
3

K

 ∞∑
p=2

p−1∑
s=1

(−1)p(−1)s+1

4(2p− 1)

2p− 2s− 1

p− s
bβ

2p−2s−2
As +

∞∑
p=3

p−1∑
s=2

p− s
2p− 2s+ 1

bβ
2p−2s+1

As

 yl1yl2+
+yh

∞∑
p=1

1

p+ 1
b
p
− 3A

2K

∞∑
p=1

1

p+ 1
bh
p−1

, A =
K

3
gl1l2
◦

yl1yl2 .

(6)
Ðÿäû (6) ñõîäÿòñÿ àáñîëþòíî è ðàâíîìåðíî íà ìíîæåñòâå |K gl1l2

◦
yl1yl2 | < 1.

Ñïèñîê ëèòåðàòóðû
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Ýôôåêò Ìàãíóñà â êîñìîñå

Ì. Î. Ðàõóëà

(Òàðòóñêèé óíèâåðñèòåò, Òàðòó, Ýñòîíèÿ)

Ýôôåêò Ìàãíóñà, ïðè ñìåùåíèè âðàùàþùåãîñÿ òåëà â íåêîòîðîì íàïðàâëåíèè â

òåëå âîâíèêàåò ñèëà, ïåðåïåíäèêóëÿðíàÿ íàïðàâëåíèþ ñìåùåíèÿ, îáîñíîâûâàåòñÿ ñêîáêîé

âåêòîðíûõ ïîëåé:

X =
∂

∂x
, Y = −y ∂

∂x
+ x

∂

∂y
⇒ [XY ] = Y X −XY = − ∂

∂y
⊥ ∂

∂x
.

Ïîëå âðàùåíèé Y ïîíèìàåòñÿ êàê ïîëå ñêîðîñòåé, à ïðîèçâîäíàÿ Ëè [XY ] êàê ïîëå óñêîðåíèé,
èëè æå êàê ñèëîâîå ïîëå. Íàçîâ�åì ýòî ïîëå M -ñèëîé.

M -ñèëà ìîùíà ïðè áîëüøèõ ðàçìåðàõ âðàùàþùèõñÿ òåë, à òàêæå ïðè áîëüøèõ ñêîðîñòÿõ

âðàùåíèÿ è ñìåùåíèÿ. Íà Çåìëå M -ñèëà ñëàáà è ìàëîçàìåòíà: ýòî êðóãîâîðîòû â àòìîñôåðå,

òîðíàäî, ãèðîñêîï, ëåòàþùèé äèñê, êà÷àþùèéñÿ øëàíã ñ âîäîé, ñòàè ïòèö, êîñÿêè ðûá, ãäå

áîëåå-ìåíåå çàìåòíî âîçäåéñòâèåM -ñèëû. Â êîñìîñå âðàùàþòñÿ áîëüøèå ñèñòåìû. Áëàãîäàðÿ

M -ñèëå, ïëàíåòíûå ñèñòåìû è ãàëàêòèêè, âðàùàþùèåñÿ âîêðóã îäíîé îñè � ïëîñêèå äèñêè, à

ñîëíöà, ïëàíåòû è ëóíû, âðàùàþùèåñÿ áîëåå ÷åì âîêðóã îäíîé îñè � êðóãëûå øàðû. Ìàëûå

òåëà, êàê ìåòåîðèòû è ÿäðà êîìåò, áåñôîðìåííû.

Äèñêîîáðàçíîñòü è øàðîîáðàçíîñòü âðàùàþùèõñÿ òåë � ñâîéñòâîM -ñèëû. Â îäíèõ ñëó÷àÿõ

ýòà ñèëà íàïðàâëåíà â ïëîñêîñòü, â äðóãèõ ñëó÷àÿõ îãèáàåò ñôåðó. M -ñèëîé îáúÿñíÿåòñÿ è òî,

ïî÷åìó íåáåñíûå òåëà â îäíèõ ñëó÷àÿõ èçëó÷àþò ýíåðãèþ, â äðóãèõ ñëó÷àÿõ ïîãëîùàþò å�å, à

â òðåüèõ ñëó÷àÿõ ïóëüñèðóþò. Çàãàäêà âñêðûòà íå â ñàìèõ äâèæåíèÿõ, à âî âçàèìîäåéñòâèè

ðàçëè÷íûõ äâèæåíèé.

Âñòðå÷àþùèåñÿ â ëèòåðàòóðå àýðî- è ãèäðîäèíàìè÷åñêèå îáîñíîâàíèÿ ýôôåêòà Ìàãíóñà

íåñîñòîÿòåëüíû.
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Î 2F-ïëàíàðíûõ îòîáðàæåíèÿõ ðèìàíîâûõ ïðîñòðàíñòâ ñ êóáè÷åñêîé àáñîëþòíî

ïàðàëëåëüíîé ñòðóêòóðîé

Â. Â. Ðåãðóò, È. Í. Êóðáàòîâà,

(ÎÍÓ, Îäåññà, Óêðàèíà)

E-mail address: irina.kurbatova27@gmail.com

Â ([1])áûëî ââåäåíî ïîíÿòèå pF-ïëàíàðíîãî îòîáðàæåíèÿ àôôèííîñâÿçíûõ è ðèìàíîâûõ
ïðîñòðàíñòâ. Òàì æå èññëåäîâàëèñü 2F-ïëàíàðíûå îòîáðàæåíèÿ (ïñåâäî-)ðèìàíîâûõ

ïðîñòðàíñòâ (Vn, gij , F
h
i ) è (V n, gij , F

h
i ) ñ àáñîëþòíî ïàðàëëåëüíîé êóáè÷åñêîé ñòðóêòóðîé,

îñíîâíûå óðàâíåíèÿ êîòîðûõ â îáùåé ïî îòîáðàæåíèþ ñèñòåìå êîîðäèíàò (xi) èìåþò âèä:

Γ
h
ij(x) = Γhij(x) +

2∑
s=0

s
q(i(x)

s

F hj)(x),

ãäå
◦
F hi = δhi ,

1

F hi = F hi ,
2

F hi =
1

Fαi

1

F hα ,
s

F hi (x) =

s

F
h
i (x),

F hαF
α
β F

β
i = δhi , giαF

α
j = gjαF

α
i , F hi,j = F hi|j = 0,

Γhij , Γ
h
ij - êîìïîíåíòû îáúåêòîâ ñâÿçíîñòè Vn è V n, ñîîòâåòñòâåííî;

s
qi(x) - íåêîòîðûå êîâåêòîðû;

F hi - àôôèíîð; <,>, < | > - çíàêè êîâàðèàíòíîé ïðîèçâîäíîé â Vn è V n.
Ìû ïîêàçàëè, ÷òî ïðè òàêèõ óñëîâèÿõ íà àôôèíîð ïðîñòðàíñòâà Vn è V n, íàõîäÿùèåñÿ

â 2F-ïëàíàðíîì îòîáðàæåíèè, ÿâëÿþòñÿ ëîêàëüíî ïðèâîäèìûìè è ïðåäñòàâëÿþò ñîáîé
ïðîèçâåäåíèå

Vn = Vm × Vn−m, V n = V m × V n−m,

ïðè÷åì íà êîìïîíåíòàõ ýòîãî ïðîèçâåäåíèÿ 2F-ïëàíàðíîå îòîáðàæåíèå

f : Vn −→ V n

èíäóöèðóåò ãåîäåçè÷åñêîå îòîáðàæåíèå ( [2])

f1 : Vm −→ V m,

ñîîòâåòñòâóþùåå âåêòîðó 2
◦
qb(x

a), a, b = 1, 2, . . . ,m, è F-ïëàíàðíîå îòîáðàæåíèå([3])

f2 : Vn−m −→ V n−m,

ñîîòâåòñòâóþùåå àôôèíîðó
1

FBA (xC) îïðåäåëåííîãî òèïà è âåêòîðó 2
◦
qB(xA), A,B,C = m +

1,m+ 2, . . . , n.

Ñïèñîê ëèòåðàòóðû

[1] Ð. Äæ. Êàäåì 2F-ïëàíàðíûå îòîáðàæåíèÿ àôôèííîñâÿçíûõ è ðèìàíîâûõ ïðîñòðàíñòâ.,-
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1979. 256 ñ.

[3] J. Mikes, A. Vanzurova, I. Hinterleitner Geodesic Mappings and Some Generalizations.,- Palacky
University, Olomouc, Faculty of Science. Olomouc, 2009.

84



Êîîðäèíàòû âåðøèí ìíîãîìåðíûõ ìåòðè÷åñêè ïðàâèëüíûõ
ñðåäèííî/òðèàäíî-óñå÷åííûõ ñèìïëåêñîâ

Þ. Ñ. Ðåçíèêîâà

(Èíñòèòóò ìàòåìàòèêè ÍÀÍ Óêðàèíû, Êèåâ, Óêðàèíà)

E-mail address: yurss@mail.ru

Ðàññìîòðèì ìíîãîìåðíîå åâêëèäîâî ïðîñòðàíñòâî, à òàêæå âåêòîðíîå ìåòðè÷åñêîå
ïðîñòðàíñòâî {V n(<), ρ}, n ≥ 2, ãäå σ = max{0;w1; ....;wn} − min{0;w1; ....;wn} ��
ñèììåòðè÷íûé ìîäóëü Ãàëèöûíà èëè áàðèöåíòðè÷åñêàÿ íîðìà âåêòîðà ~w = {w1; ....;wn} [1].

Óòâåðæäåíèå 1. n−ìåðíûé ñðåäèííî/òðèàäíî-óñå÷åííûé ñèìïëåêñ â âåêòîðíîì
ìåòðè÷åñêîì ïðîñòðàíñòâå {V n(<), ρ}, n ≥ 2, ãäå ρ �� σ−ìåòðèêà, ÿâëÿåòñÿ ìåòðè÷åñêè
ïðàâèëüíûì, åñëè ∀ {i, j, k} = 1, n, i 6= j 6= k, êîîðäèíàòû åãî âåðøèí èìåþò âèä:
• â ñëó÷àå ñðåäèííî-óñå÷åííîãî ñèìïëåêñà
Aij(....;wi; ....;wj ; ....), ãäå wi = wj =

1
2c, wk = 0 ∀ k = 1, n 6= {i, j},

Ai(n+1)(....;wi; ....), ãäå wi = 0, wk = −1
2c ∀ k = 1, n 6= i, c = const > 0,

• â ñëó÷àå òðèàäíî-óñå÷åííîãî ñèìïëåêñà
Aij(....;wi; ....;wj ; ....), ãäå wi =

2
3c, wj =

1
3c, wk = 0 ∀ k = 1, n 6= {i, j},

Aji(....;wi; ....;wj ; ....), ãäå wi =
1
3c, wj =

2
3c, wk = 0 ∀ k = 1, n 6= {i, j},

Ai(n+1)(....;wi; ....), ãäå wi =
1
3c, wk = −1

3c ∀ k = 1, n 6= i,

A(n+1)i(....;wi; ....), ãäå wi = −1
3c, wk = −2

3c ∀ k = 1, n 6= i, c = const > 0.

Ïóñòü A � ìàòðèöà ïðåîáðàçîâàíèÿ ìíîãîìåðíîãî ñèãìà-ïðîñòðàíñòâà â ìíîãîìåðíîå
åâêëèäîâî [2], AT

ij , i, j = 1, n, � òðàíñïîíèðîâàííûå âåêòîðà êîîðäèíàò âåðøèí
ñðåäèííî/òðèàäíî-óñå÷åííîãî ñèìïëåêñà â ìíîãîìåðíîì ñèãìà-ïðîñòðàíñòâå.

Óòâåðæäåíèå 2. n−ìåðíûé ñðåäèííî/òðèàäíî-óñå÷åííûé ñèìïëåêñ â âåêòîðíîì
ìåòðè÷åñêîì ïðîñòðàíñòâå {V n(<), ρ}, n ≥ 2, ãäå ρ �� åâêëèäîâà ìåòðèêà, ÿâëÿåòñÿ
ìåòðè÷åñêè ïðàâèëüíûì, åñëè ∀ {i, j, k} = 1, n, i 6= j 6= k, êîîðäèíàòû åãî âåðøèí èìåþò
âèä:
• â ñëó÷àå ñðåäèííî-óñå÷åííîãî ñèìïëåêñà
A×AT

ij(....;wi; ....;wj ; ....), ãäå wi = wj =
1
2c, wk = 0 ∀ k = 1, n 6= {i, j},

A×AT
i(n+1)(....;wi; ....), ãäå wi = 0, wk = −1

2c ∀ k = 1, n 6= i, c = const > 0,
• â ñëó÷àå òðèàäíî-óñå÷åííîãî ñèìïëåêñà
A×AT

ij(....;wi; ....;wj ; ....), ãäå wi =
2
3c, wj =

1
3c, wk = 0 ∀ k = 1, n 6= {i, j},

A×AT
ji(....;wi; ....;wj ; ....), ãäå wi =

1
3c, wj =

2
3c, wk = 0 ∀ k = 1, n 6= {i, j},

A×AT
i(n+1)(....;wi; ....), ãäå wi =

1
3c, wk = −1

3c ∀ k = 1, n 6= i,

A×AT
(n+1)i(....;wi; ....), ãäå wi = −1

3c, wk = −2
3c ∀ k = 1, n 6= i, c = const > 0.

Ñïèñîê ëèòåðàòóðû

[1] À. Ï. Âåëèêèé, À. Ô. Òóðáèí Ïðåîáðàçîâàíèÿ À.È.Ëîáàíîâà. � Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç, (2004), � 5, Ñ. 160-168.

[2] Þ. Ñ. Ðåçíèêîâà, Ò. Ã. ßðåì÷óê Ìàòðè÷íîå ïðåîáðàçîâàíèå ìíîãîìåðíîãî ñèãìà-
ïðîñòðàíñòâà â ìíîãîìåðíîå åâêëèäîâî. // Ñîâðåìåííûå íàïðàâëåíèÿ òåîðåòè÷åñêèõ è
ïðèêëàäíûõ èññëåäîâàíèé '2015: Ñáîðíèê íàó÷íûõ òðóäîâ SWorld (â ïå÷àòè).
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E-mail address: isabitov@mail.ru

Óðàâíåíèå
zxxzyy − z2xy = 0 (1)

ìû íàçûâàåì òðèâèàëüíûì óðàâíåíèåì Ìîíæà-Àìïåðà. Åñëè ðåøåíèå ýòîãî óðàâíåíèÿ
ïðèíàäëåæèò êëàññó C2 â íåêîòîðîì êðóãå ñ ïðîêîëîòûì öåíòðîì M0(x0, y0), òîãäà îíî
íåïðåðûâíî ïðîäîëæàåòñÿ â òî÷êó M0; åñëè æå äîïîëíèòåëüíî èçâåñòíî, ÷òî âòîðûå
ïðîèçâîäíûå îãðàíè÷åíû, òîãäà åãî ïåðâûå ïðîèçâîäíûå òîæå íåïðåðûâíî ïðîäîëæàþòñÿ â
M0 è òîãäà ïîâåðõíîñòü áóäåò ãëàäêîé ðàçâåðòûâàþùåéñÿ ïîâåðõíîñòüþ, ñì. [1]. Â ñëó÷àå
íåîãðàíè÷åííûõ ïðîèçâîäíûõ âòîðîãî ïîðÿäêà ïîâåðõíîñòü áóäåò íåïðåðûâíîé, íî íå ãëàäêîé,
èìåÿ â òî÷êå M0 îñîáåííîñòü â âèäå âåðøèíû êîíóñà. Òåì ñàìûì ìû çíàåì ëîêàëüíîå
ïîâåäåíèå ðåøåíèÿ óðàâíåíèÿ â îêðåñòíîñòè îñîáîé òî÷êè.

Åñëè ðåøåíèå óðàâíåíèÿ (1) îïðåäåëåíî íàä âñåé ïëîñêîñòüþ è îíî âñþäó ðåãóëÿðíî,
òîãäà ïîâåðõíîñòü z − z(x, y) áóäåò ãëàäêîé öèëèíäðè÷åñêîé ïîâåðõíîñòüþ. Ñïðàøèâàåòñÿ,
÷òî ìîæíî ñêàçàòü î ïîâåðõíîñòè â öåëîì, åñëè àïðèîðè ïðåäïîëîæèòü íàëè÷èå ó íåå îñîáûõ
òî÷åê? Ìû äîêàçûâàåì ñïðàâåäëèâîñòü ñëåäóþùåé òåîðåìû.

Òåîðåìà 1. . Ïóñòü íà ïëîñêîñòè (x, y) çàäàíî ïðîèçâîëüíîå êîíå÷íîå ìíîæåñòâî òî÷åê D.

Òîãäà ñóùåñòâóåò ðåøåíèå óðàâíåíèÿ (1), îïðåäåëåííîå è íåïðåðûâíîå íà âñåé ïëîñêîñòüþ,

ïðèíàäëåæàùåå êëàññó C∞ âíå òî÷åê ìíîæåñòâà D.

Â îêðåñòíîñòÿõ îñîáûõ òî÷êàõ ïîâåðõíîñòü ÿâëÿåòñÿ, êîíå÷íî, êîíóñîì. Êëþ÷åâîé ìîìåíò
äîêàçàòåëüñòâà ñîñòîèò â òîì, ÷òî ìîæíî òàê ïîäîáðàòü ñòðîåíèå ýòèõ êîíóñîâ, ÷òîáû
îáðàçóþùèå ðàçíûõ êîíóñîâ íå ïåðåñåêàëèñü.

Íåòðóäíî ïîñòðîèòü ïðèìåð ðåøåíèÿ óðàâíåíèÿ (1) ñî ñ÷åòíûì ìíîæåñòâîì
èçîëèðîâàííûõ îñîáûõ òî÷åê ïðè íåêîòîðîì ñïåöèàëüíîì èõ ðàñïîëîæåíèè (íàïðèìåð,
âñå îíè ëåæàò íà îäíîé ïðÿìîé), íî äëÿ ïðîèçâîëüíîãî ñ÷åòíîãî ìíîæåñòâà äèñêðåòíûõ òî÷åê
ñîîòâåòñòâóþùåå ïîñòðîåíèå îñòàåòñÿ îòêðûòûì âîïðîñîì.

Àâòîð âûðàæàåò áëàãîäàðíîñòü Þ.À. Àìèíîâó çà óêàçàíèå ñïîñîáà ïîñòðîåíèÿ òàêèõ
êîíóñîâ â ñëó÷àå, êîãäà ìíîæåñòâî îñîáûõ òî÷åê D ñîñòîèò èç âåðøèí íåêîòîðîãî âûïóêëîãî
ìíîãîóãîëüíèêà.

Ñïèñîê ëèòåðàòóðû

[1] È.Õ. Ñàáèòîâ. Èçîëèðîâàííûå îñîáûå òî÷êè ðåøåíèé òðèâèàëüíîãî óðàâíåíèÿ Ìîíæà-
Àìïåðà. Òåçèñû äîêëàäîâ Ìåæäóíàðîäíîé íàó÷íîé êîíôåðåíöèè "Òåîðèÿ îïåðàòîðîâ,
êîìïëåêñíûé àíàëèç è ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå", ïîñ. Äèâíîìîðñê, 7-13 ñåíòÿáðÿ
2014 ã., Èçä-âî: Âëàäèêàâêàç, ÞÌÈ ÂÍÖ ÐÀÍ è ÐÑÎ-À, 2014, ñòð. 61-62.
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E-mail address: marbel@ukr.net

Èíâàðèàíòíàÿ òåîðèÿ ïðèáëèæåíèé â ðèìàíîâîé ãåîìåòðèè îñíîâûâàåòñÿ íà èçâåñòíîì
òåíçîðíîì ðÿäå Òåéëîðà äëÿ òåíçîðíûõ ïîëåé [1]. Îäíàêî ñëîæíîñòü ñòðóêòóðû
êîýôôèöèåíòîâ óêàçàííîãî ðÿäà â ïðîñòðàíñòâàõ, îòíåñåííûõ ê ïðîèçâîëüíîé ñèñòåìå
êîîðäèíàò. ïðèâîäèò ê íåäîñòàòî÷íîé ýôôåêòèâíîñòè òàêîãî ïîäõîäà. Ãîðàçäî áîëåå
ïðîäóêòèâíûì îêàçûâàåòñÿ èñïîëüçîâàíèå ðèìàíîâîé ñèñòåìû êîîðäèíàò ñ öåíòðîì â
ïðîèçâîëüíîé òî÷êå ðàññìàòðèâàåìîãî ðèìàíîâà ïðîñòðàíñòâà. Ïîÿâëÿåòñÿ âîçìîæíîñòü
ïîëó÷åíèÿ èíâàðèàíòíîãî ðÿäà òèïà Òåéëîðà, çàâèñÿùåãî íå òîëüêî îò êîîðäèíàò òåêóùåé
òî÷êè, íî è îò êàñàòåëüíîãî ýëåìåíòà â íåé, êàê äëÿ ëþáîãî òåíçîðà, òàê è äëÿ îáúåêòà
àôôèííîé ñâÿçíîñòè ðèìàíîâà ïðîñòðàíñòâà V n. [2] Ýòî èçáàâëÿåò îò íåîáõîäèìîñòè
ðåàëèçàöèè â V n ôàêòè÷åñêîãî ïåðåõîäà ê ðèìàíîâîé ñèñòåìå êîîðäèíàò, ÷òî, â îáùåì ñëó÷àå,
ïðàêòè÷åñêè íåîñóùåñòâèìî.

Åñëè â ñîîòâåòñòâóþùåì ðÿäå äëÿ êîìïîíåíò Γhij îáúåêòà àôôèííîé ñâÿçíîñòè ðèìàíîâà
ïðîñòðàíñòâà V n îòêàçàòüñÿ îò ñëàãàåìûõ âòîðîãî è áîëåå âûñîêèõ ïîðÿäêîâ ìàëîñòè
îòíîñèòåëüíî êîìïîíåíò êàñàòåëüíîãî ýëåìåíòà yh, ïîëó÷èì îáúåêò ñâÿçíîñòè

Γ̃hij(x; y) = Γhij(x) − 1

3
Rh

(ij)α(x)yα, (1)

îïðåäåëÿþùèé íà V n ãåîìåòðèþ, ïîäîáíóþ ôèíñëåðîâîé.
Íà êàñàòåëüíîì ðàññëîåíèè T (V n) ðàññìîòðåíà ìåòðèêà

ds2 = gαβ(x)D̃yαD̃yβ,

ãäå gαβ(x) � êîìïîíåíòû ìåòðè÷åñêîãî òåíçîðà ïðîñòðàíñòâà V n,

D̃yh = dyh + Γ̃hαβy
αdxβ.

Èçó÷åíû ãåîìåòðè÷åñêèå ñâîéñòâà ïðîñòðàíñòâà ñ òàêîé ìåòðèêîé. Ñïåöèàëüíî èññëåäîâàí
ñëó÷àé, êîãäà áàçîâîå ïðîñòðàíñòâî V n ÿâëÿåòñÿ ïðîñòðàíñòâîì ïîñòîÿííîé êðèâèçíû.

Ðàññìîòðåíû òàêæå íåêîòîðûå ñâîéñòâà îáîáùåííûõ ïðîñòðàíñòâ àôôèííîé ñâÿçíîñòè ñ
îáúåêòîì ñâÿçíîñòè, îïðåäåë¼ííûì ôîðìóëàìè (1).

Ñïèñîê ëèòåðàòóðû

[1] Âåáëåí Î. Èíâàðèàíòû äèôôåðåíöèàëüíûõ êâàäðàòè÷íûõ ôîðì .,- Ì.: È.Ë., (1948), 140 ñ.

[2] Ñèíþêîâ Í.Ñ., Ñèíþêîâà Å.Í., Ìîâ÷àí Þ.À. Íåêîòîðûå àêòóàëüíûå àñïåêòû ðàçâèòèÿ

òåîðèè ãåîäåçè÷åñêèõ îòîáðàæåíèé ðèìàíîâûõ ïðîñòðàíñòâ è åå îáîáùåíèé., - Èçâ. âóçîâ,
Ìàòåìàòèêà, � 3(382), (1994), Ñ. 76-80.
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Èçó÷àÿ ïðîáëåìó ìîäåëèðîâàíèÿ ôèçè÷åñêèõ ïîëåé, àêàäåìèê À.Ç.Ïåòðîâ ïðèøåë ê
çàäà÷å êâàçèãåîäåçè÷åñêîãî îòîáðàæåíèÿ (ÊÃÎ) 4-õìåðíûõ ðèìàíîâûõ ïðîñòðàíñòâ ñèãíàòóðû
Ìèíêîâñêîãî ([1]). Â ([2]) èññëåäîâàëèñü ÊÃÎ ðèìàíîâûõ ïðîñòðàíñòâ ïðîèçâîëüíîé
ðàçìåðíîñòè è ñèãíàòóðû.

Ìíîãîîáðàçèå Xn ñ÷èòàåòñÿ íàäåëåííûì e-ñòðóêòóðîþ ([3]), åñëè íà íåì îïðåäåëåíà
àôôèíîðíàÿ ñòðóêòóðà F hi (x), óäîâëåòâîðÿþùàÿ óñëîâèÿì Fαi F

h
α = eδhi , ãäå e = −1, 1 èëè

0. Ïðè e = 1 åå íàçûâàþò ãèïåðáîëè÷åñêîé; ïðè e = −1 - ýëëèïòè÷åñêîé; ïðè e = 0 -
ïàðàáîëè÷åñêîé.

Â çàâèñèìîñòè îò äèôôåðåíöèàëüíûõ ñâîéñòâ àôôèíîðà â ðèìàíîâîì ïðîñòðàíñòâå ñ e-
ñòðóêòóðîé, âûäåëÿþò òàêèå êëàññû ïðîñòðàíñòâ ([4]): êåëåðîâî - ïðè F hi,j = 0, ãäå ¾,¿ - çíàê

êîâàðèàíòíîé ïðîèçâîäíîé â Vn; K-ïðîñòðàíñòâî � ïðè F hi,j + F hj,i = 0; H-ïðîñòðàíñòâî - ïðè
Fhi,j + Fij,h + Fjh,i = 0, ãäå Fhi = ghαF

α
i è äð.

Ðåêóððåíòíî-ïàðàáîëè÷åñêîé ñòðóêòóðîé íà (Vn, gij) áóäåì íàçûâàòü àôôèíîðíóþ
ñòðóêòóðó F hi (x), äëÿ ÿêî¨

Fαi F
h
α = 0, Fij + Fji = 0, Fij = Fαj gαi,

F hi,j = ρj(x)F hi (x),

ãäå ρj - êîâåêòîð. Ñàìî Vn ïðè ýòîì òàêæå áóäåì íàçûâàòü ðåêóððåíòíî-ïàðàáîëè÷åñêèì.
Ðàññìîòðèì ïàðó ðèìàíîâûõ ïðîñòðàíñòâ (Vn, gij) è (V n, gij), íàõîäÿùèõñÿ â ÊÃÎ,

îñíîâíûå óðàâíåíèÿ êîòîðûõ â îáùåé ïî îòîáðàæåíèþ ñèñòåìå êîîðäèíàò (xi) èìåþò âèä

Γ
h
ij(x) = Γhij(x) + ψ(i(x)δhj) + ϕ(i(x)F hj)(x)

F (ij)(x) = 0, F ij(x) = Fαj (x)gαi(x),

ãäå Γ
h
ij ,Γ

h
ij - êîìïîíåíòû îáúåêòîâ ñâÿçíîñòè ïðîñòðàíñòâ V n è Vn, ñîîòâåòñòâåííî; ψi, ϕi -

êîâåêòîðû; F hi - àôôèíîð.
Òåîðåìà. Åñëè Vn ñ ðåêóððåíòíî-ïàðàáîëè÷åñêîé ñòðóêòóðîé F hi äîïóñêàåò ÊÃÎ

íà ðèìàíîâî ïðîñòðàíñòâî V n, òî V n ïî íåîáõîäèìîñòè òàêæå áóäåò ðåêóððåíòíî-

ïàðàáîëè÷åñêèì îòíîñèòåëüíî F hi ñ òåì æå âåêòîðîì ðåêóððåíòíîñòè

Ðàññìîòðåíî ÊÃÎ ðåêóððåíòíî-ïàðàáîëè÷åñêîãî Vn íà ïëîñêîå ïðîñòðàíñòâî En. Ïîëó÷åíà
ñòðóêòóðà òåíçîðà Ðèìàíà òàêîãî Vn. Â ÷àñòíîñòè, ïîêàçàíî, ÷òî îíî ÿâëÿåòñÿ Ðè÷÷è-ïëîñêèì
è ñèììåòðè÷åñêèì.

Ñïèñîê ëèòåðàòóðû
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1979. 256 ñ.
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Ïåðâûì øàãîì ïðè èñïîëüçîâàíèè êîîðäèíàòíîãî ìåòîäà ÿâëÿåòñÿ âûáîð ñèñòåìû
êîîðäèíàò, è ýòîò âûáîð çàâèñèò îò çàäà÷è. Ñóùåñòâóåò êëàññ çàäà÷, êîòîðûå óäîáíî ðåøàòü
â áàðèöåíòðè÷åñêîé ñèñòåìå êîîðäèíàò ([1])([2]).

Íîðìèðîâàííûìè áàðèöåíòðè÷åñêèìè êîîðäèíàòàìè òî÷êè M ïëîñêîñòè íàçûâàþòñÿ åå
áàðèöåíòðè÷åñêèå êîîðäèíàòû m1,m2,m3 îòíîñèòåëüíî ïðàâèëüíîãî òðåóãîëüíèêà ABC ñî
ñòîðîíîé 1. Ðàññòîÿíèå ìåæäó òî÷êàìè P (p1, p2, p3) è G(g1, g2, g3) â êàíîíè÷åñêèõ êîîðäèíàòàõ
âû÷èñëÿåòñÿ ïî ôîðìóëå

PG2 = −(p2 − g2)(p3 − g3)− (p1 − g1)(p3 − g3)− (p1 − g1)(p2 − g2).

Èç îïðåäåëåíèÿ ýëëèïñà êàæäàÿ åãî òî÷êà îáëàäàåò ñâîéñòâîì MF1 + MF2 = 2a, ãäå
F1,F2 - ôîêóñû, 2c � ðàññòîÿíèå ìåæäó ôîêóñàìè è 2a > 2c. Âûáåðåì êàíîíè÷åñêóþ
áàðèöåíòðè÷åñêóþ ñèñòåìó êîîðäèíàò òàê, ÷òîáû ôîêàëüíàÿ îñü áûëà ïàðàëëåëüíà ñòîðîíå
AB êîîðäèíàòíîãî òðåóãîëüíèêà. Åñëè (c1, c2, c3) � öåíòð ýëëèïñà, òî F1 = (c + c1, c2 − c, c3),
F2 = (c1 − c, c2 + c, c3) - ôîêóñû.

Ïîñëå äâóêðàòíîãî âîçâåäåíèÿ â êâàäðàò âàæíûì ìîìåíòîì ÿâëÿåòñÿ ïðåîáðàçîâàíèå
ïîëó÷åííîãî óðàâíåíèÿ ê òàê íàçûâàåìîìó ¾ñèììåòðè÷íîìó âèäó¿. Äëÿ ýòîãî èñïîëüçóåì
î÷åâèäíûé ôàêò, ÷òî ñóììà áàðèöåíòðè÷åñêèõ êîîðäèíàò âåêòîðà ðàâíà íóëþ è ðàâåíñòâà

α2
1 = −α1α2 − α1α3, α

2
2 = −α2α1 − α2α3, α

2
1 = −α3α1 − α3α2,

ñïðàâåäëèâûå äëÿ áàðèöåíòðè÷åñêèõ êîîðäèíàò ïðîèçâîëüíîãî âåêòîðà. Ïîëó÷èì

(−4a2+4c2)(x1−c1)(x2−c2)+(−4a2+c2)(x1−c1)(x3−c3)+(−4a2+c2)(x2−c2)(x3−c3) = −4a2c2+4a4.

Çàìåíà a2 − c2 = b2 è äåëåíèå íà −4a2b2 äàþò êàíîíè÷åñêèé âèä óðàâíåíèÿ ýëëèïñà

(x1 − c1)(x2 − c2)

4a2b2
+

3a2 + b2

4a2b2
((x1 − c1)(x3 − c3) + (x2 − c2)(x3 − c3)) = −1.

Çàìåòèì, ÷òî ïðè a = b îíî èìååò âèä (x1−c1)(x2−c2)+(x1−c1)(x3−c3)+(x2−c2)(x3−c3) = −a2
è ñîâïàäàåò ñ óðàâíåíèåì îêðóæíîñòè ñ öåíòðîì â òî÷êå (c1, c2, c3) è ðàäèóñîì a ([1]).

Êàíîíè÷åñêîå óðàâíåíèå ãèïåðáîëû c öåíòðîì (c1, c2, c3) èìååò âèä

(x1 − c1)(x2 − c2)

4a2
+

3a2 + b2

4a2b2
((x1 − c1)(x3 − c3) + (x2 − c2)(x3 − c3)) = 1,

à êàíîíè÷åñêîå óðàâíåíèå ïàðàáîëû -

1

4
(x1 − c1)(x3 − c3) +

1

4
(x2 − c2)(x3 − c3) = p(x1 − c1)− (x2 − c2),

ãäå p - ïàðàìåòð, à (c1, c2, c3) - âåðøèíà.
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Àâòîðèòåòíûé íàó÷íûé æóðíàë ¾Nature Physics¿ â ìàðòå 2013 ãîäà ¾ôîêóñîì¿ âûïóñêà
îáîçíà÷èë ¾Ñëîæíûå ñåòè â ôèíàíñàõ¿, è ïðèçâàë ôèçèêîâ è ìàòåìàòèêîâ çàíÿòüñÿ
èññëåäîâàíèÿìè âîçìîæíîñòè ýôôåêòèâíîãî ïðèìåíåíèÿ íîâîé áûñòðî ðàçâèâàþùåéñÿ
íàó÷íîé îáëàñòè ¾òåîðèè ñëîæíûõ ñåòåé¿ ê àêòóàëüíåéøèì ïðîáëåìàì â óñòðîéñòâå ìèðîâîé
ôèíàíñîâîé ñèñòåìû. ([1]) Âîîáùå ãîâîðÿ, òåîðèÿ ñëîæíûõ ñåòåé (ÒÑÑ) ïðåäñòàâëÿåò
ñîáîé íå îòäåëüíîå íàïðàâëåíèå, à âåñüìà îáøèðíóþ ìåæäèñöèïëèíàðíóþ îáëàñòü çíàíèé,
â êîòîðóþ âõîäÿò èññëåäîâàíèÿ ñàìîãî ðàçíîîáðàçíîãî õàðàêòåðà îá óñòðîéñòâå ìèðà.
ÒÑÑ áóðíî ðàçâèâàåòñÿ, ñåé÷àñ çàêëàäûâàþòñÿ åå îñíîâíûå ïîíÿòèÿ è ïîëó÷åíû òîëüêî
ïåðâûå ðåçóëüòàòû. Ðàáîòàþùèå â ýòîé îáëàñòè èññëåäîâàòåëè ïðèøëè èç ìàòåìàòèêè,
ôèçèêè, áèîëîãèè, ìåäèöèíû, ýïèäåìèîëîãèè, òåëåêîììóíèêàöèé, èíôîðìàòèêè, ñîöèîëîãèè,
ýêîíîìèêè. Ñîîòâåòñòâåííî ðåçóëüòàòû èññëåäîâàíèé èìåþò êàê òåîðåòè÷åñêîå çíà÷åíèå,
òàê è ïðàêòè÷åñêèå ïðèëîæåíèÿ â ýòèõ íàóêàõ. Â êîíòåêñòå ÒÑÑ, ñëîæíûå ñåòè (àíãë.
complex networks) � ýòî ãðàôû (ñåòè) ñ íåòðèâèàëüíûìè òîïîëîãè÷åñêèìè ñâîéñòâàìè �
ñâîéñòâàìè, êîòîðûå íå âñòðå÷àþòñÿ â ïðîñòûõ ñåòÿõ, òàêèõ êàê ðåãóëÿðíûå ðåøåòêè
èëè ÷èñòî ñëó÷àéíûå ãðàôû, íî ÷àñòî íàáëþäàþòñÿ â ãðàôàõ, ìîäåëèðóþùèõ ðåàëüíûå
ñèñòåìû. Èìåííî òîïîëîãè÷åñêèå ñâîéñòâà ñåòè, ðàññìàòðèâàåìûå îòâëå÷åííî îò ïðèðîäû
ïðîèñõîæäåíèÿ èññëåäóåìîé ñèñòåìû, ñóùåñòâåííî îïðåäåëÿþò ôóíêöèîíèðîâàíèå ñåòè, è
ïîýòîìó ñîñòàâëÿþò îñíîâíîé ïðåäìåò èññëåäîâàíèÿ ÒÑÑ. Â íàøåé ðàáîòå ([2]) èçëàãàåòñÿ
êîíöåïòóàëüíî íîâàÿ ìåòîäîëîãèÿ àíàëèçà ôèíàíñîâûõ âðåìåííûõ ðÿäîâ, êîòîðóþ àâòîðû
ïðèìåíÿþò íàðÿäó ñ äðóãèìè äëÿ èññëåäîâàíèÿ ñëîæíîñòè ôèíàíñîâûõ ðûíêîâ. Ñóòü
ýòîé ìåòîäîëîãèè ñîñòîèò â òîì, ÷òî äëÿ ïîñòðîåíèÿ íîâûõ ìåð äèíàìè÷åñêîé ñëîæíîñòè
ðûíêà âðåìåííûå ðÿäû ôèíàíñîâûõ äàííûõ ïðåäâàðèòåëüíî ïðåîáðàçóþò â ñëîæíûå ñåòè
íà îñíîâå èäåè ðåêóððåíòíîñòè òî÷åê ôàçîâîé òðàåêòîðèè ñèñòåìû. Çàòåì äëÿ ïîñòðîåííîé
ñåòè ðàññ÷èòûâàåòñÿ øèðîêèé ñïåêòð ïîêàçàòåëåé, îòðàæàþùèõ ðàçëè÷íûå òîïîëîãè÷åñêèå
õàðàêòåðèñòèêè ñåòè. Ñàì ìåòîä ïðåîáðàçîâàíèÿ âðåìåííîãî ðÿäà â òàê íàçûâàåìóþ
¾ðåêóððåíòíóþ ñåòü¿ âçÿò èç ðàáîòû ([3]), òàì æå åñòü àíàëèòè÷åñêèé îáçîð è äðóãèõ
ñóùåñòâóþùèõ ìåòîäîâ ïðåîáðàçîâàíèÿ âðåìåííîãî ðÿäà â ãðàô.

Ñïèñîê ëèòåðàòóðû
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Ïåðâûì ìàòåìàòèêîì, ðèñêíóâøèì ¾óâèäåòü¿ àíàëîãè ïðàâèëüíûõ ìíîãîãðàííèêîâ â
ïðîñòðàíñòâàõ âûñîêèõ ðàçìåðíîñòåé, áûë øâåéöàðñêèé øêîëüíûé ó÷èòåëü Ëþäâèã Øëåôëè
[1]. Â ñåðåäèíå 19â. îí ïðèâåë àíàëîãè òåòðàýäðîâ, îêòàýäðîâ, êóáîâ, èêîñàýäðîâ è äîäåêàýäðîâ
â E4 è àíàëîãè òåòðàýäðîâ, îêòàýäðîâ, êóáîâ â En, n > 4. Â íà÷àëå 20 â. ãåîìåòðû ïðèíÿëè
ðåøåíèå: äðóãèõ àíàëîãîâ íåò!

Äðóãèå àíàëîãè ïðàâèëüíûõ ìíîãîãðàííèêîâ â E4 åñòü! È ÷èñëî èõ áåñêîíå÷íî (ñì. [2]) .
Ìåãàòåòðàýäð (10, 30, 30, 10) â E4 � ïðàâèëüíûé ñàìîäâîéñòâåííûé ìíîãîãðàííèê,

òð¼õìåðíûå ãðàíè êîòîðîãî òåòðàýäðû.
Ìåãàîêòàýäð (10, 40, 40, 10) â E4 � ïðàâèëüíûé (íå ñàìîäâîéñòâåííûé) ìíîãîãðàííèê,

òð¼õìåðíûå ãðàíè êîòîðîãî îêòàýäðû.
Ìåãàêóáîýäð À.Ä. Ìèëêè (10, 20, 20, 10) â E4 � ïðàâèëüíûé (äâîéñòâåííûé ìåãàîêòàýäðó

(10, 40, 40, 10) ìíîãîãðàííèê, òð¼õìåðíûå ãðàíè êîòîðîãî êóáû.
Ìåãàèêîñàýäð Äæ. Ãðåãîðè�À. Â. Ïîãîðåëîâà (24, 144, 144, 24) � çâåçäíî ïðàâèëüíûé

ìíîãîãðàííèê â E4, òð¼õìåðíûå ãðàíè êîòîðîãî èêîñàýäðû.
Â ïðîñòðàíñòâàõ áîëåå âûñîêèõ ðàçìåðíîñòåé îò ìíîãîîáðàçèÿ è ðàçíîîáðàçèÿ àíàëîãâ

ïëàòîíîâûõ òåë çàõâàòûâàåò äóõ. . .
Åñòü äâà ìàðøðóòà ¾âîñõîæäåíèÿ ïî ðàçìåðíîñòè. Ïåðâûé ìàðøðóò (íàèáîëåå ïðîñòîé).
Áåðåòñÿ êàêîé-íèáóäü ïðàâèëüíûé ìíîãîãðàííèê â En, n > 4 (èõ ÷èñëî áåñêîíå÷íî).

Â çàâèñèìîñòè îò òèïà äâóõìåðíûé ãðàíè (êâàäðàò èëè òðåóãîëüíèê) ñòðîèòñÿ
ãèïåðïðèçìà èëè ãèïåðàíòèïðèçìà (óæå â En+1). Ïÿòèìåðíàÿ ãèïåðïðèçìà À.Ä. Ìèëêè
(20 = 10 + 10, 50 = 20 + 20 + 10, 60, 50, 20) , 20− 50 + 60− 50 + 20 = 0.

Âòîðîé ìàðøðóò (òðóäíûé è î÷åíü îïàñíûé).
Áåðóòñÿ äâà è áîëåå îäèíàêîâûõ ïðàâèëüíûõ ìíîãîãðàííèêà â En, n > 4, è îñóùåñòâëÿåòñÿ

èõ ¾ãåîìåòðè÷åñêèé ñóïåðñèíòåç¿ (ãåîìåòðè÷åñêèé àíàëîã òåðìîÿäåðíîãî ñèíòåçà â ÿäðàõ
çâåçä�ãèãàíòîâ).

¾Ãåîìåòðè÷åñêèé ñóïåðñèíòåç¿ äâóõ îêòàýäðîâ (6, 12, 8) äàåò ìåãàîêòàýäð Ãîâàðäà Áðåíäòà
(12 = 6 + 6, 48 = 12 + 12 + 24, 48, 12).
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Èíôèíèòåçèìàëüíûå ãîëîìîðôíî-ïðîåêòèâíûå îïðåäåëÿþòñÿ óñëîâèåì:

LξΓ
h
ij =

1

2
(ϕiδ

h
j + ϕjδ

h
i − ϕsF

s
i F

h
j − ϕsF

s
j F

h
i ) (1)

Çäåñü F ji �êîìïëåêñíàÿ ñòðóêòóðà, òàêîé àôôèíîð, ÷òî:

F jsF
s
i = −δji , F ji,k = 0,

à ñèìâîë Lξ îçíà÷àåò ïðîèçâîäíóþ Ëè âäîëü ïîëÿ ξ. Âñëåäñòâèå 1 óðàâíåíèÿ
èíôèíèòåçèìàëüíûõ ãîëîìîðôíî-ïðîåêòèâíûõ ïðåîáðàçîâàíèé èìåþò âèä [1],[3] :

ξi,j = ξij ;
ϕ,i = ϕi;
ξi,jk = ξαR

α
kji + 1

2(ϕkgij + ϕjgik − ϕsF
s
kFij − ϕsF

s
j Fik)

ϕi,j = 2
n+2

(
ξαRij,α + ξα,iR

α
j + ξα,jR

α
i

) (2)

Òåíçîð

Eij
def
= Rij −

1

n
Rgij (3)

íàçûâàþò òåíçîðîì Ýéíøòåéíà. Èç òðåáîâàíèÿ ñîõðàíåíèÿ òåíçîðà 3 âûòåêàåò, ÷òî ïîìèìî
ñèñòåìû 2 äîëæíî âûïîëíÿòüñÿ óðàâíåíèå

LξEij = ξαEij,α + ξα,iE
α
j + ξα,jE

α
i = 0 (4)

Íàìè äîêàçàía ñëåäóþùàÿ òåîðåìà:
Òåîðåìà.Äëÿ òîãî, ÷òîáû èíôèíèòåçèìàëüíûå ãîëîìîðôíî-ïðîåêòèâíûå ïðåîáðàçîâàíèÿ

îñòàâëÿëè èíâàðèàíòíûì òåíçîð Ýéíøòåéíà Eij = Rij − 1
nRgij, íåîáõîäèìî è äîñòàòî÷íî,

÷òîáû âûïîëíÿëîñü óñëîâèå:

LξY
h
ijk = 0.

Òåíçîð

Y h
ijk

def
= Rhijk −

R

n(n− 1)
(δhkgij − δhj gik + F hk F

α
i gαj − F hj F

α
i gαk + 2F hi F

α
j gαk),

íàçûâàåòñÿ òåíçîðîì H-êîíöèðêóëÿðíîé êðèâèçíû.
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Èíâàðèàíòû êîíôîðìíûõ îòáðàæåíèé ëîêàëüíî êîíôîðìíî-êåëåðîâûõ

ìíîãîîáðàçèé

Å. Â. ×åðåâêî

(ÎÍÝÓ, Îäåññà, Óêðàèíà)

E-mail address: cherevko@usa.com

Ðàññìîòðåíû ëîêàëüíî êîíôîðìíî-êåëåðîâû ìíîãîîáðàçèÿ {Mn, J, g} è {Mn, J, g} êîòîðûå
íàõîäÿòñÿ â êîíôîðìíîì ñîîòâåòñòâèè, ò. å. èõ ìåòðèêè ñâÿçàíû ñîîòíîøåíèåì:

gij(x) = e2ϕ(x)gij(x),

ãäå ϕ(x) � íåêîòîðûé èíâàðèàíò.
Äîêàçàíû ñëåäóþùèå òåîðåìû.

Òåîðåìà 1. Åñëè ËÊÊ-ìíîãîîáðàçèÿ {Mn, J, g} è {Mn, J, g} íàõîäÿòñÿ â êîíôîðìíîì

ñîîòâåòñòâèè òàê, ÷òî gij(x) = e2ϕ(x)gij(x), òî èõ ôîðìû Ëè ñâÿçàíû ñëåäóþùèì îáðàçîì:

ω − ω = 2dϕ.

Òåîðåìà 2. Åñëè ËÊÊ-ìíîãîîáðàçèÿ {Mn, J, g} è {Mn, J, g} íàõîäÿòñÿ â êîíôîðìíîì

ñîîòâåòñòâèè òàê, ÷òî gij(x) = e2ϕ(x)gij(x), òî òåíçîðû:

Pij = Lij −
1

2
ωi,j −

1

4
ωiωj +

1

8
||ω||2gij ;

Qh
ijk = Rh

ijk + δhj
(1

2
ωi,k +

1

4
ωiωk −

1

4
||ω||2gik

)
−

−δhk
(1

2
ωi,j +

1

4
ωiωj −

1

4
||ω||2gij

)
+

+
(1

2
ωh

,j +
1

4
ωhωj

)
gik −

(1

2
ωh

,k +
1

4
ωhωk

)
gij ;

áóäóò èíâàðèàíòíûìè. Êðîìå òîãî, ñóùåñòâóåò èíâàðèàíòíûé îáúåêò, íå ÿâëÿþùèéñÿ

òåíçîðîì:

Γ̂k
ij

def
= Γk

ij −
1

2
δki ωj −

1

2
δkj ωi +

1

2
ωkgij .

Îí ïðåäñòàâëÿåò ñîáîé îáúåêò ðèìàíîâîé ñâÿçíîñòè íåêîòîðîãî êåëåðîâà ìíîãîîáðàçèÿ

{Kn, J, ĝ}, êîíôîðìíîãî îáîèì ËÊÊ-ìíîãîîáðàçèÿì � êàê {Mn, J, g} òàê è {Mn, J, g}.

Çäåñü Lij � òåíçîð Áðèíêìàíà:

Lij =
1

n− 2

(
Rij −

1

2(n− 1)
Rgij

)
.

Ñïèñîê ëèòåðàòóðû

[1] Êèðè÷åíêî Â. Ô.Äèôôåðåíöèàëüíî-ãåîìåòðè÷åñêèå ñòðóêòóðû íà ìíîãîîáðàçèÿõ / Â. Ô.

Êèðè÷åíêî �Ì.: ÌÏÃÓ, 2003, 495 ñ.

[2] Mike�s J., Van�zurov�a A., Hinterleitner I.Geodesic mappings and some generalizations. /J. Mike�s

�Olomouc: Palacky University Press, 2009, 304p.

[3] Dragomir S., Ornea L. Locally conformal K�ahler geometry /S. Dragomir �Boston ; Basel ;
Berlin: Birkh�auser � 1998, 328p.

93



Êîíôîðìíàÿ ìîäåëü åäèíè÷íîãî âïîëíå ãåîäåçè÷åñêîãî âåêòîðíîãî ïîëÿ

À. Ë. ßìïîëüñêèé

(ÕÍÓ èì. Â. Êàðàçèíà, Õàðüêîâ, Óêðàèíà)

E-mail address: a.yampolsky@karazin.ua

Ðàññìàòðèâàþòñÿ ïîäìíîãîîáðàçèÿ åäèíè÷íîãî êàñàòåëüíîãî ðàññëîåíèÿ ñ ìåòðèêîé
Ñàñàêè, ïîðîæäåííûå åäèíè÷íûì âåêòîðíûì ïîëåì íà áàçîâîì ðèìàíîâîì ìíîãîîáðàçèè
(Mn, g). Ñ äàííûì ãëàäêèì åäèíè÷íûì âåêòîðíûì ïîëåì ξ ∈ X(Mn) ñâÿçûâàåòñÿ îïåðàòîð
Íîìèäçó Aξ : X → −∇Xξ, ãäå X � ïðîèçâîëüíîå ãëàäêîå âåêòîðíîå ïîëå íà Mn. Â ðàáîòå [1]
áûëè ââåäåíû ïîíÿòèÿ ãðóáîãî ãåññèàíà ïîëÿ è òåíçîðà ãàðìîíè÷íîñòè, èìåþùèõ âèä

Hessξ(X,Y ) = 1
2

(
(∇XAξ)Y + (∇YAξ)X

)
,

Γξ(X,Y ) = 1
2

(
R(AξX, ξ)Y +R(AξY, ξ)X

)
,

ãäå R � òåíçîð êðèâèçíû (Mn, g). Â âûðàæåíèè ÷åðåç ýòè òåíçîðû, óñëîâèÿ âïîëíå
ãåîäåçè÷íîñòè äëÿ ξ(Mn) ⊂ T1Mn ïðèíèìàåò ñëåäóþùèé âèä.

Ëåììà 1. Åäèíè÷íîå âåêòîðíîå ïîëå ξ íà ðèìàíîâîì ìíîãîîáðàçèè Mn ïîðîæäàåò

âïîëíå ãåîäåçè÷åñêîå ïîäìíîãîîáðàçèå ξ(Mn) ⊂ T1M
n òîãäà è òîëüêî òîãäà, êîãäà îíî

óäîâëåòâîðÿåò ñèñòåìå óðàâíåíèé

Hessξ(X,Y )−AξΓξ(X,Y )−
〈
AξX,AξY

〉
ξ = 0

äëÿ ëþáûõ âåêòîðíûõ ïîëåé X,Y ∈ X(Mn).

Â ðàáîòå [2] áûëî ïîëó÷åíî ïîëíîå îïèñàíèå äâóìåðíûõ ìíîãîîáðàçèé, äîïóñêàþùèõ
åäèíè÷íîå âåêòîðíîå ïîëå ñ âïîëíå ãåîäåçè÷åñêèì îáðàçîì. Äëÿ ïëîñêîñòè E2 íåòðóäíî
íàéòè èíòåãðàëüíûå òðàåêòîðèè âïîëíå ãåîäåçè÷åñêîãî âåêòîðíîãî ïîëÿ. Äëÿ ýòîãî ñëåäóåò
ïðèíÿòü îäíó èç ñåìåéñòâà ïàðàëëåëüíûõ ãåîäåçè÷åñêèõ â êà÷åñòâå îñè Oy, à îäíó èç ñåìåéñòâà
îðòîãîíàëüíûõ òðàåêòîðèé (òàê æå ñîñòîÿùåãî èç ãåîäåçè÷åñêèõ) â êà÷åñòâå îñè Ox. Â
òàêîì ñëó÷àå [2] âïîëíå ãåîäåçè÷åñêîå ïîëå èìååò âèä ξ = {cos(ax), sin(ax)}, a çíà÷èò äëÿ
èíòåãðàëüíûõ òðàåêòîðèé ïîëó÷èì äèôôåðåíöèàëüíîå óðàâíåíèå dy

dx = tan(ax) ðåøåíèåì
êîòîðîãî áóäåò ñåìåéñòâî ëèíèé y(x) = − 1

a ln | cos(ax)|+ C.
Èíòåãðàëüíûå òðàåêòîðèè âïîëíå ãåîäåçè÷åñêîãî åäèíè÷íîãî âåêòîðíîãî ïîëÿ íà

åäèíè÷íîé ñôåðå êîíôîðìíî ýêâèâàëåíòíû ñåìåéñòâó ïàðàëëåëüíûõ ïðÿìûõ íà ïëîñêîñòè
[2]. Çäåñü ìû äîêàçûâàåì ñëåäóþùóþ òåîðåìó.

Òåîðåìà 1. Èíòåãðàëüíûå òðàåêòîðèè âïîëíå ãåîäåçè÷åñêîãî åäèíè÷íîãî âåêòîðíîãî ïîëÿ íà

äâóìåðíîì ìíîãîîáðàçèè êîíôîðìíî ýêâèâàëåíòíû èíòåãðàëüíûì òðàåêòîðèÿì åäèíè÷íîãî

âïîëíå ãåîäåçè÷åñêîãî âåêòîðíîãî ïîëÿ íà öèëèíäðå êàê ôàêòîð-ïðîñòðàíñòâå ïëîñêîñòè.
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