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Çàäà÷à 1. Ïóñòü S

1

� îêðóæíîñòü åäèíè÷íîãî ðàäèóñà ñ öåíòðîì â íà÷àëå êîîðäèíàò, à f : S
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! S
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� íåïðåðûâíîå íå÷åòíîå îòîáðàæåíèå: f(�x) = �f(x) äëÿ âñåõ x 2 S

1

. Äîêàæèòå, ÷òî f íå ãîìîòîïíî

îòîáðàæåíèþ, ïåðåâîäÿùåìó S

1

â òî÷êó.

Ïðÿìàÿ ` íà ïëîñêîñòè çàäàåòñÿ óðàâíåíèåì ax+ by +  = 0, ãäå (a; b) 6= (0; 0) è êîý��èöèåíòû a; b;  2 R

îïðåäåëåíû îäíîçíà÷íî ñ òî÷íîñòüþ äî óìíîæåíèÿ íà ÷èñëî t 6= 0: (a; b; ) 7! (ta; tb; t). Òàêèì îáðàçîì,

â ìíîæåñòâå ïðÿìûõ íà ïëîñêîñòè ââîäèòñÿ òîïîëîãèÿ �àêòîð-ïðîñòðàíñòâà L

def

= f(a; b; ) 2 R
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(a; b; ) � (ta; tb; t)
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Çàäà÷à 2. à) Äîêàæèòå, ÷òî ìíîæåñòâî A � L ïðÿìûõ íà ïëîñêîñòè, ïåðåñåêàþùèõ êðóã D åäèíè÷íîãî

ðàäèóñà ñ öåíòðîì â íà÷àëå êîîðäèíàò, ãîìåîìîð�íî ëåíòå Ìåáèóñà. á) Âû÷èñëèòå �óíäàìåíòàëüíóþ ãðóïïó

�

1

(A). â) Ïóñòü ! � ãðàíèöà êðóãà D (îêðóæíîñòü åäèíèí÷íîãî ðàäèóñà ñ öåíòðîì â íà÷àëå êîîðäèíàò). Äëÿ

ïðîèçâîëüíîé òî÷êè x 2 ! îáîçíà÷èì f(x) 2 A êàñàòåëüíóþ ê ! â òî÷êå x. Âû÷èñëèòå ãîìîìîð�èçì ãðóïï

f
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: Z= �
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Çàäà÷à 3. Ïóñòü p : R
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� óíèâåðñàëüíîå íàêðûòèå, 
 � T
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� îòêðûòûé êðóã (ïðåäñòàâèì T

2

êàê �àêòîð-ïðîñòðàíñòâî êâàäðàòà [�1; 1℄

2

ïî îòîæäåñòâëåíèÿì (1; t) � (�1; t) è (t; 1) � (t;�1) äëÿ âñåõ

�1 � t � 1; òîãäà 
 � êðóã ðàäèóñà 1=2 ñ öåíòðîì â òî÷êå (0; 0)). Îáîçíà÷èì E
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= p

�1

(T

2

n
). à) Äîêàæèòå,

÷òî �
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n 
) èçîìîð�íà ñâîáîäíîé ãðóïïå F
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ñ äâóìÿ îáðàçóþùèìè a è b. á) Ïóñòü G � F
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� ïîäãðóïïà,

ñîîòâåòñòâóþùàÿ íàêðûòèþ pj
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: E ! T
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n 
. Îïèøèòå ïîäãðóïïó G ÿâíî, äîêàæèòå, ÷òî îíà íîðìàëüíà è

÷òî �àêòîð-ãðóïïà F
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=G èçîìîð�íà Z
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Çàäà÷à 4. Äåêàðòîâî ïðîèçâåäåíèå P

def

= 
�S
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, ãäå 
 � îòêðûòûé êðóã, íàçûâàåòñÿ ïîëíîòîðèåì. à) Ïóñòü

a 2 P . Äîêàæèòå èçîìîð�íîñòü ãðóïï �
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(P n fag) = �

1

(P ) = Z. á) Ïóñòü ! � R
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� îêðóæíîñòü. Ïîñòðîéòå

ãîìåîìîð�èçì ïðîñòðàíñòâà R
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n ! è ïîëíîòîðèÿ áåç òî÷êè (P n fag, ãäå P = 
� S
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). â) Ïðèâåäèòå ïðèìåð

ïåòëè â R
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n !, êëàññ ãîìîòîïèè êîòîðîé ñîîòâåòñòâóåò ýëåìåíòó 1 2 Z= �
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