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Ó ïåðøèõ ëåêöiÿõ öüîãî êóðñó âèçíà÷åíî äåêàðòîâèé äîáóòîê äâîõ i
äîâiëüíî¨ ñêií÷åííî¨ êiëüêîñòi ìíîæèí.

Äåêàðòîâèé äîáóòîê (àáî ïðîñòî äîáóòîê) ñiì'¨ ìíîæèí {Ai}i∈J � öå

ìíîæèíà âñiõ âiäîáðàæåíü f ç J ó
⋃
i∈J

Ai òàêèõ, ùî f(i) ∈ Ai äëÿ

äîâiëüíîãî i ∈ J, i ïîçíà÷à¹òüñÿ ∏
i∈J

Ai,

àáî
∞∏
i=1

Ai

ó âèïàäêó ïîñëiäîâíîñòi ìíîæèí A1, A2, . . . , An, . . .. Òîáòî∏
i∈J

Ai =
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f : J →

⋃
i∈J

Ai | f(i) ∈ Ai

}
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Äëÿ f ∈
∏
i∈J

Ai òî÷êà f(i) ∈ Ai íàçèâà¹òüñÿ i-îþ êîîðäèíàòîþ

âiäîáðàæåííÿ f . Åëåìåíò äîáóòêó
∏
i∈J

Ai, êîæíà i-à êîîðäèíàòà ÿêîãî ¹

òî÷êà xi ∈ Ai, íàäàëi áóäå ïîçíà÷àòèñÿ ñèìâîëîì {xi}. Çîêðåìà,

ïîñëiäîâíiñòü x1, x2, x3, . . . åëåìåíòiâ ìíîæèíè A, ÿêà ¹ åëåìåíòîì

∞∏
i=1

Ai,

äå Ai = A äëÿ i = 1, 2, 3 . . ., áóäå ÷àñòî ïîçíà÷àòèñÿ òàêîæ ÷åðåç {xi}.

Çàóâàæèìî, ùî äîáóòîê
∏
i∈J

Xi, äå J = {1, 2, 3, . . . , k}, íå ¹ â òî÷íîñòi òi¹þ

æ ìíîæèíîþ, ùî i äåêàðòîâèé äîáóòîê X1 ×X2 × · · · ×Xk. Îäíàê, ìiæ
åëåìåíòàìè öèõ äâîõ ìíîæèí iñíó¹ î÷åâèäíà âçà¹ìíî îäíîçíà÷íà
âiäïîâiäíiñòü, i ìè áóäåìî ðîçãëÿäàòè öi ìíîæèíè, ÿê îäíó é òó æ
ìíîæèíó, åëåìåíòè ÿêî¨ ïîçíà÷àòèìåìî ÷åðåç (x1, x2, . . . , xk).

Ç âèùåñêàçàíîãî âèïëèâà¹, ùî äåêàðòîâèé äîáóòîê X1 ×X2 ìè ìîæåìî
ðîçãëÿäàòè íå ëèøå ÿê ìíîæèíó âïîðÿäêîâàíèõ ïàð

X1 ×X2 = {(x1, x2) | x1 ∈ X1, x2 ∈ X2} ,
àëå i ÿê ìíîæèíó âiäîáðàæåíü∏

i∈{1,2}

Xi = {f : {1, 2} → X1 ∪X2 | f(1) ∈ X1, f(2) ∈ X2} .
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Îçíà÷åííÿ 3.5.22

Íåõàé {Xj}j∈J � ñiì'ÿ òîïîëîãi÷íèõ ïðîñòîðiâ. Ðîçãëÿíåìî (äåêàðòîâèé)
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∏
j∈J
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ñòàâèòü ó âiäïîâiäíiñòü òî÷öi x = {xj} ∈
∏
j∈J

Xj ¨ ¨ j-òó êîîðäèíàòó xj ∈ Xj .

Ìíîæèíà X =
∏
j∈J

Xj ç òîïîëîãi¹þ, ïîðîäæåíîþ ñiì'¹þ âiäîáðàæåíü

{pj}j∈J, íàçèâà¹òüñÿ (äåêàðòîâèì) äîáóòêîì ïðîñòîðiâ {Xj}j∈J, à ñàìà

òîïîëîãiÿ íàçèâà¹òüñÿ òèõîíîâñüêîþ òîïîëîãi¹þ íà
∏
j∈J

Xj ; äëÿ äîâiëüíèõ

i ∈ J âiäîáðàæåííÿ pi :
∏
j∈J

Xj → Xi íàçèâà¹òüñÿ ïðî¹êöi¹þ.
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Äëÿ äîâiëüíî¨ ñiì'¨ {Xj}j∈J òîïîëîãi÷íèõ ïðîñòîðiâ ñèìâîëîì
∏
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Xj ìè

áóäåìî ïîçíà÷àòè íå ìíîæèíó � äåêàðòîâèé äîáóòîê ìíîæèí {Xj}j∈J, à
òîïîëîãi÷íèé ïðîñòið ç âèçíà÷åíîþ íà íüîìó òèõîíîâñüêîþ òîïîëîãi¹þ.
Äîáóòîê ñêií÷åííî¨ ñiì'¨ {Xj}kj=1 áóäåìî òàêîæ ïîçíà÷àòè ÷åðåç

X1 ×X2 × · · · ×Xk. ßêùî Xj = X äëÿ äîâiëüíîãî j ∈ J, òî äîáóòîê
∏
j∈J

Xj

ïîçíà÷àþòü òàêîæ ÷åðåç Xm, äå m = |J|.

Âïðàâà 3.5.11

Äîâåäiòü, ùî äîáóòîê Xm íå çàëåæèòü (ç òî÷íiñòþ äî ãîìåîìîðôiçìó) âiä
ìíîæèíè J, à çàëåæèòü ëèøå âiä ¨¨ ïîòóæíîñòi m.

Äîáóòîê Xm íàçèâà¹òüñÿ m-èì ñòåïåíåì ïðîñòîðó X, à äîáóòîê X ×X
íàçèâàþòü òàêîæ êâàäðàòîì ïðîñòîðó X.
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Áàçà òîïîëîãi÷íîãî ïðîñòîðó
∏
j∈J

Xj , îïèñàíà â ïåðøié ÷àñòèíi òâåðäæåííÿ

3.5.23, íàçèâà¹òüñÿ êàíîíi÷íîþ áàçîþ äîáóòêó.

Âïðàâà 3.5.12

Äîâåäiòü, ùî ñiì'ÿ âñiõ ìíîæèí
∏
j∈J

Wj , äå Wj � âiäêðèòà ïiäìíîæèíà

òîïîëîãi÷íîãî ïðîñòîðó Xj i Wj ̸= Xj ëèøå äëÿ îäíîãî j ∈ J, ¹

ïåðåäáàçîþ äîáóòêó
∏
j∈J

Xj .

Çàóâàæèìî, ç òâåðäæåííÿ 3.5.23 âèïëèâà¹, ùî âñåìîæëèâi ñiì'¨ ïiäìíîæèí
âèãëÿäó

Wj1 ×Wj2 × · · · ×Wjk ×
∏

j∈J\{j1,j2,...,jk}

Xj ,

äå j1, j2, . . . , jk ∈ J i Wji � âiäêðèòà ìíîæèíà â òîïîëîãi÷íîìó ïðîñòîði
(åëåìåíò áàçè òîïîëîãi÷íîãî ïðîñòîðó) Xji , óòâîðþþòü áàçó äîáóòêó∏
j∈J

Xj .
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Ïðèêëàä 3.5.24

Ðîçãëÿíåìî ÷àñòêîâèé âèïàäîê, à ñàìå äåêàðòîâèé äîáóòîê X × Y
òîïîëîãi÷íèõ ïðîñòîðiâ X i Y . Áàçîþ äîáóòêó X × Y çà òâåðäæåííÿì
3.5.23 ¹ ñiì'ÿ

BX×Y = {U × V | U ∈ BX i V ∈ BY } ,
äå BX i BY � áàçè òîïîëîãi÷íèõ ïðîñòîðiâ X i Y , âiäïîâiäíî (äèâ. ðèñ.).
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Ïðèêëàä 3.5.24 (ïðîäîâæåííÿ)

Î÷åâèäíî, ùî çà ïåðåäáàçó äîáóòêó X × Y òîïîëîãi÷íèõ ïðîñòîðiâ X i Y
ìîæåìî âçÿòè ñiì'þ, ÿêà ñêëàäà¹òüñÿ ç âñåìîæëèâèõ äîáóòêiâ X × V i
U × Y , äå U ∈ PX òà V ∈ PY , i PX òà PY � äåÿêi ïåðåäáàçè
òîïîëîãi÷íèõ ïðîñòîðiâ X òà Y , âiäïîâiäíî.
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Òâåðäæåííÿ 3.5.25

ßêùî {Xj}j∈J � ñiì'ÿ òîïîëîãi÷íèõ ïðîñòîðiâ i Aj � ïiäïðîñòið ïðîñòîðó

Xj , j ∈ J, òî äâi òîïîëîãi¨, âèçíà÷åíi íà ìíîæèíi A =
∏
j∈J

Aj , à ñàìå

òîïîëîãiÿ äîáóòêó ïiäïðîñòîðiâ {Aj}j∈J i òîïîëîãiÿ ïiäïðîñòîðó äîáóòêó∏
j∈J

Xj , çáiãàþòüñÿ.

Äîâåäåííÿ. Ìîæåìî ââàæàòè, ùî Aj ̸= ∅ äëÿ êîæíîãî j ∈ J. Îñêiëüêè
çâóæåííÿ pj |A : A → Aj ïðîåêöié pj ¹ íåïåðåðâíèìè âiäîáðàæåííÿìè, òî
òîïîëîãiÿ ïiäïðîñòîðó íà A ñèëüíiøà çà òîïîëîãiþ äîáóòêó, i öå âèïëèâà¹ ç
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∏
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Îñêiëüêè êîæåí òàêèé ïåðåòèí ¹ åëåìåíòîì êàíîíi÷íî¨ áàçè äëÿ
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∏
j∈J

Aj , òî òîïîëîãiÿ äîáóòêó íà A ñèëüíiøà çà
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Aj =
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l∈L

( ∏
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∏
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∏
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Çàóâàæåííÿ 3.5.32

Çàóâàæèìî, ùî ç òåîði¨ ìíîæèí âiäîìî, ùî äëÿ äîâiëüíîãî íåñêií÷åííîãî
êàðäèíàëà m âèêîíó¹òüñÿ ðiâíiñòü m ·m = m. Çâiäñè òà ç òâåðäæåííÿ 3.5.31
âèïëèâà¹, ùî òîïîëîãi÷íi ïðîñòîðè (Xm)m i Xm ãîìåîìîðôíi äëÿ
äîâiëüíîãî òîïîëîãi÷íîãî ïðîñòîðó X i äîâiëüíîãî êàðäèíàëà m ⩾ ℵ0.

Òâåðäæåííÿ 3.5.33

Íåõàé {Xj}j∈J � ñiì'ÿ òîïîëîãi÷íèõ ïðîñòîðiâ i φ : J → J � ái¹êòèâíå
âiäîáðàæåííÿ. Òîäi ïðîñòîðè∏

j∈J

Xj i
∏
j∈J

Xφ(j)

ãîìåîìîðôíi, òîáòî äåêàðòîâèé äîáóòîê ïðîñòîðiâ ¹ êîìóòàòèâíîþ
îïåðàöi¹þ.
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Ïðèêëàä 3.5.34

Íåõàé n � íàòóðàëüíå ÷èñëî.
Ïðîñòið Rn � äîáóòîê n åêçåìïëÿðiâ äiéñíî¨ ïðÿìî¨ íàçèâà¹òüñÿ
åâêëiäîâèì n-âèìiðíèì ïðîñòîðîì.
Òîïîëîãi÷íèé ïðîñòið In � äîáóòîê n åêçåìïëÿðiâ çàìêíåíîãî îäèíè÷íîãî
âiäðiçêà íàçèâà¹òüñÿ îäèíè÷íèì n-âèìiðíèì êóáîì.
ßêùî m > n, òî ïiäïðîñòið åâêëiäîâîãî m-âèìiðíîãî ïðîñòîðó Rm, ÿêèé
ñêëàäà¹òüñÿ ç óñiõ òî÷îê, ó ÿêèõ îñòàííi m− n êîîðäèíàò äîðiâíþþòü
íóëþ, ãîìåîìîðôíèé ïðîñòîðó Rn, òîáòî ïðîñòið Rn âêëàäà¹òüñÿ â
òîïîëîãi÷íèé ïðîñòið Rm ïðè m > n.
Ïiäïðîñòið åâêëiäîâîãî n+ 1-âèìiðíîãî ïðîñòîðó Rn+1, ÿêèé ñêëàäà¹òüñÿ ç
óñiõ òî÷îê (x1, x2, . . . , xn+1) òàêèõ, ùî

x2
1 + x2

2 + · · ·+ x2
n+1 = 1,

íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ ñôåðîþ i ïîçíà÷à¹òüñÿ Sn.
Ïiäïðîñòið åâêëiäîâîãî n-âèìiðíîãî åâêëiäîâîãî ïðîñòîðó Rn, ÿêèé
ñêëàäà¹òüñÿ ç óñiõ òî÷îê (x1, x2, . . . , xn) òàêèõ, ùî

x2
1 + x2

2 + · · ·+ x2
n+1 ⩽ 1,

íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ êóëåþ i ïîçíà÷à¹òüñÿ Bn.
Îäíîâèìiðíà ñôåðà S1 � öå êîëî, à äîáóòîê S1 × S1 � öå òîð.
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Íåõàé n � íàòóðàëüíå ÷èñëî.
Ïðîñòið Rn � äîáóòîê n åêçåìïëÿðiâ äiéñíî¨ ïðÿìî¨ íàçèâà¹òüñÿ
åâêëiäîâèì n-âèìiðíèì ïðîñòîðîì.
Òîïîëîãi÷íèé ïðîñòið In � äîáóòîê n åêçåìïëÿðiâ çàìêíåíîãî îäèíè÷íîãî
âiäðiçêà íàçèâà¹òüñÿ îäèíè÷íèì n-âèìiðíèì êóáîì.
ßêùî m > n, òî ïiäïðîñòið åâêëiäîâîãî m-âèìiðíîãî ïðîñòîðó Rm, ÿêèé
ñêëàäà¹òüñÿ ç óñiõ òî÷îê, ó ÿêèõ îñòàííi m− n êîîðäèíàò äîðiâíþþòü
íóëþ, ãîìåîìîðôíèé ïðîñòîðó Rn, òîáòî ïðîñòið Rn âêëàäà¹òüñÿ â
òîïîëîãi÷íèé ïðîñòið Rm ïðè m > n.
Ïiäïðîñòið åâêëiäîâîãî n+ 1-âèìiðíîãî ïðîñòîðó Rn+1, ÿêèé ñêëàäà¹òüñÿ ç
óñiõ òî÷îê (x1, x2, . . . , xn+1) òàêèõ, ùî
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2 + · · ·+ x2
n+1 = 1,

íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ ñôåðîþ i ïîçíà÷à¹òüñÿ Sn.
Ïiäïðîñòið åâêëiäîâîãî n-âèìiðíîãî åâêëiäîâîãî ïðîñòîðó Rn, ÿêèé
ñêëàäà¹òüñÿ ç óñiõ òî÷îê (x1, x2, . . . , xn) òàêèõ, ùî
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íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ êóëåþ i ïîçíà÷à¹òüñÿ Bn.
Îäíîâèìiðíà ñôåðà S1 � öå êîëî, à äîáóòîê S1 × S1 � öå òîð.
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Ïðîñòið Rn � äîáóòîê n åêçåìïëÿðiâ äiéñíî¨ ïðÿìî¨ íàçèâà¹òüñÿ
åâêëiäîâèì n-âèìiðíèì ïðîñòîðîì.
Òîïîëîãi÷íèé ïðîñòið In � äîáóòîê n åêçåìïëÿðiâ çàìêíåíîãî îäèíè÷íîãî
âiäðiçêà íàçèâà¹òüñÿ îäèíè÷íèì n-âèìiðíèì êóáîì.
ßêùî m > n, òî ïiäïðîñòið åâêëiäîâîãî m-âèìiðíîãî ïðîñòîðó Rm, ÿêèé
ñêëàäà¹òüñÿ ç óñiõ òî÷îê, ó ÿêèõ îñòàííi m− n êîîðäèíàò äîðiâíþþòü
íóëþ, ãîìåîìîðôíèé ïðîñòîðó Rn, òîáòî ïðîñòið Rn âêëàäà¹òüñÿ â
òîïîëîãi÷íèé ïðîñòið Rm ïðè m > n.
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íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ ñôåðîþ i ïîçíà÷à¹òüñÿ Sn.
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íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ êóëåþ i ïîçíà÷à¹òüñÿ Bn.
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åâêëiäîâèì n-âèìiðíèì ïðîñòîðîì.
Òîïîëîãi÷íèé ïðîñòið In � äîáóòîê n åêçåìïëÿðiâ çàìêíåíîãî îäèíè÷íîãî
âiäðiçêà íàçèâà¹òüñÿ îäèíè÷íèì n-âèìiðíèì êóáîì.
ßêùî m > n, òî ïiäïðîñòið åâêëiäîâîãî m-âèìiðíîãî ïðîñòîðó Rm, ÿêèé
ñêëàäà¹òüñÿ ç óñiõ òî÷îê, ó ÿêèõ îñòàííi m− n êîîðäèíàò äîðiâíþþòü
íóëþ, ãîìåîìîðôíèé ïðîñòîðó Rn, òîáòî ïðîñòið Rn âêëàäà¹òüñÿ â
òîïîëîãi÷íèé ïðîñòið Rm ïðè m > n.
Ïiäïðîñòið åâêëiäîâîãî n+ 1-âèìiðíîãî ïðîñòîðó Rn+1, ÿêèé ñêëàäà¹òüñÿ ç
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íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ êóëåþ i ïîçíà÷à¹òüñÿ Bn.
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Íåõàé n � íàòóðàëüíå ÷èñëî.
Ïðîñòið Rn � äîáóòîê n åêçåìïëÿðiâ äiéñíî¨ ïðÿìî¨ íàçèâà¹òüñÿ
åâêëiäîâèì n-âèìiðíèì ïðîñòîðîì.
Òîïîëîãi÷íèé ïðîñòið In � äîáóòîê n åêçåìïëÿðiâ çàìêíåíîãî îäèíè÷íîãî
âiäðiçêà íàçèâà¹òüñÿ îäèíè÷íèì n-âèìiðíèì êóáîì.
ßêùî m > n, òî ïiäïðîñòið åâêëiäîâîãî m-âèìiðíîãî ïðîñòîðó Rm, ÿêèé
ñêëàäà¹òüñÿ ç óñiõ òî÷îê, ó ÿêèõ îñòàííi m− n êîîðäèíàò äîðiâíþþòü
íóëþ, ãîìåîìîðôíèé ïðîñòîðó Rn, òîáòî ïðîñòið Rn âêëàäà¹òüñÿ â
òîïîëîãi÷íèé ïðîñòið Rm ïðè m > n.
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n+1 = 1,

íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ ñôåðîþ i ïîçíà÷à¹òüñÿ Sn.
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íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ êóëåþ i ïîçíà÷à¹òüñÿ Bn.
Îäíîâèìiðíà ñôåðà S1 � öå êîëî, à äîáóòîê S1 × S1 � öå òîð.

Òîïîëîãiÿ Ëåêöiÿ 17: Îïåðàöi¨ íà òîïîëîãi÷íèõ ïðîñòîðàõ



Ëåêöiÿ 17: Äîáóòîê òîïîëîãi÷íèõ ïðîñòîðiâ

Ïðèêëàä 3.5.34
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åâêëiäîâèì n-âèìiðíèì ïðîñòîðîì.
Òîïîëîãi÷íèé ïðîñòið In � äîáóòîê n åêçåìïëÿðiâ çàìêíåíîãî îäèíè÷íîãî
âiäðiçêà íàçèâà¹òüñÿ îäèíè÷íèì n-âèìiðíèì êóáîì.
ßêùî m > n, òî ïiäïðîñòið åâêëiäîâîãî m-âèìiðíîãî ïðîñòîðó Rm, ÿêèé
ñêëàäà¹òüñÿ ç óñiõ òî÷îê, ó ÿêèõ îñòàííi m− n êîîðäèíàò äîðiâíþþòü
íóëþ, ãîìåîìîðôíèé ïðîñòîðó Rn, òîáòî ïðîñòið Rn âêëàäà¹òüñÿ â
òîïîëîãi÷íèé ïðîñòið Rm ïðè m > n.
Ïiäïðîñòið åâêëiäîâîãî n+ 1-âèìiðíîãî ïðîñòîðó Rn+1, ÿêèé ñêëàäà¹òüñÿ ç
óñiõ òî÷îê (x1, x2, . . . , xn+1) òàêèõ, ùî
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1 + x2

2 + · · ·+ x2
n+1 = 1,

íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ ñôåðîþ i ïîçíà÷à¹òüñÿ Sn.
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íàçèâà¹òüñÿ îäèíè÷íîþ n-âèìiðíîþ êóëåþ i ïîçíà÷à¹òüñÿ Bn.
Îäíîâèìiðíà ñôåðà S1 � öå êîëî, à äîáóòîê S1 × S1 � öå òîð.
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ñêëàäà¹òüñÿ ç óñiõ òî÷îê, ó ÿêèõ îñòàííi m− n êîîðäèíàò äîðiâíþþòü
íóëþ, ãîìåîìîðôíèé ïðîñòîðó Rn, òîáòî ïðîñòið Rn âêëàäà¹òüñÿ â
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Îäíîâèìiðíà ñôåðà S1 � öå êîëî, à äîáóòîê S1 × S1 � öå òîð.

Òîïîëîãiÿ Ëåêöiÿ 17: Îïåðàöi¨ íà òîïîëîãi÷íèõ ïðîñòîðàõ



Ëåêöiÿ 17: Äîáóòîê òîïîëîãi÷íèõ ïðîñòîðiâ

Ïðèêëàä 3.5.34
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Çàóâàæèìî, ùî äëÿ íåïîðîæíüî¨ ìíîæèíè
∏
j∈J

Wj ⊆
∏
j∈J

Xj ìà¹ìî

pj0

(∏
j∈J

Wj

)
= Wj0 .

Çâiäêè âèïëèâà¹, ùî ïðîåêöi¨ pj :
∏
j∈J

Xj → Xj ¹ âiäêðèòèìè

âiäîáðàæåííÿìè. Ç ïðèêëàäó 3.5.35 âèïëèâà¹, ùî â çàãàëüíîìó âèïàäêó

ïðîåêöiÿ pj :
∏
j∈J

Xj → Xj íå ¹ çàìêíåíèì âiäîáðàæåííÿì.
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Ïðèêëàä 3.5.35

Ïðîåêöiÿ p1 : R2 → R ïëîùèíè R2 íà âiñü Ox íå ¹ çàìêíåíèì
âiäîáðàæåííÿì. Ñïðàâäi, ìíîæèíà

F =
{
(x, y) ∈ R2 | xy = 1

}
çàìêíåíà â ïðîñòîði R2, àëå ¨¨ îáðàç p1(F ) = R \ {0} íå çàìêíåíèé
ïiäïðîñòið â îäíîâèìiðíîìó åâêëiäîâîìó ïðîñòîði R (äèâ. ðèñ.).

O x

y

F =
{
(x, y) ∈ R2 | xy = 1

}
p1(F ) = R \ {0}
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Îçíà÷åííÿ 3.5.36

Íåõàé äàíî {Xj}j∈J i {Yj}j∈J � ñiì'¨ òîïîëîãi÷íèõ ïðîñòîðiâ i ñiì'þ
íåïåðåðâíèõ âiäîáðàæåíü {fj}j∈J, äå fj : Xj → Yj . Çà òâåðäæåííÿì 3.5.30

âiäîáðàæåííÿ, ÿêå ïåðåâîäèòü òî÷êó x = {xj} ∈
∏
j∈J

Xj â òî÷êó

{fj(xj)} ∈
∏
j∈J

Yj ¹ íåïåðåðâíèì. Òàêå âiäîáðàæåííÿ {fj}j∈J íàçèâà¹òüñÿ

äåêàðòîâèì äîáóòêîì âiäîáðàæåíü i ïîçíà÷à¹òüñÿ
∏
j∈J

fj , àáî

f1 × f2 × · · · × fk, ÿêùî J = {1, 2, . . . , k}.

Çàóâàæèìî, ùî äëÿ äåêàðòîâîãî äîáóòêó âiäîáðàæåíü f =
∏
j∈J

fj

âèêîíóþòüñÿ ñïiââiäíîøåííÿ

f
(∏

j∈J

Aj

)
=

∏
j∈J

f(Aj) i f−1
(∏

j∈J

Bj

)
=

∏
j∈J

f−1
j (Bj),

äå fj : Xj → Yj , Aj ⊆ Xj i Bj ⊆ Yj äëÿ âñiõ j ∈ J.
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Âïðàâà 3.5.13

Äîâåäiòü, ùî äîáóòîê Ti-ïðîñòîðiâ ¹ Ti-ïðîñòîðîì äëÿ i = 0, 1, 2, 3, 3 1
2
.

Âïðàâà 3.5.14

Äîâåäiòü, ÿêùî äîáóòîê
∏
j∈J

Xj ¹ íåïîðîæíiì Ti-ïðîñòîðîì, òî âñi Xj ¹

Ti-ïðîñòîðàìè äëÿ i = 0, 1, 2, 3, 3 1
2
, 4.
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Ïðèêëàä 3.5.38

Ðàíiøå ìè äîâåëè, ùî ñòðiëêà Çîð åíôðåÿ K = (R, τZL) ¹ íîðìàëüíèì
ïðîñòîðîì. Âèÿâëÿ¹òüñÿ êâàäðàò ñòðiëêè Çîð åíôðåÿ K ×K íå ¹ íîðìàëüíèì
ïðîñòîðîì. Ñïðàâäi, êâàäðàò ñòðiëêè Çîð åíôðåÿ K ×K ìiñòèòü çàìêíåíó
ïiäìíîæèíó, ÿêà ãîìåîìîðôíà äèñêðåòíîìó ïðîñòîðó D(c). Òàêîþ ïiäìíîæèíîþ ¹

F = {(x,−x) | x ∈ R} ⊂ K ×K
(äèâ. ðèñ.).

O

x

y

−x0 −x0+δ1

x0

x0+δ2
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Ïðèêëàä 3.5.38 (ïðîäîâæåííÿ)

Êðiì òîãî, òîïîëîãi÷íèé ïðîñòið K ×K ìiñòèòü çëi÷åííó ùiëüíó ïiäìíîæèíó
A = {(x, y) | x, y ∈ Q} .

Ðîçìiðêîâóþ÷è àíàëîãi÷íî, ÿê i â äîâåäåííi òâåðäæåííÿ 3.4.23, ÷è â ïðèêëàäi
3.5.15, ìè îòðèìó¹ìî, ùî êâàäðàò ñòðiëêè Çîð åíôðåÿ K ×K íå ¹ íîðìàëüíèì
ïðîñòîðîì.
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x

y

−x0 −x0+δ1

x0

x0+δ2
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Ïðèêëàä 3.5.38 (ïðîäîâæåííÿ)

Êðiì òîãî, òîïîëîãi÷íèé ïðîñòið K ×K ìiñòèòü çëi÷åííó ùiëüíó ïiäìíîæèíó
A = {(x, y) | x, y ∈ Q} .

Ðîçìiðêîâóþ÷è àíàëîãi÷íî, ÿê i â äîâåäåííi òâåðäæåííÿ 3.4.23, ÷è â ïðèêëàäi
3.5.15, ìè îòðèìó¹ìî, ùî êâàäðàò ñòðiëêè Çîð åíôðåÿ K ×K íå ¹ íîðìàëüíèì
ïðîñòîðîì.

O

x

y

−x0 −x0+δ1

x0

x0+δ2
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Âïðàâà 3.5.15

Äîâåäiòü, ùî òîïîëîãi÷íèé ïðîñòið X ¹ ãàóñäîðôîâèì òîäi i òiëüêè òîäi,
êîëè éîãî äiàãîíàëü

∆X = {(x, x) | x ∈ X}

¹ çàìêíåíîþ ïiäìíîæèíîþ â êâàäðàòi X ×X.
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Âïðàâà 3.5.15

Äîâåäiòü, ùî òîïîëîãi÷íèé ïðîñòið X ¹ ãàóñäîðôîâèì òîäi i òiëüêè òîäi,
êîëè éîãî äiàãîíàëü

∆X = {(x, x) | x ∈ X}

¹ çàìêíåíîþ ïiäìíîæèíîþ â êâàäðàòi X ×X.
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Äÿêóþ çà óâàãó!!!

Äÿêóþ çà óâàãó!!!
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