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Òåìà: Ìíîæåñòâà, îïåðàöèè. Áèíàðíûå îòíîøåíèÿ

1 Çàäàíèå �1 ïî ÄÌ â ïîòîêå Êðîõèíà À.Ë.

ÈÐÈÒ-ÐòÔ 2013 Ìíîæåñòâà, îòíîøåíèÿ

1.1 Çàäà÷è íà ìíîæåñòâà è áèíàðíûå îòíîøåíèÿ

• Ïîíÿòèå ìíîæåñòâî. Ðàçíûå ñïîñîáû çàäàíèÿ è çàïèñè.

• Ñóììà, ïåðåñå÷åíèå, ðàçíîñòü, äîïîëíåíèå, ñèììåòðè÷íàÿ ðàçíîñòü.

• Îòíîøåíèå ìåæäó ìíîæåñòâàìè. Îòîáðàæåíèå. Ôóíêöèÿ.

• Îòíîøåíèå íà ìíîæåñòâå. Ñâîéñòâà.

• Ýêâèâàëåíòíîñòü.

• Ïîðÿäîê.

Ïðèìåð. Îòíîøåíèå íà ìíîæåñòâå a = {�, M, F, ©} çàäàíî ñïèñ-
êîìR = {(�, �), (�, M), (�, F), (M, �), (F, �), (F, F), (©, F), (©, ©)}.
Çàïèñàòü åãî ìàòðèöó (òàáëèöó) è ïðîâåðèòü ñâîéñòâà. Èçîáðàçèòü ãðà-
ôè÷åñêè.

Ðåøåíèå
� M F ©

� 1 1 1 0
M 1 0 0 0
F 1 0 1 0
© 0 0 1 1
Åñëè ñîõðàíèòü èñõîäíóþ íóìåðàöèþ, òî ìîæíî çàïèñàòü ìàòðèöó

M =


1 1 1 0
1 0 0 0
1 0 1 0
0 0 1 1


Ìàòðè÷íîå îïèñàíèå î÷åíü óäîáíî äëÿ èçó÷åíèÿ ñâîéñòâ îòíîøåíèÿ.
Ïîñêîëüêó íà ãëàâíîé äèàãîíàëè åñòü è íóëè, è åäèíè÷êè, òî íåò

íè ðåôëåêñèâíîñòè, íè àíòèðåôëåêñèâíîñòè. Òî æå ìîæíî ñêàçàòü è î
ñèììåòðè÷íîñòè è àíòèñèììåòðè÷íîñòè � íåò ýòèõ ñâîéñòâ.
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Zero-One Reflexive, Symmetric

– These relation characteristics are very easy to 
recognize by inspection of the zero-one 
matrix.
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Reflexive:
all 1’s on diagonal

Irreflexive:
all 0’s on diagonal

Symmetric:
all identical

across diagonal

Antisymmetric:
all 1’s are across

from 0’s

any-
thing

any-
thing

any-
thing

any-
thing

anything

anything

Äîáàâüòå íåäîñòàþùèå åäèíè÷êè íà ãëàâíîé äèàãîíàëè. Ïîëó÷èòå
ìàòðèöó ðåôëåêñèâíîãî çàìûêàíèÿ.

Åñëè æå äîáàâèòü åäèíè÷êè (ïî îäíîé äëÿ êàæäîé íåäèàãîíàëüíîé
åäèíè÷êè) òàê, ÷òîáû ìàòðèöà ñòàëà ñèììåòðè÷íîé, òî ïîëó÷èì ñèììåò-
ðè÷íîå çàìûêàíèå.

Äëÿ àíàëèçà íàëè÷èÿ èëè îòñóòñòâèÿ òðàíçèòèâíîñòè íóæíî âû÷èñ-
ëèòü áóëåâ êâàäðàò ìàòðèöûM . Ôàêòè÷åñêè, ìàòðèöàM2 áóäåò ìàòðè-
öåé êîìïîçèöèè R◦R = R2. Ïîâòîðÿÿ, ïîëó÷èì R◦R◦. . . R � îòíîøåíèå,
êîòîðîå íàçûâàþò ñòåïåíüþ îòíîøåíèÿ R.

Âû÷èñëÿÿ ìàòðè÷íûé ýëåìåíò (M2)ij =
∑n

k=1(M)i,k(M)k,j, ìû ôàê-
òè÷åñêè ïðîâåðÿåì íàëè÷èå â îòíîøåíèè äâóõ ïàð âèäà (a, b) è (b, d):
à)ïðè ýòîì (M)i,k = (M)k,j = 1 è 1 ∧ 1 = 1; á)è ñóììà ïî k áóäåò ðàâíà
åäèíè÷êå, ïîñêîëüêó áóëåâà ñóììà ðàâíà íóëü òîëüêî åñëè âñå ñëàãàåìûå
íóëè. Ïîýòîìó (M2)ij =

∑n
k=1(M)i,k(M)k,j = 1.

Äàëüøå ñðàâíèâàåì (M2)ij è (M)ij. Åñëè (M)ij = 1, òî ïàðà (a, d) â
îòíîøåíèè ïðèñóòñòâóåò.

Ñðàâíåíèå äâóõ ìàòðèö ìîæíî âûïîëíèòü ïîýëåìåíòíûì áóëåâûì
óìíîæåíèåì(∧). 0 ∧ 0 = 0, 0 ∧ 1 = 0, 1 ∧ 0 = 0, 1 ∧ 1 = 1. Åñëè ïîëó-
÷èòñÿ íóëåâàÿ ìàòðèöà � âñå ýëåìåíòû ðàçëè÷íûå. Åñëè ñîâïàäàþò � â
ñîîòâåòñòâóþùåì ìåñòå áóäåò åäèíè÷êà.

Âûïîëíèì ïîýëåìåíòíîå áóëåâî ñëîæåíèå (∨)M èM2.0∨0 = 0, 0∨1 =
1, 1 ∨ 0 = 1, 1 ∨ 1 = 1. Â ðåçóëüòàòå åäèíè÷êè áóäóò ñòîÿòü íà òåõ ìå-
ñòàõ, ãäå èìååòñÿ åäèíè÷êà õîòÿ áû ó îäíîé èç ìàòðèö. Çàòåì ñðàâíèì
ïîëó÷åííóþ ìàòðèöó ñ èñõîäíîé. Â ñëó÷àå ñîâïàäåíèÿ � èçó÷àåìîå îò-
íîøåíèå òðàíçèòèâíî.

Ïðèìåð. Ïóñòü ìàòðèöà áèíàðíîãî îòíîøåíèÿ ðàâíà

M =


0 1 0 1
0 0 0 0
0 1 0 1
0 1 0 0
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Íàéäåì M2.

M2 =


0 1 0 1
0 0 0 0
0 1 0 1
0 1 0 0

 ∗


0 1 0 1
0 0 0 0
0 1 0 1
0 1 0 0

 =


0 1 0 0
0 0 0 0
0 1 0 0
0 0 0 0

 .

À òåïåðü ïîëó÷èì ìàòðèöó MR∪R2 , äëÿ ÷åãî âûïîëíèì ïîýëåìåíòíîå
áóëåâî ñëîæåíèå M è M2.

MR∪R2 =


0 1 0 1
0 0 0 0
0 1 0 1
0 1 0 0

 =M.

Èçó÷àåìîå îòíîøåíèå òðàíçèòèâíî. Â ýòîì ìîæíî óáåäèòüñÿ è íåïî-
ñðåäñòâåííî, ïîñêîëüêó îòíîøåíèå âêëþ÷àåò ëèøü ïÿòü ïàð: {(a, b), (a, d), (c, b), (c, d), (d, b)}.

Äåéñòâèòåëüíî, (c, d) è (d, b)→ (c, b). (a, d) è (d, b)→ (a, b).
Èçâåñòíî, ÷òî òðàíçèòèâíîå çàìûêàíèå åñòü îáúåäèíåíèå ñòåïåíåé èñ-

õîäíîãî îòíîøåíèÿ. Åñëè R∪R2 = R, òî èñõîäíîå îòíîøåíèå òðàíçèòèâ-
íî. Â ïðîòèâíîì ñëó÷àå âû÷èñëÿåì ñëåäóþùóþ ñòåïåíü.

(Îáîçíà÷åíèÿ ñì., íàïðèìåð, [?]
À ýòî îòíîøåíèå íà ìíîæåñòâå A.

a
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a
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Ïðèìåð. Ðàññìîòðèì ìíîæåñòâî âñåõ ïîäìíîæåñòâ {1, 2, 3}. Îíî ñî-
ñòîèò èç 23 = 8 ýëåìåíòîâ. Îïðåäåëèì îòíîøåíèå ⊆. Ýòî îòíîøåíèå
ðåôëåêñèâíî, àíòèñèììåòðè÷íî è òðàíçèòèâíî � ÷àñòè÷íûé ïîðÿäîê.
Ñòðóêòóðà îòíîøåíèÿ íàãëÿäíî ïðåäñòàâëÿåòñÿ äèàãðàììîé Õàññå.

Äèàãðàììà Õàññå
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{1, 2, 3}

{2, 3} {1, 3} {1, 2}

{3} {2} {1}

∅

Ïðèìåð Ïóñòü ρ � ýêâèâàëåíòíîñòü, σ � ÷àñòè÷íûé ïîðÿäîê íà X.
Êàêèìè îñíîâíûìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ ρ2, σ2, ρ ◦ σ, σ ◦ ρ?

Ðåøåíèå Êîìïîçèöèåé äâóõ îòíîøåíèé ρ è σ íà X íàçûâàåòñÿ îò-
íîøåíèå ρ ◦ σ: xρy

∧
yσz ⇒ xρ ◦ σz. Èíà÷å, åñëè ïàðà (x, y) ∈ ρ, à ïàðà

(y, z) ∈ σ, òî ïàðà (x, z) ∈ ρ ◦ σ.
à) ρ2 ñîâïàäàåò ñ ρ, ïîñêîëüêó ëþáàÿ ïàðà ýëåìåíòîâ èç X, ïðèíàä-

ëåæàùàÿ ρ, áóäåò ïðèíàäëåæàòü è ρ2. Íàïðèìåð, ∀x ∈ X xρx ⇒ xρ2x,
êðîìå òîãî xρy ⇒ yρy, à, çíà÷èò xρ2y. Ïîýòîìó ρ2 êàê è ρ � ðåôëåêñèâ-
íî, ñèììåòðè÷íî, òðàíçèòèâíî.

á) Òî÷íî òàê æå ìîæíî óáåäèòüñÿ, ÷òî σ2 ñîâïàäàåò ñ σ, è ïîýòîìó
îíî � ðåôëåêñèâíî, àíòèñèììåòðè÷íî, òðàíçèòèâíî.

â) Îòíîøåíèÿ ρ ◦ σ è σ ◦ ρ ðåôëåêñèâíû: xρx, xσx⇒ xρ ◦ σx.
Êîíòðïðèìåð íà òðàíçèòèâíîñòü: X = N, xσy 
 x|y, îòíîøåíèå ρ

îïðåäåëåíî ðàçáèåíèåì íà êëàññû {{1, 2}, {3, 4}, {5, 6}, . . . }.
Òîãäà 4ρ◦σ6, 6ρ◦σ10, ïîñêîëüêó 4ρ3

∧
3σ6, 6ρ5

∧
5σ10, íî ïàðà (4, 10) /∈

ρ◦σ: âåäü 4ρ3
(
(4, 3) ∈ ρ

)
, à 3 - 10. Äàëåå, 4σ8, 8ρ7⇒ 4σρ7, è 7σ14, 14ρ13⇒

7σ ◦ ρ13, ïîýòîìó 4σ ◦ ρ7, 7σ ◦ ρ13, íî (4, 13) /∈ σ ◦ ρ.
Êîíòðïðèìåð íà ñèì- è àíòèñèììåòðè÷íîñòü: 4ρ◦σ6, íî (6, 4) /∈ ρ◦σ,

ïîñêîëüêó 6ρ5, íî 5 - 4.
Ðåôëåêñèâíîå çàìûêàíèå σ áèíàðíîãî îòíîøåíèÿ ρ íà X
σ = {(a, a), (b, b), (a, b)|(a, b) ∈ ρ}
Ðåôëåêñèâíûì çàìûêàíèåì σ áèíàðíîãî îòíîøåíèÿ ρ íà X íàçûâà-

åòñÿ íàèìåíüøåå áèíàðíîå îòíîøåíèå, êîòîðîå ñîäåðæèò ρ è êîòîðîå ðå-
ôëåêñèâíî.
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1.2 Çàäà÷è ÈÄÇ

Ñëîâà "ìîæíî íà êîíêðåòíûõ ïðèìåðàõ" îçíà÷àþò, ÷òî âû ñòðîè-
òå ñàìîñòîÿòåëüíî íåòðèâèàëüíûå îòíîøåíèÿ (çàäàâàÿ èõ òàáëèöà-
ìè íå ìåíåå 5õ5, ê-âî "åäèíè÷åê"íå ìåíåå 10-òè), óäîâëåòâîðÿþùèå
íóæíûì óñëîâèÿì. Çàòåì âûïîëíÿåòå ñ ýòèìè îòíîøåíèÿìè îïåðà-
öèè(ðåçóëüòàòû â âèäå òàáëèö) è óáåæäàåòåñü â íàëè÷èè îïðåäåëåí-
íûõ ñâîéñòâ.

Âàðèàíò �1

1. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A
⊗

B A = {0, 1, 2, 3} B =
{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: a) a > b;

2. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå: Åñëè îòíîøåíèÿ ρ, σ ðåôëåêñèâíû, òî ðåôëåêñèâíû è îòíîøåíèÿ
ρ ∩ σ, ρ ∪ σ, ρ ◦ σ.

3. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x2 = y2

4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},
à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.

Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
à) A ∪ C;
5. Îïðåäåëèòå, êàêèå èç ñëåäóþùèõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
à) A ∩∅;
6. Ïóñòü A = {1, 2, 3, 4, 5}; B = {6, 7, 8, 9}; C == {10, 11, 12, 13};D =

{�, 4, ©, ∗}.
Ïóñòü R ⊆ A ⊗ B, S ⊆ B ⊗ C, T ⊆ C ⊗ D îïðåäåëåíû ñëåäóþùèì

îáðàçîì

R = {(1, 7), (4, 6), (5, 6), 2, 8)}

S = {(6, 10), (6, 11), (7, 10), (8, 13)};

T = {(11,M), (10,M), (13, ∗), (12,�), (13,©)}

Îïðåäåëèòå îòíîøåíèÿ ñïèñêîì è òàáëèöåé:
a) R−1 è S−1;
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Âàðèàíò �2

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå:

Åñëè îòíîøåíèÿ ρ, σ ñèììåòðè÷íû, òî ñèììåòðè÷íû è îòíîøåíèÿ ρ∩
σ, ρ ∪ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x2 + y2 = 1
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: b) a+ b = 3;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
á) A ∩B;
5. Îïðåäåëèòå, êàêèå èç ñëåäóþùèõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
á) A4A = ∅;
6. Ïóñòü A = {1, 2, 3, 4, 5}; B = {6, 7, 8, 9}; C == {10, 11, 12, 13};D =

{�, 4, ©, ∗}.
Ïóñòü R ⊆ A ⊗ B, S ⊆ B ⊗ C, T ⊆ C ⊗ D îïðåäåëåíû ñëåäóþùèì

îáðàçîì

R = {(1, 7), (4, 6), (5, 6), 2, 8)}

S = {(6, 10), (6, 11), (7, 10), (8, 13)};

T = {(11,M), (10,M), (13, ∗), (12,�), (13,©)}

Îïðåäåëèòå îòíîøåíèÿ ñïèñêîì è òàáëèöåé:
á) S ◦R
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Âàðèàíò �3

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå:

Åñëè îòíîøåíèÿ ρ, σ àíòèñèììåòðè÷íû, òî àíòèñèììåòðè÷íî òîëüêî
îòíîøåíèå ρ ∩ σ, íî íå ρ ∪ σ, ρ ◦ σ.

Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
2. xρy ⇔ x · y > 1
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: c) a|b;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
â) A ∩ (B ∪ C);
5. Îïðåäåëèòå, êàêèå èç ñëåäóþùèõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
â) åñëè A ⊆ B, òî A ∩B = A;
6. Ïóñòü A = {1, 2, 3, 4, 5}; B = {6, 7, 8, 9}; C == {10, 11, 12, 13};D =

{�, 4, ©, ∗}.
Ïóñòü R ⊆ A ⊗ B, S ⊆ B ⊗ C, T ⊆ C ⊗ D îïðåäåëåíû ñëåäóþùèì

îáðàçîì

R = {(1, 7), (4, 6), (5, 6), 2, 8)}

S = {(6, 10), (6, 11), (7, 10), (8, 13)};

T = {(11,M), (10,M), (13, ∗), (12,�), (13,©)}

Îïðåäåëèòå îòíîøåíèÿ ñïèñêîì è òàáëèöåé:
â) S ◦ S−1 è S−1 ◦ S;
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Âàðèàíò �4

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå: Åñëè îòíîøåíèÿ ρ, σ òðàíçèòèâíû, òî òðàíçèòèâíî òîëüêî îòíîøå-
íèå ρ ∩ σ, íî íå ρ ∪ σ, ρ ◦ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ y = |x|
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: d) ÍÎÄ(a, b) = 1;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
ã) (A ∩B) ∪ C;
5. Îïðåäåëèòå, êàêèå èç ñëåäóþùèõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
ã) åñëè A ∩B = A, òî B ⊆ A;
6. Ïóñòü A = {1, 2, 3, 4, 5}; B = {6, 7, 8, 9}; C == {10, 11, 12, 13};D =

{�, 4, ©, ∗}.
Ïóñòü R ⊆ A ⊗ B, S ⊆ B ⊗ C, T ⊆ C ⊗ D îïðåäåëåíû ñëåäóþùèì

îáðàçîì

R = {(1, 7), (4, 6), (5, 6), 2, 8)}

S = {(6, 10), (6, 11), (7, 10), (8, 13)};

T = {(11,M), (10,M), (13, ∗), (12,�), (13,©)}

Îïðåäåëèòå îòíîøåíèÿ ñïèñêîì è òàáëèöåé:
ã) R−1 ◦ S−1
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Âàðèàíò �5

1. Îïðåäåëèì íà ìíîæåñòâå C áèíàðíûå îòíîøåíèÿ ρ è ϕ: z1ρz2 ⇔
|z1| ≤ |z2|, z1ϕz2 ⇔ arg z1 = arg z2. Íàéòè(îïèñàòü) îòíîøåíèÿ ρ∩ϕ, ρ∪ϕ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x3 + x = y3 + y
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: a) a > b;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
ä) (A ∩B);
5. Îïðåäåëèòå, êàêèå èç ñëåäóþùèõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
ä) A \ A = A;
6. Ïóñòü A = {1, 2, 3, 4, 5}; B = {6, 7, 8, 9}; C == {10, 11, 12, 13};D =

{�, 4, ©, ∗}.
Ïóñòü R ⊆ A ⊗ B, S ⊆ B ⊗ C, T ⊆ C ⊗ D îïðåäåëåíû ñëåäóþùèì

îáðàçîì

R = {(1, 7), (4, 6), (5, 6), 2, 8)}

S = {(6, 10), (6, 11), (7, 10), (8, 13)};

T = {(11,M), (10,M), (13, ∗), (12,�), (13,©)}

Îïðåäåëèòå îòíîøåíèÿ ñïèñêîì è òàáëèöåé:
ä) T ◦ (S ◦R);
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Âàðèàíò �6

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå:

Åñëè îòíîøåíèÿ ρ, σ ðåôëåêñèâíû, òî ðåôëåêñèâíû è îòíîøåíèÿ ρ∩
σ, ρ ∪ σ, ρ ◦ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x2 + x = y2 + y
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: c) a|b;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
å) A ∩B;
5. Îïðåäåëèòå, êàêèå èç ñëåäóþùèõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
å) (A⊗B) = A⊗B.
6. Ïóñòü A = {1, 2, 3, 4, 5}; B = {6, 7, 8, 9}; C == {10, 11, 12, 13};D =

{�, 4, ©, ∗}.
Ïóñòü R ⊆ A ⊗ B, S ⊆ B ⊗ C, T ⊆ C ⊗ D îïðåäåëåíû ñëåäóþùèì

îáðàçîì

R = {(1, 7), (4, 6), (5, 6), 2, 8)}

S = {(6, 10), (6, 11), (7, 10), (8, 13)};

T = {(11,M), (10,M), (13, ∗), (12,�), (13,©)}

Îïðåäåëèòå îòíîøåíèÿ ñïèñêîì è òàáëèöåé:
å) T ◦ S;
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Âàðèàíò �7

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå: Åñëè îòíîøåíèÿ ρ, σ ñèììåòðè÷íû, òî ñèììåòðè÷íû è îòíîøåíèÿ
ρ ∩ σ, ρ ∪ σ.

2. Ïóñòü îòíîøåíèÿ U, V ⊆ R × R îïðåäåëåíû óêàçàííûì íèæå ñïî-
ñîáîì U = {(x, y) : y = x2 + 5)} è V = {(x, y) : y = 3x}.

à) Îïèøèòå îòíîøåíèå U ◦ V àíàëèòè÷åñêè è ãðàôè÷åñêè.
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: b) a+ b = 3;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
æ) A4B;
5. Îïðåäåëèòå, êàêèå èç ïðèâåäåííûõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
à) A ∪∅ = A
6. Ïóñòü A = {1, 2, 3, 4, 5}; B = {6, 7, 8, 9}; C == {10, 11, 12, 13};D =

{�, 4, ©, ∗}.
Ïóñòü R ⊆ A ⊗ B, S ⊆ B ⊗ C, T ⊆ C ⊗ D îïðåäåëåíû ñëåäóþùèì

îáðàçîì

R = {(1, 7), (4, 6), (5, 6), 2, 8)}

S = {(6, 10), (6, 11), (7, 10), (8, 13)};

T = {(11,M), (10,M), (13, ∗), (12,�), (13,©)}

Îïðåäåëèòå îòíîøåíèÿ ñïèñêîì è òàáëèöåé:
æ) (T ◦ S) ◦R.
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Âàðèàíò �8

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå:

Åñëè îòíîøåíèÿ ρ, σ àíòèñèììåòðè÷íû, òî àíòèñèììåòðè÷íî òîëüêî
îòíîøåíèå ρ ∩ σ, íî íå ρ ∪ σ, ρ ◦ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x− y ∈ Z
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: c) a|b;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
ç) A \B.
5. Îïðåäåëèòå, êàêèå èç ïðèâåäåííûõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
á) A M ∅ = A;
6. ÏóñòüA = {(b, a), (c, e), (d, i), (f, o)(g, u)} èB = {(v, a), (w, e), (x, i), (y, o), (z, u)}.
à) Îïèøèòå îòíîøåíèå A−1.
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Âàðèàíò �9

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå: Åñëè îòíîøåíèÿ ρ, σ òðàíçèòèâíû, òî òðàíçèòèâíî òîëüêî îòíîøå-
íèå ρ ∩ σ, íî íå ρ ∪ σ, ρ ◦ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x2 = y2

3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A
⊗

B A = {0, 1, 2, 3} B =
{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: a) a > b;

4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},
à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.

Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
à) A \ C
5. Îïðåäåëèòå, êàêèå èç ïðèâåäåííûõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
â) åñëè A ⊆ B, òî A ∪B = A;
6. ÏóñòüA = {(b, a), (c, e), (d, i), (f, o)(g, u)} èB = {(v, a), (w, e), (x, i), (y, o), (z, u)}.
á) Îïèøèòå îòíîøåíèå B−1.



1 Çàäàíèå �1 ïî ÄÌ â ïîòîêå Êðîõèíà À.Ë. ÈÐÈÒ-ÐòÔ 2013 Ìíîæåñòâà, îòíîøåíèÿ 16

Âàðèàíò �10

1. Îïðåäåëèì íà ìíîæåñòâå C áèíàðíûå îòíîøåíèÿ ρ è ϕ: z1ρz2 ⇔
|z1| ≤ |z2|, z1ϕz2 ⇔ arg z1 = arg z2. Íàéòè(îïèñàòü) îòíîøåíèÿ ρ∩ϕ, ρ∪ϕ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x2 + y2 = 1
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: a) a > b;
4. Ïóñòü A = {1, 2, 3, 4, 5, 6, 7},
B = {4, 5, 6, 7, 8, 9, 10},
C = {2, 4, 6, 8, 10},
à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
á) (A \B) ∩ (B \ A);
5. Îïðåäåëèòå, êàêèå èç ïðèâåäåííûõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
ã) åñëè A ∪B = A, òî B ⊆ A;
6. ÏóñòüA = {(b, a), (c, e), (d, i), (f, o)(g, u)} èB = {(v, a), (w, e), (x, i), (y, o), (z, u)}.
â) Îïèøèòå îòíîøåíèå A−1 ◦B.
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Âàðèàíò �11

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå:

Åñëè îòíîøåíèÿ ρ, σ ðåôëåêñèâíû, òî ðåôëåêñèâíû è îòíîøåíèÿ ρ∩
σ, ρ ∪ σ, ρ ◦ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x · y > 1
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: b) a+ b = 3;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
; â) A ∩ (B ∩ C);
5. Îïðåäåëèòå, êàêèå èç ïðèâåäåííûõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
ä) A \∅ = A.
6. ÏóñòüA = {(b, a), (c, e), (d, i), (f, o)(g, u)} èB = {(v, a), (w, e), (x, i), (y, o), (z, u)}.
ã) Îïèøèòå îòíîøåíèå B−1 ◦ A.
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Âàðèàíò �12

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå: Åñëè îòíîøåíèÿ ρ, σ ñèììåòðè÷íû, òî ñèììåòðè÷íû è îòíîøåíèÿ
ρ ∩ σ, ρ ∪ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ y = |x|
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: b) a+ b = 3;
4. Ïóñòü A = {1, 2, 3}, à B = {a, b}. Îïèñàòü ñïèñêîì ñëåäóþùèå

ìíîæåñòâà: à) A⊗ A; á) B ⊗ A; â) A4B Á.
5. Îïðåäåëèòå, êàêèå èç ïðèâåäåííûõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
ä) A \∅ = A.
6. Ïóñòü îòíîøåíèÿ U, V ⊆ R × R îïðåäåëåíû óêàçàííûì íèæå ñïî-

ñîáîì U = {(x, y) : y = x2 + 5)} è V = {(x, y) : y = 3x}.
à) Îïèøèòå îòíîøåíèå U ◦ V .
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Âàðèàíò �13

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå: Åñëè îòíîøåíèÿ ρ, σ àíòèñèììåòðè÷íû, òî àíòèñèììåòðè÷íî òîëüêî
îòíîøåíèå ρ ∩ σ, íî íå ρ ∪ σ, ρ ◦ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x3 + x = y3 + y
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: c) a|b;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
ã) (A ∪ C) \B;
5. Äîêàæèòå, ÷òî A∪(B∩C) = (A∪B)∩(A∪C). Íàðèñîâàòü äèàãðàììó

Âåíà
6. Ïóñòü îòíîøåíèÿ U, V ⊆ R × R îïðåäåëåíû óêàçàííûì íèæå ñïî-

ñîáîì U = {(x, y) : y = x2 + 5)} è V = {(x, y) : y = 3x}.
á) Îïèøèòå îòíîøåíèå V ◦ U .
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Âàðèàíò �14

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå: Åñëè îòíîøåíèÿ ρ, σ òðàíçèòèâíû, òî òðàíçèòèâíî òîëüêî îòíîøå-
íèå ρ ∩ σ, íî íå ρ ∪ σ, ρ ◦ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x2 + x = y2 + y
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: a) a > b;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
ä) (A \ ∅) ∪ (A \ A);
5. Äîêàæèòå, ÷òî (A ∪B) = A ∩B. Íàðèñîâàòü äèàãðàììó Âåíà.
6. Ïóñòü îòíîøåíèÿ U, V ⊆ R × R îïðåäåëåíû óêàçàííûì íèæå ñïî-

ñîáîì U = {(x, y) : y = x2 + 5)} è V = {(x, y) : y = 3x}.
â) Îïèøèòå îòíîøåíèå U−1.
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Âàðèàíò �15

1. Äîêàçàòü (ìîæíî íà êîíêðåòíûõ ïðèìåðàõ) ñëåäóþùåå óòâåðæäå-
íèå:

Åñëè îòíîøåíèÿ ρ, σ ðåôëåêñèâíû, òî ðåôëåêñèâíû è îòíîøåíèÿ ρ∩
σ, ρ ∪ σ, ρ ◦ σ.

2. Êàêèìè ñâîéñòâàìè îáëàäàþò îòíîøåíèÿ íà R
xρy ⇔ x− y ∈ Z
3. Çàïèñàòü ñïèñîê ýëåìåíòîâ ìíîæåñòâà A

⊗
B A = {0, 1, 2, 3} B =

{0, 1, 2, 3, 4} , óäîâëåòâîðÿþùèõ óñëîâèÿì: d) ÍÎÄ(a, b) = 1;
4. ÏóñòüA = {1, 2, 3, 4, 5, 6, 7},B = {4, 5, 6, 7, 8, 9, 10}, C = {2, 4, 6, 8, 10},

à U = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}.
Îïèñàòü ñïèñêîì ñëåäóþùèå ìíîæåñòâà:
å) B4C;
5. Îïðåäåëèòå, êàêèå èç ñëåäóþùèõ óòâåðæäåíèé èñòèííû, à êàêèå

ëîæíû. Íàðèñîâàòü äèàãðàììó Âåíà:
à) A ∩∅;
á) A4A = ∅;
6. Ïóñòü îòíîøåíèÿ U, V ⊆ R × R îïðåäåëåíû óêàçàííûì íèæå ñïî-

ñîáîì U = {(x, y) : y = x2 + 5)} è V = {(x, y) : y = 3x}.
ã) Îïèøèòå îòíîøåíèå V −1.


