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Íà÷àëüíûå ñâåäåíèÿ èç òåîðèè îïðåäåëè-

òåëåé

Ïóñòü A � êâàäðàòíàÿ ìàòðèöà ïîðÿäêà n,

A =


a11 a12 ... a1n
a21 a22 ... a2n
.. .. ... ..
an1 an2 ... ann

 ,

Sn � ñèììåòðè÷åñêàÿ ãðóïïà ïîäñòàíîâîê ñòåïåíè n, δ(α) � îáî-
çíà÷åíèå äåêðåìåíòà ïîäñòàíîâêè α èç Sn, êîòîðûé âû÷èñëÿåòñÿ ïî
ôîðìóëå δ(α) = n − (k + s), ãäå k � ÷èñëî íåçàâèñèìûõ öèêëîâ â
ðàçëîæåíèè ïîäñòàíîâêè α, s � ÷èñëî íåïîäâèæíûõ ýëåìåíòîâ ïîä-
ñòàíîâêè α.

Îïðåäåëåíèå 1. Îïðåäåëèòåëåì ìàòðèöû A, îáîçíà÷àåìûì
|A|, íàçûâàåòñÿ ñóììà âûðàæåíèé âèäà

(−1)δ(α)a1α(1)a2α(2)...anα(n)

ïî âñåì ïîäñòàíîâêàì α èç Sn, ò.å.

|A| =

∣∣∣∣∣∣∣∣
a11 a12 ... a1n
a21 a22 ... a2n
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣ =
∑
α∈Sn

(−1)δ(α)a1α(1)a2α(2)...anα(n).

Ýëåìåíò aij ìàòðèöû A íàçûâàåòñÿ ýëåìåíòîì îïðåäåëèòåëÿ |A|,
ñòðîêà (ñòîëáåö) ìàòðèöû A íàçûâàåòñÿ ñòðîêîé (ñòîëáöîì) îïðå-
äåëèòåëÿ |A|. Ïîðÿäîê ìàòðèöû A íàçûâàåòñÿ ïîðÿäêîì îïðåäåëè-
òåëÿ |A|.

Î÷åâèäíî, ÷èñëî ñëàãàåìûõ èç îïðåäåëåíèÿ îïðåäåëèòåëÿ ñîâ-
ïàäàåò ñ ÷èñëîì ïîäñòàíîâîê â ãðóïïå Sn, ò.å. ðàâíî n!.

Ìíîæèòåëü (−1)δ(α) îïðåäåëÿåò çíàê, ñ êîòîðûì êàæäûé ÷ëåí
îïðåäåëèòåëÿ a1α(1)a2α(2)...anα(n) âõîäèò â ñóììó èç îïðåäåëåíèÿ
îïðåäåëèòåëÿ.

Óïðàæíåíèå 1. Èç îïðåäåëåíèÿ îïðåäåëèòåëÿ âûâåñòè ôîðìóëó
äëÿ âû÷èñëåíèÿ îïðåäåëèòåëÿ 2-ãî ïîðÿäêà.

Ðåøåíèå. Âûïèøåì ýëåìåíòû ñèììåòðè÷åñêîé ãðóïïû S2 :

S2 = {α1 =

(
1 2
1 2

)
, α2 =

(
1 2
2 1

)
= (12)}.
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Âû÷èñëèì äåêðåìåíò êàæäîé ïîäñòàíîâêè:

δ(α1) = 2− (0 + 2) = 0, δ(α2) = 2− (1 + 0) = 1.

Òîãäà ïî îïðåäåëåíèþ îïðåäåëèòåëÿ èìååì ôîðìóëó äëÿ âû÷èñ-
ëåíèÿ îïðåäåëèòåëÿ 2-ãî ïîðÿäêà:∣∣∣∣a11 a12
a21 a22

∣∣∣∣ = (−1)δ(α1)a11a22 + (−1)δ(α2)a12a21 = a11a22 − a12a21.

�

Òî÷íî òàêèì æå îáðàçîì ìîæíî âûâåñòè ôîðìóëó äëÿ íàõîæäåíèÿ
îïðåäåëèòåëÿ 3-ãî ïîðÿäêà. Îíà íàçûâàåòñÿ ïðàâèëîì òðåóãîëüíè-
êîâ è èìååò âèä: ∣∣∣∣∣∣

a11 a12 a13
a21 a22 a23
a31 a32 a33

∣∣∣∣∣∣ =
= a11a22a33+a12a23a31+a13a21a32−a13a22a31−a12a21a33−a11a23a32.

Óïðàæíåíèå 2. Ðåøèòü óðàâíåíèå∣∣∣∣ 3 x+ 4
x− 1 5

∣∣∣∣ = 1.

Ðåøåíèå. Ïðèìåíÿÿ ôîðìóëó äëÿ âû÷èñëåíèÿ îïðåäåëèòåëÿ 2-
ãî ïîðÿäêà, ïîëó÷èì êâàäðàòíîå óðàâíåíèå:∣∣∣∣ 3 x+ 4

x− 1 5

∣∣∣∣ = 15− (x+ 4)(x− 1) = 1,

êîòîðîå èìååò äâà ðåøåíèÿ x = −6, x = 3.

�

Çàìåòèì, ÷òî êàæäûé ÷ëåí îïðåäåëèòåëÿ a1α(1)a2α(2)...anα(n) ñî-
äåðæèò ðîâíî ïî îäíîìó ýëåìåíòó èç êàæäîé ñòðî÷êè è èç êàæäîãî
ñòîëáöà ìàòðèöû A. Ïîýòîìó âåðíî

Ñâîéñòâî 1. Åñëè â îïðåäåëèòåëå åñòü íóëåâàÿ ñòðîêà (ñòîëáåö),
òî îí ðàâåí íóëþ.
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Ñâîéñòâî 2. Îïðåäåëèòåëü âåðõíåé (íèæíåé) òðåóãîëüíîé ìàò-
ðèöû ðàâåí ïðîèçâåäåíèþ ýëåìåíòîâ, ñòîÿùèõ íà ãëàâíîé äèàãî-
íàëè:∣∣∣∣∣∣∣∣

a11 a12 ... a1n
0 a22 ... a2n
.. .. ... ..
0 0 ... ann

∣∣∣∣∣∣∣∣ =
∣∣∣∣∣∣∣∣
a11 0 ... 0
a21 a22 ... 0
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣ = a11a22...ann.

Äîêàçàòåëüñòâî. Ïóñòü A � âåðõíÿÿ òðåóãîëüíàÿ ìàòðèöà,

(−1)δ(α)a1α(1)a2α(2)...anα(n)

� ïðîèçâîëüíîå ñëàãàåìîå èç îïðåäåëèòåëÿ ýòîé ìàòðèöû, ò.å. èç
îïðåäåëèòåëÿ âèäà:

|A| =

∣∣∣∣∣∣∣∣
a11 a12 ... a1n
0 a22 ... a2n
.. .. ... ..
0 0 ... ann

∣∣∣∣∣∣∣∣ .
Â êàæäîì ñëàãàåìîì èç îïðåäåëèòåëÿ îáÿçàòåëüíî äîëæåí áûòü

â êà÷åñòâå ìíîæèòåëÿ ýëåìåíò èç 1-ãî ñòîëáöà îïðåäåëèòåëÿ. Åñëè
ýòîò ýëåìåíò îòëè÷åí îò a11, òî ñëàãàåìîå ðàâíî 0. Òîãäà a1α(1) =
a11, ò.ê. íå ìîæåò áûòü äâóõ ìíîæèòåëåé èç 1-îé ñòðîêè.

Äàëåå, â ýòîì ñëàãàåìîì îáÿçàòåëüíî äîëæåí áûòü â êà÷åñòâå
ìíîæèòåëÿ ýëåìåíò èç 2-ãî ñòîëáöà îïðåäåëèòåëÿ. Îí íå ìîæåò
áûòü èç 1-îé ñòðîêè, ò.ê. óæå åñòü ìíîæèòåëü èç ïåðâîé ñòðîêè �
a11. Çíà÷èò, ýòî ýëåìåíò a22, èíà÷å, ñëàãàåìîå áóäåò íóëåâûì, ò.å.
a2α(2) = a22.

Ïðåäïîëîæèì, ìû óñòàíîâèëè, ÷òî a1α(1) = a11, a2α(2) = a22, ...,
akα(k) = akk. Òîãäà èç (k + 1)-ãî ñòîëáöà â êà÷åñòâå ìíîæèòåëÿ
íåëüçÿ âçÿòü íè îäèí èç ýëåìåíòîâ a1(k+1), a2(k+1), ..., ak(k+1), ò.ê. èç
ñòðîê ñ íîìåðàìè 1, 2, ..., k óæå âûáðàíû ýëåìåíòû. Òàêèì îáðàçîì,
îñòà¼òñÿ åäèíñòâåííàÿ âîçìîæíîñòü � âûáðàòü èç (k+1)-ãî ñòîëáöà
ýëåìåíò a(k+1)(k+1), ò.å. a(k+1)α(k+1) = a(k+1)(k+1).

Èòàê, ìû äîêàçàëè, ÷òî a1α(1) = a11, a2α(2) = a22, ..., anα(n) =

ann. Çíà÷èò, α =

(
1 2 ... n
1 2 ... n

)
� òîæäåñòâåííàÿ ïîäñòàíîâêà,

δ(α) = 0, (−1)δ(α) = 1, è åäèíñòâåííîå íåíóëåâîå ñëàãàåìîå èç îïðå-
äåëèòåëÿ âåðõíåé òðåóãîëüíîé ìàòðèöû ðàâíî a11a22...ann.
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Äëÿ íèæíåé òðåóãîëüíîé ìàòðèöû óòâåðæäåíèå äîêàçûâàåòñÿ
ïîî÷åð¼äíûì âûáîðîì ìíîæèòåëåé äëÿ ñëàãàåìîãî îïðåäåëèòåëÿ
èç ñòðîê, íà÷èíàÿ ñ 1-îé ñòðîêè.

Ñâîéñòâî 3. Ïðè òðàíñïîíèðîâàíèè ìàòðèöû îïðåäåëèòåëü íå
ìåíÿåòñÿ.

Äîêàçàòåëüñòâî. Îáîçíà÷èì ðåçóëüòàò òðàíñïîíèðîâàíèÿ ìàòðè-
öû A ÷åðåç

AT =


a
′

11 a
′

12 ... a
′

1n

a
′

21 a
′

22 ... a
′

2n

.. .. ... ..

a
′

n1 a
′

n2 ... a
′

nn

 .

Ïî îïðåäåëåíèþ îïåðàöèè òðàíñïîíèðîâàíèÿ a
′

ij = aji äëÿ âñåõ i, j.
Ïî îïðåäåëåíèþ îïðåäåëèòåëÿ èìååì ñëåäóþùèå ðàâåíñòâà:

|AT | =

∣∣∣∣∣∣∣∣
a
′

11 a
′

12 ... a
′

1n

a
′

21 a
′

22 ... a
′

2n

.. .. ... ..

a
′

n1 a
′

n2 ... a
′

nn

∣∣∣∣∣∣∣∣ =
∑
α∈Sn

(−1)δ(α)a
′

1α(1)a
′

2α(2)...a
′

nα(n) =

=
∑
α∈Sn

(−1)δ(α)aα(1)1aα(2)2...aα(n)n.

Ïî îïðåäåëåíèþ îáðàòíîé ê α ïîäñòàíîâêè α−1 èìååì:

α−1 =

(
α(1) α(2) ... α(n)
1 2 ... n

)
=

(
1 2 ... n

α−1(1) α−1(2) ... α−1(n)

)
.

Êðîìå òîãî, δ(α−1) = δ(α), ò.ê. α−1 îòëè÷àåòñÿ îò α òîëüêî
ïîðÿäêîì ñëåäîâàíèÿ ýëåìåíòîâ â êàæäîì èç íåçàâèñèìûõ öèêëîâ
â ðàçëîæåíèè α.

Ýòè ôàêòû, à òàêæå çàìå÷àíèå, ÷òî îòîáðàæåíèå ϕ ãðóïïû Sn
íà ñåáÿ, ïðè êîòîðîì êàæäàÿ ïîäñòàíîâêà α îòîáðàæàåòñÿ â ïîä-
ñòàíîâêó α−1, ÿâëÿåòñÿ âçàèìíî îäíîçíà÷íûì, ïîçâîëÿþò íàì çà-
ïèñàòü ïîñëåäíåå ðàâåíñòâî, äîêàçûâàþùåå òåîðåìó:∑

α∈Sn

(−1)δ(α)aα(1)1aα(2)2...aα(n)n =

=
∑

α−1∈Sn

(−1)δ(α
−1)a1α−1(1)a2α−1(2)...anα−1(n) = |A|.
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Ñëåäñòâèå 1. Âñå ñâîéñòâà îïðåäåëèòåëÿ, âåðíûå äëÿ ñòðîê, âåð-
íû è äëÿ ñòîëáöîâ.

Ñâîéñòâî 4. Åñëè â îïðåäåëèòåëå ïîìåíÿòü ìåñòàìè äâå ñòðîêè,
òî îí ñìåíèò çíàê (ñîõðàíèâ àáñîëþòíîå çíà÷åíèå).

Äîêàçàòåëüñòâî. Ïîìåíÿåì â ìàòðèöå A ñòðîêè ñ íîìåðàìè i, j.
Ïîëó÷åííóþ ìàòðèöó îáîçíà÷èì B. Òîãäà

|B| =
∑
β∈Sn

(−1)δ(β)b1β(1)...biβ(i)...bjβ(j)...bnβ(n) =

=
∑
β∈Sn

(−1)δ(β)a1β(1)...ajβ(i)...aiβ(j)...anβ(n).

Ïóñòü α =

(
1 .. j ... i ... n

β(1) ... β(i) ... β(j) ... β(n)

)
. ßñíî, ÷òî

α = (ij)β.

Òàê êàê óìíîæåíèå íà òðàíñïîçèöèþ ìåíÿåò ÷¼òíîñòü ïîäñòà-
íîâêè, òî âåðíî ðàâåíñòâî

−(−1)δ(α) = (−1)δ(β).

Íàêîíåö, ïðèíèìàÿ âî âíèìàíèå òîò ôàêò, ÷òî îòîáðàæåíèå ϕ
ãðóïïû Sn íà ñåáÿ, ïðè êîòîðîì êàæäàÿ ïîäñòàíîâêà β îòîáðàæà-
åòñÿ â ïîäñòàíîâêó (ij)β, ÿâëÿåòñÿ âçàèìíî îäíîçíà÷íûì, çàïèøåì
ïîñëåäíåå ðàâåíñòâî, äîêàçûâàþùåå òåîðåìó:∑

β∈Sn

(−1)δ(β)a1β(1)...ajβ(i)...aiβ(j)...anβ(n) =

=
∑
α∈Sn

−(−1)δ(α)a1α(1)...aiα(i)...ajα(j)...anα(n) = −|A|.

Ñëåäñòâèå 2. Åñëè â îïðåäåëèòåëå åñòü äâå îäèíàêîâûå ñòðîêè,
òî îí ðàâåí íóëþ.

Äîêàçàòåëüñòâî. Ïîìåíÿåì îäèíàêîâûå ñòðîêè ìåñòàìè. Ïî ñâîé-
ñòâó 4 ïîëó÷àåì: |A| = −|A|, îòêóäà |A| = 0.
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Ñâîéñòâî 5. Îáùèé ìíîæèòåëü âñåõ ýëåìåíòîâ íåêîòîðîé ñòðî-
êè îïðåäåëèòåëÿ ìîæíî âûíåñòè çà çíàê îïðåäåëèòåëÿ.

Äîêàçàòåëüñòâî. Ïóñòü ýëåìåíòû i-îé ñòðîêè îïðåäåëèòåëÿ èìåþò
îáùèé ìíîæèòåëü k, ò.å. ai1 = ka

′

i1, ..., ain = ka
′

in. Òîãäà

|A| =

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..
ai1 ai2 ... ain
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
=
∑
α∈Sn

(−1)δ(α)a1α(1)...aiα(i)...anα(n) =

=
∑
α∈Sn

(−1)δ(α)a1α(1)...ka
′

iα(i)...anα(n) =

= k
∑
α∈Sn

(−1)δ(α)a1α(1)...a
′

iα(i)...anα(n) = k

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..

a
′

i1 a
′

i2 ... a
′

in

.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
.

Ñëåäñòâèå 3. Åñëè â îïðåäåëèòåëå åñòü ïðîïîðöèîíàëüíûå ñòðî-
êè, òî îí ðàâåí íóëþ.

Äîêàçàòåëüñòâî. Ïóñòü ñòðîêè îïðåäåëèòåëÿ |A| ñ íîìåðàìè i, j
ïðîïîðöèîíàëüíû, ò.å. íàéä¼òñÿ k òàêîå, ÷òî ai1 = kaj1, ..., ain =
kajn. Òîãäà, èñïîëüçóÿ ñâîéñòâî 5, ïî ñëåäñòâèþ 2 ïîëó÷èì

|A| =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

a11 a12 ... a1n
.. .. ... ..
ai1 ai2 ... ain
.. .. .. ..
aj1 aj2 ... ajn
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
=

=

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

a11 a12 ... a1n
.. .. ... ..

kaj1 kaj2 ... kajn
.. .. ... ..
aj1 aj2 ... ajn
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
= k

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

a11 a12 ... a1n
.. .. ... ..
aj1 aj2 ... ajn
.. .. ... ..
aj1 aj2 ... ajn
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
= 0.
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Óïðàæíåíèå 3. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ
ëèíåéíûõ ìíîæèòåëåé.∣∣∣∣∣∣∣∣

2 3 4 x2 + 1
4 6 8 10
3 4 5 6
3 x2 + 3 5 6

∣∣∣∣∣∣∣∣
Ðåøåíèå. ßñíî, ÷òî åñëè âûïèñàòü ñëàãàåìûå èç îïðåäåëåíèÿ

îïðåäåëèòåëÿ è ïðèâåñòè ïîäîáíûå, òî ïîëó÷èòñÿ ìíîãî÷ëåí 4-îé
ñòåïåíè îò ïåðåìåííîé x ñ öåëûìè êîýôôèöèåíòàìè, ò.å.∣∣∣∣∣∣∣∣

2 3 4 x2 + 1
4 6 8 10
3 4 5 6
3 x2 + 3 5 6

∣∣∣∣∣∣∣∣ = a0x
4 + ....

Íåòðóäíî çàìåòèòü, ÷òî ïðè x = −2, x = 2, x = −1, x = 1 ñòðîêè
îïðåäåëèòåëÿ ïðîïîðöèîíàëüíû, è îí ðàâåí 0. Òàêèì îáðàçîì, x =
−2, x = 2, x = −1, x = 1 � êîðíè ìíîãî÷ëåíà a0x4 + ... , ðàâíîãî
èñêîìîìó îïðåäåëèòåëþ.

Õîðîøî èçâåñòíî, ÷òî åñëè x0 � êîðåíü ìíîãî÷ëåíà, òî ýòîò
ìíîãî÷ëåí äåëèòñÿ íà äâó÷ëåí x− x0.

Òàêèì îáðàçîì, ïîëó÷àåì ðàçëîæåíèå îïðåäåëèòåëÿ íà ëèíåé-
íûå ìíîæèòåëè

∣∣∣∣∣∣∣∣
2 3 4 x2 + 1
4 6 8 10
3 4 5 6
3 x2 + 3 5 6

∣∣∣∣∣∣∣∣ = a0x
4 + ... = a0(x− 2)(x+ 2)(x− 1)(x+ 1).

×òîáû îïðåäåëèòü çíà÷åíèå êîýôôèöèåíòà a0, íóæíî âûïèñàòü
ñëàãàåìûå îïðåäåëèòåëÿ, ñîäåðæàùèå ìíîæèòåëü x4. Î÷åâèäíî, ýòî
ñëàãàåìûå âèäà

(−1)δ(α)a14a2α(2)a3α(3)a42,

à èìåííî:

(−1)δ(α1)a14a23a31a42, (−1)δ(α2)a14a21a33a42,
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ãäå α1 =

(
1 2 3 4
4 3 1 2

)
, α2 =

(
1 2 3 4
4 1 3 2

)
. Ïîñêîëüêó δ(α1) =

3, δ(α2) = 2, òî

(−1)δ(α1)a14a23a31a42 + (−1)δ(α2)a14a21a33a42 =

−(x2 +1) · 8 · 3 · (x2 +3)+ (x2 +1) · 4 · 5 · (x2 +3) = −4x4− 16x2− 16.

Çíà÷èò, a0 = −4,∣∣∣∣∣∣∣∣
2 3 4 x2 + 1
4 6 8 10
3 4 5 6
3 x2 + 3 5 6

∣∣∣∣∣∣∣∣ = −4(x− 2)(x+ 2)(x− 1)(x+ 1).

�

Ñâîéñòâî 6. Åñëè êàæäûé ýëåìåíò íåêîòîðîé ñòðîêè îïðåäåëè-
òåëÿ ïðåäñòàâèì â âèäå ñóììû äâóõ ñëàãàåìûõ, òî îïðåäåëèòåëü
ïðåäñòàâèì â âèäå ñóììû äâóõ îïðåäåëèòåëåé, â îäíîì èç êîòî-
ðûõ äàííàÿ ñòðîêà çàïîëíåíà ïåðâûìè ñëàãàåìûìè, à â äðóãîì �
âòîðûìè, à îñòàëüíûå ñòðîêè êàê â èñõîäíîì îïðåäåëèòåëå.

Äîêàçàòåëüñòâî. Ïóñòü ýëåìåíòû i-îé ñòðîêè îïðåäåëèòåëÿ ìàò-
ðèöû A èìåþò âèä ai1 = a

′

i1 + a
′′

i1, ..., ain = a
′

in + a
′′

in. Òîãäà

|A| =

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..
ai1 ai2 ... ain
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
=
∑
α∈Sn

(−1)δ(α)a1α(1)...aiα(i)...anα(n) =

=
∑
α∈Sn

(−1)δ(α)a1α(1)...(a
′

iα(i) + a
′′

iα(i))...anα(n) =

=
∑
α∈Sn

(−1)δ(α)a1α(1)...a
′

iα(i)...anα(n)+

+
∑
α∈Sn

(−1)δ(α)a1α(1)...a
′′

iα(i)...anα(n) =

=

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..

a
′

i1 a
′

i2 ... a
′

in

.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
+

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..

a
′′

i1 a
′′

i2 ... a
′′

in

.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
.
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Ñëåäñòâèå 4. Îïðåäåëèòåëü íå èçìåíèòñÿ, åñëè ê íåêîòîðîé åãî
ñòðîêå ïðèáàâèòü äðóãóþ ñòðîêó, óìíîæåííóþ íà ëþáîå ÷èñëî.

Äîêàçàòåëüñòâî. Ïðèáàâèì ê i-îé ñòðîêå îïðåäåëèòåëÿ ìàòðèöû
A j-óþ ñòðîêó, óìíîæåííóþ íà k. Ïîëó÷èì îïðåäåëèòåëü, êîòîðûé
ïðåäñòàâèì ïî ñâîéñòâó 6 â âèäå ñóììû äâóõ îïðåäåëèòåëåé, îäèí
èç êîòîðûõ � ýòî îïðåäåëèòåëü èñõîäíîé ìàòðèöû A, à äðóãîé ðà-
âåí 0, ò.ê. ñîäåðæèò ïðîïîðöèîíàëüíûå ñòðîêè:∣∣∣∣∣∣∣∣∣∣∣∣∣∣

a11 a12 ... a1n
.. .. ... ..

ai1 + kaj1 ai2 + kaj2 ... ain + kajn
.. .. ... ..
aj1 aj2 ... ajn
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
=

=

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

a11 a12 ... a1n
.. .. ... ..
ai1 ai2 ... ain
.. .. ... ..
aj1 aj2 ... ajn
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
+

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

a11 a12 ... a1n
.. .. ... ..

kaj1 kaj2 ... kajn
.. .. ... ..
aj1 aj2 ... ajn
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
= |A|.

Óïðàæíåíèå 4. Âû÷èñëèòü ìåòîäîì ïðèâåäåíèÿ ê òðåóãîëüíî-
ìó âèäó îïðåäåëèòåëü

D =

∣∣∣∣∣∣∣∣∣∣
a1 x x ... x
x a2 x ... x
x x a3 ... x
.. .. .. ... ..
x x x ... an

∣∣∣∣∣∣∣∣∣∣
.

Ðåøåíèå. Âû÷òåì 1-þ ñòðîêó èç âñåõ îñòàëüíûõ:

D =

∣∣∣∣∣∣∣∣∣∣
a1 x x ... x

x− a1 a2 − x 0 ... 0
x− a1 0 a3 − x ... 0
.. .. .. ... ..

x− a1 0 0 ... an − x

∣∣∣∣∣∣∣∣∣∣
.
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Èç 1-ãî ñòîëáöà âûíîñèì a1 − x, èç âòîðîãî a2 − x, ..., èç n-ãî
an − x:

D = (a1−x)(a2−x)...(an−x)

∣∣∣∣∣∣∣∣∣∣∣

a1
a1 − x

x

a2 − x
x

a3 − x
...

x

an − x
−1 1 0 ... 0
−1 0 1 ... 0
.. .. .. ... ..
−1 0 0 ... 1

∣∣∣∣∣∣∣∣∣∣∣
.

Íàêîíåö, ïðèáàâèì âñå ñòîëáöû ê 1-ìó:

D = (a1 − x)(a2 − x)...(an − x)×∣∣∣∣∣∣∣∣∣∣∣

1 +
x

a1 − x
+

x

a2 − x
+ ...+

x

an − x
x

a2 − x
x

a3 − x
...

x

an − x
0 1 0 ... 0
0 0 1 ... 0
.. .. .. ... ..
0 0 0 ... 1

∣∣∣∣∣∣∣∣∣∣∣
= x(a1 − x)(a2 − x)...(an − x)

(
1

x
+

1

a1 − x
+

1

a2 − x
+ ...+

1

an − x

)
.

�

Ñëåäñòâèå 5. Åñëè íåêîòîðàÿ ñòðîêà îïðåäåëèòåëÿ ÿâëÿåòñÿ ëè-
íåéíîé êîìáèíàöèåé äðóãèõ åãî ñòðîê, òî îïðåäåëèòåëü ðàâåí 0.

Äîêàçàòåëüñòâî. Ïóñòü i-àÿ ñòðîêà ÿâëÿåòñÿ ëèíåéíîé êîìáèíà-
öèåé äðóãèõ ñòðîê. Òîãäà

ai1 = k1a11 + ..+ ki−1a(i−1)1 + ki+1a(i+1)1 + ...+ knan1,

ai2 = k1a12 + ..+ ki−1a(i−1)2 + ki+1a(i+1)2 + ...+ knan2,

...

ain = k1a1n + ..+ ki−1a(i−1)n + ki+1a(i+1)n + ...+ knann.

Ïî ñâîéñòâó 6 |A| ïðåäñòàâèì â âèäå ñóììû îïðåäåëèòåëåé ñ ïðî-
ïîðöèîíàëüíûìè ñòðîêàìè, ò.å. ðàâåí 0:

|A| =

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..
ai1 ai2 ... ain
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
=

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..

k1a11 k1a12 ... k1a1n
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
+

12



...+

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..

ki−1a(i−1)1 ki−1a(i−1)2 ... ki−1a(i−1)n
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
+

+

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..

ki+1a(i+1)1 ki+1a(i+1)2 ... ki+1a(i+1)n

.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
+ ...

+

∣∣∣∣∣∣∣∣∣∣
a11 a12 ... a1n
.. .. ... ..

knan1 knan2 ... knann
.. .. ... ..
an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣
= 0.

Îïðåäåëåíèå 2. Ìèíîðîì k-ãî ïîðÿäêà ìàòðèöû A íàçûâàåòñÿ
îïðåäåëèòåëü ìàòðèöû, ñîñòàâëåííîé èç ýëåìåíòîâ, ñòîÿùèõ íà
ïåðåñå÷åíèè ïðîèçâîëüíî âûáðàííûõ k ñòðîê è k ñòîëáöîâ ìàòðè-
öû A.

Îïðåäåëåíèå 3. Ïóñòü A � êâàäðàòíàÿ ìàòðèöà ïîðÿäêà n,
M � ìèíîð k-ãî ïîðÿäêà ìàòðèöû A. Âû÷åðêíåì èç ìàòðèöû
A ñòðîêè è ñòîëáöû, íà ïåðåñå÷åíèè êîòîðûõ ñòîèò ìèíîð M.
Äîïîëíèòåëüíûì ìèíîðîì ê ìèíîðó M íàçûâàåòñÿ îïðåäåëè-
òåëü ìàòðèöû, ñîñòàâëåííîé èç ýëåìåíòîâ ìàòðèöû A, îñòàâ-
øèõñÿ ïîñëå âû÷¼ðêèâàíèÿ. Îí îáîçíà÷àåòñÿ ÷åðåç M

′
.

Îïðåäåëåíèå 4. Ïóñòü A � êâàäðàòíàÿ ìàòðèöà ïîðÿäêà n,
M � ìèíîð k-ãî ïîðÿäêà ìàòðèöû A, ýëåìåíòû êîòîðîãî ñòîÿò
íà ïåðåñå÷åíèè ñòðîê ñ íîìåðàìè i1, ..., ik è ñòîëáöîâ ñ íîìåðàìè
j1, ..., jk,

SM = i1 + ...+ ik + j1 + ...+ jk,

M
′
� äîïîëíèòåëüíûé ìèíîð ê ìèíîðó M. Àëãåáðàè÷åñêèì äî-

ïîëíåíèåì ê ìèíîðó M íàçûâàåòñÿ (−1)SMM
′
.

Ëåììà 1. Ñëàãàåìûå èç ïðîèçâåäåíèÿM(−1)SMM
′
ÿâëÿþòñÿ ñëà-

ãàåìûìè èç îïðåäåëèòåëÿ ìàòðèöû A.
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Äîêàçàòåëüñòâî. Ñíà÷àëà ðàññìîòðèì ñëó÷àé, êîãäà ìèíîð M íà-
õîäèòñÿ â ëåâîì âåðõíåì óãëó ìàòðèöû A, ò.å. åãî ýëåìåíòû ñòî-
ÿò íà ïåðåñå÷åíèè ïåðâûõ k ñòðîê è k ñòîëáöîâ. Â ýòîì ñëó÷àå
SM = 1 + 2 + ...+ k + 1 + 2 + ...+ k = 2(1 + ...+ k) � ÷¼òíîå ÷èñëî.
Ïîýòîìó

M(−1)SMM
′
=MM

′
=∑

α∈Sk

(−1)δ(α)a1α(1)a2α(2)...akα(k)×

×
∑

β∈S(n−k)

(−1)δ(β)a(k+1)β(k+1)a(k+2)β(k+2)...anβ(n) =

=
∑
γ∈Sn

(−1)δ(α)+δ(β)a1α(1)...akα(k)a(k+1)β(k+1)...anβ(n) =

=
∑
γ∈Sn

(−1)δ(γ)a1γ(1)...akγ(k)a(k+1)γ(k+1)...anγ(n),

ãäå γ =

(
1 ... k k + 1 ... n

α(1) ... α(k) β(k + 1) ... β(n)

)
, α � ïîäñòàíîâêà

íà ìíîæåñòâå {1, ..., k}, β � ïîäñòàíîâêà íà ìíîæåñòâå {k+1, ..., n}.
Äåéñòâèòåëüíî, ÷èñëî èíâåðñèé â íèæíåé ñòðîêå ïîäñòàíîâêè

γ ðàâíî ñóììå ÷èñëà èíâåðñèé â íèæíåé ñòðîêå ïîäñòàíîâêè α è
÷èñëà èíâåðñèé â íèæíåé ñòðîêå ïîäñòàíîâêè β. Êàê èçâåñòíî, ÷¼ò-
íîñòü ïîäñòàíîâêè ñîâïàäàåò ñ ÷¼òíîñòüþ ñóììàðíîãî ÷èñëà èíâåð-
ñèé â âåðõíåé è íèæíåé ñòðîêàõ ïîäñòàíîâêè. Ïîýòîìó

(−1)δ(α)+δ(β) = (−1)δ(γ).

Îñòàëîñü ðàññìîòðåòü îáùèé ñëó÷àé, êîãäà ýëåìåíòû ìèíîðàM
íàõîäÿòñÿ â ñòðîêàõ ñ íîìåðàìè i1, i2, ..., ik è ñòîëáöàõ ñ íîìåðàìè
j1, j2, ..., jk, ïðè÷¼ì i1 < i2 < ... < ik, j1 < j2 < ... < jk.

Ìåíÿÿ ñîñåäíèå ñòðîêè ìåñòàìè, ïåðåñòàâèì ñòðîêó ñ íîìåðîì
i1 íà ìåñòî 1-îé ñòðîêè. Äëÿ ýòîãî ïîíàäîáèòñÿ i1− 1 ïåðåñòàíîâêà
ñîñåäíèõ ñòðîê. Çàòåì ñòðîêó ñ íîìåðîì i2 çà i2 − 2 ïåðåñòàíîâêè
ñîñåäíèõ ñòðîê ïîñòàâèì íà ìåñòî 2-îé ñòðîêè. Äëÿ òîãî, ÷òîáû
ìèíîð M îêàçàëñÿ â ëåâîì âåðõíåì óãëó ìàòðèöû, íåîáõîäèìî ñî-
âåðøèòü â îáùåì (i1 − 1) + (i2 − 2) + ... + (ik − k) ïåðåñòàíîâîê
ñîñåäíèõ ñòðîê è (j1 − 1) + (j2 − 2) + ... + (jk − k) ïåðåñòàíîâîê
ñîñåäíèõ ñòîëáöîâ.
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Ïî ñâîéñòâó 4 îïðåäåëèòåëü ìàòðèöû B, âîçíèêøåé â ðåçóëüòàòå
ïåðåñòàíîâîê ñòðîê è ñòîëáöîâ, ñâÿçàí ñ îïðåäåëèòåëåì ìàòðèöû A
ñëåäóþùèì ðàâåíñòâîì:

(−1)(i1−1)+...+(ik−k)+(j1−1)+...+(jk−k)|A| =

= (−1)SM−2(1+2+..+k)|A| = (−1)SM |A| = |B|

èëè, ÷òî òî æå ñàìîå,

|A| = (−1)SM |B|.

Â ìàòðèöå B ìèíîðM íàõîäèòñÿ íà ïåðåñå÷åíèè ïåðâûõ k ñòðîê
è ïåðâûõ k ñòîëáöîâ. Êàê äîêàçàíî â ñàìîì íà÷àëå, ñëàãàåìûå èç
ïðîèçâåäåíèÿ MM

′
� ýòî ñëàãàåìûå èç |B|. Çíà÷èò, ñëàãàåìûå èç

ïðîèçâåäåíèÿ M(−1)SMM
′
ýòî ñëàãàåìûå èç |A|.

Äîêàæåì òåîðåìó Ëàïëàñà.

Òåîðåìà 1. Ïóñòü â îïðåäåëèòåëå |A| ïîðÿäêà n ïðîèçâîëüíî âû-
áðàíû k ñòðîê (èëè k ñòîëáöîâ), 1 ≤ k ≤ n − 1. Òîãäà ñóììà ïðî-
èçâåäåíèé âñåõ ìèíîðîâ k-ãî ïîðÿäêà, ñîäåðæàùèõñÿ â âûáðàííûõ
ñòðîêàõ, íà èõ àëãåáðàè÷åñêèå äîïîëíåíèÿ ðàâíà îïðåäåëèòåëþ |A|.

Äîêàçàòåëüñòâî. Ñ ó÷¼òîì ëåììû, äîñòàòî÷íî ïîêàçàòü, ÷òî çà-
ñòàâëÿÿ M ïðîáåãàòü âñå ìèíîðû k-ãî ïîðÿäêà, ðàñïîëîæåííûå â
âûáðàííûõ ñòðîêàõ ñ íîìåðàìè i1, i2, ..., ik, ìû ïîëó÷èì âñå ÷ëåíû
îïðåäåëèòåëÿ, ïðè÷¼ì íè îäèí èç íèõ íå âñòðåòèòñÿ äâàæäû. Ïî-
ñëåäíåå ïîíÿòíî, ò.ê. ìèíîðû ðàçëè÷àþòñÿ íàáîðîì âõîäÿùèõ â íèõ
ñòîëáöîâ. Ïîýòîìó âñåãäà íàéä¼òñÿ ñòîëáåö òàêîé, ÷òî â êàæäîì
÷ëåíå îäíîãî ìèíîðà åñòü ìíîæèòåëü èç ýòîãî ñòîëáöà, à â êàæäîì
÷ëåíå äðóãîãî ìèíîðà íåò ìíîæèòåëÿ èç ýòîãî ñòîëáöà. Îñòàëîñü
ïîíÿòü, ÷òî óìíîæàÿ ìèíîðû, ñîäåðæàùèåñÿ â âûáðàííûõ ñòðîêàõ
íà èõ àëãåáðàè÷åñêèå äîïîëíåíèÿ, ìû ïîëó÷èì âñå ñëàãàåìûå èç
îïðåäåëèòåëÿ |A|.

Ïóñòü a1α(1)a2α(2)...anα(n) � ïðîèçâîëüíûé ÷ëåí îïðåäåëèòåëÿ.
Òîãäà åãî ìîæíî çàïèñàòü â âèäå:

a1α(1)a2α(2)...anα(n) = (ai1α(i1)...aikα(ik))(...),

âûäåëèâ ïðîèçâåäåíèå òåõ ýëåìåíòîâ, êîòîðûå ïðèíàäëåæàò ê âû-
áðàííûì ñòðîêàì ñ íîìåðàìè i1, i2, ..., ik. Ýòè ýëåìåíòû íàõîäÿòñÿ â
ñòîëáöàõ ñ íîìåðàìè α(i1), α(i2), ..., α(ik). Îáîçíà÷èì ÷åðåç M ìè-
íîð k-ãî ïîðÿäêà, ñòîÿùèé íà ïåðåñå÷åíèè âûáðàííûõ ðàíåå ñòðîê ñ
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íîìåðàìè i1, i2, ..., ik è ñòîëáöîâ ñ íîìåðàìè α(i1), α(i2), ..., α(ik). Òî-
ãäà âûäåëåííîå ïðîèçâåäåíèå ai1α(i1)...aikα(ik) áóäåò îäíèì èç ÷ëå-
íîâ ìèíîðàM, à ïðîèçâåäåíèå îñòàëüíûõ ýëåìåíòîâ èç ÷ëåíà îïðå-
äåëèòåëÿ, íå âîøåäøèõ â âûäåëåííîå ïðîèçâåäåíèå, áóäåò ÷ëåíîì
äîïîëíèòåëüíîãî ê M ìèíîðà M

′
.

Òàêèì îáðàçîì, âñÿêèé ÷ëåí îïðåäåëèòåëÿ âõîäèò â ïðîèçâåäå-
íèå íåêîòîðîãî ìèíîðà k-ãî ïîðÿäêà èç âûáðàííûõ ñòðîê íà åãî äî-
ïîëíèòåëüíûé ìèíîð. ×òîáû ïîëó÷èòü âçÿòûé ÷ëåí îïðåäåëèòåëÿ
ñ òåì çíàêîì, ñ êîòîðûì îí ïðèñóòñòâóåò â îïðåäåëèòåëå, îñòà¼ò-
ñÿ, ñëåäóÿ ëåììå, çàìåíèòü äîïîëíèòåëüíûé ìèíîð àëãåáðàè÷åñêèì
äîïîëíåíèåì.

Â êà÷åñòâå íåïîñðåäñòâåííîãî ñëåäñòâèÿ ýòîé òåîðåìû ïîëó÷èì
ôîðìóëó âû÷èñëåíèÿ îïðåäåëèòåëÿ, êîòîðàÿ íàçûâàåòñÿ ôîðìó-
ëîé ðàçëîæåíèÿ îïðåäåëèòåëÿ ïî ñòðîêå (ñòîëáöó). Äëÿ
ýòîãî îáîçíà÷èì äîïîëíèòåëüíûé ìèíîð ê ýëåìåíòó aij ÷åðåç Mij ,
à àëãåáðàè÷åñêîå äîïîëíåíèå ê ýëåìåíòó aij ÷åðåç Aij . Ñîãëàñíî
îïðåäåëåíèþ îíè ñâÿçàíû ðàâåíñòâîì:

Aij = (−1)i+jMij .

Ñëåäñòâèå 6. Äëÿ ëþáîãî i, 1 ≤ i ≤ n, èìåþò ìåñòî ñëåäóþùèå
ðàâåíñòâà:

(1) |A| = ai1Ai1 + ai2Ai2 + ...+ ainAin,

(2) |A| = a1iA1i + a2iA2i + ...+ aniAni.

Ðàâåíñòâî (1) íàçûâàåòñÿ ôîðìóëîé ðàçëîæåíèÿ îïðåäåëèòåëÿ |A|
ïî i-îé ñòðîêå, à ðàâåíñòâî (2) � ôîðìóëîé ðàçëîæåíèÿ îïðåäåëè-
òåëÿ |A| ïî i-îìó ñòîëáöó.

Ñëåäñòâèå 7. Äëÿ ëþáûõ i, j 1 ≤ i, j ≤ n, i 6= j, âûïîëíÿþòñÿ
ñëåäóþùèå ðàâåíñòâà:

(3) ai1Aj1 + ai2Aj2 + ...+ ainAjn = 0,

(4) a1iA1j + a2iA2j + ...+ aniAnj = 0.

Äîêàçàòåëüñòâî. Äåéñòâèòåëüíî, ëåâàÿ ÷àñòü ðàâåíñòâà (3) ïðåä-
ñòàâëÿåò ñîáîé ôîðìóëó ðàçëîæåíèÿ îïðåäåëèòåëÿ ïî j-îé ñòðîêå,
çàïîëíåííîé ýëåìåíòàìè i-îé ñòðîêè. Ïî ñëåäñòâèþ 2 òàêîé îïðå-
äåëèòåëü ðàâåí 0. Àíàëîãè÷íûå ðàññóæäåíèÿ ñî ñòîëáöàìè äîêàçû-
âàþò ôîðìóëó (4).
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Óïðàæíåíèå 5. Âû÷èñëèòü ìåòîäîì ðåêóððåíòíûõ ñîîòíîøå-
íèé îïðåäåëèòåëü ïîðÿäêà n∣∣∣∣∣∣∣∣∣∣

7 1 0 ... 0
12 7 1 ... 0
0 12 7 ... 0
.. .. .. ... ..
0 0 0 ... 7

∣∣∣∣∣∣∣∣∣∣
.

Ðåøåíèå. Îáîçíà÷èì ýòîò îïðåäåëèòåëü ÷åðåç Dn è ðàçëîæèì
åãî ïî 1-ìó ñòîëáöó. Âîçíèêàåò ñëåäóþùåå ñîîòíîøåíèå:

Dn = 7Dn−1 − 12Dn−2.

Ïåðåïèøåì ýòî ñîîòíîøåíèå â âèäå

Dn − 3Dn−1 = 4(Dn−1 − 3Dn−2).

Òîãäà èìååì:

Dn − 3Dn−1 = 4(Dn−1 − 3Dn−2) = 42(Dn−2 − 3Dn−3) = ... =

= 4n−2(D2 − 3D1) = 4n,

Dn = 4n+3Dn−1 = 4n+3(4n−1 +3Dn−2) = 4n+3 · 4n−1 +32Dn−2 =

= ... = 4n+3·4n−1+...+3n−2D2 = 4n+3·4n−1+...+3n−2(42+3·4+32) =

= 4n + 3 · 4n−1 + ...+ 3n−242 + 3n−14 + 3n = 4n+1 − 3n+1.

Èòàê, èìååì ôîðìóëó Dn = 4n+1 − 3n+1. Ìåòîäîì ìàòåìàòè-
÷åñêîé èíäóêöèè ïðîâåðèì, ÷òî îíà âåðíà. Ïðè n = 1 ïîëó÷èì èç
ýòîé ôîðìóëû âåðíîå ðàâåíñòâî D1 = 7. Ïðåäïîëîæèâ, ÷òî ôîðìó-
ëà âåðíà ïðè âñåõ çíà÷åíèÿõ < n, ïîëó÷èì ðàâåíñòâà:

Dn = 7Dn−1− 12Dn−2 = 7(4n− 3n)− 12(4n−1− 3n−1) = 4n+1− 3n+1.

�

Çàìå÷àíèå. Ðåêóððåíòíîå ñîîòíîøåíèå Dn = pDn−1+qDn−2 ìîæ-
íî çàïèñàòü â âèäå Dn − αDn−1 = β(Dn−1 − αDn−2), ãäå α, β �
êîðíè óðàâíåíèÿ x2 − px− q = 0. Äåéñòâèòåëüíî, ïî òåîðåìå Âèåòà
−p = −α−β,−q = αβ. Òîãäà Dn = pDn−1+ qDn−2 = (α+β)Dn−1−
αβDn−2. Îòêóäà Dn − αDn−1 = β(Dn−1 − αDn−2).
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Âàðèàíòû èíäèâèäóàëüíûõ çàäàíèé

Âàðèàíò 1

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ 2 4− x
7− x 2

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
2 1 x+ 6

x+ 8 3 2
1 4 −x

∣∣∣∣∣∣ = 40.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a b c
b c a
c a b

∣∣∣∣∣∣ .
3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣

sin2 α 1 cos2 α
sin2 β 1 cos2 β
sin2 γ 1 cos2 γ

∣∣∣∣∣∣
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a31a42a13a54a25a6ia7j

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 a22 a23 a24 a25
0 a32 a33 0 0
0 a42 a43 0 0
0 a52 a53 0 0

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü, åñëè ê êàæäîé åãî ñòðîêå (âêëþ-

÷àÿ ïîñëåäíþþ) ïðèáàâèòü ïîñëåäíþþ ñòðîêó?
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7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣∣∣
3 6 8 3 3
6 12 13 9 7
5 9 7 8 6
2 5 4 5 3
4 6 6 5 4

∣∣∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

−70 90 101 64
−8 65 49 29
−12 6 11 7
−18 71 59 35

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

1 2 3 ... n
1 0 3 ... n
1 2 0 ... n
.. .. .. ... ..
1 2 3 ... 0

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
a1 a2 a3 ... an
a1 x a3 ... an
a1 a2 x ... an
.. .. .. ... ..
a1 a2 a3 ... x

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì ðåêóððåíòíûõ ñîîòíîøå-

íèé. ∣∣∣∣∣∣∣∣∣∣
a1b1 a1b2 a1b3 ... a1bn
a1b2 a2b2 a2b3 ... a2bn
a1b3 a2b3 a3b3 ... a3bn
.. .. .. ... ..

a1bn a2bn a3bn ... anbn

∣∣∣∣∣∣∣∣∣∣
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Âàðèàíò 2

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣x− 1 3
4 x+ 3

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
2 x− 1 3

2x+ 1 3 2
1 4 3

∣∣∣∣∣∣ = 40.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
c b a
b a c
a c b

∣∣∣∣∣∣ .
3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣

x x
′

ax+ bx
′

y y
′

ay + by
′

z z
′

az + bz
′

∣∣∣∣∣∣
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a41a12a23a6ia35a7ja57

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 a22 a23 a24 a25
0 a32 0 a34 0
0 a42 0 a44 0
0 a52 0 a54 0

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü, åñëè ê êàæäîìó ñòîëáöó, íà-

÷èíàÿ ñî âòîðîãî, ïðèáàâèòü ïðåäûäóùèé ñòîëáåö è â òî æå
âðåìÿ ê ïåðâîìó ñòîëáöó ïðèáàâèòü ïîñëåäíèé (åù¼ íå èçìå-
í¼ííûé)?
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7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣∣∣
2 3 8 12 16
3 5 11 16 21
1 4 5 3 10
2 5 4 5 3
2 −7 7 7 2

∣∣∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

89 34 76 −52
−66 −26 −41 56
−83 −33 −69 52
−84 −31 −66 54

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

x1 x1 x1 ... x1
a21 x2 x2 ... x2
a31 a32 x3 ... x3
.. .. .. ... ..
an1 an2 an3 ... xn

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
2 2 2 ... 2
2 2− x 2 ... 2
2 2 3− x ... 2
.. .. .. ... ..
2 2 2 ... n− x

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì ðåêóððåíòíûõ ñîîòíîøå-

íèé. ∣∣∣∣∣∣∣∣∣∣
a0 a1 a2 ... an
−y1 x1 0 ... 0
0 −y2 x2 ... 0
.. .. .. ... ..
0 0 0 ... xn

∣∣∣∣∣∣∣∣∣∣
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Âàðèàíò 3

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣−x −5 + x
2 7 + x

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
2x+ 1 2 1
2x 3x+ 2 3
3x 4 2

∣∣∣∣∣∣ = −3.
2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a c b
c b a
b a c

∣∣∣∣∣∣ .
3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣

sin2 α cos 2α cos2 α
sin2 β cos 2β cos2 β
sin2 γ cos 2γ cos2 γ

∣∣∣∣∣∣
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a51a32a23a14a75a4ia6j

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 a22 a23 a24 a25
0 a32 0 0 a35
0 a42 0 0 a45
0 a52 0 0 a55

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè åãî ìàòðèöó ïî-

âåðíóòü íà 90◦ âîêðóã öåíòðà?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
−2 −6 1 −2
7 −2 7 3
5 −3 3 4
8 −9 4 9

∣∣∣∣∣∣∣∣
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8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
43 −18 176 −84
50 −18 195 −108
35 −11 175 −66
42 −14 185 −86

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

1 2 3 ... n− 2 n− 1 n
2 3 4 ... n− 1 n n
3 4 5 ... n n n
.. .. .. ... .. .. ..
n n n ... n n n

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
b0 b1 b2 ... bn
b0 y b2 ... bn
b0 b1 y ... bn
.. .. .. ... ..
b0 b1 b2 ... y

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì ðåêóððåíòíûõ ñîîòíîøå-

íèé. ∣∣∣∣∣∣∣∣∣∣
b0 −x1 0 ... 0
b1 y1 −x2 ... 0
b2 0 y2 ... 0
.. .. .. ... ..
bn 0 0 ... yn

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 4

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣1 + x 3
3 + x 7− x

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
−x+ 1 2 x+ 3

2 5 2x+ 7
3 4 2

∣∣∣∣∣∣ = −3.
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2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a b c
c a b
b c a

∣∣∣∣∣∣ .
3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣

(a1 + b1)
2 a21 + b21 a1b1

(a2 + b2)
2 a22 + b22 a2b2

(a3 + b3)
2 a23 + b23 a3b3

∣∣∣∣∣∣
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a71a62a4ia14a25a3ja57

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 a22 a23 a24 a25
a31 0 a33 0 0
a41 0 a43 0 0
a51 0 a53 0 0

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè åãî ìàòðèöó ïî-

âåðíóòü íà 180◦ âîêðóã öåíòðà?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
3 12 −3 −2
7 5 3 7
−4 8 −8 −3
9 7 5 2

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

47 29 −9 144
49 42 −14 152
36 22 −9 118
49 35 −11 150

∣∣∣∣∣∣∣∣
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9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣∣∣

1 a1 a2 ... an − bn
1 a1 a2 ... an
.. .. .. ... ..
1 a1 a2 − b2 ... an
1 a1 − b1 a2 ... an
1 a1 a2 ... an

∣∣∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣
y a b c
a y c b
b c y a
c b a y

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì ðåêóððåíòíûõ ñîîòíîøå-

íèé. ∣∣∣∣∣∣∣∣∣∣
a0 x1 x2 ... xn
−y1 x1 0 ... 0
0 −y2 x2 ... 0
.. .. .. ... ..
0 0 0 ... xn

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 5

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ 2− x x− 1
−x− 4 12

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
4 −x+ 5 5
3 −2 x

x− 7 −7 −5

∣∣∣∣∣∣ = 100.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
b a c
c b a
a c b

∣∣∣∣∣∣ .
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3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣
a+ b c 1
b+ c a 1
c+ a b 1

∣∣∣∣∣∣
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a31a4ia73a64a1ja26a57

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 a22 a23 a24 a25
a31 0 0 a34 0
a41 0 0 a44 0
a51 0 0 a54 0

∣∣∣∣∣∣∣∣∣∣
6. ×åìó ðàâåí îïðåäåëèòåëü, ó êîòîðîãî ñóììà ñòðîê ñ ÷¼òíûìè

íîìåðàìè ðàâíà ñóììå ñòðîê ñ íå÷¼òíûìè íîìåðàìè?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
3 5 7 2
7 6 3 7
5 4 3 5
5 6 5 4

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

70 −98 45 54
−21 29 22 −4
−9 10 17 0
68 −93 40 52

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ïðèâåäåíèåì ê òðåóãîëü-

íîìó âèäó. ∣∣∣∣∣∣∣∣∣∣
6 5 5 ... 5
5 6 5 ... 5
5 5 6 ... 5
.. .. .. ... ..
5 5 5 ... 6

∣∣∣∣∣∣∣∣∣∣
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10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣

2 2 4 5
2 1 + x2 4 5
4 5 1 3
4 5 1 7− x2

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì ðåêóððåíòíûõ ñîîòíîøå-

íèé. ∣∣∣∣∣∣∣∣∣∣
0 1 1 ... 1
1 a1 0 ... 0
1 0 a2 ... 0
.. .. .. ... ..
1 0 0 ... an

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 6

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣−4− x 6− x
−4x 4

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
4 −2x+ 1 5

x+ 1 −2 4x
1 −7 −5

∣∣∣∣∣∣ = 100.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
c b a
a c b
b a c

∣∣∣∣∣∣ .
3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣

(ax + a−x)2 (ax − a−x)2 1
(by + b−y)2 (by − b−y)2 1
(cz + c−z)2 (cz − c−z)2 1

∣∣∣∣∣∣
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a71a62a2ia14a35a5ja47

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.
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5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 a22 a23 a24 a25
a31 0 0 0 a35
a41 0 0 0 a45
a51 0 0 0 a55

∣∣∣∣∣∣∣∣∣∣
6. Íàéòè ñóììó âñåõ îïðåäåëèòåëåé ïîðÿäêà n ≥ 2, â êàæäîì èç

êîòîðûõ â êàæäîé ñòðîêå è â êàæäîì ñòîëáöå îäèí ýëåìåíò
ðàâåí 1, à îñòàëüíûå ðàâíû 0. Ñêîëüêî âñåãî òàêèõ îïðåäåëè-
òåëåé?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
2 −10 3 6
5 −8 5 8
6 −5 4 7
9 −8 5 10

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

114 193 −98 −79
−83 −165 52 59
−69 −131 50 49
−5 −3 2 2

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

a0 a1 a2 ... an
x −x 0 ... 0
0 x −x ... 0
.. .. .. ... ..
0 0 0 ... −x

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
1 1 1 ... 1
2 x+ 1 2 ... 2
3 3 x+ 1 ... 3
.. .. .. ... ..
n n n ... x+ 1

∣∣∣∣∣∣∣∣∣∣
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11. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì ðåêóððåíòíûõ ñîîòíîøå-
íèé. ∣∣∣∣∣∣∣∣∣∣∣∣

1 0 0 0 ... 0 1
1 a1 0 0 ... 0 0
1 1 a2 0 ... 0 0
1 0 1 a3 ... 0 0
.. .. .. .. ... .. ..
1 0 0 0 ... 1 an

∣∣∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 7

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣6− x x− 2
x− 3 6

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
2x− 1 2 −2x

4 x− 1 −2
5 2 −3

∣∣∣∣∣∣ = −5.
2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a c b
b a c
c b a

∣∣∣∣∣∣ .
3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣

1 ε ε2

ε ε2 1
x y z

∣∣∣∣∣∣ , ãäå ε3 = 1.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a6ia12a33a2ja45a76a57

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 0 0 0
a21 a22 a23 a24 a25
a31 a32 a33 a34 a35
a41 a42 0 0 0
a51 a52 0 0 0

∣∣∣∣∣∣∣∣∣∣
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6. Íàéòè ñóììó îïðåäåëèòåëåé ïîðÿäêà n ≥ 2 :

n∑
α1,α2,...,αn=1

∣∣∣∣∣∣∣∣
a1α1 a1α2 ... a1αn

a2α1
a2α2

... a2αn

... ... ... ...
anα1

anα2
... anαn

∣∣∣∣∣∣∣∣ ,
ãäå ñóììà áåð¼òñÿ ïî âñåì çíà÷åíèÿì α1, α2, ..., αn, íåçàâèñèìî
äðóã îò äðóãà èçìåíÿþùèìñÿ îò 1 äî n.

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
−8 12 −9 9
−5 7 −7 5
−3 4 −5 3
−8 8 −5 6

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

−4 70 77 62
−2 10 6 6
3 68 72 46
−7 79 83 70

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

a1 a2 a3 ... an
x1 −x2 0 ... 0
0 x2 −x3 ... 0
.. .. .. ... ..
0 0 0 ... −xn

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
3 3 3 ... 3
3 3− y 3 ... 3
3 3 4− y ... 3
.. .. .. ... ..
3 3 3 ... n+ 2− y

∣∣∣∣∣∣∣∣∣∣
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11. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì ðåêóððåíòíûõ ñîîòíîøå-
íèé. ∣∣∣∣∣∣∣∣∣∣∣∣

1 1 1 1 ... 1 1
0 a1 1 0 ... 0 0
0 0 a2 1 ... 0 0
0 0 0 a3 ... 0 0
.. .. .. .. ... .. ..
1 0 0 0 ... 0 an

∣∣∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 8

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣−2− x x
−8− x 3

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
3 x2 4x

−3x+ 1 1 2x
2x+ 7 2 −3

∣∣∣∣∣∣ = −5.
2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a x x
x b x
x x c

∣∣∣∣∣∣ .
3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣

sinα cosα sin(α+ δ)
sinβ cosβ sin(β + δ)
sin γ cos γ sin(γ + δ)

∣∣∣∣∣∣
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a61a32a23a5ia45a16a7j

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 0 0 0
a21 a22 a23 a24 a25
a31 a32 0 0 0
a41 a42 a43 a44 a45
a51 a52 0 0 0

∣∣∣∣∣∣∣∣∣∣
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6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè ó âñåõ åãî ýëå-
ìåíòîâ èçìåíèòü çíàê íà ïðîòèâîïîëîæíûé?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
7 −14 −5 9
4 −9 −3 7
−4 7 4 4
2 −6 −3 2

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

75 108 117 94
29 49 65 50
43 68 72 52
92 149 155 108

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n, ýëåìåíòû êîòîðîãî çàäà-

íû óñëîâèÿìè aij = n−min(i, j).

10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣∣∣

a0 a0 a0 ... a0
a1 x a1 ... a1
a2 a2 x ... a2
.. .. .. ... ..
an an an ... x

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
2 1 0 ... 0
1 2 1 ... 0
0 1 2 ... 0
.. .. .. ... ..
0 0 0 ... 2

∣∣∣∣∣∣∣∣∣∣
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Âàðèàíò 9

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣x− 2 x− 5
2x 3

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
3 x+ 1 −5

3x− 1 7 −x+ 1
2 −1 8

∣∣∣∣∣∣ = 0.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
x x a
x b x
c x x

∣∣∣∣∣∣ .
3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣

a1 + b1i a1i− b1 c1
a2 + b2i a2i− b2 c2
a3 + b3i a3i− b3 c3

∣∣∣∣∣∣ , ãäå i2 = −1.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a71a32a23a1ia45a5ja67

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 0 0 0
a21 a22 a23 a24 a25
a31 a32 0 0 0
a41 a42 0 0 0
a51 a52 a53 a54 a55

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëå-

ìåíò aik óìíîæèòü íà ci−k, ãäå c 6= 0?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
7 10 12 13
3 −3 −2 −5
5 5 8 7
4 4 5 6

∣∣∣∣∣∣∣∣
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8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
112 96 1 107
64 20 0 21
−113 −97 8 −12
45 30 −8 −55

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n, ýëåìåíòû êîòîðîãî çàäà-

íû óñëîâèÿìè aij = max(i, j) + 1.

10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣

1− x a1 a2 a3
a1 1− x a3 a2
a2 a3 1− x a1
a3 a2 a1 1− x

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
3 2 0 ... 0
1 3 2 ... 0
0 1 3 ... 0
.. .. .. ... ..
0 0 0 ... 3

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 10

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ 1− x x
−4x+ 1 5x

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x+ 1 2x −5
8 3x+ 1 −2
x −1 8

∣∣∣∣∣∣ = 0.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a+ x x x
x b+ x x

c+ x x x

∣∣∣∣∣∣ .
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3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣∣
x1 y1 1
x2 y2 1

x1 + λx2
1 + λ

y1 + λy2
1 + λ

1

∣∣∣∣∣∣∣
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a31a42a2ia1ja75a56a67

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 a22 0 0 0
a31 a32 a33 a34 a35
a41 a42 0 0 0
a51 a52 0 0 0

∣∣∣∣∣∣∣∣∣∣
6. Îïðåäåëèòåëü íàçûâàåòñÿ êîñîñèììåòðè÷åñêèì, åñëè ýëåìåí-

òû, ñèììåòðè÷íî ëåæàùèå îòíîñèòåëüíî ãëàâíîé äèàãîíàëè,
îòëè÷àþòñÿ çíàêîì, ò.å. aij = −aji äëÿ ëþáûõ èíäåêñîâ i, j.
Äîêàçàòü, ÷òî êîñîñèììåòðè÷åñêèé îïðåäåëèòåëü íå÷¼òíîãî
ïîðÿäêà n ðàâåí 0.

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
5 −8 2 13
2 −5 7 5
−3 2 4 −6
−4 3 5 −6

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

145 44 −126 −76
−154 −17 146 79
−14 −32 101 60
−42 24 −13 −13

∣∣∣∣∣∣∣∣
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9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n, ýëåìåíòû êîòîðîãî çàäà-
íû óñëîâèÿìè aij = −max(i, j).

10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣

2 5 4 −1
2 5 4 x2 − 5
3 1 7 1

x2 + 2 1 7 1

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
4 3 0 ... 0
1 4 3 ... 0
0 1 4 ... 0
.. .. .. ... ..
0 0 0 ... 4

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 11

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ 3 x+ 5
x− 2 3x− 1

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x− 1 2 −1
x 2x− 7 −2
3 2 −1

∣∣∣∣∣∣ = 1.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
α2 + 1 αβ αγ
αβ β2 + 1 βγ
αγ βγ γ2 + 1

∣∣∣∣∣∣ .
Óêàçàíèå. Âûíåñòè èç ñòðîê α, β, γ.

3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣
α β γ
β γ α
γ α β

∣∣∣∣∣∣
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4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a71a52a4ia24a3ja16a67

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 a22 0 0 0
a31 a32 0 0 0
a41 a42 a43 a44 a45
a51 a52 0 0 0

∣∣∣∣∣∣∣∣∣∣
6. Íàéòè ýëåìåíò îïðåäåëèòåëÿ ïîðÿäêà n, ñèììåòðè÷íûé ýëå-

ìåíòó aij îòíîñèòåëüíî ïîáî÷íîé äèàãîíàëè. Êàê èçìåíèòñÿ
îïðåäåëèòåëü, åñëè êàæäûé åãî ýëåìåíò çàìåíèòü ñèììåòðè÷-
íûì ñ äàííûì îòíîñèòåëüíî ïîáî÷íîé äèàãîíàëè?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
6 −14 12 8
4 −9 8 5
3 −4 7 5
−3 2 −5 3

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

26 −76 −19 96
27 40 44 109
13 −13 −20 50
20 21 64 80

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

−1 −2 −3 ... −n
1 0 −3 ... −n
1 2 0 ... −n
.. .. .. ... ..
1 2 3 ... 0

∣∣∣∣∣∣∣∣∣∣
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10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé.∣∣∣∣∣∣∣∣∣∣

a1 a2 a3 ... an
a1 x+ a2 − 2 a3 ... an
a1 a2 x+ a3 − 3 ... an
.. .. .. ... ..
a1 a2 a3 ... x+ an+1 − (n+ 1)

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
7 3 0 ... 0
2 7 3 ... 0
0 2 7 ... 0
.. .. .. ... ..
0 0 0 ... 7

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 12

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣3x+ 1 x− 4
x+ 5 −2

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x+ 7 2 −1
−x+ 2 −x −2

3 2 −1

∣∣∣∣∣∣ = 1.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
x x a+ x
x b+ x x

c+ x x x

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣

a1 b1y a1x+ b1y + c1
a2 b2y a2x+ b2y + c2
a3 b3y a3x+ b3y + c3

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a61a22a53a7ia4ja36a17

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.
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5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 a22 0 0 0
a31 a32 0 0 0
a41 a42 0 0 0
a51 a52 a53 a54 a55

∣∣∣∣∣∣∣∣∣∣
6. Íàéòè ýëåìåíò îïðåäåëèòåëÿ ïîðÿäêà n, ñèììåòðè÷íûé ýëå-

ìåíòó aij îòíîñèòåëüíî ¾öåíòðà¿ îïðåäåëèòåëÿ. Êàê èçìåíèò-
ñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëåìåíò çàìå-
íèòü ýëåìåíòîì, ñèììåòðè÷íûì ñ äàííûì îòíîñèòåëüíî ¾öåí-
òðà¿ îïðåäåëèòåëÿ?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
11 −13 −7 −7
−5 8 2 7
4 −5 −3 −2
−3 9 3 6

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣

−1550 1260 −1750
3020 −1848 3220
−65 246 −165

∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

2 4 6 ... 2n− 4 2n− 2 2n
4 6 8 ... 2n− 2 2n 2n
6 8 10 ... 2n 2n 2n
.. .. .. ... .. .. ..
2n 2n 2n ... 2n 2n 2n

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
a a a ... a
a 2− x a ... a
a a 3− x ... na
.. .. .. ... ..
a a a ... n+ 1− x

∣∣∣∣∣∣∣∣∣∣
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11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ
ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣

5 4 0 ... 0
1 5 4 ... 0
0 1 5 ... 0
.. .. .. ... ..
0 0 0 ... 5

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 13

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣x+ 6 x+ 2
5 3x

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
2x− 5 x− 2 1

1 x− 1 3
1 3 6

∣∣∣∣∣∣ = 1.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
cosα sinα cosβ sinα sinβ
− sinα cosα cosβ cosα sinβ

0 − sinβ cosβ

∣∣∣∣∣∣
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣

a1 + b1x a1 − b1x c1
a2 + b2x a2 − b2x c2
a3 + b3x a3 − b3x c3

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a41a32a6ia2ja15a76a57

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
0 a12 a13 0 0
a21 a22 a23 a24 a25
a31 a32 a33 a34 a35
0 a42 a43 0 0
0 a52 a53 0 0

∣∣∣∣∣∣∣∣∣∣
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6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè åãî ñòðîêè íà-
ïèñàòü â îáðàòíîì ïîðÿäêå?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
7 −14 3 9
5 −9 2 7
−3 7 −1 4
4 −6 1 2

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣

60 −384 −1076
250 260 1290
415 14 371

∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

y1 a12 a13 ... a1n
y2 y2 a23 ... a2n
y3 y3 y3 ... a3n
.. .. .. ... ..
yn yn yn ... yn

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
a0 a1 a2 ... an
a0 x− 1 a2 ... an
a0 a1 x− 2 ... an
.. .. .. ... ..
a0 a1 a2 ... x− n

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
6 5 0 ... 0
1 6 5 ... 0
0 1 6 ... 0
.. .. .. ... ..
0 0 0 ... 6

∣∣∣∣∣∣∣∣∣∣
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Âàðèàíò 14

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣2x+ 1 2x
−1− x −4

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x+ 4 1 −x− 2
2x+ 7 2 3

1 3 6

∣∣∣∣∣∣ = 1.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
β2 + 1 αβ βγ
αβ α2 + 1 αγ
βγ αγ γ2 + 1

∣∣∣∣∣∣ .
Óêàçàíèå. Âûíåñòè èç ñòðîê α, β, γ.

3. Âû÷èñëèòü îïðåäåëèòåëü d, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.

d =

∣∣∣∣∣∣
a1 + b1i a1i+ b1 c1
a2 + b2i a2 + b2 c2
a3 + b3i a3i+ b3 c3

∣∣∣∣∣∣ , ãäå i2 = −1,

∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a71a62a53a3ia45a26a1j

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
0 a12 a13 0 0
a21 a22 a23 a24 a25
0 a32 a33 0 0
a41 a42 a43 a44 a45
0 a52 a53 0 0

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè ïåðâûé ñòîëáåö

ïåðåñòàâèòü íà ïîñëåäíåå ìåñòî, à îñòàëüíûå ñòîëáöû ïåðå-
äâèíóòü âëåâî, ñîõðàíÿÿ èõ ðàñïîëîæåíèå?
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7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣∣∣
3 8 6 3 3
7 13 12 9 6
6 7 9 8 5
3 4 5 5 2
4 6 6 5 4

∣∣∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣

1617 2100 −2619
637 700 −1559
721 1100 −747

∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

1 a1 a2 ... an
1 a1 − b1 a2 ... an
1 a1 a2 − b2 ... an
.. .. .. ... ..
1 a1 a2 ... an − bn

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣
x− 2 1 2 3
1 x− 2 3 2
2 3 x− 2 1
3 2 1 x− 2

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
7 5 0 ... 0
2 7 5 ... 0
0 2 7 ... 0
.. .. .. ... ..
0 0 0 ... 7

∣∣∣∣∣∣∣∣∣∣
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Âàðèàíò 15

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣x− 1 −1
x+ 3 x− 7

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x− 2 2x− 3 1
1 0 −x+ 3
1 1 x− 2

∣∣∣∣∣∣ = 2.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
γ2 + 1 βγ αγ
βγ β2 + 1 αβ
αγ αβ α2 + 1

∣∣∣∣∣∣ .
Óêàçàíèå. Âûíåñòè èç ñòðîê α, β, γ.

3. Âû÷èñëèòü îïðåäåëèòåëü, ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ.∣∣∣∣∣∣
a1 + b1x a1x+ b1 c1
a2 + b2x a2x+ b2 c2
a3 + b3x a3x+ b3 c3

∣∣∣∣∣∣ , ãäå
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a31a42a5ia74a6ja26a17

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
0 a12 a13 0 0
a21 a22 a23 a24 a25
0 a32 a33 0 0
0 a42 a43 0 0
a51 a52 a53 a54 a55

∣∣∣∣∣∣∣∣∣∣
6. ×åìó ðàâåí îïðåäåëèòåëü, ó êîòîðîãî ñóììà ñòîëáöîâ ñ ÷¼òíû-

ìè íîìåðàìè ðàâíà ñóììå ñòîëáöîâ ñ íå÷¼òíûìè íîìåðàìè?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣∣∣
16 8 3 12 2
21 11 5 16 3
10 5 4 3 1
3 4 5 5 2
2 7 −7 7 2

∣∣∣∣∣∣∣∣∣∣
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8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
70 98 45 54
−21 −29 22 −4
−9 −10 17 0
68 93 40 52

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ïðèâåäåíèåì ê òðåóãîëü-

íîìó âèäó. ∣∣∣∣∣∣∣∣∣∣
4 3 3 ... 3
3 4 3 ... 3
3 3 4 ... 3
.. .. .. ... ..
3 3 3 ... 4

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣
2 3 3 −4
4 6 x2 − 3 −8
1 2 3 5

2x2 − 1 2 3 5

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
5 3 0 ... 0
2 5 3 ... 0
0 2 5 ... 0
.. .. .. ... ..
0 0 0 ... 5

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 16

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣x+ 9 1
6x x

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x− 3 1 x− 2
1 x− 3 1
1 3x− 8 0

∣∣∣∣∣∣ = 2.
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2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
α2 + 1 αγ αβ
αγ γ2 + 1 βγ
αβ βγ β2 + 1

∣∣∣∣∣∣ .
Óêàçàíèå. Âûíåñòè èç ñòðîê α, β, γ.

3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, äîêàçàòü, ÷òî∣∣∣∣∣∣
1 a bc
1 b ca
1 c ab

∣∣∣∣∣∣ = (c− a)(c− b)(b− a).

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a7ia6ja23a14a45a36a57

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
0 a22 a23 0 0
a31 a32 a33 a34 a35
0 a42 a43 0 0
0 a52 a53 0 0

∣∣∣∣∣∣∣∣∣∣
6. Íàçîâ¼ì ýëåìåíò aij îïðåäåëèòåëÿ ÷¼òíûì èëè íå÷¼òíûì, â

çàâèñèìîñòè îò òîãî, áóäåò ëè ñóììà i+ j ÷¼òíà èëè íå÷¼òíà.
Íàéòè ÷èñëî ýëåìåíòîâ îïðåäåëèòåëÿ ïîðÿäêà n, ñòîÿùèõ íà
÷¼òíûõ è íà íå÷¼òíûõ ìåñòàõ.

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
−2 1 −6 −2
3 7 −2 7
4 3 −3 5
9 4 −9 8

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣

900 1229 443
500 347 −51
900 1563 621

∣∣∣∣∣∣
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9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣
a0 x 0 ... 0
a1 −x x ... 0
a2 0 −x ... 0
.. .. .. ... ..
an 0 0 ... −x

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣
1 2 3 ... n
1 y + 1 3 ... n
1 2 y + 1 ... n
1 2 3 ... y + 1

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
6 4 0 ... 0
2 6 4 ... 0
0 2 6 ... 0
.. .. .. ... ..
0 0 0 ... 6

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 17

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣x+ 6 5
−4x 2x+ 5

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x− 4 5− x 1
1 x− 4 x− 3
1 1 0

∣∣∣∣∣∣ = 2.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
sinα cosα cosβ cosα sinβ
− cosα sinα cosβ sinα sinβ

0 − sinβ cosβ

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, äîêàçàòü, ÷òî∣∣∣∣∣∣

1 a a2

1 b b2

1 c c2

∣∣∣∣∣∣ = (c− a)(c− b)(b− a).
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4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a61a32a2ia7ja45a56a17

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
0 a22 a23 0 0
0 a32 a33 0 0
a41 a42 a43 a44 a45
0 a52 a53 0 0

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëå-

ìåíò aik óìíîæèòü íà c2k−i, ãäå c 6= 0?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
2 7 5 3
7 3 6 7
5 3 4 5
4 5 6 5

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

70 90 101 64
8 65 49 29
12 6 11 7
18 71 59 35

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

b1 b2 b3 ... bn
−y1 y2 0 ... 0
0 −y2 y3 ... 0
.. .. .. ... ..
0 0 0 ... yn

∣∣∣∣∣∣∣∣∣∣
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10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣∣∣

b b b ... b
b 2− y b ... b
b b 3− y ... b
.. .. .. ... ..
b b b ... n+ 1− y

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
8 5 0 ... 0
3 8 5 ... 0
0 3 8 ... 0
.. .. .. ... ..
0 0 0 ... 8

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 18

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ 4− x x− 1
−2− x −2

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
4x+ 1 6 3x
x− 1 1 0
7 4 5

∣∣∣∣∣∣ = 4.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
cosβ sinβ cosα sinβ sinα
− sinβ cosβ cosα cosβ sinα

0 − sinα cosα

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, äîêàçàòü, ÷òî∣∣∣∣∣∣

1 1 1
a b c
a3 b3 c3

∣∣∣∣∣∣ = (c− a)(c− b)(b− a)(a+ b+ c).

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a3ia22a13a4ja65a76a57

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.
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5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
0 a22 a23 0 0
0 a32 a33 0 0
0 a42 a43 0 0
a51 a52 a53 a54 a55

∣∣∣∣∣∣∣∣∣∣
6. Äîêàçàòü, ÷òî åñëè â îïðåäåëèòåëå íà ïåðåñå÷åíèè k ñòðîê è
k ñòîëáöîâ ñòîÿò ýëåìåíòû, ðàâíûå íóëþ, ïðè÷¼ì k + l > n,
òî îïðåäåëèòåëü ðàâåí íóëþ.

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
6 10 3 2
8 8 5 5
7 5 4 6
10 8 5 9

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

−89 34 76 −52
66 −26 −41 56
83 −33 −69 52
84 −31 −66 54

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n, ýëåìåíòû êîòîðîãî çàäà-

íû óñëîâèÿìèaij = n+min(i, j).

10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣∣∣

b0 b1 b2 ... bn
b0 x− 2 b2 ... bn
b0 b1 x− 3 ... bn
.. .. .. ... ..
b0 b1 b2 ... x− (n+ 1)

∣∣∣∣∣∣∣∣∣∣
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11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ
ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣∣∣∣∣

5 6 0 0 0 ... 0 0
4 5 2 0 0 ... 0 0
0 1 3 2 0 ... 0 0
0 0 1 3 2 ... 0 0
.. .. .. .. .. ... .. ..
0 0 0 0 0 ... 3 2
0 0 0 0 0 ... 1 3

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 19

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣−x+ 4 2x− 1
3x− 2 3

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x+ 6 6 3
x+ 1 1 x+ 1
7 4 5

∣∣∣∣∣∣ = 4.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
cosα sinα sinβ sinα cosβ
− sinα cosα sinβ cosα cosβ

0 − cosβ sinβ

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, äîêàçàòü, ÷òî∣∣∣∣∣∣

1 1 1
a2 b2 c2

a3 b3 c3

∣∣∣∣∣∣ = (c− a)(c− b)(b− a)(ab+ ac+ bc).

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a41a32a53a74a6ia2ja17

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
0 a12 0 a14 0
a21 a22 a23 a24 a25
a31 a32 a33 a34 a35
0 a42 0 a44 0
0 a52 0 a54 0

∣∣∣∣∣∣∣∣∣∣
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6. Ñ êàêèì çíàêîì âõîäèò â îïðåäåëèòåëü ïîðÿäêà n ïðîèçâåäå-
íèå ýëåìåíòîâ ïîáî÷íîé äèàãîíàëè?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
9 12 −9 8
5 7 −7 5
3 4 −5 3
6 8 −5 8

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

43 18 176 −84
50 18 195 −108
35 11 175 −66
42 14 185 −86

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n, ýëåìåíòû êîòîðîãî çàäà-

íû óñëîâèÿìè aij = 2max(i, j).

10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣

3 2 1 y + 1
2 3 y + 1 1
1 y + 1 3 2

y + 1 1 2 3

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1 2 0 0 0 ... 0 0
3 4 3 0 0 ... 0 0
0 2 5 3 0 ... 0 0
0 0 2 5 3 ... 0 0
.. .. .. .. .. ... .. ..
0 0 0 0 0 ... 5 3
0 0 0 0 0 ... 2 5

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
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Âàðèàíò 20

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ 2x+ 6 2
−5x− 6 −2x

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
5 2x 3

x− 3 x− 2 0
7 4 5

∣∣∣∣∣∣ = 4.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a2 b sinα c sinα

b sinα 1 cosα
c sinα cosα 1

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, äîêàçàòü, ÷òî∣∣∣∣∣∣

1 a a4

1 b b4

1 c c4

∣∣∣∣∣∣ = (c− a)(c− b)(b− a)(a2 + b2 + c2 + ab+ ac+ bc).

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a51a32a23a14a45a7ia6j

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
0 a12 0 a14 0
a21 a22 a23 a24 a25
0 a32 0 a34 0
a41 a42 a43 a44 a45
0 a52 0 a54 0

∣∣∣∣∣∣∣∣∣∣
6. Íàçîâ¼ì ýëåìåíò aij îïðåäåëèòåëÿ ÷¼òíûì èëè íå÷¼òíûì, â

çàâèñèìîñòè îò òîãî, áóäåò ëè ñóììà i + j ÷¼òíà èëè íå÷¼ò-
íà. Äîêàçàòü, ÷òî â êàæäûé ÷ëåí îïðåäåëèòåëÿ âõîäèò ÷¼òíîå
÷èñëî ýëåìåíòîâ, çàíèìàþùèõ íå÷¼òíîå ìåñòî; ýëåìåíòîâ æå,
çàíèìàþùèõ ÷¼òíîå ìåñòî, âõîäèò ÷¼òíîå ÷èñëî, åñëè îïðåäå-
ëèòåëü ÷¼òíîãî ïîðÿäêà, è íå÷¼òíîå ÷èñëî, åñëè îïðåäåëèòåëü
íå÷¼òíîãî ïîðÿäêà.
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7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
9 −5 −14 7
7 −3 −9 4
4 4 7 −4
2 −3 −6 2

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

47 29 9 144
49 42 14 152
36 22 9 118
49 35 11 150

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n, ýëåìåíòû êîòîðîãî çàäà-

íû óñëîâèÿìè aij = 2|i− j|.

10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣

2 4 x2 + 2 6
1 2 3 3

x2 − 1 3 1 5
0 6 2 10

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé.∣∣∣∣∣∣∣∣∣∣
α+ β αβ 0 0 ... 0
1 α+ β αβ 0 ... 0
0 1 α+ β αβ ... 0
.. .. .. .. ... ..
0 0 0 0 ... α+ β

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 21

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ x− 8 2x− 5
−x+ 11 −10

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x+ 7 x+ 5 3
7 1 1− x
6 0 5

∣∣∣∣∣∣ = −8.
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2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
b2 a sinβ c sinβ

a sinβ 1 cosβ
c sinβ cosβ 1

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣

a1x b1 a1x+ b1y + c1
a2x b2 a2x+ b2y + c2
a3x b3 a3x+ b3y + c3

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a71a52a2ia34a1ja46a67

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
0 a12 0 a14 0
a21 a22 a23 a24 a25
0 a32 0 a34 0
0 a42 0 a44 0
a51 a52 a53 a54 a55

∣∣∣∣∣∣∣∣∣∣
6. Ñ êàêèì çíàêîì âõîäèò â îïðåäåëèòåëü ïîðÿäêà n ïðîèçâåäå-

íèå ýëåìåíòîâ ãëàâíîé äèàãîíàëè?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
13 12 10 7
−5 −2 −3 3
7 8 5 5
6 5 4 4

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

70 98 45 54
−21 −29 22 −4
−9 −10 17 0
68 93 40 52

∣∣∣∣∣∣∣∣
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9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣
a a+ 1 a+ 2 ... a+ n
−a 0 a+ 2 ... a+ n
−a −a− 1 0 ... a+ n
.. .. .. ... ..
−a −a− 1 −a− 2 ... 0

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
b1 b2 b3 ... bn
b1 y b3 ... bn
b1 b2 y ... bn
.. .. .. ... ..
b1 b2 b3 ... y

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1 3 0 0 0 ... 0 0
2 8 2 0 0 ... 0 0
0 3 8 5 0 ... 0 0
0 0 3 8 5 ... 0 0
.. .. .. .. .. ... .. ..
0 0 0 0 0 ... 8 5
0 0 0 0 0 ... 3 8

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 22

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ x− 6 9− x
−x+ 4 −2

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
2 x 3
7 1 6 + x
6 2x 5

∣∣∣∣∣∣ = −8.
2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
c2 b sin γ a sin γ

b sin γ 1 cos γ
a sin γ cos γ 1

∣∣∣∣∣∣ .
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3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣
a1x− c1y b1 b1y + c1
a2x− c2y b2 b2y + c2
a3x− c3y b3 b3y + c3

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a31a22a4ia54a15a7ja67

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
0 a22 0 a24 0
a31 a32 a33 a34 a35
0 a42 0 a44 0
0 a52 0 a54 0

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëå-

ìåíò aik óìíîæèòü íà c3k−i, ãäå c 6= 0?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
13 2 −8 5
5 7 −5 2
−6 4 2 −3
−6 5 3 −4

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

114 −193 −98 −79
−83 165 52 59
−69 131 50 49
−5 3 2 2

∣∣∣∣∣∣∣∣
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9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1 2 3 ... n
2 3 4 ... n
3 4 5 ... n
.. .. .. ... ..

n− 2 n− 1 n ... n
n− 1 n n ... n
n n n ... n

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
4 4 4 ... 4
4 x− 1 4 ... 4
4 4 x− 2 ... 4
.. .. .. ... ..
4 4 4 ... x− n

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1 2 0 0 0 ... 0 0
3 7 5 0 0 ... 0 0
0 2 7 5 0 ... 0 0
0 0 2 7 5 ... 0 0
.. .. .. .. .. ... .. ..
0 0 0 0 0 ... 7 5
0 0 0 0 0 ... 2 7

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 23

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ x+ 7 2x+ 11
−x+ 1 3

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
2 x− 1 3x

6x+ 1 1 6
6 0 5

∣∣∣∣∣∣ = −8.
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2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a2 b cosα c cosα

b cosα 1 sinα
c cosα sinα 1

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣

a1x+ b1y b1x− c1y c1x
a2x+ b2y b2x− c2y c2x
a3x+ b3y b3x− c3y c3x

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a51a32a63a7ia45a16a2j

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
0 a22 0 a24 0
0 a32 0 a34 0
a41 a42 a43 a44 a45
0 a52 0 a54 0

∣∣∣∣∣∣∣∣∣∣
6. Íàçîâ¼ì ýëåìåíò aij îïðåäåëèòåëÿ ÷¼òíûì èëè íå÷¼òíûì, â

çàâèñèìîñòè îò òîãî, áóäåò ëè ñóììà i+ j ÷¼òíà èëè íå÷¼òíà.
Äîêàçàòü, ÷òî îïðåäåëèòåëü íå èçìåíèòñÿ, åñëè èçìåíèòü çíàê
âñåõ ýëåìåíòîâ íà íå÷¼òíûõ ìåñòàõ.

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
8 12 −14 6
5 8 −9 4
5 7 −4 3
3 −5 2 −3

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

4 70 77 62
2 10 6 6
−3 68 72 46
7 79 83 70

∣∣∣∣∣∣∣∣
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9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣
x1 a12 a13 ... a1n
x1 x2 a23 ... a2n
x1 x2 x3 ... a3n
.. .. .. ... ..
x1 x2 x3 ... xn

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
a0 a1 a2 ... an
a0 y a2 ... an
a0 a1 y − 1 ... an
.. .. .. ... ..
a0 a1 a2 ... y − n+ 1

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1 2 0 0 0 ... 0 0
2 4 3 0 0 ... 0 0
0 1 4 3 0 ... 0 0
0 0 1 4 3 ... 0 0
.. .. .. .. .. ... .. ..
0 0 0 0 0 ... 4 3
0 0 0 0 0 ... 1 4

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 24

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ x+ 2 2x− 5
−2x+ 1 −1

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
1 5 2x+ 1
1 x− 5 4x+ 1
1 8 5x+ 4

∣∣∣∣∣∣ = 6.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
sinα cosα 1
sinβ cosβ 1
sin γ cosγ 1

∣∣∣∣∣∣ .
60



3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣
a1x+ c1y b1x− c1y c1x
a2x+ c2y b2x− c2y c2x
a3x+ c3y b3x− c3y c3x

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a71a2ia63a54a3ja46a17

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
0 a22 0 a24 0
0 a32 0 a34 0
0 a42 0 a44 0
a51 a52 a53 a54 a55

∣∣∣∣∣∣∣∣∣∣
6. Íàçîâ¼ì ýëåìåíò aij îïðåäåëèòåëÿ ÷¼òíûì èëè íå÷¼òíûì, â

çàâèñèìîñòè îò òîãî, áóäåò ëè ñóììà i+ j ÷¼òíà èëè íå÷¼òíà.
Äîêàçàòü, ÷òî åñëè èçìåíèòü çíàê âñåõ ýëåìåíòîâ íà ÷¼òíûõ
ìåñòàõ, òî îïðåäåëèòåëü íå èçìåíèòñÿ, åñëè îí ÷¼òíîãî ïîðÿä-
êà, è èçìåíèò çíàê, åñëè íå÷¼òíîãî ïîðÿäêà.

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
−7 −7 −13 11
7 2 8 −5
−2 −3 −5 4
6 3 9 −3

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

75 108 −117 94
29 49 −65 50
43 68 −72 52
92 149 −155 108

∣∣∣∣∣∣∣∣
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9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣
1 a1 a2 ... an
1 a1 − b1 a2 ... an
1 a1 a2 − b2 ... an
.. .. .. ... ..
1 a1 a2 ... an − bn

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣
5 4 3 z − 1
4 5 z − 1 3
3 z − 1 5 4

z − 1 3 4 5

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1 4 0 0 ... 0 0
3 7 3 0 ... 0 0
0 2 7 3 ... 0 0
0 0 2 7 ... 0 0
.. .. .. .. ... .. ..
0 0 0 0 ... 7 3
0 0 0 0 ... 2 7

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 25

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣2x− 2 x− 4
3x+ 1 2

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
1 5 x
1 7 2x− 1
1 3x+ 1 64

∣∣∣∣∣∣ = 6.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a y y
y b y
y y c

∣∣∣∣∣∣ .
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3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣
a1x

2 b1y − a1x c1y + b1x
a2x

2 b2y − a2x c2y + b2x
a3x

2 b3y − a3x c3y + b3x

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a51a3ia63a7ja45a16a27

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 0 0 a14 0
a21 a22 a23 a24 a25
a31 a32 a33 a34 a35
a41 0 0 a44 0
a51 0 0 a54 0

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëå-

ìåíò aik óìíîæèòü íà ck−i, ãäå c 6= 0?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
9 3 −14 7
7 2 −9 5
4 −1 7 −3
2 1 −6 4

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

112 96 1 −107
64 20 0 −21
−113 −97 8 12
45 30 −8 55

∣∣∣∣∣∣∣∣
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9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ïðèâåäåíèåì ê òðåóãîëü-
íîìó âèäó. ∣∣∣∣∣∣∣∣∣∣

5 4 4 ... 4
4 5 4 ... 4
4 4 5 ... 4
.. .. .. ... ..
4 4 4 ... 5

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣
x2 + 1 1 3 4

6 3 9 12
1 2 x2 − 1 4
1 2 3 4

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
9 6 0 ... 0
3 9 6 ... 0
0 3 9 ... 0
.. .. .. ... ..
0 0 0 ... 9

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 26

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣−2x− 1 3x+ 1
−5x− 1 8

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
1 x− 24 1
4 5 9

x− 9 x 3x+ 6

∣∣∣∣∣∣ = 20.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
y y a
y b y
c y y

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣

(a1 − b1)x a1y
2 (c1 − a1)y

(a2 − b2)x a2y
2 (c2 − a2)y

(a3 − b3)x a3y
2 (c3 − a3)y

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.
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4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a71a22a4ia64a75a3ja17

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 0 0 a14 0
a21 a22 a23 a24 a25
a31 0 0 a34 0
a41 a42 a43 a44 a45
a51 0 0 a54 0

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëå-

ìåíò aik óìíîæèòü íà c4k−i, ãäå c 6= 0?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣∣∣
3 3 8 3 6
9 7 13 6 12
8 6 7 5 9
5 3 4 2 5
5 4 6 4 6

∣∣∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

−145 44 −126 −76
154 −17 146 79
14 −32 101 60
42 24 −13 −13

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

a0 −x 0 ... 0
a1 x −x ... 0
a2 0 x ... 0
.. .. .. ... ..
an 0 0 ... x

∣∣∣∣∣∣∣∣∣∣
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10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣∣∣

1 2 3 ... n
1 y + 2 3 ... n
1 2 y + 2 ... n
.. .. .. ... ..
1 2 3 ... y + 2

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
9 5 0 ... 0
4 9 5 ... 0
0 4 9 ... 0
.. .. .. ... ..
0 0 0 ... 9

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 27

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣ x− 1 −x+ 6
2x− 2 2

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
x− 8 1 1
4 5 x

2x− 2 25 9x+ 1

∣∣∣∣∣∣ = 20.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a+ y y y
y b+ y y

c+ y y y

∣∣∣∣∣∣ .
3. Äîêàçàòü, ÷òî ∣∣∣∣∣∣

1 a bc
1 b ac
1 c ab

∣∣∣∣∣∣ =
∣∣∣∣∣∣
1 a a2

1 b b2

1 c c2

∣∣∣∣∣∣ .
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a31a7ia63a54a25a1ja47

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.
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5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 0 0 a14 0
a21 a22 a23 a24 a25
a31 0 0 a34 0
a41 0 0 a44 0
a51 a52 a53 a54 a55

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëå-

ìåíò aik óìíîæèòü íà c5k−i, ãäå c 6= 0?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣∣∣
12 16 8 2 3
16 21 11 3 5
3 10 5 1 4
5 3 4 2 5
7 2 7 2 −7

∣∣∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣

1550 1260 −1750
−3020 −1848 3220
65 246 −165

∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïðèâåäåíèåì ê òðåóãîëüíîìó âèäó.∣∣∣∣∣∣∣∣∣∣

a1 −x1 0 ... 0
a2 x2 −x2 ... 0
a3 0 x3 ... 0
.. .. .. ... ..
an 0 0 ... xn

∣∣∣∣∣∣∣∣∣∣
10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-

æèòåëåé. ∣∣∣∣∣∣∣∣∣∣
1 2 3 ... n
1 0 3 ... n
1 2 0 ... n
.. .. .. ... ..
1 2 3 ... 0

∣∣∣∣∣∣∣∣∣∣
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11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ
ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣

8 6 0 ... 0
2 8 6 ... 0
0 2 8 ... 0
.. .. .. ... ..
0 0 0 ... 8

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 28

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣2x− 4 x− 2
7− x 2

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
1 2 3
4 x− 3 6

x− 1 8 x+ 1

∣∣∣∣∣∣ = 0.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
y y a+ y
y b+ y y

c+ y y y

∣∣∣∣∣∣ .
3. Äîêàçàòü, ÷òî∣∣∣∣∣∣

1 a a3

1 b b3

1 c c3

∣∣∣∣∣∣ = (a+ b+ c)

∣∣∣∣∣∣
1 a a2

1 b b2

1 c c2

∣∣∣∣∣∣ .
4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a51a2ia13a34a6ja76a47

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 0 0 a24 0
a31 a32 a33 a34 a35
a41 0 0 a44 0
a51 0 0 a54 0

∣∣∣∣∣∣∣∣∣∣
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6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëå-
ìåíò aik óìíîæèòü íà ck−2i, ãäå c 6= 0?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
−3 −2 3 12
3 7 7 5
−8 −3 −4 8
5 2 9 7

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣

−60 384 1076
250 260 1290
415 14 371

∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n, ýëåìåíòû êîòîðîãî çàäà-

íû óñëîâèÿìè aij = min(i, j).

10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣∣∣

a0 a1 a2 ... an
a0 x a2 ... an
a0 a1 x ... an
.. .. .. ... ..
a0 a1 a2 ... x

∣∣∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
−1 −3 0 ... 0
2 −1 −3 ... 0
0 −1 −3 ... 0
.. .. .. ... ..
0 0 0 ... −1

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 29

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣x− 1 2x− 9
x+ 2 −x+ 2

∣∣∣∣ = 0,
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b)

∣∣∣∣∣∣
1 2 3
4 x− 4 6
7 x− 1 x

∣∣∣∣∣∣ = 0.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
a z z
z b z
z z c

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣

a1 − b1 b1x+ c1y c1z
a2 − b2 b2x+ c2y c2z
a3 − b3 b3x+ c3y c3z

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a51a12a43a64a7ia36a2j

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ïëþñ.

5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 0 0 a24 0
a31 0 0 a34 0
a41 a42 a43 a44 a45
a51 0 0 a54 0

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëå-

ìåíò aik óìíîæèòü íà ck−3i, ãäå c 6= 0?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
−2 12 3 3
7 5 −3 7
−3 8 8 −4
2 7 −5 −9

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣

1617 2100 2619
637 700 1559
721 1100 747

∣∣∣∣∣∣
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9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n, ýëåìåíòû êîòîðîãî çàäà-
íû óñëîâèÿìè aij = max(i, j).

10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣

1 2 2 3
1 2− x2 2 3
2 3 1 8
2 3 1 9− x2

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
12 7 0 ... 0
5 12 7 ... 0
0 5 12 ... 0
.. .. .. ... ..
0 0 0 ... 12

∣∣∣∣∣∣∣∣∣∣
Âàðèàíò 30

1. Ðåøèòü óðàâíåíèÿ

a)

∣∣∣∣2x− 4 −x+ 4
3x− 7 1

∣∣∣∣ = 0,

b)

∣∣∣∣∣∣
5 x+ 8 3

x+ 2 1 x+ 2
7 4 5

∣∣∣∣∣∣ = 4.

2. Âû÷èñëèòü îïðåäåëèòåëü

∣∣∣∣∣∣
z z a
z b z
c z z

∣∣∣∣∣∣ .
3. Ïðèìåíÿÿ ñâîéñòâà îïðåäåëèòåëÿ, âû÷èñëèòü∣∣∣∣∣∣

a1x+ c1y b1x− c1 c1z
a2x+ c2y b2x− c2 c2z
a3x+ c3y b3x− c3 c3z

∣∣∣∣∣∣ , åñëè
∣∣∣∣∣∣
a1 b1 c1
a2 b2 c2
a3 b3 c3

∣∣∣∣∣∣ = a.

4. Âûáðàòü çíà÷åíèå i, j òàê, ÷òîáû ïðîèçâåäåíèå

a61a2ia53a34a4ja76a17

âõîäèëî â îïðåäåëèòåëü 7-ãî ïîðÿäêà ñî çíàêîì ìèíóñ.
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5. Âû÷èñëèòü îïðåäåëèòåëü, ïîëüçóÿñü òîëüêî åãî îïðåäåëåíèåì.∣∣∣∣∣∣∣∣∣∣
a11 a12 a13 a14 a15
a21 0 0 a24 0
a31 0 0 a34 0
a41 0 0 a44 0
a51 a52 a53 a54 a55

∣∣∣∣∣∣∣∣∣∣
6. Êàê èçìåíèòñÿ îïðåäåëèòåëü ïîðÿäêà n, åñëè êàæäûé åãî ýëå-

ìåíò aik óìíîæèòü íà ck−4i, ãäå c 6= 0?

7. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣
7 2 3 5
3 7 7 6
3 5 5 4
5 4 5 6

∣∣∣∣∣∣∣∣
8. Âû÷èñëèòü îïðåäåëèòåëü.∣∣∣∣∣∣∣∣

70 98 45 54
−21 −29 22 −4
−9 −10 17 0
68 93 40 52

∣∣∣∣∣∣∣∣
9. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n, ýëåìåíòû êîòîðîãî çàäà-

íû óñëîâèÿìè ai,j = |i− j|.

10. Âû÷èñëèòü îïðåäåëèòåëü ìåòîäîì âûäåëåíèÿ ëèíåéíûõ ìíî-
æèòåëåé. ∣∣∣∣∣∣∣∣

2 + x 2 3 3
2 2− x 3 3
2 2 3 + y 3
2 2 3 3− y

∣∣∣∣∣∣∣∣
11. Âû÷èñëèòü îïðåäåëèòåëü ïîðÿäêà n ìåòîäîì ðåêóððåíòíûõ

ñîîòíîøåíèé. ∣∣∣∣∣∣∣∣∣∣
−1 −3 0 ... 0
4 −1 −3 ... 0
0 4 −1 ... 0
.. .. .. ... ..
0 0 0 ... −1

∣∣∣∣∣∣∣∣∣∣
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