


Îò ïðîñòîãî � ê ñëîæíîìó,

îò íåðåø
è
à/òåëüíîñòè � ê óâåðåííîñòè!

Ãîòîâèìñÿ ê ÅÃÝ ïî ìàòåìàòèêå �

óñïåøíî è ñ óäîâîëüñòâèåì!

Ïîñîáèå äëÿ ãðóïïîâûõ è èíäèâèäóàëüíûõ çàíÿòèé

! Áîëåå ñòà çàäàíèé,

ñîñòàâëåííûõ ïî ìîòèâàì

ÊÈÌ ÅÃÝ 2018 � 2020 ãîäîâ.

! Áîëåå ñòà óðàâíåíèé,

òðåáóþùèõ îòáîðà êîðíåé,

ïðèíàäëåæàùèõ óêàçàííîìó

ìíîæåñòâó.

! Áîëåå ñòà íåðàâåíñòâ,

ñîäåðæàùèõ â îòâåòàõ

èçîëèðîâàííûå è

¾âûêîëîòûå¿ òî÷êè.

! Ñîòíè ïîäãîòîâèòåëüíûõ

ïðèìåðîâ, àäàïòèðîâàííûõ

äëÿ îñâîåíèÿ òåì ¾ñ íóëÿ¿.
À.Á. Áû÷êîâ, Î.Â. Ãðîáåð

Poluschkin-Verlag, XXI âxêú



ÓÄÊ 373.51
ÁÁÊ 22.1ÿ72

Áû÷êîâ À.Á., Ãðîáåð Î.Â. Ãîòîâèìñÿ ê ÅÃÝ ïî ìàòåìàòè-
êå � óñïåøíî è ñ óäîâîëüñòâèåì! Ïîñîáèå äëÿ ãðóïïîâûõ è èíäè-
âèäóàëüíûõ çàíÿòèé. � Ïîëóøêèí: Poluschkin-Verlag, 2021. � 96 c.

Íàñòîÿùåå ó÷åáíî-ìåòîäè÷åñêîå ïîñîáèå ïðåäíàçíà÷åíî äëÿ
ñèñòåìíîé ïîäãîòîâêè ê ïðîôèëüíîìó óðîâíþ ÅÃÝ ïî ìàòåìàòèêå
íà ôàêóëüòàòèâíûõ çàíÿòèÿõ, ïîäãîòîâèòåëüíûõ êóðñàõ, â ðåïåòè-
òîðñêèõ öåíòðàõ, â ãðóïïàõ è èíäèâèäóàëüíî. Èçäàíèå ñîäåðæèò
1616 àêòóàëüíûõ íà 2020/2021 ó÷åáíûé ãîä çàäà÷ (ñîòíè óðàâíåíèé
è íåðàâåíñòâ, ñîñòàâëåííûõ ïî ìîòèâàì çàäàíèé ÅÃÝ ïðîøëûõ ëåò,
â ò. ÷. óðàâíåíèÿ, òðåáóþùèå îòáîðà êîðíåé, ïðèíàäëåæàùèõ óêà-
çàííîìó ìíîæåñòâó, è íåðàâåíñòâà, èìåþùèå èçîëèðîâàííûå èëè
¾âûêîëîòûå¿ òî÷êè â îòâåòàõ).

Öåëü ïîñîáèÿ �� äàòü (ïåäàãîãàì è ó÷àùèìñÿ) ïðîäóìàííûé
è äîñòàòî÷íûé íàáîð ïðèìåðîâ, ðàñïîëîæåííûõ ïî ïðèíöèïó ¾îò
ïðîñòîãî ê ñëîæíîìó¿, äëÿ êîìôîðòíîé íàðàáîòêè ïðè¼ìîâ ðåøå-
íèÿ óðàâíåíèé è íåðàâåíñòâ ïðîôèëüíîãî óðîâíÿ ÅÃÝ, íà÷èíàÿ ñ
ñàìûõ ýëåìåíòàðíûõ.

Ñâ¼ðñòàíî â èçäàòåëüñêîé ñèñòåìå LATEX, ìàêðîñ NCC À.È. Ðîæåíêî

Îáëîæêà: Ì. Êó÷åðîâ. Îòïå÷àòàíî â àâòîðñêîé ðåäàêöèè

Èçäàòåëüñêèé äîì Poluschkin-Verlag
Ðîñòîâñêàÿ îáëàñòü, Àçîâñêèé ð-í, õ. Ïîëóøêèí, ïåð. Çàïàäíûé, 9

ISBN 978-5-0051-6907-5 c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð, 2021



Ñîäåðæàíèå

Îò àâòîðîâ 4

�1. Òîæäåñòâåííûå ïðåîáðàçîâàíèÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Îòâåòû ê çàäàíèÿì �1 11

�2. Àëãåáðàè÷åñêèå óðàâíåíèÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Îòâåòû ê çàäàíèÿì �2 22

�3. Ïîêàçàòåëüíûå óðàâíåíèÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Îòâåòû ê çàäàíèÿì �3 30

�4. Ëîãàðèôìè÷åñêèå óðàâíåíèÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Îòâåòû ê çàäàíèÿì �4 36

�5. Òðèãîíîìåòðè÷åñêèå óðàâíåíèÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

Îòâåòû ê çàäàíèÿì �5 43

�6. Òðèãîíîìåòðè÷åñêèå óðàâíåíèÿ. Îòáîð êîðíåé . . . . . . . . . . . 45

Îòâåòû ê çàäàíèÿì �6 57

�7. Àëãåáðàè÷åñêèå íåðàâåíñòâà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Îòâåòû ê çàäàíèÿì �7 69

�8. Ïîêàçàòåëüíûå íåðàâåíñòâà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Îòâåòû ê çàäàíèÿì �8 77

�9. Ëîãàðèôìè÷åñêèå íåðàâåíñòâà . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

Îòâåòû ê çàäàíèÿì �9 90

Ëèòåðàòóðà 94



Îò àâòîðîâ

Ðåãóëÿðíî îêàçûâàÿñü â ðàçíîø¼ðñòíûõ àóäèòîðèÿõ (ïîäãîòî-
âèòåëüíûå êóðñû, ðåïåòèòîðñêèå öåíòðû, ñëóøàòåëè êîòîðûõ ãî-
òîâèëèñü ïî ðàçíûì ïðîãðàììàì è ó÷åáíèêàì), ìû ñíàáæàåì ó÷à-
ùèõñÿ ñâîåé àâòîðñêîé ïîäáîðêîé ïðèìåðîâ. ×àñòü ýòîé êîëëåêöèè
ñîñòàâèëà îñíîâó íàñòîÿùåãî ñáîðíèêà. Íàø îïûò1 ïîäñêàçûâàåò,
÷òî äëÿ ðàáîòû ñ ãðóïïàìè è îäíîòèïíûõ ïðèìåðîâ íåîáõîäèìî
áîëüøå, è ïî äèàïàçîíó ñëîæíîñòè ïîäáîðêè ïðèìåðîâ äîëæíû
áûòü áîãà÷å. Íàñòîÿùèé çàäà÷íèê ìàêñèìàëüíî àäàïòèðîâàí äëÿ
îðãàíèçàöèè ãðóïïîâûõ çàíÿòèé.

Åñëè ïîñìîòðåòü íà ïðåäìåò èçäàíèÿ ñ äðóãîãî ðàêóðñà, çàìå-
òèì, ÷òî òðåáîâàíèÿ ê ýêçàìåíóåìûì, ñôîðìóëèðîâàííûå â íîðìà-
òèâíîì äîêóìåíòå [18], íà÷èíàþòñÿ ñ ðàçäåëîâ ¾Óìåòü âûïîëíÿòü
âû÷èñëåíèÿ è ïðåîáðàçîâàíèÿ¿ è ¾Óìåòü ðåøàòü óðàâíåíèÿ è íåðà-
âåíñòâà¿. Äàííîå èçäàíèå ïðåäíàçíà÷åíî äëÿ ñèñòåìíîé îòðàáîòêè
ýòèõ êëþ÷åâûõ íàâûêîâ.

Íà ïîëêàõ êíèæíûõ ìàãàçèíîâ èìåþòñÿ õîðîøèå ïîñîáèÿ äëÿ
ïîäãîòîâêè ê çàäàíèÿì 1 �12 ïðîôèëüíîãî óðîâíÿ ÅÃÝ ïî ìàòå-
ìàòèêå (íàïðèìåð, [5]). Ñ ëèòåðàòóðîé äëÿ ïîäãîòîâêè ê çàäàíè-
ÿì 13 �19 (òðåáóþùèõ îôîðìëåííîãî îáîñíîâàííîãî ðåøåíèÿ) ñè-
òóàöèÿ çàìåòíî õóæå: â îñíîâíîì äîñòóïíû ñáîðíèêè òèïîâûõ òå-
ñòîâ, äàæå èçäàíèÿ ñ äîñòàòî÷íûì íàáîðîì àíàëîãîâ ïðèìåðîâ �13
(óðàâíåíèé ñ óêàçàíèåì èíòåðâàëîâ äëÿ îòáîðà êîðíåé) â êíèæíûõ
ìàãàçèíàõ êîòîðûé ãîä îòñóòñòâóþò. Íàäååìñÿ, ÷òî äàííûé çàäà÷-
íèê îò÷àñòè óäîâëåòâîðèò óïîìÿíóòûé ìåòîäè÷åñêèé äåôèöèò è
îêàæåòñÿ óäîáíûì ïîäñïîðüåì â ðàáîòå. Ìû ïîñòàðàëèñü ñäåëàòü
èçäàíèå ìàêñèìàëüíî àêòóàëüíûì: âíèìàòåëüíî àíàëèçèðîâàëèñü
íå òîëüêî ÊÈÌû2 ïîñëåäíèõ ëåò, íî è âñÿ ëèòåðàòóðà îò ðàçðàáîò-
÷èêîâ ÊÈÌ. Õî÷åòñÿ âåðèòü, ÷òî â ðåçóëüòàòå ýòîé ðàáîòû íàñòî-
ÿùèé ñáîðíèê ñîäåðæèò àíàëîãè âñåõ 13-õ è 15-õ çàäà÷, çàñâåòèâ-

1Â òå÷åíèå áîëåå ÷åì 15 ëåò îäèí àâòîð áûë ìåòîäèñòîì, à äðóãîé � ïðåïî-
äàâàòåëåì öåíòðà äîâóçîâñêîé ïîäãîòîâêè Ðîñòîâñêîãî ãîñóäàðñòâåííîãî ñòðî-
èòåëüíîãî óíèâåðñèòåòà, è â íàñòîÿùåå âðåìÿ ìû àêòèâíî ðàáîòàåì ñ ãðóïïàìè.

2Êîíòðîëüíûå èçìåðèòåëüíûå ìàòåðèàëû ÅÃÝ.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð



øèõñÿ íà ÅÃÝ è â ñáîðíèêàõ ñîñòàâèòåëåé ñ 2013 ïî 2020 ãîä.
Çàäàíèÿ â êíèãå ðàñïîëîæåíû ïî ïðèíöèïó ¾îò ïðîñòîãî � ê

ñëîæíîìó¿ â ïðîäóìàííîì, îòðàáîòàííîì, íî, êîíå÷íî æå, íå åäèí-
ñòâåííî âåðíîì ïîðÿäêå. Åñëè, ãëÿäÿ íà ïðåäëàãàåìóþ ïîäáîðêó,
êòî-òî èç êîëëåã ïîäóìàåò: ¾Ïðèìåðîâ òàêîãî òèïà ñëèøêîì ìíî-
ãî, çà÷åì ñòîëüêî?¿, òî, ñêîðåå âñåãî, è ìû òàê êîãäà-òî ñ÷èòàëè,
ïîêà íå âçÿëè íà ïîäêóðñàõ ãðóïïó, óáåäèâøóþ íàñ â îáðàòíîì.

Ïî÷òè âñå çàäàíèÿ ñáîðíèêà ÿâëÿþòñÿ àâòîðñêèìè (÷òî, êî-
íå÷íî æå, íå èñêëþ÷àåò òîãî, ÷òî è â XVII âåêå òî÷íî òàêîé ïðè-
ìåð ìîã áûòü ñêîíñòðóèðîâàí ñåìíàäöàòü ðàç). Íåáîëüøîå êîëè÷å-
ñòâî çàäà÷ çàèìñòâîâàíî èç ïîñîáèé [6, 7, 8, 9, 10, 13, 14], ãëàâíûì
îáðàçîì çàòåì, ÷òîáû áûë ïîâîä áëàãîäàðíî óïîìÿíóòü çäåñü ýòè
äîñòîéíåéøèå èçäàíèÿ, ïî íåêîòîðûì èç íèõ àâòîðû ñàìè â ñâî¼
âðåìÿ ãîòîâèëèñü ê ïîñòóïëåíèþ íà ìåõìàò.

Äëÿ ñàìîêîíòðîëÿ, àêòóàëèçàöèè è ïîëèðîâêè íàâûêîâ ðåøå-
íèÿ óðàâíåíèé è íåðàâåíñòâ ìû ðåêîìåíäóåì òåñòû îò ðàçðàáîò÷è-
êîâ ÊÈÌ3 (íàïðèìåð, [1, 2, 3, 4]), à òàêæå îôèöèàëüíûé áàíê çà-
äàíèé ÅÃÝ [19] è ðåñóðñ À.À. Ëàðèíà [15]. Îñîáî îòìåòèì áîãàòóþ
êîëëåêöèþ ïðèìåðîâ ÅÃÝ ïðîøëûõ ëåò, ñîáðàííóþ è îôîðìëåí-
íóþ Ò.À. Ãóåâûì, ñ îòâåòàìè è, ÷àñòè÷íî, ñ óêàçàíèÿìè è ðåøåíè-
ÿìè (ìàòåðèàëû äîñòóïíû ñëóøàòåëÿì øêîëû BEEGEEK [16]).

Íàêîíåö çàìåòèì, ÷òî âðåìÿ îò âðåìåíè ÷òî-ëèáî ïîëåçíîå
äëÿ ïîäãîòîâêè ê ÅÃÝ è ÎÃÝ àâòîðû ðàçìåùàþò íà ñòðàíè÷êå
[17], êîòîðóþ èñïîëüçóþò è äëÿ îáðàòíîé ñâÿçè ñ ÷èòàòåëÿìè è
ñëóøàòåëÿìè.

À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
õóòîð Ïîëóøêèí, 28 îêòÿáðÿ 2020 ã.

3Íàäî, îäíàêî, ïðèçíàòü, ÷òî ïîñëåäíèå ãîäû ëèòåðàòóðà îò ðàçðàáîò÷èêîâ
íå çëîóïîòðåáëÿåò íàì¼êàìè íà ¾áîåâûå¿ ýêçàìåíàöèîííûå çàäàíèÿ.



. . .ìàòåìàòèêó ó÷àò ðåøàÿ çàäà÷è,
à íå íàáëþäàÿ, êàê èõ ðåøàþò äðóãèå.

[12]
�1

Òîæäåñòâåííûå ïðåîáðàçîâàíèÿ

Íà äàííûé ìîìåíò â êîíòðîëüíûõ èçìåðèòåëüíûõ ìàòåðèà-
ëàõ ÅÃÝ ïî ìàòåìàòèêå íåò çàäàíèé ¾óïðîñòèòü âûðàæåíèå¿. Òåì
íå ìåíåå, ïîäàâëÿþùåå áîëüøèíñòâî óïðàæíåíèé òðåáóþò îò ýêçà-
ìåíóåìîãî óâåðåííûõ íàâûêîâ òîæäåñòâåííûõ ïðåîáðàçîâàíèé �
ðàñêðûòèÿ ñêîáîê, ñëîæåíèÿ äðîáåé è ò. ï. Íà íàø âçãëÿä, ýòè íà-
âûêè ÿâëÿþòñÿ áàçîâûìè, è â ñâîèõ ãðóïïàõ ìû íà÷èíàåì ïîäãî-
òîâêó ê ÅÃÝ, êàê ïðàâèëî, ñ òîæäåñòâåííûõ ïðåîáðàçîâàíèé. Äëÿ
èõ âûïîëíåíèÿ ïîëåçíû ò. í. ôîðìóëû ñîêðàù¼ííîãî óìíîæåíèÿ:

(a+ b)2 = a2 + 2ab+ b2, (a+ b)3=a3+3a2b+3ab2+b3,
(a− b)2 = a2 − 2ab+ b2, (a− b)3=a3−3a2b+3ab2−b3,
a2 − b2 = (a− b)(a+ b), a3 + b3= (a+ b)(a2−ab+b2),
a2 + b2 = . . . a3 − b3= (a− b)(a2+ab+b2).

Ñäåëàåì íåñêîëüêî ðåìàðîê.

♦! Ôîðìóëû äëÿ âûðàæåíèÿ a2 + b2 ñóùåñòâóþò, íî àâòîðàì îíè

ïðåäñòàâëÿþòñÿ áåñïîëåçíûìè.
z4 Ïî íàøèì íàáëþäåíèÿì, îäíîé èç ñàìûõ êîâàðíûõ ïðè÷èí îøè-

áîê ÿâëÿåòñÿ ñìåíà ïîðÿäêà äåéñòâèé: ýêçàìåíóåìûå ñëèøêîì

÷àñòî ïóòàþò êâàäðàò ðàçíîñòè è ðàçíîñòü êâàäðàòîâ, êîðåíü èç

ñóììû è ñóììó êîðíåé, è ò. ï.

♦! Óìåíèå óïðîùàòü àëãåáðàè÷åñêèå âûðàæåíèÿ âî ìíîãîì ñîñòîèò

èç óìåíèÿ ïðåîáðàçîâûâàòü ñóììû â ïðîèçâåäåíèÿ.

Â ÷àñòíîñòè, åñëè x1 è x2 � êîðíè êâàäðàòíîãî òð¼õ÷ëåíà, òî
ìîæåò áûòü ïîëåçíûì ðàçëîæåíèå

ax2 + bx+ c = a(x− x1)(x− x2).

6



Óïðîñòèòü âûðàæåíèÿ 7
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)
·
(

5a

a+ 5
− a

)
·
(

a2

25−a2

)−1

.

24.
(
x−

x2 + y2

x+ y

)
·
(
1

y
+

2

x− y

)
.

25.
(

1

1+a
+

a

1−a
+

2a

1−a2

)
·(1− a).

26.
(

b

a2 −ab
−

b

a2 +ab

)
· a

2 −ab

2b2
.
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27.
(
a− 2

a2 − 4
+
a2 − 4

a+ 2
+ 2− a

)
·(a+ 2).

28.
(

a2

a2 + 2a
+

2

a− 2
+

4a

a2 − 4

)
:
a+ 2

2−a
.

29.
(

1

a− 1
−

1

a+ 1
+ 1
)
· a

2 − 1

a2 + 1
.

30.
(

a

ab− b2
+

b

a2 −ab
−

2

a− b

)
·
(

1

ab

)−1

.

31.
(
a−

4ab

a+ b
+ b
)
· a+ b

a2 − 2ab+ b2
. 32.

(
(a− b)2

2a
+ b
)
:
a2 + b2

2a2
.

33.
(

a2 + 9

a2 − 6a+ 9

)
:
(
3+ a−

18

3−a

)
· (a− 3).

34.
(
a+ 1

a+ 3
−
a+ 3

a+ 1

)−1

· 4a+ 8

a2 − 9
. 35.

(
4

a2 − 4a
−

4

a2 + 4a

)
· a

3 − 16a

16
.

36.
(
a

a+ 3
+

a

a− 3
+

6a

a2 − 9

)
·
(
a+ 3

a− 3

)−1

.

37.
(

a

ab− b2
−

b

a2 −ab

)
:
a2 − b2

ab
.

38.
(
a− b

a+ b
+

4ab

a2 − b2

)
:
(
a− b

a+ b

)−1

.

39.
2y

x2 − y2
:
(

1

y2 − x2
+

1

x2 + 2xy+ y2

)
.

40.
(
2x+ 1−

1

1− 2x

)
:
(
2x−

4x2

2x− 1

)
.

41.
(
a

a+ 1
+

2a

a2 − 1

)
· a−1 +

(
a

a− 1
−

1

a2 −a

)
: a−1.

Óïðîñòèòü

42.
b3 + b2 − b− 1

b2 + b+ b+ 1
+

2b+ 2

b+ 1
. 43.

3x3 + 4x2 − 6x− 8

2x3 + 5x2 − 4x− 10
−

3x− 6

2x+ 5
.

44.
a2(a− 2) − 4a+ 8

a2 − 4a+ 4
. 45.

3x3 − 6x2 − 4x+ 8
√
3x2 − 2

√
3x− 2x+ 4

.

46.
a3 −a2 +a− 1

a3 − 4a2 +a− 4
−

3(a− 2)(a+ 2)

a3 − 4a2 − 4a+ 16
.

47.
3x3 − x2 − 27x+ 9

2x3 + 3x2 − 18x− 27
+
x+ 7

2x+ 3
.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
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Óïðîñòèòü

48.
(x+ 3)(x (x+ 1) − 6)

x2 + 6x+ 9
.

49.
(
a2 − 9

a+ 3
+

2

a+ 4
− a+ 3

)
· 16+a

2 + 8a

2
.

50.
(

x2 − 9

x2 − 2x− 3
−

2

x+ 1

)
·(1+ x). 51.

2

y+ 1
−

y− 9

y2 − 3y− 4
−

1

y− 4
.

52.
3

a− 2
+

a2 + 6

a2 +a− 6
+

3

a+ 3
.

53.
(

1

a2 − 3a+ 2
+

1

a2 − 5a+ 6
+

1

a2 − 4a+ 3

)
·(a− 3).

54.
(

1

a2 +a− 2
+

4

a2 + 2a− 3
−

1

a2 + 5a+ 6

)
·(a− 1).

55.
(

6a+ 1

a2 − 6a
+

6a− 1

a2 + 6a

)
· a

4 − 35a2 − 36

a4 + 2a2 + 1
.

Óïðîñòèòü

56.
(
a3 − b3

a− b
−
a3 + b3

a+ b

)
· 2

ab
.

57.
(a2 + b2 −ab)(a4 − b4)

(a3 + b3)(a2 + b2)(a− b)
. 58.

(
1

a2
+ a

)
:
(

1

a2
−

1

a
+ 1
)
.

59.
(
a
√
a− b

√
b

√
a−
√
b

+
√
ab
)
·
(√

a−
√
b

a− b

)2
.

60.
(

1

a+
√
2
−

a2 + 4

a3 + 2
√
2

)
:
(
a

2
−

1
√
2
+

1

a

)−1

. 61.
a4 − 1

a3 +a2 +a+ 1
.

62.
b3 + 6b2 + 12b+ 8

4+ 4b+ b2
. 63.

c3 + c2 + 2c+ 8

c3 − 3c2 + 6c− 8
. 64.

d3 −d2 + 3d− 27

d3 + 2d2 + 9d
.

65.
a+ 2

√
ab2 + b2

√
a+ b

, b > 0. 66.
a+ 2

√
ab2 + b2

b−
√
a

, b 6 0.

67.

(
1

(a+ 5)2
−

1

(a− 5)2

)
·

√
(a+ 5)4 · (a− 5)4

2a
.

68.
a
√
b− b

√
a

√
a−
√
b
·
(
1−a
√
ab

+
√
a

b

)−1

.
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69.
(
a− 9
√
a+ 3

+ 3−
√
a+

2
√
a+ 4

)
·
√
a+ 4

2
.

70.
(√
a−

a+ b
√
a+
√
b

)
·
(

1
√
b
+

2
√
a−
√
b

)
.

71.

(√
a+
√
b

√
a−
√
b
−
√
a−
√
b

√
a+
√
b

)
·
√

1

a
−

1

b
· (a− b).

72.

(
4a− 9a−1

2
√
a− 3

(√
a
)−1 +

a− 4+ 3a−1

√
a−

(√
a
)−1

)2

.

73.

(
1−a−2

√
a−
√
a−1

−
2
√
a3

+
a−2 −a
√
a−
√
a−1

)
·
√
a3

− 1
.

74.
4
√
a−

4
√
a9

√
a−
√
a3
· a2

a2√
a
+
√
a5
. 75.

(√
ab

a
−

b

a+
√
ab

)
:

4
√
ab−

√
b

a− b
.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
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Îòâåòû ê çàäàíèÿì �1

1. y. 2. 3
b
. 3. 2

y
. 4. 4

x2
. 5. 1

3
. 6. −a+2

3
. 7. − 3

a+b . 8. 3
a
.

9. 1
a−3

. 10. −x. 11. − 1
x
. 12. 1

x−3
. 13. a+2

a−2
. 14. 1

3
. 15. x − y.

16. 1. 17. −1. 18. 2. 19. 1. 20. x
x+6

. 21. 1−x
2x−1

. 22. −2. 23. a2.

24. 1. 25. a + 1. 26. 1
a+b . 27. 1. 28. −1. 29. 1. 30. a − b.

31. 1. 32. a. 33. 1. 34. a+1
3−a . 35. 2. 36. 2a

a+3
. 37. 1

a−b . 38. 1.

39. −x − y. 40. −2x. 41. a2

a−1
. 42. b + 1. 43. 10

2x+5
. 44. a + 2.

45.
√
3x+ 2. 46. 1. 47. 2. 48. x− 2. 49. a+ 4. 50. x+ 1. 51. 0.

52. a+3
a−2

. 53. 3
a−1

. 54. 4
a+2

. 55. 12
a
. 56. 4. 57. 1. 58. a+1. 59. 1.

60. − 1

a
√
2
. 61. a − 1. 62. b + 2. 63. c+2

c−2
. 64. d−3

d
. 65.

√
a + b.

66. b−
√
a. 67. −10. 68. ab. 69. 1. 70. 1. 71. 4

√
b− a. 72. 9a.

73. a2 + 2. 74. 4
√
a. 75.

4
√
b
(

4
√
a+ 4
√
b
)
.



òîò êòî íå äåëàåò îøèáîê
îøèáñÿ â âûáîðå çàäà÷

bazzlan

�2

Àëãåáðàè÷åñêèå óðàâíåíèÿ

Êîðíåì óðàâíåíèÿ íàçûâàåòñÿ âñÿêîå ÷èñëî x, îáðàùàþùåå
äàííîå óðàâíåíèå â âåðíîå ðàâåíñòâî. Çàäàíèå ¾ðåøèòü óðàâíåíèå¿
îçíà÷àåò, ÷òî íåîáõîäèìî íàéòè âñå åãî êîðíè (ãîâîðÿò � ìíîæå-
ñòâî êîðíåé; åñëè ó óðàâíåíèÿ íåò êîðíåé, òî ìíîæåñòâî åãî êîð-
íåé ïóñòî). Äâà óðàâíåíèÿ íàçûâàþòñÿ ðàâíîñèëüíûìè, åñëè âñå èõ
êîðíè ñîâïàäàþò. Óðàâíåíèå B íàçûâàåòñÿ óðàâíåíèåì-ñëåäñòâèåì
óðàâíåíèÿ A, åñëè âñÿêèé êîðåíü A ïðèíàäëåæèò ìíîæåñòâó êîð-
íåé óðàâíåíèÿ B. Äëÿ ¾îòñåêàíèÿ¿ ïîñòîðîííèõ êîðíåé, ïîëó÷èâ-
øèõñÿ â ïðîöåññå ðåøåíèÿ ïðè ïåðåõîäàõ ê óðàâíåíèÿì-ñëåäñòâè-
ÿì, ìû ðåêîìåíäóåì äåëàòü ïðîâåðêó.

Ðåøèòü óðàâíåíèÿ

1. 7x+ 3(2x− 4) − 4(2− 3x) = 5.

2. 3x− 2(x+ 1) − 4(5− 3x) = 4.

3. 2(4+ 8x) − x = 1− 3x− 2(x− 11).

4. 8(7− 4x) − 7(4x+ 1) + 5(8x− 1) = 19.

5. 3x− 2+ 3(x+ 1) = 6x− 1. 6. 3x+ 2− 5(x− 1) = 2(1− x) + 5.

7.
x+ 2

1− 3x
= 1. 8.

7

4x+ 1
= − 1. 9.

11

2− 5x
= 3. 10.

2

7− 3x
= − 0,25.

11.
3

2− x
=

2

3− x
. 12.

6

2x− 11
=

3

x+ 5
. 13.

2

x+ 3
=

2x− 1

x2
.

14.
x2

2x+ 1
=

2+ x

2
. 15. 2x2 − 3x+ 1 = 0. 16. x2 + 10 x+ 24 = 0.

17. x2 − 10 x+ 21 = 0. 18. x2 − 5 x+ 4 = 0. 19. x2 + x− 2 = 0.

20. x2 − x = 0. 21. x3 − 7 x2 = 0. 22. x2 − 2 x+ 1 = 0.

23. 9 x2 + 6 x+ 1 = 0. 24. x (x− 1) = x+ 8. 25. x (x− 1) = 6.

12
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26. x (x− 5) = 2 x− 12. 27. x2 − 2 (x+ 3) = 2.

28. x2 + 2 (x− 8) + 1 = 0. 29. x (x+ 3) + 2 (2 x+ 1) + 10 = 0.

30. x (x+ 2) + x = 10. 31. x (x− 4) + 4 = x.

32. x (x+ 8) = 12 (x+ 1). 33. x (x− 2) + 9x (1+ x) + 1 = 0.

34. x (2− 3x) + 4 (x+ 1) = 3. 35. (3x− 1) (x+ 2) = 20.

36. (3x+ 7) (5− x) = 32. 37. (x− 3) (3x+ 1) = 32.

Ðåøèòü óðàâíåíèÿ

38. x (x2 + x− 12) = 0. 39. (x− 3) (x2 + 8 x− 9) = 0.

40. (x+ 2) (2 x2 + 3 x− 2) = 0. 41. (x2 − 4 x+ 3) (x2 − 3 x) = 0.

42. (x− 1) (3 x2 + 2 x− 1) = 0. 43. (2 x− 7) (8 x2 + 2 x− 1) = 0.

44. (x2 − 4) (x2 − 8 x+ 9) = 0. 45. x(x2 + 2x+ 1) = 2(x+ 1).

46. x2(x− 3) = x3 − 6x2 + 9x.

47.
(
4x2 + 4x+ 1

)
(x+ 3) = (x− 2) (1+ 2x).

48. (x− 2)(x+ 5) =
x− 2

x+ 5
. 49. (x+ 3)(4x− 5) =

x+ 3

4x− 5
.

50. (2x+ 3)(3− 5x) =
3+ 2x

3x− 5
. 51. (7x− 2)(x+ 1) =

7x− 2

x− 3
.

52. 2x3 + x2 + 12x+ 6 = 0. 53. x3 − 6x2 + 2x− 12 = 0.

54. x3 − 2x2 − 81x+ 162 = 0. 55. 3x3 + 12x2 = 2x+ 8.

56. 6 ·
(
x+

1

x2

)
− 7 ·

(
1+

1

x

)
= 0.

Ðåøèòü óðàâíåíèÿ

57. x+
5

x
+ 6 = 0. 58. x+ 4 =

5

x
. 59. x+ 7+

6

x
= 0.

60. x−
12

x
= 4. 61.

1

x
+ 2 = 3x. 62. x+

1

x
= 2,5.
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63. 2x+ 5,5 =
3

2x
. 64.

7

x2
−

13

x
− 2 = 0. 65. 2+

5

x
=

12

x2
.

66.
3

x3
−

5

2x2
= 0. 67.

10

x3
−

1

5x
= 0. 68. (7− 8x)2 = 1.

69.
(
x2 − 4x

)2
= 25. 70.

(
x2 − 6x+ 9

)2
= 81.

71.
(
8− 7x− 3x2

)2
= 4. 72.

(
7x2 − 6x

)2
= 1. 73.

4

9x
=

9x

4
.

74.
7x

6
=

6

7x
. 75.

x2

7
−

343

9
= 0. 76.

(x− 2)2

2
−

32

25
= 0.

77.
5

36
−

(x+ 3)2

5
= 0. 78.

16

49
−

(2x+ 1)2

4
= 0.

Ðåøèòü óðàâíåíèÿ

79.
(x− 4)(x− 3)

x2 − 2x− 8
= 0. 80.

x2 − 6x+ 8

x− 2
= 0.

81.
x (x+ 3) − 10

x+ 5
= 0. 82.

x3 − 4x2 + 3x

x− 3
= 0.

83.
x2 − 4 (x+ 3)

x+ 2
= 0. 84.

4x2 − 7x− 2

x2 − 5x+ 6
= 0.

85.
x(x− 7)

x+ 2
+

6(x− 1)

x+ 2
= 0. 86.

2x− 14

x2 − 6x− 7
= 1.

87.
2x+ 1

2x2 + 3x+ 1
= 1. 88.

x2 − x

x− 1
= 2. 89.

x (x+ 2)

4− x
= 4.

90.
x2 + 2x

3x− 16
= − 6. 91.

1− 9x2

3x+ 1
= − 6. 92.

x2 + 8x− 20

x− 2
= 3.

93.
(
x

5
−

4

5− x
+

1

10

)2
= 1. 94.

(
x

4
−

3

6+ x
+

1

2

)2
= 4.

95.
(
x− 2

3
−

4

x
− 1
)2

= 9. 96.
x− 2

x+ 2
=
x+ 10

x2 + 2x
.

97.
15

x− 2
=

42+ x

x
. 98.

x2

x+ 5
=

25

x+ 5
. 99.

2x2

x+ 9
=

9− 17x

x+ 9
.

100. 2x2 =
3x2 − 27

x− 3
. 101. 2x(2x+ 5) =

9− x2

x+ 3
.

102.
1

x2 − 3x+ 2
=

1

2x2 − 3x+ 1
. 103.

4x2 − 25

2x+ 5
=

4x2 − 25

5x+ 2
.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
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Ðåøèòü óðàâíåíèÿ

104.
2

3− x
+

1

2
=

6

x(3− x)
. 105.

x

x2 − 16
+
x− 1

x+ 4
= 1.

106.
1

x− 3
+

1

x
=

1

2
. 107.

x

x− 3
+
x+ 1

x+ 3
=

6x

x2 − 9
.

108. 3 (x− 2) −
16

x− 3
= 1. 109.

x

x− 2
+

3

x
=

3

x− 2
.

110.
2

x− 5
+

14

x
= 3. 111.

x2 − 1

x
= x2 −

1

x
.

112.
x+ 2

x− 2
−
x(x− 4)

x2 − 4
=
x− 2

x+ 2
−

4(3+ x)

4− x2
.

113.
x+ 5

x+ 2
+

1

(x+ 1)(x+ 2)
=

1

x+ 1
. 114.

x2 − 2x− 5

(x− 3)(x− 1)
+

1

x− 3
= 1.

115.
2

x+ 3
−

5

x− 4
= 1−

35

x2 − x− 12
.

116.
1

x+ 1
+

1

x3 + 1
=

2

x2 − x+ 1
. 117.

1
x − 2

1− 1
x−6

= − 2.

118.
3
x + 5
6
x−6 − 1

= − 2. 119.
2− 3

x+2

2− 1
x

= −
1

3
. 120.

3
x − 1

1− 1
x−2

= − 11.

121.
2
x+1 − 1

1+ 1
x−2

= x+ 2. 122.
2
x−3 + 2

2+ 1
x−3

=
6

x
. 123.

1
x − 1

1− 2
x

=
2− 6

x

x− 2
.

Ðåøèòü óðàâíåíèÿ

124. x4 − 5x2 + 4 = 0. 125. x4 − 13x2 + 36 = 0.

126. x4 − 2x2 − 8 = 0. 127. x4 − 6x2 − 27 = 0. 128. x4 − 6x2 + 9 = 0.

129. x4 + 3x2 − 40 = 0. 130. 2 (3x− 4)2 + 3 (3x− 4) = 2.

131.
(
x2 + 2x

)2
− 14

(
x2 + 2x

)
− 15 = 0.

132. (x+ 3)4 − 3(x+ 3)2 + 2 = 0.

133. x6 − 7x3 − 8 = 0. 134.
(
x+

1

x

)2
− 4,5 ·

(
x+

1

x

)
+ 5 = 0.



16 �2. Àëãåáðàè÷åñêèå óðàâíåíèÿ

135.
(
x2 + 2x

)2
− 3 (x+ 1)2 = 1. 136.

(
x2 − 4x

)2
+ 2 (x− 2)2 = 11.

137.
36

(x− 4)2
+ x2 + 3 = 8x. 138.

4

x (x− 2)
−

7

(x− 1)2
= 5.

139.
1

(x+ 3)2
−

1

x2 + 6x
=

4

5
. 140.

2(x− 1)

x
−

5x

x− 1
= − 3.

141.
x+ 1

3x
−

3x

2x+ 2
= −

1

2
. 142.

2x− 3

1+ x
−

8x+ 8

2x− 3
= − 2.

143. (x2 + x+ 1) · (x2 + x+ 2) = 12. 144. x2 + x+ 3 =
10

x2 + x
.

145.
12

x2 − 4x+ 10
− x2 + 4x = 6. 146.

4x2 + 5x− 3

2
−

3

4x2 + 5x
= 1.

147.
6x2 + x− 3

2
−

7

6x2 + x
= 1. 148.

21

2x2 − 5x+ 10
− 2x2 + 5x = 6.

149.
36

x4 − 4x2
+ x4 + 13 = 4x2. 150.

1

x2 − 2x+ 2
+

2

x2 − 2x+ 3
= 2.

151.
1

3x2 − 2x+ 2
−

8

3x2 − 2x− 3
= 3.

152.
x2 − 2x+ 1

x2 − 2x+ 2
+
x2 − 2x+ 2

x2 − 2x+ 3
=

1

2
.

153.
2x2 − x+ 1

4x2 − 2x
+

2x2 − x+ 2

2x2 − x− 3
= −

1

2
.

154.
x2 + 4x+ 7

x2 + 4x− 3
= x2 + 4x+ 1. 155.

6

1+ 3x− x2
= x2 − 3x+ 4.

Ðåøèòü óðàâíåíèÿ

156. (x2 − 4)
√
x = 0. 157. (x2 − 25)

√
6− 2x = 0.

158.
√
17− 5x (x2 − 7x+ 12) = 0. 159.

√
x− 2 (x2 − 6x+ 7) = 0.

160.
√
x · x

2 − 1

x+ 5
= 0. 161.

√
x · x

2 − 1

x+ 5
=
√
x.

162.

√
x+ 2

x
· x2 =

√
x+ 2

x
. 163.

√
x+ 2

x− 1
· x2 =

√
x+ 2

x− 1
.

164.
√
x− 1 = 2. 165.

√
1

2x− 6
=

1

8
.

166.
√
x+ 1

√
2x− 5 = 2. 167.

√
3x+ 8

√
x+ 3 = 2.

168.
√
x− 6

√
3x+ 8 = 3. 169.

√
x2 + 4x =

√
14− x.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
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170.
√
x3 − x+ 5 =

√
x3 + x2 − 1. 171.

√
x2 + 6x+ 8 =

√
x+ 2.

172.
√
x− 2 =

√
2x− 1. 173.

√
x2 − 4x =

√
14− x.

174. x+ 3
√
x− 4 = 0. 175. x+ 5

√
x = 24. 176.

18
√
x
+ 7 =

√
x.

177.
x+ 1

x
−
√
x+ 1

x
− 2 = 0. 178.

√
22− x2 = − x.

179.
√
2x2 − 9 = x. 180.

√
2x2 + 1 = 2x− 1.

181. −
√
x+ 5 = 2x− 5. 182.

√
3− 4x = 2x− 1.

183.
√
x+ 3 = x− 9. 184.

3x− 4
√
2− x

= 1. 185.

√
1− x

2x+ 1
=

√
3

3
.

186.

√
3x+ 1

x− 1
= 1,8. 187. (x2 + 4x)(x−

√
3x+ 10 ) = 0.

188. (x2 − 9)(
√
3− 2x− x) = 0.

189. (x2 − 4)(
√
4− 3x+ x) = 0. 190.

√
x+ 2 = 2+

√
x− 6.

191.
√
x− 1+

√
2x+ 2 = 2. 192.

√
x+ 1+

√
2x+ 2 = 2.

193.
√
x+ 3+

√
3x− 2 = 7. 194.

√
4x− 1−

√
x− 2 = 3.

195.
√
x+ 3+

√
x =
√
2x+ 7. 196.

√
x− 1+

√
x+ 6 = 7.

197.
√
x+ 1+

√
2x+ 3 = 1. 198.

√
2x+ 1+

√
x− 3 = 2

√
x.

199. 3
√
x+ 2

3
√
x2 − 3 = 0. 200. 3

√
(x+ 3)2 + 3

√
x+ 3 = 2.

201. 3
√
x =

3
√
x+ 2
3
√
x

. 202. 3 · 3
√
x− 5 · 3

√
x−1 = 2 · x−1.

203.
x− 1

1+
√
x
= 4−

1−
√
x

2
. 204.

√
x2 + 3x+ 5 =

√
x2 + 3x+ 1.

205.
√
5x2 + x+ 12 =

√
5x2 + x+ 2.

206. x2 − 3x+
√
x2 − 3x+ 5 = 7. 207. x2 + 3x+ 4

√
x2 + 3x− 6 = 18.

208. x2 + 3x−
√
x2 + 3x− 1 = 7. 209.

√
2x+ 2

x+ 2
−
√
x+ 2

2x+ 2
=

7

12
.

210.

√
x+ 2

x− 2
−
√
x− 2

x+ 2
=

80

9
. 211.

x
√
x+ 1+ 1

= x− 12.
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212.
x− 10
√
x− 1+ 3

=
x− 6

2
. 213.

x− 1
√
x+ 3+ 2

= x− 11.

214.
2x− 1

√
2x+ 15− 4

= x+ 10. 215.
2x+ 1

3−
√
2x+ 10

= 2+ x.

216.
√
4− x

√
3x− 4 = 3x− 2. 217.

√
4+ x

√
x− 4 = x− 2.

218.
√
9+ x

√
2x− 3 = x− 3. 219.

√
1+ x

√
x2 + 24 = x+ 1.

220.
√
4− x

√
x2 + 4 = x+ 2. 221.

4

x+
√
x2 + x

−
1

x−
√
x2 + x

=
3

x
.

222. �.
√
x+
√
x−

√
x−
√
x =

3

2

√
x

x+
√
x
.

223. �.
√
x2 + 3x−

√
x2 − x+ 1 = 4x− 1.

Bizarreries cubiques4

224. x3 − 3x2 − x+ 3 = 0. 225. 4x3 − 6x2 − 14x+ 21 = 0.

226.
√
2x3 + 2x2 −

√
8x− 4 = 0. 227. x3 + 6x2 + 5x− 12 = 0.

228. x3 − 10x2 + 31x− 30 = 0. 229. 4x3 − 7x2 − 14x− 3 = 0.

230. 5x3 − 11x2 + 7x− 1 = 0. 231. x3 + 5x2 + 8x+ 4 = 0.

232. x3 + 4x2 − 11x− 30 = 0. 233. 2x3 + 11x2 + 13x+ 4 = 0.

234. 2x3 − 11x2 + 13x− 4 = 0. 235. 6x3 + 19x2 + 2x− 3 = 0.

236. x3 − 13x− 12 = 0. 237. x3 − 3x+ 2 = 0. 238. x3 − 3x2 + 4 = 0.

239. (x− 2)4 − (x+ 2)4 = 80. 240.
√
x+ 2− 3

√
3x+ 2 = 0.

241.
3
√
4x−

√
2+ x = 0. 242. x3 − x2 −

8

x3 − x2
= 2.

243.
2x

1−
√
2x+ 10

= 1+ x. 244. 3
√
x+ 3
√
2x+ 1 = 1.

245. 3
√
x+ 3
√
x+ 1 = 1. 246. 3

√
x+ 3
√
2x− 3 = 3

√
12(x− 1).

247. 3
√
1+
√
x+ 3

√
1−
√
x = 2. 248. 3

√
x+ 7+ 3

√
28− x = 5.

4Êóáè÷åñêèå ïðè÷óäû (ôðàíö.), ôðàçà, âûðâàâøàÿñÿ ó Àíðè Ìàòèññà â 1908
ãîäó, âìåñòå ñ êîòîðîé ïîÿâèëñÿ òåðìèí ¾êóáèçì¿.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
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Ðåøèòü óðàâíåíèÿ

249. �5. 7
(
x+

1

x

)
− 2

(
x2 +

1

x2

)
= 9.

250. 12
(
x2 +

1

x2

)
= 9+ 28

(
x−

1

x

)
.

251. (x+ 2)2 +
144

(x+ 2)2
− 15

(
x+ 2

3
−

4

x+ 2

)
= 20.

252. x2 +
4

x2
= x−

2

x
+ 6.

253.
(x− 2)2

8
+

18

(x− 2)2
= 3

(
x− 2

4
−

3

x− 2

)
+ 2.

254.
(x+ 1)2

8
+

2

(x+ 1)2
+ 4

(
x+ 1

4
+

1

x+ 1

)
= 5.

255.
(x− 3)2

6
+

24

(x− 3)2
+ 5

(
x− 3

6
−

2

x− 3

)
= 5.

256.
(x+ 1)2

8
+

2

(x+ 1)2
− 2

(
x+ 1

4
+

1

x+ 1

)
= 23.

257.
2(x+ 4)2

3
+

96

(x+ 4)2
− 41

(
x+ 4

3
+

4

x+ 4

)
+ 84 = 0.

258. 2x2 + x+
1

x
+

2

x2
= 6. 259. 3x2 + 2x+

2

x
+

3

x2
= 10.

260. �. x4 + 3x3 − 4x2 − 9x+ 9 = 0.

261. x4 − 2x3 − 5x2 + 6x+ 9 = 0.

262. 4x4 + 3x3 − 8x2 − 3x+ 4 = 0.

263. x4 − 2x3 − x2 − 2x+ 1 = 0.

5Ê çàäàíèÿì, ïîìå÷åííûìè íàçèäàòåëüíî ïîäíÿòûì �ïàëüöåì, ðÿäîì ñ îò-
âåòîì ìû ïðèâîäèì ðåêîìåíäàöèþ ê ðåøåíèþ. Êñòàòè, óðàâíåíèÿ ýòîãî ïóíêòà
ñîñòàâëåíû ïî ìîòèâàì çàäàíèé îò ðàçðàáîò÷èêîâ ÊÈÌ [3]. È, ïóñòü è íå ñî-
âñåì óæå êñòàòè, ðåìàðêà ê âîïðîñó î (âòîðîé) ñâåæåñòè òåñòîâ: ïðîòîòèïû êà-
âåðçíûõ íåðàâåíñòâ (�15), ïðåäëîæåííûõ íà ÅÃÝ-2018 â Ðîñòîâñêîé îáëàñòè,
àíîíñèðîâàëèñü â òèïîâûõ òåñòàõ îò 2014 ãîäà [1, c. 29�33]. Â îáùåì, âàðèàí-
òû îò ðàçðàáîò÷èêîâ ÊÈÌ � íå îñåòðèíà, è íå ñòîèò ïðåíåáðåãàòü çàäàíèÿìè
ïðîøëûõ ëåò.



20 �2. Àëãåáðàè÷åñêèå óðàâíåíèÿ

Ðåøèòü óðàâíåíèÿ

264. (x+ 1)4 + (x− 1)4 = 272.

265. (x+ 2)4 + (x− 2)4 = 82. 266. (x+ 1)4 + (x− 1)4 = 16.

267. �. (x+ 2)4 + (x+ 4)4 = 2. 268. (x+ 3)4 + (x+ 5)4 = 16.

269. (x+ 3)4 + (x− 1)4 = 82. 270. x(x− 2)(x2 − 2x− 3) = 40.

271. �. (x+ 1)(x2 + 5x+ 6)(x+ 4) = 120.

272. x(6x+ 5)(2x+ 1)(3x+ 1) = 2. 273. (x− 3)(x− 2)x(x+ 1) = 4.

274. (x2 − 4)(x− 1)(x+ 3) = 60. 275. (x− 5)(x2 − 4)(x− 1) = − 20.

276. x(x− 5)(x2 − x− 6) = 39. 277. (8x+ 7)2(4x+ 3)(x+ 1) =
9

2
.

278. (4x− 5)2(x+ 2)(2x− 9) + 726 = 0.

279. (2x+ 3)2(x− 2)(x+ 5) = 39.

280. �. (x+ 4)(x+ 5)(x2 − 12x+ 20) = − 54x2.

281. (x− 4)(x2 − 8x− 20)(x+ 5) = 220x2.

282. (6− x)(x− 2)(x+ 3)(x+ 9) = 24x2.

283. (x+ 6)(x+ 2)(12− x)(x− 4) + 160x2 = 0.

284. (x+ 6)(x2 − 5x+ 6)(x+ 4) = 40x2.

285. (x− 9)(x− 3)(x2 + 8x+ 12) = 56x2.

286. (x− 3)(x+ 9)(x2 − 4x− 12) = 300x2.

287.
2x

x2 − x+ 1
+

3x

x2 + 2x+ 1
= 2.

288.
4x

15x2 − 3x+ 2
−

x

15x2 + 2x+ 2
=

1

3
.

289.
x

x2 − x− 1
+

4x

2x2 + x− 2
= 3. 290.

2x

x2 + x− 3
−

5x

x2 − 3x− 3
=

10

3
.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
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Ðåøèòü óðàâíåíèÿ6

291.

∣∣∣3
4
− 4x

∣∣∣ = 1

2
. 292.

∣∣∣7+ 2

x− 2

∣∣∣ = 1

3
.

293.

∣∣∣3x+ 2

x

∣∣∣ = 5. 294.
∣∣|x− 1|− 2

∣∣ = 1. 295.
∣∣|x− 1|+ 2

∣∣ = 1.

296.
∣∣3− |x+ 1|

∣∣ = 11. 297. x2 − 4|x|− 5 = 0.

298. x2 + 6
√
x2 = 16. 299. (x+ 2)2 − 8 |x+ 2|+ 15 = 0.

300. (2x− 1)2 − 7 |2x− 1|+ 6 = 0. 301. |3− 7x| = 9x.

302. |x− 3| = 2− 3x. 303.
∣∣x2 − 3x+ 2

∣∣ = 8− 2x.

304.

∣∣∣3− 2

x+ 1

∣∣∣ = 1− x. 305.
∣∣x+ |2− x|

∣∣ = x+ 1.

306.
∣∣x− |x+ 1|+ 2

∣∣ = 1. 307.
∣∣|x− 8|− x+ 6

∣∣ = 2.

308. |x| =
√
x+ 2. 309. |1− 6x| =

√
x. 310. |3x− 1| =

√
x− x2.

311. |x2 − x| = |8− 3x|. 312.

∣∣∣x− 1

x

∣∣∣ = |2x+ 2|. 313. |x|+ x3 = 0.

314. |x+ 1|
√
x = 1+ x. 315. x2 − 3 |2x− 7| = 13.

316. x2 − 4 |x− 7| = − 7. 317. |x2 − 1| = x+ 5.

318. 6− |3− 2x| =
1

x− 3
. 319. |x− 1|− |x− 2| = 1.

320. |x− 1|+ |3x+ 2| = 3. 321. |x− 3|−
2

|x|
= x+ 1.

322.
|x− 2|+ 1

x
− |3− 2x| = 1. 323. |x− 2|−

x+ 3

|x+ 1|
= |x|.

6Âñåì, êòî ñ÷èòàåò, ÷òî äëÿ 60+ áàëëîâ ¾ïðîõîäèòü ìîäóëè¿ íåîáÿçàòåëüíî,
ìû ðåêîìåíäóåì çàãëÿíóòü â òåñòû îò ðàçðàáîò÷èêîâ ÊÈÌ, íàïðèìåð [3].
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Îòâåòû ê çàäàíèÿì �2

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

4
. 5. ∅. 6. x ∈ R. 7. −0,25. 8. −2.

9. − 1
3
. 10. 5. 11. 5. 12. ∅. 13. 0,6. 14. −0,4. 15. 1; 0,5. 16. −4;

−6. 17. 3; 7. 18. 1; 4. 19. 1; −2. 20. 0; 1. 21. 0; 7. 22. 1. 23. − 1
3
.

24. −2; 4. 25. −2; 3. 26. 3; 4. 27. −2; 4. 28. −5; 3. 29. −4; −3.

30. −5; 2. 31. 1; 4. 32. −2; 6. 33. − 1
2
; − 1

5
. 34. 1± 2

√
3

3
. 35. −3 2

3
;

2. 36. − 1
3
; 3. 37. − 7

3
; 5. 38. −4; 0; 3. 39. −9; 1; 3. 40. −2; −2; 1

2
.

41. 0; 1; 3; 3. 42. −1; 1
3
; 1. 43. − 1

2
; 1
4
; 3 1

2
. 44. ±2; 4±

√
7. 45. −2;

−1; 1. 46. 0; 3. 47. − 1
2
. 48. −6; −4; 2. 49. −3; 1; 1,5. 50. − 3

2
; 2
3
; 8
5
.

51. 2
7
; 1±

√
5. 52. − 1

2
. 53. 6. 54. −9; 2; 9. 55. −4; ±

√
2
3
. 56. −1;

2
3
; 3
2
. 57. −5; −1. 58. −5; 1. 59. −6; −1. 60. −2; 6. 61. − 1

3
; 1.

62. 1
2
; 2. 63. −3; 1

4
. 64. −7; 1

2
. 65. −4; 3

2
. 66. 6

5
. 67. ±5

√
2.

68. 3
4
; 1. 69. −1; 5. 70. 0; 6. 71. − 10

3
; −3; 2

3
; 1. 72. − 1

7
; 3±

√
2

7
; 1.

73. ± 4
9
. 74. ± 6

7
. 75. ± 49

3
. 76. 0,4; 3,6. 77. − 23

6
; − 13

6
. 78. − 15

14
;

1
14
. 79. 3. 80. 4. 81. 2. 82. 0; 1. 83. 6. 84. − 1

4
. 85. 3. 86. 1.

87. 0. 88. 2. 89. −8; 2. 90. −24; 4. 91. 7
3
. 92. −7. 93. −3; 2,5.

94. −12; −4; ±4
√
3. 95. −6; 2; 7±

√
61. 96. 5. 97. −28; 3. 98. 5.

99. 0,5. 100.−1,5. 101. 0,25. 102.−1. 103. 1; 2,5. 104. 4. 105. 5.
106. 1; 6. 107. − 1

2
. 108. 1

3
; 5. 109. ±

√
6. 110. 10

3
; 7. 111. 1.

112. 6. 113. −4. 114. ∅. 115. −6. 116. 0; 3. 117. −6. 118. −2; 3.
119. −1; 0,25. 120. −0,2. 121. −4; 0. 122. 5. 123. −3. 124. −1;
1; −2; 2. 125. ±2; ±3. 126. ±2. 127. ±3. 128. ±

√
3. 129. ±

√
5.

130. 2
3
; 3
2
. 131. −5; −1; −1; 3. 132. −4; −2; −3±

√
2. 133. −1; 2.

134. 1
2
; 1; 1; 2. 135. −1; −1±

√
5. 136. 1; 3; 2±

√
5. 137. 1; 2; 6; 7.

138. 5±
√
35

5
. 139. −6±

√
6

2
; −6±

√
30

2
. 140. 2

7
. 141. − 1

4
; 2. 142. − 1

6
.

143. −2; 1. 144. −2; 1. 145. 2. 146. −2; −1; − 1
4
; 3
4
. 147. − 7

6
;

1. 148. 1; 3
2
. 149. ±

√
2. 150. 1. 151. 1

3
. 152. 1. 153. − 1

2
; 1.

154. −5; −2±
√
2; 1. 155. 1; 2; 3±

√
5

2
. 156. 0; 2. 157. −5; 3. 158. 3;

3,4. 159. 2; 3+
√
2. 160. 0; 1. 161. 0; 3. 162. −2; 1. 163. −2; −1.

164. 5. 165. 35. 166. 3. 167. − 5
3
. 168. 19

3
. 169. −7; 2. 170. 2.

171. −2. 172. ∅. 173. 3±
√
65

2
. 174. 1. 175. 9. 176. 81. 177. 1

3
.

178. −
√
11. 179. 3. 180. 2. 181. 5

4
. 182.

√
2
2
. 183. 13. 184. 14

9
.

185. 1
4
. 186. 8

3
. 187. 0; 5. 188. −3; 1. 189. −4;−2. 190. 7.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
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191. 1. 192. 11 − 8
√
2. 193. 6. 194. 14+2

√
15

3
. 195. 1. 196. 10.

197.−1. 198. 4. 199.−3 3
8
; 1. 200.−11;−2. 201.−1; 8. 202.±2

√
2.

203. 81. 204.−4; 1. 205.−1; 4
5
. 206.−1; 4. 207.−5; 2. 208.−5; 2.

209. 7. 210. 2,05. 211. 15. 212. 2. 213. 13. 214. −3. 215. −5.
216. 4

3
. 217. 4; 5. 218. 7+

√
10. 219. 0; 5. 220. 0. 221. −1; 9

16
.

222. Äîìíîæèòü îáå ÷àñòè óðàâíåíèÿ íà
√
x+
√
x +

√
x−
√
x. 25

16
.

223. Äîìíîæèòü îáå ÷àñòè óðàâíåíèÿ íà
√
x2 + 3x +

√
x2 − x+ 1,

ïðåîáðàçîâàòü, ïîëó÷åííîå óðàâíåíèå ìîæíî ðåøèòü ñàìî ïî ñåáå,

à ìîæíî ñëîæèòü ñ èñõîäíûì. 0, 1
4
. 224. ±1; 3. 225. ±

√
14
2
; 3
2
.

226. ±
√
2. 227. −4;−3; 1. 228. 2; 3; 5. 229. −1;− 1

4
; 3. 230. 1

5
; 1.

231.−2;−1. 232.−5;−2; 3. 233.−4; −1;− 1
2
. 234. 1

2
; 1; 4. 235.−3;

− 1
2
; 1
3
. 236.−3; −1; 4. 237.−2; 1; 1. 238.−1; 2; 2. 239.−1. 240. 2.

241. 2; 4+ 2
√
5. 242. −1; 2. 243. −0,5. 244. 0. 245. 0. 246. 1; 3.

247. 0. 248. 1; 20. 249. Ïóñòü t = x+ 1
x
; îáå ÷àñòè ýòîãî ðàâåíñòâà

âîçâåñòè â êâàäðàò. Îòâåò: 1
2
; 2. 250. − 2

3
; − 1

2
; 3
2
; 2. 251. −5; 2;

±4. 252. −2; 1; 1 ±
√
3. 253. 0; 8; 3 ±

√
13. 254. −7 ± 4

√
2; 1.

255. 0; 7; ±
√
21. 256. −7 ± 4

√
2; 7 ± 2

√
15. 257. 2 ± 2

√
6; 1±

√
97

4
.

258. −2; − 1
2
; 1. 259. 1; −4±

√
7

3
. 260. Ïîâåðèâ, ÷òî x = 0 êîðíåì

íå ÿâëÿåòñÿ, ðàçäåëèì îáå ÷àñòè óðàâíåíèÿ íà x2, è ïðèìåð ñòàíåò

òàêèì æå, êàê è ïðåäûäóùèé. −3; 1; −1±
√
13

2
. 261. 1±

√
13

2
. 262.±1;

−3±
√
73

8
. 263. 3±

√
5

2
. 264.±3. 265.±1. 266.±1. 267.Ïðèíÿòü çà t

ñðåäíåå àðèôìåòè÷åñêîå îáåèõ ñêîáîê (t = x+3), äàëåå èñïîëüçóåì
áèíîì Íüþòîíà: (t± 1)4 = . . . Îòâåò: −3. 268. −5; −3. 269. 0; −2.
270. −2; 4. 271. Ïîëîæèì t = x2 + 5x, èëè, åù¼ ðàöèîíàëüíåé,
t = (x + 1)(x + 4) = x2 + 5x + 4. −6; 1. 272. −1; 1

6
. 273. 1;

1 ±
√
5. 274. −4; 3. 275. 0; 3; 3±

√
41

2
. 276. 3±

√
61

2
. 277. −1,25;

−0,5. 278. − 3
2
; 5±4

√
3

4
; 4. 279. − 3±2

√
13

2
. 280. Ðàñêðûòü ñêîáêè:

(x+ 4)(x+ 5) = x2 + 9x+ 20, ðàçäåëèòü îáå ÷àñòè óðàâíåíèÿ íà x2,
ñäåëàòü çàìåíó t = x + 20

x
. Îòâåò: 4; 5. 281. −1; 20; −6 ± 2

√
14.

282. −6; 3; −1±
√
73

2
. 283. −12; 2; 9 ±

√
105. 284. −2; 6; −9±

√
129

2
.

285. −9; 2; 11±
√
193

2
. 286. − 21±3

√
41

2
; 1; 18. 287. 1

2
; 2. 288. 1

5
; 2
3
.

289. − 1
2
; ±1; 2. 290. − 3

2
; 3±3

√
309

10
; 2. 291. 1

16
; 5
16
. 292. 17

10
; 19
11
.

293.±1;± 2
3
. 294.±2; 0; 4. 295.∅. 296.−15; 13. 297.±5. 298.±2.



24 Îòâåòû ê çàäàíèÿì �2

299. −7, −5, 1, 3. 300. − 5
2
, 0, 1, 7

2
. 301. 3

16
. 302. − 1

2
. 303. −2; 3.

304.−3; 3−
√
17

2
; 0. 305. 1; 3. 306. {−2}∪[−1;+∞). 307. {6}∪[8;+∞).

308.−1; 2. 309. 1
9
; 1
4
. 310. 0,2; 0,5. 311.−4; 2. 312.−1; 1

3
. 313. 0;

−1. 314. 1. 315. −3−
√
43; 4. 316. −7; 3. 317. −2; 3. 318. 3−

√
89

4
;

7
2
; 4. 319. x > 2. 320. −1; 0. 321. 1−

√
5

2
. 322. 1; 3

2
. 323. − 5

3
.
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Ïîñòîÿííî ðàáîòàÿ íàä îøèáêàìè,
äîâîäèøü èõ äî ñîâåðøåíñòâà.

Ñåòåâîé ôîëüêëîð

�3

Ïîêàçàòåëüíûå óðàâíåíèÿ

Ôóíêöèÿ y = ax íàçûâàåòñÿ ïîêàçàòåëüíîé; a � íåêîòîðîå
ôèêñèðîâàííîå ÷èñëî, óäîâëåòâîðÿþùåå îãðàíè÷åíèÿì a > 0 è
a 6= 1, íàçûâàåòñÿ å¼ îñíîâàíèåì. Îáëàñòüþ îïðåäåëåíèÿ ïîêàçà-
òåëüíîé ôóíêöèè ÿâëÿåòñÿ âñÿ ÷èñëîâàÿ îñü R, ìíîæåñòâîì çíà÷å-
íèé � âñå ïîëîæèòåëüíûå äåéñòâèòåëüíûå ÷èñëà. Ïîêàçàòåëüíàÿ
ôóíêöèÿ ÿâëÿåòñÿ âçàèìíî îäíîçíà÷íîé: ax = ay ⇔ x = y. Ïðè-
âåä¼ì â âèäå ôîðìóë äðóãèå å¼ ñâîéñòâà:

ax+y = ax · ay; ax−y =
ax

ay
; ax · bx = (ab)x;

ax

bx
=
(
a

b

)x
;

a0 = 1; (ax)y = axy; a−x =
1

ax
; n
√
ax = a

x
n

(n = 2, 3, . . .).

Ðåøèòü óðàâíåíèÿ

1. 6x−1 = 36. 2. 23x−4 = 32. 3. 2x−1 = 45. 4. 34x−7 =
1

3
.

5. 73x−8 =
1

49
. 6. 134−3x =

1

13
. 7.

(
1

2

)x
= 64. 8. 113x = 1215−x.

9. 7x = 49
2
x . 10. 5x

2−15 = 25x. 11. 4x = 82x−3.

12. 162x
2+1 = 84x. 13. 4x+1 =

√
2. 14. 81x = 5

√
9.

15.
(√

3
)x+3

= 9. 16. 2x−3 =
√
32. 17. 64x =

√
2

2
.

18. 5x
2

=
1

5
. 19.

(
7

5

)3−x2
=

5

7
. 20.

(
3

2

)5x−1

=
(
9

4

)x+2

.

21.
(
2

7

)x−3

=
(
49

4

)x2
. 22.

(
4

5

)x2−7

=
25

16
.

23. ex = 1. 24. πx = 0. 25. 2x
2+5x−3,5 =

8
√
2
.

25



26 �3. Ïîêàçàòåëüíûå óðàâíåíèÿ

Ðåøèòü óðàâíåíèÿ

26. 3x · 2x =
1

36
. 27. 2x+2 · 9x = 72. 28. 7x · 3x+3 =

9

7
.

29.
√
3x · 5x2 = 225. 30.

(
2

5

)x
·
(
25

8

)x
=

125

64
. 31. 4x−2 · 7x+1 =

7
√
7

8
.

32. 32 · 2x2+10 =
1

28x
. 33. 21−2x · 23(x−2) = 4x−1.

34.
22−x

4x+1 =
√
8. 35.

23x−2 · 64
4x−2 = 82x+1. 36. 0,1x · 1002x = 10−3.

37. (105−x)6−x = 100. 38.
(
2x

2)2·2x = 2. 39. 2
1
x−1 =

5
√
28 · 2 x

x−1 .

40. 53x+2 · 257−2x = 55x+28. 41. (0,5)x
2· 22x+2 = 64−1.

42. (0,4)x−1 = (6,25)6x−5. 43. 64x =
8

1
x+1

4
√
2
.

44. 25
15x2−17x−3

8 =
1√
5
√
5
. 45. 2x

2−3 · 5x2−3 = 0,01 ·
(
10x−1

)3
.

46. 32x−1 = 0,25 · 128
1
x−1 . 47. 27x−3 =

81
x−4
x+1

3
√
3

.

48. 0,25 · 2x2−4x =

( √
2

0,25

)x+4

. 49. 2,25x
2+3x =

(
2

3

)2x−10

.

50. (0,4)x−1 = (6,25)6x−5. 51. 2x+2 · 5x−5 = 102+x · 5x+8.

52. 3x · 72x+3 = 3 · 21x−1 · 77−x. 53. 3x
2−x+1 · 2x2−x+0,5 =

6x+5,5

12
√
3
.

Ðåøèòü óðàâíåíèÿ

54. 4x+1 − 3 · 4x = 16. 55. 2x+2 = 2x + 24.

56. 3x+1 − 2 · 3x = 9. 57. 6 · 3x + 1 = 3x+2.

58. 20 · 5x − 3 · 5x+1 = 1. 59. 4 · 3x+1 − 3x+2 = 1.

60. 4 · 3x+1 − 11 · 3x =
1

27
. 61.

3

7
· 7x − 7x−1 = 14.

62. 5 · 2x+2 − 2x+4 − 2x+1 = 8. 63. 3x+1 − 2 · 3x = 3x−1 + 6.
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Ðåøèòü óðàâíåíèÿ 27

64. 16x − 4x − 2 = 0. 65. 42x − 5 · 4x + 4 = 0.

66. 25x − 6 · 5x + 5 = 0. 67. 4x − 16 · 2x = 0.

68. 4x + 3 · 2x − 4 = 0. 69. 4
1
x − 6 · 2 1

x + 8 = 0.

70. 3 · 81 1
x − 10 · 9 1

x + 3 = 0. 71. 32x+1 − 4 · 3x + 1 = 0.

72. 3 · 52x−1 − 2 · 5x−1 = 0,2. 73. 9x
2−1 − 36 · 3x2−3 + 3 = 0.

74. 2x + 6 = 24−x. 75. 6x+1 + 61−x = 37. 76. 5x + 51−x = 6.

77. 5x −
1

5x−1 = 4. 78. 3x+1 −
4

3x
= − 1. 79. 5x+1 + 0,2x−2 = 126.

80. 51+x
2

− 51−x
2

= 24. 81. 5 · 50x + 9 · 10x = 2x+1.

82. 2 · 81+x − 22x+5 = 42x+0,5. 83. 27x+
1
3 = 3x+2 + 26 · 32x.

84.
(

5
√
3
)x

+
(

10
√
3
)x−10

= 84. 85.
(
1

4

)3x
−
(
1

8

)x−1

= 128.

86.
169x − 14 · 13x + 13

169x − 7 · 13x + 6
= 0. 87.

49x − 8 · 7x + 7

9x+
1
2 − 2 · 3x − 1

= 0.

Ðåøèòü óðàâíåíèÿ

88.
1

3x
+

1

3x+1 = 4. 89.
1

2x−1 −
3

2x+1 = 2x. 90. 4x+1 −
1

4x−1 =
12

4x
.

91.
3

2x−1 +
4

2x
−

5

2x+1 = 30 · 2x. 92.
4x−1 + 1

4x+1 − 8
= 0,25.

93.
4x−1 − 2x+1 − 3

2x+2 − 5
= − 2. 94.

4x + 2x+1

2x+2 − 7
= − 1.

95.
2 · 7x + 5

3 · 49x + 2 · 7x − 16
= 1. 96.

5
√
7
x
+ 1

7x − 3
= − 3.

97.
2x − 5

2x + 8
=

2x + 1

2x+1 + 32
. 98.

2x + 10

4
=

9

2x−2 . 99.
4

4x + 2
= 2+

1

4x − 3
.

100.
2

0,75x
+

1

2− 0,75x
= 3. 101.

2x + 3
√
2
x−2 =

√
2
2−x

+ 6.

102.
x2

3x − 27
=

9

3x − 27
. 103.

3x
2−5

33
√
1−x

=
81

33
√
1−x

. 104.
3x

2−7 − 9
√
1− x− 2

= 0.



28 �3. Ïîêàçàòåëüíûå óðàâíåíèÿ

Ðåøèòü óðàâíåíèÿ

105.
32x−5

9
=

4

22x−5 . 106.
2x

2−1

8
=

27

3x
2−1

.

107. 2x−2 ·
(
3

8

)x
=

16

27
. 108. 27x+1 · 72x−1 = 42x−1 · 75x+2.

109. 39x−2 · 8x+1 = 35x+2 · 85x−3.

110. 3x+2 · 4x+0,5 = 0,125 · 123x. 111.
5

9
· 32x−1 · 53x = 52x−2 · 33x.

112. 2x+4 − 54 · 3x = 3x+3. 113. 7 · 3x+1 − 5x+2 = 3x+4 − 5x+3.

114. 4x − 3x−0,5 = 3x+0,5 − 22x−1. 115. 3 · 16x + 37 · 36x = 26 · 81x.

116. 3 · 16x + 2 · 81x = 5 · 36x. 117. 4x+0,5 − 9x = 6x.

118. 2 · 9 1
x
+ 1

2 + 3 · 4 1
x
+ 1

2 = 13 · 6 1
x . 119. 4x+

1
2 + 9x+

1
2 = 5 · 6x.

120. 27x + 12x = 2 · 8x. 121. 4 · 27x − 19 · 12x + 15 · 8x = 0.

122. 27x+
2
3 + 5 · 8x+ 1

3 = 19 · 12x.

123. 2 · 4,5x+1 − 5 · 3x+1 + 6 · 2x = 0.

124. 25 · 22x+1 + 117 · 52x = 20 · 12,52x.

125. 252x
2−5x+1 + 71 · 102x2−5x − 3 · 42x2−5x+1 = 0.

126. 2 · 253x2+2x + 103x
2+2x+1 = 3 · 43x2+2x+1.

Ðåøèòü óðàâíåíèÿ

127. 34x
2−x =

√
27−

√
12. 128. 2x

2−3x =
√
9+ 4

√
2− 1.

129. 33x
2−x =

√
4− 2

√
3+ 1. 130. 3x

2−3x−3 =
√
11− 6

√
2+
√
2.

131. 2
3
x
−x =

2−
√
2

3
√
2− 4

− 1. 132.
(
1

2

)2x2+3x

+
√
5 =

√
9+ 4

√
5.
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Ðåøèòü óðàâíåíèÿ 29

133.
√
2+
√
3
x
+
√
2−
√
3
x
= 4.

134.
√
5−
√
24
x
+
√
5+
√
24
x
= 10.

135.
√
7+
√
48
x
+
√
7−
√
48
x
= 14. 136. 2x+1 + 3x+1 = 13.

137. 8− x · 2x + 23−x − x = 0. 138. x2 · 2x + 32 = 4x2 + 2x+3.

139. 64
√
x · 3x + 4 = 4 · 3x + 64

√
x. 140.

√
2x· 3
√
4x· x
√
0,125 = 4 3

√
2.

141. |x− 3|3x
2−10x+3 = 1. 142.

4

√
|x− 3|x+1 = 3

√
|x− 3|x−2.

Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó

143. 4x−1 + 23 = 3 · 2x,
[√

2;
√
5
]
.

144. 5x
2−4x + 5x

2−4x−1 = 6,
[√

3; 5
√
5
]
.

145. 6x
2−4x+1 + 6x

2−4x = 252, [1; 5].

146. 7x
2−2x+1 + 7x

2−2x = 392,
[
− 1;
√
3
]
.

147. 9x
2−4x+ 1

2 + 7 · 6x2−4x = 10 · 4x2−4x,
[√

3+1√
3−1

; 7
√
11− 18

]
.

148. 5
(
4x

2+4x + 4 · 10x2+4x−1
)
= 7 · 25x2+4x, (− 4; 0].

149. 93x
2−4x+ 1

2 − 5 · 63x2−4x + 43x
2−4x+ 1

2 = 0, [− 1; 1].

150. 2 · 4,52x2−x + 32x
2−x+1 = 9 · 22x2−x,

[√
7−
√
5;
√
7+1√
7−1

]
.

151. 27x − 1 = (3x − 1) · |3x − 4|,
[
−
√
2; 0
]
.
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Îòâåòû ê çàäàíèÿì �3

1. 3. 2. 3. 3. 11. 4. 1,5. 5. 2. 6. 5
3
. 7. −6. 8. 2. 9. ±2.

10. −3; 5. 11. 9
4
. 12. 1

2
; 1. 13. −0,75. 14. 1

10
. 15. 1. 16. 11

2
.

17. − 1
12
. 18. ∅. 19. ±2. 20. 5

3
. 21. − 3

2
; 1. 22. ±

√
5. 23. 0.

24. ∅. 25. −6; 1. 26. −2. 27. 1. 28. −1. 29. 4. 30. 3. 31. 1
2
.

32. −5;−3. 33. −3. 34. − 1
2
. 35. 1. 36. −1. 37. 4; 7. 38. −1; 0,5.

39. ∅. 40. −2. 41. −2; 4. 42. 11
13
. 43. − 11

8
; 1
3
. 44. 0; 17

15
. 45. 1; 2.

46. −0,4; 2. 47. 11
9
; 2. 48. − 3

2
; 8. 49. −5; 1. 50. 11

13
. 51. −15.

52. 1,5. 53. −1; 3. 54. 2. 55. 3. 56. 2. 57. −1. 58. −1. 59. −1.
60. −3. 61. 2. 62. 2. 63. 2. 64. 1

2
. 65. 0; 1. 66. 0; 1. 67. 4.

68. 0. 69. 0,5; 1. 70. ±2. 71. −1; 0. 72. 0. 73. ±1;±
√
2. 74. 1.

75. ±1. 76. 0; 1. 77. 1. 78. 0. 79. −1; 2. 80. ±1. 81. −1. 82. 2.
83. 2. 84. 20. 85. − 4

3
. 86. 1. 87. 1. 88. −1. 89. −0,5. 90. 1

2
.

91. −1. 92. 1. 93. 1. 94. 0. 95. 1
2
. 96. 0. 97. 3. 98. 3. 99. ±0,5.

100.−1; 0. 101. 0; 2. 102.−3. 103.−3. 104.∅. 105. 7
2
. 106.±2.

107. −3. 108. −1. 109. 1. 110. 1. 111. −3. 112. −4. 113. −1.
114. 3

2
. 115. 1

2
. 116. 0; 1

2
. 117. 0. 118. ±1. 119. −1; 0. 120. 0.

121. 0; 1. 122. −1; 0. 123. −1; 0. 124. 1. 125. 1
2
; 2. 126. − 2

3
;

0. 127. − 1
4
; 1
2
. 128. 3±

√
15

2
. 129. 1±

√
7

6
. 130. −1; 4. 131. −2; 3

2
.

132. −1; − 1
2
. 133. ±2. 134. ±2. 135. ±2. 136. 1. 137. 2. 138. 2;

±2
√
2. 139. 0; 1

9
. 140. 3. 141. 1

3
; 2; 4. 141. − 1

5
; 1
2
; 1; 3. 142. 2;

3; 4; 11. 143. 2; 3. 2. 144. 2 ±
√
5. 2 +

√
5. 145. 2 ±

√
6. 2 +

√
6.

146. 1±
√
3. 1−

√
3. 147. 0; 4. 4. 148. −4; 0. 0. 149. 0; 1

3
; 1; 4

3
. 0;

1
3
; 1. 150. − 1

2
; 1. 1. 151. 0. 0.
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Ðàçäâèíüòå ñâîè ãðàíèöû! ß âñåãäà
äåëàþ òî, ÷òî íå óìåþ, ÷òîáû ýòî-
ìó íàó÷èòüñÿ.

Ïàáëî Ïèêàññî

�4

Ëîãàðèôìè÷åñêèå óðàâíåíèÿ

Ëîãàðèôìîì ïåðåìåííîé x > 0 ïî îñíîâàíèþ a (a > 0 è a 6= 1)
íàçûâàåòñÿ ôóíêöèÿ, îáîçíà÷àåìàÿ y = loga x, îáðàòíàÿ ê ïîêàçà-
òåëüíîé ôóíêöèè y = ax. Ïðèâåä¼ì íåêîòîðûå ñëåäñòâèÿ èç ýòîãî
îïðåäåëåíèÿ.

Âî-ïåðâûõ, îáëàñòüþ îïðåäåëåíèÿ ëîãàðèôìà ÿâëÿþòñÿ âñå
ïîëîæèòåëüíûå ÷èñëà: D(loga x) = { x > 0 }, ìíîæåñòâîì çíà÷å-
íèé�� âñå äåéñòâèòåëüíûå ÷èñëà: E(loga x) = R.

Âî-âòîðûõ, èç îïðåäåëåíèÿ ñëåäóåò, ÷òî

⇒ alogab = b � îñíîâíîå ëîãàðèôìè÷åñêîå òîæäåñòâî;

⇒ logax = b ⇒ x = ab � ïîæàëóé, ëó÷øèé ñïîñîá ¾èç-
áàâèòüñÿ¿ îò ëîãàðèôìà â óðàâíåíèè, åñëè ëîãàðèôì
òàì îäèí;

⇒ logax = logay ⇒ x = y � âçàèìíàÿ îäíîçíà÷íîñòü
ëîãàðèôìè÷åñêîé ôóíêöèè.

Äðóãèå íèæåïðèâåä¼ííûå ñâîéñòâà ëîãàðèôìîâ ñïðàâåäëèâû
äëÿ x,y > 0. Äëÿ îòðèöàòåëüíûõ x è y â ýòè ôîðìóëû íóæíî
ââåñòè íåêîòîðûå ïîïðàâêè, ïðåïîäàâàòåëü âàì ðàññêàæåò, êàêèå.
Ïî íàøåé ñêðîìíîé ñòàòèñòèêå, íàèáîëüøóþ îïàñíîñòü íåñ¼ò â ñåáå
ôîðìóëà, ïåðåä êîòîðîé ñòîèò çíàê z4, ïðè ÷¼òíûõ m.

31



32 �4. Ëîãàðèôìè÷åñêèå óðàâíåíèÿ

logax+ logay = loga(xy) ; logax− logay = loga
x

y
;

z4 logax
m =m logax ; logabx =

1

b
logax ;

logab =
logcb

logca
⇒ logab =

1

logba
.

Ðåøèòü óðàâíåíèÿ

1. log4 x =
1

2
. 2. log 1

3
(2− x) = − 2.

3. log 1
4
(3x− 1) =

1

2
. 4. 2 log9 x = 1. 5. log8(x

2 + 7 x) = 1.

6. log2(x (x− 2)) = 3. 7. log5
√
x = 2. 8. log√2(x− 2) = 4.

9. log3
√
x+ 5 = 2. 10. log4(x

2 + 3) = 1.

11. lg(x2 + 1) = 1. 12. ln2 x = 1. 13. log22(2x− 5) = 1.

14. log23
x− 5

9
= 4. 15. log2(x

2 − 2x) = log2(2x− 3).

16. log 1
3
(5x2 − 2) = log 1

3
(2x2 − 5x). 17. lg

4x2 − 19

5x
= lg

(
x−

2

x
− 2
)
.

18. log3 x = log3 1,5+ log3 8. 19. lg(x− 3) = lg 0,6+ lg 15.

20. ln(x2 + 4) = ln x+ ln 5. 21. ln x+ ln(x− 4) = ln 12.

22. log3(x+ 1) + log3 x = 1+ log3 2. 23. lg(4x+ 7) + lg x = 1− lg 5.

24. 2 log2 x = 1+ log2(x+ 4). 25. lg(12+ 3x) − lg x = 2 lg
√
7.

26. lg(16+ 4x) − 2 lg(2
√
2 ) = lg x. 27. lg(12− x) − lg x =

1

log3 10
.

28. log2(x− 5) −
1

log7 2
= 2. 29. log2(x

2 − 1) + log0,5(1− x) = 0.

30. log2(x
2 − 1) + log0,5(1− x) = 2.

31. log2(x− 1) + log0,5(2− x
2) = 1.

32. log5(x
3 + 3) − log√5 x+ log0,2(x+ 3) = 0. 33.

2 lgx

lg(5x− 4)
= 1.
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34.
lg(56− x3)

lg(2− x)
= 3. 35.

lgx

1− lg 2
= 2. 36.

log8
(
x2 − 9x+ 4

)3
− 2

log8 x
= 0.

37.
(3x+ 0,25) log3(x

2 − 8)

log0,2(2− x)
= 0. 38.

x log33
(
6x− 1

x + 2
)

3x− 1
= 0.

Ðåøèòü óðàâíåíèÿ

39. log22 x− 6 log2 x+ 8 = 0. 40. log23 x− 4 log3 x+ 3 = 0.

41.
1

12
lg2 x =

1

3
−

1

4
lg x. 42. log21

6

x+ log 1
6
x3 + 2 = 0.

43. lg(x2 + 1) = 2 lg−1(x2 + 1) − 1. 44. (5 ln x− 3)
(
ln x3 + 2

)
= 8.

45.
(
log2(x+ 1)2 − 5

)
(4 log2(x+ 1) − 5) = 3.

46. 4 lg

√
1

x
= 2− 5

√
lg x. 47. 2 lg x2 − lg2(−x) = 4.

48.
log16 x− 2

3− 4 log216 x
= 1. 49.

log23 x− 5 log3 x

log3 x− 8
= 1. 50.

log8 x+ 1

2− log28 x
= −

3

2
.

51.
lgx+ 1

lgx− 1
= lg x− 1. 52.

1

log 1
9
x− 1

+ 2 =
6

log 1
9
x+ 6

.

53.
1

log9(1− x)
+ 2 =

6

log9(1− x) + 6
.

Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó

54. 2log5 x
2 ·
√
3
log5 x

2

= 144,
[
π; 10

√
7
]
.

55. 31+log2 x
3 ·
√
5
log2 x

3

= 135, [2;π].

56. 4x−1 − 2x+1 + 3 = 0, [2; log2 7].

57. 9x+1 = 6 · 3x+1 − 5, [0; log3 2].

58. 22x−1 − 7 · 2x−1 + 5 = 0,
[
2;
√
21
]
.

59. 4x − 10 · 2x+1 + 1 = 0, (−∞; 4].

60. 5 · 4x+1 − 10 · 2x+1 = 4x − 1, (−5; 0).
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61. 8
2
x − 2

3x+3
x + 12 = 0, [1; 2]. 62.

8x + 2x

4x − 2
= 5, [1; 2].

63. (4x − 5)2 + 4x−0,5 + 2 = 4 · |4x − 5|,
[
2

3
; 1
]
.

64. (2x − 6)2 − 9 · |2x − 6| = 2− 2x+1, [2; 3].

65. log3 (3
x − 1) · log3

(
3x+1 − 3

)
= 6, [1; 2].

66. log3
11− 3x

2
= 2− x,

[
1

2
; log3 10

]
.

67. log2(4
x + 3) = 2+ x, [1,5; 3].

68. log3(5x+ 3) = log9(x
2 − 7)2 − 1,

[
π

3
;
√
259
]
.

69. 1+ log3(5x+ 3) = log√3
√
4x2 + 9,

[√
5; log2 17

]
.

70. ln2(2x− 3) = ln(2x− 3) ln(3− x) + 2 ln2(3− x), [− 2; 2].

71. lg2(4x− 3) + 3 lg(4x− 3) lg(2− x) + 2 lg2(2− x), [− 1; 1].

Ðåøèòü óðàâíåíèÿ

72. log0,5(x
2 + 7x+ 14)8 = − 16.

73. 2 log3(2− x) + log3(x+ 2)2 = 4 log3 2.

74. log2(3− x)
2 + 2 log2(x+ 3) = 4 log2 3.

75. 2x2 + lg x+ lg 10
x

= x+ 7. 76. 3x2 + log2 x+ log2
8
x
= 2x+ 8.

77. log22 x+ 2 log22(2− x) = 3 log2 x log2(2− x).

78. lg(lg x) = 0. 79. lg lg lg x = 0.

80. log2 log3 log4 x = 0. 81. lg(lg x) + lg(lg x3 − 2) = 0.

82. log4 log2 x+ log2 log4 x = 2. 83. 2log2 x = 31+log3 5.

84. log3(3
x − 8) = 2− x. 85. log2(4

x − 15) = 1+ x.

86. 52x−1 = 73−x. 87.
1

2
log3 (− x− 16) + log 1

3

(√
− x− 4

)
= 1.
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88. log2
(
1+
√
1+ x

)
= log4

(
2−
√
1+ x

)
.

89.
√
log0,04(x) + 1+

√
log0,2(x) + 3 = 1.

90. logx 1 = 2. 91. log√x 4 = 4.

92. log11(x
2 − 48) = log10x−x2 1. 93. logx2−18 4 = log3x 4.

94. logx2−2x−7 6 = log3+x 6. 95. log4x+1 7+ log9x 7 = 0.

96. log4 x− 2 logx 2 = 1,5. 97. 2 logx 3+ log3x 3+ 3 log9x 3 = 0.

98. log1−x 3− log1−x 2− 0,5 = 0. 99. (x2 + 2x− 3) log4+x(5− x) = 0.

100. (x2 − 3x− 10) log3+x(x
2 − 4x+ 5) = 0.

101. log8(x+ 2)3 · log2x 2 = 1. 102. logx2 16+ log2x 64 = 3.

103.
logx−0,5(3x− 2)2 + log26(3x− 2)

logx−0,5(3x− 2)2 + log26(x+ 1)
= 1.

104.

√
logx
√
5x = − logx 5. 105. log2(x+ 1)2 + log2 |x+ 1| = 6.

106.
√
2 log8(−x) − log8

√
x2 = 0.

107. 5lgx = 50− xlg 5. 108. 4lgx − 32+ xlg 4 = 0.

109. 7log
2
25(5x)−1 − xlog5 7 = 0. 110.

∣∣log√3 x− 2
∣∣− |log3 x− 2| = 2.

111.

∣∣∣1
3
− log 1

8
x
∣∣∣− 1

3
=
∣∣∣2
3
− log 1

8
x
∣∣∣.

112. xlgx = 10. 113. |x− 1|lg
2 x−lgx2 = |x− 1|3.

114. xlogx(x−2)2 = 9. 115. x2−lg2 x−lgx2 −
1

x
= 0.

116. x
lgx+5

3 = 105+lgx. 117. x2 lg
2 x = 10 x3.
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Îòâåòû ê çàäàíèÿì �4

1. 2. 2. −7. 3. 1
2
. 4. 3. 5. −8; 1. 6. −2; 4. 7. 625. 8. 6. 9. 76.

9. 10. −1; 1. 11. ±3. 12. 1
e
; e. 13. 7

2
; 11
4
. 14. 6; 86. 15. 3. 16. −2.

17. 9. 18. 12. 19. 12. 20. 1; 4. 21. 6. 22. 2. 23. 1
4
. 24. 4. 25. 3.

26.4. 27.3. 28.33. 29.−2. 30.−5. 31.
√
41−1
4

. 32.1. 33.4. 34.−2.
35. 25. 36. 9. 37. −3. 38. −0,5. 39. 4; 16. 40. 3; 27. 41. 0, 0001; 10.
42. 6; 36. 43. ±3. 44. 1

e
;

15
√
e14. 45. 1; 4 4

√
8 − 1. 46. 104; 4

√
10.

47. −100. 48. 1
32
; 16. 49. 9; 81. 50. 1

16
; 64. 51. 1; 1000. 52. 1;

243. 53. 26
27
; 80
81
. 54. 25. 25. 55.

3
√
4. ∅. 56. 1; log2 6. 1 + log2 3.

57. −1; log3
5
3
. log3

5
3
. 58. 1; log2 5. log2 5. 59. log2

(
10± 3

√
11
)
.

log2
(
10− 3

√
11
)
. 60. − log2 19; 0. − log2 19. 61. 3 log6 2; 3. 3 log6 2.

62. 1; log2
(
3+
√
29
)
−1. 1. 63. 1

2
; log4

7
2
.log4

7
2
. 64. log2 5; 3; log2 11.

log2 5; 3. 65. log3 28 − 3; log3 10. ∅. 66. log3 2; 2. log3 2; 2. 67. 0;

log2 3. log2 3. 68. 16. 16. 69. 0; 15
4
. 15

4
. 70. 2; 5

2
. 2. 71. 1; 15−

√
17

8
;

7
4
. 1. 72. −5;−2. 73. −2

√
2; 0. 74. 0; 3

√
2. 75. 2. 76. 5

3
. 77. 1.

78. 10. 79. 1010. 80. 64. 81. 10. 82. 16. 83. 15. 84. 2. 85. log2 5.

86.
1+3 log5 7

2+log5 7
. 87. −25. 88. 9−3

√
13

2
. 89. 25. 90. ∅. 91. 2. 92. 7.

93. 6. 94. 5. 95. 1
12
. 96. 0,5; 16. 97. 1√

3
; 1

3
√
81
. 98. − 5

4
. 99. 1; 4.

100. 2; 5. 101. 2. 102. 4;
3
√
4
2
. 103.

√
37−1
6

. 104. 0,04. 105. −5; 3.
106. −64;−1. 107. 100. 108. 100. 109. 0,2; 125. 110. 9; 1

9
.

111.
(
0; 1

4

]
. 112. 10; 0,1. 113. 0,1; 2; 1000. 114. 5. 115. 10−3; 1; 10.

116. 103; 10−5. 117. 0,1; 10
1±
√
3

2 .
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÷òîá ïîñ÷èòàòü îðàíãóòàíãåíñ
âàì íóæíî ïñèíóñ ïîäåëèòü
ëîãàðèôìè÷åñêîé ëèíåéêîé
íà ñåíîêîñèíóñ óãëà

Áåñ

�5

Òðèãîíîìåòðè÷åñêèå óðàâíåíèÿ

Íàïîìíèì òàáëèöó çíà÷åíèé îñíîâíûõ òðèãîíîìåòðè÷åñêèõ
ôóíêöèé äëÿ íåêîòîðûõ x:

x : 0
π

6
= 30◦

π

4

π

3
= 60◦

π

2
π = 180◦

3π

2

sin x 0
1

2

√
2

2

√
3

2
1 0 −1

cos x 1

√
3

2

√
2

2

1

2
0 −1 0

tg x 0
1
√
3

1
√
3 �∃ 0 �∃

ctg x �∃
√
3 1

1
√
3

0 �∃ 0

Îòñþäà, â ÷àñòíîñòè, ñëåäóåò, ÷òî arccos

√
3

2
=
π

6
, arcsin

√
2

2
=
π

4
,

arctg 1 =
π

4
, arctg

√
3 =

π

3
è ò. ä. Çàìåòèì, ÷òî ôóíêöèÿ cos x ÿâëÿ-

åòñÿ ÷¼òíîé, à sin x � íå÷¼òíîé:

cos (− x) = cos x, sin (− x) = − sin x .

Êàê ñëåäñòâèå, ôóíêöèè tg x è ctg x òàêæå ÿâëÿþòñÿ íå÷¼òíûìè.
Â ñïðàâî÷íûõ ìàòåðèàëàõ, äîñòóïíûõ íà ÅÃÝ ïðîôèëüíîãî

óðîâíÿ, ïðèâîäÿòñÿ ñëåäóþùèå ôîðìóëû:

37



38 �5. Òðèãîíîìåòðè÷åñêèå óðàâíåíèÿ

sin 2α+ cos 2α = 1 ,

sin (α+ β) = sinα · cosβ+ cosα · sinβ ,
cos (α+ β) = cosα · cosβ− sinα · sinβ ,

cos 2α = cos 2α− sin 2α , sin 2α = 2 sinα · cosα .

Äâå ïîñëåäíèå ôîðìóëû (äâîéíîãî óãëà) ëåãêî ñëåäóþò èç ïðåäû-
äóùèõ ôîðìóë ñèíóñà (êîñèíóñà) ñóììû. Èç íèõ æå íåñëîæíî ïî-
ëó÷èòü âàæíûå íà ýêçàìåíå ôîðìóëû ñèíóñà (êîñèíóñà) ðàçíîñòè
è ôîðìóëû ïðèâåäåíèÿ:

sin(α− β) = sin(α+ (−β)) = sinα cos(−β) + cosα sin(−β) =

= sinα cosβ− cosα sinβ,

cos
(
π

2
− x
)
= cos

(
π

2
+ (− x)

)
= cos

π

2
cos(− x) − sin

π

2
sin(− x) =

= 0 · cos x− 1 · sin(− x) = sin x.

Íèæå ìû íàïîìèíàåì ðåæå âñòðå÷àþùèåñÿ ôîðìóëû ñóì-
ìû, ðàçíîñòè è ïðîèçâåäåíèÿ ñèíóñîâ è êîñèíóñîâ. Âëàäåíèå ýòèìè
ôîðìóëàìè ìû ñ÷èòàåì ïóñòü è íå ñàìûì íåîáõîäèìûì, íî âåñüìà
ïîëåçíûì íàâûêîì.

sinα+ sinβ = 2 sin
α+β

2
· cos α−β

2
,

sinα− sinβ = 2 cos
α+β

2
· sin α−β

2
,

cosα+ cosβ = 2 cos
α+β

2
· cos α−β

2
,

cosα− cosβ = − 2 sin
α+β

2
· sin α−β

2
.

sinα · sinβ =
1

2
(cos (α− β) − cos (α+ β)),

sinα · cosβ =
1

2
(sin (α+ β) + sin (α− β)),

cosα · cosβ =
1

2
(cos (α+ β) + cos (α− β)).
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Ðåøèòü óðàâíåíèÿ

1. sin
(
2x−

π

3

)
= 0. 2. cos

(
π

6
+ 4x

)
= 0. 3. tg

(
π

5
+ x
)
= 0.

4. ctg
(
3x−

3π

7

)
= 0. 5. sin

(
x+

π

4

)
= 1. 6. cos

(
π

3
− 2x

)
= 1.

7. cos
(
4x−

π

8

)
= − 1. 8. sin

(
−
x

2
+
π

10

)
= − 1.

9. tg
(
x

4
+
π

3

)
= 1. 10. tg

(
5x−

2π

5

)
= − 1. 11. sin

(
π

3
− 2x

)
=

1

2
.

12. cos
(
x+

π

7

)
=

√
2

2
. 13. cos

(
3x

4
−
π

6

)
= −

1

2
.

14. sin
(
2x+

π

8

)
= −

√
3

2
. 15. tg

(
6x+

π

4

)
=
√
3.

16. tg
(
2π

5
− x
)
=

1
√
3
. 17. sin

(
11x

2
+
π

16

)
=

√
5

2
.

18. cos
(
3π

14
− 6x

)
= −

3

2
. 19. cos 2x(2− sin 5x) = 0.

20. sin 4x(cos 7x+ 5) = 0. 21. sin(2x− 2π)(
√
3− 2 cos x) = 0.

22. tg 3x(1+ 2 cos(2x+ 4π)) = 0. 23. sin2 x− sin(x− 6π) = 0.

24. cos2 2x+ cos 2x = 0. 25. cos3 4x+ 2 cos 4x = 0.

26. tg3 x− 3 tg x = 0. 27. cos4 2x+ cos2 2x = 0.

28. sin4 x+ sin2 x = 0. 29. sin 5x− sin 3x = 0.

30. cos 8x− cos 2x = 0. 31. sin 4x+ sin 16x = 0.

32. cos 7x+ cos 3x = 0. 33. sin(x+ 4π) + sin(x− 2π) = 1.

34. cos(x+ 2π) + cos(x− 8π) =
√
3.

35. sin(x− 4π) + sin(x+ 12π) =
√
2.

36. cos(2π− x) + cos(x− 2π) = −
√
3.

37. sin(8π− x) − sin(4π+ x) =
√
3.

38. sin
(
π

6
+ x
)
+ sin

(
π

6
− x
)
=

1

2
. 39. cos

(
x−

π

6

)
= cos

(
x+

π

6

)
.

40. sin
(
x−

π

3

)
= cos

(
x+

π

6

)
. 41. sin

(
x+

π

7

)
+ cos

(
π

7
− x
)
= 0.



40 �5. Òðèãîíîìåòðè÷åñêèå óðàâíåíèÿ

42. cos
(
x−

π

5

)
= sin

(
x+

π

5

)
. 43. sin(x+ 70◦) − cos(x− 70◦) = 0.

44. sin 3x− sin 4x+ sin 5x = 0. 45. cos 5x+ cos 6x+ cos 7x = 0.

46. sin x · sin 3x = 1

2
. 47. cos x · cos 3x = 1

2
.

48. sin x cos 5x = sin 9x cos 3x. 49. sin x sin 3x+ sin 4x sin 8x = 0.

50. sin 2x sin 6x = cos x cos 3x. 51. cos 3x cos 6x = cos 4x cos 7x.

Ðåøèòü óðàâíåíèÿ

52. sin2 x− 3 sin x− 4 = 0. 53. sin2 x− 2 sin x− 3 = 0.

54. cos2 x− 4 cos x+ 3 = 0. 55. cos2 x− 6 cos x+ 5 = 0.

56. sin2 x− 3 sin x+ 2 = 0. 57. sin3 x+ sin x = 0.

58. 2 sin x− sin5 x = 0. 59. 2 cos2 x = 3 sin x+ 2.

60. sin2 x+ 3 cos x− 3 = 0. 61. 2 cos2 x+ sin x− 1 = 0.

62. 2 sin2 x = 3 cos x. 63. 2 cos2 x = sin2 x− 1.

64. sin2 x− 2 cos x+ 2 = 0. 65. 1+ cos x+ cos 2x = 0.

66. 2 cos2 x+ cos 2x+ 3 cos x = 0. 67. 3 tg x =
√
3.

68. 1− tg2 x = 0. 69. tg2 x = tg x. 70. (1+ tg x) sin x = 0.

71. (1+ tg x) cos x = 0. 72.
sin 2x− cosx

tgx−
√
3

= 0.

73. sin 2x+ sin x = 0. 74. sin x cos x =
1

2
. 75. sin 2x tg x = 1.

76. sin x = 1+
2

sinx
. 77. sin4 x− 4 sin2 x+ 3 = 0.

78. 4 cos4 x− 17 cos2 x+ 4 = 0. 79. sin2
x

2
+ 3 cos

x

2
− 3 = 0.

80. 2 cos
x

2
= 1+ cos x. 81. sin

x

2
+ cos x = 1.

82. cos4 2x+ 6 cos2 2x =
25

16
. 83. 2 tg4 3x− 3 tg2 3x+ 1 = 0.

84.
1

sin2 x · cos2 x
+

3

sinx · cosx − 4 = 0. 85.
sin 2x

cosx
= 2 sin2 x.
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Ðåøèòü óðàâíåíèÿ

86. sin x+
√
3 cos x = 0. 87. sin 5x−

√
3 cos 5x = 0.

88. 4 sin
x

3
+ 7 cos

x

3
= 0. 89. cos2 x− 2

√
3 sin x cos x = 1+ sin2 x.

90. sin2 x− 5 sin x cos x+ 4 cos2 x = 0.

91. sin2 x+ 2 sin x cos x = 3 cos2 x. 92. sin 2x+ 5 cos2 x = 0.

93. sin2 2x+ 2 sin 4x− 5 cos2 2x = 0.

94. sin2 x+ sin x cos x− cos2 x = 1.

95. 3 sin2 x− 3 sin x cos x+ 4 cos2 x = 2.

96. 3 sin2 x+ sin 2x− cos2 x = 2. 97. sin 2x+ 5 cos2 x = 4.

98. 4 cos2
x

2
+

1

2
sin x+ 3 sin2

x

2
= 3.

99. 8 cos2
x

2
+ sin x+ 6 sin2

x

2
= 6.

100. 6 sin2 3x− 7 sin 3x cos 3x+ 3 cos2 3x = 1.

101. cos4 x− sin4 x = sin 2x.

102. 2 sin2 4x− 3 sin 4x cos 4x+ 5 cos2 4x = 2.

103. sin x−
1

sinx
=

1

cosx
− cos x.

104. 2 sin3 x+ 2 sin2 x cos x− sin x cos2 x− cos3 x = 0.

105. sin4 x+ cos4 x =
1

2
sin2 2x. 106. sin6 x+ cos6 x =

1

4
.

Ðåøèòü óðàâíåíèÿ

107.
√
3 sin x+ cos x = 1. 108. sin x+

√
3 cos x = 1.

109. sin x+ cos x =
√
2. 110.

√
3 sin x+ cos x =

√
2.

111. 3 cos x+
√
3 sin x = 3. 112. 3 sin 2x− 4 cos 2x = 5.

113. 2 sin x− cos x = 0,4. 114. 2 sin 2x+ 5 cos 2x = 6.
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115. 8 sin
x

2
− 2 cos

x

2
=
√
51. 116. sin 7x+ 2 cos 7x = 3.

117. 5 sin
x

3
+ 2 cos

x

3
= 6.

118. 4 sin
x

4
cos

x

4
− 6 sin

(
π− x

2

)
=
√
10.

119. sin 5x+
√
3 cos 5x = 2 sin 7x.

120. sin 8x− cos 6x =
√
3(sin 6x+ cos 8x).

121. sin 11x+

√
3

2
sin 7x+

1

2
cos 7x = 0.

122. sin 10x+ cos 10x =
√
2 sin 15x.

123. cos x−
√
3 sin x = 2 cos 3x. 124. cos x−

√
3 sin x = cos 3x.

125. sin 3x = cos 2x. 126. cos 3x+ sin 5x = 0.

127. 1+ sin2 2x = cos2 3x. 128. cos 4x = − 2 cos2 x.

129. sin4 x+ cos4 x = cos 4x. 130. 4 tg2 3x− cos−2 3x = 2.

131. 6 sin2 x+ 2 sin2 2x = 5. 132. 1− cos 6x = tg 3x.

133. tg2 3x− 2 sin2 3x = 0. 134. cos3 x+ sin3 x = cos 2x.
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Îòâåòû7 ê çàäàíèÿì �5

1. π
6
+ kπ

2
. 2. π

12
+ πn

4
. 3. −π

5
+ kπ. 4. 13π

42
+ πn

3
. 5. π

4
+ 2πn.

6. π
6
+ πn. 7. 9π

32
+ πn

2
. 8. 6π

5
+ 4πn. 9. −π

3
+ 4πn. 10. 3π

100
+ πn

5
.

11. π
12

+ πk; −π
4
+ πn. 12. 3π

28
+ 2πn; − 11π

28
+ 2πk. 13. 10π

9
+ 8πn

3
;

− 2π
3

+ 8πn
3
. 14. − 19π

48
+ πk; − 11π

48
+ πn. 15. π

72
+ kπ

6
. 16. 7π

30
+ kπ.

17. ∅. 18. ∅. 19. π
4
+ πn

2
. 20. kπ

4
. 21. kπ

2
; ±π

6
+ 2πn. 22. kπ

3
.

23. kπ; π
2
+ 2πn. 24. π

4
+ πn

2
; π

2
+ πn. 25. π

8
+ πn

4
. 26. kπ

3
.

27. π
4
+ πn

2
. 28. πn. 29. πn; π

8
+ πn

4
. 30. πk

5
; πn

3
. 31. πk

10
;

π
12

+ πn
6
. 32. π

10
+ πk

5
; π
4
+ πn

2
. 33. π

6
+2πk; 5π

6
+2πn. 34. ±π

6
+2πk.

35. π
4
+ 2πk; 3π

4
+ 2πn. 36. ± 5π

6
+ 2πk. 37. − 2π

3
+ 2πk; −π

3
+ 2πn.

38. ±π
3
+ 2πk. 39. πk. 40. π

3
+ πk. 41. −π

4
+ πk. 42. π

4
+ πk.

43. 45◦ + 180◦ · k. 44. πk
4
; ±π

3
+ 2πn. 45. π

12
+ πk

6
; ± 2π

3
+ 2πn.

46. π
4
+ πk

2
; ±π

6
+ πn. 47. ± 1

2
arccos

√
17−1
4

+ πk. 48. πk
8
. 49. πk

5
;

πn
7
. 50. π

6
+ πn

3
; π
10

+ πn
5
. 51. πk

10
. 52. −π

2
+ 2πk. 53. −π

2
+ 2πk.

54. 2πk. 55. 2πk. 56. π
2
+ 2πk. 57. πk. 58. πk. 59. πk. 60. 2πk.

61. π
2
+ 2πk

3
. 62. ±π

3
+ 2πk. 63. π

2
+ πk. 64. 2πk. 65. π

2
+ πk;

± 2π
3
+ 2πn. 66. π+ 2πk; ± arccos 1

4
+ 2πn. 67. π

6
+πk. 68. π

4
+ πk

2
.

69. πk; π
4
+πn. 70. πk;−π

4
+πn. 71.−π

4
+πk. 72. π

6
+2πk; 5π

6
+2πn.

73.πk; ± 2π
3
+2πn. 74. π

4
+πk. 75. π

4
+ πk

2
. 76.−π

2
+2πk. 77. π

2
+πk.

78.±π
3
+πk. 79. 4πk. 80. π+2πk; 4πn. 81. 2πk; π

3
+4πl; 5π

3
+4πm.

82. ±π
6
+ πn

2
. 83. ± π

12
+ πk

3
; ± 1

3
arctg

√
2
2

+ πn
3
. 84. − π

12
+ πn,

− 5π
12

+πm. 85. πk. 86. −π
3
+πk. 87. π

15
+ πk

5
. 88. −3 arctg 7

4
+3πk.

89. −π
3
+πk; πn. 90. π

4
+πk; arctg 4+πn. 91. π

4
+πk; − arctg 3+πn.

92. π
2
+πk; − arctg 5

2
+πn. 93. π

8
+ πk

2
; − 1

2
arctg 5+ πn

2
. 94. π

2
+πk;

arctg 2 + πn. 95. π
4
+ πk; arctg 2 + πn. 96. π

4
+ πk;− arctg 3 + πn.

97. arctg 1±
√
5

4
+πk. 98. −π

2
+2πk; π+2πn. 99. −π

2
+2πk; π+2πn.

100. π
12

+ πk
3
; 1
3
arctg 2

5
+ πn

3
. 101. π

8
+ πk

2
. 102. π

8
+ πk

4
; π
16

+ πn
4
.

103.−π
4
+πk. 104.± arctg

√
2
2
+πl; −π

4
+πk. 105. π

4
+ πk

2
. 107. 2πk;

2π
3

+ 2πn. 108. π
2
+ 2πk; −π

6
+ 2πl. 109. π

4
+ 2πk. 110. π

12
+ 2πk;

7π
12
+2πl. 111. π

3
+2πk; 2πn. 112.arctg 3+πk. 113. (−1)k arcsin 2

√
5

25
+

7Åñëè íåò äîïîëíèòåëüíûõ îãîâîðîê, ïðåäïîëàãàåòñÿ, ÷òî k, l, m è n ïðè-
íèìàþò âñåâîçìîæíûå öåëûå çíà÷åíèÿ.
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arcsin
√
5
5

+ πk. 114. ∅. 115. 2 arctg 1
4
+ (−1)k 2π

3
+ 2πk. 116. ∅.

117. ∅. 118. 2 arctg 3 + (−1)k π
3
+ 2πk. 119. π

6
+ πk; π

18
+ πn

6
.

120. π
4
+ πk; π

12
+ πn

7
. 121. − π

108
+ πk

9
; 7π

24
+ πn

2
. 122. π

20
+ 2πk

5
;

3π
100

+ 2πn
25

. 123. πk
2
− π

12
; π
6
+πn. 124.πk; (−1)n π

6
+ πn

2
. 125. π

10
+ 2πk

5
;

π
2
+ 2πn. 126. −π

4
+πk; 3π

16
+ πn

4
. 127. πk. 128. π

4
+ πk

2
; ±π

3
+πn.

129. πk
2
. 130.± π

12
+ πk

3
. 131. π

4
(2k+1). 132. πk

3
; π
12
+ πn

3
. 133. πk

3
;

π
12

+ πn
6
. 134. −π

4
+ πk; 2πn; −π

2
+ 2πm.
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Èäåÿ äëÿ ñòàðòàïà: ñòó÷àòüñÿ â êâàð-
òèðû ñâèäåòåëåé Èåãîâû ñ âîïðîñàìè
¾Âû íå õîòåëè áû ïîãîâîðèòü î ìàòå-
ìàòèêå?¿, ¾Îòêðûòî ëè âàøå ñåðäöå
äëÿ òðèãîíîìåòðèè?¿, ¾Âû çíàêîìû ñ
ó÷åíèåì Èñààêà Íüþòîíà, ïðèíÿâøåãî
óäàð ÿáëîêîì çà íåâåæåñòâî íàøå?¿.

Ñåòåâîé ôîëüêëîð�6

Òðèãîíîìåòðè÷åñêèå óðàâíåíèÿ.

Îòáîð êîðíåé

Â 13 çàäàíèè ïðîôèëüíîãî óðîâíÿ ÅÃÝ íåîáõîäèìî ðåøèòü
óðàâíåíèå è íàéòè êîðíè, ïðèíàäëåæàùèå óêàçàííîìó ïðîìåæóò-
êó. Â äàííîì ïàðàãðàôå ìû áóäåì îòðàáàòûâàòü îáà ýòè íàâûêà.
Ðàññìîòðèì çàäàíèå, áëèçêîå ïðåäëîæåííîìó íà ýêçàìåíå 1 èþíÿ
2018 ãîäà.

� Ïðè ìåð. à) Ðåøèòü óðàâíåíèå

cos 2x+ 2 cos
(
x−

π

3

)
=
√
3 sin x− 1.

á) Íàéòè êîðíè ýòîãî óðàâíåíèÿ, ïðèíàäëåæàùèå îò-

ðåçêó
[
−

7π

4
;−

5π

4

]
.

Ðåøåí è å. Â ñïðàâî÷íûõ ìàòåðèàëàõ, äîñòóïíûõ íà ÅÃÝ
ïðîôèëüíîãî óðîâíÿ, ïðèâîäèòñÿ ïÿòü ôîðìóë, òðè èç êîòîðûõ
íàì ñåé÷àñ ïîíàäîáÿòñÿ. Âî-ïåðâûõ, âîñïîëüçóåìñÿ ôîðìóëîé ¾êî-
ñèíóñ ñóììû¿:

cos
(
x−

π

3

)
= cos

(
x+

(
−
π

3

))
=

cos x cos
(
−
π

3

)
− sin x sin

(
−
π

3

)
=

cos x · 1
2
− sin x ·

(
−

√
3

2

)
=

1

2
cos x+

√
3

2
sin x .

Âî-âòîðûõ, cos 2x = cos2 x− sin2 x, è, â-òðåòüèõ, âñïîìíèì îñíîâíîå
òðèãîíîìåòðè÷åñêîå òîæäåñòâî 1 = sin2 x + cos2 x. Ñ ó÷¼òîì ýòèõ
òð¼õ ôàêòîâ èñõîäíîå óðàâíåíèå ïðèìåò âèä

45
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cos2 x− sin2 x+ 2
(
1

2
cos x+

√
3

2
sin x

)
=
√
3 sin x− (sin2 x+ cos2 x),

cos2 x−���sin2 x+ cos x+����√
3 sin x =����√

3 sin x−���sin2 x− cos2 x,

cos x (2 cos x+ 1) = 0,

cos x = 0 è 2 cos x+ 1 = 0,

x1 =
π

2
+ πk è x2 = ±

2π

3
+ 2πn, k,n ∈ Z .

Îäèí ïåðâè÷íûé áàëë çàðàáîòàí. Äëÿ ïîëó÷åíèÿ åù¼ îäíîãî
áàëëà íóæíî âûïîëíèòü çàäàíèå á). Ýòî ìîæíî ñäåëàòü ðàçíûìè
ñïîñîáàìè: è ïîäñòàâëÿÿ â x1,2 ðàçëè÷íûå öåëûå çíà÷åíèÿ k è n, è
ðåøèâ íåðàâåíñòâà − 7π

4
6 xi 6 − 5π

4
, è ïðè ïîìîùè ðàçëè÷íûõ âè-

äîâ ÷åðòåæåé. Íèæå ìû âûïîëíèì îòáîð êîðíåé, ïðèíàäëåæàùèõ
îòðåçêó

[
− 7π

4
;− 5π

4

]
, ïðè ïîìîùè ÷åðòåæà åäèíè÷íîé îêðóæíîñòè.

♦! ×òîáû ýêñïåðòû ñî÷ëè ðåøåíèå îáîñíîâàííûì, ÷åðò¼æ äîëæåí

áûòü äîñòàòî÷íî èíôîðìàòèâíûì.

Íà åäèíè÷íîé îêðóæíîñòè îòìå-
òèì âñå êîðíè (x1 è x2), íàéäåí-
íûå âûøå. Îòðåçîê

[
− 7π

4
;− 5π

4

]
èçîáðàçèì íàïðàâëåííîé äóãîé,
ñòðåëî÷êà äîëæíà èäòè â ïîëîæè-
òåëüíîì íàïðàâëåíèè (ïðîòèâ ÷à-
ñîâîé ñòðåëêè), îò ìåíüøåãî êîí-
öà îòðåçêà

(
− 7π

4

)
� ê áîëüøå-

ìó
(
− 5π

4

)
. Âñå êîðíè, îõâà÷åííûå

ýòîé äóãîé, íóæíî ïîäïèñàòü. Åñ-
ëè äóãà ïåðåñåêàåò êîîðäèíàòíóþ
îñü (îñè), ðåêîìåíäóåì íàéòè èõ
òî÷êè ïåðåñå÷åíèÿ. Â íàøåì ñëó-
÷àå íà ïåðåñå÷åíèè äóãè

[
− 7π

4
;− 5π

4

]
è îñè ¾sin x¿ êàê ðàç íàõî-

äèòñÿ êîðåíü (− 3π
2
). Ñëåäóþùèé êîðåíü, ïðèíàäëåæàùèé îòðåçêó[

− 7π
4
;− 5π

4

]
, ìîæíî ïîëó÷èòü, åñëè ê íàéäåííîìó êîðíþ ïðèáàâèòü

π
6
: − 3π

2
+ π

6
= − 4π

3
.

� Îòâ å ò: à) x1 =
π

2
+ πk, x2 = ±

2π

3
+ 2πn,k,n ∈ Z;

á) −
3π

2
, −

4π

3
.
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Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó

1. sin2 x− 5 sin x+ 4 = 0,
[
π

2
;
5π

2

]
.

2. 6 sin2 x− 5 sin x− 4 = 0,
[
π

2
;
3π

2

]
.

3. 2 sin2 x− 3 sin x+ 1 = 0,
[
−

5π

4
; 0
]
.

4. cos2 x+ cos x− 2 = 0,
[
π;

9π

4

]
.

5. 2 cos2 x− 7 cos x+ 3 = 0,
[
3π

2
;
13π

6

]
.

6. 2 sin x− 1 =
1

sinx
,

[
3π

4
;
3π

2

]
.

7. cos x+ 7+
6

cosx
= 0,

[
−

15π

7
;
15π

7

]
.

8.
√
2 cos2 x+

√
2 cos x− 1 = cos x,

[
− 2π;−

π

2

]
.

9. 4 cos2 x+ 2
√
2 cos x−

√
2 = 2 cos x,

[
21π

5
;
27π

5

]
.

10. 2 sin2 x−
√
3 sin x− 3 = 0,

[
−

3π

2
;−

π

2

]
.

11. 4 cos2 x+ 3
√
2 cos x+ 1 = cos 2x,

[
13π

2
; 7π
]
.

12. tg2 x+
√
3 tg x = 0,

[
13π

4
;
21π

5

]
.

13. tg2 x− 2 tg x+ 1 = 0, [π; 2π].

14. cos 2x+ sin x cos x = cos2 x.
[
7π

6
;
11π

6

]
.

15. 5
(
cos2

x

2
− sin2

x

2

)
= 3+ cos 2x,

[
3π;

15π

4

]
.

16. 2 cos2 2x+ sin 2x− 1 = 0.
[
− 3π;−

5π

2

]
.
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Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó8

17. cos2(π− x) + sin (− x) = 1,
[
−

17π

4
;−

14π

5

]
.

18. 3 cos2 x+ sin (x− π) + 1 = 0, [3π; 6π].

19. 4 cos2 x+ 4 sin
(
π

2
+ x
)
+ 1 = 0, [− 3π;− 2π].

20. 2 cos2 x+ cos
(
− x−

π

2

)
− 1 = 0,

[
5π

2
;
7π

2

]
.

21. 2 cos2 x− 3 cos
(
x−

π

2

)
= 2 cos 2x− 1,

[
3π;

9π

2

]
.

22. cos 2x+ cos
(
π

2
− x
)
= 1,

[
− 4π;−

11π

3

)
.

23. cos 2x+ sin2 (π− x) =
1

2
,

[
−

9π

2
;−

11π

3

)
.

24. cos
(
3π

2
+ 2x

)
− cos x = 0,

[
4π

3
; 4π
)
.

25. cos 2x = 1+
√
2 cos

(
5π

2
− x
)
,

[
8π

9
;
3π

2

]
.

26. 4 sin2 x+
√
3 sin

(
π

2
+ x
)
+

1

2
= 0,

[
− 4π;−

11π

4

]
.

27. 2 sin3
(
π

2
+ x
)
= sin

(
π

2
− x
)
,

(
− 3π;−

5π

2

)
.

28. sin3
(
x−

3π

2

)
− sin

(
x−

π

2

)
= 0,

[
−

9π

4
;−

2π

3

]
.

29. 4 cos3
(
x−

π

2

)
+ cos

(
π

2
− x
)
= 0,

[
7π

6
;
25π

8

]
.

30. 4 cos3
(
π

2
− x
)
= 3 cos

(
x−

π

2

)
,

[
7π

2
; 4π
]
.

31. 2 cos 2x−
√
2 sin (x− π) + 1 = 0,

[
5π

3
;
19π

6

]
.

32. 4 sin2(− x) + 4 cos(π− x) = 1,
[
−

3π

2
;−

π

4

]
.

8Ïî ìîòèâàì ÊÈÌ ÅÃÝ-2019 è ÅÃÝ-2020
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33. 6 cos2
(
π

2
+ x
)
+ 5 sin

(
π

2
− x
)
= 2,

[
−

5π

2
;−

7π

6

]
.

34. 2 sin2 x− cos
(
π

2
− x
)
= 0,

[
π

2
;π
]
.

35. 2 sin(π+ x) sin(− x) = cos
(
π

2
− x
)
,

[
−

3π

2
;−

2π

3

]
.

36. 2
√
3 cos2

(
3π

2
+ x
)
+ sin(− 2x) = 0,

[
7π

4
;
8π

3

]
.

37. 2 cos2
(
3π

2
− x
)
−
√
3 sin x = 0,

[
π

4
;
3π

4

]
.

38. sin
(
2x+

π

2

)
+ 2
√
2 cos (− x) − 2 = 0, [0; 1].

39.
√
2 sin

(
x−

π

2

)
cos
(
x+

π

2

)
− sin (π− x) = 0, [− 4,9π;− 4π].

40. sin2
(
3x−

π

2

)
− sin 3x = 1,

[
− 3π;−

11π

4

]
.

41. 2 sin4 (x+ π) + 3 cos 2x+ 1 = 0,
[
−

11π

3
;−

5π

4

]
.

42. 2 sin4 2x = sin2
(
2x−

π

2

)
,

[
2π

3
;π
]
.

43.
sin 2x

cos(x−π)
= 2 sin

π

4
,
[
−

7π

2
;−

5π

2

]
.

44. tg x · tg (π− x) = − 3,
[
5π

4
; 2π
]
.

45.

√
2 tg

(
3π

2
− x
)
sin (3π− 2x) = − tg

2π

3
,

[
−π;−

π

3

]
.

46. tg4 x− 6 ctg2
(
π

2
− x
)
+ 9 = 0,

[
−

3π

2
;−

3π

4

]
.

Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó9

47. sin2 x+
√
2 sin

(
x+

π

4

)
= cos x,

[
5π

2
;
7π

2

]
.

48. 2 sin
(
5π

6
− x
)
+
√
6 sin2 x = cos x,

(
3π;

7π

2

]
.

9Ïî ìîòèâàì ÊÈÌ ÅÃÝ-2018
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49. sin2 x+

√
2

2
cos x = cos

(
π

4
+ x
)
,

[
π

3
;
4π

3

]
.

50. 2 sin
(
x+

π

6

)
=
√
3 sin x+

√
2 cos2 x,

[
− 2π;−

3π

2

]
.

51. 2 cos2 x+
√
6 sin x =

√
8 sin

(
π

6
+ x
)
, [3π; 4π].

52. 2
√
3 cos

(
π

3
− x
)
− 1 = cos 2x+ 3 sin x,

[
−

11π

6
;−

7π

6

]
.

53. 2 sin x+ 2 sin
(
π

6
− x
)
+ 1 = cos 2x+ cos x+

√
3,

[
−

3π

2
;−

2π

3

]
.

54. 2 cos
(
x−

π

6

)
= cos 2x+ 2 sin x+

√
3 cos x,

[
−

4π

3
;−

π

3

]
.

55. sin
(
2π

3
− x
)
+ cos2 x =

1

2
sin x,

[
− 3π;−

3π

2

]
.

56. sin x−
√
2 sin

(
x−

π

4

)
= 2 cos2 x,

[
7π

2
;
13π

3

]
.

57. (cos x− sin x)2 +
√
2 sin

(
3π

4
− 2x

)
+
√
3 cos x = 0,

[
−

4π

3
;−

2π

3

]
.

58. cos 2x+ 2 cos
(
x−

π

3

)
=
√
3 sin x− 1,

[
−

7π

4
;−

5π

4

]
.

59.
√
2 sin

(
3π

4
− x
)
+ 2 cos2 x = sin x,

[
9π

4
; 3π
]
.

60. 1−
√
2 sin x = 2 sin

(
π

4
− x
)
− cos 2x,

[
π;

5π

3

]
.

61. sin2 x+ cos
(
π

4
− x
)
= 2 sin x+ sin

3π

4
· (cos x+ 2),

[
−

3π

2
;−

π

2

]
.

62.
√
2 sin

(
x+

π

4

)
+
√
2 cos

x

2
= sin x− 1, [3π; 4π].

63. 2 sin2
(
π

6
+
x

2

)
− cos

(
x

2
+
π

6

)
= 1, [2π; 3π].

64. 1+ 2 cos
(
x+

π

3

)
+ 2 sin x = cos 2x+ cos x+

√
3,

[
9π

2
; 5π
]
.

65. cos
(
x−

π

6

)
+

5

4
= cos 2x+

1

2
sin x,

[
3;
√
3π
]
.

66. tg
(
x−

π

3

)
+ tg x = 0,

[
π;

7π

4

]
.
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Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó

67. 2 sin3 x+ sin2 x+ 12 sin x+ 6 = 0,
[
9π

4
;
13π

4

]
.

68. 2 cos3 x+
√
3 cos2 x+ 2 cos x+

√
3 = 0,

[
−

8π

7
;−

5π

7

]
.

69. tg3 x+ tg2 x− 3 tg x− 3 = 0,
[
3π;

15π

4

]
.

70. sin3 x− sin2 x+ 4 sin x− 4 = 0,
[
11π

3
;
14π

3

]
.

71. 2 cos3 x− 3 cos2 x− 3 cos x+ 2 = 0,
[
−

3π

2
;−

π

4

]
.

72. 2 sin3 x+ 9 sin2 x+ 3 sin x− 4 = 0,
[
2π

3
;
4π

3

]
.

73. sin x cos x− sin2 x− cos x+ sin x = 0.
[
−

5π

3
;−π

]
.

74. sin 2x+
√
2 sin x = 2 sin2 x+

√
2 cos x.

[
8π

3
;
19π

6

]
.

75. ctg3 x−
√
3 ctg2 x− ctg x+

√
3 = 0,

[
−π;−

π

2

]
.

76. 2 sin x− sin 2x =
√
3−
√
3 cos x.

[
−

3π

4
;
π

4

]
.

77. 2 sin 2x− 2 sin x− 6 cos x+ 3 = 0,
[
−

7π

6
;
π

6

]
.

78. sin3 x+ cos3 x− sin x− cos x = 0,
[
3π

2
; 2π
]
.

79. sin 2x = 2 sin x− sin
(
x+

π

2

)
+ 1,

[
5π

2
;
7π

2

]
.

80.
√
3 ctg3 x+ 3 ctg2 x+

√
3 ctg x+ 3 = 0,

[
5π

2
;
7π

2

]
.
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Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó

81. tg3 x+ 11 tg2 x− tg x− 11 = 0,
[
− 1;

2π

3

]
.

82. 5 cos2 x− 12 cos x+ 4 = 0,
[
π

6
;
3π

4

]
.

83. 9 cos2 x− 6 cos x+ 1 = 0,
[
−π;−

π

4

]
.

84.
1

cosx
+ 2 = 3 cos x,

[
4π

3
;
7π

3

]
.

85. 6 cos2 x+ 5 sin x− 7 = 0,
[
3π

4
;
7π

4

]
.

86. 8 sin2 x− 2 cos x− 7 = 0, [− 181◦;− 118◦].

87. cos 2x+ sin(π− x) + 1 = 0,
[
π

2
;
7π

4

]
.

88. 2 cos 2x+ 4 sin
(
π

2
+ x
)
+ 1 = 0,

[
π

4
;
2π

3

]
.

89. sin4 x− 3 cos 2x+ 1 = 0,
[
− 3π;−

5π

2

]
.

90. sin2 x+ sin x cos x = 2 cos2 x,
[
− 3π;−

13π

6

]
.

91. sin 2x = 2 cos2 x+ cos 2x,
[
−

8π

9
;
π

4

]
.

92. sin2 x+ 3 cos2 x = 2 sin 2x,
(
9π

4
;
11π

4

]
.

93. 7 sin2 x+ 2 sin 2x− 3 cos2 x = 0, [−π; 0].

94. sin2 x+ 3 sin x cos x− 1 = 0,
[
−

5π

4
;−

3π

4

]
.

95. sin2 x+ 3 sin x cos x+ 1 = 0,
[
5π

6
;
11π

6

]
.

96. 2 sin x cos x+ 4 cos2 x = 3+ sin2 x,
[
−

3π

4
;
π

4

]
.

97. 2 cos2 x− 3 sin x cos x+ 5 sin2 x = 3,
[
−
π

2
;
π

6

]
.

98. 3 sin2 x− sin 2x+ 2 cos2 x = 3,
[
−

19π

6
;−

π

3

]
.

99. 2 sin2 x+ sin x cos x+
√
3 (sin 2x+ cos2 x) = 0,

[
5π

6
;
11π

6

]
.
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Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó

100. sin x+ cos x = − 1,
[
9π

4
;
5π

2

]
.

101. sin x−
√
3 cos x = 1,

[
4π

3
;
5π

2

]
.

102. sin 3x+ cos 3x = 1,
[
−π;−

π

2

]
.

103. sin x− cos x =
1

2
,

[
π

2
;
3π

2

]
.

104.
√
3 sin x+ cos x = −

1

3
, [− 3π;− 2π].

105. 2 sin x− 4 cos x = 3,
[
π

6
;π
]
.

106. 3 sin x− 4 cos x = 2,5,
[
−

3π

2
;−

5π

6

]
.

107. sin x+
√
3 cos x = 2 sin 4x,

[
π

4
;
π

2

]
.

Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó

108.
2 cos2 x− cosx− 1

√
sinx

= 0,
[
−

7π

2
;− 2π

]
.

109.
4 sin4 x+ 7 sin2 x− 2

√
− cosx

= 0, [3π; 4π].

110. tg x · sin 2x = 2,
[
−
π

6
;π
]
.

111.
cos 2x− cosx

2 sinx+
√
3

= 0,
[
− 3π;−

3π

2

]
.

112.
1

tg2 x
+ 3 =

3

sinx
,
[
−

5π

3
;−

7π

8

]
.

113. ctg
(
π

2
− x
)
sin (2x− π) = − 2,

[
−

7π

4
;−

4π

7

]
.

114. sin2(− x) =
1

4 ctgx
,
[
−

3π

2
;−

2π

3

]
.

115.
sin 2x− cosx

tgx−
√
3

= 0,
[
−

3π

2
;−

2π

3

]
.
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116.
cosx− sin 2x

ctgx−
√
3

= 0,
[
π

4
;
3π

4

]
. 117.

ctgx−
√
3

cosx− sin 2x
= 0, [3π; 5π].

118.
2 tg2 x+ 5 tgx

sin 2x+ 5 cos2 x
= 0,

[
4π

11
;
11π

4

]
.

119.
4 tg2 x− 9

2 sinx− 3 cosx
= 0,

[
2π

3
;π
]
.

120.
tg2 x− tgx− 6

3 cosx− sinx
= 0,

[
2π

3
; 2π
]
.

121. sin x =

√√
3 cosx+ 2

2
,
[
−

5π

4
;−

2π

3

]
.

122. sin x =

√√
3 cosx− 1

2
,
[
−

3π

2
;
π

2

]
.

123.
√
sin x+ 1 =

cos
(
π
2 + x

)
cos π4

,
[
2π;

7π

2

]
.

124.
√
2 cos x =

√
5− 7 sin x,

[
−

5π

2
;−

3π

2

]
.

125. cos x =
√

5− sinx

6
, [−π; 0]. 126.

2 sin2 x− 1√
1

11
− sinx

= 0,
[
21π

2
; 13π

]
.

127.
4− 5 cosx

3− 5 sinx
= 0, [− 5π;− 4π]. 128.

5 sinx− 3

5 cosx− 4
= 0,

[
9π

2
; 5π
]
.

129.
5 cosx+ 4

4 tgx− 3
= 0,

[
3π

4
;
5π

3

]
. 130.

13 cosx+ 5

12 ctgx+ 5
= 0,

[
5π

6
;
11π

6

]
.

131.
13 sinx

12− 13 cosx
=

5

12− 13 cosx
,
[
11π

9
;
22π

5

]
.

132.

√
13 sinx− 2
√
13 cosx− 3

= 0, [− 2π;−π].

Ðåøèòü óðàâíåíèÿ è íàéòè êîðíè,

ïðèíàäëåæàùèå ìíîæåñòâó

133. 7 sin 2x =
(
1

7

)−√2 cosx
,

[
5π

4
;
7π

3

]
.

134. 4cos
2 x+cosx = 2cosx,

[
−
π

4
;
3π

4

]
.

135. 121+sinx = 31+sinx · 41+cosx,
[
6π

7
;
10π

3

]
.
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136. 14cosx = 2cosx · 7− sinx,
[
8π

3
;
11π

3

]
.

137.
(
4

9

)sin(x+3π)

=
(
9

4

)√3 cos(x+π)
,

[
−π;

π

3

]
.

138. 49cos
2 x = 73 cos

3 x, [3π; 4π].

139. 24 cosx = 10− 3 · 4cosx,
[
5π

6
;
7π

3

]
.

140. 2cosx−1 + 2sin(x+
3π
2 )+1 =

5

2
,

[
7π

2
;
13π

3

]
.

141. 4sinx +
√
2 = 2sinx

(√
2+ 1

)
,

[
5π

3
;
7π

3

]
.

142. 2 · 9tgx − 5 · 3tgx = 3,
[
−

5π

4
;−

π

2

]
.

143. 9ctgx+
1
2 +
√
3 = 3ctgx+1 + 3ctgx+

1
2 ,

[
−

3π

4
;−

π

4

]
.

144.
4x+

1
2 − 2x+1 − 2x+

1
2 +
√
2

sinx+ sin 2x
= 0,

[
−
π

2
;
π

2

]
.

145.
16sinx − 3 · 4

1
2+sinx + 8

log2(1− 3 cosx)
= 0,

[
−

3π

4
;
6π

5

]
.

146. (2x2 − 5x− 12)(2 sin 2x− 1) = 0,
[
π;

3π

2

]
.

147. (3x2 − 8x− 3) cos
(
x+

π

3

)
= 0,

[
π

2
;π
]
.

148.
√
x2 − 1 ·

(
sin2 x− sin 2x

)
= 0,

[
0;
π

2

]
.

149.
√
4− 2 cos2 x−

√
2 sin x = 2,

[
2π;

7π

2

]
.

150.
√
cos 2x− 7

√
3 sin x+ 12 = 1,

[
− 3π;−

3π

2

]
.

151. ln
(
3− 2 sin2 x

)
= ln (3 cos x),

[
3π

4
;
7π

4

]
.

152. lg
(
sin2 x

)
= lg (1+ cos x),

[
−

7π

4
;−π

]
.

153. log2(sin x) + log22(sin x) = 0, [− 4π;− 3π].

154. log2(4 sin
2 x) + 1 = 3 log2(2 sin x) = 0,

[
4π

3
;
8π

3

]
.



56 �6. Òðèãîíîìåòðè÷åñêèå óðàâíåíèÿ. Îòáîð êîðíåé

155. 2 log24(4 sin x) − 11 log4(4 sin x) + 5 = 0,
[
3π

2
;
9π

4

]
.

156. 2 log22(2 sin x) + 1 = 3 log2(2 sin x),
[
2π

3
;
4π

3

]
.

157. 2 log20,5(sin x) + log0,5(sin
7 x) = 4,

[
−

3π

2
;−

π

4

]
.

158. 2 log20,25(cos x) + 15 log0,25(cos x) − 8 = 0, [− 3π;− 2π].

159. 2 log22(sin x) − 7 log2(sin x) − 4 = 0,
[
3π

2
;
5π

2

]
.

160. 2 log28(4 sin x) − 7 log8(4 sin x) + 3 = 0,
[
2π

3
;
5π

3

]
.

161. log29
(
4 sin2 x

)
− log9 (2 sin x)

5 + 1 = 0,
[
−

3π

2
;−

π

3

]
.

162. 2 log24
3

(cos x) + 5 log 3
4
(cos x) = 3,

[
− 3π;−

3π

2

]
.

163. log24
3

(
cos2 x

)
+ 5 log 3

4

(
cos2 x

)
= 6,

[
− 3π;−

7π

3

]
.

164. log2(sin x+ sin 2x+ 16) = 4,
[
−

13π

4
;−

9π

4

]
.

165. log3(4 cos
2 x+ 2

√
3 cos x− 6 cos x) = 1,5,

[
5π

7
;
8π

7

]
.

166. log27(3
3x − 2 cos2 x−

√
2 sin x+ 2) = x,

[
−

3π

2
;−

7π

6

]
.

167. ln (cos 2x) = ln (cos x),
[
3π;

9π

2

]
.

168. logcosx
1

4
= 2,

[
2π

3
;
7π

4

]
.

169. log√2 sinx(− 3 cos x) = 2, [π; 4π].

170. log 1
2
sin x = logcosx cos x, [3π; 5π].

171. logsinx cos x+ 2 logcosx sin x = 3,
[
π

6
;
π

3

]
.

172. log√2 sinx(1+ cos x) = 2,
[
−

2π

3
;
π

3

]
.
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Îòâåòû10 ê çàäàíèÿì �6

1. π
2
+ 2πn. π

2
; 5π

2
. 2. −π

6
+ 2πl; − 5π

6
+ 2πm. 7π

6
. 3. π

2
+ 2πk;

(−1)n π
6
+ πn. − 7π

6
. 4. 2πn. 2π. 5. ±π

3
+ 2πk. 5π

3
. 6. π

2
+ 2πn

3
. 7π

6
.

7. π + 2πn. ±π. 8. π + 2πn; ±π
4
+ 2πk. −π; − 7π

4
. 9. ±π

3
+ 2πk;

± 3π
4

+ 2πn. 13π
3
; 19π

4
; 21π

4
. 10. −π

3
+ 2πk; − 2π

3
+ 2πl. − 2π

3
.

11.± 3π
4
+2πk. 27π

4
. 12.−π

3
+πn; πk. 11π

3
; 4π. 13. π

4
+πn. 5π

4
. 14.πk;

π
4
+πn. 5π

4
. 15.±π

3
+2πk. 11π

3
. 16. π

4
+ πk

3
. − 11π

4
. 17. πk; −π

2
+2πn.

−4π; −3π. 18. π
2
+ 2πn. 9π

2
. 19. ± 2π

3
+ 2πk. − 8π

3
. 20. π

6
+ 2πk

3
.

17π
6
; 7π

2
. 21. π

6
+ 2πk; 5π

6
+ 2πn; π

2
+ 2πm. 9π

2
; 25π

6
. 22. πk; π

6
+ 2πl;

5π
6
+2πn. − 4π; − 23π

6
. 23. π

4
+ πn

2
. − 17π

4
; − 15π

4
. 24. π

2
+πk; π

6
+2πl;

5π
6
+2πn. 3π

2
; 13π

6
; 5π

2
; 17π

6
; 7π

2
. 25. πk; −π

4
+2πm; − 3π

4
+2πn. π; 5π

4
.

26. ± 5π
6
+ 2πk. − 17π

6
; − 19π

6
. 27. π

2
+πk; π

4
+ πm

2
. − 11π

4
. 28. π

2
+πk.

− 3π
2
. 29. πk. 2π; 3π. 30. πm

3
. 11π

3
; 4π. 31.−π

4
+2πk; − 3π

4
+2πn. 7π

4
.

32. ±π
3
+2πk. −π

3
. 33. ± 2π

3
+2πk. − 4π

3
. 34. πk; π

6
+2πl; 5π

6
+2πm.

5π
6
; π. 35. πn; π

6
+ 2πk; 5π

6
+ 2πl. −π; − 7π

6
. 36. πk; π

6
+πn. 2π; 13π

6
.

37. πk; π
3
+2πl; 2π

3
+2πm. π

3
; 2π

3
. 38.±π

4
+2πk. π

4
. 39. πk; ±π

4
+2πl.

− 17π
4
; −4π. 40. πk

3
; −π

6
+ 2πn

3
. −3π; − 17π

6
. 41. π

2
+ πk. − 7π

2
; − 5π

2
;

− 3π
2
. 42. π

8
+ πk

4
. 7π

8
. 43. −π

4
+2πk; − 3π

4
+2πl. − 11π

4
. 44. ±π

3
+πk.

4π
3
; 5π

3
. 45. ±π

6
+ πk. − 5π

6
. 46. ±π

3
+ πk. − 4π

3
. 47. πk; −π

2
+ 2πl.

3π; 7π
2
. 48. πk; −π

4
+ 2πl; − 3π

4
+ 2πm. 13π

4
. 49. πk; − 3π

4
+ 2πl;

−π
4
+ 2πm. π; 5π

4
. 50. ±π

4
+ 2πl; π

2
+ πm. − 3π

2
; − 7π

4
. 51. π

2
+ πk;

±π
4
+2πl. 7π

2
; 15π

4
. 52. π

2
+πk; ±π

6
+2πl. − 11π

6
; − 3π

2
. 53. −π

2
+2πk;

π
3
+ 2πl; 2π

3
+ 2πm. − 4π

3
. 54. π

2
+ 2πk

3
. − 5π

6
. 55. π

2
+πk; ± 5π

6
+ 2πl.

− 17π
6
; − 5π

2
; − 3π

2
. 56. π

2
+ πk; ±π

3
+ 2πl. 7π

2
; 11π

3
; 13π

3
. 57. π

2
+ πk;

± 5π
6
+2πl. − 7π

6
; − 5π

6
. 58. π

2
+πk; ± 2π

3
+2πn. − 3π

2
; − 4π

3
. 59. π

2
+πk;

± 2π
3

+ 2πm. 5π
2
; 8π

3
. 60. π

2
+ πk; ±π

4
+ 2πm. 3π

2
. 61. − 3π

4
+ 2πm;

−π
4
+ 2πn. − 3π

4
. 62. π + 2πk; ± 3π

2
+ 4πl. 3π. 63. π

3
+ 4πk

3
. 3π.

64.−π
2
+2πk; π

3
+2πm; 2π

3
+2πn. 14π

3
. 65.± 5π

6
+2πk. 7π

6
. 66. π

6
+ πk

2
.

7π
6
; 5π

3
. 67. (−1)k π

6
+ πk. 19π

6
. 68. ± 5π

6
+ 2πk. − 5π

6
. 69. −π

4
+ πk;

±π
3
+ πn. 10π

3
; 11π

3
; 15π

4
. 70. π

2
+ 2πn. 9π

2
. 71. π + 2πn

3
. −π; −π

3
.

72. π
6
+ 2πn

3
. 5π

6
. 73. π

2
+ 2πk; π

4
+ πn. − 3π

2
. 74. π

4
+ πk; 3π

4
+ 2πn.

11π
4
. 75. π

4
+ πk

2
; π

6
+ πn. − 5π

6
; − 3π

4
. 76. 2πk; π

3
+ 2πl; 2π

3
+ 2πm.

10Åñëè íåò äîïîëíèòåëüíûõ îãîâîðîê, ïðåäïîëàãàåòñÿ, ÷òî k, l, m è n ïðè-
íèìàþò âñåâîçìîæíûå öåëûå çíà÷åíèÿ.
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0. 77. ±π
3
+ 2πk. −π

3
. 78. −π

4
+πk; πl

2
. 3π

2
; 7π

4
; 2π. 79. − 5π

6
+ 2πk;

−π
6
+ 2πl; 2πk. 19π

6
. 80. −π

6
+ πk. 17π

6
. 81. π

4
+ πk

2
; − arctg 11+ πn.

±π
4
; π − arctg 11. 82. ± arccos 2

5
+ 2πn. arccos 2

5
. 83. ± arccos 1

3
+

2πn. − arccos 1
3
. 84. 2πk; π ± arccos 1

3
+ 2πn. π + arccos 1

3
; 2π.

85. π
6
+ 2πk; 5π

6
+ 2πl; arcsin 1

3
+ 2πm; π − arcsin 1

3
+ 2πn. 5π

6
;

π−arcsin 1
3
. 86.± 2π

3
+2πk; ± arccos 1

4
+2πn. − 2π

3
. 87. arcsin 1−

√
17

4
+

2πn; π + arcsin
√
17−1
4

+ 2πm. π + arcsin
√
17−1
4

; 2π − arcsin
√
17−1
4

.

88. ± arccos
√
2−1
2

+ 2πn. arccos
√
2−1
2

. 89. ± arcsin
√√

11− 3 + πk.

arcsin
√√

11− 3−3π. 90.− arctg 2+πk; π
4
+πn. − arctg 2−2π; − 11π

4
.

91. π
4
+πk; − arctg 3+πn. − 3π

4
; − arctg 3; π

4
. 92. π

4
+πk; arctg 3+πn.

arctg 3+2π. 93. −π
4
+πk; arctg 3

7
+πn. arctg 3

7
−π; −π

4
. 94. π

2
+πk;

arctg 1
3
+πl. arctg 1

3
−π. 95. −π

4
+πk; − arctg 1

2
+πn. π−arctg 1

2
; 7π

4
.

96. arctg 1±
√
5

4
+ πn. arctg 1−

√
5

4
; arctg 1+

√
5

4
. 97. arctg 3±

√
17

4
+ πk.

arctg 3−
√
17

4
. 98. π

2
+πn; − arctg 1

2
+πk. −3π−arctg 1

2
; −2π−arctg 1

2
;

−π−arctg 1
2
; − 5π

2
; − 3π

2
; −π

2
. 99.−π

3
+πn; − arctg 1

2
+πk. π−arctg 1

2
;

5π
3
. 100. −π

2
+ 2πk; π + 2πn. 3π. 101. π

2
+ 2πm; 7π

6
+ 2πn.

5π
2
. 102. 2πk

3
; π

6
+ 2πk

3
. − 2π

3
; −π

2
. 103. 2 arctg

(
−2±

√
7
)
+ 2πk.

2π − 2 arctg
(
2+
√
7
)
. 104. − 2π

3
± arccos 1

6
+ 2πk. − 8π

3
± arccos 1

6
.

105. (−1)k arcsin 3
√
5

10
+ arcsin 2

√
5

5
+ πk. arcsin 3

√
5

10
+ arcsin 2

√
5

5
.

106. ± 2π
3
−arcsin 3

5
+2πk. −π

2
−arcsin 3

5
. 107. π

9
+ 2πk

3
; 2π
15

+ 2πn
5
. ∅.

108. 2π
3
+ 2πk. − 10π

3
. 109. ± 5π

6
+ 2πk. 19π

6
. 110. ∅. ∅. 111. 2πk;

2π
3
+2πl. −2π. 112. π

6
+2πk; 5π

6
+2πk. − 7π

6
. 113.∅. ∅. 114. π

12
+πk;

5π
12

+πl. − 11π
12

. 115. π
6
+2πk; 5π

6
+2πn. − 7π

6
. 116. π

2
+πk; 5π

6
+2πn.

π
2
. 117. − 5π

6
+ 2πk. 19π

6
. 118. πk. π; 2π. 119. − arctg 3

2
+ πk.

π−arctg 3
2
. 120.πk−arctg 2. 2π−arctg 2. 121. π

2
+2πk; 5π

6
+2πl. − 7π

6
.

122. π
6
+2πk. π

6
. 123.− 5π

6
+2πk;−π

6
+2πl. 19π

6
. 124. π

6
+2πk. − 11π

6
.

125. π
6
+ 2πk;− arcsin 1

3
+ 2πl. − arcsin 1

3
. 126. − 3π

4
+ 2πk;−π

4
+ 2πl.

45π
4
; 47π

4
. 127.− arccos 4

5
+2πk. −4π−arccos 4

5
. 128.π−arcsin 3

5
+2πk.

5π − arcsin 3
5
. 129. π − arccos 4

5
+ 2πk. π − arccos 4

5
. 130. π +

arccos 5
13

+2πk. π+arccos 5
13
. 131. π−arcsin 5

13
+2πk. 3π−arcsin 5

13
.

132. π − arcsin 2√
13

+ 2πk. −π − arcsin 2√
13
. 133. π

4
+ 2πk; π

2
+ πl;

3π
4

+ 2πm. 3π
2
; 9π

4
. 134. π

2
+ πk; ± 2π

3
+ 2πl. π

2
; 2π

3
. 135. π

4
+ πk.

5π
4
; 9π

4
; 13π

4
. 136. −π

4
+ πk. 11π

4
. 137. πk − π

3
. −π

3
. 138. π

2
+ πk;

± arccos 2
3
+2πl. 7π

2
; 4π−arccos 2

3
. 139.±π

3
+2πk. 5π

3
; 7π

3
. 140. π

2
+πk.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
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7π
2
. 141. πl; π

6
+ 2πm; 5π

6
+ 2πn. 2π; 13π

6
. 142. π

4
+ πm. − 3π

4
.

143. π
2
+ πm; − arcctg 1

2
+ πl. −π

2
; − arcctg 1

2
. 144. − 1

2
. − 1

2
.

145. 5π
6

+ 2πn. 5π
6
. 146. − 3

2
; 4; π

12
+ πk; 5π

12
+ πn. 13π

12
; 4; 17π

12
.

147. − 1
3
; 3; π

6
+ πk. 3. 148. ±1; πk, k 6= 0; arctg 2 + πl. arctg 2.

149. −π
4
+ 2πl; − 3π

4
+ 2πm. 13π

4
. 150. π

3
+ 2πl; 2π

3
+ 2πm. − 5π

3
.

151. 2πk; ±π
3
+ 2πl. 5π

3
. 152. π

2
+ πk. − 3π

2
. 153. π

6
+ 2πk; π

2
+ 2πl;

5π
6
+2πm. − 23π

6
; − 7π

2
; − 19π

6
. 154. π

2
+2πk. 5π

2
. 155. π

6
+2πk; 5π

6
+2πl.

13π
6
. 156. π

4
+2πk; π

2
+2πl; 3π

4
+2πm. 3π

4
. 157. π

4
+2πk; 3π

4
+2πl. − 5π

4
.

158. ±π
3
+ 2πn. − 7π

3
. 159. π

4
+ 2πk; 3π

4
+ 2πl. 9π

4
. 160. π

4
+ 2πk;

3π
4

+ 2πl. 3π
4
. 161. π

3
+ 2πk; 2π

3
+ 2πl. − 4π

3
. 162. ±π

6
+ 2πm.

− 13π
6
; − 11π

6
. 163. ±π

6
+ πk. − 17π

6
. 164. πk; ± 2π

3
+ 2πn. −3π; − 8π

3
.

165. ± 5π
6
+ 2πn. 5π

6
. 166. πk; π

4
+ 2πl ; 3π

4
+ 2πm. − 5π

4
. 167. 2πk.

4π. 168. ±π
3
+ 2πk. 5π

3
. 169. 2π

3
+ 2πk. 8π

3
. 170. π

6
+ 2πk. 25π

6
.

171. π
4
+ 2πk; arccos

√
5−1
2

+ 2πn. π
4
; arccos

√
5−1
2

. 172. π
3
+ 2πk. π

3
.



Òû ìîæåøü äîñòèãíóòü âñåãî, ÷å-
ãî çàõî÷åøü. Íóæíû òîëüêî æåëà-
íèå, óïîðñòâî è ïëîõàÿ ôàíòàçèÿ.

Ñåòåâîé ôîëüêëîð
�7

Àëãåáðàè÷åñêèå íåðàâåíñòâà

Îáëàñòüþ äîïóñòèìûõ çíà÷åíèé (ÎÄÇ) íåðàâåíñòâà íàçûâà-
åòñÿ ìíîæåñòâî âñåõ x, äëÿ êîòîðûõ îïðåäåëåíû âñå ôóíêöèè, âõî-
äÿùèå â ýòî íåðàâåíñòâî. Íåðàâåíñòâî B íàçûâàåòñÿ ñëåäñòâèåì
íåðàâåíñòâà A (ïèøåì A ⇒ B), åñëè âñÿêîå ðåøåíèå A ÿâëÿåò-
ñÿ ðåøåíèåì íåðàâåíñòâà B (îäíàêî B ìîæåò ñîäåðæàòü ðåøåíèÿ,
ïîñòîðîííèå äëÿ A). Ïîñêîëüêó ïåðåõîä ê íåðàâåíñòâó-ñëåäñòâèþ
(è, ñîîòâåòñòâåííî, ïîëó÷åíèå ïîñòîðîííèõ ðåøåíèé) � âåðîÿòíûé
ìàí¼âð ïðè ðåøåíèè ïðèìåðîâ �15, ïåðåä çàïèñüþ îòâåòà áóäåò
íåëèøíèì âñïîìíèòü, ÷òî

Îòâåò =

{
íàéäåííûå ðåøåíèÿ

íåðàâåíñòâà-ñëåäñòâèÿ

}⋂{
ÎÄÇ

}
.

Çàïèñü íåñêîëüêèõ íåðàâåíñòâ ïîä çíàêîì ôèãóðíîé ñêîáêè
íàçûâàåòñÿ ñèñòåìîé íåðàâåíñòâ. Ðåøåíèå ñèñòåìû åñòü ïåðåñå÷å-
íèå ðåøåíèé âñåõ âõîäÿùèõ â íå¼ íåðàâåíñòâ. Çàïèñü íåñêîëüêèõ
íåðàâåíñòâ, îáúåäèíåííûõ êâàäðàòíîé ñêîáêîé, íàçûâàåòñÿ ñîâî-
êóïíîñòüþ äàííûõ íåðàâåíñòâ. Ðåøåíèå ñîâîêóïíîñòè åñòü îáúåäè-
íåíèå ðåøåíèé âõîäÿùèõ â íå¼ íåðàâåíñòâ.

Ìåòîä èíòåðâàëîâ ÿâëÿåòñÿ îñíîâíûì ìåòîäîì ðåøåíèÿ íåðà-
âåíñòâ; äàæå ðåøåíèå, îñíîâàííîå íà ïåðåõîäàõ ê ðàâíîñèëüíûì
ñèñòåìàì, áåç íåãî âðÿä ëè îáîéä¼òñÿ. Ìåòîä èíòåðâàëîâ çàêëþ÷à-
åòñÿ â ñëåäóþùåì.

¬ Íàõîäèòñÿ ÎÄÇ11 íåðàâåíñòâà.

11Ñåé÷àñ ïî ðÿäó ïðè÷èí àááðåâèàòóðó ¾ÎÄÇ¿ èñïîëüçîâàòü íå ìîäíî, âîò
è ìû ðåêîìåíäóåì â ýêçàìåíàöèîííîé ðàáîòå âìåñòî ¾ÎÄÇ¿ ïèñàòü ¾Óñëîâèå
êîððåêòíîñòè íåðàâåíñòâà¿ èëè, íàïðèìåð, ¾Ðàññìîòðèì îãðàíè÷åíèÿ¿.
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 Íåðàâåíñòâî ïðèâîäèòñÿ ê âèäó f(x) > 0 (<,6,>); ò. å. ïðàâàÿ
÷àñòü ïåðåíîñèòñÿ âëåâî), è f(x) ìàêñèìàëüíî óïðîùàåòñÿ.

® Ðåøàåòñÿ óðàâíåíèå f(x) = 0.

¯ Íà ÷èñëîâîé îñè èçîáðàæàåòñÿ: à) ÎÄÇ; á) íåïîñòîðîííèå êîð-
íè óðàâíåíèÿ f(x) = 0. Îíè íàíîñÿòñÿ â âèäå ïóñòûõ êðóæ-
êîâ, åñëè èñõîäíîå íåðàâåíñòâî ñòðîãîå, è çàêðàøåííûõ, åñëè
îíî íåñòðîãîå. Âñå òî÷êè, îãðàíè÷èâàþùèå ÎÄÇ è îòìå÷åí-
íûå íà íåé, ðàçáèâàþò ÎÄÇ íà èíòåðâàëû çíàêîïîñòîÿí-
ñòâà ôóíêöèè f(x). Íà êàæäîì òàêîì èíòåðâàëå îïðåäåëÿåò-
ñÿ çíàê f(x).

° Çàïèñûâàåòñÿ îòâåò: âñå èíòåðâàëû ñîîòâåòñòâóþùåãî çíàêà
è âñå òî÷êè, îòìå÷åííûå çàêðàøåííûìè êðóæêàìè.

� Ïðè ìåð. Ðåøèòü íåðàâåíñòâî
√
x− 1

x2 − 8x+ 15
6 0.

Ðåøåí è å. ¬ Óñëîâèå êîððåêòíîñòè íåðàâåíñòâà:

{
x− 1 > 012,

x2 − 8x+ 15 6= 0;


x > 1,[
x 6= 3,

x 6= 5;

⇒ x ∈ [1; 3) ∪ (3; 5) ∪ (5;+∞). (∗)

 Â ïðàâîé ÷àñòè íåðàâåíñòâà � 0 (ò. å. íè÷åãî äåëàòü íå
íóæíî), à â ëåâîé � ïîëåçíàÿ ïðèâû÷êà � ðàçëîæèì çíàìåíàòåëü

íà ìíîæèòåëè:
√
x−1

(x−3)(x−5) 6 0, ÷òî ïîìîæåò âû÷èñëåíèÿì çíàêîâ
íà 4-ì øàãå ìåòîäà èíòåðâàëîâ.

® Ðåøèì óðàâíåíèå
√
x2−1

(x−3)(x−5) = 0. Ïåðåéä¼ì ê óðàâíåíèþ-

ñëåäñòâèþ:
√
x− 1 = 0 ⇒ x = 1; ïðîâåðêà ïîêàçûâàåò, ÷òî êîðåíü

ïîñòîðîííèì íå ÿâëÿåòñÿ.
¯ Íà ÷èñëîâîé îñè èçîáðàçèì ìíîæåñòâî (∗), íàéäåííîå â

ïóíêòå ¬ è êîðåíü óðàâíåíèÿ x = 1 (÷¼ðíûì êðóæêî•ì, ò. ê. íåðà-
âåíñòâî íåñòðîãîå), íàéäåííûé â ïóíêòå ®. Çíàêè, ïðèíèìàåìûå

12Ëèíåéíûå íåðàâåíñòâà ax + b > 0 (>,<,6) ðåøàþòñÿ ïðàêòè÷åñêè òàê
æå, êàê è ëèíåéíûå óðàâíåíèÿ, áåç ïðèìåíåíèÿ ìåòîäà èíòåðâàëîâ.
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ôóíêöèåé f(x) =
√
x−1

(x−3)(x−5) íà èíòåðâàëàõ [1; 3), (3; 5) è (5;+∞),

ìîæíî îïðåäåëèòü ïî çíà÷åíèÿì â ëþáûõ òî÷êàõ ýòèõ èíòåðâàëîâ:

f (2) =
√
2−1

(2−3)(2−5) = +
−− > 0,

f (4) =
√
4−1

(4−3)(4−5) = +
+− < 0,

f (6) =
√
6−1

(6−3)(6−5) = +
++ > 0.

Â îòâåò ìû äîëæíû çàïèñàòü èíòåðâàë (3; 5) (òàì f(x) < 0) è
íå çàáûòü äîáàâèòü îòäåëüíî ñòîÿùóþ òî÷êó 1, ãäå f(x) = 0.

� Îòâ å ò: x ∈ {1} ∪ (3; 5).

Â çàêëþ÷åíèå îòìåòèì, ÷òî

z4 Çíàêè ôóíêöèè íà èíòåðâàëàõ çíàêîïîñòîÿíñòâà íå îáÿçàíû ÷å-

ðåäîâàòüñÿ.

z4 È ãðàíè÷íûå òî÷êè ÎÄÇ, è êîðíè óðàâíåíèÿ f(x) = 0 òðåáóþò

ïðèñòàëüíîãî âíèìàíèÿ.

Ðåøèòü íåðàâåíñòâà

1. 2− 3x+ 2(x− 1) > 3(2x+ 3) − x.

2. 3(x− 4) − 5(2x+ 1) < 4+ x.

3. x−
1− 7x

3
6 − 2. 4. 3x−

1

2
>

2+ x

4
. 5.

x− 2

3
−

2x+ 1

5
> 1.

6.
2− 5x

3
+
x

21
< 1+

2x− 5

7
. 7. (x+ 10)2 > (2− x)2.

8. (x+ 7)(x+ 1) < (x+ 3)2. 9. x2 + 2x− 3 > 0. 10. x2 − 3x+ 2 < 0.

11. (x+ 1) (3− x) (x− 2)2 > 0. 12. (x+ 3)
(
x2 + x− 6

)
< 0.

13. (x2+ 3)(x2+ x+ 7) > 0. 14.
x

x2 − 1
> 0. 15.

x2 − 3x− 4

x2
6 0.

16.
x2 − 4x+ 3

x2 + x− 6
> 0. 17.

1

x
< 1. 18.

4+ x

x+ 2
< 3. 19.

x2

x+ 6
6 1.
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20.
x+ 6

x2
> 1. 21.

1

2− x
+

5

2+ x
< 1. 22.

1

x+ 2
<

3

x− 3
.

23.
4− x

x− 5
>

1

1− x
. 24.

15

4+ 3x− x2
> 1. 25.

x− 3

x+ 5
− 1 6

1

x
.

26.
x2 − 3x+ 2

x2 + 3x+ 2
> 1. 27.

x2 − 9

x
√
x

6 0. 28.
x2 − 4x+ 4

2x− 5
< 0.

29.
x2 + 2x+ 1
√
4− x2

> 0. 30.
x− 1

x+ 2
< x. 31.

2x2 − 10x+ 6

x− 5
6 x.

32.
1

x+ 1
+

2

x+ 3
>

3

x+ 2
. 33.

1

x− 2
+ 4 <

9

x+ 2
.

34.
x− 1

x
−

5x

4x− 3
6 −

3

2
. 35.

1

x2 − 10x+ 24
6

2

4x− x2
.

Ðåøèòü íåðàâåíñòâà

36. x3 −
√
x > x−

√
x. 37. x2 − 5x+

2

2x− 5
<

2

2x− 5
− 6.

38.
4x− 1

x
+
√
10− x 6

x2 + 2

x
+
√
10− x. 39.

(|x|+ 1)(x2 − 4x)

(x− 1)
√
x

6 0.

40.
x2 − 3
√
x+ 4

>
1− 3x
√
x+ 4

. 41.

√
2x+ 3

x
> − 1. 42.

√
x+ 2

x+ 1
6 1.

43.
x2 − 3x
√
x+ 9

+
1

x
>

1

x
−

x+ 1
√
x+ 9

. 44. x2 − 3x+ 1 6
3

x
.

45. x2 + x+ 1+
1

x
> 0. 46.

x3 − x2 + x− 1

x+ 8
6 0.

47.
4x3 − x2 − 4x+ 1

9x+ 2
> 0. 48. x3 − 3x2 − 10x+ 24 > 0.

49. x3 + 4x2 − 11x− 30 < 0. 50. 2x3 + 11x2 + 13x+ 4 > 0.

51. (x+ 10)4 6 (2− x)2. 52. (x− 7)4 < (6− 2x)2.

53. (2x− 1)4 > x2. 54.
x4 − 2x2 − 8

x2 + 2x+ 1
< 0. 55.

2− x

x3 + x2
>

1− 2x

x3 − 3x2
.

56.
5x2 − 13x+ 8

x2 − x
+

7

x
6 0. 57.

7x2 − 13x+ 8

x− x2
6

5

x
.

58.
8x

x2 − 8x
−

5

x
6

x

x− 3
− 1. 59.

1

x− 2
> x. 60.

x− 1

x+ 1
<

1

x
.

61.
x− 1

x
< x− 3. 62. x+ 2 <

3

x− 3
. 63.

1

x
+

2− x

x+ 2
>

2x+ 1

x2 + 2x
.
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64.
3

x− 2
− 2 >

7

x+ 2
. 65.

1

x− 3
+ 4 >

9

x+ 3
.

66.
x2 − 15x− 13

39
6

x− 1

x2 − 4x+ 3
. 67.

x+ 1

x2 + 4x+ 3
6
x2 − 3x+ 5

15
.

68.
x+ 1

x2 − 2x− 3
>
x2 − 7x− 13

20
. 69.

14x− 60

x2 − 10x+ 24
+ 1 6

2

x− 4
− x.

70.
11x− 52

x2 − 7x+ 10
6

9x− 44

x− 5
− x.

Ðåøèòü íåðàâåíñòâà

71. 2x4 + 9x2 − 11 6 0. 72. 16x4 − 41x2 + 25 < 0.

73. 2x4 − 17x2 + 36 > 0. 74. 3
(
2x2 + x

)
>
(
2x2 + x

)2
.

75. 4
(
x2 − 2x− 1

)
>
(
x2 − 2x

)2
− 1.

76. 2
(
x2 − 3x

)2
< x2 − 3 (x− 5). 77.

25

x2 − 3x
+ 10 > 3x− x2.

78.
9

x2 − x
< x− x2 − 10. 79.

10

x2 + 4x
+ 23 > 5(x2 + 4x).

80.
(x− 6)−1 − 2

1− 5(x− 6)−1 > −
1

5
. 81.

(x− 5)−1 − 3

2− 7(x− 5)−1 > −
1

4
.

82.
(x− 1)−2 − 2

(x− 1)−2 6 − 0,6.

Ðåøèòü íåðàâåíñòâà

83.
x2 + 4

x2 − x+ 14
> 1−

1

x
. 84.

x2 − x+ 14

x2 + 4
> 1−

1

x
.

85.
x2 − 6x+ 4

x− 5
+

5x− 42

x− 9
> 4+ x. 86.

x2 − 7x+ 2

x− 6
+

4x− 45

x− 11
6 x+ 3.

87.
x2 − 3x− 2

x− 3
−

2x3 − 5x2 + 4

2x− 5
6 x− x2.

88.
x2 − 3x+ 5

x− 7
+
x2 − 10x+ 4

x− 11
6 2x+ 1.

89.
x2 − 3x− 9

x− 4
+
x2 − 8x+ 4

x− 8
6 2x+ 1.
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90. x3 + 7x2 +
30x2 + 7x− 42

x− 6
6 7.

91. x3 + 9x2 +
40x2 + 2x− 10

x− 5
6 2.

92. x3 + 5x2 +
18x2 + 7x− 28

x− 4
6 7. 93.

x3 − 19x2 + 54x− 26

x2 − 15x+ 26
> x− 1.

94.
x4 − 12x3 + 37x2 − 38x+ 9

x2 − 10x+ 16
> x2 − 2x.

95.
x4 + 6x3 − 6x2 − 14x+ 11

x2 + 6x− 5
6 x2 − 2.

Ðåøèòü íåðàâåíñòâà13

96.
x2 − 2x+ 1

x+ 2
6 0. 97.

x− 1

x
6 3+ x. 98.

4x+ 13

x2 − 9
> − 1.

99.
x3 − x2 − x+ 1

7x+ 2
6 0. 100. x2 + 2x 6 4+

8

x
.

101. x3 − x2 − 5x− 3 > 0. 102. x3 + x2 − 5x+ 3 6 0.

103. x3 − 3x+ 2 6 0. 104.
2x− 5

x2 − 4
6 1. 105.

x+ 1

3x− x2
6 1.

106.
12x+ 73

16− x2
6 4. 107. 12+

1

x− 4
>

25

x− 1
.

108.
5

x2 − 5x+ 6
6
x+ 1

2− x
+

x

3− x
. 109.

x

x− 3
>

4

x
+

8

x2 − 3x
.

110.
64

x+ 3
6

49

x− 2
+ 45. 111.

2x− 1

x2 − 26x+ 25
6 −

1

16
.

112.
25

x2 − 6x
+ 10 > 6x− x2. 113. x2 − 3x+

25

x2 − 3x− 3
+ 7 > 0.

114.
x2 − 2x− 6

18
6

x− 5

x2 − 8x+ 15
. 115.

x2 − x+ 1

3
+

x+ 2

x2 − x− 6
> 0.

116. (1− x)
√
x− x2 + 6 6 0 117.

√
4x2 − 7x

2x− 13
> 0

13Ïîäáîðêà íåðàâåíñòâ ñ èçîëèðîâàííûìè òî÷êàìè â îòâåòàõ.
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118.

√
x− 1(x2 − 3x)

x2 − 12x+ 27
> 0. 119.

(x2 − 4x+ 4)
√
x+ 21

x2 − 6x+ 8
6 0.

120.
(x2 − 2x− 3)

√
x+ 24

x2 − x− 6
6 0. 121.

√
x2 − 6x+ 9 (3x− 1)

4− x
6 0.

122.
(x+ 1)

√
x+ 11

(x3 − 2x− 1)(x− 6)
> 0. 123.

(x+ 1)(x3 + 2x2 − 1)
√
x+ 9

> 0.

124. x− x2 6 x
√
x. 125.

(3x− 1)(x− 1)2

x+ 2
+ 2x > x2 + 1.

126.
x2 − 7x− 21

9
6

7x+ 14

x2 − x− 6
. 127. x3 + x2 +

3x2 − 4x+ 4

x− 1
> − 4.

128. x3 + 12x2 +
16x2 + 3x− 15

x− 5
6 3. 129.

1

x+ 1
+

1

x
>

4x2 + 8x− 1

8x2 − x
.

Ðåøèòü íåðàâåíñòâà14

130.
√
x+ 2 < − 7. 131.

√
3x− 2 > 4.

132.
√
x+ 1 >

√
x− 1. 133.

√
x+ 2 >

√
8− x2.

134.
√
x− 2

√
x+ 1 <

√
x− 1. 135.

√
x+ 2 6 x.

136.
√
x+ 2 6 − x. 137.

√
x+ 5 < 1− x.

138.
√
3x− 3 6 1+ x. 139.

√
2x+ 14 > x+ 3.

140.
√
2x+ 5 > x+ 1. 141.

√
x2 − 4x > x− 3.

142.
√
− x2 + 6x− 5 > 8− 2x. 143.

√
3x− x2 < 4− x.

144.
√
x3 + 3x+ 4 > − 2. 145.

√
x2 − x− 12 < x.

146.
√
x2 − 4x+ 1 6 2x+ 1. 147.

√
x2 − 3x+ 2 6 x− 1.

14Ñ îäíîé ñòîðîíû, èçäàíèå [3] ñîäåðæèò èíòåðåñíûå èððàöèîíàëüíûå íåðà-
âåíñòâà, íî ñ äðóãîé ñòîðîíû, ¾â ðåàëüíîì ýêçàìåíå íå áóäåò èððàöèîíàëüíûõ
íåðàâåíñòâ¿, [20]. Òàêèì îáðàçîì, ýêçàìåíàöèîííàÿ àêòóàëüíîñòü çàäàíèé äàí-
íîãî ïóíêòà òóìàííà, íî ìåòîäè÷åñêàÿ ïîëåçíîñòü âïîëíå î÷åâèäíà.
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148.
√
x2 − 3x+ 2 6 x− 2. 149.

√
x3 − 4x2 + 1 > x

√
x+ 1.

150.
√
x3 − 4x2 + x+ 2

√
x+ 1 >

√
x+ 1. 151.

x+ 4
√
1+ x+ 1

> x− 5.

152.
√
5+ x−

√
2x+ 3 6

√
4− x. 153.

√
12+ x−

√
2x+ 7 >

√
x.

154.
√
9+ x−

√
9− x > 1. 155.

√
8+ x−

√
9− x > 1.

156.
√
3x− 2+

√
5− x 6 3. 157.

√
x+ 5+

√
x+ 1 <

√
4− x.

158.
√
7− x−

√
x >
√
4− x. 159.

√
x+ 3 <

√
x+ 9−

√
6− x.

160.
√
x+ 3−

√
4x− 1 >

√
x− 1. 161.

√
2x+ 8−

√
3x >

√
x− 4.

162.
√
x+ 3−

√
2x− 1 >

√
x− 3.

163.
√
x− 1 6

√
3+ x−

√
5− x. 164.

√
5− 2x+ 1 6

2
√
5− 2x

.

165.
√
x+ 7,7+

3
√
x+ 7,7

>
7

2
. 166.

√
3,3−

x

2
+

13

4
>

3√
3,3− x

2

.

167.

√
x+ 1

x
<

x
√
x+ 1

. 168.
x− 4
√
7− x

6
√
7− x

x
.

169.
x+ 2
√
x− 1

6
√
x− 1

2x− 5
. 170.

x2 − x
√
x+ 9

>
√
x+ 9.

171.

√
x2 −

2

x+ 1
− 4 >

√
3x−

8

x+ 1
. 172.

√
3x− 0,5

2−
√
1− 3x− 4x2

> 0.

173.
√
3+ 3x− 1 6 x. 174.

√
3− 4x+ x2 6 x− 1.

175.
√
x3 − x2 6 x

√
x. 176. x

√
2− 3
√
x 6 0.

177. x 3
√
1−
√
x 6 0. 178.

√
x3 − 2x+ 1 >

√
x2 − 3x+ 2.

179.

√
x2 − 7x+ 12−

√
x2 − 2x− 3

x2 − x− 2
6 0.

180.

√
x2 + 3x− 4−

√
x2 − 10x+ 9

x2 − 6x− 5
6 0.

181.

√
x2 + 7x+ 6−

√
x2 + x

4x2 − 25
> 0. 182.

√
x2 − 2x−

√
x2 − 5x+ 6

x2 − 3x− 4
6 0.
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Ðåøèòü íåðàâåíñòâà

183. |3− 2x| < 5. 184. |x− 3| > − 1. 185. |5− 8x| > 11.

186.
∣∣x2 − 5x

∣∣ < 6. 187.
∣∣x2 − 3x− 1

∣∣ > 3. 188.

∣∣∣3x+ 1

x− 3

∣∣∣ < 3.

189.
∣∣x2 − 2x

∣∣ < x. 190.
∣∣x2 − 2

∣∣ > x+ 4. 191.
∣∣x2 − 3x+ 2

∣∣ > x− 1.

192. |x| > 6+ 2x− x2. 193. |x2 − 4| 6 2− x. 194.
∣∣x2 − 4x

∣∣ 6 4− x.

195. |x3 − 1| 6 1− x. 196.
∣∣7− |x|

∣∣ > 1. 197.
∣∣2x− |x− 2|

∣∣ 6 3.

198.
∣∣2− |x+ 1|

∣∣ > 3+ x. 199.
∣∣x− |x− 1|

∣∣ < 2− x.

200.
∣∣2− |x2 − x|

∣∣ 6 2− x. 201. x2 − 2 |x| < 3.

202. 2x2 + |x| > 6. 203.
|1− 2x|+ 4

|2x− 1|− 1
> 6. 204.

2− x2

1+ 2|x|
> − 1.

205.
x2 − 8

2− |x|
6 |x|+ 1. 206.

x2 − 5

2− |x|
> |x|− 7. 207.

√
7− 6x < |x|.

208.
√
x2 − 3x− 8 > |x− 4|. 209.

√
2x2 − 9x+ 8 > |x− 2|.

210. |8− x2| 6 |3x− 10|. 211. |x|2 > |x2 − 3x+ 1|.

212. |x2 − 3x− 7| < |3x+ 7|. 213.
|x− 3|

x2 − 5x+ 6
> 2.

214.
|2− x|

x2 − 3x+ 2
< x+ 1. 215. |x+ 4|− 5 > |2x+ 1|− x2.

216.
∣∣x2 − 6x

∣∣− 7x < 4− |9− x|. 217.
x3 − 2x2 + 3x− 6

3− |1− x|
> 0.

218.
x3 − 4x2 − 5x+ 20

|x+ 1|− 2
6 0. 219. |2x− 3|−

x+ 6

|x+ 2|
6 0.

220.
2− |x+ 2|− x

3− |x|
6 1. 221. |x− 4|+

2

|3− 2x|
6 1.

222.
5x− |2x− 3|
√
2x+ 3

6 0. 223.
|x+ 2|− |x|
√
4− x3

> 0.

224.
x2 − |3x+ 2|
√
3x− 5− 10

6 0. 225.

√
4x− x2 + 12

x2 − |3x+ 10|
6 0.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð



Îòâåòû ê çàäàíèÿì �7 69

Îòâåòû ê çàäàíèÿì �7

1.
(
−∞;− 3

2

)
. 2.

(
− 21

8
;+∞). 3. (−∞;−0,5]. 4.

(
4
11
;+∞).

5. (−∞;−28). 6. (0,2;+∞). 7. [−4;+∞). 8. (−∞; 1). 9. (−∞;−3]∪
[1;+∞). 10. (1; 2). 11. (−1; 2) ∪ (2; 3). 12. (−∞;−3) ∪
(−3; 2). 13. (−∞;+∞). 14. (−1; 0] ∪ (1;+∞). 15. [−1; 0) ∪
(0; 4]. 16. (−∞;−3) ∪ (1; 2) ∪ (3;+∞). 17. (−∞; 0) ∪ (1;+∞).
18. (−∞;−2)∪ (−1;+∞). 19. (−∞;−6)∪ [−2; 3]. 20. (−2; 0)∪ (0; 3).
21. (−∞;−2)∪ (2;+∞). 22. (−4, 5;−2)∪ (3;+∞). 23. (1; 3)∪ (3; 5).
24. (−1; 4). 25.

(
−5;− 5

9

]
∪ (0;+∞). 26. (−∞;−2) ∪ (−1; 0].

27. (0; 3]. 28. (−∞; 2)∪
(
2; 5

2

)
. 29. (−2;−1)∪(−1; 2). 30. (−2;+∞).

31. (−∞; 2] ∪ [3; 5). 32. (−3;−2) ∪ (−1; 1). 33. (−2; 1) ∪ (1; 2).
34. (0; 0,3]∪(0,75; 2]. 35. (0; 4)∪(4; 6). 36. (1;+∞). 37.

(
2; 5

2

)
∪
(
5
2
; 3
)
.

38. (0; 1] ∪ [3; 10]. 39. (1; 4]. 40. [1;+∞). 41. [−1,5;−1] ∪
(0;+∞). 42. [−2;−1) ∪

[√
5−1
2

;+∞). 43. (−9; 0) ∪ (0; 1) ∪ (1;+∞).

44. (0; 3]. 45. (−∞;−1) ∪ (0;+∞). 46. (−8; 1]. 47. (−∞;−1) ∪(
− 2

9
; 1
4

)
∪ (1;+∞). 48. (−3; 2) ∪ (4;+∞). 49. (−∞;−5) ∪ (−2; 3).

50. [−4;−1] ∪
[
− 1

2
;+∞). 51. [−14;−7]. 52. (5; 11). 53.

(
−∞; 1

4

]
∪

[1;+∞). 54. (−2;−1) ∪ (−1; 2). 55. (−∞;−7) ∪ (−1; 0) ∪ (0; 1) ∪
(3;+∞). 56.

(
0; 1

5

]
. 57. (−∞; 0) ∪ (1;+∞). 58.

(
0; 24

11

]
∪ (3; 8).

59.
(
−∞; 1−

√
2
]
∪
(
2; 1+

√
2
]
. 60.

(
−1; 1−

√
2
)
∪
(
0; 1+

√
2
)
.

61.
(
0; 2−

√
3
)
∪
(
2+
√
3;+∞). 62.

(
−∞; 1−

√
37

2

)
∪
(
3; 1+

√
37

2

)
.

63.

(
−2; 1−

√
5

2

)
∪
(
0; 1+

√
5

2

)
. 64.

[
−1−

√
15;−2

)
∪
(
2;
√
15− 1

]
.

65. (−∞;−3) ∪
[
2−
√
10

2
; 2+
√
10

2

]
∪ (3;+∞). 66. [0; 1) ∪ (1; 2] ∪ (3; 16].

67. (−∞;−3) ∪ [−2;−1) ∪ (−1; 0] ∪ [2;+∞). 68.

(
−1; 11−3

√
5

2

]
∪(

3; 11−3
√
5

2

]
. 69. (−∞; 2] ∪ [3; 4) ∪ (4; 6). 70. (−∞; 2) ∪ [4; 5) ∪

(5; 7]. 71. [−1; 1]. 72. (−1,25;−1) ∪ (1; 1,25). 73.

(
−∞;− 3

√
2

2

]
∪

[−2; 2] ∪
[
3
√
2

2
;∞). 74. (−1,5;−0,5) ∪ (0; 1). 75.

(
−1; 1−

√
2
)
∪(

1+
√
2; 3
)
. 76.

(
3−
√
21

2
; 3+
√
21

2

)
. 77. (−∞; 0) ∪ (3;∞). 78. (0; 1).

79. [−5;−4)∪
[
− 10+3

√
10

5
; 3
√
10−10
5

]
∪ (0; 1]. 80. (6; 11). 81. [4,7; 5)∪
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(5; 8,5). 82.

(
−∞; 5−2

√
5

5

]
∪
[
5+2
√
5

5
;∞). 83. (0; 2] ∪

[
7
2
;+∞).

84.
(
−∞;− 2

5

]
∪ (0;+∞). 85. [3; 5)∪ (9;+∞). 86. (6; 10]∪ (11;+∞).

87.
(
5
2
; 11
4

]
∪ (3;+∞). 88. [−4; 7) ∪ [10; 11). 89. (4; 8) ∪ [24;+∞).

90. (−∞;−4]∪ {0}∪ [3; 6). 91. (−∞;−5]∪ {0}∪ [1; 5). 92. (−∞;−2]∪
{0} ∪ [1; 4). 93. [0; 2) ∪

[
13
3
; 13
)
. 94. (−∞; 2) ∪ {3} ∪ (8;+∞).

95. (−3−
√
14;
√
14−3)∪ {1}. 96. (−∞;−2)∪ {1}. 97. {−1}∪ (0;+∞).

98. (−∞;−3)∪ {−2}∪ (3;+∞). 99.
[
−1;− 2

7

)
∪ {1}. 100. {−2}∪ (0; 2].

101. {−1} ∪ [3;+∞). 102. (−∞;−3] ∪ {1}. 103. (−∞;−2] ∪ {1}.
104. (−∞;−2) ∪ {1} ∪ (2;+∞). 105. (−∞; 0) ∪ {1} ∪ (3;+∞).
106. (−∞;−4) ∪

{
− 3

2

}
∪ (4;+∞). 107. (−∞; 1) ∪

{
7
2

}
∪ (4;+∞).

108. (2; 3) ∪ {1}. 109. (−∞; 0) ∪ (3;+∞) ∪ {2}. 110. (−∞;−3) ∪{
− 1

3

}
∪(2;+∞). 111. {−3}∪(1; 25). 112. (−∞; 0)∪{1}∪{5}∪(6;+∞).

113.

(
−∞; 3−

√
21

2

)
∪ {1} ∪ {2} ∪

(
3+
√
21

2
;+∞). 114. (3; 5) ∪ {0}.

115. (−∞;−2)∪(−2; 0]∪{2}∪(3;+∞). 116. {−2}∪[1; 3]. 117.
{
0; 7

4

}
∪(

13
2
;+∞). 118. {1}∪(9;+∞). 119. {−21}∪(2; 4). 120. {−24}∪(−2;−1].

121.
(
−∞; 1

3

]
∪ {3}∪ (4;+∞). 122. {−11}∪

(
1−
√
5

2
; 1+
√
5

2

)
∪ (6;+∞).

123.

(
−9;− 1+

√
5

2

]
∪ {−1} ∪

[√
5−1
2

;+∞). 124. {0} ∪
[
3−
√
5

2
;+∞).

125. (−∞;−2)∪ {1}∪
[
3
2
;+∞). 126. {0}∪ (3; 10]. 127. {0}∪ (1;+∞).

128. (−∞;−11] ∪ {0} ∪ [4; 5). 129. (−1; 0) ∪
(
0; 1

8

)
∪
{
1
2

}
. 130. ∅.

131. [6;+∞). 132. [1;+∞). 133.
(
2; 2
√
2
]
. 134.

[
2; 1+

√
2
)
.

135. [2;+∞). 136. [−2;−1]. 137. [−5;−1). 138. [1;+∞).
139. [−7; 1). 140. [−2, 5; 2). 141. (−∞; 0] ∪ (4,5;+∞). 142. (3; 5].
143. [0; 3]. 144. [−1;+∞). 145. [4;+∞). 146.

[
0; 2−

√
3
]
∪[

2+
√
3;+∞). 147. {1} ∪ [2;+∞). 148. 2. 149. 0. 150. {0} ∪

[4;+∞). 151. [−1; 8). 152.
[
− 3

2
; 4
]
. 153.

[
0; 1

2

)
. 154.

[√
35
2
; 9
]
.

155.

[
1+
√
33

2
; 9
]
. 156.

[
2
3
; 1
]
. 157.

[
−1; 6−2

√
29

5

)
. 158.

[
0; 11−2

√
19

5

)
.

159.

(
6+6
√
11

5
; 6
]
. 160. [1; 1,05]. 161.

[
4; 3
√
2
]
. 162.

[
3;
√
37
2

]
.

163. {1} ∪ [4,2; 5]. 164. [2; 2,5). 165.
(
− 77

10
;− 109

20

]
∪
(
− 37

10
;∞].

166.
(
−∞; 219

40

]
. 167.

(
1−
√
5

2
; 0
)
∪
(
1+
√
5

2
;+∞). 168. (−∞; 3−

√
37

2

]
∪(

0; 3+
√
37

2

]
. 169.

(
5
2
; 1+
√
19

2

]
. 170.

(
−9; 1−

√
10
)
∪
(
1+
√
10;+∞).
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171.

[
− 3+

√
105

6
;−2

)
∪(2+

√
3;+∞). 172.

[
1
6
; 1
4

]
. 173. {−1}∪[2;+∞).

174. {1}∪ [3;+∞). 175. {0}∪ [1;+∞). 176. (−∞; 0]∪ {8}. 177. {0}∪
[1;+∞). 178. {1}∪ [2;+∞). 179. {3}∪ [4;+∞). 180. (−∞;−4]∪ {1}.
181. {−1} ∪ (2,5;+∞). 182. (−∞;−1) ∪ {2} ∪ [3; 4). 183. (−1; 4).
184. (−∞;+∞). 185.

(
−∞;− 3

4

]
∪ [2;+∞). 186. (−1; 2) ∪ (3; 6).

187. (−∞;−1] ∪ [1; 2] ∪ [4;+∞). 188.
(
−∞; 4

3

)
. 189. (1; 3).

190. (−∞;−2]∪[3;+∞). 191. (−∞; 1]∪[3;+∞). 192.
(
−∞; 3−

√
33

2

]
∪

[3;+∞). 193. [−3;−1] ∪ {2}. 194. [−1; 1] ∪ {4}. 195. [−1; 0] ∪ {1}.
196. (−∞;−8] ∪ [−6; 6] ∪ [8;+∞]. 197.

[
− 1

3
; 5
3

]
. 198. (−∞;−3).

199. (−1; 1). 200. [−2; 0] ∪ {2}. 201. (−3; 3). 202.
(
−∞;− 3

2

]
∪[

3
2
;+∞). 203.

(
− 1

2
; 0
)
∪
(
1; 3

2

)
. 204. (−3; 3). 205.

(
−∞;− 5

2

]
∪

(−2; 2)∪
[
5
2
;+∞). 206. [−3;−2)∪

[
− 3

2
; 3
2

]
∪ (2; 3]. 207. (−∞;−7)∪(

1; 7
6

]
. 208. [4,8;+∞). 209. (−∞; 1] ∪ [4;+∞). 210. [−6; 1] ∪ [2; 3].

211.
(
1
3
; 1
2

)
∪ (1;+∞). 212.

(
3−
√
23; 0

)
∪
(
0; 3+

√
23
)
. 213.

[
3
2
; 2
)
.

214. (1; 2) ∪ (2;+∞). 215. (−∞;−3] ∪ [2;+∞). 216.
(√

6− 1; 13
)
.

217. (−∞;−2) ∪ (2; 4). 218. (−∞;−3) ∪
[
−
√
5; 1
)
∪
[√

5; 4
]
.

219. [−
√
6;−2) ∪ (−2;−1] ∪

[
0;
√
6
]
. 220. (−∞;−3) ∪ [−1; 3).

221.

[
7
2
; 13+

√
33

4

]
. 222.

(
− 3

2
; 3
7

]
. 223.

(
−1; 3
√
4
)
. 224.

[
3+
√
17

2
; 35
)
.

225. (−2; 5) ∪ {6}.



Â øêîëå âîëøåáíèêîâ ó÷åíèêè äå-
ëÿòñÿ ïî óñïåâàåìîñòè íà ìàãîâ,
÷àðîäååâ è äóáîâ-êîëäóíîâ.

Ñåòåâîé ôîëüêëîð�8

Ïîêàçàòåëüíûå íåðàâåíñòâà

Ïðè ðåøåíèè ïîêàçàòåëüíûõ íåðàâåíñòâ ÷àñòî èñïîëüçóåòñÿ
ìåòîä ïîäñòàíîâêè (çàìåíû ïåðåìåííîé). Ïîäñòàíîâêîé â ìàòåìà-
òèêå íàçûâàåòñÿ ââåäåíèå íîâîé ïåðåìåííîé, ò. å. ïåðåîáîçíà÷åíèå
íåêîòîðîé ôóíêöèè íîâîé áóêâîé. Ïîäñòàíîâêà ïîçâîëÿåò ñâåñòè
ðåøåíèå íåðàâåíñòâà èëè óðàâíåíèÿ ê öåïî÷êå äâóõ, íî áîëåå ïðî-
ñòûõ. Ðåøàÿ íåðàâåíñòâî f(x) > 0 (<,6,>), ìîæíî ñäåëàòü ïîäñòà-
íîâêó ëèáî â ñàìîì íåðàâåíñòâå, ëèáî ïðè ðåøåíèè óðàâíåíèÿ
f(x) = 0 (ò. å. íà òðåòüåì øàãå ìåòîäà èíòåðâàëîâ). Ïîÿñíèì ýòî íà
ïðèìåðå.

� Ïðè ìåð. Ðåøèòü íåðàâåíñòâî 4x − 2x − 2 6 0.

Ðåøåí è å 1. Ïóñòü t = 2x. Ðå-
øèì íåðàâåíñòâî t2 − t− 2 6 0
ìåòîäîì èíòåðâàëîâ. Óñëîâèå
êîððåêòíîñòè íåðàâåíñòâà: t∈R.
t2 − t− 2 = 0⇒ t1 = − 1, t2 = 2.

Ïåðåéä¼ì â ðåøåíèè t ∈ [− 1; 2]
ê ïåðåìåííîé x:

− 1 6 t 6 2⇒ − 1 6 2x 6 2,{
2x > − 1,
2x 6 21,

{
x ∈ R,
x 6 1.

Ðåøåí è å 2. Ðåøèì èñõîäíîå
íåðàâåíñòâî ìåòîäîì èíòåð-
âàëîâ. Óñëîâèå êîððåêòíîñòè
íåðàâåíñòâà: x ∈ R. Ðåøèì
óðàâíåíèå 4x− 2x− 2 = 0. Ïóñòü
t = 2x : t2 − t − 2 = 0, îòñþäà

t1= − 1⇒ 2x= − 1 (íåò êîðíåé);
t2 = 2⇒ 2x = 21 ⇒ x = 1.

Îïðåäåëèì çíàêè ôóíêöèè

f(x) = 4x − 2x − 2 :

f(0) = 40 − 20 − 2 = − 2 < 0;
f(2) = 42 − 22 − 2 = 10 > 0.

� Îòâ å ò: x ∈ (−∞; 1].
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Ðåøèòü íåðàâåíñòâà

1. 4x < 64. 2. 4x+1 >
√
2. 3. 24x < 16. 4.

(
1

64

)x
>

√
1

8
.

5. 3
x−5
2 > 3

√
3. 6. 0,61x

2−4 > 1. 7.
(
3

4

)3−4x

> 1
7

9
.

8.
(
5

2

)2x−3

< 15
5

8
. 9. 5x

2+21 6 510x. 10. 2x
2−3 6

(
1

2

)2x
.

11. 3x
2−3 <

(
1

3

)2x
. 12. 81x

2

6
1

9
. 13. 2x

2+14 <
(
1

2

)15x
.

14.
(
1

2

)4x2−15x+13

< 23x−4. 15. 2x > 5. 16. 5x−3 6 2.

17. 4x
2

> 9. 18.
√
2
x2

3
+3
>
√
7. 19. 3x

2−x+x log3 7 < 7.

20. 62x
2+x log6

6
25 6 5. 21. 2x+2 − 2x < 12. 22. 5x + 3 · 5x−2 < 140.

23. 3
1
x + 3

1
x
+3 6 84. 24.

(
1

2

)x+2

+
(
1

2

)x
> 5.

25. 9x−3 − 9x−2 + 9x−1 > 219. 26. 9x+1 + 9x−0,5 − 32x−4 < 755.

27. 2x+2 − 2x+1 + 2x−1 − 2x−2 6 9.

28. 5 · 2
√
x − 3 · 2

√
x−1 6 56. 29.

2x
2

4x
< 8. 30.

3x
2

81x
>

1

27
.

Ðåøèòü íåðàâåíñòâà

31. 52x > 4 · 5x + 5. 32. 2 · 16x − 3 · 4x + 1 6 0.

33. 22x + 3 · 2x − 10 > 0. 34. 3 · 9x − 10 · 3x + 3 6 0.

35. 25x − 6 · 5x + 5 > 0. 36. 4x + 3 · 2x − 4 6 0. 37. 2x+1 + 4x > 8.

38. 2x+1 + 4x 6 80. 39. 52x−1 + 5x+1 > 250. 40. 4x − 2x+1 + 1 6 0.

41. 4x+1 − 33 · 2x + 8 6 0. 42. 4x+
1
2 − 17 · 2x−1 + 21 > 0.

43. 2x + 4 · 2−x 6 5. 44. 3x−1 + 33−x − 10 < 0. 45. 2x−1 +
1

2x−5 > 17.

46.
(

5
√
3
)x

+
(

10
√
3
)x−10

>
4

3
. 47.

3
√
5x − 126 ·

(
6
√
5
)x−6

+ 5 > 0.

48. 4
1
x
−2 − 4 · 2 1

x
−3 > 8. 49. 9

2−3x
2x − 4 · 3 1

x
−2 + 1 > 0.
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Ðåøèòü íåðàâåíñòâà

50. 7x−1 + 7x + 7x+1 > 228. 51. 9x−3 + 9x−1 > 511+ 9x−2.

52. 9x−3 + 9x−1 6 146+ 9x−2. 53.
(
3
√
3
) 4(x−2)

3 + 8 > 32(x−1).

54. 5x
2−4x + 5x

2−4x−1 > 6. 55. 7x
2−2x+1 + 7x

2−2x 6 392.

56. 7x
2−2x−1 + 7x

2−2x > 392. 57.
2

5x
+

6

5x+1 < 5.

58.
1

3x−1 +
2

3x
+

5

3x+1 > 5. 59.
1

2x−1 +
3

2x
+

5

2x+1 > 5.

60. 21−x +
1

2x
+

1

2x+1 < 82. 61. 8x−1 · 32x+1 6 0,125.

62. 3x−1 · 4x+1 > 192. 63. 2x−2 · 6x+1 < 216.

64. 9x−1 · 51−x > 3x+2

45
. 65. 3x

2−5x · 4−x 6 1. 66. 3x
2+x · 5−x 6 1.

67. 4x
2+3x · 5−2x > 1. 68.

√
162x−1 6

3
√
8
x+3
x+1 .

69.
3

√(
1

125

)x− 7
x

> 25
2x+1
x . 70.

3
√
273x−5 >

√(
1

81

) 2x−7
x

.

Ðåøèòü íåðàâåíñòâà

71. 9x−2 − 92 · 3x−4 + 11 6 0.

72. 9x−1,5 − 36 · 3x−2 + 60 > 0. 73. 9x−1,5 − 37 · 3x−2 + 90 > 0.

74. 4x−1 + 2x+2 6 3. 75. 4x−1 + 2x+1 6 3. 76. 5x +
80

5x
< 21.

77. 3x +
2

3x−3 − 29 6 0. 78. 3 · 2x+3 + 13 · 2−x 6 38.

79. 3x +
2

3x−2 > 11. 80. 2x−2 +
7

2x−4 >
71

4
. 81.

2

5x
−

2

5x+1 6 5x.

82.
1

7x
+

2

7x+1 −
3

7x+2 > 30 · 7x−3. 83. 2x+2 +
6

2x
6 10.

84. 5x+2 −
6

5x
> 25. 85.

2x + 10

4
>

9

2x−2 . 86.
4x − 2x+1 + 8

21−x
< 8x.

87.
3x+3 − 3−x

34−x − 9−x
6 3x. 88.

81− 9−x−1

27− 3−x
6 30. 89.

640− 4−x

256− 2−x−2 <
5

2
.

90.
4 · 3−x−1

3−x−1 − 2
> − 3−x. 91.

25x − 2 · 5x+1

5x
6 51−x − 6.
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92.
80− 4x

16− 2x
> 4. 93.

9x − 3x − 4

3x − 2
< 1. 94.

4x + 2x+1

2x+2 − 8
> 3.

95.
12x − 2 · 3x+1

6x+1 6 4. 96.
32 · 4x − 31

16x − 9 · 4x + 8
6 − 4.

97.
3 · 5x + 5

25x − 5x+2 > −
1

5
. 98.

25x − 2 · 5x+1

5x
6 5x−1 + 1.

99.
17 · 2x − 32

4x+1 − 6 · 2x+2 + 32
6 − 2x−2 − 1. 100.

4x − 2x − 90

2x − 82
6 1.

101.
11 · 3x−1 − 31

4 · 9x − 11 · 3x−1 − 5
> 5. 102.

8 · 3x − 23

9x − 4 · 3x+1 + 27
6 − 1.

103.
3 · 4x − 2x+1 − 1

2x
+

6 · 4x − 3 · 2x+2 + 3

2x − 2
6 9 · 2x − 2.

104. 25x + 265 > 2 · 5x+1 +
24 · 25x + 360

5x − 1
. 105. 4x +

2x − 8

2x − 2
6 2x+3.

106. 27x − 9x+1 +
9x+1 − 486

3x − 6
6 81.

107.
14 · 3x+1 − 234

9x − 5 · 3x + 6
+ 3x+2 + 39 > 0.

108. 3x+2 +
39 · 9x − 53 · 3x

9x − 5 · 3x + 6
6 0. 109. 4x + 40−

3 · 4x − 72

2x − 5
6 2x+3.

110.
(
3− 2

√
2
)2x

−
4− 2

√
2(

3+ 2
√
2
)x + 3 6 2

√
2.

111.
(
6+
√
35
)2x

−
7−
√
35(

6−
√
35
)x + 6 >

√
35.

112.
(
4−
√
15
)2x

− 8
(

1

4+
√
15

)x
+ 1 6 0.

113.
(
2+
√
3
)2x

+ 2+
√
3 >

3
(
3+
√
3
)(

2−
√
3
)x .

Ðåøèòü íåðàâåíñòâà

114.
2x

2−3x − 1

x2 − 4x− 5
< 0. 115.

(
32x

2−3x − 1
3

) (
x2 + 2x− 3

)
6 0.

116.
5x − 2

√
3− 2x− x2

< 0. 117.
(3x− 7) ·

√
x2 − x

6
1

x2
−2

> 0.

118.
(x+ 2) ·

√
x2 − 3x

2x−
6
x − 2

> 0. 119. 3 · 21x − 3x+1 − 7x + 1 6 0.

120. 7 · (21x + 21) 6 49 · 3x + 3 · 7x+1.

121. 21x−1 − 7x 6 3x−1 − 7. 122. 20x+1 + 2 > 5 · 4x+1 + 2 · 5x.

123.
30x

2
− 5x

2
− 5 · 6x2 + 5

√
x+ 3

> 0. 124.
7|x| + 7 · 6|x| − 7− 42|x|

√
x+ 2+ 2

6 0.
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Ðåøèòü íåðàâåíñòâà

125. 2 · 5x−1 > 3
x
2
+1 + 3

x
2
−1.

126. 2x+2 + 2x+1 − 2x > 9x + 9x−1.

127. 3x+2 − 3x+1 − 3x > 5x+1 − 16 · 5x−1.

128. 5 ·
(√

7
1
x+2

+2
−
√
7

1
x+2

)
< 3

x+3
x+2 + 3

1
x+2

+3.

129. 3 · 16x+1 + 2 · 81x+1 − 5 · 36x+1 > 0.

130. 9x + 4x < 13 · 6x−1. 131. 8 · 9x+0,5 < 3 · 16x+0,5 + 12x+1.

132. 25x + 3 · 10x 6 4x+1. 133. 16x+0,5 − 7 · 12x + 9x+0,5 > 0.

134. 3x + 2,5 ·
√
6
x
> 3 · 2x+1. 135. 3 · 16x + 9x+

1
2 > 7 cos

π

6
· 12x.

136. 4x
2+4x−1 + 10x

2+4x−1 < 0,35 · 25x2+4x.

137. 2 · 9x2−4x+1 + 7 · 6x2−4x+1 > 60 · 4x2−4x.

138. 12,54x
2−1 < 0,5 · 54x2−1 + 42x

2−1.

139. 2 · 9x2−4x+1 + 7 · 6x2−4x+1 > 60 · 4x2−4x.

140. 1,5 · 22x2−x+1 − 0,5 · 32x2−x 6 4,52x
2−x.

141. 4 · 25x2−6x + 4x
2−6x+1 6 11,6 · 10x2−6x.

142. 4x−4 + 10x−4 < 0,125 · 25x−3.

143.
3x

2

27 · 5
x−11
x−3

6 15x
2−3 · 25x−7

3−x . 144.
11x−2

√
2
x+3
x+2−1

>
88x ·

√
2
x+3
x+2−2

121
.

145.
16 · 5x · (−x)−0,5

√
2
x−2
x+2

>
20x ·

√
2
10−5x
x+2

√
−x

.

146.
4 · 7x · (x+ 3)−0,5

√
2
x−2
x+2

>
56x ·

√
2
5x−10
x+2

√
x+ 3

.

147.
54x ·

√
3
5x−10
x+2

√
2x+ 9

6
81 · 2x · (2x+ 9)−0,5

3
x−2
x+2

.
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Îòâåòû ê çàäàíèÿì �8

1. (−∞; 3). 2.
[
− 3

4
;+∞). 3. (−∞; 1). 4.

(
−∞; 1

4

)
. 5. [8;+∞).

6. (−2; 2). 7.
[
5
4
;+∞). 8. (−∞; 3). 9. [3; 7]. 10. [−3; 1]. 11. (−3; 1).

12. ∅. 13. (−14;−1). 14. (−∞; 1,5) ∪ (1,5;+∞). 15. (log2 5;+∞).
16. (−∞; 3+ log5 2]. 17.

(
−∞;−

√
log2 3

]
∪
[√

log2 3;+∞). 18. x ∈
R. 19.

(
log3

1
7
; 1
)
. 20.

[
− 1

2
; log6 5

]
. 21. (−∞; 2). 22. (−∞; 3).

23. (−∞; 0) ∪ [1;+∞). 24. (−∞;−2). 25. (3,5;+∞). 26. (−∞; 2).
27. (−∞; 2]. 28. [0; 16]. 29. (−1; 3). 30. (−∞; 1] ∪ [3;+∞).
31. (1;+∞). 32.

[
− 1

2
; 0
]
. 33. [1;+∞). 34. [−1; 1]. 35. (−∞; 0] ∪

[1;+∞). 36. (−∞; 0]. 37. (1;+∞). 38. (−∞; 3]. 39. (2;+∞).
40. 0. 41. [−2; 3]. 42. (−∞;−2) ∪ (2;+∞). 43. [0; 2]. 44. (1; 3).
45. (−∞; 1) ∪ (5;+∞). 46. [0;+∞). 47. (−∞;−6) ∪ (12;+∞).
48.

(
0; 1

4

]
. 49. (−∞; 0) ∪

(
0; 1

2

]
∪ [1;+∞). 50. [1+ log7 4;+∞).

51. (3+ log9 7;+∞). 52.
(
−∞; log3

√
2+ 3

]
. 53. (−∞; 2).

54.
(
−∞; 2−

√
5
)
∪
(
2+
√
5;+∞). 55.

[
1−
√
3; 1+

√
3
]
.

56. (−∞;−1)∪(3;+∞). 57. (4 log5 2− 2;+∞). 58. (−∞; 2 log3 2− 1].
59. (−∞; log2 3− 1). 60.

(
log2

7
41

− 2;+∞). 61.
(
−∞;− 5

8

]
.

62. [2;+∞). 63. (−∞; 2). 64. (−∞; 2). 65. [0; 5+ 2 log3 2].
66. [0; log3 5− 1]. 67. (−∞; log2 5− 3) ∪ (0;+∞). 68.

(
−∞;− 5

4

]
∪

(−1; 1]. 69. (−∞;−5]∪ (0; 1]. 70. (−2; 0)∪
(
7
3
;+∞). 71. [log3 11; 4].

72. (−∞; 2+ log3 2) ∪ (2+ log3 10;+∞). 73. (−∞; 1+ log3 10) ∪
(4;+∞). 74.

(
−∞; 1+ log2(

√
19− 4)

]
. 75.

(
−∞; 1+ log2(

√
7− 2)

]
.

76. (1; 4 log5 2). 77. [log3 2; 3]. 78.
[
−1; log2

13
3
− 2
]
.

79. (−∞; log3 2) ∪ (2;+∞). 80. (−∞; log2 7] ∪ [6;+∞).

81.

[
3 log5 2−1

2
;+∞). 82.

(
−∞; 1+log7 2

2

)
. 83. [0; log2 3− 1].

84. [log5 6− 1;+∞). 85. [3;+∞). 86. (1;+∞). 87. (−4; 1].
88. [−5;−3) ∪ (−3;+∞). 89. (−10; 3 − log2 5). 90. (−∞;−1 −
log3 2) ∪ [− log3 2;+∞). 91. (−∞; 1]. 92.

(
−∞; log2(2+ 2

√
5)
]
∪

(4;+∞). 93.
(
log3 2; log3

(
1+
√
3
))
. 94. (1; 2] ∪ [1+ log2 3;+∞).

95.
(
−∞; log2

(
12+ 5

√
6
)]
. 96.

(
0; 3

2

)
∪
{
− 1

2

}
. 97. {1} ∪ (2;+∞).

98.
(
−∞; 1+ log5

11
4

]
. 99. {0} ∪ (1; 2). 100. [2; 1+ log2 41).

101.
(
−∞; log3

1
2

]
∪
[
log3

3
5
; log3

5
3

)
. 102. (1; 2)∪{log3 2}. 103. (−∞; 1).

104. (−∞; 0) ∪ {1} ∪ [2;+∞). 105. (1; 3] ∪ {0}. 106. {1} ∪ (log3 6; 2].
107. (log3 2; 1)∪ [log3 11− 1;+∞). 108. {−1}∪ (log3 2; 1). 109. {2}∪
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(log2 5; 3]. 110. [0; 1]. 111. (−∞;−1) ∪ (0;+∞). 112. [−1; 1].
113. (−∞;−1) ∪ (2;+∞). 114. (−1; 0) ∪ (3; 5). 115.

[
−3; 1

2

]
∪

{1}. 116. (−3; log5 2). 117. {1} ∪
[
7
3
;+∞). 118. (−∞;−2) ∪

(−2; 0) ∪ (3;+∞). 119. [−1; 0]. 120. 1. 121. [1; 1+ log3 7].
122. (−∞;− log4 10) ∪ (0;+∞). 123. (−3;−1] ∪ {0} ∪ [1;+∞).
124. [−2;−1] ∪ {0} ∪ [1;+∞). 125. (2;+∞). 126. (−∞; 1).
127. (−∞; 2]. 128. (−2;+∞). 129. (−∞;−1) ∪

(
− 1

2
;+∞).

130. (−1; 1). 131. (0;+∞). 132. (−∞; 0]. 133. (−∞;−1)∪ (0;+∞).
134. (2;+∞). 135.

(
−∞;− 1

2

]
∪
[
1
2
;+∞). 136. (−∞;−4) ∪

(0;+∞). 137. (−∞; 0] ∪ [4;+∞). 138.
(
− 1

2
; 1
2

)
. 139. (−∞; 0] ∪

[4;+∞). 140.
(
−∞;− 1

2

]
∪ [1;+∞). 141.

[
3−
√
10; 3− 2

√
2
]
∪[

3+ 2
√
2; 3+

√
10
]
. 142.

(
log2,5

2+3
√
6

5
+ 3;+∞). 143. (−∞;−2] ∪

[2; 3)∪ (3;+∞). 144. (−∞;−2)∪
[
− 11

6
; 0
]
. 145. (−∞;−2)∪ [−1; 0).

146. (−2; 1]. 147.
(
− 9

2
;− 10

3

]
∪
(
−2; 3

2

]
.

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð



Åñëè åñòü îëèìïèàäû ïî ìàòåìà-
òèêå, òî ïî÷åìó íåò ïàðàëèìïèàä
ïî ìàòåìàòèêå? Â íèõ áû ó÷àñò-
âîâàëè ãóìàíèòàðèè, à âñå áû âîñ-
õèùàëèñü èõ ìóæåñòâîì.

Ñåòåâîé ôîëüêëîð

�9

Ëîãàðèôìè÷åñêèå íåðàâåíñòâà

Ïðè ðåøåíèè ëîãàðèôìè÷åñêèõ íåðàâåíñòâ, êàê ïðàâèëî, èñ-
ïîëüçóþòñÿ òðè îñíîâíûå ïðè¼ìà: ìåòîä èíòåðâàëîâ, ìåòîä ïîä-
ñòàíîâêè è ïåðåõîä ê ðàâíîñèëüíîé ñèñòåìå. Ê ïîñëåäíåìó ñïîñîáó
ðåøåíèÿ ìû îòíåñ¼ì è ò. í. ìåòîä ðàöèîíàëèçàöèè, óäîáíûé äëÿ
ðåøåíèÿ ëîãàðèôìè÷åñêèõ íåðàâåíñòâ ñ ïåðåìåííûì îñíîâàíèåì.
Ïðèâåä¼ì åãî â âèäå äâóõ ôîðìóë.

logh(x) f(x) Q logh(x) g(x)⇔


(h(x) − 1)(f(x) − g(x)) Q 0,

f(x) > 0, g(x) > 0, h(x) > 0,

h(x) 6= 1.

log
f(x)
h(x)Q log

g(x)
h(x)⇔


(f(x)−1)(g(x)−1)(h(x)−1)(g(x)−f(x))Q0,

f(x) > 0, g(x) > 0, h(x) > 0,

f(x) 6= 1,g(x) 6= 1.

Âìåñòî ñòðàííîãî ñèìâîëà ¾Q¿ â êàæäîé ôîðìóëå ìîæåò ñòî-
ÿòü ëþáîé èç çíàêîâ: ¾<¿, ¾6¿, ¾>¿ èëè ¾>¿. Êàê ëþáèò ãîâîðèòü
È.Â. ßùåíêî, ¾ìåòîäà ðàöèîíàëèçàöèè íå ñóùåñòâóåò â ïðèðîäå¿,
íî ¾. . . ëþáîå ðåøåíèå ìåòîäîì ðàâíîñèëüíûõ ïåðåõîäîâ � àáñî-
ëþòíî êîððåêòíîå¿, [20]. Êàêîé ïðè¼ì èëè ôàêò ñòîèò íàçûâàòü
ìåòîäîì, à êàêîé íå ñòîèò � âîïðîñ òåðìèíîëîãèè è èäåîëîãèè, íî
ãëàâíîå äëÿ íàñ ñåé÷àñ: íà ÅÃÝ äàííûìè ôîðìóëàìè ïîëüçîâàòüñÿ
ìîæíî. Êñòàòè, ïåðâàÿ âûøåïðèâåä¼ííàÿ ôîðìóëà äà¼òñÿ â ó÷åá-
íèêå [11], êîòîðûé âêëþ÷¼í â ôåäåðàëüíûé ïåðå÷åíü ó÷åáíèêîâ,
ðåêîìåíäóåìûõ ê èñïîëüçîâàíèþ ïðè ðåàëèçàöèè èìåþùèõ ãîñó-
äàðñòâåííóþ àêêðåäèòàöèþ îáðàçîâàòåëüíûõ ïðîãðàìì íà÷àëüíî-
ãî îáùåãî, îñíîâíîãî îáùåãî, ñðåäíåãî îáùåãî îáðàçîâàíèÿ.

79
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Ðåøèòü íåðàâåíñòâà

1. log3(x− 1) 6 3. 2. log 1
2
(2x+ 21) < − 2.

3. log2(2x− 1) > − 2. 4. log 1
3
(5x− 1) > 0. 5. log3(4x+ 5) 6 3.

6. log 1
11
(2x+ 21) < − 2. 7. log2(x

2 − 3x) > 2.

8. log 1
2
(x2 − 5x+ 6) > − 1. 9. lg(x2 − 5x+ 7) < 0.

10. log2(x
2 − 2x) > 3. 11. log3(4x− x

2) > 1.

12. log5(x
2 − 11x+ 43) > 2. 13. log3(x

2 − 3x+ 5) > 1.

14. log0,25(x
2 − x+ 0,5) <

1

2
. 15. log8(x

2 − 4x+ 3) 6 1.

16. log2(11− 2x− x2) > 3. 17. log2(x
2 − 3x) > 1.

18. log0,25(x
2 − 5x) > − 1. 19. log2(x

2 − 4x) < log2(x
2 + x+ 4).

20. log4(x
2 − 3x) > log4(x− 3). 21. log 1

2
(x2 − 3x) < log 1

2
(x+ 3).

22. log 1
2
(x2 − 3x) > log 1

2
(4+ x). 23. ln(x2 − x) 6 ln(3x2 + 4x− 3).

24. log 3
2

2x− 8

x− 2
< 0. 25. log 1

3

2− 3x

x
> − 1. 26. log2

7x+ 1

x+ 2
6 3.

27. log 1
3

x2 + 4x

2x− 3
< 1. 28. ln

2

2x+ 3
< ln

x+ 1

x− 1
.

29. lg
x− 2

3− x
> lg

1

x
. 30. log 1

3

x2 − 3x

4x− 7
> log 1

3
x.

Ðåøèòü íåðàâåíñòâà

31. log2(x− 1) + log2 x 6 1. 32. log4 x+ log4(x+ 1) 6 log4 2.

33. log 1
3
x+ log 1

3
(x+ 3) > log 1

3
(x+ 15).

34. 1− log2(2x+ 1) > log2(x− 1).

35. log2(x
2 − 1) − log2 x < 2. 36. 1+ log6(4− x) 6 log6(16− x

2).

37. log3(2x− 1) + log3(x+ 7) − 3 < 0.
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38. log3(2x− 3) + 4 6 log3(3x+ 11).

39. log3(x− 2) + log3(3x− 1) 6 log 1
3

1

8− x
.

40. log 1
3
(x+ 2) + log3(2x+ 3) < log√3(2x+ 3).

41. log2(x
2 + 4) − log2(x

2 − x+ 14) > log2

(
1+

1

x

)
.

42. log3(x
2 + 3) − log3(x

2 − x+ 13) > log3

(
1−

1

x

)
.

43. log4(6x
2 + 5) − log4(x

2 + x+ 1) > log4

(
x

x+ 4
+ 5
)
.

44. log5(7x
2 + 6) − log5(x

2 + x+ 1) < log5

(
x

x+ 5
+ 6
)
.

45. log6

(
4

x
+ 3
)
− log6(x+ 6) 6 log6

(
x+ 5

x2

)
.

46. log7 (5− x) + log7
1

x
6 log7

(
1

x
− 2x+ 5

)
.

47. log8 (4− x) + log8
1

x+ 1
> log8

(
1

x+ 1
− x+ 4

)
.

48. ln (3− 2x) + ln
1

x− 1
6 ln

(
1

x− 1
− x+ 3

)
.

49. ln (3− 2x) + ln
1

1− x
6 ln

(
1

1− x
− x+ 2

)
.

50. log2
(
4x2 − 1

)
− log2 x 6 log2

(
7x+

3

x
− 8
)
.

51. lg
(
9x2 − 1

)
− lg x > lg

(
9x+

21

x
− 2
)
.

52. ln
(
3x2 − 4x+ 1

)
− ln x 6 ln

(
9x+

1

x
− 5
)
.

53. log0,5

(
2

x
+ 2
)
− log0,5 (x+ 9) > log0,5

(
x+ 5

x2

)
.

54. 4 log2
7x− 3

3x− 7
+ log2 (3x− 7)4 6 4.

55. 2 log2
x− 1

x+ 5
4

+ log2

(
x+

5

4

)2
> 2.

56. 2 log2
x− 1

x+ 7
3

+ log2

(
x+

7

3

)2
6 4.

57. ln x2 + ln(7− x) 6 log√e (x+ 3) + ln(1− x).

58. 2 lg x2 − lg(3− 2x) 6 lg
x2 + 12x+ 36

3− 2x
.

59. log2
x2 − 12x+ 36

x+ 7
6 2 log2

x2

3
− log2(x+ 7).
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Ðåøèòü íåðàâåíñòâà

60. log23 x− 3 log3 x+ 2 > 0. 61. log21
2

x+ log 1
2
x− 2 6 0.

62. log2√
5
x− log√5 x

2 − 8 < 0. 63.
3

lgx+ 2
> 1.

64.
4

log2 x− 5
< − 1. 65. log23(2x− 3) − 5 log3(2x− 3) + 4 6 0.

66. log22(x+ 1) − log2(x+ 1) < 2. 67. log3(2x+ 5) −
3

log3(2x+ 5)
< 2.

68. log25(125− 4x2) − 3 log5(125− 4x2) > 0.

69. log23(9− 4x2) − 5 log3(9− 4x2) + 6 6 0.

70. log3
√
x− 2 log21

9

x+ 1 6 0. 71. log2
√
x− 5 log21

4

x+ 18 > 0.

72. log2(8− 3x2) +
3

log2(8− 3x2)
> 4. 73.

3

log4 x− 1
> 3+ 2 log4 x.

74.
1

log3 x− 1
6

log3 x
2

log3 x− 2
. 75.

1

log16 x
>

log16 x

log16 x
2 − 1

.

76.
lg(2− x) − 7

1− lg(2− x)
6

4

lg(2− x)
. 77.

log20,5(2x+ 3) − log0,5(2x+ 3)2

1− 2 log2(2x+ 3)
> 1.

78. 1+
6

log5 x− 2
+

5

log25 x− log5(125x
4) + 7

> 0.

79. 1+
14

log22 x+ log2
x6√
2
+ 9,5

>
9

log2 x+ 3
.

80.
log3

3

x

log23 x+ 2 log9 x
3
> − 1. 81.

8− log2(16x)

log21
2

x− 3 log2 x
> − 1.

82.
log3(81x)

log21
3

x+ log3 x
3
> − 1. 83.

log2(2x) − 4

log22 x− log2 x
3
> − 2.

84.
log3(27x) + 1

log23 x− log9 x
3
> 6. 85.

log2 x
4

log2
x
16

>
12

log2 x
+

39

log22 x− 2 log2 x
2
.

Ðåøèòü íåðàâåíñòâà

86.
log2(x

2 − 4x)

log3(11− x)
> 0. 87.

log2(3x
2 − 11x+ 8) − 1

log8(3x+ 7)
6 0.

88.
1− log2(4x

2 − 17x+ 15)

ln(3x+ 11)
> 0. 89.

log2(x
2 − 4x− 2) + 2

log7(x+ 9) − 1
6 0.
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90.
1

log4(2x+ 3)
6 − 1. 91.

log3(13− x)

log3(2x+ 5)
6 1.

92.
log4(10− 2x+ x2)

log4(2x− 15)
> 2. 93.

lg(2x2 − 3x+ 1)

lg(5x2 − 6x+ 1)5
> 0,2.

94.
log2(x

2 − 2x− 7)

log4(21− x)
< 4. 95.

log0,2(3x+ 5)

log25(7− x− x2)
> − 2.

96. log5(x
2 − 49) 6 3 log5

x+ 7

x− 7
. 97.

lg(2x2 − 3x+ 1)

lg(5x2 − 6x+ 1)
> 1.

98.
log6(1− 3x− 4x2)3

log6(4x
2 − 6x− 4)

6
log5 9

log125 9
. 99.

log6

(
x2 + 1

x2
− 10

)
log6

(
x+ 1

x

) > 1.

Ðåøèòü íåðàâåíñòâà15

100. log3(x
3 − 13x+ 9) > 2. 101. log2(x

3 − 7x2 + 8) > 3.

102. log2

(
2x3 − 5x2 +

1

2

)
> − 1.

103. log5

(
3

x
− 5x+ 2

)
6 log5

(
x2 − 7x+

3

x
− 1
)
.

104. log0,5

(
x2 −

3

x
+ x− 5

)
6 log0,5

(
x2 −

4

x
− 4x+ 1

)
.

105. log2

(
4x2 +

2

x
− 3
)
− 3 > log2(1− x) + log2 x.

106. log6
3

x− 3
+ log6(x

2 − 5x+ 7) 6 log6

(
x2 − 5x+

3

x− 3
+ 6
)
.

107. 2 log2
(√

2x
)
− log2

x

x+ 1
6 log2

(
2x2 +

1

x
− 1
)
.

108. ln (3− 2x) + ln
1

(x− 1)2
6 ln

(
1

(x− 1)2
− x+ 3

)
.

109. ln (3− 2x) + ln
1

(x− 1)2
6 ln

(
1

(x− 1)2
− x− 3

)
.

110. ln
1

x
+ ln

(
x2 + 5x− 9

)
6 ln

(
x2 + 3x+

1

x
− 8
)
.

111. lg
3

x
+ lg

(
x2 − 7x+ 11

)
6 lg

(
x2 − 7x+

11

x
+ 6
)
.

112. log9

(
18x2 +

1

x
− 7
)
> log3

(√
3x
)
− log9

x

1− x
.

15Ïî ìîòèâàì ÊÈÌ ÅÃÝ-2018
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113. lg
(
7x2 +

2

x
− 3
)
> 2 lg

(√
14x
)
− lg

x

1− x
.

114. log11

(
4x2 +

1

x
− 3
)
> 2 log11

(√
2x
)
− log11

x

1− x
.

115. log12

(
1

x2
−
x

2
+ 1
)
> log12 (5− 2x) − 2 log12 x.

Ðåøèòü íåðàâåíñòâà16

116. log2(8− 4x) > log2(x
2 − 3x+ 2) + log2 (x+ 3).

117. 2+ log6(3− x) > log6(x+ 5) + log6
(
x2 − 10x+ 21

)
.

118. 1+ log4(5− x) > log4(x− 1) + log4
(
x2 − 10x+ 25

)
.

119. 2+ log3(6− x) > log3(x+ 7) + log3
(
x2 − 5x− 6

)
.

120. log0,25(2− x) − 2 < log0,25(x
2 − 7x+ 10) + log0,25 (x+ 3).

121. log 1
3
(4− x) − 2 < log 1

3
(x2 − 9x+ 20) + log 1

3
(x+ 1).

122. log 1
2
(4− x) − 4 < log 1

2
(x2 − 10x+ 24) + log 1

2
(x+ 2).

123. log√3(5− x) + 4 > log√3(x
2 − 12x+ 35) + log√3 (x− 1).

124. log 1
4
(2− x) − 1 < log 1

4
(2x+ 1) + log 1

4

(
2x2 − 7x+ 6

)
.

125. lg(80− 16x) > lg(2x+ 5) + lg
(
2x2 − 13x+ 15

)
.

Ðåøèòü íåðàâåíñòâà17

126. (2x− 5) log5
(
x2 − 8

)
> 0. 127.

(
x2 − 7x

)
lg

1− 2x

x
6 0.

128.
ln
(
3x2 − 2x

)
x

6 0. 129. (2x− 7) log3 (x− 8) > x2 log3 (x− 8).

130. (x2 − 6) ln (x+ 6) < (6− x) ln (x+ 6).

131. (x2 − 6) log243 (x+ 6) 6 (6− x) log3 (x+ 6).

132. x2 log625 (x+ 11) 6 log5 (x+ 11)2.

16Ïî ìîòèâàì ÊÈÌ ÅÃÝ-2019
17Ïî ìîòèâàì ÊÈÌ ÅÃÝ-2020
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133. x2 log128 (x+ 1) > log2
(
x2 + 2x+ 1

)
.

134. x2 log1024 (6− x) 6 log2
(
x2 − 12x+ 36

)
.

135. x2 log81 (x+ 7) 6 log√3
(
x2 + 14x+ 49

)
.

136. x2 log64 (x+ 10) 6 8 log2
(
x2 + 20x+ 100

)
.

137. x2 log256 (x− 3) 6 log2
(
x2 − 6x+ 9

)
.

138.
1

x
log5
√
3− x > x log25

(
x2 − 6x+ 9

)
.

139.
√
116− x log243(6+ x) 6 log3

(
x2 + 12x+ 36

)
.

140.
(
x2 − x

)
log4 (x+ 1) > log2

(
x3 + 3x2 + 3x+ 1

)
.

141. ln
(
1− 3x+ 3x2 − x3

)
6
(
x2 − 2x

)
ln (1− x).

142. x log2 (x+ 4)3 + log2 (x+ 4) < 9x+ 3.

143. x2 log√3 (2− x) + 18 > 2x2 + log√3 (2− x)
9.

144. log5 (5− x)
4
< log3 (x+ 17) log5 (5− x).

145. log2 (11− x)
3 > log2 (11− x) log5 (x+ 11).

146.
log0,3(x− 3)
√
−x2 + 2x+ 8

> 0. 147.
1−
√
1− 2x− 3x2

log7(9x+ 8)
> 0.

148.

√
x+ 1

3+ log3 (1− 2x− 3x2)
6 0. 149.

log0,3 |x− 2|

x2 − 4x
< 0.

Ðåøèòü íåðàâåíñòâà

150. logx 1 > 2. 151. logx 1 < 2. 152. logx 4 < 2.

153. logx−1 1 < 5. 154. log 1
x
3 > − 1. 155. log x−1

x+5
0,3 > 0.

156. log 2x
x−2

4 < − 2. 157. log2|x| x
2 + 2 log4 x

2 6 10.

158. log3|x|(− x)
4 + log3(x+ 2)2 < 70. 159. logx 2− 2 log2x

1

2
> 2.

160. log2 x− logx 32 6 4. 161. logx−2 27+ log3(x− 2) > 4.

162. 2+ log 3
√
x 7 6 log7 x. 163. log2x 8+ logx 4 > 2.
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164. log x
3
3+ log√x 3 6 2. 165. logx+19 4 6 log2(x+ 19) − 1.

166. log3(2x+ 9)3 + log2x+9 9 > 7. 167. logx+9 7 > 6+ log7(x+ 9)7.

168.
log 1

4

1
x8

− 2

log64 x
12 > −

5

logx 16
. 169.

log 1
3
x−8 − 2

log27 x
12 6 4−

7

logx 9
.

Ðåøèòü íåðàâåíñòâà

170. logx(x+ 4) 6 logx(2x+ 1).

171. logx+1(3− 2x− x2) > logx+1(1− 3x).

172. logx+2(x
2 − 3x+ 2) > logx+2(x

2 − 2x).

173. log 1
x
(2,5 x− 1) > − 2. 174. logx

4x+ 5

6− 5x
< − 1.

175. logx−3(x− 1) 6 2. 176. logx(x
2 − 3x+ 1) 6 2.

177. logx2(3− 2x) < 1. 178. logx−3(x
2 − 4x− 3) < 2.

179. log 3
x

x− 1

2− x
6 1. 180. log4−x

x+ 6

(x− 4)2
6 − 2.

181. log5−x
x+ 7

(x− 5)4
6 − 4. 182. log6−x

x+ 5

(6− x)12
> − 12.

183. logx−3(x
2 − 4x− 3) < 2. 184. log1− 1

(1−x)2

x2 + 5x+ 8

2− 3x+ x2
6 0.

185.
1

log7−2x(5x− 1)
6 1. 186.

1

log3−2x(5+ x)
6 1.

187.
2

logx+4(− 9x)
6 1. 188.

2

logx+14(6− x)
6 1. 189.

1

logx2(11− x)
6 2.

190.
1

logx−1(15− 7x)
> − 1. 191.

1

logx+1(1− 7x)
6 − 1.

192.
1

log4x2(2x+ 1,6)
> − 2. 193. log2x(x+ 2) > 4.

194. log2x−2(x+ 1) > log2x+1(x− 2). 195. logx−2 3 < logx+3 3.

196. logx(x− 1) < logx+1(x− 1). 197. logx+4(x+ 3) 6 log2x+6(x+ 3).

198. log2x+5(3x+ 2) > logx+3(3x+ 2).

c© À.Á. Áû÷êîâ, Î.Â. Ãðîáåð
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Ðåøèòü íåðàâåíñòâà

199. log 1
3
(x+ 3) log3 x > logx+3 x.

200. log 1
2
(x− 2) log2 x 6 logx−2 x.

201. log1− 1
x
(5− x) · log1− 1

x
(x+ 6) 6 0.

202. log 1
x
(3− x) · logx+2(x+ 1) > 0.

203. log1+x(2− x) · logx+3(x+ 4) > 0.

204. logx(x
3 + 1) · logx+1 x > 2. 205. x log1+x(15− 2x− x2) > 0.

206. (x− 2) log 1
x
(2x+ 3) 6 0. 207. x logx(x

2 − 3x+ 1) 6 0.

208. x · logx+1 x · ln(5− 3x− x2) > 0.

209. (x− 3) · logx+3 x · logx+3(x+ 4) > 0. 210.

√
81− x2 log5−x x

2

2− x
< 0.

211.
(x−

√
2 ) · log0,5(2x+ 3)

logx+2(x+ 3)
> 0. 212.

logx−1(x
2 − 3x+ 2)

(x+ 1) · lg(x+ 4)
6 0.

Ðåøèòü íåðàâåíñòâà

213. log2 log 1
3
log5 x > 0. 214. log3 logx2 logx2 x

4 > 0.

215. log 1
2
log2 logx−1 9 > 0. 216. log2(1+ log 1

9
x− log9 x) < 1.

217. log3 (log2(2− log4 x) − 1) < 1. 218. log8

(
log 1

4

1− x

3x+ 8

)
6

1

3
.

219. log 3
√
3

(
log 1

2
(9x− 1)

)
> 3. 220. log3

(
log22 x−

20

log4 x
+ 3
)
> 2.

221. log21
2

(− log2 x) + log 1
2
(log2 x)

2
< 3.

222. log22 (− log2 x) − log2 (log2 x)
4 6 5.

223. log3
(
9x−1 − 8 · 3−x + 2

)
> − x.
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224. log3
(
9x + 4x − 3 · 21+x

)
> 2x.

225. log4 (3
x − 1) log 1

4

3x − 1

16
6

3

4
.

226. log33 (27
x+x+9)+x2 log3 (27

x+x+9)4 > 3x log23 (27
x+x+9)+12x3.

227. log4 (2
x − 2) log 1

4

2x − 2

1024
>

9

4
.

228. log3 (log2(4
x − 6)) > 1. 229. log2 (log3(5

x − 4)) 6 1.

230. log5

(
log2

2x − 11

5− 2x

)
< 1. 231. 2 log3

(
22x + 1

)
+ log4x+1 9 > 5.

232. log5 log3 log2
(
22x − 3 · 2x + 10

)
> 0.

233.
x− 3

log2(8− 2x) − 4
6 1. 234.

x+ 2,5

4− log2(4− 2−x)
<

1

2
.

235.
2x+ 5

log3(9
x − 5) − 1

6 1. 236. log3x−1 27
2

x2−x >
x+ 1

(x− 1)2
.

237. log
7x+

1
2
49

1

x2+x >
2

2x+ 1
. 238. log√

7
x−3 7

5

x2−3x 6
x+ 3

(x− 3)2
.

239. log42x−1

√
2
x−1
x+2 6 log0,2x−0,5 25x−1.

240. 2 log23 (2 cos x) − 5 log3 (2 cos x) + 2 6 0.

241. log32 (cos x) − log2 (cos x) 6 0. 242. log24(sin
2 x) + log2 (sin x) < 0.

243. log2√2
2

(sin x) + 3 log2 (sin x) − 1 > 0.

244. log22
3

(sin x) − log 3
2
(sin x) − 2 < 0.

245. log22
(
cos6 x

)
+ 7 log√2 (cos x) > 2.

246. log5(100− x
2) + log 1

2
(100− x2) > log5 64− 6.

247. log 1
3
(x+ 1)2 + log2(x+ 1)2 6 log3 2− 1.

248.
21x

ln(3− x)9
>

(3,5 · 2x)x

ln(x− 3)4
.

249.
√
xlog2

√
x > 2. 250. 25log2 |x| + 4 · 5log2 x2 < 51+log2(2x+3).
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251. 31+log2 x
2

+ 2 · |x|log2 9 6 5 ·
(
1

3

)log0,5(2x+3)

.

252. log|x−1| 0,5 > 0,5. 253. log|x|(x
2 − 5x) 6 1.

254. log|x−4|(2x
2 − 9x+ 4) > 1. 255. log|x|(x

2 + 3x− 10) 6 1.

256. log|x−2|(x
2 + 2x− 11) 6 2. 257. log|x|−1(21x− 18− 3x2) 6 2.

258. log 1
2

∣∣∣x+ 2

x

∣∣∣ > 2. 259. log2

∣∣∣x− 1

x+ 1

∣∣∣ 6 1.

260. lg
x3

|x− 12|
> lg

|x− 12|

x
. 261. log25 x+ |log5 x− 2| < 4.

262. 6 ln(x
2−3x) 6 |8− x|ln 6. 263. 4 lg(x

2−3x) 6 |3− x|lg 4.

264. 5
log 1

2
(x2−2x)

> |2− 3x|
log 1

2
5
. 265.

∣∣8x− x2∣∣log3 7 > 7 log3(2x−7).

266.

∣∣∣2+ log21
3

(2− x)
∣∣∣− log 1

3
(2− x) > 3+

∣∣∣3− log 1
3
(2− x)

∣∣∣.
267.

|log9(2x+ 1)|− 2

log3
√
2x+ 1+ 1

< − 1. 268.

∣∣∣2− log2
4

x+ 2

∣∣∣ < 2−
∣∣∣log 1

2
(x+ 2)

∣∣∣.
269. |log3 x| <

∣∣∣log3 x9 ∣∣∣. 270.

∣∣∣log 1
3
x2 − 6

∣∣∣− ∣∣∣log√3 9

x
+ 1
∣∣∣ < 7.

271.
∣∣log3 |2x− 3|

∣∣ 6 log3 (3x− 2). 272. |log2(x+ 8)| > log2 |x− 8|.
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1. (1; 28]. 2.
(
− 17

2
;+∞). 3.

(
5
8
;+∞). 4.

(
1
5
; 2
5

)
.

5.
(
− 5

4
; 5,5

]
. 6. (50;+∞). 7. (−∞;−1] ∪ [4;+∞).
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17.

(
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√
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2
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∪
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3+
√
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2
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(
5−
√
41

2
; 0
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(
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√
41

2
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.

19.
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− 4

5
; 0
)
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(
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√
7
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(
2+
√
7;+∞).

22.
(
2− 2

√
2; 0
)
∪
(
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√
2
)
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25.
[
1
3
; 2
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. 26. (−∞;−15] ∪
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− 1

7
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(
−3;− 1

3

)
∪
(
3
2
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(
1+
√
13

2
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(
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3
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33. (0; 3]. 34.
(
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2

)
. 35.

(
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√
5
)
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38.
(
3
2
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]
. 39.

(
2; 1+

√
3
]
. 40. (−1;+∞). 41.

[
− 14

9
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)
.

42.

(
1; 11−

√
17

4

]
∪
[
11+
√
17

4
;+∞). 43.

(
−∞;− 21

2

]
∪
(
− 10

3
; 0
]
.

44.
(
− 31

2
;−5

)
∪ (0;+∞). 45.

[
− 5

2
;− 4

3

)
∪ (0; 6]. 46. [1; 2].

47.
(
−1; 2−

√
5
]
. 48.

(
1; 3

2

)
. 49. (−∞; 0]. 50.

(
1
2
; 2
3

]
∪ [2;∞).

51. [11;∞). 52.
[
1
6
; 1
3

)
∪ (1;∞). 53. [−3;−1) ∪ (0; 15].

54.
[
1
7
; 3
7

)
. 55.

(
−∞;− 5

4

)
∪ [3;+∞). 56.

[
−3;− 7

3

)
∪ (1; 5].

57. [−1; 0)∪
(
0; 3

4

]
. 58. [−2; 0)∪

(
0; 3

2

)
. 59. (−7;−6]∪ [3; 6)∪(6;+∞).

60. (0; 3] ∪ [9;+∞). 61. [0,5; 4]. 62. (0,2; 25). 63. (0,01; 10].
64. (2; 32). 65. [3; 42]. 66.

(
− 1

2
; 3
)
. 67.

(
− 5

2
;− 7

3

)
∪ (−2; 11).

68.

(
− 5
√
5

2
;−
√
31
]
∪ {0} ∪

[√
31; 5

√
5

2

)
. 69. 0. 70.

(
0; 1

3

]
∪ [9;+∞).

71.

(
5
√
4

16
; 16
)
. 72.

(
−
√
21
3
;−
√
2
]
∪ {0}∪

[√
2;
√
21
3

)
. 73.

(
0; 1

16

)
∪(4; 8).

74. (0; 3)∪(9;+∞). 75. (1; 4)∪{16}. 76. (−∞;−9998]∪(−8; 1)∪[1,9; 2).
77.

[
− 5

4
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√
2−6
4

)
∪
[
− 1

2
;+∞). 78.

(
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∪ [5; 25) ∪ (25;+∞).

79.
(
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8

)
∪
(
1
8
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2

]
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(
0; 1
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)
∪
{
1
3

}
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(
0; 1
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)
∪
{
1
9

}
∪ (1;+∞). 83.

(
0;
√
2
2

]
∪

(1; 8)∪(8;+∞). 84.
[

3
√
9
3
; 1
)
∪
(
3
√
3; 9
]
. 85. (0; 1)∪

{
2
√
2
}
∪(16;+∞).

86.
(
−∞; 2−

√
5
)
∪
(
2+
√
5; 10

)
. 87.

(
− 7

3
;−2

)
∪
[
2
3
; 1
)
∪
(
8
3
; 3
]
.

88.
(
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3
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3

)
∪
[
1; 5

4

)
∪
(
3; 13

4

]
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[
− 1

2
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√
6
)
∪
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]
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√
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√
6− 2

]
∪
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√
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√
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√
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(
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√
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√
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√
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[
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√
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(
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∪
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√
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∪
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(
− 5

2
;− 1

2

)
∪
(
− 1

2
; 3
2

)
. 126.

(
−3;−2

√
2
)
∪ (3;+∞).

127.
(
0; 1

3

]
. 128.

(
−∞;− 1

3

]
∪
(
2
3
; 1
]
. 129. (8; 9].

130. (−6;−5)∪(−4; 3). 131. [−5; 4]. 132. (−11;−10]∪
[
−2
√
2; 2
√
2
]
.

133. (−1; 0] ∪
[√

14;+∞). 134.
[
−2
√
5; 2
√
5
]
∪ [5; 6).

135. (−7;−6] ∪ [−4; 4]. 136.
(
−10;−4

√
6
]
∪
[
−9; 4

√
6
]
. 137. 4.

138.

(
−∞;−

√
2
2

)
∪
(
0;
√
2
2

)
∪ (2; 3). 139. (−6;−5] ∪ [16; 116].

140. (−1; 0] ∪ [3;+∞). 141. (−∞;−1] ∪ [0; 1). 142.
(
− 1

3
; 4
)
.

143. (−∞;−3] ∪ [−1; 2). 144. (4; 5). 145. (−11; 10]. 146. (3; 4).

147.
(
− 7

9
;− 2

3

]
∪
[
0; 1

3

]
. 148.

(
−1;− 3+

√
35

9

)
∪
(√

35−3
9

; 1
3

)
.

149. (−∞; 0)∪ (1; 2)∪ (2; 3)∪ (4;+∞). 150. ∅. 151. (0; 1)∪ (1;+∞).
152. (0; 1) ∪ (2;+∞). 153. (1; 2) ∪ (2;+∞). 154. (0; 1) ∪ [3;+∞).
155. (1;+∞). 156.

(
−2;− 2

3

)
. 157. [−8;−1)∪ (−1; 0)∪ (0; 1)∪ (1; 8].

158. (−29;−2)∪(−2;−1)∪(−1; 0)∪(0; 1)∪(1; 25). 159.
(
1
2
;
√
2
2

]
∪(1; 2].

160.
(
0; 1

2

]
∪ (1; 32]. 161. (3; 5] ∪ [29;+∞). 162.

[
1
7
; 1
)
∪ [343;+∞).

163.

(
1
2
;
√
2
2

)
∪ (1; 4). 164. (0; 1) ∪

[√
3; 3
)
∪ [9;+∞).

165. [−18,5;−18) ∪ [−15;+∞). 166.

(
−4;

3
√
3−9
2

]
∪ [0;+∞).

167.
(
−9;− 62

7

]
∪
(
−8; 7
√
7− 9

]
. 168.

[
1
4
; 1
)
∪
[

5
√
4;+∞).

169.

(
0; 3

2−
√
11

7

]
∪
(
1; 3

2+
√
11

7

]
. 170.

(
0; 1
)
∪ [3;+∞). 171.

(
0; 1

3

)
.
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172.
(
−1; 0

)
. 173.

[
1
2
; 1
)
∪[2;+∞). 174.

(
1
2
; 1
)
. 175. (3; 4)∪[5;+∞).

176.
(
0; 1

3

]
∪
(
3+
√
5

2
;+∞). 177. (−∞;−3) ∪ (−1; 0) ∪ (0; 1) ∪

(
1; 3

2

)
.

178.
(
2+
√
7; 6
)
. 179.

(
1;
√
7− 1

]
. 180. (−6;−5] ∪ (3; 4).

181. (−7;−6]∪ (4; 5). 182. [−4; 5). 183.
(
2+
√
7; 6
)
. 184.

[
− 3

4
; 0
)
∪(

2;+∞). 185. ( 1
5
; 2
5

)
∪
[
8
7
; 3
)
∪
(
3; 7

2

)
. 186. (−5;−4)∪

[
− 2

3
; 1
)
∪
(
1; 3

2

)
.

187. (−4;−3)∪(−3;−1]∪
(
− 1

9
; 0
)
. 188. (−14;−13)∪(−13;−10]∪(5; 6).

189. (−∞;−1)∪(−1; 0)∪(0; 1)∪(1; 5,5]∪(10; 11). 190. (1; 2)∪
(
2; 15

7

)
.

191.
(
−1;− 6

7

]
. 192.

(
− 4

5
;− 1

2

)
∪
(
− 1

2
;− 3

10

)
∪
[√

41−4
10

; 1
2

)
∪
(
1
2
;+∞).

193.

[√
5−1
2

; 1
)
∪ (1; 2]. 194.

[
1+
√
13

2
; 3
)
∪ (3;+∞). 195. (2; 3).

196. (1; 2). 197. (−3;−2,5) ∪ {−2}. 198.
(
− 2

3
;− 1

3

]
. 199. (0; 1).

200. (3;+∞). 201. (−6;−5] ∪ [4; 5). 202. (0; 1) ∪ [2; 3). 203. (0; 1].
204. (2;+∞). 205. (−1; 0) ∪ (0;

√
15 − 1). 206. (0; 1) ∪ [2;+∞).

207.

(
3+
√
5

2
; 3
]
. 208. 1. 209. (0; 1]∪ [3;+∞). 210. (−1; 0)∪ (0; 1)∪

(2; 4). 211.
(
− 3

2
;−1

)
∪
(
−1;
√
2
]
. 212.

(
2; 3+

√
5

2

]
. 213.

(
1; 3
√
5
)
.

214.
(
−
√
2;−1

)
∪
(
1;
√
2
)
. 215. (4; 10). 216.

(
1
3
; 3
)
. 217.

(
4−14; 1

)
.

218.
(
− 7

4
; 8
19

]
. 219.

(
1
9
; 1
8

)
. 220. (0; 1)∪ [16;+∞). 221.

(
1
256

;
√
2
2

)
.

222.

[
2−32; 2−

1
2

]
. 223. (1;+∞). 224. [1+ log2 3;+∞).

225. (0; 1] ∪ [2;+∞). 226. [−9;+∞). 227. (2; 1+ log2 257).
228. [log4 14;+∞). 229. (1; log5 13]. 230.

(
log2

57
11
; 3
)
.

231.
(
−∞; log4

(√
3− 1

))
∪
(
3
2
;+∞). 232. (−∞; 0) ∪ (1;+∞).

233. [3− log2 3; 3). 234. (−2;−1). 235.
(
log3
√
5; 3 log3

√
2
)
.

236. (−∞;−3] ∪ (0; 1) ∪ (1; 2]. 237. (−∞;−2] ∪
(
−1;− 1

2

)
∪ (0; 1].

238. [−5; 0) ∪ [2; 3) ∪ (3;+∞). 239.
[
− 33

16
;−2

)
∪
(
1
2
; 1
]
.

240.
[
−π

6
+ 2πk; π

6
+ 2πk

]
. 241.

(
−π

2
+ 2πk;−π

3
+ 2πk

]
∪[

π
3
+ 2πk; π

2
+ 2πk

)
∪ {2πk}. 242.

(
π
6
+ 2πk; π

2
+ 2πk

)
∪(

π
2
+ 2πk; 5π

6
+ 2πk

)
. 243.

(
2πk; π

6
+ 2πk

]
∪[

5π
6

+ 2πk;π+ 2πk
)
. 244.

(
arcsin 2

3
+ 2πk;π− arcsin 2

3
+ 2πk

)
.

245.
(
−π

2
+ 2πk;−π

4
+ 2πk

)
∪
(
π
4
+ 2πk; π

2
+ 2πk

)
. 246. (−10;−6] ∪

[6; 10). 247.

[
−
√
2+2
2

;−1
)
∪
(
−1;

√
2−2
2

]
. 248. [log2 3− 1; 2) ∪ (2; 3).

249.
(
0; 1

4

)
∪ (4;+∞). 250. (−1; 0) ∪ (0; 3). 251. [−1; 0) ∪ (0; 3].
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252.
(
0; 3

4

)
∪
(
5
4
; 2
)
. 253. (−1; 0) ∪ (5; 6]. 254. (−∞; 0) ∪ (5;+∞).

255.
[
−2−

√
14;−5

)
∪
(
2;
√
11− 1

]
. 256.

(
−∞;−1− 2

√
3
)
∪ [2,5; 3).

257. (1; 2) ∪ [4,75; 6). 258.
(
− 8

3
;−2

)
∪
(
−2;− 8

5

)
. 259. (−∞;−3] ∪[

− 1
3
; 1
)
∪ (1;+∞). 260. [3; 12) ∪ (12;+∞). 261.

(
1
5
; 25
)
.

262. [−2; 0) ∪ (3; 4]. 263. [−1; 0). 264. [−2; 0) ∪
(
2; 5+

√
17

2

]
.

265.
(
7
2
; 7
]
∪
[
5+ 3

√
2;+∞). 266. (−∞;−7]∪

[
17
9
; 2
)
. 267.

(
− 4

9
; 1
)
.

268.
(
− 3

2
; 0
)
. 269. (0; 3). 270.

(
0;
√
27
)
. 271.

[
1; 7

6

]
∪
[
5
3
;+∞).

272.
(
−8;−3

√
7
)
∪ (0; 8) ∪ (8;+∞).
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