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. Bip aBTOpIB

Jio0i pecaTuknacHMKM Ta gecaTuKnacHuLi!

Bu nmounHaeTe BUBUATH HOBUI IIKIIBHUY IpeIMeT — ajredpy i mouatku
aHaJizy.

ITeit npegMeT HaA3BMUYAWHO BaXKJIMBUHN. ¥ HaIl yac HeMae TaKol raaysi
HAyKU, Jle He 3aCTOCOBYIOTH TOCATHEHD ITHOT0 PO3AiIY MaTeMaTuKu. ¥ (isuiri
Ta ximii, acTporomii Ta 6iosorii, reorpadii Ta ekoHOMiIi, HABiTH y JiHTBic-
TUIi Ta icTOpii BUKOPUCTOBYIOTh «MaTeMATUUYHUN iHCTPYMEHT» .

Anrebpa i mouaTKu aHaJisy — KOPHUCHUI i Iy:ke mikaBuii mpeamer. Bin
PO3BUBAaE aHAJNITUYHE I JIOTiUHEe MUCJIEHHA, JOCTIAHUIIbKI HABUUYKU, MaTe-
MaTUYHY KYJIbTYPY, KMIiTJINUBiCTE.

Mwu maemo Hamito, 110 BU He PO3UapyBaJuCA, OOPaBIMYU HEJETKUU IIIAX
HaBUYaTUCA B MaTeMaTHUHOMY KJaci. ¥ IIbOMY HABUAJILHOMY POIIi BU IIPO-
IOBXKUTE BUBYATH MaTEMATHKY 3a IIPOTpaMolo morjiubjaeHoro piBHsa. Ile me
mpocTto. IloTpi6HO 6yTH HATIOJNETIUBUMU Ta 3aB3ATUMU, YBAXKHUMU I aKypaT-
HUMU, IIPU IIbOMY HAWTOJIOBHiIlle — He OyTH OaWAy:KUMU AO MaTeMaTUKU,
a Jgobut; 1o KpacuBy HayKy. CmomiBaemocs, 1o Bu 3 iHTepecoM Oynere
3aCBOIOBATH HOBi 3HaHHA. Mu BipuMoO B Te, 10 ITOMY CIIPUATHME i IPYIYHUK,
AKUH BU TpuMaeTe B pyKax. Os3Haiiomrecs, OyAb JlacKa, 3 TOT0 CTPYKTYPOIO.

Ilinpyunuk moxiseHo Ha cim maparpadiB, KOXKHUIN 3 AKUX CKJIAJAETHCS
3 MyHKTiB. BuBUa0un TeoOpeTUUHUI MaTepiaa MIyHKTY, 0COOJIUBY yBary 3Bep-
TaliTe HA TEKCT, AKUN HAAPYKOBAHO JKUPHUM HIPUATOM, HUPHUM KYPCUEOM
i kypcusom; Tak y KHUS1 BUIiJIeHO O3HAUEHHHA, IpaBUJia Ta HalBaKJIUBiIIi
MaTeMaTUYHi TBePA KEeHHA.

¥V it kHUBI BU o3HalioMuTecd 3 HUBKOIO BajKJIUBUX TeopeM. [ledaki 3 HUX
TIOJAaHO 3 JOBeNEeHHAMM. ¥ THUX BUIANKaX, KOJIW JOBeNEeHHS BUXOAATH 34
MeJKi POSTJISALYBAaHOTO KypCY, Y HiJPYUYHUKY HaBeNeHO TiJIbKU (POPMYJIIO-
BaHHA TEOPEeM.

3as3Buuail BUKJIAJ TEOPETUUHOI0 MaTepiasly 3aBepIIYETHCA TPUKJIATaMU
posB’asyBauHs 3agad. 1li sanucu MOKHA POSIJISALATH AK OJUH i3 MOMKJINBUX
3pa3KiB ohopMJIeHHS PO3B’sA3aHHA.

1o KOXHOr0 IYHKTY AiOpaHO 3aBAAHHS AJIsI CAMOCTIHHOrO PO3B’ A3yBaHHS.
Cepep 3aBIaHb € AK MPOCTI I cepeHi 3a CKJIamHICTIO, TaK i BaXKKi, 0COBJIMBO
Ti, III0 MOBHAYEHO 3ipouKoio (¥).

SAKIo micsa BUKOHAHHSA NOMAIIHIX 3aBAaHb 3aJUIIAEThCS BLIbHHUI Uac
i Bu xouere misHaTucsA OijbIlle, TO PEKOMEHIYEMO 3BEPHYTHUCA N0 PYOPUKU
«Komu 3pobieno ypoku». Marepian, BUKJIafeHuil TaM, € HEIPOCTUM. AJie
TUM IiKaBimre BunpoOyBaTu cBoi cuim!

Kpim Toro, y miipydyHuKy BU 3MOKeTe IIPOUYNUTATH OIOBigaHHSA 3 icTopii
MaTeMaTUKH, 30KPeMa Ipo AiAJbHICTh BUAATHNX YKPAITHCHKUX MaTeMaTHUKIB.
HasBu nmux omoBiaHb HAAPYKOBAHO CHUHIM KOJIBOPOM.

Hepsaiite! Baxxaemo ycoixy!



4 Big aBTOpiB

LLlaHOBHiI Koneru Ta Kone)xaHku!

Mu smaemo, 1[0 HiArOTOBKA [0 YPOKY B KJaci 3 IMOTJIMOJIeHUM BIU-
BUEHHAM MaTeMaTHKM — pobora Hejderka. Opramisamis Takoro Ha-
BUYAJILHOTO IIPOIECY BUMArae Biff BaC BeJIMKHUX 3YCHJIb, ajKe BU (hop-
My€eTe HaBUAJbLHUII MaTepiaJ II0 KpuXTax, 30Mpaodu Horo B 6araTbox
nocibHukax. Mu cmomgiBaemocs, IO Il HiAPYYHUK CTaHe HaTiHUM
ODOMIUHMKOM y BAallliii HeJerKi# 1 muiaxeTHill mpaiti, i OygeMo IIfupo
pani, SKImo BiH BaM cHog00a€ThCS.

VY kHu3i gi0paHo BeJIMKUI i pisHOMAHITHUN AUAAKTUYHUN MaTepiaJ.
IIpoTre 3a oguH HaBUAJBLHUN PiK yci 3amaui po3B’sI3aT HEMOIKJINBO, TA
B I[bOMY I HeMae ImoTpedu. PasoM 3 Tum HabaraTo 3pydHillie IIpaioBaTu,
KOJIM € 3HAUHUE 3anac 3anad. Ile mae MOKJIMBICTD peaiisyBaTu IIPUH-
Uy piBHeBOl AudepeHIriamii Ta iHAUBiAyaIbHOrO HiAX04y B HABUAHHI.

Marepian pyopuru «Koiu 3po6aeHO YPOKM» MOXKE OYTH BUKOPUC-
TAaHUH OJis opraHisaiii po0oTu MaTeMaTHYHOIrO I'ypTKa Ta (aKyJabra-
TUBHUX 3aHATH.

BaskaemMo TBOpUOro HaTXHEHHS U TepPIIiHHSI.

. YMOBHi NO3Ha4YeHHS

o

n 3aBIaHHA, III0 BiANOBiZAIOTHh IIOYATKOBOMY Ta CEePegHBOMY
PiBHAM HaBUYAJIbHUX JOCATHEHbD;
n’ 3aBIAaHHs, II[0 BiIIIOBiIal0Th JOCTATHLOMY PiBHIO HABUAJIBHUX

ITOCSTHEHb;

3aBIaHHA, IO BiAIIOBiZal0OTh BHCOKOMY PiBHIO HABUYAJIBHUX
JIOCATHEHbD;

3aJaui I MaTeMaTUYHUX TYPTKiB i harkyabTaTUBIB;

KJIIOUOBI 3a/1aui, pe3yJIbTaTH SKUX MOKYTb OYTH BUKOPUCTAHI
mig uac pos3B’sI3yBaHHSA IHININX 3a1a4;

n

n*

<« 3aKiHUeHHS JOBeIeHHs TeopeMl, PO3B’A3aHHsA 3amaui;
E@ pyopuka «Kosu 3po6eHo YPOKI».

3ejieHnM KOJILOPOM IIO3HAUYEHO HOMEPH 3aau, 1[0 PEKOMEHIYIOThC
IJIS JOMAaIIHBOI Po6OTH, CMHIM KOJILOPOM — HOMEPH 3ajau, AKi MOKHA
posB’sA3yBaTH YCHO.



u' AOBTOPEHH{

TA CNCTEMATN3ALIA
HABYAIJIbHOIO
MATEPIANY

3 KYPCY AJITEBPU

8-9 KJIACIB

3apauyi Ha NOBTOPEHHSA
Kypcy anrebpu 8-9 knacis

I BMPABU

MepeTBOpEHHS paLioHaNbHUX BUpasiB
1.1. Copocrith Bupas ( ab +a)-( ab —a)- a’p”
o a-b a+b “p2 gt

) a+b a+7 a-9Y T+a
1.2. CopocriTs Bupas + 5 + .
@a-9@+9) (@-9 a+3 9+a

1.3. CuopocriTts Bupas x°y’ 1 - iz+l2 + 2 . l_,.l )
(x+y) (" y (x+y) \x y

2 3 4
-1 1 1+b-b"-0b
1.4. CopoctiTs Bupas a4 1- . .
+b 1

b? 1-4a°

1.5. JoBeaiTh TOTOKHICTH
-1
(x—y)2+xy x5+y5+;vc3y2+xzy3 —x—y
(x+y)* —xy \(x* - y*) &+ + 2y + xy”) '
1.6. ToBemiTh TOTOKHICTH
4a%b - 4ab® b 2ab )"
(az—bz— ao-ca j( ¢t - = 2) = (a—Db)’.
a+b a+b b-a a"-b
l-x 1-y 1-z
+ +

. . 3xyz

1.7. JoBeOiTh TOTOMKHICTH J +—= g 2 -1.

Xy +yz+zx 1 1 1
x y z

2 -x-1)F PP-?-1)F P-1)P-1

1.8. CupocriTs Bupas .
P P (2 +1)° -2 xPx+1)P-1 2t —(x+1)?
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x—x+1 2x(x-1)° +2x2 (x*-1)?

Prx+l i+l 2 +xt+l

1.9. CopocriTh Bupas

1.10. CopocriTs Bupas
be ca ab 2abc

+ + + .
(a+b)(a+c) (B+c)b+a) (c+a)(c+b) (B+c)(c+a)(a+d)
1.11. JoBemiTh TOTOMKHICTD
b-c c—a a-b 2 2 2
+ + = + + .
(a-b)(a-c) (b-c)b—a) (c—a)(c-b) a-b b-c c-a
1 2 4 2"
+ 5 + 1 +...0+ Pt
1-b 1+b 1+b° 140 1+ b2
1.13. Bigomo, mo a?—a — 1 =0. HosexiTs, 1110

1 1 1 -1 1 n 1
(a+—)(az+—2](a4+—4).“ a@ +—|=d" ——.
a a a a? a?

1.12. Cupocrits Bupas

. 1 1 1
1.14. Mosexits, mo Komu a +b+c =1, _+Z+_=O’ To a?+b%+c2=1.
a c
. x y z .a b ¢ SRS
1.15. losexite, mokomu —+=+—-=1i—+—+—-=0,T0 4+ +—5=1.
a b c x Yy =z a b c

1.16. PosknazaiTs Ha MHOKHUKY Bupas X2 (y — 2) + y? (2 — x) + 22 (x — y).

1.17. PoskaagiTh Ha MHOKHUKU BUPA3
x (-2 +y (22— x%) + 2 (¢ - p?).

.. 1 1 1
1.18. ITonapuo pisHi umucaa a, b, ¢ € TaKuUMHU, 110 a + Y =b+-=c+—.
C a

HoseniTs, mo | abe |=1.

MNepeTBOpEHHS BUpa3iB, Ki MiCTATb KBagpaTHi KOpeHi

1.19. 3HaiigiTes 3HaUEHHA BUPa3y (\/% - \/ﬁ) \J10+/84.

1.20. 3HaiigiTh 3HAUEHHSA BUPA3Y ( 4 12 ) (\/6+11).

15
J6+1 Jo-2 3.6
V2 \6-442
Jovz+s  2V2-3°

1.22. 3uaiigiTh 3HAUEHHSA BUPA3Y \/I —43-4/29-6~20.
1.23. 3HalAiTL 3HAUEHHS BUPa3y \/6 +24/5-413++/48.

1.24. 3uaiigiTe 3HAUYCHHSA BUPA3y \/17 +6 44 —+/9+ 42

1.21. 3HaigiTL 3HAUEHHS BUPa3y
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1.25. 3HaiigiTy 3HaUEeHHA BUpPa3y 2 \/7—4 V3 + \/13—4f
1.26. 3uaiigiTe 3HAUEHHS BUPA3y ( \/3+f+\/7 35.
1.27. Jlosezits, mo (4++/15)(v10 —/6)y4-+/15 = 2.
1.28. [loBeniTs, mo 3 — \/7(3+ Jg)(x/ﬁ— \/E) =
1.29. Tosexits, "241 +\8f\/_ Jo-45 =5-2.

+

J5-26 (5+26)(49-206)
\/_ 3\/_8+3\/_ \/_

1.31. 3HaiifgiTh 3HAUCHHSA BUPA3Y \/8+2«/10+2\/5 +\/8—2\/10+2\/5.
a a+b\/g 4 2\/5 B \/E
Vasvo)a-t) Ja+o a-b

1.30. HoBexiTh, 1110 =1.

1.32. CopoctiThs Bupas

1.33. CopocTiTs Bupas

[(\/a_+f)3+2a\/—+bf] (3a> +3b+/ab)+ afbf

3 -1
1.34. Cupocrits Bupas | Va’® —2a® +a + 4aVa :[\/‘7 —(l_a) J
Ja-ap ) la-1 (Va

2
1+V1-x + 1-v1+x x2—1+1
1-x+ 1 x l+x—-+1l+x 2 '

1 1- 1
1.36. CupocriTs Bupas [ X + x J( o __j’
Vitx-1-x \/1—x2+x—1 x

1.35. CupocritTh Bupas (

armo 0 < x < 1.

1.37. CmpocTiTs Bupas ( \/7 f \/;+[)J +4/(a® +2)* —8a®.

2a +2

b2—2b+1

1.38. CopocriTh Bupas

2
+b b -20+1+2-°
1.39. CupoctiThs Bupas

b armo0<b<1.
1
«/b_2+,
b
a+b (a+b b a+b-2+ab

Ja+o La-b b-ab \/a—:+a)_ 2
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1+(a+\/¢12——)2(b+\/112_—)2

(a+va®-1)(p+o2-1)
b —3b— (b 1)\/b——4+2\/bT
b* +3b—(b+1)Vb* —4+2 VD
a-2Ja-1  |a+2Ja-1 4
a+2va-1 \/a—2\/a—1_\/a2—4a+4.
\/x+4\/xj+\/x—4x/xj

8 16

-2+
X x2

1.40. CopocriTh Bupas

1.41. CopocTtiTh Bupas

1.42. CopocTtiTh Bupas \/

1.43. CupocriThs Bupas

PaujioHanbHi piBHsIHHSA Ta HEPIBHOCTI

1.44. Po3B’s:KiTh piBHAHHSA:

5 4 1
1 - - =0
) X —dx+4 x*-4 x+2

2x 27 6

2) 1+

+— = ;
x+4 2x"+7x-4 2x-1
+1 -2 -3 +4
3)x T =4;
x-1 x+2 x+3 x-4
4 x’+4x+4 2x+6  x’+x+1 2x+9
x+4 x+2 x+1 x+3°
5 |x+2|+|x—-38|=5
6)|2x+5|=]x]|+2;
N|x—1|-2|x—-2|+3|x-3|=4
1.45. Po3B’aKiTh PiBHAHHS:
3 5 1
1) - — = ;
x° -1 4x"+4x+4 2(1-x)
x 3x+1 x+34

2x% +12x+10 4x* +16x-20 «x°+5x°-x-5
2x-1 38x-1 -7

3) ikt +4;
x+1 x+2 x-1

x2+2x+2+x2+8x+20_ x2+4x+6+x2+6x+12_

4) =
x+1 x+4 x+2 x+3

5 |x-3]
|x-2]-1

6)[|8—x|—-x+1|+x=6.
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1.46. Po3B’s:KiTh piBHAHHA:
2x a-2 4a-24°

) Loy 2) -

x-3 2 2x+a 2x—a_4x2—a2
6 1 _ 3a
x*-16 x-4 4+x
1.48. Po3B’s:kiTh HEpiBHICTB:
1) (x2—-6x+5) (8x—1)2>0;
2) (x> -6x+5)(3x—1)* <0;
3) (x* —x-2)(x*—4x+3) > 0;
u+1xx—m%x+3)>m
(x-7)1-3x)

3 2
x"+x"+3x+3
— <0

1.47. Po3B’stKiTh piBHAHHSA

5
) X —6x+7

6) L=
|x+3] (x-4)

7 (x+T)Vx+x* 20 > 0;

x—1

10)

x+1 1-x
11) (x® +3x+1)(x*> +3x—3) > 5;

2x+3

% +38x

12) (x*+3x)(2x+3)—16- > 0

3x+| x—1| 1
x-2
(1+x)(2+ x)
x2—| x|-2
15) | x2—8x |+x—2<0;
16) | x* +3x|>2-x%.
1.49. Po3B’AKiTh HEpiBHICTH:

13)

14) > —3x;

4 2x° 1
1) (x2-10x+9)(dx+ 1) >0; 4) L 128 *52+10
x"—x-6
2 2 1 1 2
2) (x*-10x+9)4x+1)? <0; 5) — <2
x-2 x x+2

3) (x*—6x+8)(x*-4)>0; 6) (x*—x—1)(x*—x—T)<-b;

=0.
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1 1-x)2-x)

7) (x* -2x)(x-1)—-9-—~—~_ <0, 10 > _2x;
) ( X ) x* - 2x ) 4| x|-2
2x+|x+1|
g) XHIX¥ 1.y, 11) | x2—2x -3 |<3x—3;
x—2
9) — 2 >|x+2f; 12) | x®+4x+3|>x+3.
|x+3|-1

1.50. Ilpu SKuX 3HAUYEHHAX mapaMeTpa a piBHAHHSA (a +4) x>+ (a +4) x +
+ 3 =0 mae KopeHi?

1.51. IIpu AKuX sHAYEHHSAX HapaMeTpa a piBHAHHA (a + 3) x2 + (a? + 3a) x +
+1=0 mae eguHUNA KOPiHb?

1.52. 3uaiifiTh 3HAUEHHS IMapaMeTrpa a, IpU AKUX CyMa KOpeHiB piB-
uaHHSa x2 — (a? —4a +3) x + a — 2 =0 gopiBHIOE HYJIO.

1.53. IIpu Axux 3HAUEHHAX IapaMeTpa a4 PiBHUIA KOPEHiB PiBHAHHA
(a—-2) x*—(a—4) x—2=0 gopisuioe 3?

1.54. Tlpu sSKMX 3HAUEHHAX IMapaMeTrpa a Pi3HUIT KOPeHiB piBHAHHS
2x2—(a+1) x+a—1=0 gopiBHIOE IXHEOMY HOOYTKY?

1.55. TIpu AKMX 3HAUEHHAX ITapamMeTpa a HepiBHicTb (a + 4) x2 — 2ax + 2a —
— 6 <0 BUKOHYETHCA IPU BCiX 3HAUEHHAX X7

1.56. Ilpu aAKuxX 3HAYEeHHAX mapaMmerpa a HepiBmicts (a®?—-1) x2+
+2(a@a—1) x+ 2> 0 BUKOHYETHCA IJIsI OYAL-AKOr0 3HAYEHHS X7

1.57. Ilpu AKUX 3HAYEHHAX IMapaMeTrpa a HepiBHicTb (a — 3) x2 — 2ax +
+3a — 6 > 0 BUKOHYEThCA IIPU BCiX 3HAUEHHAX X7

1.58. IIpu AKUX 3HaUEHHAX ITapaMeTpa a4 OAWH i3 KOPeHiB PiBHAHHA
3ax?—2x —3a — 2 =0 6inxpmuii 3a 1, a gpyruii Mmexmui Big 1?

1.59. Ilpu axux 3HaUEHHAX IIapaMeTpa a KOpeHi x; i x, piBHAHHA
2x2—-2 (2a+1) x+a (a +1)=0 3a10BOIBHAIOTH YMOBY X; < a < X,?

1.60. IIlpu AKKMX 3HAUYEHHAX IIapaMeTpa @ KOopeHi piBHAHHA X2 — 2ax +
+ a? — a =0 Hamexars IPOMLKKY [—2; 6]?

1.61. Ilpu AKuX 3HAUEHHAX [MapaMeTpa a HepiBHicTh ax?—4x +4a >0
BUKOHYETHCSA [JIA BCiX MOJATHUX 3HAYEHb X7

1.62. IIpu AKMX 3HaUYEHHSX IapaMerpa a HepiBHicTb x%+ax —Ta <0
BUKOHYETHCS IJIs BCix x i3 mpomixkKy (1; 2)?

1.63. Ilpu saxuxX 3HAUYEHHSAX IIapaMeTpa a4 BCi po3B’sI3KM HepiBHOCTIL
ax?—2x —a (a®+ 2) <0 3a00BOJBHAIOTH HepiBHiCTL x2 < 9?

x® —ax+1

P rx+l

1.64. IIpu axux 3HAUEHHAX IapaMeTpa a4 HEPiBHICTH <3

BUKOHYETHBCA OJIA 6YI[L-HROI‘O 3HaueHHA X7

1.65. 3HaiigiTe yci sHAUeHHS IapaMeTrpa ¢ Taki, 110 MJid OyIb-sTKOr0
3HAUEHHA mapaMerpa p PiBHAHHA X2+ px + ¢ =0 Mae po3B’A30K.
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1"

1.66. Po3B’s:KiTh piBHAHHS:
1) (x%2+ 2x)? — (x + 1)2=55;
2) (2 +x+4)2+8x (x2+x+4)+ 15x2=0;
3) (x —2)'+ (x+ 2)'=82;

4 2
4) X’ +—+=-x=4;
X X

2 2
5) (x+1) +x+1 :12.(30—2);
x—-2 x—4 x—4

4x 5x 3
6) — +— =—=
x“"+x+3 x“-5x+3 2
25x°
T) &+ — =11,
(x+5)

1.67. Po3B’sokiTh piBHAHHSA:
1) (x2=5x+7)P2—-(x—2)(x—3)=1;
2)5 (x?2+2x)?2—11 (x2+2x) (x®+x+1)+6 (x2+x+1)2=0;
3)x(x+3)(x+5)(x+8)+36=0;
4) (2 +x+1)2=x2(8x2+ x + 1);

9x2 —16
(x +3)? ’

5) x* +

BnactmBocTi pyHKLIN

1.68. 3uaiigiTs 061acTh BU3HAUECHHA (QYHKIII:

/ _ _ 2
1) y:dL’ézx; 2) y=\/12x2—4x3—9x—\/2—|x|.
x+

1.69. 3uaiigiTe 06JaCTh BU3HAUEHHA PYHKITII:

7_
)y= |[——0xn 2) y:,/|x—1|(3x—6)+%.
Vdx? —19x +12 X +4x—

1.70. 3uaiigiTe 0b6sacTh 3HaUEHb (PYHKINII:

2 _
1) y==2 L 3) y=vx?+2x+2;

x+2’
1
2) y=x+-—; 4) y=5-+x*—6x+10.
x

1.71. 3uaiimgiTe 06acTh 3HAUEHDb (QDYHKITII:

-1
1) y= x -1, 3) y=+4x—x?;

T 2x+4’

1
2)y:x+4—; 4) y=38-+x*-2x+2.
X

21
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1.72. 3naiiniTs HaiibinbIile i HaliMeHIle 3HAUEHHA (QYHKITIT

_ 1
V=@ Taxr10
1.73. 3uaiigiTh Haibinbine i HaliMeHIle 3HAUCHHS PYHKITIT
_ 2
Yo Jexa11

1.74. 3uaigiTs:
2

1 x
1) max ; 2) min
) B x® 42 ) Mo Jx? 21

1.75. 3HaigiTh:

1
1) min —; 2) max (v2—-x+~x+1), ne M =[-1; 2].
M ey O ( ) n [ ]

, e M = (—oc0; —1) U (1; +o0).

1.76. 1151 KO:KHOTO 3HAUEHHA IMapaMeTpa a 3HaWiTh Haibiabie i Hai-
MeHIle sHaueHHs QYyHKIL f Ha MHOMMHI M :
1) f(x)=x%+4x+ b5a, M =[-1; 1];
2) f(x)=x®—-4x, M =[-1; a], ne a > —1.

1.77. 1151 KOKHOTO 3HAUEHHS ITapaMeTpa a 3HaWAiTh HaibijabIne i Hali-
MeHIlle 3HaueHHa QyHKIL f Ha MHOMMHI M:
1) f(x)=—x%+6x—2a, M =[0; 4];
2) f(x)=2x—x%, M =[a; 2], ne a <2.

1.78. Po3B’sa:KiTh pPiBHAHHSA Jx +2Jx+3+/x+8 =8.
1.79. Poss’ sukiTs piBaaaEa 3x° +Jx—1+2Vx+2 =17.
1.80. Posp’skiTh piBHAHHA | x |+] 2 — 2|+ Jx-1=2.
1.81. Po3B’sa:KiTh piBHAHHSA Zx\/m =x* +4.

1.82. [TocaigiTe Ha mapHicTh QYHKILiO:

3 2 3 2 3
x° —2x x° +2x x° —x

) x+3 x-3 'y Vi-x—-+1+x

2x-1|-|2x+1 x* -3l x|-5
2)y=| |2 | |; 4)y=—| | .
x" -4 Vli—x —+1l+x
1.83. HocaigiTe Ha mapHicTh QYHKILiO:
x° 1 1
1) y=—r—— 2) y= + ;
Veox 2+« (4x-2)° (4x+2)°
2x+1 2x -1
3) y=

x2 —3x+1_x2 +3x+1
1.84. Bimomo, mo D (f) =R. HoBexits, mo QyHKIil y=f(x)+ f(-x)
iy=7Ff(x)*f(—x) e napaumu, a GyHkiid y = f(x) — f(—x) — HemapHOIO.
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1.85. IToGyaytiTe rpadik GyHKITII:

Dy=(x|-1% 3 y=\1-x|; 5) y=|{[x[-2-1
2) y=\i-[x|; 4 y=x+2]-1; 6) y=|V2x-1-2|

1.86. IToOynyiiTe rpadik GyHKILiI:

2

1 1 1
1) y=——; ) y=——"; 5) y= -21;
)V )V )y ‘|x|—1
2) y:‘% . hy=(x-2]+1)2; 6) y=|J2x+1-2|.
x—

1.87. Ha pucyuky 1.1 s3o6paxxeno rpadik xBagpaTuuyHol (PYHKILiI
Yy =ax?+bx + c. Busnaure sHaku Koedimieunris a, b i c.

y
Y
x x
a 0

Puc 1.1

1.88. Ha pucyuky 1.2 szo0paxeno rpadik kBagpaTuuyHol (GYHKILiI
Yy =ax?+ bx + c. Busnaure 3sHaku Koedimieunris a, b i c.

Y Y

e
8

Puc 1.2

1.89. CkinbKu KOpEeHiB 3ajJIe’KHO BijJ 3HAUEHHA IIapaMeTpa ¢ Mae€ PiB-
HAHHA | x2— 6| x|+ 8|=a?
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1.90. CkinbKu KOpPEHiB 3ajie;KHO Bin 3Ha- y
YeHHS IapaMeTpa a Ma€ PiBHAHHS
|x2+2|x—-2|-4|=a?
1.91. Yu € mpaBUJIBHUM TBEPAKEHHS, IO
Ha pucyHKy 1.3 300pakeHo mapaboiy
y=ax?+bx+cinupavy y=>bx+c?
1.92. 3uanigiTe HabiabIIe 1 HAIMEHIIIEe 3HA-
YeHHA (PYHKIIL
o 4x! 24x°
Yo+ x4l

Puc 1.3
+1.

PiBHSIHHSA | HepiBHOCTI 3 ABOMa 3MiHHUMMU
1.93. Po3B’s1:kiTh piBHAHHA:

1) 18x> — 120y + 4y —4x+1=0; 2) |y|+2=4—x°.
1.94. Po3B’aKiTh PiBHAHHS:

1) x%+ 25y% — 6xy — 24y + 9 =0; 2) 9—x2=,l3+|y|.
1.95. IToGynyiiTe rpadik piBHAHHSA:

1) (x - 3)*=(y + 5)% 5 |y—38l+|x|=1;
2) xy =yl 6) | x|-3=49-1%
2
3) x+2=y|-1; 7) i‘x2=1.
-x
4) |y-1]=+x;
1.96. ITooynyiiTe rpadik piBHAHHSA:
1) (x —1)?=(x + 2y)% 5 y+1]+|x—2]=2;
2) x|y|=ux% 6) (|x|-1)2+(ly|-3)2=4;
2
3yx+2=Jy-1]; 7)W=0.
v -
4) |y|—1=\/;;
1.97. ITo6yaytiTe rpadixk HepiBHOCTI:
Dx>|y+2]-2; 3) (x+y)|y|=>0;

2) | x| <|y*-2y|; 4) (*+y* -1y <O0.
1.98. IToGynayiiTe rpadik HepiBHOCTI:
1) y<|[x-3|+1; 2)|x—2|-|y+1]>2;
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x®+ y?‘ -1
2
Y
1.99. 306pasiTs Ha KOOPAMHATHIIN MJIOIIMHI Xy MHOMKHHY PO3B’SI3KiB

CUCTeMHU HepiBHOCTEe:

{x+2y>1, ) {x2+y2<1,

3) (x—y)lx|<0; 4) > 0.

x-y<38; (x+1)°*+y* <1.
1.100. 306paziTh Ha KOOPAMHATHIN IJIOMMHI Xy MHOKUHY PO3B’sI3KiB
CUCTeMHU HepiBHOCTe:

y+x—-2>0, 5 x*+y? <4,
x-3y <1
1.101. ITo6ynmyiiTe rpadik HepiBHOCTI:

1) Jx-2y >\x+y; 2) x<§.
Yy

1.102. ITobynyiiTe rpadik HepiBHOCTI:

1) 2x—-y <\x-y; 2) y>—£.
x

MeTopg maTteMaTUYHOT IHAYKLIT

y>|x|+1.

1.103. doBexiTs, 110

1-2-3+2-3-4+3-4-5+...+n(n+1)(n+2):”(”+1)(”4+2)("+3).
1 3 5 2n-3 2n-1 2n+3
1.104. ToBeniTs, 1m0 —+—+—+...+ =3- .
flosex MO s ant 2" 2"

1.105. HoBexiTh, 110

(l_i](l_ij(l_i).,,_.(l_ 2 )= n+3
2-3 3-4 4-5 n+1)(n+2)) 3(n+1)

1.106. Toexits, mo 52 +6>""' : 31, ne neN.
1.107. ToBexits, mo 7-5*" +12-6" 119, ne neN.
1.108. Tosexits, mo 14-3"+9-7*" : 23, ne neN.
1.109. TosexniTe mepiBuicTh 2" > 2n, ne n€ N, n > 3.

1.110. OosexniTe mepiBHicTh 2"** > (n + 4)?, ne n € N.
1.111. MoBexits mepiBuicTs 3" >ns, ne ne N, n > 4.
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CTEREHEBA ®YHKUIA ,

CreneHeBa PyHKLif 3 HATypanbHUM
I LINMM NOKa3HNUKOM

Biactusocti Ta rpadiku GyHKIN y=x i y = x? nobpe Bigomi Bam 3
Kypcy MaTeMaTUKHU nomepexnHix kjiaciB. Ii @yHKII € okpeMumMu Bu-
nagkamMu QYHKII y = x", n € N, AKy Ha3UBalOTH CTENEHEBOI0 (DYHKIIi€I0
3 HaTypaJbHUM IOKA3HUKOM.

Ockinpku BuUpas x", n €N, MmMae amicT npu OyaAbL-AKOMYy X, TO 00-
Jacmio 6U3HAYEHHA cenenesol PYHKYIL 3 HAMYPAALbHUM NOKASHUKOM
€ mHoxuHa R.

OueBUHO, 1[0 PO3TIALYBaHA QYHKUIL MaE €OUHUL HYab x = 0.

ITomanbite mocaimxeHHA BiracTuBOCTel GYyHKIII iy = x", n € N, mpo-
BeJeMO IJiA OBOX BUIAAKIB: n — mapHe HaTypaJbHE YHCJIO i n — He-
mapHe HaTypaJbHEe UUCJIO.

o Ilepmuii Bunamok: n = 2k, k € N.

3asHauuMmo, 110 upu £ = 1 orpumMmyemMo GYHKILiIO y = X2, BJIaCTUBOCTI
Ta rpadik sxoi O0yJo po3rIAHYTO B Kypci anaredpu 8 Kjacy.

OckinbKuy npu Oyab-AKOMY X Bupas x2* maObyBae TiIbKY HeBix e MHUX
3Ha4YeHb, TO 00JIACTh 3HAUEHD PO3TJIAAYBaHOI (PYHKIIII He MiCTUTH KO-
HOI'oO Bix’eMHOro ymcia.

Mo:xkHa mokasatu, 110 AJis Oyab-akoro a > 0 icHye Take 3HAUEHHS

apryMeHTy X, 1o x2* =a.

% Crasane oszHaudae, IO 00JLACMIO0 3HAYCHb QYHKUIL y=Xx", e n —
napmHe HamypaJvbHe Yucao, € mHoxcurna [0; +oo).
Axmto x # 0, To x> 0.

L Omsxe, npomisxcku (—oo; 0) i (0; +00) € npomixckamu 3HAKOCMALOCHLL
@QyrKyii y=x", 0e n — napHe HAMYpPa.JbHe LUCJIO.
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Y @ymnruyisa y=x", de n — napHe HAMYPALbHE HUCLO, € NAPHOI.
Cropasai, ana Oyab-AKOTO X i3 obJsiacTi BU3HaUeHHS BUKOHYETHCS
piBHicTb (—x)% = x2*,

Posrisremo noBinbHI ymena x; i x, Taki, 1mo x; € (—oo; 0], x, € (—oo; 0]

ix; <x, Tomi —x; >—x, > 0. CropHCTaBIINCEH BJIACTUBICTIO UNCIOBUX

HepiBHOCTelt, oTpuMyeMo: (—x,)% > (—x,)*. BBigcu x* > x2".

Y Orske, pyHKUia Yy = X", 0e n — napHe HAMYPAJLbHEe YLUCILO, CNA0AE Ha
npomisxry (—oo; 0]. AHansoriuHO MOKHA ITOKAa3aTH, IO 1A MYHKIIA
3pocmae nHa npomixcky [0; +oo).

OTpuMaHi BJIaCTHUBOCTI Jai0Th 3MOT'Y CXeMATHUUYHO 300pasuTu rpadik
dbyuxIii y = x", e n — napHe HaTypaabHe uncyio (puc. 2.1). 3oxkpema,

rpadik GyHKIII y = x* 306paskeHo HA PUCYHKY 2.2.

n y A
y=x", l‘
n — mapHe \ TEra
_______ HaTypaJibHe \ I
|\ UHCJIO
| 1
1 x 1 01 | |*x
Puc. 2.1 Puc. 2.2

e JIpyruii Bunaaok: n =2k +1, k € N a6o k=0.

3asHauuMoO, 110 Ipu 1 = 1 oTpuMyemMo (PYHKIIIO y = X, BJIaCTHUBOCTL
Ta rpaik gxoi OyJa0 PO3rIAHYTO B Kypci aaredbpu 7 Kjacy.

Temep mexat n=2k+1, ke N.

MoskHa mmokasaTu, 1o A OyIb-IKOTO @ iCHYe Take 3HAYEHHS ap-
TYMEHTy X, Imjo x2**1=gq.
% Ckasane osHauae, 110 004ACMI0 3HAYEHb PYHKUIL Yy = X", e n — He-

napHe HamMypajvHe YUCJNLO, € MHOMUHA R.

Axmo x <0, To x%+! < 0; agmo x >0, to x%+1>0.

L Orsxe, npomixcrku (—oo; 0) i (05 +00) € npomixckamu 3HAKOCMALOCHLL
QynKyil Yy =x", 0e n — HenapHe HAMYPALbHE YUCILO.

Y @yukuia y=x", 0e n — HenapHe HAMYPALbHE YUCJLO, € HENAPHOIK.
Cmpasai, ama O6yab-AKOTO X i3 obJyiacTi BU3HaUeHHA BUKOHYETHCSA
piBHicTb (—x)% 1 =—x% *1,

Posrnaremo noBinbHi yncaa x; i x, Taki, mo x; < x,. Ckopucrasmucs

BJIACTHUBICTIO UMCJIOBUX HEPiBHOCTEN, OTPUMYEMO: :)clzk+1 < x;k o

Y Omsxke, QyHKUia Yy = X", 0e n — HenapHe HAMYPAJibHE YUCLO, € 3POC-
maioyormw.
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y4 y = x", yh
n — HemapHe I
T — HaTypajabHe |
i UHCIIO, I
on>1 [4=k*
-1 /0 1 x 1
—10( A1 |
A -1 X
[
|
Puc. 2.3 /
OTpumMaHi BJIaCTHUBOCTI JAIOTh 3MOTY CX€MATHUHO
300pasutu rpadik QYHKIIL y=x", 1e n — Hemap-

He HaTypajJbHe uucio, n > 1 (puc. 2.3). 3okpema,
rpadik QyHKII y = x3 300pakeHo HA PUCYHKY 2.4.

Hocaimumo B3aemHe poaMminieHHda rpadikiB dyHKIin y =x" 1y = x",
ne meN, neN, m>n, sa npomiskky [0; +00). OueBUAHO, III0 IIi rpa-
diku marorh aBi cmiabui Tourku: (0; 0) i (1; 1).

Posriaremo pisauiro x™ — x"=x" (x" " —1). Ockinbku m > n, TO
(m-n)eN.

Armo 0 <x <1, 0 x">01ix™ "<1. 3Bimen x"(x™ "—1)<O0.

Agmo x>1, o x*>01ix™ "> 1. 3Bigcu x"(x™ "—1)>0.

Or:xe, HA TpoMiKKY (0; 1) rpadik QYHKIIT y = X™ 3HAXOAUTHCA HUKYE
Bix rpadika pyHKIii y = x", a Ha TpoMiKKY (1; +oo) — BuIe (puc. 2.5).

Puc. 2.4

yA
yl y=x"
/
Y y=x"
y=x"
X
. S 0
0 1 x 0
m>n>1, m i n — napsi m i n — HemapHi
x=20 HaTypaJbHi uucaa, m > n HaTypaJbHi ymcia,
m>n>1

Puc. 2.5 Puc. 2.6 Puc. 2.7
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Axmro m i n — mapHi HaTypaabHi uncaa, To, Bimoopasusinu rpadik,
300paskeHUi Ha PUCYHKY 2.5, CHMETPUYHO BiZHOCHO oci opamHAT,
OTpUMAaEMO PUCYHOK 2.6. I HemapHUX m i n 3aCTOCYEMO CUMETPii0
BiHOCHO TouaTKy KoopauHat (puc. 2.7).

DyHKIIiI0, AKY MOYKHA 3a7aTu opMyJiolo y = X", ie n € 7, Ha3uBa-
IOTh CTeNMeHeBO (PYHKIIE€I0 i3 iTuM IIOKa3HUKOM.

Posrasmemo BUIagKu, KOJU MOKA3HUK 7 € ILJIUM Biff’€eMHUM YuC-
JoM abo HyJIeM.

O6uiactio BusHaueHHs QYHKIL ¥y = x° € mHOoKuHA (—0; 0) U (0; +0),
00J1acTIO 3HAUEHb — OfHOeJeMeHTHa MHOKuHA {1}. I'padik miel pyHK-
mii 300pakeHo Ha PUCYHKY 2.8.

Posrnanemo dysKIito y =x", ne n € N. y

Oxkpemuii BUNAAoK Iiei GyHKIil, Koau

. 1 . . 1 y=x°
n=1, Tobro PyHKIid y =—, Bimomuii Bam
x

3 Kypcy anredpu 8 KJacy.

SanuieMo QYHKIiO y=Xx" y BUIJIALL 0 >

1 . . *

y = —. Togxi crae sposyminum, 1110 06.1aCmi0

X

Puc. 2.8

8U3HAYeHHA QYHKUILy=x", neN, € mHo-
acuna (—oo; 0)U (0; +o0).
OueBugHO, IO 1A PYHKIiA HYJIIB He Mae.
Ilomanbri mocuimsxeHHA BiacTuBOCTEW (MYHKIII y=x", e neN,
TpOBeIeMO IJis ABOX BUMAAKIB: n — mapHe HATypajJbHEe YUCJO i n —
HeIapHe HaTypajJbHe UHCJIIO.

e Ilepmuii Bunamok: n =2k, k € N.

_ 1 . 1 A
Maemo: x** = ——. Ockinbku BuUpas —- HalyBae TiIbKU HOLATHHUX
X X

3HAaUYeHb, TO [0 00JIaCTi 3HAUEHDb PO3TJIANYBAHOI PYHKILiI He BXOAATH Hi
Bim’emHi umcaa, Hi uncsao 0.
MosxHa mokasaru, 110 Aas 6yab-akoro a > 0 icHye Take 3HaUeHHSA
apryMesry x, 1o x 2¢=aq.
% Ckasane o3Hauae, II0 00.1ACMI0 3HAYEHb QYHKUIL y=xT", 0e n —
napHe HamypaJnvHe wucno, € mHoxcuna (0; +oo).
Y QueBugno, mo npomixcku (—oo; 0) i (0; +00) € npomiickamu 3Ha-
Kocmanocmi QYHKUIl Yy =x", de n — napHe HAMYpPaabHe YUCIO.

Y @Dyukyia y=x", 0e n — napHe HAMYPALbHE HUCJIO0, € NAPHOK.
CopaBgi, nia Oyab-IKOTO X i3 00jacTi BU3HAUEHHS BUKOHYIOTHCS
1
. . 2k —2k
piBHOCTI (—Xx) " =—F=—-=x
0% X
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PosruisHeMo 0BiIBHI uncena x, i x, Taki, mo x, € (—oo0; 0), x, € (—oo0; 0)
ix; <x,. Tomi —x; > —x,> 0. CKOpHCTaBIUINCH BJACTUBOCTAMU YUCIOBUX

. . 1 1
HepiBHOCTEH, oTpuMyeMoO: 0 < —— < ——,
X Xy
2k 2%k
. 1 R S BN T
3Bigcu | — <|— 5 W<7’ X <Xy,
X Xy X 2

L Omixe, QyHKUiA Yy =X ", e n — napHe HAMYPAJLbHE YUCLO, 3POCMAE
Ha npomixky (—oo; 0).

% AmasoriuHo MOKHA TTOKas3aTH, 10 QYHKUiA Yy =Xx", 0e n — napHe
HamypaavHe yucao, cnadae Ha npomixky (0; +oo).

.. 1
3ayBayKMMO, 10 3i 30LIBITEHHAM MOAYJIA X 3HAUYCHHS BUPA3y —5 -,
x
k € N, cTamTh yce MEHIITUMU I MEHIIUMU. Uepes e BifcTaHb Bif TOU-
. 1 . .
ku rpadika dysrnii y=—,-, k€N, mo oci abcuuc smeHmIyeTHCA 3i
x

30ibIIIeHHAM MOZIYJS aOCIIICHM TOUYKHK Ta MOKE CTATH SIK 3aBrOJHO
MaJIolo, ajie HiKoJIM He HOPiBHIOBATHME HYJIIO.

Taxo:x MOKHA BCTAHOBUTH, IO 31 30iJIbIIIEHHAM MOIYJIS OPAUHATHI
Bimcraus Big Touku rpadika GpyHKINI 10 oci opAMHAT 3MEHIIIYEThCA Ta
MOXKe CTATU SK 3aBr'OJHO MAJIOIO, ajie HiKOJIU He JOPiBHIOBATHUME HYJIIO.

OTpuMaHi BJIaCTUBOCTI Jal0Th 3MOT'y CXeMAaTHUYHO 300pasuTu rpadik
dyuKIii y = x™", 1e n — mapHe HaTypajabHe yucio (puc. 2.9). 3oxkpema,

1
rpadik pymkrnii y=—; s3o06paxeno Ha pucynky 2.10.
X

yhyy=x" [vh
n — mapHe |
HATypaJIbHE UKCJIO | \ _|1
I \ yMTxZ
1
| I _ 7 N
10 1 x -1 10 1 x
Puc. 2.9 Puc. 2.10

o JIpyruii Bunmamok: n =2k — 1, k € N.
MoskHa TToKasaTu, 110 AJa Oyab-akoro a # 0 icHye Take 3HAUeHHS
apryMmenTy x, mpo x - Y=g,
% Ckasase o3Hauae, 110 004ACMI0 3HAYCHb QYHKUIL Yy = X", de n — He-
napHe HamypajavHe 4Uca0, € MHOMUHa (—o0; 0)U (0; +00).
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> 0.

Axmro x <0, To < 0; akmogo x > 0, To

2k-1 2k-1
X X

L Oraxe, npomixcru (—oo; 0) i (0; +00) € npomiKicKamMu 3HAKOCMALOCTE
QyHKYil y=x"", 0e n — HenapHe HAMYPALbHE YUCILO.

Y @yukuyia y=xT", e n — HenapHe HAMYPALbHE YUCLO, € HENAPHOIK).
CopaBgi, nia O0yab-IKOTO X i3 00jacTi BU3HAUEHHS BUKOHYIOTHCS

1 1

. s a)(2k-1) _ _ — _ A (2k-1)

piBHOCTL (—x) = 7 e 4 :
(—x) X

Posriaremo mnoBinbHi uncta x; i x, Taki, mo x; € (—oo; 0), x, € (—oo; 0)
ix; <x,. Tomi —x, > —x,> 0. CKopucTaBIINCH BIACTUBOCTAMU YUCIOBUX
HepiBHOCTeII, OTPUMYEMO:

2k-1 261
1_ 1 ( 1 j <( 1 J 1 1 11
< T | T - ST T ST T aee10 _zeed 2k-1"
x, X, x X Xy X Xy

OTt:xe, posrasaayBaHa GYHKILiA crafae Ha MPOMisKKY (—oo; 0). AHaso-
rivHO MOJKHA MTOKAa3aTH, 1110 A PYHKIiA cuagae i Ha mpoMikKy (0; +00).

Y Omoxe, QyHKYisL Y = X, 0e n — HenapHe HAMYPAJbHE YUCILO, CnAdAE
Ha KoxcHoMY 3 npomixckie (—oo; 0) i (0; +00).
OrpuMaHi BJIaCTHUBOCTI Jai0Th 3MOT'Y CXeMATHUYHO 300pasuTu rpafik
dyuKIii y =x", 1e n — HemapHe HarypajbHe umcyo (puc. 2.11). 3o-

1
Kpema, Tpadik QyHKNil y = — 300pakeHo Ha PUCYHKY 2.12.
X

YA y= x", y“ ‘
n — HemapHe 1
HATypaJbHe UHCJIO Y="25]
1 \
—1 e ——,
J ! x
Puc. 2.11 Puc. 2.12

Buiie 0yJsio mpoBeneHO HOCTiIKeHHs B3a€EMHOIO PO3MIillleHHs rpa-
dikiB pysKUIin y=x" i y=x", ne meN, neN, m>n. Mipkyoun
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aHAJOTriuHO, MOJKHA IIOKAas3aTH, 110 cxeMaTUuuHe po3MilleHHA rpadikis
byuROit y=x"iy=x", e meN, neN, m>n, € TakuM, K IO-
KasaHo Ha pucyHkax 2.13, 2.14.

yA
y=xm"
1 y=x"
-1
0 1 x
-1
m i n — HemapHi, m i n — nmapwi,
m>n m>n
Puc. 2.13 Puc. 2.14

I BMPABU

2.1.° TIpu sikux sHaueHHsX a rpadik QyHKIil y = ax* mpoxoauTs uepes
Toury: 1) A (2; —12); 2) B (—-3; —3)?
2.2.° Tlpu AKUX 3HaAUEHHAX a Tpadik GyHKIII y = ax® mpoxXoauTh uepes

Touky: 1) A (—5; 20); 2) B (2; 21—4)‘7

2.3.° ®dyukmio 3agano Gopmyomno f(x) = x'°. IlopiBuaiire:

1) 7f(1,4) i f(1,8); 3) f(=6,9) i f(6,9);
2) f(=7,6) i f(=8,5); 4) 1(0,2) i f(-12).
2.4.° ®yuknio 3agano popmysiono f(x) = x?. IlopiBHsiiTe:
1) 7(3,6) i f(4,2); 3) f(=2,4) i f(2,4);
2) 1(=6,7) i f(=5,8); 4) f(=15) i f(2).

2.5.° Mauo dyukiito f(x)=x"1. IlopiBuaiiTe:
1) 7/(1,6) i f(2,2); 3) f(=3,4) i f(3,4);

2) f(=4,5) i f(=3,6); 4) f(-18) i f(3).
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2.6.° Mamo Qyukiio f(x)=x"1°. IlopiBusiire:
1) 7/(1,6) i f(2); 3) 7(=9,6) i f(9,6);
2) f(=5,6) i f(-6,5); 4) 1(0,1) i f(-10).
2.7.° CKinbKM KopeHiB Mae piBHaAHHS x" = 1600, AKImO:
1) n — mapuHe HaTypaJibHE YKCJO;
2) n — HemapHe HaTypaJibHE YKCJIO?
2.8.° CkinpKku KopeHiB Mae piBHAHHS x " = 2500, aximo:
1) n — mapHe HaTypaJbHe UHCJIO;
2) n — HemapHe HaTypaJibHe YKCJO?
2.9.° YcranoBiTh rpadivyHo KiJbKiCTh KOPEHIB PiBHAHHA:
1) x®=x+1; 2) x5=3 - 2x; 3) x*=0,6x—-2; 4)x¥=x%-3.
2.10.° YcranoBiTh rpadiuHo KigbKicTh pO3B’A3KiB cruCcTeMU PiBHAHD:

) {y:xﬁ, 2) {y=x5,
2x-y-3=0; y=2-0,5x".
2.11.° 3uHaiigiTh 00aCcTh BU3HAUEHHA PYHKITII:
Dy=@x"h 2)y=(x—-2)?7=
2.12.° TTo6yayiiTe rpadik GyHKILiI:
-1
Dy=(x-2%  2)y=(@—4x+3) 3)y=( : ) .
x+1
2.13.° ITobynyiiTe rpadik piBHAHHS:
D) (y+2)0=x-2; 2) (y—2)°=(x+1).
2.14.° CrifbKY KOpPEHiB 3aJIe;KHO BijJ] 3HAUEHHS ITapaMeTpa a4 Ma€ pPiB-
HAHHS:
1) x'2=a — 6; 2) x**=a®+ Ta —8?

2.15.° CKinbKY KOPEHiB 3aJIeKHO BiJl 3HAUEHHA ITapaMeTpa a Mae€ PiB-
HAHHA X8 = 9a — a3?
2.16.° TIooynayiiTe rpadik pyHKILII:

1
Dy=x*-1; 2)y=(x+1)-1; 3)y=—5x“; 4 y=|x*|

2.17.° TlobynytiTe rpadik QyHKIIII:
Dy=x'+2; 2)y=(x-1°+2; 3)y=—x4 4)y=(x|-2)
2.18.° TlooynyiiTe rpadik QyHKITii:

Dy=|x|x% 2) y=|x|x*+x°.
2.19.° TlobynyiiTe rpadix QyHKIII:
)y=|x|x¥ 2) y=|x|xt—x°.

2.20.° TlobynyiiTe rpadik GyHKITii:
Dy=x2+2  Qy=(x-1% 3)y=——.
x| x|
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2.21.° TlobynytiTe rpadik QyHKITII:
1) y=x7-3; 2) y=(x+1)% 3)y=|x7|
. . ) x72, arkmo x < -1,
2.22.° TlobynyiiTe rpadik QyHKIii f(x) = ,
x°, akmo x >-1.
Kopucrymouncek mobygoBanuM rpadikom, yCTAHOBITH IPOMIKKH
3POCTAHHA 1 IPOMiKKU cIagaHHA maHOol (hpyHKITii.
x®, axmo x <0,

—\/;, akio x = 0.
TYIOUNCh MOOymoBaHUM TrpadiKoM, YKaKiTh TPOMIiKKK 3pPOCTAHHSI
i mpoMixkKU cnafaHHA JaHOI (QYHKILII.

2.23.° Tlob6ynytiTe rpadik pyHKIT f(x) ={ Kopuc-

2.24." 3uaiigiTe HalbiablIe i HaliMeHIe 3HaueHHs (QyHKIIL f(x) = x®
Ha IPOMIiXKKY:
1 [0; 2 2)[-2;-1]; 3)[-1; 1] 4) (-oo; 2] 5) (=25 1).
2.25.° 3uaiigiTe HalbiabIe i HaliMmeHIle 3HaueHHA QyHKIHL f(x) = x3
Ha MIPOMiXKKY:

b E 2} 2)[-2; -1];  3)(-c0; =31, 4) (0; 2].

2.26.° ITapHUM UM HeIaPHUM HATYPAJbHUM YUCJIOM € IOKAa3HUK CTeIle-
Ha n QyHKIIL f(x) = x", AKIIO:
1) f(=4) > f(-2); 3) f(=4) <f(=2); 5) f(=4) > (2);
2) f(=4) <1(2); 4) f(4) > 1(2); 6) f(4) > f(-2)?

2.27." IlapHUM UM HeIIapHUM € HATypaJibHEe UNCJIO N Y IOKa3HUKY CTe-
neHsa QyHKII f(x)=x"", AKIIO:

1) f(=2)> f(-1); 3) f(=2) <f(-1);
2) F(=2) <f(Q); 4) f(2)<7(1)?
2.28." YcrauoBiTh rpad)iuHo KigbKicTh pO3B’A3KiB cucTeMu DPiBHAHB:
_ .6 — -3
1) y_x ’ 2) y X 9
y=4-x°; y=x>+3.
2.29.° YeraHoBiTh rpadgivHo KiJbKicTh PO3B’sA3KiB cHCTEMH PiBHAHL:
_ .3
y =X, y — x—2,
i1, 2) )
yzgx -4, y=x" —2.

2.30." BuaiiniTes yei pynknii f taxi, mo pisuicts f (x*) = x*' BuKOHY-

eThca O Bcix x € R.

2.31.” Buatigite yci Hemaphi Ta BusHaueni Ha R\ {0} ¢yurmii f raki,

-16

mo piBHicTs f(x')=x""° BuUKOHyeTbca s Bcix x € R\ {0}.
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2.32." BHaiigite yci mapri Qymkmii f rtaki, mo piBmicts f(x')=x*
BUKOHYETHCA AJA Bcix x € R.
2.33." Po3B’sKiTh piBHAHHA:

1) xt+ x3=2; 2) 2x* + x'°=3.
2.34.” Po3B’sKiTh piBHAHHA:
1) 4x3 + x"=-5; 2) x5+ 3x%=4.

2.35." 3uaiiniTe Halibinbine i HafimenIe sHaueHHs GYHKIL f(x) = x8
Ha mpoMixkKy [—1; a], me a > —1.

2.36." 3uaiigiTe Habigbine i HalimeHIe 3HaueHHA (QYHKIHL f(x) = x°
Ha TPoMiXKYy [a; 2], me a < 2.

2.37." Posp’sokiTh piBHAHHA Hx!7 — 318 = 2.

2.38." Posp’saxkiTh piBHAHHA 11x'5 + 2x*=-9.

2.39." HaBexiTh npuKJjaj Takol HOCIiLOBHOCTI BusHAUeHUX HA R pis-
HuxX QYyHKIiR fi, fi ..., 00 11 Bcix ke N, neN, x € R Buxkouy-
erbea piBHicT® f, (£, (x)) =1, (x).

2.40." HaBefiTh IpHUKJIa TAKOi IOCIiZOBHOCTI BHBHAUEHNX HA R pis-

HUX QYHKIH f, fs, ..., 10 114 Bcix ke N, neN, xR Buxomy-
eThbcA piBHiCT® f,(x)-f, (x)=1,., (%).
dyHkuioHanbHUM nigxia Kowwi @

Bawm uacTo moBoamTHCA PO3B’A3yBATU PiBHAHHA, TOOTO IITYKATH TaKi
3HAUEeHHA 3MiHHOI, IPU HiACTAHOBIL AKUX Y PIBHAHHA OTPUMYEMO IIpa-
BUJIBHY piBHicTh. Taki piBHAHHA MOKHa OyJI0 0 HasBaTU UYNCJIOBUMMU,
OCKiJTbKU IXHIMU PO3B’A3KaMU € uurcjaa. Y MaTeMaTHIli BUBYAIOTh I iHIITi
PiBHSAHHSA, PO3B’A3KaMU AKUX € He uucjaa, a Qyukiii. I[IpupoaHo, 1o
iX Ha3WBAIOTH (PYHKIiOHAJIFHUMY PiBHAHHIMU.

3 QyHKIiOHAJIFHUMU PiBHAHHAMU BU CTHUKajucsa pauimre. Hampu-
KJaj, piBHiCTH

f(x)=f(=x), x € D(f),
AKa 3amae mapHi (GyHKIiI, MoKXHaA po3radAmaTé AK (PyHKI[IOHAJIbHE
piBHAHHA. PO3B’A3KOM ITLOTO PiBHAHHA € OyAb-aKa MapHa QyHKITiA.

Och 111e IBa IPUKJIAIU PYHKI[IOHAJHHUX PiBHAHB:

fx+y)=fy)+x, xeR, yekR; (1)

fx+y)=2f(y)+x—-y, xR, yeR. 2)
Posp’sikemo dyHKIioHaNbHE piBHAHHA (1).

fAxmio B piBHicTs f(x+y)=f(y)+x migcraBuTu 3HAUEHHA 3MiHHOI

y =0, To oTpUMaeMo Take:

f(x)=1(0)+x.



26 § 2. CTENEHEBA ®YHKLLIS

Ockinbpku f(0) — gmeska crajga, TO TUM CAMHUM JOBeIEeHO, IO
po3B’as3kaMu piBHAHHA (1) MOXKYTH OyTH Juie JiHiNHI GYyHKIII BuLy
f(x)=x+c, ne c — crana.

Boagmouac 3ayBakumo, III0 HaBeAeHI MipKyBaHHS He rapaHTYIOThb
TOro, IO KOXKHA JiHiliHa (Gyukimia Bumy f(x)=x+c 3am0BOJBbHSIE
dyuKIionanbue piBHAHHA (1). OTiKe, Tpeba 3poOUTHU TTEePEBipKY.

IligcraBuBinu pyukiio f(x)=x+ ¢ y pyuKnionanbue piBuauHs (1),
OTPUMAEMO OUEBUAHY TOTOKHICTH

(x+y)+c=(y+c)+x.

Bidnoesidwv: f(x)=x+c, ne ¢ — Oyab-siKa craJjia.

3ayBasKMMO, IO OCTAHHINW eTalm PO3B’s3yBaHHsA 3aaui — Iepe-
BipKa — € Ba)KJIMBOIO YaCTHHOIO PO3B’sI3YyBaHHSA, OCKIIbBKU HA HHOMY
MOKYTh OyTH «BifiCisiHi» CTOPOHHI PO3B’A3KMH.

IIpoinrocTpyemo Iie Ha IPUKJIALL PO3B’ A3yBaHHS (PYHKI[IOHAIBLHOTO
piBHAHHA (2).

Mipkyroun aHaJOTiuHO momepenHin 3anaui, migcrasumo y =0. Toxi

f(x)=21(0) + x.

OT:xe, po3B’A3KaMu (PYHKI[IOHAJIBHOTO PiBHAHHA (2) 3BHOBY MOYKYTh
OyTu Jimiie JiHifiHI QGyHKIil Bungy f(x)=x+c¢, ge ¢ — craja.

IIpoBenemo mepeBipKy orpuMaHux QyHKIii. IligzcTaBaaoun GyHK-
mio f(x)=x+c y piBHaHHa (2), OTPUMAEMO:

x+y+c=2y+c)+x-y;
c=0.

Bauumo, 1o cepen ycix giHifiHUX QYHKIIN f(x)=x+c QYyHKIiO-
HaJlbHe piBHAHHA (2) 3a70BOJbHsE Juine ongHa: f(x) = x.

Bidnoegidwv: f(x)= x.

OrtocteH Jlyi Kowwi
(1789-1857)

®paHuy3bkmn matematuk. Onybnikysas noHaz
800 pobiT 3 apucmeTnkm, Teopii uncen, anredbpu,
MaTemMaTU4HOro aHanisy, audepeHuianbHux
PiBHSIHb, TEOPETUYHOI Ta HEGECHOT MeXaHiku,
MaTeMaTU4Hoi (pi3nKn; 3aMMaBCs TakoX
[OCNIOXEHHSMMN 3 TPUTOHOMETPIT, Teopii
MPYXXHOCTI, ONTUKK, aCTPOHOMii. ByB uneHom
Mapu3bkoi akagemii Hayk, JTOHOOHCBKOrO
KOPOIiBCbKOro TOBapuUCTBa Ta Maixe BCiX
akagemin Hayk CBITY.
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DyHKIIOHAJbH]I PIBHAHHA I'PAOTh Y MaTeMaTHUIll BaKJIUBY POJb.
OcKinbKHM KOKHe (PYHKIIiOHA/TbHe PiBHAHHSA 3aMa€ IEBHY BJIAaCTUBICTH
¢byHKI1IiN, TO 3a gomoMoroi (GyHKI[IOHAJIbHUX PiBHAHL MOKHA BU3HA-
yaTH KOHKPEeTHI KJjaacu QyHKIiii. Takuii cmocid6 BusHaueHHA QYHKITil
yepes OIMKC IXHiX XapaKTepHUX BJIACTUBOCTEH y BUTIALL (HPYHKI[IOHAID-
HUX PiBHAHBb 3aIpoBaguB Bimomuii ppannysbkuii matematuxk O. Korri.
HMoro im’sa HOCATH Taki GYHKI[iOHATBbHI PiBHAHHA:

fx+y)=7x)+71®),
fxy) =7 (x)+71(y),
f(x+y) =7y,
f(xy) =1 (x)f ().
Bukopucrosyiouu piBuanHA Korri, MokHa, HaTPUKJIAI, BUSHAUYUTHU
cTelleHeBY (YHKIIIO f(x)= x".
Posrnguemo 3agauy: s3Hality Bei Gpyukmii f, Busnaueni Ha R, axki
OIHOYACHO 3a[0BOJIbHAIOTH TaKi yMOBU:
1) f — memapHa 3pocTaioua PYHKIIisd,
2) f(2)=32,
3) f(xy)=7(x)f(y) mns Bcix sHauensb x >0, y > 0.

Ha s3amATTAX MaTeMaTHYHOTO I'YPTKA BU 3MOYKETE PO3TIIAHYTH IO-
BeJEHHS TOrO, II[0 JAaHUI MepPeJiK YMOB 3a0BOJILHSIE JIUIIIE CTEIIEHEeBA

dyEKIia f(x)=x".

I BMPABU

2.41. 3uaiigite yci @yHkrmii f, axi gusa Bcix x € R, y € R 3agoBonbHA-
10Th YMOBY f(x)+f(y)=x+y.

2.42. 3uaiigite yci GyHkKIii f, axki gasa Bcix x € R, y € R 3agoBoabHSA-
10Th yMOBY f(xy+1)=f(x)+1.

2.43. 3uaiigite yci @yHkrmii f, axi gusa Bcix x € R, y € R 3agoBoabHSA-
10T yMOBY [(y +1(x)) = (x—1)f (y).

2.44. Yu icuye QyHKIia f, BusHaueHa Ha R i Bigminma Big f(x)=x°,
AKa OZHOYACHO 3aJ0BOJIbBHAE TaKi YyMOBU:
1) £(2)=32;
2) f(xy)=7f(x)f(y) mna Bcix x>0, y>0?

2.45. 3uaiigite yei dyHkriii f, axi gasa Bcix x € R, y € R 3amgoBonbHs-
10Th YMOBY f(2x —3y)+12xy = f(2x) + f (3y).
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OOGepHeHa pyHKLis

Ha pucynkax 3.1, 3.2 300paskeHo rpadiku GyHKIiH fi g.

vA y=1(x) yh y=g(x)

Y%

/ 0 %,
0 X, X,

Puc. 3.1 Puc. 3.2

Bynb-sika ropusoHTanbHA IpsaMa mepeTuHae rpadix QyHKIii f me
Oinbirie HidK B ofHil Touli. Ile o3HaUae, 110 KOKHOMY YUCIY Y, € E (f)
BifmoBizmae exmue uncyo x, € D(f) Take, mo y, = f(x,). PyHKIia & TAaKOI
BiaactuBocti He mae. Cmpaspi, 3 pucyHkKa 3.2 BHUIHO, 1[0 3HAUEHHIO
Yo BIATIOBiAIOTH [Ba 3HAUEHHA apryMeHTy X; i X, Taki, 110 y, = g(x;)
iyo=2g(x,).

Osznauvenns. @PyHKNiO Yy =f(x) HA3MBAIOTh 000POTHOI0, AKIIO
I 6ynab-sikoro y, € E(f) icaye enune x, € D (f) Take, mo y, = f(x,).

Yo

Ry

]y

dyukIia f (puc. 3.1) € oboporHoio. PyHKIIA & (puc. 3.2) He € 060-
POTHOIO.

1
DyarUii y=x, y=—, y= Jx € IpUKJIagaMu 000POTHUX (PYHKITiH
x

(puc. 3.3).

YA y=x

o
]y

Puc. 3.3
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Dyurnia y=x? He € oboporHoo. Hampukiajn, sHaYeHHIO (QYHK-
1ii, AKe AOpiBHIOE 4, BimmoBizaroTh ABa 3HAUEHHA apryMeHTy X; = —2
ix,=2.

Teopema 3.1. Akwo ¢ynkuyia € 3pocmar4oro (cnadwor), mo
60HA € 000POMHOI0.

Hoeedennasa. llpunycrumo, 110 icHye 3pocraioua (pyHKIisA f, Aka
He € obopoTHOM0. Toxi 3HaimeTves Y, € E (f), A1 AKOrO iCHYIOTH X; 1 X,
(xy < x,) Taki, mo f(x;)=71(x,)=y, Pasom 3
™aM (pyHKIiaA f — 3pocraioua, i 3 HepiBHOCTI
x; < X, BUILIUBAE, 1110 f(x;) < f(x,). OTpumanu
CyIIepevHiCTb.

AnajoriuHo MoKHa PO3TJIAHYTH BUMIAJOK,
Ko pyHKIia f € cnaguono. <«

yA

3asHauuMO, 1[0 00epHEHe TBEPAKEHHA He
€ IPaBUJIbHUM, TOOTO He OyIb-aKa 000OPOTHA
dyHKIIS € 3pocTatouoio (cmagHoo). Hampu- ( x
KJana, Ha pUCYHKY 3.4 300pakeHo rpadik Puc. 3.4
obopoTHOI QyHKIIII, AKa He € Hi 3pocTaiuoio,
Hi cmagHoo.

Posraauemo dyHKIio y = f(x), 3agany TabIUIHO:

x 5 6 7
y V5 J6 J7

dyukKIia f € 000pOTHOIO.
ITominsgemMo paAAKM TaGAUII MicIAMH Ta PO3TIAHEMO (GYHKILiIO
y =g(x), 3amany OTpUMaHOI TabOJIUIEIO:

x V5 J6 J7
y 5 6 7
dDyukii f i g 3B’A3aHl TAaKUMU BJIACTUBOCTIMMU:
1) D(f)=E(g) i E(f)=D(8);
2) £(5)=+5, g(\5)=5;

16) =6, g(~6)=6;

F() =7, g(7)=".

IIi piBHOCTi 03HAUAIOTH, 1110 KOJU f(Xy) = Yo, TO &(Yo) = Xo-

Y Takux BUOAAKaX TOBOPATH, 10 PYHKIIIA & € 00epHEeHOI0 10 (hyHK-
mii f, a pyukiia f — od0epHeHoro mo pyHKIii g. Taki pyskmii fi g
Ha3WBalOTh B3A€EMHO O00€PHEHUMH.
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Osznauennsa. DyHKiIfi g Ha3MBaIOTL B3a€MHO 00epHeHN MU, AKIIO0:

1) D=E@®) i E()=D(g);

2) pasa Oymp-sikoro x, € D(f) i3 piBHocTi f(x,) =y, BUmIUBae€, 1o

8 (y,) = x5, TOOTO g (f(%0)) = X0.

MoskHa moKasaTu, 110 APYTY YMOBY B O3HAUEHHI MOKHA 3aMiHUTH
Ha TaKy: IJid Oyab-aKoro x, € D(g) i3 piBHocTi g(x,) = Y, BULLINBAE, 110
f(Yo) = xo, TOGTO f(g(%0)) = X-

Koau ¢pyuKIia f He € 060poTHOIO, TO He icHye QyHKIIiI, 00epHeHOI
nmo Hei. Byab-aka o00opoTHA PYHKIIiA Mae 00epHEHY.

MPUKNAL 1 Hosexites, mo dyHKIia f(x)=2x —1 € 060poTHOIO.
3HalmiTh 00epHEeHY (QYHKIIITO0.

Poszs’azannsa. @yuknia f(x)=2x — 1 e 3pocratouoio. OT:Ke, BOHA
€ 060pPOTHOIO.

IITo6 3amaTu obepHEHY (PYHKIIiI0, MOTPiOHO BKa3aTH IPAaBUJO, AKe
Jlae 3MOry 3a KOYKHUM 3HAYEeHHAM 3MiHHOI y 3HaAWTH BiAIIOBigHE 3HAa-
YeHHSA 3MiHHOI X Take, 1m0 y = 2x — 1.

Maemo: 2x=y+1; x =yT+1.

Orpumana piBHiCTH 3a/jae (PYHKIIII0O 3 apryMeHTOM Y i 3aJjie’XHOI0
3MiHHOIO X.

Tpagumiiino Hesalle:KHY 3MiHHY ITIO3HAYalOTh OYKBOIO X, a 3aJIeiK-
HYy — OykBOIO y. [loTpuMyounch TaKUX IIO3HAYEHb, MOXKHA CKasaTu,
10 MU oTpuMaiIu (QYHKIi0, AKY 3amaHo (GOPMYJIOK Y = xT+1

IToxkaxkemo, mo QyHKIHT g (X) =x_+1 i f(x)=2x—1 e B3aeMHO
o0epHEeHUMU. 2

Maemo: D(f)=E(g)=R, E(f)=D(g)=R.

Hexait f(x,) = y,, TOOTO Y, =2x,— 1. [loBememo, 110 g(y,) = X,-

Yo +1 _ 2x, -1+1 —x,. <
2 2

DyuKIig y = x% He € oboporHOoio. Pazom 3 TuM 1A GYHKIIiA 3pocTae
Ha TpoMikKYy [0; +00). Orke, dyukiia f(x) = x2, D(f) =[0; +0), € 060-
porHoo. TaKoXK IPUKHATO TOBOPUTH, 1110 GYHKIIA I = X2 € 060POTHOIO
Ha MHOxuHI [0; +oo). 3Halinemo GyHKIII0, 00epHEHY 0 QYyHKIT f.

Maewmo: g(y,) =

Orpumyemo: y = x2, me x € [0; +o0). 3Bigcn \/Q —Jx? =|x|=x.

PiBuicTh Jy = x 3amae QyHKIIIO 3 apryMeHTOM Y i 3aJIe’KHOIO 3MiH-
HOIO X.
CropucTaBIINCh TPASUIINHUME ITO3HAUEHHAMY, OTPUMAEMO PYHK-

nio y = \/;, obepHeny mo QYyHKIII f.
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ITokaxemo, mo Qyurmii f (x)=x2, D (f)=[0; +o0), i g(x)zx/;
€ B3a€EMHO O0EPHEHUMMU.

Maewmo: D (f) = E (g) =[0; +o0), E (f) =D (8) =[0; +o0).

Hexait f(x,) =y, TO6TO Y, = X2, Ae X, > 0.

Bammmemo: g(y,) =Yy =X =] %, | = %,
Teopema 3.2. I'pagiru 63aemno obepreHux GYHKYIL cumempuini
6i0HOCHO NpAMOL Y = X.

llosedenns. Hexait Touka M (a; b) HaneXuTh rpadiky QyHKIiI
y=1 (x). Toxmi b={ (a). Axmmio GpyHKIia g € 00epHEHOIO N0 QYHKIII f,
T0 g (b)=a, To6T0 Touka N (b; a) HATEKUTDH

rpadiky GyHKIIT y = g (x). yh
. e N
ITorkaxxkemo, 110 Touku M i N € cumerpuu- K
HUMU BiTHOCHO IIPAMO]I J = X.
Aximo a=>b, To Touku M i N 36iraiorbcs b M
Ta HaJIe}KaTh NPAMiil y = x.
ITpu a # b maemo (puc. 3.5): ON =+a® +b?, b a x

OM =+a? +b?, Tobro Toura O piBHOBiEHAIE-
Ha Bijx KiHIIiB Bimpiska M N, a oT:Ke, HAJIEXKUTH
CepenHHOMY IEPIEHANKYIAPY Bigpiska MN.

Puc. 3.5

.. +b a+b
Cepenuna K Bigpiska MN mMae KOOpAMHATHU (a2 ; a2 ), TOOTO Ha-

JIeKUTDH OIpaAMilt y = x. OTiKe, IpsAMA I = X € CEPeIUHHUM IIePIeHINKY-
asapoM Bigpiska MN. 4

HoBegeHy TeopeMy iJIOCTPYIOTh rpadiky B3aEMHO 06epHEHUX (PYHK-
i, axki Mmu poarasuyau Buine (puc. 3.6).

YA f (x) = x2’

Puc. 3.6
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Teopema 3.3. Axuo pyunryia f € sapocmaroworo (cnadnor), mo
obepreHna 00 Hel pYyHKYiA g € makox 3pocmaiowoio (cnadnorw).

Hlosedennsa. llpunyctumo, mo (QyHKIiA f 3pocraioua, ajie Ipu
oMYy obepHeHa a0 Hel GYHKIIST g He € 3pocTaiouoio. Toxi sHAHAYTHCS
Taki y, € D(g) i y, € D(g), mo 3 HepiBHOCTI Yy, < Yy, BUILIMBATIME He-
piBaicTb g(y;) > g(y,). Hexait g(y,) =x,, &(y,) = xp, TOMYy X; > X,.
Ockinbkn QysKHia f spocraroua, Tto f(x,) > f(x,), TOOTO Y, = Y,.
OrpuMaan CynepedHicThb.

g cnagaoi GyHKIN Mipkyemo anamoriuno. <«

Teopema 3.4. Cninvni mouku zpagikie 3pocmarouux 63a€mMHO
obepHeHux (YyHKUIl nexamdb HA npaAmMil Y = X.

ITosedennsa. Hexait M (a; b) — cminbHa TouKa rpadikiB B3aeMHO
obepHeHUX 3pocraouux GyHkIiik fi g. [loBegemo, 1o a = b.

Bynemo mipkyBaTu Bim cymporuBHOro. IIpumyctmmo, HampuKJIam,
o a < b. OckinbKky rpadiku B3aeMHO obepHeHNX (PYHKILH f i & cume-
TPUYHI BiTHOCHO IIPAMOI Yy = X, To Touka N (b; a) € IJid HUX CIIIJIbHOIO.
3 orusAny Ha spoctaHHA QyHKINI f mosxua samucatu: f(a) < f(b). Ame
f(a)=0b, f(b)=a. Orpumanu b < a, 1110 CYIIePEUNTDH IPUNIYINEHHIO a < b.
AHaJOTiYHO PO3TIANAETHCA BUNIAIOK, KoIu a > b. Takum unHOM, a = b. <

3ayBaKeHHs. 3BepHEeMO yBary Ha Te, II[0 yMOBa 3POCTAaHHS
y opmyroBaHHI Teopemu 3.4 € 000B’A3K0Bo0. Hanmpukiaan, pyHKII
f(x)=—x1ig(x)=—x € B3acMHO 00epHEHUMH, IPOTe IXHi cIiabHi TOUKH,
manpukaag A (—1; 1) i B (1; —1), He HasexaTh NpaAMiit y = x.

Hacaimox. Axuwo ¢yunkuii f i g — 63aemno obepHeri ma 3poc-
maroui, mo piénanna f(x)=g(x) piéHocunvhe KOHHOMY 3 PDi6HAHD
f(x)=x abo g(x)=x.

JoBeniTs 110 TeopeMy cCaMOCTiliHO.

MPUKNAL 2 Po3ss’sxiTh piBHAHHA \/;+5=x—5.

Po3e’a3annsa. 3pobuMO 3aMiHy Jx =t. OTrpumyemo: Jt+5 =1 -5.
Posrasaemo QyHRIil f(t) = Jt+5 i g(t)=1t2-5, D(g)=[0; +o0). IIi
¢GyHKIII € B3aeMHO o0epHeHUMH i 3pocTarounmu. Tofil 3 HACTIAKY 3 Teo-
pevu 3.4 BUIIIUBAE, 110 PiBHAHHS m =t? -5 piBHOCHJIbHE cucTeMi

' -5=t, . 1++/21
3Bigcu t = ————. Temep MoKHa 3amucaTH:
t=>0. 2
Jr - 14v21 2242921 114421
2 77 4 2

Bidnogidwv: |

11++/21
—
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I BMPAB
3.1.° Aki 3 pyuKIii, rpadiku KX 300paskeHo Ha PUCYHKY 3.7, € 000-
porHUMU?
y y y \ y A
0 8 2
Puc. 3.7
3.2.° ki 3 @pyHKIiN, rpadiku AKX 300paskeHo Ha PUCYHKY 3.8, € 000-
poTHIMI?
Yy Yy
0 x x
a 0 8 2

Puc. 3.8

3.3.° oBeniTh, 1110 AaHa QYHKIiA He € 060POTHOIO:

Dy=lxh  Dy=—5  BHy-5 1) y=[x].
3.4.° [ToBeniTe, 110 PyHKII f i & € B3aeMHO 00epHEHUMU:

1) 7(x) =§+1, g(x)=3x-1;

2) f(x)——z, g (x )—2"“;

3) f(x)=Vx+2, g(x)= x2 2, D(g) =[0; +c0).

3.5.° IToBemiTh, 110 GyHKIII f i & € B3aeMHO 00epHEHUMMU:

1) f(x) = 4dx + 2, g(x)=§—§;

2) f(x)=—— +1, g(x) =~ ad

3) f(x) = (x— 3)% D(f) = [3, +00), g(x)=+/x +3.
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3.6.° 3maiimiTsy QyHKIIiI0, 06epHEHY IO JAaHOi:

1
1) y=3x—1; 3 = ;
)Y )Y 2x+1
1 1
2) y=—; 4) y=—x+4.
x 3
3.7.° Buanmgitsy QyHKIi0, 00epHEHY IO JAaHOi:
1) y=0,2x + 3; 3) y= 4 ;
x+2
1
2)y=—o 4) y=4x - 5.
x-1
3.8." 3HalimiTh QyHKIIif0, 00epHEHY [0 JaHOi:
X
Dy="—"75 4) y=x*, D (y) = (~o0; 0];
1-
2) y=+2x—1; 5) y=—"0j
1+x

Jx — >
3)y=2\/;—1; 6)y:{ X — 2, aKIo x = 3,

2x —5, armo x < 3.
3.9.° 3HaiigiTh PyHKIIiT0, 00epHEeHY [0 JTaHOi:

+2
1) y=xx ; 3) y=+x>—4, D(y)=[2; +oo);
2— 2, > 1,
2) y=—; 4y y=q T THOR
\/; 2—x, axmox <1.

3.10.° TlobynmyiiTe B omHili cucTeMi KoopamHAT rpadik maHoi GyHKITII
Ta rpadixk QyHKIii, o0epHEHOI 70 Hei:

, >0,
1)y=-0,52+2; 2) y=Jx+1; 3) y=q = TEMOX
2x, akimgo x < 0.

3.11.° TloO6yayiiTe B ofHiNl cucTeMi KoopamHaT rpadik maHol QyHKITT
Ta rpad@ik QyHKIIii, o0epHEHOI 70 Hei:
\/; ,aKio x = 0,
1) y=3x-1; 3) y=11
Ex, AKImo x < 0.
2) y=x%-4, axmo x > 0;
3.12.° Kopucryiouuch rpadikom ¢yHKIil y=f(x), 300paskeHuM Ha
pucyHky 3.9, mobyayiiTe rpadgik QpyukIlii, obepuenoi o GpyHKIII 1.
3.13." Kopucryrouuch rpadikom dyHKII y = f(x), 300pakeHUM Ha PuU-
cyury 3.10, moOyayiite rpadik pyHKIII, o0epHeHol 40 PyHKIII f.
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y ]
y / / Yy
- \

A i

1 /10 x 0 x=
|_L— N
0 x ]
/
a 0
Puc. 3.9 Puc. 3.10

x%+1, axmo 0< x<1,

30iraernca
Nx—1, axmo 1 < x<2

3.14.° loBeniTs, 1m0 GyHKIIA Y = {

3 00epHeHOI0 10 Hel PyHKITieo.

3.15.° [ToBexniTh, 110 PyHKIIiA, o6epHeHa 10 JiHilTHOI MYHKIHI Yy = kx + b
npu k # 0, Tex € JiHiNTHOIO.

O—wr 3.16.” JloBseniTs, mo PyHKIid, o6epHeHA [0 HemapHOi (pyHKIII,
TaKOXX € HeIapHOoIo.

3.17.” Hexait ¢ — (QyHKIig, obepHeHa 10 PyHKIIL f(x) = x° + 6x3.
1) 3uatigite g(7).
2) PosB’sokiTh piBHAHHA g(x)=—1.
3) CkinbKU KOpeHiB Mae piBHAHHSA g(Xx) = c 3aJie’KHO BiJ 3HAUEHHS

napameTtpa c?

3.18.” Hexail § — (pyHKIIia, obepHeHa Ko GyHKIIT f(x)=x®+x—2.
1) 3umanigits g(28).
2) PosB’sokiTh piBHAHHSA g(x)=1.
3) Yu icHye Take sHaUEHHJ C, 1110 PIBHAHHA g(X) = ¢ Ma€ ABa KOpeHi?

3.19.” ®dyuKIia g € 00epHeHOIO A0 PyHKIHL f(x) = x% + x — 3. Po3B’siaKiTh
piBusHHA g(x) =23+ x + 3.

3.20.” ®yHKIIiA g € 00epHEHO0 10 PYHKIHI f(x) = x° + x + 12. Po3B’mxiTh
piBHAHHA g(x) =x%+x — 12.

3.21.” ®dyHKIiaA g € 00epHEHOIO 10 PYHKIHI f(x) = x° + x — 1. Po3B’soKiTh
piBuauuAa f(x) =g (x).

3.22." ®dyukia f € o6epHEHO0 10 PYHKINL g(x) = x% + x — 8. P03’ stakiTh
piBuanua f(x) = g(x).
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1 1
3.23.” Po3B’a:xiTh piBHAHHSA /x e X%+ p

3.24.” Po3B’sxiTh piBHAHHA 1+ \/; =x-1.

3.25. BmaiigiTe QyHKIiIO g, obepHeHy mo (QyHKILI f(x) = x2,
D(f)=(-1; 0] U [3; 4).

3.26. 3manznites QyHKIio g, obepHeHy no GpyHKmiI f(x)=—x2,
D(f)=[-3; -2) U [0; 1).

3.27." Yu icuye oboporHa (pyHKImia f raka, mo D(f)=N U {0},
E(f)=N?

3.28." Yu icuye oboporna pyukmia f raxa, mo D(f)=7, E(f)=N?

3.29." dyukIia f i oboporHa GYHKISA & € TAaKUMU, IO IJsd BCix x € R
BUKOHYEThCA PiBHIiCTH f(f(x)) =g (x). HoBenite, mo f — obopoTHa
byHKITIA.

3.30." Yu icuye oboporHa dyHKHis f taka, mo D(f)=Q, E(f)=N?

3.31." HaBexiTh mpuKJIaj TaKUX B3a€MHO OGepHeHHMX (yHKLii f i g,
1o mpu Bcix x € R BuUKOHyeThecs piBHiCTH f(x) — g(x) = x.

3.32." dyukuia f mae obepHeHy GyHKII0 g. Bigomo, mo HepiBHIiCTH
1 1
Ex -1<f(x)< 5x+ 1 BuKOHYyeThcA nJA Bcix x € R, a piBHAHHS

g(x)=10 — 2x? mae oAVH AOJATHUN KOPiHb. 3HAWAITH 1€l KOPiHb
HabIUKeHo 3 abcorroTHOM moxubrom! 0,25.

3.33.7 dyHKIIA g € 00epHeHo 10 3pocTaiouol (GyHKILI f Takoi, 110
D(f)=[0; 1], E(/)=[0; 1], f(0)=0, f(1)=1. HoBexniTy HepiBHiCTHL

1 2 9 1 2 9 99
J (E)” (ﬁ)f (ﬁ)”(ﬁ)”(ﬂ*'”g(ﬁ) TS

3.34." 1) dyuknia f i 060poTHa (GYHKIIA g € TAKUMH, L0 AJIA BCiX
x € R Buronyerscd piBaicTs f(f(x)) = g(x). doBexits, 110 f — ob6o-
poTHa QYHKILis.

2) Buaiigite yei dyarmii f raki, mo gns Oyap-akux x € R, yeR
BUKOHYETHCA PiBHICTH
xf (f (x)—2y) =9x (x—y) + yf (x).

! AGCOJIOTHOI MOXMOKOK HA3WUBAKOTH MOJYJb DISHUIN Mix HAGIMMKEHUM
i TOUHNM 3HAUEHHAM BeJIUUYUHU.
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JIbBiBCbka MaTeMaTM4yHa LUKOJA -

Bu tpumaere B pyKax HifpyyHUK «AJarebpa i mouaTKm aHAIi3y».
Y masBi 3’ABMJIOCSA HOBE CJIOBOCIIOJNYUEHHS — «IIOYATKU aHAJIIZY».
IITo »x mpuxoBaHO 3a 1Tiefo Ha3Boio? BiAmoBias aysKe mpocra: MaTeMaTuy-
HUU aHaJi3 BuBUae QyHKINi. I[boro pOKYy BU MOUYMHAETE O3HANOMJIIO-
BaTHUCA 3 eJIeMeHTaMU aHaJIi3y: BaM JJOBeIEeThCA PO3TJIAIATHA BCe HOBI i
HOBI KJjacu (pyHKIIiii, BUBUATH iXHi BJIaCTHUBOCTi, OIIAHOBYBATH METOIH
IOCHimyKeHHA PYHKIIA.

Y mepmriti mosoBuHi XX cT. BUBUEHHS HEeBHUX KJaciB (QYyHKITii
OIPUBEJIO OO0 MOABY HOBOI MAaTeMAaTUYHOI JUCIIUILIIHY — «(PYHKI[IOHAIb-
HOTO aHaJidy». BamauBy, (paKTHUHO T'OJOBHY, POJIb V CTBOPEHHI Iiei
OUCHUILIIHY Bigirpaau HaykoBIi JIbBIBChKOI MaTeMaTHUYHOI IIIKOJIM.

Y 20-30 pp. XX ct. micTo JIbBiB OyJi0 cIIpaBKHBOIO CBiTOBOIO MaTe-
MAaTHUYHOIO CTOJIUIIEI0. ¥ TOU Yac y I0T0 HaYKOBUX 3aKJamaX IPaIoBaIn
Taki JereHmapHi MaTemaTuku, Ak Kasumup KypartoBebkuit, CTaHicias
Masyp, BaagucaaB Opaiu, Bamuaas Cepmimcbkuii, Cramicaas Yiam,
HOniym IMaymep, I'yro Ilreiinrays i 6araro immux. KBamigikamia
HayKOBIIiB JIbBoBa Oyjia HAaCTiJIbKM BHCOKOIO, II[O0 BCECBiITHHO Bigommuii
MaTeMaTHK, aBTOP BUAATHUX TEOPEM y MaTeMaTUUHil Jiorimi Ta Teopii
MHOKUH Anbdpen TapcbKuii He TPOUIIIOB 3a KOHKYPCOM Ha BaKaHTHY
mocany mpodecopa JIbBiBCHKOTO yHiBepCUTETY.

Marematuku JIbBoBa CTBOPUJIN MIITHMI HAayKOBUUM KOJEKTUB, Bimo-
Mmuit ax JIbBiBCBKA MaTeMaTHYHA ITKOJIA. 1i KePiBHMKOM BBasKAIOTH
reniasbHOro Mmarematuka Credama Bamaxa.

Crtedan Banax MippyyHuk BaHaxa
(1892-1945) «Kypc ¢yHKuioHanbHOro aHanisy»
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Cporozui cBiToBa MaTeMaTUUYHA CILIBHOTA i3 I[IJIKOBUTOIO IIiCTABOIO
BBaskae C. Banaxa 3acCHOBHUKOM (hYHKI[iOHAJIbHOTO aHaxizy. OauH i3
IepIIuX y CBiTiI MiApyYHUKIB i3 miel qucnunuinu Hanucas caMe Banax.
Barato pesynbraTiB Banaxa Ta BBeIleHUX HUM HOHATH CTAJIU KJIACHUU-
HuMU. Hanpuriaan, gocaifsKeHi BUEHMM MHOMKWHU OJEPIKaly Ha3BY
«mpoctopu BaHaxa» i 3apas3 BXOJATH J0 HEOOXiTHOTO MiHIMyMy 3HaHBb
ycCixX, XTO HABUAETHCA y BUII[OMY HaBYAJILHOMY 3aKJaJi 3 MAaTeMaTUKU,
disurmu, KibepHETUKY Ta iH.

PosmnoBizaroTs, 1110 6araTo TeOpeM JbBiBChKi MaTEMATUKM JOBOIUIN. ..
y kaB’apui. C. Bamax 3 yunamu 06100yBaiu «IIIKoTChbKY (IITOTIAHICHKY)
KaB’sApHIO», Je MaJIeHbKi CTOJTUKY MaJI MapMypOBe MOKPUTTSI — OYyiKe
3pYUHE IJIA 3alInCy MaTeMaTuuHuX GopMy. i Teopem. 'ocomap kas’apHi
OyB He3aJ0BOJIEHNI TaKMM CBaBLIJISIM HAyKOBI[iB, ajie CUTYyAaIlil0 BPs-
TyBaJia Ipy:KuHa BaHaxa, AKa mpugdaia BeIUKUHM 30IIUT JJIA 3allUCiB.
Taxk 3’aBuiacs 3HameHuTa «IIIkoTchKa KHUra» — 36ipKa MaTeMaTUYHUX
mpobJsieM, Hajx AxuMuU npairioBasna rpyma C. Bamaxa. SIK BuHaropony
3a PO3B’ABAaHHA CKJIAAHUX 3a7a4 aBTOPU 3 T'yYMOPOM IIPOIIOHYBAJU TO
KYXJIi IBa, TO Beuepio B pecropaHi. Hampukiaz, onHa 3 mpobiaeM, 3a
AKY aBTOP MOo0OiIAB skuBoro rycaka (1936 p.), 6yaa pos3B’s3aHa JuIlle
B 1972 p., Toxi K i OyJi0 BpyueHO BUHATOPOXY.

IIpo6aemu, mopyireni B «IIIkoTChbKilh KHMBi», € HACTIIBKY BaKJINBU-
MU Ta CKJIATHUMU, 110 KOYKHUM, KOMY BIA€ThCA PO3B’A3aTU X0ua 0 OgHY
3 HUX, 0[Ipa3y gicrae cBiToBoro BusHaHHA. Cama K «II[IKoTchKa KHUTA»
€ ofHielo 3 HalBimomimmux i HalimiHHimux pesikBiil cBiTOBOI HayKuU.

Bpy4eHHs rycaka
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O3Ha4yeHHSs KOpeHs n-ro cTerneHs.
DyHKLia ¥y = Yx

Bu 3Haere, 1110 KOpeHeM APYroro cremeHs (KBaApaTHUM KOpPEHEeM)
i3 ymciia a Ha3MBAIOTh TaKe YMCJIO, IPYTUH CTEIliHb SIKOTr'0 JOPiBHIOE a.
AmnajoriuHo maioTh O3HAUEHHS KOPEHSA N-T'o CTeleHs i3 uumciaa a, Je
nelN, n>1.

Ozumauvenns. KopeHemM n-ro cremeHda i3 umcaa a, ge n € N,
n > 1, Ha3UBaIOTh TAKe YHUCJIO, N-# CTEMiHb IKOTO TOPiBHIOE a.

Hampukiaan, xopeHeM II’SITOTO CTelleHs i3 uwmcaa 32 € uucjao 2,
ocKimpku 2°=32; KOopeHeM TPeThOr'o CTeleHsa i3 umciaa —64 € umeso
—4, ockinbku (—4)° = —64; KOpeHsAMU YeTBEpPTOro CTeleHd i3 ymcaa 81
e uncaa 3 i —3, ockinpku 3*=81 i (—3)*=81.

3 o3HAUeHHS BUILIMNBAE, 110 OyAb-IKNI KOPiHb PiBHAHHA X" = a, Oe
neN, n>1, e KopeHeM n-ro CTeleHs i3 umciaa a i, HaBIaKu, OyAb-
AKUN KOPiHb n-TO CTEIeHs i3 uucja a € KOPeHEeM PO3TJIAIyBaHOTO
pPiBHAHHA.

SKIimo n — HenmapHe HaTypajJbHe UHCJIO, TO (DYHKIIA Y = X" € 3poc-
TAlY0I0, 1, OCKLIBbKHY iI 00IaCTIO 3HAUEeHDb € MHOXKHHA R, TO PiBHAHHS
X" =a Mae eTUHUN KOPiHb Ipu OyAL-IKOMY a.

Pucynoxk 4.1 imfocTpye ocTaHHE TBEPIKEeHHS: IPU OyAb-AKOMY 3HAa-
yeHHi a rpadiku QyHKIIA y=x" 1 y=a MaoTh OJHY CHLILHY TOUKY.
Tozxi MosxkHA 3pOOUTH TAaKWl BUCHOBOK:

AKW,0 N — HenapHe HamMypanivbHe wLUcno, binvute 3a 1, mo 3 6ydo-
AKO020 HUCnA iCHYE KOPiHb N-20 cMenensi, npuiomy minibku o0uH.

177 \ \ yA /
=x" = > =x"
y=a,a>0 y y=a,a>0 y

0 x y=a,a=0

-x, 0 c

0 X
y=a,a<0 y=a,a<0

n — HemapHe HaTypaJbHe YMCJIO, n — IapHe HaTypaJbHe YHUCJIO

n>1

Puc. 4.1 Puc. 4.2
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Kopius HemapHoro creneHs n, n > 1, i3 yncia a mMO3HAYAIOTH TaK:
?/E (UUTaOTh: «KOPiHb N-TO CTEIeHA 3 a»). SHAK %/ masuBatoTh 3HA-
KOM KOpeHA n-ro cremneHsa abo pagukaaoM. Bupas, AKuil cTOITH IIifn
paguKaJIoM, Ha3UBAIOThH MiTKOPEHEeBUM BHPa30M.

Hanpurnaan, 3/3_2 =2, Q/I =4, 1/6 =0.

Kopiab TpeTnoro cremeHsa OPUHHATO HA3WBATU TAKOXK KYyOiYHUM
ropeneMm. Hanpukiaz, sanuc 2 umraoTh: «KOpiHb Ky6iuHUI i3 umc-
aa 2».

Haromocumo, 1o Bupas 2k+\1/a_, k e N, icuye npu Oyan-aKomy d.

3 03HAUYEHHA KOPEHd 711-T'0 CTeIIeHd BUILINBAE, II[0 npu 0yov-aKomy a
6UKOHY €EMbCA piéHicMb

(2,”\1/;)21“1 =a
Hanpuxaaz, (3/5)3 =2, (\7/—0,1)7 =-0,1.

Posrnaremo piBHAHHA X" =a, Ae n — IapHe HaTypaJbHE YNCJO.

Ockinbku obJsiacTio 3HaUeHb (MYHKII y = x", e n — IapHe HATY-
pasibHe umcyao, € MHOKMHA [0; +00), To mpu a <0 gaHe PiBHAHHS He
Mae pos3B’A3KiB.

OueBunaHO, 10 pu a = 0 piBHAHHA Mae eTMHUN KopiHb x = 0.

dyHKIig y = x", Ie n — IIapHe HaTypajJbHe YUCJO, 3DOCTaEe Ha IIPO-
MixkKy [0; +00) i HAOyBae Bcix momaTHuxX 3HaueHb. OTiKe, ipu a = 0

pPiBHAHHA X" =a, Ae n — IapHe HaTypaJibHE UYKCJ0, Ha IIPOMiKKY
[0; +c0) Mae equHUMI KOPiHB.

OckinbKu posrasaayBaHa (GYHKIIS € mapHOo, To mpu a > 0 mame
PiBHAHHA Ma€ ABa KOPEHi, AKi € MPOTHJIEKHUMU YUCJIaMU.

HaseneHi TBep:KeHHA MAIOTh IIPOCTY T€OMETPUUYHY iHTEPIIPEeTAIliio
(puc. 4.2). dxmro a <0, To rpadiku GyHKIiN y=x" i y =a He MaOThH
CHIJIBHUX TOYOK; AKI0 a =0, To posrasaayBaHi rpadikum MaioTb OTHY
CIIJIBHY TOUKY; AKINO a > (0, TO CIiJIbHUX TOYOK ABi, mpuuoMy ixXHi
abcIicy — TPOTUJIeKHI umea.

Temep MoKHa 3pOOUTH TaKUil BUCHOBOK:

AKWO0 N — naprHe HamypaivbHe wucno, mo npu a <0 Kopinv n-zo0
cmenensa i3 wucna a He icnye; npu a =0 Kopinb n-zo cmenens i3 wuc-
aa a dopientoe 0; npu a > 0 ichyromsv 06a npomune’HHux LUCLd, AKL
€ KOPpeHAMU N-20 cmenena i3 wucia a.

Buriie 6yJ10 BCTAaHOBJIEHO, IT10 PiBHAHHA X" =a ipu a > 0 0060B’ A3KOBO

Mae oguH HeBia eMHUIT KOpiHb. Moro HasMBaOTh apupMEeTHYHUM KO-
peHeM n-ro cremeHs i3 umciaa a.
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O3navenHsa. ApudpMeTHYHUM KOpPEHEM Nn-ro cTeneHsd 3 He-
Bix’emHOro umciaa a, ge n <N, n>1, HazuBalOTh TaKe HeBix cMHe
YHCJIO0, N-#H CTENiHb TKOTO TOPiBHIOE a.

ApudpmMernuHNl KOPiHBb N-T'0 CTENeHsd 3 HEeBiJ’€MHOr'o umcja d IIo-
3HAYAIOTL TaK: Va.
Hampuxrnazn, Y81 =3, ockineku 3 >0 i 34=81;

§/64 = 2, ockimpru 2 >0 i 25=64;
190 = 0, ockimprm 0 >0 i 0°=0.

Vzaramni, akmo b >0 ib*=a,nge neN, n>1, To Ya =b.

3BepHEMO yBary Ha Te, M0 AJIA ITO3HAUEHHA apu(PMeTUIHOTO Kope-
Hs Nn-TO CTeIleHs 3 HeBiJ'€MHOro uucja @ Ta KOPeHs HeIapHOTO CTelle-
HA n i3 yncjia ¢ BUKOPUCTOBYIOTh OJUH 1 TOM caMuil 3amuc: Q/a_ . 3ammuc
2(‘/5, k € N, BUKODHCTOBYIOTH TiJIbKU AJIA MO3HAUYEHHA apu(pMeTUUHO-
ro KOpeHdA. 3ayBasKMMO, III0 KOPiHb MapHOTO CTENeHs i3 yucaa a He
Mae MO3HAYEeHHS.
3a IoIOMOTr0I0 3HAaKa KOPEHs 1-I'0 CTEeIleHs MOKHA 3aIllMCyBaTH KO-
peHi piBHAHHA X"=a, e ne€N, n>1.
U SKIo n — HelapHe HaTypaJbHe YMCJIO, TO IPU OYIb-SKOMY 3Ha-
YeHHi a posrignyBaHe DiBHAHHA Ma€ €IWHUMN KOPiHb X = {l/_ .
% Ko n — mapHe HaTypaJbHe umcao i a > 0, To piBHAHHSA Mae gBa
KOpeHi: x; = Ya, x, =—Va.
& dxmo a=0, To x =0.
Hanpuxiaz, xopeHeM piBHAHHA x° = T € 4KCIO 3/7 ; KOpeHAMU PiB-

HauHHA x*=5 € gBa uncia: —% i ‘\‘/5
3 o3HaUueHHA apUPMETUUHOTO KOPEHS 7-T0 CTeleHsI BUILJINBAE, I1[0:
1) Ya >0, ge b > 0;

2) (Ya) =a, e a > o0.
Hanpuraan, (9/?)6 ="1.

ITokaskemo, 110 npu Oyab-axkomMy a i ke N

2k+\1/$ — _2k +\1/a_

. . 2k+\1/7 .
s Toro o6 noBecTu PiBHICTH =y, mOTPibHO IMOKas3aTu, II10
y*l=gx,

2k+1 2k+1
2k+1 2k+1
Maemo: (-*Va) =-(*a) =-a.
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IloBemeHa BJIACTUBICTD Ja€ 3MOTY KOPiHb HEIApHOTO CTEIeHs 3 Bim -
€MHOTO YICJIa BUPA3SUTU Uepe3 apu(MeTUUHNN KOPiHb.

Hampurnan, -2 =-82, ¥-12 =-312.

Bumie 6ys0 BcTaHOBJIEHO, IO KOPiHBb HEIIAPHOTO CTeIeHs 3 OyIab-
AKOro umcjia icHye Ta HaOyBae e€IuHOTr0o 3HaueHHs. OTiKe, KOKHOMY
yrcay x € R MOKHA IIOCTaBUTH y BiANOBiNHICTE €MHE YKCJIO Y TaKe,

2k+\1/_ s 2k+1
oo y= x. 3asHaueHe MpaBUJO 3amae QyHKIO [ (x)= X, ne
ke N, 3 obsacTio BusHaueHHsa R.

IToxasxeMo, o PyHKIiA [ € obepHeHON N0 QPYyHKIHI g(x)= x2" 1,
keN.

. . 2k+\1/7 .

OckinbKU PiBHAHHA =a mupu OyAb-AKOMY a Mae KOPiHb
(a came, uncao a?*1'), To obaacTio 3HaUeHb (PYHKINI [ € MHOKHuHA R.

Maewmo: D(f)=E(g)=R,

E(f)=D(g)=R.
2k+1
Hna Bcix x € R BUKOHyeThCS DPiBHICTH (2“\1/;) =x. Immumun

ciaoBamu, g(f(x))=x muaa Bcix x € D(f). Ckasane osuauae, 1mo fi g —
B3aeMHO oOepHeHi (GyHKITii.

Bukopucrosyrounu rpadirk Gysrmii y=x2**! i reopemy 3.2, MoxKHA
nobynyBatu rpadik GyHKIIl y = 2y (puc. 4.3). 3okpema, HA PUCYH-

Ky 4.4 300pakeHo rpadikm QyHKIINH Yy = 3 i Y= Y.

yA y=x2kt1
«z’/*
1= = 2r+1f
1] 0 1 X
------- -1

Puc. 4.3
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yA

(=]
]y

Puc. 4.4

Ockinbru Qyurmia g(x)=x%**! e spocrarouoio, To 3a TeopeMoio 3.3
dyuKIig f(x)= *x raxowx e 3pPOCTAUOIO.

dyurimia f(x) = 2“\1/; Mae eguHUN HYyJAb X = 0.

Axmo x <0, o f(x) < 0; aximo x > 0, To f(x) > 0. OTike, TPOMiKKY
(—o0; 0) i (0; +o0) € mpoMiskkaMu 3HAKOCTAJIOCTI PYyHKITIT f.

s 6yab-AKOro x i3 obJsiacTi BusHaueHHA GYHKIII f BUKOHYIOTbCS
piBroCTi f(~%)=*""V—x = -*"Yx = —f(x). Orsxe, dyuKuia f € Hemap-
HOIO.

Amnajoriumo gaiooTh o3HaueHHA QYHKILL f(x) = %x , ke N, 3 ob6aac-
TI0 BusHaueHHA [0; +00).

TTokaskemo, 1110 PyHKIiA f € o0epHEHOIO 10 GYHKIII g(x) = x%, ke N,
3 obsracTio BudHaueHHs [0; +0o).

OckKinbKku piBHAHHA Ux =a mpu O0yab-akomy a > 0 Mae KopiHb
(a came, uuciao a?*) i nmpu 6yab-aKomy a < 0 He Mae KopeHiB, To obJac-
TIO0 3HaUeHb QyHKIIT f € mpomiskok [0; +o0).

Maewmo: D(f) = E(g) =[0; +0),

E(f) = D(g) =[0; +co). v _

Hnsa 6yab-axoro x € [0; +00) BUKOHY-

€ThCA PiBHICTB (2\k/;)2’e = x. Immumu cio- \{/

Bamu, g(f(x))=x gua scix x € D(f). Cka-

3aHe o3HA4ae, 10 f i g — B3aeMHO obep- T o

HeHi QyHKIIiI. y= \/;
Ha pucynky 4.5 mokasaHo, K 3a JOIIO-

mororo rpadika Gyurmii y = x?*, e x > 0, 0

[E
]Y

mobynysatu rpadik QyHKI y= 2y,
ke N. Puc. 4.5
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Ha pucysry 4.6 306paxxeno rpadik ¢pysKIii y= {‘/;

yA y=x*

4

y =45

RY

Puc. 4.6

3’scyemo mesiki BaacTuBoCTi PyHKILI f(x) = 2(’/; .

Ockinbku pyukmia g(x) = x*, ke N, D(g)=[0; +o0), € 3pocTaruorio,
To pyHKIiA f(x)=%/x Takox € 3pocTaryYoIo.

dyukiia f mae eguanii Hyas x = 0.

Ao x > 0, To f(x) > 0. Orxe, mpomixkok (0; +o0) € TIpoMisKKOM
3HAKOCTAJOCTi PyHKII f.

OcKinbKM 06JiacTh BU3HAUEHHSA (PYHKINI f He € CHMETPUYHOIO Bij-
HOCHO MIOYATKY KOOPAUHAT, TO (PYHKI[iA [ He € Hi mapHoio, Hi HemapHoIo.

MPUKNAL 1 Poss’sxiTh HepiBHICTB:

1) ¥x <2 2) Yx-2<1; 3) Yx?—4 > Y3x.

Poszs’azannasa. 1) [lana HepiBHiICTL piBHOCUIbHA TaKiii: 3x < ¥8.
Ockinbru QyHKIIA y = x e 3POCTal0vu0i0, TO MOYKHA 3POOUTU BUCHO-
BOK, 1110 X < 8.

Bidnosgidwv: (—oo; 8).

2) Maemo: Yx—2 < 1. Ockimprm byHKRIig y = ‘\‘/E € 3POCTAI0UO0I0 3
ob6sactio BusdHaueHnus [0; +oo), To maHa HepiBHICTH piBHOCUJIbHA CUCTEMi
x—-2<1,

{x -220.
3Bigcu 2 < x < 3.
Bidnosidwv: [2; 3).
x%—4> 3x,

3) Iana HepiBHiCTH piBHOCHJIbHA CHCTEMi
3x = 0.
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) x<-1,
L |x®*=-3x—-4>0, .
Toni o x >4, 3Bimcu oTpumMyemo, 110 x > 4.
X Z U,
x> 0.

Bidnogidb: (4; +o0). d

NMPUKNAJL |2 Topisusiire ¥2 i 4/2.

Pose’azannsa. Maemo: 32 =%/2' =%/16; 42 =42° =8.

Ockimbku dyrrmia y="x e spocraiouoto, To 216 > /8.
Bidnosidw: ¥2>42. <

I BMPABMU

4.1.° O6yucriTe:

y (-2); 2 -4, 3) GQ/EJG; 4) %6486.
4.2.° 3HaliiTh 3HAaUEHHSA BUpPAa3y:

) (-11); 2 (%Jﬁ) 3) %3453; 4) (-235).
4.3.° O6yuciiTe:

1) 0,331000 -5 %/256; 9) Y14° +(-2410) - Y-128.

4.4.° O6uncCiiTh:

1) 2003/0,001 — /-0,00032; 2) 3/8000 - 1 7% - (—2/§)5 +{17°.

4.5.° 3HanmiTh 06yacTh BUBHAUEHHSA (DYHKITII:

1) y=¥Yx-1; 2) y=4|x|-1; 3) y={x" (x-3).

4.6.° 3uanigiTs, o0sacTh BUBHAUEHHS (QDYHKITII:
1) y=4Yx-2; 2) y=UYx®-4x+3; 3) y=19| x| (x-6).

4.7.° 3HaigiTh o6yacTh 3HAUEHDb (QYHKITII:

1) y=Yx-2 2) y=%x-3 8) y=|¥x-1|.
4.8.° 3uanigiTs, 0o6sacTh 3HAUEHDb (PYHKITII:
1) y=4x -4 2) y=Yx -2 3) y=|Vx+1].

4.9.° Misk AKMMH OBOMA IIOCJLJOBHUMH I[IIMMHN UYHCJIAMU MiCTUTHCS
HA KOOPAMHATHIN NMpAMi#l YMCJIIO:

1) ¥3; 2) 421; 3) ¥100; 4) %812
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4.10.° Mix AKEMK JBOMA IIOCJIiTOBHUMMU IIIMMU YMCIAMHU MiCTHUTBLCS
Ha KOODAWHATHiN npAMii uyucio:

1) ¥18; 2) 4139; 3) 2122
4.11.° Po3B’sKiTh piBHAHHA:

1) x°=9; 3) x° = 5 5) Yx =2

2) x" = -2; 4) Yx =3; 6) ¥2x +7=0.
4.12.° Po3B’sT:KiTh piBHAHHSA:

1) x° = 10; 3) x° = —64; 5) Yx =-2

2) x1°=9; 4) ‘\*/_z_z; 6) V3x-2=2.

4.13.° ITo6yaytiTe rpadik GyHKILII:
3 4
1) y=x); 2) y=(¥x).

4.14." 3uaiigiTe 006J1aCTh BU3HAUEHHS BUPAa3y:

[x]-1 1
1) 4 ; 2) §/6—|x|+ .
| V8-x

2 b
x° -9

4.15." BuaiigiTs obiacTh BUSHAUEHHSI BUPA3y:

|x|-4 1
1) s ==, 2) 10 x|-3- .
) ) | | Yx+4

x? 36

4.16." Po3B’sokiTh PiBHAHHS:

1) (x®-4)¥x+1=0; 2) (x-1)Yx?-2x-3=0.
4.17.° Po3B’sakiTh piBHAHHS:

1) (|x|-8)¥2-x=0; 2) (x+2)¥x* +2x-3 =0.
4.18.° TlooynyiiTe rpadik GyHKITII:

)y={c-1) +(¥1-x) +1  2) y=() +(1-2).
4.19.° TlobynmyiiTe rpadik GyHKITII:

1) y=x(4x); 2) y=(¥27x) +(¥2-x).

4.20.° 3uaiigiTs Halibiablne i HafiMeHIIe 3HAaUeHHA PYHKINI f(x) = ,4/| x |
Ha MIPOMIiXKKY:
D [-3; 15 2) [-15 2]; 3) [-3; +00).

4.21.° 3uanigiTs Halibiablne i HaliMeHIIe 3HaUeHHA PYHKINI f(x) = %/m
Ha TIPOMiKKY:
1) [2; 3]; 2) [-2; 1]; 3) (—o0; 2).

4.22.° Po3B’s13KiTh HEepiBHICTb:

1) ¥3x+1<4; 2) Yax+1<1; 3) Yx? -8 > 42x.
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4.23.° Po3B’s13KiTh HepiBHICTb:
1) Wx+2>1; 2) Y5x+1<3; 3) %/x2—|x|+1>§/5—|x|.

4.24.” oBeniTe, 1110 € ippaiioHaabHUM YuCI0: 1) 3/5; 2) 9/6

4.25." JToBemiTs, 110 € ipparioHadbHUM Yucao: 1) 5/7; 2) ¥Y12.
4.26.” CKinbKU KOpPeHiB Mae PiBHSHHSA 3aJI€KHO BiJ 3HaueHHs Iapa-

MeTpa a:
1)3/;:a—x; 2)‘\‘/;:a—x?

4.27.” CKinmbKY KOPeHiB Mae PiBHAHHS | Yx -1 | = a 3aJIe;KHO Bijg 3Ha-
yeHHs napamerpa a?

4.28." 3aye:KHO Bif 3HAUEHHS IMapaMeTpa @ BU3HauTe KiJbKicTh Kope-
HiB PiBHAHHS:

1) (x—a)¥fxr1=0; 3) (x-a)(¥x-1)=0.
2) (x—a)({x+1)=0;

4.29.” 3aeXHO BiJ 3HAUEHHS IapaMeTpa a BU3HAUTE KiJIbKicTbh Kope-
HiB PiBHAHHA:

1) (x+)¥x—a=0; 2) (x-1)(¥x—a)=0.
4.30." Posp’suxith pisnanma x—26 +¥x = 4.

4.31.” PosB’sxiTh piBEaAHA Yx -9 +Yx+6 =3.

¥z =yt 47,
x> +xy+y® =27.
e+ ¥x =g+ 47,

X +y’ =2.

4.32.” Po3B’s:KiTh cucTeMy PiBHAHB {

4.33.” Po3B’s:kiTh cucTeMy PiBHSHD {

4.34." 3muaiinite yci mapui ¢yukmii f Taki, mo piBmicts f(x*°)=x?
BUKOHYETHCA AJA Beix x € [0; +00).

4.35.” 3uangiTe yci HemapHi GyHKII f Taki, 1o piBuicTs f (§/;) = Q/;
BUKOHYETHCA AJA Beix x € [0; +o0).

4.36." Bmaiigite yci BusHauemi ma R ¢yuKmii f Taki, mo piBHicTH
f(x®) = x* BuKoOHyeThCA 414 Beix x € R.

4.37." BHalAiTh miNTy YacTMHY umcIa %/24 +X24+73...+324 .

100 pagukaris

4.38." BHaHAITH LIy YaCTHHY YHCIA ‘{/12 + \4[12 +4...+312.

200 paguramis
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4.39." Posp’s:kiTh piBHaHHS @’ +x = Ya — x.
4.40." Mna neN, keN, k> 1 nosuaunmo X = ['\*/I]+[5/§]++[W:|,
Y =1"+2"+... +n*. Hosexits, mo X +Y =n"*' +n.

4.41.7 NTna wHeBiz’eMHUX wmcel a, b i ¢ [oBemiTh HepiBHICTH

Va+3b+4c > %abe.

BnacTmnBocTi KOpeHsA n-ro creneHs

Posrnaraemo Teopemu, sAKi BUpPaKaOTh BJIACTUBOCTI KOPEHA n-TO
CTeleHd.

Teopema 5.1 (mepma TeopemMa NMpPoO KOPiHB i3 cTemeH).
HAna 6ydv-axozo ac R i ke N sukonyrombvea pienocmi:

2k+W:a
%™ =|a

Hosedenna. Illob nosectu piBHicTs 2V x =y, mocTaTHLO IMOKa3aTH,
mo y*+1 = x. [lns mepiioi piBHOCTI, IO JOBOAUTRCS, X = a?*l, a y = a.
3Bigcu piBHicTs y?**1=x € oueBHAHOIO.

IITo6 mosectu piBmicTs X/x =y, mocTaTHBLO MOKaszaTu, mo y > 0
iy**=x. Hna ppyroi piBHOCTi, IO JOBOAUTHCS, MAEMO: |a >0

i(lal)?*=a*. <«

Teopema 5.2 (kopiub 3 1ob0yTrYy). AkwWo a>0ib=>0, neN,
n>1, mo

ab - ¥a -3

Hosedennsa. [lna Toro mob JoBeCcTH PiBHICTH {1/; =y, ne x =20,

IOCTAaTHBLO IOKasaTu, mo y = 0 i y"=x.
Maemo: % >0 i {‘/3 > 0. Togi 4/54/5 > 0. Kpim TorO,

(42 45 = (4a) - (45) =ab. <

Burkopucropyiouu Teopemy 5.2, MOKHA HMOKasaTH, 1110 Koau a < 0

ib<0, neN, n>1, 10 Yab = -a - Y-b.
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Teopema 5.3 (kopins i3 wactru). Akwo a >0 ib>0, neN,
n>1, mo

nl— —

b b

HoBemiTh 110 TeOpeMy CaMOCTiiHO.

n

. a -a
3ayBaxkumo, mo koau a <0 ib<0, neN, n>1, to nZ: .
n

Iy

Teopema 5.4 (ctenmins ropenda). Akwo a >0, neN, keN,
n>1, mo

(%)k =k

Ilosedenns. Avmio k=1, To piBHiCTB, 1110 JOBOAUTHCHA, € OUEBUJ-
HOIO.
Hexait £ > 1.

Maewmo: (&‘/Z)k=Q/Z-Q/E-...-¥/E=na-a-...-a=4/a7. <

k MHOMHUKIB k MHOKHUKIB

Teopema 5.5 (kopius 3 kopens). Akwo a >0, neN, kEeN,
n>1,k>1, mo

Yo ="fa

Hoeedernnasa. Maemo: Q/fﬁ > 0.
n n kE
Kpin roro, (Y¥a) =(("€/5) ) = (¥a) =a. «

Teopema 5.6 (1pyra TeopeMa npo KOPiHb i3 cTemeHH).
Axwo a >0, neN, keN, n>1, mo

Hoeedennasa. Akmo k=1, To piBHiCTH, II[0 JOBOJUTHCH, € OUEBU/-
HOIO.

Hexait £ > 1. Maemo: "{“/a_k=\"/'f/a_k =(‘/a_. |
MPUKNAL [ Cupocrits supas: 1) ¥a®; 2) 4a'?; 3) ¥a?; 4) §x°°,

akmo x 20 i y<O0.
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Pose’azannsa. 3acrocyemo Teopemu 5.5 i 5.1.

1) 3 ymoBu BumiauBae, mo a = 0. Toxi 1\2/(73 = \4/§/a_3 = %.
2) 4/a12 _ 4/(a3)4 :| a’ |

3) Ya> =YVa? =4 al.

4) YpaxoBywuu, mo x =2 0 i y <0, mo:xHa 3anmcarTu:

Yuy® =ay)’ =[xy |=|x|[y[=x (-y) = -xy. <

MPUKJIAL 2 BuHeciThb MHOXKHUK 3-ijg 3Haka Kopema: 1) ¥b*3;

2) ¥-b**; 3) Yab", axmpo a < 0.
Posze’sazanna. 1) 3 ymoBu BuUmImBae, mo b > 0.
Tomi ¥b* = ¥b*p® =|v° | ¥b® =0° - Y.
2) 3 ymoBu BumsiuBae, mo b < 0. Toxi

Yb* =g -by =|b° | -b° =—b° - Y-b°.

3) 3 ymoBU BHUILIUBAE, 110 b = 0.

Toxi ¥a’" =Ya’’ =|a||b| b =-abib. <

MPUKNAL 3 BHeciTh MHOKHUK IIiJi 3HAK KopeHaA: 1) —29/5;
2) aif7; 3) ¢V 4) 3b4/—§.

Poze’asannsa. 1) 283 =-464-43 = -§192.
2) dxmo a >0, TO aWZW'W=\4/7a4; axmo a < 0, To

a 47 = Yo' 47 = 414",
3) 3 yMOBU BUILIUBAE, IO Toxi cl{]/c77 =" - 19/6‘77 =N,

Toxi
b 4 4 b 4 b 4 5
3b14/—§ =-81b -4,/—5 =— 481b (_5) =-y-27b°. «

3
. . b-1
MPUKINAL 4 CxoporiTh apibd L
6
\/E +1
Po3e’a3aHHs. PO3KIaBIIIN YNCEJILHUK JAHOTO P00y HA MHOMKHU-
KU, OTPUMYEMO:

Bo-1_ () -1_(¥o-1) (Wo+1) oo |

9/1;+1_ 9/3+1 - 9/3+1

c20.
4) 3 ymoBU BUILIUBAE, 10 b < 0.
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Wab + é/g

10/ab

Pos38’a3anHA. 3 YMOBU BUILINBAE, IO YKCJA @ 1 b OOHAKOBOTO
3HaKa. Po3risaHeMo ABa BUOAAKH.

NMPUKNAL 5 Cxoporithk apid

Ilepmuit Bunagox: a>01ib> 0. Maemo:
1%+%_1%_10b+1%_1%_1% (10a+1%)_19/g+19/g
9 ab - 1% . 19/1; - 19/a_ . 1{)/3 - 1{)/5 :
Opyruit sunanok: a <0, b<0. Maewmo:
Wap+ 3o Wa- Y- (V) 9T (Ve -9) Wa-9p
o Ya s Ya ¥ | Ya

Bunamok, xoau a <0 i b <0, mokHa posraanyTu inakmie. Hexaii
a=-x,b=-y, ne x>0, y > 0. Maewmo:

1%+%=1{’/E+2/§=1{)/;.1{)/;_1{)/;.1{1/;=
1% Wxy 19y
I G ) I e T e )

. 4

MPUKIAL |6 Iosexits, mo 39+ /80 + 39— 80 = 3.

Poszs’aszannsa. Hexaii %/9 ++/80 + 3/9 —+/80 = x. Cxopucraemocs
tuM, 1o (a + b)*= a®+ b®+ 3ab (a + b).
Maewmo:

x* =9+ 80 +9-80 +3%9+ 80 - Y980 -(o+ 80 + Y9— V80).
3Bigcu x3=18 +3x; x*—3x—18=0.

Posrasuysmiu giabHUKY uncaa 18, HeCKJIaJHO YCTAHOBUTH, IO X = 3
€ KopeHeM JaHoro piBuaHHs. Ilogisusimm muorouieH x2 — 3x — 18 Ha
IBOUJIEH X — 3, oTpuMyeMO: x%+ 3x + 6.

Maemo: (x — 3) (x2+ 3x +6)=0.

Ile piBHAHHA Mae equHUI KOpPiHb x = 3. <

I BMPABMU

5.1.° 3HaligiTh 3HaUeHHSA BUPAa3y:

1) 42 48; 2) %; 3) ¥6+/3+10 - ¥6/3 - 10.
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5.2.° Yomy mopiBHIOE 3HAUEHHSA BUPA3Y:

1) ¥25 - 45, 2) %; 3) {217 +10 - /2417 - 102

5.3.° BuneciTh MHOKHUK 3-IIi[T 3HaKa KOPEH:

1) 4162; 2) ¥/250; 3) §~a"; 4) Y-54a%°.
5.4.° BuHeciTh MHOXKHUK 3-IIiJT 3HAKA KOPEHS:

1) 4/80; 2) ¥/432; 3) 3f544°; 4) Y243p°c*.
5.5.° BueciTh MHOKHUK ITiJ 3HAK KOPEHS:

1) 4 ¥5; 2) —1040,271; 3) 530,04x;  4) b¥/3b°.
5.6.° BHeciTh MHOKHUK IIiJl 3HAK KOPEHS:

1) 0,25 /320; 2) 2 41; 3) 5 Y4a; 4) 2x*3/0,25x" .
5.7.° CrpocriTh Bupas:

) 382 2) Yotk 3) Y’ ¥x’; 4 {24242.
5.8.° CpocriTh BUpas:

1) i}/ﬁ; 2) M; 3) Y285 ) WW.
5.9.° CpocriTh Bupas:

1) (1+¥a+¥a?) (1-¥a); 2) (1+a) (1+4a) (1-¥a).
5.10.° Copocrits Bupas (\/E + \/E) (%+ %) (%+ %) (%— %)

5.11.° Croporits api6:

b b, y S et Jaulh
arth % VYoo + 86
) Yx-9 \/7+4\/;+16 2-32
e +3 x 64 o
5.12.° CroporiTh apib:
9/Z+1 Yab +Ya
1 30 -1 3) f f %) a?p? + 302
2) Jm ~4mn " avb - 6 3113
Ymn —n Jab i3

5.13.° IIpu AKMX 3HAUEHHAX @ BUKOHYETHCA PiBHICTH:

1) Ya-5)" =(Ya-5); 3) Yfa(a—1) = Ya§fd-a);
2) Yla-2' =(Ya-2); H¥a-2%3-a =122-a)(a-3)?
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5.14." Ilpu AKUX 3HAUEHHAX @ BUKOHYETHCA PiBHICTH:

) ¥Ya® =a; 2 Ya® =—a’; Yo' =(Ya); HYa’ =(¥=a)?
5.15." Ilpu AKuX 3HAUYEHHAX a i b BUKOHYEThCA PiBHICTH:

1) Yab =Y-a-Y-b; 2) Y=ab=Ya-Y-b; 8) Yab=-a-Y-b?
5.16." IIpu AKMX 3HAUEHHAX X BUKOHYETHCA PiBHICTH:

)Y —a=Yx-2-Yx+2; 2) Yx-3)T-2)=¥Yx-3-7-x?
5.17." Crupocrits Bupas:

1) ¥256k%, axmo k < 0; 3) Y81x%y*, axmpo y > 0;

2) Q/c?; 4) -1,2x$/64x*°, axmo x <O0.

5.18.° CpocTiTh BUpas:

1) V625a™; 3) W p*q*, axmo p > 0;
2) 40,00016*, axmo b > 0; 4) ¥'m*n®®, axmo m <0, n <O0.

5.19." BuneciTh MHOKHUK 3-IIiJ] 3HAKA KOPEHS:

1) V-m?®; 3) Va®b"?, axmpo a > 0; 5) Va'®b";
2) V32m™n'"; 4) §x%y", axmo x = 0; 6) Y-a*b™.

5.20.° BuHeciTh MHOKHUK 3-IIiJ] 3HAKA KOPEHs:
1) V324, axmpo a < 0; 3) Ya™v", arkmo a <0, b<0;

2) V-625a°; 4) Ya®b", axmo a > 0.

5.21.° BueciTh MHOMKHUK ITiJi 3HAK KOPEHS:
1) a¥2, axmo a > 0; 4) abiab®, axmo b < 0;

2) mn f|——; 5) b¥/6;
mn

3) ab ﬁ/%, akmo a >0, b<0; 6) a¥-a.
a

5.22.° BHeciTh MHOKHUK IIiJl 3HAK KOPEH:
3
1) ¢¥/3, axmo ¢ < 0; 2) a¥a; 3) absw/4_b5’ akmo a < 0; 4) av-a®.
a

5.23.° lloBemiTh, 1110 3HAUEHHSA BUPA3Y € IIiJIUM YHCJIOM:
1

1 1

+ +...+ .
2 a2+ 822 Y2 +ifa34 ¥ 89997 + /999 - 1000 + /1000
5.24." 3HalifiTh 3HaUeHHS BUPA3Y:

1) V10 -3-§19+6410; 2) J4+242 - {6-442.
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5.25.° 3ualigiTh 3HaUeHHA BUPA3Y:

1) §7-443 -Y2+3; 2) V26 -1-425+446.

5.26.° TTobynyiiTe rpadik QyHKIII:
) y=2x+¢x% 2 y=Y Y 3) y=Y’ -Ys".

5.27.° TlobynytiTe rpadik QyHKIII:

6/ 6
l)y:§/x_8—2x; 2) y=3Y-x-Y-x*; 3)y= x .
X
5.28." Posp’ it pisnanaa {(x—3)" +§(5-x)° = 2.

5.29." To6yayiire rpadix Gyrxnii y = §f(x+1)° +/(x - 3)*.
5.30.° CpocriTh BUpas:

) [Q/Zn 4%) Y+ ¥x Y2a+2 Va? -1

) 6 3 e ’ 3)

Ye-1 Yx-1) Yx-1 E{/\/(l_lﬁL\/aJrlﬁL2
Ja+1 a-1

(5

5.31.° loBeiTh TOTOKHICTb:

1)( 1 _9/5—1) Y2 Yx+1
Ser1 ¥Yx .3/;+26x+1 x
a+b Yab® -Xa®
N o e

a +b;
Vot

%/m+4\/m—4 -\/\/m—4+2 .m_4\/m
3/m—4\/m—4-§/m_2 m—38

5.32.” JloBeniTh, 110 3HAUEHHS BUPA3y € PAIliOHAJILHUM UHCJIOM:
1) Y7+52 +Y1-542; 2) 363 +10 - ¥6/3 - 10.

5.33." Jlosexite, mo 320+1442 + 20142 = 4.

5.34." Crpocrits supas (%2 +1)(92 +1)(32 +1)(¥2+1)(vV2 +1).

5.35.” Crpocrits supas (Ya +1)(¥a +1)-...-(Va +1).

5.36." Crpocrith Bupas /3" +13' -2+ 13" .22 + ...+ Y21,

3) =1.

5.37." Crpocrite Bupas /3" —1{/3'° .2 +1/3! . 22 — 4+ {2,
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* . . . . .
5.38." HaseniTh mpuKJIag TAaKOr0 MHOTOUJIEHA i3 IMijuMu Koedimienra-
MH, III0 YHUCJIO 3/5 + §/§ € 1IoT0 KOpeHeM.

5.39." IloBeniTh, [0 YMCIO 2+35 ¢ ippamionaabHUM.
5.40." loBeniTh piBHicCTSH

\/2+\/2+\/...+\/2+\/E =19%21 /3 + %2 3.

10 pagukaiis

CreniHb 3 paLl,iOHaﬂbHVIM MOKa3HNKOM
Ta NOro BfacTUBOCTI

HaragzaeMo 0o3HaUYeHHS CTelleHd 3 HATYPAJIbHUM IIOKA3HUKOM:
a"=a-a-...-a, neN, n>1;
%,—/

n MHOMKHUKIB
a'=a.

Bu 3maete, 1110 CTemiHb 3 HATYypaJbHUM MOKA3HUKOM MAae€ Taki
BJIACTUBOCTI:

1) a” -a" =a™"";

2)a™:a"=a™"", a#0, m>n;

3) (a™)" =a™;

4) (ab)"=a"b";

n n
5) (3) =2 b=o.
b b"

Ilismime Bu o3HalloMUJINCS 3 O3HAUEHHSAMMU CTeIeHS 3 HYJIbOBUM

IOKA3HUKOM i cTemeHsd i3 IiJIUM Bif’€MHUM IIOKAa3HUKOM:
a’=1, a # 0y
a1
a"=—,a#0, neN.
a

I1i o3HaueHHA Ay:Ke BAAJi: IPU TAKOMY IIiIXO/i BCi I’ ATH BJIACTUBOC-
Tel CTeleHa 3 HATYPAJIbHUM ITOKA3HUKOM 3aJIUIITUINCS CIIPaBeAIUBUMU
W IJIs CTeIeHs i3 IIINM IOKa3HHUKOM.

BBemeMo MOHATTA CcTemeHA 3 APOOOBUM ITOKA3HUKOM, TOOTO CTelle-

. m
Hs a", TOKA3HUK AKOr'0 € PAIliOHAJIbHUM YKCJIOM BULY ' = —, Ae m € Z,
n

neN, n>1. Bayxano 1e 3podUTH TakK, 100 CTEIEHIO 3 IPOOOBUM IIO-
Ka3HUKOM BaJIUINUJINCA IIPUTAMAHHUMM BCi BJIACTUBOCTI CTelleHs i3
miauM mokasHuKOM. IligKasKoro ajs IMOTPiOHOrO O3HAUEHHS MOKe
CJAYryBaTH TaKUM IIPUKJIAL.
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2
ITosHaummo uepes Xx IIyKaHe 3HAUEHHs cTemeHsa 23. YpaxoByioun
2

3
BJIACTHBICTE (a™)" = @™, MOKHA 3alHCATH: X° = (23) =2% Omxe, x — 1€
2

KyOiuHIit KopiHb i3 yucia 22, To6ro x = V2. Taxkum uuaOoM, 23 = /22,
IIi mipkyBanHA HifKa3yoOTh, 110 JOLLIBHO NMPUNHATU TaKe O3HA-
YyeHHS.

O3nauvenHa. CTemeHeM JOTATHOTO YHCJAa @ 3 pamioHaXb-

m
HUM NOKA3HUKOM 1, MOJAHUM y BHUIJIAAL —> ne meZ, neN,
n

n > 1, Ha3uBaOTH UKCcaO Va", TOOTO

ERF]

Il
5]

3 1 -1 3
Hampurnan, 57 = 5%, 35 =35 =3, 0,4% =0,41° =190,43.
3ayBaKuMO, II0 3HAUEHHS CTeIeHs a’, e ' — pallioHaJbHe YHCJIO,
He 3aJIeKUTh Bifl TOro, y BUTJIALL SKOTO APOOYy momamo uwmciyo r. ILle

m mk

MOJKHa MOKas3aTHW, BUKOPHUCTOBYMOUM piBHOocTi a" =4a™ i a™ =
- nklamk — n[am .

Crelrinb 3 OCHOBOIO, IKA JOPiBHIOE HYJII0, 03HAUAIOTH TIiJMIBKU MIJIs
JIOJATHOTO PaIliOHAJIBbHOTO MMOKA3HUKA.

Osnauennsa. 0" =0, ne meZ, neN.

1
3Bepraemo yBary, 1o, Hanpukjaaj, sanuc 0 2 He mae 3micry.

m

Harosiocumo, 1110 B 0O3HAYEHHSAX He HAEeThCA PO CTEIiHb a” [
1

a <0, manpurigan, supas (—2)° sajauInuBCcsS HeBU3HAYEHUM. Paszom

3 THM Bupa3 v—2 Mae 3MicT. BUHUKae IpPUPOAHEe BaIUTAHHA: YOMY 0
1

He BBaXKaTH, o ¥—2 = (—2)3 ? IToraseMo, II[0 TaKa JOMOBJIEHICTD IPH-
3BeJia 0 [0 CYIepeyHOCTi:

1 2
V-2=(-2° =(-2° = {-2° = 1.
Orpumaau, 10 Bif’€MHE YHCJIO -2 ITOPIBHIOE OOJAaTHOMY YWHC-

ny 4.
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dyHKIIiI0, AKY MOKHA 3agaTu Gopmysow y =x", r € (), HasUBAIOTH
cTeneHeBo (PYHKIi€I0 3 palioHAJbHUM IIOKA3HUKOM.
. .. m
AKmio HeckopoTHU# npidb —, meZ, neN, n>1, € gomaTHUM

n
m

YWCJIOM, TO O0JIACTIO BUSHAUeHHA QYHKINI y = X" € npoMixkok [0; +00);

a AKIo el api6 — Bixg’emHe umcio, To IpoMizKoK (0; +o0).
1
Dyukmia y=x%, keN, niuum He BigpisHserbcsa Bixm GyHKIiI
_1
. 2k+1 . o .
y=%x. ®ynaknii y=x"" i y="""Yx, keN, maoors pisui obaacti
Bu3HaueHHA. Tax, Ha TpoMisKKY [0; +00) o6uaBi i PyHKITII 36iratoThbes,

aJle Ha IPOMisKKy (—oco; 0) BU3HAUeHA JuIe QYHKOIA y = vx.
1 1
Ha pucynky 6.1 3o6paxkeHo rpadiku pyHrmin y=x2, y=x3,
1

y= xZ.
A
y 1
=| 42 [
Yy x /ﬁ_
= —[4-3
2 — Yy =X L
L1 T
e I R —— = jm—
1 — y= x4
I
0 1 x
Puc. 6.1

Ilokasxemo, IITO BJACTUBOCTI CTEHEHS i3 IIiJIMM IIOKA3HUKOM 3aJIl-
IIAIOTHCA CIIPABEAJIMBUMMU ¥ OJIsI CTEIIeHs 3 JOBIILHUM palioHAJIbLHUM
TOKa3HUKOM.

Teopema 6.1 (xo6yror crenenis). Jaa 6ydv-axozo a > 01i 6yde-
AKUX PAYIOHANBHUX YUCeN P i q 6UKOHYEMBCA Pi6HicMb

a’ -a? =aPt?

Hosedenna. 3anuiieMo parioHanbHi uncia p i ¢ y Buraani npobis
m k

3 OTHAKOBUMU 3HAMEHHUKaMUu: p=—, ¢=—, fe meZ, keZ, neN,
n n

n>1.
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m k
Maemo: a’-a’=a" -a® =Xa™ -¥Ya* =%a™ -a* =
k

m+k m

=Yqmt =g " =g " =g, <

Hacuinox. Ana 6ydv-axozo a >0 i 6ydv-1K020 payionanrvhozo
YUCna p 6UKOHYEMbCA Pi6HiCMb

Iosedenns. 3acrocoByroun Teopemy 6.1, sanuinemo: a?-a? =a?*P =

1
=a’=1. 3Bincu a’ =—. <
aP

Teopema 6.2 (uactra cremenis). Jaa 6ydv-akozo a >0 ma
6y0v-aKux payioHanLbHUX YUCel P i q 6UKOHYEMbCA Pi6HiCMb

a’:a? =a"1

ITosedenns. 3acrocoByouum Teopemy 6.1, 3samumemo:
a’-a’ " =a’P" " =q”, 3Bigcu a’ 1=a’: al. 4

Teopema 6.3 (ctenmias cremeunsn). [Jaa 6ydv-akozo a >0 ma
6y0v-aKuXx PayioHANbHUX YUCeL P i  6UKOHYEMbCA Pi6HICMb

(a?)? = a™

. m . s
Hosedenna. Hexait p=—, meZ, neN, n>1, i q=;,
n

knf _ms

= a :akn:a

Teopema 6.4 (cteminp AOOYTKY i cremins uactku). Jas
6ydv-akux a>0i b>0 ma 6ydv-1K020 paAyioHaAIbHOZ0 YUCAA P 6U-
KOHYIOmMbcAa piéHOCMi:

(ab)? = a’b”

HoBeniTs 1(0 TeopeMy CaMOCTiHiHO.
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MPUKNAL 1 IlobynyiiTe rpadik GyHKIII

1 -3

f(x)= (x 3) .

Poszs’a3annsa. ObaacTio BusHaueHHA QyHKIIT
f € muoxkuna (0; +00). lany pyHKIII0O MOMKHA 3a-
matu rakumu ymoBamu: f(x)=x, D(f)=(0; +o0).
I'padix pyHKIiI 300parkeHo Ha pUCYHKY 6.2. <

PosrisiHemMo IpUKJIagU, V SKUX BUKOHYIOTHCS
TOTOXKHi IIepeTBOPeHHSA BUPA3iB, 1[0 MiCTATH CTe- Puc. 6.2
IeHi 3 palioHaJIbHUM IIOKA3HUKOM.

5 11 1 1

b6 4 3p2et 93 _163
MPUKNAL |2 Croporirs api6: 1) 20 ¢, gy 32 718

b® —9c? 43 93

Poszs’azanHasa. 1) PoskinaBiiu uncelbHUK 1 3HaAMEHHUK Apo0y Ha
MHOKHUKHU, OTPUMYEMO:

50 11 i1 1 1
b +3b%ct b2(b3+3c4) b2

2 1 1 1 1 1 1 1
b3 —9¢? (b3 —304) (b3 +3c4) b3 —3c*

| =

1 1 i1 1 1
323 162 163 (23 —1) _16° (16)3 _g

2) Maemo: ——— T T =2. 4
45 —23 23 (25 - 1) 23
I BMPABU
6.1.° 3HaligiTh 3HAUEHHS BHUPA3y:
1 1 4
1) 42 2) 0,216 3; 3) 273; 4) 32702,
6.2.° Yomy mopiBHIOE 3HAUEHHSA BUPAa3y:
1 1 1\ 2 2
1) 83; 2) 100004; 3) (Z) ; 4) 0,125 3?
6.3.° 3ualigiTe 00JIaCcTh BU3HAUEHHS (PDYHKILII:
5 1
1) y=x°% 2) y=(x—3)*5% 3) y=(x*-6x-7)°.

6.4.° 3HaligiTe 00JIaCTh BU3HAUEHHS (DYHKIII:
2 7 4

1) y=x % 2) y=(x+1) 2 3) y=(x" —x-30)'5.



60 § 2. CTENEHEBA ®YHKLLIS

6.5.° BuHalimiTh 3HaUEeHHA BUPAa3y:
1\ 1o 1\t
1) (4—9) ;0 2) 82:2% 3) 36™ -6 4) (4 8) -16°°.
6.6.° Yomy mopiBHIOE 3HAUEHHS BUPA3y:

3\"3 25
1) 5*>* .58 .526,  9) (7078 . 776, 3) (97) ; 4) (2?) -1,4%°?

6.7.° Bimomo, 1110 @ — gomatue uwucyo. [lomaiite a y Buraami: 1) kyoa;
2) BOCBMOTO CTEIIeHA.

6.8.° Bigomo, 1110 b — goxartue umcesao. [logaiiTe y Buriami kyba Bupas:
1 7

1 — —
1) b%; 2) b?; 3) b5 4) b1,

6.9.° PoskpuiiTe Ny:KKH:
1 1
1) (a®® = 3b%?) (2a°° + b?); 4) (a3 +a?
11y 11
2) (a3+b3) ; 5) (aﬁ+b6)
2 4 2 2
3) (b%* + 3)% — 6b%%; 6) (x" —1)(x9 +x° + 1)(x3 + 1).

6.10.° PoskpuiiTe Oy:KKU:

1 IRV 1 1 1 1
1) (a3 —-5b 4)((13 +5b 4); 3) (x‘i +2)(x3 —2x¢ +4);
4 2)? 1 1 1
2) (b3 -b 3) ; 4) (a8 —1)(a4 +1)(a8 +1).
6.11.° CxopoTits apib:
2 11 2 3 1
a—4b 4¢3 —12c¢%d?® +9d? a* +7a?
1) —05 g0 3) T1 ;9
2¢3 —3d? a—49a?
1 1 1 1
a-b m2 —n? 305 - 6°
2) ) = 6) =/
ab? +a?b m? —n? 105 - 25
6.12.° CxopoTiTs mpib:
1 7 5
a+2a® x0yPP - PP mb —36m®
D ——— 3) —x+2x0’5y0’5+y; ) —t— 1
a® +2 m2 —6m?
1 1
a-b a-125 244 — g4
2) L0 19 L, 6) 248"

a—a?b a?—25 64 — 24





