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. Bip aBTOpIB

JIIOBI AECATUKJTACHUKN!

Bu mouwmmaere BuBUaTH HOBUI IIKIiJIBHWUN HIpeaMeT — ajaredpy
i mouaTku aHaJi3y.

Ileit mpeamer HamsBUUANHO BaskauBuii. MaOyTh, HeMa€e ChOTOIHI
Takol ranysi Hayku, ge 60 He 3aCTOCOBYBAJIMCS MOCSATHEHHS I[HOTO
posainy marematuku. ®PisuKm Ta XiMikm, acTpoHomu Ta 6ioJiorwu,
reorpau Ta eKOHOMICTM, HABiTh MOBO3HABIII Ta iCTOPUKHU BUKOPU-
CTOBYIOTh «MATE€MATUUYHUI iHCTPYMEHT».

Anrebpa i mouaTKM aHANI3y — KOPHUCHUU i AysKe I[iKaBUU Hpe/-
MeT, IKMHA PO3BUBAE aHAJIITUYHE i JIOTiUHe MUCJIeHHSA, JOCIIIHUIbK
HABUYKM, MATEMATUUYHY KYJIbTYPY, KMIiT/JIUBIiCTS.

Bu 3pobuin cepiio3Hmii JKUTTEBUN KPOK: BUPILININ IIPOJOBKUTHI
ocBiTYy B mpo(isbHOMY KJaci, e MaTeMaTHKa BUBUAETHCSA HA IIiABU-
mieHoMmy piBHi. Mu BiTaemo Bac 3 1M BHOOPOM i clogiBaeMocs, IO
BU HE PO3YapyeTecs Yy CBOEMY PillleHHi.

Hasuarucsa B mpodinbHOMY KJaci He mpocTto. IToTpibHO OyTH Hamo-
JIETJINBUM 1 3aB3STUM, YBAXKHUM 1 aKypaTHUM, IPU I[LOMY HANTOJIOB-
Hilre — He OyTH 0AWAYyKUM O MAaTEeMATHUKHU, a JIOOUTHU II0 KPACHUBY
Hayky. CrmomiBaemocs, 1o Bu 3 iHTepecoM OymeTe 3aCBOIOBATU HOBi
3HanHA. Mu MaeMo HaIiio, IO I[LOMY CIPHUATHUME IiAPYYHUK, AKUHA
Bu TpuMaeTe. O3HailioMmTecs, Oyab JacKa, 3 MOro CTPYKTYPOIO.

IligpyuHuk posmgijieHo Ha I’ ATk nmaparpadis, KOXKHUN 3 IKUX CKJA-
IAaeThCA 3 IIYHKTIB. ¥ IMYHKTAX BUKJAJEHO TEOPETHUYHHI MaTepial.
Oco6suBy yBary 3BepTaiiTe Ha TEKCT, BUJIJICHUN SKHUPHUM ULPUGMOM.
Takoyk He 3ajuITIaiiTe II03a yBAarol CJIOBA, HANPYKOBAHI KYPCUBOM.

3a3Buuail BUKJAJ TEOPETHUYHOrO MAaTepiajy 3aBepIIyeETbCS IPHU-
KJazaMu po3B’aA3yBaHHA 3amad. [[i sammcu MoKHA PO3TIAAATH AK
OIUH 3 MOKJNUBUX 3PasKiB opopMIeHHS PO3B’AI3aHHA.

Jo KOKHOTO MyHKTY HimiépaHo 3amadi AJjid caMOCTiiHOTO PO3B’s-
3yBaHHfA, MPUCTYIATH 00 AKUX PAJUMO JIKIIE MiCJasA 3aCBOEHHS
TeopeTuuHOTro Martepiaay. Cepen 3aBmaHb € SIK IIPOCTi ¥ cepenHi 3a
CKJIQIHICTIO BIIpaBU, TakK i cKJaamHi 3amadi (ocobamBO Ti, AKi mosHa-
YeHOo 3ipoukomo (¥)).

Kpim Toro, y miipyyHuKy Bu 3MOKETe IPOUMUTATH OIOBimamHs
3 icTopii MaTeMaTHUKM, 30KpPeMAa IIPO AisIbHICTL BUAATHUX YKPAIHCBKUX
maTemaTukiB. HasBu mux omoBigaHb HAAPYKOBAHO CUHIM KOJHLOPOM.

Hepsatite! Baxxaemo ycmixy!



Bin aBTOpIB

LLUAHOBHI KOJIET !

Mu sHaemo, IO IIiATOTOBKA M0 YPOKY B KJaci 3 IIiABUIIIEHUM PiB-
HeM BHUKJIaJJaHHS MaTeMaTUKU — poboTa Hejerka. OpraHisaiiisa Takoro
HABYAJBHOTO IIPOIIECY BUMATAE BeJIUKUX 3YCUJIb YUUTEIA, AKU Gop-
My€e HaBUAJbHUI MaTepiaJy 1o KpUXTax, 36uparouu H#oro B 6araTbox
nociouukax. Mu cmomiBaemocs, 1Mo Ieii MiAPpYyYHUK cTaHe HaTiliHUM
MOMIYHUKOM y Ballli#i HeJIeTKil i masaxerHi# mparti, i 6ygeMo mupo
pani, AKINO BiH BaM CIIOJ006a€THC.

Y xkHU3i nibpano obmIMPHUH i pisHOMaHITHUIN AMTAKTUYHUN Ma-
rTepias. IIpoTe 3a onmmH HaBUAJNBHUU PiK yci 3amaui pos3B’s3aTu He-
MOJKJINBO, Ta B IIbOMY I HeMae moTpedu. Pasom 3 Tum HabaraTo 3pyd-
HiIlle mpaIoBaTu, KOJIU € 3HAYHUI 3amac 3ajgad. Ile mae MOXKJIUBiCTH
peaJidyBaTu IpPUHIMON PiBHEBOI AudepeHItiamnii Ta iHAMBiAyaJIbHOTO
OigXoay B HaBYaHHI.

YepBOHUM KOJHOPOM IIO3HAUEHO HOMEPH 3ajadu, M0 PEKOMEHIY-
I0ThCA IJIA TOMAITHBOI poOOTH, CHHIM KOJHOPOM — HOMEpU 3aaad,
AKi 3 ypaxyBaHHAM iHAUBiAYyaJbHUX OCOOJMBOCTEH YUHIB KJacy Ha
PO3CYI YUUTeIA MOXKHA PO3B’sI3yBATH YCHO.

Baxaemo TBopUOro HaTXHEHHA i1 TepHiHHA.

. YMOBHi NO3Ha4YeHHS

. 3aBJIaHHS, II0 BiIIIOBiJal0Th TOYAaTKOBOMY i CEpeIHbOMY

n PiBHAM HaBUAJNBLHUX JOCATHEHD;
. 3aBJaHHA, IO BiATIOBifAIOTH MOCTATHHOMY DPiBHIO Ha-
n BUAJIBHUX JOCATHEHbD;
v 3aBIaHHSA, 1[0 BiJIOBiJal0OTh BUCOKOMY PiBHIO HaBYAaJIb-
n HUX JOCATHEHD;
n* 3aJadi I1Id MaTeMaTUYHUX TYPTKiB i haKyIbTaTHUBIB;
O—o 3ajgadi, y HKI/‘I)X OTpI/IMaIfO pesy.flb"l‘.aT, 10 MOJKe OyTu
BUKOPUCTAHUI HpU Po3B’A3yBaHHI iHIIUX 3amad;
A 3aKiHUYeHHS JOBeNeHHS TeOpeMU;

Lé pyopuka «Komu 3pobieHo YPOKM!».
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§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

. MHoXVHa Ta 11 enemMmeHTU

Mu yacTo roBopuMO: KOCAK pu0; 3rpasi IITaxiB; piit 64:KiT; KOJIeK-
I[isg MapoK; 3i0paHHs KapTuH; HAOIp py4yoK; OyKeT KBiTiB; KoMIIaHisa
IPY3iB; MapK MaIllnH; OTapa OBeIlb.

SKmIo B mx mapax IlepeTacyBaTH IIEPII CJIOBA, TO MOYKe BUUTU
cmimrao. Hanpukaazg, OyKeT oBellb, KOCAK KapTUH, KOJIEKIiA APYy3iB
To1ro. BogHouac TaKi CJIOBOCIONIYUEHHSA, K KOJEKI[id prb, KOJEeKIia
KapTuUH, KOJEKIiA PYYOK, KOJEKI[is MAIIIUH TOIO, JOCTATHBLO IIPU-
HaTtHi. CupaBa B TOMY, ITIO CJO0BO «KOJEKI[isI» JOCUTH YHiBepcaabHE.
OpHak y MaTeMaTHIli € OiJIbIII BCEOCSIKHE CJI0OBO, IKMM MOXKHA 3aMiHN-
T OyAb-AKe 3 IePIIuX CJIiB y HaBeAeHUX mapax. Ile cjioBo MHOKHMHA.

Hasenmemo 1m1e KisbKa OpPUKJIAAiB MHOMKUH:

e MHOMKWHA YYHiB BaIlloro KJAacy;

e wMHOxKuHA 1aneT CoHsTYHOI cucTemMu;

e MHOKHHA ABOIUMPOBUX UMCEJ;

e MHOXKHMHA map uwucea (x; y), AKi € po3B’A3KaMu PiBHAHHS

x+yt=1.

Oxkpemi HaBaKJIUBIII MHOMXKWHN MalOTh 3araJIbHOIPUNHATI Ha-
3BU Ta IIO3HAUEHHS:

¢ MHOKMHA TOYOK ILJIOIUHU — reoMeTpudHa (pirypa;

e MHOMWHA TOYOK, AKUM IIpUTaMaHHA HeBHA BJIAaCTUBiCTH, —

reomerpuuyHe micie Touok (I'MT);

e MHOKMHA 3HAUEHb apryMeHTy QMYHKII f — o6aacTs BU3HAYEH-

Ha QyHKUii f, AKy mosnauaioTs D (f);

e MHOMWHA 3HaUeHb (QYHKIII f/ — ob6aacTh 3HAYEeHDb (QYHKIIT f,
Ky mosuHauaoTh E (f);

MHOKHHA HATYPAJIbHUX YHUCE], AKY II03HAYAIOTh OYKBOIO N;
MHOMKHWHA IIJINX YKUCes, IKYy II03HAUYal0Th OYKBOIO 7Z;
MHOKWHA PallioHAJIbHUX YMCEJ, IKY IT03HAUaioTh O0YKBOIO (Q;
MHOKHMHA TiNCHUX YMCeJI, Ky II03HAUalTh OyKBOO R.

Muoxuuu N, Z, Q, R — mpurjagy 4ucIOBUX MHOKNH. TaKox
MPUKJIaAaMU YHUCJIOBUX MHOYKUH € YMCJIOBi mpomiskku. Hanpukaan,
mpomiskku [—3; 2], (5; +0), (—o0; —4] € YNCIOBUMU MHOKUHAMU.

fAx mpaBmiIOo, MHOKHHHN I[I03HAYAIOTH BEJINKUMU JIATUHCHBKUMU
airepamu: A, B, C, D To1ro.

00’eKTH, AKi CKJIaJaI0Th MHOKUHY, HA3UBAIOTH eJIeMeHTaAMH ITiel
MHOXUHU. 3a3BUYaAl eJIeMeHTH IT03HAYaIOTh MAJUMU JATUHChKUMU
Jirepamu: a, b, ¢, d ToIro.

SAKIo a HaJeXUTh MHOMKUHI A, TO nmumyTh a € A (UUTAIOTh:
«a HaJNeXUTh MHOXUHI A»). AKIM0o b He HaANEKUTh MHOMUHI A,
TO MUIIYTh b ¢ A (UUTAIOTh: «b He HAJIEKUTh MHOKUHI A»).
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1. MHOXWHa Ta 1T enemMeHTn

Hanpukman, 12 € N, -3 ¢ N, %e@, geZ.

SAxmio MmHOKMHA A CKJIAJaeThcAd 3 TPHOX eJeMeHTiB a, b, ¢, TO
numyTth A = {a, b, c}.

Hanpuraazn, aximo M — MHOMKUHA HATYPaJbHUX TiMBHUKIB UMC-
ga 6, ro nmumyts M = {1, 2, 3, 6}. MHOKUHaA OiIbHUKIB umciaa 6,
AKi € CKIaJeHMMHU 4YKMCIaMM, Mae€ Takui Buriaazn: {6}. Ile mpuximan
OHOEJEeMEHTHOI MHOKUHMU.

IlosHaueHHA MHOMKUHHN 3a JOIIOMOT0I0 (irypHUX AYVKOK, Y AKUX
YVKa3aHO CHOHCOK ii eJeMeHTiB, € 3PpYyUYHUM y THUX BHUIIAAKaX, KOJU
MHOJKMHA CKJIAJAEThCs 3 HEeBeJIMKOI KiJIbKOCTi ejleMeHTiB.

Osunauvennsa. /IBi mHOKkuHN A i B HAa3MBaIOTh PiBHUMMU, SKIIO
BOHHM CKJIAZAIOTHCH 3 OJHMUX 1 THX CaMHUX €JIEMEHTIiB, TOOTO KOMKHUI
eJIeMEeHT MHOKMHM A HaJIeKUTh MHOXKHHI B i, HaBmaku, KOKHMIA
eJIieMeHT MHOKUHU B HalIe:KuTh MHOKHHI A.

Axmo muokuHU A i B piBHi, To numyTts A = B.

3 03HAUYEHHA BUILJIUBAE, 10 MHOMCUHA 00HO3HAUHO 6U3HAULAEMDb-
ca ceoimu enemenmamu. SIKIO MHOKUHY 3aIlMCAHO 32 JOIIOMOI'OIO
(irypHEUX OYyKOK, TO MOPSIOK, V AKOMY BUIKCAHO Ii eJIeMeHTH, He
Mae 3HaueHHs. Tak, MHOMKIHA, AKa CKJIAJAEThCSI 3 TPHOX €JIEMEHTiB
a, b, ¢, IpuUMycKae IIIicTh BapiaHTiB 3amucy:

{a, b, ¢}, {a, c, b}, {b, a, c}, {b, c, a}, {c, a, b}, {c, b, a}.

OcKinbKHU 3 O3HAUEHHS PiBHUX MHOYKUWH BUILIWBAE, 110, HAIIPU-
Kaanm, {a, b, ¢} = {a, a, b, ¢}, To HagaTi OymEeMO PO3TIALATH MHOMKUHH,
AKi ckJIamaioThcAa 3 pisHuUxX eixeMmeHTiB. Tax, MHOMMHA OYKB CJIOBaA
«IapoBapu» Mae€ BurJjdAx {ui, a, p, 0, B, H}.

SayBaskumo, 1o {a} # {{a}}. Cupasai, MHOXUHA {a} CKJIATaETh-
cs1 3 OMHOTO eJIeMeHTa a; MHOXKMHA {{a}} cKIagaeTbCa 3 OJHOTrO eJie-
MEeHTa — MHOXKUHHU {a}.

Haiiuacrimre MHOMKUHY 3aJal0Th OJHUM i3 JBOX TaKHX CIIOCOOiB.

ITepwuii cnoci6 monArae B TOMy, II0 MHOKUHY 3aJal0Th YKa3aH-
HaAM (mepesikom) ycix ii emementiB. Mu BiKe BUKODPUCTOBYBAJIMU el
cIocio, 3amrcyun MHOMKUHY 34 JOIIOMOr00 (GirypHuX AYV:KOK, Y SKUX
3a3HavYaJIi CIUCOK Ii eJJeMeHTiB. 3p03yMijio, 110 He BCAKY MHOMKUHY
MOJKHA 3aJaTU B TaKUii croci6. Hanmpukian, MHOKUHY HapHUX UKCET
TaK 3aJaTyh He MOXKHA.

Ipyzuil cnoci6 mosArae B TOMY, IIIO 33JAa€THCSA XapaKTePUCTHYHA
BJACTHUBICTH €JIeMEeHTiB MHOMKWHM, TOOTO BJIACTUBICTH, sSKa IIPUTA-
MaHHA BCiM ejeMeHTaM OaHOI MHOMKUHU 1 Tinmbku im. Hampuxiaan,
BJIACTUBICTh «HATypajJbHE UMCJO IPU AijleHHI Ha 2 mae B octaui 1»
3a/la€ MHOKUHY HEIapHUX YKCeJ.
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§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

Ao x — moBiMBHUI eeMeHT MHOMKUHU A, AKY 3aJaHO 3a [I0-

A ={x]|...}. Tyr micia BepTMKAaIbHOI PUCKHU BKa3ylOTh XapaKTepuc-

TUYHY BJIACTUBICTb, AKill Mae 3aJ0BOJBHATH €JIE€MEHT X, 1100 HaJje-

JKaTu MHOMKUHI A.

PoariareMo Kinbka IpUKJIAIIB.

o {x|x=38n,n e N} — MHO:KUHA HATYDPAJIbHUX UHUCE], KDATHUX 3.

o {x|x(x*- 1) =0} — MHOKXMHA KopeHiB piBHAHHA x (x* — 1) = 0. ITa
MHOKMHA qopiBHIOE MHOMUHI {—1, 0, 1}, Ky, Y CBOIO Uepry, MO-
Ha 3aJjlaTH 3a JOIOMOTOI0 iHIIIOI XapaKTePUCTUYHOI BJIACTUBOCTI:

x|xeZ, |x|<2}
Tomy MokHa 3amucaru, mo {x | x (x* — 1) = 0} =
={x|xeZ |x|<2.

o Hexaii (x; y) — KoopaunaTu Touku. Toi MHOKUHA ToUoK {(x; y) |y =
=2x — 1, x — Oyab-AKe YMCJI0} — IpsAMa, AKa € rpadikom GyHKIiT
y=2x-—1.

Vsarari, A8 TOUOK KOOPAMHATHOI ILJTONUHN MHOXKUHA {(x; ¥) |y =

=f (x), x € D (f)} — ne rpadix Gynrmii f.

Y reomerpii, 3aaroun MHOMKMHY TOYOK 3a JOIOMOTOI0 XapaKTe-

PUCTUYHOI BJIaCTUBOCTi, TUM camMuM 3amaioTs 'MT.

o Sfxmo A, B — paHi TOUuKU mjomMHU, X — OOBiJIbHA TOUKAa ITiel
mwiromueEn, To MEHOkuHA {X | XA = XB} — cepefMHHUIt mepreH-
IUKYJSp Bigpiska AB.

SKIMo 3aaBaTy MHOMKMHY XapaKTEPUCTUYHOIO BJIACTUBICTIO 1i esre-

MEHTiB, TO MOXKe CTaTHCS, II[0 JKOAHII 00’€KT TaKOl BJIACTHUBOCTI HE MAae.
PosriisaeMo mpuKJIamgu.

e MHOXWHA TPUKYTHUKIB, CTOPOHU AKWUX IIPOIOPILiiiHi yncaam 1, 2, 5.
3 HepiBHOCTiI TPUKYTHUKA BUILJIUBAE, 10 II5T MHOYKUHA HE MiCTUTH
JKOJTHOTO eJieMeHTa.

o Tlosmaummo uepes A MHOKUHY YUHiB BaIloro KJjacy, AKi € maii-
cTpamu cIopry 3 maxiB. Mo)Kke BUABUTHCS, 110 MHOYKIHA A TaKOK
He MiCTUTBH JKOTHOTO eJieMeHTa.

e Posraamamum MHOXKWHY KOPEHIB AOBiJIBHOTO PiBHAHHSA, CJIif
mepeadaunTy CUTYallilo, KOJIU PiBHAHHS KOpPEHiB He Mae.
HaBenmeni mpukjgaaym BKas3yoOTh Ha Te, IO 3PYYHO OO0 CYKYIHOCTI

MHOKWH BiHECTU Ie OAHY OCOOJMBY MHOMKUHY, AKa HE MiCTUTh

JKOJHOTO eJleMeHTa. 1i HasMBaIOTh NMOPO'KHEOI0 MHOKMHOIO i ITO3HA-

YaioTh CUMBOJOM .

Hanpukaan, {x |0x =2} ={x|x e N, x < 1} = .
3asHaumMo, 10 MHOKNHA {J} He € MOPOXKHBLOI. BoHa MicTHUTHL
OIVH eJIeMeHT — TOPOKHIO MHOMKUHY.
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1. MHOXWHa Ta 1T enemMeHTn

MPUKNAL ' IosexmiTh, 110 MHOMKHHA A BCiX IMapHUX HATypPaJbHUX
YuceJ JOPiBHIOE MHOMKHMHI B uwmces, sKi MOKHa IOJaTH y BUIJIAIL
CYyMHU ABOX HeIapHUX HATypPaJbHUX UUCEJI.

Pos3es’aszannsa. Hexant x € A. Toxi moskHa 3anucaTu, 1o x = 2m,
ne m — HaTypaJbHe umcyo. Maemo: x = 2m = (2m — 1) + 1. Orxe,
x € B.

Tenmep mpumyctumo, mo x € B. Tomi x =(2n — 1) + (2k — 1),
ne n i kK — HarypaabHi umcaa. Maemo: x =2n -1+ 2k -1 =
=2(n+ k—1). Omxe, x € A.

Maemo: akio x € A, To x € B, 1 maBnmaku, akumio x € B, To x € A.
3Bingcu A = B.

t BnipaBu

1.” fIx HasMBaAOThL MHOMKMUHY TOYOK KyTa, PiBHOBiAZAIEHWX Bija #OTO
cropiu?

2." fIx Ha3uBaIOTh MHOMUHY BOBKIB, AKi HiJKOPIOIOTHCA OJHOMY
BaTaXKy?

3.” HasBiTh sKy-HeOyAb MHOMKUHY 3alOPi3bKUX KO3aKiB.

4. fIx Ha3sMBAIOTh MHOKHMHY BUNTEJIB, AKi IpaIiowTh B ONHii
ITKOJIi?

5.” IlocraBTe 3aMicTb 3ipoukm 3HaK € abo ¢ Tak, I[00 OTPUMATH
MIpaBUJIbHE TBEPAKEHHS:

1) 5 % N; 3) -5 * Q; 5)3,14 ¥ Q;  7) V2*R;
2) 0 # N; 4) _%*z; 6)  * Q; 8) V3+ 0.

6.° Mano dyukmio f (x) = x* + 1. ITocraBTe 3aMicTh 3ipoUYKM 3HAK €
abo ¢ Tak, 1100 OTpUMAaTH IIPaBUJIbHE TBePIKEHHS:

1) 3 * D (); 3) 0 * E (); 5) 1,01 * E (f).
2) 0 = D (f); 4) LHE();
7. {Iki 3 HACTYIHUX TBEPAKEHDb € IPABUILHUMMU:
1)1e{l1, 23} 3) {1} € {1, 2}; 5) @ ¢ {1, 2};
2)1 ¢ {1} 4) {1} e {{1} 6) @ € {D}?
8." BanuiriTe MHOMXUHY KOPEHIB PiBHAHHS:
1) x (x—1)=0; 3)x=2
2) (x — 2) (x* — 4) = 0; 4) x* +3=0.

9



§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

9.° 3agaiiTe mepeIiKoM ejleMeHTiB MHOMKUHY:
1) mpaBunbHUX OpPOOIB 31 BHAMEHHUKOM 7}
2) mpaBuJabHUX APO6iB, 3BHAMEHHUK AKUX HE IEePeBUIYe 4;
3) OYKB y CJIOBi «MaTemMaTuKa»;
4) nudp uucaa 5555.

10.” BagaiiTe mepeiKOM €JIeMEHTIB MHOMKUHY:
DA={x|xeN, x*>-1=0}
2)B={x|xeZ,|x|<3}
3)C={x|xeN,x<15,x="Tk, k € Z}.

11.° 3agaiiTe mepeIiKoM eJIeMeHTiB MHOKUHY:
DA={x|xeZ,x(2|x|—1)=0}
2)B={x|xeN,-3<x <2}

12." Yu piBHi MHOXKUHU A i B, SKIO:
1)A={1, 2}, B={2, 1}; 3) A ={1}, B={{1}}?
2) A={(1; 0)}, B={(0; 1)};
13." Yu piBui MHOXKuHMN A i B, AKII0:
1) A=[-1; 2), B=(-1; 2];
2) A — MHOKXUHA KOpeHiB piBHaHHA | x | = x, B = [0; +©);
3) A — MHOXWHA YOTUPUKYTHUKIB, y AKUX IIPOTUJIEKHI CTOPO-
HU MHOMNapHO PiBHi; B — MHOMKMHA YOTHUPUKYTHUKIB, V SAKUX
miaroHaji TOYKOIO IIEPeTHUHY AiJIAThCsS HaBIIia?

14.° fIKi 3 HACTYIIHNX MHOMXHH JOPiBHIOIOTEH IIOPOMKHIA MHOMMHI:
1) MHOXWHA TPUKYTHUKIB, cyMa KYyTiB AKUX AopiBHIOE 181°;
2) MHOMKWHA TipChbKUX BepIUH 3aBBUIKU mmoHan 8800 m;
3) MHOXKHWHA TOCTPOKYTHUX TPUKYTHUKIB, MeliaHa SKUX HOPiBHIOE
IIOJIOBUHI CTOPOHMH, [0 SIKOI BOHA IIPOBENEHA;
4) MHOKUHA QYHKIIiH, rpadikoM AKUX € KOJ0?

15.° Hexait O — sagana touka miaomnuuu. 11{o sBisie cO00I0 MHOMKHUHA
TouoK M 11iei rroinuHu:
1) {M | OM = 3 cwm}; 3) {M | OM < 5 cm}?
2) {M | OM > 5 cm};

16.° fIki 3 HaBeJeHNX MHOYKHH JOPIBHIOIOTH MOPOMKHINA MHOMIHI:
1) A:{x|er, %x—Z:O}; 4)D={x|3x"+5x*+7=0}

2)B={x|x=#x}; 5)E = {x|x>|x|}?
) C={x|xeZ|x|<1};
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2. MigMHoXMHa. Onepadii Haf, MHOXMHAMMN

. MigMmHoXXUMHa. Onepauii Hag MHOXUHaMU

Posrnauemo MHOXUHY IUdp JecATKOBOI cCUCTeMU YUCJIEeHHSA
A={0,1, 2, 38, 4, 5, 6, 7, 8, 9}. BuokpemMumo 3 MHOXUHH A Ti
ii ememeHTH, AKi € mapHuMu nudppamu. OTpuMaeMO MHOKUHY
B=1{0, 2, 4, 6, 8}, yci e1eMeHT: AKOI € eJIeMEHTAMMN MHOKUHU A.

Osuvauvenna Muoxuny B Ha3suBalOTh MiTMHO KU HOI MHOKUHA A,
AKINO KOKHUM eJIeMeHT MHOKUHU B € ejleMeHTOM MHOKMHHN A.

ITe samucyoTh Tak: B — A a60o A © B (UUTaoTh: «MHOKKUHA B € mia-
MHOKWHOIO MHOKUHU A» a00 «MHOKUHA A MiCTUTH MHOXKUHY B»).
Posrimanemo nmpurgagm:

e NcZ,ZcQ,QoN,QcR; A C B
2 1],

. {x|2x—1=0}c{x|x :Z}’ Puc. 1

o {a} c{a, b};

e MHOKMHA YYHIiB BaIllOr0o KJIAacy € MiAMHOMKWHOIO MHOXKUHU YUHIB

BaIIloi IIKOJIN;

e MHOYKMHA CCABIIiB € MiAMHOMKNHOIO MHOYKUHN XPEeOeTHUX;
e MHOXMHA TOUOK IpoMeHA CB € MiIMHOKWHOIO MHOYKUHU TOYOK

npsamoi AB (puc. 1).

Ha inrocTpartiii cniBBimHOIIIEHh Mi*K MHOKMHAMY BUKOPUCTOBYIOTH
cxeMu, AKi HasuBaoOTh Aiarpamamu Eitxepa.

Ha pucynry 2 3o00pakeHo MHOKUHY A (Oinblnuii Kpyr) i MHO-
KuHYy B (MeHIIU# Kpyr, AKuii MicTutbca B Oisnbmromy). I1a cxema
o3Hauae, 1o B c A (a6o A D B).

Ha pucynky 3 3a momomoroio giarpam Eitiepa moxasaHo CHiBBij-
HOIlIeHHA Mixxk muHoKmHamu N, Z, Q i R.

NcZcQcR
Puc. 2 Puc. 3

n



§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

Axio B ¢ A, To 3a JOIOMOT'0OI0 PUCYHKA 2 MOXKHA 3POOUTH TakKi
BUCHOBKH:

1) gs Toro 1106 eJIeMeHT X HaJIesKaB MHOMKHUHI A, 10CTaTHBO, 11100
BiH HaJe)xaB MHOKUHI B;

2) nyst Toro 100 eJIeMeHT X HaJe)XaB MHOKUHI B, HeoOxigHo, 11100
BiH HaJIe;KaB MHOKUHI A.

Hanpuriaazn, akino A — MHOMKHHA HATYPAIbHUX Ynces, KpaTHUX D,
a B — MHOXUHA HATYpaJIbHUX uncesa, Kparuaux 10, To oueBUIHO, 1110
B < A. Tomy mns Toro, 1mo6 HaTypaJbHe UHCJI0 7 0yJI0O KpaTHUM 5
(n € A), nocraTHbo, 11106 BoHO O6ys0 KpaTHum 10 (n € B). Iasa toro
1106 HaTypaJbHe uncio n 6yao kparaum 10 (n € B), HeoOXigHO, 11100
BOHO OyJio KpaTHUM 5 (n € A).

I3 o3HaUeHD NiIMHOKUHM i PIBHOCTI MHOKWH BUILJINBAE, 110 KOJIHU
AcBiBcA, 0A=B.

SKmio B MHOKMHI B HEMae TaKoOro ejieMeHTa, SKU He HaJIeKUTh
MHOKHWHI A, TO MHOXKMHA B € MiIMHOKWHOI0O MHOXKHUHHU A. Y cuiry
X MipKyBaHb IIOPOXKHIO MHOMKIHY BBAKAIOTh IiAMHOMKHNHOIO OY/Ib-
axol MHoKuHU. CupaBnai, MOPOXKHSA MHOMKUHA HE MICTHUTH KOIHOT'O
eJeMeHTa, OT:Ke, Y Hill HeMa€e ejleMeHTa, SKUUA He HaJeKUTh NaHii
muoxuHI A. Tomy 1ais OyIab-siKOI MHOMKUHEU A CIpaBeaJnBe TBEp-
IoxeHHs: O < A.

Bynb-aixa MHOMKTHA A € IiIMHOMKHUHOIO caMoi cebe, To6To A < A.

Osumauvennsa. fdxkmo B A i B # A, To MHO:kuHY B HaszuBamTh
BJIACHOI MiAMHOMKHUHOK MHOMKUHU A.

Hanpmcnan, MHOKHMHA 7 € BJACHOI HilIMHOHCI/IHOIO MHOMXMU-

uu Q.
NMPUKNAQL 1 Bunumrits yci migMHOMKUEN MHOXKUHE A = {a, b, c}.

Poss’azannsa. Maewmo: {a}, {b}, {c}, {a, b}, {b, ¢}, {a, ¢}, {a, b, ¢},
. Yeboro orpumainu 8 miamuokuH. B 11 xaaci 6yme moBemeHo, 1Mo
KUIBKICTh IMiAMHOMNH n-eJIeMeHTHOI MHOMKIUHN HOopiBHIOE 2",

Hexait A — MHOKHHA pO3B’A8KiB PiBHAHHA X + Yy = 5, a B — MHO-
JKMHA PO3B’A3KiB piBHAHHA X — y = 3. Toxai mHoKkuHA C Po3B’sA3KiB
CUCTEeMU PiBHAHB

x+y=>5,

x—-y=3
CKJIaJIa€EThCA 3 YCiX eJIeMeHTiB, AKi HajgeXKaTh i MHOKUHI A, i MHO-
sKuHI B. ¥V TaKOMYy BHUIAIKY KasKyTh, 110 MHOKUHA C € mepeTuHOM
MHOKHUH A i B.

12



2. MigMHoXMHa. Onepadii Ha, MHOXMHAMMN

Os3umauvennda. Ileperunom MHOKMH A i B Ha3MBAaIOTh MHOSKH-
HY, SIKa CKJAJA€ThCA 3 yCiX eJeMeHTiB, [0 HAJeKATh i MHOMKM-
Hi A, i MmHOXKUHI B.

Ilepetun MmHOKUH A i B mo3HauaioTh Tak: A N B.
3 03HAUYEHHA BUILJIUBAE, IO
ANB={x|xeAix e B}

JIerko mepekoHaTuCsd, 110 PO3B’A3KOM CHUCTEMU, AKa PO3TJsamaia-
cd, € mapa (4; 1). Ileit paxT MoKHA 3aIucaTU TaK:

{(c; )| x+y=5yn{(x;y) | x—y=3}={4 D}

SAxmo mEOKUHYN A 1 B He MalOTh CIIIJIBHUX €JeMeHTiB, TO Ix mepe-
TUHOM € MOPOYKHA MHOMKHHA, To0To A N B = J. TakoK 3a3HAYNMO,
mo ANJ=yy.

3 03HAUEHHA MEPETUHY ABOX MHOMKUH BUILJINBAE, 1110 Koau A C B,
T0 AN B =A, 30Kpema, axio B=A4, To AN A = A.

Hanpurnan,

QNN=N,
ZNR=2Z.

IlepeTrH MHOKUH 3pYUYHO 1II0CTPYBaTH 3a AOIIOMOTOI0 giarpam Eii-

nepa. Ha pucyHky 4 samrpuxoBaHa ¢irypa sodpaskye MHOKUHY A N B.

Puc. 4

Ilsia Toro o6 poss’asaru piBHanHA (x° — x) (x* — 1) = 0, Tpeba
pO3B’A3aTH KOKHe 3 piBHAHL x° —x =0 i x*>—1=0.

Maemo: A = {0, 1} — MHOXKMHA KOPEHIiB IEepIIOro PiBHAHHI,
B ={-1, 1} — MHOXUHa KOpPEHIiB APyroro piBHAHHsI. 3pO3yMiJo0, 110
muoxxknHa C = {—1, 0, 1}, KOKHUN eJJeMeHT SKOI HAaJIeKUTh a00 MHO-
JKUHI A, 200 MHOKUHI B, € MHOKMHOIO KOPEHiB 3aJaHOT0 PiBHAHHAI.
Muoxuny C HasUBaOTh 00’€THAHHAM MHOXKUH A i B.

Osuvauvennsa. 00’egHaHHAM MHOXHH A i B Ha3MBAaIOTh MHOKMHY,
sIKa CKJIAJAETHCS 3 YCiX eJIeMeHTiB, [0 HAJIeSKATh X0Uua 0 OOHIil 3 ux
MHOKHMH: a00 MHOKMHI A, a060 MHOKUHI B.

O0’emHanHAa MHOKUH A i B mosHauaroTs Tak: A U B. 3 03HaueHHA
BUILINBAE, IO
AUB={x|x e Aabox e B}.

13



§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

Hampuraag, (=3; 1) U (0; 2] =(=3; 2], (-5 1) U (-1; +0) =
= (—o0; +o0).

00’eqHAHHSA MHOYKUH ippallioHaJIbHUX 1 parmioHaJIbHUX YKCEJ I0-
PiBHIOE MHOMKUHI OiiICHUX UYHCeJI.

SAximro Tpeba 3HaAlTH 00’€JHAHHS MHOKUH DPO3B’s3KiB DPiBHAHB
(HepiBHOCTEIT), TO KAXKyTh, 1110 Tpeba po3B’A3aTH CYKYIHICTh PiBHAHD
(mepiBHOCTel). CyKyIIHiCTh 3alMCYIOTH 3a AOIOMOTOI0 KBaApaTHOL
nyxku. Tak, mo6 pos3s’asatu piBEaxHa (x° — x) (x° — 1) = 0, Tpeba
pO3B’A3aTU CYKYHHICTH PiBHAHD

x2—x=0,
x*-1=0.

3ayBaxkumo, 1mo A U J = A.

3 osHauyeHHs 00’eNHAHHS ABOX MHOKHWH BUIIJIMBAE, IO KOJU
A c B, 0 AU B =B, 30KpeMa, akIio B=A4, to A U A = A.

00’eqHAHHSA MHOYKUH 3PYYHO 1JII0OCTPYBaTH 3a HOIIOMOTIOIO Aiarpam

Eiinepa. Ha pucyHky 5 samTpuxoBaHa (irypa 300paskye MHOMKU-
Hy A U B.

O

YacTo HOBOAUTHLCA POITISAATH MepeTHH i 00’eqHAHHS TPHOX
i OiybIlle MHOMKUH.

ITepetun muOXUH A, B i C — 1le MHOXHHA BCiX eJIeMeHTiB, AKi
HaJIe}KaTh 1 MHOXKUHI A, i mHOKUHI B, i MmEHOXUHI C (puc. 6).

Hampuraazg, mio6 pos3B’s3aTu CUCTEMY PiBHSIHD

x+y=>5,
x-y=3,
x*+y? =17,

Tpeba 3HANTHU IIePeTHH TPhOX MHOXKMH: {(x, y) | x + y = 5}, {(x, y) | x —
—y=3} i {(x, y |2+ =17}

O60’epuanusa MHOXUH A, B i C — 1me MHOMMHA BCiX eJeMeHTiB,
AKiI Hajle)xaTb xoua 0 OAHIN 3 IIMX MHOMMH: a00 MHOXHHI A, abo
MHOKUHI B, a6o mHOoKuHI C (puc. 7).

Hanpukaan, o6’egfHaHHA MHOMKUH TOCTPOKYTHUX, TYHOKYTHUX
i IPAMOKYTHUX TPUKYTHUKIB — Ile MHOKWHA BCiX TPUKYTHUKIB.

14



2. MigMHoXMHa. Onepadii Had, MHOXMHAMMN

Puc. 6 Puc. 7

MPUKJNAL 2 3uaiigits mepeTud MHOKUH A i B, AKIIO:

DA={x|x=5k, keN},B={x|x=38n,neN}j

2) A — MHOXUHA PpoMOiB, B — MHOXKMHA TIPAMOKYTHUKIiB;

3)A={x|x>3},B={x|x<4)

4)A={x|xeN,x=2m, m € N}, B— MHOXNHA IPOCTUX JIHCE.

Pos3s’sas3annsa

1) A — MHOKWHA HATypaJbHUX YHCEJI, KPATHUX 5.

B — MHOMXWHA HATyPaJbHUX YKCEJ, KPATHUX 3.

Toxmi muokmHA A N B cKIamaeTbca 3 YCiX HATypaJbHUX YMCeJI,
KpaTHUX 5 i 3 omHOUAcHO, TOOTO 3 yCiX HATypaJbHUX YUCEJ, KpaT-
Hux 15. Omore, AN B ={x | x = 15k, k € N}.

2) Muoxuaa A N B cKJafaeTbcAd 3 yCiX YOTUPUKYTHUKIB, AKi
OJHOYACHO € i pombamu, i mpaMorkyTHuKamu. OT:Ke, IIIyKaHa MHO-
’KUHA — IIe MHOXKMHA KBaJparTis.

3)ANB={x|3<x<4}.

4) A — MHOXXKWHA MapHUX HATypadbHUX uymces. OCKiIbKMY y MHO-
JKUHI IIPOCTUX YMCEJ € TiJIbKM OJHe IapHe Yucjo (4ucao 2), To
AN B={2}.

NMPUKNAL 3 3uaiigits 00’eqHaHHA MHOXUH A i B, axio:
DA={x|x=2k-1,keN},B={x|x=2n,n e N}
2A={x|x=2k—-1,keN},B={x|x=4n+1,n € N};
3)A={X|0X <38}, B={X|0X =38}, ge O i X — TouKH ILIO-

muun, O — JaHa TOUYKA.

Poszs’asannsa

1) A — MHOKMHA HEIAPHUX HATYPaJbHUX UMCeJl, B — MHOMXUHA
MapHUX HATypaabHuUX uucesa. Tomi A U B — 1ie MHOKUHA HATYpPaIb-
HuX uyncea, Tooto A U B = N.

2) A — MHOXXWHaA HeIlapHUX HATypaJbHUX uucesa. EiemeHTaMu
MHOXXUHUN B € Tinbku memapHi umciaa. Omxe, B < A. Tomi A U B =
=A={x|x=2k—-1,k e N}.

3) OueBugno, mo A U B={X | OX < 8}. Omxe, A U B — me
Kpyr 3 neaTpom O i pamiycom 3.
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§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

l Bnipaeu

17." HasBiTh KiIbKa HMiIMHOXWH YYHIB BaIllOro KJacy.

18." HasBiTh AKi-HeOyAL reoMeTpuUuHi Qirypu, AKi € mMiAMHOXKMHAMN
MHOKHMHU TOYOK IIPAMOI.

19." HasBiTh AKi-HeOyAL reoMeTpuuHi Qirypu, AKi € migMHOKUHAMA
MHOKHMHM TOYOK Kpyra.

20." Hexai1 A — MHOXHHA OYKB y CJIOBi «KoopauHaTa». MHOXKUHA
OYKB AKOTO CJIOBA € HMiAMHOKHHOIO MHOKHUHU A:

1) xopa; 4) xpokogua; 7) TUH; 10) nopora;
2) nmipka; 5) HUTKU; 8) KpuHUILA; 11) nap;
3) KapTUHA; 6) HUPKU; 9) corupka; 12) kapauaan?

21.° Hexait A — mHOKUHA 1udp yncaa 1958. Hu e mHOKUHA TTUHD
YucJia X MiAMHOMKUHOIO MHOMKUHUA A, AKIIO:
1) x = 98; 3) x = 519; 5) x = 195888;
2) x = 9510; 4) x = 5858; 6) x = 912587

22." Hexait A # . SIki nBi pisHi TiAMHOMKHHY 3aBK A1 MAa€ MHOMKUHA A?

23." 3HalgiTh MepeTUH MHOKUH IIU(P, TKi BUKOPUCTOBYIOTLCS B 3a-
MUCY YUCe:
1) 555288 i 82223; 2) 470713 i 400007.

24.° Hexahi A — MHOXHHA ABOIM(MPOBUX UYKcea, B — MHOXHHA
npocTux umces. Yum HaleKuTh MHOXKHUHLI A N B uumeao: 5, 7, 11,
31, 57, 967

25.” 3HANAITh MHOMKUHY CILILHEX AiAbHUKIB umcen 30 i 45.

26." 3HaligiTh 00’€IHAHHA MHOMKHUH IUQPP, AKI BUKOPUCTOBYIOTHCS
B 3aIIMCy YHUCEJ:

1) 27288 i 56383; 2) 55555 1 777771,
27." fIki 3 HACTYIHUX TBEPI KEHDb € IPABUILHUMU:

1) {a} € {a, b}; 3) a c {a, b};

2) {a} c {a, b}; 4) {a, b} € {a, b}?

28.° Nosenits, mo kKommu A c Bi Bc C, o A c C.
29.° PosMicTiTh JaHi MHOMKHMHM Y TaKifl IIOCJIiZOBHOCTI, III00 KOXKHA
HACTYITHA MHOXKHHA OyJa IIiAMHOKKMHOIO IMOIIepeIHbOI:
1) A — MHOXUHA OIPAMOKYTHUKIB;
B — MHOXWHA YOTHPUKYTHUKIB;
C — MHOKUHAa KBaJaparTis;
D — MHOKUHAa mapaJjiejiorpaMiB;
2) A — MHOXXWHA CCaBIIiB;
B — MHOMKHUHA co0aunx;
C — MHOXXHWHA XpebeTHUX;
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2. MigMHoXMHa. Onepadii Ha, MHOXMHAMMN

D — MHOMKWHA BOBKiB;
E — MHOMUHA XUKHNX CCaBILiB.

30.° 300pasiTe 3a momomororw giarpaM Eiepa coiBBigHOIIEHHS MisK

MHOYKUHAMMU:
1) A — MHOKUHA HeBil’eMHUX PaI[iOHAJbHUX UHNCEJ;
B ={0};

N — MHOXHHA HATYPATbHUX UKCEJ;

2) 7. — MHOKWHA I[iJIUX YUCeJ;
A — MHOHHA HATypaJbHUX UHCEJ, KpaTHUX 6;
B — MHOMXMHA HATypaJbHUX YMCEJ, KPAaTHUX 3.

31.° BanuuIiTe 3a JOIOMOIOI0 CHUMBOJY C CIIiBBiIHOIIIEHHS Mid MHO-

SKIHAMUT:
A={x|x=2n,neN} C={x|x=10n,n € N};
B={x|x=50n,n e N} D={x|x=5n,neN}.

32." flxka 3 mHOKUH A a00 B € miIMHOKHHOIO APYIol, AKIIO:
A={x|x=4n+2,n e Nj; B={x|x=8n+2,neN}?

33." Hano muosxxuuu {7}, {11}, {19}, {7, 11}, {7, 19}, {11, 19}, O,
AKi € BciMa BJIACHUMH IIiAMHOMKUHAMU AedK0l MHOXHHU A. 3a-
OUIOIITh MHOKUHY A.

34." BanuriTh yei migMHOMKUHET MHOMKUHY {1, 2}.

35." OnuIIiTh MOBOIO «HEOOXIiZAHO I JOCTATHBO» HAJEKHICTEH eJIeMeH-
Ta x MmHOKuHaAM A, B i C (puc. 8).

A
B ©
a) 6) 6)

Puc. 8

36.°" 3amicTh KpaloK IIOCTABTE CJIOBO «HEOOXiZHO» ab0 «JOCTATHLO»,
11100 YTBOPUJIOCA IIPABUJIbHE TBEPIKEHH:

1) gina Toro 106 TPUKYTHUK OYB PiBHOCTOPOHHIM, ..., IIIO0 ABa
ioro KyTu OyJiu piBHi;

2) pis Toro 106 YOTUPUKYTHUK OYB Iapajgeiorpamom, ..., 1100
nIBi fioro cTopoHu OyJiu IIapaJiesibHi;

3) mis Toro o6 YmMCI0 OiMMJocsa HAIijo Ha 3, ..., 1100 BOHO

migniocs Haiijgo Ha 9;
4) nya Toro 106 ocTaHHA IUMpPa JeCATKOBOTO 3aIliCcy YucJaa 0yJia
HYJEeM, ..., 1100 umcjao 6yjao KpaTHe 5.
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§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

37.° Bigomo, 1o mas OyAb-sIKOI MHOMKUHK B MHOKMHA A € il min-
MHOKUHOI0. SHAUIIT, MHOKUHY A.

38.° ki 3 HACTYyIHUX TBEPIKEHDb € MPABUJJILHIMU:

1) {a, b} N {a} = a; 3) {a, b} N {a} = {a};
2) {a, b} N {a} = {a, b}; 4) {a, b} N {a} = {b}?
39.° 3HaiigiTs nepeTuH MHOMKUH A i B, AKIO:
1) A — mMHOKUHa piBHOOEIPEHUX TPUKYTHUKIB, B — MHOKHHA
PiBHOCTOPOHHIX TPUKYTHUKIB;
2) A — MHOKUMHA TPAMOKYTHUX TPUKYTHUKIB, B — MHOKHHA

PiBHOCTOPOHHIX TPUKYTHUKIB;
3) A — MHOXUHaA NBONM(POBUX UMCes, B — MHOKWHA HaTypajb-
HUX Yuces, KpatHux 19;
4) A — MHOXUHA OTHOTIM(POBUX UUCEJ, B — MHOMKWHA TPOCTUX
quces.
40." 3HaigiTh MmepeTuH MHOMXKUH A i B, aKIo:
DA={x|x<19},B={x|x e N, x > 11};
2)A={x|x=4n,ne N}, B={x|x=6n,n e N};
NA={xyl|2x-y=1},, B={(x; y) | x +y =5}
41." HakpecsiTh ABa TPUKYTHHKHU TaK, 1100 iX mepeTrmHOM OyJa
Taka reomerpuyHa Girypa: 1) Bigpisok; 2) Touka; 3) TPUKYTHUK;
4) I’ ATUKYTHUK; D) IIECTUKYTHUK.
42." ki hirypu MoxKyTh OyTH IEPETUHOM JIBOX IIPOMEHIB, II[0 JIEXKATh
Ha ofHil mpaAmiii?
43." Bigomo, 110 1y OyIb-sIKOI MHOMKUHMN B BHKOHYETBHCS PiBHICTB
A N B =A. 3uaiigits MHOXKUHY A.

44.° §IKi 3 HACTYIHUX TBEPAKEHb € IPABUIbHUMU:

1) {a, b} U {b} = {a, b}; 3) {a, b} U {a} = {a};
2) {a, b} U {b} = {b}; 4) {a, b} U {b} = {{b}}?
45.° 3HaigiTs 00’efHaHHA MHOMKUH A i B, SKIIo:
1) A — mHOKUHA piBHOOEAPEHUX TPUKYTHUKIB, B — MHOKHHA
PiBHOCTOPOHHIX TPUKYTHUKIB;
2) A — MHOXKHHAa TPOCTUX UHCeJ, B — MHOMKHHA CKJIALEHUX
YuCce;

3) A — MHOMKMHA ITPOCTUX YUCEJI, B — MHOKXMHA HEeITapHUX UMCeJI.
46." 3uaigiTe 00’eqHAHHA MHOKUH A i B, AKIIO:
DA={x|x*-1=0}, B={x]|(x—1)(x - 2)=0};
2DA={x|2x+3=0},B={x|x*+3=2};
A={x|xeN,x<5},B={x|xeN, x<T}.
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3. CKiHYeHHI MHOXWHW. B3aEMHO OAHO3Ha4YHa BiAMNOBIAHICTb

47.° HakpeciiTh ABa TPUKYTHUKN TakK, 1100 iX 00 €ZHAHHAM OYB:
1) YOTUPUKYTHUK; 2) TPUKYTHUK; 3) IIIECTUKYTHUK. U MOKe
00’egHaHHA TPUKYTHUKIB OyTU Bigpiskom?

48." dAxi dirypu MoxKyTb OyTu 00’€IHAHHSAM JBOX IPOMEHIB, IO Je-
JKaTh Ha ONHIN mpamiii?

49.° Bigomo, 110 A OyAb-sIKOI MHOKUHM B BUKOHYETHCSA PiBHICTH
A U B = B. 3HalifiTs MHOXXUHY A.

50.° HaBegiTh IpUKJIa[ TAKOI OJHOEJEMEHTHOI MHOMKIHM, II10 ii eje-
MEHT € OLHOYACHO IIiAMHOKHMHOIO JaHOI MHOKWHU.

CKiH4YeHHi MHO)XXHW. B3aeMHO oaHO3Ha4YHa
BiANoOBiAHICTb

SIKIII0 MHOKMHA MiCTUTh CKiHUeHHY KiJIbKiCTL eJIeMeHTiB, TO ii Ha-
3UBaIOTh CKIHUEHHOIO, a SIKIIO B Hili HeCKiHUeHHO 0araTo ejieMeHTiB —
TO HeCKiHUeHHOI. ITOpOoXKHI0 MHOXKUHY BBaKAIOTh CKiHUEHHOIO.

Hampursaan, MHOKWHA YYHIB BaIlloro KJiacy — CKiHUeHHAa MHO-
JKWHA, a MHOKWHA HATyPaJbHUX YUCEJ —
HEeCKiHUYeHHa MHOKWHA.

Arimo A — cKiHuYeHHa MHOMWHA, TO
KiJIbKiCcTB il eJleMeHTiB ITO3HAUaTIMEeMO TaK:
n (A4).

Hampuriazg, AKI0 A — 11e MHOKUHA THIiB
TUKHSA, TO N (A) = 7; AKImo B — e MHOXHU-
Ha aBonudpoBux uucesa, 7o n (B) = 90. 3po-
3ymino, 1o n (J) = 0.

Hexait A i B — Taki ckimuenni muoKuuH , 1mo A N B = J. Toxi
OUYeBUOHO, IIT0

Puc. 9

n(AUB)=n(A) + n (B). (1)

Axmo A i B — crinuenHi MHOKUHU, puuoMy A N B # O (puc. 9),

To mo cymu n (A) + n (B) ABiUi BXOAUTH KiJIbKiCTh €JIeMeHTIB iX Ie-

pertuny, To6TO ABiui BpaxoByeThcs uuciyo n (A N B). OTike, y boMy
BUMIAAKY

n(AUB)=n(A)+n (B) - n (AN B) 2)

Komu AN B=J, ton (AN B)=0. Tomy dpopmya (2) € ysaraib-
"HeHHAM Gopmyan (1).
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§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

MPUKNAL 1 ¥V disuxko-maTeMaTuyHOMYy KJaci 25 yuHiB, i Bci BoHHI
JIIO0IATHL MaTeMaTuKy. Bigomo, 1o 23 yuHi a100JATh anredpy, a 21 —
reomerpiro. CKilIbKH YUYHIB IILOTO KJIacy JIOOJATH i aare6bpy, i reo-
MeTpiio?

Poss’a3annsa. Hexalt A — MHOKUHA YUYHIB, K1 JIO0JATH ajre-
0py, B — MHOKMHA YYHiB, AKi J11001aTh reomerpito. Toxi n (A) = 23,
n (B)=21, n (A U B)=25. Bogaouac A N B — MHOKHWHa Yy4YHiB,
AKi J100aATH 1 anrebpy, i reomerpito. 3 dopmyau (2) oTpuMyeMO
n(ANB)y=n@A)+nB)-n(AUB)=23+21 -25=19.

3’scyemMo, K 3HAUTH KinbKicThb exeMeHTiB MmuHOKUHU A U B U C,
ne A, BiC — CKiHUeHHI MHOXUHU.

Puc. 10 Puc. 11

Axmo AN BN C =J (puc. 10), To 3posymimo, 110
n(AuBUC)=n@A)+nB)+n(C)- 3
~n@ANB) -n(BNC)-n(CNA. ®3)

Axmo AN BN C # O (puc. 11), To mpasa uactuua dopmyan (3)

He BPaxXOBY€ KiJbKOCTi cuisbHUX enemeHTiB MHOXKuH A, B i C.
Orke, y IbOMY BUNAAKY (hopMysia HaOyBae BUTJIALY:
n(AuBUC)=nA)+nB)+n () -
-nANB)-n(BNC)-n(CNA)+nAnNBNC).

Amnajyoriuny GopMysy MOMKHA OTPUMATH AJA OyAb-IKOI KiTbKOCTL
MHOXUH. Ii HasuBaOTL «(POPMYJIOI0 BKIIOUEHHA-BUKJIIOUEHHS» .

4)

MPUKNAL 2 V conopTuBHINM IIKOJI € TPpHU CeKIii: akpobaTuku, Oac-
KeTboJry, BoJeitbosry. Bimomo, mro mkouay BigBizyroTs 200 mixkoss-
piB, a KoxkHY i3 ceriiii — 80 mKoaapis. [[oBenmiTs, 110 3HalIETHCA
14 mixoaapiB, AKi BigBigyoTh ofgHI I Ti cami ABi cekIrii.
Pose’a3anusa. [lodHAUNMO MHOMKUHY IIIKOJISIPIB, AK1 BiABiAYIOTH
cekIii axpobatuxku, O6ackerboJyy i BoJeliboay, OyxkBamu A, 6 i B
Bigmosimuo. Tomi n (A U B U B) =200, n (A) =n (B) =n (B) = 80.
ITigcraBuMoO 11i 3HAUeHHA Yy hopmyay (4):
200=80+80+80-nAnNB)-n(bNB)-—-
-n(BNA)+nAnBnNB).
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3. CKiHYeHHI MHOXWHW. B3aEMHO OfHO3Ha4YHa BiAMNOBIAHICTb

3Bigcu

n(ANB)+n(BNB)+n(BNA)=40 +n (AN B NB)>40.

Axmro nmpunyctutu, mo KoxkHe 3 uucen n (A N B), n (b N B),
n (B N A) ue nepeBuinye 13, To ix cyma He nepesuiiye 39. Orpumaan
CyIIepPeYHiCTb.

Hawm goBoJri yacTo 1OBOAUTHCA MOPiBHIOBATY CKiHUEHHI MHOMKUHU
3a KiJIBbKiCcTIO X eJeMeHTiB.

fAx pisHaTwcA, YM BUCTAUUTH y IMIKiNIBHIN 6ibsiorerni mimpyusm-
KiB 3 airebpu i mouaTKiB aHATI3Y /A AeCATUKJIACHUKIB? 3BUUaiino,
MOJKHA IOpaxyBaTHU OKPeMO YYHIB i1 HifpyYHUKU, a MOKHA BULATU
OiAPpYYHUKYU yIHAM. SIKIO, HaIpuUKJaL, yciM OigpyYHUKIB BuCTa-
YUTh, a B 6i0JioTeli He 3aJUIUTHCA KOTHOTO IMiAPYYHUKA, TO Iie
O3HAYaTUMe, 1[0 NeCATUKJIACHUKIB i MiAPDYyYHUKIB OfHAKOBA KiJIBKIiCTB.

Tak camo, 1100 AisHATHUCS, Y1 BUCTAUUTD CTiJIBIIiB ¥ KJaci, 30Bcim
He 000B’A3KOBO IX IlepepaxoByBaTH. [{oCTaTHBO 3aIIPOCUTH YUHIB cicTu
Ha CTiNMbIi. KIMO, HATPUKJIAA, MiCI[h BUCTAUNUTh HE BCiM, TO IIe O3HA-
yaTume, M0 KiabKicTh yUuHIB 6inbIma, HidK KiJTbKiCTh CTINMBITIB.

¥V nux nmpuraazax, MOPiBHIOIOUYN KiJbKiCTh €JIEMEHTIB BOX MHO-
JKUH, MU KOXCHOMY eJleMenmy 00HIEL MHONCUHU NOCMA8ULU Y 8i0no-
8i0Hicmb €0uHull enemenm Opyzoi mHoxuHu. CKOpUCTaEMOCA Ii€I0
ileero B HACTYITHOMY TPUKJIA[I.

NMPUKNAL 3 IlopiBusAlTe KiIbKiCTh €IEMEHTIiB MHOMKUHNA A gBOIIU)-
POBUX UMCeJI i MHOKUHU B TpUIu(poBUX UncCeJ, NeCATKOBUI 3aInC
AKUX 3aKiHuUyeThcsa mu@poro 1.

Poszs’azannsa. IloctaBumMo y BigHOBiAHICTE KOMKHOMY ABOIU}-
POBOMY UHCJIY Te TPUIM(PPOBE UMCIO0, AKE OTPUMAEMO 3 HLBOT'O, IIPU-
MUCAaBINIU cIIpaBa oxmHUI0. licTamemo:

10, 11, 12, 98, 99
8 8 ¢ 8 8
101, 111, 121, .., 981, 991

3a3HauuMo, IO 3a TaKOI BiAIOBiZHOCTI BCi eleMeHTHI MHOXKUHU B
BUABJIATBHCA «3aAianuMu». Cupasai, AKIO B yucii Buny abl zakpec-
JUTHU OCTaHHIO MU(PY, TO OTPUMAEMO ABOI(MPOBe uucio ab.

Ha ocuoBi BigmoBigHOCTI MixK eleMeHTaMu MHOMKUH A i B MOXHa
3poOuTU BUCHOBOK, 1110 1 (A) = n (B).

Osnavennsa. KO0 KOKHOMY eJIeMEHTY MHOKMHHM A mocTaBJjie-
HO Yy BiIMOBiTHIiCTh €IMHUI eJIeMeHT MHOSKMHU B i mpu mpomy 0yan-
AKMH eJIeMeHT MHOKUHH B € BiIoBiTHUM TeAKOMY €IMHOMY eJIeMeH-
Ty MHOKHUHH A, TO KasKyTh, III0 Misk MHOKMHAMHU A i B BCTaHOBJIEHO
B3a€MHO OJHO3HAUYHY BiMOBigHIiCTH.
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§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

Y mpukaani 3 KOXHOMY ABOHMU(PPOBOMY UHCIy OYJO IOCTaB-
JIEHO Yy BiANOBiAHICTH €AuMHEe TPUIIU(PPOBE UUCJIO 3a3HAUYEHOTO BU-
Iy i, HaBIIaKX, KOKHE TaKe TPUIU(POBE UYHCJIO € BiAIOBiIHUM
enmHOMY ABOIM(poBoMy uucay. OTiKe, MisK MHOXKUHAMU, IO PO3TJIA-
IAlThCs, OYJI0 BCTAHOBJIEHO B3aEMHO OJHO3HAUHY BiAIIOBiAHICTH.

3a3HAuNMO, II0 KOJU B KJIAci BCi yUHI CUIATE 1 IIpu I[bOMY € BiJIbHI
CTiJIBIIi, TO Mi’X MHOMKHMHOIO YUYHIB i MHOKHHOIO CTiJIBI[iB B3a€MHO
OJHO3HAYHOI BiAIOBiZHOCTI He BCTAHOBJIEHO.

IlixaBo, 1110 3 IUTUHCTBA KOXXHOMY 3 HAC HEOJHOPA30BO TOBOIUJIIO-
csA BCTAHOBJIIOBATH B3a€EMHO ONHO3HAUHI BigmoBigHocTi. [luTnHAa, 1Ipo-
MOBJISAIOUU «OAUH», «IBa», «TPU» i IPU IHOMY IOCTIiTOBHO TOKa3yIOUL
Ha MAIUHKY, M YUK 1 KOHHKa, TUM CAMUM BCTAHOBJIIOE B3aEMHO
OJTHO3HAYHY BiJMOBIAHICTh MiK MHOMKMHOIO CBOIX irpaIiok i MHOMKMU-
o {1, 2, 3}. Paxyrouu irpainku, uTrHa HiOW OPUB’A3YE T0 KOMXK-
HOTrO 3 IPEeAMEeTiB APJUKHN 3 HanucaMu «1», «2», «3». 3ayBasKuMo,
1110, TIOKA3YIOUM irpaliky B iHIIIOMY MTOPAAKY, HAIPUKJIAL, «M’ SIUUK»,
«KOHUK», «MaIlIMHKAa», ONEeP:KYEMO iHIITY B3a€MHO OJHO3HAYHY Bif-
HOBiZHICTH MIiK MMM MHOMKUHAMH.

AKWo miK cKiHueHHUMU MHOMcUHamu A i B ecmanosnreno 63a-
EMHO 00HO3HAYRY 8i0no8idHicmb, mo n (A) = n (B). I ragnaxu, sKu,o
n (A) = n (B), mo mix cKiHYeHHUMU MHOMCUHAMU A i B moxcHa acma-
Ho8UMU 63A€MHO 00HO3HAYHY 8i0N08I0HICcMb.

Omxe, Mi’K CKiHUeHHMMU MHOXKHWHAMHU 3 Pi3HOIO KiIbKicTiO eje-
MEHTIiB HEMOKJIMBO BCTAHOBUTH B3a€EMHO OJHO3HAUHY BiAIOBiAHiCTE.
ITe mosBossie chopMyar0OBaTH TaKe IIPABUJIO.

AKWo mixne ckinuenHumu mHoxcunamu A i C 6cmaHo08,eH0 63A€EMHO
o0Ho3HauHYy 6i0noeidnicmev i C — B, C # B, mo n (A) < n (B).

l Bnipaeu

51." Kosxuauii 3 32 yuHiB KJjlacy BUBYAE II[OHAMEHIIIE OQHY iHO3eMHY
moBy. 3 Hux 20 BUBUAIOTH aHTIiMiCcbKY MOBY i 18 — (hpaHIY3bKY.
CkifbKY yUHIiB BUBUYAIOTH i aHIIIINCHKY, 1 (ppaHIly3bKYy MOBU?

52.° Bigomo, 110 26 MeIIKaHIIB OyAUHKY TPUMAIOTh KOTiB i co0ak,
16 3 HUX MaOTL KOTiB, a 15 — cobak. CKiIbKM MEIIKAHI[IB Ma-
I0Th i cobaky, i kora?

53.° 3 aHKeTH, IPOBEEHOI B KJaci, 3’sacyBaJjiocs, 110 3 30 yuHiB Kiacy
18 matoth Oparta, 14 — cectpy, ay 10 yunis € cectpa i 6par. Uu € B
IbOMY KJIaci yuHi, y AKMX HeMmae Hi cectpu, Hi Opara?
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3. CKiHYeHHI MHOXWHW. B3aEMHO OAHO3Ha4YHa BIAMNOBIAHICTb

54." V rpyani 6yno 10 scHumx i sarumEux aHiB, 15 auis O6ys Bi-
Tep i 12 guiB imoB cuir. CKiabKu OHIB y IpyaHi Oyjaa XypTOBUHA
(cHir i BiTep)?

55." Yz BCTAHOBJIEHO B3a€EMHO OJHO3HAYHY BiAMOBIAHICTH MisK MHO-
sxmHaMu A i B (puc. 12)? Toukamu Ha pUCYHKY 300pasKeHO eje-
MEHTY MHOKUH.

L] | |
a) 0) 8) 2)

Puc. 12

56." OguHaAUATL IPaBIiB PyTOOABHOI KOMAHAW OTpUMAIN (yTOOJI-
Ku 3 HoMepamu Big 1 mo 11. MiK AKMMN MHOKHMHAMN BCTAHOBJIEHO
B3a€MHO OJHO3HAUHY BiAIOBigHiCTH?

57.° Y pesyabrari :KepeOKyBauusa KoxxkHa 3 20 map ¢irypucrtis orpu-
MaJia MOPAAKOBUN HoMep i1 BucTymy. MiK AKMMH MHOMKHUHAMN
BCTAHOBJIEHO B3a€EMHO OJHO3HAUYHY BiAIOBigHiCTH?

58." KosxHuil risamad, SKUi MPUMAIIOB J0 KiHOoTeaTpy, KYIUB KBUTOK
i3 sasdHaUYeHUMHU pAgOM i Miciem. Mix AKMMH MHOKHWHAMM BCTa-
HOBJIEHO B3a€MHO OJHO3HAYHY BiAIIOBigHIiCTH?

59." Mix mepiuMu n HATYPAJbHAMU YKUCJIAMU 1 IPABUIBHAMU IPO-
6aMu 3i BHAMEHHUKOM 7 YCTaHOBJIEHO B3a€EMHO OJHO3HAUYHY Bij-
HOBigHiCTE. S3HAWIITE n.

60.” KosxHOMY eleMeHTy MHOKUHH {n, n + 1, n + 2}, ne n € N, mo-
CTaBUJIU y BiAMOBiAHICTE OCcTauy BiJ AiJIeHHSA IILOTO eJieMeHTa Ha 3.
Ywu BCTAHOBJIEHO TAKMM UMHOM B3a€MHO OJJHO3HAUHY BiIOBiAHICTH
Mixx mEOxmHamu {n, n + 1, n + 2} 1 {0, 1, 2}?

61." B omimmiagi B3amm yuacts 46 yumis. Im 6ysn0 3ampomoHOBaHO
posB’asatu 3 3amaui. Ilicaa migBemeHHsS migcyMKiB 3’scyBasiocs,
10 KOJXKEeH 3 yYacHUKiB pos3B’s3aB xoua 6 ogHy 3amauy. Ilep-
my i apyry samaui poss’saszanu 11 yuacHuKiB, ApPyry i TpeTio —
8 yuacHuKiB, mepIry i TpeTio — 5 yuyacHUKiB, a Bci Tpu 3amaui
posB’s3anu Tiabku 2 ydyacHuUKHU. [oBemiTh, 10 OmHY i3 3amau
po3B’A3a/i He MeHIle HiK MOJOBUHA yYaCHUKIB.
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§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

HecKiHYeHHI MHOXXUHMW.
3niYyeHHi MHOXUHU

Y monepenHbOMY ITYHKTI MU POSTJIAANIY CKiHUEHH] MHOMKWHU, MiK
SIKMMU BCTAHOBJIEHO B3aEMHO OJHO3HAYHY BiAMOBimHICTE, i 3’AcyBanu,
10 TaKi MHOXKMHU MAalOTh OJHAKOBY KiJIBKIiCTHb €JIeMeHTiB.

Kepyiounch IpUHIITAIIOM «YaCcTUHA MEHIITa Bif] I[iJIOTO», JOXOIHUMO
BHUCHOBKY, III0 KOJaWM B — BjacHa IMiAMHOXWHA CKiHUEHHOI MHOMKU-
Hu A, 0o n (B) < n (A). OT:Ke, Mi’K CKiHUEHHOI0O MHOKWHOIO Ta Ii
BJIACHOIO ITiIMHOYKMHOIO HEMOYKJIMBO BCTAHOBUTY B3a€EMHO OJHO3HAUHY
BiAIIOBiIHICTD.

Ockinsku N C Z, To, 3gaBaocs 0, IPUPOTHO BBAXKATU, M0 ITiJIUX
ymces Oisnbie, HidK HaTypasbHux. IIpoTe 1e He Tak.

HeckinuenHi MHOKHWHM B IIbOMY CEHCi IMTOBOAATHCSA HE3BUYHO.

Posrasaraemo muoxuny N i minmaoxxuny M mapHux umcesa. MHO-
skmHA M € BiacHOIO minMHOKMHOI MHOKUHU N. KoxkHOMY esteMeHTY
n € N mocraBuMO y BigmoBigHicTh emmHMUN enemenT 2n € M:

1, 2, 3, 4, vees n,
g g g ¢ g
2, 4, 6, 8, veesy 2n,

ITpm mpoMy KOKHE TapHe YMCJO BiANOBigaTuMe €IMHOMY HATY-
pambHOMY umcsy. Tum camum misk MmHOMKuHaMu N i M BCTaHOBJIEHO
B3aEMHO OJHO3HAUHY BiNIOBiAHIiCTH, a TOMYy He MOKHa BBaKaTu,
mo B MHOXHUHI N MicTuThCs OinbIlle eJeMeHTiB, HixK B ii BJiacHIii
TiAMHOYKUHI — MHOXKMHI ITapHUX UMCeJI.

Ile#t mpukJiaxg moKasdye, IMO 3BUYHI AJA Hac yABJEHHA IIPO
CKiHUeHHI MHOXWHU HE MOJKHA IIEPEHOCUTH Ha HECKiHUeHHI MHO-
SKUHU.

Vzarami, marematukamMu OyJi0O OHOBEIEHO, IO B OyIb-AKi# He-
CKiHUEHHI! MHOKWHI A MOYKHA BUOKDEMUTH BJIACHY IiMHOXUHY A
TAKUM YMHOM, I[[0 MK MHOKMHaMU A i A MO)XHA BCTAHOBUTH B3a-
€MHO OJHO3HAYHY BigmoBigHicTh. Ile mpmHIIMIIOBA BiAMiHHICTH HeE-
CKiHUEHHUX MHOKHWH BiJ] CKIHUeHHIX.

Axmo MmEOKUEN A i B € CKiHUeHHNMH i Mi’X HUMM BCTAHOBJIEHO
B3a€MHO OJHO3HAYHY BiAMOBimHiCTH, TO 1 (A) = n (B). fAKIno K B3a-
€MHO OJHO3HAUHY BiMOBiAHICTH YCTAaHOBJEHO Mi’K HECKiHUEHHUMU
MHOXUHaAMu A i B, To B MaTeMaTHUIll He MPUAHATO TOBOPUTHU, IO
i MHOXXWHY MAalOTh OJHAKOBY KiJbKiCTh €JIEMEHTIB, a KayTh, IO
MHOXXUHU A i B MaloTh OOHAKOBY MOTYKHICTb.
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4. HecKiHYeHHI MHOXUHW. 3MNiYeHHI MHOXWHU

Osumauennd. [IBi MHOKMHM HAa3UBAKOTh PiBHOMOTY K HHU M U, IKIIO
Mi’KX HUMHU MOKHA BCTAHOBMTH B3a€EMHO OJHO3HAUYHY BiNIMOBiIHiCTSH.

Jia HeCKiHUeHHUX MHOMKUH CJIOBO «IIOTY»KHIiCTb» O3HAUa€E Te caMe,
IO AJIA CKiHUeHHUX MHOKHUH «KIJIbKICTHL €JIeMeHTiB».

HoBenmemo Iie OAWH TUBOBMIKHUN (DAKT: MHOKKMHA TOYOK IPAMOI
PiBHOIOTYKHA MHOKUMHI TOUOK BiZKpPUTOro Bigpiska (Bigpiska, y KO-
0 «BUKOJIOTO» KiHIIi), TOOTO IpsiMa MiCTUTH CTIIBKU 3K TOUOK, CKiJIb-
KM MiCTUTH IX BiIKPUTHUI BiApi30OK.

Ha pucynry 13 sobpaskeno npamy MN, sKa JOTUKAETHCSI [0
miBkoJsia 3 meuTpoM y Touli O i miameTrpom AB, mapajieIbHUM IpPs-
mitt MN. Bunyuumo 3 miBkoJia Touku A i B. Take niBK0J10 HA3MBAIOTH
BimKpuTHM.

Kooxuiit Tourii X BiAKpHUTOro miBKOJa MOCTAaBUMO Yy BiATIOBiZHICTD
Touky X, nmpamoi MN, sika jexxuTsh Ha npomeni OX. 3posymiio, 1o
Tourti X BigmoBizmae emmHa Touka mpamoi MN i, HaBmaxku, KOXKHa
Touka npsaMoi M N € BiAIOBiTHOIO €MHIN TOYIi BiZKPUTOTO IIiBKOJIA.
Or:ke, YCTAaHOBJIEHO B3A€EMHO OJTHO3HAUHY BiAIOBIAHICTD MiK MHOMKM-
HOIO TOYOK IIPSAMOI i MHOKMHOIO TOUOK BiJKPUTOTrO IIiBKOJIA.

A Y B A X B
X
M X, N Xy
Puc. 13 Puc. 14

Ha pucyukry 14 mokasaHo, K BCTAHOBUTU B3a€MHO OJHO3HAUHY
BiITTOBiMHICTh Mi’X MHOMKUWHOI TOUYOK BiJKPUTOTO BifpidKa i MHOXKU-
HOIO TOYOK BimKpuToro miBkosa. OTiKe, MHOKMHA TOYOK BiJKPUTOTO
Binmpiska AB piBHOIOTYKHA MHOXKUWHI TOUOK mpamoi MN.

Y posmoBimi Ha c. 27 Bu misHaeTech Ie MPO OAWH HECIOIiBaHUI
(axrr, y AKUN Ba’KKO MOBipUTU, KEPYIOUUCH JIUIIIE IHTYIII€0: MHOMM-
Ha TOYOK CTOPOHMW KBajJpaTa PiBHOMOTY:KHA MHOMKWHI TOYOK KBajpara.

OsHauenusda. MHOKHHY, PIBHONOTYKHY MHOKWUHI HAaTypaJbHUX
Yuces, HA3MBAIOTh 3J1iY€HHOI MHOKHUHOIO.

Buire Mmu mokasasiu, 10 MHOMKWHA MAaPHUX YUCEJ € 3JIiUeHHOIO.
3po3ymiso, 110 KOogHA CKiHUeHHa MHOMKWHA He € 3JiYeHHOIO.

HarypanbHe uncio n, sKe BiATIOBigae eJjeMeHTY a 3JiUeHHOI MHO-
JKUHU A, Ha3UBAIOTH HOMEPOM Ub020 esemeHma. SIKIIO eleMeHT a
Mae HOMep 7, TO NMUIIYTh: & . Kol BCTaHOBJIIOIOTH B3AEMHO OJHO-
3HAUHy BigmoBigHicTh Mixk MHOMHMHamMu A i N, KOXXHUIA eJeMeHT
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§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

MHOXXUHU A OTPUMYE CBiil HOMED, i IIi eTeMeHTH MOKHA PO3MiCTUTI
MIOCJIiJOBHO:

Ay Qyy Ay wees A 5 een e
Tak, AKIIO eJleMeHTH MHOMKUHU P IIPOCTUX UYMCEJ PO3MicTH-
T y HOPAAKY 3pocranud 2, 3, b, 7, 11, ..., To Bci enremenTu iiei
MHOYKUHY MOYKHA IIPOHYMEPYBaTH:
2, 3, 5, 7, 11,
1, 2, 3, 4, 5,

Tum caMuM yCTAaHOBJIEHO B3A€MHO OJHO3HAUHY BiAIIOBiAHiCTE Mix
muHokuHaMu P i N.

¥ Takwuii cmoci6 MoKHA TTOKAas3aTH, 110 0y Ab-AKa HeCKiHueHHAa Iif-
MHOKWHA MHOKUHU N € 3/IiueHHO0I0 (3po0iTh I1e caMOCTiHO).

Ha mepinuii morssang 34a€Thbes, 110 eJIeMEHTH MHOMKUHU 7 TPOHY-
MepyBaTH HEMOJKJIWBO: aaKe MHOKKUHA N € BJIaCHOIO HMiJMHOMKUHOIO
MHOKUHU Z. OT:Ke, umcesa AJA HyMepallil He BUCTAYUTh: yCi BOHU
OyayTh «BUTpaueHi» Ha MHOXKUHY N.

IIpore AKIO ejleMeHTH MHOMKUHU 7 PO3MICTUTH y BUTJISML MOCJi-
mosHocrti O, 1, -1, 2, -2, 3, -3, ..., TO TUM CAMUM MOJKHA KOXXHOMY
IiJIOMY YMCJY HaJaTH CBili HOMEp:

0, 1, -1, 2, -2, 3, -3,

8 8 8 8 8 8 8
1, 2, 3 4, 5, 6 T

MookHa mokasaTu, 1o MHOKMHA Q € TaK0K 3JIiUueHHOIO.
3asHauuMo, 1110 He OyaAb-AKa HeCKiHueHHa MHOYKMHA € 3JIiYeHHOIO.
Mo:xkHa moBecTu, 110, HAIPUKJIAL, MHOKMHA R He € 3JiUYeHHOIO.

l Bnpaeu

62." YceTaHOBITH B3a€MHO OJHO3HAUYHY BiAIOBIAHICTE MidK MHOMKIHOIO
HaATypaJbHUX UHCEJ i MHOMKUHOIO HATypaJlbHUX YIMCeJ, KparT-
HUX 3.

63.° YcTaHOBITHL B3a€MHO OJHO3HAUHY BiAIOBIAHICTh MiK MHOMKMHOIO
HATYpPaJbHUX YKCeJ i MHOKMUHOIO umces Buny 4n + 1 (n € N).

64.° ToBemiTh, 1110 MHOKWHY MIAPHUX i HETIAPHUX HATYPAJIbHUX UKMCE]
PiBHOIIOTY KHi.
65.” [ToseniTh, mo muoxkuHa uyucesa Bupy 2" (n € N) ainiuenna.
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Konu 3pobneHo ypoku

o . 1 .
66.° ToBeniTs, o MHOKMHA ynucea Bugy — (n € N) aimiuenHa.
n

67." YcTaHOBITE B3a€MHO OQHO3HAUYHY BiJIOBiZHICTE MidK MHOMKMHOIO
unces Bumy 2" (n € N) i MHOKHUHOIO JecaATKOBUX Apo0OiB Bugy 0,1;
0,01; 0,001; ... .

68.° IIoraxKiTh, 110 MHOXKMHHK TOYOK CTOPOHHU i AiaroHasi KBazgpara
PiBHOMOTYKHI.

69.° ITokaXKiTh, 1110 MHOMKMHHI TOUOK OYAb-IKMX JBOX KOHIEHTPUUHNX
Kin piBHOMOTYKHIi.

70.” IIoKaKiTh, 110 MHOKMHA TOUYOK IIPAMOI i MHOMKHMHA TOYOK KOJIa
3 «BHKOJIOTOIO» TOUKOIO PiBHOIIOTY KHi.

71.” Ha xoopauHaTHiil npamii mosuaunau Touxku O (0), A (1), B (5).
HoBeniTe, m10:
1) mHOXKMHA TOUOK Binpiska OA PiBHONOTY:KHA MHOMKWHI TOUOK
Bimpiska OB;
2) MHOXUHa TOUOK Bigpiska OA 3 «BUKOJOTOIO» TOUKOi0 O
PiBHOHIOTY KHA MHOKUHI TOUOK IpomeHs AB.

72.” TIoKaxiTh, II[0 MHOXKWHU TOUYOK OYAb-AKMNX OBOX BiApiskiB piB-
HOIIOTY KHi.

«§l Gauy ue, ane HiflKk He MOXXY LibOMY MOBipUTA!»

IIi cnoBa Hame:kaTh BUAATHOMY MaTeMaTHKY, 3aCHOBHUKY Teopil
muoxxuH ['eopry KauTopy. Bouu cBiguaTh mpo Te, 1110 HaBiTh reHiio
yacoM OyBa€ CKJAAHO NPUMUPUTU CBOIO iHTYIiIii0 3 ()opMalIbHUM
pesyJabTaToM.

Mab6yTh, i Bu 3a3HaBaJIu IOAi0HOTO JUCKOM-
dopry, Koau JioTiKa MipKyBaHb BUMYIIIyBaJia
BaC IMOTOAUTHCA 3 TUM, IO HA OyAb-AKOMY,
HaBITH Iy’Ke MaJIeHbKOMY, BiZIpi3BKy CTiIBKU K
TOYOK, CKIJIbKY 1X Ha BCill IpsaMii.

A yu MOKHA MOBipUTH B Te, II[0 MHOKUHA
TOUYOK KBajJpaTa PiBHOMOTYKHA MHOKIHI TOYOK
ioro cropouu? MabyTh, Hi. IlboMy He Bipus
i cam Benukuit Kautop.

Y 1874 p. B omHOMYy 3i CBOiX JHCTIiB m0
BumaTHoro marematuka P. Iemekinma (1831— : .
1916) Kautop mnucas: «Yum MoKHA 3icTaBUTU T'eopr KanTop
HOBEePXHIO (HAaIpUKJIaL, KBaJpaTHy IJIOIIAIKY, (1845-1918)
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§ 1. MHOoXMHW. Onepauii Hag MHOXVHaMU

BKJIIOUArOUM I Meski) 3 BiipiskoM mpsasMoi TaKUM UMHOM, 11100 KOMKHiH
TOUIIi ITOBEPXHi BifilIOBijasa omHa TOUKa Ha I[bOMY BiApis3Ky, i Ha-
BIIAKU? »

Kanrop nymas, 1110 BiATIOBiAL Mae OyTU HeTaTUBHOIO, i HaMarascs
1Ie [OBECTHU IPOTATOM TPHOX POoKiB. IIpoTe B 1877 p. BiH oTpuMmye He-
croAiBaHUii pe3yJbTar: Oyaye B3a€MHO OTHO3HAYHY BiAIOBIAHICTE MidK
MHOXKMHOI0 TOUOK KBaapaTa i MHOKUHOIO TOUYOK HOTO0 CTOPOHMU.

OsHaitioMmumocs 3 ifeeio qoBenenusa KauTopa.

PoasriaHeMo Ha KOOpAWHATHIN IJIOMIMHI KBaapaT 3 BepPIIMHAMU
A (0; 0), B(0; 1), C(1;1), D(1; 0) (puc. 15).

Hexait Touka M (x; y) HaJIeKUTH KBagpa-

yA Ty. Koopauuatu x i y 3afOBOJIBHAIOTH He-
B c piBHOoCcTi 0 < x < 110 < y < 1. Tomy yucua
M X 1 y MOYKHa MOJaTU y BUTVIAAI HECKIHUEHHUX
y T IecATKOBUX APOOiB:

i 5 x = 0,a1a2a3 vees

Ao = 1 > y=0,8B,B, ... .
3ayBasKkumo, 110 Koiau x =1 a6o y =1,
Puc. 15 TO KOOPAMHATY MOYKHA 3alucaTy y BUTJIALL

npody 0,999... .

3a [OIIOMOro0 IUX 3alUCiB CKOHCTPYIOEMO HOBHUM OeCATKOBUI
Ipib, «mepeminryoun» udpu ecATKOBOTO 3alUCy YHUCeN] X i y uepes
OITHY:

z =0,0,B,0,B,0.B, ... .

Touri M (x; y) mocrtaBumo y BizmoBinuicTe Touky K (2; 0). Oue-
BUIHO, IO IS TOUKA HAJEXKUTH CTOPOHI AD KBaapara.

3posyMiio, 110 Pi3Hi TOUKM KBajpaTa MAlOTh Pi3HI KOOPAUHATH.
Tomy mpu 3a3HaueHiil BifIOBiMHOCTI piBHMM TOUKaM KBaapaTa Bif-
HOBiZAIOTh PiBHI TOYKU MOTO CTOPOHU AD'.

ITicia BukrJageHoro Bu, MabyTh, yiKe He AMBYBATHMETECh TOMY,
110, HAIPUKJIAL, MHOMKIMHA TOYOK KyOa PiBHOIOTYXHa MHOMHUHI TO-
YOK #oro pebpa.

MHOXUHN, PiBHOIIOTYKHI MHOMKHMHI TOYOK BiipiskKa, Ha3WBAIOTh
MHOYKMHAMU MOTYKHOCTI KOHTUHYYMY (BiJ JIaTUHCHKOTO continuum —
HeTepepBHUM).

! Mesiki umcna MaioTh IBa HecATKOBHX sammcn. Hampuriazn, npobam 0,7000...
i 0,6999... BigmoBinae oxue it Te came uwmcyao. Ockinbku imesa moBemenus KaunrTopa
OB’ A3aHa 3 JEeCATKOBUM 3allICOM YKCJa, TO B CTPOTOMY HOBeIeHHI Mae OyTu MoKasa-
HO, K BUPIIIyeTbCcA IpobjieMa HEOJHO3HAYHOCTI 3aIllMCy dYuCJa IPU BCTAHOBJIEHHI
B3a€EMHO OJHO3HAYHOI BimmoBimHOCTI.
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

MoBTOpeHHS Ta pO3LLIMPEHHS BifOMOCTEN
npo pyHKLito

Y MOBCAKIEHHOMY KUTTI HaM YacTO AOBOAUTHCA CIIOCTEPiraTu
mmpoliecu, y AKUX 3MiHa ofHiel BeauunHM (He3aaeKHOl 3MiHHOI) Tpu-
3BOAUTDH MO 3MiHU iHIIMOI BenmuwmHU (3ayekHol 3MinHOI). BuBuennsa
IIUX TPOIleciB moTpedye CTBOPEHHA iX MaTeMaTHUHUX Mojenei. On-
Hi€l0 3 TaKUX HaWBaKJIUBIIIUX Mojeseli € pyHKIiA.

3 UM MOHATTAM BU O3HaoMuauca B 7 Kjaaci. Haramaemo # yTou-
HIIMO OCHOBHI BimomocTi.

Hexaii X — MHOXMHA 3HaUEeHDb He3aJIeKHOI 3MiHHOI, Y — MHOMKHU-
Ha 3HAUYEHb 3aJIeKHOI 3MiHHOI. PYHKIiA — IIe MPaBUJIo0, 3a JOIIOMO-
TOI0 AKOTO 32 KOSKHNM 3HAUEHHIM He3aJIesKHOI 3MiHHOI 3 MHOKUHHA X
MOJKHA 3HAWTHU €IMHEe 3HAYEHHSA 3aJIeKHOI 3MIHHOI 3 MHOKMHHU Y.

3asBuuail HezaIeKHY 3MiHHY II03HAYAIOTH OYKBOIO X, 3aJIE}KHY —
O0ykBOIO Y, OyHKIiO (IpaBuiao) — OykBoio f. Kaxxyrs, mo sminHa y
dyukionaapHo 3ajexuTh Bin 3mimeOl Xx. Ileil (haxkT mosHAUAIOTH
Tak: y = f (x).

Hesanexxny 3MiHHY IIle Ha3UBAIOTh apryMeHTOM (QYHKILii.

MuoXUHY 3HAUeHb, AKUX HaOyBae apryMeHT, TOOTO MHOKUHY X,
Ha3MBAIOTH 00JIACTIO BU3HAYEHHA (PYHKIIII i mosHauatots D (f) abo D (y).

. o . 2
Tak, obsacTi0 BU3HAUEeHHA 00epHEHOI mpomopiiiiHOoCTi y=-—
X

e MHOKUHA (—o0; 0) U (0; +o). Taxkox moxkHa 3ammcatu D (y) =
={xeR|x=0}.

Y dyHKIioOHANbHIN 3a/€)KHOCTI KOXXKHOMY 3HAUEHHIO apryMeHTY
X BiAmOBiZae meBHe 3HAUEHHA 3aJIE}KHOI 3MiHHOI y. 3HAUeHHA 3a-
JIeXKHOI 3MiHHOI IT1le Ha3WBAIOTh 3HAUEHHAM (QYHKIT i 11a QyHKIii f
mo3HavaioTh [ (x). MHOKUHY 3HAUeHb, AKUX HaOyBae 3ajie’KHa 3MiH-
Ha Y, TOOTO MHOXKUHY Y, Ha3WBAIOThH 00JIACTIO 3HAYeHb (DYHKIIIT i 1mo-
saauaiots E (f) abo E (y). Tak, obsacTio 3HaUeHb QYHKIII y=\/; €
MHOKUHA [0; +o0).

Enemenramu muoxxun D (f) i E (f) mo:xyTb OyTu 00’€KTH Haii-
pisHOMAaHITHiIIIOl IPUPOLH.

Tax, SKI0 KOKHOMY MHOTOKYTHUKY IIOCTABUTH Yy BiAIOBiAHICTH
MOro MJIOIY, TO MOKHAa TOBOPUTH PO (PYHKILiI0, 00JIaCTh BUSHAYECHHS
AKOI — MHOYKMHA MHOTOKYTHUKIB, a 00J1aCTh 3HAUEHbL — MHOMKMHA
IOJATHUX YKCEJI.

SAKIT0 KoKHil JIOAWHI MOCTABUTU Y BiAHOBiAHICTH AeHb THIKHA,
y SKUI BOHA HAPOLUJIACS, TO MOYKHA TOBOPUTH PO (PYHKIIiI0, 00JIaCTh
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5. MOBTOpEHHS Ta PO3LUMPEHHS BIAOMOCTEN MPO (DYHKLiO

BUBHAUEHHS AKOI — MHOMKWHA JIIOAel, a 00JacTh 3HAUeHb — MHO-
JKWHA THIB TUMKHS.

Komu D (f) c R i E (f) C R, dyHKIi0 f HA3MBAIOTH YNCJIOBOIO.

Ax1ro obsacTio BUsHaAUeHHA QYHKINI f € MHOKKHA X, a 00J1aCTIO
3HAUeHb — MHOKHMHaA Y, TO (PYHKIIil0o f TaKOoX Ha3WMBAIOTh Bixo-
OpaskeHHAM MHOXMHU X Ha MHOKUMHY Y. CioBa «BimoOpasKeHH»
i «dpyHKIiA» € cunoHiMamu. IIpoTe TepMiH «BimoOpakeHHA» UacTilie
BUKODPUCTOBYIOTH TOJi, KOJU MPU 3aJaHHI QYHKII X0UyTh HAT0JO-
CUTH, IKi MHOKUHU € 00JIaCTIO0 BUSHAUEHHs i 00J1aCTIO 3HAUEHD.

Ha pucyury 16 mpoingiocTpoBaHO BimoOparkeHHs MHOMKHHU X Ha
MHOXKUHY Y (TOUKaMu IIO3HAUYEHO €JIeMEHTH MHOMKUH).

X\ /Y X
g ¢
.__
a) 6) 8)
Puc. 16

BimobpaskeHHs f IPUHIINIIOBO BiAPisHAETHCS Big BimoOpaskeHb g1 @
(puc. 16): y BimoOpaskeHHi f KOMKHUM eJIeMeHT MHOKUHYU Y € BiAmoBiz-
HUM JeAKOMY €InHOMY eJeMeHTy MHOKHHHN X. Take BimoOpaskeHHS
Ha3WBAIOTh B3AEMHO OJHO3HAUYHMM BigoOpasKeHHSIM MHOSKMHU X Ha
mHOkuHy Y. Hampurian, Hymepaid ejeMeHTiB JeAKOl 3aiueHHOL
MHOXXUHU M — Ile B3a€MHO OJHO3HaUHEe BiJoOparkeHHsa MHOKUHT N
Ha MHOXXUHY M.

DyHKITII0 BBAXKAIOTH 3aJJaH0I0, AKIIIO BKa3aHo i1 00/1aCTh BU3HAUEH-
HS i mTpaBMyIo, 3a AKUM 3a KOKHUM 3HAUEHHAM He3aJIe;KHol 3MiHHOI
3 o0JsacTi BUBHAUEHHS MOJKHA 3HAWTH 3HAUEHHS 3aJIe’KHOI 3MiHHOI
3 o0JstacTi 3HAUYEHbD.

DyHKIII0 MOKHA 3a4aTU OTHUM 3 TAKUX CIIOCOOiB:

e OIHCOBO;

e 3a IOIOMOI0I0 (DOPMYJIH;

e 3a IOIIOMOI0I0 TaOJIMITi;

e rpadiuno.

Posrinanemo Kinbka mpuKJIamiB QyHKIN, 3aJaHUX OIIMCOBO.

Y KosHOMY palioHaJbHOMY YHCJIY IOCTABHMMO y BifIOBigHiCTBH
ymeso 1, a KoskHOMY ippaiioHanbHoMy — uwncio 0. PyHKITito, 3a-
IaHy TaKUM YMHOM, Ha3uBaioTh (pyHKHicro [ipixiae i mosHauamoTs
y =2 (x). Mumryrs:

D (x)= 1, akmgo x € Q,

0, axmro x ¢ Q.
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

Tyr D (y) =R, E (y) = {0, 1}.

& KoxxHOMY HifiCHOMY YHCIy X IIOCTAaBHMO Y BiIIIOBiZHiCTH HAM61Ib-
Imie IfiJie 941cJjao0, sSKe He mepeBuIlye umcio x. Taxky dyHKIito Ha-
3WBAIOTH I[IJIOK0 YACTHHOIO YHCJIA X 1 mo3HauaoTs y = [x]. Hanpu-

xnaz, [V2]=1, [2]1=2, [-V2]=-2. Tyr D (1) =R, E () = Z.

% KoskHOMY AiliCHOMY YHMCJy X IOCTAaBMMO y BiJIIOBiZHiCTE pisHUITIO
x — [x]. Tarky dyHKIIil0o Ha3MBAIOTH TPOOOBOIO YACTUHOIO YHCIA X
i mosuauaimoTh y = {x}. Hampuxmuanm, {x/§}=\/§—[\/§]=\/§—1,
@2)=2-[21=2-2=0, {-V2}=—2-[2]=—V2-(-2)=2-2.
Tyr D (y) =R, E (y) =[0; 1).

Y KosxHOMY Bil’€MHOMY UYMCJIy ITOCTABMMO y BiJITOBIAHICTH UmCIIO
—1, KOXKHOMY JOZATHOMY YuCIy — uuciao 1, mymsto — uwmciao 0.
DyHKITiT0, 3aJaHy TAKUM YMHOM, HAa3WUBAIOTh CUTHYM (BiJ JaTHUH-
CBKOTO Signum — 3HAK) i IO3HAYAIOTH J = SgN X.

ITumyTs:
-1, akmgo x <0,
sgn x=40, armo x=0,
1, axmo x>0.

3uaueHHA 1iel PyHKIT XapaKkTepusye 3HAK BiIIIOBiHOT0 apryMeHTy.
BayBasKuMo, 10 X-sgn x = | x |.

% Posrasmemo Qyukmino f, y askoi D (f) = N. Beaxarumemo, II[0
f (n) = 1, AKIO AECATKOBUH 3amuc 4yucjiaa T MicTUTL n nudp 4,
10 UAyTh mOCHijib, i f (n) = 0, AKImo mmeil 3amuc Taxkol BJIACTH-
BOCTi He Mae. 3BepHEMO yBary Ha Te, II[0 3HAUeHHA (PYHKIHI f
00UMCIIOBATH BasKKOo. HampukJjiana, My He 3HAEMO, YOMY OOPiB-
moe f (10 000 000 000). IIpore it y TakoMy BUIAAKy (MDYHKIIiIO
BBAYKAIOTH 3aJaHOIO.

Haitiuacrinie ¢yHKIiI0 3aai0Th 3a AOIIOMOro (GopMmyan. SIKIMo
Ipu IILOMY He BKasaHO 06JiacTh BU3HAUYEHHHA, TO BBAKAIOTh, II[0 00-
JIacTI0 BUBHAUeHHs (YHKIII € obJylacTh BU3HAUEHHA BUPAa3y, AKUH
BXOIUTH n0 dhopmynu. Hanpukian, Akimo GyHKIiA f 3agana popmy-

JIOI0 f(x)= 1 , To Ii 0o6sacTio BUBHAUEHHS € 0071aCTh BU3HAUEHH

x—1

1
Vx-1
3uaueHHs oaHiel GYyHKIII MOKYTh CAYryBaTH 3HAUEHHSIMU apry-
MeHTy iHmmoi GyHKIil.
Hampukiaz, posriasHeMo GyHKIHI f(x) = 2x — 1ig(x) = x> + x + 1.
Tomi f(g(x))=2g(x) —1=2(x*+ x+1)— 1 =2x"+ 2x + 1. OTexe,
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5. MOBTOpEHHS Ta PO3LLUMPEHHS BIAOMOCTEN MPO (DYHKLiO

MOXKHA TOBODHTH, Io (opmyna y = 2x° + 2x + 1 sagae GyHKIIiO
y=1(gx).

Aximo sHaueHHAMU aprymMeHTy QYHKINI f € 3HaueHHS QyHKII g,
TO TOBOPATH, 110 3aJaHO cKJIageHy ¢yHKLio ¥y = f (g (x)).

IcaytoTh QyHKIII, aKi Ha pisHUX HigMHOKWHAaX 00JIacTi BU3HA-
YeHHS 3a4al0ThCcs pisHuMHU (opmynavu. Hanpukrian,

_|x?, akmo x<1,
Y 2x -1, akmio x >1.

Taki pyHKIIl HA3MBAaIOTh KYCKOBO 3aIaHUMU.

Cmoci6 samanHs (GyHKIII OAHie0 UM KiJgbKoMa (QopMyIaMu Ha-
3WBAIOTh AHAJITUUHUM.

Y Ttux BUmMagKax, KoJau 00JIacTh BU3HAUEHHA (PYHKINI € CKiHUeH-
HOI0 MHOJKMHOIO i KimbKicTh Ii eleMeHTIB He Ay:Ke BeJIMKa, 3PYYHO
BUKOPUCTOBYBATH TabamuHMi croci6 3agamua ¢yukmii. Ileir cmocio
ITOCUTHh UYACTO BUKOPHCTOBYIOTH Ha mpakTuiii. Tak, pesyabTaToMm
3alliCy CIIOCTEPEKEeHb 3a AKOI0-HEOYIb XapaKTEePUCTUKOIO IIPOIECY
(TeMIIepaTypoio, MBUAKICTIO, TUCKOM i T. I1.) € TaOJIUIA, KA 3aa€
BiAIIOBiZHY (PYHKIIiIO 3aJIe;KHOCTI I1iel BeIMUYMHU BiJ dacy.

Haragaemo os3naueHHs rpadika QyHKII.

Osuauvennsa. 'padikom uncaoBoi pyHKNii f HA3MBAIOTH reo-
MeTpuuHy (irypy, IKa CKJIama€ThcA 3 YCiX THX i TiIBKM THX TOYOK
KOOPAWHATHOI IJIOIIUHHM, a0CHMCH AKHUX TOPiBHIOIOTh 3HAUYCHHAM
apryMeHTy, a OPAUHATH — BigNOBiTHUM 3HaUYeHHAM (PYHKIHL f.

CkasaHe o3HAauae, IO KOJU AKachk (pirypa € rpadikom PyHrIii f,

TO BUKOHYIOTHCS Bi YMOBU:

1) AKkmo x, — NesKe 3HAUYEHHs aprymeHty, a [ (x,) — Biamosinme
3HaueHHA (PYHKIiI, TO TOUKa 3 KOOpAMHATAMU (xO; f (xo)) HaJe-
JKUTH rpadiky;

2) axrmo (x,; Y,) — KOOPAMHATH NOBiABHOI TOUKM rpadira, To X,
i y, — BIANOBiAHI 3HAUEHHS He3aJeKHOI 1 3ajeskHOI 3MIHHUX
Gbynkmii f, To6To y, = f (x,).
dirypa Ha KOOPAWMHATHIN IJIOIIUHI MOKe OyTu rpadikoM mearoi

uyucaoBol (GByHKIiI, AKINO Oyab-siKa IpPAMa, HEePIeHINUKYJIAPHA 10

oci abcmuc, Mae 3 1i€io (iryporo He OinbIllle OfHi€el CIiIBLHOI TOUKM.

Hampukiazn, Koo He MOKe cayryBaTu rpa@ikoM »KOmHOI PYHKIII.
I'padiunnii cmoci6 saganuga QPYHKIII HITPOKO 3aCTOCOBYETLCS IIPU

IOCJiI:KeHHI peaJbHUX mpolieciB. IcHyOTh mpuiaanu, IKi BUIAIOTh

00pobJseny iHdgopmarltito y Burasani rpagikis. Tak, y MeguIiiuHi BU-

KOPUCTOBYIOTH eJeKTpokapaiorpad. Ileit mpuman pucye Kpusi, AKi

XapaKkTepusyoTh POOOTY CepIis.
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

Ocruiorpad Enexktpoxapaiorpad

MPUKNAL 1 3umaiigiTs ob6sacTh BUSHAUEHHS PYHKITIT

y=+x"(x—-1).

Posé’ssannasa. ObmacTs BUBHAUEHHS HaHOI PYHKI[IT — MHOMKUHA
pO3B’sA3KiB HepiBHOCTL
x*(x—1) > 0.
.. . . x’ = 0,
1151 mepiBHiCTH PiBHOCHMJIbHA CYKYIHOCTI
x-12>0.

3sigcu D (y) = {0} U [1; +oo).

MPUKNAL 2 3uaiigitTe obsacTb 3HaYEeHb GQYHKINT y= R
+x

Posze’ssanna. Hexait a € E (y). Toxi sagaua 3BoAUTHCA 0 3HA-

XOOeHHsdA BCiX B3HaUYeHb a, Ipnm AKuUX piBHHHHH =a Mae€

1+x2

PO3B’A3KMH.

Ile piBHAHHS piBHOCUJIBbHE TAKOMY:

2x = a + ax®, sBigku ax® — 2x + a = 0.

Axmo a = 0, To oTpuMane piBHAHHSA Mae Kopiub x = 0.

Axmro a # 0, To 1e piBHAHHA € KBAaAPaTHUM, i HAIBHICTH KOPEHIiB
BU3Ha4YaeTbcsa ymoBow D = 0.

Maemo: D = 4 — 4a®. Banumaerscs posB’sasaTH HepiBHiCTH
4 — 4a* > 0:

4a°< 4,a*<1,|al|< 1.

Orxe, E (y) =[-1; 1].
MPUKNAQL 3 IIo6yayiiTe rpadik dyHKII y = [x].

Posé’ssannsa. Hexait x € [k; B+ 1), ne k € Z. Toni 3a o3sHa-
YeHHAM I[iJIol yacTuHU yucaa [x] = k.

Temnep 3po3ymiJo, 1110 AJd T00YA0BHU ITYKAHOTO rpadika moTpioHo
obJsiacTh BU3HaUeHHs (GYHKIIIT po3buTu Ha mpoMiskKu Buny [k; k& + 1),
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5. MOBTOpEHHS Ta PO3LLUMPEHHS BIAOMOCTEN MPO (DYHKLiO

ne k € 7Z. Ha KoXHOMY 3 IIMX IPOMIiMKKiB 177
3HaueHHA GyHKIL y = [x] € cranmum i gopis-
HIOE k. 1
Ilykauuii rpagix 300pakeHo HA PUCYH- ) o
Ky 17. ol 1 x
MPUKJIAL 4 Ilo6ynmyiite rpadik (yHKIiI —’T
y = {x}
Posé’asannsa. CiouaTKy JOBeIeMO BaK- Puc. 17
JUBiI BiaacTUBOCTI 11ijioi i mpoOOBOI YacTwH
quca.

Y fxmo k € Z, o [x + k] = [x] + k.

Hexait [x] = ¢. Toxi 3a o3HaYeHHAM IIiJiol YaCTHUHU YHUCJIA
c<x<c+1.3Bigcuc+ k< x+ k<(c+ Ek)+ 1. Omxe, [x + k] =
=c+k=[x]+ k.

Y dxmo k € Z, To {x + k} = {x}.

Maemo: {x + B} =x+ k—[x +kl=x + k — ([x] + k) = x — [x] = {x}.

HoBeneHa BiIacTUBIiCTh APOOOBOI YaCTUHU YUCJIA JO3BOJIAE CTBED-
IoKyBaTH, 110 HAa KOKHOMY 3 TPOMiKKiB Buny [k; £ + 1), ne k € Z,
vk rpadik GyHKIII y = {x} Mae ogHaKOBUH BU-

rian. Tomy mocuTs moOyAyBaTH HOro0, HATIPU-
KJaz, Ha mpoMixkky [0; 1), a morim orpuma-
? HY (Qirypy «pO3MHOMKUTHI».

o] 1T ~ Axmo x € [0; 1), To [x]=0 i {x} =
= x — [x] = x, To6TOo mpu x € [0; 1) maemo
y=x.

Ilyxkauuii rpadik 300paskeHo HA PUCYH-
Puc. 18 xy 18.

73." KosxHOMY HaTypaJbHOMY 4HCIy, 6iabiromy 3a 10, ajie MeHIIIO-
My Bix 20, mocTaBuIM y BiAHOBiAHICTE ocTauy Bifg AijIeHHS IILOTO
yucJa Ha 5.

1) Akum cmocoboM 3amaHo 0 PYHKILiI0?
2) fIxa obmacTh 3HaUeHb 1iel PyHKITII?
3) 3apmaiiTe 1110 QYHKITiI0 TaOJIUIHO.

74." Mauo Qyurmii: f (x) =[x], g (x) ={x}, ¢ (x) =D (x). BHaKAITE:
1)71(3,2), £(3,2), 9 (3,2); 2) f (-3,2), £ (-3,2), 9 (-3,2); 3) £(/3),
g(V3), 9(B); 4) r(1B), g(-V3), o(-3).
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75." Ha pucyury 19 3o06paeno rpadik @yuriii y = f (x), BusHaueHnoi
Ha npoMiKKy [—4; 5]. Kopucryiouucsk rpadikom, 3HaAHIITH:
1) £ (=3,5); 1 (=2,5); [ (=1); [ (2);

2) smauenHa x, upu axux [ (x)=-2,5; f (x) =-2; f (x) = 0;

f(x)=2;
3) obsacTh 3HAUEHb (PYHKITII.
g A
2
N\
A
-4 /- -9 | - 0 2 4 i ;
1
N
2 N~
3
Puc. 19

76." 3HalifiTh, He BUKOHYIOUM HOOYZOBM, TOUKU IIE€PETHHY 3 OCAMU
KoopauHAT rpadika QyHKIIIi:

D f@=tx-7  3eg@=9-14 5) f(x)=t1,

X

2) f(x)= 2;;_4;; 4) ¢ (x) = 2% + 2x — 3;

77.° 3HAUITH, HEe BUKOHYIOUHN MOOYIOBU, TOUKHU IIEPETUHY 3 OCIMU
KoopauHAT rpadika QyHKILIi:

2
x°+

3x—1, axmo x<-1,
78." Ilano dyukmio f(x)={x* -5, akmo —1<x<4,
11, AKI0 X > 4.
3uaizire: 1) f (=3); 2) f (=1); 3) f (2); 4) [ (6,4).
9, sakImo x <—3,
79.° Ilo6ynyiiTe rpadix GyHKIil f(x)=1<x°, akmo —3<x<1,
X, Ko x=>1.
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4
—=, AKII0 X < —2,
X
80.° TIobymyiiTe rpadik pyuriii f(x)=)—x, axmo —2<x <0,

\/;, axmio x > 0.
81." IloGynyiiTe rpadik QyHKIT y = sgn x.
82.° 3uaiigiTs 00/acTh BU3HAYEHHA (PYHKIIII:

1) f(x)=vx— +"f+2 3) f(x)= x+3+x21 ;

Vx + 4x-3

\/x+2 xt—Tx+6

2 F0=r |_ 4) f(x)=

83.° 3HaligiTe o6sacTh BU3HAUEHHS (DYHKILIi:

_ _2 . —J3_
1) f(x)= x+4+x+1, 2) f(x)=+8 x+x2—8x
84." 3maiigiTe 00acTh 3HAUECHD (PYHKITII:
1) f(x)=vx-1; ) f@=]x+2]+2
2) f(x)=5—x% 5) f(x)=~-x";

3)f(x)=-T; 6) f(x)=vx—-2+~2—x.

85.° BuaigiTs o6sacTh 3HAUEHDb (PYHKITII:
1) f(x)=x*+ 3; 2) f(x)=6—\/;; 3) f(x)=(\/;)2.

86." laxo dyuxmii f(x) = 1 — 3x i g(x) = x* — 1. Bagaiire dopmyI0i0
(GYHKITiO:

Dy=7f(x+1) 3 y="1(g ) )y =1 (f (%))
2) y=¢[L) Hy-g(F @5  Oy-g@E @)

87.° Mano dyuknii f (x)=vx+1 ig(x) = x* — 2x. Bagaiite popMyI0I0
(GYHKILiO:
1) y=1(3x); 3y =r1(gx); o)y =1 (f (%))
2)y=2g(x); Hy=2g( (x); 6) y =g (g (x)).

88.° BagaiiTe GopMyJIOI0 AKY-HEOYIb PYHKIiI0, 00IaCTI0 BUSHAUCHHS
AKOI €:

1) MHOKUHa AificHUX uumces, Kpim umecen 1 i 2;
2) MHOKUWHA BCiX YmceJ, He MEHIINX Bif 5;
3) MHOKHMHA BCixX umces, He O0inbimux 3a 10, kpim umucaa —1;
4) MHOKWHA, SKa CKJAJAETLCA 3 OJHOr0 umcaa —4.
89.° 3uaiigite 06JIaCTI> BU3HAUEHHSA Ta MobyayiiTe rpadik GyHKIii:

D=0 g @12 g =520
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90.° 3uaiigiTs, 001acTh BUBHAUEHHS Ta IMOOyAyiiTe rpadik GyHKINII:

X +4x+4, _x®
1) f(x)——x+2 ; 2) f(x)= —

91.° OyuKIio [ 3aJaH0 OIMCOM: KOKHOMY HATYPAJILHOMY UMCJY IIO-
CTaBJIEHO Yy BiAMMOBiAHICTH ocTauy Big AiJIeHHS IIHOTO YHMCJIa Ha 3.
3uaiigite f (2), f (0), f (16), f (21). Buaiigite E (f). HoBexits, 1110
f(x)=7(x+ 3) nna 6yab-axoro x € N.

92." ®yHKIIi0 g 3aaH0 OMKCOM: KOXXHOMY HATYPAJIbHOMY UHCJIY II0-
CTaBJIEHO Y BiMOBiAHiICTHL ocTauy Bin misieHHA 1IbOTO YMcJa Ha 4.
3uatinite g (3), g (0), g (14), g (32). 3uatigite E (g). HoBemiTs,
o g (x) = g (x + 4) gna 6yab-axkoro x € N.

93.° 3ualigiTe 001aCTh BUSHAUCHHA (DYHKIII:

1) y= /4—|x|+x12; ) y=[x+1|(x-3);
2) y=4| x|-3+ LI 5) y=+;

x+1 x“(x+2)

3) y=4(x-1)*(x—2); 6) y=+/sgnx.

94.° 3uaigiTh 06J1aCTh BU3HAUEHHSA (DYHKILII:

1 1. - 2(x_3):
1) y—m+x_2, 4) y=+(x+4)"(x-3);

2) y=—|xlT+\/x+4; 5) y=1| x+5](x+2);

1 1
3) y=———; 6) y= :
Jx+1)%(x+3) \/sgn x

95." 3uaiigiTe 00acTh 3HAUEHb (DYHKILII:

1) y=3x*— 2x + 1; 3) y=3x+1, 5) y=x+2.
2x+3 x
2) y = —2x% + 3x — 4; 4) y=——;
x° -1
96." 3uaiigiTe 06/1aCTh 3HAUEHD (DYHKILII:
B¢ — x + 1: _2x-1, _ l
1)y =52 — x + 1; 3 y= 5) y=dx+_
2)y=-3x—x—2; 4) y=—2%;
x" -4

2
97.” TloGynyiire rpadik QyHKINT Y= (\/(x +2) x) —x® —4x”.
2
98.” Iobyxyiite rpadik dyskmii y=x°— (\lx2 (x— 1)) .
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99.** 3uaigiTs 00/1aCTh BU3HAUCHHSA (DYHKILI:

1) y=©#; 3) y=i}; 5) y=49 (x)-1.

(x) {x

2) y=[%; 4) y=\J-2 (x);

]

3pocTaHHS i cnapaHHNA hyHKLIT.
HanGinbLwe i HaMMeHLe 3HaYeHHA PYHKLT

YacTo Ipo BJIACTUBOCTI 06’€KTa MOKHA POOUTHU BUCHOBKHU 3a MOT0
300paskeHHAM: (poTorpadiero, PeHTreHiBCbKUM 3HiMKOM, PHUCYHKOM
TOLIIO.

«300paskeHHAM» (PYHKIIII Moske cayryBartu ii rpadik. ITokaskemo,

Ha pucyuky 20 3o6pakeno rpadik gesroi GQyHKII y = [ (x).

Ti o6sacTio BusHaUeHHsA € TpoMiskok [—4; 7], a 061acTIO BHAYEHD —
mpoMmixkok [—4; 4].

IIpu x = -3, x = 1, x = 5 3HaueHHA PYHKIII JOPiBHIOE HYJIO.

Oznauvenns. 3HaYEeHHS apryMeHTY, IPU SIKOMY 3HAYeHHHA (pyHKIiT
IOPiBHIOE HYJIIO, HA3UBAIOTh HyJdeM (YyHEKI[il.

Tak, uncaa —3, 1, 5 € HyIaMu gaHoi GYHKILII.
3ayBaxkuMo, 1110 Ha mpoMiskkax [—4; —3) i (1; 5) rpadixk GyHK-
mii f posraimroBammit Haja Biccio abcimc, a Ha mpoMmimkkax (—3; 1)
i(5; 7] — mig Biccio abciuc. Ie o3Hauae, 1m0 HA TpoMiKKax [—4; —3)
i(1; 5) dyurnia HabyBae TogaTHUX 3HAUEHb, a HA IpoMiKKax (—3; 1)
i (5; 7] — Bim’eMHUX.
YA

QY




§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

Osnauennda. IIpomixkor, Ha AKoMy (PpyHKIia HaOyBa€ 3HAUYeHBb
OMHAKOBOTO0 3HAKa, HA3WBAIOTh NMPOMISKKOM 3HAKOCTAJOCTI
dbyHKIIT.

Hanpurnan, mpoMmizkKu (—oo; 0) i (0; +c0) € mpomMiKKaMu 3HAKO-
crasocti QyHKIIT y = x°.

3ayBakeHHsd. Ilig yac momIyKy IPOMiKKiB 3HaKOCTAJIOCTi
dyHKII] TpuiiHATO BKadyBaTH MPOMiKKH MaKCHMAaJbHOI MOBMKUHU
(TouHimre, Ti, AKi He € BJaCHUMH IiIMHOKWHAMHI IHIINX ITPOMiKKiB
sHakocrasocti). Hampukianm, mpomizkok (—2; —1) € mpomizkKoM 3Ha-
KocrasocTi pyukiii f (puc. 20), ame g0 Bigmosiai ysifime mpomiskok
(—3; 1), axkuit micTuTh npomixkok (—2; —1).

Axmo mepemimiatucsa mo oci abermuc Bim —4 mo —1, To MOMKHAa
moMiTuTHu, 1o rpadik GyHKII ime BHU3, TOOTO 3HAUEHHSA (QYHKITIT
3MEHITYIOThCsA. KayKyTh, 110 HA TPOoMisKKY [—4; —1] dyHKuIia cnmagae.
I3 s6inbpmrenuam x Big —1 go 3 rpagdik GpyHKIII fige Bropy, ToOTO 3Ha-
yeHHA (GYHKII] 30iabpiryoThea. KaKyTsb, 1m0 Ha mpoMiskky [—1; 3]
dyHkLia 3pocTae.

Os3umauenHna. MyHKNIiIO f HA3MBAIOTh 3POCTAYO0I HA MHOKU-
Hi M < D (f), axmo mas Oyab-KUX NABOX 3HAYeHb apryMeHTy X,
i x,, axi Hamesxarp MHOXKUHI M, Takux, mo x, < X,, BAKOHYETHCA
HepisHicTS f (x)) < [ (x,).

Osnmauvennsa. DyHKNil0 f HA3UBAIOTh CIATHOK HAa MHOKH-
Hi M < D (f), axmo mas Oyab-AKUX ABOX 3HAYEHb aprymMeHry X,
i X, AKi Hale:xaTh MHOKUHI M, Takux, IO x, < x,, BUKOHYETbCS
HepiBHicTS f (x)) > [ (x,).

YacTo BUKOPUCTOBYIOTH KOPOTIIIEe (hOPMYJIFOBaHHS.
Osmauennsa. PyHKHio f HA3UBAIOTh 3POCTAUY0I0 (CIHATHOIO)
Ha MHOMUHI M, AKIIO OJas Oyab-AKNX 3HAUEHb apryMeHTy 3 Iieil
MHOSKWHHU 0iTbIIIOMY 3HAUEHHIO apryMeHTy BignmoBimae Oinbpine (MeH-
ure) 3HaUYeHHA (QYHKILII.

Axio GyHKIiA 3pocTae Ha Bciii obsacti Bu3HaueHHSA, TO ii Ha-
3WBAIOTh 3POCTAIOU0I0. SIKINO (GYHKIISA ciazae Ha Bciii ob6aacTi BU-
3HAUYeHHs, TO I Ha3MBAIOTh CIATHOIO.

Hanpukaan, Ha pucyHKyY 21 300pakeHo rpadik QyHKIii y=\/;,
IIa dyuakmia e 3pocraiouoro. Ha pucynry 22 3o006paskeHo rpadik coam-
HOl QyHKOII y = —x.

O—=NPUKNAL 1 IoBenits, mo GyHKIiA y = X", Ie n — IapHe Ha-
TypajbHe UUCJO0, CIaZae Ha MPOMiKKY (—oo; 0].

Posé’azanna. Hexait x, i x, — NOBiJIbHI 3HAUEHH:A apTyMEHTY

8 IPOMiKKY (—o; 0], mo Toro x x, < x,. Ilokaskemo, 10 X' >x,,
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v yA
y=+x
0 x 0 2 ;
Q
N
<+
Puc. 21 Puc. 22

TOOTO OiJIBIIIOMY 3HAUEHHIO apryMeHTy BifIIOBifae MeHIIle 3HAUEHHS
byHKITII.

Maewmo: x, < x, —x, > X, O0uABi yacTUHM OCTAHHBLOI HEPiBHOCTI
€ HeBim’ eMHuMHu uncaamu. Tofi 3a BIACTHUBICTIO UMCJIOBUX HEPiBHO-
cTell MOJKHAa B3alucaTH, IO (—xl)" > (—xz)". OckinbKu n mapHe, TO
x> xy.

3azHaumMo, 10 B TAKUX BUIMAAKAX KAXKYTh, IO MTPOMisKOK (—oo; 0]
€ IPOMIKKOM CIIaJIaHHA 3a7aHol QYHKI[II. AHATOTIYHO MOKHA JOBEC-
TH, 110 TPOMiMKOK [0; +oo) € mpomiskKoM 3pocTaHHs QYyHKIIT y = x”,
e n — mapHe HaTypaJbHEe YMCJIO.

3ayBakeHHdA. Y 3aJauax Ha IOUTYK IPOMi’KKiB 3pocTaHH4 i cma-
naHHA (QyHKIIl BKa3ylTh Ti IPOMiKKHU, AKi HEe € BJACHUMU HiIMHO-
JKMHAMU $KOJHUX iHINUX IMIPOMiXKKiB 3pocTaHHA (CIamaHHs), aHAJIOTiU-
HO TOMY, K Ile POOUTHCS ITiJT Yac MOIIYKY IPOMisKKiB 3HaKOCTAJIOCTi.

3asHaumnMo, 110 iCHyI0Th (PYyHKIIiI, BusHaueHi Ha R, aAKi He € 3poc-
TatounMu (CIIaAHUMM) Ha JKOJTHOMY HIPOMiXKKY 00JacTi BU3HAUEHHS.
Hanpukaan, Takoio GyHKIi€0 € KoHcTaHTa. 1lle 0OJHUM TPUKJIAAOM
Takoi GyHKIil € pyHKIia [Hipixie.

MPUKNAL 2 Iosexnits, 1m0 QyHKIig f (x)=% cmazae Ha KOKHOMY

3 IPOMIiKKiB (—oo; 0) i (0; +o0).
Posé’azannsa. Hexait x, i x, — NOBiIbHI 3HAUEHHS apTyMEHTY
3 mpomiskKy (0; +eo), mpuuomy x, < x,. Toni 3a BracTuBicTIO YMCIO-

. . 1 1 . .
BUX HepiBHOCTEH — >-—. OTiKe, HaHa QYHKIIA cragae Ha TPOMIKKY

X X
(0; +o0).
Ananoriumo moBOAATH, IO (GYHKIiA f cmamae Ha IPOMiXK-
Ky (—; 0).

3ayBa)KuMoO, II[0 He MOKHA CTBEPAKYBATHU, IO ZaHa (QYHKIiA
cnaznae Ha Bciit obsacti BusHaueHHSA D (f) = (—oo; 0)U(0; +e0), TOGTO
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€ crtagHoo. [lificHO, AKIT0, HATIPUKJIA, x, = -2, x, = 3, TO 3 HEpiBHO-
cTi x, < x, He BUILINBAE, 10 i>i,
xl x2
Teopema 6.1. Axuwo ¢pyuruyia y =f (x) € a3pocmaroworo (cnaod-
HO10) Ha mHoyucuni M, mo ¢gynryia y = —f (x) € cnadnor (3pocma-
104010) Ha MHOIcuni M.

Hoeedennsa. Hexaii, Hanpukian, GyHKIA Y = f (x) € 3pocTaiouoio
Ha MHOKuHI M. Toxi nisa Oyab-aKux x, i Xy AKi HaJgeKaThb MHOMKI-
Hi M i Takux, mo x, < x,, BAKOHYETbCA HepiBHICTE [ (x)) < [ (x,).
3sigcn —f (x)) > —f (x,). Orsxe, ynruisa y = —f (x) € cnagHorO.

AmnHaJjoriyHo [OBOAATH, IO Konu GyHKIIA y = f (x) cuazae Ha
mHOKUHI M, To GyHKIia y = —f (x) 3pocTac Ha MHOxHUHI M. A

Teopema 6.2. Axwo ¢pynryii y =f (x) i y = g (x) € 3pocmaro-
wumu (cnadnumu) na muoxcuni M, mo ¢pynruyia y =f (x) + g (x)
€ 3pocmatoioro (cnadnoro) na muoxcuni M.

HoBeniTh Teopemy 6.2 camocTiiizo.

Teopema 6.3. Axwo ¢pynruyia y =f (x) e apocmarowor (cnao-
How) Ha mroxcuni D (f), mo pienanna f (x) = a, 0e a — deake wucno,
mae He Ginbuie 00HO20 KOpeHs.

Hoeedennsa. Hexait ¢pyuKIia f e 3pocrarouor Ta PiBHAHHA
f (x) = a mae nBa KopeHi x, i x,, mpuuomy x, < x,. Toxi f (x,) < [ (x,).
IIpore f (xl) =a, f (xz) =a, T00OTO [ (xl) =f (x2). Orpumanu cyie-
peuHictb. OTiKe, piBHAHHA [ (X) = @ Mae He 6iJbIlle OMHOTO KOPEHI.

AmnajioriuHo posrisamaEThCA BUIAL0K, KOJIK (PYHKIA f € coafg-
Hoto. A

3 I[bOTO BUILINBAE TaKe TBEPAKEHHS:

akwo ¢pynkyia f sapocmae (cnadae) na D (f) i f (x,) =f (x,), mo
x, = x,, mo6mo 3pocmawua (cnadna) GYHKYiL KO*HOZ0 C6020 3HA~
YeHHA Habyeae nuuie npu 00HOMY 3HAUEHHI apeymenmy.

Hacaimor. Axwo odna 3 ¢pynkuyiil f abo g € 3pocmaroyoio Ha
muoxcuni D (f) N D (g), a inwa — cnadnorw Ha yitl MHOHCUHI, MO
pienanna f (x) = g (x) mae He Ginvuie 00H020 KOpeHsL.

HoBeniTh e TBEPAMKEHHS CaAMOCTifHO.

MPUKNAJL 3 Poss’soxiTh piBHaHHS X° +V2x—1=2.
Posg’sazanna. Jlerko moBectu (3pobiTh Ie caMoCTiiiHO), IO

dysrnii f (x) =x° i g(x)=+v2x—1 e spocraounmu. Orixe, 3rigHO
3 Teopemoro 6.2 dpyHKIia y = f (x) + g (x) € 3pocTar0u00 Ha MHOMKU-
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.11 .
Hi §;+oo . Toxi Teopema 6.3 m03BOJIAE CTBEepIKyBaTH, IO JaHEe

PiBHAHHA Mae He OiJIbIlle OJHOTO KOPEHd.

Heckmagno momituTu, 1mo x = 1 € KOpeHeM [OaHOro PiBHAHHA.
YpaxoByiouu BuUIleCKasaHe, Iell KOPiHb € €TUHUM.

Bidnosiov: 1.

Hexait y muosxuni M C D (f) icHye Take uucio x, 1o aJsa BCixX
x € M BuKOHyeTbCcA HepiBHICTB [ (x)) = [ (x). ¥ Takomy BUIanKy
TOBOPATH, MO 4HUCIO [ (x,) — HaWbiabme sHaueHHs (QyHKUil [ Ha
MHOKUHI M, i 3annCy0OTH max f(x)="1(x,).

Slkmo mns Beix x € M BUKOHYeTbCA HepiBHICTS [ (x)) < f (x), TO
uucso f (x,) HasuBaIOTh HAWMEHIIMM 3Ha4YeHHAM QYHKUIT f Ha MHO-
skuHi M i 3amICyIOTH m}\}n f(x)=1(x,).

PosrisreMo Kinbka IpUKJIAIIB.
Hus f(x)= Jx i mBOMUEE M = [0; 4] maemo: I[I(}.ig]l f(x)= I[I(}_if]l Jx =

=7(0)=0, I[I(l)?}é(f(x)=f(4)=2 (puc. 23).
Ias f(x)=| x| i mposuan M = [-1; 2] Mmaemo: {{1112 f(x)=7(0)=0,

max f (x)=1(2)=2 (puc. 24).

\\\ y“ //
1 1
o 1 1 0| 12 |'x
Puc. 23 Puc. 24

Axmo ¢ — mesaxe uwmeiao i f (x) = ¢ gaa 6yab-asxkoro x € M, To
Yuca0 ¢ € i HaibinbIiuM, i HaliMeHIIUM 3HaueHHAM (QyHKIIL f Ha
MHOKUHI M.

He 6ynb-aka GyHKIIT Ha 3amaHiit mHOoKuHI M C D (f) Mmae Haii-
MeHIle a6o Haiibimbure sHaveHHA. Tak, maa QyHKIH f (x) = x°
if (x)={x} maemo, 1m0 mRinf(x)zo. Haii6inpimoro sHaueHHA Ha

mMHOKUHLI R i GyHKIII He MaOTh.
. 1 . . o s
dyukmisg f(x)=— Ha MHOKUHI M = (0; +0) He Mae Hi HaKOiIbL-
x
III0T0, Hi HAXMEHIIIOTO 3HAUYEHb.
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YacTo [ 3HAXOMMKEHHS HaNOLIBIIOro i HaWMEHIIIOro 3HaueHb
(GYHKIIIT 3pYyYHO KOPUCTYBATUCSI TAKUM OUEBUIHUM (PAKTOM:

b armo ¢pyHKIiA [ 3pocTac Ha IPOMLEKY [a; b], To 1[211!’1]1 f(x)=1(a),
max f(x)=1(b) (puc. 25);

b armo pyHKIOisa f conagae Ha TpoMikKy [a; b], To r{l}lbr]l f(x)=1(b),
max f(x)=1(a) (puc. 26).

YA YA
f® f (@)
f (@)} f ®)--
o a b x o a b x
Puc. 25 Puc. 26

MPUKNAL 4 3uaiigites Halibigbine i HaliMenIne sHaueHHS (PYHKIIT
f (x) = x* + 3x + 2 ma Bigpisky [-2; 1].

Pose’azanna. Oyuknii y = x° i y = 3x + 2 e spocrarounmu. 3a
Teopemoro 6.2 3pocTarouoio € i pyHkIria f. Omxe, {11121{} f(x)=f(-2)=-12,

r{{lzaflif(x)=f(1)=6-

t BnipaBsu

100.” Ha pucynky 27 so6paskeno rpadix ¢yuxmii y = f (x), BusHa-
yenoi Ha MHOKHHI R. fKi 3 manux TBepAKeHb € IIPaBUJIbHUMMU:

1) pyHKIIiA ciagae Ha TPOMiKKY (—oo; —9]; | vk 1]

2) f(x) <0 mpu -5 < x < 1; l [

3) dyHKIIia 3pocTae HA IPOMIIKKY [—2; +oo); \ A

4)f(x)=0npu x=-5inpu x=1; i _
=5 -10| [1 2«

5) dyHKIia HaOyBae HAWMEHIIIOTO 3HA-
yeHHA mpu X = —27?
101.° Ha pucynry 28 3o0pakeHo rpadik
dyurmii y = f (x), BUBHaUEeHOI HA MHOMKU-

| "
—
—

Hi R. Kopucryrounuch rpadgikom, 3HAUIITH: \ J
1) myni dyHKIil; \ /
2) sHaueHHdA X, npu AKux y < 0;

3) mpoMiKOK cmagaHHA (PYHKILIT; 9

4) obsacTh 3HaUeHb (MYHKILII.
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6. 3pOoCTaHHs i cnafaHHsa QyHKLIT. Hanbinblue i HanMmeHLe 3Ha4YeHHs hyHKLT

vk YA

Do

\
\\ 1 /
AR ‘ AN /

DO

Py

i

-1/~ 3 N -2 A10 | 1

(=]
(==Y
]Y
/
N
/
N =

Puc. 28 Puc. 29

102." Ha pucyuky 29 3o6paskeno rpadik pyuriii y = f (x), BusHaueHoi
Ha MHOKUHI R. Kopucrytouncs rpadikom, sHAUIITD:
1) Hyni pyHKRIii;
2) IpPOMiKKU 3HAKOCTAJIOCTI (PyHKITIT;
3) IPOMiKKM 3POCTAHHS i IPOMIiMKKHU CHaJaHHA QPYHKIIIT;
4) mﬂgnf (x), mﬂng (x);
5) glzg}f (x), I[‘}Z:?‘f]‘f (x);
6) {g}gf (x), r[r_ll?ﬁf (x);

7 gggf(x), {r_lzgg)if(x)-

103.° Ha pucyury 30 3o6paskeHo rpadik GyHK- vk
uii y = f (x), BusHauenoi Ha MHOKuUHI R.
Kopucryiouncs rpadikom, sHaAHIITH:
1) myni dyHKIII; 0
2) IPOMiKKM 3HAKOCTAJIOCTI QYHKILIT; -1 1
3) IPOMIXKKHU 3pOCTAHHS i IPOMiMXKHU cIa- /1N /

IaHHS QYHKIL; / /
R - R /

-
\\

N )

5) min £ (x), maxf(x); /

6) min f (+), max /().

Puc. 30
2x+8, AKIo x<—2,
104." TIo6yxyiite rpadix dyrkmii f (x)=1x%, AKIo —2<x<2,
—2x+8, armro x = 2.

Kopucrymouncsy nmobymoBanum rpadikom, yKaKiTe Hys i maHOoi
¢dyHKIil, 11 IPOMiKKU 3HAKOCTAJOCTi, IPOMiKKMN 3POCTAHHS
i mpoMiKKU ciagaHHA.
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

4
=, AKIo x < -1,
X
105.° ITobyayitre rpadik pyurmii f(x)= i, akmo —1<x<1,

4
—, aKifo x >1.
X

Kopucryounucey nmobymoBanuM rpadikom, yKaKiTh HyJi maHol
byHKIii, II IPOMIKKU 3HAKOCTAJOCTi, NPOMIKKU 3POCTAHHSA
i mpoMiKKU cIIagaHHS.

O—wr 106." [TosexiTs, mo miniliaa @yskmia f (x) = kx + b € 3pocraio-
yoro npu k > 0 i cnaguoro mpu k < 0.

107." 3pocTaruoio UK CHAAHOI € (PYHKI[iA:

1) y=9x — 4; 3)y=12 — 3x;
2) y =—4x + 10; 4)y =—x?
108." SuaiiziTe HyJi QyHKINI:
1) y=+vx’-1; Hy=x*+1; Ny=|x]|-x.
2
2) y=Xx*+*-6 +x3—6; 5) y=Jx—1-Jx+1;
x+
3)y=x— 4x; 6) y=x+Jx-1;
109.° 3uatiaites HyJIi QyHKII:
2 2
_ -9
1) y=+x? —4; 3) y=*—25, 5) y==2.
)y X )y <45 ) Y \/xj
2) y = -5; Hy=|x[+ux
110." 3HalAITHL IPOMIKKN 3HAKOCTAJIOCTI (PYHKIIII:
)y=x*-2x+1; 3) y=+x-1;
9
2) y=5—2; Hhy=|x+1]
- X
111.° 3HalgiTh IPOMIMKKN 3HAKOCTAJIOCTI (PYHKILII:
Dy=-x"-1; 3) y=+x+2; 5)y=|x" -4l

Dy=x"+4x+4; 4dy=|x]|-1;
112.° MoBexmiTs, 1[0 € 3POCTAIOUO0 (QYHKILIA:
1) y=+x-1; 2) y=+2x+1.
113.° [ToBexniTh, 110 € 3pOCTaOU0I0 (HYHKIiA:
1) y=-/x-3+2; 2) y=+/3x-1-1.
114." ®yuknia y = f (x) € cuagHoo. 3pPOCTAIOUOI0 UM CIAILHOI €
dyHKIig (BigmOBiAL OGTPYHTYIITE):
1)y=38f(x); 2) y:%f(x); y=—-F(x); 4y=7(x)+5?
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6. 3pOoCTaHHs i cnafaHHsa QyHKLIT. Hanbinblue i HanMmeHLe 3Ha4YeHHs hyHKLT

115." @dyuknis y = f (x) € 3pocTanuon0. 3pOCTAIOYOI0 YK CIIALHOIO €
dyuKIig (BigmoBias oOr'pyHTyiiTE):!

1) y=57 () 2) y = 8/ ()7

O—w= 116.° loseniTs, mo QyEKDia y = x", e n € N, n — HemapHe,
€ 3POCTAIYO0I0.

117.° HoBeniTh, 110 GYHKIA y= 3L 3pocTae Ha IPOMiKKY (3; +oo).

-x
118.° Hosexirs, 1o GyHKIIS y = %5 CcIIala€ Ha MPOMIiMKKY (—5; +oo).
x
119.° [TosexiTs, 110 GyHKIIA Y= k cIIajae Ha KOYKHOMY 3 IIPOMIiKKiIB
X

(—o0; 0) i (0; +ec) mpu £ > 0 i 3pocTae HA KOKHOMY 3 IIUX ITPOMIisK-
KiB mpu £ < 0.

120.° ToBeniTh, 10 € 3POCTAIOUOI0 (DPYHKIIisA:
)y=x"+x; 2) y=x*+x; 3) y=+x—-1+/x.

121.° ToBeniTs, 1110 € CHALHOK (PYHKIIiA:
Dy=-x"-x; 2) y=v-x-x.

122.° IIpu aAKomMy HalMeHIIOMY I[iJIOMy 3Ha4YeHHI m QYHKIia
y=Tmx + 6 — 20x e 3pocrarouo?

123.° IIpu sikux sHaueHHSX k QYyHKIIA Y = kx — 2k + 3 + 6x € cnaguo0?

124." TIpu axux sHaueHHAX b QyHKIia y = 3x* — bx + 1 3pocTae Ha
MHOKUHI [3; +o0)?

125.° Tlpu axux 3HAUeHHAX b QyHKIiA y = bx — 4x? ciazmae Ha MHO-
JKUHL [—1; +e0)?

126." ®yuKmisa y = f(x) BUBHAUYeHA HA MHOMKWHI MiICHUX YMUCeI,

€ 3pocTapyoio i HabyBae JInIlle MTOJaTHUX 3HaueHb. [oBeaiTh, I110:
1) dymkmia y = f2(x) spocTae Ha MHOxUHI R;

2) dyuruia y -1 crajzae Ha MHOMKHUHI R;

f(x)
3) dyukIia y=./f(x) 3pocrae Ha MHOXUHI R.

127.° ®dyukmia y = f(x) Bu3HaueHa HA MHOKWHI AificHWX dYwuced,
€ 3pocTaiouoio i HabyBae Jullle Bi’eMHUX 3HaueHb. [loBeniTh, I1110:

1) pyukmia y = £2(x) cuagae Ha MHOXUHI R;

2) dysKIia y =% crazae Ha MHOKHUHI R.
x
128." Yu MoKHA CTBEPIKYBATH, 1110 Koau GyHKIHI y = f(x) iy = g (x)
3pocTaioTh Ha MHOYKUHI M, To dyHKIidA y = f(x) — g (x) Tex 3poc-
Tae Ha MHOMKUHI M?
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

129. @yuknii y = f (x) i y = g (x) cuagamoTh Ha AesaKiil MHOMKUHI M
i HaOyBarOTh Ha IIilfi MHOKMHI Bix’eMHUX 3HaueHb. [[oBeAiTh, 110
dyukrisg y = f (x) g (x) spocrae Ha MHOKUHI M.

130.° HaBeniTs npuKIaj BOX 3POCTAIOUMX HA MHOMKUHI M QyHKIIIN,
ITOOYyTOK AKWX HE € 3POCTAI0UOI0 Ha il MHOMKUHI QYHKIIi€TO.

131.° Buaiigite mj&nf(x) i ml\a}xf(x), AKIIO:

Df(x)=x*—6x+10, M=R;  2)f(x)=V16—-x>, M =D (f).

132.° Buaiigite mj&nf(x) i m}\e}xf(x), AKIIO:

1) f(x)=—x*-8x -3, M =R; 2)f(x):x+i, M = (0; +oo).
133.° Ilpu aAKMX 3HAYEHHSAX ¢ Halibinbine 3HauYeHHS (GyHKIIT
y = —0,6x* + 18x + ¢ mopisHioe 2?
134.° Ilpu AKUX 3HAUEHHSAX ¢ HaWMeHINe 3HAUYEeHHA QYHKIiI
y = 2x* — 12x + ¢ mopiBHIOE —3?
135.° Cyma aBox umnceJ fopiBHIOE 8. SHAWLITH:
1) saxoro HaWbGiJILIIIOTO 3HAUEHHSA MOXKe Ha0yBaTu JOOYTOK X UMCEJT;
2) AKOro HAMEHIIIOTO 3HAUeHHA MOKe HabyBaTu cyMa KBaJapaTiB
IIUX YuceJ.

136.° MinauKy 3eMJIi IpAMOKYTHOI (DOpMU OOTOPOIMIN IIapPKAHOM 3a-
BroB:xKHK 200 M. Ky HaWOLIBIITY IJIOIY MOXKe MATH Id JiaAHKa?

137.” Po3B’saiTh PiBHAHHS:

1) x° + x° + x = -3; 2) Jx+1+Jx+6+Jx+13=09.
138." Po3B’saiTh PIBHAHHS:

1) 2x" + x° + x = 4; 2) 2/x +/x—5+/2x+7=13.
139.” PosB’sikiTh piBHAHHS Jx ++4/x-5=23-2x.

140.” Po3B’skiTh piBHAHHA x° ++/x = 12 45,
X

. MapHi i HenapHi pyHKLT

Osnauvennsa. DyHKNiIIO [ HA3UMBAIOTH IIAPHOI, AKIIO AT OyIb-
SIKOrO X 3 o0Jgacti BusHaueHHs [ (—x) = f (x).

Osnauvennsa. DyHKIiO [ HA3MBAIOTH HEIIaPHO 10, AKIIO IJI OyIb-
sIKOTO X 3 obmacrti BusHaueHHA [ (—x) = —f (x).

OueBuIHO, IO MYHKIA y = x° € MIapHOI, a QYHKIIA y = x° — He-
HapHOIO.
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7. NapHi i HenapHi GyHKLii

Buxoumauusa piBuocri f (—x) = f (x) abo piBuocTi f (—x) = —f (x) nasa
oynb-axoro x € D (f) osuauae, 1110 00JIaCTh BU3HAUEHHS (QYHKIII f Mae
Taky BiaacTusicTh: AKmO X, € D (f), To —x, € D (f). Tary mHOxUMHY
HA3WBalOTh CHMETPUYHOIO BiTHOCHO IOYATKY KOOPIUHAT.

3 BUIlleHaBeJeHUX O3HAUEHb BUILINBAE, M0 KOJU 00JIaCTh BU3HA-
yeHHA PYHKI[I] He € CHMEeTPUYHOIO BiTHOCHO MOYaTKy KOOPAMHAT, TO
A PYHKIA He MoxKe OyTU ImapHOio (HemapHOIo).

1
Hanpmman, 00J1acTh BU3HAYEHHS QYHKIIL _l/=—1 HEe € CuMe-
X

TPUYHOIO BiJHOCHO MmoYaTKy KoopaumHaTr. Tomy ma QyHKIA He € Hi
ImapHoI0, Hi HemapHO.

Boxuouac y ¢yukmii f (x) = x* + x* ii o6macTs BUBHAUYEHHS
D (f) = R € cumeTpruHOIO BiJHOCHO MOUYaTKy KoopauHaT. IIpore 1
dyHKIig He € Hi napHOIO, Hi HenapHoio. [ificHo,

f(=x)=(—x)®+ (—x)*= -2 + 2% —f (x) = —x* — x°.

IcuyioTh medKi sHaueHHs x, Hanpukaazn 0, npu axkux f (—x) = [ (x)
abo f (—x) = —f (x), mpoTe 11i piBHOCTI BUKOHYIOTbCSA He JJid BCix x € R.
Hanpurnan, opu x = 1 maemo f (x) =2, a f (—x) = 0.

ITigkpeciumo, 110 AJA mapHOCTi abo HemapHocTi GyHKII f Heob-
XimHO, aje He MOCTAaTHBO, 100 il 00sacTh BU3HAUEHHs OyJja cuMe-
TPUYHOIO BiTHOCHO ITOYATKY KOOPAUHAT.

MPUKNAL 1 Iosexnirts, mo dyuKmia f (x) = x° — x € HemapHOIO.

Poszg’azaunsa. Ockineku D (f) = R, To obiacTh BU3HAUEHHS
¢yHKII f cuMmeTprYHA BiJHOCHO IIOYATKY KOOPAWHAT.

s 6yab-axoro x € D (f) maemo f (—x) = (—x)® — (—x)= —x* + x =
= —f (x).

Omxe, QyHKIA f € HelmapHOIO.

MPUKINAL 2 HocaigiTe Ha mapHicTs QyHKIiI0O
|x-2] |x+2|
()= 1+x * 1-x °

Poze’azanna. Ockimbku D (f) = {x € R|x#—11ix# 1}, To 06;12CTDH
BU3HAUEHHA (QYHKIII f cuMeTpuuYHa BiJHOCHO MOYATKY KOOPAUHAT.

s oyab-akoro x € D (f) maemo:

f(—x)=| —x—2|+| —x+2|=| x+2|+| x—2|=
1-x 1-(—x) 1-x 1+x
Omxe, QyHKIiA f € mapHOIO.

f ().

Teopema 7.1. Bico opdunam € giccto cumempii zpagika naprhoi
dynruii.

Hoeedenna. Ao Touxa M (a; b) Hame:KuTh rpadiky QyHKIT f,
To f (a) = b. OckinbKku QyHKIiA f € mapHOIO, TO f (—a) = f (a) = b. Ile
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

o3Hauae, 1o Touka M, (—a; b) Takox HameRuTh rpadiry GyHKMII f
(puc. 31). A

Teopema 7.2. ITouamokx koopdurnam € yenmpom cumempil
epagira HenapHoi PYHKUIL.
HoBexmiTh 110 TeopemMy camoctiiino (puc. 32).

yA

Puc. 31 Puc. 32

OueBupHO, 110 Gyuknia y = 0, y axkoi D (y) = R, ogHouacHo € i map-
HOW0, i HemapHO0. MoKHA ITOKas3aTH, IO iHIMHUX (QYHKINHA 3 006JacTiO
BusHaueHHA R, AKi € ogHOUYacHO i mapHWUMU, i HemapHWUMMU, HE iCHYE.

I Brnipasu
141." ®yuknia f € napaoio. Yu MoKe BUKOHYBAaTHCA PiBHICTH:
1
DFI@-FC=1 DIGFCH=-2 3 To-0
142." ®yukiia [ € mapHon. Y 060B’I3K0BO BUKOHYETHLCA PiBHICTH
f(-1)
143.° ®yuknia f e memapuo. Yu MoKe BUKOHYBATUCA PiBHICTh:
f(=2) _ 0?
DO +7EY)=1; @) f(2)=3; 3 Fae
144." ToBexmiTs, 1[0 € IAPHOKI PYHKIIis:
1) f(x) = 171;

2) f(x)=x", ne n € Nin — napue;
3)f(x)=-3x" +|x| - 1;

4) f(x)=V4—-x+~4+x;

5) f(x)=vx® —3x+5+x® +3x+5;
6) (x)=

3
x .
\ll—x—\/x+1’
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7. MNapHi i HenapHi GyHKLii

S5x—2|+|bx+2
0 @)= '_'1 .

1 .
8) I(x )_ 1) CBx+1)

9)f(x)—(x+2)|x 4|-(x—-2)|x+4|

145.° ToBeaiTs, 10 € HEIIapPHOIO PYHKITiA:

2
1)g(x)=x",nene N 4) g(x)=—X
i n — HemapHe; N8-x—/8+x
* 4x-1]-| 4x+1
2) g(x)=u; 5) g(x)= w#
x x -1
3) g(x)=v2-x-V2+x; 6) g(x)= 23x+2 + 23x—2 .
x"—x+1 x"+x+1

146." HocaimiTe Ha mapHicTh QYHKIiIO:
2

-1
l)y—; 3)y=i2_f 5) y=+x—1-Jx+1.
2) y="—7 L 4) y=+x*-1;

-1’

147.° Ha pucyuky 33 300paskeHo uactuny rpadika pyuxiii y = f (x),

BU3HaUeHOI Ha TpoMixkKy [—5; 5]. [lobyayiiTe rpadik miel pyHKILii,
AKIMO BOHA €: 1) mapHOI0; 2) HemapHOIO.

yh YA
9 2
1 1
ol 12 5e |5 N =
B
a) 8)
yA 7 \
[T\
1 1
75 01 X [5 01 x
|
/
//
0) 2)
Puc. 33
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148." Jlamana ABCD, me A (0; 0), B (2; —2), C (3; 4), D (6; 1), €
yacTuHOIO rpadika QyHKIl y = f (x), BUSHaAUEeHOI Ha IIPOMiKKY
[-6; 6]. ITo6ynyiiTe rpadik miei dyurmii, axkmo Boua €: 1) map-
HOIO; 2) HelapHOoIO.

149.° IIpo QyuKIio f, sxa Bu3HAUYeHA HAa MHOXKMHI R, Bizmomo, 1o
f(x) = x* — 4x mpu x > 0. Ilo6yxyiiTe rpadik miel yHKIil, AKIIO
BoHa €: 1) mapHOI0; 2) HemapHOIO.

150.° IIpo ¢yHKIi0 f, sKa BU3HAYeHA Ha MHOHHI R, Bigomo, 1110
f(x)=-05x"mpn 0 < x<2i f(x)=—é npu x > 2. ITodoynyiiTe

X
rpadik miei GyHKIII, AKIIO BoHA €: 1) mapHOIO; 2) HellapHOIO.
151.° OGsacTs BusHaueHHs (DYHKII f cMMeTpUYHA BiTHOCHO MOYATKY
KoopauHar. [loBemiTh, 1o pyuKIia g (x) = f (x) + f (—x) € mapHOIO,
a ¢pyukiia i (x) = f (x) — f (—x) € HemapHOIO.

152.° O6iacTi0 BU3HAYEHHA HMapHUX (PYHKIiN f i & € mHOMuHA M.
Hocainites Ha mapHicTh QyHKILiIO:

Dy=f&x+gx); 2)y=7f(x)-gx); 3y=1(x) g x).

153.° OGsacTio BusHaueHHs napHol GyHKiii f i HemapHol QyHKIIT g
e mHOKkmHa M. JlocaigiTh Ha mapHicTh QYHKILiO:
Dy=fx)+gx); 2)y=Ffx)-gx); 3)y=7(x)gx).

154.° ObsacTio BU3HAUYECHHs HemapHUX (QYHKIIN f i g € mHOokuHA M.
HocaigiTe Ha mapHicTh QyHKITIO:

Dy=f&x)+g(x); 2)y=F(x)-g(x); 3)y=7(x) g (x).
155.° Henmapui Qyukii f i g Taki, mo QyHKIis h(x)=% BU3HA-
X

yeHa. JlocaigiTh Ha mapHicTh GYHKIIIO A.
156." Ogua 3 QyHKIi#, f a0o g, € mapHOIO, iHIIa — HemapHOI. Bimomo,
T
g (x)
157." losenith, 110 00JIaCTh 3HAUEHDb HEIAPHOI PYHKIIIT cuMeTpuyYHa
BiIHOCHO IIOYaTKy KOOpPJUWHAT.

158.” Hemapua ¢yukiis f taka, mo 0 € D (f). 3uaigits f (0).
159.” Hemapua ¢pyukruisa f mae 4 mwyuai. [[osexite, o 0 ¢ D (f).

mo h(x)= Bu3HaueHa. JlocaifgiTh Ha mapHicTh (QyHKIO A.

160.” Henapua ¢yukuis f mae 7 myai. 3uaigits f (0).

161.” ITapua ¢yuriisa f mae 7 mwyxais. 3uaiaits f (0).

162.” Iocxigite Ha mapHicTb (yHKIio f(n)= (2 + \/g)n + (2 - \/g)n ,
D (f) = Z.

163.”" Hociaigite Ha mapHicTh QyHKIi0 f(n)= (x/§ + 1)'Z - (\/5 - 1)n R
D () = Z.
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164.” Ilapua (yukmis f, BusHaueHa Ha R, 3pocTae Ha IPOMIKKY
[0; +o0). Busnaure, 3pocTarouo0 4Yu cIagHOoI0 € (QyHKIisg [ Ha
MPOMiKKY (—eo; 0].

165.” Henmapua @yHKIisg f, Bu3HaueHa Ha R, 3pocTac Ha IPOMIKKY
[0; +e0). BusHaure, 3pOCTal0U0IO UM CHAAHOI0 € QYHKIIisS f HA TIpo-
MiXKKY (—oo; 0].

166.” ®yukiig f € mapHOIO i I[rll;iglllf(x)=2, rﬁ;ag(f(x):& 3HalmiTh
min f(x), maxf(x).

167.” ®yukiia f € HemapHOO i r[r21151]1 f(x)=1, r[r%ag( f (x)=3. 3uaiigits

min f(x), max f(x).
min f(x), max f (x)

MoGypnoBa rpadgikiB ¢pyHKLiN 3a ;ONOMOroto
reoMeTpU4HUX NepeTBoOpeHb

¥V 9 kjaci Bu HaBumMJInCcA 3a gomoMoror rpadika GyeKii y = f (x)
oynyBatu rpadiku GyHKIiH y=f(x) +b, y=1 (x + a), y = kf (x).
Haramaemo mpaBuiia, siKi JO3BOJIAIOTh BUKOHATH TaKi moOyI0BHU.

I'pagix pynruiiy = f (x) + b moxcna ompumamu 6 pesynvmami
napanenvrHozo nepenecenna epagira pynruyii y = f (x) na b o0unuyd
yzopy, akxuyo b > 0, i Ha —b oduruyb yru3, akwo b < 0.

Ha pucynkax 34, 35 mokasaHo, AK TpAaIfiO€ Iie MPaBUJIO AJS IIO-
6ymoBu rpadikis GyHkmii y = x° — 4 i y=\/; + 3.

yh |
\ y =]
\ [
\ /

\
\
\

\

\ /

\ [\ /1] YA L —
\ / '

Y = ; ‘|‘3/// A
1 L~ A

\[To[l [t % s -

\r / //F

. L~ y = '\/ X
y|=|x?— 4 B -
4 o 1 X

Puc. 34 Puc. 35
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I'pagix pynryiiy = f (x + a) moxnna ompumamu 6 peaynvmami
napanenvHozo nepenecenna epagira pyukyii y = f (x) Ha a odunuys
ynieo, akwo a > 0, i na —a 0duruyd ynpaéo, axuwo a < 0.

Ha pucynkax 36, 37 mokasaHo, AK IIPAIfIO€ Iie TPaBUJIO AJS IIO-
6yzoBu rpadikis pyukmii y = (x — 2)°i y=vJx+3.

i\
\ [ 1]
\| 1\ [

y=ad\ ) [ 1] vk
\NANVAIY, yENTFY [
Hy ¥ (x 7 2) e
| — | _— ysVp
of 12 x _ _
=3[ To[ T x
Puc. 36 Puc. 37

I'pagix ¢ynruyii y = kf(x) moxmna ompumamu, 3aminueuwu
KOXdCHY mouky zpadira pyuruyii y = f (x) Ha moury 3 miero camoro
abcyucoro i op0uHamoIo, nOMHOINICEHOI Ha k.

Ha pucynkax 38, 39, 40 mokasamo, AK IIPAIfIO€ Ie ITPABUJIO IJIs

noGynoBu rpadikis GyHKIil y = 2x°, y= %\/;, y= —% x iy=-2 Jx.

yA
\ bt y=222 1/
\ I/
\ / yA
y|=p? y = \/; | —
\t i e L A
o 1 X (0] 1 x
Puc. 38 Puc. 39

Kaxyrs, mo rpadik dyHKIii y = Ef (x) orpuMano 3 rpadika GyHK-
uii y = f (x) y pesysibraTi po3tary B k pasiB Bix oci adcuuc, Axmio £ > 1,

abo B pe3yJIbTaTi CTHCKY B % pasiB mo oci abcuuc, axmpo 0 < k < 1.
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8. MNobynoBa rpadikiB dyHKLN 3a JOMNOMOrolo reOMeTPUYHIMX NepeTBopeHb

ITorkaskemo, AK Mo:KHa moOyayBatu rpadik (ysKIil y =1 (kx),
AKIO Bimomo rpadik ¢yHKIIT y = f (x).
Posrassnemo Bunanok, Koau £ > 0. Ao Touxka (xo; yo) HaJEKUTh

X,
rpadiky dyHKIii y =f (x), To Touka (?O;yo HaJIeXKUTh Trpadiry

dyuruii y = f (kx). CupaBzi, npu x:%‘) MaeMo:

X,
=1 (k-2 )= )=,
N \ _
y::Vx |
T
L~
1
1 -
0 ~— v X
\ = v
Y5 H5VX -
N EREP il A
T ——
T~y 1 & e E
Yy E12yx ™ 1 \2 -
0] 1 X
Puc. 40 Puc. 41

Oroxe, KOMKHIN TOYILL (xo; yo) rpadika QyHKIiI y = f(x) BigmoBinae
€anHa TOUKAa (%’, Yo rpadira pyHKIii y = f (Bx). AHAIOTIUHO MOXK-

Ha IOKasaTu (3po0iTh Ile caMOCTi#iHO), 10 KOMKHA TOUYKa (X ; y,) rpa-
bira QpyHrnii y = f (kx) € Bignosiguow exuHiN Touni (kx,; y,) rpadi-
Ka GyHKIIL y = f (x). Tobro Mixk Toukamu rpadikiB GpyHKIiH y = f (x)
iy =7 (kx) MOoXHa BCTAaHOBUTHU B3aEMHO OJHO3HAUHY BiATIOBiTHiCTB.

Tomy epagix ¢pynkuii y = f (kx), de k > 0, moxicna ompumamu,
3aminueulu KOMCHY mouKy 2padika ¢pynkyili y =f (x) Ha moukry
3 miero camoro opdunHamoro i abcyucoro, nodinenor Ha k.

Ha pucyuky 41 mokasamo, K IpAaIfio€ Iie IPaBUJIO IJA 00y L0BU

rpadikiB GyHKIiNn y=+J2x i y= \/%

T'oBopare, mo rpadik ¢yeruii y = f (kx) orpumano 3 rpadika
dbyuxmii y = f (x) y pesyabrari cTucky B k pasiB mo oci opauHar,
AKio £ > 1, abo B pe3yabTaTi po3TAry B % pasiB Bix oci opauHAarT,
akmo 0 < k < 1.
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

ITokakemo, Ak mobymyBaTu rpadik QyHKIiI y =1 (—x), AKII0
Bimomo rpadik Gpyurnii y = f (x).

3a3HAaYMMO, 110 KOJM TOYKa (X; Y,) HAJIEeKUTH rpadiky QyHKIII
y =1 (x), To Toura (—x,; y,) HasexrkuTh rpadiry dyurmii y = f (—x).
Tliiico, f (~(~x,)) = f (%) = Y,

3posymino, mo Mixk Toukamu rpadikiB dyHKIiN y =f (x)
i y=1f (-x) MO)XHa BCTAaHOBUTU B3aEMHO OJHO3HAUHY BiAMOBif-
HICTB.

Toxi Bci Touku rpadirka ¢ysKNii y = f (—x) MOKHA OTpHUMATH,
3aMiHUBINU KOKHY TOUKY rpadika ¢yHKIii y = f (x) HA TOUKYy, cu-
MeTpPUYHY il BimTHOCHO oci opaumHAT, TOOTO BimoOpasuBiu rpadik
dyaKIii y = f (x) cuMeTPUYHO BiZHOCHO OCi OpAMHAT.

Take meperBopeHHs rpadika GyHKII y = f (x) HasUBaOTH cUMe-
TPi€I0 BiTHOCHO OcCi OopaUHAT.

Ha pucymry 42 mokasaHo, SK 3a jgomomoroio rpadika QyHKIii
y=+x mnobymoBaHo rpadik GyHKIil y=+—x.

— Ias yA — —
\\\ 52\/—36 yEANXx ///
\\ 1 |~
o] 1 x
Puc. 42
\\\ yﬂ
y= /—X,‘ \\ y:\/_3x
e o I
— ‘~~~‘-~ - N yl= \/x///
Lo [ =~ N1
J \ 2 _
o 1 x
Puc. 43

3 orisAay Ha CKasaHe CTa€ 3PO3YMiJUM, IO MPAaBUJO ITO0YAOBU
rpadirka dyuruii y = f (kx), ne k < 0, ananoriume BUNAAKY, KOJU
k > 0. HanpukJjan, Ha PUCYHKY 43 IOoKasaHO, K MOXKHAa 3a JOIO-

moroio rpagpirka GyHKILiI y:x/; nmobyayBatu rpadiku GpyHKILiH

y=+-3x i yz,f—g.
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8. MobynoBa rpadikiB dyHKLIM 3@ JOMNOMOrolo reoOMeTPUYHINX NepeTBopeHb

MPUKNAL 1 TIo6ynyiite rpadik GyHKIl y=+/3x—2.
Posé’a3zannsa. Cxema moOyaoBU Mae Takuii Burian (puc. 44):

yIpaBo CTUCK Yy 3 pasu
Ha 2 og. IO OCi OpAUHAT
y=\/; —_— y=+Jx-2 > y=+3x-2

. . 2
fAxmo sagany (GyHKI0 mojaTty y BUIIALL Y =,[3 x—g , TO IO-

OymoBy rpadika MoKHA BeCTU i 3a TaKoio cxemorio (puc. 45):

yIIpaBo
CTHCK y 3 pasu aa 2 od.
0 oCi opauHAT 3
y=v¥ — s Y=V — s Y= 3(96—*)

y==\/3x _21//l/= /; y=\/3_x 4¢y:: \/3x *2
- < —
1 ¢ yF \/x —2 1 — Y= \/x
o 11 X [0 2 £
3
Puc. 44 Puc. 45

MPUKNAL 2 TIob6ynyiite rpadik pyHKIii y=+1-38x.
Pos3s’sa3annsa. [IobymoBy rpadika MOKHA BECTH 3a TAKOKIO CXe-
moio (puc. 46):

yJaiBo cuMeTpia CTUCK
Ha BigHOCHO OcCi y 3 pasu 1o
1 ox. OpAWHAT oci opguHAT

y=\/; —>y=vr+l — y=v-x+1 —— y=+/-3x+1

~_ly = V13x[+1 yA
~L
y=tedl | TR\L y=vx
0[1 |1 3
3
Puc. 46
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

3ayBasKMMO, 110 MOKJIMNBI # iHINI cxeMu pPo3B’sA3yBaHHA ITiel 3a-
maui, HaTpUKJIam, Tak (puc. 47, 48):

yJIiBO CTHUCK cuMeTpisd
Ha y 3 pasu 10 BimHOCHO Oci
1 oxm. oci opauHAT oOpAuHAT

y=vxr —» y=Jx+1l ———» y=v3x+1 —» y=+v-3x+1

™~ y Y= \/3.96 +1 —
y = V3a+1 TN Ty +Jk+01
1 < Y= \/;
0|11 X
3
Puc. 47
cuMeTpisd CTHUCK yIIPaBO
B'IILHOCHO y 3 pasu 1o Ha 1 o
OCl OpAuHAT OCl OpAuHAT 3 1
y=vx — > y=J-x ———>y=+-3x —>y=,/—3(x—§)
S~ 3x 1Y}
yEJ3k \\
T \\ |
yl=v-x ~IN\1|_—T = Jx
0[11 "
3
Puc. 48

l Brnipasu

168." Tpadik axoi dhyrKIii oTpuMaemo, axmo rpadik GyHKmii y = x°
mapaJjieJIbHO IIepeHeceMo:
1) Ha 5 omMHUIIL YTODPY; 3) Ha 10 ofMHUIL YHUS;
2) HA 8 OOUHUIIL YIIPaBO; 4) Ha 6 OIMHUIIL YJIiBO;
5) Ha 3 omMHUIII BIIPABO i HA 2 OOUHUILI BHUS;
6) mHa 1 oguuwmIro BiaiBo i Ha 1 ogUHUIIO Bropy?
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8. MNobynoBa rpadikiB dyHKLN 33 JOMNOMOrolo reOMeTPUYHIMX NepeTBOpeHb

169.° T'padik aKoi 3 HaBeaeHUX PYHKIIH OTPUMAEMO, AKIIO Hapajeib-
HO HepeHeceMo rpadik GyHKIT y = x° Ha 4 OAUHUII BIPABO:
Dy=x>+4; 3) y = (x + 4)5
2)y =x*— 4; 4) y=(x—4)*

170.° T'padik Aol 3 HaBegeHUX PYHKIIIH OTPUMAEMO, AKIIO Mapajeib-
HO HepeHeceMo rpadik GyHKIIT y = x° HA 5 OAUHUIL YIOPY:
) y=x"+5; 3) y=(x+ 5%
2) y = x* - b; 4) y = (x — 5)*?

171.° fIx Tpeba mapajieJbHO IepeHecTu Ipadik QPyHKIIL y=%, 1106

orpuMaTtu rpadgik QyHKNii y= 5.

x-8°
1) Ha 8 oAUMHUIL YTOPY; 3) Ha 8 OAUHUIIL YIIPaBO;
2) Ha 8 OAUHUIL YHUS; 4) Ha 8 oguHUIL YJIiBO?

172.° fIx Tpeba napaiesbHO nepeHecTu rpadik GyHKIHI y = Jx , 1100
orpumMaTu rpadik GyHKII y=+vx+3:
1) ma 3 oAMHUII Bropy; 3) HA 3 OOWHUIII BOPABO;
2) Ha 3 OOUHWUIIL BHUS; 4) ma 3 oguHUIIL BIiBO?

173." Ha pucyury 49 so6paskeno rpadik pyuriii y = f (x). Ilo6yxyiiTe
rpadik pyHKIii:

Dy=7(x)—2; 3y=7(x—3); 5) y=-1(x);
2)y =1 (x)+4; HYy=1Ff(x+1) 6)y=3-71(x).
vk |

yQ\ 4 I

™\ \
-2 |ON\ 1

-

]Y

T~
/1
S
=
RY

6
@) Puc. 49 )

174.° Ha pucyaxky 50 3o00pakeHo rpa-

YA
dik dyurnii y = f(x). Ilobynyiite T
rpadik pyHKIIiI: ~ .
Hy-= +5; 4)y-= - 2); =
)y =1(x) )y=1(x~-2) o 1%

2)y=7x)-3; 5)y=-f(x)
Ny=Ffx+1); 6)y=—"F(x)—-1. Puc. 50
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

175.° Tlobynyiite rpadik GyukIii y = x°. BUKOPUCTOBYIOUM 1€l Ipa-
dik, mobyayiiTe rpadixk QyHKITIi:

1)y=x*-3; 4) y=(x+2)%
2)y=x"+ 4; 5)y=(x—1)>+ 2;
3) y = (x - 5)% 6) y = (x + 3)° — 2.

176.° IlobygmyiiTe rpadik QyHKIIT y = —x?. BUKOPHUCTOBYIOUH Iieil
rpadik, mobyayiite rpadik GpyHKIii:

Dy=-x"+1 4) y = —(x + 4)%
2)y=—x"—2; 5)y = —(x + 1)° - 1;
3) y = —(x - 2 6)y=—(x~ 3 + 4.

177.° IloGyayiiTe rpadixk QyHKIII yz—g. BukopucroBpyoun 1ei
X
rpadik, modyayiite rpadik GpyHKIii:

6 6
1) y=—7+5; 2) y=—-3 3) y=-
x x—2

x+4
178.° IloGynyiiTe rpadix QyHKIii y:x/;. BukopucroByoounu e
rpadik, modyayiite rpadik QyHKITiI:

1) y=vJx-4; 2) y=vx—-4; 3) y=vx-1+3.

179.° TloGynyiiTe rpadik GyHKIIT y =g. BukopucrtoByiouu 1ei rpa-
x
dik, mobyayiiTe rpadixk QyHKITIi:

-2 4. __2 . __2
1) y_x 1) 2) y x+17 3) y x_3+6'

180.° BagaiiTe nany QyHKIi0 hopMyI0i0 BUAY ¥ = a (x — m)® + n i mo-
6ynyiite ii rpadik, BukopucToByioun rpadik GyHKHii y = ax’:

1) y = x* — 4x + 6; 3)y=2x"—4x + 5;
2)y =—x*+ 6x — 6; 4) y = 0,2x* — 2x — 4.
181.° 3agaiiTe gaHy (PYHKIII0 (DOPMYIOI0 BULY y:ﬁwLb i mo6y-

o . . k
pyure 11 rpadik, BUKOpUCTOByOUHU rpadik QyHKHOII y=—:
X

3x+8 2x+14 -2
Dy= xx ; 2 y= x+3 ; 3) y:x—xl'
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8. MNobynoBa rpadikiB dyHKLN 33 JOMNOMOrolo reOMeTPUYHIMX NepeTBOpeHb

+ b i mo-

182.° 3agaiiTe many QyHKIi00 GOPMYJIOI0 BULY Y = ~+a

oynyiiTe ii rpadik, BUKOPUCTOBYIOUN rpadik GyHKIii y=£:
x

4x+14 7T—x
]. = 5 2 =
) x+1 "’ )y x—2
183.° Ha pucyuky 51 3o6parkeno rpadik QyHKii y = f (x). [ToGyayiiTe
rpadik pyHKIii:

1) y=5f (5 2) y = -3f (x).

184.° Ha pucyHKy 52 306pasxkeno rpapik ¢pyurnii y = g (x). Ilo6ymylite
rpagik pyHKIii:

1
1) y=2g(x); 2) y=-,8 (x).
vl /
77 /N /
1
1 oN 1 x
o] 1 >
N / \
\
Puc. 51 Puc. 52

185.° Ilo6yayiiTe rpadik QyHKINI:

1) y=0,5x; 2) y=—2Jx-2.
186.° IlobynyiiTe rpadik QyHKIIII:
1) y=3x; 2) y:—%\/x+4.

187." Ha pucynky 51 so6paskeno rpadgik Gyurnii y = f (x). ITobymyiite
rpagik pyHKRITii:

1)y =1 (2x); 2) y=f(§)-
188.° Ha pucyHKy 52 306paskeno rpadik ¢pyukmii y = g (x). ITo6ymyiite
rpagik pyHKRITii:

1) y=g(§); 2) y = g (4x).
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

189.° IloGyayiiTe rpadik GyHKILII:

1) y=\/§; 2) y=+/-2x.

190.° ITo6ymyiiTe rpadix QyHKIII:
1) y=+3x; 3) yzﬂf—g.

_ (X,

2) y= \/;,

191.° Po3s’sokiTh rpad)iuHo piBHAHHS:
1) x+1=vx+7; 3) —2_—x-3.
2) 2Jx =3-x;

192.° PosB’sskiTh rpadiuyno piBHAHHA:

1) V3—x =0,5x; 2) \/§+2=1—21.

x
193.° Ilo6yayiiTe rpadix QyHKINI:

1) y=2x-1; 3) y= %x+2.
2) y=+/3-4x;

194.° Ilo6ynmyiiTe rpadik QyHKIII:

1) y=+3x+1; 2) y=+5-2x.

E flk nobyaysaTtu rpadikm pyHkuin y =f (| x|)
. iy =|f(x)] axwo Bipomo rpadcik
byHKuii y = f (x)
CKOpHuCTaBIIINCh O3HAUEHHAM MOJYJIS, 3aIllUIIEeMO:

—7(|x])= f(x), sarumpo x>0,
7 | f (%), armo x <0.

3Bifcu MOKHA 3pOOUTU BUCHOBOK, 1Mo rpadik dyrkmii y = f (|x|)
mpu x > 0 sbiraersca 3 rpadikom pyHKI y = f (x), a mpu x < 0 —
3 rpadikom GyHKIii y = f (—x).
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9. ik nobyaysatu rpadikn pyrkuin y = f (|x|) iy =|f (x)|

Toxi mobynoBy rpadika Gyukmii y = f (|x|) moskHa nposoauTH 32
TaKOI0 CXEMOIO:
1) mob6ynyBaTu Ty yactuHy rpadika GyHkIii y = f (x), yci Touku axoi

MalTh HeBix eMHI abcrucu;
2) mobynmyBatu Ty dacTuHy rpadirka ysKmii y = f (—x), yci Toukn

AKOI MalTh Bix’eMHi abciucu.

O6’egHaHHA ITMX ABOX YAaCTHH i cKaagatume rpadik GyHKIIil
y="1(x]).

@daxkTUUYHO IIe O3Hauae, M0 CJig moOyayBatu rpadik GpyHKITiI
y =71 (x) pnsa x 2 0, a moTim BimoO6pasuTu HOro CUMETPUYHO BiJHOCHO
oci opauHAar.

Ha pucyuky 53 mokasano, K 3a gomomorowo rpadika QyHKITil
y = (x — 2)? mobynoBaso rpadik dyskmii y = (|x| — 2)%

IOna dysknii y = | f (x) | MmosxHa 3anucaru:

f(x), axmo f(x)=>0,

y=l 7 |:{—f(x), axmo f (x) <O0.

3Bincu BumNMBae, mo rpadik dysknii y =| f (x) | npu Beix x,
nna arux f (x) = 0, 36iraerbea 3 rpadikom pyHKIL y = f (x), a npu
BCix x, mia axkux [ (x) < 0, — 3 rpadikom QyHKIil y = —f (x).

Toxi 6yxysaTu rpadik dysKmii y = | f (x) | MosxHA 3a TaKoIO cxe-
MOIO:

1) yci Touku rpadika pysrii y = f (x) 3 HeBix eMHUMU OpAUHA-
TaMU 3AJUIIUTA He3MIHHUMU;

2) TOuKM 3 Big’eMHHMU OpAMHATAMH 3aMiHUTH Ha TOUKU 3 TUMU
caMuMu abcIiucamu, ajie IPOTUIeKHUMYU OPAUHATAMU, TOOTO YACTUHY
rpadika y = f (x), poamimieny HuKdYe Bim oci abciuc, BimobGpasutu
CHMETPUYHO BiTHOCHO oci aGcriuc.

Ha pucyury 54 mokasamo, AK 3a JOIMOMOToI0 rpadika (GpyHKILT
y = (x — 1)* — 2 mobymoBano rpadik dysrmii y = | (x — 1)* — 2 |.

Y7 \ )\ /
|

/ \ [

/ \ |

\
\
\

[ N B

\ /1\ / ‘ , .
f o 1 x
L \, /
—2 |0 1 2 %
Puc. 53 Puc. 54
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

MPUKNAL 1 TIooynyiiTe rpadik pyHKIiI y=“/| x |+1 —2‘.
Posg’as3annsa. AnroputrMm nobyZoBU IITyKaHOTO rpad)ika MoKHA
MOJATH V BUTJIAAL Takol cxemu (puc. 55):

cuMeTpia yHU3 cuMeTpia
BiTHOCHO Ha BiTHOCHO
OCl OpAWHAT 2 on oci abcruc

y=~Nx+1 —> y= |x|+1—>'y=,/|x|+1—2—> y=|{lx[+1-2|

YA )
y :1/36 + 1 Lt
T
1 —
o] 1 x
a)
YA )
~ Y=+ |x| +1 —
'\\\ ///
™~~~ 1
o] 1 *
0)
yA
— y = Jlx] +1 L
'\.\\ ///
F— ™ il Y= |x| H1+2 | A
T 0 —T _
-3 T —1 3 x
+1
6)
i } y
l=!\_/|x|+ 1—2!
~ 1 —
T 1 ~ T o
-3 0] 13 x
2)
Puc. 55



9. ik nobyaysatu rpadikn pyrkuin y = f (|x|) iy =|f (x)|

MPUKJIAL 2 Tlob6ynyiiTe rpadik QyHKIII y=‘ ‘/| x+1|-1 ‘
Posé’szanna. IlobymoBy 1rykaHoro rpadika MokHa MOJZATH 3a
Taxkoio cxemom (puc. 56):

yJIiBO YHU3 cuMeTpia
Ha Ha BimHOCHO
1 ox oci abcruc

y= \/7—>y— x+1|—>y—,/|x+1|—1—>y_‘ [ x+1 _1‘

y —
— ENI2 —
\\\ ///
I~ 1 1
0] 1 x
a)
\
R =1 |
RSSEHE=sE TN E]
-10| 1 x
0)
yl= v/! xH1 ! — |
\\\ /// -
\\\ I L—T ///h :
~_\ L~ Y =[/|xH1] = o
-9 01 x
~1
6)
y “ [ i |
I7E: \/|JC+1|— | -
T~ 1 T
N~ A L~ .
—2>lo x
2)
Puc. 56



§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

t Bnpaeu

195." Bukopucrosywouu rpadik QyHKIIl y = f (x), 300paskeHuil Ha
pucyHKy 57, moboyayiiTe rpadik GyHKINIi:

Dy=7(x) y=f@l
7 vl

\

1 1
0 D i _oN0 2 X
—T -1 =il
a) 0)
vk \l Y4

-
[uiy

K
=
)Y

\ 0 \1

6) 2)
Puc. 57

196.° BukopucroByiounu rpadixk ¢yHKIii y = f (x), 300pakeHuii Ha
pucyHKy 58, mobyayiiTe rpadik GyHKILii:
)y =1(x); 2)y=[f)|

y y \ yA

. /N !
/ =2/ 1 -3 Lol [ %
ol i1 V/ x /[ Tol \ x
/ \
a) 0) 8)
Puc. 58

197." BukopucroByouu rpadixk pyurmii y = f (x), 300paykeHuii Ha
pucyHKy 59, mobynayiite rpadik dyuknii y = | f (|x]|) |.
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9. ik nobyaysatu rpadpikn pyrkuin y = f (|x|) iy =|f (x)|

YA Yy
/
1 / 1
0] 1/2 3 o\ 1 4 | x
a) 0)
Puc. 59
198.° IToGyayiiTe rpadik QyHKIII:
1 6
1) y=7—sp 2) y=—r—-
Eq | x|
199.° IloOynayiiTe rpadik QyHKITII:
2 1
) y=7—: 2) y=—r—
| x| | x|
200.° IToOyayiiTe rpadik PyHKINi:
2 -4
Dy=[x"-1} 3) y=|=-1}; 5) y=| = ‘
x x+1
2) y=|Jx-2|; 1) y=| 2 |;
x-1
201.° TIo6yayiire rpadik QyHKII:
Dy=|2-4  8)y=21-2; 5) y= “2‘.
x x—-3
2) y=|Jx-1]; 4) y=| 2 ;
x—2

202.” IIpo dyukiio y = f (x) Bigomo, mo D (f) = [-3; 7T]i E (f) = [-6; 5].

SHaANIITE:

1) o61acTs BusHauenHsa GyHKIIT y = f (|x|);
2) 061acTh BU3HAUEHHA Ta 00JacTh 3HAYeHb QyHKHil y = | f (x) |.

203.” IIpo dpyukIio y = f (x) Bizomo, 110 D (f) = R, dyHKIisg mae gBa
Hyai —312, f(x) > 0 npu x € (—o; —3) U (2; +0) i f (x) < 0 mpu
x € (—3; 2). 3HaiifiTh HyJIi Ta IPOMiKKHM 3HAKOCTAJIOCTI PYHKITII:
Dy=7fx);2)y=|[7()]

204.” TIpo dyukmito y = f (x) Bimomo, mo D (f) = R, dyukiia mae a8a
Hyai —1183, f(x) <0 nopu x € (—o; —1) U (3; +0) i f (x) > 0 mpu
x € (—1; 3). 3uaiigiTe HyJIi Ta IPOMiKKHN 3HAKOCTAJIOCTI (PYHKITII:

Dy=Ff(xh2y=|f@)]
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

205.” BuxopucroByouu rpadirk yskxmii y = f (x), 3o0parkeHuit
Ha pucyHky 60, mobyayiite rpadik dymkmii: 1) y = (|x| — 1);
2)y =1 (x— 1.

Y y
\ N
\ AN
0 —2
-1 2 [x 0 2 6 | x
1 N /
-2
Puc. 60 Puc. 61

206.”" BuxopucroByioun rpadik Qyukrimii y = f (x), so6pakeHui
Ha pucyHKy 61, mobyayiite rpadik dyuknii: 1) y =1 (|x| + 2);
2)y =1 (x+2)).

207.” IlooynmyiiTe rpadik QPyHKII:

Dy =(zl- 1% 2) y=[x|+2; 3)y=|x|1_3; 1) y=\1-]x|.

208." IlobynyitTe rpadik QyHKINi:

Dy=(el+ 2 2 y=\x[-3 3 y=r 1 9 y=2-[x]

209.* IToOyayiiTe rpa@ik QyHKINi:
1) y=4|x+2]; 3) y=+|x-1]+2;

1
2)y=(lx-2[-1)% 4) y=——.
yy=(x-2[-1) ) V=TT

210.” IloOynyiiTe rpadik QyHKINi:

1) y=y|x-3; 3) y=y|x-2[-3;
2)y=(x+1|+ 2% 1) y:—lx_1|_4.

211.” ITo6yayiiTe rpadik QyHKINI:

) y=y2[x|-1;  2) y=\1-3|x]; 3) y=y|2x-1].

212.” TlobynmyiiTe rpadgik QPyHKII:

1) y=y3| x|+1; 2) y=4|3x+1|.

213.” IloOyayiiTe rpadik QyHKINi:

4 4
1) y=|=-2; 2) y=| ——
) ‘|x| ) V= a2

; 3y=|1-[1-[x][]l.
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10. OGepHeHa yHKLIs

214." TloOynyiiTe rpadik PyHKINi:

Dy=|lx[-4} y=Illx-1|-1]-1]
2yy=|2[x|-4}
215." IToOynyiiTe rpadik PyHKINI:

1) y=|Jx[-1-1
2) y=| Jx-1[-1

216.” IlobOynyiiTe rpadik QyHKINi:

1) y=|2[x[-1-1]; 3) y=
2) y=|[3x+1]-2

. OGepHeHa pyHKL,if

Ha pucynkax 62, 63 sobpakeno rpadiku pyHKIin fi g.

Bynb-sika ropusoHTaNbHA OpAMa HepeTuHae rpadixk GyHKIi f He
Oinbie Hisk B ofHilA Touni. Ile ogHauae, 1m0 KoxkHOMY Uncay y, € E (f)
Binmosinae eaune unucio x, € D (f) rake, mo y, = [ (x)). PyHrnia g
Takoi BiaacTuBocTi He mae. CrpaBai, 3 pucyuka 63 BUIHO, IITO 3HA-
YEeHHIO Y, BiANIOBiZAIOTH ABa 3HAUEHHs apryMeHTy X, i x, Taki, 110

Yy, =8 (x) iy, =g (x,).

| x|+2

1 lxj+2
|x[-1

|x]-2

3 3) y= -1, 5 Y=

'Y

1
s 4) y=| -1 1
)y ‘Ix—2|

’

y A y=1(x) yi y=g(x)

Yo

0 X,
/ 0 X, X,

Puc. 62 Puc. 63

Yo

e |

]y

Oznavenua. Pynkrniro y = f (x) Ha3UBaOTH 000POTHOIO, AKIIO JJIA
Oynb-axoro y, € E (f) icaye enune x, € D (f) rake, mo y, = f (x,).
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

dyukiia f (puc. 62) € o6oporHowo. PyHKIiA g (puc. 63) He € 000-
POTHOIO.

DyeRIiiy = x, Y= l, y= Jx € MIPUKJIaJgaMu 000POTHUX DYHKILIH
x

(puc. 64).

Il
8

A
yr v yA vb o Vx

a) 0) 6)
Puc. 64

dyukia y = x° He € o6oporHo0. Hampukiaz, sHaYeHHIO QYHKIII,
AKe MOpiBHIOE 4, BIANOBINAIOTH ABa 3HAYEHHS apryMeHTy X, = —2
ix,=2.

Teopema 10.1. Axwo pynryia € 3pocmarouoro (cnadnor), mo
60HA € 000POMHOI0.

I[osedenns. Ilpunycrumo, 1o icuye 3pocraioua GyHKIia f, AKa
He € oboporHoto. Toni snaiinerses y, € E (f), ansa axoro icHyIoTh X,
ix,(x, <ux,)rai, mo f(x)) = f (x,) = y,- Pasom 3 Tum dpynrnia [ —
spocramoua, i 3 HepiBHOCTi x| < x, BUmIMBaE, wo [ (x,) <[ (x,).
OTrpuMaau CynepeuHicTh.

AHaJIoTiuHO PO3TIAaETHCA BUMNAIOK,
Koau (pyHKLid f € cmagHoio. A

3asHaunMo, 110 o0epHeHa TeopeMa He
€ IIPaBUJIbHOIO, TOOTO He Oyab-AKa 000-
poTHAa QYHKIIiA € 3pOCTalouoi0 (CIa HO0).

Ha pucyuky 65 s3o0paskeHo rpadik
obopoTHOI (hyHKIIiI, AKa He € Hi 3pocTa- 0
I0Y0I0, Hi CIIamHOIO.

yA

Ry

Puc. 65
Posrassmemo dyHKIi0 ¥ = f (x), 3agany TabIUYIHO:

x 5 6 7

y V5 6 V7

dyuKIig f € 000POTHOIO.
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10. OGepHeHa dyHKLIs

ITominsgemo pAaxku Tabaumi micugaMu i posrasHeMo (QYHKILiIO
y = g (x), 3amaHy OTPUMAaHOIO TaOJIUIIEIO:

x J5 J6 J7
y 5 6 7
dDyukii f i g 3B’aA3aHi TaKUMU BJIAaCTUBOCTAMMU:
1)D(f)=E(®iE(f)=D(g);
2) 1(5)=v5, g(\5)=5;

f6)=V6, ¢(J6)=6;

1=, g(7)=1.

IIi piBHOCTI 0O3HAUAIOTH, 10 Koau [ (X,) = Y,, TO & (Y,) = X,-

VY Takux BUNAAKAX TOBOPATH, IO (PYHKIA & € 00epHEHOI 10
dyuKIii f, a pyukiis f — obepuenoro n0 pyukii g. Taxki pyurmii
f i g Ha3MBAaIOTh B3a€EMHO O0€PHEHUMH.

Osznavennsa. PyHrnii f i g Ha3uBaOTF B3a€MHO 00€epPHEHUMU,
SIKIIO:
DD (PH=E@iE@=D (@)
2) paa Oyns-saxoro x, € D (f) 3 pisHocri [ (x)) = y, BUnIKBae, mWo
g (y,) = x,, To0T0 g (f (X)) = X,

Mo:xHa mOKasaTHu, 110 APYTI'y YMOBY B O3HAUEHHI MOYKHA 3aMiHUTU
Ha Take: IJid OyIb-AKOTrO x, € D (g) 3 piBHOCTi g (xo) = Y, BUILIUBAE,
mo f (y,) = x,, T00TO [ (g (%)) = x,.

Kouau ¢pyuKIia f He € 000pOTHOIO, TO He icHye (PyHKIIiI, 0O0epHEeHOI
no Hei. Byab-aka o6opoTHa (QyHKIIiS Mae 00epHEHY.

MPUKNAL " Hoeenits, 1mo pyuKIidg f (x) = 2x — 1 € o6oporHOIO. 3Ha-
HaiThL obepHeHy (PYHKILiIO.

Posé’azanna. @yurnia f(x) = 2x — 1 e 3pocrarouono. Orixke,
BOHA € 000POTHOIO.

IITo6 3amatu obepHeHY (YHKI[il0, MOTPi6HO BKAasaTu IIPaBUJIO,
SAKe A€ 3MOT'y 3a KOKHUM 3HAUEHHAM 3MiHHOI y 3HaWTHU BignoBigHe
3HAUeHHA 3MiHHOI X Take, mo y = 2x — 1.

+1

Maewmo: 2x =y + 1; x=¥2

OrpumMmaHa piBHiCTH 3amae PYyHKIIiIO 3 apryMeHTOM Y i 3a1eKHOI0
3MiHHOIO X.

TpanuititiHo Hezale;KHY 3MiHHY IT0O3HAYaIOTh OYKBOIO X, a 3aJIeK-
HY — OYKBOO y. JloOTpUMyIOUYUCh TAKUX MT03HAYEHb, MOKHA CKasaTu,

. x+1
110 MU oTpuMaau PYHKIIiI0, AKa 3aJa€ThbCcA (POPMYJIO0 y=—".

2
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

IToxaxemo, 1m0 QyHKIiI g(x)sz+1 i f(x)=2x -1 e B3aeMHO

00epHEeHUMH.

Maewmo: D (f)=E (8) =R, E(f)=D (g) = R.

Hexaii f (xo) =Yy TOOTO Y, = 2x0 — 1. MoBememo, 1110 & (yo) =X,

+1 2x,-1+1

Maemo: g (y,)= y02 =% 5 =x,.

®Dyurnis f (x) = x° He € 06opoTHOI0. PagoM 3 THM 18 GYHKINA 3pO-
crae Ha TPOMLXKKY [0; +o0). OTere, dyHKLia f (x) = x2, D (f) = [0; +0),
€ oGoporHoo0. TakoX NPUIIHATO roBOpUTH, INO0 (YHKHIA f (x) = x°
€ 000poTHOI0O Ha MHOKHUHI [0; +oo). 3HalAEMO 00epHEeHY (QYHKIIiO.

Maewmo: y = x%, me x € [0; +oo). BBigcu \/§=\/x72=| x|=x.

CKopHCTaBUINCHh TPATUI[IMHIMY TO3HAUCHHAMY, OTPUMAEMO (PYHK-
nio y= \/; .

ITokaskemo, mo GyHKIIL f (x) = x%, D (f) = [0; +eo), i g(x)zx/;
€ B3a€EMHO O0EPHEHUMMU.

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

Hexait f (x,) = y,, T00OTO Y, = xoz, me x, = 0. anumenmo g (y,)=

=\/%=\/E=|xo =%,

Teopema 10.2. I'pagiru 63aemno obeprenux Qynryit cume-
mpuyini 6i0HOCHO NPAMOL Y = X.

Hosedenns. Hexait Touka M (a; b) HaneXuTh rpadiky GyHKII
y =1 (x). Toni b = f (a). Axmro dpyuKIig g obepHeHA OO0 DYHKIII f, TO
g (b) = a, To6To Touka N (b; a) HaAIEKUTH

A .
[yl N rpadiry GyHrOii y = g (x).
K ITokaskemo, o Touku M i N € cumeTpuu-
HUMU BiTHOCHO IPAMOI Yy = X.
b M dAxKiio a = b, To Touku M i N 3birarorbcs
o 1 HaJeKaTh NpAMIR y = x.
b a x IIpu a # b maemo (puc. 66): ON =+/a® +b?,
Puc. 66 OM =+/a® +b?, T06TO TouKa O piBHOBiAHAIE-

Ha Bij KiHmiB Bigpiska M N, a or:ke, HaJje-
JKUTh CepeIUuHHOMY IepHeHAuKyaApy Bimapiska MN. Cepemuna K
Bimpiska M N Mae KOOpAUHATHU (a;b; a;b
Yy =x. OToxe, mpAMa Y = X 1 € CepeIUHHUM NEPIEHAUKYJIAPOM Bif-
piska MN. A

), TOOTO HAJNEKUTH MPAMii
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10. OGepHeHa yHKLIs

HoBemeHy TeopeMy igOCTPYIOThH Ipadiku B3aeMHO 00epHEHUX
GyHKILiH, 1110 posriamaancsa Buile (puc. 67).

7 f (x) = xZ’
x>0 "

s

a) 0)
Puc. 67

Teopema 10.3. Axkwo ¢ynryia f € 3pocmaioworo (cnadnor),
mo obepHena PYHKYIA § € MaKoxi 3pocmaioioro (cnadHnoio).

Ilosedenns. Ilpunyctumo, 1o GyHKIiA f — 3pocraroua i mpu
IbOMY OOepHeHa 10 Hel PyHKI[iA g He € 3pocTatouoio. Toxmi sHafigyThesa
raki y, € D (g) iy, € D (g), mwo 3 HepiBHOCTI Yy, < y, BUILIUBATUME
HepiBHIicTE g (Y,) = & (y,). Hexaii g (y,) = x,, & (y,) = x,. OTpumyemo,
mo x, > x,. Ockinbku yHKuia f — spocratoua, To f (x,) = f (x,),
T00TO Y, > Y,. OTpUManu CynepeyHicTh.

Ina cnagsoi GyHKIII Mipkyemo aHamoriuno. A

t Bnpasu

217.° fxi 3 QyHKIiA, rpa@iku SKuX 300pakeHO HAa PUCYHKY 68,
€ obopoTHUMU?

y y Yy \ y A
; 0 VA x 7%/—95 0 x
a) 0) 8)

2)

Puc. 68
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

218." fki 3 QPyHKIiA, rpaikym AKMX 300paskeHO Ha PUCYHKY 69,

€ obopoTHUMU?

y

a)

Puc. 69

219." losexniTs, 110 gaHa PYHKIIA He € 00OPOTHOIO:
Dy=|x} my—j- 3)y=5; 4) y = [x].
220.° ToBexniTh, m1o GyHKIl f i & € B3aeMHO O0epPHEHUMU:
1) f(x)=f+1, g (x) = 3x — 1;

2x+1

2) f0)=—15, g()=

3) f(x)=~x+2, g(X)=x = 2, D (g) = [0; +o0).

221." HoBexits, 110 GyHKII f i & € B3aeMHO OGEpPHEHUMMU:
1

1)f(x)—4x+2 g(x)—Z—E
— X :_
Af @) =7 @)=
3) f (x) = (x — 8%, D () = [3; +=), g(x)=+x +3.
222.° 3uaifite PyHKIi0, 00epHEHY [0 JAHOI:
_ _ 1. _1, __1
Dy=3x-1; 2)y oy 3)y PYUEE

223.° 3uaigites PyHKIi0, 00epHEHY OO0 JAHOI:

1
4) y==-x+4.
)y 3x+

1 4
1) y=0,2x + 3; 2) yz;; 3) y:m; 4)y =4x — 5.

224.° 3uaigites PyHKIi0, 00epHEHY [0 JAHOI:

1) y=—"—; 4) y = x°, D(y) = (—o; O];
x—-1
2) y=+2x-1; 5) y=1-53

Nx—2, aKmo x = 3,
6) y={ B

2x -5, AKIIO x < 3.

3) y=2Jx-1;
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10. OGepHeHa yHKLIs

225." 3HangiTe PyHKIi0, 00epHEHY [0 JaHOI:
1) y= x+2,

== 3) y=Vx"-4, D (y) = [2; +e);
1 2—x*, axmpo x >1,
2) y=—; 4) y=
\/; 2—x, armo x<l1.

226.° 3uaitaite GyHKII0 ¥ = g (x), o0epHeHY 10 QYHKII y= 32x T
x—
Yu 6yme pyHKIia g oboporHow? Axa pyHKIia Oyme ob6epHEHOIO
moy =g (x)?

227.° Tlo6yayiiTe B oxHiii cuctemi Koopauuat rpadik gamnoi GyHKIil
i rpadik ¢yuKIii, 06epHeHOI 0 Hei:

x, armo x>0,
1) y=-0,5x + 2; 2) y=vJx+1; 3) y={

2x, axio x < 0.
228.° Tlob6ynyiiTe B oxHill cucremi KoopauHaT rpadik gaHol QyHKIIT
i rpadik ¢yuKIii, 06epHeHOI 0 Hei:

\/;, AKmo x =0,
)y=38x-1; 3) y=

—x, akmio x < 0.
2)y:x2—4,fmmox>0; 2

229.* Kopucryrouuch rpadikom GyHKItii y = f (x), 300pakeHnM Ha pu-
cyHKy 70, mooyxayiiTe rpadik pyHKIiI, o0epHeHol 40 PyHKIII f.

y |
y / / y
— \
i 1]\
/
1 VA x 0 x
Lt I
0] 1 x
/
a) 0)
Puc. 70

Puc. 71

230." Kopucryouncsk rpadikom dyuKIil y = f (x), 300parkeHuM Ha
pucyHKy 71, mobyxayiiTe rpadik pyHKIii, o6epHeHOol 10 QyHKIIII .

231." Hosexirs, 1m0 (QyHKIiA, o0epHeHa A0 JiHilHOI QYHKINIT
y=kx + bupu k # 0, Tex e minifiHOIO.
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

232." Hexait ¢ — (yHKIlig, obepHeHa 10 GYyHKIII f (x) = x° + 6x°.
1) 3uaiigite g (7).
2) Posp’siTh piBHAHHA g (x) = —1.
3) CkinbKu KopeHiB Mae piBHAHHA g (X) = ¢ 3ajJeKHO Bij 3Ha-
yeHHs c?

233." Hexait g — QyHKIis, obepHeHA 10 QYHKI[IT
fx)=x>+x-2.
1) 3uaiigites g (28).
2) PosB’axiTh piBHAHHA g (x) = 1.
3) Ym icHye TaKe 3HAUeHHS ¢, IITO0 PiBHAHHA g (X) = ¢ Mae nOBa
KopeHi?

O—wr 234.” oBeniTs, Mo QyHKIIiA, oOepHeHA A0 HemapHOi hyHKIIT,
TeK € HelapHOIo.

235.* Ilpu sikux 3HaueHHAX k 1 b pyuKuisa y = kx + b, ne k # 0, Oyze
3biraTucsa 3 obepHeHOIO M0 Hel PyHKIlie?

236.* IIpu axux 3HAUEHHAX a i b QyHKI[ig y=%, me a # 0, oynme
ax+

3birarucsa 3 obepHeHoio 10 Hel PpyHKIlie0?

JIbBiBCbKa MaTeMaTU4Ha LUKONA

Bu tpumaere B pykax HifpyYHUK
«Anrebpa i mouaTku aHanmizy». Y HasBi
3’ABMJIOCA HOBE CJIOBOCIIOJIYUEHHSA —
«mmovaTKu aHamisy». I11o sk mpuxoBaHO
3a 1iero HasBoio? BimmoBiaw my:xe mpo-
cTa — MaTeMaTUYHUI aHaJIi3 BUBYAE
¢yuKIii. 3 IHOTO POKY BU HOUYMHAETE
3HAWOMCTBO 3 eJeMeHTaMM aHaJi3y;
BaM JOBeIEeThCA POBIJIALATU BCe HOBI
1 HOBi KJacw (YHKIi#, BUBUATH IX
BJIACTUBOCTi, OITAHOBYBATU METOAY JI0-
CITiMKeHHA DYHKITIH.

Y nepmri#i mosoBuui XX cT. mpum
BUBYEHHI IeBHUX KJaciB (QyHKIii
3’ABUaca HOBa MaTeMaTW4YHA [JUC-

Iligpyunuk Banaxa IMUITiHA, BepIIHA Cy4acHOI mMaTeMa-
«Kypc pynrnionanbHoro TUKU — «(QYHKIIOHAJIBHUN aHaJi3».
aHaIizy»

BaxxauBy, GaKTUUYHO TOJOBHY POJb
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Konw 3pobneHo ypoku

y cTBOpeHHI Iiel gucuuniainu Bixirpanu maykosii JIbBiBchbKOI MaTe-
MAaTUYHOI IIIKOJIH.

Y 20-30-x pp. XX ct. micTo JIBBiB GyJIO CIIPaB/KHBOIO CBiTOBOIO
MaTeMaTUYHOIO CTOJINIEI0. ¥ TOIf yac y Horo s3akjaJax IpaloBaiu
Taki JerengapHi marematuku, ik Kasumup Kypatoecbkuit, Craniciaas
Magyp, Biagucnas Opiiu, Bamyae Cepmnincbkuii, CrauiciaB Yiaawm,
HOniym Ilaygmep, I'yro Illtefinrays ta im. KBamidikaiia maykoBI[iB
JIbBoBa OyJia HaACTiIBKKM BMCOKOIO, IO BCECBITHHLO BimomMuii maTema-
TUK, aBTOP BUJATHUX TeOPeM y MaTeMaTUYHil Jjorini Ta Teopii MHO-
skuH Anbdpen TapcbKuili He IPOMINIOB 3a KOHKYPCOM HA BaKaHTHY
nocany npodecopa JIbBiBCHKOTO yHiBEPCHUTETY.

MaremaTuku JIbBOBa CTBOPUJIM MiITHUNA HAYKOBUI KOJIEKTUB, BiZ0-
Muii K «JIbBiBChKA MaTeMaTHUYHA IITKOJa». 1i KepiBHUKOM BBa)KaIOTh
reHiaapHOro Mmaremaruka Credana Bamaxa.

Crepan Banmax
(1892-1945)

Bpyuenna rycaka

Crorogui C. Bamaxa B ycboMy CBiTi 3 IiJIKOBUTOIO IIiZiCTaBOIO
BBa’KaIOTh 3aCHOBHUKOM (DYHKIIIOHAJIbHOTO aHajaidy. OfAuH 3 mepuinx
y cBiTi migpyuHukiB 3 1miei gucrumiinu manucano camum C. Bama-
xom. Bararo pesysabratiB C. Banaxa Ta BBeIleHUX HUM IOHATH CTaJU
KjaacuuyHmMU. Hampukiaanm, DociifsKeHi HUM MHOKHHU OIep:Kasiu
Has3By «mpoctopu Bamaxa» i 3apa3 BXOAATH [0 HEOOXimZHOTO MiHi-
MyMy 3HaHBb KOKHOTO CTyJeHTa-MaTeMaTHKa, pisuka, KibepHeTuKa
TOIIO.
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§ 2. DyHKLT, MHOrOHMEHN, PIBHAHHS | HEPIBHOCTI

Posmnosimarors, 1110 6arato TeopeM JLBiBChbKiI MaTeMaTUKU TOBO-
gunan... v KaB’apui. C. Bamax 3 yunamu o6a00yBaau «IIIKOTCBKY
(1roTaaHACHKY) KaB’IPHIO», e MaJleHbKi CTOUKY MAajJu MapMypoBe
MMOKPUTTS — AYsKe 3PYyUHe AJs 3alicy MaTeMaTuYHuX (OpMYyJI i Teo-
pem. Tocmogap KaB’aApHi OyB He3aJ0BOJIEHUH TaKMM CBaBiJIIAM Ha-
YKOBIIiB, ajie cuTyairito BpaTyBaja apys;xkuHa C. Bamaxa, aka nmpumbdasia
BeJIUKUIT 301UT M 3anuciB. Tak 3’saBuiaca suamenuTa «IIIKoTchKa
KHuUra» — 36ipKa MaTeMaTHUYHHUX TpPOOJieM, HaJ AKUMHU IIpalfoBaja
rpyna C. Banaxa. Ik BuHAropoay s3a pos3B’A3aHHS CKJAIHUX 3aaau
aBTOPU 3 TYMOPOM MPOMOHYBAJMW KOJU KYXJi IIHMBa, KOJU BeUuepio
B pectropani. Tak, ongma 3 mpobaeM, 3a IKy aBTOP ITOOOIIIAB »KUBOT'O
rycaxa (1936 p.), 6ysna poss’asana juiire B 1972 p., Toxi & i 6yso
BPYYEHO BUHATOPOMY.

IIpo6aemu, mocraBieHi B «IIIKoTChbKifi KHH3i», BBAXKaOTL Ha-
CTiIBKY BaKJIUBUMU 1 CKJIAQTHUMMU, IO KOXKHUII, KOMY BIACTHCS
posB’asaTu xoua 6 OAHY 3 HUX, OApas3y AicTae CBiTOBOro BU3HAHHI.
Cama & «IIIKoTChKa KHUTra» € OAHi€I0 3 HaWBigoMimmx i HaWIinmHi-
IIUX PesikBiil cBiTOBOI HayKu.

PiBHOCUNbHI piBHAHHSA. PiBHAAHHA-HaCNIQOK.
PiBHOCUNbHiI HepiBHOCTI

Hexait samano nBi pyukiii y = f (x) i y = g (x) i mocrasyieHo 3a-
Jady 3HAUTH MHOKUHY 3HAUEHb apryMeHTy X, IPU SKUX 3HAUEHHS
¢yHKIiNA f i g piBHi. ¥ TakoMy BUIAIKy KasKyTh, 1110 TPeba po3B’A3aTu
piBusauua f (x) = g (x).

OzravyenHd. O0xacTi0O BU3HAYeHHd PiBHAHHA f (x) =g (x)
Ha3WBAaIOTh MHOKUHY 3HAUEHb 3MIHHOI X, IPH SAKMX MAIOTh 3MiCT
00UBi YaCTUHM PiBHAHHA.

3 03HaUeHHS BUIJIWBAE, IO 00JACTIO BU3HAUEHHS DiBHAHHA
f (x) = g (x) € muoykuna D (f) N D (g).
Posrimaremo Kimbka mIpUKJIamiB:
e o00JsiacTIO BUBHAUEHHS JIIHINTHOTO PiBHAHHS, TOOTO PiBHAHHA BUAY
ax = b, € MHOKMHA TiICHUX ULCEJI;

2
. x“ -4

e o0OsacTi0O BU3HAUEHHA PiBHAHHA 2=O € MHOMKHUHA
X+

{x]x=-2)

. x+3

e o00JiacTI0O BU3HAUEHHS PIiBHIHHSA W:O € MHOXHNHAa
x|—x

{x|x <O0}.
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