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HepiBHocTi

a > b, ario unucio a — b fomarue, a < b, ax10 yncio a — b Big’eMHe

BaacTuBocTi yncI0BUX HEPiBHOCTEH
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Kpagparuuna pyukiis
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ITocaimoBHOCTI:
1,2,3,4,5,6,7,8,9,10,... — HATYypaJbHUX UNCEJ;
2,4,6,8,10,12, 14,16, ... — mapHUX YKCeJ;
1,4,9, 16, 25, 36, 49, 64, ... — KBaaparis uuces;
2,3,5,7,11,13,17,19, ... — mpocTux ymuceJa

Apudmeruuyna nporpecif: a,a,a,a,a, ...
d=a,-a,=a, —a — pisHuNSA;

a =a, +(n—-1)d — dopmyna n-ro unena;
a, +a
Sn — 1 2 n

-n — ¢opMyJa CyMH IIePIINX 1l YJIEeHiB

ai as as ay as ag ar as

I'eomeTpuuHa mporpecis: b,b,,b,,b,,b

12 722 732 Y42 YpY 00t
qg=b,:b,=v  :b — snamennux (¢ =0, b, #0);

b =b-q"' — Gopmyna n-ro uieHa;
b —(q" -1)

e
qg-1
Sn

n

— (opmyJia cyMu mepimux n ujaeHiB (q # 1);

bl
1-¢q

— dopMyJIa cymu wieHis pu |g| < 1

b1 by b3 by

_J

SaKOHM Jiu Baacrusocrti 1po06iB
a+b=b+a, am _a
) ) bm b’
(@a+b)+c=a+(b+c), i+£_aib
ab =ba, m - m m’
a b_ab
(ab)c = a(bc), mn_ mn
a(b+c)=ab+ac, a b_an
m n bm
DopMyJaIU CKOPOYEHOTO MHOKEHHS
1. (axb)’ =a®+2ab+b?, 8. a®+b* =(axb)(a* +ab+b’),
2. (a+b)(a-b)=a” -7, 4. (a£b)’ =a® +3a%0+3ab? £b°

BaacTtuBocri cteneHiB  BiaacTuBOoCTI KOpeHiB

Jab =+a b,

aman — am+n,

@y =am, o _Va
b b
(ab)'=a"b", a2n =|a" R

a)'_a" (Va) =a,
ol a? =

3amzaudi Ha BiCOTKHU

3HaXOIKEeHH:

1) p BixcorkiB Big uncaa a —|a * 0,01p;
2) uncia, p BiICOTKiB AKOTO JOpPiBHIOIOTE b, —|b : (0,01p);

3) BiIcOTKOBOrO BigHOIIIEHHSA a 1 b —|(a :b)-100%. |

@®opmysa IPOCTUX BifcoTkiB: P, = F, (1 +ﬁ- n)

n
. . r
®opmyia CKIAAHUX BifICOTKIB: A, = A, (1 +—)
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BUOAHO 3A PAXYHOK AEPXABHMX KOWTIB. NPOAAX 3ABOPOHEHO

EkcnepTtu, aki 3aincHMNV ekcnepTnady JaHoro nigpyyHuka
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XapkiBcbkOi 0011aCTi, BUNTENb BULLOT KATeropii, BYNTENb-METOOUCT

bee3 . .

B36 Anrebpa : nigpy4. ona 9 k. 3arasbHOOCBIT. HaBY. 3akJl. /
. M. bers, B. I'. beB3. — K. : BupaBHmnumin gim «Ocgita»,
2017. —272c.

ISBN 978-617-656-750-9.
YAK512(075.3)

Yci npaBa 3axuuieHi. )KogHa 4acTuHa, eNeMeHT, ig4ed, KOMNO3MUINHUI Nigxig uboro Bu-
[AHHSA HE MOXYTb OyTK KOMNIMOBAHUMU YK BiATBOPEHUMU B Oyab-aKin dopmi Ta Oyab-
AKMMN 3aCc00aMU — Hi @NeKTPOHHUMMN, Hi POTOMEXAHIYHUMUN, 30KPEMA KOMIOBAHHSAM,
3anncom abo KOMM’I0TEPHUM apxiByBaHHAIM, — 6€3 MMCbMOBOroO A03BOJ1y BUAABLS.

© besal. M., bes3B.T.,2017
ISBN 978-617-656-750-9 © BupasHuunin gim «Ocsita», 2017

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



LUAHOBHI OEB’ATUKJTACHUKMU | AEB’ATUKJIACHULLI!

Hac'raB HOBUH HaBUAJBHUU PiK i BU 3 HOBUMU CUJIaMU IIPOJOBIKYETE ITi KO-
pATHU aaredpy — IiKaBy i BayKJINBY CKJIAA0BY MaTeMaTuKku. OnaHyBaHHSA
I[i€}0 HAYKOI0 € 3aIlOPYKOI0 /IS IIOJaJIBIIIOr0 YCIIillIHOTO BUBYEHHS iHITINX
HaBUYAJBbHUX IIPEIMETiB, JJIS IIOBHOI[IHHOTO *KUTTS B CyYaCHOMY CYCHiJIbCTBI.
3HaueHHA anredpu I JIOAWHU PO3KPUBAJIN BioMi MaTeMaTUKU:

« Auneebpa poswupioe ma yodockornaare awdcvruil posym (JI. I1yawnco ).

« Jldu, axi He 3HalloMi 3 an2eOpPOI0, He MOHCYMb YA6UMU MUX OUBOBUNCHUX
peuell, akux moxcHa docsemu 3a donomozor exasarnoil Hayku (I. JIeiioniy ).
Paszom i3 muM migpyYHMKOM BU 3aBepIITyETe BUBUEHHS aaredpu B OCHOB-

Hi#l mikoji. A mo0 ysaBuTu, AKe Miclle HAJIe:KUTh MaTepianxy 9 KJjacy, pos-

TJISHbTE PO3MIIeHUN HHU)KUe mepeik TeM. Komrbopom BuaijeHo Martepial,

AKWH BU BUBUATHMETE B IILOMY POIIi.

AJITEBPA (7—-9 kxacu)
IMini Bupasu. PamionanbHi Bupasu

Dyurnii (y =kx + b, y = %,y=x2,y= \/;)
JlimitiHi piBHAHHA Ta 1X cuUCTeMH
KBanmparui kopeni. [ificai umcaa
KBagparui piBHaHHS
HepiBHocTi
KBagpatnuni pyHKIiT
Yucaori mocaimoBHOCTI
OcHOBH KOMOiHATOPUKHU, TEOPii IMOBIPHOCTEH Ta CTATHCTUKH

MaremaTuuHi IOHATTSA «HEPiBHICThb», «KBaApaTUUYHA (DYHKI[iA» Ta «YHC-
JIOBA IOCJiTOBHICTh» BifoOpakaioTh BiIHOIIIEHHS, AKi BiZirparoTh BaKJINBY
poib y peasibHOMY cBiTi. Ha 0CHOBI X IIOHATH Ta iX BJIaCTUBOCTEH 0a3yETHCA
faraTo MeTO/iB CYUYacHOI HAYKMU i 3MifiICHIOEThCA JOCTIIKeHHA PisHOMaHITHUX
SABHUII] i IPOIECiB MPUPOAU Ta JIOACHKOI KUTTEMXiAIBLHOCTI.

AnreOpa cbOTOZHI IPOHMU3YE MaiizKe BCi rajaysi 3HAHb i € MOBOIO, AKOIO «TO-
BOPATH, MUINYTH 1 [yMarloTh» iHIII HayKu. Baskko yaButu chepy AigdabHOCTI,
Ile e BUKOPUCTOBYIOTh MATeMaTHUKYy. 3a JOIIOMOI'0I0 MaTeMAaTUUYHUX MOJAEJIeH
OIUCYIOTH PeaJbHi IIPOIECU, MAaTEMATUYHUMU METOJaMU KOPUCTYIOTHCA COITio-
JIOTH ¥ iH)KeHepHu, IOPUCTH ¥ 0ioJioru, apxXiTeKTopu i MmysukaHTu. AOu cTaTu
daxiBiem y MaiOyTHLOMY, 300yTU JOCTOMHY OCBiTY Ta OyTHU YCIIITHUMU Yy
IOPOCJIIOMY KUTTi, HeOOXiZHO mOKJIacTu OaraTo 3ycuiab. A BUBUEHHS aJjre-
Opu — ofHAa 3i CXOAMHOK IO YCITiXy Ha BaIoMy ILIAXY. UepmaiiTe anarebpaiuni
3HAHHS, PO3MINPIOIOYN i TOIIOBHIOIOYUN JOCBiJ, OTPMMAHNN Y IOIEePeaHI POKHU.

CroogmiBaemocs, 10 IieH MiAPYYHUK CTaHe BaM JOOPUM IIOMiUHHUKOM B OIla-
HyBaHHIi anredpu, y Ha0yTTi HOBUX 3HaHb, YMiHb i IOCBiy, y rapMOHiliTHOMY
PO3BUTKY BAIIIOi 0COOMCTOCTI.

Baxcaemo ycnixie y Hasuanni!
Asmopu
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AK NPALIOBATH 3 NIAPYYHUKOM

Jopori pes’artnknacHuku i koneru!

Bu TpumaeTe B pykax HOBWUIA MigpyyHUK anrebpu. ABTOpY CMNoAiBaloTbCS, WO
LSt KHUXKKA CTaHe a1s Bac Ha4iiHMM NOMIYHUKOM i NOpagHUKOM.
Baromvm MOTUBOM i rapHUM CTUMYJIOM N1 HABYaHHS MaloTb CTaTu Bi4OMOCTI Mpo
BUOATHUX MaTeEMATUKIB i MaTeEMaTUYHI NPeMii, 3aCHOBaHI Ha IX YeCTb. BUCNOBNIOBAHHS
MaTeMaTuKiB MOXYTb CTaTW 4J151 BaC LOPOroBKa30M HE JINLLIE Y HaBYaHHI, a N Ha XWUT-
TEBOMY LLSAXY.
Ha noyaTky KOXHOro po3saisly nogaHo KOPOTKUI Ornsan Moro 3mMicTy yKpalHCbKOK
Ta aHrNiNCbKO MOBaMMU.
KoxeH naparpacd noumHaetTbca pybpukoio [«BMKOPUCTOBYEMO HaGyTi

KOMMeTeHTHOCTI». | MaTtepian ujei pybpurky 3BepHe BaLly yBary Ha Kito4oBi 3HaHHS —

O3Ha4YeHH4, BNaCTUBOCTI, TBEPIXKEHHYA, 9Ki BM MaETe npuragat ons epekTMBHOro
CNpUNMaHHS i 3aCBOEHHSA HOBOIO Marepiany.

(2

BU1KOPUCTOBYEMO HABYTI KOMMETEHTHOCTI

LLIo6 3po3ymiTn i fOGpe 3acBOITU HOBY TEMY, NPUragaemo:
— Sk No3Ha4aTb MHOXWHI A, BC,..,NZQ...
— Lo TaKe niaAMHOXMHA

MHoX1Ha K — 4acTuHa MHOXWUHU M.

KcM K — niamMHoxuHa M.

— Ha 0oCHOBI sikix BNacTMBOCTEN PO3B'A3YI0Th HEPIBHOCTI (C. 32).
— 9k 306paxaioTb PO3B'A3KM NiHIAHOT HepiBHOCTI (C. 33).
— Lo o3HavaloTb 3anucn a < bia = b?

NCZCR.

a<b azb

a<baboa=b a>baboa=>b

— XOYETE 3HATMU LLE BUIbLUE?

TilINMX HEPIBHOCTEI 3 MOAYNAMU.

PO3B'SXEMO HEPIBHOCTI

a) lxl<5; 6) |x|>3; B) lxl<-2; r) |xl>-0,5.

a) HepiBHICTb 3310BONBHAIOTb YCi 3HAYEHHS X, MOAYANI SIKUX MeHLLi 3a 5. Takumun
€ BCi poaaTHi YMcna, MeHwi 3a 5, BCi Bia'eMHi uncna, Ginbwi 3a -5, i uncno 0. Taky
MHOXWHY 4MCen MOXHa 3anucaTu 3a [A0MOMOroio NOABIHOI HEPIBHOCTI
-5 < x < 5. Ha 41cnoBiit Npsimii i MHOXWHI YuCen BiANOBIAAE NPOMIKOK, Noka-
3aHWii Ha ManioHky 16, a. Yucna -5 i 5 He Hanexartb LbOMY MPOMIXKY, BOHU He
33[10BOSILHSIOTH [1AHY HEPIBHICTb, @ 16, 6).
Lieii NpOMIXOK N03HaYaIoTh [5; 5].

6) HepisricTs |x|>3 3anoBonbHsIOTL yoi uncna, Ginblui 3a 3, i BCi uMcna, MeH-
wi3a -3 (van. 17).

|l <5 — 3aposo. (

[10 PO3E'SI3yBaHHS NIHIIHIX HEPIBHOCTEN 3BOAUTLCA PO3E’SIYBAHHA HANPOC-

MepeTBOpEeHHS
rpadikiB yHKLiV

Cruiazemo Tabauui snavens Gynkmiii: a) y = x% i 6) y = —x%, saganux Ha
muoxuni D = {-3, -2, -1, 0, 1, 2, 3}.

129. Bidxpuma s3adaxa. CKnajith HepiBHOCTI, PO3B’ABKM AKHUX 300paKeHO
Ha MaTOHKyY 18.

Man. 18 a [ 6
-3 2 -1 1

BukoHAEMO PAZOM

Teopema 3.

SIKULO OGMABI YACTUHI NPABUNLHOT HEPIBHOCTI NOMHOXWTY Ha OAHE 7 Te
came AoAaTHE YUCNO, TO OAEPXUMO NPABUNLHY HEPIBHICTL.

SIKLL40 OGUABI YACTUHY NPABUNLHOT HEPIBHOCTI NOMHOXUTY Ha OAHE i Te
came Bif’EMHE YMCNIO | SMIHUTI 3HAK HEPIBHOCTI Ha NPOTMREXHWIA, TO

0AEPXMMO NPaBUNLHY HEPIBHICTS.

i
a) [ x ’93 ’42 ’11 g i i g 7 @ Poos’scins nepismicrs 2x + 3 < 2(x + 3).
5 e e s e I i ‘55 o Poswssamms. 2x +3<2x+6,
y 9] 4[-1]o[-1]-4]9 4 3i;§_"<6’3'
Baaraxi anasiemia pyminii y = ' mpori- 3 Hepiniicts Oz < 3 IpABIIBHA DU KOKHOMY GHANCHEHI X.
JIesKEHi BiTIOBIIHIM SHAUSHHAM BYHKI y = x°. 9 Bianoni. (~e=i4e).
Tomy rpacbixu mx pymKiiii cumerpuasi Bix- :
HocHo oci x (Ma. T6). Taxy camy i
MatoTs Gye-Ki bymKiii y = () i y = ~f(x). 482 123 4x T P—
’ o . 2
;ﬂiﬁ’;'xx‘;’;ﬂgzéf")'y =~fx) cumer 3 v Moy noscunTi, mo Taxe mepepis i 06’cAHAMNI MHOKUI.
—4 Tlepepis MHOMKUH 06’ eiHAHHS MHOKHH
Mopissemo me dysxuii y = 2f(x) i -5 ANB AsB
Y = [(x). 106 ojtepsarn sxe-HeSy A, saven- 6
H1 MepIIOi 5 HUX, TpeGa BiATIOBI e SHAYHHS 7
5 1ux pymKnidi MosKHa posrariys- Maz, 76

v Vwmito 306paxary 4uca0Bi MPOMikKY, 3ajaHi HepisHOCTAMHU (c. 45)

v Vuito 306pakaTi Ha KOODAMHATHIN TpAMif 06’cAHAHHA Ta mepepis
HCTOBUX MPOMiKKIB.

v Vmito i
npoMisKkKH.

sagani rpadiuHo uucIoBi

v X0Yy HARYMTHCA 3ANHCVBATH DOAR’AIKH C: i HeDiRHOCTeH

BnByaloun TeopeTunyHUn MaTepiasn, 3BepTanTe yBary Ha CfioBa, HaJpyKOBaHi
JKUPHUM KYPCUBOM, — Lig HOBI anredpaidHi TepMiHW. By NOBUHHI yCBIAOMNTN, LLIO BOHU
03HayaloTb, | 3anam’aTaTu ix.

2
Bm,u,ineHipmchOM PeYeHHsl, No3HaueHi CTPINOYKOI0, € OCHOBHUMMU

O3Ha4YeHHAMMN.
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(3)

[DXKupHuii TekcT B KBagpaTHUX AYXKaX|— Lie BNAaCTUBOCTI, NpaBuia Ta iHLUi
BAXJIMBI TBEPOKEHHSA. Cnif, HABUMTUCS X GOPMYMOBaTU (MOXHA — CBOIMU C/TIOBaMM)
Ta 3aCTOCOBYBATW 40 PO3B’A3yBaHHS NPOMNOHOBAHMX BNpae i 3a4au. o

Y KoxHOMyY naparpadi nigpyyHuka € py6pvn<a|«que're 3HaTU e Ginble?»|.
BoHa mMicTuTb oogaTKkoBUi MaTepiasn, aapecoBaHU 3aLiKaBAeHUM YYHSAM.

Migpy4HMK MICTUTb BNPaBK Pi3HUX PIBHIB CKIAOHOCTI: A YCHOrO pO3B’A3yBaHHS
Ta piBHiB A i . Po3B’a3yBaHHs | «BiakpuTtunx 3anaq%cnpmqmme PO3BUTKY NIOFYHOIO
MUWCNEHHS, A0CAIAHNLbKNX YMiHb | TBOPYOCTI.

Y py6puLi [«<BuKoHaeEMO pa3om»| HaBEOEHO 3pa3ky PO3B’Si3aHb BAXKJIMBUX
BMAiB 3a4a4. KOPMCHO 03HAMOMUTUCS 3 HAMW Nepen BUKOHaHHAM AOMaLLHIX 3aBAaHb,
HOMEPU AKMX BUAINEHO BNAKUTHUM KOJIbOPOM.

BUKOPUCTOBYI04M PyOpuKy |«CkapBHMUYKa AOCﬂrHeHb?LLI.O MICTUTbCA HANPUKIHLLi
KOXHOro naparpada, MoxHa npoaHanisysatu, yCBiZOMUTU, MOBTOPUTM Ta NOKPaLLMTA
HaOyTi 3HAHHS Ta BMiHHS.

3’5COBYEMO AOCHATHEHHS

FonosHe & Poaaun

c;, Yucuo a 6iabiie 3a uncio b, AKINO PIBHUNA a — b € JOJATHAM YHCIOM;
WHCIIO @ MEHIIe 3a YMcyIo b, AKIIO pisHuns a — b — uncso Bix'eMHe.
Byab-AKuii 8i 3HAKIB <, >, < i > HABMBAIOTH 3HAKOM HeEPIGHOCMI.

BHAKH < i > HABHBAIOTH sHAKAMU cMPOzoi Hepinocmi. BHakH < i >
HABMBAIOTH SHAKAMU HECMPO20L HepisHoCMi.
Bamnuce a < b osHauae, mo a <b abo a = b.
Banuc a > b osnavae, mo a > b abo a = b.

IlBa BHpasH, CHIOTyYeHi 3HAKOM HepiBHOCTI (<, >, < UM 2), YTBOPIOKTH

ini iBHiCTH TH uuc. AKIo 0buABi 11 wacTH-

01525  o2< ®7>-2%  p-10210. e rp— —dD

BubepiTh IpABIIBHY HepiBHicTb:
Hepisnicts x% + 2x + 1 < 0 33/{0BOJIBHAC YUCIO:

a) 0,2>42;  6)-1<-2; 8)525; r2ts2?

Cymoio nepisrocteii 5 > 3 i 2 > —1 ¢ HepiBHicTs:
a)4>5; 6)4<5; B) 7> 2; £ 722

VEaskiTh cTPOry HepiBHiCTB:

TONATEH
a) 2; 6)1; 0; -1. A
) ) B n HABYAJIGHI [IPOEKTH
Cximpxu nimax wncen sazopoAbHAE MOABiHyY HepisHicrs 1 < x < 1: Hapuansmmit npoext Ne 1. Ilikai HEPIBOCTI. . ...\ ouvenennns
a) onHe; 6) aBa; B) TPH; r) yoTupu? Hapuanpanii npoext Ne 2. MyHKIIT HABKOJIO HAC. . . . .
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MUTPONOJIbCbKUN

IOpin OnekciioBu4
(1916-2008)

YKpaiHCbKM MatemMaTuk i mexa-
HiK, akagemik HAH Ykpainn (1961),
IHO3EMHMUI akageMiK-KOPECMOH-
neHT Akagemii HayK y BonoHbi
(Irania, 1971), lepon Ykpainu,
3acnyXeHunn aisay Hayku YkpaiHm,
OOKTOP TEXHIYHNX HayK, OiINCHNI
4yneH Haykosoro ToBapucTea

im. T. I LLleB4eHka y JIbBOBI.

«MaTemaTuka — MoB noea3isa. Ll cxoXxicTb — He Tisibku B Kpaci popm,
Y BUTOHYEHIilA CTPOrocTi MaTeMaTU4YHUX Teopil, a Yy MOryTHOCTI
BMJIMUBY MaTeMaTUKN Ha iHLUI HayKun».

«Mpoxoaauun Kpi3b cyxi MaTeMaTndHi popmynu, AymMka JIogUHN nepe-
TBOPIOETHCS HA repoivyHy NMiCHIO TBOPYOI npaui».

10. O. Mutpononbcbknii

MPEMIYA imeHi

0. 0. MUTPONOJIbCbKOIO JIAYPEATU NPEMIT
MpucynxyeTtbes no BinaineHHio CamorineHko A. M.
matematukm HAH Ykpainum Boituyk O. A.

3a BUOATHI HayKoBi poboTH Eropoga |. €.

B rasiysi MmatemMaTtuku KowumareHko B. [,

Ta HENiHIMHOT MEexaHikun Koponiok B. C

3acHoBaHa HauioHanbHO
akagewmieto Hayk y 2008 poui
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HEPIBHOCTI

HepiBHOCTI BAKOPUCTOBYIOTb Tak CAMO 4acTo, SK i PiIBHOCTI.

9K i pIBHOCTI, HEPIBHOCTI OyBatOTb YNC/IOBI Ta 3i 3MIHHUMW.

Jeski 3 HUX LOBOAATD, iHLWI — PO3B’A3YI0Th.

3a 0oNoMOroo HepPiBHOCTENM 3py4YHO MOAENoBaTM peasibHi cuTyaudil Ta
npouecu OOBKiNSA, 30Kpema BigHOLLEeHHS BifibLlie — MeHLle, KOpoTLle —
JOoBLWe Ta iH. BU3Ha4Hy posib HEPIBHOCTI BiAirpaTb Y AOCNIAKEHHI DYHKLLIN:
BCTAHOBJIEHHS HANBINbLUMX | HANMEHLLMX 3HA4YEeHb PYHKLT HA AEeSAKOMY
MPOMIXKY, BU3HAYEHHS MPOMIXKKIB 3pOCTaHHS | cnagaHHA OYHKLT TOLLO.

Y uboMy po34iNni PO3rnsHeEMO TaKi TEMU:

3aranbHi BigoMocTi OG’epHaHHg i nepepis
1 Npo HepiBHOCTI MHOXWH. YNCcnoBi NPOMiXXKKN
§ General Information About § 5 Combination and Section.
Inequalitie Numeric Intervals
BnacTtuBoCTi UncnoBux Cuctemu HepiBHOCTEN
2 HepiBHOCTEN 6 3 O Hi€I0 3MiIHHOIO
§ Properties of Numerical § Systems of Inequalities
Inequaliti With One Variable
MopBinHi HepiBHOCTI AJoBeneHHs HepiBHOCTEN
Double Inequalities Inequalities Proof
Po3B’a3yBaHHS HEPIBHOC-
4 Tel 3 OA4HI€I0 3MiHHOIO
§ The Solution to Inequalities
With One Variable

HaBuyanbHuii npoekT Ne 1
«LlikaBi HepiBHOCTI»

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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B1koPMCTOBYEMO HABYTI KOMNETEHTHOCTI

LLlo6 3po3ymiTi i noOGpe 3acBOITM HOBY TEMy, NpPUragaemMo, K Mno-
PIBHIOIOTb 4uUCna.
Bun Bxe 3HaeTe, WO, HaNnpuKnaa;

i ;
ﬂh 1.3 ¥ I |T 412
> Gy e 2_8
Wy °° 82908 3

I3 ABOX YMcen Ha KOOpAMHATHIN NpaMii Oinblue Te, ke po3TalloBaHe
npasile, a MeHLle Te, ke po3TalloBaHe fiBiLle.

852 012 4
-3,5 < -2, -6<4

T
L

§1 3arasnbHi BigoMocTi
npPo HEepPIBHOCTI

IloBcssKuac Mu mIOCh IIOPiBHIOEMO: IMBUAKOCTI iHTepPHETY, BAPTOCTi IPO-
ismy, miaroHaJii MOHITOpPiB, BUCOTHU CHOPY/[, Pe3yJIbTaTu 3Maralb, KiJIbKOCTi
6airis S3HO To1o. MaTeMaTHYHOIO MOIEJIIIO BiJHOIIIEHD «0iabIe» i « MeHIIIe»
e HepiBHicTh. Hampukinan, Bigcranb Big Kuea mo Xapkoa (d; = 407 xKm)
6inpIna, HixK Biscraub Bix Kuesa no JIynbka (dy = 368 k™). Lle 3anucyoTs Tak:

407 > 368 ab6o d, > d,.

Ao uncao a MeHie abo OiabIne Big umesaa b, TO 3aINUCYIOTh BiAIIOBiZHO
a < b abo a > b. Hanmpukan,

3<5,-7T>-13.

3MmicT cmiBBigHOINIEHL «OiJbIEe» i «MEHIIEe» MOKHA PO3KPUTU TaKUM
O3HAUEHHSM.

e Yucno a Ginbwe Big b, 9KLW0 pi3HULA a — b — Yyncno gopartHe;
Yyucno a MmeHuwe Big b, AKLW0 pisHULUA a — b — uncno Big’emHe.

Ockinbku pisHUIE a — b Moke OyTH OOJATHOIO, Bif’€MHOI0 abo TOpiB-
HIOBATU HYJIO, TO OJS HJOBLIBHUX FIMCHUX UYMCeJ a 1 b BUKOHYEThCA OfHE i
TiIBKY OHE 3 TPHOX CIIiBBiIHOIIIEHB:

a>b,a<baboa=>b.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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HepiBHOCTI 9

Kopucrymounucs cpopMyIbOBAHUM BHIIlE O3HAUEHHAM, MOKHA MOPiBHIO-
BaTHU 4YHCJa, TOOTO BCTAHOBJIOBATH, AKe 3 HUX OijbIlle, a Ke — MEHIIIE.

. .11 . ..
Hanpuraazm, 1100 mopiBHATH aApo0u 5 i 2—5 , BHAWIEeMo iX pisHUIIO:

4 11 4-25-11.9 1

9 25 9.25  225°

4 11
Pisaung manux gpobiB — umciio gogaTHe, TOMY §>2—5

Ha xoopamuaTHi IpAMili MEHIIIOMY YHMCJIy BilIIOBigae TOUKa, III0 JEKUTh
JiBOPYY BiJ TOUKM, SKa BiAmMOBiZae OiILIIIOMY YMCIY.
Hanpuraan, magonok 1 Bigmosigae TakuM CHiBBiIHOIIIEHHAM:
c<a,a<b,c<b.

c a b
Mau. 1
HepiBuicTs — abcTpakTHa MaTeMaTHYHA MOJEJb BiJHOIIIEHL MEHIIE —

OinmbIlle, HU)KUe — BHIIE, KOPOTIIIe — JOBIIIE, BYKUe — IIMUPIIe, TOHIIIE —
TOBCTIilIIIe, AEeIleBIlle — AOPOKUe, MOJOAIIe — CTapiile Ta 0araTbox iHIIINIX.
Kpim sHakiB < (meHrme) i > (6iybirre) 4acTO BUKOPUCTOBYIOTH TAKOYK SHAKMU:
< — memHIne abo gopiBHIOE (He OijbIlle), > — OijbIite a00 JOPiBHIOE (HEe MEHIIIE).

3anuc a < b o3mauae, 1mo a < b aboa =b
3amnuc a > b o3umauae, 1mo a > b aboa =b

1
Hampuraana, MoKHa cTBepA:KyBaTH, 1o 2 < 5, 4 > 4, _ES -0,5.

SHaku < 1 > HasWBAIOTh 3HAKAMU cmpoz0i Hepiénocmi. Born npotu-
JIeXKHI OOUH OJHOMY: SAKIIO a < b, To b > a, 1 HaBmaku. 3HaKu < i > TaKOK
IIPOTUJIEKHI OUH OTHOMY, IX Ha3MBAIOTh 3HAKAMU HeCmpOo20i HepieHocmi.
Bynp-axuit i3 8HaKiB <, >, < i > Ha3UBAIOTH 3HAKOM HepiéHOCMI.

e ABa Bupa3u, crnosiy4eHi 3HakoM HepPIiBHOCTI, YTBOPIOIOTb HEPIBHICTb.

IIpukaanu HepiBHOCTEM: 3 < \/ﬁ ,a2+b%>2ab, 3x — 5> 0.

Bupas, axwuii cToiTh JiBOpPYY UM HpaBOpPyY Bij 3HaKa HepiBHOCTi, Ha-
3MBAIOTh BiAMOBiAHO JIiBOIO UM HpaBOIO YacTUHOIO HepiBHOocTi. Hampu-
KJIaJ, JIiBOIO YaCcTUHOIO HepiBHOCTI bx + 4 < 8 € Bupas 5x + 4, a npaBow —
yuceao 8 (0yab-sgKe YMCJI0 TAKOXK BBAYKAETHCS BUPA30M).

Axmo o6uaBi YacTMHU HEPiBHOCTI — UYMCJIOBI BMpasu, 11 HAa3WBAIOTh
wucnoeoro Hepienicmio. Taki HepiBHOCTI GyBaroTh mMpaBUJBHI ab0 Hempa-
BuibHi. Hanmpukaazg, 3 HepiBHOCTEH 2 < 3, J2 > 1, -3 < —5 gBi mepmrIi opa-
BUJIbHi, a TpeTs — HeIpaBuJbHA, 00 uncyo —3 Oiablme Big —5.

MpaBo ans 6e3onnaTHOro Po3MmilleHHs NigpyYHUKa B Mepexi IHTepHeT mae
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Hepisnicmdb 3i 3miHHUMU TPU OJHUX 3HAUEHHAX 3MiHHUX MOXKe OyTu
MPaBUJIBHOIO, a HNPU IHINMWX — HeImpaBuUJIbHOIO. Hampukiana, HepiBHiCTH
2x + 3 > 5 — mpaBumJIbHA, AKIIO X JOpiBHIOE 2, 3, 4, 5, a AKINO X JOPiBHIOE
1, 0, -1, -2, — HenpasusbHa. ['0OBOPATH, 1110 3HAUEHHA 2, 3, 4, 5 many He-
pPiBHiCTH 3a/I0BOJILHAIOTE, a 1, 0, —1, —2 — He 3aJJ0BOJIBLHAIOTH.

— XOYETE 3HATU LLE BUIbLUE? ,

KpiMm HaBegeHux BULLLE 3HaAKIiB HEPIBHOCTI (<, >, <, =), 4acTO BMKOPUCTOBY-
lOTb LLe 3HaK # (He JOPIBHIOE). AKLLO, HANPUKIaA, CNiBBiAHOLIEHHS «He Binblue»
(a < b) o3Havae, wo a < b abo a = b, To CNiBBIAHOLLEHHS «He OOPiBHIOE» (a # b)
o3Havae a <baboa>b.

BigHowWweHHS «He JOpPIBHIOE» MPUHLIMNOBO BiAPI3HAETLCS Bif, «<He Binblue». Ons
BCiX BiJHOLLEHb PIBHOCTI i HEPIBHOCTI, SKi NO3HAYal0Tb 3HaKaMu =, <, >, <, >, cnpaBs-
IKYETbCS BNACTUBICTb TPAH3UTUBHOCTI, TOOTO i3 a < b i b < c BUNnuBae, Wwo a < c.
A 0ns BiQHOLWIEHHS «He OOPIBHIOE» Taka BAACTMBICTb MOXE HE CNpaBaXyBaTUCh:
i3a#bib+#cHe 3aBxam BUNNNBAE a # C.

Hanpuknag, 2 # 3 i3 # 2, ane BiAHOLLUEHHS 2 # 2 — XNMOHe, HenpaBWIbHE.

Tomy pani, roBopsiyK NMpo HepiBHOCTI, MaTMMeMO Ha yBasi ABa yncna abo Bu-
pasu, cnony4deHi 0yab-9KnuMm i3 3HaKiB <, >, <, >, afie He 3HakOM #.

MEPEBIPTE CEBE

1. 3a akoi yMoBU 4mcJ0 a OijbIile 3a c?

2. IITo Take HepiBHiCTH?

3. ki 6ysaroTs HepiBHocTi? HaBemiTh mpuxaamu.

4. §Ixi mepiBHOCTI HA3MBAIOTH CTPOTUMHU, AKi — HECTPOTUMU?
5. IITo osmauarors 3amucu a < b, a > b? IIpounraiite ix.

BuUKOHAEMO PA3SOM

o fke 3 umces a i b MeHIIIe, AKIIO:
a)a-—b=( 1) 6)a=b—-3;8B)a—5=>b?
® Posp’azaHHA. a) a — b = (—1) = 1 (umcio momaTHe), OoT:Ke, b < a;
0) sHalimeMo pisHUIo unceya aib: a — b=—3 (uucio Bix’emue), oT:Ke, a < b;
B) a — b = b (umcio momaTHe), oT:Ke, b < a.
Bigmosins. a) b < a; 6) a < b; B) b < a.
9 Ba akoi ymoBu Bupas 4 — (2x + 3)” Mae Hai6iabIIe 3HAYEHHA?
e Posp’ssanna. [Janwuii Bupas 4 — (2x + 3)? mae Hailbinblie sHaUeHH,
AKITO Bix’eMHUMK HaliMeHImmi. A Bupas (2x + 3)° Mae HaiiMeHIIe 3Ha-

yeHHsdA, AKIIO 2x + 3 = 0, To6TO TIPUH X = —1,5.
Bigmosigs. Axmo x = —1,5.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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e fAxa 3 pisHuUNE OinblIa i y CKiIbKY pasiB:
20177918 — 20172 uyp 2017217 — 201720169
e Posp’ssanna. 2017298 - 20172°1"=2017%'7 (2017 - 1)=2016 - 2017%°'7;
2017217 — 20172°1% = 2017%°'(2017 — 1) = 2016 - 2017%°'%;
(2016 - 2017%°'7) : (2016 - 2017%°'%) = 2017.
Bigmosigs. Ilepina pisuunsa 6insia Big apyroi 8 2017 pasis.

BUKOHAWTE YCHO

1. $fxe 3 umcen x i y MeHIIe, AKIIO:
a)x—-—y=1; 0)x—y=-1; By—x=2 Ny —5=ux?

2. Touku K, L, M 3 KoopauHaTtamu k, [, m po3MillleHO Ha KOOPAMHATHIi
OpAMili, 9K moKasaHo Ha MadioHKY 2. ITopiBHaliTe uncia:

K(k) L() M(m)

-10 1
Mau. 2
a) kim; B)mil; kil
0) kil; r)0il o) mi-—1.
3. Ywu mpaBuJbHaA HEPiBHICTH:
a) 2> 2; 0) -3 < —5; B) 3 < 2; r) =5 < -27
4. TIlopiBHAliTe Uyucya:
. O . 1 1. . 5
a) 1,281 —; 6) 0,02i1 —; B) —— i -0,33; r)1,6i —.
4 50 3 3
5. IlopiBugaiiTe apoOm:
a)éiﬁ; 0) —éi—é; B)éig; r) —li—E.
v 3 5 6 7 13 27
6. Ywu saB:kIM MEHIIIE 3a BiAIOBiAHe 3HAUEHHS X 3HAUEHHS BUPAa3y:

Q) L, 6) \x ?
X

7. Bidxpuma 3adawa. SIK cuMBOJI BTpaTH YaCcTKY PUHKY abo inmux dinaH-
COBUX Ta E€KOHOMIUHUX ITP0o0JieM BUKOPUCTOBYIOTH KPYTOBi miarpamu y
BUTJIALL 3€JIEHUX JIepeB 3 JIUCTAM, I11o omangae (maj. 3). CKiamiTh 3amaui
3a MaJoHKaMu 3, a i 3, 0.

Maun. 3

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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12 Pospin 1.

8. ke 3 umcexn a i b GinpIIe, AKIIO:

a)a — b=0,01; B) a = 2,3 + b; )a—-b=0;
6)a—b=-3,7T; r) b — a = (-3)% mnb=a+1?

9. IlopiBHsaiiTe unucaa m i n, AKIIO:
aym—n=0,5; B) m — 4 = n; ﬁruf?if.;f
0) n —m = 5; r)m+ 3 =n. - d\b

et

10. ITopiBugiiTe yncaa x i y, AKIIO: F E‘
a)y —x=-1; B)x =Yy — 3; B St &
) x —y="7; r)y—x=0. *&M@

11. Axi 3 HepiBHOCTEH IIPaBUILHI:
a) —7 > —b; B) V5 <T; r) /zi >1,5;

1

0) 4,3 > —3,4; r) —>0,5; o) n<3,14?

0,5

12. Toukm 3 KoopamHaATAMU @, b, ¢ po3MiIleHi Ha KOOPAUHATHINA IPAMIiH,
AK TOKasaHo Ha MajdioHKY 4. fIke 3 umcen a, b, ¢ HaiibinbIile, SKe —
HatimeHnre? Yu npaBujbHI HepiBHOCTI:

a) a < b; B) ¢ < a;
0) b<c; r)b>c?
A(a) C(c) B®b)
Maur. 4
13. IlopiBHsATiTEe UNMCaa:
)E E; B)§1098 I‘)i'i;
11 20 49 15 17
28 . 29 7 9 5 1
6—’— Ty 9, 5, 1
) 29 1 30° Nty Mo ity

14. PosmicTiTh y IOPAIKY CIIafaHHS UMCJIa:
3,1; m; V10; 2++/2; 5-4/3.

15. PosMmicTiTh y MOPAAKY 3POCTaHHSA YMCJIA:
1
2; J5; —12; 23 03 -3m.

16. Axe 3 uucena: 1,5; 1% E \/_ 12 ﬁ 0,5 — umambiapmnie?

17. IlopiBHsaliTe 3HAUeHHA BUpasiB 2x + 3 i 3x — 2, AKIO:
a) x =-—1; 6) x = 0; B) x = 5; r)x=".

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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18. ITopiBHaliTe 3HAUeHHA QYyHKIII y = 2x — 1, AKII0:
a)x=1ix=2; 0)x=—-1ix=-2; B)x=0,1ix=0,2.

19. IlopiBuatiTe 3HaueHHA QYHKIT y = xz, AKIITO:
a)x=-20ix=20; 0)x=-2ix=-1; B x=-8ix=0.

20. ITosexits, mo 10 — 10 > 10'° + 10°.

21. Ym nmpaBuabHa HepiBHicTh 3x — 2 < 7, AKIIO:

a) x = 4; 0) x = 3; B) x = 2; r) x =0?
22. fIka 3 HepiBHOCTeN IMpaBuUJIbHA 3a YMOBH, Imo x = 10:
a) 0,5x + 1> 3; 0) —Tx + 3 < x; B)3—x>x—17?
23. Yu npu Bcix AificHUX 3HAUEHHAX ¢ ITPaBUJIbHA HEPiBHiCTh:
a) c®+3>0; 6) (c + 2)> > 0; B) (¢ — 1)* > 0?
24. ToBeniTh, 1110 IPU KOXKHOMY 3HAUEHHI 1n:
ayn*+1>0; 6) (n — 5)> > 0; B)n®-2n+1>0.
25. 1obepiTh KijbKa 3HAYeHb 3MiHHOI X, AKi 3a40BOJBHAIOTh HEPiBHICTh:
1
a) 2x + 3 < 0; 6) 3 — x> 0; B) x+—<1.
x

PiBevb B

26. 3anuImiTh y IOPAAKY 3POCTAaHHS YKCJA:

(-n)%; V25 —1% lg; —J/3; g; (-2)% \81; —5; (-3)°.

27. 3anumiiTe y HOPAAKY CHaJaHHsA YKUCa:
2
5 1 e 25
—2m; +/10; 297°% (——) s —: 097 (-2)% Wy -5
2 0,3 10 (=2) 4
28. IlopiBualiTe 3HaueHHa BupasiB b5m + 11 19 — 3m, aximo:
a) m=2; 6) m=+/7; B) m=1-+/2; 1) m=1++/3.

12
29. TlopiBusiiTe sHaueHHA QYHKIIN y = 12 + 45x i y=—, AKIO:
x

3 1 2 2
a) x=—; 0) x=——; B) xX=——; T) x=—.
) 5 ) p ) 3 ) 5
30. fIka 3 pisHuIk OiabINa i y CKiIbKU pasis:
2019%%° — 2019*°" wu 2019%°" — 2019*°'%?

31. loBeniTh, 1110 IPU KOKHOMY @ IIPAaBUJIbHA HEPiBHIiCTh:
a) (@ — 3)?+ 2> 0; B) 44— 4a + 1 > 0;
6) (2a + 1) + 0,5 > 0; r) 9a% + 2 > 6a.

32. Illo 6inpliie: KBaApaT CyMU ABOX JOJAaTHUX UKCEJ YU cyMa iX KBaapaTiB?

33. Ba akoi ymoBu Bupas 1 + (2x — 3)” Mae HaliMeHIIe 3HAUCHH?

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua
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34. Ba saxoi ymosu Bupas 1 — (2x — 3)” HaGyBae HAWGLIBIIOr0 3HAYCHHA?
35. fk posmirieHi Ha KoopAuHAaTHIN npamii Touku A(a), B(b), C(c) i D(d),
SAKIIO:
a) a>b,a+b=2dib+d=2c
0) a<b,2a=b+ci2d=a+b?
36. J1o0epiTh KiTbKa 3HAUYEHDb 3MiHHOI 7, AKi 3a0BOJLHAITL HEPiBHICTL:
a) 3n— 2> 2n — 3; 6) bn + 8 <8n — 1.

37. Cyma mBOX B3a€eMHO OOepHEHUX UmceJ AopiBHIOE 2,5. 3HAWAITEL Oijblie
3 IIUX YHCeJ.

. 2 .
38. 30LIBIINUTECA UM 3MEHIINTHCA 3HAUEHHS APOOY g, AKIIO A0 HOT0 Yu-

ceJIbHMKA i 3HaMeHHHKAa AOJaTH OJHe I Te caMe HaTypaJibHE UHCJO?
Hagegite npukmagu.

39. fAke 3 uuces a i b Gijgbire, AKIIO:

a)a+ 7,8=>b+3,5; B)8,5—-a="7,3-b;

6)a—4,5=b- 2,3; r) 2a + 3,5 =b — 3,57
40. fIxke 3 momaTHUX yuces x i y 6iygbIne, AKIIO:

a) 2,5x = 3,2y; B)x:3,8=y:2,6;

06)5,3: x=17,1:y; r) 2x — 3y = 5,47

41. CiM 30mIUTIB KOMITYIOTH AOpoKkue, Hik 9 oxiBiiB. IIlo moposkue:
12 somutiB un 15 oxiBIifiB?

42. Yorupu nmompyru — Jlapuaka I'osoBKo,
€Ba Kyuep, sKauuna Yepkacoka i 3osa Kosa-
JIEHKO pas3oM 3i cBoiMu OpaTamMu ITPUHAIILIN
Ha KoB3aHKy. KoxkHuii 6pat OyB BHIITUI
3POCTOM 3a cecTpy. BoHU posmijimancsa Ha
mapu Ta ¥ movaJsiz KataTtucs. 3’ AcyBaJocs,
10 B KOXKHIN mapi «KaBajep» BUIIUHN 3a
«IaMy», 1 HIXTO He KaTaeThbCsA 3i CBOEIO cec-
Tpor. HaiBuimum cepes Apy3iB BUABUBCS
Amnnpiii 'omoBko, a HattHM:KY0I0 — [[apuH-
Ka. Bimomo, 1o sKauua i BikTop Yepkach-
ki Burdi 3a FOpy KoBanenka, ajie HIKYI 3a
€By. 3 KuM Kartasca Bopuc Kyuep?

43. IlopiBHANTe 3HaUEHHS BUPA3iB:
a) a® + 36 i 12a; B)b>+212b+1;
6) 4(x + 1) i (x +2)% 1) (y — 3 i (y — 2)(y — 4).
44. TlopiBHgaiiTe HeBin eMHi umcia a i b, AKIIO:
a) a® > b%; 6)b—a=a-— b; B)a—b=a+b.
PosrasaabTe BCi MOMKINBI BUIIAIKU.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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HepiBHOCTI

BnpraBu 4N NOBTOPEHHS

O6uucaits (45—47).

45. a) ( +i+12 2)'i;
5 10 15/ 15

o (L2 1),
5 10 20
46. a) 2'% - 0,5'3;
6) 257 - 0,047; r)

47. a) 5% —42;
6) V13%-12%;

Cuopocrtits Bupas (48—50).

48. a) (¢ — 5)(c + 2) + 3¢ + 10;
6) (x® + ax + a®) (x — a) + a;
B)(@® —a+1)(a+1) - d’

3 4

532

B) V32 +42;

a® -1

49. a
) a®+1

a’b—ab®
a® +b?

a b
§) + . -1.
) (ab—b2 az—ab)

a) JE+JE+ 9a;
6) T<Jx —/9x ++/25x;
B) (\/g—\/g)zh/%;

PosB’sixiTh piBHAHHA:
a) x% + 8x + 15 = 0;

50.

51.

6) x> + 10x + 21 = 0;

B)y? — Ty — 18 = 0;

52. Po3B’sKiTh cucTeMy PiBHSAHD:

a)

B) 0,5'2 - (-2)'3;
232;

r) 4/21,8% -18,22;

r) (Z—l):ﬁ—&(l—l).
8 2/ 4 3 8
r) 0,172 - 1072
ﬂ) 0,2—41 . (_0,5)—40.

r) \45,8% —44,2%;
1) /8,22 —1,8%.

) (c® — 2¢) (2¢ + %) + 4%
r) (x* = y) (x — y*) - ¥° + xy;
x) (x* — 6x + 9)* — (x — 3)*.

(or 22 Joferdor) (o2 )

r) (V15+2)" —v240;
r) 6420 —\/6-/20;
1) V54424 —J5-+24.

r) 22— 9z + 14 = 0;

3x-1 x-3.

3x+1 ~ x+3°
3c 2c-9

I ——+—=2.
3c—2 2c¢-5

r)

3 2

x+3 y
4 5

x1y+1

b

0)

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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53. ITobyayiiTe rpadik GyHKITii:
6
a)y=38 - x; 0) y=_3 B) y = x%; r) y=—/x.

3HalaiThL 00J1aCTh BUBHAUEHHS Ta MHOMKUHY 3HAUEHDb KOMKHOI (PyHKIIII.

54. 3ragaiiTe, AKi BIaCTUBOCTI (PYHKIIill BU PO3TJIALANN B IOIEPEaHIX KJIa-
cax. [luBnsgumch Ha rpadixk QyHKII (Maa. 5), TOSACHITH, HA SKUX TIPO-
Mi)KKaXxX BOHa 3pocTae, cIIajae, Ha AKUX — OOAATHA, Bif eMHA. YKaXKITh
HalOigbIle 3HAUEeHHA (PYHKITII.

yl\

N

>

X

Mau. 5

55. o posuuny, axuii mictuth 40 r coxai, goauau 200 r Bogu, Imicas 4oro
ioro KoHIIeHTpaIlia smeHIuaach Ha 10 % . SIKka KOHIIeHTPAIlid POZUUHY
OyJia crouatky?

CKAPBHUYKA AOCAITHEHb

v' 3Haro, I10:
a > b, aKIo a — b — 4nciao JomaTHe
a < b, axmio a — b — unciao Big eMHe
v' 3Haro, I10:
3anuc a < b o3Hauae, mo a < b abo a = b
3amnuc a > b o3Hauae, mo a > b abo a = b

v/ YMiio pospisHATH i HABOAWTY NPUKJIALM TAKMX HEPiBHOCTEN:

Crporux HecTporux YucaoBux 3i smimHIMU
12>7, x<y -3<5,a>a 3>0,1,5<5,1 2x—-5<1,a=>"Ta

v/ Xouy HaBUUTHUCS 3aCTOCOBYBATH BiJOMOCTI, IIJ0 CTOCYIOTHCS HEPiBHO-
cTel 1A JOBeJeHHs HePiBHOCTeI.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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HepisHoCTi 17

B1koPUCTOBYEMO HABYTI KOMMETEHTHOCTI

LLlo6 3po3ymiTh i oBpe 3acBOITU HOBY TEMY, NPUragAEMO:
— Lo Take ynucnoBa HepiBHICTb (C. 9).
— 3a 9K0oi YMOBW 4nco a Oinblue 3a b:

a>b, 9KWO a — b — 4yncno gogaTHe.
— 3a g9K0oi YMOBU YUCIO a MEeHLLE 3a b:
a <b, AKWO a — b — 4yncno Big’EMHE.

. . : k
— BnacTtmnBoCTi pyHKLN y=\/; i y=—.
x

§ 2 Bn1acTUBOCTI YNCNOBUX
HepiBHOCTEM

Posrasgraemo Taky JKUTTEBY curyaliiro. Mojsoga poamHa BUpIIIMIa IMO-
MicAllg BiAKJIamaTu IMeBHY CyMy Trpolmeil y 0aHK mif BimcoTku. [[pysKuHaA
IisHajacs, IO BiJCOTKOBa CTAaBKa 3a JEIO3UTOM y OaHKY A MeHIIa, Hi:K
y 6aHKy B, a 40JIOBiK 3HAaB, II[O0 BiJCOTKOBA CTaBKa 3a JEIMO3UTOM y OaHKY
C meHmIa, HixK y 0auky A. AKuii 6aHK, Ha BaIlly IyYMKY, BuOepe I poarHA
I 30epiraHHa KOINITiB, AKIIO BCi iHIMI yMoBHU Aemo3uTiB y 0amxax A, B i
C — oxHakKoBi?

BigmoBigs Ha Iie 3amMTAHHSA MOKHA OOT'PYHTYBATH, BUKOPHCTOBYIOUN
Teopemy 1.

PosrisgaeMo BJIacCTHMBOCTI YMCJIOBUX HEPiBHOCTEW i moBememo ix muasd
HepiBHOCTEM, M0 MIiCTATH 3HAK «<».

Teopema 1. dkwoa<bib<c,Toa<c.

HoBemennsa. SIkimo a < bib<c, Touucnaa — bib - c — Big’ emHi. Ix
cyma (a — b) + (b — ¢) = a — ¢ — TaKkoOK YHMCJIO Big eMHe. A SAKIINO @ — ¢ —
yucJio Bix'emHe, To a < c. Ile # Tpeba Oyso moBecTH.

Teopema 1 BUpaskae gracmugicms mpaH3umMuUEHoCmi HePiBHOCTEN 3 Of-
HAKOBUMU 3HAKaMMU.

Mpukaax. Ockineru /1,9 <+/2 i V2<1,42, o /1,9<1,42.

Teopema 2. SKLi0 A0 060X 4YaCTUH NMPaBUJIbHOT HEPIBHOCTI JoAaTU oaHe
I Te camMe YUCJI0, TO OAEPXKMNMO NPaBUJIbHY HEPIBHICTb.

MpaBo ans 6e3onnaTHOro Po3MmilleHHs NigpyYHUKa B Mepexi IHTepHeT mae
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Hampukaan, axkimo a < b i ¢ — mosinbHe milicHe uucao, To a + ¢ < b + c.

Hosemeuna. fAxiio a < b, To a — b — uwucyao Bix’emue. OckijbKu a — b =
=(a+c)— (b +c), To pisuunga (a + ¢) — (b + ¢) — uucygo TaKOK Bim’ emHe.
A 11e o3mauvae, mo a +c<b + c.

Teopema 3.

AKL0 0OUABi YaCTUHU NPaBUJIbHOT HEPIBHOCTI MOMHOXXWUTU Ha O He 1 Te
camMe paofatHe YMCJI0, TO O4EPXKMUMO NpPaBuUJibHY HEPIBHICTb.

AKL0 0OUABi YaCTUHU NPaBUJIbHOT HEPIBHOCTI MOMHOXXUTU Ha O He 1 Te
camMe Big’€MHe 4nCNo i 3MIHUTU 3HAK HEPIBHOCTI HA NPOTUJIEXXHUN, TO
04epP>XXUMO NpaBuJibHY HEPIBHICTb.

HoBemenna. Hexait a < b i ¢ — Oynb-aAKe gomaTHe YUCJIO. ¥ IILOMY BU-
nagKy uucaa a — b, (@ — b)c — uwmcia Big’emui. 3a MUX yYMOB Bifl’€MHOIO €
i pisaunga ac — be, To6TO ac < be.

Ao a < b i ¢ — moBinbHe Bixg’eMHe umcso, To 100yTOK (a — b)c, a oT:xe,
i pisaunga ac — bc — uucaa gomatui. Tomy ac > be.

IIpukaamu. a) 3<4i5>0, Tomy 3-5<4-5abo 15 < 20;

6)3<4i-2<0, Tomy 3-(-2)>4"(-2) abo —6 > —8.

OcCKiJbKY AijleHHA MOKHA 3aMiHUTH MHOMKEHHSIM Ha YUCJ0, O0epHeHe 10
IiTbHUKA, TO B TeopeMi 3 CJI0BO «IIOMHOMKHTH» MOKHA 3aMiHUTH CJIOBOM
«IONiJTUTH » .

. a b . a b
Axkmoa<bic>0,T0 —<—; garmoa <bic<0, TO0 —>—.
c c c c

Teopema 4. HepiBHOCTIi 3 OAHAaKOBMMM 3HAKaMN MOXXHA MO4YJIEHHO A0-
AaBaTu.

Hampukaan, axkmoa <bic<d, Toa+c<b+d.

HoBemenHa. fkimo a < b i ¢ < d, To 3a Teopemoio 2: a + ¢ < b + ¢
ib+c<b+d, 3Bigcu 3a Teopemoro 1: a + ¢ < b + d.

IIpukaan. 2<3i5< 7, Tomy 2+ 5<3+ 7ab6o 7 < 10.

Teopema 5. HepiBHOCTi 3 0A4HAaKOBMMU 3HaKaMU MOXXHa NMO4YJIEHHO nepe-
MHOXaTM, SKLLO TX NiBi  NpaBi YaCTUHU — aoAaTHI Yiucna.

Hampukaan, akmo a < b, ¢ <d i yucna a, b, ¢, d — pomatHi, To ac < bd.

Hosemennsa. Hexait a < bic<d, auucaa cib — momarui. 3rigao 3 Te-
opemoio 3 ac < bc i be < bd, 3Bincu 3a Teopemoio 1 ac < bd.

3ayeainenHasa Teopemu 4 i 5 mpaBUJIbHI TAKOXK IJIs TPHOX i MO-
BinbHOI KinmbKocTi HepiBHOCTel. Hanmpukaazn, axkmo a < b, c<din <m, To
a+c+n<b+d+ m.

HoBenennsa TeopeM 1—5 mJia HepiBHOCTEH 31 3HAKOM «<» MaiKe JTOCJIiBHO
MOJKHA IIOBTOPUTH JJIS AHAJOTIUHUX HEPIBHOCTEH 3i BHAKOM «>», «>» 200 «<».

MpaBo ans 6e3onnaTHOro Po3MmilleHHs NigpyYHUKa B Mepexi IHTepHeT mae
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— XOYETE 3HATU LLE BUIbLUE? ,

Y mMoxxHa 0OuaBi YHaCTUHU HEPIBHOCTI NigHOCUTM A0 KBaaparta abo ao kyba?
Hexalh a i b — 4ncna pogaTtHi; nepeMHOXMMO MOoYSIEHHO HepiBHOCTIi a <bia < b,
onepxumo a? < b?. MepeMHOXMMO MOYNEHHO YaCTVHN OCTaHHLOI HEPIBHOCTI Ta
a<b, onepxumo a® < b®i 1. . OTxe, AKLLO YiCna a i b — 0oJaTHi, a n — HaTypasib-
He, TO 3 HEepPIBHOCTI a < b Bunnueae a” < b".

AKL0 X0o4 oAHe 3 uncen a i b Bia’emMHe, TO 3 HEPIBHOCTI a < b He 3aBxXam BUNAn-
Bae a” < b". Hanpuknag, —3 < 2, ane HepisHocTi (—3)? < 22, (-3)* < 2* HenpaBUnbHI.

Bupas «sakuwo uicna a i b popatHi 1a a < b» MoxHa 3anvcaTti KopoTLue:

«akwo 0 < a < b».

Jocnigite, 4n 3aBXaM NpaBUIIbHE TBEPOKEHHS:

«akwo 0<a <b, 1o \/E<\/E».

NMEPEBIPTE CEBE

1. Chopwmy.tioiiTe i 0GI'PYHTYITE TEOPEMY IIPO TPAH3UTHUBHICTH HEPiBHOCTEH.

2. CoopmyJtoiiTe i OOI'PYHTYIITE TEOPEMY IIPO AJOLABAHHS 10 000X YaCTUH
HEePiBHOCTi OMHOTO ¥ TOro caMOro YmcJa.

3. ChopmyoiiTe TeopemMy IPO MHOMKEHHsS 000X YacTHWH HepiBHOCTI Ha
OIHe I Te caMe YMCJIO.

4. ChopmyJoiiTe TeOpeMy IPO IIOUJIEeHHe MToIaBaHHS HepiBHOCTel 3 of-
HAKOBUMU 3HAKaMMU.

5. ChopmyioiiTe TeopeMy HpO IIOUJIeHHE MHOMKEHHS HepiBHOCTel 3 of-
HAKOBUMU 3HAKaMMU.

BuKkoOHAEMO PA3ZOM

0 Bigomo, 1o uucna a i b momatHi, a TakoxK a < 3, b < 6. JloBemiTh, 110
ab < 20.

e Posp’asanmna. Ockinbku umcaa a i b momaTHi, To HepiBHOCTI a < 3 i
b < 6 MOKHA IIePeMHOKUTHU: a * b < 3 + 6, abo ab < 18. fAxiro ab < 18,
a 18 < 20, To ab < 20.

9 Yu BumamBae 3 HepiBHocTell a < 3 i b < 6 HepiBHicTE ab < 20, AKIIO
OpuHAWMHI ofHe 3 ynces a i b — Bigx emue?

e Posr’asanna. Kimo ogHe 3 uncena a i b Big eMue, a Apyre — momaTHE, TO
I00yTOK ab Big’emMHUIA. ¥ MIbOMY BUOAAKY HepiBHiCTE ab < 20 mpaBuiIbHa.
dAxmro uucna a i b obuasa Big eMHi, TO HepiBHiCTE ab < 20 Moske OyTHu
AK IIPaBUJIBHOIO, TaK i HempaBuJabHOI0. Hampukiaan, axio a = —1,
b=-2,r10 (-1) - (-2) < 20, oT:Ke, HePiBHiCTh IPaBUJIbHA.

Axmio a = -7, b = —10, To HepiBHicTs (—7) * (—10) < 20 HenpaBUJLHA.
Bigmosigs. Hi.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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e Bigomo, o m > —5. [lomaTHe uu Big’eMHe 3HaUueHHs Bupasy —3m — 207

e Poszp’azanna. [lomHOXKMMO 00MABI YacTMHU HepiBHOCTI m > —5 Ha —3,
omep:kumo —3m < 15 (BnactuBicThk 4). Homamo mo 060x yacTwH Itiei
HepiBHOCTi uncimo —20: —3m — 20 < 15 — 20 (BmactuBicth 2), 3Bimcu
-3m — 20 < -5, oToxe, —3m — 20 < 0.

Bignosigs. Bix’emmue.

BUKOHAWTE YCHO

56. fAxe 3 uncen a i ¢ 6inbie, axio: a)a —c < 0; 6) a — ¢ > 2?

57. JuBiaAYnCch Ha MaJIOHOK 6, CKa'KiTh, 3HaUEHHS AKOr0 BUpasy OijbIiie:
audu a + 2b; b uu b — 2a?

b 0 a
Mau. 6

58. ITopiBuaiiTe uncaa x i z, AKIIO:
a)x<yiy<z;0)x>yiy>z;B)x<aiac<cz.

59. JomaTHe UM Bixg’eMHE YUCJO 1, AKIIO:
a) 3n < 3,5n; 6) —1,5n > —n; B) 0,2n < —n?

60. Axwuit i3 gpobis l i % Oinpinuii, AKIO b < a < 07
a

o . . . X . o
61. fxwuit i3 gBOX Bixm eMHMX APOOiIB — i L MEHIIIUH, AKIIT0 |x|<|y|‘7
y X

62. Yucao a 6insire 3a 1. Axkum € uncao: 3a, —a, 1 —a, 1 + 2a?

63. Yucao x menmre 3a —1. Axum € uuciao: bx, b — x, x4, 2 + x2?

64. ITopiBHaiiTe uncaa a i b, AKINO Pi3HUILL:
a) a —cic—-b— momarHi uucna;
6) b —cic— a— Big’emHi uuciua;
B) a —nin—b— HeBix emHi uucia.
65. IlopiBHgaiiTe uncaa a i b, AKIIO:
a)a—-c>0ib—-c<0; 6)a—-x<0ix—-b<0.
66. IToxkaxiTh, AK po3MillleHI HA KOOPAUHATHIN MpAMili TOUKH 3 KOOPIU-
HatamMu a, b, cid, akmo a <c, b >c, d > b.

67. SanuuriTe IpaBUILHY HEPiBHICTH, YTBOPEHY B pPe3yJIbTaTi:
a) momaBaHHA J0 000X uacTwH HepiBHocTi 12 < 18 umcia 5;
0) BimmimaHHsa Bim 060x uacTuH HepiBHOCTI 12 < 18 umena 77;
B) MHOKeHHA 000X yacTuH HepiBHocTi 12 < 18 Ha 3; Ha —5;
r) niseHHa o60x yacTwH HepiBHOCTI 12 < 18 Ha 3; Ha —6.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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68. Biokxpuma 3adawa. CKIagiTes KiTbKa 3aad, 110 iTI0CTPYIOTH BJIaCTUBOCTI
YHUCJOBUX HEPiBHOCTEH i CTOCYIOTHCS MKUTTENIANIBHOCTI JIIOAUHMA.

69. Bigomo, m1o a > b. IloctaBre 3amicTh * 3HaK HEPiBHOCTI:

a) 2a * 2b; B) —a * — b; r) —%a*—%b;

6) 1,5a * 1,5b; r) —3a * —3b; x) 2a® * 26,
70. HomaTHe UM Bif’ eMHe YMCJIO a, AKIITO:

a) 2a < 3a; 6) 0,5a > a; B) —5a < —4a?

71. JopaiiTe MOYJIEHHO HEPiBHOCTI:
a)5<12i7<8; B)b<6ix<z;
6) 3<6i—-3<-2; ra<bix<z.
. . «Mamemamurxa —
72. IlepeMHOKTe TOUJEHHO HEPiBHOCTI:
Hayka, AKa 8Uumazae
a)2<3ib<8; B) —<— 1 —<—; HailbiavuLe panmasii ».
C. B. KoBaneBchKka

6) -4 <—-11i-5<—4; r)5<7i%<%.

. . . c . c .
73. IlopiBHsaliTe gomaTHi umecaa — i 5, aKmo a <bic>0.

a
PiBevb B

74. Bigomo, 110 m < n. IlopiBHgaiiTe uncia:

aym+7in+7; Nl-mil-n;
6) -0,1m i -0,1n; r)bm —11ibn—-1;
) V1Pm i J(<1)Pns ) -2n—-1i-1-2m.

75. Bigomo, o x > y > 0. ITocTaBTe 3amMicTh * 3HAK HEPiBHOCTI:

a) Vx *\Jy; B) (1—\/§)x*(1—\/§)y; r) % * i;

2 2
6) x* * xy; I‘)E*l; ) *Y XY
x y-x y-x

76%. Bigomo, 110 x < y < 0. ITocraBTe 3amMicTh * 3HAK HEePiBHOCTI:

a) x% * y%; B) V—x *\/-y; r) S ;

xX—y xX—y
6) —x * 10y; P)%-}:l; H)x_-l-l* y+1.
x y xXy Xy
77. JoBeniTs, AKIIO:
.1 1 . . 1 1
a)x>yi—>—, T0ox>0iy<0; 6)a<biab<0, T0 —<—.
x y a b
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- 1 1 1 .
78. PoamicTiTh y mOopAAKy 3pocTaHHA yuciaa —, —, —, 7 SAKIITO BCi BOHU
a c
momatHi Taa<c,d<bid>c.
_— 1 1 1 1 .
79. PosMicTiTh y HOPALKY 3POCTAHHS 4uciaa —, PR SAKIIO BCi BOHU
a c

Bir’emHi Ta a >c,d>bid<c.

80. HoseniTpb, AKIIO:
a) a<bib<c,m00a<c;
6) a<bic>0,T0ac < bc;
B) a<bic<O0,T0ac>bc

81. Yu nmpaBuibHO, 10 OPU JOJATHUX 3HAUEHHSX a i b:
a) 3 a < b BunuBae a’ < b2;
0) 3 a® < b? BunuBac a < b;

B) 3 a < b BumimBae \/E<\/5;
r) 3 Ja <+/b Bunnusae a < b?

82. IIpaxkTuune 3aBaanua. 1) HamasoiiTe Tpanerniro i mapasenorpam. Bumi-
psAliTe CTOPOHM i AJiaroHAaJIi KOMKHOTO i3 IMTUX YOTUPUKYTHUKIB. 3’AcyiiTe,
YU IPaBUJIBHUM € TBEPAKeHHs: «[IlepuMeTp YoTUPUKYTHUKA OiIBIITNHA Big
cyMmu #oro miaronasei. 2) JloBemiTh, 110: a) AiaroHaJ b YOTUPUKYTHUKA
MeHIIa Bij #ioro miBmepumerpa: 0) cyMa giaroHajeill YOTUPUKYTHUKA
MeHIIa Bij fioro mepumerpa. PosrisubTe ABa Bumagku (maj. 6 i 7).
B C B

Maux. 6 D A Maan. 7

83. 3agano mpaBuabHY HepiBHicTh, —18 < 15. YcraHoBiTH BigmoBigHiCcTh
Mixk miamu (1—4), 1110 BUKOHYIOTHCS 3 I[i€l0 HePiBHiCTIO, i MpaBUJILHUMU
pesysbraTamMu nux ginn (A—[I).

1. JomaBauua HepiBHOCTI —12 < —9 mo 3amaHoil HepiBHOCTI A-12 <10
2. [inemHa 060X yacTWH 3aJaHOi HepiBHOCTI Ha —3 b-13<7
3. Bigmimauusa mepisuocTi 5 < 8 Bif 3amanoi HepiBHOCTL B-30<6
4. MHOXeHHs 000X YaCcTUH 3aJaHOl HepiBHOCTI Ha g I -26 <10
o 6> -5

84. Kopuctymounuch TOTOMXKHICTIO X—Y= (\/; —\/5)(\/}+ \/5), x>20iy=0,
IOBEIiTh, SKIITO \/;> \/5, TO X > Y.
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85. loBeniTh, AKIIO:

1 1
aym>n>0, 10 —<—;
m n

1 1
6) m<n<0, 70 —>—.
m n

86. Yu npaBubHO, IO AJA JOBIILHUX 3HAUEHL a i b:

1
a) 3 a > b BunmauBae —<—;
a

0) 3 a < b BUIINBaE |a| >|b|?

BnpraBM ons NOBTOPEHHS

87. Mano touku: A(—3; 14), B(3; 14), C(-2; 20), D(2; 20). Yu npoxXoauTh
rpadirk GyHKIil y = x® — 5x + 6 uepes ui TouKU?

88. IIpu akomy smaueHHi n rpadirk QyHKIl y = x®> — 8x + n IPOXOZUTH
uyepes Tourky M(3; 7)? Uepesa Touxky K(—2; 3)?

89. PoskiamiTh Ha MHOKHUKU TPUUJIEH:

a) x* + 2x — 35; 2 4 3 7

6) 6x° — x — 1; 5 4(3 2

B) 6a® + a — 2; 7 3 5 8

r) c? +/2c-4. 9 6 3
90. I'pa cydoxry. IlepeHeciTh TabINIIO B 30IIUT 836 1.5 42

(maJ. 8). 3am0BHITH TOPOMKHI KIITUHKY ITU(D- 9 3 7

pamu Big 1 1o 9 Tak, 11100 40 KOXKHOIO PSAIKA, 61 9

KOJKHOTO CTOBIIIA i KOKHOTO BHUIiJIEHOTO 71/4 6

KBagpara 3 X 3 Ko:xHa mudpa BXOAUJIA Tijlb- 3 7 8 4 5

KU OOUH pas.

Maun. 8

CKAPBHUYKA OOCSIrHEHb

v 3HAI0 BJIACTUBOCTI YMCJIOBUX HEPiBHOCTEH i yMilo iX 0OI'PyHTOBYBATH.
SAgmo a<bib<c,TOAQ<C Armo a <bic >0, To ac < be
Armoa<broa+c<b+c Armo a <bic<0, To ac > be

v/ YMi0 BUKOPHUCTOBYBATH BJIACTUBOCTI UMCJIOBUX HEPiBHOCTE.

12>7,3>0 12>7,-2<0
36 > 21 24 < -14

v/ Xouy HABUMTHCA 3aCTOCOBYBATH BJIACTHMBOCTI UMCJIOBUX HEpiBHOCTEM
VISl HOBeJleHHA HepiBHOCTeM.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



24 Pospin 1.

B1koPMcTOBYEMO HABYTI KOMNETEHTHOCTI

LLLo6 3po3ymiTn i nOOpe 3aCBOITU HOBY TEMY, NPUragaeMo BacTUBOCTI
YMCNOBUX HEPIBHOCTEN. HAKLLO:

a<bib<e 10 a<c

a<bic— OOBiNbHE YNCNO, TOa + ¢ < b + ¢
a<bic>0, 10 ac < bc;

a<bic<0, 10 ac > be;

a<bic<d, Toa+c<b+d;

a<b c<dia,b, ¢, d — 4yncna gopaTHi, TO ac < bd.

§ 3 NMNoaBiNHI HEPIBHOCTI

YKpaina — kocmiuma gepskaBa. Kocmiuni mBupgkocTi — mimimaabHi
IBUIKOCTI KOCMIUHOT'O amapara, 3a AKUX BiH MOJKe:

— cTaTu CynyTHUKOM 3eMJIi (Ilepiia KocMiuHa mBuUAKicTsb: V; = 7,9 KM/c);

— moJoJIaTH T'paBiTamiline Tsaxkimua 3eMJi (Ipyra KocMiuHa IIBUIKICTH
Vy=11,2 xM/c);

— noKkuHyTu COHAYHY CUCTEMY, V AKil 3HaXOAUTHCA 3eMJda (TpeTd Koc-
miuHa mBuAKicTs V3> 16,67 KM/c).

CriBBigHOIIIEHHS MiK IIMMU IIIBUIKOCTIMN MOYKHA 3aIIHCATH TAK:

Vi< Vy< Vs

SArio HepiBHOCTI @ < x i x < b mpaBUJabHiI, TO IX MOKHA 3allNCATH Y
BUTJIALL node6ilinoi Hepiénocmi: a < x < b. Iloxsiiina HepiBHiCTH Mae Tpu
YacTUHM: JIiBY, CEpPeHIO i mpaBy Ta ABa 3HaKu HepiBHocTi. Ilpukianu mo-
IBiAHUX HepPiBHOCTEI:

3 < x <4 (x 6inpmre Bixm 3 i meHnIe Big 4);

2a + 3 < x + 3 < 5¢c (x + 3 6inbirte 3a 2a + 3, ayie He 6iabIe 3a 5¢).

Teopema 6. SAKLLO A0 KOXHOI YaCTUHU MPABUJIbHOI NOABIMHOT HEPIBHOCTI
A[Aonatv oaHe ¥ Te camMe YUCI0, TO OAEPXUMO NMpaBuJibHY NOoABIAHY He-
PiBHICTb.

HoBemennsa. AKImo a < x < b, To mpaBuabHi HepiBHOCTI @ < x i x < b. Toxi
3TigHO 3 TeopeMoIio 2 IJd OyAb-IKOT0 AiICHOTO YHCJa ¢ IPaBUIbHI HEePiBHO-
cria+c<x+cix+ece<b+ec.0OmEe,a+c<x+c<b+ec.
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Yucyo ¢ Moske O0yTH AK TOAZATHUM, Tak i Big emumm. Hanpuxian:
AKmo 2,5<x—-3<2,6ic=3, 105,5<x<D5,6;

akmo 0,7<x+1<1,2ic=-1, 10 0,3 <x<0,2.

ITomi6bHUM cmoco60OM MOXKHA JOBECTU TaKi TBEPI KeHHS:

eqkwoa<x<bik>0,T0oka<kx<kb;
eqkwoa<x<bik<0,Tokb<kx<ka;
eakwoa<x<bic<y<d,To:
a+c<x+y<b+d;
a-d<x—-y<b-c;
ac<xy<bd (npua>0ic>0);
a x

—<—<2 (npua>0ic>0).
d y c

Hanpukaan, axkmo 4 <x <61i2<y<3, T0
44+2<x+y<6+3,a006<x+y<9
4:-2<xy<6-3,a608<x-y<18

4-3<x—-y<6-2,a601l<x—-—y<4;

—<—<§, abo i<£<3.
3 y 2 3 y

3BepHiTH yBary Ha BifHIMaHHA i miJeHHs moABIMHMX HepiBHOcTeii! Big
MEHIITOTO UJieHa MepInol HepiBHOCTI BimHiMaoTh OibIINil UIeH Apyroi, a Bix
OinbIrIoro — mMeHIuii. MeHIIU YIeH mepIioi HepiBHOCTI iATH Ha GiabIITnii
uJjIeH Apyroi, a OiabIIUiA — Ha MEHIIHH.

PosrasayTi B1acTUBOCTI Jal0OTh MOMKJINBICTE CIPOIITYBAaTH IIOABiHI HEPiB-
HocTi. Hanpukiasn, samicTs moaBiiinoi mepiBHOCTI 16 < 3x — 2 < 19 mMoKHaA
posrigmaTu HepiBHicTh 18 < 3x < 21 abo 1ie mpocrimry: 6 < x < 7.

Oco06,11BO 3pyYHO BUKOPUCTOBYBATH IIOABiHI HEPiBHOCTI 114 OYiHIO6AHHA
3HA4eHb BeJIWUYUH UYMW BUpPasiB. 3HAUEHHA BEJIWYUH, TAKUX AK Maca, Bif-
CTaHb, Yac TOIIO, 3aB:KA1 HAOIMKeHi. BaKKo, 30KpeMa, BUBHAUUTH BUCOTY
IepeBa 3 TOYHICTIO A0 memmmeTrpa. ToMy BKas3ylOTh, HAIIPUKJIAL, IIIO BOHA
Oinmbina 3a 9,2 M, ajxe meHmia 3a 9,4 M. 3aOuCYIOThH Iie YV BUTIALL TOABiHAHOL
HepiBHOCTI: 9,2 < h < 9,4.

3BepHIiTHL yBary Ha (pparMeHT HAKJEHKM, III0 MICTUTHCSI HA ILIAIMII 3
osiero (may. 9).

MaCd HETTO 800+ 10r. =

Mau. 9

Ilei#t mamuc o3Havae, IO Maca OJii, AKa MICTUTBCA Yy IIJIAII-
i, He Mo:ke OyTu MeHIIon 3a 790 r i Gixsmmoro 3a 810 r.
3a mIOIIoOMOroio MoABifiHOI HepiBHOCTI Macy oJiii (m) 6e3 IMIAMIKU
MosKkHAa 3amucaty Tak: 190 r < m < 810 r.

T i
-

T
]
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Kopucrtyiouncs BJIacCTUBOCTAMY HOABITHUX HEePiBHOCTEH, MOXKHA OI[iHUTH

. X
3HAUYeHHA BUpasiB X + Y, Xx — Y, Xy, —.

Hexaii, manpukaan, 3,5 < x <3,61 2,1 <y< 2,2,
Tomi 3,56+ 2,1 <x+y<3,6+ 2,2, a60 5,6 <x +y< 5,8 (man. 10);

3,6 x 3,6
1 1 1 I\'/I 1 1 1
0 1 2 3 4 5 6 7
2.1 y 2,2
1 1 \I'/ 1 1 1 1 1
0 1 2 3 4 5 6 7
56 x +y 5,8
: : : : : N 4\/ :
0 1 2 3 4 5 6 7
Mau. 10
3,6—-22<x-y<3,6—-2,1,a601,3<x—y<1,5;
3,6 2,1 <xy<3,6-2,2, abo 7,35 < xy < 7,92;
3.5 X 36 60 1,50<F <172,
2,2 y 21 Y
—— XOYETE 3HATU LLE BIJIbLUE? w

3a 4onoMOoro noABIMHUX HEPIBHOCTEN MOXHA 3BiNbHUTUCS Big, MOAYNS
B HEPIBHOCTAX BUAY lxl<ailxl< a, npea>0.

Hanpwvknag, HepiBHICTb |x|<3 3a[0BOJIbHAIOTb YCi 3HAYEHHS X, MOAYI AKX
MeHLi 3a 3. TakMMn € goaaTHi Yyicna, MeHLwi 3a 3, Bif’eMHi ymicna, 6inbLui 3a -3,

i yncno 0. Lilo MHOXMHY Yncen MoxHa 3anmcati 3a 40NOMOro0 NOABINHOI HEPIB-
HOCTI Tak: -3 < x < 3.

AHanNoriyHo MOXKHa 3anncaTuy HEPIBHICTb lx[<3: -3<x<3.
3BepHiTb yBary! byab-gKy HEPIBHICTb BUAY IMl<a, ne a>0iM — pesikwii
BMpa3, MOXHa 3anucaTu y BUraai noagiiHoi HepiBHocTi: —a <M < a.

A, Hanpuvknag, HepiBHICTb x| >3 y BUrNaA4i NoABiMHOI HEPIBHOCTI 3anucatu
He MOXHa. Homy?

MEPEBIPTE CEBE

1. Hasegits npukaagu HOABiHMX HEepPiBHOCTEI.

2. IIlo o3Hauae «OI[iHUTU 3HAUEHHS BEJIUUYNHU» ?

3. fK 3a momoMoror MOABIMHMX HEePiBHOCTEH OIiHNUTH HaOJIM:KeHe 3HAa-
YeHHS CYMU YU JOOYTKY ABOX 3HAUEHb BEJUUYNHU?

4. fIx 3a gomoMoromw MOABIMHMX HEePiBHOCTEHN OMiHMTH HaOJIMIKEeHe 3Ha-
YeHHs PisHUI (YaCTKM) ABOX 3HAUEHDb BEJINUYMHI?
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BUKOHAEMO PA3OM

c Bigomo, mo 10 < x < 12. fIKkux 3HavYeHb MOKe HabyBaTu BUpPAa3:

a) 3x — 5; 6) x%?
e Posp’azanHa. a) [[oMHOXUMO BCi YaCTUHU HEPiBHOCTI Ha 3:
3-10<3-x<3-12, abo 30 < 3x < 36.
Bigmimemo Big ycix wacTuH HepiBHOCTI 5:
30 -5<3x—-5<36 -5, ab0 25 <3x —5<3l.

6) OckinbKM BCi wacTMHU JaHOI HepPiBHOCTI AomaTHi, TO iX MOKHA IIiJ-
HecTu 10 KBagpara: 100 < x? < 144.
Bigmosigs. a) 25 < 3x — 5 < 31; 6) 100 < x% < 144.

9 Omninmits smauenusa Bupasy 0,2a — b, axmo b<a<15i2<b< 7.

e Posp’azanna. ko 5 <a < 15, to 1< 0,2a < 3.
Axmio 2<b< 7,10 -2>-b>-7,a00 -7 < —-b < -2.
HomamMo mouJieHHO YTBOpPeHi HepiBHOCTI: —6 < 0,2a — b < 1.
Bigmosigs. —6 < 0,2a — b < 1.

BUKOHAWTE YCHO

91. IIpouuraiiTe mOABifIHY HEPiBHICTh:

a)d<a<T; 6)0<0,56<1; B) -3 <x<3.
92. Yu npaBusibHI ITOABiliHI HEPiBHOCTI:

a)-T<0<7T; 6) 0 <5< 10; B) -1<-2<-3?
93. Yu 3a10BOJIBHAIOTh 3HAUEHHA X = 3 i X = —3 yMOBY:

a) 0 < x < 2x; 6) —x < x° < 3x; B) —x < x* < —x*?

94. dAxi mini sHaueHHA a 3aM0BOJBLHAIOTH MOABIMIHY HEePiBHICTb:
a)-l<a<l; 0) 2<a<?2; B) 0,1 <a<1?

. .. . 8 . 6
95. Yu icuyroTh 3HAUEHHA X, AKi OinbImi 3a 5’ aJie MeHIIIi 3a ??

96. OmiHiTh, mepuMeTp PiBHOCTOPOHHBOTO TPUKYTHUKA, SKIIO HOTO CTOPO-
Ha Oinbima 3a 1,8 m i menmma 3a 2,1 m. Yu Moike ILI0IIIa TaKOI'O

TPUKYTHUKA JOPiBHIOBATHU J3 M2

97. 3anuiniTh y BUTJIAAL IIOABiMiHOI HEePiBHOCTI CITiBBiJHOIIIEHHS:
a)x<12ix > 3; 0)x>-2ix<2; B) x <30ix>-0,3.

98. Yu icHyoTh 3HAYEHHA ¢, AKi: a) meHmi 3a —3 i Oinbimi 3a —/10;
6) Glurbmmi 3a 1072 i mermi 3a 10%? Ko Tak, TO 3aNUIIITH BiAMOBiLHY
OOABifiHY HEPiBHICTS.
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99. Bigowmo, 1m0 4 < n < 5. OmiHiTL 3HAUEHHA BUPA3Y:
a)n + 3; 6) n — 5; B) 2n; r) —3n; n’.

100. 3uarouwn, mo 1,7 < J3< 1,8, omiHiTh 3HAUEHHS BUPA3y:
a) 2+/3; 6) V3-1; B) —3; r) 2V3.

101. Cropona KBajgpaTa mopiBHIOE a cM, ge 4,2 < a < 4,3. Ouinites fforo
epuMeTp i IJIOMLY.

102. Biokpuma 3adaua. PosrnaabTe HaKJIeHKY HA OAHIII 3 TOMATHUM COYCOM
(mas. 11). CopoOyiiTe IOKPAIUTH IIOJAaHHSA YNCIOBUX XapPaKTEePUCTUK
Ha Hill, BUKOPUCTABIIN Pi3Hi BUAM HepiBHOCTEMN.

CTpoK mpuaaTHOCTI:
3 POKHU 3 JaTu BUPOOHUIITBA.

YmoBu 36epiranna: upu ¢ Big 0° go 25 °C
i BigHOCHI# BosorocTi moBiTps He > 75 %

BigkpuTuit npoayKT 30epiraTé B XOJOJUIBHUKY. 1
Baxano BskuTH npoTarom 7 mio.
IlaTa BUpOGHUIITBA Ta HOMeD HapTii
BKa3aHl HA KPUIIIIi.

Maua. 11

103. OminiTh 3HAYEHHA PiSHUIIL X — Y, AKIIO:
a)l2<x<13id5<y<6;
6) 0,32 <x<0,3310,25<y<0,27.

104. OuiniTh 3HAYEeHHA NOOYTKY XY, AKIIO:
a)3<x<4ib<y<T;
0) 2<x<-1i-3<y<-1.

105. Omi"iTh 3HAUEHHA YaCTKU X : Y, AKIIO:
a)l2<x<15id5<y<6;
0)6<x<8i2<y<3.

106. Bigomo, mo —3 < x < 5. fAKux 3HaUeHb MOXKe HaOyBaTH BUPAa3:
a) 2x + 3; 6) 0,1x — 2; B) 2 — Xx; r)10-0,1x?

107. BumipABIIM HOBXKUHY @ i MUPUHY b IPAMOKYTHHKA (Y MeTpax), 3Ha-
wmaum, mo 1,3 <a < 1,4, 0,6 < b < 0,8. OminiTe mepumeTp i 1I0IITY
IBOT'0 MPAMOKYTHUKA.

108. lor:xuua pedpa Kydba — ¢ mm, ge 1,53 - 10%2 < ¢ < 1,54 - 102, OuiniTs:
a) cyMy IOBXKUH ycix pebep Kyba; 0) mioIny moBepxXHi Ky6a; B) 00’eM
Kyba. PesysibTaT OKPYIJIiTh 0 HECATHUX.

109. 1) Ha masrouky 12 300paskeHo IIaH KBapTupu. Bigomo, 1110 Bca KBapTH-
pa, a TaKOJK BiTaJIbHA MaloTh (popMy KBaapara. OMiHiTh MJIOITY BiTalbHi,
craJibHi Ta Bciel kBapTupu, AKmo 4,9 Mm<x < 5,1 ™, 2,9 Mm<y < 3,1 m.
2) Biokxpuma 3adawa. 3pobiTs mOTPiOHI BuMipy Ta OomiHiTH miomy S i
nepumeTtp P: a) KiMHaTH, y AKill BU Ipo:KuBaeTe; 0) BikHa y I[ilf KiMHAaTi.
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x| BitanbHa | CnanbHg

y | CaHbnok KyxHsi

pd

phgop\

\KKo

Maun. 12

PiBevb B

110. Bigomo, mo 1,4<+/2<1,5 i 2,2<+/5<2,3, oninirs:
a) NV2+45;  6) V5-2;  B) 2-42; r) V5 :+/2.
111. Hexait o0 i B — xyTu TpuKyTHHUKA, 62° <0 <63% 95° <[ <96°. OuiniTh
Mipy TPeThoro KyTa.

112. Bigomo, 1m0 3,14<m<3,15. OmiHiTh JOBXKUHY KOJIA i IJIOIIY Kpyra,
SAKIO ioro pajiyc Oinbmmumii 3a 2,5 AM i meHinui 3a 2,6 M.

113. Bigomo, mo 10 < x £ 12, fAKux miamx sHaueHb MOXKe HaOyBaTH BUPA3:

2
12
a) 2x; 6) > B) 3% — 53 r) —29
5 x
114. Bigomo, mo 3 <x <41i 1,2 <y < 1,3. filkux 3HaueHb MOXKe HabyBaTU
BUpAa3:
A)(x+y)h 6) Jay; B) - x; r) L4Zo
x Yy
115. Y gaxux Mexax JeKaTh 3HAUEHHS BUPa3y ey AKIIO:
a)l <x<4; 0) 5<x<0; B) —10 < x <10?

116. Bigomo, 110 —%< m<g i3 < n < 10. Axux sHaueHb MOXKe HabyBaTu
BHUpAas:
a) 2m + 3n; 0) 4m — n; B) m + n?; r) n? - m?

117. Katetu a i b mpAMOKYTHOTO TPUKYTHHUKA Taki, mo 8,4 < a < 8,5,
6,5 < b < 6,6. OiHiTs, MJIOIYy IIHOTO TPUKYTHUKA i #IOTO mmepumMeTp.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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118. IIpakTuuHe 3aBHaHHA. SAIUIIITL Y BUTJIATL
noABifiHOI HepiBHOCTI 3HAUEeHH IO hirypu,
300paskeHoi Ha MaJdOHKY 13.

119. JloBeaiTh TBepPI KEeHHS:
a) AKmio a < x < b, To —b < —x < —a;

. 1 1 1

) akmoa<x<bia>0,T0 —<—<—;

b x a
B)aRmoa<x<bia>O,Toa2<x2<b2. e

120. [loBemiTh TBEPIKEHHI:
a+b
a) AKIIo a < b, To a<T<b;

6) axmo 0 <a < b, To a<+ab<b.

121%, 3anuIriTh HePiBHICTH 3 MOAYyJeM Yy BUIJISAAL IOABifiHOI HepiBHOCTI:
a) |x|<3; 6) |x|<5; B) 2|x|<m; r) |x|-7<-6.
122%, 3anuiriTh HEPiBHICTH 3 MOAYJIEM Y BUTJIALI MOABiMHOI HepiBHOCTI
Ta CIIPOCTITH Ii:
a) 12x—1/<3; 6) [2-0,5x|<2,5; B) Wx —5/<1.

BnpraBM AN NOBTOPEHHS

123. O 10 rox 3 micta A go micra B Buixas MoTOIUKJIicT, a 00 11 rox Tax
camo 3 A 1o B — aBToM00iab. O KOTPiii roguHi aBTOMOOLIL Ha3IOTHAB
MOTOIIMKJicTa, AKINO BiH mpuixas mo B o 13 rox, a MOTOIIMKJiCT —
o 14 rox?

124. 3anuiiriTe y cCTaHAZAPTHOMY BUTJIALL Macy:

a) Micamga 73 500 000 000 000 000 000 T;
6) Courm 1 990 000 000 000 000 000 000 000 000 T.

xz—y2=12, 6) {xz—y2=8,
X

125. Po3B’s:KiTh cucTeMy PiBHSAHB: a)
x+y=6; -y=2.

CKAPBHUYKA OBOCSIHEHb

v MoKy HaBeCTU NMPUKJIAAU MOABIAHUX HEPIBHOCTEH.
v/ Posymito, AK 3am0KMCyBaTH i YUTATH MOABiHI HepiBHOCTI.
v Ywmiro:
— BUKOHYBaTHU il 3 HepiBHOCTAMU; + 3<x+1<7
-1<y<1
2<x+y+1<8

— CIIpOLIyBaTU IOABiYiHI HepPiBHOCTI;

— OI_[iHIOBaTI/I 3HaYEeHHdA BEJINMYMH,

. . 1<x+y<7
— OLiHIOBATH 3HAYEHHS BUPAa3iB.
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BnkoPMCTOBYEMO HABYTI KOMMNETEHTHOCTI

LLlo6 3po3ymiTu i JoOpe 3acBOITU HOBY TEMY, NPUragaEMO:

— 3MiCT BigHOLWEHb «OiNblle», «<MEHLLUEe», «He DifiblLe», «HEe MEHLLE».
— Bwnaun HepiBHOCTEN (CTPOri, HECTPOri, YACOBI, 3i 3MIHHUMWN).

— BnacTmMBOCTI YMCNOBUX HEPIBHOCTEN (C. 17, 23).

— 9k po3B’A3yl0Th NiHINHI pPiBHAHHS (C. 260).

— 9Ki PiBHAHHS Ha3MBaKTb PiBHOCUAbHUMU (C. 260).

§ 4 Po3B’a3yBaHHS HEpPiBHOCTEWN
3 OA4HI€I0 3MIHHOIO

SAK BimoMo 3 momepeHixX KJaaciB, piBHOCTI 31 3MiHHMMY OyBalOThH JBOX BUIiB:
TOTOMKHOCTI I piBHAHHA. TOoTOXHOCTI JOBOAATH, a PIBHAHHSA PO3B’A3YIOTH.
AmHasnoriuHo pPo3pi3HAIOTL ABAa BUAW HEPIBHOCTEH 3i SMiHHUMU: MOMOXMCHI
Hepiénocmi i HepiéHocmi 3 Hegidomumu. TOTOXHI HEPIBHOCTI ZOBOZATH
(muB. § 7), a HepiBHOCTI 3 HEBiIOMUMU — PO3B’A3YIOTh.

Posrisuaemo HepiBHicTE Hx — 2 > 8 3i smimHo0 x. SAKIITO 3amicTh x mif-
CTaBUMO UMCJIO 1, TO AicTaHEeMO HeIPABUJIbHY UKCJIOBY HepPiBHIicTE 5 — 2 > 8.
l'oBopsaTs, mo 3HaueHHsa X = 1 maHy HepiBHiICTHL He 3am0BOJIbHAE. AKIITO
3aMiCcTh X MiCTaBMMO YUCJO 3, TO MiCTaHEMO NPABUJIbHY UMCJIOBY HepiB-
HicTh 5 - 3 — 2 > 8. 3HaueHHa X = 3 JaHYy HepiBHIiCTL 3aJ0BOJBLHSAE, UNC-
Jo 3 — POo3B’sI30K HepiBHOCTI bx — 2 > 8.

e Po3B’a3komM HepiBHOCTI 3 OfHI€I0 3MIHHOIO HA3UBAalOTb 3HAYEHHS LIET 3MiH-
HOT, iKe 3a4,0BOJIbHSIE AaHY HEPIiBHICTb.

Poszs’sazamu Hepignicmb — o3HaUYae 3HAWTHU Bei i po3B’aA3Km abo moKa-
3aTH, 110 IX HeMae.

Po3B’A3yI0Th HepiBHiCTD, 3aMiHO0UN i1 iHIIMMU HEPiBHOCTAMM, IPOCTi-
MUMHX i PIBHOCUJIBHUMU NaHiii.

JIBi HepiBHOCTiI Ha3UMBaXOTh Pi6HOCUNLbHUMU, TKII0 BOHM MAIOTh OFHI H
Ti caMi po3B’A3KH, TOOTO AKIIO KOKHUI PO3B’A30K IMepIIol HepiBHOCTI 3a/710-
BOJBHSE IPYTY, a KOKHUIN PO3B’I30K APYroi HePiBHOCTI 3aJ0BOJIbHSAE MEPIILY.
HepiBHocTi, AKi He MalOTh PO3B’A3KiB, TAKOK BBAKAIOTHh PiBHOCUJIHLHUMH.

Hanpuknaan, mepiBHicTs bx — 2 > 8 piBHOCHJIbHA KOXKHiN 3 HepiBHOCTEH:
50 >2+8, bx > 10, x > 2.
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HepiBrocTi 3i 3MiHHMMM MalOTh 0araTo BJIACTHBOCTEI, aHAJOTIYHUX 0
BJIACTUBOCTEIl PiBHAHD.

1. K10 3 OAHIETYAaCTUHM HEPIBHOCTiI NepeHeceMo B iHLIY A04aHOK 3 NMPo-
TUJIEXXHUM 3HAKOM, TO O4EPXXUMO HEPIBHICTb, PIBHOCWUJIbHY AaHilA.

2. kw0 oO6MaBi YHaCTUHU HEPIBHOCTi NTOMHOXXMMO a00 NoAiINMMO Ha ogHe
A Te came AoAaTHe YNCI0, TO OAEPXXMMO HEPIBHICTb, PiIBHOCUJIbHY AaHii.
3. 9KL,0 06MABi YaCTUHU HEePIBHOCTI MOMHOXUMO a0 NoAINIMMO Ha oaHe i
Te came Bifi’EMHE YUCNO0, SMIHUBLUU NPU LibOMY 3HaK HEPIBHOCTi HA NPOTU-
JIEXXHUIA, TO OAEPXXMUMO HEPIBHICTb, PIBHOCUJIbHY AaHIN.

I1i BmacTuBOCTiI HEPiBHOCTE! 31 BMiHHUMU BUILJINBAIOTDH 3 TEOPEM, TOBEJE-
Hux y § 2. Kopucryiounch MUMU BJIACTUBOCTAMU, HEPiBHOCTI 3i saMiHHUMU
MOJKHa PO3B’sA3yBaTH IMOLIOHO MO PiBHAHD.

ITIpuraanm 1. Po3s’sa:xiTh HepiBHiCcTE dx < 2x + 15.
Posp’a3annda. [leperHecemo n0maHOK 2X V JIiBY YaCTUHY HEPiBHOCTI:

5x — 2x < 15.
3BemeMo HOLiOHI ureHu’:
3x < 15.
IToginumo o6uaBi yacTuHN HepiBHOCTI HaA 3:
x < 5.

Bigmosigs. HepiBHicTh 3a10BOIbHSIE KOMKHE AiliCHe UICJIO, MEHIIE Bif 5.

IIpukaan 2. Po3B’sa:kiTh HepiBHicTE 7(2 — x) < 3x + 44.

Posp’azanna. 14 — 7x < 3x + 44,
—Tx — 3x <—-14 + 44,
-10x < 30,
x > -3.

Bignmosigs. HepiBHicTh 3a10BOJIbHAE KOMKHE YKUCJIO0, HE MEHIIe HixK —3.

3ayeaienn s MHOXUHN PO3B’A3KiB HEPiBHOCTEH 3PYUYHO 3aIUCY-
BaTU y BUIIALL npomixckié. MHOXKUHY Bcix mificCHUX 4duces, MEHIIUX Bix
5, HaszMBaIOTh IIPOMIKKOM BiJ MiHyCc HeCKiHUeHHOCTi mo 5 i mosHauaoTh
(—oo; 5). Ha manionky 14 1eii npoMizKOK II0O3HAUEHO IITPUXOBKOIO, 3HAUEH-

HA 5, 1110 HEe BXOAUTH A0 MHOKHHU PO3B’A3KiB, — CBIiTIUM KPYKKOM.
V. A -
T @ >
0 5
Maun. 14

MuoxuHY Beix mificHUX ymces, He MEHIITUX BiJ —3, Ha3WBaOTh IPOMiKKOM
Bim —3 mo HeckimuemHocTi, BKJIouarouu —3. IlosmauaroTs #oro [—3; oo) s

HAOYHO 300pakaioTh, IK IOKA3aHO HA MaJIIOHKY 15; 3HaueHHsA —3, II[0 BXO-
IUTH O MHOXKMHHU PO3B’SA3KiB, I03HAUEHO TEMHUM KDY KKOM.
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—o 4
-3 0
Mau. 15

Y

Orxe, BiAmOBimi M0 po3B’s3aHUX HepiBHOCTEM MOJKHA 3alucaTH i 3a J0-
IIOMOTOI0 ITPOMiKKiB: (—oo; 5), [—3; oo).

K BU BiKe BHAETE, 3 YCiX PIBHAHBb HAUITPOCTIIIIUMY € JIiHiHI pIBHAHHA BULY
ax =b. HaiinpocTimuMy HEPiBHOCTAMMY 3 OJHi€I0 3MiHHOIO TAKOMK € JIiHilHi.

e Akwo a i b — paHiuncna, a x — HeBigoOMa 3MiHHa, TO KO)XKHa 3 HEpPiBHOCTEW
ax<b, ax>b, ax<b, ax>b (*)

Ha3MBaETbCA JIiHiIHHOIO HEePIBHICTIO 3 OAHIEI0 3MIHHOIO X.

IIpukaanm JiHiAHMX HEepiBHOCTEI:
2x <3, —Tx > 14, 0,5x <1, 9x > 0.
Jlinifini HepiBHOCTI YacTO 3amMCYIOTH i Tak:
ax —b<0,ax—-b>0,ax—-b<0,ax —b>0.

Skmio umesio a BigMiHHE Bij HyJdA, TO KOKHa 3 HepiBHOcTel (¥) mae
MHOJKHUHY PO3B’sA3KiB, AKilM BiAmoBizae HeCKiHUEHHWI YMCJIOBUM ITPOMiHB
(abo mpoMmiHb 6e3 BepIIUHN).

3ae:KHiCTh Po3B’A3KiB JIiHIITHOI HepPiBHOCTI Bij 3HAUeHHS Koe(ilieHTiB
Ipu 3MiHHIiI i 3HaKa HEPiBHOCTI HaBeJeHO B TaOJMIIi.

ax>b ax <b
Aximo a > 0, To Aximo a > 0, To
b (b ) b ( b]
X>—, X€|—;0 X<—, XE|—o0;—
a a a a
o > LLLLLLLLLLL L2 gy
b b
a a
Aximo a < 0, TO Axrimo a < 0, To
b ( b) b [b )
X<—, X€|—o0;— xX2—, X€|—;0
a a a a
JIPII777777777777 U _ & >
b
a

Axmo a = 0, To Ko)KHaA 3 HepiBHOcTell (¥) abo He Mae Po3B’sA3KiB (Ha-
mpurjaan, 0x > 5), abo MHOKUHOIO ii po3B’A3KiB € MHOMKMHA BCiX mifiCHUX
yucesa (Hampukiganm, 0x < 5).

3BepHiTH yBary! 3o0pakaTy YMCJIOBI IPOMiKKM MOKHA U iHIIIMM CIOCO-
0oM — gyramm — SIK 300pakeHo Ha MaJloHKax 16—17.
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— XOYETE 3HATU LLE BUIbLUE? w

[0 po3B’A3yBaHHA NiHIMHNX HEPIBHOCTEN 3BOAUTLCS PO3B’A3YBAHHSA HANMPOC-
TiLLMX HEPIBHOCTEN 3 MOAYNAMMN.

Po3B’axxemM0 HepIiBHOCTI:

a) |x/<5; 6) |x|>3; B) |x|<—2; r) lx|>-0,5.

a) HepiBHICTb 3a40BONbHSAIOTH YCi 3HAYEHHS X, MOAYNI AKX MeHLUI 32 5. Taknmu
€ BCi JoAaTHi yncna, MeHLwi 3a 5, BCi Big €MHi ymcna, 6inbwi 3a -5, iyncno 0. Taky
MHOXWHY 4YMCEN MOXHa 3anmcaTu 3a [O0MNOMOroK MNoABIMHOT HEPIBHOCTI
-5 < x < 5. Ha 4ncnosin npsamin uihn MHOXMHI Yncen BiANOBIiAAE NPOMIXOK, NoKa-
3aHU Ha ManoHKy 16, a. Yucna -5 i 5 He HanexaTtb LbOMY NMPOMIXKY, BOHU He
3a40BOJIbHAOTb AAHY HEPIBHICTb, & HEPIBHICTb lx|<5 — 3a10BOJIbHAOTL (Ma. 16, 6).
Llel npomixxok no3Ha4varoTb [-5; 5].

0) HepiBHicTb lx| >3 3apoBonbHSOTL yci umcna, 6inbLi 3a 3, i BCi uncna, MeH-
wi 3a -3 (man. 17).

5 0 5 -5 0 -5
a (1]
Mau. 16
—— e
-3 0 -3
Mau. 17

B) Moaynb KOXHOro Y1cia — Y1CNO HEBIA EMHE, BOHO HE MOXe OYT MeHLLE, HiX
Bio’eMHe uncno —2, abo gopisHioBaTU —2. TOMY AaHa HEPIBHICTb PO3B’A3KIB HE MaE.

r) KoxHe HeBig'emHe uncno Ginbwe 3a —0,5. ToMy gaHy HepiBHICTb 3a00-
BOJIbHAE KOXHE AiiCHE YMCIIO.

MEPEBIPTE CEBE

1. HaBegmiTh mpukgangu HepiBHOCTEH 3i sMiHHMMMU.

2. Illo HasWBaWOTH PO3B’sIBKOM HEPIiBHOCTI 3i 3MiHHOIO?

3. CKinbKM po3B’sA3KiB MOKe MaTH HEPiBHICTH 3 OAHi€I0 3MiHHOIO?
4. §fIx sanucyoTh MHOKHHU PO3B’A3KiB HepiBHOCTI 3i 3MinHOIO?

BUKOHAEMO PA3SOM

o Poss’sa:xkitTh HepiBHicTh 2x + 3 < 2(x + 3).
e Posp’aszannsa. 2x + 3 < 2x + 6,
2x — 2x <6 — 3,
0x < 3.
Hepisuicts Ox < 3 mpaBubHA IIPU KOMKHOMY 3HAUEHHI X.
Bigmosigs. (—oo;+°<>).
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9 Posp’sikiTh HepiBHicTb 62 + 7 > 2(32 + 4).

® Posp’azamna. 6z + 7>6z+ 8,
6z—-6z2>28-17,
0z > 1.
Hepisraicts 0z > 1 He 3a0BOJIbHSAE JKOAHE 3HAUEHHS 2.
Bignmosigs. Po3B’sa3KiB HeMae.
x-5 x-8 bx
+—>—-1.
3 2
e Posp’azannda. [loMmHOXKUMO 00UIBI YacTUHY HEPiBHOCTI Ha 6 (HaliMeHIITe
cisibHe KpaTHe uucesa 6, 3 i 2):
x—5+2(x—-8)>3"-5x -6,
x—5+2x—-16 > 15x — 6,
x+2x —15x> -6+ 5 + 16,

e PosB’s:kiTh HepiBHIiCTD

- 12x > 15,
15

x<——,
12

x < —1,25.

Bigmogsine. (—;—1,25).

e Posp’sxiTh moaBifiny HepiBHicTh: —2 < 10x — 3 < 5.

® Posp’aszsamHa. -2+3<10x-3+3<5+3,
1<10x <8,
0,1 <x<0,8.
Bignmosings. [0,1; 0,8].

BUKOHAWTE YCHO

126. ki 3 umcen 0, 1, 2, 3, 4, 5 3aJ0BOILHAIOTh HEPiBHICTE:

a) 2x — 5> 0; 0) 4x +1 < 138; B) 3x + 4 > 5?
127. Po3B’soxkiTh HepiBHOCTI:
a) 2x < 6; B) 0,5z > 2; r) x+3<x;
6) —3x > 9; T) §y<10; o) x—3<x.
128. CxinbKku po3B’sI3KiB Mae HEePiBHICTE:
a) x2+1<0; B) |x|<0; r) 10x < 20?
6) |xl<0; r) —/2x>2;

129. Bidxpuma 3adawa. CKIagiTs HepiBHOCTI, PO3B’A3KM AKUX 300parKeHO
Ha MaJoHKy 18.

Man. 18 a —& > 0 > QLG
2 -1 1
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130. 306pas3iTs Ha KOOPAMHATHIN HIpAMili y BUTIALL TPOMIMKKIB MHOMKUHUI
YKCeJI, 110 3aJ0BOJbHSIIOTHL HEPiBHICTD:

a) x < 4; 0) x > —1; B) x < 0,5.
Poss’szkiTs HepiBHicT (131—134).
131.a) x + 2 > b; B) 2+ x > 3; r) 4y < 36;
0) x —4>0; r) 3x > 15; I 5z > 35.
132. a) 3x > 15; B) 2x — 5 > 0; r)x — 1,56 <0;
6) x +7>0; r) —4x > 20; x) 10 + 5x < 0.
133.a) —x < 5; B) —x < 0; r) —3x > —3;
0) —z > —4; r) —5x < 15; o) 5z < —1.
134.a) 3x + 2 < 5; B) 9x + 5 > b; r) 6z + 1> 2z;
0) 7Tx — 4 > 8; r) 5x — 4 < 3x; ny+5<2y.

135. Yu piBHOCUIBHI HEepiBHOCTI:
a)2x+3>x+8ix>5;
6)2x —322i2x—-42>1;
B)3 —bx<xibx>3;
r)3x—-1<6-2xil1-3x<2x—6?

Poss’sikiTs HepiBHicT (136—139).

136. a) 8x — 3 > bx + 6; )3+ x>2x — 3;
0) Ty — 13 < by — 9; n)5-—2y<y+8;
B) 2x — 3 < 3x — 8; e)3 —5x>4 - bx;
r)x — 15 >4x + 3; €) 8+ 62<13 + 62.
137.a) 6x + 21 < bx + 8; r)x — 15 < 6x — 10;
0) 3x + 7 < Tx + 3; o) 11x — 3 < 8x — 15;
B) Tx —5>3x+ T; e) 18 — 7x > bx + 30;
r) 2x — 9 2>9x + 5; €) 17— x> 10 — 6x.
138.a) 3(x + 1) > x + 5; r)3(x+2)—4>x+ 2;
0)2(x—1)+4<x+ T, r) 2(x+ 3)>25x — 9;
B)4(x — 2)<x + 1; o 4(x+3)—383x<x—5.
139.a) - b5(x — 1)< 3 — Tx; rN-—-32+x)+5x<2x+1;
6) 23 —x) —x <7+ 3x; )8 — 3 (x — 2) > 4x;
B) 3(2 — x) > x — 6; o) by <12 — 4 (y + 5).
140. 3a axoi ymoBu HaOyBae Bif’eMHUX 3HAUEHb BUPA3:
a) T+ 5x; 6) 10 — 0,5x; B) V2 -2x?
141. 3a axoi ymoBu HabyBae HeBiJl'eMHUX 3HAUEHDb BUPA3:
a) 2,5 + 0,5x; 6) 3,9 + 1,5x; B) 1,2 — 3x?
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142. 3a aKoi yMOBU 3HAUEHHS AaHOTO BuUpasy 6iabie 3a 10:
a) 3 + Tx; 0) 5,4 — 2,3x; B) 12—x\/§?

143. 3a axoi ymoBu 3HaUeHHA BUpPaly 3x — 7 Oinblle 3a BigmoBigHe 3HA-
YeHHS BUPA3Y:

a) 2x + 1; 0) bx — 2; B) 3x — 5?
Posp’saxiTh HepiBHicTs (144—147).
144. 2) 2 <3; B) 0> 2%, ry - X< e) 2XH5 4
7 11 2 7
-3x 2x 3x—-1 Tx—3
0) —<5; —>-3; <2 € > x.
) 1 r) 5 ) ) 5
145. a) 3?x>2; B) 2?x<—4; r) 6er1>3; e) g(x—4)>12.
4x 17x 4x-11
0) —<4; 0>—; <0;
) 7 r) 5 hiy) 5
146. a) (x + 2)% > 5x + x% B) 4 — (x — 2)*> x — x%
6) (x + 3)% — 2x > b5x + x% r) (7 -x)2 - x*<x - 11.
147. a) (x — 3)? < x% — x; B) 1 —(x +2)?%<5— x%
6) (x — 2)*> + Tx < x* — 3x; r) (x — 5)2 — 7> x%+ 8.
148. Bioxpuma 3adawa. Hanunits Tpu pisHi HEPiB-
HOCTi, MHOKMHU PO3B’ A3KiB AKUX BigmoBigaau 101 4

0 IPOMiKKY, 300paskeHOMY Ha MaJOHKY 19.

CriazniTs aHaJIOriuHy 3amady Ta po3B’ syKiTh 1. Mau. 19
I Yy 3agauy

149. fIxe maiibinpIle HATypadbHe 3HAYEHHS 71 3aJJ0BOJbHSAE HEPiBHICTb:
a) 18 — 3(n — 15) > 11n;
6) 0,3(n — 2) < 1,2 — 0,5(n + 2)?

150. ke maiimenIme I[ijie 3HAYEHHSA M 3a40BOJILHSAE HEPiBHICTH:
a) 3m + 8(2m — 1) > bm + 35;
6) m> + 4m < (m + 3)*?

PiBevb B

2
151. [Ina AxkuxX 3HAUYEHb X 3HAUEHHA PYHKII y =§x—7:
a) momaTHi; 0) HeBix eMHIi;

. .. .. 1
B) OinpImi Big 5; T') He MEeHII Bif —g?

152, [Ina axkux 3HA4YeHb X 3HAUeHHA QyHKIIi y = 5,2 — 2,5x:
a) Bix’emHi; 0) momaTwi; B) He Oinbrri Big 7,77
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153. IIpu axux 3HAUEHHAX 3MiHHOI X Ma€ 3MiCcT BUpas:

a) V3x—6; B) +—(2—x); r) J1-5(x+3);
0) V4—x; r) 40,5-0,3x; o) x++2—x?

Poss’szkiTs HepiBHicT (154—161).
154. a) 3(x +4) + 2(3x — 2) > bx — 3(2x + 4);
0) 2x —6 - 52 —-x)<12 - 5(1 - x);
B) x + 2<5(2x + 8) + 13(4 — x) — 3(x — 2).
155.a) y+ 7>4(2-y) —12(4 - 2y) + 17(y — 1);
0) 0,2(x — 2) — 0,3(3 — x) > 0,4(2x — 1) — 0,5(x — 1);
B) 2,5(2 — 2) — 3,6(z — 1) £ 2,5(z + 2) — 1,5(2 — 2).
3-y_y+2

156. a) f+f>6; B) x4+ >15 r) >9.
4 2 4 5
6) 3—x—f>2; r 2EE 3%,
3 3 2
157. a) Tx-3) 56 9x)+14< X232,
2 « I'enitt — ue 00un 6io-
6) 3(2x_4)+5(x_2)_3sg(x_2). com’orc HamxHeH’Hﬂ i
2 des’anocmo 0es’amb
_ gidcomkis nomy ».
158. a) 3(22+ 9 _6-< 763 = 12;40; T. A. Enicon
52-18 27-10z 3z-12 9-4z
0) - > - .
10 14 5 7
159. a) (x — 2)(x — 3) > x?; r) (3x — 2)(3 + 2x) > 6x%;
6) (x + 5)(x — T) < x% r) (3x — 1)% < 9x(x — 2);
B) (2x — 1)(8x + 5) < 6x%; 1) (3x — 2)* = (3x + 2)%
2 1. Y. 1
160. a) (z — 2)" < (z — 3)(z + 5); B) +x >—+x%;
X
2
2 1 2
0) (y+3) >y (y— b)) r) (——x) >—+x".
X
1 2x-3
161. a) —3x>+/2;
V2-1 KT S
6) ! _* Ja- 1; r) 2_‘F<o.
J2+1 2 3x+2
162. Ha manooaky 20 300paskeno rpadikm QyHKI[iN y:\/; i y:4—§.

. . . . X
HuBasgunch Ha HUX, YKAKITh MHOKIUHY PO3B’ A3KiB HepiBHOCTI VX <4 — 3
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UA
61
51
7~ x
4-= 1
31 2 y=vx
91
L I
00 1 234567 89K%
Maun. 20
163. Po3B’s:KiTh rpad)iuHO HEPiBHICTD:
8
a) \/;>—; 0) \/;2962; B) Jx <x-2.
x

164. Biokpuma 3adawae. HanuiiTs HepiBHICTD 31 3MiHHOIO X:
a) AKa He MAa€ KOTHOTO PO3B’A3KY;
0) AKY 3aJ0BOJIbHSAE KOKHE IiliCHe YMCJIIO;
B) AKY 3aJ0BOJILHSAE TiJIbKU OJHE YMCJIIO 5;
I') AKY 3aJ0BOJILHAIOTH YCi UMca 3 IPOMiXKKY (—2; 3).

165. Typuctu MaioTh IIOBEPHYTUCS Ha 0a3y He MmisHimie Hixk uepes 3 ToI.
Ha axy BigcTaHb BOHM MOMKYTh BiAIIJIMCTU 34 TEUi€l0 PiUYKM Ha MOTOP-
HOMY YOBHi, SKIIO HMOTO BJIaCHA IIBUAKicTHL 18 KM/rom, a MIBUAKICTH
Teuil — 4 KMm/ron?

166*. Po3p’s:KiTh HepiBHICTSH:
a) 2x — 3)(5x + 2) — (8x — 1)(4x + 2) > 2(1 — x)(1 + x) — x;
6) (3x — 2)(8x + 2) — (2x — 3)2 < 5x (x + 7) + 10;
B) (4x + 1)(3x — 5) + (2x + 3)(5x — 4) < 2x% + 5(2x — 1)%;
r) (Bx + 1) — (2x — 3)(3 — 2x) > (2x + 1)> + (8x — T)(Bx + 7).

167. Po3B’sikiTh mOABifiHY HEPiBHICTh:

a) -3<bx—1<4; r1)0,7<3x+1<1,3;
0)1<38x+4<T7; o) —3,4<5—-2x<1,8;
B) 5<3-2x<1; e) 8<7-5x<-3;
2 4x-1 3 2 2-0,6x 1
r) ——< <= €) ~——<———<—.
5 3 5 3 5 3
168. Po3B’sKiTh MOABiliHYy HepiBHIicTh i BKaKiTh i1 HAWOIMBIIUN ITigInit
PO3B’A30K:
a)2<3x—-5<T; B) 2<1-3x<4;

6) 3<4 - 2x < 3; r) —0,3 < 2,7+ 0,1x < 1,7.
Posp’s:xiTh HepiBHicTs (169—170).
169*. a) |x|<5; 6) lx—3|<7; B) [2x—-3|<1.
170%. a) |3x|<1; 6) lx+7<3; B) [1-5x/<2.
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171%, [Ina KOKHOTO 3HAUEHHS IapaMeTrpa a Po3B’AKiTh HePiBHICTS.

a) ax > 5; r) ax > a;
6) ax < 0; r) a’x <0;
B) (2a — 1)x < 4a® — 4a + 1; m) a’+a-12<(9 - a’x.

BnpraABu oNs NOBTOPEHHS

172. 1) HOpiit OnexcifioBuu MuUTpPOmoOIbChKUI 0UOJII0OBAB IHCTUTYT MaTeMa-
tuku HAH Vkpairu 30 poxkis 3 1958 mo 1988 pik. Moro HacTynmHIKOM
CTaB BimoMuii yKpaiHCbKUHM MaTeMaTuk, yueHsb 0. O. MUTpPOmoasChKOTrO,
OpPi3BUIE AKOr0 BH [i3HAETeCsd, AKIIO IPaBUJIbHO BCTAHOBUTE BiJIIO-
BigHicTs Mimk mudpamu mepiroi Tabauii i OykBamMu Apyroi. ¥ Apyromy
PAOKY mepImoi TabanIli MicTAThCS a0CIUCH, a V IEePIIOMY PAIKY APYyroi
Ta0IUIlI — BiATIOBiIAHI OpAMHATH TOUOK, II[0 HAJIEXKAaTh rpaiky PYyHKILII.

y {3—2x—x2, x<1,

x%—6x+5, x>1.

1 2 3 4 5 6 7 8 9 10
-1 -2 4 3 -3 2,5 -4 1,5 6 -1,5
-5 -4 |-3,75| -3 |-1,75| O 3 3,75 4 5
E 0) JI M H " A 0 C K

2) BukopucToByooun OTPUMAaHiI TOUKH i (popmynay, mobyayiiTe rpadik
3amaHol PyHKILI.
3) CraamiThk anajoriuny 3agauy mpo Bunteasd 0. O. MUTpomoIbChrKOTO.

173. Buxomnaiire gii: a) 8 - 10° + 4 - 10%; B) (4,2 - 10%)%
6)5-10%-8-10"; 1) (3,7-10% 2,4 - 10%.
174. Ilo6ynyiiTe rpadik piBHAHHA: a) xy + 6 = 0; 6) y>? — x = 0.

175. Pamimre 3 Kr M’sca KOIITYBaJU CTiIbKU, CKiJIbKHU Temep KOIITYIOTh
2 kr. Ha ckinbKu BificOTKiB momopoxuaso m’saco?

CKAPBHUYKA AOCAITHEHb

v MoKy HaBeCTH IPUKJIALN:

— mHepiBHOCTe# 8i 3MimHUME x° <1 x+y>0;

— JiHIAHEX HepiBHOCTEN 3 omHiel0 3MiHHOIO 2x <3 —Xx2=95.
v/ Po3pi3HAI TOTOXXHi HepiBHOCTI i HepiBHOCTI 3 HeBigOMUMMU.
v/ PosyMmiio i BMio (opMyJII0BATH BIACTUBOCTI HepiBHOCTEH 31 3MiHHOIO.
v/ Vmiro: — poss’asyBaTu JiHiliHI HepiBHOCTI 3 OfHIEI0 3MiHHOIO;

— 3amucyBaTHU PO3B’A3KUW HEPiBHOCTEM.
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B1koPUCTOBYEMO HABYTI KOMMETEHTHOCTI

LLlo6 3po3ymiTh i ,oBpe 3acBOITU HOBY TEMY, NMPUragaEMO:

— 9K NO3Ha4YalTb MHOXWHUA A B, C,.., N, Z Q...
— Lo Take nigMHOXMHa
MHoxnHa K — yacTtuHa MHOXWUHU M. N C Z CR.

KcM K — nigMHOXWUHa M.
— Ha OCHOBI knx BNacTUBOCTEN PO3B’A3YI0Tb HEPIBHOCTI (C. 32).
— 9k 300paxkalTb PO3B’A3KN NiHIMHOI HEPIBHOCTI (C. 33).
— Wo o3HavatoTb 3anmucu a < b i a = b?

as<b a>b
a<baboa=>b a>baboa=>b

§ 5 O0’epHaHHs i nepepis
MHOXMUH. YNCNoBI NPOMIXKN

Bu B:ke 3HaeTe, 110 B MaTeMaTHUIli Oyab-aKi CYKYITHOCTI Ha3MBaIOTh MHO-
aeunamu. PosrianamoTb MHOXKUHY, eJJeMeHTaMU AKUX € 1 IeBHi MaTeMaTU4Hi
MMOHATTA: TeOMeTPUUHI (irypu (HAIIPUKJIAL, MHOKWHA YOTUPUKYTHUKIB),
yucia (HaIpUKJIAL, MHOKUHA TiMCHUX uyucesn), GyHKIII (Hanpukaam, MHO-
JKMHA JiHiAHUX (QYHKINN), piBHAHHA (HATPUKJIAL, KBaApaTHi PiBHAHHA),
PO3B’sI3KHU HepiBHOCTEH (HaIpUKJIA, ITOPOKHA MHOKIMHA) ToIo. OKpiM HUX
PO3rIAmaoTh MHOKHNHN, eJIeMeHTaMI AKNX € NOBLIbHI 00’€KTH: TBAPUHU,
POCIMHM, IOPU POKY, SHI THIKHS, IIJIaHETH, 00JacHi IeHTpu Y KpaiHu, 3aco0u
3B’ A3KY ToIro. Tpamiserbes, 110 JesIKi MHOKMHY MAIOTh CIILJIBLHI eJIeMEeHTH.

PosrisameMo AK IpUKJIaL IBi MHOMKHUHUN «CMAWJINKiIB»: MHOMKUHY A, 110
MiCTUTBH 3 eJIeMeHTH, i MHOKUHY B, 110 MicTuth 4 exementu (mana. 21, a).

{ u.‘-- ) IS l/zé } Muoxuna A

a
—
(2] -"ﬁ" @ 'd‘_“.l'll
{ =) @& | S } Mmuosxuua B
0 { |?11 '.g'ﬂ Muosxuna A()B
Mau. 21 8 {.?; ‘E" “:;4’ ﬁis"_ @ } Meuosxuna A a B
N i
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3BepH1TL yBary, KOJKHAa i3 IOINX MHOMHH MiCTUTB CMaI/IJII/IR AKUN ITOCMi-

Xa€ThCSI, — L-J' i cymMHUNI cMalInK — ‘?ﬁ Aximo MHOMKMHA MicTUTBH yci

coinpHi enemeHTn MHOKUH A i B i TinbKM iX, TO 1[I0 MHOKUHY Ha3WBAIOTh

nepepizom MHOKUH A i B. Y taHoMy BUNIAAKY Hepepisom MHOKUH A i B Oye

MHOXKHHA, II10 CKJIAIAETHCA 3 JBOX eJIeMeHTiB (300parkena Ha MaIioHKY 21, 6).
Iamumu caoBamm:

e Mepepizom ABOX MHOXWH HA3UBaIOTb MHOXWHY, iKka MICTUTb €JIEMEHTH,
LLLO HaNeXaTb KOXHIN i3 LMX ABOX MHOXMWH i TiJIbKM i eJIeMeHTMU.

3anucyoTh 1e Tak: A[)B.

Posringubre mamoHok 21, 8. MHOKUHA, 300paskeHa Ha HbOMY, MiCTUTh
I’ATh PiBHUX CMaNJINKiB, KOXKeH 3 SKUX € eJIeMeHTOM a00 MHOKUHU A, a00
MHOKUHK B. Taky MHOMKUHY Ha3sUBaIOTh 00 €OHAHHAM MHOMUH A i B.

e 06’eaHaHHAM ABOX MHOXWH Ha3UBalOTb MHOXUWHY, Ika MiCTUTb KOXXHUMA
€JIEeMEHT KOXHOI 3 MHOXMH i TiIbKU Ui efleMeHT!.

3anucyioTh 1e Taxk: A a B.

Posrisgmemo 1e oAuH IpUKJIaL. 3HaAMAeMo 00’ e THAHHS i Tepepis MHOKUH
Ai B, axmo: A=1{0, 2,4,6,8}, B={1, 2, 3,4,5,6, 7}

Yucnaa 2, 4 i 6 € ereMeHTaMHu KOXKHOI 3 MHOMKHUH, Tomy A N B ={ 2, 4, 6}.

AUB={0,1, 2, 3, 4,5, 6, 7, 8}, 60 114 MHOKHHA MiCTUTb KOKEH eJe-
MeHT MHOKUH A Ta B i TinbKu ix eremeHTH.

Ilepepisu Ta 00’e¢mHAHHA MHOXKHH 3PYYHO 1JIOCTPyBaTH miarpaMaMu
Eiinepa (mas. 22 i mai. 23).

Hamnpurnaz, nmepepisom 006cATiB MOHATE NPAMOKYMHUKU 1 pomObU € MHO-
JKUHA Keadpamie (man. 22).

Mau. 22

O06’eqHAHHAM MHOMKUHU PAI[iOHAJBLHUX i ippallioHaJbHUX UMCEJI € MHO-

JKMHA mificHuX uwucesa (maj. 23).
IINCHI

PAIIIOHAJIBHI
YU CJIA

Mau. 23

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



HepiBHOCTi 43

OxpeMi BUIM MHOMKUH — YHCJIOBI IIPOMisKKHU, ITI0 € PO3B’ A3KaMU HepiBHOCTEH
(muB., Hampukaam, MadioHKHA 14 i 15). IIoHATTA YKCIIOBOTO MPOMIisKKY YacTO BU-
KOPUCTOBYIOTH i B iHITIUX po3aiiax MaTeMaTuKu. ToMy 6asKaHO PO3PiBHATH pisHi
BU/IY YKCJIOBUX IMPOMIKKIB i HABUNTHCA 3HAXOAUTH IX Iepepisu Ta 00’ eJHAHHS.

c Mepepizom ABOX YUCNIOBUX MPOMIXKIB HA3UBAIOThb TX CMiJibHY YaCTUHY.

Hanpuraazm, mepepizomMm npoMizKKiB (—oo; 4) i (—3; oo) € mpomixkok (—3; 4).
Ilepepis ABOX MHOMKKH IIO3HAYAIOTEL 3HAKOM [|. TOMYy OHIIYTH:

(—o0; 4) N(=3; =) = (=3; 4).
HaouHo 110 piBHICTE iJIIOCTPYy€E MAaJIIOHOK 24.
Tammri mpukaamu.
Mamioukam 25—27 BigmoBigaroTh piBHOCTI:

(=3;5)N(-2;4)=(-2;4);
[-3;5)N(~4; -3]={-3};
(=8;5)N(~5; —4) = 2.

-3 4 -3 -2 4 5
Maui. 24 Mau. 25
_4 _3 T T (I) T T T T 5 _5 _4 _3 T T 0 T T T T 5
Ma. 26 Maum. 27

Hpyra piBHiCTH CTBEpPAKYE, IO YMCJIOBI mpoMmizkku [—3; 5) i (—4; —3]
MaloTh TiJIBKMW OJHE CIIiJIbHE YHCJ0 —3.

3uakoM J IO3HAYAIOTH NOPONCHIO MHOMCUHY. OCTaHHSA PiBHICTH CTBEp-
IUKYE, 1110 YncaoBi nmpomizkku (—3; 5) i (—5; —4) He MalOTh CUIJIBHUX YHCEJI.

e 006’egHaHHAM ABOX YUCJIOBMX NPOMIXKKIB Ha3MBalOTb MHOXXUWUHY YUCen, fKa
MiCTUTb KOXXHE YMCJI0 KOXXHOIO MPOMIXKY i TifIbKM Taki uncna.

O06’enHaHHA OBOX MHOMKUH ITO3HAYAIOTHh 3HAKOM a. ToMy NHITyTh:
(2;4)a(3;5)=(2;5).
HaouHo 1110 piBHICTBH 1TIOCTPYy€E MaTIOHOK 28. 10 2 3 4 5

Mau. 28

* II1o6 crkopucratuca QR-Komom, HeoOXiTHO BCTAHOBUTHU CIeIliajibHe IIporpaMHe 3a0e3ledyeHHSA Ha
cmapTdoHi/nnanmeri. Hanpukaazn, ausa npuctpois 3 onepariiinoro cucremoo Android moTpi6HO 3amy-
cruru 3acrocyHOK Google Play Market ta saBanTaskuru nporpamy Powerful QR Code Scaner A+ [E] a6o
OyIb-AKY aHAJOTiuHy. 3aBaHTAKUTU MpOrpamMu Ajs 3unuTyBaHHA QR-KomiB mid iHmIMX omepaiiiHmx
cUCTeM JOMOMOXKYTH BimmoBigui sacrocyuku: Windows Mobile — Windows Store, i0S — Upp Store.
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Mamonkam 29-31 BigmoBizaioTh piBHOCTI:
(—3; 5) A [—2; 4) = (—3; 5);
[-3;5)a (—4; -3]=(—4;5);
(—e0s4) 2 [-3; 0] = (—o0; 4).

-3 -2 4 5 -4 -3 0 5
Mau. 29 Mau. 30
S S S — ——————1
-3 0 4 -5 -4 -3 0 5
Mau. 31 Mau. 32

00’egHaHHA TPOMiKKiB (—3; 5)i (—5; —4) cKIamaETHCS 3 IBOX PO3’€THAHUX
MIPOMiKKiB (MaJs. 32); HIOTO ITO3HAUAIOTH TaK:
(=5;—4) (~3;5).
Izoni moBoauTHCA PO3TIIALATH ITepepis abo 00’ e JHAHHS TPHOX UM OLIBIITIOL
KI1JIBKOCTI YMCJIOBUX HTPOMIiKKiB.

Ilepepizom TPpHLOX UMCIOBUX MPOMIiXKKIB € MHOKHMHA UHCe], AKa MiCTUTH
YKcsa, COIBbHI IJIA yCiX TPphOX HAHUX IMPOMIiXKKIB i Timbku ix. Hampukian,
(=4;5)N(—=; 6)N[-3;7) =[-3; 5).

00’eIHAHHAM TPHOX YNCJIOBUX ITPOMIKKIB € MHOKHMHA YNCeJI, AKa MiCTUTH
KOJKHe YMCJIO KOJKHOIO IIPOMiKKY i Tiibku ix. Hampukaan,
(—455) a (=003 6) a [=3;7) = (—o03 7).
IMum piBHOCTAM BimmoBimae maJsitoHOK 33, a i 0.

4-3 0 5617

Mai. 33

Ockinbku icHye 6araTo BHUIiB YMCJIOBUX IIPOMiXKKiB, TO ix GaskaHO Bin-
moBigHO HasuBaTu. JAKINO a i b — moBiabHI AilicHI umcia, TO:

(-0 a), (b;e°) — HeckiHueHHI uMCIIOBI IPOMisKKY;

(a; b) — BigKpuUTHUIT TPOMiKOK, abo iHmepsaJ;

[a; b] — sakpuTHUil TIPOMiKOK, 8i0pi30oK;

[a; b) — TpoMiKOK, BimkpuTHii crrpasa;

(a; b] — mpomixKoK, BimkpuTHuii 3JiBa.

Ha manoHKy 34 moKas3aHO YMCJIOBI MPOMIMKKM, iX 300paskeHHsS Ha YUC-
JIOBi¥t mpaMiit i BigmoBigHi HepiBHOCTI.
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x
(a; b) —— a<x<b
a b
x
[a; b] z/’ \z a<x<b
x
(a; b] ;/, \z a<x<b
./,x\
[a; b) a b alx<b
x
(—oo3b) \; x<b
x
(a5 00) 0 x>a
x
* oo ./—_
[a, ) . x=a
(—00’ 00) x .R
Maim. 34
— XOYETE 3HATU LLLE BUJIbLLE? \

IHoai BUHUKae noTtpeba 3HanT 006’eaHaHHSA PO3B’A3KIB ABOX ab0 OinbLue He-
piBHOCTE. Y Takmx BUNaaKax roBOPSTb MPO CYKYMHICTL HEPIBHOCTE. i 3anmcyioTb
3a J0NOMOrol KBaapaTHOT AYXKK:

2x>17, x>8,5,
[x -1<3; |:x <4.

Po3B’s13kOM CYKYMHOCTI HEPIBHOCTEN HAa3MBAETHLCS 3HAYEHHS 3MIHHOI, SKe 3a-
LOBOJIbHAE x04a 6 0OHY 3 JaHUX HepPiBHOCTEN. PO3B’A3aTV CYKYMHICTb HEPIBHO-
CTel — 03Ha4ae 3HANTK BCi 1l po3B’A3KM abo nokasaTu, WO iX He icHYye. MHOXNHOO
PO3B’A3KiB AaHOI CYKYNHOCTI HEPIBHOCTEN € ABa MPOMIXKKN (—oo; 4) A (8,5; oo).

CyKynHOCTI BUKOPUCTOBYIOTb A1 PO3B’A3YBaHHS OE9KNX BUAIB PIBHSHDb i HE-
pPiBHOCTEN, 30KPEMa HEPIBHOCTEN 3 MoAayneM. Byab-sKy HEPIBHICTL BUAY IM|> a,
ne M — pesikuin BUpas, MoXHa 3anncaTti y BUrnsiai CykyrnHocCTi:

|:M >a,

M < —a.
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MEPEBIPTE CEBE

1. IITo Take mepepis ABOX MHOMKUH? IKMM CHMBOJIOM HOT'0 ITO3HAYAIOTH?

2. IIlo Take mepepis JBOX UMCJIOBUX ITPOMIiKKiB?

3. Illo Tarke o0’eqHAHHA ABOX MHOKUH? SIKMM CMMBOJIOM MOr0 ITO3HA-
YaTh?

4. IITo Taxke 060’eqHAHHA ABOX YMCJIOBUX IPOMiKKiB?

5. HasexiTh nmpurJaz inTepsany, Bigpiska.

6. HaBeniTh NpuKJIagu HeCKiHUEHHUX YMCJIOBUX IIPOMIiKKiB.

BukoHAEMO PAZOM

o 3HalmiTL mepepis i 06’eTHAHHSA YNMCIOBUX IIPOMiKKIB (—6; 8) i (5; oo) .
® Posp’azanuga. 3o00pasuMo maHI TpoMi:KKU reoMmerpudHo (Maya. 35).
Ix cninbHi unca ckranaroTs npoMizkok (5; 8). Omoxe, (—6; 8)(5; o) = (5; 8).

O0’emHaHHS HAHUX YHCJIOBUX IIPOMIiXKKiB:
(~638)a (55 00) = (65 ).

Maun. 35
9 Po3B’sa:xiTh HepiBHICTD |5x —3| >2.
e Posp’sazamusa. a) Hepisuicrs [5x—3/>2 piBHOCHIBHA CYKYIHOCTI
Bbx-32>2, bx>5, x2>1,
abo 3Bimc
bx—-3<-2, bx <1, x<0,2.

Ha manmoHKy 36 300pakeHO MHOMHMHY 4YMCeJI, IO BigmoBimae i
CYKYIHOCTI i 3aJOBOJIbHSAE 3aJaHy HEePiBHICTb.

HepiBHOCTEN [

0,2

1 0 1 2
Mau. 36

Bignmosings. (—oo; 0,2] A [1; oo).

BUKOHAMUTE YCHO

176. 3HaiigiTe 00’eqHAHHA Ta Iepepisd MHOKHUH A i B, SKIIO:
a)A={8,6,4,2,0}iB={0,-2, -4, —6};
0) A={I, K, O, JI, A} i B={O, O, 111, K, A};

B)A={®,[xl ® &t} iB={][x, ® O [}
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177. 3uaiigiTh 00’eqHAHHSA YKCJIOBUX MPOMIiKKIB:
a) (0; 1) i (05 2); B) (1; 2] i [2; 5);
6) (0; 1) i (0,5; 1); r) (—o0;0) i[0; 3).

178. 3HaligiTe mepepisz UMCIOBUX IPOMIMKKiIB, YKasaHUX Y IIOIEPEIHLOMY
3aBJaHHi.

179. ki HarTypasgbHi uMciaa MiCTATHCA B YHCJIOBOMY HpPOMizKKYy (1; 8)?
A B mpomixkky [1; 8]?

180. Axi migi uncia MicTATHCA B IPOMIMKKY:
a) [-3; 4]; 6) (—3; 4); B) (—3; 4]; r) [-3; 4)?
181. Yomy mopiBHIOE mepepis mpoMixkkiB [a; b] i (a; b)? A ix ob6’emmanna?

182. 306pasiTh HAa KOOPAUHATHIN NPAMIif YMCIOBUN MPOMIiMKOK:
a) (2e); 6) (—=;0); B) [-3;); r) (—oo;—4].

183. 3anumiiTs cuMBOJIAMU YKUCJIOBI MPOMiKKHM, ITITO0 BiATIOBiZAIOTH IPOMIiK-
KaM, 300pakeHrM Ha MaJoHKY 37.

2 01
a

-4 -101
0 8 2

Mau. 37

184. 306pasiTh y BUTJIAII IPOMiKKiB i Ha KOOpAMHATHIN IPAMill MHOKUHNI
YuceJ, 110 3aJ0BOJbHAIOTh HEPiBHICTh:

a) x < 3; 0) x > —2; B) x < 0; rx>"T.
185. fIka sinifina HepiBHiCTh Mae MHOMKUHY PO3B’SI3KiB:
a) (3;0); 6) (—2;); B) (—oo;7]; r) [-3;00)?

186. Bioxpuma 3adauae. CKIamiTh JiHIWHY HEPiBHICTH, AKA Ma€ MHOMKUHY
po3B’A3KiB, 300parkeHy Ha MaJIOHKY 37.

187. 306pasiTh cumBogaMu i rpadivHO MHOKUHY JiMCHUX YUCEJI, AKi 3a10-
BOJIBHAIOTH IOBifIHY HEePiBHICTH:

a) -3 <x<2; 0)0<x<4; B) 5<x<0.
188. 3HaligiTh 00’eqHAHHA 1 TTepepPis YUCIOBUX IPOMIiKKiB:

a) [2; 3]1[3; 5; r) (1; 2) i (=2; 1);

6) [-5; 0] i [-3; O]; r) (=2; -1)i[-3; —1];

B) [-5; 711 [-7; 5); 1) (—o032) 1 [—2;00).

189. IlepemasioiiTe TAOJIMINIO B 30IIUT i 3aHeciTh y Hel 00’ eqHAHHSA Ta Iepe-
pisu 3a3HaAUEHMX UMUCJIOBUX IMPOMIiKKIB.
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No IIpomiskku

00’eqHaHHS Ilepepis

(0; 3)i (05 5)

(-2;0)i(=3;0)

(—e31) i (0; 2)

(=2;00) i (0;00)

OU | W [N |-

(=eo51) i (0500)

190. ITopiBHsATE Uncaa a i ¢, AKIIO:

a) (—es;a)a(c;0)=Ry
6) (a;x)N(x;¢)=3;

B) (y:0)N(c;y) =D
r) (a;500)a (—e05¢)=

Posp’sixiTh HepiBHICTD 1 3anuiiTh BigmoBias v Buriasaai npomMiskky (191—192).

191.a) bx — 3 > 12;
06) 3x +5>11;

192.a) 3x <1 — 2x;
0) —Tx < 3x + b5;

B) 0,5x + 2,6 > 3;
rNl+2x<7;
B) bx > x — 2;
r) —2x >9 — bHx;

r)5—38x<2;
o) —1,3x — 9< 4.
r) 2x < 7x + 3;
m1,1x>x — 5.

300pas3iTh Ha KOOPAMHATHIN IPaAMiii MHOKUHY PO3B’A3KiB HepiBHOCTI

(193—-195).

193. a) 0,5x — 4(x — 3) > 3x;
6) 6x < 0,2x — 2(x + 3);

194. a) 0,3 < 1,2 + 0,5(x — 2);
6) 0<4,5+ 0,72y — 3);

195. a) lx+§<§x+l;
2 4 4 2

3 3 2

0) —y——> -

) y TRLas

196. 3a axoi ymoBu:

a) (a; b) N (m; n) = (a;b);

B) 0 <y - 0,3(2 — y);
r) 4> 5z — 0,2(1 — 2).

B) 2,7(x + 3) < 7,2(x — 3);
r) 3,4(2x + 3) < 6(x + 2).

B) x—%(x—3)> 0,4;

r) 2y—%<0,2(y+3).

6) (a;b)a(m;n)=(a;b)?

197. IlopiBHuaAiiTe uucya x i a, y i ¢, AKIIO:

a) (a;¢)N(x;y)=(a; c);
6) (a;¢)N(x59)=(x;9);

B) (a;¢)a(x;y)=(a;c);
r) (a;¢)a(x;y)=(as y).

198. anumnrits y BUrJIsAAi TOABiMIHOI HepiBHOCTI CHiBBiAHOIIIEHHS MijK UmMC-

JaMu a, X i y, AKII0:
a) (a;)N(xy)=(a;9);
6) (a;)a (x;y)=(a;=);

B) (—eosa)a (x5 y)=(-ey);
r) (—o0;a)N(x5y)=(x; a).

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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199. ki gpo6oBi umcaa 3i 3HAMEHHUKOM 2 MiCTATHCS y IIPOMIKKY:

a) (1; 6); 6) (2; 3); B) [-5; 0]; r) [-2; 3]?
200. IIpu axux 3HaUeHHAX X 3HaAueHHA Bupasy 1,3 — 0,3x HaJIeXKUTH IPO-
MiXKKYy:
a) (0,2; 2,5); 6) [1; 4); B) (-2,6; 0,2]; r)[-2; 0,1]?
201. Ilpu AKMX 3HAYEHHAX X 3HAUEHHSA BUPA3Y 3X + 2 HAJIEKUTH IIPOMiKKY:
a) [-1; 5]; 6) (1; 17); B) [0; 3); r) (—=7; —1]?

202. BumnBaJbHUIA IIPAIIO€ BIOMA i 3a OAHY TOAUHY poboTu 3apobJise 10
I'DOIIOBUX OAMHUIb. 1i MOTPiOHO mpuAbGaTu HmeBHUH TOBAp, BapTiCThb
AKOTO Y MarasuHi cTaHOBUTH 15 I'POITOBUX OAUHUIIL 3a 1 MakyHOK 0e3
uyepru, a y rimepMapkeri Iieii caMuii ToBap BoHa Mo:Ke mpugoatu 3a 11
TPOIIIOBUX OAUHUILH, ajie /IS I[HOTO BOHA Ma€ BUCTOATHU UePTry MPOTATOM
onuiei roguHu. 3’dAcyiiTe: a) 3a AKUX YMOB BUTiJHOIO € IOKYIIKa I0-
po:xkuoro ToBapy; 0) CKiJIbKM TOBAPY CJIiL IpUAOATH, 1100 BUTiAHO OYJIO
cTosATH B uepsi 1 roguny.

Po3B’A:KiTh HEPiBHICTD i 3aNTUIITITH PO3B’A30K Y BUTIAAL TpoMisKKY (203—204).

203.a) 5(x + 2) + 2(x — 3) < 3(x — 1) + 4(x + 3);

0) 32x — 1)+ 3(x — 1) 2 5(x + 2) + 2(2x + 3);

B) 2(x —3)+5(x —2)>3(2 - x) — 2(3 — x);

) 9(x — 2) — 2(3x — 2) £ 5(x — 2) — 2(x + 5).
x-2 2x-3 x-4 x+1

204. a) < ;
2 3 6 3 «ITone 3acmocysaunus
6) x—2+1—7x_x+1125+2x; MAMeMAMUKU He MaAE
2 4 3 4 Mmexnc, 8IOMIHHUX 8i0
B) 3-2x x-1 5-3x 4x +3; MeHc camoz0 3HAHHA .
2 3 4 6 C. H. Bepuireiia
6x—5 11+7x 4x+3 2x+3
T) - < - .
3 5 5 10

205. IIpuiitHaBIIN ILJIOIIY MEHIIIOro KBajapara 3a 1, 3’sgcyiiTe, 10 SKOT0 YuC-
JIOBOT'O IIPOMIMKKY HAJIEXKUTH IJIoIa 3adapboBanoi girypu, sodpareHoi
Ha MaJioHKYy 38: a) [1; 2), 0) [2; 3), B) [3; 4), r) [4; 5)?

a 0
Mag. 38
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3HalgiTh 00’eJHAHHSA 1 mepepis MHOMKUH, IO € PO3B’A3KaMU HepiBHOCTeMH

(206—207).
206.a) 2X 1 Xt gy 273 2x-d,
4 2 5 10
6) 3+x+2—x20 ; 4x+3+x+1<2.
2 3 7 2
207. a) 3x—25"150 i xTH—xTJr?’zz;
6) 3—x_x—3>0 ; 3x—2_5x+1>1.
15 3 4 3

208. Ha mauroukry 39, a sobpaxkeHo Qpirypy, cKiIameHy 3 n KyOUKiB, mmocras-
JeHux Ha KBazapar 4 X 4.
1) ITo sikoro 3 nmpomizkKiB — (57; 67), (50; 69) uu [45; 55] BXoguTh UnCcaO n?
2) o AKOro 3 MPOMisKKiB — (13; 23], (25; 35], (10; 20] BXOOUTH YUC-
JI0 m KyOUKiB, AKMMHU CJiJl TOIOBHUTHU 3amaHy (irypy, mob oTpuMaTu
Ky6 4x4x57?
3) Bidkxpuma 3adawa. CruaniTe i pos3s’skiTe anajoriuxi samaui, 30-

OpasuBiu Qirypy, ckjaameHy 3 n KyOMKiB, mocTaBJeHHX Ha KBaaparT
5x5 (maa. 39,0).

a 0
Mau. 39
Posps’sikiTh HepiBHicT (209—210).
209%. a) |x|>1; B) [3x+1|> 5; r) [x-1>3;
6) |x+2|>5; r) [5x|>2; x) [5—-2x|> 3.
210%. a) |x+5|>-3; B) [2x—1|>1; r) [5x+3[>0;
6) [1-3x|<-1; r) |x-1/<0; n) |8—4x|<0.
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BnpraBu 4N NOBTOPEHHS

211. 3uaiigiTe 3HaUEHHS TOOYTKY:

a) /5118 -4/40;
6) /648 4/50;

212. 3HaigiTh KOpeHi PiBHAHHS:
a) 5vx =0; B) 64/x —48=0; r) 4Jx+9=11;
6) 10v/x =4; r) 3Jx+20=0; ) 7T-2Jx =12.

213. 3adaua an-Kapxi. 3HaigiTh IOy OPAMOKYTHHMKA, OCHOBA SKOTO
BABiui OiybIlla 3a BUCOTY, a ILJIOIIA YHCEJIbHO JOPiBHIOE IIEPUMETPY.

g
72

b

218
55

18;
/45,

)

214. O0’eKTOM OIOAATKYBAHHSA TPAHCIIOPTHUM OZATKOM € JIETKOBi aBTOMOOi-
JIi, 3 POKY BUNYCKY AKNX MUHYJIO He OiJbIle I’ATH POKiB (BKJIIOYHO) Ta
cepeIHbOPUHKOBA BapTicTh IKUX cTaHOBUTEL 1,03 Mmuau rpH. TpancmopT-
Hui momatok 3a 2016 pik 3a JerkoBi aBTOMO0iJIi CcIJIAYYIOTH BIACHUKH
3a craBkoio 25 000 rpH Ha pPiK 3a KOKeH aBTOMO0iIb. YCTaHOBITh, IKUM
Bi/ICOTOK BapTOCTi HOBOTO aBTOMOOiJISI 3aILIATUTh MOT0 BJACHUK y BU-
TJIAM1 TPAHCHIOPTHOTO IMOZATKY 3a 5 POKiB, AKIIIO aBTOMOOIJIb KOIITYE:

a) 1 055 835 rpH; B) 2 051 281 rpH;
6) 1 187 844 rpH; r) 2 450 448 rpm.

CKAPBHUYKA AOOCArHEHb

v' Moy HOSICHUTH, IIIO TaKe IIepepis i 06’eTHaHHS MHOKUH.

Ilepepis MHOXKMH O6’eqHaHHSA MHOXKUH
ANB ArB

v/ Vmiro 300pakaTy YMCIOBI IPOMIXKKM, 3afaHi HepiBHOCTAMHU (C. 45)

v YMiro 300pakaTy Ha KOOPIMHATHIN IpAMil 06’e¢IHaHHA Ta mepepis
YUCJIOBUX IIPOMIiKKiB.

v VMiro 3anmcyBaTi CHMBOJIAMY i HEPiBHOCTAMU 3afaHi rpadiyHo YMCI0Bi
TIPOMIiKKH.

v/ Xouy HABUUTHUCS 3aIMUCYyBATHA PO3B’A3KU CYKYIIHOCTE HepiBHOCTEH y
BUTJIALL 00’ €IHAHHS BiAMIOBIZHMX TPOMIiKKiB.
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B1koPMCTOBYEMO HABYTI KOMNETEHTHOCTI

LLIo6 3po3ymiTn i ,oOpe 3acBOITU HOBY TEMY, NMPUragaemMo:

— 3MICT BigHOLWEHb «Bifblle», «<MeHLUe», «He Oifiblue», «He MEHLLE».
— Bunaun HepiBHOCTEN (CTPOri, HECTPOri, YNCOBI, 3i 3MIHHUMMN).

— BnacTtmBOCTi YNCNOBUX HEPIBHOCTEN.

— 9K PO3B’A3YI0Tb NiHiMHI HEPIBHOCTI.

— 9k 3anmMcyoTb PO3B’A3KN HEPIBHOCTEN.

— LLlo Take nepepi3 Ta 06’egHAHHA MHOXMWH.

— 9K 3HaNTM Nepepi3 Ta 06’eAHAHHS YMCIOBUX MPOMIXKIB.

§ 6 CuctemMm HepiBHOCTEn
3 OOHIEI0 3MIHHOIO

Inoxai BuHMKae moTpeba BUBHAUNTH CIILJIBHI PO3B’I3KM K1JIBKOX HepiBHOC-

Teli. 3HAAEeMO, HAIPUKJIAM, CIiJIbHI PO3B’A3KHN ABOX HEpiBHOCTEI
2x —3<5i2-3x<1l.

Tob6To 3HaligeMo Taki 3HAUEHHS X, AKi 3aJ0BOJLHAIOTE AK IIEPIIy, Tak i
IPYTy HEePiBHICTB.

¥ Takux BUIaJKax IOBOPATH IIPO cucmemy HepiéHocmel.

CucremMy HepiBHOCTell, K 1 cUCTEeMY PiBHAHD, 3alIUCYIOTh 34 TOIIOMOTOIO0
dirypHOI AyRKKU:

2-3x<11.

e Po3B’a3komMm cuctemMmu HepiBHOCTEW 3 OA4HIEID 3MiHHOIO HAa3MUBalOTb 3HA-
YeHHS 3MiHHOI, fike 3a40BOJIbHAE KOXHY 3 HEPIBHOCTEW AaHOI CUCTEMMU.

{2x—3<5,

Po3é’azamu cucmemy HepieHOCMmell — 0O3HAYA€ 3HAWTH Bcei i1 pO3B’A3KHN
a0o0 mokKasaTu, IO IX HeMae.

Posp’sixemMo HaBeleHy BUIIE CHCTEMY, ITOCTYIOBO 3aMiHIOIOUM KOXKHY Ii
HepiBHICTHh HMPOCTIITOI0 i piBHOCUIBHOIO 1ii:

2x—-3<5H, 2x <8, x<4,
{2—3x<11; {—3x<9; {x>—3.

MuoxkuHOIO PO3B’sIBKiIB cucTeMu HepiBHOCTel Oyae Imepepisa MHOMKHUH
Po3B’A3KiB HepiBHOCTEM, IO BXOAATEH OO0 Hei. 3HalifeMo Iepepis 3a OOIIO-
MOT0I0 KOOPAMHATHOI IPAMOI.
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Ilepmry HepiBHiCTB 3a0BOJILHAIOTEL yCi umciia, MeHImi Big 4, a gpyry —
Bci umesa, 6inbmri Big —3 (man. 40).

S

-3 0 4
Mau. 40

O6OuaBi HepiBHOCTiI cucTeMH 3aJ0BOJBLHAIOTL TaKi 3HAUEHHSA X, IO
-3 < x < 4. Ila MHOKVWHa 3HaUeHb X — MIPOMiKOK (—3; 4). Hucma —3 i 4
ILOMY IIPOMIKKY He HaJIeKaTh.
Poss’sixeMo 111e ABi cucTeMu HepiBHOCTEI:
3x—-1>14, 5 2x-1>x+3,

2 {2—x<8; {5x—1<6—2x.

Po3p’azaHnqa.
3x—-1>14, 3x>15, x>5,
{2—x<8; { {x>—&

O6uaBi HepiBHOCTI 3a40BOJILHSAIOTL 3HAUEHHS X, OinbImi Big 5 (mau. 41).

—x <6;

: o
-6 0 5
Mau. 41
2x>x+4, x >4, x >4,
Bx<T-2x; Tx <, x<1.
Hemae umcia, axe Oyynmo 6 BogHouac MeHmuM Bif 1 i Ginbmumm Big 4
(mau. 42).
0 1 4 -
Maua. 42

Bigmosigs. a) (5; oo); 0) po3B’A3KiB HeMaE.

o po3B’A3yBaHHA CHUCTEM 3BOIUTHLCS PO3B’A3yBAHHA i TaKWX, HAIIPH-
KJaJ, HepiBHOCTEM:

x—2
a)(x — 2) (x+5)<0;0) <0.
X+
Posp’sazanna. a) [[o0yTOK ABOX UMceJl Bif’ €MHUH, AKIIO OLHE 3 IIUX
uyncea Big’emHe, a inme — gomatHe. Tomy posB’a3KOM AaHOI HepiBHOCTI

Oyae o0’enHaHHA PO3B’A3KiB IBOX CHCTEM HEPiBHOCTEM:
x—-2>0,  |x-2<0,
i
x+5<0 x+5>0.

Ilepmma 3 mux cucTeM PoO3B’sIBKiB He Mae, MHOMKWHA PO3B’A3KiB Apyroi
CUCTEMHU — YKCJOBUU IMIPOMIiKOK (—5H; 2) — po3B’sIB0K AAaHOI HEPiBHOCTI.
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60) 3maueHHs APOOY Big'eMHe, AKINO OAWH 3 HOro UJeHIB Bim emumii, a
npyruii — nomatHuii. Tomy posB’sa3yBaHHA HepiBHOCTi 0) Take came, AK i
posB’sa3yBaHHA HepiBHOCTI a), i BiAmoBigh Taka cama.

Bigmosigs. a) (—5; 2); 6) (—5; 2).

— XOYETE 3HATU LLE BIJIbLLUE? w
Po3B’axeM0 HEPIBHOCTI:
a) [2x-3|<5; 6) |[x—1/>2x-5.
Po3B’a3aHHS.
a) HepieHicTb [2x —3|<5 i noggiiiHa HepiBHICTb -5 < 2x — 3 < 5 PIBHOCUJIbHI
2x—-3<5H, {ZxSS,
abo
2x—-32>-5H, 2x > -2.
i MHOXMHa po3B’a3kis [—1; 4].
6) HepiBHicTb |x —1| > 2x —5 piBHOCMIbHA CYKYMHOCTI HEPIBHOCTEIA:
x—1>2x-5, x-1>2x-5, |x<4, |x<4,
[x—1< —(2x-5); |:x—1< 5—2x; [3x<6; [

JlaHy HepiBHICTb 3a40BOJIbHAIOTbL YCi YMcna 3 NPOMIXKIB (—oo;4) i (—oo; 2).

CUCTEMI HEPIBHOCTENN: {

x<2.

Ix 06’epHaHHs (—oo; 4).
Bianogiab. a) [-1; 41; 6) (—oo;4).

MEPEBIPTE CEBE

1. HaBemiTs mpukjan cucTeMU HePiBHOCTEI.

2. IITo Take po3B’sA30K cuUCTeMU HEPiBHOCTEH 3 ONHi€I0 3MiHHOIO?

3. IIlo o3Hauae «po3B’sI3aTU CUCTEMY HepPiBHOCTEM» ?

4. Ak 3HaAWTH PO3B’I30K CHCTEMU, AKIIO BiZoMi po3B’sA3KM KOXKHOI He-
piBHOCTI, III0 BXOAATH J0 Hei?

BukoHAEMO PAZOM
o Po3B’sa:kiTh cucTeMy HepiBHOCTEI:
(22-2)-3>32% -5,
22+22<(z-1)(z+1).
322-6>322-5, [-6>-5,
2 2<-0,5.

2 +z<22-1;
Ilepimma HepiBHiCTH HempaBUJIbHA, TOMY CHUCTEMA He Ma€ PO3B’sIBKiB.
Bigmosigs. Cucrema po3s’sa3KiB He Mae.

® Posp’asannsa. {
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—b-x?

. 2
9 IIpu AKuX 3HAYEHHAX X Mae€ 3MicT BUpas
Jx+1
e Posp’azannsa. Bupas mae 3micT 3a ymoBH, MI0:
x+1>0, x>-1,
abo
5-x2>0, x<5b.
O0uaBi HEPIBHOCTI 3aJOBOJILHSAIOTE TaKi 3HAUEHHS X, 10 1< x <5 (Mmai. 43).

e

-10 5

Mau. 43
Bignmosigs. (—1; 5].

BUKOHAWTE YCHO

215. Yu mae pos3B’A3KMU CHUCTEMA HEePiBHOCTEH:

x>3, x>0, x>-3, x<3,
a) 6) B) r)
x<2; x < b; x<2; x<2?
. . |2x=0,
216. Yu 3a70BOJILHAE CUCTEMY HepiBHOCTEH YUCJIIO:
3x<6
a) 2; 0) 3; B) 0; r) 67

217. ka 3 mepiBHocTel: a) |x|<3; 6) |x|-1<0,5; B) |x|>5; 1) 7—|x[<0
piBHOCUJIBHA cucTeMi BiAmOBiAHUX HepiBHOCTEN? A AKa — CYKYITHOCTi?

218. Yu € uncyio 2 po3B’A3KOM CHUCTEMU HEPiBHOCTEI:
a {x—3<5, 5 {3x2x+2, 5 {0,5x22x—3,
4x+2>9; 12<8x-5; 3x—-1>47?
219. Axi 3 yucen — 1, 0, 1, 2, 3 3a10BOILHAIOTh CIUCTEMY HEPiBHOCTEIH:
{3—3520, s {2x+3>5,
T+x>0; 1-x<0?

220. Po3B’s1:kiTh cucTeMy HepiBHOCTell i BKasKiTh aBa 1ingi umesaa, axi ii

3a0BOJILHAIOTE:
2x+720, 2x-5<0, 3x+1<0,
B

3x+62=0; 3x+9<0; 2x+5>0.
PosB’saxkiTh cucremy HepiBHOCTeH (221—224).

2x+3> x, 2-bx <", 8<4x+8,
221. a) 0 B

4x—x<3; 3x+1<-8; 0>3x+6.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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5y—-1<2y, 4-3y>-2y,
222, a) 1°Y Y 6) y=ay

3-2y<uy; y—-32=4;

0,56z2-2< 2, 0,8x—-32>5,
223.q) 4 7 457 6) 4 %

0,3-2z>3z; 0,8x+1>9;

X X 6z+1<4z,
224. a) {2 3’ 6

) ) i—E>O,3;
x-1<7T; 2

Posgin 1.

5y —"7<3y,
2-4y<5.

B

|
|

B)

1-1,5x < x,
1+1,56x<16.

B

x-1 x-2
_<_
2 3

2x-3>0.

b

225, YKaxXiTh JeKiJbKa TaKUX 3HAUEHb d, 11100 KOKHa 3 CICTeM HepiBHOCTel
a), 0), B): 1) maya po3B’sA30K; 2) He MaJja PO3B’A3KiB:

x>a, x<a,

N

x<3; x<-3;

xza,

) {—xZZ.

Posp’s:kiTh cucremy HepiBHOCTel (226—228).

15-3x<9x-12, 2(x-3)<bx+T,
226. a) B)
8x—T>bx+4; 3+4x>3(x-5);
12-2<8z-15, ) 5(x+2)>2x—4,
r
T2—6>6z+4; 3(x+3)<7-8x.
3-2(x-1)<0, x<2-3(x+1),
227. a B)
5-8(x—4)>0; 5x>3+(x—4);
6 -4(2x-1)<3, ) 8(1+x)>3(2x-1),
r
—5(x—-3)>4; 5<3x—-2(8x-3).
298, o 22-0,2(x-2)> 4, | [0sxra<25-as,
.a B
X _6<®, 5-0,2x<0,2-5x;
2 8
5 4—%1>x, ){0,42+223,5—22,
r
_ > _
721> 48; 7-1,32>20,3-5z.
229. 3HaimiTh 1MiJgi po3B’sI3KU CUCTEeMU HEPiBHOCTEMN:

) 2n+3<4(3n-5),

8-4n<7-2(4n-13);
Po3B’s:kiTh mOABifIHY HEPiBHICTh:
a) —2<3x —4<5;

0)3<2—-x<5;

230.

) n(n+1)>(n+2)(n-2),
(n—3)223—n(2—n).

r) 0,7<3-2x<1,2;

r) —1S%(6—2)<1;

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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) 0,4 < 2x + 1 < 0,6;

PiBevb B

m) -2,5 <%(1—3y) <1,5.

Pos®’s:kiTh cuctemy HepiBHOCTel (231—234).

c? —3<(c+3)2,
231. a)
2c+c?>(c-2)7;
2
5 {5—(x+3) >(x-2)1-x),

x(x+7) < (x+7)7=7T;
(x+1)2 >x2+4,
232. a) )
(x-1)">x%-4;
5 {7+(x+3)2 <5x+(x-3),

(x-D(x+2)<(x+1)(x-2);

z —2 .3>322%,
2+22<(z- 1)z;
(x=1)"+3x2(x-1)(x+1),

{(x+3)(x 1)>(x+2)" -1.

B)

r)

(x-1)*>x2+7,

(x-2)° 2 x%-8;
3x—(x+1)°<5-(1- x)
(x-8)(x+8)>(x+T)(x-17).

B)

r)

[2y+15 1- [4x+3 3x-1 8—x
5 3’ 5 s 1t
233.a) 4 ° 5 3 B)
19-2y 11-2y Tx+3 8x+1 x—4
2y > - ; + >4+ ;
_ 2 4 | 5 2 2
425 1<3x+3L a,a 5
3 3 3 2 3
9 130412 8 ™ 16
Xt +3>ﬂ; 6—aJr -2a.
2 L
234. Po3B’s:kiTh KOKHY 13 crcTeM HepiBHOCTeI.
y+0,25gl4il/;3, 2x-1___1l-x ,
VY 1lgy y+8 0 3 6
—TysyT; 3(x—1 +8x+2< x(3x—2)+17.

300pas3iTh HA KOOPAUHATHIN ILJIOIINHI MHOXKHUHY TOUOK, OPANHATH AKUX
3aJI0BOJILHAIOTE IIEPIITY CUCTEMY, a adciucu — apyry. Ika girypa yTBo-
punaca? S3HAUIITE HepuMeTp i IOy YTBOpeHoi qirypu.

235. IIpu axux 3HaUEHHAX 3MiHHOI X Mae 3MicT BuUpas:

a) Vb—x++x-38; B) X+ \/351_3

\/2x+3 5
5 \/3x+2

6) V2x-1-+/3x+2; r)

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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236. Ilpu AKX 3HAUEHHAX X 3HAUEHH BUpasy 4x — 1,5 HAJIe:KUTh TPOMiK-

Ky:
a) (1; 2); 0) [-2; 0];

237. IIpu axux ¢ 3HAYEHHsI BUPa3y

a) (—e=;0);
Posp’sa:xiTh HepiBHicTh (238—241).
238.a) (x + 2)(x — 7) < 0

0) (x — 3)(2x — 5) > 0;

B) (3 — 22)(1 + 2) > 0;

239.a) 2x + 1)(10x — 7) > 0;

6) (5 — 2x)(1 — 3x) < 0;

B) (x% + 5)(x + 5) > 0;

6) [0;0);

240. 2) 350, B S=% 0,
x—1 2x -1
_ 2
2x -7 2x -3
241. ) X1, B) ——% <o,
x+5H Tx-14
5) 5—2x>0; r) 3x—1<2;
2+5x 2x+4

242. Ilpyn AKUX 3HAYEHHAX N

i

a) pisHHUIA APOO6iB

n-1

i
n-4 3-n

0) cyma npobiB

B) (~o030);

B) (-1; 1);

r) [3; 7)?

HaJIEXKUTh TPOMiKKY:

r) [1; 8]?

r) (2y + 8)(7 — 4y) < 0;
r) 0,5x(x + 3) < 0;
) (% + 15 - x)<0.
r) x° + 2x% + x < 0;
r) 5x%— 3x — 2 < 0;
) x* + 3x%> 0.

3x+5

r)

x(x?+1)
3

>0;

<0.
x-3

2x+3
4—x
x—4
3x+2

)

r) > b;

In) > 3.

OinpIa 3a ix mOOYTOK;

MeHIIa 3a iX J00yTOK?

243. YpaHIli B IOHENIJIOK y Kacy 0aHKYy 3 POoHAY cTpaxyBaHHS BKJIAIiB
mpuesau 720 000 rpH, AKi moTpi6bHO BUAaBaTU A0 CyOOTU BKJIIOUHO.
Ary cymy mMoke BumaBaTu Kaca OaHKY IOLHS, AKIINO 3a OQUH JeHb
BUJaua roTiBKu He mae mepesBuiityBatu 150 000 rpu?

244. Po3B’sa:KiTh cucTEMY TPbOX HEpPiBHOCTeEII:

2x-1>5, 3x—-2<bx-8,
a) 14x-3<37, 6) {2x-1<4(2-x),
3x-5>T; 2x-7<3(1-x).
245. Po3B’saiKiTh cucTeMy IOABIHUX HepiBHOCTEMH:
0<1-2x<1, 1<5-3x<3,
) {3<3x+4<5; ) {—3<3—2x<1.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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246. Po3B’s1:kiTh HEpiBHICTD:
a) x* < 25; 6) x> > 16; B) x° < 2.
247. Yu npaBUIbHO, SKIIO YMCJIO a JOJaTHE, TO HEePiBHICTD:
a) x% < a? piBHOCHIBHA HepiBHOCTI |x|< a;
0) x%>a? pPiBHOCHJIbHA HEPiBHOCTI lxl>a?

248. Po3B’s:KiTh HepiBHiCTL ABOMA cIoCcO0aMM:

a) [x-1/<2; B) (2x + 1)2 < 9; r) (x — 2)% > 25;
6) (x — 1)* < 4; r) |x—8/>1; x) (5x — 3)% > 49.
Poss’sukiTs HepiBHicTh (249—251).
249*%. a) [2x+3|<5; B) [3x—1>2;
6) |x—3+lx+1/<T; r) lx—2/+|x+1/>3.
250%. a) |[5—x|>0,5; B) [4x—3|<x;
6) lx—1+1-x/>1; r) |x—7>]x-1].
251%. a) (x—3)Jx-2<0; B) (5—2x)Vx?+3>0;

6) (2x-1)V/3x-2>0; r) (4x-5):/3x-1<0.

252. PoskJjiafiTh HA MHOKHUKY KBaAPATHUN TPUUJIEH:
a) x> — 10x + 21;  B) 2x* + 5x — 3; r) 9a® + 3a — 2;
6) a® + 2a — 15; r) ¢ — 11c — 26; x) 4c® + 25¢ + 25.
253. Iloeexith, mio sHauenns Bupady 17° + 3 - 7% — 3 - 7° + 17° pinursca
HaIijo Ha 36.

254. 3anuIliTh Y CTAaHZAPTHOMY BUTJISAAI YMCJO:

a) 47 000 000; r) 0,00000407; e) 3,7 - 100°;
6) 308 000 000; r) 803 - 10°% €) 0,42 - 107"
8) 0,000000039; 1) 0,067 - 107; x) 2000°,
255. IToboynyiiTe rpadik piBHAHHS:
a) 2x + 3y = 6; 6) xy = 12; B) x* + i = 4; r)y’ — x* = 0.

CKAPBHUYKA OOCSrHEHb

v' MoKy HaBeCTH IPHUKJIAJ CICTeMU HepPiBHOCTEH 3 OAHi€I0 3MiHHOIO.
v PosymMiio, 1110 TaKe PO3B’ A30K CUCTEeMHU HePiBHOCTEH 3 OJHi€I0 3MiHHOIO.
v Vwmiro:
— PO3B’A3yBaTU CUCTEeMU JiHIAHNX HepiBHOCTEl 3 OAHi€I0 3MiHHOIO;
— 3ammucyBaTH PO3B’A3KU CHUCTEMH HepPiBHOCTeEIl.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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B1koPMCTOBYEMO HABYTI KOMNETEHTHOCTI

LLIo6 3po3ymiTn i ,oOpe 3acBOITU HOBY TEMY, NMPUragaemMo:

AKLWO pi3HUUs a — b — AKLWO pi3HuUs a — b —
ymcno pgopaTHe, 4yncno BiOo’EMHeE,
TO Yucno a GinbLue Bif, b. TO YUCNO a MeHLUE Bif, b.
CepenHe apndpmeTnyHe CepenHe reomeTpuyHe

a+b

—_— vJab

2
3HayeHHs BMpasiB

(@+b>>0 (@+b?+c>0
ons 6ynob-akux a i b; ona ¢ > 00 6yab-aknx a i b

§ 7 NoBeneHHsA

HepiBHOCTEN”

Imoni BuHMKae morpeba JOBeCTH, IO JaHA HEPiBHICTL 3i sMiHHMMU mHpa-
BMJIbHA IIPW BCiX yKasaHUX 3HAUeHHAX 3MimHUX. Ile MOKHa poOUTH HaA
OCHOBI O3HAUEHHS MOHATL «O0iJbIlle» i «MeHIIe»:

a > b, AKIo pisHULA a — b — YmcJao mojaTHe.

IIpukaanx 1. JoBeniTs, 110 IPU KOKHOMY JiMICHOMY 3HaAUeHHi a

a®+ 2> 2a.

TloBemenns. a> + 2 — 2a=a®> - 2a + 1+ 1 = (a — 1)> + 1. IIpu KoxxHOMY
nilicHOMy BHaUeHHI a sHaueHHs Bupasy (a — 1)® mepin’emue, (@ — 1)> +1 —
momatHe. OT:Ke, 3aBXKIU a’ + 2> 2a.

IIpuxkaang 2. [loBeniTsb, 1110 IpU AONATHUX a i b

“;”zm.
~2Jab _(Ja—b)"

2 2

loBeneHHs. aTer—\/ab = ath

(Ja o)

VTBOpeHuii BUpa3 —————— Ipu OyAb-AKUX JOJATHUX a 1 b HeBix eMHMIA.
YA pifeyit v

Orwxe, axkmo a >01i b > 0, To

a;bzx/ﬁ.

PiBHicTh TyT Mae MicIie TiibKU TOAi, Koau a = b.

* Ilis TUX, XTO XOue 3HATH OijbIie

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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a+b .
3ayeaiennasa Bupas 5 Ha3UBAIOTH CepedHiM apupmemuuHum

yuces a i b, a Bupas3 Vab — ix cepednim zeomempuinum. Tomy noBeneHy
HepPiBHICTH UMTAIOTH TaK:

cepepnHe apudmMeTUYHE OBOX A0AAaTHUX YUCEN HEe MeHLe Big ix cepea-
HbOro reoMeTpPU4YHOro.

Ipuxkaax 3. Josenits, 1110 OIpu AOZATHUX d, b i ¢
(a+0b) (b +c)(c+ a)>8abc.

HoBemenna. OcKinbKU cepenHe apudMeTuyHe MTBOX AOAATHUX YUCET HE
MEeHIIIe BifJ iX cepeaHbOr0 I'eOMEeTPUYHOI0, TO

“;”2@; b;%@ 05“2@.

IlepeMHOKUBIIIK TOYJIEHHO IIi HEPiBHOCTi, MaeMoO:

a;—b'b;c.c-lz-a >+ab-bc-ca,

abo
(a+b) (b +c)(c+a)=>8abc.

Ilosecmu meepdxiceHHs 3i 3MIHHUMU — O3HAYa€ IMOKasaTH, IO BOHO
icTUHHE TIpPU 6CixX DOMYCTUMUX 3HAUEHHAX 3MiHHUX. Cnpocmysamu meep-
0JiceHHsA — 03Hauae NOBECTH, IO BOHO XMOHEe.

Cnpocmysamu HepiéHicmb 3i 3MIHHUMU — O3HAYa€E MOKAal3aTH, IO JTaHA
HepiBHiCTh XMOHa X0u OU Mpu 00HOMY 3HAUEHHi 3MiHHOI.

Ipukaax. Copocryiite HepiricTs (n + 1) > n?.
Cnpocmyéatnna Axmo n=—1, To HepiBHicTb MaTuMe Burmsag 02> 12,
Ocranusa HepiBHiCTL HempaBuJIbHA. TOMYy HeIpaBHWJIbHA i JaHa HEePiBHICTE.

IIpukian, 1m0 CIPOCTOBYE sAKe-HEOYAL TBEPAKEHHSA, HA3UBAIOTH KOHMP-
npuKaadoM.

—— XOYETE 3HATMU LLE BUJIbLUE?

Kpim cepefHbOro apndmMeTnyHOro i cepeaHboro reoMeTpUYHOro, HayKoBLi
4acTo pPO3rNafalnTh CePeaHE KBaapaTUyHe ABOX UM Kinbkox yncen. CepegHiv
KBaAPaTUYHMM KiflbKOX YNCEN HAa3MBAKOTb YMCIO, WO AOPIBHIOE KBAAPATHOMY
KOPEHEBI i3 cepeHbOro apudMeTn4HOro ix ksagpariB.

CepenHim kBagpaTuyHuM umicen a i b abo x, y i z € BignoBigHo:

\/a2+b2 \/x2+y2+22
2 3 '

CepenHe KkBagpaTuyHe ABOX YMcen 3aexau Oinblue 3a iX cepengHe apndpme-

TUYHE.
[X®+y°+2°  x+y+z
3 - 3

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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CnpobyiiTe goBecTu, Lo ana 0yab-aKnux 4oOaTHUX Ynucen a i b 3aBxau:

2, 32
@s“;bgﬁ/%.

[MpointoCcTpyinTe NPaBUBbHICTb Takol NOABIMHOT HEPIBHOCTI, BUKOPUCTOBYIOUM
MaJsiloHOK 44.

P

MEPEBIPTE CEBE

1. IITo o3Hauae «IOBECTU TBEPAKEHHA»? A cupocTyBaTu?

2. IITo o3Hauae «JOBeCTH HEePiBHICTH» ?

3. ChopmyioiiTe 03HAUEHHA CEPETHBOTO apU(PMETUUHOTO Ta CEPEeTHBOTO
TeOMETPUYHOTO JBOX YHCEJ.

4. TlopiBuAlTe cepenHe apudMeTUUHE i cepeHe reOMeTPUUYHE TBOX MI0-
JTaTHUX YKCeJI.

BukoHAEMO PA3OM

. a+b .
HoBenits, AKINO a < b, To a< T< b. ChopmyroiiTe e TBEPAKEeHH.

+b

) a
e JloBemenHs. SIkmio a < b, 1o 2a < a + b, 3BiAcu a<

. a+b
dArmo a < b, To a + b < 2b, 3Bigcu <b.

O0’emHaBIIN 00MABA BUOALKHN, MAEMO:

a+b
AKIo a < b, To a< <b.

Opepsxkany HOABiMiHY HepiBHiCTHL MOKHaA C(OPMYJIIOBATH TaK: CEPeIHE
apudMeTHyHe TBOX HEPiBHUX MiMCHUX Umces Oinbie Big MeHHIOTro i3
JaHUX YHUCeJ i MeHIIe Big 0iJbIIoro 3 HMUX.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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BUKOHAMTE YCHO

256. 3HaiigiTh cepenHe apuMeTHUHE UKCEI:

a)1,312,7; 6)38i0; B) 409 i —409; 1) 10, 20 i 30.
257. 3HaligiTh cepeqHE TeOMETPUUHE UKCEeI:

a) 50 i 8; 6) 1000 i 40; 8)0,210,8; r) 5 i5T.
HoBenits HepiBHicTD (258—259).
258.a) (a —2)?+3>0; 6)(1-2a)+1>0; B) (a + 2)% > 4a.
259.a)a’+6a +10>0; 6)9 — 12a + 4a® > 0; B) a* + 1 > 24°.

HoBenits HepiBHicTD (260—263).

260. a) a® + 2a + 2 > 0; B) 24 + 4a + 5 > 0;
6) a®> — 2a + 5 > 0; r)2a’+a+1>0.
261. a) a® + 3 > 2a; B) 2a° + 1 > 2a;
6) a® + 5 > 4a; r) 3a® + 1> 2a.
262. a) (2a — 1)(2a + 1) < 44?; B) a® + 65 > 16a;
6) (@ — 3)>>a (a — 6); r) a* + 82 > 184%.
263. a) (a + 1) > 4a; B) 2“2 <1
1+a
2
6) 99 + 20a < (a + 10)%; r) “:42a.
264. loBemiTh, 10 M5 KOMKHOTO Biff’€MHOTO 3HAUYEHHS X:
a) (x — 1)(x — 2) > 0; B) (x — 3)(3 — x) < 0;
6) 2+ 9 > 10x; r) (2 - x)(x — 3) < 0.
265. loBexniTh, 1110 MJIs KOMKHOTO JOAATHOTO C:
a) c+122; 0) 90+126; B) (c+1)(1+1)24.
c C c

PiBevb B

Hosenits HepiBHicTs (266—267).
266. a) a® — ab + b > 0; 6)a’+b2+2>2(a+b).
267.a) a® + b% + ¢? > ab + ac + be; 6)a’+b+c?+3=22(@+b+c).

268. [loBenmiTh, 1110 cyMa KBaJIpaTiB ABOX OyAb-AKUX TiCHUX YKCeJ He MeHIIa
BiZ iX mOABOEHOTO JOOYTKY.

269. I11o 6inbIte: a) cymMa KBaApaTiB ABOX MOJATHUX UYHCEJ UM KBaapar ix
cymu; 0) cyMa KBaApaTiB JBOX BiJ’eMHHUX umces 4M KBaapar ix cymm?

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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270. oBeniThb, 110 miBcyMa KBaApaTiB ABOX MiMCHUX YHCEJ HE MeHIa Bif

KBagpara ix miBcyMu.

271. 3 ycix npsIMOKYTHHUKIB, II[0 MalOTh PiBHI MJIOIIi, HATMEHIIINHA IePUMETP

mae KBajnpar. [loBemiTh.

272. 3 ycix IpAMOKYTHUX TPUKYTHUKIB 3 piBHUMU T'i-
MOTEeHy3aMU HalO1/IBIITY IJIOITY Ma€e PiBHOOeAPEHM I

TPpUKYTHUK (Maja. 45). [loBemiTs.

273. 3 ycix IpAMOKYTHUKIB, BIUCAHUX Y AaHe KOJIO,
HaMOiABINy MJIOIy Mae KBaapaT. [loBediTs.

Mau. 45

HoBeniTh a1 Oyab-IKUX AiICHUX 3HAUEHDb 3MiHHUX

HepiBHicTH (274—278).
274.a) a’ + b +1>ab+a + b;
275. a) a* + b* + 2¢% > 4abc;

276. a) 8a® + 14ab + b2 + 1 > 0;

0) 2a%+ 5¢% + 2ac +1 > 0;

277. a) lal+|b|=|a+bl;

6) (@a+0b+1)2<3(a®+0b+1).
6) a* + b* + ¢* + d* > 4abcd.
B) (ax + by)® < (a® + b?)(x* + y?);

r) \/(a+x)2+(b+y)2 <a?+v’ +\/x2+y2.

6) lal—|pl<la—bl.

HoBeniTsh icTuHHiCTL uMca0BOI HepiBHOCTI (278—280).

75, a) NV dB <2

6) \/6+\/6+\/6+\/§ <3.

279. a) \/3+2\/3+2\/3+2J§ <3; 6) Y2-v12-+/12 >3.

1 1 <1 ©) 1 1 1 N 1

1 1
280.a) —+ 2—2+3—2+4—2+... 1007

— ...+
1.2 2.3 34 99-100

BnpraBu Nt NOBTOPEHHS

281. Po3B’s:kiTh piBHAHHS:

<1.

= —2x; 6) ——+ 2% _q.
x+3 x+3 x-1

a)

282. OxuH i3 KopeHiB piBaaHHA x° + 2x% — 9x + a = 0 gopiBHIOE —2. BHaii-
IiTh PeIlITy KOPeHiB IbOTO PiBHAHHA.

283. Pyna mictuts 60 % 3zamiza. 3 Hel BUILIABIAIOTH YaBYH, SKUI MiCTUTH
98 % samisza. I3 cKinmbKOX TOHH pyau BuILIaBasgioTh 1000 T uaByHy?

2x* —6x+4

2x% —2x—-4

1) OGuwuciaite f(9), f(99), 7(999).

2) 3HaiigiTs obsacTh BU3HaUeHHA QYHKINHI f(x).

284. Bagano dyukmio f(x)=
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285. YcraHoBiTh BigmoBigHicTh Mixk opmyaamu (1 — 4), 1110 3a4af0Th AeAKi
dyurmaii, ra BignoBigrumu im rpadiramu (A — I).

A B
1y=0,5x yA yA
2y=\/;
3y=x"
4y=2-x 1 1

of 1 X ol 1 X

B T II
yl\ yl\ yl\
N
1\ 1 1/
of T N\* ol 1 X o 1 X

CKAPBHUYKA OOCArHEHb

+b
v 3Halo, II10 a2 >ab.

v 3Halo, 1[0 CIPOCTYBATH HEPiBHICTH 31 3MiHHOI0O — O3HaAUYae MOKa3aTu,
110 faHa HepiBHicTh XuOHa xoua OM IIPU OJHOMY 3HAUEHHi 3MiHHOI.

v/ YMii0 BUKOPHUCTOBYBATH O3HAUYEHHS IIOHATH «OibIIe» i «MEeHIIe» AJs
JIOBEJIEHHA HEePiBHOCTEeH 31 3MiHHUMM.
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SABOAHHS AJI9 CAMOCTIAHOT POBOTU™

BaPiaHT |

1°. Po3B’sukiTh HepiBHicTh 3x — 5 < 13.
2. PosB’s:KiTH cucTeMy HepiBHOCTEI:

{2x+3>7, 3—x_2Sx,

1. 6°) 2
*mo=5b 5(x—2)<8x+1.

3°.Po3B’sa:kiTh moaBiiny HepiBHicTh —1 < 2x — 3 < 5.

BapianT I

1°. Po3B’saxiTh HepiBHicTh 4x — 7 < 13.
2. PosB’s:KiTh cucTeMy HepiBHOCTE!:

. {3x—7<5, 2 X715,
a®)

ox1123  ©O) 8
rri=o 7(x—3)>5x—2.

3°. PosB’sakiTh moasifiny HepiBHicTh —3 < 2¢ + 1 < 7.

BapiaHT I

1°. Poa3B’sa:kiTh HepiBHicTE bx — 4 > 26.
2. PosB’s:KiTH cucTeMy HepiBHOCTe!:

. {5x—2$18, 425,

ox+355 O) 8
x ’ 2(x—4)>5x—2.

3°. Posp’s:kiTh moaBiliHy HepiBHicTh —2 < 3n + 4 < 10.

BapPiaHT IV

1°. Pos3s’saxkiTh HepiBHicTs 7Tx + 3 > 38.
2. Po3B’s:kiTh cucTeMy HepiBHOCTeII:

4x-3>5, g x4
2°) 6°)
5x+2<2T;

< 3x,

5(x-1)>3x-1.
3°. Po3B’s:kiTh moaBiliny HepiBHicTL —5 < 2m — 1 < 7.

* Tyr i mganmi: ° — mouaTKoBUIi i cepenuiit piBHi;
® — cepenHill piBeHb;
*  BHCOKWUII piBeHB.
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a N

IcTOPUYHI BIAOMOCTI

Busnauaru, aKe 3 1BOX ymuceJs Oljablile, a AKe — MEHIIIe, JIIOAU BMiJIu
mie go Haioi epu. B «OcHoBax» EBkaiza (III ct. mo H. e.) moBemeHO He-
pPiBHiCTB, Ky Tellep IPUNHATO 3aIlICyBaTU TaK:

a+b Z\/E.

2

Tinexku mig a i b Toxi posdymisiu He HOBiNBbHI JomaTHI umcia, a JOB-
JKMHU BiIpisKiB; MOBeJeHHA IIPOIIOHYBAJIOCH CYTO reoMeTpuuHe i 0e3
3HaKiB HepPiBHOCTI.

Hasuborpensruit yuenunit Apximen (III ct. mo H. e.) KoBiB moaBiliHY
HEepPiBHICTh, AKY Telep 3aIluCyOTh TaK:

3E <m< 31.
71 7

3HaKM «<» 1 «>» BIepIlIe 3aIpoBaJUB AHTJIIACBKHI MaTeMaTUK
T. T'appior y 1631 p. Xoua 3HAKM HEPiBHOCTI 3aIPOIIOHOBAHO MHi3HiIIe
BiZl 3HaKa PiBHOCTi, BUKOPUCTOBYBATHUCS BOHU IIOYAJIY PAHiIlle, OCKiIbKH
IPYKYBaJIM iX, KOPUCTyIOUnCch OYKBOIO V, a 3HaKa PiBHOCTI «=» Ha TOu
yac y ApPyKapHi 1e He 0yJIo.

3HaKU HeCTPOTuX HepiBHOCTel 3ampoBaauB y 1670 p. aHrmificbKui
marematuk k. Bammic. TinmbKu pucKy BiH mucaB HaJ 3HAKOM HepiB-
HocTi. Taki 3HaKM BUKOPUCTOBYBAJUCA PiAKo. Y 3BUUATHOMY AJIs HAC
BUTJIALL 3HAKU «<» i «>» 3ampornonyBaB y 1734 p. ppaHIy3bKuii Mare-
matuk II. Byrep.

Y cyuacHili maTeMaTuIli Ta MPUKJIATHUX HAayKaX YacTO BHUKOPUCTO-
BYIOTH HEPiBHOCTI MisK cepegHiMU, 30KpeMa MiK cepeqHiM apupMeTud-
HUM i cepemHiM KBaApaTUUYHUM KiJIbKOX milicHux uwmces. Hanmpukaan,
AKIIO A, A9, A3,..., AN — OOBiLJMBHI miticHi yucaa, n€ N, n > 2, To nupa-
BUJIbHA HEPiBHiCTH:

2 2 2
@ +ay+..+a, |6 +a,+.. .+a,

n n
Bimowmi mepiBHOCTI, AKi MalOTh BJacHiI Ha3BU.
HepiBHicTb MiK cepeqHiM apudMeTUUYHNIM i cepeqHIM reOMeTPUYHUM
n HOJaTHUX YMceJ HasMBAIOTH HepieHicmio Kowi:
X, +Xo+...+X
1 zn L>nx Xy X,
Hepiernicmv ByHAK08CbK020:

(@b, +agby + ... +ab, ) <(a?+a2+...+a2) (b2 +b2 +...+b2).

_ /
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a N

Orrocrten JIyi Komri — ¢paniysskuii marema-
TUK, uwieH Ilapusbkoi akamemii Hayk, JIOHIOH-
ChKOT'O KOPOJIIBCHKOTO TOBApUCTBa Ta 0araThox
iHmux akamemiit Hayk. IIpamioBas y pisHux ra-
Jy3aX MaTeMaTuku (apuMeTrKa i Teopis unced,
anredbpa, MaTeMaTUYHUI aHAJIi3, udepeHITiaabHi
PiBHAHHS, TEOMETPisfA, TPUTOHOMETPiA, TEOPETUU-
Ha i mebecHa MexaHika, maTemaTuuHa (isuka,
actpoHoMist). Po6oru Koriri BifKpuau HOBY eIIoXy
B PO3BUTKY MaTeMaTUYHUX HAYK, 3aKJIAJIU OCHO-
BU Cy4JacHOI MaTeMaTHUKH. BenuuesHoro OyJsa mpo-
IYKTUBHicTh mmpari Kormi: 6ynu mepiogu, Koau Ortocrer Jlyi Komri
BiH moTu:kHA noxasas o Ilapusbkoi AH HOBU (1789-1857)
memyap. lIIBuaKicTh, 3 skoto Korrri mepexoaus Bin
OJTHOTO IIpeaMeTa A0 iHIIIoro, faJjia HoOMYy 3MOTY
OPOKJIACTU B MaTeMaTHUIli 6araTo HOBUX IILIAXiB.
3arajsom BiH Hanwucas i onyb6aikyBas mouans 800
pobit. IToBHe 3i6paHHA toro TBOPiB, Bumane Ila-
pusbkoio AH, mictuts 27 ToMmiB.

3 ykpaincpkux maremaTukiB XIX cT. mpo0-
JeMu, IOB’sA3aHi 3 HepiBHOCTAMU, HaMOiJbIIe
mocaim:xkysas Biktop AxoBuu ByHAKOBCHKUIA.
Hapopuscsa Bin y m. Bap (Temep — BimHumnskoi
obJiacti), Hanch.ﬂ {3 Himeuunwni, (I?paHuii. 3a- B. 5. BynaKoschKmit
XHWCTUB AUCEPTAIllIO 1 OmepHaB CTYIIIHb JOKTOPa (1804 — 1889)
marematuku B Ilapuiki (1825). HoBemeny HuM
HepiBHiCTH iHOAI mpunucyroTh HimMenbkoMmy MmaTemaTury I'. IIlBapiry,
ase B. §{I. Bynaxkoscbkuii 1oBiB ii Ha 16 pokiB panime. B. {I. Bynakos-
CBKUI MOCIHiMKyBaB CTATUCTUYHI XapaKTEePUCTUKMN HapOIOHACeJIeHHS,
MpPaBAOIOAi0OHOCTI CcBifUeHb i IMOKAa3iB y CYyZOUYMHCTBI, ITOXUOOK Yy CIIO-
CTepesKeHHAX TOIIO.

3 1858 p. OyB rOJIOBHUM EKCIIEPTOM ypAAY 3 IUTaHb CTATUCTUKHU i
CTpaxyBaHHS.

Icuyrors # iHINiI HepiBHOCTI, III0 MAalOThH BJAaCHI iMeHa: HepigHicmb
T'envdepa, HepigHicmb MiHK08CbK020, HepigHicmb OHea Ta immri. ITi
HepPiBHOCTI BUKODPHUCTOBYIOTh y Pi3HUX Trajiy3AX BUIIOI MaTeMaTUKH.
3 HUMU BU O3HAWOMUTECSA 3 4acOM, AKIIO cTaHeTe (paxiBIAMU B ramaysi
MaTeMaTUKU.

HepiBuocTi BuKopucToByIioTh i B reometpii. Hanpukmaan, ABC icHye
TOAi 1 TiIBKY TOMAI, KOJIM BUKOHYIOTHCA TPU HEPiBHOCTI:
\ AB<BC+CA, BC<CA+ABiCA<AB+ BC.
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a N

MonoBHE B PO3A4I

YHucio a 6iiblire 3a Yucyo b, AKINO PidHUILA a — b € IOJaTHUM YHCJIOM;

YKCJIO @ MEHIIIe 3a YUCJIO b, AKINO PisHuIld a — b — unceyao Bix emHe.

Bynb-axkuii 3i 3HaKiB <, >, <1 > Ha3UBAIOTh 3HAKOM Hepi6HOCMI.

3HaKu < i > HA3WBAIOTb 3HAKAMU CMPO2OL HepieHocmi. 3HAKU < i >
Ha3WBAIOTh 3HAKAMU Hecmpozoi HepieHocmi.

3anmc a < b osHauae, 110 a < b abo a = b.

3anmc a > b osHauae, 110 a > b abo a = b.

IlBa BUpasu, CIIOJyYeHi 3HAKOM HepiBHOCTI (<, >, < 4 >), YTBOPIOIOTH
HepieHicmb. HepiBHiCTh HA3MBAIOTH YUCJL08010, AKINO o0uABL i yacTu-
HU — YUCJIOBi BUpasu.

Bnracmueocmi wucnosux nepignocmeil
Axrio: a<bib<c,TOQ<C]
a<bic — poBinbHe uncio, TOo a + ¢ < b + c;
a<bic>0, T0ac<bc;
a<bic<0, Toac > bc;
a<bic<d,Toa+c<b+d;
a<b,c<dia,b, c,d — uucaa gozarHi, To ac < bd.

Hepignocmi sudy a < x <b,a<x<b,a<x<b,a<x<b Hasusa-
I0TBCA NO0GIllHUMU HepieHocmAMU. IX 3PYyYHO BUKODUCTOBYBATHU MAJIS
OIliHIOBAHHSA 3HAUEHDb BEJUUYNH i HAOJIMIMKEHNX 00UMCIIeHb. AJKe SIKIIO
a<x<bic<y<d,To

a+c<x+y<b+d, a—-d<x—-y<b-ec,

ac < xy < bd, a:d<x:y<b:ec.

JIBi ocTaHHi TOABiMiHI HePiBHOCTI MpaBUJIbHI 38 YMOBU, AKIIIO YHCJIA
aic — pomarHi.

2x+17 <1, 12 — 3x > 2 — npukJagu HepiBHOCTEN 3 OMHi€I0 3MiH-
HOIO X.

Hepisnocmi 3i 3miHHuMu oxi6Hi 10 piBHAHL. P03B’s13K0M HepiBHOCTI
3i BMiHHOIO HA3WBAETHCA TaKe YHCJIO, AKe 3aJ0BOJIbHSE JaHY HePiBHICTD,
TOOTO IIepeTBOPIOE ii B IpaBUIbHY YHCJIIOBY HepPiBHicTb. Po38’a3amu He-
piericmb — o3Hauae 3HAUTH Bci il po3B’sA3Ku a00 ITOKas3aTH, 1o ixX HeMae.

MHoOKXUHU DPO3B’SA3KiB Haliuacrilie yTBOPIOOTH npomixcku. Hampu-
KJIaJ, MHOYKMHU PO3B’a3KiB HepiBHocTell 2x + T <1518 + 3x > 2 — 1e
BiATOBiAHO mpoMimKn (—o0;4) Ta [2;0).

Hekinmbka HepiBHOCTe! 3 Ti€l0 caM0I0 3MiHHOIO YTBOPIOIOTH CUCMeMYy
HepieHocmell, AKII0 Tpeba 3HAWTM iX cHinbHi po3B’A3Ku. Po3B’azaTu
cuCcTeMy HepPiBHOCTell 03HAUa€e 3HAWTU BcCi il pos3B’saA3KU abo IMOKasaTwu,

mo ix He icHye. j

_
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3’ACOBYEMO OOCSIrHEHHSA

TectoBi 3ABOAHHA N2 1

BubepiTh mpaBUIbLHY HEPiBHICTH:
a) 0,2>+/2;  6) -1 < —2; B) 5 > 5; r)2t<2?2

=]

Cywmoro HepiBHOCTE 5 > 31 2 > —1 € HepiBHiCTE:
a) 4 > b; 0) 4 < b5; B) 7> 2; r) 7> 2.

B O

VramxiTh cTpOry HEepiBHICTh:
a) 15 = 5; 0) 2<2; B) 7> —2; r) —10 > 10.

HepisaicTts x2+ 2x + 1 < 0 3a70BOJIBHAE YUCIO:
a) 2; 0) 1; B) 0; r) —1.

CkinbKHY IiIMX umceJs 3aJ0BOJIbHSIE MOABiliHY HepiBHicTs —1 < x < 1:
a) omHe; 0) nBa; B) TpHU; r) yoTupu?

B B8

BubepiTh MpoOMiKOK, SKOMY HAJEKUTL YHCJIIO J3:

a) [2; 3; 6) (-=sv3); B (23:3V8); 1) (—V3;).

Bubepith HepiBHiCTB, AKa He Ma€ PO3B’SA3KiB:

a) |x|>-3; 6) x < —3; B) 7—|x| < 0; r) % < 0.
. L |2x<38, .
E Cucrema HEPIBHOCTEN Ma€ MHOMXUHY pOSB’HSKlBZ
x+1<2
a) (—oo;1]; 6) [1,5; ); B) (=2 1,5]; r) [2; 3].

n fIke HalibimbIe YMCIO € PO3B’A3KOM HepiBHOCTI x° — 2x > x% + 2:
a) 2; 0) 1; B) —1; r) =27

H

. . 1
3HanaiTh 00s1acTh BU3HAUEHHA (QYHKII Y = — tVx:
x

a) (—=;0];  6) (—=;0); B) [0;°0); r) (0;00).

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



HepisHoCTi 71

TunoBI 3ABOAHHSA A0 KOHTPOJIbHOI POBOTU N2 1

ITopiBHAliTe TpPOOU:

w513, gy i % 5.6 7. 13
7T 7 3 3 6 7 13 27
E Bigomo, mo x < y. IlopiBHaiite:
a’)x —3iy—3; B®) —2x i —2y;
6°) 1,3x i 1,3y; r)b5-xib-—-y.
Hamo 7 <b <12, 2 <c < 5. Ouinity 3HaUEeHHSA BUPA3Y:
a°) 3b; 6°) bc; B®) 3b + 2c¢; r’) 3b+2c.
be
Posp’sa:xiTh HepiBHIiCTSH:
a°) 2x — 5 < T; B) 4 — (x — 2)> > x — x%
6°) 3x + 7 < Tx + 3; py X283 221,
5 10

2]

3HalgiTh 00’eHaHHA i mepepis MHOKUH A i C, gKIIIO:
a)A =(2;95), C=(1; 3);
6) A=(-8;), C=(—c;3];

B) A=(—7), C=[10;411].
n Po3B’s:kiTh cucTemMy HepiBHOCTEH:
. {6x—724x—3, o) {x(x+7)2(x—7)2,
3x+162>8x-4; (83-x)(x+3)20,5x—x>.

SHalAiTh 00/1aCTh BUBHAUEHHA (PYHKITii:

9
=2x+3 - .
Y V9-2x

m Po3sp’saoxiTh HepiBHIiCTSH:
a) [bx—3|<1; 6) [3x—15/>9.

m PosB’s:kiTh piBHAHHS:

lx+1]+[x-2[=38.
HoseniTe HepiBHiCTD, AKImO a >0, b > 0, ¢ > 0:
(a+2¢)(c+2b)(b+2a)>16+/2abe.
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KBagpaTuyHa PpyHKLINA

@yHKLiS — 3py4Ha MaTemMaTuyHa MoAenb AN AocnigXeHHs 6araTbox
npoLecis. BUBY4EHHS PIZHOMAHITHUX SIBULLL | NPOLECIB 3a AOMNOMOrot0 OYHKLIN —
OAWH 3 OCHOBHUX MeTO,EI,IB Cy4acCHOI Haykwu. CDyHKu,m Ky MOXHa 3apatu
dopmynot y = ax® + bx + ¢, — kBagpatuyHa. li rpacdik — napabona. Taki
GYHKLIT 4aCTO BUKOPUCTOBYIOTb B PISHMX rany3sax Haykm. BoHM noB’da3aHi
3 KBagpaTHUMU PIBHAHHAMMW | HEPIBHOCTSIMMN.

Y uboMy pO34ini po3rngHEMO Taki TeMu:

DyHKUIT KeappaTtHi HepiBHOCTI
Functions Quadratic Inequalities
BnacTtusocrTi Cuctemm piBHSHb ApPYroro
DYyHKLIN cTeneHs

§9 §13

Functions Properties Second Degree Equations

Systems
MepeTBOpEHHNA Po3B’a3yBaHHS 3apau4
rpadikiB PyHKLIN CKNnapaHHAM CUCTEM PiBHSAHb

§10

Functions Graphs § 14 Compilation of Systems
Transformations of Equations Task Solving

KeapgpatuyHa
dyHKLia

§ 11

Quadratic Function

HaB4yanbHuih npoekT Ne 2
«DYHKLUIT HABKOJ10 HAC»
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B1UKOPUCTOBYEMO HABYTI KOMMNETEHTHOCTI

LLLo6 3po3ymiTu i ;oOpe 3acBOITM HOBY TEMY, NPUraaaemMo:
— Lo Take dyHKLis, 06nacTb BU3HAYEHHS i 06n1acTb 3HA4YEHb PYHKLLT.
— Cnocobu 3agaHHsa QyHKLIi:

dopmMynoo rpadikom Tabnnueo CNIOBECHO TOLLO
— Lo Take rpadik dyHKLji i 9K noro 6yayoTb.
— Bunaun dyHkuin:

NiHinHa obBepHeHa NPOMNOPLNHICTb KBagpatunyHa iHLLi
k

y=kx+b y=— y:x2 y:\/;
X

DYHKLIT

DYHKIIA — OHe 3 HAWBAKJIMUBIIMINX ITOHATH MAaTEMAaTUKU i IPaKTUKH.
Ax1mo mobpe moMipKyBaTH, TO MOKHA 3PO3yMiTH, 110 BCi MU »KHUBEMO Y CBi-
Ti GYHKI[IA — 3MiH, 3ajJie;KHOCTel i BigmoBigHOCTel. 3 MJIMHOM UYacy JeHb
3MiHIOE Hiu, BecHa — 3uMmy. Ilig 1e#i pUTM IIiAJIAINITOBYETHCA BCE JKUBE,
30KpeMa i cBiT miogmuu. Haii6inesin momupenuii rpadgik pobOTH, PO3KJIALL
3aHATH, pobOTa po3BaKaJIbHUX ITEHTPIB i HaBiTH mporpama papio i Teaebda-
YeHHS CKJIQJAEThCS 3aJIeXKHO BiJ uyacy mo0u i mopu poKy.

MosxkHa HaBecTH YMMAaJIO MPUKJIALIB 3aJIeKHOCTEH i BiAmoBigHOCTE MisK
3MiHHUMU y Pi3HUX rayry3dx 3HAHb:

« zeomempis — dopmyaa S=4nR? Bupaxkae 3aIeKHICTh ILIOLIi IOBEPX-
Hi Kyai (S) Big ii pagmiyca (R);

* gisuka — Gpopmysaa T =27, |— BCTAHOBJIIOE BiAIOBIAHICTL MidK JOBIKU-
g

HOIO MaATHUKA (l) i fioro mepiogom KoauBaHHA (T). OTike, T — (yHKIiA
Bixg [ (TyT ®=3,14, g [19,8 M/c2 — KOHCTaHTH);

+ exoHoMmika — Gopmyaa Ty = p * @ 3amae 3aJIe}KHICTh 3araJbHOTO JIO-
xony (Tg), AKUl oTpUMYye TiAIPUEMCTBO, Bif IiHU (p) IpogaHOTO TOBapy i
obcary npogaxy (Q).

Haramaemo ocHOBHI BigomocTi mpo (GpyHKITII.

SKIITO KOKHOMY 3HAUEHHIO 3MiHHOI X 3 JAeAKOl MHOKMHU D BigmoBimae
€IVHe 3HAYEHHA 3MIiHHOI Y, TO TaKy BifNOBiAHICTH HAa3MBAIOTH QPYHKUILED.
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IIpu nboMy X Ha3UBAIOTH HE3ANeHHOI0 3MIHHOI0, a00 apzy MeHmom, y — 3a-
LeHCHOI0 3MIHHO010, 200 PYHKIi€I0, a MHOKUHY D — 061acmio 6u3HaAULeHHA
nasol @yHKIii. MHOXKMHY BCiX 3HaUeHb Y, AKUX MOXKe HaOyBaTu (GhyHKILid,
HA3MBAIOTh i 061acmio 3Hawendb i I03HaAUYaI0Th OYKBOO E.

I'pagikom pyrKkyii Ha3MBAIOTh MHOKUHY BCiX TOUOK KOOPAWHATHOI ILJIO-
IMUHYA, a0CIUCY AKUX MOPiBHIOIOTH 3HAUEHHAM apryMeHTY, a OPAUHATH —
BiIIOBiAHMM 3HaUYEeHHAM (PYHKITiI.

3agaioTh PyHKIII HaltyacTimnie y BUraai popmy, Tabauiis abo rpadikis.
Hanpukaazn, ¢popmysna y = x? 3amae (DYHKI[IIO, dKa BUPaKae BiAIOBIOHICTD
MiK umcaaMm Ta iX KBagpaTtaMmMu. SIKIo 00JacTh BU3HAUEHHA Iiel QyHK-
il — MHOKHHA IiIux uucea 3 mpoMixkKy [-3; 3], To il MmokHa 3amaTu y
BUTIJIALL TaOJIMILi:

X -3 =2 -1 0 1 2 3

y 9 4 1 0 1 4 9

I'padik miel yrkmii — cim Touok (mau. 46). Ii o61acTs BusHAUEeHHA —
muoxkuna D = {-3, -2, -1, 0, 1, 2, 3}, a o0jacTh 3HaUEHb — MHOMKMHA
E ={0, 1, 4, 9}.

SAxmo obsacTe BU3HAUeHHA (QYHKIN Y = X — npomixkok [—2; 2], To ii
rpadikoM € yacTtmHa mapaboJiu, 300paskeHa Ha MaJIOHKY 47, a 00JacTio
3HauYeHb — IIpomizkok [0; 4].

I'padirkom dpyHKIII y = xz, 3a7aHol Ha MHOMKHUHI Bcix miticHux uwuceis R,
€ Bca mapabosia (mai. 48). Ob6aacTh BusHAUeHHS i€l PyHKII — MHOMKHIHA
miticaux umces R, a o6JacTh 3HAUEHb — IIPOMIiMKOK [O; oo).

Haragaemo 11e KijlbKa MpUKJIamiB QyHKITIHA.

y = kx — npama nponopuiiinicms (k # 0). Ii rpadix — npama, 1o npo-
XOAUTHh Uepes IMouaToK KoopamuaT. O0jiacTh BU3HAUEHHS ITiel GpyHKIII —
MHOKUHA R, 06acTh 3HAUEeHb — TeyK MHOKHHA R.

<
<
<

H D W R Ot 3 0 ©
- D WA Ot 3 00 ©

*

S|l H N WK Ot 1 0 ©

*

12 3x 32 0 12 3x 32 0 1 2 3x

|
w

|
DO

Mai. 46 Mau. 47 Mau. 48
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yA yA yA
) 8 8
7 7 7
6 Y72 6 ., 6
5 5| V=% 5
4 4 4| y=35
3 3 3
9 2
1 1 1
5 0] 1 2 3x 79 0| 1 2 3x 2 0 1 2 3x
Maua. 49 Maix. 50 Maux. 51

Hampukaazn, rpagixk GyHKIl y = 2x 300pakeHo Ha MaJlOHKY 49.

y =kx +b — ninilina pyuxyia. Ii rpadix — mpama, He mapaseabHa OCi Y.
O6JiacTh BUBHAUEHHSA — MHOKHuHA R, obimacTh 3HaueHb — R, aximo £ = 0.
dAxmro £ = 0, To obacTh 3HAUEHb — OJHE UYMCJIO b.

Ipukaanu: y = x + 2 (maa. 50), y = 3,5 (mau. 51).

k -
y=— — obepHnena nponopuyiinicms (kK # 0). Ii rpadpix — rinepbouia.
x

Axmo k > 0, To BiTKku 1miel rimepbosu posmimeni B I i III uBepTax koopau-
HaTHOI IIoIuen, AKIN0 £ < 0, — y II i IV uBepTax. O6jacTh BUBHAUEHHS

k
dyaKmii y=— — mHOKXKmMHa R 6e3 umcyaa 0, obysiacTh 3HaAUEHb — IIA cama
x
MHOMKUHA (—oo; O)A (O;oo).
3 2
Ipuknagu: y=— (man. 52, a), y=—-— (maua. 52, 0).
x x

T'padirk dysxrmii y = x® so6parxkeno Ha MamoHKY 53. Ii o6racTs BusHAa-
YeHHS i MHOKMHA 3HAUEeHb — MHOKUHA R.

I'padik pysKROiI y =\/; — ognHa BiTka mapa6oau (Man. 54). Ii o6racTs
BU3HAUYEHHS [0;00) i obsacTp 3HAUEHL — [0; oo) .

Sx1imo saMiHHA Yy 3a7eKUTh Bif X, TO 3anuCyIOTh Yy = f(x) (UuuTatoTh: irpex
nopiBuioe ed Bim ikc). CumBosiom f(a) mo3HA4YaOTh 3HAUYEHHSA (PYHKILIT
y = f(x), armo x = a. Hexaii, Hanpukaazn, GyHKIi0 3amano GopMyIo0
y = 3x? — 5. MoskHa 3ammcaT i Tak: f(x) = 3x2 - 5.V IIbOMY BUIIAAKY
f(0)=3-0°-5=-5;f(-2)=3"-(-2°-5=T1.

3aysaxncenns. SIkimo y = f(x), To YacTO KaXKyTh, 1110 y — PYHKIIiA Bifg X,
TOOTO (DYHKI[i€I0 HA3WBAIOTH 3MiHHY y. OnHak 371e0inbmoro min GyHKIiEO
PO3YyMilOTh He OAHY 3aJie’KHYy 3MiHHY, a BiAHOBiAHICTh Mi)K 3HAUEHHAMU
IBoX 3MiHHUX. [0 TOTO K — He OyIb-AKY BiATIOBiAHiCTE, a OMHO3HAUHY, IIPU
AKiN KOKHOMY 3HAYEHHIO 3MiHHOI X BifmoBinae e0ure 3HaUeHHA 3MiHHOI V.
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Y yA yA
9 9 5
8 8 gl Y= %
7 7
6 6
5 5
4 4
3 3
2 2
1 1

3.2 0 1 2 3x 3.2 2 3x
9 )
3 -3
4
_5
6
7
a )
Maj. 52
YA
3
9
1
2 0] 1234560728 9101112x
2
Mai. 54
— XOYETE SHATU LLLE BIJ1IbLLUE? N

Leski dyHKLjT Ha OKpeMKxX YacTuHax 061acTi BUBHAYEHHS 3a4a0TbCs PI3HUMU
dopmynamm. Takoto €, HaNpuknag, PyHKLis
2
x°, akwo x <0,
flx)= H
X, 9kwo x = 0.
3Ha4veHHsa uUiei GyHKUiT Npy BiA’ EMHUX 3HAYEHHAX apryMeHTy 3HaxoasThb,
KOPUCTYIOUNCh hopMyNot f(x) = X2, a npu iHWKMX — 3a dopmynoio f(x) = x.
[ rpadik — Ha MantoHKy 55.
ICHYIOTb TaKOXX iHLUI PYHKLT, SiKi NO3HAYat0Tb HOBUMU )19 BAC CUMBOJIAMMU.
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- 3

Llinoro yacTvHOK OiNCHOIo Y1ca X Ha3nBatoTb Take HalbinbLue uine ymicno [x],
sike He GinbLue Bif, x. Mpadik GyHKUIT Yy = [x] — Ha ManoHKy 56.

YA YA
6

5

4 4 —o
3 3 —o
2 2 —o

1 1 —

-2 0/ 1 2 3«x 2 0/ 12 3 4«x
ol
Man. 55 Man. 56

JIp060B0OI0 YaCTVHOIO AINCHOIO YMCNA X HA3UBAKOTb PI3HULIIO MiXK JAHNM YNCIIOM
i noro uinoto yactuHoto: {x} = x — [x]. Fpadik yHKUIi y = {x} — Ha ManioHky 57.

Lpdics

Man. 57

NMEPEBIPTE CEBE

CoopmytoiiTe o3HaueHHA PYHKILIT.

IITo Take aprymenT ¢yukiii? HaBemiTs mpukian.

Ax moxkHa 3amaTu PyHKITiIIO?

IITo Taxe obsacTh BU3HAUEHHS i 00/1aCTh 3HAUEHDb (PYHKIiI?
AxKi pyukmii masuBawTh gimitanmu? AKi ix BaacTuBoCTi?
HassiTh BiacTuBOCTiI 00€pHEHOI IIPOHOPIIiAHOCTI.

IITo Take rpadix GyHKIii?

NSOk ®hdH

BUKOHAEMO PA3SOM
o dyuKIio 3agano popmyaoro f(x) = x% + 1. Bualigirs: f(=3), f(0), f (x/§)
o Posp’szamma. f(-3)=(-3)°+1=-27+1=-26,f0)=0°+1=0+1=1,

f(\/§)=(\/§)3+1=2\/§+1.
Bixmosins. f(-3) = —26, f(0) = 1, 7(v2)=2V2+1.
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9 ¥ akux Toukax rpadik QyHKIil y = x® — 3x + 2 meperuHae:
a) Bicw y; 0) Bich x?

o Posp’asannsa. a) fkmio rpadik mepermHae Bichk Yy y AeAKil TouIi, TO
abcIrca 1iei TOUKM JOPiBHIOE HYJIO, & KOOPAUHATH TOUKU 3a0BOJIbHSI-
IOTh PiBHAHHSA, II0 3aJa€ (PyHKIIiiO0.

Maemo: x =0; y =0 - 3-0+ 2 = 2.

Ot:xe, rpadik QyHKIiI nmepeTnHae Bick y v Touri 3 Koopauaaramu (0; 2).
0) fximo rpagik mepeTwHae Bich X Yy AedKiii Toulli, TO opamHaTa Ifiel
TOYKH JOPiBHIOE HYJIIO, & KOOPAMHATUA TOUYKY 3aJ0BOJILHAIOTH PiBHAHHA,
1o 3amae (PyHKILiO.

Maemo: y = 0; x* — 8x +2=0; x; = 1; x, = 2.

Or:xe, rpaik QYHKIII mepeTwHae Bich X Y TOUKaAX 3 KOOpPAMHATAMU
(1; 0)i (2; 0).

Bigmosigs. a) (0; 2); 6) (1; 0) i (2; 0).

BUKOHAWTE YCHO

286. IIpoBinminaiiTe cyioBO: a) PyYHKYiA; O) apeymenm; B) epaik.

287. 3apgatiTe popmyJioo (PYHKII0, AKa BUpakae BiAMOBiAHiCTL MixK umc-
JlaMU Ta:
a) ixHiMu Kybamu;
0) IPOTUIEKHUMU IO HUX UNCJIAMU;
B) 00epHEHUMH A0 HUX UHCJIAMU;
r) iXHIiMU MOAYJIAMU.

288. fdAxum € rpadixk QpyukIii, 3aganoi popmyaoro:
a)y =8x + 1; B) Y = 3; 1 y=3
3
6) y = x% r) y=_ m y=x?
289. Yu mpaBUJILHO, IIO:
2
a) rpadik QyHKIII y = gx —5 € Takox rpadikom piBHAHHA 2x — 3y = 15;

0) rpadik GyHKII y= Jx € makosx rpadikom piBuaxHa y® = x? Yomy?

290. I'padik saxo0i 3 PyHKIIiH IPOXOIUTh Uepes IOYaTOK KOOpPAMHAT:

a)y =2(x — 3); 6) y = 2x%; B) y = x(x — 2)?
291. 3uaiigiTe 001acTh BU3HAUEHHS (QDYHKIII:
a)y =3x — 2; B)y =—2,5; r) y=+2x—4;
6) y =4 — x% r) y=L; ) y=1\/5—2x-
x(x-3) x
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1
292. dyHKIiI0 3agaHo (GOPMYJIOI0 yzEx2

Ha o0JacTi BuU3HaAYeHHA
D={-4,-3,-2,-1,0,1, 2, 3, 4}. 3agaiire ii Tabauuuo i rpadiuuo.

293. ITooyayiiTe rpadixk PyHKIIIT y:%x2 Ha OpoMikKy [—4; 4]. 3HaiigiTh
ii obJsiacTh 3HAYEHb.

294, dynKmio y= %xg 3amaHo Ha MHOKHUHI R. 3HAWIITh i1 00/1aCTh 3HAUEHbD.

Yu HamexuTh rpadiky miei pynkiii Touka A (—100; 5000)?
295, OYHKITiI0 3aJaH0 Y BUTJIALL TAOIMILi:
x 1 2 3 4 5 6 7 8
y 5 10 15 20 25 30 35 40

3agaitite i1 (popmysio0. BKaskiTe ii 0o6yiacTh BU3HAUEHHS i 00JIaCTh 3HAUEHbD.

296. dyukmio 3agaHo gopmyiomo f(x) = x° + 10. OGuucIiTh:
1(2), 3f(2), 2/(3), 0,5f(10).

297. dyuknio 3agaHo Gopmyion f(x) = x° — 5. BHaALITH:
£(-3), (-2), f(-1), f(0), f(T), fe) £(43).

298. dyukmio 3agaHo GopmMyaown f(x) = x° — x. OGUHCIiTE:
a) f(=2) + f(=1); 6) f(0) + f(1); B) f(2) - f(30).
299. f(x) = x* — x + 1. BuaiigiTs:
a) f(0) + f(1) + f(2) + f(3); 6) f(10) — f(=9) + f(8) — f(=7).
300. Ha masroHKY 55 300paskeHo rpa-
bix pyrrmii y = f(x).
SHaliTh: YA
a) 00JIaCTh BUBHAUYEHHH i 06/1aCTh 6
3Ha4YeHb JAHOI (PYyHKILI;

5
0) (=5), (1), f(0), f(4), 1(5);
B) IJIA IKUX 3HAYEHDb apryMeHTY 3
f(x) = 4, f(x) = 3; 2
') KOOPAMHATU TOUOK, V SKUX 1

rpadik (QyHKIII mepeTmHae oci

KOOD/IMHAT; 5-4_/2 0 12345 x
') Ui AKUX X 3HAUEeHH f(x) HAi- _9
Oinpmie, HaliMeHIIIe. _3

—4

Mau. 58
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3HaiigiTe obsacTh BusHaueHHsa Qpyukriii (301—302).

301.a) y = 3x — 2; B) y=+x+5; r) y=vx?+1;

3 1 10

0) y=——; T y=——m———3 =—.
A kOt Py oy LA e
302.a) y =b5x — 1; B) y=+4—-x; ) y=+x+1;
3 2x x-1
0) y=——7——3 ) Yy=——sj; =—.
V) PV, S
303. ITobyayiiTe rpadik QyHKINI:
a)y =3x — 2; B) y = —3x; r)y=9;
0) y=0,5x — 1; ry="17-2x; ny=38-—x.

304. TTo6oynyiiTe rpadik pyukItii, saganoi ¢GopmMyJo0io:
a) f(x) = 2 — 3x; B) f(x) = 3 — 2x;

0) f(x) = —1; r) f(x) = 0,5x.
305. 3uaiigiTh 00s1acTh 3HAUEHb (DYHKILII:
a) f(x) = 7; 6) f(x) = 2x; B) y = x°.
306. Yu mamexkuth rpadgirky QyHKIiI y:\/25—x2 Touka A (3; 4)? Touka
B (—4; 3)?

307. Yu npoxoauts rpadir ¢GpyHKIil y = x(x — 3) uepesd Touru A(2; —2);
B(-1; 4); C(1,5; —2,25)?

308. fAxa 3 Touor A(—2; —6); B(1,5; 8); C(—3; 4); D(2; 6); E(3; 4) HaIE:KUTD
rpadixky QyHKILii:
12
a)y=-10x — 26; 6) y=—; B) y=vxi+7?
x
309. V axkux TOuKax mepeTwHaE Bich x i Bichk y rpadik GyHKIIi:
aA)y=2,5x;0)y=3—2x;B) y = 2(x — 1)?
310. TemmnepaTypy 3a mkasoio Ilenbcisa, @apenreiita i KenbBina mosunaun-
MO BifmmoBifmHO tp, tp, lx. POPMynaU HepepaxyHKY MAaloThb BUTJIAL:

9 .
tp :g(tc +32), tg =tc + 273, na poBinbaux 10 3HaUeHBL TeMHIepaTypu

3a [lesbciem 3Ha#AITH BiATIOBiNHI 3HaUeHHA TeMIepaTypu 3a DapeHreii-
ToM i KeabpBinom. I[aHi 3ameciTs go Tabauii. 3o06pasiTe rpadiuuo oxep-
JKaHi 3aJeKHOCTI.

311. dyukKIio sagano popmyJioo f(x) = x%. Un OPaBUJIBbHO, IO AJIS KOMKHOI'O
yucja @ BUKOHYeTheA piBHicTD f(—a) = f(a)?

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



82 Posgin 2.

312. dyuruio sagano Gopmyron f(x) = x°. Un mIs KOKHOrO 3HAUEHHS il
apryMeHTy X IpaBUJIbHA PiBHICTH f(—x) = —f(x)?
313. 3uaiigits f(—2); f(—1); f(0); f(1); f(2), axmio ¢pyuKIiio 3amaH0 Gopmy-
JIOTO:
a) f(x) = 2x% + 3; B) f(x)=vx%+1;
6) f(x) = 3x% — 2; r) f(x)=+vx?+8x+15.

. 6.x .
314. DyuKIIio 3agaHo GopMyJIown Yy = Tox Ha MHOKMHI HATYPAJTbHUX YNCEJ
+Xx

HepIIoro AecATKa. 3agaiTe ii y Buraami Tabauiri.

315. dysknio 3agaso Gopmysol y=2+x+5 Ha obsacTi BUBHAUEHHHA
D ={-4; -2,75; —1; 1,25; 4; 11}. Sagaiite ii y Burasamgi Tabauri i rpadika.

316. He 6ynytoun rpadika piBHauua 9x — 2y = 14, sHalAiTh H10T0 TOUKY,
opauHAaTa IKOI JopiBHIOE abcIruci.

317. He 6ynytouu rpadika QyHKIII y = x% — 2, 3HANAITSH floro TOUKy, abenuca
Ta OPAMHATA SKOI — IIPOTHJIEKHI umcia.

318. KoxxkHOMY HATypaJlbHOMY UHCJIY BiAIIOBiZae mMpoTuIeKHE HOMY UUCJIO.
Yu € Taxka BiamoBigHiCTE hyHKITieI0? SKIO TaK, TO 3agaiiTe il (hOPMYJIOIO
Ta rpadikoM.

319. KoxxkHoMYy I[iJIoMy UmHCJy Bigmosigae piBue fiomy umcso. Yu € Taka Bia-
noBigHicTs PyHKIiE0? AKIMo Tak, To 110 € ii rpadikom?

320. dyukriio y = f(x) sagano rpadikom (man. 59). [aa AKUX 3HaUEHb

aprymMeHTy:
a) f(x) = 0, f(x) < 0;
1 6) f(x) = =2, f(x) > =2, f(x) < =2;
B) f(x) = 3, f(x) 2 3, f(x) < 3;
Nz r) 0<f(x)<3;
2 l r) -2 < f(x) < 4?
—
2 o 12 3 Wsi
2F--=-=-=-=-=-==
-3 Maum. 59

321. ¥V aKux TOUYKaxX MepeTHHAE Bich X i Bichk y rpadik GyHKILII:

1 2 5 2
a) y=—x+3; B =—x+—; )y =x"— 2x;
)y 2 )y PEA )y

6)y=x—%; r)y =x° — 4; m)y=6—b5x— x*?

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



KBapgpatnyHa dpyHkLis 83

IToGynayiiTe B omHill cucTeMi KoopauHaT rpadiku GyHKIiN (322—324).

322. y=x%, y=x*+3iy=x"-2.

323. y=+x, y=Jx+2 i y=x-3.

324. y=|x|, y=lxl+11 1 y=|x[-2.

325. IIpu axomy sHauveHHi m rpadik GyHKITiI y:m IPOXOJINTH Uepes
Toukry P (5; 5)? Hu npoxoauts 1eit camuii rpadik uyepes Toury Q(—4; 4)?

326. Bimomo, 1m0 Touka A (3; 1) mamexKuTh rpa@iky KOKHOI (QPYHKIII
Yy =f(x). YcraHoBiTh BignmoBigHicTh MisK pyHKIiAMY f(x) (1—4) i TOuKamMu
(A-II), uepesd AKi IpoxomATh rpadiku Mux QPYHKILIH.

1f(x)=x*+m A (4; 8)
2 f(x) =m - 2x B (12; 4)
x+1
4 f(x)=3x +m T (1; 2)
A (1; 5)
327. IlobynyiiTe rpadik GyHKITIi:
2) y=—; B) y=; r) y = 0,5x%
X X
3
6)y:—;; r) y = 2x%; my=x*-1.

328%, 3malimiTh 00acTh BUBHAUECHHA (PYHKILIT:

a) y= 1 ; r) y=vJx+5+/5—-x;
x* -5

A. M. Koamoropos

«Mamemamuxra —

=
6) y= g +5x; r) y= [x? —6x+10; ue me, 3a AonOM02010

4 1020 A100U Kepyrmb
/xz _3x—_4 npupodoi i co6or ».
B) y= m; I) y= W A. M. ROJ’IMOI‘OPOB

329%. 3adawa A. M. Konmozoposa. SIky nomatkoBy yMOBY HOTPiOHO Ha-
KJIACTU Ha 3HaUeHHS X y dopmyJi f(x) = 1, mo6 omep:kaTu BU3HAUEHHS

Dyt £()=(x) +(V1-x) 2

330%. ITobyayiiTe rpadik QPyHKILII:

4, aKIo x < -2, x+1, akmo x <1,

a) y= x2, aKmo —2<x<1, B) Yy=13—X, armio 1-<x <4,
2—x, aKmo x > 1; -1, aximo x > 4;

6) y:1(2)—5x; o y:2x2—3x+1_
x*—2x 2x+1
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331%, ITooyayiiTe rpadik PyHKILII:

6
a) y:|2x—3|; B) y:|x+1|—|x|; r) y:m;
_ . _|x|. _ 2
6) y=2lx|-3; r) y=-—; ) y=vVx2+10x+25.
x

332%, dyHKIia monuTy Ha ToBap: @p =9 — p. PyHKIiA nIpomosuIlii ToBapy:
Qs =2p — 6. TyTr Qp — ob6car monuty i Qg — obcAr IPomo3uIrii (MiTbiAoH
MITYK 3a PiK), p — miHa (rpomioBi oguHuIli). BusHauTe piBHOBaXKHY IiHY
(momuT mOPiBHIOE MPOITO3uIlii) i 00cATr mpomaKy. SIK BILIMHE Ha 3HAUSHHS
pPiBHOBasKHOI I[iHM TOBapy 3MeHIIeHHA mornuty Ha 20 % ?

BnpaBM AN NOBTOPEHHS

333. [lopiBHAliTe 3HAUEHHS BUPA3iB:

a) 3v2 i v/20; B) 13 i 243; r) 45 1 9;
6) 35 i v44; r) 37 i 8; m) 52 i 7.

334. 3a oguH Micaibs poboTu cay:K00BII0 H HapaxoByIOTH 3apIjaTy B pO3-
mipi 5430 rpH. I3 ycix HapaXyBaHb yTPUMYIOTH IOJATOK Ha MOXOIU
(isumurMX 0Cibd, AKMIT cTaHOBUTH 18 %, Ta iHIII BigpaxyBaHHA y PO3Mipi
2,5 % . Crinbku rpoieii cay:xboBelib H orpumye 3a micans? AKy cymy
CKJIaJal0Th HOTo BifpaxyBaHHA 3a Pik?

335. Po3B’sa:KiTh HEPiBHICTh:
a) 2x+3>0; 5) x—6>_1; B) 9—2x_
3x+1 1-x X

CKAPBHUYKA AOCArHEHb

v/ 3HaI, AK IO3HAYAIOTh (PYHKILII.
v" Moy HaBeCcTH IIPUKJALW BUBYCHNX (PDYHKIIIA:

JigifigOoI Yy = 2x + 3;
mpamoi mpomnopriiHocTi y = —0,5 x;
= . . k
00epHEHO1 MPOIOPIifiHOCTI Yy =—;
x
immi y = «%.
v Ymiro o0uucIoBaTy 3HaYEHHS PYHKIII B TOYIIL.
v Ywmiro 6yayBaru rpadiku GyHKINA i 3Ha0 HasBy rpadikis:

y = kx y=kx+b y=E y=x°
x

apsaMa opsaMa rimepbosia mapaboJa
v/ Xouy HABUNTHCA JeTaJbHiIlle XapakTepusyBaTy PyHKILiI0 3a 11 rpadikom.
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BukoPUCTOBYEMO HABYTI KOMMETEHTHOCTI

LLlo6 3po3ymiTh i oBpe 3acBOITU HOBY TEMY, NPUraLAEMO:
— 9Ki xapakTepuCcTUKM QYHKLIT MOXHa BU3Ha4yaTu 3a 1l rpadikom:

obnacTtb BU3HAYEHHS, 0O6NacTb 3HAYEHb,
JoOaTHi 3Ha4YeHHs, Big’EMHI 3HA4YEHHS TOLLO.

— Buan oyHKUin, 1X rpadiky Ta OCHOBHI XapakTEPUCTUKU:

NiHinHa ob6epHeHa NPONopLINHICTb KBagpartuyHa
k
X

BnactueocTi pyHKLUIN

s Toro 1106 AOCTiMKyBATU IPOIECH i ABUINA HABKOJUIIIHLBOTO CBIiTY,
CJIiT CTIOUaTKy HaBUUTUCSA BCTAHOBJIOBATU XapaKTepPHi 0COGJMBOCTI Bimmo-
BiIHMX MaTeMaTUUYHUX Mopesei. Ilepenycim 1e crocyerbea GpyHKITIH.

Omnucyioun BIacTUBOCTI PYHKINI, 3a3BUUail MOUYMHAIOTL 3 Ii 00sacTi Bu-
3HAUYEeHHS — BKAa3yIOTh yCi 3HAUEHHS, AKUX MOKe HaOyBaTu apryMeHT.

SAxrmio pyukItiro 3agano Gopmysoio, a opo ii obsacTh BUBHAUEHHA HiUOTO
He CKas3aHo, TO PO3YyMilOoTh, IO BOHA TaKa caMa, K i 06/1acTh JOMYCTUMUX
3HAYeHb 3MiHHOI, AKa BXOAUTH 0 Ii€ei popmyJin.

Axio pyukKIiio 3agano rpadgiuHo, TO 00JIaCTh BU3HAUEHHA (PYHKIII —
mpoeKIria il rpagika Ha Bich x; o0jsacTh 3HAUeHb (PYHKI[II — mpoekIrisa ii
rpadika Ha Bich y (masa. 60). Hanpukian, o0sacTh BusHaAUeHHSA (PYHKITIT
Yy = x® — MHO:KHMHA Bcix gificHux umcen R, obmacts ii 8HAUeHb — IpOMi-

#OK [0; ). OBsacTb BUsHAUEHHA i 06JaCTh 3HAUEHD GyHKNIT y=v4-x" —
mpomixkku [—2; 2]1[0; 2] (maxn. 61).

Yy
yi
| 2
i '
25 | .
“ 1 p
SE| I
Max 60 0| O6Giacrb BusHaueHH: X Man 61 -2 _i 0 1 92 x
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Posrimauemo pyuKIioo y = f(x), rpadik AKoi 3060paskeHO Ha MaJIOHKY 62.
IIpu x = -2, x = 3 1 x = 5 3HaUueHHA QPYHKIII JOPiBHIOIOTL HYJIIO.

3Ha4YeHHs apryMmeHTy, Npu 9Kux 3Ha4eHHA PYHKLUIT AOPIBHIOE HYIIO,
Ha3uBalOTb HY/IIMU PYHKUT.

Hynem dyuKIii y = x — 6 € juite ogHe 3HAUEHHA X: TiMBKU IpU X = 6
3HAUEHHA ITiel (pyHKIil JOpiBHIOE HYJIIO.

106 smaiiTu mHysdi GyHrmii y = f(x), ToTPiOHO pPO3B’A3aTHM PiBHAHHA
f(x) = 0. KopeHi 11b010 piBHAHHA € HYJAIMU PYHKILII.

dyukruia y = f(x), rpadik axkoi 300pakeHo Ha MaJTOHKY 62, Mae qomaTHi,
HYJbOBi I Bix’emHi 3Hauenua. Ha mpomikky (—2; 3) ii 3HaueHHA momaTHI.
Ile mpomiskoK cTasioro 3HakKa: yci 3HaUeHHA (PYHKI[II Ha I[bOMY IIPOMIiKKY
MaOTh CTAJIUM 3HAK «+». I mpoMmikoK (5; 6) € TaKOK IPOMIKKOM CTaJIOTO
3HaKa «Ioc». Ilpomiskku (—4; —2) i (3; 5) Tek € IpPOMiKKaMHU CTaJIOTO
3HaKa: yci 3HaUeHHA PO3IIAnyBaHOI QYHKIII y = f(x) Ha WX TPOMiXKKax
Bim emmi.

IIpomiskku o6sacTi Bu3HaueHHA (PYHKIIII, HA AKUX (PYHKIisT He 3MiHIOE
3HaKa (TOOTO MAa€ TiJIbKH JOJATHI a00 TiJIBKM Bix’€MHIi 3HAUEHHA), HA3UBA-
I0Th npomixckamu 3naxocmanocmi. Ha npomiskky s3HaxocranzocTi rpadik
dyuKIii He mepeTuHae Bich abciuc.

3BepHiTH yBary Ha rpadik (pyHKIII Ha man. 62. Ha mpomiskky [—4; 1]
rpadik «iife Bropy»: mpu 30iJbIIeHHI 3HAUYeHb X i3 IILOTO MPOMIiXKKY Bin-
HOBiAHI 3HaUeHHSA PYHKILil 30iIbIITYIOTHCS.

Armo x; < xy, TO f(21) < f(25).

Kaxxyrs, mo Ha npomiskky [—4; 1] dyrKIia y = f(x) 3pocmae (abo € 3poc-
maryow). Takoio BoHA € 1 HA TPOMiKKY [4; 6].

Ha mpomiskky [1; 4] rpadik dyHRIIT y = f(x) «#ige BHU3» : mpu 306iIbIIIEH-
Hi 3HAUeHb apryMeHTYy BiANOBiAHI 3HaueHHA (PYHKIIil 3MEeHITYIOThC, AKIIIO
X1 < X9, TO f(21) > f(x,). KakyTs, 10 Ha mboMy IPOMiKKY GYHKIIA ¥y = f(x)
cnadae (abo € cnadHow).

DyHKLiI0 HA3UBaIOTb 3POCTAalOYOI0 HA A, AKOMY MPOMIXKKY, IKLLLO KOXXHOMY
OiNbLIOMY 3HAYEHHIO apryMeHTY 3 LibOro NPoMiXKy Bignosigae Ginblie
3HaYeHHSs YHKLT.
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dyHKLi0O Ha3MBalOTb CIagHO Ha AEAKOMY NMPOMIXKY, AKLLO0 KOXXHOMY
OiNbLIOMY 3HAYEHHIO apPryMeHTy 3 LbOro NpPoMiXKy BignoBigae MeHLwle
3Ha4YeHHS QYHKLT.

IcaytoTs QyHKIIiI, AKi 3pocTarTs (a0 cramarmTh) Ha Beiil obJacTi BusHa-
uyenHdA. Hampukaazn, GyHKIE y = 2x, y = X3, Yy =+Xx — 3pocraioui, a PyHK-

mii y = —2x, y= —\/; — croajaHi.

XapaKTepusyuu BJIaCTUBOCTI (PYHKIIi1, YaCcTO BiAMiUaioTh, y AKUX TOUKAX
BOHA Mae€ HalibijbIlle 3HAUEHHS, V AKUX — HaliMeHIne. Dyukilis, rpadik
AKOI 300pakeHo Ha MaJIIOHKY 62, HalibiabIlle 3HAUEHHSA Ma€ B TOUIll X = 6;
BOHO JopiBHIOE 2. HafimeHmioro sHauenad —2 g QYHKIIA JocATae B TOUILL
x =—4.

SArmio mpomoHyOTH docaidumu PYHKYiO, e oO3HAUYae BUABUTU il HA-
BasKJIMBIIITI BJIACTHBOCTI:

1) BkaszaTu 001aCTh BUBHAUEHHH;

2) BKasaTu 00J1aCTh 3HAUEHD;

3) 3HAWTU TOUKY mepeTuHy rpadika GyHKIiI 3 Biccio y;

4) sHaliTH HYJi QYHKIII Ta IPOMiKKY 3HAKOCTAJIOCTI;

5) BUBHAUUTH MIPOMiKKU 3POCTAHHS YU CHANAHHSI;

6) ykasaTu HaMOijbIlle Ta HaliMeHIle 3HAUEeHHI (PYHKITIT;

7) mobynyBaTu rpadgik QyHKITII.

—— XOYETE 3HATMU LLE BUJIbLUE? w

Baxxnuneumii Kpok y focnigkeHHi yHKLiT nonsrae B Tomy, o6 3’acyBaTtu, Y He
€ naHa PyHKLjis napHO0 abo HenapHoLo.

dyHkuia y = f(x) HasauBaeTbcs NapHoIo, AKLLO 7T 06/1aCTb BUBHAYEHHS
CUMEeTpPUYHa BiHOCHO HYJ4 i AJ19 KOXXHOIro 3Ha4YeHHs x 3 obnacTi Bu-
3Ha4YeHHs f(—x) = f(x).

dyHKuUifA y = f(x) Ha3MBaeTbca HenapHoIo, IKLLO TT 061aCTb BUSHAYEHHS
cuMeTpuYHa BiAHOCHO HYJIS i AN KOXXHOIO 3Ha4eHHs X 3 o6nacTi Bu-
3Ha4YeHH9 f(—x) = —f(x).

ICHYIOTb GYHKLUIT Hi MapHi, Hi HenapHi. Lle Taki pyHKLii, y aknx abo obnacTtb Bu-
3HA4YeHHA HECMMETPUYHA BiOHOCHO HYNA (Hanpuknag, y = \/; ), @00 Ans AKnX He
BUMKOHYETbCS XXOAHA 3 YMOB f(—x) = * f(x) (Hanpuknag, y = 2x + 3).

AKLo PyHKLUio 3agaHo rpadivyHo, TO A0CNIANTK iT HA NAPHICTbL 200 HEMAapPHICTb
[OCUTb MPOCTO, OCKiNbkM rpadik napHOT PyHKLIi CMMeTPUYHUIA BIGHOCHO OCi I/,
a HenapHOI — BiAHOCHO NoYaTKy KOOpAuHarT.

Mpuknagu. OyHKUil: y = x? 3 o6nacTio BU3HAYeHHs R i Y= x? 3 obnac-
TIO BU3Ha4YeHHNa [-5; 5] — napHi (man. 63). OyHkuii: y = x° 3 obnacTio BU-
3HauyeHHA R iy = x® 3 o6nacTio BU3HaueHHs [— 27; 27] — HenapHi (Man. 64)

. 7
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A, Hanpuknag, KoxHa QYHKLS 3 061acTio BUSHAYEHHS [—-2; 1] i KOXXHa PYHKLLSA
y= X%+ x 3 6yAb-AKOI0 06NACTIO BU3HAYEHHS! — Hi NapHa, Hi HenapHa (Masn. 65, a, 6).
\ \ a A
T 3] o
| | | 1
| ) | 5 | /\
| | |
1 I I >
-2 -1 0 1
| 1 | 1 | *
| | | -1
—x -1 0 1x x 1x x 0 YA
—1 2
1
x >
fe=) -1 0 1 x
-1
Maui. 63 Mau. 64 Maix. 65

NMEPEBIPTE CEBE

1. IIlo Take ob6JyiacTh BU3HaUeHHA i 00JslacTh 3HAUeHb (QPYHKIII? A ix
3HAWTH 3a JOIIOMOro rpadixka?

o HaBWBaIOTHL TPOMiKKaMM 3HAKOCTAJIOCTi?

IIlo HasuBaIOTh HYJIAMU PYHKITiI?

AKi pyukrIili HasMBaOTL 3POCTAIOUNMEI? CIATHIMU?

IITo Take maiibinbille Ta HaliMeHIIle 3HAUeHHA (HYHKITII?

Lk N

BUKOHAEMO PA3OM

o SHalgiTe Byl QyHKIII y = x* — x — 6.
o Posp’aszanna. Poss’sxemo piBHaHHA x° — x — 6 = 0.

D=(-1°-4-1-(-6)=1+ 24 == 25;
_1-425 14425
== ==
Bigmosigs. Hynavu gamoi ¢yukImii € uncaa —2 i 3.

x, -2; X, 3.
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9 Tlosenits, mo QyHKnia y = x° + 3 Ha mpoMiskKy (—e;0) cnanae.
© Posp’azanna. Hexait x; i x, — JBa JOBLIBHUX 3HAUEHHA apPTyYMEHTY X
naHoi YHKIIII 3 IPOMIiKKY (—oo; 0) , IPUYOMY X1 < Xo.
BignoBigui iMm 3HaueHHSa (pyHKITii:

Y :x12+3, Ys =x§+3.
Ys— U =(x22+3)—(x12+3)=x§—x12 = (25 — 21 ) (205 + %7 ).

BHAYEHHA X; 1 Xy 3 IPOMIKKY (—o0; 0) Bia emmi.

OCKIIBbKHU X < X4, TO Xy — X1 — UKUCJIO JOJATHE, Xo+ X1 —
YUCJIO Bim’eMue, iX 1o6yTOK TaKkosK Bix emuuii. Tomy
pisHuUNA Yy, — Yy, Bix'emHa, Y, < Y;.

Or:ke, GiIBIITIOMY 3HAUEHHIO apryMeHTy BiamoBinae
MeHIIle 3BHaUeHHA PYHKITi1; JaHa QYHKIiA HA I[bOMY X2y 0| 1 2 x
OPOMiKKY cmagua (Maj. 66).

I
|
3
|
I
|

. Mau. 66
e ITapHOIO UM HemapHOIO € PYHKI[isd:

a)y=x>—-"T7;6)y=>5x—1?

o Posp’azanna. a) O6smacTs BusHaueHHA D(y) QYyHKII y = x? — 7 — MHo-
JKHMHa Beix mificuux uncesl R — e cumerpuuHoio BigHocHO 0. 3Haiigemo
f(—x): f(=x) = (—x)? — 7= x% — T = f(x). Orxe, GyHKLis y = x° — 7 mapHa.
6) D(y) = R — cumetrpuuHa BigHocHO 0.
f(—x)=5(-x) —1=-5x —1=—(5x + 1). lla dpyuKIia He TopiBHIOE Hi
f(x), i —f(=x). OT:ke, pyHriia y = bx — 1 uHi mapHa, Hi HemapHa.
Bigmosigs. a) mapua; 0) Hi mapHa, Hi HemapHa.

BUKOHAMTE YCHO

336. 3HaiigiTh 001aCTh BU3HAUEHHS i 00JIaCTh 3HAUEHb (PYHKILII:

a)y=2x%  B)y=x% Ny=x-2; e y=+x;
2 2x 2x 2

6) y=—; r) y=—>:j B) y=——+5  €) y=—.
x x 3 x

337. O6sacti 3HaueHb QYHKILIH Yy = 22 i y=|x| oxHakoBi. Hasemith mpu-
KJaIu iHIMNX (PYHKIHA 3 TAKUMHE CAMUMHI 00JacTAMU 3HAUEHD.

338. HUu ogHaxoBi obsiacTi 3HaUeHb (PYHKITIl:

a) y=lx+3l i y=|x[+3; 6)y=x>+3iy=(x+3)*?

339. fAxi 3 pyHKIIiHA, po3TIAHYTUX y 3amaui 336, 3pocTaioui Ha Bciii obacTi
BusHaueHHa? HaBeniTh mpukiganm GpyHKIIH, cmaguux Ha Bciil obJacti
BU3HAUEHHS.

340. Yu mae HYJIi QYHKITiA:

a)y=x>+1; 6)y=x*-4; B y=-x*-9; r) y=«?
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341. I'padik dyHKIil nepeTuHae Bich abciuc n pasiB. CKilbKu HYJIiB Mae
A QYHKIia?

342. I'padir dyukii y = f(x) neperunae Bich abciuc B oxuiit Touri A(12; 0).
CrinbKku HyJs1iB Mae 114 GyHKIiA? CKiIbKY KopeHiB Mae piBHAHEA f(x) = 0?

343. YKaxKiTh HalibiibIe i HaliMeHIIle 3HAUeHHA QYHKIIIT, rpadik aKoi mo-
IaHO Ha MaJIOHKY 61.

344. HasBiTh NPOMiKKM 3HAKOCTAJIOCTI M1 PYHKILIH, rpaiky SKUX IOJaHO
Ha MaJoHKax 63—65.

345. 3HaigiThL 00IaCTh BUSHAUEHHS (DYHKILI1:

-1
a)y=-—Tx+ 3; B) y=+x+4; r) y=———;
x“+4
3 x
6) y = x2 — 4; r) y=——; =—.
)Y )Y x+9 » Y 1-x
346. 3uaiigiTh 001aCcTh 3HAUEHb (PDYHKITII:
a) y = 0,01x; B) y=+1-x%; r)y =2x %
6) y = x%; r) y = x% m) y=v1+x>.
347. 3uaiigiTh 001acTh BUSHAUEHHS i 00JIaCTh 3HAUEeHDb (PYHKILII:
a)y:xz—l; B) y:l+2; r) y:|x|;
x
2—x
6) y="3 r) y=1-+/x; n) y=lxl+2.

348. Bidkxpuma 3adawa. HaxkpecsiTe rpadik 6ynb-axkoi pyHrmii y = f(x),
nns skoi: a) D=[—6; 2], E=[-2; 2];6) D=[-1;3)4(3;5), E=[-3;1)a (1 3].

349. dyukmio y = 1,5x — 2 sagamo Ha mpomimkky [—2; 5]. 3HaimiTh
il 00J1aCTh BU3HAUEHHS i 00JIaCTh 3HAUEHD.

350. ITobyayiiTe rpadik QyHKI y = 0,5x%, 3amaHOi HA IPOMIKKY [1; 4],
i cripoekTyiiTe fioro Ha oci KoopauHAT. fIKa 00/1aCcTh 3HAYEHD JaHOI (PYHKIIII?

351. II1o6 ycTaHOBUTH 3aJIe;KHICTh MixK IiHOIO (p) Ha puby Ta 06CATOM IIO-
outy (K) Ha mel, miny Ha puby Ta o0cAr mOoOuTy (PpiKCyBaJud IPOTITOM
6 micais. PesynbTaTu crocrepe:keHb 3aHecau B Tadauiio. IlobyayiiTe
rpagixk miei pyakmii. 3HAHAITE i1 0071aCTh BUBHAUEHHS i 00J1aCTh 3HAYEHD.
Yu mae 15 QYHKI[iSI HafiMeHIle 3sHaYeHHA? A Halibiabine? 3pocTardoio
Yy CHagHOI € (PyHKIia?

p (rpH 3a Kr) 35 40 50 60 65 70

K (ToHH 3a micsaip) 16 15 12 9 6 2

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



KBagpaTuuHa PyHKLs 91

352. VY cepenuui 70-x pokis B IlonTaBchKiil obsacTi OyJio 3amoyaTKoBaHe
opraHiuHe 3eMJiepoOCcTBO B YKpaini. OguH i3 mioHepiB opraniuHoro seme-
pobceTBa B Ykpaini, CeMeH AHTOHEIb, OUOJIIOE 3 TOT'O YACY IIiAITPUEMCTBO
«ArpoexkoJoris», sKe BeJie CBOIO iAJbHICTh Ha 3acafjaX OPraHiuvHOro BU-
pobuurTea. Ha MmaioHKy 67 momasHo 3MiHY KiJbKOCTi cepTu(dikoBaHUX
opraniunux rocmopapctB npordarom 2002-2014 poxriB, a Ha MaJIOHKY
68 — pO3BUTOK cepegHLOTO PO3MiIPy OpPTraHiUHUX IiAIPUEMCTB y Iiei
nepiox. ITpoananisyiiTe rpadiku mux GyHKILi#. 3po0iTh BUCHOBKU IT[O0
OCHOBHUX BJIaCTUBOCTel (QYHKI[IH, mogaHux Ha rpadikax. K sminuiacsa
KiZbKicTh i po3Mipu opraHiyHMX TOCIIOZapCTB 3a ocTaHHI poku? Yomy?
IisHatiTecs 6iJbIlle MPO OpraHiuHe 3eMJIepoOCTBO B YKpaiHi.

A TIITyK
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353. Yu mae myJi QpyHRIiA:
a)y:x4+3; B)y=1:x2; r)y:\/;;
6) y = x° + x; r)y = x% + x% m) y=0,5?
SAKmnIo Tak, To 3HAUAITH il HYJIi Ta IPOMiKKHM 3HAKOCTAJIOCTI.
354. 3HalgiTh HYJlL Ta IPOMIMKKI 3HAKOCTAJOCTI PYHKI[II:
a)y = 2x; B) y = x°+ X} r)y = x> + 5x + 6;
6)y=—x2+1; )y =2x + 3; I y:\/;—2.

355. IokaxiTs, mo Gyarnis f(x) = x* + 3 HaGyBae JuIIe [OZATHIX 3HAUECHD.
fxa ob0macTs BusHaueHHA 1iel QyHKIiII? Yu Mae 1A QyHKIIig HaliMeHIIIe

3HayeHHA? A HanbOiabpie?

356. IlokaxirTs, mo QyuKmia f(x) = —x? — x* nHaGyeae nume Bix’emHUX

3HaueHb. IKa obJyiacTh BusHaueHHd Iiel pyuxiii? Yu Mmae g GyHKIia
HaliMeHIIe 3HaUeHHA? A HaibinabIme?
357. 1) Ha man. 69 so6pakeno rpadik GpyHKIi y = f(x).
yl\

|
‘\0‘
|
=~
|
<
[\
[y
p—
1\
w
S
ot
»
QY

Maui. 69

3HalmiTh: a) 00JacTh BU3HAUEHHS i 00JIacTh 3HAaUeHb QYHKIII; 0) HyJIi
(GyHuKIii; B) TpOMiKKY 3HAKOCTAJOCTi; T') HalibiabIle i HaliMeHIIe 3Ha-
yeHHA PYHKIII; I') IpOMiKKI, Ha AKUX PYHKI[iI 3pocTae; 1) IPOMiKKH,
Ha AKUX (QYHKIIiSA cramac.
2) Bidkpuma 3adawa. BuxkonaiiTe 1e 3aBnaHHa and rpadika QyHKIII,
mo0yZOBAHOTO CAMOCTiHHO.

358. YcTaHoBiTH IPOMIKKM 3HAKOCTAJNOCTI Ta HYJIi PYHKILII:
a)y=x+x° B) y=1-|x[; Yy=x+3; e) y=3Jx.

6) y = 6; )y =-Tx; my =x’ - 4;
359. dAxki 3 pyukmiii sapocrawoui, a AKi — cmagHi:
a) y = 2x; 6)y=-x—2; B)y=x r) y=x?
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360. 3pocTapuoio UM CIALHO € (PYHKITiA:

2x 5x 1 —-X
a) y 5 )y 2 B) Y 3x/x r) y hx

361. ITo6ynyiiTe rpadik GpyHKII Ta samuIriTh ii BJIacTUBOCTI:
a)y=0,5x — 1; 6)y=2x2; B) y=+x+1; r)yzx_l.

362. 3uaiigiTe obaacTh 3HaUEeHb PYHKINI y =4 — xz, 3aaHOI Ha IIPOMIiKKY:
a) [~ 3; 3; 6) [1; 7); B) [0;0).
363. 3HaiimiTh 00J1acTh BUBHAUEHHS 1 00J1aCTh 3HAUEHDb (DYHKILII:
a)y =4+ x% 6) y=3+/x+2; B)y=1:(1+ 2.
364. 3uaiigiTe 061acTh BU3HAUEHHA (QOYHKIHI y = x® — 8, sKmo ii o6iacTb
3HaueHb [—35; 0].

365. He O0ynmyroouu rpadika QyHKII, BCTAHOBITH, IPU SAKMUX 3HAUEHHIX X
BOHA HaOyBa€ MOJATHUX 3HAUEHb, SIKIIO:

a) y = —2x + 5; B) y = 0,5x — 3; r)y=38x-x"-2;
1

0) y=vx+4; r) y=3——; 1) y=—x .
x x+1

366. He O0ynyioouu rpadika (yHKI[ii, BCTAHOBiITh, MPU AKUX 3HAYEHHAX X
BOoHA HaOyBa€ HeIOJAaTHUX 3HAUEHb, AKIIO:

a)y=5x - 1; B)y =(x+ 1)1 - x); 1) y=(x+2)%
6 1
6) y=x-4; r) y=—+2; n) y=—--1.
x x-1
367. MoBeniTh, 10 QYHKITiA:
a) y = 3x + 5 3pocrae Ha R; B) Y = —x% cnamae Ha R;
0) y =1—\/; crazae Ha [0;00); r)y= 22 3pocTae Ha [O; oo) .
368. 3pocTaruoio UM CIAgHOIO € (PYHKITiA:
a)y=x—05; B) y=+/3+x; I‘)y:8—x3;
6) y = 2x°; r) y=13-x; my=x"+x?
369. YKaxiTh IPOMIiMKKHU cHamaHHsa (PYHKIII:
a)y=x*+3; 6) y=lx-3; B) y=|x|—x.

370. Ha axux mpoMisKKax maHa (pyHKIIiA spocTae:
a) y=x-|xl; 6) y=v4+x%; B) y=+4-x%?

371. Iokaxirs, mo Gyurmia f(x) = x* + 3 mapua, a f(x) = x* + x — HemapHa.
IMoxkaxits, mo GyHKImis f(x) = x2 + x Hi DapHa, Hi HemapHa.
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372. Yu oxumH i TO# camMuii 3MicT MalOTh peueHHA «QYHKIA Yy = f(x) He €
mapHoOio» i «pyHKIiA y = f(x) — HemapHa»?

373. 3malimiTe obaacTh BusHaueHHA (QyHKIiI. oBeniTh, mo GyHKIis

y = f(x) mapua, akmio: a) f(x) = x* + 3x% B) f(x)= 24 4;
x J—
2
6) f(x) = 3x(x° — 2x); r) fla)=" sy
x p—

374. 3nangite obsacTh BudHaueHHA (QYHKIii. loBeniTh, 1mo GyHKIiA
Yy = f(x) HemapHa, AKIIO:

3
a) y = x(1 — x%); 6) y = 7x° + x; B) y="+.
x 3
375. ki 3 manux QyHKIiN DapHi, AKi — HemapHi:
4 2 3x?+1
a)y=x"; B) y = —x" + 3; r) y= 5
x
5
6)y:x5; T) y=—; In) y:«/]__xz?
x

376%. IlepemamioiiTe rpadiku 3 maa. 70 y somwur. Ko:xkuuit 3 rpadikis mo-
OynyiiTe Tak, 1100 omep:kaHa GyHKIIiA OyJa: 1) mapHoio; 2) HellapHOIO;
3) Hi mapHOI0, Hi HemapHOIO.
I KOKHOTO 3 BUKOHAHUX NYHKTIB 1)—3) ycraHoBiTh HYyJ i PyHKITII, ii
OPOMIiKKM 3BHAKOCTAJIOCTi, 3pOCTaHHA i criafaHHA. SIKi BUCHOBKY MOXKHA

3poouTu?
YA UA YA
4
3 3 3
2 2 2
1 1 1

012\34§ ol 123456789~ 01254x

-2 -2
-3 -3
-4
a 0 8
Maua. 70

377%. ®yukuia y = f(x) napua. Ha mpoMixKKy (—oo;—2) BOHA 3pocTae, a Ha
mpoMiKKY (—2; 0) — cmajae. 1Ko BoHA € Ha pernTi 06J1acTi BUBHAUEHHS ?
378%, dynkIiia y = f(x) mwenapua. Ha npoMikKy (—oo; —3) BOHA CIIaJa€, a Ha

npoMiskKy (—3; 0) spocrae. SIK0oI0 BOHA € Ha pemITi 06JacTi BUSHAUECHHS?
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379%. Bioxpuma 3adavwa. HamaiioliTe cxemaruuno rpadik napHoi QyHKIii
Yy = g(x), axa Ha mpoMiKKYy [—4; —2] 3pocTae Bix 1 10 5, a HAa TPOMIKKY
[- 2; 0] cnagmae Bix 5 mo —1. Iaa pyuKILii y = g(x) BcTaHOBITH: a) 06JacTh
BU3HAUEHHS Ta 00JIaCTh 3HAUEHB; 0) HYJi Ta MPOMiKKN 3HAKOCTAJIOCTi;
B) Hal0inbIlle i HAlIMeHIIle 3HAUEHHA.

380%. Biokpuma 3adawa. HamanioiiTe cxemaTuuHo rpadik HemapHoi QyHKIIT
y = f(x), axka Ha TpoMikKy [—4; —1] cnagae Big 3 10 —3, a HA MPOMIKKY
[-1; 0] spocrae Big —3 mo 0. [Ina dyuKIii y = f(x) BcTaHOBiTH: a) 06JaCTh
BU3HAUEHHS Ta 00JIaCTh 3HAUEHB; 0) HYJi Ta MPOMIKKN 3HAKOCTAJOCTi;
B) Hal0inbIlle i HaliMeHIIle 3HAUEHHA.

381. OnuIriTh BiaacTuBOCTI QYyHKIiH, rpadiku AKUX 300paskeHO Ha MaJIIOH-

Kax 71-73.
UA UA
4 4
3 3
2 2
1
32 0| 12 3x 32 OWx:
—2 -2
Mau. 71 Mau. 72
UA
4
3
/ /\
72 0| 123 456 7 8x
—2
Mau. 73
ITo6ynyiiTe rpadik GyHKIii Ta onmumIitk ii BaacTupocti (382—384).
382. a) y=|xl; 6) y=|x—3; B) y=|x|-3.
383.a) y=vx?;  6) y=+(x-2); B) y=\(4d-x)’.
_ 2
384.2)y = 6x%;  6) yz’;—g; B) y="y ry=x"2
x° —2x x
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385. HocaigiTh pyHKIII0O Ta mobyayiiTe il rpadik:
2

a)y=x>—-6; 6)y=—x; B) y=x3—; r) y=—/9-x%.
x° —4x

386. IIpakTuune 3aBgaHHA. SIKITO mTomaBaTu BOAY B pe3epByap 3 IIOCTii-
HOI0 MIBUAKICTIO, TO BHCOTa BOAUM B HbOMY Oyae (pyHKIIi€io Bim uacy
y=1(t) (man. 74). 1. PosriaHbTEe MAJTIOHKY i BCTAHOBITH: a) UM 3aJI€KUTH
MIBUAKICTL 3pocTaHHA TaKol PyHKIIII Bi mJIoIli oOCHOBU pesepByapa (Boay
B yCi pesepByapu IOJaIOTh 3 OOHAKOBOIO IMBUAKICTIO); 0) Y AKOMY BH-
naakry (a—e) mBUAKicTh 3pocTaHHa QyHKIT y = f(t) Oyzae HaiibinbIoO,
a B AKOMY — HalMeHIII00?

¥
0! t
a o6 8
Maua. 74

2. 300paziThs cxemMaTH4yHO rpadik 3aJeKHOCTI BHCOTH BOAM Bim uacy
HaIIOBHEHHS pes3epByapa, 300paskeHoro Ha MaJIOHKY 75.

L T &

Mau. 75

BnraBM AN NOBTOPEHHS

387. BcraHoBieHO, IO 3aiiBa Maca JIOJWHU € Pe3yJIbTaTOM CIIOKHBaAHHS
0inbIIol KiJBKOCTI KaJyiopiii, Hisk BuKopucraHHA. OcKiJlbKu HagMipHa
Maca HeraTHUBHO BILIMBAa€ Ha CTaH 3M0POB’A Ta CTUIb KUTTEMisAIbHOCTI
JIOAUHU, TO HeOOXiTHO cIaIIoBaTH KaJOpill He MeHIe, HijK CIOYKKBA-
tu. Ckaaaka Hanoio Coca-Cola mictuts 26,5 r nykpy Ha 250 mui, mio
IOPiBHIOE YOTHPHOM abo II’ATH YaWHUM JIOMKKaM IyKpy abo 108 kau.
3a CKimbKU XBUJIMH BU 3MOJKETe BiAmIpalroBaTu KaJyiopii, oTpuMaHi Bif
CKJIAHKHU IIHOT'0 HAIOIO, 3a JOIIOMOTO0:

a) mpacyBaHHA OiIM3HU CTOAYU, AKIMO B Iiei yac 3a 1 rox Ha 1 Kr Mmacu
BaIIloOTo Tija crajoeTbed 3,6 Kau;
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0) IPOIOJIKK TOPOAY PYKaMM, SIKIIO B IIei .-\!
. B E
yac 3a 1 rog Ha 1 Kr Macu BaIoro Tija cmoa- r
' A
JIOETHCS D KaJ, i I
. o = T ]
B) UMCTKY KWJINMIiB IIMJIOCOCOM, SIKIIO B IIei =
. L
yac 3a 1 rog Ha 1 Kr Macu BaIoro Tija cmoa- ﬂ—! .
Joerbea 2,9 xai? g =1
a
Posp’s:kiTh piBHAHHA (388—389). -]. = r
s _
388. a) 2x* + 3x = 9; = T —

6) 9x° — 12x + 4 = 0;
B) 5x? + 4x = 1.

389. a) (x+3)JVx+5=0; 6) (x+5)vVx+3=0.

390. 3anuIliTh y cTaHZAPTHOMY BUTJISALI YMCJO:
a) 7800; B) 84,17; r) 0,085; e) 0,58954;
6) 140000; r) 486000000; ) 0,00045; €) 0,0000008.

CKAPBHUYKA AOCArHEHb

v MoKy XapakTepusyBaTu (pyHKI[iI0 3a I rpadikom:
1) BrasaTu obJyiacTh BUSHAUEHH;
2) BKasaTu 00J1acTh 3HAUEHD;
3) sHaliTM TOUKY IepeTuHy rpadika @yHKIii 3 Biccio y;
4) zHaliTy HYJi QYHKIII Ta TPOMiMKKM 3HAKOCTAJIOCTI;
5) BU3HAUYUTU IIPOMIKKU 3POCTAHHA UM CHATAHHI;
6) yxkasaTu HaiibisibIlle Ta HaliMeHIlle 3HAUEHHA (PYHKILIT;
7) mobynyBaTu rpadik GpyHKIii.
v/ YMiio 3HAXOQUTH 34 JOIIOMOTOI0 rpadira:

o0sacTh BU3HaUeHHA (QYHKINI IK IpoeKIliio ii rpagika Ha Bich x;
obsacTh 3HAUEeHb PYHKIIT AK mpoekIiiio i rpadika Ha Bich Y
v 3Halo, IO Take:
« Hyai pyHKIII y = f(x):
f(x) =0
+ OPOMIiMKKM 3HaKocTajaocTi GpyHKIii y = f(x):
f(x) >0 a6o f(x)<O

v 3Hao, AKi QYHKIII HAa3UBAIOTL

spocTarouumMu CHAZHUME N\
X1 < Xy X1 < Xy
(1) < f(x2) (1) > 1(x2)
v Moy BU3HAUUTH 3a rpadixom Halibigblne i HaliMeHIle 3HAYEHHS

GyHKITI.
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B1koPMCTOBYEMO HABYTI KOMMNETEHTHOCTI

LLIo6 3po3ymiTn i 4oOpe 3acBOITU HOBY TEMY, NMPUragaemMo:
— 9K 06YMCANTI B TOYLi X, BHAYEHHA DYHKUIT f(x):  f(a,)
— 9k cknapgaTty Tabnuui 3Ha4YeHb PyYHKLIM 3a popmMynamMu.
— LLlo Take rpadik pyHKL|i i 9K ioro 6yayioThb.

— Buaon ¢yHkuin Tta ix rpadiku:

NiHiMHa yHKLUidA y=kx+b npgamMa niHis
obGepHeHa NPOonopLiNHICTL Yy = k rinepbona
X
KBagpatnyHa QyHKLiA Y= x? napabona
NepeTBOpEHHSA

rpadikiB GyHKLUIN

Criyazemo Tabuauili sHaueHb QYHKIIHN: a) y = x2i 0)y= —xz, 3aJaHUX Ha
muoxxkuui D = {-3, -2, -1, 0, 1, 2, 3}.

a)| x |3|-2|-1]0|1]|2]|3
y 1914 11[0]141]9
6) | x |[3|-2|-1]0 | 1] 2]3
y |-9/-4]-1]0[-1]-4]-9

Bgarasi 3HaueHHa QyHKIL y = —x? mporu-
JIEeXKHI BiATTOBIAHUM 3HaUeHHAM (DYHKIIII Y = X%,
Tomy rpadgiky mux (PYHKIIA CUMETPUYHI Bif-
HOCHO oci x (Mmaj. 76). Taky camy BacTuBicTh
MaroTh Oyab-aki Qyskmii y = f(x) i y = —f(x). —-4-3-2 2 3 14

KRy

Fpadikn dyHkuin y = f(x) i y=—f(x) cumeT-
PWYHI BiAHOCHO OCi Xx.

ITopiBHsEMO 1mIe GyHEHII y = 2f(x) i
y = f(x). 106 omep:xkaTu AKe-HEOYAL BHAUEH-
H IepIroi 3 HuX, Tpeba BiAmoBimHe 3HAYEHHA
npyroi momuokuTH Ha 2. Tomy rpadik mepiroi
3 X (DYHKI[i#l MOKHA OJlep:KaTH, PO3TATHYB-
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mu BABiui Bim oci x rpadik apyroi ¢yuKIii. A 106 modbyayBatu rpadik

1
yHKI y = 3 f(x), caig Brpuui cTucHyTH 10 oci x rpadik GyHKII y = f(x).

LLLo6 no6yayeaTu rpadik yHkUiTy = kf(x), ae k > 0, Tpeda rpadik pyHKuiT
y = f(x) po3TarHyTu Bip, oci x y k pasiB, skwo k > 1, abo CTUCHYTH iH0oro

1
B Epasis,qooci x, 9Kkwo 0<k< 1.

Ipurnan. [lIo6ynyiite rpadiku GyHKIIN: Yy = 2\/; , y=0, 5\/; , y=-0, 5\/; .

Posp’aszanna. [lo6ygyemo rpadik QyHKRIIT y= \/; . Ha mamroury 77 #ioro
300pakae xpusa I. 30iAbIIMBINIK BABiUI OpAMHATY KOMKHOI TOUKU IIHOTO
rpagika, 0ep:KUMO MHOKUHY TOUOK, po3mimneHnx Ha Kpusii I1. Ile rpadik
byurIii y:2\/;. Axmro opaumHaTy KOMKHOI TouKu rpadirka I smenmuTu
BABiUi 1 HAHECTH BIiAIOBiAHI TOUKM HAa KOOPAMHATHY MHJIOIIUHY, TO OOEPIKU-
mo KpuBy III — rpadik dpyurmii y=0, 5\/; . Kpusa IV cumerpuuna BigHOC-
HO oci x kpusi#t III, — rpadirk Gpyurmii y=-0, 5\/;.

Koxxkue s3nauenna QyHKIIl y = f(x) + 4 Ha 4 Ginbine, Hi¥K BigmosimHe
sHaueHHA QYHKIL y = f(x). Tomy rpadix pyskmii y = f(x) + 4 moxkHa onep-
JKaTH, nepericmm rpadik QyHKIIL y = f(x) Ha 4 oquHUII B HATIPAMKY OCi Yy
(man. 78). 1106 oxepsxatu rpadik Gpynkuii y = f(x) — 6, Tpeba rpadix GyHK-
il y = f(x) nmepenectu Ha 6 OMUMHUIIL Y TPOTUIECKHOMY HAIPAMKY.

\ YA

II 7
of vorwis —
5
4
3

III 2 }f(x)_/
1
0

12345678 9x

R N - N
[a-—

2 0 345678 9x /2

—2 v —2
-4 —4 W
-5 =)

Mau. 77 Mau. 78

LLLo6 opepxatu rpadik pyHkUiT y = f(x) + n, Tpeba rpadik GyHKLITY = f(x)
nepeHecTU Ha n 0AUHULb Bropy (y HanpsamMKky oci y), skwo n > 0, abo Ha
—n OAMHUUb BHU3 (Y NTPOTUJIEXXHOMY HanpsaMmKky), akwo n < 0.
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A ax caix meperBoputu rpadik GyHKIl y = f(x), 11106 omep:xaTu rpadik
dysrnii y = f(x — m)? O6uucauMo AJA THX CaMUX 3HAYeHb X 3HAUEHHSA
dbyHukmii: a) y = 221 6) y = (x — 2)°
a) x -4 -3 =2 -1 0 1 2 3 4
y 16 9 4 1 0 1 4 9 16

0) X -4 -3 -2 =il 0 1 2 3 4
y 36 25 16 9 4 1 0 1 4

fAx 6aunmMo, IPU KOKHOMY 3HAUEHHi X = ¢ 3HaUeHHS QYHKII y = (x — 2)2
Take, K 3HaUeHHA QYyHKIT y = x2, Konu x = ¢ — 2. Tomy rpadik QyHKIT
y=(x— 2)? MosKHA ofepIKaTH, HepeHicy rpadik QyHKIil y= x® Ha 2 oxu-
HUIL B HATPAMKY oci x (maj. 79). I'padik pyHKImii y = (x + 3)? MosKHA ozep-
JKaT! nepeHeceHHAM rpadika GpyHrIii y = x® Ha 3 ONMHHUII B HALPIAMKY,
OPOTUJIEKHOMY HAIIPAMKY OCi X.

o6 opepxaTtu rpadik byHkuUiT y = f(x — m), pocutb rpadik GyHKuiT
y =f(x) nepeHecTn Ha m oauHULL NpaBopyH (y HaNPSIMKY Oci x), AKLo m >0,
a6o0 Ha —m oAnHULb JIiBOPYY (Y NPOTUNIEXHOMY HanpsaMKy), akuo m < 0.

Ha mamonky 80 mokasano, K, HaIPUKJIAZL, 3 rpadika GyHRIii y = x®
MOJKHA ojep:katu rpadikm GyHKIIA y = (x — 2)% i y=(x+ 3)3.

U A

<

8

-
2

(x + 3)°
(x—~2)°

y:(-l"\g)Z
Y=

= DN W s Ot -3 0
Y
y:

432 2 34 5x

Ry

—-4-3-2 1 2 3 4

Mau. 79 Mau. 80
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— XOYETE 3HATU LLE BUIbLUE? w

Ak, matoum rpadik GyHKUiT y = f(x), noOyaysaty rpadik GyHKUii y = |f(x)|‘?
3a 03Ha4YeHHsaIM Moayns,
f(x), sixwo £(x) >0,
y=f(x)]=
—f(x), akwo f(x)<O0.

Tomy sHaueHHs dyrkuii y =|f (x)| i y = f(x) ograkosi 3a ymosu, wo f(x) > 0 i

b

npoTunexHi, akwo f(x) < 0. OTxe, Wo6 nobyaysaTun rpadik GyHKLIi y:|f(x)
[ocuTb Ti YyacTuHM rpadika GyHkuiT iy = f(x), ki nexatb Hux4e Big 0Ci X, 3aMiHUTK
CUMETPUYHMMM TM BiOHOCHO €T OCi, a BCe iHLWe 3anuwunTt 6e3 3MiH. Hanpuknag,
Matoum rpadik QyHKUT Y = x*-4 (man. 81), moxHa ogpasy nodbyaysaTtu rpadik

byHkuii y=|x? - 4| (man. 82).

YA YA
5 5
. 1
3 3
9 9
1 1
T3 \ 10| 1 /2 3 x 3 10| 1 2 3x
2 2
3 _3
4 4
Mau. 81 Mau. 82

Jocninite, 9k ogepxatn rpadik GyHKLT y:f(lxl), AKWO BigoMO rpadik
YHKUiT Y = f(x).

NMEPEBIPTE CEBE

1. IITo Take rpadix PyHKIii?

2. fx, marounm rpadik GyHKIL y = f(x), moOyayBaru rpadik QyHKILII:
a) y = ~f(x); B)y =k - f(x); %) y=|f(x)
6) y = f(x) + n; r¥) y = f(x — m); %) y=1(xl)?

3. VY akiit uBepri ek uTh rpadik GyHKILI y = —f(x), akimo rpadik QyHKITIT

Yy = f(x) posramoBauuii y: a) III uepri; 6) I Ta II uBepTi?
4. YraxiTs HalbiIbIne 3HaUeHHA QYHKITT Y = —f(x), AKII0 5 — HaNbiIbIIe

3HaUeHHA (PYHKILII:
a) y = f(x) + 5; 0) y = f(x - 5); B) y = 9f(x).

.
b
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BVWKOHAEMO PA3OM
Ha mamiorky 83, a 3o6paskeHo rpadik Jainiinoi pysrmii y = f(x).
Ilo6ynyiiTe rpadirk GyHKIII y = —f(x).

o Posp’azanna. I'padiku dyHKuin y = f(x) i y = —f(x) cumerpuyHi Bix-
HOocHO oci abcmuc. Toura A(—3; 0) — cminbHa Aasg 000x rpadikis, a
cumerpuuHoio Tourri B(0; 2) BizHOoCcHO oci x € Touka B; (0; —2). IIpama

AB, — rpadik pyHKIII y = —f(x).

B

1 A/

-3 0] 1 2 3«x ~ 0] 1 2 3«x
_2 3\_231

Maun. 83

2
1 1
9 ITo6ynmyiiTe rpadik GyHKIEI: a) y = x%; 6) y=§x2 ; B) y=(§x) .

© Po3sp’azanna. a) 'padik GyHKIiiy = x® — 3Buuaiina napa6osa (mai. 84).

1 .

0) Illo6 omep:xkatu rpadik GyHKIil yzEx2 , Tpeba opAMHATY KOMKHOI

TOUKH IIEePIIOro rpadika sMeHIINTH BABiUi; Ha MAJNIOHKY Id mapadoia
CUHBOTO KOJIBODY.

2
1 . . .
B) yz(gx =—x?. BMEHIIUBINN OPIUHATY KOKHOI TOUKM 3BHUYANHOI

mapabosiz y 4 pasu, ofep:KuMo HOTPiOHUIT rpadik — JIiHiI0 YepBOHOTO
KOJIbODY.
yA

5

1

>

4-3-2 0o 1234 «x

Maun. 84
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BUKOHAMTE YCHO

391. YumMm pisuaTbca rpadiku QyHKILiH:
a)y=x% y=(x"1iy=-x%
6) y = 4x°, y = ~(2x)* i y = (-22)%

B) y=va?, y=v(=x)? i y=Ix?

392. Ak B3aeMHO posTaIlloBaHi rpadgiku QyHKITi:

1 1
a)y=2xiy=—-2x; B) y=—x i y=——ux;
)y y )y 3 y=-3
6)y=x"iy=—x ) y=t i y=——2

X X

393. dynkruia y = f(x) spocrae Ha Bciit obsacTi BUBHaAUEHHA. 3POCTAIOUOIO

Yy CHagHOIO € (DYHKI[id:
a) y = 2f(x); 6) y = 0,51(x); B) y = —f(x)?

394. Un mpaBuibHO, mo rpadikm dysrmoiin y = 0,3x, y = 0,3x + 2 i
y =0,3x — 5 — nmapanenpHi npami?

395. Ha manoHKY 85 300paskeHo ABi mapajieJbHi mpaMmi — rpadiku ZBOX
dyuarmiii. Ogaa 3 nux QyHKIiA y = 0,5x + 3. Hassite dhopmyny apyroi
GyHKITI.

Y1  y=05x+3

2 yA
\
1 b

Ry

"2 3456 7 8«x 0 a

|
[\
|
DN \OS| = N AN =2)

Maumn. 85 Mau. 86

396. Ha masronky 86 nmpama 1 — rpadik ¢pyeruii y = f(x), a napamensb-
Ha ifi mpsaMa 2 mepeTHHAE OCi KOOpAMHAT Y ToukKax a i b. OguH yueHb
BBasKae, 1o npama 2 — rpadixk dysruoii y = f(x — a), apyruit — 1o
BOHa € rpadikom ¢yHKIiil y = f(b + x), a TpeTiti — rpadirom pyHKIiI
y = f(x) + b. XT0o 3 HUX Mae parit?

397. HUuwm pisuaTbCca rpadiku QyHKITIH:

a)y=x"+2iy=x"-2; B y=x"+1iy=(x+1)>%
6)y=x>—-2iy=(x—2)% Ny=(x-2)°%iy=(x+2)>

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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104 Po3gin 2.

398. O6sacTy BusHaueHHA QYHKIIL y = f(x) — npomizkok (a; b). fAkoro €
o0sacTh BU3HAUEHHA (PYHKILII:

a) y = —f(x); 6) y = f(x) + n; B) y=|f(x); r)y =k f(x)?

399. O6sacTh 3HaUeHb QYHKILII y = f(X) — IPOMiKOK (c; oo). fAxoro € o6acTs

3HAUYeHb (PYHKITII:
a)y=-f(x);0)y=f(x)+n;B)y=1f(x) —m; 1)y =~k f(x)?

y

5

400. Ha mamouky 87 3o00pameHo rpadik 4
dyurmoii y = f(x). Hakpecaits i#oro B 3
30IIUT i MOOyAyiiTe B Till camiii cucremi

>
>

KoopauwHaT rpadikm QyHKIiH y = —f(x) 1

iy=3"f(). g
ITo6ynyiiTe rpadik pyurimii (401—403). —3-2/0 1 2 4x
401.a) y = —x% 6)y=-x° B) y=-|x|. -2
402. a) y=2Jx; 6) y=9x; B) y=+/16x. Mo, 87

403. a) y =3x% 6)y=-3x% B)y=-0,5x"

404. fdx Tpeba nmeperBopuTH rpadik GyHKIIT y = Jx , 11100 omep:skaTu rpadik
byuRIii y=—\/; ? Yu npaBuibHO, 110 06’emHaHHA rpadikiB QyHKIiN
y= Jx i Y= —Jx € rpadikom piBraHHS y® = x?

405. Ik meperBoputu rpadik GyHKii y = 3x — 4, 1mo6 oxepsxatu rpadik
dyuKmii y = 4 — 3x? BukonaiiTe mo0ymoBy.

406. IIo6yxnyiite rpadiku dyurmii y = % iy = x* — 4. BHainiTs ix obmacri
3HauyeHb. IIpy AKMX 3HAUEHHAX X 3HAUeHHs (DYHKIiN momarTHi, a mpu
AKUX — Big’eMHi? 3HANIITL KOOpAMHATH IepPeTUHY rpadikiB 3 ocamMu
KOOpJAMHAT.

407. T'padikn axux QyHKIi 3060paxeHno Ha Maa. 88, a, 67
ITo6GynyiiTe B omHili cuctemi Koopamuat rpadiku ¢yukiiin (408—409).
408.a) y=2x,y=2x+1iy=2x — 3;
6)y=—x>, y=—a+2iy=-x*-1.
409. a) y=+/x, y=Jx-1 i y=Jx+2;
6) y=2x> y=2x"+1iy=2x"-1.
410. Sk Tpeba meperBopuTHU rpadik GYHKIH y = x%, mo6 ogepsxaTu rpadik

GYHKITII:
a) y = (x + 3)% 6) y = (x — 3)% B) y = —(x + 3)*?

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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U A a
8 11
! IIT 0
6 yA
5 5
4 4 IIT
3 3
2 11
I\ , : ,
-4 -3 — 0] 1\/2 3 4x -3-2 ON1 2 34 5 6 7 8 9«x
2 -2
_3 I
-4 I —4
Mau. 88

ITo6ynmyiiTe B ofHili cucTemi KoopauHatr rpadiku QyHKin (411—-412).
411.a) y; = 2x, yy = 2(x — 1) i y3 = 2(x + 3);
6) y1 = —x% Yo = —(x + 2)* i ys = ~(x — 3)°,

4 4 4 .
412. a) y;=—, Yy=——1iy;=——; 0) ylzx/;, Yy =vx—-11y;=+x+2.
x x-3 x+1

413. I'padiku axux QyHKIIiHA 300paskeHo Ha maja. 89, a, 67

YA
7
0 II II1
5 II
4
3

1

1 2 56 7
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414. 1) Dano mapaGoxy y = x°. HanumiTe piBHAHEA mapaGoin, AKY MOXKHA
oflep:kaTH 3 JaHOI ITepeHeceHHAM:
a) Ha 2 OAUWHUIILI IIPaBOPYY i 3 OAUHUILL Bropy;
0) Ha 4 ogWMHUIIL JiBOPYY i 2 OAUHUIIL BHUS.
2) Bidxpuma szadawa. Jauo rinepGosy [ | Hanwmirs piBHAHHS
rimep6osiu, Ky MOKHA OJEpP:KaTU 3 HAaHOI ITepeHeceHHAM Ha

415. ITob6yayiiTe rpadik GyHKIi:
a) y=(x-2°+11i y=(x-2)>-1; 6) y=(x+1)*+3 i y=(x+1)*-3.

416. 'padik GpyuKIii y = f(x) cuMeTpuyHU BigHOCHO Ooci y. Yu cumeTpuy-
HUH BigHOCHO IIi€l oci rpadik pyHKITii:
a) y = 2f(x); 0) y = —f(x); B) y = —2f(x)?
IToOynayiiTe BigmoBigHi rpadikm.
417. OyuKIida y = f(x) Ha IPOMiIKKY (—oo; a) CIIaJia€, a Ha IPOMiKKY (a; oo) —

3pocTrae. KoIo0 € Ha X IPOMIXKKaxX

GyHKITiA: yAa
a) y = 2f(x); 6) y = 0,5f(x); 8
B) y = —f(x)? 7
Ilo6yayiiTe BimmoBimai rpadikm. 6
418. Ha maua. 90 zo6pakeHo rpadik 5
byHKIII y = 4x72. TlepemaioiiTe 4
Woro B somutr i mobymyiiTe B Tiit 3
camiii cucremi KoopauHAaT rpadiku 2
dyHKITiH: 1
4 >
a) y=—5+2; 5-4-3-2 O 1 2 3 4 5Hx
x
4
0) y= ?‘3; Maut. 90
4
B) y=1-—.
Yy e
419. IloO6yayiiTe B OgHil cucTeMi KoopAuHAT rpadikm GyHKITiH:
12 12 12
a) y=—— y=-——+3; y=—-1.

x x x
6) y=2Jx; y=2Jx-3; y=2Jx+2.
420. ITobynyiiTe rpadik GpyHKIfii:
a)y = —x° + 3; B)y=x"+1; r)y =2x° - 1;
6) y=2_3; r) y=—Jx+1; 0y =055 - 2.
x
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421. 3amoBHITh TOPOKHI KIITHHKHN Tabauili. Koo GopMyIo0 MOKHA 3a-
matu GyHKIi0 ¥y = f(x)?

x -2 -1 0 1 2 3
f(x) 9 6 5 6 9 14
—f(x)
31(x)

422, Ha mai. 91 3o6paxeno rpadik pyuknii y=3%x. Ilepemaioiite iioro B
301IUT i MOOyAyliTe B Tili caMiii cucTemi KoopamHaT rpadikum QyHKITiN:

a) y=3x-2; 6) y=%Yx+1; B) y=3-¥Yx.

U A

9

1/’»

8765432 0| 1234567 8x
9

Maux. 91
423. ITobynyiiTe rpadik GyHKII:
a)y=0,5(x — 1% B)y=2x-2)% r) y=3Jx+3;
1 2 1 -3
0) y=—(x+1)"; r) y=———; =,
) y=5xt) ) y=——3 m Y=
424. TTobynyitTe rpadik i gocaigiTs BaacTuBOCTI PYyHKILII:
12 6 x+2
=——+4; 0) y=——-3; =,
2) Y x—-3 )Y x+2 ®) Y x+1
IToGynyiiTe rpadik pyurmii (425—428).
425.a) y = (x + 2)* + 3; B) y = —2(x + 1)® + 3;
1 6
0) y=——+2; r)y=5———.
)Y x—1 ) x+1
426. a) y=2Jx-3+1; B) y = —(x + 1)>+ 2;
6) y=2—-+x+3. r)y = 0,5(x — 3)°— 3.
2
427*%, a) y=2|x|-3; B) y:\/m; r) y:(lxl—l) ;
0) y:|1—|x|; r) y=—|x/+2; ) y:|x|3+1.
428*. a) y=|3x+1]; B) y=[1-xl; r) y=|6x"-3;
0) y=|—x2+4|; r) y=10,2x-1|; ) y:|x2—2|.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



108 Posgin 2.

BnpraBu ons NOBTOPEHHSA

429. O0unCaiTh:

a) (l—i+1i):21; 0) (§+i)-lg+§; B) Z—l:§+5:l—l.
5 10 15/ 15 5 20) 3 4 8 2 4 3 8

430. Y Tabsuili mogaHo Ha3BM, MiCIld PO3TAIIIyBAHHS Ta ILIOIIL 5 HAHOIIBIITNX
i HaWikpacuBinmux geHAponapkiB YiKpainu. CraamiTe 3amady 3a IIUMU
nanuMu. CkopucraiTecsa TAaKOXK BiJOMOCTAMHU IIPO iHIMI AeHAPOIIapKU
Vxpainu, soxkpemMa HaWOIMKUMIT 4O Bac.

Hasga PosramryBanna ILaomza (ra)
Tpocrauenb cesio Tpocranens YepHiriBebkoi obaacTi 350 ra
Osexcauapis micto Bina IlepkBa KuiBcbkoi obsacti 290 ra
CodiiBra micTo Ymaub YepkacbKoi o0JacTti 179,2 ra
IlonTaBcbKMit micto IlonraBa 124,5 ra
Beceni BokoBenbku | MosimuchbKUi pation KipoBorpaachKkoi 109 ra

obsacTi
431. 3HaligiTh KOPEeHi KBaApaTHOTO TPUUJIEHA:
a) 2x% + Tx — 30;  B) 4x® — 5x + 3; r) x> — 6x — 55;
6) x% — 5x + 6; r) 7x? — bx — 2; x) x* + 10x + 25.
432. BuminiTe 3 mogaHOro TpUUuJeHa KBaJgpaT ABOUJIEHA:
a) x2 — 6x + 15; B) x% + 5x + 6; r) 5x% — 10x + 8;
6) x* + 8x + 8; r) x* - x - 1; m 9+ 2x — 3x%

CKAPBHUYKA OOCArHEHb

v/ PosyMmiro, y 4oMy IOJIATAE IIepeTBOpeHHA rpadika QyHKIIl f(x):

f(x) = f(x — m) f(x) > f(x) + n
mepeHeceHHA rpadika mepeHeceHHA rpadika
m > 0 — mpaBopyu n > 0 — Bropy

m < 0 — miBopyu n <0 — BHU3

f(x) = Ekf(x), k>0
k > 1 — poararyBaHHA rpadika Bim oci x B k£ pasis,

. . 1 .
k <1 — cruckanuda rpadika mo oci x B % pasis.

v Posywmirto, 110 rpadiku @pyuknin y = f(x) i y = —f(x) cumerpuusni Bix-
HOCHO OCi X.

v" Moy mobyaysatu rpa@ik QpyHKIIil, BUKOPHUCTOBYIOUHN IIPABUJIA IIepe-
TBOPEHHHA.

v' Xouy HaBunTucA OyayBaTu rpad@iku QyHKIiN, 1[0 MiCTATL MOLYJII.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



KBapgpatnyHa dpyHkLis 109

BukoPUCTOBYEMO HABYTI KOMMETEHTHOCTI

LLlo6 3po3ymiTh i oBpe 3acBOITU HOBY TEMY, NPUraLAEMO:
— Ulo Take KkBagpaTHUA TPUYNEH | MO0 KOPEHI.
— 9K 3HaNTN KOPEHi KBAAPATHOrO TpUYieHa

~b+D
2a

— Po3sknag kBagpaTHOro TpuyieHa Ha MHOXHUKM,

AKLLO X | X, NOTO KOPEHi: ax® + bx + ¢ = a(x — x1)(x — Xp)

ax® + bx + c Xyp = , ne D = b® - 4ac

— 9k BMAOINNTN 3 TpUYieHa NOBHUI KBaapar:
P+bx+1=0+2-2-3+F -F+1=(x+3°-9+1=(x+3°-8
— lMpaBuna nepeTBopeHHs rpadika QyHKLi:

fx) > f(x) + n f(x) > flx — m) f(x) — Ef(x)

KBagpatuyHa OyHKLUIA

dyHKIio, Ky MO:kHA 3amaTtu GopMyJow y = ax® + bx + ¢, xe a = 0,
b, c — nmoBinbHI Yucya, a X — apryMeHT, Ha3UBaIOTh kKéadpamuinoto (a6o
K6adpammnoio) QyHKYiero.

IIpuknagm kBagpatuyHOol (GYHKIIi: y = xz, y = —x2, y = x? + 3,
y=(x+ 4). Ix rpadiku — ogHAKOBI mapabouu, aje m0-piBHOMY PO3MiIeHi
Ha KoopawHAaTHIN muomuHi. I'padik GyHKIii y = ax? Texx mapaGoua; ii Bep-
IIWHA JIEKUTh Y IIOUaTKy KOOPAUHAT, a BIiTKM HAIpAMJIEHI Bropy, SAKIIO d
> 0, abo BHU3, akimo a < 0.

Mpadikm pyHKuiii y = ax® + bx + ¢ iy = ax® — ogHakoBi napa6onn, AKi MOXHa
CYMICTUTM NapanenibHUM NepeHeCceHHsM.

IToxaxxemo 11e:

2 2
ax® +bx+c= a(x2 +2x+£): a(x2 +2-ix+b—2—b—2+£):
a a 2a 44 4a° a

(( b )2 b> —4ac) ( b )2 b —4ac
=a||lx+—| ——|=a| x+—| ——.
2a 4a? 2a 4a
Ockinvku a # 0, b, ¢ — umcJa, T0 i Zi’ i ————— — uwncaa.

a 4a
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2
.. b . b°+4ac .
ITosnauusmu ix OyKBaMu m = . in= B MAaTHMEMO TOTOMKHICTh:
a a

ax®+bx + ¢ =a(x - m)®+ n.

Otrixe, QyHKILiO Yy = ax® + bx + ¢, ne a#0,3aBKIu MOKHA MOJaTU Y BU-
raangi y = a(x — m)? + n. Hanpukiazn, QyHKIio y= 3x% — 12x + 8 moskHa
3amucaTu Tak: y = 3(x — 2)? - 4.

3 § 10 Bigomo, m1o rpadik GyHKIl y = a(x — m)? MOKHA Omep;KaTH 3a
IOIIOMOTOI0 [IapaJIeIbHOTO IIePeHeceH s Ha |m| onu-
HUIb B3JOBX Oci x rpadika QyHKIIl y = ax?.

Ao rpadik GysKIii y = a(x — m)? mepeHeceMo
Ha |n| ogumHMIE ya3mOB*K OCi Y, TO OmepiKMMO Tpadik
byurIii y = a(x — m)2 + n. Ors%e, 3a JOIIOMOI'OIO BOX
napaselbHUX IepeHeceHb rpadika QyHKIil y = ax®
yTBOpuUThca rpadik GyHKOil y = a(x — m)? + n, a
3Binmcu i mamoi pyHKIII y = ax® + bx + c.

Hampukaan, mo6 mobyaysatu rpadik ¢GpyHKILiI
y = 3x% — 12x + 8, abo y = 3(x — 2)® — 4, moTpi6-
HO Tpadik QyHKIIl y = 3x” HepeHeCTH B HALIPAMKY 2 0 D) 1
oci x Ha 2 oxmmuuni (manx. 92), micasga 4oro KpuUBy
II 3cynyTu Ha 4 omuHWUILI BHU3. YTBOpeHa KpuBa -2
IIT — rpagik mamoi GyHKIii. -3

Iz maBemenmx MipKyBaHb BUIJIUBAE, IO rpadik 4
GyHKIH y = ax® + bx + ¢ — napaGosa y=a(x — m)® + n. _5

o . b . b’+4ac
Koopamnaru ii Bepriimau m i n, o610 —— i —— .
2a 4a Mau. 92

<

III

= DN W s Ot 3

KRY

1106 moGyayBartu rpadix Gyukmii y = ax® + bx + ¢,
Tpeba 3HAUTH KOOPAUHATH BePIIIUHYT ITapaboau, TOUKA
ii mepeTuHy 3 OCAMU KOOPAMHAT i ITle KiJIbKOX i1 TOUOK,
MMO3HAYNTH 1X HA KOOPAWHATHINA MJIOIIUHI ¥ TpoBeCTU
yepes HUX ILJIaBHY JiHi0. MoKHA CKOPUCTATHCH IHIITNM
crmocoboM: cmouaTKy mobyayBaTu rpadix (Gpyukririi
y = ax® + bx, a morim migHATH a60 omycTHTH ifOTO HA
lel| ommmuus. I'padix Gysrmii y = ax® + bx, a6o
y=x(ax +b), 6ynyBaTu HEBaYKKO, OCKiJIbKY BiH IIepe-

IToGymoBa
rpadika QyHKIiT
— p— 2 p—
THHA€E Bich abcumuc y Toukax x = 0ix = ——. y=3(x-2y-4
a

IIpuraan. [lobyxnyiite rpadir GpyHKIii y = 2x% + 4x + 3.

Posp’szannsa. padix ¢ymrmii y = 2x° + 4x, abo y = x(2x + 4), mepe-
TUHAE Bick X y Toukax x = 0 i x = —2. ITosmauumo ix (man. 93). I1i Touku
CUMETPUUHI BiJHOCHO oci mapaboji, IKy MaeMo IIo0yAyBaTH, TOMY adciuca

if Bepmuuu x = —1. Opgunara gopiBuioe 2 - (—1)% + 4 - (-1) = —2. ITosuaua-
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KBanpaTtuyHa byHKLIs 111

€MO TOUYKY 3 Koopauuatamu (—1; —2). Uepes mosHaueHi
TPU TOYKU IpoxoauTh rpadik I pyurmoii y = 2x% + 4x.

IIepenocumo fioro Ha 3 ofmHUIL Bropy i Maemo rpadixk I1
nanoi GyHKIL y = 2x% + 4x + 3.

IIpoanaizyemo, sIKi BJaacTHBOCTI Mae KBaJgpaTUdyHA
byHRIig Yy = ax® + bx + c.

I'padirk manoi ¢pyukIii — mapabosa. Hexait ii Bep-
muHa — Touka M(m; n), To0TO

m:—i, n:—ﬂ, me D = b — 4ac. I 1

2a 4a
Aximo a > 0, To BiTkU mapabosiu crpsiMmoBaHi Bropy. Toxmi:
1) o6nacTb BusHaueHHA QPYHKIII — yca mHo:kuHA R; /o

2) 0bsacTh 3HAUEHb — TIPOMiHbB [7150); 3

<

W B Ot O 1 ©

|
\]
—
DO
KY

3) AKIIO X < M, TO (DYHKITiA CIIafae, IPU X > M — 3POCTAE;
4) axmio D > 0, To QyHKIIT Mae ABa HYJIi: X; 1 Xg; Maur. 93
5) Ha IPOMiKKY (x;; X,) 3BHaUeHHA PYHKIIII Bix eMHi,
Ha IpoMiskkax (—eo;x,) i (255 00) — momarHi.
Ao a < 0, To BiTKM nmapaboyiu HaIpPAMJIEHI BHU3 i BacTuBocTi 2), 3),
5) caim dopmyaroBatu iHakime. Crupo0OyiiTe 3poOUTHU IIe CAMOCTiHO.

—— XOYETE 3HATMU LLE BUJIbLUE? w

Mpadik KOXHOT KBagpaTU4HOI GyHKUIT — napabdona. Po3rnaHemo geski Bnac-
TUBOCTI LiET KPMBOI.

Mapabona — reomeTpuyHe MicLe TOYOK, PiBHOBigAaNeHUX Big, gaHor
TOYKM i gaHoi NpsaMoi. [1poINIOCTPYEMO Le TBEPOKEHHS Ha Npuknani QyHKL,i
Y= x2. Po3rnsHemo Touky F(0; 0,25), npsamy I, piBHaHHS skoi y = —0,25, | [OBiNbHY
Touky M (x; x°) Ha paHii napaboni (man. 94). Hexait nepnenaukynsip M P no nps-
Moi [ nepeTunHae Bicbk abcumc y Touui H. MNokaxemo, wo FM = MP.

O6umcnmmo FM 3a popMynoto BiACTaHi Mix ABOMA TOYKAMMU:

FM =x? +(x*~0,25) =/(x* +0,25) =2 +0,25.
Ockinbku MP = MH + HP = x? + 0,25, TO Npu KOXHOMY 3HaueHHi x M F = MP.

Touky F i npamy [, aki MaloTb Taki BNaCTUBOCTI, HA3MBalOTb (POKYCOM i AUPEKT-
purcoto naHoi napadonu. KoxHa napadona mae ogviH GOKyc i 0OHY AMPEKTPUCY.

y y
3
2
M M
1
AN\FY /1|lH F 72
1 0,25 p * p
Man. 94 -1 Man. 95
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112 Po3gin 2.

LlikaBoto i oy>ke BaxnMBOIO € Le oaHa BnacTueicTb napadonu. Ockinbkn Tpu-
KyTHUK FM P piBHOOegpeHuit, To L1= /2= /3 (man. 95). ToMmy NpoMiHb, 9KNiA
BUX0auTb 3 pokyca F, napgae Ha ainaHky napabonam nobnmnay Touku M Tak, Lo KyT
napinHa (£1) popisHioe kyTy Big6ueaHHa (£3). OTxe, BiAOUTMI NPOMIHL napa-
nenbHWi oci Oy. AKLLO OCbOBUI NEPEPI3 YBIrHYTOro A3epkana mae ¢opmy napa-
06011, TO BCi NPOMEHI, BiAOUBLLMCH Bifl, TAKOro A3epkana, He PO3CiloTbCs, a NayTb
napanesbH1UM nyykom. Lito BnacTmeicTb Nnapabosiv BUKOPUCTOBYIOTb Y NMPOXEKTO-
pax, siki MatoTb OCBIT/IOBATM Aaneki npeaMeTn. | HaBnaku: 9KLo Ha Take A3epkano
nagatoTb NPOMEHI, NapanesbHi ioro oci Oy, To, BiabMBa4UCh, YCi BOHU NMPOXOASATbL
yepes dokyc F. Y pesynbraTi pi3nyHe TiNo, Lo posTaluoBaHe 6ina dokyca F, moxe
CUJIbHO HarpisaTmcs.

NMEPEBIPTE CEBE

1. Axi pyHKIil HasMBaOTh KBAAPATUUHIMU?

. fIK HasuBaIOThH JiHiIO, 1110 € rpadikoM KBaApaTHUHOI PYHKIII?
VKaxiTh BJIaCTUBOCTI QYHKIIIL y = ax? + bx + c.

Axi xoopaumHAaTH Mae BepImHa mapabosu rpadika GyHKITil
y=ax’+bx +c?

3a akoi ymoBu rpadik QyHKII y = ax®+bx + ¢ mepeTuHae Bich x?
Vraxirts gyai QyHKIiI y = ax?® + bx.

Axr mobynyBaru rpadik QyHKIL y = ax? + bx + ¢?

Yum pisaaThCA rpadiku GyHKNIiE y = ax® + bx + ¢ i y = ax®?
3a akoi ymoBu rpadik QyHKII y = ax® + bx + c:

a) HAIIPAMJIEHUI BiTKaAMU Bropy;

0) HAIPAMJIEHUH BiTKaMu BHUS;

B) IOTUKAETHCA OO OCi abcIuc;

I') mepeTuHae Bich aberuc?

BN

© 00 T O Ut

BUKOHAEMO PA3SOM

o Yu nepetmHae rpadik QyHKIIL y = 5x% + x + 3 Bicp abemue?

© Posp’azanna. fximo rpadik GyHKII mepeTnHae Bich abcnuc y AKidch
TOUIli, TO 3HaUeHHA (GPYHKILII B 1iii Toulli gopisuioe 0. 3agaua 3BOAUTHCS
10 iHIIOI: UM Mae pos3B’sa3Ku piBHAHHA 5x° + x + 3 = 0? Moro nuckpu-
mimaaT D =1 — 60 < 0, ToMmy piBHAHHA He Mae PO3B’A3KiB.
Bignmosigs. He meperunae.

9 T'padik pyurmoii y = 2x% — Tx + p mepeTHHAE BiCh OPAMHAT y TOUIL y=>5.
Y axux TOUuKaxX BiH mepeTHMHAE Bich adciuc?
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KeaapaTtunuHa pyHKLis 113

® Posp’azanna. Touka 3 koopaunatamu 0 i 5 Hamexkurtb rpadiry. Tomy
Mae BUKOHyBaTucd piBHicTs 5 = 0 — 0 + p, 3Bimcu p = 5. OTike, HigeThca
mpo dyuKIio y = 2x* — Tx + 5. BHaiigemo ii mym;i: 2x2 — Tx + 5 = 0,
D=49 -40=9, x; = -1, x5 = —2,5.
Bigmosigs. ¥V Toukax A(—2,5; 0) i B(—1; 0).

e ITo6ynyiiTe rpadir GpyHKIil y = 2x% — 4x — 3.

® Posp’azanna. Ilobyayemo cmouaTKy rpadik mpoctimoi QyHKILiI
y = 2x% — 4x = 2x(x — 2).
Bin nmeperunace Bick x y Toukax O(0; 0) i B(2; 0)
(mas. 96). BoHu cuMeTpuyHi BiIHOCHO OcCi ma-
paboamu, sKa IPOXOAUTH Uepe3 cepeauHy Bin-
piska OB. Tomy BepIIINHOIO ITapabou € TOUKA
3 abcmmcoro x = 1 i opguHaToio y(1) =2 - 1% -
—4 -1 =-2. Ilosmauumo 1m0 Tourky M(1; —2)
i mpoBememo uyepes Hel BiCh.
ITosmaunmo KouTpoabHy TOouky K(—1; 6) Ta
CUMEeTPUUHY il BiZTHOCHO oci mapabosi TOUKY
K,(3; 6).
CrmosyuyuMo TJaBHOIO JiHi€0 BigmiueHi Tou-
KU i omepskuMo rpadik QyHKI y = 2x% — 4x

<

(kpuBa I).
ITorim mepenecemo rpadik GyHKIii y = 2x% —4x
Ha 3 ofMHUIII BHU3 i MaTuMeMo rpadik QyHKITiT Mau. 96

y = 2x* — 4x — 3 (xpusa II).

BWKOHAWTE YCHO

433. YKaxiTh HalBasKJAUBIIIi BIacTUBOCTI PYHKITI y = 22,

434. YraxiTe HyJIi QYHKILII:
a)y=2x%6)y=x"—Tx;B)y=x>— 0.

Yy

435. Ha wmanmouky 97 3o06pameno rpadix ¢GyurIiii 5
y = ax® + bx + c. YKRaxKiTh:

a) 06JIaCTh BU3HAUYCHHS (DYHKIIii; 3

0) sHak Koedimienra a;

B) abcriucy ¥ opAMHATY BePIIUHU IIapadosiu;

r) 061aCTh 3HAUYCHDb (DYHKILil; -2 0N x

r) mynai pyHKIii;

II) TPOMIiKKHM, HA AKUX PYHKIIiSI 3pocTae, Ha AKUX —
crmajzae;

€) IPOMiKKU, Ha AKUX 3HaUeHHA (PYHKIII momaTHi, Bigx eMHi;

€) HaliMeHIIle 3HAUeHHA (PYHKITii.

Maua. 97
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114 Po3gin 2.

436. 3HaiIiTL KOOPAUHATH BEePIIUHU I1apadosIn:
a)y = (x - 3)5 r)y=2(5-x)°-3;
6) y = 2(3 — x)% r)y=2x+1)>%+1;
B)y=(x—-5>+2; my=-2x-1)>-3.

437. Bigragaiite pedyc (maua. 98).

IToOynyiiTe rpadix pyHKIii (438—439).
438. a) y = 2x%, y = 0,5x%, y = 2x% + 1;
6) y = —2x%, y = -0,5x%, y = —0,5x% — 2.

439.a) y = (x — 1)% B)y=x>—6x+09;
6)y=x-2x+1; r)y=x>+4x+ 4.

440. YV AKuUX TOUYKAX Bich X IepeTHHAEThCA 3 rpadikoM PYyHKITII:
a)y=x(x—2); r) y = 3x% + 5x;
6) y = —x(8x +5); r)y=2x"— 6x;
B) y = x° — 2x; m)y=—3x" + 4x?

441. Ha maun. 99, a, 0, 6 gano rpadiku KBagpaTUYHUX QYHKIIA. SHaAUIITH
IJIA KOXKHOI 3 HUX 3a rpadikom:
a) 3HAK AUCKPUMiHAHTA;
0) sHAK mepIIoro Koedimienra;
B) KOOPAWHATY BEPIINHU HapaboJIu;
T) HyJi QYHKITii;
I') IPOMiXKKM, Ha AKUX (PYHKI[idg 3pocTae, cuamae.

Yy Yy Y
5 5 3
2
3 1
2 p—
1 0[/1 2 3\ «x
10 x q0] 1 2 «x 72/
a 0 6
Maa. 99
442. 3HaUAITHF KOOPAUHATH BepIIMHU napaboaum — rpadika QyHKILii:
a)y:x2+4; B) y = x(x — 4); r)y:x2+4x;
6) y = 2x% — 6; r) y = x(2x + 6); m) y = —8x — 3x%.
443. IlobyayiiTe rpadik GyHKII:
a)y=(x—1)*+2; B) y = (x + 4)* + 2;
6)y=(x+2)7%+1; r)y = (x — 4)° - 3.
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444. Tlo6ynyiiTe mapaboJsy, BUIIJIUBIIN KBaapaT ABOUJIeHA:

a) y = x° + 4x + b; r)y=1+4x — x%
6) y = x° — 6x + 5; r) y = 4x® — 4x + 5;
B)y=x"—2x — 1; n) y = 5x? + 10x + 4.
ITo6ynyiiTe rpadik pyuriii (445—446).
445. a) y = x% — 2x + 5; B) y = x° + 2x + 4;
6) y = x° + 2x — 3; r)y=x>—-2x - 3.
446.a) y = x> — 2x — 8; B) y = x° + 2x + 6;
6) y = x° — 4x — 5; r)y = x% — 4x + 3.

447. Touxka M(3; 5) € BepuImHO0 Hapabosau y = x° + mx + n. 3HaHIiTH:
a) m i n; 0) y AKUX TouKax rpadik mepermHae Bich Y.

448. 3uaiigiTe p i q, akio rpadgik QyHKIL y = %+ PX + q IPOXOJIUTH Yepes
Touku P(1; 4); @(—1; 10).

449. Tpadirx ¢pyuKuii y = x2 — 5x + ¢ meperuHae Bick y B Toumi A(0; 4).
¥V AKUX TOUKaxX BiH IepeTUHAaE Bich x?

450. 'padik pysHKIii y = x® — 3x + ¢ mepermHae Bicbh y B Touni A(O; 3).
Yu mepeTuHae BiH Bich x?

451. ITobynyiiTe rpadix PyHKINI, BKAXKITh ONPOMiKKM, HA AKUX (QYHKIiA
3pocTae (cmamae):

a)y =x(x — 2); B)y=x2—6x; I‘)y=3x2+12x;
0) y=x(5-x); r‘)y=2x—x2; /:[)yzx—2x2.
452, Ilpu AxuX 3HAUEHHSAX apryMeHTy JaHa (PYHKIiS Mae HaliMeHIIe 3Ha-
YeHHS:
a) y = x(x — 6); 6)y=(x—-3>+1; B)y=x"+2x?

He O6yayiouu rpagika ¢pyHKIii, BuKoHaliTe 3aBmauusa (453—454).

453. Ilpu axomy 3HaueHHi ¢ rpadik QyHKIIL y = x® - Bbx + c:
a) IPOXOAUTH Uepe3 MOYaTOK KOOPIAWHAT;
0) IOTHUKAETHLCA IO OCi X;
B) mmepetuHae Bichk x y Toutti A(3; 0);
r) mepetuHae Bick y B Touri B(0; —5)?
454. IIpu axomy 3HaueHHi b rpadik GyHKIII y = x% + bx + 4:
a) TOTUKAETHCA MO OCi X;
0) He Mae€ CIIILHUX TOUOK 3 BiccCio X;
B) mmepetuHae Bichk x y Tourti A(4; 0);
T') mepeTUHAE BiCch X Y TOYKAX, BilcTaHb Mi)K AKUMU JOpPiBHIOE 37
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ITo6ynyiiTe rpadik kBagpaTuunoi ¢pyukriii (455—461).

455.a)y=x2+x+1; B)y=x2—x+1;

6) y = x° — (x + 2); r)y=x(x+1) - 3.
456.a)y=—x2+3x+1; B)y=—x2—2x+3;

6) y=1-2x — x% r)y =4x — (x* - 1).
457.a)y=1+x—x2; B)y=4—x—x2;

0)y=2+x(1 - x); Ny=3-x(x— 2).

458. a) y = (x — 1)(x + 2); B) Yy = (x + 2)(x — 3);
0) y =(x — 2)(x + 3); Ny=23+x)(x—1).

459.a) y = (2x — 1)* + 3; B) y = (0,5x + 2)? — 3;
6)y=1-(x+3)% r) y = 4(0,5x + 1) — 1.

460.a)y=3x2+3x—1; B)y=—3x2+6x—1;
6) y = 2x% — 4x + b; ry=-x>+x-3.

461. a)y:O,5x2—x+2; B) y:%xz—%x+1;

2 1 » 2
6) y =0,3x" — 0,6x + 1; T) yzgx +x+§.

462. 3HaigiTh IPOMIKKM 3POCTAaHHA i criaganud QyHKITII:
a)y=x2+2x; B)y=x2—4x+3; I')y=(1—x)2;
6)y=1-— x% r)y = x(x + 4); ny=x*+x+1.

463. Ilpu AKNX SHAUEHHAX X AaHA (PYHKIisg Mae HalMeHIIe SHAUCHH:
a)y=x2—6x+9; B)y=4x2—12x—3;
6) y = x° + 4x + T; r)y =4x® — 4x + 1?

464. 3HaigiTy HaMOiAbIIe 3HAYCHHA (PYHKIII:
a)y=3—(x—2)2; B)y=6x—x2—10;
6) y = — 0,25(x + 5)% r)y = —5x + 4x + 1.

465. a) Haiimenmie 3HaueHHa QYHKIII y = x> — 6x + ¢ pmopiBHOE —5.
IToGynmyiiTe ii rpadik.
6) HaiiGinbmie sHaueHHsa QYHKIHI y = ¢ + 4x — 4x* nopisHioe 4.
IToGynmyiiTe ii rpadik.

466. 3HaUAITHF KOOPAWHATHA TOUOK IIEPEeTUHY rpadikiB QyHKITi:
Ay=x"iy=(x-4)7%
6) y=2x>iy=—x"+3;
B)y=38x>+Tiy=38x"+2x+1.

467. 3uaiigiTe BigcTanb MijK BepIlInHaMU IapaboJr, 110 € rpadikaMu QyHKITIH:
Ay=(x-3 iy=(x-3°+T;
0)y=xiy=(x+5)%
B)y=x"—-2x+5iy=x"—2x — 4;
Ny=x+4x+5iy=—-x*—4x - 5.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



KeaapaTtunuHa pyHKLis 117

468. Ilapabosy 3aJaHO PiBHAHHAM Y = x® — 6x + 13. Buaiigits Bincrani Bix
ii BepmvHU [0 ocell X, Yy i MOUATKY KOOPAUHAT.

469. BuaiigiTs 3HaueHHs b, Ao rpadik QyHKIIT y = x* + bx cCHMeTpUUHMI
BimHOCHO mpAMOl X = 3.

470%, ITooyayiiTe rpadik PpyHKILII:
a) y:|x2—4x+3|; B) y:|x2+4x|+3;
6) y=lx>+x-6; 1) y=16x]-2-5.

471%. 3adauva Jxc. Kapdano. 3uaiiniTs
TeOMEeTPUYHOI0 MO0YI0BOIO JOMATHII
KOpiHb piBHAHHS x° + 6x = 91.

BnpPABY 419 NOBTOPEHHS Hokc. Kapdano

472, 3aminiTse 6yKBu nudpamu, 11106 BUKOHYBAJIacsA PiBHICTH:

JUAPA + JLAPA = DONA.

CkinbKu pisHNX pPO3B’A3KiB Mae 3amaua?

Poss’sukiTh HepiBHicTD (473—474).

473.a) 2(x + 7) + 3(1 — 2x) > 1; B) 2(x +1) >3 — (1 — 2x);

0) 3(3x — 2) — 4(x + 1) < 2x; r) 3x — 0,5(1 — 3x) < 2,5(x — 3).
474.a) (x — 1)(2 — x) > 0; B) (8 — x)(5 + x) <0

6) (3 +x)x+17)<0; r)(5—-x)1 - x)=>0.
475. CKinbKU KOpPeHiB Mae PiBHAHHA:

a) |lx—1]+|x+2[=5; B) |x—1]+]x+2/=2;

6) |x—1+|x+2/=3; r) lx—1]+|x+2/=0?

CKAPBHUYKA AOCHArHEHb

v 3Har, Ky (PYHKIII0 Ha3UBAIOTh KBAJAPATHUYHOIO:
y:ax2+bx+c,a #0
v 3Hato, 110 rpadik KBagpaTUUYHOI PYHKIII — napabo.a.
v' MoKy HaBecTH IPUKJIALA KBAAPATAUYHOI (PyHKILII:
y = 3x% y=2x2+x; y=—x2+5; y=2x>—3x+2
v MoKy IOSCHUTU AJIIOPUTM HOOYJOBY KBAAPATUUYHOI (PYHKIIII.
v MoKy xapakTepusyBaTu (pyHKIIiI0 3a Ii rpadikom.
v Bmiroo posB’asayBaTu BIpaBsu, 10 mependadaioTh Ho0ynoBy rpadixa
KBaApaTUUYHOI PYHKILiI.
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B1koPMCTOBYEMO HABYTI KOMNETEHTHOCTI

LLlo6 3po3ymiTu i mobpe 3acBOiTM HOBY TEMY, NpPUragaemo:
— 9k nobynyeaTtu rpadik KBagpaTUHHOT QYHKLLI:
— lpadik dyHKUii y = ax® + bx + c:

HanpPsaAMIEHUN BiTKaMn Bropy HanPsMAEHUA BiTKAMUN BHU3
a>0 a<0
[OTUKaeTbCs 00 oci abcuuc nepeTtmnHae Bicb abcumc
D=b%>-4ac=0 D=b%-4ac>0

— Bungun HepiBHOCTEN: CTPOri, HECTPOTI.
— BnacTtuBocTi yncnoBux HepiBHocTeN (C. 69).
— 9k 3anncyloTb PO3B’a3KMU HepiBHOCTEN (C. 45).

KBagpaTtHi
HepIBHOCTI

SIKLLL0 NiBOIO 4YaCTUHOIO HepiBHOCTI € BUpa3 ax’> +bx + ¢, nea =0, b, ¢ —
AaHi yMcna, a npaBolo0 — HyJib, TO IT HA3UBAIOTb KBa4PaTHOIO HEPIBHICTIO.

IIpuksmanu kKBagpaTHUX HepiBHOCTeI:

x*—b5x+3<0,2x*+4<0,-3x"+2x >0, -x* + 3x + 7> 0.

Taki HepiBHOCTI 3pyYHO PO3B’ A3yBATH 3a JAOIIO-
Moroio rpadikiB KBagpaTuuHUX QyHKIIIHA.

Ipukaan 1. Poss’aKiTh HepiBHiCTH

x* - 6x +5<0.

Posp’azanna. Ilo6yayemo rpadik (pyHKIII
y=x%—6x+5 (max. 100). Ii ayni — uncna 1; 5.
Bin’emui sHaUeHHA 1A QYHKIIiA Ma€ TiIbKU B TOMY
pasi, AKIo 3sMiHHAa X HaJeKUTh MIPOMiKKY (1; 5).

= DN W s Ul

2 0 \2345h56 x

Ile i € MHOKUHA PO3B’A3KiB mamol HepPiBHOCTI. :g
Bigmosigs. (1; 5). 4 Ma. 100

3posymiso, 1m0 aaA PoO3B’A3yBaHHA Ta-
KuUX HepiBHocTelli OyayBaTu TOUYHO rpadi-
KM KBagpaTuuyHuxX (QYHKIi#H He 000B’A3K0BO. [locMTh BHU3HAYUTHU HAa-
npAM BiTOK mapabosiu i Touku mepeTuHy rpadika 3 Biccio x (AKIIO BOHU
icHYIOTB).
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Ipukaag 2. Pos3p’axiTh Hepis- y
micts —x2 + 2x + 3 < 0. 41
Posp’azauna. I'papix PyHKIiI /7

0,

2

-3t

D A o

y= —x? + 2x + 3 mepeTHHAE Bich X Y
TouKax 3 abcrmucamu —1 i 3; BiTKHU
napabosnu HampamieHi BHui3. Tomy
cxemaTuuHo rpadik GpyHKIiI MoxkHA
300pasuTH, SIK MOKas3aHO Ha MaJIIOH-
Ky 101. S3HaueHHa QYHKIiI HemomaT- Mau. 101 Mau. 102

Hi 3a yMOBU, III0 X HAJIEKUTH IPO-

MiXKKY (—oo;—l] abo [3; oo). OT:ke, MHOMKHHaA PO3B’A3KiB maHOI

12 \4 % —_—t—

-2 0 12 «x

HepiBHOCTI — 00’€IHAHHA IIUX OPOMiKKiB. OCKiJIbKY 00’ e THAHHSI MHOMKUH
NPUHHATO MO3HAUATU CHUMBOJIOM A, TO BiAMOBiAL MOJKHA 3amucaTH TaK:

(—oo; —1] A [3; oo).

Ipuxxan 3. Poss’soxites HepiBHicTs % + X + 1 < 0.

Posp’sazanna. [uckpuminanT piBHAHHA x° + x + 1 = 0 Bix’emHuuit, Tomy
rpadirk pyHKIII y = x> + x + 1 3 BicclI0O X He Mae CHLIBHUX TOYOK. BiTKu
rpadirka Hampamiaeri Bropy (maia. 102). Or:ke, Ipu KOKHOMY 3HAUEHHi X
sHaueHHA QYHKIIT y = x> + x + 1 goxarHe.

Bingmosias. HepiBHicTh po3B’aA3KiB He Mae.

IIpurknaanx 4. Po3s’soxiTh HepiBHicTb (x + 4)(x + 1) > 0.
Posp’asannda. Bupas (x + 4)(x + 1) TOTOKHO JOpPiBHIOE AeAKOMY KBaJapar-
HOMY TPHUUJIEHY 3 JOLATHUM Koe(iI[ieHTOM Ipu x> Or:xe, rpadik QPyHKITII
y=(x+4)(x+1) — napaboJia, BiTKU AKOI HATPAMJIEH]
Bropy i AKa mepeTHHAE Bich X Yy TOUKax 3 abcrmcaMu
—41i-1 (man. 103). 3uauenHa PyHKIII foAATHI, IKIITO

x < —4 abo x > —1.
Bigmogsins. (—00;—4)A (—1; oo). I
. .. x+4 . . i

+

OckinbKM HEPiBHICTH 1 > (0 piBHOCHMJIbHA HEPiB- —>

- —3 2 1x
HocTi (x + 4)(x + 1) > 0, To TakuMm criocobom (rpadiu- —2 T
HO) MOJKHa PO3B’A3yBaTU i HaAWMIpOCTimIi Ipo6oBO- —34
paiioHajsbHI HEPiBHOCTI. Mauz. 103

LLlo6 po3B’a3aTu KBagpaTHY HEepPiBHICTb 3a AonNomMorolo rpadika, NnoTpioHO:
a) BU3HAYMTU HANPSM BiTOK Napa6oJin 3a 3HaKOM NnepLuoro koedilieHTa;
0) 3HaTU KOpPEeHi BiANOBIAHOro KBaApPaTHOro PiBHAHHS, SIKLLL,O BOHU €;

B) noGyayBatu ecki3 rpadika kBagpaTHOi pyHKLIT;

r) 3a rpadikomMm BUSHAYUTU NPOMIXKKN AJIS X, HA AKX HEePiBHICTb NpaBuJibHA.
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120 Po3gin 2.

— XOYETE 3HATU LLE BUIbLUE? w

Cnocib, k1M po3B’a3y0Tb KBagpaTHi HEPIBHOCTI, MOXHa NOLUMPUTK Ha OaraTo
iHLUIMX BUAiB HEPIBHOCTEN.

Mpuknap. Hexai Tpeba po3s’a3aTtn HEPIBHICTb (x — 1)(x — 2)(x + 5) < 0.

Lla Bnpasa piBHOCUAbHA Takin. Mpu 9Knx 3HAYEHHSX X BiA’EMHUMM € 3HAYEHHS
PYHKUiTYy = (x — 1)(x - 2)(x +5)7?

LLLo6 BioNoOBIiCTM Ha NOCTaBNEHE 3anUTaHHS, 3HANAEMO CroYaTKy HyNi QYHKLIT:
1, 2 —5. BoHn po3bmBatoTb 061acTb BUSHAYEHHSA PYHKLIT HA YOTUPU NPOMIXKU:
(—e2;=5), (=5; 1), (1;2) i (2 50). Ha KOXHOMY 3 LiyX MPOMIXKIB KOXHWI i3 MHOXHU-
KiB BOOYTKY (x — 1)(x — 2)(x + 5) Mae neBHUI 3Hak. [Nogamo ix i 3HaK ycboro ao-
OyTKy B Takili Tabauui.

MHOXKHUK (—oo;—5) (-5 1) 1; 2) (2;oo)
x—1 — — + +
x—2 — — — +
x+5 - + + +

y — + — +

CxemaTunyHo rpadik GyHkLUii y 306paxeHo Ha mantoHKy 104.

/\i\/

/ -4 -2 o] ™M 3 «

Maxn. 104
OTxe, dyHKUjia HabyBae Big €EMHNX 3HAYEHb HA MPOMIXKKax (—oo; —5) i(1;2).

Bianosigb. MHOXMHA PO3B’sI3KiB HEPIBHOCTI: (—oo; —5)a (1; 2).

Y po3rasgHyTOMYy NpuKnaai MPOMiXKKM, Ha AKUX 3HAYEHHS PYHKLIT 4oaaTHI, Yep-
ryloTbCs 3 TUMU, Ha AKMX 3Ha4YeHHs PyHKLII Bia’eMHi. OgHak Lie He 3aBXau Tak.
P03B’sixxeMo HepiBHICTb (x + 1)3(x + 3)(x = 5) = 0.

JliBa YacTrHa HEePIBHOCTI AOPIBHIOE HYJO, AKLLO 3HAYEHHS X OOPiBHIOE —3, —1
abo 5. CknaBLuu BignoBigHy Tabnumito, NepekoHyeEMOCS, WO 3HAaYeHHs NiBOT Yac-
TUHM HEPIBHOCTI Bif €MHI Ha cycigHix npomixkax (-3; —1) i (—1; 5). OTxe, MHOXWU-
Ha PO3B’I3KIB AaHOI HEPIBHOCTI (—eo; — 3] a [5;00) 4 {-1].

CxematnyHo rpadik yHkuiiy = (x + 1 )?(x + 3)(x — 5) Noka3aHo Ha MaioHKy 105.

Po3rnsHyTuii cnocié po3B’a3yBaHHSA HEPIBHO-

CTen — Le OKpeMUIN BUNALOK 3arasibHOro Mmeroay y
iHTepBasiB. JokNagHille 3 HAM BU O3HANOMUTECH 2
y CTapLUmX Kfiacax. \ 1 /
-4 \c 3 1234 x
Maix. 105 )
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MNMEPEBIPTE CEBE

CohopmystoiiTe 03HAUEHHA KBaApaTHOI HEPiBHOCTI.
Hasenits mpukiIaam KBagpaTHUX HEPiBHOCTEM.

KM CIMBOJIOM IO3HAYAIOTH O0’€¢JHAHHS ABOX MHOMUH?
CKiJbKE PO3B’A3KiB MOXKe MaTy KBaJapaTHa HepiBHiCTH?
HaseniTs mpukIagyu KBagpaTHUX HEPiBHOCTEM, SKi:

a) He MAalOTh KOJHOTO PO3B’A3KY;

0) MaiOTh TiJIbKU OJUH PO3B’I30K;

B) 3aJIOBOJIBHAIOTH yCi mificHI umca.

Uk e

BuUKoHAEMO PA3OM

. Po3B’s1:kiTh HepiBHICTD:
a)x?+3x<0; 6)22-3832-2<0; B t?+¢t+1>0.

© Posp’azannda. a) I'padik pyHKIT Yy = x®+ 3x mepe-

TUHAaE Bick abciuc y Toukax x = 01 x =—3, BiTKu y
napaboau HanpsaMJIeHi Bropy. 3o0pasumo rpadik 2
cxematuuuo (mMan. 106); MHOKHHA PO3B’I3KiB L 1
HepiBHOCTI — mpomixkok (—3; 0). 43— 112 «x

6) BuaiizeMo KopeHi piBagHHA 2° — 32 — 2 = 0.
3-17 3+417
5 2y = 5
Bitku mapabosiu HaIpAMJIEHi BrOpy, TOMY IIYKaHa MHOYKIUHA PO3B’ A3KiB
3-417 .3+ J17 ]
2 7 2
B) BHaleMo AuCKpUMiHaHT piBHAHHA t+¢+1=0:D=1-4-1-1<0.
KoedinienT mpu ¢* gogarHuii, ToMy BiTKM mapa6oin HAIPAMIEH] Bropy.
Vs BoHA po3MillieHa y BepXHii miBmaormuHi. OT:Ke, MHOMKUHA PO3B’ A3KiB
HepiBHOCTI — ycda MHOKUHA R.
3-17 3+417
2 72

D=9-4-1-(-2)=1T7; 2, =

HepiBHOCTI |:

Bignmosigs. a) (—3; 0); 0) |: ]; B) R.

BUKOHAWTE YCHO

476. HassiTh KBagpaTHi HepiBHOCTI:

a)x2—5x+6<0; r)x3—2x+620;
6) 3x% + 6 < 0; r) x2+1+320;
X
2
B) —2x% — 5x + 7 < 0; 1) %+4x+\/§<0.
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122 Po3gin 2.

477. BusHauTe HanpAaM BiTOK rpadika QyHKIii:

a)y=4x2—16x+5;r)y=6x2+5x; e) y =3x(x — 4);

6)y=—x"+4x+3; 1) y=7—-4x —x% €)y=—x(x +3);

B)y=3x>-T; D y=5+Tx —5x% x)y=(x— 1)2 - x).
478. Uu nepetuHae Bich abciuc rpadik QyHKIii:

a)y=x2—2x+3; B)y=3x2—x; I‘)y=5x2+3x—1;

O)y=-x"+Tx-5;1)y=3x"—x+3; m)y=ax(Tx—1)?

479. Yomy He Mae pPo3B’A3KiB HepPiBHICTH:
a) 3x% < -3; B)3x2-x+1<0; 1)—(1-x)?2>0;
6) (x —2)%+1<0; r)-—x®>2; m 2x* < x —1?

480. 300pasiTh Ha KOOPAMHATHIN NpaMiii 00’eTHAHHS IPOMiKKiB:
a) (—=;2]i[8;);  B) [24]1i (57); r) [-4;2]i[2;3);
6) (—4;3) 1 (4;7]; r) (-3 1 (3;7); 1) (—e031) i (1;4).

Posp’sikiTh HepiBHicTh (481—487).

481. a) x? — 4x < 0; B) 2%+ 62 — 7 < 0; r) 2x% + Tx > 0;

6) x + 6x < 0; r) 6x% — x > 0; m)y*—4y - 5<0.

482. a) x® — 6x + 9 > 0;
6) y° — 8y + 16 < 0;
B) x> + 4x + 4 < 0;
483. a) x? < 3x — 2;
6) t2 + 9 < 6t;
B) x> — 4x + 3 > 0;

484. a) 2x* — 3x + 1 > 0;

6) % + 8 < 6x;

B) 0,5x° — x — 2 > 0;
485. a) 2 — 3y < y%

6) 12x — 36 < x%;

B) 32° < 5z + 12;
486. a) x(x — 3) < —2;

6) 2(z% + 5) > 9z;

B) x(2 — x) > 4;
487.2) (x + T)(x — 1) > 0;

6) (x — 3)(x — 5) < 0;

B) (x — 2)(x + 3) < 0;

r) 2>+ z + 0,25 < 0;
r) x® > 2x — 1;

m y? > 4y - 4.

r) x> + 10x + 25 > 0;
r) 9x% + 6x + 1 < 0;
m) x> —2x+9<0.
r) y® — 4y < 12;
r)—x*+3x - 2> 0;
m) 11z > 2% + 18.

r) 4x(x + 1) < 15;
r) —2x% > 2x + 3;

x) 6(¢% + 1) < 13¢.
r) 8 — (5 - y)* > 3y;
r) (x — 3)(x + 5) > 0;
o (x+ 2)(x+7)<0.
r) (a + 2)(a — 5) < 0;
r) (t + 3)(t + 4) > 0;
mn@2-¢c)3—-¢)=0.

488. IIpu akuX 3HAUEHHAX X 3HaUEHHA PYHKIIT y = x® + 8x Bin’emHi, a npu

AKX — JOJATHi?

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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489. Ilpu axuxX 3HaUEeHHAX X 3HaYeHHA (GyHKIII y = f(x) momaTHi, a mpu
AKNX — Big’emui, AKIO:
a) f(x) = x? — 4; B) f(x) = x% + 6x — T;
6) f(x) =9 — x% r) f(x) = 3 + 2x — x%?

490. 3HaigiTs 06JIaCTh BUSHAUEHHSA (PYHKILII:

a) y=x*—-4; B) y=+x®-bx+4; r) y=+2x"+1;
6) y=+1-x%; r) y=+x"—4x; m) y=Vx’—4x+4.

491. 3uaiigiTe 11iJi Po3B’A3KU HEPiBHOCTI:
a)x2+5x—-6<0; B)x’-x-6<0; r) x> + 2x — 8 < 0;
6) x2—5x—-6<0; 1)6—x%>x; ) x> —4x +4 <0.

PiBevb B

PosB’sa:kiTh HepiBHicTE (492—496).

492.a) (2 — x)(3 — x) £ 2; r) (x + 2)(x + 3) > 10x;
6) (x + 4)(x — 5) < 10; r) (8 — 2x)(x + 1) < 2;
B) (1 — 2)(2 + 2) > 2; m) 3(x*+ 1)< 5x + 1.
493. a) 2(x — 3)(1 — 2x) > 6; r)1 - x> 2(x%+ 1);
6) 4(x> — 9) > x + 3; r) —x(2 — x) < 5 — 4x%
B) x(x — 2) > 2 — 3x%; 1) 3 - x < 3(x%+3).
494. 2) =3 0, B =% o, r 322,
x+2 2x+5 5—-2x
5) *F2. 0, ry 2X=1 . n 221,
x-="1 3—x 3-2z
_ _ 2
495.2) X1 1 gy 5271 g r) X <3_x
x+3 2x+5H 2—x
5) x+4>5; r) 7x+422; 0 2 > x—8 .
x—1 3-2x 2-x 10—x
196. 2) X2 > 0; B) —X <0, ry X3 4,
x+7 1-x 1+3x
5) 2—x£0; r) 2x+1<1; = 5x—121
3—x x-=7 1-x

497. Po3B’s1:KiTh HEpPiBHICTD:
a) Bx — 1)(x + 3) > x(1 + 5x);
0) (x —2)(x+2)+ x(x+ 7)< 0;
B) (x + 4)(2x — 3) — (bx — 6)(x — 3) > 10;
r) (x —4)Bx + 1) < (2x — 6)(x — 2) + 4.
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124 Po3gin 2.

Posp’sikiTh HepiBHicTE MeTomoMm inTepBaiiB (498—502).

498*. a) (x% — 8x + 2)(x + 7) = 0;
6) (x® — 16)(x% — 25) < 0; , ,
B) (x* + x® + 1)(x — 1)(x + 3) < 0. «Hopozi ne 1.1;1 3H3H-
HA, AKL 68l0KJa0a-
£3 — 2 < . ’
499 g)) ((;Cz _31);&; _2);2 ++64)x£+0.5) < 0; omvca y MO3KY AK

2 3% — A)x® — 9% — 15) > 0 acup; dopoei mi, axi
B) (* * )(x x ) > 0. nepemeopronmuses y

500%. a) (x® — 1)(3x — 2x% + 5) > 0; Po3ymosi m’a3u ».
6) (x® + 3x — 10)(4 — x%) < 0; I'. Cuencep
B) (x* — 6x + 9)(x* — 9) > 0.
2 _ 2 _ _
501%, ) SX 1OX78 g 5 20 23, X, by gy BT3X
x“+2x-3 4x-1 2 3x“—-2x-16
2 — — J—
502%. a) 5’“—9’“22>0; 6) 4> ‘ﬁ 8* . p) Xl oy
11x-2-5x 3x“—x—4 1-x

503. IIpu AKKUX 3HAUEHHAX X 3HaUeHHs QYHKINI y = 2x + 2 Oinbie 3a Bif-
HOBifHe 3HaUYeHHsS (PYHKITii:
a)y =x°—3x —4;6) y = 4x* + 9x — 13?

504. 3uaiigiTe 001aCTh BU3HAUEHHA (DYHKITII:

a) y=~8+Tx—x%; r) y=v3-5x—2x%;
2 2
Vx©—x x"—4
6) y=—~ * . r) y=——————.
)Y x?-8x-4 )y Va+x—5x2

B) y=va® —x® —25x+25— |
x“+6x+9

505. IIpu AKux 3HAUYeHHAX b He Mae Po3B’A3KiB HepPiBHICTb:

a) x2 + 2bx + 1< 0; B) (b — 1)x® + 3b > 2bx;
6) bx> + 6x + 1 < 0; r) b(x% + 1) < bx + 9?
506. IIpu aKux 3HaAUEHHAX M KOXKHe AificHe YMCJI0 3a40BOJbHE HEPiBHICTD:
a)xz—mx+4>0; B)mx2+m+3<4x;
6) x> — 6x + m > 0; r) mx? + 4x + 2m < 1?

Posps’sikiTh cucremy HepiBHOCTei (507—508).

x?-4x<0, 4x*-1>0,
507. a) 0)

x2-x-6>0; 2x2 —5x+3<0.

x?-8>2x, 3x%+1>4x,
508. a) 6

x2+28>11x; 3x2+2<5x.
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509. Po3B’a:KiTh TOABiIIHY HEPiBHICTH:

a) 0 < x% — 5x < 6; B) x < 2x + 3 < x%

6) 1 <x®+2< 3x; r)3<x?—2x+3<x%
510. Posp’sa:xiTh rpadiuyHo HepiBHICTH:

a) x2<x+2; B) 2x2<1+\/;;

6) (x—2)" >|xl; r) x-3,5x>x.

BnpraBM AN NOBTOPEHHS

511. Po3B’sa:KiTh cuCTEMY PiBHAHD:
x—2y=-2, —2x+y=-4, 2x -4y =-16,
a) 0) B
2x+y=6; 3x—-y=>5; 3x+5y=09.
512. Ipysi npugbanu cuinbHUI IogapyHOK Ha cymy 260 rpu. dx6u ix 6yio

Ha 3 ocobu OijbIlle, TO BHECOK KO:KHOTO OyB O Ha 6 I'pDH MEHIIIUM.
CkinbKM 0Ci0 KyIyBaau IOJaPYHOK?

Cupocrits Bupas (513—514).
513. a) 9x%y-(-0,5x%y); 6) (-0,5ab%)-(-24a%?).

a® —4b? . a2—2ab.

3 0_ .2
. 6) x+x° 9-x
ab 3b

y> -9 2y-6

514. a)

CKAPBHUYKA AOCHArHEHb

v' MoKy HaBeCTH IPUKJIAJ KBAIPATUUYHOL HEPIBHOCTI 3 O4Hi€I0 3MiHHOIO
26 +8x+1>0 x*+1>0 x*-3x<0 -0,5x°-x+2<0

v Vwmio posB’sidyBaTH KBaJpaTW4YHi HepiBHOCTI Ta sammcyBaTtu ix
po3B’aA3Ku. SAKImo ax?+bx +c¢>0i D=b%—4ac , TO:

a>0 a>0 a>0
D>0 + D=0 _ " D<0 | "
—_—
Xy Xy X X X X
x e(—o0; x;) a (x5 ) | x (=005 x5) a (x43 ) x € R, ToOTO X € (—o0; o)
D=0 D<0
xe(x; xy) Posp’saskiB HeMae Posp’sa3KiB HEMae

v' Xouy HABUMTHCA PO3B’sA3yBaTH HEPIBHOCTI METOAOM iHTEepBAaJiB
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B1UKOPUCTOBYEMO HABYTI KOMMNETEHTHOCTI

LLLo6 3po3ymiTu i ;oOpe 3acBOITM HOBY TEMY, NPUraaaemMo:

— Lo Take cuctema niHinHMX piBHAHBb (C. 261).

— Lo Take pO3B’A30K CUCTEMU PIBHSAAHb 3 ABOMA 3MiHHMMUK (C. 261).
— LLlo o3Havyae «po3B’a3aT CUCTEMY ABOX PIiBHSHb>.

— 9K po3B’A3aT CUCTEMY PIBHSAHb rpadidyHUM CriocoOoMm.

— 9ka o¢irypa € rpadikoM piBHAHHS:

y=xiy=ax?+bx +c — napabona

k . .
y = — — rinepbona, y:\/; — BiTka napabonan
X
x2+y2:r2i (x - a)2+ (y — b)2:r2— KOJI0
— CkKinbkn pO3B’A3KIB MOXE MaTu CUCTeEMa ABOX NiHIMHMX PIBHAHb
3 ABOMA 3MIHHUMMW.

CucrtemMu piBHSHb
APYyroro cteneHs

3 DOHATTAM «CHCTeMa PiBHAHL» BU o3Hamomuauca B 7 KJjaci. Toxi pos-
TJISZAJINCS CUCTEMH IBOX JIHIAHNX PiBHAHL 3 JBOMAa 3MiHHHMHU Ta CIIOCOOHU
ix posB’sdyBaHHs. Ha mpakTHIll YacTO JOBOAUTLCSA PO3TVIALATH CHUCTEMH,
10 MiCTATH PiBHAHHS IPYTroro CTEIeHdd.

IIpukaangyu piBHAHB APYTOroO CTEIIeHS 3 JBOMA 3MiHHUMU:

x? + by® =9, 8z — t* =12, 0,5xy +y = 0.

Ko:xHe 3 TaKuxX piBHAHDL Ma€ OBl 3MiHHI Ta IpuHAIMHI OOUH YJeH APY-
TOTO CTeIleHsA BiZHOCHO IuX 3MiHHMX. ToOTO abo OogHY 3MiHHY B KBajpari,
ab0 JOOYTOK ABOX 3MiHHUX.

Ilpuknanu piBHAHB MEPIIOT0, TPETHOTO i YETBEPTOTO CTEIEHiB:

x—2y=0,5xy+10=0, x*22 - x*+2=0

9KWo oaHe 3 PiBHAHb CUCTEMM — APYroro cTeneHs 3 ABOMa 3MiHHUMMU,
a gpyre — piBHAIHHA 3 TUMU caMUMM 3MiHHUMM gpyroro aéo nepLioro
CTeneHs, TO TaKy CUCTEMY HAa3UBAIOTb CUCTEMOIO 4BOX PiBHSIHb APYroro
cTerneHs 3 4BOMa 3MiHHUMMU.

IIpuragaemo. Po38’s23k0oM pi6HAHHA 3 ABOMA 3MiHHUMU HA3WBAETHCS
KOJKHa Mapa 4mceJi, SKa IIepeTBOPIOE Ile PiBHAHHSA B IIPAaBUJBbHY PiBHICTE.
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Posg’a3kom cucmemu PiBHAHL HA3WBAIOTH CIIJIBHUUN PO3B’AB0K ycix ii
pPiBHAHB.

Posg’asamu cucmemy piBHAHL — O3HAUAE 3HAUTU MHOMKUHY BCix ii
po3B’a3KiB.

Hanpurknan, nisa piBHAHB X2+ y—5=01ix—y+ 3 =0 cunintbHUMHI
posB’askamu € mapu umucesa (—2; 1) i (1; 4). IlepeBipte ycHo. IHIIIUX ciijib-
HUX PO3B’sABKiB IIi piBHAHHA He MaoTh (Maj. 107).

{xz +y—-5=0,
Or:xe, cucTeMa Mae€ IBa Po3B’dI3KU,
x—y+3=0 y
ii samoBONILHAIOTH ABi mapu uuces: (—2; 1) i (1; 4).
IcHyloTh, pisHi cmocobu pPO3B’A3YBaHHA CHCTEM 4+-
piBHsHBE. OCHOBHUMU cepeJ HUX €: |
* cmocib migcTaHOBKM; 21
+ cmocib ajaredopaiuHOro HOoLaBaHHS; e S
+ rpadiurnii cuocio. /3/ Ho| 1 2\3 x
IToxa)xemMo HA KOHKPETHUX IIPUKJIaLaX, K IIi CIIO-
€001 BUKOPHUCTOBYIOTH ITiJl YaC PO3B’sI3yBaAHHS CUCTEM Mau. 107

PiBHAHDL APYTIOTO CTEHEH.
IIpukaan. Pos3s’a:KkiTh cucTeMy pPiBHAHD:
2x% —y=1T1, 2x% —y? =2, x? +y% =25,
2 6) 2 B
x“+y=10; x“—y=>5; xy=12.
Posp’asannd. a) Cnoci6 dodasanns. [logaeMo piBHAHHS CUCTEMU, MAEMO
3x% =27, sBigen ¥ =9, x, = 3, x, = —3.
Ockinpku x2 = 9, TO 3 IPYTroTo PiBHAHHA 3HAXOAMMO: Y; = Yy = 1.
Om:xe, cucremMa Mae aBa pos3B’asku: (3; 1) i (=3; 1).
6) Cnoci6 nidcmanosku. Bupasumo 3 Ipyroro piBHAHHA x° 4epes yimin-
CTaBMMO HMOTO B IIepIlle PiBHAHHAI:
20y + 5) — y* =2, abo y* — 2y — 8 = 0.
3HaxX0oUMO KODeHi PiBHAHHA: y; = 4, Yy = —2.
Armio y = 4, To x% =09, gBigcu x; =38, x9=—3.
Axmo y = -2, TO x? = 3, 3Bimcm x3:x/§,,
Yy
%, = 3. g
Ot:xe, faHa cuUcTeMa PiBHAHB Mae 4 PO3B’ A3KMU:
(35 4), (-3; 4), (V35-2), (—/3;-2).
B) I'pag)iunuil cnoci6. I'padikom mepIroro pis-
HSIHHSA € KOJIO 3 IIEHTPOM Y II0YaTKy KOOPAMHAT i
pamiycoMm 5 OguMHUIIH.

12
I'padikom npyroro piBHAHHA € Tinepbosa y = —.
x
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128 Po3gin 2.

ITo6ynyemo rpadiku ux piBHAHB B OHil cucTeMi KoopauHar (Maj. 108)
i BUBHAUMMO KOOPAMHATHU TOUOK IX IEePEeTUHY.

3 rpadika 6aummo, 1[0 AaHa CUCTeMa PiBHAHb Ma€ YOTUPU PO3B’ A3KHU:
(—4; —3), (—3; —4), (3; 4), (4; 3). BeanocepeAHBLOIO IIiICTAHOBKOIO II€PEKO-
HYEMOCS, IIT0 Ile TOUHi PO3B’A3KU JaHOI CUCTEMU.

Bimmosins. a) (3; 1) i (-3; 1); 6) (3; 4), (-3; 4), (V8;-2), (~3;-2);
B) (=45 —3), (=3; —4), (3; 4), (4; 3).

— XOYETE 3HATU LLE BUIbLUE? ,

Inga po3B’aA3yBaHHA OeSKMX BUAIB CUCTEM BUKOPUCTOBYIOTb Cr1OCI6 3aMiHu
3MiHHMX. PO3B’SXXEMO LM CNOCOOOM Taki CUCTEMMU PIBHSHb:

a) {x2y+xy2=30, 2’ —dx+(x-2y) =1,

6)
x+xy+y=11. (x—2)"+2y—x=3.

xy(x+y)=30,

PosB’a3aHHs. a) { 3Bigcu xy(11 — xy) = 30.

x+y=11-xy,
3aMiHMBLLM XY = @, MaTMEMO 3 OCTaHHLOrO PiBHAHHS a® — 11a + 30 = 0.
KopeHsamMun Lporo kBagpaTHOro pPiBHAHHA € 51 6.
AKWOo Xy =5, TOX + Yy =6; 9KWo xy =6, Tox +y =5.
Maemo aBi cucTemMm PiBHSAHb:
x+y=6, |x+y=>5,
i
xXy=>5 xy=6.
Po3B’a3aBLun 06maBi cucteMn, OAEPXKMMO PO3B’A3KN 3a4aHOI CUCTEMMU:
a) (5; 1), (1;5); (3; 2), (2; 3).
6) CpbopmMyeEMO NOBHMI KBaApPaAT ABOYIEHA B NEPLLUOMY PiBHSAHHI CUCTEMMU:

(x-2 ~d4+(x—2y)° =1, _ |(x-2)"+(x-2y)" =5,
abo

(x-2)+2y—x=3 (x—-2)" —(x—2y)=3.
YBeaemo HOBi 3MiHHI: @ = x — 2, b= x — 2y. Toai 3apaHa cuctema MaTMMe Takui
BUMNAL;
a’+b” =5, X
, (*)
a”-b=3.

FIKLLLO Bi, NepLUOro PiBHAHHSA BIAHATY OpYyre, TO O0EePXVMO KBaApaTHE PIBHAHHS
3 0fHieto 3MiHHOI0 b? + b = 2, sike Ma€e KopeHi by =—2ib,=1.

MincTaBMMO Ui 3Ha4YeHHs b y cuctemy (*) i 3HanaemMo BiANOBiAHI 3HAYEHHS
3MiHHOI a.

Akwo by =-2,T0a*+2=3, 3Bigcn a,=-1a6oa,=1.

Akwo b,=1,T0a? - 1=3, 3BigCK a, = -2 a6o a, = 2.

OTxe, po3B’a3kaMun CUCTEMM PiBHSAHB (*) € Taki napu uncen:

(=1;-2),(1;-2), (=2; 1), (2; 1).

LLIo6 3HanTM po3B’a3KM 3a4aHOT CUCTEMU, NOTPIOHO NEPENTN A0 SMIHHUX X i Y

Ta po3B’dA3atu (MOXHa yCHO) BiAnoBigHi CUCTEMMU:

Y 7
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KeaapaTtunuHa pyHKLis 129
x—-2=-1, x—-2=1, x—2=-2, |x—-2=2,
x-2y=-2; |[x-2y=-2; |x-2y=1; |x—-2y=1.
Opepxumo: (1; 1,5), (3; 2,5), (0; -0,5), (4; 1,5).
Bignosigb. a) (5; 1), (1;5); (3; 2), (2; 3); 6) (1; 1,5), (3; 2,5); (0; -0,5), (4; 1,5).

J

MNMEPEBIPTE CEBE

1. HasegniTh mpuKJag piBHAHHSA IPYroro CTeleHsd 3 ABOMAa 3MiHHUMMU.

2. IITo € po3B’A3KOM PiBHAHHSA 3 JBOMA 3MiHHUMU?

3. CkinbKU PO3B’A3KiB MOKe MaTU PiBHAHHA 3 JBOMAa 3MiHHUMU?

4. fxa dirypa € rpadikom piBHAHHS:

a) y = x% B) (x — 1)+ (y—2°=9;

6) x° + y° = 4; r) y? = x?

IITo Take cucTeMa OIBOX PiBHSIHBb APYTOT0 CTEeIEHs 3 IBOMA 3MiHHUMMU?

CKiJIBbKY PO3B’A3KiB MOJKe MaTH CHCTeMa IBOX PiBHAHDL JPYTOro CTeIeHs

3 ABOMA 3MiHHUMMI?

7. HasBiTh OCHOBHi cmocoOm PO3B’s3yBaHHA CUCTEMU PiBHAHB JPYIOTO
CTelleHd 3 JBOMA 3MiHHUMU.

o o

BUKOHAEMO PA3OM

o PosB’sikiTh cucTeMy piBHAHB:

| x® +y? =61, 6 xy—x° =2,
a
-y =11

o Pospr’asannsa. a) [logamo mousieHHO AaHi PiBHAHHA CUCTEMM, MAEMO
PiBHAHHSA 2x? = 72, KopeHi axkoro —6 i 6. IligcTaBuBIu OyAb-IKe 3 IUX
3HaUeHb y APyre PiBHAHHA OaHOI cucTeMu, MaTUMeMO 36 — y2 =11.
Kopeni nmporo piBaauus —5 i 5. OTike, cucTeMa Mae YOTUPH PO3B’ABKIM:
(65 5), (=6; =5), (=65 5) i (65 —5).

0) BigamimMmemo mouseHHO IepIlie PiBHAHHA BiJl IpPyroro:

y? - 2xy + x* =1, abo (y — x)* = 1.
3Bincuy —x=1,a6o0y — x = —1.
Axmo y — x = 1, to y = x + 1. IlincraBumo B mepire piBHAHHA
xy — x° = 2 samicTh y Bupas x + 1:
x(x+1)-x*=2, x*+x—-x*=2,x=2, Tomiy=2+1=3.
Axmo y — x =-1, 7oy = x — 1, i 38 mepmoro piBHaHHA xy — x° = 2
MaeMo: x(x—l)—x2=2, X—x-x2=2,x=-2, Toniy=-2-1=-3.
Omxe, cucreMa Mae aBa po3B’sas3ku: (2; 3), (—2; —3).
Bignogsins. a) (6; 5), (-=6; —5), (=65 5), (6; —5); 6) (2; 3), (=25 —3).
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9 Yu Mae pos3B’sA3KU CUCTEeMa PiBHAHD:
y=x>+2x-2,
y=2-x2?

o Posp’azanna. Ilooygyemo B omHiii cucremi
KoopauHaT rpadikm o6ox piBHAHB. lle ma-

pabosiu, AKi MepPeTUHAIOTHCSI Y MBOX TOUKAX
(mai. 109). Omxe, cucremMa piBHAHBL Ma€ ABa

PO3B’ABKIU.
Bigmorigs. Cuctema piBHAHL Mae [aBa
PO3B’ABKIU’. Mar. 109
BWKOHAMTE YCHO
515. Yu € pos3B’aA3KOM PiBHAHHSA x? - 8x = Yy Tapa 4muces:
a) (0; 0); B) (0; 3); r) (0; — 3);

0) (3; 0); r) (=3; 0); m) (35 3)?
516. Homy He Ma€e po3B’A3KiB PiBHAHHSI:
a) x> +y*+4=0;06) x*+y® = 2xy — 3?
517. Yu e mapa umcexa (0; 2); (1; 1); (—1; 1); (—2; 0); (3; 3) posB’aA3KOM
CHCTE€MHU PiBHAHD:
P +y=2, 6 ry=2,
2xy+y=3; xy+2y=4?
518. 1) Homy He Mae po3B’A3KiB cucTeMa PiBHAHD:
2, .2 2, .2
x“+y"+7=0, x“+y° =1,
a) Y 01, 7
x“ -y =4?
2) Bidxkpuma 3adawa. CKIagiTh cUCTEMY DPiBHAHB JPYTrOTO CTEIEeHd,
AKa He Mae po3B’A3KiB.

3xy—-y® =0;

519. fIxe piBHauuA Bigmosimae rpadiky (mana. 110): a) CMHBOTO KOJBODPY;
0) YepBOHOT'O KOJBHOPY; B) CUHLOTO i UePBOHOTO KOJILOPiB pasom?

y y
> 3
2
1
5 0 5 x JO0Nd 23456 x
2
5
¢ Maur. 110 0
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520. ITo6yayiiTe rpadik piBHAHHS:
a) x + 2y = 0; B) 22 + y? = 9; r) y+Jx =1;
6) xy = 12; r)x’—y=2; my+1=(x+1)>
Yu morkHa modbyaoBaHi rpadgiku BBaxkaTu rpadikamMu GyHKITiIH?

Pos®’sa:kiTh rpadiuno cucremy piBHAHB (521—524).

+x=1, 8y =x2, =6,
521.2) {0 . 6) 47 B) {xy
y+x“=1; y—\/;:O; y+2=0.
2 2: 2 2:1 x =16,
522.0) JF TV EI8 g iy =L ) Y
x—y=0; x+y=1; x—-y=0.
2 2 _
=X, — = X —8—0,
523. ) 17 6 ¥V =0 B) | Y
y=x% y-2=x; x>-y=0
2% =25, 2,2 _ 2, 2 _
524. a) x“+y 5) x“+y° =18, 8) x“+y° =4,
xz—y=5; xy=9; y—-2=x

PosB’sa:xiTh cucTemMy piBHAHBL cmocoOOM IigcTaHoBKU (525—527).

x—-y=3, x—y=3, xy—2y =4, 3x+4y =38,
525.2) 1 . ° . 6{ y B){y y r){ y
x“+y°=9; xy =4; y=x-2; xy=1.
2 2: - :3,
526. ) x“+y° =100, 5) x—-y
x—6=0; xy+2=0;
2, .2 2_ 2 _
5) 1% +y° =4, ) x“—y” =16,
x+1=0; x—-y=2.
3x+ :7, 2 =
527.2) | p) | TY=6
x—2y° =2 x—y=0;
2x—y=8, 2 +y? =4,
o1, r) y
2x° —y° =32; x+y=2.

Po3B’s:kiTh cucTeMy piBHAHB cIIocoO0M ajiredpaiuuoro gogasanfs (528—529).

+y—xy =-28, 2+y% =10,
528. a) {x b=y ){x y

X—y+xy=49; (x—y)(x+y)=8;
5) 2% +xy=15, ) x% +y? =25,

r
y? +xy=10; x® —y? =5.
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2402 = x*-2=xy,
529.a) 1¥ 7Y =4L Y
xy = 20; y*+1=uxy;
x® +2% = 34, x+y=5xy,

) r)
x2:15; X—-y=Xxy.

Posp’sakiTh cucremu piBuHAHL (530—532).
530. 3adaui Jiogpanma.

x+y=10, x+y =20,
a 2, .2 _aq. 6 22 _ .
x“+y° =68; x“—y° =80.
531. 3adaui Ioanna Ilanepmcorozo. Anem';u;;f;i};;b —
xy—y=42, xy—x =40,
SR I DR I
xTY=S tTy=a Ckaadime cucmenu,
532. 3adaui Jleonapdo Dibonauwui. anan02iiHi 3a0avam
x+y=10, x+y=10, 530-532, ma
2 x(x—y)=24y; x? = 32y. pO36’axcimb ix.

533. IIo6yayiiTe rpadik piBHAHHA:

a)y® —x=1; r)x®+y® - 2x=3;
6)x2+y2=9; I‘)xz—y2=0;
B) (x — 1%+ (y + 3% =1; mx+1+y®—-2y=0.

Yu moskHa modyaoBaHi rpadgiku BBaxkaTu rpadikamMu QyHKIIN?

Posp’sa:kiTh rpadiuHo cucTeMy piBHAHB 30KpeMa i 8idkpumy (B) (534—536).

2
2 y=x"-2x-1, 9
y=lxl-1; y=—+1; y= 0.
x
2, 2
= — :25, :36,
535.a) Y=V Th 6 ¥ Y B){
3y—x+2=0; xy=12; xy= 0.
2, ,2_39 2_y=0, _y=0,
536.a) 4% TY =32 g | -y=0 B) Y
|x|—y=0; |x|—y=0; y— O=0.

Posp’sikiTh cucremy piBHSHB (537—540).
2 — 2 2= 2 2=2, 2_ 2:50,

537. a) x° —xy=3,36, 5) x°—y° =2, s x“+y 5 - x“ -y
3x+y=2; 3x+y=—-4; ~ |(x-8)(x-3)=0; " |x(y+1)=0.
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xty=8, 2x-y=0, {x—2y=0, {4x—y=13,
538.2)11 1 _4 0611 1_1 =» , T , B
x y_3, . y_6’ dxy+y” =44, 2x° —xy=21.
xy—x—y="T f+£:%, « 10608 00 HAYKU CnOHYKA-
539. a) { ’ B){y x 15 JQ MeHe CKIACMU KOpom-
xy+x-y=13; x2+y?=34; KY KHUZY NpO OGuuCIeNHA
- ’ anzebpu it anmyxadasu, 60
; {x —y+xy=5, XY 59  uye Heo0xiOno 1i0dan npu
MY X nodini cnadwumn, ckaadanui
rty-xy=4 x?—y?=24. 3anosimis, nodini maiina i 6

cydosux cnpasax, y mopzie-
540. ) x?+2y° =3, 8) x*—xy=0,  1i i yciraxux yzodax, a ma-
xly—4y=0; KOX, KOIU MIpAOMb 3eMJLI0,
2. 3,2_13 s s npoKaadanms KaHALU... ).
6) {x oy =19 r) {x ty =13, Anp-Xopeawmi

2x% +y* =6; xy=6.

x+y2 =2;

Po3®’s:kiTh cucTeMu PiBHAHB 3 Ipallb BimoMux aBTopiB (541—542).
541. 3 «Knuzu abaka» (1202 p.) Jleonapdo Pibornanui:

x+y=12, (x+y=10,
DY _ 4L % (f+10)(i+10):1223.
x—-y 2 \y x 3
542. 3 «Anzebpu» anb—Xopea_’Mi (IX cr.):
a) {“y:lo’ 5) J;yx:lo;
x? = dxy; ;+;:2E'

Poss’sukiTh cucremy piBHAHD (543—545).

(.2 2
¥y =24, Y2 +x? -3xy =4,
543.a) \x y 26 ) s
—t==— Yy —x"+4x=4;
vy x 5
[ 2 2
oty =13, y?—4x? —4x =1,
9 x_y_5, D2
y x 6 4x"+y +3xy=1. Anv-Xopesmi
544. ) xl+y=2, 6) x2+2y% =6, ) Jr+.Jy =3, " Jr+.y =5,
.a B
y2+x:2; y2+4x:9; xy=4; «/xy:6.
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2 2290, 2 2 —
545. 2) x“+y 2) x“y +xy="12,
x(x-8y)=0; x+y=6;
) {(x+y)(x—y)=0, ) (x+y)" —4(x+y)=45,
r
2% +y? =64; (x—y)2—2(x+y)=7.

PosB’sa:KiTh cucTeMy piBHAHB crmoco6oM 3aMiHu 3MiHHUX (546—548).

5(x+y)+2xy=-19, Syt =
546%. a) (x+y)+2xy gy |X Y =28,
x+y+3xy=-35; x+y=4;
xy+x+y=11, ) 2*y® =-8,
r
x’y+y’x = 30; Pyt =1. « Bukopucmanna 3a-
A MiH 3MIHHUX OaA8
x 1 1 3
2xy-3==15, == 36e0eHHA CKIAOHUX
547, a) | y 5) x y 2 00’exmie 0o npocmi-
e 1 1 5 wux € Ha038U4ALHO
xy+;—15, F-’_?_Z’ naidnow mamema-
- muuHow ideerw ».
l+l:§, l+l:1; A. M. CamoiiieHKO
6) 1x y 4 r)<x y 3
X +y?=1T; ~x2+y2=160
2, 2 . x(1+f)=1,5,
x —xy=12,
548%. a) { L B) Y
x+y’ =72 y(1+£)=6;
x
x
5 {xz+xy+y2 =109, ) xy—;—26,
r
3 3 _ .
x°—y° =218; xy-Y =26
549. 3uaiigiTs yncaa a i b, AKIO:
a) 3a + 4b = 8ab = 8; r)a’ +b> - 6b=2a+b=0;
6) a®>— 0,5b=a — b =1; rVa>+b—-2a=a+b=-1;
B) a®+ab — 5 =b*+ ab = 10; n)3a-2)b+1)=a—-b=3.

550. 3HaimiTh BigcTaHb Mi’K TOUKAMHU IIEPETUHY:

a) mpAMoil i Kojia, PIBHAHHA AKUX X — Y = 7 1 x® + y2 = 169;

6) KiI, DIBHAHHS AKX X° + y2 =251 (x — 4)* + (y - 4)* = 1.
ITo6ynytiTe BimmoBimui rpadikm i mepeBipTe GesamocepegHiM BUMIipio-
BaHHAM a00 BidyaJbHO, UM HNPABMJIbHO BUKOHAHE 3aBmamua? CKIamiTh
i po3B’AKiTH aHAJOTIUHY 3afavuy PO TimepboJry.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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BnraBM AN NOBTOPEHHS

551. YcramoBiTh BigmoBigHicTh MiK mapamu Qyskriii f(x) i g(x) (1-4) Ta
BigcTanHIO MiK ToukKamMu (A—]l), v AKUX IepeTHHAIOTHCA rpadiku mux

GyHKITi.

1f(x)=5-xig(x)= 4/x A 2417
2 f(x)=Jx i g(x)= 0,25(x + 3) B 2
3fx)=x1 gx) = ¥Yx B 32
4f(x)=x>-2xigx)=—x+6x—6 T 53

I 25

552. 1) IlIsugkicTs cBiTaIa mopiBHIOE 3 - 10° KM/c. dKy BimcTraHb cBiTJIO
OPOXOAUTH 3a: a)  ¢; 06) 1 rox; B) 1 pik?

2) llIBuakicTh 3ByKYy B MOBiTpi HaOmm:keHo mopiBHioe 343 m/c. SAKy
BificTaHb 3BYK NIPOXOAUTH 3a: a) b ¢; 06) 15 ¢; B) 0,5 xB?

3) Bu mobaumnu cnajmax 6auckaBKu, a uepe3 10 ¢ mouyau rypKiT rpo-
my. Ak smaiiTu BigcTaHb Ho OauckaBKu? Yu Ha OesmeuHiil BimcTaHi Bifg
OJICKAaBKU BU IepeOyBa€Te 3a IIUX YMOB?
3BepHiTh yBary! BinckaBka gysKe IIBUIKO PYXAEThC i 3MaTHA yparKaTHh
JIIoZei, 1o mepedyBaoTh Big Hel Ha Bimcrami 15 KMm.

553. 3uaiigiTy cymy i pisHHUIIO APOOiB:
1 ) 1 2 . 1

a) — i— ; 0) — i— .

2x°+5x—-3 2x°-T7x+3 6a°-13a+6 3a°-11la+6
554. CxoporiTh apiob:
2) 2a® -5a+2 x-3 ¢ +/5¢-10
3a’>-3,5a+1" ~ x2-23x+3" ~ ¢2-35c+10

CKAPBHUYKA OOCArHEHb

v PosymMmilo, 110 Take cucTeMa ABOX PIBHAHB JAPYroro CTEeleHsa 3 ABOMA
3MiHHUMH i 110 € ii posB’a3kom. MoKy HaBecTu IPUKJIAL.

+y?=2

Cucrema { > mae poss’asku (1; 1) i (—1; —1).

xy=1
v 3HA0 OCHOBHI CcocoOu po3B’sI3yBaHHA CUCTEMU PiBHAHD APYIOro CTe-
IeHs 3 JBOMAa 3MiHHUMMN:

ITincranoBka AurebpaiuHe momaBaHHSA TI'padiunnuit

v 3Hal0, CKIJILKY PO3B’A3KiB MOsKe MaTH CUCTEeMAa JBOX PiBHAHL APYIOTo
CTelleHd 3 ABOMAa 3MiHHUMH.

v/ YMio 3HAXOAUTH PO3B’A3KHU CHUCTEM [BOX PIBHAHL APYTrOro CTEIeHS
3 IBOMAa 3MiHHUMMH.
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B1koPMCTOBYEMO HABYTI KOMMNETEHTHOCTI

LLIo6 3po3ymiTn i 4oOpe 3acBOITU HOBY TEMY, NPUragaemMo:

— Lo Take npuknagHa 3agadya.

— LLlo Take maTemaTnyHa MOAENb.

— OCHOBHI eTann po3B’sI3yBaHHs 3a4a4 CKaAaHHAM PiBHSHb:

1) BuGpatn HeBigome i Mo3HAYUTN MOro OGyKBOIO;

2) 3a 4ONOMOrOlo L€l OYKBM BUPA3UTKM BCi iHLLI HEBILOMI 11 32/1€XXHOCTI;

3) CKNacTn PiBHAHHS;

4) po3B’A3aTN PIBHAHHS;

5) nepeBipnTn, 9K O4EPXaHU PO3B’A30K PIBHAHHS BiAMNOBIOAE YMOBI
3agadi.

Po3B’a3yBaHHA 3apa4
CKJ1agaHHAM CUCTEeM
DIiBHSHb

3adauwa — 11e BUMOTA BUKOHATH I110-HeOyab abo 3anuTaHHsA, PiBHO3SHAUYHE
Takiit BumMo3si. B aaredopaiunux sagauax Haliuacrilie BUMAraeTbCs I0-He0yIb
00YMCINTHU, JOBECTH, IePETBOPUTH, JOCHiAUTH. SIKIIO, pO3B’A3yiouu 3agauy,
AK MOJeJli BUKOPUCTOBYIOTH aJyireOpaiuHi BMpasu, PiBHAHHS, HEPiBHOCTI,
CHCTeMU PiBHSAHBb, TO TOBOPATH IPO ajrebpaiuHi MeTomu.

fAx posB’a3yBaTu 3aavi CKIagaHHAM CUCTEM JiHIHHNX PiBHAHB, BU 3HAE-
Te 3 7 Kiacy. Ilogiouum crrocob6oM po3B’A3yIOTh i 3amadi, AKi 3BOAATHECA 0
CHCTeM PiBHSHBb IPYrOro CTEIeHs 3 JBOMA HEBiJOMUMU.

3amaua 1. 3HAWIITHL CTOPOHY IPAMOKYTHUKA, AiaroHAJIb SKOTO JOPiBHIOE
10 cm, a mepumeTp Ha 18 cm GiabIinumii.

Pozr’a3anna. [lozHaumMoO TOBKUHU HIYKAHUX CTOPiH
OIPAMOKYTHUKA X cM i y cM (mas. 111). Toxi kBaapar fioro
miaronamni mopiBHioe x° + y?, a MiBIEpUMeTP CTAHOBUTH
x +y. Ockinbku giaronans gopisaioe 10 cm, a mepumerp —
28 cM, TO MAEMO CUCTEMY PiBHAHB:

% +y? =100,
x+y=14.

B Y C

Posp’axemo ii. 3 fpyroro piBHAHHA 3HageMO ¥y i mif-
CTaBHUMO MOT'0 3HAUEHHS B IIepIie piBHAHHA. MaeMo:

Mau. 111
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y=14 - xix*+ (14 - x)? = 100,

x® + 196 — 28x + x* = 100, a6o 2x* — 28x + 96 = 0, 3BigcH

x® — 14x + 48 = 0.

Kopeni ocranHbOro piBHAHHA: X1 = 8, Xy = 6. dAKmo x = 8, T0 y = 6;
AKIo x = 6, To y = 8.

Bigmosigs. 8 cm i 6 cM.

3agaua 2. OQuH BeJIOCUIIEIHUCT ifie 3i MIBUAKICTIO Ha 2 KM /T0ok OiJbIIOI0,
Hi}K apyruii, Tomy Bigcranb 28 KM BiH moJsiae Ha 20 xB IIBUAINE, HidK APY-
ruii. 3HAHAITh IMBUAKOCTL 000X BEJIOCUIIEAUCTiB.

Posp’azanna. Hexait miBugkocTti Besiocumenuctis (y Kijomerpax 3a Tro-
InHy) nopiBHIOOTH u i v. IIIBuaKicThs mepimoro Oisbiia HaA 2, TOMYy MaeMO
piBHAHHA: U — U = 2.

. . . 28
OckinbKu BimcTanb 28 KM IepIIuii BeJOCUOEAUCT A0JIaB 3a —, a APY-
u

. 28 . 1 .
ruii — 3a — rof, i uac mepiroro Ha 20 XB, a60o Ha g TroJ, MEHINIWIA, TO
v
MaeMO Ipyre PiBHAHHS:
28 28 1

———==—, abo 84(u — v) = uv.
v u 3

Posp’s:xeMo cucTemMy pPiBHAHB:
u-v=2, u-v=2,
abo
84(u—-v)=uv, 168 = uv,
seigen u(u — 2) = 168, u? — 2u — 168 = 0.
KopeHi ogepxaHoro KBagpaTHOTO PiBHAHHA: U = 14, Uy =—12. 3HaueHHAa

—12 ymoBy 3agaui He 3amoBoybHsAE. OTike, u = 14, av =14 — 2 =12.
Bignosiae. 14 xMm/Tox i 12 xm/Toz.

— XOYETE 3HATU LLE BUIbLUE? ,

Mpu po3B’A3yBaHHI 3a4a4 3 napamMeTpamMu BiANOBILAI OOEPXYIOTb Y BUrAG4I
BMpasiB 3i 3MiHHMMU. [1OBHE PO3B’A3aHHS Takoi 3agadvi BMMarae A0ChioKeHHS:
Tpeba BkazaTu, 3a 9K1UX 3Ha4YeHb NapamMeTpiB 3aJa4a Mae PO3B’A3KN i CKINIbKN.

3apava. 3 NoOpTy OOAHOYACHO BULLW OBA TEMOXOAN: OOVH Ha NiBAEHb, APY-
rmin — Ha 3axig. Yepes 2 rop, BigcTaHb MiX HAMKM gopiBHOBana 60 kM. 3HanaiTb
LUIBUOKOCTI TEMJIOXOAIB, AKLLO LLBMAKICTb NEPLUOro Ha a KM/rog, 6inblua 3a Wweua-
KiCTb ApYyroro.

Po3B’a3aHHAa. Hexal wBMAKOCTI TEna0OXoAiB AOPiIBHIOTb BigNOBIAHO
X KM/To4, i Yy KM/rog. 3a 2 rof, BOHM Nponwwam (y Hanpsmax, nepneHanKynapHuxX
OOMH 0O OAHOrO0) BiANoBigHO 2x i 2y kM (man. 112). 3a Teopemoto lMidaropa,
4x? + 4y* =607, abo x2 + y* = 900. Kpim TOro, x — iy = a. MaeMo crucTEMy PIBHSHb:

x* +y* =900,
xX-y=a.
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- 3

Pose’sxxkemMo 1i. 3 opyroro piBHAHHSA CUCTEMM
3HangemMo x =y + a. lNigcTaBmBLLN Lie 3HAYEHHS
B MepLUEe PiBHAHHS, MAaTUMEMO:

(y+a)®+y*=900, 2y® + 2ay +a* - 900 =0.

Po3B’s)keM0 OCTaHHE KBagpaTHE PiBHAHHS Bif-
HOCHO J:

_—a+va?-2a?+1800 -a++1800-a? Mau. 112
2 2 '
3a ymMoBOI0 3agaui, a i y matoTb OyTn 4OAATHUMUI, TOMY MOXIMBUIA NNLIE OAMH

BUMNanoK:
\J1800-a? —a
—
Mpn ubOMY MalOTb BUKOHYBATUCS YMOBMU:

a>0, a>0,
1800-a?>0, abo {-30v2<a<302,

*’1800—a2>a, -30<a<30.

OT1xe, 3apa4y 3a00BOJIbHSAE TiNbKM OOHE 3HAYEHHS 3MIHHOI Y:

y=0,5(\/1800—a2 —a), akwo 0 < a < 30.
Toni x:y+a:0,5(\/1800—a2 +a).

BignoBigb. fkwo 0 < a < 30, TO 3aga4ya Mae €guHU PO3B’A30K:

x=0,5(1800-a2 +a) km/roni y=0,5(+1800-a? —a) km/ron.

Akwo a <0 abo a > 30, To 3ama4a Ppo3B’A3KiB HE MaE.

NMEPEBIPTE CEBE

1. IITo Tare samaua?

2. fxi 6yBatoTh 3amaui?

3. CriagmiTs Kigbka pisHHMX Momesell AJsd 3amadi: «3HAWIITL ABa Uumcia,
cyMa AKUX JopiBHIOE 15, a 1oOyTOK — 56>».

BUKOHAEMO PA3OM

o 3HaigiThL ABOIIM(pPOBE UKCIIO, SKe B 4 pasu OijbIile 3a cymy ioro nudp
i B 3 pasu — 3a iX J00yTOK.
© Posp’azannsa. [losmauumo nudpu gecATKIiB i oguHUNE OyKBaMu X i V.
Tonai mykane unciio gopiBHioe 10x + y. OckinbKu BOHO B 4 pasu O6isbIme
3a cymy mudp, To 10x + y = 4(x + y), 3Bigcu 6x = 3y, abo 2x = y.
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Yuciao 10x + y Brpuui 6inbire 3a 1o6yTok mudp, Tomy 10x + y = 3xy.
Posp’saixeMo cucTemMy piBHSHB:

2x =y,

{1 Ox+y=3xy.
ITincraBuMO 3HAUEHHA Y B APYyre PiBHAHHA:
10x + 2x = 3x - 2x, 12x = 6x2, 3Bigcu x = 0, abo x = 2.
ITepma nmudpa gBomudposoro uncaa — He 0. Tomy x = 2, a y = 2x = 4.
ITepeBipra.24=42+4)i24=3"-2 4.
ITpumiTxa. OckimbKku TYT X i y — HaTypasIbHI YmCia, TO 3’ ACYBaBIIIH, II0
Yy = 2x, maJyii MOXKHaA He PO3B’A3yBaTH CHUCTEMY, a BUIIPOOYBaTH UmMCJIa
12, 24, 36 i 48. 3 Hux 3agauy 3a40BOJIbHSE TiIBKU UUCJIO 24.
Bignosigs. Yuciao 24.
IlepumeTpu mpaBMIBHOTO TPUKYTHUKA 1 ITPaBUJILHOTO MTIECTUKYTHIKA PiBHi,
a cyMa ix morr gopisxioe 10 \/§ ™%, BHAAAITS CTOPOHU ITUX MHOTOKYTHUKIB.

Posp’a3anna. Hexail mrykadi cTOPOHM TPUKYTHUKA 1 IMTECTUKYTHUKA
nopiBHiOIOTH X i y (Man. 113). Ockinbku mepumerpu Qiryp pisui, TO
3x = 6y, 3Bigcu x = 2y.

A O

Mau. 113

Ilnoima mpaBUJIBHOIO TPUKYTHHKA 31 CTOPOHOIO X TOPiBHIOE

IIpaBuabHUN IMIECTUKYTHUK CKJIALAETHCA 3 IIIECTU MPABUJIbHUX TPUKYT-

2
y \/§ . Maemo

HUKiB 31 CTOPOHOIO y, TOMY IOTO ILJIOIIA AOPiBHIOE 6 -

CUCTeMY PiBHAHD:
x =2y,
2 2, abo
x ;/g + Y 2\/5 _ 10\/§’ {

IlinrcraBumo B apyre il piBHAHHA 3HaUeHHA X = 2y. MaemMo piBHAHHA
10y? = 40, sBincu y> = 4, a y = 2. Toxi x = 4.
BignosBige. 4 mi 2 m.

x =2y,
x? +6y? =40.
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BUKOHAUTE YCHO

555. Biokxpuma 3adavwa. CKIagiTe 3azauy, MaTeMaTUYHOI MOJEJLII0 SKOI
Oysa 06 cucteMa PiBHAHB:

x+y=>5, x-y=3, x+y="T,
) 6) B,
xy = 6; xy =40; x“+y° =25.

556. 3malifiTy ABa UMcIa, cyMa SKUX OOpPiBHIOE 21, a M1OOYTOK CTAaHOBUTD
90.

557. 3ualigiTe ABa Umcia, PisHUIA AKKX mopiBHioe 1,1, a modyrox — 0,6.

558. 3uaiigiTh ABa ymcia, cymMa SKuX gopiBHioe 31, a cyma iX KBaapaTiB —
625.

559. Cepente reomerpuuHe JBOX UMCeJI AOPiBHIOE 3. SHAWAITHL Ii umcia,
AKIIO OOHe 3 HUX OijbIie Bix apyroro Ha 9,1.

560. ITepumeTp IPAMOKYTHOrO TPUKYyTHUKA mopiBHioe 90 cMm, a rimoreny-
3a — 41 cm. 3HAHAITh KATETU TPUKYTHUKA.

561. 3uaiigiTe ABa ymcJa, AKIIO:
a) ix pisuuia gopiBHIoE 2, a pisHUIA KBagpaTiB — 88;
0) ix miBcyma mopisuioe 9,5, a cyma KBagpartiB — 185;
B) ix cyma gopiBuioe 20, a o6yTok — 84.

562. 3HaiiaiTh KaTeTu NPAMOKYTHOTO TPUKYTHUKA, Y AKOTO:
a) rimorenysa gopisuioe 13 am, a maomia — 30 Il;Mz;
0) mepumeTp mopiBHIOE 30 cM, a cymMa KaTeTiB — x
17 cm;
B) rinorewnysa gopiBuioe 17 cM, a mepumerp — 40 cm.

563. 3HaAWAITh CTOPOHU MPAMOKYTHHKA, AiaroHallb
AKoro popiBuioe 10 M, a miaoma — 48 M2,

564. 3HalgiTs KaTeTH IPAMOKYTHOTO TPUKYTHUKA,
AKIITO OAVH 3 HUX MEHIIUH Bif rimoTenysu Ha 2 CM, Mau. 114
a gpyruii — Ha 25 cMm.

565. BuyTpiIHiii i 30BHINTHI# KOHTYPU PAMKU — KBa/-
paru. CTOpoHa OZHOTO KOHTYPY AOPiBHIOE Hiaro-
HaJi gpyroro (maJn. 114). 3HaWIiTH CTOPOHHU ITUX 5
KBaJpaTiB, SKIIO ILJIOIA PAMKU JOPiBHIOE 32 cm2.
566. 3uaiigiTe BHyTpilIHi# i 30BHiIIHIN pagiycu Kiib-
s, AKIIO iX PisHUIlT AOpPiBHIOE 5 cM, a MJoIIa
Kinena — 1251 em? (man. 115).
Maua. 115
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567. 3HaiigiTh JOBKUHU pebep NPAMOKYTHOTO IIapaJjejelinena, SKIN0 J0B-
JKMHA OJHOT'0 3 HUX, ILJIOIIA IIOBEPXHi I 00’eM ImapaJjeelrinena I0pis-
HIOIOTD Biamosiguo 8 cM, 158 cm? i 120 cm®.

568. Ogun KoMmbalimep MOsKe 3i0paTu BposKaii MITeHUIli 3 JiAAHKY Ha 24 rox
mIBUAINE, HiK apyruii. AKimo kombaliHepU HMPAIIOBATUMYTL PasoM, TO
MOXKYTh 3aBepIIUTH PoOOTY 3a 35 rox. 3a AKUIT Uac KOKHUN KoMbaiinep
MOJKe 3i6paTu Bech yposkaii?

569. 3adana Jyxu Ilauiono. Cyma KBagpaTiB ABOX uumcesn gopisHioe 20,
a 1ooyroxk — 8. 3HalAiTL Ii uucia.

570. YucenbHUK 3BUYAWHOTO HECKOPOTHOrO APOOY Ha 3 MEHINHWU Big 3Ha-
MeHHHKa, a AKII0 J0 000X #oro uieHis gomatu mo 10, To 3HAUeHHS
Ipody 30inbpmIinThCA BABiui. AKuit me api6c?

571. ABToMaT BUTOTOBJSAE OAHAKOBiI merani. AKOWM BiH HIOXBUJIWHU BUTO-
TOBJISIB Ha OHY JeTajb Oinabiiie, To 720 merayeii BuroroBus 6u Ha 1 rof
mBuAmie. CKiIbKU AeTasieli BUTOTOBJISIE aBTOMAT 34 OOHY TOAUHY?

572. 3amoBieHnHAa Ha Buiryck 150 mammuH 3aBog MaB 0 BUKOHATH 3a KijJbKa
IHiB. AJle BiKe 3a JBa OHiI OO CTPOKY, BUIIYCKAIOUHN IIOAHS 2 MAIINHUI
IOoHAaJ ILJIaH, BiH He TiJIbKM BUKOHAB 3aMOBJIEHHSA IIOBHICTIO, a I BUITyC-
TUB I1e 6 MaIlInMH JOAATKOBO. 3a CKIIbKM AHIB 3aBOJA MaB OM BUKOHATHU
3aMOBJIEHHA?

573. 3aBox maB Ou BUTOTOBUTH MHAPTil0 BepcTaTiB 3a Kinbka auiB. IlepeBu-
KOHYIOUM JIeHHe 3aBIaHHA Ha 9 BepcrariB, BiH y:Ke 3a 3 JHi IO CTPOKY
BurorosuB 588 Bepcraris, 1m0 craHoBuo 98 % samoBieHHsa. CKijIbKku
BepCTATiB BUTOTOBJIAB 3aBOJ ITOMHA?

574. Bpuraga jicopy0iB moBuHHAa 0yJia 3aTOTOBUTU IPOTATOM KiJIBKOX IHIiB
216 m® gpos. Ileprmi Tpu AHI BoHA HmpaIoBaia, SK Hepesdadasock, a mo-
TiM IOAHS 3arOTOBJSIA HA 8 M° GijIbllle, TOMY BiKe 3a LEeHb 40 CTPOKY
saroroeuia 232 m® npoB. CKiIbKM KyGOMeTpiB APOB 3ar0TOBIIAIA OpHUraia
mionHa?

575%, Opua TpyOa MOKe HAIOBHUTH OaceilH BOMOI0 Ha 36 XB IIBUAIIE, HixK
apyra. SAKImo cmouaTKy IOJOBUHY OaceiiHy HAIIOBHHUTL OJHA TPyoOa,
a TOoTiM moJIOBUHY 0OaceiiHy — Apyra, TO BiH HAIIOBHIOBATUMETBLCS Ha
OiBroguHM AOBIIE, HiK OJHOYAaCHO o6oMa Tpybamu. 3a CKiIbKY XBUJINH
MOJKe HAIIOBHUTU 0OaceiH BOIOIO0 KOXKHA Tpyba?

576. 3 «Kypcy mamemamurxu» (1813 p.) dna ¢panyysvrux éilicokosux
wkin. CymMa TpbOX CTOPiH IPSAMOKYTHOTO TPUKYTHHKA JopiBHIOE 156 M,
mroma — 1014 wm?. Buaiigits #oro CTOPOHH.
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577. Iloism maB Ou mpoixaTu ILIAX Bix crammii A mo craumii B 3a 4 ron.
Opnak za Bigcrani 150 kM Big A iioro 6yso sarpumano Ha 20 xB. 11106
mpubyTu 10 B 3a pO3KJIa0M, BiH IIPOMIIIOB PEIITY INLIAXY 31 MBUAKICTIO,
0iJIBIIIO0 Bij mmouaTKoOBOI Ha 15 KM /rox. 3HAWAITh BigcTanb Big A mo B.

578. MoTonuKJicT mpoixas BifcTaub Bix cesa go micra 3a 5 rox. IloBepraio-
YUCh y CeJio, BiH mepImi 36 KM ixaB 3 Ti€lo caMoIio IIBUAKICTIO, a PEIITy
(6inpIIy YacTUHY ILIAXY) — 3i IIBUAKiCTIO, HA 3 KM/Tof 6iibIoio. Tomy
Ha 3BOPOTHUM IIJIAX BiH 3aTpaTuB Ha 15 XB MeHIIe. 3 KOO IIIBUAKICTIO
MOTOIIMKJICT iXaB Mo micra?

579. lllnax mixk cesmamu A i B cKJIagaeTbea 3 migiiomMy i cmycKy. Besmocure-
IVCT, PyXalUuCh Ha CIIYCKY 3i IIBUAKiCTIO HA 6 KM/T0J 6iJIbIII0OI0, HiK
Ha migiiomi, nmurax Big A mo B pmogae 3a 2 rom 40 xB, a Bim B 1o A —
Ha 20 xXB mBuAine. 3HaAHLITh HIBUIKOCTI BeJOCHIIEAUCTA Ha IIiAgiioMi
M CIIyCKy Ta HOBMKUHY IIigiiomy Big A mo B, AKIo BigcTaHb Big A mo B
nopiBHIOE 36 KM.

580. Temnoxia npoiimos 3a 9 rox 100 kM 3a Teuiero piuku i 64 KM — IPOTHU
reuiil. Iumum pasom 3a Takuit camuii yac BiH mpoiimoB 80 KM 3a Te-
giero i 80 KM — mporu Teuii. 3HAUAITH BJACHY IIBUAKICTH TEIJI0OXO0Ia
i mBUAKiCcTh Teuil piukwm.

581. lllBuakicTes omuoro gitaka Ha 100 KM/roz 6isbIilia 3a ITBUIKICTL IpPY-
roro. Tomy mepmiuii mosae Bigmcranb 980 kM Ha 0,4 rTonm mOBIe, HixK
npyruit — Bigcranb 600 KM. 3HAUAITH IMIBUAKOCTI JiTaKiB.

582. Big npucrani A 3a Teuieto piuku Bimifimor miait. Yepes 3 rox Bix mpu-
craui B, Bigmasenoi Big A Ha 60 KM, BigifinmoB Temnoxin, akuii npubys
1o A uepes 1 rox micas sycrpiui 3 mimorom. BusHauTte mMBUAKICTD Teuii,
AKIIO IIBUAKICTH TEIJI0OX0JAa B CTOAYIN BOAi mJopiBHIOE 24 KM/TO/I.

583. I3 cesa B micTo, BigcTanp Misk AkumMu 20 KM, BUIXaB BeJIOCUIIEINCT,
a uepes 15 xB caimom 3a HUM Apyruii. HasmornasIiiu mepInoro, APyrui
BeJIOCUIIEAUCT IIOBEPHYBCS Hasan i mpubyB mo ceaa 3a 45 XB 0 MIPH-
OyTTsA IEPINOT0 BeJIOCUIIeANCTa B MicTO. S3HAUAITH IIIBUAKICTD IIEPIIIOTO
BeJIOCUIIEeNCTA, AKIIO APYruil ixas 3i mBuakictio 15 Km/ro.

584. 3n1yHKTY A 0OJHOYACHO i B OHOMY HAIIPAMKY BUIXAaJIU JBA BEJIOCUIIETUCTHI
3i mBugKocTaAMu 18 KM/rox i 24 km/roxn. Uepes 1 rox caizom 3a HUMU
BUiXaB aBTOMOOLIb, AKNI HA3JIOTHAB CIOUYATKY OJHOI'0 BEJIOCUIIEIMCTA,
a gyepesd 10 xB — i gpyroro. 3HalAiTH HMIBUAKICTH aBTOMOOiIA.

585. 3 nyukTy A 10 nyHKTY B, BifcTanb Mixk axumu 90 KM, Buixas BeJIOCHUIIE-
nuct 3i mBuakicTio 12 km/rox. Yepes miBrogunu 3 A 1o B BuixaB gpyruit
BeJIocUIIeUCT 3i mBUAKicTIO 15 KM/Ton. Bogaouac 3 B y HanpaAMKY 10 A
BUIXaB MOTOIIUKJICT, AKUHA CIOYATKY 3YCTPiB IIEPIIIOr0 BEJOCUIIEAUCTA,
a uepe3 2 XB — Apyroro. S3HaANIIThL MIBUAKICTH MOTOIIUKJIICTA.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



KeaapaTtunuHa pyHKLis 143

BnraBM AN NOBTOPEHHS

586. Ha crosi B omHOMY PAAY Jie:KaTh YOTHUPHU (PIirypu: TPUKYTHUK, KPYT,
MIeCTUKYTHUK 1 pom0. BoHN modapboBaHi B pidHi KOJIBOPU: UYePBOHUI,
CUHIil, KOBTUM i 3emeHuii. Bimomo, 1m0 mpaBopyd Bifg KoBTOI Qirypm
JIeKUTH PoMO; KPYT PO3TAIIIOBAHUY IIPABOPYY BiJl TPUKYTHUKA i pomba;
yepBoHa (irypa Je:KUTh MisK CUHBOIO i 3€JI€HOI0; TPUKYTHUK JIEXKUTH He
Ha Kpalo CTOJIy; CUHSA i KoBTa (irypu He JekaTh Imopyd. Busmaure, y
AKiM mocaimoBHOCTI posTralmoBaHo Girypu i SKoro BOHU KOJBLOPY.

12
587. IlobynyiiTe rpadik pyHKITiI y:—3. 3HaAITh KOOPAUHATH TOUOK
x_

nepeTuHy mnporo rpadika 3 rpadikamum piBHaHbL 3y — x + 3 = 0,
y—-3x+9=01ix*-6x+y®=16.

588. BukopuctoByioun pedyabraTu 3agaui Ne 587, yeraHoBiTh BifmoBigHicTE
Mixk abcrucaMu 3HalieHNX TOUYOK i BiAmoBigHMMU IX opamHaTamMu, AKi
mojaHi B Tabauii pasom i3 6yxBamu. PosrtamryiiTe abciucu (pasom 3
BigmoBigHMMU OyKBaMm) 3a MOPAAKOM CHaJaHHs, i BU AisHaeTecd Ha-
3By MicTa, Je po3TalllOBaHUI YHiBepCUTET, Y AKOMY HparmioBaB MuKoJa
MuxonaiioBuu Borosmio6oB i Ha ¢acami SKOTO BCTAHOBJIEHO IIPUCBAUEHY
oMy mMeMopianbHy moimky (Majua. 116)

-6 6 -4 4 -3 3 -2 2

I H B P 1T E I 9

HoBenits ToTo:xkHiCcTE (589—590).
589. 4a* + 1 = (2a® — 2a + 1)(24® + 2a + 1).
590.a* +a’*+1=(@®>—a+1)a®+a+1).

591. CupocriTh Bupas.
1 1 1

+ - ;
(a+c)? a®-c® (a—c)
a+2c 3 3c—a N a®—c?
3a_3c 2a—2c (a_c)z ’

a)

592, 3uaiigiTh 3HaveHHS QyHKIEI y =1 — x% s mep-
MKUX 5 HATYpPaIbHUX UYMCEI.

CKAPBHUYKA OOCArHEHb

v" PoszymMilo, 110 cucTeMa ABOX PiBHAHDL APYIOro CTEIeHs 3 ABOMAa 3MiH-
HUMH MOKe OyTH MaTeMaTHUYHOI0 MOJEJLII0 IPUKJIATHUX 3amad.
v/ Ymio po3B’asyBaTu 3amadi CKIaTaHHAM CHCTEM PiBHAHL.
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SABOAHHS AJ19 CAMOCTIMHOT POBOTHU

BaPiaHT |

1°. TIo6ynyiite rpadik GyHKHii: a) y = —x°; 6) y= 2++x.
2°, PosB’sikiTh HepiBHiCTH x° — 2x < 0.

3°. ILroma IpAMOKYTHHUKA gopiBHIOE 180 cM?, a HOro mepuMeTp CTAHOBUTH
54 cm. 3HAHITH CTOPOHU MPAMOKYTHHUKA.

4°. Tlobyayiire rpagix dymxuii y = x° — 2x — 8, gociirs ii.

BarianT I

1°. IToOynyiiTe rpadik GyHKIEI: a) y= —Jx; 6) y = x° — 4.
2°, Posp’skiteh HepiBHicTs 2x — x° > 0.

3°. loB:xkuHA TillOTEeHY3M NPAMOKYTHOIO TPUKYTHHKA AopiBHIoe 61 cwm.
3HaWAIThL JOBKUHU KATETiB IILOTO TPUKYTHHKA, SKIIO HOTO0 IIJIOIIa —

2

330 cm”.

4°. Tlo6ynmyitre rpadik QyHruii y = x® + 2x — 3, mocaimiTs ii.

BapriaHT I

1°. Tlo6ynyiite rpadik dyHKHIi: a) y = x 15 6) y = x° + 2.
2°, PosB’suxiTh HepiBHicTH x° + 3x < 0.

3°. Cyma mwrom ABOX KBagpaTiB mopiBHioe 65 M2, a cyma iX mepuMmerpiB —
44 m. 3HAHAITH CTOPOHU IIUX KBaJApaTiB.

4°. TloGynmyitre rpadik QyHKmii y = 4x — x* 1 mocauigirs ii.

BapPiaHT IV

1°. ITobynyiite rpadik GyHKLii: a) y = —x°; 6) y = 4 — x°.
2°, PosB’sixiTh HepiBHiCTH x° — 4x > 0.

3°. ILroma mpsaMoKyTHHKA gopiBHIoe 120 cm?, a ftoro mepumerp — 46 cwm.
3HaUIiTHL CTOPOHM Ta JiaroHajab IPAMOKYTHUKA.

4°. TloGymyiiTe rpadik GyHKIL y = x® — bx + 4, gocainiTs ii.
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4 N\
IcTOPUYHI BIAOMOCTI

Dynkuyia — ofHe 3 HAWBAKJIMBININX ITOHATH CYYacHOI MaTeMaTUKU.
Bono cTBOproBasiocsa i sb0arauyBaJiocsa IPOTATOM TPUBAJOTO dacy. Tao-
JUI KBaApariB i Ky0iB BaBUJIOHCHKI BueHi obumcoBanau Ie moHan 4
TUCAYOJITTA TOMy. A Ie X — TabauuHi samamua QyHkiiii. Apximen
BU3HAYAB 3aJICXKHICTD IIJIOII Kpyra i ILIOIi HOBepXHi KyJIi 3a/IeKHO Bif
ix pagiyciB. A piBHocti S = nr?i S = 4nr?
3a1al0Th (PYHKITII.

Ha mexxi XVI — XVII cr. pyHKIIiI mepe-
BasKHO 3a]aBaJIUCS CJIOBECHO, rpad)iuHo un
3a morromororo Tadauik. Tinbku I1. Pepma
i P. JlekapT mokasayiu, AK IIOJAaBaTHU 3a-
JEeXHICTh MidK 3MIHHUMU 3a JOIIOMOTOIO
piBHAHb. [asa rpadiuHoro s3o0pakeHHS
PiBHHX 3aJIeKHOCTEH BOHU 3aCTOCOBYBAJIU
cucTeMy KOOPIAUHAT.

Tepwmin «(pyHKITifg» BIepIiie BBiB HiMeIlb-
kuii marematuk I'ordpin Jleitonin (3 1673
— y pykomnucax, a 3 1692 — y my6aikari-
ax). CuMBoOIM AJIA 3aTaJbHOTO ITO3HAUEHHS
Tordpix Jefiomin dyuKIi# f(x) iy =f(x) 3anpoBagus y 1734 p.

(1646 — 1716) miBennapcbKkuil MmatemaTuk Jleonapn Einep.

HasiTs micia BBemeHHs ciioBa «(PYHK-
mifg» BiAIOBifHE HOMY IIOHATTS 3 YacOM
smirmoBasocs. I'. Jleibuin GpyHKIiaMuy Ha-
31MBaB MOBXKUHU BipiskiB, aKi 3miHioBa-
JHUCS 3aJI€KHO BiJ 3MiHU MOBMKUH iHIIIMX
BimpiskiB. JI. Eitnep HaszmBaB (QyHKIIi€IO
BUPAas3, CKJageHu# 3i aminuoi i uncen. Ha-
OpUKJIaL, BuUpas 3x + 5 — (QYHKIiA Bix
3MiHHOI X, 60 3HAYEeHHSA JAaHOTO BUPA3Y
3aJIeKUTD BiJ 3HaueHb x. HecbKuii MmaTeMa-
TuK B. Boabmano (1781 — 1848) 11e 6isb-
II1e PO3IIMUPUB MOHATTA (PYHKIII, BiH mifg
GyHKIIieI0 PO3yMiB OYAb-IKY 3aJI€KHiCTh
OofHiel BeMumHU Bix iHIIIOI.

Jleonapn Eitnep 3rogom 6inbIricTs MaTeMaTHKIB mif
(1707 - 1783) dyHKITi€I0 po3yMian 3a/IeKHY 3MiHHY Be-

\_ /
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JUYNHY, iHIT — BiAIOBiAHICT MiK MHOKHMHAMY UKCe] a00 1 BiTHOIIIeHHS
(ciBBiZHOIIIEHHS) MijK eJJeMeHTAMU JOBIMTbHUX MHOMKMH.

Haiizaraapuime cyuacue odHaueHHA (PYHKI[II 3anponornyBaJja B XX CT.
rpynma MaTeMaTHKiB, 1o BuUcTymajga mig mceBmoHimom H. Bypb6axi:
«DYyHKIIIA — Ie BiIHOIIEHHS, IPU AKOMY KOKHOMY eJIeMeHTy o0JiacTi
BifmpaB/ieHHs BiIIOBifae piBHO OAUMH ejgeMeHT oOJsacTi mpubyTTas. ITig
ob6JiacTio BignpasimeHHsa (o0sacTio BU3BHAUYEHHA PYHKINiI) i obaacTio mpu-
OyTTa (obJacTio ii 3HAUEHB) PO3YMiIOTh OYAb-AKi MHOMKHUHI, a He TiIbKU
YUCJIOBi.

A 6aummo, cI0BOM «(PYHKIIiSA» B PidHI uacwm HaszWMBaJIU TO MOBIKUHY
Bigpiska, To Bupas 31 3BMiHHOIO, TO 3MiHHY BEeJINUYNHY, TO 3aJIEKHICTh M1
BeJIMUYNMHAMM, BiIIIOBiZHICTh MiK 3HAUEHHSIMHN BeJWYNH, BiJHOIIEHHS
MiK eJleMeHTaMU JBOX MHOMKWH.

B ocHOBHIiN KO PO3rIAmAOTh TiIBKY HAWBAYKJIWBIII I HAWIIPOCTi-
Ii TpuKJIagu QYyHKIiHA. 3rogoM BU O3HANOMHUTECS 3 iHIMNMHU KJacaMU
(QYHKIIINA: cTelleHeBUMU, ITOKAa3HUKOBUMU, JOTAPU(PMIUYHUMU, TPUTOHO-
METPUUYHUMHU TOIMO. HayKoBIIi pos3radamamTh TaKoK (PYHKIII Big ABOX,
TPHOX i O1JIBIIMOI KiIBKOCTI 38MiHHUX.

HasBu «mapaboma», «rimepboja» BBiB JaBHBOTPEIILKUUN MaTeMAaTHUK
Amnomnnonint (IIT ct. go H. e.). I1i kKpuBi BiH po3riagaB AK JiHil mepeTuHy
KOHIUHOI ITOBEPXHIi 3 ILIOITMHOIO.

Y cyuacHi#i MmaTeMaTHIll PO3TJIALAIOTE 0araTo pisHUX BUAIB QPYHKITIMH.
JoKJIagHO iX BUBYAIOTH B OKPEMUX MaTeMaTUUYHUX JUCIIUILIIHAX : MaTeMa-
TUYHOMY aHaJIi3i i Teopii pyHKIiHA. ¥V MUX rasrys3dax YCIillTHO IPaIfoBaIu
i ykpaimcbki matematuku M. B. Octporpaaceruii, M. II. KpasuykK,
C. H. Bepumreiia, €. . Pemes, C. Bamax, I'. M. ®PiXTeHT0JbII,
M. I'. Kpeiia, M. I. IIIkins Ta igmi.

\_ /
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e I
MonoBHE B PO3A4I

DyHKYia — BiITIOBIAHICTD, IPU AKIA KOKHOMY 3HAUEHHIO 3MiHHOI X 3
nesakol MHOXKuHU D BifgmoBimae egune sHaueHHS 3MiHHOI y. MHOMKUHY D
Ha3WBAaIOTh 00/1aCMI0 BU3HAUCHHS, 8 MHOMKUHY BCiX BiIIOBiTHNX 3HAUEHD
3MiHHOI y — ob6sacmio 3HaveHb naHol GyHKIii. AKI0 ¥y — QyHKIA Bix
X, TO IUIIYTDb Y = f(x).

y = ax® + bx + ¢ — KBagpatuuna GpyHKIia (a = 0, b, ¢ — moBinbHi
yucaa, a X — apryMeHT).

T'padiknm pysaxuiit y = ax®+bx +c, y= ax®+bxi y= ax? — ogHaKOBi
napabosu, AKi MOMKHA CYMiCTUTHU ITapajelbHUM IIepeHeCeHHIM.

Hyani ¢yuruyii — 1me 3HaUeHHS 11 apryMeHTy, IPU AKUX 3HAYEHHSA
dyuKIiI fopiBHIOIOTE HYII0. [ITpoMiskKu obJiacTi BusHaueHHS PYHKILI, Ha
AKUX QYHKIA He 3MiHIoe 3HaKa (TOOTO Mae TiIBLKHU J0ogaTHI a00 TiIbKHU
Bifi’eMHi 3HAUEHHS), HABUBAIOTH NPOMIHKAMU 3HAKOCMANLOCM.

DYHKI[II0 Ha3UBaIOTh 3pocmaryoro (abo cnadHo) Ha TeAKOMY IPOMiK-
Ky, AKIIO KOKHOMY OiJIbIIIOMY 3HAYEHHIO apTyMEeHTY 3 I[bOT0 IIPOMiKKY
Bimmosimae Ginblie (MeHINIE) 3SHAUEHHS (PYHKILII.

DyHKIiA Yy = f(x) HABUBAETHCSI NAPHOI0, AKIITO 00J1aCTh 11 BUSHAUEHHA
cUMeTpUYHA BiJHOCHO HYJ i AJd Beix 3sHaueHb aprymenty f(—x) = f(x).
DyHKIA Yy = f(x) HABUBAETHCSI HENAPHOI0, AKIIO 00JIacTh 1i BUSHAUEHHA
cUMeTpUYHA BiIHOCHO HYJIA i JJIs BCiX 3HaueHb apryMeHTy f(—x) = —f(x).
IcayloTs GyHKIII, AKi € Hi mapHEUMH, Hi
HeapHUMH.

Sximo Bizomo rpadik pyukii y = f(x),

TO 34 IOIIOMOT'0I0 T€OMETPUUHUX ITEPETBO-
PeHb MOKHA ofiepskaTu rpadiky QyHKITiH
y=-1(x), y=1flx~-a)y=[flx)+b.

Hamnpukaaz, Ha MaJIlOHKY IIOKa3aHo,

K 3a JOIIOMOIOI0 TeOMETPUYHUX IIepe-
TBOPEHS i rpadika GPyHKIII Yy = x® MosKHA
orpumMmatu rpadik Gysrmii y = (x — 1),
y=(x+2%y=x*+2,y=x"-3. '
KeadpamHoro HepieHicm 0 HAa3UBAETh-
Cs KOKHAa HEePiBHICTh BULY ax®+bx+c* 0,
ne a, b, c — gaui yucaa, x — 3MiHHA,
a * — OyIb-AKUI 3i 3HaKiB HePiBHOCTI:
<, >, <, >. Po3B’a3youn Taxky Hepis-
HiCTBh, 3PYYHO YSBJSATH, AK PO3TAIIIO-
BaHU# BimHOCHO oci x rpadixk QyHKITiT

wzax2+bx+c. -
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3’ACOBYEMO OOCArHEHHYA

TecTtoBl 3ABOAHHS Ne 2

R — 11e o6nacTh Bu3HaUeHHA (PyHKITII:
1

a) y=x+l; 6)y=2x" B y=-x5 1) y=x7

O6uacTio sHaueHb QYHKIII y = x° — 2x — 1 € mpomixoK:
a) (—e5-2);  6) (1;00); B) [1; 2); r) [-2; ).

B O

Ha npomixky (0;) spocraiodoio € QyHKIis:
a)y=-5x; 6)y=2-x% B)y=3x r) y=+/x—1.

Crinpku HYJIiB Mae QYHKIIA y = x(x® + 2)(x + 4):
a) ouH; 0) nBa; B) TpH; r) yotupu?

B B

ITapabona — 1ie rpadik QPyHKILI:
a)y =x % 6) y=x — 3x% B)y=2x; ) y=\/;.

Posp’askoM HepiBHOCTI x° + 2x + 3 > 2 € IPOMIXKOK:

a) (—e03-3);  6) (—eo5—1)a(=1;00); B) (1; 2); r) R.
Cumerpuuaum BigHocHO Touku (0; 0) € rpadirk pyHKITii:
a)y=x7% 6) y = 3x% B) y = 2x; r) y=x.
s . y=x°+4,
E Po3B’si3KoM cucTeMu PiBHAHb € TOYKAa:
4x+y=0
a) (-8; —2);  0)(8; 2); B) (4; 2); r) (=2; 3).

IIapuom € pyHKITiA:
a) y=/x; 6) y = 2x; B) y = 3x% r) (x — 2)%

dyuKIia y = 2x — x* HabyBae HAWGLIBIIIOrO BHAUEHHS, AKIIO:
a) x = 0; 06) x =1; B) x = 2; r) x =—2.
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Tunosi 3ABAAHHSI A0 KOHTPONbHOT POBOTU N2 2

ITo6ynyiiTe rpadirk pyHrumii y = 2x + 3. 3HaigiTe il o6jacTh BU3HA-
YeHHA Ta 00JaCTh 3HAUEHb. ¥ CTAHOBITHL HYJi (QYHKI[I Ta TPOMiKKU
3HAKOCTAJIOCTi.

dyurnio s3agaso popmynono f(x) = (2x + 3)%. BHalxiTH:

a) f(0); 6) f(=4); B) f(3,5).

B B8

IToGynyiiTe rpadik Ta ZOCHiAiTh BIACTHUBOCTI (PYHKILIT:
a°) y = —x%+1; 6°) y = (x + 1) — 4.

Po3B’sixiTh HepiBHICTD:
a°) (x + 5)(x — 3) > 0; 6°) —5x2 + 3x + 2 < 0.

B B0

IToGynyiiTe rpadik GpyHKITii:
a) y = x° + 4x + 3; 6) y=l6x—x>-5l.

Posp’saxiTs rpadiuHo cucTeMy PiBHAHB:

x2+y=1, o |2 +y-4=0,
a°) 6°)
x—-y+1=0; x®-y+2=0.
PosB’sakiTh cucTemMy piBHAHB:
{x2+y2=17, 6 x%—xy-3=0,
3x—y+1=0; x®—xy+2=0.

m SAKII0 gesske gBomM(pPOBE YIMCJIO0 HOSLJINTH Ha cymMy IIudp, TO B YaCTIIi
oJep:KUMO 8, B ocTaui Oyze 5, a AKIIO IOALINTH OTO Ha JOOYTOK udp,
TO B uacTiii ogep:xkumo 10, a B octaui Oyze 1. S3HaiifiTh Iie YMUCJIO.

E Po3B’saoxiTh HepiBHIiCTSH:
3
x” -16x
a) (x + 5)%(x — 3)(1+x)>0; 6) ——— —<
x° —5x" +4x
BHa#IiTh, TP AKUX 3HAUEHHAX ¢ piBHAHHEL (¢ + 1)x®+ (8¢ —2)x —¢=0
Mae IBa PisHUX MiICHUX KOPeHi.
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Po3nin 3

FAycC

Morann Kapn ®piapix
(1777—1855)

Himeubknin maTemaTnK, aCTPOHOM,
di3nk i reogesuncr.

OanH i3 HAMBENUYHILLINX i
HaMBMNIMBOBILLINX MAaTEMATUKIB YCiX
yacis. Mloro HasneatoTb Koponem
MaTemMaTuku.

XapakTepHMMU pucamm gOoCnigxeHb
Faycca € Haa3BuYaliHa ix PisHOBIYHICTb
i OpraHivyHMM 3B’A30K MiX TEOPETUYHOIO
i NPUKIagHOI MaTEMaTUKOIO.

Naypeat mepani Konni (BuLLa LWopiyHa
Haropoga KoponiBCbkOro ToBapmcTea
BenukobpwuTaHii) (1838).

«Hiyoro He 3p006J1IeHO, FSKLLO L,0Cb 3aJIMLLUMNIOCA HeJ0POOGIeHUM».
«MaTtemMaTukun cTosTb Ha NieYyax O4MNH O4HOr0».

«ACTPOHOMIf i YnCTa MaTeMaTUKa € MarHiTHUMMU NOJIlOCaMM,
A0 KMX 3aBX/AUN NOBEpPTAETbLCHA KOMMAC MOro po3yMy».

«MaTtemaTtuka — uapuvus Hayk i apudpmMeTuka — Lapuusa MateMaTUuKn».

K. &. raycc

NPEMIA TAYCCA MeTa npemii — 3a0X04EeHHS
(a60 npus l'aycca) MaTeMaTuKiB, SKi CIPUSIOTb

Mporpecy B HeMaTeMaTUYHNX
MpucynXyeTbcs CRisibHO raay3six, BKJo4ar4ym TEXHONOrIT,
MixxHapogHUM MaTeMaTUYHUM Oi3HecC i MOBCAKAEHHE XUTTS.
CO030M i Himeubknm 3acHoBaHa 30 kBiTHA 2002 poky
mMareMaTuyHUM TOBapPUCTBOM y OeHb 225-1 pivyHWLi Big, AHSA
pas Ha 4 pokn Ha MixkHapogHOMY HapoaxeHHs Maycca
KOHIrpeci MmaTemMaTukiB 3a BUOATHI
JOCSrHEHHS B ranyai npuknagHoi JIAYPEATU NPEMIT
MaTemMaTukum Kinoci Ito

IB Meiep

Ctenni Owep
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HYucnosi nocnigoBHOCTI

lMocniaoBHICTE — LIe MHOXWHA Oyab-1KMX 00’EKTIB, pO3TaLLOBaHUX Y NEBHO-
MY nopaaky. Ao YineHamm NocnigoBHOCTI € Yncna, it Ha3nBakTb YXCJ/10BOIO
roc/1igoBHICTIO. HannpocTili N HanBaXkIMBILLI NPUKIaLAN YACTIOBUX NOCIO0B-
HOCTen: apudMeTnyHa i reoMeTpuyHa rnporpecir.

BuBUMBLUW LIeV pO3Ain, BM 3MOXeTe nobayunTn Kpacy MaTeMaTUYHMUX CriiB-
BiJHOLLIEHb Y Pi3HMX BMAax NOCiAOBHOCTEN i cnocobax ix 3a4aHHs, Y HeCrno-
[iBaHMX 3aNeXHOCTAX | 3aKOHOMIPHOCTSX, Y HE3BUYHMX dirypax i cnocobax
X NoOya0BU TOLLIO.

Y uboMy pO34iNi pO3rngHeMo Taki TeMu:

MocnipoBHICTb NeomeTpuyHa nporpecis
Succession Geometric Progression
ApudmeTnyHa .

§ 1 6 nporpecis § 1 8 3apaui Ha 00YNCNEeHHS CyM
Arithmetic Progression Sums Calculation Tasks

HaByanbHuih npoekT Ne 3
«3ACTOCYBAHHA MATEMATUKW»
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BrkoPMcTOBYEMO HABYTI KOMNETEHTHOCTI

LLLo6 3po3ymiTn i 4oOpe 3acBOITU HOBY TEMY, NMPUragaemMo:
— Lo Take ¢yHkLUia Ta Ti 06nacTb BU3HAYEHHS.

— 9Ki PpyHKUIT HA3MBaKTb 3pOCTalYMMK, a AKi — CNagHUMMN.
— 9K 3HaNTW 3HAYEHHS PYHKLIT B TOYLL.

— Lllo Take HaTypasnbHi Ymncna.

Mepwi pecartb HaTypanbHux 4yncen 1, 2, 3, 4, 5, 6, 7, 8, 9, 10.
HanmeHLwe HaTypasibHe 4yncio 1

MapHi yncna (ainaTbca Ha 2 6e3 ocTadi) HenapHi yncna
2, 4,6, 8, 10, ... 1,3,5,7 9 11, ...

§ 1 5 MocnipoBHICTL

IleBHA mOCTiOBHICTD TOiM UM ABUIIL, IIOPAIOK PO3TAIITYBAHHSA IPEIMETiB,
3BYKiB, KOJBOPiB TOIO — Iie IOCJiOBHiCTL. 3rajmaiiTe, AK pPO3TaIllOBaHi
¢irypu Ha maxiBauni (maa. 117, a) i Hotu Ha HOTHOMY cTaHi (Mmaya. 117, 6).
Mo:xHa TOBOPUTH i IIPO IIOCIiZOBHOCTI MicsAIiB y poIli, AHIB y THKHi, OYKB
y CJIOBi, IIPi3BUII| Y CIIMCKY, BATOHIB y MOi3[di, CTAHIIIN HA 3aJi3HUIIL Ta iH.

4 ——

1 e s . .
ity Ay RS - Ilo pe mi a cons g ci mo0

a 0
Maua. 117

ITanbmi pyku JIOOAWHU TAKOXK PO3TAIIOBaHI y MEeBHIiN ITOCJiZOBHOCTI:
BeJIMKWNI, BKA3iBHUU, cepeHill, miAMisuHHUI, MisuHHUNA. I mTpuxu Ha
IMITPUX-KOMi, IO € Ha OOKJAAWHII IIHOTO HNiIpyYHWKA, HAHECEeHO Y IeBHil
nocaigoBuocti. I1lo Bonu osHauaioTs? Hasimo Bouu?

PosmmupuTu BifoMocTi mpo mOCaiJOBHOCTI B MATEMATHII Ta OBHAMOMUTUCS
3 X BJIaCTUBOCTSIMI BaM JOIIOMOKe Ifeii maparpad.

Yasimo, 110 migpan BummcaHo BCi mapHi HaTypasiabHiI uucia:

2,4, 6,8, 10, 12, 14, 16, 18, 20, 22, ... .

Ile nocnidosnicmv napuux HATYpaAIbHUX unces. Yucio 2 — ii mepmii uieH,

4 — pgpyruit, 6 — Tperiit, 20 — mecaTuii i T. 1.
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Hasenmemo 1mie KijJibKa MPUKJIAAIB YHMCJIOBUX ITOCJTiIOBHOCTEMN:

1, 2, 3, 4, 5, ... — TIOCJIiAOBHICTh HATYPAJbHUX UYHUCEJ;
1,3,5,7,9, .. — ODOCIiAOBHICTL HeIaPHUX HATYPAJIbHUX UKCEJ;
1 1 1 1 . .
1, — 5 ... — IIOCJIITOBHiCTB UMCe], O0epHEeHNX 10 HATYPAIbHUX.

278745

ITocaimoBHOCTI OyBalOTh CKiHWeHHi Ta HeckiHveHHi. CKiHUeHHO0, HATIPU-
KJIaJ, € IMOCJiJOBHIiCTh OTHOIMM(MPOBUX HATYPAJIbHUX UNCEJ:

1, 2, 3,4,5,6, 7,8, 9.

IlocaimoBHIiCTS yCcix HaTypaJlbHUX YKMCes HeCKiHUeHHa. 3alrucylud HeCcKiH-
YeHHY IIOCJIiIOBHICTD, ITic/ad KITBKOX 11 mepIIux 4jaeHiB CTaBIATh TPU KPAIIKU.

Ilepmuit, gpyruii, TpeTiii 4jJeHU MOCJIiJOBHOCTI MapHUX HATypPaJIbHUX
yucesJ AOPiIBHIOIOTH BixmoBiguo 2, 4, 6. IlumyTs: a; = 2, ay, = 4, a3 = 6.
A domy mopiBHIOE ii n-it wieH a,? OCKiJIbKH KOKHUM UJeH IIOCJiZOBHOCTI
MapHUX HATYypPaJbHUX YMCeJI IBOE OiJbIINII Bil CBOTO MMOPSAAKOBOTO HOMEPA,
TO ii n-i YaeH mopiBuioe 2n, TOOTO

a, = 2n.
ITe ¢popmysa n-ro ujeHa MOCTiOBHOCTI IMapHUX HATYPAJIbHUX YHCEJ.
dopmyJsia n-ro UjeHa MOCIiJOBHOCTI HeAPHUX HATYPaJIbHUX YKCEJ:
a, = 2n — 1.

ITa dpopmysa cxoska Ha opmyay y = 2 x — 1, Axa 3agae JiHiAHY QyHKILiTO.
TinbKM OCTAHHIiN apryMeHT X MOKe OyTH OyIb-AKWUM OiiICHUM YKCJIOM, a Yy
dbopmyai a, = 2n — 1 aminHa n MosKe HaOyBaTH TiJIbKM HATYPAJIbHUX 3HAUEHbD.

KoxkHnit uyieH IoCJIiJOBHOCTI BiATIOBiIAa€ TeAKOMY HATYPAJIBLHOMY UNCTY —
MOPAIKOBOMY HOMEPY UJieHa MOCaiMoBHOCTi. ToMy UyncIioBa mocaigoBHICTD —
dyHKIig, 3a7aHa HA MHOSKMHI BCiX HaTypaJbHUX Yyuces a00 HA MHOSKMHI
MepuIux n HATypPaJbHUX UYHCelN. K0 QyHKIIiI0 3a1aH0 HA MHOMUHI BCiX
HaTypaJbHUX YKUCEJ, TO MAEMO HECKiIHUEHHY UMCJIOBY MOCIiJOBHICTD; AKIIIO
GyHKIIiI0 3ajJaHO HA MHOMKHWHI IIepIIUX 71 HATypPaJbHUX UYUCEJ, TO BOHA €
CKiHYEeHHOIO ITOCJiJOBHICTIO, KiTbKiCTh UJIeHiB AKO1 HOPiBHIOE 7.

SArmo Bimoma ¢dopmysa n-ro ujieHa IMOCHIiZOBHOCTI, TO HECKJIATHO 00-
YUCIUTU Oyab-AKuil i uneH. HanumiemMo KinbKa MepIimx 4YjeHiB IIOCJi-
IOBHOCTi, n-# ujeH AKOI a, = n? + 2. Hajgaouu 3MiHHIE n 3HAYEHHS
1, 2, 3,4, 5, ..., olep:KUMO HepPIIli YJIeH! IIOCJIiJOBHOCTI:

3, 6, 11, 18, 27, 38, 51, ....

Tucaunmii el Iiel mMoCcJIiJOBHOCTI:

@000 = 1000% + 2 = 1 000 002.

HabaraTo Ba)xue po3B’sisyBaTu 00epHEHY 3amauy — JJIA JaHOI IOCJifoB-
HOCTi 3HaWTH; ii n-# wien. Hanpukaazn, popmysia n-ro uieHa IOCTiJOBHOCTI
mpocTux uwmcen 2, 3, 5, 7, 11, 13, ... meBigoma # moci, xoua MaTeMaTUKU
mykasu ii mouan 2000 poxis.

Kinbka mepriux ujieHiB IOCJIiZOBHOCTI He 3a4al0Th i1 omHO3HauHO. Ha-
OpUKJIaL, € 0e3Jiu pisHUX ITOCIiTOBHOCTEH, mepIli uienu akux 2, 4, 6, 8.
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3oKkpeMa, Taki IepIri 4jJeHd MalTh IIOCJiJOBHOCTI, Nn-Hi Y4JIeHU AKUX
a,=2nic,=2n+ (n - 1)(n - 2)(n — 3)(n — 4).
I3 nBox cycinmHix ujneHiB a; i a; , ; IOCJHIiJOBHOCTI UJeH a; , ; HA3UBAIOTh
HacmynxhuMm 3a a;, a a; — nonepedHim BiTHOCHO a; , .

e MocnipoBHICTH Ha3MBaIOTb 3POCTAKOYO0I0, AKL,O KOXHUMA TT YJIeH, No4Yn-
Hawu4u 3 gpyroro, Ginbwnii 3a nonepepHin. MocnigoBHICTb Ha3MBaOTb
crnaaHo, AKLLO0 KOXXHWIA TT Y4J1eH, NoOYnHalo4Yu 3 ApYyroro, MeHLuii Big no-
nepepHbLOro.

3aysaxcenns. IHOM1 PO3TIANAIOTH IOCIiOBHOCTI, WeHaAMU AKUX € pisHi
BUpasu, GpyHrIiii, pirypu tormo. Hani ropoputTuMeMoO TiIbKU PO YUCJLOBI
nocaidoéHocmi, X04 i HA3MBATUMEMO 1X KOPOTKO NOCAIO08HOCMAMU.

Yuca0Bi IOCTIMOBHOCTI UacTO 3aai0Th pekypenmHuumu dhopmyiamu (Bif
JIATUHCBKOTO CJIOBa recurrentis — Toii, 110 moBepTaeTbcs). PopMmysy Ha-
3WBAIOTh PEKYPEHTHOIO, AKIIO BOHA IIOKA3ye, AK BUPAIKAETHCA OyAb-AKUI
YJIeH IIOCJiJOBHOCTI uepes KijbKa momepenHix ii useHis.

— XOYETE 3HATU LLE BUIbLUE? ,

Hanpwuknaz, pekypeHTHo € dopmMyna a, .» = a, + @, . 1, 9Ka 3acBigyye, Lo
KOXHMIA YNeH NOCNIA0OBHOCTI (NOYNHAKYM 3 TPETLOr0) AOPIBHIOE CYMi BOX YJIEHIB,
wo romy nepenytotb. OgHa Taka popmyna NocnigoBHOCTI He BU3Havyae, 00 He-
BIQOMI Tl ABA NepLUMX YaeHW. AKWo, Kpim dopMynu, BKasaTu i Asa NEPLUMX YSIEHN,
TO MOCNIAOBHICTb MOXHa BBaXXaTu LIJIKOM 3aaHOI0.

3apnamMo pekypeHTHOK GOPMYNOK MOCNIAOBHICTb, NEPLUWNA | APYrUiA YNeHn
SKOT — OAMHMLL, @ KOXHU HACTYMHUI OOPIBHIOE CyMi ABOX nonepegHix. Lo no-
CNiQOBHICTb MOXHA 3a4aTW TaKUMU PIBHOCTSIMMU:

a,=1,a,=1,a,.>,=a,+a, ..

KopucTtyroumcs Takoto GopmMysion, MOXHA BU3HAYMTU NOCAIAOBHO TPETIN, Y4eT-

BEPTUI Ta iHLUI YNeHW NOCNIAOBHOCTI:
a;=a,+a,=1+1=2,
a,=a,taz;=1+2=3,
as=az+a,=2+3=5,....

Maewmo nocnigosHicTtb: 1,1, 2, 3,5, 8, 13, 21, ... .

Ii HasmBaOTb NocninoBHICTIO PiGOHaYHI, OCKINbKM BNepLUe PO3risHYB Ta Onu-
caB il BNacTMBOCTI B TpakTaTi «KHura npo abak» (1202 p.) JleoHapao MNizaHCbkni
(PiboHauui).

dopmyny n-ro yneHa 9k GyHKLiO Big 7 oA Wiel NoCnigoBHOCTI 3HaNAEHO

| K. BiHe Tinbkn y XIX cT. (amB. 3aaa4y 617).

MEPEBIPTE CEBE

1. HasepiTh mpuUKJIagy YUCJIOBUX IIOCJIiJOBHOCTEH.
2. ChopmyrioiiTe 03HAUEHHS YMCJIOBOI IIOCJIiTOBHOCTI.
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3. fAAxumMu OyBalOTH YMCJIOBI IIOCIiZOBHOCTI?
4. fxi mocaimoBHOCTI HA3MBAIOTh CKiHUEHHUMU?
5. fxi mocaimoBHOCTI HasuBaioOTh 3poctarounmu? A aAKi — cmagaumMn?

BukKkoHAEMO PA3ZOM

o IIpomoB:KiTH IMOCTiZOBHICTE KBAaAPATiB HATYPAJbHUX UNCEJI:
1, 4, 9, 16, 25,....

@ Posr’asanna. Koxxuuii uieH yKasaHOI IIOCJIiJOBHOCTI JOPiBHIOE KBAAPATY
oro HOMepa: HmeplIinii — KBaapaTry uucjaa 1, ipyruii — KBajapaTy Yuc-
ga 21it. g. Tomy 11ocTuii ujaeH JOPiBHIOE 62, chomuii — 72, BOCHMUIN —
821 7. 1. OTsKe, MAEMO MOCIiTOBHICTE:

1, 4,9, 16, 25, 36, 49, 64, 81, ....

9 3HAUITh COPOKOBUII YJIEH IIOCJIiTOBHOCTI, 3aJaH0l (DOPMYJIOIO:
a)a, =3n-2;6)a,=(-1)";B) a,=n-(-1)""3
e Posp’szamHA. a)ay=3°:'40-2=120-2 = 118;
0) ay= (_1)40 =1;
B) a,= 40 — (-1)*" = 40 + 1 =41.
Bigmosigs. a) 118; 6) 1; B) 41.

e ITounHaroum 3 AKOTO HOMEpAa BCi UJIeHU MOCTIiT0BHOCTI, 3amaHoi hopmy-
JIOIO ¢, = n? + n, 6iaemi 3a 100?

® Posp’asanna. dxmo n +n> 100, To n? +n-100 > 0.
PosB’sixeMo 1110 KBaApaTHY HEPiBHICTD.
D =1 + 400. Ockinbku fgeThbCcs TiJIBKU IIPO HATypaJbHi (0T:Ke — mO-

-1++v401
2

JAaTHi) 3HAYEHHA 1, a JOAATHUN KOPiHb N = = 9,5, To HOMED,

110 3aJ0BOJBHSE YMOBY, Ma€ OyTu Oinbiium Bix 9.
Bigmosigs. ITounuaioun 3 gecsaToro Homepa.

9 YcTaHOBITH, 3pOCTAI0OUOI0 YU CIIAJHOIO € MOCJiTOBHICTD, AKa 3aJa€ThCA

dbopwmyisoro: a, = 1 — 2n?.
e Posp’asanna. BizbMeMmo ABa MOBLIBHMX MIOCHIZOBHUX UJeHHU Iiel mo-
CJILJOBHOCTi, 3HAMAEeMO IX Pi3HUII0 Ta BU3HAUMMO ii 3HAK:
a,=1-2p%a,,;1=1-2@p + 1)5
ay+1—a,=1-20p + 1) - (1-2p* =
=1-2p"-4p—-2-1+ 2p° = —(4p + 2).

s HarypaabHUX p BuUpas 4p + 2 HabyBae JuIlle JOJATHUX 3HAYEHbD.

Tomy a, , ; — a, < 0 gna Bcix HarypansbHUX p. OTiKe, NJIA OyAb-AKOTO

HOMepa p BUKOHYETHCA YMOBA @, , 1 < d,. JlaHa mOCIiI0BHICTE cliafHa,

00 B Hill KOMKHUNII HACTYIHUI WeH MEHIINI BiJ momepeqHBOTO.

Bigmosige. ITocaigoBHicTs cmagHa.
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BUKOHAWMTE YCHO

593. HasBiTp 5 mepimux 4jaeHiB IOCIiZOBHOCTI uuces, o0epHEHUX OO0 HATy-
paIbHUX.

594. HasBiTh 5 mepIinux 4jeHiB MOCJiJOBHOCTI IIPOCTUX UKCEJI.

595. ITpomoBKiTh MOCAIMOBHICTS, HATYPATIbHUX UMCEJ:
a) aki gingreca Ha 3: 3, 6, 9, 12, ... ;
0) aki ginareca ma 5: 5, 10, 15, ... ;
B) AKi He mimarteea wa 3: 1, 2, 4,5, 7, ... ;
T') KO:KHe 3 AKX Ha 3 OinbIiie 3a momepenne: 1, 4, 7, ...

596. PosrissHbTE MOCJIiOBHOCTI:
a)l, 3,9, 27, 81, 243, 729, 2187, ... ;
6)1,-1,1,-1,1,-1,1, -1, ... ;
B) b, 55, 555, 5555, 55555, 555555, ... .
151 KOMKHOI IMOCJiJOBHOCTI BKaKiTh Taki ujmenu: 1) apyruii, o’ aTtuii
i cboMmmit; 2) HacTymHHE 3a TperiM; 3) momepenHii cbomomy; 4) AKi
MiCTATBCA MiK IPYTUM i IIIOCTHUM.
597. AAxuii 4IeH MOCTITOBHOCTI X1, X9, X35 Xgy weesy Xy oue -
a) HACTYIIHUM 34 X3, X7, X395 X191> Xpn + 15 X343
0) momepenHili BiIHOCHO X5, X71, X99> X193, Xy + 15 X3¢

598. CKiHUEeHHOI0 UM HEeCKiHUYEHHOIO € IIOCJIiJOBHICTb:
a) MPOCTUX UHCEJ;
0) umceJ, IPOTUJIECKHUX HATYPAJTbHUM;
B) OpaBUJIBHUX APo0iB 3i 3HameHHUKOM 10;
I') HeIpaBUJIbHUX APO00OiB 3i 3BHamMeHHUKOM 10;
I') IpaBUJIbHUX APOOiB i3 uncenbHUKOM 10;
) HeOIpaBUJIbHUX APo0iB i3 umcenpankoMm 10;
e) mudp y JecATKOBOMY 3ammci umcia T ?
Bunuirite m’ATh MepHINX YIEHIB KOMKHOI IOCJIiJOBHOCTI.

599. Hanuirite o’ATh HepIINX YJIEHIB IIOCIiZTOBHOCTI, n-i 4ieH sIKOI 3a1a-
€ThbCA (POPMYJIOIO:
a)a,=2(n—-1); B)y,=3n+ (-1)"; 1)c, = 2n%

6) x, = 12; r) b, = 1-n? )z, =1+ (-1)".
600. ITocaimoBHicTh Bagano popmysaow a, = 2n + 3. 3HAUAITH:
a) as; 0) ae; B) dy5; T) @100

601. Hanoumiits ciMm mepmmmx 4jeHiB MOCJTiZOBHOCTI, 3amaHoi (popMyI0io:
a)a, =3n-2;6)a,=n>+1;8B)a,=2-5n;1)a, = n®>—n.
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602. HanunriTe KiJibKa Iepiinx 4ieHiB IMOCIiJOBHOCTI KBaAPAaTiB HATYpPab-
HuX yuces. SIkwni ii n-it unen?

603. HanunriTe KibKa MepIiux 4JjeHiB i n-i 4jJeH mocJioBHOCTI Ky0iB Ha-
TypaJbHUX UYUCEJ.

604. HanumriTh KijbKa IepHinx 4jaeHiB IIOC/IiJOBHOCTI HATYpaAJIbHUX UNCEJI,
KpaTHux 3. O6uucaiTh ii COPOKOBUI UJIEeH.

605. HanuiriTe KinbKa mepIInxX YJeHiB MOCHiZOBHOCTI, n-fi ujleH KO
a, = n® — 1. BHAHAITE ay9, G309, 100

606. HanunriTe CKiHUeHHY IOCJIiTOBHICTH, 3aany (OpMYJIOI0:

a)a, =4n — 3, 1e 1 <n <8§; B)cn=n2+2n,;[e1£n£8;
n
6) b=——, ne 1 <n<10; Ny,=2n+1,1e 1 <n<7.
n+1
607. 3HaigiTL TPUAIATUN UJeH IOCIiMOBHOCTI, 3amaHoil ¢GopMyJIoio:
a)a, =2n+ T; B) ¢, = (-1)" + 3;
6) b, = 2n® — n; r) x, = 0,5n(n + 1).

608. JlaHo mocaimoBHiCTD, n-it wieH akoi a, = bn + 8. Ha ckinbku ii gBaj-
OATUN 4JIeH OlabINui Big geB’ATHALIIATOrO?

609. Tano mocigoBHiCTb, n-# 4YieH AKOl a, = n - 3". ¥V ckijbKku pasis ii
IBAALATAN 4jeH OLnbInuil Bix BiciMmHagIsaTOro?

610. 3HaigiTe mocTU, BOCBbMUM i JecATUH YJIeHU IIOCJIiJOBHOCTI, n-i 4jJeH
AKol b, = 2",

611. Yu npaBuUJbHO, 1110 @, = 5n — 3 — QopMyJa n-ro YjeHa MOCJIiJOBHOCTL
HaTypaJIbHUX Ylces, aKi npu gijgeHHi Ha 5 gamoTs octauy 27?7

612. Hanumrite (opMyJsy n-ro ujeHa IOCTiZOBHOCTI HATypaJbHUX YHCEJ,
AK1 mpu misenHi Ha 7 garoTh ocTauy 3.

613. Ilepmuii yjeH MOCJIiJOBHOCTI HOPiBHIOE 7, a KOMKHUII HACTYIHUN Ha 2
Oinmpmuit Big momepenubporo. HamuimiTes Kinbka ii mepimmux 4djeHiB.

614. Ilepmuii 4IeH MOCIiILOBHOCTI MOpPiBHIOE 5, a KOKHUI HACTYIHUIN Ha
3 MeHmuii Big momepenunoro. HamumriTe Kinbka i mepmmx uyieHiB.
3pocTaioua Yu CHagHa Iisg MOCIiJOBHICTEL?

615. a) ITocaigoBuicts 1, 3, 6, 10, 15, ... Ha3UBaOTh MMOCJiJOBHICTIO MPU-
kymuux yucesa (mas. 118). Hamuirits i 306pasith 4 HaCTyIHUX YJIEHU
miei mocJuaimoBHOCTI.

0) Bioxpuma 3adawa. [lizHaiiTecd,

SAKY IIOCJIiIOBHICTh HA3WMBAIOTH TIO-
CJiJOBHICTIO KBaApPaTHUX YWCEJI. &)
CRJIamiTh i po3B’sKiTh 3amauy Ipo O

IT}0 TIOCJIiJOBHICTb. Mau. 118

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



158 Posgin 3.

PiBevb B

616. Hanumrite n’saTh IepHIinxX YIeHIiB MOCJiLOBHOCTI, KA 3aJa€ThCA PEKY-
PEeHTHOIO (POPMYJIOIO:

a)a; = 2,0, 1 = 20,

6)a; =-l,a,=1,a,,2= 0,1+ ay;
B)a; = 15,a,,1 = a, = 5;
r)c,=—2,¢c9=3,C,49=2c, +Cp,41-

617. TIlocaimoBHicTh unces PiboHAUYI MOKHA 3aJaTU PEKYPEHTHOIO (POPMY-
agow: a; = 1l,ay,=1,a,,5 =a, ,; + a, abo popmys0I0 n-ro uaeHa:

355
a, = NG p 2 .
3HaUAiThL I’ ATH MEePIINX YIeHiB Iiel mocrigzoBHOCTI ABOMA crocobamu i
nopiBHsANTE iX. leTanbHimme mpo TBOPIiB Iux (hOPMYJI AidHAKITECS caMo-
cTifiHO 3 iH(popMAIITHUX IKepel.

618. ITocaimoBHicThb a;, ay, as, A4,... TAKA, MO a@; = —bia;,;—a;= 3 nna
KOKHOTO HATYPaJbHOTO Ymcja i. SHAUIITh Ay, A5, Aqg.

619. ITounHaOuM 3 SKOT0 HOMEpa BCi YWIEHM MHOCJIiJOBHOCTI:
a) a, = 3n + 1 6ingemri 3a 50; B) x, = 200 — 3n menmri 3a 12;
6) ¢, = n® — 5 Ginbmi 3a 220; r) b, = n®— n He menmi 3a 110.

620. [lya SsKuX HOMEPiB UJIeHU ITOCJiZOBHOCTI:
a) a, = 3n — 5 6inbmri 3a 40, ane menmri 3a 150;
0) b, = 200 — 2n 6inpmri 3a 50, axe mentri 3a 170;
B) ¢, = 2" + 1 Oinbiri 3a 8, ame menmri 3a 30;
r) x, = 4 — Tn 6igbmri 3a —40, ame menri 3a —10;
r) y,=+Vn+2 Oixemi 3a \/E, aJsie mexmIi 3a 10?

621. CkinbKU JOJAaTHUX YJIEHIB MiCTUTH HMOCIiMOBHICTD, 3aaHa (DOPMYJIOIO:
a) a, = —3n + 374; 6) a, = —n® + 70n + 800?

622. ITlocaigoBHicTh 3amaHo (opMyJiolO @, = n® — 15n. Ckinbpku B Hiil
Bix’eMHUX 4jieHIB?

623. Yu € cepepn uneHiB mociaigoBHOCTI a, = Tn — 2 Taki, 1m10:
a) sakimuyioTbcsa mudpoi 0;
0) minarsca Ha 13;
B) minATbeA Ha 2 i He AiaATbeA Ha 3;
r) npu gijeHHi Ha 27 garoTh octauy 17?7

624. Jlarno aBi mocaimoBHocTi: @, = Tn — 11ic¢, = 8n + 3. 3HalgiTL Hali-
MEHIIi 3HAYEeHHA K 1 p, MJId AKUX A, = Cp.

625. Tano ckinmueHnHy mocaigoBHicTs: 9, 4, 1, 0, 1, 4, 9. 3agaiire ii popmy-
JIOIO.
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Ho6epiThb OgHY 3 MOMKJIUBUX (POPMYJI n-T'0 UIeHa mocaigoBHocTi (626—627).
3azaiiTe KOKHY IOCHIiTOBHICTh y BUTJISAAL Tabauili i rpadika.

626. a) 2, 5, 8, ...; rNni, 0,1, ..;
6) 2, 4, 8, ...; no, X, 2
2 3
3 4
B 1, _]., 1, ooy 2, Ty o
) ) 3’ 3
627. a) 3, 6, 12, 24, 48,...; r) -1, 2, -3, 4, —5,...;
6)1, 7, 31, 127, 511,...; r) 0, -2, -4, —6,...;
1 2 3 4 5 3 4 5 6 7
B) . 1)

T Ty Ty Ty T ee T T Ty Ty Ty eees
23 4 5 6 23 4 5 6
628*%. Hamuilits aABa PisHUX n-UX UJIEHHU IOCJiJOBHOCTEI, MEePIINMH UJje-

Hamu aKux €: 1, 3, 5, 7.

629. ToBemiTh, 1110 n-¥ YJIEH MOCJLJOBHOCTI TPUKYTHUX YHCeJ (IUB. 3amady
615) mopiBHIOE cyMi mepInux n HaTypaJbHUX YKCEJ.

630. Heckinuenna mocuimgosuicts 0, 2, 0, 2, 0,... Taka, II[0 cyMa KOMXHUX
IBOX ii cycimHix uneniB mopiBuioe 2. Uum mpaBumbHO, IO ii n-i1 wieH
a, =1+ (-1)"?

631. ITocaizoBHicTh 3amano opmyom a” = (—1)". 3HalgiTe cyMy ii mepimx
ujieHiB: a) cTa; 0) TUCAYi; B) TUCAYL OZHOTO.

632. IlepemastofiTe B 301IUT MaaOHOK 119 i m0- 9
MOBHITEH IOr0 ABOMAa KBaApaTaMu TaK, 100 3 N
iX CTOPOHU AOPiBHIOBAIN HACTYIIHIM UJI€HAM
nociizoBHOCTi @ibomauui. HaBegiTh mpukia- e
a1 opM UM IIPOIECiB y IPUPOIi, MOLEJLIIO 5
IO IKMX MOJKYTE cTaTu uncja @idomauui umu
iX reoMeTpuUYHA iHTEepIIpeTAIlid. Mo, 119
633. 3pocTarounMu YW CHASHUMU € IIOCJIiTOB-
HOCTi, 3a7aHi TaKUMU (POPMYJIaAMMU:
a)a, = 9n — 10; B)cn=5—n2; r)2n=n2+2n—3;
1 3n+4
6) b, = 10 — 9n; r) x"_n2+1’ o)y, = n+2?

634. loBexniTh, 1110 MOCJiLOBHiICTh @, = 8n — 7 — 3pocTraioua.

. . . n+l
635. [loBeniTh, 110 IOCHiOBHICTE @, =—— — cIIagHA.
n

636. 3HaligiTh HANOIIBIIINKI YJIEH IOCJIiJOBHOCTI:
a)a, = 6n - n®-5; 6) a, = —n® + 2n + 3.

637. 3ualigiTe HaAWOIABIINEN Big’ eMHUN UYJeH MOCJiZOBHOCTI, 3amaHOl (op-
MYJIOIO 71-T'O YJIeHA:
a) a, = n® - 35; 6) a, = 0,25n% — 10,75.
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638. Ari 3 uncen —20, —10, =5, 4, 9 € ujeHoOM HIOCJiZOBHOCTi, n-ii 4jeH
akoi a, = 2n® — Tn?

639. YneHoM aKOI mocJaizmoBHOCTI € uncao —12:

a)an:7n2_11; B)an=2n—n2+3;r‘)an=n—n2;
2

6)a, =3~ 5m5 1) a,=""0% 2 a, =20+,

n 1-2n

BnpraABu NSt NOBTOPEHHS

640. ToproseabHa oprauisaris kymuiaa 3a 2500 rpu aBa mpeaMerH i micias
ix mpomaky omep:kasia 40 % mpubyTKy. CKiJIbKH 3amjaTuja Ooprai-
3allid 3a KOKHUI IIpeaMeT, AKIIO IepInuii npuHic mpubyrry 25 %, a
apyruii — 50 % ?

641. ITo6yayiiTe rpadik GyHKIii:

a)y = x* + 3; B) y = (x — 4)%
6)y = x2 - 2; r)y = (x + 3)%
642. Po3B’s1:kiTh cucTeMy PiBHAHB:

x+y=>5, x* +y° =25,
a) 2 2 B) 2 2

x°+y° -2x=15; (x—4) +y*=9;
6) x*+y® =25, ) x* +y® =25,

T
xy+12=0; x*+y’ —6x="1.

CKAPBHUYKA AOCAIrHEHb

v/ 3Ham, AK MO3HAYAIOTH IIOCJIIiJOBHOCTI Ta I 4iIeHH.
v Moy HaBeCcTH IPUKJIALU IIOCIiJOBHOCTE:

3pOCTaIOUYUX CIIaHUX

HECKiHUeHHUX CKiHYeHHUX
v' 3Haw, aKuMu POPMyJIaMU 3aLAI0Th IIOCIiLOBHOCTI:

n-ro 4JjeHa PEKYPEHTHUMU

v' YMmiro o6unCaBaTA YIEHN HOCJIiJOBHOCTI.
v' VMmiro 3amaBaTH OOCJIiTOBHOCTI 3a HAaHMMHU IX WieHAMH Ta CIiBBigHO-
IIeHHAMMA MidK HUMMN.
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B1KkoPUCTOBYEMO HABYTI KOMMETEHTHOCTI

LLlo6 3po3ymiTh i oBpe 3acBOITU HOBY TEMY, NPUraLAEMO:
— WO Take NoCigoBHICTb.
— Ulo Take HacTynHW | MONepeaHin YaeH NocnigoBHOCTI:

a,ia, .
a, — MNonepepHin, a, .4 — HaCTYMHUN

— Lo Take popmyna n-ro yneHa i pekypeHtHa gpopmyrna.
— %Ki nOCNiAOBHOCTI HA3MBalOTb 3POCTAUYMMU, A 9Ki — CagHUMMN.
— 9k ob4yucnoBaTV YNEHU NOCIOA0BHOCTI

§ 16 ApundmeTnyHa

nporpecis

Hexaii gaHo mocailoBHICTD, IEPIINHA UJeH K01 5, a KOKHUN iHIITNHT YJIeH
Ha 3 OinpIINii BiJ momepegHBOTO:
5,8, 11, 14, 17, 20, 23, 26, 29,....
Ile apudmernuHa Iporpecis 3 MepIIuM 4ieHoOM 5 i pisuumer 3.

e ApudmeTndHow nporpeciero Ha3nBarKTb NOCAIAOBHICTb, KOXXHUW YNeH
SIKOT, MOYMHAIOUYM 3 APYroro, AOPIiBHIOE NonepeaHbOMY YJIEHY, A0 AKOro
[oaalTb ogHe M Te came uucno. Lle ctane pnga paHoi nocnifnoBHOCTI
4yncno d Ha3uBaloTb Pi3HULEI0 apupMeTUYHOI NPorpecii.

Iamumuy ciaoBamu, apudMeTHUYHA IIPOrpecis — Iie IOCHiZOBHICTH, AKY
MOJKHA 3aJaTH TaKOIO0 PEKYPEHTHOIO (hOPMYJIOIO:

a,=a,a,.,,1=a, +d,ne neéN, aid — samani uucia.

Ilepiuit uneH i pisauIa apu@MeTHUHOI Iporpecii MOKYTh OYTH AKUMU
3aBTOAHO umMcaaMu. ApudMeTndyHa Hporpecis 3pocraroua, AKINO ii pisHu-
A momaTHa, abo cmamgHa — SKINO il pisHuna Bix’emua. Ilpuraan cmamgHol
apu(MeTHUYHOI IIporpecii:

11,9, 7,5,3,1, -1, -3, ...

IITo6 omepskaTH Oyab-AKUI YiieH apu(pMeTHUYHOI HMporpecii, moUnHAIOYHN
3 Ipyroro, Tpeda A0 momepeaHbOro 4ieHa gomaTtu pisHumio d. Tomy aKImo
mepHinii ujaeH i pisuuisg apu@MeTUUHOI Iporpecii 7opiBHIOIOTHL BiAIOBiIHO
a, i d, To ii mepiri 4ieHU CTAHOBJIATH:

a;, a, +d,a, +2d, a; +3d, a; + 4d, ...,
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T06TO @y = a; + d, as = a; + 2d, a4, = a; + 3d, a5 = a; + 4d, ... .

3BepHIiTH yBary: KoedimnieuT npu d Ha 1 MeHIINH Bif TOPAJKOBOr0 HOMepa
ujeHa nporpecii. Tak camo sHaxogumo ag = a, + 5d, a; = a; + 6d i B3arauri:

a, =a; + (n — 1)d.

ITe dopmyna n-ro unena apudmeTnyHol Iporpecii.

IIpukaanx 1. B apudmeruuniii mporpecii a; = 4, d = 3. 3HAUAITH Ay.

Posp’a3annd. ay,y = a; + 19d =4 + 19 - 3 = 61.

Bignosigs. 61.

IIpukaanx 2. B apudmeruuniii nporpecii a;9 = 8, d = —1. 3HaigiTh a;.

Posr’as3annd. a;9 = a; + 18d. Omxe, 8 = a; — 18. Togi, a; = 26.

Bignosigs. 26.

Poarasuemo KinbKa BilacTuBOCTell apudmMeTudHOI IIporpecii.

Teopema 6. Byab-9kuii uneH apudmMeTUYHOI Nporpecit, KpiMm nepLwioro,
a’n—1 + a’n+1

AOPIBHIOE NiBCYMi BOX CYCiAHIX 3 HUM YNEHiB: a, = -5

HoBenennsa. 3a ogHauenvsam, d = a,,.;— a,,d = a, — a, _;.
a, _+a
— s _ n-1 n+l1
Orxe, a,,,—a, = a, — a,_1, 3BiAcu a, D —

IIpaBusbHe @1 o6epHEHe TBepAKeHHA. [loBemiTh HOro caMocCTiiiHO.

Teopema 7. Cyma nBOX 4JieHiB CKiIHYH€HHOT apndpMeTU4HOI nporpecii, piB-
HOBigAanNeHuX BiA Ti KiHLWiB, AOPIBHIOE CYMi KpaWHiX YJIEeHiB:
a aF an_(k_1) = a4 aF a,.

Hexaii mano n yjaeHiB cKiHUeHHOI apm()MeTUYHOI Imporpecii:
A1y Aoy Agy Qg wee 5 Ay _ 35 Apy _ 95 Ay _ 15 Ay

Honamo nepinuii i ocTaHiM 11 yieHU, mOTiM — ApPyTruil i mepegocTaHHiN,
OTiM — TpeTii YjaeH Big mouyaTKy i Tperiy Bim Kimmsa i T. n. Pesymbratn
maemo oxHakoBi. CrmpaBai, akmio a; + a, = m, TO:

a, +a,_;=(@ +d) +(a,—d)=a; + a, = m;

ag+a, ;=@ +d)+(@, -d)=ay,+a, ;=

agta, s=(@@+d+(@, s-d)y=a3+a, 5=

ir. g Omxe, a, + a, — ¢ —1) = a1+ a,.

>

m
m

Teopema 8. Cyma n-nepLumnx 4seHiB CKiH4eHHOT apudMeTU4HOoI nporpecii
AOPIBHIOE NiBCYMi KpaWHiX Ti Y41eHiB, MTOMHOXEHi Ha YUCIO YJeHiB:
S = a+a,
=1
2

n.
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Hosenennsa. Hexaii S, — cyma n-nepinux 4ieHiB apupMeTHUHOI Iporpecii
A1y Aoy Agy Qgy wees Ay 35, Ay — 95 Ay 15 Qe
Akmoa; + a, =m, 1009 +Q, _=m,a3+a,_,=mirT. O
Bpaxosyrouu 1e, gosaMo IIOUYJIEHHO JABi pPiBHOCTI:
+Sn =a,+ta,+a,+...+a,,+ta, +a,
S =a,+ta,  +ta, ,+...+a,+a,+a,

28, =m+m+m+..+m+m+m
28, = mn; 2S, = (a; + a,)n, 3Bigcu
a +a
Sn —_1 "n n
2

3a 1ier0 QPOopMYyJIO0 3HAXOAATHL CYMY IIEPIINX 7 UJeHiB Oyab-AKoI apud-
MEeTHUYHOI mporpecii.

IIpukaan 3. 3HAUAITE cyMy HepIIuUX ABAAIIATH YJIEHIB apuMeTUIHOL
mporpecii 5, 7, 9, ... .

Posp®’azanna. Tyr a; = 5, d = 2. Tomy ayg = 5 + 19 - 2 = 43.

S, =243 90— 480.

Bignmosigs. 480.
Cymy n mepHminx ujeHiB apu(MeTHUHOI ITporpecii MoKHa TaKOoK 3HAXO-
2a, +(n-1)d

2 -n. JoBenits il camocTiiino.

ouTu 3a GopMyaow S, =

—— XOYETE 3HATMU LLE BUJIbLUE? w

YaBiTb niHiliHy dyHKLUjO, 3aaaHy popmynoto y = 0,5x + 1. Ti rpadik 306paxeHo
Ha mantoHky 120. Fkwo apryMmeHTy X HaiaBaTu TiflbK1 HaTypasbHUX 3Ha4Y€Hb, TOOTO
1,2, 3, ..., TO 3Ha4YeHHs PyHKL|I 4OPIBHIOBATUMYTb BiANOBIOHO:

1,5;2;2,5;3;3,5;4; ...

Maemo apudmeTryHy nporpecito 3 nepuvm yneHom 1,5 i pisHuuetro 0,5. Lin
nporpecii Bignosigae manoHok 121. Baarani koxHa GyHkuia iy = ax + b, BU3Ha4eHa
Ha MHOXWHI HaTypasibHUX Y1cen, € apUdMETUYHOIO NMPOrPECIEI0 3 NEPLLNM YSIEHOM
a + bipisHuueto a. Tomy BBaxaloTb, L0 apudmMeTrUyHa nporpecia — ue niviiiHa
dyHKUifA, 3agaHa HA MHOXMHI HaTypasibHUX YMucen.

Yy Y,
5 571
41 41 .
31 34 ..'
21 21 .

/ an

"2 0ol 123456 «x -2 0l 123456 «x
-2 -2

Mau. 120 Mai. 121
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AKLL0 Taka PYHKLiS BUSHAYEHA HA MHOXWHI BCiX HATypasibHMUX YNCEN, TO Mae-
MO HECKIHYEHHY apndMeTUYHY NPOrpecito. A0 BOHA BU3HAYEHA HA MHOXMHI
nepLmnx n HaTypasbHUX YNCEN, TO MAEMO CKIHYEHHY apudMETUYHY NPOrpecito,
sIKa MiCTUTb 7 YNIEHIB.

MEPEBIPTE CEBE

1. CohopmyaroiiTe o3HaUeHHSA apu(phMEeTUUHOI IIporpecii.

2. IITo Take pisHUIA apu(pMEeTHUHOI ITPOrpecii?

3. fIx BupamkaeTbca n-i ujaeH apupMeTUUHOI mporpecii uepes ii mepiumi
yJjieH i pisHHII0O?

4. Yomy mopiBHIOE cyMa JBOX UJIEHIB CKiHU€HHOI apu()MeTHUUHOI ITporpecii,
piBHOBigmamenux Bifg ii KiHIiB?

5. Yomy mOpiBHIOE cyMa N HepIIUX 4YjeHiB apudMeTuuHOol mporpecii?

BukoHAEMO PA3OM

o 3HaUIIiTHL CyMy BCiX ABOIM(PPOBUX HATYPAJIBHUX UKCEJI.

o Pospr’azannsa. 3uaiigemo cymy umcen 10, 11, 12, ... , 99. Ile ckinuenna
apudmernuna nporpecisg. Borna micturs 90 wnenis, i Tomy ii cyma mo-
piBHIOE:

S =%(10+99)~90 =4905.

Bigmosigs. 4905.
e Yu € yucaa 1000 i 200 uwrenamu apudMeTUuHOI mporpecii 3 mepirum
yjieHoM 5 i pisuuiero 3?

@ Posp’aszsanmnga. Axmo 1000 € i-m umenmoMm pgaHol mporpecii, To
1000 =5+ (i—1)-3a6o 3 (i — 1) = 995. Ockinbku 995 He ginmuTHCA
Ha 3, TO i HE € HATYPAJbHUM UYKCJIOM.
Ao 200 =5+ (i —1)-3,703 - (i —1) = 195, 3Bimcu i = 65.
Bignmosigs. 1000 — He € usenom pgamoi apudmermumoi mporpecii,
a 200 — 1i 65-1f uieH.
e B apudwmernuniit nporpecii Bizomi a; = 43 i a5 = 3. 3HAUIITE a4.
o Posw’azanna. IlincraBumo nani 3agaui y popmynay a, = a; + d - (n — 1).
Maewmo:
a, =a, +6d, 5 43=a, +6d,
o
3=a, +14d,;
40=-8d,3Bigku d = -5, a; = 73.

a
a,; =a, +14d;
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OckinbKu a9 = ay + 9d, T0 a4y =73 + 9 - (=5) = 28.
Bigmosigs. 28.

BUKOHAMTE YCHO

643. 3uaigiTsy pisHUII0 apudmMeTHUHOI Tporpecii:
a)3,5,7,..;6)12,10,8, ...;8)-2,1,4, ... ;1) 7, -9, -11, ...
644. Pizaunsa apudmernuHoi mporpecii gopiBHIOE 2. 3HAUAITH i1 meprmui
ujieH, SIKIIO:
a) a, = 5; 0) ay, = —3; B) ay, = 0,3; r) a, :\/5.
645. Y € apu(@MeTHUHOIO IPOTPECi€l0 MOCTiJOBHICTD:
a)l, 3, 5,8, 11, 14, .. ; 6) 0, -1, -3, -5, -8, ... ?

646. fki 3 mocaimoBHOCTEH MOMKYTH OyTH apu()METHUYHUMHU IIporpecismvu?
YEKaxiTh AJId HUX IepIIui 4jieH 1 pisHUIo.

11 1 1

a)o0, 3,6,9, 12, ... ; I) — — —5 —y e}
28 4’ 5

6) -2, -4, -6, =8, ~10, ... ; r) 5, 10, 20, 40, 80, ... ;
11 1

5)3,3,3, 8,3, 8, ..: 22 20, —=, ..

) N3 6

647. Hanumiith m’ATH Iepmux 4ieHiB apu@MeTHUIHOI Iporpecii, AKIIO0:

1 1
a)a, =7,d = 2; B) @y =——, d=—;
) 1 ) 1 4 4
6) a; = 0,5, d = —-10; ra, =9,d=0.
648. HaounriTe ciM mepimmux 4jeHiB apudmMeTHUHOI mporpecii, AKIIO:
a)a, = 2,d=5; B)a, =0,d=7T7;
0)a; = —3,d = 4; ra, =4,d = —-1.
649. B apudmernuHiii mporpecii:
a) a; = 5, d = —4. 3HAUTITD A7, Agp;

6) a, = 9, d=4. BﬂaﬁﬂiTB A5, Ago.
650. B apudmeruunii mporpecii a, = 14, ag = 25. 3uaugits d, a;g, asg-

651. 3uaiigiTe PisHUIIO 1 AecATHN WieH apudMeTHUHOI mporpecii:

a) 2, 7,12, ...; 06)3,1, -1, .. ; B) l, l, l, .
2 3 6
652. 3ualigiTe pisHUIIO0 apu(pMeTHUIHOI ITporpecii, SKIO:
a)a, = 5, a; = 95; B) a; = —15, a9 = —24;
0) a; = 2,3, a5 = 1,5; r)a, =17, a; = 97.
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653. 3ualigiTe mepiuii YieH apuGMeTUYHOI mporpecii, AKIIO:
a)ay = 25,d = 2; B)ag=9,d = 0,3;
6) aze = 5,d=-1; r) sy = =50, d = 3.

654. B apudmeruuniii nporpecii a;; = 53, d = 3. 3HalgiTh a4, as, a11, Ao;-
655. B apudmerununiii mporpecii a,, = 5, ay; = —4. 3HaUOiTS a4, d, A5, Ao;.
656. B apudmeruuniii nporpecii ay; = 5, ay; = 4. 3HAUAITL aq, Ay.
657. B apudmerununiit mporpecii a, = 2, ag = 3. SHAUIITD A4g, Ayq-

658. 3ualigiTe n-it 4jaeH apu@MeTUUHOI Iporpecii:

1 2
a)2,5,8, .. 06)7,6,5, ..;8) —, —, 1, ....
3 3
659. 3anurriTh GopMyay n-ro yieHa apupMeTUUHOI IIporpecii;
a) 7,12, ..; B) —2,5, 0,5, ...;
6) —25, —19, ...; r) 4,5, -3,7, ...
660. 3HaligiTh CyMy MEepIINX AEeCATH YiIeHiB apudpMeTuuHOI Imporpecii:
a) a; = =395, a;p= 10; B) a; = —2,5, @19 = 2;
6) a, = 66, Q19 = _6; I‘) a, = 20, A9 = 21,8.
661. 3HaiigiTe, mepIInil uaeH i pisuuIrio apudmernyHol mporpecii, axImo:
a) A9 = 95, SlO = 500; 6) a5 = 4:7, Sl5 = 1500.
662. 3HalgiTL CyMy HepIINX cTa YIeHiB apudMeTUUHOI IIporpecii:
a) 50, 49, 48, ...;; B) 2, 7,12, 17, ..;;
6) —50, —49, —48, ... ; r) 16, 13, 10, 7, ....
663. 3uaiigiTh cyMy HepIINX COPOKA UJIeHiB apu(MeTHUHOI Iporpecii, AKImo:
a)a; = 2,d = 3; B)a; = 3,d = -0,2;
6) a, = -18, d = 5; r) a;= 7, az = 252.

664. B apudmernuHiii mporpecii Bigomi nepiuit uieH a i pisaung d. 3Haii-
IiTh cymy il mepmux n 4ijeHiB S,, AKNIO:

a)a1=33d:27n:32; I‘)a1=—5,d=—7,n=12;
6)a, = —4,d =4, n = 25; r)a, =0,d =17, n = 35;
B)a; = 15,d = -2, n = 40; m)a, =8,d=0,n=50.

665. Cmapodaens apabevka 3adava. 3HainiTh 20-i uieH i cymy ABamIIATH
ujeHiB apudmeruunoi mporpecii 3, 7, 11, 15, ... .

666. Cmapodaens espeiicvka 3adaia. 3HANNITH CyMy IIiCTAECATH IEPIIUX
HATYPAJbHUX YKCEJI.

667. YuuTtesb 3aIIPONIOHYBaB 3HANTU CYyMYy BCiX HaTypaJabHUX unces Bix 1 go
40; BBasKaB, IO IIKOJAPi JOBro HOAABATUMYTH COPOK UMCEJ. A MaIuu
Kapax I'aycc (3rozoM BifoMuii HiMenbKUil MaTeMaTHK) 3aBaHHA BUKOHAB
3a xBUJINHY. SIK BiH MipKyBaB? CupoOyiiTe 3aBIaHHSI BUKOHATHU YCHO.

668. 3HaligiTh CyMy MepIINX CTa HATypPaJbHUX UUCEJI.
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669. 3HaigiTh cymMy MepIINX CTAa HeIapHUX Ha-
TypPaJbHUX UYUCEJI.

670. Pecopa crIagaeTbCA 3 JECATH CTAJIEBUX CMYT
(man. 122). Hos:xmHa BepxHbOi cmyTH 105 M, a
KOKHA iHIa Ha 9 cM KOpPOTIIIa Bif ITorepeaHboi.
3HaUAITE CyMy JOBXKUH yCiX CMyT PecopH.

Mam. 122

671. Cmapodaena 3adawa. Jliogsam, AKi KOIalOTh KPUHUIIO, O0IIAHO 3a
nepiui metp 3amiaatutu 30 Kpo, a 3a KoKHUI HacTynmHUE — Ha 20 Kpb
OinbIre, HixK 3a monepenHiit Merp. CKiIbKY BOHU Olep:KaTh KapOOBaHILiB
3a KomaHHA 12-MeTpoBOi KpuHUILL?

PiBevb B

672. B apupmernuniii nporpecii a; = 0,1, d = 2. 3uaiigirts ay, a,, ds,.

673. a,, ay, as,... — apudMeTHUYHA TIPOTrpecisa. SHaANIITh a3y, AKIIO:
a)az = 3, ay = 4; B)a; = 8, a5 — as = 6;
0)as; =9, a;,=13, r)a, =5, a5 —a; = 12.
674. a, a,, a3, a4,... — apudmeTuuHa porpecida. 3HAUAITH a,, d, A1, A100s
AKIIO:
a)a, = 10, a; = 19; B) a; = 8,2, a;y = 4,7;
0) as = 5,2, ag = 6,8; r)ag = 11,2, a;5 = 19,6.

675. Uu € yucao 253 umeHnom apudmeruunoi mporpecii 15, 23, 31,...7

676. Uu € yucao 212 uneHom apudMeTUdUHOI IIporpecii:
a) 3, 14, 25, 36, ...; 6) 275, 269, 263, 257, ...?

677. fdki 3 uncen —23, —14, -3, 1, 3, 14, 23 € wirenamu apupMEeTHIHOI IIPO-
rpecii, n-i 4jgeH AKOI:
a)a, = 5n —19; 6) b, = 0,1n + 11; B)c, = 97 — 2n?
678. CkinpKu Big’'eMHUX UIeHIB Mae apu()MeTHUYHA IIPOTpecia:
a) —10,3; —8,6; ...; 6) —-37,5; —35,7; ...?

679. CKkinbKu JOJATHUX UJIEHIB MiCTHUTH apudMeTHUHa IpoTpecis:
a) 2,5; 2,3; 2,1, ...; 6) 176; 151; 126; ...?

680. CxinpKu Big’'eMHUX UIeHIB Mae apu()MeTHUYHA ITPOTpecisa:
1 1
a) —32, —-30, —28, ...; 0) 8—, -8, -7T—, .2
2 2
681. CxinbKu wieHiB apudmeruyHoi mporpecii 10, 16, 22, ... micTuTbCca Mixk
yucaamu 110 i 345?

682. 3HaligiTy mepmuil wieH i pisHUI0 apudmernuHoi mporpecii, 3agaHol

(OopMyJI0I0 N-Tro 4jeHa:
a)c, = 5n — 3; 6) a, = 2n + 10; B)a, = -3 — 0,5n.
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683. Uu € apudMeTUUHOIO IIPOTPECiero IIOCIiToB- C
HiCTb, n-i 4JeH AKOi:
a)a, = 3n + 1; Ax B
0) b, =5 —4n;
B)c, = 2" + 12 Az Ba
684. Ha croponi CA kyta ACB Bif iioT0 BEepIIIUHUA Ag Bs
BiiKJIaeHO piBHI BiApisku i uepes ix KiHIIL A, B,
OpoBeeHO napaJiebHi npami (mas. 123). 3Haii-
IiTh NOBXKWHU BinpiskiB AgBj;, A.B;, A,B,, A B
armo A, B; = 2,5 cm. Mau. 123
685. a4, a,, as, a4,... — apudmMeTrUHa TIPOTpPEcisa, ¢ — moBinbHe umcao. Io-
BeJIiTh, II[0 IOCJIiOBHICTE a4, €Ay, CA3, CAy,... — TAK CAMO apu(pMeTUYHA
mporpecis.
686. a,, a,, as, ... i X1, X9, X3, ... — apudmeruyHi nporpecii. [loBexiTs, 110

apu(PMeTUYHOIO IIPOrpeciero € i mocIigoBHICTD
a, + X1, @y + x5, a3 + X3, ... .
687. Yucaa a?, b%, ¢? me piBHi it yrBOpIOIOTH apudMeTnuHy mporpecio. Io-
BeliTh, 110 apu(pMeTHUUHY IIPOrPeciio YTBOPIOIOThL i uucIa:
1 1 1
b b .
b+c c+a a+bd

688. Jlano apupmeTuuHy mporpecito, n-it 4ieH AKoi a,. [loBeaiTs, 110:
a) az + agz = a3 + agy; 0) az — @16 = A19 — Qs

689. 3adauwa Deopana Ilpoxonosuua. Ixack moguHa Mae 6araTo KOHeH,
i Bcim im pisua mina. Hafiripmuii ki KomTye 4 30JI0THX, a HaWKpa-
muit — 55 30J0THUX, 1 I[iHA BiJl OMHOTO M0 iHIIIOTO KOHSA BECh YaC 3POCTAE
Ha 3 3o0g0TuX. [IMTaemMo: CKiIbKHU K yCbOTo 0YyJIO KOHEeIi?

690. 3HaligiTh CyMy MepIIuX 1 4JeHiB apu@MeTUYHOI Imporpecii, AKIIO:
a)a; =1, a; = 3, n = 40; B)as; = 5, a4 = 6, n = 100;
6) al = _3’ a3 = 19 n = 50; I‘) a]_ = aloo, a3 = 3, n = 100,

691. 3HaligiTh CyMy BCiX mapHUX HaTypaJbHUX uuces, meHmux 3a 200.
692. 3HaligiTh cyMy BCiX HeHmapHUX HATypaJbHUX uuces, meHmux 3a 200.

693. 3uaiigiTe cymMy HaTypaJbHUX uuces, meHmux Big 1000, axi kparwi:

a) 3; 0) 5; B) 12.
694. 3HaligiTe cyMy BCiX IIJTMX YMCeJs, IO HAJEKATh IIPOMIiKKY:
a) [-30; 70]; 6) [-70; —30]; B) (—=70; 70).

695. B apudmernuniit mporpecii 10 wienis. Cyma ujeHiB 3 HemapHUMU HO-
Mepamu gopiBHoe 10, a 3 mapuumu — 25. 3HaiAiTh ii choMuii YIeH.

696. a) TpunaguATHN YieH apu@MeTUUHOI IIporpecii mopisuioe 3. 3HAUIITH
cymy ii meprmux 25 uJieHiB.
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Yumcnosi NocnigoBHOCTI

0) Bioxpuma 3adavwa. 3HAAAITH CyMy NEPIINX ... WIEHIB apu@MeTHIHOI
nporpecii, AKIo ii ... wien mopiBuioe 100.

697. Cyma mepiux o’ ATHAAIATY YJIEeHIB apudMeTndHOi mporpecii ropiBHIOE
20, a cyma mepmux ii ABaHAAIIATH YJeHIB Ha 6 MeHIa. 3HARAITL CyMy
nepiux 27 4JeHiB.

698. 3uaiigite cymy nepmux 20 uneHiB apudmMeTuuHOI mporpecii, 3amaHoi
¢opMmyJIOIO N-TO UJieHa:

a)a, =2 + 5n; 0)a, =2n - 1; B)a, = -3 + n.

699. 3uaiigiTe 0’ aTuil YwieH apudMeTUYHOI Iporpecii, AKII0 cyMy 7 mepInx
ii usreHiB MOKHA 3HAWTHU 3a (hOPMY.JIOIO:

a) S, = n® - 6n; 6) S, = 3n® — n; B) S = 4n® - 2n.

700. Cyma yeTBepTOro i IIOCTOrO uJeHiB apudmermyHoi mporpecii mopis-
HiIoe 14. 3HANAITL cyMy IepIIux AeB’sATH YIEHiB mporpecii.

701. 3adawa Ppankepa. CKinbrku pas3iB npod’e TOGUHHUK YIPOALOBXK 12 rox,
SAKIIO BiH BimOmBae I1ommiBrogmuum?

702. ITpu BinbHOMY IaAiHHI (hisuUHE TiJIO MPOXOAUTH 3a IIEePIY CeKYHAY 4,9 M,
a KOXKHY HacTynHy — Ha 9,8 M Oinbime. 3HAAiTH: a) MIMOMHY IIax-
TH, AKIINO KaMiHelb AocAr ii mHa uepes 8 ¢
micJisg moyaTKy HmagiHHs; 0) CKiJIbKM CeKYH
nazgana 6 raiika 3 Bucotu 490 m.

B b C

703. a) Mipu KyTiB I’ATUKYTHUKaA YTBOPIOIOTH
apudpmernuyny mnporpecito. [loBexitb, 110
Mipa ogHOro 3 mux KyTiB mopiBHioe 108°. /
6) CxaamiTh moAiOHi 3agaui AJId TPUKYTHUKA /
i ceMUKyTHUKA. /

704. Kinmi BigpiskiB, mapajeJbHHUX OCHOBaM /
Tpamerlrii, Je:xkaTh Ha il 6iYHMX CTOpPOHAX i /
IIATH KOXKHY 3 HUX Ha 8 piBHMX uacTuH. A a
3HaNAiThL JOBKUHY ITUX BiPi3KiB Ta iX cymy, Maur. 124
SAKIIIO OCHOBU Tparmerliii a i b (man. 124).

BnpraBu o9 NOBTOPEHHS

705. CrkoportiTh api6:
3x-9 a’-9 o) & —8c-20

A2 o 2 +7a+3’ 2 '
2x° —-bx -3 2a°+7a+3 c“-11c+10

[

[

[
[
|
D

706. Po3B’s1:kiTh HEepiBHICTD:
a) x2 — 8x < 0; B) x> — 16 < 0;
6) x% + Tx < 0; r) x> - 3<0.
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707. Ha maniouky 125 zobpaskeno rpadik @pyukiii y = f(x). YcraHoBiTS Bij-
nmoBigHicTh MiK abcmucamMu Touok (1—4), 110 € aprymeHTaMu QyHKITIT
y = f(x), i npomizkkamu (A—][1), 10 AKUX HAJEKATh 3HAUEHHA I1iel QPyHK-
mii y sagjaHuX TOYKAax.

1x=-1

2x=1

3x=3

4x=5

A (1,5; 2]

B (0; 1)

B [-1; 0,5)

T (2; 3]

A [-2; -1] Mau. 125

CKAPBHUYKA AOCAIrHEHb

Posywmiro, m1o Take apudmMeTruHa IIporpecis.
v Moy c(opMyJIIOBAaTA O3HAYEHHS apuPMeTH4HOI mporpecii.
v' Moy HaBeCTH IPUKJIALY apru(PMETUUHUX IIPOTPECiii 1 BCTAHOBUTH, Y
€ 3ajJjaHa IIOCJiIOBHICTL apu(PpMEeTHUHOIO IIPOrpeciero.
v/ 3Ha, 110 Take pisHuia apudMernuyHoi nmporpecii d = a,.; — a,.
v' 8Harw, aKuMu POPMYyJIaMU 3aJa0Th apU(PMETHUYHY IPOrpecio
PEKypeHTHa n-ro 4JjeHa
a,=a,a,,.1=a,+d a,=a; +((n - 1)d
v MoKy NOACHUTH i cPOPMYJTIOBATH BJIACTHBOCTI apu(pPMETHUYHOI IIPO-
rpecii
a +a
_ n-1 n+1 _
v/ 3Ha Ta BMiI0 BUKOPHUCTOBYBATH (POPMYJY CYMHU IEPIINX 7 UJIEHiB
apu(pMeTUUHOI mporpecii
a +a 2a, +(n-1)d
S =——".n S =—1 ‘n
2 2
v/ Vmiro 3agaBaTu apu@MeTHUYHY IPOTPECcio 3a JaHMMHU Ii UIeHAMHU UHU
CIIiBBiTHOMIEHHAMHU MiK HUMU.
v/ YMiro 3HAXOOUTH HeBimoMmi wieHm apudMeTHUHOIL IIporpecii.
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B1KkoPUCTOBYEMO HABYTI KOMMETEHTHOCTI

LLlo6 3po3ymiTh i oBpe 3acBOITU HOBY TEMY, NPUraLAEMO:

— Wo Take apudpmMeTnyHa nporpecis.

— Wo Take HacTynHW i monepeaHin YneHn nocnigoBHOCTI.

— LLlo Take popmyna n-ro YneHa i pekypeHtHa popmyna.

— Axknmu popmynamu MoxHa 3agaTtv apuPMeTUHHY NPOrpecito:

a, =a; + (n-1)d ay=a,a,,1 =a, +d
— %ki BNaCTUBOCTI Mae apndmMeTmyHa NPOrpecisa:
a, =l W ;a'”l a + a4y _p-1)='a1 T a,
K 0BUMCNIOITb CYMY NEPLUMX 1 YNeHiB apudMETUYHOI NPOrpecii:
5,=4t% s, ZW'”

§ 17 feomeTpuyHa

nporpecis

Posrasguemo 3agauy 3 imgiiicbroro ¢goabkaopy. Ilap aysxe jirobuB maxu
i 00insAB BMHAXIZHUKOBI I'pM BeJUKY HAropoay. BuHaximHmk sampocus 3a
mepHry KJIITUHY IIaxiBHUIL OAHY MIIIEeHUYHY 3€pPHUHY, 3a IPYyTry — IBi, 3a
TPETI0 — YOTHPH i JaJIi 3a KOMKHY KJIITUHY BABiui OiibIlle, HijK 3a momepe-
uio. Ilap 3mquByBaBCs, 10 BUHAXIAHUK TaK MaJjoO IPOCUTH. AJjie O0IIAHKY
He 3Mmir BuxkoHatu. Yomy? IIpo 1e Bu misHaeTecs, BUBUMBIIKU BJIACTUBOCTI
reoMeTpPHUYHOI IIporpecii.

e FeomeTpunyHOIO Nporpecieo Ha3nBalOTb NOCNIAOBHICTb, KOXXHUW 4YJ1€H
SIKOI, MOYMHA04YM 3 4PYroro, AOPiBHIOE NonepeaHbOMY YJIeHY, MTOMHOXe-
HOMY Ha o He 1 Te camMme uncno. Lle ctane pnga gaHoi nOocNif0OBHOCTI YMcno
q Ha3nBalOTb 3HAMEHHUKOM reoMeTpPUYHOI nporpecii.

Ilepmwuit uien b; i 3BHaMEHHUK ¢ T€OMETPUYHOI ITporpecii MOKyTh OyTu
OyIb-AIKMMHU YNCJIaMU, BIiAMiHHUMMU Big Hyssd.

IamumMu ciioBamMu, reoMeTpuUYHa HPOTPecia — Ie HMOCHiJOBHICTh, AKY
MOJKHA 3aJaTH TAKOI0 PEKYPEHTHO (POPMYJIOIO:

b=b,b,,;,=0b,"qg,ne neN, b#0 i qg#0 — zagani unucaa.
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IIpuksnany reoMeTpUYHUX IIPOTPECiii:
3, 6, 12, 24, 48, 96, ... (b; = 3, q = 2);
1, -3, 9, -27, 81, -243, ... (b; = 1, ¢ = -3);
-1, —1, —l, —l, —i, (blz—l,q:l);
2 4 8 16 2
0,07, 7,007 7 .. (b =7, qg=1).
3aysaxcenns. Koxxny apudmernuHy mporpecito 3 pisuumeo 0 MoKHa
BBa’KaTU TAaKOK TeOMETPUUYHOIO IIPOoTpeciero 3i 3HaMeHHUKOM 1.
T'eomeTrpuuna nmporpecia 3 nmepuM 4ieHOM b; i 3HaMeHHUKOM ¢ Ma€e Taki
nepuri wrenn: by, byq, b1q%, b,¢%, b, ... .
i gpyruit wnen b, = b,q, Tperiit — by = b,q°, a n-it wien —
b, = byg" .
Ile opmyiia n-ro ujieHa reOMeTPUYHOI Mporpecii.
IIpukaanx 1. ¥V reomerpuuHiili mporpecii b; = 5, ¢ = 2. 3HalAITH byy.
Posp’szannd. by, = byg"° !, by, = 5 - 2° = 2560.
Bignosigs. 2560.

IIpukaang 2. [lepiuii i choMUI YIeHM FeOMETPUYHOI ITporpecii fopiBHIO-
. . . 64 e
IoTh BigmosigHo 81 i ? 3HangiTh i1 3BHAMEHHUK (.

Posp’a3annga. 3a ¢GopMyJIo0 n-ro UjieHa TeOMeTPUYHOI mporpecii:
6

64 64 2
by = bg®, —=81¢°, ¢®*=—r, 6:(—) .

7 19 9 q, g 9.81 q 3
2\’ 2 2
A axmro 6=(—) , TO g=— abo q=——.
o q 3 q 3 q 3

2

2
BignmoBigs. — abo ——.
v | v | 3 3

Posraamemo B1acTHBOCTI reOMeTPUYHOIL IIporpecii.

Teopema 9. KBagpaTt KOXXHOro 4ieHa reoMeTPU4YHOI Nporpecii, No4YnHaoumn

3 APYroro, AOPiBHIOE AOOYTKY ABOX CYCifHIX MOro 4ieHis: bf =b, b,

JoBenennsa. 3a o3HadYeHHAM, b, ; =—, a b, ., =b, " q.
q
bn 2
Orxe, b,.,°b, ,=b,-q-—=0b;.
q

IIpaBunbHe i1 o6epHEHE TBepI:KeHHs. [loBemiTh HOT0 cCaMOCTiHiHO.

Teopema 10. Cyma n nepLunx 4seHiB reoMmeTpU4YHOI Nporpecii 3a ymoBum,

b1<qn—1).

wo ¢ # 1, Bupaxaerbca ¢popmynoto: S, = 1
q —
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JloBemeHus.

Hexait S, = b; + b;q + by¢*> +-... + b,¢" 2 + b, ¢" ' IlomHOKUMO 0GH-
IBi yacTMHU PiBHOCTI Ha (:

S.q=bq+ bg®+ b,g®+-... +bg" '+ biq".

Bigmimemo mousieHHO Bif 11iei piBHOCTI momepenHio, OJHAKOBI JOJaHKU

biq, big®, big®, ..., b;q" "' BeaeMHO BHMIIATECA. Y PE3YIbTATI MATHMEMO:
S, -8, = blqn — by, a60o S,(¢ — 1) = bl(qn - 1),

3Bigcu
b, (qn - 1)

g-1 ~

ITe dpopmysa cymMu n mepiiux 4jeHiB reoMeTPUUYHOI Iporpecii 3 mepiumMm
uyjneHoM b, i BHameHHUKOM ¢ # 1.

S, =

Armio ¢ = 1, To miero GopmMysI0I0 KOPUCTYBATUCH HE MOKHA (AiuTH HaA
0 He Mo:xkHA). Y IIBOMY BUIIAAKY KOKHUU UJIeH TeOMeTPUUHOI Imporpecii mo-
piBHIOE by, TOMY S, = nb;.

IIpukaang 3. 3HAUOITE CyMy HepIINUX ABAAIATH YJIEHIB reoMeTPUUHOIL
mporpecii 2, 6, 18, 54, ....
2(3%° -1)

3-1

Posp’sazanmna. Tyr b, = 2, ¢ = 3, Tomy S, = =320 1.

Binmosins. 3%° — 1.
CyMy n-mepiinx 4jJeHiB reoMeTpUYHOI Imporpecii Mo:kHa TaKOMK 3HAXO-
b,q-b
q-1"~
HoBexnits ii camocTiiino.

—— XOYETE 3HATMU LLE BUJIbLUE? w

Cyma n 4neHiB reoMeTpuUyHOI NPOrpecii 3i 36iNbLUEHHSIM Y1Ca 71 3POCTaE ayXe
LBMAKo. Po3B’ sxkeMo 3aaady 3 iHAIMCLKOro Monbkiopy, AKy My PO3rngHynHac. 171.
Po3B’a3aHHs. 3BMYaiiHa WaxiBHULA Mae 64 knitHu. Tomy uap mas 61 gatm
2%.2-1_
T

auTu 3a GopmyJior S, =

BUHAXiOHUKY BCbOrO 3epHUH 1+ 2 + 22+ 23+ 24+ + 263 = 264 _1.

CnpoByiiTe 064NCAUTY L0 CyMy. MU OLHUMO Tinbku 254
2°=32,2'9=32%2=1024 > 10°.

2%4=2%.(2'%% > 16 (10%°=16- 10'"® = 16 000 000 000 000 000 000.

SIKLLO NpuiiMeMo, o Maca 400 3epHUH CTaHOBMTL 1 kT, TO Maca 2%* 3epHuH
Oinblua 3a

16-10"®:(4-10%=4-10" (r), a60 4 - 10" 1.

| ue HabnMKeHe 3HavYeHHs. Takoi KiIbKOCTi 3epHa He 3MOXXYTb 3ibpaTu BCi KpaiHn
CBITYy BNPOOOBX COTEHb POKIB.

FeomeTpunyHa nporpecia 2, 4, 8, 16, 32... — NOCNIAOBHI 3HAYEHHA DYHKLT

Y= 2%, BU3HAYEHOI Ha MHOXWHI HATypPanbHUX YUCEN.
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MEPEBIPTE CEBE

1. HaseziTh mpukJjajs reoMeTPUUYHOI IIporpecii.

2. ChopmyiroiiTe 03HAUEHHS IeOMEeTPUYHOI mporpecii.

3. Illo Take 3HAMEHHUK IeOMETPUYHOL IIporpecii?

4. fIx BupakaeTbCcA N-M UJIEH reOMeTPUUHOI IIporpecii uepes ii meprmmit
ujieH i 3HaMeHHUK?

CohopmysoiiTe BIaCTUBICTh T€OMETPUYHOI IIporpecii.

Yomy mopiBHIOE cyMa 7 MePIINX UJeHIiB reOMeTPUUYHOI IIporpecii?

S

BukoHAEMO PAZOM

o Y reomerpuuHiu mporpecii b, = 2, b; = —54. 3HaigiTh by i q.

e Posp’azamna. 3a ¢opmysoo n-ro urexa b, = b, - ¢ i b, = b, - ¢°.
IlincraBumMo B 1i piBHOCTI B3HavewHa b, = 2, b, = —-54 i

PO3B’SIKEeMO CHUCTEMY
2=b,-¢°,
~54=b,-¢°.

Ilominumo mousieHHO APYyTe PiBHAHHA HA IEpIIe:

-54 b, -q°
i: 1 q3. MaeMO: q3 — _27 i q _ _3'

2 b -q
3 IepIrnoro piBHAHHA CHUCTeMHU 3HAWAEeMO b;:

2
2=10-(-3)% b :2:(_27)=_E'

Bigmosins. b —_i = _3

A Ab. 1 27, q .

o . . . o 1
9 3HaNIiTE CyMy I’ ATU YJI€HIB TeOMETPUYHOI ITporpecii, y Arin b; = 8, q = 5

e Poswv’azannsa. I[lepwuil cnocio. Cymy n mepiiux 4jeHiB reoMeTpUUYHOI

b lg" -1
nporpecii Mmo:xHa 3HaiiTH 3a (GopMyIow0 S, =1(q—1>. Ao n = 5,
q_
1Y 1 31
8= =1 J=—-1] _s.2=
b -(¢° -1) ((2) ] s (32 ) 559 381_ .1
(e} S5: = = = :—:15—.
q-1 1, 1 L 2
2 2 2
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1
Ipyeuil cnoci6. Bunummemo 5 uieHiB manol mporpecii: 8, 4, 2, 1, E

36epHimb yeazy
1 Ha yeil cnoci6!
Bigmosine. S, = 155.

BUKOHAMTE YCHO

708. YxaxKXiTh TpU HACTYIHUX UJIEHUW reOMETPHUHOI IIporpecii:
a) 3, 6, 12, ...;; B) -1, -2, -4, ...;
0) 16, 8, 4, ...; r) -2, 4, -8, ...

709. Yu € reoMeTPUUYHOIO IIPOrPECiero IMOCIiJOBHICTE:
a) 1, 0,1, 0,01, 0,001, 0,0001;

61, 1, &, -, L, L1y
2 4 8 16 32
SKIo Tak, TO BKAXKITh il 3HAMEHHUK.

. . 1
Ix cymy 3HaiizemMo IpocTUM AOAaBaHHAM: 155.

710. Yu € reoMeTPUYHOIO IIPOTPECi€I0 MOC/IiIOBHICT:

a) 2,4, 86,8, ..; B) 3, 6, 12, 14, ...;
6) 1, -3, 9, 27, —81, ...; m1, L, L1 10,
345 6

711. Yu € reoMeTpUUHOIO Iporpecieio mocaigosuicrs 77, 7T, 72 qnt 3,

Ie n — [OBiIbHe HaTypajJbHEe YUCIO?
A mocainoswicts 77, =7 T, 72 —qnt 39

712. HanunriTh ciM mepiimnx 4jeHiB reoMeTpPUUYHOI mporpecii, y aArii:

a)b, =1,q = 3; B) b, = -5, q = 2;
0) b;= 10, q:%; r)b; =1,q =-2.
713. HanouniiTe 0’ ATh IepIInX 4JeHiB reoOMeTPUUHOI mIporpecii, y aAkiii:
a)b; =18, g = —1; B) b; = -8, q=%;
0)b; =5,q = 2; r')b—i =3
1 s q ’ 1 27’ q .
714. 3HaiigiTh 3HAMEHHUK 1 I’ATUHA Y4JeH reOMeTPUUHOI IIporpecii:
a) -1, 3, ..; B) 625, 125, ...;

6) 0,1, 0,01, ...; r) 4, -2, ...
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715.Y reomerpuuHii mporpecii b; = -3, ¢ = 2. 3uaingirs by, by, b,.
716. 3HAHAiTL HEePIIUi YJeH reOMeTPUUYHOI mporpecii, y akii:
a) bg = 384, q = 2; 0) bs; = 31,25, ¢ = —2,5.
717. by, by, bs, by,... — TEeOMeTpUUHA TIPOTpPECisaA. 3HAUIITD by, AKIIO:
a)b; =1, by, = 6; B) by =1, b, = 0,5;
6) b; = 25, by = —50; r) by = 2, by = 4.
718. 3HalAiTL CHOMUII YJIeH IeOMEeTPUYHOI IIporpecii, aKImo:
a) by =3, by = 6; B) by= 80, bs= —160;
0) by = —1,5, by = —6; r) bg = 18, b, = 72.
719. Hanumiits opMyJsIy n-ro ujieHa reOMeTPUUYHOI Iporpecii:
a) 2, 6, 18,...; B) 1, v/2, 2,..;
1 1
6) — ——, 1,...; r) 64, —32, 16,....
4 2
720. 3HaigiTe HOMEpP n-T'o UjJeHa reOMeTPUUHOI mporpecii, y akiii:
a)b; =4,q = 3, b, = 324; 06) by = -8,q = 2, b, = —256.

721. A,C, — cepenusa jginia ABC, A,Cy, —

cepennda minia A;BC;, A3C3 — cepenHsa A B
aginia A,BC, irT. x. (manx. 126). Yu npa- Ay 3 Cng
BUJIBHO, ITI0 JOB:KUHU BigpiskiB AC, A,C,
AC Al Cl
9Cy, ... YTBOPIOIOTH TE€OMETPUUHY IIPO-
rpecio?
722.Y reomeTpuuHiy porpecii mepmmuii uien 4 C
b,, sHaMeHHMK ¢. 3HAUAITL cyMmy Iii mep- Mar. 126
MINX YJIeHiB, SAKIIO:
a)b; =-3,q =3,n = 6; B)b; =4,q=-2,n = 10;
06) b =2,5,q=0,4, n = 4; T) b1=i,n=6.
27
723. 3HalAiTh CyMy n MepIInX 4jJeHiB reoMeTpUYHOI mporpecii, AKIo:
a)by=1,q=2,n=09; B)bj=-2,q=2,n=12;
6)b1:1’ q:ls n=10; I‘)b1=81, q:l, n = 8.
2 3
724. 3HalgiTh CyMy IEepIINX IMEeCTH UJeHiB reOMeTPUUHOI IIporpecii:
a) -2, 10, ...; r 3, 3,3, 3,3, 3, ..;
0) 5, 10, ...; r) 5, 10, 20, 40, 80, ....
B) 32, —16, ...;;
725. 3HalgiTE CyMy I’ ATHAAIATH MEePIINX YIeHiB reOMeTPUUHOI IIporpecii:
a)l, 2,4,8, ..; B) 1, -2, 4, -8, ..;;
6) 1024, 512, 256, ...; r) 1024, -512, 256, ....
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726. Cmaposunna 3adauwa. OgHOTO pasy PO3YMHUH OifHAK HOIPOCUB
y cKymoro 6araTis mpuUTYJKY HA ABa THKHI 3a TaKUX yMOB: «3a Iie

A ToOi mepimoro mHg 3amaavy 1 Kpb6, apyroro — 2, TpeTboro — 3 i
T. O., 30iJbIIyIOUN H[OAeHHY IaaTy Ha 1 Kpb6. Tu K OymeIln momaBaTu
MWJIOCTUHIO: mepiroro A 1 Komifiky, apyroro — 2, tpetrboro — 4 i

T. ., 30i7bINyIOUN IMOAHSA MUJIOCTHUHIO BABiui». Barariii 3 pazgicTio Ha
e 3roAUBCSA, BBaKaouu yMoBU BurigHuMu. CKiJIBKHM I'poIIiei ogep:KaB
oarariin?

727. 3adawa Elnepa. YosnoBik, mposamyu KOHSA, 3alIPOIIOHYBAB MOKYIIIEBi
3aIlJIATUTU JIUIIE 3a IBAXUW, AKUMHU NIPUOUTO IMiAKOBU OO KOIUT TOTO
KOHs. 3a mepmwuii nBax — 1 ndenir, 3a gpyruit — 2, 3a TpeTii — 4
iT. 1. — 3a KOKHUM yaBiui GinbIiile, HiXK 3a momepenHiii. 3a CKiJIbKU
BiH IIpoJaBaB KOHsA, SIKIIO IIBAXiB O0ymo 327

PiBevb B

728. b;, by, b3, ... — TeoMeTpUUHA IIporpecia. SHanmiTh b, i ¢, AKIIO:
9 1
a) by = 625, b; = 81; by=—, bg=—;
) bs 7 B) b, 39’ 8718
115
0) b; = 3, b, =-27/3; by = =6, by =—-1——-.
) bs 10 \F r) by 8 128
729. 3anuiriTe GopMyay n-ro YieHa TeoOMeTPUYHOI Imporpecii:
a3, 6,..; 6)-0,1,-1, ..;8)12,8, ... ; ) %, 4, ...
730. Yu € uncyio 384 ujgeHOM reOMETPUUHOI mporpecii:
a) 3, 6, ...; 0) i, i, e ?
81 27
731. fAxe 3 umcen —27, -9, 18, 20, 27 € uIeHOM IIOCJiLOBHOCTi, n-i ujJIeH
AKOI:
n 1)
a)b, =5-2% B) Y, :—36-(——) ;
2
n+1 -3 "
0) x, = (-3) ; r) ¢, =—12~(?) ?

732. 3HaiAiTh HePIINH UieH i 3HaMeHHUK reOMeTPUYHOI Iporpecii, v axiii:
a)b1+b3=10,b2+b4=30; 6)b5_b1=15,b4_b2=6.

733. Yu e mocaifoBHicTs, 3agana dopmyomno ¢, = (—3)" * 2 PEOMETPHUUYHOIO
nporpeciero? AKIo Tak, TO 3HANAITH il mepIIUi YjIeH i 3HAMEHHUK.

734. [loBexniTh, 1110 3aaHa IOCTiIOBHICTS (X,) € TEOMETPUYHOIO IIPOTPECi€ro:
a)x, =3-17% 6) x,=5-2""} B) x, = 0,4" ",
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735. HoBenitTs, AKIIO a, b, ¢ — reoMeTpudYHa Iporpecis, To:
(@® + b%c = (b® + Pa.
736. lano reomeTpuuHy mporpecitwo bq, by, bz, by, .... JloBeniTh, 1110 reomeT-
PUYHUMU IIPOTPECIAMU € TAKOXK IIOCTiJOBHOCTI:
a) biby, bobs, b3by, ...;
0) by + by, by + b3, by + by, ...;
B) bl - b2, bz - b3, b3 - b4, coe e
737. I’atuii uieH reomeTpuuHoi mporpecii mopiBHiOEe 1. YoMy mopiBHIOE
IOOYTOK JeB’ATH il mepIiux 4jieHiB?
738. IllocTuit uyieH reoMeTpuuHOl nporpecii gopiBaIoEe —2. YoMy mopiBHIOE
IO0OYTOK OOUHAMIATH Il IMepIux ujaeHiB?

739. 3HaiiaiTs Tpu Yncaa, AKi CTAaHOBJIATH FTeOMETPUYHY ITPOTPECito, 3BHAIOUH,
1o ix cyma gopiBHoe 21, a mo0yTOoK — 216.

740. Yucaa reomerpuuHoOi mporpecii 1, 2, 4, 8, 16, 32, 64, 128, 256 poamicTiTs
y IeB’aATH KJIITUHKAaX KBajpaTa Tak, I[00 X ZOOYTKU B KOXKHOMY PAIKY,
B KO’KHOMY CTOBITYMKY i B KOXKHIH miaroHasi TOPiBHIOBAIU OJWH OJHOMY.

741. Ilicasa KOXKHOTO PYyXy IOPIIHA PO3PiAKYyBaJIbHOIO HAcOocCa 3 MOCYAUHU
3abupaeThca 5 % HaABHOTO B Hill moBiTpaA. BusHauTe THUCK MOBiTpA
BCEPEeNUHI MOCYAWHU IIicJA JeCATU PYXiB MOPIIHS, AKIIO TOUYATKOBUM
THUCK JopiBHIOBaAB 760 MM pT. CT.

742. Yu MOKYTh JOBKUHU CTOPiH IPAMOKYTHOTO TPUKYTHUKA YTBOPIOBATH
reoMeTpPUUYHY HpOorpecito?

743.7Y rocrpuii KyT BOMCAHO NI KiJ, AKi JOTHKAIOTHCS OLHE IO OIHOTO
(man. 127). [loBeniTh, 1110 JOBKUHY iX PAJiyCiB yTBOPIOIOTH T€OMETPUYHY
mporpecito. Bixg woro sane:XuTh ii 3HAMEHHUK ?

PN

Ay Ap Asg Mau. 127
744. HanunriTe KiJibKa mepIlinx 4ieHiB MOCJiJOBHOCTI 3 TAKMMHU BJIACTUBOC-
ramu: b; = 1, b, = 3b, ;. Hanumrite ¢popmyny ii n-ro unena. 3HaigiTh
b1 i8S
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. 1. .1 . .
745. Mixk umciaamMu 405 i 55 BCTaBTe TaKi 4yoTUpHU umcjia, AKi pas3oMm 3

JTaHUMU YKCJIAMEI YTBOPIOIOTH I'€OMETPUUHY Iporpeciio. SHANAITE i1 cyMy
IBOMA CIIOCODAMIM.

746%. 3HalifiTh KiJIbKiCTh WiIeHIiB reoMeTpuuHOl mporpecii, y axiii:
a)b; =3,b, =96, S, = 189;
6)b;=1,b, = —512, S, = —341;
1 1 1
B) g=——, b =—, S =20—;
) 4 3 " 38 " 3

r) ¢=+/3, b, =183, S, =263 +24.

747. 3HaiifiTh YOTUPHU YMUCIA, 3 AKUX TPU MEPIIUX € TOCTLJOBHUMU UJeHaAMU
reoMeTPUYHOI mporpecii, a TpU OCTaHHIX — WJeHaMU apuPMeTUUHOI ITPOo-
rpecii, SKIMO cymMa KpalHix uncesa gopiBHioe 21, a cyma cepenuix — 18.

748. 3uaiigiTh Taki uucaa x, y, 2, t, 1mob mOCJaiTOBHiCTE X, Y, —2, 2, =8, t
OyJia TeOMeTPUYHOI0 IIPOTpecieio.

749. IlounHaoun 3 SKOTO0 HOMepa ujeHa reoOMeTPUUYHOI mporpecii:

a) 729, 243,... yci ii uinenn 6yayts menimumu 3a 0,01;
5) 1 1

3’ \/g’
750. BuBenite GopMyay ajas O0UHCIEHHS MOOYTKY n MEepIInX UYJeHiB reo-
MeTpuuYHOI mporpecii.

... yci ii unenu OyayTs OinbmimMu 3a 5?

751. Cmaposunna 3adaua. Byno 1e
Maiizke cTto pokiB Tomy. CensaHuH
npozgasas 20 osels 3a 200 kp6. Koau
OJIVH 3 IMIOKYIIIiB IT0YaB HAATO JOBT'O
TOPTryBaTHUCh, CeJITHUH 3aIIPOMIOHY-
BaB: «Jlaii 3a mepmry BiBmio 1 K., 3a
Ipyry — 2 K., 3a Tpetio — 4 K. i
IaJIi 3a KOMKHY BiBITIO BABiUi 0ijib-
e KOMifOK, HidK 3a HMOHepeqHIO».
ITokymens norogusca. CKimbKY BiH
samaaTus 3a Tux 20 oBennb?

752. BakTepis, HOTpalUBIINA B OPraHiam, n0 KiHma 20-1 XBUJINHU iIUTHCS
Ha JBi, KOKHA 3 HUX 10 KiHisg 20-1 XBUJINHYA 3HOB ALINTLCA HA ABii T. 1.
Ckinbku O0akTepiii B opraunismi o0yzme 3a moby?

753. YaBimo, 110 Ha ImOUYATKy HamIol epu kiHka M Hapoamiaa OBi JouKH,
KoxkHa 3 HuX Ao 30 pokiB Tak camo Hapomuyaa ABi gouku i T. . Yu
MOKJIUBO 1e? CKiJIbKY 0 3a TaKMX YMOB HaIlaakiB M KHJIO B HAIII Yac?
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BnpraBu NSt NOBTOPEHHS

754. 3uaiigiTe obysacTh 3HaUEHb QYHKINI y = x%, samamoi Ha IIPOMiKKY:
a) (0; 3); 6) (=95 —3); B) [-2; 3); r) [-4; 4).
755. Ha mamonky 128 3o00pakeno Kiabka ¢iryp,
cKJameHmX i3 cipuukis (Fq, Fy, F3).
Y aBiTh, 1110 OCJIi JOBHICTh TAaKUX (Piryp IPOIOB-
skeHo. CkinbKu Tpeba cipHUKiB, 1100 CKJIACTH F
dirypy Fo?
756. Maca oxmoro Kycka mertany 440 r, a gpyro- f
ro — 429 r. 3HAWITH TYCTUHY KOMKHOTO 3 ITUX
MeraJiB, AKINO T'yCTHHA mepuioro Ha 1 r/cm®

6iabina, a 06’eM Ha 5 CM° MEHITIHIA, HiXK IPYToro. Mau. 128
757. Po3B’siikiTh rpadiuHo cucTeMy PiBHSHB:
XY — 6 = 09 Xy + 6 = 0,
a) 1Y 6) {77
x-y=1 2x+y=4.

CKAPBHUYKA AOCAITHEHb

v/ PosywMmilo, 110 Take reoMeTpUYHA IPOrpecis.

v Moxy c(popMyJIIOBATH O3HAYEHHS I'eOMETPHYHOI Imporpecii.

v MoKy HaBeCTH IPHUKIAAY TeOMETPUUYHMX IIPOTrpeciii i BCTaHOBUTH,
YW € 3aJaHa IIOCJIIOBHICTh TeOMEeTPUYHOIO IIPOTPecicro.

v 3Halo, 1110 TaKe 3HAMEHHUK I'eOMeTPUYHOI mporpecii ¢ = b, : b,,.

v' 3Haw, aKUMHu POPMYJIaMU 3aLa0Th T€OMETPUYHY IIPOrpPeciro

PeKypeHTHa n-ro 4jeHa
n—1
blzb’anrl:bn'q bnzblq
v' MoKy OSACHATH i chOPMYIIOBATH BJIACTABICTE F€OMETPAYHOI IIporpecii
2 _
bn . | 'bn+1

v/ 3Hao Ta BMIiIO BHUKOPHCTOBYBATH (POPMYJY CYMHU IIEPIIMX 7l 4JIEHIB
reoMeTPUYHOI IIporpecii
b, (¢"-1) b,q—b
Arxmo ¢q#1, To Sn:L Sn:L
g-1 g-1
Axmog=1,10 S, =n"*b;
v/ YMiro 3amaBaTH reoMeTPUUYHY IIPOTPECiI0 3a JAaHMMM Ii 4iIeHaMH 4u
CIIiBBiTHOMIEHHAMU Mi)K HUMH Ta 3HAXOAUTH HEBiIOMIi UJEeHHN IeOMeT-
puuHOI mporpecii.
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B1KkoPUCTOBYEMO HABYTI KOMMETEHTHOCTI

LLlo6 3po3ymiTh i oBpe 3acBOITU HOBY TEMY, NPUraLAEMO:

— Lllo Take HeCckiH4eHHa MOCIA0BHICTb.

— %Ki nOCNiAOBHOCTI HA3MBalOTb 3POCTAUMMU, A 9Ki — CrnagHUMMN.
— LLlo Take reomMeTpuyHa NPoOrpecis.

— Ulo Take HacTynHW i nonepeaHin YaeHn nocnigoBHOCTI.

1

— HAkoto popmMynoto 3a4at0Tb rEOMETPUYHY Nporpecito: b, =b, - ¢" ~
— 9K 0B6YMCNIOITb CYyMY NEPLUUX 1 YIIEHIB reOMETPUYHOI MPOrpecir:
b, (¢g" -1 bg-b
sn:_ﬁi__l,q¢1 s =29
g-1 g-1
— Lllo Take nepioanyHUin OEecATKOBUIN APIO i 9K MOro 3anucyoThb:
0,666666 = 0,(6)
— UWlo Take moaynb yncna.

§ 18 3apaui Ha

0O04YMCNEHHA CYM

Hoci Mu He oOUMCIIIOBAIM CyM HECKiHUEHHOTO UMCJia AOJAHKiIB, OJHAK
iHoni € ceHc posraagatu i Taki cymu. Homy, HaIpukJjajz, AJOPiBHIOE cyMa
1 1 1

ycix uJeHiB HeCKiHUYeHHOI reomMeTpuuHOi mporpecii 1, —, —, —, —,...7
2 4 8 16
Hexaii mioia sobpaskeHoro Ha ManaioHKy 129 kBaapara b, mopiBHioe 1,
. . . . 1 1 1
a IJIOIIi MPAMOKYTHUKIB by, b3, by, ... — BigmoBigHO E’ Z’ g, Axrimo

KiTBbKiCTh IIMX TMPAMOKYTHUKIB 306iJIBIITYyBATH MO0 HECKiHUEHHOCTi, TO cyMa
IX IIJIOI K 3aBrOLHO OJIM3HKO0 HAOIMIKATIMETHCS

1 11
mounciaa 2. Tomy BBasKaOTh, 10 1+ —+—+—+...= 2. bs
VzaraapHUMO PO3TIAHYTHUI npukaan. Hexait b1 b by

JlaHO HeCKiHUYeHHY reOMeTPUYHY IIporpecito b, bq, 3 Ip 5|_
blqz, b1q3,..., 3HaMEHHUK SAKOI |q| <1. 3a Bimomoio Maur 129
¢popmy.iot0,

S =bl<qn_1)=bl<]‘_qn) a6o S = bl _blqn'

"og-1 1-¢ ~ " 1-q 1-g
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by
1-q
HOMY 30iibIleHHI n creminb " npamye g0 0 (IUIIYTH: AKILO 7 —> o, TO

TyT uncao crajsie, a n — 3MiHHe. SKIIMO |q| <1, To mpu HeoOMe:Ke-

n

b.
q" — 0). IIpu usomy i api6 lli npamye go 0.
—-q

by
1-q
HOI reoMeTpuuHOI Iporpecii 3 mepmuM 4iIeHOM b; i 3HAMEHHUKOM |q|<1

Omxe, AKIO N — o0, TO S, — . ToMy TOMOBMJINCH CYMOIO HECKiHUEH-

by
1-¢
Iamumu cioBaMu, AKIIO |q|<1 ib, + b,g + bg®> +... =8, 10

S= b )
1-¢q

BBaXaTu 4YuCJIO

IIpuknan 1. 3Ha#AITE CyMy reOMETPUYHOI mporpecii 4, —

1
Posp’sazaunda. Tyr b, = 4, qg= 3 TOMY IIIyKaHa cyMa

Bigmosigs. S = 3.

b,
1-¢
JpoOu MOKHA 3aIMCyBaTH y BUTJIAML 3BUYAWHUX APOOiB.

3a gomomoroio ¢opmynu S= HecKiHYeHHI nepioduyni decamrosi

IIpukaan 2. 3anuiriTe y BUIMJIAAI 3BUUYAWHOTO APOo0Y HECKiHUEHHUU IIie-
pioguuHMi mecATKOBUi Apib:

a) 0,(2); 0) 1,(6); B) 0,(23).

Posp’s13aHHA.

2) 0,(2)=0,2202..= 24 2, 2 , _ 02 _2
10 100 1000 1-01_ 9
6) 0,(6)=0,6666...= >+ 0 1 0 _ 06 _2

+ +..= ==,
10 100 1000 1-0,1 3
Omxe, 1,(6)=1+0,(6) = lg;

23 23  _ 023 23
100 10000 =~ 1-0,01 99’

B) 0,(23)=0,2323...=

2 2 23
Bi iTb. —; 0) 1—; —.
inmoBigb. a) 9 ) 3 B) 99

3BepHiTH yBary! Heckimuemnuil mecATKOBUU mepiogmuHmii apib, mima
YyacTHHA AKOT0 JOPiBHIOE HYJIIO, a IIepiok CTOITh oaApasdy micJisa KOMH, JOPiB-
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HIOE 3BUYANHOMY JPO0Y, YMCEJbHUKOM SKOTO0 € UHCJIO, IO CTOITh y mepiofi,
a BHAaMEHHUK MiCTUTh CTiJIbKU JeB’ATOK, CKiIbKU Mudp y mepiomi.
ITogymaiiTe, AK 3amucaTh y BUIJIALL 3BUYAMHOrO ApoOy, HaIPUKJIA,
yucygo 1,5(6).
Hoci My 3HaX0AUIN CyMH YJIEHIB HAUITPOCTIIINX IIOCTiOBHOCTEH: apudme-
TUYHOI Ta reoMeTpUUHOI Iporpeciii. Hepigko BuHuKae morpeba o6umcaI0BaTA
CyMM UWJIEHIB iHIWX IOCJIiZOBHOCTel. Po3risaHeMo MpUKJIATA.

IMpukaax 3. 3HaWAITL cymMy S HmepIINX CTa YJIEHIB IIOCJIiZOBHOCTL
1 1 1 1
1-2° 2.3 34”77 n(n+1)’""
Posp’azannga. Ko)xHUiI ujleH maHOl HMOCIiZOBHOCTI MOKHA IIOJATU Y BU-
raAal pisHHAIMI:

1,11 111 11
1-2 223 2 37 nn+1) n n+1’77
Orxe,
1 1 1 1
=t =
1.2 2.3 34 100-101
11111 1 1 1 100
=l-——t———to——+..+ - =1- = )
2 2 3 3 4 100 101 101 101
Bigmosias —@
OB > = 101"

Ipuknanx 4. 3HaUIiTH CyMy KBaApAaTiB 1 MePIIUX HATYPAJIbHUX YUCEJ.

Po3B’s3aHH. 3a popMyJIoI0 «Ky6 gBouteHa», (a + 1)° = a® + 34+ 3a + 1,
seigen 3a® = (@ + 1)® — a® — 3a — 1. Hagaroun sminHIH a mocaizoBHO
3HaveHHd 1, 2, 3, ... , N, OIEPKUMO 1 IIPABUJBHUX UHCJIOBUX PiBHOCTEM:

3-12=2°-1°-3-1-1,

3-22=38-2°-38-2-1,

3:-32=4"-3-3-3-1,

3:4°=5°-4"-3-4-1,

3-nf=m+1»%-n*-3-n-1.

HomaBiy moujeHHO Bci 1i piBHOCTI (umcia 23, 33 43 ..., n® Bzaemuo
BHUILATHCS), ONEPIKUMO TOTOMKHICTD:

3-(12+22+3+.+n)=mn+1®-31+2+3+..+n)—-n-1,
3Bigcu

3-(12+22 482+ .. +n?)=(n+1)° —gn'(n+1)—(n+1): g-(n+1)(2n+1).
Ormxe, 12+22+3%+... +n? =%-(n+1)(2n+1).

Bixnosiam. %-(n+1)(2n+1).
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—— XOYETE 3HATU LLE BIJIbLLUE? \
3BepHiTb yBary Ha Bupa3 a* + a’b + a?b? + ab® + b*. Lle cyma nepLumx n’stu
YN1eHiB reOMETPUYHOI NPOrPecii 3 NepLUNM YneHoM a’ | BHaMEHHUKOM —.

a
3a GopMynoto CyMn YNeHiB reoMeTPUYHOI Mporpecii,

b’ )
4
a (—1 5 .5
5 a’-b
b’ +ab® +b* = —2 = :
b 4 a-b
a
Otxe, a® - b° = (a - b)(a* + a®b + a®b® + ab® + b*).
Tak caMm0O MOXHa 40BECTU TOTOXHOCTI:
a®-b°=(a-b)(a®+a’b+a’t®+a’b® + ab® + b°).
a’ -b"=(a-b)a®+a’b+a*b®+a’b®+ a’b* + ab® + b°).
| B3arani:a” -b"=(a-b)(a" "+a" %b+..+ab" " 2+b" ).
dopmynn «pisHMLS KBagpaTiB» i «pidHMUA KyBiB» — OKpeMi BUNagku Uiel
3arasibHoi popmynu.

a*+a®v+a®

MEPEBIPTE CEBE

1. fx sHaliTH CyMy n-IepIuX HATYPaJIbHUX YHCes?

2. Yomy mopiBHIOE cyma Bcix minmx umcen Big —100 mo 1007?

3. YUu icHye cyma uJieHiB HeCKiHUEHHOI reOMeTPUUYHOI IIporpecii, sHaMeH-
HUK KO0l Oinbmuit 3a 1?

4. YoMy mopiBHIOE cyMa UJIeHIB HeCKiHUeHHOI reoMeTpPHUYHOI IIporpecii,
MOAYJb 3HAMEHHUKA AKOI MeHIIui 3a 1?

5. YoMy mopiBHIOE cyMa HeCKiHUeHHOI KiJILKOCTI ZOmaHKiB:

4+2+1+1+1+1+ e ?
2 4 8

BukoHAEMO PA3OM

1 1 1
c SHaNIITL cCyMy 3+1+§+§+§+ «eey JOTJAHKU AKOI — YJIEHU I'eOMeTPUY-

HOI mporpecii.

e Posp’azannga. Ilepmuii uien mporpecii — uwmeao 3, a 3HAMEHHUK 3
3 3-3
TOMY IITyKaHa cyma S=——=—-—-=4,5.
L1731
3

Bigmosings. 4,5.
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e CupocriTs Bupas: L L 1 — 4.+ 1
3.7 7-11 1115 7 (4n-1)(4n+3)’

o Posp’azanna. I[Tomuoxkumo i momiumo 3amany cymy Ha 4. Omep:KuMo:

1 1 1 1
+ + +...+ =
3.7 7-11 11-15 (4n-1)(4n+3)
1( 4 4 4 4 )
=—|=——+ + +...+ =
4\387 711 1115 (4n-1)(4n+3)
1(1 11 1 1 1 1 1 )
== | ———t=———t———+...+ - =
4\8 7 7 11 11 15 (4n-1) (4n+3)
_1(1 1 )14n+33 n
4\3 (4n+3)) 4 3(4n+3) 3-(4n+3)°
n
Bignmosinh, —.
ATOBYIE: S (4n+3)
e ITonmaiiTe mepioguunuit npi6 0,2(35) y Buraaai 3BuUaiiHOrO:
02(35)_3 35 , 35 L 2,003 2 35 _ 233
10 (1000 100 000 “10 1- 0,01 10 990 990

Binmosins &
ATOBIAR: 900

BUKOHAMTE YCHO

758. 3HaHAITL CYyMy UJIEHIB IOCJiZOBHOCTI:
-5, -4,-3,-2,-1,0,1, 2, 3, 4, 5, 6.

759. 3HaiimiTe cymy cTa uieHiB apudMeTHndHOI mporpecii, y axoi a; = 3, d = 0.
760. Yomy mopiBHIOE cyMa: 1 -2 +3-4+5-6+7-8+ 9 -10?

761. 3HaiigiTh cyMy HeCKiHUEeHHOI reoMeTPUYHOI IIporpecii:

a‘) 1’ g’ é’ i’ seey B) 9’ _3, 1’ _l, l’ ey
3 9 7 3 9
0) l, 1, l, i, e r) -8, 4, -2, 1, —l,
24 8 16 2
762. 3HaAlAITL CYyMy, HONAHKAMU SKOI € MHOCJiJOBHI UJIeHH TeOMeTPUUHOL
mporpecii:
11 1
a) 1+—+—+—+...; B)16 -8 +4 -2 +...;
9 27
2 2 2
0) 2——+—-— + .3 r) — —§— 9 -
5 25 125 4 16
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763. 3adavwa Apximeda. 3HAUAITH CyMy HECKiHUEHHOI T€OMETPUYHOL IIPO-

rpecii:
(3
1+—+|—| +| =] +....
4 \4 4

764. 3HaNIITL CYMy HECKiHUEeHHOI reoMeTpPUYHOI ITporpecii:

3 3 3 6 6 6

a) 3+—+—+——+ ...; 6) 6+—+—+——
10 100 1000 10 100 1000

765. IlomaiiTe y BUrJasaai sBuuaitHOro Apo0y HECKiHUYEHHI mepiognuHi necsarT-
KOBi mapobu:
a) 0,3333...; 6) 0,6666...; B) 0,111111....

766. 3anunIiTh HeCKiHUeHHUN HepiognuyHUM npi6 y BUTIAAI 3BUYANHOTO

Apo0dy:
a) 0,(4); 6) 0,(5); B) 0,(12); r) 0,(25).

767. Jaro piBHOCTOPOHHIN TPUKYTHUK 3i cTopoHoio 1 cm. Cepenunu iioro
CTOPiH — BEPIIUHU APYroro TPUKYTHUKA, CEPeIUHU CTOPiH ApPyro-
ro — BEPIIUHU TPETHOT0 TPUKYTHUKA i T. 1.
(mas. 130). 3HaAlAITL CyMy IepUMETPiB ycix
UX TPUKYTHUKIB.

768. Bioxpuma sadauwa. ChopmyJiioliTe i po3B’ AKiTh
3amavy IIpo KBagpaTu, IMomiOoHy mo 3amaui 767.

769. 3adavwa Opema. JoBenits, 1m10:

1 31 3 1 3 7
Sttt — e+ —+...=

28 4 16 8 32 4

PiBevb B

770. 3HAUITHL CYMYy UJIeHiB HeCKiHUeHHOI reoMeTpPUUHOI mIporpecii:

1 1
17 Ty Ty eees B) 17 TE_S, (TE_S)Z’
J2© 2
1 1 2-1
6) 5, V5, 1, ...; r) ——, —, */_—
2-v27 27 22
771. Y Kojo pafiiyca r BIMCAHO IPABUJIbHUIN TPUKYTHUK, Y TPUKYTHUK BITU-
CaHO Apyre KOJIO, V sIKe 3HOBY BIIMCAHO IIPABUJIbHUMN TPUKYTHUK, i T. [I.
3HalAITh CyMy IIEPUMETPIiB yCiX TPUKYTHUKIB i CyMy MOBKUH yCixX KiJ.

Mag. 130

772, 3anuiliTh y BUTJIALL 3BUUYANHOIO APOOY HECKiHUEHHUI NEepPioguYHUN
mecarkoBuii api6: a) 10,(4); 6) 3,0(6); B) 0,(24); 1) 1,4(7).

773. 3anuItiTh y BUTJIALL 3BUYANHOTO IPO0Yy UHCIIO:
a) 3,(5); 0) 21,(21); B) 1,1(6); r) 10,00(52).
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774. Y 1833 T'aycc pasoM i3 MOJIOAMM TaTaHOBUTHM (bi3IKOM BUHAMNIIIOB eIl
y Himeuuwnni esmexktpomaruiTHuil Teserpad i modyayBaB Moro mMonesb, 3a
JIOIIOMOT0I0 AKOI 3’ e qHaMn (pisuunmii KabiHet ['eTTiHreHCHLKOrO yHiBEpCHUTE-
Ty 3 o0cepBaTOpi€r0. Y CTAHOBITH BIAMIOBiAHICTE MijK UMCIOBUMU BHUPa3aMU
(1-5) ra ix smauvennamu (A—]I) i Bu gisHaeTecs im’s 11010 Bigomoro ¢isu-
Ka i 8posymiere, umio inmry mocrars mopyd i3 K. @. Tayccom BimoGpaskae
CKYJBITYPHA KOMIIO3uIlia 6ins ['eTTiHreHCHKOTO yHiBEpCHUTETY.

1 0,(6) + 0,(7) A 1% P
67
20,(12) + 1,(5 Bl1— | E
(12) + 1,(5) 99 .
32,36)—-1,(12) | B 118—1 B :
42,1(6) - 0,45) | T 1% B
47
50,3)+ 1,2 1— | E
(3) (2) il 66

775. Bigomo, 1110 |al <1, lxl<1. CrpocTiTh HeCKiHUeHHI cymmn:
a)l+a+a®+d®+..; 6) 1 —x + x%— x® +....

776. 3HAlAITL CYMy HEeCKiHUEHHOI'0 YHcja JOJaHKiB:

(8+4\/§)+(4+2\/§)+(2+\/§)+.",

KOKHUN 3 AKUX YABIUi MEHIITUHA BiJ momepemsHbOTO.

7777. 3anuIiriTh TAaKy HeCKiHUEHHO CIIaAHy TeOMeTPUUHY IPOTpecito, mepIuii
yjIeH AKOI JOpiBHIOE 3, a cyMa UJIeHiB CTAHOBUTEH 4.

778. Ilepimii wieH HeCKiHUeHHO CIIaqHOI TeOMEeTPIUYHOI mporpecii Ha 8 GiIbImiA,
HiXK Ipyruii, a ii cyma mopiBHioe 18. S3HaAITHL YeTBePTHU WiIeH ITiel mporpecii.

779. Cyma ujieHiB HEeCKiHUEHHO CIIaJHOI reOMeTPUYHOI IIporpecii JopiBHIOE
1,5, a cyma ix kBagparis — 1,125. 3uafifiTs mepIInii YaeH i 3HaMeHHUK
miei mporpecii.

780. 3HaliTHL CYyMy CTa MEepIIuX MTOAaHKiB:

a)l1-2+3-4+5-6+-..+n(-1)"""+-.;
6) 1 -2 +32 -4 +-.. + n?-1)""" +-...

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



188 Posgin 3.

781. 3HalAiTL CYyMy MEPIINX COPOKA UJIEHIB IIOCJIiTOBHOCTI:

2) 41 41 41 4 41 .
1.2 2.8° 34" 4577 nn+1) ™"’
5 3 3 3 3 3

1-4’ 477 710" 10-183°7" (8n-2)(8n+1)" "

782. JloBeiTh TOTOMKHICTB:
1+2+4+3+w.+(n-1)+n+m-1+-..+3+2+1=n
3’sacyire ii reomerpuyHU 3MicT 3a MasoHKOM 131.

1+2+3+...+(n-1)

1+2+3+...+n

Mau. 131 Maur. 132

783. Moexite ToroxHicTb: 8 - (1 + 2 + 83 + 4 +-... + n) + 1 = (2n + 1)2
3’scyiiTe ii reoMeTpUUHUN 3MicT 3a MaJdoHKOM 132.

Po3B’sikiTh piBHAHHA, Y JiBill YacTHHI SKOTO — cyMa YJIEHiB reOMeTPUYHOL
mporpecii (784—785).

784. l+x+x2+...+x4+...=g, AKIITO lxl<1.
x

785. 1+2x+x2—x3+x4—x5+...=%, axmo |x|<1.

HoBemits ToToKHiCTH (786—788).

786.a) (L + 2+ 3 4+-.. + n)? =13+ 28 + 3% +-... + n?;
6)3(2-4+4-6+6-8+.+(2n—2)-2n+2n - (2n + 2)) = 4n(n + 1)(n + 2).

787.a) 4(13 + 22 + 3* +-... + n®) = n®(n + 1)%
6)3(1-2+2-3+3-4+-.)+nn+1) =nn+ L+ 2).

788. CupocTiTh Bupas:

2 2 2 2 1 1 1

—t—t—tt——————30)——F——F+——+...+ .

1.3 35 5.7 (2n-1)(2n+1)" "2-5 58 8-11 (3n-1)(3n+2)

a)
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789. IlepuMeTp PiBHOCTOPOHHLOTO TPUKYTHUKA NOPiBHIOE 3a (Maj. 133, a).
ITopinuBuin #ioro cTOPOHY Ha TPU PiBHI BiApi3KM, KOKHUN cepeqHiil 3
HUX 3aMiHUMO JaMaHOIO, CKJIAJeHOI0 3 JBOX TaKWX caMUX Bimpiskis i
KyToM 60° MisK HUMU, K MIOKa3aHo Ha MaJoHKY 133, 6. Koxxuy cTopony
YTBOPEHOT'O 3ipyacToro MHOTOKYTHUKA IMOAIJINMO Ha TPU PiBHI Bigpisku
i 3HOBY KOMKHUI cepenHiil i3 HUX 3aMiHMMO IOAi6GHOIO JIJaMaHOIO i T. 1.
YTBOpEHyY B TaKuii cIIOCi0 3aMKHEHY JIiHil0 Ha3UBaIOTh CHiMcUuHK0W0 Koxa.
Bgaskarouu piBHOCTOPOHHI TPUKYTHUK MEPIITUM UJIEHOM IIOCJIiJOBHOCTI
cuiskuHOK Koxa, 3anmuiriTe mocIifoBHICTh: a) KiJIbKOCTell CTOPiH CHiMKU-
HOK; 0) JOBXKUH IX CTOPiH; B) iX mepumMeTpiB. AKi 3 mux mociigzoBHOCTEI
€ apupMeTUYHUMY a00 TeOMETPUUHUMU IIporpeciamu?

V

a 0 8 2

Mau. 133

790. 3HalAITh JOBKUHY CTOPOHU, IEPUMETDP i IJIOIIY TPeThol CHiMKMHKU
Koxa (man. 133, 8), yTBOpeHOI 3 piBHOCTOPOHHLOT'O TPUKYTHUKA 3i CTO-
ponoio 3 cMm. Uu icuye cHixkuaka Koxa, mepumeTp AKol yaBiui (yTpuui)
OinbIIMIT BiJi MPaBUJIBHOTO TPUKYTHUKA, 3 AKOTO ii yTBOpeHO?

CKAPBHUYKA OOCArHEHb

Posywmiro, 1m0 Take HecKiHUeHHA reOMeTpPUYHA IIporpecis.
v Moy HaBeCTHU IIPUKJAIN HeCKiHYeHHOI reoMeTpr4HOI mporpecii.

v' Posymifo, 1o Take cymMa HeCKiHUeHHOI reomerpraroi mporpecii (|g[<1).
v/ 3Halo Ta BMil0 BUKOPUCTOBYBATH (POPMYJIY CYMU HECKIHUEHHOI reoMeT-
. b,
puuHOi mporpecii: S, = ——, AKIIO |q| <1
1-q
v/ YMiio 3anncyBaTH IEePiOAUUYHUN AECATKOBUM Api0 y BUTIALL 3BUUYA-

0,13 13

6y: 0,(18) = ———_=-2
moro apody: 0,(18) = 176 61 = 99

v' Xouy HAaBUNTHUCA 3HAXOJUTHA CYMU YJIEHIB JeIKNX YMCIOBUX IIOCIiL0B-
HOCTe1.
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190 Posgin 3.

SABAAHHS OJ19 CAMOCTIAHOT POBOTHU

BapPiaHT |
1°. ITocaigoswicTs 3, 7, 11, 15, ... — apudmernuna nporpecis. Busraure
ii n-i1, 50-%1 wieHu i cyMy mepIIux I’ ATAECATH UJEHiB.
2°. IlocaimosHicTs 2, —6, 18, —54, .. — reomeTpumuHa Iporpecis.

Busnaure i1 n-i#i ujgeH i cymy meprinx ceMHU UJeHiB.
3°. 3HaliTh 3HAMEHHUK 3POCTAIOYOl IeoMeTpHYHOI mporpecii, axmo i
nepHinii, APYyruil i YeTBepTUH YIeHU YTBOPIOIOTH apu(pMeTUUHY IIPOrpecito.

BariaHT I
1°. Ilocaigoswuicts 2, 7, 12, 17, ... — apudmeruuna nporpecis. Busnaure
ii n-#1, 40-i1 y1eHU i cCyMy IepIIUX COPOKa UJIeHiB.
2°. IlocnigosHicTs 2, —4, 8, —16, ... — reomerpuuHa nporpecisa. Busnaure

ii n-# yieH i cymy meprmmux JecsATH YJIEeHiB.
3°. 3HalifiTh 3HAMEHHUK 3POCTAl04y0l IeOMeTPUUYHOI mporpecii, SKImo
IpyTuii, TpeTiii i m’ATui ii YieHu yTBOPOIOTH apu(GMeTUUYHY IIPOTPeCiio.

BarpianT Il
1°. TlocnigosHicTs 5, 9,13, 17, ... — apudmeruuna nporpecia. Busaaure
ii n-#1, 50-i ygeHU i cyMy HepIIux I’ ATAeCITH UJIeHiB.
2°. IlocaimosHicTs 3, —6, 12, —24, .. — reomeTpuuHa Iporpecis.

Busnaure ii n-#i ujgeH i cymy mepmiux IecsaTU UJIEHiB.
3°. 3HalAiTh 3HAMEHHHUK 3DPOCTAIUYO0l reOMeTPUYHOI Imporpecii, akio ii
TPeTiit, YeTBEePTUH i IMIOCTUN UJIEHU YTBOPIOIOTH apU(PMETUUYHY IIPOTPeciio.

BapPiaHT IV
1°. ITocaigosuicTs 4, 7,10,13, ... — apudmeruuna nporpecia. Buszaaure
ii n-i, 60-i wieHU i cyMy HepHIuX IIiCTAeCATH UJeHiB.
2°. IlocaimosHicTts 3, —9, 27, —81, .. — reoMeTpuuYHa IOporpecis.

BusHaure ii n-ii uaeH i cyMmy mepmimx BOCbMU UYJIEHIB.
3°. 3HalfiTh 3HAMEHHUK 3POCTAIOUYOl TeoOMeTpUYHOI mporpecii, axmo Ii
yeTBepTUii, I’ ATUH i CbOMUI YIEHN YTBOPIOIOTH apU(PMEeTHUHY IIPOTpPeciio.
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YMcnoBi NOCNIAOBHOCTI 191

a N

IcTOPUYHI BIAOMOCTI

Y erumnmerchrkomy mnamipyci Axmeca (II Tuc. mo H. e.) € Taka 3amaua.
«Hexait T06i ckasamo: moginu 10 Mip suMeHI0 MiK JecsiTbMa JIOIbLMHI

. 1 . . . .
TaK, 1100 KOJKeH AicTas Ha g Mipu Oinbite, HiXK cycig». ImeTbesa mpo

3HAXOMIKEHHS IecATU YIeHIB apu(pMeTHUYHOI mporpecii, cyma AKUX OO-
. 1 2 9
pisuroe 10, a came: a, a+—, a+—,..., a+—.
8 8 8
CrapomaBHi BaBUJIOHAHU OOUMCJIIOBAIMN, 30KpPEMa, CYMY UJEHIiB Ieo-
MerpuuHOI mporpecii 1 + 2 + 22 + 23 + ... + 2°,
JlaBHBOTPEIbKi MaTeMaTUKM I1e B V CT. 0 H. €. 3HAJH, IO

1+2+3+...+n:%n(n+1),

2+4+6+..+2n=n(n+1),
1+3+5+..+(@2n+1)=n

IIpaBuna gaa 3HaXOMKEHHSA CyMH UJIEHIB IeOMeTPHUYHOI IIporpecii €
B «OcuoBax» EBKiigna.

Apximen BuBiB IIpaBuja OJd 3HAXOMKEHHS CYMU KBAAPAaTiB HMEePIINX
n HATypaJbHUX YKCeJ, YMiB BiH TaKOK OOYMCJIIOBATH CYMU UJIEHIiB He-
CKiHUEHHUX CIIafHUX TeoMeTpuUHUX nporpeciii. CroiBBigHomensna

1°+22+3+..+n®=1+2+3+..+n)

AKe Ja€e MOMKJIMBICTH 00UMCIIOBATU CyMy KyOiB IEpPIUX 1 HATYPAJbHUX
yuceJ, BigkpuB y XI cr. 6argagcbKuii marematTuk A6y Bekpi.

Tepmin mporpecia DIOXOAUTH Bil JaTUHCHKOTO progredior — «imy Biie-
pen»; progression — «pyxX yIepen», «yCIiX», «IIOCTYIIOBE MiACUICHHI» .

Y XVII cr. gisa mo3HayeHHA BiAOOBiIZHO reoMeTPUYHOI Ta apu@me-
THYHOI Iporpecii movyaanm BHKOPHCTOBYBaTH 3Haku — (yBiB B. Otpen,
1631) i - (momwupus T. Jlausi, 1692).

dDopMyJay CyMH HECKiHUeHHOI TreoMeTPHWUYHOI IIporpecii BuBiB
E. Toppiueni, a A. Take ony0aiKyBas 1eit pe3yabTaT y poboTi « Apud-
MeTHYHAa Teopid i mpaKTuKa, peTeJbHO oOrpyHTOBaHa» (1656).

OpurinaJbHUII METOM 3HAXOIKEeHHS CyM NI UJeHiB 0araTboxX YMCJIOBUX
IIOCJiJOBHOCTEM, TAKUX AK

1-2:3+2-3:4+3-4-5+..+nn+ 1)n-+2),

1+3+6+10+...+%n(n+1),

1 1 1 1
—t—t—— ot
1-3 35 57 (2n-1)(2n+1)
Q03p061/113 ykpaiucbkuii maremaTuk B. fI. ByuakoBcbKuiil (qus. c. 68).J
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192 Po3gin 3.

FoN0OBHE B PO3AI

Qucaosa nocnidogHicmbs — 1e PYHKIIiA, 3aJaHa Ha MHOMKMHI Bcix abo
MEePIINX 7 HATYPaJIbHUX YKCEJ.

ApugmemuyuHorw npozpeci€l0 Ha3WUBAIOTH IIOCJHILOBHICTb, KOMKHUN UJIeH
AKOI, MOUYMHAIUYMU 3 JPYroro, MOPiBHIOE IOIEPeIHLOMY UJEeHY, M0 SAKOTO
IonaloTh OAHE M Te came craje AJA Iiel mocuaimoBHocTi uwmcso. Ile umcsio
Ha3WBAaIOTh pi3HUUel0 AaHOI apu(pMETUYHOI IOCIiOBHOCTI I ITO3HAYAIOTH

OykBOIO d.
Ileprri mocaigoBHi wienu apudmMeTHUHOI Mporpecii mosHavyamTsL OYKBaAMU
A1y Aoy A35eeey Apy wene

Ii n-#t unen: a, = a; + (n — 1)d.

Cyma ujieHiB cKiHueHHOI apudMeTnuHOI mporpecii mopiBHIOE miBCcyMmi
KparHix il uleHiB, TOMHOMKEHIN Ha YMCJIO YJIEHiB:
2a;, +(n-1)d
At T

2

T'eomempuunoio npozpecieto Ha3MBAIOTh YNCJIOBY MOCJiTOBHICTh, KOXKHUNT
YJjIeH SIKOi, MOUMHAIOUN 3 IPYTOro, JOPiBHIOE IOMIEePeJHLOMY UJEeHY, IIOMHO-
JKeHOMY Ha OJHe I Te caMe cTaJjie IJid HaHOI ImocJrimoBHOCTI uncao. Ile uuc-
JIO Ha3WUBAIOTh 3HAMEHHUKOM TIPOTpecii i mosdHauaroTh 6YKBOIO ¢. BBa)KaTh,
mo b, #0, g #0.

Axmo mepmri uienu reomerpuuHoi mporpecii by, by, b3y ..., b,, ..., TO 11
n-it wnen: b, = b;g" L.

Cyma n mepmimx uJeHiB reoMeTpPUYHOI mporpecii 3a ymoBu, 1mo q#1,

S, =—a1-|2-a” ‘n abo S, =

BUPAKAETHCA (POPMYJIOIO:

n

SRS | L
q-1 g-1
Axmo g = 1, To S, = nb,.
SAKIMo Moy Ih 3HAMEHHUKA HECKiIHUEHHO1 TeOMEeTPUYHOI ITPOoTrpecii MEeHIITU i
Big 1, TO MOKHA BU3HAUUTU CyMYy Bcix ii usenis 3a ¢opmysaoio:
S= by .
1-q
3a IOIIOMOT'0I0 OCTAaHHBLOI (POPMYJIM HECKiHUeHHi mepiogmuHi mecATKOBi
Ipo0u MOKHA 3aIllMCyBaTU Yy BUTJISAAI 3BUYAMHUX APOOiB:
5 5 0,5

0,(5)=0,555...=—+ +...=
10 100 1-0,1
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YMcnoBi NOCNIAOBHOCTI 193

3’ACOBYEMO OOCATHEHHS

TecToBi 3ABAAHHSA N2 3

3HAUAITh ChOMUM YIeH apudMeTuuHOl mporpecii, AKImo ag + ag = 20.
a) b; 6) 20; B) 10; r) 15.

E O6uuciiTh mepHIINA YJeH TeOMeTPUUYHOI mnporpecii, AKImo
b3 = 4, a b4 = 2.
a) 2; 0) 4; B) 8; r) 16.

3HaWAiTe m'ATUH YJEeH HOOoCJiZoBHOCTiI, 3amaHoli @dopmMyJoio
a,=2,a,,1=3"a,.

a) 162; 0) 54; B) 18; r) 93.
3HaNIIThL CyMy HEeCKiHUeHHOI reOMeTPUUHOI Iporpecii:
2 2 2
2, ——, —, ——— ..
3 9 27
3 1 3
—; 0) 1—; -3 1.
a) 2 ) 2 B) 5 r)

[22]

3HaUIIThL CyMy BCiX MapHUX ABOMU(MPOBUX UUCEJI.
a) 2408; 0) 2450; B) 2440; r) 2430.

3HanITE TOOYTOK WIEHIB reOMETPUYHOI mporpecii bs * b, - by, AKIo by = 2.
a) 4; 0) 14; B) 8; r) 60.

~

3anumnrite GopMmyJy n-ro uieHa apupMeTUYHOI mporpecii 2, 6,....
a)a,=n’>+n; 6)a, =4n-2; B)a, = 4n + 2; 1) a, = n — n.

3HaAUIIThL CyMy IepIIuX IMeCTU YIeHiB reOMeTPUUHOI mporpecii, SKIIMo
b =38,q = 2.
a) 197; 6) 90; B) 189; r) 93.

fAxi nBa uncisa caig BectaBuTu Midk umcaamu 2 i 31,25, 111006 pasoM BOHU
YTBOPUJIU T€OMETPUUHY IIpOrpecito?
a)li7; 6) 31i4,5; B) 2,51 8; r) 3,51 4.

ITix sxmM HOMEPOM Y reoMeTPUUHi mporpecii 3, 6,... MicTUThCs uncio 3847
a) 7; 0) 9; B) 8; r) 10.
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194 Po3gin 3.

Tunosi 3ABOAHHS 00 KOHTPOJNIbHOI POBOTHU N2 3

B apudwmeruuHniii nporpecii a; = 4, a, = 14.
3HaligiTe: a) d; 0) as; B) Sio-

¥V reomerpuuHiii mporpecii b; = 16, b, = 8.
3HalgiTE: a) q; 0) bg; B) S;.

S3HaWIiTh BOCBMUM UJieH apudMeTHUHOI mporpecii, AKIIO
as + A4 = 20.

B a8

i 3HalifiTh cyMy HEeCKiHUEHHOI reoMeTPHUHOI mporpecii:

16, -4, 1, —l,
4

&
(]

IlogaiiTe y BuUraAi 3Buuaiinoro apooy:
a) 0,(2); 6) 0,(25); B) 0,3(8).

3HaAWIiTh KibKiCTh 1 UJIeHIB reoMeTpUUHOI mporpecii, y aKkii

b, :%, b, = 768, S, = 1534,5.

Ilounumaroour 3 AKOro HoOMepa 4YJeHHM apu@MeTHUYHOI Iporpecii
-3,6; —3,3; —3, ... cTaHyTh JOJATHUMU?

m 3HalmiTE CyMy BCiX HATypaabHUX uuces, aki menrri 3a 100 i gizarsca
Ha 6.

m Y canmy mepiiia fuTHUHA 3ipBajia OUH IIEPCUK, APyra — 1IBa, a KOKHA
HACTyIIHAa — Ha oAuWH mepcuk Oimbime. IloTim yci, XTO pBaB mepcuKH,
posminuam iX MixK co00i0 HMOPIBHY i KOKeH ofep:kaB mo 6 mepcukis.
Crinbku miTeil pBaau mepCcuUKmM?

Cymy n IepHInX YJeHIB reoMeTPUYHOI Iporpecili MOKHa 3HAUTH 3a
dopmyoro S, = 2(5" — 1).
SHaUmiTE: a) Sy; 0) as.
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Po3ain 4

OcHOBU KOMOiIHATOPUKM,
Teopil UMOBIPHOCTEM
Ta CTaTUCTUKM

Ha npakTuui niogm nocTinHO MaloTb Cripasy 3 Pi3HUMM BUNAOKOBUMM MO-
nigmMm abo ix ovikyBaHHaM. LLlopa3y BUHMKAE 3anuTaHHS, 4M BigOyaeTbCca Ta
YK iHWa noais i 3a 9kMX YMOB. Y Cy4aCHOMY iHpOpMaLinHOMY CYCRiNbCTBI
BaXXJINBO BMITU WBUOKO OTPUMYBATWU MOTPIOHI BiGOMOCTi 3 PiSHUX AXXEpen
i MpaBubHO iX aHanidyeaTu. lig, yac po3B’A3yBaHHA BaraTbOX MPAKTUYHUX
3aja4 BUHMKae npobnema BMOOPY AesKoi CyKynHOCTI 00’EKTIB i3 3a4aHuX 3a
MEeBHUMM iIX BNACTUBOCTSAMUN, NigpaxyBaHHSA MOXIMBUX KOMOIHaLiN Towo. L
Ta iHWIi NMMTaHHA PO3rNSa4alTbCs B OKPEMUX MAaTEMATUYHMX Frany3ax — Teopil
MMOBIPHOCTEN, CTaTUCTULj Ta KOMOIHATOPMWLL.

BuBuatouu uev posain, B MaeTe MOXMBICTb 03HANOMUTUCS 3 OCHOBHUMM
MOHATTAMWN KOMOIHATOPUKN, TEOPIT IMOBIPHOCTEN Ta CTAaTUCTUKMN.

Y uboMy pO34ini po3rngHeEMO Taki TeMu:

OcHOBHi NnpaBuna KOMOIHATOPUKKN

§19

Basic Rules for Combinatorics

YacTtoTa Ta MMOBIipHiCTb BUNAAKOBOI NOAIT

§20

The Frequency and Probability of a Random Event

BipomocTi npo ctaTucTUKy

§21

Information on Statistics

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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196 Poagin 4.

B1koPMCTOBYEMO HABYTI KOMMNETEHTHOCTI

LLLo6 3po3ymiTu i ;oOpe 3acBOiTM HOBY TEMY, NPUraaaemo:
— Lllo Take MHOXWHA i NiAMHOXMHA.
— Wo Take uudpa i ymcno.

— Lllo Take cyma uucen a i c.

— Lo Take nobyTok yncen a i c. a-c

a+c

§ 19 OcHoBHI NnpaBuna

KOMOiHaTOpUuKu

Kombinamopuka — po3miji MaTeMaTUKU, IIPUCBAYEHUN PO3B’sI3yBAHHIO
3amau BHOOPY Ta PO3TAIIYBAHHS €JEeMEHTIB MeAKOl CKiHueHHOI MHOKHHU
BiITIOBiTHO /10 3aJaHWX ITPaBUJI.

Posrassmemo 1Ba OCHOBHUX HpaBuMJja, 34 HOIIOMOTOIO SKUX PO3B’I3YETHCA
baraTo 3amau i3 KOMOIHATOPUKIU.

ITIpurkaax 1. ¥V micti N € nBa yHiBepcHUTETH — IIOJITeXHIUHUI 1 eKOHO-
MiuHME. AGiTypieHTY mog00at0TheAa TP (PAaKyJIbTETH B IMOJITEXHIUHOMY YHi-
BepcuTerTi i ;Ba — B eKoHOMiuHOMY. CKiJIBKM MOKJINBOCTEI Mae adiTypieHT
ILIsI BCTYITy B VHiBepcurer?

Posp’asauna. Ilosmaunmo O0yKBOIO A MHOKMHY (PAKyJIbTETiB, AKi oOpaB
abiTypieHT B mosIiTeXHiYHOMY yHiBepcuTeTi, a 6YKBOIO B — B eKOHOMiUHOMY.
Tomi A = {m, n, k}, B = {p, s}. OCKiIbKH IIi MHOKUHN He MAIOTh CIILILHIX
eJIeMeHTiB, TO 3arajioM abiTypieHT Mae 3 + 2 = 5 MOKJIMBOCTEIl BCTYIIATH
0 VHiBepcuTeTry.

Onwucany cuTyalliio MOKHa y3arajJbHUTU y BUTJIALL TBEPAKEHHS, SKe
Ha3WBAETHCA NPAGUJSLOM CYMU.

AKLLO esleMeHT 0eqaKol MHOXUHU A MoXHa Bubpatu m cnocobamu, a
e/ieMeHT MHOXUWHN B — n cnoco6amMmun, To e1eMeHT i3 MHOXUHU A a6o X
i3 MHOXMHU B MmoXxHa BUOpaTtu m + n cnoco6amm.

IIpaBuI0 CyMHU IOIIUPIOETHCA i Ha OLIBINY KiJbKiCTh MHOMKIIH.

IMpuxaan 2. Ilnamyroun JiTHi# BIAITOYMHOK, POANHA BUSHAUMJIAC 3 MiCI[IMU
tioro nposegenusa: B Omeci — 1, B CkagoBcbky — 3, B fApemui — 2, y 3aro-
i — 2. CKiJIbKM MOXKJINBOCTEH BUOOPY JIITHBOTO BiATIOUMHKY Ma€ pomuHa?
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Posp’azanna. OcKinbKu Bci 6asu BiAIOUYMHKY pPisHi, TO AJA PO3B’A3aHHS
3aavi MOCUTH 3HAUTU CyMYy €JIEMEHTIB yCiX MHOMKHH, IPO AKi HgerThcs:
1+3+ 2+ 2=8.0rxe, poguHa MOKe 00MpPaATU BiIIIOUNHOK 3 8 MOMKJIUBUX.

Posrasauemo 3amadi, 1110 CTOCYIOTHCA iHITIOTO ITPaBuUJA.

IIpuknax 3. Bix nyukTy A 10 IyHKTY B BeIyTh TPU CTEXKKH, a Big B mo
C — pgBi. CKiZbKOMA MapIIPyTaMU MOYKHA IPOUTH Biff TYHKTY A 10 nyHKTY C?
Posp’asannda. 1l1o6 mpoiitu Bim myHKTY A 10 myHKTY B, Tpeb6a BuOpa-
TH OOHY 3 TPhOX CTeXKOK: 1, 2 abo 3
(maan. 134). Ilicna Toro caix Bubpatu

OHY 3 OBOX iHINIUX CTEXKOK: 4 uu; 5. . T —
Yceboro Big myHKTY A IO IYHKTY z‘}t N N
C BengyTh 6 mapiipyris, 60 3 - 2 = 6. e N S
VYei mi mapmpyTu MOKHA ITO3HAYU-
Man. 134

T1 3a momomoroio nap: (1; 4), (1; 5),
(2; 4), (25 5), (3; 4), (35 9).
Y3araabHUMO OMMCAHy CUTYAIliio.

AKLL0 NepLInii KOMMOHEHT Napu MoOXHa BuGpatu m cnocobdamu, a gpy-
rmii — n cnoco6amm, To Taky napy MOXHa Bu6paTtu mn cnoco6amm.

Ile — npasuso dobymrky, MOro 4acTo HA3WBAIOTH OCHOBHUM ITPABUJIOM
KOMOiHATOPUKU. 3BePHITh yBary: ileThbcsa Ipo BIOPAAKOBaHI mapu, CKJIaeHi
3 PiBHUX KOMIIOHEHTIB.

IIpaBuio mOoOYTKY IOIMIMPIOETHCA i Ha BIOPAJKOBAaHI TPiiKu, UETBipKU
Ta OyAb-AKi iHIII BIOPpAAKOBaHI CKiHUEHHI MHOMKUHU. 30KPEMA, AKUL0 NePpuLuil
KOMNOHeHm YnopadKoeaHol mpillku MOXCHA UGpPAMU m cnocoobamu, Opyzuil —
n cnocobamu, mpemiii — k cnocobamu, mo maxky 6nopsi0Ko8aHy MpillKy MO*CHA
subpamu m-n-k cnocobamu. Hampukian, AKI0 igaabHa Ha 00 mpuroTyBaa
2 mepii crpaBu — Gopir (6) i cym (c),

. —~ AT
3 npyri — kotaeru (), BApeHUKH (B), (x ﬂ_:;
rony6ri (r) i 2 mecepTHi — TicTeuka - / i
(T) i MOpO3UBO (M), TO BCHOTO i3 TPHOX [ 6 B‘-_‘Hi?
CTpaB iaJbHA MOYKe 3aIllPOIIOHYyBaTU = )

12 pisHux HabopiB, oCKimbKU 2 * 3 *
2=12.

rpama, 300paskeHa Ha MaJIlOHKY 135. \

do

. e . . O6ig
Onwucaniii curyanii Bigmosigae gia- -
H".--""'J"u'l
Taxki giarpamMmu Ha3UBAOTD depesamil. / =)
IMpuxkaaxg 4. CkinbKKU pisHUX IIO- ¥ o = AT}
i3miB MOKHA CKJacTu 3 6 Barois, p— q‘““f’@
SKINO KOMKHUM 3 BArOHIB MOYKHA II0- _r#;,;_
. . r N
CTABUTHU HA OYAb-AIKOMY MicIii? I~

-
|

Mau. 135
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Posp’sizannda. [lepmuM MoKHA MOCTaBUTH Oyab-AKuit i3 6 Baronis. Mae-
Mo 6 BuOopiB. [Ipyruii BaroH mMokHa BuOpaTu 3 perntu 5 BaroHiB. Tomy
3a IPaBUJIOM MHOKEHHS [Ba IMEPIINX BarOHU MOKHa BuOpaTtu 6 * 5 cmoco-
bamu. Tperiii Baron Mo:KHa BuOpaTu 3 4 BaroHip, 110 3aJuITUIUCH. Tomy
TPU IEPIIINX BaroHW MoKHa Bubpartu 6 - 5 + 4 cmocobamu. IIpomoBikyioun
moAi6HI MipKyBaHHS, MPUXOAUMO OO0 BiAIOBiAi: yCchOT0 MOKHA CKJIACTHU
6:-5:-4-3-2-1= 720 pisuux 1moisais.

— XOYETE 3HATU LLE BUIbLUE? ,

3BEepHiTb yBary Ha po3B’a3aHHsA OCTaHHbOI 3a4a4i. BoHO 3Benocs Ao o04ncneH-
HSA 0OOYTKY BCiX HAaTypasnbHMX Yncen Big 1 0o 6. Y kombiHaTOpuULi NoaioHi 400yTKN
0BYMCHIIOITb HaCTo.

A o0yToK ycix HaTypanbHUX Yncen Big 1 40 n Ha3uBalOTb N -gpakTopiasiom
i no3Ha4yaoTb n!

Hanpwvknag;

51=1.2-3-4.5=120,7'=1-2-3-4-5-6-7=5040.

JdomoBunucek BBaxaTtn, wo 1'=1i0!=1.

NMEPEBIPTE CEBE

AxKi samaui Ha3MBaIOTh KOMOiHATOPHUMU?

IITo Take xKomOiHATOPUKA?

CoopmystoiiTe IPaBUJIO CYyMIU.

CoopmysroiiTe OCHOBHE IPABUJIO KOMOIHATOPUKIU.
Hagenits npukian giarpamu-gepena.

o Take paxropian? Sk #oro mos3HaAUAIOTH?

Soh e

BUKOHAEMO PA3ZOM

c VY posirpari Ha mepriricTs micta 3 6ackeT60sy 6epyTh yU4acTh KOMAHIN
3 12 mkin. CkinbKoMa cmocobaMu MOMKYTH OyTH POS3IONiJIeHI Iepiie
i gpyre micia?

e Posr’azannga. [lepiie micie moxke omep:katu ogHa 3 12 Komaua. Ilicasa
TOT0, AK BU3HAUEHO BOJIOAAPS IIEPIIIOT0 MiCIisd, IPyre Miciie MOYKe OTPHU-
matu omgHa 3 11 xomanza. Orake, 3arajpHa KiJIbKIiCTBH CIIOCO0iIB, AKMMU
MOKHAa PO3MOMiJINTH IIeplie i apyre micrsd, mopiBHioe 12 - 11 = 132.
Bignmosigs. 132.

9 Cxkinpku woTupuIn@pPOBUX UmcesJ MOXKHA ckJjgactu 3 mudp 0, 1, 2, 3,
4, 5, AKIIO KogHA Mu{pPa He IIOBTOPIOETHCA?

e Posp’azanna. Ilepmoio mugdpoio uneaa moxke 0yt ogHa 3 5 mudp: 1,
2, 3, 4, 5. fAxmo mepma mudpa obpama, To Apyra Moxke OyTHm oOpaHa
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5-ma cmocobamu, TpeTsa — 4-Ma, ueTBepTa — 3-Ma. 3TiAHO 3 IIPaBUJIOM
MHOKEHHS 3arajibHe YHCJIO cnocobiB mopiBuioe: 5 - 5 - 4 - 3 = 300.
Bigmosigs. 300.

BUKOHAMTE YCHO

791. € gBi mudpu: 1i9. CxizbkoMa crmocobamMu 3 MuX (PP MOKHA CKJIACTIH:

a) ogHOIM(POBE UMCI0; 0) ABOIM(pPOBE UKCIO0, 100 ITU(GPU Y UUCTi He

OBTOPIOBAJINCH; B) ABOIM(MPOBE UNCJI0, AKIIO IUQPPU Y UHUCIL MOKYTH
TIOBTOPIOBATHCA ?

792. Y wkaaci 11 xgonmis i 10 giBuar. CKilbKoMa cmocobaMu MOKHA AeJe-
TyBaTH OJHOTO YUYHS B MIKiJIbHUI KOMITET caMOBPAIYBaHH?

793. VY kaaci 11 xgonmis i 10 giBuar. CKilbKoMa crocobaMmu MOKHA OeJe-
T'yBaTU JBOX YUHIB y INKIJIbHUHN KOMiTeT CAMOBPSAAYBAHHA?

794. Y waaci 11 xgonmis i 10 giBuar. CKimbKoMa crocobaMu MOKHA OeJe-
ryBaTU OAHY AiBUMHY i OOHOTO XJIOIIA B INKiJIbHUUN KOMITET caMOBPA-
IyBaHHSA?

795. Y marasuHi € Tpu BUAU IeumBa i JecATh BuAiB mykepok. Cepriii xoue
KYIOUTHU cecTpi meumBo um mMykepku. CkiJTbKoMa cmocobamMu BiH MoOKe
e 3poouTu?

796. [Ina saBepiieHHA (DOPMYBaHHS eKcIeauIlii B AHTAPKTUIAY J0IaTKOBO
posrasimanucs 3assu 10 mpeTeHIeHTIB HA ITocay JiKaps, 5 IPeTeHIeHTIiB
HAa [mocany mosapa i 3 mpeTeHIeHTHU Ha rmocany TexHika. JKomen kangumar
He IpeTeHAyBaB OJHOYACHO Ha ABi um Oiabire mocan. CkigTbKoOMAa CIIOCO-
0aMMu MOJKHA 3aIIOBHUTH OJHE BiJibHe MicIle B eKCIemuIfii?

797. CKinbKoMa cmocobaMu MOMKHA IIOCAANUTH YOTUPLOX AiTell Ha JIaBIli?

798. Ha Bepmiuny ropu BenyTh 4 cre:kKu. CKiIbKOMAa MapIIPpyTaMU TYPUCT
MOKe HiJHATHCHL HA TOPY i CIyCcTUTHCSA 3 Hel, o0upamuu AJd CIYCKY i
migiiomy pisHi cTemKu?

799. Onenka mae 2 cuigunuky i 3 BumuTi 6,1y3ku. CKiabKY pisuux HAOOPiB
BOpaHHA MOYKHA BUOpATH AJIA BHUCTYIY B XOpi.

800. Inanbra npurorysana Ha cHizasHoK 3 npyri crpasu (A, B, C) i nBa Ha-
moi (M, K). Ckinbku pisHmx HabOpiB i3 TaKMX cTpaB i HAIIOIB MOKHA
BubpaTu Ha cHimamok? CKJaaiTh BiAIOBiAHY miarpamy-aepeso.

801. CxinpkoMa cmocobamMu 5 0ci6 MOKYTh YTBOPUTHU Uepry A0 Kacu?

802. CkinbKku pisHUX peueHb MOKHA CKJIACTU 31 CIIB «MH», «JIO0MMO»,
«uuTaTu»? A 3i CIiB «MHU», «AYiKE», «JIIOOMMO», «UUTATU» ?
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803. Crkinbkoma cmocobaMu AiBUMHKA MOMKe HAHM3AaTU HA HUTKY 8 PisHUX
HAMUCTUH?

804. Crinpku TpunudpoBUX YKCeJ MOXKHA yrBopuTtu 3 mudp 1, 2, 3, 4, 5?

805. Biokpuma 3adauwa. Ck1aniTs 3agauy 3a MaaoHKoM 136 i po3B’ axiTs ii.

806. Bicim apysiB Bupimuam mpoBecTH TYpPHIp 3 IIAINOK TaK, 1100 KOMKHUMN
3irpas 3 KoxxHUM ogHy maprioo. CKinbku maptiit 6yae sirpano?

807. Inanpusa mpurorysana ua 06ig 3 mepmri crpasu (4, B, C), 3 apyri (a, 6, ¢)
i 3 Tperi (x, p, y). CkinbKu pisHmMX HAOOPiB i3 TPHOX CTPAB MOYKHA BU-
6paru Ha 00in? CrJuaazmiTe BigmoBimHy aiarpamy-mepeso.

808. CrBOpIOIOTH eMOJIeMY IMIKOJH, €JIEMEHTOM AKOI Mae OyTH MHOTOKYTHUK
MeBHOTO K0JIbopy. CKiIbKY TaKUX eM0JieM MOKHA CTBOPUTH, SKIIO PO3-
ragagatu Tpu Girypu (TPUKYTHUK, KBaApaT, IMIECTUKYTHUK) i 4 KOJIbOPU
(cuHiit, 3enenuii, KOBTHUI, YePBOHUIT)?

Mau. 136 Mau. 137

809. CkinbKu pi3HUX «KOPTEKiB» MOKE CTBOPUTU XJOMYUK 3 YOTHUPHOX
irpamkoBux aBTOMO0iIiB: 6isOT0, JKOBTOr'0, CUHLOTO i uepBoHOTr0? CKJIa-
IiTh BiAmoBiAHY miarpamy-Iepeso.

810. Biokpuma 3adawa. CknaniTs 3agavy 3a MmaaoHKoM 137 i po3B’axiTs ii.

811. 1o mopsa Beme 7 mopir. Ckinmbkoma cmocobaMu BiATIOUMBAIOUUI MOKeE
micratucsa Mops i moBepHyTHCA Hasan? PosriasubTe BUMALKU, KOJU PYX
o MopsA i Bim mopdA BimOyBaeThcs:
a) ofHi€0 AOPOroio; 0) PisHUMU MIIIXaMU;
B) OOHUM i3 ABOX IIOTIEepenHiX cmocoOliB.

812. Ha momiTi € Tpu BUAU KOHBEPTiB, ABAa BUAM MApPOK M0 HUX i UOoTHPHU
BUIU ITO3IOPOBUUX JIUCTIBOK, IO BKJIAMAIOTHCA B I1i KOHBepTHU. CKiIbKU
icHye pisHEUX cmoc0o0iB OpopMJIEHHS OJHOTO IPUBiTAHHA?

813. VY cepeny 3a poskiaaaom B 11-A kjaci € 6 pisHUX ypoKiB, cepen AKUX —
anrebpa i reometpida. CkimbKoMa cmocobaMu MOKHA CKJIACTH PO3KJIAJ
Tak, o6 aaredpa i reomerpis crosau mopyu?
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814. V¥V BiBTOpOK 3a poskaamzom B 11-B kiaci € 7 pisHHX ypoKiB, cepern
akux — (Qisuka i actponomia. CKimbKoMa crocobaMu MOKHA CKJIACTU
posKJam Tak, Imoo:

a) (pisuKa i acTpoHOMIiA CTOAIU MMOPYY;
0) (pisuka i acTpoHOMisA He CTOSAIU TOPYU?

815. Cxkinbku:
a) mapHUX YOoTUPUIM(PPOBUX UKUCEJ MOKHA cKJacTtu 3 rudp 0, 1, 2, 3,
4, 5, AKI0 HUPPU He MOKYThH IIOBTOPIOBATHCS.
0) HemapHUX YOTUPHUIIU(PPOBUX UMCEJ MOKHA ckJjactu 3 mudp 0, 1, 2,
3, 4, 5, aKIio nudpu He MOKYTb IIOBTOPIOBATUC?

816. ¥V minmepil roTyoTh BeJMKY i MaJIeHBbKY IIiIly 3 TOBCTOIO i TOHKOIO
ocHOBO0. CKiMbKY PisHUX BUIIB Hilly MOKHA 3aMOBUTHU B ITill mimepii,
AKIMO AJIA TOHKOI il BUKOPUCTOBYIOTh TPU BUAU HAIOBHEHH:, a I
TOBCTOI — YOTUPU?

817. O6uucaiTh:

a) 10! : 5!; 6) 13! : 10! B) 20! : 25}; r) 100! : 97!,

818. CupocriTh BUpas:

aynl:(n—-1); 0)(n—D!:nB)(n+1):(n-1).

BnpraBu o4ns NOBTOPEHHS

819. Bupyuka KHMKKOBOro Marasuay cranoBuja B I kBapramui 700,46 Tuc.
rpH. Bimomo, 110 y ciunmi Bupyuka Oysa Ha 49,8 Tuc. rpH. O6iable, HiXK
y JI0TOMY, a y OepesHi — Ha 178,92 Tuc. rpH. MeHIIIe, HijK y JIIOTOMY.
Axwuit moxim OyB y MarasuHa B Oepes3Hi?

820. Po3B’s1:kiTh piBHAHHS:

a) x% = b5; 6) x* — 5x> +4 = 0.
821. Copocrits Bupas:
1) 2a3b(—1ab)a2b; 3) (—Eazb)bza-g(azbz)B;
2 3 4
2 3 3 1 3 .2 1 2
2) 3ak’(-2kx")k"; 1) -2_a’c* —ac®-Gabc.

CKAPBHUYKA OOCSATHEHb

v/ 3Hal0 OCHOBHI IpaBuja KOMOIHATOPUKH.

v P03pi3HAI0 MPaBUJIO CyMH i IPaBUJIO TOOYTKY.

v/ YMii0 BUKOPHCTOBYBATH KOMOiHATOPHE IPABUJIO CYMMU.

v/ YMii0 BUKOPHUCTOBYBATU KOMOiHATOPHE IIPABUJIO LOOYTKY.
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B1koPMCTOBYEMO HABYTI KOMMNETEHTHOCTI

LLIo6 3po3ymiTn i ,oOpe 3acBOITU HOBY TEMY, NMPUragaemMo:

. . m
— WO Take BIAHOLIEHHA Yncen m il n m : n abo —
n

. m
— BNACTUBICTb NPaBUMIbHOro Apoby —, me N, ne N:
n

m m
akwo m < n, 70 — < 1, 9kwio m = n, T0 — = 1.
n n

§ 20 YacToTa Ta iMOBIPHICTb
BUNaaKoBoOIl noail

OxHUM i3 po3ziniB cyuacHoOi MaTeMaTHKHM € Teopid iiMoBipHOCTeii. Ii
HaWBaKJIUBIIII MOHATTS — HMOBiIpHiICHHU eKcIepuMeHT (BUIIPOOYyBaHHS,
CIIOCTepe:KeHHs), nodis (Hacaimok BUIPoOyBaHHA) i iimosipHicmb nodii. Ha-
BeeMO MPUKJIAAU BUIIPOOYBaHb Ta IX OKPEeMUX HACTIAKIB — HeAKUX ITOMil.

BunpooOyBanHsa Ilomisa
Iligkuganaa moueTn Momnera ymaaa moropu repoom
Hanmcanasa KOHTPOJIBHOI poOOTH Bu orpumainu 12 6aiis
OuikyBaHHSA PaHKY Panox macras
IligKkugaHHa rpajJbHOTO KyOUKa Bumnasio 7 ouok

OcTaHHA IIOAis HEMOXKJINBA, 00 Ha I'paHAX I'PAJbHOr0 KyOmKa HeMae
cimru. IToxia 3 mocrosipua (Biporimua), 60 mic/as HOUi 3aBXKAM HACTYIIAE
pasok. IToxii 1 i 2 BunmagkKosi.

Bszaraii, mogia HazuBaeThLCA HEMOMCJIUB0I0, AKIIO BOHA HiKOJIU HEe MOYKe
BigOyTHCSA, JOCTOBIPHOIO — SKIIIO BOHA 3aBXKAU BigOyBaeTheA. IKIMO mogisa
MOJKe BigOyTucsa abo He BimbyTucs, 1i masuBaioTh 8UNA0K08010.

IToxii mosHauaOTh BeIUKUMU JaTUHChbKUMU OykBamu A, B, C,... abo of-
Hi€l0 JIJaATUHCHKOIO OYKBOIO 3 iHgexkcom: A, A,, As,..., An. 3micT moaii mo-
IaoTh y QirypHHUX ayskKax. Hanpukiazn, TpeTio IOAil0 3 TAOJUII MOXKHA
s3amucaTy Tak:

A; = {macraB paHOK}.

CkasaTu Hamepejs IIPO BUOAIKOBY IIOAil0, IO BOHA BiAOyaeTbCcA YM He

BimOymeTnhcsi, He MO:KHA. SIKITO K IA IIOAiA MacoBa, BUKOHYETHCA Oarato
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pasiB i 3a ofHAKOBUX YMOB, TO HIMOBipHicTH Ii HacTaBaHHA MOYKHA Xapak-
TEepU3yBaTU AEIKUM YMCJIOM.

PosrisHemMo eKcnepuMeHT, SKUU IIOJATAE B IMiAKUIAHHI CUMETPUUYHOL
onHOPiAHOI MOHeTH i (pikcarii Toro 60Ky, AKUM MOHeTa yIiaja JOTOPHU. Moro
MOJKHA IIPOBOAUTU B OOHUX i TMX caMUX YMOBaX AKY 3aBrOJHO KiJIbKicTb
pasiB. ¥ TabuauIli mogamoThCA Pe3yIbTaTH BOCBMU CEPill TAKUX BUIPOOYBAHb.

Homep cepii 1 2 3 4 5 6 7 8
Rimexicts mia- 14060 9000 |3000 [4000 [5000 [6000 |7000 |8000
KUOaHb, N
KinskicTs rep-
6iB, n(r)
Bigznocua

JaCcTOTa IOABU
n(r) 0,501 /0,493 {0,498 |0,509 {0,503 | 0,501 {0,501 {0,500

501 |986 [1495 [2036 |2516 |[3004 |3504 [3997

repba,

Yucso B OCTAaHHBOMY PAAKY TAOJUINL AJIS KOMKHOI cepii BUBHAUYAETHCS K
BiTHOIIIEHHSA KiJbKOCTI BuIlagauHs repba o 3arajbHOI KiJIbKOCTI migKuIaHb
MOHETH B IIiii cepii BunpoOyBaub. BoHo HasuBaeThLCA B8IOHOCHOI0 YA CHOMON0
nosasu nodii. AAximo gaui radauii soopasutu rpadiuno (maa. 138), To MoKHA
mo0aunTH, 110 BiIHOCHA YacTOoTa IIOSIBU repba KOJMBAETHCSI HABKOJIO UHCJIA
0,5 i majo BimpisHaeTbCA Big HHOTO.

BignaocHa |
JacTora,
n(r)
n

>

1 ° ° ° Py
2

1 1 1 1 1 1 1 1 »
!

0 1000 2000 3000 4000 5000 6000 7000 8000
KinpkicTh migkugaus, n

Maan. 138
SAxmio B n BunpoOyBaHHAX monmisg X BigOyBaeThbcsa m pasiB, To aApi6 —
n

BHU3HAYAaE BigHOCHY uacToTy moaBu moxii X. Yucmao, 6iad AKOTO KOJINBAETD-
cs BiTHOCHA YacToTa IIoMAil, BUpaskae MMOBIpHICTB Iri€el moxaii; ii mo3sHauYamTh
O0ykBoro P (Bim anrsificbkoro cioBa probability — MoBipHIiCTB).
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ITeit Tepmin yBiB B. Ilackans. ¥ gucti mo II. ®epma Big 28 KoBTHA
1654 p. BiH nmucas: «BijgbIIicTh JII0ell BBAXKAIOTh, IO KOJU BOHHU PO IIO-
HeOyIb He MalOTh IOBHOT'O 3HAHHSA (4 MH HiKOJIM HEe MAEMO IIOBHOTO 3HAHHS),
TO BOHU B3araji Hiuoro mpo e He 3HAIOTh. I mepekoHaHuii, 110 TaKi TyMKU
MINOOKO IMOMUJIKOBI. YacTKOBe 3HAHHSA TE)X € 3HAHHSAM, i1 HEIOBHE Iepe-
KOHAHHSA BCe K Ma€ JedKe 3HAYeHHs, 0COOJIMBO KOJIM MEHI BifoMU CTYmiHb
miel BueBHEHOCTi. XTOCh MOJKe 3amUTATU: «A YU MOYKHA BUMIpATH Mipy
BIIEBHEHOCTI umcgoMm?». «3BUUYANHO, — BiAmoOBiM s, — JIOAM, AKi I'paloTh
B a3apTHi irpu, o6r'pyHTOBYIOTH CBOIO BIIEBHEHICTh caMe Tak. Kosu rpasenb
KHJae TpaJbHuil KyOUK, BiH Halepesa He 3Ha€, AKe caMe UYHCJIO0 OUOK BU-
naze. Aue meIo BiH Bce-Taku 3Hae. Hampukian, Te, 1o BCi MIicTh yncesa —
1, 2, 3,4, 5, 6 — MaTh OOJHAKOBI IMTaHCHU HA yCIIixX. JIKIIIO MU JOMOBUMO-
cs BBasKATU MOMKJIMBICTH MOSABU JOCTOBiIPHOTO 3a OAWMHUITIO, TO MOMKJIUBICTD
BUIIAJAAHHSA IIMiCTKY, AK i KOMKHOTO 3 iHIINX II’ATH YKUCEJI, BUPA3UTHCA APO-

oom E». 3asHauy Bigpasy, II0 Mipy MOMKJIMUBOCTi (BIeBHeHOCTi) momii s

Has3BaB imMoBipHicTI0. I 6araTo po3sMipKoBYBaB HaJ BMOOPOM BiAIIOBiZHOTO
cJIOBa i, HapemTi, caMe Oro BBa)Kai0 HAWBUPABHIIIIIM » .

B. ITackayib Bu3HauaB iMOBipHOCTI JesIKUX MMOAil 6e3 IpoBeAeHHS BUIPO-
o6yBaub. I[le MoKHA 3pOOUTH TOMi, KOJIU HACTIAKYM BUNIPOOYBaHb YTBOPIOIOTH
CKiHUEHHY MHOKUWHY i € PiBHOMOKJUBUMU, TOOTO B YMOBaX ITPOBEIEHOTO
BUITPOOYBAHHSA HeMAa€ ITiJICTaB yBasKaTU IIOABY ONHOTO 3 HACHIAKIB OiabIm
Yy MEHII MOKJIMBUM IIOPiBHAHO 3 iHIITMU.

Posrasuemo npukiaan. KumaioTsh oquH pas IpaBUIbLHUNA OJHOPIAHII IPajb-
HUM KyOouK (Mas. 139) i pikcyioTh cyMy OUOK Ha I'paHi, IIT0 BUIIaJa JOTOPU.
PesynbTaToM Takoro BUIIPOOYBaHHA MOYKYTH cTaTw 6 pisHUX IOmiii:

E, = {Bumaze ogHe 04KO};

E, = {Bumaze nBa oukmu};

E; = {Bumaze Tpu OuKm};

E, = {Bumasie 4oTupu OUYKm}; \' ’

E; = {Bunase m’ATb 0YOK}; )

E¢ = {Bumaze mricth O4OK}. Maur. 139

i nricts mofifi OXOILJIIOIOTH i BUUEPHYIOTh YCi MOMKJIMBI HACJHIIKM eKcC-
nepuMeHTy. BoHU nonapHo HecymicHi, 60 KOKHOTO pa3y BUIIAAE TiJIbKU
OJHAa KiJIBbKiCTh OUOK. YcCi IIicTh momifi 00HaK080 MoxcAUBi, 60 HAETHCI IPO
OHOPimHMI KYyOUK IIPaBUJILHOI (h)OPMU i CIPUTHICTE IPaBIlA BUKJIIOUYAETHC.
Y rakomy pasi roBopdATh, IO OJA 3AIMCHEHHS KOXKHOI 3 WX IIOAill icHYe
OJWH IIIAHC i3 IIIecTH.

Kowxny 8 moxint E,—E¢ 114 HaBeIeHOTO BUIIe BUIIPOOYBAaHHA Ha3MBAIOTh
eJIeMeHTapHOI0, a BCIO iX MHOMKUHY — IIPOCTOPOM eJIeMeHTapHUX ITOiil.

Enemenmapnoro nodieio Ha3MBaIOTh KOMKHUYN MOKJINBUI HACIIiTOK iMOBip-
HiCcHOTO eKcIlepuMeHTY. MHOXKMHY BCiX MOMKJINBUX HACTIKiB eKCIIepUMEH-
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Ty Ha3UBAIOTb NPOCMOPOM ejleMeHmapHux nodiii i mosHavyamTh I'PEIbKOI0
oykBoo W (omera).

SIKII0 mpocTip eleMeHTAPHUX MO IJaA AeAKOTO0 BUIIPOOYBaHHSA CKJa-
IaeThbCcA 3 N PIBHOMOMKJIUBUX HECYMIiCHUX IIOMiil, TO MMOBIpHIiCTBL KOKHOIL
3 HUX JTOPiBHIOE l

n
Hampuraazn, iMoBipHiCTE TOTO, IO HA MiAKNHYTOMY TPAJIbHOMY KYOUKY

. 1 . .. .
BUIIaJEe 5 OUOK, JOPiBHIOE E A #imMoBipHicTh TOro, II0 MiAKWHYTa MOHETAa

) 1
BIIJie JOTOPU repOboOM, SOPiBHIOE 5

u Mo8ipHicmb nodii A mosHavaioTh cuMBosioM P(A). SKio mepiry 3 mmux
mofiii mosHauuTu OyKBOIO A, a Apyry — B, To P(A):%, P(B)=é.

IcayioTs moxii meememeHTapHi. PosrisHeMo, HaIPUKJIAL, TaKy IIOHil0:
C = {mosiBa ILIACTUHKM AOMiHO 3 8 ouKamm}.

OCKiJbKY IJIACTMHOK NOMiHO ychoro 28, TO BUIIPOOYBaHHA, IIOB’s3aHe
3 BUOOPOM OJHi€l MJIaCTUHKYU, BUUEPIYEThCSI 28 PiBHOMOKJIMBUMU i Hesa-
JexxHUMHU Hacaigramu. OT:Ke, OPOCTip eJeMeHTapHUX IOAiA AJIS JaHOTO
BUIIPOOYBaHHS CKJIagacThed 3 28 enreMeHTapHux mogivt Ei, nei =1, 2,..., 28.
ITomia C moske BigbyTucs, AKINO BigOymeTbcsa ogHA 3 TPHOX eJIeMEeHTapHUX
moxiti (man. 140):

2 e | o | @
1) E, ={moABa NJIaCTUHKHA — (; ®
6 ® e o | o
_ . e @ e | @
2) E —{HOﬂBa IJIACTUHKU 5}, e o °
4 ® @ |e * @
3) E; = {I‘IOHBa IIACTUHKHU Z} Maur. 140
Kaxxyrp, mo moxii C cupudanTs Tpu exeMmeHTapHi nonii (K, E,, Ej)
3
3 moxauBux 28, romy P(C)=—.
28
Posrasanemo saranbHU Bunanok. Hexaii BunpoOyBaHHS Mae CKiHUeHHY
KiJbKicTh (77) PiBHOMOMKJIMBUX i HECyMicHUX HacJHigKiB i A — meaka Bu-

magKoBa IIOMisA, MOB’sA3aHa 3 HAHUM BUIIPOOYBaHHAM. ByaeMo HasuBaTu
eJleMeHTapHy momiio En cnpuamaugoin 0as eunadkxosoi nodii A, AKIIO Ha-
cranud noAii En B pe3yabTaTi BUITPOOYBAHHSA HIPUBOAUTE 10 HACTAHHS MOIil
A. SIKIMo KisbKicTh eJleMeHTapHUX MO, CHPUATINBUX MOl A, TO3HAYUTH
yepes n(A), To IMOBipHiCTH BUNIAAKOBOI ITOAil A BU3HAYAETHCA 3a (DOPMYJIOI0:

P(A):n(A)
et
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IIpukaan. 3 mepeBepHyTUX 28 KiCTOUOK JOMiHO HaBMaHHS 0epyTh OIHY.
fAxa fimoBipHiCcTH TOTO, 1110 HA Hifl BUABUTHCA BCHOIO:
a) 2 ouku (moxia A); 6) 4 ouxku (moxisa B); B) 11 ouok (moxisa D)?

. . 01 .
Posp’azanna. Icuye 2 rkicToukm gomiHo 3 gBoma oukamu | —;— [, 3 kic-
Y 2’1

12 . 5
TOUKHU 3 YOTHUPMA OUKAMU Z;?E , 1 xicrourka 3 11 oukamu E Ycerworo
MOYKJIMBOCTEH BOOPY 28, 60 B3ATH MOKHA OyAb-aAKy 3 28 KicTouok. OT:xe,
P(A)=£=i, P(B)=i, P(D):i.
28 14 28 28

HasBeMo BiacTUBOCTI IMOBipHOCTI BUIIAAKOBOI mOii.

1. fdxmro C — mogisa memoskausa, To P(C) = 0.

2. dAxmio B — mopaia moctoBipua, To P(B) = 1.

3. Armio X — moxis sunmagkosa, To 0 < P(X) < 1.

4 dxmo E,, E,, Es,..., E,, — enemeHTapHi moaii, 1110 BUYepuyioTh JesdKe
BUIIPOOYBaHHSA, TO

P(E,) + P(E,) + P(E;5) +... + P(E,) = 1.

— XOYETE 3HATU LLE BUIbLUE? ,

MopnibHo [,o reoMeTpil Teopito MMOBIPHOCTEN MOXHa OyayBaTK Ha OCHOBI CHC-
TemMu akcioMm. Npu LbOMY BBOAATLCS OCHOBHI MOHATTS TeOpil MMOBIPHOCTEN Ta
BiAHOLLEHHS MiDXX HUMW | ©OPMYJTIOIOTLCA akCioMU. YCi iHLWI NOHATTS | TBEPLKEHHS
0a3yloTbCsa Ha NOOYOOBaHIN CUCTEMI aKCiIOM 3 HEXTYBAHHSAM iHTYILIT Ta AOCBIgy.
AkciomaTnsyBaTu TEOPIO0 MMOBIPHOCTEN MOXHA Pi3HMMK cnocobamu. Lie B pisHi
yacu poounu I'. BonbmaH (1908), C. H. BepHwTtenH (1917), P. Mizec (1919, 1928),
A. JlTomHnubkni (1923). Harikpallor 3 Tak1x BBaXKAETbCS CUCTEMA akCioM, 3anpo-
noHoaHa B 1929 p. A. M. KonMoroposum. 3 HEK BU 03HANOMUTECS Yy CTapLUii
LLKONI Ta BULLMX HaBYaJIbHUX 3aknagax.

AkcioMaTuU4yHUI Nigxig nae 3mMory LW1UpoKo BUKOPUCTOBYBATU TEOPI0 MMOBIP-
HOCTEN 00 PO3B’A3YyBaHHS PI3HUX TEOPETUYHUX i MPAKTUYHMX 3aBAAHb, a TaKOX
BM3HA4YaTy MeXi I 3aCTOCYBaHHS.

NMEPEBIPTE CEBE

1. dAxi ooxil HasuBarOTh BUIIALKOBUMI?

. HaBeniTs nmpukaagy BUIIAAKOBUX IIOMiM.

AxKi moxii Ha3MBAIOTHL HEMOMKJINBUMU, JOCTOBipHUMI?

HaseniTe npukiag mpocTopy eJeMeHTapHUX ITOIii.

AxKi moxii HasuBaoOTL eJgeMeHTapuuMu? HaseniTs mpukaagn.
YoMy mopiBHIOE IMOBIpHIiCTS, BUIAAKOBOI mMOmii?

YoMy mopiBHIOE IMOBipHICTH HOCTOBipHOI momii? A HeMOMKJIUBOI?
. IIlo Take BigHOCHA YacTOTa BUIAJKOBOI MMOMmii?

.

.

WD YA WN
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BukKkoHAEMO PA3ZOM

c Maemo aBa KyOuKHU, y AKUX II0 2 IPaHi BiITTOBiAHO Y€PBOHOT0, *KOBTOTO
i sesmenoro Kobopy. IligKkumaoTs ix pasom i pikCcyoTh KOJILOPU IpaHeii,
Ha 9Ki BIagyTh 00MaBa KyOMKM. SaIUIIiTh IIPOCTIP eJIeMeHTapHUX II0-
Iifi AJIs TaKOTO BUOPOOYBaHHA.

® Posp’azannHa. fIKmio obmaBa KyOMKHM BHaJW Ha JKOBTiI rpaHi, TO ITI0
MOJil0 IIO3HAYATHMEMO CHMBOJIOM Jco¢. SIKIIO OAUWH BIlage Ha KOBTY,
iHIIKIT — Ha YePBOHY, TO TaKy IIOAil0 Mo3HauaTumMeMo Hu. Toxai mpocTip
eJIeMEeHTApPHUX IOAiN A 3aJaH0oro BUlIpooyBauusa oyme W = {acac, 33,
Y, 3, HH, 34).

9 Habupatouu momep TemedoHy, a00HEeHT 3a0yB ocTaHHIO 1Py i HAOpas
ii maBmanHdA. IKa MOBipHiCTH TOroO, IO BiH HpaBMJIbHO HabOpasB Iieil
HOMED?

e Posp’azanna. Yico Bcix MOKINBUX BUMALAKIB n = 10, a UMCJI0 CIPUAT-

auBux BumagkiB m = 1. Tomy mrykama HMOBiIpHiCTB P:E.

9 Kugators nBa rpanbHux KyOmku. fIKa MMOBipHiCTH TOro, IO Ha HUX
BUNAAYTh OUKM, CyMa AKHX HOpiBHIOE: a) 4; 0) 5; B) 87

e Poszp’azanna. Koxuiil posraaayBaHii moaii mocTaBuMO y BifIOBiIHiCTE
IBOIM(POBE YKCJIO0, HU(PPU AKOT0 BiIIOBia0OThL OUKAM, II[0 BUIIAJIN IIPKU
magiHHi mepIrroro i Apyroro KyoukiB. Mo:xauBi Taki BumagKmu:

11, 12, 13, 14, 15, 16,
21, 22, 23, 24, 25, 26,
31, 32, 33, 34, 35, 36,

61, 62, 63, 64, 65, 66.
A 6aummo, OJA JAaHOTO BUIIPOOYBAHHS IIPOCTIP eJeMeHTapHUX HOIii
W wmictutrs 36 eremeHTiB.
a) Cymy ouoOK, 110 mopiBHIOE 4, maioTh Tpu umucaa: 13, 22 i 31. Maewmo

3 cupuaTauBi eremeHnTapHi mozaii i3 36. Tomy mrykana WMOBipHICTB:

P)=2 -1
36 12
6) Cymy ouok 5 maioTh 4 mapu Kyoukis: 14, 23, 32 i 41, Tomy
4 1
P(5)=—=—.
(5) 36 9
B) Cymy ouok 8 marors 5 map: 26, 35, 44, 53, 62, Tomy
5
P(8)=—:.
36
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BUKOHAWNTE YCHO

822. fkoro 3 moraAxy Teopii iMOBipHOCTEIl € MOMAiA: a) MpU HaiHHI Irpajb-
HOI'o KyOMKa BUIIALYTh II’SITh OYOK; 0) muTuHa Hapoautrhbesa 30 sroToro;
B) IIepPecTAaHOBKOIO OYKB y CJOBi «3e0pa» omep:KaTu CJIOBO «Oepesar;
r) BuOpaHe HaBMaHHs ABONMU(MPOBE UKUCJI0 BUABUTHCA MeHImuM 3a 100;
r) mobymoBauuii rpadik HemapHOl (PYHKIII BUSBUTHCA CUMETPUUHUM
BiTHOCHO IMOYATKy KOOpPAMHAT.

823. fIka ifiMOBipHiCTH TOTO, IITO NIPU IMAAiHHI I'PaJbHOTO KyOMKa BUIMAME:
a) nBa OuKwM; 0) mapHa KiJbKiCTh OUYOK; B) KiIbKicTh OUOK, KpaTHA 37

824. BepyTh HaBMaHH IJIACTUHKY AoMiHO. SIKa iMOBipHiCTH TOTO, 1110 BOHA:
a) € nyoaem; 0) He € gyOsIem?

825. Onumnritey mpocTip eeMeHTAPHUX IIOAiMl AJA JaHOTO eKCIEePUMEeHTY:
a) BCTAaHOBJICHHS MHS HAPOIKEeHHS MOBiJIbHO 00paHOTO yUHsA; 0) BU3HA-
YeHHA KiJIBKOCTiI KOpeHiB KBaJpaTHOTO PiBHAHHSA; B) YCTAHOBJIEHHS
KiZTBbKOCTiI CHiIBHUX TOYOK KoJa i rimepboju, moOyZoBaHUX B OMHIN
cUCTeMi KOOpAMHAT.

826. 3HaiigiTy iMOBipHICTH TOTO, IITO BAIl TOBAPUII HAPOIUBCAH:
a) y cepeny; 0) HaBecHi; B) y BepecHi; 1) 1 ciuns.

827. VY 9-A kuaci maBuatorhesa 20 yuHiB, 25 % 3 AKkux — Bigminauku. Io-
BOJHWTHU TEOPEeMY CHHYCiB HAaBMAaHHS BHUKJMKAIOTHL OJHOro yuHsA. fIKa
MNMOBipHIiCTh TOTO, ITI0 IIe Oyae BiAMiHHUK?

828. Habupatouu HoMmep TesedoHy, aboHeHT 3a0yB mepiny mudpy i Habpas
ii HaBMaHHA. IKa IMOBipHiCTH TOTO, IO MOTPiOHMIT HOMEp BiH HabOpas
OPaBUJIbHO?

829. IlopapboBaumuii 3 ycix OOKiB mepeB’aHU
KyOuK posmuiasian Ha 125 piBHUX KyOuKiB
i momicTuau ix y Topobuny. Ika iMOBipHiCTH
TOTO, 110 Oepydn 3 TOPOMHN KYyOMK HaBMAaH-
HsA, BidbMeTe Takuii, y SKoro modapoboBaHo:
a) Tpu rpaui; 0) TiMbKU ABi rpaHi; B) TiAbKU
onHy rpaHb (Mmasa. 141)?

830. Is OyxB, HamMCAHUX Ha OKPEeMUX KapTKax,
ckaaau caoso TOTOKHICTB. Ilorim mi
KapTKU IIepeBepHYJIH, IIepeTacyBajau i B3d-
JU HaBMAaHHSA OOHY 3 HuX. fIka IMOBipHIiCTH m m '
TOTO, IO HA Hifl BUABUTHCA: a) OykBa T;

0) oyxsa O; B) OyxkBa H? Mau. 141
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831. ¥V TopbuHi 5 6iux i 7 HopHUX Kyab. SIKa iMOBipHiCTB TOTO 1110, Gepydn
HaBMAaHHA, BUAMYTh 3 Hel: a) 0isy KyJi0; 0) YOpHY KYJai0?

823. ¥V mimmeury 10 sropuyTtux mamipiiB. Ha gBox i3 HUX HaIMcaHoO «Hi», a
Ha pemTi — «Tak». fIka IMOBipHiCTH TOTO, IO HA B3ATOMY HaBMaHHS
mamipii BUABUTHCA CJIIOBO «TaK»?

833. B amuky 10 uepBoHUX i 5 JKOBTUX KYJIib. 3 HbOTO BUNHAIN OSHY KYJIIO
YepPBOHOTO KOJBOPY i Bigkgamu BOiK. Ilicsaa 1boro 3 amuka 6epyTsh e
ONHY KyJII0 HaBMaHHs. SIKa WMOBiIpHiCTHL TOTrO, IO BOHA BUABUTHCA
JKOBTOIO?

834.7Y smaranHax 0epyThb yuacTh 25 y4uHIiB mepImoi mkoJau, 15 — gpyroi
110 — TpeTboi. fIKa IMOBiIpHICTDH TOTO, II10 IEPIINM BUCTYIIATIME YUEHD
3 TepIIoi IITKOJIn?

835. ITacaxxup uexae tpamsaii Ne 1 abo Ne 3 Ha 3ymumHIli, A6 3YyIUHIIOTHCA
TpamBai Ne 1, 3, 4 i 9. Beaskatouwn, 110 Bci TpamBal migXoAsaTh OLHAKO-
BO 4YacCTO, 3HAUAITH iMOBIpHICTEL TOTO, IO HMEPIIUM IPUHJE L0 3YyNUHKU
TpaMBa#, SIKOT0 YeKae Imacaykup.

PiBevb B

836. Ha 1000 6ineriB morepei mpunagae 1 surpam 1000 rpa, 10 Burpamris
mo 200 rpa, 50 — mo 100 rpu, 100 — mo 50 rpu. Pemmira 6ineris He-
BUrpaIrHi. 3HAWAITHL iMOBipHiCTH BUTpaIly Ha OAUH 0ijieT, He MEHIIIOTO
Big 100 rpH.

837. Y maprii 3i 100 meraseii 75 merajeil mepIiiIoro copry, 15 — mpyroro,
8 — Tpetboro i 2 gerasi 6paxkoBaHi. IKa WMOBipHiCTH TOTO, IO B3ATA
HaBMAaHHSA JeTAJIb BUABUTHCA IIEPIIIOTO abo APYroro copry?

838. Iz 10 xapTok, nporyMepoBaHuUX uucaamu Bix 1 1o 10, BuiimaioTh OnHY.
fAxa fimoBipHicTE TOTO, 1110 ii HOMEp BUABUTHCA MEHIIINM 3a 7 i OLIbIITIM
3a 3?7

839. B ypui € 30 :xeronis 3 Homepamu Big 1 mo 30. fAka fiMoBipHicTEL TOTO, IO
HEePIUH BUTATHYTUI 3 YPHU HABMAaHHS JKETOH He MicTuTuMme 1udpu 67

840. 3 15 KaprTok, mpoHyMepoBaHUX uymciaaMu Bixm 1 mo 15, BuUiiMamTh
onHy. fIKa IMOBipHiICTH TOTrO, IITO HOMEP BUIHATOI KAPTKU BUABUTHCH:
a) xpatuuM 3; 06) kpaTHuM 47?7

841. 3i 100 HayKOBIIiB ycTaHOBU aHTJIiICbKOIO BOJIOAiI0TH 90, HiMeIIbKOI0 —
85, 80 oci6 — ob6oma muMu MoBaMu. SHAWAITH iMOBipHiCTE TOTO, IIIO BU-
OpaHMWII HAaBMaHHSA HayKOBeIb 3 ITiel yCTaHOBU: a) BOJIOMi€ aHTJIiICHKOIO
abo HiMelbKOI0; 0) He 3HAE€ Hi aHIIificbKOI, Hi HiMeIbKOi.

842. IlinxkugaroTh ABa TpalbHUX KyOumKu. fIxka fiMoBipHicTH, moaBu xoua 0
onmHiel mricTrm?
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843. BepyTh HaBMaHHSA IJACTUHKY AOMiHO. IKa HMOBipHiCTH TOTO, IITO Ha
Hill €: a) ychoro 9 ouok; 0) 6iabII HiK 9 0UOK; B) MeHII HiK 9 ouoK?

844. ITopapboauuii gepeB’ aunii Kyouk posnuasaan Ha 1000 piBEuxX KyOuKiB
i momicTuau ix y Topbuny. Ika iMoBipHiCTS TOTO, 1110 OepyUU 3 TOPOMHU
HaBMaHHA OJUH KyOWK, BU BisbMeTe TaKuii, AKUNA Mae: a) IpuHAAMHIL
onuy modapboBaHy rpaHb; 0) TiibKU ABi modapboBaHi rpani?

845. 3uaigiTs iMOBipHiCTE TOTO, 1110 BuUOpate HaBMaHHS ABOIIM(POBE YKUCJIO
KpaTHe 5.

846. OgHouacHO MiAKMIAIOTHL OBi OogHAKOBI MoHeTH. 3HAWIITHL iMOBiIpHiCTH
mopii: a) A = {Bumnas oquH repb i ogHa perika}; 6) B = {BUayso He MeHIIIe
OoIHOTO repodaj.

847. IlepeBipunu 500 moBisbHO BuOpaHuUX meTajieil i BuABuIM, IO D i3
HuUX — OpakoBaui. CKinbKHM OpaKoOBaHUX JeTajell MOKHA OUiKyBaTU B
naprii 8 3500 mTyK?

848%*. JlocmimgiTh PO3MOIia XJIOMUYNKIB i AiBUATOK Y POAMHAX, AKI MAaiOTh TPOE
miTei pisHoro Biky. BBaskaiiTe, 1110 IMOBipHiICTh HAPOAMKEHHA XJOMUNKA
i ZiBUMHKU OJHAKOBA.

BnpraBu oNns NOBTOPEHHS

849. dyukmiro sagano gopmyaoro f(x) = —5x + 3. maugits f(0,1); f(—2,5);
f(=10); £(0,3); f(-1,2).
850. Po3B’s1:kiTh HEpiBHICTD:
a) (3x — 1)(x + 3) > x(1 + 5x); 6) x> + 8x + 8 < 3x%.
851. IToOyayiiTe rpadik GpyHKIfii:
a) y =|x2 —x|; 0) y= x% —|xl.

CKAPBHUYKA AOCAINHEHb

v Moy HaBeCTHU IIPUKJIALHU ITOLIMA:
— HEeMOKJINBUX;
— IOCTOBipHUX;
— BUIIQJKOBUX.
v Moy IOSICHUTH, II[O TaKe:
— YacToTa BUIALKOBOI HMOM;il;
— HMOBipHiCTH BUIIaAKOBOI MOii.
v/ YMmiro posB’asyBaTu 3amadi, 1o epesdadaroTh:
— 3HAXOIKeHHS MMOBIPHOCTI BUIAaJAKOBOI IIOIii;
— 00YMCJIeHHS YaCTOTU BUIIAAKOBOI ITOAii.
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BukoPUCTOBYEMO HABYTI KOMMETEHTHOCTI

LLIo6 3po3ymiTh i mobpe 3acBOITU HOBY TEMY, MPUragaEMO:
— Lo Take cepegHe apudmeTndHe

aBox yicen a i b abo n uucen ay, a,..., a,
a+b a,+a,+...+a,
2 n

— 9k 6yaytoTb CTOBOYACTI Ta CEKTOPHI Aiarpamu.

§ 21 BipomocTi

NMPo CTaTUCTUKYy

Hayry, B AKifl mOoCHimKyOThCcA KiJbKicHI XapaKTEepPUCTUKN MacCOBUX
SIBUII, HA3UBAIOTh MAMEeMAMULHOI CIMAMUCMUKOo0 (Bi JaTUHCHKOTO CJI0BA
status — cTaH, CTAHOBHUIIIE).

IIpukaax 1. I3 87 geB’ATUKIACHUKIB OgHie] IIIKOJAU 7 MAIOTh OI[IHKHU, IO
BimmoBizaroTs I piBHIO HAaBUANBLHUX HOCATHeHb, 33 — II, 31 — IITi 16 —
IV piBamO. Ile KinbKicHI XapaKTepUCTUKU TPOBEeAEHOI KOHTPOJIBHOI poboTH.
Ix mMosxkHa momaTu y BUTIALL TAGMMII.

PiBenb HaBUAJIbHUX TOCATHEHb I 1I 11T IV
KinpKicTh yuHiB 7 33 31 16

Haouno 306pasuTu I1i gaHi MOKHA 3a JOIIO-
MOT0I0 cTOBIIUacToi maiarpamm (mas. 142).

CroBmuacTi miarpaMu y CTaTHUCTHUILI Ha3UBa-
I0Th zicmozpamamu (BiJ rperibKuX CJIiB histos —
CTOBII, gramma — HAIUCAHHI).

Y posriAaHyTOMY HOPUKJIamLi faerbcsa mpo 87
yuniB. CupaBa 3HaUHO YCKJAIHIOETHCH, SKIIO
IOCJTi 1K YIOTH MACOBI ABUULA, TTTO OXOILITIOIOTH TH-
cAYi a60 ¥ MiMTBHOHM JOCTiMKyBaHUX 00 €KTiB. T I 10 1V
Hampukiaaz, BSyTTeBUKaM Tpeda 3HaTH, CKiJIbKHT Pisensn
B3YTTS CJIi i BUITYCKATU TOT'O YU iHIIIOTO PO3Mipy. Maur. 142
Ak e 3’sacysatu? Onuratu Bcix, TOOTO AECATKHI
MiJBHOHIB Y0JIOBiKiB i sKiHOK, — HaATo moporo i moBro. Tomy pobaaTh 8u-
0ipky — (QOPMYIOTH CKiHUEHHY CYKYIHICTH He3aJeXHUX Pe3yJbTaTiB CIIO-
CcTepeKeHb. ¥ JAaHOMY BUIAKY OIMMUTYIOTH BUOiPKOBO JIUIIE KiTbKa AeCATKIB
Y1 COTEHb JIIOJel.

w
S

DO
(==

[y
(=)
t

KinekicTs yuHiB
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IIpuknaanx 2. IIpunyctumo, 1o, onuTasinu 60 KiHOK, poaMipu IXHBOTO
B3YTTA 3alycajy B TabOJIUITIO.

23,5 24 |23,5| 23 [24,5| 23 |22,5|24,5|22,5]|23,5]|23,5|23,5
25,5| 21 24 | 256 |23,5| 22 | 23 |24,5| 23 [24,5| 23 |24,5
25 | 24 |21,5|23,5|24,5|22,5| 22 |23,5|26,5|25,5| 25 | 26
24 | 23 | 24 |24,5| 22 | 24 |23,5|21,5|23,5| 25 | 24 |22,5
25,5121,6124,5| 26 | 25 [23,56[22,5| 24 | 23 |22,5] 24 | 25

Ile Bubipka iz 60 3mauensb (maHux). [1sg 3pyvHOCTI iX IPynyIoOTh y KJaacu
(3a posmipamMu B3yTTs) i BigMiuaioTh, CKiJIbKM 3HaueHb BUOIPKU MiCTUTH
KOXKHUM KJac.

Posmip B3yTTSA 21 |21,5| 22 |22,5| 23 |23,5] 24 24,5 25 |25,5| 26 26,5
Kinprictb oxinox| 1 | 3 | 3 | 6 | 7 |10 9 | 8 6 | 4|21

Taxi TabauIili HazuBaOTh YACMOMHUMU. Y HUAX YUCIa APYTOoro pAgKa —
YaCTOTH; BOHU IIOKA3YIOTh, K YAaCTO TPAILIAIOTHLCA ¥ BUOIpIi Ti um immmi ii
3HAUeHHs. BiOHOCHO0 Yacmomoo 3HaueHHs BUOIPKY HAa3UBAIOTh BiTHOIIIEHHS
YacTOTHU 3HAUYEHHS OO0 KiTbKOCTI ycix 3HaueHb BUOIpKU, BUpaKeHe y BicOT-
Kax. ¥ PO3rIAHYyTOMY IPHUKJIALL yacToTa Po3Mipy B3yTTsa 24 mopisHioe 9,
a Bimmocua uacrora — 15 %, 609 : 60 = 0,15 =15 %.

3a YacTOTHOIO TaOJUIleI0 MOXKHA IMOOyayBaTu ricrorpamy (maza. 143).
Bona HaouHO MOKas3ye, Ky YACTHUHY B3YTTd 0aKaHO BUIIYCKATU TOTO UU
iHIIIOTO PO3Mipy. 3pPO3yMiJO0, IO OAep KaHi B TaKUI CII0Ci0 BUCHOBKU TiJIbKU
nMoBipHi, HabaMKeHi. AJle I IPAKTUUYHUX TOTPed IILOro OyBa€ MOCUTH.

HeAari craTucTuYHi HaHiI 3py4YHO moaaBaTH 3a AOIIOMOroio rpadikis, AK,
HanpukJaazg Ha c. 91.

1 Mau. 143

KinpxicTs sKiHOK
DR UTO =100 © O
T

[ ] [ 1
21 22 23 24 25 26
Poswmip B3yTTA

Bubipku xapakTepusyoTh UeHMPALbHUMU MeHOeHUiAMU: MOIOI0, MeIi-
aHOIO, CepeIHIM 3HAUCHHSIM.
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Moda subipxu — 11e Te ii 3HaUeHHA, AKe TPAILISIETHCA HaldacTiIe.

Mediana subipku — Iie YUCJIO, AKe <«IOMiJA€» HAaBIIJ YIOPAIKOBaAHY
CYKYIHICTh yCiX 3HaueHb BUOIpKU.

Cepeldnim 3HauenHAM 8UOIpKU HA3UBAIOTh cepenHe apudMeTUdyHe ycix ii
3HAYEHb.

Hexait mamo Bubipky: 1, 3, 2, 4, 5, 2, 3,4, 1, 6, 4. (¥)

VYnopankyewmo ii: 1, 1, 2, 2, 3, 3, 4, 4, 4, 5, 6.

Moga mamoi BubipKu HopiBHIOE 4, OCKiIbKU 4 TpalaseThcsa HaiuacTriie
(Tpuui).

Mepgiana gaHoi BUOipKU mAOpiBHIOE 3, 60 UMCIIO 3 «IIOAiISAE» BIOPAIKO-
BaHy BuUOiIPKY HABIIiJI: mepen Hero i micid Hei — ogHaKOBi KiIbKOCTI uieHiB
YIOPAAKOBaHOI BUOipKU.

SAximo BmopsAgKoBaHa Bubipka Mae mapHe YMCJIO 3HaUeHb, TO ii Memiama
IOopiBHIOE ImiBCyMi ABOX ii cepefMHHUX 3HaUeHb. Hampukianm, AJas BUOIpKU
. 3+4

1, 2, 3, 3, 3,4, 4, 5, 6, 6 mexiaua m:T:3,5.

1+1+2+2+3+3+4+4+4+5+6_§
11 11

Bubipka moxxe He MaTu MoAau, HanpukJaazn: 4, 5, 6, 7, 8;

martu ABi momu: 2, 3, 4, 4, 5, 6, 6, 7, 8.

Cepenne 3maueHHs Bubipku (¥):

NMEPEBIPTE CEBE

1. IlTo mocrmim:xye mMaTeMaTU4YHA CTATHUCTUKA?

. IITlo Take ricrorpama?

. Axi aBuia Ha3sUBaXOTb MAaCOBUMMU?

IITo Taxke Bubipka? Hacrora Bubipru?

. HasBiTh nenrpanbui TeHaeHIil BUOipKA.

. IIlo Taxe cepente 3HaueHHA BUOipKu? A memiana, moxma?

S ULA WD

BuKOHAEMO PA3OM

o IlepeBipka incnexiriero asxkocti 20 TBepAUX CUPIB COPTY « YKPATHCHKUM »
(3a BMicTOM KHpPY) maja TaKi pesyJbTaTu.

Bwmict skupy, % 44 45 46 47 48
KinsxicTs BUunpoOyBaHb 1 4 5 7 3

3HaUOiTh IeHTPaJdbHI TeHaeHIil BuUOipKH.

e Posp’azanna. Moga ganoi Bubipku mopiBHIOE 47, 60 Ile 3HAUEHHS Tpa-
IIdgeTheA HalvacTimre (7 pasiB).
Bubipka mae mapHe umcsao 3HaUeHb, TOMY il Me[iaHa HOPiBHIOE ImiBCyMi
IBOX ii cepeIMHHNX 3HAUEHDb — IIiJ JeCATUM i OMIMHAIIIATIM HOMepaMu,
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60 Bchoro uwiaeHiB Bubipku 20. ITum Homepam y Bubipii (44; 45; 45; 45;
45; 46; 46; 46; 46; 46; 47...) BigmoBigaroTh 3HaueHHa 46 i 47. OT:xe,
(46 + 47) : 2 = 46,5 — menmiana Bubipku.

3HalimeMo cepenHe 3HAUEHHS BHOIPKI:

44-1+45~4+4;i(~)5+47-7+48~3 _ 9207 — 46,35,

Bignmosians. Moga — 47; meniana — 46,5; cepente sHauenua — 46,35.

9 3a posB’A3yBaHHA 3a4aY II’AThL YUACHUKIB onimMmiagu omep:xkanu Big O
mo 3 bamiB, mecaTh — Big 4 mo 6, TpuUAATE — Bix 7 mo 9, COPOK UOTH-
pu — Bixg 10 mo 12, mrictHagmars — Big 13 mo 15, gecars — Bixg 16 1o
18, nBa — Bix 19 go 21, Tpu — Bixg 22 mo 24 6anis. CKIamiTh 4YaCTOTHY
Tabauiio i mobyayiiTe BigmoBigHy ricrorpamy.

® Posp’azanna. YacrorHa TabJUISg Ma€ TaAKUI BUTJIAL

Rimeicrs | o o | 4 6 | 7-9 |10-12|13-15|16-18]|19-21|22-24
0aJiB

Lbmslons | 10 | 30 | 44 | 16 | 10 2 3
YUYaCHUKI1B

BigmoBigHy ricTorpamy HaBeleHO Ha MaJOHKY 144.

45 T — Mau. 144
40 +
35 +
30 +
25 T
20 1

15 +
10 +
1
0 3 6 9 12 15 18 21 24 Kinbkicrs6anis
BuKoHAWTE YCHO

852. IIpoanamisyiiTe giarpamy, gKa JeMOHCTPY€E XiMiUHMI CKJaJ XapuOBUX
nponykTiB (Maj. 145). 3po6iTh BUCHOBKH.

KinbkicTb yuacHUKIB

330, 1% 16% 5% 1% ® Bona
@ Ginku
SKUDHU
14 % 52 % 78 % @ iume
a — CBUHUHA 0 — Kopon Mau. 145

853. 3uatigiTe Mooy, MemiaHy i cepenHe 3HAUEHHS BUOIpKH:
a)3,3,4,5,5,6,7,7,8,8,8,9, 10, 11;
6) 9, 10, 10, 11, 12, 12, 12, 13, 15, 15, 16, 17.
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854. Y xourypci «Keurypy» oOpanu yuactb 2000 oci6 piBua «Kamer».
Ha maun. 146 306parkeno BigmoBigHicTh Mixk KigbKicTio yuacHUKIB (%)
i kimbkicTio 6autiB, Ky BoHU Habpaau. ARy iHdopmaliito mpo pesyabTaTu
KOHKYPCY MOKHA OJlep;KaTy 3a JOIOMOTOI0 JAaHOi rictorpamu?

v Mau. 146
24

22
20 19,7
18
16
14
12

KinpkicTs yuacHukis, %

10 20 30 40 50 60 70 80 90 100 110 120 130140 150 x KinskicTs 6asis

855. YramiTh meHTpaabHi TeHIeHIlil BUOIpKY i BITHOCHY YacTOTy KOYKHOTO
ii sHAUeHHA, AKIITO BUOIPKY momaHo y ¢opMi TaKoi 4acTOTHOI TaOJIMIIi.
-30° -20° -10° 0’ 10° 20° 30°
1 3 6 17 13 8 2
856. Hamo 100 uwmces; 3 HuUX umciao 2 TpalasgeTbcsa 15 pasis, umcao 4 —
40, yucao 8 — 20, yucao 9 — 20, uucao 10 — 5 pasiB. 3HalgiTL iXHE
cepenHe apudMeTuyHe.

857. Bumipasmu 3pict 40 yuHiB y caHTHMETpAaX, OJEPKATIU TaKy YaCTOTHY
TaOJINILIO.

3picT, c™m 162 | 163 | 164 | 165 | 166 | 167 | 168 | 169 | 170
KinpkicTs yuniB | 3 5 4 2 6 10 6 3 1
ITo6ynyiiTe BigmoBimHy ricrorpamy. BusHaure BiTHOCHY YaCTOTY KOKHOTO
3HAYEHHA.

858. Y rabauni momaHO BiCOTKM, IO XapaKTepU3YIOTh KiJbKiCTh YUHIB
10-x raacis y CIIIA, aki moguasa KypaTh. 3a JOIOMOT0OI0 KOMII IoTepa
nobynyiTe BixmoBimHy ricrorpamy Ta rpadik. SIKi BUCHOBKH MOXKHA
3po0OUTU 3a UMM TaHUMU?

— N ® |t |w|lo |||l || m|<
= = oSlo|lolololo|loS| | 0| 4| 2| =
S S S| S| S| S| S| S| S|olo|lo|o|e
x X N | NN QNN Q| NN || N X

12,2 | 10,1 |{8,9/83|7,56|7,6|7,2|5,9(6,3|6,6|5,5|5,0/|4,4|3,2
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859. Ha mastrouky 147 3agano cepef- KT
Hi HOpMU iHJeKCYy Macu JIOAUHUA, 140
HesaJIeKHO BiJ BiKy, cTaTi Ta iH- 120
MIuX iHAWUBiIyaJIbHUX XapaKTe- 100 |
puctuk. I[isHailiTecs, 3a AKOIO
dopMyI0I0 BUBHAUAETHCA iHAEKC 80 1
macu Jioguau. O0uucaiTe Moro 60
nnasa cebe i mepesipre 3a rpadi- 40 !
KaMu, IO BiIMOBiJaf0Th BAIIIOMYy 1,6 1,7 1,8 1,9 2 M
BiKYy, cTaTi ToII0. Mau. 147

860. CkaaziTh TabOJAMIIO0 PO CIIOKUBAHHSA €JeKTPOEHEPTil 3a MUHYJIHUN PiK
y Bamri#i poxmui. O6UmMCIiTh, CKiJIBKYU B CEpeIHBOMY CIIOKMBAE Ballla
poauHA eJleKTpoeHeprii: a) 3a micanb; 0) 3a KOKHUI KBapTaj; B) 3a
KOKHY TOPY POKY.

861. 3uaiigiTe Moay, MegiaHy i cepenHe 3HAUEHHS BUOIPKU:
a)2,3,4,4,6,6,6, 7,7, 8;
6) 12, 17, 11, 13, 14, 15, 15, 16, 13, 13.

862. YuHi Kyacy HmanucaJau KOHTPOJLHY pobory 3 anrebpu. 3 Hux 4 oxep-
JKaJIi OI[iHKY YeTBePTOTO PiBHA HABUAJBLHUX JMOCATHEHb, 16 — TpeTho-
ro, 12 — gpyroro, 13 — mepiroro piBusa. 3BeiTh 11i gaHi B TabauIio i
nobyayiiTe 3a Hel0 KPYTroBY i CTOBOUACTY AiarpaMu.

863. IIpoBeniTh onuTyBaHHA 30 XJIOMIIiB BAIIOl IITKOJJIX ITPO PO3MIp IXHBOTO
B3yTTs. Pe3ysibTaTyt 3anuliTh y TaOJMUII0, aHAJOTIUHY IIOIIepeHil 3a-
maui. CKIamiTh yacTOTHY TAOJIUITIO i MO0y aAyiiTe BiAIOBiAHY ricTorpamy.

864. Busnauaiouu po3Mipu BepXHBOTO ofAry 50 KiHOK, pe3yJbTaTH 3allu-
caju B TabOJIHUILIO.

50 44 50 48 54 46 52 48 54 52
48 48 52 50 46 50 54 48 56 50
52 48 42 56 50 48 50 46 54 48
46 46 48 48 52 48 56 50 52 46
52 48 50 54 50 50 54 44 58 46

CraamiTs, 4acTOTHY TAOJUITIO 1 MOOyAyiiTe BiAmOBigHY ricTorpamy.

PiBevb B

865. [I1o6 3’scyBaTu, CKiJIbKM i AKMX KAITKETiB CJiJ MOINMUTHA, BUMIiPAIN
B cCaHTHMeTpax 00Boau rojiB 35 BuOpaHux KypcaHTiB. PesyiabTaTu Bu-
SABUJINCH TAKUMU.

Posmip 53 54 55 56 57 58 59

KinpkicTs KypcaHTiB 1 7 10 12 3 1 1
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IToOynmyiiTe BigmoBigHY TicTorpamMy Ta O0OYMCIIITh MEHTPAJbHI TeHAEHIIil
BUOipKU. 3HAUAITH BiTHOCHY YaCTOTY KOJKHOT'O 3HAUEHH JaHO1 BUOipKU.

866. IIpoBeniTh OIMTYBaHHSA YUHIB BaIIOTO KJIacy i 3’ scyliTe, CKiIbKY eHepro-
30epiraounx JIaMIOYOK BUKOPUCTOBYETHCA B OCEJi KOMKHOTO 3 BAIIUX
OHOKJIACHUKIB. 3a OTPUMAHUMHU JAHUMHU CKJIAAiTh YaCTOTHY TaOJIMITIO
i mobyayiiTe BigmoBigHy ricrorpamy. BusHauTe BiTHOCHY UacTOTy KOXK-
HOTO 3HAUeHHSA BUOIPKHU.

867. Ha yporii ¢piskyasrypu 11 giBuaT-geB’ ATUKJIACHUIL Y CTPUOKAX Y BHICO-
Ty MMOKasaam Taki pesyabratu: 90 cm, 125 cm, 125 cm, 130 cm, 130 cm,
135 cm, 135 cm, 135 cem, 135 cm, 140 cm, 140 cm. 3HalgiTy mMony,
Memiany i cepeaHe sHaueHHs BUOipKU. AKuil pesyabTar HalKpalie xa-
paxkTepu3ye COOPTUBHY MiATOTOBKY AiBUAT IILOTO KJacy?

868. IIlicTy yuacHUKIB MaTeMaTUYHOI OJIiMITianm 3a PO3B’A3yBaHHA 3aau
Habpaau meHie 3 6aniB, gecaATsh — Big 3 mo 6, TpUAIATE ABa — Bim 7
m0 9, copok m’ars — Big 10 mo 12, cimuagmars — Bix 13 mo 15, Bicim —
Big 16 mo 18, m’aTe — mouax 18 6ainis. CKaamiTe 3a MU pes3yIbTaTaMu
YacTOTHY TAabGJUITIO i TOOYAyiiTe BiAIOBiAHY TicTorpamy.

869. Ilekapusa Bumikae Kijorpamosi kaaaui. I1ig yac mepeBipKku BUABUIIOCH,
1110 Maca TPhoX 3i cTa Kajmauis menmia Big 1 kr ua 31-40 r, o’ aTHAAITATHT —
Ha 21-30 1, gBagmaru — Ha 11-20 r, Tpuanaru — Ha 1-10 r; maca
ciMmHammATy KaJsauis 6igbmia Bixg 1 Kr ma 1-9 r, a 1Box — ma 10—-19 r.
CrJamiTh yacTOTHY giarpamy i moOyayiiTe BimmoBimHy ricrorpamy.

870. Poamipu mennoi Bupyuku (y TUcCAYaX rpuBeHb) y 30 BUIAIKOBO BU-
OpaHMX MaraswHax TaKi:

42 24 49 76 45 27 39 21 58 40
28 78 44 66 20 62 70 81 7 68
99 76 63 87 65 104 46 20 72 93

CriamiTs 4acTOTHY TaOJUII0 Ha 5 iHTepBasiB i moOyayiiTe BigmoBigHy
ricrorpamy.

CKAPBHUYKA OOCAIHEHb

v Moy 3HaxXOIWUTH, Bif0upaTy i BIOPAZKOBYBATH iHMOpPMAIiIO 3 JO-
CTYIIHUX Kepe.

v/ 3Haio crmocobu MOJaHHA JaHUX Ta IX 00POOKH.

v Moxxy ImmojaBaTy CTATUCTUYHI JaHi y BUIIAAL TabauIlb, Aiarpam, rpa-
dikis.

v/ YMiro poss’asyBaTu 3ajgadi, 1Mo nependadaroTh MOJAHHA JAHAX Ta IX
00pOOKY.
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a I
IcTOPUYHI BIAOMOCTI

Hesaki BiacTuBOCTI BUIAAKOBUX HOAiM BUABUJIM iTasilichKi marema-
tuku JI. Ilavomi (1445 — 1514) i [I. Kapmanmo (1501 — 1576) y 3B’a3Ky
3 MOCTiMKeHHAMU a3apTHUX irop.

Teopit itmogipHOocmell AK rajly3b MaTeMaTUKU 3alloUuaTKyBaaIu (hpaH-
my3bKi BueHni II. @epma (1601-1665) i B. ITackans (1623-1662).

30upaTu i aHAJIi3yBaTU CTATUCTUYHI HaHi Jroau mouanau gasHo. ¥ Kurai
mepennucy HaceJleHHSA poOumiucs Ime moHan 4 Tuc. pokiB Tomy. ¥ Kuis-
cbKifl Pyci mepenucu sxpificHioBanuca 3 1245 p.

Benukuii BHECOK Yy PO3BUTOK MaTeMATUYHOI CTATUCTUKU 3POOUIU
V. Ilerti, A. Myagp, JI. Eitnep, f1. Bepuyai, I1. JIamaac, C. Ilyaccon Ta im.

Y Pocificekiii immepii B XIX crT. mpo6GieMu CTAaTUCTUKU TOCJIi-
IJKyBajan, 30KpeMa, yKpaiHcbKi martematuku B. 1. ByHAKoOBCbKU# i
M. B. OctporpaacbKuii.

M. B. Ocrtporpaacskuii Haponusca B ceui Ila-
mienHa Ha IlosraBmiuHi, HaBuaBcsa B IlonraBebKii
rimuaagzii, XapkiBcbkomy yHiBepcuTeTi, y Ilapusxi;
o0yB arkamemikom Pociiicbkoi, Typuncekoi, Pum-
CbKOi, AMepHUKAaHChKOI aKageMiil HayK, YJIeHOM-
KopecnougeHTom Ilapuspkoil akamemii.

M. B. OcTporpajichbKuii oiep:KaB 0CHOBOIIOJIONK -
Hi pesyJbTaTH B rajy3i MaTeMaTHUYHOTO aHAJi3y,
TEeOpeTUYHOI MeXaHiKu, Teopii fiMoBipHOCTell, Ma-
TeMaTU4YHOI (pisuKwu, GamicTuru, Teopii TemaoTH,
HamucaB «Kypc HebecHol MexaHiku» . BaraTo yBaru
IPUALIAB HAOJMKEHUM OOYMCIEHHAM, BiICOTKAM. j g Ocrporpajcruii
Po3pobuB cTaTucTUUHI MeTOaU OpaKkyBaHH TOBapiB. (1801-1862)

ITam’aTauk M. B. OcTporpagcbKoMy CIOPYIiKe-
HO B M. ITosTaBa.

Bararo mpaiffoBaB y rangysi mIpuKJIagHOI MaTeMa-
Tuku i ykpaincekuii marematuk M. II. KpaBuyk.

Haponusca Bin y ceni HoBHuna na Boauni, 3a-
Kinuwms JIynpKy rimaasito, KuiscbKuii yHiBepcurer.
Iz 1925 p. — mpodecop, 3 1929 p. — akagemik
Bceykpaincbkoi akagemii Hayk, ii BUeHHU# cexpe-
Tap, ouosoBaB Komicito maTeMaTUYHOl CTaTHUCTHU-
Ku. 1938 p. fioro O0yJio Oe3IigcTaBHO peIpecoBaHO.
3arunyB Ha Kommwmi.

ITam’arauxk M. II. KpaBuyKy CIOPYIAKeHO

Kui M. II. KpaBuyk
Q M. DHI1B. (1892-1942)
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MonoBHE B PO3A4I

Kombinamopuka — po3Aijl MaTeMaTHUKU, IIPUCBAUYEHUN PO3B’sI3yBaHHIO
3amay BMOOPY Ta PO3TAIINYBAHHS €JeMEHTIB JeAKOol CKiHueHHOI MHOXKUHU
BiATIOBIAHO M0 3aJaHUX ITPABUII.

PosrisiHeMo ABa OCHOBHUX IpaBUJIa, 34 JOIMIOMOTOI0 AKX PO3B’A3YETHCS
f0araTo 3amay i3 KOMOiHATOPUKH.

Komo6inaTopHe mpaBuIo cCyMu

AKuwo enemenm 0esarKol MHOMUHU A MOXMCHA ubpamu m cnocooamu, a
enemenm MHowuru B — n cnocobamu, mo enemenm 3 mrouunu A abo xn
i3 mroxucuHu B moxcna eubpamu m + n cnocooamu.

Kom6inaTopHe mpaBuio K00yTKY
AKu,0 nepwuil KOMNOHEHM NAPU MOICHA 8ubpamu m cnocoobamu, a Opy-
2uill — n cnocobamu, mo maxKy napy MOHHA udbpamu mn cnocooamu.

Bunadkosi nodii — Taxi, aKi MOXXYyTb BifOyTucs abo He BigOyTucs.
fAximo B n BunpobyBanHax moxis X BigOyBaeTbca m pasiB, To apid —
n

BHU3HAYa€ BigHOCHY uacToTy moaBu moxii X. Yucmao, 6i1a AKOTO KOJINBAETD-
cd BiTHOCHA yacToTa HoJil, BUpaskae itmogipricmy 11iel mofii, ii mosHauaroTh
O0ykBoro P (Bim anrusificbkoro cioBa probability — “MoBipHIiCTB).

BaactuBocTi iIMOBipHOCTI BUIIAAKOBOI MOMil.

1. dxmao C — mogmisa memosxausa, To P(C) = 0.

2. Axmo B — moxia moctoBipua, To P(B) = 1.

3. Axmo X — moxis sunmagkosa, To 0 < P(X) < 1.

4. dxmo E,, E,, Es,..., E,, — eneMeHTapHi moxii, 1110 BUYEPOyIOTh TesdKe
BUIPOOYBaHHS, TO

P(E,) + P(E,) + P(E5) + ... + P(E,) = 1.

MamemamuyHa cmamucmuka — PO3ALJ IPUKJIATHOI MaTeMaTUKU, B
AKOMY IOCJIIKYIOThCA KiJIbKiCHI XapaKTepucTuKku MacoBux saui. CraTuc-
TUYHi faHi BUBHAUAIOTH 3e0iJbIIIOTO 3a JOMIOMOIO0 8UbipKU — CKiHUEHHOI
CYKYIIHOCTi He3aJIe;}KHUX Pe3yJbTaTiB cIocTepe:keHb. BubGipKy BIOPAIKO-
BYIOTb, CKJIQJAIOTh YACTOTHY TaOJUII0, Ha i ocHOBI OyAyIOTH BiAmOBimHy
niarpamy abo ricrorpamy.

Ienrpanbui Tenaenii BubipKm:

a) cepedHe 3HAYeHHS 8UbIpKU — cepenHe apudMeTuuHe ycix i 3HaUeHbB;

0) moda eubipku — 1ie Te ii 3HAUEHHA, SKe TPAILIAETbCA HalluacTille;

B) mediaHa 6ubipKu — cepelnHHE 3HAUEHHS, SKe «IIOIiJIfg€» HaBIIiJ yIIO-
PAIKOBaHY CYKYIHICTb yCixXx 3HaueHb BUOIpKU.

I XxapaKTepUCTUKY Pe3yIbTATiB CTATUCTUYHOI 00POOKM MACOBUX JAHUX
3aCTOCOBYIOTH Tabuuili, rpadgiku, giarpamm, ricrorpaMu.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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220 Po3gin 4.

3’9COBYEMO AO0CSITHEHHS

TecToBi 3ABAAHHSA N2 4

=]

Cxkinbku aBOIM(pPOBUX UMCEJ MOMKHA cKJacTu 3 mudp 5 i 6, axIimo
IUPU y YUCJIL MOKYTh IIOBTOPIOBATHUCS:
a) omHe; 0) nBa; B) TpU; r) yoTupu?

3 minux uwmcen Bix 1 mo 20 HasuBawTh omHe. fIKa EMOBipHiCTH TOTO,
III0 BOHO BUSIBUTLCA NiIbHUKOM uynciaa 207?

B O

a) 0,3; 6) 0,4; B) 0,5; r) 0,6.

Cepenue apudmMeTuuHe ycix miamx uwmcea mpomizkra —10 < x < 40,
IOPiBHIOE:

a) 10; 0) 15; B) 20; r) 30.

|

IIpoTArom Imepmux AeCATH IHIB KOBTHS 0 7 Iof PaHKY TeMIlepaTypa
oyxaa rakolo: 6°, 8°, 8, 77, 5°, 8, 6°, 7", 8, 8. 3uaiigite Mmoxy BUOIpKH.
a) 7 6) 67; B) 8; r) 5°.

&)

3HanigiTe megiany subipku 1, 7, 5, 7, 3, 7, 1, 8, 3.
a) 1; 0) 7; B) 5; r) 3.

Ha Tari jesxath pisHi 3a ¢opMmoro nupixkku. Cepen HUX 5 TUPLsKKIB i3 cu-
poMm i 3 3 BumHaAMK. CKiTbKY MOK/JIMBOCTEH MAa€ AWUTHHA, 100 B3ATHU OLUH
TTIPLKOK ?

a) omHY; 0) nBi; B) TpHU; T') YOTUPU.

Y axomy BUIAAKY moAito X HA3WBAIOTh HEMOIKJIMBOIO?
a) P(X)=1; 0) PX)=-1; B)O<PX)<1; r) P(X) = 0.

o [~

Bicim mpysiB Bupimmmian oominaTucsa BisuTtiBkamu. CKiIbKY BiBUTiBOK

ycboro 0yze posgaHo:
a) 64; 0) 72; B) 32; r) 56?

n I3 OyxB, HamMcaHMX HA OKPeMHX KBaJApPaTHUX KapTKax, CKJIAIeHO
caioBo MATEMATHUEKA. Ilotim 11i XKapTKu IepeBepHyTO, HepeMillaHo
i HaBMaHHsA B34ATO OAHY. SIKa MMOBipHICTH TOrO, IO HA Hill HAIIKCAHO
OYKBY «A»:
a) 0,1; 6) 0,2; B) 0,3; r) 0,47

Amnapiit 3ary6buB omHy ImaxoBy @Qirypy. flka iiMoBipHicTH TOTO, IO
BOHA — Typa?
a) 0,5; 0) 0,025; B) 0,0625; r) 0,125.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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TunoBi 3ABOAHHA A0 KOHTPOJIbHOI POBOTU N2 4

=]
o

B xopo61ui 20 mykepok y cuHix obroptrax i 80 — y uepBoHuUX. fIka
HUMOBipHICTH TOTO, III0 B3ATa HAaBMaHHSA I[yKepKa BUABUTHCA B CHUHIN
obroprIri?

CrinbKu icHye TpunudpoBUX YUCes, AKi AiaATbca Ha 5?7

23 DBepyTh HaBMaHHSA NJIACTUHKY mAomiHo. fIKa iiMoBipHicTs TOrO, IO HA
Hil 6inpire Hixk 10 ouokK.

3a yepBeHb, JIUMNEHDb i ceplleHb POAMHA BUTpPaTUIa Bigmosimmo 88, 70
i 72 kBT rox. enexkrpoeHeprii. IKkumMu B cepegHbOMYy OyJiM BUTpPAT
eJIeKTPOeHePrii IMieo poAWHOI0 3a OAWH MiCAIlb BIITKY.

]

3HaumiTL MOy, MemiaHy i cepenHe sHaueHHs Bubipkwu: 7, 5, 3, 7, 6,
7, 4, 6, 8, 5.

Ha 100 000 6imeriB smorepei mpunagaioTh 662 Burpamri. 3 Hux: 2 1o
5000 rpa, 10 mo 1000 rpu, 50 mo 200 rpu, 100 mo 50 rpu, 500 mo
10 rpu. Pemrra 6ineriB HeBurpainHi. 3HaAWAiTh iMOBipHicT:L BUTpAaIly
noHan 200 rpH. Ha oxuH Oijer.

Amnarisyoun KilbKicTh IPOJAHNX aBiaKBUTKIB y KBiTHi, OTpUMAaJI JaHi:

57 55 60 46 55 54 57 54 49 52
51 65 60 56 45 59 53 61 47 42
47 58 56 53 59 64 49 58 59 63

CkinamiTs yacTOTHY TabiauIio i moOyayiTe BiAmMOBimHY ricrorpamy.
O06unMCIiTL IMeHTPaIbHiI TeHaeHIil BubipKu.

m Hexaii pik mae 365 guiB. fIxaii iMmoBipHiCTH TOTO, IO HA BUIAZKOBO
BUPBAHOMY JHCTKY KaJleHIaps uucio: a) kpatrHe 10; 6) mopiBHIOE 297

m Yuenb Mae 4 KHIKKHU 3 YKpPaiHCBKOI JiTeparypu i 3 KHMMKKHN 3 Ma-
remaTuku. CKiZTbKOMa cmocobaMM BiH MOKe PO3CTABUTH IIi KHMMKKU
Ha IOJIUIII TaK, IM00: a) KHMKKHU 3 OJHOTO IIpeaMeTa CTOAJU IIOPYY;
0) KHMKKM 3 OTHOTO IpeMeTa He CTOAIN IOpyd?

i{)yf Crpinens y HeBMIHHEMX yMOBax POOMTH 5 cepiil mocTpigiB mo mirewHi.
Y wroxkHin cepii — 100 moctpiniB. PesyabraTtu cTpinbbu 3aHeceHO B
TabanIo0. SHAKAITH BiJHOCHY YaCTOTY BJIYUYEHHS B MiIlleHb: a) V KO-
Hili cepii; 6) y mepmux 300 moctpinax; B) B ocranuix 300 mocTpinax;
r) v Bcix 500 moctpinax. ChopmyaioiiTe rimoresy mpo MMOBipHicTH
BJIYYEHHS B MiIlleHb.

Howmep cepii 1 2 3 4 5
KinbkicTs BiyuYeHB y MillleHb 69 64 72 78 65

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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222 HonAtku
HepIBHOCTI HaBuyanbHuii npoekT Ne 1 Hep'BHOCT_'.
B anreopi B reomeTpii
HepiBHOCTI HepisHicTb Bappoy

3 ABOMa 3MiHHUMU PA+ PB+ PC>22(PU+ PV +PW)

y Llikasi A
HepiBHOCTI

< A\ al P \
’\E\\ C U B

Knac nogjinsetbcs Ha TPU FPynu: «iCTOPUKN», «<MaTEMATUKN», «NMPaKTUKK». KoxeH
Y4eHb MOXE B3ATU y4acTb Y poOOTi OAHIET 260 ABOX NPOEKTHUX rPymn. Y4Hi GopMyoThb
rpynu, NpaLTb iIHAMBIAYaNbHO Y/ B Napax Hag, OA4HIE0 i3 3aMpOnOHOBAHMX HUXKYE
TEM.

Temun ang NPOeKTHOI AiFNbHOCTI NOBIAOMSAIOTLCA HANPUKIHLL NEPLUOT YBEPTI. YUHAM
PEKOMEHOYETHCS CaAMOCTIIHO 03HANOMUTUCS 3 TEOPETUYHMM MaTepianom, Wo Mic-
TUTbCA B § 7 NiapyyHMKa.

PesynbTat poboTn Hag, NpoekToM GaxaHo 0hOPMUTY Y BUrNSaj FpynoBOro nopT-
$0ni0 3 KOMMN'IOTEPHOID NPE3EHTALLIEID.

3axuCT NPOEKTIB AOLINIbBHO MPOBECTU Ha NO3akIaCHOMY 3ax0fi, 3arnpOoCMBLLN YHHIB
iHLLINX KnaciB, yunTenis i 6aTbKiB.

IcTopukm BUBYAIOTb BUHMKHEHHS Ta BUKOPUCTaHHS HEPIBHOCTEN Ha Pi3HUX eTanax
PO3BUTKY MaTeMaTuKW. Ha 3aXMCT roTyloTb KOPOTKE MOBIAOMIIEHHS i Npe3eHTau,to
3 KOHKPETHUMW NpUKIaaamMu.,

MatemaTtukam nponoHYETLCS PO3LUMPUTU BiOMOCTI NPO HEPIBHOCTI, PO3rsHYB-
LUM HEPIBHOCTI B anredbpi Ta reomeTpil.

Temartunka ang iHameigyanbHUX AOCNIAXKEHb (41 OOCAIAXEHD Y Manux rpynax) Moxe
OyTn TaKolo:

— PO3B’A3yBaHHSA HEPIBHOCTEW 3 ABOMA 3MIHHUMMU;

— PO3B’A3YBAHHS HEPIBHOCTEWN, LLIO MICTATb MOAY/II;

— PO3B’A3YyBaHHS HEPIBHOCTEWN, LLIO MICTATb NapamMeTpu;

— PiBHI METOAU OOBEAEHHS HEPIBHOCTEN;

— IMEHHI HEepPIBHOCTI;

— reOMEeTPUYHI HEPIBHOCTI.

PosrnaHemo geTtanbHille HEPIBHICTb, ika CTOCYETbCS 1 anrebpu, i1 reomeTpii. Le
HepIBHICTb TPLOX KBaAPAaTIB, AKa rnpasBuibHa Anga 0yab-aKux OincHuX Yicen a, bic:

a’+b%+c*>ab+ac+be.

Josenemo ii. 3HaliaemMo pi3HULIO NiBOI i NpaBOoi YaCTUHM HEPIBHOCTI Ta BUAOINMO
MoOBHiI kBaapaTn. Maemo:

a’+b*+c?-ab-ac-bc=0,5(a-b)’+(a-c)*+(b-c)? =0, T06T0
a?+b?+c?-ab-ac-be > 0,a60a’+b%*+c? > ab+ac +be.

Lo i Tpeba 6yno noeecTu.

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
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LlikaBoto € reomeTpuyHa MOAesb HEPIBHOCTI TPbOX a b c

kBagpaTie. CnpobyriTe 4OBECTU Lie TBEPOXEHHS reo- e
METPUYHO.

Y MatemartuLi HepiBHICTb TPbOX KBaAPaTiB MOXHA
BUKOPUCTOBYBATU ON14: b b?

a) AOBEOEHHS iHLIWX HEPIBHOCTEWN;

0) BM3HAYEeHHS HANBINbLUNX Y HAMMEHLLMX 3Ha4YEeHb
OaraTbox BUpasis i3 TPbOMa 3MiHHUMU; ¢ c?

B) PO3B’SA3YBaHHS LiiKaBUX PiBHAHb, HEPIBHOCTEN
i X cuctem.

AHaNoriyHO MOXHa OOBECTU | HEPIBHICTb N KBAAPATIB:

2 2 2 2 2
a“+a,y +ax"+...+a, 2—1 (aqa,+aa3+ ... +a, _1a,).
n_

MpakTnkm 3’9COBYIOTh, L0 3a A0MNOMOIOK HEPIBHOCTEN Ta iX BNACTMBOCTEN MO-
[EenooTbCA BIAHOLLEHHS «MeHLLe» i «DinbLue» i3 HABKOIMLLHbOIO CBITY. LLi rpyni y4HiB
PEKOMEHOYETLCS PO3rIIAHYTU:

— NpUKNagHi 3agadi, Wo 3BOAATLCA 40 PO3B 3yBAHHS HEPIBHOCTEN;

— HepIiBHOCTI Ta HABNMXEeHi 0OYNCNIEHHS;

— BuKopucTaHHa IKT ana po3B’a3yBaHHSA HEPIBHOCTEWN.

PosrnaHemo getanbHille NUTaHHSA, L0 CTOCYETbCSH HEPIBHOCTEN i HABNNXEHUX
ob4yncneHsb.

Ha6nwmxeHi 064ncnieHHs. Y1 MoXHa BUMIPATU JOBXUHY Peiku aOCOJIOTHO TOY-
HO? Hi. HaBiTb 9KLL0 NOYYyETE, WO AOBXMHA 9KOICb PEVKM OOPIBHIOE, HANpuknaa,
9,42783 M, He BipTe LbOMY. AIXKe O0BXUHY TaKol PENKM 3 TOHHICTIO [0 COTOI YaCcTKK
MiniMeTpa He MOXHa BUMIPATU. Pe3ynbTaT KOXHOro BUMIPIOBaHHA — HabnuxeHe
3HAYEHHS BEJINYMHN,

e 3’qcyinTe, aKi 3 HABeOEeHUX Yy NpuUKIagax Yncen MoxHa BiAHECTU 0 TOYHUX,
a 9Ki — 00 HabnMXeHux:

a) y wkoni HaB4yaoTbes 900 yyHiB;

6) maca Micsiug — 7,35 - 1022 kr;

B) nnoLua 6aceliHy — 600 M?;

r) TOBapHUIN N0I34, cknagaeTbes 3 60 BaroHiB;

') NPUCKOPEHHS BiIbHOIO NafiHHS JopiBHIOE 9,8 M/c?;

[) knaeiatypa komn’iotepa mictutb 113 knagiwl, a knasiatypa ¢popTeniaHo — 87;

€) NOTOMCTBO OAHi€i iHdy30pii Tydenbkn Ha pik cTaHoBUTL 75 - 10'% ocobuH;

€) adppukaHcbka aHTUIONa iMnana mMoxe CTPUOHYTU B OOBXWHY Ha 7,5 M,
a KeHrypy — Ha 12 m;

) peLenTt OBOYEBOI 3anikaHKy Ma€ 9 KOMMOHEHTIB.

AKLL0, BUMIPIOIOYM JOBXUHY X AESKOI Pk, BUSIBUIN, WO BOHa OinblLua 3a 6,427 m
i MeHwa Big, 6,429 M, TO 3anNnUCYIOTb:
6,427 M<x<6,429 M abo x=6,428 +0,001 m.
oBOPATD, L0 3HAYEHHS JOBXUHU PEerkn 3HanaeHo 3 To4vHicTio Ao 0,001 m (ogHoro
MinimeTpa), abo abcontoTHa Noxroka HabIMxeHoro 3HaveHHs 6,428 He nepesuLuye 0,001,
A6co0110THOI0 NOXn6KOo0 HAGNNXEHOr0 3Ha4EeHHS Ha3MBalOTb MOAYJIb PiSHULL
MiDK Ha0/IM)KEHUM | TOYHUM 3HAYEHHSIMMN.

MpaBo ans 6e3onnaTHOro Po3MmilleHHs NigpyYHUKa B Mepexi IHTepHeT mae
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AKLLO TOYHE 3HAYEHHS BEMYMHKM He BigoMe, TO He BigomMa i abconioTHa noxmoka
Tl HAONVXXEHOro 3Ha4YeHHs. Y TakoMy BMNaaKy BKa3yloTb MeXy abCoJIloTHOT noxuo-
KM — 4YNCIIO, IKe He nepeBuLLye abcontoTHa noxmoka.

Y po3rngHyTOMY BULLE MPUKIIAAI Mexa abCOMOTHOT NOXMOKM HABAMXKEHOrO 3Ha-
yeHHsa 6,428 pnopisHioe 0,001. Tyt undpu 6, 4 i 2 To4Hi, @ 8 — CyMHIBHA, Bif, TOYHOI
umMdpY BoHA BiAPISHAETLCS He BiNblLL HiXX HA OOMHULIEO.

Akwo x = 3,274 = 0,002, To6T0 3,272 < x < 3,276, TO Mexa abCoMOTHOI MOXNOKU
HabnuXxeHoro 3Ha4yeHHa 3,274 popisHioe 0,002.

¢ [lepeTBOPMBLLIN 3BMYAHWIM OpiO % Yy OecAaTKoBuUi, ogepxanu 0,6667. 3Hanaitb

.. 2
abCOoOTHY MOXMOKY LbOro HABNMXKEHHS. 3HaNAITb HAOMXKEHE 3HAYEHHS Ynucna §

3 TOYHICTIO 4O TUCSYHMX | MOro aBCOOTHY MOXMOKY.

e [enap pO3BUHYB LWBNAKICTb 34,5 M/C. BnpasiTh L0 WBMAKICTb Y KinToMeTpax
3a roanHy, OKPYriiTe 4O LiNUX i 3HaAiTb aOCOMOTHY NOXMOKY HABIMKEHHS.

e |lIBaKicTb CBiTNA y BakyyMmi (y MeTpax 3a cekyHay) — 299 792 458 + 2, a .uBua-
KicTb 3BYKY B noBiTpi — 331,6 = 0,1 m/c. Ha3BiTb HabnmxeHe 3Ha4eHHS LUBUAKOCTI
CBIT/1a i LUBWAKOCTI 3BYKY Ta BiAMOBIAHI MeXi aBCONMOTHNX MOXMBOK.

HabnumxeHi 3Ha4eHHs MoXHa 3anucyBaTti i 6e3 Mex Noxmbok. Mpu LboMy JOMOBU-
nncs 3anucyBaTtu ix Tak, Woob yci umdpmn, KpiM 0CTaHHbOI, Oy NPaBUbHI, a OCTaHHI
(cyMHiBHI) Bigpi3Hanucs Bif NpaBuibHUX He BiNbLU HiXXK Ha oanHMLI0. Hanpuknag, sKLwo
nUWyTb X = 6,428 M, TO PO3YyMItOTb, LLLO

6,427 < x <6,429, abo x =6,428 + 0,001 m.

Akwo y = 3,247 £ 0,002 kr, To nucatn y = 3,247 Kr He NPUNHATO. Takuii pesyneTtaT
OaxaHo okpyrnuTun: y = 3,25 kr.

YaBiTb, WO BUMIpANN (Y CaHTUMETPax) TOBLUMHY 2 KHUXKW | AOBXUHY [ LLMbOKu:

h=1,6 —3TouHicTio 10 0,1, [=71,5 — 3 TouHicTIO 10 0,1.

Mexi abconoTHMX NOXMBoK 060x 3HaYeHb ogHakoBi: 0,1. Ane B 04HOMY BMMNAAKY
LS noxmbka npunagae Ha HeBenvke Yncno 1,6, a B iHLWOMY — Ha 3Ha4HO BinbLLE YMCNO
71,5. L6 ouiHNTK 9KiCTb BUMIpIOBaHb, 0OYNCIIIOIOTL BiAHOCHI NOXMOKN.

BifgHOCHO0 rnoxmbkoro HabNNXEHOro 3Ha4eHHs1 Ha3MBatOThb BiAHOLLEHHS abCoNoT-
HOT MOXMOKN 00 MOAYNSt HABNMXKEHOIrO 3HAYEHHS.

Hanpwknag, BiAHOCHI NOXnOKN HabnvxeHb A i [ 4OPIBHIOIOTb BiAMNOBIAHO:

0,1:1,6=0,0625=6,3 %;0,1:71,5=0,0014=0,14 %.

3HayeHHs [ BU3Ha4YeHO sKiCHillie, 3 MEHLLOIO BiAHOCHO MOXMOKOI0.

e [TopiBHAATE TOYHICTb BUMIPIOBaHb TOBLLMHU d NIOACHKOI BOIOCUHM | AiaMeTpa
D CoHug, akwo d = 0,15 £ 0,005 mm, a D =1 392 000 = 1000 km.

e Maca 3emni gopisHioe (5,98 = 0,01) - 10%” r, a Maca AUTSHOro M’siya —
(2,5+0,1) - 102 r. $Ike BUMIpPIOBAHHS TOYHiLLE?

LiT Hap HaBGNMXEHUMU 3HAYEHHSIMW MOXHA BUKOHYBATU 3 TOYHUM YpaxyBaHHAM
NOoXmMOOK i 6e3 TOYHOro BpaxyBaHHA MOXMOOK. TOYHO BpaxoByBaTU MOXMOKM MOXHA
Ha OCHOBI BIACTMBOCTEN NOABIHNX HepiBHOCTEN. Hexan, Hanpuknaa, maca 6onta
Brpamax x =325+ 2, amacaraikny =117+ 1, 70610 323 <x <327i116 <y <118.

JlogaBLum NOYNEHHO Ui NOABINHI HEPIBHOCTI, 0OEPXMMO:

439<x+y<445,a60x+y=442+3.

MpaBo ans 6e3onnaTHOro Po3MmilleHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



225

AHanoriYyHo MoXxHa BMKOHYBATM 1 iHLUI Aji Haa HabNVXEeHMM 3HaYeHHAMK. PobnaTb
Tak y HanBignoBiganbHILLMX OOYNCNEHHSX.

® Y MOXHa YBIMKHYTM B KOJ1I0 npuiag 3 onopom 44 + 0,5 Om, wob npu Hanpysi
215 = 15 B cuna cTtpymy He nepesuiyBana 6 A?

 Heo6xigHo nepeseatyt 1000 + 20 m® 6eToHy. CKinbku peiicis Mae 3po6uTr camo-
ckma, Wob BUKOHATU L0 POOOTY, SKLLO Ky30B MiCTUTb 2,25 + 0,02 m>?

Y MeHL BignoBiganbHMX BUNagKax KOpUCTYIOTbLCS paBuiamMu nigpaxyHky ungp.

Harapgaemo, o gecaTkoBuMyn 3HakaMy Y1cina Ha3mBaloTb yci oro undpm,
LLLO CTOSITb NPaBOPYH Bif, A,EeCATKOBOI KOMMU.

3Hauywymmn yngpamu yncna Ha3amBaloTb yci Moro undpu, Kpim Hynie niBo-
PY4, SIKi CTOSAITb Nepep, nepLuoio undpoio, BiaMiHHOIO Bif, HYNA, | HyNiB NpaBopyu,
LLLO CTOATb Ha Micuax udp, 3amMmiHEHNX NPU OKPYIJIeHHI.

Hanpwvknag, y HabnmxeHomMy 3HadeHHi 0,03074 n’aTb ECATKOBUX 3HAKIB | HOTUPKU
3HauyLi umdpwu: 3, 0, 7, 4. A B HabnMxXeHOMY 3Ha4eHHi giameTpa 3emni d = 12 700 km
[ECATKOBUMX 3HaAKiB HEMAE, a 3Ha4vyLWmx undp Tpu: 1, 21 7.

Hexai naHo HabnmxeHi 3HavyeHHs x = 3,24 i y = 1,4. o3Ha4MMO nepLui BioKUHYTI
NpW OKPYrIeHHI iX undpn 3Hakamu 3anutanHs: x = 3,247, y = 1,4?. 3Hangemo cymy
i PiI3BHMLIO UMX HABMXKEHMX 3HAYEHD!

3247 3247
* 147 147
4,672 1872

Bsarani, npn gopaBaHHi i BigHiMaHHI HAaOGNMXXKEeHNX 3Ha4YeHb y pe3yJsbTarTi
cnipg 30epiraTtu CTiNIbKM AEeCATKOBUX 3HaKIB, CKiIbKM TX Ma€E KOMMOHEHT Ail 3
HaMMEHLLOIO KiNIbKiCTIO AeCATKOBUX 3HAKIB.

Mpun MHOXXEeHHi HaGNMXXeHUX 3Ha4YeHb Y pe3ynbTarTi chig 36epiraTv CTiNibky 3Ha-
Yywmx umdp, CKiNbKU iX MA€E MHOXXHUK 3 HaUMEHLLOIO KiNIbKICTIO 3HaYyLWmX umdp.

MomiGHMM NPaBUIOM KOPUCTYIOTLCS | NPW AiNeHHi HaBNMXEHNX 3HAYEHb.

BuaineHi xmpHum wpudTOM Npasuna HasnBatoTb MpasuaamMu NiapaxyHKy ungp.
BoHu He 3a6e3neyyioTb BUCOKOI TOYHOCTI HaBNMXEHUX 004YMCNEeHb, ane LjiikomM O0-
CTaTHI Ansa GiNbLUIOCTI NPUKNAAHNX 3a4a4.

e 3Hatouu, Lo AiaMeTp CToBOypa NMnn AOPIBHIOE 57 CM, y4EHb 0OYNCINB MJIOLLY
nonepeyHoro nepepisy ctoe6ypa: 2550,5 cm?. Yu npaBuibHa LS BignoBiab? SIKLLO
HenpaBu/ibHa — BMMpPaBTe.

e 3HanaiTh naoLLy Tpanewji, ocHoBu akoi a [11,7; b[10,43 i Bucota h [10,841.

Jlroan 605iTbCs1 HAOIMXKEHb, XO4a B NOBCSIKAEHHI rpakTyLi
MaroTh CrpaBy BUKJIOYHO 3 HAOIVIXXEHUMU YNCTIaMU.
A. B. Emnaxep
O064ucIeHHS Ma€e rnpPoBOANTUCS 3 TUM CTYNEHEM TOYHOCTI,
sika HeobxiaHa As1s1 IPaKTUKU, Mpu4omy Oyab-sika HerpaBn/ib-
Ha umngpa cTaHOBUTL NOMUJIKY, @ KOXHa 3aviBa Lumugpa — rno-
JIOBUHY MOMMUJIKU.
0. M. Kpunos
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HaB4yanbHuin npoekT Ne 2

JuBamika 1Iony mociBy ¢ YHKL, i

Ta ypoKailHOCTI KYKypyA3H Ha 3€PHO

371 HaBKOJ10 HaC

61,0

"-.._‘.'il,s 30,0 365 U ) 10

0 = 0
o 1992 [ 1995.1995}1996.1998] 1999 2001 | 2002 20012005 2007 2008 2010 2011 2013] 2014

Poxn

Lleli HaBYanbHWUI MPOEKT CKNAOAETLCS i3 ABOX YACTUH.

lMepLuy 4acTvHy NPUCBSYEHO PO3rasay 3arajibHUX TEOPETUYHUX NUTaHb, WO CTO-
CYIOTbCS PYHKLLN. YUYHIi 0OMpaloTb HANPSAM A0CHIOXKEHHS | B TaKMii CNOCIO NOAINSATbLCS
Ha rpynn: «gusanHepu», <iCTOPUKN», «XKypHanicTn», «daxisLi 3 IT-TEXHONOriN», «maTe-
MaTuKKn» TOLLO. KOXeH y4eHb MOXe B3ATM y4aCTb Y POOOTi 0fHiET a0 ABOX MPOEKTHNX
rpym.

Au3aiiHepn 3’ 9COBYIOTb, A€ | IK BAKOPUCTOBYIOTb €1EMEHTU rpadikiB QyHKLIN y
XYA0XXHbO-TEXHIYHOMY NMPOEKTYBAHHI OKPEMUX BMPOBIB Ta iXHIX KOMMIEKCIB Yy Pi3HMX
ranyssix 3HaHb — B apXiTeKTypi, 03000/1eHHi 0asary Towo. HaBoaatb npuknaam Takmx
DYHKUINA.

IcTopukn BMBYAIOTb BUHUKHEHHSI TA BUKOPWUCTAHHS MOHATTS «YHKLiSA».
Ha 3axucT rotytoTb KOPOTKE MOBIAOMIIEHHS | Npe3eHTaLil0 3 KOHKPETHUMU O3HAYEH-
HAMM Ta BiAOMOCTAMM NPO iX aBTOpiB. Hanpuknaa.

» Y pgpyrin nonoBuHi XIX CT. (nicns CTBOPEHHSA TEOPIl MHOXWH) B O3HAYE€HHS DYHKLT,
KpiM igei BiANOBIAHOCTI, BKIIOYEHO LLUE 1 iAEI0 MHOXMHU: «FAKLO KOXXHOMY EIEMEHTY
X MHOXWHU A NOCTaBMIEHO Y BiANOBIOHICTb AEAKWIA NEBHUI €NEMEHT § MHOXMHU B,
TO KaXyTb, L0 Ha MHOXWHI A 3aaaHo GyHKLjio ¥ = f(x), abo, 1o MHOXWHA A Bino6pa-
XaETbCS HAa MHOXWHY B». Take 03Ha4YeHHs OYHKLLT MOXHa 3aCTOCOBYBATU HE NMLLE A0
BEJIMYUH i YMCen, a 1 00 iHWNX MaTeMaTUYHNX 00’ EKTIB, HANPUKIaAd, 40 reOMeTPUYHNX
diryp.

XKypHanicTv WiykatoTb XyO0XHI TBOPU Y1 OKPEMI LMTATU, Y SKNX 3raflyeTbCs NPo
Ti 4m iHWI GYHKUT Ta iX BnacTneocTi. Hanpuknaga.

— Hemae xoaHoi ranysi 1toACbKoro 3HaHHs, Kyam He BXxoausn 6 rnoHSITTS rpo
QYHKLII Ta ix rpapiyHe 306paxeHHsl.

K. ®. JlebeauHues

DaxiBui 3 IT-TexHONOri LEMOHCTPYIOTb, SIK 32 ONOMOIOH0 iH(pOpPMaLIAHNX TeX-
HOMOTI MOXHa 6yayBaTy rpadikm cknagHux QyHKLUiA, BUBYATW iX BNACTUBOCTI Ta
PO3B’A3yBaTW PIBHSIHHSA, HEPIBHOCTI Ta iX cuctemu. Hanpuknag, 6ynyotbe rpadikm
dyHkuin y Excel, GRAN un GeoGebra.

Martematukmn — BMBYaIOTb QYHKLI, WO HE PO3rIa4aloTb B OCHOBHIN LWKosi. Ha-
npuknag, GyHKUil Linoi i 4po6oBOI YaCTUHM YMcna, NOKa3HUKOBI, TPUFOHOMETPUYHI
DYHKL,I TOLLO.
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Jpyra yactuHa npoekTy npucesdYeHa MOAENIOBAHHIO Pi3HMX NPOLECIB Nig vac
pPO3B’A3yBaHHA NMpuknagHnx 3agad. Nepenbayaetbesd, Wo GyHKL|T, reoMeTpuyHi di-
rypuv, BUpasu, PiBHAHHA Ta iX CMCTeMU, aiarpamm Towo 6yayTe BUKOPMCTOBYBATUCS
K MateMaTuyHi Mogeni. Y4Hi MaloTb O3HANMOMUTUCSA 3 NOAHUM HMXKYE TEOPETUYHUM
maTepianom «MaTtematnyHe MOOENOBaHHS» | PO3B’A3aTV BU3SHAYEHI BUMTENEM 3a4a4i.

Y4HAM peKkOMeHAYETbCA CaMOCTIMHO ONpPaLoBaT MOAAHNI HUXYE TEOPETUYHUI
maTtepian.

MatemaTtunyHe MoaenioBaHHA

MaTtemMaTuyHUMM MeToaaMm PO3B’A3YI0Tb HE Tiflbk aOCTPaKTHI MaTemMaTu4Hi 3a-
nadi npo yucna, girypu, piBHAHHNA, GYHKUT TOWO, a 1 6araTo iHwWux. [pukiagHuMm
3aa4amy B MaTeMaTuLj Ha3MBaKOTb Taki, YMOBU SKUX MICTATb HEMaTEMaTUYHI MOHATTS.
Po3B’a3ytoum npuknagHy 3agady MateMaTUdHUMKU MeTodamm, CnovaTky CTBOPIOKOTb
i MaTeMaTnyHy MOOENb.

Sapaua 1. Y gpox marasmHax — 580 kr a6nyk. CKinbku 961yK y KOXXHOMY Mara3uHi,
AKLLO B nepLuomy Ha 60 kr 6inbLue, Hix y apyromy. Cknaaite pisHi MaTemMaTuyHi Moaeni
uiel 3agaui.

Po3B’asaHHs. Hexainy nepLuomMy marasuHi — x Kr a6nyK, Togj B apyromy ix — (x — 60) kr,
a pa3om — (x + x — 60) kr. Maemo piBHAHHA X + x — 60 = 580. 3Biacu: 2x = 640,
x =320, x -60=320-60=260.

Bignogigb. 320 «ri 260 «r.

PiBHAHHSA X + x — 60 = 580 — ogHa 3 MaTEMaTUYHUX MOAENEer PO3rnNsHyTOl 3aaadi.
MoxkHa CTBOPUTM 1 iHLWI 1T MOodeni, 30KpemMa y BUrnsai:

® DIBHSAHHSA y+y+60=>580;
. x+y =580,
® CYCTEMU PIBHSIHb
x—-y="60;
. . 60
* cxemu '~ 1580.

Mopgennio Ha3uBalOTb crneuiasibHO CTBOPEHUIA 00’€KT, KM BigoOpaxae
B/IACTUBOCTI AocCnig)XyBaHOro 06’ekra (Big ppaHLy3bkoro crosa modéle — konis,
3pas3okK). 3MeHLUeHi moaeni nitaka, rpedni, aBToMobinsg — npukiaam QisnHHUX MoaENEN.

MartemaTtnyHa mogesib — Le CUCTEMA MaTEMATUYHMX CMIBBIOHOLLEHb, sika Ha-
OnuxeHo B abCTpakTHI popmi onucye JocniaxyBaHuii 06’ ekT, npoLuec abo aBuLLE.

MaTtematnyHi Mmogeni CTBOPIOIOTb 3 MaTeMaTUYHNX NOHATDL i BiAHOLLIEHb: reome-
TPUYHUX Piryp, Yncen, smpasis Towo. MatemaTuiHuMmM moaenamMmu 3ae0inbLioro
OyBaloTb PYHKLI, PIBHAHHSA, HEPIBHOCTI, IX CUCTEMM.

Mpouec nobynoBM MaTemMaTUYHOI Modeni Ta noaanbliue i 3aCTOCYBaHHS O/
pPO3B’A3yBaHHSA KOHKPETHNX 3a4a4 HAa3NBAETLCH MaTeMaTUYHUM MOAETIOBAHHSIM.

Po3B’a3yBaHHA NpuKIaaHOl 3agadi MaTeMatUdYHUMKU MEeToAaMmn 34INCHIOETbCS
B TPW eTanu:

1) CTBOpPEHHS MaTeMaTnUyHOI MOAENI AaHOI 3aaadi;

2) po3B’a3yBaHHS BiANOBIAHOT MaTEMATUYHOI 3aaui;

3) aHanis Bignos.iai.
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3apaya 2. Yu goctatHbO OOHOrO MiNbiiOHA NITPIB BOAW AN NPOBEAEHHS 3MaraHb
3 niaBaHHA B 6aceriHi 3 ropn30oHTaIbHUM AHOM MPSMOKYTHOT GopMu A0BXUHOIO 100 M
i LUMPUHOIO 25 M?

Po3e’a3aHHq. |. CTBOpeHHa maTemMaTu4HOoI Mmogeni 3apadi. Booa B 6aceliHi
3 rOPU30HTa/IbHUM AHOM HabyBae GopMM NPAMOKYTHOIO Napaneneninena, k1 i € ong
[AHOT 3a4a4i MaTeMaTUYHOIO MOAENIIO peanbHOro 06’ekTa. Y uboMy napaneneninegi
ooHe 3 pebep BiOANOBIAa€e BUCOTI BOAU (@ — LWyKaHe 3Ha4yeHHs), iHWi pebpa —
ue noBxuHa (b) i wmpuHa (c) 6aceiHy.

Il. Po3B’A3yBaHHA MaTeMaTU4HOI 3agadi. V=a - b - ¢ — 06’eM NPSIMOKYTHOI0
napaneneninena 3 BUMipamu a, b i c. 3a ymoBolo 3agaui:

b=100Mm, ¢c=25m; V=1000 000 n= 1000000 am°®= 1000 m°.

1000 ~04 (m).
2500

Ill. Ananis Bignosigi. na 3maraHb 3 nnaBaHHsa rnndunHa 0,4 M — HaaTo Mana.
Otxe, 1 000 000 n BOAM B JaHOMYy BacelHi HegoCTaTHLO A1 NPOBEAEHHS 3MaraHb
3 NnaBaHHs.

Bignosigb. HepgocTtaTHbO.

[na 6aratbox 3a4a4 Ha Pyx HAN3PYHHILLMMW MaTEMATUYHUMM MOAENsSMU € rpadiku,
nobynoBaHi B AeKapTOBI cMcTeMi koopauHat. Ha oci abcumc t BigMmivaloTb H4ac pyxy,
a no oci opauHaT S — NPONAEHY BiAcTaHb. 3i 3MIHOIO Yacy BiACTaHb MiXX MiCTamMn He
3MIHIOETbLCS, LIbOMY GakTy BiAnoBigaTb NnapanesnbHi npgami. Po3rngHemo 3agady.

Maemo: 1000 =a - 100 - 25, 3Bigcu a =

3apayva 3. 3 micT A i B BuiXan ogHO4aCHO Ha3yCcTPidy OANH OJHOMY [Ba aBTOMO-
6ini. Mepwwuin npuixas 0o B yepes 32 xB nicng 3ycTpidi, a apyruii 0o A — vyepes 50 xB
nicns 3ycTpidi. CKinbkn XBUNWH BOHW iXann 0o 3ycTpidi?

Pose’azaHHsa. Hexain AC i BD — rpadikn pyxy nepLioro i gpyroro as-
TOMOGINIB. AKLIO KOXEH i3 HUX iXxaB A0 3ycTpidi x xB, To6T0 AP = BK = x, T0
KC=32,PD=50.

fop 50 D ¢

AAOP ~ ACOK i APOD ~ AKOB, ToMy
AP OP PD
KC OK BK.

OTxe, i:@, 3Bigcu x = 40.
32 «x

Bignosigb. 40 xB.
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MaTtemaTuyHuMmn MoaenamMu gaHoil 3agadi € cucrtema rpadikis, 3obpaxeHa Ha
MaJslloHKy, Ta PiBHAHHA X : 32 = 50 : x. CnpoOyiTe CTBOPUTU iHLWI iT MaTEMaTUYHI
Mogaeni.

Hanpwuknag, BisbMiTh 00 yBaru, wo AD || BC, a TaHreHcu kyTie Haxuny AC i BD
[0 UMX MPSIMUX — LUBUAKOCTI PYyXiB BiANOBIAHMX 00’ EKTIB.

1. HaBenitb npuknaau BigHOLWEHb MiX PiSUYHUMU BEIMYNHAMMU, SKi MOXKHA 3MO-

o m
[enoBaTu PIBHICTIO: Yy =mXx, Y = —.
X
2. CohopmynioriTe npuknagHy 3agady, MateMaTUyHO MOAENIO SKOT € dopmyna:

a) l=2nr; 6) S=nr% B)S:a;bﬁ.

BukoHaemo pazom!

0 [Ba depmepu, npautooym Ha kombanHax, MOXyTb pa3om 3ibpatn Bpoxan
nweHuui 3a 12 roa. 3a CKinbky roamH KOXeH 3 HMX, NPaLoYm OKpemMo, Mir 61 3ibpaTtin
LLen ypoxawn, KL BiAOMO, L0 NPOAYKTUBHICTb Npauji nepworo B 1,5 pasa Buwia Bif,
NPOAYKTUBHOCTI NpaLli Apyroro?

Poae’asaHHa. Hexalh nepLumin pepmep Moxe 3idpaTti BCIO MLEHWLO 3a X rod, Toai

. 1 o
opyrnin — 3a 1,5x roa. 3a 1 rog nepwunin Moxe 3i6paty — YacTUHY NONS, a APYruin —
X

1 _ .1
5% yacTuHy. Pa3om 3a 1 rog BOHM MOXYTb 3i0paT Bpoxam 3 T2 yacTuHm nong. OTxe,
x

1+L=l, 3Biacu 1 1+i =l, x=2’—5-12, x=20;1,5-20=30.
x 15x 12 x 15) 12 15

Bignosigb. 20 ron; 30 roa.,

9 Ha npoBeaeHHs KOXXHOro Tupaxy notepei Butpadatote 55 000 rpH. OguH 6ineT
notepei kowTye 1 rpH. TpeTuHa BUPYYKK Big, npoaaxy OineTiB ine y BurpaluHunii dpoHa,
4YBEPTb — Ha cnnaTy NoaaTkiB, a peluTa — NpMBYTOK opraHisaTopiB notepei. Akum OyB
npnobyTok, akio npoaanu 180 000 6ineTiB? Ckinbku 6ineTie Tpeda npoaaTu, Wob maTn
npudyTtok noHaa, 30 000 rpH? 3a 9K0i YMOBU OpraHisaTopu He oaepxaTb NPUobyTky?

Po3B’a3aHHS.

I. Hexam S — Bupydyka 3a npopax Oinetie, a P — npubyTtok. Togai
S=§+§+P+55 000, a P=§—55 000.
3 4 12
. 1. 9kwo S =180 000 rpH, TO P:%—SS 000=20 000 (rpH).
58

2. Akwo P > 30 000, To 6—55 000>30 000, a$S >204 000 (rpH).

3. dkwo P <0, 70 %—55 000<0, aS5<132000.

1. Ockinbkn ogmH GineT noTepei KowTye 1 rpH, TO KiNbKiCTb NpogaHux 6ineTis (K)
yncenbHO JopiBHIOE BMpYy4Li. OTxe, akwo K > 204 000 wTtyk, To NnpubyTOK NepeBu-
wmTb 30 000 rpH, a akwo K <132 000 wTyk, To opraHisatopu npnbyTKy HE MaTUMYTb.

Bignosigb. 20 000 rpH; noHaa 204 000 wTyK; SKLLO KiNbKiCTb NPOoAaHux 0ineTis He
nepesmwmnTb 132 000 WwTyK.
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MopaHi HUX4Ye ABi 3aaadi PO3B’AXiTb YCHO, ANBASYUCH HA X rpadiyHi moaerni.
O 10 rop 3 micta A 0o micta B BuMixaB MOTOUMKIICT, a Yyepes 30 xB oMy Ha-
3yCTpiy 3 B BMixaB aBTOMOOiNb. O KOTPin roaviHi BOHW 3YCTRINNCH, SKLLLO aBTOMODiNb
0o A npuixae o0 12 rog 30 xB, a MOTOUMKNICT A0 B — 0 13 rog, (MantoHOK niBopy4)?

S

B 10,5 13 13 14

1
:
. A
10 X 12,5 ¢ 10 11« 7

A

e O 10 rog 3 micta A 0o micta B BuixaB MoTOUMKNICT, 06 11 ron Tak camo 3 A
0o B — aBToMo0inb. O KOTPI roanHi aBTOMOOiNb Ha340rHaB MOTOLMKIICTA, AKLLO BiH
npwixas go B o 13 roa, a MoToumknict — o0 14 rog, (MantoHOK npaBopyy)?

CTBOpPITL MaTeMaTU4Hi Moaeni Ao 3agad i po3B’aXiTb iX.

1. KopoBa npue’a3aHa Ha rafisiBMHi 0 Kifika MOTY3KO0 3aBAOBXKM 8 M. Ky nioLLy
BOHa Bunacae?

2. LLlo6 nigHATY Biopo 3 KpuHMLj, Tpeba 3pobuTtn 12 06epTiB KONOBOpOoTa. 3HANAITL
rMMOUHY KPUHUL, AKLLIO AiaMeTp Basla KONOBOPOTa CTAaHOBUTbL 24 CM.

3. batbko cTapLuuii 3a cuHa B 4 pasu, a 4epes 5 pokiB BiH Byae cTapLuni 3a cuHa
Tinbkn B 3 pasun. Ckinbkn pokie CMHOBI Tenep?

4. Sagaya Besy. PobiTHMKY ckasanu, WO BiH ogepxXyBaTuMe No 24 cy 3a KOXHWUI
BiANpaLbOBaHUI AEeHb, ane Npu LiIbOMY BiapaxoByBaTUMYTb MO 6 Cy 32 KOXHWM NPOry’.
Yepes 30 gHiB 3’dcyBanocs, Lo oMy HiYoro oaep>kyBaTu. CKinbku AHIB BiH NpaLioBaB?

5. Ha ogHoMy cknagi Byrinns B 2 pasu OinbLue, Hix Ha ApyromMy. AKLLO Ha nepLuuni
cknan npueeatu we 80 T, a Ha apyruii — 145 T, To Ha 000X cknaaax Byrinng oyae no-
piBHY. CKiNbK1 TOHH BYTiNNg € HA KOXHOMY cknagji?

6. B ogHomy Mmiluky 6yno 60 kr Lykpy, a B apyromy — 80 kr. 3 Apyroro milluka B3sm
LlYKPY B TPpW pa3u BinbLue, HiXX 3 MepLLoro, i ToAj B NepLUOMY MILLKY 3a5MLLNNOCh LIyKPY
BOBOE Oinblue, HiX Yy Apyromy. o CKinbKu Kinorpamis LyKPY B35/I1 3 KOXXHOMO Millka?

7. 3 KolumKa B31K NONOBUHY BCiX €L, MOTIM — MOJIOBMHY OCTadi, NOTiM — MNO-
JNIOBMHY HOBOI OCTaui, HapeLTi — NOJI0OBUHY HOBOI OcTadi. licnsa uboro B KOLNKY 3a-
nuwmnocs 10 aeup. Ckinbkuy Seub 6y10 B KOLLINKY CriovaTky?

___________________

10 mTyx
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Jlns 3aga4 8—9 cTBOPITE MOAENI, aHa0rivHi Tivi, LLIO BUKOPUCTOBYETLCS B 3a4a4i 7.
Javite BignoBiai Ha NnocTaBeHi 3arnnTaHHs.

8. Ona cnekna NupixkkK i aBa Bigpasy 3’ina cama. NMonoBUHY NMPIXKIB, LLLO 3a1ULLIN-
n1cs, BOHa Bigaana 6atbkam, a nosoBMHY ocTadi — nogpyram. Tpu NMPiKKKY, WO nicns
LbOro 3annwnnmncsl, BoHa eigaana Mmonogwomy 6paty. Ckinbku nupixkis cnekna Ona?

9. Y noOHeiNoK y4Hi B3 NOMOBUHY BCIX HOBUX MiAPY4YHYKIB, Y BIBTOPOK — MOJIOBU-
Hy OCTaui, y cepeny — noJIOBMHY HOBOI ocTaui. [icnsa uporo B 6i6niotewji 3anmwnnocs
25 HoBUX NigpyyHUKiB. CKiNlbkM HOBUX Nigpy4HUKIB Oyno B GibnioTewui?

Pose’axiTb 3agadi 10 i 11 Ta 3icTaBTe ix MaTeEMaTUYHi MOLEN.

10. [1Ba koBani, npawuoyn pa3om, BUKOHYIOTb NEBHY poOOTY 3a 8 AHIB. 3a CKinbku
[OHIB BMKOHaB 61 Lo pob0Ty ApYrnii KOBasb, SKLLO NePLUMIA MOXe BUKOHaTW i 3a 12 aHiB?

11. a) OgHa Gpuraga moxe BMKOHATU pobOoTy 3a 3 rog, apyra — 3a 5 roa. 3a
CKiNlbky roamH BUKOHanu 6 uo poboTy obmagi bpuragn pasom?

6) OpgHieto 3 oBOX TPyO BacelH MoXHa HaNoOBHUTK 3a 3 rod, a Apyroo — 3a 5 roa.
3a CKiNbky roamMH HaNnOBHUTLCA OacenH, AKLLO BiaKpUTK 0Ouagi Tpyom?

B) Bin cTaHuji A no ctaHuii B iBig B 0o A ogHo4YacHo Buixanu asa asToMobini. Yepes
CKiNlbK/ rogviH BOHU 3YCTPIHYTbCS, KO BiAOMO, WO nepLliunii asToMobinb BigCTaHb
AB ponae 3a 3 roa, a apyrunii — 3a 5 ron?

12. Ski po3mipy MaloTb 3010TUI | CPIOHNI 3NUTKN Y POPMI KyDa, AKLLO Maca KOX-
Horo popisHioe 3 kr? MNycTHa 3on0ta — 19,3 r/cm®, a ryctuHa cpibna — 10,5 r/cm®.

13. 3agaya MaknopeHa. Kinbka noaei odbiganu pasom i Manm sannatnTtu 3a obig,
175 wuninris. 3’acysanocs, Wo y ABOX He 6yo 3 co60t0 rpoLLei, TOMY iHLLIi 3annaTtmnm
Ha 10 wwuniHriB GinbLue, Hix iM Hanexano. Ckinbkn nogein obinano?

14. Ha manioHKy 306paxeHo ABa pe3epByapu, L0 MaoTb GOpMY NMPSIMOKYTHOIO
napaneneninega, i nogaHo ix po3mipu. lMNMepwurin pesepsyap HAMOBHEHO BOLOIO

3 , . 3 ,
Ha 5 o6’emy, a gpyrmin — Ha 2 06’emy. 3 nepLIoro pesepsyapa WOOHA 6epyTb

112 niTpis BOAN, a 3 gpyroro — 31 .

a) 3anuwitb Apib, AKMin Nokaaye, Y CKiNlbk1 pasiB Yepes X OHIB y NepLloMy pe3ep-
Byapi 3a1MLIUTbLCSA BOAM BinbLue, HiX Y ApYyromy.

0) O6umcniThb, y CKiNbkn pasiB y NepLIoMy pesepByapi 3annwmnTbcs Boan GinbLue,
HiX Yy Apyromy yepes 9 aHiB.

B) LLlo o3Hayvae piBHICTb M: 3? P03B’axiTb Le PiBHAHHS | 3p06iTb BUC-
750-31x
HOBOK.
I [a\] X —_
/;______7 e S
1,5m 1 — 2w i 05m

15. Bigkpurta 3agava. Cknagite 3agady, aHanoriyHy nonepeaHin.
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16. 3aBoay 6yno 3amoBneHo BUrotoButn 105 aBuryHies. 3aBog, WOAHS BUTOTOB-
N§B Ha 6 OBUryHiB OinbLUe, HiX nependadvyanocb, TOMY BUKOHAB 3aMOBJIEHHS HA 2 OHi
paHiwe. CKinbky ABUIYHIB 3aBO, BUTOTOBNAB LLOOHA?

17. Y poasirpawi nepwocTi 3 ¢pyTd0Ny OYyno 3irpaHo 55 maTtyiB, KoXXHa KOMaHaa
rpana 3 KOXHO'0 iHLLO Mo ogHOMY pady. Ckinbky koMmaHg 6paso y4acTb y po3sirpatdi?

18. 3agaya PiborHayyi. [1Bi Bexi, onoHa 3aBuLkm 40, a npyra — 30 ¢dyTiB, po3Ta-
LoBaHi Ha BiacTaHi 50 ¢yTiB 0aHa Big 04HOI. [10 PO3MILLLEHOT MiXK HAMUW KPUHWLL 3MiTa-
I0TbCSA OOHOYACHO 3 000X BEX ABa MTaxu. AKLLO NTaxv NeTATb 3 OAHAKOBO LUBUIKICTIO,
TO BOHM BOAHOYAC A0MITAOTh A0 KPUHULL. 3HANAITh BiACTaHb BiJ, KPUHWLL [0 BEX.

19. [1gi 6puragn mynsipis, Npauooyn pasomM, MOXYTb BUKOHaTV poOOoTY 3a 4 AHi.
3a cKinbkn gHiB kKoxHa bpuraga okpemo mora 6 BUKOHaTK Lo poboTy, SKLLO nepLia
3pobuThb Lie Ha 6 OHiB paHille, Hix apyra?

20. [1soma ekckaBaTopamm Pi3HOT MOTYXXHOCTI, L0 NpauioBanv pasom, BUPUIN
KOTNOBaH 3a 6 roa. Akbum ogHMM 3 HUX BUPUAM 6 NONOBMHY KOTNOBaHY, a NOTiM Apy-
MM — PeLUTy, TO BClo poboTy 6yno 6 3akiH4eHo 3a 12,5 roa. 3a CKiflbku roanH KOXHUM
€KCKaBaTOPOM OKPEMO MOXHa BUKOHATK BCO poboTy?

21. lIsoma Hacocamu, L0 npaLioBanm pa3oM, HaNOBHUAY TaHkep HadTo 3a 5 rof,.
9AkOM NOTYXHICTb | Hacoca Gyna yABidi MeHLLOo, a NOTYXHICTb || — yaBidi 6inbLioio 3a
NMOYaTKOBY, TO TAHKEP HAMOBHUAM 6 3a 4 rof,. 3a CKiflbky rOAVH KOXXHUM HACOCOM, LLIO
npavoBaB 611 OKPEMO 3 MOYATKOBOIO MOTYXXHICTIO, MOXHA HANOBHUTW TaHKEP HAdTO?

22. Maemo 10-BiacoTkoBuUiA i 15-BiaCOTKOBUI PO34KnHK cofli. CKinbku Tpeda B3aTH
KOXHOr0 po34nHy, o6 matn 100 r 12-BiACOTKOBOro PO34nHy?

23. Maemo gBa po34umHu coni. KoHueHTpadia coni B nepwomy — 0,25, a B apyro-
My — 0,4. Ha ckinbku kinorpamie 6inblie Tpeda B3ATM OOHOI0 PO34MHY, HiX ApYyroro,
wo6b oaoepxaTtu po3yrH macoto 100 kr, KoHUeHTpaLis coni B akomy 0,377

24, ljna me06niB nicns ABOX NOCMIAOBHUX 3HUXXOK Ha p % 3MmeHwumnaca 3 12 500 rpH
00 8000 rpH. Ha ckinbku BiaCOTKIB 3MeHLLYyBanacs LjHa wopasy?

N 3.
25. Y putadomy kade ppykToBuin canat «EK30Tmka», LLO CKNagaeTbCcs Ha 2 i3 nep-

CuKiB, KOWTYeE 24 rpH. 9koto 6yae uiHa canaTy, kWO Nepcukn 3aMiHUTK: a) ClinBaMu,
O BAOBIYI AelleBLli 3a nepcukn; 6) nnogamu, WO B k pasiB 4OPOXYi 3a Nepcukn?
BpaxyiTe, L0 BapTiCTb KOMIMOHEHTIB canaTy cTaHOBUTbL 50 % Moro 3arasbHOI BApTOCTi.

26. MonuT i NPONo3uLLis NEBHOIO TOBAaPY OMUCYIOTLCS PIBHAHHAMN:

Qp=750-23p, @s=150+97p,
ne @ — obesar nonuTy (MIH WTYK 3a pik), @g — 06car Npono3uui (MH LWTYK 3a pik),
P — UiHa, rpH. 3HalaiTh PiBHOBaXHY LjiHY Ta 06car npoaaxy. Ak 3MiHATLCS MONUT i
npono3unuis, SKLWO LjiHa TOBAPY CTAHOBUTUME 6 rpH?

27. 1ng BMpo6OHMLTBA NpoayKLUil dipma 3akynuna yctaTkyBaHHS, BApTiCTb IKOro —
200 000 rpH. MNMepenbavaeTbcs, WO TEPMIH ekcnnyaTauil yctatkyBaHHa — 10 pokiB,
nicns 4oro, y 3B’43Ky i3 3akiHYeHHAM TepMiHy ekcnyaTalii, BOHO Moxe OyTun npo-
OaHo Tinbky Ha OpyxT 3a uiHoto 19 700 rpH. YcTaHoBITb, Skoto Oyae NoTo4Ha BapTiCTb
ycTaTKyBaHHA Yepes 2 i yepes 5 pokiB MOro ekcnyartauji, KO LLOPOKY aMOPTU3aLLINHI
BipaxyBaHHA 3a/INLLIAITHCS CTAINMU.

28. depmep mae 600 M MeTaneBol CiTKM, SKO BiH Xo4e 006ropoauTy 3ariH ans
Tenat. 9dky dopmy 3aroHy cnig, obpaTu, Wwob BiH MaB HaWOBINbLLY MOLLY?
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EHepro-
e eKTUBHICTb . ®diHaHCcOBI
d? HasuyanbHuit npoekt Ne 3
i eHepro- pPO3paxyHKu
30epeXeHHs
3acTocyBaHHS
MaTeMaTUKun

MeTa gaHoro npoekTy Nonsirae B TOMy, LWOO6 Yy4Hi B MpoLEeci CaMOCTiIMHOT HaBYab-
HO-Ni3HaBaJIbHOI AisiNIbHOCTI PO3KPWIIM 3HA4YEHHS MaTEMATUKM B MOBCAKAEHHOMY XMUT-
Ti, 30KpeEMa BUKOPUCTAHHSA BiACOTKOBUX PO3PaxyHKIB i CTAaTUCTUYHUX BiAOMOCTEN.
MepenbayaeTbes, WO NMPOEKTHA AisNbHICTb Oyae CynpoBOAXYBATUCS CKIaAaHHAM i
pPO3B’A3yBaHHAM Pi3HMX 3a4a4 Ha BiCOTKM, a TaKOX aHani3oM i nobyaoBoto giarpam.

YyHi knacy GopmyioTbes y Mani rpynu no 2 — 3 ocobu. 3a 6axaHHAM y4HiB MOXHa
30iMCHIOBaTW iHAMBIOyabHY MPOEKTHY OisifbHICTb. KoXXHa rpyna obupae ans npoekTHoT
LI9NbHOCTI OA4HY i3 3aNPOMNOHOBAHNX HMXKYE TEM:

1) MaTemaTtuka B npodecii Moix 6aTbKiB.

2) MaTtemaTtuka Ha TPaHCNopPTi.

3) MaTtemaTuka y CiflbCbKOMY rocrnogapcTsi.

4) MaTemaTmka Ha KyXHi.

5) 9k 9 BUKOPMCTOBYIO BiNlbHWUI Yac.

6) FAkum KHMXKaM A Biggalo nepesary.

7) LLLo ymnTaloTb y MOIh POANHI.

8) CnopTy MOin poauHi.

9) IHoekc Macu Ta 36anaHcoBaHe XxapyyBaHHSA MOET POAMHN.

10) CoujanbHi mepexi.

11) IHTEpHET Yy MOIh POANHI — e(DEKTUBHICTb BUKOPUCTaHHS.

12) Y aknii 6aHK noknacTu rpoLli Ha 36epiraHHs.

13) NMopgaTkn, ki cnnadvye mosi poaviHa.

14) 9k 3aowamxyBaTn eNeKTPoEeHeprito.

15) CKinbky MOXHa 3a0LaanT Npu pauioHanbHOMY BUKOPUCTaHHI TeNe@oHHMNX
anapariB.

16) Boga, 9Ky My BUKOPUCTOBYEMO APEMHO.

17) BukopucTtaHHs BOAM B Pi3HNX KpaiHax CBiTy.

18) MNepeBaru i HeAONiIKW PIBHUX AXEpPEN CBITNA.

19) NepeBaru i HEAONIKW PIBHUX AXEPEN eHepril.

20) EHeproedekTMBHICTb HALLOI OCeni.

21) EHeproe®eKkT1BHICTb HALLIOT LLKOJIN.

22) EdpekTrBHE BUKOPUCTaHHS 3eMeNbHOT MPUcaanbHOl OiNsgHKU.,
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TemMu ong NPOEKTHOT AisiNIbHOCTI MOBIAOMASIOTLCS YHHAM HANPUKIHL TPETHOI YBEPTI.
lMicna BMGopy TeMmn OOCHIOKEHHS KOXEH y4eHb Ma€e onpauoBaT 000B’A3KOBUIN MaTe-
pian («BigcoTkoBi po3paxyHkm»), WO MICTUTLCSA HMXKYe, | AibpaTn 004aTKOBI BiAOMOCTI,
O CTOCYIOTbCA 06paHOi TEMN.

PesynbTatn poboTn Hag NpoekToM 6axxaHo 0POPMUTU Y BUTISAI iIHAMBIAYaTbHUX
nopTdOoNio 3 rpPynoBOO KOMM’IOTEPHOIO Npe3eHTaujieto. 3a pesynbTatamMmm A0CHiOXeH-
HSl MOXHA CTBOPUTU MJiakaTu, ra3eTun, 30ipHMK 3aaa4 (eNEKTPOHHUI YM NanepoBuii).

3axmCT NPOEKTIB AOLLNIbHO MPOBECTU HA KiJIbKOX TEMATUYHUX NO3aK/IACHMX 3aX0-
[ax, 3anpoCUBLLN YYHIB iHLLMX KNACIB, y4UTENIB i 6aTbKIB.

YYyHAM pekoMeHOYETbCS CaMOCTIMHO NOBTOPUTU N ONpPaLOBaTh NOAAHUNA HUXYE
TEeopeTUYHUIN MaTtepian.

BiacoTkoBi po3paxyHKu

BincoTtok (abo npoueHT) — Le oaHa coTa:

1%=0,01;50%=0,5;100 % =1.

I3 HarinpoCTiWMMKY 3a4a4amMu Ha BiACOTKM BM O3HaANoOMmUNucs paHiwe. lNpuraganmo
Li BUOM 3agad i cnocobu ix po3B’A3yBaHHS.

ICHYE Tpn OCHOBHI BUAW 3a4ay Ha BiACOTKN:

1) 3HaxoOykeHHs BiACOTKIB Bifg, yncna:

e p Bigcotkis Big, uncnaa —a - 0,01p;
2) 3HAXOOXXEHHS YMcna 3a BigCOTKaMM:

® 4MCIO, P BIACOTKIB IKOro AopiBHIOTL b, — b : (0,01p);
3) 3HaxXOOXXEeHH$N BiACOTKOBOIrO BiAHOLLEHHS:

® BiCOTKOBE BifHOLWIEHHA aib — (a : b) - 100 %.

PoarngHemo npuknaam Takmx 3agau.

Mpuknap, 1. MNoTpibHO 30paTy Nnone, nnotua akoro aopieHoe 300 ra. 3a nepLunin AeHb
TpakTopuncTy BUkoHan1 40 % 3aeaaHHs1. Ckiflbk FeKTapis BOHM 30pasv 3a NepLUmni AeHb?

Mpuxknap 2. 3a nepwuin geHb TpakTopuctu 3opanu 120 ra, wo CTaHOBUTb
40 % nong. 3HanAiTb NOLLY BCbOrO Noss.

Mpuknapg, 3. MNMoTpibHO 30paTn none, nnowa sakoro gopisHioe 300 ra. 3a nepLunii
neHb TpaktopucTtu 3opann 120 ra. Ckinbku BiACOTKIB YCbOrO MOJS BOHW 30panuv 3a
nepLuni oeHb?

CnpobyiiTe po3B’a3aTi KOXHY 3 UMX 3afa4 Kinbkoma criocobamm, 3amMiHUBLLIN

40 % ppobom 0,4 abo % .

Taki 3apayi TakoX 3py4HO Po3B’a3yBaTu criocobom riponopdii. OpopmnioBaTu
PO3B’A3aHHA CHOPMYNbOBAHUX 38034 MOXHA TakK:
300 100 _ 300-40

(1) 300ra— 100 %, , =120 (ra).
x 40 100
xra—40 %.
(2) 120 ra— 40 %, 120 _ 40 X = 120-100 =300 (ra).
x 100 40
xra— 100 %.
(3) 300ra— 100 %, 300:100,x= 120-100 =40 (%).
120 «x 300
120ra — x %.
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Y cknagHilumMx NpuknagHux 3agadax Ha BiCOTKM YacTo MAETbCA NPO 30i/bLIEHHS
a00 3MEeHLLIEeHHS BENIMYMHN Ha KiflbKa BiACOTKIB. Y Takux BUunaakax Tpebda nobpe posy-
MiTK, Big 4oro 6epyTbCs BiACOTKM. Hanpuknaa, Kony roBopaTh, Lo 3apobiTHa nnaTta
nigsuwmnacek Ha 10 %, TO po3yMitoTb, L0 BOHa 30inbLumnnack Ha 10 % Big, nonepeaHboi
3apo06iTHOI Nnatu. MNpu LpOMy, AKLLO 3HAYeHHS x Oinblue Big, Yy Ha p %, TO 3Ha4YEHHS
Y MeHLLe Bif X He Ha p %. 30inbLUeHHIo B 2 pa3u Bignosigae 306inbweHHsa Ha 100 %, a
3MEHLLEHHIO B 2 pa3u — 3MeHLIeHHs Ha 50 %. LliHa ToBapy TeopeTn4HO MoXe 30inbLuy-
BATUCb Ha Oyab-9Ke YNCIO BiACOTKIB, @ BMEHLUNTUCH, Hanpuknag, Ha 120 % He moxe.

PosrnsaHemMo oaHy i3 3a4a4y Ha Bi4COTKU.

Mpuknapg, 4. MNpocywmnn 55 T 3epHa 16-BigCOTKOBOI BOSIOrOCTI, NiCAsi YHOro Moro
ctano 50 T. 3HanAiTb BiACOTOK BOIOrOCTi MPOCYLLEHOro 3epHa.

Po3B’a3aHHA. 3epHO CrnoyaTky MiCTU10 BOJIOTU

0,16 -55=8,8 (7).

Bunapysanocs Bonorn 51 (55 - 50 =5).

3anuwmnocsk y 3epHi Bonoru 8,8 - 5= 3,8 (1).

OTxe, BiACOTOK BONIOrOCTi NPOCYLLUEHOro 3epHa
LOPIBHIOE:

3,8:50=0,076=7,6 %.

Bignosigb. 7,6 %.

MoxHa po3B’a3aTu 3agady v iHakwe, Hanpuknag,
CK/1aBLUN PIBHAHHSA:

0,16-55-0,01x-50=5.

Mpuknapg, 5. Ceixi rpndu mictate 90 % Boaun, a cyweHi — 12 %. Ckinbku CyLeHnx
rpubiB BUNnOe 3 22 Kr CBixXnxX?

22 Kr
90 %

X KI' =
12 %

Po3B’a3aHHA. Hexail cylieHux rpnbis 6yae x kr. Y Hux 6e3sogHoi macu 88 %,
T06TO 0,88x. Y 22 KI CBiXMX rpubiB 6e3BogHol macn 10 %, ToO6TO 2,2 kr. be3BogHi
Macu CBIXMX i CyLLEHNX rpuBiB PiBHi, 3BiACY MAEMO PIBHSAHHS:

0,88x=2,2; x=2,5.
Bianosiab. 2,5 kr.

Mpuknapg, 6. 13 ABox po3umHie coni — 10-BigcoTkoBoro i 15-BigcoTkoBoro — Tpebda
yTBOpUTM 40T 12-BiACOTKOBOro po34mHY. CKiflbky rpamis KOXHOMO PO34MHY NOTPIOHO B3ATN?

Po3B’asaHHd. [100yayemMo i 3an0BHMMO TabnMLO0, NO3HAYMBLLW 3arasibHi Macu
NnepLLoro Ta Apyroro po3ynHiB 4epe3 X riyr.
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Po3unH 3aranbHa maca, r BmicT coni, % Maca coni, r
I X 10 0,10x
Il y 15 0,15y
Il (yrBOpEHNIA) 40 12 4,8

3a 3HaYeHHAMM y CTOBNUSAX «3arafnbHa Maca» Ta «Maca coni» CkagaeMo CUCTeEMY
PiBHSHb:

x+y =40, )

{ 3Bigcn x =24, y=16.

0,10x+0,15y = 4,8,
Bignoeigb. [10TPiGHO B34TM NepLLIOro po34nHy 24 r, gpyroro — 16 r.

HaiyacTiwe goBoauTbCcs po3B’A3yBaTi 3adadvi Ha BiACOTKW Oyxrantepam i npa-
LiBHMKaM OaHkKiB. Po3rngaHemMo npuknagu, nop’s3aHi 3 HapaxyBaHHSAM iHBecTopam
(BkNagHWKam) BigCOTKOBUX FPOLLIEN.

TOBOPSATL NPO NPOCTIi BiACOTKMU, SKLLO HAPAXOBYIOTb BiACOTKM NMLLIE HA MOYaTKOBO
iHBECTOBAHY CYyMY.

Hanpuknan, Ha no4YaTky pOKy BKIaAHMK PO3MILLYE Ha paxyHKy B 6aHky cymy P
nif, BiACOTOK 1 PidHMX. 3a PiK BiH ogepXuTb cymy P,, 9ka OOpPiBHIOE NOYaTKOBOMY

Bknagy P nntoc HapaxoBaHi BiACOTKN (P ) abo P, = P+E—P(1 r )
100 100 100

Yepes aBa i Tpm poku cymMma Ha paxyHKy CTAaHOBUTUME:
P P :
PQ=P+—r+ d ( 2—) i B,=P (1+3—)

100 100 100 100
AHanoriyHo MoxHa npeactasnT cymy P, Ky BKNaaHUK O0EPXUTL HEPES 1L POKIB:
Pn:P(1+Ln) (1)
100

ne P — cyma noyatkoBoro Bknaay; P, — cyma Bkaay Yepes 1 pokKiB.

HapaxyBaHHS1 3a CXEMOI0 NPOCTUX BiACOTKIB 3aCTOCOBYETLCS, K MPaBuo, y KO-
POTKOCTPOKOBUX (PiHAHCOBKX Ornepauisix, Ko Nicnst KOXXHOro iHTepBasy HapaxyBaHHS
BKJ1QQHMKY BMMNIAYYIOTbCH BiICOTKMN.

Y [LOBrocTPOKOBYX BiHAHCOBO-KPEAUTHUX Yrofax HacTille BYUKOPUCTOBYIOTL CKaA-
Hi BifCcOTKM. X HAPaxoBYIOTb HE TiNbKM HAa OCHOBHY CYyMY, a i Ha HapaxoBaHi paHile
BiICOTKN. Y LbOMY BUMAAKY KaXyThb, LLIO BiOYBAETbLCS KamniTani3ayis BigCcoTkiB.

MpunycTMo, WO BKNaaHWK rnoknae oo 6aHky nig 9 % pidyHmux 1000 rpH. Lie no-
yatkoBui kanitan. Yepes pik 6aHK Hapaxye BknaaHuky 3a ue 90 rpH BigcoTkoBux
rpoweii (9 % Big, 1000 rpH.). Micna upboro Ha paxyHky BknagHuka ctaHe 1090 rpH,
60 1000(1 + 0,09) = 1090. 3a apyruii pik BiACOTKOBUX FPOLLEN MOMY HApPaxyloTb yXe
9 % Big, 1090 rpH; HapoLweHni kaniTana BKnagHMKa nicna ABOX POKIB O0pPiBHIOBA-
Tme 1000(1 + 0,09)? rpH. 3p0O3yMino, Lo Yepes 1 POKIB Lieii kaniTan CTaHOBUTUME
1000(1 +0,09)" rpH.

OTxe, BknageHui B 6aHK novyaTkoBui kanitan P nig r % piyHUX Yyepes n pokis
NepeTBOPUTBLCS B HAPOLLEHMIA KaniTan:

P = P(1+—)
100
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Lle dopmyna cknagHux BiacoTKiB. BoHa € ogHieto 3 6a30BMX y PiHAHCOBUX PO3-
paxyHKax.

Mpuknag, 7. BknagHuk noknae oo 6aHky 200 000 rpH nig, cknaaHi 7 % pivHMX.
$Iki BiACOTKOBI rpoLUi BiH MaTUMe Yyepe3 5 pokiB?

n
Po3s’a3aHHsa. CkopnctaemMocs GpOpMyIor0 CKIaaHNX BiACOTKIB P, = P(1 + ﬁ) .

Y paHomy pasir=7,n=>5.
OTxe, Ps=P(1,07)°. Mpwu P = 200 000 maemo:
P.=200000 - (1,07)°=280510.
[MOpPIBHAHO 3 MOYATKOBMM BK1340M:
280510 - 200 000=80 510 (rpH).
Bignoeigb. 80 510 rpH.

n
r . .
MHOXHMK (Hﬁ) , KM 3abe3nevyye HapPOLLEHHS MPOLLOBOI CyMU, HA3UBAOTh

MYIbTUNIKOBAHUM MHOXHUKOM. I0ro 3Ha4Y€HHS OBHUCIOITb A1 Pi3HMX 3HA4YeHb
rin Ta 3aHOCATb Yy crneuianbHi Tabnuui.

OGepiTb 3apayi, 9Ki CTOCYIOTbCSl TEMU BaLLOro AOCJiOXEHHS i PO3B’AXiTb
ix. CknagiTe BNacHi 3apavi 3 TemaTukm o6paHoro npoexTy.

1. NMocaposwnii oknag cnyxo6osus — 4000 rpH. 3 HOBOro poky Moro o6iugaTb Mig-
BULWLNTYK Ha 20 %. 9knm cTaHe NocaaoBuii oknag, crny>x6oBua?

2. lNpwn BUroTOBIEHHI PO3CONY ANs COMiHHA OripkiB Tpeba 0,76 kr coni Ha BiOpoO
Boau (12 kr). Bupasitb y BiacoTKax MiLHICTb PO34nHY.

3. 13 1050 3epHuH nweHuui 1000 3epHUH 3iNLWN0. AKniA BiACOTOK CXOXOCTI Mae
HaCiHHA?

4. baHk o6cnyrorye 50 000 knieHTie: 21 000 — topuaunyHi ocobu, a pewTa —
@isnyHi. CKinbky BiACOTKIB CTAHOBMATL: a) OPUANYHI 0cobu; 6) disnyHi ocobun?

5. Mnowa noepxHi 3emni cTaHoBUTb 510,1 MAH KM, 3 HUX 149,2 MAIH kM2 —
cyxogin. CKinbku BiACOTKIB MOBEPXHi 3eMJli MoOKpUTO BOAOIO?

6. TpakTopucT MaB 3o0paTtn 25 ra, a 3opaB — 27 ra. Ha ckinbky BigcoOTKiB BiH
BMKOHAB 3aBAaHHA? Ha CKifbku BiACOTKIB NEPEBUKOHAB 3aBAaHHA?

7. 3 monoka ogepxytoTb 10 % cupy. Ckinbkm noTpi6HO Monoka ansa 20 kr cupy?

8. 3 uykpoBux BypskiB oaepxytoTb 12 % uykpy. Ckinbkn OypsikiB Tpeba, 1ob oaep-
xatn 1 T uykpy?

9. B oaHin kHuxLi Ha 20 % CTOPIHOK MeHLUe, HiX Yy Apyrii. Ha ckinbku BiacoTKiB
Y APYrii KHUXLi CTOPIHOK BinbLUe, HiX Y NepLuiin?

10. fka 6yna uiHa ToBapy A0 NePEeOLLHKN, SKLO Nicas nigsuweHHs it Ha 20 % ueii
ToBap kowTye 450 rpH?

11. Lina kpamy cnovatky 3Hu3mnace Ha 10 %, a noTim we pa3 Ha 10 %. Ha ckinbkun
BiJICOTKIB BOHA 3MiHWIAChb MiCNsA ABOX NEPEeOoLiHOK?

12. LiHa Ha aBTOMOOinb crno4vatky niasuwmnack Ha 20 %, a NoTiM 3HM3NNach
Ha 20 %. {k 3MiHMNach LjiHa Ha aBTOMOOINb NICNSA LUMX OBOX NepPeoL,iHOK?

13. Y nBox 6akax mictutbes 140 n 6eH3uHy. Ao 3 neporo 6aka 12,5 % 6eH3nHy
nepennTun B opyrnii, To B 060x 6akax 6eH3nHy cTaHe nopiBHy. CKinbku NiTpiB 6eH3MHY
B KOXXHOMY OaLLi?

14. 3aBop 36inbWMB BUMYCK NPOoAyKLUii 3a nepwuii pik Ha 20 %, a 3a apyrumn —
Ha 25 %. 9k 3pic BUNYCK NpoayKLji Ha 3aBoAi 3a Ui ABa pokn?
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15. O6¢4r pobiT Ha 6yaiBHMLUTBI 30inbwmBCs Ha 50 %, a NPOAYKTUBHICTb Npawi —
Ha 20 %. Sk 3MiHMNach KinbKiCTb POBITHUKIB?

16. Jo 18 kr 10-BiACOTKOBOIrO PO34MHY KUCNOTW O0NUAn 2 kr soan. BnuaHaute Bia-
COTKOBY KOHLLEHTPALLII0 HOBOIO PO3YNHY.

17. Ckinbkn Tpeba 3miwaTtn 10-BigcoTkoBoro i 20-BiACOTKOBOro po34mHiB coi,
wo6 matn 1 kr 12-BigCOTKOBOIo PO34MHY?

18. Ckinbku Kinorpamie 7-BigCOTKOBOIro PO34MHY CNig, A0AUTN 40 5 Kr 5-BiACOTKO-
BOro PO34KHY, L0O BiH cTaB 6-BiACOTKOBUM?

19. Ckinbku npicHoi Boau Tpeda gonut 0o 100 Kr MOPCLKOT, sika MicTUTb 5 % coni,
W00 KOHUEHTpAaL,sa coni B Hilt gopiBHioBana 1,5 %?

20. JlatyHb — cnnaB 60 % Mmigi i 40 % umHky. CKinbkn Mifi i UMHKY Tpeba crnnaBuTu,
wo6 onepxatn 500 T naTyHi?

21. bpoH3a — cnnaB Miai 1 onosa. Ckinbky BiACOTKIB Mifli B GPOH30BOMY 3/IMTKY,
AKUN MicTUTb 17 kr migi Ta 3 kr onosa?

22. Ckinbku Boau Tpeba nonntn 0o 10 Kr po34mnHY CONi, KOHLIEHTPAaLLA 9Kkoro 5 %o,
Wo06 ogepxkaT PO3YNH KOHLLEHTPaLiE 3 %o?

23. Ckinbkn Tpeba 3millat PO34MHY COJMi KOHLEHTPaLieo 2 %o i PO34YMHY CONi
koHueHTpauieto 10 %o, Wobd ogepxatn 800 r po3UKMHyY, KOHLIEHTPALiS 9Koro 7 %o?

24. Ckinbkn 3ono1a 375-1 npobu Tpeba cnnaentu id 30 r 3onota 750-1 npobu, oo
ofepxatu cnnae 3os0T1a 500-1 npobu?

25. I3 MosioKka XMPHICTIO 5 % BUrOTOBNSIOTb CUP XUPHICTIO 15,5 %, npu upbomy 3a-
NNWAETbCA cupoBaTka XMpPHICTIO 0,5 %. Ckinbkn cnpy ogepxytoTsb i3 100 kr monoka?

26. Ha nepiomy noni 65 % nnoLui 3acissHo Xxutom. Ha gpyromy noni nifg, XX1To Bif-
Benu 45 % nnouli. Bigomo, wo Ha 060X NONAX XXUTOM 3acCiaHO 53 % 3arasibHOI MOLL;.
¢IKy 4aCTUHY BCI€l 3aCiiHOI NNOLLi CTaHOBUTb NepLue none?

27. 3 monoka ogepxytoTb 20 % BepLuKiB, a 3 BepLkiB — 25 % macna. Ckinbku
Tpeba monoka, wob onepxatn 10 kr macna?

28. Pyna mictntb 60 % 3anisa. 3 HEl BUNAaBnsoTb YaByH, SKMin MiCTUTb 98 % 3a-
ni3a. 13 ckinbkox TOHH pyau BunnaensioTbs 1000 T yaByHy?

29. Csixi rpnbun mictate 90 % Boaun, a cyxi — 12 %. Ckinbkn Tpeba BUCYLUNTK
CBiXXMX rpnbiB, W06 ogepxaTtn 10 Kr cyxnx?

30. Bonorictb cBixxux rpubis gopisHioBana 99 %. Konv rpmbu nigcywmnm, ix Bono-
ricTb 3MeHLwwmnach a0 98 %. Ak aMiHMnacek maca rpmbis?

31. dipma B3sna B 6aHky kpeamt 250 000 rpH Ha 5 pokiB nig npoctux 3 %. Bu-
3HauTe: a) CKiNbKM rprBeHb ¢pipMa noBepHe 6aHky Yepes 5 poki; 0) Aknii NprMbyTOoK
oaepXunTb 6aHK?

32. lNignpuemeup BHiC Ao 6aHky 15 000 rpH nig cknagHi 5 % pivyHmx. Akoto Oyae
cyma Moro Bknagy yepes 4 poku?

33. MignpunemcTay HagaHo 50 000 rpH y KpeauT Ha LWiCTb MicaLiB 3a cTaBkoto 8 %
piYHUX. AKYy CyMy NiANPUEMCTBO Ma€ NOBEPHYTM BaHKy Yepes NiBpoKy?

34. Ha Bknag y po3mipi 90 000 rpH cTpokoM Ha 5 pokiB 6aHk HapaxoBye 18 %
pivHUX. Aka cyma Byae Ha paxyHKy B KiHLi CTPOKY, SKLLLO HapaxyBaHHS BiACOTKIB 3[iii-
CHIOETbCS 32 CXEMOIO CKJTQAHUX BiACOTKIB: @) LWOMiBPOKY; 0) WOKBAPTa/IbHO?

Y 3apadax 35—36 po3rngHbTe Pi3Hi yMOBU HapaxyBaHHS BiACOTKIB.

35. BknagHuk noknae oo 6anky 200 000 rpH nig, 17 % pivHMX. Aki BiACOTKOBI rpoLui
BiH MaTtMmMe 4yepes iBa pokn?

36. 3a kol yMOBM NOKNaAeHWin o 6aHky Kanitan Yyepes gBa Poku 36iNbWNTLCS
Ha 44 %7?
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3A,D,A‘-II TA BMNMPABU AJ1d NOBTOPEHHA

YucnA 1A Al HAQ HUMK

Bukonatite nii (871—872).

871. a) 40 784 + 846 — (13 843 + 787);
0) (52 — 36 + 320 — 96) : 4.

872.a) 12,54 : (44,8 — 38,2) + 5,4 - 1,5;
6) 507,24 : 36 + 0,8(21,7 — 15,8).

3HalgiTh 3HaueHHA BUpasy (873—874).

873. a) 2§—2§—0,3 :6; 6) 5i—2,36 : 3§+0,2 .
4 "8 25 5
874. a) g(0,3—0,5:4):1,75—1; 6) 21:13+(3,25+21]:2§.
3 6 6 6) 5
O6uucaits (875—876).
2 2 2 192 2 142
875, ) 472 412, 6) 572 422’ 5 512 122 1) 612 112.
-16 29% 26 90%-9 36% —24
876. a) 632 - 432 — (24'% - 5)(24"° + 5);
6) (56 — 7)(56'° + 7) — 7*° . 8%,
O6uncaiTh 3Hauenusa Bupasy (877—881).
877. a) /64-900; 6) V25-196; B) +/49-676.
878. a) 1/0,01-121; 6) +/0,04-169; B) /0,09-441.
879. a) 103; 6) 103; B) 3193
16 25 121
880. a) v/6-10-15; 6) V15-21-35; B) +/20-28-35.
6 15 49° 536 27 5 10°

O6uncaiTy ooyTok (882—883).

882. a) 44,1-y12,1; 0) 28,9-432,4.

883. a) 1/E'Jﬂ; 0) 1f81~4/1§.
25 \135 9 73
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no.D,lJ'IbHICTb YUCEN. BID,HOLIJEHH?I | MPOMNOPLIT
884. Bunumrits yci mpocti umesaa, 6iabimi 3a 15 i menrmi 3a 35.

885. BumnuririTh Taki cKaameHi umcia x, IKi 3aJ0BOJIBHAIOTE YMOBY 21 < x < 31.

886. ITpumnurriTe go uncsa 278 3;1iBa Taky nu@py, 11100 YTBOPUJIOCT YOTUPHU-
nu@poBe UYHCJI0, KpaTHe 9.

887. PosknamiTe Ha mpocTi MHOKHUKY uncyao: a) 240; 6) 350.

888. 3uaiigiTh HAWOIMBIINY CUiIPHUE SIMLHUK i HaliMeHIIIe CIIiIbHe KpaTHe
yuces: a) 18 1 32; 6) 42 i 105; B) 60, 80 i 140.
889. V ckineru pasiB HCI uyucesn 36 i 48 menmuii 3a ixuiit HCK?

890. PosknaBmin Ha mpocTi MmHOMKHUKY uncaa 140, 175, 210, sHaigiTh:
a) HCII (140, 175), HCII (140, 210), HC]IT (140, 175, 210);
6) HCK (140, 175), HCK (175, 210), HCK (140, 175, 210);
B) CYMY BCiX IIPOCTUX AiIbHUKIB umcyaa 210;
r) cyMy BCixX mimbHHKIB umeaa 175.

891. BukopwucroBytouu nudppu 1, 2, 3, HanuriTe yci Tpunudposi umcia,
y AKX KOKHa mudpa sycTpivaerbes juilie oguH pasd. CKiIbKU 3 MUX
yuceJs MapHUX, HeapHUX, KpaTHux 3, 6, 97

892. 3uatigite cymy uuces, menmnmux 3a 20 i B3BaemHO mmpocTux 3 uucyom 20.

893. Axi 3 uucen, mo menri 3a 40, B3aeMHO IIpocTi 3 uncaoMm 60?

894. 3naligiTe 0’ATH TApHUX HATYPAJbHUX YNCEJ, KpaTHUX 7.

895. Yu moixe cyMa 40TUPHOX IMOCTIMOBHUX HATYPAJbHUX UKCEJ Oy TH IIPOC-
TUM YKUCJIOM?

896. CrpocTiTh BigHOIIIEHH:

2 3 4 1
a) 20 : 60;0) 0,4 : 1,2; 1:0,125; —i1—= 1—:2—.
) ) B) r) 35 ) 525
897. 3anuIiTh KilbKka OpomopIiiii, ckaageHux i3 uucen 2, 4, 31 1,5.

898. 3uaiigiTe HeBiZOMUII UJIeH IIPOIIOPINii:

a)x:3="T:6; B)11:1001:0,3:x;1‘)E:1’52;
x
x 2 16,2
6)1,2:5=x:15; Z=—; 9="—""1,
) r) 7735 ) T

L BUPA3KM
ITogatiTe Bupas y Buriaani muorouseHa (899—900).
899. a) (0,4a® — 5ab)?; B) (x%y® — 1)%

6) (6,5xy + 8y*)% r) (2 + a®bh>.
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900. a) (—x + y2)2; B) (—2a” + 3y3)2; r) (-0,1xy + 5)%;
2 2
6) (—%—Sxi‘) ; r) (—%m3—0,2n) ;1) (—6x%y — 0,5y)°.
901. CmpocriTh Bupas:
a) (3x — 5y)? — 3x(3x — 10y); B) (4x + y)(3x + 4y) — (2y + 3x)%;
6) 8a(b — 2a) + (4a + b)%; r) (3a + 6b)2 — (2a + 9b) (3a + 4b).
PosknaniTe Ha MHOKHUKYU MHOTOUWIEH (902—903).
902. a) x* + x%y + 2x% + 2xy; B) 6a?b — 18a® — 3ab + 9a;
6) a’c?®— a’c® + a® - a% r) xyz — 4xz — Sxy + 20x.
903. a) a® — b®> — a + b; B) 44— 9 — 2a — 3;
6) x +y+x>—y% r) 5 — 3x + 25 — 9x%.
904. ITopatiTe y BUTJIALL JOOYTKY:
a) x* — 2xy + y? — 2% B) x*— y*+ 8y — 16;
6) a®+ 2a + 1 — b% r) a®- b? — 14b — 49.
905. ITomatiTe y BUTIAAL JOOYTKY TPHOX MHOMKHUKIB:
a) ab® — 4a — b3 + 4b; B) x%a + 3a% - a® - 3x%;
6) x* + x’y — 9x — 9y; r) x° — 5b% + bx® — xb.

PALIOHANBHI BUPA3Y

906. fAxki smaueHHs 3MiHHOI JOMyCTUMI s ApoOy?

a) _at2 6) N R 5) x+7
a(3-a)’ (x-2)(x+3)’ (x2—4)(x2—9).
CxopoTiTh Apio.
2 9 _ 7 5 2 1 3
907. a) (a+x)3; 6) M; x) (8+c) - r) (a Z’ .
(a+x) (xy? (2-x)) (c*+6c+9) (a-1)

CupocriTs Bupas (908—911).
2x% +Txy - 9y® N 9x® —Txy —2y°

908
x2—y2 x2—y2
909. x+2y+2x—2y+6x—3y+x—2y.
2x-y 2x-y 2x-y 2x-y
1 4 1 2
910. ) ~ -5, ) B) _2,
m 4m 2x x 0,5¢ ¢
1 2 4 1 4
911. a) st — ’? —— B) —— 32 .
3ax® baz 3p°x dm°x a 2ac’x
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Bukonatite mimenusa i MHoKeHHA ApobiB (912—915).

2ax 4ax® a’c? 2ad%c? 12mn® 3mn?
912.8) —i——; o3 B 2 Cin.2 "
3¢ 9¢ Sxy 3x°y 5ac 10a
2 2 _ _ 2
913. a) a b2.3a+3b; 5) 5 5(12 :10 10a
(a+b) 4a—-4b (1+a) 3+3a
b\ [ (a+b) a2\’ (a®®)”
914. a) ( ) 7-1; 6) : :
4b 4da (a b) 6¢ 9c
3 2 _2
915. = 2 mr2l ( 3 2n 7t ms 713)
m°+n m°—-m‘n+mn® m°+n

IPPAU,IOHAJ'IbHI BUPA3U
Cupocrite Bupas (916—922).

916. a) 24/20x —/5x —\/45x; B) V27x +212x —5/3x;

6) \18p —\/8p+/81; r) 184 —/50a ++/3a.
917. a) (JE—l)(JZ+2); B) (J_ )(JE+3)

6) (\/}+2)(3+J§); r) ( x+\/§)(&—\/§).
918. a) \/E(\/E—Z)+2\/E; 6) (3—2&)&—3&.
919. a) \/E(\/E—\/;)+ ax; 0) \@—\/;(\/;+\/;)
920. a) f—_ll; 0) \/i:;/;, B) Z::E.

f+1 Ja++/x a+2f+1

921. a f+a 6) PNERPNPE B) —
\/E_\/E‘(b—a)' 11 )2
M (JE—JE sz] N ( ; @J -

PIBHAAHHS TA CUCTEMM PIBHSIHb

Posp’sakiTh piBHAHHA (923—929).

923.a) Tx —39=2(x+3)+6 — 2x + 5;
0) 3(x — 5) = 5(x — 3) — 4(2 - 3x).

924. a) 5(x — 3) + 7(8x + 6) = 2(x — 2) + 103;
6) 8(y — 2) + 5(8y — 2) = 3(y — 5) + 69.
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925.a) 7(6x — 1) + 3(2x + 1) — 5(12x — 7) = 23;
6) 5(82z — 1) + 8(7 — 42) — 7(4z + 1) = 19.

926. a) x> - 3x + 2 = 0; B) 3y° — 2y — 8 = 0;
6) x2 — 8x — 20 = 0; r) 0,25x% — 2x + 3 = 0.
927. a) x_;ﬁ‘—_;:z; B) x_i—zzl_ii;
X+ X — X+ X —
5) 2x—21=1—2;c+4; ) sx—izé—ZZJr
X+ X — X+ X —
928. a) x* — 5x% + 4 = 0; 6) x* — 10x* + 9 = 0.
929. a) 3x* — 2x% — 40 = 0; 6) 5y* + Ty® —-12 = 0.

Posp’sa:xiTh cucremu piBHAHDL (930—932).

2x-3(x—-y)="1, 4y—-5(y—x)=8,
930. ) (x-y) 5) y—o(y—x)
S5y —2(x—2y)=23; 2Bx—-y)+Ty=-14.
gx—y=7, 336—2‘:15,
931. a) 9 0) 5 3
42111 4.9 _
~3x+5y 11; k5x+72 14.
MTy_wzng’_l’ 7-'5_x_2x4_y_3y:_5’
932.8) 1112 4x-3 9 V5,7 34
x *x=3 11_4_a.. y-7 _3-4x .o
3 + 5 + 6 1-3x; 2 6 18 =-5x.
933. Po3B’sa:KiTh cucTeMy PiBHAHB CIIOCOOOM i CTAHOBKM:
x_y=3’ x—y:3,
a)\ 5 6) {
x“+y“=9; xy=4.
934. Po3B’s1:KiTh cucTeMy PiBHAHB CIOCOOOM ajredpaiyHOro mMomaBaHHS:
) {x+y—xy=—23, 6 x® +xy=15,
x—y+xy=49; v +xy =10.

935. Po3B’s1:KiTh cucTeMy PiBHSAHB CIIOCOOOM 3aMiHM 3MiHHUX:

) 5(x+y)+2xy=-19, 6 xy+x+y=-11,
x+y+3xy=-35; x?y+y®x = 30.
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3A,D,A‘-II HA CKJIAAAHHA PIBHAHb | CUCTEM PIBHAHb

936. Ha nBox Toxax pasoM € 990 T mmienui. CKiJIbKY IIeHTHEPiB e NIl Ha
KOYKHOMY 3 HIX, AKII0 Ha nepiiomy Ha 20 % Oinbine, Hix Ha gpyromy?

937. Y marasuH IpuBesJid KPyIu ABOX copTiB, yeboro 1800 kr. Ilicas Toro
ak npoganu 60 % 1-ro copry i 70 % 2-ro copry, y MarasuHi 3aJIUIIN-
Jochk 640 xr kpynu. CKinbKu Kpynu 1-ro i 2-To cOpTy OKpeMo IIPUBE3In
B Marasuf?

938. Ha BcrynHOoMy icnuTi 3 matemaTuku 15 % abiTypieHTiB He po3B’s3ain
JKomHOl 3amaui, 144 abiTypieHTu posB’dsanu 3amadi 3 MOMUJIKaAMH, a
YICJIO TUX, XTO PO3B’sI3aB yCi 3aJaui IpaBUIbHO, BIJHOCUTHCSA O YKCJIA
THX, XTO He PO3B’sA3aB »KOAHOI, AK b : 3. CKinbku abiTypieHTIB CKRIazaIN
iciuT 3 MmaTeMaTUKM?

939. Bigcrams 400 KM MIBUAKWI HOIi3[A IpoixaB Ha TOOWHY IIBUIINE, HiiK
TOBapHUH. SIKa IMIBUAKICTh KOKHOIO MOi3/a, AKIIO IIBUIKICTh TOBAPHOTO
Ha 20 KM/TOoa MeHINa, HidK HMIBUIKOTO?

940. Typucrt, npoixasmu 1200 KM, migpaxysas, 1o KoJau 6 BiH 6yB y mo-
posi Ha 6 gHiB O6iybIle, TO TPOiKAKAB Ou moaHA Ha 10 KM MeHIe. Ky
BiicTaHb IPOLKIKAB TYPUCT ITOSHS?

941. [IBi TkaJi, mpamooYu pasoM, MOKYTb BUKOHATH 3aMOBJeHHA 3a 12
IHiB. 3a CKiIbKY JHIB BUKOHAJA 0 ITI0 caMy poOOTy KOKHAa TKaJIsd OKpe-
MO, SIKIIO BioMO, IO IPOAYKTHUBHICTH OfHIiel 3 HUX y 1,5 pasa Buima
BiJl IPOAYKTHUBHOCTL ApyT0oi?

942, Tloisx 3a meBHUIT yac MaB mpoiiTu BigcTaunb 250 kM. Aje uepes 2 ron
micas IMoYaTKy pyxy BiH sarpumanca Ha 20 xB i, mio6 mpuOyTu BUAac-
HO JI0 MicCIls Ipu3HAUYEeHHS, HOMY JOBEJOCSA 30iJbIINTH IIBUAKICTL Ha
25 km/rox. SIkoro OyJa MIBUAKICTH moisma 3a po3KJIamoM?

943. V sbayxkax «AuTOoHiIBKa» mykop craHosutb 10,7 % macu. Crijnbrm
yKpy MictuTh 50 Kr Takux s0ayK?

944. Bauk o6cay:xuB 45 KiaieHTiB, 1m0 cramoBuTh 15 % Bix ycix riaieHris.
CkinbKu KJieHTiB Mae 6aHK?

945. I1iny Ha ToBap 3HM3uIM crmouaTky Ha 10 %, a morim e Ha 5 %, i B
pesyJbTaTi BiH cTaB KoiTyBatu 34,2 rpH. kol OyJa mouaTKoBa IfiHa
ToBapy?

946. Ha ckinbKU BiCOTKiB 30iIbIINTHCS IJIOINA IPAMOKYTHIKA, AKIIIO OTO
moB:kuHy 36impmutu HA 20 %, a mmpuny — Ha 10 % ?

947. 1liny ma TtoBap 6yJo sum:keno Ha 20 % . Ha ckinbxku BifmcorkiB ii mo-
TPiObHO migBUINUTH, IIT00 OJEP:KATH IIOIEPemHI0 I[iHY?

948. BuTrpaTu Ha BUTOTOBJIEHHS BUPOOY cTaHOBIATDL 1250 rpH, a #ioro mina —
1750 rpua. O0uncIIiTh, HAIiHKY Ha TOBAp y BiJcoTKax.
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HEePIBHOCTI

Po3sB’sa:iTh HEpiBHICTE 1 306pas3iTh MHOKUHY 11 PO3B’sI3KiB HA KOOPAMHATHI
npamii (949—-950).

949.2)3x -5 <x+ T; B) 0,3y +1 >3 - 0,2y;
6) x + 15 > bx + 3; r)1,5z-2<z+8.

950.a)5 - (x—1)—-2-Bx—-2)>3x—-4-2x — 7);
6)4-3—-2y)—3-4y+5)<bdby+3-(y—4).

951. ITpu axux 3HaUEeHHSAX 3MiHHOI Mae 3MicT BUpas:
a) Vbx—T; 0) V1-2x; B) l+\/3x—1?
x

952. 3HaigiTs 06JIaCTh BUSHAUECHHSA (PYHKILII:

a) y=+-2x; 0) y=v3-Tx; B) y=Vx’+38;
1 2
r) y=+-x*-1; r) y:;+\/;; I) y:;—\/l—x.

Pos3s’sakiTh cuctemy HepiBHOCTei (953—954).

5x+1>6x—-18, Ty+3>8y—17,
953.2) 1 * 6) 1Y Y
3x—-T<bx-13; 3y—-2<6y—-12.
Leoes 922 276% 5 5413,
954. a) 4 0) P
7+2x>3x—1; bx—8< x4+ .
955. Po3B’sokiTh MOABiliHY HepiBHICTS.
a) 9 <2x+3 <17; B)0<2—-x<2;
6) -8 < 8x — 2 < 25; r) -8 <38 - 11x < 58.

D YHKUIT | FPADIKU
956. 3uaiiaits f(—2); f(—1); (0); f(1); f(2), axiio GyHKITiI0 3a7aH0 (YOPMYIOI0:
a) f(x) = 2x*+3;  6) f(x) =3x* — 2; B) f(x)=vx%+1.

. 6x .
957. DyHKIIi0 3a1aH0 GOPMYJIOI0 Y = Tox Ha MHOJKHUHI HATypaJbHUX YHCEJI
+Xx

IepIIoro JecATKa. 3ajgaiiTe ii y Buriaami Tabamiri.
958. dyukuito 3amano Gopmynaow y=2+x+5 Ha obsacti BU3HAUYEHHA
D ={-4; -2,75; —1; 1,25; 4; 11}. Banpaiire ii y Burasazai Tadbauii i rpadika.

959. Ilo6yxnyiite rpadix dyuruii y = x> — 4, akmo D = {-1; 0; 1; 2; 3.
3HaigiTE 11 00JIaCTh 3HAUEHD.

960. 3HaligiTs 06IacTh BUSHAUEHHSA (PDYHKILI:

a)y=>5bx—-1; 0) y=+x+1; B) y=v4-x.
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961. ITpu AKMX 3HAUYEHHAX X JaHa (DYHKIiA Mae HaiiMeHIle 3HAUEHHS:

a)y=x2—6x+9; B)y=4x2—12x—3;
6) y = x° +4x + T; r)y =4x® — 4x + 1?
962. 3uaiigiTe, HalOiAbIIe 3HAYCHHA (PYHKILI:
a)y=3—(x—2)2; B)y=6x—x2—10;
6) y = —0,25(x + 5)% r)y = —5x® + 4x + 1.
963. 3uaiigiTe TouKu mepeTuHy rpadika ¢pyukIii 3 Biccio x:
a)y = x° + 10x — 11; B) y = —2x% + Tx — 3;
6) y = 2x° + 3x — 9; r) y = —2x(x + 3).
964. Criocobom BUIiJIEHHS KBaapaTa ABOUJIeHA IIOOyayiiTe mapadoay:
a) y = x° + 4x + 5; B)y =1+ 4x — x%
6) y = x° — 6x + 5; r)y = 4x® — 4x + 5.
ITo6ynyiiTe rpadik ¢pyuriii (965—966).
965.a) y = (x + 2)> — 3; B) y = 2(x + 1) — 1;
6)y = (x— 1)+ 3; r) y = 0,5(x — 2)% - 2.
966.a)y=3x2+3x—1; B)y=—x2+x—3;
6) y = 2x% — 4x + b; r)y = —2x + 3x + 2.
Posp’sakiTh KBagparuy HepiBHicTb (967—973).
967. a) x2+ 2x > 0; 6) x2— x > 0.
968. a) x* — 3x + 2 > 0; 6) x* + bx + 6 < 0.
969. a) 3x*> — x — 4 > 0; 6) 5x> — 2x — 3 > 0.
970.a) —x% + 2x — 1 < 0; 6) —x%—2x — 5> 0.
971. a) (x — 3)(x + 5) > 0; 6) (x + 2)(x + 7) <O0.
972.a) 2x + 1)(x + 1) > 0; 6) 3x — 2)(2x + 3) = 0.
973.a) (x — 1)(2 — x) > 0; 0) B+ x)(x+T7)<0.
974. Po3B’s1:KiTh HEPiBHICTD:
x+3 2+x 3—x

a) <0.

>0; 6) ——>0; B) —Y<0; 1)
x+2 x+3 X

Yucnosi nocnigoBHOCTI

975. HanuiriTes o’ATh MepIInX YJIEHIB IOCIiLOBHOCTI, n-il WieH AKOI 3ama-
€TbCA POPMYJIOIO:

a) a, = 2(n +1); B) y, = n’ + 3, — (-1)% r) ¢, = 2n — n%

6) x,=6:n; r) b, =1+ n% mz, =1+ (1)
976. IlocaigoBHicTh 3amanHo GOPMYJIOH0 @, = 2n? + 3. BHalgiTe:

a) as; 0) as; B) Q155 r) @100

977. 3HaligiTh cChOMUM, AecATHI i ABAAIATEL I’ ATUI UJeHU MOCJiJOBHOCTI,
n-i 4jaeH KOl 3aJaeThCsA (POPMYJIIOO:
a) c, = (1 - n)% 0) ¢, = 350 + n; B) ¢, = 2n — (— 1)".
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978. HanumriTe 1’ ATH MepIInX 4JeHiB apudMeTnuHoi mporpecii, y AKoi:

1 1
a)a, =17, d = 2; B =——, —
) a; ) o 14 4
6) a; =0,5,d=10; r)a, =6,d=0.
979. B apudmernuniii mporpecii mepiuii uieH a, i pisauna d. 3HAAIITH
cymy S, ii mepmux n 4ieHiB, AKIIO:

a)a,=5,d=3, n=31; B)a1=—§, dzl,n=35;
2 2
0) a; = 14,5, d = 0,7, n = 26; r) a; =111, d=—§, n = 56.

980. Cyma 4oTHpPBHOX IIEePIINX YWIeHiB apudMeTHYHOI mporpecii gopiBHIOE 56,
a cyMa YOTHPBLOX OCTaHHIX — 112. 3HaiifiTh KilTbKicTh UIeHiB mporpecii,
AKIo mepinui ii uiaeH gopisuioe 11.

981. Cyma meprroro i m’aToro 4ieHiB 3pocTaouoi apuMeTHIHOI mporpecii
mopiBHIOE 14, moOyTok apyroro ii ujeHa Ha ueTBePTHUH MOpPiBHIOE 45.
CkinbKy uiieHiB mmporpecii motrpidHo B3ATH, 11100 Y cyMmi omepskatu 247

982. larno nBi apudmeruuni mporpecii. Ilepmuit i m’ATnii YieHW TePIIOL
nporpecii fopiBHIOIOTEH BiAmoBigHO 7 i —5. ¥V apyriit mporpecii mepiui
e popiBHioe 0, a ocTaHHIN — 3,5. 3HAHAITH CyMy WIEHIB Apyroi mpo-
rpecii, K110 Bigzomo, 110 TpeTi wieHu 060X mporpecii piBHi Misk coboro.

983. ¥V reomerpuuniii mporpecii b, = 80, bg = —160. 3uaiigite by, q, bs.
984. ¥V reomerpuuniii nporpecii bg = 18, b, = 72. 3naiigits by, q.

985. 3anuIliTh reoMeTPUUHY IIPOrpPecifo, SKa CKJIAJAEThCA 3 IMeCTH uJie-
HiB, AKIIIO cyMa TPhOX IepHIiuX ii WwieHiB mopiBHIoe 168, a cyma Tphox
ocranHix — 21.

986. ¥V spocrarpouiii reomeTpuuHiii mporpecii cyma mepIioro i ocTaHHBOTO
YJjIeHiB gopiBHIOE 66, TOOYTOK APYTOro i mepesocTaHHbLOrO uaeHiB — 128,
a cyma Bcix wieHiB cranoBuTh 126. CKiabKy ujIeHIB y mporpecii?

987. 3adaua Hicemwioa anv-Kawi. Y cany mepinuii sippaB oguH I'paHAaT,
IPYyTUH — ABa, a KOKEeH HAaCTYOHUN — Ha oauH rpaHat Oinabine. IToTim
yci, XTo 30MpaB rpaHaTH, PO3TIIMIN iX MixK co00I0 IOPIBHY i KOXKeH
oxep:kas 1o 6 rpanariB. CkigbKu Jromeit 36upaso rpanaTu?

988. Cmapodaens inditicoka 3adaua. IlonoporkHiN y mepinil feHb TPOXO-
IUTH OB OMMHUINL IIJISXY, & KOKHOTO HACTYIIHOTO AHS Ha TPU OSUHUILL
OiybIlie, HiK y momepenHii. IHIIWHE MOAOPOKHIN IPOXOAUTH YV IIEPIITUHI
IeHb TPU OAWHUII IJIAXY, a B KOKHUU HACTYIIHUN — Ha ABi OSUHUITL
6inbIire. Koy mepiuii HasgoxKeHe APYroro, AKI0 BOHW BUUAIILIN OJHO-
YACHO 3 OJHOI'0 MiCI[A i B OMHOMY HAIPAMKY?
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989. IlocaigoBHicTh by, by, by, by — TeoMeTpuuHa nporpecis. Hu Oynue reo-
MEeTPUYHOIO IIPOT'PECi€I0 IOCTiTOBHICTD:

a) 5by, Bby, 5bs, Bby,...; B) b, b3, b3, by, ..;
6) by +5,b,+5,b3+5,b,+5,...; 1) E, E, E, E,...?
bl b2 b3 b4

3A,D,A‘-II TA BNPABU NIABULLEHOI CKJIAQHOCTI

990. IIlo GinpIme: V1446 un 23 +72
991. HoBenith HepiBHiCTL 4 < \/9 +45 + \/9 —4/5 <5.

992. JloBeniTh, 110 IpU OYAL-AKUX 3HAUEHHAX @, b, C:
a) 2a® + b% + ¢ > 2a(b + ¢);
6)a’+b>+c*>2(a+2b+3c— 7).

993. HoBenits, 110 Ipu OYAb-AKUX BHAUEHHAX X, Y:
a) x* + y* > 2%y + xy?;
6) 2x% + by® — 4xy — 2x — 4xy + 5 > 0.

994. JloBeniTh, 110 IpU OYIL-AKOMY 3HAUEHHi a:
a)a*—2a®-a*+2a+120;
6) a* — 3a®> — 2a + 5 > 0.

995. JloBeniTh, 110 Ipu OyIL-AKUX 3HAUEHHAX a, b, ¢, d:
a) (a® + b?)(c? + a%) = 4abced;
6) a® + b + ¢* + d® > (a + b)(c + d).

996. [loBeniTh, I10:

1
a) x2+y22§, AKIo X + Yy = 1;

0) x2+y22%, armo x + 2y = 1.

Posp’sakiTh HepiBHicTb (997—999).

2 2
997. a) X4 5, 6) x2+—x+1<1.
x—4 3x"+4x—-4
998. a) —~ < x—1; o) “t4 o 1
3—x x+
999. a) (x + 3)%(x + 5)(x — 2) < 0; 6) (8 — x)°(x + 8)%(x + 4) < 0.

1000. ITokaxiTs, 1110 HePiBHOCTI VX —6 +vx—1>11+/x -6 ++/x—1>2 maiorh

OJHAKOBI MHOMKUHU PO3B’SABKiB.
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ITo6ynmyiiTe rpadik pynxiii (1001—-1002).

1001. a) y=3—|xl; 0) y:ﬁ; B) y=x2+2|x|-3.
x
1002. a) yzi; 6) y=xlxl; B) y=£.
|| x| -3
1003. Ilo6yayiiTe rpadik piBHAHHSA:
a) x* + xy = 0; B) (xy — 6)(y — 3) = 0;
6) (x + 1)(y — 8) = 0; ) (x* — ) (x* + y® - 4) = 0.
1004. 3anuIriTs mpocTimioo GopMysI00 GYHKI[iO:
Y=+ +22x +2+x? —2J2x 1 2.
ITob6ynmyiiTe ii rpagik.
ITo6ynmyiiTe rpadik pynxiii (1005—1007).
1005. a) y=[2x-3[; 6) y=2|x|-3.
1006. a) y:2|x2—3|; 0) y:|x2—6x+5|.

1007. a) y:|2x2—6|x|+5; 0) y:|x2—6x|+5.

1008. CxinbKku po3B’sI3KiB Mae piBHAHHS |x2 —6x+5| =a, SKIIO 4 SJOPiBHIOE:
-2,0, 2, 4, 6?
1009. Pos®’aKiTh HEPiBHICTB:
a) |x—1|+]x—5/>0; 6) |lx—1/+|x—-5/<3.

1010. Jaenvozpeyvra 3adawa. JoBenits, mo B apudmeTuuHill nporpecii
3 IIAPHUM YHCJIOM UJIeHIiB cyMa YJIeHiB OqHiel moIoBUHY OiabIla Bi cyMu
pelTu 4ieHiB Ha YMUCJIO, KpaTHe KBaApPATy IIOJOBUHU UMCJIa UJIEHiB.

1011. Cmapodasns 3adaya. Cry:XKuBOMY BOIHY JaHO BUHATOPOAY: 3a IIEPIITY
pany 1 K., 3a 1pyry — 2 K., 3a TpeTio — 4 K. i T. 1., a Bcboro — 655 Kpb
35 K. CKinmbKM pad MaB TOI BOiH?

1012. Cmapodasns kumaiicvka 3adawa. Pucak i mramna 6ixatb Big HYaHb-
aHa po kuasiBera Ii, mo sa 3000 xi Bigx YanbaHusa. 3a mepiiuii JeHb
pucak mpobirae 193 i, a Ko:KHOro HacTynHOro A Ha 13 i 6inbIimne Bifg
nonepenaboro. IlIKkama 3a mepiuii AeHb mpobirae 97 i, a 3a KOKHUK
iHIKIT HA TOJIOBUHY JIi MeHIIle, HiK 3a momepeaHiii. Pucak, mobirmu go
IIi, moBepHyB Hazazn. Uepes cKijbKU AHIB BiH 3ycTpiB mIkamy?

1013. [IoBXUHM CTOPiH MPAMOKYTHOTO TPUKYTHUKA — IIOCJiOBHI YJieHU
apudmernuHoi mporpecii. 3HAWAITL BifHOIIEHHS KaTeTiB IILOTO TPHU-
KYTHUKA.

1014. 3uangiTe yncia x, y i 2 Taki, mob mocaigoBHicTs 2, X, Y, 2, 9 Oyaa
apu(P)MeTUUYHOIO IIpoTpeciero.
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1015. 3HaiigiTe cyMy HaTypaJabHUX unces, meHinux Big 1000, aki:
a) minATbea Ha T,
0) B3a€MHO IIPOCTi 3 YMCJIOM 7}
B) minATbcA Ha 3 i He miaATbea Ha 6.

1016. a4, a,, as,..., a, — TepIIi n YjieHiB reoMeTpPUUYHOI mporpecii 3i sHa-
MEeHHUKOM ¢. S3HAWAITh cyMy:
al +ay +a; +...+a,.

1017. q, ¢%, ¢°, ¢*,.. — HeckiHueHHa reomerpmuHa mporpecis. SHaimiTH
cymy q + 2¢° + 3¢® + 4¢* + ...

1018. 3HaiigiTh HeCKiHUEeHHY IreOMEeTPUYHY IPOTpeciio, AKIOo cyMa il uJIeHiB
mopiBuIioe 4, a cyma Ky0iB ii useHiB cramoBuTh 192.

1019. Npyruii, mepinuii i TpeTiii uaeHnu apudMeTUUHOI ITporpecii € mocaigos-
HUMU YJeHaMHU reOMeTPUYHOI mporpecii. 3HAUAITEL i1 3HAMEHHUK.

1020. a, b, ¢ — mocaimoBHI wieHu apudmeTuuHoi mporpecii. [loBemiTh, 110
yucsaa a® + ab + b2, a’ + ac + cz, b% + be + ¢? Takox € IIOCJiJOBHUMU
yjieHaMU apudmMeTUUHOI IIporpecii.

1021. ITig6epiTh popMyay n-ro UIeHa AJIA ITOCJIiTOBHOCTI:
ayl,2,1, 2,1, 2,..; 0) -1, 2, -3, 4, —5,....

1022. 3uaigiTes cymy:
a)l1-2+2-3+3-4+ ..+nn+1);
60)1-2+2-5+3-8+..+n{8n—-1).
1023. 3maiifiTh HaTypajJbHE YMCI0, SKe AOPiBHIOE CyMi BCix momepeaHix
HATYPAJbHUX YKCEJI.

1024. VY akiii apudpmeTuuHiii mporpecii cyma mepIiiux n 4JIeHIiB TOPiBHIOE
2n® + n?

1025. 3adawa Hotomona. OnuH KOMEPCAHT IMIOPiUHO 30iIbIITyBaB HA TPETUHY
cBiii KamiTasn, smeHinenuit Ha 100 ¢yHTIB, AKi IITOPOKY BiH BUTpauaB
Ha cim’1o. Yepes Tpu poKU Iioro KamiTaua moaBoiBcsA. CKiabKU rpolmei
BiH MaB cmouaTky?

1026. Mixx uymciaamu 7 i 35 momicriTeh 6 Takux umces, 1106 yci 8 umcen
YTBOPIOBAJIN apu(PMEeTHUUHY IIPOrpeciio.

1027. HanoumiiTe n-# 4ieH mocaigosuocTi 3, 6, 11, 18,..., mocaigosHi pisauIri
MidK cycimmiMu uleHaMM SAKOI CTAHOBJIATL apu(PMETHUUHY IIPOrpeciio.

1028. Po3B’a)kiTh piBHAHHSA

x-1 x+2 2 1
T+ +—+—=3,
x x x x

Y AKOMY JOAaHKH JIIBOI YaCTMHU YTBOPIOIOTH apu(h)MEeTUUHY IPOrpeciio.
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1029. 3uaiigiTe coijbHi WieHn apu@MeTUYHUX IPOTPecii
1,4,7,..16, 11, 16....

Yu mpaBUJIBHO, IO MOCJIiJOBHICTE IX CHiIBPHUX WJIEHIB — apudmeTnyHa
nporpecia?

1030. loBeniTk, 1110 A KOMKHOIO HATypPaJbHOTO 1 BUKOHYETHCA PiBHICTh:

a) 22+ 4*+ 6% + ... + 2n)® = 2n¥(n + 1%
6) 1>+ 3° + 5° + ... + 2n — 1)® = n®(2n% - 1).

1031. 3adaua anv-Kawi. [JoBeniTs, 1110 Ajid OYAb-AKOT0 HATYPAJIbHOI'O 3Ha-
YeHHS 71 Ma€ MicIe piBHiCTS:

14+24+34+...+n4:%(6n5+154+102—n).
1032. 3adawa Pepma. [loBenito, 110
2
5~(14+24+34+...+n4):(n+2)[@] —(124+22 482 +...+n?).

1033. 3uaiigits cymy:

1 1 1 1
+ + +...+ ;
1+v2 V243 J3+4/4 Vn++n-1
2 2 2 2

1+\/§+\/§+J3+J5+ﬁ+"'+Jzn—1—J2n+1'

1034. 3 micTta A 1o cesa B BUPYIINB MHillIOXiJ, OJHOUYACHO 3 HUM 3 B 1m0 A
BUIiXaB MOTOIIMKJICT. 3yCTPiBIIM MHillIoX0ga, MOTOIIMKJIICT 3a0pas Horo
i moBepHYB A0 B, a IOBi3IIM IIIITOX0AA B CEJIO, Bigpasy IIoixaB g0 MicTa.
Y pes3yiabTaTi MOTOIIMKJIICT 3aTPATHUB HaA AOpory B 2,5 pasa OiibIie uacy,
HiK IIaHyBaB. Y CKLJIbKM pasiB MeHIIIe Yacy 3aTPaTUB Ha JOPOTY OO
cejla MilTOXia 3aBASAKU AOIIOMO3i MoToIuKJicTa (Main. 148)?

Sy
B D M
7
7
7
7
7
7
~“\ BD _PK _
-7 BM ~ AK
7
C 7
\
?, K H T
A\_m n m m+n ) t
~~
2,5(m + n)
Mau. 148
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TPEHYBAJIbHI TECTHU

[ BapianT 1 ]

Oobepimv OJHY 6i0nogidv, axa, Ha 6awly 0YMKY, € NPABUSLLHOIO,
i BHecimb 6i0no6idny Oykey 6 mabauuky eionosidell.

1. ke 3 uucea He € giabHUKOM uncaa 2317
Al u | [B] 7 | [B] 18 | |r|] 3

2. SIkwuii i3 gpo06iB € npaBUIBLHUM ?

121 21 12 11
A — b — B — r —
112 12 12 12
3. Ilopmaiite y Burisami maorouwsena supas (2x + 1)(2x + 1).
A @x+1)® | |B| 4x*+1 | |B|4x®+4x+1| |T| 4x®+2x+1 |
4. O6uucIiTH ‘\/% —25‘ .
al -5 | B[ 5 | [B] 2v | [r] -27 |
5. TI'padik pyHruii y = x ' —1 neperunae Bics aGeuuc y TouIL. .
Al o1 | [B] -1 | [B] 10 | [r] 10 |
6. 3HaiTH I’ATUH YJIeH MOCJiT0OBHOCTI, 3a1aH0i (popmyioro a, = 3n — 1.
Al 14 | [B] 12 | [B] 14 | [r] -12 |
7. Sxomy 3 mpoMiKKiB Hale:kUTH KOPiHb piBHAHHA 0,4%x = 9?
|A|[-0,4;0,41| [B| (4;91 | [B] (9;401 | || (40;90) |
8. 3uaiigiTe HeBiZoMUii wireH nmpomopmii 2,5 :3 = x: 1,2.
al 1 B[ 6 | [B] 10 | [r] 125 |
9. 3Haugite unciao, axio 15 % Bix Hporo cranosaaTs 150.
lA|] 100 | |[B|] 225 | [B] 1000 | |[r| 150 |

10. OGunciirs +/(-4)” +/0,16.
la] -36 | [B

44 | [B| -44 | |T| 4,04 |
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Posé’axncimv 3a80annA i nodaiime 00 KOMHO020 8i0n08idb.

11. Hamionansauii genaposoriuamii mapk «CodiiBka», mo posrtamoBa-
HUH B YKpaiHi Ha okoJuiii micra YMaHb, OyJio 3acHoBaHo y 1796 p. rpa-
dom IMorompkum. ¥ 1802 p. OyZiBHMIITBO MApPKy OyJI0 OCTATOYHO 3a-
BepireHo i rpa¢g momapysaB ioro cBoiii apyskumuHi Codii. CkinbKku pokis
CTBOPIOBAJIU MAPK?

12. 3naiinits 06aacTh BU3HAYEHHA PYHKLIT y =—; e
x2—

x-3y=1,

13. Po3B’skiTh cucTreMy piBHAHB
3x+y=13.

14. ITobynyiite rpadik hyHRIII y = x%— 4x.
Poss’s3anns 3a60anb 15—16 cnid nodamu 3 no6HUM 06T pYHMYBAHHAM.

3 . 3
—m+ 1—x].[—r_x2 +1}.

16. Po3B’s:xkiTh HEepiBHICTH % <1.
3x“-2x-16

15. CopocriTs Bupa3s (

[ BapianT 2 ]

Oobepimv OJHY 6i0nogidv, axa, Ha 6awly O0YMKY, € nPABUTLLHOIO,
i BHecimb 6i0nosidny Oykey 6 mabauuky eidnosideil.

1. OOuucaits 3HaueHHd BUpa3y 5 — 3 []7.

lA] 14 | [B] 16 | [B] -16 | [r] -14 |
2. 3maigits 20 % Big yucaa 144.

lA| 72 | |B|] 12 | |B|] 28 | |r| 288 |
3. Okxpyraits g0 cotux uncio 1234,9876.

lA] 12 | |B] 1234,98 | [B] 1234,987 | [T | 1234,99 |
4. Cyma KopeHis piBHanHa 2x° — 7x + 3 = 0 JOpPiBHIOE...

Al 7 | [B] -85 | [B] 385 | |[r] 7 |
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5. TI'padik ¢pynrnii y = —2x + 6 nepernnae Bich adcuuc y ToYIIi...

Al 6 | [B] @0 | [B] 30 | [T (60 |

6. 3HaNiTH Ky0 OHOUYJIEHA —2x2y.

Al -8y | [B] -8%° | [B] 8% | [r] -8x%° |

7. CKiJbKM Lianx po3s’sa3KiB Ma€ HepiBHiCTD x° < 47

al 5 [ 4 J[B] 3 J[r] =2 |

8. UYuciuo /3 mamemuts IPOMIiKKY...

Al [2:3] B| [3;%) B| (—o 3 I'| (-3;%)

9. PoskaamiTs Ha MHOKHUKH BUPa3 x? — 18x + 81.
[A]  @@-18)x | [B] x-9)=-9) ]
[B] (x-9)x+9) | [r]  @+9* |

10. O6uuciiTh 3 TOUHICTIO 10 coTux 25 : 15.

Al 16 | |B] 17 | [B] 167 | |[r| 1,66

Poss’ancimv 3a80anHs i nodaiime 00 KOHHO20 8i0n08idb.
11. fIka 3 dyskniit g(x)=x*+1 i f(x)=x"+2 € napuorw?
12. Po3kaafiTh Ha MHOMKHUKYM MHOTOWIEH x° + 2x2 + x.

13. Posp’sxits piBHAHHEA (x —5)2x + 1) — 2x(x —7) =1 — x>
14. ITobynyiite rpadik GyHKIIl y=Vx—2.

Pose’asannsa 3agdanv 15—16 caid nodamu 3 no86HUM 00T PYHMYEAHHAM.
1 a®+2

1
2(1+J?)+2(1—JE)_1—a3 '

15. CopocTtiTs Bupas

2x2-9x+10>0,

16. Po3B’s:kiTh cucTeMy HepiBHOCTEH
(3 —x)(1—2x) <3.
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BiaoMOCTI 3 NONEPEAHIX KJ1ACIB
HATYPAJIBHI YACJIA TA IX IOAIJBHICTD

Ywucnal, 2,3,4,5,6,7, ..., IKi BUKOPUCTOBYIOTD AJId Jiudu, HA3WBAIOTh
HamypaavHumu. HaliMeHIlle HaTypajabHe Yucyo 1, HaibiabIIoro HATypaJib-
HOTO YmcJjia He icHYE.

Hudppu 0, 2, 4, 6, 8 HABWUBAIOTL NAPHUMU, & BCi iHIIII — HenapHuMU.

Ha 2 ginarsesa Tii tinbKu Ti unceia, AKi 3akiHUyOTHCS IapHUME ITU(ppaMu.
Yucaa, aki gixarsca Ha 2, HA3UBAIOTh NAPHUMU, 1HIIIL — HenapHumu.

Ha 5 mgimarbea 1i i Tinpku Ti unceina, AKi 3akiHuyoTheda mudpoio 5 ado 0.

Ha 10 ginarsca Ti i Tinmbku Ti yncsa, aki 3akinuyiorbea mudporo 0.

Ha 3 mimarbesa Ti i Tinpbku Ti uncina, cyma mudp SKUX JiIATHCI Ha 3.

Ha 9 minmarbes 1i i Tinebku Ti uncia, cyma mudp SKUX JiIATHCT Ha 9.

IIpuwmirka. 'oBopauu «cyma mudp», MalOTh Ha yBasi cymy ogHOIU(PO-
BUX UNCeJ, 3allCAHNX BiAIOBigHUMUY I paMu.

SAx110 Ynes0 a fiuThesa Ha m 6e3 ocTadi, TO YMCJI0 @ HABUBAIOTh KPAMHUM
yucaa m, a m — OilvHUKOM yucaa a. Haupukiaan, 5 — giapHUK unciaa 35,
a 35 — KkparHe uucJa 5.

Yuciao 35 mae wotupu minbuuku: 1, 5, 71i 35.

Yuciao 5 mae O6esiiu kpaTtHUX: 5, 10, 15, 20, 25, ...

Yucio, aKe Mae TLIBKY ABa JiJIbHUKN — OLUHUILIO 1 came cebe, HA3MBAIOTh
npocmum. HaifimeH1iie mpocte unciio — 2, Habigboro — He icuye. ITocai-
IOBHICTBH ITPOCTUX UMCEJI:

2,3,5,7,11,13,17, 19, 23, 29, 31, ... HeckiHueHHA.

HarypanbHe unciio, ske Mmae OiIbIlle ABOX MiILHUKIB, Ha3MBAETLCA CK.Iade-
Hum. CKRIageHux umncesa 6esiiu: 4, 6, 8, 9, 10, 12, ... . Hucao 1 — Hi mpocrTe,
Hi CKJazeHe.

KorxHe cKJIazeHe YrcIo MOYKHA PO3KJIACTY Ha IPOCTi MHOKHUKY. Hampukasm:

18=2-3-3,81=3-3-3-3,1001=7-11-13.

Yucaa 18 i 81 maroTh Tpu cuiabHi ginpauku: 1, 31 9. Yucaa 8111001 ma-
IOTh TiJIBKY OAUH CIiIbHUHN JiNbHUK: 1.

Haiibinvwum cninvHum diavnurom (HCII) KinbKoX Ynces Ha3UBaOTh TaKe
HAaI0ibIlIe YKCI0, HA SKe JiINThCA KoXKHe 3 fanux unce. 1106 suatitu HCII
K1JIbKOX umceJs, Tpeba KOoKHe 3 HUX PO3KJACTH Ha IPOCTi MHOKHUKY i mepe-
MHOKHTH Ti 3 TPOCTUX MHOXKHUKIB, AKi BXOAATH 10 KOXKHOTr0 po3kaany. I[Ipu
IIbOMY MHOKHUKM OpaTy 3 HAMEHIIINM HOKa3HUKOM, 3 AKUM BOHU BXOAATH
IO TaHUX YUCEeJI.

Haiimenwum cninvrum kpamuum (HCK) KinbKox unces Ha3UBaIOTh HATl-
MeHIIIe YNCJIO, AKe AiIuThcA Ha Ko:KHe 3 maHux uwmces. 111o6 suasitu HCK
KLIBKOX umces, Tpeba PO3KJIACTU IX Ha IIPOCTi MHOMKHUKH i IO PO3SKJIALY Of-
HOTO 3 HIX JOIIMCATU Ti MHOMKHUKHU, AKX Y HbOMY He Bucrauae. IIpu mmbomy
MHOKHUKYM OpaTH 3 HaNOiIbIITNM IIOKa3HUKOM, 3 AKIM BOHU BXOAATD A0 JAHUIX
yucesa. 3uagemo, Hanpukaan, HCI i HCK uuces 20, 60 i 90.
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20 2 60 2 90 2

10 2 30 2 45 3

5 5 15 3 15 3

1 5 5 5 5
1 1

HCI (20; 60; 90)=2-5=10,

HCK (20; 60; 90)=2-2-5-3-3=180.

Axmo HCII nBox abo KiTbKOX umces JOPiBHIOE 1, TO IIi uncjaa Ha3UBAIOTh
83a€MHO npocmumu. BsaaeMHO IpOCTUMY €, HATTPUKJIAL, urcaa 819 abo4, 7125.

PAITIOHAJIBHI YUCJA

Yucia, AKi BiApisHAIOTHCA TiIBKY BHAKAMU, Ha3UBAIOTh NPOMUACHC HUMU.
Hampukaan, uneao —7 IpoTUIe K He UnCIy 7, 1 HaBmaku. Yuceaa, IPOTHIEHK-
Hi HaTypaJbHUM, Ha3UBAIOTD UYiluMu 8i0’emuumu. Yucaa HaTypaabHi, mMiai
BiZ’eMHIi Ta HYJIb pa3oM Ha3MBAIOTh yiiumu yucaamu. HarypanabHi unciaa
Ha3UBAIOTh TAKOMX Yilumu dodamHumu yuciaMu. Big’eMHUMU OyBaroTh He
TiIBKY I[ijIi uncsia, a i ApoOoBi, HAIIPUKJIAL:

P
8 5
YHacTky Big AiJleHHA HATypPaJbHUX YHCe] a i b MoKHa 3amcaT y BUTJIAL

. a . .
3BUYANHOTO IPO0Y b’ Ipo0oBa prcKa 3aMiHIOe 3HAK AiMeHHA. JUCelbHUK A

i 3HamenHuK b pa30M Ha3UBAIOTH YJaEHAMU OPOOY.

IIpi6 HABWBAIOTH NPABUALHUM, SIKIO HOr0 YNCEJIbHUK MEHIIWH Bix 3HA-
MeHHHKAa. SIKII0 YnceIbHUK APo0y OinbInNii 3a 3HAMEHHUK abo JOPiBHIOE
3HAMEHHUKY, TO MOr0 Ha3UBAIOTh HEeNPABUJbHUM. SHAUEHHA HEIIPABUILHOTO
Ipo0y He MeHIIe Bif 1, a mpaBUILHOTO — MeHIre Bifg 1.

OcnosHa eracmugicmy 0pody. SHaUEHHA APO0Y HE BMiHUTHCS, AKIIO HOTO Un-
CeJbHUK i 3SHaMeHHUK IIOMHOKUTHY a00 MMOALIUTY Ha Te caMe HaTypaJIbHe UNCJI0.

Kopucryiouncs 11i€ro BJIaCTUBICTIO, APOOU MOKHA CKOPOUYBAaTHU.

ITisi Ta gpo6oBi uncsaa (moxaTHi i Bix’eMHi) pa3oM Ha3UBAIOTh PAUIOHALL-
numu yucaamu. CIiBBigHOIIIEHHA MijK HaWBaKJIUBIIIMMU BULAMU YHCEJI
MOKAa3aHO Ha CXeMi.

PALIIOHAJIbHI YUCJA

APOBOBI

| BII’EMHI | | AONATHI | | BI’EMHI |

MpaBo ans 6e3onnaTHOro po3MileHHs NigpyYHUKa B Mepexi IHTepHeT mae
MiHicTepcTBO OCBITM | Hayku YkpaiHu http://mon.gov.ua/ Ta IHCTUTYT MoaepHisauii 3amicTy ocBiTu https://imzo.gov.ua



257

Muo:x1HA HATYpaJIbHUX YHCEJI € YaCTUHOIO (IiIMHOMKIMTHOI0) MHOMKUHU ITi-
JUX YHCEeJI, a MHOKUHA IIJINX YHCeJl — YaCTHUHOIO (IIi AMHOKMNHOIO) MHOMKITHU
pamionanbpHux ynces. Ha KoopauHaTHIN nIpaMiii KOKHOMY pallioHaJIbHOMY
YUCJIY BiATIOBiae equHa TOUKa.

HomaTtHi uncia (1iai i Apobosi) Ta HyIb pasoM HA3UBAIOTH He8i0 eMHUMU
YUCLAMU.

Mo0y.1b HEeBil’ €MHOT0 YHCJIa JOPiBHIOE CAMOMY UHMCJY; MOAYJIb Bil’€MHOTO
YyucJa JOPiBHIOE NPOTUIIEKHOMY unucay. Hampukiaan:

13,7]=3,7; _2_2
15| 15

I3 gBOX pamioHaJIbHUX YHCEJ MEHULUM BBAYKAIOTh Te, AKOMY Ha KOODIU-
HATHiN npamiit Binmosizae Touka, posmitnena Jgisimre. Tomy KoKHe Big’ emMHe
YMCJIO MEHIIIe BiJf KOMKHOro HeBix’ emuoro. I3 1BOX Bif’€MHUX YKMCEJ MEHIIIIM
BBaJKalOTh Te, MOAYJb AKOT0 Oinbinuii. Hampukaam:

-12 < 0; -12<7;, -12<-9.

~12/=12; |0]=0;

BITHOIIEHHS I ITPOITOPIIIT

YacTKy Bif AijeHHSA IBOX UMCesJ Ha3UBAIOTh TAKOMXK IX 8idHowenHam. [Ipu-
KJjanu BigHomieHs: 3 : 7; 0,5:0,3.

Ocrosrna saracmusicms 8i0HOUWEHHA. SHAUEHHA BIIHOIIIEHHA He 3MiHUTLCA,
SIKIITO 00MABa HOT0 UJIeHU IIOMHOMKUTY a00 IMOAiTNTH Ha OJHe I Te caMe UucC-
J0o, Bimminue Bim myns. Tomy, Hanpukaan, sHaueHHA Biguormens 300 : 200
i3 : 2 piBwi.

BigHomenHss ApoOOBUX YMCEJ 3aBKIM MOMKHA 3aMIHUTU BiJHOIIIEHHIM
Miaux ynces. [[Jasa boro JOCUTh 00MABA UJICHU BiJHOIIIEHHA IIOMHOMKUTY HA
CIIiTbHEe KpaTHe ix sHaMeHHUKiB. Hampukian:

1 1
—:==8:2.
2 3
Kosxkuuii 3Buuainuii apib € BigHOIIIeHHAM HOT0 YHCeIbHUKA OO 3HAMEH-
HUKAa:
a
— =a:b.
b
PiBHicTb ABOX BimHOIIEHL — nponopuis. Ilpukiaagu o .
npomoprii: A A ponopy P 4 KpaiiHi uieHn
2 10 /N
45:15=21:7; —=-—; x:3=20:30. a:b=c:d
3 15 . . .
Yucia, AKi CKJIAgaI0Th IIPOIOPILii0, HA3WUBAIOTH ii Y.je- /‘ .
Hamu (cepegHiMU i KparHIiMN): CEpeAH] HIeHN

OcHogHa sracmusicmb nponopyil. SIKIMO TpomopIia IpaBuJIbHA, TO J0-
OyToK i1 KpaliHixX uJieHiB JOpiBHIOE TOOYTKY cepenHix. ToOTO AKIITO
a:b=c:d,toad=bc.
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JIVCHI YUCJA

Yucma miji # apoboBi, gomaTHi, Big €MHi i HyJIb Pa30oM CTAHOBJIATH MHO-
SKUHY payioHaabHux yuces. KoxkHe pamioHasbHe YMCJI0 MOKHA 3alIMCaTA Y

. m .
BUIJIALL APo0y —, e m — YUCJO Iiije, a n — HaTypajbHe.
n

Ko:xHe pamioHasibHe YMCJI0 MOKHA IMOJATU Y BUTJIALL HECKiHUEHHOTO
MIePioAUYHOr0 AeCATKOBOTO APo0y. I KOKHMIT HeCKiHUeHHUN ImepioguuHmii
IeCATKOBUM Api0 3o00paskae mesdKe pailioHaJbHE YMCJIO.

IIpukaagu. gz 0,6666 ...; —% =-1,181818....

Yucaa, aki 300pakaioThCsad HeCKiHUeHHNMY HeTIePioJMUHNMY JeCATKOBUMU
IpobaMu, Ha3UBAIOTD iPPAYIOHALLHUMU.

IIpukaamu ippallioHaIbHUX YKCEJ: \/§ =1,4142136 ..., 1=3,1415926....

IppamnionanpHi ymcsa pasomM 3 panioHAJbHUMM YTBOPIOIOTH MHOMKUHY
diticnux uuces. MHOMXUHN HATYypaJIbHUX, IMiJINX, PAIiOHAIBHUX i JiACHUX
yurces IMO3HAYAIOTEH BigmoBiguo O0ykBamu N, Z, @, R.

HificHi umcyia MosKHaA momdaBaTH, BifHIMaTH, MHOMKUTHU, ITIZHOCUTHU IO
crenend i giamtu (Ha duciaa, BigminHi Big 0). Ilna momaBaHHS i MHOMKEHHSA
IOBIIbHUX AIiMICHUX YMCeJ NPaBUJIbHI IIepecTaBHUMN, CIOJYUYHUU i1 POBIIO-
IinbHUN 3aKOoHU: a + b=b+a,ab=ba,a+ (b+c)=(@+b)+c, a-(bc)=
= (ab) * ¢, (a + b)c = ac + be.

PosB’sa3yroun npukJaagHi 3amadi, ippaiioHajbHi yncia 3BUYaHO OKPYT-
JIOIOTh, BiIKMIauM iX HEeCKiHUEHHI «XBOCTHU» OEeCATKOBUX 3HaKiB. Ilpu
IBOMY NONEPIKYIOTHCA NPABUJLA OKPpYzJaeHHA. SIKIO IepIa 3 BiIKUHYTUX
mudp 0, 1, 2, 3 a6o 4, To ocTaHHIO ITUDPPY, IO 3AJTUIIAETHCA, HE 3MiHIOIOTD.
Aximo nmepmia 3 BizkuuayTux mnudp 5, 6, 7, 8 abo 9, To ocraHHIO TUPPY, IO
3aJIUINAEThCA, 30iAbIIYyIOTh HaA 1.

BUPA3U

YHucaa, 3MiHHI, a TAaKOK PisHi 3anucu, CKJIAJeHi 3 unces 4YM 3MiHHUX Ta
3HAKiB Jili, pa3oM Ha3MBAIOTh supa3amu. Bupasu 6yBaOTh Yuca06i (HAIpu-
kaanm, 3 — 0,5 : 6) i 3i sminnumu (Hanpukian, 3x, 2ab, - 3). fk1mo Bupas
He MiCTUTh HiAKUX IHIIMNX Oifl, KPiM JogaBaHH:A, BifHIMaHHSA, MHOMKEHHS,
HigHeceHHs IO CTelleHd 3 IIiJIMM HOKA3HUKOM i JijIeHHdA, TO 10r0o Ha3uBAaIOTh
pauioHaavHum eupasom. Panionanbauil Bupas, AKUN He MiCTUTH il AineHHA
Ha BUpAa3 31 3MiHHOIO0, HA3UBAIOTh UIAUM BUPA3OM.

2
ITpuknanu minux Bupasis: 32,5; a; gx+y; 0,3(x — 22).

[Ba misux BUpasu, BiATIOBiAHI 3HaUueHHA AKUX PiBHI npu OyIb-AKUX
3HAUEHHSAX 3MiHHUX, HA3WBAIOTh MOMOMHO Pi6HUMU, ab0 MOMOMHUMU.
[Ba TOTOXXHO PiBHUX BUpPa3W, CHOJYUYEeHI 3HAKOM PiBHOCTi, YTBOPIOIOTH
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momoxcHicmb. 3aMiHy OHOTO BUPAa’y iHIIIUM, TOTOXKHUM HOMY, HA3UBaIOTh
MOMONCHUM Nepeme0opeHHAM NaHOTO BUpPa3y.

Hatinpocrinri Bupasu — uwncia, 3MiHHI, ix cremeni abo 7o0yTKH, iX Ha-
3UBAIOTH 00HOYJIEHAMU.

1
IIpuknanu ogHouneHis: 4x, 2,5, —3x2, —3§am3, 2ax - 3ax’.

SAKIITO OJHOUWIEH MiCTHUTBL TiJIBKM OLUH YMCJIOBUH MHOKHUK, JO TOTO XK
IOCTABJIEHUI Ha MepIle MicIle, i AKIII0 KOKHA 3MiHHA BXOJIUTH TiJIbBKU OO
OIHOT'O MHOKHUKA, TO TAKUUN OTHOUJIEH Ha3UBAIOTh 00HOUJIEeHOM cmaHdapm-
H020 8uzna0y. UnucoBUl MHOYKHUK OJJHOUJIEHA, 3aIICAHOI0 B CTAHTAPTHOMY
BUIJIANI, HABUBAIOTh KOoeQilyieHmom IIbOT0 OJHOUJIEeHA.

CyMy KiJIbKOX ONHOUJIEHIB HA3WBAIOTL MHOZOUJEHOM. I 3pydHOCTL
KOKHUM OJHOYJIEH TAKOX BBAYKAIOTh MHOT'OUJIEHOM.

I100i6HUMU YleHaMUu MHOTOUJIeHA Ha3UBAIOTh TaKi, AKi pi3HATHCA TiIBKHI
KoedimierTamu abo ¥ 30BCciM He BigpisHAIOTLCA OOUH Big ogHOr0. MHOTOUIEH
3aIIMCaHO B CTAHAZAPTHOMY BUTJISAII, SKIIO BCi MOro WiIeHU — OJHOYJIEHU
CTaHIAPTHOTO BUTJIAAY, i cepel HUX HeMae MOTiOHUX.

Poskaacmu mMHOzZOUNEH HA MHOMHUKU — O3HAYAE 3aMiHUTHU HOTO AOOYT-
KOM KiJIbKOX MHOTOUJIEHIB, TOTOXKHUM JaHOMY MHoroujeHy. HadmpocTimnri
cmoco0M PO3KJIAJaHHA MHOTOUJEHIB HAa MHOMKHUKMN: BUHECEHHS CIIiJIBHOTO
MHOKHUKA 3a OY:KKHU, CII0ci0 IpynyBaHHS, BUKOPUCTAHHA (DOPMYJ CKOPO-
YeHOTO MHOXKEHHJ.

IIpuknanu.

6a’x — 9abx = 3ax(2a® — 3b);
ax + bx — ay — by =x(a + b) — y(a + b) = (a + b)(x — y);
9m® — 4 = (3m - 2)(3m + 2).
YacTky Binm misiemHs Bupasy A Ha Bupas B MOKHA 3amucaTH y BUTJIAIL

A . . . .
Opoby E Hpi6 mMae 3HAUEHHA TiJILKU TOXMi, KOJU HOr0 3HAMEHHUK He I0-

. . a ac
piBHIOE HyJ0. IIpy Oyab-IKMX 3HAUEHHAX a, b i ¢c#0 g:b_ (ocHoBHA
c

eracmugicmv 0pody). Ha ocHOBI 1iei BiacTuBOCTi ApoOM MOYKHaA CKOPOUY-
BaTu ab0 3BOAUTH A0 CIiILHOTO 3HAMeHHMKa. Hampukiaan:
3a—-6x 3(a—-2x) 3

a®—-4x*> (a-2x)(a+2x) a+2x
Hii Hag Oyabp-axuMu ApodaMu MOKHA BUKOHYBATH MOAIOHO IO TOTO, AK iX
BUKOHYIOTH HAJ 3BUUAMHUMU ApobamMu. SIKIO 3HAMeHHUKHU He JOPiBHIOIOTH
0, To 3aBKIU
a b at+tb a b _a-b

c

ab a_b_ﬂ

cd’ ¢'d cb’

b b

c c

abd
c d

o
o

c
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. 1 .
[ po6oBwmii BMpas — 3aNUCYIOTh TAKOXK y BUTJIALL a ",
a

KeadpamHuum xKopeHem 3 UucCJia @ HA3UBAIOTh UMCJO0, KBagpaT AKOTO [IO-
piBHioe a. Hampukiian, 3 uncaa 16 icuye aBa KBagpaTHUX KopeHi: 4 i —4.
Hesin’emHue 3HaueHHS KBaAPATHOTO KOPEHA 3 YKCJA d HA3UBAIOTh apudme-

MUYHUM 3HAYEHHAM KOPeHs i I03HAYaIOTh CUMBOJIOM /4.
PIBHAHHA

Pisnsauns — 1ie piBHiCTD, AKa MiCTUTh HeBimoMi umcia, mo3HaueHi OyKBa-
mu. Yucna, AKi 3aJ0BOJbHAIOTH PiBHAHHSA, — 1Or0 po3sg’a3ku (abo Koperi).
Poss’s3amu pieHAHHsA — O3HaAYaE 3HAWTHU BCi 1oT0 pO3B’sA3KHU ab0 IMoKas3aTu,
110 iX He icHYE.

IIBa piBHAHHSA HA3WBAIOTh PIBHOCUJbHUMU, SKIIMO KOKHE 3 HHX Mae Ti
cami posB’a3Ku, 10 I Apyre. PiBHAHHSA, AKI He MaOTh PO3B’sA3KiB, TaKOXK
BBA’KAIOTh PiBHOCUJILHUMU OTHE OJHOMY.

PiBuaunsa suny ax = b, ne a i b — goBinbHI uncaa, HA3UBAETHCA JAIHIILHUM
pienanHam 3i 3aminHOoIO X. Km0 a#0, To piBHAHHA ax = b Ha3WBaIOTh
PiBHAHHAM nepuLozo cmenens 3 ogHieio 3sMinHo0. KokHe piBHAHHA mepIIo-

. b . .. .
ro cTeleHsa ax = b Mae OOWH KOP1Hb X =—. Jlimitine P1BHAHHA MOMeEe MaTHu
a

OIVH KOPiHb, 0e3yiu abo He MaTU KOJHOTO KOpPEeHH.

Hampuxaan, piBaaaaa 12x = 6 — mae oauH Kopiab; 0x = 0 — Mmae 6es-
Jiu xopeuis; Ox = 5 — He Mae XOTHOTO KOPeHI.

KeadpamHnum HasUBAIOTH PIBHAHHA BULY ax” + bx + ¢ = 0, me x — 3MiH-
Ha, a, b, ¢ — pani uucia, npuuomy a #0. Bupas D = b — dac — OUCKPU-
MiHaHT KBajgpaTHOTro piBHAHHA. Ko D > 0, To naHe PiBHAHHSA Ma€ aBa

KOpeHi:
_—b+ JD _—b- VD
" 2¢ 7% 2a

Axmio D = 0, To 1i xopewi piBHi. IIpu D < 0 kBagpaTHe PiBHAHHS He
Ma€ miCHUX KOPEeHiB.

Teopema Biema. Iknio 3BefieHe KBajJpaTHe PiBHAHHA P px + q=0 mae
JIBa KOPeHi, To ix cyMa JMOpiBHIOE —p, a HJOOYTOK MOPiBHIOE (.

Teopema, obepHerna 0o meopemu Biema. SAKio cyma i 1o0yTOK umces min
IOPiBHIOIOTH BiAMOBiAHO —p i ¢, To m i n — KopeHi piBHAHHSA x° + px + ¢ = 0.

HpoboBi piBHAHHA MOYKHA PO3B’A3yBaTH, KOPUCTYIOUNCH THM, ITI0 i TOpiB-
HIOE HYJIIO, AKIII0 MOT0 YMCEeJbHIK JOPiBHIOE HYJIIO, & BHAMEHHUK BiIMiHHIN Bif
HYJIA. A MOKHA CIOYATKY IOMHOXKUTH O0MABI YaCTUHY PiBHAHHSA HA CITLIbHUI
3HAMEHHUK ycCiX 1oro apobiB, po3B’s3aTy yTBOPEHE PiBHAHHA M BUKJIIOUUTU 3
MOT0 KOPEHIB Ti, AKi IIepeTBOPIOIOTh Ha HYJIb CHiJIbHUN 3HAMEHHUK.
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CUCTEMHU PIBHAHD

PiBuauua Buny ax + by = ¢, ne a, b, c — paui yuciia, Ha3UBAIOTD JiHIll-
HUM PiBHAHHAM 3 06oma 3miHHUMU x i y. Axmo a=0 i b#0, To fioro Ha-
3UBAIOTH PIBHAHHAM Nepulozo cmenens 3 080mMa 3MiHHUMU.

Koxuy mapy umcesi, ska 3aJ0BOJIbHAE PiBHAHHA 3 [BOMA 3MiHHUMHU, Ha-
3UBAIOTh P036°sA3K0oM 1bOTO piBHAHHA. Hanmpukianx, nmapa uucena (3; —2) —
po3B’sA30K piBHAHHA bx + 3y = 9. KosKHe piBHAHHSA IIePIIIOTO CTEIIeHA 3 JBOMA
3MiHHUMU Mae€ 6e3J1iu po3B’A3KiB. Y JeKapTOoBiii cucTeMi KOOPAUHAT KOXKHOMY
PiBHAHHIO IEPIIIOTO CTEIleHs 3 ABOMA 3MiHHUMU BiilIoBifae mpaMa — rpadik
nporo piBaauHA. Ha mamouky 149 3o0paskeHo rpadik piBHAHHA 2x — Y = 3.
KoopauHaTy KOKHOI TOUKHU IIHOTO rpad)iKka 3aJ0BOJbHAIOTH JaHe PiBHAHHA.
Koopaunatu 6yab-AKOI iHIIIOI TOYUKHM HOro He 3aJ0BOJbHSIOTh.

Axio Tpeba 3HANTHM CHiNBLHI PO3B’A3KM ABOX UM KiJIBKOX PiBHAHB, TO
TOBOPSATH, IO ITIi PIBHAHHA YTBOPIOIOTH cCUCMeMYy Pi6HAHb. P038’a3K0Mm cuc-
memu pi6HAHbL HABUBAIOTH CHLJIBLHUIN PO3B’A30K yCiX PiBHSHB.

KoxxHill cucremi ABOX piBHAHL NEPIIOrO CTENEHA 3

Y) IBOMAa HeBijoMMMU B JeKapTOBill cucTeMi KoopAMHAT
§' / Bigmosimae mapa npamvux. OcKinbKu ABI mpsami Ha ILI0-
; IIUHI MOXKYTh IIepeTuHAaTHCs, 3biraTuca abo 0yTu mapa-
JeJIbHUMHU, TO ¥ BigmoBimHa iM cucTemMa piBHAHB MOKe
210 23 ¥ Maru ofuH PO3B’A30K, 0essiu pos3B’sA3KiB abo He MaTu
2 / JKOJTHOTO PO3B’A3KY.
3/' Poss’a3yBaTu cucTeMu PiBHAHL 3 JBOMA 3MiHHUMU
MOJKHA: cIocobaMu IIiICTaHOBKU, AoJaBaHHS abo rpa-
Mau. 149 .
QiuHIM.
Cucrema JiHiiHUX PiBHAHD
ax+by=c,
a,x +byy=c,.
4 _b 4 _bh_a a4 _bha
ay by a, b, ¢ a, b, ¢
Y Yy Yy

Mae
OJI1H PO3B’SI30K

Mae
6esJriu po3B’sA3KiB

9}/\x “ o x BI x

He mae
JKOJHOTO PO3B’SA3KY
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Bianosial TA BKA3IBKU A0 3AAAM | BMPAB

9.a)m >n.10. a) y < x. 17. a) 2x + 3 > 3x — 2. 19. B) y(-8) > y(0).
23. a) Tak; 6) mi. 28. a) bm + 1 < 19 — 3m. 30. Ilepma; y 2019 pasis.
33. x = 1,6. 34. x = 1,5. 37. 2. 39. a) b > a. 40. a) x > y. 44. 6) a = b.
45. a) 186,5; B) — 0,5. 46. a) 1; B) —2; r) 10. 47. 6) 5; r) 12. 48. a) ¢% B) 1;
o) 0. 49. 6) 0. 50. a) 6Ja B) 8 r)2.51.a)—5i—-3;6)—21i9; o) —0,25.
52. a) (—2; 5). 55. 20 %. 59. a) Homarue. 65. a) a > b. 69. 6) 1,5a > 1,5b.
70. 6) Big’emue. 71. B) 5 + x < 6 + 2. 72.a) 10 < 24. 74.6) - 0,1 m > - 0,1 n;
)1-m>1-n;1)5m—1<5n - 1.75. 6) x> > xy. 76. B) J—x>-y.

1 1 1 1

78. -, —, —, —. 81.a) Taxk. 83. 1 -B, 2 -1,3 —-T, 4 — A. 86. a) Hi.
b d ¢ a

89. 6) 8x + 1)2x — 1); 1) (¢ + 2\/5)(6‘—\/5). 94. a) 0. 97. a) 3 < x < 12.
99.a) 7T < n<8.

103. a) 6 < x — y < 8. 104. a) 15 < xy < 28. 105. a) 2 < i < 3.
106. a) - 3 < 2x + 3 < 13;B) -3 < 2 - x < 5. 108. B) 3,58 - 10° < V <
< 3,66 - 10% 113. 1) 1. 122. a) -1 < x < 2. 123. O 12 rox. 125. a) (4; 2).
127. 6) x < — 3; n) R. 128. a) Koxuoro; nm) Geamiu. 131. a) x > 3; ) y < 9.
132. a) x > 5;r) x <—-5.133.B) x > 0; 1) x < 1. 134. a) x <-1 ; B) x > 0;
r) z > 0,25. 135. 6) Tak; r) mi. 136. a) x > 3;6) y < 2; B) x 2 5; 1) x < — 6.
137. a) x < - 13; 6) x > 1;B) x > 3;r) x < — 2. 138. a) x > 1; 6) x < b5;
B) x < 3; r) x > 0; n) pos3s’askiB memae. 140. 6) x > 20. 141. a) x > — 5;

0) x > —-2,6. 142. a) x > 1. 143. a) x > 8; 0) x < —2,5. 144. a) x < 4,2;
B) x < 0;r)x > -7,5;1) x >-2;e)x > 8. 145. 6) x < 7; B) x < —6;
r)y x <0;e)x >24. 146. a) x < 4; 6) x < 9; B) x > 0. 147. a) x > 1,8;
B) x > —2. 149. a) 4. 150. 6) —4. 153. B) x > 2; n) x < 2. 154. a) x > —2;

6) x < 11,5. 155. 6) x =2 7; B) z > 0,65. 157. a) x > 5. 158 a) ¢ > 2;
6) z>1.159 a) x < 1,2; 6) x < 17,5; 1) x < 0. 160 B) R; r) PosB’a3kiB
Hemae. 161 6) x < 0; B) x> 1,5. 162, [0;4). 163. a) x > 4; 6) [0; 1]; B) x > 4.

165. He Ginbir Hix 25% kM. 166. a) x < -0,5; 6) x > -1; B) R; r) x < 5,8.

167. a) 0,4 <x<1;6) -1 <x<1;B)1<x<4;r1) -0,056 < x < 0,7;
r) 0,1 < x<0,1; 1) 1,6 <x<4,2;¢e) 2 < x < 3. 168. a) 3; 6) 3; B)1;
1) —10. 169. a) 5 < x < 5;6) 4<x<10;B) 1 < x < 2.170.6) -10 < x < —4;
B) 0,2 < x £0,6. 170. 6) -10 < x < —4. 171. 6) Axmo a < 0, To x > 0;
akmo a = 0, to x €. R; agmo a > 0, o x < 0; B) Axmo a < 0,5, To
x > 2a — 1; axmo a = 0,5, To po3s’askiB Hemae; akmpo a > 0,5, To x < 2a — 1;
r) akmo a < 0, To x < 1; akmo a = 0, To po3B’aA3KiB Hemae; akiio a > 0,
To x > 1. r) agmo a = 0, To x € R; axkmo a # 0, To x < 0.
173. a) 1,2 - 10% 6) — 7,5 - 10°7; B) 1,764 - 10"; ) 8,88 - 10'%. 175. Ha 50 %.
177. a) (0;2); 6))(0;1); B) (1;5); r) (—o033). 178. a) (0;1); 6))(0,5;1); B) {2}; ) L.
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188. a) [2; 5] i {3}; 6) [-5; 0] i [-3; 0]; B) [-7; 711 [-5; 6] 1) (-2; 2) i D
) [-3; —1]11 (=2; —-1); m) (—o0; w) i [-2; 2). 190. a) a > ¢; 6) a < ¢; B) a > c;
ra<cel1l91l.a)x >3;6)x>3;,B)x >0,8r)x <3;1r)x >1; 1) x > 10.
192. a) x < 0,2; 6) x > -0,5;,B) x > -0,5; 1) x > 3; 1) x > —0,6; 1) x > —50.
194. a) x > 0,2; B) x > 6,6; r) x < 2,25, 195. a) x > 1; 6) y < —1.
196. a) m<a, b<n. 197. a) x<a, y>c; 6) x>a, y<c; B) x>a, y<c; r) x>a,
y>c. 198. a) x<a<y; 6) a<x<y; B) x<a<y.200.a) 4 < x <5;0) -9 <x<1.

201. a) -1 < x < 15 1) -3 < x < —-1. 203. a) (—eo;). 204. 6) x > 4.
206. 6) R; [-13; 1). 209. n) (—OQ;I)A(4;°°). 210. a) R. 219. 6) 2 i 3.
221. a) (—3; 1). 222. a) Poss’askiB memae. 224. a) (6; 8). 226. 6) (10; oo).

227. B) —0.25. 228. a) (2; 16]. 229. a) {3, 4, 5, 6}. 230. 6) (-3; —1).
232. a) (1,5; 2,5). 234. 0) (—oo;—0,4). 235. a) [3;5]. 236. a) 0,625 < x < 0,875.
238. a) (—2;7). 239. B) (—5; oo). 240. a) (—oo;—3)A(7; oo). 241.r) (—oo;—9)A(—2; oo).
242, (-1; 1). 244. a) (4; 10). 247. a) Tax; 6) Tak. 248. a) (—-1; 3).
249. a) (-4; 1); 6) [-2,5; 4,5]. 250. a) (—;4,5)a(5,5;). 251. a) (2; 3).
256. 6) 19. 257. 6) 200. 262. B) a®> + 65 — 16a = (a — 8)* + 1 > 0.
263. a) (a + 1) — 4a = (@ - 1)> > 0. 264. a) IIpu KOKHOMY Bix’eMHOMY
x uncaa x — 1 i x — 2 Big’emui, a ix moOyTok momaTHui; 06) IpU BiL €eMHOMY
x umesno x2 + 9 momarme, a 10x Bim’emue. 267. a) a? + b2 + % - ab — ac -
— bec = 0,5(2 + 2b® + 2¢® — 2ab — 2ac — 2bc) = 0,5((a — b)® + (a — ¢)® +
+ (b — ¢)®) > 0. 269. 6) Kpagpar cymMu ABOX Bif’€MHHX YHCeJ OLIBIIMIi,
Hi)X cyma IixHix kBagpariB. 281. a) -2 i -1; 6) -4 i 0. 282. -3 i 3.
283. 1633,4 r. 284. a) 0,8. 285.1-B,2 -1, 3 - A, 4 —-B.

288. a) Ilpama; r) rimep6osa. 291. a) R; 1) x > 2. 296. f (2) = 14.
297. f (—=3) = 22. 298. a) 8. 299. a) 12.

301. a) R; 1) x #3ix#4. 302. 6) x#—-1ix#4; B) x < 4. 305. a) {7}; 6) R.
306. Touka A mamexuThb. 307. Uepes Touky A mpoxonuTh. 308. a) Hame:xars
Touku A i C. 309. a) (0; 0); 6) (1,5; 0) i (0; 3). 311. Tax. 312. Tax.
313.a) f(-2) =11, f (-1) = 5, f(0) = 3, f(2) = 11, f (1) = 5. 316. (2; 2).
321. a) (-6; 0) i (0; 3); r) (-2; 0), (2; 0) i (0; 4). 325. m = 20; rax.
326. 1 — A, 2 - I, 3 - T, 4 -B. 328. a) (——V5)a (VB;0).5 6) [030);

1) [-5; 5]. 329. 0 < x < 1. 332. p = 5 rp. ox.; @S = @D = 4 MJIH WITYK y PiK;
ameHmuThCT Ha 8 %. 335. 6) x > 1. 338. a) Hi. 345. a) R; B) x > —4; r) R.
346. a) B; 1) (—»; 0) a (0; ©); 1) R. 347. a) R i [-1; ); 1) [0500) i (—eo31];
o) R i [2; ). 349. [-2; 5] i [-5; 5,5]. 353. a) Hi; 6) rax: -1 i O.
359. a) 3pocrawua; 6) cimaguHa. 363. a) R i [4; »]. 365. a) x < 2,5; 6) x > —4.
366. 6) 0 < x <16; B) 3 < x <0;1) x <-2.369. a) (—o; 0]; 6) (—o; 3].
370. a) R. 372. Hi. 375. r) Ilapua; r) menapua. 388. a) -3 i 1,5. 389. a) -5
i —-3. 390. a) 7,8 - 10% n) 4,5 - 10™*. 393. a) Bpocrawouow. 398. a) (a; b).
399. a) (—oo;—c).
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410. 6) mepeHecTu Ha 3 OAWHUIIL y HaAOPAMKY oci x. 414. a) y =
= (x — 2)> + 3. 429. a) 0,5. 431. a) -6 i 2,5. 432. a) (x — 8)® + 6;
r) (x — 0,5)> — 1,25. 436. a) (3; 0); B) (5; 2). 440. a) (0; 0) i (2; 0).
442, a) (0;4); B) (2; —4). 447. a) m = — 6, n = 14. 450. Hi. 452, a) x = 3.
453. a) ¢ = 0; B) ¢ = 6. 454. a) -4 i 4. 463. a) x =-3; 6) x = — 2.
464. a) y = 3; 60) y = — 1. 466. 6) (— 1; 2) i (1; 2). 467. a) 7. 469. b = — 6.
471. Brasisxa. IlobynyiiTe KBagpaT 31 CTOPOHOIO X i 0 OTO ABOX CYMIisKHUX CTO-
piE pobynyiiTe HNpAMOKYTHUKU 3i cropoHamm x i 3. 473. 6) x < 4.
474. 6) -7 < x < —3. 475. a) llBa. 481. a) (0; 4); 6) [-6; 0]; B) [-7; 1];
r) (—oo; — 3,5] a [0; »). 482. a) (—oo; 3)A(3; oo).; 0) posB’aA3kiB Hemae; B){—2};
r) {-0,5}; n) R. 483. a) [1; 2]; 6) poss’askiB memae; B) (—oo; 1] o [3; ).
484. a) (—=;0,5]a[L;e0); 6) (25 4); 1) (=25 6); m) (~o; 2] & [9; ).
485. 6) (—;6)a(6;); 1) (-2,5; 1,5). 486. a) (1; 2); 6) (-; 2) a (2,5; »);
B) po3B’saskiB Hemae; n) (—7; 2). 487. a) (—o; —7] o [1; «); 6) [3; 5];
B) (- 3; 2); m) (-5 2] a [3; o). 490. a) (—o0;—2]a[250). 491. a) —5; —4; —3;
-2; —-1; 0; B) —1; 0; 1; 2; r) —=3; —2; —1; 0; 1; 2; m) {2}. 492. a) [1; 4];
6) (— 5; 6); B) (— 1; 0); 1) (—o0; 2] 2 [3; ). 493. a) (1,5; 2); B) (—o; — 0,5) a
a (1; «©); r) posB’askiB memae. 494. a) (—2; 3); 6) (—wo; — 2) A (7; ©);
x) (0,25; 1,5). 495. a) (-3;); 6) (1; 9); 1) (—o; 2) a (10; ) a {6}.
496. a) (-o0; =7) a [=5; ©); 6) (25 3); B) (-5 — 0) a (1; x); 1) (=85 7).
497. a) (0,5; 38); 6) [-4; 0,5]; 1) (—4; 5). 498. a) [-T;1]a[Z«);
6) (=55 —4) 2 (4; 5); B) (=35 1). 499. a) [-2; 3]; 6) [-1; 1) » [2; 3];
B) (-5 = 3) a (=15 4) a (5; ).

500. a) {-1}a[1;2,5]; 6) (-o0; =5) & (=25 2) a (2; ®); B) (—0; —3) a
a (3; ). 501. 6) (—;0,25)a[6;0). 502. a) (—0,2;2) a (2; 0,2); B) (1; ).
503. a) (—1;6). 504. a) [-1; 8]; B) [-5; —3) a (-3; 1] a [5; »); r) [-3; 0,5].
505. a) be[-L;1]; 6) be [9; »]; B) b € (—o; 0]. 506. a) me(-4;4);
6) m € [9; ©); B) m € (—o; —4]. 507. a) [3; 4). 508. a) (—oo;—1)a(3;4]a[T;).
509. a) (-1;0)a(5;6). 511. Tpu. 512. 10. 513. a) — 4,5x*y*. 521. a) (0; 1),
(1;0); 6) (0; 0), (4; 2); B) (=35 2). 522. a) (3; 3), (=3; —=3); 6) (0; 1), (1; 0);
B) (4; 4), (—4; —4). 523. a) (0; 0), (1; 1); 6) cucrema po3B’A3KiB He Mae;
B) (2; 4). 524. a) (0; —5), (3; 4), (=3; 4); 0) (3; 3), (=3; —3); B) (0; 2), (=2; 0).
525. a) (3; 0), (0; -3); 6) (—1; —4), (4; 1); B) (0; —2), (4; 2).
526. a) (6; 8), (8; —6); 6) (-1; 3), (-1; —v/3); B) (1; —2), (2; —1); 1) (5; 3).
527. 6) (12; 16), (4; 0); B) (—3; —3), (2; 2); 1) (2; 0), (0; 2). 528. a) (13; 3);
6) (3; 2), (-8; —2); B) (3; 1), (3; —1), (-8; 1), (-8; -1); 1) (V15; 10),
(V155 —+10), (-V15; 10), (—/15; —10). 529. a) (4; 5), (5; 4),
(=45 =5), (=5; —4); 6) (55 3), (35 5), (=5; =3), (=3; =5); B) (2; 1), (=2; —-1);
r) (0; 0). 530. a) (2; 8), (8; 2); 6) (12; 8). 531. a) (8; 6), (-5; —7);
6) (=5; —7), (8; 6). 532. a) (8; 2), (-15; 25); 6) (8; 2), (-40; 50).
534. a) (2; 1), (3; 2); 6) (3; 2). 535. a) (55 1), (8; 2); 6) (3; 4), (4; 3),
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(=3; —4), (-4; —3). 536. a) (4; 4), (-4; 4); 6) (-1; 1), (0; 0), (1; 1).

537. a) (1,2; ~1,6), (-0,7; 4,1); 6) (—g; %) B) (35 4), (35 —4) ) (V513 -1),

(—Jﬁ; —1). 538. a) (4-v10; 4++/10), (4++10; 4 — 10); 6) (3; 6);

B) (4; 2), (4; -2); r) (3; -1), (3,5; 1). 539. a) (3; 5); B) (5; 3), (3; 5),
(=5; —3), (=3; —=5); r) (5; 1), (-=5; —1). 540. (1; 1), (1; —-1); 6) (1; 2), (-1; 2),
(1; ~