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BINACTUBOCTI YACNOBUX HEPIBHOCTEMW

.Axmo a > b, Tob < a; akmoa < b, To b > a.
.Axmoa >bib>c, T00a > c.
Armoa <bib<c,mT00a <ec.
.SAKmo a > b i p — 6yab-sAKe uucao, To @ + p > b + p.
.Axmo a > bip >0, To ap > bp.
Axmoa >bip <0, To ap < bp.
Axmoa <bic<d,Toa+c<b+d.

- +a<b

e — _e<d

a+c<b+d

Akmoa <bic

<d, To ac < bd, me a, b, ¢, d — nfogarHi.

TABITNUA KBAOPATIB HATYPANIbHUX YUCEN

Bl 10 0O 99

a

e

c

fa OavHMLI

T

K

n

0 1 2 3 4 5 6 7 8 9

1 100 | 121 | 144 | 169 | 196 | 225 | 256 | 289 | 324 | 361
2 400 | 441 | 484 | 529 | 576 | 625 | 676 | 729 | 784 | 841
3 900 | 961 [ 1024|1089 | 1156 | 1225 | 1296 | 1369 | 1444 | 1521
4 (1600|1681 |1764| 1849|1936 | 2025 | 2116 | 2209 | 2304 | 2401
5 | 2500|2601 |2704 | 2809|2916 | 3025|3136 | 3249 | 3364 | 3481
6 |3600|3721|3844 | 3969 | 4096 | 4225|4356 | 4489 | 4624 | 4761
7 |4900|5041|5184 | 5329|5476 | 5625 | 5776 | 5929 | 6084 | 6241
8 |6400|6561|6724|6889 | 7056 | 7225|7396 | 7569 | 7744 | 7921
9 |8100|8281|8464 | 8649 | 8836 | 9025 | 9216 | 9409 | 9604 | 9801

a<b
X
Ilounenne c<d
MHOKeHHS -
ac < bd
HepiBHicTh 3o00paskeHHs YucaoBuil MPOMIiKOK
Z —_— .
x<a ab > (=05 a)
it e .
x<a bt (=005 a]
— oy .
x>a p (a; +0)
— LY. .
x>a b [a; +o°)
— Q- .
a<x<b S 4 (a; b)
— Qi - .
a<xs<b a b (a; b]
— ey .
a<x<b a b [a; )
LIy 3 .
a<x<b b b [a; b]
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lllanoéni deé’amurknacnuyi ma dee’amuxkiacHuxu!

Bu mpopos:kyeTe BuBUATH ONHY 3 HAWBAKJIUBIIIINX MATEeMATUYHUX IIC-
MUILIiH — aareopy. Jomomoske BaM y IIbOMY HiIPYUYHUK, Y SKOMY BUKOPIIC-
TAaHO TaKi YMOBHI MO3HAUEeHH:

,\\2 — mpurajgai (paHilie BUBUYEHE); q — 3BEpPHU 0COOJUBY yBary;
P4 y

) . .
o — 3alMTAHHA i 3aBJAHHSA IO TEOPETHUUYHOI'0 MaTepiaay;

1.13 - saBmaHHA A4 KJacHOI Ta 1.15 — momaIrHbOI poboTH;

B — Kizemnb moBemeHH;
D — pyOpuka «YKpaiHa — Iie MU»;
@ — pybopuka «IlikaBi 3amaui — momipKy# ogHAaUE»;

— pyopukra «sKurreBa maremaruka;

— BIIPaBU IJIS IIiITOTOBKHU JO BUBUEHHSA HOBOI TEeMU;

@ — BIIpaBU IJIA IIOBTOPEHHIA,

— pyopuka «['oJloBHe B pO3Iisri».

TexcT, HAAPYKOBAHUI KUPHUM IITPHPTOM, 3BEPTA€E BAIly yBary Ha HOBE
HOHATTs abo TakKe, AKe Tpeba MpuUrajgaTu.
Yeci BupaBu pos3moaijieHO BiAmOBiAHO O PiBHIB HaBUAJIBHUX AOCATHEHb

i BUOKpEMJIEHO TaK: i3 MO3HAYOK il , iZl, i3 |, i4 s |-X‘ MOYMHAIOTLCS

BIPABU BiAIIOBiZHO MOYATKOBOIO, CEPEeIHBOr0, JOCTATHHOTO, BUCOKOTO PiB-
HiB Ta IMigBUIIEHOI CKJIAaIHOCTI.

IlepeBipuTu cBOi 3HaHHA W MiATOTYBaTHCS A0 TEMATHUYHOTO OI[IHIOBAHHSA
MOXKHAa, BUKOHYIOUU 3aBAAaHHA «/[oMAUHbOL camocmiilnol pobomu», Ki 1o-
JJAaHO B TecTOBi#l opmi, Ta «3a80annsa 01 nepesipxu 3Hanwv». Ilicaa KoX-
HOT'O PO3/iJy HaBeIeHO BIPABU IJA MOT0 IIOBTOPEHHS, OCHOBHUI TeOpeTHd-
HU#A Matepian (pyopuxa «lonoeHe 6 po3dini»), a B KiHII migpyuYHHKA —
«3a80anHs Ons nepesipku 3HAHbL 3a KYpc anazeopu 9 raacy». «3adayi nio-
B8UULEHOL CKAAOHOCMI» TOIMOMOKYTh MiATOTYBATUCS OO MaTE€MATHUYHOI 0JiM-
miagy i moramOUTY 3HAHHSA 3 MAaTeMATUKIH.

ABTOpu HaMaraJucs IOZATH TEOPETHUUYHUII MaTepias IPOCTO0, HOCTYI-
HOI0 MOBOIO, IIPOiJIFOCTPYBaTH HOro 3HAUHOKIO KiJbKicTio mpukiaaniB. Ilicasa
BUBUYEHHSI TEOPETHYHOr0 MAaTepiajy B IIMKOJi Iioro o00OB’I3KOBO IIOTPiOHO
OIIpaIIoBaTHU BIOMA.

IligpyyHuK MicTUTh BeJIMKY KiJbKicTh BIpaB. BijblmicTs 3 HUX BU PO3-
TJIAHETEe Ha yPOKax Ta I yac JOMAaIllHboi po6OTH, iHINi BIOpaBU PEKOMEH-
IYVETHCS PO3B’SI3aTH CAMOCTiiiHO.

Y pyopuni «Hummesa mamemamurxa» 3i0paHo 3amaui, AKi uvacTto
JIOBOJUTHLCA PO3B’IBYBATU B MOBCAKIEHHOMY JKUTTI.

ITikaBi dakTH 3 icTopii BUHMKHEHHA MaTeMATUYHUX MMOHATH i CHUMBOJIIB Ta
PO3BUTKY MaTeMaTHUK! K HAYKU BU 3HAliieTe B PyOpuIli «A we paniwe...».
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Illanoeni suumenvrku ma éuwument!

IIponoHoBaHMI HiAPYYHHMK MICTHUTh BEJNKY KiJbKIiCTh BIpaB; BIPaBU
6inbirocTi maparpadiB mogaHo «is 3amacom». Tok obupaiiTe iX IJida BUKO-
pucTaHHA Ha YpPOKaX, (aKyJIbTATUBHUX, iHAWBIAYaJbHUX, IOJATKOBUX
3aHATTAX Ta AK JOMAIITHI 3aBIAHHS 3aJI€KHO BiJ IIoCcTaBJIEHOI MeTHU, PiBHS
OiTOTOBJIEHOCTI y4YHIiB / ydeHUIlb, Au(epeHIliamnil HaBYaHHA Ta IiHIIUX
KpUTepiiB.

HonmatkoBi BupaBu B «3a80aAHHAX 0N NepesipKu 3HAHb» TPUSHAUYEHO
IJIA YYHIB / yUYeHHUIlb, AKi BOOpaJuncda 3 OCHOBHMMH 3aBIaHHAMM paHiIlle
3a immmx. Yy mpaBUJIBHO iX PO3B’A3aHO, YUUTENb / YUNTEJIbKA MOJKE OIli-
HUTU OKPEMO.

Bropasu mjis moBTOpeHHS PO3IiJiB MOMKHA 3aIIPOIMOHYBATH YUHAM / yue-
HUIIM, HAIIPUKJIAML, HiJl Yac YPOKiB ysarajJbHeHHsS abo HiJ yac IIOBTOPEH-
HA i cucTeMaTusallili HaBYaJIBHOIO MaTepiajy B KiHIII HaBYAJBLHOTO POKY.

Y pyopuii «RKummesa mamemamurxa» 3i0pamo 3amadi, moB’sI3aHi 3 eKO-
HOMIUHOIO T'PaMOTHICTIO ¥ MigAIpUEMJINBICTIO, EKOHOMIUHOIO 6€3I1eK010, 3/0-
POBUM CIIOCOOOM KUTTS, I'POMAASHCHKOIO BiANOBigaJbHICTIO, a B PyOpHMILi
«Ilifzomyiimecss 0o 6u8ueHHsA HO08020 mamepiaay» — 3ajmadi, IO JOTIOMO-
KYTh aKTyaJi3yBaTHW BiANOBigHI 3HaHHA.

«3adaui nidsuuienoi ckaadHocmi» B KiHI[I TigpyYHUKa AOTOMOMKYTh
OiATOTYyBaTU YUYHIiB / yUEHUIlb [0 PiBHOMaHITHUX MaTeMaTUUYHUX 3MaraHb
Ta DiABUIIUTU IXHIO I[iKaBiCTh JO MaTeMaTHUKM.

«3a60anHs 0N nepesipKu 3HAHL 34 KYpC anzedpu 9 xKaacy», AKi TaKOXK
posMiIieHo B KiHII migpyYHHWKa, MOMKHA 3aIIPOMOHYBATH YUHAM AJS ITif-
TOTOBKU 0 PiYHOI KOHTPOJLHOI POOOTH.

Illlanoeni dopocani!

SIKIIo Balma AUTHMHA IIPOIYCTUTH OAWH UM KiJbKa YPOKIB y IIKOJIi, IO-
TPiOHO 3aIPOMOHYBATH iii CAMOCTIHO OIIpAIllOBATH MaTepiaj IUX YPOKiB
3a migpyuyHukoM ymoma. CImouaTKy AUTHHA MA€ IIPOYUTATH TEOPeTHUUHUI
mMarepiaj, SKHI BUKJIQJEHO IIPOCTOI0, HOCTYIIHOI MOBOIO, IIPOiJIOCTPOBAHO
3HAUYHOIO KiJbKicTio mpukaanis. Ilicas mporo moTpioHO pos3B’A3aTH BIpaBwH,
110 TIOCUJIBHI, 3 PO3TJIAHYTOrO maparpada.

Yupomos:xx Kypcy auarebpum 9 Kiacy, AKHH OIpalboBye AUTHHA, BU
MOJKeTe IIPOIOHYBATH iii JOZATKOBO PO3B’A3yBaTHM BJOMAa BIpPaBU, IO He
posrasagaaucsa mig yac ypokry. Ile cipusitume sSKHaANKPAIIOMY 3aCBOEHHIO
HaBUYAJIbHOTO MaTepiaJy.

KoxxHa Tema 3akiHUyeThbCsI TeMaTHUYHUM OIliHoBaHHAM. I[lepenm fioro
MIPOBEIEHHAM S3alpOIOHYHMTEe AWTUHI pO3B’A3aTu 3aBHaHHA «JoMAULHbOL
camocmiiinoi po6omu», AKi IMomaHO B TecTOBiil ¢opmi, Ta «3asdanns Onsa
nepesipxu 3HaHbv». lle fonomMosKe mMpuUragaT OCHOBHI THMIM BIIPaB Ta AKiCHO
MiATOTYBaTHUCS OO TEeMaTHYHOTO OIliHIOBAHHA.

JKmio Bamria AUTWHA BUABJAE IIIABUINEHY IIiKaBiCTh OO0 MaTeMaTHUKU
Ta O0a)kae IOTJIMOUTU CBOI 3HAHHS, 3BEPHITH yBary Ha «3adaui nideuuieHol
ckaaonocmi», IKi po3MileHo B KiHII migpyuHHKA.

Bascaemo ycnixie 6 onanysarnui kypcy!




MOBTOPHEMO AATEBPY 3A 8 KAAC

PauioHanbHi Bupasu
E 1. CkoporiTs apobu:

7 2 6
niE g2 gl Hh P plad g 0w
Ty 10m xm pa Tbc 6b
2. CxkoporTits gpobmu:
2 4
p gl oyl HE 5 g2
96 15a am 5c 9yt 4yp
3. Buxomnaiire niro:
2 2 2
nELY_X g dmt M g2 ghHr. e
5 5 5 5 x2 3 3 15
4. Buxonaiire mgiro:
_ 2 2 1 2
et b yTE & 3 ¥.16, Hpmm
3 3 6 6 4 y 5 10
@ 5. CxopoTiTh apobu:
2 2 _
1) 16m p; 9 ab (x+2); 3) 5m 15; 4 a+2b .
20mb a?b(x + 2)2 10 a? + 2ab
6. CropoTiTh gpoOuU:
1) 15a2x m2c(a —2)? 3) 4x+12 4 m—3p
25ay me2(a—2)° 16 ’ m2 —3mp’

7. TlopaiiTe y Buriaami apooy:
X+ 2y N 4x - Ty

- - 4-2 -2
1) : g XU _¥-2, g d-2m 5-2p,
5 5 x2 -4 x2-4 m p
2 2 _
4 _ m R il ) 6)10x2:[—5—xj.
m-4 m?2-8m+16 3py p?-1 m
8. [IlogmaiiTe y BUraani apooy:
1)a+3b+3a—7b; 2) m_b+ b—l; 3)5—3y_.2—3x;
4 4 m2-1 m2-1 y x
2 2 _ 2
1) b b : 5)c 2c‘ 5m; 6) 4a : (-8a).
b+2 b2+4b+4 5ma % -4 p
9. PosB’skiTh piBHAHHA:
_ 2 _
1)2x 6:0; 2)2_x+4:0; 3) x :Z; 4)3x 9:3x.
x+3 x x—2 b x+1
10. Po3B’s:KiTh piBHAHHA:
2
1)2x+4:0; 2)3_x+8:0; 3) X zi; 1) 2x +8=2x.
x—2 X x+1 5 x-1




MoBmMoploemo anze6py 3a 8 Knac

O
11. OOuucaiTh:
1) 92 2) (-4)3; 3) (-1)7; 4) 1471,
5) 29 . 2-10 6)5: 51 n A 8)| (1 M
) : ’ ) . ’ )4T2, ) (gj .
12. O0yucaiTh:
1) 273 2) (-5)7% 3) (1)1 4) 1571
5) 48 . 4-10 6) 7-1:7 n 2 NE *)
) : H ) G )F, ) (Ej .

13. BukonaiiTe aii Ta mogaiiTe pes3yabTaT Y CTaHAAPTHOMY BUTJIAII:

1) (1,8 - 1075) - (3 - 109);
3)38,2-103+7-103;

2) (1,7 - 10%) : (3,4 - 1073);
4) 5,42 - 108 — 4,3 - 108.

14. BukonHaiiTe gmii Ta mojaiiTe pe3yJabTaT y CTAHAAPTHOMY BUTJIAII:

1) (5-108) - (2,4 - 10°3);
3)4,9 - 104 + 2 - 10%

2) (7 - 108) : (3,5 - 1071);
4) 4,42 - 107 -4 - 1077

15. IloOynyiiTe rpadiku GpyHKI[iH:

8 10
1) y==; 2)y=-—.
x
16. IloGynyiiTe rpadiku GyHKITiA:
12 4
Dy=— 2)y=-—.
x x
E 17. Buxonaiire gmiro:
2 _ —
1)2a 2a  b(a 1); 2) x+3 N y+3 :
4a2 - b2 b2 —4q2 xy—-x2  xy-y?
2 _ _9 4 — g2
3)x +x-3 3 1, 48X 2, a

x2-9 2x-6 By+6 y2+4y+4’

18. Bukxonaiire airo:

1 _ _ _

1) 3x(x )+ xXy—y : 2) a-5 5-b :
9x2 —y2  y2 - 9x2 ab-a? ab-b?

3)x2+x—2_ 2 ) m2-9 12-4m

x2—-4 3x-6

a?+6a+9 ap+3p’

19. 7 gunaa 2024 poxky yKpaiHchbKa JerkoarieTka JSIpocmaBa Maryuix
yCTaHOBUJIA HOBUI CBITOBUU peKops 3i cTpubOKiB y Bucoty — 2 M 10 cwm.

a +a2+36_ a . a—-6
a+6 a2-36 a-6) a2+12a+36°

AKIo a = 31, BifTaK misHaeTecs, CKiJIbKM POKiB TpUMAaBCs MOIIEpeIHil
CBiTOBUII peKopHd y Wil AUCIIMIIIiHi.

6 O

3HaUmiTE 3HAUEHHSA BUPAaA’y (




MoBmMoptoemo anze6py 3a 8 Kndac

O

20. HomeniTh TOTOXKHICTH (

x x _x2+1. x—-1 1
x-1 x+1 1-x2) x2+2x+1 x+1

21. Po3B’aKiTh piBHAHHA
1 -1 4 3y—-7
D 2+ X 8 i + 2 = 3.
x-20 20-x y+1 y-2
3HaligiTe sHaueHHA Bupady 100x + 18y rTa misHaiiTecs, AKOTO POKY
ykpainka Karepuna JlorBuuiBHa IOImeHKo po3podmiaa KOHIIEIIIiIo
rmepIoi y cBiti (popmMasibHOI MOBU aJpeCHOT0 MPOrpaMyBaHHS.

22. Hamionanbuuii yuiBepcurer «OcTpo3bKa aKaJeMis» — OOUH i3 Halgas-
D HiIIMX HaBUAJbHUX 3aKJaaiB €Bpomnu i mepiiuii — cTBOpPEeHU B YKpai-
Hi. Po3B’s:KiTh piBHAHHS

1 x-13 ., 5 2y -1
x-16 16-x y+1 y+3
Ta 3HaAWAITH 3HaUeHHA BUpady 100x + 19y, BixTak misHaeTeca pik 3a-
CHYBAaHHSA IILOT'O YHiBEPCHUTETY.

3+

23. OG6GuwucJiTh, BUKOPUCTOBYIOUM BJIACTUBOCTI CTEIEHiB:

1075 . (10-7)4
1) (4-3)7 - (((4°2)3))4; 2y — — 7.
) (473)7 - ((472))) T
18
3)4-° (Ej ; 4) 24372 . (8377
_E)4.95-2
5) M; 6) 0,013 .108,
(-125)3
24. O0YMCIiTH, BUKOPHUCTOBYIOUN BJIACTUBOCTI CTEIIeHiB:
1) (572)5 .((571)—3 )3. 2) w
b (73)_5 b
1\
3) (Ej - 3674 4) 1675 . (273)77;
_9)-5.97-3
5) M; 6) 0,278 . 2574,
(-9)"

i4- 25. JloBenmiTh, IO 3HAYEHHS BUPA3Y Sab_a® — 8b° He 3aJIeKUTh
) ’ a2 —-9b2  ab + 3b2

Big sHaueHHS 3MiHHUX.
4y*  dxy - x*
xy +4y?  x2 -16y2

26. Ywm icHye Taka mapa 3HaueHb (X; Y), III0 BUPAas Ha-

OyBae Bi’eMHOTO 3HAUEHHSA?

) x3+3x2+3x+1 x2+2x+1
27. OOumciaiTe 3HAUYEHHS BUPAa3y :

, SAKIIO

1-x2 3-3x
D x = 2026, BigTaK misHaeTecs, CKiJIbKM pasiB yKpaiHCbKi ¢yTOogicTh
OTPUMYBaJM «30JOTHUIN M’STU» — Haropomy Haukparmomy GyToosicTy
€Bponu. 3 iHTepHeTy AisHaiiTecs mpisBuia Mux pyrodoaicTis.




MoBmMoploemo anze6py 3a 8 Knac

O
28. ¥V mepmux 3umoBux Osmimmificbkkux irpax 1924 pory 6paB yuyacThb ame-
puKaHelb YKpaiHchbKoOro moxomkeHHsa BageuTun Bimac. Bim 6yB yuac-
HUKOM 3MaraHb i3 KOB3aHAPCHKOro cmopty Ha aucrauiiii 5000 w.
. . 6 — 6y> y+1
3HaUiTh B3HAUEHHS BHUpPasy — 3 3 ' , SAKIIIO
y> —-38y“+3y—1 y=-2y+1
y = 2027, BigTak misHaeTecd, AKe IIiICYMKOBE Micrie BiH 3aiiHAB.

. .. . 8
29. 1) 3uaiigite migi KopeHi piBHAHHSA H = 6 — X, BUKOPUCTOBYIOUM I'pa-
x
diunmii crmocié pos3B’sI3yBaHHI.

2) CopobyiiTe pos3B’s3aTy PiBHAHHSA AHAJITUYHO Ta 3HAUTHU HOTO He-
IiJINH KOPiHb.

30. Posp’stakiTh rpadiuHo piBHAHHSA ﬁ = 2x — 4.
x

KBappartHi kopeHi. [lilicHi uucna
@ 31. [Ina ¢pyurnii y = x2 3HAWAITL 3HAUEHHA Y, 10 BiAIOBiZae 3HaUeH-
HaM x = —2; 0; 7
32. Yu Mae KOpeHi piBHAHHS:
1) x2 = 4; 2) x2 = —4;
3) x2 = 0; 4) x2 =10?
@ 33. O6uuciTh:
1) V25; 2) /0,09; 3) 12; 4) V64 - 2,/0,04;

25

5) -50,16; 6) 4, {20%; 7) V132 —122; 8) +/2(0,32 + 0,41).

34. O0yucaiTh:

1) \/36; 2) /0, 49; 3) [21. 4) V100 + 5./0, 64;

4

5) -10/0,09; 6) 8‘/3%; 7) V152 — 92; 8) 1/8(0,42 + 0, 34).

35. 3HaimiThL HaOaM:KeHe 3HaUeHHA BUpasy /13 + 6,79, okpyriIuBIlIu 3HAa-

D YeHHSI KOPEeHs 0 coTuX. BiATak misHaeTecs 3arajbHY ILJIOIY JIiCOBUX
minsHoK (y MJIH Ta), IIT0 HaJIeXKaTh A0 JicoBoro oHIY YKpaiHu.

36. 3maiigiTh, HabJaM:KeHe 3HAYEHHSA BMPAa3iB, OKPYIVINBIIN 3HAYEHHA Kope-
HS 10 TUCAYHUX:

1) 15 + 7,383; 2) 13 - /26; 3) V3 + 2.

37. O0OuywmcIiTh:

1) (—17)% 2) 2,9 + (+v/3)% 3) V100 - 64; 4) \/3 -/27;
5) | ~or. 6) Y32, 7) -3JC)2; 8) \/35.

169’ J2




MoBmMoptoemo anze6py 3a 8 Kndac

O
38. O0uwmciiTn:
1) (/19)% 2)3,7-(—2)%  38)25-10 000;  4)2-50;
4
5) \/6—; 6) @; 7) —2./52; 8) V(-11)*.
81 J3
39. PosB’siikiTh piBHAHHSA:
1) x2 = 49; 2) x2 = —49; 3) x2 + 0,07 = 0,08; 4) 2x2 = 12;
1
5) Jx = 3; 6) Jx = 0; T Jx +3=8; 8)—§f=5.
40. PosB’sKiTh piBHAHHA:
1) x2 = 64; 2) x2 = —64; 3)x2+5="T; 4) ixz = 0;
5) Jx = 1; 6) Jx = —8; NJx —2=3; 8) 44/x = 8.
41. BuHeciThb MHOXKHUK 3-IIiJ] 3HAKA KOPEHs:
1) /200; 2) \/75; 3) 5% - 2; 4) 73 . 26.
42. BuHeciTh MHOMKHUK 3-IIiJ] 3HaKa KOPEHs:
1) J/20; 2) \J/45; 3) /112 -3; 4) /24 . 53.
43. BHeciTh MHOKHUK il 3HAK KOPEHS:
1
1) 4/3; 2) —2J7; 3) g\/3m; 4) -0,3+/2a.
44. BHeciThb MHOKXHUK IIiJ] 3HAK KOpPEH:
1) 3V11; 2) -3./5; 3) —%\/8 ; 4) 0,17/200m.
@ 45. Po3B’s1:kiTh piBHAHHA:
20
1) 4Jx —12=0; 2) =10;  3) (x — 5) = 36;
Jx -3
4) (x — 9)2 = —4; 5)x—1= 7 6) (2x — 1)2 + (2x + 1)2 = 18.
5 x+1
46. Po3B’s:kiTh PiBHAHHS:
15
1)5Jx +15=0; 2 = 3; 3) (x + 9)2=0;
) ) Nx +2
4) (x — 3)2 = 49; 5) 3 :x+2. 6) (8x + 1)2 + (8x — 1)2 = 56.
x -2 4
47. O06uucIiTh:
49 3 1 13
1) ./9—-6—; 2)./4=-,.[8—; 3) +/80 -/605; 4) \/363.
) 64 121 ) 4 17 ) )
48. O6uncIiTh:
[ 83 21 4 11
1),[4— - 4—; 2).[83=-,/6—; 3) V175 -/28; 4) /258,
) 64 25 ) 5 19 ) 175 /28 )
o) 9
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O
49. CkopoTith api6:
a+5Va x—4y J21-3
1) ————; 2) ; 3) .
a-25 x +4JxJy + 4y 7-21
50. Ckoporits apib:
y-36 a—6vab +9b J26 +13
1) =—F; 2) ; 3) —F—-
y-6\y a—9b 2+ /26
51. PosB’sxiTh rpad)iuyHO piBHAHHA:
1) x2 = 3x; 2) Jx =3 - 0,25x.
52. PosB’sxiTh rpadiuHo piBHAHHSI:
1) x2 = —2x; 2)Jx =5 — 4x.

E 53. PosB’axiTh piBHAHHA:

1) J|2x +1] = 3; 2) V2 +x2 +2 =2 3) 3x2 -2 +1=4.
54. Po3B’sXiTh piBHAHHSI:

1) Jl2x —1] = 5 2) /3 +Jx2 +3 = 3; 3)5[x2 —2[-2=8.

55. O0umcCIIiTE:

4 4
1) (N7 =43 — 7 + 43)2; 2 X
) (T-448 - T+ 4V3) )8—3ﬁ+8+3ﬁ

56. O06uuCIiTDL:

2 2
1 3 5 3-45)% 2 .
) (W3 ++/5 +43-5) N Ay

57. IloGynmyiiTe rpadik GyHKILII:

1)y={3—2x, AKIo X < 1, 2)y=3\/;_x.
x/;,mcmox>1; 3-Jx
58. TloOymyiiTe rpadik GyHKILii:
6 — x, axmpo x < 4, Wx —x
Dy-= { =

)y=——.
\/;,HKHJ;O.’)C>4; 2—\/;

KBappatHi piBHAHHSA

il | 59. Bunumiite KoedilieHTu a, b i ¢ KBaApaTHOrO PiBHAHHS:

1) 38x2 +4x — 7 =0; 2) 4x2 + 8 = 0;
3)4x —x2+9=0; 4) 5x2 = 0;
5) 9x — x2=0; 6)9 +8x —x2=0.
60. 3HaligiTh, BUKOPUCTOBYIOUM TeopeMy Biera, cymy i moOyTOK KOpeHiB
piBHAHHS:
1) x2 4+ 2x — 3 = 0; 2) x2 — 2x = 0;
3) —x2+ 9x — 8 =0; 4) 2x2 — 4x — 7= 0;
5)5x2 — 8x + 1 = 0; 6) 6x2 — 12 = 0.

10 O
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iZ 61. Po3B’s1:KiTh HemoBHiI KBaJapaTHiI PiBHAHHS:

62.

63.

64.

65.
66.
67.
68.
69.
70.

71.

72.

=]

74.

1) 7x2 - 28 = 0; 2) 4x2 — 8x = 0; 3) 9x2 = 0;

4) 2x2 + 18 = 0; 5) —4x2 — 2x = 0; 6) 0,2x2 + 0,6x = 0.
Po3B’s1:kiTh HEeNOBHI KBaJpaTHi PiBHAHHSI:

1) 4x2 + 12x = 0; 2) 4x2 — 36 = 0; 3) —x2+ 2x =0;

4) —Tx2 = 0; 5) 3x2 + 27 = 0; 6) 0,3x2 — 3x = 0.

Po3B’s1:KkiTh piBHAHHS:
1) x2 — 4x + 3 = 0; 2) 3x2 +2x - 5=0; 3) x2 - 10x + 25 = 0;

4) 2x2 = 4 — Tx; 5) x2=5x — T; 6) 2x = x2 — 8.
Posp’s:KiTh piBHAHHA:

1) x2—-x—-2=0; 2) 2x2 - 3x — 5=0; 3) x2+ 12x + 36 = 0;
4) 3x = bx% — 2; 5) x2 + 2 = 3x; 6) 3x = x2 + 7.

3HalAiTh NEepUMETp NPAMOKYTHHMKA, SKIIIO IOro IJOIa AOPiBHIOE
96 cm?, a ogHa 3i cTOpiH Ha 4 cM 6inbIIa 3a APYTY.
HinauKy 3eMJii mpsaMOKYTHOI (opMHU, OmHA 3i CTOPiH AKOI Ha 5 cMm
Oinpia 3a Opyry, HOTPiOHO OOHEeCTHM MHapKAHOM. SHAWIITH HOBMKUHY
mapKaHa, AKIO IJIOMA JiAAHKK cTaHoBUTH 300 M2,

PoskmaziTs Ha MHOMKHUKY KBaJpPaTHUNA TPUUJIEH:

1) x2 — Tx + 6; 2) 2x2 + bx + 2; 3) —3x2 — 5x + 2.
PoskiaziTe Ha MHOMKHUKY KBaJpaTHUN TPUUJIEH:
1) x2 — 5x — 6; 2) 3x2 —4x + 1; 3) —2x2 + Tx — 3.

Posp’s:kiTh OikBagpaTHe PiBHAHHS:
1) x4 —-8x2-9=0; 2)x*+10x2+9=0; 3) x*—-6x2+8=0.

3HaliTh KOopeHi OiKBagpaTHOTO PiBHAHHA:

1) x*-3x2-4=0; 2)x*—4x2+3=0; 3) x* + 10x2 + 25 = 0.

Po3B’a:kiTh piBHAHHS:
2 _ 2 _ 2

1)x +x 2:0; 2)x +4x 520; 3)x :2x;
x—3 x-1 x—-2 x-2
2 _ _

4)x 2x: 1; 5)x 3: x; 6)é:x+3
x—3 3—x 8 x+3

Po3B’a:kiTh piBHAHHA:
2 _ 94 _ 2 _ 9, _ 2

l)x 2x 8:0; 2)x 3x 4:0; 3) X< 16;
x+1 x—4 x+4 x+4
2 _

4)x 3x= 2; 5)x+2: 3; 6)E=6—x.
x—-5 5—x x x—2 x

73. 3a AKux 3HaveHb KoedimieHTiB a i b uncaa —1 i 3 € KopeHAMH piB-
HAHHA ax? + bx — 6 = 0?

3a AKuX 3HaueHb KoedirieHTiB b i ¢ uncaa —3 i 2 € KopeHAMHU PiBHAH-
Ha 3x2 + bx + ¢ = 0?

1
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75.

76.

78.

79.

80.

81.

82.

83.

84.

12

O
Po3p’s:kiTh piBHAHHA:
1) (x + 3)(x — 4) =-12; 2) (2x — 1)2 = (x — 2)%;
3) 2x — 3)(2x + 3)=3x + 1; 4) x(x — 3) — (x + 2)2 = x2 — 3x.
Posp’sokiTh piBHAHHSA:
1) (x + 6)(x — 2) = -12; 2) 8x — 1)2 = (x — 3)%;
3) (8x + 2)(8x — 2) = x + 6; 4) x(x — 2) — (x + 1)2 = x2 — 2x.

Posp’st:KkiTh piBHAHHA:

x2+2x 2x-1 2)y+3 y2-1 2
8 3 5 10 5
3) Hexait x — wuaiibinpinuii Kopinb mep-
IoT0 PiBHAHHSA, Yy — HaAWOINBIINI KOPiHBb
Ipyroro piBHAHHA. JSHaAWAITHE B3HAYEHHSA
Bupasdy 600y + 2x, BigTak misHaerecs pik
3acHyBaHHSA XapKiBCBKOTO HAIiOHAJIBHOTO
yuiBepcurery imeni B. H. Kapasina.

1)

Posp’sokiTh piBHAHHSA:
x2+5 4x+5 2)x2+2 x-3 13,
- ’ PN

6 5 4 5 10
3) 3HaiimiTL cyMy BCiX KOpeHiB 000X piBHSHBL, BiiTak misHaeTecd, sKe
MicIie y cBiTi mocimae YKpaiHa 3a KiJIbKiCTIO TPOMAMASH 3 BUIOIO OCBiTOIO.
Kopeni x; i x, piBuauHa x2 + px — 6 = 0 3a/0BOJBHAIOTH YMOBY
2x; + 3x, = 0. 3HalifiTe KOpeHi PiBHAHHA Ta KoedimieHT p.

1)

Kopeni x, i x, piBuauua x? — 3x + ¢ = 0 3a/0BONBHAIOTE YMOBY
2x; + 3x, = 5. 3HAITE KOPeHi PiBHAHHA Ta KoedimieHT g.
CKOpOTiTh Apobu:

1) 4x-12 2) x2-4 2x2 +5x -8
x2 -2x -3 2x2 —5x + 2’ 3x—2x2 -1
CxoporiTthk apobum:
2 _ .. 2 _ Q4 _ 2 _ Q4 _
1)x x 6; 2)3x 8x 3; 3) 2x% —3x 2.
2x +4 x2 -9 x+1-2x2
PosB’stokiTh piBHAHHA:
2 _ _
1)4x +11x 327; 2)x+4+x 3:7;
1-4x x—-2 x+2
2 _ _
3)3x+2+x+4: 3x4 +1 : 4)2x 2_x 6: 18 .
x+1 x-3 (x+1)(x-3) x+3 x-3 x2-9
Posp’st:kiTh piBHAHHA:
2 _ _
1)6x +b5x 4:2; 2)x+4+x 421;
1-2x x+1 x-1
3)2x—7+x—2_2x2+4x—11. 4 x-4 x+4 24
x+4 x-1 (x+4)(x-1) x+2 x-2 x2-4
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86.

i 87. Po3p’stokiTh piBHAHHSA:

88.

. 3 micta A B micTto B, BigctaHb MikK axumMu 360 KM, ogHOUacHO BHixa-

au nBa aBro. lIIBuaKicTs omHoro 3 HuX Oyyaa Ha 10 KM/rox GinbIa 3a
HIBUAKICTH APyroro, TOMy IIepiie aBTO Hpudy- m

Jo y micro B Ha 30 xB pawmimie, HiJK apyre.
SHANAITh MIBUIKICTE KOXKHOI'O aBTO.

3 ogHOro cejia B iHIIe, BiicTaHb MiX SAKMMU
24 KM, BuixaB Beisocumnenuct. Uepes 30 xB
y TOMY caMOMYy HAIIPAMKY BHixaJjia BeJIOCHUIIe-
IVCTKA, MBUIKICTh AKOI Ha 4 KM/rof GinbIa
3a IIBUIKICTL BeJIOCUIENNCTA. SHAUIITH
MIBUIKOCTi BEJIOCUIEOUNCTIB, AKIINO OO IIYHKTY
MpU3HAUYEHHS BOHU IIPUOYJIN OJHOUACHO.

1) 2x — 1)(4x2 + 2x + 1) = 2x(2x - 1(2x + 1) + x2 - 8;
2) (Wx — 3)(x2 + 2x — 3) =

3)x|x|—3x—4=0.

Posp’s:KiTh piBHAHHA:

1) 8x + 1)(9x2 — 3x + 1) = 3x(8x — 1)(8x + 1) + x — x2;
2) Jx —2)(2x2 + 3x - 5)=0

3)x|x|+5x—6:0.

89. 3a aKux 3HaAUEHL a4 PiBHAHHSA Ma€ JHUIIIE OJUH KOPiHb:

1) 4x2 4+ x — a = 0; 2) ax?2 - 8x —4=0?
90. 3a gxux 3HAYEHDb b PiBHAHHA Ma€ JIUIIE OAUH KOPiHb:

1) x2+ bx + 4 = 0; 2) bx2 4+ 6x — 1 =07?
91. PosB’siikiTh piBHAHHSA:

1) (x+ 1D*-3(x+1)2-4=0; 2) (x2 +x)2—4x2-4x-12=0.
92. Po3B’sKiTh piBHAHHA:

1) (x — 2)* + 4(x — 2)2 - 5 =0; 2) (x2 —x)2 - 5x2+ 5x + 6=0.
O 13
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| POBAIA 1

| HEPIBHOCTI
| Y UbOMY PO3AIAI BU:

‘ O npuragaeTe YNCroBi HEPIBHOCTI, NOABINHI HEPIBHOCTI;

‘ O o3HaoOMMUTECA 3 NOHATTAMN 00’ €AHaAHHS | NEPETMHY NPOMIXKIB, MiHIAHUMM
| HEpPIBHOCTSIMM 3 OAHIED 3MIHHOIO Ta iX cucTemamu;

\ O pi3HaeTecA Npo BNAaCTUBOCTI YNCIOBUX HEPIBHOCTEN;

‘ O HaBuYMTECH PO3B’A3yBaTV MiHiHI HEPIBHOCTI 3 OQHIE0 3MIHHOIO Ta cUCTEMU
‘ NIHINHNX HEPIBHOCTEN 3 OAHIEID 3MiHHOHO.

L Y N
e

§ 1. Yucnosgi HepiBHOCTI. [LloBeleHHS HepiBHOCTEM

' 1. Yucnosi HepiBHOCTI

~ Cd

-

N Y momepenHix KJjacax BU HABUMJINCS IIOPiBHIOBATH OyOb-AKi umcia Ta
3alKUCyBaTU pPe3yJbTaT MOPiBHAHHSA y BUTJIALI pPiBHOCTI abo HepiBHO-
CTi, BUKOPUCTOBYIOUM 3HAKM =, >, <.

Hanpuxkaazn: 0,4 = %, -2>-11, 5 < 7.

Bupas, sxwuit 3anucano 3 JiBoro 00Ky BiJ 3HAKa HEePiBHOCTi, Ha3WMBAaIOTh
6010 1ACMUHOI0 HepieHOCcmMi, a BUPas3, AKUH 3all1caHo 3 IPaBOTo OOKY, —
npaeorw wacmuHow HepieHocmi. Tak, B ocTaHHIY HepiBHOCTi JiBOIO UacTu-
HOIO HEepPiBHOCTI € umcio 5, a IpaBoio — YuCJIo 7.

HepisuicTs, 00uaBi yacTuHM AKOI — umciaa ab0 UMCJIOBI BUpasu, Ha3U-
BAaIOTh YUCJA0B0I0 HEPiBHIiCMI0.

Hanpuxraan:

1,2 > -0,8; V2 < 2; 0,1<%; J7 + 2 > 4/8.

2. 3aranbHe 03Ha4YeHHs1 NOPIBHAHHSA YMcen

JlJist 1BOX MOBIJIBHUX YHKCeJ a i b mpaBMJIbHUM € OOHE i TiIbKU omHe 3i
CIIiBBimHOIIEHEL: @ > b, a < b abo a = b. Paninie Mu BUKOPUCTOBYBAJIHU Te
YUY iHIITe IPABUJIO MOPiBHAHHSA YMCEJ 3aJeKHO Bif BuAy umcesa (HaTypaJib-
Hi umMcJa, JeCATKOBiI aApoOu, 3BUUaliHi APoOM 3 OJHAKOBUMM ab0 PisHHUMU
3HaMeHHuKaMu). AJjie 3pyuHo Oyjo 6 MaTu yHiBepcaJbHE IIPaBUJIO IOPiB-
HAHHA.

Bigomo, mo 5 > 2. PosraaHemo pisHUIIO JiBoi i mpaBoi wacTtuH Iriei
HepiBHOCTi: 5 — 2 = 3 > 0, pisHuIA € momaTHoo. Poadriaamaioun PisHUITIO
JiBoi i mpaBoi wacTtuH HepiBHOCTi 3 < 7, MmatTumemo: 3 — 7 = —4 < 0, pisuu-
A € Big’eMHOI0. ¥ piBHOCTI 4 = 4, POSTJIAHYBIIIN Pi3HUINIO JiBOi i mpaBoi
YyacTuH, orpuMaeMo: 4 — 4 = 0, To6TO PiBHUIA AOPiBHIOE HYJIIO.

14 o)
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HpI/IXO,L'[I/IMO 0 O3HAYE€HHA nopiammnﬂ Hucel.

a>b, akmo a — b > 0
< b, akmo a — b < 0;
a=>b, akmo a — b = 0.

S

5
W ITopiBHATH 9 i 0,6.

. 5 .,
Pos3s’azannsa. PosrasaHemo pisuuio uncenr — i 0,6:

S _gg-2-3_2-27__2
9 9 5 45 45

5
Pizaung e Big’e€MHOIO0, TOMY 9 < 0,6.
Bidnosiov: g < 0,6.

Haragaemo, mio Ha KOOpAMHATHINA IPAMil MEHIIIOMY YHCJIY BigmoBimae
TOUKAa, IO JIEXKUTH 3JIiBa BiJ TOUKM, IO BiAmoBimae Ginbiromy umcay. Ha
manouKy 1.1 Touka, IO BigmoBimae uucay m, JIeKUTL 3JiBa Big Toukwu,
IO BimImoBimae umcJay n, tomy m < n.

m<n

@ ®
m n
Man. 1.1

Y

YucsoBi HepiBHOCTI OyBalOTh npasuivHuMy i HenpasuavHumu. Hampu-
KJIaz:

5 . . . .
9 < 0,6; J2>1- NpaBUJIbHI YMCJIOBI HEPiBHOCTI;

1,8 > 2; 8

< —0,1 — HempaBUJbHi YMCJIOBi HEPiBHOCTI.

Kpim sHakiB > i <, AKi Ha3WBaIOTh 3HAKAMU CMPO2OL HepigHOCMi, Y Ma-
TeMaTHUIIi TAKOXK BUKOPHCTOBYIOTH 3HAKU < (UYHTAIOTH: «MeHIIIe abo JOopiB-
HIOE», ab0 «He Oinble») i 2 («b6inbire abo mopiBHIOE», a00 «HE MEHIIIE»).
3HaK® > i < HABWBAIOTH 3HAKAMU HECMpOozoi HepieHoCcmi.

HepiBHocTi, AKi MicTATL 3HAK > abo0 <, HA3UBAIOTh CMPOZUMU HEPiBHO-
cmamu, a Ti, Mo MiCTATH 3HAK = abo <, — HeCmMpo2uMU HepPi6HOCMAMU.

3 o3HaUeHHSA CIIiBBiIHOIIEHL «OiJbINIEe», «MEHIIEe» i «TOPiBHIOE» TOXO-
OUMO BUCHOBKY, Imoa = b, axkmoa —b 2 0,ia < b, akmoa — b < 0.

3. loBeneHHs HepiBHOCTEN

PO3I‘JIHH€MO, AK 3a OOIIOMOI'OI0 O3HAUEHHA HOpiBHHHHﬂ gruceJsl MOJKHa
dosodumu HepigHOCM.

O 15




PO34iN 1

O
W HoBecTu, 110 A OyAL-AKOTO 3HAYEHHS @ CIPAaBIMKYETHCA
» HepiBHIicTb (a — 3)2 > (a — 2)(a — 4).
Jlosedenns. PosrnaHeMo pisHUIIO JIiBOi i mpaBoi 4acTWMH HEPiBHOCTI Ta
crnpoctumo ii: (a — 82 —-(a—2)a—4)=a%2-6a+9—-(a2—2a—4a+8)=
=a2-6a+9-a2+6a-8=1>0.
Ockinpku (a — 3)2 — (a — 2)(a — 4) > 0 3a OyAL-AKOro 3HAYEHHS @, TO 34
OyIb-AKOT0 3HAUEHHA @ CIPAaBIKYEThCA HEPiBHiCTH
(a-3)2>(a—-2)(a—4). 1
YMOBY 1A mpuKJany 2 MoKHa 0yJio chopMyTI0BaTH KOPOTIIIE, HATIPU-
KJaJ: noBecTH HepiBHicTh (a — 3)2 > (a — 2)(a — 4).

W HoBectu HepiBHiCTh 2(x — 8) < x(x — 6).

* Jlosedenns. PosrasgHeMo pisHUIIO JIiBOi i mpaBoi 4acTWMH HEPiBHOCTI Ta
crpocTumo ii: 2(x — 8) — x(x —6)=2x — 16 — x2 + 6x = —x2 + 8x — 16 =
=—(x2 - 8x + 16) = —(x — 4)2.

Ockinprm (x — 4)2 > 0 3a Oyab-AKOro 3HaYeHHA X, To —(x — 4)2 < 0.
Or:xe, 3a 0O3HAUEHHSIM, HepiBHicTb 2(x — 8) < x(x — 6) € MpaBUIBLHOIO 3a
oyab-axoro x. M

Ilosectu HepiBHicTL x2 + 4x + y2 — 6y + 15 > 0.
,[[06e0eHHﬂ VY Bupasi, axkuil 3amncaHo B JiBil yacTuHI HepiBHOCTI, BUIi-
JIUMO KBaJpaTH JBOYJIEHIB:
x2+4x+y2-6y+156=(x2+4x+4)-4+@w2-6y+9)-9+15=
=(x+ 22+ @y —-3)2+2.

s Oyab-axux 3Hadvesb x Ta y: (x +2)2>20i(y —3)2 >0
Tomy (x + 2)2+(y—-38)2>0,a(x+2)2+@Wy-32%2+2>0.
Omxe, x2+4x+y2 -6y +15>0. B

4. HepiBHicTb Kowi ans cepeaHboro apndpMeTnyHOro
Ta cepeAHbOro reoMeTPUYHOro

Haragaemo, 1o uwmcsao Ha3WBAIOTh CepedHim apupmemuiHum

yucen a i b. na HeBix’ emHUX umcen a i b umcio +ab HasmBawTh iXHIM
cepeOHim 2e0MempPUYHUM.

m HoBecTu, 1110 cepegHe apudMeTHUYHEe TBOX HEBi €MHUX UMCE]
T °* a i b He MeHIIIe Bii iIXHBOT'O CEPEIHBOTO TeOMeTPUUHOTO (Hepisgricmb Kowi):

a+b x/_,uea =2 0,b 2 0.

Ilosedenns. POSI‘.HHHeMO pisHuIO JIiBOI i IIpaBol yacTUH HepPiBHOCTI Ta
neperBopumo ii, BpaxyBasIlu, 1o vab = Ja - b misa =2 0,b =2 0.

_ 2 _ 2
Marumemo: a+b —Jab = 2 2Vab + b _ ~a)? - 2Jab + (\b) _
2 2 2
_ 2
=M>Ouﬂamixa > 0ib > 0.

16 O
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O

a+b > <Jab pna oyap-akux a = 0,06 > 0. W

Orxe,

3ayBasKuMo, 10 3HAK piBHOcTi B HepiBHocTi Komri mosamBumii Toxi
b
> Jab.

Posrisimemo 3acrocyBanHA HepiBHOcTi Kol mis moBefeHHs HepiBHOCTEHH.

Toecr, mo%+i_b> 4, sxmoa>01ib > 0.
a

" TigabKM TOAi, Koau a = b. dAKimo a # b, To

Poss’azannsa. Ockinpku a > 01i b > 0, To % >0 i i—b > 0. Toxi, 3a He-
a

piBuicTio Ko, maemo:
16a 5b

+7
5b 4a> 16a,&; @4_@}2 4; @4—@24..
2 N 50 4a 5b 4a ob  4a

MNMoHATTa «Oinblie» N «MeHLUe» BUHWUKIM OgHOYacHO

@w 3 MNOHATTAM «OOpiBHIOBATM». AmKe Le 3 OaBHIX 4aciB
Yy MPaKTUYHIA OisnbHOCTI NIOAUHW BUHWMKNA notpeba mno-

PiBHIOBATW KiNbKiCTb NpeaMETIB, AOBXUHW BiApi3KiB, NMoLWi AiNSHOK Towo. Tak, Ha-
npuknag, Kifibka HepiBHOCTEN € W Yy BuAaTHiW npaui «Havana» gaBHbOrpeLbKoro
matematuka EBkniga (6n. 356—-300 go H. e.). 3okpeMa, BiH HaBOAWUTbL OOBEOEHHS

. .a+b .
HEpPIBHOCTI > <Jab pna gogaTHUX Yncen a i b reoMeTpuYHUM METOLOM.

IHWWIA gaBHbOrpeLbkni disuk i MatemaTuk Apximeq (6n. 287-212 go H. e.), wob
OUIHUTW 3HAYEeHHSA BIOHOLWIEHHA AOBXMHM kona C go moro giametpa d (nisHiwe

- 10 C 1
Ha3BaHe YMCIOM Tt), BUKOPUCTOBYE HEPIBHICTb: SH < ’l < 3?

3BUYHI HamM cMMBONKW AnNs 3anucy HepiBHocTen 3'asunucsa nuwe B XVII-XVIII cT.
3Haku CTporoi HepiBHOCTI (> i <) BNepLUe BXMB aHMmiicbkui MatemaTnk Tomac lap-
pioT (1560-1621) y npaui «lMpakTvka aHaniTM4HOro MMCTELTBaY, LIO BUALINA ApY-
koM 1631 p. A 3HaKum HECTPOroi HEPIBHOCTI (= i <) — 1734 p. ppaHLy3bkunii MatemaTuk
i actpoHom [Tep Byrep (1698-1758).

3 BiJOMMX HEPIBHOCTEN, KpiM HepiBHOCTI KoLui, 3a3Ha4yMmo Taki:

1) HepiBHicTb bepHyrisii.

d+ x)* > 1+ ax, ge x > -1, o — uine yucno.
2) HepiBHicTb Yebuwosa.

a +ta,+...+a, b+b+...+b, < a,by +azby +...+ab,

b

n n n
ne aq G, ..., a,
by < b, < ...< b,
3) HepiBHicTb Kow/i — ByHsIKO8CLKO20.
2 2 2\(h2 & H2 2 2
(ai +ag +...+a))bf +by +...+b2) > (a;b, +ayb, +...+a,b,),
ne ay, ay, ..., a,, by, by, ..., b, — OOBINbHI Y1cna.

by, by, .., b, — popmatHi uwicna i @; < @y < ... < @,

O 17
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OcTaHHI0 HepiBHICTb AOBIB hpaHLy3bkuin Matematuk O. J1. Kowi (1789-1857) Ta

Haw 3eMnsk B. A. ByHsikogcbKuU.

Biktop AkoBuy ByHsikoBcbkui (1804—1889) HapoamBes B Mic-
Teyky bap (HuHi — BiHHMUbKa 06n.). HaByaBcs BiH 3gebinbLuoro 3a
KOpOOHOM, B OCHOBHOMY Y PpaHLii, Ae Noro Hanbnmx4ynm Hactas-
Hukom ByB cam Kowi. 1825 p. y Mapusbkomy yHiBepcuteTi ByHs-
KOBCbKUI 3axXUCTMB gucepTauito i 3000yB CTyniHb JOKTOpa Hayk.
Woro mocnimkeHHs ctocysanucs ranysi NpuKnaaHoi MaTeMaTiiki

Ta MatemaTuyHol isukn. 1826 p. BiH noBepHyBCs 3 lNMapwxka go ; el
MeTepbypra i Nnoyas BMKNagaTM maremaTuky Ta MexaHiky y Bigo-

MMX Ha TOM Yac HaBYanbHWUX 3aknagax. Todi X BiH nepeknagas B. §. Bynsa-
npaui Kowwui 3 dopaHLy3bKoi. KOBCBKUI

@ HasBiTb niBy i NnpaBy YacTuHK HepiBHoCTi —5 > —10. O HaBeaiTb NpuKnaan YMCnoBux He-
(i piBHocTein. O ChopmynitoiiTe 03Ha4YeHHs1 NOpiBHSAHHSA Yncen. O Aki HepiBHOCTI Ha3nBaOTb

ctporumn? Hectporumun? O CopMynioiiTe Ta JOBEAiTb HEPIBHICTL MixX cepefHiM apud-

METUYHUM i cepeaHiM reOMeTPUYHUM JBOX HEBIA EMHMX Yncen (HepiBHicTb Kouwui).

o

§ Fosb aximo 3agaui ma buxonaime bnpabu

=

1.2.

1.3.

1.4.

1.5.

1.7.

1.8.

18

1.1. IlopiBHaliTe yncaa:

2, 2

1)0,8 i 0,7; 2)-1,2 i -1,25; 3) 1§ i g;

4 3
4)-—=1i—-—= 5)m i 3; 6) 2,31 i 0.

7 7
IlopiBaAliTe yncaa:
1)1,8 i 1,9; 2)-1,3 i —-1,27; 3)% i 2%;

5 7
4)——i—-——; 5)4 i m; 6)0 i —-3,71.

8 8
(Veno.) ki i3 uncnoBuxX HepiBHOCTEN ITPABUJIbHI:
1) 2,7 > -3,1; 2) 0,5 < -3,17; 3) 7,8 > 7,08;

1

4)4,1 < 4E; 5 -7,1>-7,19; 6) 5,05 < 5,57
ITopiBHsANTE Uncaa a i b, axImo:
1)a —b=25; 2)a—-b=0; 3)a-b=-"1.
IlopiBHsATE YNCTa M 1 n, AKOIO PiSHUIISA M — N JOPiBHIOE:
1) —-18; 2) 1,7; 3) 0.
1.6. fIxe i3 umces x 4m y MeHIIe, AKIIO:
Dx+t4=y; 2)y - 2=ux; y+2=ux; 4)x—3=y?
fAKe i3 uncen a uu b Giablle, AKIIO:
1)a—7=0b; 2)a + 3 =b; 3)b+ 2=a; 4)b -5 =a?

IlosmauTe Ha KOOpAMHATHIN HIpAMIiA TOYKM, IO BiAIOBiZailOThL YMC-
JaMm m, nip, akmo m < nip > n.

O
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1.9. 1) 3anumrits y NOpsAAKY 3pOCTAHHSA YHCJA:
4 . 3 3
5 (1); 7 (0); Py (H); 0 (0); -0,1 (P); —1,2 (B); 0,7 (1).
2) IlpouuraiiTe mOpisBUINle BUAATHOTO YKPAiHCHKOTO MaTeMaTHKa,
npodecopa BapiraBcbKoro yHiBepcurery.
3) HisuaiiTecs 3 iHTepHETY HPO HOr0 3M00yTKU.
1.10. 1) 3anumrits y IOpSAAKY CIIaJaHHS YKCIa:

1.11.

1.12.

1.13.

1.14.

1.15.

1.17.

1,2 (P % (0); 0 (0); ~0,99 (V); 0,8 (B);

-0,6 (K); 0,51 (JI).

2) IIpouuTaiiTe mpisBuUIlle YKPAITHCHKOI XYI0MK-
HUIIi, TBOpaMH’ AKOi 3axornmioBaBcsa Ila6io ITi-
Kacco.

3) HisnatiTecsa 3 inTepHeTy IIpo il TBOpUMil 10-
poOOK Ta Has3BY BifoMOI KapTHHHU Ha iJOCTpa-
mii. ITomipkyiiTe, AKUT MOMEHT BasKKHX YaciB
Iasa YKpainm BimoOpasmja MHCTKHHS Ha II0O-
JIOTHIi, Ta AisHAWTeCS PO MOJIO Iliel KapTHUHH.

ITab6ao ITikacco: Ax6u
MU MARU XYOOHCHULTIO

YKaxiTh cepen maHUX HepPiBHOCTel Ti, IO

€ IPaBUJIBLHUMHU 3a OyIb-AKOr0 3HAUEHHS X: marozo piens

1) x2 > 0; 2) x2 > 0 Mmaiicmeprocmi, mo

3)x+1>0; 4)x2+1>0; amycua 6 3a2060pumu
5) (x — 3)2 > 0; 6) (x + 4)2 > 0; npo uel yiauil cgim!
7) x > —x; 8) —x < «x.

JoBemiTh HEpiBHICTH:

1)3m + 5> 3(m — 1); Dpp-2)<p2-2p+T;

3)(a+ 1)(a—-1)<a? 4) x(x + 2) > 2x — 1.

HoBeniTh HepiBHICTH:

1) 2a — 3 < 2(a — 1); 2)c(c+2)>c2+ 2¢ - 38;

3) (x + 2)(x — 2) + 5> x% 4) 3m — 2 < m(m + 3).

HoBeniTh, HepiBHICTH:

1) x? + y? > —2xy; 2) p(p - 6) > -9

3) a(a + b) > ab; 4)m?2 +b5m + 4 > m.

HoBemiTh HEpiBHICTH:

1) m2 + n2 > 2mn; 2) 1t +2) > -1;

3)c(c-d) > —cd; 4) p2 —11p + 36 > p.

1.16. ITopiBHaiiTe ynca:

Co1 o1
1)\/3—21\/3+2, 2)ﬁ+J§1ﬁ_J§.

ITopiBHANATE Ynca:

1 1
1)V3 -1 i ; 2)4 + 15 i ———.
)3 VB 1 ) VRN

19



PO34iN 1

1.18.

1.19.

1.20.

1.21.

1.22.

1.24.

1.25.

1.26.

1.27.

1.28.

1.29.

20

O
HoBeniTh HepiBHICTD:
1) a2 + 10a + 26 > 0; 2) 8a < a2 + 20.
HoBeniTh HepiBHICTD:
1) b2 -4b+ 7> 0; 2) -2b < b2 + 2.
Hexait x — mosinbue uncio. IlopiBHsiiTe 3 HyJIeM 3HAUEHHS BUPAaly:
1) x2 + 5; 2) —(x — 1)2 — 3; 3) (x — 1)
4) —(x + 9)% 5) 9+ (x — 1)% 6) (x — 1)2 + (x —2)2.

IloBeniTh, II10:
1)x3 - 3x2 +x -3 > 0, agmo x > 3;

3 1
2) > , IKIIIO @ — JOJATHE YICJO.
a+ 3 a+1

JoBeniTo, I1110:
1)md3 + m2 +5m+5 > 0, akmo m > —1;
p _p+l

2
)p+7 p+8

, IKIIIO P — MOJaTHEe YUCJIO.

1.23. HoBexniTh HepiBHICTH:

1)m?2 +4m + p?2 +2p +5 > 0;
2)a? + b2 > 4(a + b) - 8;
3ym2+n2+12>m+n+ mn;
4)a%2 + b2 +c¢2 >2a+b+c) - 4.

JJIda KOYKHOTO HOJATHOTO 3HAUEHHS @ JOBEIiTh, IIO:

1) a3 + 2a%2 + a > 0; 2)a® + 12> a2+ a;
3)(a+1)3 < 4(a® + 1) 4) a% —ad® + at > 0.
st KOKHOro Bifi’€MHOT'0 3HAUEHHS P JOBEAITH, IT10:
1) p3 +10p2 + 25p < 0; 2)1 - p3 > p - p2
JloBeniTh, II0:
7 8b
1) «a + — > 4, grmio a i b — yuciaa ogHOroO 3HaKAa;
2b  Ta
3 5
2) om + on < -1, akio m i n — uncsaa pisHUX 3HAKIB.
5n 12m

JoBeniTh, I1110:
1)%+2 > 2, axmo a > 0, b > 0;
a

a b
2) —+—< -2, axkmo a <0, b > 0.

b a
IlopiBHsaliTe 3HaueHHa BupasiB m3 + n® i mn(m + n), akmo m i n —
OOJATHI uuca, m # n.

Io xoxxHOrO i3 umcen 2, 3, 4, 5 momanu oxHe it Te came uucyao a. Ilo-
piBHAIITEe JOOYTOK HEpIIOro i UeTBEPTOTO BMpPAasiB, IO YTBOPUJINCH,
3 TOOYTKOM APYTOro If TPeThoTOo.

O
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1.30. [IBi mikoau 3axkynuau oeiimxuku (badge) nasa mepimx KJaaciB Ha of-

9999 HAKOBY cyMYy rpoireii. Ilepmia mrkoJsa 3akymnniia Ha IIOJOBUHY KOIITiB

Oeiim:kiB 1o 4 rpH, a Ha iHmIy moJI0OBUHY — 1o 6 rpH. pyra mikoJsa Ha
BCi KomiTu 3aKkynmiaa Oeimxi mo 5 rpu. Aka 3i mikina sakynmiaa 0iab-
mie OefAsKiB, IKIMO OOMABI IIKOJM BUTPATUJIN BCi KOIITH?

1.31. Codia i Ilomina Kynmuau ogHAKOBY KinbKicTh 3omuTiB. Codis Bci 30-
muTu Kynuiaa 3a 1iHoio 30 rpH, a [losina — TperuHy 30muTiB 3a IIi-

% HOIO 24 TpH, a pemlTy — 3a 1miHoio 32 rpH. Korpa 3 miBuat BuTpaTuiaa
Ha MOKYIIKY MeHIIe Tporrei?

@ Bnpabu gad nobmopenns

1.32. Po3B’s1KiTh piBHAHHA:

1) 2x2 - 3x - 5=0; 2) 5x2 - 2x - 3=0.
1.33. IIobynayiiTe rpadik PyHKITii:
1) y =3x - 5; 2)y="7; 3) y = —0,2x«.

1.34. Tpakropuctu manu 3opatu moJe miaorieio 40 ra. Illoxua BoHu opanu Ha
1 ra GinbIrie, HiK IJIAHyBaJIM, TOMY 3aKiHUMIN OPAaHKY Ha 2 OHi pamiime
BU3HAUEHOI'0 TEPMiHy. 3a CKiJIbKM MHIB TPAKTOPUCTH 30Pau Ioje?

1.35. O6uuciiTh 3HAUEHHA CYMU:

1 1 1 1

B+l Yo+ iB+o Va0 + a5

XKummeba mamemamuxa

1.36. 1) [Iyna OyaiBHUIITBA rapaska MOXKHAa BUKOPHCTATH OAWH i3 IBOX TH-
miB pyHmaMeHTy: 6eToHHUM ab0 3 MiHOOJ0KiB. [yia QpyHIaMeHTy 3 mi-
HOOJIOKiB moTpi6bHO 3 KyOoMeTpu HiHOOJIOKIB Ta 6 MimIKiB memMeHTYy.
Hnsa 6eTorHOTO PyHAAMEHTY HOTPiOHO 3 TOoHHU IIebeH0 i 30 mimnmKiB
memeHTy. KybomeTrp mino6s0kiB KotmiTye 1560 rpH, mebins — 370 rpH
3a TOHHY, a Mimok meMmenTy kKormitye 130 rpH. CKiJIBKM KOIIITYBaTH-
Me MaTepiaj, AKINO BUOpATH HaWIeIlneBHINN TUN PyHIaMeHTY?

2) Ilpoekmua dianvuicme. llina memeHTy 30inbmuaacsa wa 10 %.
HocuiniTh, un 3MiHUTHCA Bubip HailigeleBIIoro GyHIAMEHTY.

Tigzomyimecs go bubuenns Hobozo mamepiany

1.37. IIpouuTaiiTe 3amuc:
Da< T 2) b > -8; 3) x < -2 4) m = 0;
5) -2 < x < 3; 6) 0 <p<b; 73 <c<5b; 8)-b<y<T.
1.38. Yu npaBuiIbHe TBEPAKEHHA:
1) akmio a = b, To b = a; 2) axkmo a =b, b =c¢, TO0 a = c;
3) armio a = b i p — 6yab-sKe YKUCJIO, TO A + p = b + p;
4) akmio a = b i p — 6yab-sKe UMcja0, Toa — p = b — p?

-
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1.39. IlopiBHsAliTe YKcaa X Ta Y, AKIIO:
1) x<0,y>0; 2)x 20,y <0
3)x>0,y<0; 4)x <0,y >0.

@ Likabi 3agaui — nomipkyd ograve

1.40. Bogifixa mimamyBajia ixatm 3 Micta A B Micto B 31 mIBHAKiCTIO
60 km/roxm, a moBepraTtucA Haszan 3i mBuakicTio 80 Km/rox. Ta, mo-
BepTalUNCh HAaA3aJ, IIPoixXajia MOJOBHHY IIJIAXY i3 3alJaHOBaHOIO
MIBUAKICTIO 1 3ynmmHMIacsa Ha HOUiBJIIO. SIKa cepefHs IIBUAKICTL BO-
IifiKW 3a OmMCaHUI IPOMiKOK uacy?

§ 2. OcHOBHi BNacTUBOCTi YMC/IOBUX HEPiBHOCTEM
1. BnactuBOCTi UNCNOBUX HEpPIBHOCTEN Ta iXHi HACNiAKM

PoarismeMo BJIACTHUBOCTI YMCIOBUX HEPiBHOCTEI.

Baacrusicts 1. fAkmo a > b, T0 b < a;
AKmo a < b, To0 b > a.

Hosedennsa. Ockinmbkm a > b, To a — b > 0. Toxi —(a — b) < O,
ane —(a —b)=b —a, romy b — a < 0. Orke, b < a. AHajsoriuui MmipKyBaH-
Hs MOXKHA IIpoBecTH, AKIo a < b. Ml

Baactusicts 2. Akmo a > bi b > ¢, TO a > c;
AaKmo a <bib <e¢, TO0 @ < cC.

Ilosedenns. 3a ymoBoro a > bib>c. Tomya—-b>0ib—-c > 0, T06-
T a — bib— c— momarui umcaa. PosraaHemo pisHHIo a — c¢. Maemo:
a—-c=a—-c—b+b=(@@—-b)+{b—-c)>0 (ocrinekm a — b i b — ¢ — nmo-
nmatHi ymesaa). Tomy a > c. l

Amnajoriugi MipKyBaHHSA MOKHAa IIPOBECTH, AKIM0 a < bi b < c.

T'eomeTpuuHi imtocTparrii o BiacTuBocTi 2 Togamo Ha MaioHKax 2.11 2.2,

b>c,a>b a<b b<c
® ® ® > ® °® °® >
c b a a b c
Mau. 2.1 Mau. 2.2

Baacrusicts 3. fAkmo a > b i p — Oyab-sake umcao, Toa + p > b + p.J

Ilogedenns. 3a ymoBow a > b, Tomy a — b > 0. PoarisaHemMo pisHUITIO
(a + p) — (b + p) Ta mepeTBOPUMO ii:
(@a+p)-(b+p)=a+p-b-p=a-b>0.
Tomya+p>b+p. A
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B Hacaigok. Axkmo a > b + m, To a — m > b.

Hogedenns. Ockinvku a > b + m, To a — (b + m) > 0, TO6GTO
a-b-m>0.Anea—-b-m=(@—-m)—0b, romy (@ — m) — b > 0. Orxe,
a-m>b. 1

Iz mporo HaACHIAKY BUILIMBAE:
AKIIO0 JeAKUH TOTAHOK IePEHEeCTH 3 OJHi€l YaCTUHHU MPaBUJIbHOI HEPiB-

HOCTi y Apyry, 3MiHUBIIM NPH IOMY HOro 3HaK Ha IPOTHJIEKHUIH, TO
OEepP:KMMO NPABWJIbHY HEPiBHICTb. r

> 0, To ap > bp;

Baacrusicrs 4. fIkmo a > b i p
p <0, To ap < bp.

i
AKmo a > b i

r

Ilosedenns. Hexaii a > b, Toxi a — b > 0. PosrassHeMo pisHuIo ap — bp
i meperBopuMo ii: ap — bp = p(a — b).

Awrmro p > 0, To p(a — b) > 0, To ap > bp;

axmo p < 0, To p(a —b) <0, Toap < bp. W

OckinbKU OiIeHHA MOKHA 3aMiHUTH MHOMKEHHSM Ha YMCJI0, obepHe-

: a 1 . .
He [0 JiJbHUKA | — = @ - — |, TO aHAJOTiYHA BJACTUBICTH CHPABAMKYETHCS
q q
i B pasi mimenHs 060X yacTWH HEPiBHOCTI HA BimMiHHe Bim HyJsa ymcio q.
Orxe,

AKII0 OOUIBiI YaCTHHH NMPABUJIBHOI HEPiBHOCTI MOMHOKMTH a00 IOIi-
JUTHM Ha OJHE W Te caMe MOJAaTHE YHCJIO, TO OAEPKMMO IIPABUJIbHY
HePiBHIiCTB;

AKII0 O0UIBI YACTHMHU NMPABUJIBLHOI HEPiBHOCTI MOMHOKMTH a00 IOi-
JUTH HA OJHE M Te caMe Bi’€MHe YMCJIO Ta 3MIiHHNTH 3HAK HEPiBHOCTI

Ha NIPOTUJIESKHUI, TO OAEePKMMO IIPABHJIbHY HEPiBHIiCTB.
J

B Hacaigok. Axmo ab > 0, T00TO0 @ i b — umMciIa OXHOrO 3HAKA

1
ia>b, To— < —.
a b

y

Ilosedenns. Iloginumo JiBy i mpaBy yacTWHHM HepiBHOCTI @ > b Ha JO-
naTtHe uuciao ab. Marumemo:

a b 1 1 1 1

— > ; — > —, robro — < —. Ml
ab ab b a a b

O 23
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2. 3acTocyBaHHS BNacTUBOCTEN YMC/IOBUX HEPIBHOCTEN
[0 MOpPIBHSAHHA BMpasiB

m Hano: m > n. IlopiBHATH:

I)ym+1in+1; 2)n—5im - 5; 3)1,Tmil,7n;
4) —m i -n; 5) —10n i —10m; 6) % i g.

Posze’azannsa. 1) fdAximo mo 060X vacTUH MPaBUJILHOI HepiBHOCTI m > n
momamo uuciio 1, To 3a BiaactuBicTio 3 matumemo: m + 1 > n + 1.

2) k1o 10 060X YaCTUH IIPaBUJILHOI HePiBHOCTI m > n momamMo 4mucjo —5,
TO 3a BJIACTHUBICTIO 3 MATMMEMO IIPABUJIbLHY HEpiBHicTL m — 5 > n — 5,
T00TO  — 5 < m — 5 (BmactusicTs 1).

3) fAkmio o6uaBi HacTUHY ITPABUJILHOI HEPIiBHOCTI m > n MOMHOKKMO Ha
momatHe umciyo 1,7, To 3a BjacTUBicTIO 4 MaTUMeMO IPaABUJIbHY HepiB-
HicTe 1,7m > 1,7n.

4) fIximo oObuABI YacTHMHYM IIPaBUJIBHOI HEPiBHOCTI m > n IMOMHOKHMO Ha
Big’emue umcio —1, To 3a BiacTHBiCcTIO 4 MaTUMEMO IPaBUJIbHY HepiB-
HictTb —m < —n.

5) fAximo o6uABI YacTMHM HTPaBUJIbHOI HEPiBHOCTI m > n MOMHOMKUMO Ha
Bigm’emHe umcao —10, To 3a BiIacTuBicTIO 4 MAaTUMMEMO HPABUJILHY HeEpiB-
"icts —10m < —10n, To6To —10n > —10m (BmacTusBicTs 1).

3anucaTti po3B’sI3aHHA TAKMX BIPAB MOMKHA M KOPOTIIIE:

m>nl-(-10)
-10m < —-10n;
—-10n > —-10m.

6) Sfxmo o6maBi yacTMHM TPaBUJIBHOI HEPIBHOCTI m > n HOZiIMMO Ha

JoJaTHE YMCJ0 8, TO 3a BJIACTUBICTIO 4 MaTUMeMO IIPaBUJIbLHY HEePiBHICTH
m n

8 8
Bionosiov: 1) m +1>n + 1; 2)n—-5<m - 5; 3) 1,7Tm > 1,7n;
4) —m < —n; 5) -10n > -10m;  6) % > g.

3. 3acTocyBaHHS BNacTUMBOCTEN YUMCIIOBUX HEPIBHOCTEMN
00 NOoABIMHUX YNCITTIOBUX HEPIBHOCTEMN

td

" Harazaemo, 1[0 B MaTeMAaTHIl TPAILISIOTHCA TAKOXK NO0GiilHi 4uc-
n08i HepisHocmi: a < b <c, a < b<ec, a<b<ec a<b<s<e
Hampukaan, moaBiiima HepiBHicTh a < b < ¢ o3Hauae, IO OJHOYACHO
CIIPaBIKYIOThCSA HepiBHOCTi a < b i b < c.

Ockimbku a < b i b < ¢, TO Ayna OyAb-AKOTO YMCJa p 3a BJIACTUBICTIO 3
CIIPaBAKYIOTHCA HEePiBHOCTI:

a+p<b+pib+p<c+p,T00T0a+p<b+p<c-+p.

Ot:ke, AKIO MO BCiX YACTWH IIPaBUJIBHOI MOABiHTHOI HepiBHOCTI momaTu
oJlHe M Te caMe UMCJIO, TO OJIEP:KUMO IPaBUJIbHY HOABIIHY HEpPiBHICTS.
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Mipkyoun aHaJIOTiYHO, MATUMEMO:
armo a <b <cip >0, Toap < bp < cp;
akmo a < b <cip <0, Toap > bp > cp, To6TO Ccp < bp < ap;

. . 1 1 _ 1 1 1 1
AKIo a, b, ¢ — gomaTHi uncamaia <b <c, T0—>—>—, TOOTO — < — < —,
a b ¢ c b a

4. OuiHIOBaHHS 3HAYEHHS BUpasy

BaactuBocTi umcioBHMX HepiBHOCTEH, AKI MM PO3TJIAHYJIM, MOMKHA
BUKOPUCTOBYBATU IJIsI OUIHIOBAHHA 3HAYEHHS 8UPA3Y.

W OminuTy mepuMeTpP KBaapaTa 3i CTOPOHOIO a CM, SKIIO
3,2 <a <3,9.
Posg’azanns. OckinbKku mepumerp P KBagpaTa o0UYHCIIIOIOTH 3a (PopMy-
Jo0 P = 4a, To Bci wacTuHHU HepiBHOCTI 3,2 < a < 3,9 moMHOXKHMO Ha 4.
Marumemo: 3,2 - 4 < 4a < 3,9 - 4, TooTo 12,8 < P < 15,6.
Omxe, mepuMeTp KBagpaTa Oinpmiuiti 3a 12,8 cm, ajge MeHIIMWE Bif
15,6 cm.
Bidnosidv: 12,8 < P < 15,6.

W Hamo: 1 < x < 5. OuinuT; 3HaUeHHS BUPA3Y:
1) x + 2 2) x — 3; 3) 6x; 4) —x;

x x 1

5) —; 6) ——; 7)3x — 1; 8) —.

) 15 ) 10 ) ) x

Posg’sa3anns. Bukopucraemo ¢popMy 3amnucy, 3alIpoIlIOHOBAHY B 3aBIaHHi
5 mpukraazny 1.

1) l1<x<5|+2 2) l<x<5]|-3
1+2<x+2<5+ 2 1-3<x-3<5-3;
3<x+2<T; -2<x-3< 2
3) l<x<b5]| 6 4) 1<x<b]| (-1
1-6<6x<5-6; 1-(-1)>x-(-1) >5-(-1);
6 < 6x < 30; -5 < —x < -1;

9 1<x<5|:15 6) 1<x<5|:(-10)
1_x 5. 1L ,x 5
15 15 15° -10 10 = -10°
1 x 1 1 X 1
— < =< =3 - < =< ——;

15 15 3 2 10 10
7) 1<x<5|-3 8 1<x<5b

1-3<3x<5-3|—1 1>l>l;
1 x 5

3—1<3x—1<15—1; 1 1

2 <8x-1< 14; g<;<1-
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O
Bionogios: 1)3 < x + 2 < T, 2)-2<x-38< 2
3)6 < 6x < 30; 4) -5 < —x < -1;
5)i<i<l; 6)_l<_i<_i;
15 15 3 2 10 10
1 1
N2<3x—-1<14; 8) - < —<1.
5 x

@ Cdopmynionte n gosefiTb BNACTUBOCTI YMNCNOBMX HEPIBHOCTEW Ta HachigkM 3 HUX.

o

O Hagegitb npuknaam nogeilHMX YncrnoBux HepisHocTen. O CcopmynioiiTe BNacTUBO-

CTi NOABINHUX YMCNOBUX HEPIBHOCTEN.

§ Fosb' saxims 3agaui ma buxouaime bnpabu

=

2.2,

2.3.

2.5.
2.6.
2.7.

2.8.

2.9.

26

2.1. 3anuIiTs TpaBUIbHY HEPiBHICTH, Ky OTPUMAEMO, SKIIO:
1) mo obox uacTuH HepiBHOCTI —2 < 5 momamo —5;

2) Bim 000x uacTuH HepiBHOCcTi 7 > 3 Bimmimemo 1;

3) obuaBi yacTuHU HepiBHOCTI —2 < 9 IMOMHOKHMO Ha 3;

4) o0uaBi uacTuHM HepiBHOCTI —5 > —10 mOMHOMXKHMO Ha —2;
5) obuaBi yacTuHU HepiBHOCTI 8 > 4 mominmmmo Ha 2;

6) oOuaBi yacTuHM HepiBHOCTI 3 < 18 momimmmo Ha —3.
3anuiIiTe IpPaBUJIbHY HEPiBHICTEH, AKY OTPUMAEMO, AKIIO:

1) mo obox uacTuH HepiBHOCTI 7 > 5 momamo 8;

2) Bix ob6ox vactuH HepiBHOCTI 0 < 8 BimHimMewmo 6;

3) obuaBi uacTuHM HepiBHOCTI 12 > 4 moMHOMKMMO Ha 3; Ha —1;
4) o6uaBi yactuuu HepiBHOCTI 15 < 18 mopminmmo ma 3; ma —3.

(Yerno.) llopiBuaiite x i y, AKmIo:
1) x <5,5<y; 2)x>2,2>y.

2.4. TToxkaKiTh HA KOOPAMHATHIN IPAMIiM poO3TAIlyBAHHS TOYOK, IIO
BigmosimaroTh umcaam a, b, ¢, d, e, akmio: a > b, b >c,d <c, a < e.

Bimomo, 1m0 m > n, p < n, t > m. IlopiBHdiiTe:

1) pim; 2)pit; 3)nit.
IlopiBHsAMITE YMCTO @ 3 HyJIeM, AKIIO:

)a>b,b > 1; 2)a <b,b<-2.
IlopiBHsATE YMCTO X 3 HYyJIeM, AKIIO:
Dx<y,y<-3; 2)x>y,y> 5.

Bimgowmo, mo x > y. fAxkum 3HaKoM (> um <) Tpeba 3aMiHUTH «3ipou-
Ky», 11100 yTBOpHUJIacs IpaBuJbHA HEPiBHICTE:

Dx+2%xy+ 2; 2)x -3 *y—3; 3) 1,8x * 1,8y;
4) —x % —y; 5) -2,7x % -2,7y;  6) g " %‘-’

Hawxo: a < b. IlopiBHAliTe:
)a-7ib-T; 2)a+3ib+ 3; 3) 1,9a i 1,9b;
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. . a.b
4) —a i —b; 5) —0,8a i —0,8b; 6) 5 i IS
2.10. Bigomo, mio 1 < p < 2. OuiniTh 3HaUeHHA BUPA3Yy:
Dp+3  Dp-4 iy HL ;. 6)-3p.
2.11. Bigomo, 1o 2 < m < 10. OuiniTe 3HaUeHHS BUPAa3y:
Dm+1; 2ym-2 3)3m; 4) %; 5)-m;  6) —Tm.
2.12. IlopiBHsAiTE YNCaa:
1 .1
1)— i —,agmoa>0,b>01ia<b;
a b
1 .1 . .
2) — i —, grmo m > n, m i n — gomaTHi uwucia.
m n
2.13. IlopiBHsAtiTe UnCcaa:
1 1.1
1)11—,5ﬂcmox>5; 2)— i —, akmo 0 <b < 2.
x b5 b 2
2.14. TlopiBHsAtiTe ynca:
1 1.1
1)11—,HKH_IOO<G<9; 2)— i —, akmo c > 3.
a 9 c 3
1
2.15. OnimiTe 3HauenHsa Bupasy —, axio 10 < a < 20.
a
. 1
2.16. Omi"iTh 3HaUeHHS BUpPasy —, AKIIO0 5 < x < 10.
X

2.18.

2.19.

2.20.

2.21.

2.17. IlopiBHANTe UMCIO a 3 HyJIeM, AKIIO:

Da+2>b+2ib = 0,3; 2)a-3<p-3ip<-0,T;
3) 7a > Txix>8; 4) -9a < -9 ib = 13.
IlopiBHANTE UMCIO X 3 HyJIeM, SKIIO:
Dx-5<y-5iy<-1; 2)x+T>a+7ia 2 1
3)2x>2pip>0,17; 4) —x > —-tit < -2,5.
Yu nmpaBuabHE TBEPIKEHHS:

1 1 1 1
1) axmo a > 5, To — < —; 2) akmo a < 5, To — > =?

a b5 a b5
Bigomo, mo x > y. IlopiBuaAiiTe, AKIIO IIe MOMKJINBO:
Dx+2iy; 2)y — 31 x; 3) x+1i-y+1;
4) —xi-y + 8; 5) —(x+1)i-y; 6)x—-1iy+ 2.
Binowmo, 1o a < b. IlopiBusAliTE, AKIIO Il MOXKJINBO:
1)a - 21 b; 2)b+ 31ia; 3)-a+2i-b+ 2
4) b - 71 —a; 5) —ai—(b+ 3); 6)a+3ib—1.
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2.22. Bigomo, 1m0 1,2 < x < 1,5. OuiHiTs 3HaYeHHSA BUPaA3Y:

1) 2x + 0,7; 2) 5 — x;

&g—h 4) 2 - 10x.

2.23. Binomo, 1o 0,8 < a < 1,2. O1ui"iTh 3HaUEeHHS BUPAa3y:

1) 3a — 0,2; 2)4 - a;
2.24. O1i"iTs, 3HAaUYeHHS BUPAa3y:
20
1) —, akmo 2 < a < b5;
a

2.25. OmuigiTh 3HaUYeHHS BUpPAa3y:

1
1) ﬂ, AKIo 5 < x < 10;
x

126 < P < 150.

IE: B

Dx+2>m>y+ 3;

2.29. IlopiBuaiiTe a i b, aKimo:
Da+3<c<b+ 2

2.30. Bigomo, 1m0 1 < a < 2. OmiHiTh 3HaueHHS BUPA3Y

2.31. Bigomo, mo 2 < b < 5. OmiHiTh 3HaUeHHA BUPa3y

2.28. IlopiBHsaliTe X i Yy, AKIIO:

&%+3; 4) 10 - 5a.

1
2) m, akio —1 < a < 2.

2)

2x_3,mc1u02<x<4.

. Hingura 3emyai mae (opmMy pPiBHOCTOPOHHBOTO TPUKYTHUKA, IIEPU-
MeTp #AKoro popiBHioe P M. Ormimite ctopoHy a (y M), SKIIO

. Maca yoTuphOX OJHAKOBUX MIIIKiB i3 IIyKpoM mopiBHIOE m Kr. Orri-
HiTHL Macy p (y KT') OZHOTO TaKoro Mimika, aximo 192 < m < 204.

x-2<p<y-3.

2)a-T7>d>b-5.

7 -3a’
27
13 - 2b°

2.32. [ano —2 < x < 2. OuiHiTh, 3HAUYEeHHA BUPA3y —.
x

©O) Bnpabu grdg nobmopenns

2.33. Bukonaiire mii:
x+3y x+2y
3x  2x
3 p?
p-2
2.34. Po3B’:KiTh piBHAHHS:
x+3 x+2 x+35

1 - = ;
)x+1 1-x x2 -1

1Y)

3) 3p;

b

28

1 1
+ ;
n(m + n)

2)

m(m + n)
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2.35.

“

IoBeniTs, 1m0 3HaYeHHA Bupasy 815 — 240 gpartme umcay 31.

2.36. Binomo, mo x, i x, — Kopeni piBuaxua 2x2 — 3x — 10 = 0. He
pO3B’A3yI0UN PiBHAHHSA, 3HAWIITh 3HAUEHHSA BUPa3y xlz + xg.

Kummeba mamemamuka

2.37.

©

[\
oo
Qo

D !

Hesane:xHna excoeprHa JjiabopaTopis Bu3Hauae peHTHUHT R moOyTOBUX
OpuIafiB Ha mimcraBi koegimieHTa miHHOCTI, Y AKOMY BPaXOBYIOTH
0,01 Bim cepemuboOi IiHM P, MoKasHUKU (PYHKIioHaJbHOCTI F, AKOC-
Ti @ i ausariny D. KoeH 3 MOKasHUKIB OI[iHIOIOTH IIiJINM UYKUCJIOM
Bimx 0 mo 4. IlizcyMKOBUII peHTHUHI OOYMCIIOIOTL 3a (HOPMYJIOIO
R = 42F + 2@ + D) — 0,01P.

Y rTabauii momaHo cepeqHIO IiHY Ta OIIiHKY KOKHOTO 3 IIOKA3HUKIiB
IJs KiJTBbKOX MojeJieii 0JeHIepiB.

Busznaure momeiri 3 HaWBHIIUM i HAWHMMKYNM PeUTHUHTAMHU Cepem
TUX, AKi IOJaHO B TaOJIMIL.

Mogenp Cepenusa mina, | PyHKIIOHATBHICTE, | KicTh, Huzaiin,
6yIeHIEpa P (rpm) F QR D
A 2800 3 2 4
B 3000 3 3 3
B 3150 4 2 4
T 3400 4 3 2

Ilodamroee 3a80anns. CupobyiiTe po3B’si3aTu 3aJady, BUKOPUCTOBY-
IouUM eJeKTPOHHI Tabuuili, Hanpukaan Excel.

Likabi 3agaui — nomipkyi ograve

. 1) ITpuragaiite anrebpaiudi MOHATTS i BOUIIITH IX y PAIKY KPOCBOP-

Ia, IedKi JiTepu IO SIKOTO BiKe BHECEHO.

fAKIMo HA3BM HOHATH 3aIHUINeTe IPABUIBHO, TO Y BUAIJIEHOMY CTOBII-
YUKy OTPUMAETE HA3By ropyd — HAWBUINOI TOUKM YKpaiHu, a 3 JiTep
y 3adapboBaHMX KJIITHHKAX MOMKHA OyJe CKJIACTH HA3BY PiuKM, IO
OPOTiKae TepuTopieo YKpainu. SHAHUIITEH IIi HA3BMU.

2) Kopucrymounch AOJaTKOBUMHU yKepeaaMu im@opmailrii, 30Kpema
inTepHeTOM, 3HAWAITL BimomocTi mpo i reorpadiumi 06’exkTH.

o] |

||
b

29
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§ 3. MouneHHe poaaBaHHSA | MHOXXEHHS
UMCNIOBUX HEpPIBHOCTEH

1. NouneHHe gopaBaHHA YNCNOBUX HEPIBHOCTEN

IIpomoB:kUMO POBTAAZATH 8ACMUB0CTI HEPiBHOCTEMH.

Hexait maemo nBi mmpaBuibHI HEPiBHOCTI OZHOTO I TOrO CaMOT'0 3HAKAa:
2<51i3 < 7. Homamo ixui JiBi Ta mpaBi yacTuHU i MiK pesyJbTaTaMu 3a-
OUIITeMO TOM camMuii 3HaK: 2 + 3 < 5 + 7. OrpuMaeMoO IPaBUJIbHY UUCIOBY
HepiBHicTB, amKe, cupaBmi, b < 12. [lito, SKy MU BUKOHAaJMW, HAa3MBAIOThH
noyneHHum 000a8aHHAM HepieHOocmell. 3ayBaKUMO, 10 IIOYJIEHHO I0JaBa-
TH MOJKHA JIMIIIe HEPiBHOCTI OJHOTO 3HAKA.

Baacrusicts 5 (IIpo MouJieHHEe NOAAaBaHHA HepPiBHOCTeIl).
Axmo a <bic<d, T a +c<b+d.

Ilogedenns. o 060X vacTHUH HEPiBHOCTI a < b mogaMo YHCJO C, a 10
000X YacTUH HePiBHOCTI ¢ < d — umcyo b, oTpUMaEMO Bi IpaBUJILHI HEPiB-
HOocTi:a +ec<b+cic+b<d+b,tomya+c<b+d N

Amnajoriuso Mo)xHa HOBeCTH, AKIo a > bic>d, Toa +c¢> b+ d.
3ayBasK1MO, IO BJACTHUBICTL 5 CIPABAMKYETHCS 1 AJIg OLMBINT HiXK IBOX
HepiBHOCTEI.

m CropoHU [AesKOro TPUKYTHUKA JTOPiBHIOIOTH @ CM, b cM i ¢ cM.
* Onirmutu nepumerp TpukyTHHKa P (y cm), axkmo 2,1 < a < 2,3;
2,56 <b<2,7; 3,1 <c<3,5.

Posé’a3anus. HaBemeMo CKOPOUEHUN 3aKC PO3B’ I3aHHA:
2,1 <a< 23

To5<b<2T
T31<ec<35
7.7<a+b+c<8,5.
Orxe, 7,7 < P < 8,5.
Biodnosiov: 7,7 < P < 8,5.

2. NouneHHe MHOXEHHS YNCNTIOBUX HEpPIBHOCTEN

AmajoriuHa OO0 IOUYJEHHOTO MAOJAaBaHHSA MOBOX 1 OinbIlle HepiBHOCTeI
BJIACTUBICTL CIPABAKYETHCA i OIS MHOMEHHA. IlouaeHHO TOMHOMKUBIIIHT
mpaBUJIbHI HepiBHOcTi 2 < 7 1 38 < 4, omep:XKMMO HPaBUJbHY HEPiBHICTH
2-3<7T-4,amxe 6 < 28. AKII0 TOYWIEHHO TOMHOMKUTY IPABUJIbHI HepiB-
HOoCcTi —2 < —11i 2 < 8, To omep:kuMO —4 < —8 — HeNpaBUJILHY HEPiBHICTH.
3ayBasK1MO, IO B IEPIIOMY BUIIAAKY OOMABI UaCTUHM HepiBHOCTeH Oyiu
momatHuMu (21 7; 31 4), ay gapyromy — gesaki 6yau Big’emaumu (—2 i —1).

Baactusicte 6 (Ipo mousieHHEe MHOXKEHHS HepPiBHOCTeIl).
Axmo a <bic <d, ne a, b, ¢, d — nomaTHi uucia, To ac < bd.

30 O
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Ilosedenns. IlomHOKUMO 00MABI yacTMHU HepiBHOCTI a < b Ha momar-
He UHNCJO ¢, a O0MABi yacTMHU HepiBHOCTI ¢ < d — Ha JoJaTHe Ymucjo b,
OJIep:KUMO IBi mpaBUJIbHI HepiBHOCTi: ac < bc i be < bd. Toxi ac < bd (3a
BaactusicTio 2). l

Amnajioriuso Mo)KHa goBecTH, AKIo a > bic > d, me a, b, ¢, d — moxzar-
Hi umcJyaa, To ac > bd.

3ayBasK1MO, IO BJACTHUBICTL 6 CIPaBAMKYETLCS 1 AJs OLMBIN HiXK IBOX
HepiBHOCTE.

Hacuaigok. dAxkmo a i b — momaTtHi umcaa i ¢ < b, To a™ < b*, nme
n — HaTypaJbHe UHCJIO.

Jlosedenns. llepeMHOKUBINIM TOUJEHHO 7 TPABUJLHUX HePiBHOCTEHN
a <b, geaib— gomarHi umcyaa, orpumaemo a” < b”. l
3. OuiHIOBaHHSA 3Ha4YeHb BMpasiB

3a TOIIOMOTOI0 BJIACTHUBOCTEM, AKi MM PO3TISAHYJIN, MOMKHA OUiHI0O8AMU
cymy, pisHuyio, 006Yymox i 1acmry wuceJ.

(ITEEED Mano: 10 < a < 12, 2 < b < 5. Ouisnrn:

1) cymy a + b; 2) mobyTok ab; 3) pisuwuIio a — b; 4) yacTKy %.

Posg’azanusa. 1) 10 < a < 12 2) 10 <a<12
X

2<b<b 2<b<b

12 <a+b<17 20 < ab < 60

3) 106 ominuTy pisHUIIO a — b, mogamo ii y Buriani cymu a — b =a + (—b)
Ta OIIiIHMMO CIOYaTKy Bupas —b.

Ockinbxu 2 < b < 5, To, TOMHOMKUBIITY OOMABI YaCTMHU HEPiBHOCTI Ha
yucao —1 i 3MiHMBINM 3HAKM HePiBHOCTI HA IIPOTUJIEXKHI, MaTUMEMO
-2 > —-b > -5, TodoTo -5 < —b < —2. Orxe, N 10 <a <12

-5 < -b< -2
5<a-b<10.
. a . a 1
4) 1106 OIiHUTHU YACTKY 3’ mogaMo il y BUIIALL JOOYTKY: 3 =a- Z
1 1 1 1 1 1 1
Ominumo Bupas —. dAximo 2 <b <5, T0 — > — > —, T06T0 — < — < —,
b 2 b 5 5 b 2
Orxe, 5 10 < a <12
1 1 1
5 b 2
2<% <.
b

Bionosiov: 1) 12 <a + b < 17; 2)5<a-b<10;
3) 20 < ab < 60; 4)2<%<6.
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e}
4. 3acTocyBaHHSA B/IaCTUBOCTEN A0 AOBEAEHHA HEPIBHOCTEM

3a IOIIOMOTOI0 BJACTHUBOCTEI, AKi MU POBTJIAHYJIN, MOMKHA TaKOMK IO-
BOJIUTHY HEPIBHOCTI.

1 1
m IMosectu, 110 (x + y)(; + —j > 4, axmo x > 0, y > 0.
Yy

Ilosedennsa. 3acTocyeMo [0 KOMKHOIO MHOKHMKA JIiBOI YacTUHU HEPiBHO-
CTi HepiBHIiCTh MiXK cepenHiM apupMeTHUUYHUM i cepeqHIM reoMeTPUUHUM
(zepiBuicTs Komri). MaTumemo:

J’_

x\r—l

1
y> 1.1

x+y
> fay i >

O6uaBi yacTMHM KOXKHOI i3 IIMX HepiBHOCTEH 3a BJIACTHBiCTIO 4 IIOMHO-
JKHMO Ha 2, OTPUMAEMO:

1 1 1
x+y > 2Jxy i ;+—>2 —.

IlepeMHOX1MO IIi HEPiBHOCTI MOYJIEHHO:

x+y > 2\/>

X

1,1, ,/1

x Yy Xy
(x+y)(l+lj = 4\/xy - /i

x Yy Xy

1 1
Orxe, (x + y)(— + —j =z 4.
x oy

BEAiTb BNACTMBICTb NPO MoyfieHHe aoaaBaHHs HepieHocTel. O LWo matothk Ha yBasi nig
NOYSIEHHUM MHOXeHHsIM HepiBHocTein? O CcpopmynioinTe 1t JoBediTb BNacTUBICTb NPo
noyrieHHe MHOXeHHs! HepiBHocTen. O CdpopmMyntoiTe Hacnigok 3 BNacTUBOCTI MPO Mo-
YNeHHe MHOXEHHS1 HepiBHOCTEMN.

[[7 LLlo matoTb Ha yBasi nig NoYNeHHUM JoOaBaHHSAM HepIBHOCTeI/I? o chopmymome n go-
o

§ Fosb aximo 3agaui ma buxonaime bnpabu

ill 3.1. opaiiTe mOYJIeHHO HEPiBHOCTI:

1)3 <9110 < 14; 2)-2>-513>0.
3.2. JomaiiTe mOUJEHHO HEPiBHOCTI:

1)8>3i10>T7; 2)-3<-1i-5<1.
3.3. IlepeMHOKTe MOYJIEHHO HEPiBHOCTI:

1)3>1ib5>2; 2) 7T<10i2<5.
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3.4. IlepeMHOKTe MOUJEHHO HEPiBHOCTI:
1)5<7il1<10; 2)7>3ib5>1.

3.5.

3.7.

3.8.

3.9.

3.10.

3.11.

3.12.

3.13.
3.14.
3.15.

3.17.

3.18.

3.19.

(Ycno.) Uu oTpuMaeMO ONPaBUJIbHY HEPiBHICTH, IIEPEMHOMKHUBIIU IIO-
YJIeHHO HEPiBHOCTI:

1)-2<-11i5<1T; 2)0>-3il>-5?

3.6. OriniTh 3HaueHHs BUpPasy a + b, AKINO:
1)-3<a<bi0d<b<T; 2)2<a<T7i-10<b < -8.
OmniniTe 3HaueHHA BUpasy m + n, AKIIO:

1N3<m<T7i0<n<2; 2)-83<m<-2i-5<n<-1.
O1iHiTh 3HAUEHHA BUPA3y XY, AKIIO:

D1I<x<2ib<y<10; 2)3<x<4,5i1<y<10.

OmniniTh 3HauenHsa BUpasy cd, AKIIO:
1
1)2<e<10i1,5<d < 2,5; 2)§<c<li3<d<8.

Binzomo, mo 1,4 <2 < 1,5; 2,2 <5 < 2,3. Ominirs:
1) V2 + 5; 2) 10.

1) OminiTh 3Hauenua Bupasy 3a + b, 7e -1 <a < 10, 2 < b < 16.

2) Haii6inbIme 1ijie 3HaueHHs BUPa3y BKaske KiIbKicTh mepeMmor, AKi
3100yB yKpaiHchbKuit 60kcep Birtamiit Kinuko sa poku mpodeciiinoi
Kap’epu.

1) OmiHiTh 3HaueHHA BUpasy 2x + y, ge 2 <x <1,2<y <T.

2) Haii6inbimre 1isle 3HaUeHHS BUPal3y BKaske KiIbKicTh Memanieit, ki

3mo0yJsa kiHoua 30ipHa YKpaiHm i3 miaxiB Ha BCECBITHiX HIaXxoBUX
oJimMIriazax.

OuiHiTh 3HAYEeHHS BUpPasy p2, Axkmp 2 < p < 3.
OmniHiTh 3HaUeHHA BUpasy m2, akmo 1 < m < 5.

Bigomo, mo x > 3, y > 4. YUu npaBuibHe TBEPIKEeHHS:
Dx+y>T7,; 2) x +y > 6; 3)x +y>8;
4) xy > 12; 5) xy > 13; 6) xy > 10?

3.16. Bimomo, mo x < 3, y < 4. Yu MOKHaA CTBEDPAKYBATH, IO
xy <127

Bimomo, mo -3 < x <4, 1 <y < 4. Ouinits 3HaUYeHHSI BUPa3Yy:

1) x - y; 2)3x —y;

3) 2y — x; 4) 2x — 3y.

Bigomo, 1m0 -2 < a <0, 3 < b < 5. OuiniTe 3HaUueHHs BUPa3y:
1)a - b; 2) 2a - b;

3) 3b — a; 4) 4a — 5b.

Hamo: 5 < a <10, 1 < b < 2. OuiniTs 3HaUeHHS BUPAIY:

a 4b
1) —; 2) —.
)b )3a
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3.20.

3.21.

3.22.

3.23.

23
3.25

3.26.

3.27.

3.28.

3.29.

Hano: 2 < x <4, 1 <y < 5. Ouinits 3HaUeHHA BUPA3Yy:

X 5
1) = 2)2Y,

y 2x
ITone mae popmMy IpAMOKYTHHKA 31 cTopoHaMu a KM i b kM. OmimiTh
nepumerp P moas, akmio 2,3 <a < 2,5, 3,1 <b < 3,7.

VYiasaHa Bupisajia eJIeMeHT OOATY IJId JAJIbKU-MOTAHKH, 1110 Mae (op-
MYy PiBHOOEIPEHOTO TPUKYTHHUKA 3 OCHOBOIO X CM Ta 0iYHOIO CTOPOHOIO
y cMm. OmiHiTh, CKimBKM TacbMu (y CM) 3HAZOOUTHCA OiBUMHi, 1100
o0IIMTHU el eJIeMeHT ofAry, AKIo 10 < x < 12, 9 <y < 11.

Omimite mipy Kyra A tpuryrtauxa ABC, akmo 50° < LB < 52°
60° < ZC < 65°.

3.24. Jlano: a > 4, b < —3. JloBeniTp, I1110:

1)a-b>T1; 2) 2a — b > 11;
3) 5b —a < -19; 4) 6b — 11a < —-60.
. amo: m > 6, n < —1. JloBexirs, 1110:
1)m-—-n>T,; 2)3m —n > 13;
3)2n —m < —8; 4) 4n — 5m < —34.

HoBeniTy HepiBHICTD:

1) (23 + y)(x + y3) > 4x2y2, axmo x > 0, y > 0;

2)(m +6)(n+ 3)p + 2) > 48mnp, akmo m = 0, n =2 0, p > 0;
3)(a+ 1)®+ 1)(c+1)>32, akmoa > 0,b >0, c>01iabc=16.
HoBeniTh HepiBHICTD:

1) (mn + 1)(m + n) 2 4mn, axmo m = 0, n > 0;

2) (a + 2¢)(b + 2a)(c + 2b) = 16\/§abc, amo a =2 0,b =20, ¢ 2 0;
) (x+3)y+3)(z+38)>T72,akmo x >0,y >0,z2>01ixyz=3

1
IoseniTs HepiBHicTh: 1) X + — + Yy + — 2> 4, garmo x > 0, y > 0;
x Yy

2)(1+x+lj(1+y+lj > 9, axkmo x > 0, y > 0.
x Yy

1) Maca oxHiel mykepkn 3 6iI0ro mMIOKOJaAy AOPiBHIOE m; T, 3 4OP-
HOro — m, r. ITaker micTuts 10 6inux i 12 yopaux nykepok. OniHiTh
(y rpamax) macy M m’ATH TaKMUX IIaKeTiB pa3oM 3 YIaKOBKOIO, SIKIIO
Maca OJHOro makera 5T, a 24,5 < m, < 25,2, 26 < m, < 26,5.

2) Ilpoekmna Odianvuicms. OLiHITL Macy Xap4yoBUX IPOAYKTIB pa-
30M 3 VIIaKOBKOIO Yy BUOpaHOMY IaKyBaHHi. Buszaure il MiHmiMaabHe
Ta MaKCUMaJIbHe 3HaUeHH.

©) Bnpabu grs nobmopenns

3.30.

34

c2—4c+1. c+1
5¢ + 5 2 -1’

p-2 | p-2
m2 +2m  5m + 10"
O

2)

4
Buxouatite mii: 1)
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3.31.1) Ilicis smimryBaHHs 6-BiZCOTKOBOro i 3-BiZICOTKOBOTO PO3UMHIB
coai orpumanu 300 r 4-BimcorkoBoro posumHy. Ilo CcKinbKM rpamis
KOYKHOT'O PO3UNHY OYyJIO 3MiIIano?
2) Ilpoexmna Oianvricmsb. 3MOAeNIONTe NPUTOTYBaHHS COJISHOTO
posumHy B moOyTOBUX yMoBax. OOGI'PYHTyHTe BMUOIp IIPOIOPIi# KOM-
TIOHEHTIB.
B3 5.2
3.32. O0unCcIiTE: + .
NN NN
3.33. IlooynyiiTe rpadik PpyuKiii y = %

XKummeba mamemamuxa

3.34.

1) Onena CemeniBua nmpuabaga aMepUKAHChKUIN ITO3AMIIAX0OBUK, CITi-
IOMETP SKOTO IIOKa3ye MIBUAKICTL ¥ MUJIAX 3a MOAUHY. AMepuUKaH-
cbKka Muad aopiBuioe 1609 M. 3HaiiAiTh MIBUAKICTh IO3aNLIAXOBUKA
B KiJjoMeTpax 3a roguHY B MOMEHT, KOJU CHiJjoMeTp mokasye 60 Muin
3a roauHy. BignoBins oKpyIJIiTH A0 JecATUX KM/TOM.

2) 106 cupoctutu obuucienHs, Osena CemeHiBHA IJis BU3HAUEHHS
MIBUAKOCTI B KM/T0Ji BUPiIIMIa MHOMKUTU ITOKA3HUKY CIijoMeTpa Ha
yucao 1,6. 3HaiigiTe abcomoTHy mOXMOKY (Y KM/TOZ) TaKOTo o0UmC-
JIeHHsI, AKIIO cIigmomerp mokasye 70 Mujiab 3a rOgUHY.

Tigzomyimecs go bubuenns Hobozo mamepiany

3.35.

3.36.
3.37.

3.38.

3.39.

Yu e uncyo 2 po3B’A3KOM PiBHAHHSI:

1) 2x — 1 =5; 2) x2 + x = 6;
3)3x - T7=-1; Hx2+x+9=2x+T;
5) 23 + 22 + x = 14; 6)’”?:10?

x_

Yu nmpaBuabHa HepiBHicTs 25 — x > 20, akio x = —5; 3; 5; 11?

o xo:xHOI HepiBHOCTI m00epiTh ABa TaKMX 3HAUEHHS X, IT00 s
KOJKHOT'O 3 HUX BOHA OyJia IPaBUJIbHOIO:

1) x =2 5; 2) x < —2; 3)x+T7>9;

4) x - 3 < 0; 5) 2x 2 9; 6) —3x < —12.

SKi i3 3amporloHOBAHMX BHPA3iB € MONATHUMMU [OJd BCix B3HaUEHb
3MiHHOI, a AKi — HeBix eMHUMMU:

1) x2; 2) (x — 3)2 + 1; 3) (x + 5)%; 4) (x + 7)2 + 112

Likabi 3agaui — nomipkyi ograve
(Vrpaincvka mamemamuyna onimniada, 1962 p.) 3uaiimiTh 3HaAUEH-

HA BUpasy ad + b3 + 3(adb + abd) + 6(adb? + a?b3), ne a i b — Kopeni
piBHaHHA x2 — x + ¢ = 0.
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§ 4. HepiBHocTi 3i 3MiHHUMM.
Po3B'a30k HepiBHOCTI

Posrnsguemo HepiBHicTh 2x + 1 > 11. Ile HepiBHicTb 3i 3minHOMI0. 3a
ONHUX 3HaueHb 3MiHHOI X BOHA IIEePEeTBOPIOETLCS HA IMIPABUJILHY UYHCJIOBY
HepiBHiCTB, a 3a iHMINUX — Ha HempaBuabHy. CopaBii, AKIIO 3aMicTh X mmiA-
CTaBUTH, HAIPUKJIAL, YUCJIO 8, TO MAaTHUMeMO HepiBHicTh 2 - 8 + 1 > 11,
0 € IPaBUJIBbHOIO, AKIIO HifICTABUTU YNCJO 4, TO MAaTHMEMO HEpPiBHiCTH
2-4+1>11, 10 € HEIPAaBUJIBHOIO. ¥ TaKOMY pasi KasKyTb, III0 YKUCJIO 8
€ posg’asxom HepieHocmi 2x + 1 > 11 (abo umeao 8 3a0080/bHAE Hepis-
nicmos 2x + 1 > 11), a uuciao 4 — He € po3B’aA3KoM Iriei HepiBHOCTI (ab0
uucyo 4 He 3a0060nbHA€ HepigHicmb 2x + 1 > 11).

Takox poss’askamu HepiBHOCTi 2x + 1 > 11 €, HanpukIanm, uyuciaa 34;

1
5,5; v/90; 7§ TOLIO.

Posé’askom Hepiénocmi 3 OXHIEI0 3MIHHOIO HA3WBAaIOTh 3HAYEHHS
3MiHHOI, IKe IEePEeTBOPIOE il y MPABMJIbHY YHMCJIOBY HEPiBHiCTB.
Posé’azamu nepienicms 03HaYa€ 3HANTHU Bcei 1 po3B’A3KU a00 JOBECTH,
0 po3B’A3KiB HeMae.

M PosB’sizaTu HepiBHOCTI:
. 1
1) vJx > 0 2)2— < 0.
x4 +1
Posé’asanusa. 1) Vx HabyBae HeBigx eMHMX 3HAUYEHb OJdA Bcix x = 0, mpu-
yomy Vx = 0 Toxmi ¥ TinbKu Tomi, akmio x = 0. OTike, po3B’A3KOM HeEpPiB-
HOCTi € OyIb-sIKe JoJaTHe YucJo, Tooto x > 0.
2) Ockinpku x2 > 0 gaa OyAb-AKOrOo 3HAYeHHA X, To x2 + 1 > 0

Ias Oyab-sixkoro x. ToMy 3HaYeHHS BUPa3y 2—1 TaKOYK € OOLaTHUM
X% +

nas Oymb-sixkoro x. OT:Ke, HepiBHiCTBH < 0 ¢ HenpaBUJILHOIO OIS

x2 +1
KOKHOI'0 3HAUEHHSA X, TOOTO He Mae pO3B’A3KiB.
Bionosiov: 1) x > 0; 2) HepiBHicTL He Mae po3B’A3KiB.

@ HagegiTb npuknag HepiBHOCTI 3 ofHieto 3MiHHOW. O LLlo Ha3nBaloTb PO3B’sI3KOM HepiB-

Y Hocri 3 ogHieto 3amiHHOW0? O Lo o3Havae po3s’sA3aTh HepIBHICTL?

§ Fosb' saxims 3agaui ma buxouaime bnpabu

@ 4.1. (Ycno.) Uu € po3B’sA3KOM HepiBHOCTI x > 3 umco:
1) -2; 2) 5; 3) 2,7; 4) 0; 5) 3,01; 6) 17?
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O
4.2. Ywm € po3B’sABKOM HepiBHOCTI x < 7 umcyo:
1) 8; 2) -2; 3) 0; 4) 4,7; 5) 8,1; 6) 13?
4.3. 3anuIriTh Tpu OyIb-AKUX PO3B’A3KM HEePiBHOCTI x < —2.
4.4. 3anuiriTe TpU OYyIb-IKUX PO3B’SI3KU HEPiBHOCTI x > 4.
@ 4.5. fIki i3 uncen € poss’siskamu HepiBHOCTL X2 + 3x < 3 + x:
1) 2; 2) 0; 3) —4;
4) 1; 5) 3; 6) —3?
4.6. $Ixi i3 umcen € poss’askamu HepiBHOCTI X2 + 4x > 6 + 3x:
1) 4; 2) 0; 3) —3;
4) 1; 5) 2; 6) —-1?
4.7. 3anumites ABa Oyb-IKUX PO3B’A3KM HepiBHocTi VX — 1 > 3,
4.8. BanumiTh ABa OyIb-AKUX PO3B’A3KHU HepiBHOCTI VX + 2 < 7,
1
4.9. 3HaiaiTh yci HaTypaJabHi po3B’A3KM HEePiBHOCTI 155 <x < 19.
. L. . . 20
@ 4.10. 3umaiigiTs yci miai po3B’sa3ku HepiBHOCTI — < —8.
x
. S . . 30
4.11. 3uaiaiTs yci miai poss’asku mHepisHocTi —— < 7.
x
4.12. Po3B’AKiTh HEepiBHICTh:
1) x2 > 0; 2) —x2 < 0; 3) x2 > 0;
4) x2 < 0; 5) (x — 1)2 > 0; 6) (x — 1)2 > 0;
7) (x — 1)2 < 0; 8) (x —1)2<0; 9) x2 +9<0.
4.13. Po3B’s12KiTh HEPiBHICTH:
1) (x + 2)2 > 0; 2) (x + 2)2 > 0; 3) (x + 2)2 < 0;
1
4) (x + 2)2 < 0; 5) — + 13 < 0; 6) x2+ 5 > 0.
x
E 4.14. Po3B’axiTh HEPiBHICTS:
2
- 1
nE*E2 05 n*=3 <o 3)(’”] > 0,
x + 2 x -3
2
1 2 _1)2
4)(’“+ ] > 0; 5 X3 o, 6 XD <y,
x x x
4.15. Po3B’aKiTh HepiBHICTS:
x -3 x + 7 x — 1)
1) > =2 2) < -1 3) = 0;
x -3 x+ 7 x
2
-1 _ )2 2
4)(’6 ) > 0; 5 X =3 o, 6) X DT <,
x x x
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O) Bnpabu grs nobmopenns

4.16. CrpocriTh Bupas:
1) (3 +5)? - 6V5; 2) (7 -2y - 9.
4.17. JoBeaiTh TOTOMKHICTb:
x2+x [ x x x2+1)  «x
(x — 1)2 '(x—l_x+1 xz—lj

x -1

4.18. Ilo6ynayiite rpadik piBHaAHHA |x — y| = 3.

Kummeba mamemamuka

4.19. liaronanp eKpaHa TejeBisopa mopiBHIoe 48 miolimiB. 3amuIriTh m0-
BJKUHY JiaroHajli eKpaHa B CaHTHMeTpPaX, SKIIO B OJHOMY MIOHMi
2,54 cm. Pe3yibTaT OKPYIJIiTh M0 IIiJIOTO YHCJIA CAHTHUMETPIiB.

Tligzomyimecs go bubuenns Hobozo mamepiany

4.20. [Ie Ha KOOPAWMHATHIN OPAMiA MicTAThCA YMCa, STKIIMO BOHU:

1) GinbImi 3a umeso 5; 2) meHmIi Big umciaa 3;
3) Ginmbiri 3a umcyo 5, ame MeHmIi Big umcaa 9?

4.21. YraxirTs KijbKa 3HAYeHb 3MiHHOI, AKi 32J0BOJIbHAIOTL HEPiBHICTL:
1) x < -2; 2) x > 3; 3) 2< x<3; 4) -2 < x < 3.
4.22. Mixx AKUMHA IIIAMUA YUCJIAMU MiCTUTBCS UMCJO:

1)V2; 2) V55 3) V13; 4) —/3?

4.23. YraKiTHL eJIeMeHTH MHOMKUHN:

1) A={4; 7; 10}; 2) B ={A; O; 1}.
4.24. 1) HaBeniTh npuKJIaay CKiHUEHHUX MHOKIH Ta HeCKiHUEHHUX MHOMKIH.
2) Ik Ha3MBAIOTh MHOMKHUHY AifiCHMX PO3B’A3KiB piBHAHHSA |x| = —4?

4.25. HassiTs coinbHi ememenTu MHOKUH A = {1; 3; 5; 7} i B ={2; 3; 4; 5}.

@ Likabi 3agavi — nomipkyd ogHave

4.26. Ilepiry mosoBUHY ILIAXY INIIOXim pyxaBscs 3i mBuakicTio, Ha 25 %
OoispIoro Bifx samnaHoBanol. Ha ckinbKuM BifCOTKIB MeEHIIIOO Bin 3a-
IJIAHOBAHOI MO:Ke OyTH Tellep HOTro IMIBUAKICTL Ha APYTill mOJOBUHI
LILIAXY, 100 IPUOYTH 4O NYHKTY HPU3HAUEHHS BUYACHO?

§ 5. Yucnoei npoMiXku

1. MoHATTA NPO UMCNIOBUIA MPOMIKOK

MuoxxuHy pos3B’sI3KiB HEpPiBHOCTI 3PYUYHO 3amMCyBaTH 3a JOIOMOTOIO
YUCAOBUX NPOMINHCKIE.
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W Posrnamemo moaBiiiHy HepiBHiCTH 3 oOfHi€I0 3MiHHOIO
-4 < x < 1. Ilfo HepiBHiCTH 3aJ0BOJBHAIOTH yCi umcia, aKi 6iabiri 3a —4
i menmmi Big 1, To6TO Ti umMcsaa, 10 HAa KOOPAWHATHIN mpaMiii MicTaTbesA
Misk umcaamu —4 i 1. MHOXKUHY BCiX dYmces, IO 3aJ0BOJLHAIOTH He-
piBaicTh —4 < x < 1, HaA3WBAIOTL YUCJOBUM NPOMINKOM, abO IIPOCTO
npomixckom, Bix —4 no 1 i mosHauatoTh: (—4; 1) (UUTAIOTH: «IPOMIiXKOK
Big —4 mo 1»). II1o6 mokasaTu Ha KOOPAMHATHIN NpAMili MHOKHHY BCix

yuces, M0 HaJeXKaThb IpoMimkky (—4; 1), Z

HOTr0 BUIIJIAIOTH MITPUXOBKOIO, AK IIOKAa- © >
3aHO Ha MalOHKY 5.1. IIpu npromMy TOUKH —4 1

—4 i 1 300paKyIOTh <«IOPOXKHIMU» abo Maz. 5.1

«BHUKOJIOTIMM » .

Yucmo —1 3amoBosbHsAe HepiBHicTh —4 < x < 1, a yucygo 2 ii He 3amo-
BOJIbHsAE. Y TaKOMYy pasi KamyTb, II0 YHCIO0 —1 HAJEKUTHh IPOMIKKY
(—4; 1), a uncyao 2 fiomy He HaMeXKUThL (Maja. 5.2). OTiKe, KOXKHE YHCJIO, IO

3aJI0BOJIbHsIE HepiBHicTs —4 < x < 1, maJe- 7 /

MUTHh TPOMLXKKY (—4; 1), i, HaBmaKu, KO- G o——>
He YMCJO0, IO HAJEKUTh IPOMLKKY (—4; 1), —4 -1 1 2
3aJI0BOJIbHSE HepiBHiCTE —4 < x < 1. Mai. 5.2

IlogBifiny HepiBHicTE —4 < x < 1 3a0BOJIBHAIOTL HE TiJIBKU
BCl umcJa, AKi O6inapmri 3a —4 i menmmi Big 1, a # cami uncaa —4 i 1. MHo-
JKUHY ITUX YMCeJl IMo3HavaloTh [—4; 1] (uurTaroTh: «IpoMiskKok Big —4 mo 1,
BKJIOUaoum —4 i 1»). ¥ Takomy pasi Ha .//
KOOPAWHATHINA NOpAMill BUIIIAIOTH IIPO-

® >

MiKOK Mik umecaamu —4 i 1 pasom is —4 1
MU gucjgamMu (Maua. 5.3). Mau. 5.3
(ITOEEED Muomuny umcen, mo 3azo- & A _
BOJIbHAE IOABiliHY HepiBHicT, —4 < x < 1, 4 1 -
nosHavawTh: [—4; 1) (uuramTh: «IpoMmi-
Maun. 5.4

JKOK Bim —4 mo 1, BKitouatouum —4»). Lleit
MIPOMiKOK 300pakeHo Ha MaJIOHKY 5.4.

MHOXKUHY UYHCeJ, IO 3al0- 7
BOJIbHSIE TIOABiMHY HepiBHicTL —4 < x < 1, _‘:1
mo3HauawTsh: (—4; 1] (uuraioTh: «Ipomi-

JKOK Bim —4 mo 1, Brawouaioum 1»). Ileit
MIPOMIiKOK 300pakeHo Ha MaJIOHKY 5.5.

Y

=@

Maui. 5.5

W HepiBuicTs x > 2 3a40BOJBHAIOTL yCi umcia, ki OiabIri sa

2, TOOTO Ti umcsa, IO HA KOOPAWHATHIN HpAMil JeKaTh IpaBopyd Bin
ypcaa 2. MHOXKHHY IIUX YHcesJ M03HAYATh (2; +0°0) (UMTAIOTh: «IIPO-
Mi’KOK Bif 2 mo IJIIOC HEeCKiHUEHHOCTi») i 300pasKylOTh HPOMEHEM, IO
BUXOJUTD i3 «IOPOKHBOI» TOUKM 3 KOOpAuMHATOO 2 (Maj. 5.6).

7 -

2

Max. 5.6
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O

IIGENEE HepiBmicts x > 2 3aJ0BOJIBHAIOTL yCi umceina, aki OiabIri sa
* 2, i came umcyo 2. MHOKVHY IIUX YKCEJ TO3HAYAIOTH [2; +O0) (UUTAIOTH:

«IIPOMIiKOK Bif 2 [0 IIIOC HECKiHYEeHHOCTi, BKJIIO- &

yaoun 2») i 300pasKyiOTh IpPOMEHeM, IO JIEKUTD >
MPaBOPYY BiJf TOUKHM 3 KOOPAMHATOIO 2, BKJIIOUAIOUN 2

0 TOuKy (mau. 5.7). Man. 5.7

TOE WA MHOMKHUHY 4YHCeN, IO 3aJ0BOJILHSIOTH iz

* yMOBY X < 4, 3anucyioTh Tak: (—°°; 4) (UUTAIOTh: 4
«IIPOMiKOK Bif MiHyc HecKiHueHHOCTi 0 4»). MHO-
JKUHY 300paskeHo Ha MAJIOHKY 5.8. Mau. 5.8

MHoKUHY uwMces, IO 3aJ0BOJBHAIOTH AN

e YMOBY X < 4, 3anucyioTh Tak: (—°°; 4] (4UTaIOTh: 4
«IIPOMiKOK BiJ MiHyC HecKiHmueHHOCTi mo 4, BKJIIO-
yaoun 4»), ii 300pakeHo Ha MaJOHKY 5.9. Mau. 5.9

Ot:ke, AKITO KiHeIlb IPOMisKKa BKJIOUAETHCA yV IIPOMiKOK (HaIpUKJIAM,
KOJIM HepiBHicTHL HecTpora), To 0ijA IILOTO KiHIISA 3alMUCYIOTh KBaApaTHY
IYKKY, B YCiX iHIIMX BUIAAKAX 3aIHCYIOTH KPYIVIY IYKKY.

MHOXMHY BCiX Uncen 306paxyoTb YCiEl0 KOOPAMHATHOI MPSMOI0 Ta No3Hava-
O 10Tb MPOMIXKKOM (—00; +00). MHOXWUHY, fika He MICTUTb XOAHOro Yncna, nosHa-
YalTb & | Ha3NBaIOTb MMOPOXHBOK MHOXUHOHO.

2. Onepauii Hag YMCNOBUMU NPOMIKKaMU

Hap uncioBuMuy mpoMisKKaMu MOXKHA BUKOHYBaTHU HeBHI Oii (onepauir).
PosrasaHeMo nBi 3 HUX: nepemuH Ta 06’€OHAHHA.

Ilepemunom wucnoéux npomisckié Ha3MBAIOTh MHOKHUHY, II0 MiCTHTH
yci umesa, AKi HajJgesKaTh KOMKHOMY i3 IIMX IIPOMIiKKiB.

IlepeTnH 3amUCYIOTH 3a JOITOMOTOIO CHMBOJA M.

[-2; 4) N [0; 6] =[0; 4) (max. 5.10).
!:l

|
7 7
S T
4 6
Max. 5.10

3ayBajKuUMO, IO IIEPEeTHH IIPOMIKKIB He 3aBKIuU € mpoMmikkom. Ile
MOXKe OyTH i TOUKa, i MOPOKHA MHOKHMHA.

TGO ELENS [Tpomiskku (2; 3) i [4; 6) He MAaoOTh CIIIBHUX TOYOK

* (man. 5.11), Tomy ix mepeTHHOM € IMOPOMKHA MHOKHMHA. 3amucaTu Iie
moskHa Tak: (2; 3) N [4;6)=O
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7, 7,
SN\ SANN
2 3 4 6 -1 5 12
Mau. 5.11 Maax. 5.12

W IIpomiskkm [—1; 5] i [5; 12] maroTh Julle OgHY CHiJIBHY TOY-
Ky (Maja. 5.12). 3anucyroTs 1me Tak: [-1; 5] N [5; 12] = {5}.

06’ €OHAHHAM YUCOBUX TLPOMIJHCKI6 HA3UBAIOTh MHOKMHY, III0 CKJIaga-
€ThCA 3 yciX umcels, IKi Hajie’kKaTh Xxouya 0 OMHOMY i3 IIMX IIPOMIiKKiB.

O6’eqHaHHA 3aINCYIOTHh 3a HJOIIOMOTOI0 CHMBOJIA U.
(ITOEEEED [-2; 4) U [0; 6] =[-2; 6] (man. 5.13).

A

& O
-2 0 4 6
Max. 5.13

3ayBaykuMOoO, 110 00’eJHAHHSA MIPOMIKKIB He 3aBKAU € IpoMikKom. Ha-
npukaan, MmEOKuHA (2; 3) U [4; 6) He € mpoMiskkoM (mau. 5.11).

@ HagepgiTb npvknagun YMcrnoBmx NPOMIDKKIB Pi3HMX BMAIB, 3anuLWiTh iX Ta 306pasiTb Ha Ko-
opauHaTtHin npsmin. O Lo HasuBaTb nepeTMHoM Yncnosmx npomixkis? O Lo HasmBa-

o
10Tb 06’€4HAHHAM YNCNOBUX MPOMIXKKIB?

§ Fosb ' sximo 3agaui ma buxonaime bnpabu

il 5.1. 300pasiTh, Ha KOOpAMHATHIN IPAMiil TPOMiKOK:

1) (=25 1); 2) (-4; 2]; 3) [1; 5); 4) [3; 7];
9) (=005 3); 6) [4; +0); 7) (=905 0]; 8) (95 +0).
5.2. 300pasiTh Ha KOOPAUMHATHIN NpAMili IPOMiXKOK:
1) [4; 6); 2) (-1; 7); 3) [3; 4]; 4) (0; 2];
5) (=3; +0); 6) (—o0; 4]; 7) [0; +o0); 8) (=05 —1).
5.3. 3Bamwurith IpoMiKKHU, AKi 306paskeHo Ha MaJOHKax 5.14-5.17.
-3 2 -7
Mauxn. 5.14 Mauxn. 5.15
0// > 0// —>
3 1 4
Maun. 5.16 Maun. 5.17
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5.4.

2]

5.6.

5.7.

5.8.

5.9.

5.10.

5.11.

5.12.

5.14.

42

3anumnriTh TPOMiKKH1, AKi 300paskeHO Ha MaJioHKax 5.18-5.21. ?
Z ® > & 6—>
3 -2 5
Mau. 5.18 Mau. 5.19
& A > & >
7 10 g 0 g
Mam. 5.20 Maim. 5.21

5.5. 300pasiTh Ha KOOPAWHATHIN mpaMili i samuIniTs TPOMIMKOK,
AKUH 3aJaHO HEepPiBHICTIO:

1) x > 3; 2) x < -8; 3) x =2 —1;
4) x < 2; 5)1,8 < x < 2; 6)2,5<x<3%;
7) 3,9 < x < 4; 8) 7T<x<7,01.

300pasiTh Ha KOOPAMHATHiN NPAMil i 3anUIITiT, TPOMIKOK, AKUN 3a-
JIaHO HepiBHIiCTIO:

1) x 2 5; 2) x < 4,5;

3) 1,8 < x < b; 4) 1,9 < x < 4.

(Ycno.) Uu vHanmexuths npomizkky [—1,01; 1,02] uucio:

1) -1,1; 2) 0,9; 3) 1,03;

4) -1,11; 5) 1,015; 6) —1,009?

3anuniiTe yci mijgi unciia, 1Mo HaJeKaTh IPOMiKKY:

1) (=2; 1); 2) [-1,8; 2];

3) (3; 4); 4) (-2,6; 1,6).

Aki HaTypasbHi YMcaa HaJleKaTh IPOMiKKY:

1) (-0,1; 4,9]; 2) [1; V5); 3) (=3; 0,7]; 4) [2; 3,99)?

3anuiriTe ABa HOJATHUX i ABa Bil’ eMHMX UMCJA, IO HaAJEXKATh IIPO-
MiKKYy:

1) (=25 7); 2) [-1; 1].

3HalAiTL HalIMeHIIIe I[ijie YKMCJIo, IO HAJNEKUTh IPOMiKKY:

1) (05 8); 2) (=55 2); 3) [45 7); 4) (0,5; +00).
3HalaiThr HaiibiabIIe Iijie YMCIo, IO HAJNEKUTh MPOMIKKY:

1) (=25 9); 2) (=°°; 4,5); 3) [0; 17,2]; 4) (-1; 0,99).

5.13. 1) 3BmaiigiTs Hailibinbite i HaliMeHIlle HATypaJbHI 4Ymcsaa, IO
HaJIe)KaTh IPOMLKKY [\/5; \N39).

2) 3uaiigiTe oOYyTOK IIMX umceJ, BiATaK AisHaeTecs, CKiIbKM Mena-
neit ITapamimnoificbkkux irop mae yxpainka Osena IOpkoBcbhKa.

Yu Hamexuth npoMizkky (1,6; 4,5] unuciio:

1) V3; 2) J/10; 3) V12; 4) /217
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5.15. Yu mamexKuTh IpoMikKy [2,5; 6,1) uucio:
1) V5; 2) J/13; 3) J15; 4) /392

5.16. 300pas3iTh IPOMIKKK Ha KOOPAMHATHIN NpAMiil Ta 3amuiiiTe ix

IMepeTHH:
1) [-2; 3) i [0; 4]; 2) [-5; 411 (=25 1);
3) (=05 2) i (=05 3]; 4) (=05 4) 1 [0; +0);
9) [2; 3) 1 (2; 8); 6) (-2; 1) i (2; 5).
5.17. 300pas3iTh IPOMiKKHN Ha KOOPAMHATHIN npaAMili Ta 3amuiriTs ix
mepeTuH:
1) (-=1; 8) i (05 9); 2) (=2; 4] 1 [1; 2);
3) (=205 1) i (=25 3); 4) [1; 5) i [6; +0).

5.18. 300pasiTe HPOMIKKH Ha KOOPAMHATHIN mnpaMmili Ta 3amumiiTh ix
o0’emHAHHA:

1) (=35 1) i (0; 4]; 2)[0; 1)i[-2;1]; 3) [3; 8)i[4; 5]

4) (-0; 3) 1 [2,8; 4); 9) [1; 3) 1 [3; 5]; 6) (0; 1] 1 (2; +0).
5.19. 300pas3iTh TPOMiKKM Ha KOOPAMHATHIN NMPAMill Ta 3aIUIIIITh iX 00’ €I-

HAHHSI:

1) [-2; 3) i (25 3]; 2) (25 4) i [2; 10);

3) (=05 0) i [0; 1]; 4) (-00; 4) i (3; +).

O) Bnpabu grs nobmopenns
m? -5 Jm —n

5.20.C i i6: 1) ——F—; 2
KOPOTiTh api ) m+ 5 )

m — 2Jmn +n’
5.21. [Tosexits HepiBHicT (x + 5)(x — 9) < (x — 2)2.
5.22. 1) Ha meperowni 3aBmos:xxu 120 KM moisg pyxaBcs 3i IIBUAKICTIO Ha

10 xM/rom MEHIIIO0, HiK mepeadaueHo PO3KJIAIOM, TOMY 3ali3HUBCS
Ha 24 xB. 3 AKOIO IIBUIKICTIO MaB PYXAaTHUCHA MOi3[ 3a PO3KJIaIOM?

2) IIpoekmua dianvricms. IIpoanassisyliTe peaJbHUN PO3KJIAL PYXY
noisxiB. OIiHiTHL cepemHIO INMBUAKICTL PyXy I0isga Ha BUOPAHOMY
MapuIpyTi.

) 1 1
5.23. 3HalifiTs, 3HAYEHHS BUPa3y X + —, AKIO X2 + — = 34.
x x

Tigzomyimecs go bubuenns Hobozo mamepiany

5.24. 3uaiifiTh KOpeHi JiHifiHOro piBHAHHAI:

1) 2x = 6; 2) 6x = —-12; 3) —4x = 160;
4) -5x = -20; 5)0x = T; 6) Ox = 0.
5.25. Po3B’stikiTh piBHAHHA:
1)2x -3 =3x+T; 2)2(x —3) =T(x+2) -1
1 -2
3)2x - 8) —(x + 2) = 1 - 3x; 4)x; —x3 - 2.
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5.26. Yu € piBHOCUJIBHUMU PiBHAHHSA:

1) 3x =121 x+7 = 3; 2)2x =18i x+1 = -8?

XKummeba mamemamuxa

5.27. Ha maIoHKY 300paskeHo rpagdik mpoliiecy posirpiBanHsA ABUT'YHA Jier-
KoBoro aBroMo06isiisi. Ha oci abGemuce BigkIameHo yac y XBUJIMHAX, IO
MUHYB BiJl 38allyCKy JBUTYHA, Ha OCi OpAWHAT — TEMIIEPATyPY ABUTY-
Ha y rpaagycax Ilemncis.
3a rpadikoM Bu3HAUTE:

1) Ha AKi¥ XBUJIMHI TeMIlepaTypa ABUTYyHa gocaArja 3HaveHHa 60 °C;

2) cKinbKM XBWJIWH ABUTYH HarpiBaBca Big temmeparypu 40 °C mo

remuepatypu 90 °C;

3) CKiJIbKM XBUJIMH NBUTYH OXOJIOAXKYyBaBcsa Binm Temnepatypu 90 °C

no tremuneparypu 80 °C;

4) Ha CKiJBKM rpajyciB HarpiBcs ABUT'YH 3a IEpPIIi TPU XBUJIWHMU.

T, PCA

90+
80
70T
60 T
50 1
40 1
30T
201
101

A -
>

0] 1 2 3456 78 91011 ¢t x8

@ Likabi 3aga4i — nomipkyd ograve
5.28. Po3B’s1okiTh piBHAHHSA:
2+x+2  x2+x+6
8x2 + 5x — 14  3x2 + 5x — 10

§ 6. JliHiiHi HepiBHOCTI 3 ofiHi€I0 3MiHHOIO.
PiBHOCUNbHI HepiBHOCTI

1. JliHinHa HepiBHICTb 3 OAHI€EIO 3MiIHHOO Ta il PO3B'A3yBaHHS
HepiBuocTi Burasagy ax > b, ax 2> b, ax < b, ax < b, ne x — 3MiHHa,

a i b — pedaxi umcaa, Ha3MBAIOTh LiHILLHUMU Hepi6HOCMAMU 3 00HIEN
3MIHHO10.

44 ©



HepisHocmi
o

Ao a # 0, To 00MABI YacTMHM HEPiBHOCTI MOKHA IOTiJIUTH Ha a,
BpaxyBaBIIN IIPU IILOMY BJIACTHUBICTH UMCJIOBUX HEpPiBHOCTEeI, TOOTO AKUL0
a > 0, mo 3Hax HepigHOcmi 3anruuwiaemo 6e3 3min; axuwo a < 0, mo 3Hak
HepiBHOCMI 3MIHIOEMO HA NPOMULEHCHUIL.

w PosB’ss3aTé HEPiBHICTh:

. 1) 2x > 18; 2) —3x > —15.
Pose’azannsa. 1) Illoginusmiu o6uaBi vacTUHN HEPiBHOCTI Ha 2, OTpUMAaE-
Mo: x 2 9. OT:Ke, pO3B’A3KOM HEPiBHOCTI € MPOMisKOK [9; +00).
2) IMominuBimu o0MABI yacTHMHM HepPiBHOCTI Ha —3 Ta 3MIHUBIIN IPU
IIbOMY 3HAK HEpPiBHOCTI Ha IPOTWJICKHUNA, OoTpumMaeMo: x < H, TOOTO
x € (—99; 5).
Biodnosids: 1) [9; +00); 2) (—o°; 5).

3ayBaK1MO, III0 BiATIOBiAb MOXKHA OyJIO 3amMcaTH i TaK:
1) x =2 9; 2) x < 5.

2. PiBHOCU/IBHI HepIBHOCTI.
BnactuBocTi HepiBHOCTEN 3i 3MiHHMMM

HepiBHocTi, 10 MalOTh OAHI ¥ Ti caMi po3B’A3KM, Ha3MBAIOTh PiGHO-
cunvhumu. HepiBHOCTI, 10 HEe MaIOTh PO3B’A3KIB, TAKOXK € pPIEHO-
CUNbHUMU.

s HepiBHOCTEH 31 SMiHHUMU CIIPABIKYIOTHCS 8J1acmugocmi, momaioHi
IO TUX, IO CIPABIKYIOTHCA i A PiBHAHD:

1) aKmo B OyAb-AKiil YaCTHHI HEPiBHOCTI PO3KPUTH XYKKH a00 3BECTH
MOAiOHI MOTJaHKHM, TO OTPUMMAEMO HEPiBHICTH, PIBHOCWJIBHY HaHii;

2) AKI0 B HEPiBHOCTI MepeHecTH TOJaHOK 3 OxHi€el Il yacTUHM B iHIIY,
3MIHMBIIM HOTO 3HAK HA NMPOTUJIEKHUI, TO OTPUMAEMO HEpPiBHICTH,
piBHOCUJIBHY HaHii;

3) AKmO0 OOMABI YACTHHM HEPiBHOCTI NMOMHOKMTH a00 MOTIIMTH Ha
ogHe i Te caMe JOJaTHE YHCJIO, TO OTPMMAEMO HEpPiBHIiCTH, PiBHO-
CUWJIbHY JaHii; AKIIO0 OOMABI YaCTHHM HEPiBHOCTI IMOMHOKUTH abo
MOJIINTH Ha OOHE M Te caMe BiJl’€MHe YHCJIO, 3MiHUBIIH IIPH I[LOMY
3HAK HEPiBHOCTI Ha NMPOTUJIESKHUI, TO OTPMMAEMO HEPiBHiCTH, pPiB-
HOCWJIBHY JaHiil.

I

3. Po3B'a3yBaHHs HepiBHOCTEN,
Lo 3BOAATLCA A0 NiHIMHUX
11106 posB’s3aTy PiBHAHHA, MU 3BOANMO HOTO M0 PiBHOCUJIBLHOTO HOMY
OPOCTIIITOro PiBHAHHS. AHAJIOTiIYHO, KOPUCTYIOUNCH BJIACTUBOCTSIMU HEPiB-
HOCTel, MOKHA PO3B’A3yBaTH M HEPIBHOCTi, 3aMiHIOIOUM iX HPOCTiIIIHMMU
HepPiBHOCTAMH’, iM PiBHOCUJIbHUMU.
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, . x+2 x+6 x
m PosB’sa3aTu HepiBHiCTH g >z —,

3 6

Pose’azanusa. IloMHOXKUMO OOUIBI UyacTMHM HepPiBHOCTI HA HaWMeHIIHWI
CIILIbHUIT 3HAMEHHUK APo0iB — umeso 6, maai crrpocTumo ii JIiBy yacTuHy
Ta IIepeHeceMO AOJaHKHN 3i 3MiHHOIO B JIiBYy YacTMHY HepPiBHOCTi, a 6e3
3MiHHOI — y IpaBy.
6(x +2) 6(x + 6) S 6-x

2 3 6’
3(x +2) - 2(x + 6) > x;
3x +6 —2x — 12 > x;
3x —2x —x =212 - 6;
0x = 6.
OrpumManu HepiBHiCTH, PiBHOCHJILHY HOUYaTKOBiii. BoHa He mMae posB’ss-
KiB, OCKiJIbKU 3a OyAb-sIKOT0 3HAUEHHS X JiiBa YacTHHA HEepPiBHOCTI JOpiB-
HIOBATHMeE HYJIIO, a HepiBHicTh, 0 > 6 € HemIpaBUJILHOIO.
Bionosiov: po3s’aA3KiB Hemae.

m Poss’asaru HepiBHicTs (x + 3)2 — x2 < 6x + 10.
Po3g’a3anns. POSKpUBINKU IY:KKH, MA€EMO:
x2+ 6x+9— x2<6x+ 10;
6x — 6x <10 — 9;
O0x < 1.
OcTaHHsa HepiBHiCTh piBHOCHJIbHA MOUYATKOBIl i € IpaBMIbHOIO 3a OYIb-
AKOro 3HAUEHHS X, OCKiIbKU 3a OyIb-AKOro 3HaueHHA x ii JyriBa uacTu-
Ha JopiBHIOBATHME HYJI0, a HepiBHicTh 0 < 1 e mpaBuabHOIO. OTiKeE,
PO3B’A3KOM HepiBHOCTiI € OyIb-AKe UYMCJIO, TOOTO MHOMKHHOIO PO3B’A3KiB
€ IPOMIKOK (—00; +00),
Bionosidv: (—o0; +00),

Iz mpuknaznis 2 i 3 MoxHa SiATH BUCHOBKY, IO

HepiBHOCTi BuUrasaay Ox > b, Ox > b, Ox < b, Ox < b aGo He MaIOTh
po3B’A3KiB, a00 IX pPO3B’IA3ZKOM € Oyab-AKe YMCJIO.

Hnsa Oyab-iKoTOo 3HAYEHHA M PO3B’sA3aTH HEPiBHICTH
mx — m2 < x — 1, te x — 3minHAa.

Posg’azanns. IlepeHecemo momaHKuM, IO MIiCTATL 3MiHHY, YV JIiBY YacTH-
HY HepiBHOCTi, iHIIi — y IIpaBy YacTHHY, I00 3BeCTH HEPiBHICTHL MO BU-
TJIARy JIiHiAHOI:
mx —x <m2-1;
(m—1Dx <m2-1.
3HaueHHd BUpa3dy m — 1 1jis pisHUX 3HaUeHb M MOXKe OyTHM IOZATHUM,
Big’eMHUM ab0 HYyJIEM, TOMY PO3TJISHEMO KOKEeH i3 IIUX BUIIAIKiB OKPEeMO:
1)m-1>0; 2ym-1=0; 3)ym-1<0.
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1) Axmo m — 1 > 0, To6To m > 1, To, IOAIJIMBINK JIiBY i IpaBy YacTHUHU
HepiBHOCTI Ha momaTHe umcjo m — 1, MaTuMeMo:

m2 —1
X < ——;
m-1
- (m - 1)(m + 1)
m-1 ’
x<m+ 1.

2) Axmo m — 1 = 0, To6To m = 1, orpumaemo HepiBHicTs 0 - x < 0, AKa
poO3B’sA3KiB He Mae.

3) Axmo m — 1 < 0, Todro m < 1, To, MOAiMUBINY JiBY i IpaBy YaCTUHU
HepiBHOCTI Ha Bim’emMHe ywmcyo m — 1 i 3MIiHMBINM 3HAK HepPiBHOCTI Ha
NPOTUJEKHUN, OTPUMAEMO:

m2 —1
x> ——;
m-1
x>m+ 1.

Bionosiov: axmo m < 1, o x > m + 1; aximo m = 1, To po3B’sA3KiB He-
Mae; AaKmo m > 1, rto x <m + 1.

@ Axi HepIBHOCTI Ha3nBatoTb NiHIKHUMMK HepIBHOCTﬂMI/I 3 OfHi€0 3MiHHOK? o Haeegitb

0

npuknagy Takmx HepiBHocTen. O Aki HepiBHOCTI Ha3nBalTb pIBHOCI/IHbHMMI/I'? O Cdop-
MyrtoiTe BNacTUBOCTI HEPIBHOCTEN, siki BUKOPUCTOBYHOTb A1 PO3B’'SI3yBaHHSA HEpiBHO-
cteir. O LLlo MmoxHa ckasaTi Npo po3B’si3ku HepiBHocTel Burmsaay Ox > b; Ox > b; 0x < b;
O0x < b?

§ Fosb ' sximo 3agaui ma buxonaime bnpabu

il 6.1. (Vcno.) fAki 3 HepiBHOCTEH € JMiHiTHUMM:

1 1
1)§x>—5; 2) 2x2 -3 > 0; 3) —3x < 6; 4) — < 3?
x

6.2. (VcwHo.) Yu piBHOCHJIBbHI HepiBHOCTI:

1)2x—-T7>4i2x>4+T; 2)3x>91ix<3?

6.3. Ywu piBHOCHJIBbHI HEpPiBHOCTI:

1)3x+2>5i38x>5+ 2; 2)5x <101ix < 2?

i2. 6.4. Po3p’s:kiTh HepiBHiCTH i 300pasiTh MHOKMHY ii pos3B’sa3KiB Ha

KOOpAMHATHIN npamiii:
Dx+7238; 2) x -5 <2
3)x+9<-17; 4) x — 7> 8.

6.5. Po3B’saKiTh HepiBHiCTH i 300pas3iTh MHOMKHUHY ii PO3B’sA3KiB Ha KOOp-

OIUHATHINA mTpaMii:

1) x — 5 < 6; 2)x +7>-9;
x—-72>212; 4) x + 7 < -5,
6.6. 3HaliAiTL PO3B’A3KU HEPiBHOCTI:
1) 4x > 8; 2) 8x < 72; 3) —9x > -63; 4) —x < 5;
5) bx > 11; 6) 6x < 1,2; 7) —18x > —27; 8) —3x < 0.
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6.7.

6.8.

6.9.

6.10.

6.11.

6.12.

6.13.

6.14.

6.15.

6.16.

6.17.

6.18.

6.19.

6.20.

6.21.

6.22.

48
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PosB’sa:KiTh HEpiBHICTB:
1) 6x > 12; 2) Tx < 42; 3) —x =2 —-8; 4) —12x < 24;
5) Tx < 13; 6) 4x > 1,6; 7) 12x < —18; 8) -9x > 0.
Po3B’sikiTh HepiBHICTD:

1 2 1 3
1) —x =2 -2; 2) —x < 10; 3) —— x < —6; 4) —— x > -21.

3 9 4 7
3HalIiTh pO3B’A3KU HEPiBHOCTI:

1 2 3 7
1) —x < -38; 2) —x =2 18; 3) ——x < —12; 4) ——x > 42.

6 3 8 6

B’ S)KiTh HepiBHICTH Ta B iTe TpU Tb-IKUX YMCJIA,
Posp’saxki epiBHic a BKaMXi 0 K cJa 0 € ii
pos3B’A3KaMu:

1) —3x < 12; 2) 2x > 0; 3) —-5x > —-35; 4)4x < —-13.
3HalIiTh MHOKUHY PO3B’A3KiB HepiBHOCTI:
1) 0,2x > 8; 2) —0,7x < 1,4; 3) 10x < —1; 4) —8x > 0.

3HaHITh MHOKUHY PO3B’A3KiB HepiBHOCTI:
1) 0,3x > 15; 2) -0,2x < 1,8; 3) 100x > -2; 4) —5x <O0.

Yu piBHOCMJIBHI HEPiBHOCTI:

1) 2x > 81i-x< -2; 2)3x<6ix+1<3?

Yu piBHOCUJIBHI HEepPiBHOCTI:

1)bx<5bi—-x=>-1; 2)2x>8ix—-1<5?

3a AKkmux 3HauYeHb X GYyHKIiA y = —4x HaOyBae 3HAUEHb, SAKi:

1) 6inprmi 3a —8; 2) menmri Big 12?

Po3B’sikiTh HepiBHICTD:

1)1+ 2x>7; 2)3 — 5x < 2 3) 3x + 8 <0

4) 9 — 12x > 0; 5) 6 + x <3 — 2x; 6) 4x + 19 < bx — 2.
3HaNOiThL PO3B’A3KKM HEPiBHOCTI:

1)1 +6x<7T; 2) 6x + 1> -3; 3)3 - 2x > 0;

4) 6 — 15x < 0; 544+ x>1-2x; 6) 4x + 7 < 6x + 1.

3a AKuUX 3HAUeHb X (QYHKIiA y = 2x — 3 mabyBae Big’eMHUX 3HA-
YeHb?

3a AKMX 3HaUeHb X QYHKIia y = 5 — 2x HabyBae JqomaTHUX
3HAUYEeHb?

3HaNAiThL PO3B’A3KM HEPiBHOCTI:

1)4 — x> 32 + x); 2) 3(1 — x) 2 2(2x — 2);
3)28B +x)+(4—x)< 0 4) —(2 - 3x) + 4(x + 6) < 1.
Po3B’s:xiTh HepiBHICTE:

D41 +x) < x— 24 2) 2+ x 2602x - 1);

3) —(2x + 1) > 3(x + 2); 4) 5(x + 8) +4(1 — x) < 0.

3HalgiThL 00JIaCTh BU3HAUEHHS (PDYHKIIII:

Dy =+~x+2; 2)y =

1
Jx - 8
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6.23. 3HaiigiTe 00acTh BU3HAUEHHA (QYHKITII:
1
1 =Jx —1; )Y = —.
Y AN
6.24. Po3B’s12kiTh HEepiBHICTb:

6.26.

6.27.

6.28.

6.29.

6.30.

6.31.

3x 5x
N3y <o 2) 2% L x> 16.
)y ¥ )3 X

6.25. 3a axux 3HAUEeHL a HepPiBHiCTh ax < 4 Mae Ty caMy MHOMKUHY
PO3B’A3KiB, 110 I HePiBHICTH:

1)x<é; 2)x>é?
a a

3a AKMX 3HaUeHb b HepiBHiCTL bx > 7 Mae Ty caMy MHOMKUHY
pO3B’A3KiB, IO I HePiBHICTH:

x> 5 2 x < L9
b b

CrimamiTe TaKy HepiBHicTH BUTAAAY ax > b, 00 MHOMKUHOIO ii
poO3B’A3KiB OYB IPOMIiKOK:

1) (35 +0); 2) (=035 1).

3HalAiTh yci HaTypaabHi po3B’sI3KM HEPiBHOCTI:

1) x(x + 2) — x2> 4x — T; 2) (x + 5)(x — 5) < x2 — bx.
3HalgiTL yci HaTypaabHi PO3B’A3KM HEePiBHOCTI:

1) (x +1)2—x2>6x—09; 2) (x — 1)(x + 2) < x2 - 3x + 11.
Hexait x, — Ha#binpImuii HaATypadbHUN PO3B’A30K HEPIBHOCTI

(x — 32 — (x + 1)2 > 2x — 43. 3nHalAiTh TOOYTOK 377x,, BigTaK mi-
3Ha€eTecs PiK 3aCHYBaHHA HAIliOHAJBHOTO TEXHIYHOTO YHiBEPCUTETY
«XapKiBCbKUI MOJiTeXHIUYHUN iHCTUTYT» .

Hexait x, — =HaliMeHIINI HaTypaJbHHH DPO3B’A30K HEPiBHOCTI
(x—2)2—-(x—1)2 < x — 52. 3HaiigiTh T0OYTOK 90x,, BigTaK misHacTe-
cs, AKOro POKy Oyio npuiituato «KoHeTuryllito mpaB i cBobon BifichbKa
3amoposbkoro» Ilununa OpamKa — mepIry KOHCTUTYIIIO y CBiTOBi
icTopii.

6.32. 3HaligiTL HAWMEeHIIUHN MiJIui POo3B’A30K HEePiBHOCTI:
1)x+3_£<0; 2).')c-|—1_1—5x>
4 3 2 5
6.33. 3HalAiTh HANOIIBIINY iauii PO3B’A30K HEPiBHOCTI:
) _ _
1)x+ —£>O; 2)x 1_1 4x
7 5 3 2
6.34. 3HaligiTh MHOKHUHY PO3B’sI3KiB HEpPiBHOCTI:
1) 2(3x + 1) — 3x > 3x; 2)x+§>3?x+2;
3)4(x +1) =2 2(x + 2) + 2x; 4) 3(x — 1) — 2x < x — 3.
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6.35.

6.36.

6.38.

6.39.

6.40.

6.41.

6.42.

6.43.

6.44.

&

O
PosB’sa:KiTh HEpiBHICTB:
1) 3(2x + 1) — 6x > 5; 2)4(x + 1) - 83x > —(2 — x);
2
3)x—§<?x—1; 4) 6(x + 1) — 3(x + 2) < 3x.

HoB:xmHa onHiel cTOPOHM MPAMOKYTHUKA AOpiBHIOE 8 cM. fIKoi0 Mae
OyTH IOBKHMHA [PYroi CTOPOHU NPAMOKYTHHKA, 100 IHOro ILjIoIia
OyJsia MeHIIOo Big 96 cm2?

6.37. 3a AKMX 3HAUYEHDb 4 KOPeHeM PiBHAHHS:

1) 4x — 7 = a € yucyI0O HomaTHe;

2) 5+ 2x =3 — a € uncyao Bix’ emue?

Yu icHye Take 3HAYEHHS @, 3a AKOTO:

1) HepiBHiCTE ax > 2 He Ma€e PO3B’A3KiB;

2) posB’saskoM HepiBHOCTI (@ — 3)x < 7 € OyAb-AKe uucao?
Y pasi cTBepAHOI BiAOOBiAlI BKAMKIThH Ile 3HAYEHHS d.

3a AKMX 3HAUYeHb b PiBHAHHSI:
1) x2 + 6x — 2b = 0 He Mae KOpeHiB;
2) bx2 — 4x — 1 = 0 mae aBa pi3HUX KopeHi?

3a aKUX 3HAUEHb @ PiBHAHHAI:

1) x2 + 8x — 4a = 0 mMae ABa Pi3HUX KOpeHi;
2) ax? — 6x + 1 = 0 He Mae KopeHiB?

lBa HaTypaabHUX YMCJA BiZHOCATHCA AK 2 : 5, a iX cyma MeHIIIa Bif
yucaa 171. fAKoro HaibinbIIOro 3HAUEHHS MOKe HaOyBaTU MeHIIIe i3
MUX yucea?

IIBa HATYypaJbHUX UYHCJA BigHOCATbHCA AK 3 : 2, a Ix cyma 6ijbIna 3a
83. fAxoro maiimMeHINIOTO 3HAUEHHA MOMKe HaOyBaTu OinbIllle i3 1mmx
yncesn?

Bain gisa xopeorpadii mae miomy 510 m2. Tperuny 3anu modapboa-
HO V JKOBTHUM KOJIip, a pemiTy moTpidmo modapbyBaTu y OJaKUTHUIA.
Burpatu ¢apbu cramoBiaars, 120 r/m2, a 6amxa ¢papbu Mae Macy
1 xr. ARy HaliMeHITy KiJTbKicTh 0aHOK i3 OmakuTHOIO (Gapboio mo-
TPiOHO KYIUTH, II[00 BUKOHATHU TaKe 3aBIaHH?

PesepByap micTkicTio 1 M3 Ha Tpm uBepTi 3amoOBHEHO BOAOI0. SIKy
HaMOiJBINY Iy KiJbKicTh BiZep BoAM MOKHA JOJUTHU B Ieil pesep-
Byap, AKII0 Bigpo mictuTth 12 n?

6.45. Po3B’saKiTh HepiBHICTE /I BCiX 3HAYeHb a:
1) ax > 3; 2) ax 2 0;
3) ax < 0; 4) —ax < 5.

O) Bnpabu grs nobmopenns

6.46.
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3HaAUmiThL 3HaUEeHHsS BUPA3y:
1) V2(4/50 - V/8); 2) V52 - 24; 3) (V10 — T)(10 + 7).
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2.47 . Po3B’s:kiTh cucTemMy piBHAHB:
x+y =8, 3y —x =1,
1){2oc—y=1; {2x+5y=20.

6.48. TypucTKa OpomauBiIa 5 KM Ha MOTOPHOMY YOBHiI mpoTH Teuii piuku,
a HasaJ IMOBepHyJIacA Ha ILJIOTY. SHAWIITH MIBUAKICTh Teuil, AKIIO Ha
ILJIOTY TYPUCTKA TJWBJA Ha 2 TOJ MOBINe, Hi)K HA YOBHi, a BJacHa
MIBUAKICTh YOBHA JOpiBHIOE 12 KM/TOH.

6.49. [ToBeniTs, 110 3HaUEHHS BUPA3Y

( 1 N 1 j . 2 __a
a® ~4a+4 a2-4) (@-22 a+2
He 3aJIEKUTH BiJl 3HaUeHHA 3MiHHOI.
8, akmpo x < 1,
6.50. Ilob6yyiiTe rpadir pyHKIii: y = %, agmo 1 < x < 4,

x — 2, arimo x > 4.

XKummeba mamemamuxa

6.51.

Poguna i3 wotTuprox oci6 miamye momoposk i3 Kuema mo JIbBoBa abo
moizzom, abo Ha BJIacCHOMY aBTo. KBUTOK Ha I0i3[ Ha OOHY 0co0y KOIII-
Tye 600 rpH y BaroHi-Kyme. ABTOMOOLIL BUTpavae 8 JITPiB maJbHOTO
Ha 100 KimomeTpiB ILIAXY, BilcTaHb IIO IIIOCE MiyK MicTaMHU TOPiBHIOE
540 KM, a IiHA TaJBHOTO CTAHOBUTH 55 I'pH 3a JiTp. CKiIBKM KOIITY-
BaTHMe POAMHI HaMIeINeBIINHA BapiaHT TaKol MOZOPOKi?

Tligzomyimecs qo bubuenns Hobozo mamepiany

6.52.

6.53.

3

6.54.

3HAUIITh, TepeTUH IIPOMiKKiB:

1) (=205 5] i [3; +0); 2) (=005 3] i [5; +20);

3) (=05 3) i (=95 5]; 4) [3; +0) i (5; +00).

YKaxiTL Tpu 3HaUeHHSA X, SAKi OJHOYACHO € PO3B’A3KAMU KOMKHOI
3 IBOX HepiBHOCTEI:

Dx<2ix=>-3; 2)x>-5ix>T;

x<0ix=>-T7; 4)x < 2ix<4.

Likabi 3agaui — nomipkyi ograue

Y uemmionarti 3 6acKeT00JIy B3N yIaCTh 6 KOMAaHI, KOXKHA 3 AKMX 3i-
rpaja 1mo 4 3ycTpiui 3 KOKHOI0 KoMaHo-yuacuuiieio. Hiunix y 6acker-
6outi me OyBae. Bimomo, 1110 o’ ATk Komang Masu Bigmosigao 80 %, 60 %,
55 %, 40 % Ta 35 % mnepemor (Bix cBOel 3aragabHOI KibKoOCTi irop). ke
MicIie IIocijia IrocTa KoMaHAa i AKWi y Hel BicOTOK mepemor?
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§ 7. CucteMum niHiAHMX HepiBHOCTEH
3 O1Hi€I0 3MIHHOIO, IX PO3B'A3yBaHHSA

1. NoHaTTa Npo cncTeMy NiHIMHUX HepPIBHOCTEN
3 OHi€0 3MiHHOIO Ta il PpO3B’'A30K

Posraamemo 3amauy. BemocunengucTka 3a 2 roq 10Ja€ BiACcTaHb, OiIbIITY
Hi:K 24 KM, a 3a 3 TOog — BifcTaHb, MeHINY HiK 39 KM. 3HANTH IIBUIKIiCTD
BEJIOCUIEeIUCTKH.

Posp’sa:kemo ii. Hexail mBUAKICTE BeJIOCUIEANCTKY AOPiBHIOE X KM/TO/I,
Toni 3a 2 TOA BOHA J0Jla€ 2X KM, a 3a 3 rog — 3x KM. 3a yMOBOIO 3agaui
2x > 24 i 3x < 39.

Maemo 3HAHTH Taki sHaAUeHHA X, OJA AKUX OyIe IPaBUJILHOIO i Hepis-
HicTh 2x > 24, i mepiBHicTs 3x < 39, TOOTO 3HAlIIEeMO CIiJIbLHI PO3B’A3KU
000X IMUX HepiBHOCTEH. ¥ TAKOMY pasi KaKyThb, III0 MOTPiOHO po36’s3amu
cucmemy HepieHocmell, i 06’€THYIOTb HEPIBHOCTI B CUCTEMY:

2x > 24,
3x < 39.

Ockinbpku 00mABI HepiBHOCTI € JiHIAHUME, TO MaeMO cucmemy JAiHiil-
HUX HepieHocmell 3 00HIEW 3MIHHOI.

x > 12,

Po3B’sa3aBIII KOKHY 3 HEPiBHOCTEH CHCTEMU, OTPUMAEMO: 13
x < 13.

ToOTo 3HAUEHHS X Ma€ 3aJ0BOJBHATH YMOBY: 12 < x < 13.
OT:xe, MIBUAKiICTL BeslocuUIeAUCTKHU OijbIiia 3a 12 KM/ron, ajie MeHIIAa
Big 13 KM/rop.
Yucao 12,6 3a10BOJbHAE KOMKHY 3 HEPiBHOCTEH CHUCTEMU
2x > 24,

3x < 39.

CmpaBpai, kokHa 3 HepiBHOcTe# 2 - 12,6 > 24 ta 3 - 12,6 < 39 € mpa-
BUJIBHOIO YMCJOBOIO HEPiBHICTIO. ¥ TaKOMy pasi KamyTh, 1o umcio 12,6
€ PO3B’SA3KOM Ifi€i cucTeMy HepPiBHOCTEI.

Po3sé’askom cucmemu Hepienocmell 3 00Hi€I0 3MIHHOI0 HA3UBAIOTH 3HA-

YeHHs 3MiHHOI, 3a AKOTr0 IPAaBUJILHOIO € KOKHA 3 HEPiBHOCTElH CUCTEMHU.
W

Po3p’a3aTu cucreMmy — O3Haua€ 3HAWTH Bcei il po3B’sa3Ku a60 JoBeCTH,
[0 PO3B’A3KiB HeMac.

W

2. Po3B’'A3yBaHHA cUCTEM NiHIMHUX HepiBHOCTEN
3 OOHIEIO 3MiHHOIO

IITo6 posB’sA3aTy cUCTEMY HepiBHOCTEM, MOIiJIbHO AOTPHUMYBATHCSA Ta-
KOl mocJaimoBHOCTI miit:
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1) po3B’A3aTH KOKHY 3 HEepPiBHOCTEH CHCTEMH;

2) 300pa3uTH MHOKMHY PO3B’A3KiB KOJKHOI 3 HEpPiBHOCTEHl Ha KOOpP-
OUHATHIA NPAMiii;

3) 3HAWTHU MEepPeTHH IIUX MHOKHMH, AKUH i OyJe MHOKMHOIO PO3B’A3KiB
CHCTEMN;

4) 3anucaTH BigmoBigb.

P

3x + 2 < 11,
W Poss’sazaTu cucreMy HepiBHOCTE:
4x — 5 < -1.

. Posg’asanna. TlocTyoBo 3aMiHIOOUM KOMKHY 3 HepiBHOcTeil cucremu iit
PiBHOCHUJIBHOIO IIPOCTIIIOI0, MATUMEMO:

3x + 2 < 11, 3x <9, x < 3,

4x - 5 < —-1; 4x < 4; x < 1.
IlosmaurnMo Ha KOOPAWHATHIN NpPAMIA MHOMXKHWHY Yucesl, AKi 3a-
JOBOJLHAIOTh HEPiBHiCTh X < 3, i MHOKUHY UHCe], AKi 3aJ0BOJIbLHAIOTH

HepiBHicTh x < 1 (Mau. 7.1). MHOXKHHOIO PO3B’SI3KiB CHUCTEMH € IePeTUH
IIUX MHOKUWH, TOOTO IIPOMisKOK (—2°; 1].

7 / 2
S o
1 3

Max. 7.1

RY

Bionogidv: (—o°; 1].
BigooBinp mo cuctemMu MoXKHA 3amucaTd U Tak: x < 1.

W 3HaiiTu BCi IiJi pO3B’SA3KM CHCTeMHU HepiBHOCTeIA:
. (x +1)2 — x(x + 4) > 5,

x X
— 4+ — > 5.
2 3
Posé’azannsa. CoouaTKy 3HaiigeMo BCi PO3B’A3KU CHUCTEMMU:
x2 +2x+1-x2 —4x > 5, —2x > 4, x < -2,
3x + 2x > -30; 5x > —-30; x > —6.
Maewmo, 1110 PO3B’SIBKOM CHCTEMHU € IIpoMixkoK (—6; —2) (mama. 7.2).
Z 7% A >
N NN “x
—6 -2
Maun. 7.2

Temep sHalmeMo BcCi IiJri umesa, M0 HaJEXKAaTh I[LOMY IIPOMLKKY. HumMu
oyayte —5; —4; —3. Orike, HiIuMU PO3B’SIBKAMHU CHUCTEMM € UHcIa —5;
—4; -3.

Bidnosidv: —5; —4; —3.
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QITTED Poaw mmocret: | "% 7
03B fA3aTHU CUCTEMY HEPIBHOCTEM:
v HeP 0,3x - 6 < 0.

0,3x — 6 < 0; 0,3x < 6; x < 20.

300pasuBIIN OTPUMAaHiI po3B’A3KM HEPiBHOCTEH CHUCTEMH Ha KOOpPAMHAT-
Hitt mpamii (man. 7.3), 6aumMo, IO CHIMBHUX PO3B’A3KiB BOHU He Ma-
I0Th, TOOTO IIEPETHH HPOMIiMKKIiB € IIOPOKHBOIO MHOMKKUHOW. OTiKe, cu-
cTeMa pPO3B’A3KiB He Mae.

Y,

0,2x -5 =2 0, 0,2x > 5, x = 25,
Poss’azannsa. Maemo:

A >
O '\k ':x:

20 25
Maxa. 7.3

Bionosiov: po3B’A3KiB HEMaE.

3. Po3B'a3yBaHHsa noaBiiHMX HepiBHOCTEN

Posrasuemo cmocobu po3B’sA3yBaHHSA IOABIHHUX HepiBHOCTEIi.

OGO EL YR Poss’sasatu HepiBHiCTE 5 < 2x — 7 < 9.

Posg’azanns. IlepenuiiteMo moABiliHy HepPiBHICTH y BUTJIALL CCTEMU He-
piBHOCTEI:

2x — 7 > 5,
{Zx -7 < 9.
Posp’saxeMo 1110 cuUCTEMY:
2x > 12, x > 6,
{Zx < 16; {x < 8;
Bidnosiov: (6; 8].
PosB’sa3aHua MOKHA IOJaTH i B iHIITOMY BUTJIAII:
5<2x-7<9 [+7
12<2x <16 |:2
6 < x < 8.
Bigmosias MoKkHaA 3ammcaTu Ire i Tak: 6 < x < 8.

omke, 6 < x < 8, TobTO X € (6; 8].

@ HaegiTb npvknag cuctemu fniHiiHUX HepiBHOCTeN 3 odHieto 3aMmiHHo. O Lo HasuBaloTb
PO3B’AI3KOM CUCTEMW HepiBHOCTEN 3 ofHieto 3MiHHO? O Lo o3Havae pos3B’sizatn cu-
CTEMY HEpPIBHOCTEN 3 OfHIE0 3MiHHOK?

o

s Fosb sximo 3agaui ma buxonaime bnpabu

@ 7.1. (Ycno.) Uu € uncaa —2; —1; 0; 1; 2 po3B’si3KaMu CUCTEMIH:

1 x < 2, 9 x < 3, 3 x =2 -2, 4 x <",
)x<0; )x>—1; )x>0; )x>8?
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O
7.2. (YcHo.) Hu € unciyio 2 po3B’A3KOM CHUCTEMMU:
1 2x > 3, 9 x = 2, 3 x <0, 4 x = -9,
)x<4; )3x<1; )3x>0; )5x<11‘7
7.3. Yu € umcao —1 po3B’A3KOM CHCTEMI:
x > 0, x <0, x = -1, x < -1,
1) 2) 3) 4)
x < 2 x > =2 x < 3; x > 3?7

7.5.

7.6.

7.7.

7.8.

7.9.

7.4. Po3B’si:KiTh cucTeMy HepiBHOCTe:
1 x > 4, 9 x > 4, 3 x < 4, 4 x < 4,
)x>8; )x<8; )x<8; )x>8.

PosB’sikiTh cucTemMy HepiBHOCTEH:

x > 3, x > 3, x < 3, x < 3,
1) 2) 3) 4)
x > b; x < b x < b x > b.
3HAHAIThL PO3B’SA3KU CUCTEMHU HEPiBHOCTEMH:
3x > 6, 3x < 21,
—4x > -12; -3x > —6;
1
l 2,
0,2x > 1, i
0,5x < 1; Y1
0% < 4 ~x <5

PosB’saxiTh crucTemMy HepiBHOCTEI:

1 < 9
5x < 15, 5x < -5, 0,1x > 3, . 3*r S =
—4x < 8; —Tx > -28; 0,2x < b5; ) 1

—x <5

8

3HaAUAIT, MHOKUHY PO3B’A3KiB cucTeMu HEpiBHOCTEIR:
x—-3>1, x—-7< -2, x+ 2 < -7,
1 2 3
x -6 < 3; x -2 > 8; —2x = -14.

Posp’sikiTh cucTemy HepiBHOCTEH Ta BKaXKiThL ABa umciaa, M0 € ii
PO3B’A3KaMM:

3x +1 < bx, 1,5x +1 > 3x — 2,
5,2 — 2x > 0,6x; x—2< 4 - 2x;

9-x < 6x + 2, 4 4(x + 2) < bx,
) x + 8 < 11; x—-3>4,2.
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7.10.

7.11.

7.12.

7.13.

7.15.

7.16.

7.17.

7.18.

7.19.

56

O
PosB’s:xiTh cucTeMy HepiBHOCTEM Ta BKaXKiTh ABa UHCIa, IO € ii pos-
B’ A3KaMM:

{x+4>3x, 2{6x—1<7x+2,
1,4 - 0,2x > 0,b5x; x+ 1,8 > 2;
{1,5x -1> 6,5x — 2, " {3(x+2) <A4x,
x+6>2 - 3x; x-2,7>3,3.
Pos®’sa:KiTh moABifiHY HEPiBHICTB:
1)3 <3x <9 2)—1<g<4;
3)0 < x -1 < 5 4)11 < x + 7 < 138.
Pos®’saKiTh moABifiHY HEPiBHICTH:
1)2 < 2x < 10; 2)—2<§<1;
3)10 < x -5 < 12 4)7 < x+1 < 8.
3HaugiTH yci migi pos3B’aA3Ku MOABiIHOI HepiBHOCTI:
1) -2 < 2x < 4; 2)1,3 < x -2 < 2,7.
7.14. PosB’s:KiTh cucTeMy HepiBHOCTEI:
2,6 + x > 5(x+1) -6, 1,23 - x) - 6 > 0,8,
){Z(x—0,4)—x < 3x — 0,5; ){—2(1—4x)—x < bx.

PosB’s:KiTh cucTeMy HepiBHOCTEI:
)2(x+3)—4<x—8, 2) —(x—-2)-3(x —-1) < 2x,
6x +1 > 3(x + 1); 12 — (x — 3) < bx + 5.

3a AKWMX B3HaAUeHb X KOMHa 3 QyHKOiH y = 0,3x — 1,8
iy=0,2x — 1,2 nabyBae HeBi'€eMHUX 3HAYEHD?

3HalaiTh yci 1isi po3B’A3KU cuCTeMU HEPiBHOCTEM:

x x+1 5x + 3

= > . < 3x + 1,
1)15 6 2) 2

2(x +1) +5 > 3(x — 5) + 14; (x+1x -2 < x(x — 3) + 6.
3HaNgiTH yci mMigi pos3B’A3KM cCUCTEeMU HepiBHOCTEe!:

£>x_3, 3x_1<x—2,
1)52 3 2) 4

3(x+1) -5 < 2(x —3) + 4 (x-2)x -5 2 x(x +1) — 29.

3HaNIiThL CyMy BCiX IiJiMX po3B’A3KiB cuCTeMM HepiBHOCTeH
x(x —2) > x2 — 45,
x 2x 6

3 5 5
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7.20.

7.21.

7.22.

7.23.

7.24.

7.25.

7.26.

BigTaxk misHaeTecd, CKiIbKU Memaseill 3700yJa KOMaHIa YKpainu Ha
ITapanimmitickkux irpax 2024 poxy B Ilapuxki.

3HaAUAITL HaliMeHIIIe I[ijie YMCJI0, IO € PO3B’I3KOM CHCTEeMMH:
5C@x - 1)+ 3 > 2(x — 1) + Tx,
{6(1—x)+2 Z 3(x+1) - Tx;
3x + 2
2) 2
(x +95)(x —3) =2 x(x —1) — 21.
3HangiTh, HafibiabIIIe Iijie YMCjo, IO € PO3B’A3KOM CHUCTEeMMU:
32x —2)+7 > 4(x -1) - 13,
{5(1—x)+3 Z 2(x +1) - 2x;
5x + 1
2) 3
(x + 2)(x —5) 2 x(x +1) —10.

> 2(2x + 1),

> 4(2x + 1),

VkpaiucbKkuii 06opelb TI'PEKO-PUMCBLKOTO CTUIIIO
/HKan BeleHIOK Mae yHiKaIbHY KOJIEKIIiI0O HATOPOL,
3 MiKHapomHMX TypHipiB. Po3B’sKkiTh cucremy

. o lx(x-1)—(x-1)2>3-x, oL
HepiBHOCTEH SHANAITE
(2x —9)(2x +9) < (2x —1)2.
mobyrox 101x,, me x, — HaWOLIBIIWHA IiaWi

poO3B’A30K cuCTeMU HepiBHOCTel, BiATak gi3HaeTe-
ci, axoro poky JKaH 3100yB cBOIO HaWBUIIY Ha-
TOPOAy — CTaB OJIMHOIiMCBKUM UEeMIIiOHOM.

3HaUAIThL 00JIaCTh JONYCTUMUX 3HAUEHb 3MiHHOI y Bupasi:

1
1)V2x + 7 + 1 - 5x; 2)/0,3x — 6 + —————.
J rp—

4x — 8

3HauaiTL 00J1aCTh BUBHAUEHHA (PYHKILII:

1
1)y = V10 — 2x + +/3x + 18; 2)y=—J7
2x - 0,8

+ 4/3x + 0,06,

3HaNIiTh MHOKUHY PO3B’A3KiB IOABiiHOI HEPiBHOCTI:

1N0<X_1<2 2)-2<-X13<4
3 2

35 < X1 4 4)0<1‘32x<8.

PosB’sikiTh moABiliHY HepiBHICTD:

-1<2+1<o; 93 <-Xir1<;
3 5

34 <31 o5 2 <1=%% 9

2
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E 7.27. Po3B’s:KiTh cucTeMy HepiBHOCTeI:
20 -1) -3(x-2)+ x <0,
{1,3x(x -2)-0,4 < x(1,3x — 3);
2,5x - 0,58 - x) - 1,6 < x,
){x + 2,1 > 1,62x — 1) — 2x;
5 {2—x> 2x(x — 3) — x(2x — 5),
5 —-10x < 3x(2x — 4) — x(6x — 2);

X X 5x
—+=4+T>—=,
4 2 3 6
x—7—x<£+4.
8 8

7.28. Po3B’s:KiTh cUCTEMY HEepiBHOCTEI:
4(x — 3) — (x + 5) > 3(x — 2),
2(x + 3) — 5(x — 6) > 4(x — 2);

6(x —1) — 3 < 23x — 4),
) x(x —2) > (x + 3)(x — 3) — 11.

7.29. 3HaliAiTh 00/1aCTh BU3HAUECHHA (PYHKILII:

1 1
)y =+vx -3+ + ;
)Y JT-x «%-25
2)y = 2x - 8

+ X + 7
JIo-x  0,2x -1

7.30. 3HaiigiTh 00JaCTh JONYCTUMUX 3HAUEHb 3MIiHHOI y Bupasi:

HVJx -2+ ! + 1 ;

J6—x  x%2 - 16
2) V3x - 6 + 0 + a .
J8 —x  0,5x — 1,5

7.31. OgHa cTOpoHa TPUKYTHHKA AOopiBHIOE 4 cM, a apyra — 5 cm. Axoro
3aBIOBXKKM MOKe OyTH TpeTsl CTOPOHA TPUKYTHHKA 34 YMOBH, IIO
ioro mepuMeTp MeHIuM Bixg 15 cm?

7.32. Ha omuy MaInHy HABAHTAMKUJIN 2 SIUKHU 3 OTipKaMU 10 24 KT KOKeH
9999, i 8 amuKiB i3 momimopamu. IIpu mbomy 3arajgbHa Maca Oyjaa He Oilb-
mroro Hixk 260 xr. Ha apyry Mammey HaBaHTAKWIN 3 AIUKHA i3 1u0y-
Jeio mo 18 Kr i 7 amukiB i3 moMigopaMu — TaKuX caMUX, IK HA IePIIy
mamuay. Ilpu 11boMy 3arajabHa Maca OyJa He MeHInoo Hixk 230 xr.
1) CxaanmiTe cucTeMy HepPiBHOCTEH A BHM3HAUYEHHS MAacHu OIHOTO
AMUKAa 3 MoOMizopaMu, mosHAYuBINU ii uepes x (y Kr).
2) 3HaiimiTh X, BBAsKAIOUM, IO X JOPIBHIOE IIJIOMY YHCJIY KiJorpamis.
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7.33. Anica kynusia 3anucHukK 3a 80 rpH i 5 pydyoK, 3amJIaTHBIIMN 3a BCIO

9994, TIOKYIKY MeHIe Hik 114 rpu. Aminma kynuiaa cketuOyK (sketchbook)

IS MAaJIIOBAaHHS 3a (2 rpH i 4 Taki cami pyuku, Ak i Axica, samia-
THUBIIIY 3a BCIO MOKYHOKY OinbIrne Hixk 92 rpH.

1) CkanagiTs cucTeMy HepiBHOCTEM MJis1 BUBHAUEHHSA I[iHU OXHiel pyd-
KU, IOo3HAUUBINU ii uepes x (y I'pH).
2) 3HalmiTL X, BBAXKAIOUM, I1I0 X JOPiBHIOE ITiJIOMY YMCJY I'PUBEHbD.
@ 7.34. 3a AKUX 3HAUEHDb @ 00MABA KOPEHi PiBHAHHA
x2 —(a@a+1Dx—-(a+2a2) =0
MeHImi Bix umcsaa 1?
7.35. 3a AKUX 3HAUEHDb @ 00MABA KOPEHi PiBHAHHA
X2 -Q@a+Dx+ (@ +a)=0
6inprmri 3a uucio 3?

@ Bnpabu gad nobmopenns

7.36. Bigomo, 1o a > b. IlopiBusaiire:

Da-21ib-2 2) 2,1a i 2,1b;
3)—a i —b; 4) —8a i —8b.
7.37. 3HaliAiTh MHOMKUHY PO3B’sA3KiB HEPiBHOCTI:

1) -5x > 15; 2)7 - x <11 - 3x.

7.38. [loseniTs HepiBHicTs x2 — 8x + 19 > 0.
7.39. Hamo: 10 < x < 20; 2 < y < 5. OmiHiTh 3HaUeHHA BUPAasy:
1) 2x — y; 2) .
Yy

7.40. 3a AKUX 3HaUYeHb m piBHAHHA mx2 + 4x — 8 = 0 He Mae po3B’a3KiB?

Kummeba mamemamuka
7.41. dpunka Ta fdca pasoM MOMKYTH IIPOIOJOTH TI'PAAKY 3a 24 XBUJINUHU,

a Aca camocrTiino — 3a 40 xBuInH. 3a CKIJIBKK XBUJIHUH CAMOCTiIIHO
MOJKe IIPOIIOJIOTH IO IPAAKY SApuHKa?
@ Likabi 3agaui — nomipkyi ogHaue

7.42. (Hayionaavna oaimniada CIIIA, 1979 p.) Po3p’s:kiTh piBHAHHA
xt + x5 + x5 + ...+ xf, = 1599 y minux uymenax.

AOMALLIHSA CAMOCTIMHA POBOTA N2 1 (8§ 1-7)

3aedannsa 1-12 marwms no wvomupu eapianmu 8ionosideii (A-I"), ceped
AKUX auue o0uH € npasuavHum. Obepimv npasuavHuil apianm 8i0nosidi.

@ 1. ke i3 ynces € pos3B’sI3KOM HepiBHOCTI 3x > 7?
A. -2 B.0 B.5 T.2
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2. VYKaXiTh IPOMiKOK, 300pasKeHU Ha MaJOHKY 1.
& A >
A.[-1; 2] B.[-1; 2) -1 2
B. (-1; 2) I'. (-1; 2] Mau. 1
3. fIka 3 HepiBHOCTeIl € JIiHiNIHOIO 3 OmHi€I0 3MiHHOMIO?
1
A.3x2 > 7 B.2+1>0 . <3 I.-3x > 8
2x + 7
@ 4. Bigomo, 1110 @ > b. YKaKiTh NpaBUJIbHY HEPiBHICTE.
A.%<§ B.a+3<b+3 B.-a>-b . —-2a <-2b
5. Posp’sikiTh HepiBHicTh —3x < —15.
A. [5; +00) B. (—90; 5] B. [-5; +0) I'. (—o0; —5)
x—-2<17,
6. Posp’s:kiTh cucTeMy HepiBHOCTei
2x =2 —4.
A.[-2; 3) B.[-2;9) B. (—o0; —2] I'. (9; +00)
@ 7. YRaxKiTh Bupas, 110 HaOyBae MOJATHUX 3HAUeHb 3a OyAL-AKOTO 3Ha-
YeHHS X.
A. —x2 B. x2 B. x2 +2 T. (x + 2)2
8. Bimomo, mo 2 <a <5il <b < 3. Ouinirs 3Hauenua supasy 4a — b.
A.5<4a-b<19 B.7<4a-b<17
B.-1<4a-b<14 I'.9<4a +b<23

9. VrKaKiTh umcyo, 110 He HAJEXKUTh MIPOMiKKY [2,5; 3,6).

AT B. V14 B.Z% r. Vi1

E 10. Bigomo, mo 1 < x < 2. OniHiTh, 3HaUeHHA BUPA3y

5- 2x
A.3l< 30 < E B. 30 >0
3 5 - 2x 7 5 - 2x
B.15 < 30 < 30 .10 < 30 < 30
5 - 2x 5 - 2x

11. 3uafigiTe 006JacTh BU3HAUEHHS (PYHKITiI
1 1
=x -2+ + .
Y J8 —x x2-9
A.[2;8) B.[2;3)uU((3;8 B.[2;3)uU((3;8 T.(2;3)u(3;8)
12. 3a AxkuxX 3HaUeHb ¢ piBHAHHA 2x2 + 4x — ¢ = 0 He Mae po3B’A3KiB?

A. Takux 3HaAUeHb C He icHye B.c<-2
B.c< -2 I.c>-2
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YV 3aedanni 13 nompi6bHo ecmanosumu 8i0nosidnicme Mixc iHpopma-
uierw, no3nauernow yuppamu ma oyxeamu. O0na 6ionosidv 3aiisa.

i3| 13. VYcranoBiTh BigmoBimHicTh Mixk HepiBHicTiO (1-3) Ta MHOMKMHOIO
Bcix ii posp’saskis (A-T).

Hepisnicmb MHoxcuna 6cix po3s’s3kie HepigHocmi
1. x(x+2)—x2>4x -8 A. (—o0; +00)
x+2 x B. (—o0; 4)
2.7 4" B. (~o0; —4)
3. 2x+3) —x>x T. (4; +0)

3ABAAHHSA AAS MEPEBIPK.U 3HAHb AO § 1-7
E 1. Yu € posB’a3xoM HepiBHOCTI x + 2 > 7 umcio:
1) 6; 2) -2; 3) 0; 4) 10?

2. 3anumnriTe TPOMiKKM, 300paskeHi HA MaJOHKax 1-4:

& . 7 6

-1 7 3 g
Maua. 1 Mau. 2
& > & 6 >
5 2 9
Mau. 3 Mai. 4
3. Ski 3 HepiBHOCTE! € JiHIMHUMU 3 OTHi€I0 3MiHHOIO:
1
1) -2x2 > 6; 2) —2x > 6; 3) 2 + 3 < 6; 4)T>6?
—2x
@ 4. Bimomo, o x > y. IlopiBHatiTe:
Dx+2iy+ 2 2) 2x i 2y;
3) —x1i-y; 4) —4x i —4y.

5. Posp’s:kiTh HepiBHiCTH:
1) 2x =2 §; 2)3x -4 > x + 8.

x+3<bH,

6. Posp’s:KiTh cucTeMy HepiBHOCTeI:
4x > —4.

i3 ] 7. Hamo: 5 <a <101i 2 < b < 4. OuiHiTh 3HaUeHHA BUPA3Y:
a
1) 3a — b; 2) —.
) 3a ) 5

8. Hosexirs HepiBHicTb: a? + 6a + 10 > 0.
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i4 9. 3uaiigiTe 06sacTh BU3HAUYEHHSA (PYHKILII:

y=+x-1+ 1 + 1

Ji—x x2-4

odamroei 3a60annsa

(4] 10. Dosexite mepismicTs (a + 1)(b + 4)(a + b) > 16ab, sxmo a > 0,
b > 0.

11. 3a aKuX 3HaUYeHbL a PiBHAHHA ax? — 2x — 8 = 0 He Mac KopeHiB?

BITPABU AAS TOBTOPEHHS PO3AIAY 1

Ho§1
@ 1. Bigomo, mo m < n. Yu MoKe pisHUIA m — n OOPiBHIOBATH:
1) 2,7; 2) m; 3) 0; 4) -3,8?
@ 2. JloBemiTh HEPiIBHICTH:
1) 5(m - 3) > bm — 16; 2) x(x + 10) + 2 > 10x;
3) (@ - T)(a +10) < (a + H(a - 1); 4) p(p - 6) < (p - 3)%
2)2
5)(m - 22 > —4m; 6)p+1<%.
@ 3. fIri 3 HepiBHOCTEN € MpPaBUIBLHUMU 3a OyAb-AKOTO 3HAUEHHSA A:
1) (2a + 3)(2a — 3) < 4a? + 2a; 2)(8a — 2)(3a + 2) < 4942 + 0,6;
3) (8a — 1)2 > 3a(3a - 2); 4)7 > (3 - a)3 + a)?
4. JoBexniTh HEPiBHICTH:
1) (m +1)2 > 4m; 2) (4b — 1)2 > -8b;
2
g1 4 H" <L
2 m2 +1 2

5. TIlopiBHsaiiTe UMCJIO M 3 HyJIEeM, AKIIO:

1) 2m < 3m; 2)m > bm; 3) -m < -3m; 4) -4m > —bm.
E 6. oBeniTh HEpPiBHICTH:

1)m2 +n?2 -2m —4n +5 > 0; 2) 2x2 — 10xy + 25y2 > 0.
7. llopiBHaiiTe Bupasu:

1) a® — b3 i ab(b — a), axmo a > b;

2)m2+n21%,mcm;om+n:1.

8. Bigcraun Bing cesa go micta cranoBuTh 20 KM. OgHa 3 BEJOCHUIIEUCTOK
mpoixaJia i3 cejia B MicTO I MOBepHYJacsa Ha3aJ 3i CTaJIO0 IIIBUIKICTIO.
Hpyra BesocunegucTKa ixaja i3 cesia B micTo 3i mBuakicTio, Ha 1 KM/Tox
0iJIBIIIOI0 3a IMIBUIKICTH IepIroi, a moBepTaJjacsa Hasald 3i MIBUIKiCTIO,
Ha 1 KM/TOoA MEHIIO0 Bif mBuUAKOCTI mepimoi. KoTpa 3 BesocueaucTok
BUTPATHUJIA MEHIIIe Yacy Ha Jopory?

62 O




HepisHocmi

O

9. TlopiBHsAliTe WJOIMY KBajapaTa, CTOPOHA SKOTO JIOpiBHIOE 6 cm, i3
IIJIOIITEI0 MOBiJILHOTO MPAMOKYTHHKA, IO MAa€ TaKWH cCAaMHUI IepuMeTp,
SK Y KBajpara.

o § 2

E] 10. ¥V axuX HepiBHOCTAX IIPAaBUJILHO IepPeHeceHo JONAHOK 3 omHiei uac-
TUHU Y APYTY:
1)ym+ 2 > 5, 2yp-7<2, 3)9>t-17, 4)10 < a + 5,

m > 5+ 2 p < 2+T; 9+ 7 >t 10 -5 < a?

@ 11. 3amiHiTL «3ipouKy» 3HaKOM > UM < TaK, 00 TBEPAKEHHsS OYJIO

MIPaBUJIbHIIM:

1) akmo p > —2, To —2 * p; 2) agmo 2 < a,a <b, 10 2 * b,
12. TlopiBusaiiTe umcia:

Dx+5iy+ 5, akmo x < y; 2)m—-21ip— 2, axkmio p > m;

3) -m i —n, axkio m > n; 4) 12a i 12b, aximo a > b;

d
5) -3k i —3p, armio p < k; 6) % i g, akmo d > c.

@ 13. Bimowmo, 1m0 a > b. PoaMicTiTh y MOPAAKY 3poCTaHHA ducaa: a + 3,
b-3,a+1,a,b-1,0.

14. Bigmowmo, 1mo x > y > 0. ITopiBHsalTE:
1) 8x i 5y; 2)3x1iy; 3) 3x1i-y; 4) -5x i —2y.

15. Omimirts 3HaueHHA BUpPAaA3y, AKII0 1,7 < \/§ < 1,8:

3 1
1) —24/3; 2) 3 + /3; 3) 4 — 53; @%;—E.
16. Bimowmo, 1o a > 5. IlopiBHANTe 3 HyJIeM 3HAYEHHA BUPAa3y:
1) 2a - 10; 2) 35 — Ta.

E 17. OniniTs 3HAUEHHA BUPABY |x|, AKIIO:
1) -8 < x < -1; 2) -7 < x < 1.

o § 3

@ 18. BukonaiiTe nmouJsieHHe OJaBaHHSA HEPiBHOCTEI:
Dx<31iy<-3; 2)a>51ib>"T1.

19. BukoHaliTe IouJIeHHE MHOKE€HHSA HEePiBHOCTEM:
Dm>21in>1; 2)0<p<3il0<g<b.

@ 20. OmigiTh 3HAUEHHA BUPA3Y:
Dab+2,axkmo 1 <a<5i2<b<T;
2) p2 — 3, akmp 2 < p < 4.

@ 21. Yu npaBubHE TBEPJKeHHA:
1) akmo x > 2, To x2 > 4; 2) axmpo x < 2, To x2 < 4;

1 1 1 1
3) aKmo x > 2, To — < —; 4) axmo x < 2, To — > —?
x 2 x 2
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22. OrminiTe nyomy S KBajgpara 3 mepuMmerpoMm P cm, akimo 36 < P < 40.

23. IlopiBHANTE, AKIIO MOYKJINBO:
1) 3m + 2n i 12, axmo m > 3, n > 2;
2)b—-3ai0, akmo a > 8, b < 6;
3)x —3yil, akmo x < 8, y < 0;
4)p—-4¢gi 9, akmo p < 8, g > 1.

E 24. OniHiTh 3HaUYeHHA BUPA3Y:
1) a?2 + 2a + 5, agmpo 0 < a < 1;
2) x2 — 4x, axkmo 1 < x < 2;

3)l+%,HKIJ_I010<a<20,5<b<10;
a

1
4) — - T, axmo 1 <m < 2,0,3 <n<0,5.
mn

25. IlopiBHaliTe X Ta y, AKImo x > a2 + b2, y < 2ab.

26. Ormiuite nuomnry S IPAMOKYTHHKA 3 mepuMeTpoM P ¢M i CTOPOHOIO a cM,
axmro 20 < P < 30, 5 < a < 6.

27. HoeniTh HepiBHICTH:

1 1
1)(x+2y)(—+—J 2 4, axmo x > 0, y > 0;
2x y

1 4 9
2) (—2+ pnj[—z + an(—z + ij > 48, axmo m > 0, n >0, p > 0.
m p n

o § 4
ill 28. Aki i3 umces —2; —1; 0; 1; 2 € po3B’A3KaMU HEPiBHOCTI:

1) x<1; 2)x < 1; 3) x> 1; 4)x > 1?7

i2| 29. 3anuniite TpM uYMciaa, AKI € posB’sskamMu i HepiBHOcTi x < 5,
i HepiBHOCTI X > 3.

30. fAxi iz umcesn —1; 0; 3; 5; 7 3aA0BOJBHAIOTHL HEPiBHICT:

1
1)—+x > 2 2)Jx + 2 < 3?
x
i3 | 31. BmaiigiTe yci HaTypaabHi poss’asKky HepiBHocTi 1 < — < 5.

X

i4- 32. fIki 3 posB’aAsKiB piBHAHHA x3 + 2x2 — x — 2 = 0 € po3B’aA3KaAMU
HepiBHOCTi X2 + 4x + 3 < 0?

o § 5
@ 33. 3anuIiTe OyAb-AKi Tpu ywmciia, 110 HaJeXKaTh IIPOMIiMKKY:
1) (-4; 5); 2) [-2; 7); 3) [3; +0);
4) (=005 7); 5) [1; 17; 6) (—o0; —1);
7) (45 9]; 8) (5; +0); 9) [-10; -9].
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i 2] 34. 3ualigiTe HaliMmenIe i HalbigbIIe IIiJai Ymesaa, 0 HAJIEXKATh IPO-
MiXKKY:

1) (=7; 8); 2) [-2; 3,8);
3) (-0,2; 4]; 4) (-2,99; 1,98).

2 1
E 35. 3amuIlliTh TPU YMCIA IPOMiKKY [—?; —?}

36. Uum MmorkHa 3HalTHM HaliMeHIe i Haiibijbllle umcJa, IO HaJEXKaau O
mpomikKy [1,6; 1,8)?

o § 6

@ 37. Posp’saKiTh HepiBHICTE:
)x -3 > 0 2) x + 5 <0; 3)x+2>0; 4) x — 6 < 0.

i2. 38. Po3B’s:KkiTh HEpiBHICTh i BKaKIiTh ABa OyAb-AKUX IIiJINX YHCJIA, IO
€ ii posp’sa3Kamu:

1) —4x > 12; 2) 3x < 0; 3) bx < -15; 4) 2x =2 1.
39. 3HaHIiTP MHOMKWHY PO3B’I3KiB HepiBHOCTI:
1)1 +8x < 9; 2)4x — 7> 0;
3)2 + 6x < 5+ Tx; DA4x +7 > 6x + 1;
95)3x = bx + 1; 6)4+ 11x <5 + 12x.
40. Po3B’sKiTh HEepiBHICTH:
1) 2% g x>0 3y 4% . o
5 7 3
nX <o L2y g3 F <
8 20 2

41. 3a AKUX 3HAUYEHb X 3HAUYEHHSA BUpasy 2x + 3 MeHIIe BiJ BigmoBimHOrO
3HAUYeHHs BUpasy 4x — 77

42. 3a AKVX 3HAYEeHb Y cyMa APoOiB % i % binmbira 3a 10?
@ 43. Po3B’sa:KiTh HEpiBHICTE:
1) 6x2 > 48 + 3x(2x + 4); 2) (x + 6)(8x — 8) > 20 + 3(x2 - 1);
3)x—2_x+1<5_x; 4)x—1<3x_1+x+1.
4 3 12 3 2
44. 3HaWmiTeP HaWMeHIIe Ilijle 3HAYEHHA X, 3a SKOT0 3HAUEHHSA IPOO0y

3x +5 ) 5x - 7
MeHIIIe BiJi 3HAUEeHHS APO0Y 3

45. 3HaimiTh 00J1acTh BU3HAYEHHA (PYHKILII:

Dy = 26+ -8 2y -2

46. JloB:kuMHA OXHiel CTOPOHM HPAMOKYTHHKA HOpPiBHIOE 6 cMm. fIKoio Mae
OyTH IOBXKMHA APYroi CTOPOHHU, IT00 IIEPUMETP HPSIMOKYTHUKA OyB
6inpmmum 3a 30 cm?
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E 47. CnoprcMeH-TIapaaiMIIienb 3pobuB
10 mocrpinmiB mo wmimeni. 3a KokeH
BJIYYHUN IOCTPiJA HOMY HapaxoBYIOTH
3 ouKM, a B pasi mpomaxy BigHimMaioThb
Bim pesyabrary 1 ouko. Bimomo, 1110
nmapajimMiiennb HabpaB Oijgbime  HiK
17 ouok. fIxoro Moxke OyTH KiJgbKicThb
HOTo BIAYYHUX IOCTPiIiB?

@ 48. 3a AKX 3HAYEHb @ PiBHAHHI:

1) ax? + 2(a + 1x + (a + 3) = 0 He Mae KOpeHis;

2) ax?2 — (2a + 1)x + (a + 2) = 0 Mae gBa PiBHUX KOPEHi?
49. Po3sB’s:KiTh HepiBHICTH AJIA BCiX 3HAYEHD a:

1)5 +ax > a - 3x; 2)3(a —x) <9 - ax;
3)(a+ x> a2-1; 4) (a2 — 4)x < a — 2.
Ho§ 7
2x > 4,
@ 50. Yu € po3B’A3KOM CHCTeMM HepiBHOCTEN YHCJIO:
3x < 12
1) 3; 2) 2,7; 3) 1,7; 4) -1,8; 5) 3,9; 6) 4?
@ 51. 3HaAHAITP MHOXKHNHY PO3B’I3KiB CHCTEeMU HEpPiBHOCTEMH:
x—-3 =2 0, x-T7<0,
1) 2)
x+5 = 0 x+ 8 > 0
1
dx > -4, g > b
) . 4)
20 <6 1<
7
52. PosB’sKiTh cucTeMy HepiBHOCTeH Ta BKaKiTh Tpu umcJia, AKi € ii pos-
B’sIBKaMU:
2x -1
2 4 <
. Sx+2>x+4, 2% +2 > x -1, o) 2 %
AEISEY 3x-1<1-2x apy
3 — < 1.
7
53. PosB’skiTh moaBiliHY HepiBHICTH:
1)4 < 8x < 24; 2)1<%<2;
30,1 <x+1< L1 1H7,9<x-2<8,1.
@ 54. 3HalAiTh HATYpPaJbHi PO3B’SI3KU CHUCTEMHU HEPiBHOCTEM:
2x+3>3x+4 x(x — 1) > (x + 1)2,
)4 5 8 ’ 2)1x «x
3 - 2x > 5(x — B); 23>
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55. 3a AKUX 3HAUYEHH X:
1) sHaueHHA ABOUYJEHA 2X — 5 HAJNEXKUTL TPOMIKKY [—4; 2);

x .
2) 3HaueHHA IPo0y —5 HaJeXKUTh MpoMikKy [0; 4]?

56. Posp’s:xiTh cucTeMy HepiBHOCTeM:

-9 < —x < -5,

L[4 -1<0, )
-2 < 2x < 6 )5<_2x3‘1

57. Cyma HaTypaJIbHOTO YMCJIa Ta IMOJBOEHOT0 HACTYIHOTO 3a HUM UYHCJIA
oimpira 3a 57. CymMa IILOTO CaMOT0 YMCJA i IIOTPOEHOTO IIOHEePEeTHbLOT'O
yucJia MeHIIa Bif 74. 3HAUIITEL I1e HaTypajbHe UHCJIIO.

< 10.

58. 3HaAiTH yci PO3B’A3KM CUCTEMU HEPiBHOCTEM:

x> 1, 2x > 8, x—-7>0,
1) {x > 8, 2) {3x < 36, 3){—x > -8,
x < 11; —-x < -b; 2x — 15 =2 0.
E 59. 3a AKMX 3HaAUEeHb @ CUCTEMa HEPiBHOCTell Mae PO3B’SIZKU:
3x > 15, x+a =2 0,
{x < a {3x < -6?

60. KinpKicTh ogMHUHIIL AEAKOro IBOIM(MPOBOro umcja Ha 1 Oijgbira sa
KiJBbKicTb #oro mecsaTkiB. SHAWIITL Ile UMCJIO, SAKIIO BOHO OiJbIlle 3a
45, aje menie Bix 66.

E 61. Po3p’s1:kiTh cucTeMy HEPiBHOCTEIA:
x > 2, x > 6,
){x<a; 2){x>a.
62. 3HaliTL 3HAUEHHS @, 3a AKUX ONUH i3 KOPEHiB pPiBHAHHA
x2+x+(@a-a?=0

MeHInH Bim HyJ s, a apyruii — 6imbmmumii 3a 0,5.

63. 3HaiiniTh, 3a AKMX 3HAUEHb a4 O0MABA KOPEHi KBaJApPaTHOTO PiBHAHHA
6x2 + (5a + 2)x + (a%2 + a) = 0 Hamexars npoMikky [-4; 0].
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TonobHe b posgini |

YUCIOBI HEPIBHOCTI
a>b, akmpo a — b > 0;
a<b, akmio a — b < 0;
a=>b, akmo a — b = 0.

OCHOBHI BJIACTUBOCTI YUCNOBUX HEPIBHOCTEN

Baacmugicmv 1. Axwo a > b, mo b < a;
akwo a < b, mo b > a.
Bracmusicmv 2. Axwo a>bib>c, moa>c;
akwo a <bib<c,moac<c.
Bracmugicmv 3. Axwo a > b i p — 6ydv-ake wucno,
moa+p>>b+p.

Hacanigoxk. Akwo a > b + m, moa — m > b.

SAKII0 meaxkuii JOAAHOK II€PEHEeCTH 3 OAHiel YacTHHU IIPaBUJILHOI He-
pPiBHOCTI y APYyTry, 3MiHUBIIIN IIPU IILOMY MOTr0 3HAK HA MPOTUJIEKHUM, TO
OJIepP>KUMO NIPaBUJIbHY HEPiBHICTB.

Baacmugicmv 4. Axwo a >bi p > 0, mo ap > bp;

akwo a>bip <0, moap <bp.

SIKI10 00MABI YacTUHYM IIPaBUJIBHOI HEPIiBHOCTI ITOMHOMKUTU ab0 IOXmi-
JUTHU Ha OOHE M Te caMe HOoAATHE YMCJO, TO ONEePKUMO IPaBUJIbHY HEpiB-
HiCTB;

AKIT0 O0MABi YaCTUHU IIPABUJILHOI HEPiBHOCTI IIOMHOMKUTU a00 ITOfi-
JWUTH Ha OJHE I Te caMe BiJ’€éMHe UMCJIO Ta 3MiHHUTK 3HAK HEPiBHOCTi Ha
OPOTUJIEKHUN, TO OAEePKUMO IIPABUJIbHY HEPiBHICTD.

Hacaigoxk. Axmo ab > 0, T00T0 a i b — uncaa ogHoro 3Haxka i a > b,

TO — < —.
a b

Baacmusgicme 5 (Ipo nouieHHe AoAaBaHHA HepiBHOcTell). Axkuo a <b
ic<d,moa-+c<b-+d.

Bracmugicmsb 6 (Ipo mouseHHe MHOXKeHHA HepiBHoOcTel). Axuio a < b
ic<d,o0ea,b, c,d— dodamni wucaa, mo ac < bd.

Hacnigox. Akmo a i b — momarHi uncaaia <b, To a® < b", nen —
HATypaJbHEe YHUCJIO.

HEPIBHOCTI 31 3MIHHAMMU

Po3é’a3kom Hepiénocmi 3 OJHi€I0 3MiHHOIO HAa3WBAIOTh 3HAYEHHS
3MiHHOI, IK€ IepPeTBOPIOE ii Y IIPaBUJIbHY UMCJIOBY HEPiBHICTH.

Po3sé’a3zamu HepiéHicmb O3HauUae 3HaiTH Bci i1 pos3B’aA3Km abo moBec-
TH, 110 PO3B’A3KiB HEMAE.
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YUCIOBI NMPOMDXKH

Ilepemunom 4Hucnosux npomisxickié Ha3UBAIOTh MHOMKUHY, III0 Mic-
TUTBb yCi Umeiia, sIKi HaJIe)KaTh KOMKHOMY i3 IIMX MPOMisKKiB.

O6’cOHaHHAM YUCTLOBUX NPOMINCKIE HABUBAIOTH MHOXKUHY, III0 CKJIa-
IaeThCA 3 YCixX umces, AKi HaJeKaTh Xoua 0 OJHOMY i3 IIMX IIPOMIiKKiB.

NIHIWHI HEPIBHOCTI 3 OOHIEIO 3MIHHOIO.
PIBHOCWUJIbHI HEPIBHOCTI

HepiBrocTi BUrIsany ax > b, ax > b, ax < b, ax < b, 1e x — 3MiHHA,
a i b — pgeaxi umcya, HaBWBAIOTDH NIHILHUMU HepiGHOCMAMU 3 OOHIEN
3MIHHO10.

HepisnaocTi, 1110 MaioTs ofHi ¥ Ti cami PO3B’I3KM, HABUBAIOTH PLEHOCULb-
numu. HepiBHOCTi, 1110 He MalOTH PO3B’I3KiB, TAKOK € PiGHOCULbHUMU.

[ HepiBHOCTEe! 3i SMiHHUMM CHPaBAMKYIOTHCA 81ACMUB0CMI, TTOHi0-
Hi 0 THX, IO COPABIKYIOTHCA i AJaA PiBHAHB:

1) aximo B OyAb-sAKili YaCTMHI HePiBHOCTI POBKPUTH AYKKHK a00 3BeCTHU
MoAiOHi HOJaHKM, TO OTPUMAEMO HEPiBHICTb, PiBHOCHJIbHY HaHiif;
2) AKII0 B HEPIiBHOCTI IepeHecTu MOJAaHOK 3 OfHiel il wacTuHu B iHIIy,
3MiHUBIIM HOT0 3HAK Ha IPOTUJIEKHUI, TO OTPUMAEMO HEPiBHICTH,

piBHOCUJIBLHY HaHiii;

3) AKIIO OOMABI YACTMHU HEPiBHOCTI MOMHOMKUTH a00 MOTiJIUTH HA ONHE
¥ Te caMe IoAaTHE YKCJIO, TO OTPUIMAEMO HEPiBHICTDH, PiBHOCUJIBHY Oa-
Hilf; K0 0O0MABI YaCTMHM HEPiBHOCTI MOMHOMKUTH a00 MOMiIUTH Ha
ofHe ¥ Te came BiJ’€MHe UMCJIO, 3MiHMBIIN IIPK I[LOMY 3HAK HEPiBHO-
CTi Ha IIPOTHJIEKHUH, TO OTPUMAEMO HEPiBHICTh, PiBHOCWJIbHY MaHIiN.

HepiBaocti Burmsagy Ox > b, O0x 2 b, Ox < b, Ox < b a0o He MalOThH
PO3B’A3KiB, 200 iX PO3B’A3KOM € OyIb-sIKe ULCJIO.

CUCTEMMU NIHINHUX HEPIBHOCTEMN
3 OOHIE 3MIHHOIO

Po3sé’a3kom cucmemu HepiéHOcmell 3 00Hi€I0 3MIHHOM HA3UBAIOTH
3HAUeHHs 3MiHHOI, 3a AKOI'0 IPABUJILHOIO € KOKHA 3 HEepPiBHOCTEH Ccu-
CTEeMU.

abo moBecTH, IO PO3B’A3KiB HeMae.

PO3B’A3YBAHHA CUCTEM HEPIBHOCTEW

1106 posB’si3aTH cUCTEMY HEPiBHOCTEM, HOIIiJILHO MTOTPUMYBATUCS Ta-
KOI IIOCJIiTOBHOCTI miii:

1) po3B’A3aTy KOKHY 3 HEPiBHOCTEH CHCTEMU;

2) 300pasuTy MHOKMHY PO3B’SI3KiB KOKHOI 3 HEPiBHOCTEl HA KOOPIH-
HaTHiN npaMii;

3) 3HANTHU ImepeTHH IINX MHOMKMH, KUK i Oyge MHOXKNHOIO PO3B’A3KiB
CHCTEMU;

4) zamucaTy BigmoOBinh.
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dickanbHa maTemaTtuka'

HepxaBHUN GromxkeT YKpaiHM — Lie nnaH hOpMyBaHHSA Ta BUKOPUCTAHHS (piHaH-
COBMX pecypciB Ans 3abesneyeHHs 3aBAaHb i OYHKLUIN OepXXaBu, SKi BOHA 34iNCHI0E
Yyepes opraHy AepxaBHOI BNaaM Ta MiCLEBOro caMoBpsiAyBaHHSA NPOTSArom GraKeTHO-
ro nepiogy. OCHOBHMM [pxeperioM popMyBaHHSA OepXKOoKETY, 30KpeMa HarnoBHEHHS
noro QoxidHoi YacmuHu, € NoAaTKu.

ITomaTku — 1e 000B’sA3KOBi maaTerki, Ki MaloTh citauysaTu (ismuHi
Ta IOPUANYHI 0cO0M MO JAep:xkaBHOTO Orom:xkery. Posmip i TepMmiHm cmiatu
MOJATKiB yCTAHOBJIIOIOTHCSA 3aKOHOIABUO Ta MEPiOAUUYHO IIePerjsamailoThCH.
Poswmip momaTkoBUX HapaxyBaHb (cmaska nodamky) MOXKe BCTAHOBJIIOBA-
THCA 1 y BijcoTKax, i B abcosmtoTHi# cymi. Haibinbin BaroMmuMu AJIst JOXiz-
HOI WacTuHU OI0/KeTy € nodamokx Ha dodarny eapmicmb (IIB) Ta edunuil
couyianvruil enecorx (ECB). IIJIB cmimauye mokymellb 3a craBkoioo 20 % Bin
BapToCTi TOBapy (mociyiyru), ajme o0JiKk Ta nepepaxyBaHusa III[B mo mep:kas-
HOTO OIOIKeTy 3mificHI0e mpoaaBelh (momaTtkoBuit areHTt). €CB craAryerbes
3 poboTomaBIliB 3a cTaBKoi 22 % Bim GoHAY 3apobiTHOI miaaTtu?. IloxigHa
YacTHHA JepP KaBHOTO OIOMKeTy 3aJeKUTh TaKOoXK 1 Bij iHIIMX BUAIB IIO-
IaTKy, 30KpeMa IoJaTKy Ha moxoau (ismuHUX 0ci0, aKIIM3HOTO IOAATKY,
MUTA, IMOJAATKY Ha MPUOYTOK MiAIIPUEMCTB, TPAHCIOPTHOTO TAa 3€MEJbLHOTO
OOoJaTKiB ToIo (3HANAITH AeTaJbHY iH(MOpMAIlilo IIPO PisHi BUAM IOJATKIiB
B YKpaiHi camocTiiiHo).

CupobyiiTe caMmocTiiiHO po3B’A3aTyM KijabKa 3amad, OB A3aHUX 3 OIIO-
MaTKYBaHHAM.

1. B Vkpaiui 2015 porky omomaTKkyBaHHIO mignaraau 15 888 aBTomo0i-
JiB, a 2016 pory — 138 249 aBTomo6iniB. CTaBKa TPaHCIOPTHOTO IOJATKY
Ha Ko:kHe aBTO ctaHoBuja 25 000 rpu Ha pik. Ha ckinbku 6inbilte Hagxo-
IKeHb 34 PAaXYHOK TPAHCIIOPTHOTO IMOJATKY OTPHMAaB Aep:KaBHUM OIOIMKeT
Yxpaiau 2016 poxy mopiBuszo 3 2015 poxkom?

2. CraBka nogaTky Ha 3emuio 2016 poxy craHosmia 3,66 rpa 3a 1 M2,
ajle B JeAKHX HAcCeJeHHX NYHKTAX el IIOJATOK MOYKe HapaxXOBYBATHCSH
3 meBHUM KoedillieHTOM, HAIPUKJIAA y KypopTHiil wmicmeBocti Kapmar,
y3m0B:K y30epe:x HopHoro it A30BCHKOIO MOpPiB, Y T'yCTOHAcCeJIeHuX obJjac-
HUX IIeHTpax Toimo. Ha cKinpKu OinbmimM Oyae po3Mip 3eMeabHOI'o IIO-
naTky B Kuesi, ik B Ofeci, 3a 3eMenpHy ALIAHKY miomieo 250 M2, AKIIO
B Kuesi #1 Omeci njys cTaBKM 3eMeJILHOTO HMOJATKY HOiOTh KoedilienTu mia-
BuIlleHHA: KoedimieuT 3 — aasa Kuesa i xoedimient 2 — gaa Omecu?

3. 3a BUKOPHCTAHHI y CaJOBOMY OYAMHOUKY ras3 poauHa BacuieHKiB
cIlaTUIa CyMy, AKY 3a3HAUeHO B JOTOBOPi 3 IiAIPMEMCTBOM, IO HAZIAE
nocayru 3 razomnocrauanud. Posmip IIIB npu nvomy ckiyaB 670 rpa. dAry
cymy (6e3 II[IB) sasHaueHO B OOTOBOPi HA Ia30mOCTAYAHHS OJIA CAJOBOTO
OyauHOUKA ITiel poamum?

1Ta, mo Mae CTOCYHOK IO IOZATKOBOI IOJITUKU Jeps:KaBU.
2CraBku HoJaTKiB yKasaHo ctaHoM Ha 2025 pik.
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4. Poguna BoituykiB 3a mucroman 2025 porky orpumajia Bim « YKpTee-
KoMy» paxyHOK y pos3Mmipi 480 rpH. CKiJIbKHK KOIIITIiB OyZe IepepaxoBaHO
ax IIJIB micas cmiaTyé poAWHOIO ITHOT0 PAXYHKY?

5. Biiicexosuii 36ip 2025 pory ckaaB 5 % Big sapobiTHoi maatu. Yeci
TPOE UJEHIiB AeAKOl POAMHHN IIPAIIOIOTh i OTPUMYIOTH 3apobiTHY mJIaTy.
3apobitua mimara 6arbka craHoBuTh 14 000 rpu, martepi — 15 000 rpw:,
a cuaa — 11 000 rpH.

1) fAxy sarajabHy CyMy BifiCbKOBOTO 300Dy CIJIATATDL UJEHU Iiel POIUHUI

3a Micanp?

2) fAky saraabHy cyMy BifiCbKOBOTO 3060pY CILJIATHUTH POAUHA IPOTATOM

ycboro 2025 poKy, AKIO 3apIjaTa yCcix WiIeHiB poAuHM 3a Iieii IIe-
pionx me saminroBagacsa?

6. CuratuBmu 18 % momarKy Ha moxonu (QismuHmx ocié Ta 5 % Biii-
CbKOBOro 300py Bim cBoel 3apo0iTHOI IIIaTH, OXOPOHEIh CYIepMapKeTy
orpumaB 9240 rpwu.

1) Axwuiit posamip 3apobiTHOI mIaTH B OXOPOHIA?

2) Ckinpku €CB Ha MicAllp IJIATUTH BJACHUK IILOTO CyIIepMapKeTy I0
IEep KaBHOI'O OIOJXKETy 3a OXOPOHI[IB, AKIIO B HHOI'O IIPAIIOIOTH TPHU
OXOPOHIIi Ta HAUAJIBLHUK OXOPOHH, 3apobiTHa maara skoro B 1,5 pasa
OinbIna 3a 3apobiTHY ILJIaTy OXOPOHIA?
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| POBAIA 2

| KBAAPATUYHA ®YHKLUIA
| Y UbOMY PO3AIAI BU:

\ O o3HanomMmuTecs 3 KBaapaTUYHOK (DYHKLUIE;

O pi3HaeTecs, WO Take Hyni yHKUii, MPOMIKKM 3HAKOCTaNoCTi, 3pOCTaHHS
“ i cnagaHHA yHKUii; HanBinbLue Ta HANMEHLLE 3HAYEeHHsT GOYHKLT;

| O HaBYMTeCH BMKOHYBATU NEPETBOPEHHSA rpaduikiB yHKLii; OyayBaTu rpadik
\ KBagpaTMYHOI OyHKLii; pO3B’A3yBaTN KBagpaTHi HEPIBHOCTI Ta cCUCTEMM OBOX
“ PiBHSIHb APYroro cTeneHs 3 ABoMa 3MiHHUMM.

L P
e~

§ 8. DyHKuUin. O6nacTb BUSHAUEHHS,
o6nacTb 3HaueHb i rpadik GyHKuii

' 1. O3HauveHHs PyHKuUiT

~ 7

-

,Y@\,Y 7 KJjaci B mouYaJy BHUBYATH OJHE 3 HANBAKJIMUBIIINX MaTeMa-
TUUYHUX IMOHATL — IMOHATTA (PYHKITiI.
Haramaemo, 1110

dynryiero (a00 GYHKYIOHALLHOIO 3aNesxncHicmio) Ha3UBAIOTh TaKy
3aJIe’KHICTh, 3a AKOI KOKHOMY 3HAUYEHHIO HE3aJIeKHOI 3MiHHOT
3 JeAKOl MHOKMHM BiAIIOBiZa€ €quHe 3HAYCHHA 3aJIEKHOI 3MiHHOI.

Heszane:xxHy 3MiHHY IIfe Ha3WBAIOTH APZYMEHMOM, a IIPO BAJIEIKHY
BMiHHY KaKyTh, III0 BOHA € pYHKYi€l0 Bin 1boro aprymeHTy (abo mpo-
cro (yHKmico). Hanpukaag, akmo y = x2 + 2x — 3, T0 y € QyHKIico
BiJT apryMeHTy X.

N J

3aje:kHicTh 3MiHHOI y Bix 3MiHHOI X 3amMcylOTh Tak: y = f(x) (uura-
I0Th: «Y AopiBHIOE f Bix x»). CumBosOM f(x) MO3HAUAIOTH 3HAUEHHS (QYHK-
mii a1 3HadYeHHsS apryMeHTY, IO JOPiBHIOE X.

W Posrasuemo ¢yuxmito y = 5x + 2. MokHa 3ammcaTu, IO
* f(x) = 5x + 2. 3naiifemMo, HaUpHUKJIaj, 3HaUeHHA QYHKIII anxa x = —3,
To0TO 3Haigemo f(—3). Maemo: f(—3) =5 - (-3) + 2 = —13. 3uaiigemo 3Ha-
YyeHHd Iiel QPYHKIII B TOUKaX, 10 AopiBHIOIOTL 0; a; b — 1. MaTrumemo:
f0)=5-0+2=2;
f(a) = 5a + 2;
f—-1)=5(b-1)+2=5b—- 3.
3ayBaxKuUMoO, III0 B 3amucy BUTIAAY Yy = f(x) 3amicTh f MOKHA BUKO-
pucToByBaTHu I iHIi OYKBU: &, @, Y TOIIO.
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KBadpamu4Ha pyHKYis

2. O6nactb BM3HAYEHHS Ta 0651aCTb 3HAYE€Hb PYHKLLI.
Hanb6inblie i HaMeHLe 3Ha4YeHHS PYHKLT

¥Yci 3HaueHHA, AKUX HaOyBa€ He3ajie:KHA 3MiHHA (aprymMeHT), yTBOPIO-
I0Th 061acmb 6U3HAYEHHA (DYHKYIL.

Yci 3HaueHHs, IKUX HAOyBa€ 3ajieKHA 3MiHHA, YTBOPIOKOTH 00/14CMb
3Ha4eHb QYHKYIL.

Hatubinvwum 3HavenHaMm @YHKYII HA3UBAIOTh HAWOiIbIIE YHCIO
3 obsacti 3HaueHb (YHKNII, a HaUMeHWUM 3HAYEHHAM (QYHKYIL —
BiIIOBIiAHO HaMMeEHIIIe TaKe 4HCJO.

v

Ob6nacts BusHaueHHSA QYHKINL y = f(x) 3azBuuail mMo3HAYAIOTH Uepes
D(f), a obsacts 3sHaueHb — uepes E(f).

Axmo gyHKIio sagaHo (popMmyJo i He 3asHaueHo ii 00/1aCTh BHU3HA-
YeHHS, TO BBAYKATHMEMO, II[0 I 00JIACTh CKJIAJAETHCA 3 YCiX 3HAUEHB ap-
TYMEHTY, 3a AKuUX (opmysa QyHKIII Mae 3MicT.

W 3HaiTu 00JIacTh BU3HAUEHHS (PYHKITiI:
. 1
° 1) f(x) = x2 - 2x + 3; 2) g(x) = ——.
x —8
Posé’asanna. 1) Bupas x2 — 2x + 3 mae 3micT 3a OyAb-SKOro 3HAYEH-

HA X, TOMy 007acTI0O BU3HaueHHA QPyHKIII f(x) = x2 — 2x + 3 € MHOKUHA
BCix umcesi, TOOTO IPOMIiKOK (—00; +00),

2) Bupas Mae 3MicT 3a Oyab-AKOro 3HAUEHHA X, KpiM uwmcaa 8,

TOMY 00JIaCTIO BU3HAUEHHS (QYHKII g(x) =
U (8; +00).
Bionosiov: 1) (—o0; +00);  2) (—o0; 8) U (8; +00),

3 € MHOKHHA (—°; 8) U

BinmoBiap MmoskHa 3ammcaTtu Iie i Tak:
1) D(f) = (-©0; +00); 2) D(g) = (-°0; 8) U (8; +).

W 3HaTu 00JIaCTh BU3HAUEHHS Ta 00JIaCTh 3HAUEHb (PYHKILIi:

- 1) flx) = 2 — x2; 2) g(x) = Jx — 2 + 2 — «x.
Posé’asannsa. 1) Obnactio BusHaueHHA QYHKIIL f(x) = 2 — x2 € mpowmi-

JKOK (—00; +00), I110o6 3maiiTu obJsiacTh 3HAUeHb (PYHKIIiI, oIliHMMO BHpas
2 — x2 gna Bcix 3HaueHb x. Maemo:

x2 >0 | (-1
-x2 < 0 |[+2
2 - x2 < 2.

Omxe, f(x) < 2 3a OyIbL-AKOro 3HAUEHHS X, TOOTO 006JIACTIO 3HAYEHb
dbysrmii f(x) = 2 — x2 € npomiskox (—o°; 2].
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2) Ob6macTh Bu3HaueHHA (GYyHKILL g(x) = Jx - 2 + V2 — x cruagaerses
3 TaKUX 3HaUeHb X, IJA AKUX BUpasu X — 2 i 2 — x ogHOUAcHO Haby-
BalOTh HeBix eMHHX 3HaueHb. OTixe, 1100 3HaAlTH IIi 3HAUEHHSA, Tpeba
pos3B’sA3aTH cuCTEeMy HepiBHOCTeIi:
x—-2 20,
2—-x =2 0
OueBUIHO, ITO0 PO3B’sA3KOM cucTteMu € x = 2. Omke, 00JacTh BU3HAUEH-
Ha GyHKOI g(x) = Jx - 2 + +/2 — x micTuTs aume uncio 2. 11106 3HAaii-
™1 06JIaCThb 3HaUeHb Iiel (GyHKIii, moctaTHbo obumcautTu g(2). Maemo:
g2 =2-2+J2-2=0.
Bidnosiov: 1) o0nacTh Bu3HAUeHHA: (—00; +00), 00JacTh B3HAUEHD:
(—o0; 2]; 2) obaacTh BUBHAUEHHS: YMCJIO0 2, 00JIacTh 3HaUeHb: umcyo 0.

b

VANAY

5 x 2
TOOTO N 9

Bigmosias MoKHaA 3ammcaTu i KOPOTIIIE:

1) D(f) = (=005 +90); E(f) = (-°0; 2J;

2) D(g) = {2} E(g) = {0}

3ayBasKUMO, 10 HANOLILIINM 3HAaUeHHAM (QYHKIII f(x) = 2 — x2 € uuc-
JI0 2, a HAWMEeHIIIOTO 3HAUEeHHS B Ifiel QPYHKIIII He icHYye.

3. Npadik dyHKuT

]
~ Ud
’@\ Haranaemo, 1m0

zpagikom (pyHryii Ha3SUBAIOTh MHOSKUHY BCiX TOUOK KOOPIUHAT-
HOI ILTOIUHM, a0CIUCH AKMX AOPiBHIOIOTH 3HAYEHHSIM apryMeHTY,
a opaAMHATH — BigmoBiZHMM 3HaYeHHAM (YHKILii.

GTOEEER [To6yaysaru rpadik dyaKIEi f(x) = |x|. Ba rpadikom smaiiTu
HalibinbIle 1 HaliMeHIle 3HAYeHHSA PYHKILII.

Posé’azannsa. ObnacTio BusHaueHHA GYHKNIi f(x) = |x| € MHOXHUHA Beix
ymces. 3a O3HAUEHHAM MOJAyJA Uucaa MaeMo: |x| = x, axkmo x > 0,
i|x| = —x, axmo x < 0. Omxe, GyHKHio f(x) = |x| MoxHAa 3anucaTu Takx:

x, axmpo x = 0,
f(x) =
-x, aimpo x < 0.

T'padik miei pyurmii Ha npomixkky [0; +00) 306i-
raetbed i3 rpadgikom ¢yHKII y = x, a Ha Opo-
MisKKY (—°0; 0] — iz rpadikom pyHKIii y = —x.
Ipadix GyrKHii f(x) = |x| 306paxeHo HA MaIOH-
Ky 8.1. OueBugHO, I0 HANMEHIINM 3HAUCHHSIM
miei pyukIii € uncao 0, a HalbGiJIbIIIOr0 3HAUEH-
HS He icHye.

Bionosgiov: HaliMenilie 3HaueHHs (GyHKIII — O,
HaMOiIBIIIOrO He icHYE.
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MounHaroum i3 XVII cT. yHKUIA € OOHUM 3 OCHOBHUX

@w MaTeMaTUYHUX | 3aranbHOHAYKOBUX MUTaHb. Lle noHaTTA

i JOHWHI Bigirpae 3Ha4yHy porb Yy PO3yMiHHI peansHOoro CBITY.

laes dhyHKLiOHANBbHOI 3anexHOCTi NpUILLINa 3 AaBHUHW. [i 3MICT MOXHa 3HaiTW

B NepLUMX MaTtemMaTtuyHMX CiBBIOHOLUEHHAX MK BENMMYMHAMM, Yy NEPLUMX NpaBunax

4in Hag ymucnamu, y neplumnx doopmynax ans 3HaxomkeHHs nnow, ta ob’emis. Tak,

BaBUITOHCbKi BYEHI LLe 4—5 TUCAY POKIB TOMY eKCnepuMeHTanbHUM LLUISIXOM YCTaHo-

BMMM, WO NNoLla Kpyra € (PyHKUieo Big noro pagiyca, v gisHanucs ii HabnmkeHy
dopmyny: S = 3r2.

Mpuknagamn TabnmMyHo 3agaHnx OYHKLUIN € acTPOHOMIYHI Tabnuui BaBUMOHSH,
AHTWYHKX FPeKiB Ta iHAINUIB, Tabnuui kKBagparTiB i KybiB YMcen, SKi TakoX 3aCTOCOBY-
Banu BaBUMNOHSAHM.

MounHaroumn nuwe 3 XVIII cT. y 3B’A3Ky i3 NPOHUKHEHHAM Y MaTteMaTuKy igei 3mMiH-
HUX MOHATTSA (PYHKUiT CTano 3acTtocoByBaTUCS LiNKoM cBigoMo. Y «[leometpii» [e-
kapTa i B pobotax ®epma, HbtoToHa, JIenbHiua NOHATTA yHKUii Mano iHTYiTMBHMIA
xapakTtep i 6yno nos’sasaHe abo 3 reoMeTpuyHUM, abo 3 MexaHiYHUM YSBNEHHSIM:
opanHaTV TOYOK KpUBMX — OYHKLIT Big abcumc, Wnsx i WBKMAKICTb — PyHKLUii Big Yacy
TOLLO.

Pene IlekapTt II’ep ®epma Icaaxk HrioTon Tordpin
(1596-1650) (1601-1665) (1643-1727) Jleibuin
(1646-1716)

YiTkoro ysaBneHHst NnoHATTS yHKuii B XVII cT. we He 6yno, npoTe Wwinsax 4o Tako-
ro NoHATTs npoknas PeHe [ekapT. Y cBoin «eomeTpii» 1637 p. BiH cuctemaTnyHo
po3rnsaaB nuLe Ti KpUBI, SIKi MOXXHa Oyro 3agaTty 3a A0MOMOIOK PiBHSHb, MPUTOMY
nepeBaxHo anrebpaiyHux. Tak 3'dBMnaca MOXMMBICTb 3anucyBaTh 3aranbHi op-
Mynu.

TepMiH ¢yHKUiS (B4 NATUHCBKOTO functio — BUMHEHHS, BUKOHAHHA) 1694 p. 3a-
npoBagmMB HiMeLbkniA MatemaTuk Fotdpig JlenbHiy. PyHKUisMM BiH Ha3BaB abcuuncy,
opaMHaTK Ta iHWI BiOpi3KknM, NOB’A3aHi 3 TOYKOID, L0 PyXaeTbCA B3LOBX NEBHOI NiHil.
TepMmiH «dyHKUia Big x» ctanu Bxusatu I Jlenbriy Ta V. BepHynni; nounHawoum
3 1698 p. I'. JlenbHiy 3anpoBaguB Yy HayKOBWUIA 0BIr TAKOX TEPMIHW 3MiHHa | KOHCMaH-
ma. [Ina nosHaveHHs OOBIMbHOI dyHKUii Big x WMorann BepHynni 3actocoBysas
3HaK ¢, Ha3MBa4N ¢ XxapakTepucTukoo cyHKLil. . JlenbHil 3acTocoByBaB Mo3Ha-
deHHs x', x2 3amicTb cy4acHux f,(x), f,(x), 1. Einep no3Ha4yaB dyHKLilO 5K [ (x)
3aMmicTb cyyacHoro f(x), a ’Anambep nucas Tak: fx abo f(x), To6TO NpuiLoB A0
Cy4acHOro no3HavyeHHst yHKLUIT.

SBHE 03Ha4YeHHA NOHATTA PYHKLii Bneplie gas 1718 p. oguH 3 yyHiB I. JlenbHiua,
BUAATHUI LUBELLAPCLKNIA MaTeMaTuk oranH BepHynni: «PyHKUie0 3MiIHHOT BENWUYK-
HWN Ha3nBalTb KiNbKiCTb, YTBOPEHY Oyab-AKMM CnocoOoM i3 ujiei 3MiHHOI BEMWYMHM
Ta KOHCTaHT».
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OcTaTto4yHO 03Ha4YeHHs PyHKLii cdhopMyntoBaB y CBOI Npaui «BBedeHHs1 B aHa-
ni3 HeckiHyeHHNX» (1748 p.) BuaaTHUi yyeHb MoraHHa BepHynni Neonapn Eiinep,
AKUA OeLwo 3MiHMB O3HaveHHs1 cBoro BuYutensa. OsHauums J1. Eiinep dyHKuilo Tak:
«DYHKLUis1 3MIHHOT KiNbKOCTi € aHaniTM4HUM BUPAa3oM, SIKUI CKNageHo AesSKUM YMHOM
i3 L€l KinbkocTi Ta Yncen abo cTanux Kinbkocteny. Tak po3yminu yHKLUi0 NpOTArom
mamxe Bcboro XVIII cT.

Woraunn Jleonapn Bepnappg IT’ep T'ycTas

Bepnymri Eiinep Boubiano Hipixie
(1667-1748) (1707-1783) (1781-1848) (1805-1859)

Y XIX cT. igei JleoHapga Ennepa Habynu nogansLioro po3suTKy. MoHATTS dyHKUT
AK 3aNeXHOCTi OOHIET 3MiHHOI Bif iHLLOT 3anpoBaauvB Yy HayKOBWI 0BIr YeCbKMn MaTema-
Tuk B. BornbuaHo, a y3aranbHuB — Himeupbkui matematuk I1. . Oipixne. 1837 p. BiH Tak
cdopmyrnioBaB 3arafnibHe 03HAYEeHHSI MOHATTA (PYHKLUiT: «y € PyHKLieto 3MiHHOT x (Ha
BIOPI3KY a < x < b), AKLLO KOXXKHOMY 3HAYEHHIO X (Ha LIbOMY Bifpi3Ky) BiAMOBIAAE LIiNIKOM
BM3HAYEHE 3HAYEHHS i, MPUYOMY HEBAXKIMBO, Y AKUM CMOCIO YCTAHOBMEHO L0 Bigno-
BiQHICTb — aHaniTU4YHO hopMyrioto, rpadikoM, Tabnuueto abo NPOCTO CroBamMmy.

CkOpoYeHe 11 oCcy4acHeHe came Take O3HaYeHHs1 OYHKLii TpannseTbca B Ginb-
LWOCTIi WKINbHUX NiAPYYHUKIB, Y TOMY YACTIi 'Y LIbOMY.

@ Lo HasuBatoTb hyHKuie? O Aky 3MiHHY Ha3BalOTb HE3ANEXHOK 3MIHHOK (aprymeH-
U Tom), a sky — 3anexHoto? O Lo HasuBaloTb obnacTio BU3HaveHHs dyHkuii? O Lo Ha-
31BaoTb 06nacTo 3HaveHb yHkUii? O LLlo HasnBatoTb rpadikom yHKLT?

§ Fosb ' sximo 3agaui ma buxonaime bnpabu

@ 8.1. (Vcno.) PyukIio sagano gopmyoio y = 3x — 7. Hassits ii me-
3aJIe)KHY 3MIHHY; 3aJIeKHY 3MiHHY.

8.2. 3mangiTn:
1) f(2), f(0), f(-1), axmo f(x) = 2x — 3;
2) g(0), g(2), axmo g(x) = x? + x;

x -1

x+1

3) o(—2), ¢(3), axmpo ¢(x) =

8.3. 3uangire:

1) g(1), g(0), g(—3), axmo g(x) = —x + 1;

2) 1(0), f(-1), axmio f(x) = x? — x;

x+ 2

x -2

76 O

3) v(3), y(-1), axmpo y(x) =
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O
{Z] 8.4. Hexait #(x) = x2 — x + 9. Braiigits t(-1) + #(0) + #(1), Birax

8.5.

-

8.6.

8.7.

8.8.

8.9.

JisHaeTecd, CKLIIbKYM Memajel 3700yau mapadiMImiiini YKpainu Ha 3U-
mMoBuX irpax 2022 poky.

Hexaii g(x) = 2x2 + 3. 3maiigits g(0) + g(1) + g(2),
BimTak misHaerecs, y skomy Bimi Jleca Yxpaimka
Hanucasia miapyuyHuK «CrapomaBHsS icTopid cxin-
HUX HaPOIiB».

Aeca Yrpauea

2 _
Mano: f(x) = Jx + x, 8(x) = X 1. ITopiBusaiire:
1) f(0) i g(1); 2) f(4) i g(3). ' :
Hano: f(x) = x — Jx, g(x) = x22x L O0uncriTh: e ;_rq,."“"‘
1) f(1) + g(3); 2) 1(9) — &(1). lr Ui e
3HaugiTL 00J1aCTh BUBHAUEHHA (PYHKILII:
Df@=5-35 e -k 3) p(x) = x* + 2x - 3;
3
4h)gx)=Vx +9  5)f(x) = - 6) v(x) = o ——.
3HaNaiThL 00J1aCTh BUBHAUEHHA (PYHKILII:
1) g(x) = 3x + 1 2@ =-2% Bt =T
_ o2 _10. __* . _
4) f(x) = x 3x — 19; 5) g(x) T 3 6) o(x) 3% 9

. . 1
8.10. 3HaiigiTy 3HAUYEeHHA X, 3a SKOTO 3HAUeHHA (QYHKIII y = gx - 5 mo-

piBHIOE:
1) 4; 2) —5; 3) 0; 4) -1.

8.11. 3a akoro 3HaUeHHA X 3HaUeHHA QYHKIII y = 7 — 3x qOpiBHIOE:

1) 1; 2) 7; 3) 0; 4) -5?

8.12. ITobynyiiTe rpadix GyHKILII:

Dy=2x—-17; 2)y = 3; 3)y=—§; 4)y=\/;.
x
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8.13.

8.14.

8.15.

8.16.

=

8.18.

8.19.

78

ITo6ynyiiTe rpadik GyHKITII:

4

1)y =38x - 5; Dy =—; y=-2; 4) y = x2.

x
Ha manronky 8.2 mobymoBano rpadik ¢pyskuii y = f(x), obsacTio Bu-
3HAUYEHHA AKOI € mpomixkoK [—3; 3]. 3HAUAITH:
1) /(=3), f(-1), f(2);
2) smaueHHda x, akimo f(x) = -1, f(x) = 2,5;
3) maiibinpIe i HaliMeHIIle 3HAUeHHA (PYHKILIT;
4) obyiacTb 3HaUEHb PYHKIIIT.

Maix. 8.2 Maux. 8.3

Ha manoaky 8.3 modymoBano rpadik ¢yHKII y = g(x), obsacTio BuU-
3HAUEHHS AKOI € mpoMixKoK [—2; 4]. 3HAHIITE:

1) g(=2), g(0), g(3);

2) smaueHHd x, AKIimo g(x) = 1, g(x) = —1,5;

3) Haiibinblme i HaliMeHIITe 3HAUEHHA PYHKITIT;

4) ob6sacTh 3HaAUEHb (PYHKITIT.

Ilo6GynyiiTe rpadirk mesaxoi GyHKIiI, BuU3HAUEHOI HA IIPOMIKKY
[-4; 4], HaliMeHITUM 3HAUYEHHAM AKOI € —2, a HauOiabmuM 5.

x2 +2x -5

8.17. Yu npoxoauTs rpadik pyHKIIl g(x) = yepes3 TOUKY:

1) A(0O; 5); 2) B(1; —2); 3) C(2; 7); 4) D(-1; -3)?
x2 +3x -5

+1

Yu HalexuTh rpa@iky Qyurmii f(x) = TOYKA:

1) A2; 2);  2) B(0; -5);  3) C(=1; —7); ‘“D(l; %}7

3HaNaiTL 00J1aCTh BUBHAUEHHSA (PYHKILII:

2 3x
1) g(x) = 2 _ 1 2) f(x) = 214
5 1 2
DO = o VT T
3 X
5) g(x) = m, 6) f(x) = |x| PR
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O
x 5
7) o(x) = W; 8) t(x) = m;
9) f(x) = V3x — 6; 10) f(x) = L
4x + 10
8.20. 3uaiigiTe 00J1aCcTh BU3HAUYECHHI (PYHKITII:
3 x
1) f(x) = 2 _ 4 2) g(x) = 211
4 1 3
DD = AR R
5 __2x
5) p(x) = 2.2 6) f(x) = | | Py
x 4
7) 8(x) = MT; 8) f(x) = |x N 1| ~ 2;
8
9) f(x) = V2x + 6; 10) f(x) = W

5 — x, axkimo x < -2,
8.21. Jlano dyukmio f(x) = {x2, akmo -2 < x < 1,
\/;, ario x =2 1.

Suaiiaits f(—3), f(—2), f(0), f(1), f(4).
8.22. Bigomo, 1o g(x) = kx + [, mpuuomy g(2) = -1, g(—4) = 17. 3uaugits

kil
8.23. Bigomo, mo f(x) = kx + [, mpuuomy f(1) = -4, f(-2) = —13. 3uaigits
kil
E 8.24. 3maiiniTe obnacTe 3HaUeHb (QYHKILII:
1) f(x) = Jx - 5; 2) g(x) = 3 - Vx;
3) t(x) = |x| + 2; 4) g(x) = |x| - 3;
5) f(x) = x2 + b; 6) p(x) = 9 — x*

8.25. ITobyayiiTe rpadix GyHKILii:

-x — 2, AKIO0 x < -3,
1) f(x) = {1, axmo -3 < x < 2,
x — 1, akmio x > 2;

6
—, AKIo X < -2,
x

2) f(x) = {1,5x, axmo -2 < x < 2,

6
—, AKRIIo x > 2.
x
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X + 5, aximo x < -2,

8.26. ITobyayitTe rpadirk GyuKmii f(x) = {3, axmo -2 < x < 3,

8.27.

8.28.

6 — x, akmo x > 3.

3HalgiThL 006JacTh BUBHAUEHHA (QYyHKIII Ta mobyayiiTe ii rpadik:

x2 -9 6x + 12
1) f(x) = ; 2) 8(x) = ——;
) ) =~ )80 = >
x2 +4x + 4 x| - 2
3) o(x) = ———; 4) y(x) = .
) 9(x) 19 ) |x| _9
3HaugiThL 06JacTh BUBHAUEHHSA (PyHKIII Ta mobyayiiTe ii rpadik:
x2 -1 16 — 8x
1) f(x) = ; 2) g(x) = 53—~
x +1 x4 — 2x

©O) Bnpabu grs nobmopenns

8.29.

8.30.

8.31.

8.32.

O0umCIIiTD:
1) 68 : 6° : 36; 2) (7% - 492) : 710, 3)106 : 1002
Yucao —3 € KopeHeM piBHAHHA x2 + 2x — ¢ = 0. 3HaAUAITE ¢ i Apyrui

KOpPiHb PiBHAHHA.

. Ja - b Ja ). b
CupocriTh Bnpas[ Ja - Ja + \/5] : \/;

CkinpKku KopeHiB piBHAHHA x3 + x2 — 4x — 4 = 0 € po3B’aA3KaMu He-
piBHOCTI x2 — 4 < 0?

XKummeba mamemamuka

8.33.

2025 poxry momaToxk Ha TPHUOYTOK i3 3apobiTHOI mjaaTM CTAHOBUB
18 % — xkpim Toro, i3 3apobiTHOI IIaTH yTpuUMyBaau 5 % BiHCBKOBOIO
30opy. ¥ [meskiii wkommauii sapmimata HR-mememxepru (Human
Resources) cranoBuia 16 400 rpH. fIKy cyMy KOIITiB oTpuMyBaja Me-
HeIKepKa IIicJIg CILIATH IOJaTKY Ha IPUOYTOK Ta BilicbKOBOTO 300py?

Tligzomyidmecs 4o bubuenns Hobozo mamepiany

8.34.

8.35.

SHAUIITL HYJIi QYHKITIT:

1)y = 2x - 6; 2)y = 3x + 24; 3)y=x;1; 4)y=L1.
fAra ¢irypa € rpadikom QyHKIii:

1)y = 4x; 2y = % 8)y = 8x-T;

4y = % Dy = 3 6)y = Jx?

80
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KBadpamu4Ha pyHKYis

O
8.36. ITobynyiiTe rpadix GyHKILii:
1)y = -3x; 2y = Y 3)y =2
X
8 2
hy=- 5)y = x% 6) y = Vx.

@ Likabi 3agaui — nomipkyi ogHave

8.37. 3araganu gesKe HaTypaJbHe IBOIM(pPOBE UMCIO. 3 IPABOro OOKY OO
HBOT'0 IPUIIHCAIN TAKEe caMe YMCJO i BiJ umesa, 110 Ipu I[bOMY OTPH-
MaJu, BifHAJIM KBaapaT ducja, Axke saraganu. Ilorim 1o pisHHIO
mominmunau Ha 4 % Bim KBagpara umcia, AKe 3arajgaji, YHACJIiZOK
YOro HEeIIOBHA YacTKa i ocTaua BUSABUJINCS PiBHUMHU BiJIIOBiJHO IIO-
JIOBUHI umcia, AKe 3arajajm, Ta YHCIy, AKe 3arajganan. SHaNIiTh,
AKe YHCJIO 3aragalu.

§ 9. BnactuBocTi PpyHKuiT
1. Hyni pyHKuil

4

~

Posrasuemo dyukKIio y = f(x), rpadik axoi 306pakeHo Ha MaaOHKY 9.1.
Ao x = —2 abo x = 3, To sHaueHHA (GYHKI[I AOPiBHIOE HYJIO, TOOTO
f(=2) = f(3) = 0. Taki 3HaUeHHA apryMeHTY Ha3WUBAIOTh HYJAAMU QYHKUIL.

YA

Maia. 9.1

- J

3HaUeHHA apryMeHTy, 3a fAKOro 3HauYeHHd (PYHKIIl TOpPiBHIOE HYJIIO,
Ha3UBaIOTh HY/lem (QYHKULL.

v

“ Hyni doyHkuii € abcumcamm moyok nepemuHy epagika ghyHKuUii 3 siccro abeyuc,
O @ opAMHATU UMX TOYOK AOPIBHIOTL HYNIO, a[Xe TOYKM Hanexarb oci abecuuc.

Tomy, m106 3HaiiTu HyJai GyHKIEI y = f(x), Tpeba pos3B’A3aTy PiBHAHHA
f(x) = 0.
O 81
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(5D Buaiitu myni dysrnii A(x) = x2 - 2x — 8.

Posé’aszannsa. Maemo piBEarHA: x2 — 2x — 8 = 0, 3BigKH xy=-2,x,=4.
Or:xe, —2 i 4 — Hyai QpyHKITII.
Bidnosiov: —2; 4.

O

2. NepeTtnH rpadika PyHKLUIl 3 Bicco opanHaT

I'padik, 3o0paenuit Ha MaaOHKY 9.1, mepermHae Bich abcijuc y Tou-
Kax (—2; 0) i (3; 0).

Ilei rpacgik meperuHae Takok i Bick opauuar y Touri (0; 1). AbGciuca
miei TOUKM AOPiBHIOE HYJIO, alKe TOUKA HaJeKUTL oci opaumHaT. OTXKe,
opAWHATA MOuYKU nepemuny zpadixa Gyuryii y = f(x) i3 siccio opdunam
mopisuioe uncay f(0), To6TO 3HAUEHHIO PYHKIII A4 3HAUEHHS apryMeHTa,
AKe TOPiBHIOE HYJIO.

m SHalTH TOUKU HepeTuHy rpadika QyHKmii A(x) = x2 - 2x — 8
3 OCSAMY KOOPAWHAT.
Posg’sazanns. Ockinbku —2 i 4 — Hysi QyHKIII y = h(x), To ii rpadik
mepeTuHae Bichk abcmuc y Toukax (—2; 0) i (4; 0).
Ockinbku h(0) = 02 — 2 - 0 — 8 = —8, To rpadik PyHkmii y = h(x) mepe-
TUHAE Bichk opamuar y Touli (0; —8).
Bionosios: (—2; 0), (4; 0), (0; —8).

3. MNMpoMixxkn 3HakocTanocTi GyHKLUIT

Hyai dyaknii y = f(x) (man. 9.1) posbuBaiors ii 001aCcTh BU3HAYEHHS —
npoMisKoK [—4; 4] — Ha Tpu mpomixkku: [—4; —2), (—2; 3) i (3; 4]. Hna aua-
YyeHb X i3 mpoMimkKYy (—2; 3) Touku rpadika JesxaTh BUIIe Bim oci abcruc,
a IJd 3HaUYeHb X i3 mpoMikkiB [—4; —2) i (3; 4] — HmKde Bixm oci aberuc.
Omxe, Ha TpoMikKy (—2; 3) QyHKIid HaOyBae AONATHUX 3HaUeHb, TOOTO
f(x) > 0 g x € (—2; 3), a Ha KOKHOMY 3 MPOMiKKiB [—4; —2) i (3; 4] —
Bix’eMHUX 3HAUYeHb, TOOTO f(x) < 0 mns x € [-4; —2) abo x € (3; 4].

IIpomixkok, Ha axomy (yHKIisa 30epirae cBiii 3HaK, Ha3UBAIOTH 1LPO-
Mixckom 3HaxKocmanocmi QyHryii.

IIpomiskkm [—4; —2), (-2; 3) i (3; 4] ¢ mpomiKKaMu 3HAKOCTAJIOCTi
dbyuruii y = f(x), rpadik axoi sobpakeno Ha MadOHKY 9.1.

4. 3pocTaHHsa Ta cnagaHHA PyHKLUIT

Posrasgmemo, K 3MiHIOETHCA (30iMBITYyeThCA UM 3MEHIIYETHCSI) 3HAUCH-
Hoa 1iel QyHKII 3i 3MiHoio 3HaueHHs x Big —4 mo 4.

3a rpadikomM 6aummo, 1110 3i 30iJIbIIIEHHAM 3HaueHb X Big —4 gm0 2 3Ha-
yeHHA Yy 30imbiIyeTheda (rpadik «IpAMYye» Bropy), a 3i 30iabIIIeHHAM 3HA-
YeHb X Bim 2 10 4 3HAUEeHHA Y 3MeHINyeThbcA (rpadik «mpaAMye» BHUS3).
KaxyTs, 1m0 Ha mpoMizKKY [—4; 2] dyHKIia 3pocmae (abo € 3pocmarnyoio),
a Ha mMpoMiKKY [2; 4] dyHKIIisa cnadae (abo € cnadHomw).
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DyHKIiI0 HA3MBAKOTH 3POCMAI0Y0I0 HA NESIKOMY NPOMIKKY, SKII0 HA
IIbOMY NPOMIiKKY OiJIBIIOMYy 3HAYE€HHIO apryMeHTy BigmoBimae Oinbime
3HaYeHHA (DYyHKILII.
DyHKIiI0 HA3UBAIOTh CNna0HO Ha AeIKOMY IIPOMIKKY, SKIIO Ha
I[bOMY IPOMIiKKY OibIIOMYy 3HAUYE€HHIO apryMeHTy BiamoBigae MeHIne
3HaYeHHA (PyHKIII.

v

OT:xe, 3a O3HAUEHHAM, (YHKIII0 y = f(x) HA3MBAIOTHL 3POCTAIOUOI0 HA
NeAKOMY IPOMIKKY, AKINO AJA OyAb-AKHX X; Ta X, i3 IbOI0 IPOMiXKKY,
TaKux, 10 X, > X;, BUKOHYETbCA HepiBHIicTB: f(x,) > f(x,).

Ha mamtonry 9.2 zobpakeHo rpadik dysKIii y = f(x), AKa 3pocrae
Ha npoMiKKy [a; b]. IIpu nmpomy mpomiskok [a; b] HasMBAIOTE NPOMIHCKOM
3pOCMAHHA QYHKUYIL.

va YA
|
flxg) +--------- : f(xy) 1~
) - o F) |-
| 1
L, _
0 a X; X9 b X 0 .
Maa. 9.2

Tak camo, 3a o3HaueHHAM, (DYHKIIif0 y = f(x) Ha3MBAIOTh CIIQMHOI0 Ha
JeIKOMY IPOMLXKKY, AKIIO IJadA OyAb-AKHX X; Ta X, i3 IOTO IPOMIiXKKY,
TaKHuX, IO X, > X;, BAKOHYETbCA HePiBHICTD f(x,) < f(x,).

Ha mantonky 9.3 3o00paskeno rpadixk Gyukiii y = f(x), Axa cmagae Ha
npomixkKy [a; b]. Ilpu mpomy npoMmiskoK [a; b] HasUBAIOTH NPOMIHCKOM
cnadauus QYHKYIL.

5. BnactuBocTi aesikux enemMeHTapHux GyHKLUIn
3’sicyeMO BJIACTHBOCTI AeAKMX BUBUEHUX paHilne GyHKITiil.

Posrasuaemo BiactuBocti PyHKIIl y = kx + [, ne kB # 0, Ta ii
- rpadik (max. 9.4 i 9.5).

YA YA
\ y=kx+1 (k<0)
y=kx+1 (k>0)
o
0/_1 x 0 ! x
/ k _E

Maix. 9.4 Maix. 9.5
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O
1) Ob6aacTio BusHaueHHA Ta O6JIACTIO 3HAaUeHb (PYHKIII € MHOKMHA BCix
qucel.

2) 3uaiimemo mHyai pyukiii. [[asg mporo po3s’s:xeMo piBHaHHSa kx + [ =0,
. l .

3BiIKM X = B €IMHUNA HYJIb QYHKITIT.

3) 3HalizeMo IPOMIiKKY 3HAKOCTAJIOCTI HyHKITiI.

.. ) l
Hexait £ > 0. Posp’szxeMo HepiBHicTs kx + [ > 0, 3Bigkum x > _E' Orxe,
l
y > 0, ko x > _E'

.. ) l
Posp’sixemo HepiBHicTh kx + I < 0, 3Bigru x < _E' Omxe, y < 0, Ko

l
x < ——
k

.. ) l
Hexait k£ < 0. PosB’szxemo HepiBHicTb kx + [ > 0, 3Bigku x < _E' OTrxe,
l
y >0, ko x < ——,
k
.. ) l
Posp’saxeMo HepiBHicTh kx + [ < 0, sBigku x > _E' Orxe, y < 0, Kou

x> ——.
k

4) IlepeBipumo ¢pyuKIio0 f(x) = kx + | Ha 3pocTaHHA i cnagaHHsd.
Hexait £ > 0 i x4, > x;, T06TO X, — X; > 0. Tomi f(x,) — f(x;)
=(kxy+ 1) — (Bxy+ 1) = k(x, — x;) > 0, amme £ > 0ix, —x;>0.
Or:ke, kKou B > 0, GyHKIia y = kx + [ 3pocTrae Ha (—00; +0),

Hexait £ < 0 i x, > x;, T06TO X5 — X; > 0. Tomi f(x,) — f(x;) =
=(kxy + 1) — (kx; + 1) = k(x5 — x;) <0, amxe £ <01ix,— x;>0.

Orxe, konu k < 0, @yHKIia y = kx + [ cnagae Ha (—00; +00),

5) Hait6inbmmoro i HaiMeHITIOr0 3HaUeHb (PYHKIIISA He Mae.

k
TG EL S PosriaaHeMo BiaacTUBOCTI GyHKIII y = —, ge k£ # 0 (max. 9.6
x
i9.7).

YA gA
-k >0 k
V=% y== (k<0
x
0 ;x 0 x
Mai. 9.6 Mag. 9.7
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1) O6aacTio BusHaUeHHA Ta 00JIaCTIO 3HaUeHb (PYHKIII € MHOKMHA BCixX
yuceJ, KpiM HYJIS.

. . k . . .
2) Ockinpku piBasauasa — = 0, qe k # 0, He Mae Po3B’sA3KiB, TO PYHKIIiA
x

k .
Yy = — HYJiB He Mae.
x

k k
3) Hexait £ > 0. Togi — > 0, komu x > 0, i — < 0, Koo x < O.
x x

Otxe, y > 0, Ko x > 0, iy <0, koim x < 0.

.k .k
Hexait # < 0. Togi — > 0, koo x < 0, i — < 0, woam x > 0. Orxe,
x x

y>0,xomux <0,iy <0, komu x > 0.

. k N
4) Axmio £ > 0, To QYHKIIig Yy = — cImajae Ha KOXKHOMY 3 HPOMIiKKiB
x

k
(=903 0) i (0; +00). fAxmio k£ < 0, To PYHKITiA Y = — 3pocTae Ha KOKHOMY
x

3 mpoMixkKiB (—o0; 0) i (0; +0).
5) Haii6insIimoro i HaliMeHIIIOTO 3HAUeHDb y (PYHKIII He icHye.

W Posraamemo BiacTtuBocTi QyHKII y = x2 (Mai. 9.8).

1) O6snacTs BusHaueHHS (PYHKIII — MHOKHMHA Bcix uwmces. O6sacTh 3HA-
YeHb — IPOMiKOK [0; +00).

2) PiBaannsa x2 = 0 mac equauii poss’a3ok: x = 0. Omxe, uuciao 0 — exu-
HUN HYJIb QYHKITII.

3) x2 > 0, ko x # 0, To6TO0 ¥y > 0 ;A x € (—o°; 0) a6o x € (0; +00).
3ayBasKMMoO, III0 HEMAae TAaKWX 3HAYEHb X, 3a AKUX Yy < 0, ocKinbKU He-
piBHicTh x2 < 0 He Mae pO3B’A3KiB.

4) ®yuknis y = x? cnagae Ha TpoMikKy (—o°; 0] i 3pocTae Ha MPOMIKKY
[0; +0o0).

5) Hatimenrne 3sHaueHHA GYHKITII JOPiBHIOE HYJII0, HAMOIIBIITIOTO — He icHYE.

YA 9 JA
y=x
_Jx
y=
11 1t
ol 1 x o] 1 x
Maix. 9.8 Maui. 9.9

Posrasaemo BiaacTuBOCTI QYHKIL y = Jx (maa. 9.9).
1) Ob6snacTh BusHAUeHHA Ta 00JIacTh 3HaAUEHb QYHKILii: [0; +00).
2) PiBuauua Jx = 0 mae equHNl po3B’aA30K — umciao 0, AKe € HyJaeM
GyHKITT.
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. 3) \/; > 0, xomu x > 0, To6T0 y > 0, Kooiu x € (0; +0o0). Hemae Takux

3HAUYEHb X, 00 BUKOHyBajacs HepiBHicTb y < 0, OCKiJIBKM HEpPiBHICTH

vx < 0 me mae posB’saA3KiB.

4) Oyurmia y = Jx 3pocTae Ha mpoMimkKYy [0; +00).
5) Hatimenrime sHaueHHA QyHKIi — yncao 0, Haiibiapioro — He icHYE.

CucreMaT3yeMO BJACTHUBOCTI IIUX (PYHKIIINA y TaOIUITIO.

BiacTuBOCTI MeAKNX eJieMEeHTAPHUX (DyHKITii
DYHKUIA y=—kx+1 e E )
x y=x% | y=+x
BnacTtusictb E>0 | <O kE>0 | k<0
O6acThb oo- _oo- . .
oA (005 +00) | (005 0) U (0 %) | R |[0; +00)
06acTh 3HAUEHD (—00; +00) (—20; 0) U (0; +20) |[0; +00) [ [0; +00)
Flyori x = _L He iCHYIOTH x=0 x=0
GyHKIIT k
ITpoMisKKu 3HAKO- l l x <0,
crasocri, y > 0 x>—E x<—E x>0 x<0 >0 x>0
IIpomiskky 3HAKO- l l _ _
crayocti, y < 0 R R x=0 x>0
3pocTrae Ha IPOMIMKK R - - (~00; 0), [0; +00) | [0; +00)
P PONIAEEY (0; +00) |7 ’
o _ (—OO; 0)$ _ — 00" —
Crnazae Ha IPOMIKKY R (0; +-00) (—o0; 0]
Haii6inpiiie 3HaUYeHHA _ _
GYHKIIL, Yy,
HaiimeHiie 3HaUYeHHS
0 0
byHRIIL, ¥, .0

@ LLlo Ha3auBatoTb Hynsamu gyHkuUii? O Lo HasuBalTb NPOMiXKKaMM 3HAKOCTaNoCTi (OyHK-

i

o
[ ]

uii? O dAky dyHKUil0O HA3MBaKOTb 3POCTAlOYO HA MPOMiXKKY, a Ky — cnagHoto? O Bu-
KOPMCTOBYIOYM MantoHOK 9.1, MOSACHITb, 9K 3a rpadikoM OyHKUii 3HaUTU Hyni dyHKLUIT,
MPOMIDKKM 3HaKOCTaroCTi Ta NPOMDKKM 3pOCTaHHS i cnagaHHs gyHkuii. O Cdhopmynton-

k
Te BnacTuBoCTi pyHKUiny = kx + [ (E#0),y = —(k#0),y=x2Tay = \/;
x

§ Fosb' saxims 3agaui ma buxouaime bnpabu

il | 9.1. 3ualigiTe HyJgi QYHKINI:

1)y =2x; 2) y =2 - 5x; 3) y = x(x — 2); 4)y =

x+1
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-1
1) y = 3x; 2)y=5x + 4; 3) y = x(x + 3); 4)y=x

(Ycuo.) 3pocTaouoio UM CIAmHOI0O Ha CBOil o6JacTi BuUSHAUYEHHS

1
Dy=2x+7 2 y=-3x  3)y=+x; 1y = ox?

O
9.2. 3maiizite HyJi QYyHKILI:
9.3.
€ pyHKITisA:
9.4.

3poCTanUo0 Y1 CHAJHOIO Ha IPOMiKKY (—0°; +90) € QyHKITidA:

4
1)y=-2x-5; 2)y=gx; 3)y=-0,01x; 4)y=>5x+ 137

9.5. O6sacTio BusHaueHHA QYHKINIL y = f(x), rpadik AKoi 3060paskeHO
Ha MaadioHKY 9.10, € mpomixkok [—3; 3]. 3a rpadikom 3HANIITE:

1) gyai GyHKIT;

2) IpoMiKKU, Ha AKUX (QYHKIidA HabyBae mo-
JaTHUX 3HAUeHb, i IIPOMIKKMN, Ha AKUX BOHA
HabyBae Big’eMHUX 3HAUEHb;

3) mpoMiKKU, Ha SAKUX QYHKIig 3pocTae,
i TpoMisKKM, Ha AKUX BOHA CIIAJAE;

4) 3HaueHHA X, 3a SAKOTO (PYHKIIia HabyBae
HaMOiJIBIIIOr0 3HAYEHHS, Ta HAMOiJbIIe 3HAa-
yeHHA (QYHKII; 3HaUeHHA X, 3a AKOT0 (DYHK-
nia HaOyBae HAVMEHIIOro 3HAYEHHS, Ta Hali- Mau. 9.10
MeHIIle 3HaUeHHA PYHKITII.

Obnactio BusdHaueHHA QYHKIIL y = g(x), rpadixk axoi 3o6paskeHO HaA
manouKy 9.11, € npomixkok [-3; 3]. 3a rpadikom sHAKAITH:

2) mpoMixKKM, HA AKUX (PYHKIiA HaOyBae mo-
JaTHUX 3HAUeHb, i IPOMiKKM, HAa AKUX BOHA

3) mpoMixKKM, Ha AKUX (QYHKIiIsS 3pocrae,

4) sHaueHHS X, 3a AKOro (PYHKIiA HaOyBae
HalOLJIbIIIOr0 3HAUEHHS, Ta HANOiJbIIe 3HA-
yeHHA (PYHKIIil; 3HAUEHHS X, 3a IKOro (DyHK-
miga HabyBae HaWMEHIIIOTO 3HAUEHHS, Ta HaM- Max. 9.11

3HaigiTes Hyi GyHKII (AKII0 BOHU iCHYIOTH):

3y =9 — x%; 4)y = Jx? + 5.

3HaAUAITL HYyJai QYHKII (AKIIT0 BOHU iCHYIOTH):

)y = Va2 - 1; 4)y = Vx? + 4.

9.6.

1) myni pyHKIii;

HaOyBae Big’eMHUX 3HAUEHD;

i IpoMiKKM, Ha IKMX BOHA CIIaJac;

MeHIIle 3HaYeHHA (PYHKITi.
9.7.

1) y = 5(x2 + 1); 2)y = Jx - 2;
9.8.

1) y = 4(x2 + 9); 2)y = V3 + x;
O
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9.9.

9.10.

9.11.

9.13.

9.14.

88

O
Haxkpecaits cxematuuso rpadik ¢yHKIil y = g(x), obaacTio BU3HA-
YeHHS AKOI € mpoMikoK [—3; 5], Tak, 11100:

1) gyaem (pyHKII Oym1o dmcio 2;

2) gynavu QyHKIi 6yau yucaa —1 i 4;

3) dyurIia spocrasa Ha IMPOoMiKKY [—3; 2] i cmamganma Ha TPOMIMKKY
[2; 5].

ITo6GynyiiTe rpadik ¢yuKIii Ta onumIiTs ii BJIacTUBOCTI:
1
1) y=2x —4; 2)y=—§x+2.

3a gomoMorom IporpaMu IJjas ImobymoBu rpadikiB mepeKoHaliTecs
B IIPAaBUJIBHOCTI BU3HAUEHUX BJIACTUBOCTEH (PyHKITii.

IToGynyiiTe rpadik ¢pyuKIii Ta onumIiTs ii BJIACTHUBOCTI:
1
1) y =-3x + 6; 2)y=§x—1.
3a pmomomMoroi0 mporpamMu IyA mobymoBu rpadikiB mepekoHaiiTecs

B IIPAaBUJIBHOCTI BU3HAUEHUX BJIACTUBOCTEH (PyHKITii.

9.12. He BUKOHYIOUM IIOOYIOBM, 3HAUIITHP TOUKHU IIEPETUHY 3 OCAMU
KoopamHaT rpadika QyHKITii:

x2 +2x - 8

Dy = T 2)y = Nx + 2
x_
x| -1 Va2 - 2x
3)y=|| ; 4y = ——.
x+1 x

He Bukonyoun mo0ymoBu, 3sHAWIITE TOUKM IIEPETUHY 3 OCAMU KOOP-
ouHAT rpadika QyHKIii:

2 _ Ay —
Dy x—x5; 2)y = Jx + 9;

x+1

-9 [.-2
3)y:|x| : 4)y: X +3x.

x -2 x

Ha mamionky 9.12 zo6pakeno sminu temnepatypu moBitpa T (y °C)
OPOTATrOM MePIINX THUKHIB OepesHs. 3HAUEHHA TeMIEpPaTypH, IO
cmocTepiramaca monHsg o 8:00, mo3HaueHO TOUYKAMM i AJA TOYHOCTI
CIIOJIYyUeHO IIJIaBHOIO JiiHi€to. BukopucroByouu rpagik, gaiite Bigmo-
Bifi Ha 3anuTaHHA:

1) axoio OyJia TeMIlepaTypa moBiTpa 3 Gepesus; 8 GepesHs;

2) y aki gHi Temmepatypa 6ysna 0 °C; 2 °C;

3) vy aki gHi Temmeparypa Oyisa Hukuoio 3a 0 °C; y aAKi — BHIIOIO;

4) axoio OyJyia HaAWBHUINA TeMIepaTypa IIOBiTPA HPOTATOM ITUX IBOX
TUXKHIB; Y AKUI JeHb BOHA CIOCTepiraacs;

5) aAkoro OyJsa HaHMIKUYA TeMIepaTypa IIOBiTpA IPOTATOM IIUX ABOX
THKHIB; Y SKHI JeHb BOHA CIIOCTepiraJacs;

6) mpoTAromM AKUX OHIB TeMIlepaTypa IOBiTpA 3HUIKYBaJjacs, IPOTs-
TOM SKUX — IigBUITyBaJaca?

O



KBaopamu4Ha ¢pyHKYin

IIpunymaiitTe 1ie KinbKa 3anuTaHb 3a rpadikom, oOMiHANTECST HUMU
B mapax a0o B rpymnax i gaiiTe Ha HMX BiAmoBifi.

T, °C A

=D O

A

_3—2—1?.. 1727/3/4 5 6 78 W21314 t, nHi
24

Maxa. 9.12

9.15. Ha mamroHKY 9.13 mogaHo »XKUPHUMHU TOUKAMMU I[iHY OfHiel akiil 6aH-
9999, Ky «UymoBuii» (y I'pH) Ha MOMEHT 3aKPUTTA Oip:KOBUX TOPTiB y BCi
‘ pob6oui mui 3 1 mo 12 Bepecus 2025 pory. Ilo ropusonTasi 3azHaueHo
yucja MicAld, 0 BepTUKai — iy oxHiel akiii y rpu. iad HaouHO-
CTi *KUPHIi TOUKM Ha MAJIOHKY CIIOJYYeHO IIJIABHOIO JIiHi€ro.
a, TPH A
60+
501
401
30+
20+
10+

A

1727345 8191011121314 ¢, nHi

0

Masn. 9.13

Buxkopucrosyrouu rpagik, galiTe BiAnoBini Ha sanuTaHHA:

1) akoro Oyaa minma akiiii 4 BepecHs; 8 BepecHd;

2) vy aki gHi mina akmii 6ysna 30 rpH 3a OOHY aKITiio;

3) akoio OyJjia HAWBUIIA ITiHa aKIiil y IIi OHi; Vv AKUI OeHb 1e 0yJo;
4) axoio OyJia HAWHMI)KUA ITiHA aKIiil y IIi OHi; ¥ AKKUI JeHb e 0yJIo;
5) mpoTAroM SKMX OHIB I[iHA aKIili 3HMMKYyBaJacd; IPOTATOM SKUX
oigBuUITyBajacs.

Ipoexmua dianvricms. 3HAUAITE B iHTepHeTi iHdopMarnio npo guHa-
MiKy IIiH Ha AesaKuil ToBap (IOCJyTy) IPOTATOM IeBHOro uacy. IlobynyiitTe
rpadik, mo BigmoBimae mum maHuMm. LligroryiiTe 3anmmTaHHS II0 rpadiry
IJIsT OMHOKJIACHUKIB / OMHOKJIACHUIID.
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9.16. ITo6yayiiTe rpadik GYHKIIII Ta OOUIIITH i1 BJIACTUBOCTI:
6 8
Dy =—; 2)y =-——.
x x
9.17. IToGynyitiTe rpadik GYHKIIII Ta OOUIIITH i1 BJIACTUBOCTI:
4 10
Dy=—; 2)y=-——
x

E 9.18. Ckinbku HYJIiB Mae QyHKI[id:

1) f(x) = x(x2 - 1), /|x| + 2; 2) g(x) = (x2 - 4), /|x| - 37

9.19. CrinbKu HyJIiB Mae QYHKIiA:

1) f(x) = x(x2 - 9), /|x| — 4 2) g(x) = (x2 — 9)/|x| + 27

9.20. ITo6yayiiTe rpadik GYHKIII Ta OOUIIITh il BJIaCTUBOCTI:
8
—, AKI0 X < —2,
x
1) f(x) = 42x, axkmo -2 < x < 2, 2) g(x) = x + |«].
§, AKIIo X > 2;
x

3a [momoMoroio IporpamMu A ToOymoBM TpadikiB ImepexkoHaiiTecs
B IIPAaBUJIBHOCTI BU3HAUEHUX BJIACTUBOCTEH (PyHKITii.

9.21. ITo6ynmyiiTe rpadik pyuKIrii Ta copmyaroiiTe il BIacTUBOCTI:
6
——, AKIo X < —2,
x
1) g(x) = <-1,5x, axkmo -2 < x < 2, 2) f(x) = x - |«].
6
——, AKI0 X > 2;
x

3a momoMoroio IporpamMu AjaA moO0ymoBu TpadikiB ImepexkoHaiiTecs
B IIPAaBUJIBHOCTI BU3HAUEHUX BJIACTUBOCTEH (PyHKITii.

©O) Bnpabu gra nobmopenns

9.22. IlopiBuaiiTe Uncia:

1) 24/3 i V183; 2) 372 i 243; 3) 3.7 i 8.
9.23. Po3B’sa:KiTh HEpiBHICTH:
2—x+3—x<5x—3; 2)3<1—2x
10 5 4

9.24. I3 Xepcona mo sKuromupa Buixaam omHoduacHO aBi aBTiBkm. OmHa
3 HUX pyxajnaca 3i mBuakictio Ha 10 KM/ron 6inbImoio, HixKk mgpyra,
a Tromy npudysaa B JKurtomup Ha 1 rox paniire. S3HAWAITh MIBUAKICTH
KOJKHOI aBTiBKHU, AKIIO BifcTaHb MixK MicTaMu cTaHOBUTL 560 KM.
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O
9.25. Kopeni x; ta x, piBHauHa x2 — 5x + ¢ = 0 3aJ0BOJILHAIOTE YMOBY
3x; = 2x,. 3HAIITh KOPeHi PIBHAHHA Ta KOoe(QiIlieHT c.

XKummeba mamemamuxa

9.26. Ha paxyHKY Mo6inbHOTO Temedona Borgana 6ymo 82 rpu. Ilepebysa-
oYM 3a KOPIAOHOM, XJIOMEIlb CKopucTtaBcs poyminrom. Ilicas posamo-
Bu 3 OJeHKOI0O Ha #oro paxyeky saaummiaocsa 71 rpa 50 Kom.
CKimbKM XBUJIWH TPUBAJIA PO3MOBA, AKIIO BapTiCTh OAHiel XBUJIWHU
po3MOBHU B POYMiHTYy cTaHOBUTEL 1 rpu 50 Kom.?

N Tligzomydmecs g0 bubuenns Hobozo mamepiany

9.27. 1) IlobyayiiTe B omHili cucTeMi KoopamHAaT rpadiku QyHKIiH y = 2x,
y=2x-3rtay = 2x + 4.

2) Yu napaJsenbHi 11i rpadiku?

3) Ak i rpadika pyurmii y = 2x orpumaru rpadik pysKIii y = 2x — 3?7

4) fIx i3 rpadika QyHKIii y = 2x orpuMaTu rpadik GyHKII y = 2x + 47

@ Likabi 3agavi — nomipkyd ogHave
222 221 . 444 443

9.28. ITopiBusatiTe ApodU .
333 332 666 663

§ 10. Hainpocriwi neperBopeHHs rpadikiB GpyHKUi#
Panmimre Bu OyayBanu suine rpadiku GyHKIiH BuUraany y = kx + I,
k
y="ry=x%y=rray=ll

Posrnaremo neaxi meperBopenHs rpadika GpyrKIii y = f(x), 110 3HAYHO
30iIBIINTD Hmepeik QyHKIii, rpadgikyu AKUX MU 3MO:KeMO OyIyBaTH.

1. Mo6ynoBa rpadika ¢yHkuily = f(x) £ n, nen >0

W Ilo6bynysaTtu B omHili cumcTeMi KoopAuMHAT Trpaiku QyHKITiI
ty=+x,y=vJx - 2ray=+x + 3.

Posg’azanns. CrmouyaTKy cCKJIageMoO TabJHITI0 3HaUYeHb KOMKHOI i3 mmx
(GYHKIIN Oa8 KiTbKOX 3HAYeHb apryMeHTY:

» x|l o | 1] 4] 9|16
y = V= o | 1] 2| 3| 4
y=vJx-2 | 2|-1| 0| 1| 2
y=x+3 | 3 | 4 | 5 | 6 | 7
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+ 3 Tabauii 3po3yMino, 10 AJIA OSHOTO I TOr0 CAMOT'0 3HAYEHHSA X 3HAUEH-

HA QYHKHOIT y = Jx -2 Ha 2 MeHIIle, a 3HaAUeHHA (PYHKIII y = Jx + 3
Ha 3 OinbIne 3a BigmoBigHe 3HAUEeHHA (PYHKINL y = Jx. Tomy rpadir
byurmii y = Jx - 2 mosxna MoOyAyBaTH IILIAXOM II€PEeHEeCeHHS KOMKHOIL
TOuKHU rpadika GyHKIl y = \/; B3/IOBXK OCi y Ha 2 oAWHUIII BHU3, a I'pa-
dik pyHKIii y = Jx + 8 — muaxom mepeHeceHHA KOXKHOI TouKM rpadika
dbyurmii y = \/; B3IOB:K oci y Ha 3 oguHuIi Bropy (maa. 10.1).

4y

o mow s ®

Mau. 10.1

Or:xe,

nas moGymosu rpadika ¢ysrnii y = f(x) + n, ze n > 0, mocraTHBO
rpadik dysrnii y = f(x) nepeHecTn B3MOBXkK OCi Yy HA N OTUHHUIL YTOPY;
naa modymoBu rpadika dysrnii y = f(x) — n, xe n > 0, KocraTHBO
rpadik dysEIil y = f(x) mepeHecTn B3TOBK OCi y HA N OOMHULH YHUS.

3aysadxcenns. 3amicTh mnepeHeceHHA rpadika ¢yHKNii Bropy (yHUS3),
MOKHAa IIePeHeCcTH Bich X Ha Ty caMy BiICTaHb y IPOTHJIEKHOMY HAIIPSAMKY.

2. Mo6ypnoea rpadika dyHKuiiy = f(x = m), pem >0

W Ilo6ynyBaTu B omHili cucTeMi KoopAuHAT rpadiku GyHKITii
cy=x2rtay=(x—2)>2

Pos3g’azanns. CoouyaTKy cKJaageMo TaOJUIlI0 3HAUeHb KOMKHOI i3 mmx
GYHKIIN A4 KiTbKOX 3HaUYeHL apryMeHTY:

y X -3|-2|-1] 0 1 2 3 4
y = x2 9 | 4 1 0 1 4 1 9 | 16

~ ~ ~— ~— ~— ~

y=(—2)2 | 25|16 ™9 ™4 ™1 >0 ™1 ™4
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. [y KOMKHOro X = X 3HaYeHHA QYHKIIT y = (x — 2)2 nopiBHIOE 3HAUEHHIO
byHKLI y = x2 qa x = Xy — 2. Y Tabaumni mo BiAIOBiAHICTE IMOKa3aHO
CTpiIKaMu AJis 3Ha4YeHb QYHKIIH y = (x — 2)2 qaa x = —1; 0; 1; 2; 3; 4
Ta y = x2 BigmosigHo mna x = —3; —2; —1; 0; 1; 2.
Omxe, AKIO BCci Toukm rpadika QyHKIIl y = x2 mepeHecTH B3JOBK
oci x Ha 2 OAMHUII BIPaBO, TO OTPUMAEMO Ipadik QYHKIII y = (x — 2)2
(maua. 10.2).

YA

1
-

3-2-1.191 2 3 4 « 3-2-1191 2 3 «

Maxa. 10.2 Mai. 10.3

W Ilo6ymyBaTu B omHiit cucrteMi KoopamHAT rpadikm (GyHKITiH
cy=x2Tay=(x+ 1>

Posg’azannsa. CmouyaTKy cCKJIageMo TabOJJHITI0 3HaUYeHb KOMKHOI i3 mmx
GYHKIIN 118 KiTbKOX 3HAYEeHb apTyMEHTY:

y x | 3] -—2-1]o0 1 2 3
y = x2 9 | 4 1 0 1 4 9
y=(x+12| 4 1 0% 1% 4 94| 16

Mipkyroun, Ak y OpuKJagi 2, mifizeMo BHUCHOBKY, Ifo rpadik (GpyHKIil
y = (x + 1)2 mosxHa oTpuMaru, nepeHicmu rpadik QYHKINI y = X2 B3IOBK
oci x Ha 1 ogmuuIro BiaiBo (mana. 10.3).

Orxe,

st noodynoBu rpadika dyuknii y = f(x — m), ne m > 0, gocraTHBO rpa-
dixk dysxnii y = f(x) mepeHecTn B3OOBK OCi X HA M OTUHUIIL BIIPABO;
naa modymosu rpacdika ¢yskuii y = f(x + m), ne m > 0, mocraTHBO
rpadik dysrnii y = f(x) mepeHecTu B3TOBHkK OCi X HA M OZUMHULH BJIIiBO.

3aysaixcenns. 3amicTh mnepeHeceHHA rpadika ¢yurmii BaiBo (ado
BIIPABO) MOXKHA IIEPEHECTH Bich y Ha Ty caMy BificTaHb y IPOTUJIEKHO-
MYy HAOpPSIMKY.

O 93




PO34In 2

O
3. Mo6ynoea rpadika byHkuii y = —f(x)

TG ELES [loOynyBaTu B OfHIiNM cucTeMi KoopamHaT rpadiku QyHKITiH
ty=+xrmay = —Jx.

Posg’azanns. CriaageMo TabJMITI0O 3HAUEHb ITUX (PYHKIINH OIS KiJIbKOX
3HAUeHb apryMeHTY:

y & 0 1 4 9 16
y=+Jx | 0 1 2 3 4
y = —Jx 0 -1 -2 -3 -4
3 Tabauri 6aunmMo, 110 3SHAUYEeHHA QYHKII y = —\/; IJISL OONHUX i TUX ca-

MHUX 3HAUEHb X IIPOTUJIEXKHI BiAHOBiZHMM 3HaUeHHAM (QYHKINI y = vVx.
Tpadiku mux GyHKIi# 306paskeHo Ha MaaoHKY 10.4.

RY

Ay

Y=

Vx
Mai. 10.4 Mai. 10.5

SIKmI0 mpoBecTH BiApPi3KU, IO CHOJYYaOTh TOYKM rpadikiB (GyHKITIH

Yy = \/; Tay = —\/; IJis OZHOTO i Toro camoro 3HaueHHA X (Ha maJua. 10.4
iX mMoKasaHO MyHKTHUPOM aad x =1, x =4 ta x = 9), To Bick X OJd ITUX Bin-
pPisKiB Oyae cepefMHHUM HEePHEHANKYJIAPOM. ¥ TaKOMY pasi KaxKyThb, IO
rpadiku cumempuyHi BiTHOCHO OCi X.
Toukn A i A; Ha3WBAOThL CUMEMPUYHUMU BiIHOCHO IPAMOI /, AKIIO
npﬂg{a l € cepeMEENM IepIEHAUKYJIAPOM 10 Bigpiska AA, (max. 10.5).
TKe,

rpadiku pysknin y = —f(x) i y = f(x) cumerpuuni BigHOCHO OCi X. J

4. No6yposa rpadika ¢yHKUiT y = Ef(x), ne k>0, k =1

W IloO6ynyBaTu B omHiN cucTeMi KoopamHAT rpadikm (QpyHKITiH

sy = |x,y =%|x| Ta Y = 2|x‘

Pos3s’azanns. CkiaagemMo TabJIUITI0 3HAUEHD KOMKHOIL i3 MUX QYHKIINH a1a
KiZTBbKOX 3HAUEHb apryMeHTy:
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- y *|1 8| -2]-1]0 1 2 3
: y = |« 3 2 1 0 1 2 3
P T - T N N T
2 2 2 2 2
y=2x | 6 4 2 0 2 4 6

1 ..
Hns OyAb-AKOTO 3HAUEHHA X 3HAUEeHHA (QYHKIHL y = §|x| yaBiui MeH-

e Big BigmoBigHOTO 3HAaUeHHA (QYHKINI Y = |x , a SHaueHHs QPYHKIII
y=2 |x‘ yaBiui OinbIlle 3a BimmoBigHe 3HaueHHS (PYHKIT Yy = |x‘ Tomy
rpadik QyHKIII y = %|x| MO:KHa OTPUMATHU, CTUCHYBIIU rpadik QyHKITii
y = |x‘ y 2 pasu g0 oci x (man. 10.6), a rpadik ¢pyukmii y = 2|x‘ — pos3-

TATHYBIIU rpadik GyHKHII Y = |x‘ y 2 pasu Big oci x (man. 10.7).

YA YA
EON
41 \b//\
3l éx/c}oe\
4 2-- 4 g
+ 1 + ‘E‘
432190 12 34 = 4-3-2-10[ 1 2 3 4x
Max. 10.6 Maux. 10.7

Oroxe,

nas noodynmoBu rpacdika dpysknii y = kf(x), ne k > 0, k # 1, nocraTHbO
rpadir dysruii y = f(x) pos3rarayru Bix oci x y k pasis, akmo k > 1,

. . 1 .
a60 CTHCHYTH HOro 10 OCi x y z pasiB, akmo 0 < k < 1.

Bukonyoun mocsrizoBHO ABa i 6iJbIlle IIepeTBOPEHb, MOXKHA OyayBaTH
rpadiku QyuKIii y = f(x + m) + n, y = —kf(x), ne k > 0, Ta igmux.
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(YT ENEN Ilo6yaysaru rpadik dyakmii y = |x — 2| + 3.

. Posé’azannsa. Tpadik dysknii y = [x — 2| + 3 moskHaA oTpuMAaTH, mepeHic-

: mu rpadik GyHKIEI y = |x| y3O0oB:K oci x Ha 2 OAWHUIIL BIIPABO, a MOTIM
y3I0BX oci y Ha 3 oguHUII Bropy. I'padir 306paxeno Ha mamoHKy 10.8.

O

YA

\\ @/%

RY

Mai. 10.8

ITo6ynyBaTu rpadik GyHKI y = —2Jx.

Pose’asannsa. Ilodynyemo rpadik GyHKIEl y = Jx. Hamni, posTAraysmiu

. fioro y 2 pasu Bim oci x, orpumaemo rpadik GyHKHII y = 2/x. T'padir
GyHKIIT y = —2Jx e cuMeTpUUYHUM Tpadiry QyHKI y = 2/x BiTHOCHO
oci x. ITobynoBy 306paxkeno Ha maaouKy 10.9.

YA

=

e
Y
iy

]RY

Maxa. 10.9

96 O




KBadpamu4Ha pyHKYis

@ 5. Mo6ynosa rpadgika ¢pyHkuii y = |f(x)|
3a 03HAUYEHHAM MOJYJIA UMCJIa MAaEMO:
f(x), axmo f(x) > 0,
()| =
—-f(x), axmpo f(x) < 0.

Omxe, masa THUX 3HAUEHb X, 3a AKux f(x) = 0, BigmoBigHi 3HaueHH:A
dyuKmii y = f(x) Ta y = |[f(x)| Mixk coboro piBHi, a TOMy 3a TaKMX 3HAUEHDb X
rpadiku nmux QyHKIi# 36irarorbed. [Iad TUX 3HaAUYeHb X, 3a AKuX f(x) < 0,
BifMOBiNHI 3HaueHHA QyHKIIH ¥y = f(x) Ta y = |[f(x)| € npoTUNeKENUMY UMC-

JaMu, TOMY IJd TaKUX 3HAUEHb X rpadiky nux GyHKIIH € cuMeTPUIYHUMU
BigHOCHO OCi Xx.

Jlns mo6ynosu rpadika dysknii y = [f(x)| mocrararo modyaysaTu rpa-
ik ¢pysrnii y = f(x) i Ty iioro yacTuny, gKa JeXMTHh HUKYE Bifg oci x,
CHMETPUYHO BimoOpa3uTu BiTHOCHO IIi€l oci.

GFTOENEEN [To6yaysaru rpadik dyskmii y = [0,5x — 2.

. Posg’azanns. Ilodynyemo rpadik dyukimii y = 0,5x — 2. [Haii Ty yacTuny

' rpadika, TKa JeKUTHL HUMKUE Big oci x, cuMeTpu4yHO BimoOpaskaeMo Bin-
HocHO 11iei oci. I'padik 300pakeno ma maaoHKy 10.10.

YA

RY

Mau. 10.10

@ Ak, KopucTytoumcb rpadpikom QyHKUiT y = f(x), nobygyeatn rpadpikm dyHKLIRA
[ y=fx)+n,nen>0;y=f(x+m),nem>0;y=—f(x); y=kf(x), ne k>0, k#1?

o

§ Fosb ' sximb 3agaui ma buxonaime bnpabu

E 10.1. (Ycno.) SIki meperBopenHs rpadika QyHKIii y = x2 Tpeba Bu-
KOHAaTH, 11100 oTpuMaTHu rpadik PyHKILII:

1) y=x2+ 2; 2)y=x2-38;
3)y =(x — 2)% ) y=(x+1)%
5) y = —x2; 6) y = 2x2?
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@ 10.2. ITo6GyayiiTe B omHili cucTeMi KoopauuaT rpadiku GyHKITiN:
Dy=—x,y=—x+3rmay=-x—2;
2)y :x/;,y =vJx -2may =+x + 3.

10.3. ITobynyiiTe B omHiii cucTeMi KoopauHAT rpadiku QyHKITi:
Dy=x, y=x+2ra y=x— 3;
2)y=|x, y=lx -1 ra y=|x+ 3|

10.4. Ha mamonky 10.11 300paxkeno rpadik ¢pysrmii y = x3.

Ilepenecits #ioro B 3omuT i B Tili camiii cuctemMi Koop-
IUHAT MOOYyAyHiTe OJiBIAMU Pi3HOTO KOJLOPY rpadikmu

GYHKITiNA:
1) y=x3+1; 2)y=x3-2;
3) y = (x — 3)% 4) y = (x + 2)%

10.5. Ha mamronky 10.11 zo6paskeno rpagik QyHKmii y = x3.
Ilepenecits iioro B 3omuT i B Ti#h camiii cuctemi Koop-
IUHAT MOOyAyHTe OJIiBIIMM PiSHOTO KOJBOPY rpadikm

GyHKITi:

Hy=x3+38; 2)y=x3-1;

3) y = (x — 2)3% 4) y = (x + 1)3 ol
10.6. (Ycno.) fAxuii i3 rpadikis Ha maaouky 10.12 Bigmosi-

nae pyHKITii: Mau. 10.11

Dy =+Vx — 4; 2)y = Nx + 2

3)y =Jx - 4 )y =x +2?

y

II1
x
-2 IV
-3
—4
Maun. 10.12
E 10.7. IloGynyiiTe rpadik GpyHKITIi:
Dy=(@x-12+3; 2)y=4-x%
3)y=(x+2)2-5; Hy=(x+32+1;
5)y=-3+ (x — 2)% 6)y=—x2-1.

3a [momoMoroio IporpamMu A ToOymoBH TpadikiB ImepexkoHaiiTecs
B IIPaBUJIBLHOCTI MOOYIOBHU.
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10.8. ITobynmyitTe rpadix GyHKILii:

Dy=+Jxr-2+1; 2y =2 - Jx;
)y =~x +4 + 2 Sy =+x-1-3;

KBaopamu4Ha ¢pyHKYin

y=-2+Jx+1;

6)y = —Jx — 1.

3a [I0IIOMOTOI0 IIporpaMu s moOymoBu TpadikiB mepeKoHaiiTecs

B IPABUJIBHOCTI MOOYIOBH.

10.9. ITob6ynayiiTe rpadik PyHKITIi:

1
1) y = 3|x|; 2) y = —4x; 3)y = glx

.
b

4)y =-0,5

.

3a [OOIIOMOroi0 IIporpaMu A ToOymoBH TpadikiB IepexkoHaiiTecs

B IPaABUJIBHOCTI MOOYIOBHU.
10.10. ITobynmytiTe rpadik PyHKITIi:

1
1) y = 3x%; 2) y = —2x% 3)y = 0,25x2%; 4)y = ——x2.

3

3a gomoMorom mporpamMu s 1mo0ymoBu rpadikiB mepeKoHanTecs

B IIPABUJIBHOCTI TOOYIOBU.

10.11. (Vcno.) fAxuii i3 rpadikiB Ha maaoeKy 10.13 Bigmosimae dyHuKIii:

Dy=-2:% Dy - oa%  By- - af 4)y=2w

10.12. ITob6yxayiiTe rpadik PyHKINIi:

6 6
Dy=--L  2y=——.

x x -1
3a JOoImoMOTOI0 IIPOTpaMu IS IMO0YymZOBYU I'pa-
(dikiB mepekoHaliTecd B MIPABUJIBHOCTI MOOY-
JIOBU.

10.13. ITo6yayiiTe rpadik GpyHKITIi:
8

x+1

3a IoImoMOToI0 IIPOorpaMu IJdA MoOYymZOoBU I'pa-
dikiB mepexkoHalTeca B IPaBUJIBLHOCTI mOOY-
JIOBH.

Dy=1+2;  2yy-
X

10.14. Tano mapaGony y = x2. Hanumits piBHAH-
Hsa mapaboyn, IKy MOMKHA OTPUMATU 3 JaHOL
IepeHeCeHHAM:

1) Ha 3 ogWHUIII Bropy;

2) Ha 4 OOMHUIII BHUS;

3) Ha 2 oAMHMUIIL BJIiBO;

4) Ha 5 OMMHUIL YIIPABO;

5) Ha 2 oguHUII BOPABO i HA 3 OAUHUIIL BrOPY;
6) ma 1 oguHMITIO BJIIiBO i HA 4 OAWHUIIL Bropy;
7) Ha 3 OgUHMUIIL BIIPaBO i Ha 1 OJUHUITIO BHUS3;

8) ma 5 ogMHUI YIiBO i Ha 5 OMMHUIL YVHUS.

LY

Mau. 10.13
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10.15. ITo6ynayiiTe rpadik Gpynkmii y = (x + 1)2 — 4. 3a rpadikom 3HAKIITE:
1) myni pyurIii; 2) obsacTh 3HaUeHb PYHKILII;
3) 3HaUeHHA X, 3a AKX (PYHKIiA HaOyBae Bil’€eMHUX 3HAUEHD;
4) IpoMiKOK 3pocTaHHA PYHKILiI.
10.16. IToGyayiire rpadik GyHKIii y = (x — 2)? — 1. 3a rpadikom 3HAUTITE:
1) gyai GyHKIIT; 2) obaacTh 3HAUEHb (PYHKITIT;
3) 3HaueHHS X, 3a AKMX (PYHKIIid HaOyBae MOJaTHUX 3HAUECHD;
4) mpoMixkOK cnagauua PyHKITII.

E 10.17. Po3B’s:kiTh rpadivuHo piBHAHHA:
1)1+é=\/x—1; @2)|x—1|:(x+1)2.
x

10.18. Po3B’s:xiTh rpadivyHo piBHAHHSI:

_9 .. oz
1)\/x+1—x 1 @2)@ 2)2 = |x + 4|.

x+ 4
10.19. IToOyxayiiTe rpadixk GyHKIII y = 3 3a mOIOMOTOI0 HpPOTpaMu
x —
s mobynoBu rpadikiB mepeKoHaliTeca B IPABUILHOCTI ITOOYIOBU.
. x+5
10.20. ITo6ynytiTe rpadik GpyHKIE y = Tl 3a [IOIIOMOTOI0 IIPOrpaMu
x +

I mobynoBu rpadikiB mepeKoHaliTeca B IPABUILHOCTI IIOOYIOBH.

E 10.21. 1) Ilo6ynyiiTe rpadik byrkmii y = |x2 — 4.
2) BukopucroByoouu rpadik, sHalIiTh yci 3HaAUEHHS @, 32 AKUX PiB-
HAHHA |x2 — 4| = a Mae piBHO TpU KOpeHi.

©O) Bnpabu grs nobmopenns
10.22. Po3kJagiTh Ha MHOKHUKU KBaJApPaTHUN TPUUJIEH:
1) x2+3x—4; 2)2x2-x-10; 3)—=x2-2x+8; 4)-3x2+x+ 2.
10.23. Po3B’s:kiTh cucTeMy HepiBHOCTei
(x+4)(x—-4) - (x—-3)(x +1) < -3,
2x -5
9

> —1.

10.24. x; Ta x, — KopeHi piBHaHHA X2 — 6x + 3 = 0. He posp’asyioun pis-
. x x
HAHHS, BHAHIITH 3HAUEHHA BUPAsy —= + —L.
x x
1 2

XKummeba mamemamuxa

10.25. ABTOMOG6iJIb, pyxaouuch Ha MOMEHT MIOYATKy BiIJIiKy uacy 3i
MBUAKICTIO vV, = 28 M/C, IIOYaB raJbMyBaTH 3i CTAJIUM IPUCKOPEH-
HAM a = 7 Mm/c2. Uepes t ceKyH] Imicas MOYaTKy rajJbMyBaHHA BiH

100 O




KBadpamu4Ha pyHKYis

. at? . .
IIOZI0JIaB BifiCTaHb S = Uyt — 7 (m). Busuaure uac, 3a AKHU Bif II0-

YaTKy raJlbMyBaHHSA aBTOMOOiNEL momoJias 42 M.

N Tligzomydmecs 4o bubuenns Hobozo mamepiany

10.26. BuginiTe KBaJgpaT ABOUJIEHA i3 KBAAPATHOTO TPUUJIEHA:

1) x2 — 4x + 3; 2) x2 + 2x;

3)—x2 -2x - 1; 4) x2 + 6x — 2.
10.27. Po3B’s1akiTh piBHAHHSA:

1) x2 — 2x = 0; 2) 4x2 — 36 = 0;

3)2x2 - 5x +2 = 0; 4)3x2 +2x -5 = 0.
10.28. Tisa GyHKLII f(x) = x2 + 4x — 5 3HANITE:

1) /(=2); 2) f(-1);

3) 1(0); 4) f(1).

10.29. 3akinuiTh peueHHs:
1) «Tpadikom pyrEDii y = x2 € ...».
2) «Tinku napabonu y = x2 COPAMOBAHI ...».
3) «®yHKIig y = x2 cnagae HAa MPOMIMKKY ...».
4) «®@yHKIig y = x2 3pocTac HA MPOMLXKKY ...».

@ Likabi 3agavi — nomipkyi ogHaue

1
10.30. Bigomo, o x — — = 1. 3HalifiTs 3HAYECHHS BUPA3y:
X

1)x3—%; 2) x4 +%.
§11. OyHkuisy=ax?+bx+c,a#0.
i rpadik i BnacTuBocTi

1. O3HaueHHs KBagpaTUYHOT PyHKLLT

Opmielo 3 HaWBasKIUBIMIMX QYHKIIHA y Kypci MareMaTuku € Ka8ad-
pamuina QYHKULA.

®yuknio Buraaxy y = ax? + bx + ¢, ne x — 3minHa, a, b i ¢ — geaxi
yucaa, npuuomy a # (0, Ha3UBAIOTH KEAOPAMULHOIO (QYHKULETO.

Marematuuni Mozesi 0araTbox pealbHUX IIPOIECiB y pPisHOMaHITHHX
chepax OiAJBHOCTI JIOAWHU € KBagpaTuuHuMHu (pyHKIismu. Hacammepen
IIe CTOCYETLCA HayKHU, 30KpeMa (pisuKM Ta eKOHOMiKU, a TaKOXK TeXHiKH.
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W Tis0 pyXaeThCca 3 IPUCKOPEHHAM a M/c2 i 0 MOYaTKy BiIJIiKy
yacy ¢ ¢ IPOMILIO ILIAX S, M, MAlOUU B Ilell MOMEHT IIBUAKICTH U, M/C.
Toni same:xuicTh BimcTani s (y MeTpax), AKY IIOZOJIAJO Tijo, Bim uacy ¢
(Y cekyHmax) mig yac piBHOIPHCKOPEHOTO PYXY 3aJal0Th (POPMYJIOIO:

at?
s = — + vot + S.
2

Hanpuknazn, axmo a = 6, v, = 2, s, = 10, To s = 3t2 + 2¢ + 10.

M 3ajIe:KHIiCTh MiMK IJIOIIEI0 BUKOPHCTAHUX 3e€MeJb i BAJIOBUM
npubyTKoM 3 po3paxyHKy Ha 10 ra cilIbCcbKOTOCIOZApPCHLKUX YIilb y me-
SIKOMY (pepMepCchbKOMY T'OCIIOJAPCTBi 3amaeThbes QyHKIiEw y ~ —1,5x2 +
+ 9x + 9, ge x — moIIA CiTBCHPKOTOCIONAPCHKUX YTigb (y ra), Yy — BaJo-
Buii npubytoxk (y Tmc. rpH) Ha 10 ra cinbChbKOTOCIOAZAPCHKUX VYTilb.
3 AKOI ILJIOIIi rocmogapcTBO MaTUMe HaNOiILINTNIT BaJOBUM NpUOyTOK Ha
10 ra cinbecpKorocumogapcbKux yrigp? Axum Oynme meii npudyTok?
Pose’a3anusa. Y dopmyii GyHKINI BUIIIMMO TOBHUM KBaJapar:

-1,5x2 + 9x + 9 = -1,5(x2 — 6x — 6) = -1,5(x2 —6x + 9 — 9 — 6) =
=-1,5((x — 8)2 — 15) = 22,5 — 1,5(x — 3)?, Tomy y ~ 22,5 — 1,5(x — 3)2.
Bupaz, axuit Mmu orpumanau, HabyBaTuMe HaNOIJBIIIOTO 3HAUEHHA [JIs
x = 3. OT:Ke, TOCIOAAPCTBO MaTHMe HaNOiAbIINI HNPUOYTOK i3 ILIOIIL
poamipom 3 ra.

Ileit mpubyToK € sHadeHHAM QyHKIIl y = 22,5 — 1,5(x — 3)2 gua x = 3,
to6To ¥y = y(3) = 22,5 — 1,5(3 — 3)2= 22,5 (Ttuc. rpu). Orxe, HAAOIIBbIIINI
npudbyToK ckJaage 22,5 Tuc. I'pH.

Biodnosiov: 3 ra; 22,5 Tuc. rpH.

2. Mpadik i BnactusocTi GyHKUIT y = ax?

Posraaraemo rpadik i BimacTtmBocTi KBaapaTuuHOi (pyHKIii. ITounemo
3 il YaCTKOBOTO BUMNAJKY.

Hexait y dopmysi kBagpaTtuunoi GyHKINI b = ¢ = 0, Tomi maeMo QpyHK-
mito y = ax?.

I'padikom pyurmii y = ax2, ge a # 0, ¢ mapaboyia 3 BEPIIKHOI B IIO-
YaTKYy KOOPAMHAT, TiJIKU IKOI COPAMOBAaHi Bropy, Akmio a > 0 (mana. 11.1),
i BHM3, akmo a < 0 (man. 11.2). 3navennsa y = 0 € gasa QyHKOii y = ax?
HaliMeHIINM, AKIIo a > 0, Ta HaibiapmumM, AKImo a < 0.

y Y

y:axz,a>0

y=ax?,a<0

Man. 11.1 Man. 11.2
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CucreMaTU3ye€MO BJIACTUBOCTI Yy BUTJIALL TAOJIMIIi.

KBadpamu4Ha pyHKYis

Baacrusocri dyHruii y = ax?, a = 0

a>0 a<0
O6s1acTh BUBHAUEHHS (—00; +00) (—00; +00)
Ob6nacTs 3HAUEHD [0; +o0) (=003 0]
TI'padix napaboJia 3 Bepiauuoio (0; 0)
Hanpsamox rimox yropy | YHU3

Hyuni pysrKIii

x=0

IIpomixkkm 8HaKOCTaJOCTi, y > 0 (—90; 0), (0; +0)

IIpomiskku 3HaKOCTaNOCTi, Yy < 0

(=203 0), (0; +°0)

3pocTae Ha IPOMIKKY [0; +o0) (=203 0]
Cnazae HA TPOMIKKY (=03 0] [0; +c0)
Haii6inbine sHaueHHA QYyHKITIT - 0
Haiimeniie sHaueHHS QPYHKITIT 0 -

3. No6ynosa rpadika GyHKUiT y = ax? + bx + ¢

Ternep po3ryissHEeMO KBaApaTUUYHY QYHKIIO Yy = ax
y TpU4IeHi ax?+ bx +c KBagpaT OBOUYJIEHA:
9 , b c
x4+ —x + —
a a

ax2+bx+c=a[

2 + px + c¢. Buginumo

, b b2 b e
=a|x“+2x - —+ — - ——+—| =
2a 4a? 4a? a
b\ dac - b2 b\ dac - b2
=allx+—| + ———|=alx+—| + —F.
2a 4qa2 2a 4a
o a[x+bj2+4ac—b2
m™Ke, Y = — _—
we, ¥ 2a 4a
b 4ac — b2
Ilosmauumo x, = ——, Yy, = ——.
2a 4a

Toxi y = a(x — x,)% + y,.

Omxe, rpadik Qysrmii y = ax? + bx + ¢ Mox-
Ha oTpuMaTé 3 rpadika QyHkmii y = ax2? sa mo-
IIOMOT'OI0 IBOX IIEPETBOPEHb — IIEPEHECEHDb Y30BXK
KOOPAUHATHUX OCEM.

I'padikom dyurmii y = ax? + bx + ¢ € mapa-

. b
Gosa 3 BepIIMHOIO B Touui (x; Y, ), e X, = “50
a
Agc — b2
o dac Z b7 an 11.3).
4a

rY

Mau. 11.3
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Ao a > 0, rinku mapabosu crpaMoBaHi Bropy, Akmo a < 0 — yHus.
Tinxwm mapabGosu cuMeTPUYHI BiZHOCHO IPAMOI X =
YTh, IO IPAMA X = X, € gicclo cumempii napabosu (manx. 11.3).

3ayBa)XuMmo, 10 abCHuCy X, BepIIMHHK Mapaboyu 3pyYHO 3HAXONUTH 32

(hopmyiioio x,

x,. ¥ npomy pasi Ka-

= ~3g’ a opAMHATY Yy, — MifICTAaBUBIIN 3HalifleHe 3HAUeHHS
a

abcrucu y Gopmyny y = ax? + bx + ¢, To61o y, = y(x,).

Bynyioun rpadik ¢ysrmii f(x) = ax? + bx + ¢, ciig gorpumyBaTucsa
TaKol IIOCJIiJOBHOCTI mifi:

1) 3HaTH KOOPAMHATH BepPIIMHM mapadoam X,

i mo3sHaunTH ii HAa KOOPAMHATHIN ILJIOIIMHI;

2) noﬁyuyBaTn e KiJJbKa TOYOK mMapadoJin i CTLIBKM K TOYOK, CHMET-

PUYHHX iM BiTHOCHO mpaAMOi X = X_;
3) CIOJyYMTH OTPUMAaHiI TOYKH ILIABHOIO JiHI€HO.

- -,

2a

v

CucreMaTU3yeMO BJIACTUBOCTI Yy BUTJIAML TAOJIMIII.

4. BnactueocTi GyHKUii y = ax? + bx + ¢

Baacrusocri Gynrmii y = ax2 + bx + ¢, a # 0

a>0

a<0

06J1acTh BU3HAUEHHS

(=03

+00)

06J1acTh 3HAUEHDL

[y,; +°°)

(GESHYA |

I'pagix

napaboJia 3 BepIIKHOW (X5 Y.)

Hanpsimox risox

yropy

yHU3

Hyuni pysrmii

KOpeHi piBHAHHA

ax?2+bx+c=0

3pocTae HA TPOMIKKY [x,; +o0) (—0; x,]
Cmazmae Ha TPOMIKKY (-0 x,] [x,; +0)
Haii6inpiie sHaueHHA QYHKITIL - Y,
Haiimenine sHaueHHA QYyHKITIT Y, -

W Ilo6yaysatu rpadik @yHKIil f(x) = x2 — 4x — 5 Ta onucaru ii
° BJIACTUBOCTI.

Poszé’azanusa. I'padikom ¢yukiii € mapabosa, riaKkm sSKoOI cIpsaMOBaHi
Bropy. 3HaiieMo KOOPAWHATH ii BePIIUHU:

b
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KBadpamu4Ha pyHKYis

Omxe, Touka (2; —9) — BepiInHa napaboju, TO3HAYNMO ii Ha KOOpAMHAT-

' wiit maomuHi. Toxi mpama x = 2 € Biccio cumerpii mapabdosu.

. Ckimamemo TabauIlo 3HaUYeHb (PYHKIII I KiTbKOX TOUOK IapaboJiu, Cu-

MEeTPUYHUX BiHOCHO ii oci cumeTpii (BaBaaKu cumeTpii rpadika opauHa-
TH B KOXKHIM mapi CMMEeTPpUYHUX TOYOK OyAyTh OTJHAKOBUMI).

x -2 | -1 0 1 2 3 4 5
/] 7 0 -5 | 8| 9| -8] -5 0

ITosHaumMo BepIINHY Tapabonu i TOUuKM 3 TaOJUIII HAa KOOPAMHATHIM
miromuHi. CrmomydynMo iX IaBHOIO JiHi€0 Ta oTpuMaeMo rpadik GpyHK-
mii f(x) = x2 — 4x — 5 (mau. 11.4).

OnuireMo BJIACTUBOCTI 1iel PyHKITii:

1) D(f) = (=00; +0);

2) E(f) = [-9; +0);

3) Hyai @yHKIii: x = —-11i x = 5;

4) y > 0, axmo x < —1 abo x > 5; y < 0, axmo -1 < x < 5;

5) dyuKIIia 3pocTae HA MPOMiKKY [2; +00), criamae HA MPOMLKKY (—o°; 2];
6) HalimeHIIle 3Ha4eHHA QyHKNii: y . = —9.

YA
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5. 3apaui, nos’'a3aHi 3 rpagikoM kBaapaTUUHOI GyHKLIT

GV ELES  Bepmmuoo mapabonu y = ax? + 8x + ¢ € Touka A(—2; 4).
3uaiit; a i c.

Posze’azanna. OCKinpKu x, = — %, a 3a YMOBOIO X, = —2, TO —2 = —%,
3BinKu a = 2. OckinbKu rpadik GyHKIII npoxoauTs uepesd TOUKy A(—2; 4),
TO, HifCTaBUBIINM KOOPAMHATU TOUKH Yy (POPMYJay (PYHKII, OmepKIMO
MIPaBUJIbHY PiBHICTH:

4=2-(-2)2+8-(-2) + ¢, sBigku ¢ = 12.

Bidnosgiov: a = 2, ¢ = 12.

@ Aky dyHKUilo HasmBaloTb kBagpaTuuyHot? O CdopmynioiTe BNacTUBOCTI (OYHKLIT

y = ax2. O Wo e rpadikom kBagpaTn4HOT dyHKLUii? Sk ioro Byaytote? O Cdopmynionte

o
BacTMBOCTI PYHKLT y = ax2 + bx + c.

§ Fosb aximo 3agaui ma buxonaime bnpabu

@ 11.1. (Ycnuo.) fdka 3 QpyHKIIIH € KBaApPaTUUHOIO:

1) y = —2x% 2) y = —2x + 5;
1
3) y = 5x2 — 3x; )y = ————;
)y =ox" —3x =352 ax+5
5) y = 3x3 — 2x2 + 5; 6) y =2x2 + 3x — 9?
11.2. Bununrits GyHKINI, 1110 € KBaAPaATUUHUMU:
Dy=4x-T; 2) y =4x%2 - Tx + 5;
3) y = 3x%; 4) y = 2x3 — 3x + 53
1 1 1
5y=—S+-- 6)y=9x2-7.
x x 7

11.3. I'padikom aAKo0l 3 HaBeAeHUX (PYHKIIIH € mapadona? YKaKiThL HAIIpA-
MOK 1i rijok.

6

Dy=—; 2y=6x>-17; 3)y=6x—1T;
x
4) y = —6x2 + 5x + 5; 5) y = 0,01x2; 6) y = —0,2x2 — 5x.
11.4. Yu namexkutsb rpadiky Qpysrnii y = x2 — 3x Touka:
1) A(0; 0); 2) B(1; 2); 3) C(2; -3); 4) D(-1; 4)?
11.5. Yu manmexkuth rpadiky Qyukmii y = x2 + x Touka:
1) A(0; 1); 2) B(2; 6); 3) C(1; 2); 4) D(-1; 1)?

11.6. IToxaxiTh cXeMaTHUYHO, K PO3TAIIOBYETHCA B KOOPAMHATHIN ILIO-
muHi rpadik QyHKIL:
1) y = 10x2; 2) y = —15x2.

11.7. ITorkaxiTh cxeMaTU4YHO, K PO3TAIIOBYETHCA B KOOPAWHATHIN IIJIOIIHA-
Hi rpadik GyHKIIT:
1)y =-Tx% 2) y = 5x2.
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1
@ 11.8. Tano dpyuKIio f(x) = gxz. 1) 3amoBHiTH y 3o01uTi TabAUIIO (34

ooTpedu BUKOPUCTOBYHTe TabJAuUHUU IIpoiiecop (HampukJaazn, Excel,
Google Sheets):

x 0 +1 | +2 | 3 | +4 | +5
f(x)

2) mobynyiiTe rpadik QyHKIIII;

3) smaiigiTe 3a rpadikom f(-1,5), f(2,5), f(4,5);

4) smaiimiTh 3a rpadikom Taki sHaueHHS X, 1o f(x) = 1, f(x) = 3,5;
5) sHAUAITH MPOMIKOK 3POCTAHHS i IPOMIiKOK cIagaHHA QPyHKIII.

1
11.9. Hamo pyHKIio g(x) = Zx2. 1) 3amoBHiITE y 301muTi TadbaUIIO (3a II0-

TpeOu BUKOPHCTOBYITe TabJUUHHI Ipoliecop (Hampukjaan, Excel,
Google Sheets):

x 0 +1 +2 +3 +4
8(x)

2) mobynayiiTe rpadik GpyHKITIT;

3) smaiimiTh 3a rpadikom g(—2,5), g(1,5), g(3,5);

4) 3HalgiTh 3a rpadikoM Taki sHaueHHA X, 110 8(x) = 1, g(x) = 2,5;
5) 3HANIITL IPOMIKOK 3POCTAHHA i IPOMIiKOK cIamaHHSA (PYHKILII.

11.10. He BuKoOHyiouHu IIOOYIOBU, 3HAUMITH KOOPAMHATH TOYOK MHEPETHUHY
rpadgika QyHKLii y = —2x2 i3 npamoro:
1)y =-8; 2) y =10; 3) y = 4x; 4) y = —6x.

11.11. He BuKoHyioum mOOyIOBU, 3HANMITH KOOPAMHATU TOYOK HEPETUHY
rpadika QyHKLIi y = 5x2 i3 npamoro:

1) y = 20; 2) y =-95;
3) y = 10x; 4) y = —5x.

11.12. BusHauTe HAIPSIMOK T'iJIOK, 3HAHAITh KOOPAMHATH BEPIINHU Ta IIO-
OymyiiTe cxeMaTHUYHO rpadik KBagpaTUUHOI GYHKILII:
y=x2-8x+7T; 2)y=-x2+2x - 3;
3)y=0,2x2 - 0,4x + 2; 4) y = —2x2 + 6x — 3.

11.13. BusuHauTe HAIPAMOK TiJIOK, 3HAUAITH KOOPAWHATH BEPIINHHU Ta IIO-
oynmyiiTe cxeMaTnuHO rpadik KBagpaTUdHOI QPyHKITII:
1)y=38x2-12x+ T7; 2) y = —2x2 + 8x — 3.

11.14. He BuxkoHyoun mo0ya0BHU, 3HAHAITE TOUKY IepPEeTUHY rpadika KBaj-
patuuHoi GyHKIII 3 ocAMU KOOpAMHAT:

1) y=x2-"Tx + 10; 2)y=2x2-x-3;
y=—x2+8x+9; 4) y = -3x2 - 5x + 2.

11.15. He BuKoHyIouu MOOYI0BU, 3SHANAITh TOUKH IIepeTUHyY rpadika KBam-
patuuHOI (PYHKIIII 3 OCAMU KOOPAMHAT:

1) y=x2+ 4x - 5; 2) y = —b5x2 - 6x — 1.
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11.16. ITob6ynayiiTe rpadixk GyHKITii:
1)y =x2 - 2x; 2) y = —x2 + 6x;
y=x2+4x + 5; 4) y = —x% + 2x + 3.

3a [momoMoroio IporpamMu AjasA To0ymoBu TpadikiB ImepexkoHaiiTecs
B IPABUJIbHOCTI MOOYIOBH.

11.17. ITo6yayiiTe rpadik GpyHKITIi:
1) y = x2 + 4x; 2) y = —x? + 2x;
3)y=x2+ 2x + 3; 4)y = —x2 + 4x - 3.
3a pmomomMoroio mporpamMu A mobymoBu rpadikiB mepekoHaiiTecs
B IIPAaBUJIBHOCTI MOOYIOBHU.

@ 11.18. ITo6ynyiire rpadgik pysrmii f(x) = x2 + 2x — 3. 3a rpadixkom
3HAUOITD:
1) /(1), (=2,5), f(1,5);
2) smaueHHd X, 3a AaKkux f(x) = 5, f(x) = —4, f(x) = -2;
3) mymi pyHKITil;
4) posB’sa3ku HepiBHOcTeii: f(x) = 0, f(x) < 0;
5) Haiibisplle Ta HaliMeHINIe 3SHAUEHHS QYHKIIII;
6) obsnacTh 3HAUEHb QYHKILII;
7) OPOMiKKM 3POCTAaHHA TA IMPOMIMKKI cHagaHHAa PYHKILII.

11.19. IIob6ynyiite rpadik GyHKHil g(x) = —x2 + 6x — 5. 3a rpadgikoM 3HAKIITE:
1) g(1), g(2,5), g(4,5);
2) 3HaUeHHA X, 3a AKuX g(x) = 4, g(x) = -5, g(x) = 2;
3) myai QyHKITii;
4) posB’s13Kku HepiBHOCTeii: g(x) > 0, g(x) < 0;
5) HaiibinbIlle Ta HaliMeHIle 3HaUEeHHSI (PYHKILIT;
6) obsacTh 3HAUEHb (QYHKITII;
7) IPOMiKKM 3POCTAHHA i MPOMIiKKM cliafaHHA QYyHKILII.

11.20. 'padikom KBampaTuuHoi (GyHKIII € mapabosa 3 BEepIIMHOI B IIO-
1
yaTKy KOOPAMHAT, AKA IIPOXOAUTH Uepe3 TOUKY A(—2; gj Saparite

o QPYyHKITiI0 (DOPMYJIOIO.

11.21. ITob6ynyiiTe rpadix KBagpaTmuyHoi (QyHKIII Ta 3a rpadikom 3Haii-
IiTh obJyiacTh 3HaUeHb (PYHKINI, HyJi QYyHKIII, TPOMiKKM 3HaKOCTa-
JIOCTi Ta HPOMIiKKM 3POCTAaHHSA i cnagaHHA (PYHKIII:

1) y = —4x? + 8x; 2) y = 2x%2 — 8x + 6;
3)y=(x—-1)(x - 5); 4) y = 2(x + 1)(x — 3).
11.22. TTobynytiTe rpadik KBagpaTuuHoi GyHKIII Ta 3a rpadikxoM 3HAKIITH

o0sacTh 3HaueHb (GYHKIiI, HyJ i QYHKIII, TPpOMiIKKK 3HAKOCTAJIOCTL
Ta IPOMIiKKM 3POCTaHHSA i cuagaHHAa (PYHKILII:

1) y = 2x2 - 6x; 2)y=-3x2+ 12x - 9.

11.23. I'padir pyurmii y = ax? + 2x + 3 nmpoxoautsb uepes Toury B(1; —5).
3HalgiTL KoedillieHT a.

11.24. Tpadir QpyuKLii y = 2x2 + bx + 5 npoxoauTs uepes Toury A(1; 9).
3HaugiTe KoedimieHT b.
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11.25. 3a axux 3HaYeHb b Biccio cumeTpii mapabonu y = x2 + bx + ¢ € npsama:
1) x=-1; 2) x = 5?
Yu BuauBae Ha BiAIOBiAL 3HaueHHSA Koedilienra c?

11.26. 3a AKOro 3HaYeHHA a Biccio cumerpii mapabGonu y = ax2 — 6x + 7

€ mpama x = —1?
11.27. 3uaiiaiTe Taki TouKu mapadbosiu:

1) y = x2 — 6x + 10, y axux abGciuca JOPiBHIOE OPAMHATI;

2) y=x2 - Tx + 8, y akux abcuuca i opJuHATA — IPOTUJIEKHI YnCIA.
11.28. 3HaigiTh TaKi TOUKU mapaboJIim:

1) y = x2 — 5x, y akux abciuca NOPiBHIOE OPAWHATI;

2) y = x2 + 2x — 10, y axux abcuuca i opauHATa — IPOTUJIEKHI YrCIA.
11.29. oseniThb, 1110 BCi TOYKU ImapaboOIm:

1) y = x2 — 2x + 3 ;mekarh BuIle Bif oci x;

2) y = —x2 — 4x — 5 nmexaThp HMIKUE Bifg oci x.

11.30. 3HaiiaiTe Touku mepeTuHy mapa6oau y = 2x2 — Tx + 13 3 mpamoro

y=2x + 3.
11.31. 3HaiAiTe TOYKM mepeTuHy mapabonu y = 5x2 — Tx — 3 3 mpaAMOIO
y=-x—4.
. : gt?
11.32. Tino, 1o majgae Ha 3eMJI0, 3a { C JOJIA€ BifCTaHb S M, Je § = 7,

g ~ 10 m/c2. Yepes aKmii yac TiIO HOCATHE IOBEPXHI 3eMJi, SKIIO
B IIOYATKOBUII MOMEHT BOHO IepeOyBae Ha BucoTi 560 m?

E 11.33. 3 nyKa BUNYINEHO CTPiJly BEPTUKAJBLHO Bropy 3 IIOYATKOBOIO
9999, 1rBUAKicTIO 50 M/c. 3anekHicTh BimcTaHi s (y MeTpax) Bim cTpinu mo
3eMJyi Bim wacy moawboTy t (Y CeKyHIZaX) 3aJaeThbCcsa (hOPMYJIOIO
s = 50t — 5t2. IlobyayiiTe cxeMaTuuHO Ipadik Iiiei 3ajle:XHOCTI Ta 3a
HUM 3HAWAITH:
1) axoi HaWOiABIIIOI BUCOTU CATHE CTpija;
2) IPOMisKOK Yacy, IPOTATOM SKOTO BOHA JIeTijia Bropy, Ta HPOMi-
JKOK Yacy, IPOTATOM SAKOr'0 BOHA IIajjajia BHUSB;
3) uepes CKiJIbKU CeKYH[ IIiCJIg IMyCKYy CTPija BIlaja Ha 3eMJIIO.

11.34. M’a4 OiKMHYTO BEPTHUKAJBHO BTOPY 3 IIOYATKOBOIO IMBUIKICTIO
9999, 15 Mm/c. SamexxHicTh Bifcrami A (y Merpax) Bim m’sAua mo 3emJii Bif
yacy moabory t (y ceKyHmax) sazacTbes opmynaon k = 15t — 52,
IToOynyiiTe cxemaTuuHo rpadik 1iei 3aaeXHOCTI Ta 3a HUM 3HAWIIThH:
1) sxoi HabiAbIIIOI BUCOTU CATHE M’ SAY;
2) IpoMiKOK Uacy, IpOTATOM SKOTO BiH pyXaBcs Bropy, Ta IIPOMi-
JKOK 4acy, IPOTAroM SKOI'0 BiH IIaJaB YHUS3;
3) uepes3 CKiJIbKU CeKYHJ IIicJd MiTKUIAHHA M’ AY yIIaB Ha 3eMJIO.

11.35. 3a axux s3HaueHb b i ¢ Touxa N(H; 7) € BepIIMHOIO IIapadou
y=x2+bx + c?

11.36. 3a axux 3HaueHb a i ¢ Touka M(—3; —13) € BepmInHOIO mapaboIu
y=ax?+ 12x + ¢?
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11.37. Toura M(3; —2) € BepmuHOW napadoau y = ax2 + bx + ¢, AKa mnepe-
TuHa€E Bichk opamuar y Touri N(0; 7). 3uaiimiTh 3HaueHHA KoedilieH-
TiBa, bic.

11.38. ¥V 0OoxoBiii cTiHI[I BUCOKOro IMUIiHAPWUYHOro 6aka 0ijisg camoro gHa
' sakpimieno Kpax. Ilicig #ioro BiAKpuUTTSA Boma IOUYMHAE BUTIiKaTH
i 3 0aka, IIpM IILOMY BHCOTA CTOBIA BOAYM B HBOMY, II[0 BHpaKeHa

. g
B MeTpax, 3MiHIoeThcda 3a 3akoHoM H(t) = H, —./2gH kt + Ek2t2, e
t — uvac y CeKyHIax, III0 MHHYB 3 MOMEHTY BIiIKpHUTTS KpaHa,
1 .
H, = 5 m — moyaTKOBa BHCOTa CTOBIA BOAH, k = —O = — BigHOIIIEeHHSA

ILJIOIT, IIOIIEPeYHOTo Iepepidy KpaHa i 6ara, & ~ 10 Mm/c? — IpuCKOpeH-
HSA BibHOTO HMaminuA. Uepes CKiJIbKM CeKYH] ITicd BiIKPUTTS KpaHa:
1) Bucora croBma Bogu B 6ary Oyme 1,25 m;

2) Boma 3 6GaKa IoBHicTIO BUTeue?

11.39. ¥ OokoOBiii cTiHI[I BUCOKOIr0 IMUIiHApPHUUYHOro 6aka 0ijisg camoro gHa
' sakpimieno Kpax. Ilicia #ioro BiAKpuTTSA BoJa IOUYMHAE BUTIiKaTH
‘ 3 0aka, IpH I[bOMY BHCOTA CTOBIIA BOAW B HHOMY, II[0 BUPayKeHa B MeT-

pax, 3MiHIOeThCA 3a 3aKoHOM H(t) = at? + bt + H,, ne H, = 8 m — mo-
. 1 , 4 .
YaTKOBUM piBeHb BOAU, A = % M/XB4, b = —g M/XB — CTaJIi IJIA IIBOTO

6aka. Uepes CKiIbKU CeKYH[ IIiCJISg BiZKPUTTA KpaHa:

1) Bucora croBma Bogu B 6ary Oyme 4,5 m;
2) Bozna 3 6axka mOBHicTIO BUTEeUe?

11.40. 3a sKoro sHaYeHHA ¢ HaWOiabIIe 3HAYeHHA QYHKII y = —x2 + 6x + ¢
mopiBHIOE 16?

11.41. 3a AKOro 3HaYeHHA ¢ HallMeHINe 3HAUYeHHA QYHKII y = x2 — 4x + ¢
mopiBuioe 47

11.42. 3a axux 3HauYeHb ¢ QyHKIiA y = x2 + 8x + ¢ 4Ia BCixX 3HAUYEHb X
Ha0yBae JINIlle JOLATHUX 3HAUYEHL?

11.43. 3a aKkux 3HaYeHb ¢ PyHKIiA y = —x2 + 2x + ¢ AJIA BCiX 3HAUEHb X
HaOyBae Jnille Big eMHUX 3HAUEHb?

11.44. Ilo6yayiiTe rpadik QyHKILII:

1) y = x2 — 6|x| + 5; 2) y = |x2 - 6x + 5|
11.45. TTob6ynmytiTe rpadik GpyHKILii:
1)y =x2— 4lx| + 3; 2)y = |x% — 4x + 3.

©) Bnpabu grs nobmopenns
11.46. ITo6ynyiiTe rpadik ¢pyurmii: 1)y = Vx + 2; 2)y = Jx + 2.

11.47. 3HaligiTh KOOPAMHATH TOUOK IepeTuHy rpadikis pyHKIii:
1) f(x) = 83x2 i g(x) = —6x; 2) p(x) = x2 + x i y(x) = 2.
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11.48. 3uaiigiTs 006/1aCTh BU3HAUEHHS (DYHKILII:

3 +
y=—°>"% 2)y = Jx - 5.

3x% + 2x - 5’
11.49. He BuKoHyIOuM IIOOYyIOBU, 3HANIITH KOOPAMHATU TOYOK MEPETUHY
. o 6 : .
rpadikiB ¢pysKUit y = — ta y = x + 1. Hakpecaits rpadikm mmx
x

GYHKI[I# 1 mo3HauTe Ha HUX 3HAWUJEHi TOUKMU.

. . . 4

11.50. Po3B’saxiTh rpadgiubo piBHAHHA VX + 3 = — — 2. 3a JOIIOMOIOIO IIPO-
X

rpamMu ajid mo6ynoBu rpadikiB mepeBipTe IPaBUIBHICTh PO3B’A3yBaHHA.

11.51. 3uaigiTe Hyai QYyHKITII:
1) f(x) = (x — 1)(x + 2), /|x| - 3; 2) g(x) = x(x - 3) /x| - 2.

XKummeba mamemamuxa

11.52. B oamiii i3 cekIiii HaIiOHAJIBLHOIO MYJLTUIPEIMETHOI'O TECTY
(HMT) iz maremaTuku, AKmii BimOyBca 2024 pokry, B3AJO YYacThb
20 206 oci6. 3aBganus Ne 21 mpasuiabHO po3B’ssanu jauire 5,1 %
Big KimbKocTi yuacHuUKiB / ydacHuib. CKiJIbKM yuyacHUKIB / ydac-
Huns HMT npasuibHO po3s’ss3anu 3aBmaHHsg Ne 217

Tligzomyimecs go bubuenns Hobozo mamepiany

11.53. dAxi i3 ymcen -2, -1, 0, 1, 2 € pos3B’A3KaMu HepPiBHOCTI:

1) x2 + 2x — 3 > 0; 2)x2 +x -2 < 0

3)x2 +x > 0 4) x2 — 3x < 0?
11.54. Po3B’s1:kiTh piBHAHHA:

1) x2 - 3x — 4 = 0; 2) —2x2 + 3x + 5 = 0;

3) x2 + 18x = 0; 4)4x2 -9 = 0.

@ Likabi 3agaui — nomipkyi ograue
11.55. Ha ake matypajJbHe umcJO cJaifg momiaumTu umcao 180, miob ocraua
Bim minmenHsi craHoBmia 25 % Bim vacTku?

AOMALLUHSI CAMOCTIMHA POBOTA N2 2 (8§ 8-11)

3aedannsa 1—-12 marwoms no wvomupu eapianmu gionosideit (A-I"), ceped
AKux auue o0un € npasuavrum. Obepimv npasuavHull 6apianm 6i0nogidi.

(Z] 1. Damo f(x) = x2 — x. Bmaitairs f(-1).
A. -2 B.0 B. 2 r.1

2. II[o6 mobyamysatu rpadgik ¢Qysrmii y = x2 + 2, tpeba rpadix QyHKIiI
Yy = x2 mepeHecTu Ha 2 OJUHWMIIL...
A. BiiBo B. Bropy B. BHU3 I'. BupaBo
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3. VYRKaxiTh QyHKIIiI0, IIT0 € KBaAPaTUUYHOIO:
1
Ary=-2x2+3x+ 7 B.y=———
¥ o o Y x2 -2x +5

B.y=x3-2x2+3x+1 Iy=x*-2x2+3
@ 4. 3HaigiTe Hydi QyHKOii y = x2 — 4x.

A.0 B. 4

B. 0; -4 T.0; 4

VEKaKiTh 3HaUeHHA X, 3a AKOTO 3HaueHHA GyHKIII y = 2x + 5 mopiBHIO-
Barume 7.

A. 7 B. -1 B. 1 Ir.o

He Bukonyioum moOymoBu, 3HAWIITL yci TOUKH mepeTuHy Trpadikis
GyuEKLDii y = —3x2 Ta y = 9x.

A. (0; 0) B. (0; 0), (—3; —27)

B. (0; 0), (=35 0) I'. (0; 0), (3; 27)

i3| 7. IloGynyiiTe cxemarnuHo rpadik QyHKIil y = —x2 + 2x — 3 Ta BKa-

JKiTh 00J1acTh 3HaUeHb Iiel QyHKITII.
A, (—o0; -2) B. [-2; +0)
B. (—o0; 2] I. (=005 2]
1
Ilo6ynyiiTe cxematuuHo rpadik QyHKI y = Exz — 4x Ta BKaXKiTh Ipo-

Mi’KOK 3pocTaHHA Iiei GyHKITIT.

A. (—o0; 4] B. [-8; +0)

B. [-4; +0) T. [4; +0)

VYKaxiTh obJsiacTh Bu3HaUeHHS QYHKILI iy = ﬁ
x p— p—

A. (—o0; =2) U (—2; 4) U (4; +0)

B. (—o°; 4) U (4; +0)

B. (—o0; —=2) U (—2; +00)

I. (003 +00)

1
E 10. YaxiTe obsacTh 3HaueHb PYyHKIHI y = 4 — §|x‘

11.

12.

112

A (_OO’ 4) B. [49 +OO)
B. (—o0; 4] I'. (—o0; +00)
3a axkux BHaueHb a i ¢ Touka M(-1; 4) e BepmmHO0O mapabon
y = ax? + 2x + ¢?
A.a=1,¢c=3 B.a=1,¢c=5
B.a=1,c=-5 ra=-1,¢c=7
. ' . (x2 - 9)/|x| — 4
Ckinbku HydiB Mae PyHKIIA Y = ?
x
. | B. 2 B. 3 I. 4
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YV 3aedanni 13 nompi6bHo ecmanosumu 8i0nosidnicme Mixc iHpopma-
uierw, no3nauernow yuppamu ma oyxeamu. O0na 6ionosidv 3aiisa.

i3| 13. YcranoBiTh BigmoBigHicTh MixK (yukiieo (1-3) Ta obmacTio ii Bu-
saaueHHsa (A-T).

DPyuruia Obracmv 6u3HAYEHHA QYHKUIL
1 y= 15
1-—x2 A. (905 -1) U (-1; +o0)
9 4 4 B. (-1; +o0)
YT e _or_3 B. (=005 -1) U (-1; 1) U (1; +0)

) I. (-o0; -1) U (-1; 3) U (3; +0)

Jx+1
3ABAAHHA ANA TEPEBIPKU 3HAHb AO 8§ 8-11

@ 1. Ina ¢pysKmii f(x) = x2 + x 3HAAIITE:

3. y=

1) £(0); 2) f(-1); 3) 1(2); 4) f(=3).
2. §k i3 rpadika Qyukiii y = x2 orpumaru rpadik QyHKIiI:
1) y=x2+5; 2) y = (x + 5)2?
3. fki 3 pyHKIiN € KBaAPATUUHUMU:
1
Dy = x2 — 4x; Dy = ———;
)y = a2 - dx V= o
Ny =x3+x+3; )y = x2 + x + 3?
@ 4. 3HaiigiTe Hyai QyHKIIL:
Hy=-2x+T7; 2) y =x2 - 5x + 6.

5. Ilob6ynyiiTe rpadik QyHKILiI:
)y = Jx - 3; 2)y =Jx - 3.

6. He BuKoHyIOUM IOOYHOBM, 3HAMIITL KOOPAMHATH TOUYOK IIEPETHHY I'pa-
OhikiB QyHKIil y = —4x2 Tta y = 2x.

i3 ] 7. 3HaiigiTh 006JIaCTh BU3HAYEHHA (PYHKILII:

15x
R T
2 8() = .

8. IloGyayiiTe rpadik GpyuKmii y = x2 — 2x — 3. 3a rpadikom 3HAAIITD:
1) o6sacTh 3HaUEeHDb PYHKITIT;
2) IpoMi’KOK 3pPOCTaHHA i IPOMiKOK cnafaHHsa GYHKILII.

E 9. 3a axux sHaueHb b i ¢ Touxka A(2; —1) e BepmmHOIO mapabosn
y=2x2+ bx + ¢?
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Hodamroei 3a60anns

E 10. Posp’ssxiTh piBHAHHA VX — 2 = 6 + 1 rpadgiuno.

x
11. Ckineku HyniB Mae pyaKmia f(x) = x(x2 - 1),/|x| - 2?

§ 12. KBagparHa HepiBHicTb

1. O3HaueHHs KBaApaTHOI HEPIBHOCTI

Hepisnocri Burasgy ax2 + bx + ¢ > 0, ax2 + bx + ¢ > 0,
ax2 +bx +¢ <0, ax2+ bx + ¢ < 0, ne x — 3miHHAa, a, b i ¢ — meaxi
yuciaa, npuuomy a # (0, Ha3MBAIOTh KEAIPAMHUMU HEPIEHOCMAMU
(abo HepieHocmamu 0pyz020 cmenens 3 0OHIEIO 3MIHHO10).

Hanpuxiaz, KBagpaTHUMHU € HepiBHOcTi: 2x2 + 3x — 5> 0, 4x2 -8 > 0,
Tx2—9x <0, x2—-9x + 17 <0.

Po3B’sa3KM KBaApaTHUX HEPiBHOCTell MOYKHA PO3TJIAATH SAK IIPOMIiK-
KM, HAa AKAX KBaJpaTWuHa QYHKIiA y = ax? + bx + ¢ mabyBae momar-
HUX (#1a HepiBHOCTi ax? + bx + ¢ > 0), HeBig 'emHUX (IJaa HepiBHOCTI
ax? + bx + ¢ > 0), Bix’emaux (g1a HepiBHOCTI ax? + bx + ¢ < 0) i Hego-
maTHUX (g HepiBHOCTL ax2 + bx + ¢ < 0) 3HaueHs. OTaKe, 11100 PO3B’A3ATHU
KBaJpaTHY HEePiBHICTh, JOCTATHBO 3HAWTHY BiMIIOBiAHI IPOMiKKM 3HaKOCTAa-
JIOCTi KBaApaTUUYHOI QPYyHKILiI.

2. Po3B'A3yBaHHA KBaApaTHMX HEPIBHOCTEN y pasi,
KOMW PIBHAHHA ax? + bx + ¢ = 0 Ma€ ABa Pi3HUX KOPEHi
PosrismemMo cmouaTKy NOPUKJIAAW HeEPiBHOCTel, MIJaA AKUX Trpadik
GyHKLIi y = ax? + bx + ¢ ABiui meperuHae Bich aGemuc, TOOGTO y pasi, Koau
nuckpuMminaaT D = b2 — 4ac KBagpaTHOTO TpUuaeHa axZ + bx + ¢ € gomar-
HUM YHCJIOM.

W Poss’asaru HepiBHicTb x2 + 3x — 4 < 0.

. Posé’asannsa. Posraanemo @yHkmio y = x2 + 3x — 4. YA

. I'pachikom ii € mapabosia, TiIKKM AKOI CIPSIMOBaHI Bro-
py. 3’sacyemo, um mepeTwHae mapaboJsia Bick x. Insa
IILOTO pPO3B’AxKeMo piBHAHHA x2 + 3x — 4 = 0, ToOTO
3HaligeMo HyJIi QyHKIii. Maemo: x; = 1, x, = —4.
Or:xe, mapaboJja ImepeTUHAE Bich X y TOUKax 3 aOCIu-
camu 1 i —4. Byayemo cxematuuHo rpadik QyHKIii
y = x2 + 3x — 4, 3Hawouu ii HyJi Ta HAPSAMOK TiJIOK Mar. 12.1
(man. 12.1).
3a rpadikoM 3’ACOBYEMO, ITT0 PYHKIIiA HaOyBae Bif’€MHUX 3HAUEHDb, KOJIU
x € (—4; 1). OTxe, MHOKHMHOIO PO3B’A3KiB HepiBHOCTL x2 + 3x — 4 < 0
€ mpoMixkok (—4; 1).
Bionosiov: (—4; 1).

114 O

[

RY




KBadpamu4Ha pyHKYis

O

W Poss’sazaru HepiBHicTs: 1) x2 + 3x — 4 < 03
2) x2 4+ 3x —4 > 0; 3)x2+3x—-4>0.
Posg’asanusa. PosrasgHeMo cxemaTuuHe 300paskeHHA rpadika QyHKIil
y=x2+ 3x — 4 (man 12.1).
1) HepiBHicTb x2 + 3x — 4 < 0 3a/0BOJILHAIOTH Ti caMi 3HaUeHHA X, IO I
HepiBHIicTb x2 + 3x — 4 < 0, a Takox uncaa —4 i 1 — gyai QyHKIiI, TOOTO
Ti 3HAYEHHA apryMeHTy, 3a AKUX 3HauYeHHs QyHKHii y = x2 + 3x — 4 go-
piBHIOE HyII0. OToKe, MHOXKIHOIO PO3B’A3KiB HepiBHOCTI x2 + 3x — 4 < 0
€ mpoMixkok [—4; 1].
2) 3 mamoHKa 12.1 6aummo, mo QyHKIiA y = x2 + 3x — 4 HabyBae 10-
JaTHUX 3HAUEHb, AKI0 X € (—%°; —4) abo x € (1; +90). MHOKHUHOIO
po3B’a3KiB HepiBHOCTI x2 + 3x — 4 > 0 € 00’eAHAHHA IIUX IPOMIiXKKiB,
TOOTO (—°0; —4) U (1; +0o0).
3) Hepisnicts x2 + 3x — 4 > 0 3aJ0BOJBHAIOTH Ti caMi 3HAYEHHA X, IO U
HepiBHicTb X2 + 3x — 4 > 0, BKIouYaroun HyJ1i QyHKIII y = x2 + 3x — 4, ToOTO
upcaa —4 i 1. OToxe, MHOKHMHOIO PO3B’sA3KiB HepiBHOCTi x2 + 3x — 4 > 0
€ (—00; —4] U [1; +o0).

Bionosiov: 1) [-4; 1];
2) (—o0; —4) U (1; +0);
3) (—o0; —4] U [1; +09).

3. Cxema po3B'A3yBaHHA KBaAPATHOI HEPIBHOCTI

3ayBasK1MO, IO AJIS 3aIIPOIOHOBAHOTO CIIOCO0Y PO3B’A3yBaHHSA aHi IIO-
JIOYKEeHHS BepIIMHU ImapaboJju, aHi posTallyBaHHSA mapaboau BiTHOCHO oci
Y He MalOTh 3HaUeHHA. BaKJIMBO Jullle 3HATU aOCIUCU TOYOK MEPETUHY
napabosu 3 Biccio x (HyJi pyHKII) 1 HATPAMOK rijlok mapabosau (yropy 4u
BHU3).

OtT:xe, s po3B’sA3yBaHHS KBaJpaTHMUX HEPiBHOCTEH CJIif HOTpHMYBA-
THCA TAKOl IOCJiTOBHOCTI miii:

1) 3HaliTH KOpeHi KBaJApaTHOro TpuduieHa ax? + bx + ¢ (AKI0O BOHM
icHyI0TB);

2) AKIO0 HepiBHicTh Mae crTporumii 3HAK (> um <), TO KOpeHi KBaj-
PATHOrO TPUYJIEeHA IMO3HAYAEMO HA OCi X «BHKOJOTHMHM» TOUYKAMM
(BOHM BMKJIIOUATHMYTHCA i3 MHOKMHH PO3B’SI3KiB HepiBHOCTI);
SIKIO 3HAK HEPiBHOCTI HeCTPOruii (= uM <), TO KOPEeHi KBaJpPaTHOTO
TpUUYIeHa Mo3HaYaeMo 3aap60oBaHUMU TOYKAMHU (BOHM BKJIIOUATH-
MYThCA I0 MHOKMHHU PO3B’A3KiB HepiBHOCTI);

3) cxemaTnuno 306paxkyemo rpadik dynkuii y = ax? + bx + ¢, ypaxo-
BYIOUM HAIIPAMOK TiJIOK mMapa0doju Ta TOYKH il MepeTHHY 3 Biccio x
(AKII0 BOHUM iCHYIOTB);

4) 3HAXOAMMO Ha OCi X MPOMIKKH, Ha AKUX QYHKLiA y = ax? + bx + ¢
3a/I0BOJIBHSAE I[I0 HEPiBHICTH;

5) 3ammcyeMo BigmoBinb.
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m 3HaiiTu 061aCTh BU3HAYEHHA DYHKII y = +/3x — x2.

Posg’azanns. Obaactio BusdHaueHHA Iiel GpyHKINI € po3B’aA3KM HEePiBHO-
cri 3x — x2 > 0.

1) Koperamu KBagpaTHOro TpudjeHa 3x — x2 € yucaa 0 i 3.

2) 3o06pakyeMo KopeHi Ha oci x sadapboBaHUMU TOY-

KaMM, OCKiJIbKY 3HAK HEPiBHOCTI € HECTPOTUM.

3) CxemaTuyHO 300paxkyemo rpadik dpyskmii y = 3x — x2. _0 3
Ile mapa6osa, 110 mepetmHae Bich x y Toukax 0 i 3, x
riakm AKoi crupamMoBaHi yHus (Mmaa. 12.2).

4) HepiBHicTh cripaBmiyeThea masa x € [0; 3].
Biodnosios: [0; 3].

O

Man. 12.2

4. Po3B'Aa3yBaHHS KBagpaTHUX HEpPiBHOCTEN
y pasi, AKLWO piBHAHHA ax? +bx + ¢ = 0
Ma€ OAMH KOPiHb
Jlaji poaragHeMo IPUKJIAIM HepiBHOCTEH, misA AKUX rpadik QyHKII

Yy = ax? + bx + ¢ goTuKaeTbcaA 10 oci abemuc, To6TO Yy pasi, AKINO AUCKPH-
mizanT D = b2 — 4ac kBagpaTHOro TpuuieHa ax2 + bx + ¢ mopisaioe 0.

YTELES  Poss’sasatu HepiBHicTb x2 — 6x + 9 > 0.

Posé’szanns. 1) Kopernem KBagpaTHOro TpuuaieHa x2 — 6x + 9 ¢ uncio 3.

2) ITosmauaemMo TOUKY 3 Ha OCi X «BHKOJOTOHO», 00 3HAK HepPiBHOCTI —
CTpOTruMi.

3) CxemaTuuHO 300paskyemo rpadgik pysrmii y = x2 — 6x + 9 (mau. 12.3).
Ile mapabosa 3 BepIIMHOIO Ha Oci X, il riaKkm cupamoBaHi Bropy. 3 Bic-
CI0O X BOHA MAae€ JIMIlle OAHY CIILJILHY TOUKY — TOUKY 3 (KasKyThb, IO Iapa-
6oJia TOTHUKAETHCA O OCi X).

4) 3a maamoHKOM 12.3 poOMMO BHCHOBOK, IO (hyHK-

igd HabyBae MOJaTHUX 3HAUYEeHb 3a OyAb-AKOTO 3HAa-

yeHHA X, KpiM umeaa 3. OTike, MHOKMHOIO PO3B’A3KiB 3 x
HepiBHOCTI € (—0; 3) U (3; +o0). Mau. 12.3
Bidnosgidv: (—o0; 3) U (3; +0).

3ayBaK1MO, III0 BiATIOBiAHOTO BMCHOBKY MOXKHAa OyJO mifiTu i 3ammcas-
I HepiBHIicT® y Buraagi (x — 3)2 > 0.

W PosB’si3aT; HepiBHOCTI:
1) x2 - 6x+ 9 > 0; 2) x2 - 6x + 9 < 0;
3) x2 - 6x +9<0. é é
Pose’asanns. 1) Hepisricts x2 — 6x + 9 > 0 3a70BOJIBHSA- 3 o
I0Th Ti cami umcia, 1m0 i HepiBHicTh x2 — 6x + 9 > 0, a
TaKOK 4McIo 3 — Hyab QyHKmii (Mas. 12.4). Tomy mmo- Maxn. 12.4
sKMHOI0 PO3B’A3KiB HepiBHOCTL x2 — 6x + 9 > 0 € MHOKHMHA
BCix mificHUX umces, TOOTO (—00; +00), E f
2) 3 mamaroHka 12.5 0aummo, 10 JKOJHA TOUYKA 3 TOYOK IIa-

pabosin He JEKUTHL HHUKUE Bi oci x, a ToMy HepiBHicTH 3 X
x2 — 6x + 9 < 0 posB’aABKiB He Mae. Mar. 12.5
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3) Komua 3 Touok mapaboJsiv He JEeKUTh HHXKUe Bim oci x,
IpoTe ToukKa 3 abciucoro 3 HaJeXuTh Iifi oci, a ToMmMy
3aI0BOJIbHSE HepiBHicT, (Manm. 12.6). Otike, eTUHUM
po3B’sa3KoM HepiBHOCTL x2 — 6x + 9 < 0 € yucao 3.

Bionogidv: 1) (—o0; +0); 2) Hemae po3B’aA3KiB; 3) x = 3. Mai. 12.6

3 x

3ayBasKuMO, IO IIi BiAmOBizmi Mo:kHa OyJio oTpHMMAaTH, IIOAABINHN JiBi
YaCTHHU HepiBHOcTel y Buraazai (x — 3)2.

5. Po3B'A3yBaHHA KBaapaTHMUX HEPIBHOCTEN Y pasi, SKLWO
piBHAHHSA ax? + bx + ¢ = 0 He Mae po3B'A3KiB
Haocranok posrasHeMo NOpUKJIAAW HepPiBHOCTEH, mJId SAKUX Trpadik
Gyuruii y = ax? + bx + ¢ He meperuHae Bich abcuuc, TOGTO SAKIO AUC-
kpuminaaT D = b2 — 4ac KBagpaTHOTrO TpUuaeHa ax2 + bx + ¢ € Big eMHUM
YHCIIOM.

Poss’saszaru HepiBHicTs —x2 + 2x — 7 < 0.
Pose’asanns. Pisaaaaa —x2 + 2x — 7 = 0 xKopeHiB He
Mae, amkxe D = 22 — 4 - (1) - (-7) = —24 < 0. OTxe,
nmapa6osa y = —x2 + 2x — 7 Bichb x He mepeTuHae, a Ii
riJiku crupsamoBaui yums (maa. 12.7).

Ockinpku BCi ToukM mapaboJin JekaTh HUMKUe Bifg oci x,
TO MHOXKMHOIO PO3B’A3KiB HepiBHOCTI —x2 + 2x — 7 <0 Mamn. 12.7
€ MHOKHMHA BCiX TiiCHUX YMCeJI, TOOTO (—00; +0),

Bionosidv: (—o0; +00),

]y

([YTGELEM Poss’asatu HepiBHicTe —x2 + 2x — 7 > 0.

Poszé’azannsa. 3 mamonka 12.7 6auumo, IO KOAHA 3 TOYOK mapabosu
He JIeKWTh BUINE Big oci X 1 He HaJEXUTHh I[ill Ooci, TOMy HepiBHiCTBb
—x2 + 2x — 7 > 0 He Mae po3B’A3KiB.

Bionosidv: HeMae po3B’A3KiB.

6. Po3B'a3syBaHHA cucTeM, WO MICTATb
KBaApaTHI HEPIBHOCTI

NG ELR Poss’asaTu cucTteMy HEpiBHOCTEI:
x2 + 2x > 0,

x2 +x-12 < 0.

Posg’sazanns. Pos3B’A3KOM cuCTeMM HEPIiBHOCTEHM € CIiJIbHI pPO3B’SI3KU
HepiBHOCTell cuctemu. OT)Ke, 1100 3HAWUTH PO3B’A3KM CHCTEeMH, Tpeda
Po3B’A3aTH KOKHY HEpiBHIiCTL OKpeMO i 3HalTH IX CHiJbHiI PO3B’SI3KH.
MHOK1HOIO pPo3B’a3KiB HepiBHOCTI x2 + 2x > 0 € (—o0; —2) U (0; +0)
(pOBB’AKiTH 1110 HEPiBHIiCTH camocTiiiHo). MHOKUHOIO PO3B’A3KiB Hepis-
mHocTi x2 + x — 12 < 0 € [-4; 3] (p0o3B’AXKITH 110 HEPIBHICTL CAMOCTIHO).
300pasuMo Ha KOOPAMHATHIN IPAMIii oTpuMaHi MHOMKUHI PO3B’A3KiB He-
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O
piBHOCcTeii (Mmasi. 12.8). MHOXKHHOIO PO3B’A3KiB cucTeMu Oyne IepeTHuH
MHOKHH PO3B’sA3KiB HepiBHOCTeIl, TOOTO [—4; —2) L (0; 3].

-4 -2 0 3

Biodnosiov: [—4; —2) U (0; 3].

[([‘)7 Aki HepiBHOCTI HasuBatoTb kBagpaTHUMKN? O Ak po3B’si3aTh KBagpaTHY HEPIBHICTL?

o

§ Fasb ' saxims 3agaui ma buxouaime bnpabu

@ 12.1. (Vcrno.) ki 3 HepiBHOCTEH € KBaApPATHUMMU:

1
1) 2x + 3 > 0; 2)3x2 - Tx -5 >0 8) 57— <0;
x4 — bx

4) 9x2 — 3x3 < 0; 5) x2 + Tx < 0 6) x2+9 > 0?
12.2. dki iz yucen —3; 0; 2 € pos3B’a3KaMu KBaApaTHOI HEPiBHOCTI:

1) x2 — x> 0y 2) x2-x+2>0; 3)4x2+3x—-1<0?
12.3. dki i3 uucen —2; 0; 1 € posB’aA3KaMy KBaApaTHOI HEPiBHOCTI:

1) x2 + x > 0; 2) x2 + 6x + 8 < 0; 3)3x2—-x+2>0?
12.4. Ha manoHKy 12.9 cxeMaTHuHO 300pakeHo

rpadik @yurnii y = 2x2 + 3x — 5. Bukopuc- \ /

TOByIouM Tpadik, 3amuIlliTh PO3B’SI3KU He- -2.5 1 X

piBHOCTI: \/

1)2x2+3x-5>0; 2)2x2+3x-52>0; Mau. 12.9

3)2x2+3x-5<0; 4)2x2+3x—-5<0.
12.5. Ha mamiouky 12.10 cxeMaTHWYHO 300pakeHo

rpadik GyHKuii y = —x2 + 2x. Bukopucrosy-

oun rpadik, 3anuIIiThL PO3B’A3KM HEPiBHOCTI: (y \2 x

1) —x2 + 2x < 0; 2) —x2 + 2x < 0;

3) —x2 + 2x > 0; 4) —x2 + 2x > 0. Mas. 12.10
@ 12.6. Po3B’s:xiTh HepiBHICTS:

1) x2 - 3x > 0; 2) x2 + bx < 0;

3) —x2 + 8x < 0; 4) —x2 — Tx > 0.
12.7. Po3B’s1:KiTh HepiBHICTD:

1) x2 — 6x < 0; 2) x2 + 2x > 0;

3) —x2+ Tx > 0; 4) —x2 — x < 0.
12.8. Po3B’s1:KiTh HEPiBHICTB:

1) x2 - 16 < 0; 2) x2 -4 > 0;

3)-x2+12>0; 4) 25 — x2<0.
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O
12.9. Po3B’s12KiTh HEpiBHiCTh:
1) x2 — 36 > 0; 2) x2 - 100 < 0;
3) —x2 + 64 < 0; 4)9—-x2>0.
12.10. 3HaigiTh MHOXKUHY PO3B’sI3KiB HEpPiBHOCTI:
1) x2 — 3x — 40 > 0; 2) x2 - 8x + 15 < 0;
3) —x2+ 6x + 7<0; 4) —x2 —b5x — 4 > 0.
12.11. 3HalAiTh MHOKUHY PO3B’A3KiB HEepPiBHOCTI:
1) x2 - 7Tx + 12 < 0; 2) x2 — 2x — 24 > 0;
3)—x2-—x+62=>0; 4) —x2+ 3x + 10 <O.

12.12. 3uaiigiTe, 3a AKX 3HAYECHDb X KBAAPATHUNA TPHUUJIEH:
1) x2 — 5x — 6 HaOyBae NOJATHUX 3HAUEHbD;
2) x2 + x — 12 mabyBac BiJ '€eMHUX 3HAYCHb.

12.13. 3HalgiTh, 3a AKUX 3HAUEHDb X KBAAPAaTHUN TPUUJIEH:
1) x2 — x — 2 HaOyBae Bif’€MHUX 3HAUEHD;
2) x2 + 2x — 8 HaOyBae JOZATHUX 3HAYEHD.

12.14. Po3B’4)KiTh HEepPiBHICTh:

1) x2 < 4; 2) x2 > 100; 3) x2 < Tx; 4) —x2 > —3x.
12.15. Po3B’sikiTh HepiBHICTD:

1) x2 > 9; 2) x2< 1; 3) x2 > 4x; 4) —x2 < —bx.
@ 12.16. Po3B’axKiTh HepiBHiCTB:

1) x2 + 2x — 7> 0; 2) x2 —x —-3<0.
12.17. Po3B’aXKiTh HepiBHICTS:

1) x2 — 4x — 3 < 0; 2) x2+x-52>0.

12.18. 3uaiigiTe 06/1aCTh BU3HAUEHHS (PDYHKIIII:
1
1 =Jx2 + 2x - 3; 2)Y = ———m—.
)y ) V12 — x — x2
12.19. 3HaigiTe 006acTh BU3HAUEHHS PYHKITII:
1)y = V3 — x2 + 2x; 2)y=;
Y ’ J2? +4x -5

12.20. 3HaiifgiTh MHOKUHY PO3B’sI3KiB HEPiBHOCTI:

1) x2+ 10x + 25 > 0; 2) 25 — 20x + 4x2 < 0;

3)9x2 —6x + 1> 0; 4) x2 — 8x + 16 < 0;

5) —x2 - 2x — 1 <0y 6) 10x — x2 — 25 > 0;

7) —25x2 4+ 30x — 9 < 0; 8) —49x2 — 70x — 25 > 0.
12.21. 3HaiifiTe MHOKUHY PO3B’sI3KiB HEPiBHOCTI:

1) x2 + 8x + 16 < 0; 2) 25x2 — 10x + 1 > 0;

3)9 — 6x + x2<0; 4) 100x2 — 120x + 36 > 0;

5)2x —x2-12> 0 6) —64x2 — 112x — 49 < 0;

7) —86x2 + 60x — 25 > 0; 8) —x2 + 16x — 64 < 0.
12.22, 3uaiiaiTe yci migi poss’sa3Ku HepiBHOCTI:

1) 2x2 - 5x + 2 < 0; 2) 9x — 2x2 -4 > 0.
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12.23. 3uaiiaiTe yci migi poss’sisKu HepiBHOCTI:
1) 2x2 - Tx + 3 < 0; 2) 4 — 11x — 3x2 > 0.

12.24. Hamionaneuuii  yHiBepcuteT «OcTpo3bKa

D aKageMissi» — OOUH 3 HANJAABHIININX HABYAJIb-
HUX 3akKJanaiB €Bpomu i mepIiuii cCTBOpPeHUi
B YKpaiui — sacuoBaumuii y 1576 p. Bix ca-
MOTO IIOYATKy CBOI'O iCHYBaHHS aKaJeMis
Oyna Hag3BHUYAMHO IIPOTPECUBHOI0. SHAIi-
IiTh CyMy BCiX ITIiimX po3B’sI3KiB HepiBHOCTI
19x + 51 — 10x2 > 0, Binrar nisHaeTecd,
CKLTBbKM iHOBeMHUX MOB BHWBYAJM IIEPIIi
CTyIeHTH ITiel akamemii.

12.25. 2025 pory B Kaumazi Bigdoynuca «Irpu He-
D ckoperux» (Invictus Games), y axux oOpa-
JU YyYacTh CIIOPTCMEHUN / CIIOPTCMEHKU
3 VYkpainu. PosB’siKiThb  HepiBHiCTB
49x — 5x2 — 72 > 0. JTo6yTOK HaAliMeHIIIOI0
i HafbimbIIOT0 HATYPAJLHUX PO3B’A3KiB
HepiBHOCTI HimKaKyTh BaM, CKiJIbKH Me-

Iajeii cmopTCMeH! / CIOPTCMEHKHU YKpainu 3700yau B 3MMOBUX BHU-

Jax IIUX 3MaraHb.

12.26. Po3B’s:xiTh HepiBHICTE:

Dx2+x+72>0; 2) x2 - 2x + 5 < 0;

3) x2-2x—-9<0; 4) -8x2+ 4x - 5> 0.
12.27. Po3B’A:KiTh HEPiBHICTb:

1) 6x2 + x + 1> 0; 2) x2-3x +7<0;

3) —x2+4x -9 <0; 4) -x2—-2x—-5>0.
12.28. loBeniTh, 110 3a OYAL-AKOTO 3HAUYEHHSA X CIIPABAKYETHCA HEPiBHICTL:

1)3x2-x+1>0; 2) 6x < x2 + 10.
12.29. 3HalgiTs HaliMeHININi IiJani po3B’A30K HEPiBHOCTI:

1) 4x2 + 11x — 20 < 0; 2) -3x2 + 11x + 34 > 0.
12.30. 3HaigiTe HaNOIABININE ANl PO3B’sI30K HEPiBHOCTI:

1) -8x2 — 11x + 14 > 0; 2) 12x2 + 16x — 3 < 0.
12.31. Po3B’s:iTh HepiBHICTE:

1) 2x2 — 3x < 2(x — 1); 2) 4x(x + 2) > 5;

3) x(x — 8) > (2x — 1)% 4) 3x(x —2)+ 1> (x — 1)2.
12.32. Po3B’A:KiTh HEPiBHICTD:

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

12.33. 3HanigiTe 06JiacTh BUSHAUEHHS QPYHKILII:

2 _
Dy=-va?+2x+8+—1 gy-Y¥rrx-2

x -2 x -2
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O
12.34. MoTonuKJIiCTKa, II0 PYXaeTbCcA II0 MOCTY 3i IBUAKiCTIO
9999 v = 54 KM/TOA, BHLEKIMKAE 3 HHOTO 1 0Jpasdy Iic/IA BHI3Ay IOYMHAE
pO3raHATHCA 3i CTaIUM IPHUCKOPEHHAM a = 8 KM/ron2. Bigcrasp Bif

MOTOIIMKJIICTKH IO MicTa, III0 BUMipPIOEThCS B KijloMeTpaxX, BU3HaUa-
at2 . ’
eTbea (Gopmysroro S = vyt +?. OmnepaTop MOOiJIBHOTO 3B’SIBKY ra-

panTye crabiibHMII 3B 430K Ha Bimcrami me mauri, mi:k 28 KM Bifg
micra. IIporsarom AKOro yacy MOTOIMKJIICTKA MaTUMe CTAOiIbHMIA
MOOibHUM 3B’ 30K (BiAmoBiAb maliTe y XBUJINHAX)?

12.35. Po3B’s1okiTh cucTeMy HepiBHOCTEH:

x2 +Tx -8 <0, 2x2 +5x -3 = 0,
1){x>0; {2x—6>0.
12.36. Po3B’s2xiTh cucTeMy HepiBHOCTEH:
2x2 + 5bx - 18 > 0, x2 —10x - 24 < 0,
{x<0; ){Zx—16>0.
E 12.37. 3uaiigiTes yci miii pos3B’sA3Ku cuCTeMU HepPiBHOCTEMH:
x2 —6x+8 >0, x2+2x -3 >0,
){0<x<7; 2{x2+x—6<0.
12.38. 3uaigiTes yci miai pos3s’A3Ku cucTeMU HepiBHOCTEIH:
x2 —4x +3 > 0, 2x2 + Tx -9 > 0,
1){—1<x<6; 2{x2—9<0.
12.39. Po3B’axKiTh HepiBHICTS:
x2 - 8x +15 x2 +x -2
1) —(x e < 0 2) —|x - 2| > 0,

12.40. 3ualigiTs 00sacTh JONYCTUMUX 3HAYEeHb 3MiHHOI y BUpasi

N S
V4 + 8x — x2

12.41. 3uaiiaiTh objlacTh BUSHAUEHHA QYHKILII

JxZ - 16

E 12.42, 3a axux 3HaUYeHb @ He Ma€ KOPEHiB PiBHAHHA:

1) x2—(a—2)x +4=0; 2) (a + 1)x2 + 5ax + 3a = 0?
12.43. 3a gxuX 3HaUYEHb @ PiBHAHHSA Ma€ ABA PisHMX KOPEHi:

1) x2 — ax + (2a — 3) = 0;

2) ax?2+ (8a — 2)x + a=0?
12.44. 3a aKuX 3HAYEHb ( PiBHAHHI:

1) x2 — (a + 1)x + 9 = 0 He Mae KOpeHiB;

2) ax? + (2a — 1)x + a = 0 mac aBa Pi3HUX KopeHi?
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12.45. 3a axux 3HaueHb M PO3B’A3KOM HEPiBHOCTI € OyAb-AKe YKCJIO:
1) x2-(m+ 2)x +(8m+1) > 0; 2y mx2 —4x+ m+ 3 <0?

©) Bnpabu grs nobmopenns

12.46. IToGyayiiTe rpadik GyHKmii y = —x2 + 2x + 8. 3a rpadikom 3HANTITS:
1) o6sacThb 3HaUEeHDb PYHKITIT;
2) mpoMiKOK 3pocTaHHA QYyHKILII.

12.47. Nosenits, mo 26x2 — 10x + 2xy + y2 + 2 > 0 3a OyAb-AKKUX 3Ha-
YeHb X Ta Y.

12.48. OnauM 3 KopeHiB piBHAHHA x3 — 2x2 — x + a = 0 € ynucao —1. 3Haii-
IiTh PeIlTy KOPeHiB IIbOT0 PiBHAHHAI.

Kummeba mamemamuka

12.49. Babyci Map’ani npusHaueHO JiKH, Ait0Uy
peuoBUHY AKuUX Tpeba B:xKuBaTHU mo 0,5 T
3 pasu Ha m00y mporarom 14 gmis. Oxma
yIIakKoBKa JikiB wmictuts 10 mirymox mo
0,25 r girouoi peuoBHMHUN B KOMKHIN miryJi.
fAxoi HaliMeHIIOI KiJbKOCTI yHaKOBOK ITUX
JiKiB BUCTAaUUTh HA BeChb KYPC JiKyBaHHA?

@ Tligzomyimecs go bubuenns Hobozo mamepiany

12.50. Yu € mapa uwncen (—1; 2) po3B’A3KOM CHUCTEMU PiBHAHL:

x+3y:5, 3y-x:7,
1) 2)
4x — by = -14; 4x + by = 5?
12.51. Po3B’saKiTh cucTeMy piBHAHBL rpadidHo:
1 2x + Ty = -3, x + by = -16,
3x -y =T, 3x—2y—3
12.52. Po3B’s:KiTh cucTeMy PiBHAHB CIIOCOOOM HifICTAHOBKU:
x + Ty = =5, 3x + 4y = —19,
1) y 2) y
3x — 4y = 10; Tx—y =
12.53. Po3B’s:KiTh cucTeMy PiBHSHBL CIIOCOOOM TOmaBaHHS:
3x + 2y = 2, 2) Tx + 5y = 11,
5x — 2y = —-18; 3x + 5y = —1.

@ Likabi 3agaui — nomipkyia ogHaue
12.54. Bigomo, 1o umecna a, b i Ja + b € pamioHanrsEuMHu. UM MOKHA

CTBEPIKYyBaTH, II0 UMCJIa JE i \/5 Te)X paIioHaJIbHi?
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,Y@,V 7 KJIaci BM po3B’A3yBaJIM CUCTEMH ABOX JIHIHHMX PiBHAHB i3 ABOMA

KBadpamu4Ha pyHKYis

§ 13. Po3B'a3yBaHHs cucTeM piBHSHD
ApYroro creneHs 3 ABOMa 3MiHHUMHU

1. Cuctema piBHSIHb i3 ABOMA 3MiHHUMMU
Ta il po3B'A30K

4

3MiHHI/IMI/I, TO6TO cucremMmnu, y AKHUX O6I/I,I[Ba piBHHHHH MalOTb BUIJVIAL
ax + by =c, ge a, b, c — uncna, x Ta y — 3minui. Hanpukmaazg, Takoro
€ cucrema

x+ 3y = 2,

2x —y = 11.
Haramaemo, 110 po3e’sa3kom cucmemu piBHAHb i3 080MA 3MIHHUMU

HA3UBAMb MAKY NApY 3HAYEHb 3MIHHUX, 34 AKUX KOMCHe 3 PiBHAHb
Kcucmemu nepemeopremMuvCs HA NPABUNLHY HYUCA08Y Pi6HICcMb. )

Tak, po3B’aA3KOM HaBeIeHOI BHUIIle cuUcTeMH € mapa uucesa (5; —1), TodTo
x=98,y=-1.Copani: 5 +3-(-1)=212.-5—- (1) =11 — npaBuabHi
YMCJIOBi piBHOCTI.

2. [MoHATTa cTeneHs piBHSAHHS
3 ABOMa 3MiHHUMM

PiBuanHA ax + by = ¢ 3a ymMoBHU, KOJH Xoua 0 oguH 3 KoedillieHTiB
a uyn b BiZMiHHUHA Bifg HYJA, HA3WBAIOTH PIi6HAHHAM NEPULOZO CMENeHs
3 0goma 3minnHumu. Ile piBHAHHS MOKHA 3aMiHUTU PiBHOCUJILHUM HOMY
piBHAHHAM ax + by — ¢ = 0, J1iBa yacTUHA AKOTO — MHOTOYJIEH CTaHIAPT-
HOT'O BUIVISAY IIEPIIIOTO CTEeleHsA 3 ABOMAa 3MiHHUMM, a IIpaBa — JTOPiBHIOE
HYJIIO.

¥ raruit cmoci6é MOKHa BUBHAUUTHU CTEIiHb OyIb-AKOT0 PiBHAHHS 3 TBO-
Ma 3MimHHUMH (Ta ¥ B3araji 3 0inbImol0 KigbKicTio 3mMinHUNX). Ias mboro
JOCTAaTHLO 3aMiHUTU PiBHAHHSA PiBHOCUJILHUM HOMY PiBHAHHAM, JiBa dac-
TUHA SIKOTO — MHOTOUYJIEH CTAHAAPTHOTO BUIVIAAY, a MpaBa — UYUCJIO HYJb.
Creninp MHOTOUNIEHA i Oyne cmenenem piBHAHHA.

Tak, Hanpukaan, x2 — 2xy + y2 — 1 = 0 — piBHAHHA APYTOTO CTEIeHs, PiB-
maaHAa (x2 + y)2 = x* + 3y2 + 7 piBHOCUIbHe piBHAHHIO 2x2y — 2y2 -7 =0
i, oTiKe, € PIBHAHHAM TPETHOT'O CTEIEeHHd.

Posrmsmemo cucreMu piBHAHB, Yy AKUX OgHe abo oOuagBa pPiBHAH-

HA € PiBHAHHAMM APYTOro CTelleHs 3 ABOMAa 3MiHHMMM, Ta CIIOCOOH PO3-
B’AA3yYBaHHA TAKUX CHUCTEM.

3. Po3B'A3yBaHHSA cucTeM piBHSAHb OAPYroro creneHs
3 ABOMA 3MiHHUMMU rpadivyHO

CucreMu piBHAHL [OPYroro CTeIeHA 3 [ABOMAa 3MIiHHMMH TpadidHO
pO3B’A3YIOTh TAK CaMoO, AK i cucTeMHu ABOX JiHIHHMX PiBHAHL i3 ABOMA
3MiHHUMH.
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Haramaemo mocaioBHICTE KPOKiB AJid PO3B’sA3yBaHHSA CHUCTEMU PiBHAHD
rpacgiuHo:

1) moGyayBaTu rpacdiku piBHAHB B OTHiNl KOOPIMHATHIN ILTOLIUHIi;

2) 3HAWTH KOOPAMHATH IXHIX TOUOK NepeTHHY a00 BIEBHUTHCH, IO
rpa¢giku piBHAHBb CINJIBHUX TOYOK HE MAaIOTh;

3) AKII0 KOOPAMHATH TOUYOK IIEPETHHY € LiJIMMM YHUCJIaMH, TO BUKOHATH
IepPeRBipKy; AKIIO Hi, TO PO3B’I3KH CHCTEMH 3HAWTH HAOJMKEHO;

4) 3amucaTd BigmoBigsk.

P

Ha Bigmimy Big mimifimnx piBHSHBb, rpadikoM AKUX € mpsaMa, rpadixu
PiBHSAHB IPYrOro CTEIleHd € NOCUTh pisHuMU. Tak, HanpukJaanm, rpadikom
piBHAHHA y = x? (a60 piBHOCUIBHOrO oMy piBHAHHS y — x2 = 0) € mapa6o-

. . 6 . .
Jaa, rpadikoM piBHAHHA y = — (200 PiBHOCUJIBHOTO HOMY PiBHAHHA XY = 6)
x
€ rinep6oJia, a rpadgikom piBEaHHA x2 + y2 = 4 € KoJo.

x2 + y2 = 16,
W PosB’si3aTu rpagiuno cucremy piBHSIHB
- x+y = 4.

» Po3g’sazanusa. Ilobyayemo B omHili cucTteMi KoopauHAT rpadiku piBHAHB
x2 + y?2 =16 ta x + y = 4. l'padikom piBusHHEA x2 + y2 = 16 € KoJ0 i3 1EeH-
TPOM y MOUYaTKy KoopawmHarT i pamiycom 4. I'padikom piBHAHHA x + y = 4
€ mpsAMa, M0 IPOXOoauTh uepe3 Touku (—1; 5) i (3; 1). I'padikm 300parkeHo
Ha MaadioHKy 13.1, BoHM MaioTh ABi cminbHi Touku (0; 4) i (4; 0). Ilepesip-
KOIO BIIEBHIOEMOCH, IIT0 ITi ITapW YKCEJI € PO3B’A3KAMU CHUCTEMU.

YA
x? +y? =16 4

Max. 13.1
Biodnosids: (0; 4), (4; 0).

4. Po3B'A3yBaHHS CUCTEM PIBHSAHb APYroro creneHs
3 ABOMa 3MiHHUMU CNOCO60M MiACTaHOBKU

SKII0 B cucTeMi piBHAHD i3 ABOMA 3MiHHMMU OJHE 3 PiBHAHDL € PiBHSAH-
HSIM IIePIIIOro CTEIeHs, TO TAKY CHUCTEMY 3aBiKIU MOXKHA PO3B’SI3aTU CNOCO-
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O
6om nidcmanoserxu. Haragaemo MmoCaiOBHICTh KPOKiB [y pO3B’sA3yBaHHA
CHCTeMHU PiBHAHB IIIM CIIOCOOOM:

1) BupasuTu B PiBHAHHI NMEPIIOr0 CTeNeHs OAHY 3MiHHY uepe3 iHIIY;

2) migcTaBUTH OTPUMAaHHWI BHpa3 y ApPyre PiBHAHHS CHCTEMH 3aMiCTh
BigmoBigHOI 3MiHHOI;

3) po3B’A3aTH OTPUMAaHe PiBHAHHS 3 OXHICI0 3MiHHOIO;

4) 3HAWTH BiANMOBiAHI 3HaYEeHHA APYroi 3MiHHOI;

5) sammcaTu BigIOBiab.

3y? — xy = -1,

W PosB’a3aTu cucteMy piBHSAHB
. x+ 3y = 5.

. Posé’s3annsa. Bupasumo 3 Apyroro piBHAHHSA 3MIiHHY X Uepe3 3MiHHY Vy:
. x = b — 3y. IlincraBumo B mepie PiBHAHHA 3aMicTh X Bupas b — 3y Ta
oTpuMaeMo piBHAHHA 3i aminno0 y: 3y? — (5 — 3y)y = —1.
ITicia cmpoimeds MaTuMeMoO piBHaHHA 6y2 — 5y + 1 = 0, KopeHi AKoro
1 1
Yy = 2’ Yy = 3

3a ¢opmysaow x = 5 — 3y 3HAXOAWUMO 3HAUYEHHA X, IO BigmoBimaroTh
3HAWIeHNM 3HAUYEHHAM V:

x; =5—3-1=31, X, :5—3-124.
2 2 3
OT:xe, cucTeMa Mae€ JBa PO3B’ A3KMU:
1 1 1
x; :3§,y1 =5Ta X, = 4, Yy =3
OdopMuTHy po3B’sA3aHHS B 30IINTI MOMKHA TaK:
3y2 —xy = -1, |[x=5-3y, x =5 - 3y,
x + 3y = 5; 3y2 —xy = -1; (3y2 - (5 -3y)y = -1;
x =5 — 3y, D = 1,
6y? — 5y +1 = 0; y1=0,5,y2=%
_1
{y = 0,5, V=3
B abo 1
x=5-3-0,5 x=5_3.1
3
x = 3,5, x=4
abo 1
y = 0,5 y = g

Bidnosiods: (3,5; 0,5), (4; éj
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5. Po3B'A3yBaHHA cUCTEM PiBHSAHb APYroro cTerneHs
3 ABOMaA 3MiHHMMM CNOCO60OM AoAaBaHHSA

SK i gns cuecreM ABOX JIIHIMHUX PiBHAHB i3 1BOMa 3MiHHUMM, Iie#l CITO-
ci6 BUKOPHCTOBYIOTH, 30KpPeMa, KOJU B Pe3yJbTATi HOUJEHHOTO MOJaBaHHSI
PiBHAHBL CHUCTEMU OTPUMYEMO PiBHAHHS 3 OQHiI€I0 3MiHHOIO.

m PosB’sizaTu cucremMy piBHAHB {

Posé’as3anusa. JlogamMo mousieHHO O0MABA PiBHAHHS CHUCTEMU, MaTHUMEMO:
2x = 10, TobTO X = 5.

IligcraBuBIM 3HalifeHe 3HAUEHHS X, HANPUKJIAML, Yy Ieplle PiBHAHHAI,
OTPUMAaEMO:

5 + 5y = 20, Tobro y = 3. OToRE, X = 5, Yy = 3.

OdopMuTu poss’sA3aHHA B 30IIUTI MOKHA TaK:

x + xy = 20,
x — xy = —10.

x + xy = 20,

{x—xy = -10;
2x = 10,
x = 5.

x = b, x = b, x = b,
5 + by = 20; 5y = 15; Y .

Biodnosiov: (5; 3).

Il
w

x2 + 2xy = 21,

B[ VIELES Poss’sasaTu cucTeMy PiBHSIHB {

Pos3g’azanns. IllomHOXKUMO Apyre piBHAHHA Ha —2. Maemo:
x2 + 2xy = 21,
—2x — 2xy = —18.

x+xy =9.

IlogaMo IOYJIeHHO PiBHAHHS CHUCTeMH, oTpuMaeMo: x2 — 2x = 3. Maemo
piBHAHHA: x2 — 2x — 3 = 0, KopeHi AKOro: x; = -1, x, = 3. 3naiizemMo
BiAmmoBigHI 3HAUEHHA Y, IMiJACTABUBIIMU IIi 3HAUEHHA X Yy IPYyre PiBHAHHSA
IOYaTKOBOI CUCTEMMU:

1) mexait x = -1, Toni -1 —y =9, To6TO Yy = —10;
2) mexait x = 3, Toxi 3 + 3y = 9, ToOTO Y = 2.
Biodnosiov: (—1; —10), (3; 2).

6. Po3B'a3yBaHHA cuCcTEM pPiBHSIHb APYroro cteneHs
3 ABOoMa 3MiHHMMM 3a 4OMOMOIoKO 3aMiHU 3MiHHUX

Hesaki cucremu piBHAHB APYroro CTemeHs (a4 TaKOMK CUCTEMHU, IO Mic-
TATh PIBHAHHA BUIIUX CTeIEeHiB) 3PpYYHO PO3B’A3yBaTH, BUKOPUCTOBYIOUN
3aMiHy 3MiHHUX.
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x+y+xy =11,

W Po3sB’a3atu cucremMy piBHAHB
ye {xy(x +y) = 30.

Pose’sa3zanns. YBememo 3amMiHy: X + y = u, xy = v. Marumemo cucremy
PiBHAHDB:

uv = 30.
Po3B’s3aBIIIn 1[I0 CUCTEMY CIIOCOOOM ITifiICTAHOBKU (3p0O6iTh Ile camMOCTiii-
HO), OTPUMAaEMO U; = 5, v; = 6 abo u, = 6, v, = 5.
IloBepraemocs g0 3MiHHUX X Ta Y:

u =5, {x+y:5,

{u-l—v:ll,

TO
v =6,
Po3sB’a3aBI1iu 1110 CUCTEMY, MaTUMEMO:
X1=2,Y;=3; x5=38, Yy = 2;
u =6, x+y =6,
2) AKII0 TO
v xy = 5.

1
) HKMO{ xy = 6.

Orpumaemo me ABi mapu umces: X3 =95, ys=1; x, =1, y, = 5.
Bionosios: (2; 3), (3; 2), (5; 1), (1; 5).

LLle B 4aBHbOBaBUMOHCLKMX TeKCTaxX, sKi gatoBaHi Ill—

A we Paniwe... Il TUCAYOMITTAMM 00 H. €., TpanmnAnoca Ymmarno s3agad, Lo

3BOOUNUCA 0 CUCTEM PiBHSAHBL Apyroro cteneHs. Ocb ogHa
3 HUX.

5
3apava. [1owi 08ox ceoix keadpamig s cknae i ompumas 25 E CmopoHa

2
Opya020 cknadae § 8i0 CMOpPOHU nepwozo i we 5. 3Halimu cmopoHuU yux keadpamis.

Cuctema piBHsIHb 40 3aadi B Cy4acHUX 3anucax MatMMme Takui BUIMSA:

x2 + y2 = 25%,

2
= —x + 5.
Y73

[nsa il po3B’a3yBaHHA aBTOp NiQHOCUTL 00 KBagpara nisy 1 NpaBy YaCTUHWU ApYro-
ro PIBHAHHSA:
4 20
y2 = —x%2 + —x + 25
9 3
Ta nigcTaensie sHanaeHe 3HaYeHHs BUpasy y2 B neplue PiBHAHHSA | 3BOAUTL MOAIGHI

OOOaHKM:
4 2 5
1-x2 + 6=x = —.
9 3 12
[ani aBTOp po3B’s3yE Lie PIBHAHHS, 3HAXOAUTb X, @ NOTIM y.
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HiodaHT, He Marun No3HayYeHb ANs KiNbKOX HEBIAOMUX, Mif Yac po3B’A3yBaHHSA
3apadi obupaB HeBIAOMY BEMUYUHY Tak, 06 3BECTU PO3B’A3yBaHHA CUCTEMU [0
pO3B’A3yBaHHSA EOVUHOIO PiBHAHHS.

3apava. 3anucamu 0ea yucria, Konu 8idomo, wo ix cyma dopisHtoe 20, a cyma ix
keadpamie — 208.

CyuyacHi maTemaTukm 3senu 6 Lo 3agady 4o cucTemm

x+y =20,
x2 + y2 = 208.

[Mpote [diodaHT obmpaB HEBIGOMOK BENNYUHOK MOMOBUHY Pi3HULI LUYKaHUX Yn-
cen Ta OTpUMYBaB (Y Cy4aCHUX MNO3HAYEHHSIX) CUCTEMY

1
—(x — 2,
2( y)

1
—(x + = 10.
2 (x + )

Cnoyatky gogarouu Li piBHSIHHSA, @ NOTiM BigHiMaroum neplle Big gpyroro, [io-
¢aHT oTpumyBaB: x = z + 10, y = 10 — z i niacTaBnaB 3HaWaeHi BUpa3un y apyre pis-
HSHHSA NOYaTKOBOI CUCTEMMU:

x2+y2 =(z+10)2 + (10 - 2)2 = 222 + 200,

1106 OTPUMATU PIBHSHHSA 3 OAHiEl 3MiHHO0: 222 + 200 = 208, 3sigkn z = 2. ([io-
aHT po3rnsgas NULe HEBIA' EMHI Yucna, TOMY KOPiHb 2 = —2 He PO3ITsHYB).

Togi x =2+10 =12 y =10 - 2 = 8.

Y XVII-XVIII cT. npunomun po3B’sa3yBaHHsS CUCTEM NiHINHWUX PIBHAHb Y 3ararnbHOMY
BUMMSAAI 3a AOMOMOIol METOAY BUMKITHYEHHSI HEBIAOMUX pO3rnggani mMaTemaTtuku
Mep depma, lcaak HbtoToH, loTdpia JlenbHiy, JleoHapn Ewvinep, ETbeH Beasy,
K.-J1. Jlarpank Ta iHLwi.

3aBasku metony koopauHart, skui 3anponoHyBanu B XVII ct. . ®epma i P. fe-
KapT, CTano MOXITMBUMM PO3B’A3yBaT CUCTEMU PIiBHSAHb rpadivHO.

@ MosACHITb Ha NpuKNagax, Lo Ha3MBalTb CTENEeHeM PIBHAHHSA 3 ABoMa 3MiHHUMKU. O Ak
pO3B’AA3aTV CUCTEMY PiBHSAHb i3 ABOMa 3MiHHUMM rpadiyHo? O Sk po3s’asaTn cuctemy
PiBHSIHb i3 ABOMa 3MiHHMMWK cnocobom niactaHoBkn? Cnocobom goaaBaHHA?

§ Fosb ' sximo 3agaui ma buxonaime bnpabu

il | 13.1. Yu € mapa uucen x = 2, y = 1 po3B’sI3KOM CHUCTEMU PiBHAHb:

x2 + y2 =5, x2 —y2 =3,
1){ y 2){ y
=1 x+y =47

2x2 +y = -1,

13.2. Yu € po3B’sA3KOM CHUCTEMU { mapa 4uceJi:

xX+y=-2
1) (1; -3); 2) (0; -1)?
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2]

13.4.

13.5.

13.6.

13.7.

13.8.

13.9.

13.3. Ilo6Gyayiite rpadik GyHkmii y = x2 — 4. 3a gomomoroi rpadika
PO3B’SKITH cUCTEMY DiBHAHB:

y = x2 -4, y = x2 -4, y = x2 -4,
1) 2) 3)
y=x+2 y = 3x; y=x — 6.

IloGyayiite rpadgik ¢yurmii y = —x2 + 1. 3a momomorowo rpadika
PO3B’AXKITHL cCUCTEMY PiBHAHD:

1) {y 2) {y
Posp’sikiTh rpadiuno cucremMy piBHAHB:

x2 +y2 =09, xy = 4, x2 + y2 = 25,
1) Y 2)1™ 3) Y

x -y =3 Yy = 4x; xy = —-12.

3a [IOIOMOTOI0 IporpaMu OJsd moOymoBu rpadikiB mepeBipTe mpa-
BUJIbHICTH PO3B’A3yBaHHA OAHiel i3 cucTem.

Posp’sikiTh rpadiuno cuctemMy piBHAHB:

x2 + y? =4, xy = 6, x% + y? = 25,
1) Y 2) Y 3) Y

y—x =2 y = 6x; xy = 12,

3a [mOoImoMOroi0 mporpaMm najs moOymoBu rpacdikiB mepeBipTe mpa-
BUJIbHICTH PO3B’A3yBaHHA OAHIiel i3 cucTeM.

Po3B’s1:xiTh crmocoboM IIifCTaHOBKM CHCTEMY PiBHSAHL:

x = 4y, x2 +y =0,
D e _ o 29, _
y“ +x+3 = 0; y = 2x — 3.

Po3B’s:kiTh crmocoboM mifCTaHOBKM CHUCTEMY PiBHSIHD:

y = —2x, x =4y - 5,
DA _ o D92 4 x =

x4 +y—3=0; y- +x = 0.
PosB’sxiTh cucTeMy piBHAHD:

y—x =1, x—-y=1,
DY - 19 242 4 2 - o5

xy = 12; x% + y4 = 25;

x+y =3, y + 2x =3,
3)1 2 2 _ a. 4 2 2 _

x4 —ys = 3; x4 + y4 = 5.

13.10. 3HaigiTh PO3B’ABKM CUCTEMU PiBHAHD:

—x = 2, x—-y =1, xX+y=2, - 3x =1,
1) y 2) Y 3) y 4) y
xy = 8; x2 + y2 = 5; y2 — x2 = 4 x2 + y2 = 53.

13.11. Po3B’s12kiTh crmocoboM AOAaBAHHS CHCTEMY PiBHAHL:

1; -x2 + 4y = 19.

x+y? =3, x2+y =1,
1){ 9 2){
x -y
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13.12. Po3B’aXiTh CcIIOCOOOM MOMaBAHHA CHUCTEMY PiBHAHB:

y + x2 = 10, Y2 +x = 2,
1) 2)
y—xZ:—S; —y2+2x=7.
. . x+y=>5,
13.13. 1) PosB’s:kiTh cucteMy pPiBHSIHD
x2+y="17

TpbOMa CcIIoco0amMmu:

D rpadgiuHMM, CIIOCO0OM MHiZCTAHOBKM i CIIOCOOOM HOZABAHHSI.

2) fxwuii cmocib Bam cmomobaBcsa HabiabIme?

3) Hexaii (x5 y;), (x95 Y,) — mapu po3B’A3KiB cuc-
X Y+ Xy + Yy
2
BigTax misHaeTecd, CKimTbKH Memajeii 3m00yB yKpai-
Henb Amapiit Tpycos Ha aitmix Ilapamimmificbrux

irpax 2024 poky.

TeMu. SHAHOITL 3HAUEHHS BUPAa3y

b

Amndpiit Tpycos

-x=28,
13.14. 1) Po3B’sa:xkiTh cucTeMy pPiBHAHB { ) TphOMa cIocobaMm:

x4 —y=-2

D rpagivyHMM, CIIOCOOOM MHifICTAHOBKHU i CIIOCOOOM IOmABAHHS.

2) fAxwuii cnoci6 Bam criomobaBes HaMbOiabIe?

3) Hexai1 (x;; y;), (¥9; y,) — HIapu po3B’A3KiB cHC-
TeMHu. SHalAITh 3HAUEHHA BUPA3y X Y; + Xy, + 8,
BifTaK misHaeTecs, y AKOMY Billi yKpaiHcbhKa 0iodi-
sukuHA Oabra BpoBapels cTaja JOKTOPKOO HayK.

E 13.15. PosB’s:kiTh rpadiuHo cuctemy:
x2 +4x —y = 0, 5 x2 + y2 = 4,
x+y+4=0; )y:x2+2.

3a [IOIOMOTOI0 IporpaMu naJsd HoO0ymoBu rpadikis
BUJIbHICTH PO3B’A3yBaHHA OHiel i3 cucTeM.
13.16. PosB’staxiTh rpadiuso cucremy:
x2+6x—y =0, x2+y2 =09,
{x+y+6:0; 2{y:x2+3.

3a [IOIOMOTOI0 HporpaMu s moO0ymoBu rpadikis
BUJIbHICTEH PO3B’A3yBaHHA OAHiel i3 cucTeM.

Oavea
Bposapeyb

mmepesipre mpa-

nmepesipre mpa-

13.17. Hakpecnite cxemaTuuuo rpadiku piBHSHBb CHCTEMH i BCTaHOBITH

KimbKicTh ii po3B’s3KiB:

xy = —4, x2+y2 =09,
1) 2 _ 9. 9., _
y-—x° =2 xy = 1.
13.18. Po3B’s12KiTh cucTeMy PiBHAHD:
2 2 _
[P =22, , ¥yt =25
)x+5y=13; )x+%:5;
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3{x+2y:6’ 4)j_y1: 7
x2 + xy +y2 =12 ;+;=E-
13.19. Po3B’aXKiTh cucTeMy PiBHAHB:
1){3y2—xy=2, . ’;Z"Lyz_l?’
x -2y =1 §+y= ;
3){x+2y:1’ 4)9;”/1:;
2 —xy - y? =15 4 6

13.20. He Bukouyooun moOya0BU, 3HAUAITH KOOPAUHATH TOUOK IIEPETUHY:
1) npamoi x + y = 5 i mapaboan y = x2 — T;
2) xomna x2 + y2 = 34 i rimep6osu xy = 15.

13.21. Po3B’aKiTh cuCcTEeMY PiBHAHD:

1 x + xy =5, x? + y2 = 29,
) x—xy = 2

5 2y2 + xy = 36,
y? + xy = 20;

13.22. Po3B’AKiTh cucTeMy PiBHAHB:

1 {y + xy = 3, {Syz + x2 =13,

y-xy =-2%
3x2 — xy = 10,
3) { y_
—-xy = 2

E 13.23. Po3B’skiTh cucTeMy DiBHAHB:

2xy - x =10,
1) 9 o
xy_y_99

2) 2x —xy —y = 13,
x +xy — 2y = 2.
13.24. Po3B’s:KiTh cucTeMy PiBHAHD:

1){3xy+x=8, {x+xy+2y

I
|
N

2
3xy+y =T; )2x—xy—

Il
|
DO

13.25. Po3B’axXiTh cucTeMy PiBHAHB:

X+y+xy =05,
){ 2)

xy(x +y) = 6;

Rwlx

+ 4=
x
-y =
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{(x+y)2—2(x+y)+1=0, oy xry 15

4)y x +y x — 2y 4
_ 2 _ —4 = 0-
(x -y +3(x-y) -4 =0 dx + 5y = 3.

13.26. PosB’s1:kiTh cucTeMy PiBHAHD:

5
1) f—%=g, 2){(x—y)2+4(x—y)+4:O,
y 2 _ -3 =
x4y =5 (x+y)y -2(x+y—-3=0.

x2 +y? =4,
|-)(-| 13.27. 3a AKoro 3HauUeHHA @ CUCTeMa Mae:
y=x2+a

1) eguHUl po3B’A30K; 2) piBHO Tpu PO3B’A3KU?

©) Bnpabu grs nobmopenns

13.28. PosB’s:kiTh HepiBHicTE —3,4 <

13.29. Temnoxing npomausB 24 KM 3a Tediero piuxku Ha 2 roj IIBUAIIE, HixX
60 xM mporu Teuii. 3HaliAiTL IMBUAKICTh Teuil, AKIO BJacHa IIBHUJ-
KicTh Temsmoxoma mopiBHIOE 22 KM/TO/I.

x3 + 4x2 — bx
. .

13.30. ITob6ynyiiTe rpadixk GyHKIIl Yy =

XKummeba mamemamuka

13.31. 1) IlpuBarHe mignpueMcTBO «KOTHUTOPOINIKO» BUPOOIs€ AUTAUI
irpamku Ta peasisye ix 3a 1minoio p = 500 rpu 3a ogmHUIO. 3MiHHI
BUTPATH Ha BUPOOHUIITBO OAHiel OoAMHUIII HIPOAYKIII CTAHOBIATH
v = 300 rpH, a mocTiiHi BuUTpaTH MmiANIPUEMCTBA CTAHOBJIATD
f =700 000 rpu Ha micanb. Micaunuii onepamiinmnii mpubyTOK IIij-
IpUEMCTBA (v TPUBHSAX) 00UMCIIOETHCA 3a ¢dopmyJior0
m(q) = q(p — v) — f. BusHaure HaliMeHIIWI MicAYHHUI 00CAT BUPOO-
HUNTBa ¢ (OAMHUIIL IPOAYKILil), 3a AKOro MicAuYHUH oIepamiiHM
npubyTok mimmpuemcTBa craHoBuTuMe He MeHie Hixk 300 000 rpH.
2) IIpoexmua dianvricms. IlobyayiiTe Mmogesnb npubyTKy peaabHOTO
MaJjioro 6isHecy, BUSHAUMBIIK OCHOBHi JOXOAM Ta BUTPATH.

Tligzomyimecs go bubuenns Hobozo mamepiany

13.32. Po3B’s:KiTh 3aaui 3a JOIOMOTOIO CUCTEMU PiBHAHD.
1) [IBa somuTu ¥ OAWH OJIiBeIlb KOIITYIOTH pasoM 24 T'PH, a OQUH
somuT i ABa oxaiBmi — 21 rpH. CKiIbKM KOIITYE OAMH 3OIIUT i CKiJb-
KU — OOUH OJiBelb?
2) Yosen 3a 1,5 rog pyxy 3a Teuiero piuxku i 2 rog pyxy IpPOTH Tedii Jo0-
Jae 62 KM, a 3a 3 rof pyxy B cTOsUiil Boxi i 1 rom pyxy mpoTu Tedii —
70 xM. 3HAHAITH BJIACHY IIBUAKICTh YOBHA 1 IMIBUAKICTL Teuil piuku.
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@ Likabi 3agaui — nomipkyi ogHaue
13.33. (Kuiscvka mamemamuuna onimniada, 1989 p.) Hexait a, b, ¢ — mo-
maTtHi uncaa. oBemiTs, 1110
a+bd b+c a-+c
a? +b2 b2 +c?2 a?+c?

+

o |-

1
< —+
a

S| =

§ 14. Cucrema ABOX piBHSIHDb i3 BOMA 3MiHHUMH
SIK MAaTeMaTU4YHA MoAe/ib TEeKCTOBUX | NPUKAAAHMX 3aAau

1. Anroputm po3B'A3yBaHHSI TEKCTOBOI 3aAaui
3a JOMOMOroK CUCTEMU PIBHSHDb
Haragaemo, 1m0 B 7 KjJaci Bu po3B’aA3yBaJjii TEKCTOBi 3amaui 3a moOIIO-
MOTOIO CHCTEM JIHIHHWX PiBHAHBb y TaKiil IOCJiZOBHOCTiI, AKY MOXKHA 3a-
CTOCOBYBATHU i AJiA PO3B’A3yBAaHHA CKJIAJHIIIINX 3aJa4, a caMe:

1) mo3HAUNTH [eAKi OBi HeBimoOMi BeJIMUYMHM 3MIiHHMMH (HANPHKJIAT,
X Ta y);

2) 3a yMOBOIO 3aJlaYi CKJIACTH CHCTE€MY DiBHSIHB;

3) po3B’A3aTH OJepP:KaHy CHCTEMY;

4) mpoaHaJisyBaTH 3HalJAeHI 3HaUYeHHd 3MIiHHHX Ha BiANOBigHiCTH
YMOBi 3amaui, 1aTH BiANOBiAP Ha 3amUTaAHHA 3a/dadi;

5) 3ammcaTH BiaIOBiTSb.

v

PosrnsmemMo oguH 3 HAWIPOCTIIMX NPUKJIALIB, Oe CHCTEeMa PiBHAHB
i3 IBOMA 3MIiHHMMU € MaTeMaTHYHOIO MOJEJIJII0 TeKCTOBOI 3azaui.

W CymMma mBox umcesJ AopiBHIOE 8, a mobytox — 15. 3maitm 1i
° gmcsa.

. Posg’asanus. Ilosuaunmo HeBimomi umcisa uepes x ta y. Toxi x + y = 8;
xy = 15. Maemo cucteMy PiBHAHB:

x+y =28,
xy = 15.

Posw’szaBmiu cucremy (3pobiTh IIe caMOCTiiiHO), MaTUMeMO X = 3, y = 5
abo x =5,y =3.

Or:xe, umcia, AKi MU ITyKaau, 1me 3 i 5.

Biodnogids: 31 5.

3ayBakKuMoO, II[0 I[I0 3a4auy, AK i JedAKl HacTymHi B mbomy maparpadi,
MOKHA PO3B’A3aTH i 3a JOIOMOTOI0 PiBHAHHSA 3 OAHi€I0 3MiHHOIO.

2. Po3B’'a3yBaHHA NpuKIagHUX 3apad, MaTeMaTUYHMMMU MOAENAMU
SIKMX € CUCTEMA PIBHSAHD i3 ABOMA 3MiHHUMU
Cucrema piBHAHB i3 ABOMAa 3MiHHUMHU MOKe OyTH MaTeMATUYHOIO MO-
IeJIIo mpuKJIagHoi 3agaui. Haragaemo, mio npukJIagHi 3agaui — 1e 3ajgadvi,
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110 MiCTATL HEMaTeMaTHUHi MOHATTS, ajle MOXKYThb OyTHU Po3B’sa3aHi MeTo-
IaMM MaTeMATHUKH.

IIpuragaemo, 10 OIPUKJIAAHY 3amadyy OOLLJIBLHO PO3B’A3yBaTH B Takiit
MHOCJILTOBHOCTI :

1) dopmyaroemMo 3agady MOBOI0O MaTeMAaTHKH, TOOTO CKJIaZa€MO MaTe-
MaTUYHY MOIEJIb 3aJadi;

2) po3B’A3yEMO MaTeMATHUYHY 3aJady, II0 YTBOPHUJIAC;

3) aHaJjisdyemo BigmoBiab i (popmyaroemMo il MOBOIO IMOYATKOBOI 3amadi.

W Ilmomia 3emMenbHOI AiNAHKM IPAMOKYTHOI (opMU IOPiBHIOE
60 m2. SIKIO NOBKUHY IIi€l AIMIAHKN 3MeHIIUTHA Ha 1 M, a IMupuHy 30i1b-
AT Ha 2 M, TO OTPUMAEMO 3eMeJbHY MiJIAHKY 3 Ijoiero 72 m2. 3Haii-
TU MTOBXKUHY OTOPOXKi MOUATKOBOI HiJIAHKU.

Posg’asanns. Hexaii mOBKMHA MTOYATKOBOI MiIAHKKW OOPiBHIOE X M,
a mmpuHa — y M. Tozxi 3a ymoBoio xy = 60. Ilicia saMeHIIEHHA MOBXKUHU
Ha 1 M BoHa mopiBHIOBaTuME (X — 1) M, a micia 30iJMbIIeHHSA IMTUPUHU HA
2 m BoHa gmopiBHIOBaTUME (Y + 2) M. 3a ymoBoio (x — 1)(y + 2) = 72. Mae-
MO CHCTeMY PiBHAHD:
xy = 60,
(x -y + 2) =72,
IToxasxemo omuH 3i cIoco0iB po3B’A3yBaHHA I[i€l cUCTEeMMU:
xy = 60,
xy +2x —y—2="72.

OckinbKY 3 mepIIOTO PiBHAHHSA CUCTEeMU Bimomo, 110 xy = 60, To y apyre
piBHAHHA 3aMicTh xy MokHA migcraButu yucio 60. Marumemo:

xy = 60, xy = 60, x(2x — 14) = 60,

60 +2x —y -2 = 72; y = 2x — 14; y = 2x — 14.

Ilicnia  cmpoleHHA  IepHIoro  PiBHAHHA  CUCTEMHM  MaTUMEMO:
x2 — 7x — 30 = 0, 3BigKU x; =10, x, = —8. Yucno —3 He 3aJ0BOJbHSE
YMOBY 3aJaui, OCKLIbKM JOBKHHA NiIAHKK He MOYKe OyTH Bij’ €MHOIO.
Or:xe, DJOBXKMHA IMOYATKOBOI AinauKu mopiBHIoe 10 M, Tomi Mo:KHa 3HAI-
T mupuHy: 2 - 10 — 14 = 6 (m). 3HaleMo JOBKUHY OTOPOXKi:
P =26 + 10) = 32 (m).
Bionosiov: 32 m.

3 nyHKTYy A Buiimos mimmoxia. Yepes 50 xB micas mboro 3Bif-
T B TOMY CaMOMY HaIpPSAIMKY BUixXajia BeJOCUIIEINCTKA, AKa Ha3mZorHAaJa
mimroxona Ha BigcTaHi 6 KM Big myHKTY A. S3HANWTH IIBUIKICTD IIiIIoxXona
i MIBUAKiCTL BEJOCUIIEANCTKM, AKINO BoHA 3a 1 rox momae Ha 1 KM 6ijb-
mie, HijK mimoxizg sa 2 rop.

Pose’azannsa. Hexaiti x KM/TOx — IMIBUIKICTD Iimoxonxa, y KM/TOL — Be-

.. . 6
gocuneguctku. Toxi mimoxix mogoJsiaB 6 KM 3a — I'Of, a BEJIOCHUIIELUCT-
x
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6 . . . 5 .
Ka — 3a — roj. 3a yMOBOIO mimroxix 0ys y moposi Ha 50 xB = 8 ron 0inn-
Y

6 6 5

e, HisK BeJsiocunegucrka. Tomy — — — = —.

x y 6
Besmocunenucrra 3a 1 rox monae y KM, a mimoxifg 3a 2 rox — 2x KM. 3a
ymoBoio y — 2x = 1. Maemo cucremy piBHAHB:

6 _6_5
x y 6
y—2x = 1.

Posp’aszasinu ii (3po6iTh IIe caMOCTifHO) Ta BpaxXyBaBIIIH, IO 34 3MiCTOM
dagaui x > 01iy > 0, matumemo x =4, y = 9.

Bidnosidv: mBUAKiCcTL minmoxoaa 4 KM/Tojl, BeJIOCUNIEAUCTKY — 9 KM/TO/I.

@ CdbopmynioniTe NOCNIAOBHICTL AiN ANS PO3B’A3yBaHHA TEKCTOBMX Ta MPWUKNagHWX 3a-
Aad 3a Aonomorow cucteM piBHsHb. O TosCHITL, SIK 3@ AOMNOMOIOK CUCTEMM PiBHSIHb
po3B’sizaHo npuknagn 1-3.

o

§ Fosb ' sximb 3agaui ma buxonaime bnpabu

il 14.1. (YcHo.) Hexait x Ta y — mesaki umcia, PisHUIA AKUX JOPiBHIOE
yucay 5, a Jo0yTox — umeay 6. fIka cucrema piBHAHB BiAmoBigae ymo-
Bi 3amaui:

x+y =05, x—-—y =6, x -y =5, x+y =6,
1) Y 2) Y 3) Y 4) y
xy = 6; xy = 5; xy = 6; xy = 5?
@ 14.2. Cyma ABOX umces HOpPiBHIOE —3, a TOOYTOK mopiBHIOE —28. 3HAaii-

IiTh II1 ymea.

14.3. [JobyTOK ABOX umces] AopiBHIOE —12, a cyma mopiBHioe 1. 3HAHAITH ITi
JucIa.

14.4. Pizaunsa ABOX uyuceJ OOPiBHIOE 3, a PisHUIA KBaApaTiB OiabIIIOro
i menmIoro uucen gopiBuioe —21. 3HaWgiTh Il UMcaa.

14.5. Pisauina ABOX HaATypaJbHUX UYKCEJ MOPiBHIOE 2, a cyMa KBaJpaTiB
IopiBHIOE H2. 3HAUAITH ITi UMca.

14.6. IlepumeTp 3eMeJbHOI AiIAHKKM TPAMOKYTHOI hopmu mopisuioe 100 m,
a ii miaoma — 600 m2. 3HAUAITE CTOPOHU 3eMeJIbHOI JIIAHKH.

14.7. Cyma OBOX CYCiHiX CTOpiH HPAMOKYTHHKAa AopiBHIoe 18 cm. 3Haii-
IiTh IIi CTOPOHM, AKIIO ILION[A NPAMOKYTHHKA AopiBHIOE 80 cM2,

14.8. CyMma xkaTeTiB IPAMOKYTHOI'O TPUKYTHUKA JOpPiBHIOE 17 cM. S3HaUIITHL
KaTeTu, AKIO TinoTeHy3a TPUKYTHUKA OOpiBHIOE 13 cMm.

14.9. ITepuMeTp HTPAMOKYTHOTO TPUKYTHUHKA HopiBHIOE 24 cMm. 3HAUIITH
KaTeTH IILOT0 TPUKYTHUKA, AKIIO HOro rimorenysa gopisuioe 10 cwm.
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i3:| 14.10. Cyma gBox umces mopiBHIoe 15, a pisHUIlE uKcesa, B3a€MHO
obepHeHUX 3 HUMH, AopiBHIoe 0,1. 3HAKAITE Ii uMcaa.

14.11. Pisaunsa gBox 4Yuces JOPiBHIOE 3, a cymMa OOepHEHMX OO0 HUX YMCEJT
nopiBuioe 0,5. 3maiigiTes i uncia.

14.12. Bugatua yKpaiHCchbKa XYyOOKHUIA-:KuBomuceib Tersna Hwumisma
fAb6mouchka Hapoamimaca B Jooromy 1917 p. 3malimites aBoimmdpose
YunCca0, AKe B 4 pasu OijbIle 3a cymMy cBOiX mudp i y 3 pasu Oijabiie
3a JOOYTOK CBOIX mudp, BiATak misHaeTecda HeHb II HapOIKeHHS.

14.13. 3uatigiTe aBomu@pPOBEe UMCIO, AKe B 1,5 pasa OGijblle 3a HOOYTOK
D cBoix 1udp i B 4 pasu Oinblre 3a iX cymy, BiATak misHaeTecs, CKiJb-
KU MepgaJieii BuOopoJia YKpaina ma BeecBiTuiii rimuasiagi 2022 poky.

14.14. KosxeH i3 ABOX HPUHTEPIiB Mae HaAPYKYBATH TEKCTOBUI (aiij 00-

999, carom 120 cropimok. Ilepiuii IpuHTEp 3a OAHY XBUJINHY APYKYE Ha

2 CTOPiHKM MeHIIe, HiK APyruil, i TOMy mpomparioBaB Ha 3 XB JIOB-
mre. CKiZIBKYM CTOPiHOK 3a XBUJIMHY IPYKYE KOXKEH IPUHTEP?

14.15. ITixg vac sumoBuX KauikyJs fma Ta Oser manu poss’asatu mo 60 3a-

9999,  nmad. flHa moaHA pos3B’sas3yBaisa Ha 1 3agauy Oiablmne, Hixk Oier, a ToMy

BOOpasacsa i3 saBmaHHaM Ha 2 gHi pamimie 3a Oxera. CkiabKu 3amau
IIOJHA PO3B’A3yBaB KOXKeH i3 apy3iB?

14.16. Maemo mBa miMaTKu Kabesio pisHmx BuAiB. Maca mepImoro mmarka
9994, MOpiBHIOE 65 KI; Ipyruii, JOBMKHHA AKOTO Ha 3 M OiIbINA 3a HepIIni
1 Maca KOKHOTO MeTpa SKOro Ha 2 Kr OiJbIlla 3a Macy KOXKHOI'O MeTpa

HepIoro mMaTKa, Mae Macy 120 Kr. S3HaWIITh JOBKUHU ITUX IITMATKiB.

14.17. Y kinorearpi 0yso 320 Miciib, po3TaIlloOBaHUX OSJHAKOBUMU PATAMU.

9996, [licsa TOro AK KiJAbKicTh Miclhb Yy KOXKHOMY pPALYy 30imbImmau Ha 4

i momasu 1e oguH pAn, Micisb ctaso 420. CKiIbKM cTaI0 pALiB y KiHO-
TeaTpi, AKIIO iX OyJso Oinbite, HixK 157

14.18. JIBa aBTOMOOiIi BHixXanam ogHOUYAcHO 3 MicT A i B HasycTpiu omguu

9999 OZHOMY i 3ycTpinucsa uepes3 roguHy. Iliciisg 1mporo BoHM, He 3YIIMHSAIO-

YNCh, IPOJOBKIIN PYXATHCA 3 Ti€0 caMo0 IIBUAKicTIO. OIuH 3 HUX
nmpubyB y micto B Ha 35 XB misHime, HixK Apyruii y micro A. 3Haii-
IiTh IMIBUAKICTH KOMKHOI'O 3 aBTOMOOLJIIB, SKIIIO BifgcTamb MisK micra-
mu 140 kM.

14.19. [IBoe BesocuiieAUCTiB Buixaam HasycTpiu ogHe ogHomy 3 Kuena i Bo-

9999,  ApKU, mepebyBatoun Ha BimcTani 30 kM. Uepes roguHy BOHHU 3yCTPiIH-

cd i, He 3yNWHAIOYNCH, IIPOJOBKUJIN PYX 3 Ti€I0 CaMOIO INBHIKICTIO.
Benocunenuct nmpudbys y Boapky Ha 50 xB mismiie, HixK BeJsocuire-
muctka y Kuis. S3HaliTh IMIBUIKICTh KOMKHOTO 3 BEJIOCUIIEAICTIB.

14.20. I3 cesna fA6ayniBKa B ceso I'pymriiBka, BifcTaHp MiK AKuMU 9 KM,

9999, BuiimoB mmirmoxin. Yepes 30 xB iz cema I'pymriBka ifiomy HasycTpiu

BUixaB BeJIOCUIEJUCT, AKUH 3ycTpiBca 3 mimoxomom uepe3 30 XxB
micas cBoro BuisAy. 3HAWMITL INMBUAKICTDL IIiNIOXoZa i MIBUAKiCTH
BeJIOCUIIeSNCTAa, AKINO MillIOXiJ Jojae BiAcTaHb MidK ceJaMM Ha 2 TOf
15 xB moBijabHIiIIE, HijK BEJIOCUIIESUCT.
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14.21. [iaroHanab OpAMOKYTHUKA AopiBuioe 10 cm. AKIo ogHy 3 iforo cTopin
30impImuTI HA 9 cM, a ApYyry 3aJuIlIuTi 0e3 3MiH, TO HiarOHAJb 30iJIb-
MIUThCA Ha 7 cM. 3HAUAITH IePUMETP IIOUYATKOBOTO IIPAMOKYTHUKA.

14.22. T'inoTenysa NPAMOKYTHOTO TPUKYTHUKA mopiBuioe 13 cm. Ao
OIUH 3 MOro KareTiB 30iabIuTy Ha 4 CM, a APYrUHA 3aJUIIUTH 0e3
3MiH, TO TimoTeHy3a HOBOI'O TPUKYTHHKAa AOpPiBHIOBaTHMEe 15 cM.
3HaNAITH IOy IMOUYATKOBOTO TPUKYTHUKA.

14.23. JIBa KpaHU, AKINO iX BiIKPUTH OJTHOUYACHO, MOXKYTH HATIOBHUTU
Oaceiin 3a 2 roxa. 3a CKiJIbKM rOOWH MOKHA HAIIOBHUTHU OAaceiiH uepes3 KO-
JKeH KpaH OKPeMo, AKIIO uepe3 OJUH 3 HUX TPeTHHA OaceliHy HaIlOBHIO-
e€Tbcs Ha 1,5 rof moBiIbHIIIIE, HiK IITOCTA YaCTUHA OaceiiHy uepes Apyruii?

I

14.24. BatbKo ¥ cuH, IpaIioloYy Pa3oM, BUKOHYIOThH IIeBHe 3aBIAaHHSA 3a
6 nHiB. 3a CKiJIbKU IHIB MOXXe BUKOHATU Ile 3aBIAHHS KOXKeH 3 HUX,

MIPAaIfloIoYN OKPEeMO, SIKII[0 CUHY IJf BUKOHAHHS 5 3aBIaHHsa Tpeda

Ha 8 mHIB OiabIne, HiX 0aTHKOBI 418 BUKOHAHHS g 3aBIaHHa?

14.25. 3 nyukTiB A i B, Bigcraupb mixk axumu 10 KM, 0JHOUACHO HA3yCTPiu

9999 ONMH OSHOMY BMUIIIN ABA Imimoxogu. Yepes 1 roxg iM 3aaIuINHIOCS

OopouTu Ao 3ycTpiui 1 kM. AKOM ogmH 3 ImiINMoXoaiB BUIAIIOB Ha 15 XB
pamiire, To 3ycTpiu BimbOymaca 6 Ha cepeguHI HLIAXY. SHAHUTITH
MIBUAKICTL KOMKHOIO HiIIoxona.

14.26. Is gBox wM™icT, BimcTaHb MiXK
939%  AKUMHU (2 KM, Ha3ycTpiu omHa
ONHiT BUPYIIUWJU JBi BejiocuIIe-
OUCTKHU 1 3ycTpinucs Ha cepeguHi
MISAXY, IPUYOMY ONHA 3 HUX BU-
ixasa Ha 1 rox pamimie 3a gpyry.
SIKOM BeJOCHUIIEAMCTKMN BUIXaIn
OJTHOYACHO, TO BOHU 3yCTpinucsa 6
yepes 2 rog 24 xB. 3HAUAITH IMIBUIKOCTI BeJIOCUMNEIUCTOK.

Tt

14.27. MoTopHUii YoBeH IPOILIUB 33 KM 3a Teuieio PiuKM i moBepHYB Ha-

9996, 3anm 3a 3 rox 20 xB. 3HAWIITHL BiIacHy IIBUAKICTh YOBHA i MIBUIKiCTH

Teuil piukm, AKIMO Bimomo, 1m0 11 KM 3a Teuiero i 6 KM mpoTu Teuii
BiH moJae 3a 50 xB.

14.28. I3 gBox nyHKTiB A i B, BigcTanb MixK sxumMu 18 KM, 0JHOYACHO BU-

ixajsum Ha3ycTpPiu ofgHe OTJHOMY BEJIOCUIIEIHCT i BeJlocHIlefuCcTKa. Be-
%I JIOCUIIEIUCT, IIT0 BUiXaB 3 MYHKTY A, mpuOyB A0 NyHKTY B uepes 24 xB
micys 3ycTpiui, a BesocuneaucTka npubysa no OyHKTY A depes 54 xB
micas sycTpivi. 3HAHIITH MIBUAKOCTI BEJIOCUIIEIUCTIB.

©O) Bnpabu grs nobmopenns
14.29. Po3B’A:KiTh HEePiBHICTb:
1) x2 + 5x > 0; 2) x2 - 2x — 15 < 0.
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14.30. 3HaliAiTh PO3B’A3KU CUCTEMHU PiBHAHB:
x -y =2, x+y=09,
Dy s 2 _ 34. 2)\ 2 2 _

x4 + y= = 34; x4 —ys =9,

14.31. 3HaigiTs, 06JIaCTh BU3HAUEHHS PYHKINI i =

V9 — x?

x -2

14.32. OGumcrite (V5 + 246 — 5 — 26)2.

XKummeba mamemamuka

14.33. Y OyauHKYy, Oe MeIIKaloTh IepIlilokJacHunA Haraaka i crapimo-
kjgacuuk Cepriii, 9 moBepxiB i Kimpka mix’isgis. Ha xosxHOMy mO-
Bepci mo 4 xBaptupu. Haramka mpo:kmBae y Kaptupi Ne 91,
a Cepriit — y xBaptupi Ne 170. ¥V axkomy mix’isgi Ta Ha AKOMY IO-
Bepci MPOKMBAE KOMKEH 3 YUHIiB?

@ Likabi 3agaui — nomipkyd ograve
14.34. CopocTiTh Bupas:
2026 - (2027° + 20278 + 20277 +... + 20272 + 2028) + 1.

AOMALUHSI CAMOCTIMHA POBOTA N2 3 (8§ 12-14)

3aedanns 1—-12 maroms no womupu eapianmu gionosideit (A-I"), ceped
arxux auute o0ur € npasuavrum. Obepimsb npaguabHuil 8apianm 8i0nosiodi.

@ 1. fIxa 3 HepiBHOCTE!H € KBaApaTHOO?
A.2x2-3x3>0 B. 7x2-9x+12<0

1
YT v—— +7<0 I 2x-9>0
Xe — aXx

2. VKaxiTh uncJo, 1o € Po3B’a3KoM HepiBHOCTI x2 — 2x — 3 < 0.
A. -2 B. 2 B. 4 . -1

x+y =25,
x? —y? = 15.
A. (1; 4) B. (5; 0) B. (-4; 1) T. (4; 1)
@ 4. Posp’saxiTh HepiBHicTh x2 + 2x < 0.
A.[-2; 0]  B. (=00; —2] U [0; +00)
B. (-2; 0) T. [0; 2]

3. YKaKiTh PO3B’A30K CHUCTEMU PiBHIHD {

. . x-y=2
5. Po3B’s:kiTh cucTemMy PiBHAHB {xz 42 = 10.
A. (-1; -3) B. (3; 1)
B. (3; 1), (-1; -3) I. (1; 3), (-3; 1)
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6. Cyma KareTiB IpAMOKYTHOT'O TPUKYTHHUKA AopiBHIOE 21 cM, a #oro mio-
ma — 54 cm?. 3HANAITE MEHIINHN KaTeT TPUKYTHUKA.

A. 8 cm B. 12 cm B. 10 cm I' 9 cm
Y . V6 — x — x2
@ 7. 3HaiigiTh obsacTh BU3HAYEHHA GQYHKINI Yy = a1
x
A.[-3; 1) v (-1; 2] B. (—o0; +00)
B. (-3; -1) U (-1; 2) I'. [-3; 2]

8. I3 gBOX HMYyHKTiB, BificTaHb MidK AKUMHU 6 KM, OZJHOUYACHO HA3YCTPIiU OAUH
OJHOMY BUPYIIMJIM ABA IIiIIoXoau i 3ycTpinmcs uepes 1 roxg 12 xs.
3HaAUAITh IMIBUAKICTL TOTO MiIIOX04a, KOTPUH iIIOB IIBHUAINE, AKIIO Ha
BeCh ILJIAX BiH BUTpaTuB Ha 1 roj MeHIIe, HiXK APYTHU.

A. 2 km/Ton B. 2,5 km/rox B. 3 xm/ron I'. 4 xm/ron

9. He BukKoHyoOuUm mOOyIZOBH, B3HAWIITL yCi TOUKH IIEPeTHHY IIPSIMOIL
x+y = 3imnapabommm y = x2 + 1.

A.(1;2)  B.(1;2),(-2;5) B.(-1;4),(2;1) T.(2;51), (5 -2)

. . . X — zxy = 63
E 10. YKaxiTh yci po3B’A3KH CUCTEMHU PiBHSIHD
y — 2xy = 3.
A. (2; -1), (1,55 -1,5) B. (-1; 2), (-1,5; 1,5)
B. Cucrema He Mae po3B’sABKiB . (2; -1)

11. 3HaligiTh yci 3HAUEHHA a, 3 AKUX PiBHAHHA X2 + (2 — a)x + 9 = 0 Mae
IBa PidHUX KOpPEHi.
A. (-4; 8) B. (—o0; —4] U [8; +0)
B. (—=00; =8) U (4; +0) I. (=005 —4) U (8; +0)

12. Maitictep i yueHb, IIpAIIOIOYM Pa30M, BUKOHYIOTH MIeAKY POOOTYy 3a

. 1
6 rox. Ilpamioooun caMoCTiiHO, MaficTep BUKOHYE s YaCTUHU POOOTH HA

. 1 :
3 rop IIBUAINE, HiK yUeHb 3 YyacTUHY Po60oTH. 3a CKiJILKU T'OAWH BUKO-

Hae poboTy yueHb, AKIIO IIPAIIOBATHIME CAMOCTiNHO?
A. 9 roxg B. 10 rox B. 12 rox T. 15 rox

Y 3ae0anni 13 nompibno ecmanosumu 6i0nogidnicmoe mix iHgopma-
uierw, no3nauernow yuppamu ma oyxeamu. Odna 6i0nosidv 3aiisa.

13. VcranosiThs BimmoBimHicTh Mik HepiBHicTiIO (1-3) Ta MHOMKMHOIO ii
posB’askiB (A-T).

Hepisnicmo MHuoxcuna po38’sa3kie HepisHOoCmi
1. (x+1)2 -5x >1 A. (—00; +00)
2. x2-6x+9>0 B. (-00; 3) U (3; +9)
1 B. (=905 0] U [3; +0)
3. Exz -2x+7<0 I. HepiBHicTh He Mae pO3B’A3KiB
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3ABAAHHS AAS MEPEBIPKM 3HAHb AO § 12-14

@ 1. fKi 3 HepiBHOCTEN € KBaApPaTHUMMU:
1) x2+x3 -3 >0
2) x2+ 3x -3 > 0;
3) 4x — x2 < 0y
1
4)—— < 0?
) 4x — x2

2. §Iki i3 umcen —1; 0; 1; 2; 3 € posp’askamu HepiBHOCTI X2 — x — 2 > 0?

x+y=4,
3. Yu € po3B’A3KOM CHUCTEMHU PiBHAHDb { 9 Y 9 mapa 4uceJ:
x4 +y4 =10
1) (45 0);
2) (1; 3)?

@ 4. Po3B’a:KiTh HEpiBHICTH:
1) x2 — 3x < 0;
2) x2 —7x - 30 > 0.
x—-—y=1,

5. Posp’sixkirTh cucreMy piBHAHB | 9
x4 + y4 = 25.

6. IlepumeTp NPAMOKYTHHKA HOpiBHIOE 24 cMm, a ioro maoma — 35 cm2.

3HaAUITh CTOPOHU IPAMOKYTHUKA.
V8 — x2 + 2x

i3 | 7. 3HaNAiTH 00aCTh BUSHAUECHHSA QYHKILI Y = 1
x —

8. I3 gBOX HYyHKTiB, BigcTaHb Misk axuMu 24 KM, BUPYIIWIN OZHOYACHO
Ha3yCTpPiu OJHE OJHOMY BEJOCHUIIEAVCTKA i MiIoXig Ta 3ycTpijucsa uepes
2 ron. SHAULITH IIBUAKICTE KOMKHOIO 3 HUX, SKIIO BEJOCUIIEAUCTKA BU-
TpaTuJa Ha Bech IJIAX Ha 3 ToJ MeHIIe, HijK IIimroxisn.

3xy — x =5,

3xy —y = 4.

i4— 9. Posp’s1kiTh cucTeMy PiBHAHB {

Hodamxkosi 3a60anna

i4 10. 3HaiigiTh, 3a AKX 3HAUEHb d He Ma€ KOPEHiB PiBHAHHA
x2+(a—-3)x+4=0.

11. JIBa poOGiTHMKM, TPAIIOIOYM Pa30M, MOKYTh BUKOHATH 3aBIaHHS 3a
12 rog. 3a CKiJIbKY TOOUH MOKE€ BUKOHATHU 3aBIaHHA KOXKEH POOITHUK,
OpAaIiolyYr OKPeMO, SAKIIO OZHOMY 3 HHX [OJid BUKOHAHHS YBEPTi 3a-
BIAHHS HOTPiIOGHO HA 5 Tox MeHIle, HixK APYroMy IJis BUKOHAHHS TPETH-
HU 3aBIaHHA?
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BIMPABU ANA TTOBTOPEHHSA PO3AINY 2
o § 8

@ 1. 3uaigiTe:

1) (1), f(2), f(-4), axmo f(x) = x2 - 1;
2) g(-2), g(0), g(1), axmio g(x) = x3 + 8.

iz 2. YxkaxiTh TaKe 3HaAUEeHHsS X (AKIIIO BOHO iCHYE€), 3a AKOT0 3HAYEHHS

6
dyurii g(x) = — nopiBHIOE:
x

1) 6; 2) 1; 3) 0; 4) —100.
Yu Hamexuth rpadiky ¢pyHrmii y = 5x — 7 Touka:
1) A(5; —18); 2) B(0; —7); 3) C(-1; —-12); 4) D(1; 2)?
Ilo6ynytiTe rpadik GyHKI{l y = R e -3 < x < 3, momepegHbo
x
3aIIOBHUBIIIY B 30MINUTI TAOJIUITI0 3HAUCHD:
x -3 -2 -1 0 1 2 3

i3 I 5. Hasegites nmpukaan pyukIirii, o6gacTio Bu3HaUeHHS AKOI €:

7.

1) MHOKHMHA BCix umces;

2) MHOKUHA BCixX umces, KpiMm umcia 3;

3) MHOKMHA BCixX uuces, Kpim umces 2 i 9;

4) MHOKMHA BCiX umceJ, He MEHIIUX Bif umesaa 5.

Timo pyxajgocs mpaAMOJIiHiFHO. 3ale:KHIiCcTh BiacTraHi s (Y KM), SKY BOHO
I0J10J1aJI0, BiJ vacy t (y o) 3afaHo TaK:

4t, axmo 0 < ¢t < 2;
s(t) = 48, amio 2 < t < 3;
3t — 1, axmpo 3 < t < 4,
3uangite s(1), s(2), s(2,5), s(3), s(4).

Yu HaJleKUTh 06JacTi sHaueHb QYHKIIT y = x2 + 2x uncio:
1) 0; 2) -3; 3) —-1; 4) 8?

i4— 8. 3manigiTe o6JacTh BU3HAUECHHS (DYHKITii:

1) f(x) = 2|x|L+x2; 2) g(x) = 7_x1; 3) p(x) = %;

2 - = 1+ =
X x
7 3 1 1
4) g(x) = 1° 5) y(x) = — 6 p(x) = NP LT
1-— 1+ — - -
EY |%|

) o(x) = N-x2;  8)f(x) = V-x2 - 2x - 1;  9) g(x) = Jx + J-x.
141




PO34In 2

9. 3HalifiTh 00JaCcTh 3HAUEHDb (PYHKITii:

1) f(x) =Jx -1 +J1 - x; 2) g(x) = —(x - 1)?;

3) o(x) = V4 - x2; 1 g0 =
x4 +1
5) t(x) = Nx2 + 9 — 5 6) f(x) = 1

x2 +2x +5
10. 3HaigiTe o6JsacTh BU3HaAueHHA (YHKIIII Ta mobyayiiTe ii rpadik:
x3 +3x2 —x -3 Z)g(x):\/Z—z
2x2 -2 Jx -2

o §9

ill 11. 3pocrarouoi0 UM CIAJZHOI HA KOMXHOMY 3 IIPOMiXKKIB (—o°; 0)
i (0; +00) ¢ pyHKITiA:

8
Dy=—;
X

1) f(x) =

6 0,01 7,51
y=-—; Ny=—"-—; ) y-= ?
X X X

i2| 12. 3maiigiTh, He BUKOHYIOUHN ITOOYIOBM, TOUKU IIEPETUHY Tpadika
dbyHKIII 3 ocAMU KOOPAMHAT:

1
1) f(x) = 2x — 4; 2)g(x)=§x—6;
-1
3) o(x) = x% — 2x — 3; 4) ylx) = 2.
x+ 2
@ 13. 3BHaiigiTe HyJi GYHKIII (AKII[0 BOHU iCHYIOTE):
-1 1 1
1)y=x—; 2)y = —+ ; 3)y = xJx - 10.
x2 +2x -3 x x-2
14. 3mHaiigiTe IpOMiMKOK, Ha AKomMy PyHKIia f(x) = 3x + 6 mabyBae:
1) momaTHUX 3HAYEHD; 2) Big’eMHUX 3HaUEHb.

i4 15. ITo6ynyiiTe rpadik GyHKII Ta BKaKiTh ii BIacTuBOCTi:

8
1) g(x) = |;; 2) f(x) = 2lx| - 6.

3a J0omoMOrom IporpaMu AJjs moOymoBu TpadikiB mepekoHaliTecs B
MIPaBUJILHOCTI BU3HAUEHUX BJACTHUBOCTEell QPYyHKILiI.

o § 10
@ 16. SIx i3 rpadika dyHKnii y = |x| orpumaru rpadik GyHKIii:
l)y:|x|+4; 2)y=|x|—3; 3)y=|x—|—2|;
4) y =[x - 3f; 5) y = —J; 6) y = 3Jx|?

@ 17. IloOynyiiTe B omHiM cucTeMi KoopamHAT rpadiku QyHKITi:
Dy=2x,y=2x -3,y =2x + 3;
2)y=x% y=(x -2 y=(x+ 20>
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E 18. IToGynyiiTe rpadiku QyHKITi:
Dy=|x-1+2; 2) y =38 - |x; y=lc+2-1;
4) y = —|x| — 1; 5)y=—4+|x - 2; 6)y=|x + 1| + 3.

3a [momoMoroio IporpamMu s moO0ymoBu rpadikiB mepekoHaiiTecs
B IIPAaBUJIBLHOCTI MOOYIOBHU.

19. IlobOynmyiiTe rpadiku GyHKITiH:
1 1
Dy=38Jx;  y=_Ve  y=-3Vx  Hy=-Vx

12
i4~ 20. IToGynyiiTe rpadik GyHKIHI Y = 213 4. 3a rpadikoM 3HAWTITE:
x

1) obsnacTh 3HAUEHDb DYHKITIT;

2) mynai QyHKILii;

3) mMpoMiKKHM 3pocTaHHSA (PYHKIIII;

4) mpoMiKKHU cHamauusa QPYHKITIT;

5) 3HaUeHHA X, 3a AKUX (YHKIIiA HaOyBae JOJaTHUX 3HAUYECHD;

6) sHaueHHA X, 3a AKUX (PYHKIiA HaOyBae Bifl’€MHUX 3HAYEHb.

3a OomoMorom IIporpaMu mJjas moO0ymoBu rpadikiB mepexomaiiTecs
B IIPAaBUJIbHOCTI BU3HAUEHUX BJIACTUBOCTE (PpyHKITii.

21. 1) Ilo6yxyiiTe rpadik dynrmii y = |x — 1] — 2|.

2) BukopucroByioun rpadik, sHAWIITh TaKi 3HaUeHHA a, 3a AKUX PiB-
HauHA |x — 1| — 2| = a mae piBHO Tpu KopeHi.

3) 3a momomoroo mporpaMu ajA moO0ymoBu rpadikiB mepeBipTe mpa-
BUJIBHICTh PO3B’sA3yBaHHI.

Oo § 11
@ 22, Yropy um BHU3 CHPAMOBAHIi riJKu mapabosiu:
1) y=3x2-2x + T; 2)y=-x2+5x+9;
3) y = —5x2; 4) y = 0,01x2 + 5?
@ 23. Yu manexuTsb rpadgiky ¢pysrmii y = 20x2 Touka:
1) AN2; 40); 2) B(-0,1; 2);
1
3) C(—/5; - 100); 1) D(E; 5}?
24. 3HAUIITH KOOPAWHATHU BEPIITWHU HapaboIm:
Dy=x2+2x-7; 2) y = —-3x2 + 9x + 4.
25. 3HaWgiTh HYJi KBaApaTUUYHOI PyHKITII:
1) y = x2 + 4x + 3; 2)y=-2x2-3x-1;
4 1
3)y=x%+2x - 8; 4)y=x2—§x+§.
26. IloGymytiTe rpadik GyHKILiI:
1)y = x% - 4x; 2) y = 2x — x2%;
)y=x2-2x+3; 4) y = —x2 + 6x — 8.

o 143




PO34In 2

=

28.
29.

30.

31.

32.

3

34.

35.

36.

144
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27. IloOynyiiTe rpadik pyHKIII f(x) = 2x2 + 4x. 3a rpadgikoM 3HAHAITE:
1) (1), (=0,5), f(-=2,5);

2) sHaueHHda X, 3a AKux f(x) = 6, f(x) = -2, f(x) = 2;

3) HyJ i QYHKITLi;

4) posB’sisku HepiBHOCTell f(x) < 01 f(x) > 0;

5) HalibinbIlle i HaliMeHINle 3BHAYEeHHA PYHKILIT;

6) obsacTh 3HaUEeHb PYHKILII;

7) OPOMisKOK 3POCTAaHHSA i MPOMiKOK cHnamauusa PyHKIIT.

Ipadirky GyrKLil y = —2x2 + 3x + ¢ Hamexkutb Touka A(-1; 4). 3uaii-
IiTh KoeiIrieHT c.

3a AKOro 3HAUYEHHA a Bichk cuMeTpii mapabGonu y = ax? + 8x + 1 mpo-
XOAUTH uepes TOuKy A(2; —3)?

3HAUAITh 001aCTh 3HAUEHb (DYHKITil:

1
Hy = Exz, agmo x € [-2; 4];

1
2)y = —gxz, akmo x € [-9; 3].

Ha mapa6omni y = x2 — 3x 3HAWAITH TaKi TOUYKM, y AKUX PISHUIA OPIU-
HaTHU I abciucu OpiBHIOE 5.

3a Akux p i ¢ rpadik yHKIil y = x2 + px + ¢ IPOXOAUTH YepPe3 TOUKHU
A(—2; 22) i B(1; 4)?

33. IlobynyiiTe rpadik GyHKILII:

—x2, garmo x < —2,

x3 + 3x2 — 4x
. .

1)y = {2x, axmo -2 < x < 2, 2)y =

x2, garmo x > 2;

. . . 12
Posp’saxiTh rpadiuno piBHAHHA x2 — 4x + 3 = —. 3a JOIOMOIOI0 IIPO-

rpamu AJis mo0ymoBu rpadikiB mepesipTe HpaBI/IJIxI:)HiCTB poO3B’siI3yBaHHII.
3HalgiTh HaibinbIe 3HAUeHHA QYHKIII y = —2x2 + 6x — 5, o6aacTio
BUSHAUYEHHA AKOI € IPOMIiKOK:

1) [0; 2];

2) [2; 4].

Ha manronky 1 zo6paskeno rpadik Gyurmii y = ax? + bx + c. Buko-
PHCTOBYIOUN MAJIIOHOK, AJA KOXKHOTO 3 BUNAAKiB (1-4) yKaxKiTh 3HAKH
KoedimieHTiB a, b, ¢ Ta guckpuMiHamTa D KBaApaTHOrO TPHUUJIEHA
ax? + bx + c.

y y Y y
0 X
0l \x
norz ! IV g 0; 4)’A \
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37. D — gucKpuUMiHAHT KBajpaTHOro TpuujgeHa ax? + bx + c. 300pasiTs

38.

cxemaTuuHo rpadik QyHKIil y = ax? + bx + ¢, AKIO:

1)a>0,b>0,c>0,D > 0; 2)a<0,c=0,—2£>0,D>0;
a
3)a<0,—2i<0,D=0; 4)a>0,b<0,D<0.
a

3a AKuX 3HaYeHb a QyHKOiA y = (@ — 1)x2 + 2x + 7 mabyBae momaTHUX
3HAUeHb AJIA OyIb-AKOTO 3HAUYEHHSA X7

o § 12
@ 39. Ha wmanoHKYy 2 cXeMaTHYHO 300paXeHo
rpadik QyHKIil y = x2 — 4. BukopucroBywoun \ / =
MAJIIOHOK, 3aIIHIIITh PO3B’A3KM HEPiBHOCTI: 9 9 "
1) x2 -4 > 0; 2)x2 -4 > 0;
3) x2-4<0; 4) x2-4<0.
Mau. 2
@ 40. Po3p’sKiTh HepiBHICTB:
1) x2 4+ 7x > 0; 2) —x2 — 5x < 0;
3)x2-1<0; 4) —x2 + 16 > 0.

41.

42,

3HAUIITh MHOKKMHY PO3B’SI3KiB HEPiBHOCTI:
1) 2x2+ 3x — 5 > 0;

2) 8x2 — Tx — 10 < 0.

Po3p’sa:kiTh HepiBHiCTD:

1) x2 > 0,04; 2) —x2 < —i;
25
3) 3x2 > «x; 4) —5x2 < 2x.

i3 43. 3HAHUIITh MHOKUHY PO3B’sI3KiB HepiBHOCTI:

44.

45.

46.

1) x2—-2x -9 > 0; 2) x2 - 11 + 4x < 0;
3)ix2—x+1>0; 4) 6x + x2+9 > 0;

5) —x2-8x —16 < 0; 6) x2+x+9=>0.

Po3B’sa:kiTh HepiBHiCTD:

A 2) (x — 4)(x - 5) < 2;

3) 6x2 — 14x + 12 > (x — 3)2; 4)”23_4<x;2

OxHa cTOpoHA NPSAMOKYTHMKA Ha 2 cM MeHImIa Bimg apyroi. fAxoi

JOBXUHU MOXKe OyTH Il CTOPOHA, AKIIO ILJIOIA IPAMOKYTHHKA MeHIIIa
Bix 35 cm2?

3a AKKMX JNOJATHUX 3HAUYEHBb X CIIPABAKYEThbCA HepiBHicTb x2 < 4x + 217
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47. 3maiifits posp’asku HepisHocti 0,8x2 + x — 0,3 < 0, 0 HaJIeXKaThb

ey | 3]
IPOMIXKKY | —2; 3

i4— 48. 3a AKUX 3HAYEHDb ¢ MHOYKHMHOIO PO3B’A3KiB HepiBHOCTI 2 — 10x + ¢ <0

e mpomixkok: 1) (2; 8); 2) (1; 9)?
49. SanuIriTh NTOABIHHY HEPiBHICTL Yy BUIVIAAL CHUCTEMU HepPiBHOCTEH
i posB’akiTh ii: 1) 1 < x2 < 4; 2) 0 < x2+ x < 6.

@ 50. 3a AKUX 3HAUEHb 4 PO3B’A3KOM HEPiBHOCTI
x2-@—-2a-3)x+a2+2<0
€ mpoMixkoK (2; 3)?
51. 3a AKwux 3HaueHb m rpadgiku QyHKOiK y =mx2 —xray=mx+1 - 2m
He MalOTh CHiJIBHUX TOUYOK?
52. Posp’skirh piBEaEHS x2 — 2(a — 1)x — (9a + 5) = 0 BigHOCHO 3MiHHOI X.
53. Iia KOXKHOI'O 3HAUEHHS 4 PO3B’SIIKITH HepiBHICTEL (Ze x — 3MiHHA):

1) x2 + x(2 + a) + 2a < 0y 2) x2 — x(a — 3) — (242 + 6a) > 0.
54. [Ina KOXKHOTO 3HAUEHHS M PO3B’KITH cucTeMy HepiBHOCTeM, Oe X —
3MiHHAa:
x2 —x—-6 > 0, x2 +2x -8 <0,
1) 2)
x < my X =2 m.
o § 13
x—y =3,
@ 55. Yu € po3B’A3KOM CHCTEeMHU mapa 4mcet:
x2 +y2 =17
1) (3; 0); 2) (45 1); 3) (—4; —1); 4) (-1; —4)?
@ 56. Pos3p’s:kiTh rpadiuHO crucTeMy PiBHAHB:
= x2, = —x2, x2 + y2 = 25,
1)1 2) 1" R
y = 3x; x -y =2 x = 8.

3a I0moMOro0 IIporpaMu IJis mo0ymoBu rpadikis mepeBipTe mpaBUJIb-
HicTh pO3B’sA3yBaHHS OOHi€l i3 cucTeM.

57. Po3B’sa:KiTh c1oCcOO0OM IIiICTAHOBKU CHUCTEMY PiBHAHbD:
L A 1
E 58. PosB’sm:KiTh rpadiuHOo cucTeMy PiBHAHD:
){yzZ(x—1)2+3, 2){(x+3)2+(y+3)2:4,
xy = 10; y = —x2 + 6x — 8.

3a JomoMoroo IIporpaMu IJis mo0ymoBu rpadikis mepeBipTe mpaBUJIb-
HicTh pO3B’sA3yBaHHS OOHi€l i3 cucTeM.
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O
59. PosB’s:KiTh cucTeMy piBHAHB:
x+y=28, 2) x2 + y? = 25,
x?2 - 2xy + y? = 16; xy = -12
60. 3HaiIiTH yci pO3B’SI3KHU CHUCTEeMU PiBHAHD:
5y2 + x2 = 29, 0 x2 + 2y = 5,
) 2y? + x2 =17, ) 5x2 + 3y = 39;
é + é — 1,
3x2 + xy = 10, A x oy
2x2 + bxy = —2; )§_§:0
x y '
E 61. Posp’s:kiTh rpadiuHO cucTeMy PiBHAHDB:
= |x - 3|,
v =| y= -1,
)41 2)
ny—le; y—-x2+1=0.

3a JoImoMorom0 Iporpamu AJis modyaoBu rpadikiB mepesBipTe mpaBUIb-
HicTh po3B’sI3yBaHHS OOHiel i3 cucrem.

62. 3HaIiTh yci pO3B’SI3KHU CHUCTEeMU PiBHAHD:

xy —x — 2y =1, x2 — xy = 6,
1) Y y 2) Y
3xy — x — 3y = 13; y? — xy = 2.
63. Po3B’s:kiTh cucTeMy piBHSAHD:
x+y+£:11, x+3y_x—y_%
1) Y i x-y x+3y 5’
x
;(x+y)=24; 5x + 8y = 18.

o § 14
iz 64. PisHuna aBox umuces gopiBHioe 3, a mo0yTok mopiBuioe 10. Suaii-
OiTh IIi umcJa.

65. Cyma nBox uwmceJ mopiBuioe 12, a pisuuig ix kBagpariB — 24. 3HAUIITH
i umeJia.

66. 3HaiiTH KaTeTH MPAMOKYTHOTO TPUKYTHUKA, AKIIO iX cyMa JOPiBHIOE
12 cm, a mioma TPUKYTHHKA AOopiBHIOE 16 cMm2.

i3 67. [ToO6yTok nBOX umceJ mopiBuioe 20, a cymMa IepIoro 4uca i morpoe-
HOTO apyroro mopiBuioe 19. 3HalmiTh i umcaa.

68. Iiaromajs NPAMOKYTHHKA JOpiBHIOE 15 cM, a ioro mioma — 108 cm?2.
3HAWOITh CTOPOHU IPAMOKYTHHKA.
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69.
70.
71.

72.

73.

74.

“

76.

71.

78.
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CymMma 1oy KBaApaTiB, HOoOYJOBAaHMX Ha KaTeTax NPAMOKYTHOTO TPHU-
KYTHHUKA, JopiBHIOE 41 cMm2, a mioma TpukyTHHKaA — 10 cm2. S3HAHAITE
KaTeT!d TPUKYTHHUKA.

Cyma kBazapariB mudp aBommdpoBoro umcjaa mopiBHoe 34. Ao mo
IIbOTO YUCJa gojatu 18, To OTPMMAEMO UYUCJIO, IO 3alMCAHO TUMU
caMuMu Itupamu, aje y 3BOPOTHOMY HOPAAKY. SHANTITH IIe YMCJIO.

Ilnoma npaMokyTHHKA AopiBHIOE 40 cm2. SIKIIo omHy 3 IiOro CTOpiH
30ibImIUTH Ha 2 CM, a APYry — Ha 1 ¢cM, TO MaTUMeEMO TPAMOKYTHUK
iz miomero 60 cm2. 3HaIITL HepUMeETp IOUYATKOBOI'O IPAMOKYTHHUKA.

3 micra A go micra B, BigcTtans Mixk axumu 240 KM, O4HOUYACHO BHUIXAJIN
nBi aBriBKU. Uepes 2 rox BUSBUJIIOCH, IO meplina mpoixasa Ha 20 KM
OisbIlle, HidK Apyra. SHaHITHL IMIBUAKICTL KOMKHOI aBTiBKM, SKIINO Ha
Bech IJIAX Iepiia BuTpauae Ha 20 XB MeHIIe, HiK apyra.

¥V KimbKa OJHAKOBUX KOIIMUKIB PO3KJIaJU HMOPiBHY 24 Kr MaauHu. SIKOM
B KOMKEH KOIIMK IOKJaJXl Ha 1 KI MaJauHu OijabIllle, TO 2 KOIIMKU
BuABMJINCA 0 3aiiBuMu. CKiIbKU OyJIO KOIIMKiB?

(Badava Maxaopena.) Kinbka oci6 moobimaau pasom i mMajaum 3aria-
TuTHU 3a 00ix 175 muainris. 3’scyBaJjocs, 110 y ABOX He OyJio i3 coboro
KOINTiB, ToMy iHmI samjatuiau Ha 10 mwuaiHriB Oijblie, HimK Mau
samaatTutu. CKiJIbKM 0ci0 moobigajao pasom?

75. §flxe nBomUGpPOBe UMCIO Ha 4 MeHIIe Bii cyMu KBaapariB itoro mudp
i Ha 5 OinbpIme 3a iX moABOEHM!IT JOOYTOK?

Ilepumerp gminaHKM OpaMOKyTHoOI dopmu mopiBHIoe 360 M. fKImo
IOBXKUWHY TiTAHKYN 3MeHIIUTH Ha 20 M, a mupuny — Ha 30 M, To moIra
OiTAHKY 3MEHINUThCA BABiui. 3HAUAITE posMipu AiAAHKH, AKINO ii
TOBJKHUHA OijbIa 3a IITUPUHY.

IBi Opuragu, mpaiiooyYy Pa3oM, MOXKYTh BUKOHATH II€BHE 3aBIaHHA 34
12 rox. fAKIo cmouaTKy IIOJOBMHY POOOTH BHKOHAE IIepIiia Opuraja,
a moTtiM gpyra ii 3aBepIInTh, TO BCIO poOOTY Oy/e BUKOHAHO 3a 25 Toj.
3a CKiJIbKM TOAMH MOYKe BHKOHATH 3aBIaHHS KOKHA Opurajga, mpa-
I[IOIOYM CaMOCTiiiHO?

MaiicTpuHSA-CKJIOAYB MaJja BUTOTOBUTHU
200 CKIAHUX HOBOPIUHMX irpaIirox.
Ilepmri gBa mHi BOHa BMKOHYyBaJja AEHHY
HOPMY, a IOTiM IIOAHS BUTOTOBJISAIA Ha
4 irpamku OijbIlle, HiK mOepemdavueHO
"HOpMoOIio. Tomy BiKe 3a JeHb 0 KiHIIA
TepMiny BuroroBmjga 208 CKISHUX
irpamok. CKiJIbKHM irpallloKk IIOgHS MaJjia
BUTOTOBJIATH MaNCTPUHS 32 HOPMOIO?
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TonobHe 6 posgini 2

dYHKUIA. OBNTACTb BUSHAYEHHA,
OBNACTb 3HAYEHbDb | TPA®IK ®YHKLUIT

Dynruyiero (260 PYHKYIOHANBHOIO 3anexncHicmI0) Ha3UBAIOTh TAKy 3a-
JIeKHICTh, 3a AKOI KOKHOMY 3HAUEHHIO He3aJIeXKHOI 3MiHHOI 3 JesKoil
MHOKMHHU BiJIIOBiae €a1He 3HAUEHHSA 3aJIeKHOI 3MiHHOI.

VYci sHauenHA, AKUX HaOyBae HesaJe:KHA 3MiHHA (apr'yMeHT), YTBOPIO-
IOTh 001aCMb 6U3HAYEHHA PYHKYIL.

Yci sHaueHHSA, AKX HaOyBae 3ajekHa 3MiHHA, YTBOPIOIOTh 06/1acmb
3Ha1eHb QYHKYIL.

Haii6invwum 3nHawennHam @(YHKYil Ha3WUBAIOTH HAMWOiJIbIIE YHCJIO
3 obsiacTi 3HaueHb QYHKIII, a HalmeHwuM 3HAYeHHAM QYHKYIL — BiI-
IIOBiTHO HAaWMEHIIIe TaKe YUCJIO.

I'pagirom ¢gynruyii Ha3UBAIOTh MHOYKHUHY BCiX TOYOK KOOPAWHATHOI
ILJIOIITUHY, a0CIUCHU AKUX AOPiBHIOIOTH 3HAYEHHAM apryMeHTY, a OpAUHA-
TU — BiATIOBiIHMM 3HaUeHHAM (QYHKIIil.

BITACTUBOCTI ®YHKLII

3HaueHHA apryMeHTy, 3a SIKOro 3HaueHHA (PYHKI[il JOpiBHIOE HYJIIO,
Ha3uUBAaIOTh HYLeM PYHKUIL.

IIpomiskok, Ha AKoMYy (pyHKIiA 30epirae cBiii 8HaK, Ha3UBAIOTH NPO-
MisncKoMm 3HakKocmanocmi QyHKyii.

DyHKIII0O HA3UBAIOTh 3POCMAlO4010 Ha AeAKOMY IIPOMIKKY, AKII0 Ha
IIBOMY IIPOMIiKKY OiJIbIIIOMY 3HAUEHHIO apryMeHTy BiAmoBizae Oijbiie
3HaUeHHA (PYyHKIiI.

DyYHKIiI0 HAa3UBAIOTh CNLAOHOI0 Ha NeAKOMY IPOMIiKKY, AKIIIO HA IIHO-
My IPOMiKKY OiJIbIIIOMY 3HAUEHHIO apr'yMeHTy BiAIloBizae MeHIle 3HA-
YeHHA (QyHKILii.

YA JA
fxy) +---- f(xy) 4
CCHY SRS fxy) +

0 0

HAWNPOCTIWI NEPETBOPEHHA NPA®IKIB ®YHKLIA

ITo6ymoBa rpadika dyskuii y = f(x) £ n, ne n > 0.
Ona nmobymoBu rpadika dyurmnii y = f(x) + n, ne n > 0, mocTaTHLO
rpadik ¢yHKIl y = f(x) mepeHecTH B3IOBXK OCi y Ha 1 OLWHUIIL YTOPY;
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s mooymoBu rpadika Gyskumii y = f(x) — n, me n > 0, gocTaTHBO T'pa-
dix dyurmii y = f(x) nepeHecTH B3IOBXK OCi Yy HA N OMUHUIL YHU3.

Ilo6ynmoBa rpadika dbysruii y = f(x £ m), me m > 0.
s mobymoBu rpadika dyHKIIl y = f(x — m), ne m > 0, mocTaTHBO
rpadik GyHKI y = f(X) mepeHeCTH B3IOBXK OCi X HA M OJUHUIL YIIPABO;
oisi mooymoBu rpadika ¢GyHKIE y = f(x + m), me m > 0, mocTaTHBO
rpadik GyHKII y = f(x) mepeHecTn B3OBK OCi X Ha m ONUHUILH YJIiBO.

IIo6ynmoBa rpadirka pyskKUii y = —f(x).
T'padixkm pysrmin y = —f(x) Ta y = f(x) cumerpuyHi BifHOCHO OCi X.
ITo6ynoBa rpadika dyskuii y = kf(x), ne k > 0, k = 1.

Ona nmobymoBu rpadika dysKIil y = kf(x), ne £ > 0, k # 1, tocTraTHLO
rpadik GyHKIii y = f(x) po3TaArHyTH Bixg oci x y k pasis, AkIo k£ > 1, abo

1
CTHCHYTH ¥OTO [0 OCi X y Z pasiB, axmo 0 < k < 1.

OYHKUIA y = ax? +bx + ¢, a = 0.
Il TPA®IK | BITIACTUBOCTI
@YHKIiIO BUTIALY y = ax2 + bx + ¢, 1e x — 3minHa, Y/
a, b i ¢ — geaki uwmciaa, mpuuomy a # 0, Ha3MBaAIOTH
K6a0pamuino QYHKUYi€Ero.
Byayrooun rpadik GpysEIii f(x) = ax? + bx + ¢, cuin
JTOTPUMYBATHUCS TAKOI ITOCJIiJTOBHOCTI miii:
b Ys
2a° 0
y, = f(x,) i mosHaunTyu ii Ha KOOPAMHATHIN ILJIOMIKHI;
2) mobynyBaTu Ie KijJibKa TOYOK mapadosiu i CTiIbKY 3K TOYOK, CMET-
PHUYHHUX IM BiJHOCHO IIPAMOL X = X_;
3) CIIOJYyUYNUTH OTPUMAaHI TOUKHU IIJIaBHOIO JIiHi€Io.

KBAOPATHA HEPIBHICTb

Hepisrocri Buriany ax2 +bx+¢>0,ax2+bx+c¢ >0, ax2+bx+ ¢ <0,
ax?+ bx + ¢ <0, ge x — 3miHHAa, a, b i ¢ — geaki uucaa, npudomy a # 0,
Has3uBalOTh Keéadpamuumu Hepiénocmamu (ab6o Hepienocmamu 0pyzo-
20 cmenensa 3 00HiIEI0 3MIHHO10).

1) sHaliTy KOOPAWHATU BEpIIUHU Iapabonu X, =

PO3B’A3YBAHHA KBAOPATHUX HEPIBHOCTEN

s posB’sidyBaHHA KBaJApaTHUX HEPIBHOCTEH CJIiJ JOTPUMYBaTHUCS
TaKoI IIOCJIiTOBHOCTI mifi:

1) sHaliTH KOpeHi KBaApaTHOro TpuujeHa ax? + bx + c¢ (AKIIO BOHHU
icHyI0TB);

2) AKIO0 HEpPiBHiCTh Mae cTporuii 3Hak (> abo <), ToO KOpeHi KBai-
PaTHOTO TPUUJIEHA MO3HAYAEMO HA OCi X «BUKOJIOTUMU» TOUKAMU
(BOHU BUKJIOYATHUMYTBLCS i3 MHOKUHHN PO3B’SIBKiB HepiBHOCTI);
SKIIO 3HAaK HEPIiBHOCTI HecTporuii (= abo <), To KOpeHi KBaapaTHOTO

- =
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TpUUJeHA HMo3HAUaeMo 3adapboBaHmMU TOUKaMu (BOHU BKJIIOUATHU-
MYTBCA 0 MHOKUHU PO3B’I3KiB HEPiBHOCTI);

3) 300paxkyemo rpadgik QyHKII y = ax? + bx + ¢ cXxeMaTUYHO, ypaxo-
BYIOUM HAIPAMOK TiJIOK mapaboJm Ta TOUKM ii mepeTuHy 3 Biccio x
(AKIITO0 BOHU iCHYIOTB);

4) 3HAXOAMMO Ha OCi X NMPOMIKKM, Ha AKUX QYHKIIA y = ax? + bx + ¢
3aJ0BOJILHSAE NAHY HEPiBHICTH;

5) zamucyemMo BiAMOBimb.

PO3B’A3YBAHHA CUCTEM PIBHAHbL APYIOro CTEMEHSA
3 ABOMA 3MIHHUMU

I'padgiunuii meton
I po3B’A3yBaHHA CHUCTEM PiBHAHB I'padidHO CIil JOTPUMYyBATHUCS
TaKol IIOCJIiZJOBHOCTI mifi:
1) mo6ynyBatu rpadiku piBHAHb B OAHiNl KOOPAWMHATHIN IIJIOITWHI;
2) 3HAWITH KOOPAUMHATH iXHiX TOUOK IIEpeTHUHY ab0 BIEBHUTUCS, IO
rpaiku piBHAHP CIILJIBHUX TOYOK HE MAalOTh;
3) AKIIO0 KOOPAMHATH TOUOK IIEPETHUHY € IIIMMU YHCJIaMU, TO BUKOHA-
TH IePEeBipKYy; AKIIO Hi, TO PO3B’SI3KU CUCTEMU 3HAMTU HAOJIMIKEHO;
4) zamucaT BigmoBinh.

MeTon ImiICTAHOBKH
I po3B’A3yBaHHA CHUCTEM PiBHAHB CIIOCOOOM IIifICTAHOBKHU CJIiJ MO-
TPUMYBaATUCSA TAKOl IOCJiJOBHOCTI mili:
1) BupasuTy B PiBHAHHI IIEPINIOro CTeleHA ONHY 3MiHHY Uepes iHIy;
2) migcTaBUTH OTPUMAaHUII BUPaA3 y APyre PiBHAHHA CHUCTEMU 3aMiCThb
BiAmmoBiHOI 3MiHHOI;
3) posB’sA3aTH OTpUMAaHe PiBHAHHS 3 OJHi€I0 3MiHHOIO;
4) 3HaliTH BiAIOBiAHiI 3HaueHHS APYTol 3MiHHOI;
5) zamucaTHy BigmoOBingh.

CUCTEMA ABOX PIBHAHb 13 ABOMA 3MIHHUMMU
AK MATEMATUYHA MOAEJIb TEKCTOBUX
I NIPUKNAOHUX 3A0AY

Posp’sa3yBaTi TeKCTOBi 3ajaui 3a JOIOMOT'OI0 CHCTEM PiBHAHBL MOYKHA
B TaKill MOCJIigOBHOCTI:

1) mosHauUUTHU MeAKi ABi HeBimoMi BeIWUYMHYN 3MiHHUMU (HATPUKJIAI, X
Ta Y);

2) 3a yMOBOIO 3a/Iaui CKJIACTU CUCTEMY PiBHAHD;

3) po3B’A3aTH OfEp:KaAHY CHUCTEMY;

4) mpoaHaJIisyBaTu B3HaWJeHI 3HaUeHHA 3MIHHMX Ha BiANOBiAHICTH
YMOBi 3ajsaui, JaTu BiAIOBiAbh Ha 3aIMTAaHHA 3a1adi;

5) samucaTu BiAMOBiAb.
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| PO3AIA 3

| HUCNOoBI NOCNIAOBHOCTI
| Y LbOMY PO3AIAI BU:

\ O o3HanomuTecs i3 YNCITOBOK MOCMIOOBHICTIO, apUMPMETUYHOIK Ta reoMeT-

\ PU4HOIO NporpecissMn; opmynamm n-ro YneHa apudpmeTMyHOI Ta reoMeT-
PUYHOI NpOrpecin, Cymun N NepLUMNX YreHiB UuX Nporpecin, CyMn HECKIHYEH-

“ HOi reOMETPUYHOI NPOrpecii;

| O HaBuuTeCH PO3B’A3yBaTV BNpaBu Ta NpuKNagHi 3agadvi, nos’a3aHi 3 apud-

METMYHOIO Ta FEOMETPUYHOLIO NPOrpecisiMu; 3anucyeaTu NEPioANYHUIA

‘ OEeCATKOBWIA Apib y BUrNSAAI 3BUYaNHOIO.

D N

L_.__’\—J"

§ 15. Yucnosi nocnipoBHoOCTI

1. MoHATTA NPO YMCNOBY NOCNIAOBHICTb

M 3anuilieMo B MOPAAKY 3POCTaHHA HATYpaJbHI mapHi umcia:
. 2; 4; 6; 8; 10; ... .
Maemo noczidosHicmb MapHUX HATypPadbHUX umnces. Ha meprromy mic-
i B Hilf 3ammcadHo ymcjao 2, Ha Apyromy — umciao 4, Ha m’aromy — 10.
SIKIIO IPOMOBKUTH 3aIMCYBATH IIapHi HaTypaJIbHI umMciia gaJji, To, Halpu-
KJanm, Ha gecsaTomMy Micii Oyme umciao 20, Ha coromy — uwmeao 200. Vsa-
raji, gjas OyIb-AKOTO HATYpPaJbHOTO YMCJIa 71 MOKHA BKasaTH HaTypaJbHe
mapHe YKCJ0, IO CTOIThL Ha n-my Mmicii. Takum uucaom Oyme umcio 2n.
Yucsaa, SKi yTBOPIOIOTHL MHOCJHiJOBHICTH, Ha3MBAaIOTL BiAIIOBiZHO IIep-
UM, OPYIHMM, TPETiM, YeTBEPTHUM TOILO YJleHaMu nociidosHocmi. YneHnu
TIOCJIiJOBHOCTI IPUWHATO MMO3HAUYATH OYKBaMU 3 iHaeKcaMu, sKi Bigmosiza-
IOTh IIOPAJKOBOMY HOMEPY 4JeHa mociifoBHocTi. Hampurman: a,, a,, ag,

ay, ... (UNTAIOTH «a Iepile, a ApyTe, a TPeTe, @ YeTBepPTe» TOINO). Y HAaIIo-
My OpuKJIagi a; = 2, a, = 4, ag =6, a, = 8, ... . Ynen nocraigosHOCTi 3 HO-
MepoM 7, a60, AK KaXKyTb, N-i Y/leH nocaid08HOCML, TO3HAYAIOTE a,. Camy
IIOCJIiIOBHICTh IPUWHATO IMO3HAYaATH (a,).

Posrisamemo aBa cycigHixX uJeHM IOCJIiZOBHOCTI 3 HoMepamu ki kB + 1,

a came a, i a,,,. UneH a,,, HASUBAIOTH HACMYNHUM 32 ), & WIEH @), —
nonepeouim 1o a,, .

2. PopMyna n-ro yneHa NocnifoBHOCTI

OCKiJNbKY B IOCJTiZOBHOCTI MApHUX HATYPaAJbHUX UMCeJ Ha n-My MicIi
CTOITH YHMCJIO 27, TO MOMKHA 3alucaTH, 1o a, = 2n. Orpumanu gopmyry
n-20 4jiena nocaif0o8HOCMi NAPHUX HAMYPAALHUX YUCeL.

IIa mociimoBHiICTH, MiCTHUTH HECKiHUEHHY KiJIBKIiCTh 4JIeHiB, TOMY TakKy
OOCJiTOBHICTh HABWBAIOThL HECKiIHYEeHHOW. 3alIUCYyIOU HeCKiHUeHHY ITOCJIi-
IOOBHICTB, IIic/aA KiJIbKOX il mepImmx YJEeHiB CTaBJIATHL TPUKPaANKy. SIKIIO
HOCJTiIOBHICTE MICTUTHh CKiHUEHHY KiJbKicTh UJEHiIB, TO il Ha3MBAIOThH
CKIHYeHHOM0.
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IlocaigoBuicTs aBOmMMGppPoOBUX HaTypadbHuUx uwncen 10; 11;
*12; ...; 98; 99 e ckimuennoro. Bora mictutrh 90 uneHiB i moxxe OyTu 3a-

naHa GOpMyJIOI0 n-ro uieHa: a, = n + 9.

SAxmio Mmu 3HaemMo (GOpPMyJay n-ro YjeHa IIOCHiZOBHOCTI, TO MOKEMO

3HANTH OyIOb-aKUI i UJIeH.

(ITOEEED Hocniposricrs samaso dopmynoo b, = n? — n. BHaiizemo
- Kimpka il wirenis: b; = 12 — 1 = 0 — mepmmuit, b, = 72 — 7 = 42 — cpomuit,
byo = 202 — 20 = 380 — gBaguaATHiL, by, = 1002 — 100 = 9900 — corwmii.

3. Cnoco6u 3apaHHs NocniaoBHOCTI

dopmyJia n-ro UieHa € JOCUTH 3PYUYHUM, ajie He €IUHUM CIIOCO00M 3a-

OaHHSA IIOCJIiTOBHOCTI.

TG ELY:S CriHueHHY IOCTiZOBHICTL MOMKHA 3afaTU nepeikom il uje-

nie. Hanpuraan, (c,): 1; 8; 17; 9.

W ITocrimoBHiCTh MOXKHA 3amaTu onucom Ii uneHig. Hampukian,
 IIOCJiZOBHICTL HATYpPANBLHUX UMCEJ, AKi € miapHuKamMu umciaa 18 i aki
3alMCaHO B IOPAAKY 3pocTaHHs: 1; 2; 3; 6; 9; 18, MoxxHa HasBaTHU IO-
CJiIOBHIiCTIO HATYPAJbHUX AiJBLHUKIB umciaa 18.

[ VTOELN CriHueHHY IIOCTiZOBHICTD MOMKHA 3aJaTH V 8u2na0i mabauui.

- Hammpukrnanm:

1 2 3 4

5

6

7

a 4 3 1 0

-2

-5

-10

4. PekypeHTHUM croci6 3agaHHA NOCNiJOBHOCTI

ITocrigoBHiCT, MOKHA 3aJaBaTH, YKas3aBIIM IepIinuii abo Kimbka mep-
MIUX YJIeHIB MOCJiZOBHOCTi, a MmOTiM — (dopmMysy, 3a AKOI0 MOMKHA 3HAXO-
OUTH iHIMI YJIeHU IOCJIiZOBHOCTI uepes momepenHi. Tarky ¢popmyay HasuBa-

I0Tb PeKYPEeHmMHOI, a CIocid 3afaHHA MOCJIiTOBHOCTL — PeKYpPEeHMHUM.

I TGEL WA Hexali mepmuii 4leH HocaigoBHOCTL (x,) MOpiBHIOE 2, a Ko-
° ’KeH HaCTyIIHHUI TOPiBHIOE KBaJpaTy IOIepeJHbOTo, TOOTO X; = 2, X, | =

= xg Toxi 3a BigoMMM IepHIIMM UWJIEHOM MOYKHA 3HAUTH JIPYyTrui:

2 _

Xy = x2 = 22 = 4, 3a BigoMuM ApPYruM MOJKHA BHAWTH TpeTiii: x; = x2 =

=42 =16 i Tak camo maii.

Martumemo mociaimoBHicTh: 2; 4; 16; 2566; 65 536; ... .

ITGEL KR SmaiimemMo TpeTiii, yeTBepTHUH Ta I’ ATHI YIEHM MTOCJiJOBHO-

: cri (y,), 3aKaHO0l PEKYPEHTHO: Y; = 2, Yy = =3, Y, .9 = 2Y, .1 + U,

MaTtumemo: Y5 =2y, +y; =2 - (-3) + 2 = —4;

Yy = 2y3 +y,=2-(-4)+ (-3)=-11;
Ys =2y, + y; =2 - (-11) + (-4) = —26.
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ITocaizmoBHOCTI, AKI MM POSIVIAHYJIN BUIIE, € YLUCL08UMU NOCAI008HOCM -

MU, OCKiJIBKU CKJIAIAIOThCsS i3 umcesi. IHOAI pos3risigaioTh MOCJIIJOBHOCTI,
yjieHaMH1 IKUX € Bupasu, pyHKIII Tomo. Hagani Oyzemo posrismaTu JuUIie
YHCJIOB1 IIOCJIiJOBHOCTI.

MaTemMaTvkv 4OCMTb AABHO MoYanv BUBYATW YMCIIOBI
A We panie. NOCMiZOBHOCTI.
————— =

MoHATTA YMcnoBOl NOCNIAOBHOCTI BUHUKIIO i 3aKpinu-

noce Habarato paHiwe, HiX B4eHHSA Npo dyHKuii. Ocb Taki HECKIHYEHHI YMcnoBi no-
CNiAOBHOCTI MPUALLIAN 0 Hac i3 4aBHUHU:

1)1,2,3,4,5, ... — NOCNIAOBHICTb HAaTypanbHUX YUCer;
2)2,4,6, 8,10, ... — nocnigoBHICTb NAapHUX HaTyparnbHUX YMCErT;
3)1,3,5,7,9, ... — nocnigoBHICTb HEMAPHUX HATypanbHUX YNCETT;
4)1,4,9, 16, 25, ... — nocnigoBHICTb KBaApaTiB HaTypanbHUX Y1cern;
5)2,3,5,7, 11, ... — nocnigoBHICTb NPOCTUX YMCETT;

17111 . .
6) 1, EE - NocnifoBHICTb Yncen, 06epHeEHMX OO HaTyparnbHUX.

[ns BCiX LMX NOCNiAOBHOCTEN, KPiM MATOI, MOXHa 3anucaTtn oopmyny n-ro yreHa.

[ns nocnigoBHOCTI NpocTrXx Yncen oopmyna n-ro YrieHa 6yna HeBiAOMO AaBHIM MaTe-
MaTtukam... HeBigoma BoHa i JOHUHI!

OpHielo 3 HaMBIQOMILLIMX € YMCMOBa MOCHiIAOBHICTb, SKY Ha3WBalTb M0C/II008-

Hicmtoo @iboHay4i, Ha YecTb iTaninuga JleoHapdo llisaHcbkozo (@iboHayyi) (bn. 1170 —
6n. 1228). BiH nepLumm po3rnsiHyB NOCNISOBHICTL Y1Cen, NepLUi ABa YneHn Kol — oau-
HULLi M KOXXEH YNEH SKOI, MOYMHAK4K 3 TPETLOIO, AOPIBHIOE CyMi ABOX MONEPEHiX:

1:1;2; 3;5;8; 13; 21; 34; 55; 89; 144 ... .
Jlnwe yepes kinbka ctonite 6yno 3HanaeHo hopmyny 7n-ro YrieHa nocnigoBHOCTI

diboHavui:

1((1+) (1-¥)

a =
Sl 2 2

f‘[? Haegitb npuknag uncnosoi nocnigosHocTi. O HasgiTe Tpu neplumnx Ynexn uiei nocni-

o

posHocTi. O HaeepfiTe npuknag YMcnoBoi NocnigoBHOCTI, 3a4aHoi (hOpMyIo n-ro une-

Ha. O Sk we MoxHa 3aaaBaTh YncnoBy nocnigoBHicTb? O Sky NocnigoBHICTL HasuBa-
H0Tb HECKIHYEHHOI0, a SIKy — CKIHYEHHOI?

§ Fosb aximo 3agaui ma buxonaime bnpabu

@ 15.1. (Vcrno.) Hanvo nocnigoBHicTe: 2; 4; 7; 10; 15.

1) CxinbKu ueHiB Mae€ Id IOCJIiTOBHICTE?

2) HasBiTh mepiiuii Ta OCTAHHIN YJEeHU I[i€l ITOCJIiJOBHOCTI.

3) fAxuii HoMep UJeHa IOCIiZOBHOCTI, 1110 mopiBHIOE 107?

4) fAxuii ugeH MOCIiZOBHOCTI € HACTYIIHUM 34 UJIeHOM IIOCJIiZOBHOCTI,
110 JopiBHIOE 47

5) AKuii ujeH IOCJHiZOBHOCTI IIOIepemHiili M0 UjJeHa IOCJiJOBHOCTI,
1o gopiBuioe 157
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15.2. TlocnigoBHicTh 3amanHo (opmysow a, = 5n — 1. 3HalAiTe mepmunii,
o’ATHUH Ta CbOMUH 4YjieHu Ifiel mocJizoBHOCTI.
15.3. IlocrimoBHicTs 3amano ¢Gopmysow b, = 4n + 3. 3HalAITE mepmwni,
YyeTBePTUIl Ta BOCBMUN UJIEHHU ITi€l MOCJIiTOBHOCTI.
15.4. 3anumriTs YOTUPHU MEPITNX UJEHU ITOCJiJOBHOCTI:
1) HemapHUX HATYPaJbHUX YHCEJI, Y3ATUX Y HOPAIKY 3POCTaHHS;
2) ky0iB HATYPAJIbHUX YUCEJ, Y3ATUX Y HOPAAKY 3POCTAaHHS;
3) ogHOIM(MPOBUX HATYPAJIbHUX UNCEJ, Y3ATUX Y MOPAAKY CHaJaHHAd.
15.5. BununriTe m’ATH MEPIINX YJIEHIB MOCJIiJOBHOCTI:

15.7.

15.8.

15.9.

1) xBaApaTiB HaTypaJbHUX YUCEJ, Y3ATUX Y MOPAIKY 3POCTAHHI;
2) nBonu(pPoBUX HATYPATbLHUX UHCEJ, Y3ATUX V MOPAIKY CIaJaHHA.

15.6. 3HaiiAiTh YOTUPH IEPIIKNX YWICHH IOCIiTOBHOCTI (X,), AKY 3aja-
HO GOPMYJIOIO:

1 4n? — 17 2 n*
x =4n% - 17; x = ;
) X ) % n+1
2n — 17 ns
3)x = ——; 4)x = —.
) % n+3 ) % 2n
SHAUAITh TPU MEPIINX YWIEHHU IIOCTiOBHOCTI (Y,), AKY 3a1aHO (DOPMYJIOLO:
2 -1
1)y, = 2n2 + 3; 2y, = 2=,
n
4n — 5 3"
3 = — 4 = —.
) Yn n+1 ) Un n?

1) IlocaimoBHicTs 3amaHo (GOPMYJIIOIO
b, = 4n + 25. 3HaliAiTE HOMEpP UJeHa
HOCJIiTOBHOCTI, IIT0 HOPiBHIOE 65.

2) 3HalgeHU HOMEpP yKaKe TOBIKIU-
Hy (y MeTpax) HaibiIbIITO0l BUTHHAHKN
aBTOpCcTBa Bimomoi mamicTpuHi Tersanmu
Kyspmuu (Kamry6wu), 1o mpeacraBieHa
B Myagei icTopii micra Kuesa.
ITocnimoBHicTh 3aman0 (hOPMYJIO0 @, = 5 — 3n. 3HAKITE HOMED YJeHa
MOCJIiTOBHOCTI, IIT0 HOpiBHIOE —46.

15.10. 1) 3agaiiTe Tabauieo I’AThL MIEPIINX UYJEHIB IIOCIigOBHOCTI HATy-

=]

paTbHUX umceJ, AKi KpaTHi uucay 3.

2) 3HaigiTL HOMep uJeHa Ifiel mOoCJiJoBHOCTI, IT0 mopiBHIioe 12.
15.11. IlocrimoBHicTh 3aaHO (POPMYJIOO Y, = 2n2 — 18n + 7. fxi
i3 umceJs € uJgeHaMH I[i€i IIOCJIiJOBHOCTI:

1) 7; 2) —29; 3) 50; 4) 79?

Jlist unce, 10 € YWiIeHaMH IIOCJIiJOBHOCTI, YKaMKiTh iIXHI HOMepH.

15.12. TTocrinoBHicTs 8azano Gopmynoo x, = n? — 4n + 9. fdxi i3 yucen

€ YJeHaMMU IIiel IIOoCJIiTOBHOCTI:
1) 69; 2) 68; 3) 5; 4) 6?
JJia yuces, 110 € YJeHaAMM IOCJiJOBHOCTI, YKaXiTh IxHi HOMepH.
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15.13. SHalifiTh I’ATh HePIINX YJeHiB MOCIiJOBHOCTI (¢,), AKY 3allaHO pe-
KYPEHTHO:
1)c¢;=8,¢,.,=¢,—5; 2) e, =-3,¢,,4=2¢c,+ 3;
3)c;=-2,¢,=3,¢,,9=Cpqy T C;

c
4)e¢,=0,¢,=-5,c ., =—2+
) ¢ 2 n+2 1
15.14. 3HaiifiT I’ATH NePIINX WIEHIB IOCIiTOBHOCTI (y,), AKY 3aJaHO pe-
KYPEHTHO:
Y
Dyvi=5Y1m=2y,- T 2y =16,y =1, 4,5 =5 *—
yn+1

i4 15.15. 3maiifgiTh HaOiABIINI YJIeH IIOCJiZOBHOCTI, 3amaHoi Gopmy-
JIOIO N-T'0 YJIeHA:

1) a, = 26 — n?; 2) b, = —2n2 + 16n;
3)c,=(1n 4) y, = —n? + bn.

15.16. 3HaiigiTh HAMEHIIINHN YJeH IIOCJIiJOBHOCTI, 3amaHol (OPMYJIO0 1-TO
urena: 1) x, = 2n? — 3; 2)a,=n?-8n-5.

15.17. IoBexits, wio mociifoBHicTs (p,), vy AKoi p, = 2n? + 6n — 5, He Mmic-
TUTh HAWOLIBIIOTO 4IeHa, a MOCIiMOBHICTE (2,), y AKOL , = -n2 — 4n,
He MiCTHUTh HAIMEHIIIOTO WIeHa.

O Bnpabu grs nobmopenns

15.18. 1) Tosap romryBaB 150 rpu. Uepes meAKuil uac #oro ImiHa apocia
mo 165 rpu. Ha ckinbKu BifcOTKiB migBumuiaaca Iina ToBapy?

2) IIpoexmua dianvHicms. JocaimiTs sMiHY IIiHM Ha peaJbHUM TO-
Bap. O0unciiTh BigcoToK ii sHMMKeHHS (IigBUIIIEHH).

J5+3+J5—3

15.19. OGuucaiTs .
V5 -3 J5+3

. : x? = 2xy + y? = 4,
15.20. Po3p’s:kiTh crucTeMy PiBHAHD
xy +y? = 4.

XKummeba mamemamuxa

15.21. 1) o BcTaHOBJEHHA JHUMJILHUKIB poamHa SaJiIIyKiB Iomicamsa
ciauyBaJja 3a KopuctyBauus Bogoo 1120 rpu. Ilicasa BcTaHOBIeHHS
IBOX JIUMJbHUKIB (Ha XOJOAHY i Ha rapsauy BOAy) IOMicsuHA ILIaTa
3a Boxy ameHmuiaacsa 10 700 rpH. BapricTs ogHOTO JiUMILHUKA CTa-
HOBUTH 740 TpH, a ioro BcraHoBaeHHA — 240 rpH. Uepes AKy HAali-
MEHIITY KiJbKiCTh MiCAI[IB €KOHOMisI Ha OILIATi BOAM II€EPEBUIIUTH
BUTPATH Ha MPUAOAHHS TA BCTAHOBJIEHHS JIUMJIbHUKIB, SKIIO Tapu-
¢u Ha BOAy He 3MiHIOBATUMYTHCS?

2) IIpoekmua dianvricms. 36epiTh AaHI IPO CIIOKUBAHHS PECypCiB
y POAMHI Ta IIpoaHaidyHTe ixX.

156 O




Yucnosi nocniooBHoCcMi

(o

E Tligzomyimecs go bubuenns Hobozo mamepiany

15.22. 1) 3anuiriTe 4KMCJI0BY IIOCIiZOBHICTB, IO MiCTHUTHL OEeCATH UJIEHIB,
y AKOI IepIInii ujeH JOPiBHIOE 2, a KOMKeH HACTYIHUHA — Ha 3 0iJb-
IUHA 3a TMOIepeIHil.

2) 3anuilits GopMyJay n-ro UJeHa I[iel IMOCJIiJOBHOCTI.

15.23. 3HaigiTh 3aKOHOMIPHICTE i MPOJOBIKTE PAM UMCEJI, 3aIMCABIIN YO-

TUPU HACTYIHUX YKCJIA PALY:
1) 42, 45, 48, 51, ...; 2)6, 1, -4, -9, ..;
3) 15, 0, —15, 30, ...;; 4) -13, -9, -5, -1, ... .

@ Likabi 3agaui — nomipkyi ogHaue
xy + yz = 8,
15.24. Po3B’sKiTh cucTeMy piBHAHL (Y2 + 2x = 9,
zx + xy = 5.

§ 16. ApudmMeTnuHa nporpecis, il BAACTUBOCTI.
®opmyna n-ro uneHa apudpmMeTUUHOI nporpecii

1. O3HaueHHs apudMeTUUHOI Nporpecii

PosrismeMo YmcIOBY IIOCTiTOBHICTB, MEpPIINil ujaeH AKOI JopiBHIOE 4,
a KOJXKeH HACTYIIHWI, IIOUYMHAIOUN 3 APYroro, JOPiBHIOE HMOIEepegHbOMY, HO0-
IaHOMY IO Ymcja 3:
+3 +3 43 +3 43

4; 7; 10; 13; 16; 19; ... .
Taky mOCJIiIOBHICTh HA3UBAIOTH APUPMEMULHOI NPOZPECIETO.
ITocaimoBHICTH, KOMKEH UJIeH SKOI, NMOYMHAIOUM 3 IPYyroro, AOPiBHIOE

ToNnepeTHbOMY, A0 SIKOT0 JOJAAETHCS OJHE il Te caMe YHMCJIO, HA3UBAIOTh
apugmemuiHo NPOZpeciero.

ITle umcno HABUBAIOTH PI3HUUCIO APUGMemMULHOL npozpecii i T03HaUYaI0Th
O0yKkBoIO d (Bim mouaTKoOBOi JiiTepu JaTmHCBKOTO cioBa differentia — pis-
Hurs). Tomy axmo (a,) — apudmMeTnyHa MPOTPECiA, TO CHPABIMKYIOTHCA
piBHOCTi: @y =a; +d, ag=ay,+d, a,=a5 + d, ....

Or:xe, 0ya OyOb-AKOTO HATYPAJbHOTO 7 CHPABIAKYETHCA PiBHICTH:

a,_,=a, +d.

Toni

d= L i )
TOOTO

pisHUII0O apudpMeTHYHOI Iporpecii MoKHA 3HAWTH, SKIIO Bimg Oyab-
SIKOT0 4jIeHa Iporpecii, MOYMHAIOUYM 3 APYroro, BiZHATH MoIepexHiil.
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2. DopMyna n-ro uneHa apupMeTUUHOI Nporpecii
Ta il 3acTOCyBaHHS

Hexaii mepmmuii uien apupmMeTryHOl mporpecii nopisHioe a,, a ii pisHu-
s gopiBHioe d. Togi:

a,=a, +d;

ag=a,+d=(a, +d)+d=a;+ 2d;

a,=ag+d=(a; +2d)+d=a, + 3d;
a,+d=(a; +3d)+d=a; + 4d.

ITomiuaemo, 110 B KOMKHIill 3 oTpuMaHux (popmya KoediiieHT 6ina pis-
HUIi d Ha 1 MeHIINHA Bif MOPAAKOBOrO HOMEpA UJeHa Hporpecii, masa sSKo-
ro sanmucano mio ¢gopmyay. Copasai, mob sHaiiTu a,, Mao4u a, i d, Tpebda
n — 1 pasiB gogartu 10 a, umucio d, To0To 10 a, mojatu (n — 1)d. Maemo:

S
ot
Il

a, =a, + dn — 1). J

Orpumanu Qopmynry n-20 wieHa apupmemuinol npozpecii.
Posrismemo KijlbKa BOpaB Ha 3acTOCYBaHHA ITiel (hopmysn.

IlocninosuicTe (a,) — apumeruuna mporpecia, a; = 32,8,
d = —0,4. 3gaiiTu ABaAIATUI YJIeH I[iel IIOCIiZOBHOCTI.
Poszé’azanna. az, =a; + d(20 — 1) = a; + 19d = 32,8 + 19(-0,4) = 25,2.

Bidnosidv: 25,2.

m Yu "Hame:xXuThb apudmeruuniit mporpecii 7; 10; 13; ... uyucio:
° 1) 82; 2) 1027
Pose’azanna. Y niit nporpecii a, = 7, a, = 10, Togi d = a, — a; = 3. Cxna-
Iemo (opMyJy n-ro ujeHa Iriei mporpecii:
a,=7+3(n—-1)=3n+ 4, To6ro0 a, = 3n + 4.
1) Ilpunmyctumo, mo uyucao 82 € wienom mporpecii (a,). Toxi icHye Take
HaTypaJbHe YMCJIO 1, mo a, = 82, trobro 3n + 4 = 82. Maemo piBHAHHA:
3n + 4 =82,
3n =178,
n = 26.
Or:xe, unciao 82 € ABAAIATL IIIOCTHUM UJIEHOM apu(@MeTHUHOI IIporpecii,
TOOTO a4 = 82.
2) Mipkyrounu B Toii camuii cuocid, maemo: 3n + 4 = 102,
3n =98,
2

n=32—.
3
2 .
Yucao 325 He € HaTypaJbHUM, TOMY apu@MeTHUHa IIPOrpecia umciia
102 e MicTUTE.
Bionogidv: 1) Tak; 2) Hi.
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W Kybuku ckjameHO pAgaMu TakK, 10 YV BePXHbOMY pAAYy 4 Ky-

° OUKM, a B KOKHOMY PANY, IIIO HUMKYEe, — HA OOHY M Ty caMy KiJbKicTb
KyOuKiB Oisbilie, HijK y momepegHbOMY. Bimomo, 110 B HIOCTOMY PAIY
14 xy6ukiB. CKinmbKM KyOUKiB y TpeTbOMY PAny?

Posé’sa3anHs. OCKinbKM B KOKHOMY HMIKHBOMY pPAAY HA ONHY U Ty
caMy KiJbKicTh KyOMKiB OinbIlle, HidK y IIOomepegHbOMY, TO UMCJIA, IO
JTOPiBHIOIOTH KIJIBKOCTI KYOUKiB y pagax, YTBOPIOIOTL apuPMeTHUUHY
nporpeciio.

¥ mii mporpecii a; = 4, ag = 14, or:ke, Ham Tpeba 3HAUTH dj.

3HalimeMo cmodyaTKy pisHuIio d 1iei mporpecii. OckiabKu 3a QPOPMYJIO0
n-To 4ieHa dg = a; + 5d, MaeMO PiBHAHHA:

14 =4 + 5d,
5d =10,
d=2.

Tenep, sHaoun 3HAYEHHA d, 3HAUAEMO dg:

az=a;+2d=4+2-2=8.
OT:xe, y TPeTbOMY PAny 8 KyOuUKiB.
3ayBasKuUMO, IO 3HANTU d MOKHA 0yJIO i He BUKOPUCTOBYIOUN PiBHIHHA,
HampukJgan BupasuBiiu d 3 Gopmynau 6-ro umema mporpecii. Cmpasni,
OCKiNBKH ag = a; + 5d, TO

Bionosiov: 8 Kyoukis.

3. Bnactusocti apudpmeTuyHoi nporpecii
HoBeneMo mesAKi BaKJIMBI BIacTUBOCTI apudmeTuyHoi mporpecii.

1. Byap-akuii 4jeH apu(pMeTHYHOI Iporpecii, MoYMHAIOUN 3 JPYroro,
€ cepeaHiM apu(pMEeTHYHHM ABOX CYCiTHIX 3 HMM UIEHiB, TOOTO
a, 1 + a, .,

anle,neneN,n>2.

Ilosedenns. [lna noBeeHHA BUKOPUCTAEMO DOPMYJy n-r0 4ieHa apud-
MeTHYHOI mporpecii, Tomi
a, ,+a,., a +d((n -1 -1 +a; +d({(n +1)-1) 3
2 - 2 -
20, +d(n -1-1+n) 2a; +2d(n-1)
2 N 2 B

2 _
‘211 + 2d(”2 Doy vdn-1=a.m

3a opmHielo 3 Bepciii, caMe i3 1ieio BIACTUBICTIO apu(pMETUUHOI IIpoTpe-
cii i moB’aA3aHoO ii Ha3By.
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2. Bynb-axkuii 4jieH apu(pMeTHYHOI Iporpecii, MOYMHAIOYHN 3 JPYroro,
€ cepegHiM apu(pMeTHYHMM ABOX PiBHOBigIajIeHMX BiJ HHOIO YJIEHiB,
TOOTO

a ., +a
a =-rkt nk neneN, EeN,kE<n,n> 2
" 2
P
BaacTtuBicTh 1OBOAUTHCA aHAJIOTIYHO A0 IOIIEPeIHBOI BJIACTHUBOCTI.
3. dAxkmo k, I, pi s — HarypaasHi uncaa i k + 1l =p + s, 10
a, +a=a, + a,
J

Ilosedenns. Buxkopucraemo GoOpMyJIy n-ro djieHa, TOMIi:

a,+a,=a, +dlk—-1)+a, +d(l—1)=2a, +dk+1-2)

ap+as=a1+d(p—1)+a1+d(s—1)=2a1+d(p+s—2).

Anek+1l=p+s, romy 2a, + d(k+1—2)=2a, +d(p + s — 2), TobTo
a,ta =a,+a, |

4. Byns-aky apudMeTHYHY IIporpeciro MoikHa 3amaTH (opMYyJIOI0
a, =dn + b, ge b i d — geaxi umcaa.

Hosedenns. 3a GopMyJio0 n-ro 4ieHa MaeMO:
a,=a,; +dn-1)=dn + (a; — d).
IMosnauusmu a; — d = b, maTumemo: a, = dn + b. W

5. IlocaigosnicTe (a,), AKy 3agaHo (opMmyol0 BUriaay a, = dn + b,
me b id — pesaki unmcna, € apu()MeTHUYHOI0 IPOTrpeci€ro.

Iosedenns. 3uaiinemo pisuuio (n + 1)-ro i n-ro uimenis 1iei mociimoB-
HOCTi: @,y —a,=dn+1)+b—-(dn+b)=dn+d+b—-dn—->b=d.

Orpumanu, 10 JOJsa OYyAbL-AKOTO0 N CIPaBIKYEThCI PiBHICTH
a,., = a, + d. Orxe, mocrIifoBHIiCTE (a,) € apUMETUIHOI IIPOrpeciero,
pisuuma axoi mopisuioe d. M

Mepwi yaBneHHa nNpo apudMETUYHY MNpPOrpecito

W 3'ABUIMCS LU A0 Haloi epu. Y AaBHbOErMNETCLKOMY nani-
o pyci Axmeca (Il Tuc. go H. e.) € Taka 3agada: «Hexal mobi
ckasaHo: nodinu 10 mip SYMEHI0 Mix decsimbma Il00bMU mak, wob KoXXeH ompumas

i . . .
Ha g mipu 6inbwe, HiX cycid». Po3B’a3aHHs 3a4adi 3BOAUTLCSA A0 3HAXOMKEHHA Ae-

1 2 9
CATN YneHiB apnmMeTn4HOI nporpecii: a, a + g a+ g .., at g cyma SKux Jo-
pisHtoe 10.
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3apadi Ha apudmMeTnyHi Nporpecii € i B aBHbOETMNETCLKOMY TpakTaTti «Matema-
TUKa B AEB’ATU KHUrax».

MepLwi 3agavi Npo apnMeETUYHI NPOrpecii, Wo AiAWIM 40 Hac, NOB’s3aHi 3 Aisnb-
HICTIO NMIOAMHM (PO3MOAiN NPOAYKTIB, CNAALLMHU TOLLO).

[laBHi rpekn Teopitdo apudMETMYHOI NPOrpecii acouitoBann 3 Tak 3BaHOK He-
nepepBHOI0 apnPOMETUYHOO NPOMNOPLLELD:

a—-b=>bb-c
Akwo yncna a, b i ¢ noegHaHi Mixx cob0l0 Tako BMACTUBICTHO, TO BOHU YTBOPHOHOTH
c—a

apuMETUYHY NPOrPECito, Pi3HNLA SKOI JOPIBHIOE

Tak, nporpecito po3rnaganu sik NPOAOBXEHHA apuMETMYHOT NponopLii, a Tomy
Ha3By apugmemuyHa Oyno nepeHeceHo 3 Nponopuii Ha nporpecito. Lle ogHa 3 Bep-
Ciin, YOMY LA Mporpecis oTpumarna came Taky Ha3By.

@ AKy nocnigoBHiCTb Ha3nBaloTb apudMeTYHo nporpecien? O HAke Yncrno HasnealoTb
g pisHMLEel0 apudmMeTuyHoi nporpecii? O Ak MoXHa 3HanUTK Pi3HML0 apUMETUYHOT NPo-
rpecii? O 3anuwite dopmyny n-ro uneHa apudmetmyHoi nporpecii. O CopmyntoinTe

i AOBediTb BNACTUBOCTI apudMETMYHOI Nporpecii.

§ Fosb aximb 3agaui ma buxonaime bnpabu

il 16.1. Axi 3 mocaimoBHOCTell € apudmMeTHUHMMU Hporpeciamm? Yka-
JKITH IJIST HUX MePINuil YiIeH i pisHHUIo.

1) 2; 5; 8; 11; 2) 4; 4; 4; 4;
3) 0; 1; 5; 10; 4) 4; —4; 4; —4;
5) —5; —4; -3; —2; 6) 0; 1; 0; 2.

16.2. U € apu(pMeTUUHOIO IPOTPeciero MoCIif0BHICT:
1) marypansuux umcesa: 1; 2; 3; 4; 5; ...;

2) kBaJpaTiB HaTypanbHuUX uncea: 1; 4; 9; 16; 25; ...;
3) HemapHUX HATypaJdbHuX umces: 1; 3; 5; 7; 9; ...;
.. 11111
4) mpaBUILHUX APOOiB i3 umceapbHUKOM 1: —; —; —; —; —; ...7
223 45 6

i?_ 16.3. 3anumiTe I’ATH MepPIINX YIeHiB apumeTnuHoi mporpecii (a,),
pisHUIA AKOI JopiBHIOE d:

a,=5,d=4;
2)a, =4,7,d=-0,7.

16.4. 3annmiT§_q0Tlx¥pH IepIInX YieHu apudMeTudHol mporpecii (a,), pis-
HUIA AKOI JOpiBHIOE d:

1) al = 4, d = _2; 2) al = 3’8’ d = 092‘

16.5. 3HaiigiTs TpPWM HACTYIHUX UJeHM apudMeTHuyHoi mporpecii
4,2; 3,8; 3,4; ... .

16.6. 3HaligiTs YOTHPU HACTYIHHUX UYJIEeHM apudMeTHdUHOlI mporpecii 5,7;
6,1; 6,5; ... .
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16.7. 1) B apudmeruuniii nporpecii (a,) a; = 13, a, = 33. 3HalAITE ag,.

D 2) ObuuciiTe 3HAUeHHA BUPA3y 3dg,, BiTaK Ai3HAETeCd, SAKOTO POKY
36ipHa Ykpainu 3 ¢pyroosy Bikom 10 20 poKiB cTasa ueMIIioHOM CBiTy.

16.8. IlocrimosHicTs (a,) — apudMeTndyHa Iporpecisa. 3HAHAITE:

1) a;, axkmpo a, = 3, d = —8; 2) a4, axmo a; = 2,7, d = 0,4.
16.9. B apudgmernuniii nporpecii (a,) a; = -15, d = 3,7. 3HaigiTs:
1) a,; 2) as; 3) a,y; 4) ay0;-

16.10. 3HaligiTe, pisHUIO, JecATHHN i BiciMHamIATHUI WiIeHW apudMeTHd-
HOI mporpecii:

1) 1; %; 0; ...; 2) 0; 1,5; 3; ... .

16.11. 3raiixiTe mepmwuii YieH apu(p)MeTHIHOL mporpecii (a,), AKIo:
1) a, =8, d=-5; 2)a,="7,d=4.

16.12. 3maiifiTe nepmuii 4ieH apudmeTnyHOl Iporpecii (a,), AKIIO:
1) a,=-7,d=4; 2) ag=5,d=-2.

16.13. 3HatixiTe pisHUIIO apudMeTUYHOI ITporpecii, y AKOI MepIIui 4jeH
IopiBHIOE 8, a oguHAAIATHH — 33.

16.14. 3naiiniTe pisHHI0 apudMeTHdYHOI mporpecii (a,), AKmoO a, = —9,
(19 = 7-

16.15. Tino 3a mepIry CeKyHAY MO0JIATIO D M, a 3a KOXKHY HACTYIHY — Ha

9999, 2 M OijbIlle, HidK 3a momepenHio. CKiIbKM MeTPiB IOAOJIATIO TiJOo 3a
‘ IIIOCTY CEeKVHIY; 3a HAeCATY CeKYHAY?

16.16. Yuenp npountaB KHUKKY 3a 10 guiB. Ilepmroro musa BiH mpouyuTaB

9999, 40 CTOPiHOK, a KOKHOTO HACTYIIHOTO NHS UNTAB HA 3 CTOPIiHKM MEH-

e, HiK nonepeaHboro. CKiJIBKY CTOPiHOK yUeHb IIPOYMNTAB 3a TPETii
IeHb; 3a OCTaHHINA neHb?

E 16.17. Mix yucnamu 3 i 7 BcraBre:

1) ogHe umMcCIIO; 2) nBa umcia; 3) Tpu umcia
TaKMUX, I[00 BOHM pPasoM i3 3aJaHMMHU YTBOPIOBAJIU apUPpMeTHUHY
mporpeciio.

16.18. Mixx uymcaamu 15 i 30 BcTaBTe YOTHMPU TaKMX YmcJja, 100 BOHU pa-
30M i3 3aaHUMHU YTBOPIOBAJIU apu(MeETHUYHY IIPorpeciio.

16.19. 3HaligiTe GopmMyay n-ro uieHa apu@METHUUHOI IIporpecii:

m-1 m+1
1) 2x, 5x, 8x, ...; 2) , 1, Y eee
m m
16.20. SnaiiniTs mepmuii ujieH Ta pisHHUIIO apudMeTHyHOi mporpecii (a,),
AKIIO:
1) a;g=5,a9=3; 2) a, =11, a,, = 43.
16.21. 3naiifiTe mepmuii 4jieH Ta pisHuIio apudmernyHoi mporpecii (c,),
AKIIO:
1) ¢y; =3, ¢15=16; 2) cg = —22, ¢, = —40.
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16.22. Taxci «Haiikpalie» o0CIyroBye KJi€HTiIB 3a TakxuMm Tapudom: 3a-
9999 MOBJIeHHS (momaua Ttakci) — 50 rpH, BapricTh mpoisgy — 8 rpH 3a poa-
mouaTuii KitoMmeTp.
1) Cxaazmites (GopMyay, 3a SIKOI MOXKHA OOUYMCJIUTH 3arajbHY Bap-
TicTs mpoisay C (y I'pH) 3ajiesKHO Bifg Bimcrami s (y KM), AKY Opoixas
macakup.
2) Uu Oyme LA 3ajJeKHICTH apuPMETUUYHOIO IIPOTpPeciero, SAKIINO S
€ HATYypPaJIbHUM YUHCJIOM?
3) 3uaigite C, ario s = 12 KM.
4) 3HangiTs s, axmo C = 170 rpx.
16.23. Bpokepchka dipma «BepecHeBa» 3mae KiMHaATy mMom0o00BO Ha TaKUX
5999  yMOBaX: IIJIaTa 3a YKJAQAEHHSA XOToBOPY (OpOHIOBAHHA KiMHATH) —
800 rpHu (omHOPas3oBO), BapTicTh H000Boi opeuau — 600 I'pH 3a KOKHY
posmouaty mo0y.
1) CxaagmiTes GopMysIy, 3a SIKOI MOKHA OOUMCINTH 3araJbHY IIJIATy
3a opeHay C (y 'pH) 3aJIe;KHO Bijm KinmbKocTi nmi6 n, Ha AKi opeHIOBa-
HO KiMHaTYy.
2) Yu Oyme 1A 3alesKHICTh apu(METHUYHOIO IIporpecieio, SAKIIO n
€ HaTypaJbHUM YHCJIOM?
3) 3maiigite C, AKIIO n = 5 KM.
4) 3uaigite n, akmo C = 5600 rpx.
16.24. Yu micTtuTh apudmernuna mporpecia 5; 8; 11; ... uucio:
1) 92; 2) 1127
16.25. B apumernuniit nporpecii (x,) x; = 12, d = -2,5. Yu € wrenom miei
mporpecii umcio:
1) -7; 2) -23?
16.26. 3uHaiigiTe HOMEp MEepPIIOoro Bia’€eMHOro ujieHa apudpMeTHUHOI Iporpe-
cii (y,), y aroi y; = 12, d = -0,4.

16.27. 3HalgiTL HOMEp IIepIIoro AOJZATHOTO UjeHa apuMeTHUHOI Iporpe-
cii —5; —4,8; —4,6; ... .

16.28. Apudpmernuny mporpecioo 3azano ¢popmymnow a, = dn — 7. 3Hai-
JiTh:
1) pisauIio mporpecii; 2) cymy a; + ag + a;.

16.29. 3a axux 3HaueHb x yucyaa x2 + 2, 4x — 2, x € TOCTiLOBHUMHU UJIeHA-
My apudMeTuuHOl mporpecii?

16.30. 3a axkux 3HaveHb y uuciaa y + 3, 2y + 3, y2 — 1 € mocaimoBHUMHU
yjieHaMu apudmeTnuHOol mporpecii?

i4 16.31. 3a sxoro 3mauenHdg m uwmciaa m2 — 4, m, 2m + 3i4m2 + 5
€ HOCJIiJOBHUMHU UJeHaMHU apu(pMeTHUYHOI mporpecii?

16.32. IlocrimoBHicTs (a,) — apudmeTnyHa nporpecia. 3HAUAITE:
1) a5 + a,y, Ao a; + ay3 = —37;
2) a,;, KO a4, + ayy = 5.
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16.33. IlocaimoBHicTs (b,) — apumernuHa nporpecia. 3HAUAITD:
1) by + byy, axmo by + b;g = —25; 2) b, + by, axmo b, = 2,7.
1
16.34. JloBexniTh, 10 AKIIO YMCIA i YTBOPIOIOTH apud-

b+c a+c a+bd
MeTHUYHY Iporpeciio, To uucaa a2, b2 i ¢2 rakok yTBOPIOIOTH apudpMe-
TUYHY OPOTPeciio.
16.35. MoseniTs, mo Axmo uuciaa a2, b2 i ¢2 yTBopoOHOTL apupMeTHUHY
1

1
b+c a+c a+bd

mporpeciro, To umucaa TaKOX YTBOPIOIOTH apud-

METHYHY IIporpeciio.

©O) Bnpabu grs nobmopenns
16.36. CmpocriTs Bupas:

3
1) -4p2t - (-0,5p3t%); 2) 3§_p : 13p7a®.
a
16.37. Po3B’s:KiTh piBHAHHA:
1) x3 + x2 - 3x -3 = 0 2) (x2 —2x)2 +2(x2 - 2x) -3 =0.

16.38. Yu xpaTHe 3HauyeHHa Bupasy 86 — 47 uncay 6?

16.39. 3HaigiTs ob6sacTh BUSHAUEHHS QYHKITIT

y:ﬂlo_gx_xz +x—+1

x2 — 3x

XKummeba mamemamuka

16.40. 1) [Ina rtpaucnopryBauua 40 T BaHTa)ky Ha Bimcramb 1200 KM
MOXKHa CKOPHMCTATHCS IIOCJyraMU OAHiel 3 TphOX KOMMIAaHi#-mmepeBis-
HuKiB. BapricTh mepeBeseHHA i BaHTaKOIIiAMOMHICTHL aBTOMOOiIIB
Y KOKHOTO TepeBisHHKA MogaHo B Tabauili. CKiJIbKU KOIITyBaTUMe
HalIeIIeBIlle TIepeBe3eHHA 3a3HAYEHOTO BaHTAXKY?

BapricTs mepeBe3eHHA BanTaxkomigiiomHicTh
IIepeBi3aNK OIHMM aBTOMOOijIeM aBTOMOO1IiB
(rpH Ha 100 KM) (TOHH)
A 800 3,5
B 1000 5
B 2300 12

2) Ilpoexmua dianvricms. llopiBHANTE Tapudu peasbHUX KOMIIa-
Hill-mepeBidHUKIB i 00epiTh ONTUMAaJBHUI BapiaHT.

@ Likabi 3agaui — nomipkyd ograue
16.41. oBexnites HepiBHicTh (x — 3)(x — 4)(x —=B)(x —6) +1 > 0.
164 o




Yucnosi nocniooBHoCcMi

§ 17. Cyma n nepumx uneHie apudpmMeTUuHOi nporpecii

1. DopMynu ona obUUCNEHHA CYyMU n NEPLUNX UY/IEeHIB
apudMeTUUHOI Nporpecii
Posrnsmemo n mepminx 4YJeHiB apn@me:mqno'l' nporpecii (a,): a;, a,,
ag, ..., @, o, @, 4, a,. IlosHAUNMO Uepes S, ix cymy:
S,=a, +ta,+as+...+a,,+ta,+ta,

3HangemMo (GopMyJay s OOUMCICHHS Ifiel cyMu. 3amuIlleMo I[I0 CYMY
IBiui, podaMicTHUBINIK B MepIIOMY BHUOAAKY JOJAHKU B IIOPAIKY 3POCTaHHSA
HOMEpPiB, a Y APYroMy — B IOPSAAKY CHATaHHS:

S,=a;, +ta,+as+...+a,,+ta, ta,;

S,=a,+ta,,+a, ,+..+a3+a,+a,.

Tenep 11i piBHOCTI JogaMO MOUJIEHHO, MATUMEMO:

28, =(a; +a)+(ay+a,;)+..+(@, ;+ay)*+ (a,+ a). (¥

Aue 3a BacTHBICTIO 3 3 IONepeAHLOro maparpada: a; +a, =a, +a, ;=
= ag -Ir_an_2 =..=a,, +. @y, TOOTO KOXKHA CyMa B Jy»XKaxX y PiBHOCTI
(*) mopiBHIOE @y + a,, ocKimbKM 1 + n =2+ n-1=3+n-2=..=
=n — 1+ 2. Toxi y mpasiii yacTuni piBHOCTi (¥*) MaeMoO n JOmaHKiB, KOMKEH
3 AKHUX JopiBHIOE a; + a,. OTxe,

2S,=n-(a; +a,).

ITominueinu o6uaBi wacTuHuU 11iei piBHOCTI Ha 2, oTpuMaeMoO (POPMYJIY
CyMU n IepIIUX YJeHiB apuMeTHYHOI mporpecii:

s =4 ;“n n. @

SIkmo y ¢opmymi (1) 3a (hopmyIo0 n-ro YjleHa @, 3aMiHATH BHPa30oM
a, + d(n — 1), maTumemo:
a, +a; +dn -1)

Sn = 2 n,

TOOTO

2 d(in -1
Snz a1+2(n )n

(2

Maemo 11e ogHY (GOopMYyJay I OOUMCIECHHS CYMH 7 IIEPIINX UJeHiB
apu(MeTUYHOI IIporpecii, AK0I0 3PYYHO KOPUCTYBATHUCSI, KOJU BiJOMO IIep-
I YJIeH i pidHUII0 mporpecii.

2. 3acTocyBaHHS $OPMYN CYMU N MEPLUMX YNIEHIB
apudMeTUUHOI Nporpecii ANnsa po3B'a3yBaHHsS BNpas
3actocyemo dopmyau (1) i (2) naa pos3B’A3yBaHHA BIIPAB.
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3HATH CyMy TPUAIATH IMEPIINX UYIEHIB apru{PMeTHUYHOI Ipo-
rpecii 4; 7; 10; ... .
Poszé’azanna. 1-it cnoci6. Ockineru a, =4, a,=7,Tod=a,-a,;,=7-4=3
iagg=a,; +29d =4+ 29 -3 =91. Togi 3a ¢popmy.oro (1):
Syo = a, +ag, 130 = 4+91

2
2-it cnoci6. Ockinpku a, = 4 i jerxo 3’AcyBatu, mo d = 3, MOMKeMO
BUKopucratu dopmyay (2):
2a, + 29d 2-4+ 29 -3

Sz = ——(——

-30 = 2 - 30 = 1425.

-30 =1425.

Bidnosidv: 1425.

W 3HaliT CyMy BiCIMHAAIIATH MePIINX UJEHIiB IIOCJiZOBHOCTL
(a,), samanoi dopmynomw a, = —2n + 7.

Poszé’azanna. OCKLIbKM MOCTiOBHICTE 3a4aHO Gopmyiow a, = dn + b,
Ie d = —2, b = 7, To BOHa € apu(METUUYHOIO IIporpecieio (3a BjacTuUBic-
TIO 5 ToIlepeaHbOro maparpada).

Maemo: a; =-2-1+7=5, a;4=-2-18 + 7 =-29.

3Hangemo S;g:

a, + a,q

S;g = ——=-18 =
18 9

w .18 = —-2186.

Bidnosiov: —216.

m 3HalTH CyMy BCixX HaTypaJbHUX UuCesJ, IKi KpaTHi umciay 7
Ta He mepeBUIyoTs 999.

Posé’as3anua. HarypanbHi unena, 1Mo KpaTHi uucay 7, yTBOPIOIOTH apud-
MeTUUHy mporpecito: 7; 14; 21; 28; ... , aKy MoKHa 3agaTu (POPMYJIOIO

a,="Tn.

3HalgemMo, CKiIbKM ujieHiB Iiel mporpecii He mepeBuIyOTL unmcaa 999.

.. . 5
151 1boro po3B’sykeMo HepiBHicTb 7n < 999 i orpumaemo, 110 1 < 142?.

Or:xe, 142 umenm mporpecii He mepeBuilyloTh uuciaa 999. 3maiigemo
ixHI0 cymy, TOOTO S 9.

Maewmo: a; = 7, a4 = 7 - 142 = 994. Toxi

7 + 994
Syp=—p — - 142=T107L

Bidnosidv: 71 071.

3 IBOX TOYOK, BimcTaHb Mixk axumMu 100 M, ogHOUYACHO HA3y-
CTPiU OAWH OJHOMY IIOUMHAIOTL pyXaTucs ABa o0’exktu. Ilepmimii pyxa-
e€ThcA piBHOMipHO 3i mBuaKicTiIO 9 M/c, a ApPyruil 3a IepITy CEeKYHIY
IPOXOAUTH 7 M, a 3a KOKHY HACTyIHY — Ha 2 M 0iJIbIlle, HijK 3a momepe[-
HIo. Yepes CKiIbKM CEeKYH BOHU 3yCTPiHYTHCA?
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Posé’aszannsa. Hexait 06’eKTu 3ycTpiHyThCA uepesd n cekyuna. Ilepiauii 3a
et vac momosae 9n m. Bimcrawi, 1o momosiae mpyruit 06’eKT 3a ImepIry,
IPYTY, TPETIO i HACTYIIHI CeKYHAM, YTBOPIOIOTH apu(pMEeTUUHY IIpOorpeciio,
y aKoi a; = 7, d = 2. Togxi 3a n cekyH[ Apyruii 0o0’€KT IOKOJAa€ BiCTaHb
S,, AKY MOXXHA 00YMCINTH 3a POPMYJIOH0:

S - 2a1+(n—1)d'n: 2.-7T+2n-1)
2 2

=(n + 6)n =n2+ 6n.

3a ymosowo 9n + (n?2 + 6n) = 100, toxi n2 + 15n — 100 = 0, 3BigKH

n, = 95, ny = —20. [Ipyruii Kopinb He BiAmosigae smicry sagaui. OT:xe,

n = 5, To0TO 3ycTpiu BimOymeTbcA uepes 5 CeKyHII.

Bionosidv: 5 ceKyHI.

Yxxe B V CT. 0O H. €. TPEKM 3HANW KinbKka nNporpecin Ta
A we Paniye... IXHi cymu, 3okpema:

1)1 +2+3+...+n:w;
2)2+4+6+...+2n=n(n+1);
3)1+3+5+ ...+ (2n—1)=n? Ta iHwWi.

3 obuyncneHHaM cymu apudMETMYHOI MPOrpecii NoB’si3aHa LjikaBa icTopid, Lo
Tpanunacsa 3 BMAATHUM HiMeubkuM MaTemaTtukom Kapriom [ayccom (1777-1855),
AKWUNA, LLIe HAaBYaK4YMCh Y LLKOMi, BUSIBNSAB HAA3BMYaMHI MatemaTuyHi 3gibHocTi. OgHo-
ro pasy BYMTENb 3aNPOMNOHYBAB YYHAM 3HAWTM CyMy CTa MEPLUMX HATypanbHUX YMcern.
ManeHbkun Maycc pos3s’szaB U0 3afjadvy 3a MUTb. BiH MOMITUB, LLO 3HAYEHHSA CyM
1+100, 2 + 99, 3 + 98, ... 0ogHaKOBI, a KifbKiCTb Taknx cym gopisHtoe 50:

1+2+3+..+98+99 +100=101-50=5050.

P ]

n=("T+Mn-1) -n=

101
101

@ Banuwite cdopmynu, 3a SKMMKU OBUMCHIIOKTbL CYMYy N MEPLUMX YNEHIB apudmMeTndHoT
nporpecii.

§ Fosb ' sximo 3agaui ma buxonaime bnpabu
@ 17.1. 3maiigite Sg — cyMy BOCbMH IepIINX UJeHIB apu(pMeTHYHOI
nporpecii (a,), akmo a, = 5, ag = 10.

17.2. 3naiigite S;, — CyMy [eCATHU IePIINX UYJIeHIB apu(pMeTUUHOl Imporpe-
cii (a,), axkmo a; = 7, a;, = 15.

i?- 17.3. 3HaiigiTh cyMy BiCiMHAAIIATH MEPIINX UYJIEHIiB apuMeTHUHOL
nporpecii (¢,), akmo ¢; = 17, d = —2.

17.4. 3HaligiT™h cyMy ABaAIlSATH HEePIIMX YIeHIiB apudmernuHOoi mporpecii
(a,), axkmpo a, = 15, d = —3.
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17.5. 3HaligiTh cymMy ABAAIATH MEPIINX YIEHiB apudmMeTUdUHOI mporpecii:
1) 2; -1; —4; ... 2) 5; 6,5; 8; ... .

17.6. 3HaMOiTE CYMy TPUIAIATH IEPIINX UJIEeHIiB apuMeTHUIHOI mporpecii:
1) 5; 8; 11; ...; 2) 0; -2,5; —5; ... .

17.7. B3HalgiTh CyMy LIiCTAECATH IMEePIINX YjJeHiB apuMeTUUYHOI mporpecii
(x,), akmo x, = —5n + 17.

17.8. 3HaAiTHL CyMy BicimMaecATHu mepimx 4jaeHiB apudmMeTudHOI Iporpecii
(y,), axkmo y, = 3n — 19.

17.9. 3gaigiTe cymy:

1) copoka mepmux HaTyPaJIbHUX YUCEJ;
2) HarypaabHuX uucesa Big 1 mo 70.

17.10. 3Ha#giTh CyMy AeB’ATHAIIIATH IEPIINX HATYPAJIbHUX YHMCEJI.

17.11. [IpoBa cKJIaJeHO TaK, III0 B HIKHLBOMY DALY JEeXKHUTh 15 Kooz,
4% 2 B KOXHOMY HACTYIHOMY Ha OJHY KOJNOZLY MeHIIe, Hi)K y momepe-
‘ HboMY. CKiZIBKM BCHOTO KOJIOJ V ABAHAMIATHA PAgax?

17.12. B omHOMYy i3 ceKTOpiB cramiony 14 pAmiB, IpUUOMY B IIEPIIOMY PAILY
' 5 Micib, a B KOJKHOMY HACTYOHOMY Ha OAHe Miciie OijbIie, HiXK y IIO-
nepegaboMy. CKiJIBKM BCHOTO MiCIlb ¥ IILOMY CEKTOPi?

@ 17.13. 3maiinite cymy:

1) ycix HarypanabHUX unces Big 125 mo 317 BKJIIOUHO;

2) ycix HaTypaJbHUX UucesJ, IKi KpaTHi uymcay 5 i He OiabImi 3a uuc-
g0 350;

3) ycix HaTypaJlbHUX UuceJ, AKi KpaTHi uucay 9 i He IepeBUINYIOTH
yucaa 470;

4) ycix gBonu(poBUX HATYpPaJbHUX YUCEJ, AKi Ipu AijieHHi Ha 3 n#a-
IOTh B ocTaui 2.

17.14. 3HaligiTs cymy:

1) ycix maTypaJdbHUX YHCeN, IKi KpaTHi umcay 7 i He mepeBUMIYIOTH
yuciaa 420;

2) ycix TpunudpoBUxX HATYPaJbHUX YMCes], AKi mpu mijgeHHi Ha 4
IaioTh B ocraui 1.

17.15. 3HaigiTs cyMy BOCHLMH IIEPIINX UYJIEHiB apuMeTHUHOI IIporpecii

(a,), axmo:
Da;=5,a,=-T; 2) ay =13, ag=19.
17.16. 3HaMgiTE CyMy [ecATH IepHInX UWIeHiB apudmMmeTmuHOi IIporpecii
(x,), axmro:
1) x; =4, x4 = —31; 2) xg =13, x, = 23.

17.17. 3uaiigiTs nepiuii yieH apudmMeTHUHOI mporpecii, SKIo cymMa Iep-
MINX I’ ITHASIATHA 4IeHiB 1iei mporpecii mopiBHioe 375, a pisHHIA
nporpecii gopiBHIoE 3.

17.18. 3maiifiTe pisHHMIIO apumerHuyHOl mporpecii (a,), axmo a; = 7,
a cyMa BocbMM ii mepmimx ujeHiB mopiBHIoe 168.
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17.19. 3ualigiTe cymy AoAaTHUX UIeHiB apupmermyHoi mporpecii 19; 17;
15; ... .

17.20. 3uaiigite cymy Bim’eMHHX uWjeHiIB apudmeruuHoi mporpecii —23;
-20; —-17; ... .

17.21. Ckinbku Tpeba B3ATH IepIINX UJIeHiB apudmMeTuuHol mporpecii 4;
6; 8; ..., mo6 ix cyma mopiBHIoOBasa 2707?

17.22. 3amopisbKa aToOMHA eJIEKTPOCTAHI[IA € HaWOinbimol B €Bpommi Ta
D TPEThOI0 3a po3Mipamm y cBiTi. 3HaimiTh cymy mepmux 100 uienis
apuMeTHYHOIL Iporpecii (a,), AKIO a, + ayy = 120, BigTak KizHacTe-
cd, SIKOIO € 3araJibHa eJIeKTPUUYHA MOTYKHicTh Iiel cranIii (y MBT).

i4 17.23. 3manmiTh cymy ujeHiB apuGMeTHUYHOI mporpecii 3 IBaAIATOTO
JI0 COPOKOBOT'0 BKJIIOUHO, SIKIIO HMePIIU YjeH mIporpecii gopisHioe 8,
a pisHuIA nporpecii gopisuioe —0,6.

17.24. 3nangiTe cymy WwieHiB apupMeTudHOI mporpecii 2; 5; 8; ... 3 meca-
TOTO IO ABAAIIATOTO BKJIIOUHO.

17.25. Po3B’a:KiTh piBHAHHA:

1) 6 + 10 + 14 + ... + (4x — 2) = 448;
2)33 + 380 + 27 + ... + x = 195.

17.26. Po3B’st:kiTh piBHAHHA:

1) 7+11+ 15+ ... + (4x — 1) = 297;
2)11+ 8+ 5+ ... + x = —221.

17.27. 3HaigiTL CyMy ABAAISATH IIEPIINX WIeHiB apudmMeTnuHOl mporpecii
(a,), axkmo a; + a5 = 16, aza, = 88.

17.28. 3 nmyEKTYy A BHixXajla BaHTaXiBKa, AKa pyxajacda 31 IIBUAKICTIO

9999) 40 KM/rox. OgHOUACHO B TOMY CAMOMY HaOPSAMKY 3 OIYHKTY B Bupy-

IIUB JIETKOBUK, AKHUU 3a IMepIry ToAuHy IpoixaB 50 KM, a KOKHOIL
HaCTYIITHOI TOAWMHHI NOJIaB Ha 5 KM OijibIlle, HiK 3a momepenHio. Yepes
CKiJIbKM TOAMH JIETKOBMK Ha3MOXKeHe BaHTaKiBKYy, SAKIINO BigcTaHb
Mixk myaxTamMu A i B gopiBHIoe 135 KM?

17.29. 3apmiaTa MeHeIKepKU cylliepMapKeTa y IepIinii Micsaib podoTu cra-

7999,  HoBmuia 12 000 rpu. Hagaui ii sapmiiaTa mjoMicaild migBUII[yBaJacsa Ha

1000 rpu, mOpiBHAHO 3 HOIEpPeaHIM MicAmeM. I3 HapaxoBaHOI 3apiia-
TH cILIavyBajuca momaTku: 18 % — momaTox Ha goxomu (GisMUHHX
oci6 Ta 5 % BilicbkoBOrO 360pYy. AAKY 3aranpHy cymy (Ha PYKH) OTPHU-
MaJjia MeHeI)KepKa 3a IIiB POKY PoOOTHU IIic/s CIIaTHU IOJaTKiB?

©) Bnpabu grd nobmopenns

17.30. Mix aKkuMu JBOMA IIOCIiMOBHUMH MMM YMCJIAMH MiCTUTLCS UMCJIIO:

DV VT 3) 5 4) 172
17.31. PosB’sxiTh HepiBHicTs 6x — 40 > (3x — 8)(3x + 8).
17.32. PosB’sxiTh piBHsaaaa (2x2 — 1)(x2 + 3) = x2(x2 + 7).
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17.33. ITob6ynyiiTe rpadik GyHKIii

x3+3x2+x2—4x+4
x + 3 x -2 )

Kummeba mamemamuka

17.34. Jlo eneKTpoMepe:Ki ImigKJIOUEeHO HpUIaLM, 3arajJbHUI OIip AKMUX
craHoBUTE R, = 90 Om. IlapanensHo 3 HUMU Iepef0adeHo IiJKII0UN-
TH IIe # eJeKTpoobirpiBau. BusHaure HaliMeHII MOXXJIMBHUM omip R,
IIbOTO eJeKTpoobirpiBaua, AKIIMO BigOMO, IO IIPU HapaJeJIbHOMY
3’eJHaHHI ABOX NPOBigHUKIB 3 omopamu R; Om i R, Om ixHiii 3araib-

R
HUil omip oGumcaolTh 3a dopmyaow R, = RIRI—;’ a mJgs HOop-
+
2
MaJIbHOTO (HhYHKITIOHYBAaHHA eJeKTpoMeperki ii saranbHU omip mae
O0ytu He memIie Hixk 9 Om.

H Tligzomyimecs go bubuenns Hobozo mamepiany

17.35. 3anuniiTh CKiHUYeHHY IOCHIiJOBHICTh, IO CKJIAZAETLCSI i3 IIIec-
TH YJeHiB, y AKOI Iepmuii ujgeH AOpiBHIOE 1, a KOXKeH HACTYITHUM
yTpuui OiabIIui 3a mOmepemHii.

17.36. 3HalAiTL 3aKOHOMIPHICTE 1 IPOJOBIKTE PAL UMCEJI, 3aINCABIIN YO-
TUPU HACTYIHUX YKCJIA:
1) 3; 6; 12; 24; ...;
2) 64; 32; 16; 8; ...;
3) 1; -3; 9; -27; ...;
4) 25 000; —2500; 250; —-25; ... .

@ Likabi 3agaui — nomipkyi ograue
17.37. (3adaua Cmengopdcvrozo yHigepcumemy.) 3HAUAITH yci 3HAYEHHA

m, 3a akux piBEaHHA x* — (3m + 2)x2 + m2 = 0 mMae 4oTHPHU KOpe-
Hi, AKi € IIOCTiZOBHMMM UJeHaMu apu(pMeTHYHOI IIporpecii.

§ 18. NeoMeTpHuuHa nporpecis, ii BnacTueocTi.
®opmMyna n-ro uneHa reoMeTpUUHOI Nporpecii

1. O3Ha4YeHHs reoMeTPUYHOI Nporpecii

PosrismemMo 4umcja0oBY HOCTiTOBHICTh, HMEePIIUHA WIeH AKOI AOpiBHIOE 3,
a KOKeH HACTYHHUH, IIOYMHAIOUYY 3 APYroro, JOPiBHIOE IMOMIEpPeaIHbOMY, IIO-
MHOKeHOMY Ha 2:
3; 6; 12; 24; 48; 96; ... .
Taky IIOCHiOBHICTH HAa3UBAIOTh 2€0MEMPULHOI) NPOZPECIEID.
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I'eomempuunoto npozpeciero Ha3WBAITHh IOCHITOBHICTH BiIMiHHHX
Big HyJasaA umces, KOKHe 3 SKHX, INOYMHAIOYH 3 JAPYroro, IOPiBHIOE
TonepeIHbOMY, IOMHOKEHOMY HAa OJHE H Te caMe YHCJIO.

Ile umcio Has3uBaOTh 3HAMEHHUKOM T'eOMETPUYHOI mporpecii i mosHaua-
I0Th OYKBOIO ¢ (Bin mepioi JiTepu (GppaHIIy3bKOTO CJIOBa quotient — 4acTKa).
Tomy, axmpo (b,) — reomeTpuyHa IPOTpeCis, CIPABAMKYIOTHCA PiBHOCTI:

by =b,q; bg=0byq; b, =bsq; ....
Otr:xe, 0y OyOb-AKOTO HATYPAJbHOTO 11 MATHMEMO:

bn +1 = bnq
Toni
_ bn+1
q - b ’
TOOTO "

3HAMEHHHMK TeOMEeTPHYHOI Imporpecii MOKHA 3HAWTH, AKIIO OyIb-AKHIA
YileH Iporpecii, IOYMHAIOUYHM 3 APYroro, MOJIJIMTH Ha IONepexHii.

3ayBasK1MO, II[0 OCKLJIBKM UJIeHU IeoMeTpUYHOl mporpecii BiaMinui Bifg
HYJs, TO i BHAMEHHUK ¢ He MOXKe JOpPiBHIOBATH HYJIIO, ToOTO ¢ # 0.

dxrmio ¢ = 1, To reomeTpuYHA MIPOTrpecid CKJIAAATUMETHCA 3 OJHAKOBUX
unces. Hanpukmnan, axkmo b; = -5 i ¢ = 1, To MaTMMeMO reOMeTPHUYHY IIPO-
rpecio:

=5; =5; —=5; —=5; —5; ... .

3ayBasKUMO, IO OTPUMAHY MOCJiZOBHICTH MOKHA TAaKOK BBasKaTHU
i apumeTHUHOIO IpOTpecieio, IepInil YieH AK0l JopiBHIOE —5, a PidHUIA
nmopieHioe 0.

2. opMyna n-ro uneHa reoMeTPUYHOI Nporpecii Ta il 3acTocyBaHHSA
Hexaii mepmmuii 4jeH reoOMeTPUYHOIL IIporpecii fopiBHIOE b, a 3HAMeH-
HUK gopiBHIOE ¢. Toni
by, = b,q;
b3 = bzq = (b1Q)q = b1q2;
by = b3q = (b1q2)q = b1q3;
by =b,q = (b;¢®)q =bg*ir. &
ITomiuaemo, 110 B KOYKHIN 3 OTpUMAaHUX (DOPMYJI IIOKA3HUK CTEIIeHs UIC-
Ja ¢ Ha 1 MeHIIWHA Bif MOPSAIKOBOTO HOMEpa WjeHa Iporpecii, mis AKOTo
sanucaso 1o Gopmyny. Crnpasni, o6 sualitu b,, maroun b, i g, Tpeba n — 1
pasiB momHOKUTH b, Ha ¢, T06TO b, moMHOXxHTH HA ¢" 1. Maemo:

b, = b,q" . J

Orpumany Qopmynry n-20 wieHa 2e0MempuiHol npozpecii.
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PosrisgHeMo KijnbKa IPUKJIALIB Ha 3aCTOCYBaHHA Iiei opmymn.

W ITocaigoswicTs (b,) — reomerpuuHa mnporpecia, b; = —27,

. 3HalTHU by

W=

q:

5
1
Pose’asanns. bg = byg51 = bg% =-27 - (gj = _—,

: . 1
Bionosiov: by = ——.
9

SHaliTM 3HAMeHHMK ¢ TreoMeTpu4Hoi mporpecii (b,), aKIo

by, =4, b, = 36.
Poss’a3anna.

b b, g
1-i cnoci6. Maewmo by = b,q%, b, = b,¢8. Toxi L = i‘l = ¢2.
by  bg
b 36
Aute b—7 =7 - 9, To6T0 2 = 9, oTe, ¢ = 3 a6o g = —3.
5
4 -9
2-it cnocib. ... bg; bg; by ... .
b, 36

Ockinpru b, = bgq = (b5q)q = bsq?, T0 ¢2 = — = il 9; omke, ¢ = 3 a6o

b,
q = —3. i
Biodnogidv: ¢ = 3 abo q = —3.

m JlaHO PiBHOCTOPOHHIN TPUKYTHUK, CTOPO-
Ha #AKoro mopiBHiOEe 8 cm. CepemwHuU ¥OTO CTOPiH
€ BepIIMHAMH’ APYroro TPUKYTHUKA, a CEPEeIUHU CTO-
PiH Apyroro € BepmimHaMHX TPETHOTO i TaK camo maaJi
(man. 18.1). 3uHafiTH IJIOM[Yy II’ATOr0 TPUKYTHUKA,
Mo0ya0BAHOTO B TaKMWH caMo cmocio.

Posé’azanna. Hexait S, Sy, Sz, ... — mromi mepio- Man. 18.1

ro, JPyToro, TPeThOro i Jali TPUKYTHUKIB. 3HaiigeMo S;:

8% -3

S == = 1643 (cm2).

OCKiJIbKM CTOPOHM KOKHOTO HACTYIHOTO TPUKYTHUKA € CepegHiMm! JIi-
HiAMM NIOIEPEeIHBOT0, TO JOBYKMWHA CTOPOHM KOYKHOTO HACTYIHOI'O TPHU-
KyTHUKa OyJe BABiUi MEHIIIOI BiJ MJOBXUHU CTOPOHHU IIOIIEPeISHbLO-
ro. Tomgi cTopoHa Apyroro TpUKYTHHKA MOPiBHIOE 4 cM, a HOTO ILIOIA

_ 443

S, = 1 = 43 (cm2). CTopoHa TPeTHLOr0 TPUKYTHUKA JOPiBHIOE 2 CM,

92
ToAi S; = T\/g = \/§ (cm2). OueBuaHO, IO S; B 4 pasu meHma Bif S,,
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. a S, y 4 pasu MeHIIa Bif S;, ToOTO AiiileMO BUCHOBKY, II[0 ILIOIIA KOX-
HOT'O HACTYIIHOTO TPUKYTHUKA B 4 pasy MeHIIIA BiJ IIJOIIi IOIepeaHboTro,
TOMY 3HaWJeHi YMCJIOBI 3HAUEHHA ILIOIN S;; S,; S35 ... € IOCIIIOBHUMU

yjJIeHaMU I'eOMeTPHYHOI Iporpecii 3i 3HaMeHHIKOM 2 HepINnii YjIeH KO0l

IOPiBHIOE 16\/§. Tomi umcioBe 3HAUEHHA ILIOINI II’ATOTO TPUKYTHUKA
€ BigmoBigHO m’saTuM ujmeHoM Itiei mporpecii. Tomy

5-1
1 1 3

Bionosiov: cM2.

3. BnactmnBocTi reoMeTpuyHOI nporpecii
HoBeneMo mesKi BaKJIUBI gracmugocmi zeomempuyHol npozpecii.

1. KBagpaT Oyap-aKOro 4jieHa TeOMeTPHYHOl mporpecii, moumHaOUu
3 IPYroro, HOPiBHIOE MOOYTKY IBOX CYCiAHIX 3 HUM 4JIeHiB, TOOTO

b =b, ,-b,,,3en e N,n > 2

n

Ilosedenns. Ckopucraemocsa GOPMYJIOI0 n-TO UjieHa TeOMETPUUHOI IpO-
rpecii. Tomi:

. — n-1)-1, n+l)-1 — H2,n-2+n — H242n-2 _— n-1\2 — B2

b, 1 byq = gD big D = b = biq = (bg" 1) =0b,.
fAxiio Bci uaeHM TeOMeTPMUYHOI IIporpecii € AOZATHHMHU YHCJIAMH, TO

b, = b, - b, ,, TOOTO KOXKEH YJIeH TeOMETPUYHOI IIPOrpecii, MOUMHAIOUN

3 IPYroro, € cepegHiM IeOMeTPUUYHUM JBOX CYCiIHiX 3 HUM UJIEHiB.
3a omHielo 3 Bepciii came i3 I[i€i0 BJIACTHUBICTIO TeOMeTPUUHOI ITporpecii
i mos’sa3aumo ii Hassy.

2. KBagpar Oyasp-IKOro 4jieHa reoMeTpPHMYHOI Iporpecii, moumHaOuIu
3 IPYyroro, IOPiBHIOE TOOYTKY IBOX PiBHOBiZZajIeHMX Big HHOrO 4JIe-
HiB, TOOTO

b2 =b, ,-b,,,,nen e N, ke N,Ek<n.

n+k?

BaactuBicTb 10BOAUTHECA aHAJIOTIYHO IIOIIEPEeNHiNl BJIACTHUBOCTI.

3. fAdxkmo k, I, pi s — marypaabHi uncia i k +l=p + s, T0
bk-bl:bp-bs.

Ilosedenns. Ckopucraemoca GoOpMyJIO0 n-ro 4jeHa TeOMEeTPUYHOI Ipo-
rpecii:
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b, - b = bgh 1. bg-l = b2qlh+-2
bp - b, = bgPl - bgsl = b2gP+9-2,
Ane k + 1l =p + s, Tomy bZqrtD-2 = p2¢lpts)-2,
Orxe, b,b, = bpbs. [ |
Y nanipyci Axmeca, iK1 My BXXe HeOQHOPa30Bo 3rafyBa-
M N1, € 3agaya, y Skin Tpeba 3HanWTV CyMy 7 YneHiB reomert-

pVYHOI Nporpecii, a came: «Y cemu rodeli € Mo CiM KilOK,

KOXHa Kilwka 370ae ro cim muwieli, KoxXHa MuLua 37T0ae ro CiM KOIIOCKi8, 3 KOXHO20 KOs10-
CKa MOXXKHa eupocmumu 1o CiM Mip 3epHa. SIKumu € Jucria Ubo20 psady ma ix cyma?y.

Y cBoin npaui «cammnt» ApxiMmen ynepLue nopiBHAB apudPMETUYHY i reoMeT-
PUYHY MPOrpecii:

1, 2; 3; 4; 5; ..

10; 102; 103; 104; 109; ...
Ta NomiTuB, Wo, Hanpuknag 102 - 103 = 10°, To06TO Mig Yac MHOXEHHS! YNeHiB Takoi
reoMeTpuYHOI Nporpecii 4ocuTb AogaTy BiAMOBIAHI YneHn apndMeTUYHOI nporpecii
i OTpMMaHy cymy 3anucatu nokasHmkom yucna 10.

[nsi gaBHixX rpekiB reomeTpyyHa Nporpecis, SK i apudmeTnyHa, dyna nos’sisaHa
3 TaK 3BaHOI HernepepBHOK reOMETPUYHOLD Nporopuieto:a : b = b : ¢,y Akili yicna

. — {C ) .
a,bic YTBOPKOKTb reoMeTpuU4Hy nporpecito 31 SHaMEeHHUKOM , [—. |_|,I/1M 3B A3KOM I no-
a

ACHIOETBCS OHa 3 BEPCili Ha3BW Nporpecii — 2eomMempuyHa.

[([‘)7 AKy nocnigoBHICTb Ha3MBalOTb reoMeTpuyHo nporpecieto? O Ake yucno HasuealTb

o

3HaMEHHNKOM reoMeTpuYHoi nporpecii? O Yn moxe 3HaMeHHWK reoMeTpUYHOT nporpe-
cii nopiBHtoBaTK Hynto; oamMHULI? O Ak MOXHa 3HalTWM 3HAMEHHWUK F€OMETPUYHOI Npo-
rpecii? O 3anuwite dopmyny n-ro YneHa reometpudHoi nporpecii. O Cchopmynionte
i AoBediTb BNACTUBOCTI reOMETPUYHOI NPOrpecii.

§ Fosb' axims 3agaui ma buxouaime bnpabu

i1| 18.1. fIxi 3 mociimoBHOCTEN € TeOMETPUYHHMM IIporpeciammu? YKa-

JKITH IJIST HUX TePINui 4jieH i SHaMeHHUK.
1) 3; 6; 12; 2) 7, 7; 7, 3) 1; 2; 38;
4) 8; —8; 8; 5)9; 3; 1; 6) 2; 4; 6.

18.2. Un € reoMeTPUYHOIO ITPOTPECi€I0 TTOCIiTOBHICTD:

1) marypansuux umcea: 1; 2; 3; 4; 5; ...;

2) HaTypaJbHUX CTeleHiB umcaa 2: 2; 4; 8; 16; 32; ...;

3) HaTypaJbHUX CTelleHiB umeaa —5: —5H; 25; —125; 625; ...;
4) Ky6iB HaTypaabHux umcea: 1; 8; 27; 64; 125; ...?

iZ 18.3. 3HalifiTh YOTHPH MEpPIIMX YIeHH IeOMeTPHUYHOIL mporpecii (b,)

174

31 3HAMEHHUKOM ¢, SKIIO:
1) b, =10, ¢ = 2; 2) by

3) b, =5, ¢ = —3; 4) b,

=20, ¢ = 0,1;

1
8, q==.
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18.4. 3naiifiTe I’ATHh NepIINX 4YJeHiB reomeTpudHoi mporpecii (b,) 3i 3Ha-
MEeHHUKOM (, AKIIO:

1
1) b, = 125, qz—g; 2) b, = 0,5, g = 10.
. 1 . .
18.5. (x,) — reomeTprUUHA IIpOrpecid, x; = 32’ q = —2. 3HaUAITh:
1) x,; 2) x5; 3) xg; 4) x,.

1
18.6. (y,) — reomerpuuHa mporpecis, y; = 81, ¢ = -3 SHaAHITE:

1) yys 2) Yy 3) yrs 4) Y-
18.7. IlocaimoBHicTs (b,) — reomeTpuyHa IMporpecia. 3HAUAITE:
1
1) by, axmo b; =1, g = 2; 2) by, axkmo b, = 125, q = —g;
3) b, akmo b, = 64 _ L 4) b,, 9K ob, =+2 L
7 T 1= 7q_2, 41 1T 1~ 7q_\/§-
18.8. IlocaimoBHicTs (b,) — reomeTpruyHa mporpecia. 3HAUAITE:
1
1) by, axmo b, = 2, ¢ = —1; 2) by, axmo b; = —128, q = E;
1
8) by, AKmo by = 64, ¢ =5 4) by, sixmio b, = 3, ¢ = —/2.

18.9. 3uaiigiTs mocTuil Ta n-i YIeHW reOMETPUYHOI mporpecii:
1) 10 000; 1000; 100; ...;
2) 3; —6; 12; ... .

18.10. 3uaiigiTey o’ATuil Ta n-i YWIeHW reoOMeTPUUHOI mporpecii:
1) 20; 5; 1,25; ...; 2) 4; —8; 16; ... .

18.11. 3HaiifiTe mepIINi YIeH reOMeTPUYHOIL mporpecii (b,), AKIIo:
1)b,=40,q=2; 2) by =27, q = 3.

18.12. 3maiifiTe nepIInii YIeH reOMeTPpUYHOIL mporpecii (b,), AKIIo:
1) b3 =100, g = —2; 2) b, =64, q=4.

18.13. 1) (b,) — reomeTpu4Ha Iporpecis, y aKoi b, = 6, ¢ = 2. 3uaimits b,.
2) 3Bmaligite, yomy gmopiBHIOE 83b,, BiATaK AisHacTecd, AKOTO POKY
Ha OjimnifickKuXx irpax ymepiilie Ipo3By4YaB IiMH YKpaiHu.

18.14. ITocaigosnicTs (b,) — reomerpuyHa nporpecisa. 3HaiAiTe b;, AKIIO
b =4, bg=9.

18.15. MarepianbHa TOUKa 3a IepIIy CEKYHAY MMOAOJajsa 5 M, a 3a KOMKHY
HaCTYIIHY — yTPUUi OiJbINy 3a momepenH:o Bigcranb. CKibKU MeTpiB
mojoJjaja MaTepiajJbHA TOUKA 34 UeTBEPTY CEeKYHIY?
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18.16. JlamaHa cKJamaeThCca 3 I’ ATH JJaHOK. Ilepira 3 HuX mopiBHIOE 48 cMm,
a KOJKHa HaCTyHHAa BABiUi Koporiia Big momepemgHbol. Ika moB:KuHA
m’saToi (HaliKOpPOTIOl) JauKu?

i3 | 18.17. [losexits, 1m0 moOCHifOBHiCTE (X,), 3agaHa (HhOPMYJIOIO
x, = 3 - 4", € TeOMETPUYHOIO Iporpeciero. 3HaWAITL II mepmuil 4aeH
i 3BHaMeHHUK.

18.18. 3HalifiTe 3HAMEHHUK reoMeTpu4HOi mporpecii (b,), y AKoI:
1) b, =12, by = 48; 2) bg =9, by; = 243;
3) byg =16, b;5=9; 4) bgy =1, bgg = —1.

18.19. 3HaiifiTh 3HAMEHHUK reoMeTPU4HOI mporpecii (b,), y AKoi:
1) b, =11, by, = 99;
2) by, =27, b3 =1.

18.20. 3anuiriTe reoMeTPUUYHY TPOTPECcito 3 II’ATH UJeHiB, Y AKOI TpeTii
yiieH pmopiBHioe 10, a 3SHaMeHHUK JOpPiBHIOE —2.

18.21. 3anuIlriTh reOMeTPUYHY IIPOTpeciio i3 ImecTu dUJIeHiB, UeTBEPTUH
ujeH AKoi mopiBHIoe 80, a 3HaMeHHUK AOpPiBHIOE —4.
18.22. TlocrimoBHicTh (Xx,) — reoMeTpUYHA Iporpecisa. 3HAUAITL X5, AKIIO
1 1
X;=—, Xq =—.
1 2’ 3 8
18.23. ITocrimoBHicTs (b,) — reomMeTpu4Ha Iporpecia. SHaWIITL by, AKIIO
b, =-1, by = —100.

18.24. IlocaifoBHICTSE (¢,) — reoMeTpUYHA Iporpecisa. 3HAUIITE:

1
1) ¢y, axmpo ¢ = 10, ¢; = 10; 2) ¢g, AKIIO ¢ = 2, c5 = 8.

18.25. Ilix MiKpPOCKOIIOM PO3TJISAAal0Th 5 KJIiTUH, IKi PO3MHOKYIOTHCA IIO-
‘ migoM HaBOiM IOXBuUINHU. CKITBKH YTBOPUTHCS KJIITHUH Uepe3 OTHY
‘ XBUJINHY; Yepe3 TPU XBUJIWHU; Yepes IMiCTh XBUJIWH?

18.26. YV mepmuii TH:KIAeHb mmicas BigkpurTa minepii «Hailikpamia» B Hilt
9999,  3pobmam 3amoBiaeHHA 500 KiaientiB. Hapmami KigbKicTh 3aMOBJIEHB
s3b6impimyBasaca y 1,2 pasa I[OTHMIKHSA, 1 TAKWH IPUPICT TpUBAB HA-
CTYIHI 3 THIKHI.
1) CxinbK1 KJIi€HTIB 3p00OMJIO 3aMOBJIEHHS V UeTBEPTUN THKICHD?
2) Yu MoKHA CTBEPAKYBATHU, 110 B pasi 30epekeHHA TaKOi TeHIeHIlil
yepes 2 micarni (TobTo Ha 9-if THIKIEHD) MMic/ada BiAKPpUTTS mimepis o6-
cayrosyBarume mouan 1500 KIieHTIB moTHMRKHS?

18.27. ¥V uemmionari YKpainm i3 1maxiB OyJu BCTaHOBJIEHI I'DOIIIOBiI mpusu
IJIs VYACHUKIiB, aKi mocinm mepimi Bicim micib. Uemmion oTpumyBas
100 000 rpu. KoskeH HacTyIIHUH IIpu3ep, MOUYMHAIOUMN 3 2-TO MiCIld,
orpumysaB 90 % Bim cymu mpusy, SKy OTpHUMAaB yUYaCHUK, II[0 MOCigzaB
Micile Ha OHY TO3HUIIII0 BUIIIE.
1) Axwuit npus oTpUMaB yyacHUK, AKUH IociB 4-Te micie?
2) Yu orpuMaB y4yacHUK, AKHI IOCiB 8-mMe Miciie, mpus, OiIbIIHNi 3a
50 000 rpu?
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18.28. Mixx umuciaamu 1 i 64 BcrasTe:
1) omme umcioO; 2) nBa umucJia
TaKNX, 11100 BOHMA Pa3oM 3 JaHNMU YTBOPUJIN I'eOMETPUUYHY IIPOrpeciio.

. .1
18.29. T'eomerpuuna nporpecisa (b,) CKIagaeTbCa 3 I’ ATH 4JIEHIB: > Xy, Xg,

4, x5. SHAUIITD X,, X3, Xp.
18.30. 3a sKoro sHaueHHsa x uucyga x + 3, 2x i bx — 4 € mocaizoBHUMU
yjeHaMU TeOMeTPUYHOI mporpecii? 3HalaiTh i ymca.

18.31. 3a akoro sHaueHHA y uyucia y, 2y + 3 i 4y + 3 e mocaizoBHUMU
yjleHaM1 IeOMeTPHUUYHOI mporpecii? SuaiigiTe i uymcia.

18.32. [ToBexniTs, 1110 KOJIM YHKCIa @, b i ¢ € IOCITiTOBHUME UJIeHAMU I'eOMeT-
puYHOI IIporpecii, To cnpaBAKyeTbCA PiBHICTD:
(a+b+c)a—b+c)=a?+ b2+ 2
18.33. na pedAxkmx uyucesa X, Yy, 2, *KOJHE 3 AKUX He [OPiBHIOE HYJIIO,
CIIPaBIKYETHCS PiBHICTH:
(% + (Y2 + 22) = (xy + y2)*
HoBenits, 1110 X, Y, 2 — IOCJiJOBHI YJeHU reoMeTPUUHOI IIporpecii.
18.34. Tano xBagpar 3i croponoio 16 cm. Cepenuuu #oro CTOpPiH € BepIIn-
HaMu APYTOTo KBajapaTa, a CepeIuHU CTOPiH APYyroro KBaJapaTa € Bep-

MITHAMKW TPeThOTO i TaK camMo gajgi. 3HaAWAITh IJIOIINY IIIOCTOTO
KBaJparTa, mo0ya0oBaHOTO B TAKUH CIOCiO.

O) Bnpabu grs nobmopenns
18.35. O6uucIiTh:

1) 27
2) 46,
3)3°-1;
4) 8 — 1)°
18.36. 3HaiiniTe mepmmuii uieH i pisHHMII0 apudmermdyHOi mporpecii (a,),
AKIIO:

1) a, +a,=14, ag + ayg = 32;

2) a, + ag=4, aags = 6.

a+3_a+1+ 2
20 +2 2a-2 a?2-1

18.37. oBemiTn, 1110 3HAUEHHSA BUPA3y He 3ae-

KUTDL BiJl 3HaUeHHS 3MiHHOI.

18.38. Bigomo, mo x; i x, — KOpeHi piBHAHHA 522 + 7Tx — 9 = 0. He
pO3B’ABYI0YM DIBHAHHA, BHAUAITE XX, + X5x,.
xt -4

18.39. Ilo6yayiiTe rpadik GyHKILL Yy = PrRRT
x p—
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XKummeba mamemamuxa

18.40. ITicisa moiry piBeHL BOAM B KOJIOLA31 MOXKe ImigBuimuTucsa. Tapac Bu-
Mipioe yac t mafiHHA HEeBEJIMKUX KaMiHUMKIB y KOJOIA3b i po3paxo-
By€ BificTaHB 10 BoAu 3a (hopmyJsioo b = 5t2, me h — BigcTaHb y MeTpax
Io BoauW, { — Uac MaJiHHS B CeKyHIaX. B oamu i3 mHiB uac mamiHHS
kKawminiis cramoBuB 0,9 c, a micasa KinbKox moroBux gHis — 0,8 c. Ha
CKLIBKM MeTpiB HmigHABCA piBeHL BOAU B KOJIOAA31 3a mmi mHi?

8 Tligzomyimecs go bubuenns Hobozo mamepiany

18.41. 3HaiiTE:
1) 7 % Bim 10 000; 2) 9 % Big 20 000;
3) 11 % =Bix 15 000; 4) 12 % sig 8000.
18.42. Briaaguuiig Bigkpuiaa B 0aHKY memosuTHui paxyuHok Ha 40 000 rpu
mig 15 % piunux.
1) CKinbKHY BiICOTKOBUX KOIIITiB MaTHMe BKJIASHUILA uyepe3 pik?
2) fxoro O6yme cyMa Ha paxyHKY BKJIAIHUIIL uepes pPik?

@ Likabi 3agaui — nomipkyd ogHave
18.43. Ilpo nocaigosHicTs (a,) Bigomo, mo a4 =0, a,,.; = a, + n. 3HakAITH
dopMyay n-ro ujeHa Ifiei mocJiJoBHOCTI.

§ 19. ®opmMyna cknaaHUX BifCOTKIB

1. 3apava HapaxyBaHHS BiJCOTKOBUX KOLUTIB

IIpamiBEuKam / mpamiBHUIAM OaHKiB, Oyxrajrepii 4acTo TOBOAUTHCS
po3B’A3yBaTu 3amaui Ha BimcoTKu. PosrisgHeMo 3aJaduy IIpo HapaxyBaHHS
s8idcomkosux Kouimie. 3 eKOHOMIYHOI TOUKM 30PYy BiJICOTKOBI KOIIITH MOK-
Ha BBajKaTW BUHATOPOM0I0, IKY CILIauye ocoba um ycTaHoBa (IIO3UYATIHLHUK)
3a KOPUCTYBAHHSA IIPOTATOM IIEBHOTO Yacy IMEBHOIO CyMOIO KOIIITiB, OTpUMA-
HUX Big immroi ocobu um ycramoBu (Kpemuropa). Posmip miei Bumaropomu
3aJI€KUTh BiJl CYMM MO3UKHU Ta TePMiHY KOPUCTYBaHHSA HEIO.

m Braaguuia Bigkpuiaa B 6aHKY gemosuT y posmipi 10 000 rpu
mig 11 % piusux (To6TO O0aHK 3000B’A3yE€ThCSA BUILIATUTU BiJCOTKOBi
korrtu B posmipi 11 % Ha pik Bim mouaTkoBoi cymu BKJIany). CKinbru
BiZICOTKOBUX KOIIITiB OTPUMAE BKJIASHUIIA uepe3 pik?

Posé’asannsa. 11 % = 0,11, romy BrIagaunsa orpumae 0,11 - 10 000 =
= 1100 (rpH) BiACOTKOBUX KOIITiB.
Biodnosios: 1100 rpm.

2. ®opmMyna ckNagHUX BiACOTKIB

SIKII0 BKJIAMHUK BUPINIMB TPUMAaTH KOIITHU B 0AHKY OisibIlle HiK oquH
pik, He mJomarOUM HOBMX KOIITiB i He 3a0uparoun 3 0AHKY BKJIAAEHUX KOIII-
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O
TiB, TO OOUMCJUTHU CYMy KOIIITiB Ha PAXYHKY BKJIAAHUKA uepe3 KiJIbKa po-
KiB MOJKHA 3a JOIIOMOTOIO0 YOPMYAU CKAAOHUX 8i0COMKIE.

Hexaii BKIafHUK TOKJaB 10 OaHKY A I'pH mig p % piuHuX, A Ie Ha-
3UBAIOTL nNoOuamkrosum kanimasom. Yepes pik O0aHK Hapaxye BKJIATHUKY

Ayp
100

byme Ay + — —

T'PH BimcoTKoBUMX KOoINTiB. ToMy Ha paxXyHKY BKJATHUKA uepes PikK

AgP

100 Ao(l + %} TPH — Hapoujenuil kaniman. IlodHaumMO

A
A = A (1 + —] 3a mgpyruil pik BKJIAZHUKY OyZe HapaxoBaHO 1P TpPH

100 100

BiZICOTKOBMX KOIITiB (amxe Temep O0aHK HapaxoBye p % piunmx Bim uwuc-
Ja A,) i iioro BKJaJ NOPiBHIOBATHME:

Ap p pj [ pjz
A+ - A1+ 2| = 1+ —|1+—|= 1+ 1.
17100 1( 100) A"( 100)( 100 4o 100

Mipkyioun aHaJIOTiYHO Ta 3aCTOCOBYIOUU (DOPMYJIYy 1-T'O UJeHa I'eOMeT-
puunOoi mporpecii (b,), e by = A, iqg =1+ %, IifimeMo BHICHOBKY, IO

yepes3 1 POKiB HAPOIMeHWI KamliTaJ CTAHOBUTIIME:

n
A =A (1 +L) I'DH.
100

OTxe,

NMOYATKOBMI Kamitax A,, BHeCeHMii 10 6aHKy mix p % piunmx, uyepes n
POKiB cTaHe HapOIIEeHUM KamitaaoMm A, , po3Mip AKOro 00YMCIIOETHCA
3a (popmyJioro:

p n
A = 1+ ——
" AO( 100]

SIKy HAa3UBAaIOTh (OPMYNOI0 CKLAOHUX 6i0comKie.

3. 3acTocyBaHHA pOopMynu CKIaAHUX BiACOTKIB
nig yac po3B’a3yBaHHSA 3a4ad

W Braaguung sBigkpuima B 6aHKy memo3utT Ha 5000 rpH min

* 12 % piunnx. CKiIbKHM KOIITiB Oyae Ha paxXyHKY BKJAIHHUIL uepes
3 poku? CKiJbKY BiICOTKOBUX KOIIITiB OTPUMAE BKJIATHUILA Uepe3 3 POKU?

Posé’asanna. Ay = 5000, p = 12 %, n = 3. Toxi
3
12
A, = 5000|1 + — | = 7024,64 (rpH).
3 [ 100) (rpH)

BincoTKOBI KolITH MOMKHA 3HAUTH AK pisHUI0 A; — A,
Orxe, A3 — A, = 7024,64 — 5000 = 2024,64 (rpH).
Bidnogidv: 7024,64 rpu, 2024,64 TpH.
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3a GopMyJI0I0 CKIAAHUX BiJCOTKIB MOXKHA TaKOYK PO3B’sA3yBaTH i iHIIi
3amauvi, He MOB’A3aHi 3 HAPOIIeHHAM KamiTaiy.

W Hacenenns mesakoro micra cranoButh 30 000 memianIis /

memkanok. Illopiuno KimbKicTh Hacenenmsa ameHmyeTbess mHa 0,2 %.
fAxum Oyne HaceseHHA 1IbOro Micta uyepe3 10 pokis?

Pos3g’azanns. OCKiIbKE HaceJleHHsS MicTa IITOPOKY B3MEHIIYEThCSI Ha
OJHAKOBUM BiICOTOK, 1 Ile BifCOTOK BiJ KiJIBLKOCTI HacelleHHA KOXKHO-
ro IOIepegHLOTO POKY, a He BiJ IIOYaTKOBOI KiJIBKOCTI MEINKAaHI[iB, TO
MOKHA CKOPHUCTATHCA (POPMYJIOI0 CKJIAAHUX BiICOTKiB.

Maemo, mo A, = 30 000, p = —0,2 (OCKiIbKU HaCeJeHHA 3MEHIIyEThbCH,
0 p < 0), n =10. Tomi:

A, =30 000[1 - 22
100

10
j ~ 29 405 (MemK.).

Bionosiov: 29 405 mMelIKaHIliB / MEIIKaHOK.

[([? LLlo Take BiacoTkoBi kowTn? O 3anuwiTb opMyny cknagHUX BiACOTKIB.

o

§ Fosb ' sximo 3agaui ma buxonaime bnpabu

@ 19.1. Briuaguuk mokJaB Ha gemo3uTHui paxyHok 100 000 rpu mix
11 % piunux.
1) Ckinmpku KOIITIB OyZe Ha IILOMY PaxXyHKY uepe3 3 POKU; Uepes
5 pokis?
2) CkinbKM BiICOTKOBUX KOIITiB MaTHMe BKJAIHUK uepe3d 3 POKIU;
yepes3 5 pokin?

19.2. Bkaaguuiia Bimkpuia B 6aHKy gemo3uTHuU# paxyHoK Ha 200 000 rpua

mig 12 % piunux.

1) fAxoro Oyme cyma Ha paxyHKY uepes3 2 poxu; uepes 4 poxu?

2) CKinbKM BiICOTKOBHX KOIIITiB OTPHUMAaE BKJIATHUILA 3a 2 POKHU; 3a
4 poxu?

19.3. Braaguauk Binxpus gemosuT Ha 80 000 rpu mig 9 % piunmx. Cria-
IiTh (hopMyay OJs O0UHMCIEeHHS BiJCOTKOBUX KOIITiB BKJIATHUKA Ue-
pe3 n pokriB. OO0umcaiTh 3a Ii€0 (GOopMyJa0I0 BiICOTKOBI KOIITH,
AKIo: n = 2; n = 3.

19.4. fdxky minmiMmaabHy CyMy KOIITiB Tpeba mokJacTu B 0aukK mig 12 % piu-
HUX, 11100 uepe3 2 POKM MATH Ha paxXyHKY Oinbiine ik 100 000 rpu?
BinmoBigb OKPyIJIiTh 4O THCSAY I'PUBEHbD.

E 19.5. dxy cymy Tpeba BHecTum Ha memo3utT mix 10 % piunmx, 1100
omep:kaTu yepes 2 poku mpubyTok y poamipi 12 180 rpu?

19.6. Axky cymy TpebGa BHeCTH Ha AeHO3UT IIig 5 % piunmx, 100 omepxaTu
yepes 2 poku npubyTok y posmipi 8200 rpu?
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19.7. Tosap komrye 2000 rpu. IIlomicsisg miHa ToBapy 3HHIKYETBHCA Ha
3 % . fIxoro Oyme IiHa ToBapy yepes:
1) 3 micsrri;
2) miB pory?
BigmoBigbk OKPyTJIiTh L0 COTUX I'PUBHI.
19.8. Hacenenna micra craHoBuTh 50 000 oci6 i HMI0POKY 3MEHIITYEThCSA Ha
1 %. fkom Oyze KiJbKicTh HaceJleHHA MicTa uepes:
1) 5 pokis;
2) 10 poxkis?

19.9. fkuii BimcoToxk piuHMX Mae HapaxoByBaTu OaHK, IO0 uepes TpHU

. . 91
POKM IIOUYATKOBUI PO3Mip BKJIAAY 301JLIITHUBCA B 1@ paza?

©) Bnpabu grd nobmopenns

19.10. CkinpKu mianx pos3B’A3KiB Mae HepPiBHICTH
x(x —2)+ 3x 2 2x(x + 1) — 6?

x2 —y2 =12,
19.11. Po3B’saKiTh cucTeMy PiBHSAHD | X N 2y 3
y x

XKummeba mamemamuxa

19.12. BosionTepchbKa oprauisaria 30upae KOITHU I 3aKYIiBJII IacTMa-
cu, sKa BUKOPHUCTOBYETHCA MAJA [APYKY HeoOXimHMX BHUPOOIB Ha

= 3D-nmpunTepi. 3a wmicanp Bmamoca 3ibpatu 51 000 rpH BOJOHTEp-
cbKuX KomriB. Ha puHKY € Taki mpormoswurrii:
IIpomaBenn e a5 L Oco6auBi ymMmoBH
ILJIACTMACH, T'PH
1 270 Hemae
5 . .
9 300 3umxkka 15 % y pasi kymismai

oinbire misk 10 Kr

3umxkka 20 % y pasi Kymisai
3 320 ) ;
Oinmpire misk 15 Kr

AK Kpaille po3IOPAIUTHCA 310paHMU KOIITaMI?

@ Likabi 3agaui — nomipkyi ograve
19.13. (HauyionaawvHna onimniada Pymynii, 1981 p.) Po3B’sa:xiTe piBHAHHA
x% + 3x% + 1 = y* y minux uywmcnax.
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§ 20. CyMma n nepuumx useHiB reoMeTpUYHOI Nporpecii

1. DopMynu ona o6UMCNEHHA CYMU n NEPLUNX UY/IeHIB
reoMeTpUYHOI Nporpecii
PosrnamemMo n mepmwux 4ieHiB reomerpuuHoi mporpecii (b,): by, b,
bs, ..., b, 4, b,. llosraunMo vepes S, iXHIO cyMmy:
S,=b,+b,+b;+...+0b,,+0,.
3HalimemMo Gopmysy Aad obumcaeHHs 1iei cymu. Maemo (BpaxoByrouu
¢opmMysy n-ro ujeHa reoMeTpUUYHOI Iporpecii):
S,=b;, +bg+bg®+ ... +bg"%+bgv
ITomuOXMMO 06UABI wacTuHM ITiel piBHOCTI Ha q:
S,q=bq+bg®+bq+..+bg"!+bg"
Bigmimemo mousieHHO Bin 1iei piBHOCTI momepemHIo:
S,q—8,=(q+bqg®+bg®+ ... +bg"!+bg") -
—(b; +byg +b,¢2+ ... +b,¢" 2+ b,g" ) =byg" — b, =by(g" - 1).
Orxe, S,g — S, =by(¢" —1)i S,(qg — 1) = by(¢" — 1).
Ao ¢ # 1, To oTpuMaEMoO OpMYNLY CYMU N Nepulux yjaeHie zeomem-
PUYHOL npozpecii:

_b(g" - 1) 1

S
q-1

n

fArmio ¢ = 1, To Bci wieHmM mporpecii AOPiBHIOIOTH MHEPIIOMY YJIEHY

i roxmi S, = nb,.
3ayBasKkuMo, 110 oTpuMany Gopmysay (1) MoykHa 3amucaTé ¥ y TaKOMY

BUTJISAII:

o b g
n 1_q *

. Ockineku b, = b,q" L, TO OTPUMAaHY @oplsilyny (1) cymu n IepIIuX uJe-
HiB reomMeTpudyHOI mporpecii MoxHa moxaTu i y iHmomy Buriazni. Cupasai,

b(¢" - 1) _ bq" — b _ blqn_lq - b _ b,q — b

qg-1 qg-1 qg-1 qg-1

Orxe,

bg-b
S, = —L, 2

Maemo 1ie ogHy (opmysny AJAA OOUMCIEHHS CYyMU NI TEPIIUX UYJEHIB
reoMeTPUYHOI IIporpecii, IK00 3PpYyYHO KOPUCTYBATHCHA, AKIIO BiZOMO IIep-
muil Ta n-i 4ieHu nporpecii ta ii 3HaMeHHUK.
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2. 3acTtocyBaHHSI $OPMYN CYMU N MEPLUMX YNIEHIB
reoMeTpUYHOI Nporpecii Ans po3B'a3yBaHHA BNpas

3acTocyemo 11i (OpMYaM AJsT PO3B’A3YBAHHS BIIPAB.

W 3HaliTu CyMy IepIIMX CeMH’ UJeHiB reoMeTPHYHOI IIporpe-
° cii 2; —6; 18;

b _
Poszé’azanna. 1-it cnoci6. 3a ymosomw: by = 2, b, = -6, ¢ = b_z = ?6 =-3.
1
Toxi 3a ¢opmyioro (1):
7_1 _9VT _ (=
. b, (q ) _ 2((-3) 1) _ 2 - (-2188) — 1094
qg-1 -3-1 -4
y o by -6 .
2-1. cnoci6. Bigomo, mo b, = 2, ¢ = . = o = -3, Toxmi
1
b, =b,q%=2-(-3)5 = 1458.
b.g — b 1458 - (-3) - 2
3a dopmynomo (2): S; = 74 11 = o8 3( 31) = 1094.
q — — —

Bidnosidv: 1094.

3HaliTH cyMy IEePIINX ITeCTU UJIEeHIB reOMEeTpPUYHOI Irporpecii
. (b,), akmo b, = 8, b, = 32.

Posé’sasanns. Ockinbru b, = b,q3 = (b;9)q? = byq?, 10 ¢2 = = = — =4,

oTKe, ¢ = 2 abo g = —2.
Toni icHyroTh ABi mmporpecii, 110 3aJ0BOJIbHAIOTh YMOBY 3ajJlayi:

b 8 . 4(26 - 1)
1 =2,rob =2 =—-"=41i8 =—-
) AKIIO ¢ TO b, ¢ p i S 21

_4((—2)6 —
&:H§:_4i%:,éﬁ£L_9
q -2 2 -1

= 252;

2) Ao q = =2, T0 b; = = 84.

Bidnosidv: 252 abo 84.

1+x+x2+x3+x4+x5
W Cxoporutu apid 1 .
. Posg’sa3anHsa. JJoOgJaHKN B YKNCEIBHUKY ,upo6y € IOCJIIIOBHUMU YJIEHAMU
reoMeTpuuHoOi mporpecii 1, x, x2, x3, x*, x°, mepmuii ureH AKoi JOpPiB-
HIoe 1, a 3HAMEHHUK ,ZIOpiBHIOG X. 3 yMOBU BUILJINBAaE, 1o x # 1.
3HaiiieMo cyMy BCiX IIecTu uJieHiB Ifiei mporpecii sa dopmysaooo (1) Ta
CKOPOTHMO IIOJAHUM B YMOBi Ipi0:

1- (x5 - 1)
l+x+x?+x3 +xt +25 1 1
x6 -1 x6 -1 x -1
Bidnosiov: .
x -1

O 183



PO34in 3

O

CrapogaBHsa iHAiicbka 3agada-nereHga posnosigae,

@w Lo BMHaxigHUK waxis CeTa NonpocuB Yy iHGINCLKOrO Laps

LLlepama 3a cBit BMHaXxig CTiNbKWM 3epeH, CKinbku ix byae,

SKLLO MOKNAacTy Ha nepLuy KIMiTUHKY WaxiBHULI OOHY 3epHUHY, Ha Apyry — ABi, Ha Tpe-

TIO — YOTUPW, Ha YETBEPTY — BICiM i Jani y Toh camuii cnocib, JOKM He 3anOBHSTLCS

BCi KNMITUHKM LWAXiBHULI.

Llap 3guByBaBcq, L0 BUHAXIgHMK 3abaxaB Tak Marno, i 3anponoHyBaB CBOIM Ma-

Tematmkam OBOYMCINTM KINbKIiCTb 3EPHUH, SKi MOBUMHEH oMy Bigaatu. Mogusy Laps
He Byno mMex, Konu BiH Mo4yB, Lo LS KiNbKiCTb LOPIBHIOE YnCny

264 — 1 =18 446 744 073 709 551 615.

LLlo6 3ibpaTn Taky KinbkicTb 3epHUH, Tpeba Byno 3aciaTu i 3ibpatn BpoXxawn niie-
HuUUi 3 nnowi, sika y 2000 pasiB Ginbwa 3a nnowy 3emni. [ns 36epiraHHA Takoro
BpOXato 3Hagobunacsa 6 komopa, ska 3a wupuHm 10 M i BUcotn 4 m mana 6 JOBXUHY
300 000 000 km, To6TO yABidi BinbLy 3a BigcTaHb Big 3emni go CoHus.

@ 3anuwitb opmMynu, 3a SKUMKU 0BYMCIIIOITE CYyMY N NepLUMX YNEHIB reOMETPUYHOT Npo-

Y rpecii.

§ Fosb' saxims 3agaui ma buxouaime bnpabu
@ 20.1. 3maigite S; — CyMy II'ITH IePIIXMX YIeHiB reOMeTPUYHOL Ipo-
rpecii (b,), axkmo b; =1, ¢ = 2.

20.2. 3naipgite S, — cyMy YOTHMPBLOX IEPIIMX YICHIB I€OMEeTPUYHOI IIpPO-
rpecii (b,), axkmo b; =1, ¢ = 3.

i2 20.3. 3HaiigiTh cymMy IIECTH MEPIIUX UJIEHiB reOMeTPUYHOI mporpecii

(b,), akmo:
1
1)b1=81,q:§; 2) b, =-17, g = —2;
1
8) by =82, ¢ =~ ; 4) by, = 5v2, ¢ = /2.
20.4. 3HafAiTE CyMy I'SITH NePIIMX YIeHiB reoMeTpu4HOi mporpecii (b)),
SAKIIO:
1
1)b1:32,q:§; 2) b, =5, q=-2;
1
8) b, =27, ¢ = —; 4) b, = 243, ¢ = /3.
20.5. 3HaiAiTh CyMy YOTHPHOX IEPINUX UJEeHiB reoMeTPHUUHOI Iporpecii:
1) 16; —8; 4; ...; 2) 1,5; 3; 6; ...;
3) 4; 42; 43; ...; 4) J3:3;8V3; ...
20.6. 3HaiifiTe cyMy IIECTH MEPIINX UJeHiB reOMeTPHUUHOI mporpecii:
1) 1,5; 6; 24; ...; 2) —4; 2; -1; ...
3) 2; 22; 23; _; 4) 2;72; 15 ... .
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20.7. ITocrigosHicTs (b,) — reoMeTpUYHa Iporpecisa. SHAUIITE:
1) S,, akmpo b, = 2, ¢ = —3; 2) Sg, axmo by = -1, q = 4.

20.8. BukopucroByrouu dpopmyay (2) is mporo maparpada, o0UMCIITE CyMy
YuceJi, 110 € IIOCJiJOBHIMHY YJIeHAMHU I'eOMEeTPUUYHOI Iporpecii:
1 1 1
HD1+3+9+ ...+ 729; 2) —+ -+ -+ ...+ 2.
16 8 4
20.9. BuxopucroByiouu dopmyay (2) i3 mporo maparpada, o0UnCIiTL CyMy
YuceJi, 110 € MOCJiMOBHUMY UJeHAMU TeOMEeTPHUYHOI mporpecii:

1)2+4+8+ ... +128; 2)%+1+5+...+625.

20.10. Ha m’atu gingsmkax BuUcam:KeHOo cMopoamHy. Ha meprmiit mimsmiti

9999, 16 KyIiB, a Ha KOKHill HacTynHii y 1,5 pasa 6inblie, HiK Ha IIO-

nepenHiii. CKiJILKM BChOro KYIIiB CMOPONMHHN BHCAMKEHO HA II'ATH
minaakax?

20.11. OpgHa 3i cTOpiH YOTHMPHUKYTHMKA AopiBHIOE 12,5 cM, a KOKHaA Ha-
crymHa — y 1,2 pasa moBilia 3a moIepenHio. SHAUIITH IepUuMeTp YOTH-
PUKYTHUKA.

20.12. Apina posmictuma ma YouTube mikasumit posuk. Ileprmmoro mms po-
999, UK oTpumaB 40 saiikiB. IIpoTarom HacTymHuX 3 OHIB KiIbKicTh Jaii-
KiB miogHsa 30imbiryBasaca y 2,5 pasa, TIOPiBHAHO 3 MOIEPEIHIM JHEM.
1) CxinbKku JalikiB OTpHMAaB POJUK Ha UeTBEPTUU OEHbL?
2) CkinbKH BChOTO JIAMKiB poauK ApiHu 3i6paB 3a mepIri yoTupu IHi?

i3 20.13. 3HaiigiTs cyMmy IIeCcTH IepIINX YJeHiB I'eOMeTPHYHOI IIPo-
rpecii (b,), y aKoi:

1) b,=6, g =2; 2) by =8, qg=—4.
20.14. SHaiAiTe cCyMy I’ATH IepIINX 4JeHiB reoMeTpudHOi mporpecii (b,),
y AKOI:
1) b, =8, g =4; 2) by =27, q = 3.
20.15. IlocrigosricTs (b,) — reoMeTpUYHA IPOrpecisa. SHAUIITE:
1) Sg, axmo by = i, b, = %; 2) Sy, akmo b, = 5, by = 45, ¢ > 0;

3) S,, akmo b, =8, b, =2, ¢ <0;
4) S,, axkmo b, = 5, b, = 40.

20.16. IlocrigosricTs (b,) — reoMeTpUYHA IpPOrpecisa. SHAWIITE:
T,
3% 9
2) Sg, axmo b; =9, by = 36, ¢ > 0;
3) Sy, axmo b, = 25, b, =1, g < 0;
4) Sg, akmo b, = 1, b, = 27.
20.17. 3nalifiTe mepIINi Y4JIeH reoMeTPUYHOI mporpecii (b,), y AKoi:

2
1) q=2, 86:315; 2)(]:—5,84:13.

1) S;, axmo b, =
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20.18. 3HaiiTh IepIINii YIeH reOMeTPUYHOI Iporpecii (b,), y AKOi:
1
1) g=-2, S4=-63; 2)q:§, Sy =121.
20.19. CroporiTs npi6:

1+ x2 + x4+ x6 + &8 1-—x+x2 —x3 +xt—xb
2)
x10 -1 ’ x6 -1 |

E 20.20. IlocaimosHicTs (b,) — reomeTpu4Ha mporpecis, b, = 125, b, = 5.
SHaAUOITEL S.

1)

20.21. IlochigosHicTs (¢,) — reoMeTpuUYHA Iporpecis, c; = 27, ¢; = 3. 3Hali-
Iite S.

20.22. (3 kuuxcku A. I. Ilepenvmana «Kusa mamemamuxa», 1967 p.)

9999,  OQOMH YOJIOBIiK 3aIpOmOHYBaB OaraTiio Taky yroAy: YOJIOBIK IOIHS

IpoTAroM Micsaig ciauyBatume Oaratito mo 100 000 xapboBaHIIiB,
a Oarariii cmyauyBaTHMe IILOMY YOJOBiKOBi: mepioro guA — 1 Komiii-
Ky, IPYroro — 2 KOImi#KM, TPeThoro — 4 KOmifiKu, 4eTBepToro — 8 Ko-
mifiok i mami B To#M camuii cmoci6. Yrogma miatume pismo 30 gmis.
Barariit moroguscsa. XTo 3 HUX BHUrpae 3a Takoi yrogu? BissMmiTh 10
yBaru, 1o 1 xap6opauens = 100 Komiiiok.

20.23. IlocnigoBHicTs (c,) — reomeTpuyHa Iporpecia, c¢; — c¢3 = 144,
¢y — ¢y = 48. 3HAUAITE Sg.

20.24. TlocrigoBHicTe (b,) — reomerpuyHa mporpecisa, b; — b, = 48,
bs — by = 24. 3maiigiTe S,.

20.25. [Ipysi Mapiuka Ta IlaBio, KOKeH OKpemo, 3apeectpyBanu DPOII.
Mapiuka nmepimoro micAnsa orpumaina npudyrox 60 000 rpH, a KoxKHO-
ro HACTYHHOro MicAlg — Ha 5 % Oiable, HijK momepesHboro. Ilasio
MIepIoro MicAld TakKosk oTpumaB npubyToxk 60 000 rpH, a KOXKHOTO
HactynHoro micaiga — Ha 5000 rpH OinbIlle, HijK IOIEepPeIHLOTO.
1) XT0 3 Apy3iB oTpuMaB OiJbIINI 3araJJbHUN MPHUOYTOK 34 IIiB POKY;
Ha cKimpku? (BigmoBigb OKPYIJIiTHL 4O THCAY I'PUBEHD.)
2) fx sMiHuUTBCA BiAMOBiAL Ha mepllle 3alUTAHHSA, SAKINO B IIEPIINi
Micans KoKeH i3 migmpuemiriB orpumaB npuoyToxk 100 000 rpu?
3) 3pobiTh BUCHOBKU.

20.26. 3naligiTh KiJBKiCTh WIEHIB reOMeTPHUYHOL Imporpecii (b,), AKIIO:
1) b, =15,q¢=2, S, = 945;
2) b, =2,b,=128, S, = 254;
3)q=3,b,=486, S, = 726.

©O) Bnpabu grs nobmopenns

20.27. Po3B’s:KiTh HEpPiBHICTB:
1) 5(x — 2) < x + 26; 2) 2x2-3x —-5>0.
20.28. 3maiigiTe cymy BCix Big’eMHUX ujeHiB mporpecii —4,8; —4,4; —4; ... .
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20.29. O0uuciaiTs:

JT-3 JT1+3

20.30. Bkaagaunsa BHecJaa [O0 OaHKY Ha [ABa Pi3HUX paxyHKHU
kot Ha 3aranbHy cymy 60 000 rpu. 3a mepmiuMm i3 HuX OaHK Ha-
paxoBye 10 % piunux, a 3a apyrum — 7 % . Uepes3 pik BKJIATHUIA
orpumaisia 4800 rpu mpubyTKy. SIKy cymMy KOIINTiB BOHA BHecJia Ha
KOJKeH 3 PaXyHKiB?

(\/?+3 \F—3J2.

20.31. [loBeniTh, 110 3HAUEHHSA BUPA3y

a-20 ( a a—38 j
(@-52 a2 -25 a2 -10a + 25
€ JOMaTHUM, AKIIO a < —5H.

Yy _x_1

- b

20.32. Po3B’s:kiTh cucTeMy DiBHAHB 2% Y 2
y2 — bxy + 2x2 = 32.

XKummeba mamemamuxa

20.33. Y Tpbhox cajioHaX MOOiJIbHOTO 3B’SA3KY OJHAKOBUM cMapT(OH ¥ Kpe-
OUT IIPOJAIOThL HA PiBHMX YMOBAX. YMOBM KpPeIUTy IIOAAHO B Tab-

JIMIL].
Mina ITouaTKoBMIA Crpoxk Cyma
Canon cmaprgoHa, BHECOK KPEITUTy IOMiCAYHOTO
T'pH (y % Big minm) | (micaiis) ILJIaTexy, I'PH
Ansda 5000 15 12 400
Bera 5240 10 6 850
TamMma 4750 20 12 380

Busumaure, y axomy i3 cajoHiB mpumbaHHsS cMapTdoHA B KpPEeIUT
€ HaWBUTiAHIINIMM, Ta OOUMCJIITH OCTATOUYHY CyMYy, Y AKY obifimeTbcs
KYITiBJA.

@ Likabi 3agaui — nomipkyi ograve

20.34. 3 nyuxkTy A 0o NIyHKTY B BuixaB MOTOIUKJIiCcT. Yepes 2 rom B TOMY
caMoOMy HaIpPAMKY BUiXaB JIETKOBUK, AKWU npubyB A0 TyHKTY B ox-
HOYACHO 3 MOTOIUKJIiCcTOM. KON MOTOIMKJICT 1 JIETKOBHUK OJHOYAC-
HO BHUiXaJaW HAa3yCTPiu OAMH OAHOMY 3 IHYHKTIB A i B, TO BOHU
gycrpinuca 6 uepes 1 rox 20 xB. 3a AKUI Yac KOKeH 3 HHUX J0JIA€
masax Big A mo B?
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§ 21. HeckiHueHHa reoMeTpMUHa nporpecis
Taii cyma
1. NoHaTTa Npo CyMy HECKiHYEHHOI reOMeTPUYHOI nporpecii

Hexaii moB:xuHa Bifipiska AB nopiBHIOEc 2 ofMHMIL. A, — cepeJuHA Bif-
piska AB, A, — cepenuHa Binpiska A, B, A; — cepenuna Bigpiska A,B i Tak
camo gaii (maim. 21.1).

° ° ® o—o—o
A A A, A A, B
Mau. 21.1
Hosxuam BiApiskis AA,, AA,, A,A;, ... YTBOPIOIOTH HeECKiHUEHHY
reOMeTPUYHY IIPOrpeciio:
111
1; — — —; ...
24 8

. - . . 1
Ilepmuii unen 1iel mporpecii mopiBuioe 1, a 3HAMEHHHK JOPiBHIOE 3

fAximo kiabKicTh BigpiskiB, ki yTBopuaucsa B Takuii cmocid, 36ijbiryBaTu
0 HeCKiHUYeHHOCTi, TO cyMa iXHiX HOBKUH OyAe AK 3aBroJHO OJM3LKO Ha-
OJIMIKATHCS 10 JOBXKUHU Bigpiska AB, To6To o umcia 2. Y TaKkoMy pasi umc-

. . .. g 1 1
JIO 2 HABUBAIOTD CYMOI0 HeCKiHUeHHOl zeomempuiHol npozpecii 1; E; Z; 3

.
9 eoe

1 3aIIMCYIOTh:

1+1+ + =+ ... =2
2

~ | =
0| =

2. DopMyna ong o6UYNCNIEHHS CYMU HEeCKIHUEeHHOI
reoMeTpuyHoi nporpecii npu lgl < 1
3HalgemMo GopMyay OIS O0UHCIEeHHS CYMM HECKiHUeHHOI reoMeTpUYHOL

uporpecii b; b,q; b,q?%; b,q3; ... 8l 3HaMEHHUKOM ¢, Ae lgl < 1. Ba Bimomoro
dopmysoio 3HaAMEMO cyMy il n IMepIIuxX 4JjJeHiB:
_ b(g" - 1)
n q _ 1 ¢
IlepeTBopuBIM BUpas y npaBiit yacTuHi 1miei ¢opmyam, MaTuMeEMO:
bg" - 1) _bg" b bg b b N b qn
qg-1 qg-1 g-1 ¢-1 1-¢q g¢qg-1 "~
b b
Omxe, S, = —— + —L— . ¢
1-qg ¢g-1

B ocrauniii ¢popmyai sHaueHHSA APOOY € cTajJuM, a 3HAUEeHHSA BU-

1
1-g¢

pasy

1 T q" — 3MiHHUM, fAKe 3aJeXUTh Bif n. Ockinbku |g < 1, To 3a
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HeoOMesKeHoro 30iJbIITeHHA 71 MHOMHHUK (" HAaGJMIKATUMETLCA N0 HYJS,
b,
qg -1

a ToOMy HAOJIMMKXATUMEThCA OO0 HYJA i JoOYTOK - q". Toxi cyma S, 3a

b

HeoOMe)KeHOoro 30iIbIeHHA 711 HaOIMKaTUMEeThCA [0 YMCJIa 1

by
1-¢
(b,) si sHamenHukoM ¢, e |¢| < 1. IlosHaumBmuK 10 cymy uepes S, OTPH-
MaemMo GopMyaIy:

Yucso Ha3WBaIOTh CYMON HECKIHUEHHOL 2e0MemMpuyHOl npozpecti

BayBa)KuMo, 10 Kouu |g| > 1, To A cyMH n HepIIuX UIeHiB reoMer-
puuHOi mporpecii 3a HeoGMeKeHOro 306iNbIIEHHA 7 HEMOKJINBO BKAas3aTU
’KOJHOTO YKcja, KO SKOT0 BOHA HabImKaeTbed. OToKe, CyMy HeCKiHUeHHOI
reoMeTpUYHOI Iporpecii MokHa 3HalTH Jauire, Koau |g| < 1.

3. 3acTocyBaHHS popMyNU AN O6UMUCTIEHHS CYMU HECKIHYEHHOT
reoMeTpUYHOI Nporpecii Ans po3B’'A3yBaHHA BNpas
Posrismemo KibKa BOpaB Ha 3acTOCyBaHHA ITiei (hopmyan.

W 3HaWTU cyMy HeCcKiHUeHHOI reoMeTpuyHoi mporpecii 18; —6;

25 ...
, b, 6 _ 1
Posé’sasanns. by = 18, by = -6, Tomy ¢ = = =—=—-—. YmoBa |¢| < 1 —
b, 18 3
BUKOHYeThCsA. OTiKe,
b
S = 1 = 181 = 13,5-
l-q¢ 1,72
3

Bionosidv: 13,5.

W Hpyruii 4jgeH HecKiHUeHHOI reomMeTpUyHOI mporpecii 3i 3Ha-
° MEHHHUKOM ¢, Je |g| < 1, nmopiBHIoe 4, a cyma mporpecii mopisaioe 16.
3HaliTy HmepIinuil YjaeH Ta 3HAMEeHHUK IIporpecii.

Posé’asannsa. 3a ymosow b, = 4, S = 16. Bupasumo b, i S yepes b, i ¢,
OTPUMAEMO CUCTEMY DiBHAHB:

big = 4, b = 3’
b
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Posp’saixeMo apyre piBHAHHS CUCTEMH i 3HaMIeMO 3HAUEHHA (:

4 = 16¢(1 - g); 4¢> — 4¢ + 1= 0; ¢ = 0,5. Toxi b, =045=8,

’

Bidnosiov: b; = 8, ¢ = 0,5.

4. [NepeTBOPEHHA HECKIHYEHHUX OECATKOBUX
nepioguyHUX gpo6iB Ha 3BMYAMHI

dopmysaa cyMu HeCKiHUEHHOI reoMeTpPUYHOI ITporpecii Jomomarae mepe-
TBOPUTH HECKiHUEHHI HeCATKOBI mepioguuHi ApoOu HA 3BUYAMHI.

M 3amnmucaTty HeCKiHUeHHUY JecATKOBUY nepiogmunuit npib 0,(4)
Y BUIVIAA1 3BUYAKHOTO ApPO0Yy.
Posg’azanns. Ockinbku 0,(4) = 0,4444..., 3anuiiemMo 1eli HeCKiHUeHHUN
nepiognyHMi ApPid y BUTJIALL CyMU PO3PSATHUX MOTAHKIB:
0,(4) =0,4 + 0,04 + 0,004 + 0,0004 + ... .
Homamku 0,4; 0,04; 0,004; 0,0004; ... € ureHaMU HECKiHUEHHOI IeOMeET-
puuHOi mporpecii, mnepmmuii uwiaeH sAKoi popiBuioe 0,4, a 3HAMEHHUK
0,04

9= = 0,1 3agoBoibHSE YMOBY |g| < 1. 3a dopMy/I0I0 CyMHU HeCKiHUeHHO]

0,4 0,4 4 4
reoMeTpUYHOI mporpecii matumemo: S = ———=——=—. Omxke, 0,(4) = r

4
Bionogids: 0,(4) = 9

IlepeBipuTy mpaBUJIbHICTL OTPUMAHOI BiAHOBiAi MoKHaA, momiauBIIM 4
"Ha 9. Copasgi, 4 : 9 = 0,444... .

3anucaTy HECKiHUeHHUH MOecATKOBMUM mepiogmuHuii apid
2,4(18) y Buraami sBuyaifHoOTo APOOY.
Posg’azanns. 2,4(18) = 2,4181818... Ilogamo 11e ymcja0 y BUIVIALL CyMU
PO3PATHUX TONAHKIB:
2,4(18) = 2,4 + 0,018 + 0,00018 + 0,0000018 + ... .

Homauru 0,018; 0,00018; 0,0000018... € wieHaMu HeCKiHUeHHOI reoMeT-
puuHoOi mporpecii, mepmuii uneH AKoi mopiBHIoEe 0,018, a 3HaMEeHHUK

0,00018 . -
= 0018 - 0,01 3amoBosbHsAE yMOBY || < 1. 3maiizemo cymy miei mpo-
g 0,018 0018 18 1
e = = 10,00~ 0,99 990 55
Tomi 2,4(18) = 2,4 + — — 22 4 L _ 923
55 5 55 55
23

Biodnosidv: 2,4(18) = 2—.
55
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@ 3a koo hopMynoto 3HaxoAssTb CYyMY HECKIHYEHHOI reOMEeTPUYHOI NPOrpecii 3i 3HameH-
g HVKOM ¢, Ae |q| < 1?

§ Fosb ' sximo 3agaui ma buxonaime bnpabu

=

21.2.

21.4.

21.5.

21.6.

21.7.

21.8.

21.9.

21.1. 3maiifiTe S — cyMy HecKiHUYeHHOI reomeTpudHoi nporpecii (b,),

AKIIO:

1) b, =4, q=0,5; 2)b1=1,q=§.

SHalAITE S — cyMy HeCKiHUeHHOI reoMeTpU4HOI mporpecii (b,), AKII0:
1)b1=8,q=%; 2)b,=1,q=0,75.

21.3. IlepesipTe, 1110 3HAMEHHUK ¢ HECKiHUEHHOI reOMETPUYHOI IIPO-
rpecii 3agoBosnbHsAE YMOBY |g| < 1, i sHaiiziTs cymy miei mporpecii:

1 1

1) 7; 1; = ... 2) —1; —1; —— e}
7 4" 16

3) 0,5; —0,05; 0,005; ...; 4) -10; 4; -1,6; ... .

IlepeBipre, 1m0 3HaMEeHHUK ¢ HECKiHUeHHOI reOMeTpPHUYHOI Iporpecii
3a/10BOJIbHAE YMOBY |¢| < 1, i 3HalAiITL cymy Iiei mporpecii:

1) 5; 1; l; el 2) —1; —l; —l; e}
5 3 9
3) 0,3; —0,03; 0,003; ...; 4) -16; 2; -0,25; ... .

(3adaua Apximeda.) 3HAUAITH CyMy HECKiIHUEHHOI I€OMETPUYHOI ITPO-

rpecii:
1 (1Y (1Y
1+—+ = +|—| +....
4 4 4

3HalgiT, Mmepmuii 4YJjeH HeCKiHYeHHOI TreoMeTpHUYHOI mporpecii,
AKIO Bimomo ii cymy S Ta 3HAMEHHUK (:
1) S =16, g = 0,5;

2)S=27,q:—é.

SHaNAITL IepIInii uleH HeCKiHUeHHOI reoMeTpHUYHOI IIporpecii, cyma

AKOI mopiBHIOE 8, a 3HAMEHHUK JOPiBHIOE Z

BHaiifiTh 3HAMEHHUK ¢, 7e |¢| < 1, HecKiHYeHHOI reoMeTpPUYHOI Ipo-
rpecii (b,), AKII0:

1) $=10, b, =5; 2)S=9, b, =15.

BHaiiiTh 3HAMEHHUK ¢, Je |¢| < 1, HeCKiHYeHHOI reoMeTPUYHOI Mpo-
rpecii, axImo il mepiuii ujaeH AopiBHIOE 12, a cyma mopisuioe 14.
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21.10. Ha mpomeni OP Bix Touku O mocaimoBHO BigkJameHo Bigpisku. [o-
B)KMHA MepIIoro 3 HUX mopiBHIoe 12 cM, a MOBKHMHA KOKHOTO Ha-

. 1 . .
CTYIIHOI'O JOP1BHIOE Z B1O OOBXKHWHU IIOIIE€EPEeaHBOTIO. O6UHnCaiTH cymy

IOBKMH yCiX BimpiskiB, AKIMO iX BigKJIagaTu HeCKiHUYEHHY KiJIbKiCcThb
pasis.

i3 | 21.11. 3HaAiTHL CyMy HEeCKiHUEHHOI reoMeTPUYHOI mIporpecii:
52 11 1
1 5\/5; 5, —; .. 2 R D oeee
) 2 . 24272 2 +42

21.12. 3uHaiifiTe cyMy HeCKiHUEeHHOI reoMeTpUYHOI Imporpecii:

1 5 1
1) 3v3; 3; V35 ..; 2)1+ J5; j/gf, +5\/5; N

21.13. 3maiifiTh CyMy HeCKiHYeHHOI reoMeTpu4HOI mporpecii (b,), AKIO:

1 1
1) b, =20, g = —; 2)b,=1,q=——.
) bg q D) ) by q 3
21.14. 3HaiAiTE CyMy HECKiHUeHHOI reoMeTpH4YHOI mporpecii (b,), AKII0:
1 2
Db.=1,qg=—; 2)b,=-10, g = ——.
) by 7=3 ) by 7=-3

21.15. 3uaiigits cymy, axmo |x| < 1:
D1+x+a2+x3+ ..
Dx—-x3+x°—xT+ ...

21.16. 3anumriTh  HeCKiHUeHHMH  IepioguuHuii  JeCATKOBUM  apid
y BUTJISAM 3BUYAHHOTO Apo0y:

1) 0,(3); 2) 0,(15); 3) 3,1111...;
4) 7,393939...; 5) 0,6(3); 6) 7,(25).

21.17. 3anumiire HeCKiHueHHUu nepioguuHM IeCATKOBUN Ipid
y BUTJISAZi 3BUYAHHOTO IPo0y:

1) 0,(7); 2) 0,(18);

3) 5,2222...; 4) 4,424242...;

5) 0,5(4); 6) 4,(28).
21.18. IlocnigoswicTe (b,) — HeCKiHUeHHA reoMeTPUYHA Iporpecisa. 3Haii-

IiTh:

1

1) by, axmo S = 13,5, ¢ = g; 2) by, axmo S = 49, b; = 56.
21.19. IlochigoswicTh (b,) — HeCKiHUeHHA reoMeTpPHUYHA Iporpecis. 3Haii-

OiTh:

2
1) bg, axmo S = 25, b; = 20; 2) by, axmo S =81, g = _§°
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7| 21.20. [lpyruii ujeH HeCKiHYeHHOI reoMeTpHYHOI mporpecii 3i 3Ha-
MeHHUKOM ¢, fe |g| < 1, mopismioe 24, a cyma mporpecii mopiBHIOE
108. 3uaiigiTs, yeTBepTHUI UJeH Iliel mporpecii.

21.21. Ipyruii ujeH HeCKiHUYeHHOI reoMeTpPHYHOI Iporpecii 3i 3mamMeHHU-
KoM ¢, me |g| < 1, mopiBHioe 36, a cyma mporpecii fopiBHIOE 144.
3HalgiTey o’aruii uwieH 1iei mporpecii.

21.22. YV piBHOCTOPOHHIA TPUKYTHUK BOUCAHO IPYTUil TPUKYTHUK, BEp-
IMIXHAMUA SAKOTO € CePeIUHU CTOPiH IMepIIoro. ¥ APYyruii TPUKYTHUK
y TOM caMuii cmoci® BOmcCaHO TpeTii, i gaJui B Takiii caMo IOCJIigOB-
HOCTi. 3HAHAITEL CYyMy IIEepPUMETPiB yCiX TPUKYTHUKIB, SIKIIIO CTOPOHA
IEepIIoro JOPiBHIOE @ CM.

21.23. Y kBagpatT, CTOPOHA AKOTO JOPiBHIOE ¢ CM, BIIMCAHO APYTHUil KBaapaT
TaK, M0 MOTr0 BEPIIMHU € CepeIuHaMHU CTOPiH IepIiioro. ¥ Apyrui
KBaJapaT y TOM caMuii cocib BOmcaHO TPeTill KBaapar, i maji B Takii
caMo ITOCJiJOBHOCTI. S3HAUIITH CYMY IJIOII yCiX TAKMX KBaJapaTis.

21.24. 3anuIriTs y BUIMIALL 3BUUYaliHOTO APOo0Yy HECKiHUEHHWII Iepiomuu-
HU# HecaTKOBUH APi0:

1) 3,27(3): 2) 6,40(30).
21.25. 3anuIlliTs, y BUIVIALL 3BUUYAMHOTO APO0Y UMCJIIO:
1) 4,57(6); 2) 5,03(06).
21.26. PosB’sxiTh piBHAHHS, akmo |x| < 1:
1)l+x+x2+...+x”+...:z;
x 2
1
2)1—x+x2—x3+...:§—3x.

@ Bnpabu gad nobmopenns

21.27. 3maiigiTh I'ATUH YWIEH i cyMy IepImuxX TPUANATH YJIEHiB apudme-
TUYHOI mporpecii (a,), aKkmo a; = -5, a, = —1.

21.28. 3maiimiTh cyMy BCiX HaATypaJbHUX UMcesd, IKi KpaTHi uymeay 11 i me
nepeBUHIYIOTH uncia 990.

21.29. Ilo6yayiite rpadik Gyukmii y = —x2 + 2x — 3. 3a rpadikom 3HAAAITE:
1) o6yacTh 3HaUeHb PYHKITIT; 2) IpOMi’KOK 3pocTaHHS (PYHKIILii.

21.30. 3uaigiTy HaOLILIIINI UJIeH MOCJTiLOBHOCTI, 3aMaH0i (pOopMYJIO0 1-TO
wreHa: x, = —2n2 + 8n + 17.

XKummeba mamemamuxa

21.31. Iz 50 000 memkxaumiis micra Bummaesoro 65 % He IiKaBIATLCA
dyr6omom. Cepen pyToombHUX yOOIiBadbHUKIB 85 % auBuiocsa ¢i-
Haj Jliru uemirioHiB mmo TesieBidopy. CKiJIbKM KUTEJIIB MicTa JUBUJIN-
cs IIel MaT4 II0 TeJeBizopy?
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@ Likabi 3agaui — nomipkyd ograue

. . .~ 20x2
21.32. 3HaiigiTe Halbinbne 3HaAYeHHA QYHKIH] §y = ———.
x* + 100

AOMALUHSI CAMOCTIMHA POBOTA N2 4 (8 15-21)

3asdanns 1-12 marome no womupu eapianmu eionogideii (A-I"), ceped
AKux auute 00ur € npasuavHum. Obepimov npaguavHuil 8apianm 8idnosiodi.

@ 1. ITocnimoBHicTs 3a7aHO0 (hopmysol0 X, = 3n — 7. SHAUAITE X,.
A. 7 B. 14 B. -7 I. 28

2. VKaXKiTh IOCJiIOBHICTB, 1110 € apuMEeTUYHOIO IPorpeciero.
A. 2;4;6 b. 2;4;5 B.0;1;8 I'1;3;9

3. YKaKiTh mocCJimoBHICTB, IIJ0 € TeOMETPUUHOIO IIPOTPeciero.
A.0;1;8 B.4;5;6 B.1; 2; 4 I.-2; -3; -4

i 2_] 4. 3HAWOITL CyMy JecaTH IepInX UJeHiB apudMeTHUHOI mporpecii
(@), akmo a; = 7, a, = 4.

A. -130 B. —-65 B. -100 I'. 65

5. BHaﬁgin IATHI dYjeH TeoMeTpu4HOi mporpecii (b,), axmo b, = 3,
q=—2z.

A. 24 B. 96 B. —48 T. 48
6. 3malgiTe cymMy HecKiHueHHOI reomerpuuHoi mporpecii: 18; —9; 4,5; ...
A. 12 B. 27 B. -12 T. 36

E 7. IlocnigosHicTs (a,) — apudmMeTnyHa nporpecid, a; = 14,5, d = —2,5.
YKamiTh umeyo, sKe € 4JeHOM ITiel mporpecii.
A. -21 B. -22 B. -23 T. -24

8. 3BmaligiTh cymMy HATypaJbHUX YHCeJ, SKi KpaTHi umcay 8 i He mepeBu-
mryoTh uyncaa 400.

A. 20 400 B. 10 600 B. 10 200 I'. 9800

9. IlocrimosmicTs (b,) — reomerpuuHa mporpecia. 3HaWIiTE Sg, AKIINO
by=2,b,=8iq <0.
A. 21 B. 21 B. 63 I'.-63

i4 10. 3HaiifiTe HaliMeHIINI YJIeH IOCIiOBHOCTL X, = n? — 6n — 8.
A. -16 B. —-17 B. —-18 I'. Takoro unxena He icHye

11. ITocrimoBmicTe (a,) — apumeTmuyHa mIporpecia. 3HaWAITL a, + ayg,
AKIIO a,; = —8.
A. 3HaliTH HEMOKJINBO b. -4 B. -16 I. 16
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12. 3a axux 3HaueHp x uncaa x — 2, x + 11 5x + 1 € mociuizoBEUMHU 4Jie-
HaM¥ TeOMEeTPUYHOI mporpecii?
A. 3 B. -3 B. 0,25, -3 I.-0,25, 3

YV 3aedanni 13 nompibno ecmanosumu 8i0nosidnicme Mixc iHpopma-
uierw, no3nauenow yuppamu ma oyxkeamu. O0na 6ionosidv 3aiisa.

i3 ] 13. YcraHoBiTh BiAIOBiAHICTE MiXK HECKiHUEHHMM IEPiOAUUYHUM IECAT-
KoBuM npobom (1-3) Ta sBuuaiitHuM apob6om (A-T'), AKwuii Homy AOpiB-

HIOE.
HeckinuenHuil nepio0uunuil 3euuaiinuii 0pio
Oecsasmrosuil Opi6
1. 0,222... A. 19
90
2. 0,(21) 11
B. —
3. 0,2(1) 90
B. 2
9
r.
33

3ABAAHHA ANA MEPEBIPKU 3HAHb AO 8§ 15-21

i:L ] 1. IlocnimoBHicTs 3amano opmyso x, = 4n + 5. 3HAHMITE:

1) x5 2) xy5.
2. fxi 3 mocaimoBHOCTEN € apUMMETUUYHUMU IPOTPECIAMU:

1) 3; 1; 2; 2) 4; 2; 0; 3)1; 3; 9; 4) 1; 11; 21?
3. fIki 3 mocaimoBHOCTE! € TEOMETPUUHUMU IIPOTPeciaMu:

1) 7; —14; 28; 2) 5; 6; 7; 3)4; 2; 1; 4) 3; 1; 0?

i 2 | 4. 3HaUAITH CLOMUM YJIEH i CyMYy ABAaHAAISATH IIEPIIUX UJIeHIB apudme-
TUYHOI Iporpecii (a,), AKIO a; = 5, a, = 8.

5. 3madgiTe HIOCTHH 4YJeH i cyMy BOCBMH II€PIIHX UJEHIiB IeOMeTPUYHOI
nporpecii (b,), axkmpo b, = -1, ¢ = 2.

6. 3HalgiT, cymMy HecKiHUeHHOI reomeTpuyHOi mporpecii: 12; —6; 3; ...

i3 ] 7. IlocnigosHicTs (a,) — apudmeTnyHa nporpecida, a; = 18,5, d = —1,5.
Yu € ugeHoM IIiel mporpecii umco:
1) 2,5; 2) 57

8. 3maiigiTh cymMy Bcix HaTypaJabHHX UHcesJ, AKi KpaTHi umcay 6 i me me-
peBuIlyoTh uncaa 540.
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i4 9. 3a gaxux sHaueHb x yucaa x — 1, x + 2 i bx + 6 € mocaimoBHUMU
YyJIeHaMHU TeOMeTPUYHOI mporpecii? 3maigiTs 11i umcia.

Jodamxkosi 3a60anns

i3 | 10. Bxaagauia Bimkpuia B 6auKy AemosuTHUM paxyHok Ha 100 000 rpu
mixg 10 % piueBX.
1) fAxoro Oyme cymMa Ha paxXyHKY uepesd 2 PoKu?
2) CKiIbKM BiICOTKOBUX KOIIITiB OTPUMAE BKJIATHUIA 3a 2 POKU?

i4 11. BuaiigiTe HaGiNBIIMI YTeH mocHizoBHOCTL y, = —n? + 4n — 5.

12. ITocrximosmicTe (a,) — apupmermuyHa mporpecia. SHAUAITL a5, AKIIO
ag + ay, = T.

BITPABU AAS TTOBTOPEHHS PO3AIAY 3

o § 15
@ 1. IlocnigoBHicTs 3amano dopmyiow a, = n — 19. 3HaiaiTh:
1) ay; 2) ag; 3) ay905 4) a000-

2 | 2. 3anuiniTe M’ATHL IEePIINX YJEHIiB IIOCJIiJTOBHOCTI HATypaJbHUX ABO-
nuppPOBUX UYUCEJ, AKi:
1) mpu minenHi Ha 7 garoTh B ocTaui 1;
2) nmpu minenHi Ha 6 JalOTHL B ocTaui 5.

i3 | 3. 3HaAWITh KiJBKICTh HOJATHUX YJIEHIB IOCIITOBHOCTI a, = 15 — 2n.

. . . . 1
4. 3mHalifiTe Hepmuii Bif’eMHUI YJIeH MOCaifoBHOCTI X, = T — —n.

3

5. 3HaiAiTh HAUMEHIINWH YJIeH IOCIiMOBHOCTL b, = 4n — 5.

i4 6. IlinGepiTs ogHY 3 MOKJIMBUX (DOPMYJI N-TO YJIEHA HOCJIiJOBHOCTI:

1) 15 3; 5, 7595 .3 2) 5 g; 3, é; é;
273 4 5 6

3) 1; 4; 9; 16; 25; ...; 4) 2; 4; 8; 16; 32; ...;

5)-1;1; -1; 1; —1; ...; 6) 1; 3;1; 3; 1; ... .

7. IlocrimosHicTh 3amaHo (HOPMYJIOK Q, = n? — 4n — 7. CkinbKy uyeHis,
IIT0 He IIePEeBUINYIOThL YMCJJaa —2, MiCTUTDH I IIOCJIiJOBHICTD?

o § 16

ill 8. Uu e apudmMeTHUHOI IIPOTPECi€l0 IIOCIiOBHICTH HATYPAJBLHUX
yuces, KpaTHUX YUCJIY 5?

i2| 9. 3HAUOITh PiIBHUIIO Ta MIOCTHUI UYJIeH apudMeTHUHOI mporpecii: 2,7;
2,4; 2,1; ... .

10. IlocnimosHicTs (x,) — apudmeTuyHa MpOrpecisa. SHANIITh:
1) x;, Axkmo x5, = -8, d = —3;
2) d, axmo x, =0, x4 = —28.
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11. 3maiigite popMmyay n-ro ujseHa apudMeTHUHOI mporpecii:
1 .1
1) —5; -2;1; ...; 2) ;7= 7= ...
4 2

12. Jlamana cCKJagaeTbCcsA 3 BOCBMH JIAHOK. JIOBXKMHA IIEpPIIOl JaHKU
mopiBuioe 12 cm, a KoskHa HacTtymHa Ha 0,5 ¢cM Koporia Bij momepen-
HbOI. 3HAHAITH HOBKUHY TPETHOI JaHKH; BOCHMOI JaHKMN.

i3 13. IlocrimoBHicTs (a,) — apudmernyHa nporpecia. [osenirs, mo:
1) a;y= a3+ 7d; 2)a; + ag=a, + a,.

14. IlocnimosmicTs (a,) — apudmernyHa mporpecisa. 3HAUIITE:
1) a4y, axmo a; = 8, a5 = 2;
2) a,yo> Amo a,, = —20, d = —3.

15. CrinpkM [gomaTHMUX UJeHIB MicTuTh apud)MeTHUYHA IIPOTpecis:
8; 7,7; 7,4; ...2

16. 3maiifiTe HalOiabmINMII Bif'eMHUN uJeH apudMeTHuHOI mporpecii (a,),
y aKoi a; = -8,9, d = 0,2.

i4- 17. IlepumeTp TPUKYTHHKA OOPiBHIOE 39 cM, IPUUOMY JOBXKUHU HOTO
CTOPiH YTBOPIOIOTH apu(MeTHUHy Imporpeciro. Um MOKHaA B3HAUTU
JOBXKUHY Xoua 0 ommiei 3 HUX?

18. Kytu pmeAKoro TPUKYTHUKA YTBOPIOIOTH apuU(PMeTHUYHY IPOTpeciio.
HoBeniTs, 110 OAWH 3 HUX AopiBHIOE 60°.

19. Ilepmwuit unen apudmeTuyHOl IIporpecii mopiBHIoEe 7. 3HANAITH APYyrUi
i TpeTiit il uymeHM, AKINO BOHUW € KBaJpaTaMH’ IBOX ITOCJIiJOBHUX HATY-
paJbHUX YHCeI.

20. MoBeniTh, 1110 KOJMW A, b i ¢ — TpHU MOCJHiIOBHUX UJeHUW apru(pMeTHIHOL
nporpecii, To:

2
1) ¢2 = (a + 2b)2 — 8ab; 2)(612 cj = b% - ac.

o § 17

E 21. 3HaligiTe S,,, — CyMy CTa IepIIuX 4JeHiB apu(MeTHUIHOI mporpecii,
AKIO a, = 2, a;,, = 198.

@ 22, 3HAHOITL CyMy II'STAECATH IEPIINX UJeHIiB apudpMeTHUHOI MIPOo-
rpecii (a,), AKIO a; = 5, a, = 7,5.

23. 3HaigiTh cyMy BCixX minmx Big'emHUX uwmcesa Big —20 mo —1.

24. JToBXUWHU CTOPIiH IMECTUKYTHUKA YTBOPIOIOTH apu(pMeTUUHY ITPOTPECiio.

SHaUAITh IEPUMETDP INMECTUKYTHUKA, AKII0 HANKOPOTIIIA HOTO CTOPOHA
mopiBuioe 10 cm, a HammoBma — 20 cm.

(3] 25. Bmaiixits cymy mepmmx TPEANATY WieHiB apudMerndHOl mporpecii
(y,) 8 pisHHIE!O d, AKIIO:

1) y30=15,d = 2; 2) y,=5,d=-38.
26. Pisaunga apugmeTnyHOI mporpecii (a,) nopiBHIOE d. SHAKIITH:
1) d, axkmo a, = 4, S;, = 175; 2) a,, axkmo d = 5, Sg = 196.
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34.

35.
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38.

39.

23
41.

42,

43.
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O
fca Baana B GibGaiorerni poman ob6esarom 324 cropinku. Ilepriioro mHs
Boma mpounrtajyia 20 CTOpPiHOK, a KOKHOTO HACTYITHOTO AHS UYMTaJa Ha
4 cropiHkm Oijbllle, Hi»K IIomepeaHbLOro. 3a CKijabKH AHIB fca mpo-
yuTajia poMman?

28. 3HaANAITH epIuil YieH i pisHUITI0 apudMeTHUHOI ITporpecii, AKIITO
cyMa Iepimnx gecaTu ii ujgeHiB gopiBHioe 170, a cyma mepmimx aBa-
ATy il uiaeHis — 540.

B apudmeruuniit mporpecii (a,): o

1) ag + a; = 18. 3nangite Sy; 2) a,; = 5. 3HaUAITE S,y;.
3HAUIITh CYyMy BCiX HaTypaJbHUX Umces, MeHIuX Bixg umcia 100 i me
KpaTHUX 4duciay 4.

CmpocTiTh Bupas:

. p-p*-...-p" 262‘64-66-...'6'2’1
)p-pS-----pz"‘l’ )c-cz-c3-...-c”

o § 18

32. Yu € reoMeTpUYHOIO IIPOrpPecicio MOCIiMOBHICTh HATYPAJIBHUX CTe-
meHiB umciaa a (a # 0): al, a2, a3, a4, ...?

33. Bigmomo mBa mepmmx uJieHHM TeoMeTpuuHOI mporpecii: 0,5 i 1,5.
3HaAUAITh HACTYIIHI 32 HUMHU YOTHUPU UJIEHU.

SHal/iTh 3BHAMEHHUK I'eOMeTPUYHOI mporpecii (b,), AKII0:

1) by =8, b, = 32; 2) by =2,b5=181iq > 0.

JoBXMHM TPHOX BifpisKiB yTBOPIOIOTH reOMETPUUHY IIpOrpecito. 3Ha-
IiTh cepemHil 3a pPO3MIpOM BimpisoOK, SAKINO MEHINHN i3 BiApiskiB
mopiBHioe 1 cM, a Gigbimii — 9 cm.

36. 3anuIriTe, mepIri M’ATh UYJEHIB reoMeTPUYHOI mporpecii, y Aroi
TpeTiit i yeTBepTUil YIEHU BiAIIOBiAHO HOpPiBHIOOTH 8 i —16.

Cepep uneniB reomeTpudHOi mporpecii (b,) € i fogaTHi, i Bifg’eMHi 4nenn,
by = 8, b, = 72. 3maiigits b,.

YienamMu reoMeTpHUYHOI mporpecii (¢,) € nuile gogaTHi uncia, ¢, = 125,
Ce = 9. SHAUIITE Cg i cy.

Misxx umcaamu 27 i 12 ycraBTe TaKe Big’eMHe umcjio, 1100 BOHO pPasoM
i3 HMMHU yTBOPIOBAJIO T€OMETPUYHY IIPOIrpeciio.

40. Yucmo 768 € umenoM reomMeTpuuHOi mporpecii: 3; 6; 12; ... . 3uaii-
IiTh #Ooro HOMEP.

3a Axoro sHadyeHHsa x ymecaa x — 1, 3 — 3x 1 4x + 1 € mociigoBEUMHU
YJIeHAMU TeOMeTpPHUUHOI mporpecii? SHaimiTh I1i ymea.

SHaliTh HepIInii 4YieH i 3HaMeHHHMK TIeOMeTPHYHOi mporpecii (b,),
SAKIIO:

1) b; + b3=6, b, + b, =12; 2) b, — b, =18, b, — by = 36.
Yy MOMKYTH HOBXKHHU CTOPiH IIPAMOKYTHOI'O TPUKYTHUKA YTBOPIOBATHU
reoMeTPUUHY IIporpeciro? AKINo Tak, YKaXiTh 3HAMEHHUK TaKOl IPOo-
rpecii.
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Tlo § 19

@ 44. BriaagHUIA BigKpuia B 0aHKY genosuTHui paxyHok Ha 150 000 rpu
mig 14 %.
1) CrinmbKm KoITiB Oyme Ha IIbOMY PaxyHKY uepe3 2 POKH; uepes
4 poxu? (BizmoBigb OKPYTJIiTh OO0 JeCATKIB I'PUBEHD.)
2) CKiIbKM BiICOTKOBMX KOIIITiB MaTHMe BKJATHUIA uepe3d 2 POKU;
yepes 4 poku? (BiAmoBiAb OKPYIJIiTH 40 AECATKIB I'PUBEHb.)

45. fxy mimiMaabHy cymMy KOIITiB Tpeba mokJacTu B 6auk mig 10 %, mo0
yepe3 Tpu poxu MmMatu 15 000 rpu BimcoTkoBux komTiB? (Bigmosinnb
OKPYIJIITH [0 MEeCATKiB I'PUBEHD.)

E 46. Y mepmuil meHb naHmgemii y micTi 3axBopiso 10 000 oci6. A mortim
IIOTHKHA KigbKicTh xBopux 3meHinyBajacd Ha 10 %. Ckigbxu 06yJio
XBOPUX Uepes:

1) 3 TmrHi? 2) 5 TmkHIB?

o § 20

il I 47. 3HaligiTE CyMy TPHOX IEPIINX YIeHiB reoMeTPUYHOI Iporpecii (b,),
armo b, = 8, g = 2.

@ 48. IlocrigosHicTs (b,) — reoMeTprYHa Iporpecia. 3HANMITE:
1) S,, axkmo b, = -2, ¢ = 10; 2) Sy, armo b, = —60, ¢ = 2;

1
3) S¢, axkmo b, = 0,1, g = —3; 4) S;, axmo b, = 7= 4.

49. BuropucToBy0O4YU dopMmyIIy cyMu TeOMeTPUYUHOL mporpecii
_ bnq — bl o : .
=, 1 nmomaiiTe y BUTVIALL Apo0Oy BUpAas:
q —
D1+p+p2+...+p8 nep=1;
2B +c"+...+c3 gec#l.

n

i3 50. Ha maomuui mobymoBaHo m’ATH KBaapaTiB. CTOpoHA IIepIIOro
IOpiBHIOE 3 CM, a CTOPOHA KOMKHOTO HACTYIHOIO BABiui OijbIla 3a cTO-
POHY HoIlepeaHLOro. 3HANLITE CyMy ILIOII IIUX KBaApaTiB.

51. [losexiTs, 1110 MOCIiJOBHICTS (X,), AKY 3amaHo opmy.omw x, = 0,2 - 51
€ TeOMEeTPHUUHOIO0 IIporpecicio. SHAHUIITL CyMy IIIECTH IMEePIINX UYJIEHiB
miei mporpecii.

52. 3HaiAiTh CyMy I’ATHU IEPIIUX YJIEHIiB reOMeTPUYHOI mporpecii, meprumit
yjieH AKoi JopiBHIOE 1, a m’aTuii — mopiBHIOe 81, AKIO Bigomo, 10 ii
UJIeHUW 3 MapHUMM HOMepaMu — Bim’eMui.

i4 53. IlocaimosHicTs (b,) — reomeTpudHa mporpecia, y akoi b, + b, = 72,
b, — b, = 18. 3naiigite Sq.

54. Cyma TpBHOX mepIIMX UYJEeHIB reoMeTpmdHOI mporpecii mopiBuioe 14,
a cyMa iXHiX KBaapaTiB mopiBHIOE 84. 3HAWIITL CYMYy BOCBMU IIEPIITHIX
YJIeHiB Ii€l mporpecii.

55. 3HalgiTh mepini ujieH, 3HAMEHHUK i KiJIbKiCTh UJIeHiB reoMeTpPHUUYHOL
nporpecii (b,), axkmo b, — b; = 45, by + b, = 15, S, = —63.
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56. 3HaWIITH TeOMETPUUYHY IIPOrpPeciio, AKa CKJIAJAEThCA i3 IeCTH UYJIEHiB,
AKIO cyMa ii WieHiB 3 HellapHMMM HOMepaMu OopiBHioe 273, a cyma
uJjIeHiB 3 mapHauMu HoMepamu — 1092.

57. (3adauwa npo nowupenusa ywymox i3 knuxcxu A. I. Ilepenvmana «Husa
mamemamura», 1967 p.) Y HeBeJIUUKe MiCTEUKO, HaceJIeHHA AKOI'0 CTa-
HOBUTEL 50 TucAY 0cib, 0 8 roguHi paHKY NpuOYB MeIIKaHeIh CTOJIMIIL
¥ mpuBi3 1mikaBy HoBuHY. O 8 rox 15 XB BiH PO3IIOBiB 1110 HOBUHY TPHOM
CBOIM 3HAMOMUM, IIiCJIA YOTO Ie uepe3 15 XB KOKEH 3 HUX POS3IOBiB
HOBUHY TPhOM THM CBOIM 3HalioMUM, KOTpi Ipo Hei He 3Haau. Ilicasa
IILOT'0 KOXKEH 3 [eB’siTM MeNIKaHI[IB MicTa, IO AisHAJHCA IMPO ITI0
HOBHHY, PO3IOBiB ii TPhOM CBOIM 3HaMoMuM i Tak camo gaJji. O KoTpii
roauHi (IpubJIM3HO) IPO 1[I0 HOBUHY Mi3HAIOTHCS BCi MemkaHIli micra?

Mo § 21
@ 58. 3HalmiTL CyMy HEeCKiHUEHHOI IreOMeTPUYHOI mporpecii (x,), AKIIO:
1)x1=1,q=%; 2)x1=4,q=g.
@ 59. 3HaligiTe CyMy HeCKiHueHHOI reomeTpmdYHOI mporpecii (b,), aximo:
1)b;=8,b,=1; 2)b1=—1,b2:—%;
3) b, =4, by=—-2; 4) by = -4, b, = 1.
60. IlocrimosmicTe (b,) — HeCKiHUeHHa IeOMeTPHUYHA IPOrpecid, y AKOi

lg| < 1. Bmaiigirs:
1
1) by, akmo S =17, q = —?;
2) q, axkmo S =12, b; = 8.
61. Tinmo mpoxomuTh 3a mepiny cekyuay 100 M, a 3a KOXHY HACTYOHY —
YBEepPTh IIOIEepPenHbOol Bimcrani. Um 3MOKe TiJIO IOmoJiaTH BiACTaHBb
130 M, AKIO0 PyX TpUBATHUME HECKiHYEHHO IOBro?
@ 62. (3adaua II. Pepma.) NoBenits, 1110
1 3 1 3 1 3 7
— -+ -+ —+ =+ — + ... = —
2 8 4 16 8 32 4
63. Uu wmoike cyMa HeCKiHUeHHOI TreoMeTpUUYHOI IIporpecii 3i 3HameH-
HUKOM (¢, JIe |q| < 1, 6yTu MeHIIOMO Bix ii meprroro uaeHa?
64. 3HalgiTE CyMy HeCKiHUeHHOI reoMeTpudHOI mporpecii (b,) 3i 3Hamen-
HUKOM ¢, ze |¢| < 1, axmpo by = 8, b, = 4.
65. 3anuiIiTe y BUIVIAAI 3BUYAWHOTO APOOY UMCJIO:
1) 0,(57); 2) 0,2(4); 3) 4,(17); 4) 5,1(3).

i4 66. IlocrimosHicTs (b,) — HeCKiHUeHHA reOMeTPUYHA Iporpecia, b, = 9,
1 . .
q= 3 3HaigiTh cyMy ii useHiB:
1) 3 HemapHUMHU HOMeEpPaMU; 2) 3 mapHUMU HOMEpPaMHU.
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Yucnosi nocniooBHoCcMi

67.

68.

69.

70.

V HeckiHueHHilI reoMeTpHuHiil mporpecil mepmuii ujgeH gopiBHioe 15,

. 1 - . — .
a 3BHAMEHHUK JIOPiBHIOE T 3HalmiTE cCyMy KBaApariB ycix ii usienis.

3HalAiTE CyMy HeCKiHUYeHHOI reomeTpuuHOi mporpecii (b,), y aAKol
lg| < 1, axmo:

1) b, =386, b, =4; 2) bybg =1, by + b = 17.

Cyma HecKiHUeHHOI TeOMeTPMUYHOI Tporpecii 3i 3HaMEHHUKOM ¢, e
lgf < 1, mopismioe 9, a cyma kBazparis ii unenis — 40,5. SmaimiTs
HepHUIni 4JIieH i 3HaMeHHUK IIporpecii.

3adaua II. Pepma. S — cyma HeCKiHUEHHOI reoMeTpUYHOI mporpecii (b,)

S b
3i 3HAMEeHHMKOM ¢, e |¢| < 1. JoBexiTsb, 110 = L
S—b b,

[ Tonoue 8 posgini >

APUOMETUYHA NPOTPECIA
Apugpmemuunoro npozpeci€ro Ha3WBAIOThH IIOCIiJOBHICTh, KOYKEH UJIeH

AKOi, IIOYMHAIOUHN 3 APYTOro, JOPiBHIOE IIOIEePeTHBOMY, OO0 SIKOT'0 JOJAETh-
csl OOHE M Te caMe YICJIO.

®OPMYIA n-ro YeHA APUOMETUYHOI MPOrPECII
a,=a;, +dn—1)

BNIACTUBOCTI APUOMETUYHOI NPOTrPECII

1. Bynb-akuii ujeH apupMeTUUHOI mporpecii, mouynHaUu 3 APYIoro,
€ cepegHIM apu(METHUYHNM ABOX CYCiOHIX 3 HUM UJEHiB, TOOTO
a + a
a =-r1 ntl eneN,n>2.
" 2
2. Bynb-AKuil ujieH apudMeTHUYHOI IIporpecii, mounHaoouu 3 IPyroro,
€ cepenHiM apu@METHUYHMM ABOX PiBHOBiAZaJeHMX BiJl HHOTO UJIE-
HiB, TOOTO
a +a
a, =%,Aen€N,keN,k<n,n>2.
3. fAxmio k, I, pi s — HarypaybHi uncna i k +l=p + s, T0O
a,+a=a,+a,.
4. Bynap-aKy apudMeTHUHY MpPOrpecito MOKHa 3amatu (GopMy-
g0 a, =dn + b, ne b i d — geaxi uncna.

5. IlocrinosHicTs a,, AKY 3a7aH0 (GOPMYJIOK BUTIALY a4, = dn + b, e
bid — meakri umcia, € apuPMETUUYHOIO IPOTPeciero.
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CYMA 1 MEPLUMX YNEHIB APUOMETUYHOI NPOrPECII
2a, + d(n - 1)
-n
2
FTEOMETPUYHA MPOIrPECIA

I'eomempuunor npozpecieo Ha3UBaIOTh INOCIiZOBHICTH BiAMIHHUX
BiJ HyJNA 4uces, KOKHe 3 AKHUX, IIOYMHAIOUM 3 APYroro, JOPiBHIOE IIO-
IepeJHbBOMY, IIOMHOXKEHOMY Ha OfHe Ii Te caMe UMCJO.

+

n

®OPMYJA n-ro YNnEHA rEOMETPUYHOI NPOIPECII
b, = b,g"!

BINACTUBOCTI FTEOMETPUYHOI NPOIrPECII
1. KBagpar Oyab-siKOro uYJieHa TeOMETPUYHOI Irporpecii, mouywmHaroum
3 IPyroro, JOPiBHIOE MJOOYTKY ABOX CYCiAHiX 3 HMM UJeHiB, TOOTO
b2 =b, ,-b nen=2,3,4,5,..

n+1’

2. KBagpar Oynb-sIKOro 4jieHa TeOMETPUYHOI IIporpecii, moumnHaoum 3
IPYTroro, HOPiBHIOE HOOYTKY ABOX PiBHOBiAmasieHMX Big HBHOTO Uje-
HiB, TOOTO

b2 =b, _, b

n+k’

neneN,kEeN,Ek<n.
3. Ao k, I, pi s — marypaabHi uncaai k +1l=p + s, TO
bk'bl=bp'bs.

POPMYVYIJIA CKITAOHUX BIOCOTKIB
ITouaTkoBuii Kamitan A,, BHeceHHUii 1o 6aHKY mig p % piuHuX, depes
7 POKiB CTaHe HApOIIEHHM KamiTajoM A, , Po3Mip AKOTr0 O00YHCIIOETHCSA
3a ()OpPMYyJIOIO0:
n
= 1+ -2 ,
4, =4[ 1+ 165)

AKY Ha3UBAIOTh (YOPMYN0I0 CKAAOHUX 8i0COMKIE.

CYMA n NEPLUMX YJEHIB TEOMETPUYHOI NMPOIPECII

_be” - L% Bll}

S =
q -1 abo S, g1

n

CYMA HECKIHYEHHOI FEOMETPUYHOI NMPOrPECII

b
S=—1 ’/Ie|Q|<1
1-¢q

em & i

202 O




XiHKn B Hayui: Ak xBuUIi okeaHy
AonomararoTb BUBYaTU MaTeMaTUKY

IMopory 11 mioToro y cBiTi 3a miATpUMKH
IOHECKO sBigsnauaetbca MikHapOTHMI IeHb
skiHok i gisuar B Hayni (International Day of
Women and Girls in Science). Mloro mera —

CIPUATU IIOBHOIIIHHOMY Ta PiBHOMY [IOCTYIY DAY O
JKiHOK i miBuaT mo yvJacTi B HayKOBHUX OCJIi-

IKeHHAX. OF WOMEN
3a gauumu Imcruryry craructuku JIOHECKO, { I"NNSDG[I;I!EE )

Jmine 6m3bKo 33 % HAYKOBLIB y CBIiTI — 'KiHKH. THRUARY 1
IIpore B YKpaiHi cuTyaria 3HaUHO Kpallla: cepel mm
HaIIuxX HaYKOBIIiB 46 % — xinmxku. Ile mae amory
YxpaiHi mocizatu mouecue 12-Te miciie 3a Kib-
KicTio KiHOK-yueHHX y peuTuHry cepen 41 kpai-
HU CBiTYy.

Ha smax migTpmMKM Ta 3a0XOUeHHS MOJOAMX HayKoBuilb 2018 poxy
B YKpaiHi 3anpOBajuJIA NPEMil0, KA € YaCTUHOIO raobaabpHoi IIporpamu
L’OREAL-IOHECRO «/lna :xiHok y Haymi». BoHa mpucymKyeTbcs
MOJIOAUM KiHKaM, SKi mpodeciiiHO 3aiMalOThCA AOCTIMMKEHHIMU B rajysi
STEM (mayka, TeXHOJIOTiI, iHKMHIPpUHT, MaTeMaTUKa) Ta aKTUBHO PO3BU-
BalOTh YKPAlHCHbKY HayKy. i

Jlaypeatkoio II yxpaincbkoi nmpemii L’OREAL-IOHECKO «[laa :KiHok
y Haymi» crana Karepuna BauxaepiiBna Tepaembka. Bona — yxpaincbka
HaAYKOBUIA, MAaTeMaTUKUHS, TOKTOP (hi3MKO-MaTeMaTUYHUX HAYK y Trajnysi
MeXaHiKHu.

Karepuna BasepiiBHa mocimimsKye BHYTPIITHI XBHUJIL OKeaHy Ta BUBYAE
poisb okeaHy y 3MiHiI Kiimary. Ile ay:ke BasKJIMBUYM HAOPAM HOCIiKEHb,
[0 MOEJHY€E MJIMOOKI MaTeMaTU4Hi 3HAHHA 3 aKTYaJbHUMU €KOJIOTIYHUMU
npobsemamu. Ii HayKoBi iHTepecu OXOILIIOIOTH HeJi-
HiliHI XxBuUJi Ta crpatudikoBaHi Teuii. BoHa € aBTOp-
koio mouan 100 HayKoBUX IIpailb.

Kpim BmacHux mocuaimxkenn, mani Tepienbka ax-
THUBHO IIpaIlioe 3 00apoBaHOI0 MOJIOALI0. BoHa 3asBi-
nyBauka jjaboparopii maremarnunux Hayk HI[T MAH
YKpaiau Ta Kypupye Hanpsam MareMaTuku B Mauii
akajgeMii Hayk. li MeTa — PO3BMBATH B YUHIiB / yue-
HUIb HeCTaHJapTHe MHUCJEHHS Ta IOIJINOJII0BATH
ixXHi#l iHTepec 10 MaTeMaTUKMU.

Hocsin Karepunu BajepiiBHu He 0OMeXKYETbCS \ 1
Yxpainoo. Bona HeomHOpasoBo OpaJjia y4acTb Y €BPO-
MelChbKNX HAaYKOBUX KOH(EPEHIisIX, a TaKOXK IIpaIfio-
Bajia B Kopei Ta Kurai, 110 cBigunTs mpo ii mixxkHapos-
He BUBHAHHSA Ta craiBmparlio. 3apas Karepuna Tepiernbka mparioe CTapIiuMm
HAYKOBUM CIIiBPOOITHMKOM Bigmijy MOJeN0BaHHSA MOPCHKHX Ta PiUYKOBUX
cucteM [HCcTUTYTY mIpobaeM MaTeMaTuuHuX MainuH i cucrem HAH VYkpainm.

Kamepuna
Tepaeyvra
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| PO3AIA 4

| OCHOBU KOMBIHATOPUKMU,
| TEOPII UMOBIPHOCTEM TA CTATUCTUKHU

\ Y UbOMY PO3AINI BU:
‘ O o3HaMomuTecs 3 KOMBIHATOPHUMM NpaBUIaMm CymMn i [OBYTKY; MOHATTAMU
\ BUNAOKOBOI, BipOrigHOi, HEMOXITMBOI NOAIN;

| O HaBuuTecs ob4YMCMOBaTH BiAHOCHY YacTOTY Ta MMOBIPHICTb BUNaOKOBOI
‘ noaii; obuncnoBaTn YMCNOBI XapakTepuCcTukn BUBIpKX; nogasaTu ctaTuc-
‘ TWYHI gaHi y Burnsgi tabnuup, giarpam, rpadikie.

e )\
LM

§ 22. Kom6inaTopHi 3apaui.
Kom6iHaTopHi npaBuna cymu i fo6yTKy

1. KombiHaTopMKa

Kombinamopukxa — po3misl MaTeMaTHUKM, IO BUBUAE IMUTAHHSI BUOOPY

Ta PO3TAIllyBAHHSA €JeMEHTIiB JedKol CKiHUueHHOI MHOXKHHHU BiAHOBiZHO IO
3aJJaHNX YMOB.

Posrismemo npukaIagu sagad 3 KOMOiHATOPUKH.

2. KombiHaTopHe npaBuiio cymu

m CxkinbKkoMa cmocobaMu JIeTKoAaTJeTKa, 30Mpaounch HA TPEHY-

204

- BaHHSA, MOKe oOpaTu cobi mapy CIOPTUBHOTO B3YTTS, MalOUYM 5 map Kpo-

ciBok i 2 mapu xexmin?

OueBUAHO, IO BUOpPATH OAHY 3 Iap B3YTTsS, KPOCiBKU ab0 Keou, MO:KHA
5 + 2 = 7 cnocobamu.

¥YsaranpHIOIOYY, OTPUMAEMO KOMOIHAMOPHE NPABULO CYMU:

Axmo neaxuii exremenT A MoxHa BUOpaTH k, cmoco0amu, a eleMeHT

B (mesane:xno Bix BuOopy enemenra A) — k, cmocobamu, To BUOpaTH
A ab6o B moxna k; + k, cnocodamu.

I1le mpaBuUJIO HMOMINPIOETHLCSA Ha TPU i OijbIlle eleMeHTiB.

3. KoM6iHaTopHe npaBuio fobyTKy

m Y MeHI0 mKigbHOI iganbui € Ha Bubip 4 BuUAM TUPIKKIB

i 3 Bugu cory. CKinbKU pisHMX BapiaHTiB BUOOPY CHiZaHKY 3 OJHOTO IIU-
piskka I ogHiel CKIAAHKMN COKY € B YUHSA I[i€l ITKOJIM?

ITupixxok yuens Moxxke BuOpatu 4 crmocodamMu i 10 KOMKHOrO IHPiKKa 00-

patu cik 3 cmocobamu (mai. 22.1). Otixe, yueunb Mae 4 - 3 = 12 BapiauTiB
BubOOpPY CHiZaHKY.
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w000 060 060 o6n

Mai. 22.1

¥Y3arajapHIOIOUN, IPUXOAUMO 10 KOMOIHAMOPHO20 npasuia 000ymkry:

AKIIO NesKHH eleMeHT A MOKHA BHOpaTH k, cmoco0aMu i micas Kowk-
HOTO TaKoro BHOOpPy (He3aJeXHO Binm BuUOOpPY eaemMeHTa A) iHIIMI
exemMeHT B mosxxma BuOpatu k, cmocobamu, To mapy o0’e¢kris A i B
Mo:xHa BuOpatu k, - k, cmocodammu.

ITe mpaBuJIO TaKOMK IMOIIUPIOETHCA HA TPU i GiJbIle eJIeMeHTiB.

W CrimbKHM TpUIIU(MPOBUX UKCEN MOKHA cKJacTu i3 mudp 1, 2, 3,
4, axio B umcJi: 1) mudpu He MOBTOPIOIOTHCA; 2) ITHU(MPH IIOBTOPIOIOTHCI?
Posg’ssanus. 1) Maemo 4 cmocobu i COTeHb UYHCIIa
(mag. 22.2). ITicisa Toro K Miciie COTeHb 3amoBHEHe (HaIIpu- |;I |;—I |;I
Kaan, mupporo 1), Iad AecATKIiB 3aJIUINIaeTbcA 3 CIOCO0H,

MipKyoun Jaji, Ojd OfUHuIL — 2 crmocobu. OT:Ke, MaeMo: 4 -3 - 2

4 cmnocobu, i Hmicaa KOXKHOTO 3 HUX — 3 CIOCOOM, i MiCIA gy 22.2
KOJKHOTO 3 HUX — 2 crmocobu. 3a mpaBUJIOM AOOYTKY Mae€MO

4 -3 -2 =24 yucia.
2) k1o nmudpu B YKUCIIi ITOBTOPIOIOTHCA, TO KOMKHE 3 TPHOX
4 - 4 - 4

Micib Mo:KHAa 3amoBHUTHU 4 cmocobamu (maja. 22.3), i Toxi
Takux uucesg oyze 4 - 4 - 4 = 64.

Bionogiov: 1) 24 uucaa; 2) 64 uyucia. Mas. 22.3
3ayBasKMMO, II10, He KOPUCTYIOUNCh KOMOIHATOPHUMI IIPABIJIAMI, IIOTi0H1

3amaui My Moryiz 0 PO3B’A3yBATH JIUIIE ILJIAXOM IEepeliKy BCix uwmces, saKi
3aTOBOJILHSIOTH YMOBY, a TaKe PO3B’A3aHHA €, 6e3yMOBHO, YK€ TPOMIi3TKIM.

4. BukopuctaHHa npaBun cymMu i Ao6yTKy ANs po3B'A3yBaHHA 3a4a4

IITGELES CKiTbKy HDapHUX II'aSTUNUGPOBUX UYHCEJ MOMKHA CKJACTHU
i3 mudp 5, 6, 7, 8, 9, AKIIO B umcyi MudppuU He TOBTOPIOIOTHCA?

Posg’sazanns. IlapHe mw’aTunmudpoBe UYHCIO MOYKHA OTPUMATH, SAKIIO
OCTaHHBLOIO Horo mudpoio oyme 6 ado 8. Uucesn, y SKUX OCTAHHBOIO ITUd-
poio € 6, 6yme 4 - 3 - 2 - 1 = 24 (maxn. 22.4), a THX, V¥ AKUX OCTAHHBLOIO
mudpoio € 8, — Takoxk 24. 3a KOMOiHATOPHMM IIPABUJIOM CYMM BCHOTO
nmapHux yucea oyme 24 + 24 = 48.

Trere  prrne

4.3-2-1 + 4.3-2-1
Max. 22.4
Bionosiov: 48.

O 205




PO34iIN 4

O

W AobGetka nimemeni ABAB mictuTth jauiiie aBi gitepu, «a» i «6».
CkinmpKM cJiB y MOBiI IIbOTO ILIEMEHi CKJIamamoThesa: 1) 3 O1BOX OYKB;
2) 3 Tprox OYyKB?

Poszé’asanusa. 1) aa, 6a, a0, 66 (ycboro uoTupu cjoBa); 2) aaa, aab, aba,
a66, 600, 00a, 6ab6, 6aa (ychoro Bicim cJiiB).

3ayBa)KuMO, II[0 3HalAeHa KiJbKiCTh CJIB y3romKyeThcsa 3 KOMOiHAa-
TOPHUM IPABUIOM HOOYTKY. OCKLIBKY Ha KOXKHE MicClle € IBa «IIPeTeH/eH-
TH» — «a» i «0», TO CJIiB, 10 MiCTATH ABi JiTepu, mae 6yTu 2 - 2 =4, a Tpu
Jirepu — 2 - 2 - 2 =8.

TG ELGE Y yTOoabHiT KoMaHAi 3 11 rpaBiiB Tpeba BubpaTu KamiTaHa
i #ioro 3acrynHuka. CKilmbkoMa crocobaMu e MOKHAa 3poouTu?

Pos3g’azanns. Kamitanom moskHa obpatu 60yab-Koro 3 11 rpasmis. Ilicaa
IBOTO HOT0 3aCTYIHUKOM — Oyab-Koro 3 10 rpaBifiB, IO 3aJHIITHJINCSH.
Tak (3a mpaBuaoM H00yTKY), € 11 - 10 = 110 pisaux cmocobis.

Y kpaiui [quocsBiT 10 micT, KoKHI ABa 3 AKHX CIOJIYyUYEHO
aBiamimiero. CkinbKku asianimiit y miit kpaimi?
Pos3g’asanns. OckibKM KOKHA aBiaJliHig cmosayuae aBa micra, TO mep-
UM 3 HUX MOKe OyTu O0yab-saxke 3 10 mict, a gpyrum — 6yab-aKe 3 9, 1110
sasummiances. Orike, KinbKicTh Takux asiaiminiil cramosuTs 10 - 9 = 90.
Opmax mpu IIbOMY KOMKHY 3 aBiasiHiil BpaxoBamo aBiui. Tomy Bchoro ix
oyme 90 : 2 = 45.

KombinaTopHi 3agaui Hepo3puMBHO IIOB’sI3aHi i3 s3amavamu Teopii iimo-
BipHOCTEM, IIle OAHi€l rasysi MmareMaTUKU, AKY MU PO3TJITHEMO B HACTYII-
HUX maparpadax migpyuyHuka.

Llocb Gnu3bke A0 KOMGiHATOpMKM Bhneplue 3rafjaHo
@w B kutancbkux pykonucax XlI-XII cT. go H. e. [eski Kombi-
HaTopHi 3agavi pos3s’asyBanu i B [laBHin peuii. 3okpema,
ApicTokceH i3 TapeHTa (IV cT. 0o H. €.), y4eHb ApicToTensi, nepeniyme pi3Hi KOMOiHa-
Lil JoBruMx i KOpOTKMX ckragis y BipwoBux po3mipax. A ann OnekcaHOpiNCLKUR
y IV CT. H. e. 3’'9COBYBaB KiNbKiCTb Nap i TPINOK, Ki MOXHa CKIacTu 3 TPbOX ENEMEHTIB,
L0 MOXYTb MOBTOptoBaTUCA. [lesiki eneMeHTn kombGiHaTtopuku Oynu Bigomi i B IHAiT
y Il cT. go H. e. lHgiui BMiNn obuymncnioBaty yucna, sKi 3apa3 BigoMi HaMm SIK Koe-
diuieHT bopmynu 6iHoma HetoToHa. MisHiwe, y VIII cT. H. e., apabn 3Hanwnm n camy
Lto hopMyny, OTXKe, i ii KoedilieHTH, siki HUHI 0BYMCIIIOTL 3a 4OMNOMOro KOMOiHa-
TOPHMX dhopMyn abo «TpuKyTHUKa lMackansy.

CyuacHoro Burmsgy 3ragaHi KomoiHaTopHi dhopmynu Habynu 3aBAsKN cepeaHbo-
BiYHOMY BYeHomy Jlesi 6eH leplioHy (XIV cT.) Ta dpaHLy3bKOMYy MaTteMaTuky
Mepy Epirony (XVII cT.).

Y Il cT. H. e. cupiricbkmin dinocod Mopdupin Ana knacudikauii NOHATL CKnas
ocobnuBy cxeMy, sika oTpuMana HasBy «apeBo Mopdwmpisa». 3apas nogibHi nepesa
BMKOPUCTOBYIOTBCH ANS PO3B’A3yBaHHA MEBHWX 3adad KOMOGIHAaTOpWKM B pisHOMa-
HITHUX rany3ax 3HaHb. [leski paHile HeBigoMi KOMOIHATOpHI 3agadi po3rnsiHyB
Jleonappo [MisaHcbkni (PiboHauyi) y ceoin npaui «Liber Abaci» (1202 p.), 3okpema,
NPO 3HAXOMKEHHS KiNbKOCTi rMp, 3a OOMOMOrOK AKX MOXHAa BigMipATW Bary, Lo
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€ uinum uncnom Big 1 oo 40 dyHTiB. 13 YaciB rpeybknx matematmkis 6yno Biaomo agi
MOCIiAOBHOCTI, KOXXEH YNeH SKMX OTPUMYyBanu 3a MEeBHWUM MpaBuUIIOM i3 nonepea-
Hix, — apndMeTn4Ha i reomeTpudHa nporpecii. HatomicTb B ogHin i3 3agay OiboHauui
BrepLue BuKopuctas hopMysny 3agaHHa YreHa NnocnigoBHOCTI Yepes ABa nonepes-
HiX, 9Ky HasBanu pekypeHTHow. Hagjani metoa pekypeHTHUX ¢bopMyn CTaB OOHUM
i3 HANMOTYXXHILUMX ONS PO3B’si3yBaHHS KOMOIHATOPHMX 3adaq.

Xou 5K AMBHO, PO3BUTKY KOMBIHaTOPMKM 3HAYHOK MipOK NOCMPUANN a3apTHi irpu,
sKi Habynun Heabuskoi nonynsapHocTi B XVI cT. 3okpema, y ToW 4Yac NuUTaHHsS BU3Ha-
YEHHS! Pi3HOMaHITHMX KOMBIHaLiM y rpi B KOCTi NPUCKININMBO po3rnsgany Taki Bigomi
iTanivcbki MatemaTtuku, sk bknponamo KapgaHo, Hikkono TapTtanbs Ta iH. A HannoBs-
Hilwe ue nuTaHHa gocniave anineo Maninen y XVII cT.

CyyacHi KoMBGiHaTOpHi 3agadvi BMCOKOro piBHSA MoB’si3aHi 3 06’ekTaMy B iHLWINX
ranys3sax MaremMaTuku: BU3HAYHWKaMW, CKIHYEHHUMMU reoMeTpiaMu, rpynamu, mate-
MaTMYHOHO JTOTIKO TOLLIO.

[‘? Lo BuB4yae kombiHatopuka? O ChopmyntonTe kKoMBIHATOPHI NpaBuna cymu i oGyTKy.

o

§ Fosb axims 3agaui ma buxouaime bnpabu

il 22.1. Ha rapinmi gexuts 5 a06ayk i 8 cauB. CrinbKoMma crocobamu

3 TapiJIRI/I MOMHa B3ATHU:

1) onguH QPYKT; 2) ogHe AOJMYKO If OOHY CIUBY?
22.2.V wnaci 10 ionakiB i 15 giBuar. CKimbKoMa crocobaMu MOKHA BHU-

opaTu:

1) yunsa i3 mpOro KJacy; 2) mapy yuHiB — 1oHaKa i giBumHy?

22.3. KocTioM cKJagaeThbesa 3 01y3ku Ta cuiguuili. CKiIbKY PisHUX KOCTIO-

MiB MOKHA CKJIACTH 3 5 BUAIB O0/y30K i 4 BuUAiB cOigHuIils?

22.4.Y wmarasuHi € 7 BuaiB pydok i 5 BuzmiB somwuriB. CKinbKoMa cmoco-

6aMu MOXKHA 00paTH KOMILIEKT 3 OfHiel pyuKu i ogqHOrOo 30mIuTa?

i2 22.5. CKinbKM YOTUPUIIUMPOBUX UMCEJ MOKHA CKJIACTH 3a JOIOMO-

romo 1udp 5, 6, 7, 8, AKINO MUMPU B YNCTIi HEe IIOBTOPIOIOTHCI?

22.6. CKinmbKu TpuiiudpPoOBUX UKCEJ MOKHA 3aIMCaTHU 3a JOIOMOTOI0 TP

1, 2, 3, akmo nudpu B YKUCIi He IIOBTOPIOIOTHCA?

22.7. CkinmbkomMa cmocobaMm MOKHA BUOpaTH Iapy 3 OXHOTO T'OJIOCHOTO

¥ OHOTO IIPUTOJIOCHOTO 3BYKiB Yy CJOBi «CTymeHT» ?

22.8. CKinmbKoMa crmocobaMmy MOKHA BHUOpaTH Hapy 3 OMHOTO TOJIOCHOTO

1 OZHOIr0 MPUTOJOCHOIO 3BYKiB y CJIOBi «(pyHKI[isI»?

22.9. Ckinmbroma crmocobaMu MOMKHA BUIHMKYBATH B pAL 6 yuHiB?

22.10. 10 yyacHUIb IITIaXOBOTO TYPHIPY TI'PailoTh y 3aji 3a 5 CTOJIMKaAMU.

CkinbKkoMa cmocobaMy MOKHA PO3MICTHUTH IIaXiCTOK 3a CTOJaMU,
AKIMO y4YacHUIl Bcix mapriii i KoJip ¢iryp, AsKMMHU BOHU TI'PalOTh,
Bimomi?
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22.11. I3 cena A mo cena B BenyTs 3 goporu, a 3 ceaa B mo cena C — 2 mo-
poru (maxa. 22.5). CkizbKoMa cmocobaMu IIOIIITAp MOKe ITPOMTHU Bin
ceaa A go ceaxa C?

Man. 22.5

22.12. KoxxHy KJIiTUHKY KBagparTHol Tabmumi 2 x 2 (maj. 22.6)
MO:KHa modapOyBaTH B 3ejieHMii ab0 UYEepPBOHUU KOJIip.
CKifbKY € pisHuUX BapiauTiB poadapOyBaHHA ITi€l Tabamiri?

i3 | 22.13. CxkizpkoMa cmocobamMu 3 5 wieHiB mpesupmii 30opis Maut. 22.6
MOKHa BUOpaTH IroJIoBy 300piB i cexperapsa? B

22.14. Y cekIiii Jerkoi aTJeTHKU TPeHYIOThcA 8 cmoprcMeHiB. CkigbKoMma
crmocobaMu MiK HMMH MOMKHA PO3MOAiauTu eramu ectaderu 4 1mo
100 M (TOOTO KOKEeH i3 YOTHMPHOX aTJIeTiB, IIT0 6epyTh YyUYaCTh B €cTa-
(deti, Mae mpobirTu oAMH 3 eTamiB: mepIuii, abo Apyruii, abo TpeTiu,
abo ueTBepTHii)?

22.15. I'panbHUl KYyOMK migKumaoTh ABiui. CKiIbKK PisHMX map UMce
MOJKHA IIPHU I[LOMY OTPUMATH?

22.16. Monety migkumaioTsb Tpuui. CKiJIBKM Pi3HUX IIOCJHiJOBHOCTEHN BU-
najiaHHA aBepcy Ta peBepcyl MOXHAa Ipu IIbOMY OTpUMATH?

22.17. CRinbKkYy pisHUX TPUIUPPOBUX UUCET, ¥ 3aIUCYy AKUX € TiIbKU He-
napHi nmudpu, MOKHA CKJIACTU, AKIIO:
1) mudpu B YMCIi He IMOBTOPIOIOTHLCS;
2) nudpu B 4MCJIi MOKYTH IOBTOPIOBATHCA?

22.18. CkinbKu pisHUX ABOIM(MPOBUX UHCe], V 3a0ucy AKUX € mudpu 1, 2,
3, 4, 5, MOYKHA CKJIACTH, AKIIO MUMPU B UMCJi:
1) He MOBTOPIOIOTHCH;
2) MOXKYTb IIOBTOPIOBATHC?

22.19. CrinbKoMa crmocobaMy MOMKHA CKJIACTH pAn 3 2 0iInMX KYJILOK, YOp-
HOI, 4UepBOHOI i 3ejieHOl, AKINO 0iJi KYyJIbKH MAIOTh PO3TAIIIOBYBATHCS
3 000X KiHIIiB paAxy?

22.20. CkinmbKkoMa cmocob0aMM HA KHUMKKOBINM IIOJMHIII MOKHA PO3CTABUTHU
MiAPYYHUKH i3 IIIeCTH Pi3HUX MPEIMETIB TaK, 11100 MiIPyYHUK 3 aareo-
pu O0yB Kpaiinim jgiBopyu?

i4 22.21. CkinbKHM pPIBHUX MIECTUIUMPOBUX UHMCEJI MOKHA CKJACTHU
iz mudp 0, 1, 2, 3, 4, 5, AKIIIO B KOMKHOMY UKCJIL IIU(PU He IIOBTOPIO-
IOTbCs?

1 Agepc (mpocTopiuHa HaszBa — «Opes», ab0 «repO») — JIUIBLOBUI OGiK MOHETH;
pésepc (mpocTopiuma HasBa — «pellIKa») — OiK MOHETH, Ha SKOMY 3a3BUYAl PO3-
MilllyeThCA HOMiHAJ MOHETH.
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22.22. CKinpKu pisHUX YOTUPUIM(PPOBUX UKCEJ MOKHA CKJIACTH i3 Iudp
0, 2, 4, 8, aximo Mu@pPU B YNCJTIi He IIOBTOPIOIOTHCI?

22.23. CKinbKM PisHMX HNPAaBUJILHUX HECKOPOTHUX APOO6iB MOKHA CKJIACTHU
i3 uucen 2, 3, 5, 7, 12?

22.24. YV rypuipi «Ky6ox Baciokis» rpaso 10 maxicriB, KOoiKeH 3 SKUX
3irpaB mapriio 3 KOXKHHM i3 cynepHuKiB. CKiabKu maprtiii OyJso 3i-
TpPaHo B IILOMY TYPHipi?

22.25. Y 3MaraHHaxX mapajiMmmiiiis 3 ¢yrboay B3sam yuyacTb 16 xomamnm,
KOJKHA 3 IKMX IPOBeJIa II0 ABi 3yCTPiui 3 KOKHOIO iHIIIOI0 KOMAaH/IOIO.
CkinpKy MaTuiB BigbOyaoca y mux 3MarauHax?

22.26. CKimTbKU Pi3HUX HEMapHUX YOTUPUIHNMPOBUX UHCEJ MOXKHA CKJAacC-
™ i3 udpp 2, 3, 4, 5, 6, AKITO MUPPU B YKCJIi HEe TOBTOPIOIOTLCA?

22.27. CKinmpKM piSHMX NapHUX TPUIIUDPPOBUX UMCEJ MOKHA CKJIACTH i3
nudpp 1, 2, 3, 4, 5, axIimo Mu@pPU B UNCJIi He TOBTOPIOIOTLCI?

©) Bnpabu grd nobmopenns
22.28. CmopocTiTs Bupas:
1) —4x(3x + 9) + 1,5x(8x — 2); 2) (x = 2)2 = (x + 1)(x — 1).

22.29. 3HaliiTh KOOPAWHATH TOYOK mapabosau y = 2x — x2, y AKUX cyMa
abciucu i opAMHATH OOPiBHIOE 2.

22.30. Po3B’s:KiTh piBHAHHA:
1) 2x3 + 3x2 — 5x = 0; 2) x3 - 3x2 - 4x+12=0.
22.31. ITo6yayiite rpadik pisaanus |x — y| = 3.

Xummeba mamemamuxa

22.32. MaticTep cmopTy B3 JIeTKOl aTJIETUKU Mijf 4ac TPeHyBaHHA IPoOir
400 ™ 3a 50 cexkyHa. 3HAWAITL HOTO cepelHIO IIBUAKICTL HA AUCTAH-
mii. BigmoBigps mogafiTe B KijiomeTrpax 3a TOAUHY.

@ Likabi 3agavi — nomipkyd ogHaue

22.33. (MixcnapoOnuii mamemamuyrnuii koukypc «Kewnzypy», 2016 pik.)
Y xaaci 20 yumiB. ¥Yci cugars 3a mapraMu Mo aBoe. PiBHO TpeTmHa
XJIOIIIIB CHUANUTL i3 AiBuaTaMu, i PiBHO IIOJIOBUHA MOiBUAT CHUIUTD
i3 xgonmamu. CKiJIbKM XJIOMIIB ¥ KJaci?

§ 23. BunaakoBa nopais.
YacroTa Ta MMOBipHicTb BUNaAKOBOI noA,ii
1. Bunagkosi gocnign. Bunagkosi nogaii

Bymb-aka TouHa HayKa BHBUYAE€ He caMi sABUINA, IO BigOyBamOTbCSA
B IIPUPOOi, a iX mMareMaTWUHi MomeJri. ¥ MaTeMaTHUYHHX 3aJadax dYacTo
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pOSTIIAmAIOTECA ABUINA, AKi, 3aJIeKHO BijJ MeBHHUX yMOB, MOXKYTb abo Bin-
oytucsa, abo He BimbyTucsa. Taki s6uwa Ha3UBAIOTL 8UNAOKOBUMU.

Teopis UmosipHocmell — MaTeMaTUYHAa HayKa, III0 BUBYAE 3aKOHOMip-
HOCTi BUIIaAKOBUX SIBUIII.

Hexait mpoBomuThcs IeBHUI OOCHiIA (EKCIEPUMEHT, CIIOCTEePeKeHHHd,
BUIIPOOYBaHHA TOII0), PE3yJbTaT SKOT0 MependauuTu HeMOKJIuBO. Taki
docnidu B Teopii iMOBipHOCTEH HasMBaOTh sunadxkosumu. Ilpu mromy mo-
IiJILHO IIPOBOAUTH JUIIE TaKi mocaigy, siKi MOKHA HOBTOPUTH, Xoua O
TEOPETUYHO, 32 OJHAKOBUX yYMOB JOBiJbHY KiJIbKiCThL pa3siB.

BunagxoBumu pgociimaMu €, HaAIpPHUKJIAL, TiIKUTAHHS MOHETH YU
IpaJIbHOTO KyOWKa, KYIIBJIA JIOTEPEHMHOTO KBUTKA, CTPiabOda mo MilmeHi
TOILLO.

OTixe,

sunadxosuill 0ocnid — e DOCHix (eKCIIepMMEHT, CIIOCTepesKeHHd,
BUIPOOYBAHHA), PE3yJbTAT AKOr0 3aJIeKMTh BiJ BUOAAKY 1 AKUI
MOKHA IIOBTOPUTH 0araTo pas3iB 3a OJHAKOBMX YMOB.

PesyabTaToM BHUIAIKOBOTO JOCIiAY € sunadkosa nodis.

Bunadxoea nodisa — me momisg, AKa 3a OMHAKOBMX yMOB MOKe BimOy-
THCHA, a MOKe M He BimOyTucsd.

IIpukaamaMu BUIIaAKOBUX IONiN € «BUOAMIHHSA OSUHUII IIig uvac min-
KUOAHHS TPaJbHOTO KyOMKa», «BUIAMIHHS aBepcy IIijJ dYac MigKuIgaHHS
MoHeTu», «Burpait 10 rpH mig uac KymiBJii JioTepeiiHoro KBUTKa» Ta iH.
Taki moxii, Ak «saxumaHHa BoAau min uac ii marpiBamusa mo 100 °C» abo
«3MEHIIIeHHs MOBMKUHU APOTY IiJ Yac Horo OXOJOMKeHHA» He MOKHA Ha-
3BaTH BUIAJKOBUMU, 00 BOHU € 3aKOHOMipHUMMU.

Bumnagkosi mozgii 3a3Buyaii MO3HAUYAIOTh BEJIMKUMU JIATUHCHBKUMMU JIiTe-
pamu: A, B, C, D, ...

2. BiporigHa nogisa. Hemoxxnuea nopgis

m Y amuky € auiie 6idi # JYopHi KyJabKu. 3 HHOrO HaBMaHHS
BUIIMAIOThL OOHY KYJbKY. fKi 3 momitt A, B, C, D nmpu nmpoMy MOKYThb
BimOyTuUCS:

A — BUHHATO 0iNy KYJIBKY; B — BUHHATO YOPHY KYJBKY;

C — BUMHATO 3eJIeHY KYJbKY; D — BUMHATO KYJABKY?
Posg’a3anns. OCKiIbKY 3 AIMUKA MOKHA BUNHATH JIUIIE Te, IO B HHOMY
€, TO BuiimaATH Oijy abo YOpPHY KYJbKY MOKHA, a 3ejeHy — Hi. Mo)xkHa
TAKOMK CTBEPIKYBaTH, IO OyAb-AKUI IIpeaMeT, AKNil HaBMaHHA BUIIMA-
IOThb 3 ANUKa, OyJe KyJbKOIO, OCKiIBKM TaM HeMae Hiuoro, OKpim Ky-
abok. OTike, momii A i B MOXKYTh BigOyTucs (a MOXKYyTh i He BimbyTucs);
moxis C He MosKe BigOyTucs, a momisa D o60B’sI3K0OBO BifgOymeThCH.

Bidnosiov: A, B, D.
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ITodiro, Aka 3a JaHUX YMOB OOOB’A3KOBO BimOymeThCd, HA3UBAIOTh
6ipo2zidHo10.

ITodio, Axka 3a MAaHUX YMOB HIKOJM He BimOymeTrhcd, Ha3UBaAIOTh
HeMONCLUBOIO.

Y npurnaazni 1 moxii A i B — Bunaakosi, D — Biporigma moxisa, C — me-
MOJXKJIMBA IMOMid.

3. YacToTa nogpii. BipHocHa yacToTa nogair

Hexaih mpoBoAUTHCA AeAKUN BUIAAKOBUHN MTOCIi, HATTPUKJIA

. IapaJiMOiika poduTts mocTpinu mo mimeHi. Hac mikaBuTh, AK MaTeMa-

TUYHO OIIHUTH ii IMAHCW BJIYYUTHU B MIiIlleHb 3a OJHAKOBUX HE3MiHHUX
YMOB.

1106 1me 3’scyBaTu, PO3TIAHEMO IOHATTA uacmomu nodii Ta 8i0HOCHOL
yacmomu nodii.

SAKIo 3a He3MiHHMX YMOB IIPOBEAE€HO N BHIIAJAKOBMX HOCHigiB i B n(A)
BUNAAKiB moxia A BimOyiacsa, To uuciao n(A) Ha3UBAKOTh “aACINOMOI0

nodii A, a BiTHOIIEHHA — 8i0HOCHOI0 wacmomor nodii A.

n

m Hocaix monsarae B mizkmmanHi Kybmka 150 pasiB mocmiib.
* Hexaii Bunanxosa mozis A — Bunaginuda nrictku. Ilig gac mocaizy 1a mo-
oia BigbOymacsa 24 pasu. Ywmcao 24 e uacTtoToio momii A, a BigHOIIIEHHS

24 4
—— = — = 0,16 e BigHOCHOIO YacTOTOIO HOxil A.
150 25

4. CtaTUCTMYHA MMOBIPHICTb nopail

Bignocua uactora mogii sSMiHHUTBCS, AKIIO 3MiHUTHBCA KiJBKICTH JOCJIi-
IiB abo Oyme mpoBeZeHO iHIITY cepiio MOCTiZiB 3a TMX caMUX YMOB.

I IGELES PisHi BueHi B pisdHI POKM OTPOBOAWIM MOCJiN, AKWUN IIOJIATaB

° y 6araTopasoBOMYy IIiIKUAAHHI MOHETH, Ta PO3TJIAANIHN IIONiI0 A — BUIIA-
minHa aBepcy. PesynabTraTm mmX OOCTiZiB cuCTeMATHM30BaHO B TAOJIMITIO
B HOPSAAKY 3POCTaHHSA KiJbKOCTiI HOCaimiB.

Riznxicrs Kinekicrs | Bimnocna
Ne . Poxu . BUIIAAiHHA | YacToTa,
Hocaigank HiTKUTaHb
3/m KUTTA asepcy, n(4)
MOHETH, 1 AL
n(A) -
1 | Kopx me Bropdon | 1707-1788 4040 2048 0,5069
e Moprau 1806-1871 4092 2048 0,5005
3 | Binbam Pemiep 1906-1970 10 000 4979 0,4979

O 21




PO34iIN 4

O
IIpodosicenns mabauui
Rizskicrs KinskicTts | BimHocHa
Ne . Pokn . BUNaTiHHA | YACTOTA,
Jocaimauk MiIKUTaHb
3/m SKMTTS aBepcy, n(A)
MOHETH, N e
n(A) -
4 | Kapa Ilipcon 1857-1936 12 000 6019 0,5016
5 | Bimeam Cremmi 1835-1882 | 20 480 10379 | 0,5068
HxeBoHC
6 | Kapa ITipcon 1857-1936 24 000 12 012 0,5005
7 | Beesonon Poma- 1879-1954 | 80 640 40 151 | 0,4979
HOBCBHKUIA

3po3yMijsio, 110 MOHETH B AOCJHifaxX Pi3HUX yueHHUX OyJau pisHUMU, ae
caM JocJifn i moxiio, IKy BOHU POBIJISAAJIN, MOYKHA BBaYKATH OJHAKOBUMU.
I0Ii mocaigu, mpoBefeHi pi3HMMUN BUeHMMU B Di3Hi emoxu B pi3HUX Kpai-
HaX, JaloTh IPUOJM3HO OSHAKOBUII pe3yabTaT: BifHOCHA uacToTa Imomii A
osnusbka o umcaa 0,5. ¥V npomy Bunmaaxy uwmcyao 0,5 HasuBaioTbh cmamiuc-
MuyHOwW UMOBIpHicMI0O Nodil.

SAxmo mig yac mpoBegeHHA OOCUTH BEJIHKOI KiJBKOCTI BHIIATKOBMX
MOCJHIZiB 3HAUYEHHA BiMHOCHOI YaCTOTH BHMIAZKOBOI mogii A € 0Jamu3b-
KHM 0 JEAKOro II€BHOr0 YHCJA, TO I¢ YHMCJI0 HA3HBAIOTh CIMAMUC-
Mmu4Ho UMmoeiprHicmio nodii A.

VIMOBipHiCTh IPUHHATO MO3HAYATH JATUHCHKOIO JiTepoio p (IepIma Ji-
Tepa GpaHIy3bKOTO cjioBa probabilite Ta maTuHCbKOTO probabilitas, 1o me-
PEKJIafacThCsa AK «MOMKJIUBICTL», «IMOBipHiCTE»). OTike, AJA MpuKJIany 4
moskHa sanmucatu: p(4) = 0,5, a6o p = 0,5.

5. 3HaxoaykeHHS MMOBIPHOCTI BUNaaKoBoi noail
fIK pe3ynbTaTy BUNaaKoBOro nocniny
JloxoamMo BUCHOBKY, IITO

MMOBipHiCTF BUIIAAKOBOI MOAil MOJKHA 3HAWTH 3 TOCUTH BEJIHMKOI TOU-
HIiCTIO, IKII0 BUNAAKOBMH TOCJiJ IIPOBOJUTHM BEJHKY KiJBKiCTH pasis.
IITo Gimplre MpoBeaEHO MOCIIAIB, TO OJIMKYMM € 3HAYEHHA BiTHOCHOI
YaCTOTH BHIATKOBOI IOaii M0 iiMOBipHOCTI IIi€i momii.

IloBepuiMocsa mo muTamus, chopMyIbLOBAHOTO Yy HPUKJAAL 2, TOOTO IO
MaTeMaTUYHOI OIiHKU INaHCiB CTPiJbIlA BJIYYUTU B MimieHb. Temep 3po-
3yMijo, 1110 Taky MaTeMaTU4YHY OI[iHKY mae imMoBipHicThb. [ja Toro 1mob
OIL[IHUTH MMOBIipHICTH BJIYUEHHS CTPijblieM y MilneHb (moxia A), HeoOXin-
HO, 1100 BiH 3p0O0OMB JOCTATHBLO BEJUKY KiJMbKicTh mOCTpiiiB (B OJHAKOBUX
ymoBax). Tozxi BigHOCHY uacToTy momii A Mo:kHa OyIe BBasKaTH MMOBipHi-
CTIO BJIYUEHHSA CTPiJbIlA B Mimmenb. Hexail, HaIpuUKJIag, TPOTATOM HEBHOTO
nepioxy 3pod6sero 1000 moctpiniB, 3 AKux 781 BuABuMBCA BIydYHUM. Tomi
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. 781 . N
BiTHOCHY 4acCTOTy 1000 = 0,781 mosxHa BBasKATH MMOBIPHICTIO BIyYEeHHS

IBOTO CTPiJBIIA B I[I0 MiIlleHb.
fAximo Bimoma HIMOBipHIiCTE mOAil A, TO MOYKHA IIPUOJIU3HO OI[IHUTHU, CKiIb-
KU pasiB mofgis A BimOymeTbcsi, AKINO 3p0oOUTH IIEeBHY KiTbKiCTh JOCIimiB.

O

W VIMOBipHiCTh BIydYeHHS JIYIHHUIIL B MimeHb nopiBzioe 0,781.
CKinbKM mpPUOJMBHO BJIYYHUX IIOCTPiJNIiB 3poOUTHL JYYHUIA B cepii
3 50 mocTpinis?

Pose’azanna. Hexait y cepii 3 50 moctpiniB Bayunau x pasiB. Tomi 50

BifHOCHA YacTOTa BJIIYUYHMX HOCTPijaiB. SIKIMO BBakaTu, IO BiHOCHA Yac-
. . . . X
TOTA BJIYyYeHb MPUOJU3HO AOPiBHIOE WMOBipHOCTI, TO 20 ~ 0,781, TobTO

x =~ 39.
Bionosidvs: 39 BIyuYHUX IOCTPiJIiB.

Teopito MMOBIPHOCTEN HEPIOKO Ha3MBalOTb «YYEHHSIM

@W npo Bunagkoeey. Ha 6aratbox Npuknagax MoXxHa BNeBHU-

TMCS B TOMY, LLIO MaCOBi BUNMAaAKOBI SIBULLA TEX MatloTb CBOI

3aKOHOMIPHOCTI, 3HaHHS MPO SKi MOXHA YCMiLLHO BUKOPUCTOBYBATU B NPaKTUYHIN Ai-
ANbHOCTI NIOAVHN.

Lle B paBHi Yacu nogm NOMITUNK, LLO KiNbka MUCAMBLIB, KUHYBLUW CUCK OAHO-
YacHO, MOXYTb Bpa3nTh 3Bipa 3 BiNbLLOK MMOBIPHICTIO, HiXX OgMH MUcnuBeLb. Llen
BMCHOBOK He ByB HayKOBMM, a IPYHTYBABCSl HA CMOCTEPEXEHHSIX | AOCBIAI.

Ak Hayka Teopis MMoBipHOCTeN novana dopmyBatmca B XVII cT. Ha ii po3BuTOK
BMIMHYNN TOroMacHi HaranbHi NOTPedu HaykK i MPaKTMKK, 30KpeEMa B CrpaBi CTpaxy-
BaHHS, SIKe MoLLMploBanocs 3aBAsku GypxrnvBOMYy pPO3BUTKY TOProBENbHUX 3B’A3KiB
Ta nogopoxen. 3pyd4HO0 MOAENMO AN PO3B’A3yBaHHA 3a/ad i aHani3y NoHATb Teo-
pii MoBipHOCTEN Bynn ons BYeHUX asapTHi irpu. [po ue 3a3HayaB [tonreHc y CBoil
kHU3i «[po po3paxyHky B a3apTHin rpi» (1657 p.), 9ka cTana nepLuoko y CBiTi KHUro
3 MUTaHb Teopii MMoBIpHOCTEN. NoganbLwomMy po3BUTKY Teopii nmoBipHocTen (XVII-
XVIII ct.) cnpuanu npaui bnesa [Mackans, Oaniens BepHynni, >KaHa ne PoHa
O’Anambepa, Tomaca CimncoHa, [M'epa ®epma, Tomaca baveca 1a iH.

BaxnuBuin BHECOK Yy TEOPIl0 MMOBIPHOCTEN 3pOOMB LUBEALIAPCLKUIA MaTeMaTUK
Akob bepHynni (1654—1705): BiH 4OBIB 3aKOH BEMNUKMX YMCEN Y HANMPOCTILLOMY BU-
nagKy HesaneXHWx BUNpobyBaHb y KHU3i « AHaNITUYHaA TEoPIs IMOBIPHOCTENY.

1718 p. aHminceknn matematnk Abpaxam ge Myasp (1667—-1754) onybnikyBaB
KHUry «BYyeHHs Nnpo BMNagku», y SKi OOCMiAMB 3aKOHOMIPHOCTI, L0 YacTO MOXHa
crnocTepiratv y BUNagkoBuX siBMLLAX.

YnepLue ocHOBM Teopii NMOBIPHOCTEN BUKNAB dpaHLy3bkuin matematuk 1'ep-
Cim6H Jlannac (1749-1827).

Y noganbLlIoMy TEOPisi NMOBIPHOCTEW Habyrna po3BUTKY 3aBASKU nNpausam dpaH-
uy3a CimeoHa-[leHi NMyaccoHa (1781-1840), a Takox lNMadHyTis Yebuwoa (1821—
1894), AHgpis Mapkosa (1856—1922) Ta OnekcaHgpa JlanyHosa (1857—-1918).

CBiln BHECOK Y PO3BMTOK TEOPIi MMOBIPHOCTEN 3p00MIY N YKpATHCLKI MaTeMaTUKK:
Bopuc MHepeHko (1912-1996), WMocun Tixman (1918-1985), AnaTonin Ckopoxon
(1930-2011), Muxanno AgpeHko (1932—2004).
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@ LLlo BuBYae Teopis nmoeipHocTein? O Lo Take Bunagkosun gocnig? O Lo Take Bunag-

o

koBa nogis? O FAky nopjto HasMBatoTb BiporigHoto, a sky — Hemoxnmeoto? O Lo Hasu-

BalOTb YacTOTOW i WO — BigHOCHOW YacToToto nogii? O Lo HasuBaTb CTAaTUCTUYHOK
MMOBIpHICTIO nogii?

>

=

23.2

23.3.

234

214

Fosb ' sximo 3agaui ma buxonaime bnpabu

23.1. (Vcno.) Ski 3 momiit € BUIIafKOBUMMU:

1) mpu migKMAaHHI rpaJbHOTO KyOmMKa BuOaze 6 OYOK;

2) 3a remuepatypu 0 °C Boma 3amepsHe;

3) mpuabaBIIN JIOTEPEHHNI KBUTOK, BurpaioTh 200 rpH;

4) macTynHuM gHeM Iricasa 1 Oepesus Oyme 2 GepesHd;

5) mpisBuIlle HaBMaHHSA BHOPAHOTO AeB’ITUKJIACHUKA IIOYNHATHMETh-
¢ 3 OYKBU «A»;

6) moB:KMHA KoJa pazxiyca 5 cm mopiBHioBaTume 1071 cm?

(Yerno.) ki 3 moxi#t BiporigHi, a AKi — HEMOKJIUBI:

1) conme 3ifige Ha CXO0mi;

2) Ompu TiAKMIaHHI IpalbHOTO KyOMKa BHHOAJe KiJbKiCTh OUOK, IO
Kpartua umeay 11;

3) HaBMaHHsa BubOpaHe TpuiindpoBe YKUCI0, cKIameHe i3 mmudp 7, 8, 9,
BUABUTHCA OinbmuM 3a 600;

4) mBomu(ppoBe YKCIO, CKIameHe i3 mudp 1 i 2, Oyme xkparaum uncay 10;
5) Bumage 6inuii cHir;

6) KimbKicTh AHIB HAaBMaHHS BUOpAHOro Micamda Oynae Oinbioro 3a 317

Axi 3 moxiii BUOaAKOBi, Biporigui, HEMOMKJINBI:

1) BurpaTu mapTiio B IIaX¥ Y CyIepHUKA CBOTO PiBHA;

2) xporoau Oyzae JitaTu;

3) mpu miAKUAaHHI JBOX IPaJbHUX KYOMKiB 3’ABIATHCA OYKH, CyMa
AKUX Oinbina 3a 12;

4) samisueHnHsa moisga «XapkiB — JIbBiB»;

5) 5 TpaBHA HACTYIIHOTO POKY OyJe COHAUHO;

6) HacTyoHUM HEM IIicjisg I’ aTHuIi o0yme cybora;

7) HAaCTYIHUM JHEM MicJsd HOoHeAilIKa Oyae Hemisd;

8) mHeM HAPOMKEHHS JIOAWHU, SKYy 3ycTpinu, oyae 30 uepBHS;

9) nHeM HApPOMKEHHA JIOAWUHU, AKY 3ycTpinau, 6yae 31 uepBHS;

10) BUMiHATH 3e€JIeHy KYJbKY 3 KOPOOKM i3 3eJIeHMMH i YOpHUMU
KyJabKamu?

(Ycuo.) HaBeniTh mo mBa mpuKJIaau BipoTigHOl, HEMOMKJIWBOI, BUIIA-
KOBOI mmogii.

23.5. BunmagkoBuii JoCJIif IMOJNATAB V MiAKUAAHHI I'paJbHOT0 KyOUKa,
nposeneraomy 200 paziB. PesyiabTaTu mociaizy 3ameceHO B TaOJIMITIO.
ITepemasroiiTe ii B 30IIUT Ta OOGYMCIITh BiTHOCHY YacTOTy BUIIaJaHHS
KOKHOTO OKPEeMOTO YHCJIAa.

Yuciao 1 2 3 4 5 6

KinpkicTs BUIagiHHA ymMcaa 3332|3534 |36 | 30

BigHocHa yacToTa BHMIIALIHHSA 4HCJIA
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23.6. Bysno BUKOHaHO II'ATh cepiii mo 50 migKMgaHb MOHETH B KOKHiii. Pe-
3yJIbTATH OOCJiLYy 3aHeceHO B Tabmuiro. IlepemastioiiTe ii B 30IIUT Ta

00UYHMCIiTh BiJHOCHY YacTOTy mojaii A B KO:KHIill i3 cepiii.

Cepia

1

2 3 4

Bunaginaa asepcy (momisz A)

23

26 | 24 | 25

28

Bignocua yacrora momii A

23.7. IlepemamioiiTe TAOJUIII0 B 3OMINUT i OJIA KOXKHOIO OOCJIILY BKAMKITH
OPUKJIAL BipoTifHOI, HEMOMKJINBOI, BUIAAKOBOI IMOMIii.
Ne Tocain Biporinna | HemoskauBa | Bumagkosa
3/m nogisa nogisa nogisa
Buitmanua HaBMaHHS KYJIbKU
1 |3 KOpoOKu 3 6iiuMu i YopHUMU
KyJbKaMu
9 BigpuBauHsa nucTKa y BigpuB-
HOMY KaJieHzapi
3 Buiimanna HaBMaHHA KapTu
3 KOJIOOU KapT
4 CrilagaHusa IBOIU(POBOrO YKC-
Ja i3 mudpp 3 i 4
23.8. IlepemaioiiTe TAOJUIII0 B 3OMINUT i OJA KOKHOTO OOCIILYy BKAMKITH
OPUKJIAL BipoTriHOI, HEMOMKJINBOI i BUIAAKOBOI IMOMmii.
Ne Tocain Biporigna Hemoskaunea | Bumagkora
3/1 nogia nogisa nomis
BursrysaHus HaBMaHHS
1 IYKEePKHU 3 }cf)po6}c?1 i3 my-
KepKaMu 3 0iJIoro i 4opHO-
ro IIOKOJIamy
9 CriagauHs IBOIu()POBOTO
ypcyaa i3 mudpp 8 i 9
3 Busunauenna matu Hapo-
IJKEeHHS JeAKOol JIOOUHN
Busunauenna KigrbKocCTi
4 IHiB HaBMaHHA BUOPAHOTO

POKY

23.9. Bigomo, mro B maprii 31 1000 Garapeiiok 3asBuuaii € 3 GpaKoBaHi.
fAxa imMoBipHicTh mpuabaTH OpaKoBaHy OaTapeiKy 3 Takol mapTii?

23.10. VY zaBoacheKiit maprii, mo maaiuye 10 000 geraneii, 15 € OpakoBaHu-
mu. SIka UMOBipHIiCTH TOTO, IO B3ATa HAaBMaHHA 3 HMapTii AeTasb BU-

ABUTHCA OPAKOBAHOIO?
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23.11. IIpoexmua dianvricms. 1) Koxken 3i 3mo0yBauiB ocBiTy Kiacy mae
mpoBecTu cepito i3 30 migfKMITaHD MOHETH.
2) CrianmiTh 3BelleHy TaOJUITI0O BUMAAIHHA aBepcy (moxmis A) 3a 3pas-
KoM Ne 23.8.
3) O6umcaiTh BimHOCHY uacToTy momii A.
4) 3pobiTh BUCHOBKH.

E 23.12. (¥Ycno.) Crpinens BUKOHAB ABa IMOCTPijaM IO MillleHi: oguH pas
BJYYUB, a Apyruii — Hi. Um MOKHA CTBEpPAXKYBaATU, IMO AJSA I[HOTO
CTPiJIbIlA UMOBIpHICTD BAYUEHHSA B MillleHb 3a TaKMUX YMOB JOPiBHIOE
0,5? Yomy?

23.13. II106 3’sscyBaTH, 3 AKUM KOJHOPOM BOJIOCCS KUTEJiB Y MicTi Haii-
OiypIrre, a 3 AKUM — HaWMeHIIe, JOCJIJHUKY PO3iAMIINCA IO PisHUX
yacTHMHAX MicTa ¥ 3amMcyBaJy KOJIiP BOJOCCS KOMKHOI'O 3yCTPiUHOIO
MeIIKaHIA. Pe3yjbTaTu IILOT0 JOCHiAMKEeHHSA O0yJo 3aHeceHO B Tao-

JUIIO.
Kouaip Bosocesa miaTeHu | OJOHAWHU | OpPIOHETU pyxi
KinepkicTs gdromeit 423 238 222 87

Ominite (i3 TOUuHiCTIO O COTMX) iMOBipHiCTHL TOTO, IO OOpaHUil Ha-
BMaHHA KUTeJIb MicTa:

1) miaTewn; 2) OproHeT;

3) He OJIOHIWH; 4) He pynuii.

23.14. B ymoBax momepemgHbOI 3amadi OIiHiTEH (i3 TOUHICTIO O COTUX) imoO-
BipHiCTE TOTO, 110 O0paHMil HABMaHHA JKUTEJb MicTa:
1) pynnii; 2) GJIOHANH;
3) He ImIaTeH; 4) He OpIOHET.

23.15. Tpoe apysiB OpuHAILIN B KOMI IOTEPHUI KJIy0 i 3maI1 ¢cBoi Kallesro-
xu. Koim BOHM PO3XOAMJINCS IO AOMiBKax, PalTOBO BUMKHYJIOCS
CBITJIO i KOJXKeH y3AB KalleJioX HaBMaHHsA. JIKi 3 HacTyImHMX MOOmil
BUIIAJKOB1, HEMOKJINBi, BiporimHi:

1) Ko)KeH y34AB CBilf Kameaiox;

2) KOXKeH BUHIIIOB 3 KaIleJI0XO0M;

3) yci HagAaTIN UysKi Kalearoxu;

4) 1BOe HAZATJIN UY:Ki Kalleioxu, a OJUH — CBii;
5) oguH HAAATHYB UYKHI KalealoX, a IBOE — CBOi?

23.16. IIpoekmua dianvrHicms. BisbMiTh HesaKUil TeKCT YKPaiHCHKOIO MO-
BOIO, BUOEPiTh Y HBOMY OyIb-IKUX I’ ATh PAAKiIB mocoins. O6UUCIiTDL
BiIHOCHY YacCTOTy B IIUX PAIKaX KOYKHOI 3 OYKB «a» i «¥» Ta mopis-
HANUTe iX.

23.17. Ilpoexkmna disanvHicms. BisbMIiTh TeAKUI TEKCT YKPAiHCHKOI0 MOBOIO,

BUOEPITH Y HbOMY OyAb-AKi JecATh PAAKIB mocHiab. O0UMCIIITEL BifHOCHY
YaCcTOTY B IIUX PAAKAX KOMKHOI 3 OyKB «P» i «d» Ta mopiBHATE iX.

23.18. (Vcro.) Ha ocuoBi 3agau 23.16—23.17 matiTe BimmoBinh Ha 3amuTaH-
Hs: YOMY Ha KJaBiaTypax KOMII'IOTePiB OYKBU «a» Ta «P» PO3TAIIIO-
BaHi OJMKUe IO IeHTPa, a OYKBU «i» Ta «P» — OIMMKUe 4O Kparo.
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23.19. Byxo mepeBipero 1000 meraneii, 3 AKUX 5 BUABUINCSI OPaKOBaHUMU.
1) Cxinbku npubausuo 6paxoBaHuX meraseii 0yae B mapTii 3 1800 me-
Tajgen?
2) CkinpKu npuban3HO AeTajeil O0yjao B mapTii, AKIMO cepel HUX BU-
aByeHno 12 6paxoBaHux?

23.20. Cepen 200 onutanux »xkuteaiB micra 198 maioTh M0oOiIbHUII TeaedOH.

1) Ckinbku mpubau3HO MOOLILHUX TenaedoHiB Oyae B 500 omuranmx
JKUTEJIIB 1[bOro Micra?

2) Ckinbku mpubamM3HO OYJI0 OMUTAHO JKUTEJNIB MicTa, AKIIO cepe
HUX TUX, AKi MaJgu MoOiJIbHUU TeaedoH, BuaBuaocsa 6937

E 23.21. Bigomo, mio meAakuii 6ackeTOoJicT 3i mITpaHOrO KUAKA BIY-
Yyae B KOIIUK 3 iMOBipHicTIO, OinmbImoo 3a 0,8, ane menmioio Big 0,83.
CkinbKku mpubau3HO MITpadHUX KUAKIB BiH BUKOHAB IIiJ Yac TpPeHy-
BaHHSA, AKIIO cepel HUX IIPUIYCTHUBCSI 4 mpoMaxin?

23.22. Bimomo, 1110 CTPiMbUMHSA BJyYa€ B MillleHb 3 iMOBipHicTIO, GiJBIIOIO
3a 0,89, ame menmroro Big 0,9. CKinbKM mpuOJIM3HO IIOCTPiJiB BOHA
BUKOHAJAa Il Yac TpeHyBaHHS, AKIIO cepel HUX crajocs 6 mpoma-
xiB?

©) Bnpabu grs nobmopenns

23.23. Bukomnailite miro:

6a + 7 N 4a + 8

20 -1 1-2a’

23.24. He BUKOHYyOUHN TOOYAOBU, 3HANIITHP KOOPAUHATH TOUOK IIE€PETUHY
rpadikis piBEsEb x2 + y2 = 16 i x — y = 4. Hakpecuits rpadiknm
VX PiBHAHB i IMO3HAUTE 3HAAEHI TOUKH.

7
1 2)32psn2 .
) ) 82900 - 15

23.25. Po3B’s:kiTh HEpiBHICTH
15x + (4x + 1)(3x — 8) > (4x — 5)(4x + 5) + 27.
23.26. Bigomo, mo x; i x, — kopeHi piBHamua 5x2 + Tx — 9 = 0. He
PO3B’ABYIOYM PIBHAHHA, BHAUAITE XX, + x5x;.
xt -4

23.27. IlobynyiiTe rpadixk PpyHKIil Yy = PramrL
x —

XKummeba mamemamuka

23.28. 2025 pory misgau Taki Tapudu Ha eJIeKTPOEHEPTriio IJs CIIOXKUBA-
YiB, AKi KOPUCTYIOTLCA €JIEKTPOOIIAJICHHIM:

Tapud

00cdar crmoXKuBaHHA (vpu 3a 1 kBT - Top, is TI/IB)

— 3a oocar, cuoxutruil 1o 2000 kBT - rox 2,64
eJIeKTpoeHeprii Ha Micaib

— 3a obcar, cuoxxutuil nouan 2000 kBt - rox 4,32

O 217



PO34iIN 4

O
JliunapHUK eageKTpoeHeprii Ha 1 jucromazxa moxkasyBaB 12 615 xijo-
BaT-roauH, a Ha 1 rpygaa — 14 675 kinoar-rogmu. CKijabKU Tpe-
0a 3amIaTUTH 3a eJeKTpoeHepriio 3a jaucronazn? Biamosims mopmatiTe
y TPUBHAX.

@ Likabi 3agaui — nomipkyd ograve

23.29. (3adaua Eiinepa.) 3HAUIITL YKUCI0, YeTBEPTUI CTEIiHb AKOTO, IIO-
IiJIeHW#W Ha IIOJIOBMHY IILOTO umcja i 36inbmrenuit ma 14,25, mopis-
Hiosatume 100.

§ 24. KnacuuHe o3HaueHHS IMOBIPHOCTI

1. KnacnuyHe o3Ha4yeHHS MMOBIPHOCTI

IIpoBoauTy uUMCIIeHHI AOCHiAM JAJA BU3HAUEHHS CTATHCTUYHOI HMOBip-
HOCTi moxii mocuTh BaxKKoO, a iHoAi — HeMmo:KJauBO. IIpoTe B 6ararbox mpu-
KJAIHUX 3aJavyax iMOBipHiICThP MOKHa BUBHAUUTHU, BUKOPUCTOBYIOUM K.JlA-
CUYUHEe 03HAYEeHHA UMOBIpHOCMI.

Posrinsmemo npukiag.

W Y gamuky JexaThb ABI KyJabku: 06isa i yopma. 3 HBOro Ha-
BMaHHS BUMMAIOTh OJHY KYJIBKY.

Posrinaunemo momii:

A — BUHHATO 0iy KYJIBKY;

B — BUMHATO YOPHY KYJIbKY;

C — BUMHATO YEePBOHY KYJBLKY;

D — BUHHATO KYJbKY.

A Bimomo 3 momepemHbOro maparpada, momigs C — HeMOKJIMBA, MMOAiA
D — Biporigna, a mozaii A i B — BUIIagKOBI.

OcKinbKu 61X 1 YOPHUX KYJbOK Yy AIUKY HOPiBHY, TO MOKJINUBiCTH BU-
TATHYTHU YOPHY KYJIBKY € TaKOIO K, AK i O0iny. ¥V dImuKy HeMae iHIIuX
KYJIBbOK, TOMK SAKIIO MOCJiJ i3 BUTATYBAHHAM KYJbKM IIPOBOAUTU Oara-
TOPa30BO, IIOPa3y IIOBEPTAIOYM KYJIBKY B AWK, MOMKHA MiliTU BUCHOB-
Ky, IO IPUOJM3HO B IOJOBUHI BUIIAAKiB Oyle BUTATHYTO 0ily KYJIbKY,
a B iHIIi¥M TOJOBUHI — YOpPHY.

3a rakux ymoB umciao 0,5 (mosoBmHA) — Ie CTAaTUCTUYHA MMOBipHiCTH
BUMIAIKOBOI MOAil «BUMHATU 0iy KYJIBKY».

II1o fiMoBipHiCcTh MOMKHA OTPUMATH, AKIINO KiJIbKiCTh GiINX KYJIBOK, TOO-
To 1, moAiMnTH HA KiIbKicTb ycix Kyabok (1 + 1 = 2).

Ot:xe, chopMyTIOEMO KJAACUUHE O3HAUEHHA [LMOBIpHOCTMI:
MMOBipHiCTP BUMAAKOBOI mOmii A MOpPiBHIOE BiTHONIEHHIO KiJBKOCTI

BHUIIAJIKiB, [0 CIIPHMAIOTHh MOABI momii A, M0 KiJIBKOCTiI BCiX MOSKIMBHX
BUIIAIKiB.
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Y Burasani dopMmysiu e O3HaUYEHHS MOYKHA 3aIUCATHU TaK:

p4) = =,
n

e n — KiJBKiCTh yCiX MOKJIMBHUX BHMNAIKIB, m — KiJBKiCcTh BHIAIKIB,
[0 CIPHMAIOTHh MOABi momii A.

Inoxi fiMmoBipHiCTE MOMAIOTH V BificoTKax, Toai p(A) = 50 %.

2. IMoBipHicTb BiporigHoi, HeMOXMBOI,
BUMaAKOBOI MoAin

IToseprarouncs mo mpuxgany 1, MOKHA JerKO 3HAWTMU HMOBIipHOCTI ITO-
miti B, C i D. Otxe,

1 0 2
B)===0,5; p(C)=—=0; p(D)===1.
p(B) 2 p(C) 2 p(D) 2

OTH{e, JOXOAMMO BaKJIMBOI'O BCHOBKY:

iMoBipHicTs BiporimHoi moxii mopiBHIOE 1, HMOBIpHiICTP HEMOKJIUBOL
moxii mopiBHIoE (; HMMOBipHICTH, BHIAZKOBOI momii Moike OyTH Oymb-
akuM aucaoMm Big 0 mo 1.

3. PiBHonMoOBIpHi nogaii
WmosipHocTi mogifi A i B y mpoMy BuUIOpOOyBaHHI OZHAKOBi, 60
pA) = p(B) = 0,5. Taki moxii Ha3WBaAIOTH PiBHOUMOBIPHUMU.

Pienoiimosipri nodii — mopgii, UMOBIpHIiCTh IKUX OJHAKOBA B JaHOMY
BUIPOOYBaHHI.

Taxosxk mpuUKJIagZaMM PiBHOMMOBiIpHUX mofmiit € momii: «BumamanHs 1
Opy OiJKUIaHHI TI'pajJibHOTO KyOmKa» i «Bumagamuda 6 Opu OigKuUIaHHL

I'paJIbHOTO KyOuKa». VIMOBipHicTh KOXKHOI i3 MUX momiii JOpiBHIOE s

4. 3acTtocyBaHHA ¢popMynu ANns 06UMCIIEHHS MMOBIPHOCTI
A0 po3B'A3yBaHHs 3a4a4

Posrisamemo 11e npukgIagu.

W Iz 30 yunis xaacy 12 maioTh 3 aaredpu OIMiHKK BHCOKOTO PiB-
° Ha. fIka WMOBipHiCTH TOTO, IITO HABMAHHA BuUOpaHuil yueHb KJacy MaTH-

Me 3 aJaredpu OI[iHKY BMCOKOI'o piBHA?

Pose’azanns. Maemo: n =30, m =12, p = mn._ 12

n 30
Bidnosidv: 0,4.
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W OmgHoUacHO HMiAKWHYJIMW ABa TpajbHUX KyOuku. fIka HMOBIp-
° HicTh TOrO, IO CyMa OYOK, AKi BUIAAyTh:
1) mopiBHIOE 6; 2) mewnIa HixK 5?
Posg’azanns. CraazemMo TabIUII0 CYMH OYOK, SIKi MOMYTh BUIIACTU Ha
IBOX IpaJIbHUX KYyOMKaxX IIig uac iX oJHOYACHOTO HigKMAaHHSA. n = 36 —
KiJBbKiCcTh yCiX MOMKJIMBUX TOIili.

- 2 | 8| 4| 5 | 6
1 | 2| 3| 4] 5] 6|7
2 | 3| 4] 56| 7| 8
3| 4|5 | 6| 7| 809
4 | 5 | 6 [ 7] 8| 910
5 | 6 | 7] 8] 9 10|11
6 | 7| 8 | 9 | 10| 11 | 12

1) Maemo 5 BumagkiB, Koo cyMa OUOK Ha 000X KyOMKax HopiBHIOE 6,

ToMy m=951i p =ﬁ=i.

n 36
2) Maemo 6 BumaakiB, KOJIM cyMa OYOK Ha 000X KyOMKax MeHIIa Hix 5.
Tomym=61ip =ﬂ=£:1.

n 36 6

Biodnosids: 1) i; 2) l
36 6

IITGELES YV xopobmi 20 yopHUX KYJIBOK, 25 3ejleHuUX, a pemra — Oii.

* CKinpKm; OiMMX KyJBOK y KOpPOOIi, AKIO MMOBIpPHICTH BUTATHYTH Oiry
KYJbKY:

1 1
1) mopiBHIOE Z; 2) MeHIIIa HiXK g?
Poss’azanns. Hexait y Kopooui x 6ianx Kyanok. Toxmi
n=20+25+x=45+x i m = x.

Or:xe, IMOBiIpHIiCTbL BUTATHYTHU 01Ny KYJIbKY JOPiBHIOE 5 .
+ x

1
1) 3a ymoBorio L —, Tomi 4x = 45 + x; To6TO X = 15.
45 +x 4

x 1 o
2) 3a ymMoBOIO 5 x < 5 1106 po3B’sA3aTu HePiBHiCTH, HOMHOMKUMO ii
+ X

o0MABi yacTUHU Ha gomaTHe uucio 5(45 + x). Maemo: 5x < 45 + x, 3Bin-
Ku x < 11,25.

o . .1
Omixe, AKINO HNMOBiIpHICTH BUTATHYTH Oily KYJABKY MEHINA HIiXK 5 TO

B KOpoOIIi He Ginbine HidK 11 6iiuX KyJIBbOK.
Bionosiov: 1) 15; 2) He 6inbire mimx 11.
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Baacauk Mo6inbHOTO TesedoHa 3abyB ABi ocramHi Iudpu

ceoro PIN-koxy, ane mam’siTae, 10 BOHM pisHi. 3HaliTMm HNMOBipHIiCTH
TOTO, IO BiH OTpHMAae OOCTYII A0 TejedoHa 3 IepIoi cupobu.

Posé’asanua. [IBoma ocranaimu nudpamu PIN-rKoxy mokyTh OyTm Taxi
Kombimarii: 00, 01, 02, 03, ... , 97, 98, 99. Bcroro ix 100. Ane cepen
Hux € 10 xombOimamiii, y akux nudpu oguakosi: 00, 11, 22, ... , 88, 99.
OcKinbKM BJIacHUK TejedOHA ImaMm’ siTae, 110 BCi mudpu pisHi, TO BiH BU-
oupatume i3 90 xombinaiiit (100 — 10 = 90). Orxe, n = 90. 3Hax0AUMO
MUMOBipHiCTh TOTO, IITO BJACHUK OTPUMAE MOCTYH M0 TejaedoHa 3 IepIinoi
cupobu, TodTo m = 1.

1
Toaip=%=%.

Bidnosidv: i
920

@ Ak 3HaWTU UMOBIPHICTL BuMnagkoBoi nogii A? O Aka MMOBIPHICTb y BiporigHoi nogii?
Y HeMoxnumBoi nogii? O Y akmMx Mexax Moxe 3MiHIOBaTUCA MMOBIPHICTb BUMNaAKoBOI Mno-
aii? O Axi noaii Ha3mBaloTb PIBHOVMOBIPHMMU B TaKOMY BUNPOOYBaHHI?

§ Fosb'sximo 3agaui ma buxonaime bnpabu

il 24.1. HasepiTes mpuxaan:

1) piBHOMMOBipHUX ITOIii;

2) mogiii, ki He € PiBHOMMOBIpHUMU B TaKOMY BUIIPOOYBaHHi.
i2 24.2. fIka iiMOBipHiCTB TOrO, IIO:

1) macrynuum gueM Immicaa 30 Gepesusa Oyzme 1 KBiTHSA;

2) HaCTYyOHUM JHEeM IIicjsa moHeninka Oyae BiBTOPOK?
24.3. fIxa fimoBipHicTH TOTO, IIO:

1) macrynuum gueM mmicaa 30 kBiTua Oyme 1 TpaBHS;

2) HaCTYyOHUM JHeM IIicasa cepenu Oyme BiBTOPOK?

24.4. Ha sanutanua BiKTOopmHU Oyjao orpumMano 60 mpaBuIbHMX BiAIOBi-
Iel, y ToMy 4ucyi ¥ TBos. I[JIsg BUSHAUEHHS €IMHOTO IIEPEeMOKILSI Ha-
BMaHHA BUTATYIOTh KapTKY 3 IpisBunieM. fIka iMoBipHicTH TOro, MI10
IpHU3 OJEPIKUII came Tru?

24.5. I3 30 eksamMeHaIiiiHuX 06iJieTiB yueHUIA He BUBUMJA OoguH. IKa fiMo-
BipHicTh TOTO, IITO came Iieii 6ijieT BoHa BUTATHE HA eK3aMeHi?

24.6. Y autury 25 6immnx Kyabok i 15 yopHux. SIKa WMOBipHiCTH BUTATHY-

TV HaBMaHHA 3 AIUKA:
1) 6in1y KyJIBKY;
2) 4YOpHY KYJbKY?

24.7.Y waaci 18 xyomniiB i 12 giBuar. I3 Ki1acy BuOHpaOTh HABMaHHSA O/I-
HOro yuHd. fIka fiMmoBipHicTh TOTO, 110 II€ OyIe:

1) xJomernp;
2) niBuuHAa?
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24.8. Uu € piBHONMOBipHUMU MOMii:
1) A; — 3 20 kapTok i3 umciramu Bix 1 10 20 BUTATHYTH KapTKy i3
yueaom 1;
A, — 3 20 xapToK i3 unciaamu Bijg 1 10 20 BUTATHYTH KapTKy i3 4mc-
aom 20;
2) B, — BuTArHyTH 0iTy KYyJbKY 3 KOPOOKM, y AKili 3 OLTl KyIbKH
i 7 yopHUX;
B, — BUTATHYTH YOPHY KYJbKY 3 KOPOOKHM, y AKilt 3 Oimi KyJabKu
i 7 yopHUX;
3) C, — mpu HmiKMJaHHI TPAJIBPHOTO0 KyOMKa BUIAJIO IIPOCTE YHCJIO;
C, — Ipu MigKKJaHHI IPATBLHOTO KyOMKa BUIAJIO CKJIaJeHe YMCJIO;
4) D, — BUTATHYTH YePBOHUI OJIiBeIlb 3 KOPOOKH, /e IIOJIOBUHA OJIiB-
I[iB YepBOHi, a IIOJIOBUHA — CHUHIi;
D, — BuTArHyTH CHUHIiil 0JIiBellb 3 KOPOOKH, /e II0JOBMHA OJNiBIIiB Uep-
BOHi, a MOJOBMHA — CUHi?

24.9. Bigomo, 1o B maprii 3 1000 meraneii 2 6pakosani. fIka iiMoBipHicTH
TOTO, 1[0 HAaBMaHHSA BUOpPaHAa eTallb:

1) 6pakoBana;
2) akicua?

24.10. Y MmarasuHi BUABHUJIOCA, 1110 B mapTii i3 400 cmapTdouis 2 6paxkoBa-
HuX. SIKa WMOBipHicTH TOTO, 10 HaBMaHHA BUOpaHUH i3 miei maprii
cMapTghoH:

1) 6paxkoBaHMii;
2) aricHuii?

24.11. V KoKy 5 4epBOHUX, 3 3ejieHuX i 2 KoBTuUX s0ayka. HaBmanus

BUOMpPAIOTL OgHe s6yKo. fIKa fiMoBipHicThH TOro, I110 Ie sI0JIYKO BU-

SIBUTHCH:
1) uepBOHUM; 2) seeHUM;
3) uepBOoHUM ab0 JKOBTUM; 4) He yepBOHUM?

24.12. Y xopoOii 6 uepBoHUX, 3 3ejqeHux i 1 cuHil osiBers. I3 KOpoOKu Ha-
BMAaHHSA BUHAMAaIOTh OAUH OJIiBeIlb. SIKa MMOBipHICTE TOIO, IO IIei OJIiBellhb:
1) sesennii; 2) UepBOHMUII;
3) seqenuii abo cuHiii; 4) "He 3eyieHUN?

i3| 24.13. (3adaua I[’Anambepa.) §Ixka ¥iMoBipHicTH TOro, IO 3a ABOX
migKuIaHb MOHETH Xoua 0 OJuH pas Bumajie aBepc?

24.14. 3 marypaabHux uncesa Big 1 mo 30 HaBMaHHA BUOMPAIOTH OnHe. SIka
MNMOBIipHIiCTH TOTO, IIIO IIe YMCJIO € AiIbHUKOM umciaa 307

24.15. fAxa fiMoBipHiCTHL TOTO, IO HABMAHHSA BHOpaHe HaTypaJbHE UMCJIO
Big 1 mo 15 6yme minbHuKOM umcsaa 15 abo mpoctum umciom?

24.16. Maemo HOBUI BiIpuBHUII KaJieHAApP HEBHCOKOCHOI'0 PoKy. Bimpusae-
MO B HbOMY HaBMAHHS OIWH JIMCTOK. 3HAHAITH iMOBipHicTh TOrO, IIO:
1) Ha guCcTRY uucio 1;
2) Ha JucTKy umucjo 31;
3) uncyio Ha JUCTKY TiJIUTHCA Ha 5.
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24.17. Maemo HOBUI BiIpuBHUY KaJieHIap BUCOKOCHOTO PoKy. BigzpuBaemo
B HbOMY OIWH JIUCTOK. 3HAUIITHL iMOBipHiCTH TOTO, IIO:

1) Ha JIUCTKY YHCIO 2; 2) Ha auctry uucjgo 30;
3) umcy0 Ha JUCTKY € KpatHuM uucay 10.

24.18. OgHouacHO HiAKMHYJIM OBa TpadbHHNX KyOomku. fAxa HMoBipHicTH
TOrO, IO HA KyOuMKax:
1) Bumazse ogHAKOBA KiJIbKiCThL OUOK;
2) cyma ouok mopiBHOBaTuMe 10;
3) cyma ouok Oyme He OiabIoO 3a 3;
4) cyma ouoK Oyme ImMapHUM YHCJIOM.

24.19. OgHouacHO MiIAKMHYJIN OBA TPaJbHUX KYyOMKM. 3HAWIITH iMOBip-
HicTb TOrO, II0:
1) Ha KyOMKax BUIIaJAe PisHA KiJIbKiCTh OUOK;
2) cyMa OuOK Ha KyOMKaX JOpiBHIOBATHUME 7;
3) cyma ouoK Ha KyOmkax Oyme He MeHIO0 Bimg 11;
4) cyma ouOK Ha KyOMKax Oylae HelmapHUM YUHCJIOM.

24.20. CkiaagiTh TabIMII0 JOOYTKY OUOK, II0 BUIAJM HA OBOX IPAJIbLHUX
KyOHMKax IIig uac iX ogJHOYACHOIO HMiAKMIaHHS, aHAJOTIYHY OO0 TabJIu-
mi cymu ouok (muB. IIpukaan 3 mporo maparpada). 3HaugiTe iMoBip-
HiCTB TOrO, II0 JOOYTOK OYOK:
1) nopiBHIOBaTHUMe 12; 2) mopiBuioBaTuMe 11;
3) Oyme MeHIIIUM Bin 5; 4) O0yzxe OinbiiuM 3a 26;

24.21. Y KopoOmi JjgexaTh 12 cuHiIX oJiBmiB i Kigbka uepBoHMNX. CKiJabKHI
YEePBOHUX OJIIBIIiB Y KOPOOIIi, IKIITO IMOBipHiCTH BUTATHYTY HaBMAaHHS:
1) cuniii omiBerns — mopiBuioe 0,75;

2) 4epBOHUH OJIiBeIlb — TOPiBHIOE g;
3) cuwmiit oxiBenp — 6inbina 3a 0,5;

.. . 2
4) yepBOHUII OJIiBellb — MEHIIA Bif g?

24.22. Y xopoOii 6 0inmux i KigbKa YOpHUX KYyJbOK. CKIIBKM YOPHUX KY-
JILOK Yy KOPOOIIi, AKIIO HMOBIpHiCTh BUTATHYTU HABMAHH:
1) 6iny kyapKy — mopiBuioe 0,6;
2) HopHy KyJabKy — mopisuioe 0,25;
3) 6iny Kyabky — MeHnma Big 0,5;

1
4) 4opHY KYJbKY — Oijblma 3a Z?

E 24.23. YV kopoOii 3 uopHi pyuKM, KiJgbKa 3eJeHHX Ta KiJbKa uep-
BoHNX. CKiIbKY 3eJIeHUX PYUOK Y KOPOOIIi i CKiIbKY UepBOHUX, AKIIO
NMOBipHiCTh HaBMaHHS BUTATHYTH 3eJeHy PYYKYy pmopisuHoe 0,2,
a uepBoHy — 0,57

24.24. Y myxaani 8 0iamx XycTwH, KilbKa YepBOHMX i KiJIbKa KapTaTHX.
CKimbKM B IMYXJSAAI YEePBOHUX XYCTHH i CKiTbKM KapTaTux, AKIIIO
MMOBipHiCTh HaBMaHHSA BUTATHYTH UEPBOHY XYCTHHY mopiBuioe 0,5,
a kaprary — 0,1?
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24.25. AuToH, igyuu B rocti mo dApunu, npundbaB O6yxer i3 5 6iaux i Kiab-
KOX uepBOHUX TPoAHJ. CKiJIbKM UEePBOHUX TPOAHA y OYKeTi, AKIIIO
UMOBipHicTh BUOpaTH 3 HHOTO HABMAHHSA YEePBOHY TPOAHAY OiJIbIla 3a
0,5, amxe menma Bixg 0,6, mpu MbOMY KBiTiB y OyKeTi HemapHa KiJb-
KicTn?

24.26. Y mwucni nexkuth 10 BapeHUKIB 3 KapTomjelo i KiJbKa BapeHUKiB
3 M’sicom. CKiJIbKM BapeHUKiB 3 M’SCOM y MMCIIi, IKII[O HMOBipHiCTE
TOrO, IO OJWH BUOpaHUII HABMaHHA BapeHUK Oyne 3 M’AcoM, Oiibiia
3a 0,2, amne menmma Big 0,37

24.27. fIxka #iMOBipHiCTBH TOrO, IO HaBMaHHA BuOpaHe ABOIN(GPOBE UMCJIO
minuThesa Ha 37?7

24.28. Kaprku 3 Homepamu 1, 2, 3, 4 BukJaau B pan. Ika MMoOBipHiCTH
TOTO, IO KApPTKU 3 MapHUMU HOMEPaMU ONUHATHCA IIOPAn?

24.29. Iligkugators Tpu MoHeTH. IKa HMOBipHiCTH TOTO, IIMO:
1) aBepciB Bumajge OinbIlie, HiK peBepcis;
2) BuUmaje ABa peBepCH;
3) yci MoHeTH BUIaAyTh OJHIEI0 CTOPOHOIO;
4) aBepciB Bunaje He OijibIlile HixK omgmuH?
IIpoexmua Odianvuicms. IlpoBeniTs cepito ekcmepumentiB. Ilopis-
HANTEe pes3yJabTAaTH eKCIIePUMEHTY 3 TEOPETUUYHUMU HMOBipPHOCTSIMMU.

©) Bnpabu grs nobmopenns
24.30. CkoportiTh api6:
14p*n5
2p8nl0 ’

9a2 — 6a + 1

2
) 9a2 -1

24.31. PosB’s:kiTh piBHAHHS:
1) 6x2 + 18x = 0;
2) 5x2 - 20 =0.
24.32. TloGynyiiTe rpadik QyHKIil y = —4x + x2. Bukopucrosyounu rpadik
GyHKII, 3HAUTITE:
1) o6sacTh 3HaAUEHDb PYHKITIT;
2) IpoOMiKOK 3pOoCTaHHS (PYHKITii.

24.33. [ToBeniTs, 110 3HAUEHHSA BUPaA3y

a—-20 a a-8
(a - 5)2 °(a2 ~ 25 _a2—10a+25]
IomaTHe, AKIINO a < —5H.
24.34. Po3sB’s:KkiTh cucTeMy PiBHAHD

y _x_1

2x y 2
y?2 — bxy + 2x2 = 32.

b
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XKummeba mamemamuka

24.35. Ha rpadiky 300paskeHo0 3aJeKHIiCTh KPYTHOTO MOMEHTY ABUTYHA Bin
KinbKocTi #ioro o6epriB 3a xBuaumnHy (Mau. 24.1). Ha oci abciuc Bia-
KJIaIeHO KiJbKicTh 00epTiB 3a XBUJIMHY, Ha OCi OpOMHAT — KPYTHUM
momeHT, H - M. IIIBuakicTs aBTOMOOiNSA (Y KM/rox) HaOMMMKEHO 00-
YUCaI0I0TE 3a popmyaoio v = 0,036n, ge n — KiabKicTh 06epTiB ABUTY-
Ha 3a XBUINHY. 3 KO HAWMEHIIIOI0 IIBUAKICTIO Mae€ pyxaTHcs
aBTOMOOib, 11106 KPyTHUII MOMeHT OyB He MeHImuM Hixk 120 H - m?
BinmoBizes mogaiiTe B KijtomeTrpax 3a rogumy.

H: ™/

140
120
100
80
60
40
20

0 1000 2000 3000 4000 5000 6000 06/1213
Mai. 24.1

@ Likabi 3agavi — nomipkyi ogHave

24.36. Bigomo, 1m0 piBHAHHA ax? + bx + ¢ = 0 He Mae KOpeHiB
ia+ b+ c<0.Yu MoKHA BUSHAUYUTHU 3HAK uuciya ¢? Y pasi crBepa-
HOI BigmoBini BkasKiThL 3HAK uucia C.

§ 25. lNouaTkoBi BiflOMOCTi NPO CTaTUCTUKY.
Cratuctuuni aaHi. Cnoco6u noaaHHsa gaHUx
Ta iX 06po6KHM

1. YaBneHHs Npo MaTeMaTUYHY CTaTUCTUKY

Y npakTuuHiil JiAJbHOCTL JIOAAM YaCcTO JOBOAUTLCA 30UpaTu, 00po0JIs-
TH Ta OCJIMKYBATH PisHOMAaHITHI mami, moB’dA3aHi 3 ABUIAMU, IpoIieca-
MU Ta HOIiAMHN MAacOBOro xapakTepy. Taki maHi HasmBaiOTh CMamucmuy-
numu. Ha sanuranusa, moB’ds3aHi 31 cTaTHCTUUYHMMHU SaHUMM, JOIIOMArac
BifmoBicTH MamemamuuHa cmamucmuka.

Mamemamuuna cmamucmuke — PO3TII MAaTEeMATHKH, [0 BHBYAC
MaTeMaTHYHi MeTOAU CHCTeMaTu3allil, 00pOOKM Ta MOCIiIKeHHA cTa-
THCTUYHUX JAHUX A HAYKOBHUX l IIPAKTHYHUX BHC]‘[OBRiB.
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Haspa «craTtucTuka» IMOXOOWTH BiJl JaTUHCHLKOTO status, 10 IepeKJia-
IAaeThCA AK «CTaH», «CTAHOBUIIE».

MaTemMaTHYHa CTATHCTHKA TiCHO MIOB’si3aHa 3 Teopi€ro HMOBipHOCTEI.
O6uaBi i MaTeMaTHWUHi AUCHUILIIHKM BHUBUYAIOTH BuUIagkoBi moxii. Teopis
MMOBipHOCTEl HAa OCHOBI MaTeMaTWYHOI MOJeJli poOMTHL BUCHOBKHU IIPO pe-
aJbHi IIpollecu, a MaTeMaTHYHA CTATHUCTUKA BCTAHOBJIIOE BJIIACTHUBOCTI Ma-
TeMaTUYHOI MOJeJIi, BUXOOAYMN 3i CIOCTepe’KeHb Ha OCHOBI CTATHCTUYHHUX

ITaHUX.

2. OTpMMaHHSA Ta cucTeMaTU3aUis CTaTUCTUYHUX OAHUX

w Ilin vac gepskaBHOI HiCYyMKOBOI arecrallii 3 MaTeMaTHKU

* 50 meB’ATUKIACHUKIB / [eB’ATHUKJACHUIIb OTPUMAJM Taki Oanm:

5 10 4 7 8 9 6 4 11 6
9 2 11 5 6 7 5 8 6 10
8 7 3 10 8 12 9 6 11 7
11 5 6 4 7 5 3 9 5 10
4 6 7 9 8 4 7 5 7 6

Cucmemamu3yemo 11i faHi 3a piBHAMU HaBUAJHLHUX AOCATHEHb y BUTJIALL
Tabauii: mouaTkoBuii piBeHb (1-3 Oanu), cepenHiii piBeub (4—6 GaiiB),
mocraTtHiil piBeHb (7—9 0aniB), Bucokuit piBensb (10—12 6axiB). V mepiumii
CTOBITYMK 3aIllUINIeMO Ha3BU PiBHIiB HaBUAJNLHUX MOCATHEHLb. Il KOXKHOI
OIIiHKK POOMTHMMEMO MO3HAYUKY PHCKOI0 B APYrOMY CTOBOUUKY, V PAn-
Ky, AKMU BiANOBiJlae PiBHIO HAaBUAJNBHUX JOCATHEHBL. ¥ TPETifl CTOBOUUK
3aIuIleMO CyMapHY KiJbKicTh YUYHIB / yUYEeHUIb, AKi OTPUMAJU OIIHKY

BimmoBigHOTrO piBHS:

PiBens HaBYAJIBHUX Hip;pa;gynorc KiJTbKOCTI Cyma
JOCATHEeHb YYHIB / y4eHUIH
ITouaTkoBUT [ 3
CepenHiit LA L Loy ey 20
HocraTHiit L) L LE T 18
Bucoxunit L T 9

3. Cnoco6u nogaHHA CTaTUCTUYHUX OAHUX

ITicsia o6poOKY pesyIbTaTH CTATUCTUUYHUX MOCTiAKeHb II0Jal0Th y Hali-
OiJMIBIII HAOUHOMY Ta CTHCJIOMY BUTJIAMI, HANIPUKJIAL 34 JOIOMOTOI0 Tab-

Junkb, rpadikis, giarpam!.

LJTimi#igi Ta cToBmuacTi giarpamu OyayBaidu y 5 Kiaci, a Kpyrosi — y 6 kJaci.
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m HOI[aMO pe3yJjabTaT CTaTUCTUYHOI'O ,IIOCJIiI[HCEHHH 3 HpI/IR.JIa-

©0000000000000000CCOCOCOCROROROOOOROOOOOIOEOTDTS

oy 1 kimpkoma cmocobamm.
1) ¥V Buraani mabauui.

PiBeHs HABYAJBHUX TOCATHEHb KixbpKicTh yuHiB / yUYeHUIIH

ITouaTkoBuit 3

Cepenmiit 20

HocraTHii 18

Bucoxwuit 9

abo
PiBensr HaBUaB- . ‘o ‘o .
ey ITouaTkoBuit Cepepguint HocraTHii Bucoxwuit
KiabkicTe yuHniB / 3 20 18 9

yYeHHIb

2) ¥V BuraAni cmosnuacmoi diazpamu, AKYy B CTATHUCTHUII HABUBAIOTH 2iC-
mozpamor (man. 25.1).

D

N B OO0 DONR OO

KinpKicTh yuHIB / YUEHUITH

[louyaTkoBUI epefHin HocTaTHin NCOKUI

PiBHi HaBUAIBHUX LOCATHEHDL

Mau. 25.1

3) ¥V Buraani kpyzosoi diazpamu. Ha manoHKy 25.2 mogaHo KPyroBy Agia-
rpaMy BiJICOTKOBOTO PO3MOAily KiJBKOCTi YUHIB / yYeHHIh 3a BimmoBin-
HUMU PiBHAMHU HaBUAJbHUX JOCATHEHbD.

Cepenniit

ITouaTxkoBUii piBenD

piBeHBb
Bucoxuit HocratHi
piBeHb piBeHB

Mau. 25.2

227




PO34iIN 4

O

PesyabraTit CTAaTUCTUUYHUX OOCJHiM:KeHb ITOAAIOTH y BUIIAAI rpadika
y pasi, KoJM CTaTHUCTHUHI maHi BimoOpasKaloTh 3MiHM OeAKOl BeJUMUYMHN
OPOTATOM II€BHOTO MPOMIMKKY uHacy (KimTbKoX AHIB, MicAIiB, poKiB).

W YV rabauii nomamo uuctuit npubyrox POII (y Tuc. rpH) mo
* KOXXHOMY 3 OCTaHHiX BOCbMHU POKiB.

Pik 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Hpubyrok, | o455 | 996 | 401 | 453 | 501 | 623 | 745 | 821
THC. TPH

ITomamo 1i craTtuctuuHi gaui y Buraani epagika (man. 25.3).

THC. |
TPH

8007
7001
6001
5001
4007
3007
2007
100+

\

821

2018 2019 2020 2021 2022 2023 2024 2025  pik

Masn. 25.3

>
>

IlogaBaTu pe3ysnbTaTy CTATUCTUYHUX MOCJiMKEHb y BUIJIALL TaOMUIb,
nmiarpam, rpadikiB Mo:KHa, BUKOPHUCTOBYIOUM Ha KOMII'IOTEpPi CIelliajbHi
mporpamui 3acobu, Hanpukian Microsoft Excel abo amaJioriusi mporpamu,
3 AKMMU BU B)Ke HaBUWJINCA IIPAIIOBAaTU Ha ypokKax iHhpopmaTuru.

4. CepeHE 3HAUYEHHS CTaTUCTUYHUX BUMIPIOBaHb

Cepeanim 3HAYEHHAM cmamucmuiHux 6umipm6anb Ha3uBaKTh

cepeaHe apmbme’rnqne CTAaTUCTHYHUX NTAaHUX.

Haragmaemo, 1110 OJ1s1 TOro Io0 3HANTU cepemHe apudMeTUUHE KiJIbKOX
yuceJ, Tpedba cyMy X YMCeJ IMOJIJINTHU Ha KiJbKiCTh IUX YMCeJI.

228

O



OCHOBU KOMGiHAMOpUKU, meopii imoBipHOCmMeli ma cmamucmuku

O
fAxum € cepente sHaueHHA uncroro npudbyTry POII 3a ocraH-
* mix Bicim pokiB (muB. Ilpukaan 3)?
253 + 296 + 401 + 453 + 501 + 623 + 745 + 821

8

Posé’azanns.

= % =511,625 (Tuc. rpH)

Biodnosiov: 511,625 Tuc. rpu.

@ Aki paHi HasuBawTb cTatucTnyHuMm? O Lo BMBYae matematuyHa ctatuctuka? O Ak
g nogarTb peaynbraTi CTaTUCTUYHKX docnimxkeHb? O Lo y cTaTucTuui HasneakoTb ricTo-
rpamoto? O Lo Ha3vBaloTb cepeHiM 3Ha4YEHHSIM CTaTUCTUYHMX BUMIPIOBaHb?

§ Fosb ' aximb 3agaui ma buxonaime bnpabu

il] 25.1. Ilixg vac 1mMOopiYHOrO0 MEAMYHOTO OTJIAAY BUMipAau (y cM) 3picT

IecsAaTH CTYAEeHTOK i oTpuMau TaKi mami:
169; 173; 167; 169, 172; 170; 171; 175; 164; 173.

3HalgiThL cepefHe 3HAUEHHS IIUX BUMipIOBaHbD.

25.2. Bumipanu (y M) 3picT gecsaTu OeB’STHUKJIACHUKIB, IO B3AJAM YUACTb
y KouKypci «MysKHicTh KJacy», 1 oTpuMau Taki maHi:

1,67; 1,72; 1,68; 1,70; 1,73; 1,80; 1,68; 1,81; 1,78; 1,67.

3HaNOIThL cepefHe 3HAUEHHS IIMX BUMipIOBaHb.

iZ 25.3. Y Tabuulli mogaHo CTATUCTUYHI AaHI IoA0 Micib, AKi mocigasa

dyTboabHA KOMaHIa «30ps» IPOTATOM JECATH OCTAHHIX UeMIIioHaTiB
Yxpainu 3 pyrooay. 3a ganumu Tabauili mobyayiite rpadik.

Pix 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Micue 4 3 4 5 3 3 4 3 10 7

25.4. Y Tabauili mogaHO CTATHCTHUYHI JaHIi IM0J0 KiJIbKOCTI Memaseii,
AKL 3m00ysmm yKpaiHCBbKiI CIIOPTCMEHHN Ta CIOOPTCMEHKH Ha JITHIiX
Onimmiticerux irpax. ITo6yayiiTe ricrorpaMmy KiJIBKOCTi 30JI0THUX Me-
majei, AKi 3mo0yIu yKpaiHChbKi CIIOPTCMEHM i CIIOPTCMEHKH.

Pix Omximmiagn 3ooTi Cpioui Bpousosi Ycnoro
1996 9 2 12 23
2000 3 10 10 23
2004 9 5 9 23
2008 7 5 15 27
2012 6 5 8 19
2016 2 5 4 11

20201 1 6 12 19
2024 3 5 4 12

1 — Onimmiaza 2020 poxry Bimbynacsa 2021 poxy.
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Y rabauii momaHo CTATUCTUYHI AaHi IOA0 KiJgbKocTi Megmaien, aAkKi
3400yJIM YKPAIHCBhKI IITKOJIAPi Ha MidKHAPOAHUX MATEMATUUHUX OJIiM-
miazax 3a 4OoTHPHU POKUM mocminab. IloGymyiiTe ricrorpamy sarajabHOI
KiJIbKOCTiI MegaJieii, AKi 3400yaIn YKpalHChKI IIMTKOJJAPI Ha MiKHaPOL-
HUX MaTeMaTHYHUX oJiMIriamax.

Pix 3o10Ti Cpioni Bpon3sosi Ycboro
2013 1 3 1 5
2014 2 3 1 6
2015 2 3 1 6
2016 0 2 4 6

25.7.

25.6. BukopucroByroun pmaHi Tabauimi o samaui 25.4, modyayiiTe
KPYroBy OiarpamMy pPO3HOIijJy 30J0THX, CPiOHMX Ta OPOH30BUX Meza-
geit Ha miTHix OniMmmificbkux irpax 2008 poxky.

BuxopucroBytoun mami Tabauii mo 3amaui 25.5, mobyayiiTe KpyroBy
giarpaMy pOSIOAiJy B30J0THX, CpiOHMX Ta OPOH30BUX Mejajieii Ha
Mixxumapoauiit marematuuniii omimmiagi 2015 poky.

©) Bnpabu grs nobmopenns

25.8.

25.9.

ITIima nucbmoBoro crosna cramoBuTh 4000 rpu. fKoio Oyzae IiHA IIHOTO
cToJia Imicas:

1) sHMKeHHS Ha 5 % ; 2) migBunienud Ha 10 % ?

Bigcrams mimk cenamu, 110 mopiBHIOE 18 KM, BeJOCHUIIEANCT IIJIAHYBaB
MOJO0JIaTH 3a IMeBHUU dYac. AJle OCKiJIbKM BiH pyxaBcs 3i IIBUIKiCTIO,
Ha 3 KM/roJ MEHIIIOI0 BiJ 3amjiaHOBaHOI, TO BUTPATHUB Ha AOPOTY Ha
12 xB OinbIlie, HisK IJaHYBaB. 3 AKOIO IMIBUAKICTIO pPyXaBCs BEJIOCH-
megucT?

XKummeba mamemamuka

25.10. ITogaTtoxk wa momamy Bapricte (IIIB) y JltokcemOyp3i cTaHOBUTH

3

15 %, B Yropmuuai — 25 %, a B Ykpaiui — 20 % Bix minm ToBapy.
Ary cymy IIIIB mig wac KymiBiai ILraHimeTa DOBeNeThCS CILIATUTH
B KOXKHiM i3 mmx KpaiH, AKmmo ioro mina (6es II/IB) B Yropuiusi
craHoBuTh 31 250 yropcbKkux GoOpHHTIB, a KypC YyropchbKoro opuHTa
rakuii: 100 yropcbkux ¢opuuTie gopiBHIOIOTE 0,32 €Bpo abo
9,17 rpuBHi.

Likabi 3agaui — nomipkyd ograve

25.11. (Kuiscvka obaacua oaimniada wHux mamemamukis, 2016 pik.)
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CkinbKku icHye TpuUIIM(PPOBUX UMCES 3 HEHYJLOBUMHM IudpamMu, AKi
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§ 26. Bubipka. YmucnoBi xapakTepucTuku BUGipKHu.
padiuHe nopaHHga iHpopmMauii npo BUGIPKY

Y momepesHboMy maparpadi Mu PO3TIAHYJIM IMUTAHHS CHUCTeMAaTH3arii
HEeBEeJMKOI KiJIBKOCTI CTaTHCTHUYHMNX AAaHUX. A gK MOKHA MOCIiAMTH Ta
CUCTeMaTHU3yBaTu SBUIIA MACOBOTO XapaKTepy, TOOTO TaKi, IO OXOILIIO-
IOTh THCAYL UM OijIbIlle JOCHimKyBaHUX 00’ €KTiB?

1. leHepanbHa cyKynHicTb i BUbGipKa

Busuarooum pisHi MacoBi aBUINA, MOCIAITHMKK HPOBOAATH CIEIliaJIbHi
CTAaTHUCTHUYHI mociaimxeHHs. IlepiuM eTamoM CTATHUCTUYHUX MOCIiIKEHDb
€ etan 300py iHdopmMallii CTaTUCTUYHNX TAHUX.

Hexait moTpi6HO BUBUNTH AeAKY CYKYIHICTH 00’€KTiB CTOCOBHO AeAKOI
os3Haku. Hampukianm, AKIO PO3TIAIATA POOOTY IPOAABIIA, TO MOXKHA MO-
CHimKyBaTH MOro 3aBaHTAYKEHICTL IIPOTATOM TOAMHU, HMIBUAKICTH 00CIy-
TOBYBaHHA KJIi€HTA, TUII KJi€HTa, iHImi xpurepii. Posraamaiouwn yuHiB Ta
yVUYeHUIbL AedAKoro 9-ro Kjacy, MOKHA AOCHimsKyBaTu ixHi# 3pict, macy,
po3Mip B3yTTSA, CEPEIHIO YCIIiIIHICTL Ta iHIII ImapaMeTrpu.

I'enepanvha cyrxynHicms — ne CYKyHHICTh ycix 00’€KTiB, mo mimmis-
raloTh JOCIIJKEeHHIO.

Obcsaz eeHepanvbHOi cyKynHocmi, TOOTO UYMCIO OO0 €KTIB JOCJi:KeH-
HdA, MOKe OyTH IOCHUTh BeJMKHUM, a iHoAl I HecKimuemnum!. Hanpukmnan,
MPAKTUYHO HEMOMKJINBO BUMipATH 3PIiCT ycix HeB’sATHUKJIACHUKIB YKpaiHu
a60 posMmip ixHBOro B3yTTsA. AJie Taki maHi moTpiOHi, HaIpPUKJIAL, B3yTTE-
Bilt ¢pabpurli, sKa xoue MaTu iH(poOpMAIlil0 IPO KiJIbKiCTh B3YTTA KOMKHOTO
pos3Mmipy, AKe Tpeba MOIIUTH.

Y moxi6bHMX BUNAAKaX HAWKPAIIIMM CIOCOO0OM AOCJIiIMKEHHS € 6UOIPpKO8i
cnocmepedteHHsa: 3 TeHepaJbHOI CYKYITHOCTI BUOMpAIOTh ii AeAKYy dacTH-
HY — 6U0ipKYy Ta AOCIHIiIKYIOTh 1i.

Bub6ipkoto Ha3MBaOTh CYKYINHICTh 00’€KTiB, BHOpaHUX BHIIAJKOBUM
YUHOM i3 reHepaJibHOI CYKYITHOCTI.

O6car BubipKU 3a3BMYall iCTOTHO MEHIIHNM, HijK 00CAT reHepabHOI Cy-
KYIIHOCTI.

MeTox MaTeMAaTHYHOTO MOCIIMKEeHHA, AKUN IOJATAE B TOMY, IO Ha
OCHOBI JOCIi’KeHHA BHOIPpKU POOJIATHh BUCHOBOK IIPO BCIO T€HEPAJbHY
CYKYIHiICTh, HA3UBAIOTh GUOIPKOGUM MemodoM.

s Toro mo6 y pe3yabTaTi 3acTocyBaHHA BUOIPKOBOTO METOIY OTPH-
MaTH XOPOIIIi OIiHKK TeHepaJIbHOI CYKYIIHOCTi, mOTpiOHO, 1100 BubipKa

I Yacro GyBae HEMOKJIUBO AOCHIAUTHU BCi 06’€KTH reHepaIbHOI CYKYITHOCTI.
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OyJia penpe3eHmamueHol, TOOTO 100 BOHA AOCHUTH IOBHO IIPECTABJAJIA
03HaK! TNeHepaJIbHOI CYKYIITHOCTi, IIT0 BUBYAIOTHCA. Y MOBOIO 3a0e3meueHHs
penpes3eHTATUBHOI BUOIPKM € MOTPHMMAaHHSA BUIAAKOBOCTI Bimdopy, TOOTO
00’€KTH reHepaJbHOI CYKYIIHOCTI MOBUMHHI MaTH OJHAKOBI MMOBipHOCTI IIO-
TPaIUTH y BUOIpKY.

2. Cuctematmsauisa i paHXXyBaHHS BUGIpPKK

JIpyrumM eTamoM CTATUCTUYHUX MOCIiIKeHb € CUCTeMAaTHU3allisd OTpUuMa-
HUX JaHuX (BubOipKu), TOOTO MOAAHHA BHOIPKH Y 3PYYHOMY AJIA HOIAJb-
mIuX i BUTJISOI.

m Yci meB’sAITUKJIACHUKM AEAKOT0 PaWoOHy IHCAIW OOHY H Ty
° caMy IIepeBipOYHYy KOHTPOJBHY POGOTYy 3 MaTeMaTUKHU 34 TEKCTOM paiioH-
' HOT'O yIpAaBJIiHHS ocBiTi. BubipKy ckiaanm 30 HaBMaHHs o0paHUX POOIT

nux paeB’saTukJacHuKiB. Hexaii Bubpani meB’ATHKJIACHUKN OTPUMAJIHU

TaKi OI[iHKH.

4 8 3 7 10 6 8 5 9 7
9 2 6 1 8 4 11 7 10 12
10 5 11 4 7 6 3 8 2 9

Hami 1miel BubGipKM MOKHA CHCTeMaTH3yBaTU B TabOJUITI0 3a KiJbKicTio
HabpaHux O6aJris.

Orpumanmuii 6aj

3a KOHTPOJbHY 112345678910 11| 12
poGoty

KinbkicTs yuHiB 1122|132 |3|4|4]|3 3 2 1

Hami BuOipKM MOKHA TAKOK CHCTeMAaTH3yBaTH 3a PiBHAMUN HAaBYAJIBLHUX

JOCATHEHb.
Pisens ITouaTkoBut Cepenniit HocratHit Bucoxuit
HaBYAJIbHUX piBeHBb piBeHB piBeHb piBeHBb
IOCATHEHbD (1-3 6asm) (4-6 6axiB) | (7-9 6aniB) | (10-12 Gaxis)
Kmblc_lc'rb 5 8 11 6
YuHiB

Omepairito pos3TallyBaHHSA BUMAJKOBUX BeJIUUYWH BUOIPKU 3a MPUHIU-
IIOM HEeCHaJaHHS HAa3WBAIOTh PAHNMCYB8aHHAM BUOipKu. OTiKe, miciid pamxKy-
BaHHA KOKHe HACTYIHEe YHCJIO BUOIpKM He MEHIIe Biff momepegHbOro.

W Y pesyabraTi pam:KyBaHHSA BUOIpKM, PO3TVISHYTOI Yy HIPUKJIA-
° i 1, MmaTuMeMo:
1; 2;2;3;3;4;4;4;5;5;6;6;6; 7;7;7;,7,8;8;8;8;9;,9;9; 10; 10;
10; 11; 11; 12.
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3. BubipKoBi xapakTepucTmkm

TperiM eTamoM CTAaTHUCTUYHUX IOCHiIKeHb € OI[IHIOBAHHSA YMCJIOBUX
XapaKTepuCTUK BUOIPKM, AKi Ife HA3UBAIOTL BUOIPKOBi XapaKmepucmukKu.
Poarisaemo neski 3 Hux.

Poszmax eubipku R — me pisHUIA MiX HaWOIiIpIIMM i HaWMEHIINM
3HAYEHHAMM BMIIAJKOBOI BeJIMUYMHH y BHUOipIi.

Hna Bubipku, PoO3TIAHYTOI vy IpHUKJagax 1-2, oTpuMaeMo
R=12-1=11.

Moda eubipxu Mo — ne 3HaAYeHHHA BUNAJKOBOI BeJIWYWHH, IO Tpa-
IISIETHhCA y BUOipui Haliyactinre.

s Bubipku, po3rasHyTol y npukjaagax 1-2, € nBi moau, me omiHKHT 7
i 8. Moxna sanucatu Mo, = 7, Mo, = 8.

Mediana éubiprxu Me — e cepefUHHE 3HAUEHHSI PAHKOBaHOL Bnﬁiplm.J

Meniama ginuTh paH:KoBaHY BUOIpKY Ha ABi piBHI 3a KiJgbKicTio uac-
TuHU. SIKmIo0 y Bubipii HemapHa KiJgbKicTh BUIIAAKOBUX BEJIWUYUH, TO ii
MeIiaHOI0 € YMCJI0, AKe CTOITh mocepenuHi. Hampukaasn, y paH:KoBaHil
BUOipIIi:

1; 2; 3; 3;[3];4; 5; 55 6,
110 CKJIAJAEThCcsa 3 9 BUOAAKOBUX BEeJIWYUH, MeAiamoio € umcao 3. MoxxHa
sdamucatu Me = 3.
Aximo y BuOipIli mapHe YMCJI0O BUNAIKOBUX BEeJIWYUH, TO HMOT0O Memia-

Ha — cepemHe apudpmMeTHUHe ABOX UYMCEJ, II[0 CTOATH mocepeauHi. Hampu-
KJajI, y paH:KoBaHili BuOipIri:

2; 8; 4;[4];[5]; 5; 5; 6,

110 CKJIAJAETHCA 3 8 BUIIAJKOBUX BEeJIUUYNH, MeJiaHa — Ile cepelHe apudme-

. . 4+5
TUuHe ynuces 4 i 5, m1o croAaTh mocepenuHi paxy. Orixe, Me = T =4,5.
Cepedne snavwennsa 6ubipku x — me cepexHe apucdmermuHe Beix Il

3HAYEHb X{, Xg, X3, eeey X,.

Or:xe, cepegHe 3HaAUeHHA BUOIPKM, POITJIAHYTOI y mpukgagzax 1-2,
3HAXOUMO TaK:

1-1+2-2+3-2+4-3+5-2+6-3+7-4+8-4+9-3 N
30

+ 10-3+11-2+12-1 = 202 =6E = 6,73 (i3 TOUHICTIO 10 COTHUX).
30 30 15
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4. [padiuHe 306parkeHHs iHpopMauii Npo BUGIpKY

PesyabraTit cTaTUCTUYHUX OOCJHIMKEHDb ITiciIsg 00pPOOKM MOXKHA IIOJATU
B HAOUHIN 1 KOMOaKTHi (popmax.

Hexai#i mami BubipKmM cmcTeMaTH30BaHO B TabOJUITIO, e B IIEPIIOMY
CTOBIIIIi 400 PAAKY PO3MillleHO 3HAUEHHSA BUMNAAKOBOI BEJIUYHMHU X, a B
ApyroMy — BiAmOBigHI IM yacTOTH 7.

Ilonizonom wacmom Ha3WBAIOThL JaMaHy JIiHiIO, Biapisku sKoi mocJri-
JTOBHO CIIOJIYYalOTh TOYKM 3 KOOPAMHATAMU (xl, n,), (xz, nz), vees (45 1),
ne X, — 3HaUYeHHS BUINAJKOBOI BeJIMUMHHU, 7, — BiANOBiAHI iM yacToTH.

(EEED vV surasani rabiumni cucreMaTH30BaHO AaHi BUGIDKH IIPO oS-
* Mmip B3yTTa 30 miBuar 9-ro kaacy. Ilobyayemo mosiron uacror (mai. 26.1).

g\ Mauxn. 26.1
Pozmip Yacrora, 10 f---mmmm o
B3YTTH, X n 9}
34 2 81
A0 S A R
35 2 6 |
36 5 538 IS
37 10 471
I e e e e
38 7 e D . |
39 3 ) [ S —— ,
40 1 0 34 35 36 37 38 39 40 ¥

Bu BiKe 3HaeTe, AK TOJAaBaTHU PE3YJbTATH CTATUCTUYHUX IOCJiIKEHb
y Burasaai rpagikis, ricrorpam, Kpyrosux giarpam. Ile moxHa poduTH 3a
JOIIOMOTOI0 TPOTPAaMHUX 3aco0iB, HANPUKJAL, 3aCTOCYBaBIIMU IIPOTPaMy
Excel 3 opicuoro makera Big KomnaHii Microsoft abo amaJjoriusi.

Ha magiorKy 26.2 300paskeHo TicTorpamMy pO3TOIiNy KiJIbKOCTI yUYHIB
3aJIe’KHO Bim oTpumaHoro Oajia, a Ha MAJTOHKY 26.3 — KPYroBy miarpamy
POBMIOIiIYy KiJbKOCTI YUHIB 3aJIe2KHO BiJl piBHA HABUAJBHUX MOCATHEHB. I'ic-
TOrpaMy Ta KPYroBY AiarpaMy moOyIOBaHO 3a JOIIOMOTO0 mporpamu Excel.

Posmogis KiTbKOCTi yUHIB 3aJI€3KHO Posnogin KinbKocTi yuHiB
Bix oTpuManoro 6amna 3aJIeKHO Bifi piBHA HaBYaJIbHUX
AOCATHEHb

piBeHb
20%

HocraTHin

ITouaTKOBMIT
DiBEHb
17%

= N W s ot

Maxn. 26.2 Maan. 26.3
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5. 3acTtocyBaHHS CTaTUCTUYHUX METOAIB
A0 pO3B'A3yBaHHS NPUKNAAHUX 3a4a4

Posrinsmemo, AK MOKYTh OyTH 3aCTOCOBAHi CTATUCTUYHI METOOM IOCJIi-
IJKEeHb IO PO3B’dA3yBaHHA NPAKTUUYHUX 3a7adu.

I IGELES I3 meHTpaJbHOI ILJIOINI HEBEJIUKOTO MicTa BiAIpaBJISIOTHCS

yotupu aBrooycu: Ne 1, Ne 2, Ne 3 i Ne 4. MicueBa Biaga xoue 3 scyBaTH,
Ha AKOMY 3 MapIIpPyTiB Mae OyTu OijbIlle aBTOOYCiB, a Ha SKOMY — MEH-
mie. PosB’a3amusa 1miei mpodseMu mIoB’sA3aHO 3 IEeBHUMHU 3aKOHOMipHOCTSA-
MU Ta 00’€KTUBHUMU YMOBAMMU JKUTTS MEIIKAHIIIB MicTa. 3Buuaiino, Bif-
OOBiAh MOKHA OTPHUMATH, ONMTABINM BCiX MEIIKAHIIB MicrTa, aJje Iie
HAJTO ITOBTO i moporo.

Ha mparkTuii x pobaars 6ubipky, TOOTO ONUTYIOTH BUOIPKOBO KiJbKa
IOeCATKIB UM COTeHb JIOAeH, ITicJA YOr0 CHUCTeMATHU3YIOTh JaHi y BUTJIAIL
radbauii. Hexaii, mHanpukiaan, Oymo omumrano 200 mMemrkaHIiB Micra, IO
KopucTyoThea aBrobycamu Ne 1, Ne 2, Ne 3 i Ne 4. MemkaHelb, AKUH KO-
PHUCTYEThCA KiJIbKOMa MapIIpyTaMHu, MaB Ha3BaTH MapIIPyT, AKUM KOPHC-
TyeThcA Haiiuacrimie. OTpuMaHi cTaTHUCTUUYHI AaHi OyJI0 CHUCTEeMaTHU30BaHO
Y BUTJIAAL TaOGJIMITi:

Mapmpyt Ne 1 Ne 2 Ne 3 Ne 4
KinbkicTs KOpucTyBauiB Mapmpyrty 48 56 36 60

Taxy TabIMII0 HA3UBAIOTL YACMOMHOI0, a UNCJa Y APYyromy ii pagry —
yacmomamu. Ili umcna moOKasyoTh, AK YACTO TPAILIAETHCA y BHOIpIi Te
yy immre sHavenHa. CyMy 4acToT ycix 3HaueHb BUOIpKU HA3WUBAIOTL 00CA-
zom eubiprku. Y Hamomy mpuiJgami obcarom Bubipku € umcimo 200, To6TO
KiJBbKiCTh omHUTAHUX MEINKAaHIIB, amxe 48 + 56 + 36 + 60 = 200.

BidHocHOW Yacmomorw 3HAYeHHA 8ulbipku Ha3WBaIOTh 3alllcaHe Yy Bin-
COTKaxX BiHOIIIEHHSA MOTr0 YacToTu n0 obcary Bubipxu. Hampuxianm, Bin-

48
HOCHAa yacToTa Mapupyty Ne 1 mopiBHIOE 200 100 % =24 %.

fAximo, Hampukaan, micto mae mixk maprpyramu Ne 1, Ne 2, Ne 31 Ne 4
posnogiautu 50 aBTobyciB, To HA MapiipyT Ne 1 morineHO BumianTu 12 as-
To0yciB: 50 - 0,24 = 12, To6T0o 24 % Bigm 50. ITogamo ocTaTouHi pes3yIbTaTH
JOCHiIKeHHs Y BUTJIAAL TaOIMIri:

MapmpyTt Ne 1 Ne 2 Ne 3 Ne 4
YacrToTa 48 56 36 60
Bignocna gacrora 24 % 28 % 18 % 30 %
Ri.n{,lcic'rb aBTOOYCiB, AKi TOIiILHO 12 14 9 15
BUILIUTH

@ Lo Take reHeparnbHa cykyrnHictb? O Lo HasuBatoTb BMGipko? O Y yomy nonsrae Bu-
Gipkoeuit metog? O Lo HasmBatoTb po3amaxom BuUGipkn? O Lo HasunBaoTs MOZOK BU-
Gipkn? O Lo HasuBatoTb MegiaHoto BMGipku? O Lo Take cepeaHe 3HaYeHHs BUGIPKU?
O Wo Ha3mBatoTb NOMiroHoM 4acToT?
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§ Fosb aximo 3agaui ma buxonaime bnpabu

=

26.2

26.3.

26.4.

26.6.

26.7.
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26.1. JlaHo remepajbHy CyKymHicTh i3 30 00’€KTiB:

7;12; 11; 8; 13; 1; 9; 11; 12; 17; 20; 14; 17; 18; 20;

2; 14; 19; 20; 3; 7; 15; 19; 20; 14; 5; 4; 9; 7; 13.

CrBopiTh BUOIPKY Iiei reHepaJbHOI CYKYITHOCTI:

1) ycix 06’eKTiB, IITO0 CTOATH HA MAPHUX MiCIIAX;

2) m’satu 06’eKTiB IOCIiIb, MIOYNHAIOUN 3 TPUHAAIIATOIO;

3) 00’eKTiB, y3ATHUX Uepe3 IBa, MOUYNHAIOUMN 3 TPETHLOTO;

4) mectu 00’€KTiB IOCIIiIb, HOUYMHAIOUN 3 HOMEPa, AKUI BigmoBigae
HOMEPY BaIIIOT0O IIPi3BUINA Y KJIACHOMY JKYpPHAJI.

. llaHo reHepasbHy CYKymHicTh i3 40 00’€KTiB:

7; 19; 21; 14; 30; 9; 17; 22; 21; 8;

13; 17; 22; 9; 20; 3; 15; 21; 11; 1;

3; 19; 20; 24; 27; 12; 14; 19; 13; 14;

29; 17; 21; 30; 25; 13; 19; 8; 1; 5.

CrBOpiTh BUOIpKY IIi€l reHepaJbHOI CYKYIIHOCTI:

1) ycix 00’e€KTiB, II[0 CTOATHL HA HENAPHUX MiCIAX;

2) ceMu 00’€KTiB IIOCIiNb, IOUMHAIOYY 3 ABAHAIIIATOTO;

3) 06’eKTiB, y3ATUX Uepe3 TPU, MIOUNHAIOYU 3 APYTOr0;

4) m’aru o6’eKTiB IOCIiNb, IIOYMHAIOUYM 3 HOMEpa JIiTepu B YK-
paiHchKiil abeTIii, AKa BiAmoBigae mepiImii jiTepi Baimoro imeHi.

Crpinens y n’atu cepisgx mo 10 mocTpisiB y KOKHil BIyYUB Y MillleHb
TaKy KiJgbKicTh pasiB: 7; 6; 8; 9; 6. 3maiimiTh s miel BubipKu:

1) poamax;

2) mony;

3) meniany;

4) cepenHe 3HAYEHHS.

BackerboiicTka B gecATH cepifx mo 5 KUAKIB y KOKHINI BIyumjaa B
KOIIIMK TaKy KigbKicTh pasiB: 2; 3; 4; 3; 3; 1; 5; 3; 2; 4. 3HauigiTs
nasa 1iei Bubipkm:

1) posmax; 2) mony;

3) menmiany; 4) cepenHe 3HAUEHHS.

26.5. 1) IIpoBemiTh paH;KyBaHHSA TeHEPaJbHOI CYKYITHOCTI 00’€KTiB
s3amaui 26.1.

2) 3HaiigiTh MemiaHy Iiel reHepasibHOI CYKYIIHOCTI.

1) IlpoBeniTh paH)XyBaHHS TeHEPaJbHOI CYKYHHOCTI 00’€KTiB 3ama-
ui 26.2.

2) 3HaigiTh MemiaHy Iiel reHepasbHOI CYKYIIHOCTI.

1) 3anoBHiITH TAOJAUITIO 3a JaHUMU 3amadi 26.4.

KinskicTs BayueHb y cepii 1 2 3 4 5

KinskicTs cepiit

2) Ilo6yayiiTe MOJIiroH YacTOT 3a OTPUMAHUMU JaHUMU.
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26.8. 1) 3amoBHiTh TabauIl0 3a faHuMHu 3amadi 26.3.

KinskicTs BayueHs y cepii 6 7 8 9

KixskicTs cepiit

2) ITo6yayiiTe MOJIiroH 4acTOT 3a OTPUMAHUMU SAHUMU.

26.9. IIpugymaiiTe BUbOipKy 3 II’SITH €JIEMEHTiB, MeIiaHOIO AKOI € umcio 7.
26.10. IIpugymaiiTe BUOipKYy i3 ceMu ejieMeHTiB, MeiaHOIO AKOI € UMCJIO0 5.

26.11. Po3smax mesxoi Bubipku mopiBHIoE 9, a ii HalGiabIINi eIeMeHT M0-
piBHiOe 17. 3HAWAITHF HAUMEHINNN eJlIeMeHT BUOipKU.

26.12. Posmax mesaxoi BuOipku mopiBuioe 13, a ii maiiMeHIIWH eJIeMeHT
mopiBHIOE 10. 3HaUAITL HANOiABIINIT eJIeMeHT BUOipKHU.

i3 26.13. IIpugymaiiTe BubGipKy i3 cemMu eaeMeHTiB, MOJOI0 AKOI € UmC-
Jo 7, a MexiaHoOO — 4mciio 9.

26.14. IlpugymaiiTe BUGipKy 3 I’ATHU eJeMeHTiB, MO0 sKoi € umcyo 10,
a MegiaHOIO — umcio 8.

26.15. Bubipka, cepenme s3HaueHHSA AKOI mopisuioe 8,4, CKJIAJAeTbCsa i3
yucen 9; a; 12; 6; 2a. 3HaigiTs:
1) a; 2) menmiany 1iei Bubipku.

26.16. Bubipka, cepenme sHaueHHA AKoi mopiBuioe 10,6, cKiamaeTbcs i3
yucea b; 7; 16; 3b; 10. 3uaiigiTe:
1) b; 2) memianmy 1iel BUOipKwH.

26.17. Ha remedonHi#t craHIii cmocrepiraioTh 3a KiJbKiCTIO HemIpaBUJIb-

HUX 3’¢QHAHb IPOTATOM XBUJIMHN. Pe3ybTaTy CIIOCTEPEKEeHb CHCTE-
MAaTHU30BAHO B TAOJIUIIO.

KinpkicTh HeIpaBUIBHMX 3’€THAHD 0 1 9 3 4
IPOTATOM XBHJINHH, X
KiaekicTs XBMIMH, N 4 10 11 12 3

SHaAWAITL A BUIAAKOBOI BeIUUNHHI X:
1) cepenue 3HaUEHHS; 2) mony;
3) memiamy.

26.18. Ha saBogi crocTepiraioTh 3a KiJabKicTio OpakoBaHUX AeTajied X, BU-
TOTOBJIEHUX POOITHUKOM IIPOTATOM 3MiHU. Pe3yabTaTu criocrepeskeHb
CHUCTEMAaTHU30BaHO B TAOJIMUIIIO.

KinbkicTh OpakoBaHUX 0 1 9 3
JeTajieil MpOTATOM 3MiHHU, X

KinpkicTs 3miH, n 4 5 7 4

SHAUAITL OJIS BUIIAAKOBOI BeJIUUYUHU X:
1) cepenie 3HAUEHHS; 2) mony; 3) memiamy.

26.19. IIpugymaiite BUOipKy, III0 CKJIALAETHCA i3 IMiJIMX UYMCesJ, MeIiaHOIO
AKOol € umcJo 7,5.
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26.20. IIpakmuyne sasdannsa. 1) JlisHaiiTeca OIiHKHW, OTPUMAaHi YUHAMU

Ta YUEHHIIAMHI BaIllOTo KJIACY IIiJ 4ac OCTaHHBLOI KOHTPOJBHOI poboTHu
3 anrebpu. 3a JOIIOMOT'0I0 KOMII'IOTEPHOI IIporpaMu mobyayiTe ricro-
rpaMy 3a IIUMU JTaHUMMU.

2) CucremaTusyiiTe OTpuUMAaHi maHi 3a PiBHAMH HaBUAJLHUX TOCHAT-
HeHb. 3a [OIIOMOTI0I0 KOMII'IOTePHOI IporpamMu HoOyAyliTe KPYyroBy
giarpaMy 3a MIUMU JaHUMMU.

26.21. 1) CucremarusyiiTe B 4acCTOTHY TabJUIlI0 AaHi BUOGIpKH IIPO
po3Mip B3yTTs, AKi oTpuMaHo B pe3yabraTi onmuryBanuA 40 jKiHOK.

36 38 35 37 38 39 36 38 37 38

39 34 37 38 35 36 39 37 38 39

37 39 35 38 36 38 40 35 37 36

38 37 39 36 38 35 38 37 34 36

2) 3HaigiTh YaCTOTH Ta BiAHOCHI YacTOTHM 3HAUEHDb BUOIpKH.

Ilpoexmua Odianvnicms. 3) BayrreBa (habpmka maHye BUIIYCKaTHU
10 000 map ximouoro B3yTTsa IMopiuHo. AAKY KijgbKicTb map B3yTTA
KOJKHOTO PO3Mipy HOIiJILHO BUIIyCKaTH?

26.22. 1) CucreMaTu3yiTe B YaCTOTHY TaOJUITIO JaHi BUOIpKU IIPO PO3Mip

B3YyTTs, AKi OTpHMaHO B pe3yabTaTi onutyBanHa 40 4oJg0BiKiB.

42 | 39 | 41 | 43 | 40 | 42 | 41 | 44 | 42 | 43

44 | 42 | 40 | 38 | 43 | 41 | 42 | 44 | 41 | 43

45 | 41 | 42 | 40 | 43 | 39 | 44 | 41 | 43 | 42

42 | 43 | 39 | 42 | 40 | 44 | 41 | 42 | 43 | 40

2) 3HaAUIiThL YACTOTH TA BiAHOCHI YacTOTH 3HaUeHL BUOipKU.
INpoexmua Odianvnicms. 3) BayrreBa (habprka myiaHye BUIIYCKaATU
20 000 map uosoBiuOTO B3yTTA HIOpPiuHO. AKY KiJIbKicTh map KOMKHO-
TO PO3Mipy AOIiIBHO BUIIYCKATH!?

O) Bnpabu grs nobmopenns

26.23. Bigomo, mio a < b. IlopiBHsaiiTe:
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1)a+3ib+ 3;
2)a-T7ib-T;
3) —ai-—b;
4)212;

3 3
5)2a - 312b- 3;
6)1-Tail - Tb.
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(2)6.24. IToGynyiiTe rpadik QpyHKIiii:
1) y = |a; 2y =xd-2;
3) y =lxl + 3 4) y =|r - 2f;
5) y=lx+3f; 6)y=2—|x.

XKummeba mamemamuxa

26.25. Cucrema HasBiramii, BOymoBaHa y CIMHKY JIiITAKOBOTO Kpicia, iH-
dopmMye TmacaKmpiB mpo Te, IO MOJIT HPOXOAUTH HaA BHCOTI
40 000 ¢pyriB. O6uMCaiTH BUCOTY HOJBOTY B KiloMeTpax. Baaskaiire,
mo 1 ¢yt mopisuioe 30,5 cMm.

@ Likabi 3agaui — nomipkyi ograue

2
. ax? —-8x+a .
26.26. 3a aKuX 3HAUYeHb a PIiBHAHHA ——— =0 Mae equUHHNN

x—2
po3B’a30K?

AOMALUHSI CAMOCTIMHA POBOTA N2 5 (8 22-26)

3aedannsa 1—-12 maroms no wvomupu eapianmu gionosideit (A-I"), ceped
AKUXx auue o0ur € npasuavHum. Obepimv npasuavHuil apianm 8i0nogidi.

i:L ] 1. ¥V kaaci 9 ronakis i 10 gisuar. CkinbKoMa cmocobaMu MOKHA BHOpa-
TH CTApPOCTy B IIbOMY KJaci?

A9 B. 10 B. 19 I'. 90

2. YKRaxiTh, aKa 3 MONill € BUMIAIKOBOIO.
A. HaBmanua BubpaHa gob6a matume 24 ToguHu
B. I'panbuunii KyOUK Mae€ IIiCTh IpaHel
B. HactynuuMm gHeM Iicjasa m’aTHHUIN #ge cyboTa
I'. HaBmanua Bubpane TpuiliudpoBe YMCIO KpaTHe YHCIy (

3. CepemHe 3HAUeHHSA CTATHCTHUYHUX maHux 8, 7, 9, 10 i 7 mopiBHIOE...
A. 41 B. 8,2 B. 7 I. 10,25

i 2 | 4. BunagkoBuil JOCJIi[ HMOJMATAB Y MiAKUAAHHI IPaJbHOTO KyOuKa, AKe
nposegeno 100 pasis. PesyabTatu mocjaimy saHeceHo B TaOmuifo. SIKoro
€ BimHOCHA yacToTa BUHALIHHA ymucia 6?7

Yucao 1 2 3 4 5 6
KinpkicTs BUNAZIHHA yKMcIa 18 15 16 15 19 17
A. 0,17 B. 17 B. 0,017 I.1,7

5. V¥V Habopi HOBOpiUHMX irpalok 6 YepBOHMX KYJIbOK, 3 Oigi i 1 »xoBra.
flxa #imoBipHicTH TOroO, IO B3ATa HaBMaHHS 3 HabOpPy KyJbKa He Oyzae
YePBOHOI0?

A. 0,6 B. 0,4 B. 0,3 Ir.o,1
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6. Ha rpadiky (mais. 1) moxkasaHo, AKi Micis mocizasia BoJieitbonbHaA KO-
maHga «CarypH» OPOTATOM OCTAHHIX II'ATHM UeMMIioHATIiB 00JiacTi 3 BO-
aentboay. fdAxoro pory — 2022-ro uu 2024-ro — xomauga «Carypu» moci-
Ja OijbIIl BHCOKe Micre?
A. 2022 pory
B. 2024 poky
B. 2022 poxry i 2024 pory xomauma «CarTypH» Imocijia ogHaAKOBe Miciie
I'. HeMmox1MBO BUBHAYUTU

Micme 5 A
KOMaHaUu
«Carypa» 4T
3 4
2 4
1 4
2021 2022 2023 2024 2025 pix

Mau. 1

i3 | 7. VY b6ackeTbosbHIM KoMaHIl 3 5 miBuaT Tpeba BuOpaTu KamiTaHa i fioro
sdacrynauka. CKimbKoMa criocobamMu 1ie MOKHA 3p0oOUTI?

A.5 B. 10
B. 20 I. 25

8. Cepex 100 omuTaHMX KUTEJIiB HEBeJIMKOro micta 97 maam MOOIIbHUH
resedpoH. Ke umcao Oyme HaMOAMMKUUM OO0 KiJTbKOCTI MOOIJIBHUX TeJjie-
(domuis, akmo onutatu 200 KuTesiB 1MLoro micra?

A. 194 B. 98 B. 190 I'. 199

9. 3 marypanbHuUX umces Big 1 mo 24 HaBMaHHSA Ha3WBAIOTH OfHe. IKa
MMOBipHIiCTBH TOr0, IO I YMCJIO € AiIBHUKOM uncja 247
1 7 3 1
A. - Bb. — B. — I. —
2 24 8 3
i4 10. CkinbKM piBHUX YOTUPUIIUDPPOBUX UMCEJ MOYKHA CKJIACTH i3 Iudp
0,1, 7, 9, AKIIO B KOKHOMY 4YHMCJIi Mu(pPU HE IOBTOPIOIOTHC?

A. 256 Bb. 24 B. 18 r.9

11. Bigomo, 1o 6iaTIoHicTKa Biyuyae B MillleHb 3 iMOBipHicTIO, 6i/IBIIIOI0 3a
0,8, ame menmoio Big 0,85. fAxe uwmcao HAMOIABII TOUHO BimobGparkae
OpubaN3HYy KiJbKiCTh HOCTPiJIiB mim uac TpeHyBaHHA, SKINO B HUX Oiar-
JIOHicTKa MaJia 14 BiIyYeHb y MiIlleHb?

A. 17 B. 20
B. 22 T. 15

12. ¥V xopo011i 4 YopHi PpyUKH, KiJbKa CUHIX Ta Kinlbka yepBoHUX. CKiIbKHT
CUHiX PYUYOK y KOPOOIIi, AKIIO IMOBipHiCTh HABMaHHSA BUTATHYTHU CHUHIO
pyuky mopiBHioe 0,5, a uepsony — 0,37
A.9 B. 8
B. 12 I. 10
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YV 3aedanni 13 nompi6bHo ecmanosumu 8i0nosidnicme Mixc iHpopma-
uierw, no3nauernow yuppamu ma oyxeamu. O0na 6ionosidv 3aiisa.

i3| 13. Bubipka, cepengHe 3HaueHHsS SAKOI gopiBHIioe 6,2, cKIamaeThCcs i3
uyuces 8; 5; a; 2a; 6. 3HAULITE @ Ta YCTAHOBITH BiAIOBigHICTh MijK BH-
O0ipxoBoio xapakTepucTukoio (1-3) ta ii smauenraam (A-T).

Buobipkosa xapaxmepucmuka 3HaueHHs
1. Posamax Bubipxu A4
. B. 5
2. Moga BubGipKu
; . B. 6
3. Menmiana Bubipku I8

3ABAAHHA ANA MEPEBIPKU 3HAHb AO § 22-26

ij_ ] 1. Ha mosuiri croithk 7 30ipok BipmriB i 3 30ipku omoBizams. CrimbKOMa
crocob0aMy 3 IIOJIUIIL MOMKHA B3SITH:

1) Oyab-ary 30ipKy; 2) 36ipkry BipIiB i 30ipKy omoBimann?
2. fAxi 3 moxiii € BUIIAJKOBUMIU:

1) mixg yac migKuaaHHS IPpaJbHOTO KyOMKa BUOAZe 5 OYOK;

2) mjomia Kpyra, pagiyc sSKOro [IOopiBHIOE 8 cM, JOpiBHIOBaTHMeE
64n cm2;

3) HacTynHUM mgHeM micasa 31 rpyans Oyme 1 ciuns;

4) npundbauuii JoTepeHN KBUTOK BUSABUTHCA BUTPAIITHUM?

3. Buwmipsanu (y cm) 3picT II’'aATH JeB’ATUKJIACHUKIB i oTpuManam Taki maHi:
160, 164, 158, 161, 162.
3HaugiTL A 1miel Bubipku:
1) posmax; 2) cepenHe 3HAUEHHS.

iz 4. Bymo Bukomamo m’ATh cepit mo 100 migKuaaHb MOHETH B KOMKHIiIA.
PesyabTaTu gocaimy sameceso B Tabuuilio. IlepemasioiiTe ii B 30IIUT Ta
00UMCIIiTh BiZHOCHY YacTOTy moaii A B KOXKHIili i3 cepiil.

Cepis 1 2 3 4 5
Bunaninaa aBepcy (momia A) 47 51 50 48 53

Bignocua gyacrora moxgii A

5. V¥V amury 11 6imux, 4 uopHi i 5 3eseHNX KyJIbok. HaBMaHHSA BUIMAaIOThH
OonHYy 3 HuUX. fIKa WMOBipHiCTH TOTO, IIT0 BOHA BUABUTHCS:

1) 6isoro; 2) He 3eJIeHOIO?

6. Y rabuuii samucaHo Mmiciid, siki mocimasa ¢yToonprHa Komauga «IIposi-
COK» IPOTATrOM II'ATH OCTAHHIX ueMmioHaTiB obJjacTi 3 pyTdony. 3a aa-
HUMHI TaOauIll mo0yayiTe rpadik.

Pix 2021 2022 2023 2024 2025
Micue 7 3 7 10 5
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@ 7. Y cekmii miaBauusa TpeHyeThes 7 cropTcMenok. CKinbKoMa crocobaMu
MiK HUMM MOKHa posmomijauTu eramu ectaderu 4 mo 100 m BiILHUM CTH-
JeM (TOOTO KOKHa i3 YOTUPHOX ILIaBUMHB, 1[0 0epyTh ydacTh B ecraderi,
IIJINBE CBil eTai: mepiiumii, abo Apyruii, abo Tperiit, abo ueTBepTUii)?

8. Bubipka, cepenime sHaueHHsA sKOI AopiBHIOE 8,8, CKIamaeThbcs i3 umcen
4; a; 7; 3a; 9. 3HAUOITE:
1) a; 2) memiamy 1riel BuOipKmH.

E 9. V madi gexkuth 10 seseHux, KiJbKa YOPHUX i KiJbKa cipux map
miapmneTok. CKiTbKM YOPHUX i CKiJIbKY cipux map MKapmeTox y Imadi,
AKIIO UMOBipHiCTh, HABMaHHS B3ATHU IIapy YOPHUX IMTKAPIETOK MTOPiBHIOE
0,3, a cipux — 0,2?

Jodamxkoeéi 3a60anns

E 10. Byno nepesiperno 500 meraseii, 3 SKUX 2 BUSBUJINCA OPaKOBAHUMH.
1) Crinbku mpubamsHo OpakoBaHUX merajel Oyzae B maprtii 3 1500 me-
rajgei?

2) Cxkinpku mpuOaImM3HO OyJIO AeTajeil y maprii, AKIIIO cepeg HUX BU-
ABUJIOCA 8 OpaKoBaHUX?

i4 11. CkigbKY pisHUX IATUIN(GPOBUX UMCES MOXKHA cKJacTu i3 mudp 0,
1, 3, 7, 9, AKIO 11dpPU B YKNCJIi He IIOBTOPIOIOTHLC?

12. Bimomo, 1mio 6ackKeT6oJiicTKa BJyYae B KOIIMK 3i miTpadgHOro KuUIKA
3 WMoBipHicTIO, GisabImo0 3a 0,7, age meHow, Hixk 0,75. CRinbKu mIpU-
O0m3HO MmITpadHUX KUIKIB BUKOHAJAa BOHA IIiJ yac TPeHYBAHHS, SKIIO
BimOymocsa 12 Bay4YeHb y KOIIUK?

BITPABU AAS TOBTOPEHHS PO3AIAY 4
Ilo § 22

ill 1. ¥V raHIoBaJIbHOMY KJIy0i 3aiiMaioThcs ( 0HaKiB i 9 miBuar. CKinb-
KoMa crmocobaMy MOJKHA BHOpATH OOHY TAHIIOBAJBHY IIapy AJA yUacTi
B KOHKypci?

i?_l 2. CkizpKoMa crocobaMy MOXKHA BHOpATH IIapy 3 OJHOI'O T'OJIOCHOT'O
i OMHOrO IPHUTOJIOCHOI'O Cepell 3BYKiB CIIOBA «CTEMKKAa»?

3. Ckinpkoma cmocobaMM MOKHA BUKJACTA B PAJ UYEPBOHY, 0ijy, YOPHY
Ta 3eJIeHy KYJIbKu?

4. 3 0yKB po3pisHOi abeTKM CKJIaJeHO CJIOBO «yUeHb». CKiJILKM PisHUX IIOCTi-
JOBHOCTE OYKB MOYKHA OTPUMATH, HEPECTABJIAIOUN OYKBU I[bOI'0 CJIOBA?

i3| 5. CKinbKH pisHUX TPUIU(GPOBUX UMCEJ MOYKHA CKJACTU, BUKOPUCTO-
Bytoun nmudpu 1 i 2, axkiro mudpu B YUCIi MOKYTH IMOBTOPIOBATUC?

6. CxkinpKu pisHUX YOTHPUIIU(PPOBUX YHCEJ, Y 3aIUCYy AKUX BUKOPUCTO-
BYIOTBCSA JIUIIE HeMapHi udpu, MoKHA CKJIACTHU, AKINO Mudpu B YKUCIIi
MOKYTh IOBTOPIOBATUCS?
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10.

23
12.

13.
14.

15.

2]

Ckinbku pisHUX ABONMU(PPOBUX UYMNCEJT MOMKHA CKJACTH, BUKOPUCTO-
Bytoun nudpu 1, 2, 3, 4, 5, AKI0 ITUPPU B UUCJIi:

1) MOXyTh ITOBTOPIOBATUCH; 2) He MOXKYThb IIOBTOPIOBATUCA?
CkinbkoMa cmocobaMy MOKHA BHUOpaTH CTApOCTy Ta MOTO 3acTyIHHUKA
B KJiaci, Je HaBUaeThcA 28 yUHIB Ta YUEHUIH?

CrigbkoMa crmocobaMy MOYKHA IOIIKUTH IBOKOJIIPHUH IIpamnop 3i CMYKOK
ONHAKOBOI INTMPUHU, AKIIO € IIIOBK BOCBMHU DiBHUX KOJHOPiB?

3 OYKB CJI0BA «COKiJI» 0epyTh JMedKi Tpu i BUKJIAAaOTh ¥ pan. CKiIbKu
pisHUX MociimzoBHOCTEI OYKB IPU IILOMY MOYKHA OTPUMATI?

11. CxkinbKku pisHUX TPUIU(PPOBUX YUCEJ MOMKHA CKJIACTH, BUKOPUCTO-
Byrouu rudppu 0, 1, 2, 3, 4, Ao UdPU B UNCIi He IIOBTOPIOIOTHCA?
CKkinbKHU icHye YOTHPUIU(MPOBUX UMCEJ, yCi Mudpu SKUX IapHi i He
TIOBTOPIOIOTHCS?

CKilbKY € pisHMX BapiaHTIiB CKJAZaHHA IMUQMPY i3 YOTHUPHLOX ITUPDP,
AKINO mudpu y mudpi:

1) MOKXYyTh TOBTOPIOBATHUCS; 2) He MOKYTb TOBTOPIOBATUCS ?
IIKinpbHME po3KJIaL Ha JeHb MicTuUTh 5 ypoKiB. BusHauTe KiJIbKicThb
pisHUX BapiaHTIB PO3KJakiB Ha OAWH JIeHb, AKIIO B KJaci BUBUYAIOTH
9 nmpenmeTiB i TpeAMeTH B ONWH eHb HE MOXKYTH IOBTOPIOBATUCH.

IIix uac 3ycTpiui 8 wosoBiKiB oOMiHAAMCA pyKocTuCcKaHHAMU. CKiIbKM
PYKOCTHCKAHb O0yJI0 3mificHeHO?

o § 23

16. ki 3 maHWX MOAi¥A BUOAAKOBi, BiporigHi, HEMOKJIMBI:

1) mporpaTu mapriio B IIaX¥W PiBHOMY IO CHJIi CYHEepPHUKY;

2) mixg yac migKuOaHHS IpaJbHOr0 KyOMKa BuIame umcio 11;

3) Bumajie ABa aBepCH IIiJ uac MiAKUIAHHSA IBOX MOHET OJHOYACHO;

4) naTa HapPOIKEHHS JIOAWHU, AKY 3yc'rp1J11/1 1 BepecHs;

5) mara HAPO/KEHHA JIOAUHNU, AKY sycrpinu, 31 BepecHs;

6) BUTATHYTHU OJIiBellb i3 KOPOOKHU, Me JexaTb 6 sejeHux i 5 uepso-
HUX OJIiBIIiB;

7) HacTyIIHUM OHeM micasa 1 rpyaus Oyme 2 rpynoHS;

8) macTynHUM gHeM Iicaa 2 rpynuda 6yae 1 rpyaaa?

17. TlepemaJroiiTe TaOJUIIO B 30IIUT i AJISA KOMKHOTO MOCIHiAYy BKaKITH
OPUKJAL BiporigHOl, HEMOYKJNBOI, BUIAAKOBOI IOIii.

No T Biporigna | Hemo:xauBa | Bumagkosa
3/m momisa moxisa momis
1 | IIizKkugaHHA IBOX I'PAJBLHUX KY-
OUKiB OZHOYACHO
2 | BuraryBaHHA XYCTUHKHU 3 KOPOO-
KU, Je JIeyKaTh YePBOHI Ta 3ejeHi
XYCTUHKU
3 | CkaamaHHA TPpUIUPPOBOTO UMCIA
iz mudp 1, 2, 3
4 | KinbkicTh nHiB HaBMaHHA obOpa-
HOT'O MiCSAIlA POKY
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18. Byno Bukomano yotupu cepii mo 100 migKmgaHb MOHETH B KOMKHIiI.
PesyawraTu gocainy 3amecesno B Tabumifio. IlepemasioiiTe ii B 30IIUT Ta
O0UYMCJIIiTh BiITHOCHY YacTOTy MOAii A B KOXKHIil cepii.

Cepis 1 2 3 4
Bunaninaa aBepcy (momia A) 51 50 47 49

BinHocHa yacrora momii A

19. Bigomo, mo B maprii 3 10 000 TomomerpiB 9 e Opaxosanumwu. SIKa
MMOBIipHiCTL TOro, IO HaBMAaHHS BuUOpaHuii is 1iei maprtii TomomeTp
BUSBUTHCA OpakoBaHuM?

E 20. [I1o6 3’sacyBaTH, AKUI 3PIiCT y YOJOBIKiB AessiKOro MicTa Tparjis-
€ThCs YaCTiIlle, a AKWHA — PiAIle, JOCHIAHMKYN PO3IHIIINCA IO PiZHUX
yacTHHAX MicTa I 3alMCyBaJid 3PiCT YOJOBiKiB, AKMX 3ycTpivajiu.
Pesynbratu 1poro DocIimgiKeHHsA OyJI0 3aHECEeHO B TabJIUITIO.

3picT, cm mo 161 | 161-170 | 171-180 | 181-190 | Buie 190
KinpkicTs onmuraHux 15 142 241 79 53

OmingiTh (i3 TOUHICTIO MO COTUX), IITO0 OOPAHUIN HaBMAaHHS YOJIOBIK I[HO-
ro micra mae 3picrt:
1) smkunii Bix 161 cwm; 2) Big 171 mo 180 cwm;
3) Bumuit 3a 180 cwm; 4) amxunii Big 181 cwm.

21. Ilpoexmua dianvuicmsb. BubepiTh AKUIICH TEKCT YKPATHCHKOI0 MOBOIO,
II03HAUTe B HbOMY OyIb-AKi HIiCTh psAAKiB mocmiab. O6UMCIiThL BiIHOCHY
YacTOTy B IIUX PAJKAX OYKBU «O» Ta OYKBHU «I[» Ta NOPiBHANTe IX.

22. V¥ cepii 3i 100 mocTpijiB cTpiserns BIyYUB Y IIigb 84 pasu.
1) Crinbku npubaus3HO BiIyueHb Oyae B cepii 3i 150 mocTpimis?
2) CkinbKu mpuOJIM3HO HOCTPiJiB 3pOOUB CTpPijellb, SKIMO cepem HUX
oyao 189 BayueHn?

i4 23. Cepriii rpae B HaCTiJIbHUY TeHiC Kpailne, HiK Bacuab, a Tomy Burpae
mapriio 3 iMoBipHicTIO, OisabIo0 3a 0,6, ame menoo Big 0,7. CKirbKM
mapTiil npubamsHo 3irpanu xJjomni, akmo Cepriii Burpas 5 mapTtii?

Tlo § 24

@ 24. 1) Yu Bci piBHOIIMOBIpHI moii MaoThL iMOBipHiCTB, 1110 AopiBHIOE 0,57
2) HaBegiTs mpukJjaan ABOX PiBHOMMOBipHMX HOmiii, iMOBipHiCTE SKUX
He popisuioe 0,5.

25. V¥V norepei 3 500 kBuTKiB 50 € Burpamuanmu. Ika iMoBipHiCTH BUTpaTH
B IIilf JjoTepei, AKINO IPUAOATU OSUH KBUTOK?

26. I'pagpHUil KyOuMK IMiAKUAAIOTH OOWH pas3. SHAWAITH iMOBipHIiCTH TOrO,
1110:
1) Bunajge umcJo, AKe € JiIbHUKOM umuciaa 9;
2) Bunage He OiJibIllle AK 2 OUKU;
3) BuUmaze He MeHIIe AK 2 OUKU;
4) BUIIage YNCJIIO, SKe € KBaApaToM HATyPaJIbLHOTO UMCJIA.
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28.

29.

30.

3

32.

33.

=]

27. ¥V Amukry a cuHix i b 4epBOHUX KYJIBOK. I3 HHOI'O BUIMAIOTH ONHY
KYJIBKY YEPBOHOT'O KOJIbODPY i BimKIamaroTsk. Ilicsas mboro 38 Amuka 6epyTh
II1e OJHY KYJbKY. fIKa MMOBipHICTE TOrO, III0 BOHA TAKOMK YepPBOHA?

IlirkupatoTs ABi ogHakoBi MoHeTu. fIka 3 momiii GinbIn imoBipHa: A —
MOHETH BUIIAAYTh OJHAKOBMMM CTOPOHAMHU YW B — MOHETHM BHIAIyTh
pisHUMU cTOpOHAMU?

Y kKopobmi 25 kapTok, mpomymepoBaHux Bim 1 mo 25. I3 Kopobkmu
HaBMaHHA BUMMAIOTh OAHY KapTKy. SIka iiMoBipHicTH TOrO, 10 Ha Hii
HaIncaHe YMCJIO:

1) 1; 2) 26;

3) mapue; 4) memapue;

5) KpaTHe UuCIy 5; 6) mmpocre;

7) ogHoIM(ppOBE; 8) mBomudpose;

9) y samucy saxoro € mudpa 2;
10) y sanucy sixoro memae mudpu 1?

IligkuayIn a1Ba rpadbHUX KyOmKu. IKa MMOBipHIiCTL TOro, IIT0 MOAYJIb
pisHuIi umces, 10 BUIAAYTh, AOpiBHIOBaTUME 1?7

31. Ha mecaru kapTkax sanucano mudpu Big 0 1o 9. Cmouarky HaBMaHHsA
0epyTh OHY KapTKy, a IOTiM, He moBepTatouu ii Haszam, — inmry. I3 mux
KapTOK YTBOPKIOIOTH ABOIIM(POBE UMCJIO: HA IEPIIiii KapTIi — JecAaTKU
IIBOT'O YMCJIA, HA JOPYriii — oguHUIl (HaIpuUKJIad, SKII0 CKJAIEHO
yucyo 01 — 1me osmavatmme uwmcyao 1). 3HaWmiTs, iMoBipHiCTL TOrO, IO
CKJIAOYTh YUCJO, AKe:

1) xpaTue uncay 3; 2) € minpHUKOM umcia 99;

3) kpatHe umcay 11.

Ha m’atu kKapTxax samnucano nmudpu Big 1 mo 5. BuiimaioTh HaBMaHHSA
OOHY KapTKy, 3alIaM’SITOBYIOTHh YMCJIO, IO HAa Hill 3ammcaHo, i KapTKy
3HOB KJAAyTh A0 iHmuX. IloTiMm 1ie pas BUOMPAIOTHL OZHY KapPTKY.
3HaigiTh iMOBipHiCTH TOTO, IITO:

1) oObuaBa pasyu BUTATAJIN OSHAKOBY KApPTKY;

2) mepIoro pasy BUTATHYJIU KapPTKY 3 OiILITMM YMCJIOM, HiK IPYTroro
pasy.

Y Kopo6i1i 3 6iii, 5 wopHUX i KiTbKa 3eeHnX KyJIboK. CKiIbKI 3eIeHnX
KYJIbOK y KOpOOIli, AKII0 MMOBipHiCTHL TOro, 1o BuOpaHa HaBMAaHHS
KyJbKa € 0ijyoro, 6inbina 3a 0,2, a iMOBipHIiCTL TOTO, II[0 BOHA 3€J€HA,
oiawima 3a 0,47

Ho § 25

34. ¥V rabauni momaHo iHdopmaIlliro mpo MicidA, axi mocimana QyrT-
oombHa KomaHma «Oimekcamapis» (M. Omexcamapia Kiposorpamcbkoi
00J1.) IPOTATOM II’ATH OCTAHHIX UeMIIiOHATiB YKpaiuu 3 ¢yTbdoiry.

Pix 2021 2022 2023 2024 2025
Micue 9 6 6 8 2

fAxe micie B cepeguboMy mocizana KoMaHga «OleKcauapisa» IpoOTAroM
OCTaHHIX nm’dATH yeMmIrioHaTiB?
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O
i2.| 35. 3a manmMu TabJIUI HoIepenHbol 3amaui mobyayiiTe rpadik.

E 36. Ilpoexmna dianvricms. [lisHaliTeca (i3 raseT 4yu iHTepHETY) Bimo-
MOCTi IIpPO KiJgbKicTh M’AUiB, AKi 3abmBajla KOMaHJa BAIIIOTO PETiOHY
B OCTAHHiX JeCcATH MaTuax ueMHOioHaTy YKpainu 3 ¢yrooay. [loGynyiiTe
ricrorpamy Ta KpyroBy JgiarpamMy 3a UMK JaHUMH.

ITo § 26

@ 37. [Tamo remepayibHy CyKymHicTb 50 06’€KTiB:
1; 7; 13; 12; 31; 15; 16; 19; 21; 40;
3; 14; 19; 21; 45; 14; 19; 29; 35; 47;
15; 17; 18; 25; 23; 15; 8; 9; 17; 1;
42; 19; 15; 19; 25; 27; 29; 4; 9; 8;
3;4; 17; 48; 13; 29; 32; 13; 12; 5.
CrBopiTh BUGIpKY IIiei reHepaJbHOI CYKYITHOCTI:
1) ycix 06’eKTiB, 110 CTOATH HA IMAPHUX MiCIIAX;
2) ycix 00’eKTiB, 110 CTOATL HAa HEIMAPHUX MiCIlAX;
3) mecaTu o6’€KTiB MOCIiJIb, MOUYNHAIOUYN 3 I’ ATHAAIIATOIO;
4) 00’eKTiB, Y3ATUX Uepe3 I’ AThb, MOUYMHAIOUN 3 IIEePIIOTO.

38. @yThoJicT y MATH cepigx mo 5 HMeHaJbTi B KOMKHilI 3a0uB Taky
KinbKicTs M’stuiB: 5; 4; 4; 3; 5. 3HAMAITh A4 1iel BubipKu:

1) posmax;

2) monys;

3) memiamy;

4) cepeqHe 3HAUEHHS.

i 2_] 39. 1) IIpoBeniTes paHXYBAaHHSA TeHEpaJbHOI CYKYIIHOCTI O00’€¢KTiB
samaui 37.
2) 3HaiimiTh, Memiamy Iiei remepasbHOI CYKYITHOCTI.

40. 1) 3anoBHiTH TAGAUIIO 3a JaHUMU 3amadi 38.

KinbkicTh 3a0MTHX MEeHAJBTI B cepil 3 4 5

KinbkicTs cepiit

41. TIpupymaiiTe BUOIpKY MEB’sITH eJIEMEHTIB, MeZiaHoi0 AKoi € umciio 10.

42. Posmax mgamoi BubipKm mopiBHIOEe 15, a HaWMeHIIUN eJIeMeHT 5.
VEKaxiTh HallbiAbIINI ejleMeHT BUOipKH.

43. 3a mammmu 3amaui 25.4 moOyamyiiTe ricrorpamMy KimabkocTi GpoH-
30BUX MejaJjiei, 110 3700yJIM yKpaiHCbKi CIIOPTCMEHM IIif uac JIiTHiX
OmiMmmiickKuX irop.

i3 | 44. 3a pagumu 3agauvi 25.4 moOymyiiTe KPYyroBy aiarpamMy KiJbKoOCTi
30JI0TUX MeJaJieii, 1o 3400yI1 YKPaiHChKi cIOpTCMeHH IIiJ dac JIITHiX
OmiMmmifickKux irop.

45. IlpugymaiiTe BubOIpKy 3 OAZUHAIIIATH e€JIEMEHTiB, MOZOI0 SIKOI
e yucyo 9, a Me[iaHOIO — 4YMCJIO D.
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OCHOBU KOMGiHAMOpUKU, meopii imoBipHOCmMeli ma Cmamucmuku

46. Bubipka, cepemme 3HAUueHHSA SKOI OOpPiBHIOE 5,2, CKJIAZAETLCS i3
uncen 3; ¢; 7; 4c; 6. 3HAUIITD:
1) c; 2) memianmy 1iel BuOipKwu.

47. Camocriifima pobora wmicTtmaa 4 TecTtoBuX 3aBaaHHsg. CKJameHO
TabJIUI0 BiAIOBimHOCTI MiK KiJBKicTIO HomyIneHuX mMOMMJIOK X i KiJlb-
KiCcTIO yUHiB / yUEeHUIb 1, AKi MPUOYCTUIUCA TaKOl KiJbKOCTi IIOMUJIOK.

KiaskicTts moMmuiaor, X 0 1 2 3 4

KinbkicTh yuyHIiB / yueHHIIB, N 2 7 6 4 1

SHAUITh NI BUIALKOBOI BequuyuHu X
1) cepente 3sHAUEHHS; 2) mony; 3) mexmiamy.

TonobHe 6 posgini 4

KOMBIHATOPHE NPABUITIO CYMU

SAxmo geaxuii eremenT A MOXXHa BuOparu k; cmocobamu, a esemedT B
(sesasexxHO Bifi BuUOOpy esnemenTta A) — k, cmocobamu, To Bubpatu A abo
B moxna k; + k, cnocobamu.

KOMBIHATOPHE NPABUITIO OOBYTKY

SKmIo meaxuit eleMeHT A MOKHA BUOpaTu k, cmocobamu i Mic/IA KO-
HOT'0 TaKOTo BHOOPY (Hesaie:kHO Big BuOOpY eseMeHTa A) iHIINMI eJTeMeHT
B mosxHa BuOpatu k, cnocobamu, TO napy o0’ekTiB A i B MmoxxHa BUOpaTn
k, - k, ciocobamm.

BMMALKOBA NOAISA. ) i
YACTOTA TA MOBIPHICTb BUNALKOBOI NOAli

Bunadkxoeuii docnid — 1e gocJif (EKCIIEPUMEHT, CIIOCTEPEXKEHHSA, BU-
mpoOyBaHHs), Pe3yJbTaT AKOTO 3aJIEKUTHh Bif BUOAAKY 1 AKUN MOMKHA
IIOBTOPUTHU 6araTo pas3iB 3a OMHAKOBUX yMOB.

Bunadkosea nodisa — 1e Momisd, AKa 3a OMHAKOBUX yYMOB MOXKe BimOy-
THCS, a MOKe II He BigOyTucs.

IToodir, aKa 3a JaHUX YMOB OOOB’I3KOBO BiJOyAeThCs, Ha3WBAIOTh 6i-
pozidnoro.

IToodir, ssxa 3a JAHUX yYMOB HiKOJU He BifgOyaeThCs, Ha3WBAIOTL He-
MONHCTLUBOTO.

SAKImo 3a HE3BMiHHMX YMOB IIPOBENEHO 72 BUIIAAKOBUX AOCHimiB i B n(A)
BUOAAKiB moxmis A BigOyJsacs, To umcio n(A) HasUBAOTh 4ACMOMOK NOo-

— 6i0HOCHOI0 wacmomoro nodii A.

. n(
0ii A, a BigHOIIIEHHS
n

Yy e
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KNACUYHE O3HAYEHHA NMOBIPHOCTI

ﬂMOBipHiCTB BUOAAKOBOI 1momii A MOpiBHIOE BigHOIMEHHIO KiJbKOCTI
BUIOAAKIiB, II[0 COPUAIOTH IOABi momii A, M0 KiJIbKOCTi BCiX MOMKJIMBUX
BUNAIKiB:

p4) = =,
n

e n — KiJbKiCcTh yCiX MOMKJIMBUX BUIIAAKIB, M — KiJbKiCTh BHUIIaJIKiB,
IO CIPUAIOTH MOABi momii A.

MMOBIPHOCTI OEAKMUX NoAain
HmogipnicTs Biporigmoi mopxii mopismioe 1.
ﬁMOBipHiCTL HeMOKJIUBOI moxii mopisuroe 0.
HNmoBipHicTs BHnmagKoBoi momii Moske GyTH Oyab-AKMM umciaoM Bix O
mo 1.

Pisnotimosipni nodii — nofii, IMOBIpHiICTL AKMX OZHAKOBA B JaHOMY
BUIIPOOYBaHHi.

NMOYATKOBI BIHOMOCTI NMPO CTATUCTUKY.
CTATUCTUYHI OAHI

Mamemamuuna cmamucmuka — PO3AiJ MaTeMaTUKH, IIT0 BUBYAE Ma-
TeMaTUUYHi METOAM CHCTeMAaTH3aIlii, OOpOOKM Ta MOCJIiIKeHHs CTATHC-
TUYHUX JAaHUX JJIs HAYKOBUX i IPAaKTUUYHUX BUCHOBKIB.

CepedHnim 3HAYEHHAM CMAMUCMUYHUX 6UMIPDIO6AHb HABUBAIOTH Ce-
penHe apupMeTUUYHEe CTATUCTUUYHUX TaHUX.

BUBIPKA. YACITOBI XAPAKTEPUCTUKU BUBIPKU
I'enepanvha cyrynnicms — e CYKyHIHICTH ycix 00’€KTiB, mo migjsara-
I0Th TOCJiIKeHHIO.

Bubipkxoto Ha3WBAaIOTh CYKYIHICTh O00’€KTiB, BHOpPAaHMX BHIAJKOBUM
YUHOM i3 TeHepaJbHOI CYKYITHOCTI.

MeTox MaTeMaTHYHOTO MOCTIMKeHHA, AKMH IOJATA€E B TOMY, IIO Ha
OCHOBi JOCJiIKeHHA BUOIPKU POOJATH BUCHOBOK IIPO BCIO T€HEPAJbHY
CYKYIHiCTh, HA3UBAIOTh GUOIPKOGUM Memodom.

Posmax eubipxu R — 1e pi3HUIE MixK HaAWOLIBIIMM i HaWMeHIIUM
3HAYEHHAMM BUIIAJKOBOI BEeJIMYUHHU y BHOIpIIi.

Moda eubipku Mo — e 3HaYeHHSI BUIAJKOBOI BEJIWYUHU, II0 TPAILI-
€ThCs y BUOIpIi HaWuacriire.

Mediana éubipru Me — 1e cepeMHHEe 3HAUYEHHS PaH:KOBAHOI BHOipKH.
Cepedne 3navenna 6ubipxu x — ne cepegHe apudMeTHyHe Beix 1i 3HA-
YeHb Xy, Xy X3y eeey X,
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3ABAAHHA AAA NEPEBIPKU 3HAHb
3A KYPC AATEBPU 9 KAACY

@ 1. IlopiBusatite a i b, axio: 1) a — b = 5; 2)a—-b=-4,1.

2. 3anuuriTe IPpoMiKKHM, AKi 300paskeHo Ha MaJaoHKax 1 i 2.

'// > c// ® >
) 3 7
Maa. 1 Maax. 2
x+5 - .
3. Hamo f(x) = T Suaiigite: 1) f(0); 2) 1(3).
x —
@ 4. PosB’saxiTh HepiBHicTE: 1) —3x < 12; 2) 4x — x2 > 0.

5. 3ualgiTh mAeB’ATHI YJIeH Ta CyMy IePIINX AeCATH YjeHiB apupMeTuuHol
nporpecii (a,), axmo a, = 9, d = —2.

6. Bimomo, 1mo B maprtii 3 2000 meraseii 5 € OpakoBaHuMu. SIka HMOBip-
HiCTBH TOrO, IIT0 HABMAHHSA BUOpaHa AeTajb:

1) 6paxoBana; 2) akicua?
D 7 p x -2y =9,
. PosB’s:KiTh cucTeMy piBHSHD
= yP X — 2xy - 3y = 7.
8. IloGyayiiTe rpadik pysKmii y = x2 + 4x — 5. 3a rpadikom 3HAKTITE:
1) o6acTh 3HAUEeHDb (QDYHKILIT;
2) IpOMisKOK 3pocTaHHsa PYHKITiI.

i4— 9. osexith, mo x2 + y2 — 2(2x — y) + 5 > 0 gna OyAb-AKUX 3HAYEHb
3MiHHUX X Ta Y.

3AAAYI TIIABUULEHOT CKAAAHOCTI

o posmimy 1
1. [loBeziTh HEPiBHiCTh:
1) (23 - y¥)(x — y) > Bay(x — )% 2) (2% — yP)(xt — y*) < (x® - y?)%
2. oBeniTh HepPiBHICTH:
1) 9x2 + 25 > 30|x|; 2) x2 —4x + 5 > 2x — 2|.
3. [omenith, 1m0 AJA HEBiA'€MHUX 3HAU€Hb 3MIiHHUX X Ta Y CIPaBIKY-
€ThCSA HEPiBHICTH:

1) x3 + y3 > x%y + xy?; 2) (x + y)3 < 4(x3 + yd).
4. JloBenith, III0 KOJU X 2 Y, TO:
1) x3 — y3 > x%y — xy?; 2) x° — yb > xty — xyt.

5. [Hosenits, 1m0, koau a = 0, b =2 0, ¢ 2 0, d > 0, cupaBIKyeThCA HEPiB-
gicts /(@ + ¢)(b + d) = vab +
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6.

10.

11.

12.

13.

14.

15.

16.

17.
18.

250

Tlosenits, 1m0: 1)\/6+\/6+\/6+...+\/6+\/§ < 3
2)\/2+\/2+\/2+...+\/2+\/§ < 2

. .. 4 6 120 1

HoseniTs HepiBHICTE — - — - — - -t —— > —.

3 5 7 121 11
Bigcorox yuniB 9-ro KJacy, sKi BOJIOZiIOTH TphOMa iHO3EMHUMU
MoBaMu (QHIVIiMChKOIO, (hPaHITY3bKOIO i HiMEIIbKOI0), JIEJKUTh ¥ MeXKax
Big 2,9 mo 3,1 %. BusHaure, AKa HalMeHINA KiJbKiCTh YyUYHIB MOXKe
O0yTu B 1boMy KJaci. CKiIbKM YYHIB IILOTO KJIACY BOJIOZIIOTH TPhOMA
iHO3eMHUMU MOBaMu?

Yu mpaBUJIBHO, IIO:

2
1) Ko a?b < 0, To b < 0; 2)ROJII/Ia—>O, To b > 0;

2
3) xonu a2b > 0, To b > 0; 4) KOJII/I%<O, To b < 0?

Mixx umciamn ? i ? 3HAUITHL UMCJIO, IO JOPiBHIOE KBaJpaTy pailio-

HaJbHOro umejaa. CKiIbKM icHye Takux umcea?

Axuit apid OJAMMKUMI OO OAMHUI: IPABUJILHUI UM O0O0EepHEHUHN oMY
HeIIpaBUJIbHUI?

Po3B’s1kiTh piBHAHHA 3 TPhOMAa 3MiHHUMM:
x+1 y+1 z+1

\/;+\/§+\/5_6°

HoBeniTh HepiBHICTBH:

2 2 2
[1+x—J(1+y—j£1+2—J > 8, qex>0,y>0,2z>0.
yz xz xy

Bigomo, 1m0 x > 0. 3uaiigiTh HaliMeHIlle 3HAUEHHA BUPa3Yy:

2
1)x+£; 2)x +15x+36.
x x
Bigomo, mo y > 0. 3raiigiTe Halibinblne 3HAUEHHA BUPA3Y:
2
Y Y

1 ; 2) ——.

) 9 + y2 ) 9yt + 4

HoBemits, mo Ko x +y + 2 =71ix 20,y =20, z 2 0, 10

\/;+\/§+\/E<5.

3HalgITE 00JIaCTh BUBHAUCHHA PYHKII Y = \/2 - \/g(x + \/5) - 2x.

s Bcix sHaueHb mapaMeTpa M PO3B’SKiTh HEPiBHICTH:
1) 32m — x) < mx + 1; 2) 583m + x) <mx — 7.




3a0adi nioBUUWLeHoi CKaoHOCMi

O
. x < 6,
19. Yu icHye TaKe 3HaAUYeHHSA @, I1T00 PO3B’SI3KOM CHUCTEMU OyB Ipo-
x<a
MiKOK: 1) (=005 7);  2) (=205 6);  3) (-0; 6];  4) (=05 5)?
o posmimy 2
20. Iosexits, mo rpadik GyHKIil y = (x — a)(x — b) — ¢? 3a Gygb-AKUX
3HaUeHb @, b i ¢ Mae 3 Biccio x xoua 0 OMHY CHiJIBHY TOUKY.
21. IloGymytiTe rpadik GyHKILiI:
Dy=@2-52-(x2-3)% 2)y=(x—1D*x—2)— (x—2)%x—1).
22. IloGymytiTe rpadik GyHKILII:
X3 [ 53
Vy=—F—--—7-2 2)y = x%2 - 2x — (V2x — 4)2
Nx2  Vx
23. Biccio cumerpii rpadgika Gynkmii y = ax? — (a + 6)x + 9 € npama x = 2.
IToOynmyiiTe rpadik miel dpyHKIii.
24. 3a AKOro 3HAUYECHHA @ MHOXKMHA 3HaUYeHb PyHKII y = x2 — 2x + a 36i-
raeTbCcsa 3 00J1aCTI0 BUBHAUEHHA QYHKINI y = +v2x — a?
) . [+
25. IloGygyiiTe rpadik dynkmii: 1) y =|x2 -1 -38|; 2)y = |x| Y
. .. X —a . . .
26. MoBeniTh, 1110 HEPiBHICTH < 0 piBHOCHIBHA HepiBHOCTL (X — a)
x p—
(x — b) < 0, a HepiBHiCTH > 0 piBHOCHJILHA HepiBHOCTI (x — a)
(x — b > 0.
27. BuKOpPMCTOBYIOUN PE3yJILTATH IMOIEPESHLOI 3a4aUi, PO3B’AKiTh HEPIBHICTD:
x x + 3 2x - 7 2x - 7
1) > 0; 2) < 0; 3) > 0; 4) < 0.
x -2 x -1 X 5x +1
28. Po3B’s1:KiTh HEPiBHICTB:
1) |x2 + 3x| > 4; 2) |x2 + 4x| < 5;
3) |2x2 + bx — 4| < 3; 4) |2 + 4x — 3x% > 2.
29, 3HaigiTh PO3B’A3KM HEPiBHOCTI:
(x2+ 4x +10)2 - T(x2+ 4x + 11) + 7< 0.
30. 3a AKUX 3HAYeHb a 00J1acTIO BU3HAUEHHSA dbyurmii
y = \/(a + 1)x2 — 2(a — 1)x + (3a — 3) ¢ mHOKHMHA Bcix uncen?
31. 3a AKMX 3HAYEeHb M KBajpaTHuil TpuujeH mx2 — Tx + 4m HabGyBae
Bi’eMHUX 3HAUEHb OJA OYIb-AKUX 3HAUEHDL X7
L x2 +ax -1
32. 3a AKMX 3HAUEHb @ HEPiIBHICTHL —————— < 1 cmpaBmKyeThCcA AJA
2x2 — 2x + 3
BCiX 3HaUeHb X7
3x2 + bx — 6
33. 3a AKuUX 3HaUeHb b MOJBiliHa HEPiBHiCTL —9 < 7 a1 < 6 cmpas-
x4 —x +
MKYETbCS IJs1 OyIb-IKOr0 3HAYEHHS X7
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O
34. CkinbKu po3B’A3KiB Mae cucTeMa PiBHAHB 3aJIeKHO Bil 3HaueHb a:
x? + y? = 4, x2 + y? = a?,
1) 2)
x -y = a x| = 22

lx + 1+ ]y +1] =8,
35. Posp’skiTh cucTemMy piBHAHB
|x + 1| =2y — 5.

. _ x2+y2-2x+3y -9 =0,
36. Po3B’s:kiTh cucTeMy PiBHAHD {sz 22 4 x—By—1=0,
37. Po3B’s:kiTh cucTeMy PiBHAHD:
xy = 15, xy = —12,
){x2+x+y2+y:12; 2){xz—ery2+y:18.

38. 3HaAiTh yci pO3B’SI3KHU CHCTEeMHU PiBHAHD:

x +y3 =09, xX—-y =2
1) y o1 Y
xX+y=3; x® — y3 = 26.
xX+y+z =4,
39. PosB’skiTh cucTeMy piBHAHD
2xy — 22 = 16.
40. 3HaiOITH yci po3B’A3KM CUCTEeMHU PiBHAHD:
x+y+xy="7, 5 x2 + y? = 34,
x2 + y? + xy = 13; )x+y+xy:23.
41. Po3B’s:KiTh cucTeMy PiBHAHB:
;_Fz_y:l’ ;+2xy:£,
N x2+y2 -1 «x 2 x2 + y? 5
x2+y2+£=22; 1 +x2+y2:£.
Y 2xy 4

42. 3a IOIOMOroOI0 3aMiHM Y = mX PO3B’SAXKIiTH CHCTeMU DiBHAHB, JiBi Uac-
TUHUA AKUX € OJHOPIZHMMM MHOTI'OUYJEeHAMM, TOOTO MHOrOYJeHaMM, BCi
JOMAHKU SKUX OJHOTO i TOrO CaMOr'0 CTeHeHs:

{xz +2y2 =17, {2x2 - 3xy + y? =3,

x2 - 2xy = -8; x2 + 2xy - 2y2 = 6.

43. JIBi Touku pyxaioTbcsa mo Koy, OgHa 3 HUX 3AiJICHIOE HOBHUI 00epT Ha
5 ¢ mBuAlIe, HiXK ApPyra, i ToMy BCTUrae 3poouTu 3a 1 XB Ha ABa 00epTH
6inbie. CKiIbKU 00epTiB 3a XBUJINHY 3AIiHCHIOE KOMKHA 3 TOUOK?

44. Jlopora Big myHKTY A M0 MyHKTy B cmouaTKy iime Bropy,

a moTiM ciryckaerbesa Buus (Maj. 1). Typuctu migaiMmaioTbes 4 /\ B
3i mBUAKicTIO Ha 1 KM/T0oI MEHIIION, HidK cIycKaioThesa. Ha

IILJISAX Big A 1o B BoHU BUTpauaioTh 4 ToJ, a Ha 3BOPOTHUIH — Maui. 1

4 rox 10 xB. 3 AKOIO IMIBUAKICTIO TYPHUCTU MiAHIMAIOTHCS BrOpy i 3 IKOI0 —
CIIYCKAIOThCA, AKIIO JOBMKMHA IIHOT0 ILIAXY Big A mo B mopiBHioe 14 KM?
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3a0adi nioBUUWLeHoi CKaoHOCMi

45.

46.

47.

48.

49.

50.

51.

52.

JBa moisgu, mnoB:kumHa AKUX 490 m i 210 M, piBHOMipHO pyxXarTheCs
Ha3yCTpiu OAWH OJHOMY IapajeJbHUMHU KouigMu. MammuHicT mepImoro
3 HUX 1mobaumB 3ycTpiuHME moisxa Ha Biactraui 700 m, micasa doro uepes
28 ¢ moizau 3ycrTpinucsa. BusHauTe MIBUAKICTL KOMKHOIO II0i3ga, SIKIIO
IepIINi 3 HUX IIPOIKIMKAE IIOB3 HEPYXOMOIrO cIocTepiraua Ha 35 c
JIOBITTe, HiK ApPYyTruii.

3 OZHOr0 MiCIld CTapTy B OAHOMY HAIPAMKY BUPYIIUIN OJHOYACHO IBa
MOTOIMKJiCTH: oamH 3i mBuakicTio 80 KM/rox, a apyruii — 60 Km/roz.
Yepes 1miB rOAMHY 3 TOTO CAMOI'0 MICIIsI i B TOMY CAMOMY HAIIPSAMKY BUDPYIIIUB
aBTOMOOiJIb, KW HA3JOTHAB IEPIIIOro MOTOIMKJIicTa uepe3 1 rom 15 xB
micJIsl TOro, K HA3OOTHAB APYyroro. BusHauTe IIBUIKICTH aBTOMOOLIA.

[Bi aBTiBKM BUpymuan ogHOUYacHO 3 MicT A i B HasycTpiu ogHa OHil
i micaa 3ycTpiui IPOmOBKUIN PyX Y TOMYy camMoMy Hanpamky. IIIBup-
KicTb omgHiel aBTiBKU Oysa Ha 30 KM/Tof O6ibIIO0 3a IMMTBUAKICTE APYyTOi,
TOMY BOHa Hpubyjia B OYHKT B uepes 2 ropx miciaa 3ycrtpiui. Ipyra
aBTiBKa mpubysaa B MyHKT A uepes 4,5 rox micaa sycTpiui. 3HaAUIITH
MIBUAKICTh KOYKHOI ABTiBKH.

[Ba mimoxogy BUHAIIM OZHOYACHO HA3YCTPIiY OAWH OJHOMY: IIEPIIUIA
i3 myHKTY A, npyru#i — i3 nyHKTy B. Ilepmui#i mimroxim mo 3ycrpiui
mpoiiioB Ha 1 KM OijbIre 3a apyroro. Yepes 45 xB miciis 3ycTpiui mepIirmit
mimoxig npuiinmoB y nyHKT B. pyruit mimoxia mpubys y TyHKT A uepes
1 rox 20 xB micysa sycrpiui. 3HalAiTh BiAcTaub Big A mo B.

Amnnpiti, Ilerpo i Cepriit, mpaiooouu pazoM, MOKYTb ITOUYNCTUTHU
Bizmepiie xapromii 3a 12 xB, Auapii, Ilerpo i FOpiit — 3a 15 xB, a Cepriit
i ¥Opiii — 3a 20 xB. 3a CKiJIbKM XBUJIUH HOYNCTATHL KAPTOILIIO XJIOMIII,
IPAaIIoIYY BUOTHUPHOX?

Tomy Coepy mopyumau modapObyBaru mapkaH. AKIo BiH poOuTHMe Iie
caMoOCTiiiHO, TO 3aKiHUuTH (hapOyBaTm Ha 8 roj misHime, HiXK POOUB
6u 1me 3 apyrom I'ekom. AKmio ¢apoyBaTtuMe TiabKu I'eK, TO BUKOHAE
pobory Ha 4,5 rop misHiie, HixK Ie 3poduyu 6 00MIBa XJIOIIIL Pa3oM.
3a aKuit uac modapOyooTh MapKaH o0MaABA XJIOMIli, IpaIfoloun pasom?
CmyaBuayM fABa COPTHM UYaBYHY 3 Pi3HMM BiJ[COTKOBHM YMiCTOM XpOMY.
SAKIo omHOro copry B3ATH B 5 pasiB OijbIlle, HiK APYyroro, TO BiJCOT-
KOBUII BMicT XpoMy B cILIaBi Oyme BABiui OinbIiimii, HijK BigcOoTKOBUIil
BMICT XpOMY B MEHIIIi# i3 YaCTUH, IO CILIABJISIOTHCA. JIKIIO y3ATHU OmHa-
KOBY KiJbKicTh 000X copriB, To ciiaB mictutume 8 % xpomy. Busmaure
BiZICOTKOBU#I BMIiCT XpOMY B KOKHOMY i3 IITMX JBOX COPTiB YaBYyHY.

O 17 rox 3i cBoro OymAMHKY M0 CTaAiOHy Ha BeJIOCHUIIEAi BHUixaB yOOJIi-
BasbHUK Cepriii, AKMII pyXxaBcs i3 3aIlJIaHOBAHOIO MIBUAKICTIO i poapa-
XOByBaB mIpuixatu Ha GyTooabuuii matd o 18 rog 30 xB, 3a ImiB rogUHU
1o #oro mouatky. O 17 rox 20 xB 6part Cepria Ilerpo mobauus, 1o Cepriii
3a0yB KBUTOK, i 3aTenedonyBas iiomy Ha mobinbuuii. Tomi Cepriit Mmur-
TEBO PO3BEPHYB BejocumOen i, 30iMLIIMBINIM MIBUAKICTH Ha 3 KM/TOI,
moixaB momomy, a Ilerpo 3i mBuAKicTIO 5 KM/Tom BHHINIOB Ha3yCTpPid
Ceprito. Ilig uac sycrtpiui Ilerpo BimmaB Ceprito KBHUTOK, i TO# 3 Tiero
caMoOIO IITBUIKICTIO BUPYIIIUB Ha cTamioH. ¥ pesyabrari Cepriit mpuixas
Ha cramion 3a 20 xB g0 mouaTKy Maruy. SIKa BimcTaHb Biff OYOUHKY
Ceprisa mo cTagioHy i 3 AKOIO IIBUAKICTIO BiH IIJIaHYBAB pPyXaTuCA?
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O
o posminy 3
53. IlocnidosHicmdb HA3WUBAIOTH 3POCMANY0I0, AKIITO KOXKEH i1 UjeH, Io4Yu-
HAO4YM 3 Jpyroro, Oigbinmii 3a momepexnHiii. fIxki 3 mociaimoBHOcTeit
€ 3POCTAIOUMMIU’:

1)a,=5n-T; 2)b, =3~ 4n; 3) ¢, = (1)

4)xn=6; 5)yn=—8; 6) a, = n? + Tn;
n n

7 b, =n3 8) ¢, =n? — 8n; 9) x, = (1 — n)??

54. IlocnidosHicmb HaA3UBAIOTL CNAOHOI0, AKIIO KOMKEeH 11 ujieH, IIOUMHA0UN
3 IPyroro, MeHINNi Bim momepemuboro. fKi 3 mociigoBHOCTeN € craf-

HUMU:
1)cn=ln—8; 2)a,=4 - 5n; 3)bn=—(_1) +1;
2 2
10 1
4)xn=n; 5)yn=—n; 6) c, = —n? - n;
1
7 g,=—-(n+1)3 8) b, = —2n2 + 10n; 9 x, = n_5?
55. 3maiifiTe CcymMy n @epImIHuX YWIeHIB MOCTiJOBHOCTI (X,), AKIIO
X =1
" nn+1
56. IlocrimosHicTe (a,) — apumeTmyHa IpPOrpecias 3 MOJATHUMHU dUJe-

Hamu. [loBeniTh, 110 cymMa 7 IepIIMX YJIeHIB IOCaigoBHOCTI (x,), nAe

1 ) n
X, = —— 77—, AOPIBHIOE ——F—.
\ja’n + \ja’n+1 \/al + \/a’n+1

57. Mix uncaamu —19,88 i 19,91 BcTaBiyieHO 11 TAaKUX YHCEJI, IIT0 BOHU Pa3oM
3 JAaHUMU YTBOPIOIOTHL apu(pMETHUHY Hporpeciro. 3a sSIKOro 3HAYEHHS
n pisHunA 1iei mporpecii HaJdeKUTHL 00JIacTi BU3HAUEHHA (PYHKINIL

y = J-a% + T|a| - 122

58. HoBeniTp, 1110 KOJU @, b i ¢ — TPU TMOCJHiJOBHUX YJieHW aprupMeTHUHOL
mporpecii, To uucaa a? + ab + b2, a2 + ac + 21 b2 + be + ¢2 B 3a3Ha-
YeHOMY HOPAAKY TAKO0XK YTBOPIOIOTH apu(hMeTUUHY IPOIrpeciio.

59. HoBeniTs, II0 KOJM CTOPOHU NPAMOKYTHOI'O TPUKYTHHKA YTBOPIOIOTH
apu¢MeTHUYHY Tporpecito, To ii pisHUIlA JOPiBHIOE pajiycy KoJia, BOH-
CaHOTO B Iell TPUKYTHUK.

60. Hexait maHO mOCIiTOBHICTh KOHIIEHTPUYHUX KiJI (TOOTO KiJj, III0 MAalOTh
CIiJIBLHUY IIEHTP) i3 meHTpoM y Toulli A(—6; 8) Takux, 110 pamiycu mmx
Kix R, yTBOPIOIOTH a'pI/I(I)MeTI/I":IEIy IIPOrpeciio 3 MepIIMM YIeHOM 1,6
i pisaumeio 0,4. Yu icHye B Ii#l IMOCJiTOBHOCTiI KOJIO, IO IIPOXOIUTH
yepes MmouyaTok KoopamHat? JKImo icHye, To AKMUiA oro momep?

61. IlocrimosHicTs (a,) — apudmeTnyuHa nporpecis. Bigomo, mo a,, + a,, = 0.
HozseniTs, mpo a,,, = 0.
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66.

67.

68.

69.

70.

71.

72.

73.

B apudmernuniii nporpecii S, = S,, m # n. Hosexirs, mo S, . = 0.

n,
Bigomo, 1110 3a OyAb-KOT0 3HAUEHHS 1 CyMa N IEePIINX UJeHiB JesdKol
Y1CJIOBOI MOCJIiZOBHOCTI obGumcaioeThea 3a Gopmymnoo S, = 2n2 + 3n.
JoBeniTs, 1110 1A TOCJIiJOBHICTh € apu(METHUUHOIO ITPOTrPeciero, Ta 3HA-
OiTh 11 pisHUILIO.

ITocaimoBuicTh umcen 1; 8; 22; 43; ... Mae BJIACTUBICTb: PiBHUIIL ITBOX
cycimHix umcesn (HACTYyOHOTO I TIOIMEPENHBLOTO) YTBOPKIOIOTH apudme-
TUUYHY Iporpeciio 7; 14; 21; ... . 3HaigiTE, HOMep UJIeHa IIOCJIiJOBHOCTI,

1o mopiBHioe 35 351.

¥ spocraruiil apup)MeTUdHiN Iporpecii a,, a,, ag, a4, 10 CKJIANAETHCA
i3 mijgmx umces, HAWOIILIIMKA UYJIeH OOPiBHIOE CyMi KBaApaTiB pemiTu
ujeHiB. S3HANAITH 1110 IIpPorpeciio.

JoBeniTh, 110 KOJM CTOPOHU TPUKYTHUKA YTBOPIOIOTH I'€OMETPUUYHY
IIpoTpeciio, To TOro BUCOTH TAKOK YTBOPIOIOTH '€OMETPUYHY HIPOrpeciio.

ITocraimoswicTs (b,) — cCKiHYeHHA reomeTpudHa nporpecia. [losenirs, mo
S, - b, 1

Sn_bl _q.

a, b, ¢ — mocJailoBHI uWJiIeHW TeoMeTpMUYHOl ITporpecii. HoBexiTs, IO
a? + b2 b2 + c?

a c

[ Bi reomeTpuyuHi nporpecii ckJIagamThCs 3 OHAKOBOI KiJTLKOCTI UJIeHiB.
Ilepmuit useH i 3HaMeHHUK TePINOi IIporpecii JOpiBHIOIOTH BiIOBiHO

. 3 . . - . .
20 i —, a mepmnii yieH i 3HAMEHHUK APYyroi BiAIOBigHO mOpiBHIOIOTH 4
. 2 i
i 3 SIKIO IMEePeMHOMKUTH YJIeHU IIUX HPOrpeciii 3 OHAKOBHUMHU HOMeE-

. . . 3 . . .
pamwu, TO cyMa Bcix oOyTKiB mopiBHioBaTuMe 158 Z 3HaNAiTh, CKiJIbKHT

YJIEHIB y IIUX IIPOTpeciax.

Y 3pocrarouiii reomMeTpuuHill IIporpecii cyma IIepHioro i ocTaHHBOI'O
ujeHiB mopiBHioe 257, a mOOYTOK ApPYroro i mepegocTaHHBLOI'O UJEHIB
mopiBHIOE 256. 3HalimiTh KimbKicTh uimeHiB mporpecii, axiio ix cyma
mopiBuioe 511.

3HaimiTh yci mporpecii, AKi € ogHoOUacHO ¥ apupMeTUUYHNMHU, i TeOMeT-
PUYHUMU.

CyMa TphOX IIOCTiZOBHUX UJEHIB 3pocTaiouoi apudpmMeTHUHOI Imporpecii
mopiBuioe 15. fAKio Bixg mepimx ABoxX ii uieHiB BiguaTu mo 1, a mo
TPeTHOro AomaTu 1, TO Tpu OTPUMAHUX UUCJTA YTBOPATHL T'EOMETPUUHY
mporpeciio. SHAUAITh TPU MOYATKOBUX YHCJIA.

CyMa TpbhOX UmceJI, 1[0 YTBOPIOIOTH F'eOMETPUYHY IIPOrpeciio, JOpiBHIOE
91. fAxio mo mux uywmces gomaTu Biamosiguo 25, 27 i 1, To oTpuMaeMo
TPU YUCJIA, 0 YTBOPATH apuMeTHUHYy IIporpecito. S3HaAHIITh CboMUit
YJIeH TeOMEeTPUYHOI IIporpecii.
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74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

256

O
Tpu uuncia yTBOPIOIOTH T'€OMETPUUHY Iporpecito. Akimo mo ampyroro
yucJa gogaTu 2, TO BOHM YTBOPATH apuMETHUHY IIporpeciro. fAKImo
IMicJIsT IIBOTO IO TPEThOro Ymciia momatu 16, To Imporpecisa 3HOBY cTamHe
reoOMeTPUYHOI. SHAKWIITEL TPU IMOYATKOBUX UMCJIA.

IligzmpueMcTBO ABa POKHU IIOCHiJBb 30iJBIITYyBAJIO 0OCAT CBOEI MPOAYKITil
Ha OJHAKOBUM BifCOTOK i 3a ABa POKM 30iJIbIINJIO0 BUPOOHUIITBO
BABiui. 3HAWAITL BiZICOTOK, Ha AKWUH HIOPiuYHO 30iJbIITyBaBCS 00CAT
MPOAYKITii.

Mo posminy 4
Ha monumni croares migpan 50 KHMMKOK, dyacTuHa — 3 (PisMKM, UYac-
THUHA — 3 MaTeMaTUKU. Bigomo, 1Mo »KoaHa KHUMKKA 3 (PisUKH HE CTOITh
IopsAMd 3 iHIMOI KHMMKKOIO 3 (hi3MKM, a KOKHA KHUMKKA 3 MaTeMaTuKU
000B’SI3KOBO CTOITH MHOPSA 3 iHINMOI KHUMKKOIO 3 MaTeMaTuKu. SIKoio
MOXKe OyTHu HaibigbIina KilbKicTh KHUMKOK 3 (isuxu?

¥ kBagpari 2027 x 2027 zadap6oBaHo BCi KJIITHHY IO 000X AiaroHAJIAX.
HaBmanna BubupaioTh ofHy KJiaiTuHy. IKa MMOBipHiCTH TOTO, ITTO BOHA
He 3adapboBana?

Tenedornuuit HoMep Mwukosm cKJIagaeThbcA i3 ceMm pPisHHX HUPDP.
Haransa xoue fiomy 3arenedOHYyBaTH, HaM ATAIOUYU, 110 BCi mudpu Horo
HOMepa pisHi, aje 3abysa aBi ocramui nmudppu. Axa imMoBipHicTs TOrO,
110, Habumpaouu TeJeOHHMI HoOMep HaBMaHHSA, Harajasa 3 meprroi
cupobu mToA3BOHUTHCA 10 Mukomu?

3 BigpiskiB saBmoB:xkKY 1; 3; 5; 719 cM BubMpaOTh, HaBMaHHS TPU. 3 KOO
MMOBipHiCTIO i3 X TPHOX BiAPi3KiB MOKHA IMOOYAYBATH TPUKYTHUK?

fka fimoBipHicTBH TOro, 110 B ciuHi BMOpPAaHOTO HaBMAaHHS POKY Oyme
II’ATL cyooT?

Y maxoBomy TypHipi Opaso yuacts 10 rpocmeilicTepiB, IBOE 3 SKUX —
yxpaiumi. Koxxen i3 rpocmeiicTepiB 3irpaB mo oaHiil mapTii 3 KOXKHUM 3i
cBoix cymnepuukis. Jlioourens maxis Oxexcanap CeMeHOBUY BUPIIIINB
MePerVIAHYTH OAHY 3 IapTiii TypHipy, BubOpaBmiu ii HaBmauudA. fka
MUMOBipHiCTB TOTO, ITI0 B I[i#f mapTii rpaTuUMyTh:

1) nBoe yKpaiHIIiB;

2) yxkpaiucbpKkuii rpocmeiicTep 3 iHoseMHUM?

Yuenuna HaBMaHHs BuOupae omHe i3 uwmcen Bim 1930 mo 2029. fdxa
MOBipHICTE TOTO, IO Ile YMCJO MOXKHA 3amMcaTy y BUIIAAi 2¢ — 20, ne
a i b — marypaabHi uncaa?

Yeci rpami Kyba 3 pebpom 1 M modap6oBano. Kyb6 posmuiaeno Ha
1000 kyoOumkxis 3 peopom 10 cm. I3 mmx KyOMKIB OogmMH BUOMPAIOTH
HaBMaHHA. fIka ¥MOBipHiCTH TOTO, III0 B HHOTO:

1) modapboBano 3 rpani; 2) moapboBaHo 2 rpawxi;

3) modapboBaro 1 rpaHb; 4) :KomHY 3 rpameil He mogapoboBaHO?




BIANOBIAI TA MOPAAU AO BIPAB

ITorTOpIOEMO anaredpy 3a 8 Kaac

3 2 -1
17.1) 271, gy Bugy 1 gy XWED) yg gy XL g) Bg 1
2a+b xy 2x + 6 3(a +2) 3x+y ab 3x-6
p(m +3) .
4) —m. 19. 37 poxkis. 21. 1954 p. 22. 1576 p. 23. 1) 64; 2) 1; 3) 0,25;

4) 81; 5) —5; 6) 0,01. 24. 1) 0,2; 2) 7; 3) %; 4) 2; 5) _%; 6) 1. 25. ITopada. Iicas

cupoleHs Bupasy orpumaemo —1. 26. Hi. ITopada. Ilicaa cupoineHbs OTPpUMaEMO
1. 27. 3. 28. 6-re micme. 29. 1) 2; 4; 2) 3 —+/17. 30. 3. 35. 10,4 mau ra. 45. 1) 9;
2) 7; 3) —1; 11; 4) kopeuiB Hemae; 5) —6; 6; 6) —J2; \/_ 46. 1) KopeHiB HeMmae;

2) 23; 3) —9; 4) —4; 10; 5) —4; 4; 6) —/3; 3.

48. 1) 5; 3) 70; 4) 125. 49. 1) Ja ) 3)\[ 50. 1) Y22 y+6
' Va-s f+z(
\/5—3\5
9) YA TOND. 3y 6,5. 51. 1) 0; 3; 2) 4. 52. 1) —2; 0; 2) 1. 53. 1) —5; 4; 2 iJE;
)«/E+3«/3 ) ) ) ) ) ) )

3) +4/3; +1. 54. 1) —12; 13; 2) +33; 3) 0; +2. 55. 1) 12; 2) 64. 56. 1) 10; 2) 36.
73.a=2;b=-4. T4.b=3;c=-18. 75.1)0; 1; 2) —1; 1; 3) —1,25; 2; 4) —2.

76.1) 0; —4; 2) -1; 1; 3) -1; 1%; 4)-1.77.1) 1%; 2;2)-1; 3; 3) 1804 p. 78. 1) —%;

5; 2)—% 2; 3) 4-te micme. 79. x; = -3, x,=2; p=1a6o x;, =3, x,=—-2; p=—1.
-3

80.x, =4, x,=-1;q=—4.81. 1) % ; 2) X2, 3y ¥+3 g9 1) X=° 5 3x+1,

x+1 2x -1 1-x x+3

3) . 83. 1) -10; 2) -2,8; 3; 3) xopeui memae; 4) 2. 84. 1) —2; 2) iﬁ;
1-x

3) 10; 4) xopeniB Hemae. 85. 90 xm/rox; 80 xm/rox. 86. 12 xm/rom; 16 xm/ro.
87.1)1+ \/5; 2)9;1;3)4.88.1)-1;2)4;1; 3)1.89. 1) —%; 2) 0; —4. 90. 1) —4;

+
4; 2) 0; -9. 91. 1) -3; 1; 2) -3; 2. 92. 1) 1; 3; 2) —1; 2; 1_2J§.
Poznmin 1
1
§1.1.16.1)5 -2 = 2ﬁ+\/§> 1.17.1)V/3 - 1> - :
) JE ) I \/7 ) «/§+1

1.18. 1) ITopada. a2 + 10a + 26 = (a + 5)2 + 1.

2) 4+4/15 = _\/_

1.23. 2) ITopada. a2 + b2 — (4(a +b) —8)=(a— 22+ (b -2)2%3)m2+n2+1 -
m2-2mn+n2)+(m2-2m+1)+ (2 -2n +1)
2
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- (m+n+mn)= . 1.24, 3) Ilo-




Bidnogidi ma nopaou 0o Bhpas

O
pada. Hosenits, mpo (a + 1)3 — 4(a® + 1) = -3(a + 1)(a — 1)2. 1.26. 2) IITopada.
2
3m + bn -1 = M 1.28. m3 + n3 > mn(m + n). 1.29. Jo6yToK mep-
5n 12m 60mn

IITOT0 i YeTBepPTOrO BMPA3iB MeHINHUM Bix moOyTKYy apyroro i Tperboro. 1.30. Ilep-
ma. 1.31. IToxina. 1.34. 8 gumis. 1.35. 1,5. 1.36. 1) 5010 rpu; 2) 5400 rpu. Iz

5
migBuIilieHHAM IiHu meMmeHTy Ha 10 % Bubip He 3miHIOETHCS. 1.40. 65E KM/TOn.

§2.217.1)a>0;2)a<0;3)a>0;4)a>0.2.18.1) x <0; 2) x > 0; 3) x > 0;
4) x <0.219.1) Tak; 2) Hi. 2.20. 1) x + 2> y; 2)y—3<x;3)x+1<-y+1;
4) —x < —y + 8; 5) —(x + 1) < —y; 6) mopiBHATH HEeMOKJIMBO. 2.21. 1) a — 2 < b;
2)b+3>a;3)-a+2>-b+2;4)-b—-T7<-a;5)—a>—(b+ 3); 6) mopiBHATU

HemoskamBo. 2.22. 1) 3,1 <2x +0,7<3,7;2) 3,56 <5 —-x<3,8; 3) 0,6 < g -1<

<-0,5;4)-13<2-10x<-10.2.23.1)2,2<3a-0,2<3,4;2) 2,8 <4 —-a < 3,2;
20

3)3,4<%+3<3,6;4)4<10—5a<6.2.24. 1)4 < — < 10; 2) 0,1 <
a
1 1 1
< <1.225.1) 10<ﬂ<20; 2) 0,2 < < 1. 2.26. 42 < a < 50.
3a + 4 x 2x — 3

227. 48 < p < 51. 228. 1) x > y; 2) x < y. 229. 1) a < b; 2) a > b.

<12.231.3<—2" _<9.232. 8- 34608 < 3. 2.34. 1) -3;
7 - 3a 13 - 2b X x

2) —4. 2.36. 12,25. 2.37. Mogens B (R = 32,5), mozens A (R = 28). 2.38. Tosepia,
Huinpo.
§ 3. 8.11. 1) -1 < 3a + b < 46; 2) 45 mepemor. 3.12. 1) -2 < 2x + y < 9;
4b

2) 8 menaeit. 3.16. Hi. 3.19.1)2,5 <2 <10;2) 2 <20 -8 390 n2 < X (4,
b 15 3a 15 5 y

2.30. 3 <

2)% < g—y < % 3.21. 10,8 < P <12,4. 3.22. 28 < P < 34. 3.23. 63° < LA < 70°.
x

3.26. Ilopada. BukopucraiiTe HepiBHiCTh MiK cepenHim apudMeTHUYHHM i cepen-
HIiM TeOMeTPpUUYHUM Ta IIOUJIeHHe MHOKeHHs HepiBHocTeii. 3.27. [luB. mopany mo

1
nonepenuboro HoMmMepa. 3.28. Ilopada. Bukopucraiite x + — = 2, Koau x > 0.
x
3.29. 2810 < M < 2875. 3.31. 100 r 6-BimcorkoBoro i 200 r 3-BimcoTkoBoOroO.
2
3.32. 45. 3.34. 1) 96,5 km/rom; 2) 0,63 km/rox. 3.39. 1.

§4.4.10.-1; -2.4.11. 1; 2; 3; 4. 4.12. 1) Byns-axe uncuo, kpim 0; 2) 6yan-saKe
yuciio, kpim 0; 3) Oyab-ake uucao; 4) x = 0; 5) 6yab-aKe umcao, Kpim 1; 6) 6yab-
siKe uucyao; 7) Hemae po3B’A3KiB; 8) x = 1; 9) Hemae poss’saAskis. 4.13. 1) Byas-
sKe umcsio; 2) O0yab-AKe uucio, Kpim —2; 3) Hemae poss’saskiB; 4) x = —2; 5) He-
Mae po3B’aA3KiB; 6) Oyab-sike uuciao. 4.14. 1) Byab-axke uumcio, Kpim —2; 2) HeMae
po3B’a3KiB; 3) Oyab-AKe umcyo, Kpim 0; 4) 6yab-ake umciao, kpim 0 i —1; 5) 6yas-
sAKe 4uunciyo, oinabire 3a 0; 6) 1 i 6yab-axe umcio, menie Big 0. 4.15. 1) Byas-saxe
4uesao0, Kpim 3; 2) Hemae posB’saskiB; 3) Oyab-sike umcso, Kpim 0; 4) Oyan-sike dmce-
a0, kpim 0 i 1; 5) Oyap-saKe momaTHe YMCJIO0, KpiMm 3; 6) Oyab-AKe Bif eMHE YMCJIO.

4.19. = 122 cm. 4.26. Ha 16% %.
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§ 5. 5.13. 2) 18 meganeii. 5.22. 60 km/rox. 5.23. 6 a6o —6. 5.27. 1) Ha 5-i1 xB;
2) za 5 xB; 3) 3a 2 xB; 4) Ha 30 °C. 5.28. —4; 2.

§6.625.1)a>0;2)a<0.626.1)b>0;2)b<0.6.28.1)1; 2; 3; 2) 1;
2; 3; 4; 5.6.29. 1) 1; 2; 2) 1; 2; 3. 6.30. 1885 p. 6.31. 1710 p. 6.32. 1) 9; 2) 0.
6.33. 1) 5; 2) 0. 6.34. 1), 3) (—o0; +00); 2), 4) Hemae po3B’a3kiB. 6.35. 1), 3) He-
Mae po3B’aA3KiB; 2), 4) (—o0; +0). 6.36. Menmowo Big 12 cm. 6.37. 1) a > —7;
2)a>-2.638.1)a=0;2)a=3.6.39.1)b < -4,5; 2) -4 <b <0 abo b > 0.
6.40. 1) a > —4; 2) a > 9. 6.41. 48. 6.42. 51. 6.43. 41 Gaura. 6.44. 20 Bigep.

3 .
6.45. 1) fAxmio a < 0, To x < —; akmo a = 0, To po3B’saA3KiB HeMmae; AKIO a > 0,
a

3

TO X > —; 2) akmio a < 0, to x < 0; akmio a = 0, To x — OyAb-IKe UHCJIO; SKIIO
a

a>0,10x >0; 3) akmo a < 0, to x > 0; akmo a = 0, To po3B’sA3KiB HeMmae;

5
akio a > 0, To x < 0; 4) axkmo a < 0, To x < ——; akmo a = 0, To x — OyAb-AKe
a

yucJio; axmpo a > 0, To x > —é. 6.48. 2 km/Trox. 6.51. 2376 rpu. 6.54. Ocraune,
a

y Hei 30 % mnepemor.

§7.717.1)6; 7; 2)1; 2. 7.18. 1) —5; —4; —-3; —2; —1; 2) 7; 8. 7.19. 82 me-
mami. 7.20. 1) 1; 2) -2, 7.21. 1) 1; 2) —-1. 7.22. ¥ 2020 p. 7.27. 1), 3) He-
Mae po3B’aA3KiB; 2) x < 2,8; 4) x — Oynb-ake uuciyo. 7.28. 1) Hemae po3B’sa3KiB;
2) x < 10. 7.29. 1) [3; 5) U (5; 7); 2) (5; 10). 7.30. 1) [2; 4) U (4; 6); 2) (3; 8).
7.31. Binpmie 3a 1 cMm, ase menme Big 6 cm. 7.32. 2) 26 xr. 7.33. 2) 6 rpH.

734. -1 < a < 0. 735.a > 3. 739 1) 15 < 2x — y < 38; 2)2<£<10.
y
7.40. m < —%. 7.41. 3a 60 xB. 7.42. Hemae KopeHiB.

Bupasu gis mosTopeHHA posgiay 1
3.2),3).5.1)m>0;2ym<0;3m<0;4) m>0.7.1) a® — b3 > ab(b — a);

1
2) m2 + n2 > 5 8. Ilepma. 9. Ilnoma kBagpara Ginbma. 14. 1) 8x > by;

2) 3x > y; 3) —8x < —y; 4) —bx < —2y. 16. 1) 2a — 10 > 0; 2) 35 — Ta < O.

17. 1) 1 < |x| < 8; 2) 0 < || < 7. 21. 1), 8) Tax; 2), 4) mi. 22. 81 < S < 100.

23. 1) 3m + 2n > 12; 2) b — 3a < 0; 3) nopiBHATH HeMOKJIUBO; 4) p — 4 < 9.
1 1 3

24. 1) 5 < a2 + 2a + 5 < 8; 2) 4 < x2 — 4x < -3; 3)i<—+—<—;
20 a b 10
1

4)—6<——7<—3§. 25. x> y. 26. 20 < S <60. 31. 2; 3; 4; 5; 6; 7; 8; 9. 32. -1
mn

i —2. 36. Haiimenrmre uucao 1,6, maiibinbimoro He icuye. 44. 30. 45. 1) [11; +00);
2) [5; 7) U (7; +0). 46. Binbmrooo 3a 9 cm. 47. 7, 8, 9 a6o 10. 48. 1) a > 1;

2)a<0a600<a<i.49.1)HRm0a<—3,Tox<a

; AKIIO @ = —3, TO X —
a+3

a-5
OyIb-sKe YMCJIO; SAKINO a > —3, TO X = 3; 2) akmio a < 3, To x > —3; AKIIOo
a = 3, To po3B’A3KiB HeMae; AKIo a@ > 3, To X < —3; 3) aAKmo a < -1, o x <a — 1;
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AKIo a = —1, To po3B’A3KiB HeMae; AKINO a > —1, To x > a — 1; 4) akmo a < -2
abo a > 2, To x < 2; AKITO0 @ = —2, TO PO3B’A3KiB HeMae; aKIimo —2 < a < 2,

TO X > ; AKIIO @ = 2, To X — Oyab-ike umcyao. 54. 1) 1; 2; 3; 2) HaTypaib-

+ 2
HUX po3B’aA3KiB Hemae. 56. 2) [8; 9]. 57. 19. 59. 1) a > 5; 2) a > 2. 60. 56.
61. 1) dxmo a < 2, To Po3B’A3KiB HeMae; AKINO a > 2, To 2 < x < @; 2) AKIIO
a <6, mTx>6;akmo a > 6, To x> a. 62.a <-0,5a60a>1,5.63.0<a<x<8.

dickaapHa MaTeMaTHKa

1. Ha 3 059 025 tuc. rpu. 2. Ha 915 rpu. 3. 3350 rpu. 4. 80 rpH.
5. 1) 2000 rpH; 2) 24 000 rpu. 6. 1) 12 000 rpu; 2) 11 880 rpH.

Pozngia 2
§ 8. 8.4. 29 meganeii. 8.5. YV 19 pokis. 8.19. 7) x — 6yab-aKe uuciio; 8) (—o0; —1) U
v (=1; 5) U (b; +90); 9) [2; +00); 10) (—2,5; +00). 8.20. 7) x — OyAb-AKe UUC-
703 8) (—00; —3) U (=3; 1) U (1; +00); 9) [-8; +00); 10) (3,5; +o0). 8.22. k = -3,
1=5.823. k=3,1=-7.824. 1) [-5; +0); 2) (—o0; 3]; 3) [2; +00); 4) [-3; +0);

Jb

5) [5; +o0); 6) (—oo; 9]. 8.30. ¢ = 3, x, = 1. 8.31. —m. 8.32. Oxum.
a
8.33. 12 628 rpu. 8.37. 50.

§ 9. 9.12. 1) (0 3), (-3; 0); 2) (0; v/2), (-2; 0); 3) (0; 1), (1; 0); 4) (2; 0).
9.13. 1) (05 =5), (55 0); 2) (0; 3), (=9; 0); 3) (0; 1), (=2; 0); 4) (-=3; 0). 9.18. 1) 3;
2)2.9.19.1)2;2)2.9.23. 1) x> 1; 2) -10 < x < —4. 9.24. 70 xm/rox i 80 xm/To/.
9.25. x; = 2, x, =3, ¢ = 6. 9.26. 7 xB. 9.28. Ilepmnuii npi6 MeHIINMII.

§ 10. 10.15. 1) x = -3, x

=1; 2) [-4; +0); 3) -3 < x < 1; 4) [-1; +).
=3; 2) [-1; +0); 3) x < 1 a6o x > 3; 4) (-°°; 2].

10.16. 1) x = 1, x ;

10.17. 1) x = 5; 2) x = -3, x = 0. 10.18. 1) x = 3; 2) x = 0, x = 5.
10.19. Iopada. *F 4 _*¥-2+6 _x-2 6 _ 6 i 1020 IIo
x -2 x -2 x -2 x -2 x —
page, X0 _x+l+d4 x+l 4 4 L1 1021, 2 a4 - 4.

x+1  x+1  x+1 x+1:x+1
10.23. -2 < x < 5. 10.24. 10. 10.25. 2 c. 10.30. 1) 4; 2) 7.

§11.11.20.y = %xz. 11.23. a =-10. 11.24. b= 2. 11.25. 1) b = 2; 2) b = —10.

11.26. a = -3. 11.27. 1) (2; 2) i (5; 5); 2) (4; —4) i (2; —2). 11.28. 1) (0; 0)
i(6; 6); 2) (2; —2) i (-5; 5). 11.30. (2,5; 8) i (2; 7). 11.31. (1; —5) i (0,2; —4,2).
11.32. =~ 10,6 c. 11.33. 1) 125 m; 2) migmimanaca B mepiri 5 ¢, cuycKajgacsa B Ha-
crynui 5 c¢; 3) uepes 10 c. 11.34. 1) 11,25 m; 2) migmimaBca B mepmri 1,5 c,
cuyckasca B Hactymui 1,5 ¢; 3) uepes 3 ¢. 11.35. b = —10, ¢ = 32. 11.36. a = 2,
c=5.1137.a=1,b=-6,¢c=7.11.38.1) 25¢; 2) 50 c. 11.39. 1) 5 ¢; 2) 20 c.
11.40.c=17.11.41. c = 8. 11.42. ¢ > 16. 11.43. ¢ < —1. 11.50. 1. 11.51. 1) -3; 3;

2) -2; 2; 3. 11.52. 1031 ocoba. 11.55. Ha 11.
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§ 12. 12.16. 1) (—0; —1 — 242) U (-1 + 2J2; +oo); 2){

_1_\/5}

1217. 1) @ -+7; 2+7); 2 [—00; 5

12.20. 1) (=003 +0); 2) J; 3)(—00; %)u(% + ooj; 4) {4}; 5) (—o0; —1) U (—1; +0);
6) {5}; 7) (—o0; +o0); 8) . 12.21. 1) Hemae poss’saskis; 2) (—o0; +00); 3) {3};
4) (=905 0,6) U (0,6; +00); 5) {1}; 6) (—00; +0); 7) J; 8) (=05 8) U (8; +0).
12.22. 1) 1; 2) 1; 2; 3; 4. 12.23. 1) 1; 2; 3; 2) —-3; —2; —1; 0. 12.24. 5 moB.
12.25. 16 wepmameii. 12.26. 1), 3) (—°0; +o0); 2), 4) Hemae po3B A3KiB.
12.27. 1), 3) (—00; +0); 2), 4) mHemae po3s’saskis. 12.29. 1) —-3; 2) —2. 12.30. 1) 1;

2)0.12.31. 1)E; 2}; 2) (~00; ~2,5) U (0,5; +00); 3)(-1; _éj; 4) (003 0) U (2; +00).

%}; 2) (—o0; —-1) U (-1; +o0). 12.33. 1) [-1; 2) U (2; 3];
2) (—o0; 2] U [1; 2) U (2; +90). 12.34. 30 xB. 12.35. 1) (0; 1); 2) (3; +o0).
12.36. 1) (—o0; —4,5]; 2) [8; 12). 12.37. 1) 0; 1; 5; 6; 2) —3; 1; 2. 12.38. 1) 0;
1; 3; 4; 5; 2) 1; 2; 3. 12.39. 1) [3; 4) U (4; 5]; 2) (—o0; —2) U (1; 2) U (2; +00).
12.40. [3; 4). 12.41. (4; 5]. 1242. 1) 2<a <6;2)0<a < % 12.43. 1) a < 2 a6o
a>6;2)a<0abo0<a<0,4 a60a > 2.1244.1) -7 <a < 5; 2) a < 0 abo
0<ac< l 12.45.1) 0 <m < 28; 2) m < —4. 12.48. x, = 1; x5 = 2. 12.49. 9 yna-
4

KoBOK. 12.54. Tax.

§ 13. 13.11. 1) (2; 1), (2; —1); 2) Hemae posp’askis. 13.12. 1) (3; 1), (-3; 1);
2) Hemae posB’askis. 13.13. 1) (—1; 6); (2; 3); 3) 5 memameii. 13.14. 1) (—2; 6);
(3; 11); 3) 29 poxkis. 13.15. 1) (—4; 0), (-1; —-3); 2) (0; 2). 13.16. 1) (-6; 0),
(-1; -5); 2) (0; 3). 13.17. 1) Opuu po3B’sA30K; 2) UYOTHUPU PO3B’SIZKU.

12.32. 1) [—l;
2

13.18. 1) (35 2), (=42; 11); 2) (5; 0), (3; 4); 3) (=25 4), (2; 2); 4) (4; 3), (% - %]
13.19. 1) (=15 -1), (55 2); 2) (3; 2), (-1,2; 3,4); 3) (3; —1), (=35 2); 4) (2; 3), (15;
-10). 13.20. 1) (3; 2), (-4; 9); 2) (3; 5), (5; 3), (-3; —5), (—5; —38). 13.21. 1) (3 5; g]
2) (2; 5), (25 =5), (=2; 5), (=2; —5); 3) (15 4), (-1; —4); 4 (1; 5), (-1; —-5).
13.22. 1) (5; %j 2) (1; 2), (1; =2), (=15 2), (=15 =2); 3) (2; 1), (=2; —1); 4) (=35 1),
(3; —1). 13.23. 1) (2; 3), (-2,5; —-1,5); 2) (4; -1), (2; —-38). 13.24. 1) (2; 1),

(—15; - 2%]; 2) (-1; -8), (—45; 2]. 13.25. 1) (25 1), (1; 2); 2) (3; 2), (-2; ~3);

3) (15 0), (-1,5; 2,5); 4) (2; -1), (%, %) 13.26. 1) (3; 2), (-10; 15); 2) (-1,5; 0,5),
0,5; 2,5). 13.27. 1) a = 2; 2) a = 2. 13.28. [-11,5; 9]. 13.29. 2 xkm/roz.
13.31. 5000. 13.32. 1) 3omtut — 9 rpH, oxiBens — 6 rpH; 2) 18 KM/Toa; 2 KM/TOS.
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§14.14.2. -714.14.3. 41 -3. 14.4. -21i —5. 14.5. 6 i 4. 14.6. 20 m i 30 m.
14.7. 8 cm i 10 cm. 14.8. 5 cm i 12 cm. 14.9. 6 cm i 8 cm. 14.10. 5 i 10 a6o 30
i—-15. 14.11. 6 i 3 abo 1 i —2. 14.12. 24. 14.13. 48. 14.14. 8 c./xB i 10 c./xB.
14.15. duma — 6 zagau, Omer — 5 z3agau. 14.16. 5 m i 8 m a6o 19,5 m i 22,5 m.
14.17. 21 psax. 14.18. 60 xm/rox i 80 km/rox. 14.19. 12 km/rox i 18 Km/rox.
14.20. 3 km/rog i 12 km/rox. 14.21. 28 cm. 14.22. 30 cm2. 14.23. 6 rox i 3 rox.
14.24. Barsko 3a 10 gmiB, cum — 3a 15 gmis. 14.25. 4 km/roxm i 5 Km/ropm.
14.26. 12 xm/rom i 18 km/rox. 14.27. 20 km/rox i 2 km/rox. Ilopada. Hnsa
pPO3B’A3yBaHHA OTPUMAHOI CHCTEMM BHUKODUCTATH METOX B3aMiHM 3MiHHOI.
14.28. 18 xm/rom i 12 xm/ron. ITopada. Hexaii mBUIAKICTH BeJIOCHUIIENCTA, IO
ixaB 3 A no B, — x KM/T0J, a BEJIOCUIENUCTKY — I KM/Tof. 3a YMOBOIO 3a1aui Ma-

%x + %y = 18,

THMEMO CHCTeMY DiBHAHB 18 18 9 9 14.31. [-3; 2) U (2; 3]. 14.32. 8.

y x 10 5
14.33. Haranka kmBe y Tperbomy mix’isgi ma 5 mosepci, Cepriit — y m’sitomy
mig’izai Ha 7 momepci. 14.34. 202710,

BrnpaBu nis moBTOpeHHsT po3mixy 2

7. 1), 8), 4) Tak; 2) mi. 8. 1) (—00; 0) U (0; +0); 2) (—o0; 0) U (o; %J U

U G ¥ oo]; 3) (003 —1) U (~1; 0) U (05 +00); 4) (~o0; —1) U (=15 0) U (0; 1) U

U (15 +99); 5) (=05 0) U (05 +90); 6) (2; 5) U (55 +0); T) x = 05 8) x = —1;
9) x =0. 9.1) 0; 2) 0; 3) [0; 2]; 4) (0; 1]; 5) [-2; +0o0); 6) (0; i} 13. 1) He ic-
HyOTh; 2) 1; 3) 10. 14. 1) (—2; +00); 2) (—o0; —2). 20. 1) (—o0; —4) U (—4; +00);
2) x = 0; 3) HemMae TaKuUX MPOMiKKiB; 4) (—o°; —3) i (=3; +°); 5) -8 < x < 0;
6) x <-3a6ox>0.21.a=2.28.¢c=9. 29.a=-2.30.1)[0; 8]; 2) [-27; 0O].

31. (-1; 4), (5; 10). 32. p = —-5; ¢ = 8. 34. x = 4. 35. 1) -0,5; 2) —-1. 36. 1) a > O,
b<0,¢c>0,D=0;2)a<0,b<0,¢c>0,D>0;3a>0,b>0,c>0,

D<0;4)a<0,b>0,c<0,D>0.38.a>%.44.1)(—00;—3)u(7;+00);

2) [3; 6]; 3) (—00; g} U [1; +00); 4) (—%; 2}. 45. Menrma Big 5 cm. 46. 0 < x < 7.

47. -1,6 < x < —%. 48.1) c=16;2)c=9.49. 1) [-2; -1) U (1; 2]; 2) [-3; —1) U
v (0; 2]. 50. a = -2. 51. m < —% abo m > 1. 52. Armo a < —6 a6o a > -1,

TO X5, =a — 1% Na? + 7a + 6; skmo -6 < a < —1, To po3B’sA3KiB HeMmae.
53. 1) dAxmpo a < 2, To -2 < x < —a; AKIO a = 2, TO Po3B’sA3KiB HeMae; SAKIIO
a>2,10-a<x<-2;2)akmo a < -1, To x < 2a abo x > —a — 3; aAKmEO a = —1,
TO X — OyIb-sIKEe UMCJO; AKINO a > —1, To x < —a — 3 abo x > 2a. 54. 1) fAxiro
m<-2,T10x <m; gk —2 <m < 3, To x < —2; gKkmo m > 3, To x < —2 abo
3<x<m;y2)armom < 4,10 4 <x<2;aKmo 4<m<2,tom< x < 2;
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AKIO m > 2, To cucrteMa He mMae po3B’saskiB. 58. 1) (2; 5); 2) cucrema He Mae
poss’askis. 59. 1) (6; 2), (2; 6); 2) (3; —4), (—3; 4), (—4; 3), (4; —3). 60. 1) (3; 2),
(=35 2), (=3; —2), (35 =2); 2) (3; —2), (=35 =2); 3) (2; —1), (=25 1); 4) (6; 10).
61. 1) (4; 1); 2) (-1; 0), (05 —-1), (1; 0). 62. 1) (-1; —2), (-2,5; —-1); 2) (3; 1),

(-3; -1). 63. 1) (6; 2), (g ;j 2 (2 1),(126 54

.64.512a60-21-5.65.5
11 11

'17.66.4CMiSCM.67.4i5a6015i§.68. 12cmi9cm. 69.4 cmibcem. 70. 35.

71. 28 cm a6o 26 cm. 72. 90 xm/rox i 80 Km/roxm. 73. 8. 74. 7. 75. 25 a6o 85.
76. 100 x 80 m. 77. 20 rox i 30 rox. 78. 20 irparox.

Pozgin 3
§ 15. 15.8. 2) 10 m. 15.11. 1) yg = 7; 2) y5 = yg = —29; 3) He € UIEHOM IIO-
crigoBHOCTi; 4) Yy = 79. 15.12. 1) x;, = 69; 2) He € YIEHOM IOCIiTOBHOCTI;
3) xo=5;4) xy =x3=6.1513. 1) ¢; =8, ¢, =3, ¢35 =2, ¢, =7, ¢y = —12;
2)c;=-38,¢c9=-38,¢c3=-3,¢,="3,¢,=-38;3)c;="2,¢c,=3,¢c5=1,¢, =4,
cs=95,4)c; =0, ¢y =5, ¢cg =5, ¢, = 1,25, ¢, = -0,3125. 15.14. 1) y; = 5,
Yg=3,y3=-"1,y,=-9,y,=-25;2) y; =16, y, =1, y; =8, y, = 116’ y; = 64.

15.15. 1) a, = 25; 2) b, = 32; 3) ¢y, = 1, me k — HaTypaabHe uucio; 4) y, = y5 = 6.
15.16. 1) x, = —1; 2) a, = -21. 15.19. —7. 15.20. (0; 2), (0; —-2), (-3; —1), (3; 1).
15.21. Yepes 5 micamis. 15.24. (1; 2; 3); (—1; —2; —3).

§ 16.16.7. 1) 673; 2) 2019 p. 16.17. 1) 5; 2)4l 52 3) 4; 5; 6. 16.18. 18; 21;

24; 27. 16.19. 1) a, = —x + 3xn; 2) @, = ——

2 1
+ ;n 16.20. 1) a; = 39, d = —2;

2)a,=5,d=2.16.21. 1) ¢, = —45,d =3; 2) ¢, = 1, d = -3. 16.22. 1) C = 50 + 8s;
2) rax; 3) 146 rpu; 4) 15 kM. 16.23. 1) C = 800 + 600n; 2) Tak; 3) 3800 rpwu;
4) 8 xi6. 16.24. 1) Tax; 2) mi. 16.25. 1) Hi; 2) tak. 16.26. 32. 16.27. 27.
16.28. 1) d = 5; 2) 69. 16.29. x = 1 a6o x = 6. 16.30. y, = —1 a6o y = 4. 16.31. m = 1.
16.32. 1) —-37; 2) 2,5. 16.33. 1) —25; 2) 5,4. 16.37. 1) —1; —/3; V/3; 2) 1 + V2.
16.38. Tak. 16.39. [-10; 0) U (0; 1]. 16.40. 96 000 rp=.

§ 17. 17.13. 1) 42 653; 2) 12 425; 3) 12 402; 4) 1635. 17.14. 1) 12 810;
2) 123 525. 17.15. 1) —44; 2) 98. 17.16. 1) —275; 2) 192,5. 17.17. 4. 17.18. 4.
17.19. 100. 17.20. —100. 17.21. 15. 17.22. 6000 MBr. 17.23. —-197,4. 17.24. 484.
17.25. 1) 15; 2) -3 a6o 6. 17.26. 1) 12; 2) —-37. 17.27. 610. 17.28. 6 rox.

17.29. 66 990 rpu. 17.32. v/3, —V/3. 17.34. 10 Om. 17.37. 6 a6o —%.

§ 18.18.13. 1) 24; 2) 1992 p. 18.17. x; =12, ¢ =4. 18.18. 1) ¢ = 2 abo ¢ = —2;

2)q=3; 3)q:%a60q:—%; 4) g, = —-1.18.19. 1) g = 3 abo q = —3; 2)q:%.
1
18.20. 2,5; —5; 10; —20; 40. 18.21. —g; 5; —20; 80; —320; 1280. 18.22. x, = 32°

18.23. b, = ﬁ abo b, = —ﬁ. 18.24. 1) ¢; = 1000; 2) ¢, = 64 abo c; = —64.
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O
18.25. 10 xuaitum; 40 kaitmm; 320 kaituua. 18.26. 1) 864 xiaiemTu; 2) Tak.
18.27. 1) 72 900 rpm; 2) mi. 18.28. 1) 1; 8; 64 ado 1; —8; 64; 2) 1; 4; 16; 64.
18.29. x, = 1, x5 = 2, x; = 8. 18.30. 4; 2; 1, axmo x = 1, i —9; —24; —64, axmo
x =-12. 18.31. -1; 1; -1, axmo y = —1. 18.34. 8 cm?. 18.36. 1) a, = 3, d = 2;
n(n — 1)
5 -

§19.19.1.1) 136 763,1 rpu; 168 505,82 rpu; 2) 36 763,1 rpu; 68 505,82 rpH.
19.2. 1) 250 880 rpm; 314 703,87 rpm; 2) 50 880 rpu; 114 703,87 rpH.
19.3. 80 000(1,09" — 1); 15 048 rpu; 23 602,32 rpu. 19.4. ~ 80 000 rpH.
19.5. 58 000 rpu. 19.6. 80 000 rpu. 19.7. 1) 1825,35 rpu; 2) 1665,94 rpH.
19.8. 1) 47 550 oci6; 2) 45 219 oci6. 19.9. 20 %. 19.10. 6. 19.11. (4; 2), (—4; —2).
19.12. Kynutu y gpyroro mpogaBisa 2200 xkr maactmacu. 19.13. (0; 1), (0; —1).
ITopada. NoBenits, 1o aaa x > 0 Ta x < —2 piBHAHHA PO3B’A3KIiB y IiIUX UMCIaX
He Mae€.

§ 20. 20.10. 211. 20.11. 67,1 cm. 20.12. 1) 625 naiikis; 2) 1015 naiikis.

2)a; =5,d=-1.18.38. -10,008. 18.40. Ha 0,85 m. 18.43. a, =

20.13. 1) 189; 2) —409,5. 20.14. 1) 682; 2) 183. 20.15. 1) 1%; 2) 605; 3) —10;

4
4) 635. 20.16. 1) 1%; 2) 2295; 3) —104; 4) 364. 20.17. 1) 5; 2) 27. 20.18. 1) 3;

1 1
2) 81. 20.19. 1) ; 2) — . 20.20. 781 a6o —521. 20.21. 364 a6o 182.
x2 -1 x+1

20.22. Yoso0Bik, KOTpUil 3anpononyBaB yroay. barariii orpumas 3 000 000 xp6.,
a sammatuB 10 737 418,23 xp6. 20.23. 728. 20.24. —22. 20.25. 1) IlaBso orpu-
maB Ha 27 000 rpu 6inbinme mpubyTok, Hixk Mapiuka; 2) Mapiuka oTpumaia Ha
5000 rpu 6imwpme mpubyTok, Hixk IlaBmo. 20.26. 1) 6; 2) 7; 3) 5. 20.28. —31,2.
20.29. 252. 20.30. 20 000 rpu mix 10 % piuaux i 40 000 rpu mig 7 % piyHHX.
20.32. (2; —2); (—2; 2). 20.33. ¥V camnoni «I'amma», 5510 rpu. 20.34. JlerkoBuk 3a
2 roJ, MOTOIIMKJIICT 3a 4 roj.

32 + 4 93 +1) . 5+3J5
4 2 2

§ 21. 21.11. 1) 10 (V2 + 1); 2) . 21.12. 1) 2)

21.13. 1) 160; 2) -201. 21.14. 1) 121%; 2) 9. 21.15. 1) ———; 2) — %
4 2 1-x 1+ x2

1 5 1 13 19 25 7 2 2

16. 1) 55 2) =5 3)3554) T35 5) 55 6) 7. 21.17. 1) 5 2) —; 3) 53
21.16. 1) 3 2) 33 3) 9 4) 33 5) 30 6) 99 21.17. 1) 9 2) 11 3) 9
14 28

49 1 4 2

4) 4—; 5) —; 6) 4—. 21.18. 1) —; 2) —-8. 21.19. 1) —; 2) —40. 21.20. 10—

) 33 ) 90 ) 99 8. 1) 9 ) %1 5 ) 0 3

2 41 133

2—, 21.21. 4,5. 21.22. . 21.23. 2¢2 cm2. 21.24. 1) 3—; 2) 6——.

abo 3 5 6a cm 3. 2¢? cm ) 150 ) 330

21.25. 1) 4——; 2) 5——. 21.26. 1) 12 2) 71 21.28. 45 045

o 300’ 3300° T 3 3 9 2 o )
21.29. 1) (—o0; —2]; 2) (—o0; 1]. 21.30. x, = 25. 21.31. 14 875 oci6. 21.32. 1.

173 101

BnpaBu gasa moBTOpPeHHS po3miay 3
1 n
3.7.4.x22:—§. 5.b,=-1.6.1)a, =2n - 1; 2)an:m; 3) a, = n?
4) a, = 2" 5) a, = (-1)"; 6) a, = (-1)" + 2. 7. 5. 14. 1) —-5,5; 2) —200. 15. 27.
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O
16. a,, = —0,1. 17. Tak; cepennsa cTopoHa jopiBHIOE 13 cm. 19. 16; 25 a6o 4; 1.
25. 1) —420; 2) —615. 26. 1) 3; 2) 7. 27. 9 xuis. 28. a, =8, d = 2. 29. 1) 81; 2) 105.

n—n2 n2+n 1 1

30.3750.31.1)p 2 ;2)c 2 .36.2;—4;8;—-16; 32. 37. —g. 38.¢c5 = 5 Cy = 25

39. -18.40.9.41.1; -3; 9, sxmo x = 2. 42. 1) b, = 1,2, ¢ = 2; 2) b, = 3, ¢ = 2.
J5+1
2

~ 103 340 rpu. 45. ~ 45 320 rpu. 46. 1) 7290 xBopux; 2) ~ 5905 xBO-

pux. 50. 3069 cm?. 51. 781,2. 52. 61. 53. 765. 54. 510 a6o 15%. 55. b, = 3,

43. MoxyTs, ¢ = . 44. 1) 194 490 tpr; ~ 253 340 rpm; 2) 44 940 rp;

qg=-2, n=26.56.1; 4; 16; 64; 256; 1024. 57. O 10 rog 30 xB. 62. IIopa-

1 3 1 3 1 3 1 1 1 3 3 3
da. —+—+—+—+ -+ —+. .=+t =+ .||+ —+ ...
2 8 4 16 8 32 2 4 8 8 16 32
1 19 11 17 2 1
. Tax, -1<¢<0.64.21-.65.1)—;2)—; 3)4—;4)5—.66.1)10—;
63. Tak, aAKIO q 6 3 65 )33 )45 ) 99 ) 15 66. 1) 3

3 1 4 1
2) 3§ 67. 240. 68. 1) 162 a6o —81; 2) 341 3 a6o 204 5 69.b,=6,q9 = 3

Po3snin 4

§ 22. 22.9. 720. 22.10. 120. 22.11. 6. 22.12. 16. 22.13. 20. 22.14. 1680.
22.15. 36. 22.16. 8. 22.17. 1) 60; 2) 125. 22.18. 1) 20; 2) 25. 22.19. 6. 22.20. 120.
22.21. 600. 22.22. 18. 22.23. 8. 22.24. 45. 22.25. 240. 22.26. 48. 22.27. 24.
22.29. (1; 1), (2; 0). 22.30. 1) —2,5; 0; 1; 2) —-2; 2; 3. 22.32. 28,8 km/roxn.
22.33. 12.

§ 23. 23.12. Hi. 23.13. 1) ~ 0,44; 2) ~ 0,23; 3) ~ 0,75; 4) ~ 0,91.
23.14. 1) ~ 0,09; 2) ~ 0,25; 3) ~ 0,56; 4) ~ 0,77. 23.15. 1), 3), 4) Bunazgxo-
Ba; 2) Biporimma; 5) memoskamBa. 23.19. 1) 9; 2) 2400. 23.20. 1) 495; 2) 700.

23.21. A6o 21, abo 22, a6o 23. 23.22. Bix 55 mo 59 moctpinxis. 23.25. (-2,5; —1).
23.26. —10,008. 23.28. 5539 rpu. 23.29. 3,5.

3 4 8 12 7 71 2
24.24.13.5.24.14. —. 24.15. —. 24.16. 1 ;2 : .24.17.1) —;
S 33 15 515 61365 D365 2 365 "D

1 1
. g3 gy nlaglisgtglogienoglsgl gyl
366" ' 366 6> 127 7127 7 2 66 71207 2

24.20. 1) %; 2) 0; 3) %; 4) % 24.21. 1) 4; 2) 8; 3) menie Bixg 12; 4) meHIe Bix

24. 24.22. 1) 4; 2) 2; 3) 6inbimre 3a 6; 4) 6inbine 3a 2. 24.23. 3emeHux — 2 PpydKH,
yepBoHUX — 5. 24.24. 10 uepBoumxX xXycTuH i 2 Kaprari. 24.25. 6 yepBOHUX TPO-

1 1 1 3 1 1
. 24.26. 3 abo 4 . 2427, —. 24.28. —. 24.29. 1) —; 2) —; 3) —; 4) —.
SHJ abo 4 BapeHUKU 3 2 ) 2 ) 3 ) 1 ) 2

24.34. (2; -2), (-2; 2). 24.35. 72 xM/Tox. 24.36. ¢ < O.

§ 25. 25.9. 15 xm/rog. 25.10. YV Jliokcemb6yp3i — 15 eBpo, B Yropmuai —
7812,5 ¢opunris, B YKpaini — 573,13 rpu. 25.11. 8 uuce.

§ 26. 26.15. 1) a = 5; 2) Me = 9. 26.12. 1) b = 5; 2) Me = 10. 26.17. 1) X = ;
Mo = 3; 3) Me = 2. 26.18. 1) X = 1,55; 2) Mo = 2; 3) Me = 2. 26.25. 12,2 .
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26.26. —4; 0; 3,2; 4.
BnpaBu gaa moBTOpeHHS posminay 4
4. 120. 5. 8. 6. 625. 7. 1) 25; 2) 20. 8. 756. 9. 56. 10. 60. 11. 48. 12. 96.

13. 1) 10 000; 2) 5040. 14. 15 120. 15. 28. 20. 1) 0,03; 2) 0,45; 3) 0,25; 4) 0,75.
-1 1

22, 1) 126; 2) 225. 23. 8 napriii. 27. b— 28. PiBuoiimoBipHi nozii. 29. 1) —;
a+b-1 25

2) 03 3) 125 4) 25, 5) 15 6) 25 7) 23 8) 205 9) =5 10) 22, 30 2. B1. 1) 3 2) o3
25 25 5 25 25 25 25 25 18 3 30

3) 0. 32. 1) %; 2) % 33. 6. 46. 1) 2; 2) 6. 47. 1) 1,75; 2) 1; 3) 2.

3agaui migBHINEHOI CKJIAXHOCTI

2. 2) IIopada. x> — 4x + 5 — 2x — 2| = (x — 22 — 2}x - 2| + 1 =

= (x — 2| - 1)2 > 0. 5. ITopada. PosrnaubTe Pi3HUII0 KBaApAaTiB JiBoi i mpasoi

vyactuH. 6. 1) ITopada. 3amiHiTh ocTaHHe umcao 6 y JiBifi wacTuHi HepiBHOCTI

2 4 6 .1201 1 3 5 (119

3’5 7 121 T2 6 T 120

Iosenits, mo x > y, a Tomy x2 > xy. 8. 33 yumi, 3 akux 1 Bosogie TPLO-

16

Ma imosemuumMu moBamu. 9. 1) Hi; 2) mi; 3) rak; 4) tax. 10. Hampuwaan %

Icuye Gesmiu Takmx uwmcen. 11. IlpaBuapnumii. 12, x = y = z = 1. 14. 1) 4;

2) 27. Ilopada. BukopucraiiTe HepiBHicTh MiK cepegHim apudmeruunHuMm i ce-
9+ y? y

2 9 + y2

9) L. 16, Iopada. (Vx + g + 22 = x + y + 2 + 2(xy + gz + Jzx) <

12

<

1
penuim reomerpuunuM. 15. 1) rs ITopada. > 3y. Tomy %;

x+y+y+z+z+x
2 2 2
6m — 1 6m — 1
< .

<7+ 2( j 17. x < 3(2 - +/5). 18. 1) SIxmo m < -3, To

15m + 7
< —
m_

15 7
AKIO m > 5, To x > m—+5 19. 1) Hi; 2) rak; 3) Tak; 4) tak. 20. Ilopa-

2) axkmio m < 5, To X ; AKIIO m = 5, TO HepiBHICTh He Mae PO3B’A3KiB;

da. y = x2 — (@ + b)x + (ab — c?). [uckpumiHAHT KBagpaTHOrO TPUUJIEHA
x2 — (a + b)x + (ab — ¢?) popisuIOE (a — b)2 + 4c2. 23. IIopada. a = 2. 24. a = 2.

27.1)x<0a6ox>2;2)—3<x<1;3)x<0a6ox>3,5;4)—%<x<3,5.

_5+\/£ a

28. 1) x < -4 a6o x > 1; 2) b < x < 1; 3) -38,56 < x < n

«/3_—5< 2

4
1 x 1;4)x<—§a600<x<§,a60x>2.29.—3<x<—1.

266 O

60

N




Bionogidi ma nopaou 00 Bnpas

o
30.a > 1. 31. m<—— 32. -6 <a < 2.33.— 3 <b<6.34. 1) Axmp |a| > 2V2,

cucTeMa He Ma€ PO3B’A3KiB; AKIIO |a| = 2«/5, cucTeMa Ma€ €IUHUM PO3B’A30K;
AKIIO0 |a| < 2«/5, cucTeMa MAae€ ABa PO3B’A3KU; 2) SAKIIO |a| < 2, cucTemMa He Mae
pO3B’A3KiB; AKIIO |a| = 2, cucremMa Ma€ IBa PO3B’SI3KH; AKIIO |a| > 2, cucteMa Mae
239 117
146° 146
He Mae poss’saskie; 2) (4; —3), (3; —4). 38. 1) (2; 1), (1; 2); 2) (3; 1), (-1; —3).
39. x =y =4, z=-4. 40. 1) (3; 1), (1; 3). Ilopada. 3amina x + y = u, xy = v;

144106 . 4%] [_14@_ B 4%].

yoTupU pos3B’A3Ku. 35. (2; 4), (—4; 4). 36. (1; 2), [ j 37. 1) Cucrema

2) (3; 5), (5; 3). 41. 1) (3; 1),(—3;‘1)’[ 53 53 53 53

5 5 5 5 5 5
2) (2; 1)’ (1; 2)’ (_1; _2)7 (_2; _1)3 (%; %], (%; %Ja (_%; _%]7
V5. V3 5V3) ( VB, 5V3) _
( = 10} 42. 1) (35 2), (=3; —2), [?’ T]’ [—?, —?], 2) (25 1),

(-2;-1).43.614. 44. 3 km/rox i 4 km/rox. 45. 10 m/c i 15 m/c. 46. 100 xm/TOx.
47. 90 km/rom, 60 xm/rom. 48. 7 kM. 49. 10 xB. 50. 6 rog. 51. 11 %; 5 %.
52. 18 ¥m; 12 xkm/roxa. ITopada. Hexait x xm/ron — 3amnanoBaHa Cepriem miBupm-
KicTh, a y KM — Bifgcranb Bif gomy o cragiomy. Toxi maemo cucTeMy PiBHAHB

y = 1,5x,

y- %
l+ x . 3(x+8):1§.
3 3(x+8) x + 3 3

53. 1), 5), 6), 7), 9). 54. 2), 4), 6), 7), 9). 55. "
n+1
n=22.63.d=4.64.101. 65. -1; 0; 1; 2. 69. 7. 70. 9. 71. TinbKH HOCJIiZOBHO-

7
CTi OmHAKOBUX, BiAMiHHUX Bim HyJ d, uncein. 72. 3; 5; 7. 73. 5103 abo ﬁ 74. 1;

3; 9 abo — 1 é 25 . 75. = 41,4 %. 76. 17. 717. 2026 .78. —. 79. 0,3. 80. —
9 9 9° 2027
1 16 1 12 4
1.1) —; 2)—.82.0,02. 83. 1) ——; 2) ——; —
81.1) 45 ) 45 82.0,02.83. 1) 125 ) 125 ) 9 125
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BigmoBigi no 3aBmanp «/lomanrHsa caMocTiitHa poGoTa»

Nb 3aBmaHHA
112345 7189101112 13
Ne poGoTu
. B|B|T|T|A B|A|B|T |B|B| 1B, 2T,
3-A
) B|B|A|T |B B|T|A|B|B|B| 1-B, 2T,
3 B
B|B|T|A|B A|B|B|A|T|T|I1-B,2-A,
3
3T
4 B|A|B|B|T B|/B|B|B|B| T |1B2T
3-A
5 B|T|B|A|B Bla|r|B|a|r |75 2h

IIPEIMETHUM

Apryment 72

Bepminaa mapaboau 102, 104
Bubipka 231

Bunangkosa moxis 210

Bunagkosuit gocaig 210

BigHocHa uacToTa 3HaUeHHS BUOIpKU
— — moxii 211

Biporigua momisa 211

Bicws cumerpii mapabosu 104
BiactuBocti apudmMeTrndHOI mporpe-
cii 159, 160

— reoMeTpuuHOI mporpecii 173

— HepiBHOCTeIl 3i aMiHHUME 45

— QyHENi y = ax2, a # 0 103
——y=ax2+bx+c,a+0104

— YHCJIOBUX HepiBHocTen 22, 23

TI'enepanbHa cyKynHicTh 231
I'padik Gpyurmii 74

I'padiunwnii cnoci6 po3B’A3yBaHHA
cucrteM piBHAHBL 124

JloBeneHHs HepiBHOCTEH 15

3amina 3MiHHUX y cucTeMax piB-
HAHBL 126

3minHa 3asmexHa 72

— He3aJIeyKHa (2

3HaKM HecTporoi HepiBHOCTI 15

— crporoi HepiBHOCTI 15
3HaMeHHUK IeOMeTPUYHOI Iporpe-
cii 171

IIOKAKRYHUER

Knacuune osHaueHHA WiMoBipHOCTI 218
Kom6inaTopuka 204

Kowmb6inaropue npaBuio go6yTry 205
Komb6inaTopue npasuio cymu 204

JliBa yactuHa HepiBHOCTI 14
JIinitini HepiBHOCTI 3 OfHi€I0 3MiH-
Holo 44

MaremMarTuuHa cTaTUCTHUKA 225
Mepniana Bubipku 233
Moga BubGipku 233

Hait6inbie 3HauvenHsa QyHKINI 73
Haiimennie sHauenHa GyHKITI 73
Haiinpocrinrii meperBopeHHA rpadikis
dyukriii 91-95

Hacrynuuii uien mocaigoBHocTi 152
Hemosxausa nmogia 211

HepiBricTs KBagpaTHa 114

— Komri mixx cepennim apudpmermuaum
i cepegHiM reomerpuuHuM 16

— Jjinitina 44

— HempaBuJbHaA 15

— HecTpora 15

— mpaBuJbHa 15

— cTpora 15

— ymeyoBa 14

HepisrocTi piBHOCUIBHI 45
HeckinuenHna umcjoBa IIOCJTiT0OB-
HicTh 152

Hyni dyarmii 81
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MpedmemHuii NOKAKYUK

006’egHaHHA YUCJIOBUX MPOMIiMKKIB 41
OobsacTe BusHaUeHHA PYHKINI 73

— 3HaueHb QYHKIII 73

Ob6car Bubipku 231

OmiHloBaHHA 3HaUeHHA Bupasy 25, 31

IlepeTruH ynca0BUX IPOMiKKiB 40
IlomauHs CTATUCTUYHUX TAHUX

y BuraAzni rpadikis 228

— miarpam 227

— rabauis 227

ITopsitini umcaoBi HepiBHOCTI 24
ITomirou uacror 234

ITonmepenHiit unen mocJaimoBHOCTi 152
ITocaimoBHicTs 152

ITouneune momaBaHHsA HepiBHOCTel 30
— MHOKeHHs HepiBHocTeli 30

IIpaBa uacTuHa HepiBHOCTI 14
ITporpecia apudpmeruuna 157

— reomerpuuHna 171

IIpomiskox sHarocrasmocTi QyHKIii 82
— 3pocTaHHA QyHKIII 83

— cnagauua QyHKIii 83

PexypenTtHa dopmysna 153
PiBHoiimoBipHi moxii 219

PiBHAHHA mepIioro cremeHs 3 ABOMA
amimHUMET 123

Pisuuna apudmernunoi mporpecii 157
PosB’a30k HepiBHOCTI 36

— cucTteMu HepiBHOcTel 52

— — piBHAHB 123

Poamax Bubipxku 233

Cepenue apudmeruuse 16

— reometpuuHe 16

— 3HaueHHs BuGipKu 233

— — CTAaTUCTUYHUX BUMipioBaHb 228
Cucrema JiHiTHUX HepiBHOCTEN 52
CkinuenHa 4MCJI0BA MMOCJiLOBHiCTE 152
Cmoci6 momaBanus 126

— migcraHoBKH 125

Craructuuna fiMoBipHicThs mogii 212
CratuctuuHi mani 225

Cyma HeCKiHUE€HHOI TeOMeTPUUYHOI IPo-
rpecii 188

Teopia fimoBipHOCTEir 210

dopmysa n-ro wieHa apudpmMeTuaHOL
mporpecii 158

— — — reomeTpuuHOi mporpecii 171

— — — mocJaimoBHocTi 152

— CKJIQIHUX BizcoTkiB 179

— CYMH n NEePInX YieHiB apudmMeTnd-
HoI mporpecii 165

————— reoMeTpuYHOI mporpecii 182
dyHKIig (PYHKIIOHATBHA 3aJIeXK-
HicTB) 72

— 3pocTalpua Ha IPOMiKKY 83

— kBagpartuuna 101

— cIajgHa Ha IPOMiKKY 83

Yacrora moxii 211

Yucaosi mocaigosuocti 152, 154
— mpoMiskKHU 38

Ynaenu mociigoBHocTi 152
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3MICT

IITanosHi 0ed’amukraacHuuyi ma 0e8’amuKiacHurKu! . .. ... ... ..., 3
IIlano8Hi 8uumenvku ma 8uumeni! . ... .. ... eeeneeieeeean. 4
IITano8HT 00POCAL! . v v v i i e e et et i ettt et i et insieeee.. 4

IToBTOprOEMO anredpy 3a 8 KiIac

PallioHATIBHI BUPABI . . v v vt v v v e e e e et e et ettt e e ettt 5
KBanmpaTtai KopeHi. JIifiCHI UMCIIA . .. . . o v i v it ittt ettt e e e 8
KBagpaTHI PIBHSIHHES . . v vt v v v v e e e e e et ettt ettt e e e e e enaneas 10

Pozain 1. HepiBHocTi

§ 1. Ywucaosi HepiBHOCTi. [JOoBeIeHHA HEPIBHOCTEH . . . ... ¢ v oo ..., 14
§ 2. OcHOBHi BJIACTMBOCTi UMCJIOBUX HEPIBHOCTEH . . . v v v v v v v v v oo . 22
§ 3. IlounmenmHe JomaBaHMHA i MHOMKEHHS YMCJIOBUX HepiBHOCTEH ......... 30
§ 4. HepiBnocTi 3i sminHUMU. P03B’A30K HEPIBHOCTI . . . ... ... .. .. ... 36
§ 5. UMCHOBI IPOMIMKKIL « v v v v v v v v v e e o et e et e oo oo oo nse e 38
§ 6. Jlimiitai HepiBHOCTI 3 OgHi€I0 3MiHHOIO.

PiBHOCUIBHI HEPIBHOCTI .+ + v v v v v v v vt et ettt it eeennee... 44
§ 7. Cucremu JiHiTHUX HepiBHOCTeIl 3 OJHiEI0 3MiHHOIO,

IX POBB ABYBAHES « v v v o o o o o o o o e e e e e e et ettt e 52
Homawns camocmiitna poboma Ne I (§§ 1-7) .. ... ... ............ 59
3ae0anns 0ans nepegipku 3Hanb 00 §§ 1-7 . . ... ... ... 61
Bnpasu 0nsa no8mMopeHHA po30iny 1 . . ... .ottt 62
TonoBHe 8 PO30IME 1 . o v v i e e i e e e e e e et e et e 68
DiCKATBHA MATEMATHKA & « v ¢ o o o o o o o s ot v oo oo o oo oo n e e oen e e 70

Posgin 2. KBagpatuuna (pyHKIia
§ 8. ®Dyukrmii. ObsacTs BUsHaUEHHA, 00JIaCTh 3HAUEHbD

irpadik DYHKITT . . . v ittt i i e e e e e e et e e et 72
§ 9. BracTUBOCTI DYHKITIT .+« v v v v v v et e e e e e e e e et e et e e e eeaenn 81
§ 10. Haitmpocrinri meperBopesHs rpadikiB GyHKIGH . ... ... .. ... ... 91
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®YHKUIA y = ax? + bx + ¢, [l TPA®IK TA BNACTUBOCTI APU®METUYHA NPOTIPECIA (a,)

puraad. f(x) = x2 — 2x — 3. @, — IepImui 4ieH, d — pisHUINA, n — KiJbKICTH 4jeHiB,
b 9 a, — n-i 4ieH, S, — cyMa n Ineplmux 4jaeHiB
x,=-——=-—-=1 y =f1)=12-2-1-3=-4,
2a 2-1 i
= - a, +a
7\ x| -2/-110l11213]|4 d=a,.,~-a, S, = %n
N y|5]0[-3-4/-3/0]5 a,=a; +dn-1)
) a = S B S Sn = 2al+d(n_1).n
Baacmueocmi 0 2 2

. D(f) = (=005 +0).

. E(f) = [-4; +0).

. Hyuni ¢pyukmii: x = -1; x = 3.

. f(x) > 0, akmo x < —1 abo x > 3;

f(x) < 0, axmpo -1 < x < 3.

FEOMETPUYHA NPOTPECIA (b,)

b, — mepmwuii 4ieH, ¢ — 3HAMEHHUK, 7l — KiJIbKICTh 4jIeHiB,
b, — n-it 4ieH, S, — cymMa n mepHINX YIeHIiB

|
—t
99
<Y

W N =

5. @yHKIiA 3pocTae, AKINO x € [1; +00); b, . b(g" - 1)
dyHKIia coagae, akmo x € (—o°; 1]. 7= b Sy = q-1
n
bn = blqn_l S _ bnq — bl
KBAOPATHA HEPIBHICTb . " q-1
bn - bn—lbn+1

ITpurknao 1. x2 + 5x — 6 > 0;

x2+5x—-6=0;

KNACUYHE O3HAYEHHA NMOBIPHOCTI
xy=-6; x,=1.

x € (~09; 6] U [1; +00) ‘ I/UIMOBip‘HiCTB BUIIAJTKOBOI no,/:[i:i A ,I[?PiBHIOG ].Ei/Z[HOU_Ie.HHIf) KiJbKoC-
Ti BUIIAQAKiB, IO COPUSIOTH MOSABI momii A, 10 KiJIbKOCTi BCiX MOMKJIN-
ITpukaad 2. —x? + 2x + 8 > 0; BUX BUNAJKIB.
—x2 + 2x + 8 = 0; m
—2 4 xy=-2; x,=4. p(A) = o
x € (-2; 4) Ie n — KiJbKicThb ycCiX MOMKJIMBUX BUIIAAKIB, m —

KiJIBKiCTh BUIIAAKIB, IO CIPUAIOTH HOABI momii A.




