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LLlaHOBHi 0 AMHAALUATUKIIACHUKMY | OAMHAALATUKIACHULLi!

Y 11boMy HaBYaJILHOMY POIli B TPOJOBIKYETE BUBUATH IIpeAMeT « Asredpa i mouyaTku aHATI3y » .

Bu B:ke 3HaeTe MeTOoaM PO3B’A3yBaHHS PiBHSHL 1 HepiBHOCTEH, BMieTe mocaimxkyBaTtu QyHK-
mii, soxpema 3a gomomororo moximHoi. B 11 kKiaci Bum mosHaiioMuTecs 3 HOBUMU BUAAMU
(PYHKI[IA — IIOKAa3HMKOBOIO 1 Jorapu(dmiuHOIO, BIiANOBIAHMMM PIBHAHHAMU ¥ HEPiBHOCTS-
MU, a TaKOYK MPUHIIMIOBO HOBUM IIOHATTAM — iHTETpajioM, HaBUMTECS 3aCTOCOBYBATHM HOTO M0
PO3B’sA3yBaHHS 3a4au, OiJIbIIiCTh i3 AKMX BUHMKJIA BHACJIILOK MPAKTHUUYHOI JisIIbLHOCTI JIOJMHUA.

¥V 9 knaci By moumHaM 3HAMOMUTHUCA 3 OCHOBaAMU KOMOiHATOPUKM, Teopii iMoBipHOCTE! Ta
cratuctuku. [[bOro poKy B OTJInOUTE CBOI 3HAHHS B ITili rajysi, HaBUUTECA KOPUCTyBATHUCA Bij-
MMOBiTHMMU iHCTPyMeHTaMU ITiel HAyKU, yCBigoMuTe i1 3BHaAUEHHS B XKUTTI Cy4aCHOI JIIOAWHUA.

CromiBaemocs, BU OTPUMAaETe 3aJJ0BOJIEHHS, OIIAHOBYIOUH Kypc « Ajiredpa i mouyaTKu aHaIi3y»,
a Ha0yTui TOCBil TOTIOMOXKe BaM yCIiNTHO BIOpAaTUCA 3 faraTbMa 3ajjayaMu, AKi ITIOCTaHYTh Iepes
BaMH B JOPOCJOMY JKHUTTi.

Bakxaemo Bam ycmixis!

Ik KOopucTyBaTUCA NiAPYYHNKOM

IligpyyHUK Mae 4OTHPH PO3IiaM, KOKHUN i3 AKHX CKJamaeThbcdA 3 maparpadis, gedari ma-
parpadpu — 3 myukrtiB. Ilaparpadu i myHKTH, SK OpPaBUIO, MICTATL TaKi CTPYKTYPHi OJOKU.

HoBigkoBi Ta6auili HaBeeHi Ha MoYaTKYy O0ibImocTi maparpadiB (IYHKTIB) i BMIIIIyIOTH OCHOB-
Hi O3HaUYeHHs, O3HAKM Ta BJIACTUBOCTI POITJIAAYBAHUX IMOHATHL TEMU, CICTEMATHU3aIlil0 TEOPEeTUU-
HOTO MaTepiajly Ta cnocobié disnibHocmi 3 uM MaTepiasom y dopMi creniagabHUX OpieHmMupis
i3 po368’a3ysanHs 3a60arnb. Pamumo ompalioBaTu 1eii MaTepiaj y mepIny uepry, a BiKe IicJis 1bo-
T'0 IIEPEeXOAUTH A0 HACTYIHOTO OJIOKY.

ITosscHeHHA 1 OOTPYHTYBAHHA MiCTATH AOKJIaMHEe BUKJIAJEHHA TEOPETUUYHOTO MaTepiany, Ha-
BelleHOTO B Tabauiax. Take mogaHHA HaBYAJIbHOTO MaTepiaay (CIIOYaTKY CTPYKTYPOBAHOIO Yy BU-
TIAAl TaOJIUIlb, a IIOTiM OIIMCAHOTO AeTaJIbHO) JO3BOJUTH KOKHOMY 3 Bac BUOMPATH CBill BJIaCHUM
PiBeHB 03HANOMJIEHHS 3 OOI'PYHTYBAHHAME, OYAYVIOUN BJIACHY OCBiTHIO TPAEKTOPIiIO.

IIpuknagu pos3r’siI3yBaHHS 3aBIaHb O3HAWOMJATHL BaC i3 OCHOBHUMM ifesIMHU II[OJO
PO3B’sA3yBaHHs 3aBAAaHb, AOIOMOYKYTh YCBiIOMUTHU H 3aCBOITH CIOCOOHM Oifi 3 OCHOBHMMM aJjire-
OpaiyHUMU MOHATTAMU, HAOYTH HEOOXiMTHUX IIPEeIMETHUX KOMIIeTeHTHOCTel. [[J1a Toro 106 Bumi-
JIUTH OPi€HTOBHI OCHOBU AifJILHOCTI 3 PO3B’s3yBaHHsA 3aBAAaHb (3arajbHi opieHTUPH), Y HIPUKJIA-
Jax BJAacHe PO3B’A3aHHS CYIPOBOMKYIOTHCA KOMEHTAPAMU, AKi JOIIOMOXKYTH BaM CKJIACTU ILJIaH
poO3B’A3yBaHHA aHAJOTIYHUX 3aBIaHb.

Posp’a3anna Komenrap

Sk MosKkHa 3amucaTy po3B’sI3aHHA 3aBIaHHSA fx Mo:KkHa MipKyBaTH miJ uac po3B’s3yBaHHSA
TaKOTO 3aBIAaHHA




3a TaKoro MoJlaHHA KOMEHTap He 3aBasKae CIPUUHATTIO OCHOBHOI ijiel po3B’si3yBaHHA 3aBIaHb
MIeBHOTO THUITY i Ja€ 3MOTy 3a IOTPeOU OTPUMATH AETAJbHY KOHCYJIBTAIIIO 1100 PO3B’ A3yBAHHS,
AKa MiCTUTBHCA B KOMEHTAapi.

3 MeTO0 3aKPilieHHs, KOHTPOJIIO i CAMOOI[IHIOBAHHS 3aCBOEHHS HABUAJIbHOTO MaTepiany Ha-
OPUKIiHIII KOXKHOTO maparpada 3aIporIOHOBAaHO CUCTEMY 3aIUTAHb i BIIPAB.

3anuTaHHI AOIIOMOKYTH BaM IIpuragaTmn 1 OCMUCJIUTHU BHUBUYE€HE, 3BEPDHYTH yBary Ha rroyjoBHe
B naparpadi, OIiHUTU PiBeHb 3aCBOEHHS TEOPETUUHOT'0 MaTepiany maparpada.

BnpaBu nonaso 3a TpboMa PiBHAMU CKJIATHOCTI:

* 3a80aHHs Cepe0Hb020 PiBHS MAIOTh ITO3HAUKY «°»;
« 3a80aHHsa 0ocmamHb020 pi6Hsa (Aerio CKJIAHIIT) TogaHo 6e3 TO3HAUKY;
© 3a60aHHS BUCOKO020 PiBHS MAIOTh TIOBHAUKY «*».

Mo 6inbItocTi BIpaB HaPUKIHIL TiAPpYyYHUKA HaBeIeHOo 8i0noasili.

Y pyopuili « BugBiTh CBOX0 KOMIIETEHTHICTh» HaBeAeHO 3aJa4i IPAKTUYHOIO 3MiCTy Ta 3aBAaH-
Hd, AKi IJIs OTPEMAaHHS PO3B’ 3Ky BUMAaramTh aHAJIi3y, y3araJbHeHHs, cucTeMaTus3aii HabyTux
3HaHb.

3BEpPHITH TAaKOK yBary Ha 3aIlPOIIOHOBAHI B TeKCTi maparpadiB CympOBOKYIOUi 3aluTaH-
Hs, IO CIOHYKAIOTHL A0 OiJbII IIMOOKOro CaAaMOCTiMHOIO OCMMCJIEHHSI HaBYAJLHOT'O MaTepiany,
Ta 3aBIAHHS, BUKOHAHHS SKUX, HAa HAIY AYMKY, CIPHUATHME (DOPMYBAHHIO MEeBHUX IIPEeIMET-
HUX i KJaouoBUX KoMmIieTeHTHocTeH. I1i 3anmuTaHHA Ta 3aBHaHHA MAalOTh BiATIOBiAHI ITOBHAUEHHS.

Marepianu pyopuku «BigomocrTi 3 icTopii» JOIOMOMKYTH BaM JOCJIiZUTHA PO3BUTOK MaTeMaTH-
KU AK HAYKU Ta Ai3HATUCS IPO HOCATHEHHS BUAATHUX YUEHHX YKpaiHU Ta CBiTY BiJ JaBHUHU 10
CLOTOJIEHHS.

IaTepHEeT-MiATPUMKA MiAPYUYHUKA JO3BOJUTH 3MIMCHUTH OHJIANH-TECTYBAaHHS 3a KOXKHOIO Te-
MOIO Ha caiTi interactive.ranok.com.ua, a TaKOX JeTaJbHiIlIe 03HAMOMUTHCSA 3 HABUAJbHUM Ma-
TepiajgoM.

Iia Toro 1100 TiAPYYHUK AOMOMITI BaM y IOBHiHM Mipi, pafnMO 03HAMOMUTHCS i3 CHUCTEMOIO
YMOBHUX IIO3HAYEHD:

IIOYaTOK OOI'PYHTYBaHHS TBEP/KEHH;
O szakiHYeHHA OOT'PYHTYBAHHS TBEPIKEHHS;
TIOYAaTOK PO3B’sI3aHHA 3a/1aui;
3aKiHuYeHHSA PO3B’sI3aHHA 3a4aUi;

3alUTaHHA 10 YUHIiB;

marepianu, nos’asadi 3 IKT Ta iHTepHeT-IiATPUMKOIO HiAPYUHNKA;

3aBJaHHs, AKi BUMaramoTh CAMOCTiITHOTO OIIPAIlIOBaHHs, CHPUAIOTh aKTHUBi3aIlii po3ymoBoi
IigJIBHOCTI;

CINCIOR

IisgIbHICTh, PO3PaxXoBaHa Ha poOOTY B KOMaH/Ii.



Po3gin 1

NOKA3HNUKOBA TA NOTAPUDMIHHA
DYHKUII

Y LLlbOMY PO34J1I BA:

P 03HaMOMUTECS 3 MOHATTAM forapudma Ta BNacTMBOCTAMM NOrapudMiIB;
P> [i3HaeTecs Npo NOKa3HMKOBY i TorapudMidHy dyHKLIT,
IXHI BNaCTMBOCTI Ta rpadiku;
P o3HaromuTeCH 3 hopMYyNaMM NMOXIAHUX LUX DYHKLIN;
P HaBumMTecs ByayBaTy rpadiki NOKa3HMKOBMX | TOrapUdMIHHUX

DYHKLIV, OOCNIOXYBATM IXHI BMACTVMBOCTI Ta PO3B’'A3yBaTU NOKA3HUKOBI
| nTorapudMIiYHI PIBHSHHSA 11 HEPIBHOCTI, 30KpPeMa 3 napameTpamm




Y3ATAJIbHEHHS MOHATTA CTEMEHS.
CTEMIHDb 13 AINCHM NOKA3HUKOM

Tabausa 1

1. CteniHb i3 HaTypaJbHUM i Li/IMM MOKa3HMKaMMH

n
a =a-a-...-a

acR, neN (n>2)
—_——
n pasis

az0

az0, neN

2. CreniHb i3 Ap0O60OBMM MNOKA3HMKOM

a=0

m
ar =Na™

a>0, neN (n>2), meZ

3. BnactuBocTi cTteneHiB

a 'an — am+n

am ,an zam—n (
(am)n :amﬂ

(ab)" =a™p" (
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n n
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= ;) 0"=0, r>0

NOACHEHHA 1 OBI'PYHTYBAHHA

Bawm y:xe Bigomi MOHATTSA cTeleHiB i3 Ha-
TypaJbHUM, IiJIUM i APOOOBUM MOKA3HUKAMU
Ta BJIACTUBOCTI IMUX cTeleHiB (guB. Tabda. 1).
ITokaskemo, AK MOKHA BBECTU MOHSATTS CTEIIE-
HA 3 ippalioHaJIbHUM TOKAa3HIKOM.

OnwuimiemMo B 3araJibHUX pHUCAX, AK MOXKHA
0o3HAUMTHU umcyao a* Aid ippalioHaJIbHUX O,
Koau a>1. Hanmpukian, MOACHUMO, AK MOXK-
Ha PO3YMiTU 3HAUEHHS CTEIeHA 2J§ .

IppamionanbHe YnCIo /3 MOKHA IOAATHU
Y BUTJIALI HECKIHUEHHOI0 HeIepioAuYHOTO Je-
cATKOBOTO Apody 3 =1,7320508075.... Pos-

TJISHEMO OeCATKOBI HaOJMMKEeHHSA Yucaa 3
3 HeJIOCTaueIo i Ha JIUIITKOM:

1<\/§<2;
1,7<3 <1,8;
1,73<+/3 <1,74;
1,732<+/3 <1,733;
1,7320<+/3 <1,7321;
1,73205<+/3 <1,73206;
1,732050<+/3 <1,732051;

Byzemo BBaskaTu, mio Koam r<+3<s
(me r i s — pamioHaabHiI Ymcaa), TO 3HAUEH-

HA 2*/§ posTalioBaHe Ha YWCJIOBIN OpAMik
i 2%,

a came: 27 <23 <2%, 3HalizeMo 3a JOIOMO-

MiX BiHOBiZHMMHU 3HadeHHAMEH 2

roio KajabKyJATopa HabamKeHi sHaueHHA 2"
i 2°, Bubuparmoun AK r i $ HaGJIMKeHi 3HAaYeH-
HA 3 3 HemocTauero i HAIJIUIITKOM BigmoBim-

HO. OZIep:Ky€eMO CIiBBiJHOIIIEHHA:
2l <2¥8 < 92;

217 = 3,249 0096 < 23 < 218 ~ 3,482 2022;
9L _33172782<2"3 <2174 -3 3403517;
2172 3 3918801<23 <2753 = 3,3941834;
21720 _3 3918801 <23 <2721 - 3,3991104;
2178205 _ 3 3919952< 23 < 2173206 3 3990182;
21732050 _3 391 9952< 23 < 2172051 _ 3 391 9975,

Ax 6aummo, smauenna 27 i 2° mabau-

JKaAaKTbCA OO0 OJHOI'O I TOro camMoro 4YmucJa



§ 1. Y3aranbHeHHs NoHATTA cteneHs. CTeniHb i3 AINCHUM NOKAa3HMKOM

3,32199... . Ile uwmcyo i BBa'KAIOTH CTeIe-
mem 23 . Omxe, 2V% =3,32199... .
3HaueHHA 2\5 , O0UIC/IeHe Ha KaJbKYJId-

Topi, Taxe: 2V3 ~3,321997.

MookHa moBsecTH, IO 3aBXKIAU, KOJIU MU
BUOMPAEMO paIlioHAJbHI unca r, IKi 3 HeI0-
cTaueio HaOJIMKAIOTHCA 0 ippalioHaJbHOIO
yucaa O, i pamioHandbHiI ymeaa s, AKi 3 HaX-
JINIIIKOM HAaOJMKAIOTHCA J0 I[LOI'0 CAMOTO ip-
paiioHaJbHOrO YHCIa O, AJIA OyIb-IKOTO
a>1 icuye, i npuToMy TiJIBKU OJHE, YUCJIO Y,
GisnbIme 3a Bei a” i mente Big yeix a® . Ile unc-

JIO Y 32 O3HAUEHHAM € a” .

Amnajoriugo osHauamTh i cTemids 3 ippa-
MioHANTBPHUM TOKa3HUKOM O mama O<a<l.
Tinpku y Bunagky, koau r<o<s npu 0<a<l1,

BBaXKAIOTh, o a’<a®<a’. Kpim Toro, sk
i s pamioHaJbHUX MTOKA3HUKIB, 32 O3HAUEH-
HSM BBaXKa0Th, mo 1% =1 1i1s 6yab-aKoro o
i 0=0 gna scix o>0.

Hasenmene Builie po3yMiHHSA CcTelleHs 3 ip-
palioHaJIPHUM IIOKAa3HHKOM MOXKHA chopMy-
JIOBATHU TOUHIINIe, BUKOPUCTOBYIOUM IIOHATTS
TPaAHUIIL ITOCJIiJOBHOCTI.

Hexaii 3agami momarHe umcJjo a Ta ippa-
IiOHAJIbHE YHNCJIO X. PO3TJISHEMO IIOCIiOB-
HiCcTB {xn} pamioHaJIbHUX YMCEJ, T'PAHUIIEIO
AKOiI € umcao x (HampHUKJIaL, HOCIiTOBHICTDL
IecATKOBUX HAOJMKEHb Ymcja X 3 HeJgocTa-
yeo abo 3 HAJIWIIKOM), ToOTO limx,=x.

n—oco

Toni rpaHUIIO ITOCJiTOBHOCTI {ax"} (mmocri-

ITOBHOCTI paIlioHAJIbHUX CTeIleHiB uucia a) 0y-
IeMO Has3WBATH X-M CTEIeHeM UMCJa d, TOOTO
. x

a*=lima ".

n—oo

¥V Kypcax MaTeMaTUYHOTO aHAJi3y OOBO-
IOUTHCS, IO OCKIJIBKY IIOCJiIOBHICTH {xn} Mae
TPAHUITIO (lim x, = x), TO ¥ IIOCJiIOBHiCTH

n—>eo
{ax"} Te:K Ma€ IPaHUITIO, IPUUOMY ITA I'PaHU-

I He B3aJe)KUTh Big BHMOOPY IIOCIiLOBHO-
cTi {xn}, TPAHUIIEIO AKOI € ULUCJO0 X.

Cruparounch Ha BJIACTUBOCTI T'PAHUILb II0-
CJIiZOBHOCTEH, MOJKHA JOBECTHU, IO, AK i I
CTeNeHiB i3 pallioHaJIbHUMMN NOKa3HUKAaMU,
IJIA CTEIIeHiB 3 ippallioHaJIbHUMY TOKa3HUKA-
MU X 1 Yy BUKOHYIOThCA BJIACTHUBOCT1, HaBeJeHl
B . 3 Taba. 1, ToOTO:

1. a*-a¥ =a*"Y.

2. & _gxv, 7. a’xzi.
a? a”
3. (ax)yzaxy 8.1%=1.
4. (a-b)" =a*b*. 9. 0% =0 mpm x>0.

OT:xe, IIi BIAaCTUBOCTI BUKOHYIOTHCA IJIS
CTeIIeHiB i3 JOBiIBHUMMU AiMCHUMH IIOKA3HU-
KaMH.

NMPUKNAAN PO3B’A3YBAHHA 3AB/JAHb

Mpukrad 1

Pozp’azannga

518 (L)ﬁ _582 . (52) -
125

HaJIiBO.

125

3HaWAiTHF 3BHAYEHHA BUPA3Y 5*/5-(—

1\/5
125 )

KomenTap

Haragmaemo, 110 HaBeaeHiI BUIlle BJIACTUBOCTI CTeIleHiB
MOJKHA 3aCTOCOBYBaTH SAK 3JIiBa HaAIpaBo, TaK i cIpaBa

X

. - 1
BOerMa 3a BJIACTUBICTIO a4 =_x Mae€eMo:

a

573, Takox cuip ypaxysaru, mo 18 =+/9-2 =3\/§ .




Po3gin 1. Moka3HMKoBa Ta NorapudMidHa QyHKLT

ﬂpuK/\aa 2 3HaigiTe 001acTh BUBHAUEHHS (PYHKITIi:
1) y=(x+2)£; 2) y=(x—5)_ﬁ.
Posp’a3anna Komenrap
1) x+220, Tobro x=>-2, orsxe, Vpaxosyemo, mo cremis a” 3 ippalioHaTRHEM IIO-
D(y)=[—2;+°°)- < Ka3HUKOM O os3HaueHa Tinbkm mpu a=0 nna mozmar-
2) x—5>0, To6T0 Xx>5, omiKe, HUX 3HaueHb O i Tinpku mpu a >0 masa Big’eMHUX 3HA-
D(y)=(5;+oo). g yeHb 0.
ﬂpuKAaa 3 POSB’ﬂH{in piBHAHHA:
1) xV2 =3; 2) (x+5) VT =7
Po3p’a3anusa Komenrap

1) IIigaHocssum o6uaBi uwa- + 1) Ak Oya0 0Or'pyHTOBAHO B HiApyYHUKY aas 10 Knacy*, GyHK-
CTHHHU 3aJaHOTO DPIBHAHHA | pig y=x% mpu o>0 e 3pocrarouoro, a mpu 0.<0 — cmagHOIO.

1
IO CcTelleHdA T, omepikye- ' Orike, PyHKIiA Y= x\/— (i1 o6macts BusHauenHa x-=>0) — spo-
1 craioua i ToMy 3HaueHHS 3 BOHA HAOYBa€ TiJIbKU IIPU OJHOMY
Mo x=38V2 4 3HaUeHHi aprymenTta. Moro Mo:xHa BUSHAUUTU, AKIINO HiJHECTU

. . 1.
00MIBi YacTUHU 3aJaHOTO PiBHAHHA JO CTEIEeHSA T (i Bpaxy-
2

(JC*E)‘/IE = xﬁ.% =xt= X).

BaTH, IO

BayBasKnuMo, 0, 3aIHCYIOUM pe3yabTaT X =3V2, Mu aBTOMAa-

7 %

TuyHO BpaxoByemo OJI3 3amamoro piBHAHHA ( O), OCKiJIBbKH

1
32 >0, i tomy O3 MoKHA He 3amKUCyBaTH IO PO3B’A3aHHI.

2) Ockinbru O[3 samamoro ' 2) OcKijJbKHU CTeIiHb 3 Bi’eMHUM ippallioHaJIbHUM IMOKA3HUKOM
piBusHHEA Xx+5>0, To JiBa A o03HaueHMI TIJILKU A8 BUNALKY, KOJIU OCHOBA CTEIEHA € JO-
YyacTWHA IIbOTO PiBHAHHA
3aBK/AU IoJaTHA i TOMY pis-
HAHHA KOpeHi8 He mae. <]

. . 7
JaTHUM YKCJIOM, TO JiBa YacTHMHA PiBHAHHSA (x+5) =7
3aBKAU JOJaTHA i He MO’Ke MOPIiBHIOBATU BiJf’€MHOMY YUCJIY.

1. CdopmyoiiTe 0O3HaUEHHSA CTeleH 3 HATYPAIbHUM, I[LINM Bil €eMHUM

3anumaHHs ) : "
i HyabOBUM TIOKasHuUKaMu. HaBemiTh mpukgagu ix obumcaenud. [Ipu

AKVX 3HAUYEHHAX @ iICHYIOTH 3HAUEHHSA BUPa3iB a® ra a™, e neN?

2. CdopmymoiiTe O3HAUYEHHA CTelleHA 3 PAI[iOHAJBHUM ITOKAa3HUKOM
m . .
r=—, me m — IiiJe 4YMCJO, a n — HaTrypaiabHe, n#1. HasexmiTo
n
OpUKJagu oOUYMCIeHHs TaKMX cTemneHiB. Ilpm AKMX 3HAUEHHAX a ic-

m

HYIOTb 3HAUEHHSA BUpasy a” ? YKaKiTh 00JacThb AOINYCTUMHUX 3HA-
3 _3
yeHbL BuUpasis a’ i a 7.

*

MaeTbesa Ha yBasi migpyunuk: Aaredpa i mouatku anaiisy (mpodinbHuil piBeHb) : ru/:[pyq st 10 K.
3aKJI. 3araJji. cepef. ocBitu / €. II. Hemin. — Xapkis : Bug-so «Panok», 2018. — 272 c. : iJ1.



§ 1. Y3aranbHeHHs NoHATTA cteneHs. CTeniHb i3 AINCHUM NOKAa3HMKOM

Bnpabu

1.1°.

1.2°.

1.3.

1.4.

1.5.

1.6.

IloscHiT, Ha TpUKJIALi, IK MOYKHA BBECTHU IIOHATTA CTeIleHA 3 ip-
palioHAJTBHUM IIOKA3HUKOM. Y KaXKiTh 00J1aCTh HOIIYCTUMUX 3HAUEHb

BUpAasiB a'tl i g V11,
3amnuIliTh BJIACTHUBOCTI cTemeHiB i3 mificuumMu moxasumkamu. Cipo-
OyiiTe copmyJroBaTH iX 3MiCT AJA BUKOPUCTAHHSA 3JIiBa HAIIPaBO

i cupaBa masniBo. HaBeniTh mpukaamym iX BUKOPUCTAHHSI.

Ywu mae 3micT BUpas:

1) (-3)%; 3) 2722, 5) 5V18 9
2) 07, 4) 05,
3HaligiTh 00JIaCTh JONYCTUMUX 3HAYEHb BUPA3Y:
1) 3 3) (2-x) 2, 5) «V13 _5.
N3
2) xV7; 4) (x2—1) ;
3HaliTh 3HAUEHHSA BUPA3Y:
3 V3 1
1) (5@) : 3) 75-(5) 12163,

2) 16%:25+20 :162‘/5;

CupocriTh Bupas:

2 2 23 ;23 ENI—

1) (2+aﬁ) —(2—a@) . og &b 3 &_*a
, . . a\/g —b‘E azﬁ +1

Po3B’sa:KiTh piBHAHHA:
1) «V7 =2; 3) (x-2)% =2, 5) (x+4)" =a;
2) (x+4)JH:1; 4) (x—6)‘ﬁ=3; 6) (x—l)_ﬁza.
ITob6ynmyiiTe eckis rpadika QyHKINII:
1) yszg; 3) y=xm+2;
2) y=x‘ﬁ; 4) y=(x+2)ﬁ.

BuaBiTb CBOIO KOMMETEHTHICTb

Bxaaguuk mokaas Ha gemos3uT B 6anky 3000 rpu mix 10 % piunux.
SIka cyma Oyme Ha #0oro paxyHKY uepes 3 POKHM, AKIIO B KiHIII KO-
HOTO POKY T'pOIlli, HapaxOBaHi 3a BijcCOTKaM1, He 3HiMAalOThC, a JO-
JAalOThCSA O MEeIO3UTHOI'0 BHECKY?




NMOKA3HMKOBA ®YHKLS,
il BNACTUBOCTI TA IPADIK

Tabuisa 2

1. MoHATTA noka3sHMKOBOiI (yHKLUiT Ta ii rpadik

O3HayeHHA. IToka3HUuK06010 QYHKUIEI0O HA3NBAETHCI (PYHKIIiI BU/T =a*, nea>01ia=l.
YHKY M Yy

I'pacdik moxasHMKOBOI (PyHKIIII (€eKCIIOHEHTA)

a>1 O<ax<l
yN y=a* y
y=a”
_/1 bl\
0 x 0 x
2. BnactuBOoCTi MOKa3HMKOBOT yHKLii
1. O6racmov 6usnavenus: x€R. D(ax)=R
2. O6aacmv 3Havenv: y>0. E(ax)=(0;+oo)
3. PyuKyia Hi napHa, Hi HenapHa. o
4. Touxu nepemuny 3 ocamu rKoopdunam: Oy {;:1.’ Ox [memac].
5. Ilpomixcku 3pocmaHHs i CnNAOAHHS: ’

npu a>1 dysknis y=a” 3pocrae Ha Beiii 061acTi BUSHAUEHHS;
npu 0<a<1 ¢yuknia y=a” cnagae na Beiil 001acTi BUSHAYECHHS.

6. IIpomixcku 3naxocmanocmi: y>0 npu écix 3nauennsx xe€R.
7. Hailbinbwozo i HAllMEHUL020 3HAUEHb QYHKYISL He MAE.
8. Hnsa 6ydv-sikux Oiiichux 3navenv u i v (a>0, b>0) surxonyomovcs pignocmi:
u u u v
au .av — au+v (ab)u =aubu a_= au—v (1) =a_ (au) =auv
a’ b b*

NMOACHEHHA M OBI'PYHTYBAHHSA

0 MoHATTA Noka3HMKoBO|T (PYHKLUIT Ta TT rpadik

O3HayeHHsA. IToka3nuK06010 PYHKYiEI0 HABUBAETHCA PYHKLiA BUAY y=a”, y
mea>01ia#l.
x _1qx
e (1Y (B . . 1 y=1
Hanpurnaz, y=2%, y= 5 ) y= ) Y=T" — NOKa3HMKOBI QYHKII.

3aszHauumo, 1m0 PyHKuia 6udy y=a” ichyeinpu a=1.Toxi y=a*=1%,

T06TO y =1 1pu Beix 3HaUeHHAX X € R. Ase B iboMy BUNIaAKY QyHKIia y=17

He Ha3usaemwvca nokasnukosorw. (Cpadik pyuruii y=1* — npama, so6pa- Puc. 2.7
JKeHa Ha puc. 2.1.)
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Ockinpkn mpu a >0 Bupas a* o3HayeHMI Ipu BCix Aifi-
CHUX 3HAUYEHHAX X, TO 00JACMI0 BU3HAYCHHS NOKA3HUKOB0L

Qynruii y=a” € aci diilchi wucaa.
CrmouaTKy mobyayemo rpadgiku mesKHX IIOKa3HUKOBUX
X
(bysEIil, Hanmpuraan y=2" i y= (E) , «3a TOUKAMMU», a IOTiM

mepeiieMo 10 XapaKTePUCTUKU 3arajJbHUX BJIACTUBOCTEH IIO-
Ka3HUKOBOI (DyHKITii.

CriazemMo TabJWII0 JeAKMX 3HAYeHb (QYHKMmiA y=27%

® |~
-~
Do |
éﬂ

1

IToGyayemo Ha KOOpAMHATHIN HJIOIIMHI BigmoBigui Tou-
Ku i 3’egHaemMo ix miaaBHuMHu JiHiamMu. Orpumaemo rpadikm

X
dyuroii y=2% (puc. 2.2) i yz(%) (puc. 2.3).
SIx Gaummo 3 rpadikis, QyHKIiA y=2 € 3pocTarduoI

1 X
dyHKIiEIO, a QYHKIIA Y= (E) € cnagHoo (hyHKITi€r0, AKi Ha-

OyBalOTh BCiX 3HAUEHbD i3 IPOMIKKY (O; +<>o).

. 1)"
3ayBasKuMo, 110 rpadik GyHKIIT y= (E) MOXXHAa 0Zep-

skaty 3 rpadika QyHKIiI y =2 3a JOIIOMOI0K0 reOMeTPUYHUX IIe-

X
perBopeHs. Ilpuitmemo f(x)=2%, roxi (%) =L 27 = f(-x).

. 1) . :
Omxe, rpadixk GyHKIIT y= (5) cuMeTpuuHUU rpadiky QyHK-
nii y =2% sigrocHo oci Oy (nuB. migpyunuk mnia 10 kxacy, m. 2.2)
1 X
i Tomy, AKIO QyHKIiA y=2" € 3pocTaryoio, QyHKIIA Y= (—)
000B’A3K0BO OyIe CIagHOIO. 2

Bussnaerbes, 3apxau npu a>1 rpadik pysrmoii y=a”
cxosxuii Ha rpadik pysKnoii y=2%, anpu 0<a<1 — Ha rpadik

X
GyHKITIT yz(%) (puc. 2.4).

( I'padix morasHuUKOBOI (YHKIII HasMBaAWOTL eKCno-

HeHMmoto.

2=14 1 —==0,7
12 &

y=2"
-3-2-1 |01 2 3 x
Puc. 2.2
1 2 3
2 4 8
1 1
4 8

[

01 2 3 «x

Puc. 2.3
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BnactusocTi
NOKA3HMKOBOT PYHKLT

fx Gys0 mokasaHo BHUIlle, 00JIaCTIO BU3HA-
YeHHA IIOKAa3HUKOBOI QyHKHii y=a”* (a>0,
a#1) e Bci gificHi uncaa: D(ax)z R.

O6sacTo 3HaYeHb QYHKLII y=a” € MHO-
JKMHA BCiX JOZATHUX 4YMCeJl, TOOTO (MYHK-

nia y=a” nmabyBae TiIbKM JOJATHUX 3HAUYEHD,
npuuoMy Oyab-sKe AoJaTHe UYKCJIO € 3HAUeH-
HAM QYHKIII, a60 E(ax) = (O; +oo).

ITle osmauae, 10 rpadik TOKA3ZHUKOBOI
GyuEmii y=a* 3aBxau po3MilleHUN BUILE
Big oci Ox i Oyab-AKa mpsaAMa, IIapaJjejbHa
oci Ox i posraImoBana BuUllle Big Hel, mepeTu-
Hae 1ei rpagik.

IIpu a>1 pyuKIia y=a™ 3pocrae Ha BCii
obyiacti BusHaueHHA, a nmpu 0<a<1l ¢QyHK-
mia y=a”* cnamae Ha Bciit obmacti BusHA-
YeHHs.

OOr'pyuTyBaHHS 00JIaCTi 3HaUeHb Ta IPO-
Mi’KKiB 3pocTaHHA U cHIaJaHHA NOKa3HUKO-
Boi (pyHKIil mpoBogaTh Tak. Ili BaacTmBoOCTI
epeBipATh MOCIiTOBHO A HATYPAJIbHUX,
minX, palioHaAJbHUX IIOKA3HUKIB, a IIOTiM
yiKe ysaraJbHIOITh IJIS JOBIIBHUX MiACHUX
MOKa3HUKiB. Ase Tpeba ypaxoByBaTH, IO,
KOJIM MU BBOAUJIM THOHATTS CTEIeHs 3 ippa-
MiOHAJTBPHUM IIOKA3HHUKOM, MU B)K€ KODPHUCTY-
BaJrCA 3pOCTaHHAM (PYHKITil, KOJIU ITPOBOIM-
JIU TaKi MipKyBaHHsA: ocKiabKku 1,7 < \/g <18,
to 287 < 2‘5 <218, Omxe, y HaIIili cucTeMi Bu-
KJagy MaTepiajgy MU 3MOXKeMO OOI'PYHTYBa-
TH IIi BJIACTHUBOCTI TiJIbKU IJA palioHATbHUX
MOKAa3HUKIiB, ajie, BDaXOBYIOUM T'POMIi3AKiCTh
TaKUX OOT'PYHTYBaHb, MpuiiMeMo ix 6e3 moBe-
ITeHHs.

VYei iHIII BIACTHBOCTI ITOKA3HUKOBOI
¢yHKII J1erko o0r'PyHTOBYIOTHCS 3a JOIIOMO-
T'OIO I[UX BJIACTHUBOCTEM.

@yuknia y=a* ui napHa, Hi Hemap-

. _ 1
Ha, oCKimbku f(-x)=a*= _— flx)=a® (3a
a
osHaueHHAM a#1). Takox fl=x)=—f(x),
fl—x)=a*>0 (Tomy 10
E(ax)=(0;+oo)), a —f(x)=-a”<0.

OCK1JIBKHI

Touku nepemuHy 3 oCAMU KOOPOUHAM.:

e rpadik QyHENii y=a” mepernnae Bics Oy
y Touni y=1 (cupaspai, Ha oci Oy 3HaUeH-
Ha x=0, Toxi y:a0 =1);

e rpadik moxkasHMKOBOI (QyHKHII y=a”
(a>0, a#1) He meperunae Bich Oux,
ockinmbku Ha oci Ox y=0, a 3HaueH-
HA y=0 He BXoauTh N0 00JacTi 3HAUYEHD
MOKasHUKOBOI pyHKHii y=a* (y=a*=0
TineKu mwpu a=0, ajge 3a O3HAUEHHAM
a>0).

IIpomisxcru 3HAKOCMAROCMIi: y>0
OpU BCiX MIACHUX B3HAUEHHSAX X, OCKIIBKU
y=a*>0 npu a>0.

3a3HaumMMoO IIe OJHY BJIACTUBICTH MOKAa3-
HUKOBOI (PyHKIii. OckinpKku rpadix (QyHK-
uii y=a” neperunae Bics Oy y rouni y=1, o,
BPaxOBYyIOYU 3pocTaHHa GYyHKII npu a>1 Ta
cuagauusg npu 0<a<1, omep:KyeMo Taki cnis-
BIOHOUWLeHH A Mid 3HAYEHHAMU PYHKUIL UL 6i0-
NoGiOHUMU SHAYEHHAMU APZYMEeHMmA.

3HaueHHS apryMeHTa

3HavYeHHT
dymest mpu a1 0cu<1
y>1 x €(0;+0) x €(—c0;0)
O0<y<1 x €(—c0;0) x €(0;+e0)

®yuKnia y=a” He mMaec Hi Ha#bigbIIOrO,
Hi HAaiMEeHINIOr0 3HAYeHb, OCKiJIbKHY ii 00sacTh
3HAUeHb — IIPOMIiKOK (O;+<>o), AKUNA He Mi-
CTHUTH Hi HaliMeHIIIOT0, Hi Ha6iJIbIIIOT0 YKCeJI.
BiactTuBocTi moKasHMKOBOI (pyHKIII, 3a-

v
3HaveHiBI. 8 Tabn. 2: a“a’ =a"""; (a“) =a"’;

u u u
a _ a a u
=a"""; () = (ab)" =a"p" — anano-
b
riuHi O BJIaCTMBOCTEeIl CTemeHeBOi (PyHKIIiI,
sAKi OyJio o6r'pyHTOBaHO B Kypci 10 Kaacy.
3a3HAaYMMO IIle OJHY BJIACTUBICTH IIOKAa3-
HUKOBOI ()YHKIIii, SKa BUOKpPEMJIIOE ii cepen
inmux @pyrkmii: akmo f(x)=a”* (a>0, az1),
TO IPU OYAb-AKUX AiMCHUX 3HAUEHHAX apry-
MEeHTiB x; 1 X, BUKOHY€EThCA PiBHICTH

f(xl)f(xQ):f(x1+x2).
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a=3 a=2

Puc. 2.5

Tiiicro, f(x,)f(x,)=a"a™ =a™" =f(x, +x,).
Y Kypcax BUIOl MaTeMaTUKM 1A BJIACTUBiCTD
(pasom 3i CTPOro0 MOHOTOHHICTIO) € OCHOBOIO
aKcioMaTHYHOTO O3HAYEHHA IIOKa3HUKOBOI
dyurmii. ¥ mpomy BUMaAKy (OPMYJIIOETHCS
O3HAUYEHHA: IOKA3HUKOBa QyHKIiA y=f(x) —
I[e CTPOro MOHOTOHHA (PYHKIif, BU3HAaUeHa
Ha BCill YHCJIOBIiH OcCi, IKa 3a/I0BOJILHSIE (DYHK-
IioHaJbHe PiBHAHHSA f(xl) f (x2 ) = f(xl + x4 ),
a moTiM oOr'pyHTOBy€eTHCH, 10 pyHKIia f(x)
sbiraerbeca 3 Gynkiicio y=a* (a>0, a=1).

Kpim cminbHEX BIacTUBOCTEH TOKA3HUKO-
Boi dyuKIii mpu a>1 i 0<a<1, zazHauUMO
IesdKi 0ocobJMBOCTI «moBeAiHKM» rpadikis mo-
KasHUKOBUX (PYHKIIN MpM KOHKPETHUX 3HA-
yeHHAX a. Tak, Ha puc. 2.5 HaBegeHO rpadiku

MOKa3HUKOBUX QYHKIIN y=a” ni1a BUnagkKis,

1 1
KOJIM OCHOBAa a HaOyBae€ 3HAUeHb 2; 3; E; g

ITopiBHIOIOUHM IIi rpadiky, MOKHA 3pPO0OU-
TH BUCHOBOK: uuUM 0isbWlol0 € ocHosa a>1,
mum kpymiwe «nioHimaemobca» epapix QyHk-

3a3HauMMo, WO 3a AOMOMOrOK MOKa3HMKOBOI OYHKLIT MOXHa onucatu
3HaYHY KiNbKiCTb NpoLeciB, AKi BigOyBaloTbCA B MPUPOA.

Hanpuknan, 3pocTaHHA KinbkocTi 6akTepill (3a BigCyTHOCTI HeraTMBHUX
4na ix pocty GaKkTOpiB i HAABHOCTI BENUKOT KiIbKOCTI MOXUBHUX PEUYOBYH)

BiIOYBA€ETbCA 33 3aKOHOM N =5, pe t — vac pocnigxeHHa, N — uncno

6aKTepiil y KONOHil.

Tnck  nOBITPA  3MEHLIYETbCA 3 BUCOTOK 3@ 3aKOHOM p=pg-a
Ae po— TWCK Ha PiBHi MOpA, p — TUCK Ha BUCOTI h, a i B — feAaki cTani.
3pocTaHHA KibKOCTI fepeBrHM Mif Yac poCcTy AepeBa BiabyBaeTbcA 3a 3a-

KOHOM A=A, -akt, ne A, — MNOYaTKOBA KifIbKICTb AepeBuHu, A — Kib-

KiCTb epeBunHM Yepes vac t, ki a — pesaki ctani.

uii y=a”, akwo mouka pyxacmuvcs 8npaso,
i mum weudwe ezpaix Habauicaemvcs 00
oci Ox, AKWO0 MOYKa PYxaemuvcs 67i60. AHa-
JoriuHo, yum wMmeHwol € ocnosa 0O0<a<l,
mum kpymiwe «nioHimaemuvcsa» zpaix QyHK-

uii. y=a*, aKkwo mouka pyxaemvcsa 8.0,
i mum weudwe ezpaix Habauxcaemvcs 00
oci Ox, AKW,0 MOYKA PYXAEMbCA BNPABO.

3aBepuIyoun PO3MOBY IIPO IIOKA3HUKOBY
(yHKIi10, 3BepHEMO yBary Ha Ti IDUYUHU, K1
3aBa’KalOTh POBTJIALATH ITOKA3HUKOBI (pyHK-
ii 3 Big’eMHOI0 a60 HYJIHOBOIO OCHOBOIO.

IlorkasaukoBa OQyHENia y=a* (a>0,
a#1) osHaueHa IIpU BCiX MiCHUX 3HAUEH-

Hax x. IleBHa piu, BUpa3 a* MOKHA POBTJS-
matu i mpu a=0, i mpu a<0, ajge B Mux BU-
nagKax BiH yske Oylge o3HAUeHUU He MPHU BCix
mificHMX 3HAUYeHHAX x. 30KpeMma, Bupas 0%
osHaueHui npu Bcix x>0 (iroxi 0* =0), a Bu-

pas (-2)" — IIPU BCiX IiINX 3HAUEHHAX X (Ha-

1
(-2)°
0epyTh 3a OCHOBY IIOKAa3HNKOBOI PyHKIII a=0
(orpumyemo crany GyHKIio npu x>0) rta
a<0 (omep:xyeMo (PYHKIIiI0, O3HAUEHY TiJib-
KU IpU OKPEMUX 3HAUEHHSX X, a caMe X € Z).
Aue HaBeeHi MipKyBaHHSA CTOCOBHO AOIiJIBLHO-
cTi BUOOPY OCHOBU MOKa3HUKOBOI (QYHKIIII He
BILIMBAIOTh HA 00JIACTH JOMYCTUMUX 3HAUYEHbD
Bupasy a”. Hanpurmazx, ax Oyja0 3a3HAYECHO
BUIIE, ITapa 3HaUeHb a=-—2, X=-3 BXOIUTH
no itoro OJ13, i 1e MOBOAUTHCA BPAXOBYBaTHU
i yac pos3B’A3yBaHHA AeAKUX 3aBAaHb.

IpUKJIAf, (-2)° = = —%). Yepes 1e i He

kh
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e ——————

Maca peuyoBUHM nifg yac pafioakTMBHOrO po3nagy 3MeHLy-
t

| 1\7
@ €TbCsA 3a 3aKoHOM M = M, (EJ , e My — noyaTkoBa Maca
)
%/‘ )\Q peyoBnHN, M — maca B MOMeHT yacy ¢, T — nepiog Hanmis-
% 5?\ po3nagy peyoBrHM (TOOTO Yac, 3a AKUIN PO3NaJAETLCA MOMO-
<@ @Q ég Q;?; BMHa aTOMiB 3aflaHoi peuyoBrHMK). OCKinbKm Nnepiogn HanmiBpo3-
A Pur nagy mMeBHMX pPeYoBUH [obpe BiZOMI, LI 3aneXHicTb

3aCTOCOBYIOTb /1A BU3HAUYEHHA BiKY apXeosioriyHmX 3HaxXifoK.

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

”PMKAaa 1 ITopiBHANTEe 3HAYEHHS BUPA3iB:

_ _ 4 3
2)? (27 J) (VT
1) | — if—=1 ; 2) [— | i|—|.
3 3 2 2
Posp’a3annsa Komenrap

x
2 2 .
1) DyHKIIA y=(—) € CIafHOI, OCKimbKU — <1, Tomy' YPaxyemo, Imo QyHKIid Y =a” npu
3 3 a>1 spocraroua, a mpu O<a<l
( 2 )_3 ( 2 )_5 4 cnagua. OTake, CIIOUATKY IIOPiBHsAE-
— < .

o MO 3aJaHy OCHOBY CTeIleHA a 3 Oaun-

3 HepiBHOCTI —3>-5 omepaKyemo 3

X . .
HUIEI0, a IIOTiM, IOPiBHIOIYM apry-
2) DyHRUiA Y= _2 € 3pOoCTaiv0i0, OCKLIbKU MEHTH, 3pOOMMO BHCHOBOK IIPO CIIiB-

BiJHOIIIEHHS MiK 3aJaHUMU 3HAUEH-

7>1, TOMY 3 HepiBHOCTI 4>3 oepKyeMo HAME QYHKITI.

BEGE

ﬂpuwa 2 ITopiBHATITEe 3 OAWMHUIIECIO AOAATHY OCHOBY CTEI€HS a, SAKIIO BioMoO,
III0 BUKOHYETHCA HEPiBHICTh:

1 1
1) a‘/g>a‘/ﬁ; 2) a 3<a 5.
Po3B’a3anna Komenrap

. . 3amaHi B KOXKHil HepiBHOCTI BUpasu — Iie JABa 3HAUYEHHS
1) Ockinmbrm /5 <+/11 i sa ywmo- A N b p ne a
i1 . dyurIii y=a".
Boo @' > g1 , To dyHKIiga y=a” . A . .
0 12 IIpoanaiisyemo, sike sHaueHHs (QYHKIII BigmoBimae 6iinb-
<l. .
€ CHajaHoio, o'm;e, ;a IIOMY 3HAYEHHIO apryMeHTa (AJA IbOTO CIIOYATKY IOPiB-
2) » OckiibKH ——<—— i 3a ymoBOolo' HAEMO apryMeHTH).
1 1 3 Ao GinpllioMy 3HaUEHHIO apryMeHTa BifmoBimae 0ijb-
; _ .
a 3<a ®, To QyHEKIA Y=a" ' me sHauenHs dyHKIIi, To QyHKDig y=a® € spocTanuoio
€ spocraioyoio, oTke, a>1. < i a>1; akmio BigmoBizae MeHIe 3HaUueHHs (PYHKINI, TO

dyuknia y=a* cmagma i O<a<l1.
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npuK/\aa 3 IToOynyiiTe rpadixk QyHKIIi:
1) y=1,7%; 2) y=0,3".
KomenTap

SfIkmo a>0, to a* >0, omxe, rpadix QyHK-
mil yzax 3aBiK/AM PO3TAIIOBAHUII BUILE BiJ
oci Ox. Lle#r rpadir nepermHae Bice Oy
B Touni y=1 (a0=1).

IIpu a>1 nokasHHMKOBa (PYHKIiS 3pocCTae,
orske, rpadikom ¢yrrnii y=1,7" 6yme xpu-
Ba (eKCIIOHEHTA), TOUKU AKOI Ipu 30iJbIlIeH-
Hi aprymMeHTa «IIiZHIMalOTLCA» BrOpPY.

IIpu 0<a<1 nmoxasEuKoBa QYHKILA cHazac,
or:ke, rpadikom dyuknii y=0,3" 6yze xpu-
Ba, TOYKM SKOI IpHW 30iJbIIIeHHI aprymMeHTa
«omyckaoTeca» BHu3. (Haramaemo, 110,
«OIIYCKAIOUYNCh» BHUS3, rpadik HAOIUIKAETHCA
mo oci Ox, ame HiKosu ii He mepeTWHAE.)
IITo6 yrounuTu moBeAiHKY rpadikiB 3agaHmx
(YHKIIi#, 3HAHAeMO KOOPAUHATH KiJIBKOX J10-
JTaTKOBUX TOUYOK.

Po3B’a3zanHa

1)~ y=L7" y
x -1 0 1 2
y=1,7"
—/1
y 10 1 1,7 2,89 <
0 x 17
2) » y=0,3" y
x -1 0 1 2
1 X
=03
y 10 1 0,3 0,09 <
0 x 3
N
ﬂpuk/\aa 4 306pasith cxematTnuyHo rpadik GyHKIIT y= (E) -3|.
Po3p’a3anua Komenrap

ITocaigoBHO Oyayemo rpadixm:

Crkaamemo miaH mobymoBu rpadika samaHoi (GyHK-
mii 3a JOMOMOrOIO IIOCJIiJOBHUX TE€OMETPUUYHUX IIe-
peTBopeHb (AuB. migpyuHuk aiad 10 kaacy, m. 2.2).

1. Mu wmosxkemo moOymyBaTu Tpadik  QyHK-
1" 1
mii y= flx)= (E) (ocHoBa a= E <1, orxe, mo-

KasHUKoBa (ByHKIiaA cmagae).
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[\

o)

y 2. ITorim w™o:kHa mobyayBatu rpadirk GyHKIIT
||
1
1 y=g(x)=(§) =f<|x|): mpaBopyd Bix oci Oy
|0 x (i Ha camiii oci) rpadir Qyuxuii y=f(x) sanu-

miaeTbecs 0es3 3MiHU, i came Ia yacTmHa rpadika
CUMeTPUYHO BimobpaskaeThcsa BimHocHO oci Oy.

y 3. Ilicia mporo mMo:kHa moOyayBaTu rpadik QpyHK-

||
1
mii y:(p(x):(g) -3=g(x)-3:
napaJjejbHO IepeHecTu rpa@ik (QyHKILiL
y= g(x) y3moB:K oci Oy Ha —3 OOUHMUILI.

-3
4. Mami moxxkHa mobymayBaTu rpadik 3amaHoi GyHK-
N
Y mii y= (5) -3 =|(p(x)|: yactuHa rpadika
3

byHROI y= (p(x) , poararioBaHa Buiie Bif oci Ox
(i Ha cawmiii oci), moBuHHA 3aguIIUTHCA 0€3 3Mi-
HU (ajle TaKuX TOUOK rpadik GpyHKITiI y=(p(x)
He Mae€), a yacTuHa rpadika, posrairoBaHa HUK-

|
1
L y= (5) S
3anumaHHg
2.
3.
4*,
5.
2.1.

Bnpabu

ye Bim oci Ox, CUMeTPUYHO BiZOOparKa€THCSA
BigHocHo oci Ox (To06To Bech rpadik QyHKIIL

y=(p(x) moTpiObHO BiZOOpPa3UTU CUMETPUUIHO
BigHOCHO Ooci Ox).

ChopmyrroiiTe O3HAUEHHA ITOKA3HUKOBOI (PYHKILI.

IloGymyiiTe rpadiky MOKA3HUKOBOI MYHKIII y=a” npu a>1 Ta npnm
O<a<1 (BubepiTh KOHKpETHiI 3HaueHHA a). Uepe3 SKYy TOUKY IIPO-
XOIATH Tpa@iky BCiX MOKAa3HUKOBUX (GYHKIiN?

Kopucryrouncs rpadikom mokasHukoBoi GyHKIiI y=a” (mpu a>1
ta mpu 0<a<1l), oxapakTepusyiuTe ii BJIacTHBOCTi.

O6rpynTryiite Bractrusocti GyHKHIii y=a* (a>0, a#1l).

IloscHiTH, AK, BUKOPUCTOBYIOUM 3POCTAHHA UM CIAJaHHA Bimmosin-
HOI ITOKa3HUKOBOI (BYHKIIil, TOPIiBHATU 3HAUYEHHIA:

a) 701 7% 6) 0,7° i 0,7°.

VEKaxiTh, AKi i3 3amanmux (PYHKIiN 3poCTaiTh, a AKi — cOagaioTh:

(2]

8%) y=27%;

1°) y=47%

(2]

3°) y=(3)";

4°) y=n";

5) y=(V5-2)";

o v

X
) ;o 9%) y=-5%
2



§ 2. [Moka3HMKoBa yHKLiA, 1T BAACTMBOCTI Ta rpadik

2.2°,

2.3.

2.4,

2.5.

2.6.

2.7.

2.8.

ITo6ynytiTe rpadir GpyHKILIT:

1) y=38%; 3) y=0,2%; 5) y=0,7".
1 X
2) y=(z) ; 4) y=2,5%

3uarouu, 1m0 a>b>1, 300pas3iTh cxeMaTUYHO B OAHiIl cucTeMi KOOp-
nuHat rpadiku QyHKOiE y=a* i y=>b".

3HalgiTe 001acTh 3HAUEHb (PYHKINII:

1) y=3"+1; 3) y=7"-2;
1 X
2) y=-5%; 4) y=—(—) .
6
Ilob6ynytiTe rpadix QyHKITIi:
) 1) LV
1°) y=-3%; 3%) y==| ; 5%) y=||=| -1[.
)y )y (2) )y (2)
1 X
2) y=(z) +3; 4%) y=5";
IlopiBHsAlITE 3HAUEHHA BUPAa3iB:
4 -4 5 5
1°) 8% i g4 5) 0,57 i 0,577;  9) (3) i (Z) ;
2 1,3 9 1,8
2°) (7) i (?) . 6) 272§ 28, 10) 0,271 § 511,
8 9
3°) 0,787%7 i 0,787%%; 1) (ﬁj i (ﬂ) ;
2 2
6
-3 . -5 3 A 3
1 (V2)" 1 (2)5 8 (%J i g;

IlopiBHANITe MOKA3HUKU CTeIleHsA m i n, AKIIO BifoMmo, IO € IIpa-
BUJIBHOIO HEPiBHICTH:

1) 3,2™ <3,2"; 1) 0,99m<0,99";  7) (V5-1)" <(\5-1)";
2 (255 9 (@R e () <)

(- o))

IlopiBHAMITE 3 OAUHUIIEIO NJOAATHY OCHOBY CTeIleHA &, SIKIIO Bigomo,

110 € IIPABUJIBHOI HEPiBHICTH:
1 1
1) a'%>q%; 3) aﬁ<aﬁ; 5) a 1"<a 8;
1

2) a®?<a3; 4) o' <qt; 6) a %% 5q B,
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2.9.

2.10.

2.11.

2.12*,

IlopiBHANATE 3 OMMHUIIEIO 3SHAUEHHS BUPA3Y:

1
1) 0,01 1) (ﬁ) ’; 7) 377
31
5 \3
2) 0,999, 5) 0,007°; 8) (?) .
1
3) (%)3; 6) 1000

SIKuil BUCHOBOK MOXKHA 3pO6I/ITI/I IIPO 3HAK 4YHcCJIa X, AKIIO:

X
1) 3%=0,6; 2) (%) =10; 3) 10* =4; 4) 0,3°=0,1?

PosramyiiTe uncsia B IOPAAKY 1X 3POCTAHHS:

1
1) 23, 2715 9V2 92 gl 4.
1 1
2) 0,3%, 1, 0,375, 0,32, 0,379, 0,33.

BuaBiTb CBOIO KOMNETEHTHICTb

YHacnioK pafioaKTHBHOro posmazy 3a X Ai6 maca M, pedyoBUHHU
3MeHITyeTheAa no0 Macu M. Ile#i mporec MosKHaA omucaTu (OPMYJIOIO

1" M (1Y
M=M, (E) . 3Bigcu ?:(E) . ITokaxiTe rpadiuno, ax 3i 3mi-

0
HOI0 X 3MIiHIOETHCS BiIHOIIIEHHS i
0
BukopucroByioun 3a HeoOximmocTi mobymoBaHUil rpadik, maiiTe Bim-
moBigi (TouHi abo HabJMIKeHi) HA 3aMUTAHHA.

1) V¥V ckinbKM pasiB 3MEHIIUTHLCSI Maca PaJiOaKTHUBHOI PEUYOBUHU Ue-
pes3 1,5 mobu, 2,5 mobu, 3 gobu, 4 mobdbu?

2) Ckinpku yacy Mae MUHYTH, 100 MOUATKOBA Maca PalioaKTHUBHOI
peuyoBMHU 3MeHIuaaca y 2,5 pasy, y 3 pasu, y 4 pasu?




PO3B'AA3YBAHHA MOKA3HUKOBUX PIBHAHDb
TA HEPIBHOCTEU

3.1. HannpocTiwi NoKa3HMKOBI PiBHAHHS

Tabaumsa 3
1. OcHoBHi ¢popMysiM Ta cniBBigHOLWEHHA
a-a® =a* I'padir dbysruii y=a* (a>0)
(ab)* =a"-b" a>1 0O<a<l a=1
u
a —
PO ¥ y=a* y
u u y_ax
a a
(5 -5 y
(a")" =a® _/1‘ '1\ 1 y=1"
a =a
v
uav :a; 0 X 0 X 0 x
3pocTae CIiazae cTajsia

2. CxeMa piBHOCM/IbBHUX MepeTBOPEHb HAMMPOCTIlULMX MOKA3HMKOBUX PiBHAHb

OpienTup IIpukaanx
32x+4 — 9 6x+3 — _36
. g2x+4 _ 32, Kopenis nemae,
()Hpn(?>0 iazl 2x+4=2; ockinpru 6°>0
a™ =af% o f(x)=g(x) x=-1. IS Beix t.
Bionosgiov: —1. < Bidnosidv: KopeHiB
Hemae. <

3. 3BefeHHA AeAKMX MOKA3HMKOBMX PiBHAHb 40 HaAMMpPOCTilIMX

OpienTup IMpuxnang
1) Axwo niea it npasa vacmuHu NOKA3ZHUKOE0- fo
20 pienanna Micmamb miivku 0obymKu, 273 .4% =—.
uacmku, KopeHi abo cmenerni, mo 00UiJbHO 1 16
3a donomozorw ocnoefiux (])opmyﬂ' cnpobysa- s o 2 ) - 14,
mu 3anucamu o6ud8i LacMUHU PiBHAHHS K 27772 = yst 2 =22
cmeneHi 3 00HI€I OCHOB0I0. 1 1
3x—-3=—-4x; x=—.
2 2
. . 1
Bionosiov: —. <
2
2) Axwo 6 00Hill yacmuHi NOKA3HUK0B020 Di6- 5% _9.5%2_93

HAHHA CMOIMb 4UCNO, A 8 [HWIl Yci wleHu 2 (2 2
. o 572(5%-2)=23; 57%.23=23;

micmamo eupas éudy a” (nokasHuku cme- o s 0

nenie 8i0pi3HAIMbCA MiLbKU BLAbHUMU Uile- 57" =1; 577 =57

HaMU ), MO 3PYYHO 8 Uill LACMUHI PIBHAHHA x—2=0; x=2.

sunecmu 3a Oyxcku Hailmenwuii cmeniny a. + Bidnosids: 2. <
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NMOACHEHHA M OBI'PYHTYBAHHSA

O3HayeHHA. IToka3nukosumu 3a3BUUYAl Ha-
3UBAIOTHCS PiBHAHHS, Y IKNX IIOKA3HUK CTe-
IeHsd MiCTUTH 3MiHHY, a OCHOBA I[HOTO CTeIe-
Hs He MiCTUTh 3MiHHOI.

Posrimanemo HaWIpocTiiie IOKa3HUKOBE
piBHAHHA

a®=b, (1)

me a>0 i a#1. OckinbKHU IIpHU IIUX 3HAUEH-

HAX a QYHKIOigS y=a”* CcTPOro MOHOTOHHA
(3pocrae mpu a>1 i cmamae mpu 0O<a<l),
TO KOYKHOTO CBOTO 3HAUEHHA BOHA HaOyBae
TiTBKY ITPU OJHOMY 3HauUeHHi aprymenta. lle

o3Hadae, 0 piBHAHHEA a” =b mpu b>0 mae
emuHni Kopinb. 111006 fioro 3HaiiTH, JOCTATHHO
nogatu by Buraamgi b=a.

OueBuUAHO, IO X=C — KOPiHb PiBHAH-
HA a* =a°.

T'padiuno e mpointtocTposano Ha puc. 3.1.

Hanpukaazn, 1mo0 posB’sa3aTu pPiBHSIH-
HA 7 =49, mocTaTHBLO HOJATH Ile PiBHAHHSA
y BurIani 7% = 72 i sanmcaTu fforo €OUHUNI KO-
piab x=2.

Axkmo b<O0, To piBHaHHA a”* =b (upu
a>0) KopeHiB He Ma€, OCKiIbKHN a* 3aBXKIU
6inpmre myas. (Ha rpadirkax, HaBemeHUX Ha
puc. 3.2, ipama y=>b He mepeTrmHae rpadik
bysEOii y=a”* npm b<0.) Hanpurnaz, pis-
HAHHA 7 =—7 He Ma€ KOpeHiB.

YszaranpHIOIOUNM HaBeJeHI BUIe MipKy-
BaHHSA CTOCOBHO PO3B’sA3yBaHHS HAWUIIPOCTi-

WX TOKA3HUKOBUX PiBHAHB, 3a3HAUUMO, II10
npu a>01i a#1 piBHIHHS

af(x) — ag(x) (2)
piBHOCHIIbHE PiBHSIHHIO

flx)=g(x). (3)

KopoTKo 1e TBep:KeHHA MOKHA 3amuca-
TuTak: mpu a>01ia=l

a’™=a#% o f(x)=g(x).
1106 o6rpyHTYBaTH II0 PiBHOCUJIBHICTB,
IOCTaTHBO MMOMITUTH, 1110 piBHOCTI (2) i (3) Mo-
JKYTh OYTU TPaBUJIBHUMM TiJIBKYM OJHOYACHO,

OCKiJIBKU (PYHKIIiA yzat € CTPOr0 MOHOTOH-
HOIO ¥ KO’KHOT'0 CBOTO 3HAUEHHA HAOyBAa€E TiJlb-
KU IpU OSJHOMY 3HAaUeHHi aprymenra t (ToOTO
3 piBHOCTi cTemeHiB (2) 000B’A3K0OBO BUILIN-
Ba€ PiBHiCTH MOKa3HUKIB cTemend (3)). OTike,
yci KopeHi piBHaAHHS (2) (4Ki IepeTBOPIOIOTH
e PiBHAHHA HA NIPABUJBHY PiBHICTB) OyIyTH
i KopeHamu piBHAHHA (3), Ta HABIIaKHU, yCi KO-
peHi piBHAHHA (3) OyAyTh KOPEHAMU DPiBHSIH-
Ha (2). A 1e i o3Hauae, 1o piBuanHA (2) i (3)
PiBHOCHJIBHI.

Y mHammpocrimux BUNAAKaX MTig dac
pO3B’A3yBaHHA TIOKA3HNKOBUX PiBHAHB Tpebda
3a JIOIIOMOT0I0 OCHOBHUX (hopMyJI it Haxm cTe-
neaaMu (DuB. TabJ. 3) 3BecTU (AKIIO IIe MOK-

JMBO) 3ajaHe DiBHAHHA 40 BUAY a’ (@) _ g8,

s po3B’si3yBaHHA OiJbII CKJIAAHUX II0-
KasHMKOBUX pIBHAHBL HaWUacTillie BUKOPHU-
CTOBYIOTH B3aMiHy B3MiHHUX (3acTOCyBaHHS
IIBOTO METOAY PO3TJIAHYTO Aaji, B Ta0a. 4) abo

Puc. 3.7

Y y
y=a® y=a”
a>1 O<a<l1
_/1 bl\
0 x 0 x
y=>b b<0 y=>b b<0
a 0

Puc. 3.2
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BJIACTUBOCTI BigmoBimHUX (pyHKIiH (11 MeTo-
IV PO3TJIAHYTO B Tabi. 11, §8).

dAx Bimomo, yci piBHOCMIBHI IepeTBOpPEH-
Hs PiBHAHHA 3aB/KAU BUKOHYIOTHCSA Ha MO0
ob6aacti gonycTumux sHauenb (013), To6TO HA
CIiJIbHiN o0JsacTi BUBHAUEHHSA BCiX (DYHKILiA,
AK1 BXOAATH 0 3aIUCy IILOTO PiBHAHHSA. AJe
B IIOKA3HUKOBUX PiBHAHHAX HaWdacriiie o6-
JIACTIO MOTMYCTUMMUX 3HAYE€Hb € MHOKWHA BCiX

OiicCHMX 4Ymces. ¥ IUX BUIIAAKaX, AK IIpa-
BuJio, OJI3 He 3HAXOAATH i He 3aMUCYIOTH IO
po3B’s3aHHA PiBHAHHA (OuB. mpukgagum 1-3
mo. 3.1).

SKi1mo & y mporeci po3B’a3yBaHHA IIOKA3-
HUKOBUX PiBHAHBb PiBHOCUJIbHI MePEeTBOPEHHS
BUKOHYIOTHCS He Ha BCii MHOMKUHI TiliCHUX
YuceJa, TO AOBOAUTHCA 3ramyBatu mpo O3
(mpukJiang 4 go . 3.1).

NMPUKSAAN PO3B’A3YBAHHA 3ABJAHDb

Mpukrad 1
1)4* =64;

Posp’azanuga

1) 1 4%=64; 4" =4%; x=3; <

2) 5% =—1 — KopeHiB HeMae, OCKiIbKU
5% >0 samxau; <

3) - 1254 =1; 12 4=12%; x2_4-0;
x=32. <

x-0,5

Mpukrad 2 (0.2)

P

1)

Po3sp’azannsa

=5-(0,04)"%;

PosB’s:kiTh piBHAHHA:

2) 5%=-1;

3) 1284 =1.

KomenTap

IIpu a>0 saexzu a* >0, ToMy piBHAHHA

5% =—1 me Mae KopeHiB.

f(x) g(x)

Inmi piBHSHHSA 3BegeMO OO0 BUIY @ =a
(me a>0 i a#1) i nepeiizeMo 40 PiBHOCHUIBLHO-
ro pisusuua f(x)=g(x).

PosB’sa:KiTh piBHAHHA:

1 2x-3
2) 2%.3* =(—) :
6

Komenrap

1) 3amaHe pPiBHAHHA PiBHOCUJIbHE Jlisa i npasa yacmuHu 3a0aAHUX PIBHAHb MiCMAMb
PiBHAHHAM miavku 000ymKu, wacmru, koperi abo cmeneni. Y ybo-
(5_1)36—0,5 2 My eunadky O0as 36e0eHHs PIiBHAHHA 00 6udy
1 = 5'(5 ) ; a’® = g cnpobyemo 8UKOPUCTRAMU OCHOBHI (OpMY-
52 au 0iit Had cmenenamu, u,00 3anucamu o0udai wacmu-
5=x+0,5 R HU DIBHAHHA ‘ﬂ}c cme'nem' 3 00Hi€ 0CHOB0I10.
—5 =95 ; V nepiromy piBHAHHI Tpeba 3BEPHYTH yBary Ha Te, IO
= 1
5% 0,2=2 =157 2 004=—+ =L 52 552,
—x+o,5—§_51+(_2x+4)‘ S 10' 5. 100 25 '
= ; = ; Otsxe, JiBy i mpaBy 4acTWHU 1IHOT'O PIBHSAHHSA MOYKHA
—x=5b-2x, x=5. 3ammcaTy K CTeleHi umesaa 5.

Bidnosidv: 5. <

2) 3azaHe PiBHAHHA PiBHOCUJIBHE
2x-3
pisaaumam (2-3)° =(671) i H
6 =6"2""3; x=-2x+3; x=1.
Bidnosiov: 1. <

[ mepeTBOpeHHSA PiBHAHHA 2 TpPUragaeMo, IO BCi
dopMyaIn MOXKHA BUKOPHCTOBYBATHU SK 3JIiBa HAIIPaBo,
TaK i cIpaBa HaJIiBO, HAIIPUKJAL OJISI JiBOI YaCTUHU
IILOTO PiBHAHHSA CKOPHUCTAEMOCS (POPMYJIOIO

a“b* =(ab)", To6r0 2%-3*=(2-3)" =6~.
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PosB’skiTh piBHanHA 3272 +5.32*2-86.

Mpukaad 3

Posp’ss3anHa KomenTap

3azmaHe piBHAHHA PiBHOCUJIbHE PiBHAHHAM

32+-2(31 4 5) = 86;

V¥ niBiii yacTuHi piBHAHHSA BCl 4JeHU MiCTATH BU-

2 . .
pasu Buay 3°° (IIOKASHWKM CTelleHiB BigpisHsa-

3%2*2.86=286; IOTbCSA TiJIBKY BiIbHUMU ujeHaMu). ¥ I[bOMY BU-
3221, MagKy 3PYYHO BMHECTH 3a AV:KKM B JiBiil yacTu-
32x2 = 30; Hi piBHAHHA HAaWMEHIIUH CTEMiHb uucia 3, TOOTO
2x-2=0; 322,

x=1.

Bidnosiov: 1. <

Jx 4z
ﬂpuwa 4* Poss’sxirs pismanna (1+b2) =(1+b2) .
Posp’a3anusa KomenTap
OlI3: x>0, beR. Y samaHomy piBHAHHI x — 3MiHHa, b — mapa-

Posrassmemo gBa BUmaIKu.

1) IIpu b=0 opepxKyemMO PiBHAHHSA
1*/; =14_\/;, KopeHi gaxoro — yci giicui
ymesia, mo BxoxaTh qo 013, Tooro x =0.

2) IIpu b#0 1+b2¢1, i Tomi zamame
PiBHAHHA PiBHOCUJIbHE DiBHAHHIO

Jr=4-x.
3Bigcu \/;=2, Tomi x=4.

Bionosidv: 1) pu b=0 xe[0;+oo);

2) mpu b0 x=4. <

merp. IIpoamanidyBaBIlii OCHOBY CTEIIEHIB Y I[hO-
My piBHAHHi, POOMMO BHCHOBOK, IO IPU OyIb-
AKWX 3HAUEHHAX b ocHoBa 1+b2>1. DYHKIIA
y=a” mpu a>1 e spocrarouoio, a mpu a=1 —
cramoro (quB. Tpadiku QyHKHii y=a”, HaBeneni
B Tabs. 3).

Ocrosa 1+b? npu b=0 popiBuioe 1, a mpu Bcix
iHmMx 3HaveHHAX b — 6igbmra 3a 1.

PoarinsgreMo KOKHME i3 IIMX BUIAIKIB OKpPEMO:
b=0 i b=#0.

1. TlodAcHiTH, y AKUX BUIALKaX IOKA3HUKOBe piBHAHHA a” =b (me a>0
i a#1) mae KopeHi. ¥ AKuUX BUIIaJKax BOHO He Mae KopeniB? Ha-
BeIiTh NMPUKJAIU, IIPOiTIOCTPyiTe iX TpadivHo.

3anumaHHg

2. $lxoMy piBHAHHIO DiBHOCHJIbHE IOKA3HMKOBe pinHsmHA a'® = %Y
npu a>0 i a#1? HaBexmiTes mpuxamu.

3*. Yyu s3mimnThCA BigmOBiAR Ha 3ammMTaHHA 2, AKINO AJIA OCHOBU CTeIle-

HiB Oyze 3amaHo TiaIbKuU oOMe:xkeHHsa a>07?
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Y saBmamaax 3.1.1-3.1.5 posB’saKiTh pPiBHAHHA.

Bnpabu
3.1.1. 1°) 4*=8; 9°) 2% =4; 17°) 2%%=38;
20) 3x=9x+l; 100) 2x:16, 18) 3x2—5x+8:9;
3°) 53%1-0,2; 11°) 3% =-1; 19) 7% =7%7",
4°) 77 =1, 12°) 2 =32; 20) 25° =5%7%;
2
o 1 e 4 o x X ox+l
5°) 5 =42, 13°) 3*=0; 21%) 2%.3%1=108;
60) 3x2—4x:9; 140) 53(7:1; 22*) 3x_52x—3=45.
7) 4% =20+, 15) 3% —-3=0;
8) 22" =2; 16) 32*=81;
X X X X
3.1.2. 1) (E) (i) :E; 3) (EJ (2) zﬂ_
3) 16 8 8)\8 64
(2 (22 -2,
5 15 5’
162 3%
3.1.3. 1) 2 = ; 4) =9%;
4* 27
2

3.1.4.

2
3) (0,5)" -22¥+2 =6471;

1°) 752 4+ 4.7%1 =539;

x(x+2)—l
5) 2 2 =4./2 4%

5°) 832 _2.3%2-79;

2°) 2.3%"1 3% =15;

1 x-1 1 x+1
o () ) -en
5 5
x—3 x+1
7) 5(1) +(l) =162;
2 2

8) 5-9% +92=406.

3°) 4" 44" =320;

4°) 3.5 4+2.5%1 =77,

- 2x-3 T x+5
1) (sin—) =(sin—) ;
2 2

2) (1+|a))" =(1+a]);

3.1.5%,

1
x

3) (1+a) =(1+\/Z)6_726.
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3.2. Po3B'a3yBaHHA Oinbl cKNagHMX MOKA3HUKOBUX PiBHAHb

Ta X cuctem

OpienTup

1. ITo30yBaemMocss YHMCIOBHX

MTOMAHKIB Yy TOKa3HUKAX
CTemeHiB (BUKODPUCTOBYE-
MO CIIpaBa HaJIiBO OCHOBHi
dopmysnm Oiit HaL CTEIeHs-
MU, HaBeleHi B Tabi. 3).

. KO MOSKJIMBO, 3BOTMMO
Bci cremeHi (3i 3MiHHOIO
B TOKa3HUKY) [0 OXHiel
OCHOBM i BUKOHYEMO 3AMi-
HY 3MIHHOL.

. K10 He MOYKHA B3BecTu
BCi cremeHi n0 oxHiel ocHO-
BU, TO IPOOYyEMO 3BECTU ix
o0 JABOX OCHOB TaK, II00
oep:KaTH OTHOPigHe piB-
HAHHA (Yci UYJeHu AKo0z20
mawombs 00HaKo8Ull cymap-
Huil cmeninv i ake po3s’s-
3yemuvcs nowieHHuMm 0ijeH-
HAM 000X YQCMUH DiBHAH-
HA Ha HaUbiavwuil cme-
ninv 00Hiel 3 080x odepica-
HUX OCHO8).

. B immux Bumagkax mepe-
HOCHMO BCi 4JIeHHM PiBHAH-
HS B OAMH OiK i mpoOyemo
PO3KJIACTH OXepPsKaHUIl BU-
pa3 Ha MHOXKHHMKHU abo0 3a-
CTOCOBYEMO creliaabHi
npuiioMmu pos3B’A3yBaHHI,
y AKUX BUKOPHUCTOBYIOTH-
Ccd BJACTHMBOCTI BimmoBin-
HUX (QYHKILi.

Tabaumnsa 4

Cxema nowyKy naaHy po3B’A3yBaHHA MOKa3sHUKOBUX PiBHAHb

ITpuraanx

4*1-3.2*-10=0.
4*.4'-3.2*-10=0.
VYpaxoByrwouwu, 1110 4% =22x, 3BOLMMO CTeIleHi 10 omHiel ocHOBU 2:
4.2%%-3.2*-10=0.
Buronasmu saminy 2% =t, orpuMaeMo piBHAHHSA
4t* -3t-10=0; t, =2, t2=—%

VY pesyabraTri 00epHEHOI 3aMiHM MaeMo:
2* =2, 10610 x=1, a6o 2% =—% — KOpeHiB HeMae.
Bidnosgios: 1. <
4 +3-6*-4-9*=0.
3BemeMo Bci cremeHi Jo ABoX ocHOB 2 i 3:

22% +3.27.3% -4.3% =0.
Maemo ogHOpiZHE PiBHAHHA (CyMapHUI CTeNiHb yCiX UJeHiB o[-

HakoBuii — 2x). lnsa #oro poss’A3yBaHHs IIOLIINMO OOMIBI ua-
9 2x 9 x
crunu Ha 3%% #0: (g) +3(§) -4=0.

Bukonaemo saminy
t2 = _4: .
VY pesyabpraTi o0epHEHOI 3aMiHHM MaeMO:

X
(%) =t, omepmumo: t2+3t-4=0; ¢ =1,

2 x
—| =—4 — i
( 3 ) KOpeHiB

X
HeMmae abo (E) =1, romi x=0.

Bidnogidv: 0. <

6*-9.2¥-2.3*+18=0.
SKI10 momapHO 3rpymyBaTH UJEeHU B JIiBiif yacTWHI piBHAHHS
i B KO:KHil mapi BUHECTHU 3a MYXKKU CIIIJBHUN MHOKHUK, TO OJep-

mmvo 27 (3% -9)-2(8*-9)=0.

Temep MOKHA BUHECTU 32 AYKKHU CILIBHUN MHOMXKHUK 3~ —9:
(37 -9).(25 —2)=0.

Toxi 3*—9=0 a6o 2*-2=0.

Omep:kyeMoO aBa PiBHAHHSA:

1) 3*=9, romi x=2;

2) 2% =2, Tomi x=1.

Bidnosgiov: 2; 1. <
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MOACHEHHA 1 OBI'PYHTYBAHHA

I po3B’sA3yBaHHS OiJbII CKJIASHUX II0-
Ka3HUKOBUX PiBHAHB (IIOPiBHAHO 3 TUMU, AKi
OyJI0 PO3TJIAHYTO B II. 3.1) HaliuacTiille BUKO-
pPUCTOBYIOTH 3aminy 3miHHux. II1o6 3opieH-
TYyBaTHUCS, YA MOXKHA BBECTH 3aMiHY 3MiHHUX
y OaHOMY IIOKAa3HUKOBOMY PiBHAHHI, YacTo
OyBae KOPHUCHO Ha IIOUYAaTKY PO3B’A3yYBaHHS 10O-
30ymuca yucaioux 000aHKi6 Y NOKA3ZHUKAX
cmenenie, BUKOPUCTOBYIOUM (OPMYJIU

u

a“ = g%a’ i g% :a_-
al)
Hanpuknazn, y piBuanni
4*1_3.2*-10=0 (1)

samicts 4! zammeyemo pobyrox 4% -4!

i omep:KyeMO PiBHAHHSA
4*.4-3.2*-10=0, (2)

piBHOCUJIBbHE 3aJJaHOMY.

ITorim mamaraemocs 6ci cmeneri (3i 3miH-
HOI0O B TIOKA3HUKY) 38ecmu 00 00Hi€l OCHOBU
i BUKOHAMU 3aMIRY 3MIHHOL.

Hanpukaan, y piBuanHi (2) creminb 3 oc-
HOBOIO 4 MO’KHA 3aIMCaTU AK CTEIIiHb 3 OCHO-

Bomo 2: 4% =(22)x =22% | oepokaTH PiBHAHHS
2%%.4-3.2-10=0. 3)

Haragaemo 3aranpHuiT opieHTHD
AKLWO y PiBHAHHI, HePIBHOCTI abO TOTOMKHOCTI
KifbKa pasiB NpUCYTHIN O4WH i TON CaMuin BU-
pa3 3i 3MiHHOIO, TO 3pyYHO Liei B1pa3 No3Hauu-
T ofHi€l0 OYKBOIO (HOBOIO 3MiHHOIO).

3BepTaeMo yBary Ha Te, IO 22x=(2x)2.
Omxe, nmo piBHAHHA (3) 3MiHHA (HaKTHUUHO
BXOJUTh TiMbKHU y BULJIALL cTemeHa 2%, Tomy
B IIbOMY PIiBHSAHHI 3PYYHO BBECTU 3aMiHy

2% =t i omlepskaTu KBaZpaTHe PiBHAHHSA
4t* -3t-10=0. (4)

3HaX0AMMO KOpPeHi Ihoro piBHAHHA,
a TOTiM BUKOHYEMO O0epHeHY 3aMiHy (AuB.
po3B’sA3aHHA, HaBeneHe B Ta0J. 4).

3a3HaumMo, 1110 BUKOPUCTAHHA AK OCHOB-
HUX GopMyJl Iifi HaAj; CcTeleHAMH, Tak i 3a-
MiHu 3MiHHOI Ta 00epHeHOI 3aMiHU 3aBKIU
OPUBOAUTH IO PIBHAHHSA, PIBHOCUJIBHOTO 3a/1a-
rHomy Ha #oro O3 (y piBHaHHI (1) — Ha MHO-
JKMHI BCix mificHMX umceJs), uepes Te IO BCi
BKasaHi IepeTBOPEHHA MU MOKEMO BUKOHA-
TU i B IpAMOMY, i B 3BOPOTHOMY HaOpAMKax.
(OT:xe, MU 3aBXKIU 3MOKEMO IOBECTH, IO
KOJKHUI KOPiHb OJHOTO PiBHAHHA € KOPEeHeM
OPYroro if HaBIaKu, — aHAJOTiuHO OOI'PYHTY-
BaHHIO PiBHOCUJILHOTO IEPEXOAY MIJIs HANWIIPO-
CTIIINX MOKA3HUKOBUX PiBHAHB B II. 3.1.)

Y Ttux BUmajgKax, Kojaum Bci cremeni (3i
3MiHHOIO B IIOKA3HUKY) Y TOKA3HUKOBOMY PiB-
HSAHHI, AKe He 3BOAUTHCA 0e3IocepeaHbo 0
HaAWOPOCTIIIOro, He BAAETHCA 3BECTH IO OMHi-
€l ocHOBH, OTPiOHO cnpobysamu 36ecmu 6c¢i
cmeneni 0o 080x 0CHO8 mak, w00 odepicamu
00HOpiOHe PIBHAHHA.

Hanpuraazn, posriissHEMO PiBHAHHA

4% +3-6%-4.9=0. (5)

Vci creneni B boMy PiBHAHHI MOYKHA II0-
IaTH SK CTelleHi 3 ocHoBaMu 2 i 3, OCKiIbKU

4x :(22)x :22x; 9x :(32)x :32x; 6x Z(Z'S)x _
=2%.3%,
Onep:kyeMo PiBHAHHSA
2%* 1 3.27.37 —4.3%* =0. (6)

¥Yci oxHouneHm, po3TalIoBaHiI B JiBil
YaCTHHI IILOTO PiBHAHHS, MAIOTh CTEIiHb 2X

(creniap ogmoumena 2°-3° Temx mgopiBHIOE
x+x=2x).

Haragaemo s3aranbuuii opieHTHp (PO3TJIs-
HYTUH y Oigpy4yHuKy ajd 10 Kiaacy).
AKWO BCi uneHW pPiBHAHHA, Yy NiBi i npasin
YaCTMHaxX AKOro CTOATb MHOrOYJIEHN Bif ABOX
3MiHHUX (260 Bif ABOX GYHKLi OfHIET 3MIHHOT),
MatloTb OJHAKOBUIA CYMapHUI CTeniHb", TO PiB-
HAHHA Ha3MBAETbCA OQHOPIOHUM.

* 3BuUaiHO, AKIO PiBHAHHA Mae BUTJIAL f=0

(me f — MHOTOYJIEH), TO HAEThCA TIIBKK IIPO
CTeIiHb YJIeHiB MHOTOUJIeHA f, OCKiJIbKY HYJIb-
MHOTOUJIEH CTeIIeHs He Mae.
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Po3B’Aa3yloTb ogHOpigHE PIBHAHHA MOYSIEHHUM
JineHHAM 060X 1Oro YaCcTUH Ha CTeriHb i3 Hal-
GiNbLUMM i3 HAafABHUX Y PIBHAHHI MOKAa3HMKOM.

Omxe, piBuAHHA (6) € ogHOPiAHUM, i FIOTO
MOKHA PO3B’SI3aTH AiJIeHHAM 000X YacTuH abo
Ha 22, a6o Ha 32*. BasHaummo, IO IpH BCix
sHaueHHAX x Bupasu 22% i 32° pigmimmi Big
myad. OTiKe, i yac TijleHHA Ha Ii BUpPa3u He
MOKe BifiOyTuCs BTpaTa KOpPeHiB (K Iie MOTJIO
0yTHu, HAIPUKJIAL, IJId OJHOPIZHUX TPUTOHO-
MEeTPUYHUX PiBHAHB), i B pe3yJsbTaTi qiJIeHHA
000X YaCTHH PiBHAHHS Ha OyIb-AKHH i3 IIUX
BUPAas3iB 3aBXKIAN OAEPKYEMO PiBHSIHHSA, PiB-
HOCUJIbHE 3aJaHOMY.
AKIIO
IBi yacTmHU piBHAHHA (6) Ha 3% 20, onep-

Hanpurnapg, poszinuTu  o0u-

22x 3_2x‘3x_4'32x

My PpIiBHAHHI BCi UYJeHM MOKHa II0JATH

. . 2
AK CTeIlleHi 3 OJHi€0 OCHOBOIO —, TOOTO:

9 2x 9 x
(E) +3~(§) —-4=0, i BuUKOHaTH B3aMiHy

x
2
(E =t. Iloganbllle po3B’sA3aHHA OAep:Ka-
HOTO PiBHSAHHSA MOBHICTIO aHaJIOTiuHE PO3B’ -

3aHHIO piBHAHHA (2).

IToBHe pPO3B’A3aHHS I[LOIO PiBHAHHS Ha-
BeneHe B Ta0JI. 4.

CrkJyamaooun ILIaH PO3B A3YBaHHSA OKpe-
MUX IIOKa3HUKOBUX PiBHAHB, CJIiJ mpurama-
TH TIPO MOIIJIBbHICTE NepeHeceHHs 6Cix UleHiE
PiBHAHHA 6 00UH OiK i n00AbULOZO POSKAADAH-
Hs 00epiaHn0z0 8upasdy HA MHOMHUKU, Ha-
IPUKJIAJ i3 BUKOPUCTAHHAM I'PYIIYBaHHSA UJie-
HiB, AK Ie 3po0jeHo B Tab. 4 s PiBHAHHS

6*-9.2-2.3*+18=0.

KYEMO ——+ P o =0 abo micua Hna po3B’sA3yBaHHS NEAKUX TMOKA3HUKO-
3 23 3 BUX DIiBHAHBb MOKHaA BUKOPUCTOBYBATH BJa-
X X . . . .o .
CKOpOUEHHS 22x +3. Z_x _4-0. B oCTAHHD- cTUBOCTI BiAgmoBigHmMX QYHKIIH (1i MeTomu
3 3 po3rasaHyTO B § 8).
NMPUKNIAAN PO3B’A3YBAHHA 3ABAAHb
Moukrad 1 PosB’s:xkiTe piBHAHHA i—L—l
P 3 3%4+1

Po3sp’a3annsa

3acTocyBaBIIM 3aMiHy 3MiHHOI
3*=t, t>0, omepxryeMo

KomenTap

Y zagmaHe piBHAHHSA 3MiHHA BXOAUTH TiJIbKU y BUTJIAIL
CTelleHA 3 OJHI€I0 OCHOBOIO: 3%, TOMy 3pYYHO 3acTOCy-
BaTu 3aminy 3% =t i omepskaru ApoOoBe piBHAHHA. 3HAa-

4
g_m: . XOAUMO OTO KOpeHi, a moTiM BUKOHYEMO OOEpHEHY 3a-
Miny.
Toni 6(t+1)-4t=t(¢t+1); t*~1-6=0. SIk yke 3asHauasocs, 3aMiHa ii obepHeHa 3aMiHa 3MiH-
3Bincu ¢ =-2, 123 =3. HOI — Ile PiBHOCUJIbHI IIepeTBOPEHHSA 3aJaHOTO PiBHAH-

VY pesyabTaTi 00epHEHOI 3aMiHM MaeMo:

HsA, ajie IiJ yac posB’sI3yBaHHSA OJEepP:KaHOro APoOOBOTO

piBHAHHA Tpeba moxdaTu IpPO Te, I[00 He OTPUMATHU CTO-

3*=-2 (xopeHiB Hemae) a6o 3% =3,
romi x=1.

Bidnosiov: 1. <

POHHiIX KOpeHiB (AJd I[bOTr0, HAIPUKJIAL, JOCTATHLO ypa-
xyBarn, mo t=3%>0, i Toxgi OII3 omep:xaHOTO PiBHAH-
Ha t#-1 i t#0 Oyzme BpaxoBaHa aBTOMATHUYHO).
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Mpukaad 2

Posp’a3zannsa
1

Po03B’siikiTh PiBHAHHSA 25x+ 2-10-51-3=0.

Komenrap

= 5% 1. ITosbyBaeMocs UMCIOBUX MOJAaHKIB y MmMOKas-
* 952 _102_-8=0: 52.5_9.5¥ _3= .
257-252-10 51 3=0; 57-5-2:5"-3=0. HUKAaX CTEIeHiB.
Buxomacmo saminy 5% =¢ i OTpUMAEMO DiBHMAH- 2. 3Bogumo Bci CTemeHi (31 3MiHHOI0 B TIOKas-
3 HUKY) [0 ofHiel ocHOBHU 5.
5t2—2¢—3=0, fioro xopeni t,; =1, t,=—— ; x
Hi =Y, p 1=4 2= + 3. Buxomyemo Bsaminy b*=t, posB’asyemo

VY pesyabTaTi 00epHEHOI 3aMiHU MaeMO:

5%=1, Tomi x=0,
3
a6o 5% = KOpeHiB HeMae.

Bidnosiodv: 0. <|

Mpukaad 3

Po3sB’a3zanna

2%.23 _8* _8*.31+2%=0;
9.2% 4.3 =0| :3* 20;

Hi uJgeHH.

olep:KaHe PIBHAHHSA, 3MiHICHIOEMO OO0epHEHY
3aMiHy 1 po3B’sA3yeMO OIep:KaHi HaWmpocTi-
IITi TTOKA3HUKOBI PiBHAHHA (YPaxoBYEMO, IO
BCi mepeTBOpeHHA OyJiM PiBHOCUJIBHUMMN).

PosB’skiTh piBHAHHA 2775 —3% =3*"1 _2%,

Komenrap

1. ITosbyBaeMocsa UMCIOBUX AOJAHKIB y MOKAasHHUKAX CTEIeHiB,
TIepeHoCUMO BCi UJieHUW PiBHAHHS B OAWH 0iK i 3BogmMO 1momio-

2% 4.3% 0 2. 3BepTacMo yBary Ha Te, IO CTEIleHI BCIX UWJIEHIB OZepKaHOro
—_— = ; . . .
3* g piBauHa 9-2° —4-3* =0 (3 gBoma ocHoBamu 2 i 3) ogHAKOBI
2)* 2\ 4 (IOpiBHIOIOTE X), OTJKe, Ile PiBHAHHA OJHOPiAHE, OT0 MOKHA
9(—) —-4=0; (E) =— po3B’sA3aTu AiJleHHAM 000X YaCTUH Ha CTeIiHbL 3 OCHOBOIO 2
) a6o 3 i HaifibinpmMM mOKasHMKOM — a6o Ha 2%, a6o ma 3%.
X

(E) _(E) . x=92 Vpaxosyroun, mo 3% #0 mpu Bcix 3HAYEHHAX X, Y pesysabTarti

= s x=2.
3 3 minenna Ha 3% oTpumMyeMo DiBHAHHSA, PiBHOCHIBHE IIOIEpE]-

Bidnosgidv: 2. < HbOMY (a BiAmOBigHO, i 3amamoMmy).
ITig yac posB’sA3yBaHHS CHCTEM PiBHSHB, IO MiCTATH IMOKAa3HU-
KoBi (yHKIIii, HaWyacTie BWUKOPMCTOBYIOTH TPANUIIMHI MeTOmaU
PO3B’A3yBaHHS CHUCTEM PiBHAHL: METOJ MHiJCTAaHOBKHU i MeTOoH 3aMiHN
3MiHHUX.
. ) x+y=1
npuK/\aa 4 PosB’sa:xiTe cucteMy piBHAHB A% 44V ’ 5
+4Y =5,

Po3B’a3anHa Komenrap

I3 mepiroro piBHAHHA cucTeMu Maemo: y=1-x. S0 8 mepIIOro PiBHAHHSA CHCTEMH Y

Toxi 3 Apyroro piBHAHHA ofepikyeMo 4% +4'7% =5, pop- | BUPASUTH UYepes X i mijcraBuTu B APY-

1 re piBHHHHH, TO OHEPNHKMMO ITIOKA3HM-

x . X
T0 4 +—4x =5. Buxonaemo saminy 4" =%, t>0, ogep- ' koge DIBHAHHA, SKe MU BXe BMIiEMO

. 4 . , .
JKYEMO PiBHSHHA t+—=25, 3 AKOro OTPUMYEMO piBHAH- A PO3B A3YBaTHU (amayoriuro mo TOTO, AK
t

) e O0yJio 3pobJieHO B MpHUKJIami 2).
ua t2—5t+4=0, mo mae xopeni t; =1 i t,=4.

27
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Buronyemo obepHeHy 3aminy. Omepaxyemo: 4% =1, Toxi
x; =0, abo 4* =4, 3Bigku x5 =1. 3Haxoxumo Bignosix-
Hi 3HaueHHs 3miHHOI y: y=1-x.

Srkmo x;=0, 10 y; =1;

axmo Xy =1, to y,=0.
Bionosiov: (0;1), (1;0). <

Mpukaad S*

Pozp’a3zannsa

i
2

x
Buxonasmu saminy sminsux 52 =u i 32 =v, ogep-
2

. u?-v?= 16,
YKYEMO CHUCTEMY PiBHAHD
u—-v=2.

I3 gpyroro piBHAHHA Iiel cucTeMu MaemMo uU=2+0v.
. . 2

Toxi 8 mepuIoro piBHAHHA ofepKyeMo (2+v) -v2=16.

3Bigcu v=3, Toxi u=>5.

Bukonyemo ob0epHeHY 3aMiHy:

PosB’sa:KiTh cucTeMy pPiBHAHD

Bukonyroun 3amMiny 3MiHHOI, ypaxoBy-
emo, mo t=4"#0. Toxi B omep:raHo-

. . 4
My ApoboBoMy piBHsAHHI t+—=5 3Ha-
t

menHuk t#0. Omxe, me apoboBe pis-
HSAHHS PiBHOCUJIbHE DPiBHAHHIO

t2—5t+4=0.

5% -3Y =16,

x ¥
2 2

52 -32 =2,

Komenrap

x i
SAxmo nosHauntu 52 =u i 32 =
5=u? i 8¥=02.

Tonmi samana cucrtemMa pPiBHAHL Oyze

v, TO

piBHOCMJIBHOIO ajrebpaiuHiii cucremi,
AKY JIETKO PO3B’A3aTH.
ITicia BuKoOHaHHA 00epHEHOI 3aMiHU

OJIEP)KYEMO CHUCTEMY HAWIIPOCTIIIMX

MOKA3HUKOBUX PiBHAHB.

o [

3

3, Toxi %:1, oTiKe, Y=2;
X
x Cx

52 Toxi EZL oTxe, x=2.

=5,
Bionosiov: (2; 2). <

1. IMoscHiT, Ha NpUKIaZaX, AK MOKHA CKJIACTH IIJIAH PO3B’A3yBAHHS
MIOKA3HUKOBUX DiBHAHB, AKi He BHAEThCA 0e3lmocepefHBO 3BECTU [0
HAWIIPOCTIINX.

3anumaHHg

2. SIxy samiHy 3MiHHUX MOKHA BUKOHATH IIifi Yac pO3B’A3YBAaHHS PiB-

uauasg 42 +2.4¥* -3=07 SIke PiBHAHHS OZEPIKUMO IIiCJs BUKOHAH-
HA 3aMiHn?

3. IoscHiTh, woMy piBHaHHS 5% =T i 22%+3.2%.5%—4.5%* =0 € ogHo-
pigauMu. K MosKHaA iX posB’s3aTu?

Y saBmamHax 3.2.1-3.2.5 po3B’AXKiTH PIiBHAHHA.

Bnpabu

3) 82°_2.3%=3; 5 —°0 __ 9% _g
g 6 4* -2 441

4) - =3;
5°-3 5% +1

3.2.1°.1) 5% +4.5*-5=0;

2) 62 -5.6*-6=0;
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3.2.2.

3.2.3.

3.2.4.

3.2.5%,

3.2.6.

3.2.7%.

3.2.8.

1) 49°-6-7"-7=0; 5) 21 4 4% =80;

2) 64*-7-8°-8=0; 6) %:2;

3) 2¥ 422 % =5, 7) 101 —101*" =99 ;

4) 3°+32%=10; 8%) 105" 410 % =11,

1°) 7% =9%; 4) 4% 1 4.3 =372 _ 4%,

2°) 5.3 -3.5"=0; 5) 2% 42**1 1 2¥2 9. 5% L 5¥H,
3) 2%*3 _gx _gxl_g%, 6) 4x_3x*%=3x+é_22x—1.

1) 22% 427 .5 —2.52 =(; 4) 4.95-7-12°+3-16*=0;

2) 3% 4+2.3%.7*-3.7%=0;  5) 5:4*-7-10+2-25=0.

3) 4 =3.49%-2.14%;

1) 6-4-3"-9.2"+36=0; 3) 4:-20°-20-51+5.4*1-20=0;
2) 5:15°-3.5""1_3*4+3=0; 4) 8°-4*-2"318=0.

Posp’skiTh rpad)iuHO piBHAHHA:

. 1)
1) 2°=83-x; 3) 5 =x+3;

(1), 1)
2) 3 _(2) ; 4) (3) x+1.

HoBexnits, 1110 piBHAHHSA, HaBeleHi B 3aBmanHi 3.2.6, He MaOThL iH-
mInX KOPeHiB, KpiM sHangeHuUx rpadidHo.

Po3B’s:kiTh cucTeMy pPiBHAHB:

) {4“y=16, 3) {x+y:3, 872" =17,

5x+2y—1 =1:

&

2% +2Y =6;
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3.3. Po3B’si3yBaHHA NMOKa3HUKOBUX HepiBHOCTEWN

Tabaus 5

1. Fpacdik noKasHMKoBOT yHKLii y=a* (a>0 i a=1)

a>1 O<axl

a>1 O<a<1
AP 5 08 o F(x)> (%) a/>af" o flx)<glx)
3HAK HepieHocmi 30epizaemuvcCs 3HAK HepiBHOCMI 3MIHIOEMbCA HA NPOMULEHCHULL
IIpukaaxu
27854, 0,773 >0,49.
2778592, 0,73 >0,7%.
®yuknia y=2' e spocrarouoio, oTxe: ®yurnia y=0,7" e cmagmoo, omxe:
x—3>2; x>5. x—-3<2; x<5.
Bidnoeidv: (5;+c0). < Bidnoeidv: (—oo;5). <
3. Po3B’A3yBaHHA 6ifbll CKAaZHMX MOKA3HMKOBMUX HepiBHOCTEM

OpienTup ITpurnanx

I. 3a gmomomoroo piBHOCHIIL- 41 17.9% _950.

HHUX TepeTBOpPeHb (3a cxe-
MOI0 PO3B’sA3YBaHHA IIOKa3-
HUKOBUX DiBHAHDb, Ta0a. 4)
3aJJlaHa HEePiBHICTH 3BOIUTH-
cA 0 HepiBHOCTI Bigomoro
BUAy (KBaApaTHOL, APOGO- | p’gakip aroi t<—2 abo t>l (zuB. pu-
Boi Tompo). Ilicis poss’asy- ' cymox). 4

BaHHA OJEep:KaHOI HepiBHO- . - . . , )
CTi IPUXOAMMO KO HAHIPO- VY pesyubrari obepHeHoi 3aminu orpumaemo 2% <—2 (po3B’A3KiB

4% . 4+47-25-2>0, 22%.447.2Y-2>0.

Bukonaemo Baminy 2°=t, omep:KHUMO

+
+

HepiBHiCTD 42 +7t-2>0 , MHOKHHA PO3- 9

NI

CTIINX MOKA3HUKOBUX He-

1 . _
! . HeMae) abo 2F >Z, sBigkm 2% >272, To6TO0 X >-2.
piBHOCTe]H.

Bidnogiowv: (—2; +oo) . <
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II. 3acTocoByeMo 3arajibHUI
memod inmepeanié —
3BOJUMO 3aJlaHy HEpiB-
Hicts go Buxy f(x)20
i BUKOPHUCTOBYEMO TaKy
cxemy.

1. 3unaittu O/13.

2. 3uaiitu Hyai pyHKOii f ().

3. Iloznauutu Hydi QYHKIET
Ha OJ/I3 i 3HalTH 3HAK
f(x) y kosHOMY 3 IIpOMIisK-
KiB, Ha aki O[3 po3ouBa-
€THCA HYJISIMMU.

4. 3anmucatd BiAMOBigbL, ypa-
XOBYIOUM 3HAK HEPiBHOCTI.

3¥+4%>7.

Posp’sa:xemMo HepiBHiCTH MeTomoM iHTepBasiB. 3amaHa HepiB-

HicTh piBHOCHIBHA HepiBHOcTi 3 +4% —-7>0.

IMosuauumo f(x)=3%+4*-17.

1. O13: x€R.

2. Hyni ¢yukmii: f(x)=0; 3*+4*-7=0. Ockimpku (yHKIia
f(x)=8"+4* -7 € spocrapouoio (K cyMa ABOX 3POCTAIOUMX
dbyHKIIiiT), To 3HaueHHA 0 BoHa HabyBae TiJIBKU B OOHiM ToUIli
obsacri BusHaueHHa: x=1 (f(l) =3'+4' 7= 0) .

3. Ilosnauaemo Hyai ¢yukmii ma O3, sHaxoguMo 3HAK [ (x)
y KOJKHOMY 3 IIPOMiKKiB, Ha aKi posbuBaetbca O3 (muB. pu-

CYHOK), i sammcyeMo MHOKHMHY po3B’sskis Hepisaocri f(x)>0.

T~

1 x

Bionogiov: (1; +<><>) . <

NMOACHEHHA M OBI'PYHTYBAHHSA

PosB’sa3yBaHHSA HANUIIPOCTIIINX IIOKA3HU-
KOBUX HepiBHocTel Buny a”>b (abo a”*<b),
me a>01ia#l, 'pyHTyeThCA Ha BJIACTUBOCTIX
(yrrmii y=a”, aka spocrae npu a>1 i cna-
mae mpu O0<a<l1. Hanpukiaan, 100 sHATH

MHOKUHY PO3B S3KiB HepiBHocTi a” >b mnpu

b>0, mocrarHbo mojgatu b y Buraani b=a‘.
Opmep:KyeMo HEPiBHICTD

a*>a‘. (1)

Ilpu a>1 dyuKia y=a” spocrae, oT:ke,
OinmpIIomMy 3HaueHHIO (GYHKIII Bigmosimae
OisbIlle 3HAUEHHS apryMeHTa, TOMY 3 HepiBHO-
cti (1) omep:kyeMo x> c¢ (3HaK Ifiei HepiBHOCTI
36iraeThbcsa 3i 3HaKoM HepiBHOCTI (1)).

Ilpu O<a<1 dpyuknia y=a* cmagae, or-
JKe, OiIbIToMy 3HAUeHHIO (DYHKIII BimmoBigae
MeHIIIe 3HAUeHHI apTyMeHTa, TOMY 3 HepiBHO-
cti (1) omep:KyeMo X < c¢ (3HaK Ifiei HepiBHOCTI
MIPOTUJIEKHUM 10 3HaKa HepiBHOCTI (1)).

I'padiuno e opointtocTpoBatno Ha puc. 3.3.

Hampurmaazn, mob6 pos3B’sg3aTu HepiBHICTH
5% > 25, nocTaTHBO MOKATH i1 y Burisagi 5 > 52,
ypaxysatu, mo 5>1 (pysrmia y=5 spo-
craroya, OT:Ke, IPU IIePeXo/i BiJ MOPiBHAHHSA
(GYHKIIIHA 10 MOPIiBHAHHS apryMeHTiB 3HAK He-
piBHOCTI He 3MiHIOETBCA), i 3amIMCaTH MHOMKU-
HY Po3B’A3KiB: x> 2.

3ayBaKuMO, 1110 MHOKUHY PO3B’A3KiB 3a-
IaHol HepPiBHOCTI MOYKHA 3alMCyBaTU Y BUTJIS-
Ii HepiBHOCTI X >2 ab0 y BUTIJIALI MPOMiKKY
(2; +<x>) .

Amwnajoriuno, 1mo6 pos3B’s3aTu HEPiBHICTHL

x
1 R
(Z) >E, AOCTATHBO IIOAATH ITI0O HEP1BHICTH

1Y (1Y 1
y BUTJIAIL (Z) > (Z) , ypaxyBaTu, 110 Z <1

: 1)
(byuKIiA y:(Z) crajzHa, OT)Ke, IIPU Iepe-

XOJi Biff MOPiBHAHHSA (PYHKIIII 10 IOPiBHAHHS
apryMeHTiB 3HAK HEPiBHOCTI 3MiHIOETHCA Ha
NPOTUJIEIKHUIT), 1 3ammcaTH MHOMKHUHY pO3-
B’ABKiB: x < 2.

YpaxoByouu, I0 IPHA OYAbL-AKHX [0-
JaTHAX 3HAUEeHHAX @ 3HAUYeHHA a” 3aBXIU
OiynbIlle HYJdA, Oomep:KyeMo, 1o mpu b<0

Yp y=a”*

Puc. 3.3




Po3gin 1. Moka3HMKoBa Ta NorapudMidHa QyHKLT

HepiBHicTE a” <b po3B’A3KiB He Ma€, a HepiB-
HicTh a* >b BHKOHYETHCA NPH BCiX TiliCHMX
3HAYEeHHAX X.

Hanpuknan, HepiBHicTs 7* <-T7 He Mae
pO3B’sA3KiB, a MHOMKHHOIO PO3B’A3KiB HepiB-
Hocti 7% > -7 e Bci mificui yucia.

VYzaranbHIOIOUM HaBeAeHI BUIIE MipKy-
BaHHSA CTOCOBHO PO3B’sA3yBaHHS HAWUIIPOCTi-
MIUX IIOKAa3HUKOBUX HepiBHOCTel, 3as3Ha-

uuMoO, IO mpM a>1 HepiBHiCTH a’® > g8

piBHOCMIBHA HepiBHOCTI [ (x)>g(x), a npu
O0O<a<1 — nepiBuocri f(x)<g(x).

KopoTKo 11e TBepa:KeHHA MOKHA 3aIlunca-
THU TaK:

aKmo a>1, To a™™@ s qf® o flx)>g(x)
(3Hak HepisHocmi 306epizacmbes);

f(x)

akmo O<a<1,T0 a >af¥ o

e flx)<g(x) (3Hak Hepierocmi 3MiHIO-

€MbCS HA NPOMUJTLEHCHUILL).

11106 o6r'pyHTYBaTH PiBHOCHJIBHICTH Bif-
HOBiTHUX HEpPiBHOCTE!, MOCTATHHO 3a3HAUU-
TH, 1110 IPU @ >1 HepiBHOCTI

af(x) > ag(x), (2)

f(x)>g(x) (3)
MOMKYTb OyTH NIPAaBUJBHUMH TiJbKKU OIHO-
YacHO, OCKIIbKU (GYHKI[is yzat opu a>1
€ 3pOCTalovo0 i OiIbIIIOMY 3HAUEHHIO (PDYHK-
mii BigmoBigmae OGijibIlle 3HAUYEHHsS apryMeHTa
(i maBmaku: OiJBIIIOMY 3HAYEHHIO apryMeH-
Ta BiAmoBimae Oijbllle 3HaYeHHA (QYHKILI).
Omxe, yci po3s’a3ku HepiBHOCTI (2) (aKi me-

PEeTBOPIOIOTH Ii HA MIPaBUJIbHY YMCJIOBY HEPiB-
HicTb) OyAyTh i po3B’A3KaMu HepiBHOCTI (3),
Ta HABIAKM: yci po3B’A3Ku HepiBHOCTI (3) Oy-
IyTh PO3B’sA3KaMu HepiBHOCTI (2). A 1€ o3Ha-
yae, 1o HepiBHOCTI (2) i (3) piBHOCHABHI. O

AnajoriuHo 06T PYHTOBYETHCSA PiBHOCUIIDL-

HicTh HepiBHOCTeil a™@ > 8@ flx)<g(x)
mpu O<a<l1.

Y wmanmpocTimux BUIaAKax IIig uYac
po3B’A3yBaHHA IMOKA3HHKOBUX HepPiBHOCTEII,
AK 1 mig yac posB’sa3yBaHHA ITOKA3HUKOBUX
piBHAHB, Tpeba 3a JOIIOMOI'0I0 OCHOBHEIX (op-
MYJI Ii¥i HaJ CTeIeHAMU 3BeCTH (AKIIO ITe MOJK-

JIMBO) 3ajaHy HepiBHiCTH 0 BUAY a’ () Za® ()

st po3B’si3yBaHHSA OiMBII CKIATHUX II0-
Ka3HMKOBUX HEPiBHOCTell HalfyacTiIlle BUKO-
PUCTOBYIOTh 3aMiHy 3MiHHUX ab0 BJIaCTUBOCTI
BigmoBigHUX QYHKILiH (IIi METOAU PO3TITHYTO
B § 8). AHasoriuHo 10 po3B’A3yBaHHA ITOKa3-
HUKOBUX PiBHAHB yCi PiBHOCUJIbHI IIepeTBO-
PEHHSA HEePiBHOCTI 3aB:K/M BUKOHYIOTHCS Ha il
obsacTi fonycrumux 3Hauenb (OJ13), TodoTo Ha
CIIiIBHIN 00JIaCTi BUBHAUEHHSA JJIS BCiX PYHK-
i, AKi BXOAATH OO 3amucCy Iliel HepiBHOCTI.
J1a moOKasHMKOBUX HEPiBHOCTEN MOCUTH Ua-
CcTO 00JIaCTIO JONMYCTUMHUX 3HAUEHDb € MHOMKIU-
Ha BCixX AiMiCHUX umces. ¥ IIUX BUMIATKAX, IK
npaBuyio, O3 He 3HAXOIATDH i He 3aIUCYIOTh
IO pO3B’si3aHHA HepiBHOCTI (guB. mpuraam 1).
Sxio sk y mportieci po3B’A3yBaHHA IMOKA3HU-
KOBOI HEPiBHOCTi PiBHOCWJIbHI IIepPETBOPEHHSA
BUKOHYIOTHCS He Ha BCii MHOMKWHI MiiCHUX
vuces, TO JOBOAUTHCs BpaxoByBaTu O3 (muB.
mpuKJIang 2).

NMPUKNAAN PO3B’A3AHHA 3ABAAHb

Mpukaad 1

Pozp’azannga

2
0,636 -Tx+6 > 0,60 .
OckinbKu QyHKIiA Y= 0,6' € cnaguow,
0 x2-Tx+6<0.

3Bigmcn 1<x <6 (guB. PUCYHOK).

+\, /+
1 6

X

Bionosgiov: [1; 6]. <

2
PosB’s:kiTh HepiBmicTs 0,6% 16 >1.

Komenrap

3amnuIineMo IpaBy YacTHUHY HEPiBHOCTI AK cre-
ninp umcaa 0,6, ToOTO 1=0,60.

Ockinpxu 0,6 <1, To mpu mepexomi Bim Imopis-
HAHHA CTEINeHIB [0 IOPiBHAHHA IIOKa3HUKIB
cTelleHA 3HAK HEPIBHOCTI 3MIiHIOETHCA HA IIPO-
TUJEKHUN (0ep:KyeEMO HEePiBHiCTh, PiBHOCHUJIb-
HY 3aJaHii).

s posB’A3yBaHHS OHep:KaHOI KBaaApaTHOI He-
piBHOCTI BuKoOpucTaeMo rpadiuHy iJirocTparriro.



§ 3. PO3B'A3yBaHHS MOKa3HWKOBWX PiBHSHb Ta HEPIBHOCTEN

Mpukrad 2
Po3sp’azanna
0ono3: x=0.
2
8
3 5 7 <8.

Buxonyemo 3aminy amiHHOI 3*/; =t (¢>0), y pesyus-

. . 9 .
TaTi OTPUMYEMO HepiBHiCTH { —— < 8, siKa piBHOCHIBHA

2
t"-8t-9 <o.

HepiBHOCTI

Ockinmeru  t>0, oxepxyemo t2 -8t-9<0. 3Biacu
-1<t<9. Ypaxosywunu, mo >0, maecmo 0<t<9.

Bukonyioun obepHeHY 3aMiHy, 0JepiKyeMO 0<3‘/; <9.
Tomi 3% <32.

DyHKIIA y=3t 3pocraioua, OTXe, \/; < 2. YpaxoBy-
oun O3, omepixkyemo 0<x<4.

Bionosiov: [0; 4] . <

Mpukaad 3*

Poss’azanuga

Poss’s:xeMo HepiBHicTh MeTomoMm inTepBataiB. Ilo-

smaunmo [(x)=2%*"1_5.6% +32%*1
1. 013: x€R.
2. Hyni dyurnii: f(x)=0;

22%.2-5.6* +3%.3=0;
2.2%% _5.2%.3% +3.3% =0: 82" 2 0;

2x x
2(3) —5(3) +3=0.
3 3

3acTocyemMo 3aMiHy 3MiHHOI

2 X
(g) =t. Omep:KyeMo:
3

2t2 -5t +3=0; t, =1, ty==
VYV pesyabraTi 00epHEHOI 3aMiHU MaeMO:
2" 2)" 3
(—) =1 abo (—) =—.
3 3 2

3Bigcu x=0 abo x=-1.

PosB’sKiTer HepiBHiCTH 3‘5 —32_‘5 <8.

Komenrap

OCKinbKM PpPIiBHOCUJIBHI II€PETBOPEHHSA
HepiBHOCTEN BUKOHYIOThCA Ha O[3 mo-
YaTKOBOI HEPiBHOCTi, TO BpPaxyeMoO IO
OoI13. BukopuctoByouu dopmyay

a a”
-
al}
IOoJaHKa B IIOKA3HUKY CTeHeHsa H onaep-
JKYEMO CTeIleHi 3 0JJHi€I0 OCHOBOIO 3, IO
IO3BOJISIE BUKOHATH 3aMiHy 3MiHHOI

3\E=t, me t>0.

B opnep:xkanHii HepiBHOCTI 3HaMEHHUK
€ JOJaTHUM, TOMY I[0 APOOOBY HeEpiB-
HIiCTH MOJKHA 3BECTU O PiBHOCUJIBLHOI 1if
KBaJIpaTHOI.

HO36YBa€MOCH YHCJIOBOTO

ITicia BuKoHaHHA 00epHEHOI B3aMiHU
Tpeba BpaxyBaTu He TiJILKU 3POCTAHHSA
byHKIIT y= 3, ai OJ13 mouaTKOBOI He-
piBHOCTI.

PosB’skiTh mHepiBmicts 221 —5.6% +32*11 0.

Komenrap

3agaHy HepPiBHiCTHL MOXKHA PO3B’A3yBaTHU
abo 3BeIeHHAM 10 ajaredpaiuHoi HepiB-
HOCTi, abo meromoMm iHTepBasiB. s
pos3B’sA3yBaHHA il MeTOZOM iHTepBAJiB
BUKODPHUCTAEMO CXeMYy, HaBegeHy B Tab-
Jauii 5.

Ja 3HaXOmKeHHA HYJiB (QyHKIIii 3Be-
IeMo Bci cTemeHi mo mBox ocHOB (2 i 3),
o0 ojepsKaTu OTHOPiAHE PIBHAHHAI.
Ile piBHAHHA PO3B’A3YETHCS AiJIEHHAM
000X YaCTUH HaA CTEHiHb 3 OCHOBOIO 2
abo 3 1 HaWOIABIIMM IOKA3HMKOM, Ha-
npukiaan Ha 32%. YpaxoByiodm, Io
3%* 20 mpm Bcix SHAUEHHAX X, y pe-
3yJabTaTi MiJIeHHA Ha 3% OIEPIKYEMO
PiBHAHHA, PIBHOCWJIbHE IONEPETHLOMY.
3BUUaiiHO, AJA PO3B’A3yBaHHS 3aJaHOl
HepiBHOCTI MoO:KHa OyJ0 BpaxyBaTu,
mo 3%*>0 zamxam, i micns miteHHs




Po3gin 1. MNoka3HMKoBa Ta NorapudMidHa QyHKLT

3. ITosnauyaemo Hyi pyrknii Ha OJI3, 3HaX0AMMO 3HAK ' 3amaHOi HepiBHOCTI Ha 3“* Ta BUKOpHU-
f(x) Y KOKHOMY 3 OJIep:KaHuX IIPOMiKKiB (DuB. pu-
CYHOK) i 3amucyeMo MHOKWHY PO3B’sABKiB HEPiBHO-

X
CTAHHS 3aMiHHI (E) =1 opmep:kaTm aj-
cri f(x)>0.

rebpaiuHy HepiBHiCTH.

- -+

-1 6 x

Bidnosiov: (—oo; —1)U(O;+°°). <

"PMKAaa 4* Poss’skith Hepimicts (3% —9)Vx?—2x—8 <O0.
Posp’a3annsa Komenrap
Iosuauumo f(x)= (3% - 9)\/ x2-2x-8. 3ajaHy HeCTPOTy HepiBHIiCTH

TeK 3PYYHO PO3B’A3yBaTU Me-

1. ON13: x2-2x-8>0. Toxi x<—-2 abo x>4 (IUB. PUCYHOK). / :
TONOM iHTepBaJiB. 3alHUCYyIO-

+\ / + Y4 BiAIOBiZb, Tpeba BpaxoBY-
_2\_/4 g BaTH, 10 Y BUNAOKY, KOIU MU
po36’a3yemo Hecmpozy Hepis-
nicmo f(x)<0, yci nyni pynx-
2. Hyxi pynxuii: f(x)=0; yii f(x) mawmv ysiimu 0o
(8*—9)Vx2-2x-8 =0, roxi 3°-9=0 ado Vx>-2x-8 =0. A 6i0n06idi.
I3 mepmroro piBHAHHA: X=2 — He BxoauTh mo OJI[3; iz mpy-

roro: x; =—2, xy=4 (Bxomars go OI3).

3. ITosnmauaemo Hyai QyHKIil f (x) ma 013, sHaxomUMO 3HAK

f(x) Y KOKHOMY 3 IIPOMiKKiB, Ha AKi HyJIAMU PO3OMBAETHCSI
OI13 (muB. pHUCYHOK), i 3amMMCyeMO MHOXKUHY PO3B’sA3KiB He-

pisrocri f(x)<0: xe(—oo;—Z] abo x=4.
xv ﬁ_
-2 4 x

Bionosidv: x e (—oo; - 2] U {4} . <

1. TIlosicHiTh, y AKMX BUIAAKaX INOKAa3HMUKOBI HepiBHOCcTi a*>b i a®<b
(me a>0 i a#1) maroTh po3B’A3KMU. ¥ AKUX BUIIaJKaX JaHi HEPiBHO-
cTi He MaoTh po3B’sa3kiB? HasexiTe mpuxiaagu. IIpoimiocTpyiiTe ix
rpacdiuHo.

3anumaHHg

2. SIxiii HepiBHOCTI piBHOCHIbHA TOKAsHWKOBA Hepismicts a/® >qf™

npu a>1? Ilpu O0<a<1? HasexiTe npuxgamu.



§ 3. PO3B's13yBaHHA MOKA3HWKOBUX PIBHSAHb Ta HEPIBHOCTEM

Bnpabu

3.3.1.

3.3.2. 1

3.3.3.

3.3.4%.

1°) 2 >1;
20) 9% 5L,
2

3) 3*>0;
R
o (1) 5.
5)(3) =9
JORCRS
3

o) 3x+2+3x 1 8

3) 3211 18.3*-3>0;

1) 3*>5%;

2) 7x—1 < 2x—1 ;

1) (2*—2)Vx2-x-6 >0;
2) (3%2_-1)Jx2-2x-8<0;

Y saBmamHax 3.3.1-3.3.4 po3B’sAKiTh HEPiBHICTS.

3—x
6) (l) <4;
2

7°) 5% >255 ;

x—2
8) (i) <16;
4

x2-Tx+6
9%) 0,3 *3 <1;

x2-9x+8
10%) 1,8 ** >1.

1) 62"‘1—é-6"—4<0;

5) 4*-2""1_8>0;

6) 9°-12-3"+27<0.

4%) 5.3%* +15.52*1<8.15%.

3) V6-3¥-2>3"+1;
4) V2.5 -1 >5%+2.




JNIOTAPUDOM HYANCTA.
BJIACTUBOCTI JIOTAPUDMIB

Tabaumsa 6

1. Jlorapucdm umcna
O3HaueHHA IIpuxaamu

Jozapupmom dodamnozo wucna b 3a ocnosor a 1) log,16=2, ockinbknu 42 =16;
(a>0, a#1) HasuBacThCA NOKA3HUK CTEIIEHd,

1
IO AKOTO Tpeba migHECTH @, 100 omep:kaTu b. 2) log ﬁ =l S —— ﬁ
ITosnauennsa: log,b. 4 2’

Hdecamroeuil nozapupm — ye nozapugpm 3a
ocrnoeorw 10. 3) 121000 =3, ockinbKku 102 =1000.

ITosuauennsa: log,,b=I1gb.

Hamypanvruii nozapugpm — uye nozapugpm 3a
_ . . _ 1 _ 1
ocHoeomo e (e ippamionanbHe YmMCI0, HaOJIMKe 4) In—= =2, ocxinbru e a_1
He 3HAUEHHA AKOT0 e=2,7). e? e?
IMosuauennsa: log,b=Inb.
2. OcHoBHa JnorapuvpMmiyHa TOTOXKHICTb
a8t =p |, ne a>0, a1, b>0. 1) 3'°8% =5; 2) 1062 =2.

3. BnactmuBocTti norapudmis i ¢popMynm norapucgpmyBaHHA (a>0, a=1, x>0, y>0)

1) log, 1=0; Jlozapugm oduruuyi 3a 6ydv-K0I0 OCHOB010
a ’ dopienioe Hy.IO.

2) log, a=1; Jlozapugm wucaa, axe 36izaemuvcs 3 0CHOB010,
a ’ dopisHI0E 00UHUU.

Jlozapugpm dobymry dodamHux uuces 0opis-

8) log, (xy ) =log, x+log, y; HIOE CYMi 02apUPMIE MHOMHUKIE.

4) log, £=loga x-log, y; JI.oeapu.d)M wacmiu 60(?amnux ttuc.eﬂ dopisHioe
y pisnuui nozapu@mie dinenozo il AinbHUKA.
Jlozapugm cmenens dodamnozo yucaa 0opis-
5) log,x" =nlog, x. HI0€ 000YMKY NOKA3HUKA CMeNneHs Ha J102a-
pu@m 0CHOBU Ub020 CMENEHA.

4, ®opMyna nepexoay A0 norapudMmiB 3 iHLIO OCHOBOIO

I
logaleo X ne a>0, a%l, b>0, bzl, x>0

Hacaigkn

log,b=log ,b"



§ 4. Jlorapudm 4ymcna. BnactmeocTi norapudmis

NMOACHEHHA M OBI'PYHTYBAHHA

0 Jlorapudpm uucna

SKII0 POBrIAHYTH PiBHiICTH 23=8 , TO, 3HaIOUU OyIb-AKi ABa umcJa 3 Iiei piBHOCTi, MOKHA

3HAWTH TPETE.

3agaHa piBHiICTH IITo Bimomo IITo 3Haxogumo 3amuc Hasga
uypcaa 2 i 3 uncao 8 8=23 CTemiHb
3 . KODiHb TPETHOTO
= yucya 8 i 3 quco 2 -3
2 8 2_ 8 CTelleHsda
ypcaa 8 i 2 qucao 3 3=1log,8 Jorapudm

ITepmri aBi omeparii, HaBegeHi B TabauIli
(migHeceHHs IO cTelleHA I JOOyBaHHA KOPeHs
n-To CTemeHsd), HaM yKe Bijomi, a 3 TpeTboio —
N102apUPMYE8AHHAM, TOOTO BHAXOIKEHHAM JIO-
rapudmMa 3aJaHoro YKucjaa, — MU 03HATOMIMO-
cdA B koMY maparpadi.

Y BaranpHOMY BUIJIAAL omeparisa Jiora-
pudMyBaHHA L03BOJAE 3 piBHOCTI a*=b (ge
b>0, a>0, a#1) 3HaAliTH TOKa3HUK CTeIle-
HA x. Pe3yabTaT BUKOHAHHS I[i€l omeparrii mo-
3HauaeTbed log, b.

OsHayeHHA. Jozapugpmom dodamrozo wuc-
na b 3a ocrnosoro a (a>0, a+#1) Ha3UBAETH-
cq MOKAa3HUK CTemeHs, T0 AKOro Tpeda min-
HEeCTH a, o0 ogep:KaTu b.

Hanpurnan, log,8=3, OCKiJIBbKU
2
1 1 1
23 =8; log; (—)=2, OCKIJIbKU (—) =—
S\4 2 4
2
1 5 1
log, (—) =-2, ockigbKu 4 2_
16 16

3azHauuMoO, IO AJISI JOJATHUX uncea bia
(a#1) PiBHAHHA a® =b 3aBXKIM Mac €IUHUI
PO3B’A30K, OCKinbKM (QyHKIia y=a® Haly-
Ba€ BCiX 3HAUYEHDb i3 MPOMIiKKY (0;+o<>) i opm
a>1 e 3pocrarouoro, a mpu 0<a<1 — cmaxn-
Hoto (puc. 4.1).

Omike, KOMKHOTO CcBOro 3HaueHHA b>0
(ysEIDig y=a” mHabyBac TIILKM IpPH OJHOMY
sHaueHHi x. Tomy 0.za 0ydv-axux dodamHux

yucen b i a (a#1) pienannsa a*=b mae edu-
Huil Kopinv x =log , b.

Ilpu b<O0 piBEarHa a*=b (a>0, a#1)
He Ma€ KOpeHiB, oT:ke, npu b<0 3navenns su-
pa3y log, b neicnye.

Hanpuxnan, ge icHyoTh log, (-9), log, 0,
log, (=7).

2

3a3HaunMo, 110 iCHYIOTE Jorapu@Mu, AKi
MalOTh BJIaCHI1 Ha3BU.

Jlozapugm 3a ocnosorw 10 Ha3usaomob de-
cAMKO8UM Jlo2apugmom i nos3navaioms l1g.

Hanpuknan,

log,,7=1g7, 1g100=10g,,100=2.

Y HemaleKoMy MUHYJIOMY OeCATKOBUM
JorapudMaM BimgaBajiu mepeBary i cKJaamaan
IysKe JeTaJbHi TabJIUIll JeCATKOBUX JIoTapud-
MiB, SKi BUKOPHCTOBYBAJIKCS B PiBHUX o0UmC-
JeHHAX. B emmoxy 3arajibHOI KOMII I0TepU3aIlii

y
y=b a>1/ y=b
y=a*
A ' ' %<1
0 I x I 0 x
a 0
Puc. 4.7

37




Po3gin 1. MNoka3HMKoBa Ta NorapudMidHa QyHKLT

IeCATKOBI iorapu(Mu BTPATHUIN CBOIO IIPOBiA-
HY poJb. ¥ cyuacHi¥l Hayii ¥ TexHimi mupo-
KO BUKOPHUCTOBYIOTHCA JOTapmu(pMU, OCHOBOIO
AKUX € 0co0JimBe uucJo e (Tak caMo Bimome,
AK i yucyio 1). Yuco e, gK i yucio ©, — ippa-
mionanbHe, e=2,718 281828 459045... . Huc-
JIO e MOYKHA O3HAYUTHU Yepes TPAaHUII0 PYHKITIT:

1 x
e=1lim (1 + —J — Opyea uydosa epaHuys.
X

X—>o0
( Jlozapugm 3a ocHOB010 e Ha3u8armMb Ha-
mypanivHum aozapu@mom i no3navaioms In.
Hanpurnapg,
1

e

log,7=InT7, lnlzloge 1.
e

Q OcHoBHa norapudmiyHa
TOTOXHICTb

3a osHaueHHaIM Jorapudma, IKIIO
log,b=x, 10 a*=b (a>0, a#1l, b>0).
SIKII0 B OCTAHHIO pPiBHICTH IifCcTaBUTU 3a-
MicTh X HOTO 3HAUEHHA, OJEPIKUMO PiBHiCTB,
AKa HA3WUBAETHCA OCHOBHOIO JIOZAPUPMILHOI0

MOMONCHICMIO:
a2’ —p ne a>0, azl, b>0.

Hanpurnapm,
1 log 2
569 =9, 107 =7, (g) 3 =2,

BnactuBocti norapngmis

i popmynu norapnpmyBaHHS

VY Bcix HaBemeHux HuKUe popmyaax a>0
ia#l.

1) 3 osHaueHHs Jorapu@ma OAepPKYEMO:

log,1=0,
ockinpru a’ =1 (puz a>0, a#1).

Oroxe, s0zapupm o0unuyi 3a 0yov-K0H0
0CHO0B010 00PiBHIOE HYLIO.

2) Ockinbku al=a, 0

log,a=1.

3) II1o6 opmep:xaTu Qopmyay Jorapud-
ma pobytky xy (x>0, y>0), mosmauumo
log, x=u, log,y=v. Toxi 3a osHaUeHHAM JIO-
rapupma

x=a"iy=da". (D

IlepeMHOKHUBIIY IIOYJEHHO ABiI OCTaHHI

piBHOCTi, oTpuMaemo xy=a""’. Ba ozHauen-
HAM JorapudMa 3 ypaxyBaHHSIM YyBEIeHUX
MO3HAYEeHb 3 OCTAHHBOI PIBHOCTI OZEPIKyEMO

log, (xy)=u+v=log, x+log,y. Orxe,

log, (xy)=log,x+log, y. (2)

Jlozapugm dobymry dodamHuux wucen 0o-
PiBRIOE cYyMmi 102APUDMIE MHOHNCHUKLE.

4) Amajoriumo, 1100 omep:xatu (op-
x

mysy jorapudma dactku — (x>0, y>0),
Yy

OOJiINTA  HIOUJEHHO

IOCTATHBO piBHO-

. . X _
cri (1). Togi —=a""". 3a o3HaYeHHAM JoO-
Yy

rapudmMa 3 ypaxXyBaHHAM yBeIEHUX IIO-
3HAUEeHb 3 OCTAHHBLOI PIiBHOCTI OJEPKYEMO

log, ~=u-v=log, x—log,y. Orsxe,
y

log, —=log, x—log, y. (3)
Yy

Jozapugpm wacmru dodamrux yucen 0o-
pisHIoe pizHuui nozapugmie dinenozo i Oinv-
HUKQ.

5) o6 bopmyary
pudpma cremena x” (me x>0), mo3HAUUMO

ogepxaru Jiora-

log , x =u. 3a o3HauenHsaM jJorapupma x =a",
rogi x"=a™. 8a osHaueHHAM Jorapudma

3 ypaxyBaHHAM IIO3HAYEHHA IJIA U MAaeMo
L
log,x" =nu=nlog, x. Orxe,

log, x" =nlog, x. 4)

Jlozapugpm cmenens 0dodammuozo wucaa 0o-
pi6nioe 000YymKy noOKA3HUKA cmenens Ha Jio-
2apughm 0CHOBU Ub020 CMeneHs. 1

VYpaxoByrounu, mo mnpum x>0 ’\‘/; = x;,
3a (popmy.ioio (4) maemMo

1

— 1
loga{‘/;zlogax" =—log, x.
n

Or:xe, mpu x>0 MOKHa KOPHUCTYBaTUCS
dopmMyJI0I0

1
log, ’\’/; = ;loga x.

1o opmyny Mo:kHA He 3amaM’ SATOBYyBa-
TH, a KOXKHOT0 pasy B3alucyBaTH KOpPiHbL i3
IOIATHOTO YHMCJa AK BiITIOBiTHUI CTeIiHb.
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3ayBarKeHHA. IHKoJIM JOBOAUTHCA 3HAXOAUTH JorapudM foOYTKY XY i B TOMY BULIAAKY, KOJIU
gpcna x iy Big’emHi (x<0, y<0). Toxi xy>0 i log, (xy) icuye, ame popmy.iom (2) ckopu-
cTaTHUCs He MOKHA — BOHA OOI'DYHTOBaHA TiJbKYU AJA JOAATHUX 3HAUEHb X i y. ¥ BUMNAIKY
xy>0 MaeMo xy=|x|~|y|, i Temep |x|>0 Ta |y|>0, oTiKe, IJd Jorapudma T00yTKY |x||y|

MoxkHA ckopucrarucsa opmyioo (2). Tomy mpu x <0 i y <0 morkemo 3anucaTu

IOga (xy)zlogu (‘ xH y‘)ZIOga‘x ‘+1Oga ‘ y“
Opep:kana Gopmysia cupaBemiusa i mpu x>0 Ta y>0, OCKinTbKY B IIbOMY BUIIAJKY |x | =x

i |y|=y. Or:xe,

npu xy>0 log,(xy)=log,|x|+log,|y|. (2"

Amnanoriuno MmoskHa ysaraJabHUTHU i popmynu (3) i (4):

npir >0 log,-=log,|x|-log,|yl. @)

mpu x#0 log, x** =2klog,|x|. 4)

0 dopmyna nepexony
[o norapudgmis 3 iHLOK OCHOBOIO
Hexaii log,x=u (x>0, a>0, a#1).
Tozxi 3a osHaueHHAM Jorapudma a“ =x. IIpo-
gorapudmMyeMo OOHIBI YaCTHHM OCTaHHbLOI
piBHOCTI 3a ocHOBOW0O b (b>0, b#1). Onep:xu-
Mo log,a” =log, x.
BukopucroByroun ajis jJiBoi yacTuHM i€l
piBHOCTI (hopmyay JorapudMa cTeneHsa, OTPU-

. log, x
maemo ulog,a=log,x. 3Bimcm u= 8o
log,a
¥Ypaxosyioun, o u =log, x, ogep:ryemo:
log, x
log, x= 08 X ,
log, a

e a>0,a#1, b>0, b#1, x>0.

Ot:xe, Jozapupm 000amHoz0 Hucia X 3a
cmapoio 0CHO8010 a OOPiBHIOE JLO2APUPMY UbO-
20 CAMO020 HUCLA X 3G HOB0I0 OCHO8010 b, nodi-
JeHOMY HA J102aAPUGM CMapoi 0CHO8U @ 3a HO-
8010 ocHo8010 b. O

3a 0IIOMOro00 OCTAHHBOI (POPMYJIU MOK-
HA OfePKATH TaKi Hacai0KuU.

log, b
1) 3anwumemo logabzﬁ. YpaxoByio-
log, a
un, mo log, b=1, maemo:
log,b=—~, ze a>0, a%l, b>0, b#1.
log,a

2) AmnanoriuuHo, ypaxoByouu (QOPMYJIy
mepexony Bif ogHiel ocHOBU JorapudMa mo iH-
1ol i popmyary orapudma cTeneHsa, OgepPiKy-
emo (npu k#0):

log,b"  klog,b

=log b.

a

log ,b" =
a* log, a” k

3amucaBIlii Ofep:KaHy (PopMyJy cIpaBa
HaJIiBO, Ma€MO:

log b= logakbk,

nea>0,a#1,b>0,b%1, E20.

Jlorapndmu WNPOKO 3aCTOCOBYIOTbCA A/1A MOAESIOBAaHHA Pi3HOMaHITHUX NPOLEeCiB HAaBKOMMNLIHbOIO
XutTA. Hanpuknag, 3a Bigomum ncrxodisionoriyHnm 3akoHom Bebepa — MPexHepa cuna p BiguyTTa
NIOANHOIO0 NEBHOMO NoApasHMKa NponopLinHa norapndmy iHTeHCMBHOCTI S Liboro nogpasHuka. lyd-
HiCTb (piBEHb 3BYKOBOTO TUCKY) 3ByYaHHA My3MYHUX iHCTPYMEHTIB, MOOYTOBUX MPpUNagiB Towo obumnc-

S . .
notoTb 3a popmynot p = IOIgS—, Ae S — 3HaYeHHA IHTEHCMBHOCTI 3BYKY, @ S, — HUKHE rpaHnyHe

0

3HaYEHHA IHTEHCUBHOCTI 3BYKY (AKWO S <.S;, TO M1 3BYK 30BCiM He YyeMO). BennurHy p BuMipiotoTb

y neunbenax (ab).
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B e S s s =—=—=——————

3a3Hauumo, wWwo 6e3neyHow ANA CIyxXy JOAMHM BBaXKakoTb IYYHICTb
40-50 gb — ue iHTeHCMBHICTb 3BYyYaHHA 3BMYANHOI PO3MOBU. AKLIO X
B/ MPOCIYXOBYETe My3MKY 3a [OMOMOrOI0 HaBYLIHVKIB, AKi yBiMKHe-
Hi TaK, Wo6 «nepeKkpuyaTh» HABKOJMLLHIN CBIT (TOOTO 3 iIHTEHCMBHICTIO
80-100 pb), To Ue wWKigNMBO ANA 3MOPOB’A | MOXe NPU3BECTM A0 NOrip-
LUEHHA cnyxy abo 11 30BCiM A0 MYXOTHU.

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

ﬂpuK/\aa 1 O6unCTiTD:
1) log;125; 2) logLS.
27
Posp’a3anua KomenTap
1) log;125=3, ockinbkn 53=125; < Ypaxosyloun OSHAHUEHHA JIO®
rapudma, moTpibHO migiopa-
1 ) 1\ 3 1 1 1 TH TaKUH IOKAa3HUK CTelleHd,
2) logi3=——, OCK1IbKHM E =71 =—1 =T=3- < m100 Ipu HigHeCeHHi OCHOBU
27 i 3 3 g Jorapudma a0 IIbOT0 CTeleHsd
27 21 oflep:KaTHU 4YHMCJIO, AKe CTOITh
oif 3HAKOM Jiorapudma.
ﬂpw(/\aa 2 3anuiriTh po3B’sABKU HANNPOCTIIINX MOKA3HUKOBUX PiBHAHB:
. 1) . _1
1) 5 =3; 2) | = | =10; 3) 10" =—.
3 3
Posp’a3anusa Komenrap
3a ozHaueHHAM Jorapudpma: Ona Oyab-aKUX OOJZATHUX umcea b i a (a;tl)
1) x=log;3; < piBHAHHA a* =b Mae equHuil Kopiub. Iloxas-
2) x=log,10; < HUK CTeIeHd X, OO0 SKOro MOTPi6HO migHecTu
3 OCHOBY @, 11100 omep:;KaTu b, HABUBAETHCA JIOTa-

1 pudmom b 3a ocHOBOWO a, ToMy x=log,b.

27a°
¥
yepes3 Jorapu@mMu 3a ocHOBOIO 3 umcea a i b. (KOpoTKo KayKyTb:
«npoaozapupmyiime 3a0anuil 6upas 3a 0CHOB0I0 3».)

ﬂpw(/\aa 3 Bupasits sorapudgm 3a OCHOBOIO 3 BUPA3y (me a>0 ib>0)

Posp’sa3anna Komenrtap

2 3 2
27a 3°a CmouaTKy B3amuIlieMO BUPAa3W B UYHCEJIbLHUKY

lo =lo = . .
€3 3y €3 1 i BHAMEHHUKY 3alaHOTO BUPA3y AK CTEleHi uu-
bo cex i GyKB.
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1 3 2
= a
=logg (33a2)—10g3b5 = IToTim ypaxyemo, 1o jorapudM YacTKH 1
1 5
=log, 3% +1log,a® —log, b5 = . o b2
3 3 3 IOMATHUX YUCeJI LJOPiBHIOE Pi3HUIL Jorapudmis
1 . . ]
—3log,3+2log;a— ~logsb= YnCeJbHUKA i 3Hame;m;nca, a. morim Te, .H.IO Ji0
5 rapudm mo0yTKY 3°q° mopiBHIOE cyMi Jiora-
1 . .
=3+2log,a —glog3b. 4 pudMiB MHOKHUKIB.
UKAQ Bimomo, mo log,5=a, log,7=>b. Bupasite log,700 uepes a i b.
PUKA 2 2 2
Posp’a3anna Komenrap
log, 700 =1log, (7,52,22)= CmouaTtky momamo umcao 700 ax moOyTok cre-
9 9 meHiB umcesn 5 i 7 (3amanux) Ta 2 (OCHOBH JIO-
=log,7+log,5" +1og, 2" = rapudmMa), a IOTiM BHKOPHCTAEMO BJIACTHBOCTI
=log,7+2log,5+2log,2= Jorapu(MiB Ta mifICTAaBIMO B OJepKaHUH BUpas
=b+2a+2. < sHaueHHA log,5 i log,7.
ab®
ﬂpuK/\aa s* IIponorapudmyiite 3a ocrosoio 10 Bupas —; .
¢
Po3p’a3anua Komenrap
3 OckinbKu JorapudmMu iCHYIOTHh TiJIBKU IJA JONATHUX UYKCEJI, MU
Axo 2 >0, To MOYKEeMO IIPOJIOrapu(PMyBaTH 3aSaHUN BUPA3 TLIbKU Y BUIALKY,
3 be
ab av
lg—2=1g|ab3|—1g|c2|= ROMH 5 >0.
¢
1 ( |b3 |) 1 | 9 |_ 3 yMOBHU He BUILIMBAE, IO B 3aJaHOMY BHpasi 3sHaueHHA ad, b
=18 |a|- gl = i ¢ momarui. Tomy OymeMo KopucTyBaTuUCA y3arajdbHeHUMHU (op-
=lg|a|+lg|b3 |—2lg| c|= myaamu Jorapupmysanua (2)—(4’), a Taxkox ypaxyemo, II0

|ab®[=lal[p? ‘.

b |=|6 [,

02|=|c

2

=1g|a|+3lg|b|-21g|c|. <

IaKoOM moBOAUTHCA IITYKATHU BUpPas, 3Haoum woro jJorapudm. Taky omepallito Ha3UBaOTh 10-
MEeHUIIEARHAM.

TTPMK/\aa 6 3HaiifiTe x 3a Horo sorapudmom:
1) lgx=1g5-21g3+3lg2; 2) log, x= %loga b+5log,c—log,p.
Posp’a3annsa Komenrap

1) lgx=1g5-21g3+3lg2;

Kopucryounck Qopmynramu JgorapudmyBaHHsa

lgx=1g5—1g32+1g23; CIIpaBa I-?&JIIBO, ?aHI/IH_IeMO 1.'[paB1 JacTHUHH 3a-
IaHUX PiBHOCTEW y BUTJIAAL Jorapudma SKo-
lgx=1lg 5-33 . 5-2° _ 40 y rocs Bupasy M.

32 9
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1 . .
2) log, x=—log,b+5log,c—log, p; 3 ozmep:xanoi piBrocti log, x=log, M orpumy-
2 1 emo x=M.
log, x=log b5+log c5—log : (fIx Oyme moxasaHo B § 5, 3HAUEeHHA X, II[0 3a-
“ “ ) “ ) @ noBosbHAE piBHicTH log, x =1og, M, — exume).
b2cd b2cP
log, x=1log, ; x= . <
p D
log4 5 Elog54
ﬂpuwa 7% OGumcTiTh 3HAYEHHA BUpasy 5 V3
Posp’a3annsa Komenrap
) 1 1 2 CrpobyeMo IpuBecTU IOKas-
Ockinpru log \/§5= oz 73 =73 = log. 3 TO HUK CTelleHs 3aJaHOT0 BUpa-
g5 Elog5 3 5 3y mo Buay logsyb, 1m06
4 ) MOJKHA OyJI0 CKOPHUCTATUCA
log ~ 5 = =2log;3=1log;3" =log;9. OCHOBHOIO  Jiorapu()MiuyHOIO
3 logs 3 roToskmicTIoO 5850 =p.
1 1 Hnsa mporo mepeigemMo B IIO-
Kpim roro, —log,4=log;42 =log;/4 =log,2. KASHUKY CTENeHs Jo opmiei
2 ocHoBu Jorapudma (mo oc-
4 1
Toxi ———+—log, 4=log;9+log;2=log,(9-2)=1log,18. HOBH 5).
log 55 2
o 5 +Elog5 4
Omxe, 5 o 508518 —18, <

1. ChopmyroiiTe o3HaueHHs Jorapudma JOAATHOTO Uucaa b 3a OCHO-

Sanumanns oo a (a>0, azl).

2. SIxuit morapudM HA3UBAIOTh [AECATKOBUM i AKWil — HaTypaJbHUM?
Haseznite mpukaany samucy i oOUMCICHHS TAaKUX JOTapu(MiB.

3. 1) BanumiTts ocHOBHY Jorapudmiuny ToTOXKHicTE. HaBeniTs mpukia-
au 11 BUKOpPUCTaAHHA.
2%) OOr'pyHTYHTE OCHOBHY JIOTAPU(PMiIUHY TOTOYKHICTB.

4. 1) BanumiTts Gopmynu jgorapudmysanuda. ChopmymioiiTe ix smicrt.
HasezniTe mpukaamzy BUKOPUCTAHHSA IIUX (POPMYJI.
2%) Obrpyuryiite opmyau JorapupMyBaHHA.
5. 1) Banumite Gopmysy Hepexony Bif onHiei ocHOBH Jorapudma m0
immoi. HaBeniTh mpuKJIagM BUKOPUCTAHHSA Iliel GopMyJIn.
2%) Oorpyuryite (GopMyay Iepexoay Bia omHiel ocHOBU Jiorapudma
Io immIoi.
X
6*. Ynu moxHa mposorapudMyBaTH BUPA3U XY, —, x* y romy Bumazky,
Yy

KOJIU 3HaUYeHHdA X i y Big’emHi? Srmio tak, Ak me 3pobutu? O6IrpyH-
TyHlTe BimmoBimHi opmysiu.
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Bnpabu

4.1°.

4.2.

4.3°.

4.4,

4.5.

4.6*.

4.7.

IlepeBipTe mpaBUIBbHICTH PiBHOCTI:

1) log,16=4; 3) loggiz—Z; 5) log18=—3;

2) log;27=3; 4) log 5 4=4; 6) 1og;0,008=3.
O6UHMCIIiTE:

1°) log;25; 5) 1og9%; 9%) log, , 5 (7-4v3);
2°) log, 64; 6°) log, 1; 10%) log, , =(9+45).

7
3°) 10g3%; 7%) log2\4/2§/§;
4°) logs /6 ; 8%) log, Y747 ;

Kopucryounuch o3HaYeHHAM Jiorapudma, 3aOulliTh PO3B’sA3KU HaM-
MIPOCTIMUX TMOKABHUKOBUX PiBHAHD:

1) 4 =09; 3) 10*=11; 5) 0,2 =0,7;
2) (i) =15; 4) 5 =19; 6) e*=3.

Kopucryouuch OCHOBHOIO JIOTapu(pMiuHOI TOTOMKHICTIO, CIPOCTITH
BUpAas:

1
log 6-2
2) glosst; 4) 3,583, 6%) (l) o
3

IIposorapugmyiiTe Bupas 3a 3aJaHOI0 OCHOBOIO, AKI0 a>0, >0,
c>0:

12
o 3 .4 a2b3
1°) 10a°c™ 3a ocuosoio 10; 4) 5— 3a OCHOBOIO €;
2,5 ¢
0,1a”b
2) = 7 3a ocuoBoio 10; 5°) 9a7§/l; 3a OCHOBOIO 3;
c
2
5.4
a°b
3°) azc\/g 3a OCHOBOIO ¢; 6) T 32 OCHOBOIO 3.
c2

IIposorapudmyiite Bupasd 3a ocHoBowo 10, axmo ab>0 i ¢#0:

3 4
1) a®p’e8; 9) Jab 3) —< 4) 100%abe? .

5 >
(ab)5

Bigomo, mo log;2=a, log;3=0. Bupasits uepes a i b:

1) log;15; 2) log;12; 3) log;30; 4) log,72.
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4.8. 3maiigiTh 3HaUeHHA BUPA3Y:

243
1) 1g56+1g125-1g7; log7243
log; 9
2) logy351-log,13; 5) log,logs4/3;
3) 21g5+%1g64; 6) log ; logg 4.

2
4.9. TIlopaiite:

1) uwmcio 7 y BUIJIAAL CTeIeHs UYHcaa b;

2) uywmcao 13 y Buraazni crenens uwmcia 10;

2 .
3) uwmcio 3 Y BUTJISAL CTeHeHs uucja 2;

3 .
4) uwmcio S Yy BUIUIAZLL CTelleHA ywmciaa 7.

4.10. Togaiite:
1) uwmcno 3 y Burasazni jgorapudma 3a OCHOBOIO 5;

2) uwmeao —2 y Buriaazni jgorapudma 3a ocHoowo 0,2;

1 .
3) uwmcio 3 y BUIIAAi Jorapudma 3a OCHOBOIO 8;

4) uywmcao 0,5 y Burasaai jgorapudma 3a ocuHoroo 10.

4.11. Bmaiigite x, AKIIO:
1) loggx=3logg2+0,5log25—2logg3;

2) 1gx=%lg(5a)—21gb+5lgc;
2 1
3) 1gx=31gm+?1gn—glgp;

4) loggx= élog;g 8—2log, 20— 3log, 2.

4.12. TlepeiinitTe y 3amaHoMy JjorapudMi 10 ocHOBHU 3:

1) log a; 3) log, a; 5) log,a.
3 9
2) logga; 4) log\/ga;
4.13*%. O6unciiTh 3HAUEHHS BUPABY:
3 Llioggar
log 56 3 . .
1) 6 ; 4) logy101glllog,;12log,,27;
2 1
+—logz16 1 1
2) 3log£3 4 %83 : 5) (811—210594+25log1258)4910g72;

4
3) log,5log;6logys7log,;32; 6) 15log; (5’/?~4Lg~5log£m).
7
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4.14*.

4.15.

4.16*.

4.17.

4.18*.

4.19.

4.20*.

SHaNIiTh:

1) logg9, axmo log;,18=a;

2) loggylb, axmo log,;25=a;

3) logy:;56, axmo log,;,7=a i logs14=0;
4) logys,200, axmo log,;50=a i log;20="5.

Y saBmamHax 4.15—4.18 obuucaiTh 3HAUEHHS BUPAasy.
1) lOlogﬁlogﬁ,M\/E ; 3) 810,510g97;

1
p—— ey

1) 425—3log£0,l +64log45; 2) (15+31+10g34)10g2\/§10g34.
1) 208266 00 3, 2) log,27—2log,3+log, .
log, 66 3
1 1 1
1) 20 210g815 0,25 210g815; 2) (814_510g94 +25log1258)4910g72.

YV zaBmamuax 4.19, 4.20 mopiBHANTe 3HAUEHHSA 3aJaHUX UYHCJIOBUX
BUpAa3iB.

7 7 — llogz(l - i)-2101«;273
4 ’ 164
1) 7'°852_0,1 i 2857, 3) 2'°¢13 10,1 i gloer2,

2) 5°8740,1 i 7988,




NIOTAPUDMIYHA DYHKLIA, TI BMACTUBOCTI TA TPADIK

Ta6aumsa 7

OsHaueHHA. Jozapudmiunoio pynkyieto HasuBaeThca GyHKIia Buny y=1log, x,me a>0, a#1.

1. Fpadik norapudpmivyHoT PyHKUiT

@ynkuii y=a* i y=log,x (a>0, a#1) € BacmHO 06epHeHNME QyHKUIiAMHU, TOMY ix rpadiru

CUMEeTPUYHI BiTHOCHO IpAMOI Y =X.

a>1

y=log,x

O<a<l1

2. BnactuBocTi norapmdMivHoi pyHKLiT

1. O6racmo susnavenns: x>0.

D(loga x) = (O; +oo)

. Obnacmyv 3Hauvenv: yeR.

E(log,x)=R

. . =0
. Touxu nepemuny 3 ocamu koopdurnam: 3 Biccio Oy [memae|, 3 Biccio Ox {y ’

2
3. DyHKkyis Hi napHa, Hi HenapHa.
4
5

. IIpomincku 3pocmanHs i cnadamHs:

upu a>1 dyukuia y=log, x 3pocrae Ha Bciii 001acTi BUBHAYEHH;
mpu 0<a<1 dyuknia y=1log, x cmagae Ha Bciii o01acTi BUBHAYEHH.

6. Ilpomincku 3narxocmaJsocmi:

samo a>1, 1o y>0 mpu x>1, y<0 mpu 0<x<1;
armo 0<a<1l,to y>0 opu O0<x<1, y<O0 mpu x>1.

7. Hailbinvwiozo i HAllMEHULO020 3HAYEHb PYHKUIA He MAE.

MOACHEHHA M OBI'PYHTYBAHHA

MoHaTTa norapndmivyHoi PyHKLT

Ta ii rpadgik
OsHauveHHA. Jlozapud miunoro ¢pyrkruiero Ha-
3uBa€eThcA (PyHKIiA BUAY Yy =log, x, me a>0,
azl.

IToxaskemo, 1110 A PYHKI[IST € 00ePHEHOI0

1o yHKIii y=a”.

Cupasni, GYHKITia
f(x)=a® mpu a>1 spocrac Ha MHOXUHI R,

IIOKa3HUKOBa

ampu 0<a<1 cmamae ma mHO«KUHI R. O6sa-
crio sHaueHb QyHKnii f(x)=a” e mpomixox
(0; + oo) . OT:xe, AK OyJI0 MOKA3aHO B MiAPYUHHU-
Ky mus 10 kiaacy, pyukiisa f (x) obopoTHa i Mmae
obepueny (YHKIiI0, 00JIaCTI0O BU3HAUYEHHS
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AKOI € IIPOMIiKOK (0; + oo) i obsiacTio 3HaUeHb — MHOKHHA R.
Haragaemo, 1o gyis sanucy popmyiu ooepHeHoI PYyHKIIIT 10-
cTaTHBO 3 piBHOCTI ¥ =f(x) BupasuTu x uyepes y i B omepsxa-
Hi#t popmyni x=g (y) apryMeHT IIO3HAUUTHU UYepes X, a PyHK-
Imiro — uepes y.

Toni 3 piBusanaa y=a” (a>0, a#1) 3a 0O3HAUEHHAM JIO-
rapudma ogepryemo popmyry obepHeHOI QyHKIII x =log , v,
y AKill apryMeHT II03HAUEeHO uepe3 Y, a PyHKIiI0 — uepes Xx.
3MiHIOIOUM ITO3HAUEHHS Ha TPAAUIliliHi, OTpEMyeEMO (hopMmy-
a1y y=log,x — dopmyny pyHKIii, obepHeHOI 10 QYHKIIII
y=a*. 0

fAx Bigomo, rpadikm BlaeMHO o0epHEHUX (ZYHKI[INA Ccu-
MeTpuyHi BimHOCHO mpaAMoi y=x. Omke, rpadik QyHKII
y=log,x (a>0, a#1) mo:xHa oflepxaTu 3 rpadika QyHK-

il y=a" cuMeTPpUUYHUM BiJOOPAKEHHAM BiHOCHO IPAMOI
y=x.Hapwuc. 5.1 HaBegeHo rpadiku jorapu@mMiyHUX QYHK-
min gia a>11 0<a<l1.

T'padix norapudmiunol QyHKIIl HA3ZUBAIOTH J102aPUP- \

MIYHOW KPUBOIO.

B"aCTV'_EOCTi norapugpmiyHoT 2. O6nacmio 3Hauenv pyuryii y=log, x

pyHKUI] € mroxcuna R ycix diiichux wucen (Tomi QyHK-

Bracrusocti dysKii y=log,x a6o Bu- nia y=log, x He Mae Hi HaiibinbIIOTO, Hi HAll-
3HAUUMO 3 oflepsKaHoro rpadika miei pynriii, MEHIIIOT0 3HAUEHB).

a00 OOI'PYHTYEMO, CIMPAIOUNCH HA BJIACTUBO- 3. ®ymxuis y=log,x He Moe GyTH Hi
. - a

napHoio, Hi HenapHo, oOCKiJbKHY ii 06JI1aCTDb BU-
3HAUEHHA He CUMeTpuuYHa BigHOCHO TouKu 0.

cTi QyHKIii y=a”.
OcKinbKu 00JaCTh BU3HAUEHHSA IIPAMOI
dyuKIii € 00acTi0 3HaAUEHb 00epHEeHOI, a 00-

JIaCTh 3HAYeHb HmpaMoi (GyHKHii — ob6sacTio 4. T'padik pyuknii y=1log, x:
BUSHAUEHHs OOEPHEHOI, TO, 3HAIYM Ii Xa- He nepemuHae icb Oy, ockinbKku Ha oci Oy
paKTepuCTHKHU 1A QyHKIiI y=a”, omepxu- x =0, a 1le 3BHaUYeHHs He BXOAUTh 0 00.J1a-
MO BiJIOBi/fIHi XapaKTePUCTUKHU AJs QPYHKIi] cTi Bu3HaueHHA QYHKII y=log X
y=log, x.

nepemuHae gicb Ox y moyyi x =1, ocKinb-
ku log,1=0 npu Bcix sHavenHaxa(a>0,

dynkrLia
XapaKTepuCTHKA a#l).

y=a* y=log,x 5. 3 rpagikis Qyurnii y=log,x, Ha-
061aCTh BU3HAUCHHS R (0; +°°) BeJleHUX Ha puc. 5.1, poOUMO BHCHOBOK, III0
npu a>1 @ynruyia y=1log, x spocmae Ha 8ciil
O6rnacTb 3HAYeHb (05 + o) R o6racmi eusnauenns, a npu 0<a<1l cnadae

Ha 6ciil obaacmi 6U3HAYEHHA.
1. O6nacmio BU3HAYCHHSA byHRITiI IIro BiAacTHBiCTH MOYKHa OOI'DYHTYBATH,
y=log,x e muOkmHA R, ycix nomarHuUX un- cIMpamuuch He Ha BuJ rpadika, a TiaIbKU Ha

cex (x>0). BJIACTHBOCTi GYyHKIT y=a”.
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Hanpuknan, npu a>1 BidbMeMO

x5 >x;>0. Sa oCHOBHOIO JorapuhMiuHOIO
: 1

TOTOKHICTIO MOJKHA 3almMcaTH: X;=a o™,

x, =a'*%*2, Toxi, ypaxoByioum, Imo x,>X,,
Maemo a'°%¢*2 > q'%8a® | Ockinpkum mpm a>1

(yHKIia y=a” spocraioua, TO 3 OCTAHHBLOL
HepiBHOCTI ofiepxyemo log, x, >log, x;. A e
i osHauae, mo npu a>1 Qpysrnoia y=Ilog, x
3pocTae Ha BCiii 00JiacTi BUBHAUEHHS.

AmajoriuHo MOKHa OOI'PYHTYBaTH, IO
npu 0<a<1l ¢ysrnia y=log,x cnamae Ha
BCiii ob6JiacTi BUBHAUEHHS.

6. IIpominmcku snarxocmanocmi. OCKinb-
ku rpadik ¢pysknii y=Ilog, x mepernnae Bich
Ox y Touni x=1, To, ypaXoByIOUHN 3POCTAHHS
¢yukiii npu a>1 Ta cnagaaasa opu 0<a<l1,
OTPUMAEMO TaKi MTPOMIKKN 3HAKOCTAJIOCTI.

3HaUYeHHS apryMeHTa

3HaueHHA

ynrnii npu a>1  mpm O<a<l
y>0 xe(1;+oo) xe(O;l)
y<O0 xe(O;l) xe(1;+o<>)

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

Mpukaad 1
1) y=log;(8-x);

Po3sp’azanna

1) » y=log;(8-x).

Oo0JsiacTh BUBHAUEHHs 3aJacThbcsA HepiBHicTio 3—x>0. 3Bigcu

x<8, 10610 D(y)=(—o0;3). <

2) yzlogl(x2+3).
3

. . 2
Oo0JiacTh BUSHAUYEHHSA 3amaeTbes HepiBHicTio X~ +3>0. Ia me-
pPiBHiCcTH BUKOHYEThCA IIPU BCix AificHuMX 3HaueHHAX Xx. OTike,

D(y)=R. <
3) y:10g7(x2 —x).

O6racTh BUBHAUEHHS 3aJa€ThCS HEPiBHICTIO x2-x>0. Posp’sa-
3yI0UM I[}0 KBaJpaTHy HepiBHicTh, omep:xyemo x<0 a6o x>1 OVI

(IuB. PUCYHOK).
Orxe, D(y)=(—c0;0)U(L;+0e0). <

3HaWmiTE 0071aCTh BUBHAUEHHS (DYHKITIi:

2) yzlogl(x2+3); 3) y=10g7(x2—x).

3
Komenrap

OckisibKu BUpas, IO CTOITh
mig 3sHakoMm Jorapudma, Mae
OyTu mOmaTHUM, TO IJd 3HAa-
XOI'KeHHA 00J1acTi BU3HAUEH-
Ha 3amamHoi GYHKILI Tpeba
3HAUTH Ti 3BHAUEHHSA apryMeH-
Ta X, OpU SAKUX BUpPA3, IO
CTOITH Tix 3HAKOM Jiorapud-
Ma, Oyme DOmAaTHUM.

+\L /+

X

UPMKAaa 2 300pagziTe cxemMaTu4yHO Trpadik GyHKIII:
1) y=log,x; 2) y=log, x.
2
KomenTap

Obs1acTh BUBHAUEHHS D(y) dyarnoii y=log, x
raka: x>0, orske, rpadik miel QyHKILi 3a-
BXKJU PO3TAINIOBAHUI IIpaBopyd Bix oci Oy. Bin
nepernHae Bick Ox y Toumi x=1 (OCKiIbKHU
log,1=0). IIpu a>1 norapupmiuna PyHKIIiA
3pocrae, oTike, rpadikom ¢ynrnii y=Ilog, x
Oyme jgorapudMiuHa KpPHUBA, TOUKHU SKOI IIpHU
301JIBITIEHH] apryMeHTa «IIigHIiMalThCA BrOPY».

IIpu 0<a<1 gorapudpmiuna GpyHKIiS cmazae,
orke, rpadirom Qyuruii y=log; x Gyze Jo-
2

rapudMiuHa KpUBa, TOUKHU SKOI IIpK 301JbIIEH-
Hi apryMeHTa «ONYyCKalOTHCS BHU3».

IITo6 yrounuTu moBeHiHKY rpadikiB samaHUx
byHKIi, 3HAlAEMO KOOPAMHATH KiJIbKOX [0-
IaTKOBUX TOYOK.
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Po3sp’a3aHuga

y=logyx
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ﬂpu;(/\aa 3 300pasiTh cxemaTuuHO rpadik QyHKII y=log3|x—2|.

Po3p’a3anHa Komenrap

ITocaizoBHO Oymyemo rpadixm: CKJIafeMo ILIaH IOCJifOBHOI MOOYZOBH Ipa-
1) y=logszx dika 3amanol QyHKIII 3a JOIIOMOTOIO TeoMe-

Y TPUYHUX IIePETBODPEHb.
/ 1. Mu mo:kemo mobyayBatu rpadik QyHKILii
y=f1 (x)=log 3X  (ocHOBa Jorapudma

0/1 x a=3>1, orske, norapudmiyna QPyHKIiS
3pocrae).

2. TlotiMm Mo:xHA moOyayBaTu rpadik PpyHK-
2) y= log3|x| nii y=g(x)= 10g3| x | = f(| x |) (mpaBopyu

y Bix oci Oy rpadik ¢yskmii f(x) samuma-
eThbcA 6e3 3MiHMU, i I caMa yacTHHA rpa-
dika cuMeTpUUYHO BimOOpaKyeThCa Bif-

) 0 /1 > HOcHO oci Oy).

3. Ilicia mporo mMoskHa MOOymyBaTH Tpadik
sagaHoi @yHKIii y=log, | x—2 | =g(x-2)
mapajieJlbHUM — I[IepeHeceHHAM  rpadika

3) y=logs|x-2| dyuxruii y=g(x) ysmosx oci Ox Ha 2 oxu-

\y HUII BIIPaBO.

Koporkuit niaum mobymoBu IIyKaHoOro rpadi-
Ka 3PYYHO 300pasuTH CXEeMATHUYHO y TaKHi
cmoci6:

y=logsx - y=logs| x| >y=logs|x-2|.

<

@ =) BvikoHaiTe 3aBAaHHs Npuknady 3, BUKOPUCTOBYIOHM nporpamy Desmos. fki e
U nporpamu ans nobynosu rpacdikis Bam Bifomi?
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ﬂpuK/\aa 4 IlopiBuatiTe gomaTtHi umcaa b i ¢, 3Haouu, II0:
1) logsb>logsc; 2) logy3b>loggsc.
Po3p’a3anusa Komenrap
1) Ockimbku ¢yHKIia y=loggx = Y KOKHOMY 3aBJaHHI 3ajlaHi BUpasu — Ile 3HAUEHHA JO-

3pocTaw4a, TO IJIA NOAATHUX 4u- ' rapupmivnoi ¢pyukruii y=log,x y roukax b i c. Bukopu-

ces bic 3 HepiBHOCTL log3 b> log3 C , CTOBYEMO 3pOCTaHHsS a00 cmamgaHHA BigmoBimHOI (QYHKILiI:

omep:kyemo b>c. < 1) npu a=3>1 ¢pyurnia y=logs;x e spocrarouoio, Tomy

2) Ockinbku QyHKIig Y= logo,gx OinmpIIOMY 3HAUEHHIO DYHKIII BiATIOBiae OinbIle 3HaUEH-
cmajHa, TO IJIS NOAATHHUX uucel b ' HA apryMeHTa;

i ¢ 3 HepiBHOCTL logo’3 b> logo,3 ¢  2)upu a=0,3<1 QysRUig y= logo’3 X € CHagHOI0, TOMY

omepxyemo b<c. < OiIBIIIOMY 3HAUEHHIO (PYHKIII BiAloBimae MeHIle 3HAUEH-
HsI apryMeHTa.

ﬂPuK/\aa s ITopiBHAlTe 3 OJUHUILEIO JOJaTHe YHCJIO g, 3HaouH, o log,6<0.

Po3p’a3anusa Komenrap

Ockinbku 6>1, a 3 ymoBu mMaemo, = Yucna log,6 i 0 — me gBa smavenHsa dynruii y=Ilog, x.
mo log,6<0 (ockinekn 0=log,1, To | YpaxoByloun 3asaHy HepiBHicTB, 3’ACOByEMO, AKOIO € I

log,6<log,1), To pyukmia y=log,x = PyHKOia — spocraiovo abo CHaAHOI, i 3ragyeMo, II0

€ cnagHomw, oTxke, O<a<l. < BOHA 3pocrae npu a>1 i cmagae nmpu O<a<l1.
CdopmyioiiTe o3HaueHHa Jorapudmiunol GpyHKIil.

3anUMaHH bopmy pud bymxn

Sk posramosani rpadiku Gysrniii y=a* i y=log,x (a>0, a#1)
BizHOCHO mpaAMol y=x? Bingnosine moacuiTe. IlobynyiiTe 3a3HaueHi
rpadiku mig a>1 i O<a<l.
3. Kopucrymouncsk rpadikom dynrnii y=1log <% (a>0, a#1), oxapak-
TepusyiuTe ii BJIaCTHUBOCTI.
4%,  O6rpynryiiTe BaacTuBOCTi GyHKIII y=log <% (a>0, a=#l).

5. ITosacHiTh, AK, ypaxXoByIOUHM 3pOCTaHHS ab0 cHaJaHHS BiAmoBimHOl
gorapudmiuHoi QPyHKIIiI, MOPiBHATH 3HAUEHHS:
a) log;7 i log;3; 6) log, 7 i log, 3.
5 5
5.1. 3BmaiigiTs obsacTb BU3HAUEHHA (DYHKIIi:
Bnpabu 226
1°) y=log,;(2x+6); 7%) y=logy, ;
Tox+2
2
-5x+6
2°) y=log, (x-3); 8%) log o — 2.
)y g% ) log g7 ——
5
3) y=lo x2-1); 9%) y=1lo —|x|+ ;
) Yy g\/g( ) )y g3,1|x|_3
4) y=10g5’2(3x—x2); 10%) y=logx(2x—x2);
5) y=logg, (222 +1); 11%) yzlogZx_3(5x—x2).

8
6) y=log, (x2 +x+1);



§ 5. JlorapudmivHa dyHKLif, i1 BNACTUBOCTI Ta rpadik

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

5.8.

5.9.

VY saBmamHax 5.2, 5.3 306pasiTh cxemaTuuHO rpadik 3amanoi GyHKIII.

1°) y=logsx; 3°) y=logysx; 5) yzloglx;
6

2°) yzloglx; 4) yzlogﬁx; 6)y=10g\@x.

3
1) y=log,(-x); 4) y=log,x+3; 7%) y=|log, (2x-4)|;

2

2) yzlogl(x—l); 5) y=-logg x; 8%) y=10g4x72|;

4
3) y=log,(x+3); 6%) y=|log3|x ; 9%) y=1log,log,x.

IlopiBHaAtiTE UmMCIIa:

1) log,3,5 i log,4,5; 6) log ; 10 i log ; 20;
N N
2) log(,1,3 i logg;1,1; 7) log,3 i 0;
3) log,2 i log, 5; 8) log7l i0;
Z Z 3
5 5
4) log\/§2,3 i log\/§0,2; 9) logz4 i1;
5) log,5 i log, 7; 10) 108’1% il.
4
ITopiBugaiiTe gomaTHi umciaa b i ¢, AKIIO:
1) logzb>log;c; 3) logﬁb<logﬁc;
2) logysb>loggsc; 4) log, b<log, c.
3 3

IlopiBHAIITE 3 OAMHUIICIO JOAATHE UHCJIO @, SKIIO:

1) log,5>0; 3) log,2,3<0;

2) loga§>0; 4) log,0,2<0.
3’dacyiiTe, JOJATHUM YU Biff’€MHUM € YMCJO:

1) logg»5; 3) log,0,5; 5) 1g0,9;
2) logy30,8; 4) logy;7; 6) In2.
IlopiBHAlITE 3 HyJIEM UYUCIIO:

1) log,6; 3) log,,0,3; 5) 1In1,01;
2) log0,70,6; 4) 1g2,7; 6) log 3.

4
VEKaxiTh, MK AKMMH OBOMAa IIOCHiZOBHUMM I[IJIUMM UYKWCJIAMHU Mi-

CTUTHhCA HA YMCJIOBiNI MPAMIN YmCIIO:
1) log,10; 3) log,,13; 5) In2;

2) log,6; 4) 1g23; 6) log,17.
3 4
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5.10.

5.11.

5.13*%.

5.15%.

5.16*.

5.17%.

OW

5.18.

BpaxoByroun 3pocTaHHS UM cHafaHHA (GYHKILI, sHaiiaAiTh HaiibiabIe
i HalimeHIlle 3HaUeHHA (DYHKIIII Ha 3aJaHOMY BiIpisKYy:

1) y=logsx, [1;27]; 4) y=log, x, [i;l];
9 = 25
1 1
2) y=log, x, [—;27]; 5) y=log,x, [—;1];
3 9 4
3) y=Ilgx, [1;10000]; 6) y=log,,x, [2,5;6,25].
3HalAiTh HaliMeHIlle 3HAYeHHSA (QYHKIII:
1) y=1g(x2+10); 2) y=log, ———; 3) y=log,sinx.
o> X +

3
3HalgiTh HAKOiAbIIe 3HAUEHHA (PYHKII:

1) y=1g(1000—x2); 2) y=log, —; 3) y=logycosx.

x2+

3HaWIiTh MHOKUHY 3HaUeHb (QPYHKILII:

300 24

1+1g(100+ x2 11+/1+|Inx|

3HalgiTh 001aCTh BUBHAUEHHS (PYHKITIi:

1) y=log‘x‘(x2+1); 3) y=logyscosx;
x 2x-1

2 =—; 4 =77 :

)y lg x ) Y lg(x+3)

3HaiaiTh 00J1aCTh BU3HAUEHHSA (PYHKILII:

1) f(x)=\/m; 3) f(x) \/m;
2) 7(x)=1g(1,25'*" ~0,4096"*); 1) flx)=y(4-x)(37-9).

ITo6ynyiiTe rpadik QyHKILII:

logyax
1) y=—128" . 3) y=|log, x|+log, x.
|10g0,3x|
lgx
2) y=—1——;
Ig“x

HocuiniTe Ha mapHicTh i HemapHiCTh QPYHKILiIO:

1) y=ln(m+x); 2) yzln(M—x).

BuaBiTb CBOIO KOMNETEHTHICTb

BaraTto aBuIll IpHUPOAM MOXKHA ONHCATH JIOTAPU(MPMIUHOIO 3aJIeKHi-
CTIO, TOOTO IX MaTeMaTHYHOIO MOJIEJLII0 € JorapudMiuHa (PYHKITid.
OpuuM i3 HaROIIBII HAOUHUX MPUKJIALIB TAKOT'O MOJIEJIOBAHHS € JIO-
rapudwmiuna cuipaas. IligroryiiTe moBiIOMJIEHHS IIPO IPUKJIAAU CITi-
PaIbHUX CTPYKTYP y Oiosorii, (ismii, TexHimi.



PO3B'A3YBAHHA JIOTAPUDMIHYHUX PIBHAHbD
TA HEPIBHOCTEMU

6.1. Po3B'sAI3yBaHHA norapndmiyHNX piBHAHb

Tabaumnsa 8
1. OCHOBHi O3HA4YeHHS Ta CMiBBigHOLWEHHSA
OsHauveHHA. Jozapugpmom dodamnozo I'padik dynruii y=log,x (a>0, az1)
yucaa b 3a ocnosoro a (a>0, a+#1) Ha-
a>1 O<a<l

3UBAETHCA MOKA3HUK CTEIICH, 0 SKOT0

Tpeda migHeCcTH @, o0 oxepskaTu b. Yy Yy

log,b=c & b=a‘ 0 I/_x

3pocTae crazae
2. Po3B’A3yBaHHA HaMNpOCTilWIMX JIorapudMiYHUX PiBHAHb

OpienTup ITpuxnan
: oooooooooooooooooooooooooooo '. oooooooooooooooooooo 10g3(x_1):2.
: Akwo a —umncno (a>01i a#1),70 x—-1=32% x=10
log,f(x)=c & f(x)=a’ Bidnosiov: 1’0. <

. (BUKOpUCMOBYEMO 03HAYEHHA 102apuPMma) :

3. BukopucTaHHA piBHAHb-HacNiAKiB

OpienTup ITpuxnan
¢ AKWo 3 NpunyLieHHs, WO nepLua PiBHICTb : log, (x+2)=2.
: MpaBW/bHAa, BUMIMBAE NPaBUIIbHICTb KOX- * 3a O3HAYEHHAM JIorapudma oIepKyemo:
S .. : 2= x2. 22 2-0:
¢ HOI HaCTYMHOI, TO rapaHTOBaHO OfEPXKYeE- : x+2=x" x*-x-2=0;
: MO PiBHAHHA-HACNIOKN. : x;=-1, x,=2.
.................................................. Hepeeipica. x= _1 J— CTopOHHifI ROpiHB (B OCHOBj.

ITpu sukopucmarnhi HacaiOKie He 8i006y8a-
€EMbC 6MPAMa KOPEeHi6 novamro602z0 pie-
HAHHA, aJe MOMCAUBA NOAEA CMOPOHHIX
Kopernie. Tomy mepeBipka ofep:KaHUX KO-
PEHIB TiICTaHOBKOIO B MOYAaTKOBE PiBHAH-
HS € CKJIQJ0BOIO YaCTUHOIO PO3B’ A3yBaHHA.

JorapudmMa omep:KyeMO Bifi’€MHEe UMCJIIO);
X=2 — KopiHb (10g2(2+2)=2; logy,4=2; 2=2).
Bidnosgidv: 2. <]

4. PiBHOCM/IbHiI nepeTBOpeHHA norapupMmidyHMX PiBHAHb
3amiHa 3MiHHHMX
OpienTup IIpuxkaan
; ............ ‘ “""”"“"t“.‘ .................. E lgzx—Zng—3=0.
: ﬂgu.l,o)y PIBHAHHA (HepiBHicTb ab0 TOTOX- Buxonaemo saminy lgx =1,
: HicTb) 3 a BXO ofHO oMy :
: S;n;lcjmng::nﬂ:? QM;I;;HEHBIAAXOI;;H;A% Domoni t7-26-8=0; t=-1, £;=3.
: BMPa3 3i 3MIHHOIO MO3HAUNTY OAHIEI ByK- : Omfe’ lgxi—l a6o lgx=3. 5
* BOIO (HOBOIO 3MIHHOI0). ¢! Tomi x=10""=0,1 a6o x=10°=1000.
e eeeeenennnncnnnnnnnnnannnnnanananeeeeeeeeeeeeees | Bidnosiov: 0,1; 1000. <
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PiBugHHA BUTY logaf(x)zlogag(x) (a>01i a#l)

OpienTHUp
f(x)=g(x),
log, f(x)=log, g(x)e {f(x)>0,
g(x)>0|

OJ13: {

IIpuxnan

log (x2 —2)=1log;(4x—5).

x2—2>0,
4x-5>0.

(ypaxosyemo O3 i npupisniemo supasu,  Ha miit O[3 samaHe piBHAHHA PiBHOCMJIbHE DiBHAH-

AKi cmosmov nid 3HAKAMU J02apU@Mmis).

Ham x2-2=4x-5; x> —-4x+3=0; x;=1, x,=3.

x=1 — CTOpPOHHIN KOpPiHb

(ue 3amoBoabHse ymoBu OJ[3);

x=3 — Kopiub (3amoBosbHsie ymou O]l13).
Bionogiov: 3. <

PiBHOCHIIBHI TIepeTBOPEHHS PiBHAHHb B iHIINX BUIIAJKAX

OpienTup

: 1.YpaxoByemo O/13 3ajaHOro PiBHAHHA :
. (U yHukaemo nepemeopeHs, AKi npu3go- :
dameb 00 38yxeHHA O/]3). :

: 2.Crexumo 3a TM, Wob Ha Of13 KoXKHe :
:  nepeTBOPEHHS MOXHa 6yno BUKOHa- :
T AK y NPAMOMY, TaK i y 3BOPOTHO- :
My HanpsAMKax 3i 36epeXeHHAM npa- :
BWIbHOCTi PiBHOCTI. :

OJ13: {

ITpukmang

log, (x+1)=3-1log, (x+3).
x+1>0,
x+3>0.

Ha miit O[13 3agane piBHAHHA PiBHOCUJIbHE PiBHAHHAM
log, (x+1)+log2 (x+3)=3; log, ((x+1)(x+3))= 3;
(x+1)(x+3)=2%; x®+4x-5=0; x,=1, x,=-5.
x=1 — kopius (3amoBosabHsie ymoBu OI13);

X=-5 — CTOPOHHI! KOpiHb

(ue sagmoBosbHsAEe ymoBu Ol13).

Bidnosidv: 1. <|

MOACHEHHA M OBI'PYHTYBAHHA

Po3B’'si3yBaHHAA HaMMpPOCTILLMX
norapn@miyHuX piBHSAHb

Haitinpocmiwum no2apu@mivHum Pi6HAH-
HAM 3a3BUYAN BBAJKAIOTh PiBHAHHA

log,x=c (a>01ia=#1).

Jlorapudpmiuna ¢yukIia spocrae (abdo
cajga€) Ha BCiii oOJsacTi BU3HAuYeHHS, TOOTO
npu x>0 (zuB. rpadiku B m. 1 Tabsu. 8), i Tomy
KOJKHOT'O CBOTO 3HAUEHHA HAOYBA€E TiJIbKY IPU
OJHOMY 3HauUeHHi apryMeHTa. ¥ pPaxOBYIOUM,
1o Jorapudmiuna PyHKIiA HaOyBae BCix mifi-
CHUX 3HAUYeHb, DIBHAHHA

log,x=c 1)

3aBIKIU MA€ €MUHUN KOPiHb, AKUN MOMKHA BU-
3HAUNTHU, CKOPUCTABIINCH O3HAUEHHAM JIOTa-
pudma:
x=a‘.
SKIIO PO3rIAHEeMO PiBHAHHS

log, f(x)=c (2)
i BUKOHaeMO 3aMiHy 3MiHHOI [ (x)=t, 0 onep-
JKMMO HauWnpocriine JjgorapudMiuHe pPiBHAH-
HA log,t=c, AKe Mae equHMI KOpiHb ¢=a‘.
Bukonyoun o0epHeHYy 3aMiHy, OJep:Kye-

MO, IO po3B’A3KU piBHAHHA (2) 36iraroThcsa
3 pO3B’A3KaMU PiBHAHHS

flx)=a“. 3)
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Omxe, piBuaaHA (2) i (3) € piBHOCHIBHU-
MH. ¥ TaKuii cIocid Mu o0I'PYHTYBAIN, 1110 0158
PLBHOCUJLHO20 Nepeme0opeHHA HAUNPOCmiulo-
20 nozapugmivnozo pieuanus (1) abo piBHAH-
H4 (2) (AKe Mu Tex OyAeMo BiJHOCUTH IO HaAi-
MIPOCTIIUX 38 YMOBH, II10 OCHOBA @ € UUCJIOM)
docmamHbo 8ukKopucmamu 03HAYEHHS J02a-
pupma.

Kopotrko 11e MoskHa 3anucaTy Tak:

log,f(x)=c & f(x)=a".

Haramaemo, 1mio Bci piBHOCHMJIBHI Iiepe-
TBOPEHHS PiBHAHHS BUKOHYIOTHCA Ha HOTO
O03. Hna piuanusa (2) O3 samgaeTbcs yMo-
Boto f(x)>0. [lna Bcix KopeHiB piBHAHHA (3)
I YMOBAa BUKOHYETHCA aBTOMATHUYHO (Uepes
Te, mo a>0). Tomy 0aa Hailinpocmiwux so-
2apupmivnux pieHanv O3 moxHa He 3anu-
cysamu (OCKiJIbLKM BOHA BPaxOBYETHCS aBTO-
MaTUYHO TIPU Iepexoni Bix piBuaxHA (2) A0
piBHAHHA (3)).

Hanpuxinan, piBEasEa logy (2x-3)=2

piBHOCcUJbHE piBHAHHIO 2X—3= 52, KOpiHb
AKoro x =14 i e xopeHeM 3aJaHOT0 PiBHAHHS.
Amnajoriuno 3amnucano i pos3s’ A3aHHSA HAHIIPO-
crimoro piBHAHHA log, (x-1)=2 y ra6a. 8.

BUKOpPUCTaHHSA pPiBHAHb-
HacnigkKiB nig Yac po3B’sa3yBaHHA
norapn@miyHuX piBHAHb

Y npouyeci po3s’a3yeanns pi6HAHHA 207106-
He — He 3a2y0umu 1020 KOPEeHi, TOMY BasKJINBO
CTEXKUTHU 3a TUM, 100 KOXKeH KOPiHb IIepIIo-
ro piBHAHHA 3ajulllaBcsad KOpeHeM HacCTYIIHO-
ro — y IbOMY BUHOAIKY OJeP}KYEMO DiBHSH-
HA-HACIIAKU.

Haramaemo, 1Mo KoKHH KOPiHbL 3agaHO-
0 PiBHAHHS NEePETBOPIOE MOTO HA MIPABUILHY
YMCJIOBY PiBHiCcTh. BUKOpHUCTOBYIOUM O3HAUEH-
HA KOpeHs PiBHAHHSA, MOKHa OOT'PYHTYBaTHU
TaKuil Opi€eHTHP:
AKWO 3 NnpunyweHHA Npo npasusibHicme nep-
woi" pieHOCMIi 8UNJIUBAE NPABU/ILHICMb KOXHOI
HAcmynHol, Mu 00epXXyeMO DiBHAHHA-HACTIOKU
(OCKINbKN KOXKHUI KOPiIHb MepLIOro pPiBHAHHA
Oyne KopeHeM HAaCcTYNMHOTrO PiBHAHHSA).

Haragaemo, 110 mpu BUKOPHCTaHHI Ha-
cHimKiB He BimOyBaeThcA BTPATU KOPEHIiB IIO-
YaTKOBOI'O DiBHAHHA, ajle MOXKJINBA II0ABa
CTOPOHHIX KopeHiB. Tomy nepegipka odepica-
HUX KOpeHié nidcmaHo8KO0 8 NOYAMKO8e pis-
HAHHSA € CKAA006010 YACMUHOW P036’ A3YE8AHH A
npu 6UKOPUCMAHHI PIBHAHb-HACAIOKIB.

IIpukian poss’a3yBaHHA Jorapudmivyso-
ro piBHAHHA 3a JONOMOTOI0 PiBHAHB-HACJII-
KiB Ta 0()OpMJIEHHA TAKOro PO3B’A3aHHA HA-
BeleHO B II. 3 TabJI. 8.

PiBHOCUNbHI NepeTBOpPEHHS
norapn@miyHuUX piBHSAHb

OpgHUM i3 YacTO BUKOPUCTOBYBAaHUX DPiB-
HOCWJIbHUX TI€PEeTBOPEHh PIiBHAHBL € 3aMiHa
3MiHHOI.

Haragaemo sarajbHUNA OPi€HTHUP, SKOTO
MU JOTPUMYBaJMCA IHif Yac PO3B’A3yBaHHHA
piBHAHBL vy 10 Kiaci:

AKLLO [0 PiBHAHHA (HepiBHOCTi abO TOTOMXHOCTI)
3MiHHa BXOAUTb B OAHOMY 11 TOMY »K BUMNARI, TO
3PYYHO BiAMOBIAHUIN BMpPa3 3i 3MiHHOIO MO3Ha-
YnTU OfHi€t0 BYKBOI (HOBOI 3MiHHOIO).

Hanpuxkiaz, 10 piBHAHHSA 1g2 x-2lgx-3=0
3MiHHA BXOAUTH TiJIbKU Y BUIJISAAL 1gx, TomMy
IJIs PO3B’sA3YBAHHS IILOTO PiBHAHHSA IOIiJb-
HO BUKOpPHCTATH 3aMiny lgx=t, omepskatu
KBaZpaTHe PiBHAHHS t2-2t-3=0, sxe Mae
KopeHi t;=-1 i t,=3, a moTiM BUKOHATHU
obepHeHy 3aMiHy # ofepsKaTW HAMIIPOCTIImi
gorapudmiuni piBHanma lgx=-1 i lgx=38.
Toxi s3a osHaueHHAM Jorapu(Ma BU3HAYUU-
MO KOpEeHi 3aJaHoro piBHAHHA: X = 101=0,1
i x=10=1000.

YpaxoBytouu, 1110 3aMiHa 3MiHHOI (pasom
3 00epHEHOI0 3aMiHOIO) € PiBHOCUJIBHUM Iiepe-
TBOPEHHSAM DiBHAHHA Ha OyAb-AKil MHOMKU-
Hi, I BUKOHAHHA 3aMiHU He 000B’SI3KOBO
sHaxoautu OJl3 s3amanoro piBHAHHA. A mmic-
Jsi BUKOHAHHA O0EpHEHOI 3aMiHM MU OJep-
JKajaum HaunpocTimri Jiorapu@miuHi piBHAH-
Hi, Ia axkux (aK 0ysao mokasano Burie) O3
ypaxoByeThca aBToMaTuuHo. OT:Ke, y HaBe-
nenomy posB’asamui O3 3amaHOro piBHAHHSA
BpaxoBaHa aBTOMATHMYHO, i Tomy O3 mok-
Ha He 3aIlliCyBaTHu O0 po3B’asanHsa. Came Tak
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i odopmMIeHO pPO3B’A3aHHS IILOTO PiBHAHHSI Hanpukaan, piBeasEa log, (xz - 2) =
B 1. 4 Taba. 8. . . =log;(4x-5), posraanmyre B Tabn. 8, piHO-
PosrissHemo Temep piBHOCHJIbHI IIEepeTBO- 2 9 4ok
PeHHSA Jorapu@MiyHOro piBHAHHSA BULY cunbHe cucremi X 2T T Age Bpaxo-
4x-5>0.
log,f(x)=log,g(x) (a>0ia=l). (4) Bylouu, 110 oomesxkernHa OJI3 nporo piBHAHHA
. . x2-2>0, , .
K yxe 3asHavasocs, yci piBHOCHJIbHI TTe- A —5>0 MU He PO3B’SI3yBAJU, a TiJIbKHU Ie-
PEeTBOPEHHA PiBHAHHA BUKOHYIOTHLCA HA HOr0 xX—o>

peBipsau, Uu 3aJ0BOJBHAIOTE 3HAIEHI Kope-
Hi 11 0OMerKeHHA, HaBeJdeHe CIIPOIeHH He Ja€
CYTTEBOTO BUIpPAIIy MiJ Yac Po3B’sA3yBaHHS
IbOTO PiBHAHHA.

O03. Hna piBuauua (4) O3 samaeThca cu-

f(x)>0,

2(x)>0. OcCKiJbKu JIO-

CTeMOIO HepPiBHOCTEN {

rapudmiuna pyaKIia y=Ilog ot 3pocrae (npu
a>1) abo cnazgae (mpu 0<a<1) Ha Bciit cBOii
o6JacTi BUBHAUEHHS i KOMKHOT'O CBOTO 3HAUEH-
Hsa HaOyBae TiIbKY MIPU OJHOMY 3HAUYeHHi ap-
ryMeHTa, TO PiBHiCcTH (4) MOKe BUKOHYBaTHUCH
(ua OJI3) Toxi it Tinbku Toxi, Komu f(x)=g(x).
VYpaxosyouu OII3, omep:KyemMo, IO PiBHSAH-

3ayBarkeHHAa 2. Sk Oyno oOOGI'pPYHTOBaHO
BUINE, KOJIM BUKOHYEThCA PiBHiCTH (4), TO
000B’sI3KOBO BUKOHYETbCS i piBHicTH (5).
Omxe, piBHAHHA (5) € HaCIAiAKOM pPiBHSIH-
HA (4), i TOMy 1A 3HAXOAKEeHHS KOPEeHiB

H4 (4) piBHOCUIIbHE CHCTEMi

f(x)=g(x), (5)
f(x)>0, (6)
g(x)>0. (7)

CUMBOJIiUHO Oflep:KaHUil Pe3yabTaT Ioaa-

HO B 1. 4 Tabj. 8, a OpPieHTHP KOPOTKO MOYKHA
chopMyTIOBATU TAK.

7 H —
LLlo6 po3s'asaty pieHaHHA log, f(x)=1log, g (x)
3a [JOMOMOrol0 PiBHOCUNbHUX MNEPETBOPEHD,
ypaxoByemo OJ]3 uboro piBHAHHA 1 NPUPIBHIOE-
MO BMpasw, AKi CTOATb Nig 3HaKaMu norapudmis.

IIpukaas BUKOpUCTAaHHS IHOTO OPi€HTU-

pa HaBezeHo B TabJI. 8.

_— 7]

3ayBaxkeHHa 1. Cucremy (5)—(7) ™MoxxHa
cupocTuTHu. SIKIMO B mill cucTeMi BUKOHY-
eTbecsA piBHiCTD (D), TO 3HaUeHHA [ (x) i g(x)
IOPiBHIOIOTH OJHE OLHOMY, TOMY KOJIU OLHE
3 IIMX 3HAUEHb Oy/Ie JOSATHIM, TO APYTe TeX
oyne nogaraum. OT:ke, piBHAHHA (4) piBHO-
CUJIbHE CHCTEMi, SKa CKJIAJAaEThCs 3 PiBHAH-
Ha (5) i oxuiei 3 mepiBHocTeit (6) abo (7) —
3asBuUUali BUOMPAIOTH IPOCTIIITY.

piBaanna (4) log, f(x)zlogag(x) IocTar-
HBO 3HAWTU KOPEeHi piBHAHHA-HACHIAKY (5)
f(x)=g(x) i Bukomaru mepeBipry sHaiize-
HUX KOPEeHiB IIiZICTAHOBKOIO B 3ajJlaHe PiB-
HanHdA. (Ilig yac po3B’sA3yBaHHS PiBHAHHS
y Taxkuii cuoci6 OJ13 piBusanHsA (4) Oyae Bpa-
XOBaHO OIIOCEPEKOBAHO, ¥ MOMEHT Iepe-
BipKU oJlep:KaHUX KOpEeHiB, Tomy ii He nmo-
BeIeThCA 3aIICYBAaTH.)

BukoHnyooun piBHOCUJIBHI mMepeTBOpPEeHHS
JorapuMiYHUX PiBHAHB y OiJbII CKJIATHUX
BUMAJKaX, MOKHA JOTPUMYBATUCA OPi€HTHU-
pa, AKuii 6yJio oGIPpyHTOBaHO B § 3 miagpyuHuU-
Ka miasa 10 kiaacy:

1. YpaxoByemo O[13 3agaHOro piBHAHHA.

2. Ctexnmo 3a TuM, wob Ha O[13 KoxkHe nepe-
TBOPEHHA MOXHa Oyno BMKOHaTW fAK Yy nps-
MOMY, TaK i Y 3BOPOTHOMY HanpsmKax 3i 36e-
peKeHHAM NPaBUIbHOCTI PIBHOCTI.

Hanpuxnaan, po3s’ssskeMo piBHAHHA
log, (x+1)=8-log,(x+3) (8)
3a JOTIOMOT'0I0 PiBHOCUJILHUX ITI€PETBOPEHbD.
g mporo mocraTubo Bpaxysatu O3 sa-
x+1>0,
x+3>0,
HYIOUH KOXKHE IIePeTBOPEHHS PiBHAHHS, CTe-
JKUTU 3a TUM, uu MoxkHa Ha OJ[3 BuUKOHATHU

IaHOTO PiBHAHHA { a II0TiM, BHUKO-
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Ile TIEPeTBOPEHHA 1 Y 3BOPOTHOMY HAIPAMKY.
Koy BigmoBigh cTBepaHA, TO BUKOHAHI Ie-
PEeTBOPEHHS PiBHOCWMJIBbHI. SIKIO K AKech me-
PeTBOPEeHHS s BCixX 3HaueHb sMinHOI 3 O3
MOJKHA BUKOHATHU TiJIbKY B OJHOMY HATPAMKY
(Bixg mOUYaTKOBOTO PiBHAHHS O HACTYITHOTO),
a 1151 10T0 BUKOHAHHSA Y 3BOPOTHOMY HATIPAM-
Ky moTpiOHi AKichk J0gaTKOBI 00MeE)KeHHS, TO
MU OIeP:KMMO TiJIbKN pPiBHAHHA-HACJIIIOK,
i oTpumanHi KOpeHi moBeIeThCs MepeBipATU
OiCTaHOBKOIO B 3a/laHe PiBHAHHS.

3acTocyeMo 3a3HaYEeHU OPi€HTHUP A0 PO3-
B’A3yBaHHA piBHAHHA (8).

11106 3BecTu 1ie PiBHAHHSA [0 HAWUIIPOCTi-
II0T0, IIEepeHeceMO BCi WjeHW PiBHAHHA, AKIi
MicTATH Jiorapudmu, y HOro JiiBy 4acTUHY.
Onmep:xuMO piBHOCUJIbHE PiBHAHHS

log, (x+1)+log,(x+38)=3. 9)

(PiBHocuapHicTh piBHAHBL (8) i (9) BU-
IJIMBAE 3 BiIOMOI TeopeMu: AKIIO 3 OOHiel ua-
CTHUHU PiBHAHHSA IIEPEHECTU B iHIY JOTaHKU
3 TIPOTWJIEKHUM 3HAKOM, TO OJEP:KUMO PiB-
HAHHSA, PiBHOCUJIbHE 3aJaHOMY Ha OyAb-saKili
MHOMKWHI.

PiBHOCHUIBHICTP NIUX PiBHAHb BUILIU-
Ba€ TAKOXK i3 TOro, 10 MU MOJKEMO IIepeiTu
He TinbKu Bix piBHOCTi (8) mo piBHocTi (9),
a ¥ BUKOHATU 3BOPOTHE MEPETBOPEHHSA, KO-
PUCTYIOUNCHL BJACTHUBOCTSIMHU YHCJIOBUX PiB-
HOCTeIi.)

VYpaxoByrwouu, 1mo cyma Jorapudmip mgo-
matHuX (Ha O13) uncen nqopiBHIOE JoTrapudmy
IOOYTKY, OEePKYEMO PiBHAHHS

log, ((x+1)(x+3))=3. (10)

Ha OJI3 zamaHOTO DPiBHAHHSA MOXKHA BU-
KOoHaTM i B3BOPOTHE IIEPETBOPEHHA: OCKiJb-
Ku x+1>0 i x+3>0, To Jorapudm H00YTKY
IOOATHUX YMCEJ AOPiBHIOE cyMi Jorapm@MiB
MHOKHEUKIB. OTike, Bim piBmocti (10) mosxk-
Ha TOBepHyTUCS A0 piBHOCTI (9), TOOGTO 1€l
mepexiyi TeX NPUBOAUTH MO0 PIBHOCHUJILHO-
ro piBHaHHA. PiBHauna (10) — me Haimpo-
crimre jgorapudmiune piBHAHHA. BoHO piB-

HOCUJIbHE piBHAHHIO, fAKe OTPUMYEMO 3a
osHaueHHaM Jorapudpma: (x+1)(x+3)= 23,
Bukonyoun piBHOCUILHI IIEPeTBOPEHHS OZIep-
JKAaHOTO PIBHAHHS, MAa€EMO: x2+4x-5=0;
x=1, xy=-5.

OckinbKY Bei piBHOCUJIBHI ITIepeTBOPEeHHS
BukonyBanauca Ha O3 3agaHoOro piBHAHHSI,
ypaxyewmo ii, mificraBasoun oepsKaHi KopeHi
B obmerxkenua Ol13:

x=1 — KOpiHb, OCKiJIBKHU 3aJ0BOJILHSE
ymosu OJ13;

x =-b He € KopeHeM (CTOPOHHiII KOPiHB),
TOMY IIIO He 3a40BoJbHsIe ymoBu OI13.

Omike, 3afjlaHe PiBHAHHA Ma€ TiIbKU OOUH
Kopiab x=1.

———
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3ayBarKeHHA. 3BUUAHO, PO3TJIAHYTE PiBHAHHA MOKHA 0yJ0 pPO3B’sA3aTu
3 BUKOPUCTAaHHAM PiBHAHb-HACIIAKiB, 6e3 sBHOTO BpaxyBaHHa O3, ane
3 IIEPEBiPKOI0 OfepKaHMX PO3B’sA3KIB IiJCTAHOBKOIO B IIOYATKOBE PiB-
HaHHA. ToO6ToO MOKHA CaMOCTiHHO OoOMpaTH IIJIAX PO3B’SI3yBaHHSA PiB-
HAHHS: a00 e 0y/Je BUKOPUCTAHHSA PiBHAHL-HACIiAKIB, a00 piBHOCHIbHI
epeTBOPEHHA 3aJaHOT0 PiBHAHHS. AJle 11 6araThboxX PiBHAHB II€peBip-
Ky OJIepsKaHMX KOPEeHiB BUKOHATH JOCHUTHL HEIIPOCTO, a IJA HepiBHOCTeH
B3araji He MOKHA KOpHCTyBaTucsA Hacaigkamu. Ile moB’s3aHo 3 TUM,
[0 He BAAETHCSA IIEPEBIPUTH BCI0O MHOMKMHY PO3B’sA3KiB HepiBHOCTEI,
OCKiJIbKU BOHA, AK IIPAaBUJIO, HecKiHuenHa. OT:Ke, OJIs HepiBHOCTeH mO-
BOAUTHCS BUKOHYBATHU TiJIbKM PiBHOCUJIBHI IepeTBOpPeHHA (AJA IIHOTO
MOKHa BUKOPHCTOBYBATHU OPi€HTUPU, IIOBHICTIO aHAJOTIUHI HaBeIeHUM
BHUIIIE).
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NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

ﬂpu;{/\aa 1 Po3B’s3KiTh piBHAHHA
1
lg(x—Z)—Elg(3x—6)=1g2. (1)
Po3p’a3anHa Komenrap
2lg (x—2)— 1g(3x —6)= 21g2; 2) P?BB’H?RGMO 3ajaHe pil?HHHHH 3a JOIIOMOTOI0 Hacni‘/:n-
kiB. Haragaemo, 1o nid uyac eukopucmarHs HAcAiO-
lg (x _2)2 ~1g(8x-6)= ]gzz; (3) ' Ki8 z0n068He — zapanmyeamu, wo Yy eunadky, KoIu
5 nepwa pieHicmbv 0yde npasuabHOl0, Yci HACMYNHI
(x-2) medxc 6yoymv nNPABULLHUMU.
lg 3x-6 lgd; (4) IIT06 mo36yTuca npo6oBoro kKoedinieHTa, MIOMHOXKIMO
9 0o6uaBi yactunu piBHAHHA (1) Ha 2 (aKuio piBHicTs (1)
(x-2) —4: (5) IpaBUJIbHA, TO I PiBHiCTH (2) Te:K mpaBuIbHA). SIKIITO
3x-6 ’ pieHOcTi (1) abo (2) mpaBuabHI (IpU THUX 3SHAUEH-
2 HAX X, [0 € KOPEeHAMU IIUX DPiBHAHB), TO IIPU TAKUX
(x-2)"=4(8x-6); (6) | smavemmax x icHyroTh yci 3anucasi Jjorapudmu, Toni
22 -16x+28= 0; (7) | BUpasu x—2 i 83x—6 momarHi. AJe #jid DOLATHUX d,
x,=2, x,=14 b, ¢ moxkHa cropucraruca gopmynsamu 2lga= lgaz,
b . b
) » ] lgb—1gc=1g—, orxe, piBHOCTi (3) i (4) Tex OGyayTH
Ilepesipka. x=2 — CTOPOHHi! KOpiHB c
(mig sHaxkoMm sjorapudma orpumyemo 0), ' HPABUIbHUMHU. YpaxoBywoouu, mo GyHKunia y=Igt
x=14 — KOpiHB, OCKIJIBKU MAaeMo: 3pocTarua, TOOTO KOXKHOTO CBOTO 3HAUEHHS Ha6yBae
1 TiTBPKU IPU OJHOMY 3HAUeHHIi apryMeHTa, 3 piBHOCTI
lg(14-2)— Elg (3-14-6)=1g2; snorapudwmis (4) oep:KyeMo piBHiCTb BigmoBigHUX ap-

rymeHTiB (D).
1g12—l1g36=1g2; lng—lglegZ; Axio PiBHiCTb (5) IPaBUIbHA, TO 3HAMEHHUK {:.["p06y
2 He JOPiBHIOE HYJIO, i micjad MHOMKeHHA 0060x Ii ua-
9 crue Ha 3x—6#0 omep:KyeMo IpaBUIBHY PiB-
lg? =1g2; 1g2=1g2. HicTb (6) (oTke, i npaBuabHy piBHiCTS (7)). OCKiTbKM
MU KOPUCTYBaJUCA PiBHAHHAMU-HACIiTKaMu, HE00-
XiTHO BUKOHATU IIePeBipKy 3HaleHUX KOPEHiB.

Bidnosidv: 14. <|
npuK/\aa 2 Po3B’sKiTh piBHAHHA
log, (x—5)* —2=2log, (2x). (1)

Po3p’a3anHA Komenrap

2 Posp’sikemo 3amaHe PiBHAHHS 3a JOIIOMOTOIO0 PiBHO-
(x-5)">0 . Jx#5,
ol13: > Toni >0 CUJIbHUX IIepeTBOpeHb. Haragaemo, 1110 1 IILOTO I0-
2x>0. : craTHbO ypaxysamu O3 3a0anH0z0 pi6HAHHA | cme-
Ha mi#t O13 3ajane piBHAHHA PiBHOCWUIBL- | ycumu 3a mum, w06 Ha O[3 KoxcHe nepemeopeHHs

He PiBHAHHAM MONCHA OYJO 6UKOHAMU AK Y NPAMOMY, MAK i Y 360-
log, (x—5) —log, 2% =2log, (2x); DOMHOMY HANPAMKAX 3i 30epeiceHHAM NPAGULLHOCHL
( )2 pienocmi.
x—-5 2 Baysaskumo, mo Ha OII3 Bupas x—5 Moike 6yTH AK
logy 2 =log, (22)*;  (2) ' 5% mo xa O/13 eupas v
9 IOJATHUM, TaK i Big’€MHHMM, i TOMYy MU He MAaEMO

(x—5)2 B (2x)2' 3) IIpaBa 3aCTOCOBYBAaTHU O Bupasy log, (:x:—5)2 opmy-
22 ’ ay log, (x— 5)2 =2log, (x—5) (ue mpusene 1o BrpaTu
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(x-5)% =4-4x2;
1522 +10x-25=0;
3x2+2x-5=0;

5

x;=1, x,=——.
1=4 X2
3

VYpaxosytoun OII3, omep:kyemMo, II0 3HA-
venna x=1 sBxomute mo O3, orxe,

5
€ KOpeHeM; 3HaUeHHd X = —g He BXOIUTH

mno OJI3, orike, He € KOopeHeM 3aJaHOTO
PiBHAHHA.
Bidnosgidv: 1. <

Mpukrad 3*

Poss’azanuga

x>0,

ona: {7}

HA piBHOCUJIbHE DiBHAHHIO

Ha O]JI3 samame piBHAH-

log4x+6;=5.
log, x

Buxonaemo saminy log,x=t.

6
OzmepoKuMoO: t+—=>5; (1)
t
t?2 —5t+6=0; (2)
t, =2, ty=3.
BukoumaBmu o6GepHeHy 3aMiHy, OTpu-
MaeMo:

log,x=2 a6o log,x=3;

x=42=16 a6o x=4>=64
(obunmBa KopeHi BxomaTs go OI13).
Biodnosidv: 16; 64. <|

Mpukaad 4*

Po3sp’a3zannsa

0ol3: x>0.

Ha OJI3 samane piBHAHHA pPiBHO-
CUJIbHE PiBHAHHAM

KOpeHs). 3aCTOCYBaBIIIN y3araJbHEHY ()OpPMYJIy Jora-
pudmMyBaHHA, ONEPKUMO PiBHAHHSA, IO MICTUTH MO-
aynab. ToMy BUKOPHCTAEMO iHIIWE cIOCi6 mepeTBo-

peHb, ypaxyBasmu, o 2=log, 22. Ockineku Ha
OI13 yci Bupasu, MmI0 CTOATH IIijJi 3HAKaAMu Jorapud-
MiB, momaTHi, TO Bci mepeTBopeHHS Bij piBHAHHS (1)
o piBHAHHA (2) OyAyTh PiBHOCUJIBHUMU. BUKOHYBa-
TU PiBHOCHWJIbHI IIepeTBOpPeHHA PiBHAHHA (2) MOXKHAa
3 BUKOPHCTAHHAM OpPi€HTHPA, HaBEeJeHOro Ha c. 58.
Tako:x piBHOCHUABHiCTH PiBHAHB (2) i (3) Moxke OyTH
o0r'pyHTOBaHA uepe3 3pocTaHHA (yHKIII y=log,t,
AKa KOYKHOTO CBOTO 3HAUeHHA HaOyBae TiJbKU IIpU
OOHOMY 3HAUeHHi apryMeHTa.

Posp’axire piBanHa log, x+6log,4=>5.

Komenrap

BuxkonaeMo piBHOCUJILHI IIepeTBOPEHHS 3aJJaHOT'O PiB-
HaHHA. [aa mporo sHammemo ioro O3 (x>0,
x#1). OckinbKM 10 PiBHAHHA BXOAATH JOTapudmMu
3 piBHMMM OCHOBaMH, 3BeJeMO iX A0 OAHiel OCHOBU
(GaskaHO YMCJIOBOI, iHAKIIIe MOJKHa 3aryOUTH KOpPeHi
PiBHAHHA), y JaHOMY BUIAAKY A0 ocHOBU 4, 3a dop-
1

log,a

ITicna 3Bemenusa jgorapu@MiB J0 OLHiel OCHOBM IIOMi-
YaeMo, II0 B OTPUMAaHOMY PiBHSHHI BUpas3oM 3i 3MiH-

mynoio log, b=

HOIO € Tinbku Bupas log, x, mpucyrHii kimbka pasis.
Buxonaemo saminy log, x=t. Ockinbku 3a oOMerKeH-

mavmu OII3 x#1, to t#0. Toxi oxepsxaHe npoGose
piBuaraHA (1) piBHOCMIBHE KBaJApaTHOMY PiBHSH-
Hio (2).

OckinbKu 3aMiHa I obepHeHa 3aMiHa 3MIiHHUX € pPiB-
HOCWMJIbHUMU neperBopeHHAMEU Ha O3, To mis oxep-
JKaHUX PO3B’A3KiB MJOCTATHLO IIEPEBipUTH, UM BXO-
nATs BoHU nmo OJ13.

Po3B’s:kiTh piBHAHHSA

x'€*2=1000.

Komenrap

(1)

Bukonaemo piBHOCHJIBHI IIepeTBOPEHHS 3aJaHOTO0 PiBHAHHS.
Hnsa mporo sHaigemo ioro O3 i BUKOpHCTAEMO OpPi€HTUD:
AKWO 3MiHHA 8X00Uumb i 00 0CHO8U, i 00 NOKA3HUKA CMeneHs,

mo 0nsa po36’A3Y8AHHS MAK020 PIBHAHHS MONCHA cnpodysa-

1g(x'8%2) =1g1000, (2)
(lgx-2)lgx=3. (3)

mu npoJsozapupmyeamu o6udsi uacmuru pi6HsAHHs (3BUUAL-
HO, TiJIBKMW SAKINO BOHU moxaTHi). o sammcy piBHAHHA BiKe
BXOOUTh HECATKOBUII JorapuM, TOMY IIPOJIOTapuUPMyeMO
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Buxonaemo saminy lgx=t.
Onep:ruMO:

(t-2)t=3; t?-2t-3=0;
t1:_1, t2:3.

BukonaBmiu o6epHeHYy 3aMiHY,
OTPUMAaEMO:

lgx=-1 a6o lgx=3.
3Bigcu

x=10"1=0,1 a6o x=10%=1000.
Bidnosios: 0,1; 1000. <l

Mpukrad S
PosB’asanHsa
3 -8=3""
2
3x - 8 = z—x .
Buronaemo saminy 3% =t.
Onmep:Kumo: t—8= %;
t?-8t-9=0;
tl = 9, t2 = _1.

BukonaBmiu o6epHEHY 3aMiHy, OTPUMAa€eMO:

3*=9, Toxni x=2, abo 3* =—1 — kopeniB HeMae.

Bidnosidv: 2. <

06maBi yactuau 3a ocHoBo 10 (ma O/l3 ob6uaBi yacTuHU 3a-
JTaHOTO PiBHAHHA JONATHi).

Ockinbku Qyurunis y=1g¢ spocramoua, TO KOKHOIO CBOTO
3HAUYEeHHA BOHA HaOyBae TiJILKU IPU OZHOMY 3HAUEHHi apry-
meHTa. Toxi AKIIO BUKOHYeEThCA PiBHICTH (1), TO BUKOHYETH-
cA # piBHicTs (2), 1 HaBmaKM: AKINO BUKOHYETHCA PiB-
HicTh (2), To BUKOHyeThcA ¥ piBHicTs (1). OT'Ke, piBHAH-
Hs (1) i (2) piBHocuapHi Ha OI3. IIpu x>0 sacrocyBamHs

dopmynu lgx®*=olgx e pPiBHOCHMIBLHEM IIE€pPeTBOPEHHAM,
om:ke, piBHAHHA (2) i (3) TeK PiBHOCUIBHI.

OOr'pyHTYBaHHA pPiBHOCUJIBLHOCTI MOAAJBIINX II€PETBOPEHD
TOBHIiCTIO 30iraeThbCcs 3 aHAJOTiYHUM OOT'DYHTYBAHHSM y IIO-
nepegHbOMY MPUKJIAII.

Posp’sikiTh piBHAHHA log, (3*-8)=2-x.

Komenrap
SAKIO posriAHYyTU 3aJaHe PiBHAHHA AK Hali-
npocrinte Jjgorapu¢MiuHe, TO MOXKHA CTBED-
IUKyBaTW, IO 3a O3HAUeHHAM Jiorapudma

1)

BOHO piBHOCHJIbHe piBHAHHIO 3°—-8=3%7.
Ax yxe Oyso 3asHaueHo pamimre, O3 3a-
nasoro piBHaAHEHA 3% —8>0 mia Bcix Kope-
HiB piBHAHHA (1) ypaxoByeThCA aBTOMATUY-

(2
3

HO, ockinbku 327% >0 sasmaum. Jami pos-
B’si3yemo piBHaHHA (1) 3a cxeMmoro, HaBeme-
HOIO B TabJi. 4 11 MOKA3HUKOBUX PiBHAHB.
Ockinpku t=3">0, to t#0, i Tomy piB-

HAHHA (2) piBHOCMJIbHE PiBHAHHIO (3).

log, x+log,y=2,

ﬂpw(/\aa 6 PosB’sa:KiTh cucTeMy pPiBHAHD
logs(y—x)=1.
Posp’a3annsa Komenrap
log (xy)—2 A i nmorapupmiuni piBHAHHS, CHUCTEMU JioTra-
1 2 ( ) ’ 1 pudMiuHEX PiBHAHL MOKHA PO3B’A3yBaTU i 3a
o -x)=1. o .
g3\Y JIOIIOMOT0I0 cucmeMm-HacaiOki6 (KoJHUlL po3e6’s-
3a O3HAUEHHSM Jorapudma Maemo: 30K nepwoi cucmemu € po3g’a3xom Opyezoi), i 3a
xy=22, JIOIIOMOT'0I0  Di6HOCUAbHUX NEPemeopeHb Cu-
y—x=3. cmem (yci po36’A3KU KOHNCHOL 3 HUX € P0368°A3Ka-

I3 apyroro piBHAHHS OCTAHHBLOI CHCTEMHU OHEpP-
JKyeMo y=x+3 1 mimcraBiasiemo #oro B mepiie
PiBHAHHA:

x(x+3)=4; x®>+3x-4=0;
x;=1, xy=—4.
Toxmi y; =4, y,=-1.

MU THWOL).

Kpim Toro, nna posB’A3yBaHHSA CHUCTEM JIOTa-
pudmMiuHNX pPiBHAHL MOKHa BUKOPHUCTOBYBATHU
Ti cami meroau, IO I [AJA PO3B’A3YBaHHA iH-
uX BUIIB cucTeM (MeTon ajaredbpaiuHoro mozaa-
BaHHA, IiJICTAHOBKA AEAKOTO BUPA3y 3 OJHOTO
piBHAHHA B iHIIi, 3aMiHa 3MiHHUX).
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Ilepesipka.
oTIKe,
logg(4-1)=1; 1=1, *"
{x =1, . . .
y=4 — PO3B’A30K 3aJaHOI CUCTEMU PiBHSHD;

— CTOPOHHIi# pO3B’A30K (OCKiIBKU

x=—4,
y=-1
Bim eMHi umcsia).
Bionosiov: (1;4). <

oif 3HAKOM Jiorapudma omep:KyeMo

Hanpukaan, poss’siKeMo 3aJaHy CHCTEMY 3a
JIOTIIOMOT0I0 cucTeM-HacaigkiB. asa mporo mo-
CTaTHLO TapaHTyBaTHU, 1[0 V BUIAAKY, KOJU 3a-
JaHa CHCTEMAa CKJIAJAE€TbCA 3 IIPABUJIBHUX PiB-
HOCTel, KOYKHa HACTYIIHA CHUCTEMAa TaKOoXK Oynme
MicTuTH npaBuJbHI piBHOCTI. [yd cucreM piB-
HAHb, AK 1 JJA DiIBHAHDb, NPU 6UKOPUCMAHHI
cucmem-Hacniokie 0608’ 13K080 He00XiOHO 8UKO-
Hamu nepegipky o00epiaHux po3e a3Kié nio-
CMAHOBKOI0 8 NOYLAMKO8Y cucmemy.

N

3ayBakeHHA. 3amaHy cucTeMy PiBHAHBb MOKHA OyJio po3B’A3yBaTu i 3a
IOIIOMOI'0I0 PiBHOCHJIBHUX IIepeTBOpPeHb cucteMm. Tomi moBesocsa 6 ypa-
xyBatu OII3 samanoi cucteMu PiBHAHB, CKJIABIIIN CHUCTEMY HepiBHOCTEN

x>0,
y>0,
y—x>0,

CTEeXKUTHU 3a PiBHOCUJIbHICTIO BUKOHAHUX II€PETBOPEHb (y Ha-

IIIOMY BUIIQAKY BCi 3amucaHi mepeTBopeHHs € piBHocuiabHUMU Ha O[3),
a B KiHIli mepeBipsaTH, UM 3aJ0BOJBHAIOTL OAeP:KaHi PO3B’A3KM YMOBU

013 (mapa uucen {x

=1
> sagoBosbHse ymoBu OI13, a mapa uuces

x=-4,
y=-1

He 3amoBoJbHAE yMoBu O/13).

log, x+log, y=2,

ﬂpuK/\aa 7 Posp’siiTh cucreMy PiBHAHB 4
x“—y=20.
Po3p’a3anua Komenrap
x>0, Posp’sikemMo 3afaHy CHCTEMY 3a OOIIOMOTOIO PiBHO-
OJ13: x#1, CUJILHUX II€PEeTBOPEeHb. [IJIA [bOTO JOCTATHHO ypaxy-
" ly>0, Baru ii O/I3 i rapanTyBaTu, 110 Ha KOKHOMY KpPOIIi
y#1. 0yJIO BUKOHAHO caMe PiBHOCHUJIbHI IIepEeTBOPEHHS

Toxi 3 mepioro piBHAHHSA MaeMO:
1
—+log, y=2.
log,y
Bukonaemo saminy t=log, y.

1
Opmepskumo: —+1=2; t2—2t+1=0; t=1.
t

BurkonaBIiu obepHeHy 3aMiHy, OTPHUMAa€EMO:
log,y=1, To6T0 Yy=1x.

Toxmi 3 mpyroro piBHAHHA CHUCTEMU MAa€EMO:

x2-x-20=0; x;=—4 (He BXOZUTH HO

013), x,=>5 (Bxozurs no OJI3).

OT:xe, po3B’A30K 3aJaHOI CHCTEMMU: {; ig’

Bionosiov: (5; 5). <

piBHAHHA abo Bciei cucTemu. ¥ meprromy piBHAHHI

cucTeMmu Bci Jiorapu(dmMm 3BegeMO A0 OAHiel OCHO-

Bu x (ma O3 x>0, x=#1): logyxz;.

log, y
o3 y#1, orxe, log,y#0. Toxi micaa saminm

Ha

t=log,y maemo t#0, i Tomy nmepexin y poss’asanHi
Bil Apo6GOBOTO PiBHAHHS OO0 KBaJApPaTHOTO € PiBHO-
CUJIbHUM.

Ockinbkm 3amiHa (pasoM 3 O00OEpHEHOI 3aMiHOI0)
€ PiBHOCHUJIBHUM II€PETBOPEHHAM, TO, 3aMiHIOIOUN
mepine piBHAHHA CUCTEMU DPiBHOCMJIBLHUM oMy (Ha
O/13) piBHAHHAM Y =X, OEP’KYEMO CUCTEMY, PiBHO-
cuibHy 3axaHin (ma i1 O13).
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3anumaHHg

Bnpabu

2%,

6.1.1°.

6.1.2.

6.1.3.

6.1.4.

6.1.5.

6.1.6.

IToscHiTh, Ha TpUKJIALaX, AK MOKHA PO3B’sA3yBaTU HAMIIPOCTIIIi JIo-
rapu@MiuHi piBHAHHSA, KOPUCTYIOUYNCH O3HAYEHHAM Jorapudma.
OOT'pyHTY#iTe cIIpaBeAJUBiCTh PiBHOCUJIBHOTO IIEPEXOmY
log,f(x)=ce f(x)=a® (a>0, a#1).

ITosicHiTh, AK MOXKHA PO3B’A3aTU PiBHAHHA logy (x—2)=log5 (x2 —2):
a) 3a DOMOMOTOI0 PiBHAHBL-HACJiIKiB;

0)* 3a JOIMOMOTOIO PiBHOCUJIbHUX IIEPETBOPEHbD.

IloAacHiT, Ha NUpPUKJIALI BUKOPHUCTAHHA 3aMiHM 3MiHHHMX MTig dYac
PO3B’sA3yBaHHS JIOTAPUPMIUYHNX PiBHAHL. ¥ SKUX BUOAIKaX OIiJIb-
HO BUKOPHCTOBYBAaTU 3aMiHy 3MiHHUX?

Y saBmanHax 6.1.1-6.1.5 posB’aAXKiTh PiBHAHHA.

1) log,x=4; 3) 10g4x=%;

2) logg,x=-1; 4) lgx=2.

1°) logg(2x—1)=2; 3) log, (x%+2x-2)=0;
2°) log, (5x—21)=-2; 4) 1g(8-x)=-1.

3
1°) Ig(x+9)+1g(2x+8)=2; 3) 2log,x—log,(8x—-4)=1;

2°) logy(x+1)+logs(x+3)=1; 4) %logf, (x—4)+%log5(2x—1)=log53.

1°) 10g§x—4log3x+3=0; 3) log§x+log3x2=8;
2%) 3—1gx i 1+1gx -
1) log,(10-2%)=x+2;
2) 1g2+1g(4*2+9)=1+1g(272 +1);
3) log,(6+77%)=1+x;

1) log,2(4-3%—6)—log, (9% —6)=1.

Posp’sakiTh rpadiuHo 3amaHe piBHAHHA 1 mepeBipTe IIiJCTaHOBKOIO,
10 3HalileHe 3HAUEHHA X JifiCHO € KOpeHeM DiBHAHHA:
1) logyx=3-x; 3) log; x=x-1;
3
2) log3x=10glx; 4) lgx=11-x.
2

4) 1g3 x? =8lgx.

6.1.7*. Iosexits, mo piBHAHHSA, HaBegeHi B 3aBmaHHi 6.1.6, He MarThH iH-

6.1.8.

X KOPeHiB, KpiM sHamgeHUxX rpad)idHo.

Posp’sakiTh cucTeMy PiBHAHB:
1 {1g(xy)=3, 3) {log2x+log2y=2,

lgxlgy=2; log,(x+y-38)=1;
8
2) log, x+log,(y—1)=3, 1) logyx—logxy=§,
2x—-y=1;

xy=16.
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6.1.9.

6.1.

10.

1.

2.

3.

.14.

.15.

.16.

7.
.18.

Y saBmamHax 6.1.9-6.1.18 poss’s:KiTh PiBHAHHA.

1) logix—3log;x+2=0; 3) 15-lgx=2lgx ;
1g2(10
2) log, x(5—2log, x)=3; g 1200)
5-lgx
9 9 1 2 5
1) 1g°(100x)+1g”(10x)=14+1g—; 3) + =2;
x log,x log,x+3
1 2
2) log?(3x)+log, x = 3'°%85; + =1.
) log;(3x)+1log, 5-log; x 1+log, x
B B
1) logzlog,(x—4)=0; 3) 10g410g3log2x=%;
2) log,log;x=1; 4) 10g4log3log2(x2—1)=0.
1) 2log,x+5log, 4=11; 3) log,x+log,2=2,5;
2) 1+2log,,,5=log;(x+2); 4) logx2—log4x+%=0.
1) log0’5(2x—1)=x—1; 3) x+10g2(2x—31)=5;
2) logy (6+77%)=1-x; 4) log, (8> —8%-63)=x.

1) log2(2x+3)+log2(5—2x)=4;

2) log2(4~3x—6)—log2(9x—6)=1;

3) log2(3x—2)+10g2(3x—4)—log2(4~3x—1)=0;
4) log, (977 +7)=2+log, (3" +1).

1) logyx+loggx=1;

2) logs, s 2=log, \2;

3) logy(-x*~8x-14)-log » , ,9=1;

4) 2log,, 3=1og?3.

1) log4(log2§)=—log4(log4x);

2) logsxloggxlogy, xlogg, x= 2

.
2

3) (2x” -5x+2)(logy, (18x)+1)=0;

4) (xz _7x+6)(logz (%xz}rz}:o.

1) |lg|x||=1g(-x); 2) |2+log, x

5

+3=|1+log;x|.

1) 3log§sinx+log2(1—cos2x)=2;
2) log, (\/gcosx)zlog2 (1+sinx).
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6.2. Po3B’'a3yBaHHA norapudpmiyHNX HepiBHOCTEN
Ta6aumnsa 9

1. Fpadik dyHKUiT y=log,x (a>0; a=1)

a>1 O<a<l
Yy Yy
0/1 x

3pocTae Ccliamae

2. PiBHOCMNIbHiI NepeTBOPEHHS HaAMMNPOCTilMX sorapudMiuHMX HepiBHOCTEM

a>1 O<a<l

log, f(x)>log, g(x) & log,, f(x)>log, g(x) =

f(x)>g(x), flx)<g(x),
e1flx)>0, o {f((x))> %(x), siflx)>0, < {fﬁx;<§(x),

g(x)>0 glx)>0. g(x)>0 f{x)>0.
3HaK HepieHOCMI He 3MIHIOEMbCA, 3HaK HepieHOCMI 3MIHIOEMbCA,

i epaxosyemuvca OJ]3. i epaxosyemuvca OI]3.
ITpuxkaamn
log,(x-5)>3. log, (x-5)>3.

2

0l13: x—-5>0, TobTo x>5.
03: x—5>0, Tobro x>5.
log, (x—5)>1log, 23.

3
1
®yurnia y=log,t € spocraio- logl (x-5)> logl (E) ’

Y010, OTKE, 2 2
®yuriia y=log 1 t € cmagHOIO0, OT:Ke,
x—5>23%; x>13. 5
3
Vpaxosyroun O/13, maemo x>13. x—5< (l) s x< 51.
2 8

Bidnosiov: (13; +o<>). < 1
Vpaxosyioun OJI3, maemo H<x<bH—.

Bidnosiov: (5; 5%) . <

3. Po3B’A3yBaHHA 6iNbll CKNAaAHMUX JorapudPMidyHUMX HepiBHoOCTeM

OpienTup IIpuxnan
E ....................................... E 1g2(10x)_1gx>3
: 1.3a ponomoroto piBHOCKNbHUX : 0OJ13: x>0. Ha niit OJ/I3 3azaHa HepiBHiCTb piBHOCHIBHA
nepeTBOpeHb 3afjlaHa HepiB- :  HepiBHOCTAM
HiCTb 3BOAUTBLCA [0 HEPIBHOCTI - (1g10+1gx)2 _lgx>3;

BigoMoro suay.

-----------------------------------------

(1+1gx)’ -1gx>3.
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Cxema
PiBHOCUNLHUX NepemeEopeHb
HepigHOCMI

. ¥Ypaxoryemo O[3 samamoi He-

piBHOCTi (i YHMKaeMO IepeTBO-
peHb, AKi IPUBOAATHL O 3BY-
sxkenua O0J13).

. Crexxumo 3a tum, mob6 Ha O3

KOJKHE IIePeTBOPEHHS MOYKHA
0yJI0O BUKOHATH AK Yy IPSIMOMY,
TakK i y 3BBOPOTHOMY HAIIPSIMKAX
3i 30epekeHHAM NPaABUJIbHOCTI
HepiBHOCTI.

. ll. 3actocoByemo  meTop  iHTEp- :

BaniB (3afaHa HepiBHICTb 3BO- :
ONTbCA A0 HEepiBHOCTI Buay :
f(x)20) :

Cxema memody inmepsanie

. 3uaiitu O/13 HepiBHOCTI.

. BHaiitn myxi Qyuruii f(x).
. lloznauntu HyJIi

¢pyHEnii HaA
O/13 i suaiitu snak f(x) y Koumx-
HOMY 3 HpPOMikKiB, Ha aki 013
pPO30MBAETHCA HYJISIMMH.

. 3amucaTH BigmoBigb, ypaxoBy-

094 3HAK HEPiBHOCTI.

Bukonaemo saminy lgx=t.
.. 2
Omep:XKUMO HEpPiBHICTH 1+¢)-¢>3 , TOOTO t2+t-2>0 )
MHOKHHA Po3B’A3KiB sxkoi t<—2 abo =1 (guB. PUCYHOK).
+\. J/+
1

-2 —

t

BukonaBmu o6epHEHY 3aMiHy, OTPHUMA€EMO:
lgx<-2 abGo lgx>1.

Toxi lgx<1gl0™? ado lgx>1g10.

Ypaxosyioun, mo QyHKIis y=1gx € 3pocTamouoio, ogeprKy-
emo: x<1072 ago x>10.

Ilicna Bpaxysamua O3 maemo: 0<x<0,01 a6o x=>10.
Bidnogiov: (0; 0,01]U[10;+oo). <

log, (2x+3)<2.
Posp’sa:xemo HepiBHicTE MeTOOM iHTepBasiB. Bona piBHO-
cuJbHA HEPiBHOCTL

log ,(2x+3)-2<0.
Hosnaunmo f(x)=log, (2x+3)-2.

2x+3>0, 50
1. O7I3: {x>0, T06TO {x ’
x#1.

x#1,

2. Hyni dymxmii: f(x)=0; log,(2x+8)-2=0; log, (2x+38)=2.
Ha OJ13 e piBHAHHS PiBHOCUJIbHE PiBHAHHIO 2X+3= x2
(AKe ogep:kyeMo 3a oO3HaueHHAM Jorapudma). Tomi
x?-2x-8=0; x,=-1, x,=3.

Ilo OII3 BxoauTh Timbku x=3, omke, f(x) mMae exunmii
HYJIb X=3.
3. Ilosnavaemo myai pyskiii va O3, sHaX0AUMO 3HAK f(x)

Y KOXKHOMY 3 IPOMiKKiB, Ha aKi posdouBaerbca O3 (qus.
PUCYHOK), 1 3aIIMCyeEMO MHOXKUHY PO3B’A3KiB HepiBHOCTI

f(x)<0.
— + —
0 1

o ¢
K

Bidnosids: (0;1)U(3;+0). <

MOACHEHHA 1 OBI'PYHTYBAHHH

Po3B’'si3yBaHHS HaMNpPOCTILLUNX
norapudmiyHnx HepiBHoOCTEN

Hatinpocmiwumu J102apuMivHUMU He-
pisHocmamu 3a3BUUAl BBAXKAIOTh HEPiBHOCTI

BUIY

log, f(x)>log, g(x) (me a>01ia=1). (1)

Hna posB’sasyBaHHA TakKol HEPiBHOCTI
MOKHa BUKOPHCTATH PiBHOCUJIBHI IIE€PETBO-
PeHHdA.

PosB’a3youn HepiBHICTH Y TaKUi ciocio,

f(x)>0,
g(x)>0
IMIAHYTH JBa BUINAIKKA — OCHOBA Jiorapudpma

HeoOximHo BpaxyBatu ii OJ13: { i pos-
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6isbIria 3a 1 a6o ocHoBa MeHIma Big 1 (aje 6ib-
mia 3a 0).

I. dAxmo a>1, morapmdpmiua QyHKIiA
y=log,t spocrae Ha Bciil ob1acTi BU3HAUEH-
HaA (ToOTO TIpM ¢>0), i TOMY OGinbIITOMY 3HA-
yeHHI0 PYHKIIII BigmoBigae Oisbille 3HAUEHHS
aprymenra. OT:Ke, mepexoasuu B HeEPiBHO-
cti (1) Bix 3HaUeHb (PYHKILII [0 3HAUEHDb apry-
MeHTa (Y JaHOMY BUNAAKY IIEPEXOIAUU 0 BU-
pasiB, AKi CTOATH ITig 3HAKOM Jiorapudma), Mu
MOBUHHI 3aJIMINNUTY 3HAK HEPiBHOCTL, TOOTO

fx)>g(x). (2)

Vpaxosyiouu, 1o Ha O[3 ykasauuii me-
pexim Mo:KHa BUKOHATU I Y 3BOPOTHOMY Ha-
OpAMKY (6iIBIITOMY JOJaTHOMY 3HAUEHHIO ap-
TyMeHTa BiAIoBigae OinbIlle 3HAUEHHS (PYyHK-
mii), oxmep:kyemo, mo Ha OJ[3 HepiBHicTb (1)
piBHOCHIBbHA HepiBHOCTI (2). KopoTKo 11e M0oK-
Ha 3aIncaTH Tak:

AKIIo a>1, To
f(x)>g(x), (2)
log, f(x)>log, g(x) = {f(x)>0, (3)
g(x)>0. (4)

II. Axmo O<a<1, dorapudpmiuna GyHK-
nia y=log,t cmazmae Ha Bciit o6nacTi Bu3HA-
yeHHs (To0Tro mpu t>0), i Tomy OGiabitomy
3HaueHHI0O (GYHKIII BigmoBimae meHIle 3HA-
uyeHHA aprymenTta. OTiKe, mepexonAadyu B He-
piBHOCTI (1) Big 3HAUEeHDb (PYHKILII 10 3HAUEHD
apryMeHTa, MU DOBWHHI 3MiHUTH 3HAK HEPiB-
HOCTi Ha IPOTUJIEIKHUMN, TOOTO

flx)<g(x). (5)

VYpaxosyiouu, 1o Ha Q13 ykasaHuii mepe-
Xim MOKHA BUKOHATHU I Y 3BBOPOTHOMY HATIPAM-
Ky (MEHIIIOMY ZOJAaTHOMY 3HAUEHHIO apryMeH-
Ta BigmoBimae Oiyibiie 3HaueHHS (YHKILIT),
omep:kyemo, 1o npu 0<a<1 umepiBaicTs (1)
Ha i1 O/I3 piBHOCUIBHA HepiBHOCTI (5). Kopor-
KO IIe 3allCYyEMO TaK:
akmo O<a<l1, To

f(x)<g(x), (5)
log, f(x)>log, g(x) = {f(x)>0, (3)
g(x)>0. (4)

ITiocymosyrwuu odeprcani pesysrvmamu,
3a3HAYUMO, WO 0N PO38°A3YBAHHS HePiBHO-

cmi log, flx)> log, g(x) 3a donomozow pisHo-

CUJIbHUX nepemeopeHb Heo0XiOHOo apaxysamu
it O/]3, a npu nepexodi 6i0 3Ha4eHb PYHKUIL
00 3HaueHb apeymenma (moodmo 0o supasis,
AKi cmoambe nid 3HAKOM J0z2apugma) ypaxy-
8amu 3HAYEeHHA 4.

aKwo a>1, 3Hak HepieHOCMI He 3MiHIO-
emucs;

akwo 0<a<l, 3Hakx HepieHOCMi 3MiHIO-
EMbC HA NPOMUSLeHCHUIL.

IIpyknagm BUKOPUCTAHHA IIUX OPi€HTH-
piB HaBemeHo B Taba. 9.

r4

3ayBaxkeHHAa. CucrtemMm HepiBHOCTeH, #AKi
omepskamo miaa BumaakiB (I) i (II), mook-
Ha JeIo cupoctuTu. Hampukiaazn, AKIIO
B cucrteMi, orpumaHiii maas Bumaakry (I),
BUKOHYIOThCSI HepiBHicTs (2) f (x)> g(x)
i mepisuicTs (4) g(x)>0, To 38 nux HepiBHO-
creit Bumamsae, mo f(x)>0. Omxe, HepiB-
HicTh (3) miei cucTreMy aBTOMATUYHO BUKO-
HYETHCA, KOJIU BUKOHYIOTbCA HePiBHOCTI (2)
i (4), Tomy ii MosKHA He 3alMCyBaTHU OO IIiel
cucremu (guB. . 2 Tada. 9).

AmnajioriuHO OOT'PYHTOBYIOTH, IO B CHU-
creMi, orpuMmaHini gasa sunanky II, Hepis-
HicTb (4) € Hacaigkom HepiBHOCTEMH (3) i (5),
i1 Te)X MOKHA He 3alMnCyBaTU OO CUCTEMU.

Po3sB’ssxeMo HepiBHICTD

log (x2-2x)> log; 3.

log; (x? —2x)>log, 3 x%—2x>3.
(013 samamoi HepiBHOCTI x2-2x>0 Bpa-
XOBAHO aBTOMATHUYHO, OCKIJIBKM SKIIO BUKO-
HYE€TbCA HEPiBHICTHL x2 —2x>3, TO BUKOHY-
€ThCA 1 HepiBHICTD x%-2x>0 J)
PosB’sa3yemo HepiBHicTh x2 —2x>3. Toxi

x%-2x-3>0, omxe (puc. 6.2.1), x<-1 abo
x>3 — MHOKUHAa PO3B’sA3KiB 3amaHOI Hepis-
HOCTi. 3BHUaliHo, II MOKHA 3alMcaTy i Tak:
(—oo;—l)U(3;+oo). <
+\ /+
-1 - 3
Puc. 6.2.7

X
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Po3B’i3yBaHHsA Oinbl cKnagHUX
norapnmiyHuUX HepiBHOCTEN

Crnapgminr sorapudwmiuni  HepiBHOCTI
PO3B’A3YIOTHCS 3a AOIOMOI0o0 ado PiBHOCUIIbL-
HUX IIePeTBOPEeHb 3amaHoi HepiBHOCTI (i 3Be-
JIeHHdA i1 10 BimoMoro BUy HepiBHOCTEIT), a00
MeTOny iHTepBaJiB.

CxeMa piBHOCMJIBHUX IIEPETBOPEHBb JIOra-
pudMivHIX HepiBHOCTEI MOBHICTIO aHAJIOTIU-
Ha cXeMi PiBHOCHJIBHUX IIepPeTBOPEHb Jiora-
pudMiUYHUX PiBHAHB:

1) ypaxoeyemo O] 3 3adanoi nepienocmi;

2) cmescumo 3a mum, w06 na O] 3 kosxine

nepemeopeHHa MOXHA OYL0 6UKOHAMU

AK Y npaAmMOMY, MAK i Y 360pOMHOMY
Hanpamrax 3i 36epejnceHHAM NPAEULb-
Hocmi HepieHocmi.

Y nvomy Bumagky Ha O3 KoskeH pos3B’d-
30K 3aJlaHOI HepiBHOCTI OyZe pPo3B’I3KOM APY-
roi i, HaBOaKM, KOYKEH PO3B’sI30K ApPyroi He-
piBHOCTI Oyme po3B’A3KOM IMepIoi, TOOTO IIi
HepiBHOCTI OyayTh piBHOCUIABHUME (Ha OJ13).

IIpuknaangu posB’sa3yBaHHA Jorapudmiu-
HUX HEPIiBHOCTEN 3a [JOIIOMOTOI0 PiBHOCHMJIb-
HUX IepeTBOPeHb i MeTody iHTepBaJiB Ta
oopMIEeHHA TaKOro pO3B’sI3yBaHHA HaBe-
neHo B Tabis. 9. PosraaHemo Ie KijJbKa mpu-
KJIaIiB.

NMPUKSAAN PO3B’A3YBAHHA 3ABJAHDb

Mpukaad 1

Po3B’sKiTh HepiBHiCTH log0,2 (x-1)+ logg o (x+3)>-1.

KomenTap

Posp’s:xemo 3amaHy HepiBHICTH 3a AOMO-
MOT0I0 PiBHOCWMJIBHUX IIePeTBOpPeHb. SIK i mifx
yac poO3B’A3yBaHHA DiBHAHB, AJA IIHOTO JO-
cratebo ypaxyseamu O[3 3adanoi HepieHo-
cmi it cmexcumu 3a mum, w00 Ha OJ]3 Koduc-
He nepemeopeHHs MOHCHA 0YJl0 BUKOHAMU AK
Y NpAMOMY, MAK i Y 360POMHOMY HANPAMKAX
3l 30epexcenHAM NPABUILHOCMI Hepi6HOCM.
Ockinbku HA Ol13 BUpasu, 110 CTOATH Mij] 3HA-
KoM Jiorapu(dmis, € TogaTHUMU, TO (DOPMYIY
log,b+log,c=log,(bc) mns momareux b i c
MOKHA BUKOPUCTOBYBATHU AK y IPAMOMY, TaK

iy 3BopoTHOMY HampaMKax. OT:Ke, BUKOHYIO-
Y1 IepeTBOPEHHA HEePiBHOCTI 3a 1ieio opmy-
JIOI0, OJIeP;KMMO HEePiBHICTh, PiBHOCUJIBHY 3a-

rauin (Ha i O13).
IITo6 ckopucraTmcA BJIACTUBOCTAMU JIO-
rapudpmiuaoi  (GyHKII, 3anumIieMo Uwuc-

g0 —1 ax sHayeHHs Jorapu@MiuuHol GyHKILII:

-1 . .
-1=log,,(0,2) " (sposymino, mpo i 1m0 dop-
MyJIy MOXHA BUKOPHUCTOBYBATHU AK Y IIPAMO-
MYy, Tak i y 3BOPOTHOMY HaIIpsAMKax) i Bpaxye-

-1 -1
2 1

MO, 00,21=(—) =(—) =5.
- 10 5

Po3B’a3zanHsa

x-1>0,

4350, Toxi x>1.

O13: {

Ha miit O/I3 samama HepiBHiICTH pPiBHO-
CUJIbHA HEPiBHOCTL

loggs((x—1)(x+38))>log,,(0,2)”".
DyHKIig Y= logo’2 t € cmagHoio, OTiKe,
(x-1)(x+3)<(0,2)”"

Ozxep:xyemo: x2+2x—3<5; x2+2x-8<0.

MuoxuHa po3s’ A3KiB 0CTaHHBLOI HEPiBHO-
cti Traka (puc. 6.2.2): —-4<x<2.

+\ /+
—4 2

x
Puc. 6.2.2

VYpaxosyrouu O/13, ogep:xyemo: 1<x<2.
Bidnosiov: (1; 2]. <

67
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. .. x-1
ﬂpuwa 2% Poss’sukiTe HepismicTs log, logy——>-1.
3
Po3B’a3anua Komenrap
1 1 -1 Ol13 samaHOl HEPiBHOCTI 3amMIIEMO Y BUTJIALL
log , log, SANLEN log 4 (—) . (1) , cucremMu HepiBHOCTEN
VYpaxosyoun O3 3amanoi HepiBHOCTI @ Te, IO 082 2_ o >0 (6)
byHKIIA y=10g1 t € cmagHOIO, OJIEePKYEMO x-1 >0 (7)
3 -1 2—-x )
O<log, x-1 < (i) , (2) ' Buronywouu piBHOCUIBHI IepeTBOPEHH,
2-x 3 mam’ATaEMo, I0 rojioBHe — He 3amucatu OJ13,
o610 0<log x-1 <3 a BpaxyBaru ii B mporieci poss’asyBanud. [Ipu
29_ ’ mepexoni Big HepiBHOCTI (1) mo HepiBHOCTI (2)
x—1 3 y 3amuci 3aauIaeTbea JUIlle OANH Jorapidmuy-
a6o log,1<log, <log,2°.
2-x HUN

VYpaxosyloun, mo QpyuKIia y=log,t e spocraio-
Y010, OJEPKYEMO

-1
1< X722 <98, 3)
2—x
IIa HepiBHiCTH piBHOCHJIbHA CHCTEMi HepiBHOCTEM
-1
S 1,
2 _’{ fKa, Y CBOIO Uepry, PiBHOCHJIbHA CH-
roo o 8, cremi HepiBHOCTEN
2—-x 9x—3
x [—
>0, (4)
2—x
9x 17
———<0. (5)
2—x
Posp’aszyemo HepiBHOCTI (4) i (5) MeTomOM iHTeEp-
BamiB 1 BHaxommmo ix cmijbHI Ppo3B’A3KHU
(puc. 6.2.3):
st mepisuaocti (4) O03: x #2;
3 2x-3
x= 3 — myuab ysROii f(x)= 5 ;
nuist HepiBaocti (5) O13: x #2;
17 9x-17
X =—— — HYJb QPYHKIil g(x) =
9 2—x

-1
Bupas log, x—, s axkoro OJI3:
x-1 2—-x

5 >0. Omxe, mpu TakomMy Iepexomi oOme-
-x

skenuda (7) OyZe HesIBHO BpaxoBaHe, i TOMY [I0-
CTaTHBO BpaxXxyBaTU TiIbKu oOMeskeHHA (6) (110
i 3pobseHo B JiBi#i uwacTuHi HepiBHOCTI (2)).
IITo6 BuKOpmCTATM BJIACTUBOCTI BigmOBimHUX
gorapud@mivHux (QYHKIIiH, 3ammucyemMo HeoOxis-
Hi umcia K 3HaueHHs Jiorapudmiuaol GyHKII:

-1
1
cumoyarky —1=log, (E) (i BpaxoByeMoO, IO
3

1
(%) =3), a norim O=log,1 i 3=10g223'

IIpu mepexoxi Bix HepiBHOCTI (2) KO HepiBHO-

cti (3) omep:Kyemo, II0 >1, oTxe,

2—-x

i B mpoMy BunaaKy HepiBHicTb (7) ypaxoBaHa
aBTOMaTUYHO. A BHAXOMKEHHS CHLIBHUX
po3B’sa3kiB HepiBHocTeir (4) i (5) s3pyuHO ix
PO3B’sI3aHHA METOAOM iHTepBaJIiB PO3MiCTUTH
OIHE HAJ ONHUM TaK, I00 OJHAKOBO IIO3HA-
YeHi TOYKM OyJiX PO3TAIIOBAHI OAHA HAJ OJ-
Hor. Toxi 3a puc. 6.2.3 Bimpasy BuU3HAUYWMO
CIIiJIbHI PO3B’SIBKM CHCTEMHU HePiBHOCTEI.

L1 2 X
| 9 |
3 17
Bio i0b: | —;—|.
ronoeio (z 9) - Puc. 6.2.3



§ 6. PO3B'3yBaHHA NOrapudMIYHUX PIBHAHb Ta HEPIBHOCTEN

3anumaHHg

2%,

Bnpabu

6.2.1°.

6.2.2.

6.2.3°.

6.2.4.

6.2.5.

6.2.6*

6.2.7%

. IlodcHiTh Ha HmpUKJIagax, AK MOKHA PO3B’sA3yBaTU HANUMIPOCTIIIi JIo-

rapu(@MiuHi HEPiBHOCTi, KOPHUCTYIOUNCH BJIACTUBOCTAMU JioTapud-
MiuHOI (QYyHKIIII.
OOT'pyHTY#TE CIpaBeAIUBiCTh PiBHOCUJIBHUX HEPEXOiB:
f(x)>g(x),
1) sxmo a>1, to log,f(x)>log,g(x) e {f(x)>0,
g(x)>0;

flx)<g(x),
2) axmo 0<a<l1, 1o log,f(x)>log, g(x) e {f(x)>0,
g(x)>0.

. IlodcHiTs, Ha TPUKIALI BUKOPUCTAHHA METOAY IiHTepBaJiB mJid

po3B’A3yBaHHA Jorapu@MiuHUX HEPiBHOCTEM.

VY saBmanHax 6.2.1-6.2.6 po3B’AXKiTH HEPiBHICTS.

1) loggx>2; 3) logg5x<1;
2) logyox>-1; 4) lgx<2.
1) log,(8x-2)>2; 3) log;(8x—2)<2;
2) log; (5x-1)>-2; 4) log,; (2x+1)>-1.
3 ry
1) 1g(2x-1)>1g(x+2); 3) log,x<log,,(8x—6);
2) log, (8x+1)>log, (x+3); 4) log,(2x-1)<log,(x+3).
3 3
1) log2x—3log;x+2>0; 3) log? x-4<0;
3
1 1 2
2) + >1; 4) log7 x+log; x-22>0.
3-lgx 1+lgx 5 5
1) lgx+lg(x—9)>1; 3) log,(x? —x-12)<3;
2) logg, (x+4)+logy, (x-5)<-1; 4) log, (x+1)+log, x>log, 2.
1) logglogylogysx=>0; 3) logy,x+log,2<2,5;
2) log Nx+12 >1; 4) log,, ; 3<0.
x-3

YV npsaAMOKyTHIiN cucTeMi KOOpAMHAT Ha IJIOIMHI IMOOyayHTe rpadirk
piBHAHHSA a00 HEPiBHOCTI:

1) logy_Zx(3—x2)=1; 3) logy_,(1+y)>1;

2) log,, (3x2+y2)=2; 4) loggs (x+x2)>log0’3 (x+y).
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6.2.8.

6.2.9.

6.2.10.

6.2.11*,

6.2.12*,

6.2.13.

6.2.14*.

6.2.15*%,

6.2.16*.

VY saBmamHax 6.2.8-6.2.13 pos3B’saAKiTh HEPiBHICTS.

1) log,2+log,x<2,5;
2) log,(x+1)>log,,;16;

1) 1ogx,3(x2—4x+3)<0;
3x-11

X

2) log <0;

1) log,, ; 3<0;
x-3

2) log 37>1;

9x2+1

1) loggs(x+1)>log,(2-x);

2) logo(x+3)-log;(x+2)<0;

1) log3(3x—8)<2—x;

2) log , (6x+1—36x)>—2;
V5

1

4* -4

1
) x—-2

>0;

log22 x

2
) x2—2

=20;

3) log,, 12>log, (2x _1)_%;

4) log5§+logix<1.
25

3) 1ogx,2(1—5x3+x5)<0;
4) log, Vx+12 >1.

3) log 65>1;

4x%+1
4) log10g4x 3>1.

1 1

3) 5 < ;
logs(5-2x)° 3+logy (5-2x)
3

lg?x+2lgx—6
g x+2lgx—6 _

4) 1.

lgx
3) log, (227" -8-2" +1)<1;
4) lg 6+xlg 5>x+1g (2x+1).

-1,
loggx” -1
log 4 (x2+2)

4) —24
x“+6x+5

3)

<0.

3HaligiTh 00J1aCTh BU3HAUEHHSA (PYHKILI:

1) y=1—1[10g4(x2 —Sx) ;

2) yz\/logl(x2—5x+7);
3

-2
3) y=1f10g3x+1(—x );
x—4
/log x+1
4) y= 2( ) .
x-1

VY zaBpamuax 6.2.15, 6.2.16 posB’sKiTh HepiBHICTE.

2x-1
1) logx+1%<1;

2) logx+3T

3) log , :x‘g

2
4) log (x2 —10x+25)>0.
5

x-x-1
3) 10gx+1 ? >0;

>-1;

4x-14
2x-15

>-2.




NoX1aHI NOKA3HUKOBOI

(ex), =e” (ax> =a”Ilna
(a>0, a — crana) (x>0)

(lnx)’ = l
x

TA NOrTAPUDMIYHOI DYHKLINA

Ta6aumna 10

’ 1
n —
(\/;) - nn[xn—l
(ma O13 mpasoi
yacTuHU (HOPMYJIN)

(log, x), =

xlna

(x>0, a>0, a#1,
a — craJjia)

NMOACHEHHA M OBI'PYHTYBAHHSA

IITo6 obrpyHTyBaTH QOpMYLU NOXIOHUX
NOKA3HUKO080L mMa JA02apu@miiHol QYHKULLL,
BUKOpPUCTAaEMO 0e3 IOBeJeHHS BJACTUBICTH
byuKDii y=e" (BoHA JOBOAUTLCA B KypCi BU-
moi MaTeMaTuKM ): moxigHa (yHKIIT y=e”

( nmopiBHIOE Wit camiit pyHENii y=e”, To6TO

’

(e*) =e*.

Axmo a>0, 3a ocHOBHOWIO Jorapug-
MiYHOIO TOTOYKHICTIO MAEMO

* _ xlna

x Ina —e .

a*=e
Toxi 3a mpaBmIOM 3HAXOIMKEHHS ITOX1THOL
CKJIaeHOoI PYHKIII o1ep:KyeMO:

(ax)’ = (exln“), =e™% (x1na) =a*Ina,
TOGTO (ax), =a*lna. O

3a ozep:kaHOI0 (HOPMYJIOI0 MU MOYKEMO
3HAUTKU 3HAUEHHS MIOXiZHOI IIOKa3HMKOBOI
dyuroii qaa 60yae-axkoro 3HavenHa x. OTixe,
nokasnukosa  QyHkyia  OJugeperuiiiosna
8 KOJX)CHIlL moyuyi obiacmi 86U3HAYEHHA, a Bin-
TIOBiHO, i Henepepsra 8 KOMCHIlL mouui c80€l
obniacmi 6u3navernns (TOOTO IIPU BCixX AiICHUX
3HAUEHHAX X).
Hma morapudmivunoi (yHKII crouar-
Ky 3HabzeMo moxigny QyHENii y=Inx, opn-
iimaroun 0e3 MOBeAEHHS iCHYBaHHS IIOXiTHOI.
O6sracTh BusHaveHHA miel Gpyukmii x>0, T00-

TO (O;+<>o). Arxmo x>0, 3a 0CHOBHOIO Jiora-

*

pudmiuHO0 ToTOKHICTIO Maemo e™F =x. Is

piBHicTL 03Hauae, mo 3a ymoBu x>0 (yHK-

ees 1 . . .
mii y=e"" i y=x sbiratoteca (me ogHa i Ta

cama (GYHKIiA, 3amaHa Ha MHOXHHI R),
a oTiKe, 36iraroThes ixXHi moxigui. Bukopucro-
BYIOUM IJIA JIiBOI YaCTUHU PiBHOCTI IPaBUJIO
3HAXOMKEeHHsS IMOXiZHOI cKJageHOi (pyHKIII,
OZIePIKYEMO:

(e"*) =(x)'; &™*(Inx) =1,
TOOTO x(lnx), =1.

3Bigcu (lnx), :l (me x>0).
x

1 1
OcKinbku logax=£=—lnx,
Ina Ina
’ 1 ! 1 ’
To (log,, x) =(—1nx) =—(nx) =
Ina Ina

1 1 1

Ina x xlna

’ 1
Omxe, (log,x) S (me x>0, a>0,

a#1,a— crana). O
|

r

’
3ayBaxeHHsa. Dopmya (x") =nx"" Gyna
obrpyHToBana B § 32 migpyyHuMKa A
10 kyacy TinbKU IJId IiIUX 3Ha4YeHb n. I[o-
BeJIeMO, 1110 BOHA BUKOHYETHCA i Ipu Oy ab-
AKUX IJiACHUX 3HAUEHHSIX 1.

Haragaemo, 110 e — ippanionaasHe uncio, e =2,718 281 82... .
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ArI0 n — moBiJbHE HeIllije Yucjo, TO

(dyHKDia y=x" osHadeHa TinpKu mpu x>0.
Toxmi 3a ocHOBHOIO JIOTapPU(PMIUHOIO TOTOXKHI-

n
crio x" =™ =™ 34 npasmiom o6uncIeH-

HA MOXiMHOI cKJameHol (QYHKIII omep:KyeMo
’ Inx) 1 ’
(xn) :(en nx) :en nx(nlnx) —

=x"n(lnx) = x'nt=nx"1. 0O
x ’

Orxe, Hamaai (opMysIoio (x”) =nx"?!
MOJKHA KOPHUCTYBATUCA IPU OyAb-AKUX Mmili-
CHUX 3HAUYeHHAX n (HarazaeMmo, IO B IbOMY
BUIIAAKY Il MOMCHA BUKOPUCMOBYBAMU MIilb-
KU npu mux 3HAYEeHHAX X, NPU AKUX 6U3HAYe-
Ha il npasa yacmuHa).

Cnuparounuch Ha OJep:KaHUII pes3yJbTar,
O0OT'PYHTYEMO TAKO0K (POPMYyTy

’ 1
(Wx) =—~— (nen), (1)
nn[xn—l

SAKY MOYKHa BMKODPHCTOBYBATH IIPW THUX 3HA-
YeHHAX X, IPU AKUX BU3HAUeHAa il IpaBa 4a-
CcTUHA.

Aximo n — mapue uncsao, To O3 mpa-
Boi uactTuHu popmyan (1): x>0. Ane 3a 1iel
YMOBU

1-n

oY 1 1n
n n n

11" 1
-1 (;) = 2)

Aximo n — memapue umciao, To O3 mpa-
Boi wactuuu ¢opmyau (1): x#0. IIpu x>0
3aJINIIAETHCA CIPaBEIJINBOIO piBHiCTL (2),

mpu x <0 Bpaxyemo, mo ¥Yx =-¥-x i -x>0,
a TaKOJK Te, II[0 IPYU HeMapHOMY 1 Yucjo 1-n

Oyae mapauM (ToMy (1) = 1).

Toni
(W7) =(v=) =(-om) =
) = L = L
:%nxl_n - nn/:nl )

OT:xe, mjis HemapHoro n mpu Bcix x#0
opmya (1) Tesx BUKoHyeThCA. O

B ocTrarHBOMY BUIIAAKY TaKi rpoMi3aKi me-

PETBOPEHHA NOBEJIOCA BHMKOHYBATHU 4Yepes Te,
1

mo mpu x<0 Bupas x" He O3HAUEHUI, a BU-

pas (—x)n icuye, ockimbku —x>0 mpu x<0.

NMPUKJIAAN PO3B’A3YBAHHA 3ABJAHb

Mpukaad 1

1) f(x)=sin®x+e

Po3sB’azanna

X

) )= (sin2 x+e5)’ = (sin? x), +(e%)’ _

x ’
=2sinx(sinx), +e2 (%) =

X X
. 5 . 1 -
=2sinxcosx+—e?2 :s1n2x+Eez. <

[

| &

3HaWAiTh MOXiAHY (PYHKILII:

2) f(x)=ln—x

cos3x

Komenrtap

ITocnimoBHO BHM3HAUaeEMO, BiJ SIKOIO BU-
pasy OepeTbca TMoXigHa (OpPi€eHTYHOUYHCH
Ha Pe3yJabTaT OCTAaHHBLOI mii).

Y saBmamui 1 cmouaTKy B3HAXOAUMO IIO-

’
xigay cymm: (u+v) =u'+v’. Horim s
KOJKHOTO 3 JOJaHKiB BHKOPUCTOBYEMO
dopmysy moXimHOI CKJIameHOl QYHKII:
3HAXOAUMO MOXimHi u2 ra e¥ i MHOXHU-

Mo Ha u’.



§ 7. MNoxiaHi NoKa3HMKOBOI Ta NorapudMIiYHOT yHKLIN

2) f'(x) _ ( Inx ), _ (Inx) cos3x —(cos3x) Inx _

cos3x (cos3x)”

1 ,
—cos8x —(-sin3x)(3x) Inx
_ X _

2
cos” 3x

_ cos3x+3xsindxlnx 4

2
xcos” 3x

Mpukrad 2

xO = 1 .
Posp’azanna

Axmo f(x)=xe*, to
f(xO)Zf(l)ze.
f'(x)=x"e" +(ex)’ x=e"+xe",
TOZI f’(xo) =f’(1)=2e. Ilixcrasmsio-
UM II1 3BHaAa4Y€HHA B PIBHAHHA OJOTHUYHOL
y= f(x0)+ f’(xo)(x - xo) , OIepKyeMO:
y=e+2e(x-1).

Or:xe, y=2ex —e — IIyKaHe PiBHAH-
Ha goTh4HOI. <

Mpukaad 3

BuxonaiiTe 3aBHaHHg:

OpepsxaHuii pesyabTaT 0aKaHO CIIPOCTH-
i 3a (Qopmysaorw 2sinxcosx=sin2x.
¥V saBmaHHi 2 cmoyaTKy 3HAXOAUMO TOXij-

4

u vv-v'u .

HY 4acTKM: | — | =————, & JJId IOXiz-
v v

HOI 3HAMeHHUKa BHKOPUCTOBYEMO (hopMy-

JIy TOXigHOI CKJIaAeHol (PYHKIIii: 3HAXOAM-

MO HOXimHYy cosu i MHOXEMO Ha u’).

3anuiriTe piBHAHHS AOTHYHOL [0 rpadika QyHKmii y=xe® y Toumi

Komenrap

PiBranna mormuHOi no rpadika Gyl y= f(x) y TOu-
IIi 3 abCLUCOI0 X, Yy 3arajJbHOMY BUIVIALL 3aIHCYeThCH
rak: y=1(x9)+ 1" (xo)(x—x0).

1106 sammcaTu e PiBHAHHA A 3amaHoi (QyHKIII, mmo-
TpiObHO 3HANWTH f(xo), noxinuy f’(x) i smauenHs f’(xo).
1 BUKOHAHHA BiAMOBiAHUX 00YMCIE€HDL 3PYUYHO ITO3HA-

unTH 3amaHy QYHKIi0 yepes [ (x), a gna sHaxomKeHHS
ii moximmoi BuKopmcTaTH (GOPMYJIY IMOXigHOI HTOOYTKY

’
(wv) =vw'v+v'u.

Inx

1) moGynyiite rpadik QyHKI y=—3;
X

2%) gHAUAiTh HA0i/IbIlle 3HAUEHHA IIapaMeTpa @, IPU AKOMY PiBHSIH-
HA Inx=ax Mae eguHUN KOPiHb.

Komenrap

st posB’sidyBaHHs 3aBHaHHA 1 JOCIiI:KyeEMO
. Inx .
GyHKIiI0 y=—— B3a 3araJbHOIO0 CXeMOI0 i 3a
x

pesyabTaTaMu OOCHiIsKeHHA Oyayemo ii rpa-
¢ik. Ilix wac gocrimsxkenHsa (QYHKIII Ha map-
HiCTh i HemapHiCTh MOKHA CKOPUCTATUCA TUM,
10 6 napHoi abo HenapHoi QYHKYIL 10 obiacTi
BUSHAYEHHs BXOIATH TOuKM x i (—x). Orxe,
IS TaKuX (QYHKIN obsiacmb 8USHAUEHHS MAE
6ymu cumempuiHoto i0HocHo mouku 0. k-
10 K Il YMOBa He BUKOHYETBHCH, TO PYHKIiA
He MO:Ke OyTU Hi mapHOIO, Hi HEIapHOIO.

Hnsa xpaiioro yaBJIEHHA IIPO BUTJIAJL rpadika
IOIiJILHO YTOUHUTH IMOBEAiHKY (PYHKILII Ha KiH-

nAX o0JacTi BU3HAUYEHHS (D(y)z (O;+oo)). IIpu

x—0 (cmpaBa, To6To mpu X — +0) 3HAUEHHSA

1 —0
Inx — —oo. Toni y=n—x—>(—)—>—oo. Orxe,
x +0

npama x=0 — BepTUKaJIbHA ACHMIITOTA, i Iie
moTpidHO BpaxyBaTu IIig uac moOymoBu rpadi-
Ka ¢yHKIii. Ale mpu X — +oo MH He MOYKEMO
BUKOHATHA TaKy OIIHKY (OZep:Kye€MO HeBHU3HA-

. oo
YeHICTh BUAY (— ). ¥ TakomMy BHHIAJAKy IIO-

oo
BeNiHKY (PYHKII mpum X — +oo MOKHA YTOUHU-
TH 3a JJOIIOMOTOI0 JOJATKOBUX KOHTPOJBHUX
TOYOK.
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Ilix uac posB’saA3yBaHHS 3aBHaHHA 2 OOIIJIBLHO
BUKoOpucTaTu rpadiuny imgrocrparlito poss’sasy-
BauHs. Ile MOKHa 3poOUTH ABOMA CIIOCOOAMIU.

I. 3a 1OIOMOTOI0 PiBHOCHJIBLHUX IIEePEeTBOPEHb

IpUBECTH 3aJaHe pIBHAHHA [0 BHLY
nx .

flx)=a (ze f(x)= ) i, BUKOPUCTOBYIO-

x

yn rpadik, moOymoBaHUN B pes3yJbTaTi BU-

1

KOHaHHA 3aBHaHHA 1, 3’sdcyBaTu, CKiJIbKHU
KOpeHiB Mae piBHAHHS flx)=a Opu PisHUX
3HAUYEHHAX IapaMeTrpa d.

II. BacTrocyBaTu rpadiuHe pos3B’s3yBaHHA 6es3-
mocepefHbo 10 PiBHAHHA Inx=ax (rpadi-
ku Qysruin y=Inx i y=ax Bigowmi),
a OJid OOCHifsKeHHS €IUHOCTi KOpeHs BUKO-
pucrtaTé TeOMEeTPUUYHMH 3MicT moXigHOoi.

@ Ik BW BBaXKa€eTe, KNI CNoCiO A0LiNbHO BUKOPUCTATA Y IaHOMY BUMNaOKY?

Po3sp’azannsa

1
1) = Hocaigumo GyHKIIiIO yzﬁ.
x

1. O6mactes BusHaueHHa: x>0, Todro
D(y)=(0;+-).

2. ®yHKIiA Hi mapHa, Hi HemapHa, OCKiIbKH Ii
00J1acTh BU3HAUEHHSA He CUMEeTPUYHA BiJHOC-
"HO Toukmu 0.

3. Touku mepeTuHy rpadika 3 ocaMU KOOPAUHAT:

rpadik me meperuHae Bick Oy (x #0);

Inx

Ha oci Ox y=0, ro6ro —— =0, Toxi mpm
x

x>0 ogepxyemo: Inx=0; x=1 — abe-

Iyca TOYKM ImepeTuHy rpagdika 3 Biccio Ox.

1 ’
4. Tloxigua i KPUTUYHI TOUKU: y’=(%) =
_ (nx) x-x'Inx _ ;x—1~1nx

2 2
X X X

_1-Inx
= SR

IToxigua icHye Ha Bci#i obJyiacTi BU3HAUEHHSA
dyarnii  f(x) (ro6ro mpm x>0), orxe,
GyHKIIT HemepepBHa Ha Bciii obsacti Bu-
3HAYEHHA.

Buaxogumo Kputuuni toukm: Yy =0, To6GTO

1-Inx .

——= 0. 3Bigcu nmpu x>0 ogmepxyemo
x

Inx=1, omKe, x=e — KpUTHUUYHA TOUKA.

5. IlosHauaeM0O KPUTUYHI TOUKM Ha 00JIaCTi BU-
3HaUYeHHA (PYHKII i 3HAXOAMMO 3HAK y’(x)

Yy KOKHOMY 3 OJep:KaHuX IIPOMIiKKiB
(puc. 7.1).
N
0 e x
Puc. 7.1

CkimamaemMo TabauIio, y SKilli IO3HAUAEMO
OIPOMIiKKIM 3POCTAHHS i cIaaHHA Ta eKcTpe-
MyMu (PyHKITII.

* (0se) e (e5+)
y'(x) + 0 -
1
y(x) /! ” N
max

6. 3Haxomumo 1e JekismbKa TOYOK rpadika
bysKIii.

1
X ;z0,4 32z7,4 e3z20,1
2 3
y(x) —e=-2,7 —2:0,3 _3:0,1
e

7. 3a pe3yJabTaTaMu AOCIiAKEeHHS OyIyeMO

rpadgix QyHKIii yzln—x (puc. 7.2). <
x

2) P I cooci6
Ob6sacTh [OOOYyCTHMHUX  3HAUEHb PiBHAHHA
Inx=ax 3zagaerbca HepiBuicTIo x>0. Ane

romi x#0 isamame piBHsuHsS Ha itoro OJ13 pis-

. Inx
HOCUJIbHE PiBHAHHIO —— =4
x

Posp’sikemo ocranHe piBHsSHHA rpadiuno. s

Inx
nboro mobymyemo rpadikm QYHRIIH y=——
x

(ouB. 3aBmamHa 1) Tta y=a (pumc. 7.3).

. Inx .
fAx GaumMmo, pPiBHAHHI ——=a Mae€ €IUHUI
x

. . 1
Kopiup Tiiebku mpu a<0 Ta mpu a=— (upu
e

1
O<a<—
e

pPiBHAHHA Mae JIBa KOpPeHi, a mnpu

1 .
a>— DpiBHAHHS He Mae€ KOPEHiB).
e
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y 4
0)
y ’ 940”“7 3
:lr;x ‘11 Y 2_~* y=Inx
1 — ;
el e — — = : 0/1 «x, x
01 e x 0/1 e X
—lnx y=ax (a<0)
X
1
Puc. 7.2 Puc. 7.3 Puc. 7.4

Or:xe, Halibiibllle 3HAUEHHS IIapaMeTpa a, IIpu
AKOMY piBHSHHA Inx=ax wMae eguHUI Ko-
) 1
piEb, — I a=—.
e
II cmoci6

Posrasuemo rpadiuny imtoctpariio (puc. 7.4)
PO3B’sA3yBaHHA 3aJaHOT0 PiBHIHHS

Inx=ax. (1)
O®yuknis y=Inx spocratoua i HabyBae Bcix
3HAUEeHb Biff —oo 10 oo,
I'padikom ¢(yuknii y=ax € npama, gKa Ipo-
XOAUTH Uepes MoYaToK KOOPAMHAT.
IIpu a<0 npsma y=ax mneperunae rpadik
(yurmii y=Inx Tinekm B omgmift Toumi (mps-
ma 1 Ha puc. 7.4). Omxe, piBuaunsa (1) mae equ-
HUM KOpiHb (milicHo, @yuKmis y=Inx spocra-
o4a, a QyHKIia y=ax — cuagHa, i TOMy piB-
HaaHa (1) Moike MaTH TiJIbKU OOUH KOPiHB).
IIpu a=0 pisaanas (1) mae Buraazn lnx=0
i TeK Mae eqUHUN KOpPiHb (x=1).
IIpu a>0 mpsama y=ax MoKe ZOTUKATHUCS [0
rpapika Pysruii y=Inx (upama 2 =Ha
puc. 7.4). Toxi piBuauua (1) Oyze matu enu-
Hut Kopinb. IIpamMa y=ax MoKe IPOXOAUTHU
B MepIIiii uBepTi HMKUYe JOTUUHOI (mpAMa 3 Ha
puc. 7.4). Tomi piBusuua (1) 6yme matu aBa
KopeHi. Takok IpaAMa Yy=ax MoxKe IIPOXOIU-

Mpukrad 4

Hicts e*>21+x.

Posp’a3annsa
Poaranaremo QyHKIIiTO
flx)=e*-1-x.

O6nacts Busnauenusa: D(f)=R.

IToximua f (x)=e*-1 icHye Ha Bciii o0siacTi Bu3HaUeHH.

TH B IEPIHIiii uyBepTi BuIle mAoTHUYHOI (mpama 4
Ha puc. 7.4), Toxi piBuanHA (1) He Oyme matu
KOpEeHiB.
3’acyemMo, Koau npaMa Y =ax O0yne JOTHUYHOIO
no rpadika gyuruii y=f(x)=Inx. Hexaii Tou-
Ka gotTuky M Mmae abcuucy X,. YpaxoByHOuu
TeOMETPUYHUH 3MiCT MOXigHOI, OePIKy€EMO, IITO0
f’(x0)=a (3HaYeHHA MOXIJHOL B TOUIl X, MHO-
piBHIOE KyTOBOMY Koe(diIli€eHTy HOTUYHOI, IpPO-
BemeHOI depesd TouKy M). OcKinbKnu f’(x)zl,
x
TO f’(xo)zi. Toxi 3 piBHOCTI f’(xo)za
X0
MaeMo L=az. 3Bimcu x, =l. Toxi y, =lnl.
X a a
Ilo TOrOo K, OCKiJIBKM TOUYKAa AOTURY M JIeKUTH
1 Ha moTmMuHI# yYy=ax, To i KOOpAUHATHU 3a%0-

BOJILHAIOTHL PIBHAHHA AOTHYHOI. OmepKyeMmo
1 1 1 1 1

In—=a-—, sBigcu In—=1. Togi —=e, a=—.
a a a a e

OTr:xe, 3amaHe PIiBHAHHS MaTHUMe €IWHUI KO-
. . . 1 . .
pias Tineku npu a<0 i onpu a=—. Toxi maii-

e

Oisibllle 3HAUEHHSA [apaMerpa d, HOPU SKOMY

piBHaHHA Inx=ax Mae eguHNI KOpiHb, — Il
1

a=—. <
e

HoBemiTh, 10 IIPM BCiX AiiCHMX 3HAUYEHHAX X BUKOHYETHCA HEPiB-

KomenTap
BukopucraemMo MOXigHY AJA TOBe-
IeHHa 3agaHoi HepiBHocTi. [
IBOTO HOCHiAMMO (PYHKIIIIO f(x),
sAKa € pisHUIel JiBoi i mpaBoi ua-
CTHUH HEpPiBHOCTI.
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Orxe, QpyHKIia f (x) HeIlepepBHAa HAa BCill YMCJIOBI# mpd-
miit; f/(x)=0, e*—-1=0, e* =1, x=0 — KpuTHuHA TOUKA.
IlosHauaemMo KpPUTWYHY TOUKY Ha o00JlacTi BU3HAUYEHHS
pyarmii f (x), 3HAXOAMMO 3HaKHU IMOXiZHOI Ta BU3HAUYAEMO

HOBeMiHKY (PYHKIII B KOXKHOMY 3 OJep:KaHUX MIPOMIiKKiB
(puc. 7.5).

3Hak f'(x)

N/ 7
IToBeninka f(x) \ 0 / x
min

Puc. 7.5

fAx 6aummo, HemepepBHA (PYHKIiA f(x) mae na imTepBaJi
(—oo;+o<>) TiIBbKU OLHY KPUTUUHY TOUYKY, 1 Ile TOUKa MiHi-
mymy. OTike, y 1ifi Touri GyHKIiA HaOyBae cBOTO HaliMeH-
1II0T'0 3HAUEHHA Ha IIboMY iHTepBaJi. Toni npu Bcix mificHUX
sHaueHHAX x 3HavenHsa f(x)>7(0)=0, to6To e* —1—x>0.

Orxe, e* >1+x npum Bcix fgificHUMX 3HaYeHHAX X. <

CopobyemMo B pes3yJabTaTi moOCJi-
MKeHHSA 3HaWTH HaiOijabIlle Uyu Haii-
MeHIIe sHaueHHA QyHKNIi f(x) Ha
BCift uwmcioBi#t mpamiii. [ua mboro
MOKH& BUKOPUCTATU TaKy BJIACTU-
BiCTBb: AKWO HenepepeéHa QYHKUIA
f(x) Ma€e Ha 3a0aHOMYy iHMepsasi
minvku O00HY MOYKY eKxcmpemy-
My Xo i ye mouka MiHiMYyMmy, mo Ha
3adanomy inmepeani YYHKYia HaAOY-
8a€ €B020 HAUMEHULOZ0 3HAYEHHS
6 mouyi Xx,. Ham KopucTyemocsa
THM, 1[0 KOJIK B TOYIL X, (QYHKIiA
HaOyBae HaMEHINIOTO 3HAYEHHS Ha
3aJJaHOMY iHTepBaJi, TO HAJA BCixX
3HAUeHb X 18 IBOTO iHTepBaATYy
f(x)>f(x0) (AKI10 HEoOXigHO, TO
MOJKHA YTOUHUTH, 110 3HAK PiBHOCTI
JOCATAETBCA TIIBKM B TOUIL X;).

¥V mporieci foBegeHHA YNCJIOBUX HEPiBHOCTEM ab0 MOPiBHAHHS ABOX UMCEJ YacTo OyBa€ 3pyd-
HUM IIepefTH A0 01JIBII 3araJbHOI (DYHKIiIOHAJIBbHOI HEPiBHOCTI.

Mpukrad 5*

IlopiBusaiiTe uncaa ©° i e”.
P

i

Komenrap

1106 BuM3HAUWUTU IJIaH PO3B’A3YBaHHA, MOKHA
MipKyBaTu Tak. Mu He 3HaeEMO, sIKe i3 3aJaHUX

yncen 6imbme: w° a6o e, ToMy AJIA aHATIZY
IOCTABMMO MiK HUMU « V» — 3HAK HEPiBHOCTI,
HaOpAMJEHUU rocTpuM Kinmem yHu3. lle cBin-
YUTH PO Te, IO MU He 3HAEMO, y AKHH OiK
ioro Tpeba HaIpaBUTU. DymeMo BUKOHYBaTU
epeTBOPEHHA HEPIBHOCTI [MOTWM, TOKH He
3’dacyeMo, sKe uncyo 6inbire. IToTim 3HAK «V»
3aMiHUMO BiAIIOBiIHMM B3HAaKOM HEpPiBHOCTI
(«>» abo «<»), AKWI i 3aTMIIIeMO B PO3B’ A3aHHI.
(VY mpormeci amamisy, AKIO HA SKOMYCh KpOIIi
IepeTBOPEHb IIOTPiIOHO MOMIHATH 3HAK HEPiBHO-
CTi, BHAK « V» 3MIiHIOIOTh Ha 3HAK « A», a B 3a-
nuci posB’si3aHHS y BigmoBigHOMY Miciii 3mi-
HIOIOTh 3HAK HepiBHocti.) Ilig uac amasisy 3a-
nuc tuny ©°ve" Tex GymeMo HasUBATH HepPiB-
HicTiO (ase, 3BUUAiHO, He B PO3B’A3aHHi).

Posraisimemo HepiaicTs 1° v e". Ile HepiBHicTE
i3 momaraumu unenamu (T>0 i e>0), orixe,
o0uaBi i yacTMHU MOMKHAa ITpoJsiorapu@MyBaTH.

®yuknis y=Int spocrarmoua, Tomy micis Jora-
pudmyBaHHA 000X YACTHUH 3a OCHOBOIO € 3HAK
HepiBHOCTI He 3MIiHUTHCS i MU OAEpP;KUMO He-

piBHiCTB ln(ne ) v ln(e" ) , TOOTO HepiBHiCTHL

elntvrnlne. Ockinpru en >0, To miciaa ainen-
Ha 000X YacTHMH OCTaHHBOI HePiBHOCTI Ha €T
3HAK HEPiBHOCTI He 3MIiHUTBHCS i MU OJEpPKUMO

L InTt Ine . e
HepiBHicTE —— Vv ——. Ilomiuaemo, 110 B JIiBiik

T e

i mpasiii wacTmHaX OCTaHHBOI HepiBHOCTI CTO-
ATHL 3HaueHHA onmiel # Tiel camol QyHKIII

Inx . .
f(x)=—=. Hocaizumo I (PyHKLio 3a LOIO-
x

MOTOI0 MOXiZHOI Ha B3pocTaHHA 1 cIajaHHA.
Hani, ypaxoByouu, M0 TN>e€, IOPiBHAEMO
oJlep:KaHiI BWpasu, a IOTIM i1 3agaHi BUpasu
(BuKOHyIOUM Bci Ti cami mepeTBOpPeHHA, IIIO
1 y mporieci aHaizy, TiIIbBKU Y 3BOPOTHOMY IIO-
PAIKY).
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Po3sp’a3aHuga

Inx

Posrimanemo (yHKIIiIO flx)=—=. 1i o6-
x

JIaCTh x>0. IToximua

f’(_x): 1—1;136
X

wenns. 3’scyemo, xomm [ (x)=0:

BHU3HaAYEeHHA

icuye Ha Bciii objacTi Bu3Ha-
1-Inx 0
2 - b
x
Ha 00J1acTi BU3HAUEHHSA ONEPIKYEMO PiBHOCUJIb-
He piBHaHHA Inx=1, omKe, X=e — KpUTUU-
Ha Touka. [[odHAUYaeMO KPUTUUYHY TOUKY Ha 00-
JacTi BusHAUYeHHA QYHKIII [ (x), 3HAXOIHMO
3HAKHU NOXiAHOI i BUBHAUAEMO IIOBEIIHKY PYHK-
mii B KOKHOMY 3 OJep:KaHUX HIPOMIiKKiB
(puc. 7.6).
Or:xe, B iHTepBaJi (e;+°<>) dyurnia f(x) cma-
nmae, a ii HelepepBHICTH HA BCiii obJsacTi Bu3HA-
YeHHA CBiJUUTHL TPO Te, IO BOHA CHAJa€ Ha

TIPOMIiKKY [e; + oo) .

Mpukaad &*

3uaxk f'(x) ¥ —

IMosexninka f(x) 0O e T x
max

T

Puc. 7.6

TOOTO

Ockimekun 7w>e, tmo f(m)<fle),

Int Ine

< ——. JloMHOKUBIIIX O0OUABI YacTUHU ITiel
T e

HepiBHOCTI Ha JomaTHe YMCJ0 Teé (3HAK HepiB-
HOCTi He 3MiHIOETHCA), OJEPIKYEMO HEPiBHiCTH
elnt<nlne. Toxi In(n)<In(e™). Ockinpru

dyukuis y=Int spocrawua (e>1), o m°<e”.

Bidnosidv: nf<e™. <

Posp’skiTh piBHanHS 277 +22%1=7.3% 13,

Komenrap

fAxmo cmpobyBaTu 3acTocyBaTH [0 3aJaHOTO
PiBHAHHA cXeMy PO3B’sA3yBaHHA IIOKA3HUKOBUX
piBHAHDL (guB. Tabi. 4), TO 3MOXKEMO peaJizy-
BaTU TiJIbKMU mepmiuii ii TyHKT — m030yTuUcs
YHCJIOBUX JOJAHKIB y NOKAa3HMKAaX CTEIeHiB.
A or 3Bectu Bci cremeni o0 oxmiei ocmoBm (3i
3PYYHUMHU MMOKa3HUKaMu) ab0 0 IBOX OCHOB TaK,
o6 oZep:KaTH OHOpiAHe piBHAHHA, abo mepe-
HEeCTH BCi wieHM B ofuH 6iK i posKacTu ofep-
JKAQHUHM BUpa3 Ha MHOKHUKK — He 3MOYKEMO.
CrpobyeMo 3acToCyBaTU BJIACTHUBOCTI BiAIOBif-
HUX (PyHKIiHA. Ale i mpu Takomy migxoxi (qus.,
HanpukJgaz, § 4 migpyunuka aiasa 10 xiaacy abo
§ 8 mporo mMiAPYYHMKA) MU HE 3MOKEMO BUKO-
pucratu ckinuenHicts OI13 (BoHa HecKiHUeHHA)
Ta OI[IHKY JiBoi i mpaBoi YacTWH pPiBHAHHSA
(BoHu 0OMABi JeskaTh y Mexkax Big 0 mo +oo).
SKmio cmomiBaTMcA HAa MOMKJIWBICTH BUKOPU-
CTaHHSA MOHOTOHHOCTI (DYHKIIii, TO i TyT MU He
MOJKEMO 3aCTOCyBaTU TeOpeMUu IIPO KopeHi
(B 000X yacTHHAX 3aJaHOTO0 DPIBHAHHS CTOATH
3pocTaroui QYHKILIT).

Toxi cnpobyemo nidibpamu KopeHi yvbozo pis-
HAHHA L dogecmu, W0 IHWUX KOPeHi8 DiBHAHHA
He Mmae (3pYyYHO TOIEpeIHLO 3BECTH DPiBHAHHA

no suay f(x)=0).

IMocaimoBuo mizcraBasioun 3HavemHa x=0,
x=1, x=2, x=38, 3’scosyemo, mo [(0)=0,
fA)=0, f(3)=0, To6ro piBmamra f(x)=0
mae Tpu Kopeni. IIo6 moBecTtm, 1o iHIIUX KO-
PeHiB HeMmae, MOCTAaTHBO MOBECTHU, IO (PYyHK-
mia f(x) Mae He 6inblme TPHOX HIPOMIKKIB
3pocTaHHs abo CcllafaHHA. ¥ PaxXOBYIOUU K He-
epepBHICTH f(x) Ha BCii YMCJOBiN mpAMii,
IOCTATHBO JOBECTH, IO B Hei He OinbIlle ABOX
KPUTUYHUX TOUOK, TOOTO PiBHAHHS f’(x)=0
Mae He Oijbllle 1BOX KopeHiB. Posrasmaipoun Te-
nep pisusuHs [’(x)=0, micas Horo meperso-
PEeHHA MOXXeMO NPOBeCTH AaHaJOTiuHi MipKy-
BaHHSA, ajie BiKe IJIs ABOX KOPEeHiB (4K Ie 0yJio
3pobJieHo B mpukJani 2 go o. 36.1 B iHTepHeT-
migrpumiii  go migpyurmka 10  Kiacy.)
Bukonymoun nepeTBOpeHHA PiBHAHHA f'(x)=0,
ypaxyemo, IO BCi AOT0 4jeHW MAalOTh OJHAKO-
BUil creniHb — X (TOOTO BOHO € OJHOPITHUM
BiTHOCHO TpPHOX QYHKIiN Bixg 3mirHOI X),
a came: 2%, 3%, 4%. IloginuBmu o6uxei ua-
cruuu piBHaEHa f'(x)=0 Ha cremiup 3 ocHo-
BoIo 2, 3 abo 4, 3MEHIINMO KiJIbKicTb BHUpasiB
3i 3MiHHOIO HA OOUWH.

77




78

Po3gin 1. MNoka3HMKoBa Ta NorapudMidHa QyHKLT

Posp’azanuga

3amaHe piBHAHHA PiBHOCUJIbHE DPiBHAHHIO

2%.23 492 91 _7.3¥_3-0, to6TO
8.2¥+2.4* 7.3 -3=0. (1)

Hoszmaunmo f(x)=8-2%+2-4%-7-3*-3.
f(0)=8+2-7-3=0,
f(1)=16+8-21-3=0,
f(3)=64+128-189-3=0,

1o pieaaaHa f(x)=0 mae Tpu kopesi: 0, 1, 3.
HoBegemo, 1110 iHIMUX KOpeHiB piBHAHHA (1) He
mae. IJ1d 1bOro HOCTATHBO JOBECTH, IO (PYHK-

OcKiapku

mis f(x) mae He GinbIne TPHOX IPOMIKKIB 3po-
craHHA abo cnagaHHa. OcKiabKH K (QYHK-
mia f(x) ma Beift umcsoBiit npaAMill Helepeps-
Ha, JOCTATHHO JOBECTU, IO (PYHKIiA Mae He
0isbIlle BOX KPUTUYHUX TOUYOK.

O6nacts Busnauenus: D(f)=R.

Ioxigua f’(x)=8-2%1n2+2.-4*1n4-7-3%1n3
icuye mpu Bcix sHaueHHAX Xx. OTiKe, KpUTHUU-
HUMU TOYKAMHU MOKYTH OyTH TiJIbKU Ti 3HAUEH-

ua x, npu axux f (x)=0. Ogep:xyemo piBHAH-
Ha 8:2°In2+2-4In4-7-3%1n3=0.
Ockinekn 3*#0, To B pesyabTaTi AileHHA

000X YaCTHH OCTAHHBOTO PiBHAHHA Ha 3~ omgep-
JKYEMO PiBHOCUJIbHE PiBHSHHS

8(%) 1n2+2(§) In4-7In3=0. (2)

1106 moBectu, 1110 piBHAHHA (2) Mae He GiibIle
IBOX KOPEHiB, JOCTATHBLO JOBECTHU, IO (PYHKI[is

(p(x)=8(§) ln2+2(§) In4—7In3 y misii

YacTHHI PiBHAHHS Mae He OijJbIlle ABOX IIPO-

3anumaHHg

MiKKiB 3pocTaHHA ab0o crnaganuA. YPaxXoBYyoOUn
HellepepBHicTh Iiel (QyHKIII Ha Bciit ymcioBiit
npaAMiif, JOCTaTHBO JOBECTH, 1[0 BOHA MAa€ Tijb-
KU OJHY KPUTUUYHY TOuKy. [lificHo,
X x
(p'(x)=(81n2)(3) In2 4 (21n4)(i) In+
3 3 3 3

icuye mpu Bcix sHaueHHAX Xx. OTiKe, KPpUTUU-
HUMHU TOUYKAMU MOMKYTh OYTH TiJILKH Ti 3HaUeH-

ua x, npu akux ¢ (x)=0. Ozepxyemo oxHoO-
pigHe piBHAHHS"

(81n2)(3) 1n3+(41n2)(i) 1ni=0.
3 3 3 3

2 x
OcCKinbKu (41n2)(§) #0, To micng pinenHsa

000X UYacTUH PiBHAHHSA Ha Ileli BUPa3 OAEPKY-

2 4
€MO PiBHOCHUJILHE DPiBHSAHHSA 21n§ +2% lng =0.

-2 lnE
Bpigcu 2% = 1 VYpaxoByoum, IIo
In—
9 4 -2 lng
In—<0, a In—>0, omepsxkyemo ——=>0.
3 3 In 4

Ot:ke, OCTaHHE PIBHAHHA Ma€ €IUHUN KOPiHb.
Tonmi pyukIia (p(x) Ma€ €AUHY KPUTUUHY TOU-
Ky i piBHanHA (2) Mmae He 6ibIlle IBOX KOPEHiB.
Lle osHauae, mo yurnia f(x) mae He Glabme
IBOX KPUTHMUYHUX TouoK. Toxmi piBHAHHA (1)
(i samaHe piBHAHHA) Mae He OiybIIe TPHOX KO-
peHiB. Aje Tpu KOpeHi 3aJaHOTO PiBHAHHA MU
Bke 3Haemo: 0, 1, 3. Oroke, iHITUX KOpeHiB 3a-
JaHe DIBHAHHA He Mae.

Bidnosios: 0, 1, 3. <

1. Banumirts GopMyau 3HAXOMKeHHS MOXiTHUX:

a) IIOKa3HUKOBOI i JorapmdpmiuHOl QyHKITiH;

0) (yHKIII '\’/; .

2%,  O6rpyHTyiiTe (HOPMYJIU 3HAXOMKeHHS HOXiTHWX, IPo fAKi HmeTbcs

y sanuTanHi 1.

* 2ln4=1n4%2=1n2*=41n2.
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Bnpabu

7.2.

7.3.

7.4.

7.5.

7.6.

7.7%

7.8*.

7.9.

YV zaBmamuax 7.1, 7.2 3HaAWmiTh MOXigHY (PyHKILi.

1) y=3e* +4; 3) y=e * +x°;
2) y=e* —lnx; 4) y=In(2x-1).
1) y=e*cosx; 3) y=\/;1gx;
2) y:ln_x; 4) y=x%log,x.
x
Posp’soxite HepiBaicTs f/(x)>0, sxmo:
1°) f(x)=e?* —x; 3) f(x)=xlnx;
2°) f(x)=2x-Inx; 4) f(x)=1-x)e2*.

Nano ¢gyrkmio f(x):
1) f(x)=x2Inx; 3) f(x)=

lnx

2) f(x)=x-3Inx; 4) f(x)=\/;1nx.

3HaligiTh 3HAUEHHS X, IPU AKUX 3HAUYEHHS HOoXimmol QyHKIHi f (x):

a) DOpiBHIOE HYJIIO; 0) momaTHe; B) Bim’emmue.

3anuiniTe piBHAHHA NOTHUYHOI n0 rpadika QysKmii y=Ff (x) y Toumi
3 abCIUCOI0 X, AKIIO:
X

1) f(x)=cosx, xy= 3) flx)=e2+e 2, x,=0;

2) flx)=tg2x, x,= 4) f(x)=lnx-x, x,=1.

oo|:z ual:z

SHalgiTh abcoucu x, TO4YoK rpadika pysrmoii y=f (x), v axux mo-
THUYHA O HBOTO YTBOPIOE KYT ¢ 3 JOZATHUM HampsaMKoMm oci Ox,
SAKIIO:

1) f(x)=sin2x, ¢=0°; 3) flx)=e*, ¢=135°.

2) f(x)=1n2x, ©=45°;

3HalAiTh PIBHAHHA HOTUYHOI 00 rpadika GyHKIiI flx)= e5x+1, SAKIITO0
IOTUYHA ITapajieJibHa IpaMii y=5x-—-8.

BHaiAiTh piBHAHHA KoTHYHOL K0 rpadika Gpyuruii f(x)= 372 SAKIITO0
IOTUYHA TapajejbHa OpaAMid y=3x+17.

3ualigiTe HalOiabIne i HaliMeHIle 3HAUeHHA 3amaH0l GyHKIII HA BKa-
3aHOMY BiJpisKy:

1) f(x)=x+e*, [-1;2]; 3) f(x)=|x®-x-2|+Inx, [1;3].

2) f(x)=In(2x)-6x%+11x, [%;2];
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7.10.

7.11.

7.12.

7.13*.

7.14*,

7.15%,

7.16%.

7.17%.

7.18%.

3HaWgiTh TPOMIKKM 3POCTAHHA i CHAaJaHHSA Ta TOUYKU E€KCTPEMYMY
(GYHKIIII:

1) f(x)zex—x; 3) f(x)zxe2x; 5) f(x)zlnx+l;
x
2) f(x)zlnx—x; 4) f(x)z ¢ ; 6) f(x)z J;x
x-1 e

HocuigiTs @yHKIiIo Ta mobyayiiTe il rpadik.
1) f(x)zln(ez—xz); 3) f(x)=xe*; 5) f(x)=x-Inx;
2
2) f(x)=2Inx-x%  4) f(x):eix; 6) f(x)=e".
IlepeBipTe mpaBuabHiCTL MOOYZOBM Trpadika 3a HTOIOMOTOI0 KOM-

I’ I0TEePHOI MTpPOoTpaMu.

Hawmo dyHKIiT0:

1) 7(x)=x Inx; 2) flx)=2"
X

a) Iocrizite ¢pyskmioo f(x) i mobyayiite ii rpadixk.
60) 3HalAiThL 00JacTh 3HaUeHb QYHKINI f (x).

B") 3’acyiiTe KinbKkicTh KopeHiB piBHaAHHA f(x)=a same:xHO Bix 3Ha-
YeHHsA mapameTpa d.

3HaWAiTE yci BHAUEHHS mapaMeTpa a, IPU AKUX PiBHAHHSA axb=e*
Ma€ €IWHUN AONATHUHN KOPiHb.

HoBenmiTh, IO 3aaHe PiBHAHHA Ma€ €IMHUN KOPiHb, i 3HAUMITH Il
KOpiHBb.

1) e*+2x-1=0; 2) l—1nx=1.

X

Y zaBpamuAx 7.15—7.17 po3B’s:KiTh piBHAHHS.

1) 2x+2_x=2cos§; 3) 4%—1=32x—1.
2) 4% +4* =1+ 3sinnx;
1) 2*" —4x=0; 3) 52 -12x=25.

2) 3*1_4x=-3;

3) 3.2%" 4+ 6.7 =3.5"2 +15;

4) 3% +3%7% =3(1+cos2nx).

1) 3-2*"245% =8.3% +5;
2) 3.2* 3% 147 =1;
HoBeniTs HePiBHICTH:

1) e*>1-x npu x<0; 4) 1n(1+9c)>L1 npu x>-1;
x+

2) e*>ex npu x>1; 5) 2xInx<x?-1 mpm x>1.

2
3) ex>1+x+x? npu x=>0;
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7.19*.

7.20.

7.21.

7.22.

7.23.

7.24*,

7.25*.

7.26.

7.27.

7.28*,

7.29*.

7.30*.

IlopiBusAliTe YMCHa:

1) 1000t i 1001199, 3) (1g5)° i 3'%°.

2 (v2)® 1 (y3)";

3’acyiiTe KiIbKicTh KOpeHiB piBHAHHA e* =x+a 3ajleXHO Bij 3Ha-
YeHHA IapameTpa d.

3HalgiTh yci 3HaUeHHSA 4, IPU AKUX PiBHAHHSA Inx=ax? mae enu-
HUHN KOPiHb.

3HaiAiTh yci 3HAUEeHHA a, IpU AKUX QyHKIiA y=2e* +3ax—4 € 3po-
CTAI0UY0I0 Ha BCiii obJiacTi BU3HAUEHHA.

3HalgiTh yci 3HaueHHA a, TPU AKUX QYHKIA y=5-Inx+2ax
€ CIaJHOI0 Ha BCiil obJjacTi BU3HAUYEHH.

-X

3HalAiTEL yCci 3HAUEHHS @, IOPU AKUX HKI[isa =2e¢* —age " +
VY y

+(1+2a)x—5 € 3pOCTAar0u0I0 Ha BCiil o0JiacTi BU3HAUEHHS.

3HAUITH yCi 3HAYEHHA @, IPU AKX QYHRIIA y=3—2e” +(1—a)e_x -

—e%* +(a—1)x € CIaJHOI0 Ha BCiil obOjgacTi BU3HAUEHHA.

BuaiiniTe yci sHauenHs a, npy axux Gyarnis f(x)=e* +2(x—a—-2)e* —
—ax?+2ax-7 wmae TouHO IBa eKCTPEeMYMU.

BHaiAiTh yei 3HAUeHHS a, npy AkuX QyHKHiA [(x)=e?* +(x-3-4a)e* —
—ax?®+4ax+3 wmae €OUHUI eKCTPEMYM.

BHaiigiTe yci sHaueHHs @, npu akux Qyarnia f(x)=a8% —(3a—2)4" +
+3(3a-2)2* He Mae ekcTpeMyMiB.

3HalgiTe HalbiJbIlle 3HAUEHHS ILJIONIL IPAMOKYTHHKA 31 cTOpoHAa-
MU, TapajieIbLHUMHU OCAM KoopawmHaT, i miaromammaio OP, nme Tou-
Ka O — mouaToK KOOPAMHAT, a TOYKa P HaleXuTb rpadgiry GpyHrIii
_ 9
y=49xe? ™+ =, 0,2<x<1.
X
3HalmiTh Haiibinbllle 3HaueHHsA IO TpukyTHuka OPK, me Tou-
kKa O — mouYyaToOK KOOPAMHAT, TOUYKa P HadexuTh rpadirky GpyHKIiii

5e674x

5 .
y=—+64x , 0,7<x<2, rouka K HajgexkuTsb oci Ox, IpuuoOMy
X

abcrucu Touok P i K piBHi.

BuaBiTb CBOIO KOMNETEHTHICTb

B imeanpHMX yMOBax IIPOIlEC PO3BMHOMKEHHA KPOJMKIB MOXKHA OIIU-

catu pagom PiboHauui, a 3pocTaHHA IX KIiJIBKOCTiI BigOyBaeTbcs 3a

sakorom N =e%% (t BuUMipoO€eThCT Y MicANAX). SHAUAITL MIBUAKICTH

IPUPOCTY KPOJUKiB y MmomeHT t=10 micamis.




MOKA3HUKOBI TA JIOTAPUDMIYHI PIBHAHHA
N HEPIBHOCTI

Heari moxkasHUKOBiI Ta Jorapu@MiuHi piBHAHHS MOKHA pPO3B’sA3aTH, 3aCTOCOBYIOUHM BJa-
CTHUBOCTI BimmoBimmmx ¢Qyukrmiii. HaragaemMo OCHOBHI HIpuiioMu, AKi BUKOPUCTOBYIOTH IIifn
yac po3B’A3YBaHHA PIBHAHBL 3a JOIIOMOIOI0 BJACTHUBOCTelNl (MYHKIIiINI, Ta HaBeJeMO NIPUKJA-
IV Po3B’s3yBAaHHS PIBHAHBL i HepiBHOCTEH, IO MiCTATH MOKA3HWKOBi, Jorapudmiuni Ta iHmmi
GyHKITI.

Ta6auma 11

OpienTtup IIpuknanx

1. CkiHyeHHa O/A3

flkKwo obnactb  AonycTUMKX
3HayeHb (O3) piBHAHHA (He-
piBHOCTI abo cucTemn) ckna-
JA€TbCA 3i CKIHUEHHOro 4mcna
3HauyeHb, TO An1A PO3B'A3yBaHHA
JOCTaTHbO MNepeBipuTn BCi Ui
3HaYeHHs.

@00c00000000000000000000000000000000

2@ +3x =41—\/2—2x .

x-120, . jx=1,
Ont3: {2—2x>o. T {x<1.

Ilepesiprka: x=1 — Kopiub (2 -1 4 gt
Inmux KopeHiB HeMae, ockinbKu 0 O[3 BXOAUTH TiIBKU OLHE
YHCJIO.

Bidnogiov: 1. <]

Orsxe, OI13: x=1.

ey

eeccccccccccccccccssccccs
eeecccccsccccccsccccccc oo

2. OuiHKa niBoi i NpaBoOi YacTMH PiBHAHHA

f(x):a’ *® _ i
fx)=g(x)| © {g(x)=a. 2% =cos X
f(x)> OninuMo 3HaUeHH JiBOl i TpaBoi YaCcTUH 3aJaHOTO PiBHAHHA:
X)Za 2
g(x)<a axmo f(x)=2%", ro f(x)>1 (ockinbru x2 >0);
AKIIO g(x)=cos§,'ro -1<g(x)<1.

AKwo noTtpibHO po3B’A3aTU

pisHanHa Bugy f(x)=g(x),
i f(x)>a, glx)<a, 1o pis-
HICTb MiX NiBOIO i MPaBoOIO yac-
TUHAMW MOXKNBA TOAI 1 TiNbKN
Togi, konu f(x) i g(x) opHo-
YacHO JOPIBHIOKOTD a.

@00c00000000000000000000000000000000

Or:xe, f (x)>1, g(x)<1. Toxi 3amaHe piBHAHHSA PiBHOCHUJILHE
cucreMi piBHSIHB

cos—=1.
2

. 2
I3 mepmroro piBHAHHA omep:kyemo x- =0, To6ro x =0, 1o 3a-
IOBOJIbHAE APYyre PiBHAHHA.

Bionosidv: 0. <|

eeecccccccccccccccsccsccse
eeeccccccccccscccccscccc e oe
-

3. BMKOpMCTaHHA MOHOTOHHOCTI (PYHKLiM

Cxema po36’a3Yy8aHHA PDIBHAHHSA
1. ITio6upaemo o0urn abo KinvbKa KOpeHi8 Pi6HAHHS.
2. Jlosodumo, wio iHWUX KOpeHi8 Uue PIBHAHHSA He MaE (BUKOPUCMOBYIOYU MeopemMu Npo KOPeHi
PiBHAHHA a00 OUiIHKY 3HAYEHb Ji60I ma npaeoi LacmuH Pi6HAHHA).
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TeopeMu mMpo KOPeHi pPiBHAHHS

1. fAkmo B pieuasanHi f(x)=a @yuxmia f(x) spocrae (cnazae)

y Ha JedKOMY IIPOMiXKKY, TO Ile PiBHAHHS MOKe MaTU He GiJble
yf(7 Hi’K OAWH KOPiHb HaA IILOMY IIPOMiXKKY.
y=a |a : Ipuknan
\/ E Pisusamna 2% +8%=5 wmae exunuit xopins x=1 (21+3!=5,
ey 10670 5=5), ockimpkm Gymkmia f(x)=2*+3" spocrac Ha
/ 0 (o} Xy P x BCill o0sacTi BU3HAUYEHHS (xeR) AK CcyMa OBOX 3POCTAI0UIX

byHKIiA.

2. fxmo B piBuamHi f(x)=g(x) ¢Qymruiz f(x) spocrae ma
IesKOMY NpOMiKKY, a GyHknia g(x) cmazae Ha mboMy camo-
My TPOMiKKY (a00 HaBIaKMW), TO Ile PiBHAHHS MOXKe MaTU He
OinbIlle HisK OAWH KOPiHb Ha IILOMY HPOMiKKY.

IIpuraanx
Pipuanna 5* =27 —x Mae eguuuii Kopiab x=2 (52 =27-2,

To6To 25=25), ockinbku Qpyurmia f(x)=5% aspocrae, a pyHK-
miz g(x)=27—-x coagae (upu Bcix x€R).

4. «llykamMTe KBagpaTHMM TpUUIEH»

OpienTup ITpuraanx

Cnpobyiite po3rnAHYTY 3afaHe
PIBHAHHA K KBafpaTHe BiAHOC-
HO AKOICb 3MiHHOT (41 BiHOCHO

4* —(7T-x)-2°+12-4x=0.

Banumemo: 4% =22* i puxomaemo saminy 2°=t. Oguep-

. . JKYEMO:
AKOICb PYHKLIT). 2 (T—x)t412—4x=0
PosrisiHeMo Iie piBHAHHSA AK KBajJpaTHe BigHocHO t. Moro muc-
KPUMiHAHT
2
D=(7T-x)"-4(12-4x)= x?+2x+1=(x+1)°.
T-—xt(x+1
Tozmi t o =$, TOOTO

=4, t,=3-x.
BuxonaBmm obepHeHy 3saMiny, orpumaemo: 2% =4 (3Bigcm
x=2) abo 2* =3—x. OcranHe DiBHAHHA Mae €IUHUN KODPiHb
x=1, ockinbrku ¢yurumia f(x)=2% spocrae, a QyHKIis
g(x)=8—-x cmagae (upu Bcix x€R).
Bionosidv: 1; 2. <
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Opienrup”

I. f(x)>0

: AKWO MOXNMBO, BUKOPUCTO- :
: BYEMO OCHOBHY NlorapudmiuHy :
: TOTOXHICTb y BUrNAA

alogaN:N
(a>0, a#1, N>0)

¢ AKWO MOXNMBO, norapupmy-
: eMO 06MABI YaCTUHW PIBHAH-
: HA 3a YNCI0BOI0 OCHOBOIO abo
: NMOAAEMO BCi CTeneHi AK cTene-
* Hi 3 ofjHi€O i TiEIO CamMolo umc-
JI0BOIO OCHOBOIO 32 GOPMYIOH *

U(x) — aloga Ul(x)

(a>0, azl, U(x)>0)

II. f(x) — moBinpHMII Bupas

T P P PP :
. [lBa cTeneHi 3 ojHaKoBUMM OC- :

HOBaMU (f(x))g(x) i (f(x))q)(x)
MOXYTb AOPIBHIOBATU OAWH
OfIHOMY B OfJHOMY 3 YOTUPbOX
BUNAAKIB: .
1) fx)=-1, i pna kope-
S LUbOro pPiBHAHHA g(x)

i @(x) — uini uucna opHa-
'  KOBOI NapHOCTi; :

(x) (x)
5. OCHOBHi cnoco6u pose’ssysanHs pieHanHa (f(x)° " =(f(x)"™”

ITpuraanx
1. xlogx(x+l):x2_1.
xlogx(x+1)=x2_1<:>
x>0, x>0, x>0,
slx#l, s Jdx#l, < dx#1, =
x+l=x2-1 x2-x-2=0 x;=-1 abo x,=2
S x=2.

Bidnogiov: 2. <

2. x2'8*1 =100x.

Ha O3 (x>0) o6uzsi uacTuHEN piBHAHHA NOZATHi, TOMY
micas gorapudMyBaHHA 3a 0CHOBOIO 10 oxep:KyeMo piBHSAHHS,
piBHOCHJIbHE 3aaHOMY:

1g(x28%1) — 12 (100x).
Beincn (2lgx+1)lgx=1g100+1gx.
Buxonaemo saminy: lgx=t.

OmepKuMo: (2t+1)t=2+t¢; — 1; t; =1, t,=-1. Buxonasmu
obepHeHy samiHy, orpumaemo: lgx=1 a6o lgx=-1, TobTo
x; =10, x,=0,1 (o6uzaBa KopeHi Bxozars go OI3).

Bionosiov: 10; 0,1. <

3. x2x+4 =x20.

SIKII0 BBA’KATM OCHOBY X YWCJIOM, TO CNOYAMKY PO32AAHEMO
mpu ocobausi eunadxu (ocHosa cmeneus dopienioe —1; 0; 1),
a nomim npupiéHAEMO NOKASHUKU CMeENneHis:

1) axmo x=-1, o (—1)2 =(—1)20 — IpaBUJbHA PiBHICTH;

2) axmo x=0, To 0*=02" — ppasunbHa piBHiCTH;

3) axkmo x=1, To 16=1%20 — npaBUJIbHA PiBHICTB;

4) axmo 2x+4=20, ToéTo x=8, TO 820 -g20 __ IIPaBUJILHA

piBHiCTB.

Bidnosidv: —1; 0; 1; 8.

* PiBHAHHSA BURY (f(x))g(x) =(f(x))“’(x) HAa3UBAIOTh NOKA3HUKOE0-CMeNneHe6UMU Pi6HAHHAMU.
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2) f(x)=0,i ana KopeHis

:  uboro piBHAHHA g(x)>0

©ie(x)>0;

3) f(x)=1, i ana KopeHis ubo- :
ro pisHanHa g(x) i o(x) :

©  icHyloTb; :

4) g(x)=0¢(x), i ana kope- :

:  HiB UbOro PIiBHAHHA iCHYIOTb :
(f(x))g(x) i (f(x))(p(x). {1 [+ O3HaOMUTUCH 3 PO3B'A3yBaHHSAM NOKA3HIIKOBO-CTEMNeHeBHX pis-

------------------------------ : UJ HAHb Ta HEPIBHOCTEWM BM MOXETe, 3BePHYBLUMCL O IHTEPHET-MiA-
TPUMKM NIAPYHHIKA.

3ayBaxkeHHA. SKIo BBaKaTU OCHOBY X 3MiHHOIO, TO (PYHK-

nia A (x)=x2*** BeaskaeTbca BUSHAUEHOO JIHITIE mpu x>0.

3 1IbOTO0 TIOTIAAY 3aZjaHe PiBHAHHA Ma€ TiMbKYU KopeHi 11 8.

Bionosiov: 1; 8. <]

OT:ke, BiAMIOBiAb TAKOro PiBHAHHS He MOJKHA 3alMCaTH OIHO-
3HAYHO.

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

Po3B’s:KiTh PiBHAHHA (\/2—\/§)x+(\/2+\/§)x =4,

Mpukrad 1

Po3sp’s13anHa KomenTap

Axiro (\/2—\/§)x=t, TO

( )x 1 1
2+\/§ =7.OnepﬁcyeMo t+7=4.

ITomiuaemo, 110

(Vo3 )Wz +3 ) =22 -(v3)" =1.
Omxe, SAKIITO \/2—\/5 =a, TO \/2+\/§ :%.

. 1 -
To6To 3ajaHe PiBHAHHA Ma€ BUTJIAL @~ t—= 4 i fioro
a

Orxe, t2-4t+1=0. Toxi

t1=2—\/§, t2=2+\/§.

Burkonagiiu obepHeHy 3aMiHy,
OTPUMAEMO:

(\12—\/§)x=2—\/§ (sBimcu x=2)

x
a6o ( 2—\/§) =2+\/§ (3Bimeu x=-2).
Bidnosidv: —2; 2. <]

MOKHA pO3B’A3aTH 3a JOIOMOTOI0 3aMinm a* =t. Aue
Temep 3MIiHHY ¢ MOMKHa 0e3locepeqHbO BUKOPUCTATU
IJd 3aJaHOTO PiBHAHHSA, He BBOOAYMN IIPOMIiKHI ITO3HA-
yeHHsd. BUKOHABINIM 00epHEeHYy 3aMiHy, BPaXOBYEMO, IO

TNCJ S S—
N ({2—v3)

A e Ly,
X

Posp’sokiTh piBHAHHA 4% + .
2

Mpukaad 2

KomenTap

SAxmio 3BecTu Bci cremeHi mo oxmiei ocHOBH 2
i mosHaumtu 2% =t, T0 ofepskuMo piBHAHHSA (1)
(muB. po3B’A3aHHA), Y AKOMY MOKHA BUKOHATHU

. 1 . 1
3aMiHy t—?zu (Toxi u2=t2—2+—2, oTxe,
t

1
2+ — = u?+ 2). Ha O[I3 samaHOro piBHAHHS
t

(x eR) BUKOHAHHS ycixX 3aMiH i obepHeHUX 3a-
MiH € pPiBHOCHUJIBLHUMU II€PETBOPEHHAMH! I[HOTO
piBHAHHA. OT/Ke, pO3B’dA3aBIIM PiBHAHHI,
oJlep:KaHI B peayJabTaTi 3aMiH, i BHKOHAaBIIHU
obepHeHi 3aMiHM, MU OTPUMAEMO KOpeHi 3aja-
HOTO DiBHAHHA.
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Posp’azanna
1 1 J5 5
2x x _ 1++/5 1 5
2%+ 527 +27 - e =4. Onepaxyemo: ;= 5 t, = 5 abo
. X __ .
Buxonaemo saminy 27 =t, OEePIKUMO: t3 :_1_’_\/5, t4 =_1_\/§.
1 1
2
t“+—+t——=4. 1 1++/5 1++/5
#2 ¢ 1) Toxi 2% = 2\/_ (sBimcu x=log, f), a60
1 1
ITosmauumo t——=u, Toxi t2+—2=u2+2, X 1—\/3 . . 1—\/3
¢ t 2% = . (KopeHiB HeMae, OCKiIbKHU . <0),

oT:Ke, 3 piBHAHHA (1) omepiKyeMo PiBHAHHA
u?+u-2=0, sxe mae xopeni: u; =1, uy=-2.
BukonaBiiu obepHeHy 3aMiHy, OTPHMAa€EMO:

t—lzl abo t—l=—2.
t t

Tomi t2—t—-1=0 a6o t2+2t-1=0.

Mpukaad 3

a6o 2% =—1+/2 (3Bizcu x =log, (\/5—1)), abo
2% = —1-/2 (xopenis Hemae, OCKiTBKE
~1-+/2 <0).

Bidnosids: log, 1+2\/g; log, <\/§—1). <

. . 1
Po3B’asxiTh piBHAHHA 4% +—= 2cos2x.

I croci6o

Komenrap

Vpaxosyioun, 1mo 4% >0, ogep:xyeMo, IO B JIi-

Biff wacTuHi PiBHAHHSA CTOITH cyma 080X 83a-

€MHO 00epHeHuXx 000aMHUX Luces, AKa 3a8x#0u

oinvwa a6o dopisnioe 2. (Iificuo, akio a>0,
1 a®-2a+1 (a—l)2

= >

a a

0, omxe,

. 1
npu Bcix a>0 maemo: a+—=>2.)
a

Hna omiHKM 3HaueHb IPaBOi YACTUHU JOCTAT-
HBO B3rajaTu, 10 o00JacTi0 3HaAUeHb QYHKILiI
Y =c0sS2X € MPOMIiKOK [—1; 1], oTIKe,
—2<2co0s2x < 2.

Po3sp’azannsa

OminuMo 3HaAueHHs JIiBOI i mpaBoi YacTuUH
. 1
piBHaAHHA. Ko f(x)=4x+—x, ro f(x)>2
4

AK cyMa JBOX B3a€MHO O0EpHEHNX TONATHUX
yucen. Axmo g(x)=2cos2x, To -2<g(x)<2.

Omxe, f(x)>2, g(x)<2, toxi samane piBHAH-

3 IepIIoro piBHAHHSA, BUKOPUCTOBYIOUM
. 1
saminy 4% =t, ogmepskyemo t+—=2, To6TO
t

t2-2t+1=0. 3Bigcu t=1.

Tomi 4*=1, omxe,
i gpyre piBHAHHA.

x=0, mo 3a70BOJILHSE

PES Bionosidv: 0. <]
HA piBHOCHJIbHE CHCTeMi 4
2cos2x=2.
IT cmioci6
Komenrap

SIkmo mosmaumtu 4% =t, To 3ajmaHe PiBHAHHSA
3BOAUTHCA 10 PiBHAHHA (2) (IUB. PO3B’A3aHHA),
sAKe MOJYKHA PO3rJIsAfaTH AK KBaJgpaTHe BimHOC-
HO 3MiHHOI ?.

BayBasknmo, mo t=4" %20, orxxe, Ipyu TaKUX
3HaueHHAX ¢t piBHAHHA (1) i (2) € piBHOCHILHU-
mu. Hasi BUKOPUCTOBYEMO YMOBY iCHyBaHHSA
KOPEeHiB KBaJApPaTHOTO PiBHAHHA.



§ 8. [oKa3HMKOBI Ta NOrapUdMiYdHi PIBHAHHS 1 HEPIBHOCTI

Po3B’a3zaHHsa

Bukonasmmu saminy 4=t (¢>0), is saga-
HOTO DPIBHAHHSA OAEP)KYEMO PiBHOCUJIbHE PiB-
HAHHA

1
t+7=20052x, (1)

fAKe, Yy CBOIO Uepry, piBHOCHUJIbHE DiBHAHHIO

t2—(2cos2x)t+1=0. (2)

Posriguemo piBuaHHA (2) AK KBaJgpaTHe Bif-
HOocHO 3mimmOi t. Tomi #oro AWMCKPUMiHAHT

D=4cos®2x-4.
PiBuaunusa (2) Mmoske MaTH KOpeHi TiabKM TOAi,
komu D >0, To06TO KOJIU 4cos?2x—4> 0, Toxmi

cos?2x>1. 3)

VY 1iii HepiBHOCTI 3HAK «OijbIlle» He MOXKe BU-
2
KomyBarucsa (cos”2x<1 saBxkam), oTiKe, He-

piBHicTb (3) piBHOCHMJIbHA PiBHAHHIO cos?2x=1.
Toxi cos2x=1 ab6o cos2x =-1. IligcraBiasaooun
i 3HaueHHs B piBHAHHA (2), ogep:KyemMo nIBi
CUCTEMU PiBHAHB:

cos2x=1, cos2x=-1,
2 abo 4 .2
t°-2t+1=0 t°+2t+1=0.

3 mpyroi cucremu maemo t=-1, 1o He 3aj10-
BosibHsie yMOBY t>0. Otike, 3amaHe piBHAHHSA
piBHOCHMJIbHE TiJIBKU IEepIIifl cucTeMi PiBHAHB.
3 Apyroro piBHAHHA NEPIINOi CUCTEMU MAEMO

t=1, tomi 4 =1, To6T0 x=0, MmO 3aKOBOIL-
HfAE U mepIlie PiBHAHHA Iiel cucTeMu.

Bidnosidv: 0. <|

@ fIKi, Ha Ballly AyMKY, NepeBary KOXHOro 3 HaBefeH1x crnocobiB po3B’aA3yBaHHA Npuknagy 37

Mpukaad 4

Po3B’aKiTh piBHAHHA 2l*| —|2erl —2|=2x+1.

Komenrap

Hnsa pos3B’saA3yBaHHA PiBHAHHA, II0 MiCTUTH
KiJbKa MOAYJIiB, MOXKEMO BUKOPUCTATHU 3arajib-
HY CXeMy, POSTJIAHYTYy B § 8 mimpyuHuka mjisa
10 xaacy (muB. Takosk Tabs. 24 y poamimi 4
IBOTO MiIPYYHUKA):

1) smaiitu O/13;

2) 3HAWTH HYJI BCiX HiAMOAYJIbHUX (PYHKILiI;

3) mosnaumtu HyJsi Ha O3 i pos3dutu O3 Ha
TPOMIKKU;

4) 3HaWTH pPO3B’A3KU PIBHAHHA B KOXKHOMY
3 TIPOMIiKKiB.

Po3sp’a3annga

O13: xeR.
Hyuni migmomyasuux Qyuimii: x=0
i 27 -2=0; 2¥"'=2; x+1=1; x=0.
ITeit HyOB (x=0) pos6usae Oll3 Ha mBa mpo-
MIdKKH, Y KOXKHOMY 3 AKUX KOKHA IiAMOIYJIb-
Ha (QYHKIiA Mae cranuit 3HaKk (puc. 8.1).

IIpomincor I. Axmo x e(—oo; 0], MAaEMO PiBHSAH-
HE 27x +2x+1 _2=2x+1

x=-1, —le(—oo; 0].

Tomi 27*=2, orxe,

ITpomincor II. fxiro xe[0;+oo), MaeMo PiB-
HAHHSA 2x—(2x+l—2)=2x+1. Tomi 2 =§, 3Biz-
cu x=10g2§. Aune 10g2§<0, oTiKe, Y npo-
mincky Il 3amaHe PIBHAHHA KOPEHIB He Mae.

Bionosidv: —1. <

87
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Mpukrad 5
PosB’a3anusa
x+1>0,
OI13: {x—1>0. To6To x>1.

OckinbKH X =2 He € KOpeHeM 3aJaHOor0 PiBHAHHA,
TO, AKIINO PO3ALMIUTH OOMABI UaCTMHU PiBHAHHS Ha

lgz(x—l);tO, OJIEeP;KUMO PiBHOCUJIBLHE PiBHAHHA

(ma OI13):
1g?(x+1)  1g(x+1
gz(x ) _ glx+1) iy
1g2(x-1) lg(x-1)
. lg(x +1) .
BukonaBmu 3amiHy ¢=-———, OTPUMaEMO piB-
lg(x-1)
HaEHa t2—t-2=0, KOpeHi sKoro:
t,=-1, ty=2.
BurkonaBmin obepHeHYy 3aMiHy, OLeP:KYyEMO:
lg(x+1) lg(x+1)
———=-1 abo ———=
lg(x-1) lg(x-1)

Toxi ma OJlI3 MaeMo piBHOCUJIbHI PiBHAHHA:

lg(x+1)=-1g(x—1) a6o lg(x+1)=21g(x—-1);
lg(x+1)=1g(x-1)" a6o lg(x+1)=1g(x-1)

x+1= abo x+1=(x—1)2;

x-1
x?-1=1 a6o x+1=x2-2x+1;
x2=2 abo x2—3x=0;
x:i\/g, abo x=0, abo x=3.
VYpaxosytouu O[3, omep:KyeMo:
x=+2 abo x=3.
Bionosiov: \/5; 3. <

Mpukrad &

Poss’soxits pisasaEa 1g2(x+1)=1g(x+1)1g(x-1)+21g2(x-1).

KomenrTap

Axmo Bukonaru saminy lg(x+1)=u,
lg(x—-1)=v, T0o Omep:RUMO pi6HAHHA

2 2 ;
u” =uv+2v°, yci uneHu K020 MarMb

o0Hakosuill cymapHuil cmeniny — 2.
Haragaewmo, mo Take piBHAHHA HA3UEAIOMb
00HOpiOHUM i po3s’a3yiomb OileHHAM 060X
YacCmMuH Ha Halsuwuil cmeninbv 00HI€L 3i
3MIHHUX.

Posginumo, Hanmpukaam, oO0uaABI yacTUHU
Ha U2 (To6TO Ha 1g2(x—1)).

IITo6 He 3azybumu KopeHi Pi6HAHHA nid uac
OdifleHHs Ha 8upas 3i 3MiHHOW, nompibHo mi
3HAYEeHHS 3MIHHOL, 014 AKUX yell supas 0o-
Ppi6HI0E HYAW, pO32AAHYMU OKpemo. 3Ha-
yenHs x, mpu skomy lg(x—1)=0 (roxi
x—-1=1), TobTo x =2, migcrasjaseMo B 3a-
naHe PiBHAHHS.

Ina peamisarfii omep:kaHoro IJIaHy pPO3B’ -
3yBaHHA He 000B’SI3KOBO BBOAUTH 3MiHHI U
i v, mocTaTHBO IMOMITHUTH, IO 3aJaHe PiB-
HAHHA OMHOPiTHEe, PO3AiIuTH 00UABI YacTu-

HU Ha lg2 (x—1), a Boxe moTiM yBecTH HOBY
3MiHHy t.

VY KiHIi BpaxoByeMO, IO BCi IIepeTBOPeHHS
oysu piBHOCcuabHUMU Ha O3, oT:ke, HeOO-
XigHO BHMOpaTHM TiMIBKM Ti 3i 3HalZeHUX
posB’A3KiB, AKi BxomaTs mo OI13.

Posp’soxiTe piBHAHHA log, (1+\/x—2 )+logl (1—|x2 —4|)=0.

3

Komenrap

Jlorapudwmiuni pyuriii, aki mictarbed y JiBii
YaCTHHI 3aJaHOTO PiBHSHHSA, HAOYBaIOTHb TiJb-
KU HeBix eMHHX 3HAUYEHb.

CuopaBpi, Ha Bciit o0acTi BUBHAUEHHS

1+Jx-2 >1, ome, log,(1+x—2)>0. Ana-

JIOTIUHO, OCKIJIBbKU 1—|:Jc2 —4|<1, TO Ha CBOIN

ob6sacTi BU3HAUEHHS logl (1 —| x2-4 |) >0.

3
YV uyvomy sunadky cyma 06ox Hegid’emHUX

@yHKyill moxce OopieHoeamu HYI0 modi

il miavku modi, KOAU KOMCHA 3 YUX PYHKUIL
OopigH10€ HY.JLI0.

3ayBaKUMO, III0 B IIPOIleCi BUKOHAHHS Iepexo-
Iy BiJ 3aaHOTO PiBHAHHA [0 CUCTEMU PiBHAHD
OJI3 me 3MiHIOETBCHA, OTKe, Ii MOKHA He 3amu-
cyBaTu B saBHoMYy Buraani. Ilim uac poss’asy-
BaHHSA OJep:KaHnuX HAWIIPOCTIIINX Jorapudmiu-
Hux piBHAHL O3 TeK ypaxoBYETHCS aBTOMA-
TUYHO, TOMY ii MOJKHa B3araJji He 3aIlKCyBaTH
10 PO3B’sA3aHHA.
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Po3sp’a3aHuga

Ockinpku Ha Bcili obJgacTi BU3HAYEHHS

log, (1+vx—2)>0 i log, (1-|x*-4[)>0, 0
3
3a/laHe PIBHAHHA PiBHOCUJbHE CUCTEMIi PiBHAHD

log, (1+x—-2)=0,
log; (1-]x%-4[)=0.
3

Mpukaad 7

3 mepumioro piBHAHHA CHCTEMU OLEPIKYEMO

1+vVx-2=2% Toni Jx—2=0, To6T0 X=2,

10 3aJ0BOJIbHSE II Apyre PiBHAHHA CUCTEMU.

Bionosidv: 2 <

IIpu aKux 3HAUYEHHAX IIapaMeTpa a HepiBHiICTh

sinx++3 cosx+a—-5

log 9, 15 (
5

)>0
5

BUKOHYETBCS IJA OyAb-IKUX 3HAUEHb X7

Komenrap

CoouaTKy ckopucraeMocs ()OPMYJIOIO

asinx+bcosx=\/a2 +b2 sin(x+(p), e

a . b
——; sinp=—F———:
\/a2 +b2 \/a2 +b2

sinx+\/§cosx=2sin(x+§).

cosQ =

ITorim BammimemMo IIpaBy dYacTHHY HEPiBHOCTI
AK 3HaueHHA Jorapudmiunoi QyHKIII i, mepe-

XOOAYM [0 apryMeHTiB, ypaxyemo, IO y BHU-
majgKy, KOJU OocHoBA Iiel pyukiii 6inbira 3a 1,
dyHKIig 3pocTae, a Koiaum MeHIna Bim 1 (ase
oinpmma 3a 0) — cmagae. Takoxx ypaxyemo OJ13
3aaHOl HEepPiBHOCTI.

Amnanisyoouu majigi omepskaHi HepiBHOCTi, ypaxo-
BYEMO, II[0 HepiBHiCcTH Sint>b BUKOHYETbCA IJIA
Oynb-AKWUX 3HAUeHb { TOAI U TiJIBKMH TOMi, KOJU
b< -1, a mepiBHicTs sint<c — xoau c>1.

Po3B’a3aHuga

3amaHa HepiBHICTHL piBHOCHJIbHA HEPiBHOCTI

2sin(x+§)+a—5

log 5,15 5 >10g 9,15 1.
5 5

IIa wHepiBHicTH piBHOCHMJIBHA CYKYIHOCTI cH-
cTeM HepiBHOCTEeM:

[24-15
(1—>1’
5
2sin(x+nJ+a—5
3 >1
5
[ 2a-1
0< a 5<1,
5
a60o _ ( n)
2sin| x+— |+a-5
0< 3 <1.
5

a>10,
Toxi . ( TE) a
sin| x+— |>5——
3 2
7,56<a<10,

abo ¢ 5-a . ( n) a
<sin| x+— |[<b——.
2 3 2

HepiBHaocTi 31 3MiHHOI0O X B OCTaHHIN CYKYIIHO-
CTi cuCcTeM BUKOHYBATUMYThCA OJA OYAb-SIKUX
3HAYEHb X 34 YMOB:

a>10, 7,56<a<10,
abo 5-a <-1
5—%<—1 ’
5-251.
2
a>10, 7,6<a<10,
TobTo abo sa>"7,
a>12
a<8.

Tomi a>12 a6o 7,5<a<8.
Bidnosiov: ae(7,5;8)U(12; oo). <
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IMpukrad 8

eIUHUN KOPiHb?

IIpu AKuMX 3HaUYEHHAX IIapaMerpa a PiBHAHHA lo (4x—a)=x Mae
2

Komenrap

Bukonyoun piBHOCHUILHI IIepeTBOPEeHHS 3aja-
HOTO DiBHAHHS, AK 3aBiKIU, YPaxOBYEMO, IO
B IIpOIleci BUKOPUCTAHHSA O3HAUYEHHS Jorapud-
Ma IJisi PO3B’sI3yBaHHS IILOT'0 HANIIPOCTIIIIOrO
Jorapudmivynoro piBHaAHHA oro OI13 ypaxoBy-
€ThCA aBTOMATUYHO.

Burxonyouu 3aminy 3minnoi 6 3a60anHi 3 na-
pamempom, ypaxosyemo, Wo npu yboMy 6uMo2a
3a0ayi moxce 3MiHUMUCS.

Hocaimxyounm po3MillleHHS KOPEeHiB KBajpar-

HOI'O TpUYJIEeHa f(t) = t2 —t—a BigHOCHO 3ama-

HUX 4UYHCeJI, 3aCTOCOBYEMO YyMOBU, HaBeIeHi
B iHTepHer-miagTpuMii mo m. 9.3 migpyuyHHKa
nnsa 10 xkaacy (mna sanmmcy BiAIOBimTHMX yMOB
BUKOPUCTAEMO TO3HAUeHHA: D — AUCKPUMI-
HaHT, {, — abcuuca BepIIHHM mapabosan). fx
BimoMo, mja Toro 100 KOpeHi KBaapaTHOTO
TpU4JeHa f(t) (3 momaTHUM KoedillieHTOM

2 . . . .
mpu t°) 6yaum poamireHi mo pisHi 60Ku Bijg umc-
Ja A, HeoOXiHO I HOCTATHLO BUKOHAHHS yMO-

su f(A)<O.

Posp’azanuga

3amane piBHAHHSA PiBHOCUJIbHE DPiBHAHHIO
4% —a=2%. 1)

To6ro 22° —a=2%. Buxonaemo saminy 2% =t
(t>0), OLEPKUMO:
t2—t—-a=0. (2)
Buwmora sagaui 60yze BUKOHYBATHCS TOA1 U TiJib-
KU TOHi, KOJU PiBHAHHA (2) MaTuMe €IWHUI
momaTHUR KopiHb. Ile MOMKJIMBO B OJHOMY
3 IBOX BHUIIAAKiB:
1) piBHaHHgA (2) Mae efUHUN KOpPiHb, i BiH mO-
OaTHUNI;
2) piBHaHHA (2) Mae 1Ba KOPEeHi, 3 SKUX TiJIbKH
OIWH JONATHHUI, a Apyruii — Bix emuuii abo
HYJIb.

D=0,
g mepuroro BUOALKY OJEPIKYEMO

ty >0,
1+4a=0, 0
1
TOOTO 1 Orixe, a=——.
ty=—>0. 4
2
ﬂpw(/\aa q Posp’sa:xiTe piBHAHHA | x—3 |

Po3sp’a3anna

3asHAuUMMO, II0 X=3 HEe € KOpPeHeM 3aJaHOr0

PiBHAHHA (00 He icHye).

IIpu x#3 o6uzasi yacTuHM PiBHAHHA mozaTHi. ITic-
asa gorapudmyBanusa (3a ocHOBo 10) 060X yacTuH
3a/IaHOTO PIBHAHHSA OHEPsKYEMO PiBHOCHJIBHI oMy

PiBHAHHA:

Ilna gpyroro Bunaary suavenus t=0 mocaigu-
MO OKPEeMO.

Axmo t=0, 3 piBuauna (2) oxepkyemo a=0.
fxmo a=0, piBEanHa (2) mae KopeHi ¢ =0,
ty,=1. Omxe, ymoBa 3agaui npu a=0 BuKoHY-
eThbCA.

3auIaeTbCA Ie OAWH BUMNALOK — KOPEHi piB-
HAHHA (2) MaoTh pisHi 3HaKU (posMilleHi MO
pisui 60oku Bim mysaa). Ile Oyme Tomi # TinbKu
TOMi, KOJIA BUKOHYBAaTHUMeTLCA yMoBa f (O)<O
(me ]"(t)zt2 —t—a), TooTo —a<0, orxe, a>0.
O6’egHyroun BCi ozep:KaHi pes3yiabTaTH, 3alu-
CyEMO BiaIOBigb.

1
Bidnosidv: AKIIO a=—z a6o a=0, sananme

PIBHAHHA Mae €IUHUI KOPiHb. <

3x2-10x+3
=1.

KomenTap

OckinpKku |x—3|>0, TO 3 0COOJIMBUX BU-
NMagKiB MOMKHA PO3IIAHYTH TiILKU OLUH —
ocHoBa popisuioe 0 (|x—3|=0, TOOTO
x=3). Il[o6 He po3riaAmaTH BUIIALOK, KO-
JX OCHOBa MAOpiBHIOE 1, [OCTAaTHRO IpHU
X #3 mposorapudmMyBaTy OOMIBI YaCTUHU
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1g| x_3|3x2—10x+3 gl
(8x2-10x+3)1g|x—3|=0;

3x%-10x+3=0 a6o lg|x—-3|=0.

3 IepLIOro OZep;KaHOTO DIBHAHHA MAaeMO X;=—,

X5 =3 (He € KOopeHeM), a 3 APYTOro |x—3|=1, TOIi

x—3=1 abo x—3=-1. TooTo x=4 abo x=2.

Bionosgiov: é; 2; 4. <

Mpukrad 10

1
3

PiBHAHHA 3a YHCJIOBOIO OCHOBOIO (HAIpU-
KJaja, 3a ocHoBoio 10).

Axmo x#3, o0uABi YacTUHMU 3a4aHOI0 PiB-
HAHHA OOJATHiI, TOMYy micig Jorapudmy-
BaHHA OJEPIKYEMO DiBHAHHSA, PiBHOCUJIbHE
saganomy. OcKiJIbKM BCi momajbIii Iepe-
TBOPEHHS € piBHOCUIbHHMHU (3a YMOBH
x#3), To Bci omepsxaHi po3B’sa3KU (AKi He
JIOPiBHIOIOTh 3) € KOPEeHAMH 3aJaHoTOo pPiB-
HAHHA.

Posp’soxiTh piBHAHHS 5°82% + x1°825 =10,

Komenrap

IIponmorapudmyBaTu OOMABI UaCTHMHU 3aJaHOTO
piBHAHHA He Mo:KHa (y JiBill wacTwmHi CTOITH
cyMa), TOMy COpoOyeMO BCi cTeIleHi momaTu AK
CTemeHi 3 OOHi€I0 I Ti€l0 CcaMOI0 YMCJIOBOIO
OCHOBOIO. YPaxOBYIOUHM, IO B 3aJaHOMY piB-
HAHHI € Jorapudm 3a OCHOBOIO 2, momaMo Bci
3a/laHi CTeIlleHi AK cTeleHi 3 0CHOBOIO 2 3a (op-

mysoo u=a%" me u>0, a>0, a#1. Toxi

5log2x _ 210g2(5log2x) — 210g2x10g25; (1)

logg5
xlog25 _ zlogz(x og25) _ glogs5log,x

(TobTO mOmaHKW, AKi CTOATH y JiBili yacTmHI
3a/laHOr0 piBHAHHA, omHakoBi). Ilicaa oxep-
JKaHHA PiBHAHHA (2) (IUB. PO3B’A3aHHSI) MOK-
Ha BuKopucratu piBHicTh (1) cmpasa HamiBO.
MoskHa TakoK 3amucaTH IIpaBy YacTHUHY pPiB-
Hauud (2) AK creminb umeaa 2 abGo IpoJiora-
pudmyBaTu 00uIBL 3a oc-
HOBOIO 2.

fioro YacTHUHU

Po3p’a3aHuga

O03: x>0. Ha miit O[13 zamane piB-
HSAHHS PiBHOCHJIbHE PiBHAHHAM
210g2x10g25 + 210g25log2x =10;

2_210g2x10g25 :10;

Mpukaad 11

Po3B’sa:xiTh cucTeMy pPiBHAHB

2log2xlog25 :5; (2)
51082% — 5. log,x=1; x=2 (BxozuTs 1o OL3).

Bionogiow: 2. <

xlog3y + y10g3x =18,
log;x+logsy=3.

Komenrap

Buxopucraemo piBHOCUJIBHI IIepeTBOPEHHS CHU-
cremu piBHAHBL. [[ag mboro Bpaxyemo OJ[3
i mpocre:xumo 3a TuM, 106 Ha it O3 Bci
IepeTBOPEHHA DPIiBHAHB AK y NOPAMOMY, TaK
i y 3BOopoTHOMY HampaMKax 30epirasm mpa-
BUJIbHICTH piBHOCTeI.

Y mepuiomy piBHAHHI 3amaHOl cucTeMU 3amu-
IIeMo BCi cTemeHi AK cTemeHi 3 0OCHOBOIO 3 (IUB.

KomeHTap mo npukraany 10). ITicaa piBHOCUIB-
Hux (Ha OI13) mepeTBOPEHDb MEPINOTO PiBHAHHSA
omepsxyemo cuctemy (1) (zuB. po3B’aA3aHHA), 10
AKOl BMiHHI BXOAATH TiMbKu y Buriagi loggx
i logsy, ToMy 3py4YHO BHMKOpHCTATH B3aMiHy
3mMinHuX. BukoHaBInu o6epHEHy 3aMiHy, 3aCTO-
COBYEMO O3HAUeHH:A JiorapudmMma.
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Posp’azanuga

x>0 . . . uv=2
Ol3: {y S 0’ Ha miit O3 mepite piBHAHHA OmepsKUMO cucTeMy PiBHAHB {u ‘o I 3
3a/IaHO1 CUCTEMM PiBHOCHUJIbHE PiBHAHHAM 3 Apyroro piBHSHHS OCTAHHBOI CHCTEMU
1o, loggx
31°g3(x 83 + 31°g3(-’/ 63%) =18; v=38-u, toxi 3 mepmoro pisuaaHEa u(3-u)=2,
glogsy logsx | glogsxlogsy _ 1. ro6to u?—-8u+2=0. 3sizcu u =1, uy,=2.
2,31°g3x10g3y=18; Toxmi v; =2, vy =1.
gloggxloggy _ g. BukouaBmiu ob6epHeHy 3aMiHy, OTPUMAEMO
3log3xlog3y 232; {}og3xf1, aGo {}Og?,sz,
logzxlogsy=2. 0g3y=2 ogzy=1.

Toxi sagana cucremMa PiBHAHb PiBHOCHJIBHA _ _
- . |x=38, x=9, . . .
cucreMi Toni y=9 abo y=3 (3HalimeHi PO3B’A3KU
logs xlog;y=2, (1) BxoaATh n0 OI13).
log; x+logsy=3.
Bionogiov: (3; 9), (9; 3). <
Bukonaemo saminy logsx=u, loggy=v.

1. IosAcHiTH HA IPUKJIAJAX, IK MOKHA BUKOPUCTATHU BJIACTHBOCTI (DyHK-

3anumaHHs . , : : )
mifi 70 pPo3B’A3yBaHHA IIOKA3HUKOBUX 1 JOrapu(pMiuyHUX pPiBHAHB.
Bnpa6u VYV zaBpamuax 8.1-8.6 posB’sKiTh piBHAHHA.
8.1. 1) 2% =5—x; 6) log, (3" +4)=2-5%;

2) (3)x+(§)x—1- 7) log,|x|=5-x%;
5 5 > go 5

3) 3% +4% =5%; 8) log, (1+x2)=log, x+2x — x%;

4) 2x+2_x=2cos§; 9) logsx=v1-x2.

5) logs(x+5)=log x+4;
2

8.2. 1) (Va—v15 ) +(Ja+415 ) =8; 3) (Va—v3 ) +(V2++3) =2,
2) (V3+8 ) +(\3-v8 ) =6;

8.3. 1) log2x+(x—1)log,x=6—2x;
2) x%+(x-3)log,x=4x-3;
3) 21g3(2x-1)=1g2(2x+1)-1g(2x-1)1g(2x +1).

8.4. 1) 22|27 _q|—g¥ 1 q; 2) [2+1log, x

5

8.5. 1) 25" -(a-1)-5*+2a+3=0; 2) V4¥-6-2*+1 =2 —q.

+3=|1+log; x|
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8.6%.

8.7.

8.8*.

8.9.

8.10.

8.11.

8.12.

8.13.

8.14.

8.15.

8.16.

8.17.

1) xlgx :x3; 6) xx+2 :xG:
2) x28* _10x=0; a) axmo x>0; 0) axmo xeR;
log \/ﬁ—llog (x2-1)
3) x210g16x: \]/-E ; 7) (1) 3 2 3 _ 2(x_1);
X
4) xlogx(x2—3) =2x; 8) 4logix +xlog4x =8;
2_
5) |x—1[" " =1; 9) 2x280V =14 (x-1)",
Y saBmamaax 8.7, 8.8 posB’siKiTH cucTeMy PiBHSHbB.
1 x+2% =y+2Y, 9 log,x-log,y=y-x,
x%+3y=10; x®+y® =54.
x10g5y + ylog5x — 50, 9 xlogzy + ylogzx — 16,
logys x+logys y=1,5; log,x—log,y=2.

3HalgiTh yci 3HaueHHs mapaMeTpa @, IPU AKUX PiBHAHHS
4*+a-2*1—q=0 me mae KOpeHiB.

3HalgiTh yci 3HAueHHsS mapaMeTpa @, IPH AKUX HEPiBHIiCTH
a-9*+4(a-1)-3*+a>1 BuKOHyeTbCA IPU BCiX X.

3HalAiTh yci 3HAUEHHS IIapaMeTpa a, IPU AKUX PiBHAHHSA
3*+3 ¥ =2cosx+a+4 Mae efuHUI KOpiHb.

3HalAiTh yci 3HAUEHHS IIapaMeTpa a4, OPU AKUX PiBHAHHSA

log, (9 +a)=x wmae €IUHUI KOPiHb.

Hna KOKHOTO 3HAUEHHSA IMapaMeTpa @ BU3HAUTE YMCJIO KOPEHiB piB-
2

HAHHSA |lgx|=—(x—1) +a.

CkinbKU pO3B’A3KIB Mae PiBHAHHA (log2 x+1)— )\/x a =0 zaex-
HO Bijg 3HaueHnHdA mapamerpa a?

3HalgiTe yci 3HaUeHHs IIapaMeTpa 4, IPH SAKHX CHCTeMa PiBHSIHD
lg(4+y)=lgx,

1 2 Mae€ PO3B’SI3KH.
a-y= E(x+ a)

VYV zaBpamuax 8.16, 8.17 poss’skiTh PiBHAHHSA.
1) 2596*1 _34x+1 . 73x+3 — 50436*2 . 3) 213*.76 .311*2.76 .59*336 — 360x+2 .
2) 29.7C+9 . 37x+3 . 5636 — 750x+3 . 4) 32x+3 . 33x+1 . 625x+2 — 600x+7 .

3 1
=4lo 2+ +3;
3) g“( x+1)

1) 3log6(3— "
—310g4(4\/7)

2) |33
logx

3) |7-—1  —2l0g,(0,5Vx).
log 4
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8.18.

8.19.

8.20.

8.21.

8.22.

8.23.

8.24.

W

(1 _| x |>10g5(1—\ x \H afl\

IIpu AKWMX 3HAYEeHHAX @ BUPAa3 OinpIINi 3a BU-

4—a2—10g25(1+x2—2\ x D

pas 0,2 IpU BCiX AOUMYCTUMUX 3HAUEHHAX X7

ITpn AxkuX 3HaUEeHHAX a cyMa log, (sinx+2) i log, (sinx+3) mopis-
HIOBATHME OAWHMUIIL Xoua O IPU OJHOMY 3HAaUeHHi x?

IIpn akux 3HaUYeHHAX a cyma log, (cos®x+1) i log, (cos®x+5) mo-
piBHIOBaTHME OAMHHII Xoua 0 IPU OSHOMY 3HAUEHHi x?

)lg(sinx)—a2

IIpy AKUX 3HAUYEHHAX a Bupas (sinx Oinmpmuit 3a BUpas

1 1-cos?x )+l .
10 ogi0o(1-cos” }+logz a IpHU BCiX JONYyCTUMMX 3HAUeHHAX Xx?

. )1og2(1—2x)—2“

IIpu AKMX 3HAUEHHAX @ BUPAa3 (1—2 OinpIIUI 3a BUpas

X _ox+l
0,5° Va-log,(1+47-271) P BCiX AOMYCTUMHUX 3HAUEHHSIX X7

3HaAUOITh yCci 3HAUEHHSA @, IPU AKUX 00JaCTh BU3HAUEHHS (PYHKILIT
10+2xlog, a 18 . X
y= lg(ax+2 LxBl08xa 4 gt x5 (\/x ) - (\/a ) ) MiCTUTb TiIBKM

OJHEe IIijie YHCJO.

5x+2
3 obusacti BusHaueHHA QYHKINII y=logs (a“ —aq **2 ) B3sAJAM BCi Imiji
IonmaTHi ymcesa i 3HAWIIM iX cymy. BusHauTe yci momaTHi 3HaueH-
HA a, IpU SKUX Taka cyma 0yme OinpIroio 3a 9, ame menimoo Big 13.

Temun HaBYa/IbHUX NPOEKTIB

1. ITokasHuKOBa (PyHKIIiA B HAYI[i, IPUPOAL I TeXHIiIli.
2. Jlorapudmiuna GyHKI[isI B HAYIIi /i IPUPOLII.
3. 3acTocyBaHHA MTOKA3HUKOBOI 1 JorapudMivHol GyHKIIA B EKOHOMIIII.

4. IIporHosyBaHHA OyIiBHHUIITBA HOBUX 00’€KTiB COI[iaJIbHOTO IIPHU3HA-
YeHH 3 yPaXyBaHHAM 3POCTAHHSA HaceJeHHA MicTa.

g BUKOHAHHA IIPOEKTY CTBOPIOETHCA KiJbKa I'PyI, KOKHaA Mae
3HANTH MeBHY iH(GOopMaIriio.

PesysnbraTu poboTu Hax IPOEKTOM KOKHA Ipyna o)OPMJIIOE Y BU-
TJIAII KOMII'I0OTepHOI ImpeseHTalrii, 3aXmcT mMPoeKTiB AOIiJILHO ITpoBe-
ctu y popmi mebaTis.

3 eTanamu poboTU Haf, MPOEKTOM MOXHa 03HaMOMUTCS, 3BEPHYBLUMCH [10 iHTEp-
HeT-MiATPUMKU NigPYYHMKA.



3ABAAHHA ANA NiArotoBkn A0 OUIHKOBAHHA

Tecm
Ne 1

1.

3HalAITHL 06JacTh 3HAYEHb (PYHKIIl y=-5%+2.
A (-o5+0) B (=e3-2) B (—32) T (=2+e0) I (2+)

21—3x — i

PosB’sa:kiTh piBHAHHS i BKRaXKiTh IPOMIKOK, A0 AKOTO

BXOJATH BCi 1OTO KOpPEHi.

A (—e05-5) B [-5-2) B [-2;0) I [0;2) I [25+e0)

Posp’sikiTh HepiBHicTh log 5 (x - 3) >-1.

A (—3) B (3;5] B (3;5) I [3;5) I [55+e°)

YcramoBiThs BigmoBigHicTh Mixk Bupasamu (1-3) Ta 3HaUEHHS-
mu (A-T) nmux Bupasis.

1 Inlog, log; 25 g 9

2
2 1g25+1g4 B 1
3 5210g53 TO

YcranoBiTes BigmoBigmicTs Mik (yaKOiavMum (1-3) Ta noximammMwnm
(A-T) qux pyHKIiHA.

1 2x+1Inx A 2xInx+x B 2xInx
2 x%Inx B 2+l T 2
3 In[x?) . ;

Posp’axire piBHAHHA log, (x - 1) —log; (x + 2) =1-log; (Zx - 4). Axmro
BOHO Mae€ [IeKiJbKa KOPeHiB, 3HAWIIThL IX HOOYTOK.

A 0,5 B3 B -3 I -0,5 I 6

Posp’axity piBHaaHa 25 -6-10"+8-4"=0. fkmio BoHO Mae me-
KiJlbKa KOpPEeHiB, 3HAWAITH iX CyMmy.

A log;2 B log;4 B log;8 r4 I 6
2 2 2

Posp’skiTh HepiBHicTh 1g2 (10x) -3lgx-1>0.

HocaigitTe dyHKIifo y=Inx—x Ta mobyxayiiTe ii rpadixk.

MponaiTb OHNaWH-TECTYBaHHS Ha CaulTi interactive.ranok.com.ua
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H. Opem

M. IlITidens
(1487-1567)

Mox. Hemep
(1550-1617)

I. HeroToH
(1642-1727)

BIZIOMOCTI 3 ICTOPI|

ITousaTTa MOKa3HUKOBOI (PpyHKIIiI OyJI0 BBEJEHO Ha OCHOBI cTemeHeBOl (QyHK-
il 3 paImioHaJbHUM ITOKAa3HUKOM, fAKa Ma€ IaBHIO icTopiio. 3oKpeMa ApoOOBUMU
TOKa3sHUKAMU CTeIleHA I HAWIIPOCTIIUMU IpPaBUJIaMU i HaJl CTeNeHAMU 3 IPO-
0oBuMUy moKasHuMKaMu omepyBaB y XIV cr. dpannysskuii marematuk H. Opem
(621. 1323—-1382). Bimomo, 110 H. Illtoke (61. 1445 — 6. 1500) posriamas creme-

Hi 3 Bix’emuuMu i HyanoBuM noxasaukamu. C. CTeBiH 3amponoHyBaB po3yMiTH Imifg
1

a™ KOpiHb (l/; . Aue cucrTemaTruHO APOOOBI # Bif’€MHI TOKA3HUKU CTaB 3aCTOCO-
ByBaru 1. HeroToH.

Himenwskuit marematur M. IllTidhens (1487—1567) 3anporioHyBaB MO3HAYECHHA
a®= 1, akmo a#0, i BBiB Ha3By nokxasnuk (Ile mepekaas i3 HiMenbKoi exponent).
Himenwke potenzieren osmauae nidnecmu 0o cmenens. (3Bigcu moxomurts i cio-
BO «IIOTEHIIiI0BATU», AKe 0YJ0 3aCTOCOBaHE AJId ITO3HAUEHHA IEPEXOiB Bif yora-
pudmis (log) Bupasis f(x) i g(x) mo Bizmomimmux cremenim, To6TO Bix piBHOCTI
log, f(x)=1og, g(x) no pinocTi a'0%a 1) _ alOgag(x).) ¥V cBoIo uepry, TepMiH expo-
nenten BUHWK YHACJiZOK He 30BCiM TOYHOI'O MEPEKJany 3 I'PeIllbKOi CJI0Ba, SKUM
Hiodant Anexcanapiiicekuii (621. I1I cT.) mosHauaB KBagpaT HEBiOMOI BeJIMUNHUA.

TepMmiH s02apug)m TOXOTUTD BijJi CIIOTyUeHHA TPEIBKUX CJIiB «JoToc» (y 3HA-
YeHHi «BiHONIIEHHA») i «apuTMOC» (UHMCJIO) i IEPEKIANAETHCA AK 6i0HOULEHHA YU-
cea. Bubip Bunaxiguukom sorapudmis k. Hemepom (1550-1617) Takoi HasBu
y 1594 p. MOACHIOETHCA THUM, IO JIOTAPU(MU BUHUKJIMU BHACJTITOK 3icTaBJIeHHS
[IBOX UHCeJI, OfiHE 3 IKUX € YWICHOM apu(MeTuuYHOI mporpecii, a Ipyre — reoMeTpuy-
Hoi. JJorapudmu 3 ocHOBOIO e yBiB /Ik. Creiimen (1600-1634), aAKuil cKJIaB mepIii
rabauni mus pyekiii y=Inx. Hassy Hamypanivruil (IpUPOAHWHA) IJIA IIHOTO JIO-
rapudma 3anpornonysas H. Mepkarop (1620-1687), akuii BuABuUB, 1m0 Inx — 1e
ota Girypu nix 2inep6o.010 l

x
Bnusbke o cydacHOro po3yMiHHSA JiorapudMyBaHHS fAK oleparii, ob6epHe-

HOI /10 MiJHEeCEeHH IO CTeIeHsd, yuepiie 3’ aBusocs B poborax k. Bomrica (1616—
1703) i 1. Beprayi (1667-1748), a ocrarouno 6yo yrouneso y XVIII cr. JI. Eii-
aepom (1707-1783). ¥V xuusi «BeTyn g0 amanisy HeckinueHuux» y 1748 p. Eitnep
copMyII0OBaB CydyacHe O3HAUEHHS AK MIOKAa3HUKOBOI, Tak i jorapudmiuHoi QPyHK-
1iff i HaBiB X PO3KIaJaHHA y CTEIIeHeBi paau, 3a3HAUYNB 0COOJIUBY POJIb HATYPATIh-
HOTO Jorapudma.

LOGARITHMOTECHNIA:
sive
Methodus conftrwecdi

LOGARITHMOS

Mova, sccorses, & facils;
scarrTa

Logs
Ascrone NICOLAD MERCATORE
Widite , + Socivass Rea,

.
Ty bl Tmprnde bl it B, e

v i Brin, o M, B LV

M. Beprymii
(1667—1748)

TurynpHUN apKyII
Bumauua 1667 p.
H. Mepxkaropa

k. Boaic
(1616-1703)
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IHTETPAJI
TA MO0 3ACTOCYBAHHS

Y LLbOMY PO31711 BU:
P 03HaNOMUTECS 3 MOHATTAMM NEPBICHOT, HEBM3HAYEHOro
| BU3HAYEHOrO IHTErpaniB, KPUBOMIHIVHOI TpaneLii;

P HaBYMTECS 3HAXOOWTU NEPBICHI Ta iIHTEerpann i 3acToCcoByBa-
TV IHTErpanu 4O BU3HAYEHHS MO, KPUBOIHIMHUX Tpanewin
Ta 00'eMiB Tin 00epTaHHs

_-I-_..- _.ln! F_| LS
A = ; :




NMEPBICHA TA 1i BNTACTUBOCTI

Tabaumna 12
1. MNepsBicHa

O3HayeHHd IMpuxaan

®yuxuis F(x) wmasusaerscs nepeicnoro dna ' Iina pymrmii f(x)=x° ma inrepsari (—o03+00)

pynryii f (x) ma mamoMy MpOMINKKY, AKIIO A ) ) x )
Oy/b-AKOTO X i3 I}bOTO IPOMINKKY IepBicHOIO € QYHKIIiA F(x):T’ OCKiJIBKU

F'(x)=1(x). F’(x)=(x—4),=l'4x3=x3.
4 4

2. OcHOBHa BJ/1IaCTUBICTb NepBiCHOI

Baactusicrs I'eomeTpuunnii 3mict

Axwo Qyuruis F(x) € nepsicnow dns PynKyii f(x) na danomy T'padikm Oypb-siKMX mepBic-
npomixry, a C — dosinvna cmana, mo pyuryia F(x)+C ma- + HEX AJAA 3ajaHol  QyHKOII
. . OIEP/KYIOTH OAWH 3 OJHOTO

Ko € nepsicrow 0asa Qyrkyii flx), npu yvomy O0yov-aky nepsic-
b dynryii f(x), np _u oy y nep mapaJyeIbHUM ITIePeHEeCeHHIM

ny Oasn Qyukyii f(x) Ha danomy npomixcky moxcna 3anucamu

yszmoB:x oci Oy.
y suznadi F(x)+C, de C — doginvna cmaaa.

Ilpuknang

\/
————
w

. . x* .
Ockinbku (QyHKIia F (x) =—— € 1nepBicHOWO mad (QyHKIiI
f(x)=x3 Ha iHTepBaJi (—oo;+<><>) (nuB. BUIIE), TO 3A2ANbHUIL BU-

2na0 ycix nepgicHux 0as QYHKUIT f(x)=x3 MOJKHAa 3amnunucaTm
4

rak: —+C, e C — moBigbHaA craja.

SRR

‘

3. HeBu3HauyeHun iHTerpan

O3HaueHHA IIpuxaan
CykynHicts ycix mepBicHux maa manoi GyHKIil .
. 3
f(x) nasuBaernca neeusnauwenum inmezpanom. jx dx :T+C’
HeBusnaueHuil iHTerpaJ mo3HaualoTh CUMBOJIOM 3
f(x)dx, To6T0 OCKinbKM A PyHKIil f (x)=x° na iHTepBaIi
2
—oo;+o00) yei mepBicHI MOKHA 3ammcaTy TaK:
[fx)ax=F(x)+c, ot m) el mep
ne F(x) — onma s nepmicumx ans QysKnii = +C (mup. x. 2 rabr. 12).

f(x), a C — mosinbHAa craua.

4, lMNpaBuna 3HaXoA)KEHHA NepBiCHMX (NpaBusa iHTerpyBaHHA)

1. Axmo F — mepsicua musa f, a G — mnepsicua ' 1. J(f(x)+g(x))dx=J.f(x)dx+'llg(x)dx.

na g, to F+G — nepsicHa gaa QyHKImL f+ . . . .. ,
A g p o pymiitit £+ Iumeezpan 6i0 cymu OopieHIOE cymi iHmezpanis

Ilepsicna 0as cymu 0opieHioe cymi nepgicHux , 8i0 dodaHKie.
oas dodawnkia.

2. fAxkmo F — mepsicHa gua f, a ¢ — crana, To ' 2. jc-f(x)dx=cjf(x)dx, e ¢ — crajia.

cF — mnepsicua mias HKIIiI cf. .
b ans Qyrruii cf Cmaanuilt MHONCHUK MONCHA 8UHOCUMU 304 3HAK

iHmezpaaa.
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3. SIkmo F — mepsicHa g4 f, a B i b — crani 3. J.f(kx+b)dx=%F(kx+b)+C.

(mpuuomy k#0), TO %F(kx+b) — mepBicHa
s Gyuruii f(kx+b).

5. Tabamua nepBicHMX (HEBM3HA4YeHMX iHTerpanis)

3araJpHMI BUTJIST MEePBiCHUX

®dynkmia f(x) F(x)+C,
me C — moBigpHA craja

3amuc 3a JOIIOMOIOX0
HEBH3HAUYEHOIr0 iHTerpaJja

0 c Jo-dx=c
1 x+C jdx=x+C
xa+l xa+l
x* (o#-1) +C [x®da= +C (o#-1)
oa+1 o+1
1 1n|x|+C Jd—x=1n|x|+C
X X
sinx —cosx+C jsinxdxz—cosx+C
Ccosx sinx+C Jcosxdxzsinx+C
1 dx
2 tgx+C _[ =tgx+C
COS X COs X
1 dx
.2 —ctgx+C _[ - =-ctgx+C
sin X sin x
e” e*+C jexdxzex+C
a® (a>0, a#l) 2 +c J.axdxz ¢ +c
Ina Ina
NOACHEHHA M OBI'PYHTYBAHHA
MoHATTA nepBicHOI. Hampuxkiag, AKIO B IOYATKOBHUII MOMEHT
OcHOBHa BacTUBICTb NepBiCHOT yacy t=0 mBuAKicTh Tija IOpiBHIOE HYJIO,

ro6To v(0)=0, To B mpomeci BisbHOrO maxgiH-
Hs TiJIO 3a IPOMisKOK yacy ¢ (ToOTO Ha MOMEHT
&t

2
[IIBuAKiCT i IPUCKOPEHHA 3HAXOAATH 34

IOIIOMOT 00 Nu(DEePEHITIIOBAHHA:

v(t)=s’(t)=(g2i) =%~2t=gt,

v(t)=x'(t), alt)=v(t)=x"(2). alt)=v'(t)=(gt) =g.

Y 10 kjgaci MM 3HaAXOAMJIM 3a 3aja-
HOI0O (PYHKI[i€I0 ii moXimHy ¥ 3acTocoByBa-
JIV ITI0 omepaliito — Jugeperyilnanus — o gacy t) mpoiige miax s(t)=
po3B’sA3yBaHHs pisHOMaHiTHMX 3amaud. OmHi-
€10 3 TaKUX 3a7au OyJIO 3HAXOMKEeHHS ITBU/I-
KOCTi ¥ IPHCKOPEHHS IMPAMOJIIHIAHOTO PyXy
3a BiJIOMOIO 3aJIE}KHICTIO Bijf wacy KOOpAWHA-

tu x(t) MmarepiaapHOI TOUKM:
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AJle Ba)KJIMBO BMIiTH He TiTbKU 3HAXOAUTH
noxXigHy samaHoi (pyHKIII, a i po3B’sA3yBaTu
oGepHeHy sajady: sHaxonuTu (pyukmio f(x)
3a ii samanoro moxizmowno f’(x). Hampuxiaz,
y MexaHilli 4acTo JOBOAUTHCA BU3HAUYATU KO-
opauHaty x(t), sHarounm 3amexHicTh Bix uacy
mBugkocti v(t), a TaKOK 3HAXOJUTH IIBUJ-
Kicts v(t), sHAtOuNM 3asexHiCTH Bif Uacy mpu-
crkoperns a(t). Buaxomxenusa Qpyurumii f(x)
3a ii saaHoio moxiguomo f’(x) HasuBaiOTH OIe-
paliiero iHmezpy8aHHs.

Or:xe, onepayia inmezpy8anna € obepHe-
HoMw 00 onepauyii dugepenyirnsanns. Oueparrisa
iHTerpyBaHHsS MO3BOJISE 3a 3aJaHOI0 IOXi-
uomo f’(x) 3HaiiT; (BigHoBUTH) QPyHKILiIO f (x) .

IHTerpan — Big. naTuH. integratio —
BiJHOBNEHHA.

HaBegemo o3HaueHHS MOHATH, IIOB’A3a-
HUX 3 oIlepallieio inTerpyBaHHAd.

OsHayeHHAa. @ynrmiz F(x) HasuBaeTs-
cs1 nepéicnoro dna pynryii f(x) ma mamomy
MPOMIKKY, AKIIO AJII OyAb-IKOT0 X i3 I[OT0
npomizkky F’(x)=f(x).
Hanpurknan, gasa GpyHKITII f(x)=3x2 Ha
iHTepBaJi (—oo; +<>o) IepBicHOIO € (PYHKIIiA

F(x)=x3, ockinbrn F'(x):(x3) =3x2,

3a3HaunMo, 1110 PYHKIiA x3+5 mae TaKy

caMy IIOXigHY (x3 +5), =3x2. Or:xe, QyHKIIiS
x2+5 rakox e nepBicHOO A1 PYHKILIL 3x2
Ha MHOKUHI R. 3posywmino, 1110 3amicTh umc-
Ja 5 MoKHA MmificTaBUTH OyAb-AKe iHIle ymc-
no. Tomy 3agaua 3HaAXOAKEHHA ITEPBiCcHOI Mae
OesJriu pos3B’sA3KiB. 3HAWTU BCi IIi PO3B’A3KU
[I03BOJISIE OCHOBHA BJIACTHBiCTH IepPBicHOI.
Bnactueicte. Axwo gynxyia F(x) enepsic-
notw dna gpynxyii f(x) na danomy npomisc-
kY, a C — doginvHa cmana, mo QynKyin
F(x)+C makox € nepeicnoio dna gpynxuyii
f(x). IMpu yvomy 6ydv-axa nepeicna dna
pynxyii f(x) na danomy npomixky momxce
6ymu 3anucana y éuznadi F(x)+C, de C —
doginvHa cmana.

Bupas F(x)+C HasuBaiOTh 3a2albHUM
suzasdom nepgichux nnsa GyHriii f (x).

1) 3a ymoBoio dpyukmia F(x) e mepsic-
HOMO s yHKHII f(x) Ha ZeaxoMy mIpOMi-
Ky I. Orxe, F'(x)=f(x) nna OyOb-AKOTO X
i3 mporo nmpomikKy I. Toxmi

(F(x)+C) =F(x)+C’ = f(x) +0=f(x),

T06T0 F(x)+C Tesx € mepBicHOO AIA PYHK-
mii f(x).

2) Hexail pysxnia F (x) — imma mep-
BicHa mua @yukmii f(x) Ha ToMy camomy mpo-
MikKy I, TOOTO Fl’(x)zf(x) oas Bcix xel.
Toxi

(F(x)=F(x)) = F{(x)- F"(x) = f ()~ (x)=0.
3a ymoBoro cranocTi GyHKIil (. 34.1 mig-
pyunuka aas 10 xaacy), skwo noxiona QyHk-
yii Fy(x)-F(x) dopisnioe nynio na npomixc-
ky I, mo ysa pynkyisa Habysae deskozo cmaJozo
snayenna C Ha yvomy npomixncky. OTixe, naa
Bcix xel dysHknia F (x)-F(x)=C. 3singcu
F (x)=F(x)+C. Maemo: 6ynp-sika mepBicHa
s pyeKil f(x) Ha faHOMY IPOMIMKKY MOXKe
6yTu sanucana y surasagi F(x)+C, ne C — no-
BinpHa crama. O
OCKIiJIBbKU Oas (PYHKILL
fx)=2x ma inTepBaJi (—oo; + oo) OHi€eI0

Hampurnan,

3 IepBicHUX € (PYHKIig F(x)=x2 (cupasni,

F’(x)z(x2) =2x), TO 3aTraJIbHUI BUTJIAJT yCixX
mepBicHux QyHknii maa yurmoii f(x)=2x
MO’KHA sanucaTy Tak: x> +C, ne C — moBiJb-

Ha cTaJia.
—

3ayBaxkeHHA. 3asBUYall NpPU 3HAXOMKEHHI
nepsicuol mis Gyukuii f(x) mpomiskok, Ha
AKOMY 3a4aHO0 QyHKIIO f(x), He BKa3yIOTh.
ITpu mbomy MarOThH Ha yBa3i MPOMisKKM HaAi-
OiaBIIIOl JOBIKMHMA.

T'eomeTpuuHMii 3MiCT OCHOBHOI BJacCTH-
BOCTi mepBicHOI: zpadiku 0ydv-Axux nepsic-
Hux dna danoi pyuxuyii f(x) odepacyomv 0dun
3 00H020 NAPAJeAbHUM NePeHeCeHHAM 30084
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oci Oy (puc. 9.1). Copasni, rpadik goBiabHOI
nepsicuoi F(x)+C mosxHa omepsxaru 3 rpadi-
Ka nepBicHoi F(x) mapajenbHUM IepeHeceH-
HAM y310B:XK oci Oy Ha C OTUHUIIS.

Y

y=F(x)

0| x
Puc. 9.7

Q HeBusHayeHnn iHTerpan

Hexait ¢yurmia f(x) mae Ha megromy
npomixkky mepsicry F(x). Tozi 3a 0CHOBHOIO
BJIACTUBICTIO MEPBiCHOI CYKYIIHICTD yCiX mep-
BicHux muaa ¢yukrmii f(x) Ha sagamomy mpo-
MixkKy sagaersest popmyston F(x)+C, ne C —
JIIOBiJIBHA cTaJja.

O3HaveHHA. CykymHicTh yeix mepBicHHX
manoi GpyHKIil f(x) Ha3UBa€eTHCA HedU3HA e
HuM inmezpaiom.
Hesusnauernuil inmezpas no3HaLarmbs
CUMBOJLOM J f(x)dx, modi

Jf(x)dx:F(x)+C,
de F(x) — o0dna 3 nepsicnux 0na (pyuryii
f(x), a C — doginvra cmaana.

Y HaBenmeHi# piBHOCTI 3HAK | masusatorn
3HaKkom iHmezpaaa, PyHKIio f (x) — nidin-
mezpanvrolo pyuxuyicio, supas f(x)dx — nio-
iHmezpaivbHUM 6UpA30M, 3BMIHHY X — 3MiH-
Hoto inmezpysanna i noganox C — cmaJaoio
iHmezpysanns.

Hampuxnazx, ax 3asHauvasoca Buile, 3a-
TaJbHUHN BUTJAA NepPBiCHUX mTJIAd QYHK-

nii f(x)=2x sanucyors Tax: x2+C, oToKe,
J.Zxdx=x2+C.

CumBoJI dx, SKUI BXOAUTH 0 3aIIICY HEBU-

3HAUEHOT'0 iHTerpaJa J. f(x)dx , HasuBaeTh-
cs1 OugpepeHyiaiom.

i [loknagHilwe 03HaMOMUTUCS 3 NOHATTAM Ande-
U peHujana hyHKLIT B MOXEeTe, 3BEPHYBLUNCH [0
IHTEPHET-NIATPVMKN NIAPYYHUKA.

MpaBuna 3Haxop>KeHHS NepBiCHUX
(npaBuna iHTerpyBaHHS)

ITi npaBuaa moxi6Hi M0 BiATOBiAHUX Tpa-
BUJI nu(epeHItitoBaHHA.

IIpaBuno 1. Axwo F — nepsicna 0as f,
a G — nepgicua 0aa g, mo F+G — nepsicha
oas f+g. Ilepsicha 0ns cymu O0Pi6HIOE CYMi
nepgicnux 015 0o0aHKia.

Cupasni, akmo F — mepsicua mgiaa f
(Y IbOMY KOPOTKOMY (POPMYJIIOBAHHI Ma€ThC
Ha yBasi, mo Qpyuruia F(x) — mepsicua mus
GyHKIIT f(x)), ro F’'=f. Amajoriugo, AKIIo
G — nepsicHa nas g To G’ =g. Toxi 3a nmpasu-
JIOM O0OYMCJIEHHSA IIOXiZHOI CyMHu MaEMOoO:

(F+G) =F'+G’'=f+g,

a e i osHauae, mo F+G — mepBicHa mis
f+g.0

3a IOIIOMOTr0OI0 HEeBHM3HAUYEHOT'O iHTerpaJa
Ile IPaBUJIO MOYKHA 3alIMCATH TaK:

j(f(x)+g(x))dx = _[f(x)dx+_[g(x)dx,

TOOTO iHmezpaa 6i0 cymu 0opieHioe cymi inme-
epanis 6i0 000aHKi8.

IIpaBuio 1 Mo:KHA TOMIUPUTH HA OyIb-
AKY KiJbKicThb MomaHKIB (OCKiJIBKU moximHa
Bim Oyab-AKOI KiJIBKOCTi mOJAHKIiB MOpPiBHIOE
cyMi moXimHUX MOJZAHKIB).

IIpaBuno 2. Axwo F — nepsicha 0as f,
¢ — cmaaa, mo cF — nepgicua 0as pyukruii cf.

CupaBgai, axmio F — mepsicua g4 f,
to F’'=f. ¥YpaxoByiouun, 110 CTAJIUN MHOMKHUK
MOJKHA BHHOCHUTH 34 3HAK MOXiJZHOI, MaeMo

(cF) =cF’=cf, ame it osHauae, mo cF — mep-
Bicua a4 cf. O

3a I0IOMOTO0 HEBM3HAUEHOrO iHTerpaa
1Ie TPaBUJIO MOJKHA 3aTIMCATH TaK:

J.c-f(x)dx = cJ.f(x)dx, e ¢ — craja,

TOOTO cmMaauil MHOMHUK MONHA SUHOCUMU
3a 3HAK IHmezpaaa.

IIpasuao 3. Axuwo F — nepsicna oas f,
a ki b — cmaai (npuvomy k+0), mo

%F (kx+b) — nepsicna dna pynruyii f(kx+b).
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Cupasni, axio F — mepBicHa gasa f,
To F'=f. YpaxoByounu IpaBujo 00UNCICHHA
moXimHOI cKJIameHol PYHKITIT, MaeMo:

(ip(kx+b)) =lF'(kx+b)~k=f(kx+b),
k k

1
a e ¥ o3HAUaE, IO ;F (kx+b) — mepsicua
s yukmii f(kx+b). O

3a AOIIOMOI'OI0 HEBM3HaAYE€HOI'O iHTeI‘paJIa
IIe IIPaBMUJIO MOXXHA 3allCaTu TaK:

jf@x+@dx=%4%kx+w+c.

Tabnuusa nepBicHMX
(HeBM3Ha4YeHUX iHTerpanis)

Hia obuncieHHs mepBicHUX (Y1 HEBU3HA-
YeHUX 1HTerpasiiB), KpiM IpaBUJ 3HAXOMKEH-
Hs MEepPBiCHUX, KOPUCHO HaM’ sATaTy TaOJWUHi
SHAUEHHS IEePBIiCHUX A AeAKUX (PyHKITii.
Ix maBenmeno B m. 5 Ta6x. 12. 11106 o6rpyHTY-
BaATH IIPABUJBHICTL IILOTO IIYHKTY TaOJHMIl,
IOCTaTHBLO IIepPeBipuTH, IO MOXigHA Bim yka-
3aHOI mmepsicHOI (6e3 cramoro momamka C) mo-
piBHIOe 3azmauiint dyukiii. Ile 6yne osnauaru,
10 PO3TJIAHYTa (DYHKI[ISA AifiCHO € mepBicHOIO
o 3aganoi ¢pyukiii. OckinbKu B 3amuci Bcix
HepBiCHUX y APYTi#dl KOJOHII IIPUCYTHINA cTa-
auit fogadok C, TO 32 OCHOBHOIO BJIACTUBICTIO
epBiCHMX MOKHa 3pOOUTH BUCHOBOK, IO Iie
3araJIbHUN BUIJISA[A YCiX IMepBicHUX B3amaHoi
GYHKITII.

HaBememo  oOrpyHTyBaHHS  (opmy.,
3a AKWUMHU 3HAXOAATH MepPBicHI nada (yHK-
mift x¢ i l

X

Ona iHWWX PYHKLIY NPOMNOHYEMO MNPOBECTU
@ aHanoriyHy NepeBipKy CaMOCTINHO.

HOna Bcix x i3 oOsacTi BU3HAUYEHHA

o+l !
dyurmii x* mpum o#-1 moxizma ( 1) =
o+

o+1

1 .
= (o+1)x*=x%. Orxe, QyHKLIiA
oa+1 oa+1

npu o #—1 e nepsicHoo A1a pyrkmii x*. Toxi
32 OCHOBHOIO BJIACTUBICTIO IIePBiCHUX 3araJjib-
HUI BUTJIAN ycixX nmepBicHuX niasa GyHKmii x*
npu o #—1 Oyme rakum:

o+l
X

+C.

o+l

3a IOIIOMOT0OI0 HEeBHM3HAUYEHOTO iHTerpaJa
1Ie TBePAKeHHs 3allMCYIOTh TaK:

o+l

+C (a#-1).0

J.x“dx: o+1

1
O6sactb BusHaueHHs QyHKIi f(x)=—
X

traka: x#0. Posrismemo dymkmito F(x)=

=ln|x| okpemo ipu x>0 impu x<0.

Axmo x>0, to F(x)=Ilnx. Togi F'(x)=
=(lnx)’=l.
x

Axmo x<0,70 F(x)=1n(-x).Toxi F’'(x)=

= (ln(—x)), = L~(—x), = _L (-1)= 1 .

X

OT:Ke, Ha KOKHOMY 3 IIPOMiXKKiB (—oo; 0)

Ta (O; +<>o) dyarmia F(x)= 1n| x| € IIePBiCHOIO

1 . .
oA pyHKITii f(x)=—. Toxi saraxbHMii BH-
x

. . 1
raan ycix mepsicaux maa gysrmii f(x)=—

Oyde TaKuM: x
1n| x |+ C.

3a IOIIOMOT0I0 HEeBHM3HAUEHOTO iHTerpaJa
Ile TBEPAKEeHH 3allUCYIOTh TaK:

Jd—len‘xHC. @]
x

YABIiTb, L0 BaM Tpeba BU3HAYUTU 3aNeXHICTb
Bifl Yacy koopauHath Tina x(¢), 3Haloum 3a-
NEXHICTb Bifg 4acy WBWAKOCTI Tina v(t). Bu
sHanwmm x(¢) y BUrNAAI x(t)zf(t)+C. Aknn
@i3n4HMI 3MicT cTanoi C y ubOMy BUMNadKy?

Q)
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NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

Mpukaad 1

Po3B’a3zanna
F/(x):(z\/;), ZZ.L—L

= , Ile I o3HAYae, IM0 (PYHK-
ox  x

niz F(x) e mepsicuowo masa gysarmii f(x)=——. <l

Mpukrad 2

IlepeBipTe, um € (QyHKIiS F(x)zz\/z mepBicHOIO s (QyHKITIT
flx)=

1 Ha TPOMIKKY (0;+oo).

N

Komenrap

3a osHaueHHAM QYHKI[id F(x)
1 € TepBiCHOIO 1A (PyHKIiI f(x),
axmo F'(x)=1(x).

Jx

3HaAUIITE:

1) ommy 3 mepBicHUX A QYHKILIT f(x)=x* ua R;
2) yci mepsicui maa Qymrmii f(x)=x*;
3) [x'dx.

Pozp’a3zannga

1) Opmiero 3 mepBicHUX OJIs

byHKIIT f(x)zx4 HA MHOMKH-
5
x
Hi R € QyHKIia F(x)z—,
OCK1JIBKM o

x5 ' 1 4 4
Fx)=| =— | ==5x*=x* <
5 5

2) 3a OCHOBHOIO BJIaCTHUBiC-
TIO epPBicHUX yci mepBicHi misa

byHKIIT f(x)zx4 MOYKHA 3a-
. x5
OUcaTu y BUJIAILL ?+C, Ie

C — posinpHaA crana. <
5
x
3 x4dx=—+C, ne C —
) - ] -

IoBinpHA crama. <|

Mpukrad 3

KomenTap

1) IlepBicay maa QyHKIiL f (x):x4 crIpobyeMo 3HAWTU Mmifgbo-
poM. B mporieci MoxHa MipKyBaTH Tak: I[00 MicJasa 3HAXOIKEH-

HA MOXigHOI omep:KaTu x4, moTpi6bHO OpaTw MOXigHY Bifg x5,
5) 4 4
aje (x ) =5x". II1o6 moxigHa mopiBHIOBaja X , HJOCTATHBLO IIO-
. - 1
CTaBUTHU Iiepel PYHKITi€Io x° Koe(itieHT g

IIpocrimnre Bukopucratu opmyay 3 m. 5 taba. 12: odriero 3 nep-
o+l

gicnux dna Qynruii x* € Qynruyia T
+

2) Axwo mu 3naemo odny nepsicny F(x) s pyuxuii f(x),
mo 3a OCHOBHOIO BJIACTHUBICTIO IEPBiCHUX 0Y0b-AKY nepsicHy 0as

pynruii f(x) moxmna sanucamu y euzandi F(x)+C, ge C —
IOBiJIbHA cTaJa.

3) Ba osHAUEHHAM jf(x)dsz(x)+C,

TOOTO HEeBU3HAUEHUN iHTerpaJ J. f(x)dx — ue cumenianbHe moO-
3HAUYEHHA 3arajJbHOTO BUAY BCiX IepBicHUX AJA maHol (GyHKIIIL
f(x) (Axuil MU BiKe 3HAMIILIM B II. 2 PO3B’A3aHHA).

Hns pyurmii f (x)zx/; 3HANOITH IIEePBiCcHY, rpadik AKOI IPOXOIUTH

uepes Touky M (9;10).

Po3sp’azanna

D(f)=[0;+<). Toxi f(x)=x2.
3araJbHUUN BUTJISAHA YCiX MepBicHUX AJA (PYHK-

mii f(x) Taxwmii:

Komenrtap

CrouaTky 3alunIlleMo 3araJbHUUA BUTJISL IepBic-
HUX A 3amaHol GyHKii: F (x)+C. Torim BU-
KOpPHUCTAaEMO Te, 1110 rpadik omep:kaHol (GyHKITIT
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x2 2 2 2 3 2
+C==x2+C=—Ax +C=—x\/;+C.

1., 3 3

2

3a ymoBoio rpadik mepBicHOI MPOXOAUTH Uepes
TOUKY M(9;10), omKe, Ipu Xx=9 omepiKyeMo

%-9\/§+C:10.

3Bigcu C=-8. Toxi myxana nepsicua:

%x\/;—& <
Mpukaad 4*

Po3sB’a3zannsa

3anuiieMo OAHY 3 MHepBICHUX mJIs
KOKHOTO 3 JIOJaHKiB.

1
Hua GyHKnii ——— mnepBicHO

sin” 2x
. 1
¢ PyHKIig —Ectg 2x.

Hpyruit [ogjaHOK 3alUIIEeMO TaK:
1
V2-x
Tomi mnepBicHOIO 1iei QyHKII Oyae
byHKIiA:

1
=(2-x)2.

1
_ —+1 1
L-%Z—Z(Z—x)Z =—22-x.
-1 —E+1

IlepBicHoro musa GyHKIII 2cos3x
1 . 2 .
e QyHKIia 2- Esm 3x = Esm 3x. Toxi

3arajJbHUI BUTJIAM IIE€PBiCHUX OJIS 3a-
mamol pyHKIi:

—%cthx—2\/2—x —gsin3x+C. <

IPOXOAUTHL uepes TOuKky M (9;10), oTXKe, IIPU
x=9 snauenns yukuii F(x)+C gopisumoe 10.
11106 sHaiiTu mepBicHY A QyHKII flx)= \/; ,

ypaxyemo, 1o ii ob6aacth BusHaueHHa X =>0.

Tomi mio ¢yHKIiIoO MOKHA B3amucaTé Tak:
1

f(x) =x2 i BukopucTaTu HOPMYIy 3HAXOIKEH-

. . o
HA mnepBicHol pana GyHKII X, a came:

o+1
X

+C.
o+1

3HalAiTh 3arajJbHUN BUTJIAL MePBiCHUX I GYHKITIT

1

sin2 2x

—2cos3x.

~ 1
flx)= +\/2_x

Komenrap

Bukopucraemo mpaBuiia 3HAXOAKEHHSA ITePBiCHUX.

OckinbpKu 3amana PyHKIIA € aaredpaiuHOO CYMOIO TPHOX
ImomaHKiB, To Ii mepBicHa mopiBHIOE aaredpaiumiii cymi
nepBicHux Ana momaHkiB (mpaBmio 1). ITorim ypaxoBye-
MO, ITO BCi (pyHKMiI-momaHKu € CKJJIaZeHuMU (PDYHKIIIMHT
Bix aprymenTtiB Bumy kx+b. Or:xe, 3a mpaBujoM 3 MU
TOBUHHI TIepe] KOXKHOIO (PYHKIIiero-TIepBicHOO (Big apry-
MeHTa kX +b), AKYy MU OTPHUMAEMO 3a TaOJIUIIEIO IIepPBic-

1
HUX, IMOCTaBUTU MHOYKHUK ;

s KOKHOTO 3 [OOJAaHKIB 3PYYHO CIIOUATKY 3allucaTu
onuy 3 mepBicHuX (6e3 crajsioro momaumka C), a morim —
3arajJbHUN BUTJIAM HNepPBicHUX s 3amaHoi GyHKILI (mxo-
maTtu o ojxep:kaHoi GyHKIII cramuiut gomaHok C).

s TpeThoro AoJaHKa IMOCTIHHWNA MHOMKHUK 2 MOMKHA
TMOCTAaBUTHU IIepen BiAmoBigHOIO mepBicHOIO (mpaBuio 2).
VYpaxoByemo (auB. Tabs. 12), 1110 mepBiCHOIO I/ IePIIo-

ro J0faHKa BUAY —5— € dyurmia —ctgt. Hua npyro-

sin“{

s 0
IO JOJAaHKa, 3allMCaHOI'0 Y BUIJIALlL X, BU3HA4YaA€EMO IIep-
o+l

BicHY 3a (opmyJioro .
+1

106 3HaliTH HmEpPBiCHY /A TPETHOTO AOLAaHKA, YPaXOBY-
€MO, II[0 IIePBiCHO M PYHKIII COSX € PyHKIis Sinx
(3BMuUaiiHO, IEPETBOPEHHA NPYTOTO NOJAHKA BUKOHYIOTH-
ca Ha oOsacti Bu3HaueHHA Iiei ¢yHKIii, TO6TO HpPH®
2—x>0).
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3anumaHHg

Bnpabu

5*.

7*.

9.1°.

9.2.

9.3.

IMosAcHiTH, v AkoMy BHIAnKy (GyHKIio F(x) HasuBaoTh mepBicHOIO
mis ysknii f(x) Ha samamomy mpomixkky. HaBexgiTh mpuKIagu.

ChopmyJoiiTe OCHOBHY BJIACTHUBICTH HepPBiCHMX i mpoijiocTpyiTe ii
Ha IPUKJIagax.

ChopmyroiiTe 0O3HAUEHHST HeBU3HAUeHOro inrerpasa. HasemiTs mpu-
KJaau Horo o04YMCIeHHdd.

ChopmytioiiTe mpaBuja 3HAXOMKeHHA mepBicHumx. IlosdcHiTh iX Ha
IIPUKJIATAX.

JoBeniThs mpaBuJia 3SHAXOAKEHHA IEPBiICHUX.

3anuirriTs i chopmyaioiTe IpaBUia 3HAXOMKEHHA IepBiCHUX 3a IO-
IIOMOT'0I0 HeBU3HAUEHUX iHTErpaJis.

3anunriiTk i JoBeHiTH 3araJbHUI BUIJVIAL IIePBiCHUX I (PYHKIIIIH:

1 . 1 1
x* (e#-1), —, sinx, cosx, , >
x cos” x sin® x

3anuIriTe BiAmoBimHI (opMyam 3a OIOMOro HEeBU3HAUEHOTO
iHTerpaJa.

, €5, a* (a>0, a#1).

V saBpamHax 9.1, 9.2 nosexits, mo Gyuknia F(x) e mepsicuowo mis
Pyurmii f (x) Ha 3a3HAYEHOMY MPOMIiKKY.

1) F(x)=x", f(x)=5x", xe(—co;+co);
2) Flx)=x7, f(x)=-8x"", xe(0;+);
3) F(x)=%x7, fx)=x%, xe(—o0;+o0);

4) F(x)z—%x_ﬁ, f(x)zx_7, xe(0;+<>o).

1) F(x)zsinzx, f(x)=sin2x, xeR;
2) F(x)zécost, f(x)=-sin2x, xeR;
3) F(x)=sin3x, f(x)=3cos3x, xcR;

4) F(x)=8+tg >, f(x):;, xe(-mm).
2 2cos?

Ilepesipre, mo ¢yuknia F(x) e meppicuoio gra dyukmii f(x). Sma-
WOiThL 3araJbHU BUTJAL IEePBicHUX AJaA QYHKIHI f (x), AKIIO:

1) F(x)=sinx—xcosx, f(x)=xsinx;
2) F(x)=vx?+1, f(x)=L;
\/x2+1

3) F(x)=cosx+xsinx, f(x)=xcosx;

1+x2

2

4) F(x)=x—%, flx)=
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V saBgamuax 9.4, 9.5 BusHauTe, uu € Gpynkuia F(x) mepsicuoo gusa
dyurnii f(x) Ha 3a3HAYEHOMY IPOMIKKY.

9.4°. 1) F(x)=38-sinx, f(x)=cosx, xe(—oco;+c);
2) Flx)=5-x*, fl(x)=—-4x3, xE(—OO;—l—oo);

3) F(x)=cosx—4, f(x)=—sinx, xe(—oo;+oo);

4) F(x)=x" +2 f(x)——, xe(0;+<>o).

9.5. 1 F(x)=2x+cosE, f(x)=2—%sin§, xeR;

2) F(x)=va-x2%, f(x)=-

d R xe(—2;2);
4-x2

3) Flx)= 2, fx)= 14——2, x € (05+);
4) Flx) _4xf, Fx)=6x, xe(0;+e0).

YV zaBmamuax 9.6—9.8 sHalAiTh 3araJbHUI BUTJIAL IIE€PBICHUX IJId
dyurii f (x).

9.6° 1) flx)=2-x% 4) 7(x)=-8; ) fla)=1-—1;
X
2) f(x)=x+cosx; 5) f(x)=x% 8) flx)=x°
3) f(x)=4x; 6) f(x)=i3—2;
X
9.7*. 1) f(x)=2—x3+i; 7) f(x)=(4-5x)";
X
2) f(x)zx—%+cosx; 8) f(x)z—%cos(x—%);
1 .
3) f(x)ZF—SHUC; 9) f(x)_m
4) f(x)=5x%-1; 10) f(x)=;;
cosz(n—x)
3
5) f(x)=(2x-8)’; 11) f(x)=——5;
(8x-1)
6) f(x)=3sin2x; 12) f(x):-is+ !

x cos> (8x-1) '

9.8*. 1) f(x)zl—cos3x+2sin(§—x);

1 + 1
sin2 4x \/Z—x

—3x2;

2) f(x)=

3) f(x)=;—3sin(4—x)+2x;
cos?(3x+1)

1 3 B
4 = -2 ~—xl.
) f(x) (3—2x)3 + \/5x—2 cos( 1 x)
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9.9.

9.10.

9.11°.

9.12.

9.13.

9.14.

9.15.

9.16.

9.17.

IOna ¢yuxmii f(x) smaiizite mepsicuy F(x), mo mabyBae 3agaHOTO
3HAUYeHHs B 3a3HAUeHil TOYILi:

1) flx)=—, F(l)=—12;
x 2

cos” x 4

V saBpanHax 9.10-9.12 mna dyuxmii f(x) sHaiiziTes mepsicHy, rpa-
ik AKol mpoxoauTh yepe3 TOUury M.

3) flx)=x3, F(-1)=2;

2) f(x)= 4) f(x)=sinx, F(-m)=-1.

1) f(x)=2x+1, M(0;0);
2) flx)=38x"-2x, M(1;4);

1) f(x)=2cosx, M(—%;l);

2) flx)=1-x%, M(-3;9);

1) f(x)=4x+xi2, M(-1;4);

2) flx)=x®+2, M(2;15);

3) fx)=x+2, M(1;3);
4) flo)=—x*+3x, M(2-1).

3) f(x)=sin(x+§), M(z_“;_l);
1 1
9 f)=. M(E;3),

3) flx)=1-2x, M(3;2);

4) f(x):iz—10x4+3, M(1;5).
X

Hna pyurmii f (x):er —COsSX B3HAWUIITHL IepBicHY, rpadik AKOI IIpo-

XOOUTHh Yepes3 IMoOUYaTOK KOOpAMHAT.

Hiia GpyHrIii f(x):sinx—e3x 3HAUIITHL mepBicHy, rpadgik AKOI mpo-
XOOUTh Uepe3 MOUYaTOK KOOPAWHAT.

V sappamaax 9.15, 9.16 gna ¢ymkmii y=f(x) sHaiigites mepsichy,
rpadik sSKOI MPOXOAUTH Uepes 3aJaHy TOUKY.

1) f(x)zésin§+4cos4x, A(TE; 3);

2) f(x):%cos§—5sin5x, B(m;0);
3) f(x)=5x"*+3x*-4, B(-1;12);

1) flr)=—2_ _2x, N(9;-8).

2x

1) f(x)=8x*-4x+5, A(26);
2) flx)=3x"-6x+4, A(L;4);
12

\V3x -2 ’

Hna pysrii f(x)=8x3 —2x BHaWOITL HepBicHY F(x), OJIUH i3 HYJIiB
aKoi mopiBHIoe 2. BusHauTe pemity HyJiB QYHKILII F(x)

3) flx)=

A(9;30).
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9.18.

9.19*%.

9.20%.

9.21%,

9.22*.

9.23.

9.24.

9.25%.

9.26*.

Hna ¢yurmii f(x)=3x2—4x—3 3HAUOITHL IIEePBiCHY F(x), OIVH i3
HYJiB agK0l1 nopiBHIOE 3. Buanaute pernrty HYJIiB QYyHKII F(x)

Hina GyHKIii f(x)=x2—2x 3HAWAITL TaKy NepBicHy, 100 mpsamMa
y=38x+2 Oyna moTuuHOIO A0 ii rpadika.

Haa pyHriii f(x)=4x—x2 3HAUAITL TaKy IIepBicHyY, II[o0 mIpsaMa
y=-b5x+1 Oyma moruunoio mo ii rpadika.

3agaiiTe (popmyJor0 (PYHKIIiIO F(x), BUBHAUEHY IIPU BCix mificHUX
3HAUEHHAX apryMeHTa, AKINO rpadik iiel PyHKIII TpoxoauTh dyepes
TOuRy M (1; 7), a KyToBUII Koe(iIlieHT TOTUYHOI, ITPOBEeIeHOl 10 I'pa-
dirka GyHKIii F(x) B TOUIli 3 abCIIMCOI0 X, NOPiBHIOE 3x2% —4x3.
Bagaitte opmysolo (ymknito F(x), BusHaueHy mpm Beix AificHmx
3HAUEHHAX apryMeHTa, AKII0 rpadik miei (GpyHKIII TpoxoaAuTs ue-
pe3 Tourky K (—2; 5), a KyTOBUH Koe(iIlieHT JOTUYHOI, IPOBEIeHOI 10
rpadira ¢ymknii F(x) B rouni s abemmcoro x, mopimioe 4x—5x’.

BuaBiTb cBOIO KOMMETEHTHICTb

IIBuakicTh MaTepiaJbHOI TOUKM, IO PYXa€ThCS MPAMOJIiHiINIHO, 3a-

naHa (popmysIo0 v(t)=t%2+2¢t-1. Banumirs dopmysy 3ajieskHOCTI Ii
KOOpAMWHATU X Bim uvacy ¢, AKIIO BiZOMO, IO B IIOYATKOBUUN MOMEHT
yacy (=0 c) Touka mepebOyBajia B IIOUYaTKy KoopAwHAT (U BUMIipIO-
€ThCA B M/C).

IIIBuakicTs MaTepiaJbHOI TOUKHU, IO PYXAETHCA MPAMOJiHiINHO, 3a-
t . .
nana dopmyoo v(t)= 2cosE. 3anuirite GopMyJIy 3aJIeKHOCTI KOOp-
. . T
OIWHATHA TOYKM BiJ yacy, SKII[O BiZoMO, II[0 B MOMEHT tzg C TOUYKAa

nmepeOyBaJjia Ha BifcTaHi 4 M Bif mouaTKy KoopAuHAT (U BUMipIOEThH-
ca B m/c).

MarepiasibHa TOYKa pPYXa€ThCA IPAMOJIHIAHO 3 NIPUCKOPEHHAM
a(t)=12t% +4. Bmajinite 3aKoH PYXy TOYKH, SAKII[O B MOMEHT dYacy
t=1c ii mBugkicTs gopiBHoBaja 10 Mm/c, a Koopauuara 12 m (a BU-
MiproeTbcA y M/Cz).

MarepiasbHa TOYKa Macoi m pyXaeTbeda mo oci Ox mim miero cu-
au F(t), HampamreHol B3ZoB:x miei oci. SamuimiTs GopMysIy 3asex-
Hocti x(t), sikmio Bimomo, Mo mpu t=1%, IIBUJKICTH TOYKHU MJOPiB-
HIOE Vj, a KOOpAMHATa — X (F(t) BUMipIOIOTH y HBIOTOHAX, ¢ —
Y CeKyHIaX, U — y MeTpax 3a CeKyHIy, m — y Kijgorpamax):

1) F(¢)=6-9t, ty=1, vy=4, xo=-5, m=3;

2) F(t)=14sint, =T, Vy=2, xg=3, m=T;
3) F(t)=25cost, tozg, ve=2, x,=4, m=5;
4) F(t)=8t+8, t,=2, v,=9, x,=7, m=4.



BI/I3!-IA‘-IEHI/II7I IHTETPAJ1
TA NOIOo 3ACTOCYBAHHA

10.1. TeoMeTpPNYHUN 3MICT | O3HA4YeHHS BU3HAYeHOro iHTerpana

Ta6aumnsa 13
1. O64McneHHs BM3HayeHoro iHTerpana (c¢opmyna HbloToHa — JleM6Hiua)

®dopmyana IIpukaanx

flxmo @yukuia f(x) Busmauena i memepepsHa ' Ockimpku mas dyrrmii f(x)=x2 oxmieio 3 mep-

Ha Bigpisky [a; b] i Flx) — ii IoBiNbHA TIEep- ] ] () x
BiCHa Ha IBOMY BipPisKy (F'(x)= f (x)), TO sicrux ¢ Qyminia Flx T3’ o
b b 2 32 3 3
5 x 2 1* 8 1 7 _1
= = - xdx=—| =——-—=——-—=—=2—
[f)dx=F(x)| =F(6)-F(a). | S =S5
a a 1 1
2. KpuBoniHiMHa Tpaneuis
O3HaueHHA ILmrocTpanisa
y

Hexait Ha Bigpisky [a; b] oci Ox 3azmaHo HemepepBHY QYHKIIiIO [ (x), aira
HaOyBae Ha HbOMY TiJIBKU HEBiJ'€MHUX 3HAUEHD.

y=1(x)

§

®dirypa, oomexkeHa rpadikom byHKIIT Y= f(x), Bigpiskom [a; b] oci Ox S

i mpamumMu x=a i x=0, Ha3UBAETHCA KPUBONIHILHLOIO mpaneyiero.

S
&

0a

3. Mnowa KpuBoNiHiMHOI Tpanewii
®dopmyaa IIpukmanx
OGuwmcaiTh maoiny (Qirypu, ooMeskeHol
. . T y=sinx
mimismu y=sinx, y=0, x=—, 1+
T 3 lSi
x=—. 0 o
92 T T x
b e e e - o
3o00pasuBInu I1i JiHil, OTPUMAEMO KpHU- 3 2
S= f f(x)dx BOJIiHiHiHY Tpamerniro. —It
a £ T
2 2 T n 1
S=Jsinxdx:—cosx =—CcoS—+Ccos—=—.
T - 2 3 2
3 3
a b a b b b
Jf(x)dx:O Jf(x)dx:—Jf(x)dx J(f(x)+g(x))dx=Jf(x)dx+_’.g(x)dx
a a b a a a

Axmo ¢yeKmia f (x) HellepepBHa Ha [a; b]
b b i cela;b], To
Jk-f(x)dxzkjf(x)dx b ¢ b
a a If(x)dxzjf(x)dx+ff(x)dx.
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Hexait @pyuknis f(x) HemepepsHa Ha Bimpisky [a; b].

Burkonaemo Taki omeparrii.

1. Pogi6’emo Bimpisox [a; b] Ha n BigpiskiB Toukamm X,

X9, «.., X, (BBaKAeMo, mo a=x,, b=x,).

2. IlosHaumMoO [OBKUHY IIepIIOro Bifipiska uepes Ax,
apyroro — deped Ax, i T. m. (To6To Ax;=x;—X,

Axg=%x9 =%y, o, AX,=%x,—%, 1).

5. O3Ha4YyeHHA BM3HA4YE€HOro iHTerpasa 4epes iHTerpasbHi Cymu

Yy
fe)t-- / - y=1(x)

3. Ha roxHOMy 3 ofep:kaHUX BifgpiskiB BubGepemo 10- 0 a=xiil/ @ Xy Xz v o X, i",xi =b x
BiNbHY TOUKY C; (ciE[xi_l;xi], me i=1, 2, ..., n). Ax, Ax, Ax,

4. CriazemMo cymy Sn=f(cl)Ax1+f(c2)Ax2+...+f(cn)Ax

ne

IIa cyma HasMBA€THCA iHMe2PANLbHOI0 CYMOI0 PYHKUIL f(x) na 6i0pisky [a; b]. Axmo n— oo
i TOBSKMHU Bipi3KiB pPOo30UTTS MPAMYIOTH A0 HYJs, TO iHTerpajJbHa cyMa Sn IpPAMY€E OO0 JAeAKO-

o YMCJa, IKe HAa3WBAETHCA BU3HAUYEHUM iHTerpamsom QyHrmii f (x) ma Bimpisky [a; b].

b

Buszauenuii inTerpaa mosHadaimoTh J f (x)dx.

a

NOACHEHHA 1 OBI'PYHTYBAHHH

FeomeTpUYHUN 3MICT | O3HAYEHHS
BM3Ha4YeHoro iHTerpana

fx Oyno sasnaueno B § 9, inmezpysan-
HA — ye 0is, obepHeHa 00 Jupeperyitn6anHs.
Bona mo3BoJisie 3a 3a/jaHOI0 MOXiTHOIO PYHK-
nii smadiTu (BigHOBMTH) 1I0 QyHKIif0. IloKa-
JKeMo, II[0 I oIepallisa TicHo moB’si3aHa i3 3a-
madueio o0UmMCIeHHA IO Qirypu.

fAxK 6ys0 3a3HaAUEHO BUIllE, Y MeXaHiIli ua-
CTO JOBOAMTHCA BUBHAYATH KoopauHAty x(t)
MaTepiaJibHOI TOUKHU, 110 PYXAETHCA IIPIMOJIi-
HiflHO, 3HAIOUMN 3aJIeKHICTh Ii IMIBUIKOCTI Bix
vacy v(t) (maragaemo, mo v(t)=x’(t)).

PoarismeMo cmodaTKy BUOAJI0K, KOJIU
TOUKA PYXAEThCA 3 IIOCTIHHOI IITBUIAKiCTIO
v=v,. I'padikom mBuAKOCTLI B cucreMi Ko-
opAUMHAT (t;v) € ImpaMa U=UV,, IapajelbHa
oci gacy t (puc. 10.1.1). dxmro BBakaTu, II10
B MOYaTKOBUI MoMeHT uacy t=0 Touka 1e-
pebyBajia B moyaTKy KOOpPAMHAT, TO HIJIAX S,
OpoMaeHN Helo 3a yac ¢, 00UNCIII0I0TE 3a (pop-
MyJOI0 $=Uvyt. Bernunna vyt HZOpiBHIOE ILTIO-
m1i S IpAMOKYTHUKA, 00MeKeHOoro rpadikom

IMIBUAKOCTI, Biccio abcIiuc i ;BoMa BEPTUKAIb-
HUMU OPAMUMU, TOOTO ILIAX TOYKKU MOJKHA
00UYMCIUTU AK ILJIONTY (Pirypu, posTamioBaHOI
oig rpadikom IMIBUIKOCTI.

Posriiamemo BuUmagok  HepiBHOMipHO-
ro pyxy. Temep mBuUAKICTP MOKHA BBaKa-
TH IIOCTiHHOIO TIIBKY Ha MaJIeHBKOMY Biapis-
Ky yacy At. SAKmio mBuAKicTh v 3MiHIOETHCA
3a saxonoMm v=v(t), To mUIAX, IPOoNaAeHUN 3a
Bifpisok uwacy [t;t+At], HaOJMKEeHO BUpa-
sxaeTbea gobyTrom v(t)- At. Ha rpadiky meit
IOOYTOK [OOPiBHIOE ILJIOILIL IIPAMOKYTHHKA
3i cropomamu At i v(t) (pumc. 10.1.2). Tou-
He 3HAUEHHHA IIIAXY, IPOUAEeHOro 3a Binpi-
30K Yacy [t;t+At], JIOPiBHIOE IJIOII KPUB0-
JIHITIHOT mpaneyii, BUOKPEeMJIEHOI Ha IIbOMY

v v
Vg . U(t) ________
| Vo i
o At
L et
0 t 0| t t+At 1
Puc. 710.7.7 Puc. 710.7.2
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pucyuky. Tozai Bech misax, mpoigeHNII MaTepPiaJlbHOIO TOUYKOIO 3a Bin-
pisox uacy [O; t], MOJKHA O0UMCIUTHU AOAABAHHAM ILJIOI TAKUX KPUBO-
JiHIMHUX Tpamnernii, To0To MIAX JopiBHIOBATUME ILIOIII 3adapboBaHoOl
dirypu mig rpadikom mBugkocti (puc. 10.1.3).

Hasememo BigmoBimHi o3HaueHHA I OOI'PYHTYBaHHS, AKi J03BO-
JISITh 3POOUTH IIi MipKyBaHHA GBI CTPOTUMMA.

Hexaii Ha BiipisKy [a; b] oci Ox 3agano HenepepBHY QyHKII0 f(x),
AKa HaO0yBae€ Ha I[bOMY BiZpisKy TiJIbKU HEBiL €eMHUX 3HAUEHD.

OsHaueHHn. dirypa, o6me:xena rpadirom yuruii y=f(x), Bigpis-
koM [a;b| oci Ox i npamumu x=a i x=b, HA3UBAETbCA KPUBONIHIIL-
Hoto mpaneyiero (puc. 10.1.4).

Bigpisok [a; b] Ha3WBAIOTh OCHOB010 KPUBOJIHIILHOL mpaneyil.

3’scyeMo, IK MOYKHA O0UYMCJIUTHU ILJIOIY KPUBOJIIHIHHOI Tpamerii
3a [OIIOMOroI0 mepBicuoi mia pyukmii f(x).

Iosuauumo uepes S(x) mromy KpuBosiniiinoi Tpamernii 8 ocHo-
BOIO [a;x] (puc. 10.1.5, a), ne x — Oyab-AKa TOYKa Bifpiska [a; b].
Ilpu x =a Bigpisor [a; x] BHPOMKYETHCA B TOUKY, i Tomy S(a)=0; opu
x=b maemo S(b)=8, ne S — mroma KpuBoIiHiliHOI Tpamemnii 8 ocHO-
BOIO [a;b] (auB. puc. 10.1.4).

IToxaxemo, mo gyuryia S(x) € nepsicrow dra pynruii f(x),
ro6ro o S’ (x)=f(x).
Bigmosizmo mo os3HaueHHsa MmOXimHOI mOTpPiOHO gOBecTH, IO

ﬁ—>f(x) npu Ax — 0.
Ax

Iy CIpOIlleHHs MipKyBaHb PO3rJsHeMo BuUmamok Ax >0 (Buma-
IoK Ax <0 posriIsmaeThbCs aHAJIOTIUHO).

Ockinsru AS=8(x+Ax)—S(x), To 38 Touku 30py reomerpii AS —
mioina girypu, Buokpemaesoi Ha puc. 10.1.5, 6.

Posrisremo Temnep IpAMOKYTHHK i3 TaKOI0 caMoio mioineo AS, ox-
Hi€lo 31 CTOPiH AKOTrO € BiAPi3oK [x; x+Ax] (puc. 10.1.5, 8). OckiabKu
dyukmnia f(x) HemepepBHA, TO BePXHS CTOPOHA IIHOTO IPAMOKYTHUKA
nepetruHae rpadik GyHKIII B 1eakiit Toulli 3 abCI[HCOI0 C € [x; x+Ax]
(imakIme poOsSTIAHYTUH HPAMOKYTHUK a00 MiCTHUTh KPUBOJIHIHAHY Tpa-
meIiro, BUOKpemJeny Ha puc. 10.1.5, 8, abo micTutrbed B Hil, i, Bia-
MMOBifHO, fforo mjoira Oyae OiibIo0 abo0 MEHIIMOM Bim miaomli AS).
Bucora mpsaMokyTHUKA nopisaioe f(c¢). Ba popMysIon Moy mpsamo-

AS _ fle)Ax

KyTHEA MaeMo: AS =f(c)Ax. Toxi . A =f(c). (Ila popmya
X X

Oynme npaBubHOIO i mpu Ax <0.)

OCKiJIBKY TOYKA € JIEKUTh MijK TOUKAMHU X i X+ AX, TO ¢ IPAMYE
1o x, axkImo Ax — 0. YpaxoByioun HenepepBHicTs Gyrkmii f(x), omep-
JKyEMO TaKoK, 110 f(c)— f(x) npu Ax—0.

Orxe, i—s—>f(x) upu Ax — 0. Ile osuauae, mo S’ (x)=f(x), T06-
X

to S(x) e mepsicHom0 s pyuruii f(x). O

y=1(x)

8

n

=l

Qfb----
Sf---
&

Puc. 70.7.4

0
YA y=fx)
0|x ¢ x+Ax x
B
Puc. 710.7.5
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Ockinbru pyurnia S(x) e mepsicuoro g1a
GyHKITIT f(x), To 3a OCHOBHOIO BJIACTHBICTIO
mepBicHUX Gyab-fKa inma nepsicua F(x) mis
dyuKmii f (x) IJI BCix xe[a; b] BiIpiBHAETH-
ca iz S(x) ma mocriitry C, To6TO

F(x)=8(x)+C. (1)

11106 suatitu C, miacraBumo x=a. Oxep-
sxyemo F(a)=S(a)+C. Ockinbru S(a)=0, To
C=F(a) i piBHicTh (1) MOXKHA 3anMCcaTH TaK:

S(x)=F(x)-F(a). (2)

YpaxoByouu, IO IJIOIIA KPUBOJIHIN-
HOI Tpamernii mopiBHIOE S (v), mimcraBiasiemo
y dopmyay (2) x=b i omepxyemo S=S(b)=
=F(b)-F(a).
Tpamnenii (puc. 10.1.4) moxkHa 00UMCaANTH 3a
¢opmyroro

S=F(b)-F(a), 3)
me F(x) — nosimpra mepsicHa mas dyHk-
uii f(x).

Omxe, OOYMCJIEHHS IIJIOIII KPUBOJIIHili-
HOI TparmeIlii 3BoAUTHCA A0 3HAXOMKEHH Iep-
Bicmoi F(x) mna ¢pyukuii f(x), To6To go imTe-
rpyBarHsg pyHKii f(x).

OsHauyeHHA. Pisanua F(b)-F(a) nasusa-

€TBCA 6U3HAYEHUM IHmezpanom QYHKYIl

f(x) ua Bigpisky [a; b].

Busnauenuil iHmezpaJL no3Ha1arnwmos makx:

b
J.f(x)dx.

Banuc jf (x)dx uamraroTs: «inTerpai Big a
a
oo b ed Bix ixc me ike». Yucna a i b Hasusa-
OTb MeXaMU IHMezpY8arHHs: G — HUIKHDBOIO
Meskero, b — BepxHBbOI0. OTiKe, 3a HaBeJeHUM
O3HAUEHHAM

b
[fx)dx=F(®)-F(a). (4)
a
dopmyay (4) HasuBaioTh hopmynoro Hero-
Toua — JleitOoHinma.
B samwuci o6unciieHHs BU3HAYEHOTO iHTe-
rpasa pisaumio F(b)—F(a) npuitaaro mosua-

To6To MOy KPUBOJIHIWHOT

yaru tak: F(x)

.. 0610 F(2)) =F(6)-F(a).

Kopucryouuch 1iuM mosHayeHHAM, (HopmMyTy
Hprororna — JlefibHina MoskHa 3amucaT y Ta-
KOMY BHFHﬂ,I[i‘

jf )dx = F( )‘b:F(b)—F(a).

Hal’IpI/IRJIa/I, OCKIiJIBbKU Oas (PYHKILL
f(x)=e* ogmieto 3 mepeicaux € F(x)=e”, To
1
Jexdxzex =el—e=e-1.

0
Y Tomy BUNAAKy, KOJIU AJIS PYHKITII f(x)

Ha BipisKy [a; b] icHye BUBHAUeHUU iHTerpaJ
b

Jf (x)dx, pyuruiro f(x) zHasuBaooThb inmeepo-
a
68AHOI0 Ha 8i0pi3Ky [a; b].

Iz ¢popmyan (3) i (4) BunIMBaAE, IO NJO-
Wy KpueoJsiHillHOol mpaneuyil, oOmexceHol 2pa-
@irom HenepepsHOl i Hegid’ emHOT HA 8i0Pi3KY
[a;b] dynruii y=r(x), sidpizron [a; b] oci Ox
inpamumu x=a i x=>b (puc. 10.1.4), moxcHa
obuucaoeamu 3a )opmynorn

S:jf(x)dx

Ile cmiBBigHOIIEHHA BimoOpaskae reome-
TPUYHUN 3MiCT BU3HAUEHOTO iHTEerpaJa.

Hanpuxknan, niomy KpuBoJiHIHOI Tpare-
mii, obmeskeHol rpadikom (yHKIii y=cosx,

Bimpiskom [0; %] oci Ox i mpamumu x=0
i ng (puc. 10.1.6), MmoKkHa O0UMCIUTHU 3a

dopmMyJI010
T

T
Ezsin£—sin0=l—0=l.
0 2 2

S= Jcosxdxzsinx
0
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(Y mportieci o6uncaeHHA BU3SHAUEHOTO iHTErpa-

Jia BpaxoBaHO, M0 AJA (PyHKILL f (x)=cosx

oxuiero 8 mepBicHux € pyurnia F(x)= sinx.)
|

F

3ayBaxeHHsa. ¥ Bamauax i3 Kypcy anrebpu
i mouaTkiB aHaJidy Ha OOYMCJIEHHS ILJIOII]
AK BiAmoBigb HaluacTillle HABOOATL UMCJIO-
Be 3HaueHHd moii. OCKiJIbKY Ha KOOpau-
HaTHIiH IJIOMINHI, Ie 300paskeHo ¢irypy, 3a-
BYKIY BKa3YIOTh OAUHUINIO BUMIiPy IIO OCAX,
TO MU MAEMO M OAWHUIIIO BUMIPYy ILJIOMII —
KBajpar 3i cropoHo:o 1.

Iaxomu, 106 migxpecauTH, M0 omepsKa-
He YNCJO BUPAsKae caMe IJIOIIY, BiAIOBiIbL
IO OCTAaHHBOIO IIPUKJALY S3aIllCYIOTh TakK:

1 . .
Szg (¥kB. 0x.), TOOTO BKas3ylOTh KiJIbKiCTb

KBaJpaTHUX OAWHUIlL. 3a3HAYMMO, [0 Y Ta-
KU coci0 3amMuCcyoTh TiIbKY YMCJIOBI BiAIo-
Bixi. AKIo B pe3yabTaTi 00YKCIeHD IO MU
olep:Kaau, HAIpukJaam, S= 2a2, TO HIiAKHX
ONVHUIIH TIJIOII He 3aIUCYIOTh, OCKiJIBbKH Bif-
pisok a OyB BUMIpAHUU Y AKUXOCH JIHIAHUX
ONMHUIAX, 1 TOAI BUpas a® micTuts indopma-
I[if0 IPO KBaJApaTHI OAMHUIIL, Y AKUX BUMIipIO-
IOTH ILJIONTY B IIbOMY BUNIAAKY.

BnactnBocTti BU3Ha4YeHUX
iHTerpanis

@DopMyaI0I0UM O3HAUEHHS BH3HAYEHOTO
iHTerpaJsia, Mu BBasKaju, 1o a<b. IominbHo
POBIINPUTHU IMIOHATTS BU3HAUEHOTO iHTerpaJa.

Iuna Bumaaky a>b mpuiiMmemMo 3a O3HA-
YeHHAM, II10

b a
If(x)dx=—jf(x)dx. (5)
a b

Ilisi BUIAAKy a=b TaKosK 32 O3HAUEHHAM
BBa;KATHMEMO, 1[0

a
[t(x)dx=0. (6)
a

dopmasbue 3acTocyBauHs hopmyiu Hero-
ToHa — JleiibHiIa g0 o0UuCcIeHHA iHTerpaiB
y hopmyaax (5) i (6) mae Trakuii caMuii pesyJib-

rar. Copasgi, axmo dyuknia F(x) e mepsic-
HOIO 1151 QYHKITIT f(x), To

[r(ax=F()| =F@-Fla)=0.

a

Tarox
b

jf(x)dxzF(b)—F(a)z—(F(a)—

a

)=~ (x)ax.
b

3a gomomoroio (opmyau HbioToHa —

JleiibHima Jerko oOr'pyHTyBaTuU ¥ iHII BJa-
CTUBOCTI BH3HAUYEHUX IiHTerpasiiB, HaBemeHi
B1I. 4 Tabu. 13.

Axuo F(x) e meppicHo0 A QyHKIIT
f(x), To nms dyurnii kf(x) mepeicuo 6yxe
dyuruia EF(x). Toxi

[ir (el =k () =kF(6)- kEF(a)=

a

b
=k(F(b)-F(a)=k[f(x)dx.

Oraxe,

b b
[k-f(x)dx=Ek[f(x)dx. O (7

fAxmo F(x) e mepBicHOoO a1s QyHK-

mii f(x), a G(x) — mepBicHOIO 11 (PYHK-

uii g(x), To mis pyuroii f (x)+g(x) mepsic-
Hoto 6yne dpyurnia F(x)+G(x). Toxi
b

b
[(F(x)+ g(x))dz=(F(x)+G(x)| =

a a

Fb)+G0)-(F(a)+G(a)

=(
(

F(b)-F(a)+(G(b)-G(a)=

b b
= ff(x)dx+Jg(x)dx
Or:xe,

! —
—

b b
f(x)+g(x))dx=_[f(x)dx+J.g(x)dx. O (8)
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SAxmo F(x) e mepsicHoto A1 yHKIIT
f(x) i celasb], o

j.f(x)dx+j-f(x)dx= F(x) C+F(x) ’ —

a c

=F(c)-F(a)+F(b)-F(c)=
b
=F(b)—F(a)=If(x)dx.

Omxe, axmo ¢yukmia f(x) zHemepepBHa
Ha BigpisKy [a;b] i ce[a; b], TO

[rwhdx=[ple)ax+ [ Fx)ax. O

Q O3HayeHHs BU3Ha4YyeHoro
iHTerpana 4yepes iHTerpasnbHi
cymm

IcTopuuHO BUHUKHEHHS iHTerpaja OyJo
3yMOBJIeHEe HeOOXiZHiCTI0O O0UMCJIEHHS ILIOII]
(diryp, oOMeKeHUX KPUBUMH, 30KpeMa 00uc-
JIeHHA ILJIOII KPUBOJIiHITHOI Tparmelrii.

Posrnanemo KpuBOJIiHINHY TpartieItito, 30-
Gpasxeny Ha puc. 10.1.7 (pyuruia f(x) =He-
mepepBHAa Ha Bigpi3ky [a; b]). OcHoOBY Tpartme-
mii — BiZmpisok [a; b] — po30uTO Ha N BiApisKiB
(e 000B’A3KOBO PIBHUX) TOUKAMH X, Xg, ...,
x, ; (@ns spyduHOCTi OyZeMo BBasKaTH, IO
a=x,, b=x,). Yepes mi TOYKH IIpOBeLEeHO
BepTUKaJbHI mpami. Ha mepimomy Bigpisky
00paHo NOBIJIBHY TOUKY C;, 1 HA HbOMY AK Ha
OCHOBi TOOYIOBAHO IPAMOKYTHUK i3 BUCOTOIO
f (cl). Amnajoriuno Ha Apyromy BifpisKy o0pa-
HO JOBIJIIBHY TOUKY C,, 1 HA HBOMY SK Ha OCHO-

=y y=1(x)

f(er)p--

Ola=xy c;xy Caxy Xg + + =X, 1€, %,=b X
N N —— —

Ax; Axy Ax,

Puc. 70.1.7

Bi MOOYTOBAHO IPAMOKYTHUK 3 BUCOTOIO | (02)
iTak gaJi.

IInoma S 3amamoi KpuBoJiHiiiHOI Tpame-
il HabJaMIKeHO HOPiBHIOE CyMi IJIOII IT00YI0-
BaHUX MPAMOKYTHUKIB.

ITosraunmo 10 cymy uepes S,, JOBMKHU-
Hy IleplIoro Bifpiska — uepe3 Ax;, Zpyro-
ro — udepes Ax, i T. #. (TobTO AX; =X —X,

Axg=%x9 =%, ..., Ax, =x,—x, ;). Toxi

S, =1(c;)Ax; +1(cy)Axy+...+f(c,)Ax,. (9)

Omxe, miaomly S KpUBOJiHIHOI Tpamerrii
MOJKHa HaOJIMKeHO o0uucIoBaTH 3a (Gopmy-
Jo1o (9), TobTo S=S,,.

Cymy (9) HasuBalOTh iHMe2ZPALbHOW CY-
ot pynruii f(x) na eidpisry [a; b]. IIpu npo-
My BBaXKAIOTh, 110 pyHKnisa f(x) HemepepBHA
Ha Bigpisky [a; b] i Mo:xe HaOyBaTH OyIb-AKUX
3HaUeHb: JOJAaTHUX, Bil’€eMHUX, JOPiBHIOBATHU
HyJi0 (4 He TiMIbKM HeBia e€MHUX, AK IJIS BU-
maaKy KpUBOJIiHiHTHOI Tpamertii). Ko n — o
i TOBXKUHU BiAPisKiB po30OUTTA IPAMYIOTH IO
HyJIs, TO iHTerpajbHa cymMa S, IpAMYE /0 Je-
SAKOTO YmcJja, sSKe i Ha3WBaIOTh GU3HAUEHUM
inmezpanom Binm dymxmii f(x) mHa Bigpisky

b

[a; b] i mosHauaroThb _[f(x)dx . Mo:xHa gose-
a

CTHU, II[0 IIPU [[OMY TAKOXK BUKOHYETHCA (hop-

mysa Heioroma — JleiiOnina i Bci posraamyTi

BJIACTHBOCTI BU3HAUYEHOI'0 iHTerpaJa.

r

3ayBarkeHHA. 3MiHIOIUYHM CII0ci0 po3ouTTA
Bigpiska [a; b] Ha n yacTuH (TodTO QiKCyIo-
4 iHIIi TOUKH X;, Xy, ..., X,_;)1BuOMUpao-
Y1 Ha KOMKHOMY 3 OJleP:KaHUX BiApisKiB iHImi
TOUKH c; (Oe cie[xi_l;xi], i=1, 2, ..., n),
MU omepoxuMo Aia GyeKmii f(x) immi im-
TerpajbHi cymMu. ¥ Kypci mMaTeMaTHUYHOTO
aHaJIi3y JOBOAUTHCA, ITIO OJIsI Oyab-AKOI He-
mepepBHOI HA BiApisKy [a; b] dyuxrmii f(x)
He3aJIeKHO Big cmocoby po30uTTsS IIHOTO
Bimpiska i BEOOPY TOUOK c;, AKIIO N — oo
i IOBXKUHU BiAPisKiB pPO30OUTTA IPAMYIOTH
Io HyJdA, TO iHTerpaibHi cymmu S, mpamy-
IOTH 0 OJHOTO ¥ TOTO CAaMOT'0 YKCJIA.
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OsHaueHHA Yepes iHTerpaJbHi CyMu [I0-
3BOJIsIE HAOJMIKEHO OOUYMC/IIOBATH BHU3HAUEHI
inTerpaau 3a gopmyJioio (9). Aje TaKuii CIIo-
ci6 moTpebye I'poMis3gKHX OOYMCJIEHb, i HIOTO
BUKOPHUCTOBYIOTH y TUX BUOAAKAX, KOJU JJIs
dyurmii f (x) me Bmaerscsa sHaiiTH mepBicHy
(roxi mabsmixkeHe OOYMCJIEHHS BU3HAYEHOTO
iHTerpaJia 3a3BUYai IPOBOLATE 34 JOIIOMOTOIO
KOMII’f0Tepa 3 BUKOPUCTAHHAM CIIeIliaJbHUX

maporpam). ko sk mepsicHa g1a pyurmii f(x)
Bimoma, To iHTerpas MOXKHA OOYMCJIUTU TOU-
HO, BUKOpHCTOByHOUH (popmyay Huioroma —
Jleiibuina (auB. mpukgazx y n. 1 Tada. 13 ta
OPUKJIaAN, HaBeIeHi HIMKUe).

3azHaumMoO, IO BU3HAUEHUI iHTerpas
IIIPOKO BUKOPHUCTOBYETHCS IJISI OIIKCY PisHO-
MaHITHUX IIPOIleCiB y PisSHUX HayKax, HAIIPU-
KJazn y ¢isuIi Ta eKoHOMIIII.

iy
q= J.I (t)dt
4
q — eJIEKTPUYHUH 3apss,
I — cuia TOKy

ty
Q= J.c(t)dt
4
@ — KiJIbKicTb TemioTu,
¢ — TEeMJIOEMHICTH

Xy ty
A= [ F(x)dx > DIBNKA |« v=a(t)at
X 7y 151
ty ty
A=[N(t)dt s=[v()dt
t % t1
A — poborTa, m= I p(x)dx s — mepemimenys,
F — cuuna, 1 U — HIIBUAKICTH,
N — nory:xHicTb M — Maca TOHKOT'O CTPHIKHH, @ — IPUCKODPEHH
p — Jnimifina rycruHa

]

¢S = [ p(g)dq - pogo
0

T
= _[I(t)e‘Ptdt
0

(BapTicTh OgUHMILI),
( Do qo) — TOUKa piBHOBaAru
TIOTHUTY i TpoTmo3uIIii,

90 IT — nucxkoHTOBaHA BAPTiCTh I'POIIIOBOTO MIOTOKY,
PS=pyq, - J p(q)dq I — mBUAKICTH TPOIIIOBOTO IOTOKY,
0 p — piuHa BiZIcOTKOBa cTaBKa,
¢ — EKigbKicTb TOBapYy, t —uac
p — IiiHa ToBapy

iy
v v=|rfadt

CS — HaAJIUIIOK I
CcIoJKMBaua,

Y

A

EKOHOMIKA i

{ — IPOAYKTUBHICTB,

PS — HaJIAIIOK
BUPOOHUKA

t — yac,
V — 00’eM npoayKILii
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NMPUKNIAAN PO3B’A3YBAHHA 3ABAAHb

T
4
. d
ﬂpuwa 1 OGuuciTh I 326 .
p Cos X
Po3p’a3anua Komenrap

T Ll Ockinpku mia QyHKIiL [ (x)= 5 MH 3HAEeMO
1 ax 4 T cos” x
J. cos? x =tgx| = tgz—tg0= 1-0=1. nepsicuy: F(x)=tgx (zus. tabua. 12), To sagaHmii
0 0

iHTerpan Mo)kHa o0umMCANTH Oes3IocepenHiM 3acTo-

Bionosios: 1. <] cyBauHaM ¢opmyau Hbrorona — Jleiibuima

b b
'[f(x)dx =F(x)| =F(®)-F(a).
a a

8( 4

NPMKAaa 2 O6umcIiTh J(— - x)dx.
1\ x
Po3B’a3anHa Komenrap
I cmoci6 MosxkauBi aBa IJISXW OOUYMCJIEHHS 3aJaHOr0

4 .
Ins gysrmii f(x)=——x oxmieo 3 mepsic- + HTeTPaT.
x 1) Coouarky 3HaliTU IepBicHY MiIa (GYyHKIIL

2
x
ig Flx)=41 ———. Tomi 4
mux e Qynxnin F(x) n|x| 2 oAt f(x)=——x, BuKOpHCTOByIOUM mpaBmIa 06-
x

3 2 1/3
4 x . . .
J 2 _xldx= 41n| x|— _ ‘{I/ICJIe'HHSI H?pBl(.lHI/IX i Tabauiio mepBicHUX,
2 a moriM 3HaWTH iHTerpas 3a (opmysoro Hbio-
ToHa — JleibOuina.

2 2
=(41n|3|—3?)—(41n|1|—1?)=41n3—4. q 2) Bukopucratu gopmyay (8)

1 1

b b b

II cmoci6 _[(f(x)+ g(x))dx= _[f(x)dx +Jg(x)dx

H S4dx § a a a

J(——x)dxzj——'[xdxz . L. .

1\ x R i sammcaTu 3amaHuil inTerpan AK ajaredopaiuHy

5 5 5 5 CyMy [IBOX iHTerpaJiiB, KOXKHUU 13 AKUX MOIK-
-4 J' dx _[ dx =41 | | x2 _ Ha 0e3mocepemHbO OOUUCIUTH, AK y HPUKJIA-
a 1 x 1x x=<infx . 2 . - ai 1 (mis mepIoro HomgaHKA MOMKHA TAKOMK BU-

Kopuctatu ¢Qopmyay (7) i BuUHecTH cTaauii
MHOKHUK 4 3a 3HaAK iHTerpasa).

3% 1
=4(1n|3|—ln|1|)—(?—7)=41n3—4. <

3ayBaxeHHs. BajaHuil iHTerpas posrIAfalTh Ha Bixpisky [1;3], ze x>0. Ane npu x>0

. . 1 .
oxuieo 3 mepBicuux mua Gyurnii f(x)=— e ¢pyuruiaz F(x)=Inx. Tomy, BpaxoByoOUH,
x

3
dx o .
mo x>0, MOKHA, HAIPUKJIAL, 3aIIUCATHU, IO J—zlnx . Xoua, 3BUUYaAfiHO, HaBeJeHUI

1 * 1

BUIITE 3aMKC IIePBiCcHOI TeK € MpaBUILHUM (OCKiIbKY mIpu X >0 1n| x | =Ilnx).
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OO0YHCIITH ILIO irypu, oomesxeHol npamMumMu x=1, x=8,
Mpukaad 3 , > oMy (irypi, o0 el
Biccro Ox i rpadikom QyHKINiI yzx/; .
Po3p’a3anua Komenrap
3o0pakyoun 3asHaueHi Ji- Y, 3amana Qirypa € KpUBOJIi-
Hii, Gaummo, 110 3amaHa Qiry- _ §/7 HiIHOIO Tpamelli€eio, i TomMy
pa — KpuBOJIiHiliHa TpameIis y=vx i1 maoIy MOKHA OOUMCIIH-
(puc. 10.1.8). ) T 3a (popMyJIOoIO
Toxi ii miomia 0/ ! A b
Lyl8 1 8 x S=|f(x)dx,
8\/7 8 1 o8
S=|¥Yxdx=|x3dx= = @
! { L Puc. 10.1.8 ne a=1, b=8, f(x)=%x.
3 1 Taxoxx moTpiObHO BpaxyBa-
4 4 L
3 ( = 7) 3 (s/=1 45 1 THU, 110 Ha 3aJaHOMYy Binpis-
= 3 _138 = — = —= —_
4 8 1 4( 8 1) 11 Ky [1; 8] sHaueHHa x>0,

1 i 3a 1iel ymMOBU MOKHa 3a-
Bidnogiov: 11—. <
4

1
mucatu Yx =x3.

Bnpagu 10.1.1. O6uucnirs imTerpasn:

T
2 9 10
dx dx
1) [ atdss ) |5 o [,
e} T sin”x 1 X
4
K2 K2
2 2 2
2°) [ cosxdx; 5) [—2 8) | sin2xdx.
0 1 (2x+1) x
4
3 T x
8°) [x’dux; 6) [3cosdux;
1 0 2
10.1.2. O6uncaiTs iHTerpas:
2n
2n x 3 x x 2
1 sin—dx; 5 sin—+cos— | dx;
) Jon ) oo
2 dx 2 3
2) | —; 6) |(1+2x)°dux;
_'"2\/2x+5 '([
.
3n 12
3) | ar_, 7) | (L+cos2x)dx;
0 cos™ — 0

4) T dx_. 8) j.(x+£)dx
1
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10.1.3.

10.1.4.

10.1.5.

10.1.6%.

10.1.7%.

10.1.8%.

10.1.9.

HoBeniTs MpaBUJILHICTH PiBHOCTI:

% dx 1 g Y3
1) [—5—=]dx; 3) [ cosxdx= [ x°dx;
0 COS X 0 0 0
n 1
3 4 1 2
2) jsinxdxz j d_x; 4) j(2x+1)dxzj(x3 —l)dx.
0 i\/; 0 0
16

VY zaBgauuax 10.1.4-10.1.6 o6uucaiTe (momepegHbO BUKOHABIIIU DPU-
CYHOK) ILIOIIy (pirypum, oOMerkeHOl 3aJaHUMU JiHiAMMH.

1) y=x4, y=0, x=-1, x=1; 3%) y=x4, y=1;
2) y=x2—4x+5, y=0, x=0, x=4; 4%) y=x2—-4x+5, y=>5.
1) y=1-x3, y=0, x=0;
2%) y=2-x3, y=1, x=-1, x=1;
3) y=—x2—4x, y=0, x=-3, x=-1;
4%) y=-x®—4x, y=1, x=-3, x=-1.
1) y=x37 y:8s x:]-;
T T

2 =2cosx, y=1, x=——, x=—;
)y y 3 3
3) y=x2—2x+4, y=38, x=-1;

1 4 5T
4 =sinx, y=—, x=—, x=——.
)y y=7 p p

VY saBpmamHax 10.1.7-10.1.8 o6uuciaiTe BuU3HAUYEHUN iHTerpaj, BHU-
KOPUMCTOBYIOUM HOTO TeOMeTpWUYHUil 3MicT. Brasiéka. ¥ KOXKHOMY
3aBIAHHI HeOOXigHO 3HAWTH IIJIONIY KpuBOJiHiiiHOI Tpamerii. IToOy-
oyiite rpadixk BigmoBimHOI (PYyHKINI, CKOPHUCTABIINCDH, 3a OAKAHHSAM,
nporpamoio Desmos abo iHmuM rpadgiduHuM pegaKTOpPOM.

2 0 6 1
1)I 4-x%dx Z)J 25-x2dx; S)J‘ 6x—x2dx; 4)J|x|dx,
_2 -5 0 -2

2.2 6 4 2
1) [ V8-x"dx; 2) [V24+2x-x"dx; 3)[|x-8ldx; 4)[|x+2dx.
0 —4 0 -3

BuaBiTL CBOIO KOMMETEHTHICTb

Ilixg miero cumu F =10 H mpy:KuHa po3TATYyeEThCA HaA 2 cM. Ky po-
00OTy IIpu IILOMY BHUKOHYE cuia F, skimo s3a s3akomom I'yvka F=Ekx,
e x — npedopMmalia mIpy:RuHU, B — KoedimieHT.
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10.2. O6uucneHHsa nnowy, i 06'eMiB
3a JOMNOMOrol BU3HA4YeHUX iHTerpanis

Tabaumna 14

1. Mnowa KpuBOAiHIMHOT Tpaneuii

y=1(x)

IInoma kpuBosiHitiHOi Tpamernii, odmexeHol rpad)ikoM Hemepeps-
HOI HeBix eMHOI Ha BigpisKy [a; b] byuRmii f (x), Biccro Ox i aps-
MuMu X=a i x=0b, gopiBHIOE:

Szj.f(x)dx

2. NMnowa ¢irypu, obmexxkeHoi rpacdikamm aBox yHKLiM

i npamMmMumn x=a T1a x=Db

dopmyaa

y O06uwmcIiTh miuomry (irypu, o0OMeKeHol

.S 300pasumMo 3amaHi JiHiI Ta BUBHAUMMO
E : abCIMCU TOYOK IX IePeTHHY.
0 a\_/b x
_ AGcnyicu TOYOK IEpeTHHY:
y=11(x) . p y

fAxmio Ha 3amaHoOMy BiApisKy
[a; b] HemepepBHI QyHKIIT
y=f1(x) i y=f2(x) MAaoTh
Taky BJIACTUBICTBH, IO

fa (x)>f1 (x) mas Beix xe[a; b], ,

b
To | 8= sz(x) f, (x))dax | (1) G

JiHiamum y=x2+2, y=x+4.

x2+2=x+4; x>-x-2=0;

x1=—1, x2=2.

S= j((x+4)—(x2+2))dx=}(x+2—x2)dx:

ITpuxnanm

Toxi 3a popmytoio (1)

2 3|2
(x_+zx_x_) ey
2 3 2

-1

3. O6’emun Tin

N\

6y,;

Axmio Tinmo BMimeHe MiK ABOMA MEPHEHIUKY-
JApHUMEU 10 oci Ox IJIOIMHAMM, IO IPOXOIATH

k:

yepes TOUKM X=a i x=b, To szS(x)dx,

a
e S(x) — IJIOINa IIepepisy Tija IJIOMMHOIO,
AKa IPOXOIUTL Yepe3 TOUKY xe[a; b] i mep-
MmeHIuKyAapHa 10 oci Ox.

y=1(x)

S
*

4

Axmio Timo ogmep:xkanum 00epTAHHAM HaBKOJIO
oci Ox xpuBoJiHiliHOI Tpameriii, AKa oOMesKeHa
rpadgikoM HemepepBHOI Ta HeBix’ eMHOI Ha Bif-
PisKy [a; b] byHKITIT y=f(x) i npamMumMu x=a
i x=b, To
b
Vznjfz(x)dx.

a
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MOACHEHHA 1 OBI'PYHTYBAHHA

y y=1y(x) 0 OGuMcneHHs nnow, NNockmx ¢iryp
A
2:(_\, B, OO6r'pyuTyBanusa (POPMYJIN ILIOILI KPHUBOIiHiiiHOI Tpamerii
| S | Ta IpHUKJaau ii 3acrocyBanHs 0yJ1o HaBemeHo B . 10.1.
Ayl !
1: ' By 3’sacyeMo, AK MOKHA OOUMCIUTH ILIOINY (Qirypmu, 30-
Y= fl(x) 1 . . .
o e bl B opaxxenoi Ha puc. 10.2.1. Ila gizypa obmexncena 3eepxy zpadi
a x

KoM QYHKYIL Y =T, (x), sBam3y — rpadikom GyHKmi y="h (x),
Puc. 10.2.7 a maxox eepmuranvHumu npamumu x=a i x=b (a<b);
bysrOoii f (x) i 1y (x) HenepepsHi ma He8id’eMHi Ha 8i0pi3KyY
[a; b] ify (x)>f1 (x) mms Beix xe[a; b].

IInoma S miel dirypu mopiBHIOE pisHHIL mmomy S, i S

y y=1o(x) , KPUBOJIiHIWHUX Tpamneniii (S, — miomia KpuBoJiHifiHOI Tpame-
’ E nii AA,B,B, a S; — momla kpuBosiHiiinoi Tpanenii AA; B, B).
. E 3a reoMeTPUUYHUM 3MiCTOM BU3HAUYEHOIO iHTerpaja
al b b b
ol | A S, =[f(x)dx, S, =f,(x)dx.
: i a a
/\_/
y=ri(x)

b b b
Ome, S=8,-8; = [, (x)dx— [ (x)dac = [ (£, (x)- £, (x))dx.

TakumM YMHOM, ILJIOIINY 3amaHoi (Girypu MoKHa OOUHCIHUTU 3a
GopmMyJI0I0

! y=ryx)+m
| s-

—

(£, ()= £, (xc))dx. (1)

IS}

I1a ¢popmyia Oyae MPaBUJILHOIO i B TOMY BUIIAIKY, KOJIU 3a-
maHi PYHKIII He € HeBix eMHIMHU HA BiApPisKy [a; b] — JocTarT-

b x I1a oGI'PyHTYBaHHA JOCTATHBO IIepeHecTy 3ajaHy Qirypy ma-

— HBO BUKOHAHHSA YMOB, 110 pyrkuii f,(x) i f,(x) nenepepeni na
. y=r(x)+m sidpisrcy [a;b] i f,(x)>f, (x) naaseix x e[a;b] (puc. 10.2.2, a).
0 a
6 paJsiesbHO B3A0BK oci Oy Ha m OOUHUIL TakK, 100 BOHA PO3-
mictustaca Hag Biccio Ox (puc. 10.2.2, 6). Take mepeTBOpeHHA
Puc. 710.2.2 osHauae, mo 3agani pynkmii y="f,(x) i y=/1,(x) Mu saminnmm

BigmosigHO Ha QyHKIII y=f; (x)+m i y=1 (x)+m. ILnoma di-

rypu, ooMesKeHol rpadikamMu Mux QyHKIIiN Ta IPAMUMUA X = a

i x=b, mopiBuHOe maomii 3amaHoi ¢irypu. Orike, IIyKama
Yy TLIoIIa

b

5 §= <(f2 (x)+m)—(f1 (x)+m>)dx:_|.(f2 (x)_fl (x))dx

42 7L SN Ol T
2 —1+ 2 . Hanpuraaz, moiia girypu, 3o6paskenoi ma puc. 10.2.3,

T
r=1+1=2.
2

N
Q —

T
mopiBuioe S= I (sinx —cosx)dx =(—cosx —sinx)

r
2
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Q OGuuncneHHa ob’emiB Tin

3amaua obuncieHHs 00’eMy Tijia 3a ZOIIO-
MOT0I0 BU3SHAUEHOT0 iHTerpaJja aHaJloriuHa a0
3a/1aui 3HAXOMKEHHA IIJIOIII KPWUBOJiHIWHOI
Tpanellii. Hexaii sagano Tijo 06’emom V, mpu-
yoMy € Taka mpama (Bick Ox Ha puc. 10.2.4),
10 AKY O He B3SAJIN ILJIOIUHY, TIEPIeHAUKYJIAP-
HY mo 1iel npamoi, Ham Oyzme Bizoma mrorma S
mepepisy Tija mieo MIOIUHOIO. AJie IIJIOIIH-
Ha, MePIeHAuKYyJIApHa A0 oci Ox, mepeTnuHAE
ii B meakiit Touri x. OTiKe, KOXKHOMY YHCTY X
3 Bigpiska [a;b] (muB. puc. 10.2.4) mocrasie-
HO y BiamosizuicTs equue uucao S(x) — miro-
1y Iepepisy Tija 1fiero miommHop. Tum ca-
MUM Ha BiApisky [a; b] sagaHo pyukmio S(x).
Axmo ¢yuKIia S HemepepBHa Ha Bigpis-
Ky [a; b], TO CIIPABAKYETHCA hopMyJia

b
szS(x)dx. (2)

IloBHe moBenmeHHA Iiel hopmysiu HaBeme-
HO B Kypcax MaTeMaTUYHOI'0 aHaJIi3y, a MU 3y-
OUHUMOCS Ha HAOUHMX MiPpKYBaHHSX, 3 SKUX
BOHA BUILJINBAE.

ITominmumo Bimpisox [a; b] Ha n Bigpis-
KiB OZHAKOBOI JOBKUHU TOUKAMHU X; TaKUMHU,
0 X(=a<X;<Xy9<..<X,<..<x,,<x,=b,
i mpunycTumo, 1110

b-a
Ax = =x,—-%x, 4, k=1,2,...,n.
n
Yepes KOKHY TOUKY X, ITPOBEIEMO ILJIO-
y Y X
IUHY O, IepHeHAuKyJIApHy fo oci Ox. IIi
IJIOIMHY PO3PisaioTh [AaHe Tijo Ha Imapu

8]
OA

&
@<>_-_-_-_-
8

Puc. 70.2.4

(puc. 10.2.5, a). O6’em mIapy MisK ILIOIITMHA-
Mu 0,,_; i o, (puc. puc. 10.2.5, 6) npu gocrar-
HBO BEJIUKHNX N HAOIMIKEHO NOPiBHIOE IIJIOIIIi
S (xk_l) mnepepisy, IOMHOMKEHI Ha «TOBIIUHY
mrapy» Ax, iTomy

VzS(xO)Ax+S(x1)Ax+...+S(xn)Ax=Vn.

TouHicTh Imiel HabAM:KEeHOI PiBHOCTI TUM
BUIIla, YMM TOHIIi IIapu, Ha SKi pospisaHe
TijI0, TOOTO UMM OiJbIIIe 7.

Tomy V, -V, aKIo n— oco. 3a 0OBHAYEH-
HAM BU3HAUEHOTO iHTerpaia uepes iHTerpasb-

b
Hi cymu omep:xyemo, o V, — J.S (x)dx, siximo
n—oo, a

Orxe,
b
|4 :_[S(x)dx. O

Bukopucraemo omep:kaHUI pPe3yJabTaT
I1s OOI'DYHTYBaHHA QOpMmynu 00’ emy mia
00epmaHHsL.

Hexaii kpuBoJiHifiHa Tpamellig coupa-
eTbes Ha BiApisox [a;b] oci Ox i oGmesxe-
Ha 3Bepxy rpadikom dymrmii y=f(x), aka
HeBig’eMHa i HemepepBHa Ha BiApPisKy [a; b].
VYuacaizok obOepraHHd Iiel KpUBOJIiHiHHOI
Tpamellii HaBK0JO oci OXx yTBOPIOETLCS TiJIO
(puc. 10.2.6, a), 06’em AKOT0 MOKHA 3HAKTHU
3a (hopMyJI0IO

b b
V:_[nfz(x)dx:n_[f2(X)dx- (3)

Puc. 710.2.5
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CuopaBni, mnepepisom Tina
KOJKHOIO ILIOIIMHOI, SAKa Iep-
neHIUKYyJIApHA A0 oci Ox i me-
peTuHae BigpiBoK [a; b] miel
oci B Touri x, € Kpyr pagiycom
f(x) i mromero S(x)=nf2(x)
(puc. 10.2.6, 6). 3Bigcu 3a
dopmyoio (2) omep:ryeMo Gop-
Myay (3). a 6

Puc. 710.2.6

NMPUKJIAAN PO3B’A3YBAHHA 3ABJAHb

ﬂpuK/\aa 1 OGuuciTh mwiomy (irypu, o6MeskeHOi diHiaMu y=x2 i y=+-x .

Po3sp’sa3anna Komenrtap

3o00pasumo sazami Jginii (puc. 10.2.7) i 3ma- | 3o6pasumo 3amani ginii (puc. 10.2.7). Bauumo,
aemMo abCIycy TOYOK iX IlepeTuHy: 1o mrykaHa (irypa posramoBaHa Misk rpadika-
Mu ABOX (YHKIi. 3BepXy BOHA 00MerkeHa Tpa-
P 1) | M Py " pXy pa
GdixoM QyHKIIT f, (x)=+—-x , a 3uE3Y — rpadi-
oA 4 -0- 3 —0: y=
Topi x°=-x; X" +x=0; x(x +1)_0’ =0 wom dyuxmii f, (x)=x2. Omxe, mromy dirypu
abo x=-1 (o6ujBa KOpeHi 3a710BOTbHAIOTh PiB- | MocHA OGUUCIUTH 3a (HOPMYJIO
HagHAa (1)).

b
y S=f(f2 (x) -1, (x))dx.

1106 smaiiTm Me)Ki iHTerpyBaHHS, BU3HAUYUMO
y:\/: """"" 1 abCciucu TOUYOK IepeTHHY rpadikiB samaHumx
¢dyukiii. Ockinmbku opAuHATH 000X KPUBUX
y TOUKaxX IIepeTHHY Ti caMi, TO JOCTAaTHHO
pose’szatu pisuanma f, (x)=7,(x).

1
)
1
;
1
!
-1 0 x s po3B’sI3yBaHHA OAEP:KAHOTO ippallioHaJb-

Puc. 10.2.7 HOTO PiBHAHHA MOKHA BUKOPUCTATU PiBHAHHSI-
Hacaiaxu (3aBepIINTU PO3B A3aHHA IIepeBip-
ILnoma saxaHoi (irypu: Ko010) abo piBHOcmIbHI meperBopeHHda (Ha O3,
0 0 1 T0o6TO TP X < 0).
S= J(\/;—xz)dx = j (—x)? dx — 3a3HauMMO TaKoK, II[0 Ha OJep:KaHOMY Bimpis-
-1 -1 Ky [—1; O] sHauenHa (—x)>0.
1
—]2 xzdxz—g(—x)z ’ _x_: ’ :é. < Tomi —x =(-x)z.

-1 -1 -1
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O6uuciTh, 06’eM Tijla, yTBOPEHOTO 00EpPTaHHAM HABKOJIO Oci abcIiumc

Mpukrad 2 ) S 2
dirypu, obmeskeHoi gimiamu y=4-x° i y=0.
Po3p’a3anusa Komenrap
3HatimemMo abCIlCU TOUOK MePeTUHY 3aJaHuXx JiHi. = 3o00pasumo samamy ¢irypy (pumc. 10.2.8)
4—x2=0; r=42. i BmeBHMMOCHA, IO BOHA € KPUBOJIHIiN-
Ockinbku sagaHa (irypa — KpHBOiHifiHA Tpamemis, , HOKO Tparemiero.
TO 00’eM Tijla o0epTaHHA Y nmpomy BUOAAKy 00’€M Tijsia obepTaHHS

MOXKHA 00uYmCIoBaTH 3a (hOPMYJIO0

2 2
V= _[Tc(4—x2)2dx=nj(16—8x2+x4)dx=

b b
-2 -2 sz.nfz(x)dxznj-fz(x)dx.
3 5|2 a a
x x 2 . L.
=Tc(16x—8-—+—) =34—m. < IITo6 smaiitm Mexxi iHTerpyBaHHs, [I0-
3 5/, 15 CTATHLO 3HANTH a0CIMCH TOYOK II€PETH-
HY 3aJaHUX JIiHIiA.
‘Z A i gas 3amay Ha OOUMCIIEHHS ILJIOLL, 0
y=4- 22 BiIMIOBiZI 3amMCyIOTh UMCJIOBE 3HAYEHHSA
00’eMy, aje MOKHA HMiAKPECIUTH, 1[0 MU
oZlep:Kaii caMe BeJIUUYMHY 00’eMy, i 3a-
2
nucatu 8i0nosgidv: 34—mn Ky0. ox. (ToO-
15
-2 0 2 x TO KyOIUYHUX OTUHUILH).
Puc. 10.2.8

3ayBaxkeHHA. MoskHa 0yJ10 6 3BepHYTHU yBary Ha Te, 1110 3aJaHa (irypa cumeTpuuHa BigHOC-
HO oci Oy, i Tomy 06’eM Tijia, yTBOpeHOTO obepTaHHAM Bciei ¢irypu HaBKOJIO Oci abciuc,
Oyne BABiUi GisbIIM 3a 00’€M Tijla, YTBOPEHOT'0 00epPTAHHAM KPHUBOJIiHiMHOI Tpamelrii, 1o

CIINPAETLCS Ha BiIPisoK [0; 2].

1. IlosicHiTL, AK MOKHA 3HANTH ILIONTYy KPHUBOJIiHiiiHOI Tpamemii. Ha-

3anumanns BeIiTh TPUKJIAM.
2. 1) BanumIite (opMyJIy AJI8 3HAXOMKeHHS ILTomii (irypu, ooMeskeHOl
3Bepxy i 3HuU3y rpadikamMm HemepepBHUX (QYHKIIiH, a TAKOXK OPAMU-
Mu x=a i x=b (a<b). HaBexite npukiazn.
2%) IToBeniTh 110 (hopmyy.
3. BanumiTe GopMyay AJIA 3HAXOMKEHHS O00’€My Tija, OZep:KaHOTO
obepTaHHAM KPHUBOJIIHIMHOI Tpamerii HaBKoJo oci abcmuc. HaBenmiTe
OpuKJIag ii BUKOPUCTAHHA.
Bnpagu Y saBmamusax 10.2.1-10.2.6 o6Guuciaite miomly ¢irypu, odoMerkeHOI
3aJlaHUMM JIiHIAMHA.
4
10.2.1. 1) y=x®—4x+5, y=5-x; 3) y=—, y=4, x=4;
x
9 3
2) y=x"-3x+4, y=4-x; 4) yZZ’ y=3, x=3.
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10.2.2.

10.2.3.

10.2.4.

10.2.5.

10.2.6.

10.2.7.

10.2.8.

10.2.9.

10.2.10.

10.2.11.

10.2.12.

1) y=x2-6x+9, y=5-x; 3) y=4-x2, y=x+2;
2) y=x2+2x+1, y=x+3; 4) y=4-x2, y=2-x.
1) y=x2, y=x+2; 2) y=x2%, y=2—x.

1) y=—x2+2x+1, y=x?-4x+5;

2) y=x2+2x+2, y=6-x2.

1) yzl, x+y=28; 3) yzi, y=4x+1, x=2;
X X
5 3

2) y=—, x+y=6; 4) y=—, y=2x+1, x=3.
X X

1) y=8-x%, y=4; 3) y=x7, y=4x-x%

2) y=6-x2, y=5; 4) y=x2, y=2x—x2.

O0uucaits oy ¢irypu, ooMesxeHoi rpadikom QyHKIIT y=8x — 2x2 ,
IOTUYHOIO [0 ITiel mapabojiu, IIPOBeIeHOI0 uepes il BepIIuHYy, Ta Ipsd-
moo x=0.

O6uucaiTes maomty Qirypu, ooMe:xkeHoi rpadikoMm (QyHKINIT
f(x)=8—0,5x2, IOTUYHOIO, IIPOBEJEHOI0 IO HBOTO B TOUIIL 3 abCcIiu-
coio x=-2, iopamoio x=1.

3HaiaiTh 06’eM Tija, YTBOPEHOTO 00epTaHHAM HaBKOJIO Oci abciiuc
KPpUBOJIiHifTHOI Tpamelrii, oOMe:KeHOol JiHiaMu:
1) y=x2+1, x=0, x=1, y=0; 3) y=Jx, x=1, y=0;

2) y=Jx, x=1, x=4, y=0; 4) y=1-x2, y=0.

3HaligiTeh 00’eM Tija, YTBOPEHOro 0o0epTAHHSAM HABKOJIO Oci abcIiiuc
dirypu, odbmerxkeHol JiHiAMMT:

1) y=x2, y=x; 3) y=x+2, y=1, x=0, x=2;

2) y:2x, y:x+3, x=0, x=1; 4) y:x/;, y=x.

¥ sapmamaax 10.2.11-10.2.15 ob6uucaiTs miomnty Girypu, oomMesxeHol
3aJaHUMM JiHiAMHA.

1) y=x2-2x+3, y=3—x; 3) y=—, y=1, x=4;

2) y=x2-5x+2, y=2—x; 4) y=—, y=2, x=3.

R|M éﬁ|b—h

1) y=x®-4x+4, y=2—x; 3) y=5-x2%, y=x+3;

2) y=x2+2x+1, y=x+1; 4) y=4-x2, y=x+4.
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10.2.13.

10.2.14.

10.2.15.

10.2.16.

10.2.17.

10.2.18.

10.2.19.

10.2.20.

10.2.21*.

10.2.22*.

&

10.2.23.

3

1) y=x°, y=x; 3) y=—x2+2x+1, y=x2—2x+1;
2) y=x3, y=4x; 4) y=x2+2x+2, y=2-x2.
2
1) y=—, x+y=3; 3) yzi, y=4x-1, x=2;
X X
4 5
2) y=—, x+y=>5; 4) y=—, y=2x+3, x=3.
x x

1) y=9-x°, y=1; 3) y=x°, y=8x—-x%

2) y=5-x°, y=4; 2

4) y=x?2, y=38x—-2x2.

IIpu axkomy 3HaAUeHHI @ IpAMa X=a OJUIATHL HABIJI IIomry Giry-

. . 8
pu, obmerkenol rpadikom pyHkrnii y=— ta npamumm y=0, x=2,
x=87? *

IIpu aKomy 3HaAUeHHi a IpAMa X =a OUIUTh HABILJI IJOHIy Qiry-

. 4
pu, oome:keHol rpadikom (pyHKIiI y=— Ta opavmumum y=0, x=4,
x=9? x

3HalgiTe maomly (Qirypu, odMe:xeHoi mapadosIoio y=2x—x2, IOTHY-
HOIO, IIPOBeJieHO0I0 [0 Iiei mapaGosnu B Touli 3 abcmmcoo x,=2, Ta
Biccio opauHAT.

3uaigiTe oy Qirypu, ooMeskeHol mapadosoio y=3x—x2, IOTHUY-
HOIO, IIPOBeJIeHO0I0 [0 Iiei mapabonu B Toulli 3 abcrucoo x,=3, Ta
BicclO opauHAT.

Buatigite mwiomry Girypu, odmeskenoi rpadikamu GyHKIIE y=~+x+1
i y=+7—x ra Biccro abcuuc.
4

IIpu axwux sHaueHHAX a Iyolma Qirypu, obmeskeHol JiHiamMm y=x",
y=0 i x=a, mopiBHiOE 6257

IIpu axux 3HaYeHHAX a 1Jjomla Girypu, oOMe:keHoI JiHiAMUT y=x3,

y=0 i x=a, mopiBHiOE 647

BuABiTL CBOIO KOMMETEHTHICTb

IToTpi6HO MOapbyBaTu 3 oxuiel cropouu 30 omHa-
KOBUX ILIOCKUX MeTajleBUX ngerajieii. Eckis merasri
300paskerno Ha puc. 10.2.9 (BepxHA Merxa geraJri
3asjaeTeeA rpadikomM QyHKIL y = 8\/; , 8 HUKHA —
rpadikom QyHKIii y=x2, ONIVHUWYHUYN BiAPi3OK Ha
eckisi mopiBuioe 20 cm). CrinbKuM 0aHOK, IO Mic-
Tarb mo 0,9 Kr ¢apbu, morpidHO mpuAOATH, AK-
m1o aasa papoysamusa 1 M2 IOBEePXHi BUTPAYAETHLCA
130 r dapbu?

0 x
Puc. 70.2.9
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10.3. 3acTocyBaHHA NepBiCHOT Ta BM3Ha4YeHoOro iHTerpana
00 po3B’'A3yBaHHA 3aAay NMPaKTUYHOrO 3MiCTy

IuTerpyBaHHSA 3aCTOCOBYETHCSA HE TiJb-
KM 151 3HAXOMKEHHS IO IJIOCKUX (Piryp
i 00’emiB Tiy. Posriaremo iHmmi Bumazku 3a-
CTOCYBaHHA iHrepaJa.

YacTo aJa MaTeMaTUYHOTO MOJIeJTI0OBaHHS
PiBHOMAaHITHUX IIPOIIECiB JOBOIUTHCS PO3TJIS-
IaTyh PiBHAHHS, YV SKUX HEeBiZOMUMU € PYHK-
uii. Hampukian, 3ajaua 3HaXOIKeHHA MIIIAXY
s(t) sa samamoro mBuakicrio v(f) 3BOAUTH-
cA [0 posB’ssyBaHHs piBuauaua s (¢)=v(t),
ne v(t) — sanmama dyHKIIA, a s(t) — IrykKa-
Ha QyHKIig. Po3B’A3yI0Th TaKe PiBHAHHA iH-

Mpukaad 1

TerpyBanHaM. Ilig yac posB’sA3yBaHHS CJIin
ypaxoByBaTH, IO PO38°A30K BUIHALAEMbCA
HeoOHO3HauHOo, 3 moyHicmio 0o cmanoi. 3a-
3BUYAN 0 PIBHAHHS, II[0 MiCTUTH IIOXiTHY He-
Bimomoil (hyHKIIi1, JOJa€eThCSA YMOBA, 3 IKOI ITIO
CTaJIy BU3HAYAIOTh.

. [oknagHiwe 03HaMOMUTUCS 3 PO3B'A3YBAHHSAM
U AepPeHLINHNX PIBHSHb BU MOXETe, 3BEPHYB-
LUNCb A0 IHTePHET-NIATPUMKN MiapyYHMKa.

Posrasauemo mnpukigagu pos3B’A3yBaHHA
TPAaKTUYHUX 3a/a4 3a J[JOIIOMOTOI0 iHTerpy-
BaHHA.

Huningpuunuii 6axk, Bucora Axoro 4,5 m, a paxgiyc ocHoBu 1 M, 3a-
MMOBHEHUI BOJOI0. 3a SAKUI yac BOJA BHUTeUe 3 OaKa uepes KPyIriuid

OTBip y AHi, AKIIO pamgiyc orBopy mgopiBHioE 0,05 m?

Po3sp’azanna

ITosmaummo Bumcory 6axka H (puc. 10.3.1),
paxmiyc itoro ocHoBu R, pamiyc oTBopy r (mo-
BJKUHU BUMIpPIOEMO B MeTpax, yac — y CEeKYH-
max). IIIBumkicTh BUTiIKAHHA PiAWHU U 3aje-
JKUTH BiJi BUCOTU CTOBIIA PiAWHU X, i 00UMCIIIO-
I0Th 3a (popmysioro Beprymi:

vV=0./2gx, (1)

e £=9,8 M/Cz, 6 — Koedimienr, mo 3aie-
JKUTH Bi BJacTmBocTeld piguHm (AaA BOOU
0=0,6). 3i smMeHIIeHHAM piBHA BoAu B OaIri
MBUJKICTh BUTIKAHHSA 3MEHIITYEThCA (TOOTO He
€ TOCTiHHOI0).

Hexaiz t(x) — yac, 3a AKUH 13 6aKa BUCOTOIO X
i pagiycom ocHoBu R BuTiKae Boja uepes OTBIp
paziyca r (puc. 10.3.1).

. . At
3HaigeM0o HaOJMMKEHO BiJHOIIIEHHS A—, yBa-
x

sxaroun, mo B nepiox uacy At=t(x+Ax)—t(x)
IIBUAKICTh BUTIKAHHS BOAU € IIOCTiHHOIO i BU-

pakaetrbcsa ¢opmyaooo (1).

*

0O0’em BOAM, II[O0 BUTEKJA 3 0aka 3a yac Af, mo-
piBHIOE 00’eMy muIIiHApPa BucOTOIO AX 3 pamiy-
com ocHoBu R (muB. puc. 10.3.1), To6T0 mopis-
mioe nR2Ax. 3 immoro Ooky, 1eit 06’eM mOpiB-
HIOE 00’€eMYy ITUJIiHAPA, OCHOBOIO AKOTO CIYIKUTh
OTBip y mHiI 6aka, a BucoTa — HOOYTKY IIBUJ-
KOCTi BUTIKaHHA U Ha 4ac Atf, To6To 00’eM mo-

piBHIOE nr2vAt.

o R
/’ \\ <
7 ———_——_
T
v %
<
+
// /—\\\
o (=
V=0./28x
Puc. 710.3.7

PiBHAHHA, AKi MicTATh mOXigHY HeBimoMol QYHKIIIT, Ha3UBAIOTHC OUPePeHYiANbHUMU PDIBHAHHAMU.

Ix posB’A3yBaHHSA POSTIALAETHCA B KYPCi BUIIOI MaTeMATHK.
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Oraxe,
tR%Ax = trlvAt.

Ypaxosyiouu ¢dopmyay (1), omepryemo:

2 2 2

A4 R*> R®* R 1

Ax r?o rzc\/2gx - rzc\/g . \/; .

Toxmi mpu Ax — 0 ozepsxyemo piBHicTH

V()= R? 1

r20\/2g \/;

OcTaHHA piBHiCTH O3Hadae, M0 PYHKIA t(x)
€ TIepBiCHOIO AJiA ofep:KaHoi (PyHKIII.

Mpukaad 2

Toxi
R2
tw)=—F _alx+c.
réo.2g
Axmo x=0 (y 6auni memae Bogu), To ¢(0)=0,
romy C=0. Ilpu x=H 3HaxXoguMo IIyKaHNUA
vac:

ﬂznr):f—%@ .

BurkopucroByiouu nani samgadi, omep:KyemMo:

t(4,5)

12
" (0,05)%-0,6-4/9,8

Bionosiodv: 639 c. <

J9 =639 (c).

O6uwmcaitTs pobory cunu F mix uac ctuckyBanua npyskuuu Ha 0,06 M,
akimo aas ii crucky Ha 0,01 M morpi6ua cuaa 5 H.

Po3sp’a3aHHa

3a zakonoMm I'yka cuia F npomopitifina

posTAry abo CTHUCKY IPYKUHU, ToOTO F=*FkXx,
e X — BeJIUUYMNHA PO3TATY YU CTUCKY (Y MeT-
pax), k — mocriiiHa.

3 ymoBu 3amaui s3maxomumo k. OcCKiab-
km mpu x=0,01 m cuma F=5 H, o
k=§=500 H /. Orxe, F(x)=kx=500x.

3HaigemMo PopMyy OIS O0UMCJIEHHS PO-
6oTH, 1110 OyJia BUKOHAHA IIiJ Yac IepeMilieH-
HS Tina (dKe POSTIANAEThCA AK MaTepiajb-
Ha TOYKA), I[0 PYXAETbCA Iij Mi€l0 3MiHHOI
cunu F(x), mnampamienoi B3moB:x oci Ox. He-
Xay TiJIo mepeMicTuIoCA 3 TOUKU X =@ B TOU-
Ky x=0>.

ITosuauumo uepes A(x) pobory, AKy Bu-
KOHAHO MiJ yac IlepeMilleHHA Tijga 3 TOY-
Ku a B Touky x. Hagamo x npupocty Ax. Tomi

AM=Alx+Ax)-Alx) — poboTa, SAKa BUKO-
HyeTbeca cunoio F(x) mpu mepemimiensi Tina
3 TOYKM X y TOUKYy Xx+Ax. fAxmo Ax—O0,

to cuny F(x) ma Bimpisky [x;x+Ax] Ooyne-

MO BBasKaTW IIOCTiHfHOIO i piBHOIO F(x). Toni
AA = F(x)Ax. BBigcu Zﬂ =F(x). IIpu Ax—0
x

omepxyemo A’(x)=F(x). Ocranns piBHiCTSH
osnauae, mo A(x) e mepsicHol s QyHK-
mii F(x).

Vpaxosyioun, mo A(a)=0, 3a hopmyI0I0
Hpioroma — JleiibHiIla omepiKy€eMoO:

[F(2)dz= ()| = AG)-4(a)= Ab)= 4.

a a

Orsxe, po6oma 3minnoi cunu F(x) nid
wac nepemiuyeHHA Mina 3 MOUKU @ 6 MOUKY b
dopisHioe

b
A=|[F(x)dx.

a
BuxkopucroByroun mami samaui, ogep:Kyemo:
0,06 2 (0,06

A= j 500xdx=500x? =0,9 (). <
0 0

127
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10.3.1. Timo pyxaersca npamouinifino 8i mBuakictio v(t) (M/c). O6unMCTiTH
OLIAX, AKHU Ipolife TiJIO 3a IPOMLXOK dWacy Bif t=t; g0 t=t,,
AKITO:

Bnpabu

1) v(t)=8t2+1, t,=0, t,=4;

10.3.2. fIxy pobory mOTpi6HO BUKOHATH IJId CTHCKAHHSA IIPY:KUHHU Ha 4 CM,
AKIO Bigomo, mio cuima 2 H cruckae o npysxkmuy Ha 1 cm?

2) v(t)=2t*+t, t, =1, t,=3.

10.3.3. IIpyxuny posrarau Ha 8 cM, mpukiasmu cuiry 4 H. SIky po6ory
Ipu IIbOMY BUKOHAIM?

10.3.4. Boga, mo mofaeThca B MUIIHAPUYHUI 0aK i3 IJION[MHU OCHOBU Yepe3
OTBip y nOHi, 3am0OBHIOE Bech 0ak. BusaHaure sarpaueHy OpPU IBOMY

pobory. Bucora 6aka mopiBHIOE h, pamiyc OCHOBHU 7.

@ BuABiITbL CBOIO KOMNETEHTHICTb

10.3.5. fIxy po6oTy moTpi6HO BUKOHATH IJIA 3aHYPEHHS KYJIi y Boay (Bpaxyii-
Te, III0 Ha KYJIO Ji€ BUINTOBXYBaJibHa cuja)? SanulliTh (POpMYyJIy.

BIZIOMOCTI 3 ICTOPII

IuTerpanbHe YMCIEHHSA W MOHATTS iHTe-
rpajla BUHHKJO uepes3 HeoOXigHicTs obumc-
JIEHHS TLJIOINT IIJIOCKUX (Qiryp Ta o6’emiB TiJ.
Inei imTerpasbHOTO uMCIIEeHHA OepyTh CBiit
MoYaToK y poboTax cTapoJaBHIX MaTeMaTu-
KiB. 30Kpema BaiKJMBe 3HAUYEHHA [JIA PO3-
BUTKY iHTErpajbHOTO UMCJEHHS MaB Memod
6UYepny6aHHs, 3aIpPONOHOBaHUI €BIOKCOM
Kuigcexum (6s1. 408 — 6J1. 355 pp. 10 H. e.)
i BoockoHasieHu# Apximemom. 3a UM MeTO-
IOM [JIsI OOYMCJIEHHSA TLJIOIII TIJIOCKOI (irypu
HaBKOJIO Hel OMHCYIOTH CTyIiHYacCTy Qirypy
i B Hel BOHCYIOTh CTYyHiHUACTY (irypy. 30ian-
MIyI0Y” KiJIBKICTH CTOPiH Oofep:KaHUX MHOTO-

T'. JleiiOuin
(1646-1716)

Apximen
(287212 pp. 10 H. €)

KYTHUKIB, 3HAXOIATH T'PAHUITIO, A0 SIKOI IPs-
MYIOTH ILJIOINi cTymiHuacTux (iryp (came Tak
y Kypci reomertpii O0yJsio moBemeHO (GOPMYJIY
mioni Kpyra). Apximen mepenbaumB OaraTto
imeit imTerpaapHOro uncaeHHA. Aje MPORIILIO
OiJIBbII K IIiBTOPH THUCSYL POKiB, ImepII HixK I1i
imei Oys0 moBemEeHO M0 PiBHA UMCAeHHA. 3a3HAa-
yuMo, 1o MatemMaTuku XVII cT., AKi 3go0yau
6araTo HOBMX Pe3yJbTaTiB, Opalu 3a OCHOBY
mparti Apximena. ¥ XVII ct. 6ys10 3po6sero 6a-
raTo BiIKPUTTiB CTOCOBHO iHTEeTPaJbHOTO UKC-
JIeHHA, YBEJIeHO OCHOBHI MOHATTS i TepMiHU.

Cumsou | yeis I. Jleit6nin (1675 p.). Ieit
3HAK € 3MiHEHOIO JIATHHCHKOI0 OyKBOI0 S (1ep-

JI. Eiinep
(1707-1783)

f. Bepraymwii
(1655-1705)



K.-B. dyp’e
(1768-1830)

K.-JI. Jlarpau:x
(1736-1813)

ma O0ykBa caoBa summa). Came CJIOBO iHme-
epan yBiB f1. Bepryaai (1690 p.). Iami Bigomi
BaM TEPMiHU, IO CTOCYIOTHCS iHTErpaJbLHOTO
YNCJIeHHS, 3’ ABUJINCA 3HauHO misHimie. Tep-
MiH nepsicHa QYyHKYis, 1110 3aCTOCOBYETHCS Te-
mep, 3aMiHUB IOIIEPEeNHIO HA3BY NPUMIMUEHA
pynryis, axy Beis JK.-JI. Jlarpamx (1797 p.).
JlaTuHChKe CJI0BO primitivus nepeKJafaeTbCsa
AK noyamrosuil: yukiisa F(x)= J.f(x)dx —

mouyaTKoBa (a6o mepsicua) gia dyurmii f(x),
aka yreoploeTbesa 3 F(x) mudpepenmiroBan-
HaM. [JoHATTS HeBu3HAUeHO020 iHMezpasa Ta
ioro mo3HauyeHHs BBiB JleiiOHil], a mo3HadeH-

b
HS BU3HAYEeH020 iHmMezpaJa J. f(x)dx yBiB
K.-B. ®yp’e (1768-1830). a

Craig sayBasKuTH, IO IPU BCili 3HAUY-
I[OCTi pesyJbTaTiB, 3400YyTHX MaTeMaTHKa-
mu XVII cT., iHTerpaJbHOrO YHCJIEHHS IIfe He
oysno. Heobximmo Oyso OKpeciuTu 3arajibHi
imei, HA AKUX I'PYHTYETHCA PO3B’ I3yBaHHA 0a-
raThbOX OKPEMUX 3a7ad, a TAKOYK YCTAHOBUTHU
3B’A30K omepariii audepeHIliloBaHHA I iHTe-
rpyBauud. Ile Bukounaau I. Hetoron i I'. JIeii6-

M. B. OcTporpaacbkuii
(1801-1862)

B. fl. ByuakoBcbKuii
(1804-1889)

Hill, AKi BiIKpuIn He3aJaeXHO OAWH Bim of-
HOTO (haKT, BimoMmii IIify HasBOiO (hopmMysu
Hrprorona — Jlefibuina. Tum caMuM ocTaTOUHO
o(popmuBcs 3aranbHuil Meron. Tpebda OyJio 111e
HABUMUTHCS 3HAXOAUTHU IIEePBicHi 115 6araTbox
(GYHKITIH, AT JIOTiUHi OCHOBU HOBOTO UKC-
JIEHHS TOI0. AJie roJIOBHE BiKe 0yJio 3pob.e-
HO: mudepeHIliaJbHe i iHTerpajbHe YNCIeHHS
cTBOpeHo. MeToau iHTerpaJbHOTO YMCJIEHHS
AKTUBHO PO3BUBAJINCEH Y HACTYIIHOMY CTOJIITTi
(macammepep ciaig HasBatu imeHa JI. Eitxepa,
AKWUN 3aBepIIUB CUCTEMATHUYHE MTOCJIiIKeH-
HA iHTerpyBaHHS eJeMeHTapHuX QYHKIi,
ta Y. Bepuyumiai). Y posBUTOK iHTerpaabHOTo
YUCJIeHHS 3HAUHUII BHECOK 3po0uju MareMa-
Tuku 3 YKpainu B. fI. Bynakoscekmii (1804—
1889) i M. B. Ocrporpaacekuii (1801-1862).
Barato Teopem i ¢dopmyn OcTporpaicbKoro
BBiMIIIM [0 PiBHMX MaTeMaTUUYHUX KYPCiB.
MaremaTuKaM ycboro cBiTy moOpe Bimomi me-
Tox inTerpyBauusa OcTporpaacbKoro, IpaBmio
OcTtporpazacbkoro, ¢popmysaa OcTporpaacbKoro
TOIITO.

(U)(i) Temu HaByanbHux npoeKTis

1. IIpaxTuuHi 3acTOCyBaHHS iHTerpaJa.

2. MudepenniaabHi piBHAHHA Ta iX 3aCTOCYBaHHSA AJIA MOJIEJIOBAHHS
pi3HOMaHITHUX IIPOIIECiB.

3. BukopucraHHsa iHTerpajbHOTO YMCJIEHHS B €KOHOMIIIi.
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3ABAAHHA ANA NIATOTOBKU A0 OLIHIOBAHHA

1. Banumite 3a JOIOMOroi0 HeBHU3HAUEHOTO iHTerpasa piBHiCTH

Tecm ) ;
Ne 2 (cos x+C) =-sin2x.

A J(sin2x+0)dx=sin2x r J.(—sin2x)dx=cos2x+C
b J(cos2x+C)dx=—sin2x I Jsiandxzcoszx—i-C
B jsiandx =sin®x+C
2. Ina pysxmii f (x) =4x® guaiigite mepBicHy, rpadik AKOI IPOXOIUTH
yepe3 TOUKY A(O; 1).
A F(x)=-x*-1 B F(x)=x* I F(x)=x*+1
b F(x)=x4—1 r F(x)z—x4+1
3. Cepen HaBeJeHUX HIIKUYe (PYHKIIH BKAXKiTH Ty, IIepBicHOIO mJIA AKOI
€ QyHKIia F(x) =ctgx+C.

1 1
A f(x)z cos? x B f(x)ztgx a f(x)z_sinzx
1 1
b f(x)z_coszx r f(x)z sin? x

4. 3BHalgiTe 3araTbHUN BUIVIAL INepBiCHUX Aaa (QyHKIil f(x)zcosx—ex .
A F(x)=-sinx—e” I' F(x)=-sinx—e*+C
B F(x)=sinx—-e* J F(x)=sinx+e*+C
B F(x)=sinx-e*+C

5. Vcranosits BigmosigmicTs Mik iHTerpana-

1

vmu (1-3) ra ixmimum snavenHamu (A-T). 1 Jﬁdx Al
7
1 24

2 Ixzdx 1

B —

2 4 8

1 1x 3

6. OOuwnciiTs iHTErpa j(Zx + 1)3 dx.
0
2
1- V1-
7. Bmaiigith iHTerpan J% dx.
—x
T

8. O6uuciiTs iHTerpa J. sinx cos3x dx.
0

1
2’

9. Bmaiigite maomry ¢irypu, obMeskeHoi rpadikom GYHKINI y=
npamumu x=1, x=4 ra Biccio Ox.

w MPOVIAITb OHNaMH-TeCTYBaHHA Ha CanTi interactive.ranok.com.ua




Po3ain 3

ENEMEHTU KOMBIHATOPUKW,
TEOPII UMOBIPHOCTEW

Y LLlbOMY PO3J1I BA:

P cucteMaTuU3yeTe 1 y3aranbHUTE 3HAHHS | BMIHHS, MOB's3aHi
3 KOMOIHATOPKKOIO, TEOPIEID MMOBIPHOCTEM Ta MAaTEMATUYHOIO CTAaTUCTUKOIO;

P 03HaMoOMUTECH 3 aKCiIOMaMU Teopil MMOBIPHOCTEM Ta HaCiAKaMM 3 HUX,
Ni3Ha€ETeCh, AKi hOPMYIIN 3aCTOCOBYIOTh A1 OOHNCIEHHS
4yMCna nepecTaHoBOK, PO3MiLLEHb | KOMOIHaLLIN;

P HaBYUTECS 3aCTOCOBYBATM MMOBIPHICHI XapakTePUCTUKM 4O aHani3y
HaBKOJINLLHIX ABULL A9 MPUNHATTA MPaBUIbHUX pPillEeHb




ENEMEHTUN KOMBIHATOPUKWA

Ta6aumna 15

Kom6iHaTopuKa

Kombinamopuka — pO3IilT MaTeMaTHUKU, Y AKOMY BUBUAIOTH CIOCOOM BMOOPY Ta PO3MIiIeHHA
€eJIeMeHTiB J1esIKOl CKiHUeHHOI MHOXXUHU Ha OCHOBi II€BHUX YMOB.

Bubpani (abo BubOpaHi ¥ posMileHi) rpynu eleMeHTiB HA3WBAIOThb CHOLYKAMU.

fAxiio Bci emeMeHTH PisHi, TO OHEPIKYEMO CIOJYKY 06e3 MOBTOPEHb, a AKIIMO e€JIeMEeHTH MOKYTb
TIOBTOPIOBATUCSA, TO CHOJYKY 3 MOBTOpeHHAMM. Jlai 6y1eMo po3TiAfaT CIOJYyKU 0e3 ITOBTOPEHb.

. 3i cxemoto BMOOpy Ta dhopMynamm ans po3s’s3yBaHHA KOMOIHATOPHMX 33434 3@ YMOBW NMOBTOPEHHS ene-
MEHTIB MOXHa 03HaNOMUTUCSH, 3BEPHYBLUNCH A0 IHTEPHET-NIATPUMKM NIAPYHHMKA.

MNepecTtaHoBKM

OsHa4yeHHA. Ilepecmano6koro 3 n enemenmié Ha3NBAETHCA OyIb-AKa BIOPSIIKOBAHA MHOKHU-
Ha 3 n 3a/IaHUX eJIeMeHTiB (TOOTO TaKka MHOMCUHA, 014 AKOL 6KA3AHO, AKUIL esleMenm po3ma-
WO0BAHULL HA nepuwLlomMy Micyi, AKUL — HaA OpY2oMY, ..., AKUL — HaA n-MY).

®Dopmysa yuciaa

nepecranosox (P,)

ITpuraanx

P, =nl, KinbkicTs pisHHX IIECTUIM(PPOBUX UYHCEN, IKI MOYKHA CKJIACTH 3 IUPP

ne n1=1.2:3-....n 1, 2, 3, 4, 5, 6, He TTOBTOPIOIOYM IIi MU(PPU B OJHOMY UUCJi, JOPiBHIOE:

(4nTaTh: «eH (PaKTo- P;=6!=1-2-3-4-5-6=720.
pian»)

Po3MmiweHHA

O3HaveHHA. Po3dmiwennam 3 n enemenmié no k Ha3UBa€ThCA OyAb-sIKa BIOPAAKOBaAHA MHO-
KMHa 3 k eJIeMeHTiB, CKJIaJdeHa 3 eJIEMEeHTIiB 3aJaHOI n-eJeMeHTHOI MHOKMHMN.

dopmyna yucaa
. k IMpukaan
po3MillleHb (An)

KinbKicTh pisHmx Tpumum@poBUX Umces, AKi MoKHa ckJjactu 3 mudp 1,
- 2, 3, 4, 5, 6, akIo Mu@pPU He IOBTOPIOIOTHCI, MOPiBHIOE:
A= — ! 1 1.2.3.4.5.
" 3 6! 6! 1.2.3-4.5-6

- 2 —4-5-6=120.
67 (6-3)! 3! 1.2-3

Kom6inauii

O3HaveHHA. Komobinayieto 6e3 noémopeHs 3 n enemenmié no k Ha3UBa€ThCA Oymb-gKa
k-esleMeHTHA IiAMHOKMHA 3aJaHOI N-eJIeMEeHTHOI MHOMKIHH.

®dopmysa yuciaa

IIpukmang
KOMOIHaIii (C,’f )
B n! Is kJacy, 1o ckJamaeTbcA 3 25 YUHiB, MOKHa BuOpaTu 5 YUHIiB AJIA
n . 5
E!(n—k)! yeprypaHHaA 1o mkoai Cy; cmocobamu, TO6TO:
(3a oO3HaueHHAM BBa- 5 251 25! 21.22.23.24.25

0 C,- = = = =53130 cmocobamu.
xaroTh, mwo C, =1) 27 51(25-5)1  51.20! 1.2.3-4-5
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Heaxi enacmueocmi yucaa kombiHauiit 6e3 no6moperbs

CF=C""* (soxpema C"=C""=C=1) ckyckt=ctl

Cxema naaHy po3B’sAisyBaHHA KOMGiHaTOpHMX 3ajaud

IIpaBuao cymu ITpaBuao moOyTKY

Axmio emremeHT A MosKHa BuOpaTtm m cmocoba- = Sximo ememeHT A MOKHA BuOpaTm m cmocoba-
MH, a ejeMeHT B — n cmocobamu (IIpu IIbOMY | MU, a IIicJadA IIbOrO ejieMeHT B — n cmocobamu,

BUOip enemMeHTa A BUKJIOYA€ ONHOYACHUU BU- 10 A i B mo:xHa Bubpatu (m-n) cmocobamu.
0ip i enemenTa B), To A a6o B moskHa BuUOpaTu

(m+n) cmocobamu.

Bub6ip dopmyaun

Yu BpaxoBYEThCA IMOPALOK HACTYIHOCTI €JIeMeHTIiB y CIoJIyIfi?

Ta}/

Yu Bci eTeMeHTH BXOIATH A0 CIIOJIYKU?

IlepecTaHOBKUI Poamimensa Kowmb6inarii
! !
P —nl Ak cho_nt
" " (n-k) " k(n—k)
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11.1. NMpaBuno cymu n poGyTKy. YNopsiaKoBaHi MHOXXUHN.

Po3smiweHHsA

MOACHEHHA 1 OBI'PYHTYBAHHA

MoHATTA cnonykw.
MNpaBuno cymn n pobyTKy

IIin uac posB’sisyBaHHA O0araThbox MIpaK-
TUYHUX 3a7ad AOBOJUTHLCA BUOUPATU 3 TIEB-
HOI CYKYHOHOCTi 00’€KTiB eJeMeHTH, III0 Ma-
IOTH Ti a00 iHIITi BJIACTUBOCTi, pO3MiITyBaTH I1i
eJleMeHTH! B IeBHOMY MOPAAKY ToIno. OcKiib-
KM B TAKUX 3aJavax HAeTbCcs mpo Ti abo imimi
KoMOiHaIii 06’eKTiB, TOo Taki 3amaui masmsa-
I0Tb KoMOiHamopHuMmu. Po3nin maremaTtuky,
y AKOMY PO3TJIANAIOTH METOAU PO3B’ A3YBaHHSA
KOMOiHATOPHUX 3ajau, HAa3WBAIOTh KOMOIHA-
mopukor. Y KoMOiHaTOPUIL] PO3TJISALAIOTH BU-
0ip i posmilienusa e1eMeHTiB JeAKOl CKiHUYeH-
HOI MHOKUHU Ha OCHOBI AKMXOCH YMOB.

Bubpani (a6o Bubpani it posmitieni) rpy-
Iy eJIeMEeHTiB HasMBAaIOTh cnoaykamu. SIKImo
BCi eJIeMeHTU CHOJYKHU Pi3Hi, TO 0Zep:KyeMOo
CIIOJIYKYy 0e3 IIOBTOpPEeHb, a AKIIO0 eJeMeHTH
MOJKYTBb IIOBTOPIOBATHUCH, TO OJEPIKYEMO CIIO-
JIYKY 3 TIOBTOPEHHAMH.

Hapgauri B mbomMy po3ziji posriiggaTuMemMo
TiJIBKYU CIIOJYKHW 0e3 MOBTOPEHb, TOMYy He 0y-
IeMO OKPEeMO BKa3yBaTH Ha Ile y KOYKHOMY BU-
nagKy.

Posp’sa3yBanHsa 6araThbox KOMOiHATOPHUX
3aJlau CIIUPAETHCSA Ha JBa OCHOBHUX ITPABU-
Jia — TIPABUJIO CYMH I TPABUJIO JOOYTKY.

MNpaBuio cymu

Ao Ha Tapiamni JeuTs 5 rpyir i 4 a6y-
Ka, ToO BUOpaTu oguH GPyKT (TOOTO rpyIry adbo
a6syko) MmoskHa 9 crocobamu (5+4=9). V za-
raJibHOMY BUTJISAAI CIIpaBeAJMBe TaKe TBep-
IPKEeHHS.

Axmro exemenT A MOKHA BHOPATH M CIIO-
cobamu, a eaxemeHT B — n cmocob6amu (mpu
LIOMY BHOip ejieMeHTa A BUKJIIOYA€ OHOUAC-
HUil BUOip i entementa B), T0 A ab6o B mo:xHaA

BuGparu (m +n) cnoco6amu.

*

YTOUHMMO 3MiCT IIHOTO IpaBuUJja, BUKO-
PUCTOBYIOUM IIOHATTA MHOMKHUH Ta oOIeparii
HaJ HUMMU.

Hexaii MmHOKHHA A CKJIAZAEThHCA 3 M eJie-
MEHTiB, a MHOKHUHA B — 3 n enemenTis. AKIIo
MHOKUHU A i B He mepeTmHAamOThCA (TOOTO
ANB=O), To muoxkuna Al B ckiagaerbes
3 m+n eJeMeHTiB.

MNpaBuno gobyTKy

SAx10 B KiocKy TpoAaioTh PyUYKHU 5 BUIIB
i somuTH 4 BUAiB, TO BUOpaTH Habip i3 pyuKuU
i 3o1ruTa (TOOTO APy — PYUKY i B0IITUT) MOK-
Ha 5-4=20 cmocobamMu (OCKIJIBKU M0 KOYKHOI
3 5 pYyUYOK MOKHaA B3ATH OyAb-AKUM i3 4 30-
muTiB). ¥ 3araJbHOMY BUTJIAIL CIIPpaBEJINBE
TaKe TBePAKEeHHS.

Axio exemenT A MOKHA BUOPATH M CIIO-
cobaMu, a Imicasa nporo eaxeMentT B — n cmoco-
6amu, T0 A i B mosxkxHa BuGpatu (m-7) crmo-
codamu.

Ile TBepa:keHHSA O3HAUAaE, IO OCKIIBKU
I KOKHOTO 3 M eJIEMeHTIiB A MOKHAa B3ATHU
B mapy OyAb-sIKUH 3 n eJeMeHTiB B, TO Kilb-
KicTb map mopiBHIOE SOOYTKY m-1.

Y TepMmiHax MHOKUH OJepP:KaHUN Pe3yiib-
TaT MOYKHA C(HOPMYITIOBATH TaK: AKIIO MHO-
JKUHaA A CKJIaJaeThbCcsAd 3 M eJIeMeHTiB, a MHO-
JKruHa B — 3 n ejleMeHTiB, TO MHOXXHWHA BCixX
YIIOPAIKOBAHUX nap* (a; b), e TIEePIIUH eJie-
MEHT HaJIeKUTh MHOXUHI A (ToO6TO acA),
a apyruii — MHoKuHiI B (To6TO b€ B), cKJa-
IaeThCcA 3 M- N eJEeMEeHTIB.

IloBTOpIOIOUM HaBemeHi MipKyBaHHA ne-
KimbKa pasiB (OiJBIII CTPOTO — BUKOPHUCTO-
BYIOUM METOJ MaTeMaTHUYHOI iHAYKIIii), omep-
JKY€EMO, III0 ITpaBUJia CyMHU I TOOYTKY MOJKHA
3aCcTOCOBYBaTH IIpu BUOOpPi MOBinbHOI CKiH-
YeHHOI KiJILKOCTi eJIeMeHTiB.

MuoxuHY BCiX yIOPAZKOBAaHUX IIap (a; b) , IIe TIePIITUHA eJIeMeHT HaJIeXKUTh MHOKHUHI A (ToOTO ac A),

a apyruit — MHOKUHI B (To0TO b € B), Ha3UBaIOTh AEKaPTOBUM J0OYTKOM MHOKUH A i B i mo3Ha4aoTh
AXB. (3asHauumo, 1110 AeKapToOBUH JOOYTOK BX A TeX CKJIANAETLCA 3 m -7 €JIeMEeHTIB.)
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Q YnopsiakoBaHi MHOXWHU

ITinx uac possB’saA3yBaHHSA KOMOiHATOPHUX
3a/1au JOBOAUTHCS PO3TIANATH HE TIIBKY MHO-
JKUHU, y AKX €JeMeHTH MOKHa 3aIllMCcyBaTHU
B OyIb-IKOMY IIOPAJKY, & i TaK 3BaHi 6nopsad-
K08aHi MHOMUHU. [[J1sg BIOPATKOBAHUX MHO-
JKWH CyTTEBUM € IOPAAOK PO3MIIIIEHHS IX eje-
MEHTiB, TOOTO Te, IKUI eJIeMeHT 3aIlllICaHO Ha
ImepIromMy Miciti, AKUil Ha Apyromy i T. g. 3o-
Kpema, AKIIO OAHI i Ti cami ejleMeHTU 3amlu-
caTu B PiBHOMY IIOPAIKY, TO OTPUMAEMO PisHi
BriopsigKoBaHi muOKuHU. 11100 BigpisuuTu 3a-
MIYC YIOPAIKOBAHOI MHOYKWHU BiJi HEBIOPA-
KOBaHOI, eJIeMEHTY BIIOPSAAKOBAHOI MHOMKUHU
YacTO 3aIUCYIOTh Y KPYIJINX NYKKaX, HAIIPU-
KJaJ (1; 2; 3) # (1; 3; 2).

Posrasamaroun BIOPAAKOBAHI MHOMKHWHU,
Tpeba BpaxOBYBaTH, IO OMHY ¥ Ty camMy MHO-
JKUHY MOKHA BIOPAAKYBaTHU mmo-pisaomy. Ha-
OPUKJIAL, MHOMKUHY 3 TPHOX UHCE] {—5; 1; 3}
MOJKHA BIOOPAAKYBaTHM 3a 3POCTAHHAM:
(—5; 1; 3), 3a CIaJaHHAM: (3; 1; —5), 3a 3poCTaH-
HAM abcomoTHOI Besmumum umciaa: (1;3;-5)
TOIIIO.

Bynmemo posymiru, 1o 018 mozo w06 3a-
damu CKiHYeHHY 6nopadKo8aHy MHONCUHY
3 n enemenmis, 00CMAMHbO 6KA3AMU, AKUL
eJleMeHm PO3MIULEHO HA NepulomMy Micui, AKull
Ha Opyzomy, ..., AKUIL HA N-MY.

0 Po3milleHHS

OsHaveHHA. Po3miwennam 3 n eleMeHTIB
mo k Ha3WBAETHCA OyAb-AKAa BIOPAIKOBAHA
MHOKMHA 3 k elIeMeHTiB, cKJIaJdeHa 3 elie-
MEHTIiB 3aJaHOI n-eJeMeHTHOI MHOKUHMN.

Hanpuknazn, i3 MHOXKUHHT 3 TPHOX ITUPP
{1;5;7} MOJKHA CKJIACTH TaKi pO3MiIlleHHs
3 IBOX eJIEMEeHTiB:

(1;5), (1;7), (5:7), (551), (7;1), (7;5).

KinpKicTs posmiliess 3 n eleMeHTiB 1m0 k
IO3HAYAIOTh A,’f (uuraoTh: «A 3 n 1o k»). Sk

b6aunmo, A§ =6.

KinpkicTs posmimieHb 3 n ejJleMeHTIB 1o k
MO3HAYAIOTh A,’f .

A — mepina JgiTepa ppaHITy3bKOTO CJIOBA AT-
rangement — PO3MiIlleHHA).

3’aAcyeMo0, CKiJIBbKUM MOMKHA CKJIACTU
posmiIienb 3 n ejemeHTiB mo k. CrJiaamam-
HA PO3MiIlleHHA YABUMO dAK IIOCJiJOBHE
3alOBHEHHA k Micllb, SKi Oymemo 300paskaTu
y BUTJISAL KIiTUHOK (puc. 11.1.1).

P

k Mmicup

Puc. 77.7.7

Ha mepmre miciie Mu MOKeMO IIOMiCTUTH
OINH 3 N eJIeMeHTiB 3aJaHol MHOXUHU (TOO-
TO €JIEMEHT [JIs IEePIol KJIITHHKY MOYKHA BU-
O6patu n cmocobamu). Ha apyre miciie mo:xHa
BUOpATHU TiJIbKU OJWH eJIeMEeHT i3 THX, IIT0 3a-
aumunucs, Tooto 3 (n—1). Temep y:xe aBa eje-
MEHTU BUKOPKCTAHO M HA TPETE MiCIle MOK-
Ha BUOpaTH TiJIbKU OAUH 3 (n—-2) enementis
Toifo. Ha k-Te Mmiciie MosKHA BUOpPaATHU TiIbKU

omua 3 n—(k-1)=n-k+1 enemeHnris (nusB.

puc. 11.1.1).
Ockinpku HaM IOTPiOHO BUOpaTHU ejleMeH-
TU 1 Ha mepIe, i Ha ApyTe, ..., i Ha k-Te MicIie,

TO BUKOPUCTOBYEMO IIPABUJIO HOOYTKY 1 oziep-
JKyeMo (hopMyJIy UmMcJia PO3MIillleHb 3 1 eJje-
MEHTIB 10 k:

Af=n(n-1)(n-2).....(n-k+1). 0O

k MHOXKHUKIB

Hanpuxnan, A2=3.2=6 (1o 306iraeTn-
cd 3 BiATOBIiZHMM 3HAYEHHSAM, OJEpP:KaHUM
BUIIIE).

ITix yac pos3B’s13yBaHHA HAUIIPOCTIIIINX KOM-
OiHaTOPHUWX 3aJay BaKJMBO NPABUJIBHO BU-
O6patu hopMyJTy, 3a AKOIO OYAYTH IPOBOAUTHUCH
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o0umcaeHHsA KibKocCTi crmonyk. [1s mporo mo-
CTaTHBLO 3’ ACYBaTHU:
YU 8PaAxX08Y0Mb NOPAOOK POIMIULEHHA ele-
MEHmi8 Yy cnoayuyi;
yy gci 3adani enemenmu 8xo0amuv 0o odep-
HCAHOL CNONYKU.

SKI10, HATTPUKJIA, ITIOPATOK PO3MIIeHHA
eJIeMeHTiB YPaxoBYIOTH i 3 1 3alaHUX eJIeMeH-
TiB y CIIOJYIi BUKOPUCTOBYIOTh TiJILKU K eje-
MEHTiB, TO 34 O3HAUEHHSM I[e PO3MIiIeHHs
3 1 eJIEMEeHTiB 1o k.

NMPUKNAAN PO3B’A3YBAHHA 3ABJAAHb

Mpukaad 1

Ha smaranHs 3 JIerKoi aTJIeTUKM IIpuixaJjia Komauza 3 12 cmoprt-
cmenok. CKimbKoMa crocobaMu TpeHep MOKe BU3HAYUTHU, XTO 3 HUX

mob6ikuTh B ectaderi 4 mo 100 M Ha mepiIoMy, APYyromMy, TPETbOMY

i yeTBepTOMY eramax?

Po3B’a3zanna

KomenTap

Kinekicte cmoco6iB Bubpatu ' Ilnda BuGopy opMyau BinmoBizaemMo Ha sanmuTaHHS, HaBe-
3 12 cmopTcMeHOK YOTHUPLOX MAJA , AeHi Buie. OCKiJIbKY A5 CIIOPTCMEHOK BasKJINBO, Y SKOMY
yuacTi B ecraderi MOPiBHIOE Kijib- ' MOPAAKY BOHH OyAyThb GirTHM, TO MOPSAAOK PO3MIINIEHHS ITi
KocTi posmimiens i3 12 ejxemeHTIB , uac BuOGOPY eJIeMEHTIiB ypaxoByeTbcA. o omepsKaHOI CIIO-

mo 4, To0TO

Af,=1211-10-9=11880. <

Mpukrad 2

Po3B’a3zanna

KinbkicTs Tpunmm@dpoBUX UYHCE,
AKi MOKHa cKJactu 3 cemu nupp 1,

JYKHU BXOOATHh He Bci 12 samamux eixemeHTiB. OToke, Biammo-
BijHA cmoyiyKa — poaMmimneHHa 3 12 ememeHTiB 1o 4.

3HAUAITh KiJIbKiCTh TPUIMAMPOBUX UYMCEJI, SAKi MOKHA CKJIACTU
suudpp 1, 2, 3, 4, 5, 6, 7, aximo nu@pPU B YKUCIiL He IOBTOPIOIOTHCH.

Komenrap

s Bubopy dopmysiu 3’sACOBYEMO, IO AJISA YKUCEN, AKI MU
OymeMoO CKJamaTh, IOPANOK PpO3MillleHHs BPaXOBYETHCA

2,3,4,5,6, 7, topiBHIOE UuncJIy po3- ' i1 He Bci emeMeHTH BuOMpaThed (TiabKuM 3 i3 s3amaHux

MilleHs i3 7 ejieMeHTiB 1Mo 3, TOOTO

A2=7-6-5=210. <

Mpukaad 3*

cemu). OT:Ke, BifmoBigHa cmosiyka — poaMileHHs 3 7 eje-
MeHTiB 1o 3.

3HAWAITh KiJIbKiCcTh TPUIM(MPOBUX UYMCEJI, SAKi MOKHA CKJACTU
suudpp 1, 2, 3, 4, 5, 6, 0, aximo mu@PU B YKUCIi He IOBTOPIOIOTHC.

KomenTap

Bubip dopMmyan mOpoBOAATH TaK caMo, S$K
i B mpukmazxi 2. Axe Tpeba BpaxyBaTu, II0
KOJIM YMCJIO, CKJaJeHe 3 TPhOX IU(MpP, IoUYmHA-
erbcsa mu@dpoio 0, To HOro He BBAXKAIOTHL TPU-
nudppoBum. OT:Ke, IJs BiAmoBiAl Ha 3anuTaHHS
3a/adui MOMKHA CHOYATKY i3 3agaHux 7 Iudp
YTBOPUTHU BCi Umcsa, 0 CKJIAAAI0ThCa 3 3 IUdp
(muB. mpukJgan 2), a moTiM Bim KimbKocTi omep-
JKAHUX YMCeJ BiJHATH KiJbKicTh THX UYwmcel,
AK1 cKJIameHi 3 TPbOX HMu@dp, ajge MOUYMHAIOTHCA
nudpporo 0. B ocramabOoMy BHUIAAKYy MU (Pak-
TUYHO Oymemo 3 ycix mudpp, Kpim myaa (ix 6),
ckaagzatu aBonudposi umcnaa. Toxi ix Kinb-

KicTh MOpPiBHIOE YMCJIY PO3MiIlleHb i3 6 eleMeH-
TiB 10 2 (gUB. pPO3B’A3aHHA 3aBIAHHA).
Taxkoxx MOXKHa BHKOHATH OeslocepenHe obOumc-
JIEHHSA, MOCJIiJOBHO 3alOBHIOIUYU TPU MicCId
B TPUIM(MPOBOMY UHCIL I BUKOPHUCTOBYIOUH
OpaBUI0 AOOYTKY. ¥ IBOMY BUIIAAKY 3PYUYHO
VHAOUHHUTHU MipKyBaHHs, 300pakaiouu BiAmo-
BiZiHI po3psAaU B TPUIIU(PPOBOMY UKCJIL Y BUTJISA-
Oi KJIITMHOK, HAaIPUKJIAL TaK:

6 6 5
MOJMKJIMBOCTEHM = MOXKJIMBOCTEH | MOIKJIMBOCTEN
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Po3sp’a3aHHa

KinpkicTh TpunmudpoBux uucesa, AKi MoOKHA BUJIYYUTU Ti PO3MIiIlEHHA, Yy SAKUX MOePIINM
ckaactu 3 7 nmudp (cepex AKUX Hemae mud- eremenToMm € nuppa 0. Ix KigbkicTs mopiBHIOE
pu 0), nopiBHIOE UMCay pO3MilleHb i3 7 eeMeH- YHUCJY PO3MillleHb i3 6 eyseMeHTiB mo 2, TOOTO

: 3 2 . .
TiB mo 3, Tobro A;. Ag. Orxe, mykasa KinekicTs Tpunudposmx
Aute cepen 3aganux mudp € nudpa 0, 3 AKoI He Yuces SOPiBHIOE:

MOJKe IouMHaTuCA Tpuiudpose umcao. Tomy
3 poaMmilneHb i3 7 esemMeHTiB mo 3 HeoOXimHO

A3 -AZ=7-65-6-5=180. <

A
b 3 3 X
ﬂpuK/\aa 4 Po3p’axiTh piBHAHEA —=6.
Ax
Posp’sa3anHa KomenTap
Ol3: xeN, x>4. Toxi omepxyeMO Pignanns, 00 3anucy sKux 6x00amv 8upasu, uio no-
2l 1)(x-2)(x—3) 3HaAYamMyv Kiavkicms 8i0n08i0HUX CNOAYK 3 X eJe-
=0. MEeHmi6, 66axiaNMb 03HALCHUMU MIAbKU NPpU HA-
x(x-1) MYPALLHUX 3HAYEHHAX 3MIHHOL X.
Ha OJI3 me piBHAHHA piBHOCUJIBLHE PiB- . . .
As me p b b VY nanomy pasi mjid icHyBaHHSA BUpPasy A;C1 OTPiOHO
HAHHAM
> i A2
(x-2)(x—3)=6: BUOUpATH HaTypajbHE 3HE;‘IEHHH x>4 (romi A
x%2—5x=0; Tesx icHye i, sBuuafito, AL #0). '
(x—5)=0 g mepeTBOpeHHsS PiBHAHHA BUKOPUCTOBYEMO Bin-
x(x-5)=0.

moBigHI (popmyin:
Al =x(x-1)(x-2)(x-3);
Ai =x(x-1).

Tomi x=0 abo x=5.
Aue no O13 BXOAUTH TiIBKU X =5.

Bionogidv: 5. <

1. ChopmyioiiTe # MOACHITL Ha MPUKJIALAX MIPABUIIO CYMHU I IIPABUIO

3anumannsa IOOYTKY IJIs PO3B’sA3yBaHHS KOMOIHATOPHMX 3aaad.

2. TloAcHiTh, AKY CKiHUEHHY MHOKHMHY BBa’KAIOTh YIIOPSAJKOBAHOIO.
HaseniTe mpukigangyu BIOPAIKOBAHUX CKiIHUEHHUX MHOMKUH.

3. IodAcHiTh, [0 HA3WMBAIOTH PO3MIIIEHHAM 3 71 eJeMeHTiB mo k 6es
nmoBTOpPeHb. HaBeniTh mpuraamu.

4. Banumrite GopMyay AJNS OOUMCIEHHS UYKCJIa PO3MillleHb 3 71 eJle-
MEeHTiB 110 £ 6e3 moBTOpeHb. HaBemiTh mpukaaay ii BUKOPUCTAHHSI.

5%, O6rpyntryiiTe popMyay AIa OOUKMCIEHHSA YUCIA PO3MIiIEHD 3 1 eJe-
MeHTiB 110 k£ 0e3 IIOBTOPEHb.

Bnpagu 11.1.1°. Maemo 4 pisHi KoHBepT: 6e3 Mapok i 3.piSHi MapKH. .CKiJIBKO'
Ma cmocobaMy MOKHA BHOpaTH KOHBEPT i MapKy IJd BiAlIpaBKU
aucra?
11.1.2°. ¥V xopobui micturbca 10 6inux i 6 yopHEX Kyab. CKiIbKOMAa CIIO-
cobaMu 3 KOPOOKH MOJKHA BUTSATTH:
1) oxHy KyJam0 OyAb-sKOTO KOJIBOPY;
2) mBi KyJi pisHOro Koanopy?
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11.1.3.

11.1.4*.

11.1.5*%.

11.1.6.

11.1.7.

11.1.8.

11.1.9.

11.1.10.

11.1.11.

11.1.12*,

11.1.13.

11.1.14%,

11.1.15%.

11.1.16*.

Y wopsuHi Jgexars 12 a6ayk i 9 amenbcuuiB (yci pisui). IleTpuk
BuOupae abo A0JYKO, abo amesbcuH, IIicas uyoro Hagifixa Bubupae
3 TUX (PPYKTiB, IO BaJUIMUINCA, i AO0IYKO, i ameabcuH. CKiIbKU
icaye Takux BapiauTiB BubGopy? Ilpum sxomy BuGopi Ilerpuxa B Ha-
Iitiku OisbIlle MOKJIUBOCTEH BUOGODY?

VumeBi morpi6bHO BuKOHaATH 4 Tectu mporsarom 8 nuiB. CKilrbKoMa
cmocobaMu MOsKe OYTH CKJIAAEHUN PO3KJIakL MOro TeCTyBaHHSA, AKIIO
B OJWH JeHb BiH MOKe BMKOHYBATHU TiJIbKU OLUH TeCT?

Ckismbkoma crocobaMm MOKe PO3MICTUTHCA POAWMHA 3 TPHOX OCi0
Y YOTUPUMiCHOMY KyIe, AKIIO iHIMUX IacakKMUpiB y Kylle HeMae?

Iz 30 yuacuukiB 360piB Tpeba BubOpaTu roJyioBy Ta cekperaps. Ckinab-
KoMa crocobaMu Iie MOKHAa 3po0uTm?

CkinpkomMa cmocobaMy MOKYTh 3aWHATHU IIepIlle, APyre i TpeTe Mic-
g 8 yuacHuUIb QiHambHOTO 3a6iry Ha maucranii 100 m (mpumycka-
€MO, IO BCi BOHU MOKaXKyThb pisHUi uac)?

Ckinpkoma crocofamMy MOKHA BUTOTOBUTU TPUKOJBOPOBUI MIPAIIOp
3 BEPTUKAJIBHUMHU CMyTraMM’, SKIMO € MaTepian 7 pisHMX KOJBOPiB?

CkisbroMa crmocobaMuy OpraHi3aTopu KOHKYPCY MOKYTH BU3HAUUTH,
XTO 3 15 fioro yuacHuKiB OyJe BUCTYIATH IEePIINM, APYIUM i TpeTim?

Ha mnomuni BigmitTuam 5 Touok. Ix moTpi6HO mO3HAUMTH JATHH-
cbkuMu OyxBamu. CKimbkoMa cmocobamMu Iie MOKHa 3podouTtu (y Ja-
TUHCBKOMY aJyiasiti 26 OykB)?

Crinbru yoTUpUIU(PPOBUX UMCEJ MOMKHaA cKJjactu 3 mudp 1, 3, 5,
7, 9, AKI0 MUPPU B YKUCJIi HE IOBTOPIOIOTHC?

CkinbKku yoTupUIU@PPOBUX UYMCEJ MOKHAa cKJjactu 3 nudpp 0, 2, 4,
6, 8, AKImO Mu(MPU B YKCJIi HE IIOBTOPIOIOTHCI?

Ckimbku icuHye cemunu@poBux Tese)OHHUX HOMEPIB, y AKUX ycCi
mudpu pisHi i mepmia nmudpa BigminHa Big Hyasa?
Crinbku pisHuX TpunudGpPoBUX unces (0e3 TOBTOPeHHS Mudp) MoKHA
ckgactu 3 nudp 1, 2, 3, 4, 5 Tak, mob omep:kaHi umcaa OyJum:
1) mapaumu; 2) kpatHumMu 5?
Po3B’sa:KkiTh piBHAHHA:

5

1) A%2=20; 2) 4 _6.

3
x

VYuni 11 kgacy maioTs mpoiiTu durooporpadiune obcreskenusa. CKiab-
KOMAa CIIocO0aMM MOYKHA CKJIACTH 4Yepry BiABiAyBaHHSA CTApPIIOKJIAC-
HUKaMu Jjaboparopii, aximo B KJjaci 30 yuHiB, a I[OAHA IIPOXOLATH
obcreskernHsa 5 oci6? (Crmucox Ha KOMKeH IeHb CKJIAJaeThbCsd B TOMY
MOPAAKY, B AKOMY y4YHI OyAZyThb IPOXOAUTH OOCTE)XKeHH:.) Brasis-
Ka. 3anuiriTh BUpas, 3a JOIOMOI'OI0 KO0 MOXKHA 3HAWTH IIYKaHe
YHCJIO.
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11.2. MNepecTaHOBKU

MOACHEHHA 1 OBI'PYHTYBAHHA

OsHayeHHA. Ilepecmanoékxoio 3 n ejleMeH-
TiB Ha3MBA€ETHCA OyAb-Ka BIOPIIKOBAHA
MHOSKMHA 3 N 3aJJaHUX eJIEMEeHTiB.

Haragaemo, 1mo BmopagKoBaHa MHOMKU-
Ha — Ie TaKa MHOMCUHA, 018 AKOI 6KA3AHO,
AKUU eJleMeHm PO3MIULEHO HA NePpULOMY MicUi,
AKUl Ha Opyzomy, ..., AKULL HA N-MY.
nudpu
B umcyi 236 (TyT MHOMKIHA ITUDD {2; 3; 6} yoKe
BIIOPAJAKOBaHAa), MOYKHaA CKJIACTH TaKi nepe-
CMaHo8KU 06e3 NOB8MOPEeHb: (2;3;6), (2;6;3),
(3;2;6), (3;6;2), (6;2;3), (6;3;2) — ycworo

6 mepecTaHOBOK .

Hampurknan, mepecraBasgooun

KinpkicTs mmepecTaHoBOK 3 11 €JIEMEHTiB I10-
3HavawoTh P, .

P — mepmma Jitepa (paHIy3bKOTO CJIOBA
permutation — 1epecTaHOBKA.

SIk 6aunmo, P;=6.

@DaKTUUYHO TEePECTAHOBKU 3 7 €JeMEHTIB
€ PO3MiIIeHHAMU 3 N eJIeMeHTiB 10 1, TOMY
P=A"=n(n-1Dm-2)..21.

n MHOXKHHKIB

Ho6yToxk 1-2-3-...-n mosHaualTh n!.
Tomy oxep:xaHa (popMyJia YHCIA MEePeCTaHO-
BOK 0e3 IMIOBTOPEHb 3 1 eJIEMEHTIiB MOKe OyTHu
3amucaHa TaK:

P,=n!=1.2-3-...-n.
Hanpuxaan, P,=3!=1-2-3=6 (1o 36ira-
€ThCA 3 BIIIOBiIHUM 3HAUEHHAM, OJlEPKaHUM
BUIIIE).

3a momomoroio (hakTopiaiis opMyary OJid
YrcJia pO3MillleHb 0e3 TOBTOPEHb

Af=n(n-1)(n-2)-....(n-k+1) (1)

k MHOKHUKIB

MOJKHA 3aIrcaTy BiHIIIOMY BUTJISAAI. [lJId I1b0T0
MOMHOKHMMO ¥ mofijnmMo Bupas y opmy.ii (1)
Ha gno6yrox (n—-k)(n—-k-1)-...-2-1=(n—k)!.
Ozxep:xyemo:

Af=n(n-1)(n-2)-....(n-k+1)=

_nln-Dn-2)..(n-k+Dn-k)(n-k-1)..3-21
B (n-K)(n-k-1)...3-2:1 B

_n!
- (n-r)"

Omxke, dopmyna gas uuciaa PO3MillleHb
0e3 MOBTOPEHbD 3 N eJIeMEeHTiB 110 k Moxke OyTHU
3almrcaHa Tak:

AF = o

(n—k)!

Haa Toro o6 1iero (GopMyJo MOMKHA
0yJIO KOPUCTYBaTUCS HPHU BCixX 3HAUEHHAX k,
3okpema nmpu k=n-1 Tta npu k=n, JOMOBU-
Jucs BBasKkarTu, mo: 1!=1 1 0!=1.

Hanpuxaan, 3a popmyJioro (2)

6! 6!

(6-5)1 1!
3ayBasKMMO, III0 B TUX BUOAAKaX, KOJU
3HaUYeHHA n! BUABIAETHCA OYKe BEIUKUM,
BiATIOBii 3aMMMIarOTh 3aNuCAHUMMU 3a JOIIO-
Moroio (hakTopiais.

(2)

Al =61=1-2-3-4-5-6="720.

30! 30!

25
Hanpuknan, Az, = Go_zan &l

NMPUKNIAAN PO3B’A3YBAHHA 3ABJAHDb

Haragaemo: gmsa Bubopy GopmMyaud mifg
yac pos3B’sA3yBaHHA HANIIPOCTIiIMX KoMOiHa-
TOPHUX 3aJlad JOCTATHLO BiIIOBiCTH Ha 3amu-
TaHHA:

YU 8paxo8y0msv NOPAOOK PO3MIULeHH eJe-

MEHmMi8 Yy cnoayuyi,

w

Tak, 110 MU(PY B UKCJIi He TOBTOPIOIOTHCA.

yu gci 3a0aHi enemenmu 8xo0smov 0o 0dep-

JHCAHOL cnonyru?

SKI10, HATTPUKJIA, IIOPAIOK PO3MIIeHH A
eJIEMEeHTiB ypaXOBYEThCA i BCi n 3alaHUX eJie-
MEHTIB BUKOPHUCTOBYIOTHCA Y CIOJYIli, TO 3a
O3HAUYEHHAM Ile IePecCTaHOBKU 3 1l eJIEMEeHTiB.

3a3HaunMo, 110 KOYKHA TaKa IIepecTaHOBKA BU3HAUYAE TPUIM(POBE YKUCJIO0, CKIageHe 3 mudp 2, 3, 6,
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Mpukaad 1

Po3sB’a3zannsa

KinpkicTh cmocobiB mopiBHIOE umc-
JIy TIePecTAaHOBOK 3 8 eJeMeHTiB.
Tob6To

3HalgiTh, CKiJIbKOMAa cIocobaMy MOJKHA BiciM y4YHIB BUIIHMKYBaTU
B KOJIOHY IIO OZHOMY.

Komenrap

Hna Bubopy BiamoBigHOI (hopmysau 3’sAcOByeMO BimmoBini
Ha 3anIuTaHHS, HaBegeHi Buine. OCKiIbKU IOPSAIOK pPO3-
MillleHHsI eJIeMeHTIiB ypaXOBYeThCA i yci 8 samaHux ee-

MEHTiB BUOMPAIOThCS, TO BIAMOBiAHI CIOJIYKH — IIe IIepe-

P;=8!=1-2-3-4-5-6-7-8=40320. <]

CTAHOBKY 3 8 eJIeMeHTIB. IX KijbpKicTh MOKHA 06UMCINTHI

3a gopmysoro: P =n!=1-2-3-...-n.

Mpukrad 2

Po3B’a3zanna

3 uworupbox 1mudpp 0, 3, 7, 9 mMoxKHaA
onzep:xatu P, mepecraHoBOK. Aje Ti mepe-
CTaHOBKMU, AKi mounmHamTheda 3 0, He OyAyTH
3aIKUCOM YOTUPUOU(POBOrO UMcIa — IiX
kinekicte P;. Tozi mykana KinbkicTs uo-
TUPUIUDPOBUX UUCEJ TOPiBHIOE:

P —P;=4!-3!=1-2-3-4-1-2-3=18. <

Mpukaad 3*

3HAUOITh KiJIbKICTh PISHUX YOTHPUIUQPPOBUX UMHCEJ, AKI MOXKHA
craactu 3udp 0, 3, 7, 9 (udpu B YKucIi He HOBTOPIOIOTHCH).

Komenrap

OCKinbKU TOPAZOK PO3MIIIEHHA eJIEMEeHTIiB ypaxo-
BYETBCA i A Ofep:KaHHA YOTUPUIM(PPOBOTO UUMCIA
OTPiOHO BMKOPUCTATU BCi €JIeMeHTH, TO MOTPibHA
CIIOlyKa — Ile IepecTaHoBKM 3 4 eJeMeHTiB. Ix
Kinmpkicte P,;. Aue Ime moTpi6HO BpaxyBaTH, IO
B YOTHPUIIU(DPOBOMY UMCJIL Ha HepIIoMy Micii He
mo:ke croATu nudpa 0. Takux yuces O6yme CTiIBKHU,
CKiJIbKU pasiB MU 3MOKeMO BUKOHATU IIePeCTaHOB-
K1 3 3 nudp, AKi samummunuca, Tooto F;.

3 mecaTH KHMIKOK uoTumpu — mIigpyuyHumiku. CKigrbkoma crocobamu
MOKHA TMOCTABUTH I1i KHMKKHM HA ITOJHUIIO TaK, 1100 yci migpyuyHuKU

CTOSIJIN TOPSAMN OAUH 3 OTHUM?

Pozp’azannga

CnouaTKy OyZeMo po3TIAjaTH HiApydHU-

KU, M0 CTOATH HOPSAN, AK OAHY KHIKKY.
Toxi Ha monuii MOTPiOHO PO3CTABUTU HE
10, a 7 xHmxok. Ile moskHa 3pobutu F;
crmocobamu.
VY KoXHOMY 3 ofiep:KaHUX HabOpiB KHUIKOK
e MOKHA BHKOHATH P, mepecTaHOBOK
OiAPYYHUKIB. 3a IpaBUIOM AOOYTKY IITyKa-
Ha KiJbKicTh cIIoco0iB mOpiBHIOE:

P,-P,=7!-41=5040-24=120960. <]

Komenrap

3amauy MOKHA pO3B’sA3yBaTH y ABa eramu. Ha mep-
IIOMY eTalli yMOBHO OymaeMo BBasKaTU BCi MigpydHU!-
K1 3a 1 KHWKKY. Tomi omepsxumo 7 KHMKOK (6 He
migpyyHuUKiB + 1 yMOBHa KHIMKKAa-IiJPYYHUK).
Ilopsamok posMillleHHA eJIeMeHTIiB ypaxXxoBYEThCH,
i BUKOPUCTOBYIOTHCA BCi eseMeHTU (IIOCTABUTU Ha
MOJUII0 MOTPi6HO Bei KHMMKKM). OTiKe, BigmoBimua
CIIOlyKa — Ile IepecTaHOBKM 3 7 eJeMeHTiB. Ix
kinpkicte — P,. Ha apyromy erami poss’sa3yBaHHSA
Oy/IeMO TepPecTaBJIATH MiK cO00I0 TiMbKU HiApyUHHU-
ku. Ile mo:xua spobutu P, cmnocobamu. Ockimpku
HaM IIOTPiOHO mepecTaBUTH i HiAPYUYHUKHU, U iHIITL
KHIUKKH, TO BUKOPUCTOBYEMO IPABUJIO TOOYTKY.
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3anumaHHg

Bnpabu

3*.

11.2.1.

11.2.2.

11.2.3.

11.2.4.

11.2.5.

11.2.6.

11.2.7.

11.2.8.

11.2.9.

11.2.10.

IToacHiTh, 110 Ha3WBAETHCA IIEPECTAHOBKOIO 3 71 eJleMeHTiB 0es
mOBTOpPeHb. HaBemiTh mpuKJIAgU.

3anuuriTs GOpMYyTy A O0UMCIEHHA YNCJIa TIEPECTAHOBOK 3 1l eJie-
MeHTiB 0e3 moBTOpeHb. HaBeniTh mMpuKJIaau ii BUKOPUCTAHHA.

O6rpyuryiire QopmMyJsy Ajs OOYMCIEHHS UYKCJIA II€PECTAHOBOK
3 n eJ1eMeHTiB 6e3 MOBTOPEHb.

Ckinpkoma cmocobaMu 4 JTIOAUHU MOMKYTbh PO3MIiCTHUTHCA HA YO-
TUPUMICHIN J1aBiri?

Kyp’ep nmoBuHeH po3HecTH IaKeTH B 7 pisHux ycraHoB. CKiabKH
MapIIpyTiB BiH Moske BuOpaTu?

CkinbKu icHye BUpasiB, TOTOKHO PiBHUX mOOYTKY abcde, 110
OIEPKYIOTHCS 3 HBOTO IIE€PECTAHOBKOI MHOMKHUKIB?

Ousibra mam’siTae, 10 Tejie(pOH MOAPYTH 3aKiHUyeThCA IMppamu
5, 7, 8, ame 3abyja, y AKOMY IOPAAKY Ii Iudpu po3MiIeHOo.
VYrairts HaiibinbIlle umcao BapiauTiB, I[0 ifi JOBemeThbCs mepe-
OpaTtu, 1100 3arejeoHyBATH HOAPY3i (AKIIO BOHA mam’ ATae BCi
immi mudpu HOMEpA).

Ckinpku mecturnudpoBux unces (0e3 MOBTOPEHHSA IMUDP) MOMKHA
CKJIaCTH 3 Imudp:

1,2 56,7, 8;

2)0, 2,5, 6, 7, 8?7

CriJIbKM cepej] YOTHUPUIIM(PPOBUX UHMCes, CKJIAJEHUX i3 mudp 3,
5, 7, 9 (6e3 moBTOpeHHA IUDPP), € TAKUX, II0:

1) moumHaioThca 3 upu 3;
2) kpatHi 5?

3HalgiTh cymMmy mudp ycix goTupuUrmdpPOBUX UMCEN, AKi MOMKHA
ckyaactu 3 mudp 1, 3, 5, 7 (6e3 mMOBTOPEeHHA ITUPP Yy YMCHTi).

VYV poskJjani Ha MOHEAIJNOK IIicTh YPOKiB: aysredpa, reomerpis, ixHo-
3eMHa MOBA, icTopia, GiskyabTypa, ximisa. CkigpkoMma crocobamu
MOJKHAa CKJIAaCTH PO3KJIaJd YPOKiB Ha Ieil JeHb TaK, 1100 aBa ypo-
KM MaTeMaTUKU CTOAJIU IOCIiJb?

Ckinpbkoma cmocobaMy MOKHA PO3CTABUTHU Ha HMOJUIli 12 KHUKOK,
i3 AKX D KHM)KOK — Ile 30ipHUMKHU BipIuiB, Tak, 1100 30ipHUKHU
CTOSJIN TIOPAJ V AOBLIBHOMY TOPAIKY?

BusHaure, cKinbkoMa cmocobaMu 5 XJOOmUuMKiB i 5 AiBUaTOK MoO-
JKYTh 3aMHATH B TeaTpi B omHomy panai micus 3 1 mo 10. Ckinb-
KOMAa CIoco0aMi BOHH MOJMKYTBH Il 3POOUTH, SKIINO XJIOMUNKN
OyAyTh CUIITH HA HeMapHUX MICI[IX, a AiBUaTKa — Ha mapHux?
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11.3. Kom©0GiHaLii

NMOACHEHHA 1 OBI'PYHTYBAHHH

O3HavyeHHA. Komobinayieto 6e3 noeémopends
3 n enemenmieé no k Ha3UBAETHCA OYIb-
aKa k-eleMeHTHA MiIMHOKMHA 3aJaHOI
n-eJIeMeHTHOI MHOKWHH.

Hampurknan, 3 MHOKUHU {a, b, c,d} MOXK-
Ha CKJacTH TakKi KomOiHallii 0e3 moBTOpeHb
3 TPHOX eneMeHTiB: {a,b,c}, {a,b,d}, {a,c,d},
{b, c, d}.

KinbkicTs KomG6iHalliti 6e3 TOBTOPEHb

3 71 eJIeMeHTiB II0 £ MO3HAYal0Th CHMBOJIOM C,lf
(UMTaOTh: «YMCJI0 KOMOiHAIiH 3 n mo k» abo

«11e i3 n o k»). Ik 6auumo, C43 =4.

KinpkicTs KoMOiHaIiil 63 IOBTOPEHD 3 1 eJie-
MEHTiB II0 £ II03HAYaI0Th CHUMBOJIOM C,]f .

C — mepma JiTepa GpPaHIY3bKOTO CJIOBa
combinaison — KoMOiHAaIlid.

3’acyeMo0, CKIJIBKKM BCHOTO MOKHA
CKJIacTH KoMOiHaIiii 6e3 IIOBTOPEHB 3 1 eJie-
MeHTiB 1o k. [l IbOro BUKOPUCTAEMO BiIo-
Mi HaM (popMyJIM UHMCcJia PO3MIIIleHb i mepecTa-
HOBOK.
CkiamaHHs poO3MillleHHs 0e3 IOBTOPEHBb
3 n eJeMeHTiB mo k mpoBemeMo y ABa erTa-
nu. Coouatky Bubepemo k pisHUX eJIeMEeHTiB
i3 BamaHoOl n-eJeMeHTHOI MHOMKWHU, He Bpa-
XOBYIOUM IIOPAJOK BUOOPY IMX eJIeMEeHTiB
(To6T0 BUOEpeMO k-ejleMeHTHY MTiAMHOMKUHY
3 n-eJIeMEeHTHOI MHOKMHY — KOMOiHaIiio 6e3
TOBTOPEHD 3 1L €JIEMEHTIB 110 k). 3a HaIlIuM II0-
3HAUEHHAM Iie MOXKHA 3pobuTu CF crrocobamu.
ITicia mboro oxmep:kaHy MHOMKUHY 3 kB pisHUX
eJleMeHTiB yIOpAAKyeMO. Ii MOKHa BIIODSAX-
KyBatu P,=FEk! cmocobamu. Omep:xumMo po3-
MileHHA 0e3 TOBTOPEHB 3 7l eJIEMEHTIB 110 k.
Omke, KiIbKicTh posMmillieHb 6e3 IIOBTOPEHD
3 n exeMeHTiB 1m0 k£ B k! pasiB GisnbIa 3a uuc-
JIo KoMOiHaIiii 6e3 MOBTOPEHDb 3 71 €JIEMEHTiB

Ak
1o k, To6ro A¥ =C*.E!. Beincu C* =2 Ypa-

3

!
XOByIOuH, 10 3a (opmy.owo (2) AF :ﬁ
(mus. m. 11.2), ogep:ryemo: n—k)

k n!

:7. 3
" Rkl n—-k) ®3)

4! _1.2.34

Hanpurnaan, Cf =

b

31(4-3)! 1231
mio 306iraeThbcA 31 3HAUEHHAM, OJePKaHUM
BUIIIE.

Bukopucrosyouu popmyay (3), Ierko ob-
IPyHTYBaTu 8racmugicmv 1 uucaa xombina-
uiii 6e3 noemopeHv, HaBeeHy B Ta0J. 15.

1) Ockinbku

! n!
ok = n - —C*h,
" (n—k)!((n—(n—k))! (n—E)1k! ne 10

ck=cr* o 4)

Haa Toro mob gopmynay (4) moxxkHa 0yJo
BUKOPUCTOBYBAaTH i mmpu k=n, DJOMOBUJINCH
BBasKaTu, III0 C,(L) =1. Toxi 3a dopmynoro (4)
Ccr=CP=1.

3ayBaxkumo, 1Mo Qopmyay (4) MoxHA
orTpuMaTu 0e3 00UMCJIeHb 3a TOIOMOTOIO II0-
CHUTB IIPOCTUX KOMOIiHATOPHUX MipKyBaHb.

Konu mu BubGupaemo k mpemmeris i3 n,
TO n—k IpegMeTiB MU 3aJUINAEMO. SIKIIO K,
HaBIIaKu, BuOpaHi mpeaMer: 3aJUIINMO,
a immri n—k — BubepeMo, TO OIEeP:KUMO CIIO-
ci6 Bubopy n—k mpeameriB i3 n. 3azHauumo,
110 MU OJIEP:KATU 83AEMHO 00HO3HAYHY 8i0NO-
8i0Hicmbw cmocobiB BubOpyY ki n—k mpenmeris
3 n. OT:Ke, KinpKicTh TUX i iHIIKX croco0iB
onHaKoBa. AJle KilbKicTb ofHUX C,’f , a IHmunx
'k romy CF=Cr*,

Sxmo y gpopmyiri (3) CKOPOTUTH YHCEIb-
HUK i 8HaMeHHUK Ha (n—k)!, TO oTpEMAaEMO
bopmyay, 3a AKOI0 3PYUYHO OOUMCIIOBATH C,’f
Ipu MaJuX 3HAYEeHHAX k:
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( )(k MHOJ!C)H]/IKiZ ) 2 MHOXKHUKH
— — - 25.24
ckmin=Vin=2). . tn-k+l) Hampukmraz, C2 = ——— =25.12=300,
" k! 1.2
3 MHOKHUKI

k MHOKHUKIB

3 8:7-6
_nn-1D0n-2)...(h-k+1) CgW=8'7:56.
1-2-..-k '
k MHOXKHUKIB

()

NMPUKNAAN PO3B’A3YBAHHA 3ABJAHDb

3ayBayKuMo, 1110, AK i paHiie, aja BuOO- Ane pna 3’sacyBaHHS TOTO, IO 3aJaHa
Py dopmMyau mig uyac pos3B’sa3yBaHHA HAWOPO- CIIOJIYKa € KOMOiHAIli€l0o, JOCTATHLO BiAIOBi-
CTiIMX KOMOiHATOPHUX 3aJa4 JOCTATHBLO Bij- CTU TiJIbKM Ha mepIle 3aluTaHHA (IUB. CXEeMY
TIOBiCTH HA 3aITUTAHHSA: B TabJ. 15). KIIO mOpsSgoK PO3MillleHHS eJie-

YU 8pax08YeEmMuvbCs NOpAdoK PO3MIULEHHS MEHTIB He BPaXOBYETHCS, TO 3a O3HAUEHHAM

eslemMenmis Yy cnoayuyi; e KoMOiHaIlidg 3 17 eJIeMeHTiB 1o k.

uy gci 3a0ani enemenmu 6xo00smsv 0o odep-
JHaHoi cnoayru?

Iz 12 uneniB TypucTHUYHOI Ipynu HOTPiOHO BHOpaTH 3 UEProBUX.

np ukAad 1 Ckisbxkoma cmocobaMu MOJKHA 3poOuTH Iieil BubGip?
Po3B’a3anna Komenrap
KinpkicTs cmocob6iB BubpaTu Hna BubGopy BimmoBimuoi dopmyam 3’sicoByeMO BimmoBimi

3 12 TypucriB 3 ueproBux MOPiBHIOE ' Ha 3anNUTaHHS, HaBemeHi Buine. OCKiJIbKM TOPATOK PO3-
KimbKocTi KomOiHaliti i3 12 esemeH- & MillleHHA €JIeMEHTIB He BPaXOBYETHCSA (IJid UeProBUX He
TiB MO0 3, TOOTO BaXKJIUBO, ¥ SAKOMY IOPAAKY iX BUOEPYTh), TO BimmoBimHa
3 191 121 cmosyka € KoMmbiHariero 3 12 emementiB mo 3. Haa o006-
12 YUCJIEHHA MOKHa BUKopucrtatu ¢Gopmyau (3) abo (H),
y DaHOMY BUIAAKYy 3actocyBanu (opmynay (3):

©3112-3)1  31.91

12-11-10
=———=220. < Ckz"—!.
1.2-3 " R n-R)
Moukrad 2 3 Basu 3 (pykramu, y akiii jgexunts 10 pisHUX A0ayK i 5 pisHUX
P rpyi, moTpioHo Bubpatu 2 a6sayka i 3 rpymri. CkigbKoMa crocobamMu
MOKHA 3pO0UTH TaKuii BubGip?
Po3p’a3anua Komenrap

Bubparu 2 a6ayka 3 10 mo:kHaA 0120 cro- ' Crouatky okpemo Bubepemo 2 a6ayka 3 10 i 3 rpy-
cobamu. ITpu roxxHOMY BHOOpPi A6gyK rpymri | mi 3 5. OcKinbKku mpu BuOOpi A0AYK UM I'PYII IIO-
PAIOK PO3MIIlleHHs eJIeMeHTiB He BPaXOBYETHCHA, TO
BifmoBigHi cmonyku — KoMmbOiHarii 6e3 mMOBTOpPEHb.
VYpaxoByiounu, 110 moTpi6bHo BuOpaTu i 2 sA6gyKa,
i 38 rpyiri, BHUKOPHUCTOBYEMO IIPABUJIO JOOYTKY
1 TepeMHOXKYEMO OJeprKaHi MOMKJIMBOCTI BHOOPY

=450. < A6IyK (Clzo) i rpym (053)

MOJKHa BUOpaTu 053 cnocobamu. Toxi 3a
IPaBUJIOM AOOYTKY BUOip MOTPiGHUX (GPYK-
TiB MoxxHa BuKoHaTH Cry-Ci cmocobamm.
Ogxep:ryemo:

10-9 5-4-3

2 3
Co G =15 123
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3anumaHHg

Bnpabu

1.

2.

3*.

11.3.1°.

11.3.2°.

11.3.3°.

11.3.4.

11.3.5°.

11.3.6.

11.3.7.

11.3.8°.
11.3.9°.

11.3.10.

11.3.11.

IToscHiTs, 110 Ha3WBaeThLCA KOMOIHAIIiAMHU 3 71 eJIeMeHTiB 1o k 6e3
noBTOpeHb. HaBemiThs mpuKJIagm.

3anuiriTe GopMyay IJid OOUMCIeHHS umcjaa KoMOiHaliit 3 n ese-
MeHTiB o k 6e3 moBTOopeHb. HaBeiTh nIpuKAaau Il BUKOPHUCTAHHSI.

OorpyuTryiiTe GopMyJIy s 00UKCIeHHA Yncia KoMOiHaIliii 3 n eje-
MEHTiB mo k 0e3 IIOBTOPEHbD.

O6rpyutyiite Bmactusicts CF+CH =1

IToscHiTH, HA TpUKJIagaX, AK MOKHA BUOMpPATH BiAmoBimHYy Gopmy-
JIy mif vac po3B’si3yBaHHSA HAWIIPOCTIININX KOMOIHATOPHUX 3amad.

3BEepPHYBLUNCL [0 IHTEPHET-MIATPUMKM NIAPYYHMKE, BU MOXETE Ai3HATLCA, AK
BUKOPUCTOBYBATU PO3TNAHYTI (hOpMynn Ymcia KombiHaLii ans 3anucy GiHoma

n

HbloToHa — dopmynu (a+b)

VY kmaci 7 yuHiIB ycmimraHo HaBYamTbcA MaTemMaTuku. Crigbkoma
cmocobaMu MOKHA BMOpaTH 3 HUX ABOX YUHIB [JIsT yuyacTi B mare-
MaTU4YHiN oaimmiazi?

VY marasuni «@inzarenis» mpomarmTh 8 pisHMX HAOOPiB MapokK Ha
cnopTuBHY TeMmaTuKy. CKimbKoMa cmocobaMu MO:KHaA BuOpaTu
3 HUX 3 Habopu?

Yunam gaan crnucok i3 10 KHMIKOK, IO PEeKOMEHI0BAHO IPOYUTA-
i mif yac kKamikya. CKinbKoMa crocobaMy yuyeHb MOJKe BHUOpaTu
3 HUX 6 KHUXKOK?

Ha mosumii croith 12 KHMIKOK: AaHIVIO-YKPAiHCBKUII CJIOBHUK
i 11 xymo:xHiIX TBOpPiB aHIIificbKo0 MOBOM0. CKinbKOMa crmocobamu
yuTadY MOKe BUOpaTu 3 KHMIKKU, AKIIO:

1) c1oBHUK TOTPiOHUIT oMy 000B’s3KOBO;

2) cI0OBHUK IfoMy He HMOTpPiOHm!IT?

¥ kuaci HaBuaroThesa 16 xsonumkis i 12 giBuatox. Iyia npubu-
paHHA TepUTOpPii MOTPiIOHO BUAIMINUTH YOTUPHOX XJOMYUKIB i TPHOX
miBuaTok. CKijbKOMa cmocobaMu Iie MOXKHA 3po0ouTi?

IIix wac 3yctpiui 16 oci6 moTucau oxHe omHOMY PYKU. CKiIbKM
BCHOT'O 3PO0JIEHO PYKOCTUCKAHb?

I'pyna yumiB 3 30 oci6 Bupimmiaa obMimATHCA (POTOKAPTKAMMU.
CKiJbKK BCHOro (POTOKAPTOK IIOTPiOHO OyJIO AJA IIHOTO?

CKiZbKHK IIepecTaHOBOK MOKHa 3pobuTu 3 OykB ciaoBa XAPKIB?

I3 12 pobGiTHUKIB-OypUABHUKIB ITOTPiOHO BiApAguTU 5 AJA POoOOTU
B cycimHini obsacti. CKibKOMa crmocobaMu MOKHA YTBOPUTHU TAKY
Opurany O BigpsamsKeHHA?

Ckinbrkoma pisauMu cmocobamu 300pu, Ha axkux npucyTHi 40 ocio,
MOXKYTh 00paTH 3 UmMcJja CBOIX yYaCcHHKiB rojioBy 300piB, ioro sa-
CTYIHUKA Ta CeKperapsa?

CKinbKY IpAMUX JiHIA MOKHAa IPOBECTH Uepe3 8 TOUOK, 3 AKUX
HigKi Tpu He JekaThb Ha oxHil nmpawmiin? (Koskma mpsama Mae mpo-
XOAUTHU Ueped ABi 3amaHi TOUKU.)
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11.3.12.

11.3.13.

11.3.14.

11.3.15.

11.3.16*.

11.3.17.

11.3.18.

11.3.19.

11.3.20*.

11.3.21.

11.3.22.

11.3.23%.

11.3.24*.

11.3.25%.

CKinbKM pisHUX I’ ATUIUMPOBUX UYKCEJ MOMKHA 3aIMCATH 34 JOIIO0-
moromo nudpp 1, 2, 3, 4, 5, 6, 7, 8, 9 6e3 iX MOBTOPEHBL?
Busuaute umcao Beix miaromaseil mpaBUJIBHOTO:

1) I’ ATUKYTHUKA; 3) IBaHAAIATUKYTHUKA;

2) BOCBMUKYTHHIKA; 4) I’ ATHAAIATUKYTHUKA.

CrifbKY PiBHMX TPUKOJBOPOBUX ITPATIOPIiB MOKHA 3POOUTH, KOM-
OiHyIOUM JKOBTU, YOPHUU Ta uepBoHUI Koabopu? (KosxHuii mpa-
TIOP CKJIAJAETHCSA 3 TPHOX TOPU30HTAIBLHUX CMYT.)

CKinbKM PisHUX IJIOIIMH MOKHA mpoBecTu ueped 10 TOUOK, AKIIO
HifKi 4OTUPH TOUKU He JIeKATh B OMHIN IIJIOI[MHI?

CKinbKM pisHUX I ATUNUMPOBUX UMCEJT MOYKHA HAMWCATHA 3a J0-
momoromo mudp 0, 2, 4, 6, 8 6e3 ix TOBTOPEHB?

CkinbKu icHye mepecraHoBok i3 mudp 1, 2, 3, 4, 5 Takux, mo He
MOYMHAITHCA ITUPpor 5? umcaom 12? uwmciaom 1237

Ckinbku icuye xomb6inarmiit is 10 6ykB a, b, c, ...
He MicTaTh OyKBU a? OyKB a i b?

no 4 Takux, IIo

Ckinpku posmimenp i3 12 6yks a, b, ¢, ... m0 5 Takux, IO He

MicTaATh OYKBU a? OyKB a i b?

Ckinbku Tpeba B3ATH €JIeMEHTiB, 11100 YMCJIO PO3MIiIlleHb i3 HUX IO
4 O6yso y 12 pasiB OGiabIInM, HiK UMCJI0 PO3MIillleHb i3 HUX mo 27

Y saBmanuax 11.3.21-11.3.25 pos3B’s:KiTh piBHAHHS.

1) A%2=42; 3) A%, =30;

2) A3 =56x; 4) 5C3=c?,.

1) C2,=21; 3) C3+C2=15(x-1);

5x(x-3) 1547

2) Cl=—— 1) Cl="
AZ+ A2 1 s

1) #:43; 3) 12C.+C2,,=162;
Al-4A° 34°

2) A—jzsg; 4) C2,, = .
AlP P

1) Zxmat —49; 3) —x2_-132;
Px—2 A;Px—n
An+1 An+2P

2) —xtlien 9, 4) “w2lron 110,

x-1

X

Po3B’sokiTh cucTeMy PiBHAHD:

AV AY =10, CcY.cv =1
1 3 x Y x ’
) cg:cg-lzg; ) C%=153;
y+l _ Y. Ay1_
2) CY* =2,5x, 5 Ax.A,i1 8,
cY,=10; cY:cv=1,6.



OCHOBHI NMOHATTA TEOPII MMOBIPHOCTEN

12.1. MoHATTA BMUNAAKOBOT MOAi.
KnacnyHe o3Ha4yeHHSI NMOBIPHOCTI

Tabaumnsa 16

1. Bunagkosi nogpii

ITonarrsa

Ilin excnepumenmamu 3 6unadKo8UMU pe3YyJib-
mamamu (abo, KOpOTIlle, 8UNAOKOBUMU eKcne-
pumenmamu) pPo3yMilOThL PisHiI eKcHepuMeHTH,
Iocaiau, BUITPOOOBYBAHHS, CIIOCTEDPEIKEHHS, BU-
Mipu, pe3yJbTaTy SKUX 3ajeKaTh BiJ BUMAIKy
i aKi MoikHa moOBTOpUTHU OaraTo pasiB B omHa-
KOBHUX yMOBax.

Byap-axkuii pesyabpTaT BUIIAJAKOBOTO €KCIIEPU-
MEHTY Ha3sWBaIOTh 8UNA0K08010 nodicr. YHaCITi-
IOK TaKOr0 eKCIIEPUMEHTY IIA IMOoAisg Moike abo
BimOyTucsa, abo He BimbyTucs.

Bunmagkosi moxii sasBuuaii mo3HaAUYaOTh BeJIU-
KMMU JiTepaMu JaTHHCBbKOro ajdasity: A, B,
C, D, ....

ITpukaamxu

ExcnepumeHTH 3 pYJIETKO0, MMiAKUAAHHAM
rpaJibHOTO KyOUKa, MiIKUAAHHAM MOHETH, Ce-
pisg moOCTPisNiB OOHOTO CTPiJbILA IO OAHIN i Tik
caMiii miIreHi, yJyacTs y JoTepei TOIIO.

Bunagamaa «repba», BUOAJaHHA «YHCIa» IPU
OiIKUAaHHI MOHETH; BUTPAII Y JIOTEPE; BUIIA-
NaHHA IEeBHOI KIJIbKOCTI OYOK IpW TigKuIaHHI
TPAJILHOTO KyOMKa TOIIO.

2. lMNoHATTA, noB’A3aHi 3 BUNAaAKOBMMM MNOAIAMU B LEAKOMY €KCNEepPUMEHTi

Iloxii By, B,, ..., B, Ha3uBaIOTb Pi6HOMONCILU-
8UMU, SKIIO B JAaHOMY eKCIIEpUMEHTi HeMae
HiAKUX IificTaB BBajKaTH, 1[0 OJHA 3 HUX MOYKe
BimOyTHCA MepeBakHiIle 3a OyAb-AKY iHIITY.

Ilomii A i B Ha3WBalOTh HeCYMICHUMU, SKIITO
BOHU HE MOXKYTh BifOyTHUCS OJHOUYACHO B JaHO-
My eKCIepUMeHTi.

Ioxii Cy, C,, ..., C, Ha3suBaIOTL HeCYMiCHUMU,
SAKINO KOMKHA IIapa 3 HUX HEeCyMiCHA B JaHOMY
€KCIIePUMEHTI.

Ilomito U HasuBaioTh 8ip0zi0HOM0, SIKIIO B pe-
3yJIbTATI HAHOr'O EeKCIIEPUMEHTY BOHa O0OB’sd3-
KOBO BinOymeTncs.

Iloxito J Ha3MBAIOTL HEMOMCLUB0I0, AKINO BOHA
He MOJKe BiiOyTuCs B JaHOMY €KCIIEPUMEHTi.

B excmepumenTi 3 OZHOPA30BOTO MiAKUAAHHS
OJHOPiZHOI MOHETU IIPaBUJbHOI (opMU DiBHO-
MOMKJIMBUMHU € IIOMIii:

A — Bumnas «repb6»,

B — BHUIIAJI0 «YUCJIO».

B exkcmepumeHTiI 3 miAKUIaHHA MOHETH TIIO-
nii A — BumaB «rep6» i B — BUOAJI0 «YuC-
J0» — HecyMicHi.

O eKCIepuMeHTy 3 IiAKUAaHHSA TI'PAJbHOTO

kybuka nozpii C; — Bumagauua 1 ouxa, Cy —
BunagaEHa 3 ouok, C; — BUNAZaHHA 5 OYOK,
C, — BUIajaHHA NIapHOTO YKCJAa OUYOK — He-
CyMicHi.

Bunamamua wMeHime 7 OYOK IIpW INiAKUIAHHIL
3BUYANHOI0 rpaJIbHOTO KyOuKa (Ha rpaHsax KO-
ro mo3HaueHo Big 1 mo 6 ouok).

Bunagamasa 7 o4Ok mpU TiAKUAAHHI IpaJbHOTO
KyOHMKa.



§ 12. OCHOBHI MOHATTA TEOPIT MMOBIPHOCTEN

3. MpocTtip enemMeHTapHux nopin

Ilonarra

Hexaii pe3ysbTaToM IEIKOT0 BUIIQJIKOBOTO €KC-
MePUMEHTY MO’Ke OyTU TiJbKM OfHAa 3 IOIapHO
HeCYMiCHUX IOJI# Uy, Uy, ..., U,. Hassemo mi
noxii enemenmaprHumu nodiamu, a MHOMXKUHY
BCiX IIMX TOmik

Uz{ul,uz,...,un} —
npocmopom enemenmapHux noodii.
Bynp-axy NiIMHOMKUHY IPOCTOPY eJeMeHTap-

HuX noxin U BBaKaTHMeMO BUIIAJKOBOIO IOi-
€0 A.

IIpuxnan

1. JIna eKcImepuMeHTY 3 MiAKUTaHHSI MOHETU
eJeMeHTapHUMU OyAyTh HOXii:

U; — BUIAaB «Iepb»,

U, — BUIAJNO «UUCIO».

Toxi mpocTtip ereMeHTapHUX MHOZiN Oyae cKJa-
JaTHuCS 3 OBOX IOJiii: U={u1,u2}. (IIi momii
OIIapHO HEeCYMiCHi, y pesyJbTaTi eKcIepuMeH-
Ty 000B’sI3K0OBO BiOyAeThCA OHA 3 IIUX TOMili.)

2. 115 eKCIIepUMEeHTY 3 HiJKUIAHHA IPAJTbHOTO
KyOuKa eJleMeHTapHUMHU MOXKYTh OyTu mogiii u,,
Uy, Ug, Uy, Uz, Ug, € U, — BUNATAHHA
k ouok, k=1, 2, 3, 4, 5, 6. Y npoMmy BUIALKY
IPOCTip eJieMeHTapHUX IOl Oyae CKJaagaTucs
3 IIIeCTH MOMJii:

U={u1, U2, u3, u4, u5, u6}.

4. KnacMyHe o3HayeHHA MMOBIpPHOCTiI (419 PIBHOMOX/IMBUX e/eMEeHTapHUX MNogiM)

Hexaii s3amaHo mpocTip ejeMeHTapHUX IIOMii,
yci exeMeHTapHI moAii SKOT0 — PiBHOMOIKJIMBI.
FImoeipHicmb nodii A — 11ie BiZHOIIIEHHA 4YMCJIA
CUPUATIUBUX AJA Hel eleMeHTapHUX TOAiH (m)
IO YKCJa BCiX PiBHOMOIKJIMBUX €JeMEHTAPHUX
nomiii (n) y ZaHoMy eKCIepUMeHTi:

ra)==.

n

IIpuknaan. 3HAWAiTP iMOBipHiCTE BUIIaTaHHSA
0iJIbIlIe YOTHUPHOX OUYOK IPH MiAKHAAHHI Ipajb-
HOro KyOukKa.

Poarasgremo AK ejgeMeHTapHi momii mricTe
PiBHOMOKJIMBUX pPe3yJbTATIB IMiAKUIAHHA KY-
6uka — BumaJio 1, 2, 3, 4, 5 a6o 6 ouok (or:ke,
n==6).

ITomis A — Bumnajo Ginbie 4 ouok. CupuUATIN-

BuUMHU I momii A € TiibKM OBi eleMeHTapHI

moxii — Bumajsio 5 a6o 6 ouok (Tobro m=2).
m 1

2
Toni P(A)=—=2==., <
n 6 3

fIMOBipHiCTL Biporiguoi (U) Ta HeMOKJIUBOI (@) HOii:

P(U)=1

P(@)=0

MOACHEHHA 1 OBI'PYHTYBAHHA

BunapkoBi ekcnepuMeHTU

N BUNaakosi noaii

Ham wacTo moBOoAMTHCA IIPOBOAUTHU PisHI
CIIOCTePEeKeHHs, JOCaiau, OpaTi yuacThb B eKe-
nmepuMeHTax abo BUMpPoOyBaHHAX. HYacTo Taki
eKCIIEPUMEHTH 3aBepIIyIThCA Pe3yJIbTaToM,
AKUH 3a3Jajerigb mepeadaunTy HeMOMKJIUBO.
Hanpurkaan, Mu KyImyeMo JOTEPeNHUNA KBU-
TOK i He 3Ha€EMO, BUT'PAEMO UM Hi; MigKUIAEMO

MOHETY i He 3HAaeMO, II[0 BUMOAZe — <«YUCJIO»
uu «rep6». Y1 MOKHA AKMMOCH YMHOM OI[iHU-
TH IIIaHCH IIOSIBU Pe3yJIbTaTy, SKUI Hac Iika-
BuTh? BigmoBigb HA Iie 3aIUTAHHA A€ PO3TiI
MaTeMaTUKH, II[0 Ma€ Ha3BYy meopis UMOo8ip-
Hocmeill. Mu 03HAaTOMUMOCS TiJTBKU 3 OCHOBA-
MU IIiel Teopii.

OpHUM 3 OCHOBHUX MOHATH, AKi PO3TJIs-
InaThCcs B Teopii HMOBipHOCTEI, € HMOHATTS

147
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excnepumeHmy 3 6unadKo8uUMU pe3ylbmama-
mu. IIpukIagOM TaKOro €eKCIepPUMEHTY MOKe
0yTu migKUJaHHA MOHETHU CyAaeio hyTOOIBHO-
ro MaT4y mnepej Moro moyaTkoM i3 MeTOI0 BU-
3HAUEHHA, KA 3 KOMaH][ IOYHe MaTyY i3 IleH-
Tpa I0JId.

Ilixg ekcriepuMeHTaMU 3 BUIAIKOBUMU Pe-
gyabraTamMu (abo, KOpOTIIe, BUIAAKOBUMU
eKCIIEpMMEHTaMM) PO3yMiloTh Pi3Hi eKcrepu-
MEeHTH, JOCJiu, BUIIPOOOBYBaHHS, CIIOCTEpe-
JKeHHS, BUMipHU, Pe3yJIbTaTU AKUX 3aJeKaThb
Big BUHaIKy i IKi MOKHA IIOBTOPUTU OArarto
pasiB BogHakoBux ymoBax. Hanpukaan, e ce-
pid mocTpisiiB OJHOTO CTPIJIBILA IO ONHIiM i Til
camiii mimreHi, yuyacTh y JjioTepei, BUTATaHHA
IPOHYMEPOBAHUX KYJb i3 KOPOOKHU, eKCIIepu-
MEHTHU 3 PYJIETKOIO, MiKUTaHHAM I'DAJIBHOTO
KyOuKa, IiIKugaHHIM MOHETH.

Bynb-axuii pesysbTaT BUOALKOBOTO €KC-
MepUMEHTY Ha3WBaAIOTh B8UNA0K08010 NOJi€El0.
YVHacIiIoOK eKcmepuMeHTy, AKHI poarisana-
€ThCH, IS IOAis MoxKe abo BimOyTucsa, abo He
BigOyTHCcsa. 3a3HAUNMO, IO AJIS KOXKHOI'O BI-
HagKOBOTO €eKCIIEPUMEHTY 3a3BMYall 3asjia-
JIETiTb TOMOBJIAIOTHCS, AKi HOTO Pe3ybTaTu
PO3TIIAZAaIOThLCA SIK eJeMeHTapHi mondii, a mo-
TiM BUIIaJKOBA HOJiA PO3TIANAETHCA AK IIij-
MHOKWHA OTPUMMAHOI MHOMWHU (AUB. m. 3
Tabs. 16).

Hapani, ax npasuio, 0ygeMo mosHauyaTu
BUIAAKOBI IMOAil BeJIMKUMU JATUHCHBKUMU JIi-
Tepamu: A, B,C, D, ....

ToBopsiuu mpo BuUIAAKOBi moxii, Oymemo
BBajKaTH, IO BOHU IIOB’fA3aHi 3 OJHUM KOH-
KPETHUM BUIIaJKOBUM €KCIIEPUMEHTOM.

3ayBaKuMO, IO 0araTo BaKJUBUX i IIO-
TpiOHUMX (aKTiB Teopii IMoOBipHOCTEl cCIIO-
yaTKy OyJu ofep:KaHi 3a MOIOMOIOI0 Iy:Ke
IPOCTUX eKCIepuMeHTiB. Beluky poJib y pos-
BUTKY Teopil iMoBipHOCTEe! AK HayKu 3irpa-
JI 3BUYAMHI MOHETH Ta IrpajbHi KyOuKu. Aje
mi moHemu iU KYOUKuU, AKi po3easdaiombvbes
8 meopil umosipHocmell, € MAMeMAMULHUMU
d6pasamu cnpasicHix monem i Kyoukie (Tomy
PO HUX 1HOZAI TOBOPATH, IO IIe MaTEMaTUIHA
MOHeTa ¥ MaTeMaTWYHUI TpaJbHUN KYyOUK).

Hanpuknan, wmamemamuuna moHema,
AKY BUKOPUCTOBYIOTH ¥ Teopii iIMOBipHOCTEI,
mosbaBiieHa 06araThboX SKOCTEH CIPaBKHBOI
MOHETH.

r Y mamemamuunoi moHemu HeMae KOJbO-

Py, po3mipy, Baru Ta miHu. Boua He 3pob.ie-
Ha Hi 3 AKOT0 MaTepiansy i He MOYKe CIY KU~
TU IIaTLKEIM 3acoboM. MoHeTa, 3 IOTJIALY
Teopil MOBipHOCTEM, Ma€e TiIBKM JBi CTO-
poHH, OmHA 3 AKUX HA3MBAETLCI «Iep0d»,
a igma — «4wmcao». MoOHeETYy KUIaloTh,
i BoHA majgae omHielo 3i cropim yropy. Hia-
KUX iHIIINX BJIACTUBOCTEN y MaTeMaTUUYHOI
MOHETHY HEMAE.

MaremaTrnuHa MOHETa BBaYKAETHCA CUMeE-
mpuunoio. Ile o3Hauae, 110 KUHYTA HA CMiJ
MOHema Mae€ Pi6Hi WAHCU unacmu «2epoom»
abo «yucaom». Ilpu mbomy MaeThcA Ha yBasi,
10 HiAKWU iHIMWN Pe3yJabTaT KUAAHHA MOHe-
T HEMOJKJIUBUIM — BOHA HE MOJKe 3aryomTu-
cs, 3aKOTUBIINCHL V¥ KYTOK i, TUM Oijbliie, He
MOJKE «CTaTH Ha pedpo».

CopaB:XHA MeTaJjieBa MOHETa CJYKUTH
JUIle iJrocTpalieo 1jada MaTeMaTUuYHOl MOHe-
tu. CIIpaB:KHA MOHETa MOsKe OyTH TPOXH BBiT-
HYTOI0, MOKe MaTH iHIIi geeKTH, AKi BIIN-
BaIOTh Ha pesyJbTaTyu KujauHdA. IIpore, 111006
mepeBipuTH HA IPAKTUIIL JOCTiAN 3 iAKW IaH-
HAM MaTeMaTUYHOI MOHETH, MU KUJAEMO 3BU-
yaliny MOoHeTY (06e3 aBHUX nedeKTiB).

T'panbHuit KyOMK TaKOXK CJIYMKUTH IIpe-
KpacHUM 3aco00M JJIs irocTpaliii BUnagKoBUX
moxiii. PosriaHeHo npasunvHuil (cumempuy-
HUll ) KYOoukx — Takui, 1o 3abe3neuye OgHAKO-
Bi ImraHCHM BUIIaJaHHA KOXKHOI rpaHi. Jd msoro
BCi r'paHi MarOTh OyTM OJHAKOBOI ILJIOIIi, IIJIOC-
KUMU I OMHAKOBO IiafeHbKuMu. KyOuK moBu-
HeH OyTu came Kyb0iuHOI (popmm, a HOTo IEHTP
Baru Mae 36iraTucs 3 reOMeTPUYHUM I[eHTPOM.
Bepmuau i pebpa KyOuKiB mMoBUHHI OyTH mpa-
BUJIBHOI (hopMu. SKIITO0 BOHU OKPYTJIeHi, TO BCi
OKPYIVIEHHA MaloTh O0yTu omHarkoBuMu. OTBO-
pu, AKi MapKyIOTh KiJBKIiCTh OUOK Ha I'PAHAX,
MOBUHHI OyTH IpoCBEPAJIeHI Ha ONHAKOBY IJIN-
O6uny. CymMa OYOK HA HIPOTUJIEKHUX TI'PaHAX
IPaBUIBHOTO KyOUKa qopiBHioe 7 (puc. 12.1.1).

Puc. 72.7.7
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MamemamuyHuil zpanvHuil KYyouk, AKUHN
00TOBOPIOETHCA B TeOpii WMoOBipHOCTEM, —
e mamemamuiHuil 00pas3 npasuibHo20 Ky-
ourxa. BunaganHa Bcix rpaHeidl PiBHOMOK-
ause. Iloxibmo mo MaTeMaTH4YHOI MOHETH,
MaTeMaTHUYHNI KyOuMK He Ma€ Hi KOJbOpY,
Hi po3mipy, Hi Baru, Hi iHIIUX MaTepiaib-
HUX SKOCTEel.

T'panpuuii KyOMK Mae AUBOBUIKHY iCTO-
piro. I'pa 3 KyOuKamMu — OfHA 3 HANJABHIIINX.
Bomna 0yia Bimoma B riinOoKit saBHuHI B [Hmii,
Kurai, JIigii, €runri, I'penii # Pumi.

Jeaki NnoHATTSA, NoB'a3aHi
3 BUNAaAKOBUMU MnoaiasmMu

Hexaii mpoBemeHO SAKUICH BUIATKOBUN
eKcIepuMeHT. 1K 3asHauajocs BUINE, KO0
pesyJbTaTaMu € IesaKi BUIIagKOBI momii. YHa-
CJIiIOK TaKOTo eKCIIePUMEHTY KOYKHa 3 IMOmili
MosKe abo BigOyTucs, abo He BigoyTucs. I1i mo-
nIii moB’sI3aHi 3 OMHUM KOHKPETHUM BUIAIKO-
BUM €KCII€PUMEHTOM.

OsHauvenHsa. Ilomii Has3uBaIOTBCA piGHO-
MOHCIUBUMU, AKIIO B TAHOMY €KCIIePUMEH-
Ti HeMa€ HiIKHMX IIiicTaB BBasKaTH, 1[0 OJHA
3 HHX MO’Ke BimOyTucs mnepeBakHime 3a
Oyab-AKY iHIIY.

Hampuknan, B eKcliepuMeHTI 3 omHOpa-
30BOT0 IMiAKUAAHHA OJZHOPiAHOI MOHETHU Ipa-
BUJIBHOI (hopMU PiBHOMOKJIMBUMU € TOMIii:
A — Bumnas «repb», B — BUIIAJIO «YHUCJO».

O3HayeHHA. Ilomii A i B Ha3suBaloThCA He-
cymicHumMuU, K0 BOHU HEe MOKYTH Bi0OyTH-
Cs OTHOYACHO B TAHOMY €KCII€PUMEHTI.

Tax, B eKCIIepUMEHTi 3 0JHOPa30BOTO ITiJ-
KUJAaHHA MOHeTH mofii A — BuIaB «Irepd»
i B — BUIIAJIO «YMCJIO» — HECYMicCHi.

Iloxii C;, C,, ..., C, HasuBaIOTh HecyMmic-
HUMU, SKITO0 KOMKHA IIapa 3 HUX HecyMicHa
B JaHOMY eKcIiepuMeHTi. [ eKcriepuMeHTy
3 NiKKUJaHHA I'PAJbHOIO KyOuka moxii: C; —
Bunaga"usa 1 ouxka, C, — BUIQJaHHA 2 OUOK,
C; — BunajganHa 3 ouok, C, — BUNAJaHHA
4 ouok, Cy — BUNAfAHHA S 040K, Cy — BHUIIA-
ITaHHS 6 ouoK — HecyMicHi (i piBHOMOMKINBI).

OsHauveHHa. Ilomia U masuBaeThed 6ipozid-
HO0, AKIIO B Pe3yJbTATi JAHOTO eKcIepu-
MEHTY BOHA 000B’A3K0BO Bin0yaeTncs.

Hampukian, BUMagaHHA MeEHINe 7 OYOK
Opu OigKUAaHHI rpajbHOro Kybuka (ma rpa-
HAX SIKOT0 IIO3HAauYeHOo Bixg 1 mo 6 04oK) € Bipo-
rigHOIO Iomi€ro.

OsHayeHHA. Iloxpia & masuBaeThCI HEMONC-
lU6010, AKIIO BOHA HEe MOJKe Bim0yTucsd B aa-
HOMY €KCIIePHUMEHTi.

Hanpukaazn, Bumaganisg 7 O40K IPU IIif-
KHIAaHHI TI'paJIbHOTO KyOmKa — HEeMOIKJIUBa
momis.

MpocTip enemeHTapHNX

noain

Hexait pesyabTaToM [AesSKOTO BUIIAIKO-
BOTO €KCIEePUMEHTY MO Ke OYTH TiJIbKH OJHAa
3 IIOIIaPHO HECYMICHUX IOAIN Uy, Uy, ..., U,.
Hassemo ix esiemenmaprumu nodismu, a MHO-
JKUHY BCIX IUX MOAil Uz{ul,uz,...,un} —
npocmopom esemenmapHux nodii.

Hampukaan, O eKCIepuMeHTy 3 mif-
KUJAAHHS MOHETH eJIeMeHTapHUMHU IIOMi-
amu OynayTb: u; — BHUIAJaHHA «Tepba»,
u, — BUNAJaHHA «4ucjga». Toxi mpocrip emne-
MEeHTapHHUX IOAiN Oyme CcKJIamaTHCA 3 ABOX
mofiii: Uz{ul,uz}. (IIi mogxii HecywmicHi,
i B pesyJsbTaTi eKcHepuMeHTy 00OB’sI3KOBO
BimOymeThCs OHAa 3 IMUX ITOMii.)

dns  excmepuMeHTy 3  MiJKUAAHHS
TpaJbHOTO KYOWMKAa eJeMeHTapHUMHU IOdif-
MH MOXKYTh OyTH: u; — BHIajZaHHA 1 ouKa,
Uy — BUNAJaHHA 2 OYOK, Uz — BUIAJAHHSA
3 OYOK, u, — BUIAJaHHA 4 OYOK, Uy — BU-
oajaHHd d OYOK, Uy — BUIAJAaHHA 6 OYOK.
Y 1npoMy BUIIQAKY I[IPOCTIp eJieMeHTap-
HUX IIOAi# Oyme cKJIagaTHUCA 3 IIeCTH IIOMiii:
Uz{ul,uz,u3,u4,u5,u6}.

Byab-aAKky OiqMOKMHY TPOCTOPY e€JieMeH-
TapHUX mnoAii U BBa’KaTMMEMO BUIIATKOBOIO
monmiero A. Hampuwkiaan, Aasd eKCIepPUMEHTY
3 MiIKUIaHHA IPATBHOTO KYyOMKa BUIIAIKOBOIO
€ IoNiA A — BUNAJAHHA ITapHOI KIILKOCTi OUOK,
OCKiIBKHI Az{uz,u4,u6} — mnigmHOoKuHA U.
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KnacuyHe o3Ha4yeHHs
MMOBIPHOCTI

Hexaii pesyabraToM AeAKOT0 BUIIAIKOBO-
To0 eKCIePUMEHTY MOKe OyTH OJHa M TiIbKU
OJlHA 3 7 TIOTAapPHO HECYMIiCHUX i PIBHOMOJKJI-
BUX eJleMeHTapHUX NOJill u,, Uy, ..., &, (TOOTO
npoctip U ereMeHTapHUX IIOAiN JAHOTO BUIIA-
KOBOTO €KCIIePHMMEHTY CKJIAJA€ThCsA 3 PiBHO-
MOJKJIMBUX eJleMeHTapHUX IOAiH uy, Uy, ...,
u,) 1 Hexall y 1aHOMY eKcIlepUMeHTi mojia A
oJiATa€ B TOMY, IIIO BiZOyBAeThbCs OgHA 3 M
Hamepel BHUOKPEMJIEHHUX eJIeMeHTapHUX II0-
i Uj s Ujys ooes Uy TOOTO Az{uil,uiz,...,uim}
(y mbOMY BUIIaIKy T'OBOPSATH, III0 eJIeMeHTapHi

momii Ui 5 Uy -ep U; CIHPUAIOTH momii A).

PIMOBipHiCTL moxii A o3HAuMMO AK Bif-
HOIIIEHHS YHCJIa M eJeMeHTAPHUX IIOAiH, IO
CIPUAITL MOAil A, IO 3arajJbHOrO YHCIa N
eJIeMeHTapHUX MOAiN y JaHOMY eKCIepHuMeH-

. . m
Ti, TOOTO AK BiJHOIIIEHHSI —.
n

WmosipHicTs moaii A 3BuuaiiHo mo3Haya-
fote P(A). Toxi
m

P(A)=—.

BykBa P — mepia 6ykBa (ppaHITy3bKO-
ro cJyioBa probabilité abo TaTUHCHKOTO CJIO-
Ba probabilitas, 1110 B mepeKJani o3HAUaE
«AMOBIipHiCTB».

ITiero piBHicTIO BHUparkaeTbCcd KJAACUUHE
03HAYeHHA UMmoipHOCMi, AKe MOXXKHa cdop-
MYJIIOBATH TAKUM YNHOM.

O3HayeHHA. SAxmo
CTip PiBHOMOSKJIMBUX eJIeMEeHTapHUX MOIii,

PO3raIAaAga€TbCA IIPO-

TO iM06ipHicMb N0Jii A — 1e BiTHOIIeHHA
YHpca CIPUATINBUX AJIA Hel eJIeMeHTapPHUX
MOAii 0 YMCJIA BCiX PiBHOMOKIUBHUX eJie-
MEHTAPHUX IOiil Y JTaHOMY eKCIIepUMEeHTi.

Hampuraan, B eKcIIepuMeHTI 3 MigKugaH-
HsI MOHET! PiBHOMOMKJIMBUMMU €JIeMeHTAPHI-
mu nogisvmu € nBi (n=2) moaii: A — Bumas
«repb» i B — Bunaso «umcao». Iloxii A cipu-
e TiapKY ofguH Bunagok (m=1), tomy

pa)="-1
n 2

OueBugHO, IO WMOBipHicTs, moxii B Ta-
. 1 1
KOJK TOPiBHIOE E: P(B)zE. Orxxe, B eKcIie-

PHMEHTi 3 OJHOPA30BOr0 IMiAKUAAHHA MOHETH
WMOBipHicTH, BumamanHs «repba» (abo «uwmc-

. 1
Ja») TOPiBHIOE ’E

AmnajyoriuHo oGI'PYHTOBYETHCH, III0 B €KC-
HepUMEeHTi 3 MiAKMIaHHA IPaJbHOTO KyOHMKa
liMmoBipHicTb mogii A, — Bunajo i ouok (i=1,

2, 3,4, 5, 6) nopiBHIOE %

@ OBrpyHTYITE Lie CAMOCTINHO.

3a3HauYnMO, IO KOJIX B OyAb-IKOMY eKC-
TIePUMEHTI POSTIIAHYTH HEMOKJIUBY moAio &,
TO HEMAa€ eJIeMEeHTapPHUX IOMAiH, 110 CIIPUAIOTH
i moxii, TOOTO YHMCIO eJeMeHTapHuX IIO-
Oifi, CUPUATINBUX IJs Hel, JOPiBHIOE HYJIIO
(m=0), iroxi P(@)=2=0.

n

Ot:xe, HMOBipHiCTh HEMOKJIINBOI IO /10-
piBHIoe 0.

Hanpukiazn, B eKCIepuMeHTi 3 HiAKugaH-
HS IPAJIbHOTO KyOMKa WMOBiIPHIiCTh HEMOMKJIN-
Boi mozaii A — Bumajo 7 ouok — gopiBHIoE 0.

Ao B OyAb-AKOMY €KCIIepUMEHTi poa-
TJISHYTH Biporigay noxito U, To il cipuATh
yci eleMeHTapHi MoAii B IbOMY €KCIIePUMEHTI

(m=n),iromi P(U)="=1.
n

OT:xe, UMOBipHicTHh BiporigHoi momii mo-
piBHIOE 1.

Hanpukaazx, B eKCIepUMEHTI 3 ITigKu-
IaHHS I'PaJbHOrO KyOuKa momia A — BHUIaJo
1 ouko, abo 2 oukwu, abo 3 oukm, abo 4 oukwm,
abo 5 ouok, abo 6 ouox — Biporigua i ii fimo-
BipHicTs mopiBHioe 1.
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MPUK/IAAM PO3B’A3YBAHHA 3AAAY

Mpukaad 1

Kopucryounch KJIaCUYHMM O3HAUEHHAM HMOBipHOCTiI, 3HaiizemMo
MMOBipHicTE momii A — BUOaZaHHSA YHCJA OYOK, KpaTHOTO 3, IIPHU

TiAKUIaHHI TpaJbHOTO KyOuKa.

PosB’azanna

K sasHauasoca BHUIIE, B EKCIEPHMEHTi
3 mifKumaHHS KyOuKa icHye IIicTh IOmapHo He-
CYMiCHUX PIBHOMOJKJIMBUX €JIEMEHTAPHUX IIO-
min — Bumaiso 1, 2, 3, 4, 5, 6 ouok (TaxKoxk
MOJKHa CKasaTH, III0 IIPOCTIp eJieMeHTapHUX
HOIiil CKJIaZaeThCA 3 IIeCTH BKAa3aHUX IOMAPHO

Mpukrad 2

ITerpo i ITaBnoO KuparTh cipuii i 61akmT-
HUM rpaiabHi Kyoukwu (puc. 12.1.2) i Kox-

HEeCYMiCHUX PiBHOMOMKJIUBUX moxiit). Cupuar-
JUBUMU IJIs TIOAII A € TiJIbKU JBi ejleMeHTapHi
noxii: BunmaJsio 3 ouku i Bumaso 6 ouox. Orixe,
nMoBipHicTs, moaii A mopiBHIOE:

pa)=2-1 -
6 3

< IR

HOTO pasy IIipaxoBYIOTb CyMy OYOK, IO
BUNAJU. BoHU HOMOBHMJINCS, IIT0 YV BUIAI-
Ky, KOJH B UepProBiil cupobi B cymi Buma-

Ie 8 ouok, Burpae Ilerpo, a Koaum B cymi

Puc. 72.7.2

Bunajge 7 ouok — Burpae Ilasmo. Yu e 1ua

rpa CIIpaBeAJnBOIO?

PosB’a3zanna

IIpu KmpamHi KyOMKiB Ha KOMKHOMY 3 HHUX
Moske Bumactu 1, 2, 3, 4, 5 a6o 6 ouok. Kox-
HOMY YHCJy OYOK, AKi BHUIIAJIM Ha cipomMy Ky-
ouky (1, 2, 3, 4, 5 abo 6 ouok), Bigmosimae
IIicTh BapiaHTIB ymcjia OYOK, AKi1 BUIIaIW Ha
bsakuTHOMY KyOmky. OTiKe, yChOTO OJep:Kye-
Mo 36 momapHO HECYMICHHX PiBHOMOMKJIMBUX
eJleMeHTapHUX IOAiii — pe3yJabTaTiB I[hOTO
eKCIIePUMEeHTY, AKi HaBelIeHO B TAOJIMILi:

* KoMeHTap BKJIIOUYEHO B 3aIIMC PO3B’ A3aHHA.

(Y xokHill mapi umces Ha TepIIOMYy MicIii 3a-
MHUCAHO YMCJIO OYOK, sSKe BUIAJIO Ha cipoMy Ky-
OMKY, a Ha APYroMy MicCIli — YNCJIO OYOK, IIO
BUIIAJ0 Ha OJAKUTHOMY KYOUKY.)

Hexaii momiss A osmauae, 1110 IpU KUIaHHI Ky-
OuKiB y cymi Bumajao 8 ouoK, a moxis B — 1110
Opu KuAaHHi KyOMKiB y cymi Bumamgo 7 OYOK.
s moxii A cupuATIUBUMU € Taki 5 pesyiib-
TaTiB (eJIeMeHTapHUX IOJii):

(2;6), (3;5), (4;4), (5:3), (6;2).
Hnasa moxii B cIpUATIUBUMU € TaKi 6 pesyiib-
TaTiB (eJIeMeHTapHUX IOIii):

(1;6), (2;5), (3;4), (4;3), (5;2), (6;1).
Toxi
P(4)=—, P(B)=—.
36 36

Or:xe, B IlaBima OinbIlle IIaHCIiB BUTpaTH, HixK
y Ilerpa. TobGro Taka rpa He Oyne cIipaBej-
JIUBOIO. <
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3a3HAYMMO, IO PE3yJbTAaTH €KCHePUMEHTY 3 IMiAKUAAHHSA TBOX
rpajJbHUX KyOWKiB, HaBeleHI y NPUKJIAAL 2, TO3BOJSIOTH O0UMCIIUTH
MMoBipHOCTI mosABY Tiel ab0 iHIIIOI CyMu OYOK, 110 BUIIAAAIOTh IPHU IIij-
KUJaHHI JBOX IPAIbHUX KYOUKiB.

CyMma 040K 2 3 4 5 6 7 8 9 10,11, 12

- 1
WUwmosipmictp &— — K — 6 — @ — = 6 — K6 =  — 6 — —
36

Iz 15 BuUroToBJIeHUX BeJocHUIIeAiB 3 BUABUIHCA 3 AedeKTamMu. Axa

Mpukrad 3* MR :
WMOBipHiCTH TOTO, IO 2 BeJOCUIIeAU, BUOpaHi HaBMAHHS 3 ITUX
I’ ATHAOIATH, OyAyTh 0e3 medeKTin?
Po3p’sa3aHHA
Hexait momia A mosnarae B ToMy, IO 2 BU- CopuAaTauBUM pes3yJsbTaToM IJd mnonii A € Bu-
OpaHi HaBMaHHA BejJocUIleIW OyAYTL 0e3 [1e- 6ip 2 GesmedexTHUX Besocuiexnis i3 12 Gesne-
(dexTiB. 3 15 BenocumeniB BuOpaTH 2 MOXK- dextrnx (15-3=12). OTKe, 9UCIIO CIIPUAATIN-
ma CZ cmocobamm (umcio KomGimamii is 15 BUX De3yabTrarTiB (mozii) ana moxii A nopiHioe
mo 2). Yei i l?nﬁopn € PiBHOMOMKJIUBUMU I‘/'I.IIO' 0122, 3Bincu omepiKyeMo
nmapHo HecymicHuMu. OTiKe, 3arajgbHa Kijb-
KicTh piBHOMOKJIMBUX pesyJbTaTiB (TOOTO 3a- ) 12!
raJibHa KiJbKiCTh eJleMeHTapHUX IIOAil) JOpiB- P(4)= Cis _ 2112-2)! _ 12-11 _ 22
2 ! . :
mroe CZ. c, 180 1514 35
21(15-2)!
Mou ) 4* I'pyna typuctiB, y akiii 6 oHaKiB i 4 miBumHU, BUOUpae 3a Kepeod-
P KYBaHHAM YOTHUPHOX 4YeproBux. SIka MMOBipHicTH TOTO, IO Oy/ae BU-
OpaHo 2 0HAaKHU ¥ 2 miBumHN?
Po3sp’sa3anna
Yucao pesyabTaTiB (eIeMeHTAPHUX MOJIii) BOX IOHAKIB 3 6 MOMHA Cg croco6amMm, a BH-

npu BUOOPi woTUphoxX deprosux iz 10 Typuctis . 2
p p p p yp OpaTtu nBox miBuar 3 4 mMoxxkHa C; cmocobamu.

. 4 - e .
popisrioe  Cjp. Vei ni mopii piBHOMOXIMBI 3a mpasuiaoM AOOYyTKY BuOip i ABOX MOHAKiB,

I monmapHO HecyMicHi. . . 2 2
i gBox miBuar moskHa BukoHaTum Cg-Cj cmoco-

Hexaii mogmis A mojasrae B ToMy, IO cCepen baMu — 1e i € KiJbKicTh CIIPpUATIUBUX TOMik
4 yeproBux € 2 0HaKU i 2 giBumHHN. Bubpartu nasa moxii A. Toxi
6! 4! 6-5 4-3
2 2 . .
p(a)=Cs '404 _2M6-2)! 21(4-2)! _ 12 1.2 _3
Cio 10! 10-9-8-.7 7

41(10-4)! 1.2.3-4
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3ayBaKuMO, IO 3aJeKHO Big 3amadi, sKa
POBIIALAETLCA, AJIS OTHOTO M TOTO CAaMOIO
eKCIIEPMEHTY IIPOCTip eJeMeHTapHUX MOmiid
MOJKHA BBOOUTHU y PisHi cmocodu. Haiituacti-
IIe OJis IIbOTO He3aJIe)KHi ejleMeHTapHi IIo-
Oil migGuparoTh Tak, 1100 momisd, IMOBipHiCTE
AKOI TOTPiOHO 3HANTH, caMa OyJia eJeMeHTap-
HOI0 abo0 BHpasKajacs uepe3d CyMy eJIeMeH-
TapHUX MOoAil. Aye AJa TOTO 100 BUKOPUCTA-
TH KJIaCUYHe O3HAUeHHA HMOBipHOCTi, TOTPio-
HO OyTH BIEBHEHUM, IO BCi BUAiJIeHI eqeMeH-
TapHi Imoil — PiBHOMOMKJIMBI.

Hanpukiaazn, Axk ysKe 3a3HAyaJoch y 3a-
Jadyi IIpo MiAKuUAAHHS T'pPaJbHOTO KybOuka,
IIPOCTip eJleMeHTapHUX IOAif MOKe CKJaja-
TCA 3 6 He3zaJeKHUX PiBHOMOMKJIUBUX IIO-
mitn — Bumagma"edg 1, 2, 3, 4, 5, 6 ouok. Ale
AKIIO B 3aJaUi MpOCATh 3HANUTH WMOBiIpHiCTH
BUOAJaHHA IIAPHOTO YKCJIA OYOK, TO IIPOCTO-
PoOM ejleMeHTapHUX MOMill A IILOTO eKCIie-
PUMEHTY MO:Ke OYyTHM MHOKMHA TiJIbKU IBOX
momiii: w,; — BHUIAJaHHA IapHOI KilgbKocTi
OYOK, U, — BHUIaJaHHA HeNapHOI KiIbKoc-
Ti ook (OCKiNBbKU IIi Tomii momapHo HecyMic-
Hi #1 y pe3yJIbTaTi eKCIepuMeHTy 060B’ A3K0BO
BimOymeThbecsa omHa 3 rux mogmiit). 11i mozii pis-
HOMOJKJIUBI (OCKinbKU cepen umuces 1, 2, 3, 4,
5, 6 piBHO IIOJIOBMHA IIaPHUX 1 IIOJIOBUHA He-

3anumaHHg

mapuux). OTiKe, 3a KJIACUUHUM O3HAUEHHAM
. R . . 1
UMOBIpHICTH KOXKHOI 3 HUX JJOPiBHIOE ’S 3Bu-

YaiiHO, AKOM MU POSTJIAHYJIU MEPINH 3 yKasa-
HUX IIPOCTOPIiB €JIeMEeHTapHUX MOMil, TO TeX
3morJin 6 po3B’A3aTHU II0 3a7aYy: BCHOTO IIO-
niti— 6, a cupuAaTINBUX — 3 (BUNAJAHHS Iap-
HOTO ymcja ouok: 2, 4, 6). Toxi imoBipHiCTH

) 3
BUNAIaHHA IIAPHOTO YKCJIa OYOK JOPiBHIOE E’

1
TOOTO —.
2

CupobyemMo BBeCTH [IJisi PO3B’sA3YBAHHS
miei 3ajavi TaKWii IPOCTip eJJeMeHTapHUX II0-
IOifi: u; — BUIAJaHHA IapHOI KiJIBKOCTi OUOK,
u, — BUIaJaHHA 1 ouKa, ug — BUIALAH-
HA 3 OYOK, U, — BUNaJaHHA 5 ouok. Ili mo-
Iii mifiCHO YTBOPIOIOTH IPOCTIipP eJIeMeHTapPHUX
TOMAiNl eKCIePUMEHTY 3 MiAKUAAHHA I'PAJbHO-
ro KyOMKa, OCKiJIbKM BOHHU IIOIIAPHO HecyMic-
Hi #i y pe3yabTaTi eKCIIepuMeHTY 000B’ I3K0BO
BimOymeThcsa omHa 3 IUX IOLil. AJje, Kopu-
CTYIOUNCHh TAaKHM IIPOCTOPOM eJeMeHTapHIX
mojiit, MU He 3MOKEMO 3aCTOCYBATH KJIACHUU-
He 03HAUYeHHs WMOBipPHOCTi, OCKIJIbKU, SK MU
ByKe Oaumiam, BKasaHi ejeMeHTapHi moxii He
€ PiBHOMOKJIMBUMM: P(ul)zé, P(uz)Z%’
Plus) =5+ Plus)=-

1. HOHCHiTL, 10 Take BI/IHaJIROBI/Iﬁ E€KCIIEpMMEHT Ta BUIIaAKOBa IIO-

mig. HasemiTe mpukraanu.

2. TlosacHith, Aki moxii BBasKalOTh PiBHOMOMKJIMBUMU. HaBexiTs mpu-

KJaay PiBHOMOMKJIMBUX Ta HEPIBHOMOMKJIMBUX momini. Aki momii

BBasKaoOTh HecyMicuuMu? HaBenmiTs, mpukIamgu.

3. IlosAcHiTH 3MicT KJACHUYHOrO O3HAUeHHS IHMoBipHocTi. HaBemiTsh

npurgasu. Ik mosHauaoTh UMOBipHicTs momii A?

4. $xky moziro BBasKalOTh BiporimHOI0, a AKY HeMokJuBoio? HaBeniTs

npukJaau. YoMy JOPiBHIOIOTH HMOBIpHOCTI BipoTiZHOI Ta HEMOIK-

JAnBOI momin?




Po3ain 3. EneMeHT KOMBIHATOPVIKM, TEOpIi MMOBIPHOCTEN

Bnpabu

12.1.1°.

12.1.2.

12.1.3°.

12.1.4°.

12.1.5°.

12.1.6°.
12.1.7°.
12.1.8°.

VEKaxiTh, AKi 3 momiil y HaBeIeHUX eKCIepUMEHTaXxX € BiporimgHum-
MU, AKI — HEMOMKJIHUBUMU, IKi — IIPOCTO BUIIASKOBUMU.

Ne ExcnmepumeHT IMomia
Bukonanaa mocTpiny Bayuanusa B 1migb

2 'HarpiBaunHsa BOAU Boga meperBopusiaca Ha JIif
(mpu 3BUYAWHUX YMOBaX)

3 'VYuacte y sorepei Bu Burpaere, 6epyum y4acTtb

y Jorepel

4 'YuacTs y GesmporpaliHiii Bu me Burpaere, 6epyun ydacTthb
Jorepei y Oesmporpaiifiii jgorepei

5 'Ilizkuganusa 3BUYANHOIO Bumnano 5 ouor

TpaJIbHOTO KyOMKa

6 'TligkumaHHsA 3BUYAKHOTO Bumnango meniie 8 040K
rpaJIbHOTO KyOuKa

7 'IlepeBipka pob6oTu A3BiHKaA Bu maTucHy/Iu Ha KHOIKY
n3BiHKA, a BiH He 3a43BOHUB

8 'BuTrAramHa KyJi 3 KOPOOKU Burarau gyopHy Ky
3 OLIMMU KyJIsIMU

9 'BurdaraHHs KyJii 3 KOPOOKU Burarau 6iny Ky
3 OLIMMU KyJIsIMU

10 'Burgaranas ABOX KyJb i3 Ko- 'Buraram 6iny 1 YopHYy KyJIi
po6ku 3 10 Giaumu it 5 udop-
HUMU KYJIIMU

11 'Burdaranas KapTu 3 KOJIOAU Burarau tysa

HageniTh 1o Tpu NpuUKJIaAU BipOTiMHNX, HEMOMKJINBUX i IIPOCTO BU-
nagxkoBux moniii. Ilpukigagu 3anmumiiTe y BUTJIAAL Tabauili (gus.
BmpaBy 12.1.1).

Bigomo, 110 Ha 100 GaTapeiiok 3ycTpiuaioTbcsa 3 OpakoBaHuX. SIKa
UMOBipHiCTh KynuTH OpaKoBaHy OaTapeiiky?

VY marasuui migpaxysasu, mio 3assudaii i3 1000 TeseBizopiB BU-
ABIAEThcA 2 OpakoBaHUX. SIKa WMOBipHicTHL TOTrO, IIIO TejaeBisop,
BUOpaHMII HAaBMAHHSA B IILOMY Maraswuii, Oyme OpaxoBaHHM?

3a crartucTukoo B micti N B cepegabomy 3a pik 3 1000 aBTOMOGi-
JicTiB 2 moTpamiAoTh B aBapito. fIka #IMOBipHiCTH TOTO, IO aBTO-
MobGisicT y mpoMy MicTi Bech piK mpoisguth 6es3 aBapiii?

fAxa #imoBipHicTs TOrO, 10 B Kuesi conile sifime Ha 3axomi?
fxa fiMoBipHicTb TOTO, 10 Ticaa 31 rpyaua HacraHe 1 ciuHa?

Y maxreri jgexxatrb 20 3emenumx i 10 KoBTHMX TrpyI. fIka HMOBIp-
HicThb BUIHATHU 3 makKeTa rpyiry? SIka #iMoBipHicTh, BUHHATH 3 ma-
Kera A0JIYKO?
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12.1.9°.

12.1.10°.

12.1.11.

12.1.12.

12.1.13.

12.1.14.

12.1.15.

12.1.16.

12.1.17.

12.1.18.

o exk3ameHy 3 BUIIOI MaTeMaTUKU y TeXHIYHOMY BUII BUKJIAZAY
nigrorysas 24 O6inmeru. CrymenT AHapiii He posibpaBcsi B OSHOMY
Oineri # myske 0oiTbca oTo BUTATHYTH. SIKa HMOBipHicThH TOTO,
mo AHapiro micTaHeTbCcs «HeIAacJauBuii» O6iner?

Ha sanuranusa BikTopuHu O6yso orpumano 1250 sumcTiBOK i3 mpa-
BUJIBHUMU BiAmoBiggMu, y TOMy umcyi @ Bamia. Ij1a BusHAYeHHS
nmpusepa BeAyuuii IIOBUHEH HaBMAaHHA BUTATTHU OIHY JIHCTiBKY.
fxa #iMoBipHiCTH TOTO, IO MIPU3 AiCTAHETHCS BaM?

Y gorepei 10 BurpamHux KBUTKiB i 240 KBUTKiB 6e3 BUTpAIIy.
fAxa fiMOBipHiCTH BUrpaTH B II0 JIOTEPEIO, KYIUBIINA OAUH KBUTOK?

3adaya [[’Anambepa. Slxka #moBipHicTs TOTO,

[0 IPHX [ABOX MiZKMAAHHAX MOHETH xoda 0 172 3 4
OIUH pas3 BUMage «repod»? 516 7 8
3a mmepemory B TeJierpi fIHa oep:KUTh TrOJIOBHUII 9 10 11 12
mpu3 — MOAOPOK, SAKIIO 3a OMHY cHpoOy BTa-

nae, y akomy 3 12 cexTopiB Tabso (puc. 12.1.3) Puc. 12.7.3

3axoBaHUil mpus. fIka HMOBipHicTBH TOroO, IO
fAna BigmpaBUTHCA B IIOLOPOIK?

Y gorepei 100 KBUTKiB, 3 HUX 5 BUrpamHunx. sIKka HMOBipHicTb
mporpartiry?

¥V kumeni xjonuwmka jgexxatrb 6 mouer (puc. 12.1.4). dxa #imoBip-
HiCTb BUMHATH HaBMaHHS MOHETY:

1) 3 HOMiHAJIOM, IO € TAPHUM YHCJIOM;

2) 3 HOMiHAJIOM, IO € 3 HEMapHUM YUCJIOM;

3) 3 mominasom meniiae 207?

00000

Puc. 72.7.4

Ha xapriii Cymepsoro (6 3 52) Jaruuao mosHauus HOMepu: 1, 2, 3,
4, 5, 6. Harana Ha cBOili KapTii mosHaumjaa Homepu: 5, 12, 17,
23, 35, 49. fx BuU gymaeTre, BUTpaIll AKOTO HAGOPY umces OijbIi
imoBipuuii? IloscHITE CBOIO BiAIOBiIL.

Inna mosuaumB y xaprtii CymepJioro (6 3 52) momepu: 7, 11, 15,
29, 38, 40 — i Burpas. Toxi Bim Bupimus, 110 A KoMOiHAIiA Yu-
ceJ miacjauBa i BiH Oyme Bigmiuaru ii y Bcix Tupaskax. Uwm gilicHo
BiH 30iibInTh cBOI mamcu Ha Burpari? IIoscHITH CBOIO BiAIIOBigb.

Y cymmi gexxars 12 uepBoHux, 10 3emeHux i 3 KOBTHUX AOJIYKA.
1) A6ayKo AKOTO KOJIBOPY MMOBIipHiIlle BChOI0 BUMHATA HaBMaHHSA
i3 cymru?

2) flka ¥iMOBipHIiCTHL BUWHATH HaBMaHHS:

a) a0ayko; 0) rpyiry; B) 3ejeHe sI0JyKO; I') He uepBOHE s0JYKO?
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12.1.19.

12.1.20.

12.1.21.

12.1.22.

12.1.23.

12.1.24.

12.1.25.

Bu Burpaere, AKINO KyJs, BUHHATA HaBMaHHS 3 KOpPOOKH, Oija.
SKy 3 KOpoOOK BUTiAHIiIIIE BUOpaTH OJid I'pu, 1100 iMOBipHiCTH BU-
rpamry 6yja GinbIoio, AKIIO:

y KopoOIi A jexxars 15 6inmux KyJb i3 45;

y Kopo6Oii B smexxars 40 6inmux Kyab i3 120;

y KopoOI1i B mexxars 22 6imi ryJi i1 44 uepBOHi;

y KopoOii I' mopiBHY 06ifinx, UYePBOHUX i YOPHUX KYJIb.

I'pami 3BuMuaiimoro rpajbHOTO KyOmKa modapOOBaHO B UYePBOHUIA
i KoBTHUII KoJbOPU. VIMOBipHiCTHL BHUIIaJaHHs YEePBOHOI r'paHi mo-

. 1 .. . . . 5
piBHIOE re NMOBIipHICTL BUHAZAHHSA YKOBTOI I'pPaHi IOPiBHIOE s
CKiZIbKHK YepBOHUX i "KOBTHX rpaHeill y Kyouxa?

Y KopoOIli ToJ0BMHA IIYKEPOK Y UEePBOHUX OOTOPTKAaX, TPETHUHA —
y CUHiX, iHIII — y 3emeHux. HaBMaHHA BUNWHSJIN ONHY IIYKEPKY.
O6roprxa sKOro KOJIBOPY HaMMeHIN iMoOBipHa B Ifiel IyKepKu?
3HAUIITh IJ0 IMOBipHICTSE.

Y myxnaani jge:xath 8 uepBOHHX, 2 cuHiIX i 20 3ejeHUX OJIiBIIiB.
Bu HaBMaHHA BUIIMaeTe OJIiBellb.
1) fAxa #fimoBipHicTBH TOTO, IO IIE:

a) YepBOHUH OJIiBeIlb;

0) JKOBTHUII OJIiBeIlb;

B) He 3eJIEHUH OJiBerb?
2) dxy HaWMeHINy KiJIbKiCTh OJIIBIIiB HOTpPiOHO BUUHATH, MO0
3 iMoBipHicTIO, AKa mopiBHIOE 1, cepen HuUX OyB 3eJeHUU OJiBelb?

KupaioTh ogHOYaCHO OBa I'pajbHI KyOouKu. flka fiMoBipHicTh TOTO,
10 cyMa OYOK Oymae mopiBHioBaTu 127

Ha nmaBKy MOBLJIBHMM YMHOM CiIalOTh ABOE YOJIOBiKiB i sKiHKa. fIKa
HMOBIipHICTH TOTO, II[0 YOJIOBIKK OMUHATHCSI HTOPYU?

Is 5 kaprox i3 OykBamu M, P, O, A, E maBmanHs BuOuparoThb
4 xapTKU. 3HAWIITH iMOBipHIicTBH TOrO, IO, IOKJIABINMU IX Yy PAI
y TOMY TOPAAKY, B AKOMY ix BuOwpanm, oxep:kath cioBo MOPE.
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12.2. Onepauii Hapg nogismn. BnactmBocTi NMOBipHOCTEN MoOAiIN

O3naueHHI

IIpuxaan

1. MpoTunexkHa nogaia

Tabaumnsa 17

TeopeTnko-MHOKMHHA
imrocTpaiis

Iloxgis A nHasuBaeThca npo-
munexnorw m0 momii A,
SIKIIO BOHA IIOJISITA€E B TOMY,
0 B PO3TJISTHYTOMY BUIAI-
KOBOMY €KCIIePUMEHTi He
BigOyBaeThca momia A.

MmoBipHicT
TPOTUTIEIKHOI TOMIii:

P(A)=1-P(A)

ITomia A — Bumas «rep6» Ipu migKUAaH-
Hi MoHeTH, TOAi Imomisa A — He BumaB
«repb» mpu migKumaHuHi Momerm (TOGTO
BUIIAJIO «UMCJO»).

SAKIio WMOBipHiCTE KYNUTH CIPaBHUN
npuian popiBaioe 0,95, To HMOBipHicTH
KYOUTH HECHPaBHUIN TPUJIaL IOPiBHIOE

1-0,95=0,05.

U

Z @
1

P(A%(Z)

Cymoio (abo 006’ecdnanunam)
nmoniii A i B HasuBaeThCa
moxis A+ B (iHme mosHa-
yenna Al B), aka moxasarae
B TOMYy, IO Big0yBa€eThcAa
moxia A a6o moxia B (a6o A,
ab6o B, a60 o6uaBi momii).

2. Cyma nogin

3 KoJoau KapT HaABMaHHS BUTATAIOTH
onHy Kapry. Poarnsgmemo momii: A — Bu-
TATAN OyOHOBY KapTy, B — BUTATIN YUp-
BOBY Kapry.

Toxi moxgiss A+ B — Burarau ado 6yOHO-
BY, a0 YUPBOBY KapTy (TOOTO KapTy uep-
BOHOI MacTi).

Hobymrom (abo nepepizom)
noxii A i B HasuBacThCA
nmogia A-B (iHme mosHa-
yennsa A()B), gka moasarae
B TOMY, IO BimOyBaroThCH
oouaei momii A i B.

3. [Ao6yTok nopgin

ITpu migkumaHHI rpaJbHOr0 KyOMKa pPO3-
TIAOaI0Th MOAil: A — BUIAJIO0 HmapHe Yuc-
JIO OUOK, B — BUIAJIO YMCJIO OYOK, KpaT-
He 3.

Toxi moxia A-B — BuUIDajgo 4MCIO OYOK,
AKe OJHOYACHO i mapHe, i KpaTHe 3 (TOOTO
BHUNaao 6 O4YOK).

EN
o

JIBi BumagkoBi momii A i B
Hecymichi modi i minvku
modi, KOJu iX TOOYTOK € He-
MOJKJINBOIO IIOZi€I0, TOOTO

A-B=O
(iHure mMo3HaYeHHA
ANB=Q).

4, HecyMicHi nogaii

ITpu migkmpasHi rpajsbHOrO KyOmMKa pO3-
TJISAAAI0Th MOMil: A — BWIAJIo IapHe Yuc-
J0 040K, B — Bumnajsio 1 ouxo, C — Bu-
majio YucJ0 OUoK, KpatHe 3. IToxmii A i B
Ta noxii B i C — necymichi (He mosxcymo
6i06ymucs 00HOYACHO).

Ilogii A i C — cymicni (moxcymo 6i06y-
muca 00HO4ACHO, SKIO BUOage 6 OYOK,
To6T0 A-C# D).

O

A-B=Q

5. IMOBipHiCTb CyMM ABOX HeCyMiCHMX Mogin

Axmo moxii A i B wecymicui, To P(A+B)=P(A)+P(B),
TOOTO UUMOBipHicMb cYyMU 080X HecYMicHUX nodiil dopieHIoe cymi UmosipHocmell yux nodiii.

157
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MOACHEHHA M OBI'PYHTYBAHHA

Izoni moBomuTHCs, 3HAOUM WMOBipHO-
CcTi OZHUX BUIIQLKOBUX IIOAiM, O0UMCJIIOBATU
NMOBipHOCTI iHINIUX, AKi € Pe3yJabTaTOM II€B-
HUX OIepaliii Haja IepiruMu. PosriasHeMo
HaAWIIPOCTiIIi onepartii HaJ BUIaIKOBUMHU II0-
misMu, axi gami OygeMo HasWBATH IIPOCTO
HoIiAMMU.

0 3HaxXoA)KeHHS NMPOTUNEeXHOT noaii

Hexaii 3agana BunagxkoBa monisg A.

OsHaueHHda. Homis A Ha3uBaeThCA npo-
MuneHHow a0 Mogil A, AKII0 BOHA IOJIATAE
B TOMY, II[0 B PO3TJIAHYTOMY BHUIIATKOBOMY
eKCIIePUMEHTi He Big0yBaeThcs momist A.

Hanpukaazn, saximo moxia A 1moJasarae
B TOMY, IITO0 BUMNAB «Tep0» Mpu HigKUAAHHI MO-
HeTH, TO mogis A (uuraeTbecdA: «He A») 03HA-
yae, 10 «repb» He BUIIAB, a OTMKE, BUIIAJO
«YHUCJIO» IPU HiAKUAAHHI MOHETH. SIKIIO II0-
Iis B moasirae B TOMY, II10 BUNAJIO 1 OUKO mpu
OiIKUTAHHI IpajJbHOTO0 KyOmKa, TO IIOmis B
o3HAauyae, 10 1 0YKO0 He BUNIAJIO, a OTXKe, BUIIA-
Jo abo 2, abo 3, abo 4, abo 5, a6o 6 oUoOK mpu
OiZKUIaHHI TpaJbHOTO KyOuKa.

VYpaxoByouu, 1110 B KOKHOMY €KCIIe-
puMeHTi BimOyBaeThCsS OAHA I TIJIBKU OIHA
3 moziit — A aGo A, OTPUMYEMO, IO B IIPOCTO-
Pi PIBHOMOMKJIUBUX eJIeMeHTapHUX MOJiil cyma
K1JILKOCTL m ejleMeHTapHUX MOAIH, AKi cripus-
I0Th IoAil A, i KiIbKOCTi k eleMeHTapHUX II0-
Oift, SKi COPUSIOTH MOMil A, IOPiBHIOE KiJb-
KOCTi n ycix ejleMeHTapHUX IOAiN: m+k=n.

E m+k n

Tomi ——+— = ==
n n n

n
Omxe, P(A)+ P(A) =1. 3Bigcu

P(A)=1-P(4).0

Hanpukaan, posrasaHeMo mogio A — Bu-
nayo 1 ouKO mpu HiZKUIAHHI I'PaJbHOrO Ky-
ouka. Tomi, AK OyJ0 3a3HaueHO BHUIIE, IIO-
miss A — 1 ouko He Bumaso (To6TO BHIAIO a60
2, abo 3, abo 4, abo 5, a60 6 ouok). Ik OyJI0 11O-

Kasamo B 1. 12.1, imoBipHicTh mmomii A mopis-
1 1 .. N
HIOE E, tooro P(A)= E, TOAi HMOBipHIiCTS IT0-

mii A IOPiBHIOE P(A)zl—P(A)zl—%z%.

ITpu osHaueHHi omepariii cymMu i ZOOYTKY
moAill posraAmaTUMeMO IIOAii, IO BimHO-
CATBCA OO OJHOTO BUIIAAKOBOTO €KCIIePU-
MEHTY.

Q 3HaxXom)KeHHs CyMU MNogAin
Hexaii 3agano aBi Bunangkosi moxmii A i B.

O3HavenHsa. Cymoro (abo 06’ednannAM)
noxiii A i B HazuBaeThca nmogia A + B (inue
nosHauennsa A B), dka moJAarae B Tomy, 1o
BinOyBaerhca moxia A a6o moxgia B (a6o A,
a6o B, a60 o0uaBi momit).

Hampurkaan, Hexalli npu IigKUIaHHIL
rpajJbHOTO KyOmKa monii A i B 03HAYamOTh:
A — Bumaje mapHa KiJgbKicTb ouoK, B — Bu-
maje 4ucJI0O OYOK, dAKe ginutbea Ha 3. Toxi
moxis A+ B o3Hauae, 1[0 BUmaze abo map-
Ha KIiJBKiCTH OYOK, ab0 UYHCJIO OYOK, SAKe
minuTeesa Ha 3, ToOTO BHMmame 2, 3, 4 abo
6 ouoK.

AmnanoriuHo BBOAUTHCA IIOHATTS CYMHU Je-
KiTBbKOX ITOMIiil.

OsHa4veHHA. Cymoro (a60 06’c0HaHHAM) NO-
dJiiv. A, A,, .., A, Ha3HBaE€TLCA IIO-
mia A +A,+..+ A,

A;UA,U...UA)), axa noaarae B Tomy, 110
BigOyBa€Thcss Xo4ua 0 OgHA 3 MAHUX IO,

n
(iHlIe TO3HAYEHHS

Q 3HaxomkeHHs JoOyTKy nopgin
Hexaii 3amano aBi Bunankosi moxmii A i B.

OsHauveHHA. JJobymrkom (abo nepepizom)
noxiii A i B HasuBaeThca nmogia A-B (inumre
nosHaueHHa A()B), Aka moasarae B TOMY,
110 BimOyBaroThes oouasi moxaii A i B.
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Y HaBemeHOMY BUIIe MPUKJIaAi moxis A-B
o3Hauae, 110 BUIllaje i mapHa KiJbKiCTh OYOK,
i ymcJIo0 OUOK, AKe SLINTHCS Ha 3, TOOTO BUIIA-
Ie 6 0uoK.

AmnaioriuHO BBOAUTHCS MOHATTS JOOYTKY
IEeK1IbKOX MOmifi.

OsHauveHHAa. Jobymrkom (abo nepepizom)
nodiii A;, A,, .., A, Ha3uBae€TbCcA IIO-
mia  A;-A,-...-A, (iHme mNO3HaYeHHA
A;NA;N...NA4,), Axka moxsrae B TOMY,
o BigOyBalOThCA BCi 3ajaHi momii: i A,
iA,,..,iA,.

3ayBarkeHHsA. O3HaueHHA olepalliii HaJ HoAisIMU aHaJOTiuHI BiAmoBigHIM
O3HAUEHHAM ONepalliil HaJi MHOKMHAMU (TOMY ¥ ITIO3HAUEHHSA omepaliii
HaJ MoAisaMu 30iraioTbCcs 3 MO3HAYEHHSIMH OIlepalliii HaJ MHOMKHHAMU).
Omneparnii Hax mogisavu (AK i omepartii Hag MHOKMHAMM) 3PYYHO 1JIIOCTPY-
BaTH 3a JOoImoMoroio Kpyris Eiisiepa — Benna (puc. 12.2.1-12.2.3).

U

A

A+B A-B
Puc. 72.2.2 Puc. 72.2.3

Puc. 72.2.7

Hanpuxiaaz, ypaxoByoun, 110 3aBK A1 BUKOHYETHCA a00 moaia A, abo
mozis A, OZIePIKYEMO, IO A+A=U (BiporigHa momis). YpaxoByouu, IO
oxHOuacHO momii Ai A He MOJKYTh BUKOHYBATUCHA, MAEMO A A= (me-
MoskauBa momisa). Toxi moxito A MoKHA IPOLTIOCTPYBATU JOIIOBHEHHIM
muOKUHN A (10 MHOKuHU U) (puc. 12.2.1).

Amnasnoriuno cymy aBox moxiii A i B (maramaemo, 1o moxaia A+ B
OJISITa€ B TOMY, IO BigOyBaeThCcs momia A, abo moxis B, abo obunasi pa-
30M) MOJKHA IIPOiJIOCTPYBAaTU y BUTJIANL 00’eqHaHHA MHOXUH A i B
(puc. 12.2.2), a nobytok moxiit A i B (nogist A-B mojsiArae B TOMY, IO
BimOyBaroThcAa o6uaBi moxii A i B) — y BuraAai mepepisy muo:xud A i B
(puc. 12.2.3).

CmopaBgmi, 3
B 1. 12.1, BumiuBae, 110 ¥MOBipHiCTH P(A)

0 BnactuBocti nmoBipHOCTeN noain O3HAUYEHHs, HABELEHOTO

ImoBipHOCTI WOAi# MarOTHL TaKi BIacTH-
BOCTI.

1) ImoBipHicTs Oyab-siKOI momii A 3amo-
BOJIbHSIE HEPIBHICTH

o<P(Aa)<1.

..om ., . .
(TobTo npi6 —) HeBix’emHa i He GinbIma 3a 1.
n

Bona mopiBHIOE HYJIIO OIS HEMOMKJINBOI mOIil
¥ ogmHUII 14 BiporigHol momii.
11106 ob6rpyHTYBaTH BJIACTUBICTH 3, YTOU-

2) ImosipuicTs Biporigzmoi moxii U pmo-
piBHIOE 1:
PU)=1.

3) ImoBipHicTE cymMu HeCcyMiCHUX mOAiti A
i B mopiBHIOE cyMi IMOBipHOCTEl ITMX TIOMiii:

P(A+B)=P(A)+P(B).

HUMO IIOHATTA HECYMiCHUX TIIOAi#i, cIupa-
IOUCh HA BBEIEHi omepaliii Hag TOmiAMMU.
3 o3HaueHHA HECYMICHUX IIOMill OJepKye-
Mo: nBi BunaakoBi noxii A i B necymicni Toni
H TiJIBKM TOdi, KOJHU IX MOOYTOK € HEeMOJKJIHU-
BOIO Moficro, T00T0 A -B= (iHure mo3uaueH-
Ha A(\B=0).
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Hampuknana, mpu migkugaHHI rpajbHOTO
KyOMKa MOXKYTh BifOyTucs mopmii: A — Buma-
JIO IIapHe YHUCJO0 OUYOK, B — Bunasuo 5 ouok. I1i
momii HecyMicHi, OCKiIBKHM 5 — HemapuHe 4uc-
J0; ToMy mtomiss A- B, sKa moJisirae B TOMY, IO
BUIIAJIO ITapHE YMCJIO OYOK i I1e 5 0UoK, — He-
MOJKJIVIBA.

Posrisaemo HecymicHi mogiiA i By mpo-
CTOPi 3 7 PIBHOMOKJIMBUX €JIeMeHTapHUX II0-
nii. Hexait m — KigbKicTh ejleMeHTapHUX
HOfifi, 110 CIPUAIOTE MOAil A, i B — KinbKicTb
eJIeMeHTapHUX IIOAiH, IO COPUIIOTH momii B.
Ockinbku moxii A i B HecyMicHi, TO eleMeH-
TapHi momii, aki cupuarTs moxii A, Bigminmi
BiJ eleMeHTapHUX MOJMil, AKi CIPUAIOTH IIO-
mii B, Toxi moxii A+ B cupusoTh m+k eje-
MeHTapHuxX noxii. Maemo:

m+k m k

P(A+B)= =4+
n n n

Omxe, 0Ja HecyMicHux moxgii A i B BuKo-

HY€ETHhCA PiBHICTH

P(A+B)=pP(4)+P(B). (1)

=P(A)+P(B).

Tob6To HMOBipHiCTH, CyMH ABOX HecyMic-
HUX MOJiN JOPiBHIOE CyMi HMOBipHOCTEN IUX
TOJii.

Dopmyay (1) MoKkHA y3araJbHUTH.

Hassemo mogii A; +Ay+...+ A, Hecymic-
HUMU, AKIO OyAb-AKi ABI 3 muUX mopiii A,
i A; (mpm i#j) HecymicHi, ToOTO iX KOOYTOK
€ HEMOKJINBOIO IIOJIi€I0:

AA=0.

Skmo moxii A;, A,, ... , A, IomapHO He-
cyMicHi, To 3 piBHOCTi (1) BuniuBae, 1o

P(Aj+Ay+..+A,)=P(A))+P(Ay)+..+P(4,),

TOOTO UMOBIpHICMb CYMU HecyMicHUX nodiil
dopisHioe cymi itmosipHocmeil yux nodiit. (Qnsa
OOT'PYHTYBaHHSA Ili€el BJIACTHMBOCTI JOCTATHBO
BUKOPUCTATHU METOJ MaTeMaTHUYHOI iHAYKIIii.)

3asHauuMoO, IO [IJs1 HEeCYMICHHX IIO-
miit A i B iimosipricts P(A-B)=0 (oCKimpKu
A-B=D).

Crupamounch Ha PO3IVISAHYTI OCHOBHI BJIa-
CTHMBOCTi, MOJKHA JOBECTU iHIIi BJACTUBOCTI
WMOBipHOCTEH HOIiiA.

IToxakemo, 110 AJA DOBiIBHUX HOMiN A
i B BUKOHY€ETBCS PiBHICTDH

P(A+B)=P(A)+P(B)-P(A-B). (2)

ITosmaunmo uepes A\ B mogmiio, AKa II0-
JsAra€e B TOMY, Ifo Iofis A BimOyBaeThcs,
amonis B He BinOyBa€eThCH.

Ockinbku moxii A i B\ A-B HecywmicHi
it A+B=A+(B\ A B), 1o

P(A+B)=P(A)+P(B\ A B). (3)

Amnajnoriuno, ockinbku moxii B\ A-B
i A-B HecyMicHIi if oueBUIHO, IO
B=(B\A-B)+A-B, 0

P(B)=P(B\A-B)+P(A-B). (4)

Bupasumo 3 piBHocTi (4) 3HaueHHA
P(B\A-B) i mizcTaBuMoO #ioro B piBHicTS (3).
Opnepsxumo piBHIiCTS (2).

NMPUKNA/L PO3B’A3YBAHHA 3AJAY

Mpuxaad

abo mama?

3 KoJoau, KA MicTuTh 36 rpaJbHUX KapT, HABMAHHA BUUMAIOTh OJ-
HY Kapry. fIka iMoBipHicTE TOro, 110 OyJe BUMHSTA KO3UPHA KapTa

Po3sp’azannsa

Hexait mogiss A monsArae B TOMY, IO BUWHSA-
Ta KO3UpPHA Kapra, noxia B — Buiinara mama.

Toxi mogias A+ B — BuiiHsaTa KOo3upHa Kapra
abo mama, a momissi A-B — BuliHATA KO3UPHA
JaMma.

9 1
Vpaxosyioun, mo P(A)=—=—,
p y juts 36 4

p(B)zizl, P(A.B)zi,
36 9 36

3a (popmysoio (2) omep:KyeEMO

1 1 1 1

P(A+B)=P(A)+P(B)—P(A-B)=Z+§————. <

36 3
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3anumaHHg

Bnpabu

12.2.1.

12.2.2.

12.2.3*%.

IloscHiTh, KA mOmiaA Ha3WMBAETLCA HMPOTUJIEKHOIO mo momii A. Ha-
BeIiTh IPUKJIAIN.

fAK 3HAWTH MUMOBIPpHICTH IIPOTUJIEIKHOI IO/il, 3HAIOUN MMOBipHIiCTH
moxii A? Yomy mopiBHIOE MMOBipHicTS momii A, AKIIO P(A4)=0,6?

fxa moxia HasuBaeThcaA cyMmolo (abo ob0’emmaHHAM) moxiit A i B?
HageniTe npukaagu.

fxa moxis HasumBaeThcA JOOyTKOM (abo mepepisom) mogiit A i B?
HageniTe npukgagu.

Axi nBi moxii masmBaroThca HecymicuumMu? HasemiTs mpuxJaagu.

a) Yomy mopiBHIOE MMOBIPHICTH CyMU ABOX HECYMiCHUX IOMmiii?

06%) O6GrpyHTyliTe BiAmoBigHY (hOPMYJIY.

dAri tpu (abo 6imbiie) moxii BBasKaioTheA HecyMmicHuMH? K 06-
YUCIIETHCA WMOBIpHICTL CyMHU [OeKiJIbKOX HEeCyMiCHUX TMOomii?

IIpoBomuThCS eKcIepuMEHT i3 IMigKuIaHHs IBOX MOHeT. Posris-

IaloThCsa Taki moxii: A — BumaB «repbO» Ha mepliiii MmoHeTti, B —
BUIIAJIO «YUCJIO» HA IepIIiil MmoHeri, C — BumaB «repO» Ha APYTrii
MOHeTi, D — BUOAJNO «4YUCJ0» Ha npyriti moHeti. IIlo o3HauarwThH
momii:

1) A+C; 4) B-D;

2) A-C; 5) A;

3) B+C; 6) B-D?

IIpoBomuTECS €KCIIEPUMEHT i3 MiAKUAaHHA KyOuKa. PosrisamnarTs-
cA Taki mogmii: A — Bumajsia mapHa KiJbKicTh OouoK, B — BuIaja
HemapHa KijJIbKicTh 040K, C — BUIIaI0 3 0OYKU, D — BUIIATIO YUCJTIO
ouok, meHmte 4. IIlo o3HavyarwTh MOMii:

1) 4; 4) B-C;
2) A+C; 5) B-D;
3) A-D; 6) B-D?

3HalAiTh iMOBipHiCTh KOKHOI 3 IIUX IIOMiii.

Kopucryounch o3HaueHHAME omepalliii Hajg moaiAMu, OOIPYHTYIi-
Te CIIpaBeAJIMBICTb PiBHOCTI:

1) A+U=U; 4) A-A=0;

2) A+A=A; 5) A+J=A;

3) A+A=U,; 6) A-T=0.
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12.2.4.

12.2.5.

12.2.6.

12.2.7.

12.2.8.

M’au Tpuui KupawTh y 6ackerbonbHuil komuk. Iloxii A,, A,, Ag
O03HAYATh: A, — IPHU IepIIOMY KHAKY M’AY YJIyIWB y KOIIUK,
A, — mOpum ZpPyromy KHAKY M’AY YJIYyYUB y KOIIHK, A; — Ipu
TPETbOMY KHUIAKY M’AY YJIYYMB Y KOIIMK. SalHuIIiTh uyepes momii
A, Ay, A; Takry mopiro:

1) B — M’AY yay4yuB y KOIIUK yCi Tpu paswu;

2) C — M’AY JKOAHOTO pasy He BJIYUYUB y KOIIUK;

3) D — M’au xoua 0 OofuH pa3 yJYUYUB Yy KOIIUK;

4) K — M’AY yJIy4YuB Y KOIIUK TIJILKU IIPU IEPIIOMY KUIKY;

5) M — M’a4 yJayuYuB Y KOUIUK TiIbKU IIPU APYTOMY Ta TPETHOMY
KHUJKaX.

s eKcliepuMeHTY 3 MiAKUIaHHA KyOuWKa BKaKiTh, AKi 3 HaBeme-
HUX TOJi# € IMomapHO HecyMicHUMU: A — BUIIaja IapHa KiJbKiCTh
OUOK, B — Bumajsia HemapHa KiJbKicThb ouok, C — BUIajao 3 ouka,
D — BumnaJyo Meniie 3 ouok, K — BUIajla KiJIbKiCTh OUOK, KpaT-
Ha 3, M — Bumnajo 6 ouok, T' — Bumnajo 6iasiie 4 ouoxk, F — BU-
aJjI0 4MWCJIO OYOK, MeHIIe 7.

g eKcmepuMeHTY 3 BUTATAHHA KapT i3 KOJIOOAWM BKaKiTh, AKi
3 HaBeJeHUX IIOJil € IOIIapHO HecyMicHUMMU: A — BUTALIU KapTy

YUPBOBOI MacTi, B — BUTArIN Kapry 0yoHOBOI MacTti, C — BUTA-
TJIT KOpPoJis, D — BUTATIU AaMy, K — BUTATJIU KapTy, CTapIIly
3a Bajera, M — BUTAIMIN KapTy 3 YWCJIOBUMU TO3HAUEHHAMU.

€ 16 rpanpHuUX Kapt: 4 Bajetu, 4 namu, 4 KopoJi, 4 Tysu. 3 mux
16 KapT HaBMaHHA BUUMAOTh OAHY KapTy. IKa iMOBipHicTh TOTrO,
o Oyme BUUHATA KO3UPHA KapTa abo Tys?

3 KoJionu, AKa MicTuTh 52 rpajibHi KapTh, HaBMaHHSA BUUMAIOTh
omHy Kapry. fIka iiMoBipHicTH TOTrO, IO OyIe BHUHHSATA KO3WPHA
Kapra abo KOpPOoJb?
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12.3. BigpHOCHa 4YacToTa BUNagKoBOi Mnoaii.
CTaTUcTU4yHe O3HA4YeHHS NMOBIPHOCTI.
AkciomaTnyHe O3Ha4YeHHS UMOBIPHOCTI

Tabaumnsa 18
1. YacTtoTa M BiAHOCHA 4acToTa BMMAAKOBOI Moail
fAxio BunagkoBuit ekcuepuMeHT npoBeaeHo ' Iloxia A — Bumaganusa «repba» OpyU IMigKUIaHHI
n pasiB i B n(A) Bunazxis BimOyJsaca mo- ' MOHETH.
mis A, To umcno n(A) masusaroTe wacmo- ExcnepumentaTopu”
moio nodii A. IToxka3uuk

Broddon ' Ilipcon ' Ilipcon

BidHocHo uacmomoto BUuOagkoBol moxgii va- ' KinbkicTs

. e . 4040 12000 ' 24000
3MBAIOTh BiHOIIIEHHA YMCJIa MOAB IIiel moAil ' eKCIepUMeHTiB n

A0 3arajJibHOT'O 4YucJjia HpOBGT:ZZ? eKCIIepu- Yacrora n(zi) 2048 6019 12012
MEHTiB, TOOTO BiJHOIIIEHHS . :
n Bizmocna 0,5069 ' 0,5016 ' 0,5005

qacToTa

2. CTaTMCTMYHE O3HA4Y€HHA MMOBIpHOCTi

Axmo npu npoBemeHHI BeJMKOI KIiJBKOCTI BUNMATKOBUX eKCIIepMMEHTIB, ' Ilogis A — Bunas
Yy KOSKHOMY 3 SIKMX MOJKe BinOyTtucsa a6o He BimOyruca mopia A, 3HadyeHHA , «repb» Ipu Imig-
BimHOCHOI yacToTH TOHii A GJIM3BKI M0 MesIKOTro IMEeBHOro umciaa (sgKe 3aje- ' KuJaHHI MOHETH.
SKMTH TiTBKU Bim BUAY mopii A i He 3aje:KHUTH Bin cepil ekcnmepuMeHTIB), TO

e UMCJI0O HA3HBACTHCH UMOEipHicmio eunadxoeoi nodii A. Moro mozma- P(A)=0,5
qarors P(A).
<P(4)<1
3. Akciomm Teopii MMoBipHOCTEM
VmoBipricts — 1e (QyHKIiA P(A), o3HaueHa Ha MHOMXKMHI U Bcix momiii, 1[0 BM3HAUYAIOTHCS
JaHUM eKCIIePMMEHTOM, KA 3aJ0BOJILHSE TaKi YMOBHU:
1) 0<P(A)<1 nana Oynb-arol moxii A 3 U;
2) P(A)=1, axmo A — BiporixgHa moxis;
3) P(A+B)=P(A)+P(B), sikmo mozii A i B HecyMicHi.
IIi Tpu ymoBM HA3UBAIOTH akKciomamu meopii iimosiprnocmeil.
NMOACHEHHA U OBI'PYHTYBAHHA
YacTtoTa M BigHOCHA 4acToTa MO eKCIepuMEeHT n pasiB, i Hexall Ipu IIbOMY
BuUNnagkKoBoi nopgii. CraTuctnyHe noxia A Bimbymerbcsa m pasis. Yuciao m Ha-
O3Ha4YeHHH ﬁMQBipHoc-ri 3UBaOTL uacmomow nodii A (ii yacto mosHa-
Hexait y pe3y'JILTaTi BI/Il'Ia,Z[.ROBOI‘O eKcIe- JATOTh n( A)), a gm0 n(4) _m HABKMBAIOTE
PUMEHTY MOXKe Big0yTucs momis A, sxa mae n n
iimosipmicts p=P(A), fe 0< p<1. IloBTopu- 8i0HOCHOI0 wacmomoio nodii A.

*

HKopx JIyi ne Broddon (1707-1782) — cppaHuysbmxm MareMaTUK i mpupomosuaBerb, Kapia Ilip-
coH (1857-1936) — anruificbkuii MaTeMaTuk i 6iosor. IxHi mpamni cnpusan posBUTKY Teopii HMOBip-
HOCTel i MaTeMaTuyHOI CTATUCTUKH.
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O3HayeHHA. BidnocHOM wacmomoro eunad-
K0601 no0ii Ha3UBAETHCA BiTHOIIEHHA YU CJIA
IMOAB i€l MOail 70 3araJbHOTO YHCJIA TIPOBE-
IEeHNX eKCIIEPUMEHTIB.

PosrnsgaemMo pesysibTaTy eKCIEPUMEHTIB
3 MiAKMIaHHSA MOHETH, sIKi OyJu IIpoBeleHi
matematukamu JK. Brodpdouom i K. ITipconom
(m. 1 Taba. 18). fAk BumHO 3 TAabAMIli, BigHOC-
Ha YacToTa BUIIaJaHHA «Trepba», oxeprKaHa
B eKcriepuMeHTax Broddona it Ilipcona, majo
BipisHAeThCA Bixg imMoOBipHOCTI BUIagaHHA
«repba» B YKa3zaHOMY €KCIIEPUMEHTi, AKa J0-
piBa0OE 0,5 (AUB. 1. 12.1).

Toi#t (hakT, M0 IMOBIpPHICTH MTOABU «Tep-
6a» pgopisuroe 0,5, 3BuMuaiiHO, He oO3Hauae,
o B OyAb-sAKill cepii eKcmepuMeHTiB «rep0d»
3’ABUTHCS TOYHO B IIOJIOBMHI BHUIAAKiB. Aue
SAKIIO YMCJIO eKCIIEPUMEHTIB JJOCTaTHHO BEJIU-
Ke, MU MOJKeMO AT IPOTHO3, IO «Trepbd» BU-
naje npubJJIM3HO B MOJIOBUHI Bumaakis. Omike,
3HAIOYM WMOBipHICTH MOAil, MU MOKEMO IIpPO-
THO3YBATH YacCTOTy IIOABU Ifiel moxii B maifi-
OyTHBOMY NIPW BEJIUWKiA KiJTbKOCTI BifmoBin-
HUX eKCIIEPUMEHTIB.

Opnep:xanuii pesyJabTaT Bimobpaskae Ta-
Kuit dakT: npu 6enukiil Kilbkocmi excnepu-
Menmig i0HOCHA wacmoma nodii, 4K npasu-
710, MAJ0 8i0pi3HAEMbCS 6i0 iMoBipHOCMI Yi€T
nodii. Ilf0o 3aKOHOMipHiCTHL Ha3WBAIOTHL cmMa-
mucmuyHo cmiilkicmio 8i0HOCHUX Yacmonm.

He zaB:xkau BraeThbCcsa BUSHAUUTH HMOBip-
HicTb p monii anpiopi, AK e Mae micie 3 mmia-
KHUJaHHAM MOHeTH a00 TpajJbHOTO KyOMKA.
Aute KIITO MOKJIMBO IIOBTOPUTU €KCIIEPUMEHT
n pasiB, TO IpU BEJIUKOMY 7l BiTHOCHA yacToTa

II0A11 — MOMKe POo3rIdgaTnucCd AK HaOJIMKeHe

n
S3HAUYEeHHA MMOBIPHOCTI IT1€1 IIOa11 (— = p).
n

Anpiopi — Big nart. apriori —
He3anexHo Bif JoCBiay.

Omep:KUMO TaK 3BaHe CMAmMucmuiHe
03HAYeHHA UmogipHocmi. Binbil TouHO #IOTO
MOsKHa chOpMYJIIOBATH Y TAKUIL CIIOCi6:

O3HayeHHA. KMo mpu MpoBeaeHHI BeJaH-
KOl KIJIBKOCTI BHMIAJKOBHX €KCII€PHMMEH-
TiB, y KOJKHOMY 3 AKMX MOJKe BimOyTucs ado

He BigOyTuca moais A, 3HaueHHA BiTHOCHOL
yacToTH mMogii A OJU3BKI MO0 JeAKOro IeB-
HOTO uHucia (dKe 3aJIe’KUTh TIJBKU Bil BUIY
momii A i He 3aeKuUTH Bix cepil exkcrepu-
MEHTiB), TO Ile YHCJIO HAa3UBAETHCA UMOGIiD-
Hicm1o 6unadko6oi nodii A.
CraTucTuuHAa OIliHKA HMOBipHOCTI momiit
3 BUKOPHCTAHHAM BiTHOCHOI YacTOTU IIOAil
MINPOKO 3aCTOCOBYEThCA y (pisumiri, Oiosorii,
corioJsiorii, eKOHOMIIIi Ta B IIOBCAKIEHHOMY
JKUTTI KOKHOI JsonuHu. HaBememo mpukjamn
BUKOPUCTAHHA TakKoi omiHkm. 3rigHo i3 3a-
KoHoM Ykpainu «IIpo 000B’sA3KOBe cTpaxy-
BaHHA IMBiJIBHO-TIPABOBOI BiAmOBimaabHOCTIL
BJIACHUKIB Ha3eMHUX TPAHCIIOPTHUX 3aCO0iB»
KOJKEeH BJIACHMK aBTOMOOiJIA IIOBHUHEH YKJa-
CTU IOTOBip 3 AKOIO-HEOYbh YIOBHOBAaKEHOIO
CTPaxXOBOI KOMIIaHi€l. 3a IIMM JOTOBOPOM
BJIACHUK MAIIWHU ILJIATATh KOMIAHII meBHY
CyMy, a KOMIAaHiA HaTOMicTh 3000B’A3yeThCA
KOMIIeHCYBaTH ([0 TIeBHOI MeJKi) Toil 30uTOK,
AKUN MOJKe OyTU HaHEeCeHUH I[UM aBTOBJIACH-
KOM iHITOMY aBTOBJIACHUKY, MiChbKili BJaCHO-
cti abo mimoxoxam. II{o6 mo cupaBemauBOCTi
BUPIININTH, XTO W CKiJIbKYW MOBUHEH ILJIATUTH,
Tpeba BpaxyBaTu ABi obOcraBuHU: 1) 3 AKOIO
WMOBipHiCTIO aBTOMOOiNL (ITPOTATOM TEepPMi-
HY CTpaxyBaHHS) MOJKe IIOTPANUTH B aBapiio;
2) AKUI Y cepeqHbOMY 30MTOK OTOUYIOUUM 3a-
BIa€ OfHA aBapisg. 3HAUM e, MOKHA 00UmC-
JIUTHU CTPAXOBi BHECKU. 30KpeMa, IMOBipHiCTD
BUIAJKOBOI IIOil « IPOTATOM POKY aBTOMOOLIb
HoTpaIllise B aBapiro» OyJja obumceHa 3a cra-
TUCTUUYHUMU JaHUMU, AKi MaJI y CBOEMY PO3-
HOPAIKeHHI cTpaxoBi Kommanii Ta iHmri Bix-
noBimasnbHi opraxisarii. Bussumacsa, 1mo s
iMoBipHicTh npubausHo gopisuioe 0,015.

Akciomun Teopii nmoBipHoOCTeNn

Haragaemo, 1o nasegese B m. 12.1 o3Ha-
YeHHSA UMOBIPHOCTI MOAiii HA3UBAIOTh KAACUY-
HUM O3HAYEHHAM UMOBIPHOCMI.

Icaye me # akciomamuuHe O3HAUEHHA
iimosgipHocmi, y SAKOMY O3HAYeHHA MHNMOBip-
HOCTi 3aJjaeThcA mepesikoM ii BIacTUBOCTEN.
IIpu akciomaTmuHOMY O3HAUEHHI IMOBipHiCTH
sazaeThesA AK unciosa pyukiia P(A), Busua-
yeHa Ha MHOKUHI U ycix mopmiii, 1o Bu3Haua-
IOThCSA JAHUM €KCIePUMEHTOM, TOOTO KOMKHil
moxii cTaBUTHCA Y BiAIOBiAHICTH YMCJIO P(A),
sAKe 3aJ0BOJILHSE TaKi yMOBU:
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1) 0<P(A)<1 pgna6ygs-axoi noxii A 3 U;

2) P(A)=1, axmo A — BiporigHa mozis;

3) P(A+B)=P(A)+P(B), axmo mogii A
i B mecymicHi.

Teopito, 1110 BUBUa€e IMOBipHiCTDb ITOMiM JINI-
111€e IJIsI eKCIIEPUMEHTIB 3i CKIHUeHHUM YHMCJIOM
pe3yJabTaTiB, Ha3UBAIOTH eJeMeHMaAPHOI Mmeo-
pieto tmosipHocmeil. 3BU4aiino, iCHYIOTH i eKc-
MIePUMEHTH 3 HEeCKIiHUeHHUM YHCJIOM MOKJIH-
BuX moxiii. Teopito, 1110 BUBUae MMOBiIpHiCTH
TaKUX IOill, Ha3WBAIOTDh 3A2AJbHOI MeoPieto
iimosgipHocmeil.

Y BaranbHi#l Teopii HMoBipHOCTEl yMoO-
BY 3 PO3YMiIOTH B PO3IIIMPEHOMY CEHCi:

P(Aj+A,+...)=P(A)+P(Ay)+....

YMmoBu 1-3 HasuBaoOTh akciomamu
Koamozoposa meopii umogipHocmeit. Came
A. M. Koamoropos y 1933 p. Bmepiie 3amnpo-
IIOHYBaB aKcioMaTUUYHy II00YZOBY Teopil fimo-
BipHOCTEI1.

Axciomatnuna moOyoBa Teopii WMOBip-
HOCTell aHaJIoOTiuHa aKcioMaTuuHili moOymoBi
reomerpii, B AKi#l samicTh peaJabHNX 00’ €KTiB
Yy iX 300pa’keHb Ha mamepi (TOUYOK, MPAMUX,
IJIOIIIUH TOIIO) PO3TJIALAIOThCA ieasbHi IIO-
HATTA (TOYOK, MPAMUX, ILJIOIIUH TOIIO), IO
3aI0BOJILHAIOTEh IIEBHI akKciomMm miaHimerpil
i crepeomeTpii.

IIpu axciomarwuniii nmoOymoBi Teopil
MMOBIpHOCTEH IIOHATTS «BHUIAAKOBA MOMisd»,
«AMOBipHICTB» TOIMO — Il MaTeMaTHUYHi ime-
aJbHI TOHATTA, AKi 3aJ0BOJBHAIOTHL YMO-
Bu 1-3. IlosgcHMMO cyTHicTHL aKciomaTmuHOI
mo0ymoBu Teopili HMOBipHOCTEH, BUKOPUCTO-
BYIOUM SAK 1JTIOCTPAI[il0 TPUKJIAM i3 BUTATAH-
HAM KYJIb i3 KOPOOKU.

Hexaii y neariit Kopoo61i U € n ogHaAKOBUX
KyJab, AKiI y Jesaxuii cmoci® mosHaueHi Tak,
1100 iX MOsKHa O0yJIO BiApisHMTH OOHY Binx of-
HOI (HampuKJaj, IepeHyMepoBaHi, K y TeJje-
BigitiHMX posirpamax Jorepeit). [losraummo
KyJi uq, Ug, ... , U,, &8 MHOXKHUHY BCiX KyJb, AKi
MicTaATbCcA B KOpoOIi, — Uz{ul, Ugs vees un}
(ua puc. 12.3.1 300pakeHa KOpoOKa, 1[0 Mi-
ctuTh 10 Kysb).

Kyai B KopoOI11i peTesbHO IIepeMilllyioTh,
a IOTiM AKWMOCH BUIIAAKOBUM YMHOM i3 KO-
poOKM BUIIMAaIOTh OAHY Kyiaio. Ilpumycrumo,

Puc. 712.3.7
110 BUTAINIM KYJIIO U (i=1, 2, ey n) He-
xai Az{uil, Upys +oes uim} — Jmesika MHOMKU-

Ha KyJb i3 MHOxkuHuU U. Axuw,0 eumsazuyma
KYAf U; HALeH UMb MHOMCUHI A, mo 6ydemo
2zosopumu, wyo 8id6ynacsa nodis A. Biporizgaoro
mofmiero OymeMo BBasKaTW BCIO MHOXKUHY U,
TOOTO BCI0O MHOKHUHY KYJIb Y KOPOOIi (0OCKiIb-
KU OyAb-IKa BUTATHYTA KyJs Oyae HaJle:KaTu
mHOKuHI U). HemokauBo0O momieo Oymemo
BBa’KaTU ITOPOKHIO MHOKUHY .

ITicsa mporo KoxkHi momii A AKMMOCH UH-
HOM (HAIIPUKJIAJL, Yepe3 CTATUCTUYHE O3HAa-
YeHHS) MOKHA cupo0yBaTu IMOCTABUTU Y Bix-
noBigHicTb Ii iMmoBipHiCcTE — unmcyo P (A), 110
3aI0BOJIbHSAE yMOBHU 1—3.

I1a ismrocTpartia mokasye, 1110 MOKHAa cop-
MyJI0oBaTH a0CTpaKTHI iMOBipHicHI mOHATTSH,
BUKOPUCTOBYIOUM TIJILKU TePMiHU Teopii MHO-
JKUH, HAITPUKJIAA, Y TaKUi cIocio.

Posriaaremo CKiHUeHHY MHOYKUHY
U={u1, Ugy vees un}, eleMeHTH aKoi u; (me
i=1,2,...,n i uiﬂu]:@ mpu i#j) HasBe-

MO esemenmaprumu nodiamu (MHOxkuHA U —
npocmip enemenmaprux nodiit). Bynb-ary

OiIMHOMKUHY Az{uil, Ui s wees U } MHOK M-
m

Hu U Hassemo nodicio. Besa muoxuna U — 11e
8ipozioHa nodis, a MOPOKHSA MHOMXKHHA J —
e HemoMcau8a nodis.

Cymy A+B mnoxiii A i B o3HauuMo fK
o6’equnanaa AUB muoxuu A i B, a noGy-
ToK A-B moxiii A i B — sk mepepiz A(B
MHOXKUH A i B.

Armio mobyroxk momiit A i B IMOpOoMKHIiN
(A-B=(), To mogii A i B Ha3MBAIOTH HecyMmic-
HUMU.

Iloxia A, npomuanexcua no moxii A, o3Ha-
YaeThCAd SAK OOIOBHEHHA A MHOMXHHU A [0
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MHOMXUHU U (TOOTO AK MHOXKWMHA BCiX eJIeMeH-
TiB u;, AKi He BxoAaATh A0 A). Iloxii A i A 3a-
IOBOJBHAIOTH YMOBU AA=Q i A+A=U.

Temnep o3HauMMO HMOBipHiCTH P(A) 1o-
oii A.

Hexaii y Oyab-axkuii cmocib 3agaHo umc-
Ja p(ui), me i=1, 2, ..., n, 110 3aJ0BOJIbHSI-
IOTH YMOBH:

p(ui)>0,
p(u1)+p(u2)+...+p(un)=1.

IIi uwmcna HaA3UBAIOTL eJeMEeHMAPHUMU
UMmoBipHOCMAMU.

OsHaunMo piBHiCTIO HMOBipHiCTBH P(A)

momii Az{uil, Ujys voes uim}:

P(A)zp(uil)+p(ui2)+...+p(uim).

OsHaueHe y TaKMU CIOCI0O IMOHATTS HMO-
BipHOCTI y3roasKeHe 3 TaKMMU aKcioMaMu.

Akcioma 1. [[na dosinwbroi nodii A 3 U
0<P(A)<1.

Akcioma 2. [asa gipozidnoi nodii U
PU)=1.
Akcioma 3. [aa 008invHUX HeCYMICHUX no-
0iit A i B (To0TO Oy1s1 TaKkux, mo A-B=J)
P(A+B)=P(A)+P(B).

I3 mux akcioM BUILIMBAIOTh TaKi HACTigKM.

Hacnigok 1. Hmosipricmo Hemox#ausoi no-
dii P(D)=0, a itmosipnicmv nodii A, npo-
muanexcHoi 0o nodii A, o6uucnoemuvces 3a op-
MYJLOIO P(Z) =1- P(A).
Cupasni, ockinapru U-O =T, To moxii U
i @ mecywmicHi, i Toai 3 piBaocti U=U+O 3a
axciomMon0 3 ofepKyeEMO P(U)z P(U)+P(®).
BpaxoBytoumn, 1110 3a akcioMmoio 2 IMOBipHiCTD
P(U) =1, ogmepxXyemo 1=1+ P(@). 3Bigcu
P(2)=0.
Amnamnoriuno, ockiibru A-A=C, TO 1O-
mii A i A Hecywmicui, i Tomi 3 piBHOCTI
A+A=U 3a akciomamum 3 i 2 omep:KyeMoO
P(A)+P(A)=P(U), mo6ro P(A)+P(A)=1,

oTIKe, P(Z) = 1—P(A). O

| &

3ayBakeHHA. SIKImO aya HOBiJbHOI mOmil
P(A)>0 (aomxe, i P(4)>0), to 3 pismocti
P(A)+P(Z)=1 omepskyemo, mo P(A)<1,
tTo6ro obmesxenHa P(A)<1 B axciomi 1
MOJKHa OOI'PYHTYBATH, CIHNPAIOUYNCh Ha 00-
mesxenass P(A)>0. Ame My BKJIIOUHIN
obmesxenns P(A)<1 pmo akciomm 1 muis

3PYYHOCTI BUKOPUCTAHHA ITiel aKkcioMu.

Hacnigok 2. Pulmoeipnicmb CYymMu nonapHo
HecymicHux nodiit OopieHIoe cymi UMmo8ip-
Hocmeill yux nodiii, TO0TO, SAKILO ui-uJ-:@
npu i #j, TO

P(u1 +u, +...+un)=P(u1)+P(u2)+...+P(un).

OOrpyHTYyMTe L0 BNACTUBICTb CAMOCTIMHO, CMin-
@ PaloYmChb Ha akCioMy 3 | BUKOPUCTOBYOYM METOZ,
MaTeMaTUYHOT IHOYKLI.

Cucrema akciom 1-3 mepezmbauae, II10 3a-
JeXKHO Binm samaui, AKa pos3B’sA3yeThbCdA, eJje-
MEeHTapHi ¥WMOBipHOCTI p(ui), a Bigmosing-
HO i IMOBipHOCTI P(A), MOXKYTb 3aJlaBaTUCSH
y pisHi cmocobu.

Y Bumagky, KOJU eJIeMeHTapHi monii He
€ PiBHOMMOBIpHUMU, JOBOAUTHCA BUKOPUCTO-
BYBaTH CTaTUCTUYHE OBHAUEHHS IMOBipHOCTI.
Pazom i3 TuM, KOJIM PO3TIAANAIOTHCA €KCIIEPH-
MEHTHU 3 BUHAJKOBUMHU pe3yjabTaTamMu (ToOTO
BUMaAKOBi moxii) i Bci i pesyabraTtu pigHo-
MoxcauBi, mobmo € 8ci nidcmasu esaxamu,
W0 WAaHCU OMPUMAHHS YUX pe3yabmamia o0-
HaK08i, ToO UMOBipHiCTb BUIIAKOBOI ITOAi1 BIA-
€ThCA 3HAUTH NILIAXOM MipKyBaHb, HE BHKO-
Hyoun eKkcrepuMeHnTiB. HaBegemo BimmoBigwi
MipKyBaHHS, CIMPAIOYNCh Ha aKcioMu HMoO-
BipHOCTi (TOOTO OMpPUMAEMO KIAACUYUHE 03HA-
YeHHA UMOBipHOCMI AK We 00UH HACAiI00K
3 akxciom imosiprocmi).

Hexait pesyabTaTomM mOeAKOT0 BUIIAJ-
KOBOTO €KCIIEPUMEHTY MOKe OyTH TiJb-
KN OJHa 3 IONapHO HeCyMiCHUX NOAi# u,,
Uy, ..., U,. Hazsemo mi mogii enemenmap-

n
HuMmu nodiamu, a MHOMKHUHY BCiX IIMX IIOmii
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U={u1, Ugs eey un} — npocmopon enemenmaprux nodiic. Cymoro
BCiX ejleMeHTapHUX IOMAiH € Biporigua moxgia U:

Uy tug+...+u, =U.

ITe BuniuBae 3 TOrO, M0 OCKiNBKYW B PE3yJIbTaTi 3aJaHOTO €KC-
IIepuMeHTy 000B’A3KOBO BifOyZeTbcA OfHA 3 MOLIH Uy, Uy, ..., U
TO 3a O3HAUEHHAM CYMH 000B’A3KOBO Bif0yaeThCs i ix cyma.

Bpaxosyiouun, 110 3a akciomoro 2 IMOBipHicTE Biporiguoi moxmii

n’

ITOPiBHIOE OSUHUITL (P(U) = 1), i Te, 10 3a akciomoro 3 i HacaigkoM 2
MWMOBIpHICTb CyMU HECYMiCHUX IIOAill OPiBHIOE CyMi HMOBipHOCTE
MUX MOAiH, MaeMo:

p(u1)+p(u2)+...+p(un)=1.

Slkmo Bei moAii uy, uy, ..., U, piBHOHMOBIpHI:
p(ul)zp(uz)z --.=p(un), TO OJIEPIKYEMO, ITIO
1
P(ul)zp(ug)z...zp(un)zg.

Hexait nomis A BigOyBaeThbcsa Tomi ¥ TinmbKUM TOHi, KOJU Bif-
OymeTbca OXHA 3 M TOMApHO HECYMICHUX eJIeMeHTapHUX IOIii
U Uiy wons U (y mbOMYy BUIIAAKY I'OBOPATH, 110 eJIeMeHTapHi momii

m

U s Uy wees Uy cnpuamauéi nug nonii A). Ile mosxkHa 3anucaTu Tak:

h
A:{uil, Uiys ooes uim} 200, BUKOPHUCTOBYIOUN IOHATTA CyMHU IIOAiHA,
Tak: A=u; +u; +...+u; . BpaxoByooun, mo iMOBipHiCTE CyMH 1O~

m

MapHO HeCYMiCHUX MOIill JOPiBHIOE cCyMi IMOBipHOCTeI IMUX IIOMii,
i Te, 110 IMOBipHICTh KOKHOI 3 m BUOPAHUX eJIeMEHTAPHUX IIOAil

JIOpiBHIOE 1 (To6TO p(uil)zp(u, )=...=p(u, )=l), MaeMo:
n ia in "
P(A)=p(uil)+p(ui2)+...+p(uim)=%+%+___+%:%_
T mpals

Or:xe, cIpaOUYNCh HA aKCcioMaTHUHEe O3HAUYeHHsS MMOBipHOCTI,
MU 3’sICyBaJId, YOMY V BUIIQAKY PiBHOMOMKJINBUX €JIeMEeHTaAPHUX I10-

i e m . .
Iifi piBHICTH P(A)z— OpUUMaOTh 3a KJAACUYHe 03HAYEeHHS UMO-
gipHocmi. n

.\ 3BEPHYBLUNCH OO IHTEPHET-MIATPUMKM MiOPYYHHUKA, BM MOXKETE O3HAWNO-
MUTUCS 3 O3HAYEHHSM | 3aCTOCYBaHHAM reOMEeTPUYHO! MMOBIPHOCTI, AN
SKOI TeX BUKOHYIOTbCS aKCioMM 1=3 MIMOBIPHOCTI.

3anumaHHg

_

3ayBaxeHHA.  Ockinb-
KM pisHi oO3HaueHHA
MUMOBipHOCTI 3a70BOJIbL-
HAIOTH OOHI ¥ Ti cami
OCHOBHI BJIACTUBOCTi
(akciomu), TO Hacmif-
KU, AKi MOXKYTb OyTH
OTPUMMaHi 3 BUKOpH-
CTaHHAM IMX akKciom,
He 3aJiekaThb Bif cmo-
co0y O3HauUeHHS WHNMO-
BipHocti. Tomy mami
OOT'PYHTYBaHHS 3arajb-
HUX BJIACTUBOCTEH MO-
BipHOCTElT MU Oymemo
IIPOBOUTHU [AJSI OJHOTO
o3HaueHHA — abo, fAK
KaXXyTh Yy MaTeMaTuIli,
nasa onHiel WMOBipHic-
HOi Mogmesi, — i Matu
Ha YyBasi, .10 aHaJo-
riuHe OOT'PYHTYBaHHS
MOJKHa ITPOBECTHU ¥ AJIs
iHmunx MogmeJseii. Xoua,
3BUUAliHO, y KOMKHIiN
MOZeJli MOXKHa BKasa-
™ ¥ cBoi cmemudiuni
BJIACTUBOCTi, AKUX He-
Mae€ B iHIIIMX MOJeJadX.

. IloscHiTs, 110 TaKe yacToTa Ta BiJHOCHA YaCTOTA BUIAAKOBOIL IOMmii.

. IloacHiTH 3MiCT CTATHCTUYHOTO O3HAUEHHA WMOBIpPHOCTI.

1
2
3. TloscHiTh 3MicT aKcioMaTHYHOTO O3HAUEHHS HMOBipHOCTI.
4

. ChopmymiofiTe i OOI'PYHTYHTEe HAWUIIPOCTIIIi HACHIZKM 3 aKciom imo-

BipHOCTI.

167
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Bnpabu

12.3.1.

12.3.2.

12.3.3.

12.3.4*.

IIposenits 50 pasiB excrmepuMeHT i3 migkumanasa moHeTu. O6uuc-
JiTh BiZHOCHY YacTOTy BUIamaHHs «repba». IlopiBHAliTe cBii pe-
3yJIbTAT i3 pedyJabTaTaMU iHIIUX YYHIiB BaIIOTO KJacy.

1106 BU3HAUNTH, AK YaCTO 3yCTPiUaIOThCS B JIicOIapKy JepeBa pis-
HUX IIOpPif, YYHiI IpOBeJM TaKi ekcrepuMeHTH. HKoXHUI BuUOpaB
CBOIO CTEXKUHY i, HAyYM HE0, 3alMCYBaB IIOPOAY KOMKHOTO Iecs-
Toro gepeBa. PesynbraTu 0yJsio IIOJaHO y BUIVIAAL TaOIUILi.

ITopoma mepeBa Cocua ! [Iy6 ' Bepesa ' fdnwmua | Ocuka | Ycboro

Yucso nepes 315 217 123 68 34 757

OwiHiTh iMOBipHiCTE TOrO, III0 OOpaHe HaBMAHHS B IILOMY IIapKy
IepeBo Oynxe:

1) cocHoI0; 2) XBOUHUM; 3) JIUCTAHUM.
Bigmosias momaifiTe meCATKOBUM APOOOM, OKPYIJIMBIIHK IOTO IO
COTUX.

11106 Bu3HAUUTHU, AKUUA KOJIIP BOJIOCCA B JKUTEJIB MicTa 3ycrTpiua-
€ThCS YaCTillle, a AKUHN piAlne, yUIHi IPOBEJIN TaKUH €KCIIEPUMEHT.
Kosxuuii BuOpaB CBifl MapIIpyT i IPOTATrOM IIiBrOAMHI 3aIllICYBaB
KOJIip BoJIocCA KOYKHOTO I’ ITOTO HA IIJISAXY IMPOXOAKEeHHs 3yCcTpiu-
Horo. PesyabraTtu Oyj0 MOJAHO Y BUTJISAL TaOJIMILI.

Kouxip Bosoccs Bpronern ' [llarenu ' Pyxi ' Baouaguau ' Ycboro

Yucno monei 198 372 83 212 865

OrmimiTh iMoBipHicTE TOTO, 1110 OOpaHWil HABMAHHS JKUTEJIb I[HOTO
MmicTa Oyne:

1) mraTeHom; 2) pyaum; 3) He pPyAuUM.
Bigmosinzys momaiiTe mecATKOBHMM OpoOOM, OKPYIJIMBIIIK IOTO IO
COTHUX.

BubepiTs HaBMaHHA OJHY CTOPIHKY 3 KHIKKY OyAb-AKOI0 IINChMEeH-
HUKA i migpaxyiiTe, CKiJIbKM pasiB HaA I[ili CTOPIiHII 3’ ABISIOTHCA
OYKBU «O» i «0», a TAKOXK CKiJIbKM BChbOTO Ha Hiii OyxkB. OIiHiTH
iMOBipHIiCTHL OSABU OYKB «0» i «0» y IIbOMY TEKCTi.

IToscHiTh, YoMy Ha KJaaBiaTypax APYKapPChbKMUX MAIINHOK i KOMII f0-
TepiB OYKBa «0» po3TallloBaHa OJM)KUe IO IeHTpa, a OyKBa «0» —
onmkue mo Kparwo (puc. 12.3.2). K Bu moscHUTE PO3TaAIllyBaHHSA
iHmux OyKB?

Tl1/2/3/4/5/6/7/8/9/0/ - X\ <

=TI I Y| K| E|/H T IO 3| X| 1

CapsLock| | T | B ATl P O JI 'H m G Enter

Shift A/9/C/M 1| T b|B|I0| ?| sw

Ctrl Alt Alt Ctrl

Puc. 72.3.2
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12.3.5.

12.3.6.

12.3.7.

BuroroBuniu «HempaBUJILHUI» KYOWK 31 3MillleHMM I€HTPOM Baru.
ITicnas mnpoBemenna 1000 ekcmepuMeHTIB i3 miAKMZAHHA KyOuKa
OTpUMAaJIM Taki pes3yJbTaTH.

Yucao 040K 1 2 3 4 5 6

oo sunazams siaOSIAHOL 7 |45 169 91 21 | 503
BurkopucroByrouwn 11i m1aHi, OIMiHiTh iMOBIipHOCTI BKasdaHUX HUMKUE II0-
Il (3amuImiTh BiATIOBiHI WMOBIpPHOCTI AECATKOBUM JIpPOOOM, OKPY-
TJIMBINKM HOr0 OO0 THUCAYHUX) i maiiTe BiAmoBimi Ha samuTaHHA, YU
CIIpaBeAJUBUM OyIa Take mapi:

1) g BUI'Dar, AKIIO BUIIaAe IIapHe YMCJIO OYOK, B — AKIIO HeIlapHe;

2) A BUTpaoo, AKIO BUIAAE UYHCJIO OUYOK Big 4 mo 6, BU — SAKIIO
BiZz 1 mo 3;

3) {1 Burparo, skio Bunaze He 6 0YOK, BU — SAKIIO 6 OUOK?

Y pesysbTaTi 3HAUHOI KiJBKOCTI CIlOCTepe’KeHb YYHI BU3HAUUJIU
WMOBipHICTB, 3 AKOIO B JIiCOIIAPKY 3YCTPiUAIOTHCA AepeBa Pi3sHUX II0-
pim, i momanmu pesyJabTAaTH y BUTJISAAL TaOJIMIII.

IToponma mepesa Cocua y6 Bepesa Anuna Ocuka
VmoBipHicTS 0,42 0,29 0,16 0,09 0,04

3HalgiTh iMOBipHiCTE TOTO, IITO OOpaHe HaBMaHHSA B IILOMY JIicomap-
Ky IepeBo Oyme:

1) cocuoio abo myooM;

2) He my6om;

3) XBOMHUM;

4) IUCTAHUM;

5) He OCUKOIO;

6) xBoliHMM ab0 JUCTAHUM (IOSCHITH, IO O3HAYAE OCTAHHINA pe-
3yJILTAT).

V¥ pesysbraTi 3HaYHOI KiJIBKOCTi CIIOCTEPEKEHb YUHI BUSHAUUIN MO~
BipHOCTI TOTO, AKWI KOJIp BOJOCCA 3YCTPiUaeThbCA B JKUTEJIB MicTa
yacriine, a AKUH pigine, i momanau pes3yJbTaTH Y BUTJISAAL TaOJIMITI.

Koxip Bosocca Bpronetu ITaTrernn Pyni Brongnan

NmosipricTs 0,23 0,43 0,1 0,24

3HaWAiTHF iMOBipHiICTE TOTO, IO OOpaHWI HAaBMAaHHS YKUTEJNb ITHOTO
Mmicra Oynxe:

1) matrenom abo pyaum;

2) me pyaum;

3) OproHeTOM a00 GJIOHIMHOM;

4) He OJIOHIWHOM.
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12.4. YMOBHA MMOBIPHIiCTb

O3HaueHHI

Tabaumnsa 19

1. MOHATTA YMOBHOI MMOBipHOCTi

dopmyaa

Yucao, sike BUpaska€ HMOBipHicTs momii A 3a ymoBH, mI0 BimOymaca mo-

nist B, Ha3uBa€eThCA YMO6HOI0 imogipHicmio noaii A 3a ymoBu B i mo3Ha-

4aeThea PB(A) abo P(A|B).

2. MMoBipHicTb A06YTKY ABOX nogiit

(TeopeMa MHOXEHHSI MMOBipHOCTEN)

MmoBipHicTh 106yTKY (TO6TO CyMicHOI IIOSBH) ABOX HOAiH JOPiBHIOE HOOYTKY HiMOBipHOCTI ofHiel
3 HUX HAa YMOBHY HMOBipHicTH Apyroi moxii, Aka oOumcieHa 3a YMOBHU, IO IIepIIa IMOAiA BIKe

BimOyJacs.

P(AB)=P(4)-P,(B)

3. MMOBIpHicTb A06YTKY AeKinbKoX MoaiM

WmosipHicTh H0OYTKY (TOGTO CyMicHOI ITOSABHM) HEKiIbKOX IIOili HOPiBHIOE HOOYTKY MMOBipHOCTL
onHiel 3 HMX HA YMOBHI MMOBipHOCTI iHINNX, IPUUYOMY MMOBipHIiCTh KOKHOI HACTYIIHOI moxii 00-
YHCJIOETHCA 34 YMOBH, IO BCi momepenHi moxii Bike BigOyJimcs.

P(AA,...A,)= P(Al)PAl (AZ)PA1 4, (A3)...PA1 Ay A (4,)

MOACHEHHA M OBI'PYHTYBAHHH

0 MOHATTA YMOBHOT MMOBIPHOCTI

OmiHiooun HMOBiIpHiCTH BHMIAAKOBOI IIO-
mii A, iHOAI mOBOIMTHCS BPaxoOBYBaTU AKich
JIOIaTKOBI YMOBHU, IIIO0 BILJIMBAIOTH Ha OIIHKY
nMOBipHOCTI 1miel momii.

Hexait A i B — 1Bi mogii, aki posriszna-
I0TbCA B faHoMy ekcrnepumeHTi. [loaBa oxgi-
€l moxii (mampukJazn, B) MosKe BIJIMBATU Ha
MOJKJINBiCTh ITOsABU APYToi (A).

Hanpuknazn, Hexaill IPOBOAUTHCA €KCIIe-
PUMEHT 3 BUTATAHHA KYJb 3 KOPOOKU, B AKili €
8 KyJb, 3 HuUX 2 0inux i 6 vopuux. HaBmauusa
TOCJIiTOBHO BUMMAIOTh Bl KyJIi, IPUUYOMY B3s-
Ty KYJII0O B KOPOOKY He IIOBepTaTh. SIKa iimo-
BipHiCTB TOTO, 1110 Apyra KyJsd BUABUTHCA Oi-
JIOIO 3a YMOBH, ITIO epIa KyJasa 0yJja YopHOoo?

Ilosmauunmo moxii: A — mpyra BUTATHYTA
KyJs 0isa, B — 1mepIina BUTATHYTaA KyJis 40Op-
Ha. Burtaranua (HaBMaHHSA) 3 KOPOOKU OyIb-
AKOI Kyai — piBHOMOKJIMBI momii. OcKinbku
noxisa B BixOynacs, To B KOPOOIIi Jie;KaTh He 8,

a 7 KyJab, 3 Akux 2 0inmux. Toxai #imMoBipHicTD
moxii A 3a ymoBH, 110 BigOysaacsa moxis B, mo-

piBHIOE 2
7

OsHauveHHA. Ymego, AKe BHpaskae WMOBIip-
HicTh moxii A 3a ymoBH, 1[0 BigOyiaca Io-
Iist B, HA3UBA€ETHCS Y MOGHOI ULMOBIPHICMIO
noxii A 3a ymoBu B i mosnauaeTbca Pg (A)
a6o P(A| B).

YMoBHa WMOBipHicTh moxii A 3a ymoBu B
00U HCIIIOETHCS 3a (hOPMYJIOIO

AB)

——~2~ (me P(B)>0). 1

»(B) ( (B)>0) (1)
Hosenmemo 1110 hopMyJIy IJId BUNAAKY KJIa-

CUYHOTO O3HAYEeHHA HMOBipHOCTI.

PB(A):

Hexaii y pesysbTaTi BUIIaJKOBOTO €KC-
IIepUMEHTY MU OJepPsKaJi 1 PiBHOMOMKJIMBUX
eseMeHTapHUX noxift (npocrtip U). 3 nux mo-
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U (n mmopmiit)

Puc. 72.4.7

Oifi m — cupmATausi gas noxii A, k — cropu-
ATauBi aaa moxii B, [ — cupUATINBI Oad 1I0-
nii AB (puc. 12.4.1).

Toni P(A)=—, P(B)=—, P(AB)=—.

3HargeMo WMOBipHicTH, moxii A 3a ymoBu B.
Hna obumciaeHHA YMOBHOI MMOBipHOCTI 3a-
MiCTh BCBLOT'O IIPOCTOPY eJeMeHTapHUX II0-
nitt U BisbMeMO TiJIbBKU Ty HOT0 YacTHUHY, AKa
crupuATauBa aaa B. ¥V nboMmy BUIIAAKY CIPU-
ATAUBUMU AJA momii A 6yayTs TinbKu [ eje-
MEeHTapHUX MOAilN, AKi CKJIamaoTs noio AB.

P(AB)
P(B) -

Toni Py(A)=

l
k

:\:r|=\~

Mpukaad 1

3agHaummo, 1o piBHicTs (1) iHOmi mpwm-
MUMaeThCA 32 OBHAUEHHSI YMOBHOI MMOBipHOCTI
moxii A 3a ymoBu B.

Q MmoBipHicTb 106yTKY noain
3 piBuocTi (1) omep:ryeMoO, II10
P(AB)=P(B)-Pz(A). (2)
Ockinpku momis BA 3b6iraetbca 3 momi-
€0 AB, To B mpaBiii YacTUHi OCTaHHBLOI (Pop-
MYJIH MOKHA IIOMiHATH Miciamu A i B.
Tonxi
P(AB)=P(A)-P,(B). (3)

PiBuicTh (2) (abo (3)) sasBuuaii HasuBa-
I0Th MeOPeMOI0 MHONCEHHA UMOBIPHOCMELL.

Teopema. MmosipHicTs D06yTKY (TO6TO
CYMiCHOI IOABM) TBOX IIO/Tiil TOPiBHIOE T0-
OyTKy IIMOBipHOCTi OgHi€l 3 HUX HA YMOB-
Hy HMOBipHicTh Apyroi moxii, ska o6uuc-
JIleHa 3a YMOBM, W0 IeplIa IOXid BiKe
BimOyacs.

SKIMO MM MOKeMO O0YMCIUTU WMOBip-
HicTs moxii A i ymoBHY IimMoBipHicTs P, (B),
TO 3a (popmyow (3) Jerko 3HAUTU HMOBIip-
HiCcTh P(AB) IoOyTKy monit A i B.

B xopo6r1i gexxars 10 Kyab, i3 Hux 4 0inxi. HaBmanua 6epyTs ogHY 3a
OJIHOIO IBi KyJi, IPUUYOMY B3SATYy KYJIIO IO KOPOOKMN He IMOBEPTAIOTh.

O6uucamMO HMOBipHiICTH TOTO, I1T0 OOUABI KyJsi OyAyTh Gimmmu.

Po3p’a3aHuda

ITosmaummo moxii: A — mepiia BUTATHYTA
Kyasa O0ima, B — gpyra BUTATHYTa KyJjas Oija.
Tonxi moxmia AB — o006uaBi BUTATHYTI KyJi 6ii.
Buraranas (HaBMaHHS) 3 KOPOOKU OyIb-sKOI
3 10 xyap — piBHOMOKJIUBI moxmii. CupuATIN-
BuMu A momii A € 4 moxii (B KopoOIii BChOro

4 2
4 6inux xymai). Toxi P(A)=E=g. Ilicisa Bu-

TATaHHA oxHiel 6imoi Kyxai (BimOymaca moxmia A)
B KOpPOOIIi 3amumurbesa 9 Kyib, i 3 HUX TiabKU

3 1
3 6inmmx, oTxe, P, (B):EZE' Toxi 3a ¢popmy-

JIOI0 MHOJKEeHHA HMoBipHOCTel (3) omep:KyeMo:
21 2

P(AB)=P(A)-P,(B)= =3 1
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Cepen OSHOTUIIHUX OeTaJieil, IKi BUIycKaioTh y mexy, 1 % Opakosa-

np UKAGO 2 Hux. Cepen axicumx meranein 40 % gerasieil BuIIOro raryuHky. SIka
HMOBIipHIiCTHL TOTO, IO B3ATA HABMAHHSA [OeTajb BUIIOrO I'aTyHKY?
Posr’a3annsa
Ilosmauumo mofii: A — Jeranb He OpakoBa- 0ZIePIKYEMO P( A):(),gg, a BPaxOBYIOUH, IO
Ha, B — pgerans Bumoro ratyHky. Tonai mo- cepen saxicumx geraseit 40 % meraseill BUIOTO
niga AB — BuOpaiau sSIKiCHy JeTajb BUIIOTO r'a- raTyHKY, OfiepiyeMo, mo P, ( B)=O, 4.
TYHKY.

. . . . Toxi
Bubip oxmiel meraysi 3 MHOMUHKN OJHOTUIIHHX

Ierajeil — piBHOMO:KJIMBI momii. BpaxoByroumn,

1[0 cepeji BUIIyIleHuxX gmeraneii 99 % saAxicHUX, P(AB) - P(A).PA (B) =0,99:0,4=0,396.

dopmysa MHOMKEHHA MMOBipHOCTeH (2) y3araJbHIOETHCSA Ha BUMA-
JOK NEeKLTbKOX Mofit A, A,, ..., A,

P(AjAy...A,)=P(A;)Py (Ay)Pya, (A3)-Paa, a4 (4,) (4

me Pya, .4, (An) mo3HaUa€ yMOBHY MMOBipHIicCTE moaii A, , obuncie-

HY 32 YMOBHU, II10 BCi moxii A;, Ay, ..., A, ; yXe Bigbynucs.

Or:xe, UMOBIipHiCTH JOOYTKY (TOOTO CyMiCHOI IOABUM) HEKiIbKOX
O/iil MOPiBHIOE JOOYTKY IMOBiIpHOCTI O/fHi€T 3 HUX HA YMOBHI IIMOBIip-
HOCTi iHIINX, MPUUOMY HMOBiPHICTH KOJKHOI HACTYITHOI IO/il 00UucC-
JI0ETHCA 3a YMOBH, IO BCi ITonmepeaHi mofdil Bike BigOyucs.

B xopobri jgexuth 6 6imux, 4 yopHUX i 3 yepBoHi KyJsi. HaBmanua
OJHY 3a ONHOI0 0epyTh TPU KYJi, IPUUOMY B3ATY KYJIO I0 KOPOOKU
He IIOBEePTarTh. SHAWAITHL iMOBipHiCTH TOro, IO mepIiua KyJasa Oyae
YepBOHOIO, Apyra — 0iJIoI0 1 TpeTda — YOPHOIO.

Mpukaad 3

Po3sp’azannsa

Hexait momia A — mepira KyJasa 4yepBoHA, II0-
mis B — npyra rkyaa 6ima, momia C — Tperd
Kynas yopHa. Toxi momis ABC — BubOpanau Tpu
KyJii, 3 AKMX Ilepllla — YepPBOHA, Apyra — Oina
i Tpera — dYOpHAa.

B kopobmi Bchoro 13 Kyab. Buraramasa (ma-
BMaHHA) O0yAb-AK0I 3 13 Kyab — PiBHOMOMKJIU-
Bi moxii. CipusaTauBumMu Aad moxii A € 3 momii
(B KopoOmi Bchoro 3 uepBoHi KyJiai). Tomi

3
P(A)z—. ITicia BuTaranHA oxHiel yepBOHOI
13

KyJai (BigOysaca momis A) B KOpoOIli 3aIUITUTh-
ca 12 Kyap i 8 HuxX Tiabkm 6 Oinmx, oTiKe,

6 1
P, (B) = 1z = 3> Ilicna BuTAraHHA OfHiel uep-

BOHOI i ommiel 6imoi Kynp (BigOysaumcsa momii A
i B, Tobro momia AB) B KOpOOI[i 3aJUIIUTHCA
11 xyap i 3 HUX TiTbKM 4 UYOPHUX, OTKe,

4
PAB(C):H' Toxi sa ysarajabHeHOO (GOPMY-
JIOI0O MHOJKEHHs WMOBipHOcTel (4) omepsKyeMo:

3 1 4 6

P(ABC)=P(A)-Py(B)-Pys(C)=— ——=—=. <

13 2 11 143
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3anumaHHg

Bnpabu

1.

2.

12.4.1.

12.4.2.

12.4.3

12.4.4.

12.4.5.

IToscHiTH, 3MicT HOHATTS YMOBHOI MMOBipHOCTI moxmii A 3a yMOBU

monii B.
P(AB)

P(B)

KJIACMYHOT'O O3HAUEHHA HMOBipPHOCTI.

O6rpyHryiiTe popmynry Pg (A)z , e P(B)>O, I BUIAIKY

ChopmyoiiTe TeopeMy MHOMKEHHS HMmoBipHocTeii. HasexiTh mpu-
KJagu ii BUKOpPUCTaAHHA.

B amuky sexxkars 10 gmeraseii, 3 axux 4 modapboBaHi. PobiTHUK Ha-
BMaHHSA MO OAHiII BuiiMae aBi merasi. 3HalAiTh iMoBipHicTH TOTO,
110

1) apyra gerans mogapboBaHa, SKIIO Iepiiia nodapboBama;

2) npyra peraab mogapboBaHa, AKINO Iepira He modgapboBaHa;

3) obuasi merani modapboBami;

4) obunsi merasi He modapboBaHi.

B xopoO11i sexars 5 0inux i 4 yopHUX KyJi. 3 KOPOOKM HaBMAaHHSA
BUMMAIOTh OJHY 34 OJHOIO ABi KyJi (KyJi B KOPOOKY He II0OBEPTAIOTh).
3HaWmiTEP iMOBipHIiCTBH TOro, IO Apyra Kyad 0Oijsa, SAKITO IIepIa:
1) 6ina;

2) yopHa.

Ha pesaxomy migmpuemcTBi 95 % mpoAaykKIilii BBasKaeTbca SAKiCHOIO.
3 AKicHUX BUPOO6iB 75 % CTAHOBIATL BUPOOM IIEPIIOro r'aTyHKY, pe-
mra — apyroro. 3HaiaiTh iMOBipHiCTH TOTrO, 10 BUPiO, BUTOTOBJIE-
HUU Ha IIbOMY IiIIPUEMCTBi, BUABUBCS IPYroro raTyHKY.

B umranpHOMY 3ajii € MIiCTh MiAPYYHUWKIB i3 MaTeMaTWUKW, 3 AKUX
TpU y TBepAii oOkJgaauHIli. BibaioTekap HaBMaHHA B3AB ABa MiAPyd-
HUKU. SHAUAITHh iMOBipHicTH TOTO, IO OOMIBa MiAPYUYHUKHU OYIYTh
y TBepAili OOKJIaIMHILI.

B xopoo6mi jgexurs 12 uepBoHux, 8 semenux i 10 cuuix Kyap. Ha-
BMAaHHA OJHY 3a OJHOI0 0epyTh TPU KYJi, IPUUYOMY B3ATY KYJIIO 0
KOPOOKM He IIOBEPTaTh. SHANAITHL iMOBipHiCThH TOro, IO Iepla Ky-
Js1 OyJle 4YepBOHOIO, APYra — B3€eJIeHOI0 i TpeTsaA — CHUHBOIO.

173




174 Po3ain 3. EnemeHTV KOMBIHAaTOPUKW, TEOPIT MMOBIPHOCTEW

12.5. He3zaneXxHi nopa,ii

Tabaumna 20

1. MoOHATTA He3anexHocTi ABOX noAin

3micT OzHaueHHI

Ilomia B HasuBaeTbcs Hesa-  Ilomii A i B Ha3MBaIOTHCA HeE3ANEHHUMU, SKIIO0 BUKOHYETHCSA
JIeKHOI0 Bim mogii A, AKImo . piBHiCTH
momisi A He 3MiHIOE HMOBIip- P(AB)=P(A)P(B).

HicTs moAil B. VmoBipuicTs H06yTKY (TOOTO cyMicHOI moABHM) mOmiii HOpiBHIOE

IOOYTKY HMOBipHOCTEH IUX MOMiA.

2. HesanexHicTb AeKiNbKoX noAin

JlekinpKka moOmili HABUBAIOTHCA HeE3ANEHCHUMU, SKIIO0 OJIA OyAb-AKOl MiAMHOMKMHU IUX IOMil
(uo micTuTh ABi a60 OidbiIe mMomiil) iMOBipHiCTH IX MOOYTKY AOPiBHIOE JOOYTKY IX iMOBipHOCTEIL.
30Kpema,

akmo noxii A;, A,, ..., A, HezauexHi, TO P(A1A2 ...An):P(Al)P(Az)...P(An).

3. BnactuBicTb He3aneXHux noAain

SAKIO MM MaeMO CYKYIHICTh Hel3aJIeXKHUX IIOAii, TO, 3aMiHMBIIN AeAKi 3 IUX IOAili Ha IPOTHU-
JeKHi IM moaii, 3HOBY OJIEp:KMMO CYKYITHICTh HesaJdekHuX moxili. Hanpukian, akio moxii A i B
He3aJIeKHi, TO He3aJeKHUMHU OYAYTh TAKOMK ITOMil

Ai B, AiB, AiB.

4. NUMoBipHicTb TOro,

Wwo Big6GyaeTbca Xoua 6 oAHA 3 He3aNleXXHUX nogin A, A,, ..., A,

P(Aj+Ay+..+A,)=1-(1-P(4))(1-P(4,))...(1- P(4,)).

NOACHEHHA 1 OBI'PYHTYBAHHA

Ilomisa B Ha3WBAETHCA HE3AJLEHHOW Bif MOKJIuBa, ToOTO B=C, To AB=C. Orixe,
momii A, AKIo mosBa moxii A He 3MiHIOE HiMoO- P(AB)=0 i P(B)=0, To6T0 piBHicT (1) Bu-
BipHicTh mozii B. ' N KOHyeTbcdA. SIko noxis B — Biporigza, T06TO

) BaI‘a.JIbHe O3HAUYEHHS He3aJIeKHOCTI Moii B=U, 1o AB=AU=A. Toxi P(AB)=P(A)

HAHHACTIIIE (POPMYJIIOIOTH TAK. i P(B)=1, To6To piBnicts (1) BUKOHYyeTHCS

OsHauveHHA. Ilogmii A i B Ha3MBAIOTHCS He- i 8 npomy Bumagky. Orxe, Axwo xoua 6 00Ha

3aneHHUMU, AKI0 BUKOHYETHCA PIiBHICTDH 3 060x nodiit Hemoxcausa abo 6ipozidna, mo

maxi 06i nodii He3aexH Hi.

P(AB)=P(4)P(B), (1) 3BepHEMO yBary Ha Te, W10 y BUIALKY,

TOOTO ABi mMOAil HAa3MBAIOTHCA He3ANeHCHU- KOJIH TOAiT A i B Hesamex i, TaKoK Hesaresx-
MU, IKIOI0 HMOBipHicTH MOOGYTKY (TOOTO Cy- HuMu 6yxyTh oaiiAi B, A iB, A i B.

1‘\,/1ic11(3'1' nommu) 1147.¢ non.if[ IOPiBHIOE TOOYTKY IloBeIeMO, HATIPUKIAL, 110 Gy Iy T He-

iiMOBipHOCTeI NX MOmiil. saesHIME oI Al B.

PiBuicte (1) 060B’SA3KOBO BUKOHYBATH- Axmo moxii A i B HesanexHi, TO 3a 03HA-
MeTbCs, AKIINO OZHA 3 IOXiH HeMOKJIWBa abo gennam P(AB)=P(A)P(B). Komu BinGysa-
Biporigna. Hanmpuknaz, axmo nogis B — He- €TbCA MOAiA A, TO B Ileii yac nofisa B moaxxe Bif-
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oyBaTucs abo He BimoyBaTucs. OTiKe, MOMKHA
CTBEPAKYBaTH, 1110 IoAisd A BigOyBaeThCa Tomi
¥ TibKM TOAi, KoM BinOyBaoThCA abo momii A
i B, a6o mogii Ai B, To6Tro A=AB+ AB. Ypa-
XOByIOUHM, ITo momii AB i AB HecyMicHi (60
nozii B i B mecywmicui) i mo P(B)=1-P(B),
omepiyemo  P(A)=P(AB)+P(AB).
P(AB)=P(A)-P(AB)=P(A)-P(A)P(B)=

=P(4)(1-P(B))=P(A)P(B). B
A 1e # osmauae, mio moxii A i B Hesa-

Toxi

JIeYKHI.
AmnayioriyHO OOT'PYHTOBYETHCS He3aJIekK-
Hicrpmozit A iB, A i B.O

ITonATTS He3aie;KHOCTI MOAiN MOKe OyTH
MoIpeHe Ha OyIb-AKY CKiHUEHHY KiJIbKicThb
TIOifA.

O3HayeHHs.
He3anexcHumu (e TOBOPATH «HE3AJEKHU-

Hexinska mopmiii Ha3WBAIOTH

MH B CYKYITHOCTI» ), AKIIO AJsI OYIb-IKO1 ITifI-
MHOKMHM IIMX MOXiil (AKa MicTUTH OBi abo
Oinbpmre moxgii) iMoBipHicTs iX HOOYTKY mO-
piBHIOE TOOYTKY iX iMOBipHOCTEIA.

Hanpuraazn, Tpu moxii A, B, C 0yayTs He-
3aJIe;KHUMU, SIKIO0 BUKOHYIOTHCA YMOBH:

Mpukaad 1

P(AB)=P(A)P(B),

P(AC)=P(A)P(0),

P(BC)=P(B)P(C),
P(ABC)=P(A)P(B)P(C).

3 o3HaueHHA BUILINBAE, IO y BUMNALKY,
KoJIu mofii A, A,, ..., A, He3alexHi,

P(A1A,...A,)=P(A;)P(4;)...P(4A,)

(aye BUKOHAHHA Iiel piBHOCTI mpu n>2 1e
He Oo3Hauae, 1o nogii A;, A,, ..., A, Hesa-
JIeXKHI).

Sk i y BUmagKy ABOX TOAill, MOYKHA JI0-
BEeCTH, II0 KOJIU B JeAKili CYKyHHOCTI Hesa-
JEeXHUX TOMAill 3aMiHUTU AKich Ioxmii mpoTu-
JEeKHUMHU IM IOiIMU, TO OTPUMAEMO TAKOMK
CYKYIOHICTH He3aJIe:KHUX IIOi.

3azHauuMo, III0 HaBeleHi O3HAUeHHS He-
3aJIEYKHOCTI TOIiN y TEOPETUKO-MMOBipHiCHO-
MYy PO3YMiHHI BiAIIOBial0Th 3BUUYAWHOMY PO-
3YMiHHIO He3aJIeXKHOCTI IOAil AK BicyTHOCTI
BILIUBY ONHUX moxiit Ha immri. Tomy mim uac
pO3B’A3yBaHHA 3a7jay MOYKHA KOPUCTYBaTHUCH
TaKUM IIPUHIIUIIOM: NPULUHHO-He3ALeHCHI no-
0ii € He3aJleHCHUMU | 8 MeopemuKo-iuUMOBipHic-
HOMY PO3YMIHHIL.

IIpunan crkaamaeTbcsa 3 TPHOX BY3JIiB, KOMKEH i3 AKUX HPOTATOM IO-
O0u MOJKe BUUTHU 3 Jaay HesasJekHo Bin immwux. Ilpuiaan He mpairioe,

AKIO He IIpalioe xoda 0 oamH i3 BysJiB. IMoBipHicTh, pobGoTu 6Ges

IMOJIOMKH IIPOTATrOM J00u Iepiroro ByaJua mopiBumoe 0,95, mpyroro

0,9, Tpervoro 0,85. 3HalAiITH iIMOBipHiCTH TOTO, IIIO0 MPOTATOM 00U

Ipuaaj IparoBaTuMe 6e3 IMOJOMOK.

Po3sp’a3annsa

Hexait moxia A; — mepmuii By30J CIpaB-
HU#, moxia A, — ZApPYruil By30J CIPaBHUI,
moxia A, TpeTiii By30J CIpPaBHUM, IIO-
Oig A — mpoTAroM mo0M IpUJIAL IIpaIioe 0es
nonoMoK. OCKibKU mpuiiaj mpaiifoe 0e3 moJjo-

MOK TOMi ¥ TiJIbKHM TOXi, KOJIM CIIPaBHIi BCi Tpu

Bysau, To A=A;A,A;. 3a ymoBolo moxii A,
A,, A; mesanexHi, oTxe,

P(A)=P(A,A;4;)= P(A;)P(A;) P(4;)=
=0,92-0,9-0,85= 0,726 75~0,73. <
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IBa cTPinbIi 3pO6HIN IIO OSHOMY HOCTPiTy B OfHY MimeHnb. MMoBip-

np UKAGO 2 HICTh BJAYUYMTH B MillleHb [IJIs IIEPIIOro CTPiablsa mopiBHioe 0,9, mis
apyroro 0,8. 3umaiigiTh iMOBipHiCTH TOTO, ITITO MiIlleHb OyAe BJIyUeHA.
Posp’asanna
Posriamemo Taki mozii: A — mepmmuii cTpi- i B rakosx mesanexui. SIxkmo P(4)=0,9, To
Jenb BJIyT{I/I].S y MiIlleHb, B.— IPYyruii cTpijiersb P(A)zl—P(A)zl—O,QzO,l. sxmo P(B)=O,8,
BJAYYUB y Mimienb, C — wMimmens yayuena. Ilo-

ro P(B)=1-P(B)=1-0,8=0,2.

VYpaxoByloum, 10 MillleHb He Oynae BJIy4YeHA
TONi ¥ TiJIBKM TOHi, KOJU B Hel He momaze Hi
OepHmuil cTpijelnpb, Hi APYyruii, oJep:KyEMO, IO

mii A i B HesalexxHi, ajge 0e3mocepemHbo
BUKOPMCTOBYBATH B JAaHOMY BUHALKY MHOMKEH-
HA WMOBipHOCTEH He MOKHAa, OCKiIbKM mogisa C
BimOyBaeTbcsA He TIiJIBKM TOMi, KOJU o00HIBa
CTPiNBIl BAYYNIN Yy MillleHb, aje M TOMi, KOJu C=AB. Toxi

B MIIII€Hb BJIYUMB XO4Ua 0 OOUH 13 HUX. P(E)ZP(A)P(E)ZO,I0,2:0,02.

MipkyBatumemo inakime. Posriasamemo momii A,
B, C, nporune:xHi Bigmosiguo moxiam A, B, C. Ockinpkn mopii C i C mporuiexHi, TO

Ockinbku moxii A i B Hesayexui, To momil A P(C)=1—P(6)=1—0,02:0,98. 4

3ayBaxkeHHAa. MipKyBaHHs, HaBeJleHi B XOAi po3B’sA3yBaHHA 3amavi 2,
MO)KHa ysaranbHuTH. SIKio moxii A,, A,, ..., A, HesalexXHi, To II0-

mii Z, A_z, ey Z TaKkoK HeszajmexHi (i P(/_li)zl—P(Ai), ne i=1, 2,
3, ..., n). [ljna sHaxomKeHHa NMOBipHOCTI mosBM xoua O oxHiel 3 Hesa-
JeKHUX oAl A;, A,, ..., A,, 70010 toxii C=A;+A,+...+A,, MOKHa
3HAUTU HMOBIPHICTH ITPOTUJIEIKHOI IOl C. Ilopia C BimOymeThcs TOIi
I TiIBKY TOA1, KONU He BiOyAeThbcA Hi mofia A, Hi mozia A,, ..., Hi no-
mis A,, To6ro C=A A, ... A,.

Toni P(C)=P(AA,...A,)=P(A,)P(4,)...P(4,)=

=(1-P(4,))(1-P(4y))...(1-P(4,)).

YpaxoByiouun, 1110 r(C)= 1—P(C ) , OIEPIKYEMO, IIT0 UMOBIPHICMb NOS-
6u xoua 0 00ni€l 3 He3aneH HuX nodill Ay, Ay, ..., A, MOKHAa 00UUCIUTU

sa gopmymon0 P(Ay+Ay+..+A,)=(1-P(4))(1-P(4y))...(1-P(4,)).

3po3yMmiso, HaBemeHy (opMyJy HeoOOB’SIBKOBO 3amaM’ sSiTOBYBAaTH,
IOCTATHBLO IIiJ UYac pPo3B’sA3yBaHHS 3aJau Ha 3HAXOMKEHHSA MMOBipHOCTI
mosABU xoua 0 ofHiel 3 HesaJeKHUX IIO/Iil ITPOBECTH BUINEBUKJIAAEHI Mip-
KyBaHHJ.

1. TlodAcHiTBH, Yy AKOMY BHUIAJKYy IOXis B HasWBaeTbCA He3aJEKHOIO Bin

3anumaHHg i A,

2. CdopmyTioiiTe 0O3HAUEHHA He3aJIEKHOCTI ABOX moziit. Kopucryounch
UM O3HAYEHHSAM, HOBEIiTH, II[0 B €KCIEPUMEHTI 3 BUTATAHHA KapT
3 xKoaonu (36 KapT) HeszaJmeKHUMHU € mofii: A — BuTanu gamy, B —
BUTATJIN OyOHOBY Kapry.
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3*. Bimomo, mo moxmii A i B Hesane:xHi. OBIDYHTYIiTe He3aIeKHICTH
noxmin Ai B, A iB, A i B.

4. TloscHiTb, K PO3YMiIOTh He3daeXHicTh (TOOTO HeszaleKHICTD y Cy-
KynHOCcTi) Tprox moxinn K, M, N.

5. Bamumirts dopmyny AaS 3HaAXOIKeHHS IIMOBipHOCTI HOOYTKY me-
KiTbKOX HesaJsesKHUX moniii. HaBemiTs mpukian il BUKOPUCTAHHA.

Bnpagu 12.5.1°. VmosipuicTs TOro, mio crpijers OpU OLHOMY IOCTDPLIi BIYIUTH
y migb, gopiBaiOEe 0,8. Crpizens 3pobuB ABa mocTpiau. SHAKIITH
iMoBipHicTe TOrO, IO mpM 000X MOCTPiIax CTpilenb yIyduB

y IiJIb.

12.5.2°. OpgmouacHO HMiJKUHYJIH MOHETY # rpaldbHUH Ky6uK. S3HAHIITH iMo-
BipHicTh OZHOUYACHOTO BUIIAJAHHS «repba» Ha mMoHeri i 1 ouxa Ha
KyOuKy.

12.5.3°. B opmiit maprii emexTponammouok 3 % OpaKoBaHHX, a B ApPYrii
4 % OpaxkoBauux. HaBmMaHHsA 6epyTh MO OAHII JIaMIIOUIli 3 KOMKHOL
naprtii. 3HaWmiTE iMOBipHICTE TOTO, IO OOMABI JIAMIIOUKUW BUSIB-
JAThCA OpakOBaHUMU.

12.5.4. Iligkuparors aBa rpaibHi Kyomku. SHaiimziTe imoBipmicTs TOrO,
[0 HAa OJHOMY KyOMKY Bumaze 1 o4Ko, a HA APyromMy — G6iJbIme
3 OUOK.

12.5.5. Tpu crpinbni, A1 AKX iMOBIpHICTH BJIyUYeHHSA B MillleHb JOPiB-
Hioe 0,8, 0,75, 0,7, poOJIATh IO OJHOMY IIOCTPiJy IIO OAHilT Mille-
Hi. 3HAWAITH iMOBipHiCTH TOTO, III0:
1°) yci Tpu cTpinbIi yaydaTh y MillleHb;
2) xoua 6 OAUH 3i CTPiJNBIIiB YyJAYUYUTH Yy MiIlleHb;
3) TiMbKU OAWH 31 CTPIJIBIIB YyJIYYUTH y MiIllIeHb;
4) TiTBbKM ABOE 3i CTPIJBIIB yJaydyaTh y MillleHb.

12.5.6. VmoBipHicTs 3ynMHKK 3a 3MiHY OJHOrO 3 BEpPCTATiB, IO IIPAILIO-
I0Th B Iexy, mopiBHioe 0,15, a apyroro 0,16. 3uaiigiTe iMmoBipHiCTH
TOro, L0 O0MIBA BEpCTATH 3a 3MiHY He 3YIMHSITBHCS.

12.5.7. Ilpunag micTurh gBa HesayleXKkHi eleMeHTH. VIMOBipHiCTH BigMOBH
exemenTiB mopiBumoe 0,05 i 0,08. 3maiigiTs imoBipHicTs, Bigmo-
BU IPUJIALY, AKIIO IJS IIbOTO JOCUTH, II[O0 BiAMOBUB Xoua 0 OOUH
eJIEMEHT.

12.5.8%. VimosipHicTs X0ua 6 OJHOTO BIYYEHHS CTDiIbIEM y MiIlleHb IpH
TPBHOX IocTpisax mopiBHioe 0,875. 3HAWAITE iMOBipHiCTEh BIyUeHHS
OpU OSHOMY HOCTPiJi.

12.5.9%. ¥VmoBipHicTs TOrO, IO IPHM OZHOMY IIOCTPLIL CTpilensb yIy4HMThH
y miygb, mopiBHioe 0,5. CKiJIbKM MOCTPiJIiB MOBUHEH 3POOUTHU CTPi-
Jenb, o6 i3 imoBipHicTio He menie 0,9 yayuuTu B Migb xoua 6
OIUH pas?



178

Po3ain 3. EnemMeHT KOMBIHATOPVIKM, TEOPIi MMOBIPHOCTEN

12.6.MoHATTA BMNagKoBO1 BeIM4YMHU Ta T1 po3noginy.
MatemaTnyHe cnopiBaHHA BUNAAKOBO|T BeNUMYUHU

MoHATTa BUNagKoBOi BeNNYMHU
Ta i1 po3snoainy

Ilix sunadrxosow eseauuunorw B Teopil
HUMOBIpHOCTENl PO3YMiIOTH 3MiHHY BeJIWUYU-
HY, AKa B JTaHOMY BUNAaJKOBOMY €KCIIEpUMEH-
Ti MOoKe HaOyBaTW TUX UM iHINUX YMCJIOBUX
3HaAUeHb i3 IMeBHOI IMoBipHicTIO. Ilo3Ha-
YalTh BUMAJKOBI BEJIWUWHUN BEJUKUMU Jiad-

TuHChKUMU JiTepamu: X, Y, Z, ..., a ix 3Ha-
YeHHA — BIANOBiZHMMM MaJUMU JiTepaMu:
X, Y, 2, ... . Toll paKT, 110 BUNIaJKOBA BeJIU-
X 2 3 4 5 6

1 5

p —_— [ES— [ES— J— —_—
36 18 12 9 36

3a IomoMororw Iiel TabJsumi Jerxko mooda-
YUTU, SAKUX 3HaUeHb BeauumHa X HalOyBae
3 OTHAKOBUMU MMOBipHOCTAMMU, AKe 3HAUEHHS
BesuunHu X 3 ABJAETHCA 3 0iJbIITIOI0 HMOBIip-
HicTio ToImo. Taky TaG/auIll0 HA3WBAIOTL Mmda-
ouyero po3noldiny 3HaveHb 8UNA0KO080L 8eJu-
YUHU 3a IX iMOBIipHOCMAMU T KAXKYTh, M0 IIA
TabJINIA 3a7ja€ 3aKOH PO3no0disy POSTIAHYTOI
8unadKko80l 8eJUYUHU.

HaBenemo o3HaueHHA POSTIAHYTUX IIO-
HATh. 3a3HAYNMO, II[0 BUIMIALKOBY BEJIUUYNHY
MOJKHa 3aJaTu B OyIb-sIKOMY BUIIQJIKOBOMY
eKcnepuMeHTi. [[JId IIbOTO JOCTAaTHBO KOMKHIM
eJlIeMeHTapHi# momii 3 mpocTopy ejeMeHTap-
HUX IOAill eKCIIePUMEHTY IOCTaBUTH Y BinIo-
BiHiCTB AKech 4ymco (TOAi KalKyTh, 1[0 3a/1a-
HO YHCJIOBY (DYHKIIiI0, 00JIACTIO BU3HAUEHHS
SAKOI € IPOCTip eJleMeHTapHUX IOiit).

O3HavyeHHA. Bunadkoéow 6enuvunHol0 Ha-

3UBA€ETHCA UYNCJIOBA (PYHKI[isI, 00JIACTIO BU-

3HAYEHHA KOl € IPOCTip eJeMeHTapHHX
TMOiM.

Hampurnaazn, B eKcIIepuMeHTi 3 migKugaH-

HA MOHETU IPOCTip eJJeMeHTapPHUX MOIili CKJIa-

*

ypHa X HaOyJia 3HAUEeHHS X, 3alIACYIOTh TaK:
X =x. Hanpuraazn, y u. 12.1 6yso sHaiigeHo
MMOBIpHOCTI ITOSABU Ti€l UM iHIIIOI CyMH OYOK
Opy KUAAHHI IBOX rpajbHuUX Kyoukis. Cyma

OUOK, IO 3’ABJSAETBCA, — BUNAOK08A 8elu-
yuna. Ilozmaunmo ii uepes X. Toxmi x; =2,
X9=3, .., X0=11, x,;,=12 3HAUeHHA

BUMIAAKOBOI BequunmHu X. SHAUEHHs BUMIAI-
KoBOl BesqmmuvHM X Ta BiAIIOBimHI MMOBipHO-

cTi ix moaBu ( Py, Py, --+» Pio» pu)* HaBeJeHi
B TAOJINITi:
7 8 9 10 11 12

5 1 1
6 36 9 12 18 36
JaeTbCa 3 ABOX HOAiN: u; — BHUIaB «Tepb»,
u, — Bunaiuo «uucnao». Ili moxii HecymicHi,

i B pes3ysabTaTi eKCHepUMEHTy OOOB’sI3KOBO
BimOymeThcsa omHa 3 mux moxiii. ITocTtaBuMO
y BigmoBigHicTb mogil u; umucio 1, amogii u, —
yucygo 0 (Tobro paxTuuHO OymeMo BBaKaTH,
1[0 V BUIIQAKY IIOABU «rep0a» BUIIALAE UNC-
g0 1, a y BUIagKy moAaBU «uucja» sumamgae 0).
Toxi omep:xuMO BUIaAKOBY Beauuuny X, AKa
HabyBa€ TiIbKU ABOX 3HaUeHb: x; =1, x,=0
(TobTO X(ul) =x;=1, X(u2) =x5=0). Pos-
MIAHYTY (PYHKI[II0 — BUIAAKOBY BeJIUYN-
Hy X — MOKHa 3aJaTH TAKOK 3a JOIIOMOTOIO
Ta0JInI.

PesynpTar u; — Uy —
€KCIIePUMEHTY | BUIIaB «I'ep0» | BUIAJIO <«UHCJIO»

3uaueHHsa X 1 0

3aKO0H pPO3ImoAiny Iriel
BUIIAAKOBOI BeJIMUYMHU 3a- X
IAEThCA TabINIIeIO:

[ R
(N

Taxkum YMHOM, Yepes p; MO3HAYEHO WMOBIPHICTb OAil « BUNIafKOoBa BeTnunHa X HaOyJsia 3HaYeHHs X, » .

Ile mosxma sanucaru Tak: P(X =x;)=p; (ne i=1, 2, ..., 11).
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3a3HaumMo, IO 3aKOH PO3IMOMiTy KOKHOI
BUIIAAKOBOI BEJIMUNHU BCTAHOBJIIOE BiJIIOBiz-
HiCTh Mi’K 3HAUEeHHAMHN BUOAJTKOBOI BeJNUN-
HU Ta iX iMoBipHOCTSAMM, TOOTO € (PpyHKIIi€O,
00J1aCTIO BUBHAUEHHS SIKOI € BCi 3HAUEHHSA BU-
HagKOBOl BeJIMUYUHIU.

OsHauveHHA. J3axonom po3nodiny eunad-
k0601 éenruvunu X HA3UBAETHCA (PYHKILiA,
SIKa KOKHOMY 3HAYE€HHIO X BHIIQJIKOBOI Be-
auunHn X CTaBUTH y BiAMOBIAHICTH UMCJIO
P(X=x) (imoBipHicTh moOmil «BUIIATKOBA
BeanunHa X HaOyja 3HAUEHHST X » ).

V¥V saraJibHOMY BUIIQAKY 3aKOH PO3IIOLLIY
BUIMAAKOBOI BeJIMUNHH, AKa HaOyBa€ TiIbKHU N
3HAUEHb, MOXKHA 3aIIMCATH Y BUTJISL TaOJIMIi:

x Xy x,
P P Ps Py
Tyr x;, %y, ..., X, — pisHi 3HaYEeHHA

BUIAAKOBOI BeanumHM X, a p;= P(X = xi)
(me i=1, 2, ..., n) — iimoBipHOCTi, 3 AKUMU X
Ha0yBae IIUX 3HAYEHb.

ITomii (szl), (szz), . (szn) mmo-
mapHoO HecyMicHi, i ix cyma € BiporigHo0 mo-
nmiero. Tomy cyma IMOBipHOCTEH ITUX IIOMil 10O-
piBHIOE 1, OoT:Ke,

pi+pg+...+p,=1.

ITro piBHiCTH YACTO BUKOPUCTOBYIOTH AJIA
MepeBipKM IIPAaBUJBHOCTI 3aJaHHA 3aKOHY
posmomiay BUIIAAKOBOI BEIWUYWHU, OCOOJIUBO
B THX BUIIAJKaX, KOJU BiH 3a/a€ThCA HE B pe-
3yJAbTaTi TEOPETUUYHOTO PO3PAXYHKY HMOBip-
HOCTeH MOMAi¥ i3 BUKOPUCTAHHAM KJACUUYHOTO
O3HAUEHHA NMOBIpHOCTi, a B pe3yJbTaTi BU-
KOPUCTAHHA CTATHUCTUYHOTO O3HAUEHHS HMO-
BipHOCTI.

Hanpukaan, B ekcriepuMeHTax i3 migKu-
MaHHA T'yA3WKA 3 BYIIIKOM [IJIsI TPUIITWBAHHSA
magiHHA I'yIsuKa Ha BYIIKO YW HA JUILOBY
CTOPOHY MOKe OyTU PO3TIAHYTE SK BUIA[-
KOBa BeJMYMHA Y 3 YMOBHUMU 3HAUEHHAMU
y,; =1 (mazinea Ha BymIKO) i y, =0 (maginHa
Ha JINIILOBY CTOPOHY). PeayibraTu cepii ekc-
TIEPUMEHTIB I NEesKOro T'yA3WMKa HaBeneHi

*

HeTaJIBHiIlIe BKas3aHa CyMa 3allUCy€TBCA TaK

B Ta0JINIIi, IKA 3aa€ 3aKOH PO3IIOIiIy BHAIIAI-
KOBOI BeJIMUNHIU.

Y 1 0
0,55

(nepesipra: 0,45+0,55=1)
P 0,45

r

3ayBaxkeHHA. ¥ ToMy BUIIaAKY, KOJU ITOBO-
IUTHCS 3HAXOOUTHU CYMY BCiX 3HAUEHb Je-
AKOI BeJWUYNHU, MOYKHA BUKOPHCTOBYBa-
™ yBegenuti JI. Eitnepom 3max Y, (curma,
YUTAIOTh: «CyMa») [Jis MO3HAUEHHS CYMMU.
Hanpuknazn, aximo iMoBipHicTs P HaOyBae
sHaueHHda P, B, ..., P,, To:

P +Py+..+P,=Y P".

BukopucToByoun no3HaueHHA Z, epe-
BipKY IPaBUJILHOCTI CKJIaJJaHHA OCTaHHBOI Ta-
OauIli MOXKHA 3aIIMCATU TaK:

) P=0,45+0,55=1.

PosragayTi B IbOMYy HOYHKTI BHUIIQIKO-
Bi BeimumHu HAOyBaIMd i301b0BAHUX OOHE Bif
ONHOTO 3HaueHb. Taki BeIMUYWHM HA3UBAIOTH
JuckpemHuMu, a PO3MOALN iMOBipHOCTEH Ta-
KOl BequMuUuHU — OUCKPEemMHUM pPO3nodinom
imosiprocmeil.

IOnckpeTHun — Big natuH. discretus — pos-
OiNbHWI, NepepnBYaCTUN.

SKmIo BunmagkoBa BeJIMUYNHA MOXKe HaOy-
BaTH’ OyAb-AKOIr0 3HAUEHHS 3 JeSIKOI'0 IIPOMisK-
Ky, TO TaKy BeJUUYNHY Ha3WUBAIOTL Henepeps-
now. Hanpukiaaz, yac T uekaHHs aBToOyca Ha
3YIIUHIL € HelepPepPBHOI BUIIALKOBOIO BeJIU-
YWHOIO.

MaTemaTunyHe cnopiBaHHSA
BUNAAKOBO| BeNUYUNHU

ChopmyIr0e MO O3HAUEHHS I[OT'0 IIOHATTS
IJIS IUCKPETHOI BUIIAAKOBOI BeIMUNHU.
Hexaii BunmagkoBa BesqnumHa X HaOyBae
3Ha4eHb X;, Xy, ..., X; BLAIOBiZHO 70 IiMO-
BipHOCTE!l P, Pg, ..., D,, TOOTO Mae 3aKOH
posmoziny:
k

‘P +Py+..+P,=YP-

i=1
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X X Xy x

P P P2 Dy,

O3HayeHHA. Cyma moOyTKiB ycix 3HaueHb
BUIIATKOBOI BeJIUWYMHHN Ha BigmoBigHi iimMo-
BipHOCTI Ha3WMBaETBCA MAMEMAMULHUM
cnodieannam eenuwunu X (i MO3HAYAETH-
ca MX a6o M (X)):

MX =x,p; +x9py +...+ X, Dy, (D)

SRIT0 3HaUEeHHA BUIIAAKOBOI BeInUnHU X
MaTh OIHY ¥ Ty caMy MMOBipHIiCTH p, TO, Bpa-
XOBYIOUH, IO p; + Py +...+ p, =1, oflepsxyemo

1
kp=11i pzz. Toni

MX=x1p+x2p+...+xkp=p(x1+x2+...+xk)=

X Xyt X,
=
TOOTO B I[bOMY BUHAAKy MaTeMaTUUYHE CIIOMIi-
BaHHSA BUIIAAKOBOI BeauuuHu X AOPiBHIOE ce-
pesHbOMY apu()METHUYHOMY BCixX il 3HaUYeHB.
ToBopsaTh, 10 MamemamuuHne cnodieam-
HA 8UnadKo060i 8eJUYUHU € cepedHiM 38adice-
HuMm (3a UmogipHocmamU ) IT 3HAYEHb.
MaremaTuuHe coAiBaHHS HA3UBAIOThH IIe
cepeOHim 3HAYEeHHAM 6UNAOKOBOL BCAUUUHU.
IHOAI TAKOXK TOBOPATH, IO MATEMATUYHE CIIO-
NiBaHHSA BUIIAAKOBOI BEeJWUYUHU € 11 3HAUECH-
HAM Y cepeOHboMY.

Mpukrad 1

Mamemamuyne cnodi6aHHs NOKA3YE,
Ha saKe cepeOHE 3HAUEHHSA 8UNAOKOB0L 8esu-
wunu X moxcuna cnodisamuca 6 pe3yivbmami
mpueaJsol cepii excnepumenmia (Ipu 3HAUHIN
KiJIBKOCTiI IOBTOPEHb eKCIepPUMEHTyY). 3a [I0-
IIOMOT'0I0 MaTEMAaTHUYHOTO CIIOAiBaHHS MOJKHA
HOPiBHIOBATY BUIIAAKOBI BeIMUYNHU, AKi 3a1a-
Hi 3aKOHAMU PO3IIOALIY.

Hanpuraazn, Hexall KiJBKOCTiI OUOK, IO
BUOMBAIOTHCA MPU OZHOMY HOCTPiJi KOKHUM
i3 IBOX BIPaBHUX CTPiJbIIiB, MalOTh TaKi 3a-
KOHU PO3IIOALIY:

X1 8 9 10 Y' 8 9 10

P 04'0,1'0,5 P 0,11'0,6 0,3

II106 3’sAcyBaTu, AKUI 3i CTPiJBIIB CTPi-
Jfg€ Kpaille, 3HaXOAATh MaTeMaTHUYHe CIIOMi-
BaHHA IJIA KOKHOI BUIIaLKOBOI BeJIMUTHI

MX=8-0,4+9-0,1+10-0,5=9,1;
MY =8-0,1+9-0,6+10-0,3=9,2.

OT:xe, cepeqHsa KiJIBKIiCTh OUOK, SIKi BU-
OuBa€ APYTHUil CTPijelnb IPU OJHOMY HOCTPiJi,
Jlello BUINA, HixK y mepioro. Ile nae migcraBy
3po0UTU BUCHOBOK, III0 APYT'UH CTPijenb cTpi-
JIs1€ TPOXM Kpallie, HisK IIepITuii.

ITouATTS MaTeMaTUYHOTO CIIOAiBAHHS BU-
HUKJIO ¥ 3B’ A3KY 3 BUBUEHHAM a3apTHUX irop.
Hasememo mpukaanu.

I'paBenb BHOCUTH y 6auk rpaabHoro gomy 1000 rpa. KugaroTs rpaib-
HUM KyOuK. 3a IIpaBUJIaMU I'paBellb Moike ogep:katu 1800 rpH, AK-

mo BigOymeTbea moxia A, — Bumnaje 6 ouok; 1200 rpH, AKIIO BiA-
Oymerbca mopia A, — Bumage abo 4, abo 5 ouok; 0 rpuBeHb, AKIIO
BinOyzeTsca moxmis A; — Bumajge abo 1, abo 2, abo 3 ouku.

Poss’azanuga

BBaskatumemo, 110 rpaBenb oxep:kye X rpu-
BeHb, ToOTO X — BHIIQAKOBA BeJUUYMNHA, AKa
Mosxe HabyBatu 3HaueHHA x;=1800, x,=1200,
x5 =0 BignosizHO N0 IiMOBipHOCTEH

2 1

1
p1=p(A1)=g, p2=p(Az)=g=§’

3 1
Ps:P(A3)=g=§’ ne py+py+py=1.

MatemaTuuHe cnofiBaHHSA BUIIQJIKOBOI BeJINYU-
Hu X [OPiBHIOE:

MX =1800-~+1200- 1 +0-L =700.
6 3

MaTtemaTiuHe CHOAiBaHHA — OYsKe BaKJIUBUIL
MOKAa3HUK rpu. UHCIeHHI JOCIigu MOKa3yoTh,
mo uncao MX =700 y mamomy BUIagKy —
e Ta cymMa, SKy B CepPeqHbOMY TPAJbHUI IiM
BUILIAYYE KOXKHOMY rpasifio. AJjie Iie o3Hauae,
[0 KOKEH TIpaBellb y CepegHbOMY BTpadae
300 rpH i3 BHeceHHX y OaHK IpajJbHOTO OOMY
1000 rpa. <
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I'paBens Buitmae 3 Kosgomu (y 36 xaprt) omHy KapTry. Bim omep:kye

”P“KAaa 2 (tro6To BuTrpae) 10 rpH, AKII0 BUiiMe OyOHOBOTO Ty3a, 5 T'PH, AKIIO
BuiiMe OYOHOBOTO KOpPOJsdA, i KJjame Ha ctim 1 rpH (TOO6TO mporpae,
ajle MO)KHA CKasaTH, I[0 BUIpae —1 I'pH) y peInTi BUNAAKIiB.

Po3B’a3annsa
Bpa:xarumemo, 1110 TpaBels ofep:Kye X rpu- MaremaTuHe CHOIiBaHHSA BUNAJKOBOI BEJIMUN-
BeHb, ge X — BUIIQJKOBA BeJIMUYMHA, AKa MOJKe Hu X OOpiBHIOE:
H'216YBa'TI/I 3HallueHH§{‘ x; =1(3, X9=9, x3=-1 MX=10~L+5-L+(—1)-£=—E.
BLAIIOBIAHO O MMOBIpHOCTEN 36 36 36 36
1 1 34 Ile osnauae, 1110 KOKEH I'DaBellb y CEPEIHHOMY
= =—, =—, Ze + Do+ pa=1. 19
P17 P27 g5 P37 g ¢ P P27 Ps wrpasac - rpu.
2 3adava Ilackans. [IBa rpaBiii A i B moroamaucs, 1o B IxXHi# rpi
np UKAad 3 BCIO CTaBKYy OTPHMAaE€ TOIi, XTO MHEPIIUM BUTPAE D MapTiii.

Ane rpa mepepBajnacd, Koyiu rpaBenb A maB 4 Burpamri, a rpa-
Bellb B — 3 Burpaimi. ¥ sSAKOMY BigHOIIIeHHI rpaBlli IIOBUMHHI poO3mi-
JIUTU CTAaBKY B I[ii mepepBaHiii rpi? (Y KoKHiit maprii Burpae ogux
3 T'paBIiB — HiIUMiX HeMae; BBAXKAETLCHA, III0 MMOBIpHIiCTh BUTpPAIITY
KOJKHOTO I'paBIA B OXHIiN maprii mopiBuioe 0,5.)

Po3B’a3zaHHsa

Posrianemo, AKi BUmagKu Morau 6 BigOyTu-
cd, AKOM rpasii sirpanum e aBi maprii (mesa-
JIeKHO BiJ IX IIOYATKOBOI JOMOBJIEHOCTI):

2

HI1CTIO Z i smauvenmma 0 3 1IMOB1PHICTIO

NI

a rpaBenb B omep:xaB 6u Xp rpH, ne Xz —

1) rpasens B Burpae o6uzsi maprii; BUIIAJKOBA BeJMYMHA, fAKa Ha0yBac 3HaUYeH-

2) rpaBenib B BUTrpae IepIily IapTiio, aje IIpo-

. N 1 . . .

rpae Apyry; HA m 3 iMOBipHicTIO Z i smauenna 0 3 iMmoBip-
3) rpaBenb B Imporpae IepIiry mapTiio, ajie Bu- HicTio i

rpae Apyry; 4’
4) rpaBens B mporpae o0uAaBi maprii. 3HalgeM0 MaTeMaTUUYHe CHOLiBaHHS BeJUUYNH
3a TMOYaTKOBOIO YI'oJ0I0 BCIO I'Py BUTPAE IIep- X, i Xp, TobTO 3HAlIEMO, CKiTBKE B cepej-
IIUH IpaBelb V¥ TPhOX i3 IMUX YOTUPHOX BUMAL- HBOMY OJlepsKaB OM KOYKEH I'paBellb:
KiB, apyruit — nuire B ogHomy. OTike, iMOBip- _ 3 1 3
HicTh moxii A (rpaBemb A BUTpPaB ycio I'Py) HO- M(XA)_m _+O'Z_Zm’

3
iBHIOE —, a BMoBipHicTs moxii B (rpaBens B _ 1 3 _1

p 1 p 111 (rpasern M(XB)_m.ZJrO.Z_Zm
BUTPaB YCIO IPY) AOPiBHIOE —-. Or:xe, B cepelHBOMY T'paBIli po3gisuam 6 cTaB-
fAxio craBka mopiBHIOE m TpH, TO I'paBenb A Ky v Bigmomenui 3:1, Tomy craBrky Tpeba pos-
omep:xkaB 6u X, rpH, e X, — BHUIaJKOBa ginutm y  BigHommeHHi M(XA):M(XB),

BeJIUUYMHA, AKa HaOyBae 3HAUEHHS m 3 iMOBIip- To6TO 3:1. <

1. a) ITosacHiTh, 0 Take BUIAJKOBA BeJWUYWHA [AJIA JAHOTO BUIATKOBO-
ro exkcuepumenty. HaseniTs mpuxaagu.
0*) Copmy.iroiiTe O3HAUEHHA BUIALKOBOI BeanunHu. KopucTyounch
O3HAUYEHHAM, 3aJaiiTe IKYCh BUIIAJAKOBY BEJUUYNHY IJs eKCIIepPUMEH-
Ty 3 MiAKUAAHHS IBOX MOHET.

3anumaHHg
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Bnpabu

2.

3.

12.6.1°.

12.6.2.

12.6.3.

12.6.4*.

12.6.5.

IloscHiTh, IO Take 3aKOH PO3IOAiLNY BHUIAamKOBOI BeamumHu. Ha-
BeJiTh IPUKJIAIN.

3aKOH pO3MmOJiJy BHUIAAKOBOI BeJWUYMHHN, sKa HaAOyBae TiIbKHU
n 3HAUYeHb, 3aJaHO y BUTJIAAL Ta0auIli. SIK MosKHA mepeBipuTH mpa-
BUJBHICTh 3aIIOBHEHHS PAAKA 3i 3HAUEHHAMU HMOBipHOCTEH Yy IIii
TadImIi?

ChopmyroiiTe 0O3HAUEHHS MaTeMATHYHOTO CIOAiBaHHsA BUIIAJKOBOI
BesmuuHT X.

CkiaamiTe TaOJMHUITI0 PO3MOLiIY 3a HMOBipHOCTAMHU P BHUIIaZKOBOL
BeqMunHU X — UYHCJA OUOK, AKe BUIAJa€ IIPU MiTKUTaHHI Ipajb-
HOT'O KyOuKa.

€ 3 rpasbHUX KyOMKW, Ha IrpaHAX SKWUX IIO3HAUEHI TiJIbKU OX-
He abo OBa OUKM: y KyOmKa A oJHe OUYKO 3yCTpiuaeThCs Ha rpa-
HAX OOUWH pas3, y Kyouka B — 2 pasu, a B xyouka C — 3 pasu
(puc. 12.6.1). Bunagkosi Beauuusu X, Y i Z — YHCJIO OYOK, IO
BUIAJIO BiAIOBiZHO Ha KOKHOMY 3 KybukiB A, B i C. 3agaiiTe 3a-
KOHHU POSIOAiIYy BUIIAAKOBUX BeamumH X, Y i Z 3a J0OIIOMOTOIO
BiZIIOBiZHUX TaOJIUIb.

Al " B| « |° cl |
Puc. 12.6.7

IlinxkugatoTs ABi MoHeTu. PesynbTaTy «rep0» IPUOUIIIEMO YMOBHE
yncyoBe 3HaueHHa 0, a pesyiabrary «umciao» — 1. CkaamiTe Ta-
OJIMITIO POSIIONLNIY 3a MMOBipHOCTAMU P 3HAaUeHb BUIIAAKOBOI BeJu-
ypHu X — CYMH YHCeJI, II[0 BUIIAJX Ha MOHEeTax.

Tpuui kupaioTs MOHeTy. BumagkoBa BesmumHa X — YWCJIO BUNA-
IaHb «repba». 3amaiiTe 3aKOH PO3IOAINY BUNAJKOBOI BeJUUYUHU X
3a OOIIOMOTOIO0 TAOJIMILi.

Hexaii 3ax0H po3momiay BUITaJKOBOI BestnunHY X 3aJJaHO TaOJIUIIEIO:

X215 1617 X 4 5 8 10 '+ 12
1) 2)
P 10,3'0,110,2'0,4 P 10401005095 0,4

3HalAiTF MaTeMaTHUUYHe CIONiBaHHSA Iliel BeJIMUYNHU.
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12.6.6.

12.6.7.

12.6.8.

12.6.9.

12.6.10.

12.6.11*.

12.6.12.

12.6.13%.

IlizkumaroTs rpadbHuil KyOUK. SHANIITL MaTeMaTUYHe CIOLiBAHHA
BUNAAKOBOI BequunuHn X — UHCIa OUOK, IO BUIIAIM Ha KyOUKY.

Burpamti (y rpuBHAX), AKiI mIpuUIagaloTh Ha OAWH O0ijeT y KOMKHINA
3 IBOX JIOTEpPell, MaloTh TaKi 3aKOHU PO3IOAiIY:

X 011 5 110 X 011 5 110
1) 2)
P 10,9 10,06 0,03 0,01 P 10,8510,1210,0210,01

Axiit i3 nmux Jgorepeit Bu Bigmanau 6 mepeBary?

HasuBatTuMeMo Ipy CIpaBeIJIMBOIO, AKINO B CEPeIHLOMY Oyae OX-
HAKOBUM YIKCJIO OYOK ab0 Ipolleil, AKi omep)Kye KOKeH I'paBellb.
Busnaure, uu € crpaBeIMBOIO I'pa, olucaHa B 3aBHaHuHaAx 12.6.8—
12.6.11.

Ilinkugators aBi Mmomeru. I'paBellb A omep:Kye 3 OUKM, AKIIO BU-
magamTh ABa «repbu», 0 ouoK — B iHINMMX Bumagkax. I'paBemb B
OJlep:Ky€e 2 OUKHU, SKIMO BUOALAIOTh «Trepd» i «umcao», 0 ouox —
B iHIINX BUOagKax.

Ilinkumarors aBi MmoHeTu. I'paBenb A omep:Kye 2 OYKHU, AKIIO BU-
majzaioTh ABa «umcia», 0 ouoxk — B iHIIMX BuUmagkax. I'paBemns B
omep:kye 1 OUKO, AKIIO BUOAZAIOTH «IepO» i «umcio», 0 ouox —
B iHIMIMX BUOagKax.

Ilinkugarors aBi rpanbHi KicTku. I'paBems A omep:kye 6 OUOK,

AKIO BHUIIaZAE cyMma, He Oinbmia 7 ouox, 0 o4oK — B iHIIHX BU-
nagkax. I'paBeinb B omep:Kye 7 OUOK, AKIIIO BUIIaJAae cyMa, OiabIma
7 0ouoK, 0 OUOK — B iHIINX BHUIAAKAaX.

Ilinxkugarors aBi MoueTru. I'paBenpr A ofepiKye a OUOK, SIKIIO BU-
magamoTh ABa «repbm», 0 0o4oK — B iHImMMX Bumagkax. I'paBemnb B
oJep:Kye b OUOK, AKIIO BUIALAIOTH «Irepb» i «umciao», 0 oUoK —
BiHImMMUX BUIagKax. SHAWIITh BigHOINMEeHHA a:b, Ipum AKOMY I
rpa Oyae clpaBenBOIO.

3adaya Jlyxku Ilavoni (1494 p.). [IBoe rpasBIiiB rpaloTh OO TPHOX
BurpamriB. Ilicia Toro Ak mepmuii rpaBellb BUTPaB JBi maprii,
apyruii — OAHY, Ipa ypBajacd. $IK cHOpaBeAJnBO pPO3ALINTHU
craBky 210 miBpiB (1iBp — cpibHa mMoHera)?

3adava II’epa ®Pepma (1654 p.). Hexait go Burpaimry Bciei rpu
rpaBiio A Opaxkye OBOX IapTiii, a rpaBmio B — Tpnox maprtii. Ak
CIpaBeJJINBO PO3AIJIUTH CTaBKY, AKIIO I'pa mepepBaHa?




NMOHATTA NMPO CTATUCTUKY.
XAPAKTEPUCTUKU PAOIB AAHUX

13.1. MoHATTA Npo ctaTucTUKy. NeHepanbHa CyKynHicTb i BUbipKa

NMOACHEHHA M OBI'PYHTYBAHHA

0 MoHsATTS Npo CTaTUCTUKY

Cmamucmuka — Hayka, Wo susiae, 00-
pobase it ananidye KiavkicHi daHi npo Halii-
PISHOMAHIMHIWI MaAco8l ABUWA 6 JHUMMIL.
ExoHOMiIUHA cTaTuCTMKa BUBYAE 3MiHY IIiH,
MIOITUTY Ta IITPOIIO3UILil HA TOBapHU, IPOTHO3YE
3pPOCTaHHA ¥ HafiHHA BUPOOHUIITBA H CIIOMKI-
BaHHA. MeauuHa CTaTUCTUKA BUBYaE edeK-
TUBHICTHh Pi3HUX JIiKiB i MeToniB JiKyBaHHSI,
NMOBipHiCTh BUHUKHEHHS MEAKOT0 3aXBOPIO-
BaHHSA 3aJIe;KHO Big BiKy, cTaTi, CIagKoOBOCTI,
YMOB JKUTTS, MIKiJIMBUX 3BUYOK, IPOTHO3YE
nomupeHHA emigemii. lemorpadiura craru-
CTHUKA BUBYAE HAPOAKYBaHiCTh, YMCEJBbHICTD
HaceJIeHHS, Ooro cKJaj (BikoBuUil, HAI[IOHAJIb-
HUH, mpodeciinuii). A € e cratuctuka @i-
HAHCOBAa, MOJAaTKOBAa, 0ioJIOTiUuHA, METeopPOoJIo-
riuma...

CraTuctuka — Big NaTuH.
status — CTaH.

CratTucTuka Mae 0araToBiKOBY icTopiro.
V:xe B cTapolaBHHOMY CBiTi BeJIW CTATUCTUY-
Huil 00JiK HacesenHsa. OgHax OOBLIbHI TJy-
MaueHHS CTAaTHUCTUYHUX TaHUX, BiICYTHiCTH
cTporoi HayKoBOi 06asu CTATUCTUUYHUX IIPO-
rHO3iB HaBiTH y cepenuui XIX crt. mie He mO-
3BOJIAJIYM TOBOPUTHU IIPO CTATHUCTUKY SIK HaAy-
Ky. Timpxku B XX cT. 3’ABHIaCS MaTeMaTHYHA
CTATHCTHUKA — HayKa, AKa CIHPAEThCsA Ha 3a-
KOHU Teopil iMoBipHOCTeli. BusBuiocs, 1o
CTATHUCTHUYHI MeTOoAu OOpPOOKM JaHUX i3 Haii-
pisHOMAaHITHIIMUX Tajgyseil KUTTA MaoTh 6a-
raTo cuijbHOro. Ile M03BOJIMJIO CTBOPUTHU YHi-
BepcasbHi HAYKOBO OOTDPYHTOBaHI MeTomuU
CTATUCTUYHUX TOCJiIKeHb 1 ImepeBipKu cra-
TUCTUUYHUX Trimoresd. OTiKe, Mmamemamuy-

Ha cmamucmuka — 1ie PO3aiJ MaTeMaTHKH,
AKWHA BUBYAE€ MATEMATHYHI MeTOOU 00pPOOKU
M BUKOPHCTAHHA CTATHCTHUYHMX NAHUX [JIA
HAYKOBHX i MPAKTHYHNX BUCHOBKIB.

Y maremMaTHWUHI# CTATHUCTUIL POITJALA-
IOTh METOAU, AKi MaioTh MOJKJUBICTH 3a pe-
3yJabTaTaMU €KCIIEPUMEHTIB (CTATUCTUYHUMU
TaHUMU) POOUTH TEeBHI BUCHOBKM MMOBipHic-
HOT'0 XapaKTepy.

MaremaTuuHa CcTaTHCTHUKA OIINTHCS HAa
IBi IMIPOKi rarysi:

1) onucosa cmamucmukxa, SKa PO3TJd-
lae METOAM OIIMCY CTAaTUCTUYHUX MaHUX, IX
TabsuuHe i rpadiuHe TOJaHHSA TOIIO;

2) ananimuuna cmamucmukxa (Teopis
CTATHUCTUYHUX BUCHOBKIB), AKa PO3TJIsamae 00-
POOKY JaHUX, OfEP:KAHUX Y XO/Ii eKCIIepUMeH-
Ty, i (hopMyIIOBAaHHA BUCHOBKIB, IO MAalOTh
OpUKJagHe 3HAUSHHS AJISI KOHKPeTHOI rajxysi
JaachKol pisnpHOCTi. Teopia craTucTryHMX
BUCHOBKIB TiCHO ITOB’sI3aHa 3 TeOpPi€r0 HMOBip-
HocTel i 6asyeThcs Ha il MaTeMaTUYHOMY alla-
pari.

Cepes OCHOBHUX 3a/Ia4 MaTeMaTUYHOI CTa-
TUCTUKY MOJKHA 3a3HAYUTHU TaKi.

1. Ouinka imosipnocmi. Hexali neara
BUIIQJKOBA MMOAiA Mae UMOBipHicTs p >0, ane
i1 3HaueHHsa HaM HeBigome. HeobxinHo ominm-
TU IJ0 AMOBipHICTH 3a pe3yjabTaTaMU eKCIIe-
PUMEHTiB, TOOTO PO3B’A3aTU 3a4aYy PO OI[iH-
Ky IMOBipHOCTI uepes 4acToTy.

2. Ouinka 3axony po3nodiny. ocaimxy-
€ThCA MesKa BUIIAJKOBAa BeJWUYMHA, TOUHUMN
BUpAa3 AJId 3aKOHY PO3IOALIYy AKOI HaM HeBi-
momwuii. IToTpiOHO Ba pesysibTaTaMu eKCIIEPU-
MEHTiB 3HANTH HAOJMIKEHUHN BUPas3 A PYHK-
mii, 1110 3a/1a€ 3aKOH PO3MOAiTY.

3. Ouyinka Huca08UX XAPAKMEPUCTUK
sunadxkosoi gequyuHu (HAIIpUKJIAL, MaTeMa-
TUYHOTO CIIOAiBaHHSA — AUB. 1. 12.6).
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4. Ilepesipka cmamucmuyHux zinomes
(mpunymiens). [HocaimKyeTbea AedKa BUIa-
KOBa BeJWUMHA. BUXOASYM 3 MEeBHUX MipKy-
BaHb, BUCYBAETHCH TilloTe3a, HAaIPUKJIAL, IIPO
posmonia iiei BunaaKoBoi Beauunau. IloTpio-
HO 3a peadyJabTaTaMU eKCIIEPUMEHTIB IPUNHA-
Tu a00 BiAXMJINTH IO TiIIoTe3y.

PesyibraTu mocaimkeHb, 10 MTPOBOAATH-
cA MeToJaM’ MaTeMaTUYHOI CTATUCTUKU, 3a-
CTOCOBYIOTBCS [JIsI MPUNHATTS pillleHb. 30-
KpeMa, MTiJ yac NJaHyBaHHA U opraHisamii

BUPOOHUIITBA, B IIPOIECI KOHTPOJIO SKOCTi
OPOAYKIIii, BMOOPY ONTHUMAaJIbHOIO Yacy Ha-
Jaaku abo 3aMiHU Mitouoi amapartypu (Hampu-
KJaJ, Ipy BU3HAUEHHI Yyacy 3aMiHU OKpPeMUX
YaCTUH BEPCTATiB TOIIO), ITiJ Yac opramisarii
TectyBanHAa SHO.

S i B KOKHiIN HaAyIi, Y CTATHUCTUI[I BU-
KOPHUCTOBYIOTBCS CBOI cHnenudiuni TepMmiHuI
i mouarra. ledaki 3 HuUX HaBeneHO B Tabxa. 21.
3amnam’ATOBYBaTH IIi O3HAUEHHS He 000B’sA3-
KOBO, TOCTAaTHHO PO3YMiTU 3MicCT.

Ta6aumna 21
Yacto .
. 5 . HayxoBuii
B:KMBaHUH 3MmicT Tepminy . O3HaueHHA
. TepPMiH
TepMiH
SaranpHuil ' Te, 3BigKu BuOUpPAIOTH I'enepannHa MHoxxuHa BCiX MOMKJIUBUX pe-
PAm TaHUX CYKYIIHiCTh 3YJIbTATIB CHOCTEPEIKEHHS
(BUMiprOBaHHS)
Bubipka Te, 110 BUOMPAIOTH Cratuctuuna MuosxknHa pesyJabTaTiB, AKi
BHUOipKa, cTa- peayibHO ofep:KaHi B JaHOMY
THCTUYHUI PAN | CIOCTepexkeHHI (BUMipIOBaHHI)
BapiamuTa 3HaueHHsS OTHOTO 3 pe3yJbTa- Bapianra OpnHe 31 3HaUYeHb €JIEMEHTiB
TiB cmocTepe)keHHA (BUMipro- BuUbOipKU
BaHHA)
Pap gamnx ' 3HaueHHA BCiX pesysbTaTiB Bapianiitanii VinopazxkoBaHa MHOMKHHA BCiX

CIOCTEpPEsKeHHA (BUMipIOBaHHA) | PAX BapiaHT

Q FeHepanbHa CyKynHicTb i BMOipka

g BUBYEHHA PIBHUX MAaCOBUX SBUII]
MIPOBOAATHCSA CHeIliaJbHI CTaTHUCTUYHI JOCTi-
IKeHHA. Byab-sgKe cTaTUCTUUYHE OCJIiIMKEeH-
Hs MMOYMHAETHCS 3 I[iJIeCIIPIMOBAHOr0 300py
imgopmallii mpo sBuie ado mpoiliec, IO BU-
BuaeThcA. Llelt eram Ha3WBAIOTh eMaAnoOm cma-
mucmuyHux cnocmepedicensv. J1Jig oTpuMaHHA
CTATUCTUYHUX [OaHUX Yy pPes3yJbTaTi ciocre-
Pe’KeHb CXOXKi eJleMeHTHU AesAKOl CYKYIHOCTI
MOPiBHIOIOTH 3a PiBsHMMUW O3HaKamu. Hampm-
KJgazn, yuHiB 11 KJjaciB Mo:KHa IIOpiBHIOBa-
THU 3a 3POCTOM, PO3MipOM OIATY, YCHIiMTHICTIO
iT. 1. BoaTu MoXKHa IOPiBHIOBATHU 34 JTOBIKU-
HOIO, JiaMeTpoM, Baroio, MaTepiajioM TOIIIO.
IIpakTuuHo OyIb-AKa O03HaAKa abo MoxKe OyTu
OesmocepeHbO BUMipAHA, ab0 MOKe OJlepsKa-
T YMOBHY YMCJIOBY XapaKTEPUCTUKY (AUB.
OpUKJIAM i3 BUMagaHHAM «Tepba» #H «umesaa»

npu migkuganuai moreru B 1. 12.6). OTixe, ge-
AKY O3HAKY eJIeMeHTiB CYKYIIHOCTI MOXKHa
poBrIAgaTH AK BUIIAAKOBY BeJINUYUHY, IO Ha-
OyBae THX UM iHIITUX YKNCJIOBUX 3HAUEHbD.

B mporeci BuUBUeHHA peasibHUX ABUII] Ya-
cTo OyBae HEMOIKJIMBO OOCTEXKUTH BCi eJie-
MEHTHU CYKyIHOcTi. Hampukiaan, mIpakTUUHO
HEeMOJKJIMBO BUSABUTHU PO3Mipu B3YTTS Yy BCix
JIomed IlaHeTu. A mepeBipuTH, HATPUKJIIAIM,
HasABHICTh AapKYyIIiB HeAKIiCHOI pEeHTTreHiB-
CBbKOI ILTiBKM y BeJIMKi# mapTii xoua i peajb-
HO, ajie 0e3rJIy310, TOMY IO IIOBHA IIepeBipKa
npusBene M0 3HUINEHHA Bciel mapTii miaiBKwm.
YV monibHMxX BUIIALKaX 3aMiCTh BUBUEHHS BCiX
€JIEMEHTIB CYKYIIHOCTi, AKY HasWBaIOTh 2eHe-
PasbHOW CYKYnHicmio, 00CTEeKYIOTh 11 3HAUHY
YyacTUHY, OOpaHy BUNAAKOBUM umHOM. I[f0 ua-
CTUHY Ha3WBAIOTh BUOIPKOI0, & UUCJIO eJIEMeH-
TiB y BUOipIii — 06’ emom 6ubipru.
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fAxmoro y Bubipii Bci OCHOBHI O3HAKU Te-
HepaJIbHOI CYKYITHOCTI HPUCYTHiI B Tiil camii
mponopirii i 3 Tiero camMor0 BiTHOCHOIO YACTO-
TOIO, 3 IKOIO JaHA O3HAKa BUCTYIIA€ B 3aJaHii
TeHepaJIbHill CYKYIIHOCTi, TO 1[0 BUOipKy Ha-
3UBAIOThH penpe3eHmamugHor.

PenpeseHTatnBHNn —
Bif dpaHu. représentatif —
npeacTaBHULbKUN.

Iamummu cioBaMu, pernpeseHTaTUBHA BU-
O0ipKa € MEHIIIO0 3a PO3MipOM, ajie TOUHOIO MO-
[IeJLJIIO Tiel reHepaIbHOL CYKYITHOCTI, IKY BOHA
Mae BigoOpaskaTu. ¥ Tii Mipi, y aKiit Bubipka
€ penpe3eHTaTUBHOI0, BUCHOBKHU, II[0 I'PYHTY-
IOThCSA HA BUBUYEHHI 1iel BUOipKu, MOKHA 3 Be-
JINKOI0 YIIE€BHEHICTIO BBA’KATHU 3aCTOCOBHUMU
IO Bciel reHepasbHOI CYKYIIHOCTI.

ITousaTrTs pempeseHTaTUBHOCTI BimiOpamoi
CYKYITHOCTi He 03Hauae, I10 BOHA IIOBHICTIO 3a
BciMa 0O3HaKaMU IIPeICTaBJSAE TeHEPATIBHY CY-
KYIIHiCTBb, OCKiJIBKHY ITe MPaKTUYHO HEMOKJII-
BO 3abesmeunTu. Bigiopana yactuaa mae 6yTu
penpe3eHTaTUBHOIO BiJHOCHO TUX O3HAK, SAKi
BUBYAIOTHCH.

IITo6 Bubipka Oysa penpeseHTaTUBHOIO,
BOHA Mae OyTM BHOKpeMJeHa 3 reHepaJbHOl
CYKYITHOCTi BUIIagKoBuUM unHoM. Haiiuacritme
BUKOPUCTOBYIOTH TaKi BUAU BUOipOK:

Bubipka

BJIacHe-
BUIIaJAKOBA

MexXaHiuHa

THUIIOBa

cepifina

Mpuxaad

i [loknagHille 03HaMOMUTUCS 3 XapakTepucTika-
U MW KOXHOMO By BUBIPOK B MOXETE, 3BEPHYB-
WWCb [0 IHTEPHET-NIATPUMKN MigPYyYHMKaA.

AK y:ke 3asHavasocsd, IMPAKTUYHO OYIb-
sdKa o3HaKa X, gKa BUBUAETHCA, abo 0esmo-
cepelHbO BUMIiPIOETHCS, ab0 MOKe ojepsKa-
TH YUCJIOBY XapaKTepUCTUKy. ToOMy mepBUHHI
eKCIIepUMeHTaJbHi maHi, III0 XapakTepusy-
IOTh BUOKPEMJIEHY BUOipKY, 3a3BUUall mMomaHi
y BUIJIAAL HAOOPY Umces, 3alMCAHUX JOCJiJ-
HUKOM Y IOPAOKY IX HaIXOm:KeHHd. Kinb-
KicTh (n) uncen y mpboMy HabOpi Ha3MBAIOTH
o0’emom 6ubipku, a KiidbKicTb (m) 3’sBJIeHb
BapianTu (omHOTO 31 3HaUeHb e€JIeMEeHTiB BU-
O0ipxu) — uacmomor eapianmu. BigHoreH-

m .

HS — Ha3WBaIOTh BigHocHOI0 uactoToio (W)

n
BapiaHTH.

BukopucroByooun 11i IOHATTS, 3aIUIIIEMO
CIIiBBiIHOIIIEHHSA MijK HUMU B PeIIpe3eHTaTUuB-
Hil BuOipIi.

Hexait S — 00’eM resepayibHOI CyKyII-
HOCTi, n — 06’eM pemnpeseHTaTHBHOI BUOip-
KU, Y AKill k 3HaYeHb JOCJIiI:KYBaHOI O3HAKU
posmofineHo 3a wacroramu M, M,, ..., M,,
e zM =n. Toxi B reHepaJibHill CyKyITHOCTI
gacroram M;, My, ..., M, OyayTs Bignosiza-
TH 9aCTOTHU S1, Sg, ..., S, THX CAMUX 3HAUEHb
O3HAaKMU, IO i1 y BubipIri (Z s=S ) . 3a o3HAUEH-

HAM penpe3eHTATHBHOI BUOIPKU OZepP:KyeEMO
M. S,
il S I/Vl =L
n S

e i — TMOPANKOBUI HOMED 3HAUEHHS O3HAKU

(1<i<k). I3 11bOro cmiBBiZHOIIIEHHSA 3HAXO-
IIMO

s; =SW, (abo sizs%), 1<i<k.O (1)

BsyrTeBuii nex mae Bunmyctutu 1000 map KpociBOK MOJIOAisKHOTO (ha-
cony. [l BUBHAUEHHS TOTO, CKiJIbKU KPOCIiBOK i AKOTO po3mipy mo-

TPiOHO BUIIYCTUTH, OyJIU BUABJEHI po3dMipu B3yTTA y 50 BUIaIKOBUM
YMHOM BHOpaHUX MiAaiTKiB. Posmomis posmipiB B3yTTs 3a yuacToTaMu

HOJAHO B TAOJIMILi:
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Posmip (X) | 36 | 37383940 41 42 | 43| 44

Yacrora (M) 2 . 5 6 12 11,7 4 2 1 X2M=n=50
CKiZIbKK KPOCiBOK pPiB3HOro po3Mipy OyZe BUT'OTOBJIEHO?

Po3B’a3zaHHsa

Bymemo BBasKkaTu POSIIAHYTY BUOIPKY Py IpoIopIiiiHa KiJIBKOCTI KPOCiBOK BiAmoBin-
o0’emom n =50 miATiTKIB penpe3eHTATHBHOIO. HOTO po3Mipy y Bubipii (i AJ1d KOXKHOTO po3Mipy
Toxi B reHepadbHili cykymHOcTi (00’eMoM obuncaweTbesa 3a ¢opmysaono (1)). Pesyabratu
S=1000) kinbKicTh KPOCIBOK KOMKHOI'O PO3Mi- PO3pPaxyHKiB OyZeMo 3amucyBaTh B TaOJIMIIO:

Poswmip (X) 36 37 38 39 40 41 42 43 44
Yacrora (M) 2 5 6 12 11 7 4 2 1 ZM=H=50
Bignocua 1 1 3 6 11 7 2 1 1
w lam = = — YW=l
gacrora (W) 25 10 25 25 1+ 50 50 « 25 1 25 1 50
Rimsriors 40 100 ' 120 ' 240 ' 220 ' 140 © 80 ' 40 ' 20 . (SW)=S=1000
KpociBok (SW)
Bionosidv:
Poswmip 36 37 38 39 40 41 42 43 44

KinpkicTe KpociBok 40 100 120 240 220 140 80 40 20 <

Y ciibCchbKOMY TOCHOAAPCTBi AJIsT BU3HAUEHHS KiJbKiCHOT'O CITiB-
BifHOIIIEHHA BUPOOIB Pi3HOTO COPTY KOPUCTYIOTHCS TaK 3BaHUM 8UOID-
Kosum memodom. CyThb IIOTO METOAY OyAe 3PO3yMiJIO0 3 OIIKCY TAKO-
To Iocainmy.

Y KopoOIli peTesbHO MepeMilllaHuii TOPOX ABOX COPTiB: 3eJIeHUH
i xoBTU#. JIOMKKOIO BUTATAIOTH 13 PiBHUX MicIlb KOPOOKM ITOPILii ropo-
Xy, B KOXKHil IMOPIIil IipaXxoBYyIOTh YUCJO0 »KOBTUX ropommuH M i uuc-
JI0 BCix ropoinuH n. a4 KoMKHOI IopIlii 3HaX0AATh BiTHOCHY YaCTOTY

. M . .
mosABU »KOBTOI roporuau W = —. Tak pobJaTh k pasiB (Ha mpaxkTHUIlL
n

3a3Buuaii 6epyTh 5<k<10) i mmopasy o6UUCIIIOIOTh BiTHOCHY YacTOTY.
3a CTaTUCTUYHY MMOBIpPHICTh BUJIYUEHHS JKOBTOI TOPOIIUHHU 3 KOPOO-
KU OpUNMAaIOTh cepeHe apudMeTHuHe OTPUMAHUX BiTHOCHUX YACTOT
Wi, Wy, o, Wi

W,,, = W1+W2;-...+Wk .

o

1. ITosacHiTh, aki 3aBAaHHA PO3B’A3YIOTH CTATHCTHUKA II MaTeMaTHYHA
CTATUCTUKA.

2. TloacHiTh, AK BM pO3yMieTe TepMiHHU: TreHepaslbHAa CYKYIHiCTb, BU-
Oipka, pemnpesenraruBHa Bubipka. HasegiTs mpuraamgu.

3anumaHHg
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13.1.1. BusnauTe, AKy i3 3aIpOIOHOBAHMX BUOIPOK B OCTAHHBOMY CTOBIIIIL

Bnpabu

TabJIUII MOKHA BBa’sKaTHU PeIpPe3eHTaTHUBHOIO.

T'enepanbpHa
CYKYIIHiCTh

1° Ilapris oxua-
KOBHUX JeTa-
e obcsrom
10000 mrryx

2° VYci exzameHa-
miiai pobotu
30BHIITHLOTO
He3aJIeKHOT0
OI[iHIOBAHHS
3 MaTeMaTuKUu
BUNYCKHUKIB
mIKijg Mmicra

3° Ilapria mTam-
IIOBAHUX JeTa-
Jeit obcArom
100000 mTyx

4 Bimon moJokxa

5  VYpowkait 3ep-
Ha Ha ILJIOIIL
1000 ra

Merta
o0cTe:KeHHa

Busnauenusa uuc-
Ja OpaKoOBaHUX
merayiein y maprii

Busasienusa cmis-

BiIHOMIIEHHA MixK

YUCJIOM Y4YHIB, pi-
BeHb HaBYAJIbHUX
IOCATHEHb i3 Ma-

TeMaTUKN AKUX €
mocTaTHIM, cepef-
HiM i BUCOKUM

Busnauennsa ce-
pPenAHbol mMacu ne-
Tajai B naprii

Busnauennsa xKup-
HOCTi MOJIOKA
(v BimcoTkax)

Busnauenna ypo-
JKalHOCTi 3epHa
Ha I[BOMY TOJIL

—

—

Bubipka

1) 100 gmerameii, AKi JeKaTb

IopAn;

100 meraseii, BubpaHux
BUIIQAKOBUM YMHOM i3
PisHUX YacTHH IHapTii

10 pobiT, y3aTuUX BUIAIKO-
BUM YMHOM i3 YymcJjia BCixX
pobiT;

100 pobitT, ysaTux BUIIAA-
KOBUM YMHOM i3 ymcia
BCix pobiT;

100 pobiT BUIIyCKHUKIB
ONHi€el ITKOJJIM’

2 pmeraii;

100 merasieii, AKi BUIrOTO-
BIJIM OCTAHHIMWU;

50 BUMAAKOBUM UMHOM BU-
OpanHux geraseit i3 mapTii

JloskKa MOJIOKa, sIKa B3ATa
3 IMOBePXHi uepes 2 ropn
micis Hamoro;

CTaKaH MOJIOKa, HAJUTUHA
3 OimoHa micasa 2 rox oxo-
JIOKEeHHs Horo B morpeoi;
JIOJKKa MOJIOKAa, y3saTa Mic-
JI PEeTeJIbHOTO IIepeMimry-
BaHHSA MOJIOKA

Yposkaii 3epHa 3 MiBHIYHO-
0 CXWJIy Iarop6a IJIOIIelo
1 ra;

cepenHE apudmeTruHe
BPOYKAMHOCTi 3epHA 3 ABOX
CYCiTHIX HIIAHOK TJIOIIEIO
1 ra — miBHiuHOrO i cxin-
HOTO CXWJIiB marop0a;
cepenHE apudmMeTruHEe BPO-
sKatimocteidt 3epua 3 10 mi-
JIAHOK, KOYKHA 3 AKUX ILIO-
meo 10 coTox BubGpaHa Ha
moJIi BUIIAJKOBUM UMHOM
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13.1.2. B ypuBKy 3 XYIOXXKHBOTO TBODPY JedAKOro aBTopa obcsarom 600 ciis
JiecJaoBa TPamISaOThCa 72 pasu. BusHauTe OpieHTOBHY KiJBKicTh mie-
caiB B ypuBKy ob6csarom 2000 ciaiB 11p0ro aBTOpA.

13.1.3. Cepexn BunagkoBuM urHOM Bubpanux 100 Moioanx Jiofeil, AKi BIiTKY
HOCATH 0eiicO0IKM, TPOBEJIN OMUTYBAHHSA PO KOJHOPOBi ImepeBaru AJs
IOTO BUAY TOJIOBHUX y00piB. PesynbrTaTy ommTyBaHHA BigoOpaskeHO

B Ta0JIMITi:
Kouip Yopuwuii UepBonwutii | Cuniii | Cipuii | Binuit | fKopTuii | 3esenuit
YacTora 32 20 16 14 11 5 2

BBaskarouu pO3TIAHYTY BHOIPKY PeIpe3eHTATHBHOIO, 3alIPOIIOHYI-
Te peKoMeHmalril mBelHil Gabpuili 3 KiJbKOCTi BUIYCKY 0eiicO0JI0K
KOJKHOTO KOJIBbOPY, AKINo (padpura mae Bumyctutu 30000 Oeiic600K.

13.1.4. Momnoko3aBoj BUITyCKAa€ MOJIOKO PizHOI sKupHOCTi. ¥ IPOAYKTOBUX Ma-
raguHax Micra, IJsA SKUX 3aBOJ BUPOOJsSIEe MOJIOKO, OYJIO IIPOBEAEHO
onmuTyBauHsa 50 HaBMaHHA BUOpPAHUX MHOKYIIIiB HpPO Te, SAKOI JKUP-
HOCTi MOJIOKO BOHU CIIOJKMBAIOTH. Pe3yJbTaTy ONMUTYBaHHS HAaBeAEHO
B Ta0JINIIi:

WKupsicts mosoka (y %) 0 0,5 1 1,5 2,5 3,5 5
YacTora 10 6 4 5 12 7 6

BBaskatoun po3riAHYTY BUOIPKY pernpeseHTAaTUBHOIO, 3aIPOIOHYITE
pexoMeHaIii MoI0K03aBOAY IOAO0 00’€MYy BUNYCKY MOJOKA KOXKHO-
ro BUIY, AKIIO MOJIOKOo3aBonx Mae Bumyckatu 2000 giTpiB Mosioka
III0IeHHO.

S Yyhe

e O((éfr Qaé

Pl (i A 4 Axfggfc:(:' 7‘_&@&
wh=ta, o (4roO=(@+C)C, p = ety
Pualpa); cu=amsa o GRS (K

8|=08 e8) C =0 Y
b

a Xg:(&j@yaz@é)
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13.2. TabnuyHe i rpadiyHe NogaHHA JaHUX.
YncnoBi xapakTepuctukn psgis gaHux

O3zHnaueHHa

Tabauisa 22
IIpukaanx

PaH)XMpyBaHHA paay [aHMUX

Ilig panaxcupyeanuam pady O0aHux PO3yMilOTh
POSTAIIIYBAHHSA €JIEMEHTIB [[bOT0 PALY B IMOPSI-
Ky 3pocTaHHA (MaeThcsi Ha yBasi, 110 KOKHE
HaCTyIHe Yucao abo 6inbIiiie, a60 He MeHIIe I10-
TIepeaHbOTO).

SAxrmo pang manux BubGIpKM Mae BUTJIAL
5,3,7,4,6,4,6,9, 4,

TO TicaA PaHXUPYBaHHS BiH II€PETBOPIOETHCS

HaA AL

3,4,4,4,5,6,6,7,9 (1)

Po3max Bu6Gipku (R)

Posmax 6éubipxu — ue pisHHIE Mik HaGinb-
MMM i HAWMEHIINM 3HAYeHHAMH BeJIN4YNHU
y BHOipIIi.

g pany (1) posamax BuOipKu:
R=9-3=6.

Mopa (Mo)

Moda — uie 3HaueHHA eJleMeHTa BUOIPKH, sgKe
3ycTpivyaeThes yacTimie 3a iHmri.

Y pani (1) sHauenHs 4 3ycTpivaeTbcsa Haiua-
crime, or:ke, Mo=4.

MegiaHa (Me)

Mediana — 1ie Tak 3BaHe cepeNHHE 3HAUYCHHS
BIOPAAKOBAHOTO PAAY 3HaYeHb BHIIAJKOBOI Be-
JIUYUHM:
AKWoO Kiavkicmdv uucen y psadi HenapHa, mo
Mmediana — ue Yucao, 3anucaHe nocepeoumi;
AKWO0 Kinvkicmov wucen y padi napua, mo me-
diana — uye cepedne apupmemuine 060X Hu-
cesl, W0 cmoambv nocepeouni.

Ona pany (1), y akomy 9 uneniB, memiama —
me cepenue (TobTo m’are) umcao — 5: Me=5.
SAKIO POSTIAHYTU PALI

3,3,4,4,4,5,6,6, 7,9,
y axomy 10 wienis, To mMemiaHa — Ie cepemHe
apudMeTHYHe II’ATOTO i IITOCTOro YJIeHiB:

4+5
Me=

=4,5.

CepepgHe 3Ha4eHHA (X) BUGiIpKM

Cepednim 3HaveHHAM 6UbIpKU HA3UBAIOTH ce-
penHe apudMeTHUYHE BCiX YHCeJ PALY TaHUX
BUOipKHU.
JArmo B pAAl ZaHMX 3alMCaHi 3HAYeHHA X,
X9, ..., X, (cepeny AKHX MOMXKYThb OyTH I ofHA-
KOBi), TO

%= X+ Xy ...+, @)

n
SAx1ro Bigomo, 1110 B pAMi JaHUX PisHI 3HaYeHHS
Xy, X9, ..., X, BYyCTpidaloTbCs BiJNOBiZHO 10
4acToT my, My, ..., m, (Toxi 2M=n), TO
cepenie apu(MeTHUHEe MOYKHA OOUMCIIIOBATH 3a
dopmMyJI0I0

X: X my +x2m2 +"'+kak
n

Hexait pang manux saganuii TabJINIlEI0 PO3IIOIi-
Jay 3a yacroramu M:

Y M=n=8.
Tonxi 3a dpopmyJioio (2)
o 2+2+2+4+5+5+7+7 34

X= —=4,25,
8 8
abo 3a APYyTroro (I)OpMy.TIOIO
S 2:3+4-1+5-2+7-2 34
X = 3 2?24,25.
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NMOACHEHHA 1 OBI'PYHTYBAHHA

0 TabnuuHe n rpadiuHe
nogaHHA OaHUX.
MoniroHn 4yacrtoT

fxr yxke 3aszHauasocs, MPaAKTUUYHO OyIb-
AKa o3HaKa X, AKa BUBUAETHCS, abo Oearo-
cepeHbO BUMIipIOETHCA, a00 MOXKe OJepIKaTu
YKUCJIOBY XapaKTepUCTUKY. ToMy mouaTKOBi
eKCIepuMeHTAJbHI JaHi, IIT0 XapaKTepu3yoTh
BUIiJIeHYy BUOIPKY, 3a3BUUali OJaHi y BUTJIAI1
HaOOpYy Uuces, 3alUCAHUX AOCIiJHUKOM Y 1O~
PAIKY IX HaOXOIKeHHs. SIKIo fanux 6araro,
TO ofep:KaHUU HabGip YMcesa BasKKO OCATHY-
TU 1 3POOUTHU TI0 HbOMY SKiCh BUCHOBKHU IyKe
ckjaaguo. Tomy mepBuUHHI maHi MOTPeOYIOTH
00pO0OKU, TKa 3a3BUUAl IOYNHAETHC 3 iX I'py-
nyBaHHA. ['pynyBaHHA BUKOHYETBHCSA Pi3HU-
MU METOJAaMM 3aJIe)KHO BiJl MeTU MOCJTimsKeH-
HA, BULY O3HAKU, I[0 BUBUYAETHCA, 1 KiJTBKOCTI
eKCIIEpUMEeHTAJbHUX AaHux (00’emy BubOip-
Ku). AJle Haliuacrilie rpynyBaHHA 3BOAUTHCS
IO IOJAHHS JaHUX Y BUTJIAL] TaOJUIh, ¥ AKUX
pisHi 3HaueHHA eJeMeHTiB BUOIPKU BIIOPSAI-
KOBaHi 3a 3pOCTAaHHAM i BKasaHi iX uacToTu
(TOOTO KiJMBbKiCTh KOYKHOTO eJIeMeHTa y Bubip-
mi). 3a HeoOXimHOCTI B miit TabauIli BKA3yOTh
TaKO)K BiITHOCHI YaCTOTH OJsS KOYKHOIO eJie-
MEHTa, 3aIllMCAHOTO B IepHIOMY PAIKY. Tary
TabJUINI0 YaCTO HA3UBAIOTH psidom po3nodiny
(abo sapiauiiinum psadom).

Hampurnan, Hexa#l y pesyabTaTi BUBUEH-
Hs po3mipy B3yTTa 30 xmomniiB 11 Kiacy 0yJio
oJepsKamo HAOip uuces (pe3yabTaTH 3aIIUCAHO
B IIOPAAKY ONMUTYBAHHS):

39; 44; 41; 39; 40; 41; 45; 42; 44; 41; 41; 43;
42; 43; 41; 44; 42; 38; 40; 38; 41; 40; 42; 43;
42;41; 43; 40; 40; 42.

11106 spyunime 6yso anamxidyBaTu iH(OP-
Mallifo, y MOAiOHWX CHUTyalligX YHCJIOBI maHi
CIIOYATKY PAHICUPYIOMb, POITAUIOBYIOUU IX
Y HOPAAKY 3POCTaHHA (KOJIU KOYKHE HACTYITHE
yucy0 abo 6iybIie, a00 He MeHIIIe 3a IIoIIepe-
He). ¥ pe3yJbTaTi paHKUPYBaHHI OJIEPIKYEMO
TAKWU PAL:

38; 38; 39; 39; 40; 40; 40; 40; 40; 41; 41; 41;
41;41;41; 41;42; 42; 42; 42; 42; 42; 43; 43;
43;43; 44; 44; 44; 45.

M

IToriMm ckaamaemMo TaOJIUITIO, y IIEPIIIO-
My PAAKY AKOI BKasdyeMo BCi pisHi 3HaueHHS
oIlep:KaHoro pALy gaHux (X — posMip B3yTTs
BubOpanux 30 xjontiB 11 Kjacy), a B IpyromMy
pAnKy — ix wactoru M:

X 138139140141142143144'45
M22576431n=2M=30

Opnep:KyeMo P po3noAiny odHaku X, AKa
pOSTIIAIAa€THCA, 32 YacTOTaMu. [HOAI 3PydHO
TPOBOAUTH aHAJI3 PALY PO3MOALIY HAa OCHOBi
oro rpadgiuHOrO 300paKEeHHS.

IlosmaumMo Ha KOOPAMHATHIN ILJTOIMWHI
TOYKHU 3 KOOPAUHATAMU (xl;ml), (xg;mz), cees
(xg3mg) i cmomyummo ix mOCHiZOBHO Bizpis-
kamu (puc. 13.2.1). Oxgep:xany JamMaHy JiHii0
Ha3UBAIOTH NOJLIZOHOM YACMOM.

OsHayeHHA. Ilonizonom wacmom Ha3UBa-
€ThCA JIaMaHa, BiAPi3KM AKOI IOCIiIOBHO
CIIOJIy4aIOTH TOYKH 3 KOOPAMHATAMHE (Xy; M, ),
(xz; mz), ee (xk; mk), ne x; — 3HAYEHH pi3-
HHX eJIeMeHTiB pAxy JaHHX, a m; — Bigmo-
BimHi IM yacToTH.

AwnajoriuHo os3HauaeTbCca I OyAyeThCA
nonizoH 8i0HOCHUX yacmom s o3Haru X,

7

Puc. 713.2.7
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sdKa poariaamaeTbesa (OyAyOTbCS TOUKHU 3 KO-
oppuraramu (xX3wy), (%y3wy), «.or (X50)),
Je Xx; — 3Ha4YeHH: DPIi3HHUX eJIeMeHTiB pAAY
JaHuX, a w; — BiAmoBimHI imM BigHOCHI Ua-

CTOTH).

SIKII0 mopaxyBaTu BiIHOCHI YacToTH AJA
KOJKHOTO 3 Pi3HUX 3HAYEHb PAAY JAaHUX, PO3-
TJITHYTOTO BUIIlE, TO PO3IIOAiJ 3HAaUeHb O3HAa-
Ku X, dKa PO3TJIANAETHCA, 3a BiTHOCHUMU
YacToTaMU MOYKHA 3a/IaTU TaOJIUIIEI0:

X 38 39 40 41
w iz0,07 Lz0,07 l';0,17 Lz0,23
15 15 6 30
X 42 43 44 45
1 1
wi —=02 1 —=0,131 —=0,1 —=0,03
5 15 10 30

Tako:x posmnomis 3HaUeHb O3HAKU X, AKa
pO3TJIALAEThCA, 34 BiIHOCHHMH 4YacTOTaMU
MO:KHA IIOJATH Y BUTJISAAIL IIOJiroHa BiTHOCHUX
gacrtot (puc. 13.2.2), y Buraani jgi"itHOI mia-
rpamu (puc. 13.2.3) abo y BUTJIAAI KPyroBoi
IiarpaMu, ITOTepeIHbO 3aIMCaBINM 3HAYEHHS
BiJHOCHO1 yacToTHu y BificoTKax (puc. 13.2.4).

Haragaemo, 1o gad mo0ymoBu KpPyrosoi
IiarpaMu KpyT po30MBAEThCA Ha CEKTOPH, IEeH-
TpaJbHI KYyTH SKKUX IIPOHOPIIiHiHI BiZHOCHUM

Puc. 713.2.4

YacToTaM, 00UMCIeHUM JJIA KOXKHOTO0 3 PisHUX
3HAYEHb PALY AaHUX. 3ayBa*KUMO, 110 KPYTo-
Ba giarpama 30epirae cBoxo HaOYHICTH i BUpas-
HIiCTBH TiIBKU Y BUIIAAKY HEBEJMNKOI KiJIbKOCTL
OJlep:KaHUX CEKTOPiB, B iHIIOMY BUIIaAKY il
3aCTOCYBaHHA MaJjoe(hpeKTUBHE.

Sxrmio osHaka, sSKa pPO3IJIANAETHCA, Ha-
OyBae 6araTbox pi3sHHX 3HAUEHb, TO il PO3IIO-
Ol MOKHA Kpallle YABUTH IIiCJAA PO30OUTTS
BCiX 3HaueHb PAAY AaHUX Ha Kjacu. Kinab-
KicTb KJaciB Moke O0yTU Oy Ab-AKOI0, 3PYUYHOIO
UL OOCTifsKeHHs (3as3BUuaill iX BUOMPAIOTH
y Kimbkocti Big 4 mo 12). Ilpu mpbomy Besu-
ynHu (00’eMH) KJaciB MaioTb OyTH OJHAKO-
BUMU.

Hampurmaazn, y Tabaumi mogaHo BigzomMocTi
npo s3apobitay miataio 100 pobiTHUKIB ogHO-
ro migmpuemMcTBa (Y JeAKUX YMOBHUX OJWHU-
max). [Ipu nbomy 3HaUeHHA IJ1aTHI (OKPYTJIeH]
IO IIiJIOTO YmMcJa YMOBHUX OJWHUIIb) 3TPYIO-
BaHi B 7 KJaciB, kokHUi 06’emom y 100 ymos-
HUX ONUHUID.

0,37

I ———

1) 1 AN R S —
::f:::]ﬁ::] ,,,,,,,,,,,,,,,,,,, 1] ,,,,, 1
0_¢ 38 39 40 41 42 43 44 45X

Puc. 713.2.3

38 39

40 41 42
Puc. 713.2.2
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Bix 400 ' Bix 500 ' Bix 600 ' Bix 700 ' Bix 800 ' Bix 900 Bix 1000

Kaxacu 70 500 10 600 10 700 1m0 800 1m0 900 1o 1000 ;o 1100
Howmep riacy X 1 2 4 5 6 7
YacroTa (KiTBKicTH 4 6 36 22 10 4

pobiTHUKiB) M

(nepesipka: 2M=100).

Haouno wacToTHMII PO3MOAIN 3apILIATHI
3a KJlacaM1 MOMKHA MOJATH 3a JOIIOMOTOIO II0-
jgirona vactor (puc. 13.2.5) abo croBmuacToi
nmiarpamu (puc. 13.2.6).

M
40+
36

30T

201

36
30T

201

10+

Puc. 13.2.6

YncnoBi xapakTepucTtuku pspis

paHux. Poamax, Moga n mepiaHa

paaAy AaHUX

Imoni BubGipKy BUIAAKOBUX BeJIWYUH abo
BCIO M'eHEPAJIbHY CYKYIHICTD IIUX BEJIUUYUH J0-
BOIUTHCS XapaKTEePU3yBATU OMHUM UHCJIOM.
Ha npakTuni me HeoOXigHO, HAIPUKJIAL, OJIs
IIBUAKOrO IMOPiBHAHHS ABOX a00 OijibIie Cy-
KYIIHOCTEH 3a 3arajbHOI0 O3HAKOIO.

PosrisaHeMo KOHKPETHUI IPUKJIAL,.

Hexa#t micasa JiTHiIX KaHIKYyJ IIpoBeaun
onutyBanua 10 gmiBuar i 9 XJomiiB OgHOTO
KJIacy BiTHOCHO KiJIBKOCTi KHUKOK, AKi BOHU
IPOYNTAIIN 32 KAHIKYIN.

PesyabpraTu 0OyJi0 3alMCaHO B IOPAAKY
onurtyBaHHdA. Omep:Kaau Taki psagu duce:

Hisuara: 4, 3, 5, 3,8, 3,12, 4,5, 5.
Xmomnmi: 5,3,3,4,6,4,4,7, 4.

Sk y:xe BasHavasiocd, 1100 3pyuHiIe 0y0
aHaJjisdyBaTu iH(opMaIliio, y momgioHuX BUIIAL-
KaxX YMCJIOBi JaHi paHKWUPYIOTh, PO3TAIIIOBY-
UYMW 1X y MOPAAKY 3pPOCTaHHA (KOJIM KOYKHE
HACTyIIHe 4Yucjio abo Oijbiie, abo He MeHIIe
3a moIlepenHe). ¥ pe3yabTaTi paHKXUPYBaHHSA
OIIeP;KUMO TaKi pAgM:

Tisuara: 3,3, 3,4,4,5,5,5,8, 12. 1)
Xoommi: 3,3,4,4,4,4,5,6,17. (2)

Toni posmoxis 3a wacroramu M BeJIWUYNH:
X — UunCI0O KHUKOK, IIPOUNTAHNX 3a KaHiKy-
JU giBUaTaMu, i Y — UMCJI0 KHUMKOK, IIPOUHU-
TAHUX 3a KAaHIKYJIU XJOUIIAMU, MOXKHA 3a1a-
THU TAOJIUIIAMIA:

Y 3 4 5 8 12

M 3 2 3 1 1
Y M=n=10

Y 3 4 5 6 7

M 2 4 1 1 1
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123456789101112X
Me;, Mo, ‘

Puc. 713.2.7

ITi posmofisiu MOKHA IPOiTIOCTPYBATH Ta-
KO:K rpadiuHo 3a JOIOMOTOIO MOJIITOHY YaCTOT
(puc. 13.2.7, a, 0).

g nopiBasauua paniB (1) i (2) Bukopu-
CTOBYIOTH PiBHi xapakTepucTtuku. HaBememo
JeAKi 3 HUX.

Posmaxom pady wucen (mo3uavaiors R) Ha-
3WBAIOTh PIBHUIIO MiK HAWOIAbIIINM i HaliMeH-
muM i3 mux uncea. OCKiJIbKY MU aHaJIi3yeMo
BUOIPKY [eAKUX BEJIUYUH, TO PO3MAX GUOLD-
Ku — e Pi3HHUIA MiK HANOLAbIINM i HaliMeH-
MM 3HAYEHHAMH BeJINYUHHU Y BUOIpIIi.

Hna pany (1) posmax R=12-3=9, a gua
paAny (2) posamax R=T7-3=4. Ha rpadiky pos-
Max — Ife JOBXKHMHA 00JIaCTi BU3HAUEHHS II0JIi-
rouy uacror (puc. 13.2.7).

OpnHiero 31 CTATUCTUYHUX XAPAKTEPUCTUK
pAY AaHUX € Horo moda.

Mopga — Big natuH. modus —
Mipa, npaBuno.

O3HayeHHA. Moda — ue Te 3HAUEHHS ejie-
MEeHTa BUOIpKH, sIKe 3yCTpPidYaeThCcA JacTilie
3a iHmri.

Mony nosuauarors Mo.

Tak, y pazi (1) aei mogu — uwmcaa 3 i 5:
Mo, =3, Mo, =5, a B paai (2) ongna moga —
yucao 4: Mo=4. Ha rpadiry moma — 1ie
3HAUeHHs aOcIlcu TOUYKM, AKa Bigmosimae
MaKcuMyMy ImoJjirony uacrtor (pumc. 13.2.7).
3a3HauyumMo, 1[0 MO MOKe M He OyTH, SAKIIO
BCi 3HAUEHHS O3HAKHU, IKA POSTIIANAETHCH, 3Y-
CTPiYaroThCs OHAKOBO YaCTO.

Mony pany manux 3a3BuuYail 3HAXOIATH
TOMi, KOJU XOUYyTh 3’sCYyBaTU AEAKUU THUIIO-
BUH NMOoKa3HUK. Hanpukiaz, KOJIM BUBYAIOTH-
cs TaHi PO MOJEeJIi YOJOBiUMX COPOYOK, SAKi
IpojaJiv B IeBHUH JeHb B YHiBepMasi, To 3pyd-
HO BUKODPHCTATHU TAaKWU NOKA3HUK, AK MOja,
AKUHN XapaKTepu3ye MOJedb, 110 KOPUCTYETH-
cA HAUOiNbIIUM mOTIMTOM (BJIaCHE, ITUM i IIO-
SICHIOETHCS HA3Ba «MOZA» ).

IIle oxmiero cTaTUCTUYHOIO XapaKTepuU-
CTUKOIO PALY NaHUX € HOTO MeaiaHa.

MegiaHa — Big natunH. mediana —
cepenHs.

O3HayeHHA. Mediana — 1e Tak 3BaHe ce-
PeaVHHe 3HAUYE€HHA BIIOPAJKOBAHOTO PAXY
3HAUYEeHb

Megiany nmosunauaiors Me.

Meniama moginsie BMOpAAKOBAHUN PAL Oa-
HUX Ha ABi piBHI 3a KiJIbKiCTIO ejleMeHTiB ua-
CTUHU.

ko KinpKicTh YHCes y pAAi HenmapHa, TO
MegiaHA — Ie YMCJIO, 3aIlMCcaHe MOoCepPeauHi.

Hanpuknan, y pazi (2) HemapHa KiibKicThb
enemenTiB (n=9). Toxi ftoro MemiaHoo € UuC-
JI0, Ke CTOITh IIOCepearHi, ToOTO Ha I’ ATOMY
micmi: Me=4.

3,3,4,4,4,4,5,6,7

4 — MmenmiaHa

Omixe, PO XJIOMIIIB MOXKHA CKa3aTU, IO
OJHA IIOJIOBUHA 3 HUX IIPOUYMTAJIa He Oijbliie
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4 KHU)KOK, a Apyra IIOJIOBUHA — HE MEeHIIe

4 KHMKOK. (3a3HAUMMO, II10 Y BUIIAAKY Helap-

HOTO 7. HOMEP CepeaHbOTO ujJeHa PAAY HOpiB-
n+1 )

Axuro KigsKicTs yHces y pAxi mapHa, TO
MegiaHa — Ie cepeaHE apuMeTHUYHE TBOX
quceJI, M0 CTOATH MMOCEePeTNHI.

Hanpuknazn, y pazni (1) napHa KiirbKicTb

HIOE

enemenTis (n=10). Tozi ftoro MeiaHoo0 € YnC-
JIO, SIKe JOPiBHIOE CePeNHBOMY apU(PMETHUHO-
My 4YmceJ, AKi CTOATL IIOocepenuHi, ToOTO Ha

4+5 —45.

I’ aTOMY # I1ocTomy Miciax: Me=

3,3,3,4,4,5,5,5,8,12

4,5 — meniaHa
Omxe, IPOAiBUAT MOKHA CKa3aTH, III0 OJHA
IIOJIOBUHA 3 HUX IMPOUYNTAJIA MEHIIIe 4,5 KHIMK-
KU, a Apyra mojJoBuHa — Oijblie 4,5 KHIKKH.
(3asHauumo, 1110 Y BUIAAKY ITApPHOTO 72 HOMeE-

pU cepenHiX UJIeHIB pALY IOOPiBHIOIOTH >

n
i—+1.
3 )

0 CepepHe 3Ha4YeHHs BUOipKu

OsHauveHHA. Cepednim 3Ha1ueHHAM 6UOID-
KU Ha3UBAETHCA cepeTHE apu(pMeTHUHE BCiX
Yyces PAAY TaHUX BUOIPKH.

CepezHE BHAUEHHS [IO3HAYAIOTH X .
SAriio B pAmi maHUX 3amucaHi 3HaYeH-
HA X;, X9, ..., X, (cepel AKUX MOXKYTb OyTH
1 OIHaKOBi), TO
T X+ Xy +...tx, .
n
SAxr1o Bigomo, 1110 B pAAL fJaHUX PisHi 3HA-
YeHHS X, Xg, ..., X; 3yCTPidaIOThCA BiAIIOBiA-
HO JI0 4acToT My, My, ..., M, (TOxi 2M=n),
TO, 3aMiHIOIOUN OJHAKOBI JOJZAHKU B UKCEJIb-
HUKY Ha BiAMOBiAHI 100YTKHU, OJIePIKYEMO, IO
cepente apu@MeTUUHE MOXKHA O0UYMCJIIOBATHU
3a ()OPMYJI0I0
& x1m1+x2m2+...+kak. )
n
OcTanHiO GOPMYJTY 3PYUHO BUKOPUCTOBY-
BaTH B TUX BUIIAAKaX, KOJU Y BUOIPI[i pO3IIO-
IiJ BeIMYMHU 32 YaCTOTAMU 3aJaHO Y BUTJIAIL

rabauiri. Haragaemo, 1o po3moaisi 3a uacrora-
mu M BequuuH: X — YKUCJI0 KHUMKOK, ITPOYH-
TAHUX 34 KAHIKyJU AiBUaTaMu, i Y — YHCJIO
KHI)KOK, IPOUNTAHUX 3a KAHIKYJIM XJIOIII-
MU, OYJI0 3a4aHO TAKUMU TAOJIUIISIME:

Y 3 4 5 8 12

M 3 2 3 1 1
Y M=n=10

Y 3 4 5 6 7

M 2 4 1 1 1
YM=n=9

Toxi cepenHi sHaueHHs 3aJaHUX BUOIPOK
JIIOPiBHIOIOTH:

3-3+4-2+5-3+81+12:1 52

)_(Z - _5’2’
10 10

= -2+4-4+5-1+6-1+7-1 4

Y=3 + +59 +6-1+7 =?0:4,4.

Ockimpru X >Y, TO MOKHA CKa3aTH, II[0
3a OIVH i TOHM camMuil IPOMiKOK Yacy AiBuaTa
KJIacy YMTAIOTh KHUMKOK OiJIbIlle, HidK XJIOMIII.

3ayBaxKuMoO, III0 B IIOCIOHMKAaxX 3i craTu-
CTUKU MOZY, MeIiaHy ¥ cepelHe 3HaAUCHHS BU-
O0ipku 06’€IHYIOTH OZHUM TEPMiHOM — Mipu
UeHmpaavbHoi meHdeHyil, MiAKPECITIOIYN TUM
caMUM MOXKJIUBICTH OXapaKTepusyBaTH P
BUOIPKY OJHUM UHCJIOM.

He nnsa xKoyXKHOTO pALYy JaHUX Mae CeHC
(opMasIbHO 3HAXOAUTH IEHTPAJIbHI TeHIEH-
mii. Hampukianm, AKII0 MOCTIIMKYETHCA DAL

5,5,8,110 (%)

piuHUX TMPUOYTKiB YOTHUPBLOX JroAelt (y Tucs-
Yyax YMOBHUX OOWHUIIH), TO OUYEBUIHO, ITIO Hi
moza (b), Hi memiana (6,5), Hi cepenHe 3Ha-
uyeHHA (32) He MOYKYTh BUCTYIIATH B POJIi €11~
HOI XapaKTepUCTUKU BCiX 3HAUEeHb PALY [a-
HuX. e moACHIOETHCA TUM, II[O0 PO3MaX PALY
(105) € cymipHuM i3 HAUOINBIIUM 3HAUEHHAM
eJeMeHTa PALY.
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Y maHOMy BUIIaJIKy MOXKHA IIYKaTU IE€H-
TPaJIbHI TeHIEHIIil, HAIIPUKJIA, I YaCTUHU
pany (9):

5,5,8,
YMOBHO HA3BaBIIIM HOro BUOIPKOIO PiuHOTrO
npulbyTKY HU3BKOOILJIauyBaHOI YaCTUHU Hace-

Aximo y Bubipii cepegHe 3HaueHHS CYT-
TEBO BimpisHAETLCS Bimg Momu, TO HOTO HEIO-
peuHo BUOUPATH AK TUIIOBY XapPaKTEPUCTUKY
POSTJIAHYTOI CYKYIHOCTI gaHuX (4uM OijibIire
3HAUEHHA MOIU BipisHAETHCS BiJ cepeqHbO-
ro 3HAUEHHS, TUM «OiJbIll HECUMETPUUHIM »

JIEHHdA.

3anumaHHg

Bnpabu

1.

13.2.1°.

13.2.2.

13.2.3.

13.2.4.

€ TOJIITOH YaCTOT CYKYITHOCTI).

ITosacHiTh, 110 HA3WBAIOTH IIOJIITOHOM YacTOT O3HAKU X, dKa PO3-
radagaeTbesa. HaBemiTh mpuKJIagu moOyIOBU IOJITOHY YaCTOT i IIO-
JirOHY BiZHOCHHMX YacCTOT.

. Ha mpuknani pagy mammx 2, 2, 3, 5, 5, 5, 13 mosacHIiTH, 1110 Take

po3Max, Moja, MeaiaHa Ta cepelHe 3HAUYEHHA PALY U manTe Bif-
HOBiTHI O3HAUEHHH.

Ha ocHoBi manux Tabuauili mogaiiTe y BUIVISAL CTOBIUYACTOI i Kpyro-
BOI miarpaM posmofis 3HAYeHb AeAKO0l osHarkm X.

X111 213" 4 X' 112131 415
1) 2)

wi 0,110,3'0,4'0,2 wi0,3'0,3'0,2'0,1'0,1

IlIoOymyiiTe moOJIirOH YacTOT i ITOJIINOH BiTHOCHMX YACTOT 3HAUYEHD
meakoi o3Haku X, PO3IMOLia AKOI IIOZAHO B TaOJIMIL:

X135 719
1Y) 2)
M ' 310!'51 715

X 111112113114 115'16
M 65121313

Buwmipsanau spict 50 crapiokJaacHUKIB i pesyJsbTaTy momajid y BU-
raani Tadami.
149
155
159
162
171

150
155
159
162
171

150
155
159
165
173

151
156
159
166
173

151
156
161
166
173

152
157
161
166
175

152
157
161
167
176

153
157
162
167
178

154
158
162
169
180

154
158
162
170
182

3rpynyBasiu Iii gaHi 3a Kaacamu 145-149, 150-154, 155-159,
160-164, 165-169, 170-174, 175-179, 180-184, mogmaiiTe uac-
TOTHUN POSIOAIJI 3pOCTY YUYHIB 3a IMMMHU KJIacAaMH 3a JOIIOMOTIOIO:
1) Tabaui; 2) TOJIIrOHYy YacToT; 3) croBmuacToi miarpamu.

3HalIiTE po3Max, MOAY, MeJiaHy I cepenHe 3HAUCHHSA PALY TaHUX
nesaKol BearuunHU X:

H1i1,1,2 2,2 3, 4,4,5;

2) -3, -2,-2,-1,0, 2, 2, 2, 3, 5.

Ilob6ynmytiTe mmosiron yacTor 3HaUeHb BeuuuHU X. YKaKiTHL Ha pu-
CYHKY po3Max, MOAY W MemiaHy 3aJaHOTo PALY JaHUX.
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13.2.5°. Ha puc. 13.2.8 mobynoBaHO IOJIrOHU, IO iJIOCTPYIOTH POSIIOALT
YaCTOTHU IIPOJAKiB MarasmHOM IITPOTATOM THUXKHSA KOMII IOTEPiB (cu-
HA JiHiA) i TeseBisopiB (cipa JgiHisg).
VrkamxiTe aBa gui, aAki 6Gesmo-
CepenHbO CIiAYIOTH OOWH 3a Of-

.2 80
HUM, KOJII: 8
1) uymcao mMpomaHUX TeaeBi3opiB % 60
3pocJio GisbIie, HidK ymcao mpo- .8
ITaHUX KOMII’ IOTEPiB; § 40
2) YuCcJIO IPOJaHUX TeJieBi3opiB g
301JIBIITUJIOCA, a YHCJI0 IIpoja- 520_
HIUX KOMII'IOTEPIB 3MEHIINIOC; E
3) umCcIO TMPOJAHUX KOMII’IoTe- P 0
piB 3pociio, a YMCJIO IPOJAHUX IIa Br Cp Ur Il Co Hx  Mwi
TEeJIeBi3OpiB BaMuUINUIOCA TUM Puc. 13.2.8 TUHKHA

caMUuM.

13.2.6. 3HaiigiTe posmMax, MOALy, MejiaHy ii cepefHe 3HAUYeHHA BUOIpKH,
3amaHOol Ta0JUIleI0 PO3MOALIY 3HAUEHDb BeIUUYnHN X 3a YaCTOTaAMMU.

1) 2)
M' 3 4113 M' 21314141

IToGyayiiTe moJIiroH YacToT 3HaUeHb BeqnuuHu X. YKaXKIThL Ha pu-
CYHKY po3MaXxX, MOAY Ii MemiaHy 3aJaHOl CYKYIIHOCTiI JaHUX.

13.2.7. Iisuata 11 Kjacy Ha ypoui (GisKyIbTYpH B CTPUOKAX Yy BUCOTY IIO-
KasaJyu Taki pesyabratu (y cm): 90, 125, 125, 130, 130, 135, 135,
135, 140, 140, 140. 3uaiigiTe Mony, MeJiaHy Ii cepefHE 3HAUEHHS
miei cyKymHoCTi mammx. SIKe 3 MuxX 3HAUEHHb HAWKpaIlle XapakTe-
pu3ye CIOPTUBHY IiATOTOBKY AiBUaT KJacy?

@ BuaBiTb CBOIO KOMNETEHTHICTb

13.2.8. Ba pamuMu VYKpaiHCBKOTO IIeHTpa OI[IHIOBAHHSA SKOCTi OCBiTH
yuacuuku S3HO 3 maremaruxku y 2018 p. orpumanm Taki pesyabra-
T (maHi 3rpymoBani 3a KJyacamu): 3 106484 yuacuukiB 19806 me
momoJianu mopir, 26301 yuacuuk orpumas Big 100 xo 120 Gauis,
17783 — Bixm 120 mo 140 6aiis, 18102 — Big 140 go 160 6Gauxis,
14695 — Big 160 mo 180 Gaxi, 9797 — Bim 180 mo 200 Garis.
IlogatiTe pesyabTaTy TECTYBaHHSA 3a KJacaMW y BUIJIAAL YacTOTHOI
TabJInIli, MIOOYAyiTe MOJiroH yacToT. BusHauTe Mipu meHTpaJIbHOL
TeHAeHIil BUOipKU.

13.2.9. HNocnifiTh cmoxuBaHHA BaIO POJAMHOI0 IPOTATOM POKY: 1) cBi-
KX OBOUYiB, (DPYKTiB Ta 3eseHi; 2) Kpym; 3) M’sca Ta M ACHUX
npoaykTiB. IloOyayiiTe nmiarpamu, IO iJIOCTPYIOTH B3ajie’KHICTh
CIOKMBAHHA 3a3HAUEHUX IIPOAYKTIB Bix mopu pokry. 3pobiTh BuU-
cHoBKu. CKiZIbKM Ballla poAMHA CIOXKUBAE IIUX IIPOAYKTIB y cepe-
HBOMY Ha Micanb (y po3paxyHKY Ha OZHY 0co0y)?
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13.2.10. Kopucryiounucs Tabauieo po3dynosu KuiBchbKOro MeTpoINIoIiTeny, mo-
OyayiiTe MOJIITOH YacTOT KiJIbKOCTI cTaHILiil 3a mepioxg 1960—-2013 pp.

. KinekicTs . KinskicTs . KinskicTs

Pix .o Pik . Pix .o

CTaHIIN CTaHIiN CTaHIiN
1960 5 1987 28 2010 49
1965 10 1992 35 2011 50
1971 14 2000 40 2012 51
1976 17 2004 43 2013 52
1981 23 2008 46

13.2.11. Kopucryiounch Tabaumeio CTATHCTUYHUX JAHUX IIOAO KiJbKOCTi
MepmaJieit, ki 3700yau yKpaiHChKiI crmopTcMeHM Ha JiTHix OJurimiriii-
CBKUX irpax, moOyayiiTe: 1) MOJSITrOH YacTOT KiJBKOCTI 30JI0TUX Me-
naJieit; 2) MOJIITOH YacTOT 3arajbHOI KiJbKOCTi Menmaseii; 3) KPyroBy
miarpamy posmoziny menaseii 3a Bugamu (30J0Ti, cpibHiI Ta GPOH30BI)
Ha irpax 2008 p.

Pik mpoBegeHHs RinekicTs 3m00yTHX Menamnei

osiMmiaau 3oioTi CpioHi BpoHn3zosi Y cnoro
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

13.2.12.V rabaumi nmomaHO CTATHCTHYHI AaHi momo KinbKocri Megmaseii, axi
3mo0ysu ykpaiHChbKi ImKogapi Ha MiKHapoZHMX MaTeMaTUUYHUX
oximmiagax y 2013—-2018 pp.

Pix npoeenenHa KinskicTs 3100yTHX Memaxeu
oimMmiazm 3ouoTi Cpioni Bponsosi Yenoro
2013 1 3 1 5
2014 2 3 1 6
2015 2 3 1 6
2016 0 2 4 6
2017 1 2 2 5
2018 4 2 0 6

IloGynmytiTe: 1) mOJIrOH UYacTOT 3arajJbHOI KIJIBKOCTI MemaJieii;
2) croBmUuacTy AiarpamMy PpoO3MOAiJay B3arajbHol KiJbKocTi 3m00yTHX
MemaJieil 3a poKaMu; 3) MOJIIMOH YaCTOT KiJIbKOCTI 30JIOTHUX MejaJieii;
4) KpyroBy giarpamMy po3mOAiay Menajeil 3a Bugamu (30J0Ti, cpibHI
Ta OpoH30Bi) Ha oximmiaxi 2015 p.



3ABAAHHA ANA NIATOTOBKU A0 OLIHIOBAHHA

Tecm
Ne 3

1.

Is mudpp 1, 2, 3, 4, 5 crkaameHo BCci MOMKJIMBI I’ ATUIIU(POBI UmcIa
0e3 moBTopeHHs nu@p. CKiIbKH cepen IMX 4YMcesJ TaKuX, SKi mO-
YNHAIOThBCA 3amucoM «423»?

A2 b 24 B 36 I' 96 A 118

3 HarypanbHux umcesa Big 1 mo 30 yueHr HaBMaHHSI Ha3UBa€ OIHE.
flka #fiMoBipHiCTBL TOrO, IO Ile YMCJO Helmapue?

1 1 1 1 1
A — b — B — r — I —

6 5 4 3 2
Y kKopobmi Jjexxars 60 piZHOKOJIBOPOBUX KYJLOK: UEpPBOHi, CHHI
ixoBTi. 3’scyiTe, CKiJIbKM KOBTHUX KYJBOK JIEKUTh y KOPOOIIi,
AKIIO WMOBipHiCTH BHOOPY BUIAJKOBUM UWHOM KOBTOI KYJIbKHU IO-

. 1
piBHIOE 3
A 10 B 15 B 20 I 30 I 40

YcraHoBiTh BiANOBiAHICTE MiXK IeHTpadbHUMH TeHAeHIiamMu (1-3)
BubOipKu Ta ixHiMu sHaueHHamu (A-T).

1 Cepenne smauenusa BuGipkm: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 | A 9,4
2 Moza su6ipxm: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 g g";’
3 Mepgiana Bubipku: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 T 1,

I'panpunit KyOuUK migKugaoTh ABiui. 3HalAiTE iMOBipHiCTE TOTO, IO
BUNaJle Pi3HaA KiJIBKICTh OYOK.

) . . 2 2 _
Posp’soxite piBEanaa C; +C;,;=49.

Y maprii 3 10 meraneii 8 meraseii craHmapTHiI. 3HAWIITL iMOBIip-
HiCTBh TOro, IO cepel HaBMaHHA BuUOpaHUX 3 meTajiedl TiJIbKKM OJHA
cTaHJapTHA.

Tpu cTpinbIli 3poduan IO OZHOMY IOcTpiny. VIMOBipHicTh BIyueHHS
B IiJIb IepInuM cTpiabiiem mopiBHioe 0,8, apyrum — 0,75, TpeTim —
0,7. fIka fIMOBipHiICTH TOUHO ABOX BJIyUYEHD?

MponaiTb OHNaNH-TECTYBaHHS Ha CauTi interactive.ranok.com.ua

Temun HaBYa/IbHUX MPOEKTIB

. KombinaTopruka B HaBKOJHUIIHBOMY JKHTTI.

. VImoBipHicTs HaBKOJIO Hac.

. BumagkoBi BeImunHM HABKOJIO HAC i X YMCJIOBI XapaKTePUCTUKMU.

. HacToTa B CcTAaTHUCTHUIIL i PO3B’A3yBaHHS €KOHOMIUHUX 3amad.

. MaremaTnuHa cTaTHCTHKa HABKOJIO HAaC.

. JKigkum B mMaremaTuIli — Bif MHUHYJOTIO 10 ChOTOHEHHS (IOCJIi-
IJKeHHs OUHAMIKKM 3MiHM Ymncja KiHOK, II0 3aiiMaloThLCA MaTe-
MaTUKOIO, V CBiTi, B YKpaiHi).

S O W DN =
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BIZJOMOCTI 3 ICTOPI|

Enemenrapui samgaui, axki misuimre 6yau BigHeceHi 10 CTOXAaCTUKM, TOOTO 10O
KOMOiHATOPHUKM, Teopil MMOBipHOCTE! Ta MaTeMaTHUYHOI CTATUCTUKM, CTABUJIN-
cA ¥ posB’asyBasimcd 1mie 3a 4yaciB CrapogaBHix €runrty, I'pemnii Ta Pumy. Ileit
mepion Tak 3BaHOI ImepeaicTopii Teopii riMoBipHOCTe# 3akiHumBcsa B XVI cT. mpa-
uamu itanificekux marematukis [I. Kapmano (1501-1576), H. Tapraxsa (1499—
1557), I'. Tamxinea (1564—1642). V nux mpanax yxe Qirypye moHATTA fMOBip-
HOCTi, BUKOPHCTOBYEThCA T€OpeMa IIPo MMOBipHiCTh JOOYTKY He3a eKHUX IIOIi,
BUCJIOBJIOIOTHCA AeAKI MipKyBaHHS II[OJO TaK 3BAHOTO 3aKOHY BEJIUKHUX YUCEJI.
VY XVII-XVIII cT. nuTanEAMET Teopii IMOBipHOCTEH MiKaBuanCcA (DpaHITY3bKi Ma-
rematuku II. @epma (1601-1665) i b. ITackaas (1623-1662), HigepaauacbKuit
matematuk X. I'roiirenc (1629-1695), mBetintapcski marematuru 1. Bepryoiri
(1654—-1705), H. Bepuymarxi (1687-1759), 1. Bepuyamxi (1700—-1782) ta pociii-
cokuit marematuk JI. Eitmep (1707-1788). ¥V cBoix mpaiisgX BOHU BiKe BUKOPU-
CTOBYBAJI TEOPEMU JOJaBaHHS i MHOMKEHHSA HMOBipHOCTe!, MOHATTS 3aJeKHIX
Ta He3aJIeKHUX IOMil, MATeMaTUYHOT'O CIIOiBaHHA.

Benuky posb y po3mOBCIOAKEHHI ifeit Teopii iMoOBipHOCTEl Ta MaTeMaTHUd-
HOl CTaTUCTUKU Bifirpasu BugaTHi ykpaincbKi marematuku B. 1. BynakoBcbkmit
(1804-1889) Ta M. B. Ocrporpaacskuii (1801-1862).

ITomanbinuii pO3BUTOK Teopil IMOBipHOCTEHN TOTPeOyBaB YTOUHEHHS i1 OCHOB-
HUX IOJIOXKEeHb. BeJInKy po0OTy B IIbOMY HAIIPAMKY IIPOBiB BUAATHUN POCIAChK UL
matematuk IL. JI. Ye6umos (1821-1894). Moro yuens A. A. Mapkos (1856—1922)
CTaB BUJATHUM MaTeMaTHUKOM caMe 3aBASAKM CBOIM JOCIiMKEeHHAM y Teopii imo-

= BipHOCTEIA.
B. ITackaiub Kuaumxka A. A. MapkoBa «YHucieHHA IMOBipHOCTEM » , IE€PIlle BUNAHHA AKOL
(1623-1662) BigbGysoca B 1900 p., a uerBepTe — y 1924 p., mporsarom 6araTbox PoKiB GyJia

HaWKpAaIoo cepel TUX, 3a AKMMH HaBuajamucs 0arato MaiiOyTHiX MaTeMaTHKiB.

Y XX cr. Teopia HMOBipHOCTEH IOCTYIIOBO IEPETBOPUJIACH HA CTPOTY aK-
ciomaruuny Tteopiro. Ile BimbyJsoca saBOAKHM IpamsAM 0araTboX MaTeMaTHKiB.
AJe mificHO BUPIIIAJBLHUM €TaIlloM PO3BUTKY Teopii WMOBipHOCTEH cTajia Ipailsa
A. M. Koxmoropora (1908-1987) «OcHoBHi moHATTA Teopii iMoBipHOCTEHN» (BU-
naua B 1933 p.), y AKi#l BiH BUKJIaB CBOIO aKcioMaTUKYy Teopii iMmoBipHOCTE. 3a-
BIAKMN I[OMY TeOpPiss MMOBipHOCTeli cTaJjia HapiBHI 3 iHIIMMM MaTeMATHYHUMU
OUCIIUIIiHAMH.

Benuki mocArHeHHs B Teopii WMOBipHOCTEH Ta MaTeMaTHUYHIiN CTATUCTHUILL
MaJiu TaKOsK pocificbki Ta ykpaiucbki matematuru O. . Ximuun (1894-1959),
i €. €. Cayupkuii (1880-1948), B. B. T'nexenko (1911-1995), M. I. Tixman (1918—
X. Tofirenc 1985), B. C. Muxaaesud (1930-1994), M. ¥. Anpenko (1932-2004), FO. M. €p-
(1629-1695) moubeB (1936 p. un.), I. M. KoBanenko (zap. 1935), B. C. Kopourok (map. 1925),

A. B. Cropoxox (1930—-2011), A. ®. Typ6iu (Hap. 1940) Ta immmri.

II. JI. Yeburos A. A. Mapkos A. M. Konmoropos M. 1. Iapenko
(1821-1894) (1856-1922) (1908-1987) (1932-2004)
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PIBHSAIHHS, HEPIBHOCTI TA IX CUCTEMM.
Y3ATAJIbHEHHSA TA CUCTEMATU3ALISA

Y LUbOMY PO3IJ1I BU:

P cucTemMaTu3yeTe 1 y3aranbHUTE CBOI 3HAHHSA 1 YMIHHS,
MOB'sI3aHI 3 3aranbHVMK METOAAMMW PO3B’A3yBaHHA PIBHAHb
| HEPIBHOCTEW, 30KpeMa 3 NapamMeTpamu;

P cncTeMaTu3yETe METOAM PO3B'A3YBaHHS PISHUX TUMIB PIBHSAHb
| HEPIBHOCTEM Ta IX CUCTEM;

P HaBYMTECH PO3B’'A3yBaTV AeAKi CKNaOHI PIBHAHHS 1N HEPIBHOCTI




CUCTEMATU3ALIA I Y3ATAJIbHEHHSA BIAOMOCTEMN
NMPO PIBHAHHA, HEPIBHOCTI TA IX CUCTEMWA

14.1. PiBHSIHHS | HepPiBHOCTi 3 OfHi€l0 3MiIHHOIO

Tabaumnsa 23

1. O6nactb pgonyctuMmux 3HaveHb (0A3)

O3zHnaueHHI

O6nacmio donycmumux 3navernd (a60 00IaACTIO
BU3HAUYEHHs) PiBHAHHA (200 HepiBHOCTI) Ha3mU-
BA€EThCA CIIiJIbHA 00JIACTh BU3HAUEHHS IJIA BCiX
byHKIIil, IO CTOATH Y JiBill i MpaBili yacTHHAX
piBHsaHHA (a00 HepiBHOCTI).

ITpuxnanm

Iuisa piBuAHHA VX+2 =X
On3: x+220, To6T0 X>-2, OCKiIBKE 006-

JacTh BUBHAUEHHS (PYyHKIiI f(x) =+Jx+2 Bu-
3HAYaeThCsaA yMoBO0O X+ 220, a o0acTio BU3HA-
yeHHA QYHKITIL g(x)=x € MHOJKMHA BCix mific-
HUX YHCeJI.

2. PiBHAHHA-HacNigKu

O3HaueHHS i Opi€HTHUD

AKUI0 KOKHMI KOPiHb MEepPIIOT0 PiBHAHHS € KO-
peHeM Ipyroro, TO Apyre pPiBHAHHA HAa3UBAE€Th-
¢ Hacai0KoMm TepIIoro.

Sx1mo 3 mpaBuIBHOCTI MepUIOl PiBHOCTI BUIIN-
Ba€ MPaBUJIBHICTh KOSKHOI HACTYIHOI, OIEPSKY-
€MO PiBHAHHS-HACJIITKH.

IIpu uyvbomy MONCIUBA NOABA CMOPOHHIX KOpe-
Hig. Tomy npu BUKOPHCTAaHHi PiBHIHB-HACJIIT-
KiB mepeBipka omep:KaHUX KOPEHiB MiCTAHOB-
KO0 B IIOYAaTKOBe DPIiBHAHHA € CKJIaJ0BOIO
PoO3B’A3yBaHHA.

IIpuxnazn

Po3p’axiTh piBHAHHA JX+2 =x.

ITitmecemo o0MABI YacTHMHU PiBHAHHA 10
KBajpara:

(\/x+2)2=xz;
x+2=x%
xz—x—2=0;

x;=2, x5=-1.

Ilepesipka:
X =2 — KopiHb;
x=-1 — CTOPOHHIi KOpPiHb.

Bionosiov: 2. <|

3. PiBHOCM/IbHI piBHAHHA i HepiBHOCTI

O3zHaueHHI

JBa piBHAHHA (HEePiBHOCTi) HA3UBAIOTHCHA Pig-
HOCUNbHUMU HA TeAKili MHOMKHMHI, IKI0 HA I[ii
MHOKWHiI BOHU MAIOTh OJHIi i Ti cami po3B’A3KH.

Tob6mo KoxeH po038’A30K nNepulozo pPi6HAHHS
(HepisHocmi) € po3s’sa3rxom Opyzozo, i Ha8NAKuU,
KOMCHUU pP038°230K 0pYyz020 € po38°a3KOM nep-
wozo (cxeMHu TaKOro pO3B’s3yBaHHA PIBHAHD
i mepiBHOCTell HaBemeHo B mm. 4 i 6 1iei Tab-
auii).

Haiinmpocrimri Teopemu

1. dxmo 3 ogHiel yacTuHN pPiBHAHHA (HEepiBHO-
CTi) mepeHeCTH B APYry AOJAHKHU 3 IIPOTHJIEK-
HUM 3HAKOM, OJeP:KMMO PiBHAHHA (HEepiBHiCTH),
piBHOCHIBbHEe 3amaHoOMy (Ha OyAb-AKiH MHO-
SKMHI).

2. fAxkmo o0uaBi yacTUHM PiBHAHHS IMOMHOMKM-
TH a00 MOJIJIMTH HA OJHE I Te caMe 4YMCJIO, Bix-
MiHHe Big Hyx s (a6o Ha ogHy #H Ty camy (yHK-
1iro, Mo BH3HAYeHa i BigmMiHHaA Big HyJ s Ha
O/13 3agaHOrO PiBHSAHHA), ONEPKMMO PiBHAH-
H, piBHOCUIBHe 3ananomy (Ha O3 3agaHoro).
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4, Cxema nolyKy naaHy po3B’A3yBaHHA PiBHAHb

Po3p’asyBaHHS pPiBHAHD |

-

\

3a JOIIOMOTI'OXO

3a OOIIOMOTI'OIO

piBHAHb-HACHIAKIB PiBHOCHJIBHUX IEPETBOPEHb

IleperBOpEeHHA, IO rapaHTYIOTH
30epe’KeHHA IPaBUJIbHOCTI
piBHOCTI

VYpaxysauaa O3 mouaTKOBOTO
piBHAHHA

-

®

i1

36eperxenaa Ha O3 nmpaBuiIbHOCTL
piBHOCTI pu NPAMUX i 3BOPOTHUX IIe-
PEeTBOPEHHAX

ITepeBipKka KOpeHiB IiICTaHOBKOIO
B IIOYATKOBE PiBHAHHA

Y
| 3aCTOCYBAaHHAM BJIACTUBOCTEN (hyHKIIii

@ — TOYaTKOBE PiBHAHHA;

@ — piBHAHHA, OJep;KaHe B Pe3yJIbTATi IIePEeTBOPEHHSA IIOYAaTKOBOTO;

1,7 — cumBoisiuHe 300pasKeHHs HAIPAMKY BUKOHAHUX II€PETBOPEHb
5. 3aMiHa 3MiHHMX

OpienTup ITpuxnasn
3.....""".t......""".......“..."“"""""".“E PO3R’sKiTH piBHSAHES sinzx—2sinx—3=0.
: FIK|:|.|,0 [0 PiBHAHHA (HepIBH‘OCTI a60 TOTOXKHOCTI) : Bukonaemo saMiny sinx =t.
¢ 3MiHHa BXOAUTb B OAHOMY i TOMY CaMOMy BUNA- : 2 _94_3-0:
: 4, TO 3py4YHO BiANOBIAHMI BUPA3 3i 3MiHHOIO : 4 =3t = ’1
. MO3HaYNTK OfHi€l0 BYKBOIK (HOBOIO 3MiHHOI). - L=< 2= .
L ieeennneeennnateennsesasnstecnseeennascsannseenneses | 1. IIpm t=8 maemo sinx=3 — KopeHiB He-

Mae, OCKLIBKI |3|>1.
2. Ilpu t=-1 maemo sinx=-1, Toxi

x=—%+2nk, keZ.

Bidnosgiov: —% +2nk, keZ. <

6. CxeMa noOLWYKY nsaHy po3B’A3yBaHHA HepiBHOCTEM

| Posp’sa3yBaHHsA HepiBHOCTeI |

— IIOYaTKOBA HEPiBHIiCTh;

“ "
3a IOTOMOTOI0 PiBHOCHJIBHUX TEPETBOPEHb 3a IOIOMOI'0OI0 METOAy iHTepBaliB ( f(x) 20)
VYpaxysauaa O3 mouaTKoOBOI 1. 3matitu OJ13.
HepiBHOCTL 2. Buaiitu myai pyukmii: f(x)=0.
- 3. ITosnaunru Hyni Ha OJI3 i sHaliTH 3HaK
@ 36epeskenna Ha O3 mpaBMIBHOCTL .
HEDIBHOCTL DT IIo MY dyrrnii f(x) y KoxHOMY OPOMIKKY, Ha
T ©FeP pu op aki OI03 po3buBaeTbCA HYJIAMH.
@ i 3BOPOTHUX II€PETBOPEHHAX 4. Bammeary B . )
. IIOBiIb, YPAXOBYIOUM 3HAK 34
IaHoi HepiBHOCTI.

— HepiBHICTh, OJep:KaHa B Pe3yJbTaTi IePETBOPEHHSA IIOYATKOBOI;

1,T — cumBoniune 300pa’keHHS BUKOHAHUX IMEPETBOPEHHb (i3 BKA3iBKOI HAIPAMKY IX BHUKO-
HAHHSA)
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7. MeTog iHTepBanis (po3B’a3yBaHHA HepiBHocTeW Buay f(x)Z 0)

IInan IIpuxnan
x?-4
1. 3uaiitu O/13. Poss’sakiTh HepiBHiCTB —)220
’ x+5
2. 3naiitn mymi gyskumii: f(x)=0. Pose’azanna
. x“ -4
3. IToznauutu Hyxi va O3 Hexait f (x)=—2.
(x+5)

i smaiitu 3mak f(x) 5
Y KOKHOMY IIPOMIKKY, HA AKi 1. 003: (x+5)" %0, omxe, x#-5.

O/I3 po3ouBa€EThCA HYJIAMH. 2. Hyni ¢yrkuii: f(x)=0.

4. 3anucaTtu BigmoBigb, 2 4
YPaxoByIOYHU 3HAK 3a/JaHOIL 5
HepiBHOCTI (AKW0 po36’a3yemo (x+5)
Hecmpozy HepiéHicmb, mo 6cCi
HYyal QYHKUIT caid éKkaouumu 3. Y Y
0o 6i0noeidi — y HaBeleHOMY -5 -9 2 x
OpuKJani me uymcaa —2 i 2).

=0; x2—4=0; x;=-2, x9=2 (Bxomare go OJI3).

Bidnosiov: (—oo; - 5) U (—5; - 2] U [2; + oo). <

8. Teopemu Npo piBHOCH/ILHICTb HepiBHOCTEM

1. Axkmo o6MABI YACTHHHM HEPIiBHOCTI NMOMHOKUTH a00 MOTIIUTH Ha OJHE I Te camMe MOJaTHE
uuco (abo Ha 00HY it my camy QyHKYi, wo susnavena i dodamua na O3 3adaHol HepigHO-
cmi), He 3MIiHIOIOUH 3HAK HEPiBHOCTi, 0Jep:KMMO HepiBHiCThb, piBHOCUJIBbHY 3anaHiii (Ha O3
3adaHol).

2. ko o0uABI YaCcTHHM HEPIiBHOCTI MOMHOKHTH a0o0 MOMIINTH HA OaHE M Te came Bix e€MHe
uucao (abo Ha 00HYy UL my camy PYHKUi, wo usHauena i 6i0’emHa Ha O3 3a0anoi HepisHO-
cmi) i 3BMIHUTH 3HAK HEPIiBHOCTI HAa MPOTUJIEKHUN, OJEPKMMO HEPiBHiCTh, PiBHOCUJIBHY 3a-
maniit (ma O/I3 3amanoi).
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Haragaemo, sk MOKHa pO3B’A3yBaTH PiBHAHHSA i HEPiBHOCTI, 110 MiCTATH 3HAK MOIYJIA.
Tabaumnsa 24

1. Cxema po3B’A3yBaHHA piBHAHb i HepiBHOCTEM, WO MIiCTATb 3HaK MoAy.S

| Po3r’a3yBannsa |

v v v
3a O3HAYEHHAM 32 reoMeTPHIHIM 3a 3araJIbHOI0 CX€MO0
3micTom
) 1. 3manitu O/13.
a, mpu a >0, |a| — gidcmanv Ha . L.
. o 2. 3HaliT; HyJIi BCiX miaMOIyab-
|a|= 0, mpu a=0, yuca06iil npamiit 8id i
- 0 mouku 0 0o mouku a HUX QYHKILI.
a, 1P a < 3. IlosmaunTu wyni ma O3
1. | £(x) | —a. i pogGme OI_I;,S Ha IIPOMIiKKH.
4. 3HaliTu PO3B’A30K Yy KOXKHO-
2. |f(x)|=|g(x)| My 3 ImpoMmikkiB (i mepesi-
3 BHROPHCTaHHHM 3. |f(x)|>a. PUTH, UM BXOAUTL Ieii po3-
ClreniaJIbHuX ‘ 4. |f(x)|< a B’A30K y POSTJIAHYTHH IPO-
CIIIBBITHONIEHD MIMOK)
2. BuKopucTaHHA reoMeTpu4HoOro 3micty moayna (npyu a>0)
1. |f(x)|=a<:>f(x):a a6o f(x)=—-a. |t|=a |t|=a
2. |f(x)|=]|gx)| e f(x)=g(x) aco f(x)=—-g(x). [t|>a | |t|<a ||t]|>a
3. |[fx)|>ae flx)<-a abo flx)>a. W
x)>-a, :
4. |f(x)|<a<:>—a<f(x)<a<:> f(x) - 0 a t
f(x)<a.
Y3arajabHeHHA
g(x)>0,
5. |f(x)]=g(x) = 7. |f(x)|<glx) o-gx)<flx)<gx) =
7@ f(x)=g(x)abo f(x)=-g(x). 7]
o 1 fx)>-gx),
6. |f(x)]>g(x) o flx)<—g(x) ado f(x)>g(x). flx)<glx).
3. BuKopucTaHHA cneuyiasbHMX cniBBigHOLWEHb
u=>0
1. = >0. . +lol=u+ )
lu|=us u>0 5. |u|+|v|=u U@{v>0.
2. |u|=—u(:) u<o0.
3. |ul=|v|e u? =0v%. 6. |ul+|v|=—u-ve us0,
v<0.
4. |u|>|v|(:) u2>vz,
= >
To,ai|u|—|v|>04:)u2—vz>0; 7. |u|+|v| |u+v|<:>uv 0.
3HaK pisHuyi modynie 0eox eupasie s3biza- 8. |u|+| v|=|u—v|(:) uv<0.
embvca 3i 3HAKOM DPi3Huyi ix xeadpamis.
9. |x-al|+|x-b|=b-a= a<x<b, ne a<b.
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14.2. Cnctemu piBHSAHb i HepiBHOCTEN

ITonsarta cucremMu Ta ii po3B’sA3KiB
SIKIII0 cTaBUTLCA 3aBAAHHSA 3HAWTU BCi CIILJIBHI
po3B’aA3KU ABOX (abo GinbIiiie) piBHAHBL (abo He-
piBHOCTe!) 3 oxmHielo abo KiibKoMa 3MiHHUMU,
TO Ka’KyTh, II[0 IMOTPiOHO DPO3B’A3aTH CHCTEMY
piBHIHB (200 HepiBHOCTEIT).
3anucymoTh CcuCTeMy pPiBHAHb (HepiBHOCTEIT),
00’egHy0OUN iX (QirypHOIO AYKKOIO.
Po3é’a3kom cucmemu Ha3WBAETHCA TaKe 3Ha-
YyeHHA 3MiHHOI a00 TaKUii yIMOPSIKOBAaHUWII Ha-
0ip 3HauYeHb 3MIiHHHMX (SIKIIO 3MiHHUX XEKiJb-
Ka), 110 3aJOBOJIbHAE BCi PiBHAHHA (YU HepiB-
HOCTi) CHCTeMMH.

Pozg’asamu cucmemy pieHaHb (a60 HepieHO-
cmeil) — 3HAUUMb 3HAUMU 8¢i il po38’a3Ku abo
dogecmu, w0 po3s’a3Ki6 HeMae.

fAxiio cuctema He Mae pPo3B’A3KY, TO il HasuBa-
I0Th HeCYMIiCHOIO.

1. CucTeMun piBHAHb i HepiBHOCTEM

Tabaumnsa 25
ITpuxkaagu
x-y=4, cHucTeMa ABOX PiBHAHB i3 ABOMA
2x+y=11 . ABOX P A
3M1IHHUMUA.
x=5, ,

ITapa uwncen (5; 1), TOOTO -1 PO3B’ 30K
CHCTEMH. y=

x2—y+2z=0,

xy+xz+yz=19, — cucrema TpPHOX pPiBHAHD

x+y—z=2 i3 TppOoMa 3MiHHUMU.

Tpifika uncesn (1; 4; 3) R

x=1,
TO6TO 1y =4, — OomuH i3 PO3B’SABKiB cucTEeMMH.
z=3

2. CucteMun-HacnigKku

O3zHaueHHa

AKI0 KOKHUN PO3B’A30K MEPIIOl CUCTEMH PiB-
HAHb € PO3B’A3KOM JPYroi, TO APYry CHCTEMY
Ha3WBaIOTh HACAI0KOM TIepIIoi.

IIpu BuKOpUCTAHHI cUCTEM-HACJIAKIB MOXKJINBA
mosiBa CTOPOHHIX pPO3B’s3KiB, TOMY IIepeBipka
MiICTAHOBKOIO PO3B’s3KY B IIOUYATKOBY CUCTEMY
€ CKad08010 P038’A3YBAHHA CUCMEMU.

IIpuxaan
Yy 1
’ : i
Poss’skiTh cucremy 4§ x—1
2 =y+1.

Is mepmoro piBHAHHA cucremu: y=x-—1.
ITigcraBisgemMo y B [pyre DPiBHAHHA CHCTEMU

1 onmep:KyeMo: x2=x; x;=0, x,=1. Toai
y1=-1, y,=0.
Ilepesipka:

IIapa uucen (0;—1) 3a/I0BOJIbHAE 00MABa PiB-
HAHHS cucTeMu 1 € i poss’siskom. Ilapa uwmcen
(1; 0) He 3aJ0BOJIbHSE IIepIlie PIBHAHHA i He
€ PO3B’aA3KOM cucteMu. Bidnogidv: (O;—l). <

3. PiBHOCU/IbHICTb cuMcTeM piBHAHb i HepiBHOCTeM

[Bi cucremu piBHAHL (UM HepiBHOCTEN) HaA3U-
BaIOTBHCS Pi6HOCUNLBHUMU HA OeAKil MHOMCUHL,
AKINO HA i MHOKMHI BOHM MAaIOTh OJHAKOBI
po3B’aA3Ku (TOOTO KOMKHUI PO3B’A30K IIEepIIoi
cuCTeMH Ha I[ili MHOMKHUHI € po3B’A3KOM Apyroi,
i HaBIaKM, KOYKHUM PO3B’SI30K APYrol CUCTEMU
€ pO3B’A3KOM IIepIIoi).

O6nacmro donycmumux 3navensv (03) cucme-
MU Ha3WBAKTh CIIJIBHY 00JIACTh BU3HAYEHHI
BCix (yHKIill, [0 BXOAATH MO 3aMHUCY i€l cu-
CTeMHu.

¥Yci piBHOCUIBHI TEPETBOPEHHA CHCTEM BUKOHY-
orts Ha OI13 mouaTkoBOi cucTemMu.
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Haijinmpocrimi BIacTUBOCTI PiBHOCUJIBHHX CHCTEM

1. SIxuro 3MiHUTH NOPSAIOK 3aMUCy PiBHAHBb (UM HEPiBHOCTEI) 3aJaHOI CHCTEMHU, OJEP:KMMO CH-

cTeMy, PiBHOCHIIbHY 3aTaHii.

2, fdAxmo omHe 3 piBHAHB (400 HepiBHOCTEIl) cUCTeMH 3aMiHUTH HAa PiBHOCHJIBHE HOMY PiBHSIHHS
(HepiBHICTH), TO OXEP;KUMO CHCTEMY, PiBHOCHJIBHY 3aJaHil.

3. fAxkmo B cucTeMi piBHSAHD 3 OQHOTO PiBHIHHA BUPA3UTH OTHY 3MiHHY uepe3 iHIII i ogepsKaHMit
BHpa3 MiICTABUTH 3aMiCTh Iji€l 3MiHHOI B yci iHIII PiBHAHHA CHCTEMH, TO OAEPSKUMO CUCTEMY,

piBHOCUIBHY 3amaHii (Ha i O/13).

4. dxuo 0yab-ike PiBHAHHA CHCTEMHU 3aMiHHUTH CYMOIO IIHOTO PiBHAHHS, IOMHOKEHOTO HA YWC-
m0 o#0, i gKoroch iHIIOro0 PiBHAHHA CUCTEMH, MOMHOKeHOro Ha umcao P#0 (a yei immi
PiBHAHHA 3aJumIUTH 0e3 3MiHM), TO OJEP:KMMO CHCTEMY, PiBHOCUJIbHY 3aJaHIiil.

4. OcHOBHi cnocobu po3B’A3yBaHHA CUCTEM PiBHAHb

Cmoci6 migmcTraHOBKM

Bupaskaemo 3 OgHOTO PiBHSHHA CHCTE€MH OIHY
3MiHHY uepes3 iHmry (a0o uepes iHmmi) Ta mig-
CTaBJIAECMO OJep:KaHUil BHpPaA3 3aMiCTh BiaImo-
BigHOI 3MiHHOI B yci iHIII piBHAHHA cHcTeMH
(morim posB’aA3yeMO onepskaHe PiBHAHHA abo
CHUCTEMY i micTaBIsEMO Pe3yIbTaT y BUPA3 A
nepIiol 3MiHHOI).

2x-y=3,

ITpukaan. Po3s’sikiTs cucrem
p A y {x +y=3.

I3 mepiioro piBusiHHSA cuctemu Y=2x-—3.
IligcraBigemMmo B [pyre pPIiBHAHHA CHCTEMU
it omeperkyemo x+2x—-3=3. 3eigcu x=2. Toxi

y=2x-3=1.

Bionosidv: (2; 1). <

Cmoci0é momaBaHHS

Axumo mepire piBHAHHA CHCTEMHM 3aMiHMTHU CYy-
MOI0 IIEpHIOr0 PiBHAHHSA, IOMHOKEHOTO HAa
gyucao o0#0, i Apyroro, MOMHOMKEHOr0 HA YHC-
a0 B#0 (a Bei inmi piBHAHHA 3amumuTn Ge3s
3MiHH), OEeP;KMMO CHCTEMY, PiBHOCHJbHY 3a-
maHim.

5x-3y=9, |2
3x+2y=13.;'3

ITomHOXMMO 0O0MIBI YaCTUHU IIEPIIOTO PiB-
HAHHA CUCTeMHW Ha 2, a apyroro — Ha 3 (11100
oflep;kaTu AK KoedimienTu npu 3MiHHIN y mpo-
TUJIEXKHI YMcia) i ImMoUJeHHO J0JaMO OTpUMAaHi
piBHAHHA. 3 0OCTAHHBOTO ONEPIKAHOTO PiBHAHHS
3HAXOAUMO 3HAUEHHSA X, IMi/ICTABJISIEMO DPe3YJib-
Tar y 0yab-AKe PiBHAHHA CUCTEMU i 3HAXOAUMO
3HAUEHHd Y.

IIpukaan. Po3s’sskiTh cucremy {

10x -6y =18,
9x + 6y =39.
19x =57,
x=3.

Tonmi 3-3+2y=13; 2y=4; y=2.
Bionogiov: (3; 2). <

I'pacdiune po3B’A3yBaHHA CHCTEM PiBHAHB i3 TBOMa 3MiHHMUMU

BukoHyeMoO PiBHOCHJIIBbHI TEPEeTBOPEHHS 3aJaHOI CHCTEMH TaK, 100 OyJx0 3py4yHO OyayBaTH rpa-
¢iku Becix piBHAHB, MO0 BXOAATH M0 cuctemu. Ilotim Gyayemo BimmoBimui rpadiku i 3sHaxogmmo
KOOPAWHATH TOYOK IEPETHHY NMOOYTOBAHUWX JIiHIil: IIi KOOPAMHATH i € PO3B’A3KAMM CHCTEMHU.
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IIpurknaamu

2x—-y=3,

1. Poss’axiTs rpadiuHo cucrem
pac v {x+y=3.

3amaHa cucTeMa pPiBHOCHUJIbHA CHCTEMi
y=2x-3,
y=3-x.
I'padhikoM KOKHOTO 3 PiBHAHB CUCTEMU € IIPAMA.

Haa moOymoBu MPsAMOI OOCTATHBO HOOYIYyBaTHU
nBi 11 Touku. Hanpukian,

o y=2x—-3 Taxi: x 0 .
y -3 -1
. x 0 1
oA y=3—x Taxi:
y 3 2
y
) /
3
=2x—-3
2 N Y
1
1 01/2 34 5 «x
1
19 -
-3 Y= x

I'padikm mnepermmatoTbest B Toumi M (2; 1).
Orsxe, mapa 4gmces (2; 1) — €IWHUN PO3B’SI30K
3a/aHO0]l CHUCTEeMMU.

Bionosiov: (2; 1). <

2_o .2
2. Po3B’axiTh rpadiuHo cucTemMy x3 =2-y%
x°—-y=0.

3asanHa cucremMa piBHOCHIBHA cucTeMi
x2+y?=2,
y=x3

T'padix mepmioro piBHAHHA cuUCcTeMU — KOJIO pa-
miyca V2 3 IEHTpOM y IMOYATKy KOODAWHAT,

a rpadik apyroro — KybOiuma mapaboia y=x3.

y=x

IIi nBa rpadikm mepeTUHAIOTHCA y ABOX TOYKAX
3 KOOPAMHATAMU (—1;—1) i (1; 1).

Bionosiov: (—1;—1), (1;1) — pPO3B’A3KHU
cucreMu. <

MOACHEHHA M OBI'PYHTYBAHHA

0 3aranbHi meToan po3B'A3yBaHHA PiBHAHb i HepiBHOCTEN

IIi meTonm, a TaKOXK BiANMOBiAHI OpieHTHU-
pu 0Jid IX BUKOPUCTAHHSA, HaBeaeHi B Ta0i. 23,
Oyau JeTaJbHO Po3i0dpaHi B MiAPYYHUKY OJIs
10 xaacy (§ 3, 4, 7-9, 36). Haragaemo, 1110 3a-
rajJbHi MeToau, MOB’sA3aHi i3 3acToCyBaHHAM
BJIacTUBOCTEN (QYHKIIi#T [0 PO3B A3yBaHHA
PiBHAHB, PO3TJISHYTO TAKOXK B I[bOMY IIiApy4-
HUKY B Ta6a. 11 (§ 8).

Vci piBHAHHA 1 HepiBHOCTI, PO3TIAHYTI
B migpyunukax mas 10 i 11 giaacis, Mmu po3B’s-
3yBaju 3 BUKOPUCTAHHAM 3arajJbHUX METOXiB
(muB., HAaTpUKJIam, § 6). [lo HUX 3a HeoOXimHOCTI
IOofaBaJIv CIelliajibHi MpuiioMu Po3B’A3yBaHHA
IeAKWX TUIB PiBHAHb YW HepiBHOcTe# (AuB.,
HAIIPUKJIAJ, CXeMY PO3B’A3yBaHHA IOKA3HUKO-
BUX PiBHAHB y Tabs. 4 B 1. 3.2).
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Amnajioriuno MoKHaA HififiTm g0 BUOOPY
coco0y i CKJIamaHHA IJIaHYy DPO3B’A3yBaHHSA
piBHAHHA a60 HEPiBHOCTI.

1. Cmouatky obpamu 3azanvbHuil cnocid
PO36°A3YBAHHS PIBHAHHA a00 HepigHocmi ma
3eadamu opieHmupu 05 iiozo peanizayii (ZuB.
1. 4 1 6 Ta6u. 23).

Hanpuxknazx, axmo nisa pos3B’A3yBaHHSA
PiBHAHHA BW BUPIMWJIN BUKOPUCTATU PiB-
HAHHA-HACJIIIKM, TO B KiHI[l 000B’sI3K0OBO J0-
BeIeTbCA BWKOHATHU IIEPEBIPKY OJlePyKaHUX
kopeHiB (i, odopmiioroun poO3B’sA3aHHA, 3a-
mucaTtu abo caMy IepeBipKy, abo BICHOBOK Ha
KmrranaT «lIlepeBipka mokasye, o x = ... —
KOpPiHb, & X = ... — CTOPOHHIN KOPiHb», AKUN
CBiTUUTH, 110 NTEPEBiPpKYy BU BUKOHAJIU YCHO).

2. ]lna 6UKOHAHHA nepemeopeHdv 3ada-
HO020 pieHAHHA (HepieHOCMIi) SuKopucmamu
6i0no06idHi opmyau (3ayeKHO Bif BULY DPiB-
HAHHA a00 HepiBHOCTI) yu 8aacmusocmi gio-
nosidnux @QyHKUill abo cneyianvHi OpieH-
mupu 4u meopemu, AKi posTiaAmanau Iij dac
pos3B’A3yBaHHA PiBHAHD i HepiBHOCTEII IIEBHO-
ro Buny (11iJi, 1po6oBi, ipparionaabHi, TOKa3-
HUKOBi, JiorapudMiyHi, TPUTOHOMETPUUHI).

Haragaemo, 1mo 3 o3HaueHHA DPiBHAHHA-

HaCJiARY (AZKUW,0 KOHCHUIL KOPiHb nepuLozo pie-
HAHHSA € KOpeHeMm OpYy2020, mo Opyze pi6HAHHA
HA3UBAEMbCA HACAIOKOM NepuLozo) OmepKye-
MO Opi€HTHup:
Ana Toro wob opepatv PiBHAHHA-HACNILOK,
JOCTaTHbO PO3MMAHYTM 3afaHe PIiBHAHHA AK
NpaBWibHY YMCNOBY PIBHICTb | rapaHTyBaTtu
(TO6TO MaTU MOXNKMBICTb OBFPYHTYBATU), WO
KOXKHe HacTynHe piBHAHHA Oyae MpaBUSIbHOK
UYNCNOBOIO PIBHICTIO.

CuopaBzi, HAKIIO MJOTPUMYBATUCA IIHO-
0 OpieHTHpa, TO, PO3TJIANAIOUM 3aZaHE PiB-
HAHHA AK IIPABUJBbHY YMCJIOBY PiBHICTH, MU
haKTUYHO IigCTABISEMO B MepIlie PiBHAHHA
3aMicTh 3MiHHOI 11oro KOpiHb. Ilpyre piBHAH-
HS TeXX € MPAaBUJILHOI UYMCJIOBOIO PiBHICTIO,
TOAI POBIIAHYTHI KOPiHb HEPIIOro PiBHIH-
HsS € KopeHeM i apyroro piBHaHHA. lle o3Ha-
yae, M0 APyre PiBHAHHS € HACJJIIKOM IIep-
moro. OCKiTbKY B pe3yJIbTaTi BUKOPUCTAHHSA
PiBHAHBb-HACTIAKIB MOKJINBA IOSIBA CTOPOH-

HiX KOpeHiB, TO IIepeBipKka ImigcTaHOBKOIO KO-
PeHIiB y IOYAaTKOBe PiBHAHHS € CKJIAI0OBOIO
po3B’aA3yBaHHA (IUB. PO3B’A3aHHA PiBHAHHA

NX+2 =x 3a IOMOMOrol0 PiBHAHL-HACIIIKiB
y u. 2 Tabi. 23).

AmnajyioriuHuii Opi€eHTHP [/ PiBHOCHJIB-
HUX TepeTBOPeHb PiBHAHBL i HepiBHOCTeU 3a-
crocoByBaJiu i B Kypcei 10 Kiacy:

ONA BMKOHAHHA PiBHOCUIIbHUX MEepPeTBOPEHb

piBHAHb abo HepiBHOCTeN (ouB. cxemy B n. 4

Tabn. 23) JOCTATHbLO:

1. YpaxyBatn O[13 3agaHoro piBHAHHA (Hepis-
HOCTI).

2. CTexnTn 3a TUM, o6 Ha O[]3 KoXKHe nepeTBo-
PEHHA MOXHa 6YN0 BMKOHATK K Y MPAMOMY,
TaK i Y 3BOPOTHOMY HanpsAMKax 3i 36epekeH-
HAM NPaBWUIbHOI PIBHOCTI (HEPiIBHOCTI).

Mipkyioun, K i y BUTIaAKy Opi€eHTHPA AJIs
PiBHAHB-HACIiAKIB, oep:KyeMoO Take. SIKIIIO
IOTPUMYBaTHCS HaBeIeHOTO OPieHTUpA, TO HA
Ol13 KOKHUI PO3B’A30K IIEPIIOro PiBHAHHSA
(uepiBHOCTi) Oyme pos3B’s3KOM Apyroro (Apy-
roi), i HaBIaKu, KOKeH PO3B’SA30K JPYroro
piBHAHHSA (HepiBHOCTi) Oyme Po3B’A3KOM mep-
mroro (mepimoi), Too6To Ha O13 po3raaHyTi piB-
HAHHA (HepiBHOCTi) OYAyTh PiBHOCUJIbHUMU.
(ITpukaang BUKOPUCTAHHSA ITHOTO Opi€HTHpA
IJIs PO3B’A3YBaHHA PiBHAHD i JOBeIeHHS TEO-
peM Tpo PiBHOCUJIBHICTHL PiBHAHL HaBEIEHO
B1. 6.1, a 1J1s1 po3B’sA3yBaHHA HEPiBHOCTEH —
B1. 6.2.)

IHO00i 3pYy4yHO 6UKOHYBAMU DiBHOCUNbHI
nepemeopenna He Ha 6citt O3, a minvku Ha
miil it vacmuni, de micmsamuvcs Koperi 3a0aHo-
20 PiBHAHHSA (YU PO38°A3KU HepPi8HOCMI ).

Hampukian, nyis po3B’A3yBaHHS PiBHAHHSA

Nx+2 =x (1)

00epeMo PiBHOCUJIBbHI IePeTBOPEHHS.

O3 piBuauHua (1): x+22>0, TobTo x = —2.
Ha miit OJI3 mpaBa uactuua piBHAHHA (1)
Moske OyTu i momarHOO, i Bim’emuoro. Tomy
Ipu DigHeceHHi 000X YaCTUH PiBHAHHA 40 KBa-
apaTa MU MOYKEMO TapaHTyBaTU TiJILKW IIpa-
BUJIBHICTh MPAMUX IEePETBOPEHDb (AKIIO UUC-
Jla TOPiBHIOIOTH OJHE OJHOMY, TO i KBaapaTu
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ix 000B’sI3K0BO OYAYTH HJOPiBHIOBATH ONUH OJ-
HOMY), a obepHeHUX — Hi (AKIIO a?=b?, 1o
He 000B’A3K0BO BUKOHYETLCS PiBHicTh a=b,

HaIpUKJIaI, 22 = (—2)2, ame 2+ -2).

Copobyemo posraauyTu He Bcio O]I3,
a TiJIpKU Ty ii yacTuHYy, e po3TalioBaHi Kope-
Hi 3aJJaHOTO PiBHAHHA.

I Bcix KopeHiB piBHAHHA (1) Mae BUKO-
"HyBaTucs ymoBa x =0 (mpu migcTaHoBIli Kope-
Hs piBHAHHA (1) IepeTBOPIOETHCA Ha IPABUJIb-
HY piBHicTb, JiBa yacTmHa AKOI HeBix eMmHA,
OT:Ke, IJIS BCiX KOpeHiB i mpaBa yacTuHa Oyae
HeBix €MHOI0).

3a ymoBu x>0 06udsi wacmuHu pi6HAH-
Ha (1) Hegid’emHi, i npu nidHeceHHi 00 Kea-
opama mu 00epHYeMO PiBHOCUNIbHE DIBHAHHA
(oA HeBix eMHUX 3HaUEHb aprymMeHTa QyHK-

mida y= t2 € 3pOCTAI0UOIO 1 KOMKHOTO CBOTO 3HA-
yeHHS HAaOYBA€ TiJILKU MPU OSHOMY 3HAUEH-
Hi aprymeHTa, TOMY, AKIIIO a’=b? apu a=0,
b>0, To 000B’sI3KOBO BUKOHYETHCA PiBHICTDH
a=>b):
_ .2
x+2=x°. (2)

Ha Bcix KopeHiB piBHAHHA (2) fioro mIpa-
Ba YyacTHHA HeBix eMHA: x> 0, Tomi i JgiBa
yactTuHa Oynme HeBim emuoio: x+22>0. Ile
O3Hauae, IO MIJsd BCiX KOpeHiB piBHAHHA (2)
O13 piBaauuA (1) BUKOHYETHCA aBTOMATUUYHO
i MOKHA He 3aIKUCYBAaTH HOTO M0 PO3B’ A3aHHA
(ase TOTPiOHO BMiTH ITOSICHIOBATH, UOMY He 3a-
nucaan). A 3amucyBaTu i BpaxoByBaTu Tpeda
TinbKU oOMerxkeHHA X > 0.

Toxi x2 -x-2=0; x;=2 — KopiHb (3a-
IoBOJIbHAE YMOBY X =>0), x4=-1 — cTOpOH-
Hill KOpiHb (He 3a10BOJIbHAE YMOBY X = 0).

Bionosiov: 2.

- |

3ayBaxkeHHs 1. HaBegeHe po3B’s3aHHA MOK-
Ha 3almcaTH TaKOK 3a JOIOMOTOI0 3HaKa

piBrOCHIBHOCTI (&) Tak:

> >
\/x+2=x<:>{x 0, @{x 0,

=3
x+2=x" x2-x-2=0
{x?O,
=

x1=—1a60x2=2@x:2’

r

3ayBaxkeHHA 2. Y HaBeJeHUWX BUINE MipKy-
BaHHSX III0JI0 PO3B’A3yBaHHs piBHAHHA (1)
MU (PaKTUYHO OOTPYHTYBAJIu TeopeMmy (Ha-
BeJleHy ¥ OOT'PYHTOBAaHY B MiAPYYHUKY IS

10 kJacy):
o g(x)>0,
M =800 1) g o),

AKY MOKHA BHKOPHCTOBYBATH IIiJ dYac
PO3B’sA3yBaHHs ippallioHAJIBLHUX PiBHAHB

3

suny +/f(x) =g(x).

Q CuctemMm piBHSAHbL i HepiBHOCTEN

3 MOHATTAMU CHCTEMU PiBHAHDL i HeEpiB-
HocTell, i1 pO3B’A3KY Ta 3 OCHOBHUMU METOZA-
MU PO3B’sI3yBaHHSA CHUCTE€M PiBHSHB, ITOJaHU-
Mu B TabJy. 25, Bu 3HaiioMi 3 Kypcy ajaredopu
7-9 kJaaciB (i BUKOPHCTOBYBaJM IiX IIig uac
posB’asyBanusa cuctem y 10—11 xiaacax). Ha-
ragaemMo, II0 aHaJOTiYHO A0 BiAMOBiZHMX IIO-
HATH, TIOB’ I3aHUX 3 PiBHAHHAME ab0 HepiBHO-
CTSIMU, YBOAATH MOHATTS 00JIACTI JOTTYCTUMUX
3HAUEeHb CHUCTEMU PiBHAHBL ab0 HepiBHOCTEM
(muB. 1m. 3 rTaba. 25), TOHATTS CUCTEM-Ha-
cAigKiB aasa piBHAHD (m. 2 Tabis. 25 Ta piBHO-
CHUJIbHUX CHCTeM PiBHSAHD i HepiBHOCTeH (1. 3
TabJa. 25).

Vci HaBemeHi o3HAUEHHSA BiTHOCATHCA HeE
TiJIBKU O CUCTEM PiBHAHBL ab0o cucTeM HepiB-
HOCTell, a ¥ OO0 3MiIlTaHUX CHUCTEM, N0 AKUX
BXOJATH i PIBHAHHSA, 1 HEPiBHOCTI.

3 O3HAUEHHA CUCMEMU-HACAIOKY AJSA CU-

CTeMU PiBHAHD (AKW,0 KOHCHUIL PO36°A30K nep-
woi cucmemu PiBHAHb € PO38°A3KOM OpY2oi, mo
Opyey cucmemy HA3UBAIOMb HACAIOKOM nep-
w.0l) BULIMBAE TAaKUI OPpi€eHTHD.
Onsa Toro WwWob ofepaTn CMCTeMy-HacnifoK, fo-
CTaTHbO PO3MAHYTU 3afaHy CUCTEMY PiBHAHb
AK CUCTEMY MPaBWIbHUX YMCIIOBMX PiBHOCTEN
i rapaHTyBaTV (TOOTO MaT! MOXNMBICTb OOrPYH-
TYBaTU), LLO KOXHY HACTYMHY CUCTEMY PiBHAHb
MOXHa ofiepKaTh K CUCTEMY MPABUIIbHMX YNC-
JIOBMX pPiBHOCTEN.
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CmopaBai, AKINO JOTPUMYBATHCA IIHOTO
opieHTHpA, TO KOXKHUI PO3B’sI30K IIEPIIOi Cu-
CTeMU IIePEeTBOPIOE BCi PiBHAHHA CUCTEMHU Ha
MIPaBUJIbHI YMCJIOBi piBHOCTi. AJie Toxi apyra
cucTeMa Te)X MIiCTUTHMMe BCi MpaBWJIbHI YmC-
JIOBi piBHOCTi, TOOTO PO3TJISAAYyBaHI 3HAUEHHS
3MiHHOI (200 BIOPAAKOBaHI HAG0PU MeKiIBKOX
3MiHHUX) € PO3B’s3KaMu i JApyroi cucremu,
a e ¥ o3Haudae, IO APyra CHUCTeMa € HacCJifI-
KoM mepiroi. Tako:k ciig ypaxoByBaTH, IIIO
TPV BUKOPHUCTAHHI CUCTEM-HACJIIKIB MOMKJIIN-
Ba IIO0ABA CTOPOHHIX PO3B’A3KiB, i TOMY Iepe-
BipKa ITiICTAHOBKOIO PO3B’A3KIiB y MOYATKOBY
CHCTEMY € CKJIQIOBOI0 PO3B’sI3yBaHHS (IUB.
IPUKJIAA y 0. 2 Tadi. 23).

AmnajioriuHo OGI'PYHTOBYETHCS, IO

Npv PiBHOCUITbHUX NEPETBOPEHHAX CUCTEM PiB-
HSAHb UM HepiBHOCTEN HeobXigHO BpaxoByBaTU
O[3 3apaHoi cucTemu i rapaHTyBaTu AnA BCiX
PiBHAHb 36epeXXeHHA NPaBUbHOCTI PiBHOCTEN
Ha KOXXHOMY KpoLi po3B’A3yBaHHA (a gnAa cu-
CTeM HepiBHOCTEN — 36epeXkeHHs MpaBUSib-
HOCTi HepiBHOCTeN) AK NPV NPAMUX NepeTBo-
PEeHHAX, TaK i NPy 3BOPOTHUX.

ITeit opieHTHpP 103BOJISIE OOI'PYHTYBATHU
HAWIIPOCTIIi BJIACTUBOCTI PiBHOCUJIBHUX CU-
cTeM PiBHAHBL i HepiBHOCTel, SAKi HaBemeHO
B 1. 3 Tabu. 25.

@ MpoBeniTh Take 0BrPYHTYBAHHA CAMOCTINHO.

J s po3B’A3yBaHHA JeAKUX CUCTEM iHOI
BUKOPHUCTOBYIOTH BJIACTUBOCTI (OYHKIIi (AUB.,
HanpukJigazn, taba. 11). Caig Taxkox mam’s-
TaTH, 110 JJIS PO3B’ A3yBaHHA AeIKUX PiBHAHD,
HepiBHOCTe! Ta iX cucTeM 3PYYHO BUKOPUCTO-
ByBaTU 3aMiHYy 3minHux (OUB., HAIPUKJAL,
posB’aA3aHHA PiBHAHHA B 1. 5 TabJu. 23, Hepis-
HOCTi — y 1. 3 Taba. 5, cucreMu — y IIpUKJa-
oi b mo m. 3.2 migpyyHUKa).

Ixoni mig yac po3B’A3yBaHHSA PiBHAHD i He-
piBHOCTEN TOBOAMTHCA IIEPEXOAUTH HE TIIBKYI
JI0 PIBHOCHUJIBHUX CUCTEM PiBHSIHB UM HEPiBHO-
creil (IuB., HaIpuUKJIam, popmyay (2)), a i 10
cykynHocmeil pi6HAHb a60 HepieHocmell (a0o
ix cucreM).

Po3sé’azamu cykynHicmdv piBHAHB, HEPiB-
( HOCTel UM iX CHCTEeM — 03HA4Ya€ 3HAWTH TaKi

3HaYeHHA 3MiHHOI abo Taki Ha0opwW 3HAUYEHD
3MiHHUX (AKIIMO 3MIiHHUX IeKiJibKa), KOMKHe
3 SIKMX € PO3B’A3KOM X04a O OTHOTO 3 PiBHSIHB
(HepiBHOCTeIT), IIT0 BXOIATH M0 CYKYHHOCTI,
i mpu mHOMy pemiTa PiBHIAHL (HEePiBHOCTEI)
BH3Ha4YeHa, a00 JoBeCcTH, 1[0 TAKUX HAOOpiB
YuceJI He icHYyE.

3 IBOro BUILIHUBAE, IO o0.ziacmio dony-
cmumux 3navendv (O3) cyxynnocmi € cniav-
Ha obaacmbv 8Uu3HAYeHHA 01 6cix QYHKUIIL,
AKi 6x00amb 00 3anucy cykynnocmi.

Sk iy Bunmagry piBHAHB, HEpiBHOCTEH a60
ix cucTeM, OBi CyKymHOCTi piBHAHB, HEPiBHO-
cTeil 200 iX cucTeM Ha3MBAKOTHCHA Pi6HOCUNLD-
HuMmu Ha JesIKiil MHOSKHMHI, AKIIO BOHU HA Il
MHOJKMHI MalOTh OTHAKOBiI po3B’aA3ku. IHaK-
e Ka)Kydu, KOXKHUI PO3B’SI30K IEPIIoi Ccy-
KYIHOCTI Ha Iili MHOKUHI € pO3B’A3KOM APY-
roi, i HaBmaKu, KOKHUI PO3B’SI30K APYroi
€ PO3B’A3KOM IIePIIOi.

CykynHicTh PiBHAHB, HEPiBHOCTEA UM iX
CUCTEM 3alUCYIOTh, KOPUCTYIOUYUCH CIOJIYY-
HUKOM «a60». MoKHa TaK0X BUKOPUCTOBYBa-
TU ceIliaJbHUN 3HAK CYKYITHOCTI «[».

Hanpurnan, piBHAHHEA

J2x+2 (x2+3x-4)=0 ma itoro O[3: 2x+2>0
PiBHOCUJIBHE CYKYITHOCTI

J2x+2 =0 (4)

abo
x2+3x-4=0. (5)

PiBuanua (4) mae xKopiubp x=-1, AKui
BxoauTh no O3 samanoro piBHAHHA (TOxi
piBHauuA (5) BusHaueHne). A piBHauHa (D)
Mae KopeHi x; =1 — Bxoguth mo OII3 szaja-
HOro piBHAHHA (Tomi piBHAHHS (4) BU3HAUe-
He) i x,=-4 — He BxoauTs Ao OJ13 3azaHorO
piBHAHHA (TOAi piBHAHHA (4) He BU3HAUEHeE).
Orxe, PO3B’sABKAMHU PO3TJIAHYTOI CYKYITHOCTI
(ToOTO i KOpEeHAMU 3aJaHOTO PiBHAHHS) € TiIb-
Kmx=-11ix=1.

PosrnsauyTre posB’sA3aHHSA MOKHA B3amu-
CyBaTH, BUKOPUCTOBYIOUM 3HAKU PiBHOCUJIb-
HOCTi, cyKynHOCTi Ta cucremu. HaBememo me-
KiZTbKa MOMKJIMBUX CIIOCO0IB TAKOTO 3aIuCy
(mpoaHanisyiiTe KOMKHMUUA i3 IUX CIOCO0iB),
aJie TaKke O(DOPMJIEHHS 3alIUCY PO3B’ A3aHHS He
€ 000B’ A3KOBUM.
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I croci6

xi2(x2+8x-4)=0e |V2X+2=0,

x2+8x-4=0
IT coci®
(x+2>0,
V2x+2(x2+8x-4)=0 {[V2x+2=0, =
x2+8x-4=0
I11 cmocio
(x+2>0,

Jox+2(x2+3x-4)=0

| x*+8x-4=0

PiBHIHHSA | HepiBHOCTI
3 napameTpamu

Posp’sa3yBanHA piBHAHL i HepiBHOCTEH
3 mapaMeTpaMu JeTaJbHO PO3TJIAHYTO B KYpP-
ci 10 xkiacy.

Posp’asyrouu 3aBIaHHA 3 mapaMeTpamu,
YacTo AOBOAUTHCA PO30MBATH 00JIACTH [OITY-
CTUMUX 3HAUEHbB IapaMeTpa Ha IPOMisKKM, BU-
XOAAYM 3 TaAKOI YMOBU: METOJ PO3B’ A3YBaHHA
piBHAHHA (HepiBHOCTi) Mae 3aJUINIATHCA OJ-
HUM i TUM caMUM, IIOKU 3HAUEHHS ITapaMeTpa
HaJIEXKUTHh OJHOMY NpoMizKKy. IIpu nibomy He
3MIiHIOETBCA Ha IIPOMIiKKY W BUTJISAMA 3aIUCY
po3B’A3KiB piBHAHHA (HEPiBHOCTI) 3 BUKOPU-
CTAHHSM ITapaMeTpa.

Mpuxaad

Poss’azanuga

on3: x=#0.
ax2+x—(4a+2)=0.

1) dxmo a=0, omep:kyemo JiHiliHe PiBHAHHSA
x—-2=0. 3sigcu x=2.

2) dAxmo a#0, posB’aA3yeMo KBagpaTHe pPiB-
HAHHA:
D=1+4a(4a+2)=16a+8a+1=(4a+1)%

-1+(4a+1)

2a )

X1,2=

N2x+2 =0, &

PosB’sa:KiTh piBHAHHA

V2x+2 =0,

{x2+3x—4:0x:[zi_L

2x+220

Meronu pos3B’s3yBaHHsA 3aBIaHb 3 HIapaMe-
TpaMu Taki cami, IK i MeToau PO3B’sA3yBAHHSA
aHaJIOTiUHMX pPiBHAHBL, HepiBHOcTell abo ix
cucreMm 0Oe3 mapamerpiB. Haramaemo opieH-
THUP, AKUN MU BUKOPUCTOBYBAJIU IJIS PO30OUT-
ta Ol13 mapameTrpa Ha TPOMIiKKH.

: byab-AKke piBHAHHA (HepiBHICTb) 3 NapameTpa- :
: MV PO3B'A3YI0Tb AK 3BUYANHE PIBHAHHA (He-
: PIBHICTb) [OTW, MOKW BCi NepeTBOPeHHA abo :
: MipKyBaHHS, HeobXigHi ANs PO3B’'A3aHHSA, MOX- -
: NIMBO BMKOHATU O[HO3HAYHO. fIKIWO sKecb ne- :
: pPeTBOPEHHA He MOXHa BMKOHATU OfHO3HauHoO, :
: 10 PO3B'A3yBaHHA NOTPIGHO PO36MTK Ha KinbKa :
: BUMagKiB, W06 Y KOXHOMY 3 HVX BigMnoBigb ye- :
: pes3 napameTpu 3anncyBanaca OfHO3HauHo. :

4a+2
ax+1=
X

, e X — 3MiHHA.

Komenrap

Bupasu B 000X uwacTuHaX pPIBHAHHA iCHYIOTH
TOAL ¥ TIJIBKM TOMAi, KOJM 3HAMEHHUK JIpO0Yy
BiAMiHHWI Bim HYyJIA.

IToMHOXKXMMO 00MABI YaCTUHU 3aJaHOTO PiBHAH-
HA HaA BUpPa3 X — CHLJIbHUUA 3HAMEHHUK IPO-
0iB — i omep:KUMO Ilijie PiBHAHHSA, AKe 3a yMO-
Bu x#0 (to6ro Ha OII3 manoro piBHAHHS) PiB-
HOCUJIbHE 3aJaHOMY.

IIpu a=0 zamane piBHAHHSA He € KBaJIpPaTHUM.
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2a+1
a
Vpaxoyemo Ol13: x; =2 — KOpiHb (BXOAUTH

no OI13) mpu 6yab-AIKUX 3HAUYECHHSAX d.
. 1
Ockinmprku x5 =0 npu a=—E, TO HPHU IHOMY

3Ha4YeHHI mapameTrpa X, =0 He € KopeHeM 3aja-
HOTO PiBHAHHA (IPOTe HOTO KOpeHeM € X; =2).

2a+1
a

1
IIpu a¢—E (i a#0) sHaueHHA Xy =—

€ KOpeHeM DiBHAHHA.

ITigcraBassemo a=0 B 3amaHe pPiBHAHHA i Po3-
B’sIBye€MO OJlepiKaHe PiBHAHHA (3 ypaxyBaHHAM
013).

IIpu a#0 maemo KBagpaTHe pPiBHAHHA. 3HAa-
XOAMMO oro aucKpuminaHT. I[yid oOumcIeHHA
IOIiJILHO 3ammcaTy 3arajbHy QOpMyJy s
IBOX KOpeHiB (y IIbOMY BUIIQAKY 3HAK MOIYJA
MOXKHA He 3aIKUCyBaTH).

Ilepmr mixk 3ammcaTy BifgmoBiab, cuaim o6oB’s3-
KOBO 3’fCyBaTH, YW BXOAATH OJlepsKaHi 3HaueH-
Hsa KopeHiB no O/I3 3amaHoro piBHAHHA.

JIlna KopeHsa X, CHOYATKY CJIifi BUSHAUUTH, IPHU

AKUX 3HAUEHHSAX MapaMeTpa a Moro 3HaueHHA
HOTPAILISAIOTEL A0 «3a00POHEHUX » (x=0). ITo-
TiM MOJKHA 3aIlliCATH BiAIIOBiAL A 3HAHAEHO-

1
Bionogiov: 1) arxmo a=0 a6o a=—E, TO X=2;

1
2) akmo a#0 i a;ﬁ—;, TO X; =2,

2a+1
Xy =— 4 . <

a ueHb a (ypaxyBasiiu, 1o npu a=0 ozep:xannu

1 . R
'O 3HaAUYeHHdA (1:—5 1 oJid BCl1X 1HIIINX 3Ha-

. . . 1
TaKUU caMuil PO3B’A30K, AK i mpu a:—E).

VYV mocrnigHUNBKUX 3aBAAHHAX 3 IIapaMeTpaMi PO3B’sI3yBaHHSA 3a-
JaHUX PiBHAHB ab0 HepiBHOCTeH yacTo OyBae AysKe CKJIAIHUM abo He-
MOJKJIUBUM. ¥ TaKUX BHUIIAAKAaX KOPUCHO IIaM’ ATATH JeAKi creriaabHi
NPUAOMH TOCIiKeHHs 3aBAaHb 3 TapamMmeTrpamu (Tada. 26).

Ta6aumnsa 26

1. AocnigKeHHA KinbKoCTi po3B’A3KiB piBHAHb 3 NMapaMeTpamu

OpienTup

- fKWo B 3aBAaHHI 3 NapameTpamm NAETbCA NPO KiNbKICTb PO3B'A3KIB PIBHAHHA (HEPIBHOCTI abo cncTe-
: Mu), TO ANA aHani3y faHoi cuTyauii 6yBae 3pyuyHM BUKOpUCTaTK rpadiyHy intocTpadiio po3B’a3yBaHHS.

Oco0uBOCTI BUKOPUCTAHHA OpPi€HTHpa

IMocaig:xeHHs € IPOCTUM Yy TOMY pasi, KoJu 3aflaHe PIBHAHHSA MOXKHA IOJATHA Y BULIALL f (x)=a,
ockinbku rpadixk ¢GyHKNii y=a — e nmpama, axa napaiesabHa oci Ox i meperunHae Bick Oy
y TOUIli a.

BamiHiooun 3amaHe piBHAHHA piBHaHHAM f(X)=a, mMOTPiGHO CIiAKYBATH 3a PiBHOCHIIBHICTIO BH-
KOHAHUX IIEPETBOPEHb, 1100 oJep:KaHe PiBHAHHA MAaJo Ti caMmi KopeHi, 1o # manme. Toxmi i Kiab-
KicTh KOpeHiB y HuUX OyAe OJHAKOBOIO.

Iia Toro 106 BU3HAUUTH, CKIILKM KOPEHIB Mae piBHAHHS [ (x)=a, IOCTAaTHLO 3HAWTU, CKIIBKI

TOYOK mepeTuHy Mae rpadir GyHrmil y=71 (x) 8 mpsmoro Y=a Tupu pidHUX 3HAUYEHHAX IapaMe-
Tpa a. ([gd 1bOoTo Ha BiATIOBIZHOMY PHCYHKY IOIIJIBHO 300pasuTy BCi XapaKTepHi MMOJOKEHHS
nopsaMoi.)
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ITpuraanx

. . . 2 .
CKinbKY KOpPeHiB Mae PiBHAHHS |x —2|x|—3|=a 3aJIe}KHO Bin 3HaAueHHs mapamerpa a?

IInan

1. Byayemo rpagik pyHKIil
y=|x2—2|x|—3|
(ypaxoByoumn, IO x2 =|x|2),
HaAPUKJIAL, TaK:
y=x2—2x—3—>y=|x|2—2|x|—3—>
> y=|x?-2|x|-3|.

2. Bynyewmo rpadik ¢yHrRUii y=a.

3. AmnasisdyemMo B3aeMHe pPO3TaIllyBaHHS OJEp-
skauux rpadikiB: KiabKicmb KOpeHi8 Pi6HAHHS
flx)=a 0opiBHI0€E KilbKOCMI MOY0K nepemuny
epadira QyrKYIL y=f(x) i3 npamorw y=a.

4. 3anucyeMo BiAIIOBiOb.

Po3p’a3aHHda

\y=a “a /
4
\ / \ ]
2,,
1,,
: —— 0y :
-3r2-1, | 123 «x
\ \ /
\ \ T /
\ \ )
\\ :4:__\__/

Bionosiov: 1) npu a<(0 Hemae KOpeHiB;

2) upu a=0 i a>4 nBa KopeHi;
3) upu a<0<3 i a=4 yorupu KOpeHi;
4) npu a=3 I’ATh KOPEHiB;

5) mpu 3<0<4 miicTs KOpeHiB.

2. BukopucTaHHA napHocTi (yHKLUiH, WO BXOAATb A0 3anucCy PiBHAHHA

OpienTup

AKwo B piBHAHHI f(x) = 0 dyHKUin f(x) € napHOlo abo HenapHoOIo, TO Pa3oMm i3 6yAb-AKMM KOpeHeM a
MO>KHa BKa3aTMU LLie OfVH KOPiHb LibOro PiBHAHHA —CL.

Ilpuknang

3HaigiTh yci sHaueHHA IIapaMerpa a, OpU SAKUX Mae€ €IUHUH KOPiHb PiBHAHHSA

2

Po3B’a3zanua

Ddyuruia f(x)= a?cos2x—x*—a € IIapHOIO
(D(f) =R, f(—x) = f(x)). Omxe, eqUHAM KOpe-
HEeM [AHOr0 PiBHAHHA MOke OyTu Tinpkm x=0.
Armo x=0, To 3 piBHanua (1) ogep:KyeMO

a®-a=0, ro6mo ala-1)=0. 3Bigcu

a=0 ab6o a=1.
Ilpu a=0 piBuauna (1) mepeTBOPIOETHCI Ha
piBHAHHA xt= 0, sKe Mae egUHUN KOPiHB
x=0. Orxe, a=0 3samoBOJILHSE YMOBY 3amaui.
IlIpu a=1 maeMo piBHAHHSA COS2X — xt-1=0,
TOOTO

cos2x=1+x".

(2)

a?cos2x—x*—a=0.

(1)
Komenrap

ITomiuaemo, mo B JiBiit wactTuHi piBHAHHA (1)
CTOITh IapHa (PyHKIIiA, i BUKOPUCTOBYEMO Opi-
euTup. HificHO, AKIIO X =0 — KOPiHb PiBHAH-
a1 f(x)=a, to f(0)=0 — npasmabaa umcio-
Ba piBHIiCTE.

Vpaxosyroun mapmicts dymrmii f(x), maemo:
f(—o)=f(a)=0. Omme, x=—-0 TaKo® € KO-
penem pisusaEsa f(x)=0. €aumuiti kopiub
y IIbOTO PiBHAHHA MOKe OyTHM TiJIbKH TOIi,
KOoJIM KopeHi O 1 —0 30iratoTbesa. 3Bimcu
x=o0=-0=0.

3’sicyeMo, UM iCHYIOTh TaKi 3HAUYeHHS IIapame-
™pa a, npu axkux x=0 e KopeHeM piBHAH-
HA (1). IIe a=0 i a=1. OckinbKu 3HAUEHHA
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Ockinbrn cos2x<1, a 1+x*>1, ro pisusm- L @=0 i a=1 mu omepxamn sa ymoBm, IO

Ha (2) piBHOCHIIBHE cHCTeMi PiBHAHB x=0 — xopiup piBHaAHHA (1), TO HeoOXigHO
IepeBipuTH, UM AifiCHO IPU IKUX 3HAYEHHAX 4
cos2x =1, 3ajlaHe PiBHAHHSA MaTHMe €IUMHUI KOPiHB.
4 . :
1+x*=1. 106 posw’sizsatTu piBHAHHS (2), OLIHMMO 3HA-

. _ YeHHSA MOTO0 JIiBOiI i TpaBoi yacTuH:
3 apyroro piBHAHHSA cucTeMu ojepyemo x =0,

4
110 3aJ0BOJIbHsE i mepiiie piBHAHHA. OTiKe, 1A h(x)=cos2x, glx)=1+x".

cucTeMa, a 3HaUUTD, 1 piBHAHHA (2) MaOTh €11- cos2x =1
Huil po3s’sa3ok x=0. Maemo: a=1 Taxkox 3a- : @ = Lixto1 ’
+x =1.

AOBOJIBHSAE YMOBY 3amaui.

Bionosiov: a=0, a=1. < |—1<h(x)<1| |g(x)>1|

1. 0 Ha3MBAIOTH PO3B’ABKOM:
3anUMAHHS = P

1) piBHAHHA;

2) mepiBHOCTI;

3) cucremu piBHAHL ab0 HepiBHOCTEIl;

4) cykymnHOCTi piBHAHBb ab0 HepiBHOCTEH?

Hasenite nmpukaanu.

2. Cdoopmymoiite osHauerHs OJ13:

1) piBuAHHS;

2) HepiBHOCTI;

3) cuctemMu piBHAHBL ab0 HepiBHOCTeIl;
4) cykymHOCTi piBHAHBL abo HepiBHOCTEI.

3. CdopmymoiiTe 0o3HAUeHHA PiBHAHHA-HACIINKY TAHOTO DiBHAHHA Ta
CHUCTEeMU-HACJIIKY JaHOI cucTeMHu pPiBHAHL. HaBemiTh mpukIagu.

4. CdopmyrioiiTe 03HAUeHHS PiBHOCHILHOCTI:
1) piBHAHB;
2) HepiBHOCTEI;
3) cucreMm piBHAHBL ab0 HepiBHOCTEIl;
4) cyKymHOCTel PiBHAHBL ab0 HepiBHOCTEI.

HageniTe mpuikaau piBHOCUJIBLHUX IIePETBOPEeHb. lloAcHITH, womy
BUKOHAHI IIePEeTBOPEHHA € PiBHOCUJIbHUMM.

5. HaspiTh oCHOBHiI MeTOAM PO3B’A3yBAHHS:
1) piBHAHB;
2) HepiBHOCTEI;
3) cucreM piBHAHDL Ta HepiBHOCTEH i HaBeAiTh MPUKJIAAN iX BUKOPU-
CTaHHA.
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VY saBmamaax 14.1-14.8 posB’sa:KiTh piBHAHHA.

Bnpabu
P 14.1. 1) x=+3x+40; 3) x=/5x+36;
2) x=+10x+24; 4) x=+/3x+28.
14.2. 1) J10-x =4-x; 6) x+2Jx—6 =6;

2) Jx-1=x-3; 7) Vaxt-8x-1=x2-1;
3) J1+x =2x-4; 8) Vat+x-9=x2-1;

4) Jx+7 =4x-5; 9) Jx(x—2)(x+3) =3-x;
5) x+3Jx—5=5; 10) yJx(x+4)(x-38) =6-x.
14.3. 1) J/3x+3 =2x-3; 3) x+1=2-x-1;
2) V3x+2 =2x-4; 4) 1-Jx-2=x-1.
14.4. 1) x®-132+30=(3z-18) ; 3) x?—8x+10=(\Tx-40)";
2) x2-0x+13=(\5x-85) ; 1) x®—152+55=(Vx—8)".

14.5. 1) Jy3x-5 =3-2x;
2) Vax?+4x+1=x2+x-1;

3) \/x2+x+4 +\/x2+x+1 =\/2x2+2x+9 ;
4%) 4629—x + 477+ x =8.

14.6. 1) Jy-1=6-y; 3) V2x%-8x+5 =x—2;

2) Jx+1=4-x; 4) V2x? -8x+6 =x-2.
14.7. 1) 5Jx—2 +3Jx+1 +2x=17; 2) V8x-2+2Jx—1+5x=14.
14.8. 1) sin2x=+/3 cosx; 2) sin2x=+/2 cosx.
14.9. VraxiTs yci Kopeni piBHAHHA:

1) sin2x+\/§sinx:0, AKI HaJle;KaTh BiApisKy [—3?“;3?“];

2) sin2x+\/§cosx=0, AK1 HaJeXXaThb BiApisky [—n; 215].

YV zappamuax 14.10-14.14 pos3s’sKiThb piBHSHHI.

14.10. 1) sin(0,5n+x)+sin2x=0; 2) cos(0,5m+x)+sin2x=0.
14.11. 1) sin4x ++/3 sin3x+sin2x=0; 2) cos3x+sinbx=sinx.
14.12%. 1) sin2x+tgx=2; 3) ctg?x+tg?x=16cos2x.

2) sinx+sin3x=4cos?x;
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14.13.
14.14.

14.15*.

14.16.

14.17.

14.18.

14.19.

14.20.

14.21.

14.22.

14.23.

14.24*.

1) sin2x=cosx; 2) cos2x=sinx.
1) V3 sin?x+0,5sin(n+2x)=0;

2) \/gcoszx—0,5cos(3?n+2x)= 0.

3HalgiTh yci po3B’sI3KU DPIBHAHHA:

1) c032x=2tg2x—cos2

. .. 1
X, SKi 3aJ0BOJIBHAIOTE HEPiBHICTH COSX < E;
2) 4sin* x +sin?2x = ZCtg2 X, SKi 3aJ0BOJIbHSIOTHL HEPiBHICTH

1
cosx<——.
2

3HalmiTh yci PO3B’SA3KMU PiBHAHHI:
1) cosx+cosbx—cos2x=0, aki HameKaTb BipisKy [—n; Tc] ;

tg 2 t
ctg x+ch

2) +2=0, aki HameKaTh BiApi3KYy [0; 21:].

ctgx ctglx

Y saBmamHax 14.17-14.31 po3B’s:KiTh piBHAHHA.

1) 3cos2x+4sinx=1;

2) cosx—cos2x—sin2x=1, xe[—?’?n;—%];
3) cossz—gcoslesinx.
2 2

1) cos(Zx—%)—sinxz%; 3) cosx+cos3x=\/§0052x.
2) sinx=2ctgx;
1) x—i‘zz; 2) x—i‘zg.

7 7 8 5
1) |14-x|=x"-196; 3) [19-x|=x*-361;
2) [16-x|=x*-256; 4) [17-x|=x*-289.

1) x®+1+|x-1|=2|x|; 2) x%+1+|x+1]|=2|x|.

1) x?-6|x|-2=0; 4) |x?-2x-1|+x-4=0;
2) x%+4|x|-1=0; 5) lx—|+x:x2+1;
X
3) |x?-2x-1|-x+1=0; 6) L= g m 241,
X
1) [x2-8x+15|=|15-x2|;  2) [2x+3/=x2.
1) cosx—l‘zsinx—l; 3) |cosx|—\/§sin(9—n+x)=1.
2 2 2
2) sinx—l‘zcosx—l;
2 2

217
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14.25%. 1) J|2x+1|=1-2|x|; 2) J|1-3x|=1-3|x|.

14.26.1) (2x-7)V3x2—5x-2=0;  3) (3x%2-8x—-11)/3x-5 =0;

2) (2x-3)V4x2-5x-9=0;  4) (4x2+3x-22)3x—15 =0.
14.27.1) (Tsinx—443)(Tsinx—-5v2)=0;

2) (5cosx—3v3)(5c0sx—2v6)=0.
14.28*. 1) (sinx+cosx—~2)V-11x-x2-30 =0;

2) (cosx+sinx+v2)y-x2-7x-12 =0.
14.29%. 1) (2sin?x—3sinx+1)tgx =0;

2) (2coszx—cosx—1) ctgx =0;

3) Vdx—-x2-3 (\/Ecosx—\/1+cos2x)=0.

14.30*. 1) arcsin gx—; —on— 9) x?—cos2x+1=0.
-

14.31%. 1) log,,,(8sinx—cosx)=0;  2) %/2“6 —%/2_636 =1.
X

X

14.32%. 3naiigite HaM6IIBIINI KOPiHb PiBHAHHA:
1) (Ya—v15 ) +(Faev15 ) =8
2) (243 -2) 121 =2(y3 +1)".

YV zappamuax 14.33—14.57 pos3s’saKiTh HepiBHiCTE.

14.33.1) 3x2+2x+1>0; 2) —x2+2x-3>0.
14.34.1) x®-3x-2<0; 2) x3-3x2+4>0.
2 2
14,35, 1) L2220 o, g) L 0x+I8 g

x“+b5x+6 —x“+8x-12
2
14.36.1) ——>x; 3) 1y,
x—2 x+5
2) x>—2_; gy 2271y,
x—-1 x—3
14.37.1) —>— 14—, 3) 2 51--3% .
2—x x+2 3—x x+2
2) 5 <1+ 1 ; 4) 7 <1+ 2 .
x+4 4—x x+5 b—x
14.38. 1) V12x-11 <4J/10x-9; 3) V10x-7 </9x-5;

2) V11x-9 <J/9x -7 ; 4) J10x-9 <+/8x-17.
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14.39.1) Vx2-9 <14-2x; 3) 2-8x<V4+9x—9x? ;
2) Vax?—6x <8+2x; 4) 4-5x<\16+30x—25x2 .
1 1
14.40%. 1) V8—x>x-2; 2) + >2.
\/x+2\/x—1 \/x—2\/x—1
5x—-3
14.41*. 1) <1; 3) Vx?2-8x+12 >x-5.
\VTx—4
3x—2
2) <1;
Vbx -2
14.42. 1) 3logg(3x+2)<2; 4) log 5 (2x-1)>2;
3
2) 4log,(4x+3)<3; 5) log;(3—-2x)>—logg;3;
3) logm(l—Sx)>2; 6) log,(2x-5)<—-log,3.

3
14.43.1) log,(3,5—-5x)>2log,0,2-1;

2) 1+2log,0,38>log,(1,5-3x).

14,44 1) log ; (5" -25%)<4; 3) logi(6x+l—36x)>—2;
75
2) log 5 (751 —49%)<2; 4) log , (22 -4%)>-2.
3
14.45.1) tg3x>0; 4) ctg2x<0;
2) tg(x+§)<1; 5) ctg(zx—%“)>\/§;
1) V3 n
3) tglx——|=2—; 6) ctg| x—— |>1.
) g( 6) 3 ) g( 4)
14.46%. 1) 5sinx—sin2x>0; 2) Hcosx+sin2x<0.

14.47*. 1) 2sinx—1<\/6sin2x—6sinx—12;
2) 16sin2x—ctg2x<7;
3) 16sin®x+9ctg?x<15.

4

14.48.1) 2x>|x|+1; 3) Tzl
X

>23—-x;

; 4) L>2x+5.

2) x2-6>
) x |x |x—1|

4]2-x|

14.49*%. 1)
4| x|

~|x-2|<0; 3) |«? —8x+15|<|15-22|.
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1 1 1
14.50*. 1) 47 4 <0; 2) 27 -2 >0; 3) 2772 o,
2+x x—2 x+2
14.51.1) (x2-9)Jx+6 >0; 3) Va%-9(x+8)>0;
2) (16-x2)J8—x <0; 4) (x-4)Vx? -4 <0.
14.52.1) (x-2)(x-3)Jx-1<0; 3) (x—4)(x+3)Vx >0;

2) (x+2)(x+3)/x+11<0; 4) (x-8)(x+7)Jx >0.
\/6+5x—x2 1-x

14.53.1) 22" <0; 4) ——2 _ <0;
x-2 V24 x—x2
2
2) V3+2x—x <0; 5) 3x+2 >0
x—2 2—x—x°
\]4—3x—x2 x-1
3) Y277 X S0 6) —2——_ <0.
x+3 \V3+2x—x?
14.54. 1) |x—4]-Vx-2 >0; 3) |x-5]-Vx-3 >0;
4J10-x +x-13 11— x +x-12
2) x—-11+57-x <0: 1) x+2-TVJ6—x <o0.
|x-1]-Vx+1 |x-8|-x+3
14.55% 1) 2* +21*1>92; 3) 3.4V2% 1310.2V2,
2) 3% +31*1<3; 4) 2.9 195308
X
3 1g(+9)
14.56*. 1) MQ; 3 —2 <1
lg(x—-2) (x )
lg| —+3
2
X
1g(+5)
Mgl; 4) 3—2<1.
lg(2x+3) (x )
lg| ——1
3
log, x—3
14.57*%. 1) —=2= = <2; 2) 1 <1 4.
) 610gx2_1 ) 0g(x—2)x Og(x—2)

Y saBmamHax 14.58—14.62 po3B’sa:KiTh cucTeMy PiBHAHB.

-3y%=8, —7y?=09,
14.58.1) {¥7°Y = . g) FTW " _
x+4y% =15; x+2y2=18;

2) x—5y%=10, 4 x-2y2=12,
x+3y2:18; x+7y2=21.
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14.59.

14.60. 1

14.61. 1

14.62*.

14.63.

14.64.

14.65*.

14.66.

2x _ y 2x
1){ ¥13 2 {3 +5% = 26,
3" -4Y=8 -3%% =4,
) 3 —ny 2 2y2—3xy — 1’
2log, ( y+2 =log, (5x —2); 2log, (x+1)=log, (3y —5).
2y -3 _8x 2 2 2y :4x—3,
2log;(y—x)-logzx=1; ) 2log, (x—y)-log,y=1.

ﬂ+#—5
2 2x+y-xy 2) {9.2x.5y—5.3y+x=3x.5y,

1) 2x—2 . 3y—x+1 . 51—y — 1

2x+y+£=4+xy;
xy

Y saBmamaax 14.63—14.71 posB’s:kiTh 3amaui 3 mapaMeTpaMu.

IIpu axux sHaueHHAX ce€ R 1A AiICHUX KOpPeHiB Xx; 1 X, piBHAHHA

+ (4c —c?- l)x +2¢%2-1=0 BUKOHYETbCA PiBHICTE Xy +Xx5=67?

IToGynytiTe rpadik KBagpaTHOTO TPUUJIEHA:

1) y=x2 +3x+a, AKIIO0 Bimomo, 110 #0ro KopeHi moB’s3aHi cmiBBig-
HOTIEHHAM X5 + X5 =5;
2) y=x2 —-Xx—a, AKII0 BiZoMo, IO HOro KOpeHi IoB’s3aHi cmiBBin-

HOIIIeHHAM x13 +x§ =4.

3HaWAiTE yci 3HAUEHHA HapaMeTpa @, TPU KOXKHOMY 3 AKHUX PiB-
HAHHA:

1) 2|x+1|—2|x—2|+|x—6|=x+3a Ma€e PiBHO OAWH KOPiHB;
2) 2|x+3|—2|x—2|+|x—4|=x+2a Mae piBHO /ABa KOpPEHi;

3) |9c2 —8x—a|=4x Mae piBHO OAWH KOPiHb, MeHInui# Bix 1, i xoua 6
OIVH KOpiHb, Oinbmwuit 3a 11,5;

4) |x2 —4x+a|=x Mae piBHO OAWH KOpiHb, MeHIui Big 1, i xoua 6
ONWH KOPiHb, OinbIIuil 3a 4.

Hma KoKHOTO B3HAUYeHHs mnapamMeTpa b 3HaAWIITh YMCIO KOPEHiB

PiBHAHHA:

1) 2x®+10x+|6x+30|=b; 3) 4x®+12x+|8x+24|=b

2) 6x%+18x+|12x+36|=b;  4) 4x®+8x+|24x+48|=b
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14.67%. lna KoxHOTO 3HAUEHHA IapaMeTPa ¢ PO3B’SKiTh PiBHAHHS:

1) i+2=c+\/§;
4 4
2) Va2 —dx+4 =c—Jx2+6x+9;
3) sin(c x-1 +%)=0,5;
4) (2% +4+3c)(5-c-27%)=0.

14.68. BuaiifiTs yci 3HaueHHa IapaMeTpa p, NIPU KOKHOMY 3 AKHX PiB-
HAHHSA 8+4p(x—2)=(x—|x|)x Ma€ €IUHUA Po3B’dA30K. SHANIITL yci
PO3B’A3KHU NIPU KOKHOMY 3HaueHHi p.

14.69*. 3naiiniTe yci sHaUeHHA mapaMeTpa @, IPU KOXKHOMY 3 AKHUX PiBHSH-
us 14471251 _9.127121 1 194 =0 mae xoua 6 oxun KOpiHB.

14.70. Onsa KoXHOTO 3HAUEHHS IapaMeTpa @ PO3B’ SAKiTh HepiBHICTE:

1) [2x+a|<x+2; 2) 3(2x—a)+5ay2x—a —2a%>0.

14.71. Tlpu Axux 3sHaAYeHHAX lapaMeTpa a PiBHAHHA |2x +6|+|2x—8|=ax+12
Ma€ €IUHUI PO3B’A30K?

Y zappamuax 14.72—-14.93 pos3s’skiTh 3amauy.

14.72. dxy xinekicTs Bomu morpi6uo momatu mo 1 1 10%-ro BogHOTO PO3-
YMHY COUPTY, 1106 omep:katu 6% -t posuun?

14.73.€ 1 1 6%-ro posumny cnupry. CKiIbKH JiTpiB 8% -TO pPOSUUHY
CIIUPTY IOTPiOHO mOZATHM B HEPIINI PO3UMH, 106 omepsxatu 5% -i
posuuH?

14.74. I3 nyEKTY IPOKaTy BUiXaB eJeKTPOCKYTep 3i MBUAKiCTIO 25 KM /IO,
3a ToAMHY CJiJOM 3a HUM OJHOYACHO BUIXaau eJeKTpobaiik i 3Bu-
yaHui MoTonukJ. IIIBUAKicTE enekTpobalika ImocTiliHa i CTAHOBUTH

3 . o . . o
" IMIBUAKOCTI MOTOIIMKJIA. SHAULITEH IIBUAKICTh eJleKTpobaiiKa, AK-

1110 Bilomo, 1110 BiH Ha3OTHAB eJeKTpocKkyTep Ha 10 XB misHire, HixK
MOTOITMKJI.

14.75. Big npucrani mo BomocxoBuiy 3i mBuakicTio 10 KM/ron mouana py-
xaruca saxrta. Yepes 1,5 rox Bim Tiel camoil mpucradi 3a AXTOH BHU-
PYIIMIN OBa KaTepW 3 HMOCTIHHMME MIBUIKOCTAMMN, IIPUYOMY IIBUJI-

. 4 . . .
KicTh mepIroro Karepa CTAHOBHJIA 3 IIBUAKOCTI Apyroro. 3HAHAITH

MIBUAKICTh IIEPIIIOT0 KaTepa, SIKIIO0 BiOoMO, IO BiH Ha3AOTHAB SAXTY
Ha 15 xB pamnime, HiXK Apyruii.

14.76. [IBa MOHTa)KHUKM BUKOHAJIMU IeBHY poboTy 3a 20 nHiB. 3a cKiabKu
OHIB BUKOHAB OM I[I0 POOOTY KOMKHHUI i3 HUX, IPAIIOI0YM OKPEMO,
SAKIIO BiZoMO, IO IIEPIIIOMY AOoBejiocs 0 mparmioBaTu Ha 9 mAHiB 6ijb-
e, HiK Apyromy?
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14.77.

14.78.

14.79.

14.80.

14.81.

14.82.

14.83.

14.84.

14.85.

14.86.

14.87.

14.88*.

Boe XymOKHUIb, MPAIIOI0UYM pPa3oM, BUKOHAJM BCIO POOOTY 3a
5 nuiB. fAKOM mepIrta XYOOMKHUILA IIpalioBajia y OBa pasud IIIBU[I-
e, a [pyra — y ABa pasu MOBiJBbHiIE, TO BCIO POOOTY BOHU BUKO-
Hamu 6 3a 4 gHi. 3a CKiJbKM AHIB BUKOHaJia 6 ycio poboTy mepima
XYIOKHUILA?

3amoBHeHHs 0OaceliHy B aKBamapKy uepes3 IepIny TPyO0y BuUMAarae Ha
3 rox MeHIIle 4yacy, HiK HOTo 3BiJIbHEHHA uepesd APYry. 3a AKUI dac
3alI0OBHIOETHCS Oaceiin uepes mepiiny TpyOy, AKIIO Bimomo, 110 B pasi
BiAKpPUTTA 000X TPyO OaceiiH 3allOBHIOETHCS 3a 18 roxm?

PedpurkepaTop 3aTpumMaBcAd B A0po3i Bixg depMu A0 MarasuHy Ha
12 xB, a moTim Ha Bizcrami 60 KM HaZOJYKUB yTpPaueHUN yac, 3011b-
MIUBINY IMBUAKICTh Ha 15 KM/roz. 3HAWAITh IMOYATKOBY HIBUIKICTH
pedpukeparopa.

IIporsarom 7 roxm 20 XB IPOTryJSHKOBUHI KaTep IIPOMIIOB BIropy IO
piumi 35 kM mo Bomocmany i moBepHyBcs. IIIBuAKicTh Teuil mopiBHIOE
4 KM/rof. 3 AKOIO IIBUAKICTIO KaTep iIlloB 3a Tedieio?

ITorar Bui#imoB i3 nyHKTY A B OyHKT B, BigcTaHb MK AKUMU
230 kM. 3a roagmHy Hal3ycTpiu oMy BUHIIOB i3 IYHKTY B apyruii
IMOTAr, MIBUAKICTL AKOro Ha 15 km/rox Oinbiie, HixK meprroro. Bu-
3HAUTE IMIBUAKOCTI MOTATIB, AKIINO BiJJOMO, II[0 BOHU 3YyCTPijucsa Ha
Bimcrami 120 KM Bim myHKTY A.

Smimmanau 20% -i1 i 40% -#1 po3unHN KUCJIOTH i ogeps:Raau 25% -i pos-
yyH. S3HAWAITh BiSHOIIEHHS MacC IIOYATKOBMX PO3UMHIB.

€ nBa cmiaBu, B omHOMY 3 AKuUX Mictuthesa 20 %, a B gpyromy —
30 % osoBa. CKiabKM HMOTPiOHO B3ATH MEPINOrO i APYroro CILIaBiB,
1106 oxepsxaTu 3 HUX 10 KI' HOBOTO CILIABY, 1110 MicTuTh 27 % osoBa?

VY kage BumikamoTh OyJI0UKM i3 CyMilIi HMIIeHMYHOI Ta KUTHLOI MY-
KU, y AKiil micturhbes 55 % KuTHBOI. 3a HOBUM peIenToM A0 Iriel
cyMmimni gomanu 1me 36 Kr KHUTHBOI MyKHu, 100 ii BmicT y cyminmi
mocarays 75 % . 3HAAITE Macy IOYATKOBOI CyMiri.

B axBapiymi 6yso 60 Kr MOpChbKOI BOAM, AKA MiCTUTH 3a Macow 5 %
coai. Ckinpku kKimorpamiB mpicHol Bogum moTpiObHO momaTH OO MOP-
CbKOI, 1100 yMicT coJi B Hiit cramoBuB 3 % , AK BUMAaramoTh IpPaBujIa
yTPUMaHHSA PUOOK?

CBixi rpubu mictaTe 3a macoio 90 % Boau, a cyxi — 12 % . CKinbKu
KijmorpamiB cyxux rpubiB MOKHa oTpuMaTH 3 22 KI' CBisKHX?

1
10
CKiJIbKY TOHH TpaBU IIOTPiOHO cKocuTu (epmepy, 1100 3arOTOBUTU
1 T cina?

. 7 . -
Yy TpaBl BOJIOT'a CTaHOBUTH E 3arajibpHol mMacu, a B ClH1 —

3amaHo ABOIM(PPOBe HATypPaIbHE UMCJO, Y AKOr0 YMCJO JEeCATKIB Ha
OOWHUINIO OiJIbIlle YHCcia OAUHUIb, a JOOYTOK ioro mudp Ha 45 6iab-
I1e IMOTPIAHOTr0 YMCJa HOT0o AeCATKiB. SHAHMITL IIe YHCJIO.
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14.89%. Mupexropy dipmu 3apas 40 pokis. Bim yuerBepo crapmmii, Hixk Oy-
Ja Horo MOMIYHUIA TOMi, KOJU TUPEKTOPOBi OYJIO CTiIBKU K POKIB,
CKibKM momiuHMIl 3apasd. AKuil Bik momiunwmiri?

14.90*. V nBox 6ygurkax 6inmbiie Hisk 31 kBapTupa. Umcio KBapTup y mep-
oMy OYAMHKY, 30igbimere Ha 21, OiIbII HisK Y TPU pasy IEPEBUIIYE
YMCJI0 KBApTHUP y Apyromy. IlofgBoeHe UMCIO KBAPTHUP Y IIEPIIOMY
OyOUHKY MEHIIle IIOTPOEHOr0 YHCJIa KBApTUP Y APYyroMy OYAWHKY,
30iabIreHoro Ha oguHUI0. CKiIbKKM KBaAPTUDP Y KOMKHOMY OyIUHKY?

14.91*. € tpu cnnasu. Ilepmumit micturs 30 % =Hikemo i 70 % Maprasio,
npyruii — 10 % wmapranmmio i 90 % wmigi, Tperiti — 15 % Hikemo,
25 % wmapraumio i 60 % migi. 3 HEX BUTOTOBUJIM CILJIAB, MAaca SIKOTO
15 kr i axuit micturs 40 % wmigi Ta 42 % mapranipo. Ky KiJgbKicTsb
[IEePIIIOro, APYTOro i TPeTLOTO CILIABIB Y3AAM IJIS IHOTO?

14.92%. Piguny vamuau B OyTiai micTkicTio mo 40 J, Ipy IBOMY ORUH i3 OyT-
JIiB BUSIBUBCS He 30BCiM MOBHUM. SIKIIO I[f0 PiAMHY ImepesuTu B OyTJIi
micTkicTio mo 50 J, To Taki OyTJai OyAyTH 3allOBHEHI HMOBHiCTIO, aJe
Ipu IILOMY B3HAZOOUTHCA Ha D OyTJIiB MeHIme. SIKIMO K II0 piguHy
poaautu B OyTai MicTKicTio mo 70 J, TO 3HAZOOUTLCA IIle MEHIIIe Ha
4 Ooytai. IIpu 1bomy 3HOBY oAuH OyTeab Oyle He 30BCIiM IIOBHUM.
Crinbku OyJio JjiTpiB pigmuM?

14.93%. TexHiuHY PEeKOHCTPYKIIiIO MiZIPHEMCTBA IIPOBEJIN B YOTUDPU €TAIIH.
KoxHUii eram HpPOJOBXKYBABCA Iije UYMCJIO MiCAIIB i CYIIPOBOIKY-
BaBCsA MaAiHHAM 00cary BUpoOHuIITBa. lllomicAuHe mamiHHA 00CATY

. 2
BUPOOHUIITBA CKJIAJIO Ha Iepiinomy eraimi 4 % , Ha apyromy — 63%,

1 . 2 . .
HA TPETHOMY — 62% i Ha yeTBEpPTOMY — 14? % wna micane. Ilic-

J 3aKiHUeHHS PEeKOHCTPYKIII ImouaTKOBHII 00CAr BUPOOHUIITBA HAa
migmpueMcTBi cKopotuBcsaA Ha 37 % . BusHaure TpuBasicTh mepiony
PEeKOHCTPYKILii.




3ABAAHHA ANA NIATOTOBKU A0 OLIHIOBAHHA

Tecm
N2 4

1.

CKiJIbKY KOpeHiB Mae PiBHAHHA 1g(2 - x)(x2 - 9) =0?

A FKoguoro b Ogun B IiBa T Tpu I Beauriu

3HalAiTh CyMy BCiX IiiMxX 3HAUeHb 3 obJiacTi BusHaueHHA (QPYHKIII
=log 8-x

Y ot

A2 b 3 B4 Trs I 6

PosB’s:kiTh HepiBHiCTH | 2x+6 |— 9<1.

A (—32] B [-8;2] B [-55] T [-52] T [-8;+20)
PosB’skiTh piBHanHS 754 = L
49
Al B -1 B -2 r2 a1
4 4 4 4

Posp’sokiTh piBHAHHA 18+ x =2—x. fAKIo BOHO Mae geKijabKa KO-
peHiB, 3HANAITH iX cymy.

ASb b -2 B7 r-2,1 o -5

YcraHoBiTH BigmoBigHicT, Mik cucremamu piBHAHB (1-3) Ta Kinb-
KicTio ix posB’askiB (A-T).

2, 2 _
1 {x JFZZ =1 A ognmoro
y:
{y—x2 b Ogun
2 - ’
y=Inx B [lza
3 x2+y®=4,
y=—l|x|+2 ' Tpu

PosB’soxiTh HepiBHicTs 9% -12-3%1>-3.
Posp’sikiTh HepiBHicTh log 5 (x2 + 3x) >-2.

log x .
2—“>0 3aJIEXKHO BiJ 3HaUeHHA mapa-

x° —2ax

Po3B’sKiTh HepiBHIiCTH
MeTpa da.

MPOVIAITL OHNAMH-TECTYBaHHA Ha CcanTi interactive.ranok.com.ua
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KJIagHIiIe.

K. d. JJatumesa
(1897-1956)

T'. II. MaTBieBCBKA
(map. 1930)

BIZIOMOCTI 3 ICTOPIi

Amnasnisyoun icTopito po3BUTKY MaTeMaTHUKU, IPUTAJAEMO TAKOXK iMeHa YKPAIHChKUX Ki-
HOK, SKi 3aiiMaicA MaTeMaTUYHOIO HAYKOIO, MONYJAPU3AI[iel0 MaTeMaTuKM, 30eperKeHHAM
maMm’ATi yKpaiHCbKUX MaTeMaTHKiB, HaBUaJIu MaTeMaTUKU MOJOAb. Po3KasKeMo IIpo HUX JI0-

Kaasgia Axisua Jlatumesa (1897-1956) napoaunacsa 14 6epesua 1897 p.
B Kuesi. Cepennio ocBiTy BoHa 3m00ysa B [Ipyriit skinouiit rimuasii (1916 p.),
y 1921 p. sakinumia kiHoui Buiii negaroriudi Kypcu (hisuko-mMmaTreMaTUYHUN
Bimmisr), cTasia mepimnoio B YKpaiHi KiHK0I0, AKa 3aXMUCTHUJIA AUCEPTAaIliio Ha 3710~
OyTTs cTyIleHA KaHAuaaTa hisuko-MaTeMaTUYHUX HaVK (3a Temoio « Habiu:xene
po3B’A3yBaHHS 3a JOIIOMOTOIO CIIOCO0Y MOMEHTIB JIiHIHHUX AudepeHIialbHIX
PiBHAHB, 1110 MaIOTh 0cobmBoOCTi B KoeditierTax» (1936 p.)), a moTim — IOK-
TOPCHKY aucepraiiito (3a Temoio «HopmanbHi po3B’saA3KM JiHIHHUX nudepeH-
MiaJTpbHUX PiBHAHBL i3 mosinomiambHUMU Koedimienramu» (1952 p.)). Cepen
BaKJIMBOT'O HAYKOBOT'O JOPOOKY JlaTuieBoi — HayKOBi JOCIIIKeHHSA B ray-
31 amasiTuuHOI Teopil nudepeHiaTbHUX PiBHAHDB, TeOpil KpalioBux 3ajau g
3BUYAWHUX qudpepeHIialbHUX PiBHAHBL, 30KpeMa MeTo  Ppobeniyca — Jlatu-
I1eBoi AJiA PO3B’A3yBaHHS cucTeM Au(pepeHIialbHUX PiBHAHD 3 YACTUHHUMU
noxigaumu. ¥ 1936 p. B IHcTuTyTi MaTeMaTuKM BimOysacs CHiJbHA AOIOBigb
K. fd. Jlatumesoi Ta M. KpaBuyka. Bararo yearu Kinasaia Axisua npunginsaiaa
MEeTOAUIll BUKJaJaHHA MaTeMaTuKU. Byja BoHa i y uuci opraniszaTopis Ilep-
moi BceyKpaiHChKOI MaTeMaTHUHOI ojimMmianm, saka mpoiinia B KuiBcbKoMy
yHuiBepcureti B 1936 p.

Tanuna IlaBxiBma MartBieBchbka (Hap. 1930) mapoauaaca 13 JjgumHA
1930 p. B m. uinmponeTpoBchbK (Temep [IHINTPO), AUTUHCTBO IIpoBesa B Xap-
KOBi, a B 1948 p. 3akiHumMJa IIIKOJY 3 30J0TOI0 MenaJaio, yv 1954 p. — Jle-
"HiHrpaacerkuii (Ternep Caukt-Ilerepbypr) yHiBepcuTeT, y 1958 p. saxumcruia
IVICepTAaIliio Ha 3000y TTs CTyIleHA KaHauaaTa GpisuKo-MaTeMaTUUYHUX HAYK 34
pe3yJbTaTaM¥! BUBUEHHA HEONYOJIiKOBaHWX apXiBHUX pykonucis JleoHapma
Efinepa 3 Teopii unucen. ¥ 1959 p. I'. II. MarBieBchKa nepeixasa 1o ¥Y30eKku-
cTaHy, Ha 0aThbKiBITUHY Y0JIOBiKA, i 3aliHANIACA icTOpiero cXiHOI MaTeMaTuKM,
OmaHyBaBIIN AJIA IILOTO apabcbKy MoBy. ¥ 1968 p. B TamkenTi mociiguuiisa
3aXUCTUJIA JOKTOPCHKY AUCepPTaIliio 3a TeMoo «BueHHs PO YUCJIO B cepeHi
BiKM». 3rOJOM BOHA CTaJjia YIEeHOM-KOpecloHaeHTOM AKaneMii HayK ¥Y30eKu-
cTaHy, 3acjay:KeHUM [OissueM HayKu, JlaypeaToM Jep:kaBHOI mpemii im. Bepy-
Hi. OCHOBHI HAaNIpPAMKWU Ii JOCIIi:KeHb — iCTOpPis MaTeMaTUKU i MaTeMaTUIHOL
acTpoHOMIi B KpaiHax cepeqHboBiuHOTrO CxXonmy, icTopisa Teopii uuces, pykonu-
cu JI. Eiinepa.

Oxabra ApceniBaa Ouaitauk (1925-2001) vapomunaca 2 aunaa 1925 p.
B cesi MaryciB, a mKinbHI poKu mpoBesa B micteuky Cwmina (termep Yeprach-
Ka 00J1.). ¥ poku Bitinm poamua OnifiHuK eBakyioBasacsa mno M. [lepm (Pocia),
e MiBUMHA 3aKiHYMJIA ITKOJY i BeTynmuiia Ha (PisMKO-MaTeMaTUUYHUN (haKyIhb-
TeT IlepMCBhKOTO AEeP;KaBHOTO YHiBepcuTeTy. BogHouac BoHA BifBigyBaga cemi-
Hap mpodecopa MockoBecbKkoro yHiBepcuTery Codii SIHOBCHKOI, Ka i mopagu-
ga Onb3i MPOXOBKUTU HaBUaHHA B MOCKOBCHKOM JAEpP:KaBHOMY YHiBepCUTETI



im. JlomonocoBa. Osbra Apcernisua B 1947 p. 3 BifszHaKo10 3aKiHumMIa MeXaHi-
Ko-MaTeMaTUYHUH GhaKyJabTeT yHiBepcurery, B 1950 p. BoHA 3axucTHIa JUCEP-
Tallio Ha 3700y TTA CTyNeHA KauauaaTa GisuKo-MaTeMaTUYHUX HAYK 38 TEMOIO
«IIpo Tomosorito mificHuxX ajnrebpaiyHUX KPUBUX Ha ajJre0dpaidyHiil MOBepXHi»,
a B 1954 p. — mokTopchKy aucepraiiito 3a Temoro («Kpaiiosi sagaui gisa pis-
HAHb 3 YaCTUHHUMHU IMOXIJHUMU 3 MaJUM ITapaMeTpPOM IIPU CTaPIIUX IMOXis-
HuX i 3amaua Kol 11a HeInHIAHUX PiBHAHD Y I[JIOMY», HEBAOB3i cTaja Ipo-
(ecopom i arkamemikom. Hampamok ii HayKoBOI AifAJIbHOCTI — 3acTOCyBaHHSA
IudepeHIlialbHUX PiBHAHD 40 HecTallioHapHOI QinbTpalii piauH i rasis y no-
PHCTUX CepelOBUINAX; A0 POIIOAiNY Telia B TijsiaxX, 110 IepedyBaioTh ¥ Pi3HUX
dazoBUX cTaHaX OAHOUYACHO (IIJIaBJIE€HHS MeTasly abo TaHeHHd CHIry); Io yzap-
HUX XBUJIb ra30BOI AMHaAMiK1; 0 MaTeMaTHUYHOI Teopii MPyKHOCTI i TOIIOJIO-
rii; mo pyxy B’askoi piguuu. IIpama ykpaiHKu, sKa MepIIoo y CBiTi (Ha Toi
yac) craja JOKTOpoM (hismKo-MaTeMaTUYHUX HayK y 29 pokiB, OyJia rigHo oiri-
"HeHa. O. A. Oxiitnuk orpumasia npemito im. M. I'. He6oraprosa (1952 p.), npe-
miro im. M. B. JlomonocoBa 3a HaykoBi po6otu (I cryniub, 1964), imenny me-
nanb Konex nme @panc (Ppanmia), memans I crynensa Kapiosa yuiBepcurery
ITparu (Yexis); 6ysna oOpaHa iHoseMHuUM ujgeHOM ItasitichKoi Akamemii Hayk
y Ilamepmo (1967 p.), mouecuum wieHoM EnnuOyp3bKOTro KOPOJIiBCHKOTO TOBA-
puctBa Benukoi Bpuranii (1984 p.).

Tanuna MuxoaaiBaa Curta (map. 1940) mapoaumaaca 29 ciuma 1940 p.
B M. Xapkis. Ilicia sakinuensa B 1962 p. MexaHiko-MaTeMaTUYHOTO (haKyIbTe-
Ty KuiBCchbKOTO yHiBepcuUTeTy BOHA YCHIillTHO 3aiiMmajacsa B [HcTUTyTi maTemaTu-
K1 Axagemil HayK YKpaiHu rpaHUYHUME TeopeMaMU Teopii BUIIAaAKOBUX IIPO-
IeciB Ta aCUMIITOTUYHUMY OI[iIHKaMM Mip ¥ QYHKI[iOHAJIBHUX IIPOCTOPAaX; CTajla
KaHaugaToMm pisuko-maremMatnuaux Hayk (1965 p.), onybrikyBaia HUSKY Bifo-
MHX MaTeMaTUYHHX Ipaib. Ta 6iabin Bigoma ii poboTa 3i 36eperkenHs mam’ATi
Ipo YKpaiHChKUX MaTeMaTHKiB i MoBepHeHHA YKpaiHi iMeH BJIacCHUX MaTeMaTH-
KiB cBiTOBOrO piBHA, 30Kpema I'eopris Bopororo, Muxaiina OcTporpancskoro,
Muxaiina Kpasuyka, Mukoau YaiikoBcbKoro, BikTopa Bynsakoscekoro. Copa-
Ba Tmouajacsd i3 BmopankyBaHasa morua I'. Boponoro (y 1982 p. B c. #Kypaska
Ha YepHiriBimuui 6yJi0 BCTaHOBJIEHO TpaHiTHUM 06eaick) i M. OcTporpaacbKoro
(v 1985 p. B c. Xopimku Ha [TonTaBiinai — rpaHiTHUH 3HaK i3 6apesbedom BUe-
"oro). Haxi I'. M. Cura mpaiftoBaja Haj opraHisallieio My3eiB, CIIOPYIKeHHIM
naMm’sATHUKiB, CTBOPEHHAM (DiJIbMiB, BUIYCKOM iMEHHUX T'DOIIOBUX i MHOIITO-
BUX 3HAKiB, OpraHisallielo MiKHapOAHUX HAYKOBUX KOH(EpPEHI[ill, BUAAHHAM
KHIKOK. [o peui, BoHa OyJia He TiIbKU CIiBpPeJaKTOPOM IIMX KHUMKOK, a i aB-
TOPOM apXiBHUX AOCJHiI:KeHb. BoHa — aBTOp IMOHAJ IIiBCOTHI mpamp 3 icTopii
marematuku. ¥ 2001 p. came 'anuny Cuty Kabiner MinicTpiB Ykpainu saTsep-
nuB cekperapeM Opranisaiiiinoro komirery 3 Bigsuauenua 200-xitTa Muxaiiia
OcTporpaacbKoro.

3inaima IBaniBHa Caenkanp (1931-2008) mapoaunaca 16 kitaa 1931 p.
B c¢. [Teuem:kurii Ha Bosoroamuui (Pocia), kyau B 1930 p. i3 3amopisbkoi 06-
sgacti 6yJsio Bucsaso ii pogunay. B 1949 p. nipunza pasom i3 6aTbKaMu IOBEPHY-
Jacsa 1o YKpainu — o micta Mesxitomoss, ge B 1953 p. 3 BiggdHakoio 3aKkinumia
disuro-maTemaTuuyHU (hakyabTer MeliTONOJBCHKOTO IIeNaroriyHOro iHCTH-
TyTy. B 1962 p. 3inaiga IBanmiBHa 3axucTuia AUCEPTAIil0 HA 3M00YTTA CTYIIEHS

0. A. Ouitinug
(1925-2001)

T'. M. Cura
(map. 1940)



Po3nin 4. PiBHAHHSA, HEPIBHOCTI Ta IX CUCTEMU. Y3aralbHEHHS Ta cMcTeMaTn3aLlis

- ’I 3
3. I. Crenxaub
(1931-2008)

K. JI. FOmenko
(1919-2001)

H. O. Bipuenko
(zap. 1930)

KaHAugaTa MeJarorivinx HaykK i3 MeTOAUKY BUKJIaAaHHA MaTeMaTuku («Kyib-
Typa TPUTOHOMETPUYHUX OOUYUCJIEHb Yy BOCHBMUDPIUHIN 1 cepegHill IIKOJIax»).
YV 1987 p. nmepiroro cepef :kiHok Toximuaboro CPCP crasia 1oKTOpOM Iegaroriu-
HHUX HayK i3 MeTOAMKY HaBUaHHA MaTeMaTuK1. B ocHOBY aucepraillii 6yB IToKJja-
meuuii smict ii mocioHuka «Ilcuxosoro-nmegaroriuii oCHOBY HaBUYaHHSA MaTeMa-
Tukn». 3. I. Crenkaus — mpodecop, oHa i3 3aCHOBHUIL YKPAIHChKOI HayKOBO1
IIKOJIX 3 Teopii Ta MeTOAMKM HABUAHHA MaTEeMaTHUKM B CepeaHiX i BUIMUX 3a-
KJIaJiaX OCBiTH, aBTOP 6araThoxX IIPOrpaM i MiAPpYYHUKIB AJIA BUINOI i cepeqHboi
MIKOJU. Y Ci YKpaiHChKI KON IPOTATOM JIECATU POKiB IpaIffOBaJIM 3a Migpyd-
HUKOM «Aurebpa i mouaTku aHanidy 10—11», manucaunum 3. I. CirenkaHb y cIiB-
aBropcTsi 3 M. I. IlIkinzem ta O. C. JyOomHUYK.

Karepuna JlorsuniBna IOmenko (Psauosa) (1919-2001) mapomuiacsa
B YUHTENLCHKiN pomuHi (MOJOAIINM GpaT TaKoK CTaB aKaJeMiKoMm) 8 rpyaHs
1919 p. B micreurky Yurupus (Tenep YUepkacbka 00.1.). 3akinuuiaa B 1942 p. Ce-
penuboasilickKuil yHiBepcuTeT. ¥ 1966 p. BOHA 3aXuCTHUIa JOKTOPCHKY AUCEP-
Tariio 3a TeMow0 «lleAKi muTaHHA Teopii aATOPUTMIYHUX MOB i aBTOMATH3AIisA
IporpaMyBaHHS», CTajla JOKTOPOM (hisMKO-MaTeMaTUYHUX HAYK, Ipodecopom
Kuiscvkoro yaiBepcurety (1969 p.), unreHomM-KopecroungeHTOM AKageMii HayK
Yxpaiuu (1976 p.), ureHom MiKHapomgHoi AkageMil KoM’ IOTePHUX HAYK i cu-
crem (1993 p.). Karepuna JlorsuuiBaa IO1meHKo — aBTOp mepirnoi y ¢BiTi MmoBu
TporpaMyBaHHA BUCOKOTO PiBHA («AIpecHOI MOBU IPOTrpaMyBaHHA» ), BUCHUI-
KibepHeTUK, 3acay:KeHUu# miduy Hayku, mAiticHuil wieH MikHapomHol axkamemii
KOMII'IOTepPHUX HAYK, Jaypear npemii imerni B. M. I'1ymikoBa, Haropoa:xeHa op-
neHoM KHATHHI OJbru.

Hina Onanacisua Bipuenko (map. 1930) — ykpaiHchbKa BueHa, MaTeMa-
TUK, JOKTOP (Gi3MKOo-MaTeMaTUYHUX HAYK, Mpodecop, akageMik-cekpeTap Bij-
ninerna marematuku AH Buiol mkosu Ykpainu (AH BIITY), Bine-mpesupeHT
AH BIITY, unen YKpaiHCbKOT0, AMeEpUKAaHCbKOro, ABcTpaiilicbkoro, beJb-
rificbkkoro, EquaOyp3bKoro, JIOHZOHCHKOr0 MaTeMaTUUYHNX TOBAPHCTB, I'OJIOBA
HaykoBo-meTonununoi pagu BceykpaiHcbKOTO TOBapucTBa MOJITB A3HIB Ta pe-
IpecoBaHUX.

H. O. BipueHKO BuBUaja TeOpilo y3arajJbHEHUX aHAJIITHUHUX (PYHKILi,
Teopiio 3MimaHmxX KpaloBUX 3ajau, CUHTYJIAPHI AudepeHIiaJbHI PiBHAHHA
3 YJaCTUHHUMU NOXITHWUMU, iHTEeTpaJbHi PiBHAHHA, clellialbHi QyHKILiI, iHTe-
rpaJibHi IIePeTBOPEHHS, iCTOPiI0 Ta METOAMKY MaTeMaTHUKU TOIo. AJie TOJI0B-
HOIO cupaBoio KuTTa Hinm Bipuenko, siKoio BoHaA 3afiMaeTbCcs moHan 45 pokis,
CTaJI0 NOCJTiM:KeHHs KUTTS i maTrematnuyHol cnanmmuu Mwuxaitia KpasBuyka.
IITe B 1965 p., npamioroun B KuiBchbKOMY yHiBepcuTeTi HaJ TUTAHHAMY MaTeMa-
TuuHoi Gisuku, Hina He pas HaTpalisdiaa B HAyKOBii JiTepaTypi Ha 3TagKu PO
Muxaiina Kpasuyka i 3posymina, 1o akagemik M. KpaBuyk — Hemepeciunmii,
BeJIUKUN MaTeMaTuK. [liBuMHa cTaja mykaTu Moro mparli i BuaBmia, 1o BOHU
OyJau MpaKTUUYHO BUJIYUeHi 3 0i0mioTeunux (PoHAIB, a JaJi AisHaiacs, IO BUe-
Hui 3arunyB Ha Kosauwmi. Ile 1mie gys:xue mpuBepHyJIo ii yBary mo KpaBuyka —
HAYKOBIIA, 0COOMCTOCTI 3 TPATiUHOIO M0JIETO0.

H. O. Bipuenko — 3aciy:keHUll IpaniBHUK OCBiTHM YKpaiHM, aBTOPKA II0-
"Hag 500 HayKOBUX i HAYKOBO-METOAUYHUX Mpallb, 30KpeMa 20 KHUIKOK, BUAA-
HUX YKPalHCHKOIO, POCiHICBKOI0, aHTJIIICBbKOIO Ta ATIOHCHKOI0O MOBaMMU.
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§8.8.1.1)1; 2) 1; 3) 2; 4) 0; 5) 4;
6) KopeHiB Hemae; 7) £2; 8) 1.
Brasieka. 3anuIliTh PiBHAHHSA Y BUTJIAI1
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1 9 . o
log,| x+— |=2x—x" i BpaxyiiTe, mI0 Ipn
x

x>0 x+i>2; 9)1.8.2.1) £2; 2) £2;
x

3) 2. Brasiska. IlogimiTh 00uaBi
YaCTUHU PiBHAHHA Ha 2% i BpaxyiiTe, 1o
GYyHKIIidA, ofepskaHa y JiBiif yacTuHi,

€ cmaguomo. 8.3. 1) 0,25; 2; 2) 1; 3; 3) L;
J2
1,5.8.4.1) =3; [-1;+); 2) [25;+ o).

_1++a? - _
8.5.1) TIpn a>11 x=log, I_W;

a-1+va®-10a-11

npu a<-1,5 x=log, 5 H

npu —1,5<a <11 KopeHiB Hemae;
2) pm —1<a<3-2v2 a6o 3<a<3+2V2

a®-1
2(a-3)
3—2\/§<a<3, abo a>3+2\/§ KOpeHiB
Hemae. 8.6. 1) 1; 1000; 2) L; 10;

J10

3) %; 8;4) 3; 5)—1; 0; 2; 6) a) 1; 4; 6) 0; 1; 4;

x =log, ;apu a<—1 abo

7)3;8)0,25;4;9)2.8.7.1) (—5; —5); (2; 2);

2) (3;3).8.8.1) (25;5); (5;25); 2) (0,5;0,125);
(8;2).8.9. -1<a<0.8.10. a>1.8.11. a=—4.
Brasiska. 3BeniTh PiBHAHHSA 10 BUAY f (x)=0
i Bpaxyiite, mo @pyuruia f(x) mapua.

8.12. 4<0, a=0,25.8.13. IIpu a<0

KopeHiB Hemae; pu @ =0 OOUH KOPiHb;

npu a >0 gBa Koperi. 8.14. IIpu a< -1 abo
a>"7 onouH KOPiHb; mpu —1<a <7 gBa KopeHi.
8.15. a>-2,25.8.16. 1) -2,5; 2) 0,6; 3) 1,75;
4)3.8.17.1)-2; 2) 16; 4) 64. 8.18. -2<a<2.
Brasziska. 3anuniiTh 3aaHi BUpPasu AK

CTeIleHi 3 OJHAKOBOIO OCHOBOIO 5.
Tecr1.1.B.2.71.3.5.4.1-T,2-B,

3-A.5.1-B,2-A,3-T.6.10.7.B.

8. (0;1]U[10;+<0). 9. D(y) = (0;+), hyHKmisa

3pOoCTaE Ha IIPOMIiKKY (O; 1] i cmazmae Ha mpo-

MiXKY [1; +oo) » Xmax =15 Ymax =—1, BepTH-

KajgpHa acumiTora x=0.

Po3pin 2

§9.9.4. 1) Hi; 2) rak; 3) Tak; 4) Hi.
9.5. 1) Tak; 2) Tak; 3) Hi; 4) TaK.
5 2

9.6.1) 2x—x?+C; 2) x?+sinx+C;

7

3) 2x2+C; 4) -8x+C; 5) x7+c;

6) — 12 —2x+C;7) x+ 3+C;
x x
xt xt 1
8 —+C.9.7.1) 2x——— +C;
4 4 22
2 1 ) 1
2) —+——+sinx+C; 3) ——+cosx+C;
2 2x4 X

4) Eac3’—x+C; 5) L(2x—8)6+C;
3 12

6) - cos2x+C; T) ——(4-5x)° +C;
2 40

8) —lsin(x—l)w; 9) ;3+C;
3 4 15(x—15x)
T 4
10) 2tg| ——x [+C;11) -—————+C;
) g(3 ) ) 3(3x-1)

1

2x*

9.8.1) x—ésin3x+200s(g—x)+c;

12) +%tg(3x—1)+C.

1
2) —thg4x—2\/2—x —x3+C;

3) %tg(3x+1)—3cos(4—x)+x2 +C;

1

—2+E 5x—2 +2sin(1—x)+c.
4(3-2x)° 5 4

1 x* .3
99.1) ——-10; 2) tgx-1;3) —+1—;
x 4 4

4) —cosx—2.9.10.1) x%+x; 2) x3—x2+4;
2 3 2
3) X poxityay 3 41
2 2 3 2 3
3
9.11. 1) 2sinx +3; 2) x—x?+3;
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3) —cos(x+§)—2; 4

4
9.12.1) 2x2 -1 +1; 2) %+2x+3;
X

3) x—x2+8;4) —L—2x% +3x+5.

X
9.17. F(x)=2x* —x* —28. Hyns: —2.
9.18. F(x)=x®-2x" -38x . Hyxni: —1; 0.
9.19. F(x)z%x —x2+11 a6o

F(x)zl 8 _x? +%

3
2 1 3 52
9.20. F(x)=2x -5 % +37 abo

F(x)=2x2- L% 321 9.21. 1% —xt17.
3 3 s

9.22. 2x% —x*—35.9.23. %+t2—t.

9.24. 4siné+2.9.25. 44212 4 2147,
9.26.1) x=—%t3+t2+3,5t—9;

2) x=-2sint+3; 3) x=—5cost—3t+4+3?n;

1 2
4) x==t3+t2+1-1=.
3 3

§10.10.1.1.1) 6,6; 2) 1; 3) 20; 4) 1;
5) %; 6) 6; 7) 0,9; 8) 0,5. 10.1.2. 1) 3; 2) 2;

3) 0V3; 4) 4; 5)—+1 6)78; 7) 2.,

8)9,5.10.1.4.1) 0,4; 2) 95
1 1
10.1.5.1)0,75; 2) 2;3) 75 4) 5.

10.1.6. 1) 4,25; 2) 2J§—— 3) 2—
4)@-— 10.1.7. 1) 275 2) 6,257 ; 3) 4,57 ;
4)2,5. 10.1.8. 1) 213 2) 12,57 ; 3) 5; 4) 8,5.
10.1.9. 0,1 Isx. 10.2.7. 51. 10.2.8. 4,5.

10.2.9. 2)@ 3) )ﬂ.

: 3) 1,6; 4) 10%.

10.2.10.1) 2%, 2) 117 8) 20%, 4y =,
5 3 6

10.2.21. 51 -5.10.2.22. 41 —4. )
10.2.23. 4 6arku. 10.3.1. 1) 68 m; 2) 215.

Tecr2.1.T7.2.11.3.1.4.B. 5.1 T,
2
2-B,3-B.6.10.17. x+x?—2\/1—x +C.

8.0,5.9.0,75.

Po3pin 3

§11.11.1.1.12.11.1.2. 1) 16; 2) 60.
11.1.3. 2052; a6ayko. 11.1.4. 1680.
Brasiseka. [lomigbHO 3a Miciia BubpaTu
eK3aMeHU i po3MilTyBaTy o HUX 3aaHi AHi.
11.1.5.24.11.1.6. 870. 11.1.7. 336.

11.1.8. 210. 11.1.9. 2730.

11.1.10. 26-25-24-23-22. 11.1.11. 120.
11.1.12. 96. 11.1.13. 544 320. 11.1.14. 1) 24;
2)12.11.1.15.1) 5; 2) 6.

11.1.16. A3y A, -ASy- A - Aj) - A2

11.2.1. 24. 11.2.2. 5040. 11.2.3. 120.

11.2.4. 6. 11.2.5.1) 720; 2) 600. 11.2.6. 1) 6;
2)6.11.2.7. 384. 11.2.8. 240. 11.2.9. 5!-8!.

11.2.10. 10%; (5%, 11.3.1. 21. 11.3.2. 56.
11.3.3.210. 11.3.4. 1) 55; 2) 165.

11.3.5. 400 400. 11.3.16. 15 120. 11.3.20. 6.
11.3.23.1)10; 2) 15; 3)8; 4)8.11.3.24. 1) 7;
2)9; 3) 10; 4) 9. 11.3.25. 1) (7;3); 2) (653);
3) (18;8); 4) (12;5).

§12.12.1.1.1 — Bunagkosa;
2 — HEeMOJXKJIMBA; 3 — BUMIAJKOBA;
4 — HeMOJKJINBA; 5 — BUIIaJKOBA;
6 — HeMOKJIMBA; 7 — BUIOALKOBA;
8 — Hemo:kamBa; 9 — BiporigHa;
10 — BunaaxoBa; 11 — Bumagkosa.
12.1.3.0,03. 12.1.4. 0,002. 12.1.5. 0,998.

12.1.6.0.12.1.7. 1. 12.1.8. 1; 0. 12.1.9. i

12.1.10. L 12.1.11.0,04. 12.1.12. 0,75.
1250

12.1.13. % 12.1.14.0,95.12.1.15. 1) 0,5;

2)0,5; 3) ; 12.1.16. Burpauri

piBHOMOKIMBi. 12.1.17. Hi.
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12.1.18. 1) uepsone; 2) a) 1; 6) 0; B) 0,4;
r) 0,52. 12.1.19. Byas-aky.
12.1.20. 1 yuepBOHAa, 5 }KOBTUX.

12.1.21. Besrena, p= %. 12.1.22. 1) a) %;

6) 0; B) %; 2)11.12.1.23. (21).

12.1.24. 2.12.1.25. - . 12.2.3. 1)U —
3 120

Biporigua moxisi; A+U — «BigmbyBaeThea
noxia A a6o moxiss U»; U — «BimOyBaeThCs
noxis U»; orTike, aKIo Bigoyaerscs U, To
«A abo U» Oyae cupaBeqInBUM;

2) A+ A — «BigOyBaeTbcsa nojgisa A abo

A»; A — «BinOyBaeThCs moia A»; OTIKe,
AKINO Bigbymersesa A, To «A abo A» Oyze
cupaBeIIuBUM; 3) momia «A BigmOyBaeThbcsa
a00 A He BimOyBaeThCA» € BiporigHOIO;

4) ogrouacHo mmoaisa A BinOyBaTucs i He
BimOyBaTuCs He MOKe, TOMY JOOYTOK ITUX
HOMAill — HeMOJKJIMBA IOJid;

5) A — «BimOyBaeTbhcs momisa A», OTiKe,
CIIpaBeIJINBUM € «BimOyBaeThbcsa momiss A abo
HEeMOXKJINBA MOofisfA»; 6) A-J — «000B’A3KOBO
BifOyIeThCsI HEMOMKJINBA IMOAisd», & —
BimOymeThCcsAa HEMOIKJINBA MOidA, OTKe,

AD=0.12.2.4.1) A,-Ay- Ay 2) A Ay Ag;
3) A +A,+Az4) A- A, Ay B) A A, A,

12.25.AiB;AiC; BiM;CiD;CiM;CiT;
DiK;DiM;DiT.12.2.6.AiB;CiD;CiM;

DiM;KiM.12.2.17. L 12.2.8. i
16 13

12.3.2.1) 0,42; 2) 0,51; 3) 0,49.

12.3.3.1) 0,43; 2) 0,1; 3) 0,9.12.3.6. 1) 0,71;
2)0,71; 3) 0,51, 4) 0,49; 5) 0,96; 6) 1.
12.3.7.1)0,53; 2) 0,9; 3) 0,47; 4) 0,76.

1 4 2 1
1241. 1)~ 9 2.3 2.4 L.
) 3 ) 9 ) 15 ) 3
12.4.2.1) 0,5; 2) 0,625. 12.4.3. 0,2375.
12.4.4.0,2. 12.4.5. —>—.12.5.1. 0,64.
203
12.5.2. % 12.5.3.0,0012. 12.5.5. 1) 0,42;

2)0,985; 3) 0,14; 4) 0,425. 12.5.6. 0,714.
12.5.7.0,126. 13.5.8. 0,5. 12.5.9. n>4.

12.6.1.
X 1 2 3 4 5 1 6
P s s ls s ls s
12.6.2.
X' 12 'Y 1.2 'z 12
P % % P % g P 0,505
12.6.3.
X 0 1 2
2 0,25 0,5 0,25
12.6.4.
X 0 1 2 3

P 0,125 ' 0,375 ' 0,375 ' 0,125

12.6.6. 3,5. 12.6.8. I'pa HecipaBeqIBa.
12.6.10. I'pa mecupasenyusa. 12.6.11. 2:1.
12.6.12. ITepiuuii rpaBelb: TOBUHEH
omepsxartu 157,5 miBpis, apyruit — 52,5.
12.6.13. 11:5.

§13.13.1.2. 240. 13.1.3.

o ' oS
& 0 E g BB R E g
5 E A% E R E B BFE
= g ?_y') o 13) 3] o % ® M
a5
H O
9 B
%8 19600 6000 4800 4200 33001500 600
==
28
13.1.4.
KupnicTs 00,51 1'1,5612,5:3,5' b
RinexicTs 1600940 160 200 480 280 240
JiTpiB

13.2.4.1) R=4; Mo=2; Me=2; )‘(:2%
2) R=8; Mo=2; Me=1; X=0,6.

13.2.6.1) R=3; Mo=3; Me=3; x=31

1’
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2) R=8; Mo, =4; Mo,=5; Me=4; X’=3%.
13.2.7. Mo, =135; Mo, =140; Me=135;
X-1295

11

Tecr3.1.A. 2. 1.3.B.4.1-A,2-T,
3-B.5. E 6.7.7. i 8.0,425.
6 15

Po3pin 4
§14.14.1.1)8;2)12;3)9;4) 7.
14.2.1)1;2)5;3)3;4)2;5)5;6)6; 7) 2;

8)—2,5; 2; 9) ¥9 ; 10) 3/36 .
15++129 19++/137

14.3.1) o ; 2) s ;3)1;

4) 2.14.4.1) 12; 2) 8. 14.5. 1) Kopesnis

HeMae; 2) —3; 2; 3) —1; 0; 4) 4.

13-V21 ) 9-V2L 55 B,
2 2

4) 2+2.14.7.1)3; 2) 2.

14.6. 1)

14.8. 1) (—1)kl+nk, keZ;2) i%+2nn,

neZ.14.9.1)0; +m; o8, 5% . 9) + T,
4 4 2’

3 2rn n_ 4n 5.

kE+1 T

14.10.1) (-1) E+nk keZ; 2)+3+2nk

keZ.14.11.1) 1t3_k, keZ; i%+2ﬂ:n, neZz,

2) T ™ hez (1) ™ hez.
6 3 12 2

14.15. arccos(i\/g)+2n, keZ;

2) i%ﬂznn, neZ.14.21.1)1; 2) 1.

14.23.1) 0; —; 4;2) —1; 3. 14.24. 1) —+2nn,

nez,; §+2ﬂ:k, keZ;2) %+2nn, neZ; 2rnk,

ke Z; 3) tarccos +2nn, neZ.

NP

14.28.1) —7—n; —6; —5; 2) —4; 5—n; —3.
4 4

14.29. 1) %+2nk, keZ;mn, neZ.
14.30.1)1,5; 2) 0. 14.32.1) 3; 2) 1.

14.38.1) [E;l); 2) [i;l).
AL 1)(4 37+J_) (3;17+\/ﬁ}
7 50 5 18

3) (—e0;2]U[6,5;+). 14.43. 1) (0,58;0,6);
2) (0,44;0,5). 14.46. (nk;n+nk), ke Z.

14.50. 2) (—;0)U(1;2). 14.62.1) (1;5);

2) (2;1). 14.63. c=—1. 14.69. (o; %]

14.72. % a.14.73. 0,5 1. 14.74. 75 xm/rozx.
14.75. 40 km/Tox. 14.76. 45 i 36 ngHiB.

14.77. 10 nuis. 14.78. 6 roguH.

14.79. 60 km/roz. 14.80. 15 xm/rof.

14.81. 40 km/rox i 55 xm/rox. 14.82. 3:1.
14.83. 3 kri 7 kr. 14.84. 45 kr. 14.85. 40 r.
14.86. 2,5 kr. 14.87. 3 rounu. 14.88. 98.
14.89. 25 poxkig. 14.90. 19 i 13 kBapTup.
14.91. 7 xr; 4 kr; 4 Kr. 14.92. 850 1.

14.93. 6 mica1is.

Tecr4.1.B.2.T.3.B.4.T.5.B.
6.1-B,2-A,3-T.7. (—0]U[1;+).

8. [~4;-8)U(0;1]. 9. 1) TIpu O<a<%
1 1
e(2a;1]; 2) npu a=§ J; 3) npu E<a<1

e[l; 2a); 4) mpu a>1 xe(O; 1]U(2a;+o<>).



NPEAMETHUA NOKAXYUK

Axciomu Teopii fimoBipHOCTEH 166

Bapiamifiauii pag 191

Bub6ipka 185

Bunagxosa BenruunHa 178

Bignocua yacrora Bunagkosoi monii 164
BiactuBocti BusHaueHux inrerpanis 113
— imoBipHOCTe#H moxiit 159

— Jorapudmir 38

— CTeNeHiB i3 gificHUMU IoOKasHUKaMu 7
— (dyHKIii Jorapudmiunoi 47

— — MOKa3HUKOBOI 12

T'enepanpHa cykymHicTs 185
T'eomeTpuunMii 3MicT BUSHAUEHOT'O
inTerpasa 112

HobyTok (mepepis) moxitt 158

Iarerpasn Busuauenuii 112
— ueBusHauenuii 101

VmosipuicTs moxii 150

Kom6inaTopuka 132
Kom6inarisa 6es moBTopeHs 142
Kpusosiniiina rpaneria 111

Jlorapudwm uucaa 37
— — gecaTKoBUR 37
— — HaTypajabHUi 38

MaremaTnuHe CIIOZiBaHHs BUIIAJKOBOIL
BenunuuHu 180

Mepgiana 194

Merog 3aminu saminunux 25, 203

— imTepBauiis 31, 204

Moga 194

06’em Bubipxu 185

O6uncenHsa 06’€MiB Tij 3a ZOIIOMOI0OIO
irTerpaia 121

— 1ot ¢Giryp 3a J0IoMOT0I0
imTerpasa 120

Omneparnii vag nogiavu 158

OcHoBHa BJacTUBicTh mepBicHoi 100

— jorapudMiuHa TOTOXKHICTL 38

ITepsicua 100

ITepBicuux Tabauia 99
ITepecranoBka 139

ITonii Hezasesxui 174

— HecyMicHi 149

— mpotuiexkHi 158

— piBHOMOXKIUBi 149

ITonia Bunmagkosa 148

— Biporigua 149

— HeMOKJIUBa 149

ITomirowm vactor 191
IToxigua morapudmiunoi PyHKIil 71
— MOKa3HUKOBOI GyHKII 71
IIpaBusa inTerpyBanna 101
IIpaBumno nob6yTKy 134

— cymu 134

PiBHocusibHi piBHsAHHA i HepiBHOCTI 19, 30, 53,
202

PiBuanua-macaigku 53, 202

PiBuanusa mokasaukose 20

PosB’asyBanHsa jorapu@mMivHUX PiBHAHB 53, 82

— — HepiBHOCTeI 64, 82

— HepiBHOCTEH 203

— IIOKa3HMKOBUX piBHAHL 19, 24, 82

— — HepiBHocTeii 30, 82, 203

— piBHAHBL 203

— — i HepiBHoOCTel 3 mapamerpamu 212

— — — III0 MiCTATH 3HAK MoxmyJia 205

— cucTeM piBHAHB i HepiBHOCTEH 206, 210

Posmax Bubipxu 194

Poswmimenna 135

Cepenne sHaueHHS Bubipxku 195
Craructurka 184
Cyma (06’egnanns) noxiii 158

Teopis fimoBipHOCTEit 147

YwmoBHa fiMmoBipHicTs 170

dopmysna Heiorona — Jleiouima 112

— mepexonay A0 Jorapu@miB 3 iHIT0I0 0CHOBOIO 39
dyukiia jorapupmiuaa 46

— nokasHukoBa 10

YacroTra moxii 163




3MICT

IITaHoBHI OAVHAAUIATUKIACHUKNA 1 OOMHAAIATUKIACHUIE! ... oo v v v 3

SK KOPUCTYBATHUCS IIADYUHIKOM & o v v v oo v v e eneeneneneneneneeenenenenenss 3

Po3gin 1. MNoKasHuKoBa Ta norapudmivyHa yHKLiT

§ 1. VYzaraabHeHHS MOHATTA CTEIEHS.

Cremilb i3 JIICHIM TOKABHITKOM . . v v v vt v v e e eenneeenneenennees 6
§ 2. IlorkasumkoBa (pyHKIIis, ii BaacTuBocTi Ta rpadik .............. 10
§ 3. PosB’sa3yBaHHSI NOKA3HUKOBUX PiBHAHbL Ta HEPiBHOCTEH .......... 19
§ 4. Jlorapudm uwucaa. BractuBocti morapudmiB .. ....... 0., 36
§ 5. Jlorapudmiuna GpyHKIid, ii BaacTuBocTi Ta rpaik ............. 46
§ 6. PosB’sasyBaHHa Jorapu(@MiuHUX PiBHAHL Ta HEPiBHOCTEH ......... 53
§ 7. IloximHi moxkasHMKOBOI Ta JiorapuPMivuHOl PYHKIIHA .....cvvo.v... 71
§ 8. IloxkasuumkoBi Ta sorapudmiuni piBHAHHA i HEPiBHOCTI .......... 82
TeMU HaBUATBHUX TIPOEKTIB & v v v v et eeeneneneneneneneneneeeeenennns 94
3aBraHHA IS IMiATOTOBKHU OO0 oiliHoBaHHgA. Tect Ne 1 ................ 95
231 £ 310 Yo 1 S T % o) o 1 1 96

Po3ain 2. IHTerpan Ta MOro 3acTtocyBaHHA

§ 9. IlepBicHa Ta I BAACTHBOCTL .+ vttt viv ittt ittt eeeenennnnns 98
§ 10. BusHaueHUi#l iHTErpay Ta MOTO 3aCTOCYBAHHA .« o v v v v v v vnennnnnn 109
BiZOMOCTL 8 1CTOPIT & v vttt ittt it it e et e it e ittt e et e 128
TeMl HABUANBHUIX IIPOCKTIB v v v vttt e v e e e neenenneneeneeneenens 129

3aBraHHa I IMiATOTOBKHU OO0 oIliHoBaHHA. TeeTr Ne 2 .. ... .......... 130



Posain 3. EnemMeHTHM KOMGiHaToOpuKK, Teopii MMOBipHOCTEM
§ 11. EneMeHTU KOMOIHATOPHEIT  « v v v v v v e oo oenensnsnsnsnsnsansas
§ 12. OcHOBHI ITOHATTA TEOPil MMOBIPDHOCTET .« o v v v v v vvvnenenenennns
§ 13. IloHATTS PO CTATHUCTUKY. XapPaKTEePUCTUKU PAMIB JAHUX .......
3aBIaHHA OJd OiArOTOBKHU A0 omiHioBaHHSA. TeecTt Ne 3 ... ... ...
TeMy HABUANTBHUX ITPOCKTIB . vt vt v vt n e eneeneeneneeneeneeneenens

BiZloMOCTI 8 1CTOPIT .« o vttt ittt it it i i e e it ettt e e

Po3gin 4. PiBHAHHA, HepiBHOCTiI Ta X CUCTEMM.
Y3arasbHeHHA Ta CUCTemaTusauis

§ 14. Cucremarusaiiia ¥ ysaraJbHeHHsS BigomocTell Ipo piBHAHHI,
HEPIBHOCTI TA IX CHCTEMI . v v v v v e v v v n e e enneeneneeeneneeennas

3aBIaHHA OJIs IiATOTOBKHU OO oiliHioBamHs. Tect Ne 4 . ..............

BiZoMOCTI 8 1CTOPIT & v vttt ittt ittt e e e et e e e e

BiZIOBIili IO BIIPAB .« v v ittt ittt i it it e et e ettt e teeeeneaneanenn

IIpeAMETHUI TTOKAMKUIIK  « v v v v e v e e v e e a e e neeneeneneeneeneensenens




Bl,D;OMOCTl IIpo ROpI/ICTYBaHHH HlﬂpyTIHI/IKOM

{ HaBuaJjib-
! HUN pik

IIpisBuIie Ta im’s
yuYHA / YYeHUI1

HaBuanspHe Bugaumu4a

HEJIIH €szen Ilemposuu
IIOJITOBA Oxcana €eszenisHa
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miapyyHuk nadg 11 kiacy 3akiIagis 3araJbHOI cepegHbOI 0CBiTH

PexomenmoBano MiHicTepcTBOM OCBiTH i HAYKU Y KpaiHu

Buzamno 3a paxyHOK Aep)kaBHUX KoiTiB. IIpogask 3a60poHEeHO

Penaxrop O. B. Kocmina. Texuiunuii pegaktop A. B. I1icko. Xynosxue opopmiaenus B. I. Tpygena.
Kowmmn’torepua Beperka O. M. IIpasdwk. Kopexrop H. B. KpacHa.

Okpemi 300paskeHHs, 110 BUKOPUCTAHI B 0(DOPMJIEHH]I HigpydYHUKA,
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