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LLlIaHOBHi O AMHAALATUKIIACHUKMY | OAMHAALATUKIIACHULLi!

Y 11boMy HaBYAJIBLHOMY POIli BU TPOJOBYKY€ETE BUBUATH IIpeAMeT « Asredpa i mouaTku aHATI3y».

Bu B:ke 3HaeTe MeTonUM PO3B’sA3YBAHHSA PiBHAHB i HepiBHOCTE!, BMi€Te HOCIiAKyBaTu (DYyHK-
mii, s3oKkpema 3a gomomororo moximmoi. B 11 Kiaci Bu mosHaifioMuTecs 3 HOBUMHU BUIAMU
(PYHKIIIA — IIOKAa3HMKOBOIO 1 Jorapu(mMiuHOIO, BIiANOBIAHMMM PIBHAHHAMU ¥ HEPiBHOCTS-
MM, a TAKOX IPUHIMIIOBO HOBUM IIOHATTAM — iHTerpaJioM, HaBUUTECS 3aCTOCOBYBATHU HOTO IO
PO3B’sA3yBaHHS 3a7au, OiJBIIICTh i3 AKMX BUMHUKJIA BHACIILOK MPAKTHUYHOL JisIIbLHOCTI JIOJUHI.

Y 9 kjaci Bu TOUYMHAIW 3HAWOMUTHUCS 3 OCHOBaAMM KoMOiHaTOpMKU, Teopil iiMmoBipHOCTEMH Ta
cratuctuku. [[bOoro poKy Bu moraubuTe cBOi 3HAHHS B I[ill raaysi, HaBUUTECA KOPUCTyBaTUCA Bij-
NOBiAHMMY iHCTPYMEHTaMU Iliel HayKU, yeBioMuTe 11 3BHAUEHHSA B JKUTTi CyJacHOI JIOWHUA.

CroomiBaemocs, B OTPUMAaETe 3aJJ0BOJIEHHS, OIIAHOBYIOUH Kypc « Ajredpa i moyaTKu aHaJIi3y»,
a HaOyTUi SOCBiJ JOIIOMOJKE BaM YCIIIITHO BIIopaTucsA 3 6ararbMa 3ajauaMi, IKi IOCTaHyTh IIepes
BaMU B JOPOCJIOMY SKUTTi.

Baskaemo Bam ycmixis!

Ik KOpUCTYBaTUCS NiAPYYHUKOM

IligpyyHUK Mae 4OTHMPH PO3MiaM, KOKHUN i3 AKMX CKJamaeThcA 3 maparpadis, gedari ma-
parpadpu — 3 myukrTiB. Ilaparpadu i myHKTH, SK OPaBUIO, MICTATHL TaKi CTPYKTYpPHi OJOKHU.

JoBigKxoBi Ta6auIli HaBeeHi Ha ToYaTKY O0ibIocTi maparpadiB (IYHKTIB) i BMIIIyIOTH OCHOB-
Hi O3HAUYEeHHs, 03HAKM Ta BJIACTUBOCTI POIIJIAIYBAHUX MOHATH TEMU, CCTEMAaTHU3AIlil0 TEOPEeTHUY-
HOT'O MaTepiany Ta cnocobig diaavHocmi 3 UM MaTepiajoM y (QopMi chemiaabHUX OpieHmMupis
i3 po36’sa3ysanHs 3a60arnb. Pagumo ompalioBaTu 1eii MaTepiaj y mepIny uepry, a BiKe MicJis I1bo-
IO IMIEPEXOAUTH J0 HACTYIIHOTO OJIOKY.

ITosscHeHHA ¥ OOTPYHTYBAaHHA MiCTATH AOKJIaMHEe BUKJIAJEHHA TEOPETUUYHOTO MaTepiany, Ha-
BeleHOTo B TabauIax. Take mogaHHA HaBUYaJIbHOTO MaTepiany (CIIoYaTKy CTPYKTYPOBAHOTO y BU-
IJIA4i Ta0JIUIlh, a MOTiM OMKMCAHOI0 AeTaJIbHO) JO3BOJIUTh KOKHOMY 3 BAC BUOMPATH CBiil BIacHUHA
piBeHBb 0O3HAOMJIEHHA 3 OOI'PYHTYBAHHAMMU, Oy IyIOUM BJIACHY OCBITHIO TPAEKTOPIIO.

IIpuknagu po3B’si3yBaHHS 3aBIaHb O3HAWOMJATHL BaC 13 OCHOBHUMM iesAMHU II[OJO
po3B’A3yBaHHA 3aBAaHb, AOIOMOXKYTb YCBiJOMUTH ¥ 3aCBOITH CIIOCOOM il 3 OCHOBHUMMU aJjre-
OpaiuyHMMU TOHATTAMU, HAOYTU HEOOXiMHUX MPeAMeTHUX KoMIeTeHTHocTel. [ Toro 1106 Bumi-
JIUTY OPi€HTOBHI OCHOBU OifJILHOCTI 3 pOo3B’sA3yBaHHA 3aBAaHb (3arajbHi opieHTUPU), Y HPUKJIA-
laX BJIaCHe PO3B’A3aHHSA CYIPOBOIKYIOThCA KOMEHTAPAMU, AKi JOIIOMOKYTH BaM CKJIACTHU TLJIaH
poO3B’A3yBaHHA aHAJOTIYHUX 3aBIaHb.

Posp’a3anua Komenrap

Sk MosKHa 3amucaTy po3B’sI3aHHA 3aBIaHHA fx Mo)KHa MipKyBaTu miJ uac po3B’sa3yBaHHSA
TAaKOTO 3aBIAHHSA




3a TaKoro MolaHHA KOMEHTap He 3aBasKae CIIPUUHATTIO OCHOBHOI ifiel po3B’si3yBaHHA 3aBIaHb
IeBHOTO TUIY 1 a€ 3MOTY 3a IIOTPeOM OTPUMATH JAeTaJibHY KOHCYJbTAIlil0 11100 PO3B’A3yBaHHA,
AKa MiCTUTHCA B KOMEHTAapi.

3 MeTOI0 BaKPillJIeHHA, KOHTPOJIIO i caMOOIliHIOBAaHHSA 3aCBOEHHA HABUYAJILHOIO MaTepiasly Ha-
OPUKIiHIII KOXKHOTO naparpada 3aIpoIOHOBAHO CUCTEMY 3aIUTAaHb i BIIPAB.

3anuTaHHA JOIIOMOYKYTH BaM IIPUTAaJaTH i OCMUCJIUTY BUBUEHE, 3BEPHYTH yBary Ha T'OJIOBHE
B maparpadi, oIfiHuTY piBeHb 3aCBOEHHSA TEOPETUYHOI'0 MaTepiany maparpada.

BnpaBu nonaso 3a TpboMa piBHAMU CKJIAAHOCTI:

© 3a80aHHs cepe0Hb020 PiBHA MAIOTH ITO3HAUKY «°»;
+ 3a80aHHA docmamHb020 Pi6Hs (IeI1o CKIATHII) mogano 6e3 Mo3HaAUKY;
* 3a60aHHA BUCOKO020 PiBHS MAIOTh IIOBHAUKY «*».

Mo 6inbItocTi BIpaB HaMPUKIHIL TiAPYYHUKA HaBeIeHO 8i0noasili.

¥V py6puiti « BusiBiTh CBOI0 KOMIIETEHTHICTh» HaBeIeHO 3aaUi IPaKTUYHOr0 3MiCTy Ta 3aBAaH-
Hs, AKi /I OTPUMaHHSA PO3B’ 3Ky BUMAaraioTh aHAIi3y, y3araJbHEeHHsA, CUCTeMaTu3aIlii Ha0yTux
3HaHb.

3BEPHITH TAaKOXK yBary Ha 3aIlPOIIOHOBAHI B TeKCTi maparpadiB CyIpOBOIKYIOUi 3ammTaH-
Hs, 1[0 COOHYKAIOTh A0 OiJIbII IIMOOKOT0 CAMOCTiMHOIO OCMUCJIEHHS HABUYAJIBLHOTO MaTepiany,
Ta 3aBIAHHS, BUKOHAHHS SKUX, HAa HAIy AYMKY, CIPHUATHMEe (DOPMYBAHHIO MEeBHUX IIPEeIMET-
HUX i KJaouoBUX KoMIleTeHTHocTel. I1i 3anuTanHA Ta 3aBIaHHA MAalOTh BiATIOBiAHI ITOBHAUEHHS.

Marepianu pyopuku «BigomocTi 3 icTopii» J0mOMOKYTh BaM JOCIiAUTH PO3BUTOK MaTE€MATIH-
KM AK HAYKM Ta Ai3HATUCS IIPO JOCATHEHHA BUJATHUX yUYeHUX YKpaiHU Ta CBiTY BiJ JaBHUHU 10
CHOTOJIEHHA.

IaTepHET-MiATPUMKA MiAPYUYHUKA JO3BOJUTH 3MIMCHUTHN OHJIAWH-TECTYBaHHS 3a KOXKHOIO Te-
MOIO Ha cayTi interactive.ranok.com.ua, a TaKOX JeTaJbHiIlIe 03HAMOMUTHCSA 3 HABUAJbHUM Ma-
Tepiagom.

A Toro 1106 TiApyYHUK AOMOMIT BaM y IOBHiM Mipi, pafnMO 03HAMOMUTUCS i3 CHUCTEMOIO
YMOBHUX IIO3HAYEHbD:

IOYaTOK OOT'PYHTYBaHHS TBEPIKEeHH;

O

3aKiHUeHHA OOI'PYHTYBAaHHSA TBEPAKEHHT;
IIOYaTOK PO3B’A3aHHS 3a1aui;
3aKiHueHHS PO3B’sI3aHHA 3a4aUi;

3anUTaHHA 10 YUHIB;

marepianu, o’ asaui 3 IKT Ta iHTepHeT-IIiATPUMKOIO HiAPpYUHUKA;

3aBJaHHs, AKi BUMaramoTh CAMOCTiIfHOTO OIIPAIlIOBaHHs, CHPUAIOTh aKTUBi3aIlili po3ymMmoBoi
TisIIHHOCTI;

IisgIbHICTh, PO3PaxXoBaHa Ha poOOTY B KOMaH/Ii.

CINCIOR



Po3gin 1

NOKA3HMUKOBA TA NOTAPUDMIHHA
DYHKUII

Y LLlbOMY PO34J1I BA:

P 03HaMOMUTECS 3 MOHATTAM Norapydma Ta BNacTMBOCTAMM NOrapudMIB;

P> [i3HaETeCs NPo NOKA3HWKOBY i NOrapudMivHy dyHKLUIT,
IXHI BNACTUBOCTI Ta rpadiku;

P 03HaromMmnTeCa 3 hopMyNamMm NOXIAHUX LMX DYHKLIN;

P HaBuuTecs byayBaTy rpadiki NOKA3HUKOBMX i TOraprUdMidHMX
DYHKLIV, LOCNIOXYBATM IXHI BNACTMBOCTI Ta PO3B’'A3yBaTU NOKAa3HUKOBI
| norapudMIiYHI PIBHSHHA 11 HEPIBHOCTI, 30KpeMa 3 napameTpamm




CTENIHb I3 AINCHAM NMOKA

Y3ATAJIbHEHHSA NOHATTA CTEMEHS.

3HUKOM

Tabausa 1

1. CteniHb i3 HaTypaJbHUM i Li/IMM NOKa3HMKaMMU
al=a a"=aa-..a| aeR, neN (n>2)
%,—/
n pasis
0 _ -n _ 1
a =1| a#0 a =— az0, neN
a

2. CreniHb i3 ApO6OBMM MOKA3HMKOM

az0

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

3. BnactuBocTi cTteneHiB

am ‘an — am+n
a
am:a"=a™" (_)
b
(am)" =qmn a
(ab)" =a™p" (;)

n n
=a a—x=_
b" a*
-n b)n 15 =
=| — r_
a 0°=0,r>0

NMOACHEHHA M OBI'PYHTYBAHHA

Bawm y:xe Bimomi MOHATTSA cTeleHiB i3 Ha-
TYpPaJbHUM, I[iJIUM i APOOOBUM MOKA3HUKAMU
Ta BJIACTHUBOCTI IMUX cTelleHiB (guB. Tabma. 1).
ITokasxkemo, AK MOKHA BBECTU MOHATTS CTEIIE-
HA 3 ippalioHaJIbHUM TOKa3HIKOM.

OnwumiemMo B 3araJibHUX PHUCaX, AK MOMKHA
03HAUMTHU umcyao a’ Aid ippalioHaJIbHEX O,
Konu a>1. Hanmpukian, MOACHUMO, AK MOXK-
Ha PO3YMiTHU 3HAUEHHSA CTeIeH 2J§ .

IpparmionansHe uncao 3 MOKHA MOJATH
Y BUTJISA1 HECKiHUEeHHOTO HeIlepPiognYHOTO Je-
cATKOBOrO Apody 3 =1,7320508075.... Pos-

TJISHEMO OeCATKOBI HaOJMMKeHHSA Yucaa 3
3 HeJoCTauelo i HaaIUIITKOM:

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;

Bynemo BBakaTu, I0 KOIM r<+3 <sS
(me r i s — pamioHanpHi ymcia), TO 3HAUEH-

HS 2*/5 posTaIrioBalHe Ha YWCJOBiHl mpamii
i 2%,

a came: 2" <23 <2%, 3HaiizeMo 3a JOIOMO-

MisX BiIHOBiZHMMH; 3HadYeHHAMEH 2

ro KaJbKyJasaTopa HaOaum:keHi sHadeHHS 2
i 2°, Bubuparmoun AK r i $ HaOJIMKeHi 3HAYeH-
Hs /3 3 HemocTauero i HaIJIMUIIIKOM BiAIoBiz-

HO. OIep:KyeMO CIiBBiTHOIIIEHHA:
ol <23 92,

217 ~3,249.0096 < 23 < 218 ~ 3,4822022;
2178 - 3,3172782<2"3 <217 ~3,3403517;
2172 _ 3 3918801<23 <273 = 3,3941834;
21720 _ 3 3918801<23 <2121 3,3221104;
2178205 _ 3 3919952 < 2V% < 2173206 _3 3990182;
21782050 _ 3 3919952« 23 < 21732051 _3 391 9975;

Ar 6aummo, smauenua 2" i 2° wabau-
JKAIOTHCA O OJHOIO If TOTO CaMOTO YHCJA



§ 1. Y3aranbHeHHs NoHATTA cteneHs. CTeniHb i3 AINCHUM NOKAa3HMKOM

3,32199... . Ile umciao i BBaKAIOTh CTeIe-
rem 23 . Omxe, 23 =3,32199... .
3HaueHHA 2\/5 , O0UIC/IeHe HAa KaJbKYJIsd-

Topi, rake: 2V3 ~3,321997.

Mosxkura moBecTu, IO 3aBKAU, KOJIU MU
BuUOMpaeMo paljioHaJbHI uuecsaa r, IKi 3 Hemxo-
cTavero HaOJMIKAIOTHLCA N0 ippalioHaJbHOTO
ympcsa o, i paimioHaJabHi uncaa s, IKi 3 Ham-
JIUTITKOM HaOJIMKAIOTHCA IO IILOTO CaMOTO ip-
palioHaJBFHOTO YHCIa O, JJIA OyAb-AKOTO
a>1 icHye, i TpuTOMY TiJILKU OIHE, YNCJIO Y,
GinbIme 3a Bei a” i mente Big yeix a® . Ile uuc-

JIO Y 32 O3HAUYEHHAM € a” .

AmnasioriuHO 03HAYAIOTh i CTemliHb 3 ippa-
mioHAJILHUM IIOKasHUKoM o mgiaa O<a<l1.
Tinpku y Bunaakry, koau r<o<s npu 0<a<l1,

BBasKawTh, mo a’<a®<a’. Kpim Toro, sk
i 1na pamioHaJIbHUX MOKA3HUKIB, 3a O3HAYEH-
HAM BBasKaIOTh, Mo 1% =1 1i1s 6ygb-aKoro o
i 0=0 gna scix o>0.

Hasenene Buille po3yMiHHSA CTelleHs 3 ip-
palioHaJIbHUM IIOKAa3HUKOM MOXKHA chopmy-
JIFOBATU TOUHIiIIle, BUKOPHUCTOBYIOUN HMOHITTS
TPaHUIII ITOCTiJOBHOCTI.

Hexaii samami momarHe umcJyo a Ta ippa-
mioHaJbHEe YmMcjo X. Poa3risgHeMoO IIOCJIiTOB-
HiCcTH {xn} pamioHaJIbHUX YMCEJ, T'PAHUIIEIO
AKOiI € umcao x (HampuKJIaL, MOCTiTOBHICTH
IEeCATKOBUX HAOJMMKEHb uYmucjaa X 3 HegocTa-
ge0 abo 3 HaMJIHIIKOM), Tobro limx,=x.

n—oo

Toni rpaHUIIO ITOCJJiTOBHOCTI {ax"} (mmocuri-

IOBHOCTI pallioHaJIbHUX CTeIeHiB uucia a) 0y-

IeMO HasWBaTU X-M CTeIleHeM 4ucJja @, TOOTO
. X

a* =lima ".
n—eo

Y Kypcax MaTeMaTUUYHOT'O aHAJIi3y OOBO-
IOUTHCS, NIT0 OCKIJIBKY IIOCJiIOBHICTH {xn} Mae

n—oo

TPaAHUITIO (lim x,= x), TO ¥ IIOCJiJOBHICTH
{ax"} Te)K MAa€ IPAHUII0, IPUUOMY I IPAHI-

I He 3alle)KUTh Big BMOOPY IIOCIiLOBHO-
cTi {xn}, TPAHUIIEIO0 AKOI € UKCJO X.

Cruparounch Ha BJIACTUBOCTI TPAHUIb II0-
CJIiJOBHOCTEI, MOXKHA JIOBECTU, IO, AK i IJII
CTeIleHIB i3 palioHAJIbHUMU ITOKa3HUKaMMU,
IJIA CTEIIeHiB 3 ippalioHaJIbHUMY TOKa3HUKA-
MU X i y BUKOHYIOThCS BJIACTUBOCTi, HaBeAeHi
B II. 3 Taba. 1, ToOTO:

1. a*-a¥ =a™"Y.

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

OT:xe, IIi BJIaCTUBOCTI BUKOHYIOTHCSA IJIs
CTeIIeHiB i3 JOBLIBHUMU AiMCHUMH IIOKA3HU-
KaMu.

NMPUKNAAN PO3B’A3YBAHHA 3AB/JAHb

Mpukrad 1

Pozp’azannga

5@(;)5 (53]
125

HaJIiBO.

125

3HaWAiTHF 3HAYEHHA BUPA3y E’)JE (—

Haranmaewmo,
MOJKHA 3aCTOCOBYBATH AK 3JiBa HampaBo, TakK i cIpasa

1‘/5
125 )

Komenrap

10 HaBeAeHi BUIIle BJIACTUBOCTI CTeIleHiB

X

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

a
L=5_3. Taxosx ciijg ypaxysaTu, IO x/ﬁ=\/9~2 =3\/§.




Po3gin 1. MNoka3HMKoBa Ta NorapudMidHa yHKLT

”PMKAaa 2 3HaigiTh ob6sacTh BUBHAUEHHA (DYHKILII:
1) y=(x+2)\/§; 2) y=(x—5)_ﬁ.
Posp’a3annsa Komenrap
1) x+220, Tobro x=>-2, orxe, VpaxoByemo, mo cremimp a® 3 ippalioHambHEUM IO-
D(y)=[—2;+°°)- < Ka3sHMKOM O O3HaueHa Tijgpku mpu a=0 gasa moxzar-
2) x—5>0, 10610 Xx>5, oTKe, HUX 3HAUeHb O i Tinpku mpu a >0 maa Bix’eMHUX 3HA-
D(y)=(5;+oo). 4 YeHb O.
ﬂpuwa 3 Po3B’xiTh piBHAHHA:
1) x'2 =3; 2) (x+5)" =7
Po3p’a3anusa Komenrap

1) IIigaHocssum o6uaBi uya- ' 1) Ak Oya0 oOr'pyHTOBAHO B HiApyYHUKY aasa 10 Icnacy*, byHK-
CTHHHU 3aJaHOTO PiBHAHHA mis y=x* mpu a>0 e 3pocrarouoio, a mpu o.<0 — cmagHOIO.

1
. 2
0 CTelleHsA T, onmep:kye- | Orike, PYHKIiA y=x\/— (i1 o6smacts BusHauenHa x-=>0) — spo-
1 craioua i ToMy 3HaueHHS 3 BOHA HAOYBa€ TiJIbKU IIPU OJHOMY
MO x=3‘/§ < 3HaueHHi aprymenTta. Moro Mo:XHa BU3HAUUTU, AKIINO MiJHECTU

. . 1.
00UABi YaCTHMHU 3aJaHOTO PiBHAHHS O CTEIEeHs T (i Bpaxy-
2

1 1
N
BaTU, IO (x*/E)‘/5 =x J2 =x! =X).

1
3ayBasKuMO, IO, 3aIlMCYIOUN Pe3yJIbTaT x=3*/5, MU aBTOMA-
x>

TruyHO BpaxoByemo OJI3 3amamoro piBHAHHA ( 0), OCKiJIBbKH

1
32 >0, i tomy O3 MoKHA He 3amMCyBaTH IO PO3B’sA3aHHI.

2) Ockinbru O3 samamoro ' 2) OcKiJbKHU CTeIiHb 3 Bi’eMHUM ippallioHaJIbHUM ITOKa3HUKOM
piBHAHHA X+5>0, To siBa  o3HaUeHWN TIIBLKU AJA BUIAAKY, KOJU OCHOBA CTEIEHA € JO-
yacTWHa IILOTO PiBHAHHS
3aBXKIU NOoJaTHA i TOMY pig-
HAHHA KOpeHi8 He mae. <

. . 7
JaTHUM YKCJOM, TO JiiBa YacTWHA PiBHAHHS (x+5) =7
3aBXKOM JOoJaTHA i He MO’Ke JOPiBHIOBATU BiJ’ €MHOMY UMCJY.

1. CdopmysroiiTe 03HAUEHHSA CTelleHd 3 HATYPAJIBHIM, IIIJINM Bif € MHUM

3anumaHHg ) : "
i HyabOBUM TIOKasHuUKaMu. HaBeniTh mpukgagu ix obumcaenua. [Ipu

n

AKWX 3HAUEHHAX @ iCHYIOTH 3HAUEHHS BUPAa3iB a® ta a™, e neN?

2. CdopmymioiiTe O3HAUYEHHA CTeIeHA 3 PAI[iOHAJBHUM ITOKAa3HUKOM
m . .
r=—, ge m — Ilijle 4yncJo, a n — HarypaiabHe, n#1l. Hasenits
n
MIPUKJIAAN O0UYMCIeHHA TaKuUxX crTemeHiB. Ilpu AKuX 3HaYeHHSX a ic-

m

HYIOTh 3HAUeHHsA BuUpasy a’ ? YKaxirs o0jacTh SOINYCTUMUX 3HA-
3 _38
yeHb BUpasiB a’ i a ".
* Maerbesa Ha yBasi migpyunuk: Aareopa i mouarku aHanisy (mpodiabHui piBeHs) : migpyd. gasa 10 K.
3aKJI. 3araJji. cepef. ocsitu / €. II. Hemin. — Xapxkis : Bug-Bo «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.

IloacHiT, Ha TpPUKJIAAi, IK MOYKHA BBECTU IIOHATTA CTEIIEHA 3 ip-
palioHAJTBHUM IIOKA3HUKOM. Y KayKiTh 00J1aCTh HOIIYCTUMUX 3HAUEHb

T | i

BUpasiB a

3amnuIlniTh BJIACTHUBOCTI cTeleHiB i3 mificummMu moxkasumkamu. Cipo-
OyiiTe copmyJroBaTH iX 3MIiCT AJA BUKOPUCTAHHSA 3JIiBa HAIIPaBO
i copasa maxiBo. HaBeniTh mpukaagm iX BUKOPUCTAHHSI.

Yu mae 3micT BUpas:

1) (-3)%%; 3) 2722, 5) 5V18 9
2) 0V7; 4) 075,
3HaligiTh 00J1aCTh JONYCTUMUX 3HAYEHb BUPA3Y:
1) x3; 3) (2-x)2%, 5) x13 5.
N3
2) xV7; 1) (x*-1)";
3HaligiTh 3HAUEHHS BUPAa3y:
¥ 3 1
1) (55) ; 3) 75-(5) +2163.

2) 160’25+\/% :162\/5;

CupocriTh Bupas:

2 2 2V3 23 ENCENG

1) (2+a*/§) —(2—a@) .o TV 3) &_*2
, . . a\/g—b‘@ a2ﬁ+1

Poss’axiTh P1IBHAHHA:
1) «7 =2; 3) (x-2)% =2, 5) (x+4)" =a;
2) (x+4)JH=1; 4) (x—6)_‘/§=3; 6) (x—l)_ﬁza.
ITob6ynmyiiTe eckis rpadika QyHKILII:
1) y=x"; 3) y=x" +2;
2) y=x""; 1) y=(x+2)".

BuaBiTb CBOIO KOMMETEHTHICTb

Bxiaaguuk mokjaaB Ha gemos3uT B 6anky 3000 rpu mix 10 % piunwux.
fka cyma Oyze Ha Hioro paxyHKY uepe3 3 POKM, SKIIO B KiHIII KO-
HOTO POKY T'POIlli, HapaxOBaHi 3a BijCOTKaM1, He 3HiMAaIOThLCHA, a JO-
JAlThCA MO MEeIO3UTHOI'0 BHECKY?




NMOKA3HNKOBA ®YHKLUIA,
Il BNTACTUBOCTI TA TPADIK

Tabuis 2

1. MoHATTA noKa3sHMKOBOiI (pyHKLUiT Ta i1 rpagik

OsHaueHHsA. IToka3nuKo6010 GYyHKYi€o Ha3uBaEThCA PYHKLiA BUay y=a”, ne a>01i a=1.

I'pacdik moxasHMKOBOI (PyHKIIII (€eKCIIOHEHTA)

a>1 O<ax<l
yN y=a* y
y=a”
_ L
0 x 0 x
2. BnacTtuBOCTi MOKa3HMKOBOI yHKLii
1. O6aacmv susnavenns: x€R. D(ax)=R
2. O6nracmo 3navenv: y>0. E(ax)=(0;+oo)
3. @yYyHKYiA Hi napHa, Hi HenapHa. 0
4. Touxu nepemuny 3 ocamu rkoopdunam: Oy {;:1.’ Ox [memac].
5. Ilpomixncku 3pocmarHHsa i cnNAOAHHS: ’

npu a>1 dyskmnis y=a” 3pocrae Ha Beiit 061acTi BUSHAUEHHS;

npu 0<a<1 ¢yuknia y=a” cnagae ma Beiil 001aCTi BUSHAYECHHS.

6. IIpomixcku 3narxocmanocmi: y>0 npu écix 3nauenusx xe€R.
7. Haibinvwozo i HAllMEHUL020 3HAUEHb QYHKYIL He MaE.
8. Hnsa 6ydv-sikux dilichux 3navenv u i v (a>0, b>0) surxonyomovcs pignocmi:
u u u v
au 'av :au+v (ab)u Zaubu a_v:au—v (%) :a_u (au) :auv
a

MOACHEHHA 1 OBI'PYHTYBAHHA

0 MoHATTA Noka3HMKOBOT (PYHKLUIT Ta TT rpadik

O3HaveHHs. IToka3HuK06010 pYyHKYi€c0 HasuBaEThea PYHKIiA BUAY y=a”, y
me a>0ia=l.
x _1x
. 1" (V3 . . 1 vt
Hanpurnaz, y=2", y= 5 ) y= - ) y=T" — NOKa3HUKOBI DYHKIIiI.

3asHauuMo, 1m0 PyHKUia 6udy y=a” icnyeinpu a=1.Toxi y=a™ =17,

T06TO y =1 TpU BCix 3HAUeHHAX X € R. Aue B iboMy BUNIAAKY QyHKIia y =17

He Ha3usaemwvca nokasnukosorw. (Cpadik pyuruii y=1* — npama, 3o6pa- Puc. 2.7
JKeHa Ha puc. 2.1.)
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Ockinpkn mpu a >0 Bupas a* o3HaAYeHWI IpH BCixX Aili- "é y=2"
CHUX B3HAUYEHHAX X, TO 00.ACMI0 6U3HAYEHHS NOKAZHUKOBOL
Qynruii y=a” e aci diilcHi wucaa.
CrmouaTKy mobOyayemo rpadgiku mesKruX IIOKa3HUKOBUX
X
1
byHEKIil, Hanpuraag y=2" i yz(g) , «3a TOUKaMM’», a IIOTiM 4
mepeiiieMo A0 XapaKTePUCTUKU 3arajbHUX BJIACTHUBOCTEI II0- 2
Ka3HUKOBOI (DYHKITiT.
CrkiazemMo TabJWII0 JeAKMX 3HAueHb (QYHKIOiA y=2% -"/)
1\ -3-2-1 |01 2 3 «x
! y=(§) Puc. 2.2
1 1
x -3 -2 -1 - 0 — 1 2 3
2 2
x L L 07 1 Z-14 2 4 8
y=2 8 4 2 Jo T
1) 1 1 1 1
== 8 4 2 2=1,4 1 —=0,7 — = =
v (2) V2 J2 2 4 8

IToGyayemo Ha KooOpAMHATHIN HJIOIIKHI BigmoBigui Tou-
KM i1 3’emHaeMo ixX miuaBHUMH JiHigavMu. Orpumaemo rpadiku

X
Gyurmoii y=2% (puc. 2.2) i yz(%) (puc. 2.3).
SIx Gaummo 3 rpadikis, QyHEIA y=2" € 3pocTanduon

. . 1) . .
dyHKIIi€I0, a QyHKIIA Y :(E) € CIIaJHOI0 (DYHKITI€I0, AK1 Ha-

OyBarOTh BCiX 3HAUEHB i3 IIPOMIiMKKY (O; +<><>).

: 1\*
3ayBasKuMo, 1110 rpadik GyHKIH y= (E) MOJKHAa oZlep-

skaTy 3 rpadika QyHKIII y =2 3a JOIIOMOI0K0 reOMeTPUYHUX IIe-

1y 1 __
perBopens. Ilpuiimemo f(x)=2%, Toxi (E) =—=2 *=f(-x). = y
1Y) _
Orsxe, rpadik QyHKI y= (EJ CUMeTpUUHUI Irpadiky PyHK- y=a*
a>1

mii y = 2% BigEocHO oci Oy (muB. nizpyunnk aia 10 Kaacy, . 2.2) 1

1\ _/
i Tomy, AKIO QyHKIiA y=2" € 3pocTaruoio, QyHKIiA Y= (—) ) >

000B’A3K0BO OyIe CIagHOIO.

BusBnsaerbes, 3apxau npu a>1 rpadik pysrnoii y=a” 0 y
cxosxuii Ha rpadik pyurnii y=2%, anpu 0<a<1 — Ha rpadik &
y =
1)
pyHKIiI yz(E) (puc. 2.4). O0<a<1 1
I'padpix moxKasHMKOBOI (QPYHKI[II HA3WBAIOTh eEKCHO- \
HeHmomw. 0 x
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BnacTtusocTi
NOKA3HMKOBOT PYHKLiT

Sk Oys10 moKa3aHOo BHUIlle, 00IaCTIO BU3HA-
YeHHs MOKasHMKOBOI QyHKHii y=a* (a>0,
a#1) e Bei miticni uncna: D(a*)=R.

O6nacTo 3HaYeHb QYHKIII y=a” € MHO-
JKMHA BCiX JOZATHUX 4YMceJ, TOOTO (MYHK-

mia y=a” nmabyBae TiIbKM JOJATHUX 3HAUEHb,
nmpuyomy Oyab-sKe AOJATHE UMCJIO € 3HAUYEeH-
HAM QyHKIII, a6o E(ax) = (0; +oo).

ITe osmauae, 1m0 rpadgik TOKA3HUKOBOI
GyHEOII y=a” saBxkIu posMilleHWi BuIe
Bim oci Ox i Oymp-sika mpsama, mapajeibHa
oci Ox i posramioBana Buille Big Hei, mepeTu-
Hae 1eu rpadik.

IIpu a>1 pyukmia y=a” 3pocrae Ha BCii
o6sacti BusHaueHHs, a npu 0<a<l QyHK-
mis y=a”* cmamae Ha Bcili ofsacTti BusHAa-
YeHHS.

OOr'pyHTyBaHHS 00JIaCTi 3HaUEHb Ta IPO-
MiKKiB 3pocTaHHA ¥ cHaJaHHA HTOKAa3HUKO-
Boi (pyHKIil mpoBogaTh Tak. Ili BaacTmBoOCTI
IepeBipATH ITOCTiJOBHO Jis HATYPaJbHUX,
minX, palioHaJbHUX IIOKA3HMKIB, a IOTiM
yiKe y3araJIbHIOIOTH IJs JOBLJIbHUX AiliCHUX
MOKasHUKiB. Asie Tpeba ypaxoByBaTH, IO,
KOJIM MU BBOIAWJIU TOHATTSA CTEIleHs 3 ippa-
IMiOHAJBPHUM ITOKA3HUKOM, MU BiKe KODPHUCTY-
BaJINCs 3POCTAHHAM (PYHKITiI, KOJIM IIPOBOIM-
JU Taki MipKyBauHusa: ocKkiabKku 1,7<+/3 <1,8,
To 27 < 2‘/§ <218, Omxe, y HaIITi il cucTeMi BU-
KJaay MaTepiaay MH 3MOKeMO OOI'PYHTyBa-
TH IIi BJIACTUBOCTI TiJIBKU IJA palioHAJIbHUX
MOKAa3HUKIiB, ajie, BpaXOBYIOUYM TI'POMIi3AKiCTH
TaKuX OOT'PYHTYBaHb, MpuiiMmeMo ix 6e3 moBe-
IeHHA.

Vci iHIII BJIACTUBOCTI TOKA3HUKOBOI
(yHKIII JIerko o0r'PyHTOBYIOTHCS 3a JOIIOMO-
T'OI0 IIUX BJACTUBOCTEI.

®yHKLNiA y=a* =HI mapHa, HI Hemap-

. _ 1
Ha, ockineku f(-x)=a™* =—x;tf(x)=ax (za
a
osHaueHHaM a#1). Taxox f(-x)#—f(x),
fl—x)=a*>0 (tomy 1m0
E(ax)=(0;+°°)), a —f(x)=-a*<0.

OCK1IBKHI

Touku nepemuHry 3 0CAMU KOOPOUHAM.:

e rpadik pyHKNii y=a” mepernnae Bics Oy
y Touni y=1 (cupasnai, Ha oci Oy 3HaUeH-
Ha x=0, Toxi yza0 =1);

e rpadik moOKasHMKOBOI (QyHKNiI y=a”
(a>0, a#1) He mneperunae Bich Ox,
ockinpkum Ha oci Ox y=0, a 3HaueH-
HA y=0 He BxoauTh N0 00JacTi 3HAUYEHD
mOoKasHUKOBOI QyHKHii y=a” (y=a*=0
TinbKu mpu a=0, aje 3a O3HAUEHHAM
a>0).

Ilpomisxcru 3HaKocmaJaocmi: y>0
Opu Bcix nificHUX 3HaUEeHHAX X, OCKIJIBKU
y=a*>0 npu a>0.

3a3HaumMMoO IIe OJHY BJIACTUBICTH MOKAa3-
HUKOBOI (PyHKIii. OckinbKu rpadix (QyHK-
1ii y=a” neperunae Bics Oy y rouni y=1, o,
BpaxoBylOUM 3pocTanuA GpyHKIII mpu a>1 Ta
cuagauug npu 0<a<1, omep:KyeMo Taki cnis-
BIOHOWLeHHA Mid 3HAYEHHAMU PYHKUIL 1L 8i0-
NnoGiOHUMU 3HAYEHHAMU APZYMEHMA.

3HaueHHSI apryMeHTa

3HaueHHA
dymedt mpw a1 0cu<1
y>1 x €(0;+c0) x €(—;0)
O<y<1 x €(—c0;0) x €(0;+)

@yHKIiA y=a” He Mae Hi HANGLIBIIOTO,
Hi HAIMEHIIIOr0 3HAYeHb, OCKiJIbKHY Ii 00acTh
3HAUEeHb — IIPOMIiKOK (0;+<>o), AKUNA He Mi-
CTHUTH Hi HaliMEHIIIOT0, Hi HA01JIbIIIOTO YKCeJI.
BrnactuBocTi moxkasHUKOBOI (hyHKILiI, 3a-

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

u u u
a v a a u
=a"""; () =——; (ab)" =a"p" — anano-
1% u
a b b
riuHi O BJIACTMBOCTEIl CTemeHeBOi (PyHKILI,
sAKi OyJio o6r'pyHTOBaHO B Kypcei 10 kiacy.
3a3HauuMo IIfe OAHY BJIACTHUBICTh IIOKA3-

HUKOBOI (PYyHKIIii, SKa BUOKpPEMJIIOE ii cepen

inmux @pyrknii: akmo f(x)=a” (a>0, a#1),
TO IpHU OyAb-AKMX AiMCHUX 3HAUeHHAX apry-
MEHTIiB X; 1 X, BUKOHYETbCA PiBHICTH

f0)f () = F (201 +2¢5)
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a=3 a=2

Puc. 2.5

Tificro, f(x,)f(x,)=a"a™ =a™" =f(x, +x,).
Y kypcax BUIITOI MaTeMaTUKHU Id BJIACTUBICTh
(pasoMm 3i CTPOT0I0 MOHOTOHHICTIO) € OCHOBOIO
aKCcioMaTHYHOTO O3HAUEHHS IIOKa3HUKOBOIL
dyurmii. ¥ mpomy BUIanKy (QOPMYJIIOETHCS
OBHAUEHHS: IOKa3HNKOBa PyHKIia y=f(x) —
I[e CTPOr0 MOHOTOHHA (DYHKI[isI, BU3HAUYEHA
Ha BcCiil YK CJI0BIil Oci, KA 3aI0BOJBHAE (PYHK-
mioHaJdbHEe pPiBHAHHA | (xl) f (x2 ) =f (xl + xz),
a 1moTiM oBIPYHTOBYeThCH, 110 GyHKIia f(x)
3biraerbea 3 QyHkmiero y=a* (a>0, a#1).

Kpim cuninpHUX BJIACTHBOCTEH ITOKA3HUKO-
Boi dyuKIii mpu a>1 i 0<a<1, zazHauuMo
IesaKi ocobMBOCTi «moBeAiHKM» rpadikiB mo-
KasHUKOBUX (DYHKIIN MpM KOHKPETHUX 3HA-
yeHHAX a. Tak, Ha puc. 2.5 HaBegeHo rpadiku
MIOKa3HUKOBUX QYHKIIN y=a” ni1a Bunmagkis,

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

ITopiBHIOIOUHM Ii rpadiku, MOKHA 3pPOOU-
TH BUCHOBOK: uuUM 0isbWlol0 € ocHo8a a>1,
mum kpymiwte «niOHimaemscsa» epaQix QyHK-

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

Hanpuknag, 3pocTtaHHA KinbkocTi 6akTepill (3a BigCyTHOCTI HeraTMBHUX
4na ix pocty GakTopiB i HAABHOCTI BENUKOT KiIbKOCTI MOXMBHUX PEUYOBVH)

BiIOYBA€ETbCA 33 3aKOHOM N =5", pe t — uac gocnigkeHHs, N — umncno

6aKTepil y KOMOHIl.

Tnck  noBITPA  3MEHLIYETbCA 3 BMCOTOK 3@ 3aKOHOM p=pg-a
Ae p,— TWCK Ha PiBHI MOpA, p — TUCK Ha BUCOTI h, a | E — peAki cTani.
3pocTaHHA KibKOCTI AepeBrHM Mif Yac pocTy AepeBa BiabyBaeTbcA 3a 3a-

KoHom A=A, -a™, ne A, — noyaTtKoBa KifibKiCTb AepeBnHN, A — Kifb-

KiCTb fepeBuHM yepes vac t, ki a — pgesaki ctani.

uii y=a”, aKwo mouka pyxacmuvcs 8npaso,
i mum weudwe ezpa)ix Habauxcaemvcs 00
oci Ox, AKuW,0 mouka pyxaemovca 6.7i60. AHa-
JoriuHo, yum wmeHwoil € ocnosa 0<a<l,
mum kpymiwe «nioHimaemuvcsa» zpaix QyHK-

uii y=a”*, aKwo mouka pyxacmuvcs 8.0,
i mum weudwe zpaix Habauxcaemvcs 00
oci Ox, AKW,0 MOYKA PYXAEMbCS BNPABO.

3aBepIIyOUYr POSMOBY IIPO IIOKA3HUKOBY
(yHKIiI0, 3BepHEMO yBary Ha Ti IpUYUHU, AKi
3aBa’KalOTh PO3IJVIALATH ITOKA3HUKOBI (PyHK-
1ii 3 Bixg’eMHO0 460 HYJIHOBOIO OCHOBOIO.

IMokasaukoBa GQyHKNiA y=a* (a>0,
a#1) osHaueHa IIpW BCiX JicHUX B3HaAUEH-

Hax x. IleBHa piu, BUpa3 a* MoKHa pO3TJIA-
matu i mpu a=0, i mpu a<0, ajge B Mux BU-
nagkKax BiH yske Oyle o3HAUeHUU He MPHU BCix
OificHMX 3HA4YeHHAX Xx. 30Kpema, Bupas 0%
o3HaueHui npu Bcix x>0 (iroxi 0* =0), a Bu-

X . .
pas (—2)° — npwu Beix minux sHauenHAX X (Ha-

npuknag, (-2)° = %

(-2)
0epyTh 3a OCHOBY IIOKa3HUKOBOI PyHKIII a=0
(orpumyemo crany GyHKIilo npu x>0) rTa
a<0 (omep:xyeMo (PYyHKIIiI0, 03HAUEHY TiJib-
KU IIPY OKPEeMUX 3HAUEHHAX X, a caMe X € Z).
Aue HaBeleHi MipKyBaHHSA CTOCOBHO AOIiJILHO-
cTi BUOOpPY OCHOBU MOKA3HUKOBOI PYHKIIII He
BILIMBAIOTh HA 00JIACTH JOMYCTUMMUX 3HAYEHbD
Bupasy a”. Hanpurmazx, ax Oyjao 3a3HAYEHO
BUIIE, ITapa 3HAUeHb a=-—2, X=-3 BXOJUTL
o itoro OJ13, i 1e MOBOAUTHCA BPaXOBYBATHU
i gyac po3B’sI3yBaHHA MeAKUX 3aBIAHb.

= —%). Yepes 11€ i HE

kh
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e —————

Maca peuyoBUHM nifg yac pafioakTMBHOrO po3nagy 3MeHLy-

1\7
€TbCA 3a 3aKoHOM M =M, (E , e M, — nouyaTkoBa Maca

peyoBuHn, M — maca B MOMeHT Yacy t, T — nepiog Hanis-
po3nagy peyoBrHM (TOOTO Yac, 3a AKUIN PO3NaJAETLCA NOMO-
BMHa aTOMiB 3afaHoi peyoBuHM). OCKiNbKM nepioamn HaniBpos-
nagy mMeBHMX pPeyYoBUH [obpe BiAOMI, LI 3aNeXHicTb
3aCTOCOBYIOTb /11 BU3HAYEHHA BiKY apXeosioriyHmX 3HaxXioK.

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

2 X
1) DyHKOIT Y= (E)

X
2) dDyHKIOig Y= (77)

anKAaa 1 IopiBHAliTEe 3HAYCHHA BUPA3iB:

HORIGE

Po3sp’a3zannsa

N 2)°
3 "HepiBHOCTI —3>-5 ogmepmyemo | —| <|—

?>1, TOoMy 3 HepiBHOCTI 4>3 omep:Kyemo

GEGE

2 (3] (5]

Komenrap

2 .
€ CIIaJHOI0, OCKiJIbKU §<1, Tomy' YPaxyemo, mio QyHKIidg Yy =a” npu

a>1 3spocraroua, a mpu O<a<l

2\ cunagHa. OTiKe, CIIOYATKY IIOPiBHAE-
) < MO 3aJlaHy OCHOBY CTeIleHd a 3 OJU-
HUIIEI0, a [IOTiM, ITOPiBHIOIOUU apry-

3

€ 3POCTAY0I0, OCKIIbKU MEHTH, 3pOOMMO BUCHOBOK IIPO CIIiB-

BiJHOIIIEHHS MiK 3aJaHUMU 3HAUEH-
HAMU (DYHKIIIL.

ﬂpuKAaa 2 IlopiBHANTE 3 OMMHUIICIO MOJATHY OCHOBY CTeIIeHS @, SKIIO BigoMmo,
III0 BUKOHYETHCA HEPiBHICTh:
11
1) a‘/g>a‘/ﬁ; 2) a 3<a 5.
Posp’sa3anna KomenTap

1))

2)

OckinpKu \/g< V11 i 3a ymo-
poro a'® >a*/ﬁ, To dyHKIia y=a”

€ cnagHomw, oT:ke, O<a<l. <
. 1 1 .
OckinbKu —— < —— 1 3a YMOBOIO
1 1 5
a 3<a ®, To ¢yurnia y=a”
€ 3pocTaiuorw, omxke, a>1. <

3ajaHi B KOXKHill HEepiBHOCTI BUpas3u — Iie JBa 3HAUEHHS
dyuKIil y= a”.

IIpoanamnisyemo, sike 3HaueHHA (YHKI[II BigmoBigae 6iib-
IIIOMYy 3HAUYEHHIO apryMeHTa (AJA IbOTO CIIOYATKY IIOPiB-
HAEMO apryMeHTH).

Ao GinapioMy 3HAUEHHIO apryMeHTa BifmoBimae 0ijb-
e 3HAUEHHA (QYHKINT, To QYHKIiA y=a” € 3pocTardoro
i a>1; akmo BiAmoOBiZae MeHIle 3HAUEHHS (PYHKILiI, TO

dyuknia y=a* cmagma i O<a<l1.
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nPMK/\aa 3 ITo6ynyiiTe rpadik QyHKITii:
1) y=1,7%; 2) y=0,3".
KomenTap

SfIkmo a>0, to a* >0, omxe, rpadix QyHK-
mii y=ax 3aBiK/IM PO3TAIIOBAHUII BUINE BiJ
oci Ox. lle#r rpadik nepermHae Bice Oy
B Touni y=1 (aozl).

IIpu a>1 nokasHHMKOBaA (PYHKI[iS 3pOCTae,
orske, rpadikom dyrknii y=1,7 6yme xpu-
Ba (€KCIIOHEHTA), TOUKU AKOI ITpu 30iJbIlIeH-
Hi apryMmenTa <«IIigHiMaiOTbCS» BTOpY.

IIpu 0<a<1 noxasEukoBa QYHKIIA cHajgae,
orske, rpadikom dynknii y=0,3" 6yme kpu-
Ba, TOUKM SKOI TIpuW 30iJbIIIeHHI aprymMeHTa
«omyckaioTbcsi» BHu3. (Haramaemo, 110,
«OTYCKAIOUNCh» BHU3, rpadik HAOJIMIKAETHCA
mo oci Ox, ame HiKoau ii He mepeTWHAE.)
IITo6 yrounuTu moBeAiHKy rpadikiB 3agaHmx
(YHKIIi#, 3HAHAEMO KOOPAUHATH KiJIBKOX J10-
JTaTKOBUX TOUYOK.

Po3sp’azannsa

1) - y=17" 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
L\
ﬂPuK/\aa 4 306pasite cxemaTnuHo rpadirk QyHKII y= (3) -3|.

Po3B’a3zanna

Komenrap

Cxaagemo mjaaH moOymoBu rpadika s3amaHoi (QyHK-

ITocaigoBHO OyayeMo rpadikm:

Imii 3a AOMOMOrOIO IIOCJIIJOBHUX TE€OMETPUYHUX IIe-

peTBOpeHb (AuB. migpyuHuk aiad 10 kaacy, m. 2.2).

1" y
1. y=|=
y(3)

1. Mu

MOKeMO moOyayBatu  rpadixk  QyHK-

X
mii y= flx)= (é) (ocHoBa a= é <1, orxe, 1mo-

Kas3HMKOBa (DYHKIIiA cIIazae).
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1 || y 2. Ilorim wmosxHa mnoOyayBatu rpadik GYHKILI
2. yz(—) 1)~
3 _/,1& yzg(x)z(g) =f(|x|): mpaBopyd Bif oci Oy
0 x (i ma camiit oci) rpadik dysruii y=71 (x) sanu-
miaeTbcs 0es3 3MiHU, i came I yacTmHa rpadika
CUMEeTPUYHO BimoOpaskaeThcss BimHOCHO oci Oy.
1 || y 3. Ilicsaa mporo mMoKkHaA mMoOymyBaTu rpadgik PyHK-
3 yz(—) 3 N
3 0 x mii yzw(x)z(g) -8=g(x)-3:
_/_z’k mapajieIbHO IepeHecTu rpadik QyHKITiL
""" 3T y=g(x) y3noB:k oci Oy Ha —3 OonUHUIIL.
4. Mami moxxkHa mobymyBatu rpadik 3amaHoi QyHK-
L\
1 | x| ‘ Yy mii y= (E) -3 =|(p(x)|: yacTuHa rpadika
4. y= (—) -3
3/ | 1 I byERO y= (p(x), posTaliroBaa Buiile Big oci Ox
\2/_ (i Ha cawmi#i oci), moBuHHA 3agUIIUTHCA 0€3 3Mi-
HU (ajie TaKuX TOUOK rpadik GpyHKITil y=(p(x)
He Mae€), a yacTuHa rpadika, posrairoBaHa HUK-
0 x < ye Bim oci Ox, cUMeTPUUYHO BiZoOpaKaeThCA
BigHocHo oci Ox (To06To Bech rpadik GYHKITIL
y=(p(x) HoTpPiOHO BiZOOpPA3UTU CUMETPUUIHO
BigHOCHO Ooci Ox).
3ANUMAHHS CoopmyroiiTe 03HaUEHHA MOKA3HMKOBOI (DYHKIIII.

2. Tlo6yxyiiTe rpadiku mokasHNKOBOI GyHKNii y=a* npu a>1 Ta mpu
O<a<1 (BubepiTh KOHKpeTHiI 3HaUeHHA a). Ueped AKYy TOUKY IIPO-
XOOATh Ipadiky BCiX MOKA3HUKOBUX (PDYHKIII?

3. Kopucryounuch rpadikom mokasEukosoi GyeKmii y=a* (mpu a>1
ta npu 0<a<1), oxaparTepudyiiTe ii BJIaCTUBOCTI.

4%, O6rpysnryiiTe BractuBocTi dyHKnii y=a* (a>0, a#l).

5. TloscHiTh, AK, BUKOPUCTOBYIOUM 3POCTAHHA UM CHAJAHHA BimoBim-
HOI MOKAa3HUWKOBOI (DYHKIIiI, MOPIiBHATU 3HAUEHH:

a) 7° i 77 6) 0,7° i 0,7°.
Bnpagu 2.1. VxaxiTs, aki i3 saganux QyHKIifi 3pocTaroTh, a AKi — CHAJAIOTh:
-x
1) y=4% 4°) y=n%; 7%) yz(%) ;
2)" x
2°) y=(§) 3 5) y=(\/3—2) H 8%) y=27%;

3°) y=(\/§)x; 6%) y=(\/gl_2) ;9% y=-5".
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2.2°,

2.3.

2.4,

2.5.

2.6.

2.7.

2.8.

ITo6ynyiiTe rpadik QyHKITII:

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

3Hatouu, 1mo a>b>1, 300pas3iTh cXeMaTUYHO B ONHIiNl cUCTeMi KOOp-
nuHat rpadiku QyHKOiE y=a* i y=>b".

3HalgiTE 00JIaCTh 3HAUEHb (PDYHKIII:

1) y=3"+1; 3) y=7"-2;

1 X
2) y=-5%; 4) y=—| =1 .
)y ) Yy (6)

ITo6ynyiiTe rpadik QyHKITIT:

1) 1)*
1°) y=-3%; 3 =(—) ; 5% =(—) ~1|.
)y )y 5 )y 2
1) ]
2) y= n +3; 4*%) y=5""%
IlopiBHAlITE 3HAUEHHA BUPAa3iB:
4 -4 5 5
1°) 819 i 3L 5) 0,5 1 0,57; 9) (g) i (Z) ;
9 1,3 9 1,8
2°) (7) i (7) . 6) 272 4 28, 10) 0,271 i 511,
8 9
3°) 0,787%7 i 0,787%¢; 1) (ﬁ) i (ﬁ) :
2 2
6
-3 -5 3] . V3
o ()5 (@7 e (B 8

IlopiBHATEe MOKA3HUKU CTEIeHS m i n, AKIIO0 BimoMo, IO € mpa-
BUJIBHOIO HEPiBHICTB:

3
—_—
&
|
—
-
. S

1) 3,2 <3,2"; 4) 0,99™<0,99"; 7 (V5-1)"<

2 (2) 5L 9 (R)S(R): 8 1)<z,

9 9

() ()2

IlopiBHAliTe 3 ONUHUIIEI0 JOZATHY OCHOBY CTeIleHd @, AKIIO Bimomo,
110 € IIPABUJIbHOIO HEPiBHICTH:

1) ¢'%5 %, 3) ¥ <o, 5) a 7 <a 8;
1
2) a®?<a3; 4) a*/ﬁ<a4; 6) a 0% 5 g3,
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2.9.

2.10.

2.11.

2.12*,

IlopiBHANTE 3 OMMHUIIECI0 3HAUEHHA BUPA3Y:

1

1) 0,012 4) (ﬂ) ’, 7) 372,
31
5\
2) 0,99'%; 5) 0,007°; 8) (?) .
1
3) (E)?’; 6) 100~*";
12
SAKuii BUCHOBOK MOJKHA 3POOHTH IIPO 3HAK YMCIA X, SKIIO:
X

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

PosramryiiTe uncsia B IOPAAKY 1X 3POCTAHHS:

1
1) 23, 2715 9V2 92 gl 4.
1 1
2) 0,3% 1, 0,375, 0,32, 0,39, 0,33.

BuaBiTbL CBOIO KOMNETEHTHICTb

YHacxigok pajgioakTHBHOTO posmazy 3a x 4i6 maca M, pedoBUHH
3MeHIIyeTheAa no Macu M. Ileit mporec MosKHaA omucaTu (OPMYJIOIO

1" M (1Y
M=M, (E) . 3Bigcu V:(E) . ITorkaxiTe rpadiuno, ax 3i 3mi-
0

HOIO0 X 3MiHIOETLCS BiTHOINEHHS £

0
BukopucroByroun 3a HeoOximHocTi mobymoBaHUi rpadik, maiiTe Bifm-
noBifi (Touni a6o mabauiKeHi) Ha 3amUTaHHS.

1) V ckinbKM pas3iB 3MEHIIUTHLCSI Maca PafiOaKTHUBHOI PEUYOBUHU 4Ue-
pes 1,5 mobu, 2,5 mobu, 3 mobu, 4 mobu?

2) CKilmbKM yacy Mae MHUHYTH, III00 IIOYATKOBA MAaca PamgioaKTHUBHOIL
pevoBUHU 3MeHIugaca y 2,5 pasy, y 3 pasu, y 4 pasu?




PO3B’'SI3YBAHHSAl NOKA3HUKOBUX PIBHAHDb
TA HEPIBHOCTEU

3.1. HannpocTiwi NOKa3HNKOBI PiBHAHHS

Tabaumsa 3
1. OcHOBHi ¢opMynM Ta cniBBigHOWEHHSA
a-a® =agtt I'padirx bysruii y=a* (a>0)
(ab)“ =a"* -b* a>1 O<a<1 a=1
u
a _
Pl vy y=a y
a)’ a* y=a’
() -5 /
a =a
v
uav —a; 0 X 0 X 0 x
3pocTae cIirazmae cTaja

2. CxemMa piBHOCUNIbHMX NEpPEeTBOPEHb HAMMPOCTIWMX MOKA3HUKOBUX PiBHAHb

OpienTup IIpukaan
32x+4 — 9 6x+3 — _36
. g2+ _ 32; Kopenis Hemae,
( )Hpn(c)z>0 iazl 2x+4=2; ockinpku 6°>0
a=a*"% o fx)=g(x) x=-1. A Beix t.
Bionosiov: —1. < Bidnosidv: KopeHis
Hemae. <

3. 3BefeHHA AeAKMX MOKA3HMKOBMX PiBHAHb 40 HAMMNPOCTilIMX

OpieaTup IMpuxaan
1) Axwo niea it npasa vacmuHu NOKA3ZHUKOE0- \/5
20 piBHAHHA Mmicmamb miivku 000ymKu, 2773 .47 =—.
wacmku, Kopemi abo cmeneni, mo 00YilbHO 1 16
3a 00nomozo10 OCHOBHUX (OpMYL cnpobysa- 92 14,
mu 3anucamu o6ud6i YacmuHu Pi6HAHHA AK 273 .9%x = gix ; 23%3-92

cmeneni 3 00HIEID OCHOBOIO. 1 1
3x—-3=—-4x; x=—.
2 2

Bionosiov: % . <

2) Axwo 6 00niil wacmuHi NOKA3SHUK0E020 Di6- 5% _9.5%2_93
HAHHA CMOLMb YUCNO0, G 6 IHWIL YCi wleHU (2 ) ’
52(5% —2)=23; 5"2.23=23;

5x—2 — 1, 596—2 — 50,

x-2=0; x=2.
Bionosiov: 2. <

micmsamyv eupas eudy ah* (nokasnuku cme-
newlie 8iOpi3HAIOMbCA MINAbKU BIIbHUMU Yjle-
HaMU ), mo 3pY4iHO 6 uyiill vacmuHi Pi6HAHHA
suHecmu 3a OYXHKU HAUMEHWU cmeniHs a.
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NMOACHEHHA 1 OBI'PYHTYBAHHA

O3HayeHHA. INoka3HuKkoBu MU 3a3BUYAN HA-
3UBAIOTHCA PIBHAHH, Y AKUX MOKA3HUK CTe-
MeHsd MiCTUTH 3MiHHY, a OCHOBA I[HOTO CTeIe-
HA He MiCTUTH 3MiHHOI.

PosrnaaemMo HaHIIpocTilie MOKa3HUKOBE
piBHAHHA

a®=b, (1)

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

HAX a QYHKIOig y=a* CcTpOro MOHOTOHHA
(3poctrae mpu a>1 i cmamae mpu 0<a<l),
TO KOYKHOTO CBOTO 3HAUeHHA BOHa HaOyBae
TiTBKYW ITPU OJHOMY 3HauUeHHi aprymenta. e

o3Hauae, o piBHAHHEA a” =b mpu b>0 mae
emuHU Kopinb. 111006 fioro 3HaiT, 1OCTATHHO
nogatu by Buraangi b=a‘.

OueBuUAHO, MO X=C — KOPiHb PiBHAH-
Ha a® =a°.

I'padiuno 11e mpoistocTpoBano Ha puc. 3.1.

Hanpukaazn, 100 posB’sa3aTu pPiBHSIH-
HA 7 =49, nocTaTHRO HOJATH Ile PiBHAHHSA
y Buraani 7 = 72 i sanmcaTu fioro €OUHUNA KO-
piap x=2.

Axkmo b<O0, To piBHaHHA a” =b (upu
a>0) KopeHiB He Ma€, OCKiIbKN a* 3aBXKIU
binpmre myas. (Ha rpadirkax, HaBemeHUX Ha
puc. 3.2, pama y=>b He mepeTmHae rpadik
GyrEOii y=a”* npm b<0.) Hanpurnaz, pis-
HAHHA 7 =—7 He Mac KOpEeHiB.

V3arambHioloun HaBeAeHi BUINle MipKy-
BaHHSA CTOCOBHO PO3B’sA3yBaHHS HAWUIIPOCTi-

WX TOKA3HUKOBUX PiBHAHB, 3a3HAUNMO, II10
npu a>01i a#1 piBHIHHS

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

flx)=g(x). (3)

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

a™™ =05 o f(x)=g(x).
IITo6 o6rpyHTYBaTH II0 PiBHOCUJIBHICTB,
IOCTaTHBO IOMITHUTH, 1110 piBHOCTI (2) i (3) Mo-
JKYTh OYyTU IPaBUIBHUMM TiJTBKU OJHOYACHO,

OCKiNBbKM QYHKIIA y=a' € cTPOro MOHOTOH-
HOIO If KOXKHOI'O CBOT'0 3HAUEHHS HAOyBae Tilb-
KU OpU OSJHOMY 3HaueHHi aprymenra t (To0OTO
3 piBHOCTi cTemeHiB (2) 000B’A3KOBO BUILIN-
Ba€ piBHiCTL MOKa3HUKIiB cTemeHd (3)). OTike,
yci KopeHi piBHAHHSA (2) (4Ki IepeTBOPIOIOTH
e PiBHAHHA HA MPABUJBHY PiBHICTB) OyIyTH
i xopeHamu piBHAHHA (3), Ta HABIIaKu, yCi KO-
peHi piBHAHHA (3) OyAyTh KOPEHAMU DPiBHSIH-
He (2). A 1e i o3Hauae, 1o piBuAHHA (2) i (3)
PiBHOCHMJIBHI.

Y mHamnpocrimux BUNAgKaxX MOig dac
pO3B’sI3yBaHHA MOKAa3HUKOBUX PiBHIHB Tpeda
3a IOIIOMOT0I0 OCHOBHUX (hopMyJI it Hax cTe-
neuamu (DuB. TabJi. 3) 3BecTU (AKIIIO IIe MOK-

JMBO) 3ajaHe PiBHAHHA 40 BUAy a' (@) _ g8,

s po3B’si3yBaHHA OiJbIN CKJIAAHUX II0-
Ka3HUKOBUX PiBHAHL HaWUacTillle BUKOPU-
CTOBYIOTHL 3aMiHy 3MiHHHX (3acToCyBaHHSA
IILOTO METOAY PO3TJIAHYTO Aaji, B Ta0. 4) abo

Puc. 3.7

y Y
y=a* y=a"
a>1 O<a<l1
_/1 .1\
0 x 0 x
y=>b b<0 y=>b b<0
a 0

Puc. 3.2
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BJIACTUBOCTI BimmoBigHux (GyHKIiHA (11i MeTo-
IV PO3TJIAHYTO B Tabi. 11, §8).

SK Bimomo, yci piBHOCHJIbHI II€pETBOPEH-
HS PiBHAHHSA 3aB)KIU BUKOHYIOTHCA Ha HOTO
ob0sacti gonyctumux 3Havens (O[3), TooTO HaA
CIiJIbHiN 00JslacTi BUBHAUEHHA BCiX (DYHKILiH,
AKI BXOOATH [0 3aIlMCy IILOTO PiBHAHHA. AJe
B IIOKAa3HUKOBUX PiBHAHHAX HaldacTiie 00-
JIACTIO MOMYCTUMUX 3HAYEHb € MHOKWHA BCiX

OiicHWX uYmces. ¥ IUX BUIIAAKAaX, AK IIpa-
BuJio, OJI3 He 3HAXOAATH 1 He 3aNUCYIOTH IO
po3B’s3aHHA PiBHAHHA (OuB. mpukgagum 1-3
mo. 3.1).

SAx1o :x y mpoi1ieci po3B’si3yBaHHA MTOKAa3-
HUKOBUX PiBHAHDb PiBHOCUJIbHI MePEeTBOPEHHSI
BUKOHYIOTHCS He HAa BCii MHOMKUHI TifiCHUX
YuceJa, TO AOBOAUTHCA 3ramyBatu mpo O3
(mpukaan 4 go m. 3.1).

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

Mpukaad 1
1)4* =64;

Posp’azanuga

1) 4" =64; 4" =43; x=3; <

2) 5% =—1 — KopeHiB HeMae, OCKiTbKHU
5% >0 zaBxgu; <l

3) - 1254 =1; 12 4=12%; x2_4-0;
x=22. <

Mpukrad 2

(0,2

P

1)

Po3sp’azanna

2) 57 =-1;

=5-(0,04)"%;

Po3B’s:kiTh piBHAHHS:

3) 1284 =1.

Komenrap

IIpu a>0 3aexzu a* >0, ToMy piBHAHHA

5% =—1 me mae KopeHiB.

Inmri piBHAHHA 3BeieMo 10 BULY a' () _ g8x)

(me a>0 i a#1) i nepeiizeMo o0 PiBHOCHJIBLHO-
ro piBHAHHS f(x) = g(x) .

PosB’sa:KiTh piBHAHHA:

1 2x-3
2) 2%.3% =(—) .
6

KomenTap

1) 3amaHe PiBHAHHA PiBHOCUJIbHE Jlisa i npasa yacmuHu 3a0aAHUX PIBHAHb MiCMAMb
PiBHAHHAM miavku 0o0ymKu, wacmru, Kkopeni abo cmeneni. Y ybo-
(5_1)36—0,5 2 My eunadky O0asa 36e0eHHs pPi6HAHHA 00 6udy
_ -2\, .
1 = 5'(5 ) ’ a’™ = g8 CNPooYEMO 6UKOPUCTIAMU OCHOBHI opMY-
52 au 0iit Had cmenenamu, u,00 3anucamu o0udai wacmu-
5=%+0,5 HU Di6HAHHA AK cmeneHi 3 00Hi€I 0CHOB0I0.
—= 5l.572x+4, V nepimomy piBHAHHI Tpeba 3BePHYTH yBary Ha Te, IO
- 1
52 2 1 _ 4 1 2 . >
) O,Z:E:g:51,a 0,04:E:2—5=52 i V5=52.
-x+0,56 - —
’ 1+(-2x+4), g-x 5-2x
2=5 ; B Y =577,

—x=5-2x, x=5.
Bidnosidv: 5. <

2) 3ajgaHe PiBHAHHS PiBHOCHUILHE
2x-3
pipaarram (2-3)" = (671) ;

6% =623, x=-2x+3; x=1.

Bidnosidv: 1. <

Or:xe, JiBY 1 IpaBy YaCcTHUHU IILOTO PiBHAHHS MOXKHA
3ammcaTy AK CTeleHi uumesaa 5.

A mepeTBOPeHHSA PiBHAHHA 2 MPUragaeMo, IMI0 BCi
dopmysiu MOKHA BUKOPHUCTOBYBATHU SIK 3JIiBa HAIIPaBO,
TaK i cupaBa HaJiBO, HAIPUKJIAL IJS JiBOI YacTUHU
I[bOTO PiBHSHHSA CKOPUCTAEMOCH (DOPMYJIOIO

a“b* =(ab)", To6r0 2%-3*=(2-3)" =6~.
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Mpukrad 3

Posp’azanuga

3amaHe pPiBHAHHA PiBHOCUJIbHE PiBHAHHAM

32+-2(34 4 5) = 86;

32*2.86 =86;
32x—2 — 1;
32x—2 230;
2x-2=0;
x=1.

Bionosgiov: 1. <|

Mpukaad 4*

PosB’azanuga

0on3: x>0, beR.
Posrasaaemo gBa BUmagKwm.
1) IIpu b=0 ogep:xKyemMoO PiBHAHHSA
1‘/; =l4_\/;, KopeHi gxoro — yci miricui
unciaa, mo Bxogarsk xo O3, Tooro x=0.

2) IIpu b=0 1+b2¢1, i Toxi zamame

. . 2 Jx 2
Posp’sikiTh piBHAHHA (1+b ) =(1+b

Posp’sriTh piBHaHHEA 32772 +5.32*2-86.

Komenrap

V¥ siBiit yacTuHI piBHAHHA BCi YJeHU MIiCTATH BU-
pasu BUAY 32 (IOKa3HUKU CTeIleHiB BinpisHsa-
IOTBCSA TiJIBKY BiTBPHUMU ujJeHaMM). ¥ IILOMY BU-
najKy 3PYYHO BMHECTHU 3a MY:KKHU B JIiBili yacTu-

Hi piBHAHHA HAWMEHIINNA CTEIiHb yucaa 3, TOOTO
32)6—2

)4—\/;

Komenrap

Y BagmaHomy piBHAHHI X — 3MiHHa, b — mapa-
meTp. IIpoaHanidyBaBIIM OCHOBY CTEIIEHiB y IIbO-
My piBHAHHiI, POOMMO BHCHOBOK, II[0 IIPU OYIb-
AKUX 3HaYeHHAX b ocHoBa 1+b2>1. DyHKIiA
y=a” nopu a>1 e spocrarouoio, a mpu a=1 —

cramoio (quB. rpadiku QyHKnii y=a”, HaBeneni

PiBHAHHA PiBHOCUJIbHE DiBHAHHIO B Tali1. 3).

Jx=4-x.

3Bigcu \/;=2, Tomi x=4.
Bionosidv: 1) mpu b=0 xe[0;+oo);
2) mpu b0 x=4. <

OcHoBa 1+ b2 npu b=0 gopisuioe 1, a mpu Bcix
immwux 3HaueHHAX b — Oinbma sa 1.

PoarnareMo KOXKHME i3 IIMX BUIAIKIB OKpPEMO:
b=0 i b#0.

1. TlodAcHiTH, y AKUX BUIAAKaX IOKA3HUKOBe piBHAHHA a* =b (ge a>0
i a#1) mae xKopeHi. ¥ AKHX BUNAAKax BOHO He Mae KopeHiB? Ha-
BeIiTh IPUKJAIU, IIPOLTIOCTPYyTE iX TpadivHo.

2. SIkomy pIiBHSAHHIO PiBHOCHJIbHE IOKASHUKOBE DiBHAHHA a' (@) _ g8l
mpu a>0 i a#1? Hasexnite mpurIamu.

3*. Yu smiHWTBHCA BiANOBigb HA 3amMTAaHHA 2, AKIIO JJ OCHOBU CTeIle-

HiB Oyze s3amaHo TiabKu oOMme:xkenHs a>0?
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Y saBmamaax 3.1.1-3.1.5 posB’saKiTh PiBHAHHA.

Bnpabu
3.1.1. 1°) 4*=8; 9°) 2% =4; 17°) 23* =8;
2°) 3* =g+, 10°) 2% =16; 18) 3¥5x8 _g;
3°) 5°1=0,2; 11°) 8% =-1; 19) 7°=7"%;
4°) 7 =1, 12°) 2 =32; 20) 25° =5%7%;
1 xz—x
5°) (E) =42, 13°) 3*=0; 21%) 2%.3%1=108;
6°) 34 =g, 14°) 5% =1; 22%) 3%.52%3 45,
7) 4% =20+, 15) 3% -3=0;
8) 22" =2; 16) 3% =81;
3.1.2. 1) (E]x(i)xzi. 3) (E)x( _27
o 3) \16 8’ 8 64
) (2 (22 -2,
5)\15) 5’
2
: 162 3*
3.3, 1) 27 =7 9
252 1
KN (x+2)-1
2) (%) P4, 5) 27 2 =442 .4%,
2
3) (0,5)" -22¥+2 =6471;
3.1.4. 1°) 752 44.7**1 =539, 5°) 32 _2.3%2=79;

2°) 2.3 _3* =15;

3°) 4*"1 4+ 4% =320;
4°) 3.5%3 1 2.5*1 =77,

2x-3 x+5
3.1.5%. 1) (sini) =(sin£) ;
2 2

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

1
x

3) (4va)s =(14a) =

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.
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3.2. Po3B'a3yBaHHA Oinbl cKNagHMX MOKA3HUKOBUX PiBHAHb
Ta X cuctem

Tabaumnsa 4
CxeMa noLwyKy njaHy po3B’sa3yBaHHA MOKA3HMKOBUX PiBHAHb
OpienTup ITpukmanx
1. ITosbyBaemMocss YMCIOBUX 4*1_3.9% _10=0
OOAHKIB y IIOKa3sHHKAaX )
creneHiB  (BUKODPHUCTOBYE- 4%.41-3.9*_10=0.

MO CIIpaBa HaJIiBO OCHOBHi

dopmyan miii HaJ CTEIeHs- )
. X x

MM, HaBegeHi B Taba. 3). 4.2 -3-2"-10=0.

Vpaxosyroun, mo 4% =22x, 3BOAMMO CTeIleHi J0 omHiel ocHOBHU 2:

2. fIkmo MoxkauBo, 3BoguMMo ~BukoHapmm samimy 2% =t, orpuMaeMo piBHAHHSA
i1t ) s
Bci cremeHi (31 3MiHHOIO 2 5
41 -3t-10=0; t;, =2, ty=——.
B TIOKa3HMKY) [I0 OmHiel 4
OCHOBML i BUKOHYEMO 3ami- | I Pe3yIbrari o0epHeHOI 3aMiHU MaeMo:

HY 3MIHHOL. 5 .
2* =2, tobTo x=1, a6o 2x=—z — KOpeHiB HeMae.

Bidnogiov: 1. <]

3. SIKmo He MOXHa 3BeCTH 4% +3.65—4.9% (.
BCi cremneHi mo oxHiel ocHO-
BU, TO IIPOOYeEMO 3BeCTH IX
OO0 ABOX OCHOB TaK, II00
ogep:KaTH OXHOPigHEe piB-
HAHHA (Yci UYJaeHu AKo0z20 e .
Mawmv 00HAK08UIL cymap- 2 2
HUil cmeninb i aKe pg36’ﬂ- cruru ma 3% £0: (g) +3(§) -4=0.
3Yyemuvcs nowieHHuUM 0ijeH- x
HAM 000X YacmuH piéHaH- = BuxkoHaemo 3aMiHy (—) =%, OLEep:KUMO: t2+3t—4=0; t1=1,
HA Ha HaUbirvwuil cme- | t,=—4. 3 x
nine 00niel 3 060x 00epica- |y pegynbrari 0GepHEHOI 3AMIHE MAEMO: (—) =—-4 — KopeHiB
HUX OCHO8).

3BemeMo BCi cTemeHi Jo ABOX ocHOB 2 i 3:
22 +3.2%.3% —4.3%* =0.
Maemo omHOpiZHE PiBHAHHA (CYMapHUU CTEIMiHb yCiX YJIeHiB Of-
HakoBuii — 2x). Iaa fioro poss’sa3yBaHHA MMOALINMO OOMZIBi ua-

2 X
HeMae abo (5) =1, romi x=0.
Bidnogidv: 0. <l

4. B immmx BUNa/KaX Tepe- 65_-9.95_92.3% +18=0.
HOCHMO BCi 4JIeHM PiBHSAH-
HA B oguH OiK i mpodyemo
PO3KIACTH OJiep:KaHUii BU-
pa3 Ha MHOKHMKH afo 3a- A “HHMO 2% (3x _9)_2(3x _9) =0.

CTOCOBYEMO cnerianbHi ' Temep MOKHA BHHECTH 3a NY’KKM CIILJIbHUII MHOKHHK 3° —9:
npuiioMmu pos3B’A3yBaHHS, (3x _ 9)_(2x _ 2) -0.
y SAKUX BHKOPUCTOBYIOTH Toxi 3% -9=0 ado 2*—2=0.

cda BJIACTHBOCTI Bigmosin- 0 )
HUX QyHENii. IEePKYEMO JBA PiBHAHHSI:
1) 3*=9, ronmi x=2;

2) 2°=2, Tomi x=1.
Bidnosgiov: 2; 1. <

SKmI0 momapHO 3rpymyBaTH UJeHU B JIiBill yacTWHI PiBHAHHS
i B KOKHi# mapi BUHeCTHU 3a AYJKKHU CHLJILHUN MHOYKHUK, TO OZEP-
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MOACHEHHA 1 OBI'PYHTYBAHHA

I po3B’sA3yBaHHS OiJbII CKJIAAHUX II0-
Ka3HUKOBUX PiBHAHG (IIOPiBHAHO 3 TUMHU, AKi
0yJI0 PO3TJIAHYTO B II. 3.1) HaliuacTillle BUKO-
PUCTOBYIOTH 3amiHy 3miHHux. 11100 3opieH-
TYyBaTHUCHA, YA MOXKHA BBECTHU 3aMiHY 3MiHHUX
y IaHOMy IIOKa3HMKOBOMY pPiBHAHHiI, YacTo
OyBae KOPUCHO Ha IIOUYaTKY PO3B’ I3yYBaHHS 10-
36ymucs yucaosux 000aHKI8 Y NOKA3ZHUKAX
cmenenie, BUKOPUCTOBYIOUU (HOPMYJIU

Hanpuknaz, y piBHAHHI

4*1_3.2*-10=0 (1)

samicts 4" sammcyemo mob6ytox 4% -4!

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

piBHOCHUJIBHE 3a/laHOMY.

ITorim Hamaraemocsa 6ci cmeneri (3i 3MiH-
HOI0 B MOKAa3HUKY) 386ecmu 00 00HIEI 0CHOBU
i BuUKOHaAMU 3AMIiHY 3MIHHOL.

Hanpukaan, y piBuanHi (2) cTeninb 3 oc-
HOBOIO 4 MOYKHA 3aIINCATU K CTEIiHb 3 OCHO-

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

Haranmaemo saranbpHUI Opi€eHTUD
AKLWO y PiBHAHHI, HEPIBHOCTi abO TOTOMKHOCTI
KinbKa pasiB NpUCYTHiN OAWH i TON caMuin BU-
pa3 3i 3MiHHOIO, TO 3pYyYHO Lie B1pa3 No3Hauu-
T OfHi€l0 OYKBOIO (HOBOI 3MiHHOIO).

3BepTaeMo yBary Ha Te, IO 22x=(2x)2.
Omxe, nmo piBHAHHA (3) 3MiHHA (HaKTUUHO
BXOJMTh TiIBKHU y BUTJIAAL cTenmeHs 2%, Tomy
B IIbOMY DPiBHAHHI 3PYYHO BBECTH B3aMiHY

2% =t i omepskaTu KBaApaTHe PiBHAHHA
4t -3t-10=0. (4)

3HaX0AMMO KOpPeHi Ihoro pPiBHAHHA,
a IMOTiM BUKOHYEMO O0epHeHy 3aMiHy (muB.
po3B’sA3aHHA, HaBeaeHe B Tab. 4).

3asHauMMOo, 1110 BUKOPUCTAHHA AK OCHOB-
HUX GopMyJl Iifi Hajx cTelleHAMM, Tak i 3a-
MiHuM 3MiHHOI Ta 00epHeHOI 3aMiHU 3aBKIU
IPUBOIUTH A0 PiBHAHHSA, PIBHOCUJILHOTO 3a/1a-
rHomy Ha #oro OII3 (y piBHaHHI (1) — Ha MHO-
JKMHI Beix mificHMX umceJs), Uepes Te IO Bei
BKasaHi IepeTBOPEHHA MU MOKEMO BUKOHA-
T i B IPAMOMY, i B 3BOPOTHOMY HanmpAMKAaX.
(OT:xe, Mu 3aBXKIU 3MOKEMO HOBECTH, IO
KOJKHUH KOPiHb OJHOTO PiBHAHHA € KOPEeHEeM
IPYTroro if HaBIIaKu, — aHAJOTiuHO OOI'PYHTY-
BaHHIO PiBHOCUJILHOTO IEPEXOAY NI HaNWIIPO-
CTIIINX MOKA3HUKOBUX PiBHAHB B II. 3.1.)

Y Ttux BUmajgKax, Koaum Bci cremeHi (3i
3MiHHOIO B IIOKA3HUKY) Y TOKAa3HUKOBOMY PiB-
HSAHHI, AKe He 3BOAUTHCA 0e3IocepeaHbO 10
HaAWOPOCTIIIOro, He BAAETHCA 3BECTH IO OJMHi-
€l ocHOBH, OTPiOHO cnpobyeamu 36ecmu 6¢i
cmeneni 0o 080x 0CHO8 mak, w00 odepicamu

00HOpiOHe PIBHAHHA.
Hanpukiazn, posriissHEMO PiBHAHHA
4% +3-6"-4-9*=0. (5)

Veci creneni B 1bOMy PiBHAHHI MOYKHA TI0-
IaTH SK CTeIleHi 3 ocHoBaMU 2 i 3, OCKiIbKU

47 =(22)" =2%7; 97 =(32)"=3%"; 67=(2:3)"=
=2%.3%.
Onep:kyeMo PiBHAHHSA

2%% 1 3.27.37 —4.3%* =0. (6)
Yci oxmouneHm, poaTamioBaHi B JiBil
YaCTHHI MIOTO PiBHAHHS, MAIOTh CTEIiHb 2X

(creniap ommoumena 2°-3* Tex mgopiBHIOE
x+x=2x).

Haragaemo saraabHUi opieHTHP (PO3TJIA-
HYTUH y Oigpy4yHuky ajad 10 kiaacy).
AKWO BCi uneHW piBHAHHA, Y NiBiM i MpaBin
YyacTMHaxX AKOro CTOATb MHOFOYJIEHW Bif ABOX
3MiHHUX (@60 Big ABOX GYHKLi OfHIET 3MiHHOT),
MaloTb OHAKOBUIA CYMapHUI CTeniHb", TO PiB-
HAHHA Ha3MBAETbCA OOHOPIAHVM.

* 3BUUYAWHO, SKINO PIBHAHHA Ma€ BUMJIAL f=0

(me f — MHOTOYJIEH), TO HAEeThCA TIIBKU IIPO
CTeNiHb YIEeHiB MHOTOUJIeHA f, OCKiIbKY HYJIb-
MHOTOUYJIEH CTeIeHs He Mae.
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Po3B'A3yloTb OfHOpPIAHE PIBHAHHA MOYIEHHUM
JineHHsaM 000X MOro YaCcTUH Ha CTeniHb i3 Hal-
GiNbLUMM i3 HAafABHUX Y PIBHAHHI MOKAa3HMKOM.

Omxe, piBHAHHA (6) € ogHOPiAHUM, i FIOTO
MOXKHA PO3B’SA3aTHU JiJIeHHAM 000X YaCTHUH abo
Ha 2%%, a60 Ha 3%*. Basmaummo, 1O IpH BCix
sHaueHHAX X Bupasu 22° i 3%* Bigmiumi Bix
myasa. Omke, Iig yac giJTeHHda Ha I[i BUpasu He
MO:Ke BimOyTucsa BTpaTra KOpeHiB (AK Iie MOTJIO
OyTu, HAIPUKJIAL, IS OTHOPIZHUX TPUTOHO-
MEeTPUYHUX PiBHAHB), i B pe3yabTaTi qijJeHHA
000X YaCTWH PiBHAHHS Ha OyIb-AKHH i3 ITUX
BUPAas3iB 3aBXKAN OAePKYEMO PiBHSIHHSA, PiB-
HOCHJIbHE 3aJaHOMY.

Hampurknang, aximo
IBi yacTuHHU piBHAHHA (6) Ha 3%* 20, ogep-

posxinuTu  0o0u-

22x 3_2x.3x _4.3296

My PIiBHAHHI BCi uJeHM MOXKHaA IIOJATH

. . 2
AK CTelleHl 3 OJH1€EI0 OCHOBOWO —, TOOTO:

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

x
2
(E =t. Ilomanbllle po3B’sA3aHHA OJep:Ka-
HOTO PiBHSHHSA MOBHICTIO aHAJOTiuHE PO3B’ -

3aHHIO piBHAHHA (2).

IToBHE pO3B’A3aHHA IILOTO PiBHAHHSA Ha-
BeqeHe B TabJ. 4.

Crkyamarooun ILIaH PO3B A3YBaHHS OKpe-
MUX IIOKA3HWUKOBUX PiBHAHB, CJIiJ mpurama-
TU TIPO JNOIIJIBHICTH nepeHeceHHs 6Cix UleHis
Pi6HAHHA 6 00UH OiK i n00AbULOZ0 PO3KLADAH-
Hs 00epiarn0z0 8upady HA MHOMCHUKU, Ha-
MPUKJIAM i3 BUKOPUCTAHHAM I'PyIyBaHHSA UJje-
HiB, AK IIe 3po0JjeHo B Tab. 4 s PiBHAHHS

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

HKYEMO ——+ P o =0 abo micasa Hna po3B’sA3yBaHHS NEIKUX MOKA3HUKO-
3 23 3 BUX DiBHAHBb MOKHa BUKOPUCTOBYBATH BJAa-
X X . . . s o .
CKOPOUEHHS sz +3. 2_x _4-0. B 0CTAHHDL- CTUBOCTI BiAmoBimHWMX QYHKIIH (11i MeToaum
3 3 pos3TaaHyTO B § 8).
NMPUKNIAAN PO3B’A3YBAHHA 3ABAAHb
Mpukrad 1 Posp’axiTe piBHAHHA i—L—l
P 3% 3%4+1

Po3sp’azannsa

3acTocyBaBIIN 3aMiHYy 3MiHHOI

3*=t, t>0, omepxyeMo

Komenrap

Y samaHe piBHAHHSA 3MiHHA BXOAUTH TiJIbKH Y BUTJISAIL
CTelleHA 3 OJHI€I0 OCHOBOIO: 3%, TOMY 3pYYHO 3acToCy-
BaTu 3aMiny 3% =t i omepsxkaru ApoOoBe piBHAHHA. 3Ha-

4
g_m: . XOAUMO HOTO KOpeHi, a moTiM BUKOHYEMO OOEpHEeHY 3a-
MinHy.
Toni 6(t+1)-4t=t(¢t+1); t*~¢-6=0. sIk y'Kke sasHaUayiocsd, 3aMiHa il ofepHeHA 3aMiHa BMiH-
3Bigcu t; =-2, t,=3. HOI — Ile PiBHOCUJIbHI IIepeTBOPEHHA 3aJaHOT0 PiBHAH-

VY pesyabTaTi 00epHEHOI 3aMiHM MaeMo:

HA, ajie IiJ Jac posB’sS3yBaHHA OJeP:KaHOr0 APOOOBOTO

piBHAHHA Tpeba moxdaTu IPO Te, IO0 He OTPUMATHU CTO-

3*=-2 (ropeniB Hemae) abo 3* =3,
romi x=1.

Bionogiov: 1. <|

POHHIX KOpeHiB (IJs I[bOro, HAIPUKJIAL, SOCTATHLO ypa-
xyBarn, mo t=3%>0, i Toxi OII3 omep:xaHOro PiBHAH-
Ha t#-1 i t#0 Oyzme BpaxoBaHa aBTOMATHYHO).
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x+—
ﬂPuK/\aa 2 Posp’skits piBEanHs 25 2 -10-51-3=0.
Posp’sa3anna KomenrTap
1 5% 1. TTo36yBaemMocCsI YUMCIOBUX IOJAHKIB y ITOKa3-

25’6-255—105—1—3:0; 5%%.5-2.5" —3=0.

HIKaX CTEeIeHiB.

Buxomacmo saMiny 5% =¢ i OTpHMAEMO DiBHAH- 2. 3BoguMo Bci cTemeHi (31 3MiHHOIO B IOKAas-

) } ' 3 HUKY) IO OAHiel oCHOBHU 5.
Ha 5" -2t-3=0, iforo kopeni t; =1, t,=-—. '3 Bygomyemo samimy 5°=t, pO3B’A3yEMO
Y pesysbrari 06epHEHOI 3aMiHM Ma€EMO: oepIKaHe DIBHAHHS, 3ifCHIOEMO OGEPHEHY
5 =1, Tomi x=0, 3aMiHy 1 po3B’A3yeMO ofepikaHi HaMIpocTi-

111l MOKAa3HUKOBI PiBHAHHSA (YyPaxoBYEMO, IO

x_ 3 )
abo 5" =—— — KopeHiB HeMmae. . .
5 BCi mepeTBOpeHHSA OyJIM PiBHOCUJIBHUMMN).

Bionosidv: 0. <
Po3B’skiTh piBHAHHA 2775 —3% =31 _2%,
Mpukaad 3 D

Po3B’a3anHA Komenrap

2%.23 _8*_g*.31 2% =0; 1. [losbyBaemocsa UMCIOBUX MONAHKIB y TOKAa3HUKAX CTEIeHIB,
x x o TIepeHOCUMO BCi uJieHU PiBHAHHS B oAWH 6iK i 3BOAMMO TOmi0-
9.2 -4.3%=0| :3% £0;

Hi 4JIeHU.

2% B 4.3% 0 2. 3BepTaeMo yBary Ha Te, IO CTelleHi BCiX UJIeHIB ofepKaHOTO

- ’ . . .

3% 3* piBauHa 9-2° —4-3* =0 (3 gBoMa ocHoBamu 2 i 3) ogHAKOBI

2\* 2\ 4 (mopiBHIOIOTH X), OT:Ke, Ile PIBHAHHS OJHOPigHE, MOT0 MOKHA

9(3) -4=0; (E) =—; posB’A3aTu AiJleHHAM 000X YACTHH HA CTEIliHb 3 OCHOBOHO 2

) a6o 3 i HaiibinpmmM moKasHMKOM — a6o Ha 2%, a6o Ha 3%.

x
(E) _(E . x=9 Vpaxosyroun, mo 3% #0 mpu; Bcix 3HAYEHHAX X, Y pe3ysabTarti
= s x=2.
3 3 ninennsa Ha 3% OTpUMyeMo DiBHAHHS, PiBHOCHJIbHEe IOIepe-
Bionosidv: 2. < oMy (a BiAmoBigHO, i 3amaHomy).
Ilig uac pos3B’sA3yBaHHS CHCTEM PiBHSHB, IO MiCTATH IMOKAa3HU-
KOBi (yHKIii, HaWvacTillle BUKOPUCTOBYIOTH TPAAUIiNHI MeTOIM
PO3B’A3yBaHHS CHUCTEM PiBHAHL: METOJ HifICTAHOBKHU i MeTOH 3aMiHU
3MiHHUX.
. ) x+y=1
ﬂpuK/\aa 4 Po3B’saxKiTh cucTreMy piBHAHB x4y ’
47 +47 =5.
PosB’a3anHa KomenTap

I3 mepiroro piBHAHHS cucTemu Maemo: y=1-x. fAKio 8 mepIIOro piBHAHHSA CHCTEMH Y

Toni 3 Apyroro piBHAHHA ofepskyeMo 4% +4'™ =5, 1o6- | BUPA3UTH Uepes X i miACTaBUTH B APY-
1 re PiBHAHHA, TO OJEeP/KUMO IIOKA3HU-

X s X
To 4 +4—x=5. Buxonaemo saminy 4" =t, >0, omep- ' yope pipHaAHHA, SKe MU BiKe BMiEMO

. 4 . > :
JKyeMO piBHAHHA t+—=25, 3 AKOro OTPUMYEMO piBHsH- A PO3B A3yBaTU (amasoriuno mo Toro, AK
t

. ) e O0yJsio 3pobJieHO B MpUKJIami 2).
ua t2—5t+4=0, mo mae xopeni t; =1 i t,=4.
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Buxonyemo obepHery saminy. Omepsxyemo: 4% =1, Toxi ' BukoHyooun saMiny sMiHHOI, ypaxoBy-
x; =0, abo 4* =4, 3Bigku; Xy =1. 3HaxoguMO BigmoBiA- ' emo, mo t=4"#0. Toxi B omep:kaHO-
Hi 3HaueHHsd 3MiHHOI y: y=1-x.

. . 4
Axmo x,=0, 10 y, =1; My OpPOOOBOMY PiBHSHHI t+7 =5 3Ha

AKIo Xy=1, To y,=0. menHuk t#0. Omxe, 1me apoboBe pis-
Bidnosios: (0; 1), (1; ())_ 4 HAHHSA PIBHOCHUJIbHE PiBHAHHIO
t?—5t+4=0.
5% -3Y =16,
npuwa s* Posp’axiTe cucremy piBHAHB § x y
52 -32=2,
Posp’a3anna KomenTap
x Yy x Y
Buxonasmu saminy sminaux 52 =u i 32 =v, ozep- , Axmio mossaunTu 52 =u i 32 =v, ToO
. u® -v? =16, 5% =u® i 8¥=0%
JKYEMO CHCTEMY PiBHSHB ] )
u-v=2. Toxi samana cucrema piBHAHB Oyne

Iz gpyroro piBHAHHA miel cumcTeMu MaeMo u=2+0v. ' PIBHOCWJIBHOIO ajirebpaiuHiii cumcremi,

. . 2 )
Toxi 3 meprmioro piBHAHHA ofepixkyemo (2+v)” —v?=16. '« AKY JIETKO PO3B’A3aTH.

Bpigcn v=38, Tomi u=>5. ITicnis BuKOHaHHA O0O0epHEHOI 3aMiHHt
Bukonyemo obepHeHY 3aMiHy: OJIEPIKYEMO CHUCTEMY HAWMPOCTIIIMIX
y MTOKA3HUKOBUX DiBHAHB.

3E=3, TOom1 %:1, oTiKe, Y=2;
x
x Cx
52 roxi Ezl, oTiKe, x=2.

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

1. IosicHiT, Ha NpHUKIaZax, AK MOKHA CKJIACTH IIJAH PO3B’A3yBAHHSA
IIOKAa3HUKOBUX DPiBHAHB, AKi He BHAaeThcA 0e3IOCepefHBO 3BECTU M0
HaAWIPOCTIMINX.

3anumaHHg

2. SIxy saMiny 3MiHHMX MOKHA BUKOHATH IIiJ] uac po3B’aA3yBaHHS PiB-
y y

uaHasg 42 +2.4* -3=07 SIke DiBHAHHS OZEPIKUMO IIiCJs BUKOHAH-
HA 3aMiHmn?

3. IoscHiTs, oMy piBHAHHEA 5% =T7% i 22 +3.2% .5 -4.52* =0 € ogHo-
yp
pigauMu. dK MoKkHA iX posB’sa3aTu?

V saBmamaax 3.2.1-3.2.5 po3B’s:KiTh piBHAHHS.

6
Bnpabu ) ;

3.2.1°.1) 5% +4.5*-5=0; 3) 32 _2.3%=3; 5)
4* -2 441

2) 62-5.6*-6=0; 4) 8 __6 =3;
5 -3 5%+1
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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) 2% +4% =80;
X X
2) 64°-7-8-8=0; 6) %:2;
3) 2¥ 422 % =5, 7) 101 —101*" =99 ;
1) 3°+3%%=10; 8%) 105" % +10° * =11,
1°) 7% =9%; 4) 471 +4.3% =372 4%,
2°) 5.3 -3.5"=0; 5) 2% 42*t 4 2¥2 —9.5% L 5¥H,
1 1
3) 2x+3_3x:3x+1_2x; 6) 4x_3x7§:3x+5_22x—1.
1) 22%+2% .5 —2.52 =(; 4) 4.9°-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+5-41-20=0;
2) 5:15°-3.5""1_3*4+3=0; 4) 8°-4*-2"218=0.

Posp’sakiTh rpadiuHO piBHAHHSA:

. 1)’
1) 2" =83-x; 3) 5 =x+3;

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

HoBexniTs, 110 piBHAHHSA, HaBeleHi B 3aBmanHi 3.2.6, He MaOThL iH-
mInX KOPeHiB, KpiM 3HangeHuUxXx rpadidHo.

Po3B’s:kiTh cucTeMy pPiBHAHB:

) {4“y=16, 3) {x+y=3, 872" =117,

5x+2y—1 — 1; 2x + 2y — 6;
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3.3. Po3B’'si3yBaHHA NMOKa3HUKOBUX HepiBHOCTEWN

Tabaumnsa 5

1. Tpacik MoKasHMKOBOI dYHKUii y=a* (a>0 i a=1)

a>1 O<ax<l

2. CxeMa piBHOCMJIbHUX MepeTBOpPeHb HAMMPOCTIlUMX MOKAa3HMKOBUX HepiBHOCTEM

a>1 O<a<1
af(x) >ag(x) & flx)>glx) af(x) >ag(x) o flx)<glx)
3HAaK HepieHocmi 30epizaemuvcs 3HAK HepPIBHOCMI 3MIHIOEMbCA HA NPOMULEHCHULL
IIpurknamu
2°% >4, 0,773 >0,49.
2778592, 0,73 >0,7%.
®yurnia y=2' e spocraiouoio, oTKe: ®yurnia y=0,7" e cnagHOp0, OTIKE:
x—3>2; x>5. x—-3<2; x<b.
Bidnoeidv: (5;+c0). < Bidnoeidv: (—o035). <
3. Po3B’A3yBaHHA 6iNbll CKNafHMX MOKA3HUKOBMX HepiBHOCTEM

OpienTup IIpukaanx

I. 3a momomoroi piBHOCHJIB- 4 7.9% _95.

HUX IIEPEeTBOPEeHb (3a cxe-
MOIO PO3B’sAByBaHHA IIOKAa3-
HUKOBUX PiBHAHDb, TabJ. 4)

4% . 4+47.25-2>0, 22%.4+7-2*-2>0.

Bukonaemo B3aminy 2°=t, oIep:KHMO

3a/laHa HEPiBHICTh 3BOTUTH- L 42471950 + +
¢s1 10 HepiBHOCTI BimOMOTO HepiBHicTh 41" +7t-2>0, MHlOJ-RI/IHa Po3- 9 1 3
BUAY (xBasparHoi, 1PO6O- | p’gakip smkoi t<-2 aGo t>— (auB. pu- 4
Boi Tomo). Ilicas pose’Asy- ' cymox). 4

BaHHA OJlep’KaHOI HEPiBHO-
CTi IPUXOAMMO O HAUIIPO-
CTIiIIMX TTOKA3HUKOBUX He-
piBHOCTEIA.

V pesynbrati obepHeHOI 3aminu orpuMaemo 2 <—2 (po3B’A3KiB

1 _
HeMae) abo 2x>Z’ sBigku 2% >272, rodTo X>-2.

Bidnosiov: (—2; +<>o) . <
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II. 3acTocoByeMo 3arajibHUI
memod inmepeanié —
3BOAUMO 3aJaHy HepiB-
Hicts go Bumy f(x)20
i BUKOPHCTOBYEMO TaKy
cxemy.

1. 3unaiitu O/13.

2. 3najitn mymi yssnii f(x).

3. lloznauntn Hydi QYHKIIT
Ha OJI3 i 3mHailiTm 3HaK
f(x) y kosxHOMY 3 mpoMisK-
KiB, Ha aki O[3 po3ouBa-
€ThCA HYJISIMU.

4. 3anucaTtd BiAMOBigL, ypa-
XOBYIOUM 3HAK HEPiBHOCTI.

3¥+4%>7.

Posp’sa:xemMo HepiBHiCTH MeTomoM iHTepBajiB. 3azaHa HepiB-
HicTh piBHOcmIBbHA HepiBHOCTI 3% +4* —7>0.

Iosuaunmo f(x)=38%+4*-17.
1. 013: xeR.

2. Hyni @yuknii: f(x)=0; 3*+4*—-7=0. Ockimpku (yHKIia
f(x)=8"+4% -7 € spocrawouocio (IK cyMa ABOX 3POCTAIOUUX
(dbyHKIIiiT), To 3HaueHHA 0 BoHa HabyBae TiJIBKU B OOHiM TOUIli
obisacTi BusHadeHHA: X =1 (f(l) =3'+4'-7= 0).

3. Hosmauaemo Hymi ¢Qyskmii Ha OJI3, sHaxozumo sHak [(x)
V KOKHOMY 3 IPOMiKKiB, Ha AKi posdbumBaeThcsa O3 (auB. pu-

CYHOK), 1 3aIIMCyeMO MHOXKMHY PO3B’A3KiB HepiBHocTi f (x)>0.

jﬁ‘

X

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

MOACHEHHA M OBI'PYHTYBAHHSA

PosB’sa3yBaHHSa HANUIPOCTIIINX IIOKA3HU-
KOBHUX HepiBHocTel Buny a* >b (abo a”*<b),
me a>01a#1, 'pyHTYEThCA HA BJACTUBOCTAX
dyrkmii y=a”, aka spocrae npu a>1 i cna-
mae mpu O<a<1. Hampukmian, 1o6 3HaiTH
MHOKHMHY pO3B’A3KiB HepisHOCTi a*>b mpm

b>0, gocrarsbo mojgatu b y Buraagi b=a‘.
Opmep:KyeMo HEPiBHICTD

a*>a‘. (1)

IIpu a>1 pysrnois y=a” spocrae, oTxe,
OinmpIToMy 3HaueHHIO (YHKIII BigmoBimae
0isbIlie 3HAUEHHS apryMeHTa, TOMY 3 HepiBHO-
cti (1) omep:KyeMo x> c (3HaK Ifiei HepiBHOCTI
3b0iraeThcd 3i 3HaKoM HepiBHOCTI (1)).

IIpu O<a<1 QpyrENia y=a” cmagae, oT-
JKe, OLIbIITOMY 3HAUEHHIO (DYHKIIII BigmoBigae
MeHIIle 3BHAaUeHHsA apryMeHTa, TOMY 3 HepiBHO-
cti (1) omep:kyeMo x <c¢ (3HaK Ifiei HepiBHOCTI
OPOTUJIEKHUNA N0 3HAKa HepiBHOCTi (1)).

I'padiuno e npointtocTpoBano Ha puc. 3.3.

Hanpuxraan, 1mo6 poss’sas3aTu HepiBHICTH
5% > 25, nocTaTHBO MOZATH i1y Burisani 5 > 52,
ypaxysarn, mo 5>1 (pymrmia y=5 spo-
cramua, OT:Ke, IPHU IIepexo/Ii BiJ IMOpiBHIHHA
(GYHKIIA 10 MOPIiBHAHHS apryMeHTiB 3HAK He-
piBHOCTI He 3MiHIOETBCA), i 3aMCaT MHOMKU-
HY po3B’A3KiB: x> 2.

3ayBayKUMO, 1[0 MHOMKUHY PO3B’A3KiB 3a-
IaHol HepPiBHOCTI MOYKHA 3alIMCYyBATU Y BUTJIS-
oi HepiBHOCTI x>2 abo y BUIIALL IIPOMIMKKY
(2; +<><>) .

Amnajoriuno, 106 po3s’sA3aTy HEPiBHICTH

X
1
(Z) >E’ JTOCTaTHBO MOJATHU I[I0 HEPiBHICTH

1Y (1Y 1
Yy BUTJIAIL (Z) > (Z) , ypaxyBaTu, 110 n <1

. 1)
(byuKIia y:(z) cIagHa, OT)Ke, IIPU Iepe-

XO/i Bif MOPiBHAHHA (PYHKIIIN 10 IOPiBHAHHS
apryMeHTiB 3HAaK HEPiBHOCTI 3MiHIOETHCA Ha
MPOTUJIEKHUIT), i 3ammcaT MHOMKUHY pO3-
B’A3KiB: x<2.

YpaxoByouu, I0 IpU OYAbL-AKHUX [0-
JaTHAX 3HAUEeHHAX @ 3HAUYeHHA a” 3aBXAHU
OiybIlle HYJAS, omep:KyeMo, 1o mpu b<0

Yp y=a*

Puc. 3.3



Po3gin 1. MNoka3HMKoBa Ta NorapudMidHa yHKLT

HepiBHiCTE a” <b pPO3B’A3KiB He Ma€, a HepiB-
HicTh a* >b BHKOHYETHCA NPH BCiX TilCHMX
3HAYEeHHAX X.

Hanpuknan, HepiBHicTs 7¥ <-7 He Mae
pO3B’dA3KiB, a MHOMKHHOIO PO3B’A3KiB HepiB-
Hocti 7% >—7 e Bci mificHi yucia.

V3aranpHiolOUM HaBeAeHi BUINle MipKy-
BaHHS CTOCOBHO PO3B’sA3yBaHHA HAMUIIPOCTi-
X IIOKa3HUKOBUX HepiBHOCTel, 3as3Ha-

flx) > ag(x)
piBHOCHJIbLHA HEPiBHOCTI flx)>g(x), a npu

0<a<1 — uepiBHOCTI f(x) < g(x).

YuMO, 1[0 Npu a>1 HepiBHicTH a

KOpOTKO e TBEPAKEeHHA MOMHa 3alluca-
TH TaK:

AKIo a>1, To a™™@ s g8 o flx)>g(x)
(3nHak HepigHocmi 30epicacmbes);

flx)

akmo O<a<1, T0 a >af¥ o

& f(x)<g(x) (snax nepisnocmi smino-

€MbCA HA NPOMUJSLEHCHUILL).

11106 oOr'pyHTYBaTH PiBHOCHJIBHICTH Bif-
HOBiTHMX HEPiBHOCTE!, MOCTATHHO 3a3HAUM-
TH, 1110 IpU @ >1 HepiBHOCTI

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

f(x)>g(x) (3)
MOXKYTb OYTHM NPABUJIBHUMU TiJIbKKU OIHO-
YaCcHO, OCKIIbKU (GYHKI[is yzat opu a>1
€ 3pOCTalouo0 i OiJbIIIOMY 3HAUEHHIO (PDYHK-
mii BigmoBimae OiyibIlle 3HAUYEHHS apryMeHTa
(i maBmaku: OiJBIIIOMY 3HAUYEHHIO apryMeH-
Ta BiAmoBimae OijbIlle 3HaUYeHHS (QYHKILI).
Omxe, yci po3B’a3ku HepiBHOCTI (2) (aKi me-

PeTBOPIOIOTH Ii HA IPaBUJIbHY YKCJIOBY HEPiB-
HicTb) OyAyTh i po3B’A3KaMu HepiBHOCTI (3),
Ta HaBIAKM: yCi po3B’A3Ku HepiBHOCTI (3) Oy-
IyTh PO3B’sA3KaMu HepiBHOCTI (2). A 11€ o3Ha-
yae, 1o HepiBHOCTI (2) i (3) piBHOCHABHI. O

AnaoriuHo 06T PYHTOBYETHCSA PiBHOCUIID-

HicTh HepiBHOCTeil a@ s g8 4 flx)<g(x)
npu O<a<1.

Y wmanmpocTimux BUIaAKax IIi yYac
po3B’aA3yBaHHA MOKA3HMKOBUX HEPiBHOCTEI,
AK 1 mig yac po3B’sA3yBaHHS MOKA3HUKOBUX
piBHAHB, Tpeba 3a JOIIOMOT0I0 OCHOBHUX (hOp-
MYJI Iili HaJ CTeIIeHIMU 3BeCTH (SAKIIO ITe MOXK-

JMBO) 3aaHy HepiBHiCTH 10 BUAY a’ () 2 a?®,

st po3B’si3yBaHHSA OiMBII CKIATHUX II0-
KasHUKOBUX HEPiBHOCTel HaludacTillle BHUKO-
PUCTOBYIOTH 3aMiHy 3MiHHUX ab0 BJIaCTUBOCTI
BiAmoBigHUX QYHKILiH (IIi METOAU PO3TIITHYTO
B § 8). AHasoriuno M0 po3B’A3yBaHHA IIOKa3-
HUKOBUX PiBHAHBb yCi PiBHOCUJIBHI IIepeTBO-
PEHHS HEePiBHOCTI 3aBXKAW BUKOHYIOTHCA Ha ii
obsacti fonyctumux 3Hauenb (OJ13), TodoTo Ha
CIIiIBHIN 00JIaCTi BUBHAUEHHSA IJIS BCiX PYHK-
mifi, AKi BXOAATH OO 3amucy Iiei HepiBHOCTI.
Ha moKasHMKOBUX HEPiBHOCTE! MOCUTH Ua-
CcTO 00J1aCTIO JOMYCTUMUX 3HAUEHDb € MHOMKIU-
Ha BCixX AiMiCHUX umceJs. ¥ IIUX BUIAIKaAX, IK
npaBuyio, O3 He 3HAXOIATH i HE 3aIUCYIOTh
IO po3B’si3aHHA HepiBHOCTI (guB. mpuraam 1).
Ao »x y mpoleci po3B’sA3yBaHHS ITIOKAa3HU-
KOBOI HEPiBHOCTi PiBHOCWJIbHI IIepPETBOPEHHSA
BUKOHYIOTHCSA He Ha BCii MHOMKWHI TiCHUX
quces, TO JOBOAUTHCA BpaxoByBaTu O3 (guB.
MpUKJIAL: 2).

NMPUKNAAN PO3B’A3AHHA 3ABJAAHb

Mpukaad 1

Po3B’a3zanna

O,6x277x+6 >0,6°.
OckinbKku QyHKIiA Y= 0,6' € cmaguo0,
To x2-Tx+6<0.
3Bigcu 1<x<6 (AuB. PUCYHOK).

+\, /+
1 6

X

Bionogiov: [1; 6]. <

2
PosB’siskith HepiBHicTs 0,6% %16 >1.

Komenrap

3amnuIireMo IpaBy YacTHUHY HEPiBHOCTI AK cTe-
nimes ynenaa 0,6, TobTO 1:0,60.

Ockinpru 0,6 <1, To mpu mepexoni Bij mopis-
HAHHS CTeIleHIB [0 IIOPiBHAHHS IIOKA3HUKIB
CcTelleHsA 3HAK HEPiBHOCTI 3MIiHIOETHCA Ha IIPO-
TUJIEXKHUNA (0ePsKYyEMO HEPiBHiCTh, PiBHOCHUJIb-
HY 3amaHii).

s posB’A3yBaHHS OAep:KaHOI KBaJApaTHOI He-
piBHOCTI BuKopucTaeMo rpadiuHy igrocTpaliiio.



§ 3. PO3B'sI3yBaHHA MOKA3HWKOBMX PIBHSAHb Ta HEPIBHOCTEM

Mpukrad 2
Po3sp’azanna
0o3: x=0.
2
3
3 5 7 <8.

Buxonyemo 3aMiny 3MiHHOI 3‘/; =t (¢>0), y pesyus-

. _ 9 .
TaTi OTPUMY€EMO HepiBHiCTL t —— < 8, AKa piBHOCHIbHA

2
. . t7-8t-9
HepiBHOCTI ——<O0.
t

Ockinmbru  t>0, ogmepxyemo t2-8t-9<0. 3sigcu
—-1<t<9. Ypaxosywun, mo >0, maecmo 0<t<9.
Bukonyiouu obepHEeHY 3aMiHy, 0Iep:KyeMO O<3& <9.
Tomi 3" <32.

DyuKIia y= 3! spocramoua, oTe, \/; < 2. Ypaxosy-
oun OI13, omepxryemo 0<x<4.

Bionosgiov: [O; 4] . <

Mpukaad 3*

Posps’azanuga

Posp’sa:xeMo HepiBHicTL MeTomoMm iHTepBatiB. Ilo-
smaunmo [(x)=22"1_5.6% +32%*1,
1. 013: xeR.
2. Hyni ¢yrknii: f(x)=0;

22x+1_5.6x+32x+1 :0,

22%.2_5.6% +3%.3=0;

2.2%% _5.2%.3% +3.3%% = 0:3%% 2 0;

2x x
2(3) —5(3) +3=0.
3 3

X
2
3acTocyeMo 3aMiHy 3MiHHOL (E) =t. Oxmep:Kyemo:

3

2t* -5t+3=0; t, =1, ty="-

Y pesyiabTaTi 00epHEHOI 3aMiHU MaeMO:

2 X x
(—) =1 abo (E) =i.
3 3 2

3Bigcn x=0 abo x=-1.

PosB’sa:kiTh HepiBHICTD 3‘/; —32_‘5 <8.

Komenrap

OCKiZnbKM pPiBHOCUIBHI IIepeTBOPEHHS
HepiBHOCTEW BUKOHYIOTHCA Ha O[3 mo-
YaTKOBOI HEPiBHOCTi, TO Bpaxyemo IO
ol13. Buropucropyiounu dopmyay

a’ = a”
- b
al)
IOoJaHKa B IIOKA3HUKY CTeHeHs # onaep-
JKYEMO CTeIleHi 3 0OJlHi€I0 OCHOBOIO 3, IO
I03BOJIsIE BUKOHATH 3aMiHy 3MiHHOL

3& =t, ne t>0.
B opmep:xkanHiii HepiBHOCTI 3HaMEHHUK
€ JOoJaTHUM, TOMY I[f0 APOOOBY HeEpiB-
HIiCTH MOXKHA 3BECTU 0 PiBHOCUJIBHOI Iii
KBaJIpaTHOI.

H036YBa€MOCH YHnCJIOBOTO

Ilicns BuKoHamHA oOepHEHOI 3aMiHU
Tpeba BpaxyBaTW He TiJIbKU 3POCTAHHS
dyurnii y= 3, ai OJ13 mouaTKOBOI He-
piBHOCTI.

Posp’skits Hepimicrs 2257 —5.6% +321 5 0.

KomenTap

3aJaHy HEePiBHiCThL MOKHA PO3B’A3yBaTHU
a00 3BeleHHAM [0 aJjredopaiumoi Hepis-
HOCTi, abo wmeromoMm iHTepBasiB. [lasa
po3B’sA3yBaHHA il MeTOAOM iHTepBAJiB
BUKOPHUCTAEMO CXeMy, HaBeIeHy B Tab-
JauIi 5.

A 3HaxXOmKeHHA HYJIB (QYHKIII 3Be-
IeMo Bci cTemeHi mo mBox ocHOB (2 i 3),
o6 omepiKaTu OJHOPiAHE PiBHAHHAI.
Ile piBHAHHA PO3B’A3yETHCS iJEHHAM
000X YacTMH HaA CTEHiHbL 3 OCHOBOIO 2
abo 3 1 HaHOIABIINM IIOKA3HMKOM, HAa-
npuknan Ha 32%. VpaxoByioum, mI0
3%* £0 npm Bcix 3HAYEHHAX X, y pe-
3yJabTaTi MiJIeHHA Ha 3% OEPIKYEMO
PiBHAHHA, PIBHOCUJIbHE IIOIIEPETHLOMY.
3BUUaiiHO, AJsA PO3B’A3yBaHHS 3aJaHOl
HepiBHOCTI MoO:KHa OyJ0 BpaxyBaTu,
mo 3%*>0 zamxau, i micns miteHHs




Po3gin 1. NMoka3HMKoBa Ta NorapudMidHa yHKLT

3. ITosnauyaemo Hyi pyrknii Ha O[3, 3HaX0AMMO 3HAK ' 3amaHoi HepiBHOCTI Ha 3“* Ta BUKOpHU-
f (x) Y KOJKHOMY 3 OIep:KaHUX MTPOMiKKiB (IUB. pu-
CYHOK) i 3amucyemMo MHOMKWHY PO3B’SABKiB HEPiBHO-

X
CTAHHS 3aMiHN (g) =% oJep:KaTu aj-
cri f(x)>0.

rebpaiuHy HepiBHiCTb.

+ - -

-1 6 x

Bionogiov: (—oo;—l)U(O;+oo). <

ﬂpuwa 4* Po3s’sxith Hepipmicts (3% —9)vVx?—2x—8 <O0.
Po3sp’ss3anHa KomenTap
Mosuaunmo f(x)= (Sx —9)\/ x?-2x-8. 3azjaHy HeCcTpory HepiBHiCTb

TeXK 3PYYHO PO3B’A3yBaTH Me-

1. O113: x2-2x-8>0. Toxi x<—2 a6o x>4 (IUB. PUCYHOK). / :
TOOOM 1HTEepBaJIlB. BaHI/ICYIO'

+\ / + Y4 BiAIOBib, Tpeba BpaxoBY-
_2\:/4 * BATHU, 110 Y 8UNAOKY, KOAU MU
p038’a3Yyemo Hecmpozy Hepis-
nicmo f(x)<0, yci nyni pynk-
2. Hyni dymkmii: f(x)=0; yii f(x) mawomv ysiimu 0o
(8*-9)Vx2—2x-8 =0, roxi 3°-9=0 ado Vx>-2x-8 =0. A 6i0n06idi.
I3 mepioro piBHAHHA: X=2 — He Bxoauth xo OJ3; iz mpy-

roro: x; =-2, xXy=4 (Bxozars go OI3).

3. Ilosnauaemo HyJi (GyHKIil f(x) Ha OJI3, 3HaxogUMO 3HAK

f(x) Y KOKHOMY 3 IPOMiKKiB, Ha AKi HyJIAMU PO3OMBAETHCS
Ol13 (muB. pUCYHOK), i 3amMCyeMO MHOXKUHY PO3B’sA3KiB He-

pisrocti f(x)<0: xe(—oo;—Z] abo x=4.
} F_
-2 4 x

Bidnosgiov: x € (—oo; —2] U {4} . <

1. IlosicHiTh, y AKMX BUIaJKaX IOKAa3HUKOBI HepiBHOCTI a*>b i a*<b
(me a>0 i a#1) maroTh po3B’A3KMU. ¥ AKUX BUIIaJKaX JaHi HEPiBHO-
cTi He MapTh po3B’A3KiB? Hasexmite mpukiaamu. IIpoimroctpyiiTe ix
rpadiuHo.

3anumaHHg

2. S$Ikifi HepiBHOCTI PiBHOCHJIPHA IOKA3HMKOBAa HepiBHicTb a’ @) 5 g8

mpu a>1? Ilpu O0<a<1? HaBexniTh nmpukIanu.



§ 3. PO3B'sI3yBaHHA MOKA3HWKOBUX PIBHSAHb Ta HEPIBHOCTEW

Bnpabu

3.3.1.

3.3.2.

3.3.3.

3.3.4%.

Y saBmanHax 3.3.1-3.3.4 po3B’sAKiTh HEPiBHICTS.

19) 2% >1;
20) 2751
2

3) 3°>0;

o(t)

3) 3211 18.3*-3>0;

1) 3¥>5";

2) 7x—1 < 2x—1 ;

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

3—x
6) (l) <4;
2

7°) 5% >255 ;

x—-2
8) (l) <16;
4

x2-Tx+6

9%) 0,8 *3 <1;

x2-9x+8

10%) 1,3 ** >1.

1

4) 62x—1—§-6x—4<0;

5) 4*-2""1_8>0;
6) 9 -12.3"+27<0.

3*) 22x+1 _56x +32x+1 > O ;

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

3) V6-3°-2>3%+1;
4) V2551 -1 >5"+2,




NIOTAPUDOM YANCTA.
BJIACTUBOCTI JIOTAPUDMIB

Tab6aumnsa 6
1. Jlorapucdm umcna
O3HauyeHHA IIpukaann

Jozapupmom dodammnozo wucna b 3a ocnoeorw a @ 1) log,16=2, ockinexu 4% =16;
(a>0, a#1) HasuBaeThCsA NOKA3HUK CTENEH, 1

. 1 =
IO AKOTO Tpeba migHECTH a, 100 oxep:kaTu b. 2) log, \/7 ==, ockizexm T2 = ﬁ )
ITosnauennsa: log,b. 2

Hecamroeuil nozapugpm — ye nozapugpm 3a
ocnosoro 10. 3) 1g1000=3, ocximbxu 10°=1000.

ITosnauenna: log,,b=1gb.

Hamypanvnuil nozapugm — ue nozapupm 3a

ocHo6010 e (e — ipparioHanbHe YKCIIO, HAOIMKE- 1 . - 1
( ppan ’ 4) In—-=-2, ockinbKu e 2o,

He 3HAUYeHHA AKoro e=~2,7). o2 o2

ITosnauennsa: log,b=1Inb.

2. OcHoBHa norapuvdMmiyHa TOTOXKHICTb

a'®=p | ne a>0, azl, b>0. 1) 385 =5, 2) 1082 =2.

3. BnactuBocti norapudmis i dopmyan norapudmysaHHA (a>0, a#1, x>0, y>0)

1) log 1=0; Jloeapugm odunuui 3a 6yYdb-1K0I0 OCHOB010
a ’ dopienioe HYyIO.

2) log, a=1; Jozapugpm wucaa, axe 36icacmuvcs 3 0CHOB010,
a ’ dopisnioe 00uHUU.

Jlozapughm dobymry dodamuux uucen 0opis-

8) log, (xy ) =log, x+log, y; HIOE CYMi N02apUPMIE MHOMCHUKIE.

Jlozapupm vacmrxu dodamHux yuces 00pi8HIOE

x
4) log, —=log, x-1o ;
) log, y €a S pisnuui nozapugmie dinenozo it JilbHUKA.

Jlozapugm cmenens dodamnozo yucaa 0opis-
5) log,x" =nlog, x. HI0€ 000YyMKY NOKA3HUKA cmenens HaA J02a-
pu@m 0CHOBU Ub020 CMENEHA.

4, ®opMyna nepexoay Ao snorapudMmiB 3 iHLIOW OCHOBOIO

log, x
log, a

log, x= me a>0, a#1, b>0, b#1, x>0

Hacaigkn

log, b= oz, @ log,b=1log ,b"



§ 4. Jlorapudm 4mcna. BnactmeocTi norapudmis

NOACHEHHA M OBI'PYHTYBAHHA

0 Jlorapudpm uncna

SKI10 POBrIAHYTH PiBHICTD 23=8 , TO, 3HaIOUU OyIb-AKi ABa umcJa 3 Iiei piBHOCTi, MOKHA

3HAWUTHU TPETE.

3agaHa piBHiICTH IIlo Bimomo IlTo 3Haxogumo Samuc Hasga
upcaa 2 i 3 uncao 8 8=23 CTeIiHb
3 . KODPiHBb TPETHOTO
= yucyaa 8 i 3 yuco 2 -3
2°=8 2=X8 CcTeneHsa
yucyaa 8 i 2 yucygo 3 3=1log,8 Jorapudm

Ilepii aBi omeparii, HaBemeHi B TabaMIli
(mimHeceHHS OO CTemeHs i JoOyBaHHS KOPEHS
n-To CTemeHs), HaM ysKe BiZJoMi, a 3 TpeThOoIo —
N102aPUPMYEAHHAM, TOOTO BHAXOIKEHHAM JIO-
rapudmMma 3aJaHOTO YKCJIa, — MU 03HAOMUMO-
cs B IIbOMY maparpadi.

Y sBaraapHOMY BUIJIAALI omepallia Jora-
pudMyBaHHA L03BOJIAE 3 piBHOCTL a”*=b (me
b>0, a>0, a#1) 3HalITH TOKa3HUK CTeIle-
HA Xx. Pe3ysibTaT BUKOHAHHS I1iel omeparirii mo-
3HadaeTbeA log,b.

O3HayeHHA. Jozapugpmom dodamHrozo wuc-
na b 3a ocnosor a (a>0, a+#1) Ha3UBAETH-
csd MOKA3HUK CTeNeHsd, 0 AKOro Tpeda mim-
HEeCTH a, o0 ogep:KaTu b.

Hanpurnan, log,8=3, OCKiJIbKHU
2
1 1 1
2°=8; log, (—)=2, OCKIJIBKU (—) ==
S\ 4 2 4

2
log, (i) =—2, ockimpry 42 = = .
16 16
3a3HauynmMo, 110 AJIS JOSATHUX uncea bia
(a;tl) piBHAHHA a” =b 3aBKIU Mae eIUHUI
PO3B’A30K, OCKinbKM (QyHKIis y=a® Haly-
Ba€ BCiX 3HAUEHDB i3 IPOMIKKY (0;+oo) i mpu
a>1 e spocrawuoro, a ipu 0<a<l — cmaz-
HOIO (puc. 4.1).
OTixe, KOXKHOTO CBOTO 3HaueHHA b>0
dyrEIDia y=a* mHabyBae TLILKW IPU OLHOMY
sHaueHHi x. Tomy dna O0ydv-axux dodamHux

yucen bia (a#1) pienanna a*=b mae €du-
Huil kopinv x =log , b.

Ilpu b<O0 piBEasHa a*=b (a>0, a#1)
He Ma€ KOpeHiB, oT:Ke, npu b<0 3nauenns eu-
pa3y log, b neicnye.

Hanpuknan, ue icayors log,(-9), log,0,
log, (-7).

2

3asHaumMmo, 1110 iCHYIOTh Jjorapuhmu, AKi
MaloTh BJIACHI Ha3BU.

Jlozapugm 3a ocrnosow 10 na3usaomo de-
camrkosum Jaozapupmom i nosnavaroms lg.

Hampukaan,

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

Y HemaleKoMy MHUHYJOMY [IEeCITKOBUM
JorapudMaM BimgaBajiu mepeBary i cKJaamaan
IysKe JeTaJbHi TabJIUIll JeCATKOBUX JIoTapud-
MiB, gKi BUKOPHCTOBYBAJIKCS B PiBHUX o0umC-
JeHHAX. B ermoxy 3arajibHOI KOMII I0TepU3aIlii

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

37
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IeCcATKOBI jorapu(mMuy BTpaTUIIN CBOIO ITPOBiI-
HY poJb. ¥ cyuacHi¥l Hayui ¥ TexHimi mupo-
KO BUKOPHUCTOBYIOTHCA JIOTapu(p)MM, OCHOBOIO
AKUX € 0cobauBe umcio e (Tak camMo Bimowme,
AK 1 gucso 1). Yuco e, gk i yucao n, — ippa-
mioHanbHe, e=2,718281828459045... . Huc-
JIO e MOXKHa O3HAUUTH Yepe3 IPAaHUII0 PyHKII:

X
e=1lim (1 + i) — Opyza uydosa zpaHuys.
x

Xx—>o0
( Jlozapugm 3a ocHOB010 e Ha3u8armbv Ha-
mypanivHuM a02apu@mom i no3navaroms In.
Hanpurnan,
1

e

log,7=InT7, lnlzloge 1.
e

Q OcHoBHa norapudmivyHa
TOTOXHIiCTb

3a o3HaueHHAM Jorapudma, AKIIO
log,b=x, 10 a*=b (a>0, a#l, b>0).
SKII0 B oCTaHHIO piBHiCTL ImiAcTaBUTU 3a-
MicTh X HOTO 3HAUEHHA, OJEPIKUMO PiBHICTB,
AKa HA3WUBAETHCA OCHOBHOI J02APUDMILHOI
MmomoxHicmio:

a2’ —p ne a>0, azl, b>0.
Hanpurnan,

1 logl2
5'°¢:9 =9, 107 =7, (g) 3 =2,

Bnactusocti norapuodpmis

i popmynu norapucgpmyBaHHs

V¥ Bcix HaBemeHUX HMMKUe popmyiax a >0
ia=#l.

1) 3 osHaueHHs Jorapu@ma OIEepPKYEMO:

log,1=0,
ockinpru a’ =1 (mpu a>0, a#1).
Orixe, s0zapupm o0unuyi 3a 0yov-aK0H0
( 0CHO08010 00PiBHIOE HYLIO.
2) Ockinbku al=a, 0
log,a=1.

3) II1o6 opmep:xatu Qopmyay Jorapud-
ma no0ytry xy (x>0, y>0), mosHaummo
log, x=u, log,y=v. Toxi 3a osHauUeHHAM JIO-
rapupma

x=a"iy=a". (1)

IlepeMHOKUBINIM MTOUYJIEHHO ABi ocTaHHI

piBHOCTi, oTpuMaemo xy=a""". Ba ozHauen-
HAM JorapudmMa 3 ypaxyBaHHSIM YBeIeHUX
IO3HAUYeHb 3 OCTAHHBOI PIBHOCTI OJIep:KYyEMO
log, (xy)=u+v=log, x+log,y. Orxe,

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

Jlozapugm dobymry dodamHuux wucen 0o-
PLBRIOE CYMi 02APUPMIE MHOHNCHUKILE.
4) Amajoriumo, 1100 omep:kaTtu (op-

x
mysy jorapudma dactku — (x>0, y>0),
Yy
IOCTATHBO  IIOAIJIUTH  IIOYJIEHHO  PiBHO-
: . X u-v
cti (1). Togi —=a""". 3a o3HAUEHHAM JIO-
Yy

rapudpma 3 ypaxyBaHHIM yBeIeHHX IIO-
3HaUYeHb 3 OCTAHHLOI PIiBHOCTI OJepKyeEMO

1Oga£=u_vzlogax—logay. Orxe,
Yy

log, —=log, x—log,, y. (3)
Y

Jlozapugm wacmiku dodamHux uucen 0o-
pisHIo€e pi3Huui nozapupmie dinenozo i Oinv-
HUKQ.

5) IIlo6 opmep:xkatu GQopmyay Jora-
pudpma cremena x” (me x>0), mo3HAYMMO
log, x =u. 3a osHauenHam jorapupma x=a",

rogi x"=a™. 8a osHaueHHAM Jaorapudma
3 ypaxyBaHHAM IIO3HAUeHHS [JsS U MaeMo

log,x" =nu=nlog, x. Orxe,
log, x" =nlog, x. (4)

Jlozapugm cmenens dodammnozo wucaa 0o-
piernioe 000ymKyYy NOKA3HUKA cmeneHs Ha Jio0-
2apughm 0CHOBU Ub020 CMenens. 1

Vpaxosyrouu, 1o npu x>0 Yy = x;,
3a (hopmy.ioio (4) maemMo
1

— 1
loga{‘/;=logax" =—log, x.
n

Or:xe, mpu x>0 MOKHaA KOPHUCTYBaTUCH
dopMyJI0I0

log, tx = iloga x.
n

IIo dopmyny MoskHA He 3amaM’ ATOBYyBa-
TH, a KOYKHOT'O0 pas3y 3aIlucyBaTH KOPiHb i3
ITOIATHOIO UMCJa AK BiAIOBIZHUN CTEIiHb.



§ 4. Jlorapudm 4mcna. BnactmeocTi norapudmis

3ayBakeHHA. [HKOJIM TOBOUTHCS 3HAXOAUTH JorapudM JoOYTKY XY i B TOMY BUIIAAKY, KOJIU
uncsna x iy Big’emui (x <0, y<0). Toxgi xy>0 i log, (xy) icuye, ame popmy.iomo (2) ckopu-
cTaTuUCs He MOKHA — BOHA OOI'DYHTOBAaHA TiJbKY AJA JOAATHUX 3HAUEHb X i y. ¥ BUMNAIKY
xy>0 MaeMo xy=|x|~|y|, i Temmep |x|>0 Ta |y|>0, OTiKe, IJd Jlorapudma JoOOYTKY |x||y|
MOsKHa cKopucratucs ¢gopmyJioo (2). Tomy npu x <0 i y <0 mokemo 3anucaTu
IOga (xy):h)gu (‘ XH y‘)ZIOgu‘x‘+10ga‘y"

Opep:xana GopmyJiia cupaBegiusa i mpu x>0 Ta y>0, OCKiIbKY B IIbOMY BUIIAIKY |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):

npu §>0 logagzloga|x|—loga|y|, 3"
mpu x#0 log, x** =2klog,|x|. (4"

0 dopmyna nepexony
[o norapudgmis 3 iHLLIOK OCHOBOIO
Hexaii log,x=u (x>0, a>0, a#1).
Toxi 3a osHaueHHAM Jorapudma a* =x. IIpo-
gorapupmMyeMo OOHABI YaCTHUHM OCTaHHbLOI
piBHOCTI 3a ocHOBOW0O b (b>0, b#1). Onep:xu-
Mo log,a” =log, x.
BurkopucroByoun ajis JiBol yacTHUHU ITiel
piBHOCTI (hopmyay JorapudMa cTeneHsda, OTPHU-

. log, x
maemo ulog,a=log,x. Beimenm u=—2b™,
log, a
Vpaxosyioun, mo u=log, x, omepsxyemo:
log, x
log, x=—2b®
' log, a

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

Or:xe, n0zapugm 0odammHozo wucia X 3a
cmapoio 0cH06010 a OOPiBHIOE 102APUPMY UbO-
20 camo2z0 4ucaLa X 3a HO80K 0CHO8010 b, nodi-
JeHOMY HA N102apudm cmapoi 0CHO8U a 3a HO-
8010 0cH08010 b. O

3a 0IMOMOT0I0 OCTAHHBOI (POPMYIU MOK-
HA O KATH TaKi HacaiOKU.

! b
1) 3anumremo logabzﬁ. YpaxoByio-
log,a
un, mo log, b=1, maemo:
log,b=— e a>0, azl, b>0, b=1.
log,a

2) Amnanoriuno, ypaxoByouu (QOPMYJIy
mepexony Bim ogHiel ocHOBU JorapudMa mo iH-
moi i (hopmyay Jorapudma cTeneHs, OLepKy-
emo (mpu k#0):

log , b = log , b* _ klog,b
a

=log b.

log, a® k “

3amnucasIilii ofep:KaHy (POpMyJy cIpaBa
HaJIiBo, Ma€MO:

log b= logakbk,

ge a>0,a#1,b>0, b#1, E=0.

Jlorapndmn WNPOKO 3aCTOCOBYIOTLCA A/1A MOAESIOBAHHA Pi3HOMaHITHUX NPOLEeCiB HaBKOMLLIHbOIO
XuTTA. Hanpuknag, 3a Bigomum ncrxodisionoriyHnm 3akoHom Bebepa — PexHepa cuna p BiguyTTA
NIOANHOIO0 NEBHOO NojpasHMKa NponopLinHa norapudmy iHTeHCMBHOCTI S Liboro nogpasHuka. yd-
HiCTb (piBEHb 3BYKOBOTO TUCKY) 3ByYaHHA My3UYHUX iHCTPYMEHTIB, MOOYTOBMX MPpUNiagis Towo obunc-

S . .
notoTb 3a popmynor p = 101gS—, Ae S — 3HayYeHHA IHTEHCVMBHOCTI 3BYKY, @ S; — HWKHE rpaHnyHe

(0]

3HAYEHHA IHTEHCUBHOCTI 3BYKY (AKWO S <.S;, TO MU 3BYK 30BCiM He UyeMO). BennurHy p BUMipioloTb

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

3a3Hauumo, wWwo 6e3neyHow ONA CIyXy JIOAMHM BBaXakoTb FYYHICTb
40-50 gb — uUe iHTeHCMBHICTb 3BYYaHHA 3BMYANHOI PO3MOBU. AKLLO X
B/ MPOCIYXOBYETe MY3MKY 3a [JOMOMOrOI0 HaBYLIHWKIB, AKi yBiMKHe-
Hi TaK, Wo6 «nepeKkpuyaT» HABKOJMLLHIN CBIT (TOOTO 3 iIHTEHCMBHICTIO
80-100 gb), To ue WKigNMBO ANA 3MOPOB’A | MOXe NPU3BECTM A0 Norip-
LIEHHA cnyxy abo 11 30BCiM A0 MYXOTH.

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

ﬂPMKAaa 1 O6unCTiTh:
1) log;125; 2) log 4 3.
27
Posp’sa3anHa KomenTap
1) log;125=3, ockimpku 53=125; < Ypaxosyioun OSHAHUCHHA JIO®
rapudma, MmoTpibHO migiopa-
1 ) 1\ 3 1 1 1 TH TaKH} IOKa3HUK CTelleHd,
2) 10gi3=—§, OCK1IbKH E =71 =—1 =T=3- < 00 mpy IMmiJHEeCeHHI OCHOBU
27 1) 33— E Jorapudma a0 IILOT0 CTeleHsd
27 27 oJlep:KaTU YUCI0, AKe CTOITh
oif 3HAKOM Jiorapudma.
ﬂpw(/\aa 2 3anumiiTe po3B’A3KM HAWIPOCTIMINX IMOKA3HMKOBUX DPiBHAHB:
N 1" . 1
1) 5° =3; 2) | —| =10; 3) 10" =—.
3 3
Posp’a3anuA Komenrap
3a o3HaueHHAM Jiorapudma: Ilnst 6ynb-AKux mojaTHux umcend b i a (a#1)
1)+ x=logs3; < piBHAHHA a* =b wMae eguHuil Kopiub. Iloxas-
2) x=log10; < HUK CTeIeHd X, OO0 SAKOro MOTPibHO migHecTH
3 OCHOBY a, 11100 omep:KaTu b, HABUBAETHCA JIOTa-
1 pudmom b 3a ocHOBOWO a, ToMy x=log,b.
3) x=lg—. <
3
, 27a” .
”PMK/\aa 3 Bupagite Jorapudm 3a 0CHOBOIO 3 BUPA3y ?/_ (me a>0 ib>0)
b

yepes3 Jorapu@Mu 3a OcHOBOIO 3 umcea a i b. (KOopoTKo KayKyTb:
«nposozapu@myiime 3a0aHuUil 8upa3 3a 0CHOB0H 3».)

Posp’sa3anHa KomenTap

2742 3342 CmouaTKy B3amuIlleMO BUPAa3W B UYHCEJIbLHUKY

lo =lo = . .
g3 3y €3 1 i BHAMEHHUKY 3aJIaHOTO BUPA3y AK CTEleHi uu-
bd cen i GYKB.




§ 4. Jlorapudm 4mcna. BnactmeocTi norapudmis

1
=log, (33a2)—10g3b5 =

1
=log;3% +logza”® —log, b5 =
=3log33+210g3a—%log3b=

=3+210g3a—%10g3b. <

lMpukrad 4

Po3sp’azanna

log,700=1log,(7-5%.22) =

3a2

ITorim ypaxyewmo, 1o jorapudm dacTKu 1

b5
IONATHUX YMCeJ NOPiBHIOE pisHUIIL JorapudMiB
yrceJbHUKA i 3HAMEHHUKA, a IIOTiM Te, IO JIO-
rapudm g06yTRy 3302 mopiBHIOE cymi Jora-
pudMiB MHOYKHUKIB.

Bigomo, mo log,5=a, log,7=0. Bupagite log,700 uepes a i b.

Komenrap

Cmouatky momamo umciao 700 ax moOyTok cre-
meHiB umcen 5 i 7 (3amanux) Ta 2 (OCHOBH JIO-

2 2
=log,7+log,5" +1log, 2" = rapudma), a IOTIM BUKOPHCTAEMO BJIACTHUBOCTL
=log,7+2log,5+2log,2= Jorapu(MiB Ta miICTAaBUMO B OJep:KaHUN BUPa3
—b+2a+2. < sHaueHHA log,5 i log,7.
3
ITPMKAaa s* IIponorapudmyiite 3a ocuoBoo 10 Bupasz ——

2
c
Po3p’a3anua Komenrap

3 OckinbKu JorapudmMu iCHYIOTh TiIBKU IJA AONATHUX YKUCEJI, MU

Axo o2 >0, To MOKeMO ITpoJioTapudMyBaTH 3aJaHuil BUPa3 TiIbKU y BUMIAAKY,
3 ab®
ab ke
1g—2=1g|ab3|—1g|c2|= RO~ 5 >0.
c

3 yMOBHM He BUILJIMWBAE, IO B 3aJaHOMY BHpasi 3HaueHHA a, b
i ¢ momarui. Tomy OymeMo KopucTyBaTUCA y3araJbHeHUMHU (op-
myJsamMu Jiorapudpmysanaa (2)—(4), a Takoxk ypaxyemo, IIo

|ab®[=lal[*], [6*[=[6F, |e*[=]cf".

~1g(jal{0*|)-1g]e?|-
—lg|a|+1g|b?|-21g|c|=

2

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

Inkosnu nmoBomuTHCA ITyKaTH BUpAas, 3Hawuu foro jsorapudm. Taky omepaliiro Ha3UBalOTh NnO-
MEeHYIIEAHHAM.

ﬂPuK/\aa 6 BnaiigiTe x 3a itoro Jorapudmom:
1
1) lgx=1g5-21g3+3lg2; 2) log, x= Eloga b+5log,c—log,p.
Posp’sa3anua KomenTap
1) lgx=1g5-21g3+31g2; Kopucryrouncs @opmynamu JorapupmyBaHHSA

cIipaBa HaJIiBO, 3aIUIlIeMO IIpaBi YacTWHHU 3a-
JaHUX piBHOCTeW y BUTIAAi Jorapudma SKO-
rock Bupasy M.

lgx=1g5-1g3% +1g23;
5-2°
3%’

525 40
X = =

32 9

lgx=1g

\
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1 . .
2) log, x=—log,b+5log,c—log, p; 3 ogmep:xanoi piBrocti log, x=log, M orpumy-
2 1 emo x=M.
log, x=log b5+10g c5—log ; (fIx O6yme moxkasaHo B § 5, 3HAUEeHHA X, IO 3a-
“ “ L “ L “ moBosbHAE piBHiCTH log, x =log, M, — enumue).
b2cd b2cP
log, x=1log, ; Xx= . <
p p
lo : 5 g8t
ﬂpuwa 7% O6uuCIiTh 3HAYEHHS BHUpasdy 5 oV
Po3B’a3anHsa Komenrap
) 1 1 9 CrnpobyeMo IpuBeCTH IIOKAa3-
Ockinbrn log\/g 5= o \/g =7 = log. 3 TO HUK CTelleHs 3aJaHOT0 BHUpa-
g5 Elog5 3 5 3y mo Bunxy loggb, 1mo6
4 MOKHa OyJI0O CKOpHCTATHCS
2
log ~ 5 = =2log;3=log;3" =log;9. OCHOBHOIO  JIOrapu()MiuHOIO
B logs 3 roToskmicTIo 5850 =b.
1 1 Hnsa mporo mepeiiemMo B IIO-
Kpim Toro, —log5 4= 10g5 42 = log5 \/4_ = 10g5 2. Kas3HUKY CTeIlleHsd O0 onaHiel
2 ocHoBHU Jorapupma (mo oc-
4 1
Toni ——— +—1log, 4 =log; 9+log, 2= log (9-2)=log;18. HOBH 5).
1
log 5+Elog54 log. 18
Omke, 5 B =5985° =18, <
B ANUMAHHS 1. ChopmyamoiiTe o3HaueHHA Jorapudma AoJaTHOTO umciaa b 3a OCHO-

Boo a (a>0, a#1).

2. SIxkuii norapmdM HA3WBAIOTHh JECATKOBUM i AKMIl — HATypaJbHUM?
HageniTe mpukJganm 3amucy i o0UYMCIEHHS TaKUX JOTapudMiB.

3. 1) BanumiTs ocHOBHY Jorapudmiuny ToTOXKHicTE. HaBemiTs mpuka-
au 11 BUKOPUCTaAHHA.
2%) OOr'pyHTYHTE OCHOBHY JIOTAPU(PMiIUHY TOTOKHICTB.

4. 1) 3anumits Gopmynau jgorapubmysanus. Chopmymioiite ix 3smicrt.
HaseniTe nmpukigagu BUKOPUCTAHHA MuX (GoOpMYy.JI.
2%) Obrpynryiite opmyau jgorapupMyBaHH.
5. 1) Banumite Gopmysy mepexony Bif ofHiei ocHOBH Jorapudma mo
immoi. HaBeniTh mpuKJIaAyM BUKOPUCTAHHA Ifiel (opMyJan.
2%) Oorpyuryite (opMyay mepexony Bia oaHiel ocHOBU Jiorapudma
Io immIoi.
x
6*. Yu mosxHA mposorapudMyBaTH BUDPA3U XY, —, x* y Tomy Bunanxy,
Yy

KOJIM 3HaueHHd X i y Bix’emHi? Ko Tak, gk me 3podbutu? O6IrpyH-
TyHTe BiAMOBigHI hopmysiu.
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Bnpabu

4.1°.

4.2.

4.3°.

4.4.

4.5.

4.6*.

4.7.

IlepeBipTe mpaBMJIBbHICTH PiBHOCTI:

1) log,16=4; 3) log2i=—2; 5) 10g18=—3;

2) log327=3; 4) log\E4=4; 6) logOZO,OOS:S.
O6umCIiTh:

1°) log, 25; 5) logg 9%) log, ,  (T-443);
2°) log, 64; 6°) log 1; 10%) log, , =(9+45).

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

Kopucryouuch o3HaYeHHAM Jiorapudma, 3aOUIliTh PO3B’sA3KMU HaM-
MIPOCTIIUX TMOKA3HUKOBUX PiBHAHD:

1) 4 =9; 3) 10" =11; 5) 0,2%=0,7;
2) G) =15; 4) 5% =19; 6) e* =3.

Kopucryounch OCHOBHOIO JIOrapu(pMiuHOIO TOTOXKHICTIO, CIPOCTITH
BUpAa3:

1
1) 587, 3) 3 s, p) qirlogr2,
1 log  6-2
2) 3l°gst,; 4) 3,551, 6%) (5) E
IIposorapugmyiiTe Bupas 3a 3aJaHOI0 OCHOBOIO, AKIo a>0, >0,
c>0: 1 2
3 4 a2b3
1°) 10a°c* 3a ocuosoio 10; 4) 5— 3a OCHOBOIO €;
c
0,1a%° o~ o 73
2) - 3a ocHoBoio 10; 5°) 9a \/17 3a OCHOBOIO 3;
¢ 2
2 agb4
3°) a c\/g 3a OCHOBOIO ¢; 6) T — 32 OCHOBOIO 3.
2
c

IIponorapugmyiite Bupas 3a ocHoBoro 10, aximo ab>0 i c#0:

3 4
1) a’b’c?; 2) “;b ; 3) 53  4) 100¥abc? .
c —
(ab)s

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. 3mHaiigiTh 3HaUeHHA BUPA3Y:

1) lg56+1g125-1g7; logq243
log; 9

2) logy351—-logy13; 5) 10g210g3‘\1/§;

3) 21g5+%1g64; 6) log s logg4.

2
4.9, TIlopaitre:

1) uwmcio 7 y BUIJIAALI CTeIleHs YHcaa 5;

2) uwmcao 13 y Buraazni crenens uwmciaa 10;

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

3 .
4) uwucio e Y BUIJIALL CTeIlleHs dumcyaa 7.

4.10. Tlopaiire:
1) uwmcao 3 y BuUriaAAi jgorapudma 3a OCHOBOIO D;

2) uwmcao —2 y Buriazni jgorapudma 3a ocHoowo 0,2;

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

4) ywmcygo 0,5 y Buraazni jgorapudma 3a ocHoBoio 10.

4.11. Bmaiigite x, AKIIO:
1) loggzx=3logg2+0,5logs25—2logy3;

2) 1gx=élg(5a)—2lgb+5lgc;
2 1
3) 1gx=31gm+?lgn—glgp;

4) loggx= élog3 8—2log ;20 —3log, 2.

4.12. TlepeiiniTe y 3asaHoMy Jjorapudmi 10 ocHOBHU 3:

1) log, a; 3) log; a; 5) log,a.
3 9
2) logga; 4) logﬁa;

4.13%. O6umciiTh 3BHAUEHHS BUPABY:

» 3 5 +%10g627
1) 6 %2 : 4) logy101glllog,,12log,,27;
2 1
+—log316 1 1
2) 3longS 4 3 : 5) (811—510}394+2510g1258)4910g72;

4
3) log,5log;6log,Tlog,32;  6) 15logl(W-4ig.5l°gﬁ@).
7
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4.14*%.

4.15.

4.16*.

4.18*.

4.19.

4.20*.

SHaNgiTh:

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

2) logy1b, armpo log,;25=a;

3) logy;;56, axmpo log,;,7=a i logs14=0;
4) log;5(200, axmo log,;50=a i log320=5.

VY saBmamaax 4.15—4.18 o0uunciaiTh 3HaUEHHS BUPAa3y.

1) 10log j; log 5 \\V2 ; 3) 8100l8s7;
1
2) 910g162+10g3\/5; 4) \’102+Elg16 .
4/, —3log 0,1 logy5. ( 1+log34)
1) V25 +6410815; 2) (15+3 log, /3 log; 4.
1) %—Mgz& 2) 10g227—210g23+10g2§.
6
1 1 1 1
1) 202°gs15 .0 252108815, 2) (231751"g9‘1 +251°g1258)491°g72.

YV zaBmamuax 4.19, 4.20 mopiBHANTe 3HAUEHHSA 3aJaHUX UYNCJIOBUX
BUpa’iB.

7 7 llogz(l - i)-2101«;273
1) logys— i logg 95— 2) V15 i 83 32 .
54 125 164
1) 7'°852_0,1 i 2857, 3) 2'°¢13 10,1 i glogr2,

2) 51°837 10,1 i 7'°¢s%;

~ M A

, <




NIOTAPUDMIYHA DYHKLIA, TI BMACTUBOCTI TA TPADIK

Ta6aumnsa 7

OsHa4eHHA. Jozapugmiunoro pynkyieto HasuBaeThea GyHKIia sBuny y=1log, x,me a>0, a=1.

1. 'pacik norapnpmivHoi pyHKUiT

®yuknii y=a” i y=log,x (a>0, a#1) e B3daeMHO 0GepHeHNMHU (YHKIiAMHU, TOMY iX rpadikn
CUMeTPUYHi BiTHOCHO IpAMOI Y =X.

y=log,x

a>1 O<a<l1

2. BnactuBocTti norapudpmivHoi pyHKUiT

1. O6racmo susnavenns: x>0. D(loga x)=(0;+c>o)

2. O6nacmov 3nauenv: yeR. E(loga x):R

3. ®ynkuyis Hi napHa, Hi HenapHa.

4. Touku nepemuny 3 ocamu Koopdunam: 3 Biccio Oy [Hemae|, 3 Biccio Ox {Zi(l)’
5. IIpomixcku 3pocmaHHs i cnadaHHA:

upu a>1 dysknia y=log, x 3pocrae Ha Bciii 001acTi BUBHAUEHH;

mpu 0<a<1 dyuknia y=Ilog, x cmagae Ha Bciii o01acTi BUBHAYEHH.
6. IIpomixcrxu 3Haxocmaaocmi:

sgmo a>1, 10 y>0 mpu x>1, y<0 mpu 0<x<1;

s 0<a<l,t0 y>0 mpu O0<x<1, y<O0 ompu x>1.

7. Hailbinvwiozo i HAllMEHUL020 3HAYEHb PYHKUIA He MAE.

MOACHEHHA M OBI'PYHTYBAHHA

MoHaTTa norapndmivyHoi PyHKLT CopaBai, IOKasHUMKOBA  (PYHKILiA
Ta ii rpadgik f(x)=a® npu a>1 spocrac Ha MHOxUHI R,
O3HaueHHs. Jozapud miunorw pynKyieo Ha- anpu O0<a<l cmamae Ha MHOkuHI R. O61a-
3uBaeThCcA (PyHKIiA BUAY Y =log, x, me a>0, CTIO 3HAYeHb (PYHKII f (x)=a” € IPOMisKOK
a#l. (05 +c0). Orsxce, six GyJI0 IOKAB3aHO B IiAPYYHH-
IToxaxemo, 1110 1A PYHKILSI € 00ePHEHOI0 Ky nada 10 kiaacy, QyHKIIA f(x) obopoTHa i Mmae

0o GyHKLII y=a”. obepueny (YHKIiI0, 00JIaCTI0O BU3HAUEHHS
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AKOI € IIPOMIiKOK (0; + oo) i obyacTio 3HaUeHb — MHOKHHA R.
Haragaemo, m1o giis sanucy hopmyiu ooepHeHoI GYyHKITIT 10-
cTaTHBO 3 piBHOCTI ¥ =f(x) BupasuTu x uepes y i B omepsxa-
Hi#t popmyai x = g(y) apryMeHT II03HAUUTHU Uepes X, a PyHK-
Iiro — uepes y.

Toni 3 piBasanHA y=a” (a>0, a#1) 3a 0O3HAUEHHAM JIO-
rapudma ogepryemMo popmyry obepHeHOI QyHKIII x =log , v,
y AKil apryMeHT II03HAUEeHO Yepe3 Y, a PyHKIiI0 — uepes x.
3MiHIOIOUY ITO3HAYEHHS Ha TPAAUIliiiHi, oTpuMyeMo GopMy-
ay y=log X — Gopmyny pyHKIii, oOepHeHOL 10 QYHKIIiI
y=a*.0

fAx Bigomo, rpadikm BlaeMHO o0epHEHUX (GYHKI[IN cu-
MeTpuyHi BimHOCHO mpAMoOi y=x. Omke, rpadik QyHKII
y=log,x (a>0, a#1) moxxHa oxep:karu 3 rpadika GpyHK-

il y=a" cuMeTPpUUYHUM BiJOOPAKEHHAM BiJHOCHO IIPSAMOI
y=x.Hapwuc. 5.1 HaBegeHo rpadiku sjorapudmMiyHEUX QYHK-
min gia a>11 0<a<l1.

T'padix norapudmiunol QyHKI] HA3UBAIOTH J102aPUP-
Puc. 5.7 MIYHOK KPUBOI0.

B"aCTV'_EOCTi norapugpmiyHoT 2. O6aacmio 3Havens Qynkyii y=1log, x

pyHKUI] € muoxcuna R ycix diiicnux vucen (Tomi GyHK-

Buacrusocri dymknii y=1log,x a6o Bu- nia y=log, x He Mae Hi HaiibinbIIOrO, Hi HAl-
3HAUYMMO 3 oJlep:KaHoro rpadika miei pyukiii, MEHILIOT0 3HAYEHbD).

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

napHoio, Hi HenapHo, OCKiIbKHY ii 06J1acThb BU-
3HAUEHHA He CUMeTpuYHa BigHOCHO TouKu 0.

cTi QyHKIii y=a”.
OckinbKM 00JaCTh BU3HAUEHHA IIPAMOIL
dyuKIii € ob6sacTi0 3HaUeHb 00epPHEHOI, a 00-

JIacTh 3HaueHb IpAMoOi (PYyHKIII — obiacTio 4. T'padik pynrnii y=1log, x:
BU3HAUEHHs O0epHEHOi, TO, 3HAIOYM I Xa- ne nepemunae gicy Oy, ocKiTpKu Ha oci Oy
pakTepucTHKHU 1A QyHKOIl y=a”, omepxu- x=0, a 11e 3HaUYEHHA He BXOAUTH 10 00J1a-
MO BiANOBiZHI XapaKTePUCTUKM AJIs PYHKILII cri BusHaueHHsa QyHKLii y=log, x;
y=log,x.

nepemuHae gico Ox y moyyi x =1, ocKinb-
ku log,1=0 npu Bcix 3HauenHaxa(a>0,

dynKLia
XapaKTepHuCTHKA a#l).

y=a® y=log,x 5. 3 rpadikis Qyuruii y=log,x, Ha-
061aCTh BU3HAUCHHS R (0; +°°) BeZeHUX Ha puc. 5.1, pobUMO BUCHOBOK, IO
npu a>1 @yuruia y=log,x 3pocmae na sciil
Obmacts 3HAYEHD (05 + o) R obnacmi eusnavenns, a npu 0<a<1l cnadae

Ha éciil o6aacmi 6U3HAUEHHA.
1. Obracmio BU3HAYCHHA GYHKIIIL ITro BiacTuBicTh MOKHA OOI'PYHTYBaTH,
y=log,x e muOoxkmHA R, ycix momarHuUX un- cumpalounch He Ha Buj rpadika, a TiabKM Ha

cen (x>0). BJacTUBOCTI PyHKIIi y=a”.
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Hanpuraapn, npu a>1 BisbMeMO
X5 >x;>0. Sa OCHOBHOIO JIOrapU(pMiUHOIO
TOTOKHICTIO MO’KHA BalHCaTH: X;= a'°%,

1 .
Xy, =a%¢*2, Toni, ypaxoByouu, 1[0 Xy > X,

Maemo a'°%¢*2 > q'%8e¥ | Ockinpku mpm a>1

(yHKIia y=a” spocraioua, TO 3 OCTAHHBLOL T

HepiBHOCTI oepxyemo log, x, >log, x;. A 1e by

it osHauae, mo npu a>1 Qysxrnoia y=Ilog, x

3pocTae Ha BCiii 00J1acTi BUBHAUEHHS. y>0
Amnajoriuno MOKHA OOI'PYHTYBaTH, IO

mpu 0<a<1l dysknia y=log,x cnazae Ha y<0

BCii1 00J1acTi BUBHAUCHHS.

6. Ilpomincku 3narxocmasocmi. OCKinb-
ku rpadik ¢pysknii y=Ilog, x nmeperunae Bich
Ox y Tourni x=1, To, ypaXoByIOUYMN 3POCTAHHSA
¢yukii npu a>1 rta cnagagas npu 0<a<l1,
OTPUMAEMO TaKi IPOMIKKM 3HAKOCTAJIOCTI.

3HaUYeHHsSI apryMeHTa

npu a>1 npu O<a<l1
xe(1;+oo) xe(O;l)
xe(0;1) xe(1;+e0)

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

Mpukrad 1
1) y=10g5(3_x);
3

Po3sp’azanna
1)~ y=logs(8-x).
O0sacTh BU3HAUEHHs 3afa€ThbCcs HepiBHicTioO 3—x>0. 3Bigcu
x <3, TobTO D(y) = (—oo; 3). <

2
2) yzlogl(x +3).
3 2
O6sacTh BUBHAUEHHS 3a4aeThbes HepiBHicTio X° +3>0. I[s He-
pPiBHiCTHL BUKOHYETHCA HPU BCixX milicHMX 3HaueHHAX Xx. OTike,

D(y)=R. <

3) y=10g7(3c2 —x).
O6JtacTh BUBHAUEHHS 3aJJa€ThCA HEPiBHICTIO x2-x>0. Posp’sa-
3yI0UM 1[I0 KBaJpaTHy HepiBHicTh, omep:xyemo x <0 abo x>1
(IuB. PUCYHOK).
Orxe, D(y) =(—°°; O)U(l; +o0). <

3HAHAITH, 001aCTh BU3HAUEHHS (DYHKILII:
2) y=log, (x2+3);

3) y=log7(x2 —x).

KomenTap

OckinibKu BUpas, IO CTOITh
mig 3HakoMm Jorapudma, Mae
0yTu mOmATHUM, TO IJis 3HA-
XOIKEHHs 00JiacTi BU3HAYEH-
Ha 3amaHoi GYHKILI Tpeba
3HAUTH Ti 3HAUEeHHSA apryMeH-
Ta X, TpU SAKUX BUPas, IO
CTOITH Wif 3HAKOM Jiorapud-
Ma, Oyme DOmAaTHUM.

+\L /+

OVI x

npuKAaa 2 300pasiTsy cxemaTuuHO rpadik QyHKILiI:
1) y=log,x; 2) y=log, x.
2
KomenTap

O6JtacTh BUBHAUEHHS D(y) dyarnoii y=log, x
raka: x>0, orike, rpadik miei QyHKIii 3a-
BJKIM PO3TalllOBaHUII mpaBopy4 Big oci Oy. Bin
nepernHae Bick Ox y Toumi x=1 (oCKiIbKHU
log,1=0). IIpu a>1 norapupmiuna GyHKIiA
3pocrae, oTike, rpadikom ¢ynrnii y=Ilog, x
Oyme JgorapudMiuHa KpPHUBA, TOUKU SKOI IIpHU
30i/bIIIeHH]I apryMeHTa «IiJHIMalTHCA BrOpPY».

IIpu 0<a<1 gorapudpmiuna pyHKIiIS cmazae,
orke, rpadirom Qyuruii y=log; x Gyne Jo-

2

rapudMiuHa KpUBa, TOUYKHU IKOI IpU 30iIbIIIeH-
Hi apryMeHTa «ONyCKalOThCS BHU3».

IITo6 yrounHuTH MOBemiHKY TpadikiB samaHux
byHKIi, 3HAlAEMO KOOPAMHATH KiJIbKOX [0-
ITaTKOBUX TOUYOK.
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Posp’azanuga

y=log,x
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ﬂpw(/\aa 3 300pasiTh cxemaTuuHO rpadik QyHKIiI y=log3|x—2|.

Po3p’a3anua Komenrap

ITocmimoBHO Oymyemo rpadixm: CkJazemMo IJIaH MOCJiJTOBHOI IOOYIOBU T'pa-
1) y=logzx dika 3amanol MyHKIII 3a JOIIOMOTOI0 TreoMe-

Y TPUUYHUX IIE€PETBOPEHD.
/ 1. Mu mo:kemo mobyayBatu rpadik QyHKILil
y=1(x)= logsx  (ocmoBa  sOorapudma

0/1 x a=3>1, orxe, jmorapupmiu"a QyHKIiA
3pocrTae).

2. ITorim MosxkHa moOyayBaTu Tpadix QyHK-
2) y= log3|x| mii y=g(x)= 10g3|x | = f(| x |) (mpaBopyd

Y Big oci Oy rpadix ¢ymkmii f(x) samuma-
eThbcA 6e3 3MiHMU, i I camMa YacTWHA Tpa-
dika cuMeTpUUHO BiZOOpPaKyeThCA Bif-

) 0 /1 X HOCHO oci Oy).

3. Ilicia mporo mMo:kHa mOOymyBaTm Tpadik

sagaHoi yHKLii y=log, | x—2 | =g(x-2)
mapajieJlbHUM — IIepeHeceHHAM Tpadika
3) y= 10g3|x—2| dyuruii y=g(x) ysmosx oci Ox Ha 2 oxu-

y HUI[I BIIPaBO.

\ KopoTkuit mian modbygoBu IIIyKaHOTo rpadi-
Ka 3PYyYHO 300pasuTHU CXEeMATUUYHO y TaKHui

: 573 > croci6:

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

=)
—

<

@ =) BvikoHaiTe 3aBAaHHs npuknady 3, BUKOPUCTOBYIOHM Nporpamy Desmos. ki e
U nporpamu ans nobynosu rpacdikis Bam Bifomi?

49
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Mpukrad 4

1) logsb>logsc;

Po3B’a3aHHsa

1) Ockinpku GyHKOia y=logsx
3pocTamua, TO IJA JOJATHUX UU-
cexn b ic s uepiBHOCTi logsb>loggc
omepxyemo b>c. <

Ockinbku Qynrnia y=log,sx
CIIagHA, TO JJA AOJATHUX ducel b
i ¢ 3 mepisHocti log3b>loggsc
ozmepskyemo b<c. <

2)

Mpukrad 5

Po3sp’a3aHHga

Ockinmbru 6>1, a 3 ymoBU Maemo,
mo log,6<0 (ockinekn 0=log,1, To
log,6<log,1), To dynkmia y=1log, x
e cnajgHOoIO, oTke, O<a<l. <

3anumaHHg

ITopiBusatiTe

IlopiBHATe momarHi uucaa b i ¢, 3Haroum, II0:

2) logy3b>loggsc.
Komenrap

Y Ko:kHOMY 3aBIaHHI 3ajaHi BUpasW — Ile 3HAUEHHSA JIO-
rapudmiunoi ¢pynknii y=1log,x y Toukax b i c. Buxopu-
CTOBYEMO 3pOCTaHHsS a00 cmagaHHA BigmoBigHOI (QYHKILII:
1) npu a=3>1 ¢yuknia y=1logs;x e spocraiouoio, Tomy
OiynbIIOMy 3HaueHHIO GYHKIII BiAmoBigae OinbIlle 3HaUEH-
Hs apryMeHTa;

2) mpu a=0,3<1 dynrnia y=log,3x € cnaguor, ToMy
OiIBIIIOMY 3HAUEHHIO (PYHKIII BiAmloBimae MeHIIe 3HAUEH-
HsI apryMeHTa.

3 ONWHHUIEIO JOoJaTHe YHCJIO @, 3Hawo4u, mo log,6<0.

Komenrap

Yucna log,6 i 0 — me nBa 3HauenHa ¢yuknii y=Ilog, x.
YpaxoByloun 3aJaHy HEPiBHICTB, 3’JCOBYEMO, AKOK € I
(yHKIis — 3pocTaouoio abo CHAgHOK, i 3ragyeMo, IO
BOHA 3pocrae mpu a>1 i cmagae mpu O<a<l1.

1. CdopwmyrioiiTe o3HauUeHHA JorapudMiuHOi QYHKILI.

. $x posramosasi rpadiku ¢pysruiit y=a* i y=log,x (a>0, a#1)
BizHOCHO mpamol y=x? Bingnosins moacuiTe. IlobynyiiTe 3a3HaueHi
rpadikum mig a>1 i O<a<l.

Kopucryrouncs rpadikom ¢pysrnii y=log,x (a>0, a#l), oxapak-

O6rpysnryiite BracruBocti @ynknii y=log,x (a>0, a#1).

IToscHiTh, K, ypaxoByOUH 3POCTaHHSA ab0 clIamgaHHs BigmosBimHol

gorapudmiunoi PyHKIil, MOPiBHATH 3HAUEHHS:

6) log, 7 i log, 3.
5 5

3.
TepusyuTe ii BIacTUBOCTI.
4*,
5.
a) log;7 i log;3;
5.1.

Bnpabu

2°) y:logl (x-3);

6

3) y=log 5 (x?-1);

5) y=log 4 (2x%+1);

1°) y=log; (2x+6);

3HaiaiTh 06J1aCTh BU3HAUEHHS (PYHKILII:

2x -6
7*) y=Ilogg, 2 ;
2
x“—-bx+6
8*%) lo _—
) g 7 _3
x|+5
9%) y=10g3,1IxI—_3;

10%) y=log, (2xx—x2);
11%) y=log,, 5(5x—x?).

8
6) y=log, <x2 +x+1);
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5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

5.8.

5.9.

VY saBmamHAX 5.2, 5.3 3006pasiTh cxemaTuuHO rpadik 3amanoi GyHKIII.

1°) y=logsx; 3°) y=logysx; 5) yzloglx;
6
2°) yzloglx; 4) yzlogﬁx; 6)y=10g\5x.
3
1) y=log,(-x); 4) y=log,x+3; 7%) y=|log (2x-4);
’ 2
2) yzlogi(x—l); 5) y=-loggzx; 8%) y=10g4|xT|;
3) y=log,(x+3); 6+) y=|log3|x ; 9%) y=log,log,x.
IlopiBHaliTEe UnMCIIa:

1) log,3,5 i logy4,5; 6) log ; 10 i log ; 20;
2 2
2) log0,11,3 i logo’ll,l; 7) log,3 i 0;
3) log,2 i log, 5; 8) 10g7l i0;
< < 3
5 5
4) log\/§2,3 i log\/§0,2; 9) logz4 i1;
5) log,5 i log,7; 10) loglé il.
4
ITopiBHgaiiTe gomaTHi umciaa b i ¢, AKIIO:
1) logsb>log;c; 3) logﬁb<logﬁc;
2) logysb>loggsc; 4) log, b<log, c.
3 3

ITopiBHAITE 3 OAMHUIICIO MTOAATHE UMNCJIO @, 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) logy,5; 3) log,0,5; 5) 1g0,9;
2) log,30,8; 4) logy;7; 6) In2.
IlopiBHANITE 3 HYJEM YHCJIO:

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

4
VEKaxiTh, MiK AKMMH OBOMAa IIOCHiZJOBHUMM I[iIJIUMU UYKUCJIAMU Mi-

CTUTHCA HA YMCJIOBiNI IMPAMIN YmMCIIO:
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.

5.12.

5.13%,

5.14.

5.15%.

5.16*.

5.17*.

OW

5.18.

BpaxoByoun 3pocTanua um cuagaHHsa QYHKII, sHAAiThL HaibiIbIIe
i HaliMeHIlle 3HaueHHsA (PYHKI[I Ha 3aJaHOMYy BiIpisKy:

1) y=log;x, |:l;27:|; 4) y=log, x, [i;l];
9 5 25
1 1
2) y=log, x, [—;27]; 5) y=log,x, [—;1];
5 9 T
3) y=Igx, [1;10000]; 6) y=log,,x, [2,5;6,25].

SHalgiTh HaliMeHIlle 3HaYeHHA (QPYHKINII:

1) y=1g(x2+10); 2) y=log, 1 9; 3) y=log,,sinx.
3

x2+

3HalAiTh HaWOiIbIIe 3HAYEHHA (PYHKIII:

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

x2+

3HaANAITh MHOKUHY 3HAUeHb (DYHKITii:

" 1+1g(100+2) ) 114+ 1+ nx| )
3HalaiTh 00JIaCTh BU3HAUEHHA (PYHKILII:
1) yzlog‘x‘(x2+1); 3) y=log,scosx;
x 2x-1
2) y=——:; 4) y=——-.
)y lgx )y lg(x+3)

3HaAiTh 001aCTh BU3HAUEHHS (DYHKILII:

1) 7(x)=\2-3" +1-37 ; 8) F(x) =277 -7 05 ;
2) f(x)=1g(1,251‘x2—0,40961”); 4) flx)=y(4-x)(3*-9).

IToOynyiiTe rpadix QyHKITiI:

lo X
1) yzﬁ; 3) y=|log, x|+log, x.
|log0,3x|
lgx
2) y=———:;
Ig“x

HocuiniTe Ha mapHicTh i HemapHiCTh PYHKILIIO:

1) yzln(\/xZT+x); 2) yzln(\/m-x).

BuaBiTb cBOIO KOMMETEHTHICTb

Bararo aBuIi mpupoau MOKHA OIIMCATH JIOTAPU(PMIUHOIO 3aJierKHi-
CTIO, TOOTO iX MaTeMaTUYHOIO MOIEJLII0 € JorapudmiuHa (QPyHKIIid.
OpuuM i3 HaOiNBII HAOUHMX MPUKJIALIB TAKOT'O MOJIEJIOBAHHS € JIO-
rapudwmiuna cripans. IligroryiiTe moBifoMIeHHA TPO TPUKJIAAU CIIi-
PaAIBHUX CTPYKTYP y Oiosorii, (ismii, TexHimi.



TA HEPIBHOCTEMN

PO3B'A3YBAHHA JIOTAPUDOMIYHUX PIBHAHDb

6.1. Po3B'3yBaHHA norapnmiyHNX piBHAHb

Tabaumna 8

1. OCHOBHi O3Ha4Ye€HHA Ta CMiBBiAHOLWEHHA

OsHauveHHA. Jozapugpmom dodamnozo
yucaa b 3a ocnoeoro a (a>0, a#1) na-
3MBAETHCA MOKA3HUK CTEIIeHsd, 10 TKOT0

Tpeba migHeCcTH a, 100 oxepskaTu b.

log,b=c & b=a‘

I'padix dysrunii y=1log,x (a>0, a#1)
a>1 O<a<1
y y

7 S

3pocTae criagae

2. Po3B’A3yBaHHA HaMnpocTiwMx AorapudPMidyHUX piBHAHb

OpienTup

Akwo a — umcno (a>01ia#1),10
i log,f(x)=c & f(x)=af

: (8uKOpuUCMOBYEMO 03HAYeHHSA no2apugma) :

IIpuxnan

log;(x-1)=2.
x-1=3%; x=10.
Bidnogiov: 10. <

3. BukopucTaHHA piBHAHb-HacNiAKiB

OpienTuUp

¢ AKLWO 3 NpUNYLEHHS, WO NepLua PiBHICTb :
: MPaBWIIbHA, BUMJIMBAE NPABWIIbHICTb KOX-
: HOI HaCTYMHOI, TO rapaHTOBAHO OfepPXye- :

¢ MO PiBHAHHA-HACNIAKW.

ITpu suxopucmanHi Hacidkie He 8i00y8a-
€MbCsa 6MpPaAmMa KopeHie nouLamroeozo pis-
HAHHA, AJe MOMNAUBA NOA6G CMOPOHHIX
Kopernie. Tomy mepeBipka ofep:KaHUX KO-
PEHIB TiICTaHOBKOIO B MMOYAaTKOBE PiBHAH-
HA € CKJIQJ0BOI0 YaCTUHOIO PO3B’ A3YBAHHA.

IIpuxnan

log . (x+2)=2.
3a osHaueHHAM Jiorapudma OIep:KyeMO:
x+2=x% x2-x-2=0;
x;=-1, x,=2.
Ilepesipka. x=-1 — cropoHHiil KOpiHb (B OCHOBI
JorapudmMa oAep:KyeMO Bifi’€MHEe UHMCJIIO);
x=2 — xopius (log,(2+2)=2; log,4=2; 2=2).
Bidnosgidv: 2. <]

4. PiBHOCM/IbHI NepeTBOpPEeHHA sorapudmiyHMX PiBHAHb

3amiHa 3MiHHHX

OpienTup
¢ AKWO Yy piBHAHHA (HepPiBHICTb ab0O TOTOX- :
: HIiCTb) 3MiHHA BXOAUTb B OAHOMY i TOMY :
: camoMy BUMNALI, TO 3pyYHO BifANOBIAHNN :
: BMpa3 3i 3MiHHOK NO3HAYNTU OfHi€l OyK- :
. BOW (HoBO 3MiHHOI0). :

IIpuxaan
lg®x—-21gx-3=0.
Buronaemo saminy lgx=t,
Tomi t2-2t-3=0; t;=-1, t,=3.
Omsxe, lgx=-1 a6o lgx=3.
Toxi x=10""=0,1 a6o x=10%=1000.
Bidnosidv: 0,1; 1000. <
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PiBHsaHHA BUIY logaf(x)zlogag(x) (a>0 i a#1)

OpierTHUD
f(x)=g(x),
log, f(x)=log, g(x) e {f(x)>0,
g(x)>0 OfB

on3: {

ITpuraanx

log; (x2 —2)=1log;(4x—5).
x%-2>0,
" l4x-5>0.

(ypaxosyemo O3 i npupisniemo supasu,  Ha miit OII3 s3amaHe piBHAHHA pPiBHOCMJIbBHE DiBHAH-

AKi cmosmuv nid 3HAKAMU J02apUPMis).

mam x2-2=4x-5; x®-4x+3=0; x,=1, x,=3.

x=1 — cTopoHHIi KOpiHbL

(ue 3amoBoabHse ymoBu OJ[3);

x=8 — Kopiub (3amoBoabHse ymoBu OI13).
Bidnosiov: 3. <

PiBHOCHIIBHI IepeTBOPEHHS PiBHAHH B iHIIWX BUIaJKax

OpienTup

: 1. YpaxoByemo O[13 3ajaHOro PiBHAHHA :
¢ (U yHukaemo nepemeopeHs, AKi Npu3go- :
dame 9o 38yxeHHA O/]3). :

: 2. Crexkmmo 3a TuMm, Wwob Ha Of13 KoXxHe :
:  nepeTBOPEHHA MOXHa 6yno BUKOHa- :
T AIK Y NPAMOMY, TaK i y 3BOPOTHO- :
My HanpsAMKax 3i 36epexxeHHAM npa- :
BUIbHOCTi PiBHOCTI. :

Ol13: {

Ilpuknang

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

Ha miit OI13 sagane piBHAHHA PiBHOCUIbHE PDiBHAHHAM
log, (x+1)+1log, (x+3)=3; log,((x+1)(x+3))=3;
(x+1)(x+3)=2%; x%+4x-5=0; x,=1, x,=-5.

x=1 — kKopiub (3amoBosbHsie ymosu OI13);
X=-5 — CTOpOHHIil KOpiHb

(ue 3amoBoabHse ymoBu OI[3).

Bidnogiov: 1. <]

MOACHEHHA M OBI'PYHTYBAHHA

Po3B’'si3yBaHHAA HaNMpPOCTILLMX
norapupmiyHNX piBHAHb

Haiinpocmiwum n102apu@mivHum pi6HsH-
HAM 3a3BUYAN BBA)KAIOTh PiBHAHHA

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

Jlorapudpmiuna ¢yuKIiga 3pocrae (abdo
cmaja€) Ha BCifi oOjsacTi Bu3HaueHHs, TOOTO
mpu x>0 (guB. rpadixku B 1. 1 Taba. 8), i Tomy
KOJKHOT'O CBOTO 3HAYEHHA HAOYBA€E TiJIbKY IPU
OMHOMY 3HAUeHHI aprymenTa. YpaxoByoOuw,
1o Jorapudmiuna QPyHKIiA HaOyBae BCix mifi-
CHUX 3HAaUYeHb, DIBHAHHA

log,x=c 1)

3aBXKIU MA€ €EMMHUN KOPiHb, AKUNA MOKHA BU-
3HAYUTH, CKOPUCTABIINCH O3HAYEHHAM JIOTa-
pudma:
x=a‘.
SAKI0 posriisHeMO PiBHAHHA

log, f(x)=c (2)
i BUKOHaeMO 3aMiny 3MiHHOI [ (x)=t, 10 onep-
JKMMO Ha#Wnpocriine JjgorapudmiuHe piBHAH-
Ha log,t=c, AKe Mae equHUI KOpiHb ¢=a‘.
Bukonyooun o0epHeHYy 3aMiHy, OJep:Kye-

MO, IO pO3B’A3KH piBHAHHA (2) 36iraroThcsa
3 PO3B’A3KaMU PiBHAHHSA

flx)=a“. 3)
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Omxe, piBuauug (2) i (3) € piBHOCHUIbHE-
Mu. ¥ TaKuii cmocib Mu oOI'PYHTYBAJH, 1110 018
PIBHOCUJLHO20 NepemeopeHHA HAUNnpocmiulo-
20 no0zapupmivnozo pieuanus (1) abo piBHAH-
Hs (2) (AKe Mu TeK 0ymAeMo BifHOCUTH 10 Hali-
IIPOCTIIUX 3a YMOBH, IIIO0 OCHOBA @ € UMCJIOM)
docmamHbo 8ukKopucmamu 03HAYEHHS J02a-
pupma.

KopoTko 11e MOKHA 3aIUCATH TaK:

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

Haramaemo, 1mio Bci piBHOCUMJIBHI Iiepe-
TBOPEHHS PIiBHAHHS BUKOHYIOTHCA Ha HOTO
O3. Hna piuanaa (2) O[13 sagaeTbcss ymo-
Boto f(x)>0. Jlna Bcix KopeHiB piBHAHHS (3)
I yMOBa BUKOHYETHCA aBTOMATUYHO (uepes
Te, mo a>0). Tomy 0aa Hailinpocmiwux so-
ezapupmivnux pieusanv O[3 moixcHa He 3anu-
cysamu (OCKiJILKM BOHA BPaXOBYETHCS aBTO-
MaTHYHO IIPU THepexoni Bix piBHauHA (2) X0
piBHAHHA (3)).

Hanpuxnan, piBEanea logy (2x-3)=2

piBHOCHUJIbHE PiBHAHHIO 2X—3= 52, KOpPiHb
AKoro x =14 i e xopeHeM 3aJaHOT0 PiBHAHHSI.
Amnajoriuno 3amnucaHo i pos3s’A3aHHSI HAHIIPO-
crimoro piBHAHHA log, (x—1)=2 y rabu. 8.

BukopucTtaHHS piBHAHb-
HacniaKiB nig Yac po3B’sa3yBaHHA
norapn@miyHuX piBHSAHb

Y npouyeci po3s’a3yeannsa pi6HAHHA 207106-
He — He 3az2yOumu il020 KOpeHi, TOMY BasKJIUBO
CTEXKUTHU 3a TUM, I100 KOXKEeH KOPiHb IIepIIo-
ro piBHAHHA 3ajulllaBcad KOpeHeM HacTyIIHO-
ro — y IIbOMY BUIIaJIKy OJIePyKYy€MO DiBHSAH-
HA-HACTIOKHI.

Haramaemo, 1m1o KoXKHHUM KOPiHBL 3agaHO-
'O PiBHAHHS NEePETBOPIOE HOT0 HA IPABUIBHY
YUCJOBY PiBHiCTH. BUKOPUCTOBYIOUM O3HAUEH-
HA KOpPeHs DiBHAHHSA, MOYKHA OOI'DYHTYBATHU
TaKUU OpieHTUP:
AKWO 3 NpUunyweHHa hpo npasusibHicme hep-
woi pigHOCMIi 8UNIUBAE NPABUIIbLHICMb KOXHOI
HAacmynHol, Mu 00epXXyeMO DiBHAHHA-HACTIOKU
(OCKINbKN KOXKHUI KOPiHb MepLIOro pPiBHAHHA
6yne KopeHeM HaCcTYNMHOrO PiBHAHHSA).

Haragmaemo, 110 mpw BUKOPHCTAaHHI Ha-
caigKiB He BimOyBaeThCcA BTPATU KOPEHIB IIO-
YaTKOBOT'O PiBHAHHA, ajle MOKJIMBA II0SBA
CTOPOHHIX KopeHiB. Tomy nepegipka odepica-
HUX KOpeHié nidcmaHo8KOI0 8 novamKose pis-
HAHHSA € CKAA006010 YACMUHON PO36° A3Y8AHHA
npu BUKOPUCMAHHI PIBHAHb-HACLIOKIE.

IIpukian poss’a3yBaHHA Jorapudmivyso-
ro piBHAHHA 3a JONOMOTOI0 PiBHAHB-HACJIIiJ-
KiB Ta o()OpMJIEHHSA TAKOro PO3B’A3aHHA HAa-
BeZleHOo B II. 3 TadJ. 8.

PiBHOCMNbHI NnepeTBOpeHHSA
norapupmiyHNX piBHAHb

OpHUM i3 YacTO BUKOPHCTOBYBAaHUX PiB-
HOCWJIbHUX TI€PETBOPEHb PIiBHAHBL € 3aMiHa
3MiHHOI.

Haragaemo sarajbHUN OPi€HTHP, AKOTO
MM JOTPUMYBAJHUCA IIiJi yac PO3B’sI3yBaHHSA
piBHAHBL y 10 KJaci:

AKLLO [0 PiBHAHHA (HepiBHOCTi aBO TOTOMHOCTI)
3MiHHa BXOAUTb B OQHOMY 11 TOMY »K BUMNARI, TO
3PYYHO BigMOBIgHWI BMPa3 3i 3MiHHOIO MO3Ha-
YnTU OfHi€0 BYKBOI (HOBOI 3MiHHOID).

Hanpugkiaz, 1o piBHAHHA lgzx—Zlgx—3=0
3MiHHA BXOAUTH TiJIbKU Y BUTJISAAL 1gx, ToMy
IJis PO3B’sA3YBAHHS IILOTO PiBHAHHSA HOIiJIb-
HO BUKODHCTATH 3aMiHy lgx=t, omepskatu
KBaJpaTHe PiBHAHHSA t2-2t-3=0, sxe Mae
KopeHi t;=-1 i t,=3, a mOTiM BUKOHATHU
obepHeHy 3aMiHy ¥ omepsKaTu HAKIIPOCTIIri
gorapudmiuni piBHanHA lgx=-1 i lgx=3.
Toxi s3a osHaueHHAM Jorapu(Ma BU3HAUU-
MO KOpEeHi 3aJaHoro piBHAHHA: X = 10t=0,1
i x=10%=1000.

YpaxoBytouu, 1110 3aMiHa 3MiHHOI (pasom
3 00epHEHOI0 3aMiHOI0) € PiBHOCUJILHUM Iiepe-
TBOPEHHAM pPIiBHAHHSA Ha OyAb-IKili MHOMKHU-
Hi, I BUKOHAHHA 3aMiHU He 000B’sI3KOBO
sHaxoautu OJl3 samanoro piBHAHHA. A Tmic-
Js BUKOHAHHS OOePHEHOI 3aMiHM MU onep-
JKaJam HaumpocTimmi JiorapudmiuHi piBHAH-
HA, M akuXx (aK 0yao mokasano Burie) O[3
ypaxoByeThca aBToMaTuuHo. OT:Ke, y HaBe-
nenomy poaB’sasamHi O3 3amaHoro piBHAHHSA
BpaxoBaHa aBTOMATHUYHO, i Tomy O3 mok-
Ha He 3amucyBaTHu A0 poss’s3aHHsa. Came Tak
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i oopmIeHO PO3B’A3aHHS ILOTO PiBHAHHSA
B 1I. 4 TabJ. 8.

Posrisaemo Terep piBHOCUJIBHI IEPEeTBO-

peHHs TorapuMivHOTO PIBHAHHA BULY

log,f(x)=log,g(x) (a>0ia=l). (4)

Ak yxe 3azHauajocs, yci piBHOCUJIBHI 11e-

PEeTBOPEHHS PiBHAHHSA BUKOHYIOTHCSA Ha HOTO
O03. Hna piBuauua (4) O3 samaeTbca cu-

CTEeMOIO HepiBHOCTEH {

f(x)>0,

OcCKijJbpKu JI0-
g(x)>0.

rapupmiuna pysknia y=log,t spocrae (npu

a>1) a6o cnagae (mpu 0<a<1) Ha Bciit cBOiA

00JIacTi BU3HAUEHHS 1 KOMKHOI'O CBOT'O 3HAYEH-
Hs HaOyBa€ TiJIbKU IPU OJHOMY 3HAYEHHI ap-
ryMeHTa, TO PiBHiCcTbh (4) MOKe BUKOHYBaTHUCH
(ua OJI3) Tozi it Tinbku Toxi, Komu f(x)=g(x).
VYpaxosyouu OI13, omep:KyemMo, IO PiBHIH-
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 OPieHTHP KOPOTKO MOYKHA
copMmyJIroBaTHA Tak.

7 H —_—
LLlo6 po3s's3aty pisHaHHs log, f(x)=1og, g (x)
3a [OMOMOrol PIBHOCUNIbHUX MEepPeTBOPEHD,
ypaxoByemo OJ]3 uboro piBHAHHA 1 NPUPIBHIOE-
MO BUpa3sWn, AKi CTOATb Nif 3HaKamu norapudmis.

IIpuksian; BUKOPUCTAHHA ITHOTO OPi€HTH-

pa HaBegeHO B TabI. 8.

B —=—=

3ayBaxeHHa 1. Cucremy (5)—(7) moxxHA
cupocTuTHu. SIKIMO B Mil cucTeMi BUKOHY-
eTbCs piBHiCTH (), TO 3HAUEHHSA | (x) i g(x)
JIOPiBHIOIOTH OJTHE OJHOMY, TOMY KOJIU OJHE
3 IIUX 3HAUEHb OyIe TOJaTHUM, TO IPyTe TeK
oyne monatauM. OT:Ke, PiBHAHHA (4) piBHO-
CUJIbHE CUCTEMi, IKa CKJIaJac€ThCA 3 PIBHAH-
Hs (D) i oguiel 3 mepiBHOCTEMH (6) a6o (7) —
3asBUYall BUOMPAIOTH IPOCTIIITY.

log, (x2-2)=
=logs (4x-5), posriaanyTe B Ta6a. 8, piBHO-
x?-2=4x-5,
4x-5>0.
ByIOuH, 110 oome:kernHa O3 1poro piBHAHHA
x?-2>0,
4x-5>0
peBipsaau, uu 3aJ0BOJILHAIOTH 3HAWIEHI KOope-
Hi 11i 0OOMerKeHH s, HaBeJeHe CIIPOIeHH He Ta€

CYTTEBOTO BUTPAIIY IIiJl Yyac PO3B’sI3yBaHHSA
IBOTO PiBHAHHA.

Hampurkaan, piBHAHHA

CUJIbHE CUCTeMi { AJje Bpaxo-

MU He PO3B’SI3yBAJIU, a TiJAbKH Me-

3ayBarkeHHsa 2. Sk OyJo OOI'PyHTOBAHO
BUIIE, KOJIM BUKOHYEThCA PiBHiCTH (4), TO
000B’A3K0BO BUKOHYETHCA i piBHicTH (5H).
Omxe, piBHAHHA (D) € HACIIAKOM pPiBHSH-
Ha (4), i TOMy s 3HaXOIKEHHS KOPEeHiB
piBHaHHA (4) logaf(x)zlogag(x) JocrTar-
HBO 3HAUTHU KOPEHi PiBHAHHSI-HACIIAKY (5)
f(x)=g(x) i BukoHaTH mepeBipKy 3HailIeE-
HUX KOPEHiB IiJICTAHOBKOIO B 3ajJlaHe PiB-
uauaaa. (IIig vac posB’a3yBaHHA PiBHAHHA
y Taxkuii cuoci6 OJ13 piBusanHsA (4) Oyae Bpa-
XOBaHO OIIOCEPENKOBAaHO, Y MOMEHT Iiepe-
BIpKU OJlep:KaHUX KOpEeHiB, Tomy ii He no-
BeJeThCA 3aIlCYBATH.)

BukoHyooun piBHOCUJIBHI mMepeTBOPEHHS
JdorapuMiYHUX PiBHAHB y OiJbII CKJIATHUX
BUMAKaX, MOKHA JOTPUMYBATUCA OPi€HTHU-
pa, axuii 6yJsio oGrpyHTOBaHO B § 3 miagpyuHuU-
Ka mias 10 kiaacy:

1. YpaxoByemo O[13 3aaaHOro piBHAHHA.

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

Hanpuraan, po3s’ss:xeMo piBHAHHA
log,(x+1)=8-1log,(x+3) (8)
3a JOIIOMOTOI0 PiBHOCUJILHUX II€PETBOPEHb.
s mporo mocraTubo Bpaxysatu O3 sa-
x+1>0,
x+3>0,
HYIOUH KOYKHe IIeDeTBOPeHHs DiBHAHHSA, CTe-
JKUTU 3a TUM, 9yu MoKkHa Ha Oll3 BuKoOHaTHU

JTAHOTO PiBHAHHS { a II0TiM, BHUKO-
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Ie IIEPETBOPEHHA U ¥ 3BOPOTHOMY HAIIPAMKY.
Kosnu BigmoBigs cTBepaHa, TO BUKOHAHI Ie-
PEeTBOPEHHA PiBHOCUJIBbHI. SIKIMO K AKeCHh Ie-
PeTBOPEeHHS s BCixX 3HaueHb 3MinHOI 3 O3
MOJKHA BUKOHATH TiJIbKHU B OMHOMY HAIPAMKY
(Big mOUYaTKOBOTO PiBHAHHS O HACTYITHOTO),
a 1151 10T0 BUKOHAHHSA Y 3BOPOTHOMY HAIIPAM-
Ky IOTPiOHI gKich JOZATKOBI 00Me:KeHHS, TO
MU OIEeP:KHMO TiJIbKN pPiBHAHHA-HACJIIIOK,
i oTpumMaHi KOpeHi moBeneThCs MepeBipATU
MiICTaHOBKOIO B 3a/laHe PiBHAHHS.

3acTocyeMo 3a3HaYeHUI OPi€HTUP IO PO3-
B’si3yBaHHA piBHAHHI (8).

11106 3BecTu 1ie PiBHAHHS M0 HAWUIIPOCTi-
II0T0, IIepeHeceMO BCi WeHW PiBHAHHS, AKi
MicTATH Jiorapudmu, y HOro JiiBy 4acTUHY.
Omep:KMMO piBHOCUJIbHE PiBHAHHS

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

(PiBHOCcubHiCcTh, piBHAHBL (8) i (9) BuU-
IJIMBAE 3 BiIOMOI TeopeMu: AKIIO 3 OOHiel ya-
CTUHU PiBHAHHSA IIEPEHECTU B iHIY JOTaHKU
3 TIPOTUJIEKHUM 3HAKOM, TO OAEPXKMMO PiB-
HAHHS, PiBHOCUJIbHE 3aJaHOMY Ha OyAb-aKil
MHOMKWHI.

PiBHOCUABHiICT, IMX PiBHAHb BUILIU-
Ba€ TAKOK i3 TOro, IO MU MOKEMO IIepeiTu
He TinbKu Bix piBHOCTi (8) mo piBmocti (9),
a I BUKOHATU 3BOPOTHE MEPETBOPEHHS, KO-
PHUCTYIOUHUCH BJACTUBOCTAMM UYWCJIOBUX PiB-
HOCTeIi.)

VYpaxoBywuu, 1Mo cyma Jiorapudmip mo-
nataux (Ha OI13) uncesn nopiBHIOE JoTrapudMy
IOOYTKY, OEPyKYyEMO PIBHAHHA

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

Ha OJI3 zamaHOTO DPiBHAHHSA MOXKHA BU-
KOHATW i 3BOPOTHE NEPETBOPEHHSA: OCKiJIb-
Ku x+1>0 i x+3>0, To Jorapudm K0OYTKY
IOOATHUX YMCEJ AOPiBHIOE cyMi JorapmdMis
MHOKHUKiIB. OTike, Bim piBmocti (10) mosxk-
Ha TOBepHyTUCSA A0 piBHOCTI (9), TOOGTO 1€l
mepexisi TeX NPUBOAUTH MO0 PiBHOCHJILHO-
ro piBHaHHA. PiBHauna (10) — me mHanmpo-
crime JgorapudMmiuHe piBHAHHA. BoHO piB-
HOCUJbHE DPIBHAHHIO, AKe OTPUMYEMO 3a

osHauenHaMm Jorapudma: (x+1)(x+3)= 23,
BukoHyo0uM piBHOCUIBHI IEPETBOPEHHS OJIED-
JKaHOTO PIiBHAHHA, x2+4x-5= 0;
x; =1, x5=-5.

OcKinbKY Bei piBHOCUJIBHI ITIepeTBOPEHHA
BukonyBaauca Ha O[3 3agaHoro piBHAHHI,
ypaxyewmo ii, mifcraBasaouyn ogepsKaHi KopeHi
B oomerxkenna Ol13:

MaeEMo:

x=1 — KOpiHb, OCKIIBKU 3aJ0BOJIbHSIE
ymoBu OJ13;

X =-5 He € KOpeHeM (CTOPOHHIN KOPiHb),
TOMY IIIO He 3a40BoJbHsIe ymoBu O13.

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

———
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3ayBaKeHHsA. 3BUUANHO, PO3TJIAHYTE PiBHAHHA MOKHA O0yJ0 pOo3B’A3aTu
3 BUKOPUCTAHHAM PiBHAHb-HACHIIKiB, 6e3 ABHOTO BpaxyBauua OJ13, ame
3 IIEPEBiPKOI0 OfepKaHMX PO3B’sA3KiB IifCTAHOBKOIO B IIOUYATKOBE PiB-
HaHHA. ToO0ToO MOKHA CaMOCTiHHO OOMpaTH IJIAX PO3B’sI3yBaHHA PiB-
HAHHS: a00 e 0y/Je BUKOPUCTAHHSA PiBHAHL-HACIiAKiB, a00 piBHOCHIbHI
TIepeTBOPEeHHA 3aJaHOTO PiBHAHHA. AJje Iid 6araTh0X PiBHAHB IepeBip-
Ky Ooflep;KaHuX KOPEHiB BUKOHATHU JOCUTH HEIIPOCTO, a JJis HepiBHOCTeN
B3araji He MOKHA KOpHCTyBaTucsA Haciaigkamu. Ile moB’sa3aHO 3 THM,
[0 He BAAETHCSA IIEPEBIPUTH BCI0O MHOMKMHY PO3B’A3KiB HepiBHOCTEI,
OCKiJIbKU BOHA, AK IPABUJIO, HecKiHueHHa. OTiKe, OJIs HEepiBHOCTEH mO-
BOAMUTHCS BUKOHYBATHU TiJIbKM PiBHOCUJIBbHI HepeTBOPeHHA (AJA IIHOTO
MOJKHa BUKOPHUCTOBYBATHW OPi€EHTWPU, MOBHICTIO aHAJIOTIUHI HABEIEHUM

BUIIIE).
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NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

ﬂpuKAaa 1 Po3B’axKiTh piBHAHHSA
1g(x—2)—%1g(3x—6)=1g2. 1)
Posp’sa3anna KomenTap

21g(x—2)—lg(3x—6)= 21g2; (2) PosB’sa:kemMo 3amaHe PiBHAHHA 3a JOIOMOIOI0 HACJITiT-
kiB. Haramaemo, mio nid vac eukopucmaHHs HACAi0-

1g(x—2)2—1g(3x—6)=1g22; (3) ' Ki6 z0n06He — zapanmyeamu, wo y 6unadky, Koau

5 nepwa pieHicmb 0yde npasuabHOl0, Yci HAcCMYnHi

g (x-2) —lg4; ) medxc 0yoymv nNPABUILHUMU.

3x—6 ’ IIT06 mo36yTuca gpo6oBoro kKoedinieHTa, MOMHOKIMO

9 o6uBi yactuHu piBHAHHA (1) Ha 2 (aKuio piBHicTs (1)

(x-2) —4.: (5) IpaBUJIbHA, TO ¥ PiBHiCTH (2) TeXX mpaBmIbHA). SIKIITO

3x-6 piBHOcTi (1) abo (2) mpaBuaBHI (IpU THUX 3SHAUEH-

2 HAX X, 1[0 € KOPEeHAMU IUX PiBHAHB), TO IIPU TaKUX
(x-2)"=4(8x-6); (6) | spauenmax x icHylOTH yci 3anucai jorapudmu, Toxi
x2-16x+28=0; (7) | BUpasu x—2 i 3x—-6 momarui. Ane myiA HOZATHUX d,

x,=2, x,=14. b, ¢ moxxkHa cropucraruca gopmynamu 2lga=1g a?,
1gb—1gc=1g£, oTke, piBuocTi (3) i (4) Tex OymyTh

Ilepesipka. x=2 — CTOPOHHi# KOpiHB c

(miz sEaxom morapudma orpumyemo 0), IpaBUIBHUMH. YpaxoBylouw, Imo (yHKmia y=1gt
x=14 — KOpiHb, OCKIJIBPKU MAaeMo: 3pocTarmua, TOOTO KOKHOTO CBOTO 3HAUEHHS Ha6yBa€
1 TiTBKU IPU OJHOMY 3HAUYeHHI apryMeHTa, 3 PiBHOCTI

lg (14—2)—Elg(3~14—6)= 1g2; snorapudwmis (4) ogep:KyeMo piBHICTH BifmOBiAHUX ap-

rymeHTiB (D).
lg12—l1g36=1g2; 1g12—1g\/£=1g2; Axmro PiBHiCTb (5) III‘)aBI'/IJIBHa, TO 3HAMEHHUK {:.[“p06y
2 He JOPiBHIOE HYJIIO, i micjod MHOMKeHHA 060x ii ua-
9 crue Ha 3x—6#0 omep:KyeMOo IIpaBUIBHY PiB-
lg? =1g2; 1g2=1g2. HicTb (6) (oTke, i npaBuabHy piBHiCTS (7)). OCKinbKM
MU KOPUCTYBaJUCA PiBHAHHAMU-HACIiTKaMu, He00-
XiTHO BUKOHATU IIePeBipKy 3HalileHUX KOPEeHiB.

Bionosiov: 14. <]
ITpuKAaB 2 Po3B’sa:xkiTh piBHAHHS
log, (x—5)* —2=2log, (2x). (1)

Po3B’a3anHA Komenrap

2 Posp’sikemMo 3amaHe PiBHAHHS 3a JOIIOMOTOIO PiBHO-
(x - 5) > O . )X # 51
on3: > Tonmi >0 CUJIBHUX IIepeTBOpeHb. Haragaemo, 1o Ajs 1b0ro I0-
2x>0. : craTHbO ypaxysamu O3 3a0aH0z0 pi6HAHHA i cme-
Ha mi#t O[I3 3ajane piBHAHHA PiBHOCUJIBL- | xcumu 3a mum, w06 Ha O[3 KoxcHe nepemeopeHHs

He PiBHAHHAM MONHCHA OYJS0 BUKOHAMU SAK Y NPAMOMY, MAK i Y 380-
9 . .
log, (x—5) ~log, 22 _ 2log, (2x); p?mnomy Hanpamkax 3i 30eperceHHIM npasuibHOCmi
9 pisnocmi.
log (x-5) ~log (2x)2' 2) BayBaskumo, 1o Ha OJI3 Bupaz x—5 Moke OyTU AK
2 22 2 ’ JoJaTHUM, TakK i Big’eMHMM, i TOMy MK HE MAaeMO
2
(x—5)2 9 IIpaBa 3aCTOCOBYBAaTH [0 BHpasy log, (x—5)" popmy-
Q0 = (2x ) > 3) 2
2 ay log, (x-5)"= 2log, (x—5) (ue mpuBene mo 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

VYpaxosyroun OIl3, omep:kyeMo, MI0 3HAa-
venna x=1 Bxoxute gmo O3, orxe,

5
€ KOpeHeM; 3HAUYeHHA X = _E HEe BXOOUTH

mo OJI3, ot:ke, He € KopeHeM 3aJaHOTO
pPiBHAHHA.
Bidnosiov: 1. <

Mpukaad 3*

Pozs’azanuga

x>0,

ona: {1}

HA piBHOCUJIbHE DiBHAHHIO

Ha O]lI3 samame piBHAH-

10g4x+6;=5.
log, x

Buxonaemo saminy log,x=t.

6
Opmep:KuMoO: t+—=>5; (1)
t
t2-5t+6=0; (2)
t, =2, ty=3.
BurkonaBmiz obepHeHy 3aMiHy, oOTpu-
MaeMo:

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

x=42=16 a6o x=4>=64
(obumBa KopeHi BxomaTs mo OI13).
Bidnosiov: 16; 64. <

Mpukaad 4*

Po3sB’azanna

on3: x>0.

Ha OII3 samane piBHAHHA PiBHO-
CUJbHE PiBHAHHAM

KOpeHsd). 3aCTOCYBaBIIIN y3araJbHEHY ()OPMYJIy JoTa-
pudmMyBaHHA, ONEPIKUMO PiBHAHHA, IO MICTUTHL MO-
nyab. ToMy BUKOPHCTAEMO iHINMHWE cmoci® mepeTBo-

peHb, ypaxyBasmu, o 2=log, 22, Ockimbku Ha
OII3 yci Bupasu, MmI0 CTOATH IIiJ 3HAKaAMu Jorapud-
MiB, momaTHi, TO Bci mepeTBOpeHHs Bij piBHAHHSA (1)
no piBHaHHA (2) OyayTh piBHOCHMJILHUMU. BUKOHYBAa-
TU PiBHOCHWJIbHI IIepeTBOpPEeHHA PiBHAHHA (2) MOMKHA
3 BUKOPHUCTAHHAM OpPi€HTHPA, HaBEeJeHOro Ha c. 58.
Takox piBHOCUJIBbHiICTE PiBHAHB (2) i (3) Moxke OyTH;
o0r'pyHTOBaHA uepe3 3pocTaHHA (yHKIII y=log,t,
AKa KOYKHOTO CBOTO 3HAUeHHs HaOyBa€ TiJMbKH TIpU
OMHOMY 3HAUEHHi apryMeHTa.

Posp’soxiTe piBHAHHA log, x+6log,4=>5.

Komenrap

BukornaeMo piBHOCUJILHI IIepeTBOPEHHS 3aJaHOT'O PiB-
HaHHA. [aa mporo smanmemo ioro O3 (x>0,
x#1). OckinbKu 10 PIBHSAHHA BXOAATH Jorapudmu
3 piBHMMMN OCHOBaMU, 3BeJeMO iX OO0 OJHi€el OCHOBU
(basxaHO UMCIOBOI, iHAKIIIE MOKHA 3aryOUTH KOpeHi
PiBHAHHA), y JaHOMY BUIIAAKY A0 OocHOBU 4, 3a dop-
1

log,a '

ITicna 3Bemenusa jJorapudMiB A0 OAHi€el OCHOBM IIOMi-
YaeMo, II0 B OTPUMAaHOMY PiBHSHHI BUpasoM 3i 3MiH-

mynoo log, b=

HOIO € Tinbku Bupas log, x, mpucyrHi# kimbka pasis.
Buxonaemo saminy log, x =t. OckinbKku 3a 0OMerKeH-

mavmu O3 x#1, to t#0. Toxi oxeps:xane npoGose
piBuarHA (1) piBHOCMJIBHE KBaJIpaTHOMY pPiBHSH-
Hio (2).

OckinbKku 3aMina Ii o0epHeHa 3aMiHa 3MIHHHX € pPiB-
HOCWJIbHUMHU neperBopeHHAMEU Ha O3, To musa oxep-
JKAHMX PO3B’sI3KiB [JOCTATHBO IIEPEeBipUTH, UM BXO-
natb BoHu no OJ13.

Po3B’sa:kiTh piBHAHHSA

x'8*¥2=1000.

Komenrap

(1)

Bukonaemo piBHOCHUJIBHI IIEpPEeTBOPEHHS 3aJaHOTO PiBHAHHS.
Hnsa mporo sHamgemo itoro O3 i BUKoOpHUCTAEMO Opi€eHTHUD:
AKWO 3MiHHA 8X00Uumb i 00 0CHO8U, i 00 NOKA3HUKA CMeneHs,

mo 0ns po36’A3Y6AHH MAK020 PIBHAHHS MONMCHA cnpobysa-

1g(x'872) =1g1000, (2)
(lgx-2)lgx=3. (3)

mu npoJozapupmysamu o6udsi yacmuHu piHAHHA (3BUUAI-
HO, TiJIbKW SAKIIO BOHU AoxarTHi). Ilo 3amucy piBHAHHS BiKe
BXOAUTH JECATKOBUII Jjorapudm, TOMY IMIPOJOTapudPMyeMo
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Buxonaemo saminy lgx=t.
OmepsxuMo:

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

BukonaBmiu o6epHEHy 3aMiHY,
OTPHMAa€EMO:

lgx=-1 a6o lgx=3.
3Bigcu

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

06mBi yactuau 3a ocHOBOIO 10 (ma O/l3 ob6maBi yacTuHU 3a-
MTaHOTO PiBHAHHA JOMATHi).

Ockinbku QyHKIiS y=I1gf spocratoua, TO KOMHOTO CBOTO
3HAUYEeHHA BOHA HaOyBae TiJILKU IPU OZHOMY 3HAUYEHHi apry-
meHTa. Toxi AKRIIO BUKOHYeThCA PiBHICTH (1), TO BUKOHYETH-
cA ¥ piBHicTs (2), 1 HaBmaKMW: AKIIO BUKOHYETHCA PiB-
HicTh (2), TOo BuKOHyeThbcA # piBHicTs (1). OT)Ke, pPiBHAH-
Ha (1) i (2) piBuocunbui Ha ON3. IIpu x>0 3sacrocyBaHHA

dopmynu lgx®*=olgx e pPiBHOCHIBLHUM IIE€pPeTBOPEHHAM,
oT:Ke, piBHAHHA (2) i (3) Te:X pPiBHOCHUJIBHI.

OOrpyHTYBaHHS PIiBHOCUJIBHOCTI MOAAJBINNX I[IE€PETBOPEHD
MOBHiCTIO 30iraeThbcA 3 aHAJOTIUYHMM OOI'PYHTYBAHHAM y II0O-
nepegHbOMY MPUKJIALI.

ﬂPuK/\aa s Posp’axires piBHAHHA log, (3x - 8) =2-x.

Posp’sa3anua Komenrtap
3% _g_g27. 1) AKIo posriiAHyTU 3aJaHe PiBHAHHA AK Hai-
9 ’ npocrinte JsorapudMiuHe, TO MOKHaA CTBEpP-
3% —8=3—. JUKyBaTH, IO 3a O3HAUEHHAM Jiorapudma

x

3 BOHO piBHOCHJIbHEe piBHAHHIO 3°—8=3%7.
Buronaemo saminy 3% =t. fAx y:xe Oyso 3asHaueHo pamimre, O3 3a-
OnepRuMo: t—8= 2 (2) | mamoro piBaarEa 3% —8>0 gua Bcix Kope-
t HiB piBHAHHA (1) ypaxoByeThCA aBTOMATHY-
t2-8t-9=0; (3) | HO, OCKiJbKHU 32% >0 samman. Mani pos-
t,=9, t,=-1 B’si3yeMo piBHaHHA (1) 3a cxeMoio, HaBeme-

BukonaBmu 006epHEHY 3aMiHy, OTPUMAa€EMO:

HOIO B TabJi. 4 11 MOKA3HUKOBUX PiBHAHB.
Ockinprku t=3">0, to t#0, i Tomy piB-

X __ . _ X __ :
3" =9, Toxni x=2, abo 3" =-1 — KOpeHIB HeMAE. ' ygypg (2) piBHOCUILHe PiBHAHHIO (3).

Bidnosidv: 2. <

npuK/\aa [} Po3B’sikiTh cucTeMy pPiBHAHB

Po3sB’azanna

log, (xy) =2,
logs(y—x)=1.

3a o3HaUeHHAM Jorapudma Maemo:

xy=22,
y—x=3.

log, x+log,y=2,
logs(y—x)=1.

Komenrap

A i nmorapupmiuni piBHAHHSA, CHUCTEMHU JIoTra-
pudMivHEX PiBHAHL MOXKHA PO3B’A3yBaTU i 3a
JOIIOMOT0I0 cucmeMm-Hacaioki6 (KoXHUlL po36’s-
30K nepwoi cucmemu € po3s’a3xom Opyezoi), i 3a
JIOIIOMOTOI0 Pi6HOCUJbHUX NEePemeopeHsv Cu-
cmem (yci po36’A3KU KOHNCHOL 3 HUX € p036°A3Ka-

I3 gpyroro piBHAHHSA OCTAHHLOI cHCTeMH ojep- | MU iHwot ).
. . o 3 ’ -
JKyeMo y=x+3 i mimcraBiasiemo itoro B mepiie Kpim Toro, misa posp’a3yBaHHA CHCTeM JIOTa

PiBHAHHA:

pudMiuHUX PiBHAHL MOKHA BUKOPHUCTOBYBAaTHU

. . . R .
x(x+3)=4: x2+3x—4=0; Ti cami MeTomm, IO W A PO3B’sI3yBaHHA iH

x;=1, xy=-4.
Toxmi y; =4, y,=-1.

X BUAIB cucTeM (MeTon ajaredbpaiuHoro moza-
BaHH#A, IiCTAHOBKA JeAKOT0 BUPA3y 3 OJHOTO
piBHAHHA B iHII, 3aMiHa 3MiHHUX).
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ITepesipka.
logs(4-1)=1; 1=1, 7%
{x =1, " . .
y=4 — pO3B’A30K 3aJaHOI CUCTEeMU DiBHAHB;

— CTOPOHHIi# pO3B’A30K (OCKiIBKU

x=-4,
y=-1
Bix’emui ymcia).
Bidnogiov: (1; 4) . <

oig 3HAKOM JiorapudMa OIep:KyeMO

Hanpurian, poss’sa:KeMo 3aJaHy CHCTEMY 3a
JIOIIOMOT0I0 cucTeM-HacaiakiB. asa mporo mo-
CTaTHBO TapaHTyBAaTH, IO Y BUMAAKY, KOJIU 3a-
JaHa cucTeMa CKJAJa€ThbCSa 3 IPABUJIBHUX PiB-
HOCTeH, KOKHA HAaCTyIHA CUCTeMa TaKoK Oyme
MicTuTH npaBUJbHI piBHOCTI. g cucreM pis-
HAHb, AK 1 JJd DIBHAHDb, NPU 6UKOPUCMAHHI
cucmem-HacaiOKki8 0008’ 13K080 HE0OXiI0OHO 8UKO-
Hamu nepesipky 00epHaHux po3e’s3kie nio-
CMAHOBKOI0 8 NOYLAMKO8Y cucmemy.

N

3ayBarkeHHA. 3amaHy CUCTeMy PiBHSHBb MOKHA OyJo po3B’sa3yBaTu i 3a
JOIIOMOI'0OI0 PiBHOCHJIBHUX II€epPeTBOPeHb cucTeM. Toai mosesocsa 6 ypa-
xyBatu O3 samanoi cucteMu PiBHAHB, CKJIABIIN CHUCTEMY HepiBHOCTEN

x>0,
y>0,
y—x>0,

CTEeKUTU 3a piBHOCI/I.TIBHiCTIO BUKOHaAHUX II€PETBOPEHDb (y Ha-

IIIOMY BUIIAAKY BCi 3ammcaHi mepeTBopeHHs € piBHocuabHUMU Ha O[3),
a B KiHIli mepeBipsaTH, UM 3aJ0BOJBHAIOTL OAeP:KaHi PO3B’A3KU YMOBU

O13 (mtapa uucen {x

=1
> dagoBosbHusae ymoBu OI13, a mapa uuces

x=-4,
y=-1

He 3agoBosbHsAE yMoBu O/13).

Mpukaad 7

Po3B’a3zanna

x>0,
x#1,
y>0,
y=1.

O13:

Toxi 3 mepioro piBHAHHSA MaeMoO:
1
—+log, y=2.
log, y

Bukonaemo saminy t=log, y.
1

Opmepskumo: —+1t=2; t2—2t+1=0; t=1.
t

BukonaBmiu obepHeHy 3aMiHy, OTPUMAa€EMO:
log,y=1, To6TO0 Y=1x.

Toni 3 Apyroro piBHAHHA CUCTEMHU MAEMO:

xz—x—20=0; x;=—4 (He BXOZUTH JO

013), x,=>5 (Bxomurs go OI3).

OT:Ke, PO3B’A30K 3aJaHOI CUCTEMMU: {xfg’

Bidnosiov: (5; 5). < y=9-

Posp’sKiTh cucTeMy pPiBHAHB

log, x+log, y=2,
x% —y=20.
Komenrap

Posp’sikeMo 3afaHy CHCTEMY 3a DOIIOMOTOIO PiBHO-

CUJIbHUX IIePeTBOPeHb. [[JId IIbOro JOCTAaTHLO ypaxy-

Baru i1 O[I3 i rapanTyBaTu, 1110 Ha KOYKHOMY KpPOIIi

0yJI0 BMKOHAHO caMe pPiBHOCHJIbHI II€PETBOPEHHS

piBHAHHA abo Bciei cucremu. Y mepriomy piBHAHHI

cucTeMmu BcCi Jiorapu(pmm 3BegeMO A0 OAHiel OCHO-
1

log, y ’
Oon3 y#1, omxe, log,y#0. Toxi micna saminm

Bu x (ma ONI3 x>0, x#1): log, x= Ha

t=log,y maemo t#0, i Tomy nmepexin y poss’asanHi
Bi Apo6GoOBOTO PiBHAHHS [0 KBaJApPaTHOTO € PiBHO-
CUJIbHUM.

Ockinpkm 3amiHa (pasoM 3 00EpHEHOIO 3aMiHOI0)
€ PiBHOCHJIBHUM IIEPETBOPEHHAM, TO, 3aMiHIOIOUHN
mepiie PiBHAHHA CHUCTEMM DPiBHOCWMJIBHUM oMy (Ha
O/13) piBHAHHAM Y =X, OlePKYEMO CUCTEMY, PiBHO-
cuibHY 3amaHin (Ha ii 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.

6.1.7%

6.1.8.

IToscHiTh, Ha HpUKJIAZaX, AK MOKHA PO3B’A3yBaTU HANUIIPOCTIIIi JIo-
rapu@MiuHi piBHAHHA, KOPUCTYIOUYNCH O3HAYEHHAM Jorapudma.
OOr'pyHTYy#iTE CUpaBeJINBiCTh PiBHOCUJILHOTO IEPEXONY
log,f(x)=ce f(x)=a® (a>0, a#1).

ITosicHiTh, AK MO:KHA pO3B’A3aTU PiBHAHHA logy (x—2)=10g5 (xz —2):
a) 3a JOIIOMOTOIO0 PiBHAHBL-HACJIIIKiB;

0)* 3a TOIIOMOTOI0 PiBHOCUJIBHUX THE€PETBOPEHbB.

IlosicHiT, Ha nNpHKJIAAI BUKOPMCTAHHSA 3aMiHM BMIiHHMX IIiJi 4ac
posB’A3yBaHHA JOrapu(PMiUYHUX PIiBHAHBL. Y SKUX BUOAAKAX OILIb-
HO BHKOPHMCTOBYBATH 3aMiHy 3MiHHUX?

Y saBmanHax 6.1.1-6.1.5 posB’AXKiTh PiBHAHHA.

1) logyx=4; 3) log4x=%;

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

1°) logs (2x—1)=2; 3) log, (x2+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,(3x-4)=1;

2°) logz(x+1)+logs(x+3)=1; 4) %mg5 (x—4)+%10g5 (2x-1)=log;3.

1°) 10g§x—4log3x+3=0; 3) log§x+log3x2=8;
1 1 3 9
2° + =1; 4) lg°x“=8lgx.
) 3-lgx 1+l1gx ) lg g

1) log,(10-2%)=x+2;
2) 1g2+1g(4*2+9)=1+1g(272 +1);
3) log, (6+77%)=1+x;
4) log,2(4-3°-6)-log, (9 —6)=1.
Posp’szkiTh rpadiuno 3amaHe piBHAHHSA i mepeBipTe micTaHOBKOIO,
10 3HalgeHe 3HAUEHHS X MifiICHO € KOpeHeM PiBHAHHM:
1) logyx=3-x; 3) log, x=x-1;
3

2) log3x=loglx; 4) lgx=11-x.

2
HoBemiTs, 1110 PiBHAHHSA, HaBeleHi B 3aBmauHi 6.1.6, He mMamThL iH-
mUX KOPEHiB, KpiM 3HaWgeHUX TrpadivHo.

Po3B’sikiTh cucTeMy pPiBHAHB:

1) {lg(xy)=3, 3) {log2x+log2y=2,

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

xy=16.
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6.1.9. 1) logix—3log;x+2=0; 3) 15-1gx=2/lgx ;
1g%(10
2) log, x(5—2log, x)=3; g 2£00)
5-lgx
9 9 1 2 5
6.1.10. 1) 1g%(100x)+1g*(10x)=14+1g—; 3) + =2;
x log,x log,x+3
1 2
2) log2(8x)+log, x =3183%; + =1.
) log(3x)+log, 5-log; x 1+log, x
B B
6.1.11. 1) logslog,(x—4)=0; 3) 10g4log3log2x=%;
2) log,logyx=1; 4) log4log3log2(x2—1)=0.
6.1.12. 1) 2log, x+5log, 4=11; 3) log,x+log,2=2,5;
2) 1+2log,,,5=log;(x+2); 4) logx2—10g4x+%=0.
6.1.13. 1) log0,5(2x—1)=x—1; 3) x+10g2(2x—31)=5;
2) log, (6+77)=1-x; 4) log, (8> ~8%-63)=x.
6.1.14. 1) log,(2* +8)+log,(5-2%)=4;
2) log,(4-3°~6)-log, (9" -6)=1;
3) log, (3" —2)+log, (3" - 4)-log,(4-3" -1)=0;
4) log, (977 +7)=2+log, (3* +1).
6.1.15. 1) logyx+logsx=1;
2) log3x_52=logx_1\/§;
2 .
3) log3(—x —8x—14)-10gx2+4x+49=1,
4) 2log,, 3=1og?3.
6.1.16. 1) log4(log2§]=—log4(log4x);
2) log3xloggxlogmxlogglx:;;
3) (2x” ~5x+2)(logy, (18x)+1)=0;
4) (x2_7x+6)[1ogx(ix2)+2J=o.
=9
6.1.17. 1) |1g|x||=1g(—x); 2) |2+log, x|+3=|1+log;x|.
5
6.1.18. 1) 3logisinx+log,(1-cos2x)=2;

Y saBmamHax 6.1.9-6.1.18 pos3B’sKiTh PiBHAHHA.

2) log, (\/gcosx) =log, (1+ sinx).
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6.2. Po3B’'a3yBaHHA norapudmiyHNX HepiBHOCTEN

Ta6aumnsa 9
1. Fpadik dyHKUiT y=log,x (¢>0; a=1)
a>1 O<a<l1
y Y
0/1 x
0 lv

3pocTae crIagae

2. PiBHOCM/IbHI NepeTBOpPeHHA HAMNpPOCTiWMX norapugpMmiyHMX HepiBHOCTEM

a>1 O<ax<l
log, f(x)>log, g(x) = log, f(x)>log, g(x) &
f(x)>g(x), flx)<g(x),
S0, e {FmP O =0, e {fSE
g(x)>0 g ' g(x)>0 :
3HaK HepieHOCMI He 3MIHIOEMbCA, 3HaK HepieHOCMI 3MIHIOEMbCA,
i epaxosyemuvca OJ]3. i epaxosyemuvca OI]3.
ITpuxknaamu
log,(x-5)>3. log, (x-5)>3.

2

0n3: x—5>0, TodTo x>5.
Oo3: x—5>0, To6ro x>5.
log, (x —5)>log, 2°.

3
1
®yurnia y=Ilog,t € 3pocraio- logl (x-5)> logl (E) '

Y010, OTKE, 2 2
DyHKITIA y=10g1 t € cmagHoOIO, OTIKe,
x-5>2%; x>13. 5
3
Vpaxosyroun O/13, maemo x>13. x_5<(l) ; x<5l.
8

Bionosiov: (13; + 00). < 1
VYpaxosyioun OJI3, maemo H<x<bH—.

Bionosiov: (5; 5%) . <

3. Po3B’A3yBaHHA 6iNbll CKNagHMX orapudMidyHUMX HepiBHoOCTeM

OpienTup IIpukman
E ....................................... E 1g2(10x)_1gx>3.
ol 3a [OMNOMOro  PiBHOCWIIbHUX Ol13: x>0. Ha uiit O/I3 3amana HepiBHICTbL PiBHOCHUIbHA
nepeTBOpeHb 3afjaHa HepiB- :  HepiBHOCTAM
HICTb 3BOAUTBLCA A0 HEPIBHOCTI : (1g10+1gx)2 _lgx>3;

Bigomoro suay.

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

(1+1gx)* -1gx>3.



§ 6. PO3B'13yBaHHA NOrapU@MIYHUX PIBHAHb Ta HEPIBHOCTEWN

Cxema
PIBHOCUNLHUX NepemeopeHb
HepieHOCMI

. ¥paxosyemo OJ/I3 samamoi me-

piBHOCTi (i YHMKaeMO IIePeTBO-
peHb, AKi IPUBOAATHL [0 3BY-
skeraua OJ13).

. Crexxumo 3a Tum, 1106 Ha O3

KOJKHE IIePEeTBOPEHHS MOMKHA
0yJI0 BUKOHATU fK Yy IIPSIMOMY,
Tak i y 3BBOPOTHOMY HAIPSIMKAX
3i 30epeskeHHAM NPaBUJIBHOCTI
HepiBHOCTI.

: Il. 3acTocoByemo meTop  iHTep- :

BasiB (3afjaHa HepiBHICTb 3BO- :
ANTbCA [0 HepiBHOCTI BuUAay :
f(x)20)

Cxema memody inmepseanié

. 3uaiitu O/I3 HepiBHOCTI.

. Buaiitn mHyxi Qyuruii f(x).
. IlToznauuTu HyIi

dbyurnii Ha
O/13 i sHaiiTH 3HAK f(x) Y KO-
HOMY 3 HmpoMixKiB, Ha aki 013
PO30MBAETHCA HYJIIMHU.

. 3ammucaTtu BigIOBimb, ypaxoBy-

I0YM 3HAK HEPiBHOCTI.

Buronaemo saminy lgx=t.

- 2
Onepskumo Hepiericts (1+¢)° —t>3, To6TO t2+t-2>0 ,
MHOKMHA PO3B A3KiB AKol t<—2 a6o t>1 (auB. PUCYHOK).

+\ /+
-2 1

t

BukonaBmu obepHeHY 3aMiHy, OTPUMAEMO:

lgx<-2 abGo lgx>1.
Toxmi lgx<1gl1072 ado lgx>1g10.
Ypaxosyioun, mo QyHKIis y=1gx € 3pocTamouoio, oqeprKy-
emo: x<1072 ago x>10.
Ilicna Bpaxysamua O3 maemo: 0<x<0,01 a6o x=>10.
Bidnosids: (0;0,01]U[10;+c0). <

log, (2x+3)<2.
PosB’sa:xemo HepiBHiCTH MeTomoM iHTepBasiB. BoHa piBHO-
cuJibHa HEePiBHOCTI

log, (2x+38)-2<0.
Iosuauumo f(x)= log, (2x+3)-2.

2x+3>0, 50
1. O713: {x>0, T06TO {x ’
x=1.

x#1,

2. Hyni gyuxnii: f(x)=0; log,, (2x+3)-2=0; log, (2x+3)=2.
Ha OJ13 1e piBHAHHS PiBHOCUJIbHE PiBHAHHIO 2X+ 3= x2
(ake ogepskyeMo 3a o3HaueHHAM Jorapudwma). Toxi
x?-2x-3=0; x,=-1, x,=3.

Ilo O3 BxoAWUTH TimbKKM X =3, omke, f(x) Mae exuumit
HYJb X =3.
3. Ilosnauvaemo myai pyskiii va O3, sHaxoAUMO 3HAK f(x)

Y KOYKHOMY 3 IIPOMiKKiB, Ha aAKi posbuBaerhesa OJ13 (gus.
PHCYHOK), i 3alMcyeMO MHOKKMHY PO3B’A3KiB HepiBHOCTI

f(x)<O.

0 1 3 x
Bidnogiov: (O; 1)U(3;+00). <

MOACHEHHA M OBI'PYHTYBAHHA

Po3B’'si3yBaHHS HaMNpPOCTILLUNX
norapn@dmiyHuUX HepiBHOCTEN

Hatinpocmiwumu J102apupMivHUMU He-
pisHocmamu 3a3BUUAl BBAXKAIOTh HEPiBHOCTI

BULOY

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

s posB’sdyBaHHSA TaKoi HepPiBHOCTL
MOJKHA BUKOPUCTATH PiBHOCUJIBbHI II€pPeTBO-
peHH4.

PosB’sa3yroun HepiBHICTh Y TaKuii cIocio,

f(x)>0,

g(x)>0
TISHYTHA JBa BANAJKH — OCHOBAa Jorapudma

HeoOximHo BpaxyBartu ii OJ13: { i pos-
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6inbira 3a 1 a6o ocHoBa MeH1I1a Bij 1 (aJste 6iab-
mia 3a 0).

I. fAxmo a>1, gorapudpmiuna QyHKIig
y=log,t spocrae Ha Bciii o61acTi BU3HAUEH-
HA (ToO6TO TIpM ¢ >0), i TOMY GinbITOMY 3HA-
yeHHI0 PYHKIIII BigmoBigae 6isbille 3HAUEHHS
aprymenTa. OT:Ke, IepexondadYun B HEPiBHO-
cti (1) Bix 3HaUeHDb (PYHKIIiI 10 3HAUEHDb apry-
meHTa (Y JaHOMY BUIIAJAKY IIEPEXOAAYN A0 BU-
pasiB, AKi CTOATSH ITig 3HAKOM Jiorapudma), Mu
MOBUHHI 3aJIUINNUTY 3HAK HEPiBHOCTL, TOOTO

f(x)>g(x). (2)

VYpaxoByiouu, mo Ha O[3 ykasauuii me-
pexim MOKHa BUKOHATU U y 3BOPOTHOMY Ha-
OpAMKY (OiJIBIITOMY JOJaTHOMY 3HAUEHHIO ap-
ryMeHTa BinmoBigae Oijbilie 3HaueHHS (PYHK-
ii), omepskyemo, 1o Ha OJ[3 HepiBHicTb (1)
piBHOCHIBbHA HepiBHOCTI (2). KopoTKo 11e MOoK-
Ha 3aIucaTy Tak:

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

II. Axmo O<a<1, dorapudpmiuna GyHK-
nia y=log,t cmazae Ha Bciit o6nacTi BuU3HA-
yeHHa (To0Tro mpu t>0), i Tomy OGiabitomy
3HaueHHIO (GYyHKIII BigmoBimae meHIe 3HAa-
yeHHs apryMmeHTa. OTiKe, mepexoasauyu B He-
piBHOCTI (1) Big 3HAUYEeHDb (PYHKILII 10 3HAUEHD
aprymMeHTa, MU HOBUHHI 3MiHUTU 3HAK HeEpiB-
HOCTi Ha IPOTUJIEIKHIIL, TOOTO

flx)<g(x). (5)

VYpaxosyiouu, 1o Ha Q13 ykasaHuii mepe-
XiT MOKHA BUKOHATH I Y 3BOPOTHOMY HATIPAM-
Ky (MEHIIIOMY JOaTHOMY 3HAYE€HHIO apryMeH-
Ta Bigmosimae Oinbite 3HaueHHA (GYHKINIT),
onmepskyemo, 1o npu 0<a<1 umepiBaicTs (1)
Ha i1 O/I3 piBHOCUIBHA HepiBHOCTI (5). Kopor-
KO IIe 3aIlMCy€EMO 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)

ITiOcymosyrouu odepicarni pe3yrvmamu,
3a3HAYUMO, WO 0N PO38° A3YBAHHS HEPiBHO-

cmi log, f(x)>log, g(x) 3a donomozoro pieno-

CUJIbHUX nepemeopeHb Heo0XxiOHo apaxyeamu
it O/]3, a npu nepexodi 6i0 3HaveHb PYHKUIL
00 3HaueHb apeymenma (mobdmo 0o supasis,
AKi cmoambe nid 3HaKoOM Jozapu@ma) ypaxy-
8amu 3HAYEeHHA 4.

aKwo a>1, 3HaK HepieHOCMI He 3MiHIO-
emwvcs;

akwo 0<a<l, 3Hak HepieHOCcmMi 3MiHIO-
€EMbCA HA NPOMULEHCHUTL.

Ilpuknaangy BUKOpPHCTAHHA IUX OPi€eHTH-
piB HaBegewno B Taba. 9.

r4

3ayBaxkeHHAa. Cucrtemm HepiBHOCTeH, AKi
omepskamo miaa BumaakiB (I) i (II), moxk-
Ha [eIno CIpocTuTH. Hampukiaazn, AKIIO
B cucremi, orpuMmaninn masa sumnaary (I),
BUKOHYIOThCA HepiBHiCTE (2) f(x)> g(x)
i mepisuicTs (4) g(x)>0, To 38 nux HepiBHO-
cTell BUILIMBAE, 110 f (x)>0. Orsxe, HepiB-
HicTh (3) miei cucTteMy aBTOMATUYHO BUKO-
HYEThCSA, KOJI BUKOHYIOTHCA HepiBHOCTI (2)
i (4), Tomy ii MOsKHA He 3aNMCyBaTHU OO IIiel
cucreMmu (AuB. 1. 2 Ta0a. 9).

AmnajioriyHo OOT'PYHTOBYIOTH, IO B CHU-
creMi, orpuMaHini gasa sunanky II, HepiB-
HicTb (4) € Hacaigkom HepiBHOCTeH (3) i (5),
i1 Te)X MOKHA He 3alMNCyBaTU A0 CUCTEMU.

PosB’ssxeMo HepiBHICTD

log (x?-2x)> logs3.

log; (x? —2x)>log, 3 x%—2x>3.
(013 samamoi HepiBHOCTI x%-2x>0 Bpa-
XOBAHO aBTOMATHUYHO, OCKIiJIBKM SKIIO BUKO-
HYETbCA HEPiBHICTHL x2 —2x>3, TO BUKOHY-
€ThCsA 1 HepiBHICTD x2-2x>0 J)
PosB’sa3yemo HepiBHiCTD x%-2x>3. Toxi

x2-2x-3>0, omxe (puc. 6.2.1), x<-1 abo
x>3 — MHOKHHA PO3B’A3KiB 3aJaHOl HepiB-
HoCTi. 3BHUaiiHOo, II MOJKHA 3amucaTy i Tak:
(—oo;—l)U(3;+oo). <
+\, /+
-1 — 3
Puc. 6.2.7

X

|
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Po3B’'AI3yBaHHsA Oinbli cKnagHUX
norapn@miyHuUX HepiBHoOCTEN

Cranagminm Jsorapudmiuri HepiBHOCTI
PO3B’ABYIOTHCA 3a JLOIOMOTOI0 a00 PiBHOCUJIb-
HUX IIepeTBOPeHb 3amaHoil HepiBHocTi (i 3Be-
JIeHHdA i1 10 BimoMoro BUAy HepiBHOCTEIT), a00
MeTOJly iHTepBaJIiB.

CxeMa piBHOCMJIBHUX IIEPETBOPEHB JIOra-
pudMiuyHIX HepiBHOCTEI MOBHICTIO aHAJIOTIU-
Ha cxXeMi PiBHOCHJIBLHUX II€PEeTBOPEHb Jora-
pudMiUYHUX PiBHAHB:

1) ypaxoeyemo O] 3 3adanoi nepienocmi;

2) cmescumo 3a mum, w06 na O] 3 kosxicne

nepemeopenHs MOXHA OYL0 6UKOHAMU

AK Y npAMOMY, MAK i Y 360POMHOMY
HANPAMKAX 3i 30epeHceHHAM NPAEUTLL-
Hocmi HepieHocmi.

Y nvomy Bumagky Ha OJ13 KoskeH po3B’d-
30K 3aJaHol HepiBHOCTI Oye PO3B’IBKOM APY-
roi i, HaBmaKu, KOKEeH PO3B’A30K MpPyroi He-
piBHOCTI Oyze pPoO3B’sIBKOM IepIioi, ToOTO IIi
HepiBHOCTI OyayTh piBHOCUABHUME (Ha OJ13).

IIpuxknaangum posB’sa3yBamHA Jorapudmiu-
HUX HEePIiBHOCTEN 3a [JOIIOMOTOI0 PiBHOCHJIB-
HUX IIepeTBOPEeHb i MeTONy iHTepBajiB Ta
odOpMIEHHSA TaKOr0 PO3B’A3yBaHHA HaBe-
IeHo B Ta0a. 9. Posrisanenmo e Kinbka mpu-
KJIaziB.

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

Mpukrad 1

Posp’sikiTh HepiBHiCTE log , (x-1)+ logg o (x+3)>-1.

Komenrap

Posp’sokeMo 3ajaHy HepiBHICTBH 3a JOIIO-
MOTOI0 PiBHOCMJIBHUX II€PETBOPeHb. SK i mifg
Yac po3B’s3yBaHHA DPiBHAHB, IJIA I[HOTO [I0-
cratabo ypaxyeamu O[3 3adanoi HepieHO-
cmi it cmexcumu 3a mum, w00 Ha O3 Kodic-
He nepemeopenHs MOKHA OYJ0 BUKOHAMU AK
Y NPpAMOMY, MAK i Y 360POMHOMY HANPAMKAX
31 30epexcenHAM NPABULLHOCMI HeEPi6HOCMI.
Ockinbku HA Ol13 BUpasu, 110 CTOATH IIij] 3HA-
KoM Jiorapu()MiB, € JOZATHUMI, TO (hOPMYJTY
log,b+log,c=log,(bc) nns mopmaruux b i c
MOKHA BUKOPHCTOBYBATU AK y IIPAMOMY, TaK

iy sBopoTHOMY HampaMKax. OTiKe, BUKOHYIO-
Y1 IepeTBOPEHHSA HEePiBHOCTI 3a 1ieio opmy-
JIOI0, OJIeP’KMMO HEPiBHICTh, PiBHOCUJIBHY 3a-

nauin (ma il OI03).
IITo6 cxopucraTucsa BJIACTUBOCTAMU JIO-
rapudmivyaoi  (GyHKIii, 3amumiemMo  Uwuc-

g0 —1 ax sHaueHHS Jorapu@MiuHol GyHKITII:

-1 . .
-1=log (0,2) (3posymino, mo i mI0 dop-
MyJIy MOKHA BUKOPHUCTOBYBATH AK Yy IPAMO-
MYy, TaK i y 3BBOPOTHOMY HaIIPsIMKaXx) i Bpaxye-

-1 -1
2 1
Mo, 00,21=(—) =(—) =5.
- 10 5

Po3sp’azannsa

x—-1>0,

4350, Toxi x>1.

O13: {

Ha mitt O[3 samama HepiBHiICTH pPiBHO-
CuUJIbHA HEPiBHOCTL

logo, ((x—1)(x+3))>log,(0,2) .
DyHKIg Y= logo’2 t € cmagHOIO, OTXKe,
(x-1)(x+3)<(0,2)”"
Onepxyemo: x2+2x-3<5; x2+2x-8<0.

Muo:xuHa po3B’A3KiB 0OCTaHHBLOI HEPiBHO-
cti raka (puc. 6.2.2): -4<x<2.

+\ /+
—4 2

x
Puc. 6.2.2

Ypaxosyrouu O13, ogep:xyemo: 1<x<2.
Bidnosidv: (1;2]. <

67
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. N x—
ﬂpuwa 2% Posp’axkiTe Hepismicts log, logy——>-1.
3
Po3B’a3anua Komenrap
o1 1 -1 OJ13 3amaHOi HEPiBHOCTI 3aIUINIEMO y BUTJIALL
log, log, >log (_) . (1) , cucreMu HepiBHOCTeH
g 2—-x E 3 1 x—=1 O 6
VYpaxosyoun O3 3amaHoi HepiBHOCTI @ Te, IO 082 92 4 >0 (6)
dyurmia y=log,t e cmagHoio, 0JepKyeEMO x-1 >0 7
3 -1 2—-x )
0<log, x-1 < (l) , (2) ' Buronywouu piBHOCUIBHI IepeTBOPEHH,
2-x \3 maM’aTaeMo, Io TojIoBHe — He sammcatu O]13,
o610 0<log x-1 <3 a BpaxyBaru ii B mporeci poss’asyBanud. [Ipu
29_ ’ nepexoni Big HepiBHOCTL (1) mo HepiBHOCTL (2)
x—1 3 y 3ammci 3aIUIIAaEThCS JIUIe OUH Jorapidmuy-
a6o log,1l<log, <log,2°. x-1
2-x Huii Bupas log,——, maa akxoro O]I3:
Vpaxosytoun, mo ¢yakuia y=1log,t e spocraro- ; x-—1 0 2-x .
Y010, OZIEPIKYEMO 5 >0. Omxe, Tpu TaKOMy IMepexoi odome-

x-1 3
—<2°. 3
5 x 3

IIa HepiBHiCTH piBHOCHJIbHA CHCTEMi HepiBHOCTEH

1<

x-1

>1,
2_’{ sKa, Yy CBOIO Uepry, piBHOCHJIbHA CH-
* <8, creMi HepiBHOCTell
2—-x 9x_3
x_
>0, (4)
2—-x
9x 17
———<0. (9)
2—x
PosB’asyemo HepiBuocTi (4) i (5) meTomom iHTEpP-
BamiB 1 BHaxommmo ix cminbHiI PposB’A3KHU
(puc. 6.2.3):

st mepisaocri (4) O03: x #2;

3 2x-3
xZE — myuab Gysrmii f(x)= 2x ;

s Hepisuocri (5) O03: x # 2;

17

9x —17
x=? — HYJb PYHKII1 g(x):—.

2—x

skeuHda (7) Oyze HesIBHO BpaxoBaHe, i TOMY J0-
CTaTHLO BPaxXyBaTU TiIbKU oOMeskeHHdA (6) (1o
W 3pobseHo B JiBiM wacTuHi HepiBHOCTi (2)).
IITo6 BMKOpmMCTATM BJIACTUBOCTI BigmoBimHUX
Jorapu@mivEux (QYHKILi, 3amucyeMo HeoOXin-
Hi umcia K 3HaUeHHs Jiorapudmivaol GyHKII:

-1
1
cnouatky —1=log (E) (i BpaxoByeMoO, IO

-1 3
(é) =3), a morim 0=log,1 i 3=log,2°.

IIpu mepexopi Bix mepiBHocTi (2) mo HepiBHO-

cri (3) omepyemo, IO >1, oTxe,

2—x

i B mpoMy Bunaaky HepiBHicTb (7) ypaxoBaHa
aBTOMaTU4YHO. A BHAXOMKEHHS CHIIBHUX
posB’askiB HepiBHOcTeir (4) i (5) 3pyuHo ix
poO3B’sA3aHHA METOAOM iHTEepBaJiB PO3MiCTHUTHU
ollHe HAJ OJHUM TaK, II[00 OJHAKOBO IIO3HA-
yeHi TOUKM OyJIM PO3TAIIOBAHI OJHA HAL Of-
Horo. Toxmi 3a puc. 6.2.3 Bimpady Bu3HAUMMO
CIiIbHI PO3B’SI3KM CHCTEMH HepiBHOCTEMH.

EEGERE-
1 9' !
3 17
Bidnogiov: | —;— |.
i0nosids (2 9) < Puc. 6.2.3
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3anumaHHg

2%,

Bnpabu

6.2.1°.

6.2.2.

6.2.3°.

6.2.4.

6.2.5.

6.2.6*

6.2.7%

. ITosicuiTh Ha mpuKJIazax, AK MOYKHA PO3B’A3yBaTH HANIIPOCTIIIi Jo-

rapu@MiuHi HEPIBHOCTi, KOPUCTYIOUNCH BJIACTUBOCTAMHU JioTapud-
MiuHOI (PYHKILiI.
OOr'pyHTyiiTe cIpaBeNBiCTh PIBHOCUJIBLHUX II€PEXOIiB:
f(x)>g(x),
1) axmo a>1, To log,f(x)>log,g(x)= {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.

. IloacuiTh Ha ©UpPUKJIAAI BUKOPUCTAHHA METOAY IiHTepBaJiB mJid

po3B’A3yBaHHA Jorapu@MiuHUX HEPiBHOCTEM.

VY saBmanHax 6.2.1-6.2.6 po3B’AKIiTH HEPiBHICTS.

1) loggx>2; 3) logg;x<1;
2) log0,2x>—1; 4) lgx<2.
1) log,(8x—2)>2; 3) log,(3x-2)<2;
2) log,; (5bx-1)>-2; 4) log, (2x+1)>-1.
3 N
1) 1g(2x-1)>1g(x+2); 3) logg,x<log,,(8x—6);
2) log, (8x+1)>log, (x+3); 4) log,(2x-1)<log,(x+3).
3 3
1) logZx—3log;x+2>0; 3) log? x-4<0;
3
1 1 9
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

VY npsAMOKYTHIiN cucTeMi KOOpAMHAT Ha ILJIOIMHI IMOOyayliTe rpadik
piBHAHHA ab0 HEpPiBHOCTI:

1) log, 5, (3-2%)=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*.

Y zaBmamHax 6.2.8-6.2.13 pos3B’aAKiTh HEPiBHICTS.

1) log,2+logy,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) logg(x+3)—log;(x+2)<0;

1) logs (3" -8)<2-x;

2) log , (6x+1—36x)>—2;
5

1

4* -4

1
) x—2

>0;

log22 x

2)
x2—2

>20;

3) log,y, 12>log, (2x—1)—%;

4) log5§+logix<1.
25

3) 1ogx,2(1—5x3+x5)<0;
4) log, Jx+12 >1.

3) log 65>1;

4x%+1
4) loglog4x 3>1.

3) 1 < 1

logy(5-2x)° 3+log, (5-2x)
3

lg?x+2lgx—6
g x+2lgx—6

4) 1.

Igx
3) 10g3(22x_1 —3-2x—1+1)<1;
4) 1g 6+xlg 5>x+1g (2x+1).

-1
S BT
loggx” -1
log ¢ (x2+2)

4) 24
x“+6x+5

3)

<0.

3HaiaiTh 006J1aCTh BU3HAUEHHS (PYHKILII:

1) y=1—4[10g4(x2—3x) ;

2) yz\/logl(x2—5x+7);
3

x—-2

3) y= 10g3x+1(_x_4);

4) y= ,/—logi(_x: D |

Y zaBpamHax 6.2.15, 6.2.16 pos3B’sKiTh HEepiBHICTH.

2x -1
1) log,
x_

<1;

3) log, :’“8

2
4) log, (x2 —10x+25)>0.
5

>-1;

2
x"—x-1
3) logx+1(—x+2 J>O;

4x-14
2x-15

4) log - >-2.



NoX1aHI NOKA3HUKOBOI

(ex),= (ax)’zaxlna

X
(a>0, a — crana) (x>0)

(lnx)’ = 1

TA NOTAPUDMIYHOI DYHKLINA

Ta6aumnsa 10

’ 1
n —
(\/;) B nn[xn—l
(ma OI13 mpaBoi
yacTuHU (HOPMYJIN)

(log, x) =

xlna

(x>0, a>0, a#1,
a — craJjia)

MOACHEHHA 1 OBI'PYHTYBAHHH

IITo6 obrpyuTyBaTU QOpMYLU NOXIOHUX
NOKA3HUKO080L ma Ja02apu@miinol QYHKULLL,
BUKOpPHCTAaEMO 0e3 [OBeleHH:A BJIACTUBiCTH
dyuKnOii y=e" (BoHA JOBOAUTLCA B KypCi BU-
moi MaTeMaTHKM ): moximHa (yHKIIT y=e”
mopiBHIOE il camiit pynknii y=e”, To6TO

’

(e%) =e*.

Axmo a>0, 3a ocHOBHOMIO Jorapud-
MiYHOIO TOTOXKHICTIO Ma€MO

* _ xlna

x Ina —e .

a‘=e
Toxi 3a mpaBMIOM 3HAXOMKEHHS ITOX1THOL
CKJIameHol PYHKII OepIKyeEMO:

(ax>’ = (exln“)’ =™ (xIna) =a* Ina,
TOOTO (ax), =a”*lna. O

3a ozep:kaHOIO (HOPMYJIOI0 MU MOYKEMO
SHAWTH B3HAUEHHS IIOXiMTHOI ITOKasHMKOBOIL
dbyuKIii g 6yap-akoro 3Hauenua x. OTike,
nokasnukosea  QyHkuia  JugepeHuyiilosna
8 KOJX)CHIlL moyuyi obiacmi 8U3HAYEHHA, a Bin-
TOBiTHO, i HenepepeHa 6 KOMCHIlL mouli c80€L
obaacmi eusHayerHsa (TOOTO IPU BCiX AificHUX
3HAUEHHAX X).
Hna morapudmivnoi GyHKIIT cmouar-
Ky 3Haizemo noxigry ¢yeKNii y=Inx, opn-
iimaroun 0e3 MOBeIEHHS iCHYBaHHS IIOXiTHOI.
O6stacTh BU3HaveHHA 1Miel pyHKIii x>0, T0O-

TO (0;+oo). Axmo x>0, 3a 0CHOBHOIO JIOTa-

*

pudmiuHO0 ToTOKHICTIO Maemo ¥ =x. Is

piBHicTH 03Hauae, 110 3a yMOBU X >0 (QPyHK-

ees 1 . . .
mii y=e"" i y=x sbiratorbca (me ogHA i Ta

cama (GYHKIisA, 3afaHa Ha MHOXHHI R),
a oTiKe, 30iraroThed ixHi moxigui. Bukopucro-
BYIOUM IJIdA JIiBOI YaCTUHU PiBHOCTI IMPaBUJIO
3HAXOMKeHHS ITOXiZHOI CcKJageHOoi (PyHKILI,
OZlePIKYEMO:

(%) =(x)'; &™*(Inx) =1,
ro6To x(In x), =1.

3Bigcu (Inx), :i (me x>0).
x

. 1 1
Ockinpku log, x = 2 = Inx,
Ina

10 (log, x) =(—lnx)’ =L (nx) =

1 1 1

Ina x xlna

’ 1
Omxe, (log,x) S (e x>0, a>0,

a#1,a— crana). O
= |

r

’
3ayBakeHHA. Dopmyia (x") =nam? Oysa
obrpyHToBana B § 32 migpyyHmMKa A
10 xkJacy TiIbKU IJ4 IiaUX 3HAYeHb n. [lo-
BeJIeMO, 110 BOHA BUKOHYETHCA i Ipu OyIb-
AKUX JINCHUX 3HAUEHHAX 7.

Haragaemo, mo e — ippamionanbHe unciao, e =2,718 28182... .
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ARI0 n — moBiJbHE Hellije YMcjo, TO

dyaKIia y=x" osHaueHa TimbKu mpu x>0.
Toni 3a ocHOBHOIO JoTapu(pPMiUHOIO TOTOMKHI-

n
crio x" =¥ =¢""* 33 npasmiom oGunCIeH-

HA TOXimHOI cKJageHOi (GYHKIII omep:KyeMo
(xn) _ (enlnx) _ enlnx (nlnx)' _
n ’ n 1 n-1
=x"n(lnx) =x"n—=nx""1.0
X

’

Orxe, Hamaxi (opMyIoio (x” ) =nx"?!
MOKHA KOPHCTYBATHCS IPU OYIb-AKUX Iiii-
CHUX 3HAUYEHHAX n (Haragaemo, IO B IIbOMY
BUNAAKY Il MOMHA 6UKOPUCMOBYE8AMU MiJlb-
KU npu mux 3HAYEeHHAX X, NPU AKUX 6U3HAYe-
Ha il npasa yacmuna).

Cnupalounchk Ha OJlep)KaHUN Pe3yJbTar,
OOI'PYHTYEMO TAKOMK HOPMYJIY

’
(Wx) =—2A— (nen), (1)
nn/xn—l
SAKY MOKHa BUKODPHCTOBYBATH IPU THUX 3HA-
YeHHAX X, IPU AKX BU3HAUeHa ii mpaBa 4da-

cTUHA.
Ao n — mapxe unciao, To O3 mpa-
Boi uactTuHu (opmyau (1): x>0. Ane 3a 1iel
YMOBU
1-n

’ l ’ l_ 1-n
(o) o) Ln L
n n n

1)1\ 1
-1 (;) - @)

Aximo n — memapue unciao, To O3 mpa-
Boi wactuuu opmyau (1): x#0. IIpu x>0
3aJINIIIAETHCS CIPaBeAJUBOIO pPiBHiCTE (2),

mpu x <0 Bpaxyemo, mo ¥Yx =--x i -x>0,
a TaKOJK Te, II[0 IPU HelapHOMY 1 4ucjo 1-n

Oyze mapEUM (TOMY (—)'" = 1).

Toxi
(47 = (=) =) =
-t = L L =

n
1. 1
A=

Or:xe, mjisa HemapHoro n mpu Bcix x#0
opmya (1) Tesx Bukonyerocsa. O

Bocranapromy BUIIAAKyY TaKi rpoMisaKi me-

PETBOPEHHA NOBEJIOCA BHMKOHYBaATu 4depes3 Te,
1

mio mpu x<0 BuUpas x”" He O3HAUEHUII, a BU-

pas (—x)n icmye, ockinmpku —x>0 mpu x<0.

NMPUKJIAAN PO3B’A3YBAHHA 3ABJAHb

ﬂpumaa 1 3HaigiTh noxXigHy QYyHKITIL:

X
1) f(x)=sin?x+e?2;

Po3sp’a3zanna

X

D)= (sin2 x+e5)’ = (sin2x)’ +(e%)’ =

X 7
=ZSinx(sinx), +e2 (%) =

X X
. o 1 -
=2sinxcosx+—e?2 =s1n2x+Ee2. <

o | =

2) flx)=—0%_

cos3x

Komenrap

ITocnimoBHO BHM3HAuaeMoO, Bif SIKOIO BU-
pasy OepeTbca TMOXigHA (OPi€HTYHOUUCH
Ha pe3yJabTaT OCTAaHHBLOI Aii).

Y saBmamui 1 cmouaTKy B3HAXOAUMO IIO-

’
xigay cymm: (u+v) =u’+v’. Horim s
KOXKHOTO 3 [OJaHKiB BUKOPUCTOBYEMO
dopmysy moximHOI CcKJaameHol QYHKIII:
3HAXOAMMO MOXimHi u2 ra e¥ i mMHOXH-
mo Ha u’.
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2) f’(x):( Inx ),: (lnx),c0s3x—(cos3x),lnx

cos3x (cos3x)”

1 ’
—cos8x—(-sin3x)(8x) Inx
__x _

2
cos” 3x

_ cos3x+3xsin3dxlnx g

2
xcos” 3x

Mpukrad 2

xo = 1 .
PosB’azanna

Axmo f(x)=xe”, To
f(xo)zf(l)ze.
f'(x)=x"e* +(ex), x=e* +xe*,
TOZI f’(x0)=f’(1)=2e. Iligcrasisaio-
YU II1 3BHAYEHHA B P1IBHAHHA JOTHUYHOlL
y= f(x0)+f'(x0)(x—x0), OJlePIKYEMO:
y=e+2e(x-1).

Om:xe, y=2ex —e — IIyKaHe PiBHAH-
HA goTA4HOI. <

Mpukaad 3

Bukonaiite 3aBgaHHda:

Opepsxanuii pesyabTaT 6askKaHO CIPOCTHU-
T 3a (Qopmysorw 2sinxcosx=sin2x.
¥ saBmanHi 2 cIouaTKy 3HAXOAMMO MOXif-

’

u uv-v'u .

HY 9aCTKM: | — | =————, & JJId IOXiz-
v v

HOI 3HAMEHHUKA BUKOPUCTOBYEMO (DOPMY-

JIy TOoXimHOiI cKameHol (GyHKIII: 3Haxoam-

MO HOXimHy cosu i mMHOKEMO Ha u’).

aMUMIiTh PiBHAHHA TOTHUYHOI OO0 rpadika HKIIT y=xe TOYITi
3 v y=xe' y

Komenrap

PiBusinHa gorwuHol mo rpadika GyHKIil y=f (x) y TOU-
i 3 abcmucolo X, y 3aralbHOMY BHUIJIAMAL 3aIHMCYETHCA
TaK: y=f(x0)+f’(x0)(x—x0).

[ITo6 sammcaTu 1e pPiBHAHHA A 3amaHol (QyHKIII, mmo-
TpiGHO 3HATH f(xo), noxinuy f’(x) i smauenHs f’(xo).
s BUKOHAHHA BiATIOBiZHWX 0OUYMCJIEHb 3PYYHO IIO3HA-

unTH 3amaHy QYHKIiO yepes [ (x), a gna sHaxomKeHHA
ii moximmoi BuKopumcTaTH GOPMYIY IMOXigHOI HTOOYTKY

’
(wv) =w'v+v'u.

Inx

1) mobynyiite rpadik GpyHKIil y=—-;
X

2%) aHAUAiTh HAl0Oi/IbIlle 3HAUEHHA ITapaMeTpa @, IPU AKOMY PiBHIH-
HA Inx=ax Mae eguHU KOPiHb.

Komenrap

ns posB’sdyBaHHsS 3aBOaHHA 1 JOCIiI:KyeMO
. Inx .
GyHKIII0 y=—— B3a 3araJbHOIO0 CXeMOI0 i 3a
x

pesyabTaTaMu OOCHisKeHHA Oymyemo ii rpa-
¢ik. Ilix wac gocrimsxkenHsa (QYHKIII Ha map-
HiCTh i HemapHiCTh MOYKHA CKOPUCTATUCA TUM,
10 6 napHoi abo HenaprHoi QYHKYIL Ko obiacTi
BUSHAUEHHS BXOAATH TOuKH x i (—x). Omxe,
IJIA TaKuX (QYHKIN o6siacmb 8USHAUEHHS MAE
6ymu cumempuiHoto 6i0HocHo moyuku 0. k-
110 K IIF YMOBa He BUKOHYETHCI, TO (PYHKIiA
He MOKe OyTH Hi ImapHOIO, Hi HemapHOIO.

Ins Kpaiioro ysBJEeHHsS PO BUTJIAL Tpadika
JIOIIJILHO YTOUHUTU NOBENIHKY (MYHKIII Ha KiH-

IAX obJacTi BU3HAUYEHHS (D(y)z (O;+o<>)). IIpu

x—0 (cmpasa, To6T0 mpu Xx — +0) 3HaueHHA

1 —oo
Inx — —. Toxi y=£—>(—)—>—oo. Omxe,
x +0

npama x=0 — BepTuUKaJIbHA aCUMIITOTA, i Iie
moTpiOHO BpaxyBaTu IIig uac mobOymoBu rpadi-
Ka (yuKIii. Ale mpu X — +eo MU He MOYKEMO
BUKOHATU TaKy OIIHKY (OZep:KyeMO HeBH3HAa-

. too
YeHiCTh BUIY (— ). ¥ TakoMy BUIIaAKy IIO-

oo
BeNiHKY (PYHKIII mpum X — +oo MOKHA YTOUHU-
TH 3a JJOIIOMOIOI0 JOJATKOBUX KOHTPOJBHUX
TOYOK.
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ITix vac posB’sA3yBaHHS 3aBHaHHA 2 OOIIJILHO
BuUKoOpucrtatTu rpadiuny imrocrparllito poss’asy-
BaHHA. Ile MOKHa 3pOOUTH JBOMA CIIOCOOAMMU.

I. 3a [OIOMOTOI0 PiBHOCHIBLHUX IIE€PETBOPEHB

IpUBECTH 3aJaHe pIBHAHHA 10 BHUIY
nx .

flx)=a (ze f(x)= ) i, BUKOPHUCTOBYIO-

x

uyn rpadik, modymoBaHUI B pe3yabTaTi BU-

1

KOHAHHA 3aBHaHHA 1, 3’dcyBaTu, CKiJIbKHU
KOpeHiB Mae piBHAHHS flx)=a Opu PisHUX
3HAUYEHHAX IlapaMeTpa d.

II. BacTrocyBaTu rpadiuHe po3B’sg3yBaHHA 6e3-
mocepegHbo M0 piBHAHHA Inx=ax (rpadi-
ku ¢ysruoin y=Inx i y=ax Bigowmi),
a AJa OOCHifKeHHA €NUHOCTi KOpeHs BUKO-
pucTaTé TeOMeTPUUYHMHI 3MicT moxigHoi.

@ Sk BV BBaXkaeTe, AKMIM CNOCib AOLINBHO BUKOPUCTATK Yy AaHOMY BUNaAKYy?

Po3sB’a3zanna

1
1) = Hocaizumo (yHKIIiIO y=£.
x

1. O6nacts Busuauenusa: x>0, To6To
D(y)=(0;+-o).

2. ®yHKIIiA Hi TapHa, Hi HemapHa, OCKiIbKH 11
o0JiacTh BU3HAUEHHSA He CUMEeTPUYHA BigHOC-
"HO Toukm O.

3. Touku mepeTuHy rpadika 3 ocaMu KOOPAMHAT:

rpadik He meperuHae Bich Oy (x # 0);

. Inx .

Ha oci Ox y=0, Tobro —— =0, Toxi mpm
x

x>0 ogepxyemo: Inx=0; x=1 — abe-

muyca TOUKH Iepetuny rpadika 3 Biccio Ox.

1 ’
4. IToxigHa i KPUTWYHI TOYKHU: y'=(ﬂ) =
x
_ (nx) x—x'Inx _ ;x—l-lnx _1-Inx

2 2 2
X X X

IToxigua icHye Ha Bciii obsiacTi BU3HaUEHHA
dyurnii  f(x) (ro6ro mpm x>0), orxe,
GyHKIIT HemepepBHa Ha Bciii obmacti Bu-
3HAUEeHH.

Buaxogumo Kputuuni toukm: Yy =0, To6TO
1-Inx

x2

Inx=1, omoke, x=e — KpUTHUYHA TOUKA.
5. IlosHauaeMoO KPUTUYHI TOUKU Ha 00JIaCTi BU-

=0. 3Bigcu mpu x>0 ogmepxryemMo

3HAUeHHA (QPYHKIHI i 3HAXOAMMO 3HAK y'(x)

Y KOKHOMY 3 OJep:KaHuX IIPOMIiKKiB
(puc. 7.1).
N
0 e x
Puc. 7.7

CkimamaemMo TabauIio, yV SKill IO3HAUAEMO
OPOMIiKKHU 3POCTAaHHSA i cIajaHHA Ta eKCcTpe-
MyMu (PYyHKITII.

x (0se) e (e5+0)
y'(x) + 0 -
1
y(x) /! ” N

6. 3HaxomuMoO 1e Jekisbka TOYOK rpadika
bysKIii.

x ;z0,4 e?=7,4 ' e®=20,1
2 3
e e

7. 3a pe3yabTaTaMu AOCIiAKEeHHS OyIyeMO

1
rpadirk QyHKIii y:n_x (puc. 7.2). <
x

2) b I cooci6

O6sacTh  AONMYCTHMHUX 3HAUYeHb PiBHAHHA
Inx=ax 3zagaerbca HepisuicTIo x>0. Ane
romi x#0 isamame piBHsuHs Ha itoro OJ13 pis-

. Inx
HOCUJIbHE PiBHAHHIO —— =4
x

PosB’s:xemo ocranHe piBHAHHA rpadiuno. s

. . Inx
nboro mobymyemo rpadikm QYHRIIH y=——
x

(nuB. 3aBmauua 1) ta y=a (pumc. 7.3).

. Inx .
Arx 6aumMo, piBHAHHA ——=a Mae€ €IUHUI
x

. . 1
KopiHb Tineku npu a<0 Ta mpu a=— (upu
e

1
O<a<—
e

PiBHAHHA Ma€ JBa KOpPEeHi, a mnpu

1 .
a>— piBHAHHA He Mae KOPEHiB).
e
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y 4
0)
y Y ga“*m7 3
Inx a y=a 2 M
y= 1 . y=Inx
1 x — = !
J R p—C T
7 e — = — 0/T = >
01 e x 0/1 e x
~Inx y=ax (a<0)
X
1
Puc. 7.2 Puc. 7.3 Puc. 7.4

Or:xe, HalibisbIlle 3HAUEHHS IIapaMeTpa a, IIpu
AKOMy piBHAHHA Inx=ax wMae eguHUI Ko-
. 1
piEb, — 1me a=—.
e
IT cmoci6

Posrigaemo rpadiuny imrocrtpariio (puc. 7.4)
poO3B’A3yBaHHS 3aJJaHOTO PiBHAHHA

Inx=ax. (1)
®yuknis y=Inx spocratoua i HabyBae Bcix
3HAUYEeHb Biff —oo 0 oo,
I'padikom ¢QyuKIil y=ax € npsama, gKa Ipo-
XOAWTH Uepe3 IIOYATOK KOOPAWHAT.
IIpu a<0 npsama y=ax mneperunae rpadik
Gyurmii y=Inx Tinekm B ommi# Toumi (mps-
ma 1 Ha puc. 7.4). Omxe, piBuauaa (1) mae equ-
HUN KOpiHb (milicwo, @yuKmis y=Inx spocra-
o4a, a QyHKIia y=ax — cuagHa, i TOMy piB-
HAHHA (1) MOKe MaTu TiIBKM OAWH KOPiHB).
IIpu a=0 piBusuaa (1) mae Burasg Inx=0
i TeX Mae eTUHUN KOpPiHBb (x=1).
IIpu a>0 mpama y=ax MOKe LOTUKATHUCS [0
rpapika Pysruii y=Inx (upama 2 =Ha
puc. 7.4). Toxi piBuauua (1) Oyze matu enu-
Hu Kopinb. IIpamMa y=ax MoKe IPOXOAUTHU
B IEPIIiii UYBepPTi HUMKYE JOTUUHOI (mpsama 3 Ha
puc. 7.4). Toni piBHauua (1) 6yme maTu aBa
KopeHi. Takok ImpaAMa Yy=ax MoxKe IIPOXOIU-

Mpukrad 4

Hicts e*>1+x.

Posr’a3annsa
Poasraaremo (pyHKIIifO
flx)=e*-1-x.

O6nacts Busnauenss: D(f)=R.

Ioxinua f(x)=e* -1 icHye Ha Bciii o0sacTi Bu3HaUeHH.

TU B MIepIHIiii uBepTi BuIle AoTuuHOI (mpsama 4
Ha puc. 7.4), Toxi piBuauHA (1) He Oyme matu
KOpEeHiB.
3’sicyeMo, KoM IpsAMa Y =ax OyAe JOTUUIHOIO
o rpadika Qyurmii y=7F (x)=1nx. Hexaii Tou-
Ka JoTuky M Mae abcmucy X,. YpPaxoByoOuu
TeOMEeTPUYHUH 3MiCT MOXigHOI, OfepPIKyeEMO, IO
f’(xo):a (3HaYeHHA MOXIAHOL B TOYIL X, HO-
piBHIOE KyTOBOMY KoOe(diIli€eHTy AOTUYHOI, IIPO-
BemeHOI depesd TouKy M). OcKinbKnu f’(x)zl,
x
TO f’(xo)zi. Toxi 3 piBHOCTI f’(xo)za
X0

1 . 1 . 1
MaeMo — =a. 3Bigcu x,=—. Tozi y,=In—.

X a a
Ilo TOoro K, OCKiJIBKM TOYKAa HOTURY M JIeKUTH
i Ha moTuuHi#l y=ax, To il KOOpAUHATU 3a]0-

BOJILHAIOTHL PIBHAHHA AoTHYHOI. OmepKyeMmo
1 1 1 1 1

In—=a-—, 3Bigcu In—=1. Toxgi —=e, a=—.
a a a a e

OTr:xe, 3amaHe PIiBHAHHS MaTUMe €IWHUI KO-
. . . 1 . .
piab TinbKku npu a<0 i ompu a=—. Toxi maii-

e

Oisipllle 3HAUEHHSA [apaMeTrpa d, HIPU SKOMY

piBHaAHHA InXx=ax Mae eguHNI KOpiHb, — Il
1

a=—. <
e

JoBenmiTh, MI0 IMPM BCiX AiiCHMX 3HAUEHHAX X BUKOHYETHCA HEPiB-

Komentap
Buxkopucraemo moximHy mya mose-
IeHHsa 3amaHol HepiBHocti. [laa
IBOTO HOCHIAMMO (PYHKIIIIO f(x),
AKa € pisHUIlero JiBoi i mpaBoi ua-
CTUH HEePiBHOCTI.

75
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Orsxe, yukmia f(x) memepepBHA Ha Beiil umciIOBiN mps-
miit; f(x)=0, e=1=0, e*=1, x=0 — KPUTUYHA TOUKA.
ITosHavaeMO KPUTUYHY TOUKY Ha 00JacTi BU3HAUEHHS
pyaxmii f (x), 3HAXOAMMO 3HAKHN MHOXimHOI Ta BHM3HAYAEMO

HOBeMiHKY (PYHKI[II B KOXKHOMY 3 OJep:KaHUX MIPOMIiKKiB
(puc. 7.5).

3Hak f'(x)

BV
IToBeninka f(x) \ 0 / x
min

Puc. 7.5

fAx Gaummo, HemepepBHA (PYHKIiA f(x) mae na iHTepBaJTi
(—oo;+oo) TiTBKU OAHY KPUTUYHY TOUKY, i Ile TOUKa MiHi-
mymy. OTike, y 1ifi Touri GyHKIiA HaOyBae cBOTO HaliMeH-
I0TO 3HAUEeHHA Ha I[boMYy iHTepBaJi. Tomi nmpu Bcix maificHuUX

sHaueHHAX x 3HauenHsa f(x)>7(0)=0, to6ro e* —1—x>0.

CopobyemMo B pes3yJabTaTi moOCJi-
MUKeHHSA 3HaWTH HaiOijbIllle Uu Hali-
MeHIIe 3HaueHHs QyHKLii f(x) Ha
BCilf ywmcisoBi#t mpawmiit. Hna mporo
MOKHA BUKOPHCTATU TaKy BJIACTHU-
BiCTBh: AKWO0 HenepepeéHa @QYHKUIA
f(x) Mmae Ha 3a0anHomy inmepeaJi
minvky O00HY mMOYKY excmpemy-
My Xq i ye mourka MiHiMymy, mo Ha
3adarnomy inmepeani GYHKYia HAOY-
8a€ CB020 HAUMEHULOZ0 3HAYEHHS
8 mouyi Xx,. Mam KopucTyemocsa
THM, 1[0 KOJIK B TOYIi X, (QYHKIiA
HaOyBae HAMEHIIIOIO0 3HAUEHHA Ha
3alaHOMY iHTepBaJi, TO AJA BCixX
3HaUeHb X 13 TIIbOrO iHTepBaIy
f(x)>f(x0) (AKI10 HeoOXigHO, TO
MOJKHa YTOUHUTH, 1110 3HAK PiBHOCTI

Omxe, e* >1+x npu Beix milficHMX 3HAUEHHAX X. <

JOCATAETBCA TIMIBKM B TOUIL X;).

¥V mporieci foBeqeHHSA YNCJIOBUX HEPiBHOCTEH a00 MOPiBHAHHS ABOX YMCEJ YacTO OyBa€ 3pyd-
HUM IIepefTH A0 01JIBII 3araJbHOI (DYHKI[iIOHAJIBHOI HEPiBHOCTI.

Mpukrad 5*

IlopismsaiiTe uncna ©n° i e”.

i

Komenrap

106 BM3HAUWUTU TIJIaH PO3B’A3yBaHHA, MOKHA
MipKyBaTu Tak. Mu He 3HaEMO, sIKe i3 3aJaHUX

unces Gimpmre: T abo e", ToMy AIA aHATi3Y
IOCTABMMO MiK HUMH « V» — 3HAK HEPiBHOCTI,
HaAIPAMJIEHUN TOCTpUM KiHiem yHu3. Ile cBif-
YUTH IIPO Te, IO MU He 3HAEMO, Yy SKUH Oik
roro Tpeba HampaBUTH. ByneMo BUKOHYBATHU
IepeTBOPEeHHs HEePiBHOCTI J0TH, IIOKW He
3’sdAcyeMo, sAKe uncyo 6inbire. IToTim 3HAK «V»
3aMiHMMO BiAIIOBiIHMM B3HAKOM HEpPiBHOCTI
(«>» abo «<»), AKUI i 3aTTUIIIeMO B PO3B’sI3aHHi.
(VY mpormeci amarisy, AKIO HA SKOMYCh KpPOIIi
IepeTBOPEHb IIOTPiIOHO MOMIHATH 3HAK HEPiBHO-
CcTi, 3HAaK « V» 3MIHIOIOTH Ha 3HAK « A», a B 3a-
nuci posB’siBaHHS y BigmoBigHOMY Miciii 3mi-
HIOIOTh 3HAK HepiBHocti.) Ilig vac amasisy 3a-
nuc tuny 7°ve" Tex OymeMo HasHBATH HEpPiB-
HicTiO (ajse, 3BUUaliHO, He B PO3B’sA3aHHi).

Posriaremo HepiBHicTs ¢ Vve”. Ile HepiBHiCTE
i3 momarHmmu uneHamu (>0 i e>0), orxe,
o0uaBi 1i wacTMHM MOKHA HpoJorapu@MyBaTH.

®yuknia y=Int spocrarmoua, Tomy micis jora-
pudmMyBaHHA 000X YaCTHH 32 OCHOBOIO € 3HAK
HepiBHOCTI He 3MIiHUTBCS i MU OAEpP;KUMO He-

piBHicTB ln(ne ) v 1n<e’c ) , ToOGTO HepiBHiCTH

elntvrnlne. Ockinpru en >0, To miciada mineH-
HA 000X YaCTHUH OCTAaHHBOI HEPiBHOCTI Ha €T
3HAaK HEPiBHOCTI He 3MIiHUTBHCS i MU OJIePKUMO

L. Int Ine . e
HepiBHicTs —— Vv ——. Ilomiuaemo, 1110 B JiBifA

T e

i mpasiii wacTmHaX OCTaHHBOI HEpPiBHOCTI CTO-
ATL B3HaUueHHA oxmiel # Tiei camol QyHKIiI

Inx . .
flx)="—"=. Hocuigumo 110 PYHKIIIIO 3a OIIO-
x

MOTOI0 TOXimHOI Ha B3pocTaHHA 1 CcIagaHHA.
Haii, ypaxoBymoum, II0 T>e€, IOPiBHAEMO
oIep:;KaHI Bupasu, a IOTiM i 3amami Bupasu
(BuKoHyOuM BCi Ti cami mepeTBOpeHHA, IO
1 y mporeci aHaJidy, TiIIbKM y 3BOPOTHOMY IIO-
PAIKY).



§ 7. MNoxiaHi NoKa3HMKOBOT Ta NOrapu@MIHHOT (PyHKLIN

Posp’azanuga

1 .
Posrmanemo (yHKITiO f(x)zﬁ. Ii o6-
x

JacTh BU3HAYEHHS x>0. IToximma
, 1-Inx - .
f(x)= ——— lcHye Ha Bciit obGnacti Bu3Ha-
x 1-Inx
yenns. 3’scyemo, xouu f(x)=0: — = 0,
x

Ha 00J1acTi BU3HAUEHHSA ONEPIKYEMO PiBHOCUJIB-
He piBHaAHHA Inx=1, omKe, X=e — KpUTUU-
Ha Touka. [[odHAUaeMO KPUTUUYHY TOUKY Ha 00-
JacTi BuU3HaUeHHA QYHKI[IL f(x), 3HAXOLHMO
3HAKU MOXiAHOI i BUBHAUAEMO ITOBEIIHKY (PYyHK-
mii B KOKHOMY B3 OJep:KaHuX IIPOMIiKKiB
(puc. 7.6).

Or:xe, B inTepBaIi (e;+°<>) dyuruia f(x) cuma-
mae, a ii HemepepBHiCTH Ha Bciii obaacTi BusHa-
YeHHA CBiAUYNUTHL IIPO Te, IO BOHA CIAaJa€e Ha

TIPOMIiKKY [e; + oo) .

Mpukaad &*

3Haxk f'(x) ¥ —

IMosexniuka f(x) 0O e T x
max

T

Puc. 7.6

TOOTO

Ockimpkun 7w>e, tTo f(n)<fle),

Int Ine
_<_

. JJoMHOKUBIIN 00UIBI yacTUHM Iriei
T e

HepiBHOCTI HaA IoJaTHe YUCJO Te (3HAK HepiB-
HOCTi He 3MiHIOETHCA), OJEPIKYEMO HEPiBHiCTH
elnm<nlne. Tozi In(n®)<In(e®). Ockinexu

@yukuis y=Int spocrawoua (e>1), o m°<e”.

Bidnosidv: nf<e™. <

PosB’sokiTh piBHAHHEA 257 +22°1=7.3% 13,

Komenrap

Sxmo cmpobyBaTu 3acTocyBaTH IO B3aJaHOTO
PiBHAHHA cXeMy PO3B’sA3yBaHHA IMTOKA3HUKOBUX
piBHAHDL (AuB. Tabi. 4), TO 3MOKEMO peaizy-
BaATU TiJILKU MepHinii ii TyHKT — I030yTHCHA
YKCJIOBUX JOAAHKIB y IIOKA3HUKAX CTEIeHiB.
A or 3Bectu Bci cremeHi mo oxmiei ocmoBm (3i
3PYYHUMHU MMOKa3HUKaMu) abo 0 IBOX OCHOB TakK,
mob ofep:KaTH OZHOPigHe DPiBHAHHA, abo mepe-
HEeCTH BCi wieHHM B ofuH 6iK i posKJacTu ofep-
JKaHUI BUpa3 Ha MHOKHUKH — HE 3MOKEMO.
CrpobyeMo 3acTOCyBaTU BJIACTUBOCTI BiAIIOBif-
HUX (pyHKIiHE. Ane i mpu Takomy migxoxi (aus.,
HanmpukJaz, § 4 migpyunuka aiaa 10 kiaacy abo
§ 8 mporo miApPyYHWMKA) MU HE 3MOKEMO BUKO-
pucratu ckinuenHicTs O3 (BoHa HeCKiHUEeHHA)
Ta OIiHKY JiiBoi i mpaBoi YacTWH pPiBHAHHA
(BoHU 0OMABi JexkaTh y Meskax Bifm 0 mo +oo).
SKmio cmomiBaTucsA Ha MOMKJIWBICTH BUKOPU-
CTaHHA MOHOTOHHOCTi (ByHKIIil, TO ¥ TYyT MU He
MOJKEMO 3aCTOCyBaTH TeOpeMH TIIpPO KOpeHi
(B 060X YacTHHAX 3aJaHOTO PIBHAHHS CTOATH
3pocTaui QYHKILT).

Toni cnpobyemo nidibpamu KopeHi Uvb0zo pis-
HAHHSA U dosecmu, W0 IHUWUX KOPEHI8 DiBHAHHA
He Mmae (3PYUYHO IIOIEPENHbBO 3BECTH DPiBHAHHS

no suny f(x)=0).

ITocaimoBuo mizcraBiasoun 3HavenHa x=0,
x=1, x=2, x=3, 3’scoByemoO, IO f(0)=0,
f@)=0, f(3)=0, To6ro piBmamua [f(x)=0
mae Tpu Kopeni. IIo6 moBecTtu, 1o iHIIUX KO-
PeHiIB HeMae, TOCTAaTHBO AOBECTH, IO (PYHK-
misa f(x) Ma€ He OLIbIlle TPHOX MIPOMIKKiB
3pocTaHHs abo clafaHHsa. YPaxoBYIOUHM K He-
epepBHICTH f(x) Ha BCili YMCJOBiN mpAMii,
IOCTAaTHLO JOBECTHU, IO B Hel He OijbIlle ABOX
KPUTUYHUX TOUOK, TOOTO PiBHAHHS f'(x)=0
Mae He Oijbllle 1BOX KopeHiB. Posraspaipoun Te-
nep pPiBHAHHA f'(x)=0, micas iioro IepeTBo-
PEHHA MOKEMO IIPOBECTH AaHaJIOTiuHi MipKy-
BaHHs, ajie ByKe JJIA ABOX KOPeHiB (AK Ie 0yJio
3pobJieHo B mpukJani 2 o o. 36.1 B iHTepHeT-
migrpumiii  go migpyuynmka 10  kiacy.)
Bukonymoun nepeTBOpPeHHA PiBHAHHA f'(x)=0,
ypaxyemo, IIo Bci HOro 4jJeHW MAalOTh OJHAKO-
Buii crenmiib — X (TOOTO BOHO € ONHOPiTHUM
BiIHOCHO TpPHOX QYHKIIN Big 3miHHOI X),
a came: 2%, 3%, 4*. IloginuBmu o6uxei ua-
cruuu piBHarHa f'(x)=0 Ha creminp 3 ocHo-
Boio 2, 3 a6o 4, 3MEHIINMO KiJIbKicTb BUpasiB
3i 3MiHHOIO HA OOWH.
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Po3B’a3zanna

3amaHe piBHAHHA PiBHOCUJIbHE DPiBHAHHIO

2%.23 492 91 _7.3%_3-0, 1o6TO
8.2%+2.4* 7.3 -3=0. (1)

Hosnauumo f(x)=8-2+2-4*-7.83-3.
f(0)=8+2-7-3=0,
f1)=16+8-21-3=0,
f(3)=64+128-189-3=0,

1o pieaanrHa f(x)=0 mae Tpu Kopesi: 0, 1, 3.
HoBenemo, 1110 iHIIUX KOpeHiB piBHAHHA (1) He
mae. [[J1a 1bOro HOCTATHBO JOBECTH, IO (PYHK-

OcCKiapKu

nis f(x) mae He Ginbue TPHOX IIPOMIiKKiB 3po-
craHHA abo cnagaHHa. OcKiIbKH K (QYyHK-
mia f (x) ma Bciit umcoBii npAMiil Hemmepeps-
Ha, JOCTATHHO AOBECTU, IO (PYHKIiA Mae He
0inbIlle IBOX KPUTUYHUX TOUOK.

O6nacts Busnauenus: D(f)=R.

Ioxigua f'(x)=8-21n2+2-4"1n4-7-3"1n3
icuye mpu Bcix sHaueHHAX Xx. OTiKe, KPUTUU-
HUMHI TOUYKAMHU MOYKYTh OyTH TiIBKU Ti 3HAUEH-

ua x, npu axux f (x)=0. Ozep:xyemo piBHAH-
Ha 8-2°In2+2-4In4-7-3%1n3=0.
Ockinekn 3*#0, To B pesyabTaTi AileHHS

000X YaCTHH OCTAHHBOTO PiBHAHHA Ha 3~ omgep-
JKYEMO PiBHOCUJIbHE PiBHSHHS

2 X 4 X
8(5) 1n2+2(§) In4-7In3=0. (2

1106 moBectu, 110 piBHAHHA (2) Mae He 6ibIle
IBOX KOPEHiB, JOCTATHBO JOBECTHU, 1110 PYHKI[is

2\" 4\
(p(x)=8(§) 1n2+2(5) In4-7In8 y miBiit

YyacTUHI PiBHAHHA Mae He OijJbIlle JBOX IIPO-

3anumaHHg

MiKKiB 3pocTaHHA ab0 cmagaHHA. Y PaxXoBYyOUUn
HenepepBHicTh Iiel GyHKIII Ha Bcill umciaoBiit
npaMilft, OCTaTHBO JOBECTU, 1[0 BOHA Ma€ Tijb-
KU OJHY KPUTUUYHY TOouKy. [lificHo,

(P'(x)=(81n2)(§)x 1n§+ (21n4)(§)x 11%

icHye mpu Bcix sHaueHHaAX Xx. OTiKe, KPpUTUU-
HUMU TOYKaMU MOXKYTb OyTU TiJIbKU Ti 3HAUEH-

ua x, opu akux ¢ (x)=0. Oxep:xyemo oxHO-
pizae piBHAHHS"

(81n2)(3) 1n3+(41n2)(i] 1ni=0.
3 3 3 3

2 x
OcKinbKHu (41n2)(§] #0, To micng gminenusa

000X YacTUH PiBHAHHS Ha Iefl BUpa3 OJePKy-

2 4
€Mo piBHOcmIbHe piBHAHHA 2ln—+ 2% lng =0.

-2 lnE
3pigcn 2% = 1 VpaxoByoum, IO
In—
9 4 -2 lng
In—<0, a In—>0, omepmyemo ——=>0.
3 3 In i

OTixe, ocTaHHE PiBHAHHS Ma€ €IUHUNA KOPiHb.
Toxmi pyukIia (p(x) Ma€ €IUHY KPUTUUHY TOU-
Ky i piBHaAHHA (2) Mae He 6ibIlle IBOX KOPEHiB.
Ile osHauae, mo yurnia f(x) mae He Glabime
IBOX KPUTHMUYHUX TOouoK. Toxmi piBHAHHA (1)
(i samame piBHAHHA) Mae He OiJbIlle TPHOX KO-
peHiB. Ajle TpM KOpPeHi 3aJaHOT0 PiBHAHHS MU
B:Ke sHaemo: 0, 1, 3. OTike, iHIIINX KOpPeHiB 3a-
ITaHe PiBHAHHA He Mae.

Bidnosgiov: 0, 1, 3. <

1. Banumits GopMyJaH 3HAXONKEHHA MOXiTHUX:

a) TMOKa3HUKOBOI i Jiorapudmiunol QyHKILiii;

0) GyHKIiI (’/; .

2%, O6rpyuTyiiTe (QOpMYJIH 3HAXOMKEHHS MNOXIAHMX, PO SAKi HaeTbcs

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.

VY zapmamuax 7.1, 7.2 3HaAWgiTh MoXigHY (PyHKIII.

1) y=38e"+4; 3) y=e F+x%;
2) y=e* -Inx; 4) y=In(2x-1).
1) y=e*cosx; 3) y=\/;1gx;
2) y=1n—x; 4) y=x3log2x.
x
Posp’sokite HepiBaicTs f/(x)>0, aximo:
1°) flx)=e* —x; 3) f(x)=xlnx;
2°) f(x)=2x-Inx; 4) flx)=(1-x)e 2~

Hauo gyukmio f(x):
1) f(x)=x2Inx; 3) flx)=

lnx

2) f(x)=x3—31nx; 4) f(x)zx/zlnx.
3HalAiTh 3HAYEHHS X, IPU AKUX 3HAUEHHS HOoXimmoi QyHKIi f (x):

a) DOpPiBHIOE HYJIIO; 0) momaTHe; B) Bim’emHe.

SanuiniTh piBHAHHA NOTUYHOI no rpadika Qysrmii y=f (x) y Toumi

3 abCIIUCOI0 X, AKIIO:
x

1) f(x)=cosx, x0=7E 3) flx)=e2+e 2, x,=0;

2) flx)=tg2x, x,=

4’
T
5 4) f(x)=lnx-x, x,=1.

SHalgiTh abcoucu x, TO4YoK rpadika pysrmii y=f (x), v axux mo-
TUYHA OO0 HBOTO YTBOPIOE KYyT ¢ 3 HojaTHUM HampaMKoM oci Ox,
SAKIIO:

1) f(x)=sin2x, @=0°; 3) flx)=e*, ¢=135°.

2) f(x)=1n2x, ©=45°;

BHaNAITh piBHAHHA qoTHUHOI 10 rpadika dyurmii f(x)= et AKIITO
JOTUYHA TapajejbHa IpAMiA y=>5x—8.

BHaiAiITh piBHAHHA KoTHYHOL K0 rpadika dpyuruii f(x)= e3x_2, AKIIO
JOTHMYHA TapajiejibHa mpamiin y=3x+17.

3HaiigiTe HalOiablne i HaliMeHIlle 3HAYeHHA 3amaHol GyHKIII HA BKa-
3aHOMY BiJpisKy:

1) flx)=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%.

SHAUAITh MPOMIMKKK 3POCTAHHSA i CIIaJaHHA Ta TOYKU EKCTPEeMyMY
GYHKIIII:

1) f(x)zex—x; 3) f(x)zxe2x; 5) f(x)zlnx+l;
x
ex X
2) f(x)=Inx-x; 4 1(x)=—7 6) 7(x)=—5
HocaimiTs GyHKIiI0 Ta mobyayiTe il rpadik.
1) f(x)zln(ez—xz); 3) f(x)=xe*; 5) f(x)=x-Inx;
2) f(x)=2Inx-x%  4) f(x)=—; 6) f(x)=e ™.
e

IlepeBipTe mnpaBuIABHiICTE HOOYZOBM rpadika 3a SOIIOMOIOK KOM-
1’ I0TEePHOI ITPOoTpaMu.

Hawmo dyHKIiT0:

x
e

1) 7(x)=+xInx; 2) f(x):?

a) Iocaizite ¢yukniio f(x) i mobyayiite ii rpadixk.
6) BuainiTe obmacTh sHaueHb GyHKIIl f(x).

B") 3’acyiiTe KinbKicTh KopeHiB piBHaAHHA f(x)=a 3ame:xHO Bix 3Ha-
YeHHs IIapamMeTpa da.

3HAUAITH yCi 3HAUEHHA IapaMeTrpa d, IPpU AKUX PiBHAHHA axb=e*
Mae €OUHUMN MTOJaTHUIN KOPiHb.

HoBenmiTh, 110 3a7aHe PiBHAHHA Mae€ €IWHUN KOPiHb, i 3HAUOITH Iel
KOPiHBb.

1) e*+2x-1=0; 2) l—1nx=1.

X

Y saBmanHax 7.15—7.17 po3B’sa:KiThb piBHAHHA.

1
1) 2x+2_x=2cos§; 3) 4x —1=32%1,

2) 4% +4* =1+ 3sinnx;

1) 2 —4x=0; 3) 5**2 _12x=25.
2) 3* 1 _4x=-3;

1) 3-2%2 1 5% =8.3% +5; 3) 3.2°" 4+ 6.7 =3.5"2 +15;

2) 3.2* 3%l 147 =1; 4) 3% +327* =3(1+cos2nx).

HoBeniTs HePiBHICTH:

1) e*>1-x mpu x<0; 4) 1n(1+x)>L1 mpu x>-1;
X+

2) e*>ex npu x>1; 5) 2xInx<x%-1 mpu x>1.

2
3) ex>1+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*.

IlopiBHsAiTE UMCIIa:

1) 1000t i 1001199, 3) (1g5)° i 3'°.

2 (v2)° 1 (y3)";

3’scyiiTe KiJbKicTh KOpeHIB piBHAHHA e =x-+a B3aleXHO Bim 3Ha-
YeHHS HapaMerpa d.

3HalgiTh yci 3HAUeHHSA 4, IPU AKUX PiBHAHHSA Inx=ax? wmae enu-
HUHN KOPiHb.

3HalAiTh yci 3HAUECHHA a, IpU AKUX QYHKIiA y=2e* +3ax—4 € 3po-
CTAIOUOI0 Ha BCifi obOjacTi BU3HAYEHH.

3HalgiTe yci 3HaueHHA a, IpU AKUX QYHKIOA y=5-Inx+2ax
€ CIIaJHOI0 Ha BCiil oGJjacTi BU3HAUYEHH.

—-X

3HalifiTh yci sHaueHHs a, NpH AKUX QYHKIOIA y=2e*—ae ™+

+(1+2a)x—5 € 3pPOCTarou0I0 Ha BCill o0JiacTi BU3HAUEHHS.

3HaNAITL yCci 3HAYCHHA a, IpU AKX QYHKIiA y=3—2e” +(1—a)e_x -

—e%* +(a—1)x € CIIQAHOIO0 Ha BCill 00sacTi BU3HAUEHHS.

BuaiiniTe yci sHaueHHs a, npu axux Gyarnis f(x)=e* +2(x—a—-2)e* —
—ax?+2ax-7 wmae TouHO ABA eKCTPEeMYMHU.

BHaiiiTh yei sHaueHHS a, npu Akux QyHEHiA [(x)=e?* +(x-3—-4a)e* —
—ax?+4ax+3 wmae €OUHUN eKCTPEeMYM.

BHaNAITH yei sHAYeHHS @, npu AKuX QyEKIia f(x)=a8" —(3a—2)4* +
+3(3a—2)2* He mMae ekcTpeMyMIiB.

3HalgiTh HalbiJbllle 3HAUEHHS ILJIONIL IPAMOKYTHHKA 31 cTOpoHA-
MU, TapajieJIbHUMHU OCAM KoopawmHaT, i amiaromamiaio OP, nme Tou-
Ka O — mouaToK KOOpAMHAT, a TOYKa P HaleXuTb rpadgirky GpyHKIii
- 9
y=49xe? ™+ =, 0,2<x<1.
x
3uaiigiTe HabOigbIlle 3HaUYeHHS IOl TpuKyTHuka OPK, me Tou-
Ka O — mouaTOK KOOPAMHAT, TOUKa P HajdexuTh rpadirky QpyHKIii

5e674x

5 .
y=—+64x , 0,7<x<2, rouka K Hanexutrb oci Ox, mpuuomy
X

abciucu touok P i K piBHi.

B1aBiTb CBOIO KOMNETEHTHICTb

B i,D;eaJII)HI/IX YMOBax IIPOIeC PO3MHOMKEHHA KpOJII/IKiB MOKHaA OIln-

catu pagom PiboHauui, a 3pocTaHHA IX KiJIBKOCTI BigOyBaeTbcsa 3a

zaxoHOoM N = %% (t BuMiproeTbCcsa y mMicanax). SHAUAITh MIBUAKICTH

MIPUPOCTY KPOJUKiB y MomeHT f=10 micsaiis.




MOKA3HUKOBI TA JIOTAPUDMIYHI PIBHAHHS
N HEPIBHOCTI

Heari moxkasHUKOBI Ta Jorapu@MiuHi piBHAHHSA MOKHA pPO3B’fA3aTH, 3aCTOCOBYIOUM BJa-
cTUBOCTI BimmoBimmmx ¢Qyurmizi. Haragaemo ocCHOBHI mpuiioMu, AKi BUKOPUCTOBYIOTH IIifn
yac pos3B’A3yBaHHA pPiBHAHBL 3a MOIIOMOTOIO BJIACTUBOCTEM (YHKIIIN, Ta HaBegeMO IIPUKJIA-
IV PO3B’A3yBaHHSA PiBHAHL i HEpiBHOCTEH, 10 MiCTATH MOKA3HUKOBi, Jorapudmiuni Ta iHmmi

PYHKILII.
Tabauma 11
OpienTtup IIpuknanx

1. CkiHyeHHa O0/A3

flkwo obnactb  gonycTUMmMX
3HayeHb (OO3) piBHAHHA (He-
piBHOCTI abo cuctemun) ckna-
DA€ETbCA 3i CKIHYEHHOro ymucna
3HayeHb, TO AnA PO3B'A3yBaHHA

2@ +3x =41—\/2—2x .

x-120, . Jx=1,
On3: {2—2x>0. T {x<1.

Ilepesiprka: x=1 — Kopiub (2‘/ﬁ+31 =41_‘/§; 4=4).
[OCTaTHbO MepeBipUTM BCi Ui Inmux KopeHiB HeMae, ocKinbKu n0 OI13 BXOOUTH TiIBKU OLHE
3HaYeHHs. YUCIIO.

sessesssennnansssienitinisnnennnee D1 B e 1. <

Orsxe, OI13: x=1.

eeccccccccccccccccssccccs
eeccccccscccccsccccccc oo

2. OuiHKa niBoi i NpaBoOi YacTMH PiBHAHHA

f(x)=a7 x? — i
fx)=g(x)| © {g(x)=a. 2 =cos .
fx)>a OmirmMo 3HaueHHd JIiBOi i mpaBoi YacTWH 3aJJaHOTO PiBHAHHA:
Z 2
g(x)<a axmo f(x)=2%", ro f(x)>1 (ockinbru x2 >0);
AKIIO g(x)=cos§,vro -1<g(x)<1.

AKWo noTpibHo po3B'A3aTU

pisHanHa Bugy f(x)=g(x),
i f(x)>a, glx)<a, 1o pis-

Omxe, f (x)>1, g(x)<1. Toxi 3ajaHe piBHAHHSA PiBHOCUJILHE
cucTeMi piBHAHB

2
. . . . X _
HICTb MiX NiBOIO | NPaBOIO Yac- 20 =1,
TUHAMN MOXVBA TOZAI N TiNbKM cos X =1.
Topi, konu f(x) i g(x) opHo- 2

eeecccccccccccccccsccsccse
e0ecccccccscccscccccsscce e oe

I3 mepiIroro piBHAHHS OJEPIKYEMO x2=0, To6ro x=0, 110 3a-
IOBOJILHAE Apyre PiBHAHHA.

Bionogiov: 0. <|

YaCcHO [J,OpiBHIOlOTb a.

©00000c00000000000000000000000000000

3. BMKOpMCTaHHA MOHOTOHHOCTI (PYHKLiM

Cxema po36’a3Yy8aHHSA DiBHAHHSA
1. ITid6upaemo o0un abo Kinvka KOpeHi6 PiBHAHHA.
2. Jlosodumo, wio iHWUX KOpeHié ue PIBHAHHSA He MaE (BUKOPUCMOBYIYU MeopeMu Npo KOpeHi
Pi6HAHHA a00 OUiIHKY 3HAYEHb Ji60I ma Nnpaeoi LacmuH Pi6HAHHA).
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TeopemMu mMpo KOPeHi pPiBHAHHS

1. fxmo B pieuanni f(x)=a Qyaxmia f(x) spocrae (cmagae)

Y Ha JesIKOMY IIPOMIiKKY, TO Ile PiBHAHHA MOKe MATH He OiabIie
yf(7 Hi’K OAUH KOPiHb HaA IILOMY IIPOMiXKKY.
y=a |a , IIpuraanx
\/ E Pisusamna 2% +3%=5 wmae exunmit xopins x=1 (2'+3!=5,
ey To6r0 5=5), ockinpku Gyarmis f(x)=2%+3* spocrac Ha
/ 0 o Xy B x BCili obOsacTi BU3HAUYEHHS (xeR) AK cyMa OBOX 3POCTAI0UUX

byaKIiH.

2. fdxmo B piBuamai f(x)=g(x) ¢Qymruiz f(x) spocrae ma
IesAKOMY NPOMiKKY, a GyHKuia g(x) cmagae Ha mpoMy camo-
My TPOMiKKY (a00 HaBIaKW), TO Ile PiBHAHHA MOXKEe MaTU He
OinbIlle HisK OAWH KOPiHBb HA IILOMY HPOMiKKY.

IIpuraanx

Pipuanna 5 =27 —x Mae eguHUil Kopib x=2 (52 =27-2,

To6T0 25=25), ockinbru Qyarmia f(x)=5 spocrae, a PyHK-

iz g(x)=27-x coagae (upu Bcix x€R).

4. «llykanMTe KBagpaTHMM TpUUIEH»

OpienTup ITpurnasn
Cnpobyiite po3rnAHyTY 3afaHe
PiBHAHHA K KBapaTHe BiAHOC-
HO AIKOICb 3MiHHOT (41 BiHOCHO

4% —(7-x)-2°+12-4x=0.

Banumewmo: 4% =22 i puxomaemo samimy 2% =t. Omep-

.. . JKYEMO:
AKOIC GyHKLID. 2 (T—x)-t+12-4x=0
PO3I‘JIﬂHeMO Ime piBHHHHH AK KBaapaTHe BiﬂHOCHO t. I/UIOI‘O anuc-
KPUMiHAHT
2
D=(7T-x)*-4(12-4x)= x® +2x+1=(x+1)°.
T—xx(x+1
Tozmi ¢ o= %, TOOTO

=4, t,=3-x.
BuxonaBmmu obepHeHy 3aMiny, orpumaemo: 2% =4 (3Bizcu
x=2) abo 2* =3—x. OcranHe DiBHAHHA Mae €IUHHUI KODPiHb
x=1, ockinmbku ¢yuruia f(x)=2% spocrae, a QyHKIiT
g(x)=8—-x cmagae (upu Bcix x€R).

Bionosiov: 1; 2. <
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(x) (x)
5. OCHOBHi cnoco6u pose’ssysanHs pieHanHa (f(x)° " =(f(x))"
Opienrup” IIpukaanx
I. f(x)>0

. : log , (x+1) 2
¢ AKWO MOXIMBO, BMKOPUCTO- : 1 x 1.

=X

BYEMO OCHOBHY NOrapudmiuHy gt _ 2
. TOTO)KHICTby BurnAal .
: alog”NZN : x>0’ x>0’ x>0,
slx#l, s Jdx#l, & {x#l, =
....... (a>0, azl, N>0) x+l=x%-1 x®-x-2=0 x;=-1 abo x, =2
S x=2.

Bidnogidv: 2. <

2lgx+l _
. Akwo moxnueo, norapuomy- : 2. x =100x.

: €EMO 06MABI YaCTUHU PIBHAH- Ha O3 (x>0) o6uzsi uacTuHM piBHAHHA NOATHi, TOMY
: HA 3a UNCII0BOIO OCHOBOIO 360 micia sorapudmMyBaHHA 3a ocHOBOIO 10 omep:KyemMo piBHAHHSI,
: MOJAEMO BCi CTeNeHi AK cTene- : ' piBHOCHIbHE 3aJaHOMY:
¢ Hi 3 ofHi€I0 1 Ti€I0 CaMOlo unc- - (x2ex)
: JIOBOI OCHOBOIO 3a GOPMYNOt0 : lglx =1g(100x).
. 1 .
: Ulx)=a 0g,Ulx) . 3Bimcn (21gx+1)lgx =1g100+I1gx.
(a>0, azl, U(x)>0) : | Buxonaemo saminy: lgx=t.

OmepKuMo: (2t+1)t=2+t¢; — 1; t; =1, t,=-1. Buxonasmu
obepHeHy 3saminy, orpumaemo: lgx=1 aGo lgx=-1, To6To
x; =10, x,=0,1 (o6uznBa KopeHi Bxozars go OI3).

Bionosiov: 10; 0,1. <

II. f(x) — moBinbHMII Bupas

: [lBa cTeneHi 3 ogHaKoBUMM OC- :
glx) olx) SK1m10 BBasKATM OCHOBY X YHCJIOM, TO CNOYAMKY PO32AAHEMO
nosamn (7(x))" i (F(x))" : . ; o
mpu ocobnusi eunadku (ocnoga cmenens Odopisuioe —1; 0; 1),
a nomim NPupPi6HAEMO NOKASHUKU CMENeHis:

3. x2x+4 — x20.

MOXYTb [IOPIBHIOBAT OAWH -
OAHOMY B OHOMY 3 YOTVPbOX :

BUNAKIB: ¢ 1) akmo x=-1, To (-1 =(-1* — IIpaBUJbHA PiBHiCTB;
1) f(x)=-1, i pna kope- 2) axmo x=0, o 0t=0% — IpaBUJIbHA PiBHICTB;
HiB LUbOro piBHAHHA g (x) 3) axkmo x=1, To 16=1%20 — mpaBUJIbHA DiBHICTB;
: i (p(x) — uini'qmcna opHa- 4) axmpo 2x+4=20, ToéTo x=8, TO 820 —g20 _ MIpaBUIbHA
. KOBOI MapHoCTi; : piBHiCTS.

Bidnosidv: —1; 0; 1; 8.

* PiBHAHHSA BULY (f(x))g(x) =(f(x))‘°(x) HA3UBAIOTh NOKA3HUKOB0-CMeneHe6UMU DIGHAHHAMU.
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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 kopenis ubo- :
ro pisHanna g(x) i o(x) :

: icHyoTb; :

i 4) g(x)=¢(x), i ana xope- :

:  HiB UbOro PiBHAHHSA iCHYIOTb :

glx) . o(x) . _ , .

(FGe)™ i (F ()™ O3HaOMUTUCh 3 PO3B'A3YBaHHAM MOKa3HMKOBO-CTEMEHEBIX PiB-

------------------------------- : U) HAHb Ta HEPIBHOCTEN BU MOXeTe, 3BEPHYBLUMCH [0 IHTepHeT-Nig-
TPUMKM MIAPYHHUKA.

3ayBaxKeHHA. SKIo BBaKaTu OCHOBY X 3MiHHOIO, TO PYHK-

nia h(x)=x2*** BBaskaeTbca BUSHAUEHOO JIHITIE mpu x>0.

3 11LOT0 TIOTIAAY 3aZaHe PiBHAHHA Ma€ TiMbKYU KopeHi 11 8.

Bionosiov: 1; 8. <

OT:ke, BiANIOBiAb TAKOrO PiBHAHHS HE MOXKHA 3alUCcaTH OJHO-
3HAYHO.

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

Mpukaad 1 Po3B’sKiTh piBHAHHA ( 2—\/§)x+( 2+\/§)x —4.

Po3sp’sa3anna KomenTap

Axio (\/2—\/§)x=t, TO

1 1
( 2+\/§) =7. OpnepryemMo t+7=4.

ITomiuaemo, mio
(V218 (Va5 )= 22 -(3)" =1.
Omxe, AKIILO \/2—\/§ =a, TO \/2+\/§=%.

To6To 3aaHe PiBHAHHA Ma€ BUTJIAL a4~ +—= 4 i fioro
a

Orxe, t2 —4t+1=0. Toxi

t;=2-3, t,=2+/3.

BurkonaBmiz obepHeHy 3aMiHy,
OTPUMAEMO:

(\/2—\/§)x=2—\/§ (8Bimcu x=2)
abo (\12—\/§)x=2+\/§ (sBimeu x=-2).

Bionogidv: —2; 2. <l

MOKHA PO3B’A3aTH 3a JOIOMOTOI0 3aMinm a* =t. Aue
Temep 3MIiHHY ¢ MOMKHa 06e3locepelHbO BUKOPUCTATHU
IJd 3aJaHOTO PiBHAHHSA, HE BBOAAYM ITPOMIMKHI ITO3HA-
uyeHHsA. BUKOHABINIM 00epHEeHYy 3aMiHy, BpaxOBYEMO, IITO

2ev3-— -t _(a-i3) .
N ({2—v3)

A Ly,
X

Po3p’soxiTh piBHaHHA 4% + -
2

Mpukrad 2

KomenTap

SAxmio 3BecTu Bci cremeHi mo oxmiei ocHOBH 2
i mosgauuTu 2% =t, T0 omep:xuMO piBHAHHSA (1)
(muB. po3B’A3aHHA), Y SKOMY MOYXHA BUKOHATU

. 1 . 1
3aMiHy t—7=u (Toxmi u2=t2—2+—2, OTIKe,
t

1
2+ — = u?+ 2). Ha O13 samaHoro piBHAHHS
t

(x € R) BUKOHAHHS ycix 3aMiH i obepHEeHUX 3a-
MiH € PiBHOCHUJIBLHUMHU II€PETBOPEHHAMHU I[HOTO
piBHaAHHA. OT/Ke, pO3B’A3aBIIN pPiBHAHHA,
ollep:KaHI B pesyJbTaTi 3aMiH, i BHUKOHAaBIIHU
obepHeHi 3aMiHM, MU OTPUMAEMO KOpPeHi 3ajma-
HOT'O PiBHAHHA.
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Posp’azanuga

1 1
o T 2% — —= 4.
2 2
Buxonaemo saminy 2% =t, omep:KUMO:

22% 4

(1)

1 1
24 +t-—=A4.
t t

1 ) 1
ITosmauumo t——=u, Toxni t2+—2=u2+2,
t t

oTKe, 3 piBHAHHA (1) omepikyeMo PiBHAHHA
u?+u—2=0, sxe mae xopeni: u; =1, uy=-2.
Buxonasiiu ob6epHeHY 3aMiHy, OTPHUMAEMO:

t—lzl abo t—l=—2.
t t

Tomi t2—t-1=0 a6o t>+2t-1=0.

Mpukrad 3

1+\/g

Onepxyemo: ¢ = 5 ty= 5 abo
ty=—1+2, t,=-1-2.

Tomi 2% = 1+2£ (sBincn x=log, 1+f ), a6o
2% = 1_2\/3 (KOpeHiB HEMAE, OCKITbKU 1_2\/5 <0),

a6o 2° =-1++/2 (sBincu x=log, (\/5—1)), abo
2% =—1—\/§ (KopeHiB HeMae, OCKiILKN
~1-+/2 <0).

Bidnosidv: log, 1+2\/g; logQ(\/g—l). <

. . 1
PosB’saxiTh piBHaEHS 4% + — =2cos2x.
4

I cmroci6o

Komenrap

Vpaxosyioun, mo 4% >0, ogep:RyeMo, IO B JIi-

Biff wacTuHi PiBHAHHSA CTOITH cyma 080X 83a-

E€MHO 00epHeHuXx 000amHUX wuces, sKa 3a8x0u

oinvwa abo dopisnioe 2. (Iificuo, arkmo a>0,
1 a®-2a+1 (a—l)2

= >

a a

0, orxe,

. 1
npu Bcix a>0 maemo: a+—=>2.)
a

s OLiHKKM 3HAYeHb NPAaBOi YACTUHU LOCTAT-
HLO 3rajfiaTv, I0 O0JaCTI0O 3HAUeHb (QPYHKILII
Y =Cc0S2X € MPOMIiKOK [—1; 1], oTKe,
—2<2cos2x<2.

Po3sp’azanna

OminuMo 3HaUeHHs JIiBOI i mpaBoi YacTUH
. 1
piBHaHHA. SIKmI0 f(x)=4x+—x, o f(x)>2
4

AK cyMa OBOX B3a€MHO OOepHEHUX IONATHUX
yncen. Axmo g(x)=2cos2x, To -2<g(x)<2.

Omxe, f(x)>2, g(x)<2, roxi samane piBHSH-

3 IepIroro piBHAHHSA, BUKOPUCTOBYIOUN
. 1
saminy 4% =t, omepskyemo t+—=2, To6TO
t

t2-2t+1=0. 3Bigcu t=1.

Tomi 4*=1, omxe, x=0, mo B3aZOBOJILHSAE

1 npyre piBHAHHA.

PES Bionosidv: 0. <
HA PiBHOCHWJIbHE CHUCTEMi 4% ’
2co0s2x=2.
IT cmocio
Komenrap

SIxmo mosmaumtu 4% =t, To 3ajmaHe piBHAHHS
3BOAUTHCA 0 PiBHAHHA (2) (IUB. PO3B’A3aHHA),
sKe MOJKHA PO3TJIsAfaTH AK KBaJgpaTHe BimHOC-
HO 3MiHHOI £.

BayBasknmo, 1mo t=4" 20, orxxe, Ipyu TaKUX
3HaueHHAX t piBHAHHA (1) i (2) € piBHOCHILHU-
mu. [asi BUKOPUCTOBYEMO YMOBY iCHyBaHHSA
KOpPeHiB KBaApPaTHOTO PiBHAHHAI.
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Po3sp’azannsa

Buronasum saminy 4 =¢ (¢>0), is sazga-
HOrO PiBHAHHS OIEP:KYEMO pPiBHOCUJILHE pPiB-
HSIHHS

1
t+?=200s2x, @8}

AKe, Y CBOIO 4epry, PiBHOCUJIbHE PiBHAHHIO

t2—(2cos2x)t+1=0. (2)

Posrianemo piBuaHHA (2) AK KBaJpaTHe Bif-
HOcHO 3MimHOI t. Tomi #oro AMCKPUMiHAHT

D=4cos?2x—4.
PiBaanHA (2) MOo)XKe MaTu KOpPeHi TilbKHU TOXi,

koau D=0, To6TOo Kon 4cos?2x—4> 0, Toxi

cos?2x>1. 3)

VY it HepiBHOCTI 3HAK «O0iJbIlle» He MOJXKE BU-
2
komyBarucs (cos”2x<1 zaBxau), oTiKe, He-

piBHicTb (3) piBHOCHMJIbHA PiBHAHHIO cos?2x=1.
Toxi cos2x=1 abo cos2x=-1. Iligcrasasarouyn
i 3HaueHHd B PiBHAHHA (2), oep: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 3a10-
BosibHs€ yMOBY t>0. Otike, 3amaHe piBHAHHA
piBHOCHJIbHE TiNBKU IepIHIili cucTeMi PiBHAHB.
3 Ipyroro piBHAHHA INEPIINOi CUCTEMU MAEMO

t=1, tomi 4* =1, To6T0 x=0, MmO 3amOBOIL-
Hf€ ¥ meplile PiBHAHHSA I[iel CHCTEMMH.

Bionogiov: 0. <|

(_)J ki, Ha Bally AyMKY, NepeBaru KOXHOro 3 HaBefeHVx CrnocobiB po3B'A3yBaHHA Npuknaay 3?

Mpukrad 4

Po3B’A:KiTh piBHAHHSA ol| —|2’CJr1 —2|=2x+1.

Komenrap

Hnsa pos3B’sA3yBaHHA PiBHAHHA, II0 MiCTUTH
KiZbKa MOIYJIiB, MOKEMO BUKOPUCTATHU 3arajb-
HY CXeMy, POSTJIAHYTY B § 8 mimpyuHuka misa
10 kaacy (mmB. Taxko:x Taba. 24 y posmimi 4
IBOTO IiPYYHUKA):

1) smaiitu OJ13;

2) 3HAWTH HYJI BCixX HiaAMOAYJIbHUX (DYHKILiH;

3) mosumauuTu HyJi Ha O3 i po3dbutru O3 Ha
IPOMIiKKU;

4) 3HAWTHM pPO3B’A3KU DPIBHAHHA B KOXKHOMY
3 IIPOMIiKKIiB.

Posp’azanuga

O13: xeR.
Hyuni migmonynsaux dyurmin: x=0
i 2°1-2=0; 2" =2; x+1=1; x=0.
Lleit mynp (x=0) pos6usae OJI3 Ha xBa mpoO-
MIXKKH, Y KOKHOMY 3 AKUX KOKHA IIiAMOIYJIb-
Ha (QYHKIiA Mae cranuit 3HaK (puc. 8.1).

ITpomisncor I. Axmo x e(—oo; O], MAaEMO PiBHSH-
HE 27x +2x+1 _2=2x+1

x=-1, —le(—oo; 0].

Tomi 2™ =2, omxe,

Ilpomincor II. SIxio xe[0;+o<>), Ma€eMoO PiB-
HAHHA 2x—(2x+1—2)=2x+1. Tomi 2% =§, 3Bifg-
cu x=log2§. Agne 10g2§<0, oTIKe, YV npo-
mincky Il 3amaHe PIBHAHHA KOPEHIB He Mae.

Bidnosidv: —1. <]

87
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UKAQD S Posp’skite pisrarusa lg2(x+1)=1g(x+1)1g(x-1)+21g?(x-1).
P
Po3sp’s13anHa KomenTap
Oo13: {i ti z g’ To6To x>1. Axrmio Bukonaru saminy lg(x+1)=u,

OckifibKM X =2 He € KOpeHeM 3aJaHOr0 PiBHSIHHI,
TO, AKIIO PO3AIMIUTU OOMABI UaCTMHU PiBHAHHA Ha

lg2 (x—1)#0, omep:xuMO piBHOCHIbHE DiBHSHHS
(ma OI13):

1g?(x+1) 1g(x+1)
D) gD

lg(x—-1)=v, To omep:RUMO piBHAHHA

2 2 ,
u” =uv+2v°, yci unenu AK020 MawmMs

00HAKO0BUll cymapHuil cmeniny — 2.
Harapaewmo, 1110 Take piBHAHHA HA3UBAOMb
00HOpiOHUM i po3e8’asyiomb OileHHAM 060X
yacmuH Ha Hallsuwuil cmeniHv 00Hi€l 3i
3MIHHUX.

BUKOHABIIN 3aMiHy tZM, OTpPHEMAEMO piB- POS,I[inII/IMO, Hanpmcgan, 0o0uaBi YaCTUHU
, lg(x-1) Ha v° (T06TO Ha 1g(x-1)).
HAHHA 7 —¢-2=0, xopeni akoro: IITo6 He 3azybumu KopeHi Pi6HAHHA nid uac
t;=-1, ,t2 =2. OinleHHs Ha 8upas 3i 3MiHHOW0, nompiéHo mi
BurkonaBmin obepHeHy 3aMiHy, OHeP:KYyEMO: , .. .

3HAYeHHA 3MIHHOL, 01 AKUX yeil eupas 0o-
lg(x+1) —_1 a6o lg(x+1) _ Pi6HIOE HYJMIO, PO32AAHYMU OKpeMo. 3Ha-
lg(x-1) 1g(x—-1) yeHHs x, npu saxomy lg(x—1)=0 (roxi

Toxi ma O/I3 MaeMo piBHOCHJIbHI 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=x%-2x+1;
x2=2 abo x2-3x=0;
xzi\/§, abo x=0, a6o x=3.
VYpaxosyouu O3, ogep:Kyemo:
x=+2 abo x=3.
Bionosiov: \/5; 3. <

MpukArad &

x—1=1), TobTo x =2, migcraBiaseMo B 3a-
naHe PiBHAHHS.

Ina peamisalfii omep:kaHoro IJIaHy PO3B’ -
3yBaHHA He 000B’SI3KOBO BBOAWTH 3MiHHI U
i v, mocTaTHBO MOMITHUTH, IO 3aJaHe PiB-
HAHHA OMHOPiTHe, PO3AiIuTy 00UABI YacTu-

HU Ha lg2 (x—1), a Bixe morim yBecTH HOBY
3MiHHYy t.

¥V kiHIi BpaxoByeMO, IO BCi IIepeTBOpPeHHS
oysu piBHOcuabHUMU Ha O3, oTike, HeoO-
XimHO BHMOpaTHM TiNIbKM Ti 31 3HaAeHUX
posB’A3KiB, AKi BxomaTe mo OI3.

Posp’axire piBHAHHA log, (1+\/x—2 )4—logl (1—|x2 —4|)=0.

3

Komenrap

Jlorapudwmiuni pyurIii, aki mictarbeda y JiBii

QyHKyill modxce Oopienioeamu HYLI0 modi

il miavku modi, KOAU KOMCHA 3 UUX QYHKUIlL
OopieH10€ HY.LIO.
3ayBaKUMO, III0 B IIPOIleCi BUKOHAHHSA Iepexo-
Iy BiJ 3alaHOTO PiBHAHHA [0 CUCTEMU PiBHAHD
OJ13 He 3MiHIOETHCS, OTKe, 11 MOYKHA He 3aIu-
cyBaTtu B aBHoOMYy Buraani. Iling uac poss’asy-
BaHHS OJlep:KaHnuX HAWIIPOCTIIINX Jiorapudmiu-
obnacri BusHaueHHa log (1—|x2—4|)>0. Hux piBHAHL OJl3 TeK ypaxoBYyeThCS aBTOMA-
3 TUYHO, TOMY ii MOJKHa B3araJji He 3alKCyBaTH
YV yvomy sunadky cyma 06ox Hegid’emMHUX IO PO3B’sIBaHHH.

YaCcTHHI 3aJlaHOTO PiBHAHHSA, HAOYBaIOTH TiJib-
KM HeBif’eMHUX 3HAYeHb.
CupaBpi, Ha Bciit o6sacTi BUBHAUEHHS

1+x-2 >1, omsme, log,(1+/x-2)>0. Ana-

JIOTIYHO, OCKiJIBKU 1—|x2 —4|<1, TO Ha CBOIN
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Posp’azanuga

Ockinpku Ha Bcili obJgacTi BU3HAYEHHS

log, (1+vx—-2)>0 i log, (1-|x®-4)>0, o
3
3aJaHe PiBHAHHSA PiBHOCUJIbHE CHUCTEMIi PiBHIHD

log, (1+vx-2)=0,
log, (1-]x2-4[)=0.
3

Mpukaad 7

3 Imepuioro pPIiBHAHHA CHCTEMU OIEPIKYEMO

1+Jx-2=2°. Tomi vx—2 =0, Tob6TO0 Xx=2,

10 3aJ0BOJIBHAE 71 apyre piBHﬂHHH CUuCTeMH.

Bionogiov: 2 <

IIpu aKux 3HAUYEHHAX IIapaMeTpa a HepiBHiCTb

sinx++/3 cosx+a—-5

log 9,15 (
5

)>0
5

BUKOHYETHCA IJIA OyIb-AKUX 3HAUEHb X7

Komenrap

CroouaTKy ckopucraeMocs (OpMYJIOI0

asinx+bcosx=+a®+b> sin(x+(p), e

a . b
cosp=———; sinp=————1:
\/a2 +b2 \/(12 +b2
sinx+\/§cosx=2sin(x+§).

ITorim BammmiemMo mpaBy dYacTUHY HEPiBHOCTI
AK 3HaueHHA Jorapudmiunoi QyHKIII i, mepe-

XOOAYM [0 apryMeHTiB, ypaxyemo, IO y BU-
majgKy, KOJU ocHoBa Iriel pyukIii 6inbina 3a 1,
dyHKIig 3pocTae, a Koiam MeHIma Bim 1 (ase
oinpmma 3a 0) — cmagae. Takosx ypaxyemo OJ13
3a/aHO0l HEepPiBHOCTI.

Amnanisyrouu maii omepskaHi HepiBHOCTi, ypaxo-
BY€EMO, II0 HepiBHiCTh Sint>b BUKOHYETHCA IJIs
Oynb-AKUX 3HAUeHb { TOAI U TiJILKMU TOMi, KOJU
b< -1, a mepiBHicTh Sint<c — koam c>1.

Pos3s’azanuga

3amaHa HepiBHICTH piBHOCHJIbHA HEPiBHOCTI

2sin(x+g)+a—5
log 5,15 5 >1og 9,15 1.
5 5

ITa HepiBHicTH piBHOCHMJIBHA CYKYIHOCTI cH-
cTeM HepiBHOCTEeM:

(2a-15
(1—>1,
5
2sin(x+n)+a—5
3 >1
5
[ 2a-15
0<24 <1,
5
a60o _ ( n)
2sin| x+— |+a-5
0< 3 <1.
5

a>10,
Toni . ( n) a
sin|f x+— [>5——
3 2
7,56<a<10,

abo ¢ 5-a . ( n) a
<sin| x+— |[<b——.
2 3 2

HepiBHaocTi 31 3MiHHOI0O X B OCTaHHIiN CYKYIIHO-
CTi cuCcTeM BUKOHYBATUMYThCA AJA OYAb-SIKUX
3HAUYEHb X 3a YMOB:

a>10, 7,5<a<10,
a6o |°—%<_1
5—%<—1 ’
5—i>1.
2
a>10, 7,6<a<10,
TobTo abo sa>",
a>12
a<8.

Tomi a>12 a6o 7,5<a<8.
Bidnoeidv: ae(7,5;8)U(12;). <
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Mpukrad 8

€IVUHUNA KOPiHb?

Ilpy axux 3HaUeHHAX IIapaMeTpa d PiBHAHHA lo (4x—a)=x Mae
2

KomenTap

Bukonyouu piBHOCUIBLHI IIepeTBOPEHHS 3aja-
HOTO DPiBHAHHSA, AK 3aBiKIU, YPaXxOBYEMO, IO
B IIpoOIleci BUKOPUCTAHHA O3HAYEHHS Jorapud-
Ma IJisi PO3B’SI3yBaHHSA IILOT'O HANIIPOCTIIIIOrO
gorapudmiunoro piBHaHHA Horo O3 ypaxoBy-
€ThCA aBTOMATUYHO.

Bukxornyiouu 3aminy 3MiHHOI 6 3a60aHHi 3 na-
pamempom, ypaxosyemo, wo npu yboMy 6UuMo2a
3adaui moxce 3MIHUMUCH.

Hocaimxyounm po3MillleHHS KOPEHiB KBajpar-

HOro TpuuigeHa f (t) = 152 —t—a BigHOCHO 3ama-

HHUX UYHCeJ, B3aCTOCOBYEMO YMOBHU, HaBeleHi
B iHTepHer-miagTpuMmIili go m. 9.3 migpyuyHHKa
nnsa 10 kaacy (mnaa sanmcy BiATIOBimHMX yMOB
BUKOPUCTAEMO TO3HaUYeHHA: D — JIUCKpPUMIi-
HaHT, {, — abcuuca BepIIHHM mapabosm). fx
BiomMoO, Iys1 Toro Imo0 KOpPeHi KBagpaTHOTrO
TpudieHa f (t) (3 momaTHUM KoedimienTOoM
npu t2) Oyu posMilteHi mo pisHi 60Ku Bix umc-
Ja A, HeoOXiHO I HOCTATHLO BUKOHAHHS YMO-

su f(A4)<O.

Posp’azanuga

3anmane piBHAHHSA PiBHOCUJIbHE DPiBHAHHIO
4% —a=2%. (1)

To6ro 22° —a=2%. Bukonaemo saminy 2% =t
(t>0) , OJIEPIKIMO:
t2—t-a=0. (2)
Buwmora sagaui 60yze BUKOHYBaTHUCS TOA1 U TiJib-
KU TOHi, KOoJUu PiBHAHHA (2) MaTuMe €IWHUN
momaTHuUM KopiHb. Ile MOMKJIMBO B OZHOMY
3 IBOX BUIIAAKiB:
1) piBusauua (2) mae equHUHE KOPiHb, i BiH 10-
ITaTHUNI;
2) piBHAHHA (2) Mae 1Ba KOPEeHi, 3 AKUX TiJIbKH
OIWH MONATHUI, a Apyruii — Bix’emuuii abo
HYJIb.

D=0,
s meprmoro BUMAAKY OJEPIKYEMO

ty >0,
1+4a=0, 0
1
TOOTO 1 Orixe, a=——.
ty=—>0. 4
2
ﬂPuK/\aa q Posp’saxiTs piBHAHHA | x—3 |

Po3sp’azannsa

Ilna ppyroro Bunaarky suauenus t=0 mocaigu-
MO OKpPEeMO.

Axmo t=0, 3 pisaaaua (2) ogepxkyemo a=0.
SIkmo a=0, piBuauHa (2) mae xoperi ¢; =0,
t, =1. Orxe, ymoBa 3amaui nmpu a=0 BuKoOHY-
€ThCA.

3auIaeTbCA Ie OAMH BUMNALOK — KOPEHi piB-
HAHHA (2) MaoTh pisHi 3HaKU (posMilleHi 1O
pisHi 60Ku Bim myna). Ile 6yme Tomi it TinbKuU
TOMi, KOJYM BUKOHYBATHMETLCA yMOBa f(0)<0
(me f(t)=t2 —t—a), TooTo —a<0, orxe, a>0.
OG’emuyioun BCi ofep:kaHi pes3yJabTaTH, 3allu-
CYEMO BimIIOBiAb.

1
Bidnosidv: SKIIO a:—z abo a=0, samame

PiBHAHHA Ma€ €IUHUN KOPiHb. <

3x2-10x+3
=1.

KomenTap

SasHaunMoO, 1m0 X=3 He € KopeHeM szaganoro ' OcKinbku |x—3|>0, TO 3 OCOOJIMBUX BU-
piBHAHHA (00 He icHye). nagKiB MOXKHA PO3TJIAHYTH TiJIbKH OSUH —
IIpu x#3 o06uaBi yacTuHM piBHAHHA mojarHi. Ilic- , OCHOBa xpopiBHioE 0 (|x—3|=0, TOOTO
15 norapudmyBaHHSA (3a ocHOBOW0 10) 060x uactur ' X =3). I[o6 He posriAnaTH BUNANOK, KO-
3aJ]aHOTO DiBHAHHSA OJ€PXKYEMO DiBHOCKJIBbHI fiomy , JIX OCHOBa [OpiBHIOE 1, HOCTATHBO IpU
PiBHAHHS: X #3 mposorapudmMyBaTy OOMIBI YaCTUHU
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1g| x—3 |3x2710x+3 lgl;
(8x2-10x+3)1g|x—3|=0;

3x%-10x+3=0 a6o lg|x—-3|=0.

3 IepHIOro OXep;KaHOTO DIBHAHHA MAaeMO X;=—,

X5 =3 (He € KOpeHeM), a 3 APYTOIO |x—8|=1, TOox1

x—38=1 a6o x—3=-1. TooTo x=4 abo x=2.

Bidnosiov: é; 2; 4. <

Mpukrad 10

3

PiBHAHHA 3a YMCJIOBOIO OCHOBOIO (HAIIPH-
KJiazm, 3a ocHoBoio 10).

Axmo x#3, 00uABL YacTUHU 3a4aHOI0 PiB-
HAHHA [OOJAaTHi, TOMYy micaa Jorapudmy-
BaHHA OJEPIKYEMO DiBHAHHSA, PiBHOCUJIbHE
saganomy. OcCKiJbKM Bci momajbIii Iepe-
TBOPEHHS € piBHOCUIBHUMHU (3a YMOBHU
x#3), To Bci omepsxaHi po3B’sas3Ku (AKi He
IOPiBHIOIOTL 3) € KOPEHAMHU 3aJaHOTO PiB-
HAHHA.

Posp’sukiTh piBHAHHT 5°92% + %825 =10,

Komenrap

IIposorapumyBaTy o6uABi YacTHUHU 3aJaHOTO
piBHAHHA He Mo:KHa (y JiBifi wacTmHi cTOITH
cyMa), TOMy cupo0yeMo BCi cTelleHi mojaTu AK
CTeIeHi 3 OOHi€I I Ti€l0 CaMOI0 YMCJIOBOIO
OCHOBOIO. YPaxXOBYIOUM, IO B 3aJaHOMY DiB-
HAHHI € Jorapudm 3a OCHOBOIO 2, momaMo BcCi
3aJlaHi CTeIleHi AK cTeleHi 3 0cCHOBOIO 2 3a (op-

mysoo u=a%" re u>0, a>0, a#1. Toxi

510g2x _ 210g2(51052x) — 210g2x10g25; (1)

logg5
x0825 _ zlogz(x 0g25) _ glogy5log,x

(TobTO mOmaHKU, AKi CTOATH y JiBi uwacTuui
3a/laHOr0 piBHAHHA, omHakoBi). Ilicaa oxep-
JKaHHA PiBHAHHA (2) (IUB. PO3B’A3aHHSI) MOK-
Ha BUKopucTtaTtu piBHicTh (1) cmpaBa HaJiBO.
MoskHa Tako:K 3amucaTH IIPaBy YacTUHY pPiB-
HAHHA (2) aK creminps uymeaa 2 abo mpoJora-
pudmyBaTu o00MABI IOoro UYACTHMHU 3a OC-
HOBOIO 2.

Poss’azanuga

O3: x>0. Ha miit O[3 3amaue piB-
HAHHSA PiBHOCUJIbHE PiBHAHHAM
210g2x10g25 + 210g2510g2x =10;

2_210g2x10g25 :10;

Mpukrad 11

PosB’sa:KkiTh cucTeMy PiBHAHD

210g2x10g25 :5; (2)
51082% — 5. log,x=1; x=2 (BxomuTs K0 OL3).

Bionogiows: 2. <]

xlog3y + ylog3x =18,
logs x+logsy=3.

Komenrap

Bukopucraemo piBHOCHJIbHI IIepeTBOPEHHS CU-
cremu piBHAHBL. [[ng mwporo Bpaxyemo OJ[3
i mpocre:xumo 3a Tum, 106 mHa mmint O3 Bci
epPeTBOPEHHsS PIiBHAHL AK y MIPAMOMY, TaK
i y 3BopoTHOMY HampsaMKax 30epiraam mpa-
BUJIBHICTh PiBHOCTEN.

Y mepmomy piBHAHHI 3amaHOl CHUCTEMU 3alll-
IIIeMo BCi cTemeHi AK cTelleHi 3 OCHOBOIO 3 (IUB.

KoMmeHTap o npukaany 10). Ilicaa piBHOCUIB-
Hux (Ha OI13) mepeTBOPEHDb MEPINOr0 PiBHAHHSA
omep:xyemo cuctemy (1) (ZuB. po3B’sA3aHHA), 10
axoi sMiHHI BxozaTh Tinbku y Buraaxai loggx
i logsy, ToMy B3py4YHO BHMKOpHCTATH B3aMiHy
3mMimHUX. BukoHaBIu o6epHEHY 3aMiHy, 3aCTO-
COBYEMO O3HAuUeHH:A JiorapudmMma.
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Posp’azanuga

x>0 . . . uv=2
Ol13: {y S 0’ Ha miitt O3 mepiiie piBHAHHA Opmep:xuUMO cUCTeMYy PiBHAHB {u ‘o ” 3
3a7laHOl CHUCTEeMHU PiBHOCHJIbHE DPIBHAHHAM 3 Apyroro piBHSHHS OCTAHHBOI CHCTEMU
1 1 x
3log3(x o63V) + 31°g3(-’/ o83 ) =18; v=3-u, TOAi 3 MepIIOro PiBHAHHSA u(B-u)=2,
gloggy loggx | gloggxloggy _ 18; ro6to u?—-8u+2=0. 3sizcu u, =1, u,=2.
2,310g3x10g3y=18; Toni 1)122, Uy =1.
glogzxlogsy _ g. BukoHnagpiu o0epHEHY 3aMiHy, OTPUMAaEMO
310g3xlog3y :32; {iog:;xfl, a6o {}og;,,xfz,
logs xloggy=2. 0gsy=2 ogzy=1.

Toxi samana cucreMa pPiBHAHBb PiBHOCHJIBHA x=3 x=9
cucremi Togi abo y—3, (sHAligeHi PO3B’A3KU

1 | = o~
ogzxlogsy=2, 1) BxozaATs A0 OI3).
logs; x+loggy=3.

Bidnoeids: (3;9), (9;3). <
Bukonaemo saminy logsx=u, loggy=v.

1. IosicHiTL HAa IPUKJIAAX, K MOKHA BUKOPHUCTATH BJIACTHBOCTI (QYHK-

3anumaHHg - , : : :

i [0 PoO3B’A3yBaHHA IIOKA3HUKOBUX 1 Jorapu@dMiuHUX pPIBHAHB.

Bnpa6u VY zaBpanuax 8.1-8.6 posB’siKiTh pPiBHAHHA.
8.1. 1) 2% =5-x; 6) log, (3% +4)=2-5%;
2 x (3)36 9

2) =1 +| =] =1; 7) log,|x|=5—-x7;

) (5) 5 ) logy| x|

3) 3% +4% =5%; 8) log, (1+x2)=log, x+2x — x%;

4) 2x+2_x=2cos§; 9) logsx=v1-x2.

5) log,(x+5)=log x+4;
2

8.2. 1) (Va—vi5 ) +(Ja+ 415 ) =8; 3) (Vo—vB ) +(\2+vB ) =2,
2) (V3-8 ) +(V3-8 ) =6;

8.3. 1) log2x+(x—1)log,x=6—2x;
2) x®+(x-38)log,x=4x-3;
3) 21g3(2x-1)=1g2(2x+1)-1g(2x -1)1g(2x +1).

8.4. 1) al¥2l_|g= _q1|=9%+ 41, 2) [2+log, 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.

8.16.

8.17.

1) x'% =x3; 6) x™?=x%:
2) x2%€%¥ _10x=0; a) akmo x>0; 0) akmo x<R;
1
10g3\/E——10g3(x2—1)
3) x2lomex - 10 . 7) (%) ? = 2(x-1);
X
4) xlogx(x2_3)=2x; 8) 4l°gix+xl°g4x=8;
2

5) |x—1[" " =1; 9) 2x2¢ V) =14 (x-1)"",
VY saBmaumHax 8.7, 8.8 pos3B’sKiTH cucTeMy PiBHSHbB.

x+2%=y+2Y, logy,x—logy,y=y—x,
D 2 esyo10; D 1#% 4% =54

x“+3y=10; x°+y° =54.

xlog5y +ylog5x 250, 9 xlogzy +ylog2x =16,

logys x +1logys y=1,5; log,x—log,y=2.

3HaWAiTh yci 3HAUEHHS IapaMeTpa a, IPU AKUX PiBHAHHA

4% +q-2""' _g=0 me mMaec KOpeHIB.

3HalAiTh yci 3HAUEHHS IapaMeTpa a, NpU SIKWUX HEPiBHICTH
a-9*+4(a-1)-3*+a>1 BuUKOHyeTbCA IPU BCiX X.

3HalgiTh yci 3HaueHHs mapaMeTpa @, IPU AKUX PiBHAHHS

3*+3¥ =2cosx+a+4 Mae efuHUI KOpiHb.

3HalgiTh yci 3HaueHHs mapaMeTpa @, IPU AKUX PiBHAHHS
log3(9x+a):x Ma€ eJUHUN KOPiHb.

JJIs KOKHOTO 3HAUEHHs IIapaMeTpa ¢ BU3HAUTE YHCJIO KOPEeHiB piB-
HAHHA |1gx|= —(x—l)2 +a.

CkinbKHU pO3B’sA3KiB Mae PiBHAHHSA (logz(x+1)—3)\/x—a =0 zayex-
HO Bijg 3HaueHnHdA mapamerpa a?

3HaWAiTh yci 3HAUEHHA IIapaMeTpa d, NpU SAKUX CHUCTeMa PiBHAHB
lg(4+y)=1gx,
1 2 Mae€ PO3B’SI3KH.
a-y=—(x+a)
2
YV zaBpamuax 8.16, 8.17 posB’sKiTh piBHAHHA.
1) 2536—1 .34x+1 . 73x+3 — 50496—2 . 3) 213—96 .811—296 .59—396 — 360x+2 .
2) 29x+9 . 37x+3 . 5636 — 750x+3 . 4) 32x+3 . 33x+1 3 625x+2 — 600x+7

3 1
=4lo 2+ +3;
3) gﬁ( x+1)

1) 31 3-
) 0g6( 2x+

2) /33+ 8 =310g4(4§/x_2);
log, 4

1
log, 4

3) |7 =2log, (0,5vx ) .
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8.18.

8.19.

8.20.

8.21.

8.22.

8.23.

8.24.

W

(1 _| x |)log5(l—\ x \H afl\

Ilpu akuX 3HAUEHHAX a4 BUPAa3 OinpIIUi 3a BU-

4—a2—10g25(l+x2—2\ x \)

pas 0,2 IpU BCiX AOTNYCTUMHUX 3HAYEHHAX X7

IIpu AKuX 3HAUEeHHAX a cyMma log, (sinx+2) i log, (sinx+3) mopis-
HIOBATHM€ OAWHMUIII Xoua O IpPU OJHOMY 3HAaUeHHi x?

IIpn axkmx 3HAUEHHAX @ cyMa loga(cos2x+1) i loga(cos2x+5) o~
piBHIOBaTMME OAWHUIII X04a 0 IpU OAHOMY 3HAUeHHi x?

)lg(sinx)—a2

IIpn AKWX BHAUYeHHAX a Bupas (sinx OinpIuit 3a BUpas

1 1-cos? x )+l .
10 og10o(1-cos” }+logr a IpPHU BCiX [ONyCTUMMX 3HAUEHHAX X?

. )10g2(1—2x)—2a

Ilpu AKMX 3HaUEeHHSIX a4 BUpa3 (1—2 OinbpIuii 3a BUpPas3

_ _ x_gx+l .
0,53 Ja-log1+47-27") IPU BCiX AOMYCTUMHUX 3HAUEHHSAX X7

3HalAiTL yci 3HAUEHHS a, IPpU AKUX 00JacTh BU3HAUEHHA (PYHKITIT
10+2xlog . a 18 . X
y= lg(ax+2 310820 4 gt xP —(\/x ) —(\/a ) ) MiCTUTBL TilBKH

OJHE IIijIe YHCJO.

5x+2
3 obnacTi BusHaueHHA QYHKIII y=logs (a“ —a **2 ) B3sJIM BCi Imimi
JomaTHi uucia i 3HAWMmIIM iX cymy. BusHaure yci momaTHi 3HaueH-
HA a, IpU SKUX Taka cyma Oyme OinbInoio 3a 9, ajme meHImoo Big 13.

TeMu HaBYa/IbHMX MPOEKTIB

1. ITokasHUKOBa (PYHKIIiA B HAYI[i, IPUPOAL I TeXHIiIIi.

2. Jlorapudmiuna GyHKI[iS B HAYIIi i IPUPOLII.

3. 3acTocyBaHHS MIOKA3HMKOBOI i JorapudmMivynoi PyHKIIi#l B €KOHOMIIII.

4. ITlporHosyBaHHA OyIiBHUIITBA HOBUX 00’€KTiB COI[iaJIbHOTO ITPU3HA-
YeHHA 3 ypaXyBaHHAM 3PDOCTAHHA HACeJeHHI MicTa.

g BUKOHAHHA IIPOEKTY CTBOPIOETHCA KiJbKa I'PyI, KOKHaA Mae
3HAUTH IMeBHY iH(GOpMAaIIiio.

PesyabTaTé poboTH HaJ IPOEKTOM KOKHA IPyIla O(pOPMJIIOE Y BU-
IOl KOMII'IOTEPHOI IMpe3eHTallil, 3aXucT IPOEKTiB IOIiJIbHO IPOoBe-
ctu y ¢popmi gedaris.

3 eTanamu poboTH Hag NPOEKTOM MOXHA 03HANOMUTNCS, 3BePHYBLUWCH 10 iHTep-
HeT-NIATPUMKN NISPYYHVIKA.



3ABAAHHA ANA NMIATOTOBKKU A0 OUIHHOBAHHA

Tecm
Ne 1

1.

3HalAITh 06JaCTh 3HAYEHb QYHKIIl y=-5+2.
A (—w54) B (-5-2) B (-52) T (-Z25+e) I (2+)

21—39(5 — L

Po3B’sa:xiTh piBHAHHS i BKa'KiTh IPOMIXKOK, JO AKOTO

BXOJATH BCi TOTO KOpPEHi.

A (—o0;-5) B [-5;-2) B [-2;0) I [0;2) I [25+e0)

Posp’sikiTh HepiBHicTh log 5 (x - 3) >-1.

A (—o3) B (3;5] B (3;5) T [3;5) I [55+c0)

YcramoBiThs BigmoBigHicTs Mixk Bupasamu (1-3) Ta 3HaUEHHA-
mu (A-T) mux Bupasis.

1 Inlog,log;25 g 9

2
2 lg25+1g4 B 1
3 5210g53 I‘ O

YcramoBiThs BigmoBimmicTs Midk ¢(yHKOiaMu (1-3) Ta moximHumMn
(A-T) mux GyHKIiNA.

1 2x+1Inx A 2xInx+x B 2xInx
2 x%Inx B 2+l T 2
3 1n[x?) y ;

Posp’axire piBHAHHA log, (x - 1) —log; (x + 2) =1-log; (Zx - 4). Axito
BOHO Mae€ [IeKiJbKa KOpPeHiB, 3HAWIIThL IX HOOYTOK.

A 0,5 B3 B -3 I -0,5 I 6

Poss’asxity piBHaaHa 25 —6-10"+8-4*=0. fkmo BoHO Mae me-
KiJlbKa KOpPEeHiB, 3HAWAITH iX CcyMmy.

A log ;2 B log ;4 B log ;8 T4 1 6
2 B B

Posp’skiTh HepiBHicTh 1g2 (10x) -3lgx—-1>0.

Hocaigite pyuKIito y=Inx—x Ta mobyayiite il rpadik.

MponaiTb OHNANH-TECTYBaHHS Ha CaWTi interactive.ranok.com.ua
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H. Opem
(61. 1323-1382)

M. IITidens
(1487-1567)

Mox. Hemep
(1550-1617)

I. HeroToH
(1642-1727)

BIZIOMOCTI 3 ICTOPI|

ITorsaTTa MOKAa3HUKOBOI (PpyHKIIiI OyJI0 BBEJEHO Ha OCHOBI cTemeHeBOl (QyHK-
mii 3 pamioHaJbPHUM MOKA3HUKOM, AKa Ma€ JaBHIO icTopifo. 30KpemMa ApOoOOBUMU
MOKa3sHUKAMU CTelleHA I HAWMPOCTIIUMU IpPaBUJIaMU i HaJl CTENeHAMU 3 IPO-
0oBuMu moKasHMKaMu omepyBaB y XIV cr. dpannysskuii marematuk H. Opem
(621. 1323—-1382). Bimomo, 1o H. Illroke (61. 1445 — 6. 1500) posriamas creme-

Hi 3 Bix’emMHuMY i HyIb0BUM noKasHuKamu. C. CTeBiH 3a1IpOIIOHYBaB PO3yMiTH IIif
1

an KOpPiHb (’/; . Ase cucTemaTruHO APOOOBI # Bif’€MHI TOKA3HUKU CTaB 3aCTOCO-
ByBatu I. HproTOH.

Himenwskuit marematur M. IllTidpens (1487—1567) 3anporioHyBaB MO3HAYEHHA
a= 1, akmio a #0, i BBiB Ha3By nokxasnuk (1le mepeKaaj i3 HiMeInbKoi exponent).
Himenbke potenzieren osmauae nidnecmu 0o cmenens. (3Bificu MOXOAUTH i CJIO-
BO «IIOTEHI[iIOBaTU», IKe 0yJI0 3acTOcOBaHe AJ MO3HAUEHHS MepeXodiB Bif jora-
pudwmis (log) Bupasis f (x) i g(x) mo BizmoBimHUX cTemeHiB, ToGTO Bix piBHOCTL
log, f(x)=1log, g(x) mo pismocti a'0ga 1) _ al"g“g(x).) ¥V cBoOIO uepry, TepMiH expo-
nenten BUHWK YHACJiZOK He 30BCIiM TOYHOI'O MEepPEeKJany 3 I'PellbKoi CJI0Ba, SKUM
Hiodant Anxexcanmpiiicekuii (61. III cT.) mosHauaB KBagpaT HEBiOMOI BEITUUNHHA.

TepMmiH s02apugm TOXOOUTH Bifi CIOJTYUYEHHA I'PEIIBKUX CJIB «Joroc» (y 3Ha-
YeHHi «BiHONIEHHA») i «apuTMOC» (YMCJIO) i IEPEKIANAETHCA AK 6i0HOULEHHA YU-
cea. Bubip Bunaxiguukom sorapudmis dx. Hemepom (1550-1617) Takoi HazBu
y 1594 p. mosAcHIOETbCA THUM, IO JOrapu(MuU BUHUKJIMW BHACIIZOK 3icTaBieHHSA
JIBOX UMCeJI, OfHE 3 IKUX € YWICHOM apu(MeTHUYHOI Iporpecii, a Ipyre — reoMeTpuy-
Hoi. Jlorapudmu 3 ocHOBOIO e yBiB /3. Creiimen (1600-1634), AKuit cKJIaB mepImi
rabauni pus yskiii y=Inx. Hassy Hamypanivruil (IpUPOIHWHA) IJIA IBOTO JIO-
rapudma 3anpononysaB H. Mepkarop (1620-1687), akuii BuaABuUB, Mo Inx — 1me
mola QGirypu nin 2inep6o.Jowo l

x
Bnuspke mo cydacHOro pPO3yMiHHA JiorapudMyBaHHS fAK olepaiii, ob6epHe-

HOI 10 migHeCeHHs 0 CTelleHs, yiepiie 3’ aBuaocsa B poborax k. Bommica (1616—
1703) i 1. Beprayi (1667-1748), a ocrartouno 6yio yrouneso y XVIII cr. JI. Eii-
aepom (1707-1783). ¥V kuusi «BeTym mo ananisy HeckinueHHuX» y 1748 p. Eitnep
copMyII0OBaB cCydyacHe O3HAUEHHSA AK IIOKAa3HUKOBOI, Tak i jorapudmiuHoi QPyHK-
1ift i HaBiB IX PO3KJIaJaHHA y CTEIIeHeBi pAaM, 3a3HAUYNB 0COOJIUBY POJIb HATYPAJTID-
HOro Jiorapudma.

LOGARITHMOTECHNIA:
stve
Mathodus cosfirendi

LOGARITHMOS
Mova, scconits, & Ficils;
Anpdide Comm;:e:\:.ﬁmw B, 1687,

L L -

i
Ty it ¢ Vmprae bl it B, e
e g

. Bepuyuii
(1667-1748)

TurynpHUN apKyII
Bumauaa 1667 p.
H. MepxkaTtopa

k. Boaic
(1616-1703)




Po3gin 2

IHTETPAIJI
TA OO0 3ACTOCYBAHHS

Y LLlbOMY PO34J1I BA:

P 03HaNOMUTECA 3 MOHATTAMM NEPBICHOT, HEBM3HAYEHOro
| BU3HAYEHOr O IHTErpaniB, KPUBOMIHIVHOI TpaneLii;

P HaBYUTECS 3HAXOAMTW NEPBICHI Ta IHTErpanm i 3aCTOCOBYBA-
TW IHTErpanu 4o BU3HAYEHHS NOLL KPUBOMIHIMHMUX TpaneLin
Ta 00’eMIB Tin 0bepTaHHS




NMEPBICHA TA 1i BTACTUBOCTI

Ta6aumnsa 12

1. MNepsBicHa
O3HaueHHA IMpuxaan

®yuxuis F(x) wmasusaerscs nepeicnoro dna ' Iins pymrmii f(x)=x° ma imrepsari (—o03+00)

pynryii f (x) ma maHOMY MpOMINKKY, AKIIO I ] ] x )
OyIb-AKOTO X i3 I[HOTO MPOMIKKY IepBicHOIO € (QPYHKITiA F(x)=T, OCKiTbKU

F(x)=1(x). F’(x)=(x—4),=l'4x3=x3.
4 4

2. OcHOBHa B/aCTUBICTb MNepBiCHOT

BaacTusicrs I'eomeTpuunnii 3mict
Arxwo pynruyia F(x) e nepsicnow dns pyuxuyii f(x) na danomy ' Tpadikm Oyab-axux mepsic-
npomixry, a C — dosinvna cmana, mo pyuryia F(x)+C ma- + BEX AJAA 3ajaHol  QyHKOII
Ko € nepsicnow dns Qyukuyii f(x), npu yvomy 6ydv-axy nepsic- OAEPIKYIOTE OJMH 3 ORHOTO
s i () s i nmapajgejlbHUM IIePEeHEeCeHHIM
ny oaa Qyuxuii f(x) na damomy npomixcky moxcha 3anucamu yanossx oci Oy.
y suznadi F(x)+C, de C — dosinvna cmaaa.

Ilpuxknang

\/
e —

. . x* .
Ockinmbku  (yHKIia F (x) =—— € 1[nepBicHOO mad (QyHKILiI
f(x)=x3 Ha iHTepBaJi (—oc;+<><>) (nuB. BUIlE), TO 3A2albHUIL BU-

2na0 ycix nepgicHux 0as QYHKUIT f(x)=x3 MOJKHAa 3aIunucaTun
4

rak: —+C, e C — moBiibHaA craJa.

o VN s

‘

3. HeBusHaueHun iHTerpan

O3HaueHHA IIpuxnan
CykynHicth ycix mepBicHux aaa ganHoi GyHKIi M
. 3
f(x) nasuBaernca neeusnauenum inmezpanom. Ix dx =T+C’
HeBusHnaueHmi iHTerpas mo3HAYAIOTH CHMBOJIOM 3
f(x)dx, To6T0 OCKinbKU A PyHKILl f (x)=x° na iHTepBaJi
b
—oo;+o00) yei mepBicHI MOKHaA 3amucaTé TaK:
[f(x)ax=F(x)+c, () el men
ne F(x) — onma s nepmicumx ana QysKnii = +C (mun. x. 2 ragn. 12).

f(x), a C — posinbHa craja.

4. lNpaBuna 3HaxXo4)KEHHA NepBiCHMX (nNpaBusa iHTErpyBaHHA)

1. fIxmo F — mepsicua maa f, a G — mepsicHa ' 1. I(f(x)+g(x))dx=J.f(x)dx+Jg(x)dx.

a1 g, 7o F+G — mepsicua mus Gysrmii f+g. . . .. ;
AT 8, P o pymxitit £+ Iumezpan 6i0 cymu O0opi6HIOE cymi iHmezpanis

Ilepgicna 0as cymu 0opieHioe cymi nepgicHux , 8id dodaHKie.
0na 0odankis.

2. fAxkmo F — mepsicHa mgua f, a ¢ — crana, To ' 2. J.c-f(x)dx=c'[f(x)dx, e ¢ — crajia.

cF — nepsicua mias HKIII cf. .
p ans Qyrruii cf Cmaauil MHONCHUK MOMCHA 8UHOCUMU 34 3HAK

iHmezpaaa.
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3. SfIkmo F — mepsicHa pua f, a B i b — cramni 3 J.f(kx+b)dx=%F(kx+b)+C.

(mpuuomy k#0), To %F(kx+b) — mepBicHa

A Gyeruii f(kx+b).

5. Tabnamua nepBicHMX (HEBM3Ha4YeHMX iHTerpanis)

3araJpHHI BUIJIST MEePBiCHUX

Ddyurnia f(x) F(x)+C,
me C — moBiapHaA crajia

3amnmuc 3a TOIMOMOIOI0
HEBH3HAUYEHOIr0 iHTerpaJja

0 C Jo-dx=c
1 x+C jdx=x+C
x(x+1 xoc+1
x* (o%-1) +C [x®dax = +C (a=-1)
o+1 o+1
L In|x|+C [ & —1n|x|+c
X X
sinx —cosx+C J.sinxdxz—cosxwtC
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 Iexdxzex +C
a® (a>0, a#1) 2 +c J.axdxz ¢ +c
Ina Ina
NMOACHEHHA M OBI'PYHTYBAHHA
MoHATTA nepBicHOI. Hanpukiaz, AKINO B IOYATKOBUI MOMEHT
OcHOBHa B1acTUBICTb NepPBiCHOT yacy ¢t=0 mBUAKiCTH Tina NOPiBHIOE HYJIIO,

tro6To v(0)=0, To B mpomeci BisbHOrO MaxgiH-
Hs TiJIO 3a IPOMiKOK yacy ¢ (ToOTO Ha MOMEHT

gt?

YV 10 wxpaci mMm B3HaXOAWMIW 3a 3aja-
HOI0O (PYHKI[i€I0 i1 moximHy ¥ 3acTocoByBa-
JIU IO OTlepaIiio — Oupepenyilnéants — Ko vacy t) mpoiige muax s(t)=
po3B’sA3yBaHHs pisHOMaHITHHUX 3amadu. Omwi-
€10 3 TaKUX 3a7au OyJIO 3HAXOMKEHHS IITBU/I-
KOCTi ¥ IPHCKOPEHHS IMPAMOJIIHIAHOTO PyXy
3a BiIOMOIO 3aJIE}KHICTIO BiJ yacy KoOpAuWHA-

HIBuaKicTh i IPUCKOPEHHA 3HAXOMATDH 3a
IOIMOMOTO0I0 fu(epPeHIlilOBaHH:

2 ’
_ (| 8t _8 o, _
T x(t) MarepianbHOi TOUKM]: o(t)=s (t)_( 9 ] T 9 2t=gt,

v(t)=x'(t), a(t)=v(t)=x"(¢). alt)=v'(t)=(gt) =g.
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AJle BayKJIMBO BMIiTHU HeE TiIbKU 3HAXOLUTH
moximHy samaHoi (yHKILil, a ¥ po3B’sa3yBaTu
oGepHeHy 3ajady: sHaxoauTH (pyHkmio f(x)
3a 11 3aJaHOI0 IMOXiZHOIO f’(x). Hanpurnan,
y MexaHiIi yacTo JOBOAUTLCA BU3HAUYATU KO-
opauHaty x(t), sHaroun 3amexHiCTH Bix uacy
mBugkocri v(t), a TAKOK SHAXOLUTH IIBUI-
kicts v(t), sHaOUM 3asIeKHICTD Bij uacy mpu-
crkopernsa a(t). Buaxomxenusa Qpyurmii f(x)
3a ii sajanoro noxiguowo f’(x) HasusaioTs ome-
paliiero iHmezpy8anHs.

Orxe, onepauis inmezpyeaHHs € obepHe-
Ho10 00 onepauii dugepenyirnsanns. Oueparia
iHTerpyBaHHSA [O3BOJISE 3a 3aJaHOI0 TOXiJ-
uomo f’(x) suaiitn (BigHOBUTH) PYHKIIiIO f (x) .

IHTerpan — Big. naTuH. integratio —
BiJHOBNEHHSA.

HaBenemo o3HaueHHS IIOHATH, IIOB A3a-
HUX 3 ollepallieio iHTerpyBaHHA.

OsHayeHHAa. @ynkniz F(x) HasuBaeTsh-
cs1 nepeicnoro dna pynryii f(x) ma mamomy
MPOMIKKY, IKIIO AJA OyIb-AKOTO0 X i3 I[OTO
mpomizkky F’(x)=f(x).
Hanpurknan, gasa GpyHKITIL f(x)=3x2 Ha
iHTepBaJIi (—oo; +<>o) nepBicHOIO € (QYHKILid

F(x)=x3, ockinbxn F (x)=(x%) =3x2.

3a3HaunMo, 1110 PYHKIiA x%+5 mae TaKy

camy noxinmy (x3 +5)’ =3x2. Orsxe, QyHKLiA
x2+5 rakox e mepBicHOO Aaa PYHKINIL 3x?
Ha MHOKUHI R. 3po3ymino, 1o 3amMicTh umc-
Ja 5 MOKHA MificTaBUTH OyAb-AKe iHIIIe Ymc-
a0. Tomy 3amaua 3HaXOMKEHH IIEPBicHOI Mae
OesJriu pos3B’sA3KiB. 3HAWTU BCi IIi pPO3B’ABKU
JI03BOJISIE OCHOBHA BJIACTHBiCTH IMEPBiCHOI.
Bnactueicte. Axwo pynxuyia F(x) enepsic-
notw dna pynxyii f(x) na danomy npomisc-
kY, a C — doginvHa cmana, mo QynHKyin
F(x)+C makox € nepsicnoto dna Qynxuii
f(x). IMpu yvomy 6ydv-axa nepeicna dns
pynruii f(x) na danomy npomixky momice
6ymu sanucana y éuznadi F(x)+C, de C —
doginvHa cmana.

Bupas F(x)+C wmasuBaoTh 3azanvHuUM
guzasdom nepgichux nnsa Gysruii f (x).

1) 3a ymoBoio pyukmia F(x) e mepsic-
Holo Aaa dyHKIii f(x) Ha geaxoMy IpoMimk-
Ky I. Omxe, F’(x)=f(x) mna Gygp-sikoro x
i3 mporo mpomikKy I. Tomi

(F(x)+C) =F'(x)+C’ = f(x) +0=f(x),

T06T0 F(x)+C Tex e mepBicHOIO AId (DYHK-
wii f(x).

2) Hexail pysxrnia F (x) — imma mep-
BicHa mua @yukmii f(x) Ha ToMy camomy mpo-
MiskKy I, TOGTO Fl’(x):f(x) nnd Beix xel.
Tomi

(F(x)-F(x)) = F{(x)- F"(x) = f(x) - (x)=0.

3a ymoBoio crasocTi pyHKIii (. 34.1 miz-
pyunuka anasa 10 xaacy), skuw,o noxiona QyHk-
yii Fy(x)-F(x) dopisnioe nynio na npomixc-
Ky I, mo ys pyHkyis Habysae 0esK020 cmanozo
snavenna C Ha yvomy npomixcky. OTxe, nasa
Bcix xel ¢ysKnia F (x)-F(x)=C. 3Bingcu
F (x)=F(x)+C. Maemo: 6ygp-sika mepBicHa
s pyeiii f(x) Ha faHOMY IPOMIMKKY MOXKe
6yTu sanucana y Buraisani F(x)+C, ne C — no-
BinpHa crama. O

Hampurnaan, ockimbkm pada  QYHKINL
f(x)=2x wa iHnTepBaJi (—oo; +<>o) OonHieI0
3 mepBicHux € Qyurmia F(x)= x? (cupasni,

F’(x)z(x2) =2x), TO 3aTaJIbHUIN BUTJIAJL yCixX
mepBicHux QyHkmoii maa ¢ysrmoii f(x)=2x
MO’KHA sanmcaTy tak: x> +C, ne C — moBiJb-

Ha cTaJia.
E—

3ayBarkeHHA. 3a3Buuayl mpU 3HAXOMKEHHI
nepBicHoI gua dyukmii f(x) mpomiskok, Ha
AKoMy 3a4aHo0 QyHKI f(x), He BKa3yIOTh.
ITpu mbomy MaroThH Ha yBa3i MPOMisKKYM HaAMI-
0iaBIIIOl JOBIMKMHUA.

T'eomeTpuuHMii 3MiCT OCHOBHOI BJACTH-
BOCTi mepBicHOI: zpaiku 0ydbv-AKuXx nepsic-
Hux 04 0anoi pyuxuyii f(x) odepacyomsv 0dun
3 00H020 napaaesbHUM nepeHeceHHAM y3008xHc
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oci Oy (puc. 9.1). Crpaszai, rpadik moBinbHOI
mepeicuoi F(x)+C moxHa onepsxaTu 3 rpadi-
Ka mepBicHoi F(x) mapasenbHUM IepeHeceH-
HAM y3710B:K oci Oy Ha C OTUHUITH.

y

y=F(x)

0| x
Puc. 9.7

Q HeBusHayeHuUn iHTerpan

Hexait ¢yuxrmia f(x) mMae Ha meaxomy
mpoMiskky mepsicHy F(x). Toxi 3a OCHOBHOIO
BJIACTUBICTIO IEPBiCHOI CYKYIIHIiCTh yCixX mmep-
BicHmx mua dyuknii f(x) Ha saganomy mpo-
MikKy 3agaerses popmyton F(x)+C, ne C —
JIOBiJIbHA cTaJja.

O3HayeHHA. CykymHicTh ycix mnepBicHHX
maHol (pyHKUii f(x) Ha3UBaEeTHCA Hegu3HALe-
HUM inmezpaiom.

Hesusnauenuil inmezpas no3HaLarmos

CUMBOJLOM J f(x)dx, modi

Jf(x)dx =F(x)+C,
de F(x) — o00na 3 nepsichux 0ns Qpyuryii
f(x), a C — dosiavHa cmaJaa.
Y HaBeneHiil piBHOCTi 3HAK | masusarors
3naxom inmezpana, pyurnio f(x) — nidin-
mezpaivHol QyHKiEw, Bupas f(x)dx — nio-

iHmezpanivHUM 6UPA30M, BMIHHY X — 3MiH-
HOM iHmezpyeaHHsa i goganok C — cmaJgoio
iIHmezpysanns.

Hanpurknazn, ax 3as3Havasiocss BUIIle, 3a-
raJbHUN BUIJIAA IepPBicHUX a1 (QYHK-

mii f(x)=2x samucyrors Tak: x2+C, oToKe,

JZxdxzxz +C.

CumBoJI dx, AKUI BXOAUTH 0 3aIICY HEBU-

3HAUYEHOT'0 iHTerpaJa J. f(x)dx , HasuBaeTh-
cs dugepeHyiaiom.

i [oknagHilwe 03HaMOMUTUCS 3 NOHATTAM Ande-
U peHujana hyHKLIT B MOXeTe, 3BEPHYBLUNCH [0
IHTEPHET-NIATPUMKM NIAPYYHUKA.

MpaBuna 3Haxop)KeHHS NepBiCHUX
(npaBuna iHTerpyBaHHSA)

I1i npaBuaa moxi6Hi 70 BiATIOBiAHUX Tpa-
BuJI gud)epeHIiloBaHHA.

IIpaBuao 1. Axwo F — nepsicha 0as f,
a G — nepgicua 0aa g, mo F+G — nepsicra
oas f+g. Ilepsicna 0na cymu O0pi6HIOE cYMi
nepgicrux 05 0o0arnKia.

Cupasni, akmo F — mepsicua mgaa f
(Y IbOMY KOPOTKOMY (POPMYJIIOBAHHI Ma€eThC
Ha yBasi, mo Qpyuruia F(x) — mepsicua gis
dyurnii f(x)), to F’=f. Arasoriuso, gKII0
G — nepsicHa nas g To G’ =g. Toxi 3a mpasu-
JIOM O0YMCJIEHHSA IIOXiZHOI CyMUu MaEMo:

(F+G) =F'+G'=f+g,

a e i osHauae, mo F+G — mepBicHa mjas
f+g.0

3a IOIIOMOT0I0 HEeBHM3HAUYEHOTO iHTerpaJa
1Ie IPaBUJIO MOYKHA 3alIMCATH TaK:

j(f(x)+g(x))dx = Jf(x)dx+jg(x)dx,

TOGTO iHmezpaJs 8i0 cymu opigHeE cymi iHme-
epanis 6i0 000aHKi8.

IIpaBuno 1 Mo:xkHA TOMUPUTH HA OyIb-
AKY KiJIbKicThb MOomaHKIB (OCKiJIBKM moximHa
Bim OyIb-AKOI KiJIBKOCTiI mTOJZAHKIiB MOpPiBHIOE
cyMi moXimHUX HOJZAHKIB).

IIpaBuno 2. Axwo F — nepsicna 0aa f,
¢ — cmaaa, mo cF — nepgicua 0as pyukruii cf.

Cupasni, saxigo F — mepsicua gasa f,
to F’'=f. ¥YpaxoByiouu, II[0 CTAJIUN MHOMKHIK
MOJKHa BHHOCHUTHU 3a 3HAK MOXiZHOI, MaeMo

(cF), =cF’=cf, a e i1 osmauae, 1o cF — mep-
Bicua guda cf. O

3a JOIIOMOT'OI0 HEBM3HAUYEHOI'O iHTEI‘paJIa
IIe IIPaBUJIO MOXKHA 3aIlIMCaTH TaK:

J.c~f(x)dx=cj.f(x)dx, e ¢ — craja,

TOOTO cmaauil MHOMCHUK MONHA SUHOCUMU
3a 3HAK IHmezpaJa.

IIpaBuao 3. Axwo F — nepsicha 0as f,
a ki b — cmaai (npuvomy k+0), mo

%F(kx +b) — nepsicna daa pynruii f(kx+b).




Po3pin 2. IHTerpan Ta Moro 3aCToCyBaHHS

Cupasni, axito F — mepBicHa gaa f,
To F'=f. YpaxoByouu IpaBuiIo 00UNCICHHA
noXimHOI cKJIameHol (PYyHKITIT, MaeMo:

(lp(kx+b)) =lF’(kx+b)~k=f(kx+b),
k k

1
a e I o3HAUAE, IO ;F(kx+b) — mepBicHa
s pyuruii f(kx+b). O

3a AOIIOMOI'OI0 HEBM3HaAYE€HOI'O iHTeI‘paJIa
IIe IIPaBMWJIO MOXXHA 3aIll1CaTu TaK:

jf(kx+b)dx=%F(kx+b)+C.

Tabnnusa nepBicHMX
(HeBM3Ha4YeHUX iHTerpanis)

H s o0uncieHHsa mepBicHUX (YU HEBU3HA-
YeHUX iHTerpasiB), KpiM mpaBUJ 3HAXOMKEH-
HA NepBiCHUX, KOPUCHO IIaM’ ATaTU TaOJUUHi
3HAUEHHSA IEePBIiCHUX A AeAKUX (PyHKITil.
Ix HaBemeno B m. 5 Ta6:a. 12. II[o6 o6rpyHTY-
BaTU IPABUJILHICTH I[HOTO IIYHKTY TabJINILi,
IOCTaTHBLO IepPeBipuTH, IO MOXigHA Bim yka-
3aHol mepsicuol (6e3 crasoro gogauka C) mo-
piBHIOE 3amauiit dyukriii. Ile 6yxe osnauaru,
10 PO3TJIAHYTa (DYHKI[ISA AifiICHO € mepBicHOIO
nas 3amanol PyHKIii. OckinbKy B 3amuci Beix
IepBiCHUX y APYTi#d KOJOHII IIPUCYTHIN cTa-
auit fomaHok C, TO 3a OCHOBHOIO BJIACTUBiCTIO
MEepBiCHUX MOKHA 3POOUTH BUCHOBOK, ITIO ITe
3araJIbHUN BUTJISA[A YCiX IMepBicCHUX 3amaHoi
byHKIIiI.

HaBenemo  oOrpyHTyBaHHSA  (DOPMYJI,

3a AKWUMHN 3HAXOAATH MepBicHI nna (yHK-
- .1
mi x* i —.
X

Ona iHWWX PYHKLIM NPONOHYEMO MNPOBECTU
@ aHanoriyHy NepeBipKy CaMOCTINHO.

Onsa Bcix x i3 oOsacTi BU3HAUEHHS

o+l !
Gyurmii x* mpm o#-1 moximma ( 1) =
o+

o+l

1
= (o+1)x*=x%. Ormxe, QyHKLiA
oa+1 oa+1

npu o #—1 e nepsicHoo A1a pyrkmii x*. Toxi
3a OCHOBHOIO BJIACTUBICTIO IIEPBiCHUX 3arajib-
HMIl BUIJIAN ycix mepBicEux aaa pysrmii x*
npu o #—1 0yme rakum:

o+l
X

+C.
a+l

3a IOIIOMOroi0 HEBHU3HAUYEHOTO iHTerpaJa
e TBEPIXEeHHA 3allNCYIOTh TaK:

o+l
X

Jx‘xdx: +C (u#-1).0

o+1

1
O6nacTb BusHaueHHs QyHKuii f(x)=—
X

raka: x#0. Posrismemo ¢yukumito F(x)=

:ln|x| okpemo ipu x>0 impu x<0.

Axmo x>0, to F(x)=Ilnx. Toni F'(x)=
:(lnx)’zl.
X

Axmo x<0,7o F(x)=1In(-x).Toxi F’'(x)=

=(In(=0)) =) =)= 1

OT:xe, Ha KOKHOMY 3 IIPOMiXKKiB (—oo; 0)

Ta (0; + oo) dbyarmig F(x)= 1n| x| € IIepBiCHOIO

1 . .
st @yarnii f(x)=—. Toxi 3araapHuii BU-
x

. . 1
raan ycix mepsicuux maa gysrmii f(x)=—
x

Oyme TaKuUM:
1n| x |+ C.

3a IOIIOMOroi0 HEBHU3HAUEHOTO iHTerpaJa
1Ie TBePAsKeHHs 3allUCYIOTh TaK:

J.d—len‘xHC. @]
x

2 YABIiTb, O BaM Tpeba BU3HAYUTU 3aNeXHICTb
w Bifl Yacy koopauHath Tina x(¢), 3Haloun 3a-
NEXHICTb Bif4 4acy WBWAKOCTI Tina v(t). Bu
sHanwmm x(t) y BUrNAAi x(t)zf(t)+C. Ak

@i3nYHMI 3MiICT cTanoi C y ubOMy BUMNaaKy?
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NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

Mpukrad 1

Po3sB’a3zanna

’ 1 1
F'(x)= 2\/; =2-——=——, 1e i1 03Hayae, 110 PYHK-
@) =2 =7 o

2

niz F(x) e mepsicuoro masa ¢pymrmii f(x)=——. <

Mpukrad 2

IlepeBipTe, um € (QyHKIiI F(x)=2\/; IepBicHOIO IaA (QPYHKITII
flx)=

1 Ha IPOMIiKKY (O;+oo).

N

Komenrap

Ba osHauenHaMm OQyukmia F(x)
1 € TepBicHOW oA (PyHKIII f(x),
axmo F’'(x)=71(x).

Jx

3HaAUIIT:

1) oxuy 8 mepsicHux ans Qyurmii f(x)=x* Ha R;
2) yci nepsicHI gnsg QyHKIi1 f(x)=x4;
3) [x'dx.

Po3zp’azannsa

1) Opuiero 3 mepBicHUX OJIs
byHKIIT f(:x:)zx4 HA MHOMU-
5
. . x
Hi R ¢ QpyHKIia F(x)z—,
OCK1JIBKU 5

5 ’
F’(x)z(x—) =l-5x4 =x* <
5 5

2) 3a OCHOBHOIO BJIaCTHUBIiC-
TIO epPBiCHUX yci mepBicHi s

pyurnii f(x)=x? mosxua sa-
5
.ox
NUCATA Y BUILUIALL ?—FC, e
C — poBinmpHA crama. <

5
3) Jx4dx=x?+C, ne C —

IoBinpHA cranma. <|

Mpukrad 3

KomenTap

1) Ilepsicay maa QyHKIii f (x)zx4 cIIpoOyeMo 3HAWTU Mifg0o-
poM. B mporieci Mo:xHa MipKyBaTH Tak: 100 HicJasa 3HAXOIKEH-

HA MOXigHOI omep:KaTu x4, moTpi6bHO OpaTu MOXigHY Bif x5,
5) 4 4
aje (x ) =5x". Illo6 moxigHa mopiBHIOBAJNa X, JOCTATHBLO IIO-
. .. 1
CTaBUTU Tepes PYHKI[IEIO x5 Koe(imieHT E

IIpocrimnre Bukopucratu opmyay 3 m. 5 taba. 12: odriet 3 nep-
o+l

gicnux dna Qynruii x* € Qynkruyia =
+

2) Axwo mu 3naemo odny nepsicny F(x) s pyuxuii f(x),
mo 3a OCHOBHOIO BJIACTHMBICTIO IEPBiCHUX 0Y0b-AKY nepsicHy 0as

dynruyii f(x) moxna sanucamu y euzandi F(x)+C, ge C —
IOBiNbHA cTaja.

3) 3a o3HAYEHHAM If(x)dsz(x)+C,

TOOTO HeBU3HAUEHWII iHTerpas J. f(x)dx — e cmeniambue mo-
3HAUEeHHA 3arajbHOT0 BUJIY BCiX HepBicHUX AJd maHol MYHKIII
f(x) (axuit MU BiKe 3HAMIILIN B II. 2 PO3B’A3aHHA).

Hns dyurmii f (x)=\/; 3HAUOITH IEepPBicHY, rpadik IKOI IPOXOAUTH

uyepe3 TOuKy M (9;10).

Po3sp’azanna

D(f)=[0;+). Toxi f(x)=x2.
3araJbHUUN BUTJISAHA YCiX MepBicHUX OJA (PYHK-

mii f(x) TaKUIH:

Komenrap

CrmouaTky 3amuIleMo 3araJbHUNA BUTJIAM IepBic-
HUX A4 3agaHol QyHKmii: F (x)+C. Torim BU-
KOPHCTAEMO Te, Io rpadik omep:kaHol (GpyHKILiI
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1
—+1
2

3a ymoBoi0 rpadik mepBicHOI MPOXOAUTH Uepes
TOUKY M(9;10), omKe, Ipu X =9 omepiKyemMo

§-9J§+c=10.

3sigcu C=-8. Toxi mykaHna nepsicua:

%x\/;—& <

Mpuknad 4*

Po3B’a3zanHsa

3anumieMo OAHY 3 MHepPBICHUX JIs
KOYKHOI'0 3 JTOJaHKiB.

1
Huia GpyHKIii —— epPBiCHOIO

sin” 2x
. 1
€ PyHKIig —Ecthx.

Hpyruit [ogjaHoK 3anuIlIeMoO TaK:
1
V2-x

Toxmi mepsicuoro 1iei GyHKILD Oyme
byHKIiA:

1
=(2-x) 2.

1
_ —+1 1
i'%z—Z(Z—x)z —_22-x.
-1 —E'l'l

IlepBicHor0 musa GyHKRIII 2cos3x
1 . 2 . .
e QyHKIia 2- Esm 3x = Esm 3x. Toxi

3arajJbHUI BUTJIAM IIE€PBiCHUX OJIS 3a-
maHol GpyHKIii:

—%cthx—Z\IZ—x —%sin3x+C. <

3
+C:§x2 +C:§g,x3 J,-C:%,’X,'\/;'FC-

MIPOXOAUTh uepes TOUKy M (9;10), oTiKe, IIpHU
x=9 sHauenHus Qpyuruii F(x)+C mopisaroe 10.
IITo6 sHaiiTu mepBicHY A QyHKII f(x)z\/7,

ypaxyemo, o ii o6iactb BusHaueHHa Xx=>0.

Tomi 1m0 QYHKIII0O MOMHA B3aducaTH TakK:
1

flx)= x2 i BUKOPHUCTATH (DOPMYJTYy SHAXOAIKEH-
onda  QyHKIIT

o+1
X

. . o
HA IIePBICHO1 X, a cawme:

+C.

o+1

3HaWAiTh 3arajJbHUMN BUTJIAL MePBiCHUX IJId QPYHKILIT

L —2cos3x.

1
+
\/ 2—-x
KomenTap

Burkopucraemo mpaBuiia 3HaXOIKeHHS IePBiCHUX.

OckinbKu 3amana PyHKIA € aaredpaiuHOO CYMOIO TPHOX
momaHKiB, To Ii mepBicHa mopiBHIOE aaredOpaiumHiii cymi
nepBicHux ana momaHkiB (mpasuio 1). ITorim ypaxoBye-
MO, IO BCi PDYHKIIII-HOJaHKY € CKJIaAeHUMHU (PYHKIiAMHI
Bim aprymentiB Bumy kx+b. Or:ke, 3a mpaBujaoM 3 MU
TOBUHHI TIepe] KOXKHOIO QYHKIIi€ero-TIepBicHOO (Bif apry-
MeHTa kXx+b), AKYy MU OTpHUMAEMO 3a TaOJIUIIEIO IIepBic-

1
HUX, IIOCTABUTU MHOMHUK W

s KOKHOTO 3 [OOJAaHKIB 3PYyYHO CIIOUATKY 3aIlucaTu
onHy 3 mepsicumux (6e3 cramoro gomanka C), a moTiMm —
3araJbHUN BUTJIAJ IEePBiCHUX AN 3amaHol QyHKILI (mo-
natu mo omepsxamol Gyukmii crammit momamox C).

I TpeThoro AoJaHKa IMOCTIHHWI MHOMKHUK 2 MOXKHA
MOCTAaBUTHU IIepen BiAMmoBigHOIO mepBicHOIO (IIpaBmio 2).
VYpaxoByemo (auB. Tabs. 12), 1110 mepBiCHOIO IJIs HEPIIo-

ro JoJaHKa BUIY e Qpyuriia —ctgt. daa ngpyro-

sin2 t

IO JOJAHKa, 3allMCaHOIo y BUTJIAIL x“ , BU3BHAQYa€EMO IIep-
o+l

BicHy 3a (PpOpMYyJIOIO .
+1

106 3HaiiTH HEPBiCHY /A TPETHOTO AOLAaHKA, YPaXOBY-
€MO, II[0 IIePBiCHO M PYHKIII COSX € (PyHKIis Sinx
(3BMuaiiHO, IEPETBOPEHHA NPYTOTO NOJAHKA BUKOHYIOTH-
ca Ha oOsacti Bu3HaueHHA miei ¢yHKIii, TO6TO UpPH®
2—x>0).
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3anumaHHg

Bnpabu

9.1°.

9.2.

9.3.

IMosAcHiTH, v AKOMY BHIAAKy GyHKIi0 F(x) HasuBaoTh mepBicHOIO
misa yaknii f(x) Ha samamomy mpomixkky. HaBexgiTe mpukiIagu.

ChopmyJiioiiTe OCHOBHY BJIACTHUBICTH HepPBiCHMX i mpoijocTpyiTe ii
Ha TIPUKJIAJaX.

ChopmyioiiTe 0O3HAUEHHsSI HeBU3HAUeHOro inrerpasa. HasemiTs mpu-
KJaau #oro o0UYMCJIeHHS.

ChopmyJtiofiTe mpaBuja 3HAXOMKeHHA mnepBicHumx. IlodcHiTh iX Ha
IPUKJIATAX.

,HOBeI[iTL IIpaBuJia 3HaAXOMMKEeHHA HepBiCHI/IX.

3amnuIriTh i copmyaioiiTe IpaBUia 3HAXOMKEHHSA IMepBiCHUX 3a IO-
IIOMOT'0I0 HeBU3HAUEHUX iHTErpaJiB.

3anunriiTk i JOBeHiTH 3araJbHUII BUIJIAL IEPBiCHUX IJId (PYHKIII:

1 . 1 1
x* (a#-1), —, sinx, cosx, , ®
x cos” x sin” x

SanumritTe BigmosBigHi QopMyJsMm 3a JOIOMOIOI HEBU3HAUEHOIO
iHTeTpaJa.

, €5, a* (a>0, a#l).

V saBpamuax 9.1, 9.2 nosexits, mo Gyuknia F(x) e mepeicuowo gis
dyarnii f(x) Ha 3asHaueHOMY HIPOMIMKKY.

1) F(x)=x%, f(x)=5x1, xe(—oo;+oo);
2) Flx)=x7, f(x)=-8x"*, xe(0;+);

3) F(x)=%x7, f(x)=x° xe(—co;+);
4) F(x)z—%x_fi, f(x)zx_7, xe(0;+oo).

1) F(x)zsinzx, f(x)=sin2x, xeR;
2) F(x)z%cost, f(x)=-sin2x, xeR;
3) F(x)=sin3x, f(x)=3cos3x, xcR;

1) Flx)=3+tg =, f(x)z%, xe(-mmn).

2cos” —
Ilepesipre, mo ¢yuknia F(x) e meppicuomo mia yrrmii f(x). Sua-
WOiTh 3arajJbHU BUTJIAL IepBicHUX s QYHKILL f (x), AKIIO:

1) F(x)=sinx—xcosx, f(x)=xsinx;

2) F(x)=vx?+1, f(x):%;
x“+1

3) F(x)=cosx+xsinx, f(x)=xcosx;

_1+x2

4) Flx)=x-—, flx)= 5

X X
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V saBpamuax 9.4, 9.5 BusHauTe, un € Gpynkuia F(x) mepsicuoo gis
dyurnii f(x) Ha 3a3HAYEHOMY IPOMIXKKY.

9.4°. 1) F(x)=8-sinx, f(x)=cosx, xe(—oco;+oo);
2) Flx)=5-x", f(x)=—4x? xe(—oo;+o);

3) F(x)=cosx—4, f(x)=—sinx, xe(—oo;+o);

4) Flx)=x2+2, f(x)—2 5> x€(05+00).

1
9.5. 1) F(x)=2x+cos§, f(x)=2—Esin§, xeR;

2) Flx)=vd4-x2, f(x)=—

d , xe(—2;2);
452

3) Fx)=—5, flx)=14-—, xe
4) F(x) 4x\/7 flx)= 6\/; xe

*);
).

Y zaBmamuax 9.6—9.8 sHaWAiTh 3araJbHUI BUTJIAL IIE€PBICHUX IJId
dyurmii f (x).

e(0;+
05+

9.6°. 1) f(x)=2-x* 1) 1(x)=-8; 7) flx)=1-—r;
X
2) f(x)=x+cosx; 5) f(x)=x% 8) flx)=x3.
3) f(x)=dx; 6) f(x)=——2;
X
9.7*. 1) f(x)=2—x3+i3; 7) f(x)=(4-5x)";
X
2) f(x)zx—x%+cosx; 8) f(x)z—%cos(x—%);
1 .
3) f(x)zx—z—smx; 9) f(X)_m,
1) F(x)=5x2-1; 10) flx)=— 2,
cosz(n—x)
3
5) f(x)=(2x-8)’; 11) f(x)=—;
(8x-1)
6) f(x)=3sin2x; 12) f(x)=—%+ !

x cos> (8x-1) '

9.8*%. 1) f(x)=1—0053x+2sin(§—x);

1 1
sin® 4x \/2 x
2
cos?(3x+1)

1 3 b
4 = -2 ~_xl.
) flx) P + N cos( i x)

—3x2;

2) f(x)=

3) flx)= —3sin(4—x)+2x;




§ 9. lNepBicHa Ta ii BNaCTMBOCTI

9.9.

9.10.

9.11°.

9.16.

9.17.

Ius @yurnii f(x) smafigite mepsicuy F(x), mo naGyBae 3azaHoro
3HAUYEeHHS B 3a3HAUYEHIil TOYILi:

1) f(x)=i2, F(%):—m; 3) f(x)=x%, F(-1)=2;
X

2) flx)=

) F(l)zo; 4) f(x)=sinx, F(-n)=-1.
cos” x 4

Y saBmanHax 9.10-9.12 mgaa pyurimii f (x) smaiigiTs nmepsicHy, rpa-
ik AKOI IMPOXOIUTH uepes TOuKy M.

1) flx)=2x+1, M(0;0); 3) flx)=x+2, M(1;3);
2) f(x)=38x2-2x, M(4);  4) flx)=-x?+3x, M(2-1).

1) f(x)=2cosx, M(—%;l); 3) f(x)zsin(x+§), M(%c;—l);

2) flx)=1-x%, M(-3;9); 1) flx)=—1 M(%;3).

4 b
X
1) f(x)=4x+i2, M(-14); 3) f(x)=1-2x, M(3;2);
X

2) flx)=x®+2, M(2;15); 4) f(x):iz—10x4+3, M(1;5).
X

Hns pyurmii f (x):er —COsSX B3HAUIITH IepBicHY, rpadik AKOI IIpo-
XOAUTH Yepe3 MOUaTOK KOOPAWHAT.

Hna pyurmii f(x):sinx—egx 3HAUAITHL MepBicHY, rpadik gKoi mpo-
XOAUTH Uepes IIOUYaTOK KOOPAUHAT.

Y saBmamHax 9.15, 9.16 gnxa QyHKIii yzf(x) 3HAUOITL MepBicHY,
rpadik sSKOI IIPOXOAUTH Uepes 3aJaHy TOUKY.

1) f(x)z%sin§+4cos4x, A(n; 3);

2) f(x)=%cos§—5sin5x, B(m;0);
3) f(x)=5x"+3x*-4, B(-1;12);

4) Flx)=—— —2x, N(9;-8).

2x

1) f(x)=8x*-4x+5, A(26);
2) flx)=3x"-6x+4, A(L;4);
12

\J3x -2 ’

Hna pysrii f(x)z 8x3 —2x smaiimite mepBicHy F(x), OJIVH i3 HYJIiB
aAKol mopiBHIOE 2. BusHauTe pelrTy HYJIiB QYHKII 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 3HAUIITH IEPBiCcHY F(x), OoUWH i3
HYJiB aK0i gopiBHIOE 3. BusHauTe pelrry HYJIiB QYyHKINI F(x)

Hina ¢GyHKIii f(x)=x2—2x 3HAUAITL TAKy NepBicHy, IMo0 mpamMa
y=3x+2 Oyma moTuuyHoio mo ii rpadika.

Hina GyHKIii f(x)=4x—x2 3HAUAITL TaKy IepBicHy, II00 HOpsaMa
y=-5x+1 Oyma moruuHoio mo ii rpadika.

3agatiTe (opMysao0 (PYHKIIiIO F(x), BU3HAUEeHy MPHU BCixX mificHMX
3HAUEHHAX apryMeHTa, AKIN0 rpadik 1iel PyHKIII TpoxoauTh dyepes
TOuKy M (1; 7), a KyToBuli KoedillieHT JOTUUYHOI, IIPOBEAeHOl 10 rpa-
dirka GyHKIiL F(x) B TOUIIi 3 abCIIMCOI0 X, HOPiBHIOE 3x2 —4x3.
3agaiite (popmMya00 (PYHKIIiIO F(x), BU3HAUYEHY MPU BCiX mifiCHUX
3HAUEHHAX apryMeHTa, SAKII0 rpadik miel (QyHKIII mpoxoauTh ue-
pes Tourky K (—2; 5), a KyToBuil KoedillieHT JOTUYHOI, IPOBEIEHOI 10
rpadika QyHRIII F(x) B Toulli 3 abCcImcoro X, MOPiBHIOE 4x-5xt.

BuaBiTL cBOIO KOMMETEHTHICTb

IIBuaKicTh MaTepialbHOI TOUKM, IIIO PYXae€ThCA NPAMOJiHiNHO, 3a-

naHa (popmysao0 v(t)=t%2+2¢t-1. Banumirs dopmysry 3ajeskHOCTI ii
KOOpAMWHATU X Bim udacy ¢, AKIIO BiIOMO, IO B IIOYATKOBUUN MOMEHT
yacy (=0 c) Touxka mepebOyBajia B IOUaTKy KoopAwHAT (U BUMIipIO-
€ThbCA B M/C).

IIBuakicTh MaTepiasbHOI TOUKM, IIIO PYXAE€ThCA NPAMOJIHiINHO, 3a-
t . .
nasa dopmyrono v(t)= 2cos5. Sanunrite GopMyJIy 3aJIe3KHOCTi KOOD-
. . T
IWHATA TOYKWU BijJ yacy, AKIIIO BiZIOMO, III0 B MOMEHT tzg C TOUYKa

nepeOyBajsia Ha BifcraHi 4 M Bif mouaTKy KoopawHAT (U BUMipIOEThH-
cd B M/c).

MarepianbHa TOYKA pPyXaeTbcA IMPAMOJIHINHO 3 IIPUCKOPEHHIM
a(t)=12t%+4. Buaiigits 3aKoH PYXy TOUYKH, SKIIIO B MOMEHT Uacy
t=1c il mBuaKicTs gopiBuioBasa 10 m/c, a Koopamuara 12 m (a Bu-
MipIOeThCA Y M/C2).

MarepiasbHa TOUKa Macoio m pPyxXxaeTbesa mo oci Ox mix mieo cu-
au F(t), sanpsimienoi B3moBsk miel oci. BamuimiTs GopMysIy 3aes-
mocti x(t), SAKIO BigomoO, [0 mpu f=1%;, MBUAKICTE TOUKMH [JOPiB-
HIOE Uy, a KoopauHata — X, (F(¢t) BumipiooTs y HbloTOHAX, ¢ —
Y CeKyHIaX, U — y MeTpax 3a CeKyHAy, m — y Kijgorpamax):

1) F(t)=6-9¢, ty=1, vy=4, xy=-5, m=38;

2) F(t)=14sint, ty=mn, vy=2, x,=8, m=T;

3) F(t)=25cost, t(,:%, vy =2, x,=4, m=5;

4) F(t)=8t+8, t,=2, v,=9, x,=7, m=4.



BI/I3!-IA‘-IEHI/II7I IHTErPAN
TA NOIro 3ACTOCYBAHHA

10.1. TeoMeTpNYHUN 3MICT | O3HAYeHHS BU3HAYeHOro iHTerpana

Ta6aumnsa 13

1. O6uyMcneHHs BM3HadeHoro iHTerpana (¢opMyna HbloToHa — Jlen6Hiya)

dDopmyia IIpukaan

flkmo @yrkunia f(x) BusHauena i memepepsHa ' Ockimpku mas dyrrnii f(x)=x2 oxmieio 3 mep-
Ha Bigpisky [a;b] i F(x) — ii nosinema mep- i " P e
BicHa Ha IIbOMY BifPi3KYy (F (x)=f (x)), TO BicHMX € QyHKiA Flx T3 To
b b 2 3
2 X
If(x)dx:F(x) =F(b)-Fl(a). Ix dx=—
a

a 1

2. KpuBoniHiiHa Tpaneuis

O3HauyeHHA ILmrocTpaiisa

Hexaii na Bigpisry [a; b] oci Ox 3amaHo HemepepsHy (QyHKIi0 f(x), axa y=f(x)

HabyBae Ha HBOMY TiJIbKM HEBiJ’€MHHX 3HAUEHbD. /\/

®dirypa, oomexkeHa rpadikom yHEIIT Y= f(x), Bigpiskom [a; b] oci Ox
i mpamMuMu x=a i x=0>, HAa3UBAETHCA KPUBONIHILIHOIO mpaneyier.

b x

3. Mnowa KpuBoONiHiMHOI Tpaneuii
®dopmyaa IIpukaanx
O6uwucaiTh maoiny (girypu, ooMeskeHol
. . T y=sinx
nmigismu y=sinx, y=0, x=—, 1+
T 3 S
x=—. 0 T
b 2 T T x
3o06pas3uBIy 1Ii JiHil, OTPUMAaEMO Kpu- 3 2
S= _[ f(x)dx BoOJIiHifiHY Tpamerniio. —Iy
a n .
2 2 T T
Szjsinxdxz—cosx =—Ccos—+Ccos—=—.
/ . 2 2
3 3
a b a b b b
If(x)dsz If(x)dxz—jf(x)dx I(f(x)+g(x))dx=Jf(x)dx+Jg(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 c b
a 8 If(x)dx=jf(x)dx+Jf(x)dx.
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Hexait @pyurnis f(x) HemepepBHa Ha Bimpisky [a; b].

5. O3HayeHHA BM3Ha4YeHoro iHTerpasa 4vepes iHTerpasjbHi CymMu

Bukonaemo Taki omeparrii.
. - N >y y=1(x)
1. Posi6’emo Biapisok [a; b] Ha n BigpiskiB Toukamu X, fleq)t-- i y
X9, «.., X,; (BBaNKAEMoO, Mo a=x,, b=x,).
2. IlosHaumMoO NOBKKHY IepIIOro Bifipiska uepes Ax,
apyroro — deped Ax, i T. #m. (To6TO Ax;=Xx;—X,
Axg=x9—%1, e, Ax,=%x,—%, 1).
3. Ha xosxkHOMY 3 onepskaHUX BinpiskiB BubGepemo xo- Ola=xy c;x; coxy x5 + + - X, in,x/n b x

BLIBHY TOUKY C; (CiE[xi_l;xi], me i=1, 2, ..., n).

—_
Axy Axy Ax

n

4. Crnagemo cymy S, =1(c;)Ax; +f(cy)Axy+...+f(c,)Ax,.

ITls cyma HA3UBAETHCA IHMEZPANBHONW CYMmor QYyHKYii f (x) na 6i0pisky [a; b]. Axmo n— oo
i moB:KMHM Bigpi3kiB PO3OMTTA NMPAMYIOTH 10 HYJS, TO iHTerpajdbHa cymMa S, NPSAMYE J0 JeSIKO-

ro YMCJa, IKe HAa3MBAETHCA BU3HAUYEHUM iHTerpamom pyHrmii f (x) ma Bimpisky [a; b].

b

Buszauenuii inTerpaa mosHadaioTh J flx)dx.

a

MOACHEHHA 1 OBI'PYHTYBAHHA

FreomeTpUYHUN 3MICT | O3HAYEHHS
BM3Ha4YeHoro iHTerpana

dr Oyno sasmaueHo B § 9, inmezpysan-
Ha — uye 0is, obepHeHa 00 OupepeHyiln8aHHA.
Bona mo3BoJisie 3a 3ajaHOI0 MOXiTHOIO (PYHK-
mii smadiTu (BigHoBUTH) 1110 PyHKIIiI0. IToKa-
JKeMo, II0 I oIepallisa TicHo ImoB’si3aHa i3 3a-
Javero 00UMCIeHH A Lol irypu.

fAK Oys0 3a3HaAUEHO BUIIlE, Y MeXaHiIli ua-
CTO ZOBOAWUTHCA BU3HAUATH KoopAmHATY x ()
MaTepiaJbHOI TOUKH, IO PYXAEThCS IIPAMOJIi-
HiflHO, 3HAIOUM 3aJIeKHICTh Ii MIBUIKOCTI Bix
vacy v(t) (maragaemo, mo v(t)=x"(¢)).

PoarisaeMo cmodaTKy BUOAJ0K, KOJIU
TOYKA PYXAEThCA 3 MOCTIHHOIO IIBUAKICTIO
v=v,. I'padikom mBuAKOCTI B cucTeMi Ko-
opAMHAT (t;v) € mpaMa U=Uv,, IapajelbHa
oci vacy t (puc. 10.1.1). dxmro BBaskaTu, II10
B MOYaTKOBUI MoMeHT uacy t=0 Touka me-
pebyBajsia B ImoyaTKy KOOpPAMHAT, TO HIJIAX S,
OpOoUIeHN Helo 3a uac ¢, 00UNCIIIOIOTE 3a (pop-
MyJOI0 S=Uvyt. Bernunna vyt ZOPiBHIOE ILTIO-
m1i S TpAMOKYTHUKA, 00MesKeHOoro rpadikom

IIBUAKOCTI, Biccio abciiuc i ;BoMa BePTUKAIDL-
HUMU OPAMUMU, TOOTO ILJIAX TOYKU MOJKHA
00YMCaAUTY AK IJIONTY (Pirypu, posTamioBaHOI
oig rpadikom IMTBUAKOCTI.

Posrnsgmemo Bumamok  HepiBHOMipHO-
ro pyxy. Temep mBUAKICT MOMKHA BBaKa-
TU IOCTiHHOIO TIILKY Ha MaJIeHBKOMY Bimpis-
Ky uacy At. dKHIo mBUAKICTb U 3MiHIOETHCA
3a saxonoM v=v(t), To mUIAX, OpoNaeHUN 3a
BiZpidok uwacy [t;t+At], HaOJIMKEeHO BUpa-
sxaeTbea gobyTrom v(t)- At. Ha rpadiky meit
IOOYTOK [OPiBHIOE ILJIOMII MIPAMOKYTHUKA
i cropomamu At i v(t) (pumc. 10.1.2). Tou-
He 3HAUEHHA NLIAXY, TPOUIEHOTO 3a Bimpi-
30K Yacy [t;t+At], IOPiBHIOE TILJIOMIL KPuUBo-
JIHITHOT mpaneyii, BUOKPEMJEHOI Ha IIbOMY

v 1%
Vo 1 U(t) e
: Do .
S=v, ! ]
o Al
! .
0 t 0| t t+At 1
Puc. 70.7.7 Puc. 70.7.2
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pucysKy. Toxi Bech mnax, mpoieHMit MaTepiaabHOIO TOYKOIO 3a Bif-
pisok uacy [O; t], MOYKHA O0UYMCJINTHU AOJABAHHAM ILJIOIL TAKUX KPUBO-
JiHIMHUX Tpamerii, To0To MIJIAX JopiBHIOBATUME TLIOIII 3adapboBaHol
dirypu mig rpadikom mBugkocti (puc. 10.1.3).

Hasememo BimmoBimHi o3HaueHHA I OOT'PYHTYBAaHHS, AKi J03BO-
JISATH 3POOUTH IIi MipKyBaHHS OiJIBIII CTPOTUMIH.

Hexaii Ha Bizpisky [a; b] oci Ox 3agano HenepepBHY QyHKII0 f(x), Puc. 10.1.3
sAKa HaOyBae Ha I[bOMY BiIpi3Ky TiJIbKU HEBil’ e MHUX 3HAUEHD.

OsHaueHHa. 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). y
y=£(x)
Bigpisok [a; b] Ha3UBAIOTh OCHOB010 KPUBOJIHIILHOL mpaneuyil.

3’sacyeMo, SK MOKHA OOUMCIUTH ILJIOINY KPUBOJiHifTHOI Tpamerrii

n

8

3a OIIOMOTo0 mepBicHoI mus pyuKmii f(x).

=l
Qfb----
Sf---
K

ITosuaunmo uepesd S(x) mromy KpusoniHifinoi Tpamemii 3 ocHO-
BOIO [a;x] (puc. 10.1.5, a), ne x — Oyab-AKa TOYKa Bifpiska [a; b]. Puc. 10.1.4
Ilpu x =a Binpisok [a; x| BupomKyeThCa B TOUKY, i ToMy S(a)=0; npu
x=b maemo S(b)=8, ne S — mwroma KPUBOJIiHifTHOI TpareIrii 3 oCHO-

BOIO [a; b] (nuB. puc. 10.1.4).

IMokaskemo, mo pynruyia S(x) e nepsicnoro dna gynruyii f(x),
ro6ro o S’ (x)=F(x).
BigmosizHo m0 o3HaueHHsa MmMOXimHOI mOTPiOHO gOBecTH, IO

ﬁ—>f(x) mpu Ax — 0.
Ax

I cIpoIlleHHsa MipKyBaHb PO3ryisHeMo Bumamok Ax >0 (Buma-
I0K Ax <0 posriIsmaceThbCcs aHAJOTIUHO).

Ockinsru AS=8(x+Ax)—-S(x), To 38 Touku 30py reomerpii AS —
mIoira (girypu, BuoKpemaeHoi Ha puc. 10.1.5, 6.

Posriaremo Tenmep IpAMOKYTHUK i3 TaKOI0 camMoro miomieo AS, ox-
Hi€lo 3i cTOPiH IKOTO € BiApi3ok [x; x+Ax] (puc. 10.1.5, 8). Ockiabku
dyukuia f(x) HemepepBHA, TO BEPXHA CTOPOHA I[HOTO IPAMOKYTHHKA
nepetuHae rpadik QyHKII B fesaKiil Toulli 3 aOCIIUCOI0 C € [x; x+Ax]
(iHakIe PosTVIAHYTUHN IPAMOKYTHUK a00 MiCTUTh KPUBOJIIHIAHY Tpa-
melriro, BUOKpemJjeny Ha puc. 10.1.5, 8, abo micTutrbeda B Hili, i, Bia-
mOBigHO, Iioro Iiomia Oyae OinbIo0 abo0 MeHIMOM0 Bim mioiri AS).
Bucora npaMoxkyTHHKa HopiBHIoe f(c). 3a (GOPMYIO0 IIONIL IPAMO-

as _fledax f(e). (s popmyna
X Ax

KyTHEKA MaeMo: AS =f(c)Ax. Toxi

Oyme npaBuybHOIO i mpu Ax <0.)

OCKiJIBKY TOYKA C JIXKUTh MidK TOUKAMHU X i X+ AX, TO ¢ IPAMYE
1o x, axkImo Ax — 0. Ypaxoyioun HenepepBHicTs Gyrkii f(x), omep-
3KyeMOo TakoK, 1m0 f(c) — f(x) mpu Ax —0.

Oroxe, i—s—> f(x) npu Ax — 0. Ile o3Hauae, 1110 S (x)= f(x), TOO- B
x

to S(x) e mepBicuom s pyuruii f(x). O Puc. 710.7.5
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Ockinbru pyurmnia S(x) e mepsicuoro g1a
GyHKITIT f(x), To 3a OCHOBHOIO BJIACTHBICTIO
nepBicHUX 6yab-AKa iHma meppicua F(x) mra
byuRIii f (x) mns Beix xe[a; b] BiIpisHAETH-
casig S(x) na mocrifiny C, To0TO

F(x)=8(x)+C. (1)

11106 suatitu C, miacraBumo x=a. Omep-
skyemo F(a)=S(a)+C. Ockinbru S(a)=0, To
C=F(a) ipiBuicTs (1) MoXKHa 3amKcaTH TaK:

S(x)=F(x)-F(a). (2)

VYpaxoByouu, IIM0 IIJIOMIIa KPUBOJiHiN-
HOI Tparmelii mopiBHIOE S(b), mimcrasiasiemo
y dopmyiy (2) x=b i omep:xyemo S=S(b)=
=F(b)-F(a). To6To maomy KpuBoOdiHiiiHOI
Tpamenii (puc. 10.1.4) Mo:xHA 00UMCIUTH 3a
¢popmyroro

S=F(b)-F(a), (3)
me F(x) — posinsHa mepsicHa mias (yHK-
uii f(x).

Ormixe, OOYMCJIEHHS IIJIOIII KPUBOJIiHil-
HOI TpameIii 3BoguTHCA A0 3HAXOMKeHHA Iep-
BicHoi F(x) nna gpyukuii f(x), To6To mo inre-
rpyBanHsg GyHKii f(x).

O3HayeHHsaA. Pisauna F(b)—F(a) nasusa-
€ThCA 6USHAYEHUM iHmezpanom QYHKYii
f(x) ma Bigpisky [a; b].

Busnauenuil iHmezpaJL nosHa4vamoms makx.

b
J.f(x)dx.

3amnuc jf (x)dx uamraroTs: «imTerpai Big a
a
mo b ed Bim ixc me ike». Yucaa a i b Hasusa-
OTb MeXaMU [HMezpYy8anHs: G — HUKHDBOIO
Meskero, b — BepxHBbOI0. OTiKe, 3a HaBeJeHUM
O3HAUECHHAM

b
[f(x)az=F(b)-F(a). (4)
a
Dopmyny (4) HasuBaTH hopmyoro Hero-
Toua — JleitoHinma.
B zamnuci obumnciieHHs BU3HAUYEHOrO iHTe-
rpaia pisaunio F(b)—F(a) npuitaaro mosna-

yaru tak: F(x)

.. w0610 F(2)) =F(6)-F(a).

Kopucryounuchk muM mO3HAYEHHAM, (POpMYJTIy
Hriorona — JleiibHila MOoKHA 3alIucaT y Ta-
KOMY BI/II‘JIH,Z[i'

jf )dx=F( )‘ ~F(b)-Fla).

Hanpmcﬂa/:[, OCKiJIBbKU Oas (PYHKILL

f(x)=e* opmieto 3 mepBicaux ¢ F(x)=e”, To

1 0

1
Jexdxzex =e —e’ =e-1.

Y ToMy BUIIAAKY, KOJIU AJd QPYHKIIL f (x)
Ha BipisKy [a; b] icHye BUSHaUeHUU iHTErpas
b
I f(x)dx, dyurnito f(x) HasuBaoTh iHmezpo-
a

8aHOI0 Ha 8i0PI3KY [a; b].

Iz popmyn (3) i (4) BumaMBaE, IO NJ0-
WYy KpueoJiHillHOl mpaneyil, o0mexceHol 2pa-
Gixom HenepepeHOL i He8id eMHOL HA 8i0Pi3KY
[a;b] PyuKyil y:f(x), 8idpisxom [a; b] oci Ox
i npamumu x=a i x=>b (puc. 10.1.4), moxcHa
obuucareamu 3a opmyiomw

S:j{f(x)dx

ITe cumiBBigHOIIEHHA BimoOpaskae reome-
TPUYHUIN 3MiCT BU3HAYEHOTO iHTerpaaa.

Hanpurknan, oy KpuBoJIiHIHOI Tpate-
mii, obmeskeHoi rpadikom (yHKIii y=cosx,

Bigpiskom |:0; %] oci Ox i npamumu x=0
i ng (puc. 10.1.6), mokHa 00UMCIAUTHU 3a

dopmMyJI0I0
T

Ll 1 1
6 =sin£—sin0=——0=—.
2 2

S= jcosxdx =sinx
0

0

y
1| y=cosx
0 o X

2

Puc. 70.7.6

ola
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(Y mporieci o6umcIeHHS BUSHAUEHOTO iHTerpa-

Jla BpaxoBaHo, 1o mas (pyeirmii f(x)=cosx

oxuiero 3 mepBicHux € pyurnia F(x)=sinx.)
-]

r

3ayBaxeHHsa. ¥ Bamauax i3 Kypcy anrebpu
i mouaTkiB aHaJidy Ha OOUYMCJIEHHS IIJIOII]
AK BimmoBigb HaluacTillle HABOOATDL UMCJIO-
Be 3HaueHHd 1roini. OCKiIbKY HAa KOOpAu-
HAaTHIil IJIOMINHI, e 300paskeHo ¢irypy, 3a-
BYKJU BKA3YIOTh OAUHUINIO BUMIiPy IIO OCSAX,
TO MU MA€EMO ¥ OAWHUIIIO BUMIiPy IJIOMII —
KBajpar 3i croponoso 1.

Iaxomu, 106 migxpecauTH, M0 omepsKa-
He YHNCJIO BUPAXKaEe caMe IJIOIITY, BiAIOBiIbL
IO OCTAHHBOIO IIPUKJALY S3aIllCYIOTh TakK:

1 . .
S :E (¥B. 071.), TOOTO BKAa3yIOTh KiJIbKiCTH

KBaApaTHUX OAUHUIL. 3a3HAUMMO, IO Y Ta-
KHH c1ocib 3anuCyoTh TiJIbKK YMCJIOBL Bifmo-
Bimi. SIKIo B pe3yibTaTi 00UMCIeHD IO MU
2 .
olep:Kaau, HAIpPUKJIAL, S=2a°, TO HigKuUx
OJUHUIIH TJIOIIL He 3allCYI0Th, OCKiJIbKY Bi-
pisok a O0yB BUMIpAHUU Y AKUXOCH JIHITHUX
ONVHUIAX, 1 TOAI BUpas a? micTuts indopma-
IIiI0 PO KBaApPaTHI OMUHUIN, V AKUX BUMipIO-
IOTh ILJIOITY B IILOMY BUIIAAKY.

BnacTuBocCTi BU3Ha4YeHUX
iHTerpanis

Dopmya0I0UYM 03HAYEHHSA BU3HAYEHOTO
iHTerpaJsa, Mu BBayKasu, 10 a<b. JJomisabHO
POBIINPUTHU IIOHATTS BUBHAUEHOTO iHTerpaJa.

Hna Bumagky a>b mnpuiiMeMo 3a O3HA-
YeHHAM, II10

b a
Jf(x)dx=—jf(x)dx. (5)
a b

Ilis BUNAAKY a=b TaKo:K 3a 03HAUEHHAM
BBaKATIMEMO, III0

a
[1(x)dx=0. (6)
a

dopmaabHe 3acTocyBaHHA opmyiu Hero-
ToHa — JleiibHiIa g0 o0UYMCIeHHA iHTerpaiB
y dopmynax (5) i (6) nae rakuii camMuii pesyiab-

rar. CopaBsgi, axmo dyuknia F(x) e mepsic-
HOIO 1151 QYHKITIT f(x), To

[rax=F()| =F@-Fla)-=0.

a

Taxox
b

[1@)dz=F(b0)-Flo)=—(F(@)- Fb)=—| f ()i
b

a

3a pomomororm ¢Qopmyau HbooToHa —
JleiitbHina Jerko oOr'pyHTyBaTuU ¥ iHII BJa-
CTUBOCTI BH3HAUEHUX IiHTErpasiB, HaBeIeHi
B 1. 4 Tabu. 13.

Axmo F(x) e meppicuoo misa QyHKIIT
f(x), To nms pyurmii kf(x) mepsicuoo 6yze
dyurnia EF(x). Toxi

j.kf(x)dxz EF (x) ’ =kF(b)—EkF(a)=

a

b
=k(F(b)-F(a)=k[f(x)dx.

Oroxe,

b b
[k-f(x)dx=Ek[f(x)dx. O (7

Axmo F(x) e mepsicuomo g1sa PyHK-
nii f(x), a G(x) — mepsicHO0O mIsA QYHK-
mii g(x), TO I PYHKIIT f(x)+g(x) mepsBic-
Hoto 6yne dpyurnia F(x)+G(x). Toxi

b

b
f(f(x)+ g(x))dx=(F(x)+G(x))| =

a

=(F(®)+G®))-(F(a)+G(a))

=(F(0)-F(a)+(G()-G(a))

b b
= J.f(x)dx+jg(x)dx

Orixe,

b b b
_[(f(x)+g(x))dx=_[f(x)dx+jg(x)dx. O (8)

a
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ko F(x) e nepsicHoio A1 yHKIII
f(x) i celasb], o

j.f(x)dx+}f(x)dx=F(x) C+F(x) b:

a c

=F(c)-F(a)+F()-F(c)=
b
=F(b)—F(a):Jf(x)dx.

Orxe, axmo ¢yukmia f(x) HemepepBHa
Ha BiApisKy [a; b] i ce[a; b], TO

Tf(x)dx=jf(x)dx+j.f(x)dx. o

Q O3HayeHHS BU3HA4YeHOro
iHTerpana 4yepes iHTerpasnbHi
cymm

IcTopuuHO BUHUKHEHHS iHTerpaJia 0yJio
3yMOBJIeHEe HeOOXiZHiCTI0O OOUMCJIEHHS ILJIOII]
(diryp, oOMekeHNX KPUBUMH, 30KpeMa o0uuc-
JIeHHJ TJIOITI KPUBOJiHITHOI Tparmerrii.

Posrianemo KpuBoIiHiliHY Tpalmerliio, 30-
6pasxeny Ha puc. 10.1.7 (pyurumia f(x) mHe-
mepepBHA Ha BiApisKy [a; b]). OcHOBY Tparte-
mii — Bigpisok [a; b] — po30uTO Ha N BiApisKiB
(ze 000B’A3K0OBO PiBHUX) TOUKAMH X;, Xg, ...,
x, ; (mns spydHOCTi OyZeMo BBasKaTH, IO
a=x,, b=x,). Yepes mi TOUKH IIpOBeLEHO
BepTUKaJbHI mpami. Ha mepimomy Bigpisky
00paHo DOBIIBLHY TOUKY C;, 1 HA HbOMY AK Ha
OCHOBI MOOYZ0BAHO IPAMOKYTHHUK i3 BHUCOTOIO
f (cl). Amnajnoriugo Ha Apyromy BifpisKy obpa-
HO JIOBLJIBHY TOUKY C,, 1 HA HBOMY K Ha OCHO-

AT v=7x)

flep)}--

Ola=xy c;x) CaXy Xg + + * X, 1€, %,=b X
P Na—— -

Ax; Axy Ax,

Puc. 70.1.7

Bi moOyTOBaHO IPAMOKYTHUK 3 BUCOTOIO | (02)
i Tak maui.

Ilnoma S 3amanoi KpuBOJIiHiiiHOI Tpame-
il HabJaMIKeHOo HOPiBHIOE CyMi IJIOII IT00YI0-
BaHUX IPAMOKYTHUKIB.

IlosHauumo 110 cymMy depe3 S,, TOBXKU-
Hy IeplIoro BiApiska — uepe3 Ax;, Zpyro-
ro — 4depesd Axy, i T. #. (Tobro Ax; =x;—X,

Axg=x9 =%, ..., Ax, =x, —x, ;). Tozi

S, =1(cy)Ax; +1(cy)Axy+...+f(c,)Ax,. (9)

Omxe, miomnty S KpUBOJiHIHOI Tpamerrii
MOJKHa HAOJIMIKeHO obuwmcaoBaTH 3a (hopmy-
Jo1o (9), TobTo S=S,,.

Cymy (9) HasuWBaIOTh iHMEZPALbHON CY-
morw pynruii f(x) na eidpisky [a; b]. IIpwu po-
My BBaXKAIOTh, 110 pyHKnisa f(x) HemepepBHa
Ha Bigpisky [a; b] i Mo:xe HaOyBaTH OyAb-AKUX
3HAaUYeHb: JOJaTHUX, Bil’eMHUX, JOPiBHIOBATHU
HyJfo (2 He TiMIbKM HeBia e€MHUX, AK IJIA BU-
MagKy KPUBOJiHifiHOI TpameIrii). AKImo 7n —>eo
i IOBXKUHU BiAPisKiB po30OUTTA IPAMYIOTH IO
HyJIs, TO iHTerpajbHa cymMa S, IpAMYeE [0 Je-
SAKOTO YMcJa, dKe i Ha3WBaIOTh GU3HAUEHUM
inmeezpanom Bix dymknii f(x) ma Bigpisky

b

[a; b] i mosHavaTh Jf(x)dx. MosxkHaa mose-
a

CTH, II[0 IIPU [[BOMY TAKOX BUKOHYETHCA (op-

mysa Heioroma — JleiiOnina i Bci posrasamyTi

BJIACTHBOCTI BU3HAYEHOI'0 iHTerpaJa.

F’

3ayBarkeHHA. 3MiHOYHM cIoci® po3ouTTsa
Bimpiska [a; b] Ha n yacTuH (TobTO QiKCyIO-
4y iHIIi TOYKH X, Xy, ..., X, ;) iBUOHpao-
Y1 HA KOXKHOMY 3 OJlePsKaHUX BiApisKiB inHImi
TOUKH c; (Oe cie[xi_l;xi], i=1, 2, ..., n),
Mu omep:kuMo st Gyl f(x) immi in-
TerpajbHi cyMu. ¥ Kypci MaTeMaTHUUYHOTO
aHaJisy JOBOIUTHCHA, IO IJId Oy Ib-IKOI He-
TmepepBHOI HA BiApis3Ky [a; b] dyurmii f(x)
He3aJIeKHO Big cmocol0y po30UTTS IIHOTO
Bizpiska i BHOOPY TOUOK c;, AKIIO N — oo
i IOBXKUHU BiApPi3KiB pPO30OUTTA IPAMYIOTH
I0 HyJd, TO iHTerpajbHi cymmu S, npamy-
IOTB JIO OHOTO 1 TOTO CAaMOT0 YMCJa.
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OsHaueHHA Yepe3 iHTerpaJbHI CyMu [0-
3BOJIAE HAOJIMIKEHO OOYMCJIIOBATH BU3HAUYEHI
inTerpasu 3a gopmyJioio (9). Ajse TaKuii CIo-
ci6 moTpebye I'poMis3gKHX OOUYMCJIIEHB, i HIOTO

mporpam). ko & mepsicHa g1 pyukmii f(x)
BiZoMa, TO iHTerpajg MOKHA OOUYMCJIUTHU TOU-
HO, BUKOpHCTOByIoun (Qopmysy HproroHa —
Jletibnina (auB. mpukJgax y m. 1 Taba. 13 ta

BUKOPUCTOBYIOTh V TUX BUIAAKaX, KOJU IJIs TPUKJIAAU, HAaBeIeHI HUKUeE).

3azHauMMoO, IO BU3HAYEHUN iHTErpas
IIUPOKO BUKOPUCTOBYETHCS IJIA OIUCY Pi3HO-
MaHITHUX TIPOIleCiB Yy piBHUX HayKax, HaIIPU-

KJan y ¢isuIi Ta eKoHOMIIII.

dyurmii f (x) me Bmaerncs sHaiiTH mepBicHy
(Tomi HabamkeHe OOUYMCICHHS BU3HAUEHOTO
iHTerpaJsa 3a3Buuaii MPOBOAATE 34 JJOITOMOT'OIO
KOMII'IOTepa 3 BUKOPUCTAHHAM CIIEIiaJIbHUX

ty iy
g=[I()dt Q= c(t)at

4 il
@ — KiJbKiCTh TEILIoTH,
¢ — TeIlJIOEMHIiCTDH

q — eJIEKTPUYHUY 3apss,
I — cuia TOKy

Y
A

v=]ga(t)dt

4

A= [ F(x)ax ®I3UKA

*1 A

s=tjzv(t)dt

4

)
A=[N(t)dt
4 Xy
A — pobora, m= j p(x)dx
F — cuina, x
N — moTy:KHicTb

§ — IIepeMiIeHHs,
U — IIBUOKiCTD,

m — Maca TOHKOTO CTPHKHSA, @ — IPUCKOPEHHA

p — JjiHiliHa rycTuHa

T
CS= fp(q)dq—poqo = j I(t)e P'dt
0

9 II — nucxkoHTOBaHA BAPTiCTh I'POIIIOBOTO MIOTOKY,
PS=pyq,— j p(q)dq I — mMBUAKICTH I'POIIIOBOTO IIOTOKY,
0 P — piuHa BificOTKOBa CTaBKa,
¢ — EKiabKicTb TOBapYy, t — 4ac
p — 1IiHa ToBapy
(BapTicTh oguHMILI),
( Dos %) — TOUYKAa piBHOBaru ty
HOIUTY i IPOmo3uIii, \ V= J.f (t)dt
CS — HaAJIUIIOK I > EKOHOMIKA |< 171 ‘
cIoJKMBaua, f — IPOAYKTUBHICTB,
PS — HaIJIUIIOK t — 4gac,
BUPOOHUKA V — 00’eM npoayKiIrii
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NMPUKNIAAN PO3B’A3YBAHHA 3ABAAHb

1y
4
. d
ﬂPMKAaa 1 OGuuciiTh J 326 .
0 COs"x
Po3p’a3anua Komenrap

n n Ockinpku nnas QysKmii f (x)= 3 MU 3HAEMO
1 dx 4 T cos“ x
.[ cos? x =tgx| = tgz—tg0= 1-0=1. nepsicay: F(x)=tgx (zus. tabua. 12), To sagaHmii
0 0

iHTerpas MOKHA OOUMCJIUTH Oe3IIoCepesHIiM 3acTo-

Bionosion: 1. <] cyBauHaM ¢opmyau Hbiorona — Jleiibuima

b b
If(x)dx=F(x) =F()-F(a).
a a

24

UPMKAaa 2 O6uncIiTh J(——x)dx.
1\ x
Posp’sa3anHa KomenTap
I cmoci6 Mo:kauBi ABa ILIAXU OOUMCJIEHHS 3aJaHOTO

4 . . i
Ins Qyskmii f(x)=——x oxmieo 3 mepsic- + HTeTPaIA.
x

1) Coouarky 3HaWTU IepBicHY MiIaA (GYyHKIIL

2
x
. _ X . 4
mux ¢ Qynxnia F(x) 41n|x| 2 Toni f(x)=——x, BuKOpHCTOByIOUM mpaBmiIa 06-
x

3 2 1|3
4 x . . .
J‘ 2 _xldx= 41n| x|— _ ‘II/ICJIe'HHH H?pBl(.}HI/IX i Tabauio mepBicHUX,
2 a moriM 3HaWTU iHTerpas 3a (opmysoo Hbro-
ToHa — Jleibuina.

2 2
=(41n|3|—3?)—(41n|1|—1?):41n3—4. < 2) Bukopucratu gopmyay (8)

1 1

b b b
I croci6 _[(f(x)+g(x))dx=_[f(x)dx +fg(x)dx
84 Sadx B a a a
J(——x)dx='[——'[xdx= . L. .
1\ x T X 1 i sammcaTu 3amaHUil iHTerpay AK ajaredopaiumy
5 5 5 5 CyMy OBOX iHTerpajiB, KOKHHUH i3 AKUX MOXK-
—4 J dx I dx = 41n| | x? _ Ha 0e3mocepeqHbO OOUMCIUTH, AK Yy IIPUKJIA-
- L x 1x x= x . 2 . - ai 1 (@A meprmoro SOLAHKA MOXKHA TAKOMK BU-

Kopucratu ¢Qopmyay (7) i BuUHecTH cTaauii
MHOKHUK 4 3a 3HaAK iHTerpasa).

3% 1
=4(In[3|-In[1])-| = - |=4In3-4. <
2 2

3ayBaxeHHs. BafaHuil iHTerpas posriAfaloTh Ha Bixpisky [1;3], e x>0. Ane npu x>0

. . 1 .
ozxHieio 3 meppicHux maa pyukuii f(x)=— e @pynknia F(x)=Ilnx. Tomy, BpaxoByouu,
X

3
dx o .
mo x>0, MOKHA, HAIPUKJIAL, 3aIIHUCATU, IO j—=1nx . Xoua, 3BUUAiHO, HaBeJeHUI

1 * 1

BUIIE 3aMKC IIePBicHOI Tex € MpaBuIbHUM (OCKinbKY mpu X >0 1n| x | =lnx).
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O06uucaiTh MmIo irypu, obmerxkenoi mpavMumMu x=1, x=8
TfpuKAaa 3 : ' H{y Girypn, ; p ) )
Biccro Ox i rpadikom QyHKINiI y=\/; .
Posp’a3anusa Komenrap
3o0paskyoun 3asHadyeHi Ji- 7 3amana ¢irypa € KpuBOJIi-
Hii, 6aummo, 110 3amaHa Qiry- - §/7 HIHOIO Tpamelli€eio, i ToMy
pa — KpUBOJIiIHiTHA Tpamelis y=vx ii maoIy MoOKHA OOUMCIIH-
(puc. 10.1.8). 1 ™ 3a (hopPMYJI0I0
Toxi ii miomia (1] | b
1,8 i 8 x S=[f(x)dx,
8\/7 8 1 3
S=|Yxdx=|x3dx= = @
! { 1, Puc. 10.1.8 ne a=1, b=8, f(x)=¥x.
3 1 Taxkoxx moTpiObHO BpaxyBa-
4 4 L
3 = =) 3 45 1 TH, 110 Ha 3aJaHOMYy Bigpis-
=—(83—13):—(384—1)=—=11—. .
4 4 4 4 ky [1;8] smauemms x>0,

i Ba 1iel ymMoBU MOKHa 3a-

1
Bidnosids: 11—. < 1
4 mucaT §/;=x3.

BV\Pa&A 10.1.1. O6uucnirts imTerpasn:

T
2 9 10
dx dx
1°) [ x*da; 1) [ 7 [ 55
e 7 sin” x 1 X
4
K2 K2
2 2 e 2
2°) _[cosxdx; 5) j—2; 8) Jsiandx.
0 1(2x+1) T
4
3 T x
3°) [x*da; 6) [3cos=dux;
1 0 2
10.1.2. O6uncaiTs iHTErpas:
2n
2z X ? X X 2
1 sin—dx; 5 sin—+cos— | dx;
) Jain ) [ v
2 dx 2 3
2) | ——; 6) |(1+2x)°dx;
_'[2\/2x+5 2[
K
3n 12
3) | ér . 7) | (1+cos2x)dx;
0 cosgi 0

8 dx 4( \/;)
4 — 8 —|d
):[2 3 )-!x+ x
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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.

JoBemiTh IpaBUJILHICTHL PiBHOCTI:

1 de L 3 B ,
1) ! — :_(l;dx, 3) _([cosxdxz {x dix;

1 2
4) [x+Ddx=[(x* ~1)dx.
0 0

VY zaBpmauuax 10.1.4-10.1.6 o6uucaiTs (momnepegHbO BUKOHABIIU DPU-
CYHOK) ILIoIly (irypu, oOMerkeHOI 3agaHUMU JiHiAMMH.

4

1) y=x*, y=0, x=-1, x=1; 3%) y=x*, 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-x%, 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.

3

1) y=x°, y=8, x=1;
T s

2 =2cosx, y=1, x=——, x=—;
)y y 3 3
3) y=x2—2x+4, y=38, x=-1;

1 T 5m
4 =sinx, y=—, x=—, x=——.
)y y=7 p p

Y saBmamHax 10.1.7-10.1.8 oOuwuciiTh BU3HAUEHUU iHTErpaj, BU-
KOPHMCTOBYIOUM HOTO TeoMeTpWUYHUil 3MicT. Brasiéka. ¥ KOXKHOMY
3aBIAHHI HeOOXigHO 3HAWTH IIJIONIYy KpuBOJiHiiiHOI Tpamerii. ITo0y-
nyiite rpadixk BigmoBimHOI (PYyHKINiI, CKOPHUCTABIINCDH, 3a OaKAHHAM,
nporpamMmon Desmos abo iHmuM rpa@iuyHUM pemaKkTOpPOM.

2 0 6 1
1) [Va-x*dx  2) [V25-x"dx;  3)[V6x-2’dx;  4) [|x|dx,
2 -5 0 -2

2.2 6 4 2
1) [ V8-x"dx; 2) [V24+2x-x"dx; 3)[|x-8|dx; 4)[|x+2]dx.
0 -4 0 3

BuaABiTL CBOIO KOMMETEHTHICTb

Ilig miero cumm F=10 H mpy:kumHa pol3Taryerbcsa Ha 2 cM. Ky po-
0oTy mpu IbOMY BUKOHye cuiya F, aKImo 3a sakoHom I'yka F=Fkx,
Ie x — nedopMalia mpy:KuHU, B — KoedimieHT.
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10.2. O6uyucneHHsa nnouy, i 06'emMiB
3a AOMNOMOrol BU3HA4YeHUX iHTerpanis

Tabaumsa 14

1. Mnowa KpuBOAiHIMHOT Tpaneuii

IInoma kpuBosinitiHoi Tpamenii, odmerxkeHnol rpad)ikomM Hemepeps-
y=1(x) HOI HeBix eMHOI Ha BigpisKy [a; b] dyurnii f(x), Biccro Ox i mpsa-
MuMu X=a i x=0b, gopiBHIOE:

S=_Iif(x)dx

2. NMnowa d¢irypn, obmexkeHoi rpacdikaMm ABox (yHKLiM

i npamMmMumn x=a T1a x=Db

y O6uucaiTh miaoIry Qirypu, o0OMeKeHol
y="ro(x) . 2
, gimismu y=x+2, y=x+4.

300pasumMo 3amaHi JiHII Ta BUSHAUUMO
! ! .
! : abCICy TOYOK IX IePeTHUHY.

y=r,(x) AOcIucy TOYOK IEepeTHuHy:

2 _ . a2 —0-
Skmo ma sazamomy Binpisky . X T2=X+4; x°-x-2=0;

[a; b] HemepepBHI QYHKIIII x,=-1, x,=2.
y=f(x) i y=f,(x) mators

ITpuxnang

TaKy BJIACTUBICTD, II[O Toxi 3a popmymoro (1)

fa (x)>f1 (x) mas Beix xe[a;b], ,

b
0| S=[(fG)-f@)dx | (1) 3

2 3|2
S= J((x+4)—(x2+2))dx=T(x+2—x2)dx=(%+2x—L) —41

-1 3 -1

3. 0O6’emun Tin

N\

dAxrmio Tinmo BMimieHe MiK ABOMA TEPHEHIUKY-
JApHUMU 10 oci Ox TIOIIMHAMM, IO IPOXOIATH

\:

b

yepes TOUKM X=a i x=b, TO szS(x)dx,
a

ze S(x) — IJIONIa IIepepisy Tija IJIOIIMHOIO,

sAKa IPOXOAUTL Yepe3 TOUKY xe[a; b] i mep-

MeHAUKyJAapHa 10 oci Ox.

y=1(x)

S
<

4

Aximo Timo omep:xanum 00epTAHHAM HaBKOJIO
oci Ox kpuBoJiHiliHOI Tpameriii, AKa oOMesKeHa
rpadikoM HemepepBHOI Ta HeBix’ eMHOI Ha Bif-
PisKy [a; b] GYHKITIT y=f(x) i npamMumMu x=a

o

n x=b, To

b
Vv =1tjf2 (x)dx.
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MOACHEHHA 1 OBI'PYHTYBAHHA

y y="ry(x) 0 OGuMncneHHs nnowy, NAocknx giryp
2:(_\, B, O6rpyuTyBanusa (POPMYJIHN ILIOII KPUBOJIiHiMiHOI Tpamerii
| S ! Ta IPUKJIALU i1 3acTocyBaHHA O0ys1o HaBemeHo B . 10.1.
Al !
t ! By 3’dacyeMo, AK MOKHA OOUMCIUTH ILIOINYy (Qirypmu, 30-
Y= fl(x) i . . .
0 e bl B opasxenoi Ha puc. 10.2.1. Ila gizypa obmexncena 3eepxy zpagi
a x

Kom QYHKYIL Yy =T, (x), samdy — rpadikom GyHKmiI y="h (x),
Puc. 70.2.7 a makox eepmurarvHumu npamumu x=a i x=b (a<b);
byHKIil f (x) i 1y (x) Henepepeni ma nesid’emmi na 6i0piszky
[a;0] i fy(x)>1, (x) nnaBeix x€[a;b).

IInoma S miel ¢irypu mopiBHIOE pisHHIL mmomy S, i S

y y=1o(x) , KPUBOJIiHIAHUX Tpamneniii (S, — muoma KpuBoJIiHifiHOI Tpame-
’ E nii AA,B,B, a S; — miomla KpuBoiHilinoi Tpanenii AA; B, B).
. E 3a reoMeTPUUYHUM 3MiCTOM BU3HAUYEHOIO iHTerpaja
al b b b
ol | S S, =[f(x)dx, S, =f,(x)dx.
E ] a a
/\//
y=ri(x)

b b b
Orxe, S=8,-8, = sz (x)d:)c—jf1 (x)dx = J(fz (x)-f, (x))dx

TakumM YMHOM, ILJIOINY 3amaHoi Girypu MoKHaA OOUHCIUTU 3a
dopmyJI0I0

N ya@ema
i 5=

(£, ()~ £, (x))dx. (1)

QR —

I1a ¢popmysia Oy e MpaBUJIBLHOIO i B TOMY BUIIAIKY, KOJIU 3a-
maHi PYHKIIII He € HeBix eMHIMHU HA BiApisKy [a; b] — JocTarT-

b x Ia oOr'PyHTYBaHHA JOCTATHBO IIepeHecTy 3ajjany Qirypy ma-

— HBO BUKOHAHHSA YMOB, 10 pyrkuii f,(x) i f,(x) nenepepeni na
L y=T1(x)+m eidpisrcy [a;b] i f,(x)>f, (x) nuaseix x e[a;b] (puc. 10.2.2, a).
0 a
6 paJsiebHO B3IOBXK oci Oy Ha m OOUHUIH TakK, 100 BOHA PO3-
mictusaca Haf Biccio Ox (puc. 10.2.2, 6). Take mepeTBOpeHHA
Puc. 10.2.2 osHauae, mo 3ajani pynkmii y=f, (x) i y=/1,(x) Mu saminnmm

BigmosigHO Ha QYyHKIII y=f; (x)+m i y=1 (x)+m. ILnomma ¢i-
rypu, ooMesKkeHol rpaikamMu ux QyHKI[iN Ta IPAMUMU X = a
i x=0b, mopiBuHioe Mo 3amaHoi ¢irypu. Orike, ITyKaHa
Yy Iomia
1 y=sinx ,

/ - - . S=i((f2 (x)+m)-(f, (x)+m))dx=_[(f2 (x)-f, (x))dx.

a

EPANE NN
2 —1+ 2 i Hanpuraazn, mioiga ¢irypu, soopakenoi ma puc. 10.2.3,

y=cosx

T
r=1+1=2,
2

T
mopiBuioe S = J (sinx —cosx)dx =(—cosx —sinx)

Puc. 710.2.3

ki
2
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Q OGuuncneHHa ob’emiB Tin

3amaua obumcieHHA 00’eMy Tija 3a OIO-
MOTOI0 BU3HAUEHOTO iHTerpaJja aHajJoriuHa 1o
3a/aui 3HAXOMKEHHA ILJION[i KPUBOJIIHIAHOL
Tpanelii. Hexaii sagano Tijo 06’emom V, mpu-
yomy € Taka nmpama (Bics Ox Ha puc. 10.2.4),
10 AKY O He B3AJIU ILJIOIUHY, TIEPIeH UK YJIAP-
HY mo 1iel npsamoi, nam Oyzme Bizoma morma S
mepepisy Tija mieo MIOIMMHOI0. AJle IIJIOIMIN-
Ha, MePIeHAuKYyJIApHa A0 oci Ox, mepeTnuHAE
ii B meakiit Touri x. OTixe, KOXKHOMY UHCJIY X
3 Bizmpiska [a;b] (muB. puc. 10.2.4) mocrase-
HO Y BiATIOBiTHICTh €IWHE YMCJIIO S(x) — mwno-
1y mepepisy Tija mier miaomuHoo. Tum ca-
MUM Ha BiIpisKy [a; b] sagano pyrkmio S(x).
Axmo ¢yHKIia S HemepepBHa Ha Bigpis-
Ky [a; b], TO CIIPABAKYETHCA hopMyJia

b
V=js(x)dx. 2)

IloBHe moBenmeHHA ITiel hopmysiu HaBeme-
HO B Kypcax MaTeMaTHUYHOI'0 aHaJi3y, a MU 3y-
OUHUMOCS Ha HAOUHMX MiPpKYBaHHSIX, 3 SKUX
BOHA BUIJINBAE.

ITominmumo Bimpisox [a; b] Ha n Bigpis-
KiB 0HAKOBOI JOBKUHU TOUKAMH X; TaKUMHU,
oo Xp=a<X; <Xy<..<X,<..<x,,<x,=b,
i mpumycTumo, 1o

Ax =x,-x,4, k=1,2,...,n.
n

Yepes KOKHY TOUKY X, IIPOBeJEMO ILIO-
IMUHY O,, DepIeHAUKYIApHY Ao oci Ox. IIi
IJIOITMHY PO3PisalTh AaHe Tijlo Ha INapu

Puc. 70.2.4

(puc. 10.2.5, a). O6’em mIapy MisK IJIOIITMHA-
Mu 0,,_; i o, (puc. puc. 10.2.5, 6) npu gocrar-
HBO BEJIUKHX N HAOJMIKEHO NOPiBHIOE IIJIOIIIi
S (xk_l) mepepisy, MIOMHOMKEHIl Ha «TOBITUHY
mapy» Ax,iTomy

V =8(xg)Ax+S(xy)Ax+...+S(x, ) Ax=V,.

TounicTe 1iei HabJMIKEHOI pPiBHOCTI THUM
BUIIla, YMM TOHIIi IIapu, Ha SKi pospisaHe
TijI0, TOOTO UMM OijbIlIe 7.

Tomy V, -V, aKio n— oco. 3a 0O3HAYEH-
HAM BU3HAUEHOTO iHTerpasia uepes iHTerpab-

b
Hi cymu omep:xyemo, mpo V, — JS (x)dx , axmio
n—oo, a

Ort:xe,

b
V=[S(x)dx.0
a

Bukopucraemo omgep:kaHUI pPe3yabTAT
I OOI'DYHTYBaHHS @opmyau o006’ emy min
o0epmaHHsL.

Hexaii kpuBoJiHifiHa Tpameliiga coupa-
€ThCA Ha BiApPi3oK [a;b] oci Ox i obmexe-
Ha 3Bepxy rpadikom dymrmii y=f(x), aka
HeBig’eMHa i HemepepBHa Ha BiApPisKy [a; b].
YHacmigok obepraHHA I1iel KpuBOJiHiiTHOI
Tpamellii HaBK0J0O oci Ox yTBOPIOETLCS TiJIO
(puc. 10.2.6, a), 06’emMm AKOTO0 MOKHA 3HANTHU
3a (popmyJI0I0

b b
V:Jnf2(x)dx:n_’.f2(x)dx. 3)
a

a

Puc. 710.2.5
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Cuopasai, mepepisom Tina
KOJKHOIO ILIOIIMHOIO, AKa Iep-
MeHAUKYyJIapHa a0 oci Ox i me-
peTuHae BiIpi3oK [a; b] miel
oci B Touri X, € Kpyr pagiycom
f(x) i mromero S(x)=nf2(x)
(puc. 10.2.6, 6). 3Bigcu 3a
dopmyaoio (2) omep:ryeMo Gop-
Myay (3). a 6

Puc. 70.2.6

NMPUKJIAAN PO3B’A3YBAHHA 3ABJAHb

ﬂpuwa 1 OGuuciTh mwiIomy (irypu, o6MeskeHoi giHiaMu y=x2 i y=+-x .

Po3B’a3annsa Komenrap

3o00pasumo sazaui Jinii (puc. 10.2.7) i 3wa- | 3o06pasumo 3amani ginii (puc. 10.2.7). Bauumo,
ifeMo abCuucu TOUOK IX IePeTUuHy: o IIyKaHa (irypa posTaioBaHa Mix rpadika-
MU OBOX HKIil1. 3BepXy BOHA 00MerKeHa rpa-
2=z, a | ™ ABOX Qy u PXy p'
Gdixom QyHKIIT f, (x)=+-x , a suMBY — rpadi-
TR .oad -0- 3 -0- —
ropi X" =-x; x"+x=0; xlx +1)_0’ =0 wom dyuxrmii f, (x)=x2. Omxe, mromy dirypu
a6o x=-1 (o6uzmBa KOpeHi 3a/J0BONbHAIOT DiB- | MokHA 0GUMCIUTH 32 (POPMYJIOIO
HauaHa (1)).

y S=[(f,(x) - f, (x))dxx.

QR —

1106 smaiiTu Me)Ki iHTerpyBaHHS, BU3HAUYUMO
y:\/; """"" 1 abcrucy TOUOK TepeTwHy rpadikis sagaHmx
¢dyuKIiA. OCKIIBKH opAMHATH 000X KPHUBUX
y TOYKAaX MepeTHWHY Ti cami, TO [JOCTAaTHBO
po3B’aA3aTU PiBHAHHA fj (x)= 1y (x).

1
)
1
;
1
!
-1 0 x Il po3B’sA3yBaHHA OJePKaHOTO ippallioHaJb-

Puc. 10.2.7 HOTO PiBHAHHA MOYKHA BUKOPUCTATU PiBHAHHSI-
HACHigKu (3aBepIIUTH PO3B’sA3aHHA INEpeBip-
Ilnomia s3amamoi girypu: Ko010) abo piBHOcuIbHI meperBopeHHsa (Ha O3,
0 0 1 To6TO TP X < 0).
S= J («/—x _xz)dx = I (—x)2 dx— 3asHauMMO TaKOK, 1[0 Ha OJEeP:KaHOMY Bimpis-
-1 -1 Ky [—1; O] sHauenns (—x)>0.
0 3]0 3|0 1
—szdx=—3(—x)§ _x =l. < Tomi v—x =(-x)2.
3 3 3
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O0umcaiTsy 00’eM Tijia, YTBOPEHOTO 00epTAaHHAM HABKOJIO OCi abciiuc

Mpukrad 2 ) S 2
dirypu, obmeskeHoi gimiamum y=4-x° i y=0.
Po3sp’sa3anua Komenrtap
3HatimemMo abCcIicy TOUOK MEPeTUHY 3aJaHuXx JiHil. = 3o00pasumo samany ¢irypy (puc. 10.2.8)
4—x2=0; x=42. i BmeBHMMOCHA, IO BOHA € KPWBOJIHIN-
Ockinbky sagaHa (irypa — KpHBOiHifiHA Tpamemis, , HOXO Tparemiero.
TO 00’eM Tijla o0epTaHHSA Y npomy BUDaAKy 00’eM Tijsia obepTaHHA

MOXKHA 00UmCcIoBaTH 3a (hOPMYJIO0

2 2
V= jn(4—x2)2dx=1tj(16—8x2+x4)dx=

b b
i) 2 sznfz(x)dx=njf2(x)dx.
3 5 2 a a
x x 2 . L.
:Tc(l6x—8-?+?) =34—m. < 1106 smaiiTt Meski iHTerpyBaHHs, I0-
-2 15 CTATHLO 3HAWTH abCIUCH TOYOK II€PETHU-
HY 3aJaHUX JiHIiN.
Z Ax i qia sagau Ha 00UMCIEHHS ILJIOI, O
y=4- 22 BiIIOBiZl 3amMCYIOTh UYMCJIOBE 3HAYEHHA
00’eMy, ajie MOKHA MiAKPECIUTH, 10 MU
oZlep:Kasii caMe BeJIWYMHY 00’eMy, i 3a-
2
nucatu 8idnosiov: 34—mn Ky0. ox. (ToO-
15
-2 0 2 x TO KYOIUYHUX OJUHUILD).
Puc. 10.2.8

3ayBarkeHHA. MoskHa OyJio 6 3BepHYTHU yBary Ha Te, 110 3aJlaHa pirypa cuMeTpuUyHa BigHOC-
HO oci Oy, i Tomy 06’eM Tijia, yTBOpeHOTO oO0epTaHHAM Bciei Girypu HaBKOJIO oci abciuc,
Oyme BABiUi OinbIIMM 3a 00’€M Tijla, YyTBOPEHOTO 00epTaHHAM KPUBOJIIHINHOI Tparmerii, 1110

CIIMPAETLCS Ha BiIPisoK [O; 2].

1. IlosicHiTL, AK MOMKHA 3HANTU ILIOITYy KPHUBOJIiHiiiHOI Tpamemii. Ha-

3anumanns BeIiTh TIPUKJIAM.
2. 1) Banumrite GopMyIy AJIA 3HAXOMKEHHS IOl (pirypu, obMeskeHOL
3Bepxy 1 3HuU3y rpadikamMm HemepepBHUX (QYHKIIiM, a TAKOXK OPAMU-
Mu x=a i x=b (a<b). HaBexits npukiazn.
2%) JloBemiTh 1110 (hopMy.Iy.
3. BanumiTe (GopMyay AJNA S3HAXOMKEHHA 00’€My Tijia, OJep:KaHoTro
obepTaHHAM KPUBOJIiHIMHOI Tpamerii HaBKoo oci abcruc. HaBeniTh
OpUKJIaL ii BUKOPUCTAHHA.
Bnpagu Y saBmamusax 10.2.1-10.2.6 o6Guuciite miomly ¢irypu, odoMerkeHOI
3aJaHUMU JiHiAMHU.
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.

]_) y:l, x+y:8; 3) yZE, 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—x2, y=4; 3) y=x2, y=4x—x2;

2) y=6—x2, y=>5; 4) y=x2, y=2x—x2.

O6uucaits oy ¢irypu, ooMesxeHol rpadikom QyHKIIL y=8x — 2x2 ,
IOTUYHOIO [0 ITiel mapabosu, IIPoBeIeHOI0 Uepes il BepIIuHYy, Ta Ips-
Mmoo x=0.

O6uucaitTes maomty Qirypu, ooMe:xkeHoi rpadikom (GyHKINIT
f(x)=8-0,5x2, goTMuHO0, IPOBELEHOI O HHOTO B TOUI( 3 aGCLU-
coro x=-2, i npsamoo x=1.

3HaligiTe 00’eM Tija, YyTBOPEHOro o0epTAaHHAM HAaBKOJIO oci abciiuc
KpuBoOJIiHifiHOI Tpamerii, oOMerkeHol JiHigMM:
1) y=x2+1, x=0, x=1, y=0; 3) y=~x, x=1, y=0;

2) y=Jx, x=1, x=4, y=0; 4) y=1-x2, y=0.

3HaligiTe 00’eM Tija, YTBOPEHOro o0epTaHHAM HABKOJIO Oci abciiuc
dirypu, obmeskeHOl JiHiAMYT:

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=vx, y=x.

¥ sapmamaax 10.2.11-10.2.15 ob6uwucaiTs mionty Qirypu, ooMesxeHol
3aJaHUMM JIiHIiAMHA.

1) y=x2—2x+3, y=3-x; 3) y=—, y=1, x=4;

R|l\'> R|»—t

2) y=x2-5x+2, y=2—x; 4) y=—, y=2, x=3.
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 3) y=—x2+2x+1, y=x2-2x+1;

1) y=x°, y=x;

2) y=x2, y=4x; 4) y=x2+2x+2, y=2—x2.

1) y=3, x+y=3; 3) y=i, 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-x2, y=4; 4) y=x2, y=38x—-2x2.

Ilpu saKomMy 3HaAUeHHI a IpAMa X =a OUIATh HABILJ ILIOHIy Qiry-

.. . 8
pu, obmerkenol rpadikom QyHkrnii y=— ta npamumm y=0, x=2,
x=8? x

IIpu axkomy 3HauUeHHI a IpAMa X=a OUINTHL HaBIiJ 1aomry ¢iry-

. 4
pu, oome:keHol rpadikom (yHKII y=— ta opavmumu y=0, x=4,
x=9? x

3HaUgiTE oIy (Qirypu, odoMe:xkeHoi mapadosIoio y=2x—x2, IOTHY-
HOIO, IIPOBeJleHo0I0 [0 Iiiei mapabosnu B Touli 3 abcrucoo x,=2, Ta
Bicclo opauHAT.

3HalgiTe miaomnly Qirypu, oomMe:xkeHol mapabosoio y=3x—x2, IOTUY-
HOIO, IIPOBeZIeHOI0 1o IIiel mapabosiu B Toulli 3 abcumucoro Xx,=3, Ta
BicclO opaumHAT.

3uaiigite oty girypu, oomeskenoi rpadikamu GyHKIIE y=~x+1
i y=+7—x ra Biccro abcuuc.
4

IIpu axwx sHaueHHAX a IjoIma Qirypu, obmeskeHol JiHiamMm y=x",
y=0 i x=a, mopiBHiOE 6257

IIpu axux 3HaueHHAX a IJIomIa (pirypu, oOMe:xkeHOl JiHigMu y=x3,

y=0 i x=a, mopiBHiOE 647

BuaBiTb cBOO KOMNETEHTHICTb

IToTpi6HO MOdapbyBaTy 3 oxHiel cropoun 30 omHa-
KOBUX ILIOCKHX MeTajleBUX jgerayieii. Eckisz merasri
300paskero Ha puc. 10.2.9 (BepxHS Meka merati
3agaeTbed rpadikom GyHKII y=8+x , a HUKHA —
rpadikom QyHKITii y=x2, ONVMHUWYHUYN BiAPi3OK Ha
eckisdi mopiBuioe 20 cm). CKinbKuM 0aHOK, IO Mic-
Tarb mo 0,9 Kr ¢apbu, morpibHO HmpuUAOATH, AK-
1o aasa papoyBamusa 1 M2 TIOBEePXHi BUTPAYAETHLCSA
130 r dapbu?

0 x
Puc. 70.2.9
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10.3. 3acTocyBaHHS NepBiCHOT Ta BU3HAYEHOro iHTerpana
00 pOo3B’'sI3yBaHHSA 3aja4v NPaKTUYHOro 3MicTy

IuTerpyBaHHsS 3aCTOCOBYETLCS HE TLiIb-
KM IJI 3HAXOMKEHHS IIJIOIN] ILIOCKUX (iryp
i 00’emiB Tiy. Posrasaremo iHImi Bumazku 3a-
CTOCYBaHHS iHrepaJa.

YacTo asa MaTeMaTUYHOTO MOJIeJTIOBaHHSA
PiBHOMAaHITHUX ITPOIIECIiB JOBOIUTHCS PO3TJISA-
IaTu PiBHAHHA, V AKX HEBijoMuMu € QyHK-
uii. Hampukian, 3agaua 3HaXOIKEeHHA MIIAXY
s(t) 3a 3aJaHOI0 IIBUAKICTIO v(t) 3BOJUTH-
CcA 0 PO3B’sA3yBAHHS PiBHAHHSA s’(t)= v(t) ,
e v(t) — BagaHa (PyHKILid, a s(t) — IIOyKa-
Ha QyHKIig. Po3B’A3yI0Th TaKe piBHAHHA iH-

Mpukaad 1

TerpyBanHaM. Ilig yac posB’sA3yBaHHS CJIin
ypaxoByBaTH, IO PO38°A30K BUIHALAEMbCA
Heo0HO03HAYHO, 3 mouricmio 0o cmaaoil. 3a-
3BUYAM 0 PiBHAHHSA, 1[0 MiCTUTh IIOXigHY He-
Bimomoi pyHKIIiI, 1omaeThCsI yMOBAa, 3 AKOI ITI0
CTaJIy BU3HAYAIOTh.

. [oknagHiwe 03HaMOMUTUCS 3 PO3B'A3YBAHHAM
U AepeHLINHNX PIBHSHb BU MOXETE, 3BEPHYB-
LWNCb A0 IHTePHET-NIATPUMKN MiapyYHMKa.

PosrisuemMo mpuKJganzu pPo3B’sI3yBaHHSA
TPAaKTUYHUX 3aJad 3a [JOIOMOTOI0 iHTerpy-
BaHHA.

Huningpuunnii 6ak, BucoTa AKoro 4,5 M, a pazmiyc ocHosu 1 M, 3a-
MMOBHEHUII BOMOI0. 3a AKUI vac Boja BuUTeue 3 0aKa uyepes KPYTJIUK

OoTBip y AHi, AKIO pagiyc orBopy mopiBuioe 0,05 m?

Po3sp’azanna

Ilosmaummo Bumcory 6axka H (pumc. 10.3.1),
paxiyc i#ioro ocHoBu R, paziyc otBopy r (mo-
BYKUHU BUMIipIOEMO B MeTpax, yac — y CEeKYH-
nmax). IIIBumkicTh BUTiIKAHHA PiAWHU U 3aje-
JKUTH BiJl BUCOTU CTOBIIA PiAuHMU X, Ii o6umCIIO-
I0Th 3a (popmysoo Beprysmi:

V=0./2gx, (1)

e £=9,8 M/Cz, 6 — kKoedimienr, mo saie-
JKUTH Bifi BJacTuBocTel pigwHm (AJIA BOAU
0=0,6). 3i smMeHIIeHHAM piBHA BOoAu B OaIri
IMBUAKICTh BUTIKAHHS 3MEHIIIYEThCA (TOOTO He
€ TOCTiNHOI0).

Hexaiz t(x) — yac, 3a AKHUH i3 6aKa BUCOTOIO X
i pagiycom ocHoBu R BUTiKae Boja uepes3 OTBIip
paxiyca r (puc. 10.3.1).

. . At
3HaigeM0o HaOJMMKEHO BiJHOIIIEHHS A—, yBa-
x

sxaroum, mo B mepiox uacy At=t(x+Ax)—t(x)
IIBUAKICTh BUTiKaHHS BOAU € IIOCTiHHOIO i BU-
pakaetrbcsa opmyaooo (1).

*

06’em BoaM, IO BUTEKJIA 3 0aka 3a yac At, 10-
piBHIOE 00’eMy mumIiHApa BUCOTOI AX 3 pamiy-
com ocHoBu R (muB. puc. 10.3.1), To6T0 mopis-
moe TRZAx. B immoro Ooky, 1eit 06’eM mOpiB-
HIOE 00’€eMYy ITUIiHAPA, OCHOBOIO AKOTO CIYXKHUThH
OTBip y nmHi 6aKa, a BucoTa — AOOYTKY IIBUJ-
KOCTi BUTIiKaHHA U Ha 4ac Af, To6To 00’eM 1mO-

piBHIOE nrvAt.

o R
/’ \\ <
7 ———_——_
s
v “
<
_l’_
// /—\\\
o =
V=04/28x
Puc. 710.3.7

PiBuAHHSA, 9Ki MicTATh TOXiAHY HeBigoMoOI QyHKIIT, HABUBAIOTHCA OUPEPeHUIALbHUMU DIBHAHHAMU.

Ix posB’A3yBaHHA POSTIANAETHCA B KYPCi BUIIOI MaTeMaTHUK.
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Orxe,
TR?Ax = rlvAt.
Ypaxosyiouu opmyay (1), omepryemo:

2 2

A+ R* R* R? 1

Ax r?o rzc\/ng - rzc\/g . \/; '

Toxmi mpu Ax — 0 ozmepsxkyemo piBHicTH

t»(x)_R_z 1

r26\/2g \/;

OcTaHHA PiBHiCTH O3Haudae, M0 PYHKIA t(x)
€ TIepBiCHOIO AJiA onep:KaHOol (PYyHKITII.

Mpukrad 2

Toni
2
tx)=—Lr oz +c.

r’c\2g

Axmo x=0 (y Oaui Hemae BOLU), TO t(0)=0,
romy C=0. Ilpu x=H 3HaxXoguMo IIyKaHNUA
Jac:

t(H)=%\/ﬁ.
réoig

BurkopucroByiouu maHi 3amgadi, omep:KyemMo:
12
(0,05)%.0,6-/9,8

Bionosiodv: 639 c. <

t(4,5)= J9 =639 (c).

O6umcaitTs pobory cunm F mix uac ctuckyBauua npyskuuu Ha 0,06 M,
Ao aas ii crucky Ha 0,01 M morpi6ua cuaa 5 H.

Po3sp’azanna

3a 3akonoM I'yka cuia F npomopitifina

posTAry abo CTHUCKY IPYsKUHU, TOOTO F=FkXx,
e X — BeJINUWHA PO3TATY YU CTUCKY (Y MerT-
pax), k — mocriiiHa.

3 ymoBu 3azaui s3Haxogumo k. OCKiab-
km mpu x=0,01 m cuma F=5 H, o
k=L —500 H/um. Orsme, F(x)=kx=500x.

x

3uaiinemMo GopMyJay AJA 00UMCIeHHS PO-
6oTH, 1110 OyJia BUKOHAHA IIiJ yac IepeMilieH-
HA Tima (AKe PO3TIAmAEThCA AK MaTepiaib-
Ha TOYKa), I[0 PYXAaeTbCs IIij Mi€l0 3MiHHOI
cuau F (x), HampsaMJIeHol B3moBk oci Ox. He-
Xal TiJo mepeMicTHJIOoCsS 3 TOUKU X =a B TOU-
Ky x=b.

Tosuauumo uepesd A(x) pobory, AKy Bu-
KOHAHO I Yac IlepeMiIlleHHA Tija 3 TOU-
Ku a B ToukKy x. Hagamo x mpupocty Ax. Toxi

AM=Alx+Ax)-Alx) — poboTa, sSIKa BUKO-
HyeTbea cuinoio F(x) mpu mepemimpensi tima
3 TOUKH X y TOUKy x+Ax. Armo Ax—0,

to cuny F(x) ma Bimpisky [x;x+Ax] Gyme-

MO BBa’KaTW IIOCTiHHOIO i piBHOIO F(x) Toni
AA = F(x)Ax. BBigcu Zﬂ =F(x). IIpu Ax >0
X

omepxyemo A’(x)=F(x). Ocranns piBHicTSH
osuauae, mo A(x) e mepsicHol mua QyHK-
mii F(x).

Vpaxosytoun, mo Ala)=0, 3a hopmyI0I0
Hpioroma — JleiibHiIla oepiKy€eMO:

[F(2)dz=A(0)| = AG)-4la)= Ab)=A.

a a

Or:xe, poboma 3minnoi cuau F (x) nio
wac nepemiuyeHHA Mina 3 MOLKU a 6 MOiKy b
dopisHioe

b
A= JF (x)dx.

a
BukopucroByroun mami 3amadi, oxep:Kyemo:
0,06 2 (0,06

A= j 500xdx=500% =0,9 (). <
0 0

127
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10.3.1. Timo pyxaerscs mpsamodinifiao si msuakictio v(t) (m/c). O6uncIiTh
ILIAX, AKHU Ipoiife TiJO 3a IPOMLXOK dWacy Bif t=t; gm0 t=t,,
AKIIO:

Bnpabu

1) v(t)=3t2+1, t,=0, t,=4; 2) v(t)=2t2+t, t;=1, t,=3.

10.3.2. fIxy poboTy mOTpi6HO BUKOHATH IJd CTUCKAHHSA IIPYKUHU Ha 4 CM,
AKIIO Bimomo, mio cuia 2 H cTtuckae mio npy:kuHy Ha 1 cm?

10.3.3. IIpyxuny postarau Ha 8 cM, mpukaasmu cury 4 H. SIky po6ory
IpU IIbOMY BUKOHAJIMU?

10.3.4. Boga, mo mogaeThca B MUIIHAPUYHMUI 0aK i3 IJION[MHU OCHOBU Yepe3
OoTBip y AHi, 3aOBHIOE Bech 0ak. BusHauTe saTpaueHy OpU IBOMY

poboty. Bucora 6aka mopiBHIOE h, pamiyc OCHOBHU I.

@ BuABiITbL CBOIO KOMMNETEHTHICTb

10.3.5. fIky po6oTy moTpi6HO BUKOHATH AJIA 3aHYPEHHS KYJIi y BoAy (Bpaxyii-
Te, IO HA KYJIO Ji€ BUIITOBXYBaJbHA cmia)? SamuiriTe GopMyIy.

BIZJOMOCTI 3 ICTOPII

IuTerpasbHe 4YuMCIeHHA #I MOHATTA iHTe-
rpajia BUHUKJIO uYepe3 HeoOXimHicTe obumc-
JIeHHSA ILJIOIN IIJIOCKUX (Qiryp Ta o6’emiB Tii.
Inei imTerpasbHOTO uMCIIeHHA OepyTh CBiit
moYyaToK y poboTax cTapoJaBHiX MaTeMaTu-
KiB. 30KpemMa BaKJMBe 3HAUEHHA [JIA DPO3-
BUTKY iHTErpajbHOTO UMCJEHHA MaB Memod
8uYepnysarnts, 3ampomoHoBaHWii €BEoKCOM
Kuigcekum (6s1. 408 — 6J1. 355 pp. 110 H. e.)
i BmockoHasieHU# Apximemom. 3a UM MeTO-
IOM JIJIs OOUYMCJIEHHA TLJIOMIi TIJIOCKOI (irypu
HaBKOJIO Hel OMUCYIOTH CTYIiHYACTy (Qirypy
i B Hei BOHUCYIOTh cTyIiHUacTy Qirypy. 36iab-
MIyI0YX KiJIBKICTH CTOPiH Oofep:KaHUX MHOTO-

T'. JletiOuir
(1646-1716)

Apximen
(287-212 pp. mo H. €)

KYTHUKiB, BHAXOIATH I'PAHUITIO, IO SIKOI IPs-
MYIOTH ILJIOINi cTyImiHuacTux (Qiryp (came Ttak
y Kypci reomerpii Oysao moBemeHO (GOpMYIy
miomli Kpyra). Apximen mepenbaumB Oararto
imeit imTerpaabHOrO UncJAeHHA. AJle IPOMIILIO
OiJIBbIII K IIiBTOPU TUCSYI POKiB, mepHI HixK 11i
imei 6ys0 moBemeHO 0 PiBHA YMCIeHHA. 3a3Ha-
yuMo, 110 MatemMaTuku XVII cT., AKi 3go0yau
0araTo HOBUX pPe3yJIbTATiB, Opajau 3a OCHOBY
mparii Apximena. ¥ XVII ct. 0yjo 3pob6JieHo 6a-
raTo BiJKPUTTIiB CTOCOBHO iHTETPAJIHLHOTO YNC-
JeHHdA, YBEeJIeHO OCHOBHI MOHATTA i TepMiHU.

Cumeoux | ysis I. Jlei6nin (1675 p.). Ieit
3HAK € 3MiHEHOIO JIATUHCHKOI0 OYKBOI0 S (11ep-

JI. Eiinep
(1707-1783)

f. Bepraymrui
(1655-1705)



WK.-B. ®yp’e
(1768-1830)

K.-JI. Jlarpan:x
(1736-1813)

mia 6yxkBa cyoBa summa). Came cJoBO iHme-
epas yBiB 1. Bepuyani (1690 p.). Iumri Bigomi
BaM TEPMiHU, IO CTOCYIOThCA iHTETPAJIBHOTO
YKCJIEHHs, 3’ ABUJINCA 3HauHO mmisuimre. Tep-
MiH nepsgicHa QYHKYis, III0 3aCTOCOBYETHCS Te-
nep, 3aMiHUB IIOTIEPEIHIO HA3BY NPUMIMUBHA
pynryis, axy Beis JK.-JI. Jlarpamx (1797 p.).
JlaTmHCBKE CJI0BO primitivus nmepeKJiafaeTbCcsa
AK noyamrosuil: yukiia F(x)= If(x)dx —

mouatkoBa (a6o mepsicHa) mrs Qyarmii f(x),
axka yreoploeTbesa 3 F(x) mudepenmiroBan-
HaM. [JoOHATTA HeBU3HAUeH0z0 iHMezpaLa Ta

ioro mosHaueHHs BBiB JleiiOHiI], a mo3HadeH-
b

HA 6U3HAYEH020 iHmezpana J. f(x)dx yBiB
JK.-B. ®yp’e (1768-1830). a

Caig sayBasKuTH, IO IPU BCiili 3HAUY-
II0CTi pes3yJbTaTiB, 3400yTHX MaTeMaTHUKAa-
mu XVII cT., iHTerpaabHOTO YMCJIEHHS IITe He
oyso. HeobximHo OyJi0O OKpecauTH 3arajbHi
imei, Ha AKUX I'PYHTYETHCA PO3B’ A3yBaHHA 6a-
raTboX OKpeMHUX 3aj/lad, a TAKOK YCTaHOBUTU
3B’A30K omeparlliii qnud)epeHIiloBaHHA I iHTe-
rpyBauHdA. Ile Bukonanu I. Heroton i I'. Jleii6-

B. f. BynakoBcbKuii
(1804-1889)

M. B. OcTporpaacbkuii
(1801-1862)

Hill, AKi BiZKpUIM HesaJe:XKHO OIUH Bim on-
HOTO (haKT, BimoMmuii IIify HasBOiO (hopmysu
Hrurorona — Jleiibuina. Tum caMuM ocTaTOuHO
o(opmuBcs 3aranbuHuil Mmeron. Tpebda OyJio 111
HABUUTHUCS 3HAXOAUTHU IIePBicHi 11 6araTbox
(GYHKIIIHA, gaTH JIOTiYHi OCHOBU HOBOTO YMKC-
JIEHHS TOI0. AJie roJIOBHE BiKe 0yJio 3pod.e-
HO: nudepeHITiasbHe I iHTerpasibHe UYNCJIIEHHA
cTBopeHo. MeToqu iHTerpaJibHOTO UMCJIEHHSA
AKTUBHO PO3BUBAJIUCH ¥ HACTYIHOMY CTOJIITTi
(macammepep ciaig HasBatu imeHa JI. Eitnepa,
AKWUN 3aBepIIUB CUCTEMATHUYHE TOCJIiIKeH-
HA iHTerpyBaHHS eJeMeHTapHuX QYHKIi,
ta Y. Beprymai). Y posBUTOK iHTerpaabHOTO
YUCJIeHHA 3HAUHUIN BHECOK 3po0uJiu MaTeMa-
kM 3 YKpainu B. f. Byuakoscskuii (1804
1889) i M. B. Ocrporpaacekuii (1801-1862).
Barato Teopem i ¢dopmyn OctporpaicbKoro
BBiMIIIM [0 PiBHMX MaTeMaTUUYHUX KYPCiB.
MaremaTuKaM ychboro cBiTy moOpe Bimomi me-
Tox iHTerpyBanua OcTporpachbKoro, IIpaBuUiIo
OcTtporpazacbKkoro, ¢gopmysaa OcTporpaJchbKoro
TOIITO.

(U)(I) Temu HaBYanbHMX NpoeKTiB

1. ITpaxTuuHi 3acToCcyBaHHS iHTerpaJia.

2. MudepeHniaabHi piBHAHHA Ta 1X 3aCTOCYBAHHSA AJIA MOJEJIOBAHHS
pi3HOMAaHITHUX IIPOIIECiB.

3. BukopucraHHA iHTerpajJbHOTO YMCJIEHHS B €KOHOMIIIi.
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3ABJAHHA AN9 NIATOTOBKM A0 OLIHIOBAHHS

Tecm

Ne 2

1.

3anuIlriTh 3a AOIOMOTOI0 HEBU3HAUEHOTO iHTEerpaJja piBHiCTH

(cos2 x+ C) =—sin2x.

A J(sin2x+0)dx=sin2x r J.(—sin2x)dx:cos2x+C

b J(cos2x+C)dx=—sin2x Ji Isin2xdx=cos2x+C

B jsiandx =sin?x+C

Haa pysrmii f (x) =4x® zmaiiniTe nepBicHy, rpadik AKOI IPOXOAUTH
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):—x4+1

Cepen HaBemeHUX HUKYe (PYHKIIINA BKaXKITL Ty, IepPBiCHOIO AJd AKOI
€ QYHKIA F(x) =ctgx+C.

1 1
A f(x)= coszx B f(x)=tgx a f(x)z_sinzx
B f(x)=-— L f(x)=—s

cos” x sin” x

3HaWAiTh 3araJbHUN BUTJIAL MNepBicHUX I QYHKII f(x)zcosx—ex .
A F(x)=-sinx—e* I' F(x)=-sinx—e*+C

B F(x)=sinx—e* I F(x)=sinx+e*+C

B F(x)z sinx—e*+C

YcraHOBiTE BiAMOBimHiICTL MiK iHTErpaJia-

1

vMu (1-3) ra ixmimm snauvenHamu (A-T). 1 J\/;dx A1l
i
1 24

2 szdx 1

b3

2 4 N

3[ax | 12

1 1 X 3

O0uwmcaiTs iHTerpas J(Zx + 1)3 dx.
0
o . . 1-x2+ NVl1-x
3HAUAITH iHTETpas j— dx.
1-x
T

O6uucaitTe iETEerpasa J sinx cos3x dx.
0

1
2

3Halgite miomry dirypu, obmerxkenoli rpadikom GyHKIEI y=
npamumu x=1, x=4 Ta Biccio Ox.

MPOVIAITb OHNAMH-TECTYBAaHHA Ha CanTi interactive.ranok.com.ua




Po3oin 3

ENEMEHTU KOMBIHATOPUKW,
TEOPII UMOBIPHOCTEW

Y LLlbOMY PO3J1I BA:

P cucTteMaTusyeTe 1 y3aranbHUTE 3HAHHS | BMIHHS, MOB'A3aHi
3 KOMDIHATOPKKOIO, TEOPIEID MMOBIPHOCTEM Ta MAaTEMATUYHOIO CTAaTUCTUKOIO;

P> 03HaVMOMUTECH 3 aKCiIOMaMU TeopiT MMOBIPHOCTEM Ta HaCNiAKaMM 3 HUX,
Ni3Ha€ETeCh, AKi OPMYN 3aCTOCOBYIOTh A1 OOHNCIIEHHS
4MCna NnepecTaHoBOK, PO3MilLeHb | KOMOIHaLLIN;

P HaBYMTECS 3aCTOCOBYBATM MMOBIPHICHI XapaKTePUCTUKK 0 aHani3y
HaBKOJILLHIX SIBULLL 41K MPUUHATTS NPaBUAbHX PilleHb




ENEMEHTUN KOMBIHATOPUKWA

Tabaumna 15

Kom6iHaTopuKa

Kombinamopuka — pPO3Lil MaTeMaTHUKU, Yy AKOMY BHUBUYAIOTH CIIOCOOM BMOOPY Ta PO3MIiIeHHA
eJIeMeHTiB JesaKOl CKiHUeHHOI MHOXKWHU Ha OCHOBI II€BHUX YMOB.

Bubpani (abo BubOpaHi ¥ posMileHi) rpynu ejleMeHTiB HA3WBAKOTHb CROLYKAMU.

SKImo Bci emeMeHTH pisHi, TO OeP;KYEMO CIIOJIYKY 0e3 IMOBTOPEHb, a AKIIO eJeMeHTH MOXKYTh
TIOBTOPIOBATHCS, TO CHOJIYKY 3 MOBTOpeHHAMH. [lanxi 6y1eMo po3TiAnaTy CIOJYyKHU 0e3 IIOBTOPEHb.

. 3i cxemoto BMOOpy Ta dhopMynammn ans po3s’s3yBaHHA KOMOIHATOPHKMX 33434 3@ YMOBW NMOBTOPEHHS ene-
MEHTIB MOXHa 03HaNOMUTUCSH, 3BEPHYBLUNCH OO0 IHTEPHET-NIATPUMKM NIAPYHHMKA.

MNepecTaHOBKM

O3HaveHHA. Ilepecmano06K010 3 n eneMeHmié HA3UBAETHCA OyIb-IKa BIOPAAKOBAHA MHOMKHU-
HA 3 n 3aJJaHUX eJIeMeHTiB (TOOTO TaKa MHOMCUHA, 0N AKOL 8KA3AHO, AKULL eseMenm po3ma-
WO0BAHULL HA nepuLlomMy Micyi, AKUL — HA OpY2oMY, ..., AKUL — HA N-MY).

dopmysa yuciaa

nepecTaHOBOK (Pn)

ITpuraanx

P, =nl, KinpKicTh pisHmX ImecTUIU(PPOBUX UMCET, AKi MOMKHA CKJIACTU 3 UMD

ne n1=1.2.3-....n 1, 2, 3, 4, 5, 6, He TTOBTOPIOIOYX IIi MUMPPU B OJHOMY UUCJi, JOPiBHIOE:

(uuTaTh: «eH (QaKTo- P;=6!=1-2-3-4-5-6=720.
pian»)

Po3miweHHA

O3HayeHHs. Posmiwennam 3 n eremenmié no k HasuBaerbcsa Gyab-AKa BIIOPSIAKOBAHA MHO-
JKMHA 3 k eJIeMeHTiB, CKJIaJgeHa 3 eJIEMEeHTIiB 3aaHOl n-eJIeMEeHTHOI MHOKUHH.

®dopmysa yucaa
) k Ilpuxman
po3MillleHb (An)
KinpKicTs pisHmx TpummdpoBUX Umces, AKi MOKHa ckJjactu 3 mudp 1,
al 2, 3, 4, 5, 6, axiio MudpU He MOBTOPIOIOTHCA, HOPIBHIOE:
Af=——— ! 1 1.2.3.4.5.
" 3 6! 6! 1.2.3-4.5-6

== 24562120.
67 (6-3)1 3! 1.2-3

Kom6iHauii

O3HaveHHA. Komobinayieto 6e3 noémopeHs 3 n enemenmié no k HasuBaeTbcA Oyab-sgka
k-ejleMeHTHA ITiTMHOKHUHA 3aJaHOI n-eJIeMEeHTHOI MHOMKMHHA.

®dopmysa yucaa

IIpuknang
KOMOiHaIii (C,’f )
E_ n! I3 kaacy, mio ckJaamaeTbeca 3 25 yuHiIB, MOKHa BuUOpaTtu 5 yUHIB s
"kl n-R) yepryBaHHA IO ITKOJIi C255 cmocobamu, TOOTO:
(sa osHAUEHHAM BBA- 5 25! 25! 21-22-23-24-25

0 Cy- = = = =53130 cmocobamu.
xators, mo C, =1) 27 51(25-5)1  51.20! 1.2.3.4.5
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Heaxi enacmueocmi yucaa KombOiHayiil 6e3 nO6MopeHs

CF=C""* (soxpema C"=C""=C=1) ckickt=ckl

Cxema naaHy po3B’sisyBaHHA KOMGiHaTOpPHMX 3ajad

IIpaBuao cymu IIpaBuao moOyTKY

Axiio eremenT A mMoskHa BUOpaTm m cmocoba- = Ao egsemeHT A MOXKHA BHOpaTH m cIocoba-
MH, a ejeMeHT B — n cmocobamu (IIpu IIbOMY | MU, a IIicJadA IIbOr0o ejieMeHT B — n cmocobamu,

BUOip enemMeHTa A BUKJIOYA€E OLHOYACHUA BU- 10 A i B mo:xHa Bubpatu (m-n) cmocobamu.
0ip i enemenTa B), To A abo B moxkHa BuUOpaTHu

(m+n) cmnocobamu.

Bub6ip dopmyau

Yu BpaxoBYEThCA IMOPAMOK HACTYIHOCTI €JIeMeHTIiB y CIoJIyIii?

Tar/ Hi

Yu Bci eIeMeHTH BXOIATH A0 CIIOJIYKU?

ITepecTanoBKU Poswmimmennsa Kowmb6inarii
! !
P =n! Ak ch-_"
" " (n-kN " Rk(n-k)
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11.1. MpaBuno cymu n poOyTKy. YNopsiaKoBaHi MHOXXUHMW.

Po3milLeHHsA

NMOACHEHHA 1 OBI'PYHTYBAHHA

MoHAaTTa cnonyku.
MpaBuno cymun n pobyTKy

IIix vyac posB’ssyBaHHA OaraThbox NIpaK-
TUYHUX 3a7a4d JOBOJUTHLCA BUOMPATU 3 TIEB-
HOI CYKYyHIHOCTi 00’€KTiB eJeMeHTH, IO Ma-
IOTH Ti a00 iHIIIi BaacTUBOCTi, po3mimryBaTu 11i
eJIeMeHTH! B IeBHOMY MOPAAKY ToIno. OcKiib-
KM B TAKUX 3aJavax HAeTbCcs Mpo Ti ado imrmi
KoMOiHaIii 06’eKTiB, TOo Taki 3amaui masusa-
I0Tb KoMmOiHamopHumu. Po3nin maremaTtuky,
Yy AKOMY PO3TJIALAI0TH METOAU PO3B’ A3yBaHHSA
KOoMOiHATOPHUX 3a1a4, Ha3WBAIOTL KOMOiHA-
mopukon. Y KoMOiHaATOPUILi PO3TJIALAIOTH BU-
0ip i posmilienHa eleMeHTiB AeAKOI CKiHUeH-
HOI MHOKUHU Ha OCHOBI AKUXOCH YMOB.

Bubpani (a6o BubOpami it posmireni) rpy-
Iy eJIeMEeHTiB HasWBAIOTh cnonykamu. SIKimo
BCi eJIeMeHTU CHOJYKHU Pi3Hi, TO OIep:KyeMO
CIOJIYKYy 0e3 IIOBTOpPEHb, a AKIINO eJeMeHTU
MOXKYTb ITOBTOPIOBATUCS, TO OJEPIKYEMO CIIO-
JYKY 3 IOBTOPEHHAMU.

Hapasi B mbomy posmisi posrasagaTumMeMo
TiIBKU CIOJYKHW 0e3 MOBTOPEHb, TOMY He 0y-
JIeMO OKPeMO BKasyBaTHU HA Ile Y KOKHOMY BHU-
nagKy.

Posp’sa3yBanua 6araTbox KOMOiHATOPHUX
3a/lau CIIMPAETHCSA Ha JBAa OCHOBHUX ITPABU-
Jla — TPaBUJIO CYMU ¥ TPABUJIO TOOYTKY.

Mpasnno cymu

Ao Ha Tapiamni JexuTs 5 rpyir i 4 aoy-
Ka, To BuOpaTu oguH GpyKT (TOOTO IrpyIiry adbo
a6yko) Moskua 9 crocobamu (5+4=9). V za-
raJibHOMY BUTJISAAI CIIpaBeAJnBe TaKe TBep-
IPKEeHHS.

Axuro eremeHT A MOKHA BHOPATH M CIIO-
cobammu, a eaxemeHT B — n cmocob6amu (mpu
1I[bOMY BHOip e1eMeHTa A BUKJIIOYAE OJHOYAC-
HUI BUOip i extementa B), T0 A ab6o B mo:xHaA

Bubparu (7 +7n) cnoco6amu.

*

YTOUHHMO 3MiCT IILOTO HpaBUJIa, BUKO-
PUCTOBYIOUM MTOHATTA MHOMHUH Ta oIlepallii
HaJI HUMMU.

Hexaii mHOKHHA A CKJIamZaeThbCa 3 m eJie-
MEHTiB, a MHOXKHuHAa B — 3 n exemMeHTiB. dKmio
MHOKUHU A i B He mepeTmHamOThCA (TOOTO
ANB=), To muoxuna AU B ckiagaerbes
3 m+n eJeMeHTiB.

MpaBuno fobyTKy

AKImo B KiocKy IIpomaTh PYUYKU D BUIIB
i somuTH 4 BuAiB, TO BUOpaTH HaOIp i3 pyUuKuU
# 3o1uTa (TOOTO IMapy — PYUKY 1 BOIIUT) MOXK-
Ha 5-4=20 cmocobamMu (OCKIJIBKU O KOYKHOI
3 b PyUYoK MOJKHA B3ATU OyAb-AKuil i3 4 30-
muTiB). ¥ 3araJbHOMY BUTJIAIL CIIpaBeJINBe
TaKe TBePAKEeHHS.

Axuio ezemMeHT A MOKHA BUOpATH M CIIO-
cobaMu, a Imicaa nporo eixeMenT B — n cmoco-
6amu, T0 A i B mosxkxHa Bubpatu (m-7) crmo-
co6amu.

Ile TBepmKeHHA O3HAUYaE, IMO OCKIIBKU
IJIsT KOJKHOTO 3 M eJIeMeHTiB A MOKHA B3ATHU
B mapy OyAb-sIKUH 3 1 eJeMeHTiB B, TO Kiab-
KicTh map AOpiBHIOE JOOYTKY m-7.

Y TepMiHaxX MHOKUWH OJeP:KaHUMN Pesyb-
TaT MOYKHaA C(HOPMYITIOBATH TaK: AKIIO MHO-
JKUHaA A CKJIalaeThCcsAd 3 M eJIeMeHTiB, a MHO-
JKuHa B — 3 n ejleMeHTiB, TO MHOKKHA BCix
YIIOPAIKOBAHUX nap* (a; b), e TIEPIIUHA eJie-
MEHT HaJIe)KUTh MHOXUHI A (TOoOTO acA),
a apyruii — MHOoKuHI B (TOo6TO b€ B), cKJa-
IaeThCcA 3 M- N €JEeMEeHTIB.

IloBTOpIOTOUM HaBemeHiI MipKyBaHHA [e-
KimbKa pasiB (OiJBII CTPOTO — BUKOPHUCTO-
BYIOUHM METOJ MaTeMaTU4HOI iHAyKIIii), omep-
JKYEMO, IO ITpaBUJia CyMHU 1 TOOYTKY MOJKHA
3acTOCOByBaTu IIpu BUOOpi MOBiMBHOI CKiH-
YeHHOI KiJIbKOCTi eJleMeHTiB.

MuoxuHy BCix yIOpAZKOBaHUX IIap (a; b) , IIe TIePIIUH eJIeMEeHT HAJeKUTh MHOKUHI A (TOOTO aec A),

a apyruit — MHOXKUHI B (To0TO b € B), Ha3UBaIOTh AEKaPTOBUM J0OYTKOM MHOKUH A i B i mo3HavyamoTh
AXB. (3asHauumo, 1110 AeKapTOBUH JOOYTOK BX A TeX CKJIANAETHLCA 3 m -7 €JIeMEeHTIB.)



§ 11. EneMeHTI KOMBIHATOPVIKM

Q YnopsiakoBaHi MHOXWHU

Ilinx yac posB’aA3yBaHHA KOMOiHATOPHUX
3a/1a4u JOBOAUTHCS PO3TIIAATH HE TIIBKY MHO-
JKUHU, y AKX €JeMEeHTH MOYKHa 3aIlliCcyBaTH
B OyIb-IKOMY IIOPAIKY, a i TaK 3BaHi 8nopso-
KOBAHI MHOMCUHU. [ BIOPAAKOBAHUX MHO-
JKWH CyTTEBUM € IOPAAOK PO3MIIIIEHHS IX eje-
MEHTiB, TOOTO Te, AKUIl eJIeMeHT 3aIlCaHO Ha
mepuioMy Micii, AKuii Ha gpyromy i T. m. 3o-
KpeMma, AKIIO ONHiI ¥ Ti caMi eleMeHTU 3aImu-
caTu B Pi3BHOMY IOPAIKY, TO OTPUMAEMO PisHi
BHOPAAKOBaHi MHOKUHU. 111006 BigpisHuTH 3a-
IHC YIOPSAAKOBAHOI MHOMKHWHM BiJl HEBIIOPAI-
KOBaHOI, eJJeMeHTU BIIOPAAKOBAHOI MHOKUHU
YacTo 3aMUCYIOTh Y KPYIJINX NYKKaX, HAIIPU-
raan (1;2;3)=(1;3;2).

Posrisapaioun BHOPSAKOBaHI MHOMKWHU,
Tpeba BpaxoByBaTH, IO OAHY ¥ Ty caMy MHO-
JKUHY MOKHA BIOPAAKYBaTHU mmo-pisHomy. Ha-
OPUKJIAL, MHOMKUHY 3 TPHOX UHCE] {—5; 1; 3}
MOJKHA BIIOPSAAKYBATH 3a 3POCTAHHSIM:
(—5; 1; 3) , 34 CHaTaHHAM: (3; 1;- 5), 3a 3pOCTaH-
HAM abcontoTHOI Benwunuu umcaa: (1;3;-5)
TOIIIO.

Bynmemo posymirtu, 1o 028 mozo w06 3a-
damu CKiHYeHHY 6nopadKo8aHYy MHONUHY
3 n enemenmis, 0ocmamHbo 8KaA3AMU, AKUIL
eJNeMEHN PO3MIULeHO HA Nepulomy Micyi, AKUl
Ha Opyzomy, ..., AKULL HA N-MY.

0 Po3milleHHS

OsHaueHHA. Po3miwjenHam 3 n eleMeHTIB
mo k Ha3WMBAE€THCA Oyab-AKA BIOPATKOBAHA
MHOKMHA 3 k eJIeMeHTiB, cKJIaJgeHa 3 eJie-
MEHTiB 3aJaHOI n-eJeMeHTHOI MHOKUHMH.

Hanpuknazn, i3 MHOXKUHHU 3 TPHOX ITUPP
{1; 5; 7} MOJKHA CKJIACTM TaKi pO3MiIlleHHSA
3 IBOX €JIEMEHTiB:

(1;5), (1;7), (5:7), (551), (7;1), (7;5).

KinpkicTs posmimiess 3 n eJleMeHTiB 110 k
O3HAYAIOTh A,’f (unTarTh: «A 3 n 1o k»). K

6aummo, A2 =6.

KinpkicTs poamilmieHb 3 n ejleMeHTiB 10 k
I03HAYAI0Th A,’f .

A — mepia JiTepa (ppaHITy3bKOTO CJIOBA ar-
rangement — PO3MiIlleHH).

3’AcyeMoO, CKiJIbKU MOKHA CKJIACTU
posmitmens 3 n ejemeHTiB mo k. Criaamam-
HA PO3MiIlleHHA YABUMO dAK IIOCJIiZOBHE
3aII0BHEHHsA k MicIb, AKi OygeMo 300paskaTu
y BUTJISAAL KIiTUHOK (puc. 11.1.1).

PP P

k Micip

Puc. 77.7.7

Ha mepmre micie Mu MOKeMO IIOMiCTUTH
OIVH 3 N eJIeMeHTiB 3aJaHol MHOKUHU (TOO-
TO eJIEMEHT JIJIs TIePIol KJIITHHKY MOYKHA BU-
O6patu n cmocobammu). Ha apyre miciie mo:xkHa
BUOpATH TiIBKU OAUH €JeMeHT i3 TUX, II0 3a-
nummncs, To6to 3 (n—1). Temep ysxe xBa ere-
MEHTU BUKOPUCTAHO M HA TPETE MiCIle MOIK-
Ha BUOpaTH TiIBKEU ofuH 3 (n—2) ereMeHTIB
Toifo. Ha k-Te miciie MosKHA BUOpPaATHU TiJIbKU
omua 3 n—(k-1)=n—-k+1 enemenris (nusB.

puc. 11.1.1).
OckisbKu HaM TOTPiOHO BUOpPATH eJIeMeH-
TU 1 Ha Iepie, i Ha ApyTe, ..., i Ha k-Te MicIie,

TO BUKOPHCTOBYEMO IIPABUJIO JOOYTKY ¥ omep-
JKyeMO (pOpMyJIy UMCJIa PO3MIllleHb 3 N eJe-
MEHTIB 1o k:

Af=n(n-1)(n-2).....(n-k+1). 0O

k MHOXKHHKIB

Hanpuxnan, A2=3.2=6 (o 36iraeTh-
cAd 3 BiANOBIiZHMM 3HAYEHHAM, OJEepP:KaHUM
BUIIIE).

ITix yac po3B’A3yBaHHS HARIIPOCTIIIINX KOM-
OimaTOpHMX 3aJadu BayKJNBO IPABUJIbHO BI-
O6paTtu opMyy, 3a AK0IO OYAYTh IPOBOAUTUCE




Po3ain 3. EneMeHT KOMBIHAaTOPVIKM, TEOPIii MMOBIPHOCTEN

o0uncaeHHa KiJIbKOCTi crmoayk. [[J1s boro mo-
CTaTHBLO 3’ ACYBaTH:
YU 8pAX08YI0Mb NOPAOOK POIMIULEHHA ele-
MeHmi8 Yy cnoryuyi;
uu gci 3a0aHi enemenmu 8x00smuv 0o odep-
HCAHOL CNONYKU.

SKI10, HATTPUKJIA, IIOPAIOK PO3MIITeHHA
eJIEMEeHTiB YPaXoOBYIOTh 1 3 1 3aJaHUX eJIeMeH-
TiB y CIIOJYIIi BUKOPUCTOBYIOTH TiIbKU k eJe-
MEHTiB, TO 3a O3HAUEHHAM Ile¢ PO3MIiIIeHHs
3 1 eJIEMEHTiB 110 k.

NMPUKNAAN PO3B’A3YBAHHA 3ABAAHb

Mpukaad 1

Ha smaramas 3 Jjierkoi aTyieTMKu IpuixaJja KoMauza 3 12 cmoprt-
cmenok. CKisbKoMa crocobaMu TpeHep MOKe BU3HAUUTH, XTO 3 HUX

mobikuTh B ectaderi 4 mo 100 m Ha mepiIomMy, APYyroMy, TPETbOMY

1 yeTBepTOMY eTamax?

Po3B’a3zanna

Komenrap

Kinskicte cmoco6iB Bubpatu ' [nda Bubopy (opMyJau BingmoBizaemMo Ha 3anmuTaHHS, HaBe-
3 12 cmopTcMeHOK YOTHUPLOX MAJA , AeHi Buiie. OCKiJIbKY A5 CIIOPTCMEHOK BasKJINBO, Y AKOMY
yuacTi B ecradeTi MOPiBHIOE Kijb- ' MOPAAKY BOHH OyAyThb GirTH, TO MOPSAOK PO3MIITEHHS I
KocTi posmimieHs i3 12 ejxemeHTIB , uac BuOGOPY eJIeMEHTIiB ypaxoByeThbcA. o omepsKaHOI CIIO-

mo 4, To0TO

Af2=12-11-10«9=11880. <

Mpukrad 2

Po3sB’a3zanna

KinbkicTs TpummdpoBux uYwucesn,
AKi MOKHa cKJactu 3 cemu nupp 1,

JYKHU BXOOATHh He Bci 12 samammx eixemeHTiB. OTike, Biamo-
BiHaA cmosiyKa — poaMiineHHa 3 12 emeMeHTiB 1o 4.

3HAUAITHh KiJIbKIiCTH TPUIIMMPOBUX UHUCEJ, AKI MOMKHA CKJIACTH
suudpp 1, 2, 3, 4, 5, 6, 7, aximo mu@PU B YKUCIiL He IOBTOPIOIOTHC.

KomenTap

s Bubopy dopmysiu 3’sACOBYEMO, IO AJIS YKUCEN, AKI MU
OymeMoO CKJagaTh, NTOPANOK PO3MIillleHHS BPaXOBYETHCHA

2,3,4,5,6, 7, topiBHIOE umcJIy po3- ' #1 He Bci emeMeHTH BuOUpaoThea (TiabKM 3 i3 3amaHux

MimeHs i3 7 ejeMeHTiB Mo 3, TOOTO

A2=7.6-5=210. <

Mpukaad 3*

cemu). OT:Ke, BifmmoBimHA cmosiyKa — poa3MileHHs 3 7 eje-
MeHTiB mo 3.

3HAUAITH, KiJIBKIiCTh TPUIIMMPOBUX UHUCEJ, AKI MOMKHA CKJIACTH
suudpp 1, 2, 3, 4, 5, 6, 0, aximo Mu@PU B YKUCIL He IOBTOPIOIOTHC.

Komenrap

Bubip ¢opmyau mOpoBOAATH TaK caMo, SK
i B mpukisazmi 2. Ane Tpeba BpaxyBaTHu, IIO
KOJIM YMCJIO, CKJIAJleHe 3 TPhOX IUPP, MOUUHA-
erbesa mu@poio 0, To HOoro He BBAXKAIOTHL TPU-
nudpoBum. OT:Ke, IJs BiAmoBiai Ha 3anuTaHHS
3a/avui MOKHA CcHOUYaTKy i3 sagaHux 7 mudp
YTBOPUTHU BCi umcia, Io CKJIagaoThed 3 3 mudp
(nuB. mpukJgang 2), a moTiM Bing KisTbKocTi omep-
"KaHUX YHCeJl BiJHATH KiJbKicTh THX uymcel,
AKi cKJIameHi 3 TPhOX IUPP, ajle TOUMHAIOTHCS
nudpporo 0. B ocramEbOMy BHUIAAKy MU (Pak-
TUYHO Oymemo 3 ycix mudp, Kpim myaa (ix 6),
ckaamzatu aBonudposi umciaa. Tomi ix Kinb-

KicTh MOpPiBHIOE YMCJIY PO3MiIlleHb i3 6 eleMeH-
TiB o 2 (gUB. PO3B’A3aHHA 3aBIAHHA).
Taxkox MoOXHa BUKOHATH OesIlocepeqHe obOumc-
JIeHHs, IIOCJiJOBHO B3allOBHIOIUM TPHU MicIiisd
B TPUIMU(MPOBOMY UHCIi I BUKOPHUCTOBYIOUH
OpaBUa0 AOOYTKY. ¥ IIbOMY BUIIAAKY 3PYYHO
VHAOUHHUTU MipKyBaHHs, 300pakaiouud BiAIo-
BiZiHI po3pSAAU B TPUIIU(MPPOBOMY UKCJIL Y BUTJISA-
Oi KJIITUHOK, HAaIPUKJIAL TaK:

6 6 5
MOJXKJIMBOCTEHM & MOJYKJIMBOCTEH | MOJKJIMBOCTEN



§ 11. EnemeHTV KOMBIHaTOPVKM 137

Posp’azanuga

KinbkicTh TpunudpoBux uuces, AKi MoKHA BUJIYYUTUA Ti PO3MIIlIEHHA, Yy SAKUX MOEePIIUM
ckjgactu 3 7 mudp (cepem SKUX HeMae u@- enementoMm € nudpa 0. Ix ximbkicts gopiBHIOE
pu 0), K1opiBHIOE UKCJIy PO3MiIlleHb i3 7 ejleMeH- YHUCJY PO3MillleHb i3 6 eysieMeHTiB mo 2, TOOTO
TiB 0 3, TOOGTO A73 . Ag . Otixe, mrykanma KiJgbKicTh TpUIudpoBUX
Aune cepen samanux nudp € nudppa 0, 3 axoi He yucesJ HOPiBHIOE:

MOJKe TOYMHATHUCA TPUIu@poBe uumciao. Tomy 3

A2 -Af=7-65-6-5=180. <

3 poaMmilneHb i3 7 eseMeHTIiB mo 3 HeoOXimHO

. . A
ﬂpuK/\aa 4 Posp’saskiTh piBHAHEA —% =6.
Ax
Pozp’a3anua Komenrap
ONI3: xeN, x>4. Toxi oxepKyeMO Piguarusa, 00 3anucy axux 6xo0amv 6upasu, wjo no-
3HaAYamMyv Kiavkicms 8i0no8i0HUX CNOAYK 3 X eJe-
x(x-1)(x-2)(x-3) : )
=6. Menmis, 66axaiomsv 03HAYEeHUMU MILbKU NPpU Ha-
x(x-1) MYPALLHUX 3HAUEHHAX 3MIHHOL X.
Ha O3 me piBHAHHA piBHOCMJIBHE piB-

VY nanomy pasi mjd icHyBaHHS BUpPasy A; moTPidbHO

HAHHAM 5 o4 A2
BUOWpATH HAT bHE 3HAUYEHH Tomi
(x—2)(x—3)=6; pa aTypajgbHe 3 aze a x=24 (tox .
X2 _Bx=0: Texx icHye i, sBuuaitno, A- #0).
’ g mepeTBOpeHHsS PiBHAHHA BUKOPUCTOBYEMO Bin-
x(x-5)=0.

moBigHI (popmyin:
Al =x(x-1)(x-2)(x-3);
A2 =x(x-1).

Tomi x=0 abo x=5.
Ane mo O13 BXOAUTH TiIBKU X =5.

Bidnogidv: 5. <l

1. ChopmyioiiTe i MOACHITH HA MPUKJIAAAX IPABUJIO CYMHU I IIPABUIO

Sanumannsa IOOYTKY IJisi pPO3B’A3yBaHHA KOMOIHATOPHHUX 3amad.

2. IloacHiTh, AKY CKiHUEHHY MHOKMHY BBAKAIOTh YIIOPAAKOBAHOIO.
HaseniTe nmpukiganyu BIOPAAKOBAHUX CKiIHUEHHUX MHOMKUH.

3. IoAcHiTh, [0 HA3MBAIOTHL PO3MIIIEHHAM 3 71 eJeMeHTiB mo k 0e3
nmoBTOpPeHb. HaBeniTh mpuraamu.

4. BanumiiTe GopMysIy AJA OOUMCIeHHS UYHCIa PO3MillleHb 3 1 eje-
MEeHTiB 110 £ 6e3 moBTOpeHb. HaBemiTh mpukaaam ii BUKOPUCTAHHS.

5%. O6rpynryiiTe GopMy1y A 00UMCIeHHS YHCIa PO3MIIeHb 3 N eJle-
MeHTiB 10 k 6e3 IMOBTOPEHD.

Bnpa6u 11.1.1°. Maemo 4 pisHi kKoHBepT: 6e3 Mapok i 3 pisui mapku. Ckiabpko-
Ma crocobaMM MOYKHA BMOpaTH KOHBEPT i MapKy [Js BiAlIpaBKHu
aucra?

11.1.2°. ¥V xopobui micturbca 10 6inux i 6 yopHEX Kyab. CKiTbKOMAa CIIO-
cobaMu 3 KOPOOKM MOJKHA BUTSATTH:
1) oxgHy Ky OyAb-AKOTO KOJILOPY;
2) mBi KyJi pisHOro Koawbopy?
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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 xopsuHi jgexarh 12 s0ayk i 9 amenbcuniB (yci pisui). IleTpur
BubOupae abo s6JyKO, abo amenbcuH, mmicas doro Hapmilika BuOupae
3 TuX (PPYKTiB, IO BaMUIMUINCA, 1 AO0AYKO, i ameabcuH. CKiabKU
icaye Ttakux BapiauTiB BubGopy? Ilpu skomy BuGopi Ilerpuxka B Ha-
OifiKu; OijIbIlle MOJKJIMBOCTEH BUOOPY?

YuneBi morpidbHo BuKoHatu 4 Tectu mporarom 8 nuiB. Ckijgbxoma
crocobaMu MOXKe OYyTH CKJANEHUI PO3KJIAJ HOro TeCTyBaHHSA, AKIIO
B OJUH [IeHb BiH MOKe BUKOHYBATHU TiJIbBKU OJWH TeCT?

CkinbKoMa cmocobaMu MOKEe PO3MICTUTHCS POAUHA 3 TPHOX OCi0
Y YOTUPUMICHOMY KyIle, SIKIIO iHIINX IIaCasKMUpPiB y KyIle HeMae?

Iz 30 yuacuukiB 300piB Tpeba BuOpaTu rosoBy Ta cexperapsa. CKiab-
KoMa criocofaMu Iie MOKHAa 3poouTn?

CkinbkoMa crocobaMu MOKYTh 3aWHATHU IepIlle, APyre i TpeTe Mic-
s 8 yuacHuib (piHasbHOro 3abiry mHa gucraniiii 100 m (mpumycka-
€MO, IIT0 BCi BOHM IMOKaXyTh PisHUI uac)?

CkinbkoMa crocobaMu MOKHA BUTOTOBUTU TPUKOJILOPOBUI IIPAIIOP
3 BEPTUKAJIbHUMHU CMyTaMH’, AKIIO € MaTepian 7 pisHUX KOJBHOPiB?

CkisbroMa cmocobaMu OpraHi3aTopw KOHKYPCY MOKYTH BU3HAUUTH,
XTO 3 15 fioro yuacHUKiB OyJe BUCTYIIATH MEPIINM, APYTUM i Tperim?

Ha noomumui BigMitTuam 5 TouoK. IX mOTpi6HO IOSHAYUTH JIATHH-
cekuMu OyxBamu. CKimbkoMmMa cmocobamMu Iie MOKHaA 3podutu (y Jia-
TUHCbKOMY aJjdaniTi 26 GyKB)?

Ckinbku voTupunupoBUX UYKUCeJ MOKHA ckJgactu 3 mudpp 1, 3, 5,
7, 9, AKIIO0 MUMPU B UUCJIi He IIOBTOPIOIOTHCA?

CKinbKY 4OoTHPUIUPPOBUX UHCeJ MOXKHaA ckJactu 3 mudp 0, 2, 4,
6, 8, aKimo nmu@pPU B YKCJIi HE IIOBTOPIOIOTHCI?

Ckinbku icHye ceMmuriudpoBux Teae)OHHUX HOMEPiB, y AKUX yci
mudpu pisHi @ mepmia nmudpa BigminHAa Big Hyasa?
CkinbKu pisuux Tpunu@poBux uuce (0e3 MOBTOPeHHA Mu@pP) MOKHA
ckgactu 3 nudp 1, 2, 3, 4, 5 Tak, mob omep:kaHi umcaa OyJum:
1) napauMmMy; 2) xpaTHUMU 57?
Po3B’sa:kiTh piBHAHHS:

5

1) A2=20; 2) 4 _6.

3
x

Vuui 11 kaacy maiors npoiitTu durrooporpadiune obcreskenusa. CKiab-
KoMa crmocobaMy MOKHA CKJIACTH 4Yepry BiaBigyBaHHS cTapIIOKJac-
HuUKamMu Jaboparopii, aximo B kJjaci 30 yuHiB, a I[OAHA IIPOXOAATH
obcrexkeHHsa 5 oci6? (Cmmcok Ha KOMKeH JeHb CKJIAJaeTbCid B TOMY
MOPAAKY, B AKOMY Y4YHI OyAZyThb IIPOXOAUTH OOCTE)XKeHH:.) Brasis-
Ka. 3anuiliTh BUpas, 3a MOMOMOTOI0 SIKOI'0 MOKHA 3HAWUTU IITyKaHe
YUCJIIO.
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11.2. MNepecTaHOBKU

MOACHEHHA 1 OBI'PYHTYBAHHH

OsHayeHHA. Ilepecmanoékxoio 3 n ejleMeH-
TiB Ha3MBA€ThCA OyAb-Ka BIOPATKOBAHA
MHOHMHA 3 N 3aJaHUX eJIEMEeHTiB.

Haragaemo, 110 BIOPAAZKOBaHA MHOMKU-
Ha — Ile TaKa MHOMUHA, 014 AKOI 6KA3AHO,
AKULL eJleMeHm PO3MIULEHO HA NePULOMY MicUi,
AKUll Ha Opyzomy, ..., AKULL HA N-MY.

Hampuknan, mepecraBisdooun

nugpu
B umcJi 236 (TyT MHOXKMHA ITUDD {2; 3;6} yoKe
BIIOPAMKOBaHA), MOKHa CKJIACTU TaKi nepe-
CMaHo8KU 06e3 NO8MOpPeHbv: (2;3;6), (2;6;3),
(3;2;6), (3;6;2), (6;2;3), (6;3;2) — yCBhOTO

6 IepecTaHOBOK .

KinpKicTb mmepecTaHOBOK 3 1 €JIEMEHTiB I10-
3Ha4aThL P, .

P — mepmma Jitepa (paHIy3bKOTO CJIOBA
permutation — epecTaHOBKA.

Ax 6auumo, P, =6.

DaKTUYHO IIEPECTAHOBKU 3 I €JIeMEHTiB
€ PO3MIlIeHHAMHU 3 1 €JIEeMEHTIiB 10 71, TOMY
P=A'=n(n-1D(n-2)-..21.

n MHOXKHHUKIB

Ho6yTox 1-2-3-...-n mosHavaioTh nl.
Tomy omep:xana popmysia yucaa IepecTaHo-
BOK 0e3 IIOBTOPEHb 3 1. eJIEMEHTIiB MO)Ke OyTu
3amrcaHa TaK:

P,=n!=1.2-3-...-n.
Hanpuraan, P,=3!=1-2-3=6 (1go 36ira-
€ThCA 3 BiITIOBIIHUM 3HAUEHHIM, OJIeP:KaHIM
BUIIIE).

3a JomoMorom (pakTopiaiis opmMyary A
YucJia po3MileHb 0e3 TOBTOPEHDb

Af=n(n-1)(n-2)-....(n-k+1) (1)

k MHOKHUKIB

MOJKHA 3aIlrcaTu BiHIoOMY BUTJIALI. [[JId 1150T0
IIOMHOKHMO ¥ mofijumo Bupas y opmy.ii (1)
Ha go6yrox (n—-k)(n—-k-1)-...-2.1=(n—k)!.
Onep: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!
T (n-k)’

Omxe, dopmyla Qs ymcjaa PO3MilleHb
0e3 MOBTOPEHH 3 1. eJIeMEeHTIiB 10 k Mo:ke OyTHU
3amnucaHa TaK:

Ak
" (n-k)!

Haa toro 1mo6 1iero (GopmMysIo MOMKHA
0yJIO KOPUCTYBaTUCS HPHU BCixX 3HAUEHHAX k,
3okpema nmpu k=n-1 ta npu k=n, OMOBU-
Jucs BBaskaTu, mo: 1!=11 0!=1.

Hanpurnan, 3a popmyJioro (2)

Ag _ 6! _ 6!
(6-5)1 1!
3ayBasKuUMO, 110 B TUX BUMNAAKAX, KOJU
3HAUEHHA n! BUABIAETHCA AyKe BEJIUKUM,
BiATIOBii 3aMMMIalOTh 3alMCAaHUMU 3a JOIIO-
Moroio (hakTopiaiis.

(2)

=6!=1-2-3-4-5-6=720.

30! 30!

25
Hanpuxnan, As, “Go_zmr &l

NMPUKJIAAN PO3B’A3YBAHHA 3ABJAHb

Haragaemo: gmsa Bubopy GopmMyau miA
yac posB’s3yBaHHA HANUIIPOCTIIINX KoMOiHA-
TOPHUX 3aJla4 JOCTATHLO BiAIIOBiCTH HA 3amu-
TAHHA:

YU 8paxo8y0ms NOPAOOK PO3MIiULeHH ege-

MeHmi8 Yy cnoayuyi;

*

TaK, 1110 MU PU B UKUCJIi He ITOBTOPIOIOTHCA.

uu gci 3a0aHi enemenmu 8xo0smov 0o 0dep-

JHCAHOL cnonyru?

SKI10, HATTPUKJIA, IIOPAIOK PO3MIIeHH A
eJIEMEeHTiB ypaXOBYeThCA i BCi nn 3alaHUX eJie-
MEHTIiB BUKOPHUCTOBYIOTHCA Y CIOJIYIli, TO 3a
O3HAUEHHAM Ile IePeCcTaHOBKU 3 7l eJIEMEeHTiB.

3asHaunMo, 110 KOYKHA TaKa IIepecTaHOBKA BU3HAUYAE TPUIM(pPOBe YMCIIO, CKIageHe 3 nuudp 2, 3, 6,
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Mpukrad 1

Po3sB’a3zanna

KinbkicTh cmocobiB mopiBHIOE umc-
JIy TIepecTaHOBOK 3 8 eJeMeHTiB.
Tob6To

3HalAiTh, CKiJbKOMa cmocobaMu MOJKHA BiciM yYHIB BUINIMKYyBaTHU
B KOJIOHY IIO0 OJHOMY.

Komenrap

Ha Bubopy BigmoBimuoi opmyam 3’sicoByeMO BimmoBimi
Ha 3anuTaHHS, HaBejeHi Buine. OCKiIbKU IOPSAIOK pPO3-
MiIllleHHsI eJIeMEeHTIiB ypaXOBYeThCcA i yci 8 samaHux ee-

MEHTiB BUOMPAIOThCS, TO BiAMOBiHI CIONIYKH — IIe IIepe-

P;=8!=1-2-3-4-5-6-7-8=40320. <]

CTAHOBKH 3 8 ejeMeHTiB. IX KiIbKicTh MOYKHA 00UMCIUTI

3a gopmysoro: P, =n!=1-2-3-...-n.

Mpukrad 2

Po3B’azaHna

3 uworuprox 1upp 0, 3, 7, 9 moxHa
onzep:xatu P, mepecraHoBOK. Aje Ti mepe-
CTaHOBKMU, AKi moumHamThca 3 0, He OYAYTH
3aIUCOM YOTHUPUOU(POBOrO uMcga — Iix
kimpkicte P;. Toxi mykasa KinekicTs do-
TUPUIUDPOBUX UUCEJ TOPiBHIOE:

P —P;=4!-3!=1-2-3-4-1-2-3=18. <

Mpukaad 3*

3HAUAIT, KiJbKIiCThL PiSHUX UYOTUPUIUPPOBUX UHCET, IKi MOXKHA
crjaactu 3udp 0, 3, 7, 9 (udpu B YKucIi He TOBTOPIOIOTHC).

Komenrap

OCKiZIbKH TOPSAAOK PO3MIiIlIEeHHS eJIeMeHTiB ypaxo-
BYETBCA i AJIA Ofep:KaHHS YOTHUPHUITU(MPOBOTO UUCIA
IOTPiOHO BUKOPHMCTATU BCi eJIeMeHTH, TO IIOTPiOHa
CHOJIYyKa — Ile IIePeCTAHOBKU 3 4 eeMeHTiB. Ix
kimpkicTs P,. Aje 1mie moTpi6HO BpaxyBaTH, IO
B YOTHUPUIIU(MPOBOMY UMCJIiL Ha NepIIioMy Micii He
moske croatu nudpa 0. Takux uuces Oyae CTiIbKH,
CKiJTbKY pas3iB MW 3MOKEeMO BUKOHATHU II€PECTAHOB-
K1 3 3 nudp, AKi samummuimuca, Tooto F;.

3 mecATH KHUIKOK uvoTMpu — migpyuyHuiku. CKimbkoma cmocobaMu
MOJKHA MMOCTABUTHU I[i KHU)KKK Ha MOJIUITIO TaK, 11100 yCi TigpyYHUKNT

CTOSIJIN TOPSAMN OAUH 3 OTHUM?

Pozp’azannga

CnouaTKy OyZeMo pO3TyIAfaTh HiAPYyIHU-

KU, II0 CTOATH HOPAN, AK ONHY KHIDKKY.
Tomi Ha mosuili TWOTPiIOGHO PO3CTABUTH HE
10, a 7 xHmxoOK. Ile moskHa 3pobutu F;
cmocobamu.
YV KOKXHOMY 3 OJep:KaHuX Hab0piB KHUIKOK
Ile MOMKHAa BHUKOHATH P, IepecTaHOBOK
OiAPYYHUKIB. 3a IpaBUIOM AOOYTKY IITyKa-
Ha KiJbKicTh cIIoco0iB mOpPiBHIOE:

P, -P,=7!-41=5040-24=120960. <]

Komenrap

3amauy Mo:KHA po3B’A3yBaTu y ABa eramu. Ha mep-
IIIOMY eTali YMOBHO OyJZeMO BBasKaT! BCi MiApydYHU-
K1 3a 1 KHWKKY. Tomi omep:kumo 7 KHUKOK (6 He
migpyyHuUKiB + 1 yMOBHA KHIKKA-TMiJPYYHUK).
Ilopanok poaMilieHHs eJIeMEeHTiB YypaXOBYETHCH,
i BUKOPUCTOBYIOTHCA BCi eseMeHTHU (IIOCTABUTU Ha
MOJUII0 TMOTPi6HO Bci KHMMKKM). OTike, BigmoBimua
CIIOlyKa — Ile IepecTaHOBKM 3 7 eJeMeHTiB. Ix
Kinpkicte — P,;. Ha apyromy erami poss’sa3yBaHHSA
OyIeMo TepPecTaBJaATH MixK cO00I0 TiIbKU HiApyUHU-
ku. Ile mo:xua spobutu P, cnocobamu. Ockimbku
HaM IIOTPiOHO mepecTaBUTU i MiAPYUYHUKHU, U iHIITL
KHUMKKH, TO BUKOPUCTOBYEMO IIPABUJIO HAOOYTKY.
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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.

ITosicHiTh, IO HasMBAETHCS IIEPECTAHOBKOIO 3 71 e€JIEMEHTiB 0e3
noBTOpeHb. HaBeniTh mMpuKJIagu.

3anunrite GopMyay Ay 00UMCIeHHA YNCJIa IEPECTAHOBOK 3 1 eJie-
MeHTiB 6e3 moBTOpeHb. HaBeniTh mpuKJIaau ii BUKOPUCTAHHA.

Oo6rpynryiite GopmMyay s OOUYMCIEHHS 4YMCJIa IIePECTAHOBOK
3 1 eJIeMeHTiB 0e3 IMOBTOPEHbD.

Ckinmbrkoma cmocobamMu 4 JIOOUHA MOMKYTH PO3MICTUTHCS Ha YO-
TUPUMIiCHIN JaBIi?

Kyp’ep moBuHeH posHecTH MakeTH B 7 pisHux ycramoB. CKinbKHu
MapIIpPyTiB BiH Moske BuOpaTu?

CkinbKu icHye BuUpasiB, TOTOKHO PiBHUX mOOYTKY abcde, 110
OZIEPKYIOTHCSA 3 HBOT'O IIEPECTAHOBKOI0 MHOMKHUKIB?

Ousibra mam’siTae, 10 Teje(pOH HOAPYTH 3aKiHUyeThCA IUPpaMmu
5, 7, 8, ame z3abyyia, y AKOMY IOPAAKY Ii Iudpu po3MiIieHO.
VYraxirTs HaiiOiibIlle umcao BapiaHTiB, II0 ifi JOBemeThbCs mepe-
OpaTtu, 1n100 3areje)OHyBaTU IMOAPY3i (AKIIIO BOHA IIaM’ sTa€ BCi
igmi mudpu HOMepa).

Crinbru mectunudpoBux unces (0e3 IMOBTOPEHHS IIH(PP) MOKHA
CKJacTu 3 Iu@p:

i1, 2,5, 6,7 8;

2)0, 2, 5,6, 7, 87

CkinbKu cepes yoTupunudppoBUX UmMCeN, CKJIANeHUX i3 mudp 3,
5, 7, 9 (6e3 moBTOpeHHA IUDPP), € TaKUX, II0:

1) moumHaioThca 3 nudpu 3;
2) kpatHi 5?

3HaigiTe cymy mudp ycix yoTupumudpoBUX UHCEJ, AKi MOKHA
ckgactu 3 nudp 1, 3, 5, 7 (6e3 moBTOpPeHHA MUPP Y YUCII).

VY poskJjaai Ha MOHEAIJNIOK IIicTh YPOKiB: ajredpa, reoMmeTpid, iHo-
3eMHa MOBa, icTopis, QisKkyabTypa, Ximida. CrimbKoMa cmocobamu
MOJKHAa CKJIaCTH PO3KJIaJd YPOKiB Ha Ieil JeHb TaK, 1100 aBa ypo-
KU MaTeMaTUKM CTOAJIU IOCIiJb?

Ckinpbkoma cmocobaMy MOKHA PO3CTABUTHU Ha HmoJauIi 12 KHUMKOK,
i3 AKX D KHM)KOK — Ile 30ipHUKHU BipIiiB, Tak, 1100 30ipHUKHI
CTOSAJNY TIOPAN V AOBIILHOMY TOPAIKY?

Busmaure, ckizbKkoma cmocobaMmu 5 XJOMUHMKIB 1 5 giBuaTOK MO-
KYTh 3aliHATH B TeaTpi B ogHOMYy psani micoa 3 1 mo 10. Crins-
KOoMa cIoco0aMu BOHU MOJKYTH IIe 3POOHTH, AKIIO XJOTUUKU
OyAyTh CHUAITH Ha HEeNapHUX MiCI[IX, a JiBUaTKa — Ha HapHUxX?
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11.3. KombGiHauiT

NOACHEHHA 1 OBI'PYHTYBAHHH

OsHauveHHA. KomoOinauyiero 6e3 nosmopend
3 n enemenmieé no k Ha3ZMBAETHCA OYyIb-
sika k-eJleMeHTHa WiIMHOSKMHA 3aTaHOL
n-eJIeMeHTHOI MHOKVHH.

Hanpurnazn, 3 MHOKUHU {a, b, c,d} MO -
Ha CKJIacTH TakKi KombOiHallii 6e3 IOBTOpeHb

3 TphoX esemenTis: {a,b,c}, {a,b,d}, {a,c,d},
{b, c, d}.
KinbkicTs KomG6iHalliii 6e3 MTOBTOPEHb

3 7 eJIeMeHTiB II0 £ M03HAYaloTh CUMBOJIOM C,]f
(uuraoTh: «4ncao KoMOiHaIill 3 n o k» abo

«1e i3 n o k»). Ik 6auumo, C43 =4.

KinpkicTs KoMOiHaIill 63 IOBTOPEHE 3 11 eJie-
MeHTIB 110 k T03HAYAI0T cuMBOIOM CF |

C — mepmia JiTepa (PaHIY3bKOTO CJIOBA
combinaison — KoM0OiHaIlid.

3’sCyeMO, CKiJIbKKM BCHOTO MOJYKHA
CKJIacTH KOMOiHaIliii 6e3 IIOBTOPEHB 3 1 eJie-
MeHTiB 1o k. 118 11bOro0 BUKOPUCTAEMO Bifo-
Mi HaM hopMyJIM YmMcJa PO3MillleHb i mepecTa-
HOBOK.
CxkiamaHHs pPO3MillleHHs 0e3 ITOBTOPEHb
3 n eJeMeHTiB mo k mpoBemeMoO y ABa erTa-
nu. Coouatky BubepeMo k pisHUX eJIeMEeHTiB
i3 3amaHOl n-eJJeMeHTHOI MHOMKWHU, He Bpa-
XOBYIOUM TIOPAJOK BHOOPY IIMX eJeMEeHTiB
(To6T0 BUOEpeMO k-ejleMEeHTHY MTiAMHOMKUHY
3 n-eJeMeHTHOI MHOKIHU — KoMOiHaIiro 6e3
TOBTOPEHD 3 1L €JIEMEHTIB 110 k). 3a HaIlIuM I10-
3HAUEHHSAM Ile MOKHa 3pobuTu CF crocobamu.
ITicia mboro oxmep:kaHy MHOMKUHY 3 kB PisHUX
eJeMeHTiB yIoOpAAKyeMO. Ii MOKHa BIIODSAZ-
KyBatu P,=FEk! cmocobamu. Omep:XuMo poO3-
MileHHA 0e3 TOBTOPEHBb 3 71 eJIEMEHTIB 110 k.
OT:Ke, KiJgbKicTh posaMmilieHb 0e€3 IIOBTOPEHD
3 n exeMeHTiB 1m0 k£ B k! pasiB 6inbIa 3a umc-
JIo KOMOiHaIili 6e3 IMOBTOPEHb 3 11 eJIEMEHTiB

Ak
1o k, To6ro A* =C*.E!. Beincu C* =2 Ypa-

B

1
XOByIOuH, 1m0 3a (opmyJowo (2) AF :ﬁ
(muB. m. 11.2), ogepryemo: n-k!

k n!

:7. 3
" Rl(n-R) )

41 1234

Hanpurnaan, Cf:’ =

’

31(4-3)1 1.2.31
mo 306iraeTbcaA 31 3HAUEHHAM, OIePKaHUM
BUIIIE.

BukopucroByiouu ¢popmyay (3), JIerko oo-
IPyHTYBaTu 81acmugicmv 1 uucaa xombina-
uiii 6e3 noemopeHv, HaBeeHy B TadJ. 15.

1) OckinbKu
! n!
ot = n - —C*k,
" (n-((n-(n-k))! (n-K)k! n> 1O

ck=cr* o 4)

Haa Toro mob dopmynay (4) moxxkHa 0yJo
BUKOPUCTOBYBATH i mmpu k=n, DJOMOBUJINCH
BBa’KaTu, IO C,? =1. Toxi 3a ¢opmyJioro (4)
cr=C=1.

3ayBaskuMo, 110 (Qopmyay (4) MoKHa
orpuMaTu 0e3 00UMCJIeHb 3a TOIOMOTOIO IIO-
CUTH IPOCTUX KOMOIHATOPHUX MipKyBaHb.

Komu mu BuGupaemo k mpeameris is n,
TO n—k IpegMeTiB MU 3aJUIIAEMO. SIKIIO XK,
HaBIIaKu, BuOpaHi mpeaMeTru 3aJHUIINMO,
a immri n—k — BubepeMo, TO OIEeP:KUMO CIIO-
ci6 Bubopy n—k mpeameris i3 n. 3azHaummo,
110 MU OZIePIKATIU 63A€EMHO 00HO3HAYRY 8i0n0-
8i0Hicmbv crmocobiB BuOOpyY ki n—k mpenmeris
3 n. OT:Ke, KinpkicTh TUX i iHIINWX croco0iB
omHaKoBa. AJle KiJIbKicTb OfHUX C,’f , a iHmmx
7k romy CF=Cr*,

SIxkmo y dopmyi (3) CKOPOTUTH UHCETH-
HUK i 3HaMeHHUK Ha (n—k)!, TO OTpEMAaEMO
bopmyay, 3a IKOIO 3PYYHO OOUMCIIOBATH C,'f
IpU MaJuX 3HAUYEHHAX k:
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k MHOKHUKIB 2 MHOXKHUKH
— - - 25-24
ck= n(n-1)(n 23(n k+1) = Hanpukiaz, 0225=—1 ; =25-12=300,

3 MHOYKHUKH

k MHOKHUKIB —

_ nn-Dn-2)...(n-k+1)

1.2-...-k
\ﬂ——/
k MHOKHUKIB

Cgﬂzngf,ﬁ,
5) 1-2-3

NMPUKJIAAN PO3B’A3YBAHHA 3ABJAHb

3ayBaKuMo, 1110, AK i paHiimne, aas BuOO- Ane pna 3’sicyBamHS TOro, IO 3ajJaHa
py (opmysau mig uac pos3B’sa3yBaHHSA HAHIIPO- CIIOJIYKa € KOMOiHAIli€l0, JOCTATHLO BimIIOBi-
CTimmMx KOMOiHATOPHMUX 3akad JOCTATHLO Bij- CTU TiJIbKM Ha TepIle 3aluTaHHA (IUB. CXEMY
IOBiCcTHU Ha 3alIUTAHHAI: B Ta0J. 15). SIKIIMO mOpsSg0OK PO3MillIeHHS eJie-

YU 8pAX0BYEMbCA NOPAIOK PO3MIULEHHS MEHTiB He BPaXOBYETBLCS, TO 34 O3HAUECHHIM

eJleMeHmi6 Yy Cnoayui; e KomM0bOiHaIlia 3 n eJIeMeHTiB 110 k.

wu 6ci 3a0aHi enemenmu 6x00smuv 0o odep-
HCAHOL CNOAYKUZ

Is 12 uneniB TypucTuuyHOI Tpynm mOTPibHO BuOpaTm 3 UEpProBUX.

1 . . .
”P UKAGd Ckinbroma cmocobaMu MOJKHA 3poOuTH Iieil BubGip?
Po3sp’a3anna KomenTap
KinskicTs cmocob6iB BubpaTu Hnsa Bubopy BiamoBimuoi dopmynm 3’sicoByeMO BimmoBimi

3 12 TypucrtiB 3 ueproBux AOPiBHIOE | Ha 3aluUTaHHA, HaBedeHi Buine. OCKIIbKU IOPALOK pPO3-
KimpKocTi KoMmOiHaliti i3 12 esemeH- & MillleHHA €JIeMEHTIB He BPAaXOBYETHCA (IJid UEeProBUX He
TiB MO0 3, TOOTO BaXKJIUBO, ¥ AKOMY IOPAAKY iX BHOEPYTh), TO BimmoBimHa
3 191 121 croJgiyKa € KombOiHalriero 3 12 enementiB mo 3. Iua 006-
12 YHCJIEHHA MOXKHa BUKopucrtatu ¢opmyau (3) abo (H),

y maHOMY BUHOAAKy 3actocyBanu (opmyny (3):

"~ 31(12-3)1  31.91

12-11-10
=—=220. < Ck:”—!.
1-2:3 " Rin-kN
3 Basm 3 (ppyKTamMu, y akifn jgexkuTh 10 pisHuMX AO0AYK 1 5 pisHUX
Mpukrad 2 : : SR
rpyiui, noTpibuao Bubparu 2 s6ayka i 3 rpyuri. CKinbkoMa crmocobamu
MOKHA 3pOOUTH TaKuii BuUGip?
Po3B’a3anHA Komenrap

Bubparu 2 s6ayka 3 10 mosxua C120 cuo- ' CrouaTKy okpemo Bubepemo 2 s6ayka 3 10 i 3 rpy-
cobamu. ITpu roxxuOMY BHOOpPi A6gyK rpymri | mi 3 5. OcKiabKM mpu BuOOpi A0JAYK UM I'PYII IIO-
PAIOK PO3MIiIlIeHHS eJIeMeHTiB He BPaXOBYETHCS, TO
BiAmoBigHI cmonyku — KoMmbGiHarii 6e3 mMOBTOpPEHb.
VYpaxoByioumu, 1110 moTpi6bHO BuMOpaTum i 2 sA6JyKa,
i 3 rpymri, BHUKOPHUCTOBYEMO IIPABUJIO JOOYTKY
M MepeMHOKYEMO OJep:KaHi MOXKJIMBOCTI BUOOpPY

=450. < A6IyK (Clzo) i rpym (C53)

MOXXHa BHOpaTH 053 cmocobamu. Toxi sa
IPaBMJIOM IOOYTKY BUOip MOTPi6GHUX (GPYK-
TiB MosxHa BuKoHaTu Cry-Ci crocobamm.
Ognep:kyemo:

_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.

IToscHiTh, II0 Ha3WBaeThLCA KOMOIHAIIIAMHU 3 71 eJIeMeHTiB 1o k 6e3
moBTOPeHb. HaBeniTh mpukJIamu.

3anunriTe GopMyay IJid OOUMCIeHHS umcjaa KoMOiHaliit 3 n ese-
MEeHTiB o k 0e3 moBTOopeHb. HaBeniTh mpuKJAaau ii BUKOPHUCTAHHSI.

O6rpyuTryiiTe hopMyJIy IJd 00UKCIeHHA Yncaa KoMOiHaIliii 3 n eje-
MEHTiB 1o k 0e3 IIOBTOPEHbD.

O6rpyutyiite Bractusicts CF+CH =1

ITosacHiTH, HA IPUKJIAZAX, AK MOKHA BUOMpPATH BiAmoBimHY opmy-
Jy Tif Jac po3B’sI3yBaHHSA HAWIIPOCTIININX KOMOIHATOPHUX 3amad.

3BEePHYBLUNCL OO IHTEPHET-MIATPUMKM NIAPYYHMKE, BU MOXETe Ai3HaTUCA, AK
BUKOPUCTOBYBATU PO3rNIAHYTI (hopMynn Ymcia KombiHaLi ans 3anncy GiHoma

n

HbloToHa — dopmynm (a+b)

VY kmaci 7 yuHiB ycminmrHo HaBYamThcA MarTemMaTuku. CKigbkoma
cmocobaMu MOKHA BMOpaTH 3 HUX ABOX YYHIB JJIs ydacTi B Mare-
MaTUUHINA osriMmoianmi?

VY marasunui «@inzatenisg» mpomarmTh 8 pisHUX HaOOpPiB MapoK Ha
cnopTuBHy TeMaTuKy. CKimbKoMa cmocobaMu MoO:KHa BubOpaTu
3 HUX 3 Habopu?

Yunam ganu crnucok i3 10 KHMIKOK, IO PEeKOMEHJIO0BAHO IPOYUTAa-
TA mig yac KaHiKya. CkigbKoma crocobaMu yueHb MOKe BuOpaTu
3 HUX 6 KHUIKOK?

Ha mosumii croith 12 KHMIKOK: AaHIVIO-YKPAiHCBKUI CJIOBHUK
i 11 xymo:xHiIX TBOpPiB aHIIiicbKO0 MOBOM0. CKilbKOMa cmocobamu
ypuTauy MOYKEe BHOpATH 3 KHIKKHU, AKIIO:

1) c1oBHUK mOTPiOHUIT oMy 000B’s3KOBO;

2) cIOBHUK oMy He HMOTpPiOHm!IT?

¥ kuaci HaBuaroThcsa 16 xsonmumkiB i 12 giuatoxk. Iyia npubu-
PaHHS TepUTOPil MOTPIOHO BUAIIUTH YOTHUPHOX XJIOMYUKIB i TPHOX
miBuaTok. CKijbKOMa cmocobaMu Iie MOKHA 3po0ouTum?

ITig yac sycTpiui 16 oci6 moTucau ogHe omHOMY PYKH. CKiIbKHu
BCHOTO 3PO0JIEHO PYKOCTUCKAHB?

I'pynma yuniB 3 30 oci6 Bupimmumiaa oOMiHATHCA (POTOKAPTKAMMU.
CKiJbKU BCHOro (POTOKAPTOK IIOTPiOHO OyJIO AJA IIHOTO?

CKiZIbKU TepecTaHOBOK MOKHA 3pobutu 3 OykB ciaoBa XAPKIB?

I3 12 pobiTHUKIB-OypPUJIBHUKIB MOTPiOHO BiApAsuTH 5 A poOOTH
B cycigHili o0sacTi. CkijbKOMa clroco0aMy MOXKHA YTBOPUTU TAKy
opurany AJs BiapsgsKeHHS?

CkinpKoMa pisHMMHU criocobamMu 300pu, Ha axux npucyTHi 40 ocio,
MOKYTh 00paTu 3 UMcJja CBOIX yYacHHKiB roJioBy 300piB, iioro sa-
CTYITHUKA Ta ceKperapa?

CKinbKY TIpAMUX JiHIA MOKHAa IPOBECTU Uepe3 8 TOUOK, 3 AKUX
HifgKi Tpu He JekaThb Ha oxHil mpawmiit? (KoskHa mpsama Mae mpo-
XOOUTH Uepes3 OBi 3aJaHi TOUKH.)
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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%.

CrinbKM pisHUX I’ ATUIUMPOBUX UKCEJ MOMKHA 3aIMCATH 34 JOIO0-
moromo nupp 1, 2, 3, 4, 5, 6, 7, 8, 9 6e3 iX MOBTOPEHB?
BusaauTre umciio Bcix miaroHaJjieii mpaBUJIBHOTO:

1) I’ ATUKYTHUKA; 3) IBaHAAIATUKYTHUKA;

2) BOCBMUKYTHHUKA; 4) I’ ATHAAIATUKYTHUKA.

CKinbKM Pi3HUX TPUKOJBOPOBUX MIPATIOPiB MOKHA 3POOUTH, KOM-
OiHyIOUM KOBTUM, YOPHUU Ta uepBoHUI Kosbopu? (KoxxHuii mpa-
TIOP CKJIAMAETHCSA 3 TPHOX TOPU30HTAIBHUX CMYT.)

CKiZIbKY Pi3HUX IJIOIIMH MOKHA mpoBecTu ueped 10 TOUOK, AKIIIO
HifgKi 4OTUPHU TOUKHU He JIeKATh B OMHIN IIJIOITWHI?

CKinbKM pi3HMX I ATUNUPPOBUX UMCEJT MOYKHA HAMWCATU 3a J0-
nomoroi 1mudp 0, 2, 4, 6, 8 6e3 iX IOBTOPEHB?

Ckinbku icHye mepectaHoBOK i3 mudp 1, 2, 3, 4, 5 Takux, 110 He
MOYMHAITHCA Iudpor 5? ymcaom 12? uywmcaom 1237

Ckinbku icuye xomb6inamiit is 10 6ykB a, b, c, ...
He MicTaTh OykBU a? OYKB a i b?

o 4 Takux, IIo

Ckinpku posmimiens iz 12 O0ykB a, b, c, ...
MicTATh OYKBU a? OyKB a i b?

oo 5 TakKux, IO He

Ckinbku Tpeba B3ATH €JI€MEHTiB, 11100 YMCJIO PO3MIiIlleHb i3 HUX IO
4 6yso y 12 pasiB GiabIIinM, Hi’K YMCJI0 PO3MillleHb i3 HUX mo 27

Y sapmamaax 11.3.21-11.3.25 poss’sKiTh PiBHAHHA.

1) A%2=42; 3) A%, =30;
2) A% =56x; 4) 5C3=Ct,.
1) C2,=21; 3) C2+C2=15(x-1);
3 5x(x-3) 4 15A7
2) szT; 4) C":T'
AP+ AP L s
1) #:43; 3) 12C.+C2,,=162;
Al -A? 34?
2) A—:=89; 4) C2, = .
AP P
1) x~ x—4 242; 3) x+2 2132;
Px—2 A;Px—n
n+l n+2
2) Ax+1Px—n :90; 4) Ax+2Px—n =110.
PX*I x

Po3B’s:kiTh cucTeMy PiBHAHD:

Al AT =10, Cv-ov? 1
DR P D \ohorss
Cy:Ci =25 CZ=153;

y+l _
) {cx =2,5x,

-1
4 AV AV =8,
¢y, =10;

cY:cvl=1,6.




OCHOBHI NMOHATTA TEOPII MMOBIPHOCTEN

12.1. NMoHATTA BUNaakKoBoi nopii.
KnacnyHe o3Ha4yeHHs1 NMOBIPHOCTI

Tabaumnsa 16

1. Bunagkosi nogpii

Ilouarrsa

Ilin excnepumenmamu 3 6unadko8uMU pe3YyJib-
mamamu (abo, KOPOTIle, 8UNAOKOBUMU eKChne-
pumenmamu) Po3yMilOThL PisHI eKcHepuMeHTH,
IOCJiau, BUITPOOOBYBAHHSA, CIIOCTEDPEIKEHHS, BU-
Mipu, pe3yJabTaTy SKUX 3ajeKaTh BiJf BUMAIKY
i axki mMo:xHA moBTOPHUTU OaraTo pasiB B omHAa-
KOBHUX yMOBAax.

Bynbp-axuii pe3yabTaT BUOAJKOBOTO EKCIIEPU-
MEHTY HasUBAIOTh 8UNA0K08010 Nodicln. YHaCTi-
IOK TaKOTO eKCIIEPUMEHTY I IOJisi MoKe abo
BimOyTucsa, abo He BimbyTucs.

Bunagkosi mopii sasBuuaii mMo3HAUAIOTH BEJIU-
KUMU JiTepaMu JaTuWHCbKoro aidasity: A, B,
C, D, ....

IIpuxnaagn

ExcnepumeHTH 3 pYJIETKON, MTiAKUAAHHAM
rpaJibHOTO KyOWKa, MiAKUAAaHHAM MOHETH, Ce-
pifg TOCTPiJIiB OOHOTO CTPiJBILA IO OAHINW i Tik
caMiii miIreHi, yJyacTs y Jorepei TOIIO.

Bunamamasa «repba», BUOAJAaHHA «YHUCJa» TIPU
OigKUAaHHI MOHETHW; BUTPAIIl Y JIOTEPEI; BUIA-
INaHHA IEeBHOI KiJIbKOCTI OYOK IpU MigKuIaHHI
TpPajJbHOTO KYOMKa TOIIO.

2. loHATTA, NOB’A3aHi 3 BMMNAaAKOBMMMU MOAIAMM B AEAKOMY EKCMNepUMEHTI

Ioxii B;, By, ..., B, HasuBawTh Pi6HOMONCIU-
8UuMU, SKITO B JAaHOMY eKCIepUMEeHTi Hemae
HiAKUX IiZIcTaB BBajKaTH, II[0 OJHA 3 HUX MOKE
BimOyTHCA mepeBakHiIe 3a OyAb-AKY iHIIY.

Ilomii A i B Ha3WBalOTh HECYMICHUMU, SKIITO
BOHU HE MOXKYTh BifOyTHMCS OJHOUYACHO B JAaHO-
My eKCIepUMeHTi.

Ioxii Cy, C,, ..., C, Ha3uUBaIOTL HeCYyMiCHUMU,
AKINO KOMKHA IIapa 3 HUX HEeCyMicHAa B JAHOMY
€KCIIePUMEHTI.

Ilomito U HasuBaiOTL 8ip0zi0HOM0, SKIIO B pe-
3yJAbTATi JAHOTO eKCIepMMEHTY BOHa 000B’a3-
KOBO Bif0yaeThcs.

Iloxiro ¥ HA3BUBAIOTE HEMONCLUBOH, AKIIO BOHA
He MOJKe BiiOyTucs B JaHOMY €KCIIEPUMEHTi.

B exkcmepuMeHTI 3 OZHOPaA30BOTO MiAKUAAHHS
OHOPiHOI MOHETU IPaBUJIbHOI (opMH pPiBHO-
MOJKJIMBUMU € IIOHii:

A — Bumas «repb»,

B — BUTIIAJIO «YUCJIO».

B exkcnmepumeHTi 3 miAKMIAaHHA MOHETH TIO-
nii A — BumaB «rep06» i B — BUOago «4uc-
J0» — HecyMicHi.

,H.TIH €KCIIEpUMEeHTYy 3 HiJIKI/I,ZIaHHH I'PaJIBHOTIO

ky6uka nozpii C; — Bunagauua 1 ouka, Cy —
BunmagaHHa 3 ouok, C; — BUNAJaHHA 5 OUOK,
C, — BUmajaHHA NapPHOTO YHCJIA OYOK — He-
cyMicHi.

Bunagamas MeHIime 7 OYOK MOpW HigKUAaHHI
3BUUANHOr0 I'pajibHOr0 KyOuKa (Ha rpaHax sSKo-
ro mosHaueHo Big 1 g0 6 ouok).

Bunagamasa 7 o4yoK mpu OiAKUAAHHI IpaJbHOTO
KyOuka.
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3. MpocTip eneMeHTapHMx nogin

Ilonarra

Hexaii pe3yabTaToM IesIKOT0 BUIIAAKOBOT'O €KC-
TEePUMEHTY MOKe OyTU TiJIbKM OfHA 3 TOIMIapHO
HECYMIiCHUX IOAIX Uy, Ug, ..., U,. Haszsemo mi
noxii enemenmaprumu nodiamu, a MHOXKUHY
BCiX IIMX TOmik

U={u1,u2,...,un} —
npocmopom ejiemenmapHux nodii.
Bynp-axy DifMHOMKUHY IPOCTOPY eJeMeHTap-

HuX noxin U BBakaTHMeMO BUIIAAKOBOIO IOi-
€0 A.

IIpuxnan

1. JIma eKcmepuMeHTY 3 MiAKHUTaHHA MOHETHU
eJeMeHTapHUMU OyAyTh MOMii:

U, — BHUIAB «Tepb»,

U, — BUIAJIO <«UUCIO».

Toxi mpoctip ereMeHTapHUX MHOZiN Oyae cKJa-
JaTucsAd 3 OBOX IIOMHii: U={u1,u2}. (OIi monmii
OIIapHO HeCyMiCHi, V pesyJbTaTi eKcIepuMeH-
Ty 060B’sI3K0BO BifOyAeThCA OfHA 3 IIUX TIOMili.)

2. Ins eKCIIepUMEHTY 3 HiKUIAHHA IPAJIbHOTO
KyOuKa esJleMeHTapHUMU MOXYTb OyTu mogii u,,
Ug, Ug, Uy, Uz, Ug, € U, — BUIAJaHHA
k ouok, k=1, 2, 3, 4, 5, 6. Y npoMmy BUIALKY
IPOCTip eJieMeHTapHUX IOl Oyme CKJagaTHUCs
3 IIIeCTH TOMii:

U={u1, uz, U3, u4, u5, u6}.

4. KnacuMyHe o3HayeHHA MMOBIpPHOCTiI (419 PiIBHOMOX/IMBUX e€/NeMEHTapHUX NojiM)

Hexaii 3amaHo mpocTip ejleMeHTapHUX IIOMiiA,
yci exeMeHTapHI moAii SKOTO — PiBHOMOMKJIMBI.
I/uImoeipHicmb nodii A — 11e BiZHOIIIEHHA YMCJIA
CIOPUATINUBUX AJA Hel eleMeHTapHUX TOAii (m)
IO YKCJA BCiX PiBHOMOIKJIMBUX eJeMEeHTAPHUX
noxiii (n) y faHOMy eKCIepUMeHTi:

ra)=2.

IIpuknan. 3HaWAiTh iMOBipHiCTH BUIIAJAHHSA
OiJIbIlIe YOTHUPHOX OUYOK IIPHW MiAKHAAHHI Ipajb-
HOTO KyOuKa.

Poarasgremo AK ejgeMeHTapHi momii ImricTh
PiBHOMOKJIMBUX pPe3yJbTATiB IMiAKUIAaHHA KY-
6uka — BumaJio 1, 2, 3, 4, 5 a6o 6 ouok (oT:ke,
n=06).

ITogis A — Bumnajo Ginbire 4 ouok. CupusaTan-

BuUMHU I momii A € TiJIbKM OBi eleMeHTapHi

moxii — Bumajso 5 a6o 6 ouok (To6ro m=2).
m 2 1 4

Toxi P(A)=—="=—
n 6 3

NmosipwicTs Biporiguoi (U) Ta HeMoIuBOI (@) nogiii:

PU)=1

P(@)=0

MOACHEHHA 1 OBI'PYHTYBAHHA

BunaakoBi ekcnepumMmeHTn

N BUNaakoBi noaii

Hawm wacTo moBoamThcA mpoBOAWUTH PisHI
CIIOCTePEeKeHHs, JOCaiau, OpaT y4acThb B eKC-
nmepuMeHTax abo BUMPoOyBaHHAX. HYacTo Taki
€KCIePUMEHTH 3aBEPIIYIOThCA Pe3yJIbTATOM,
AKUH 3a3majerigb mepeadaunuTy HeMOXKJIUBO.
Hampurkaan, Mu KynmyeMmo JIOTepeHHU KBU-
TOK i He 3HAEMO, BUTI'PAEMO UM Hi; MiJKUIAEMO

MOHETY i He 3HAa€MO, II[0 BUIIAJe — «UHCJO»
yny «7ep0». Yu MOKHa AKMMOCH YMHOM OIliHU-
TU IIIaHCU IOABU Pe3yabTaTy, AKUI HaC IiKa-
BuTH? BimmoBigp HA Iie 3aIUTAHHA A€ PO3MiI
MaTeMaTUKH, [0 Ma€ Ha3BYy meopis UMosip-
Hocmeil. Mu 03HAaOMUMOCS TiJIBKU 3 OCHOBA-
MU IIiel Teopii.

OpHUM 3 OCHOBHUX TOHATH, AKi PO3TJIs-
InamThCcs B Teopii HMOBipHOCTEI, € MOHATTS
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excnepuMeHmy 3 6UnadKo8uUMU pe3ylbmama-
mu. IIpukaagoM TaKOro eKCIepUMEeHTY MOKe
OyTU OiAKUIaHHSI MOHETH CyAaeio (pyTO0IbHO-
ro MaTyy mnepej Moro mo4yaTkoM i3 MeTOI0 BU-
3HAUEHHA, KA 3 KOMaH][ IOYHe MaTY i3 IleH-
Tpa I0JId.

IIliz excriepuMeHTaMu 3 BUIAAKOBUMU Pe-
gyabraTamMu (abo, KOpOTIe, BUIAAKOBUMU
eKCIeprMeHTaMM) PO3yMiloTh PidHi eKciepu-
MEHTH, JOCJiu, BUIIPOOOBYBaHHS, CIIOCTEDE-
JKeHHS, BUMipH, Pe3yJIbTaTU AKNX 3aJIeKaThb
Bim BUHAIKy i SKi MOKHA IIOBTOPUTU OaraTto
pasiB B ogHaAKOBUX yMoBax. Hampukriaam, mme ce-
pid moCTPijiiB OIHOTO CTPIJIBILA IO ONHIiM i TiH
caMiii MiIeHi, yJ4acTb y JioTepei, BUTATAHHS
IPOHYMEPOBAHUX KYJIb i3 KOPOOKHU, eKCIIepu-
MEHTH 3 PYJIETKOI0, HiAKUAAHHAM IDAJIbLHOTO
KyOuKa, IiIKuIgaHHIM MOHETH.

Bynp-axuii pesysbTaT BUOALKOBOTO €KC-
MepUMEHTY Ha3WBaIOTh 8UNA0K06010 NoJi€lo.
VHacIiIoOK eKcmepuMeHTy, AKHI poaridna-
€ThCH, IS IOAis MoiKe abo BimOyTucsa, abo He
BimOyTHcsa. 3a3HAUYNMO, IO AJIS KOXKHOI'O BU-
NagKOBOTO €KCIIEPUMEHTY 3a3BMYail 3asjia-
JeTigh TOMOBJIAIOTHCA, AKiI MOro pesyabTaTu
po3TiIsAgaloThCA SK eJeMeHTapHi moxii, a mo-
TiM BUIIaIKOBA HOJiA PO3TJIANAETHCA AK IIij-
MHOKMHA OTPUMAHOI MHOMWHU (AUB. m. 3
Taba. 16).

Hapani, ax npasuio, 6ygeMo mo3HadaTu
BUHOAJKOBL moAil BeIMKUMH JATUHCBKUMU JIi-
Tepamu: A, B,C, D, ....

ToBopsiuu 1mpo BUMAAKOBI Imoxii, Oymemo
BBajKaTH, IO BOHU IIOB’fA3aHi 3 OJHUM KOH-
KPEeTHUM BUIIAJKOBUM €KCIIEPUMEHTOM.

3ayBaKuMO, IO 0araTo BaKJUBUX 1 IIO-
TpiOHUX (aKTiB Teopil IiMoBipHOCTEl cIIO-
yaTKy OyJm ofep:KaHi 3a [TOIOMOIOI0 Iy:Ke
IPOCTUX €KCIIEpUMeHTiB. BeJIuKy posb y pos-
BUTKY Teopil iMoBipHOCTEe!l AK HayKu 3irpa-
JIV 3BUYAMHI MOHETH Ta IrpajbHi KyOuku. Aje
mi moHemu U KYOUKU, AKi po3enadaromuces
8 meopil umosipHocmell, € MAMeMAMULHUMU
dbpasamu cnpasxicHix monem i Kyoukis (Tomy
PO HUX iHOJi TOBOPATH, IO Ile MaTeMaTUuYHa
MOHEeTa ¥ MaTeMaTWYHUI IpaJbHUN KYOUK).

Hampuknan, wmamemamuuHa MoHema,
AKY BUKOPHCTOBYIOTh Y Teopii iMoBipHOCTEI,
mosbaByieHa 06araThb0X SKOCTEH CIPaBKHBOI
MOHETH.

r

Y mamemamuyHoi MOHemu HeMae KOJIHO-
Py, po3Mipy, Baru Ta 1inu. Bona He 3po0.e-
Ha Hi 3 IKOr0o MaTepiasy i He MOXKe CIYKU-
TU IIaTLKHEUM 3acoboM. MoHeTa, 3 IOTJIALY
Teopii IMOBipHOCTEH, Ma€e TiJIBKU OBi CTO-
pOHU, OfHA 3 SAKUX HA3UBAETHCA «Tepd»,
a ixma «umciio». MOHeTYy KHIaioTh,
i BoHA majmae omHielo 3i cTopin yropy. Hia-
KUX iHIIUX BJIACTUBOCTEN y MaTeMaTUYHOI
MOHETH HeMae.

MaremaTrnuHa MOHETa BBasKAETHCA CUMeE-
mpuuHoto. 1le osHauae, 110 KUHYTA HA CMIiJ
MOHema Ma€ pi6Hi WAHCU 8unacmu «2epoom»
abo «yucnom». Ilpu mbomy mMaeThcA Ha yBasi,
10 HiAKWU iHIIWY pPe3yabTaT KUAAHHSA MOHe-
T HEMOJKJIUBUI — BOHA HE MOJKe 3aryomTu-
csi, 3aKOTUBIINCHL YV KYTOK i, TUM Oijbllie, He
MOKe «CTaTH Ha Pedpo».

CnpaBKHS MeTajeBa MOHETa CJIY)KUTh
JIMIIIe iJIIocTpallieo OJisi MaTeMaTUYHOI MOHe-
tu. CIIpaB:KHA MOHETa MOsKe OyTH TPOXH BBiT-
HYTOI0, MOKe MaTu iHImi gedekTn, AKi BIIU-
BaIOTh Ha pe3yJbTaTyu KujgaHHA. IIpore, 1100
mepeBipuTHU HA IPAKTUIIL JOCTiAM 3 iAKW IaH-
HAM MaTeMaTUYHOI MOHETH, MU KUJAEMO 3BU-
yaliny MOHeTY (06e3 ABHUX nedeKTiB).

I'panpanii KyOMK TaKOK CJIY)KHUTh IIpe-
KpacHuM 3aco00M JJIs irocTpaliii BUIagKoOBUX
moxiii. PosriaHeHo npasuavHuil (cumempuu-
HUill ) KYyOukK — TaKui, 1110 3a6e3meuye OqHAKO-
Bi mraHCU BUIIalaHHA KOXKHOI rpaHi. g nsoro
BCi rpaHi MarOTh OyTM OMHAKOBOI ILJIOIIi, TIJIOC-
KUMU I OMHAKOBO IiafeHbKuMu. KyOuK moBu-
HeH OyTHu came KybOiuHOI (popmu, a HOro IHEeHTpP
Baru Mae 30iraTucs 3 reOMEeTPUYHUM I[EeHTPOM.
Bepiiunu it pebpa KyOUKiB moBUHHI OyTH mmpa-
BUJIBHOI (hopMu. SIKIITO BOHU OKPYIJIEeHi, TO BCi
OKPYIVIEHHSA MaioTh O0yTum omHarkoBuMu. OTBO-
PHu, AKi MapKyOTh KiJIbKiCTh OUYOK Ha rpaHAX,
IIOBUHHI OyTH IPOCBePAJIEH]I HA OJHAKOBY IJIU-
O6uny. CymMa OYOK HA HTPOTUJIEKHUX TPaHAX
IIPaBUJIbHOr0 KyOuKa nopiBuioe 7 (puc. 12.1.1).

Puc. 72.7.7
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MamemamuyHuil zpanrvHuill Kyouk, AKUHN
00TOBOPIOETHCA B Teopii WiMoBipHOCTEI, —
e MamemamuyHuil 06pas3 npasuibH0o20 Ky-
ourxa. BunaganHa Bcix rpaHedl PiBHOMOK-
ause. IloxibHo mo MaTeMaTHYHOI MOHETH,
MaTeMaTUUYHWI KyOMK He Ma€ Hi KOJbOpY,
Hi po3mipy, Hi Baru, Hi iHIIUX MaTepiaJyb-
HUX AKOCTEMN.

T'panpHU#l KyOMK Mae AWBOBUIKHY icTO-
piro. I'pa 3 KyOuKamMu — OfHA 3 HANJAaBHIIIINX.
Bomna 0y.Jia Bigoma B riinboKiii maBauHI B IHAIT,
Kwurai, JIigii, €runri, I'pemnii & Pumi.

Jeaki NnoHATTHA, NoB'a3aHi
3 BUNAaAKOBMMU Mnopisasmu

Hexaii mpoBemeHO AKUICH BUIATKOBUN
eKcHepuMeHT. 1K 3asHavajocs BUINE, KOO
pesyJbTaTaMu € IesdKi BUIIagKOBI momii. YHa-
CJIiIOK TaKOT0 eKCIIePHMMEHTY KOKHa 3 MOmil
Moske abo BigbyTucs, abo He Bin6yTucs. 11i mo-
il moB’sI3aHi 3 OMHUM KOHKPETHUM BUIAIKO-
BUM €KCIIePUMEHTOM.

OsHaueHHsa. Ilomii HasuBaIOTBCA piGHO-
MOHCIUBUMU, AKIIO B TAHOMY €KCIIePUMEH-
Ti HeMa€ HiAKMX IIiIcTaB BBasKaTH, 1[0 OJHA
3 HHX MO’Ke BimOyTucs mnepeBaskHime 3a
Oyab-AKY iHIIY.

Hampuknan, B eKcliepuMeHTI 3 ogHOpa-
30BOT0 MiAKUAAHHA OJHOPiAHOI MOHETU IIpa-
BUJIBHOI ()OPMH PIBHOMOMKJIUBUMM € IIOMii:
A — Bumnas «repb», B — BUIIAJIO «YHUCJTO».

O3HayeHHA. TIlomii A i B Ha3uBalOThCA He-
CYyMmicHUMU, IKII0 BOHU HEe MOKYTH Bi0yTH-
Cs OTHOYACHO B TAHOMY €KCIIEePUMEHTI.

Tak, B eKCIIepUMEHTI 3 0OIHOPA30BOTO ITij-
KHJIaHHS MOHeTH Iomii A — BuIIaB «repod»
i B — BUIIAJIO «YHCJIO» — HECyMicHi.

Iloxii C,, C,, ..., C, HazsuBaIOTh HecyMmic-
HUuMU, AKIIO KOMKHA Iapa 3 HHUX HecyMicHa
B JAHOMY eKciepuMeHTi. [[JId eKCcIepuMeHTy
3 NiIKUJaHHA I'PAJbHOIO KyOuka moxii: C; —
BunazaHHea 1 ouka, C, — BuIajaHHA 2 OYOK,
C; — Bunajga"Ha 3 ouok, C, — BUNAJaHHA
4 ouok, Cy — BUIaJAHHA 5 OUOK, C; — BHUIa-
ITaHHS 6 ouoK — HecyMicHi (i piBHOMOMKINBI).

OsHauveHHa. Iloxia U HasuBaeTbed 6ipozid-
HO0, AKIIO B Pe3yJbTATi JAHOTO eKcIlepu-
MEHTY BOHA 000B’A3KOBO BinOyaeTncs.

Hampukian, BUMagaHHA MeEHIE 7 OYOK
npu OiJKUJaHHI rpajbHOro Kybuka (Ha rpa-
HSX AKOro mo3HaueHo Big 1 10 6 0uoK) € Bipo-
riTHOIO TIOMi€T0.

OsHaveHHA. Ilopia & Ha3MBAETHCI HEMOMNC-
lU6010, AKIIO BOHA HEe MOJKe Bi0yTucs B aa-
HOMY €KCIIePUMEHTi.

Hanpuriaazn, Bunagadisa 7 OY0K IPU MIif-
KHIAaHHI TI'paJIbHOTO KyOMKa — HEeMOKJINBA
momis.

MpocTip enemeHTapHNX

nogain

Hexaii pesyabTaToM [OesSKOTO BUIIAIKO-
BOTO €KCIHePUMEHTy MO Ke OyTH TiJIbKHU OJHAa
3 IIOIIAPHO HECYMICHUX IOAIN Uy, Ug, ..., U,.
Hassemo ix esemenmaprumu nodismu, a MHO-
JKUHY BCIX IUX MOAil Uz{ul,u2,...,un} —
npocmopom esemenmapHux nodii.

Hanmpurnazn, njgsa eKCIepUMeHTY 3 IIij-
KUJAAHHS MOHETH eJIeMeHTapHUMHU IMOMi-
amMu OyAayTb: u,; — BHUIAJaHHA «Tepba»,
u, — BUNAJaHHA «4ucjaar». Toxi npocrip eme-
MEeHTapHUX IOAiH Oyme cKJIamaTHCSA 3 ABOX
nomiti: U ={u1,u2}. (IIi mogxii wHecywmicHi,
i B pes3ysabTaTi eKCHepUMeHTy OOOB’sI3KOBO
BimOymeThCs OHAa 3 IMUX ITOMIil.)

dns  excmepuMeHTy 3  IMiJKUAAHHS
TPaJbHOTO KYOWMKA ejJeMeHTapHUMHU IOdid-
MH MOXKYTh OyTH: u; — BHIaZaHHA 1 ouKa,
U, — BUNANAHHA 2 OYOK, Ug — BUNAAAHHA
3 OUOK, U, — BUIaJaHHA 4 OYOK, Uy — BU-
mafjaHHA d OUOK, Uy — BUNAJAHHA 6 OUOK.
Y 1uboMy BHIAAKy IIPOCTip ejgeMeHTap-
HUX IOAi# Oyme cKJIagaTUCA 3 IEeCTH IIOMiii:
U={u1,u2,u3,u4,u5,u6}.

Byap-AKy miAMOMKMHY IpPOCTOPY e€JieMeH-
TapHUX mOoAii U BBasKaTMMEMO BUIAJTKOBOIO
momiero A. Hampuwriaan, Aasd eKCIEePUMEHTY
3 MiIKUJaHHA IPATBHOTO KYyOMKAa BUIIATKOBOIO
€ TIoNiaA A — BUNAJAHHA IapHOI KIILKOCTi OUOK,
OCKiNIBKH A={u2,u4,u6} — mnigmuOKHUHA U.
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KnacuyHe o3Ha4yeHHs
MMOBIPHOCTI

Hexaii pesyabTaToM AeAKOTO BUIIAIKOBO-
T0 eKCIepPUMEHTY MOsKe OyTH OomHa U TiIbKU
OoIHAa 3 N IOIIapHO HECYMiCHUX 1 piBHOMOMKJIN-
BUX eJIeMeHTapHUX NOAi# Uy, Uy, ..., U, (TOOTO
npoctip U ereMeHTapHUX IIOAi JAHOTO BUIIAI-
KOBOT'O €KCIIEPUMEHTY CKJIaJaeThCA 3 PiBHO-
MOKJIMBUX eJIeMeHTapHuX IOJiH uy, Uy, ...,
u,). I Hexall y naHoMy exkclnepuMeHTi nogia A
moJsArae B TOMY, III0 BimOyBaeThcA OmHA 3 m
Halepel BUOKPEMJIEHUX eJIEMEeHTapHUX II0-

min Ui s Wiy eeer Uy

i im

TOOTO Az{uil,ui2,...,uim}
(y mboMy BUNIAAKY T'OBOPATH, IO eJIeMeHTapHi
nomii Ui s Uy +ees U; CIHPHUAIOTH momii A).
WmosipHicTs moaii A o3HaumMMO SK Bin-
HOIIIEHHS YHCJIa M eJeMeHTapHUX IIOHiH, ITIO0
CIPUAITL MOAii A, IO 3arajJbHOrO YHcIa N

eJIeMEeHTapHUX IOJil y JaHOMY eKCIIepHMeH-

. . m
Ti, TOOTO AK BifHOIIIEHHA —.
n

NnmosipHicTs monii A 3BuUaiiHO mo3HaUA-
1o1s P(A). Toxi
m

P(A)=—.

BykBa P — mepina 6yKBa (ppaHI[y3bKO-
ro cJyioBa probabilité abo JTaTUHCHKOTO CJIO-
Ba probabilitas, 110 B mepeKJaAi o3HAUaeE
«HAMOBIpHiCTB».

ITiero piBHicTIO BuUpa'kaeThbcad KJAACUUHE
03HAYeHHA UMOEipHOCMIi, AKe MOXXHa cdop-
MYJIIOBATH TAKUM YNHOM.

O3HayeHHA. {AKImO PpoO3TIAATAETHCA IPO-
CTip PiBHOMOMKJINBUX eJIeMEHTapPHUX MOIii,
TO UMOGipHicMb N0dii A — 1ie BimHOIIEHHA
YHpcJa CIPUATINBUX IJIA Hel eJIeMeHTapPHUX
MmoAiil M0 4yMcia BCiX PiBHOMOIKJIMBHUX eJie-
MEHTAPHHUX MOl Yy JaHOMY €KCIIePUMEeHTI.

Hampuraan, B eKCIIepuMeHTI 3 MiAKugaH-
HSA MOHETU PiBHOMOKJIUBUMU eJIeMeHTapHU-
My noxisimu € nBi (n=2) moaii: A — Bumas
«repb» i B — Bunajo «umcao». IToxii A cpu-
sie TiIpKY onuH Bunanok (m=1), TOMY

n 2

OueBugHO, IO WMOBipHicTs, moxii B Ta-
. 1 1
KOJK JTOPiBHIOE E: P(B)=E. Orxxe, B eKcIIe-

PUMEHTi 3 OTHOPA30BOr0 MiAKUIAHHA MOHETH
WMOBipHicTL BumamaHHs «repba» (abo «uwmc-

. 1
Ja») TOPiBHIOE 5

Amnanoriuno oOr'PyHTOBYETHCS, 1[0 B €KC-
TMepUMeHTi 3 MiAKUAaHHS TPAJbHOTO KyOUKa
iMoBipHicTb mofii A; — Bumnajo i ouok (i=1,

2,3,4,5, 6) nopiBHIOE %

@ OOBrpyHTYITE LIe CAMOCTIMHO.

3a3HaunMo, II0 KOJU B OYIb-AKOMY €KC-
IePUMEHTi PO3TJIAHYTH HEMOMKJINBY IMOLi0 J,
TO HEMAE eJeMeHTaAPHUX IIOMil, 110 CIPUIIOTE
mifn moxii, TOOTO YMCJO eJeMEeHTAPHUX IIO-
Oili, CUPUATINBUX IJs Hel, JOPiBHIOE HYJIO

(m=0),iromi P(@)=2=0.
n

Ot:xe, HMOBIPHiCTh HEMOKJIINBOI IO /10-
piBHIo€ 0.

Hampuraan, B eKCIIeprUMeHTI 3 MigKugaH-
HS TPAJIbHOTO KyOMKAa WMOBiPHIiCTH HEMOMKJIN-
Bol moxii A — Bumajyo 7 ouok — mopisuioe 0.

Ao B OyAb-AKOMY €KCIIepUMEHTi poa-
ITJIHYTH Biporigay noxito U, To il cipuA0TH
yci e1eMeHTapHi moail B IIbOMY €KCIIEPUMEHTI

(m=n),itomi PU)="=1.
n

OT:xe, UMOBipHiCTHh BiporigHoi momii mo-
piBHIoOE 1.

Hanpukaazx, B eKCIepUMEHTI 3 IIigKu-
JaHHS I'PaJbHOrO KyOuKa momia A — BuIaJo
1 ouko, abo 2 ouku, abo 3 ouKU, abo 4 OUKH,
abo 5 ouok, abo 6 ouox — Biporimua i ii fimo-
BipHicTs mopiBHIOE 1.
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MPUK/IAAM PO3B’A3YBAHHA 3AAAY

Mpukaad 1

Kopucryounch KJIaCUYHUM O3HAUEHHAM HMOBipHOCTiI, 3HaiigemMo
MMOBipHicTE momii A — BUmaZaHHA YHCJIA OYOK, KpaTHOro 3, IIpHU

MiIKUAAHHI IpaJbHOTO KyOHKA.

Poss’azanuga

SAK sasHauasoca BUIINE, B EKCIePHMEHTi
3 mifKugaHHa KyOuKa icHye IIicTh IomapHo He-
CYMICHUX PiBHOMOMKJIMBHUX eJeMEHTapHUX IIO-
min — Bunmagso 1, 2, 3, 4, 5, 6 ouok (TaKok
MOXKHA CKasaTH, IO IIPOCTIp eJleMeHTapHUX
HOIiil CKJIaZaeThCA 3 IIeCTH BKAa3aHUX MOMAPHO

Mpukaad 2

ITerpo # ITaByio KuparoTh cipuii i GakuT-
HUH rpanbHi Kyouku (puc. 12.1.2) i KOxK-

HeCyMiCHUX PiBHOMOMKJIUBUX Tmoxiit). Cupuar-
JUBUMU IJIS TOAIl A € TiIbKU JBi ejleMeHTapHi
noxii: BunaJyio 3 oukm i Bumaso 6 ouok. Orike,
nMoBipHicTs, moaii A mopiBHIOE:

pa)=2-1 4
6 3

< IR

HOTO pasy Ii[paxoBYIOTH CyMy OYOK, IO
BuUmanu. BoHm gomoBUINCA, IO Y BUIIAM-
Ky, KOJIM B UYeproBiii crrpobi B cymi Buma-

ne 8 ouok, Burpae Iletrpo, a Komm B cymi

Puc. 72.7.2

Bunajge 7 ouok — Burpae Ilasmo. Yu e 1a

rpa CIIpaBeAJUBOIO?

Po3sp’azanna

IIpu KmpanHi KyOMKiB Ha KOXXKHOMY 3 HHUX
MosKke Bumactua 1, 2, 3, 4, 5 a6o 6 ouok. Kox-
HOMY YHCJY OYOK, AKi BUNAJU HA cipomMy Ky-
ouky (1, 2, 3, 4, 5 abo 6 ouok), Bigmosimae
OIicTh BapiaHTIB ymcjia OYOK, AK1 BUIIaIW Ha
osakuTHOMY KyOumky. OTiKe, yChOTO OepiKye-
Mo 36 momapHO HECYMICHHUX PiBHOMOKJIMBUX
eJIeMeHTapHUX IIOAiii — pe3yJabTaTiB I[bOTO
eKCIIePUMEeHTY, AKi HaBelIeHO B TaOJIMILi:

<
—
SN—

.
.
b

2
;3)
;4)

6)

’

(3
(3
(3
(3
(3
(3;

kd

* KoMeHTap BKJIIOUEHO B 3aII1C PO3B’ I3aHHA.

(Y xokHiT mapi umces Ha mepIIOMYy MicIlii 3a-
MMHUCAHO YMCJIO OYOK, sSKe BUIAJO Ha cipoMy Ky-
OMKY, a Ha APYroMy MicCIli — YHCJIO OYOK, IO
BUIIAJI0 Ha OJAaKUTHOMY KYOUKY.)

Hexaii momis A osmauae, 1110 Ipu KUJaHHI Ky-
OuKiB y cymi Bumaao 8 ouoK, a moxiss B — 110
Opu KuAaHHI KyOMKiIB y cymi Bumamgo 7 OYOK.
Hasa moxii A cupuATIUBUMU € Taki 5 pesyib-
TaTiB (eJeMeHTapHUX IOJii):

(2;6), (3;5), (4;4), (5:3), (6;2).
Hna mozxii B cnpuATINBUMU € TaKi 6 pesyiib-
TaTiB (eJIeMeHTapHUX IOIii):
(1;6), (2;5), (3;4), (4;3), (5;2), (6;1).
Toni
P(4)=—, P(B)=—.
36 36

Omxe, B IlaByma GinbIlle ITaHCIiB BUTpaTH, HixK
y Ilerpa. TobGTo Taka rpa He Oyne cIpaBej-
JUBOIO. <
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3azHaumMo, IO Pe3yJabTaTH E€KCIEePUMEHTY 3 MiJKUIAHHS ABOX

rpaJbHUX KyOUKiB, HaBeleHl y NPUKJIAAi 2, TO3BOJSIOTH O0UMCIUTHI
MMoBipHOCTI mosABY Tiel abo iHIITOI CyMHM OYOK, 110 BUIIAAAIOTH IPHU IIij-
KUJAaHHI JBOX IPAbHUX KYOUKIB.

CyMma 040K 2

. 1
WUwmosipHicTh |, —
36

Mpukrad 3*

I3 15 BuroroBJeHuUX BeJOCUIIEeAiB 3 BUABMINUCA 3 AedexkTamu. fAKa
WMOBipHiCTHL TOTO, IMO 2 BeJOCHIeNU, BUOpPaHI HaBMAHHA 3 IUX

I’ ATHAAIATH, OyAyTh Oe3 medexTin?

Po3sp’azanna

Hexait mogiss A mosasrae B TOMYy, 10 2 BU-
Opaui HaBMaHHs BeJocHUIleAu OyAyTh Oe3 me-
dexriB. 3 15 BemocumeniB BuOpaTum 2 MOXK-
Ha 0125 crocobamu (uuciao Kombimarmiii iz 15
mo 2). ¥Yci i Bu6opu € piBHOMOMKJIUBUMHU I 1O~
mapHo HecyMicHuMu. OTiKe, 3arajbHa Kijb-
KicTh PiBHOMOMKJIUBUX pe3yabTaTiB (TOOTO 3a-
raJibHa KiJbKiCTh eJleMeHTapHUX IOAil) JOpiB-

HIOE 0125.

Mpukrad 4*

CupuATINBUM Pe3yabTAaTOM IJis IIOAii A € BuU-
0ip 2 OesmedeKTHUX BeJocumeniB iz 12 Oesme-
dexrHux (15-3=12). OTsKe, UnCIO CIPUATIN-
BUX pe3yJabTaTiB (moxiit) maas momii A mopiBHIOE

CZ,. BBincu omepxyemo

o1

P(A)=_0122 _2102-2) _12-11 22

¢z 15! 1514 85
2115-2)1

I'pynma typucriB, y akiit 6 ronakiB i 4 miBumHu, Bubupae 3a Kepebd-
KYBaHHAM YOTHPHOX uepropux. fIKa MoBipHicTH TOTrO, 1[0 OyI€e BU-

OpaHo 2 oHaKu ¥ 2 miBumHM?

Poss’azanuga

Yucymo pesyabTaTiB (eJIeMeHTApPHUX IIOMii)
npu BubOpi yoTuphoxX ueproBux iz 10 Typucris
nopisroe C;,. Yeci mi moxii piBHOMOMINBL
I monmapHO HecyMicHi.

Hexaii mogmis A moasdrae B Tomy, IO cepen
4 yeproBux € 2 0OHaKU i 2 miBumHH. Bubparu

. 2
ABOX IOHAaKIB 3 6 MosKHa Cﬁ CHOCOﬁaMI/I, a BU-

OpaTu OBOX miBUaT 3 4 MOKHA Cf crocobaMu.
3a mpaBuJOM OOOYTKY BuHOiIp i ABOX IOHAaKiB,

. . 2 2

i gBox miuar moskHa BukoHaTHm Cg-Cj cmoco-
6aMu — 1e i € KiJbKicTh CIPpUATIUBUX TOMiik
nas moxii A. Toxi

6! 4! 65 4-3
Ci-Ci  a16—21 21(4-2)1 ' 3
p(a)=CeCi _ 21 121 1_12 12 _3
(4) ch 10! 10-9-87 7 <
41(10-4)! 1-2.34
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3ayBasKuMO, II10 3aJIeXKHO Bix 3amaui, axa
poBTJIANaE€ThCA, AJIA OLHOTO W TOTO CaMoro
eKCIIEPUMEHTY ITPOCTip eJeMeHTapHUX MOmiil
MOJKHaA BBOAUTHU y PisHi cmocobu. Haituacri-
e OJis IbOTO He3aJIe)KHi eJieMeHTapHi IIo-
oil migOuparoTh Tak, 1100 moisd, IMOBipHiCTE
AKOI moTpi0HO 3HaliTH, caMa OyJia eI1eMeHTap-
HOI0 abo Bupaskajlaciad uepe3 CyMy eJeMeH-
TapHUX IOAiN. AJle AJis TOTo 100 BUKOPHUCTA-
TH KJIACUYHe 03HAUEeHHA HMOBipHOCTI, TOTPio-
HO OyTH BIEBHEHUM, I[0 BCi BuAiIeHi eqeMeH-
TapHi moAii — pPiBHOMOIKJIMBI.

Hanpukaazn, Ak y:Ke 3a3HAvyaoch y 3a-
gaui Mmpo MmiAKUAAHHSA TI'PaJIbHOro0 KyOMKa,
IPOCTip ejlIeMeHTapHUX IMOJill MOiKe cKJazaa-
THCA 3 6 HeszaJeKHUX PiBHOMOMKJIMBUX IIO-
min — BumagmaHedg 1, 2, 3, 4, 5, 6 ouok. Ale
AKINO B 3aJlayi NPOCATH 3HAUTU MMOBIipHICTH
BUNAMAHHSA IIapPHOTO YHMCJIAa OYOK, TO IIPOCTO-
PoOM ejieMeHTapHUX MHOMill A IILOTO eKCIie-
PUMEHTY MO:Ke OYyTHM MHOKMHA TiJIbKU JTBOX
monii: u; — BHIAJaHHA IAapHOI KilTbKocTi
OYOK, U, — BHUIaJaHHA HeNapHOI KiIbKoc-
Ti ouoK (OCKiJNBbKU IIi moaii momapHo HecyMic-
Hi i1 y pe3yJbTaTi eKcuepuMeHTy 060B’ A3K0BO
BimOymernhea omgHa 3 nux noxint). I1i moxii pis-
HOMOXKJIUBI (OCKiMbKY cepen uucen 1, 2, 3, 4,
5, 6 piBHO IIOJIOBMHA IMapHUX 1 IIOJIOBUHA He-

3anumaHHg

mapuux). OTiKe, 3a KJIACUUHUM O3HAUEHHAM
. N . . 1
MUMOBIpHICTH KOYKHOI 3 HUX JTOPiBHIOE 3 3Bu-

qyaiiHo, AKOM MU PO3TJIAHYJIU MePIINii 3 yKasa-
HUX IIPOCTOPIiB eJIeMEeHTapHUX MOMAil, TO TeX
3morJim 6 po3B’A3aTHU II0 3a7aYy: BCHOTO IIO-
oiti— 6, a cupuAaTIUBUX — 3 (BUOAJAHHSA Iap-
HOTO umcia ouok: 2, 4, 6). Toxi imoBipHiCTH

) 3
BUMNAIaHHA IIAPHOTO YKCJa OYOK JOPiBHIOE E,

1
TOOTO —.
2

CopobyemMo BBecTH [AJA PO3B’ A3YBAHHSA
miei 3ayaui Takuii IPOCTip eJJeMeHTapHUX II0-
Jifi: u; — BUIAJaHHA IapHOI KiJIBKOCTi OUOK,
u, — BUIAJaHHA 1 OouKa, ug — BUIAJAH-
HA 3 OYOK, U, — BuUNaJaHHA 5 ouok. Ili mo-
il mificHO YTBOPIOIOTH MPOCTIiP eJIeMeHTapHUX
HOIill eKCIepUMEHTY 3 MiAKUIaHHA IPajlbHO-
ro KyOnKa, OCKiJIbKY BOHHU IIOIIapPHO HecyMic-
Hi #1 y pe3yabTaTi eKCIiepuMeHTy 000B’ A3K0BO
BimOymeThcsa OmHA 3 HMUX IOAil. Aje, Kopwu-
CTYIOUNCH TAaKHM IIPOCTOPOM eJeMeHTapHIX
HOmili, MU He 3MOKEMO 3aCTOCYBaTH KJacuu-
He 03HAUYeHHsS WMOBipPHOCTi, OCKIJIbKU, AK MU
ByKe Oaumiu, BKasaHi eJeMeHTapHi moxmii He
€ PiBHOMOKJIMBUMU: P(ul):%, P(uz)zé,

Plus) =g+ Plus) =g

1. HOHCHiTL, 10 TaKe BI/IHaI[ROBI/Iﬁ E€KCIIEpMMEeHT Ta BHIIaQJKOBa IIO-

mig. HaBemiTe mpukraanu.

2. Tlosacuith, aki moxii BBasKalOTh PiBHOMOMKJIMBUMHU. HaBemiTs mpu-
KJIagy PiBHOMOMKJIMBUX Ta HEPIBHOMOMKJIMBUX Iomini. SAKi momii

BBasKaoTh HecyMmicHuMu? HaseniTs mpukJaamu.

3. IloscHiTH 3MicT KJACHUYHOrO O3HAUeHHS IMoBipHocTi. HaBemiTsb

npukgagu. Ik mosHauaoTh HMOBipHicTs momii A?

4. SIxy moxiio BBasKAIOTh BiporigHowo, a AKy HeMokanuBoo? HasemiTsb

npukJasu. YoMy JOPiBHIOIOTH MMOBIpHOCTI BipoTiZHOI Ta HEMOIK-

JAnBOI momin?
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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°.

VEaxiTh, AKi 3 momill y HaBeZeHUX eKCIepMMEHTaxX € BiporimgHu-

MU, K1 — HEMOMKJIUBUMM, AKI — IIPOCTO BUNAJKOBUMU.
Ne ExcnmepumeHT IMomia
Bukonanua mocTpiny Buyuanua B misn
2 'HarpiBamHa BOIUM Bopa meperBopusiaca Ha JIif
(mpu 3BUYAWHUX YMOBaX)
3 'YuacTth y Jorepei Bu Burpaere, 6epyuu ydacTtb
y Jiorepei
4 'VuacTs y GesmporpaliiHii Bu me Burpaere, 0epyuu ydacThb
Jorepei y OesmporpaimHiii jgorepei
5 'IlizkugaHHsa 3BUYANHOTO Bumnano 5 ouox

rpaJIbHOTO KyOuKa

6 'IlizKkugaHHA 3BUYAKHOTO Bumnajsio menmie 8 ouok
TPaJILHOTO KyOuKa

7 'IlepeBipka poboTu A3BiHKaA Bu maTucHy/Iu Ha KHOIKY
I3BiHKa, a BiH He 3a43BOHUB

8 'BuTAranHa KyJi 3 KOPOOKH Burarau gopHy Ky
3 OLIMMU KyJIsIMU

9 'BurdaraHHs KyJii 3 KOPpOOKU Burarau 6iny Kysio
3 OLIMMU KyJIsaMU

10 'ButraranHsa ABOX KYJb i3 Ko- 'Buraram 6iny i1 YopHY KyJIi
po6ku 3 10 6iaumu it 5 dop-
HUMU KYJIIMU

11 'Buraranasa KapTu 3 KOJIOAU Burarau tysa

HageniTh 1mo Tpu NpuUKJIaAU BipoTifHUX, HEMOMKJIUBUX i IIPOCTO BU-
nagkoBux moniii. Ilpukigamgu 3anumiiTe y BUTJIAAL Tabauili (gus.
BmpaBy 12.1.1).

Bigomo, 1m0 ma 100 6arapeiiok 3ycrpiuarorhbesa 3 OpakoBanux. Aka
WMOBipHicTh KynuTu OpaxkoBaHy OaTapeiiky?

¥V wmaraswui migpaxysaiu, mio 3assudait i3 1000 TeseBizopiB Bu-
ABJsSEThCA 2 OpaxkoBaHux. fIka MMOBipHicTBL TOro, IO TeJeBizop,
BUOpaHMII HABMAHHSA B I[bOMY MarasuHi, Oyme OpaxoBaHHM?

3a cratucTukoo B micti N B cepegabomy 3a pik 3 1000 aBTOMOGi-
JicTiB 2 moTpamasAoTh B aBapiro. fAka fiMoBipHicTs TOrO, IO aBTO-
MoOGisicT y mpoMy MicTi Bech piK mpoisguTh 6es3 aBapiii?

fAxa imoBipHicTs TOrO, 110 B K1MeBi coHIle 3ifige Ha 3axomi?
fxa #fimoBipHicTs TOTO, 10 Ticas 31 rpyausa Hactame 1 ciuna?

Y maxreri jgexxarbp 20 3emenumx i 10 xoBTHMX TpyIi. fIka HMOBIp-
HicThb BUIHATU 3 HmakKeTa rpyiry? SIka iMoBipHiCTh, BUHHATH 3 ma-
Kera A0IyKO?
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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.

Ilo ek3aMeHy 3 BHUIINOI MaTeMaTUKN Y TEXHIYHOMY BUIIL BUKJIaZad
nigrorysas 24 Oinmeru. CrymenT AHapiii He posdibpaBcsi B OSHOMY
Oimeri # myske 0OiTbCsT HOTO BUTATHYTH. SIKa HMOBipHicTh TOTrO,
o AHIpilo gicTaHeThCS «HeIIACJIUBUN» Oixer?

Ha sanuranusa BikTopuHu 0ysno orpumano 1250 smcTiBOK i3 mpa-
BUJIBHUMMU BifmoBigaMu, y ToMy umcyai i Bamia. Ija BusHAYeHHS
mpusepa BeAyuuii IIOBUHEH HaBMAHHSA BUTAITH OIHY JIHUCTiBKY.
fxa fiMoBipHicTH TOTO, IITO MPU3 AicTaHETHCS Bam?

Y morepei 10 Burpamuaux KBUTKiB i 240 KBuUTKiB 06e3 Burparry.
flxa WMOBipHIiCTH BUTPATHU B IO JIOTEPEIO, KYIIUBIIU OJUH KBUTOK?

3adaya [[’Anambepa. $flxka #moBipHicTs TOTO,

10 TpW [ABOX HiAKUAAHHAX MOHETH Xoua 0 172 3 4
OOWH pas3 BUIIaje «Tepd»? 5 6/ 7 8
3a mepemory B TeJierpi SIHA 0IePIKUTH TOJIOBHU I 9 10 1112
mpu3 — MOAOPOK, SAKIIO 3a ONHY CHpoOy BTa-

nae, y akomy 3 12 cexTopiB TabJso (puc. 12.1.3) Puc. 712.1.3

3axoBaumit npui. fIka HMOBipHiCTH TOTO, IO
fAHa BigIpaBUTHCA B IIOLOPOIK?

Y norepei 100 kBuTKiB, 3 HUX 5 Burpamraux. SIka HWMoOBipHiCTH
mporparry?

Y kwumeni xjgomuyuka Jexkarb 6 moner (puc. 12.1.4). fka iimoBip-
HiCTH BUMHATH HaBMaHHS MOHETY:

1) 3 HOMiHAJIOM, IO € HAPHUM YHCJIOM;

2) 3 HOMiHAJIOM, IO € 3 HEIapHUM YKCJIOM;

3) 3 mominasom meniie 207?

00000

Puc. 72.7.4

Ha kaprmi Cynepiaoro (6 3 52) lanuao mosnauus Homepu: 1, 2, 3,
4, 5, 6. Harana Ha cBOili KapTIii mosHaumjaa Homepu: 5, 12, 17,
23, 35, 49. fk Bu aymaere, BUTpAIl SAKOr0o HAaOOpPy umces OiIbIil
imoBipHuii? IloscHiTE CBOIO BiAIIOBiAb.

Inna nmosuaumB y kaptii CymnepJioro (6 3 52) momepu: 7, 11, 15,
29, 38, 40 — i Burpas. Toxi Biu Bupimus, 110 A KoMOiHAIiA YM-
ceJ miacjauBa i BiH Oyme Bimmiuaru ii y Bcix Tupaxkax. Uwm pmificHo
BiH 30igbIInTh cBOI 1mamcu Ha Burpari? IIoscHITH CBOIO BiAIIOBiab.

Y cymii gexxars 12 uepBoHux, 10 3emenux i 3 KoBTHUX s0JyKAa.
1) A6ayKo AKOTO KOJIBOPY MMOBIipHiIlIe BChOT'0 BUMHATA HaBMaHHSA
i3 cymru?

2) §flka #iMoBipHiCTH BUHUHATU HABMAaHHSA:

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, AKIIO KyJid, BUHHATA HaBMaHHS 3 KOpPOOKu, Oija.
SKy 3 KOpoOOK BuUTigHilIe BuOpaTu s rpu, o0 iMOBipHiCTH BU-
rpairy OyJja OiJbIIoI0, SKIIO:

y KopoOIi A Jexxars 15 6inmux KyJsb i3 45;

y KopoO1i B smexxars 40 6imux Kyas i3 120;

y KopoO1i B mexxars 22 6imi ryJi i1 44 yepBOHi;

y KopoOIii I' mopiBHY 6ifinx, YePBOHUX i YOPHUX KYJIb.

I'pami 3BMuaiiHOro TpaJbHOTO KyOmKa modapOOBaHO B UYePBOHUIA
i KoBTHUII KOJIbOPU. VIMOBiIpHiCTHL BUIIQAaHHS YEePBOHOI I'paHi mo0-

. 1, .. .. . . 5
piBHIOE rE MMOBIipHICTSL BUOAZAHHSA KOBTOI I'paHi IOPiBHIOE s
CKiZIbKHU UepBOHUX i "KOBTHUX TIpaHeill y Kyouxa?

VY KopoOIii moJIoBMHA IYKEPOK Y UEePBOHUX OOrOPTKAaX, TPETHUHA —
y CUHIiX, iHII — y 3emeHux. HaBMaHHA BUWHSAJIN OIHY IIYKEPKY.
OO6GropTka SKOro KOJbOPY HaWMeHII imMoBipHa B Iiei myxkepru?
3HaANmITh 1[I0 HMOBIPHICTD.

YV myxnani jgexath 8 uepBOHHX, 2 cuHiIX i 20 3eseHUX OJIiBIIiB.
Bu maBManHA BUIIMaeTe OJIiBeIlb.
1) fAxa fimoBipHicTE TOTO, IO IIE:

a) YepBOHUU OJIiBeIlb;

0) "KOBTHUII OJIiBeIlb;

B) He 3eJIEHUU OJiBerb?
2) fIky HaliMeHINy KiJbKicTh OJiBIIiB TOTPiOHO BUUHATH, IIT00
3 imoBipHicTIO, siKa mopiBHIOE 1, cepen HuX OyB 3eJieHHII OJIiBeIhb?

KupaioTh ogHOUYACHO aBa I'pajibHI KyOouKu. fIka fiMoBipHicTh TOTO,
1[0 cyMa OYOK Oyme mopiBHroBaTm 127

Ha snaBKy DOBiJIBHUM UMHOM CiZalOTh OIBOE YOJIOBiKiB i sKinmka. fAka
HMOBIipHICTH TOTO, II[0 YOJIOBIKK OIMUHATHCSI HTOPYU?

Is 5 kaprok i3 OykBamu M, P, O, A, E maBmanusa BuOupaioThb
4 xapTKu. 3HAUIITH iMOBipHIiCTBH TOTO, IO, IOKJIABINMU IX Yy PAI
y TOMY TOPAAKY, B AKOMY ix BuOuMpasau, ogep:kath ciaoBo MOPE.
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12.2. Onepauii Hap nogiasmu. BnactneocTi nMoBipHOCTEN nogiv

Ta6aumsa 17
TeopeTuKo-MHOKMHHA
O3HauyeHHA ITpuraanx . .
1IrocTpanisa
1. MpoTnnexHa noaia
IMogia A mHasuBaeTbCs npo- ' Iloxia A — Bumas «rep0» IIpU migKWTAH- U
munexHoro mo moxmii A, | gi momerm, Toni moxisi A — He BUmaB
SIKIIO BOHA IOJISITA€ B TOMY, «rep0» NOpH MMiAKUAAHHI MOHeTH (TOOTO _
10 B PO3IJIAHYTOMY BMNAN- | BUIIAJO0 «UHCJIO»). A
KOBOMY €KCIIEPUMEHTi He
BigmOyBaeThca momia A.
VmoBipHicTb SAKIio WMOBIpHiCT, KYNUTH CIPAaBHUN 1
OPOTUJIEIKHOI ITOMii: npunan popiBaioe 0,95, To HMOBipHiCTH
_ KYOUTH HECIPaBHUIA IIPHUIaL HTOPiBHIOE —
p(a)=1-P(4) 1-0.95=0.05 P) | PA)
’ ’ .

Cymor (abo 00’ eOHaHHAM)
nomiii A i B Ha3HBAETHCA
moxis A+ B (imme mo3Ha-
uenna Al B), aka moxasarae
B TOMYy, II0 BigOyBa€ThCs
moxiss A a6o momia B (a6o A,
ab6o B, a60 o6uaBi momii).

2. Cyma nogin

3 KoJomu KapT HAaBMaHHS BUTATAIOTH
onHy Kapry. Posarismemo momii: A — Bu-
TATaN OyOHOBY KapTry, B — BUTATIN YUp-
BOBY Kapry.

Toxi moxgiss A+ B — Burarau abo 6yOHO-
By, ab0 YUpBOBY KapTy (TOOTO KapTy uep-
BOHO1I MacTi).

3. [obyTok nogin

Mobymrom (abo nepepizom)
nomii A i B Ha3suBaETHCA
nogia A-B (iHme mosHa-
yennsa A()B), aka moasrae
B TOMYy, II0 BimOyBaroThbcs

IIpu migxkmpamHi rpagbHOro KyOMKa po3-
TJIAMaI0Th IMOMii: A — BUIAJIO MapHe Yuc-
JIO OYOK, B — BHMIaio 4McJIO OYOK, KpaT-
He 3.

Toxi moxia A-B — BuUDajgo 4MCIO OYOK,

oounsi momii A i B. AKe OJHOYACHO i mapHe, i kpaTHe 3 (TOGTO A-B
BUMNAJI0 6 OUOK).
4. HecyMicHi nogii
ABi Bunmagkosi moxmii A i B ' Ilpu migkmpasHi rpajgpHOro KyOMKa pPO3-
Hecymichi modi i minvKku |, TAAKAOTH HOAil: A — BUIANIO mapHe Yuc- U

modi, KOJu iX TOOYTOK € He-
MOJKJIMBOIO IIOJi€I0, TOOTO

A-B=O
(iHnIe MO3HAYEHHS
ANB=02).

JO0 040K, B — Bumaso 1 ouxko, C — Bu-
majio Yucjao ouok, KpatHe 3. IToxii A i B
ta noxii B i C — necymichi (He moxcymov
6i06ymucs 00HO4ACHO).

Ilopii A i C — cymicni (moxcymov 6i06y-
muca 00HO4YACHO, SAKINO BUOage 6 0OYOK,
Tooro A-C#D).

o0,

A-B=Q

5. IMOBipHiCTb CyMM ABOX HeCyMiCHMX Mogin

Axmo monii A i B wecymicHi, To P(A+B)=P(A)+P(B),
TOOTO UMOBipHicMb cYyMU 080X HecYMicHUX noldiil dopieHIoE cymi UmosipHocmell yux nodiii.

157
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MOACHEHHA 1 OBI'PYHTYBAHHA

Izomi moBommTBHCS, 3HAOUM WMOBipHO-
cTi OZHMX BUIIQLKOBUX IIOAiN, O0UMCJIIOBATU
UMOBipHOCTI iHINIUX, AKi € Pe3yJabTaTOM II€B-
HUX oOIlepalii Haja mepimuMu. PoariagHeMo
HAWITPOCTIIi omepartii HajJ BUIaJKOBUMHU I10-
mismu, axi gaai OymeMo HasWBaTU IIPOCTO
HoIiAMMU.

0 3HaxopKeHHS npoTunexHoi noaii

Hexaii 3agana BunagkoBa monisg A.

OsHaueHHs. Ilomis A HasuBaeTbca npo-
MuiexcHoro 00 nogii A, AKIgo BOHA II0JIArac
B TOMY, I0 B PO3TJISHYTOMY BHUIIaJTKOBOMY
eKcIepUMEeHTi He Big0yBaeThes moisa A.

Hanpukaazn, akimo momgia A 1moJasarae
B TOMY, III0 BUIIaB «Tep0» IpU MiAKUAAHHI MO-
HeTH, TO mogis A (uuraerbcs: «He A») o3HAa-
yae, 10 «rep0d» He BUIIAB, a OTKe, BUIAJIO
«YHUCJIO» TPU TiAKUAAHHI MOHETH. SIKIIO II0-
Iisg B moasrae B TOMY, II10 BUIAJIO 1 OUKO pu
DiZKUZAHHI TPaNbHOrO KyGuKa, TO moxis B
o3Havae, 1110 1 OUKO He BUMAJIO, a OTKe, BUIIa-
J0 abo 2, abo 3, abo 4, abo 5, abo 6 ouoK mpu
OiZKUIaHHI TPaJbHOTO KyOuKa.

YpaxoByiouu, II10 B KOXXHOMY eKcIIe-
puMeHTi BimOyBaeThcA OmHA W TIJIBKM OJHA
3 mogiit — A a60 A, OTPHMYEMO, 1[0 B IIPOCTO-
Pi PIBHOMOKJIUBUX eJIeMeHTapHUX MOJiil cyma
KiJIBKOCTi m eJJeMeHTapHUX IIOMiH, AKi copus-
IOTh momil A, i KiIbKOCTi k eleMeHTapHUX II0-
Oift, SKi COPUSIOTH MOMil A, IOPiBHIOE KiJb-
KOCTi n ycix eleMeHTapHUX IOLiN: m+k=n.

E m+k n

Tomi =+ = ==
n n n

n
Orxe, P(A)+ P(f_l) =1. 3Bizcu

P(A)=1-P(4). 0

Hanpukaan, po3rasHeMo monio A — Bu-
nayo 1 ouKo mpu HiZKUTAHHI I'PaJbHOTO KY-
o6uka. Toxmi, AK OyJ0 3a3HaueHO BWUIIE, IIO-
mis A — 1 ouko He Bumao (TO6TO BUIAIO a6o
2, abo 3, abo 4, abo 5, a60 6 ouok). SIk OyJI0 1I0-

KaszaHo B m. 12.1, imoBipHicTs mozaii A mopis-
1 1 - N
HIOE E, rooro P(A)= E, TOAi HIMOBipHiCTB I10-

nii A popisHIOE P(Z)=1—P(A)=1—%=%.

ITpu osHaueHHi omepariii cymu i HOOYTKY
moAifl posraAmaTUMeMO IIOAii, IO BimHO-
CATBCA OO OJHOTO BUIIAAKOBOTO €KCIIePU-
MEHTY.

Q 3Haxoa)KeHHs CyMU MNogain
Hexaii 3agano aBi Bunangkosi moxii A i B.

OsHa4veHHAa. Cymoro (abo 06°cOHaHHAM)
moxmiii A i B HazuBaeThesa nogia A + B (inure
nosHaueHHs A B), dka moJjAarae B TOMY, 10
BinOyBaersca moxia A a6o moxia B (a6o A,
a6o B, a60 oouaBi momait).

Hampurkaan, Hexalli npu mIigKUIaHHI
rpajJbHOTO KyOmKa monii A i B 03HAYamTh:
A — Bumnaje napHa KiJgbKicTb ouok, B — Bu-
maje 4McJIO OUOK, dAKe Jinutbeda Ha 3. Toxi
moxis A+ B o3Hauae, 1[0 BUmaze abo map-
Ha KiJbKicTh OUYOK, ab0 UMCIO OUYOK, dAKe
migntbea Ha 3, TOOTO BHIame 2, 3, 4 ab6o
6 ouoOK.

AmHajoriuHo BBOAUTHCA IIOHATTS CYMH Je-
KiJIbKOX TOmifi.

O3Ha4veHHA. Cymoto (a60 06°cOHanHHAM) NO-
oii A;, A,, .., A, HazuBa€Thcd IIO-
mia A +A,+...+A,

A;UA,U...UA,), axka moxarae B Tomy, 1o
BigOyBa€ThCcsa Xoua 0 OgHA 3 MAHUX IOTIi.

n
(iHmre TO3HAYEHHSA

Q 3Haxop)KeHHs [o0yTKy nopgin
Hexaii 3amano nBi Bunankosi moxii A i B.

O3HavenHAa. Jobymxom (abGo nepepizom)
noxiii A i B HasuBaeThea nmogia A-B (inure
nosHauenHsa A()B), gka moaara€e B TOMY,
110 BimOyBaroThcsa oouasi momaii A i B.
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Y HaBegeHOMY BUIIe IPUKJIaLi mogisa A-B
o3Hauvae, 110 BUIaje i mapHa KiJIbKiCTh OYOK,
i ymciIo OYOK, AKe ALINTHCA Ha 3, TOOTO BUIIA-
Ie 6 ouoK.

AnasoriuHo BBOAUTHCS IIOHATTSA SOOYTKY
IEeK1IbKOX MOmifi.

O3HavenHAa. Jobymrxom (abo nepepizom)
nodiii A;, A,, .., A, Ha3uBa€TbCA IIO-
mia  A;-A,-...-A, (iHme TO3HAYEHHHA
A;NA;N...NA4,), Aka moxsdrae B TOMY,
mo BimOyBaroThes Bei 3amami mopii: i A,

i Ay, .iA,.

3ayBarkeHHsA. O3HaUeHHA omlepaliii HajJ MoAisIMU aHAJIOTiIuHI BiAmoBigHIM
O3HAUEHHAM OINepaliil HaJy MHOKMHAMU (TOMY ¥ ITO3HAUEHHSA omepariiin
HaJ MoAisaMu 30iraroTbCcs 3 MO3BHAYEHHSIMH OIlepalliii HaJ MHOMKHUHAMU).
Omnepanii Hax mogisMu (AK i omepartii Hag MHOKWHAMM) 3PYYHO iJTI0CTPY-
BaTH 3a AomoMoroio Kpyris Eitsiepa — Benna (puc. 12.2.1-12.2.3).

U

A

Puc. 72.2.7

A+B
Puc. 72.2.2

A-B
Puc. 72.2.3

Hamnpukiang, ypaxoByoouu, 110 3aB:K AU BUKOHYETbCS abo mmois A, abo
nomia A, omep:kyemo, 1o A+ A =U (Biporigua mozais). YpaxoByiouun, II10

(puc. 12.2.3).

0 BnacTtuBocTi MMOBipHOCTeN nopain

ImoBipHOCTI mOAi#i MarTHL Taki BaacTH-
BOCTI.
1) ImoBipHicTs Oyab-siKOI momii A 3amo-
BOJIbHSAE HEPiBHICTH
0<P(A4)<1.

2) ImomipuicTs Biporiguoi mozxii U mo-
piBHIOE 1:
P(U)=1.

3) ImoBipHicTE cyMu HeCyMiCHUX OAiti A
i B mopiBHIOE cyMi IMOBipHOCTEH ITMX TIOMii:

P(A+B)=P(A)+P(B).

omHouacHo mofii Ai A He MOMKYTb BUKOHYBaTHCs, MaeMo A- A= (ue-

MoskJauBa mofisa). Toxi moxito A MoKHA TIPOLIIOCTPYBATU JOIIOBHEHHIM
muOKUHN A (10 MmHOKuHU U) (puc. 12.2.1).

Amnasnoriuno cymy aBox moxiii A i B (maramaemo, 1o moxia A+ B
MOJIATa€E B TOMY, IO BigOyBaeThca mogisa A, a6o moxis B, abo obuasi pa-
30M) MOJKHA IIPOiJIOCTPYBaTU y BUTJIALL 00’eqHaHHA MHOXUH A i B
(puc. 12.2.2), a nobyTok moxiit A i B (nogiss A-B mosAarae B TOMY, IO
BimOyBaroThcAa o6uaBi moxii A i B) — y BuraAzni mepepisy muo:kuH A i B

CmopaBmi, 3
B 1. 12.1, BumiuBae, 110 HMOBipHiCTH P(A)

O3Ha4YeHHdd, HaBegeHoro

.o m . . .
(TobTo n1pi6 —) HeBix’emHa i He Ginbina 3a 1.
n

Bona mopiBHIOE HYJIIO OJI HEMOMKJINBOI mMOmIil
T omuHUILL A1 BiporigHoi momii.

11106 oOrpyHTYBaTH BJIACTUBICTH 3, YTOU-
HUMO IIOHATTS HECYMiCHUX TOMmii, ciupa-
IOUMCh HAa BBEIEHi omeparrii Hajg TOmiAMUN.
3 O3HAUEHHs HECYMiCHUX IIOAiA oJepixye-
Mo: aBi BunaakoBi moaii A i B necymicni Toxi
M TiJIBKM TOdi, KOJHU iX MOOYTOK € HEeMOKJIH-
BOIO mMofgicro, T00T0 A-B= (iHuIe mo3HaueH-
Ha A(\B=0J).




Po3ain 3. EneMeHT KOMBIHAaTOPVIKM, TEOPIii MMOBIPHOCTEN

Hampuknana, mpu nigkugaHHI rpajbHOTO
KyOMKa MOXKYTh BifmOyTucs mopmii: A — Buma-
JIO TIapHe YMCJIO OUY0K, B — BumaJo 5 ouok. I1i
mofmii HecyMicHi, OCKiIBKM 5 — HelmapuHe 4uc-
JI0; TOMY IIofia A- B, AKa II0JISArae B TOMY, IO
BUIIAJIO IIapHe YHCJIO OUOK i ITe 5 0OU0oK, — He-
MOJKJINBA.

Posriaaemo HecymicHi mogii A i By mpo-
CTOPi 3 7 PIBHOMOKJIMBUX €JIeMeHTapHUX II0-
miri. Hexath m — KiJgbKicTh eJeMeHTapHUX
HOfifi, 110 CIPUAIOTE MOAil A, i B — KinbKicTb
eJIeMeHTapHUX IIOAiH, IO COPUAIOTH momii B.
Ockinbku moxii A i B HecyMicHi, TO eleMeH-
TapHi moaii, aki cupuarTs moxii A, Bigminmi
Bil elleMeHTapHUX IIOAiN, AKi CIPHUAIOTH IIO-
mii B, Toxi moxii A+ B cupusitoTh m+k eje-
MeHTapHUX nofii. Maemo:

PA+B)="E_™  E_p(a)+p(B).
n n n
Omxe, A HecyMicHux moxgii A i B BuKo-

HY€ETHCA PiBHICTH

P(A+B)=P(4)+P(B). (1)

To6To HMOBipHiCTH, CyMH OABOX HecyMic-
HUX MOJiN JOPiBHIOE cCyMi HMOBipHOCTEN IUX
TO/ii.

Dopmyay (1) MmokHA y3araJbHUTH.

Hassemo mozii A; +A,+...+A, Hecynmic-
HUMu, AKIO Oynb-AKi OBl 3 mux moAiit A,
i A; (upum i#j) HecymicHi, ToOTO iX KOOYTOK
€ HEMOXKJIMBOIO TO/Ii€I0:

A-A =D

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
dopisnioe cymi itmogipHocmeil yux nodiit. (dnsa
OOT'PYHTYBaHHA IIi€el BJIACTHMBOCTI IOCTATHBO
BUKOPUCTATU METOJ MaTeMaTUYHOI iHAyKIIii.)

3a3HauuMMoO, II0 [AJA HEeCyMiCHHUX IIO-
miit A i B iimosipricts P(A-B)=0 (ocKigpKu
A-B=0J).

Crimparouuch Ha PO3TJISHYTI OCHOBHI BJIa-
CTHUBOCTi, MOJXHAa TOBECTH iHII BJIACTUBOCTI
WMOBipHOCTEH MOIiiA.

ITokasxemo, 110 AJA AOBIMIBHUX IHmOLinn A
i B BUKOHYETBLCSA PiBHICTH

P(A+B)=P(A)+P(B)-P(A-B). (2)

ITosmaunmo uepes A\ B mopgiro, sika Io-
JArae B TOMY, IO Iofig A BimOyBaeThcsd,
a momisa B He BigOyBaeThCA.

Ockinbku moxii A i B\ A-B HecywMmicHi
it A+B=A+(B\ A B), To

P(A+B)=P(A)+P(B\ A B). (3)

Amnajnoriuno, ockinbku moxii B\ A-B
i A-B HecyMicHi i1 0ueBUIHO, IITO
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 mizcraBuMoO ¥ioro B piBHicTS (3).
OnepsxuMo piBHIiCTS (2).

NMPUKJIAA PO3B’A3YBAHHA 3AJAM

Mpuxaad

abo mama?

3 KoJoau, sIKa MicTUTh 36 rpaJbHUX KapT, HABMAaHHA BUUMAIOTh OJ-
HY KapTy. SIka iMoBipHicTH TOrO, 1110 Oy/e BUWHSATA KO3MPHA Kapra

Po3sp’azanna

Hexait mogiss A monsArae B TOMY, IO BUMHSA-
Ta KO3UPHA Kapra, noxia B — BuiinaTa mama.

Toxi mogia A+ B — BuiiHsaTa KO3WpHaA Kapra
abo mama, a momissi A-B — BuliHATa KO3UPHA
mama.

9 1

Vpaxosytoun, mo P(A)=—=—,

p y 1o 36 4
p(B)zizl, P(A~B):L,
36 9 36

3a (opmysoio (2) omeprKyeEMO

1 1 1 1

P(A+B)=P(A)+P(B)—P(A-B)=Z+5————. <

36 3
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3anumaHHg

Bnpabu

12.2.1.

12.2.2.

12.2.3*%.

IToscHiTH, AKA IOisT HA3MBAETHCS MPOTUJIEIKHOIO m0 moxii A. Ha-
BeIiTh IPUKJIAIN.

fAK 3HAWTH WUMOBIpHICTH IIPOTUJIEIKHOI ITOil, 3HAIOUN MMOBipHIiCTH
moxii A? HYomy mopiBHIOE MMOBipHicTS momii A, AKIIMO P(A)=0,6?

fxa moxia HasuBaeThcaA cyMmolo (abo ob’emmaHHAM) moxiit A i B?
HaseniTe nmpukaanu.

fra moxis HasmBaeThcA J0OyTKOM (abo mepepisom) mogiii A i B?
HageniTe npuksanm.

Axi nBi moxii masmBaroThcsa HecymicHuMmMu? HasemiTs mpurJaagu.

a) Yomy mopiBHIOE MMOBIPHICTH CyMU ABOX HECYMiCHUX IOMmiii?

06%) O6GrpyHTyliTe BigmoBigHY (POPMYJIY.

dAxri tpu (abo Gimbiie) moxii BBasKaioTheA HecyMmicHuMH? K 06-
YUCIIOETHCA MMOBIpHICTH CyMHU [OEeKiJIbKOX HEeCyMiCHUX TMOmii?

IIpoBomuTHCS eKcHepuMEHT i3 IMigKuIaHHs IBOX MOHeT. Posrisa-
IaloThCcsa Taki moxii: A — BumaB «rep0O» Ha meprlriii MmoHerti, B —
BUIIAJIO «YKCJIO» HA IepIIiil MmoHeri, C — BumaB «rep0» Ha APYTrii
MOHeTi, D — BUNAaJIO «4YUCJ0» Ha npyriti moHeti. IIlo o3HauarTH
momii:

1) A+C; 4) B-D;
2) A-C; 5) A;
3) B+C; 6) B-D?

IIpoBomUTHCS €KCIIEPUMEHT i3 MiZKUIaHHA KyOuKa. Po3risamnaioTs-
ca Taki momii: A — Bumasga mapHa KiJbKicTb ouok, B — Bumaia
HemapHa KiJIbKicTh 040K, C — BUIIaJI0 3 OYKU, D — BUIIATIO UUCJIO
ouoK, MmeHire 4. IIlo o3HauaOTh MOMii:

1) A; 4) B-C;
2) A+C; 5) B-D;
3) A-D; 6) B-D?

3HaNAITh iIMOBipHiCTh KOKHOI 3 ITMX IIOMiii.

Kopucryounch o3HaUeHHAMU omepalliil Hajg moaiAMu, OOIPYHTYIi-
Te cOpaBeIJUBiCTh 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 KuzawTh y 6ackerbonbHuil komuk. Iloxii A,, A,, A
O03HAYaTh: A, — IPHU IePIIOMYy KHUAKY M A4 yJIyIWB y KOIIUK,
A, — mOpm Zpyromy KHAKY M’AY YJIyYUB y KOIIHK, A; — IpHu
TPEeTHhOMY KUAKY M A4 YJIYUYUB Y KOIIUK. SaNUIIiTh yepes mofii
A,, Ay, A; raxy nopiroo:

1) B — M’A4Y yay4yuB y KOIIUK yCi Tpu paswu;

2) C — M’AY JKOOHOTO pasy He BJIYUYMUB Yy KOIIUK;

3) D — M’au xoua 0 OOMH pa3 YJIYUYUB Yy KOIIUK;

4) K — M’a4 yayuyuB y KOIIWUK TiIbKYU MPU MEPIIOMY KHUIKY;

5) M — M’a4 yayuYuB Y KOUIUK TiMIbKU IPU APYTOMY Ta TPETHOMY
KUJKaX.

Iia eKCIIepUMEHTY 3 MiIKuAaHHA KyOMKa BKaXKiTh, AKi 3 HaBeme-
HUX TOJi# € IMoIapHO HecyMicHMMU: A — BUIIaja IMapHa KiJbKiCcTh
OUOK, B — Bumajsa HemapHa KiJbKicThb ouok, C — BUIajao 3 ouKa,
D — BumaJjo Mmenie 3 ouok, K — Bumajia KiJbKiCTh OUOK, KpaT-
Ha 3, M — Bumnajo 6 ouok, T' — Bumnajo 6iapmie 4 ouoxk, F — Bu-
aJjI0 4YMCJIO OYOK, MeHIIe 7.

A eKcmepuMeHTy 3 BUTATAHHA KapT i3 KOJIOAM BKaXKiTh, fAKi
3 HaBeJeHUX IOl € MOImapHO HeCyMiCHUMM: A — BUTATJIU KapTy
YUPBOBOI MacTi, B — BuUTAram Kaprty 0yoHoBoi Macti, C — BUTA-
I KOpoJisi, D — BurAriu gamy, K — BUTATIN KapTy, CTAPIIy
3a BajeTa, M — BUTAIIN KapTy 3 UYKUCJIOBUMHU ITO3HAYEHHAMU.

€ 16 rpanpHUX KapT: 4 Bajeru, 4 gamu, 4 KopoJi, 4 Tysu. 3 MuUxX
16 KkapT HaBMaHHA BUUMAIOTh OAHY KapTy. IKa IMOBipHiCcTH TOTO,
o Oyme BUIHATA KO3UpPHA KapTa abo Tys?

3 KoJionuM, AKa MICTUTHb 52 rpajbHi KapTu, HaBMaHHSA BUNMAIOTH
omHy Kapry. fIka iiMoBipHicTH TOTO, IO OyJe BUHHSATA KO3UPHA
Kapra abo KOpoJb?
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12.3. BipHOCHa 4YacToTa BMNagKoBOi noaii.
CTaTucTn4yHe O3HA4YeHHS NMOBIPHOCTI.
AkciomaTnyHe O3Ha4YeHHS UMOBIPHOCTI

Tabaumnsa 18
1. YacTtoTa M BiAHOCHA 4acToTa BMMAAKOBOiI Mmoail
fAxio BUMagKoBuUit ekcrepuMeHT npoBeaeHo ' Iloxia A — Bumagamusa «repba» OpU HigKUIaHHI
n pasiB i B n(A) sunazxis BimOyJsiaca 1mo- ' MOHETH.
nisg A, to unciao n(A) masusaoTs wacmo- ExcriepuMenTaTopu”
morw noodii A. Iloxa3Huk
Broddon ' Ilipcon ' Ilipcon
Bidnochow wacmomoio i ii ma- ' Ki ic
: DHIALKOBOL TOALL Ha” , MLIBKICTE 4040 12000 ' 24000
3MBAIOTh BiJHOIIEHHA YMCJA IOAB Iiel moxii ' eKcrmepuMeHTiB n
0 3arajJbHOT0 YHCJIa HPOBEIEHUX eKCIIePHU-
A pose % P gacrora n(A) 2048 6019 | 12012
. . n
MEHTiB, TOOTO BiHOIIIEHHS . Bi
iTHOCHA
n A 0,5069 0,5016 ' 0,5005
JyacToTra

2. CTaTMCTMYHE O3HA4YeHHA MMOBIpHOCTi

Axmo npu npoBemeHHI BEJIUKOI KIJBKOCTI BUNAJKOBUX eKCIePHMMEHTIB, ' Ilogia A — Bunas

Yy KOSKHOMY 3 SIKMX MOSKe BimOyTtucsa aGo He BimOyruca mopia A, 3HaYeHHA , «repb» IpU Iif-
BigHOCHOI yacToTH momii A OGJM3BKi 0 [esIKOro IMEeBHOro umcia (sgKe 3aje- ' KuJaHHI MOHETH.
JKMTH TiTBKM Bim BuAy mofii A i He 3ajiesKMTHh Bim cepii eKcmepuMeHTiB), TO (4)
Ile YHUCJIO0 HA3UBAETHCA UMOGipHicMI0 éunadxoeoi nodii A. Horo mosHa- P(A4)=0,5
qarors P(A).
0<P(4)<1

3. AkciomMu Teopii MMoBipHOCTEM

VmoBipricts — e (QyHKIiA P(A), o3HaueHa Ha MHOMKMHI U BcixX momiii, I[0 BM3HAUYAIOTHCS

JaHUM €KCIIEPMMEHTOM, KA 3aJ0BOJIbHIE TaKi YMOBU:

1) 0< P(A)<1 pna 6ygs-axoi moxii A 3 U;

2) P(A)=1, aKio A — BiporigHa momis;

3) P(A+B)=P(A)+P(B), sxmo noaii A i B HecyMicHi.
IIi Tpu ymoBM HA3UBAIOTHL akKciomamu meopii iimosiprnocmeil.

NMOACHEHHA M OBI'PYHTYBAHHSA

MO eKCIIepUMEHT n pasiB, 1 Hexal Ipu oMY
nonia A BigOymerbea m pasiB. Umcao m Ha-
3WBAIOTH Yacmomor nodii A (ii vacto mosHa-

n(4)

YacTtoTa M BigHOCHA 4YacToTa
BUNaaKkoBoi nopaii. CraTuctnyHe
O3Ha4YeHHS UMOBIPHOCTI

Hexaii y pesyabraTi BUIIaAKOBOTO €KcCIIe-
PUMEHTyY MOsKe BimOyTucsa mofis A, sKa Mae
iimogipricTs p=P(A), ne 0< p<1. IloBTopH-

m
=— Ha3WBaIOThb
n

waiors n(A)), a aucio

B8i0HOCHO0 Yacmomorw nodii A.

*

HKopx JIyi ne Bioddon (1707-1782) — (bpaHIly3bKUil MaTeMaTUK i IPUPOLO3HABEIb, Kapa Ilip-
coH (1857-1936) — anraificbkuit MaTeMaTuK i 6iosor. IxHi mparli cnpusaau po3BUTKY Teopii iMoBip-
HOCTel i MaTeMaTuYHOI CTATHUCTUKH.
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O3Ha4yeHHA. BidnocHoOw wacmomoro éunao-
K0601 nodii Ha3UBAETHCA BiTHOIIEHHA YU CJIA
moAB I[i€l mogii 10 3arajJIbHOr0 YKcJjIa MPoBe-
MeHUX eKCIIePUMEeHTIB.

Poasrimanemo pesyJsibTaTH e€KCIEPUMEHTIB
3 MiAKUIaHHSA MOHETH, SAKi OyJu IpoBeeHi
matematukamu JK. Brodpdouom i K. ITipconom
(m. 1 ta6a. 18). Ak BugHO 3 TabaUIli, BigHOC-
Ha YacToTa BUIIaJaHHA «repba», omep:KaHa
B ekcriepuMeHTax Broddona i Ilipcona, maso
BimpisdHAeThCA Big iMoOBipHOCTI BUIIagaHHI
«repba» B YKa3aHOMY €KCIepPUMEHTi, AKa 0-
piBH0OE 0,5 (AUB. . 12.1).

Toii paxT, 110 IMOBIpHICTH MOABU «TeP-
6a» popisuroe 0,5, 3BuMuaiiHO, He oO3HAauae,
10 B OyAb-AKii cepii eKcmepuMeHTIB «rep0»
3’ABUTHCSA TOUYHO B IIOJIOBHMHI BuUmankis. Aje
AKIIO YMCJIO eKCIIEPUMEHTIB TOCTaTHHO BEJIU-
Ke, MH MOJKEeMO JaTH IIPOTHO3, IO «Trepd» BU-
maje npubJIM3HO B MOJIOBUHI Bumaakis. Otike,
3HAIOUMU HUMOBiIpHIiCTH ITOAil, MU MOXKEMO IIPO-
THO3YBaTH YacCTOTy IIOABU Ifiel momii B maii-
OyTHBOMY TIPM BeJWKi# KimbkocTi BimmoBiz-
HUX eKCIIePUMEHTIB.

Opnep:xanuii pesyJabTaT Bimobpaskae Ta-
kuit dakT: npu 6enukiil KilvKocmi excnepu-
Mmenmia gi0HocHa wacmoma nodii, 4K npasu-
J10, MaJo 8i0pidHsembcsa 8i0 imosipHocmi yiei
nodii. 10 3aKOHOMipHiCThP Ha3WBAIOTH CMa-
mucmuyHo cmiilkicmio 8i0HOCHUX Yacmonm.

He zaB:xgu BIaeThbCcsa BUSHAUUTH MMOBip-
HicTb p moxii anpiopi, AK e Mae micie 3 mmia-
KUOAHHAM MOHeTH a00 IpaJbHOT0 KyOmka.
AJte AKIITO MOKJINBO IOBTOPUTH €KCIIEPUMEHT
n pasiB, TO IpU BEJIUKOMY 7l BiTHOCHA YacToTa

II0A11 — MOMKe POo3riIdgaTucd AK HaOJIMKeHe

n
SHAUYEeHHA MMOBIPHOCTI IT1€1 IIOa11 (— . p)
n

Anpiopi — Big nat. apriori —
He3anexHo Bif, AOoCBiay.

Omep:KUMO TaK 3BaHe CMAMucmuiHe
03HAYeHHsA UmogipHocmi. Binbin TouHO #IOTO
MOKHAa c()OPMYIIOBATH Y TAKUH CIIOCi0:

O3HayeHHA. KMo mpu IMpoBemeHHI BeJIH-
KOl KiJBKOCTI BHMIIAJKOBMX eKCIepHMeH-
TiB, Yy KOJKHOMY 3 AKHX MOJKe BigOyTuca a6o

He Bim0yTmcsa mogisa A, 3HaUYeHHS BigHOCHOT
gacToTH mnomii A 0Ju3bpKi 40 JesIKoro Ies-
HOTO uucia (dKe 3aJIe’KUTh TIJBKU Bil BUIY
moxii A i He 3ajekuTH Bim cepii ekcmepmu-
MEHTiB), TO Ile YHCJI0O Ha3UBAETHCA ULMOGIiD-
Hicm1o éunadko6oi nodii A.
CraTucTUvyHa OIliHKA HMOBipHOCTI momiit
3 BUKOPHCTAHHAM BIiJTHOCHOI YacTOTU IIOAil
IIXPOKO 3aCTOCOBYEThbCSA y (ismri, OGioJorii,
corriosiorii, eKOHOMIIIi Ta B IIOBCAKIEHHOMY
JKUTTI KoKHOI JsronmHu. HaBememo mpukjan
BUKOPUCTAaHHA TaKoi ominku. 3rigHo i3 3a-
KoHoM Ykpainu «IIpo 000B’sA3KOBe cTpaxy-
BaHHA IIUBiJIBHO-TIPABOBOI BiAMOBimaIbHOCTI
BJIACHWKIB Ha3eMHUX TPAHCIIOPTHUX 3aCO0iB»
KOJKeH BJIACHMK aBTOMOOiJA IOBUHEH YKJa-
CTU IOTOBip 3 AKOIO-HEOYh YIOBHOBAayKEHOIO
CTPaxoOBOI0 KOMIIaHi€0. 3a IIMM JOTOBOPOM
BJIAaCHUK MAIIWHU ILJIATATh KOMIAHII meBHY
CyMy, a KOMIAaHiA HaTOMiCTh 3000B’A3yeThCA
KoMIleHCcyBaTHu (0 meBHOI MesKi) To¥l 36UTOK,
AKUN MOJKe OyTU HaHECeHUH ITUM aBTOBJIACHU-
KOM iHIIIOMY aBTOBJIACHUKY, MiCbKill BjacHO-
cti a6o mimoxogam. IIo6 mo cmpaBeAInBOCTI
BUPIIIUTH, XTO ¥ CKiJIbKM MOBUHEH ILJIATUTH,
Tpeba BpaxyBaTu ABi oOcraBuHU: 1) 3 AKOIO
HMOBipHiCcTIO aBTOMOOiNL (TIPOTATOM TEpPMi-
HY CTpaxyBaHHS) MOJKe IIOTPAIUTH B aBapiio;
2) AKUN Y cepeqHbOMY 30MTOK OTOUYIOUUM 3a-
BIla€ OfHA aBapid. 3HAIUM Ie, MOKHA 00UmC-
JIUTHU CTPAXOBi BHECKU. 30KpeMa, IMOBipHiCTD
BUIAAKOBOI IOJil « IPOTATOM POKY aBTOMOOLIL
ToTpaIlisge B aBapito» OyJa o0uucieHa 3a cTa-
TUCTUYHUMU JaHUMU, AKi MaJI y CBOEMY PO3-
HOpPAIKeHHI cTpaxoBi KommaHil Ta iHmIi Bix-
noBimasbHi opraxisarii. BusBumacsa, 1o s
iMoBipHicTh npubausHo gopisuioe 0,015.

Akciomun Teopii nmoBipHoOCTeNn

Haragaemo, 1o masegese B 1. 12.1 o3Ha-
YeHHA UMOBIPHOCTI IOl HABUBAIOTH KJAACUY-
HUM 03HAYEeHHAM UMOBIpHOCTM.

Icaye 1m1e # axciomamuyHe O03HAUEHHS
iimosgipHocmi, y SAKOMY O3HAUeHHA MHNMOBip-
HOCTi 3aJjaeThcA mepesikoM ii BlacTUBOCTE.
IIpu akciomaTuuHOMY O3HAUEHHI IMOBipHiCTD
sajaeThesa AK ynciaosa pyurnia P(A), BusHa-
yena Ha MHOKUHI U ycix momiii, 1o Bus3Haua-
IOThCSA JAHUM €KCIePUMEHTOM, TOOTO KOMKHil
momii cTaBUTHCA Y BiAIOBiAHICTL YMCJIO P(A),
sKe 3aJ0BOJILHSIE TaKi yMOBM:
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1) 0<P(A4)<1 gua6yss-axoi moxii A 3 U;

2) P(A)=1, sixmo A — Biporigaa moxis;

3) P(A+B)=P(A)+P(B), AKINO moxmii A
i B mecywmicHi.

Teopito, 1110 BUBUa€ WMOBIpHICTh MOAiN JTU-
1I1€e IJIsI eKCIIEPUMEHTIB 3i CKiIHUeHHUM YHCJIOM
pe3yJabTaTiB, Ha3UBAIOTH eJeMeHNMaAPHO Mmeo-
piero tmosipHocmeil. 3Bu4aiiHoO, iCHYIOTH i eKc-
MePUMEHTH 3 HECKiHUYEHHUM UYUCJIOM MOKJIU-
Bux mopiti. Teopiro, 110 BUBUae WMOBipHiCTH
TaKUX MOAil, Ha3MBAIOTh 3A2AJLbHOI0 MEOPIET0
iimosgipHocmeil.

Y sarasbHii Teopii HMoOBipHOCTE!l yMO-
BY 3 PO3YMiIOTH B PO3IINPEHOMY CEHCi:

P(A;+Ay,+...)=P(A)+P(Ay)+....

YMoBu 1-3 HasuBawOTh akciomamu
Koamozoposa meopii iimogiprocmeiir. Cawme
A. M. Koamoropos y 1933 p. Bmepiie 3ampo-
OHYBAaB aKcioMaTHUHy HOOYIOBY Teopii imo-
BipHOCTE.

AxciomaTnuna mobGygoBa Teopii MMOBip-
HOCTeH aHaJIoTiuHa aKcioMaTWuHill MmoOymoBi
reomeTpii, B AKill 3aMicTh peaabHUX 00 €KTiB
yu iX 300pakeHb Ha Imamepi (TOYOK, MPAMUX,
TIJIOIITWH TOIO) PO3TJIANAIOTHCSA ileaybHi II0-
HATTSA (TOYOK, IPAMUX, ILJIOIIUH TOIO), IO
3aI0BOJILHAIOTh IIEBHI aKciomMm miaHiMmeTpil
i crepeomerTpili.

IIpu axciomaruuniii nOoOymoBi Teopil
NMOBipHOCTEN MOHATTS «BUIIAAKOBA IOMiA»,
«AMOBipHICTB» TOIO — Ile MaTeMaTHUYHi ime-
aJbHI TOHATTA, AKi 3aJ0BOJBHAITHL YMO-
Bu 1-3. IMosgcHUMO CyTHiCTH aKciomMaTHWYHOI
mo0ymoBU Teopii WMOBipHOCTEI, BUKOPUCTO-
BYIOUM AK 1JIOCTPAIlil0 IPUKJIAJ i3 BUTATAH-
HSAM KYJb i3 KOPOOKHU.

Hexaii y gesakiit kopo6ii U € n ogHAKOBUX
KyJb, AKi y Jesdxuii cmoci®d mosHaueHi Tak,
1100 iX MosKHa O0yJIO BiApisHuMTH OOHY Binx of-
HOI (HampuKJazg, IepeHyMepoBaHi, K y TeJe-
BigittHMX posirpamax Jorepeit). [losraummo
KyJi Uq, Ug, ... , U,, &8 MHOXKHUHY BCiX KyJb, AKi
MicTATBCA B KOpPOOITi, — U={u1, Ugy vees un}
(aa puc. 12.3.1 300pakeHa KopoOKa, IO Mi-
ctuTh 10 KyJsb).

Kyuai B Kopo6I11i peTesbHO IMepeMillyioTh,
a IMOTiM SKMMOCH BUIIAJKOBHM UHHOM i3 KO-
poOKM BHIMAIOTh OAHY KyJio. IIpumyctumo,

Puc. 72.3.7
110 BUTATJIM KYJIIO U (i=1, 2, ..., n) He-
xamn Az{ui s Uiy veny U; } — JedAKa MHOMKU-
1 2 m

Ha KyJab i3 MHOx.kuHuU U. Axuw0 eumsazunyma
KYLS U; HALeH UMb MHOMCUHI A, mo 6ydemo
2oeopumu, w0 8i06ynacsa nodis A. Biporingaoro
moxgieo OymeMo BBasKaTu BCO MHOXUHY U,
TOOTO BCI0O MHOKHUHY KYJIb Y KOPOOIi (0OCKiIb-
KU OyAb-iKa BUTATHYTA KyJsd Oyae HaJle:KaTu
mHOKUHI U). HemoKauBOIO momieo Oymemo
BBa’KaTU IOPOKHIO MHOKUHY .

ITicsa mporo KoxKHi momii A AKMMOCH UH-
HOM (HATIPUKJIAM, Uepe3 CTATHUCTUYHE O3HAa-
YeHHS) MOKHA cIpo0yBaTH IIOCTABUTU Y Bix-
noBigHicTS Ii iMmoBipHiCTE — umcyo P (A), 10
3aI0BOJIbHSE yMOBHU 1—3.

I1a ismrocTparia mokasye, 110 MoKHa cop-
MyJII0BAaTH a0CTpaKTHiI HMOBipHicHI mMOHATTS,
BUKOPUCTOBYIOUM TiJILKYU TEPMiHU Te€Opil MHO-
JKUH, HAIIPUKJIad, Y TaKUi cIocio.

Posruaaemo CKiHUeHHY MHOKUHY
Uz{ul, Ugy vees un}, eleMeHTH aKoi u; (ze
i=1,2,...,n i uiﬂu]:@ mpu i#j) HasBe-

MO esemenmapHumu nodiamu (MEoKUHA U —
npocmip enemenmapHux nodiil). Bynb-ary

OiIMHOMKUHY A:{uil, Uiy s wees Uy } MHOMK M-
m

Hu U Hassemo nodicw. Bea maoxuna U — 1e
8ipozioHa nodis, a TMOPOKHA MHOXKHHA J —
Ie HeMOoxcau8a nodis.

Cymy A+B mnopiii A i B o3HaAUUMO AK
o6’equanaa AUB wmuoxuu A i B, a noGy-
ToK A-B moxiii A i B — sk mepepiz A(B
MHOXKHUH A i B.

Axrmio mobyroxk momiit A i B MOpoKHIiN
(A~B = @), To onii A i B Ha3WBAIOTh HecyMmic-
HUMU.

Iloxgia A, npomuaexcua no noxii A, o3ua-

YaeThCsAd SK OOIOBHEHHA A MHOMXHHU A IO
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MHOKUHEA U (TOOTO K MHOKHHA BCiX eJIeMeH-
TiB u;, AKi He BXoAaATh A0 A). Iloxii A i A 3a-
IIOBOJIbHSAIOTh YMOBU A-A=Q i A+A=U.

Tenep osHaumMoO HMOBipHiCTBH P(A) mo-
oii A.

Hexait y Oyab-AKuii cmoci® 3amaHo Ywuc-
Ja p(ui), e i=1, 2, ..., n, 110 3aJ40BOJbHI-
IOTh YMOBH:

p(ui)>0,
p(u1)+p(u2)+...+p(un)=1.

IIi uwmcna Ha3UBAIOTL eJeMEHMAPHUMU
UMmOBipHOCMAMU.

O3HaymMMO piBHICTIO HNMOBipHIiCTBH P(A)

nomii Az{uil, Upys voes uim}:

P(A)=p(uil)+p(ui2)+...+p(uim).

OsHaueHe y TaKHH CHOCI0 IIOHATTSA HMO-
BipHOCTI y3ro/iKeHe 3 TAKMMU aKcioMaMu.

Akcioma 1. [Jna dosinvroi nodii A 3 U
0<P(A)<1.

Akcioma 2. [asa gipozidnoi nodii U
P(U)=1.
Akcioma 3. Ina 006inbHUX HeECYMICHUX NO-
0iit A'i B (To0TO my1s1 Takux, mo A-B=)
P(A+B)=P(A)+P(B).

I3 mux akcioM BUILIMBAIOTh TaKi HACTigKM.

Hacnigok 1. Hmosipnicmv nemoxcaueoi no-
dii P(@)=0, a ilmosipuicmv nodii A, npo-
muanexncHoi 0o nodii A, o6uucnioemubcs 3a op-
MYJLOO P(Z) =1- P(A).
Copasnai, ockinsku U- D=, To moxii U
i & mecywmicHi, i Toxi 38 piBaocti U=U+J 3a
aKkcioMo0 3 omep;KyeMo P(U)= P(U)+P(®).
Bpaxosytouwn, 1110 3a akcioMmoio 2 IMOBipHiCTD
P(U) =1, ogmepxyemo 1=1+ P(@). 3Bimcu
P(2)=0.
Amnasoriugo, ockinpku A-A=C, TO 1O-
mii A i A wecywmicuHi, 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

r

3ayBarkeHHA. SKimo misa moBinbHOI momii
P(A)>0 (aomxe, i P(4)>0), to 3 pismocti
P(A)—i-P(Z):l ozep:kyemo, mo P(A)<1,
0610 Ob6MeskenHs P(A)<1 B axciomi 1
MOXKHA OOI'PYHTYBATH, CIIMPAIOUYNCH Ha 00-
mesxenHs P(A)>0. Ase ME BKJIIOUNIH
obmesxenns P(A)<1 gmo akciomm 1 mus
3PYYHOCTI BUKOPUCTAHHA ITiel aKkcioMu.

Hacnigok 2. I;Imoeipnicmb cYymu nonapHo
HecymicHux nodiit 0OopieHIoe cymi UMmo8ip-
Hocmeil yux nodiil, To0OTO, SAKIIO U u; =
npu i #j, TO

P(u1 +u, +...+un)=P(u1)+P(u2)+...+P(un).

OOrpyHTYMTe L0 BAACTUBICTb CAMOCTIMHO, CMn-
@ PaloYmChb Ha akCiomy 3 i BUKOPUCTOBYIOYM METOZ,
MaTeMaTU4HOT IHOYKLI.

Cucrema axciom 1-3 mepexnbauae, 110 3a-
JIe;KHO Bifm s3amaui, ska pos3B’sA3yeTbCs, eJie-
MeHTapHi ¥WMOBipHOCTI p(ui), a Bigmosing-
HO i IMOBipHOCTI P(A), MOXKYTh 3aJaBaTUCS
y pisHi cmoco6mu.

Y Bumagky, KOJU eJIeMeHTapHi monii He
€ PiBHOMMOBIpHUMU, TJOBOAUTHCA BUKOPUCTO-
BYBaTH CTaTHUCTUYHE O3HAUEHHS IMOBipHOCTI.
Pazom i3 TuM, KOJIM PO3TIANAIOTHCA €KCIIEPU-
MEHTH 3 BUIIAAKOBUMU pesyJbTaTamMu (ToOTO
BUIIaAKOBiI mozii) i Bci i pesyiabTaTu pigHo-
Mmoxcausi, mobmo € 8ci nidcmasu esaxamu,
W0 WaHCU OMPUMAHHS YUX pe3yabmamia o0-
HaKo08i, To TMOBipHiCTh BUIIAAKOBOI IOAii BOa-
€ThCA BHAUTH ILJIAXOM MipKyBaHb, HE BUKO-
Hyoun eKkcriepuMeHTiB. HaBenemo BimmoBigwi
MipKyBaHHS, CIMPAIOYNCh HA aKciomMu HMO-
BipHOCTi (TOOTO OMpPUMAEMO KIACUYUHE 03HA-
YeHHs UMOBIpHOCMI SAK UWe 00UH HACAIO0K
3 axciom imogipHocmi).

Hexait pe3yapTaTomM meAKOTO BUIIAJ-
KOBOTO EKCIepPHMMEHTYy MOKe OyTH TiJlb-
KN OJHa 3 IONapHO HeCyMiCHUX NOAi# u,,
Uy, ..., U,. Hassemo mi moxii enemenmap-
HuMu nodiamu, a MHOMKHUHY BCiX IIMX IIOmii
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U= {ul, Ugy +ees un} — npocmopom eaemenmaprux nodiii. Cymoro
BCiX eJJleMeHTapHUX II0i# € Biporigua moxia U:

Uy +ug+...+u, =U.

Ile BunimBae 3 TOTO, IO OCKIJIBKY B Pe3yJabTATi 3aJaHOTO €KC-
IepuMeHTy 000B’A3K0BO BifOyJeTbca ofHA 3 HMOIH Uy, Uy, ..., U
TO 3a O3HAUEHHAM CyMH 000B’A3KO0OBO BigOymeThCs iix cyma.

Bpaxosyiouun, 1110 3a akciomoio 2 IMOBipHicTE Biporiguoi moxmii

n’

ITOPiBHIOE OMUHUITL (P(U) = 1), i Te, 1110 3a aKkciomoro 3 i HacaigroM 2
UMOBipHICTh CyMHU HECYMIiCHUX IIOAiN MOPiBHIOE cCyMi HMOBipHOCTEH
IUX MOJill, MaeMo:

p(u1)+p(u2)+...+p(un)=1.

Axmo Bei moail uy, uy, ..., U, PiBHOIMOBIpHI:
p(u1)=p(u2)=...=p(un), TO OZEPIKYEMO, 1110
1
P(ul)zp(uz)z...zp(un)zg,

Hexait nogis A BimOyBaeThbcsa ToOAi ¥ TiMIBKM TOMi, KOJU Bin-
OymeThbcd OZHA 3 m IIOIMAPHO HECYMICHUX eJIeMeHTapHUX IMIOIii

U s Ujys oees Uy (y mpboMy BUIaJIKy I'OBOPSATH, 110 eJIeMeHTapHi moaii

U Uiy vens Uy cnpusmausi qia nonii A). Ile MmoskHa 3amucaTu Tak:
m

Az{uil, Uiy s wees uim} a00, BUKOPHCTOBYIOUN IMOHATTA CYMU IIOLiiA,

TaK: A=u; +u; +...+u; . BpaxoByioun, 110 iMOBIpHICTE CyMH IIO-
m

HapHO HeCYMiCHUX IOXili TOPiBHIOE CyMi IMOBipHOCTEH ITUX TOMii,
i Te, 110 IMOBipHICTh KOKHOI 3 m BUOPAHUX eJIeMeHTAapHUX IIOAil

JIOPiBHIOE 1 (To6TO p(uil)zp(u_ )=...=p(u_ )=l), MaeMo:
n i im n
P(A)zp(uil)+P(ui2)+...+p(u,-m)=%+%+,,_+%=%'
R a—

m pasiB

Otr:ke, cIpPaOUYNCh HA aKCioMaTHUHE O3HAUYEeHHA MMOBipHOCTI,
MU S’ﬁCYBaJII/I, YOMY Yy BUIIaAKY piBHOMO)RJII/IBI/IX eJIEeMEeHTapHUuX II0-

co e m . .
Iili piBHICTH P(A)z— OpUUMaOTh 3a KJAACUYHe 03HAYeHHS UMO-
gipHocmi. n

.\ 3BepHYBLUNCb [0 IHTEPHET-MIATPUMKM NiAPYYHMKA, B MOXETe 03Halo-
wMMTMCﬂ 3 O3H34YeHHSAM | 3aCTOCYBAHHAM reOMEeTPUYHOT MMOBIPHOCTI, AN
SIKOT TeX BUKOHYIOTbCS akCioMU 1—3 MMOBIPHOCTI.

3anumaHHg

—

3ayBaeHHA.  Ockiab-
KM pisHi o3HaAUEHHA
WMOBipHOCTi 3a/I0BOJIb-
HAIOTL OHI ¥ Ti cami
OCHOBHI BJIACTUBOCTI
(axciomu), TO HacIif-
KU, AKI MOXKYTb OyTHU
OTpUMaHiI 3 BHUKOPU-
CTaHHAM IMX akKciom,
He 3aJjeKaTb BijJ cIIo-
co0y O3HauUeHHS WMO-
Bipaocti. Tomy mauri
OOT'PYHTYBaHHS 3arajb-
HUX BJIACTUBOCTEH MO-
BipHOCTEWT MU Oymemo
IIPOBOAUTH AJISI OJHOTO
o3HaueHHA — abo, AK
KaXXyTh Yy MaTeMaTHIli,
I opmHiel HiMoBipHic-
HOI MogmeJyi, — 1 maru
Ha YyBasi, ILI0 aHaJo-
riuae OOI'PYHTYBaHHS
MOJKHa ITPOBECTHU # AJIs
iHmux MogmeJseiri. Xoua,
3BUUANHO, V KOMKHIil
MoOJeJi MOJKHA BKasa-
™™ W cBOi cuernudivHi
BJIACTHUBOCTi, AKUX He-
Mae€ B iHIITMX MOJeJaAX.

. IloscHiTs, 110 TaKe yacTOoTa Ta BiJHOCHA YACTOTA BUMOAJAKOBOI MOMmii.

. IlodcHiTH 3MiCT CTATHMCTMYHOTO O3HAUEHHA WMOBipHOCTI.

1
2
3. TloscHiTh 3MicT aKcioMaTHYHOTO O3HAUEHHSA HMOBipHOCTI.

. CoopmyamoiiTe i oOr'pyHTYHTEe HAUIPOCTIIII HaCHigZKM 3 akciom imo-

BipHOCTI.
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Bnpabu

12.3.1.

12.3.2.

12.3.3.

12.3.4*.

IIpoBenites 50 pasiB exkcrnepumeHT i3 migrumanHs moHeru. O6urc-
JiTH BifHOCHY yacToTy BunagaHHa «Tepba». IlopiBusAliTe cBii pe-
3yJbTaT i3 pesyJabTaTaMU iHIIMX YYHIB BaIlOro KJacy.

11106 BU3HAUUTH, AK YACTO 3yCTPiUarOThCA B JicOHmapKy AepeBa pis-
HUX TIOpiZ, y4YHiI IpoBeau TakKi exkcrnepuMeHTH. KoXHUIA BuOpaB
CBOIO CTEXKUHY i, HAyYM HE, 3alMCyBaB IIOPOIY KOMKHOTO Iecsd-
Toro gepeBa. PesynbraTu 0ysio mojaHO y BUIJIAAL TaOauIii.

IToponma mepesa Cocua ! [Iy6 ' Bepesa ' fdnmua ' Ocuka | Ycboro

Yucso pepes 315 217 123 68 34 757

OmiHiTh iMOBipHiCTE TOrO, 10 OOpaHe HaBMAaHHS B IILOMY IapKy
IepeBo Oyme:

1) cocHoi0; 2) XBOWHUM; 3) JTUCTAHUM.
Bigmosias momaiiTe meCATKOBUM APOOOM, OKPYIJIMBIIH IHOTO 0
COTUX.

11106 Bu3HAUMTU, AKUU KOJIIP BOJIOCCA B JKUTEJIB MicTa 3ycTpiua-
€ThCS YaCTillle, a AKUY piAlne, yUHi IPOBEJU TaKUHA €KCIIEPUMEHT.
KoxHuii BubpaB CBili MapIIpyT i IPOTATOM IIiBrOAWHU 3allMCyBaB
KOJIip BOJIOCCA KOYKHOTO I’ SITOTO HA IIJISAXY MPOXOAKEeHHS 3yCTpiu-
Horo. PesyabraTtu OyJI0 MOJAHO Y BUTJISAL TaOJIMILI.

Koxip Bosocca Bpronetn ' [llatenu ' Pyxai ' Baouguau ' Ycboro
Yucmao mronei 198 372 83 212 865
OmigiTe iMoBipHicTE TOrO, 1[0 OOpaHMii HABMAHHS JKUTEJb I[HOT'O
micra Oynxe:

1) mareHoM; 2) pyaum; 3) He pyAuM.

Bigmosigs momaiiTe mECATKOBUM APOOOM, OKPYIJIMBIIHK IOTO IO
COTHUX.

BubepiTh HaBMaHHSA OJHY CTOPIHKY 3 KHIMKKY Oy Ab-AKOI0 ITNChMEeH-
HUKa i migpaxyiiTe, CKiMIbKM pasiB Ha il CTOPiHI 3’ ABIAIOTHCS
OYKBHU «O» i «O», a TaKOXX CKLIbKM BChOro Ha Hiil O0ykB. OIiiHiTh
iMOBipHIiCTHL TOSABU OYKB «0» i «0» y IIbOMY TEKCTi.

ITosicHiTh, YoMy Ha KJaBiaTypax APYKapCbKUX MAIIWHOK i KOMII 10~
TepiB OYKBa «0» po3TallioBaHa OJMIKUe [0 IeHTpa, a OyKBa «0» —
onmkue mo kparw (puc. 12.3.2). K Bu moscHUTE po3TalllyBaHHA
iHIIMKUX OYKB?

Tl1l2/3/4/5/6/7[8/9/0| "X\

T I Y| K| E|/H T IO 3| X1

CapsLock| | T | B ATl P O JI II Hc e Enter

Shift A/9/C/M\U|T b|B/I0| 7| snt

Ctrl Alt Alt Ctrl

Puc. 72.3.2
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12.3.5.

12.3.6.

12.3.7.

BuroroBuiau «HeIpaBUJIbHUNE» KYOUK 31 3Mill[eHMM IEHTPOM Baru.
ITicnas mnpoBemenua 1000 ekcnmepuMeHTIB i3 miAKUAZAaHHA KyOWKa
oTpuMAaJu TaKi pe3yabTaTu.

Yucao o4yoK 1 2 3 4 5 6

oo sunazams siOSIAHOL 7 |45 169 91 21 | 503
BurkopucroByroun 11i maHi, OIMiHiTh iMOBIipHOCTI BKaszaHUX HUMKUE II0-
Oifi (3amuIniTh BiATIOBiAHI HMOBIPHOCTI MECATKOBHUM IPOOOM, OKpPY-
TJIMBIIKM HWOT0 OO THUCAYHUX) i maiiTe BiAmoBiAi Ha samuTaHHA, YU
CIIpaBeIJIUBUM OyIa Take mapi:

1) g BUT'pAl0, AKIIO BUIIaAe IIapHe YNCJIO OYO0K, B — AKIIO HEIIapHE;

2) s BUTpao, AKIIO BUIIAJE UYHCJIO OYOK Big 4 mo 6, BU — SAKIIO
Bimx 1 mo 3;

3) {1 Burpaio, skio Bunaze He 6 0YOK, BU — AKIIO 6 OUOK?

Y pesysbrari 3HAUHOI KiJBKOCTI CIIOCTEpe:KeHb YUYHI BUSHAUUIU
MUMOBipHICTB, 3 AKOIO B JIiCOIIApPKY 3YCTPiUalOThCA AepeBa PiSHUX IIO0-
pizx, i momaauW pes3yJsbTATH Y BUTJISAAI TAOJIUILI.

IToponma mepesa Cocua Hy0 Bepesa Anuna Ocuka

NmosipricTs 0,42 0,29 0,16 0,09 0,04

3HaWgiTE iMOBipHiCTE TOTO, IITO OOpaHe HAaBMaHHSA B IILOMY JIicomap-
Ky IepeBo Oyne:

1) cocuoio abo myoom;

2) He my6oM;

3) XBOWHUM;

4) TUCTAHUM;

5) He OCUKOIO;

6) xBoliHUM ab0 JUCTAHUM (MOSCHITH, IO O3HAYA€ OCTAHHINA pe-
3yJILTAaT).

¥ pesysbraTi 3HaYHOI KiJIBKOCTi CIIOCTEPEKEHb YUHI BU3HAUUIN MO~
BipHOCTiI TOT0, AKUI KOJIip BOJIOCCA 3yCTPivaeThCA B KUTEJIB MicTa
yacriine, a AKUH piglme, i momanau pes3yJbTaTH Y BUTJIAML TaOJIMITi.

Kouip Bosoces Bpronern ITarenn Pynai Bionguan

VmoBipuicTs 0,23 0,43 0,1 0,24

3HalgiTh iMOBipHiCTH TOTO, 110 OOpaHWiI HABMAHHA KUTEJb I[HOTO
micTa Oynme:

1) matenom abo pyaum;

2) He pyaum;

3) OproHeToM ab0 GJIOHIMHOM;

4) He OJIOHIWHOM.
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12.4. YMOBHaA MMOBIPHIiCTb

Tabaumsa 19

1. MOHATTA YMOBHOI MMOBipHOCTi

O3HnaueHHI

dopmyaa

Yucno, sike BUpaska€ HMOBipHicTs momii A 3a ymoBH, mI0 BimOymaca mo-

nist B, Ha3uBa€eThCA YMO6HOI0 imogipricmio noaii A 3a ymoBu B i mo3na-

JaeThes PB(A) abo P(A|B).

2. MMoBipHicTb A06YTKY ABOX nogiit

(TeopeMa MHOXeHHA MMOBipHOCTEM)

MmoBipHicTh 106yTKY (TO6TO CyMicHOI IIOSBH) ABOX HOAiH AOPiBHIOE TOOYTKY iiMOBipHOCTI opHiel
3 HUX HA YMOBHY HMOBipHicTH apyroi moxii, Aka obumcjieHa 3a YMOBH, IO IIepIla IOAisA BiKe

BimOytacs.

P(AB)=P(A)-P,(B)

3. MMOBIpHicTb A06YTKY AeKinbKox nopik

WmoBipHicTs 100yTKY (TOOTO CyMicHOI MOSIBM) AEKiJIbKOX MHOAiH MOPiBHIOE NOOYTKY HMOBipHOCTI
onHiel 3 HMX HA YMOBHI MMOBipHOCTI iHIINX, MpUUYOMY HMOBIpHIiCTh KOKHOI HACTYIIHOI moxii 00-
YHCJIOETHCA 34 YMOBH, IO BCi momepenHi moxii Bike BigOyJimcs.

P(A,A,...A,)= P(Al)PAl (AZ)PA1 4, (A3)...PA1 Ay A (4,)

NOACHEHHA 1 OBI'PYHTYBAHHH

0 MOHATTA YMOBHOT MMOBIPHOCTI

OrmiHioloun WMOBIpHICTH BUIIAZKOBOI IIO-
nii A, iHomi moBoAUMTHCA BPaxOBYBaTHU SAKiCh
IOMaTKOBI YMOBH, II[0 BILIMBAIOTH HA OI[IHKY
niMoBipHOCTI i€l momii.

Hexait A i B — nBi mogii, aki posriszga-
I0ThCA B JaHOMY eKcnepumeHTi. IloaBa omHi-
€l mozii (mampukJazn, B) MoKe BIJIMBATU Ha
MOJKJINBiCTh IOsABU APYTOI (A).

Hampukaazm, Hexall IpOBOAUTHCS e€KCIIe-
PUMEHT 3 BUTATAHHA KYJIb 3 KOPOOKHU, B AKiM €
8 KyJb, 3 HUX 2 6inux i 6 yvopumux. HaBmauusa
TOCJIiJOBHO BUMMAIOTH ABi KyJIi, MpUUOMY B3s-
Ty KYJII0O B KOPOOKY He II0OBepPTalTh. SIKa iiMo-
BipHicTB TOrO, I10 Apyra KyJs BUABUTHCA Oi-
JIOIO 34 YMOBH, IIT0 HepIla KyJsa 0yJia YOpHOIO?

Ilosnaunmo mofii: A — Apyra BUTATHYTa
KyJda 0inma, B — mepiiia BUTATHYTa KYJA 40Op-
Ha. Buraranus (HaBMaHHS) 3 KOPOOKU OyIb-
AKOoI Kysi — piBHOMOKJIUBI momii. OcKinbKu
moxis B BigOyiacs, To B KOpoOIIi 1exaTh He 8,

a 7 xynb, 3 akux 2 6inux. Toxi fimoBipHicTh
moxii A 3a ymMoBH, 110 BigOysaacsa moxis B, mo-

piBHIOE 2
7

OsHauveHHA. Ywmeso, AKe BHUpaka€ WMOBIp-
HicTh mofgii A 3a ymoBH, 10 BigOyJacsa 1mo-
Iis B, Ha3UBA€ETHCS Y MOGHOIO ULMOBIPHICMIO
noxii A 3a ymoBu B i mosnauaeTbca Pg (A)
a6o P<A| B).

YMoBHa iMOBipHicTh mToxii A 3a ymoBu B
00UYMCII0ETHCA 3a (POPMYI0I0
P(AB)
Py(A)=—- P(B)>0). 1
5(4)="55 e PB>O. M)

HoBenemo 1110 GopMyTy OJIA BUTTAAKY KJIa-
CUYHOI'O O3HAUEHHS NMOBipPHOCTI.

Hexait y pesyJsbTari BUIaJKOBOTO €KC-
IIePpUMEHTY MU OJePiKajau 1 PiBHOMOXKJIUBUX
eJleMeHTapHUX noxi (mpoctip U). 3 nux mo-
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U (n monaiit)

Puc. 72.4.7

Oifi m — cupuATauBi Aasg noxii A, k — cropu-
ATauBi anaa nmoxii B, | — cupuaATauBi A4 1I0-
nii AB (puc. 12.4.1).

Toni P(A)=—, P(B)=—, P(AB)=—.

3HalimeMo HMOBipHicTh mozii A 3a ymoBu B.
Hns obumcieHHsS yMOBHOI HMOBipHOCTI B3a-
MiCTh BCBOT'O IIPOCTOPY e€JeMEeHTapHUX IIO-
nitht U BisbMeMO TiJIbKU Ty HOT0 YacTUHY, AKa
CIIPUATANBA s B. Y nmboMy BUIIAAKY CIIPU-
ATAUBUMU AJA mogii A 6yayTs TinbKu [ eje-
MeHTapHUX IOAiH, AKi CKJIamaoTh momio AB.

P(AB)
P(B)

Toni Py (A)=%

:\:v|:\~

Mpukaad 1

3asHaummo, 1o piBHicTh (1) imomi mpwm-
UMaeThCA 32 OBHAUEHHS YMOBHOI ITMOBipHOCTI
moxii A 3a ymoBu B.

Q MmoBipHicTb g06yTKY noain

3 piBuocrTi (1) ogep:ryemMo, 110
P(AB)=P(B)-Pz(A). (2)
Ockinpky moxpiss BA 36iraerbcsa 3 Imofi-
€0 AB, To B mpasiit yacTuHi ocTaHHBOI (Gop-
MYJIH MOKHA IIOMiHATH Miciiamu A i B.
Tonxi
P(AB)=P(A)-P,(B). (3)

PiBuicTe (2) (abo (3)) sasBuuaii HasuBa-
I0Th MeOPeMOI MHOMCEHHA UMOBIPHOCMELL.

Teopema. MmoBipHicTs H06YTKY (TO6TO
CYMiCHO1 HOSABM) IBOX IIO/Tiil TOPiBHIOE 10~
OyTKY HMOBiPHOCTI O/THi€l 3 HUX HA YMOB-
Hy HMOBipHicTh npyroi moxii, ska o6uuc-
JleHa 3a YMOBHM, WII0 NepIIa MOgiA BiKe
BigOymacs.

SKIo MM MOKeMO O0YMCIUTU WMOBip-
HicTh moxii A i ymoBHY #iMoBipHicTe P, (B),
TO 3a (hopmysao (3) Jerko 3HanTu HMOBip-
HiCTBb P(AB) noOyTKy moniit A i B.

B xopo61i gexxars 10 Kyab, i3 Hux 4 0inxi. HaBmanaa 6epyTs OgHY 3a
OJHOI0 IBi KyJji, MpruuoMy B3SATY KYJIO 10 KOPOOKM HE IIOBEPTAIOTH.

O6uncamMO HMOBipHiICTH TOTO, I1T0 OOMABI KyJsi OyAyTh Gigmmu.

Posp’azanuga

ITosmaummo moxii: A — mepia BUTATHYTA
Kynasa Oima, B — gpyra BUTATHYTa KyJjas Oija.
Toni moxmia AB — o6uaBi BUTATHYTI KyJi Oii.

Buraranasa (HaBMaHHS) 3 KOPOOKU OyIb-sKOI

3 10 xyap — piBHOMOKJIUBI moxmii. CupuATam-

BuMHU A monii A € 4 moxii (B KopoOIii BChoro
4

2
4 6inux ryii). Toxi P(A)=E=g. Ilicns Bu-

TATaHHA oxHiel 6imol Kyxai (Bimbynaca moxmia A)
B KOPOOIIi 3aaumuTbea 9 Kyab, i 3 HUX TiIbKHU
3

1
3 6immx, oToxe, P, (B)z gzg Toxi 3a popmy-

JIOI0 MHOMKEeHHA HMOBipHOCTel (3) omepKyeMo:
21 2

P(AB)=P(A)-P, (B)=g-gzg. <

7
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Cepel OOHOTUIIHUX OeTajiell, AKi BUIIYCKAaOTh y 1mexy, 1 % Opakrosa-

np UKAGO 2 uux. Cepen axicumx meranein 40 % gerasieil BUIIOro raTryHky. SIka
HUMOBIipHIiCTHL TOTO, IO B3ATA HABMAHHSA [OeTajb BUIIOr0 I'aTyHKY?
Posr’a3annsa
Ilosmauumo mogii: A — geransb He OpakoBa- OZIePIKYEMO P( A)=0,99, a BPaxOBYIOUH, IO
Ha, B — pgerans Bumioro ratyHky. Tonai mo- cepen sakicumx geraseit 40 % meraseil BHUILOTO
nis AB — BuOpaju AKicHY AeTasib BUIIIOTO ra- FATYHKY, OZepHYEMO, IO PA(B)=O,4.
TYHKY.

. . . . Tomi
Bubip ommiei merayi 3 MHOMUHM OJHOTHIIHUX

neraseit — piBHOMOKJIMBI moxii. BpaxoByoun,

1[0 cepeji BUIIyIeHuxX gertaneii 99 % saAkicHUX, P(AB) - P(A)'PA (B) =0,99-0,4=0,396. <

dopmysa MHOMKEHHA WMOBipHOCTEH (2) y3araJbHIOETHCSA Ha BUIMA-
JOK JeKinbKox mogiii A;, Ay, ..., A,:

P(AjAy...A,)=P(A;)Py (Ay)Pya, (A3)-Paa, a4 (4,) (4

me Pya,.a (An) II03HAaYa€ YMOBHY HMOBipHicTE mogii A,, obuucie-

Hy 32 YMOBU, 1110 BCi moxii A;, Ay, ..., A, ; yKe Binbynucs.

OT:xe, HMOBipHicTh JOOYTKY (TOOTO CyMicHOI IMOABHU) HEKiIBKOX
oiil JOPiBHIOE JOOYTKY IMOBipHOCTI OJfHi€l 3 HUX HA YMOBHi IMOBIip-
HOCTi iHIIMX, IPUYOMY WMOBIPHiICTh KOKHOI HACTYIHOI MOMii 06uuc-
JII0ETHCA 3a YMOBH, LIIO BCi MomepeaHi modil Bike BigOyaucs.

B xopoO61i gexkuth 6 6inux, 4 yopuHux i 3 uepBoHi Kyai. HaBmauusa
OIHY 3a OJHOI0O 0epyTh TPU KYJi, IPUUOMY B3ATY KYJIO A0 KOPOOKU
He TO0BepTaioTh. SHAWAITH iMOBiIpHIiCTH TOTO, IO Tepiia KyJjad Oyme
YepPBOHOI0, Apyra — 0iJIol0 i TpeTs — YopHOIO.

Mpukaad 3

Po3sp’azanna

Hexaii momis A — mepiiia KyJis 4epBOHA, IIO-
misgs B — ppyra kyas Oima, momia C — Tpers
Kyasa dopHa. Toxi momis ABC — Bubpaau Tpu
KyJi, 3 AKUX IIeplla — YepBOHA, Apyra — Oixa
i TpeTa — uopHAa.

B kopobmi Bchoro 13 Kyab. Buraramas (mHa-
BMaHHA) Oyab-aAK01 3 13 KyJab — PiBHOMOMKJIU-
Bi mogxii. CopuarauBuMu ajsa mongii A € 3 moail
(B KopoOmi Bchoro 3 uepBoHi KyJai). Tomi

3
P(A)=—. ITicna BuTaranHA oxHiel yepBOHOI
13

KyJi (BigOysaca momiss A) B KOpoOIli 3aUITUTh-

ca 12 Kyap i 3 Hux Tiabkum 6 Oimmx, oTKe,
6 1 . -

P, (B)=—=—. Ilicna BuTaAraHHA OfHiel uep-
12 2

BoHOI i oxmiel 6imoi Kyab (Bimbysamesa moxmii A

i B, Tobro mojaia AB) B KopoOIli 3aJUIIUTHCS

11 xyap i 3 HuUX TiATbKM 4 UYOPHUX, OTKe,

4
PAB(C)ZH' Toxi 3a ysarajbHeHO (OPMY-
JIOI0 MHOMKEeHHA HiMoBipHOcTelt (4) omepKyeMo:

3 1 4 6

P(ABC)=P(A)-P,(B)-Py(C)=—7——=—>. <

13 2 11 143
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3anumaHHg

Bnpabu

12.4.1.

12.4.2.

12.4.3

12.4.4.

12.4.5.

IToscHiTH, 3MicT HOHATTA YMOBHOI ¥MMOBipHOCTI momii A 3a yMOBU

noxii B.
P(AB)

P(B)

KJIACMYHOT'O O3HAUYEHHA HMOBipPHOCTI.

O6r'pyuTyiiTe GopMyry PB(A)z , e P(B)>O, I BUIAIKY

ChopmyroiiTe TeopeMy MHOMKEHHS HMoBipHocTeii. HasemiTh mpu-
KJjgaau il BUKOPUCTaHHAI.

B amuky mexxars 10 meraseii, 3 axux 4 modapboBani. PobiTHuK Ha-
BMaHHSA MO OAHiII BuUiiMae aBi merasi. 3HalAiTh iMoOBipHicTL TOTO,
110:

1) apyra gmerans mogapboBaHa, SKIIO Iepiia nodapboBama;

2) npyra peranb modapboBaHa, AKINO Iepina He modapboBaHa;

3) obuaBi merasi modapboBami;

4) obuzasi merasi me mogapboBaHi.

B Kopobii gexxars 5 0inmux i 4 yopHHUX KyJai. 3 KOPOOKM HAaBMAHHS
BUHMMAIOTh OJHY 3a OAHOIO IBi KyJi (KyJi B KOPOOKY He IIOBEPTAIOTh).
3HalgiTh iMOBipHiCTH TOTrO, IO Apyra KyJas Oijma, SKIMO Iepima:
1) 6ina;

2) yopHa.

Ha geaxomy mizmpumemcTBi 95 % mpoaykiiii BBa)KaeTbcsa SKiCHOIO.
3 AKicHUX BUPOO6iB 75 % CTAHOBIATL BUPOOM IIEPIIOro raTyHKY, pe-
mra — apyroro. 3HaiaiTh iMOBipHiCTH TOTrO, 10 BUPiO, BUTOTOBJIE-
HUI Ha I[bOMY HiAIIPHUEMCTBi, BUSBUBCA APYTIOro r'aTyHKY.

B umranpHOMY 3ajyi € MIiCTh HMiAPYYHUWKIB i3 MaTeMaTWuKu, 3 AKUX
TpU y TBepAiil oOkgaaumHIli. BibioTekap HaBMaHHA B3AB IBa MiAPyY-
HUKU. SHAUAITH iMOBipHiCTH TOTO, IO OOMJBA MiAPYYHUKU OYAYTh
Yy TBEpAili OOKJIagWHILI.

B xopoo6mi jgexuts 12 uepBoHUx, 8 3eymenux i 10 cuuix Kyab. Ha-
BMAaHHA OJHY 3a OJHOI0 0epyTh TPHW KYJi, IPUYOMY B3ATY KYJIIO IO
KOpPOOKHM He MOBEpTalTh. 3HAUAITH iMOBipHIiCTH TOrO, IO mepIla Ky-
g Oyze 4epBOHOIO, APyra — B3eJIEHOI i TpeTdA — CUHBOIO.
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12.5. He3zaneXxHi nopa,ii

Ta6aumna 20

1. MoOHATTA He3anexHocTi ABOX noain

3micT O3zHaueHHI

Ilomia B HasuBaeTbcs Hesa-  Ilomii A i B Ha3WBaIOTHCA HeE3ANEHHUMU, SKIIO0 BUKOHYETHCSA
JIeXKHOI0 Bim mogii A, AKIo . piBHiCTH

moxia A He 3MiHIOe HMOBip- P(AB):P(A)P(B).

HicTh moxii B. - N . . - .
¢ oA WwmoBipHicTs H00yTKY (TOOTO cyMmicHOI m0osABM) MOAili JOpiBHIOE

IOOYTKY HMOBipHOCTEH IUX MOMifi.

2. HesanexHicTb AeKiNbKoX noAin

Jlekinpka momiii HABUBAIOTHCA He3ANEHCHUMU, SKIIO0 OJIA OyAb-AKOl MiAMHOMKMHU IHUX TOTii
(uo micTuTh ABi a60 OinbiIe momiil) iMOBipHiCTH IX MOOYTKY HOPiBHIOE HJOOYTKY IX iMOBipHOCTEIL.
3oKkpema,

axmo momii A;, Ay, .., A, Hesamexmi, To P(4;A,...A4,)=P(A;)P(4;)...P(A,).

3. BnactuBicTb He3anexHMX noain

SAKI0 MU MaeMO CYKYIIHIiCThL He3aJIe:KHUX IOJAil, TO, 3aMiHMBIIHN AeAKi 3 WX IOAill HA IPOTHU-
JIerKHI IM mofii, 3HOBY OZEepP:KMMO CYKYIHICTh HesaJdeKHUX moxiii. Hampukian, aximo mogii A i B
He3aJIeXKHi, TO He3aJeKHUMHU OYAYTh TAKOMXK ITOMil

Ai B, AiB, A i B.

4. UMmoBipHicTb TOro,

wo BigbyaeTbca xoua 6 oAHa 3 He3aNeXHUX nogin A, A,, ..., A,

P(A+Ay+..+A,)=1-(1-P(4))(1-P(4,))...(1- P(4,)).

NOACHEHHA 1 OBI'PYHTYBAHHA

Ilonis B Ha3WBAETHCA HE3AJLEHHOW Bif MOKJIuBa, ToOTO B=, To AB=C. Orixe,
mopmii A, AKImo mossa moaii A He 3MiHIOE fiMO- P(AB)=0 i P(B)=0, to6ro piBuicTs (1) BU-
BipHicTh MoAii B. KOHyeThcdA. SIko noxis B — BiporigHa, T06TO

SarajbHe O3HAaUeHHA He3aJeKHOCTi moii B=U, to AB=AU=A. Toxi P(AB)=P(4A)

Haltuacrinie (h)OpMyJIIOIOTH TaK. . .
dopuy i P(B)=1, To6T0 piBHicTH (1) BUKOHYETHCA

OsHauveHHA. Ilogmii A i B Ha3MBAIOTHCS He- i B mpomy Bumanxy. Orike, AKu,0 xowa 6 00Ha
3anexHHuMU, AKIO BUKOHYETHCH PIBHICTH 3 080x nodiil Hemoxdcusa abo 8ipozidHa, mo

maki 08i nodii He3alexHcHi.

P(AB)=P(A)P(B), (1) 3BepHEMO yBary Ha Te, IO Y BUOAIKY,

TO6TO MBI TOMIT HABMBAIOTHCS He3ALEHCHU- konu moAii A i B HezaseXHi, TAKOXK He3alex-
Mu, IKII0 HMOBipHicTH M0OYTKY (TOOTO Cy- Humu OyayTh oxii Ai B, A iB, A i B.
MicHOT nommu) Iux mopiit ropismioe I00YTRY IloBeeMO, HATIPUKIA, IO 6YIyTh He-
MOBipHOCTeI IUX MOmiil. e

sajmexkuuMuy nogii Ai B.

PiBuicte (1) 060B’A3KOBO BUKOHYBATH- Aximo noxii A i B Hesasie:kHi, TO 3a 03Ha-
MeTbCs, AKINO OHA 3 IOXiHl HeMOKJIWBA abo gennam P(AB)=P(A)P(B). Komu BinGysa-
Biporigua. Hampukiaz, axio noxia B — He- €TbCA MOALA A, TO B Ieli yac nofisa B moxke Bif-
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oyBaTtucs abo He BimbyBaTucs. OT:Ke, MOKHA
CTBEPAKYBaTH, 110 ogisd A BigOyBaeThbCcsa Tomi
¥ TiIBKY TOA1, KOJIU BifOyBaioThCsa ado moaii A
i B, abo monii Ai B, To6to A= AB+ AB. Ypa-
XOByIOuH, 110 momii AB i AB HecyMicHi (60
noxii Bi B mecywmicri) i mo P(B)=1-P(B),
omepskyemo P(A)=P(AB)+ P(AB). Toxi
P(AB)=P(A)-P(AB)=P(A)-P(A)P(B)=

=P(A)(1-P(B))=P(4)P(B).

A 1e # osHauae, mio momii A i B wHesa-
JIEeXKHI.

AmnayioriyHO OOTPYHTOBYETHCS He3aJIeK-
HicTe moniit A iB, A i B.O

ITonaTTs He3aie;KHOCTI MOAiN MOKe OyTH
HOoIINpPeHe Ha OyAb-AKYy CKiHUeHHY KiJIbKicTb
IOIiA.

O3Ha4yeHHA.
He3danexcHumu (lfe TOBOPATH «HE3aJIeKHM-
MH B CYKYITHOCTI» ), AKIIO AJsI OYIb-IKOI ITi/I-
MHOKMHM IIUX MOAii (aKa micTuTh ABi abo

Hexkinpka moaiii Ha3UBAIOTh

Oispire mopiii) iMoOBipHiICTH X MOOYTKY HO-
piBHIOE MTOOYTKY iX iMOBipHOCTEH.

Hanpuknan, Tpu oxii A, B, C 6ynyTh He-
3aJIe;KHUMU, AKIIIO0 BUKOHYIOTHCSA YMOBU:

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 BUMNAAKY,
KoIu monil A;, Ay, ..., A, HesanexHi,

P(A1A,...A,)=P(A;)P(4;)...P(A,)

(ayme BuKOHaHHA Iiel piBHOCTI mpu n>2 1e
He O3Hauae, 1o nogii A;, A,, ..., A, Hesa-
JIeXKHI).

SAK i y BUumagky OBOX IIOHii, MOYKHA IO-
BECTHU, IO KOJU B JesdKili CYKYIHOCTi Hesa-
JEeXHUX TOMAifl 3aMiHUTU AKich moxii mpoTu-
JEeKHUMHU IM IIOAisIMU, TO OTPUMAEMO TAKOMK
CYKYIIHICTH He3aJIeKHUX ITOMiMH.

3azHauMMo, III0 HaBeleHi O3HAUeHHS He-
3aJIEYKHOCTI TOAiN Y TEOPETUKO-MMOBipHiCHO-
My PO3YMiHHIi BiAIIOBiZalOTL 3BUYANHOMY PO-
3YMiHHIO HE3aJIeXKHOCTI oAl AK BigCcyTHOCTIL
BILIUBY OOHUX moxiit Ha immri. Tomy mig uac
PO3B’A3yBaHHSA 3aJau MOKHA KOPUCTYBATUCS
TaKUM IPUHITAIIOM: NPULUHHO-He3aJelHCHi no-
0ii € He3aJleHCHUMU | 8 MeopemuKo-iuMOBipHic-
HOMY PO3YMIHHIL.

IIpunan crkaamaeTbcsa 3 TPHOX BY3JIiB, KOMKEH i3 AKUX HPOTATOM [0-
O0u MOJKe BHUUTH 3 JlaAy Hesaje:kHO Binx immwmx. IIpumian He mpairioe,

AKIO He IIpaIioe xoua 0 oguH i3 BysiaiB. ImMoBipHicTs poboTu 0e3

TMOJIOMKM TIPOTATOM A0o0M Teprrioro Byaja mopiBuioe 0,95, mpyroro

0,9, Tpersoro 0,85. 3maiifiTe, iMOBipHICTBE TOTO, IO IIPOTATOM I00OU
IPWJIAJ IpalioBaTruMe 0e3 IIOJOMOK.

Posp’azanuga

Hexait noxia A; — mepmuii By30J CIpaB-
HU#, moxia A, — ZApPYruil By30J CIPaBHUIM,
moxia A; — Tperifi By301 CHOpaBHHUM, IIO-
Iisgs A — mpoTrAroM mo0u IpUJIaL IIpaIioe 0es
mosoMoK. OCKiMbKU TIpUiIaj mpaiioe 6e3 moJo-

MOK TOAi ¥ TiJIBKU TOAi, KOJU CIIPaBHi BCi Tpu

Bysau, To A=A;A,A;. 3a ymoBolo moxii A,
A,, A, mesamnexHi, oTxe,

P(A)=P(AA,45)=P(A;)P(A;) P(A3)=
=0,92-0,9-0,85= 0,726 75=0,73. <]
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IBa CTPigbIli 3pOGMIN IO OZHOMY HOCTDiIy B OgHY MimeHb. MMoBip-

np UKAGO 2 HICTh BJIYUYHTH B MillleHb [IJId IIEPIIOT0 CTPiablla mopiBHioe 0,9, mis
npyroro 0,8. 3HaiigiTe iMoBipHiCcTH TOTO, IO MilTeHb Oyae BIyUYeHA.
Posr’a3annsa
Posrasgaemo Taki HO,I[ﬁ: A — HepIHI/II;’I CTpi' i E TaKOK He3aJe K KHi. ﬂK]_uo P(A):O,g, TO
Jenb BJIy‘«II/I].S y MiIlleHb, B.— OPYTU# cTpijenb P([_l)zl—P(A)zl—O,Q:O,l. xmo P(B)=O,8,
BJIYYUB y Mimienb, C — wmimrenp yaydena. [lo-

ro P(B)=1-P(B)=1-0,8=0,2.

VpaxoByroun, I[o MillleHbs He OyAe BJIyuYeHa
TOOi ¥ TiIBKM TOXi, KOJU B Hel He momaze Hi
HepPIIui CTPijielb, Hi APYTruil, OAepP:KYyEMO, IO

mii A i B HesanexxuHi, ajge 0e3mocepemHbo
BUKOPHMCTOBYBATH B JAaHOMY BUMNALKY MHOYKEH-
HA AMOBipHOCTEH He MOKHa, OCKiIbKM mogmis C
BimOyBaeTbcA He TIiJIBKU TOJMi, KOJU o0uIBa
CTPiJIBIIL BAYYNIU y MillleHb, aje M TOoMi, KOJu C=AB. Toni

B MI1III€Hb BJIYUYMB XO4Ua 0 OOVH 13 HUX. P(é):P(A)P(E):O,l0,220,02.

MipkyBarumenmo imaxmre. Posrasimemo moxii A,
B, C, nporune:xHi Bigmosigzo nmoxiam A, B, C. Ockinpkm mogii C i C mporumnesxsi, To

Ockinbku moxii A i B HesasexHi, To momil A P(C)=1—P(5)=1—0,02:0,98. 4

3ayBakeHHA. MipKyBaHHs, HaBeJeHi B XOo4i pos3B’sa3yBamHsa 3azadi 2,
MOXKHa ysarajapHuTH. SIkmo moxmii A;, A,, ..., A, HesajexHi, To Io-

mii Z, sz, . zTn TakoK HesajmexHi (i P(Ai)zl—P(Ai), ne i=1, 2,
3, ..., n). Ina sHaxom:KeHHA WMOBipHOCTI mosBU Xoua 6 ogHiel 3 Hesa-
JeKHUX oAl A, A,, ..., A,, To0T0 mozii C=A;+A,+...+ A, MOKHa
3HAUTU WMOBIPHICTH ITPOTUIIEIKHOI IOl C. Ilonia C BimOymeThcs TOIi
I TiIBKY TOA1, KOMU He BiOyAeThbeA Hi mofia A, Hi mozia A,, ..., Hi no-
mis A,, To6ro C=A A, ... A,.

Toni P(C)=P(A,A,...A,)=P(A,)P(4,)...P(4,)=

=(1-P(4,))(1-P(4y))...(1-P(4,)).

Vpaxosyioun, mo P(C)= 1—P(C) , OIEPIKYEMO, IIT0 UMOBIPHICMb NO-
eu xoua 0 00ni€l 3 He3aneHcHuX nodiit Ay, Ay, ..., A, MOKHAa O0UUCIUTHU

3a (hopMyJIOIO P(A1 + A, + ...+An)=(l—P(Al))(l—P(A2))...(l—P(An)).

3posymino, HaBemeHy (OpMyJay Heo00B’sI3KOBO 3amam’ sSTOBYBaTH,
IOCTATHBLO IiJ yac Po3B’sA3yBaHHS 3aJa4 HA 3HAXOMKEHHSA MMOBipHOCTI
IMosIBY Xo4ya 0 ofHiel 3 HesaleKHUX IIOAiM IPOBECTH BUILEeBUKJIAAEH] Mip-
KYBaHHA.

1. TlodAcHiTH, Yy AKOMY BHUIAJKy NOXisa B HasmBaeTbCA He3aJIeKHOIO Bif

3anumaHHg Honii A.

2. CdopmyTioiiTe 0O3HAUEHHA HE3AJIEKHOCTI ABOX mofii. Kopucryounch
UM O3HAYEHHSM, JOBEIiThb, IO B €KCIEPUMEHTI 3 BUTATAHHS KapT
3 KoJsonu (36 KapT) He3adeKHUMU € momii: A — BuTaau gamy, B —
BUTATJIN OyOHOBY Kapry.
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3*. Bigomo, mo moxii A i B mesamemxui. O6IpyHTYy#HTe HezaleKHiCTH
momit Ai B, A i B, A i B.

4. TlosAcHiTH, K PO3YMilOTh He3aseXKHiCTh (TOOTO HeszaIeKHICTh Y Ccy-
KynHOCTi) Tphox moxini K, M, N.

5. BamumiTts dopmyny Aasa 3HaAXOIKeHHS IMOBipHOCTI ZOOYTKY me-
KiJIbKOX He3aJeskHux mnoxiti. HaBeniTs npukjan ii BUKOPUCTaHHA.

Bnpagu 12.5.1°. VmoBipHicTs TOro, mio cTpijerns IpPU OLHOMY IOCTPLIi BIYIUTH
y migb, gopiBaioe 0,8. Crpinxens 3pobuB ABa mocTpiau. SHAKITH
iMoBipHicTE TOrO, IO IpHM 000X MOCTPiIax CTpilenb YIydYUB

y IIiJb.

12.5.2°. OpgmouacHO HMiJKUHYJIN MOHeTY # rpaldbHuH Ky6uK. S3HAHIITH iMo-
BipHiCcTL OZHOUYACHOTO BUIIAJAHHS «repba» Ha MoHeTri i 1 ouka Ha
KyOUKY.

12.5.3°. B opmiit maprii emexTponammouok 3 % OpaKoBaHMX, a B ApPYTriit
4 % O6parkoBanux. HaBmaHHusa 6epyTh IO OAHIN JIAMIOUYIIi 3 KOMKHOL
maprii. 3HAAAITE iMOBipHIiCTH TOrO, IO OOHIBiI JIAMIIOUKU BUAB-
JATBCSA OpaKOBAaHUMMU.

12.5.4. Iligkupaiorh aBa TrpatbHi KyOuWKuU. SHaiimiTh iMoBipHicTs TOTrO,
1[0 HAa OZHOMY KYOMKY BHIIaze 1 O4KO, a Ha ApPyromy — OijabIie
3 OUOK.

12.5.5. Tpu crpineui, a1a AKUX iMOBipHICTH BIyUeHHSA B MiIlleHb AOPiB-
moe 0,8, 0,75, 0,7, pobyATh MO OAHOMY IIOCTPiJIy IO OAHIN Mirre-
Hi. 3HaiAiTL iMOBipHicTE TOTO, IIO:
1°) yci Tpu cTPiabIi yaydyaTh y MiIlleHb;
2) xoua 6 OAUWH 3i CTPiJBIIIB yJAYUYUTHh Yy MiIlleHb;
3) TiMBbKM OAUWH 31 CTPiNBIIIB yAYUUTH y MiIlleHb;
4) TinTBbKU ABOE 3i CTPIJBIIB yJaydaTh y MIillleHb.

12.5.6. VmoBipHicTh 3yIMHKM 3a 3MiHY OJHOTO 3 BEpCTATiB, IO IIPAILIO-
IOTH B Iexy, gopiBHioe 0,15, a apyroro 0,16. 3HaligiTs iMoBipHicTh
TOTr0, IO O0MIBAa BEpPCTATH 3a 3MiHY He 3YIMHSITBHCS.

12.5.7. IIpunag micTuTh gBa HesayeXKkHi eleMeHTH. VIMOBipHiCTH BigMOBH
exemeHTiB mopiBuoe 0,05 i 0,08. 3maiigiTs imoBipHicTs Bimmo-
BU OPUJIANY, AKIIO IJS IIbOTO JOCUTH, IITO0 BiAMOBUB xXoua 0 OOUH
eJIeMEeHT.

12.5.8%. VmoBipHicTs X0ua 6 OJHOTO BIYYEHHS CTDiJbIEM y MiIlleHb IpH
TPBHOX IocTpisax mopiBHioe 0,875. 3HAUIITE iMOBipHiCTE BIyUYEeHHS
OpU OSHOMY TOCTPiJi.

12.5.9%. ¥moBipHicTH TOTrO, IO IPH OZHOMY IOCTDiIi CTpilelb YIyIHTH
y miyb, mopiBHioe 0,5. CKiJbKM TOCTPiJIiB MOBUHEH 3POOUTHU CTPi-
Jenb, o6 i3 imoBipuicTio He menIe 0,9 yayuuTm B IMijgb xoua 6
OnuH pas?
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12.6.MoHATTA BUNagKoBOT BeNMYMHU Ta i1 po3noainy.
MaTemaTuyHe cnofiBaHHA BUMNAaAKOBO|T BeNMYUHU

MoHATTA BUNaaKoOBO|T BeNMUYUHU
Ta il po3noainy

Ilinx sunadrkosow eseauuunorw B Teopil
HUMOBIpHOCTEN PpO3YMilOTH 3MiHHY BeJIWUYU-
HY, dKa B TaHOMY BUIIaJJKOBOMY €KCIIEPUMEH-
Ti MOKe HaOyBaTH TUX UM iHINUX YMCJIOBUX
3HaAUeHb i3 IMeBHOI IMoBipHicTIO. Ilo3Ha-
YaloTh BUMAJKOBI BEJIWUVWHUN BEJUKUMU Jiad-

TuHChbKUMU JiTepamu: X, Y, Z, ..., a ix 3Ha-
YeHHA — BIANOBiZHMMU MaJIUMM JiTepaMu:
X, Y, 2, ... . Toll haKT, 110 BUNIaJKOBA BeJIU-
X 2 3 4 5 6

1 5

p —_— [ES— [ES— J— —_—
36 18 12 9 36

3a mormomoror Iiei TabJuIi Jerxko mooda-
YUTU, SKUX 3HAUeHb BejuunHa X HaOyBae
3 OIHAKOBUMU MMOBiPHOCTAMU, AKE 3HAUEHHS
BesuuuHU X 3’ ABJAETHCA 3 OiJIBIITOI0 HMOBIip-
HicTio ToImo. Taky TaGauIlI0 HA3WBAIOTL Mmda-
oauyero po3nodiny 3HaveHb 8UNAdK0B80L Geau-
YUHU 3a IX iMOBipHOCMAMU T KAKYTh, M0 1A
TabJIUIA 3a7a€ 3aKOH P03Nn0diny POTISAHYTOL
8unadKko80l 8eJUYUHU.

Hasememo osHaueHHsS POSTIISHYTHUX IIO-
HATh. 3a3HAYMMO, II[0 BUIAAKOBY BEJIUUYUHY
MOKHa 3aJaTu B OYyIb-AKOMY BUIIAaIKOBOMY
eKcnepuMeHTi. I[J1d IIbOTO JOCTAaTHBO KOXKHIM
eJIeMeHTapHIi# IOoAil 3 IpPOCTOpPy eaeMeHTap-
HUX IOl eKCIIePUMEHTY IOCTaBUTH Y BiiIo-
BiHiCTBb AKech Yymco (TOAi KalKyTh, 1[0 3a/a-
HO YHCJIOBY (PYHKIIiI0, 00JIaCTI0O BU3HAUEHHS
SAKO]1 € IPOCTip eJIeMeHTapHUX IIOii).

O3Ha4yeHHA. Bunadkoeor 6enauduHO0 HaA-

3UBAETHCA YUCJIOBA (PYHKI[isI, 00JIACTIO BH-

3HAYEHHA $SKOI € IIPOCTip ejieMeHTapHUX
TOTiM.

Hampurnazn, B eKcIepuMeHTi 3 migKugaH-

HsA MOHETHU IIPOCTip eJiIeMeHTapHUX MOAiH cKJIa-

*

ypHa X HalyJia 3HAUEeHHS X, 3alIMCYIOTh TaK:
X =x. Hanpuraazn, y u. 12.1 6yso sHaiigeHo
WMOBIpHOCTI ITOSAABU Ti€l UM iHIIIOI CyMU OYOK
Opu KUAAHHI IBOX rpaJbHuUX Kyoukis. Cyma

OUOK, IO 3 ABJIAETHCA, — BUNAK08a 8eJiu-
yuna. Ilozmaunmo ii wepes X. Toxmi x; =2,
xX9=3, ..., X0=11, x,;,=12 — 3HaueHHA

BUNAIKOBOI Bequuuuyu X. SHAUEHHsS BUMOAI-
KoBoi BequumHu X Ta BimmoBigHi MOBipHO-

cTi ix moaBu ( Py, Py, --+» Pio» py;)" HaBemeni
B TaOJIMIIi:
7 8 9 10 11 12

5 1 1
6 36 9 12 18 36
JaeTbCA 3 ABOX IOAiN: u; — BHUIaB «Tepb»,
u, — Bunaio «uucuao». Ili moxii HecymicHi,

i B pes3ysabTaTi eKcHepuMeHTy OOOB’sI3KOBO
BimOymeTbcsa omHa 3 mux mogiii. ITocTtaBuMO
y BigmoBigHicTb mogil u; uymucio 1, amoxii u, —
yucyio 0 (TobTo pakTHuHO OymeMo BBasKaTH,
1[0 Y BUIAAKY IIOSABU «TepOa» BUIIALAE UNC-
a0 1, a y BUIagKy moABU «uucjia» Bumagae 0).
Toxi omep:XxuMO BUIAIKOBY BeauunHy X, AKa
HaOyBae TiJBKU ABOX 3HaueHb: x; =1, x,=0
(TobTO X(ul) =x;=1, X(uz) =x,=0). Pos-
TISHYTY (QYHKI[II0 — BUIIAAKOBY BeJIUYN-
Hy X — MOJKHA 3aJaTH TAKOMK 34 JOIIOMOIOIO0
Ta0JINI.

Pesynbrar u; — Uy —
eKCIIEPUMEHTY | BUIIaB «Iep0» | BUIAJIO <«UUCJIO»

3uauenHsa X 1 0

3aKOoH pO3IMOAiay Iriel
BUIIAJAKOBOI BeJUWUYMHHN 3a- X
ITaeThCA Ta0IUIeIO:

[ IR
(N )

Taxkum YMHOM, Yepes p; MO3HAYeHO WMOBIPHICTb IIOAil « BUNIafKoBa BetnunHa X HaOyJia 3SHaYeHHA X, » .

ITe MOKHA 3aIIMCATH TAK: P(X:xi):pi (e i=1,2,...,11).
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3a3HaYNMO, II[0 3aK0H PO3MOALIY KOXKHOI
BUNIAAKOBOI BeJIMUMHY BCTAHOBJIIOE BiAIIOBif-
HiCTh Mi)K 3HAUYEHHAMN BUIIQLKOBOI BeJIHMYN-
HU Ta iX iMoBipHOCTAMU, TOOTO € (PYHKIIi€IO,
00JIaCTIO BU3HAUYEHHS AKOI € BCi 3HAUEHHS BU-
IaJKOBOI BeJIMUNHU.

OsHaueHHA. J3axonom po3nodiny eunad-
k0601 éenuvunu X HA3UBAETHCA (PYHKILiA,
sIKa KOKHOMY 3HAYE€HHIO X BUIIQJTKOBOI Be-
auunEn X CTaBUTH y BiAMOBIAHICTH UmMCJIIO
P(X=x) (imoBipHicTh moOmili «BUIIATKOBA
BeanunHa X HaOyja 3HAUEHHS X»).

Y zarajabHOMY BUIIAAKY 3aKOH PO3IOTiTY
BUIIAAKOBOI BeJIMUNHY, AKa HaOyBa€ TiIbKHU N
3HAUYeHb, MOKHA 3alIMCATH Y BUTJISA1 TAOIMILi:

xq Xy x,
P Py Py Py
Tyr x;, X9, ..., X, — DpisHi 3HaueHHA
BUNAAKOBOI BennmumHH X, a pizP(szi)

(me i=1, 2, ..., n) — #iMoBipHOCTi, 3 AKUMU X
Ha0yBae 11X 3HAUEHD.

ITonmii (szl), (szz), ey (szn) mmo-
mapHo HecyMicHi, i IX cyma € Biporiguoro o-
niero. Tomy cyma IMOBipHOCTEMH ITUX OMil T0O-
piBHIOE 1, oT:Ke,

pi+tpg+...+p,=1.

ITro piBHiCTH YaCTO BUKOPUCTOBYIOTH IJIA
epeBipKM IIPAaBUJIBHOCTI 3aJaHHA 3aKOHY
po3moAiay BUIIAAKOBOI BEIWUYWHU, OCOOJIUBO
B TUX BUIIQIKaX, KOJIM BiH 3aJa€ThCcA HE B pe-
3yJBbTATI TEOPETUUYHOTO PO3PAXYHKY WMOBip-
HOCTel IoAil i3 BUKOPUCTAHHAM KJIACUYHOT'O
O3HAUEeHHSA NMOBIpHOCTi, a B pe3yJbTaTi BU-
KOPUCTAaHHA CTATUCTUYHOTO O3HAUEHHA HMO-
BipHOCTI.

Hanpukaan, B eKcmepuMeHTax i3 IMigKu-
IaHHA T'yA3WKA 3 BYIIKOM [JIs TPUIITNBAHHA
nagiHHA I'yA3MKa HA BYIIKO YW Ha JIMIBOBY
CTOPOHY MOKe OyTH POSTJIAHYTE AK BUIAJ-
KoBa BeJaW4YnHA Y 3 YMOBHUMU 3HAYEHHAMU
y; =1 (mazinea Ha BymIKO) i y, =0 (maginHa
Ha JIUIIbOBY CTOPOHY). PesyabraTu cepii exc-
NEePUMEHTIB A AEAKOTO T'yJ3WKa HaBeJeHi

*

HETaJII)HiIlIe BKas3aHa CyMa 3allUCy€TbCA TaK

B Ta0JINIli, IKA 3aa€ 3aKOH PO3IIOIiIy BHAIIAI-
KOBOI BeJIMUMHIU.

Y 1 0
(nepesipra: 0,45+0,55=1)
P ' 0,45 ' 0,55

r

3ayBakeHHA. ¥ TOMYy BUIIAAKY, KOJU TOBO-
IUTHCS 3HAXOOUTHU CYMY BCiX 3HaUEHb Je-
AKOl BeJWYUHU, MOKHA BUKOPUCTOBYBa-
tu yeegenuii JI. Eiinepom sHax Y, (curma,
YUTAIOTh: «CyMa») [Jis IO3HAUEHHS CYMMU.
Hanpuknazn, aximo iMoBipHicTs P HaOyBae
sHaueHHda P, B, ..., P,, To:

P +Py+..+P,=Y P".

BukopucroByoun nosHaueHHHA z, mepe-
BipKY TPaBUJILHOCTI CKJIaJJaHHA OCTaHHBOI Ta-
OnuIli MOXKHA 3aIIMCATH TaK:

) P=0,45+0,55=1.

PosrasgayTi B IIbOMY NOYHKTI BUIIQIKO-
Bi BermumHu HAOyBaIud i30Ib0BAHUX OLHE Bif
OJHOTO 3HaueHb. TaKi BeIMUYMHUN Ha3UBAIOTH
JuckpemHuMu, a POIMOALN iMOBipHOCTEH Ta-
KOl BeqWUYMHU — OUCKPEemMHUM pPO3nodijnom
imosgipHocmeil.

HOnckpeTHun — Big natuH. discretus — pos-
OiNbHWI, NepepnBYaCTUN.

Sxkmio BumazkoBa BeJmYMHA MOXKe Haly-
BaTU OyAb-AKOTO 3HAUEHHS 3 IeSIKOT0 ITPOMisK-
Ky, TO TaKy BeJIMUNHY HA3WUBAIOTh Henepeps-
now. Hanpukaan, yac T yekaHHs aBToOyca Ha
3YIUHIIL € HelmepepBHOI BUIIAIKOBOIO BeJI-
YUHOIO.

MaTtemaTnyHe CI'IO.D,iBaHHﬂ
BUMAAKOBOIT BeJINYUNHU
ChopMyIr0e MO O3HAUEHHS I[HOT'0 IIOHATTS
IJISI TUCKPETHOI BUIIAJKOBOI BeJINUNHU.
Hexaii BumagkoBa BequumHa X HaOyBae

3Ha4eHb Xy, Xy, ..., X; BLAIOBiAHO 10 IiMO-
BipHOCTE!l P, P9, ..., D, TOOTO Mae 3aKOH
posmoziny:

k
‘P +Py+..+B,=)DP.

i=1
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X X, Xy x

P Py Do Py

OsHaveHHA. Cyma moOyTKiB ycix 3HadYeHb
BUIAJAKOBOI BeJNYMHH HA BigmoBimgHi iMo-
BipHOCTI HA3WBAETHCA MaMeMAMULHUM
cnodieannam eenuwunu X (i MO3HAYAETH-
ca MX a6o M(X)):

MX =x,p; +x9py +...+ X, Dy, (@))

SARIT0 3HaUEeHHA BUIIAAKOBOI BeInunHU X
MaTh OAHY ¥ Ty caMy MMOBipHICTH p, TO, Bpa-
XOBYIOUH, IO p; + Py +...+ p, =1, omepaxyemo

1
kp=11i ng. Toni

MX=x1p+x2p+...+xkp=p(x1+x2+...+xk)=

X Xyt tx,
=
TOOTO B I[bOMY BUHAAKy MaTeMaTUYHEe CIIOMIi-
BaHHSA BUIAAKOBOI BeauuuHu X TOPiBHIOE ce-
perHbOMY apu()METHUYHOMY BCixX il 3HaUYeHb.
ToBopsATh, 10 MamemamuiHe cnodiBam-
HA 8UNnadKo60i 8eJUYUHU € cepedHiM 38adice-
HuMm (3a imogipHocmamU ) IT 3HAYEHb.
MaremaTuuHe cIOAiBaHHS HA3WBAIOTh IIe
cepeOHim 3HAYEHHAM BUNAOK080T BELUUUHU.
IHOAI TAaKOXK TOBOPATH, IO MATEMATUYHE CIIO-
TiBaHHSA BUMIAAKOBOI BeJIWUYUHU € II 3HAUeH-
HAM Y cepeOHboMY.

Mpukaad 1

Mamemamuyne cnodi6aHHs NOKA3YE,
Ha sAKe cepeOHE 3HAUEHHS 8UNAOKOB0L 8esu-
yyunu X moxcHa cnodieamucs 6 pe3yivmami
mpueaJsol cepii excnepumenmia (Ipu 3HAUHIN
KiJIBKOCTiI IOBTOPEHb eKCIePUMEHTY). 3a [0-
IIOMOT'0OI0 MAaTeMATHUUYHOTO CIIOAiBAHHS MO HA
HOPiBHIOBATHU BUIIAAKOBI BeIMUNHU, AKi 3a1a-
Hi 3aKOHAMU PO3IIOILIY.

Hampukaan, Hexail KiJIBKOCTI OYOK, IITO
BUOMBAIOTHCA IMPU OSHOMY HOCTPiJi KOMHNM
i3 IBOX BIPaABHUX CTPiJbIIiB, MalOTh TaKi 3a-
KOHM PO3IIOALIY:

X' 8 9 110 Y' 8 9 10

P10,410,1'0,5 p10,11'0,6"'0,3

106 3’saAcyBaTH, AKUNA 3i CTPLABIIB CTPi-
J€ Kpaille, 3HAXOAATh MaTeMaTHUYHe CIIOM;i-
BaHHA IJIA KOKHOIL BUIIaLKOBOI BeJIMYTHI:

MX=8-0,4+9-0,1+10-0,5=9,1;
MY =8-0,1+9-0,6 +10-0,3=9,2.

Omxe, cepelHd KiJbKiCTh OUOK, SAKi BU-
OmBae OPYruii CTPijelb Ipu OJHOMY MOCTPiIi,
[lelllo BUIIA, HixK y nepioro. Ile nae migcraBy
3poOUTU BUCHOBOK, IO APYTUH CTPiJeIb CcTpi-
JIS€ TPOXM Kpallle, HiK MepInnii.

IloHATTA MaTeMaTUYHOTO CIIOAIBAHHSA BU-
HUKJIO ¥ 3B’ A3KY 3 BUBUEHHAM a3apTHUX irop.
Hasenmemo mpuraanu.

I'paBens BHOCUTE y 0aukK rpagbHoro gomy 1000 rpa. KugaioTs rpaib-
HUI KyOuK. 3a IIpaBUJIaMU I'paBellb Moike ogep:katu 1800 rpH, AK-

mo BigOyzeTbea moxia A, — Bumage 6 oudok; 1200 rpH, AKIIO BiA-
Oynerbca monia A, — Bumage abo 4, abo 5 ouok; 0 rpuBeHB, AKIIO
BinmOyzeTsca moxmis A; — Bumaje abo 1, abo 2, abo 3 ouku.

Posp’azanuga

BBakarumemo, 110 rpaBelb oxep:kye X rpu-
BeHb, ToOTO X — BHIIQAKOBA BeJUUYMNHA, AKa
Mosxe HabyBatu 3HaueHHA x;=1800, x,=1200,
X3 =0 BigmoBimHO mO EMOBipHOCTEH

2 1

1
p1=p(A1)=g, p2=p(Az)=g=§’

3 1
p3=p(A3)=E=E, ne p;+py+py=1.
MaTtemaTnuHe cCIOLiBaHHS BUIIAAKOBOI BeJIUUM-
HU X NOPiBHIOE:

MX=1800-%+1200-%+0-%:700.

MartemaTnuHe CHOAiBaHHA — OYsKe BaKJIUBUIL
MOKAa3HUK rpu. UHUCIeHHI TOCHiAu MOKa3yoTh,
mo umcao MX =700 y mamomy BUIALKy —
e Ta cymMa, SKy B CepeqHbOMY TPaNbHUI IiM
BUILIAUyE€ KOKHOMY rpaBIlio. Aje e o3Hauae,
10 KOJKEeH TrpaBellb y CepPeIHbOMY BTpauae
300 rpH i3 BHeceHuX y 0OaHK IpajbHOTO JOMY
1000 rpua. <
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I'paBens Buiimae 3 xoaoxu (y 36 xapT) ogHy Kapry. BiH omep:kye
(Tro6To BuTrpae) 10 rpH, AKII0 BUiiMe OyOHOBOTO Ty3a, 5 T'PH, AKIIO
BuiiMe OyOHOBOTO KOpOJIs, i Kjaage Ha cTiax 1 rpuH (TOOTO Iporpae,
ajle MOJKHa CKasaTH, 10 BUrpae —1 I'pH) y peIITi BUIIAAKiB.

Mpukrad 2

Poss’azanuga

Bpa:xarumemo, 1110 rpaBels ofep:Kye X rpu-
BeHb, Je X — BUIIAJKOBA BeJIUUYMHA, KA MOXKe
HabyBatyu sHaueHHa Xx;=10, x,=5, x3=-1

MaremaTuune crnogiBaHHSA BUIIAJKOBOI BeJIMYM-
Hu X JIOpiBHIOE:
34 19

1 1
MX=10-—+5—+(-1)-=—== .
36 36 36 36
ITe osmauae, 10 KOKEH I'paBellb y CePEeIHBOMY

BimmoBigHO M0 fiMOBipHOCTeit

. _ 1 _34 e p+p,+py=1 19
P17 P27 gg7 P37 g A8 LT P2 P30 BTpaqaegr‘pH.Q
2 3adayva Ilackans. [IBa rpaBii A i B moroamaucs, 1Mo B IxXHi# rpi
anK/\a 3 BCIO CTaBKYy OTPHMMAa€E TOIi, XTO IEPIINM BUIPAE 5 mapTiii.

Ane rpa mepepBajiacs, Koju rpasBenb A mas 4 Burpairi, a rpa-
Bellb B — 3 Burpaimi. ¥ sSKOMY BiZHOIIIeHHiI rpaBIlli IIOBMHHI pO3mi-
JIUTU CTaBKY B I[iii mepepBaHiii rpi? (Y KoKHill maprii Burpae ogux
3 T'PaBI[iB — HiIUMiX HeMae; BBaAXKAE€TbCA, II0 MMOBIpHICTH BUTpaUTy
KOJKHOTO TPaBIld B OAHIi# mapTii gopisuioe 0,5.)

Po3sp’azannsa

Posriaremo, AKi BUmagKu Morau 6 BigOyTu-
cd, AKOu rpasii sirpanum e ABi maprii (Hesa-
JIEKHO BiJi iX IIOYATKOBOI JTOMOBJIEHOCTI):

1) rpaBenb B Burpae obuasi maprii;

2) rpaBenb B BuUrpae mepiny mapTiio, aje IIpo-
rpae Opyry;

3) rpaBenb B mporpae mepiry mapriio, ajie BuU-
rpa€e npyry;

4) rpaBenb B mporpae o6uaBi mapTii.

2

NI

HI1CTIO Z i smauvenna 0 3 1IMOB1PHICTIO

a rpaBens B oxmep:xaB 6u Xy rpH, e Xp —
BHIIAJKOBA BeJUUYMHA, SKa HaOyBac 3HAYEH-

. .. 1 . . .
Ha m 3 iMmoBipHicTIO — i 3HauenHs 0 3 imoBip-
3 4
HicTIO —.
3HalijleM0 MaTeMaTHUYHE CIOAIBAHHS BeJIMYUH

X, i Xp, ToOTO 3HAlNEMO, CKIIBKHU B Cepen-
HBOMY OJepsKaB OM KOYKeH I'paBellb:

3a MOYaTKOBOIO YTOJ0I0 BCIO I'Dy BUTPAE Iep-
K I'paBellb ¥ TPhOX 13 IUX YOTUPLOX BUMIAJ-

KiB, apyruit — jquite B ogHomy. OTike, iMOBip- M(X )= 3 0 1 3

HicTs mopii A (rpaBens A BUTpaB ycio I'py) Jo- ( A)_ m-—+ 'Z_Zm’
3

piBHIOE —, a IMOBipHicTh mofii B (rpaBens B M(X )=m l+0-i=lm
4 B 4 4 4

. 1
BHTPaB YCIO IPY) AOPiBHIOE Z OT:xe, B cepeqHBOMY TI'PaBIli posaiaman 6 cras-

Ky y Bigmomenni 3:1, Tomy craBKy Tpebda pos-
M(X,):M(Xg),

fAxio craBka mOpiBHIOE m TpPH, TO I'paBelb A
ogep:xaB 6u X, rpH, fe X, — BHIIaJKOBa
BeJIUYMHA, AKa HaOyBae 3HAYeHHS m 3 iMOBip-

minuTm y  BigHOIeHHI

tooTo 3:1. <

1. a) IToscHiTh, 110 Take BUIAJKOBA BeJWUYMHA AJISA JAHOTO BUIIATKOBO-
ro exkcunepuMeHTy. HaBeniTh mpukaagu.
0%) Chopmy.iroiiTe 0O3HAUCHHA BUIALKOBOI BeJnunHu. KOpuCTyiounch
O3HAUEHHAM, 3aJaliTe AKYCh BUIAAKOBY BEJIUUYNHY I eKCIIePUMEeH-
Ty 3 MiJKUAAHHS TBOX MOHET.

3anumaHHg
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2.

3.

Brpabu  12.6.1°.

12.6.2.

12.6.3.

12.6.4*.

12.6.5.

IlosacHiTh, ITI0 Take 3aKOH PO3IOAiNy BHUIAAKOBOI BeamumHu. Ha-
BeIiTh NIPUKJIAIN.

3aKoH pOBIOAiJYy BUIAJKOBOI BeJIWUYMHU, sKa HAOyBa€ TiJIbKU
n 3HaueHb, 3aJaHO y BUrIaAAi Tabauii. Ak MoxHA mepeBipuTu mpa-
BUJBHICTh 3alIOBHEHHS PAAKA 31 3HAUEHHAMU HMOBipHOCTeH Yy IIii
Tadumi?

ChopmyroiiTe 0O3HAUEHHS MaTeMaTHYHOTO CIOAiBaHHsA BUIIAJKOBOI
BeanuuHu X.

CrkyaamiTe TaOJMMITI0O PO3MOLiAY 3a HMOBipHOCTAMHU P BUIIaAKOBOL
BesnunHN X — UMCJA OUOK, AKe BHUIIALAE IPHU IMiJKUIAHHI rpajb-
HOTO KyOuKa.

€ 3 rpamrbHUX KYOMKMU, Ha TPAaHAX SKUX IO3HAYEHI TiJIBKH oOf-
He abo OBa OUKM: y KyOmKa A oJHe OUKO 3yCTpiuaeThCcs Ha rpa-
HIX OOWH pa3, y Kyouxa B — 2 pasu, a B Kyouka C — 3 pasu
(puc. 12.6.1). Bunagkosi Beauuuuu X, Y i Z — YUCJIO OYOK, IO
BUTIAJIO BifMOBimHO Ha KOKHOMY 3 KyOukiB A, B i C. 3anaiite 3a-
KOHU PO3IOAiIY BUIIAAKOBUX BeamumH X, Y i Z 3a J0OIIOMOTOIO
BiZIOBimHMX TaAOIUIL.

Al "l B| « |° clo|
Puc. 12.6.7

IlinxkugaroTs ABi MoHeTu. PesynbTaTy «rep0» IPUOUIIIEMO YMOBHE
yucyoBe 3HaueHHa 0, a pesyabrary «umciao» — 1. Ckaamits Ta-
OJIMITIO POSIIONLITY 3a MMOBipHOCTIMU P 3HAUeHb BUIIAAKOBOI BeJN-
ypHu X — CYMU YHCeJI, II[0 BUIIaJX Ha MOHeTax.

Tpuui xkupaioTh MOHeTy. BumangkoBa BesmumHa X — YWCJIO BUOA-
IaHb «repba». 3amaliTe 3aKOH PO3IOMiIY BUOAAKOBOI BeJIUUYUHU X
3a OTIOMOTOI0 TaOJIUIIi.

Hexaii 3ax0oH po3moaiay BUIIafKOBOI BenumHT X 3alaHO TaOJIUIIEIO:

X1 2151617 X' 4 5 1 8 110 12
1Y) 2)
P 10,310,1'0,20,4 P 10,4 0,1'0,05 0,95 0,4

3HalAITh MaTeMaTHUYHe CIOLiBaHHS Iliel BeJIMYNHU.
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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%.

IlizkumaroTh rpadbHUll KYyOUK. SHANIITH MaTeMaTUYHe CIOLiBaHHA
BUMIAIKOBOI BequunmuHyu X — UYHCIa OUOK, IO BUIIAJNM Ha KyOUKY.

Burpamii (y rpuBHAX), AKi nIpuagaioTh Ha OAWH OijeT y KOMKHINA
3 IBOX JIOTEpell, MaloTh TaKi 3aKOHU PO3IOAiIY:

X 01115 110 X 0115 110
1Y) 2)
P 10,9 10,06 0,03 0,01 P 10,8510,1210,0210,01

Axiit i3 mux Jorepeit Bu Bigmanu 6 mepeBary?

HasuBatTumMeMo Ipy CIpaBeIJIMBOIO, AKIIO B CEPeIHBOMY Oyae Of-
HAKOBHM YMCJIO OYOK ab0 Ipollei, AKi oJep)Kye KOKeH I'paBellb.
Busnaute, uu € cIpaBeJIMBOIO I'pa, OIKcaHa B 3aBAaHHAX 12.6.8—
12.6.11.

Ilinkugators aBi Mmomeru. I'paBelb A omep:Kye 3 OUKM, AKIIO BU-
magaoTh ABa «repbu», 0 ouoK — B iHINMMX BuUMagkax. I'paBenb B
OIlep:Ky€e 2 OUKU, SKIMO BUOAZAIOTh «Trepd» i «umcao», 0 ouox —
B iHIINX BUIOaIKax.

Ilinxkugarors aBi Mmomeru. I'paBelb A omep:Kye 2 OUKM, SAKIIO BU-
majzaioTh ABa «umcaa», 0 ouoxk — B iHIMMxX BuUmagkax. I'paBemns B
omep:xye 1 OUKO, SIKII[O BUIIAAAIOTH «repd» i «umcio», 0 ouox —
B iHIMIMX BUOagKax.

Ilinkugators OBi rpanbHi KicTku. I'paBenms A omep:xkye 6 OuUOK,
AKIO BHUIIaJA€ cyMma, He Oinbmia 7 ouox, 0 o4oK — B iHIIHX BU-
nagkax. I'paBerns B omep:kye 7 O4OK, AKIMO BUIALa€ cyMa, OijabIma
7 ouoK, 0 OUOK — B iHIIUX BUIAAKAaX.

Ilinxkugarors aBi MoHeTtu. I'paBenpb A oZep:Kye a OUOK, SIKIIO BU-
magamoTh ABa «repbm», 0 ouoK — B iHImMuX Bumagxax. I'paBemnb B
oJep:Kye b OUOK, AKIIO BUIALAIOTh «Irepb» i «umciao», 0 oUuoK —
BiHmMuUX BUIamgKax. SHAWOITh BigHOINMeHHA a:b, Ipm AKOMY IId
rpa Oyae cIpaBeIJINBOIO.

3adaya Jlyxku ITavoni (1494 p.). [IBoe rpasBIiB rparTh OO TPHOX
BurpamriB. Ilicoa Toro Ak mepmuii rpaBellb BUTpPaB JBi maprii,
apyruii — OAHY, Ipa ypBajacd. $IK cIOpaBefJnuBO pPO3AIINTHU
craBky 210 miBpiB (1iBp — cpi6bHa monera)?

3adava II’epa Pepma (1654 p.). Hexaii mo Burpamry Bciei rpu
rpaBiio A Opakye OBOX IapTiii, a rpaBmio B — Tprox maprtii. Ak
CIpaBeIJINBO PO3MIJIUTU CTAaBKY, SIKIIIO rpa mepepBaHa?




NMOHATTA NMPO CTATUCTUKY.
XAPAKTEPUCTUKU PAOIB AAHUX

13.1. MoHATTA Npo craTucTUKy. NeHepanbHa CyKynHicTb i BUbipKa

MOACHEHHA 1 OBI'PYHTYBAHHA

0 MoHsATTS Npo CcTaTUCTUKY

Cmamucmuxa — Hayka, Wo susiae, 00-
pobase i ananidye KiavkicHi daHi npo Hail-
PIBHOMAHIMHIWI MaAco8l ABUWA 6 JHUMMIL.
ExoHOMiuHA cTaTumcTMKa BUBYAaE 3MiHY IIiH,
TOIUTY Ta IIPOIO3UILii HAa TOBapM, IIPOTHO3YE
3pOCTaHHA ¥ HafiHHA BUPOOHUIITBA H CIIOMKI-
BaHHd. MeamuHa cTaTHUCTHUKA BUBYaE e(ek-
TUBHICTh Pi3HUX JIiKiB i MeTomiB JiKyBaHHI,
NMOBipHICTh BUHUKHEHHA JeSAKOT'0 3aXBOPIO-
BaHHSA 3aJIe’KHO Big BiKy, cTaTi, CIagKoBOCTI,
YMOB JKUTTS, MIKiJIMBUX 3BUUYOK, IPOTHO3YE
nomupeHHA emigemii. lemorpadiuna crartu-
CTHKA BUBYAE HAPOAKYBaHICTh, YMCEJIBbHICTH
HaceJeHHA, NOTO0 CKJak (BikOoBUil, HAI[iOHAJIb-
HUH, mpodeciinuii). A € 1ie cratucrtuka @i-
HaHCOBAa, MOJAaTKOBa, 0ioJIOTiuHA, METeopPOoJIo-
riuma...

Cratuctuka — Big naTuH.
status — CTaH.

CratTucTuka Mae 0araToBiKOBY icTopiro.
V:ixe B cTapolaBHHOMY CBiTi BeJIM CTATHUCTUU-
Huii 00JiK HacesenHd. OgHaxK HOBLIbHI TJy-
MaueHHSA CTAaTHUCTUYHUX TaHUX, BiJICYTHiCTH
cTporoi HayKoBOi 0asu CTATUCTUUYHUX IIPO-
rHO3iB HaBiTH y cepenuui XIX crt. mie He KO-
3BOJISIJIM TOBOPUTH IIPO CTATHUCTUKY SK Hay-
Ky. Timpxku B XX cT. 3’ABUIacS MaTeMaTHIHA
CTaTHUCTHMKa — HayKa, SKa CIIMPaeThcA Ha 3a-
KOHU Teopil imoBipHOCTeli. BusBuiaocs, o
CTATHUCTUYHI MeToau OOpOOKM AAaHUX i3 Hali-
pisHOMAaHITHIINMX Tangysei KUTTA MaOTh Oa-
raTo cuisbHOrOo. Ile MT03BOJIMIIO CTBOPUTHU YHi-
BepcasJbHi HAYKOBO OOTPYHTOBaHI MeTOomuM
CTAaTUCTUYHUX JTOCJiMKeHb 1 ImepeBipKu cra-
TUCTUYHUX rimores. OTiKe, Mmamemamui-

Ha cmamucmuka — 1ie PO3aiJ MaTeMAaTHKH,
AKHI BUBUYA€ MAaTeMATHYHI MeTOau OOpPOOKH
M BUKOPHCTAHHA CTATHCTHYHMX NTAHUX [JIA
HAYKOBMX i IPAKTUYHUX BUCHOBKIB.

Y mMaremMaTWUHIN# CTATHUCTUIL POITJIALA-
IOTh METOAU, AKi MaloTh MOJKJIUBICTH 3a pe-
3yJbTaTaMU €KCIIEPUMEHTIB (CTaTUCTUYHUMU
ITaHUMU) POOUTH TEeBHI BUCHOBKY MMOBipHic-
HOTO XapakKTepy.

MaremaTnuHa CTaTHUCTHUKA MOIANTHCS HAa
Bl IIMpPOKi ramysi:

1) onucosa cmamucmukxa, AKa PO3TJd-
la€ MeTOIMW OIIMCY CTAaTUCTUYHUX TaHUX, IX
TabauuHe i rpadiuHe mMOgAHHS TOIIIO;

2) ananimuuna cmamucmukxa (Teopis
CTATUCTUYHUX BUCHOBKIB), AKA PO3TJsamae 00-
POOKY HaHUX, OJePKAHUX Y XOi eKCIIepUMEeH-
Ty, i (hopMyIIOBAaHHA BUCHOBKIB, IO MAalOTh
MpUKJIagHEe 3HAUEeHHS IJIs1 KOHKPEeTHOI raaysi
aoacbKol miaabpHOCcTi. Teopia craTucTuuHUX
BUCHOBKIB TicHO TTOB’si3aHAa 3 TeOpi€to MOBip-
HocTell i 6a3yeThcs Ha il MaTeMaTUYHOMY alla-
pari.

Cepen OCHOBHUX 33ja4 MaTeMaTUYHOI cTa-
TUCTUKY MOJKHA 3a3HAYUTHU TaKi.

1. Ouyinka umosipnocmi. Hexait meaxa
BUIIQJKOBA MMOAiA Mae UMOBipHicTs p >0, ane
ii 3HauenHsa HaM HeBigome. HeobxinHo ominm-
T IJ0 AMOBipHICTH 3a pe3yJabTaTaMU eKcCIie-
PUMEHTiB, TOOTO PO3B’A3aTH 3a4aUy PO OI[iH-
Ky IMOBipHOCTI uepes 4acToTy.

2. Ouinka 3axory po3nodiny. Jocraimxy-
€ThCA MesKa BUIAJKOBA BeJWUYMHA, TOUHUMN
BUpPAa3 AJId 3aKOHY PO3IMOAiJYy KOl HAM HeBi-
momuii. IToTpiGHO 3a pe3yabTaTaMu eKCIlepu-
MEHTiB 3HANTH HAOJMIKEHUHN BUPas3 I PYHK-
Iii, 1o 3aj1a€ 3aK0H PO3MOILITY.

3. OuiHKa 4ucr06ux XapaKmepucmuk
8unadko8ol gesuyuHu (HATIPUKJIAL, MaTeMa-
TUYHOTO CIIOAiBaHHA — AuB. 1. 12.6).
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4. Ilepesipka cmamucmuyHux zinomes
(npunymiens). HocaimKyeTbea nesdKa BUIIAL-
KOBa BeJqmunHa. BuxonAauwm 3 MeBHUX MipKYy-
BaHb, BUCYBAEThCA rilmoTesa, HAIIPUKJIAL, IPO
posmoaii iiei BunaakoBoi Beauunau. IIoTpio-
HO 3a pe3yJbTaTaMU €KCIIePUMEHTiB IPpUHAHSA-
T1 a00 BiIXUWJINTH IO TilIOTE3Yy.

PesyisbraTu mociaimikeHb, 10 TPOBOAATH-
cA MeToJaMM’ MaTeMaTUYHOI CTATUCTUKM, 3a-
CTOCOBYIOTHCS [IJIsI NPUNHATTA pimieHb. 30-
KpeMma, mig uvac IIaHyBaHHSA I opraxisarii

BUPOOHUIITBA, B IMPOIECi KOHTPOJIO SKOCTi
OpPOAyKIlii, BuOOpPY OITHMMAaJbHOTO Yacy Ha-
Jagku abo 3aMiHu fgirouoi amapatypu (Hampu-
KJiaJ, IpU BU3HAUEHHI Yyacy 3aMiHU OKpPeMUX
YacTUH BEPCTaTiB TOIIO), i Yac opraxisarii
TectyBanHA SHO.

fx i B KOXKHiINI HayIli, Y CTAaTHUCTUI[I BU-
KOPHUCTOBYIOTBCS CBOI chnenu@iudi TepMmiHUI
¥ monarTa. [ledaxi 3 HuX HaBegeHo B Taba. 21.
3amam’ATOBYBaTH IIi O3HAUEHHS He 000B’sA3-
KOBO, TOCTAaTHHO PO3YMiTU 3MiCT.

Tabauma 21
Yacto -
v ] . HayxoBuii
BSKMBaHUU 3MicT TepMiHy . O3HauyeHHA
. TepMiH
TepMiH
3araapauin ' Te, 3BimKuM BUOUPAOTH I'enepannna Muo:xxuHa BCiX MOMKJINBUX pe-
PAm TaHUX CYKYIHiCTh 3yJIbTATIB CIOCTEPEIKEHHS
(BUMiprOBaHHS)
Bubipka Te, 1m0 BUOGUPAIOTH CraTtucruuna MnuosxkrHa pesyJsbTaTiB, AKi
BUOipKa, cTa- peayibHO oJep:KaHi B JaHOMY
THCTHMYHUI PAX | crocTepeskeHHI (BUMiprOBaHHI)
Bapianra 3HaUueHHsI OJHOTO 3 Pe3yJbTa- Bapianra Ogme 31 3HAUEHb €JIEMEHTiB
TiB cmocTeperkeHHA (BUMipio- BUOipKU
BaHHA)
Pan nmanux = 3HaueHHS BCiX pesyJIbTaTiB Bapiamiitanii YmopsaakoBaHa MHOMKMHA BCixX
cIlocTepe:KeHHsA (BUMipIOBaHHSA) ' PAL BapiaHT

Q FeHepanbHa cyKynHicTb i BMUGipKa

A BUBYEHHA PIBHUX MAaCOBUX SBUII]
IPOBOAATHCA CHEIiaJbHI CTATUCTUYHI JOCJIi-
I:KeHHs. Bynb-aKe cTaTHUCTHUUYHE NOCJIiI:KeH-
HS TOYMHAETHCA 3 I[IJIECIIPAMOBAHOTO 300Dy
irgopmarii mpo sBuime ado mpoiliec, IO BU-
BuaeThcA. lleil eTan HaA3MBAIOTh eManoOM cma-
mucmuyHux cnocmepeicensv. J1Jig oTpuMaHHA
CTATUCTUYHUX [TaHUX Yy pPes3yJbTaTi ciocre-
pe’KeHb CXOXKi eJIeMeHTH AesAKOl CYKYIHOCTI
HOPiBHIOIOTH 3a pisHMMUM o3Hakamu. Hampu-
KJan, yuHiB 11 KjgaciB Mo:kHa HOOpiBHIOBA-
TH 3a 3POCTOM, PO3MipPOM OJATY, YCIIiIITHICTIO
iT. 1. BoaTu MoXKHa MOPiBHIOBATHU 3a MTOBIKU-
HOIO, JiaMeTpoM, Barorm, MaTepiaJioM TOIIIO.
ITpakTuuso Oyab-AKa o3HaKa abo MoxKe OyTHu
OesmocepeHLO BUMipsiHa, ab0 MOXKe oJeprKa-
T YMOBHY UYMCJIOBY XapaKTEPUCTUKY (AUB.
OPUKJIAM i3 BUIDaJaHHAM «Tepba» W «ducaas

npu DigKuganHai moreru B 1. 12.6). OTixe, me-
SAKY OBHAKY eJIEMEHTIiB CYKYIIHOCTI MOYKHa
pOSTJIANATH K BUIIQAKOBY BEeJIUYMNHY, IO HA-
O0yBae TUX YU iHITUX YUCJIOBUX 3HAUEHD.

B mporieci BuBueHHA peasbHUX ABUII Ya-
cTo OyBae HEMOJKJIMBO OOCTEXUTHU BCi eJie-
MeHTU CyKynHocTi. Hampukiazn, mpakTHUYHO
HEMOJKJINBO BUABUTU PO3MipHW B3YTTA y BCiX
Jofeil miaHeTu. A mepeBipuTH, HAIPUKJIAM,
HaABHICTh AapPKVIIiB HEAKICHOI peHTreHiB-
CbKOI ILIIBKY ¥ BeJUKil nmapTii xoua i peajb-
HO, ajie 0e3rJIy370, TOMY IO ITOBHA IIepeBipKa
mpusBeie N0 3HUINEHHA Bciel mapTii mriBku.
Y nopi0HMX BUIIAIKAX 3aMiCTh BUBUEHHS BCiX
€JIEMEeHTIiB CYKYIIHOCTi, IKYy Ha3UBAaIOTh 2eHe-
PanbHOW CYKYynHicmio, 06CTEKYIOThH 11 BHAUHY
YacTUHY, 00paHy BUIAAKOBUM unHOM. [[f0 ua-
CTUHY Ha3UBAIOTh BUOIPKOI0, & UUCJIO eJIeMeH-
TiB y BUOipIii — 06’ emom 6ubipru.
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dAwmro y Bubipiii Bci ocHOBHI 03HaKU Te-
HepaJIbHOI CYKYITHOCTI IPUCYTHiI B Tii1 camin
mponopirii i 3 Tiero camMor0 BiTHOCHOIO YACTO-
TOIO, 3 AKOIO JaHA O3HAKA BUCTYIIA€ B 3aJaHil
reHepaJIbHifl CYKYIHOCTI, TO 1[I0 BUOipKYy Ha-
3UBAIOTH PeNnpe3eHmamu6HoI0.

PenpeseHTatnBHUN —
Bia paHu. représentatif —
npeacTaBHULbKNNA.

Iamummu cioBaMu, penpeseHTaTUBHA BU-
0ipKa € MEHIIIO0 3a PO3MipOM, ajie TOUHOO MO-
JIeJLTIO Tiei reHepaJIbHOI CYKYIHOCTI, SKY BOHA
Mae BigoOpaskaTu. Y Tiii Mipi, y aKiif Bubipka
€ pemnpe3eHTATUBHOI, BUCHOBKH, III0 I'PYHTY-
IOThCS Ha BUBUYEHHI 1iel BUOipKu, MOKHA 3 Be-
JIMKOIO YIIeBHEHICTIO BBasKaTH 3aCTOCOBHUMU
JIo Bciel reHepaIbHOI CYKYIIHOCTI.

ITousaTTs penpeseHTAaTUBHOCTI BimiOpamoi
CYKYITHOCTi He 0O3Hauae, I10 BOHA IIOBHICTIO 3a
BciMa o3HaKaMu IIpeACTaBJIs€ TeHePaIbHY CY-
KYIIHiCTBb, OCKiJIBKHY ITe MPaKTUIHO HEMOKJIIM-
BO 3abesmeunTn. Bigiopana yactuaa Mae 6yTu
penpe3eHTaTUBHOIO BiJHOCHO TUX O3HAK, SAKi
BUBYAIOTHCH.

IITo6 Bubipra Oysa penpeseHTaTUBHOIO,
BOHA Mae OyTM BHOKpeMJeHa 3 TeHepaJbHOl
CYKYIIHOCTi BummagkoBum unHoM. Hattuacriie
BUKOPUCTOBYIOTH TaKi BUAU BUOipOK:

Bubipka

BJIaCHe-
BHUIIaJIKOBA

MexaHiuHa

THUIIOBa

cepiiina

Mpuxaad

i [loknagHile 03HaNoOMUTLCA 3 XapaKTepucTrKa-
U MW KOXHOrO BMAY BUOIPOK B MOXeTe, 3BEPHYB-
LUNCb [0 IHTEPHET-NIATPUMKM MIAPYHHMKA.

SAK y:ke 3asHavasocs, IMPAKTUYHO OyIb-
AKa o3Haka X, AKa BUBUYAETHCHA, abo OesIo-
cepelHbO BUMIiPIOETHCS, ab0 MOKe oJeprKa-
T YUCJIOBY XapaKTepucTuKy. Tomy mepBuHHI
eKCIIepUMEeHTaJbHi JaHi, M0 XapaKTepusy-
I0Th BUOKPeMJeHYy BUOipKYy, 3a3BUYall Imomami
y BUTIJIAAL HAOOPY UMcCes, 3alMCAHUX JOCJil-
HUKOM y TOPANKY iX HagxomKeHHA. Kinb-
KicThk (n) uncen y mbpoMy HaboOpi Has3sMBAIOTH
06’emom 6ulipKu, a KijnbKicTe (m) 3’sABJIEHD
BapiaHTu (omHOTO 3i 3HaueHb €JeMEeHTiB BU-
O0ipxu) — uacmomor eapianmu. BimHOoIIEH-

m .

HS — Ha3WBaIOTh BimHocHOIO uactoToio (W)

n
BapiaHTH.

BukopucToByooun 11i IOHATTS, 3aIIUIIIEMO
CUiBBiIHOIIIEHHA MijK HUMU B PETIPE3€HTATUB-
Hil BuOipIi.

Hexait S — 00’eM reHepayibHOI CyKyII-
HOCTi, n — 06’eM pemnpeseHTaTHBHOI Bubip-
KU, V AKil k 3HaYeHb IOCJIiAKYyBaHOI O3HAKU
posmofineno 3a vacroramu M;, M,, ..., M,,
e ZM =n. Tomi B reHepaJbHiI#l CYKYITHOCTI
uacroram M;, M,, ..., M, OynyTs Bignosiza-
TH 9aCTOTHU S1, Sg, ..., S, THX CAMUX 3HAUEHb
O3HAaKMU, IO 1 y BubipIIi (Z s=S ) . 3a o3HaUeH-

HSIM pemnpe3eHTATHUBHOI BUOIPKU OJepP:KyeMO
M. S,
=W, =",
n S

Ie i — IMOPSAAKOBUII HOMep 3HAUEHHS O3HAKU
(1<i<k). I3 11bOrO CHIiBBiAHOIIIEHHSA 3HAXO-
IUIMO

M,
5=SW, (abo 5,=5=1), 1<i<k.O (1)

BsyrreBuit mex mae Bumyctutu 1000 map KpociBOK MOJIOAiIMKHOTO (ha-
cony. /lyia BU3HAUEHHA TOT0, CKiJIbKM KPOCIiBOK i AKOT0 pPo3Mipy Io-

TPiOHO BUITYCTUTH, OYJIM BUSABJIEHI po3dMipu B3yTTA y 50 BUIIaIKOBUM
YMHOM BHOpPaHUX ImiAaiTKiB. Posmoais po3mipiB B3yTTs 3a yuacToTaMu

IOJAHO B TAOJIMILi:
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Posmip (X) | 36 37 38,3940 41 4243 44

Yacrora (M), 2 . 5 . 6 12,11, 7 . 4 2 1 > M=n=50
CKiJIbKY KPOCiBOK pPiBHOTr0O pos3Mipy OyZe BUTOTOBJIEHO?

Po3sp’azannsa

Bymemo BBasKkaTu POSTIAHYTY BUOIPKY py IpoIopIliiHa KiJIBKOCTI KPOCiBOK BiAImoBin-
o6’emom n =50 wnimriTKiB penpeseHTATUBHOIO. HOTO po3Mipy y BuOipii (i A5 KOKHOTO po3Mipy
Tomi B reHepasbHi cyKymHOCTI (00’eMoOM obuncaoeThess 3a (Qopmyiaoio (1)). Pesyabratu
S=1000) xinbKicTh KPOCIBOK KOMXHOI'O PO3Mi- PO3pPaxXyHKiB OyZeMo 3amucyBaTh B TaOJIUIIO:

Poswmip (X) 36 37 38 39 40 41 42 43 44
Yacrora (M) 2 5 6 12 11 7 4 2 1 ZM=n=50
Bignocua 1 1 3 6 11 7 2 1 1
e I |
gacrora (W) 25 10 25 25 50 50 25 25 50
Rizeriors 40 100 ' 120 ' 240 © 220 ' 140 © 80 ' 40 ' 20 2 (SW)=S=1000
KpociBok (SW)
Bidnogiov:
Poswmip 36 37 38 39 40 41 42 43 44

KinpkicTe KpociBok 40 100 120 240 220 140 80 40 20 <

Y cinmbCchbKOMY TOCHIOAAPCTBi AJIsT BU3HAUEHHS KiJbKiCHOTO CITiB-
BifHOIIIEHHA BUPOOiB Pi3HOTO COPTY KOPUCTYIOTHCA TaK 3BaHUM 8UOID-
Kosum memodom. CyThb IIbOTO METOLY OyAe 3PO3yMiJjIO0 3 OIIKCY TaKO-
To Jocyainy.

Y KopoOIli peTesbHO MepeMilllaHuil TOPOX ABOX COPTiB: 3eJIeHUH
i skoBTH. JIO}KKOIO BUTATAIOTH i3 PI3HUX MicIlb KOPOOKU mOPIIii ropo-
Xy, B KOXKHIN mopIii migpaxoByOTh YMCJIO »KOBTUX ropoiuH M i uuc-
JI0 BCix ropoinuH n. a4 KoKHOI IopIlii 3HaX0AATh BiTHOCHY YaCTOTY

. M . .
MosABU »KOBTOI ropoiuau W =—. Tak pobJaTh k pasis (Ha mpaxkTHUIlL
n

3a3Buuaii 6epyTh H<k<10) i mmopasdy o0UUCIIIOIOTh BiJHOCHY YacTOTY.
3a CTaTUCTUYHY WMOBIpPHICTh BUJIYUEHHSA JKOBTOI TOPOIIUHEU 3 KOPOO-
KU OpUNMAaIOTh cepeHe apuMeTHUHe OTPUMAHUX BiTHOCHUX YACTOT
Wi, Wy, ..., Wit

W, +W,+...+ W,
chp: 1 Zk k .

1. IlosacHiTh, aki 3aBAaHHA PO3B’A3YIOTH CTATHCTHUKA I MaTeMaTHYHA
CTaATUCTUKA.

2. TloacHiTh, AK BM poO3yMieTe TepMiHH: reHepasibHa CYKYIHiCTb, BU-
O0ipka, pemnpesenTaruBHa Bubipka. HasenaiTs mpukaamgu.

3anumaHHg
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13.1.1. Busnaure, AKy i3 3aIIpOIOHOBAHMX BUOIPOK B OCTAHHBOMY CTOBIIIIi
TabaUI[i MOKHA BBAasKATH Pelpe3eHTATHBHOIO.

Bnpabu

T'enepanbpHa
CYKYITHiCTh

ITapria ogHa-
KOBUX JeTa-

Jeit obcarom
10000 mTyx

Vi eksamena-
miiHi poboTu
30BHINTHLOTO
He3aJIesKHOT0
OI[iHIOBAHHS

3 MaTeMaTuKu
BUITYCKHUKIB
mIKijg micra

ITapria mram-
TIOBaHUX JeTa-
Jeit obcAroM

100000 miTyx

Binon mosoka

5  VYpowkait 3ep-

Ha Ha ILJIOIIL
1000 ra

Meta
o0cTe:KeHHda

Busnauenns uwc-
Ja OpaKoBaHUX
merajiern y maptii

BuspienHsa cmis-
BigHOIIIEHHS MiK
YWCJIOM YYHiB, pi-
BeHb HaBUAJbHUX
OOCATHEHb i3 Ma-
TeMaTUKN AKHUX €
mocTaTHIM, cepen-
HiM i BUCOKUM

Busunauennsa ce-
pPenHbBOol Macu Jne-
Tajai B nmaprii

Busunauennsa :xup-
HOCTi MOJIOKA
(y BimcoTkax)

Busunauenna ypo-
JKalHOCTL 3epHa
Ha I[bOMY TOJIL

—

—

BuoGipka

1) 100 gmeraseit, AKi JexkaTh

nopsn;
100 gmeraseit, BUOpanmx
BUIIaJKOBUM UYWHOM i3
PisHUX YacTHH HmapTii

10 pobiT, y3aTHUX BUIALKO-
BUM YMHOM i3 4mcJia BCix
pobirT;

100 pobiT, y3ATUX BHUIIAI-
KOBUM UYMHOM i3 YmcJja
BCix pobiT;

100 pobiT BUIIYCKHUKIB
oJHiel MIKoJ!

2 pmeraui;

100 pmeraneil, AKi BUTOTO-
BUJIA OCTAHHIMU;

50 BUIIAAKOBUM UMHOM BH-
OpaHUX merajieil i3 maprii

JloskKa MoJI0Ka, siKa B3ATa
3 MOBepPXHi uepes 2 ropm
micis Hamoro;

CTaKaH MOJIOKa, HAJUTUHA
3 OimoHa micaa 2 rox oxo-
JIOMKeHHs oro B morpebi;
JIOJKKa MOJIOKa, y3saTa Mic-
JI PeTeJIbHOTO IIepeMimry-
BaHHSA MOJIOKA

Yposkait 3epHA 3 MiBHIYHO-
0 CXWJIy Iarop6a ILJIOIIelo
1 ra;

cepenHe apudmeTrnyHe
BPOYKAMHOCTL 3epHAa 3 ABOX
CYCiTHIX IIAHOK TJIOIIEIO
1 ra — miBHiuHOrO i Ccxin-
HOTO CXWJIiB marop0a;
cepenHe apudmeTruHe BPO-
sKatimocTeit 3epua 3 10 mi-
JIAHOK, KOYKHA 3 AKUX ILJIO-
meo 10 coTox BubGpaHa Ha
moJri BUIIAJKOBUM UMHOM
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13.1.2.

13.1.3.

13.1.4.

B ypuBKy 3 XymOKHBOTO TBOPY HeAKoro aBTopa obcarom 600 ciis
miecjoBa TPAILIAITHBCA (2 pasu. BusHauTe OpieHTOBHY KiJbKicThb mie-
ciaiB B ypuBKy obcarom 2000 ciaiB 11poro aBTopa.

Cepen BumagkoBuM unHoM Bubpaunmx 100 mosonux Jjronei, AKi BIITKY
HOCATH 0elcO0JKM, IPOBEJN OIMMUTYBAHHA IIPO KOJLOPOBIL IIepeBaru ajs
IOr'0 BUAY TOJOBHUX yOopiB. Pe3yiabTaTu ONUTYBaHHSA BimoOpaskeHO
B TaOJIMITi:

Kourip Yopuuii UepBonutii | Cuniii | Ciputi | Binuit | fKopTuii ' 3esenuit

Yacrora 32 20 16 14 11 5 2

BBarkarouu pOSTIAHYTY BHOIPKY PeHIpe3eHTATHBHOIO, 3alIpPOIIOHYI-
Te peKOMeHmallil miBeiHill Gabpuili 3 KiJbKOCTi BUIYCKY 0eiic60JI0K
KOJKHOTO KOJBbOPY, AKINo (padbpuxa mae Bumyctutu 30000 Oeiic600K.

MosnokosaBosa BUITyCKa€e MOJIOKO Pi3HOI JKUPHOCTi. ¥ MPOAYKTOBUX Ma-
rasuHax Micra, IJsA SKUX 3aBOJ BUPOOJsSIE MOJIOKO, OYJIO IIPOBEAEHO
onmuryBanHa 50 HaBMaHHA BUOpPAHUX MNOKYIIiB HpPO Te, AKOI JKUP-
HOCTi MOJIOKO BOHM CIOKHBAIOTHb. Pe3yiabTaTy ONUTYBAHHS HaBeIeHO
B TaOJINIIi:

Kupuicts mosoka (y %) 0 0,5 1 1,5 1 2,5 1 38,5 5
Yacrora 10 6 4 5 12 7 6
Baskaroum posriAaHyTy BUOIPKY pelrpes3seHTATHBHOIO, 3aIllpPOIOHYHTE
pexomeHaIil MOJOKO3aBOAY IOAO 00’€My BUMNYCKY MOJOKa KOMKHO-

ro BUIY, AKIIO MOJIOKo3aBox Mae Bumyckatu 2000 mgiTpiB Mosioka
I[OeHHO.

= abrab
.,
B= a+<éfc>-<c<+£)fc;* e Wv

18] —08 SL/O(O\@ ‘o 0037
a-é

orb=(04%+ 0.4y
5in(a+8)=5n(=) &
@rcsinK)' = /
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13.2. TabnuyHe i rpacgiyHe NogaHHA JaHUX.
YncnoBi xapakTepuctukn psgis gaHux

OzHnaueHHa

Tabaus 22
IIpukaan

PaHXMpyBaHHA pAdy AaHMUX

Ilig panacupyeanuam pady O0aHux PO3yMilOTh
POSTAIIIYBAHHS €JIEMEHTIB [[OT0 PALY B IIOPSI-
Ky 3pocTaHHA (MaeThbcsi Ha yBasi, 110 KOKHE
HaCTyIHe YucJgo abo 6inbIiiie, a60 He MeHIIe I10-
mepeaHbOTO).

Ao pax gaHux BUOIPKY Mae BUTJIAT
5,3,7,4,6,4,6,9, 4,

TO MiCJA PAaHKUPYBAHHS BiH IEPETBOPIOETHCA

Ha Paf

3,4,4,4,5,6,6,7,9 (1)

Po3max BM6Gipku (R)

Posmax eubipxu — me pisHMIE Misk Hai6inb-
MMM i HAaWMEHIINM 3HAYEeHHAMH BeJIN4YNHU
y BHOipIIi.

Haa pany (1) posamax BuOipKu:
R=9-3=6.

Mopga (Mo)

Moda — uie 3HAUEHHS eJIeMeHTa BUOIpKM, dKe
3ycTpivyaeThes yacTinie 3a iHmri.

Y panpi (1) sHauenHs 4 3ycTpivaeTbcsa Haiua-
crimre, otoxe, Mo=4.

MepgiaHa (Me)

Mediana — 1ie Tak 3BaHe cepeMHHE 3HAUYCHHS
BIOPAAKOBAHOTO PALY 3HAUEHb BUMATKOBOI Be-
JIUYWHU:
AKWO Kiavkicmdv uucen y psadi HenapHa, mo
Mmediana — ue Yucao, 3anucane nocepeodumi;
AKWO Kinbkicmb yucen y padi napHa, mo me-
diana — ue cepedHe apupmemuiHe 080X YU-
ces, W0 cmosms nocepeduni.

Huna pany (1), v akomy 9 uieHiB, memiana —
me cepenue (Tobro m’aAre) umcao — 5: Me=5.
AKIo posragHyTH P
3,3,4,4,4,5,6,6, 7,9,
y axomy 10 uieHiB, To Me[iaHa — Ile cepemHE
apupMeTHUYHe II’SITOr0 1 IIIOCTOrO YJIEeHiB:
4+5

Me= =4,5.

CepepgHe 3HaveHHA (X) BUGiIpKM

Cepednim 3HAUeHHAM 6UOIpKU HA3UBAIOTH Ce-
penHe apudMeTHUHEe BCiX UmMceN PAAY TaHUX
BUOipKU.
SArmo B paAxi JaHMX 3alKcaHl 3HaYeHHA Xy,
X9, ..., X, (cepen AKHX MOXYTb OyTH I ofHAa-
KOBi), TO
= X, tXx,+..+x
X= 1 2 n (2)

n
SAxmro Bigomo, 1110 B pAAi JaHUX PisHI 3HaUYeHHS
Xy, X9, ..., X, BYyCTpidalOTbCs BiJNOBiZHO 10
4acTror my, My, ..., M, (roni ZM=n), TO
cepenie apuMeTHUHEe MOYKHA OOUMCIIOBATH 3a
(dopMyI0I0

X=

X my + XM, +...+ X,m,

n

Hexait pang manux 3aganuii TabJIUIlEI0 PO3IIOIi-
Jy 3a yactoramu M:

Y M=n=8.
Toxai 3a dopmysioio (2)
o 2+2+2+4+5+5+7+7 34

X= 2% 4,95,
8 8
a60 3a Apyromo (POpPMYJIOI0
- 2-3+4-1+5-2+7-2 34
x=22f ; Al = =425,
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NMOACHEHHA 1 OBI'PYHTYBAHHA

0 TabnnuHe n rpadiyHe
noaaHHA AaHUX.
MoniroHn yacrtort

dAx y:ke 3asHavasiocs, MPAKTUYHO OYIb-
AKa o3HakKa X, AKa BUBUAETHCS, abo 6earo-
cepeIHbO BUMipPIOETHCSI, ab0 MOXKe Oep:KaTu
YHCJIOBY XapaKTepUCTHUKY. Tomy IodyaTKOBi
eKcIIepuMeHTaJbHi TaHi, 110 XapaKTepu3yooTh
BUIiJIeHy BUOipKY, 3a3BUUal IOJaHi y BUTJIAI1
Ha00pPy umnces, 3a0UCAHUX TOCTiITHUKOM y IIO-
PAOKY ix HagxomKeHHA. IKINO faHUX 6araro,
TO oJep:KaHMuil HabOip YmMcesl BaXKO OCSTHY-
TU 11 3pOOUTHU TI0 HbOMY SKiCh BUCHOBKHU JyoKe
ckaanHo. Tomy mepBHHHI gaHI moTpebyOThH
00pO0OKU, TKA 3a3BUUAl IOYNHAETHCH 3 iX T'py-
nyBaHHA. I'pynyBaHHSA BUKOHYETLCA Pis3HU-
MU METOJaMM 3aJIe;KHO BiJl MeTU MOCTiAsKeH-
HsA, BUAY O3HAKU, III0 BUBUYAETHCA, i KiIBKOCTL
eKCIepUMeHTAIbHUX maHux (00’emy BuUOip-
Ku). AJle Haliuacrimie rpynyBaHHSA 3BOAUTHCS
IO IOJaHHA JaHUX Y BUTJIALL TaOJIUIb, V AKUX
pisHi 3HAueHHs eJeMeHTiB BMOIpKH BIIOPSI-
KOBaHi 3a 3pOCTAaHHAM i BKasaHi iX JacToTu
(ToOTO KiNBbKiCTh KOKHOTO ejieMeHTa y BuOip-
mi). 3a HeoOXimHOCTI B mi#t TabauIli BKA3yOTh
TaKO)K BIiTHOCHI YacCTOTH OJIA KOXKHOIO eJie-
MEHTa, 3allMCaHoT0 B IepIiomMy pAaky. Tary
TabJINII0 YaCTO HA3UBAIOTH psidom po3nodiny
(abo sapiauiiinum padom).

Hanpurnaan, Hexai y pesyJabTaTi BUBUEH-
Hs po3mipy B3yTTa 30 xsoniiB 11 Kiacy 0yJio
oJeps;kamo HaOip uuces (pe3yabTaTH 3aIIMCAHO
B IIOPAIKY ONIUTYBAHHS):

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 3pyunime 6yno anamxidyBatu iH(OP-
Mallilo, y MOAiOHMX CHUTyAaIlisiX 4YMCJOBi mami
CIIOUATKY PAHMCUPYIOMb, POITAIIOBYIOUN iX
Yy IOPAIKY 3pOCTaHHA (KOJIU KOKHEe HaCTyIIHe
yucjo abo 6inbIne, a0 He MeHIIe 3a IMomepes-
He). ¥ pes3yJbTaTi paHKUPYBaHHS OJIePIKYEMO
TaAKWH PAI:

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

ITorim ckJaamaemMo TaOJIHUIIO, y IIEPIIO-
My PAAKY AKOI BKasdyeMo BCi pisHi 3HaueHHS
ozep:kaHoOro pALy gaHux (X — posMmip B3yTTs
BubOpanux 30 xjoniiB 11 Kjiacy), a B IpyromMmy
pAnKy — ix wactotu M:

X 138139140141142143144145

Opnep:ryeMo paf po3noainy odHaku X, AKa
pOsTIIAaEThCA, 3a YacToTaMu. [HOAI 3pydHO
TPOBOAUTH aHAJI3 PALY PO3MOALIY HAa OCHOBI
#ioro rpadiuyHOTO 300paKeHHS.

IlosHaumMo Ha KOOPAWHATHIN ILJIOIIUHI
TOYKY 3 KOOPAMHATAMH (X153 ), (Xg3My), «vvs
(xs;ms) i cmoryumMo iX IOCJiZTOBHO Bimpis-
kamu (puc. 13.2.1). Oxgepsrany JamMaHy JIiHii0
Ha3WBAaIOTh NO0JLiZ0HOM LACMOM.

OsHayeHHA. Ilonizonom wacmom Ha3UBa-
€ThCA JIaMaHa, BiApPi3KM AKOI IOCIiTOBHO
CIOJIyYAaI0Th TOUKHU 3 KOOPIUHATAMU (xl; my ),
(xz; mz), cees (xk; mk), ne x; — 3HAYeHH pi3-
HHX eJleMeHTiB pAxy JaHHX, a m; — Bigmo-
BimHi IM yacToTH.

AwnajoriuHo os3HauaeTbCca I OyAyeThCA
nonizoH 8i0HOCHUX yacmom njas o3Haru X,

7

o—7 38 39 40 41 42 43 44 45 X

Puc. 73.2.7
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dKa poariaagaeTbea (OyAyOThCS TOUKHU 3 KO-
oppuraramu (xX3wy), (%g3wy), ..or (X50)),
Je Xx; — 3Ha4YeHHs DI3HUX eJIeMeHTiB pALY
JaHUX, a w; — BigmoBimHi im BigHOCHI ua-
CTOTH).

SIKmI0 mopaxyBaTu BiZHOCHI YacToTH IJIA
KOJKHOTO 3 Pi3HUX 3HAUYEHb PAAY JAHUX, PO3-
TJITHYTOTO BUIIlE, TO POBIIOAiJ 3HaUeHb O3HAa-
kK X, dKa PO3TIANacThCs, 3a BiTHOCHUMU
YyacTOTaMU MOKHA 3aJ]aTH Ta0JIUIIEI0:

X 38 39 40 41

w2007 L =007 L=017 -~ ~0,23
15 15 6 30

X 42 43 44 45

w Lto02 2-013 L-01 -1-003
5 15 10 30

Tako:x po3mofis 3HaUeHb 03HAKU X, dKa
pOBIIIANaeThbCA, 3a BIJHOCHUMHU dYaCTOTAMU
MOJKHA IIOJATH Y BUTJIALIL IIOJiroHa BiTHOCHUX
yacrot (puc. 13.2.2), y Buruani jgi"itHOI mia-
rpamu (puc. 13.2.3) abo y BuUTIAAI KPyroBoi
miarpaMu, TONepeIHbO 3aIMCABINY 3HAUEHHS
BiJHOCHO1 yacToTHu y BificoTKax (puc. 13.2.4).

Haramaemo, 1o nias moOymoBu KpyroBoi
giarpaMu KPyT po30uBaeThCA Ha CEKTOPH, IIeH-

TPpaJbHI KYyTH SIKUX IIPOHOPIIiNiHI BiZHOCHUM

Puc. 13.2.2

Puc. 713.2.4

YacToTaM, O0UMCICHUM JJIS KOMKHOIO0 3 PisHuX
3HAYEHb PALY AAaHUX. 3ayBaKUMO, III0 KPYTo-
Ba miarpama 36epirae cBoio HaOYHICThH i BUpas-
HICTh TiJIBKU Yy BUNAIKYy HEBEJMKOI KiJIbKOCTi
OJlep:KaHUX CEKTOPiB, B iHIIOMY BUIIAAKY il
3aCTOCYBaHHA MaJsoe(peKTUBHE.

Sxrmio osHaka, sgKa pPO3TIANAETHCA, Ha-
OyBae 6araTboxX pi3sHUX 3HAUEHb, TO il PO3IIO-
OiJI MOKHA Kpalle YABUTH IIiCaAA PO30UTTA
BCiX B3HaAUeHb PAAY AaHUX Ha KJaacu. Kiab-
KicTh KJIaciB MosKe OyTH Oy Ab-SIKOIO, 3PYUYHOIO
UL TOCTifsKeHHs (3asBUUail iXx BUOMPAIOTH
y Kimbkocti Bixg 4 mo 12). Ilpu mpbomy BeJu-
yuHu (06’eMu) KJaciB MaioTb OyTH OJHAKO-
BUMU.

Hampuraazn, y Tabaumi mogaHo BigzomocTi
npo s3apobitay miaatHio 100 pobiTHUKIB ogHO-
ro mignpuemcTBa (y AeIKUX YMOBHUX OJUHU-
max). [Ipu nbomy 3HaUeHHA I1aTHI (OKPYTJIeH]
IO IIiJIOT0 YmMcJa YMOBHUX OJWHHUIIb) 3TPYIO-
BaHi B 7 KJaciB, Ko:kHUit 06’emom y 100 ymos-
HUX ONWHUILD.

Puc. 713.2.3

38 39 40 41 42 43 44 45X
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Bix 400 ' Bix 500 ' Bix 600 ' Bix 700 ' Bix 800 ' Bix 900 Bix 1000

Kmxacu mo 500 « 1o 600 « mo 700  mo 800 . mo 900  mo 1000  mo 1100
Howmep xiacy X 1 2 4 5 6 7
Yacrora (KiTbKicTb 4 6 36 22 10 4

pobiTHUKiIB) M

(nepesipka: 2M=100).

Haouno wacTOoTHUII PO3MOAIJI 3apILIATHI
3a KJjlacaMu MOJKHA IOJaTU 3a JJOTIOMOTOIO II0-
Jgirona vactor (puc. 13.2.5) abo croBmuacToi
nmiarpamu (puc. 13.2.6).

M
401
36

30T

201

40+
36

30T

2071

10

Puc. 713.2.6

UYncnoBi xapakTepucTtuku psapis

paHux. Poamax, Mmoaga n mepiaHa

paay AaHUX

Imoni BubipKy BuUmagKoBUX BeJUYHH abo
BCIO TeHepaJbHY CYKYITHICTD IIUX BEJIUUYUH J0-
BOAUTHCA XAPaKTEPU3YBATA OLHUM UYHCJIOM.
Ha npakTuii me HeoOXigHO, HATPUKJIAL, OJIs
MIBUIKOTO MOPiBHAHHA ABOX abo0 OijbIie cy-
KYITHOCTEH 3a 3arajbHOI0 03HAKOIO.

PosrissHeMo KOHKPETHUI IPUKJIAL.

Hexaii micis JgiTHiIX KaHIKYyJ IIpoBesn
onutyBanua 10 gmiBuar i 9 xJomiiB OmHOTO
KJIacy BiTHOCHO KiJIBKOCTi KHUKOK, AKi BOHU
OPOUYMNTAY 34 KAHIKYJIU.

PesyabpraTu OyJi0 3allMCcaHO B IOPSAAKY
onutryBauHusa. OgepKain Taki pAgU YMcesI:

Hisuara: 4, 3, 5, 3,8, 3,12, 4,5, 5.
Xmonni: 5,3,3,4,6,4,4,7, 4.

Sk y:xe sasHavasiocd, 1106 spyuHiie 6yI0
aHajisyBaTu iH()opMaIliio, y mogioOHuX BUIIAL-
KaxX YMCJIOBi JaHi paHXWUPYIOTH, PO3TAIIIOBY-
oun iX y TOPAAKY 3pOCTaHHS (KOJU KOMKHE
HACTyIIHe 4Yucjio abo Oijbiie, abo He MEHIIe
3a monepexHe). Y pe3yJsbTaTi PaHKUPYBAHHSA
OIEePYKUMO TaKi panu:

Tisuara: 3,3, 3,4,4,5,5,5,8, 12. 1)
Xoommi: 3,3,4,4,4,4,5,6,17. 2)

Toxi posmonin 3a wacToramu M BeJIUYUH:
X — YmnCIo KHUKOK, IIPOUNTAHUX 3a KaHiKy-
JU miBuaTaMu, i Y — UMCJI0 KHUMKOK, IIPOUH-
TaHUX 3a KAHIKYJN XJOIIAMM, MOYKHA 3ajaa-
THU TAOJIUIIAMIU:

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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1
|
|
|
|
1

123456789101112 X

0
Y
Me, Mo, ‘
\<R—>
a (1
Puc. 13.2.7
I1i posmopgisiu MOKHA IPOiTIOCTPYBATHY Ta- Mony pany manux 3a3Buuail 3HaAXOOATH
KOJK rpad)igHO 3a JOTIOMOTOIO ITOJiTOHY YaCTOT TOAi, KOJU XOUYyTh 3’sCyBaTU AEAKUU THUIIO-
(puc. 13.2.7, a, 0). BUl MOKa3HUK. Hanpukiazm, KOJu BUBUAIOTh-
Hna nopiBuanuaa paxis (1) i (2) Buxkopu- cd JaHi Ipo MOZesi JOJIOBiYMX COPOYOK, AKi
CTOBYIOTH Pi3HiI XapaKTepucTuku. HaBememo IIpoJaJin B IIEBHUM JeHb B YHiBepMasi, To 3pyu-
IeAKi 3 HuX. HO BUKODPHUCTATU TAKUI IIOKA3HUK, AK MOJA,
Posmaxom psady wucen (mosnauaroTs R) Ha- AKUHN XapaKTepU3ye MOAENb, III0 KOPUCTYETh-
31BAIOTH PISHUILIO0 MiK HAHOIIBIINM i HAIMeH- cs HANOGLIBIINM momuTOM (BJIACHe, IUM i mmo-
muM i3 mux uncea. OCKinbKY MU aHAJIIZyeEMO SCHIOETHCS HA3BA «MOJZA» ).
BUGIPKY [eAKHUX BEIMYUH, TO PO3Max 6ubip- IITe opmmiero craTuCTHYHOIO XapaKTepu-
Ku — Ie pi3HuIA Mis%k Ha#OiapIIUM i HaliMeH- CTHKOIO DALY JAHUX € HOro MeaiaHa.
UM 3HAYEHHAMM BeJINYUHHU Y BUOIpIILi.
Haa pany (1) posmax R=12-3=9, a gqua
pazny (2) posmax R=7-3=4. Harpadiry pos- MepiaHa — Big natwH. mediana —
Max — Ife JOBXKMHA 00JIaCTi BUSHAUEHHS I10JIi- cepenHs.
rony yacror (puc. 13.2.7).
OpHiero 8i CTATUCTUYHUX XaPAKTEPUCTUK OsHaveHHs. Mediana — me Tak 3BaHe ce-
pAAYy faHux € foro noda. peqUHHe 3HAYEHHS BIOPAIKOBAHOIO PIAMY
3HAYEHb
Mona — Bif natH. modus — Mepiany mosuauaioTs Me.

Mipa, Npasuno. Meniama mominsie BMOpAIKOBAHUU PAL da-

HUX Ha OBl piBHI 3a KiJIBKiCTIO ejieMeHTiB ua-

O3HayeHHA. Moda — 1e Te 3HAYEHHS eJie- CTUHU.
MeHTa BUOIpPKH, AKe 3yCcTpivaeThcA dyacTiiie SAxuo KigsKicTs YuCces y pAAi HemapHa, TO
3a iHmi. MeTiaHAa — Ile YMCJO, 3aIMCaHe MOCepeINHi.
Mogy mosHauaooTs Mo. Hampuraan, y pani (2) HemapHa KiJIbKicTb
Tak, y paxgi (1) asi mogu — uucna 3 i 5: enementis (n=9). Toxi itoro Mexianoro € unc-
Mo, =3, Mo, =5, a B pazgi (2) oxaa moza — JI0, sIKE CTOITh IMocepennHi, TOOTO HA I’ ATOMY
yucao 4: Mo=4. Ha rpadiky moma — 11e micti: Me=4.
3HAUeHHsd aOCIMCH TOUYKHU, sKa Biamosizae 3.3,4,4,4,4,5,6,7

MaKCcuUMyMy IIoJjirony uacror (puc. 13.2.7).
3a3HauyumMo, 1[0 MO MOKe i He OyTH, AKIIO
BCi 3HAUEHHS O3HAKHU, KA POBTIANAETHCH, 3y- Orixe, PO XJIONIiB MOMKHA CKa3aTH, IO
CTpivaroThCA OZHAKOBO YACTO. OIHA TOJIOBUHA 3 HUX IPOUYHUTAJA He OijbIme

4 — menmiaHa
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4 KHUIKOK, a Jpyra HOJIOBUHA — He MEeHIIIe

4 KHIKOK. (3a3HAYMMO, 110 ¥ BUIIaAKY Hemap-

HOT'O 7 HOMED CepPeqHBOr0 UJeHa PALY OOPiB-
n+1 )

Axmo KigBKicTh YKcen y pAAi mapHa, TO
MeniaHa — Iie cepeaHe apudMeTHUHE ABOX
Yucell, [0 CTOSATH IIOCEePeTuHi.

Hanpuknan, y pazni (1) nmapHa KiiTbKicTb

HIOE

enemenTis (n=10). Tozi ftoro Memiamoo € Tuc-
JIO, sIKe JOPiBHIOE cepeIHbOMY apu(MEeTHUYHO-
My dYHuces, AKi CTOATH IMocepequHi, TOOTO Ha

4+5 —45.

m’sATOMY U roctToMmy Micuax: Me=

3,3,3,4,4,5,5,5,8,12

4,5 — meniaHa
Orxe, IPoAiBUAT MOKHA CKa3aTH, 110 OJHA
MOJIOBMHA 3 HUX IIPOUYMUTaIa MeHIle 4,5 KHIMK-
KU, a ApyTa II0JOBUHA — OijbIie 4,5 KHUKKHA.
(3aszHaummo, 1110 Y BUIAAKY IapHOr'o 11 HOMe-

pU cepenHiIX UJeHIB pALY IOOPiBHIOIOTH >

n
i—+1.
3 )

0 CepepHe 3Ha4YeHHs1 BUOipKU

OsHauveHHA. Cepednim 3HaueHHAM 6UbIp-
KU Ha3UBAETHCA cepeTHE apu(pMeTHUHE BCiX
yuces PAAY JaHUX BUOIPKH.

CepezHE BHAUEHHS IO3HAYAIOTH X .
SArRiio B pAmi maHWX 3amucaHi 3HaYeH-
HA Xy, X9, ..., X, (cepel AKUX MOMXYTb OyTHU
¥ omHAKOBi), TO
& XXy +. X, .
n
fAxmro Bigomo, 1110 B pALi JaHUX PisHIi 3HA-
YeHHHA Xy, Xg, ..., X;, 3yCTPiUarOThCA BiAIOBiz-
HO JI0 YacTOT My, My, ..., M, (TOxi 2M=n),
TO, 3aMiHIOIOUN OJHAKOBI JOJZAHKU B UKCEJIb-
HUKY Ha BiAmoBigHi 1o0YTKM, OLEePKYEMO, IO
cepente apupMeTUUYHE MOXKHA O0UYMCIIIOBATHU
3a (hbopMYyJIOIO
& XMy + X9y +...+ XM,

. 4)
n

OcrasHIO QOPMYJTy 3PYUHO BUKOPUCTOBY-
BaTU B TUX BUNAAKAX, KOJU y BUOIPIli poaIro-
JIiJI BRJIMUMHYU 34 YaCTOTAMU 3aJaHO Y BUTJIAI1

rabauiri. Haragaemo, 110 po3moaisi 3a uacrora-
mu M BenuumH: X — YKUCJIO0 KHUIKOK, IIPOYM-
TAHUX 3a KAHIKyJIU AiBUaTaMu, # Y — YHCJIO
KHI)KOK, IPOUNTAHUX 3a KAHIKYJIM XJIOIII-
MU, OYJI0 3aJaHO TAKUMU TAOJIUAIIIME:

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
2M=n=9

Toxi cepenHi sHaueHHs 3aJaHUX BUOIPOK
IOPiBHIOIOTH:

3-3+4-2+5-3+8-1+12.1 52

X= 5,2,
10 10

— 2+4-4+5-1+6-1+7-1 4

Y=3 + +59 +6-1+7 :_0:4’4.

Ockinpku X >Y, TO MOKHA CKasaTH, IO
3a OOWH i TOII caMU# NPOMiKOK Yacy AiBuara
KJIaCcy YMTAIOTh KHUMKOK O1JIbIlle, HidK XJIOMIII.

3ayBaxKuMoO, III0 B IIOCIOHMKAaxX 3i craTu-
CTUKU MOAY, MeIiaHy i cepeqHe 3SHAUEHHS BU-
O0ipku 06’€IHYIOTH OJHUM TEPMiHOM — Mipu
UeHmpaavbHoi meHoeHyil, TiAKPECaIOIUN TUM
caMUM MOJKJIMBICTh OXapaKTepu3yBaTU P
BUOIPKY OSHUM UHCJIOM.

He nnsa xKoyXKHOTO pALYy IaHWUX Mae€ CEHC
(hopMasIbHO 3HAXOAUTH IEHTPAJbHI TeHIEH-
mii. Hampukaam, SKIMO OOCHiIAMKYETBCS PALI

5,5,8,110 (5)

piuHUX TMPUOYTKiB YOTHUPBLOX JoAel (y Tucs-
Yyax YMOBHUX OAUHUIIH), TO OYEBUIHO, IO Hi
moza (b), Hi memiana (6,5), Hi cepenHe 3Ha-
yeHHd (32) He MOXKYTh BUCTYIIATHA B POJIi €11-
HOI XapaKTepUCTUKU BCiX 3HAUEeHb pALY [a-
HuX. Ile MOACHIOETHCA TUM, IO PO3MAaX PALY
(105) € cymipauM i3 HAUOINBIIIUM 3HAUEHHAM
eJeMeHTa PALY.
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VY mamomy BUIIaAKy MOMKHA ITyKaTH II€H- Aximo y Bubipii cepegHe 3HaueHHS CYT-
TpaJIbHI TeHIEHIlil, HauOpUKJIal, AJA YaCTUHU TEBO BiPiBHAETHCA BiJ MoAM, TO HOTO HENIO-
pany (5): peuHo BUOMpPATH AK TUIOBY XapaKTEPUCTUKY

5,5,8,

POBTIAHYTOI CYKYIIHOCTI JaHUX (YUM OiJIbIire

YMOBHO Ha3BaBIIU HOro BHUOIPKOI PpiuHOrO BHAYEHHA MOAM BIJPISHAETHCA Bif CepesHbO-
OpUOYTKY HU3bKOOILIAUYBAHOI YaCTUHHI Hace- o 3HAUYEHHA, TUM «OiJIBIII HECUMETPUUHUM »

JIEHHdA.

1.
3anumaHHg

Bnpa6u 13.2.1°.

13.2.2.

13.2.3.

13.2.4.

€ TOJIITOH YacCTOT CYKYITHOCTi).

IlosacHiTh, 10 HA3MBAIOTH IIOJIITOHOM YacTOT O3HAKU X, AKa PO3-
raagaeTbesa. HaBemiTh mpuKJIagu MOOyIOBU MIOJIITOHY YacTOT i IIO-
JITOHY BiZHOCHMX YacCTOT.

. Ha mpuknani pany manux 2, 2, 3, 5, 5, 5, 13 mosacHIiTH, 110 Take

po3Mmax, Moja, MeaiaHa Ta cepeqHe 3HAUYEHHSA PALYy U mainiTe Bifm-
TOBiTHI O3HAaUYeHHA.

Ha ocHoBi manux Tabuauili mogaiiTe y BUIVISALL CTOBOUACTOI i Kpyro-
BOI miarpaM posmonis 3HAYeHb AeAKO0l o3Harkm X.

X123 4 X' 112131415
2)
Ww10,110,30,4'0,2 w10,310,30,20,1'0,1

IToGyayiiTe IMOJIrOH YACTOT i MOJIITOH BiZHOCHHX YacCTOT 3HAYEHDb
mesakoi osHaku X, PO3MOAiJ AKOI IIOZAHO B TaOJIMILi:

X1 113151719 X 111112113114 115116
1) 2)
Mi 3105175 M 6151213113

Buwmipsanau 3pict 50 crapiiokJaacHUKIB i pesysbTaTy momajii y BU-
raAmi radsamii.

149 1150 ' 150 ' 151 151 ' 152 ' 152 153 ' 154 ' 154
155 1155 ' 155 1156 ' 156 ' 157 ' 157 157 ' 158 ' 158
159 159 159 159 161 '161 ' 161 ' 162 ' 162 ' 162
162 ' 162 ' 165 ' 166 ' 166 ' 166 ' 167 ' 167 ' 169 ' 170
171 171 173 173 1173 1175 ' 176 ' 178 1180 ' 182

3rpynysaBinu i maHi 3a kjgacamu 145-149, 150-154, 155-159,
160-164, 165-169, 170-174, 175-179, 180-184, mogmaiiTe uac-
TOTHUI PO3MOMiJI 3POCTY YUHIB 3a IIMMH KJIacaMM 3a JOIIOMOTOIO:
1) Tabaumi; 2) moJsiroHy 4acToT; 3) croBmuacToi giarpammu.

3HaWIiTE po3Max, MOAY, MeJiaHy I cepenHe 3HAUECHHSA PALY TaHUX
nesKol BeauunHu X:

ni, 1, 2,2, 2,3, 4, 4, 5;

2) -3, -2,-2,-1,0, 2, 2, 2, 3, 5.

IToGyayiiTe mOJIiroH YacTOT 3HAUEHb BeaInuuHU X. YKAXKITHL HA pU-
CYHKY po3Max, MOAY ¥ MeJiaHy 3aJaHOTO PALY OaHUX.
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13.2.5°. Ha puc. 13.2.8 mobynoBaHO IOJITOHU, IO iJIOCTPYIOTH POSIIOALT
YaCcTOTH IIPOJAXKIB MarasmHOM IPOTATOM TUKHS KOMII'IOTepiB (cu-
Hs JIiHiA) i TeseBisopiB (cipa JgiHisg).
VrkamxiTe aBa gui, aAki 6esmo-

cepeqHbO CJHIAYIOTh OAUH 3a Of- 2 80

HUM, KOJIU: 8

1) umcao TMpomaHUX TeJeBi3opiB % 60

3pocJio GisbIrie, HidK ymceao mpo- .8

IaHUX KOMII IOTEPiB; § 40

2) 4mCcJI0 TMPOJaHUX TeJieBi3opiB 2

30igpIINIOCA, a YNCJI0 IIPoAa- 520_

HUX KOMII'IOTEPiB 3MEHIITUIOCH; §

3) umCcIO TPOJAHUX KOMII’IoTe- P 0

piB 3pociyio, a YMCJI0 TPOJZAHUX e Br Cp Ur It C6Hx  [mi
TeJeBi3OpPiB B3aJUINMMIOCA TUM Puc. 13.2.8 THAMKHA

caMMtM.

13.2.6. 3naiigite posmMax, MOALy, MejiaHy il cepefHE 3HAUeHHA BUOIpKU,
3amaHOol Ta0JUIleI0 PO3MOAiNY 3HAUEHDb BeIUUYnHN X 3a YacTOTaMMU.

X1 2131415 X =113 141517
1) 2)
M' 3 4113 M 2 3 4

S
—

IToGyayiiTe mOJIiroH YacToOT 3HAUEHb BeJMUYUHU X. YKaXKIThL Ha pU-
CYHKY po3MaX, MOAY II MemiaHy 3aJaHOl CYKYIIHOCTiI HJaHUX.

13.2.7. Iisuara 11 Kaacy Ha ypoui (Gi3KyIbTYpU B CTPUOKAX Yy BUCOTY IIO-
KasaJsu Taki pesyabratu (y cm): 90, 125, 125, 130, 130, 135, 135,
135, 140, 140, 140. 3uaiigiTe Momy, MeJiaHy II cepefHEe 3HAUEHHS
miei cyKymHoCTi mammx. §SlKe 3 MuUX 3HAUEHHb HAUKpallle XapakTe-
pHu3ye CIOPTHUBHY IIiATOTOBKY AiBUaT KJacy?

@ BuaBiTb cBOIO KOMMETEHTHICTb

13.2.8. Ba pgamuMum VYKpaiHCBKOTO IIeHTpA OI[IHIOBAHHSA SKOCTi OCBiTH
yuacaukyu 3HO 3 marematurku y 2018 p. orpumasiu Taki pesyJjbra-
T (maHi 3rpymoBani 3a KJjiacamu): 3 106484 yuacuukiB 19806 me
momosianu mopir, 26301 yuacuuk orpumas Big 100 mo 120 6auis,
17783 — Big 120 mo 140 6axniB, 18102 — Bixm 140 mo 160 Gauris,
14695 — Big 160 mo 180 6aiis, 9797 — Bixm 180 zo 200 Oaxis.
ITomaiiTe pesyabTaTi TeCTYBAHHSA 34 KJacaMU y BUIVIALL 4acTOTHOIL
TabauIli, MoOyAyiiTe MOJiroH yactoT. BusHauTe Mipu meHTpaIbHOL
TeHAeHIil BUOipKU.

13.2.9. HocnifiTh cmoKMBaHHA BAIOI POAUHOI0 IIPOTATOM POKY: 1) cBi-
KX OBOUiB, (hpyKTiB Ta seseni; 2) kpym; 3) Mm’sica Ta M’ SICHHUX
npoaykTiB. IloOymyiiTe nmiarpamu, IO iJIOCTPYIOTH B3ajie’KHICTh
CIOKMBAaHHA 3a3HAUEHUX IPOAYKTIB Bix mopu pory. 3pobiTh Bu-
cHoBKU. CKiJIbKM Ballla pOAMHA CIIOXKUBAE IIUX IMIPOAYKTIB y cepes-
HBOMY Ha Micalb (y po3paxyHKy Ha OIZHY 0co0y)?
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13.2.10. Kopucryrouncs Tabaumneo po3bynosu KuiBCbKOT0 METPOIIOIiTeHY, IO-
OymyiiTe MOJIITOH YacTOT KiJIBKOCTI craHItiii 3a mepioxg 1960—-2013 pp.

. KiaekicTs . KinekicTs . KinskicTs

Pir .o Pik . Pik .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 MAHUX IIOAO0 KiJbKOCTi
MepmaJieit, ki 3700yau yKpaiHChbKiI crmopTcMeHM Ha JiTHix OJsrimiriii-
CbKUX irpax, moOyayiiTe: 1) IMOJIiroH YacTOT KiJIBKOCTi 30/I0THX Me-
naJieit; 2) MOJIITOH YACTOT 3arajibHOI KiJBKOCTI Menmaseit; 3) KPyroBy
giarpamy posIomijay mexmaseii 3a Bugamu (30J0Ti, cpibHI Ta 6pPoH30Bi)
Ha irpax 2008 p.

Pik mpoBeeHHs RinpkicTs 3m00yTHX Megamnei

oxiMmiaau 3oaorti Cpioni Bpon3osi Ycsoro
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. YV rabnumi mojaHO CTATHUCTUYHI ZaHI I[OL0 KiTbKOCTI Menanei, AKi
3mo0ysn ykpaiHCbKi IIKosapi Ha MiKHapoZHMX MaTeMaTUUYHUX
oaimmiagax y 2013-2018 pp.

Pix mposegeHHs KimbkicTs 3m00yTHX Memamxeit
oxiMmiaam 3oi0Ti Cpioni Bpousosi Ycenoro
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

IloGymytiTe: 1) HOJNITOH UYacTOT 3arajJbHOI KIJIBKOCTI MemaJieii;
2) croBmUacTy AiarpamMy PpO3MOAiJay B3arajbHol KiJbKocTi 3m00yTHX
MemaJieil 3a PpoKaMu; 3) MOJIIMOH YAaCTOT KiJIbKOCTI 30JIOTHUX MejaJieii;
4) KpyroBy AiarpaMmy po3mOAiNy Memajeil 3a BugamMu (30J0Ti, cpibHI
Ta OpoHns30Bi) Ha osimmiaxi 2015 p.



3ABJIAHHA A9 NIATOTOBKM A0 OLIHIOBAHHS

Tecm
Ne 3

1.

Is mudpp 1, 2, 3, 4, 5 crkIameHO BCi MOMKJIMBI I’ ATUIIU(PPOBI UmcIa
0e3 moBTopeHHs u@p. CKiIbKH cepen IMX uYMcesJ TaKuX, SKi mo-
YNHAIOTHCA 3amucoM «423»?

A2 b 24 B 36 I' 96 A 118

3 HarypanbHux umces Big 1 mo 30 yueHr HaBMaHHsS HasUBa€ OIHE.
fxa #fiMoBipHiCTBL TOrO, IO Ile YMCJO Hemapue?

AL 5 1 5 L ol 1l
6 5 4 3 2

Y kopobmi jexxars 60 pPiZHOKOJIBOPOBUX KYJLOK: UYEpPBOHi, CHHI
iskoBTi. 3’sAcyiiTe, CKiJIBKM KOBTHUX KYJbOK JEMHUTL y KOPOOILi,
SAKIIO WMOBipHiCTh BHOOPY BUHAJKOBUM UWHOM YKOBTOI KYJIBKHU JO-
. 1
piBHIOE 3

A 10 B 15 B 20 I 30 A 40

YcraHoBiTH BiANOBiAHICTE MiXK IeHTpadbHUMH TeHAeHIiamMu (1-3)
BubOipKu Ta ixHiMu sHaueHHamu (A-T).

1 Cepenue smauenusa sBubipkm: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10
2 Mopga Bubipku: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10
3 Mepgiana Bubipku: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10

I'panbuuit KyOuK migKugaoTh ABiui. 3Ha#AITE iMOBipHicTE TOTO, IO
BUIIaJle Pi3Ha KiJIBKICTh OUOK.

s . . 2 2 _
Posp’soxiTe piBEaArHA C; +C;,;=49.

Y maprii 3 10 gmeraneit 8 geraneill craHgapTHi. 3HaWAITE iMOBip-
HiCTBh TOro, IO cepel HaBMaHHA BuUOpaHMX 3 meTajieil TiJIbBKKM OOHA
cTaHAapTHA.

Tpu cTpinsii 3po6uan mo ogHOMY mocTpiny. VIMoBipHicTb BIyueHHS
B IiJIb IepInuM cTpijgbiiem mopiBHioe 0,8, apyrum — 0,75, Tpetim —
0,7. fIka #iMOBipHiCTHL TOUHO ABOX BJIYYEHL?

MponaiTb OHNANH-TECTYBaHHS Ha CaWTi interactive.ranok.com.ua

TeMu HaBYa/IbHUX MPOEKTIB

. KombinaTopruka B HaBKOJHUIITHBOMY JKUTTI.

. VImoBipHicTs HaBKOJIO Hac.

. BumagkoBi Be1nmunHM HABKOJIO HAC i1 IX YMCJIOBI XapaKTEePUCTUKMU.

. HacToTra B cTaTHUCTHUIII i PO3B’A3yBaHHSI €KOHOMIUHUX 3amad.

. MaremaTruyHa cTaTHUCTHKa HABKOJO Hac.

. JKigku B maremaTuili — Bif MUHYJOTO IO ChHOTOHEHHS (ZOCJIi-
I)KeHHs OUHAMIKYM 3MiHM dYncjJa KiHOK, II0 3aiiMaloThCA MaTe-
MaTHKOIO, V CBiTi, B YKpaiHi).

Sy OU s W N =
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B. Ilackannb
(1623-1662)

X. T'roiirenc
(1629-1695)

-

I1. JI. Yeburos
(1821-1894)

BIAOMOCTI 3 ICTOPII

Enemenrtapui sagaui, axi misuime 6yau BigHeceHi 10 CTOXaCTUKM, TOOTO IO
KOMOiHATOPHUKH, Teopil MMOBipHOCTE! Ta MaTeMaTUYHOI CTATUCTUKM, CTABUJIN-
cdA 1 posB’asyBasimcd mie 3a 4yaciB CrapomasHix €runty, I'penii Ta Pumy. Ileit
nepion Tak 3BaHOI mepenicTopii Teopii fimoBipHOCTel 3akinumBeA B XVI cT. mpa-
uamu itamificbkux marematukis JI. Kapgano (1501-1576), H. Tapraapsa (1499-
1557), I'. Tamxinesa (1564—1642). V nux mpanax yxke Qirypye moHATTA fiMOBip-
HOCTi, BUKOPHCTOBYEThCA TeOpeMa IIPo MMOBipHiCTh JOOYTKY He3a e KHUX IIOIi,
BUCJIOBJIOIOTHCA IeAKi MipKyBaHHS IIOL0 TAK 3BAHOI'O 3aKOHY BEJIMKHUX UUCEJI.
VY XVII-XVIII cT. nuTanEAMET Teopii IMOBipHOCTEH MiKaBuancA (hpaHITy3bKi Ma-
rematuku II. @epma (1601-1665) i B. Ilackans (1623—-1662), migepranacbKuit
maTtemaTuk X. I'roiirenc (1629-1695), mBetinapcski marematuru 1. Bepryosiri
(1654-1705), H. Bepuyaai (1687-1759), . Bepryamxi (1700-1782) Ta pociii-
cekuii marematuk JI. Eitmep (1707-1788). ¥V cBoix mpaisagx BOHU BiKe BUKODPU-
CTOBYBAJI TEOPEMU JOJaBaHHSA i MHOKEHHSA NMOBipHOCTeH, MIOHATTS 3aJeKHUIX
Ta He3aJIeKHUX NOAil, MaTeMaTUYHOTO CIOAiBaHHI.

Benuky posb y po3mOBCIOAKEHHI ifeit Teopii iMOBipHOCTE Ta MaTeMaTHUd-
HOI CTaTUCTUKU Bifirpasu BugaTHi ykpaincbKi marematuku B. SI. BynakoBcbkmit
(1804-1889) ra M. B. Ocrporpaacskuii (1801-1862).

ITomanpiiuii po3BUTOK Teopii iMoBipHOCTEI TOTPEOYBAaB YTOUHEHHS 11 OCHOB-
HUX IOJIOXKEeHb. BeJInKy po0OTy B IIbOMY HAIIPAMKY IIPOBiB BUAATHUN POCIAChK UL
maremaruk IL. JI. Ye6umos (1821-1894). Moro yuens A. A. Mapkos (1856—1922)
CTaB BUJATHUM MaTeMaTHUKOM caMe 3aBIAKM! CBOIM AOCTiAKeHHAM y Teopii fimo-
BipHOCTEIA.

Kamxka A. A. MapkoBa «HucieHHA IMOBipHOCTEHN »,, IEPIIle BULAHHA AKOL
Bigoysoca B 1900 p., a uerBepre — y 1924 p., mporArom 6araThbox pPoKiB Oyia
HaWKpaIoo cepel THX, 3a AKMMH HaBuajaucs O0arato MaiiOyTHiX MaTeMaTHUKiB.

Y XX cr. Teopia MMOBipHOCTEN IOCTYIIOBO IEPETBOPUJIACH HA CTPOTY aK-
ciomatuuny Tteopiro. Ile Bixbysoca saBOAKHM IpamaAM 0araTboX MaTeMaTHUKiB.
AJne mificHO BUPIIIAJIBLHUM €TalloM PO3BUTKY Teopii WMOBipHOCTeH cTajia mpaisa
A. M. KoxmoropoBa (1908-1987) «OcHoBHi mouATTA Teopii iiMoBipHOCTEH» (BU-
maHa B 1933 p.), v AKiit BiH BUKJIAB CBOIO aKcioMaTUKYy Teopii imoBipHOCTei. 3a-
BAAKHN IIbOMY TeOpis HMOBipHOCTeil cTaJjia HapiBHI 3 iHIIMMU MaTeMATUYHUMU
OUCIUIJIiHAMH.

Benuki gocarHeHHA B Teopii #iMoBipHOCTell Ta MaTeMaTHMUHill cTaTHCTHITL
MaJId TaKOMK pociiiceKi Ta yrpaincbki marematuru O. . Ximuun (1894-1959),
€. €. Cayupkuii (1880-1948), B. B. I'negenko (1911-1995), . I. lixmanu (1918-
1985), B. C. Muxazaesuu (1930-1994), M. ¥. Anpenko (1932-2004), FO. M. €p-
moabeB (1936 p. u.), I. M. KoBasenko (aap. 1935), B. C. Kopourok (1ap. 1925),
A. B. Cropoxoxa (1930-2011), A. ®. Typ6iu (gap. 1940) Ta iwmmri.

A. A. Mapkos A. M. Konmoropos M. 1. Iaperko
(1856-1922) (1908-1987) (1932-2004)




Po3noin 4

PIBHSAHHS, HEPIBHOCTI TA IX CUCTEMM.
Y3ATAJIbHEHHS TA CUCTEMATU3ALISA

Y UbOMY PO3IJ1I BU:

P cuctemaTtumsyeTe 1 y3aranbHUTE CBOT 3HAHHSA U YMIHHS,
NoB'A3aHI 3 3arafibHUMM METOAAMM PO3B’S3YBaHHA PIBHAHb
| HEPIBHOCTEW, 30KpeMa 3 NnapamMetTpamu;

P cucTemMaTu3yeTe METOAM PO3B 'A3YBaHHS PI3HWX TUMIB PIBHSAHb
| HEPIBHOCTEW Ta IX CUCTEM;

P HaBYMTECA PO3B’'A3yBaTV AeAKi CKNAaOHI PIBHAHHSA N HEPIBHOCTI




CUCTEMATU3ALIA N Y3ATAJIbHEHHS BIJOMOCTEW
NMPO PIBHAHHA, HEPIBHOCTI TA IX CUCTEMWA

14.1. PiBHAIHHS | HepPIiBHOCTi 3 OfHi€l0 3MiHHOIO

Tabaumnsa 23

1. O6nactb AONYCTMMMUX 3HayeHb (0A3)

O3HnaueHHI

Ob6racmro donycmumux 3Havend (a60 obdIacTIO
BU3HAUYEeHHs) PiBHAHHA (200 HepiBHOCTI) Ha3mU-
BA€EThCA CIIiJIbHA 00JIaCTh BUSHAUEHHS JIJIA BCixX
byHKI1Iil, IO CTOATSH Y JiBill i MpaBiii yacTuHAX
piBHsaHHA (a00 HepiBHOCTI).

ITpukaang

Iuisa piBuaHHA VX+2 =X
Oon3: x+22>0, to0T0 Xx>-2, OCKiJIBKK 006-

JacTh BUBHAUEHHA (POYHKITiL f(x) =Jx+2 Bu-
3HAYaEThCA yMOBO0 X+ 220, a o0acTio BU3HA-
yeHHA QYHKITIT g(x)=x € MHOJKMHA BCix mific-
HUX YHCeJI.

2. PiBHAHHA-HacNigKu

O3HaueHHA i Opi€cHTHD

SAKI0 KOKHUIL KOPiHB NEPIIOTO PiBHAHHA € KO-
peHeM apYyroro, To Apyre pPiBHAHHA HA3UBAETh-
¢ Hacni0KoMm TepIIoro.

SIKI110 3 MpPaBUJIBHOCTI MEPIIoil PiBHOCTI BUILIU-
Ba€ MPaBUJIBHICTh KOSKHOI HACTYIHOI, OJIEPSKY-
€MO PiBHAHHS-HACJIIKHU.

IIpu uvboMy MONCIUBA NOABA CMOPOHHIX KOpe-
Hig. Tomy mpu BUKOpPHUCTaAHHI PiBHAHB-HACJIIT-
KiB mepeBipka omep:KaHUX KOPEHIiB IiICTAHOB-
KOI0 B IIOYATKOBE pIBHAHHA € CKJIAJ0BOIO
PoO3B’A3yBaHHA.

ITpuxmang

Po3B’skiTh piBHAHHA \X+2 =X.

ITlitmecemo o0uMABI YacTHWHU PiBHAHHA [0

KBajpara:
(x+2) =%

x+2=x%;
x2-x-2=0;
xl = 2 5 xz = _1 .

Ilepesipkra:

X=2 — KopiHb;

x=-1 — cTopoHHil KOpPiHb.

Bidnosiov: 2. <|

3. PiBHOCM/IbHI PiBHAHHA i HepiBHOCTI

O3zHaueHHI

JABa piBHAHHA (HepiBHOCTi) Ha3WBaIOTHCA piG-
HOCUNbHUMU HA TeAKili MHOKWHI, IKII0 HA I[il
MHOKWHI BOHU MAIOTh OJHIi i Ti cami po3B’A3KH.

Tob6mo Kox)eH po0368’a30K nepulozo pPi6HAHHS
(HepieHocmi) € po3s’sa3Kxom Opyzozo, i HABNAKU,
KOMCHUIL pP038°30K 0pYyz020 € po38°A3KOM nep-
wozo (CXeMu TaKoro pO3B’sI3yBaHHA PiBHAHD
i mepiBHOCTeli HaBemeHo B mm. 4 i 6 1iei Ta6-
auri).

Haiinmpocrimi Teopemu

1. Axuro 3 oxHi€el yacTuHU PiBHAHHA (HEPiBHO-
CTi) mepeHecTH B APYTy AOMAHKU 3 MPOTHIENK-
HUM 3HAKOM, OJEepP KUMO PiBHAHHSA (HepiBHIiCTB),
piBHOocuIBHe 3amaHomMy (Ha Oyab-iKili MHO-
JKUHi).

2. dAxmo o6uaBi YacTHHYN PiBHAHHA IMOMHOMKH-
TH a00 MOJIJIMTH HA OJHE I Te caMe 4YMCJIO, Bil-
MiHHe Big Hy s (a6o0 Ha ogHy #H Ty camy (yHK-
Iiro, Mo BHU3HAYeHa i BigmMiHHaA Big HyJ s Ha
O/13 3amaHOro piBHAHHSI), OAEPKUMO DPiBHIH-
Hd, piBHOCUIBbHE 3amanomy (Ha O/13 3amaHoro).
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4, Cxema MOWYyKy nsiaHy po3B’A3yBaHHA PiBHAHDb

| Posp’sisyBanHA piBHAHD |

el B
3a JIOTIOMOTOIO0 3a JTOIIOMOT'OO0
pPiBHAHB-HACTIIKIB PiBHOCHJIBHUX IEPETBOPEHb

IlepeTBOpeHHA, II0 TapaHTYIOTH

. YpaxyBauasa O3 mouaTKOBOTO
30epe’KeHHA IPaBUJIbHOCTI

-

. . piBHAHHA
piBHOCTI
. . @ 36eperxkenaa Ha O3 npaBuiabHOCTL
IlepeBipka KOpeHiB mifCcTaHOBKOIO . . .
1 T piBHOCTI Ipu mpAMUX i 3BOPOTHHUX IIe-

B IIOYAaTKOBE PiBHAHHA

PETBOPEHHAX

Y
| 3aCTOCYBAHHAM BJIACTHBOCTEH (PyHKIIiN |

@ — IIOYaTKOBE PiBHAHHS;

@ — piBHAHHA, OJepKaHe B Pe3yJIbTATi IMEPETBOPEHHA IIOUYATKOBOTO;

1,T — cumBoiiuHe 300pasKeHHsA HAIPAMKY BUKOHAHUX IIEePETBOPEHb
5. 3aMmiHa 3MiHHMX

OpieaTup IMpuxaan

: i : ) PosB’axiTh piBHanHa sin®x—2sinx—-3=0.
AKLo A0 PiBHAHHA (HepPiBHOCTi 860 TOTOXKHOCTI)

Bukonaemo saminy sinx=t%.

.
.
.
.
.
.
.
.
.
.
.
.

3MiHHa BXOAWTb B OHOMY i TOMY CaMOMy BUMNIA- : /2 _9:_3-0:

4i, TO 3py4yHO BiANOBIAHWIA BUpPa3 3i 3MiHHOWO © £ =3 f= ’1
: MO3HaunTK OfHi€ BYKBOI (HOBOIO 3MiHHOW). & 1= 2= .
feeieeeentansnnaneenceetnsensasensenseasasenseaseseast | 1. IIpm =3 MaemMo sinx=3 — KopeHiB He-

Mae, OCKLIBKU |3|>1.
2. Ilpu t=-1 maemo sinx=-1, Toxi

x=—%+2nk, keZ.

Bidnogiov: —g +2nk, keZ. <

6. CxeMa noLwWYyKy nnaHy po3B’s3yBaHHA HepiBHOCTEM

| Po3sp’sa3yBanns HepiBHOCTEIT |

“ N
3a OIIOMOr'0I0 PiBHOCHUJIBHUX II€PETBOPEHDb 3a JOIIOMOI'OI0 METOXy iHTepBaJiB ( f(x)%O)
VYpaxysauaa O3 mouaTKoBOi 1. 3uatitu OJ13.
HepiBHOCTL 2. Buaiitu myxi ¢yukmii: f(x)=0.

: 3. Ilosnaunru Hyni Ha O/I3 i sHaliTH 3HaK
30epesxenns Ha O3 mpaBUJIBHOCTL

HEpPiBHOCTI IIpHW MpAMUX
i 3BBOPOTHUX MEPETBOPEHHAX

dyurnii f(x) y KoxHOMY OpOMiKKY, Ha
ari O03 po3buBaeTbCA HYJIAMU.

4. 3anucaTu BiAHOBiAb, YPaXoBYIOUU 3HAK 3a-
ITaHoi HepiBHOCTI.

— IIOYaTKOBA HEPiBHICTH;

OO | ®50

— HepiBHIiCTb, oflep:KaHa B pe3yJbTaTi IIepeTBOPEHHSA IIOUYAaTKOBOI;

1,T — cumBosiuHe 300parkeHHs BUKOHAHUX IIePEeTBOpPeHb (i3 BKa3iBKOI HANPAMKY iX BUKO-
HAHHA)
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7. MeTtopa iHTepBanis (po3B’A3yBaHHA HepiBHOcTeM Buay f(x)Z 0)

IInan ITpuraanx
x?-4
1. 3naitu O/3. Posp’sa:xiTe HepiBHiCTH 7 >
. Pose’ x+5
2. 3maittu mymi gymenii: f(x)=0. 036 A3AnHA )
. x“ -4
3. IToznauutu Hyxi va 013 Hexait f (x)=—2.
(x+5)

i smaiitu 3mak f(x) 5
Y KOKHOMY IIPOMIKKY, HA AKi 1. 0113: (x+5)"#0, omxe, x#-5.
O/I3 po3ouBaEeThCA HYJIAMH. 2. Hyni dyrkuii: f(x)=0.

4. 3anucaTtu BigmoBigb, 2 4
YPaXoBYIOUU 3HAK 3a/aHOL 5
HepiBHOCTI (AKWo0 po36’a3yemo (x+5)
Hecmpozy HepiéHicmb, mo 6cCL
HYal QYHKUIL caid ékaouumu 3. % Y Y
0o 6i0noeidi — y HaBeJeHOMY -5 ) 2 x
OpuUKJaAi me uyuciaa —2 i 2).

=0; x2—4=0; x;=-2, x9=2 (Bxogars po O13).

Bidnosiov: (— ooy — 5) U (—5; - 2] U [2; + oo). <

8. Teopemu Npo piBHOCH/ILHICTb HepiBHOCTEM

1. Axmo o6MABI YAaCTHHHM HEPIiBHOCTI NMOMHOKUTH a00 IMOTIIUTH Ha OdHE I Te camMe MOoJaTHE
uucao (abo Ha 00HY i my camy QYHKYi0, wo susnavena i dodamua na O3 3adaHol HepieHO-
cmi), He 3MiHIOIOUHM 3HAK HEPiBHOCTi, Oep;KMMO HEpiBHiCTh, piBHOCUIBbHY 3amaHiii (Ha O3
3adaHOI).

2. ko o0MABI YacTHHM HEPIiBHOCTI MOMHOMKHTH a0o0 MOTIIMTH HA OaHE W Te camMe Bix e€MHe
yncio (a6o Ha 00HY i my camy PyHKuin, w0 eusnavena i 6i0’emna Ha OL3 3adanoi HepigHo-
cmi) i 3MIiHUTH 3HAK HEPIiBHOCTI HAa MPOTUJIEKHUN, ONEPKMMO HEPiBHiCTh, PiBHOCUJIBHY 3a-
mauiii (ma O3 3amamoi).

\ZK'(LQ‘AZ 7& ‘b

22y v

4x+9g=5 %
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Haragaemo, SK MOKHa pPO3B’ A3yBaTH PiBHAHHSA i HEPiBHOCTI, IIT0 MiCTATH 3HAK MOIYJIA.
Tabaumnsa 24
1. CxeMa po3B’A3yBaHHA piBHAHb i HepiBHOCTEM, WO MICTATb 3HaK MoAy/A

| Posp’a3yBanus |

v v v
3a 03HAYEHHAM 3a reOMeTPUTHIM 3a 3arajbHOI0 CXEMOIO
3aMicTom
. 1. Bmaiitu O13.
a, mpu a >0, |a| — gidcmanwv Ha . L.
. o 2. 3HaWTH HYJi BCiX migMOIyIh-
|a|= 0, mpu a=0, yuca08iil npamiit 8id .
HUX (QPYHKIIIHA.
—a, mpu a<0 mouku 0 do mouku a 3. Tosmaumrn mym ma O3
1. |f(x) | —a. i p0f61/1'm 011,3 Ha IIPOMIiXKKHU.
4. 3HaliTu PO3B’A30K Yy KOXKHO-
2. |f(x)|=| g(x)| My B3 npomixkkiB (i mepesi-
3 BHROPHCTaHHHM 3. |f(x)|>a. pUTU, YU BXOLUTH Ieil po3-
CrreniaIpHuX ‘ 4. | f( x)|<a B’SI30K Y POBIVIAHYTHI IIPO-
CIIiBBiTHOIIIEHb MiKOK)
2. BuKopucTaHHA reoMeTpu4Horo 3micty moayna (npy 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. |f(x)|>a<:)f(x)<—a a6o f(x)>a. W
4. |[f(x)|<ae-—a<f®)<ae f(x)>-a, —a 0 a 1
f(x)<a.
Y3araapHEeHHSI
g(x) >0,
5. |f(x)|=g(x) e 7. |f(x)|<g(x) o -glx)<f(x)<g(x) =
7G| f(x)=g(x)abo f(x)=—-g(x). 7]

@{f(xb—g(x),

6. |F(x)|>g(x) o flx)<—glx) abo f(x)>g(x). flx)<glx).

3. BuKopucTaHHA cneuyiasbHMX cniBBigHOLWEHb

1. |u|=u<:> uz=0. 5. |u|+|v|=u+v<:>{z§8i
2. |ul=—ue u<o.
3. |ul=|v]e u?=v?. 6. |u|+|v|=—u—v@{z§gi
4. |u|>|v|<:) u2>v2,

Toni |u|—|v|>0<:)u2—vz>0; 7. Ju|+|v|=lutv|e uw>0.

3HaK pi3Huyi modynie 0eox eupasie 30iza- 8. |u|+| v|=|u—v | o ur<0.

emoucs 31 3HAKOM Pi3HUUL ix Keadpamis.

9. |x—a|+|x—b|=b—a<:) as<x<b, ne a<b.
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14.2. Cnctemu piBHSAHb i HepiBHOCTEN

Tabaumnsa 25

1. CucTteMun piBHAHb i HepiBHOCTEM

IlouaTTa cucreMu Ta ii po3B’A3KiIB

SKIO cTaBUTHCA 3aBHAHHSA 3HAUTH BCi CHiJIBbHI
po3B’a3Ku ABOX (abo 6inblne) piBHAHL (abo He-
piBHOCTeIT) 3 omHie0 ab0 KiJTbKOMa 3MiHHUMU,
TO Ka’XyTh, IO IMOTPiOHO DPO3B’A3aTH CHCTEMY
piBHIHB (200 HepiBHOCTEIT).

3anucymoTh CuUCTEMY pPiBHAHL (HepiBHOCTEIT),
00’egHyI0OUN iX (QirypHOIO AYIKKOIO.
Posé’a3kom cucmemu Ha3WBAETHCA TaKe 3HA-
YeHHsA 3MiHHOI a00 TakuWil yHOPSITKOBAHUII Ha-
0ip 3HauYeHb 3MIiHHHMX (SIKII0 3MiHHUX [TEKiJIb-
Ka), II0 3aJ0BOJIbHAE BCi PiBHAHHA (YU HePiB-
HOCTi) CHCTeMMH.

Poszg’asamu cucmemy pienanb (a6o HepiHO-
cmeil) — 3HAUUMb 3HAUMU 8¢ ii po36’a3Ku abo
dogecmu, w0 po3s’a3Ki6 HeMae.

SkImo cucrema He Mae Po3B’sI3KY, TO il HaswBa-
I0Tb HeCYMICHOIO.

ITpuxknaagu

— cmcTeMa IBOX PiBHAHB i3 ABOMA
3MiIHHUMU.

x—-y=4,
2x+y=11

ITapa uwncen (5; 1), TOOTO

x=35, ,
_{ — Posp’szox
CUCTEeMU. y=

x? - y+2=0,
xy+xz+yz=19, — cucrema TpPHOX DPiBHAHD
x+y—z=2 i3 TppOoMa 3MiHHUMU.

Tpifika wncen (1;4;3),

x=1,
T06TO {y=4, — omuH i3 Po3B’SA3KiB cucTEeMMU.
z=3

2. CucteMu-HacnigKkm

O3zHaueHHa

Ao KoKHMIT PO3B’A30K MEPIIOl CUCTEMHU PiB-
HAHb € PO3B’A3KOM IPYyroi, TO APYry CHCTEMY
Ha3WBAIOTh HACAI0KOM TIepIIoi.

IIpu BUKOpPUCTAHHI cuCTeM-HACIiAKiB MOYKJINBA
mosiBa CTOPOHHIX PO3B’sA3KiB, TOMYy IlepeBipka
IIiICTAHOBKOIO PO3B’SA3KY B IIOYATKOBY CUCTEMY
€ CKad08010 P038°A3YBAHHA CUCMEMU.

IIpuxnan
Y —1
) . — 4
Posp’sokiTh cucremy < x-—1
xZ=y+1.

Is mepmmoro piBHAHHA cucremu: y=x-—1.
IlincraBisgemMo y B [pyre PiBHAHHA CHCTEMU

it omepmyemo: xZ=x; x;=0, x5=1. Tomi
y1=-1, y,=0.
Ilepesipka:

ITapa uumcen (0;—1) 3a0BOJIbHSIE 00UIBa PiB-
HAHHA cucTeMu i € ii pos3s’saskom. ITapa umcen
(1; 0) He 3aJ0BOJIbHAE IIepllle PiBHAHHA 1 He
€ po3B’A3KOM cucTeMu. Bidnosiov: (O;—l). <

3. PiBHOCM/IbHICTb cMcTeM piBHAHb i HepiBHOCTeM

[ABi cucremu piBHAHL (YU HepiBHOCTEI) Ha3U-
BaIOTHCS Pi6HOCUNLBHUMU HA OeaAKil MHOMNCUHL,
AKINO HAa i MHOKMHI BOHM MAaIOTh OJHAKOBI
po3B’aA3Ku (TOOTO KOMKHUM PO3B’A30K IIepIIoi
CHCTEMU Ha I[ili MHOKUHI € pO3B’A3KOM Ipyroi,
i HaBIaKM, KOYKHUU PO3B’SI30K APYroi CUCTEMU
€ PO3B’A3KOM IIEpIIOi).

O6nacmro donycmumux 3navensv (0A3) cucme-
Mu Ha3WBAIOTHh CHOiJIbHY 00JIACTh BHU3HAUYEHHS
BCix (yHKIIill, [0 BXOAATH M0 3aMHUCY i€l cu-
CTEMHU.

VYeci piBHOCUIBHI IIEPETBOPEHHS CHUCTEM BUKOHY-
ot HA O3 mouaTKOBOI cucTreMu.
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Haijinmpocrinmri BIacTUBOCTI PiBHOCHJIBHHX CHCTEM

1. Sdxuro 3MiHUTH NOPAIOK 3amUCy PiBHAHB (UM HEPiBHOCTEI) 3aJaHOI CHCTEMU, OJEP:KMMO CH-

cTeMy, PiBHOCHJIbHY 3aTaHiil.

2, fdAxmo omHe 3 piBHAHB (200 HEepiBHOCTEI) cUCTeMH 3aMiHUTH Ha PiBHOCHJIBHE HOMY PiBHAHHSA
(HepiBHiICTH), TO OAEPKUMO CHCTEMY, PiBHOCHJIBHY 3aJaHil.

3. fAxkmo B cucTeMi PiBHAHD 3 OHOTO PiBHAHHA BUPA3UTH OTHY 3MiHHY uepe3 iHIII i ogepsKaHMil
BHUpa3 MiICTABUTH 3aMiCTh Iji€l 3MiHHOI B yci iHII PiBHAHHA CHCTEMH, TO OAEPSKUMO CUCTEMY,

piBHOCUIBHY 3amaHii (Ha i O/13).

4. fxkmo Oynb-sike PiBHAHHA CHCTEMHU 3aMiHUTH CYMOIO IIhOTO PiBHAHHSA, MTOMHOKEHOTO Ha UWC-
m0 o#0, i gKoroch iHOIOro0 PIBHAHHA CUCTEMH, MOMHOKeHOro Ha umcao P#0 (a yei immdi
PiBHAHHA 3aaumuTH 0e3 3MiHM), TO OJEP:KMMO CHCTEMY, PiBHOCUJIbHY 3aJaHii.

4. OCHOBHi Ccnocobu po3B’A3yBaHHA CUCTEM PiBHAHb

Croci6 mimcTaHOBKU

Bupaskaemo 3 OZHOTO PiBHSHHSA CHCTE€MH OTHY
3MiHHY uepe3 iHmry (a6o uepes iHmri) Ta mig-
CTaBJIAECMO OJEep:KaHUil BHPaA3 3aMiCTh BiaIo-
BimHOI 3MiHHOI B yci iHHmII piBHAHHA cucTeMu
(motiMm po3B’A3yeEMO oep:KaHe pPIBHAHHA abo
CHCTEMY i MifICTABJISAEMO PE3YJIbTAT Y BUPaA3 IJIA
nepIol 3MiHHOI).

2x-y=3,

IIpuxaan. Poss’sxiTh cucrem
p A y {x+y:3.

I3 mepmroro piBusiHHS cuctemu Yy=2x—3.
IlircTaBigeMo B [Opyre piBHAHHA CHUCTEMU
i omepakyemo x+2x—-3=3. 3sigcu x=2. Toxi

y=2x-3=1.

Bidnogiov: (2; 1). <

Cmoci6o momaBaHHA

Axuo mepure piBHAHHSA CHCTEMHM 3aMiHHTHU CYy-
MO0 IIepPIIOro PiBHAHHA, IIOMHOKEHOTO HAa
yneao O #0, i gpyroro, MOMHOKEHOT0 HA YHC-
a0 B#0 (a Bei immi piBuanHA 3aaumuTu Ges
3MiHH), OEeP;KMMO CHCTEMY, PiBHOCHJIbHY 3a-
maHii.

5x-3y=9, |2
3x+2y=13.'3

ITomHOXMMO 0O0MIOBI YaCTUHU MEPINOrO PiB-
HAHHA CUCTeMUW Ha 2, a apyroro — Ha 3 (11106
ollep;kaTtu AK KoedilieHTn nmpu 3MiHHIN y mpo-
TUJIEXKHI YMcia) i MoUJeHHO M0oJaMO OTpUMAaHi
piBHAHHA. 3 0OCTAHHLOTO OJEPIKAHOT0 PiBHAHHS
3HAXOAUMO 3HAUEeHHS X, MiICTABJISAEMO DPe3yJib-
Tar y 0yab-AKe PiBHAHHA CUCTEMU i 3HAXOAUMO
3HAUEHHdA VY.

IIpukaan. Poss’saxiTe cucremy {

10x -6y =18,
9x + 6y =39.
19x =57,
x=3.

Tomi 3-3+2y=13; 2y=4; y=2.
Bionogiov: (3; 2). <

I'padiune po3B’A3yBaHHA CHCTEM PiBHAHB i3 TBOMAa 3MiHHMUMU

BukoHyemMo pPiBHOCHJIIBHI TEepPeTBOPEHHS 3aJaHOI CHCTEMH TaK, 100 OyJao 3py4yHO OyayBaTu rpa-
¢iku Becix piBHAHB, MO BXOAATH M0 cuctemMu. Ilotim Oymyemo BimmoBimui rpadiku i 3sHaxogmmo
KOOPAWHATH TOYOK IMEPETHHY IOOYTOBAHUX JIiHIiN: IIi KOOPAMHATH i € PO3B’I3KAMM CHCTEMHU.
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ITpuxkaamn

1. PosB’sokiTh rpadiuHo cuctemy 2x-y=3,
x+y=3.

3amaHa cucTeMa pPiBHOCUJIbHA CHCTEMi

y=2x-3,
y=3-x.

T'padikoM KOKXHOTO 3 PiBHAHL CHCTEMH € IIpsMa.
Haa moObymoBu TpsAMOi JOCTATHBO TOOYIYyBaTHU

st y=2x—3 raki: 0 .
y ' -3 -1
. x 0 1
oua y=3—x Taxi:
y 3 2
y
1 /
3
=2x-3
2 Y Y
1
1 01/2 374 5 «x
-1
_2 _3
-3 Y=o-*

I'padikm mnepermHamoTbecs B Toumi M (2; 1).
OTsxe, mapa 4dmces (2; 1) — €IWHUN PO3B’SI30K

3aaHOl CHCTEeMMH.

Bionogiov: (2; 1). <

2 2

. . =2-
2. Posp’axiTs rpadiuHo cucremy x3 v
x°—-y=0.

3ajaHa cucTeMa piBHOCHIIBHA cucTeMi
2 +y?=2,
y=x5

TI'padix mepimioro piBHAHHSA cuUCTeMU — KOJIO pa-
miyca <2 3 IeHTPOM y IIOYaTKy KOOpAMWHAT,

a rpadik gpyroro — KybOiuma mapaboja y=x3.

y=x

IIi xBa rpadikm mepeTUHAIOTHCA y ABOX TOYKAX
3 KOOpAWHATAMU (—1; —1) i (1; 1).

Bionosiov: (—1;—1), (1; 1) — PpO3B’A3KU
cucremMu. <

MOACHEHHA 1 OBI'PYHTYBAHHH

0 3aranbHi meToan po3B'A3yBaHHA PiBHAHb i HepiBHOCTEN

IIi meTonm, a TaKOXK BiANOBiAHI OpieHTHU-
pu OJid IX BUKOPUCTAHHSA, HaBeaeHi B Ta0i. 23,
Oyau JeTajJbHO Po3i0dpaHi B MiAPYYHUKY OJIs
10 kaacy (§ 3, 4, 7-9, 36). Haragaemo, 1110 3a-
rajJbHi MeToau, MOB’sA3aHi i3 3acTOCyBaHHAM
BJIacTUBOCTEN (QYHKIifT [0 pPO3B A3yBaHHA
PiBHAHB, PO3IVIAHYTO TAKOK B IILOMY IIiApyu-
HUKY B Taba. 11 (§ 8).

Vci piBHAHHA 1 HepiBHOCTI, PO3TIAHYTI
B migpyunukax mis 10 i 11 giacis, Mmu po3B’s-
3yBaJIM 3 BUKODUCTAHHAM 3araJbHUX METO[iB
(nuB., HanpukJaan, § 6). o Hux 3a HeoOXimgmocTi
IOofaBaJIM CIelliajbHi MpuiioMu PO3B’A3yBaHHA
IeAKUX TUIB PiBHAHb YW HepiBHoOcTe# (AuB.,
HAIIPUKJIAJ, CXeMY PO3B’A3yBaHHA IOKA3HUKO-
BUX PiBHAHB y Tab. 4 B 1. 3.2).
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Amnajyoriuno MoKHaA HififiTm g0 BUOOPY
cnoco0y i1 ckJIamaHHA IJIAHY DPO3B’A3YBaHHA
piBHAHHA a60 HepiBHOCTI.

1. CmouaTtky obpamu 3azanvHuil cnocio
Pp0368’23Y8aHHA PiBHAHHA ab0 HepieHOoCcmi ma
3eadamu opieHmupu 024 ilozo peanizayii (IuB.
am. 4 i 6 Trabu. 23).

Hanpuxnazx, aAKmo nisg pos3B’A3yBaHHSA
PiBHAHHA BM BUPIIIMJIM BUKOPUCTATH pPiB-
HAHHA-HACJIAKY, TO B KiHIIi 000B’sA3K0BO [0-
BeIeThCsI BUKOHATU IIEPEBIPKY OAep:KaHUX
KopeHiB (i, odopmiiooum pPO3B’A3aHHA, 3a-
nucaTu abo camy IepeBipKy, a00 BUCHOBOK Ha
riraar «IlepeBipka mokasye, o x = ... —
KOPiHb, & X = ... — CTOPOHHI#A KOPiHb», AKUN
CBiTUUTH, 110 NTEPEBipKy BU BUKOHAJIU YCHO).

2. Jlns 6UKOHAHHA nepemeopeHb 3ada-
HO020 pieHAHHA (HepieHOCMIi) 8uKopucmamu
6i0n06idHi opmyau (3ayeKHO Bif BuULY pPiB-
HAHHA a00 HepiBHOCTI) yu gracmueocmi gio-
nosidnux @QyHkKyill abo cneuyianvbHi Opi€H-
mupu uu meopemu, AKi poaradnaam MiJ dac
po3B’sI3yBaHHA PiBHAHDb i HepiBHOCTEI TT€BHO-
ro Bunay (1isi, 1po06osi, ippalioHaabHi, TOKa3-
HUKOBi, JorapumMiuHi, TPUTOHOMETPHUUHI).

Haragaemo, 1o 3 o3HaueHHA DPiBHAHHA-
HACJHIAKY (AKUL0 KONHCHUIL KOPiHb NepuLozo pis-
HAHHSA € KOpeHeMm OpYyz020, mo Opyze pi6HAHHA
HA3UBAEMbCA HACLIOKOM NepuLozo) OnepKye-
MO opieHTHD:
ana Toro wob opepxatu PiBHAHHA-HACNILOK,
JOCTaTHbO PO3MMAHYTM 3ajaHe PIiBHAHHA AK
NPaBWibHY YKCNOBY PIBHICTb | rapaHTyBatu
(TO6TO MaTU MOXNKMBICTb OOFPYHTYBATK), WO
KOXKHe HacTynHe piBHAHHA Oyae MpaBUSIbHOO
UYNCNOBOIO PIBHICTIO.

CupaBni, HAKIIO [OTPUMYBATHCA IIHO-
TO OpieHTUpa, TO, PO3TIIALAIOUN 3aJaHe PiB-
HAHHA SK IPaBUJbHY UYHMCJIOBY PiBHICTH, MU
(GaKTUYHO ITiACTABISEMO B mepIle PiBHAHHA
3aMicTb 3MiHHOI #or0 KopiHb. [Ipyre piBHAH-
HA TeXX € IIPAaBUJIbHOIO YMCJIOBOIO PiBHiCTIO,
TOJAI POBIIAHYTHUN KOPiHb MHEPIIOro PiBHIH-
HA € KopeHeM i npyroro piBHaHHA. Ile o3Ha-
yae, IO APYyre PiBHAHHA € HACJHiIKOM Iep-
moro. OCKiTbKY B pe3yabTaTi BUKOPUCTAHHS
PiBHAHBb-HACTIAKIB MOKJINBA IOSIBA CTOPOH-

HiX KOpEeHiB, TO IepeBipKa MiCTaHOBKOIO KO-
peHiB y mouyaTKOBe PIiBHAHHA € CKJIAIOBOIO
po3B’aA3yBaHHA (IMB. PO3B’A3aHHSA PiBHAHHS

NX+2 =x 3a IOMOMOrol0 piBHAHL-HACTIIKiB
y u. 2 Tabi. 23).

AnanoriuHuii Opi€eHTHP A9 PiBHOCHJIBL-
HUX TepPeTBOPeHb PiBHAHBL i HepiBHOCTelU 3a-
crocoByBaJiu i B Kypcei 10 Kiacy:

ONA BMKOHAHHA PiBHOCUSIbHUX MepPeTBOPEHb
piBHAHb abo HepiBHOCTeN (OuB. cxemy B n. 4
Tabn. 23) JOCTaTHbO:

1. YpaxyBatn O[13 3agaHoro piBHAHHA (Hepis-
HOCTi).

2. CtexknTu 3a TUM, o6 Ha O[13 KoXkHe nepeTBO-
PEHHA MOXHa 6YNO BMKOHATK K Y MPAMOMY,
TaK i y 3BOPOTHOMY HanpsamKax 3i 36epexeH-
HAM NMPaBUIbHOT PIBHOCTI (HEPIBHOCTI).

Mipkyioun, AK i y BUIIaAKYy opieHTHpPA IJ19
PiBHAHB-HACTiAKIB, oep:KyeMO Take. SIKIITO
IOTPUMYBaTHCA HaBEIeHOTO OPieHTUPA, TO HA
Ol13 KOKHUI PO3B’A30K IIEPIIOro PiBHAHHSA
(uepiBHOCTi) Oyme pos3B’sa3KOM ApPyroro (Apy-
roi), i HaBIaku, KOKE€H PO3B’SA30K JPYroro
piBHAHHSA (HepiBHOCTi) Oyme Po3B’A3KOM mep-
mroro (meprroi), TooTo Ha OJ13 pos3raaHyTi pis-
HAHHA (HepiBHOCTI) OYAyTh PiBHOCUJIBHUMU.
(TIlpukaag BUKOPUCTAHHS I[bOTO Opi€HTHPA
IJIsT PO3B’ A3YBAHHSA PiBHAHD i JOBEJeHHS T€O-
peM IIpo PiBHOCUJIBHICTH PiBHAHbL HaBEIEeHO
BI. 6.1, a 114 po3B’sI3yBaHHsA HepiBHOCTEH —
B1. 6.2.)

IH00i 3py4HO BUKOHYBAMU PIBHOCUNbHI
nepemeopenus He Ha 6ciit O/]3, a minvKu Ha
miil it vacmuni, e micmsamuvcs Koperi 3a0aHo-
20 PiBHAHHS (YU PO38°A3KU HepieHOCMI ).

Hanpuraaz, nia poss’a3yBaHHA PiBHAHHA

Jx+2=x (1)

00epeMo PiBHOCUJIBHI II€PEeTBOPEHHS.

O3 piBusauua (1): x+22>0, TobTo x = —2.
Ha miit OJI3 mpaBa uactuua piBHAHHA (1)
Mo:ke OyTu i momaTHoio, i Bim’emuoio. Tomy
IpH IIigHeceHH] 000X YaCTUH PiBHAHHSA J0 KBa-
apaTa MU MOYKEMO TapaHTyBaTU TiJIbLKW IIpa-
BUJIbHICTh IIPAMUX II€PETBOPEHb (AKIIO YMC-
Jla TOPiBHIOIOTH OJHE OJHOMY, TO i KBaaparu
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ix 060B’sI3K0BO OYAYTH HJOPiBHIOBATH OJUH OJ-
HOMY), a oOepHeHuX — Hi (AKII0 a®=b2%, 10
He 000B’A3K0BO BUKOHYETLCS PiBHicTh a=»b,

HaIpUKJAaI, 22 = (—2)2, ame 2#-2).

Cupobyemo poaraaaytu He Bcio OJI3,
a TiIBKU Ty 11 UaCcTUHY, e PO3TallloBaHi Kope-
Hi 3aJJaHOTO PiBHAHHA.

Hns Bcix KopeHiB piBHAHHA (1) Mae BUKO-
HyBaTucs ymoBa x =0 (rpu migcTaHoBII Kope-
Hs piBHAHHA (1) IepeTBOPIOETHCA HA TIPABUJIb-
HY piBHicTb, JiBa yacTmHa AKOI HeBix eMmHA,
OT:Ke, IJIS BCiX KOPeHiB i mpaBa uacTuHa Oyme
HEeBi’€MHOI0).

3a ymoBu x>0 06udsi yacmuHu pi6HAH-
Ha (1) Hegid’emHi, i npu nidHeceHHi 00 Kea-
Opama mu 00epHcYyemo pi6HOCULbHE PIBHAHHA
(myis HeBim’ eMHUX 3HAUYEHb apryMeHTa (DYHK-

mia y= t?e 3POCTAIOY0IO i KOYKHOT'O CBOTO 3HA-
YyeHHsd HaOyBa€ TiJILKM IPU OJHOMY 3HAUEH-
Hi aprymeHTa, TOMY, AKIIIO a?®=b? apu a=0,
b>0, To 000B’sI3KOBO BUKOHYETHCA PiBHICTDH
a=>b):

x+2=x2. (2)

Hns Bcix KopeHiB piBHAHHA (2) fioro mpa-
Ba YacTHMHA HeBix eMHAa: x? >0, Tomi i JgiBa
yacTuHa Oynae HeBim emHoio: x+220. Ile
o3Havae, IO AJIA BCiX KOopeHiB piBHAHHA (2)
O3 piBaanu4A (1) BUKOHYETHCSA aBTOMATUUYHO
i MO’KHA He 3allCyBaTH MO0 A0 PO3B’A3aHHA
(aJyie moTPiOHO BMiTU OSICHIOBATH, YOMY He 3a-
nucaan). A 3amucyBaTu i BpaxoByBaTu Tpeda

TineKH oOMeskeHHsa x> 0.

Tomi x2-x-2=0; x; =2 — KopiHb (3a-

IOBOJIBHAE yMOBY X >0), x9=-1 — cTOpoH-
Hill KOpiHb (He 3a10BOJIbHAE YMOBY X = 0).
Biodnosgiov: 2.
|

3ayBaxkeHHs 1. HaBegeHe po3B’sI3aHHA MOK-
Ha 3ammcaTyd TAKO)K 3a JOIOMOI'OI0 3HaKa

PiBHOCHJIBHOCTI (<:>) TaK:
x=0
Jx+2 =x o ’

x+2=x"
N x=0, N
x; =-1abo x, =2

x=20,
2 <:>
x“—x-2=0

x=2.

r

3ayBarkeHHa 2. Y HaBeleHHUX BHUIIEe MipKy-
BaHHAX ITIOJI0 PO3B’A3yBaHHA piBHAHHA (1)
Mu GaKTHUUYHO OOI'PYHTYBaJIU TeopeMmy (Ha-
BeJleHY i OOI'PYHTOBaHY B MiAPYYHUKY AJIS

10 kJacy):
() g(x)>0,
M =800 1) g o),

AKY MOKHA BHWKOPHUCTOBYBATH IIijJ dYac
PO3B’sA3yBaHHS ippallioHAJIBHUX PiBHAHB

3)

suny +/f(x) =g(x).

Q CnctemMmn piBHSIHb | HepiBHOCTEN

3 MOHATTSIMHU CHCTEeMH PiBHAHB i Hepis-
HocTell, 11 po3B’A3KY Ta 3 OCHOBHUMU METOa-
MU PO3B’s3yBaHHS CHUCTE€M PiBHSHB, IMOJaHU-
Mu B TabJy. 25, Bu 3HaiioMi 3 Kypcy ajaredopu
7-9 kimaciB (i BUKOpPUCTOBYBaJIM IX IIif dac
posB’asyBauua cuctem y 10—11 kiacax). Ha-
ragjaemo, IIo aHAJIOTiYHO A0 BiAMOBiZHMX IIO-
HATH, TIOB’ I3aHUX 3 PiBHAHHAMY ab0 HePiBHO-
CTAMU, YBOIATH HOHATTSA 00JIaCTi JOITYyCTUMIUX
3HAUEeHb CHUCTEMU PiBHAHBL a00 HepiBHOCTEM
(guB. m. 3 Tabs. 25), MOHATTA CHUCTEeM-HAa-
caigkiB ana piBHAHD (m. 2 Tabs. 25 Ta piBHO-
CUJIbHUX CHCTeM PiBHAHB i HepiBHOCTeMH (1. 3
Tabi. 25).

VYci HaBeleH] o3HaUeHHA BifHOCATHCA He
TiJIBKU O CUCTEM PiBHAHB ab0 cucTeM HepiB-
HOCTell, a ¥ OO0 3MiIlTaHUX CUCTEM, N0 AKUX
BXOJATH i piBHAHHSA, 1 HEPiBHOCTI.

3 03HAUEHHA CUCMeMU-HACLIOKY AJA CU-

CTeMU PiBHAHDB (AKW,0 KOHCHUIL PO36’ 230K nep-
woi cucmemu PiBHAHb € P038°A3K0oM OpY2oi, mo
Opyzy cucmemy HA3UBAIOMb HACLIOKOM nep-
wL0l) BUNLIBA€E TaKUI Opi€eHTHD.
Jna Toro Wwob ofepxaTn CMCTeMY-HaCNifoK, JO-
¢ CTaTHbO PO3MAHYTM 3aflaHy CUMCTEMY PiBHAHb
¢ AK CUCTEMY MPABUSIbBHUX YMCIIOBUX PIBHOCTEN
. irapaHTyBaty (TO6TO MaTU MOXKNBICTb OOFPYH-
: TyBaTW), WO KOXKHY HACTYMHY CUCTEMY PiBHAHb
: MOXHa ofiep>aTu AK CUCTeMY NPaBUAbHUX YNC-
NIOBUX PIBHOCTEI.
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CopaBpi, AKIIO OOTPUMYBATHUCA I[HOTO
opieHTHpA, TO KOKHUI PO3B’sI30K IIEPIIOi Cu-
CTeMHU IIePEeTBOPIOE BCi PIBHAHHS CHUCTEMH Ha
IpaBUJIbHI YMCJIOBi piBHOCTI. AJie Toxmi apyra
crucTeMa TeXX MiCTUTHUMe BCi IpaBUJIbHI Ywmc-
JIOBi piBHOCTi, TOOTO PO3IJISAAYBaHi 3HAUEHHS
3MiHHOI (a00 BIIOPALKOBAHI HA00OPU JeKiIbKOX
3MiHHUX) € PO3B’sA3KaMu i APyroi cucremu,
a 1e ¥ o3Hauae, 110 APyra CHUCTEMAa € HacJi-
koM 1mepirioi. Takoik ciif ypaxoByBaTH, IO
IPY BUKOPHUCTAHHI CHCTEM-HACJIIKIB MOYKIH-
Ba II0AABA CTOPOHHIX PO3B’A3KiB, i TOMY Iepe-
BipKa ITiICTAaHOBKOIO PO3B’A3KIiB y IIOYATKOBY
CHCTEMY € CKJIaJOBOI0 PO3B’sA3yBaHHS (IUB.
npukjaazny . 2 trabiu. 23).

AmnaJioriyHO OGI'PYHTOBYETHCS, IO

Npwv PiBHOCUJTIbHUX MEPETBOPEHHAX CUCTEM PIiB-
HAHb Y1 HepiBHOCTEN HeobXigHO BpaxoByBaTU
O[3 3apaHoi cucTemu i rapaHTyBaTu AfiA BCiX
piBHAHb 36epeXKeHHA NPaBUIbHOCTI PIBHOCTEN
Ha KOXXHOMYy KpoLi po3B’'A3yBaHHA (a gnAa cu-
CTeM HepiBHOCTEN — 36epekeHHsl npaBusib-
HOCTI HepiBHOCTEN) AK MpuU NPAMUX NepPeTBO-
PEHHAX, TaK i NPV 3BOPOTHUX.

Ileit opienTHp m03BOJIAE OOI'PYHTYBATH
HAWUITPOCTIIIi BJIACTUBOCTI PiBHOCUJIBHUX CHU-
cTeM PiBHAHBL i HepiBHOCTell, sIKi HaBemeHO
B 1. 3 Tabu. 25.

@ MpoBeniTh Take 0BFPYHTYBAHHA CAMOCTINHO.

H s po3B’A3yBaHHA JeAKUX CUCTEM iHOL
BUKOPUCTOBYIOTEH BJIACTUBOCTI PYyHKIIiH (AUB.,
Hampuikaan, tabua. 11). Cuig taxosx mam’s-
TaTH, 110 JAJId PO3B’ A3yBaHHA AeIKUX PiBHAHD,
HepiBHOCTE! Ta X CHUCTEM 3PYYHO BUKOPUCTO-
BYBaTHU 3aMiHY 3MiHHUX (OUB., HAIPUKJAT,
po3B’s3aHHA PiBHAHHA B I. 5 Taba. 23, HEpiB-
HOCTi — y 1. 3 Tabi. 5, cucTeMu — y IpUKJIa-
oi 5 mo mm. 3.2 migpyuyHuKa).

Izoni mig yac po3B’A3yBaHHA PiBHAHD i He-
piBHOCTE! JOBOAUTHCS IIEPEXOAUTH HE TiTbKU
10 PIBHOCUJIBHUX CUCTEM PiBHSIHB UM HEPiBHO-
crei (IuB., HaOIpUKJIag, dopmyay (2)), a it mo
cykynHocmeil pi6HAHb ab0 HepieHocmell (a00
ix cucrem).

Po3sé’asamu cyxynHicmdv piBHAHB, HePiB-
( HOCTeH UM IX CHUCTeM — O3HAYa€ 3HAWTHU TaKi

3HAYeHHA 3MiHHOI abo Taki Habopu 3HAUYEHD
BMiHHUX (AKIIMO 3MIiHHUX OeKiJibKa), KOMKHe
3 IKUX € PO3B’A3K0OM X04a 0 OTHOTO 3 PiBHAHB
(HepiBHOCTEIT), III0 BXOAATH M0 CYKYIHOCTI,
i pu MbOMy pemiTa PiBHAHB (HEPiBHOCTEI)
BU3HAUeHa, a00 TOBECTH, [0 TAKMX HAOOpiB
yuceJs He icHye.

3 IbOro BUILIHUBAE, IO o0.zacmio dony-
cmumux 3navensv (O3) cykynnocmi € cniav-
Ha obaacmb 6U3HAYEHHA 018 6CiXx QYHKUYILL,
sAKi 6x00amb 0o 3anucy CYkKynHocmi.

Sk iy Bunmagry piBHAHB, HEpiBHOCTEN ab0
ix cucTeM, ABi CYKymHOCTi piBHAHB, HEPiBHO-
creil abo ix cucTeM Ha3UBAKOTHCA Pi6HOCUNLL-
HuMUu Ha OedKili MHOKHUHI, IKI0 BOHU Ha IIiil
MHOJKMHI MalOTh OTHAKOBI po3B’aA3Ku. IHaK-
e Kakydu, KOKHUIN PO3B’SA30K IEpPIIoi cy-
KYIHOCTI Ha Iifil MHOYKUHI € PO3B’A3KOM APY-
roi, i HaBmaKu, KOXXHUII PO3B’SI30K APYroi
€ PO3B’A3KOM IIepIIOi.

CykymHicTh PiBHAHB, HepPiBHOCTEH UM ixX
CHUCTEM S3alNCyI0Th, KOPUCTYIOUUCH CIIOJIYY-
HUKOM «a60». Mo)KHa TaK0K BUKOPUCTOBYBA-
TU cHeIliaJbHUN 3HAK CYKYIIHOCTL «[».

Hanpurnan, piBHAHHA

V2x+2 (22 +8x—-4)=0 ma itoro OII3: 2x+2>0
PiBHOCUJIBHE CYKYITHOCTI

J2x+2 =0 (4)

abo
x2+3x-4=0. (5)

PiBuauua (4) mae xopiup x=-1, AKul
BxoauTh no O3 samamoro piBHAHHA (TOmi
piBHauHA (5) BusHaueHe). A piBHauHA (D)
Mae KopeHi x; =1 — Bxoguth mo OlI3 saza-
HOro piBHAHHA (Toxi piBHAHHA (4) BU3HAUe-
He) i x,=-4 — He BxoauTs Ao OJ13 3amzaHorO
piBHaAHHA (Tomi piBHAHHS (4) He BU3HAUYEHE).
Or:ke, PO3B’ABKAMHU PO3TJIAHYTOI CyKYITHOCTI
(ToOTO i KOPEeHAMU 3aJAHOTO PIBHAHHSA) € TiJIb-
Kmx=-11x=1.

Posrasauyre posB’A3aHHA MOKHA B3amlu-
CyBaTH, BUKOPUCTOBYIOUM 3HAKU PiBHOCUJIb-
HOCTi, cyKynHOCTi Ta cuctemu. HaBegemo me-
KiJbKa MOMKJIMBUX CIIOCO0IB TAKOTO 3amluCy
(mpoaHanidyiiTe KOKHUU i3 IUX CIOCO0iB),
ajie Take o(DOPMJIEHHS 3aIINCY PO3B’ A3aHHSA He
€ 000B’ A3KOBUM.
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I croci6o

Prxi2(x2+8x-4)=0e |V2X+2=0,

x2+8x-4=0
ITI cocio
x+220,
V2x+2(x2+8x-4)=0 {V2x+2=0, =
x2+8x-4=0
I1I cmocio
(x+2>0,

Jox+2 (x2+3x-4)=0

| x*+8x-4=0

PiBHSIHHA1 | HepiBHOCTI
3 napameTpamMmu

Posp’ssyBanHsa piBHAHBb i HepiBHOCTeI
3 ImapaMeTpaMu AeTaJbHO PO3TJIAHYTO B Kyp-
ci 10 kiacy.

Posp’sasyroun 3aBmaHHS 3 mapaMeTpamu,
YacTo AOBOAUTHCA PO30MBATHU 0O0JIACTH [IOIIY-
CTUMUX 3HAYEHBb ITapaMeTpa Ha IPOMisKKHU, BU-
XOAAYM 3 TAKOI YMOBU: METOJ PO3B’ A3yBaHHA
piBHAHHA (HepiBHOCTi) Mae 3aJUIIATHCA OJ-
HUM i TUM caMUM, ITIOKYW 3HAUEHHA IapamMeTpa
HaJEeXKUTh OMHOMY IIPOMiKKY. IIpu nmpomy He
3MIiHIOETBCA Ha IIPOMIiKKY W BUTJIAN 3aIUCY
po3B’A3KiB piBHAHHSA (HEpPiBHOCTI) 3 BUKOPU-
CTaHHAM IIapaMeTpa.

Mpukaad

Poss’azanuga

on3: x#0.

ax2+x—(4a+2)=0.

1) dAxmo a=0, omep:kyemMo JiHiliHe PiBHAHHSA
x—2=0. 3Bigcu x=2.

2) dAxmo a#0, posB’aA3yeMo KBagpaTHe piB-
HAHHS:
D=1+4a(4a+2)=16a%+8a+1=(4a+1)*;

_ -1+(4a+1)

X =
1,2 2,

PosB’sikiTh piBHAHHA

NV2x+2 =0,

o {x2+3x—4=0,<:> [

x=-1,

2% +2>0 x=L.

x=-2,
x=—1, :—1,
x:]-, < |:x=1.
x=-4
x+220, x=-1
2x+2 =0, o x>—&<: x=-1,
x+2>0, x=1, x=1
x?+3x-4=0 x=-4

MeTonu poss’a3yBaHHd 3aBAaHb 3 HIapaMe-
TpaMu Taki cami, K i MeToau PO3B’sI3yBaHHSA
aHaAJOTiUHUX PiBHAHL, HepiBHOcTe# abo ix
cucrem 0Oe3 mapamerpiB. Haramaemo opieH-
TUP, AKUN MU BUKOPUCTOBYBAJIU IJI PO3OUT-
ta Ol13 mapameTrpa Ha TPOMIiKKH.

: byab-Ake piBHAHHA (HepiBHICTb) 3 NapameTpa- :
: MV PO3B'A3YI0Tb AK 3BUYANHE PIBHAHHA (He- :
: PIBHICTb) [OTW, MOKM BCi NepeTBOPeHHA abo :
: MipKyBaHHs, HeobXiaHi Ans PO3B’'A3aHHSA, MOX- -
: NIBO BMKOHATM OfHO3HAYHO. FKLO AKECH me- :
: PETBOPEHHA He MOXHa BUKOHATU OJHO3HAUHO, :
: TO PO3B'A3yBaHHA NOTPIGHO PO36UTM Ha KiNbKa :
: BMNAAKiB, W06 y KOXHOMY 3 HUX BiANOBIab ue-
: pe3 napameTpu 3anncyBanaca OfHO3HauHo. :

4a+2
ax+1=
X

, e X — 3MiHHA.

KomenTap

Bupasu B 000X uwacTmHax piBHAHHSA iCHYIOTH
TOmi I TiJIBKW TOHi, KOJW 3HAMEHHUK JIpOoO0Yy
BigAMiHHWI Bim HYyJId.

IToMHOXTMO OOMABI YaCTUHU 3aJAHOTO PiBHSAH-
HS Ha BUpPas X — CILJIbHUN 3HAMEHHHUK IpPO-
0iB — i omep:KUMO Ilijie PiBHAHHSA, AKe 3a yMO-
Bu x#0 (To6To Ha OlI3 maHoro piBHAHHSA) PiB-
HOCUJIbHE 3aJaHOMY.

IIpu a=0 samane piBHAHHA He € KBAIAPATHUM.
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2a+1
Tomi x;=2, x9=— .
a
VYpaxoyemo OlI3: x; =2 — KOpiHb (BXOZUTH

no OI13) npu Oynb-IKUX 3HAYECHHSAX d.
. 1
Ockinmprm x5 =0 npu a=—5, TO TPU IHOMY

3Ha4YeHHI mapameTrpa X, =0 He € KopeHeM 3aja-
HOTO PiBHAHHA (IIPOTe HOTO KOpeHeM € X; =2).

2a+1

a

1
IIpu a;t—E (i a#0) sHaueHHA Xy =—

€ KOpeHeM pPiBHAHHS.

ITligcraBassemo a=0 B 3amaHe PiBHAHHA i Po3-
B’sIByeMO oJepiKaHe PiBHAHHA (3 ypaxyBaHHAM
013).

IIpu a#0 maemo KBagpaTHe piBHAHHA. 3HA-
XOAUMO HOTO0 AUCKpUMiHAHT. A 00UYMCIeHHS
IOIIIBHO B3alucaTé 3arajbHy QOPMYJay I
IBOX KOPeHiB (y IIbOMYy BUIIaJKy 3HAK MOJYJ
MOJKHa He 3aIlrcyBaTH).

ITepur mik 3ammcaTy BiAmoBigb, ciixg o6oB’sa3-
KOBO 3’sICYyBaTH, UM BXOAATH ONEPsKaHi 3HAUEH-
Ha KopeHiB no O3 3amaHOTOo PiBHAHHA.

JIlna KopeHs X, CIOYATKY CJijJi BUBHAUUTH, IPU

AKUX 3HAUEHHAX IIapaMeTpa a HOoro 3HAYeHHS
HOTPAIIAITE 10 «3abopoHenux» (x=0). Ilo-
TiM MOJKHA 3amucaTy BiAIOBiAbL IS 3HAWIEHO-

1
Bionosidv: 1) axmo a=0 a6o a=—E, TO X=2;

) 1
2) akmo a#0 i a#——, To x; =2, 1 . L
2 T'O 3HAYE€HHA a4 =—-— 1 OJsd BClX 1HIIUX 3Ha-
o = 2a+1 g 2
2 a yeHb a (ypaxysasiiu, mo npu a=0 omep:xann
. 1
TaKuil caMUil PO3B’SI30K, AK 1 IpU a:—E).
VYV mocnigHUIBKUX 3aBAAHHAX 3 IIapaMeTpaMi PO3B’sa3yBaHHSA 3a-
ITaHUX PiBHAHDL ab00 HepiBHOCTeH uacTo OyBae nysKe CKJIATHUM abo He-
MOJKJIUBUM. ¥ TaKUX BHUIIaAKaX KOPUCHO IIaM’ ATAaTHU JeAKi creriaabHi
NPUHOMH TOCIiKeHHs 3aBJaHb 3 TapamMeTpamu (Tadj. 26).
Ta6aumnsa 26
1. AocnigKeHHA KinbKoCTi po3B’A3KiB piBHAHb 3 MapaMeTpamu

OpienTup

AIKLO B 3aBAaHHI 3 MapameTpamuy NAEeTbCA NPO KiNbKiCTb PO3B’A3KIB PiBHAHHA (HepiBHOCTI abo cucTe-
MW), TO A5t aHani3y gaHoil cuTyauii 6yBa€ 3pyuyHUM BUKOPUCTATU rpadivHy intocTpaLito po3B’a3yBaHHs.

0Oco6aMBOCTI BUKOPHCTAHHA OPi€HTHPA

IMocnif:KeHHsA € MPOCTUM y TOMY pasi, KOJM 3aJaHe PIBHAHHA MOXKHA IONATH y BUTJIALL | (x)=a,
ockinpku rpadik ¢yHKHii y=a — Ie npaMma, gka napasenbHa oci Ox i mepermnae Bicy Oy
y TOUIli a.

3aMiHIOIOUN 3aJaHe PiBHAHHSA PiBHAHHAM f(x)= a, TTOTPiOHO CAiAKYyBaTH 3a PiBHOCHUJIBHICTIO BU-
KOHAHUX IIEPETBOPEHb, 1100 oJep:KaHe PiBHAHHSA MaJio Ti caMi KopeHi, mo i mane. Toxmi i Kinb-
KicTh KOpeHiB y HuUX OyAe OJHAKOBOIO.

I Toro 11106 BU3HAUUTH, CKiJIbKU KOPEHiB Mae PiBHAHHS f(x)=a, TOCTAaTHBO BHAUTHU, CKiIBKU
TOUOK IepeTuHy Mae rpadixk QyHrmii y=f (x) 3 mpsamoro Y=a Tpu piBHUX 3HAUYEHHAX 1apaMe-
mpa a. ([ad mboro Ha BIATIOBIAHOMY PUCYHKY [IOIIJIBHO 300pasuUTU BCi XapaKTepHi MOJOMKeHHS
pPsAMOi.)



Po3gin 4. PIBHAHHA, HEPIBHOCTI Ta IX CUCTEMU. Y3arabHeHHS Ta cMcTeMaTtn3allis

IIpuxmang

. . . 2 .
CKinbKU KOpeHiB Mae DPiBHAHHS |x —2|x|—3|=a 3aJIe}KHO Big 3HaueHHs mapamerpa a?

IInan
1. Byayemo rpagik QyHKIil
y=|x2—2|x|—3|
(ypaxoBywoumu, II10 x2 =|x|2),
HaOpUKJIal, Tak:
y=x2—2x—3—>y=|x|2—2|x|—3—>
Sy=|x?-2|x|-3|.

2. Bynyewmo rpadik ¢pysrnii y=a.

3. AmnamisdyemMo B3aeMHe pPO3TaIllyBaHHS OJep-
skauux rpadikiB: KiavkKicmb KOpeHi8 Pi6HAHHS

flx)=a 0opiBHI0€ KiNbKOCMI MOYOK nepemuny
epadira QyrRKYIL y=f(x) i3 npamorw y=a.

4. 3anucyeMo BiAIIOBiOb.

Posp’azanuga

\y=a  “]a /
4
\ / \ ]
2,,
1,,
: —— 04—y :
-3r2-1, | 123 «x
\ \ /
\ \ T /
\ il )
\\ :4__\__/

Bionosiov: 1) npu a<(0 Hemae KOpeHiB;
2) upu a=0 i a>4 nBa KopewHi;

3) mpu a<0<3 i a=4 vorupu KopewHi;
4) npu a=3 I’ATh KOPEHiB;

5) mpu 3<0<4 miicTs KOpeHiB.

2. BuMKoOpMCTaHHA MapHOCTi (YHKLiM, WO BXOAATb A0 3anMcy PiBHAHHA

OpienTup

AKwo B piBHAHHI f(x) = 0 dyHKUin f(x) € napHOl0 abo HenapHOIO, TO Pa3oMm i3 ByAb-AKMM KOpeHeM a
MOXHa BKa3aTy e OAMH KOPiHb LibOro PiBHAHHS —Cl.

Ilpuknang

3HalAiTh yci 3HaUeHHS MapaMeTpa a, IPU AKUX Ma€ €IUHUN KOPiHb PiBHAHHSA

2

a?cos2x—x*—a=0.

Po3B’a3zanna

dyuruia flx)= a’cos2x-x*—a e IIapHOIO0
(D(f)=R, f(-x)=f(x)). Orsxe, enunum Kope-
HeM [JAaHOI'o PiBHAHHA Moxke Oytu Timpxu x=0.
Axmo x=0, Tto 3 piBHaaHa (1) omepKyeMO
a? —a=0, to6ro ala—1)=0. 3sigcu

a=0 a6o a=1.

Ilpu a=0 piBuaana (1) mepeTBOPIOETHCSI Ha
PiBHAHHA x4 =0, #AKe Mae€ €IWHMUNA KOPiHb
x=0. Orxe, a=0 3am0oBOJILHSE YMOBY 3amadi.
IIpu a=1 maemMoO piBHAHHS COS2X — xt-1=0,
TOOTO

cos2x=1+x".

(2

(1)
Komenrap

ITomiuaemo, mo B JiBiit wacTuHi piBHAHHA (1)
cTOiTh mapHa (QYHKIisA, i BUKOPHUCTOBYEMO ODi-
euTup. HilficHo, AKIIO X =0 — KOPiHb PiBHAH-
aa f(x)=a, ro f(0)=0 — npasmabHa umcIO-
Ba PiBHIiCTE.

YpaxoByioun MOapHicTh (QYyHKILII f(x), MaeMo:
f(—o)=f(a)=0. Omxe, x=—-0 TaKox € KO-
penem pisHaEa [f(x)=0. €aumuii kopiub
y IIbOTO pPiBHAHHA MOXKe OyTHM TiJIbKH TOIi,
KoM KOpeHi o 1 —o 36iratoTbesa. 3Bimcu
x=o0=—-0=0.

3’sicyeMo, UM iCHYIOTh TaKi 3HaAUeHHS IIapame-
T™pa a, npu akmx x=0 € KopeHeMm piBHAH-
HA (1). IIe a=0 i a=1. OckinbKu 3HAUEHHSA
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Ockinpku cos2x <1, a 1+x4>1, TO PiBHAH- a=0 i a=1 Mu ogepXanu 3a yMOBH, IO

Ha (2) piBHOCHILHE cHuCTeMi PiBHAHB x¥=0 — xopiup piBHaHHA (1), TO HeobXigHO
TepeBipuTH, un gificHO IPH IUX 3HAUEHHAX a4
cos2x =1, 3aj/aHe PiBHAHHA MaTuMe €JUHUH KOpiHb.
4 . :
1+x*=1. IITo6 poss’ssatu piBHAHHS (2), OIiHMMO 3HA-

. YeHHA HOro JiBol i mpaBoi yacTuH:
3 mpyroro piBHAHHA cucTeMu ofep:xyemo x =0,

4
110 3aJ0BOJIbHAE i mepie piBHAHHA. OT!Ke, IId h(x)=0032X, g(x)=1+x .

cucTeMa, a 3HAUNUTD, 1 PiBHAHHA (2) MalOTh €11- cos2x=1
Huit po3s’sa3ok x=0. Maemo: a=1 Taxkox 3a- : @ = 1+xto1 ’
+x =1.

AOBOJIBHSAE YMOBY 3amaui.

Bidnosidv: a=0, a=1. < F1<r(x)<1| |g(x)>1]

1 . O Ha3WBaAlOThb OSB,H3KOM:
3anumanHs 1 P

1) piBHAHHS;

2) HepiBHOCTI;

3) cucremu piBHAHBL ab0 HepiBHOCTEIl;

4) cykymHOCTi piBHAHBL ab0 HepiBHOCTEH?

Hasenits nmpuraagu.

2. CdoopmymoiitTe osHauerHs OJ13:

1) piBHAHHS;

2) HepiBHOCTI;

3) cucremu piBHAHBL ab0 HepiBHOCTEIl;
4) cyKymHOCTi piBHAHL ab0 HepiBHOCTEI.

3. CdoopmymioiiTe 03HAUEHHS DiBHAHHA-HACTIAKY JAaHOTO DiBHAHHA Ta
CHUCTeMHU-HACJIAKY OaHOl cucTeMU PiBHAHL. HaBemiTh HpPUKJIALU.

4. CdopmyaoiiTe 03HAUEHHS PiBHOCUJIBHOCTI:
1) piBHAHBD;
2) HepiBHOCTEIA;
3) cucrem piBHSAHBL ab0 HepiBHOCTEIR;
4) cyKymHOCTe# PiBHAHBL a00 HEpiBHOCTEI.

HageniTe mpukanu piBHOCUIBLHUX IIePEeTBOpPeHb. lloAcHITH, womy
BUKOHAHI MepeTBOPEHHSA € PiBHOCUJIbLHUMMU.

5. HasBiTb ocHOBHiI MeTOqU PO3B’A3yBaHHA:
1) piBHAHB;
2) HepiBHOCTEI;
3) cucreM piBHAHBL Ta HepiBHOCTel i HaBeAiTh MPUKJAAN iX BUKOPU-
CTaHHA.
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VY saBmamaax 14.1-14.8 pos3B’sa:KiTh piBHAHHA.

Bnpabu
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) Vxt-38x-1=x2-1;
3) V1+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) Vx(x+4)(x-3) =6—x.
14.3. 1) J/3x+3 =2x-3; 3) x+1=2-+x-1;
2) 3x+2 =2x-4; 4) 1-Jx-2=x-1.
14.4. 1) x*-13x+30=({3x-18) ; 3) x?—8x+10=(\Tx—40);
2) x?-9x+13=(V5x-35) ; 4) x%-15x+55=(Vx-8) .

14.5. 1) J3x-5 =3-2x;
2) Vax? +4x+1 =x%+x-1;

3) \/x2+x+4 +\/x2+x+1 =\/2x2+2x+9 ;
4%) 4629—x +¥77+x =8.

14.6. 1) Jy-1=6-y; 3) V2x2-8x+5 =x-2;

2) Jx+1=4-x; 4) V2x® -8x+6 =x-2.
14.7. 1) 5Jx -2 +3Jx+1 +2x=17; 2) V3x-2+2Jx—-1+5x=14.
14.8. 1) sin2x=+/3 cosx; 2) sin2x=+/2 cosx.
14.9. VrkaxiTs yci Kopeni piBHAHHSA:

1) sin2x+\/§sinx=0, AK1 HajlexaTb Biapisky [—3775;3?“];

2) sin2x++/3 cosx =0, sKi HATEKATE BiApisKY [-7; 2n].

Y zaBpamuax 14.10-14.14 pos3B’saxKiThb piBHAHHI.

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. 1) sin2x=cosx; 2) cos2x=sinx.
14.14. 1) J3sin2x+0,5sin(n+2x)=0;

2) \/gcosgx—0,5cos(3?n+2x)=0.

14.15%. Bmaiigite yci posp’A3Ky piBHAHHA:

1) cos2x= 2tg2 x —cos?

. .. 1
X, AKi 3a0BOJIbHAIOTHL HEPiBHICTH cOSX < E;
2) 4sin* x +sin?2x = 2(:1',g2 X, AK1 3aJ0BOJILHAIOTh HEPiBHICTH

1
cosx<——.
2

14.16. 3uaiigiTs yci pos3B’sa3KK PiBHAHHA:
1) cosx+cosbx—cos2x =0, aKi HamexKaThb BiIpisky [—n; Tc] ;

tg 2 t
ctg x+ch

2) +2=0, aki HaIEKaTh BiApi3Ky [0; 215].

ctgx  ctg2x

VY saBmamaax 14.17-14.31 posB’saKiTh piBHAHHA.

14.17.1) 3cos2x+4sinx=1;

2) cosx—cos2x—sin2x=1, xe[—?’?n;—%];

3 1
3) cos3x = Tcosx = Esinx.

14.18. 1) cos(Zx—%)—sinxz%; 3) cosx+cos3x=+/3 cos2x.
2) sinx=2ctgx;
14.19. 1) x—i‘zi; 2) x—i‘zi.
7 7 8 5
14.20. 1) [14-x|=x"-196; 3) |19-x|=x"-361;
2) |16 -x|=x*-256; 4) [17-x|=x"-289.

14.21. 1) x®+1+|x-1|=2|x|; 2) x®+1+|x+1|=2|x|.

14.22. 1) x®-6|x|-2=0; 4) |x®-2x-1|+x-4=0;
2) x%+4|x|-1=0; 5) ﬁ+x=x2+1;
X
3) |x%—2x-1|-x+1=0; 6) |EIPENEIY
X
14.23.1) |x® -8x+15|=|15-x2|;  2) [2x+3/=x2.
* 1 . 1 . o
14.24*%. 1) cosx—E‘zsmx—E; 3) |cosx|—\/§sm(?+x)=1.
2) sinx—l‘zcosx—l;
2 2
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14.25%. 1) |2x+1|=1-2|x|; 2)
3) (3x2-8x-11)y/3x—5 =0;
4) (4x2+3x-22)\V3x-15 =0.
Tsinx—4+3 )(7sinx—5v2)=0;

5cosx — 3\/7)(5cosx 2\/7)

) (
(
(
14.28*. 1) (sinx+cosx—2)V-11x— x> —30 =0;
(
) (

|1-8x| =1-3|x|.
14.26.1) (2x-7)V3x*-5x-2 =0;

2x —3)V4x® —5x -9 =0;
14.27.1

2)

2) cosx+smx+f) —x2-7Tx-12 =0.

14.29*%. 1) (2sinx—3sinx+1) tgx =0;

2) (ZCos x—cosx—l) ctgx =0;

3) Vdx—-x2-3 (\/Ecosx—\/1+cos2x)=0.

14.30*. 1) arcsin Zx_; =21 —Tx; 2) x%—cos2x2+1=0.
x—
14.31%. 1) log,,, (8sinx—cosx)=0; 2) %/ZHC \/2—6x =1.
X X
14.32%. BuaiiziTe Ha#6iALMMI KOpiHL PiBHAHHA:

\/ﬁ)x+(34+\/ﬁ)x=8;
-2(y3+1)".

1) (34—
2) (243 -2)" +

2x+1

Y saBmanaax 14.33—14.57 posB’sa:KiTh HEPiBHICTH.

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) £ 2220 o, g) X Z8x*18 g,
x“+bx+6 —x“+8x-12
2
14.36.1) 3 >x; 3) = 1<1;
x—2 x+5
2) x>—2_; 4y 2271y,
x—1 x—3
14.37.1) -2 5142, 3) 2 s1--3_,
2—x x+2 3—x x+2
2) 5 <1+ 1 ; 4) 7 <1+ 2 .
x+4 4—x x+5 5—x
14.38.1) V12x-11 </10x-9; 3) V10x-7 </9x-5;

2)

J11x-9 </9x-T7;

4) J10x-9 </8x-7 .
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14.39.1) Vx2-9 <14-2x; 3) 2-8x<v4+9x-9x? ;
2) Vx?—6x <8+2x; 4) 4-5x<~16+30x—25x7 .
1 1
14.40%. 1) V3-x >x-2; 2) + >2.
\/x+2\/x—1 \/x—Z\/x—l
5x-3
14.41*. 1) <1; 3) Vx2-8x+12 >x-5.
\VTx—4
3x—-2
2) <1;
\Vbx -2
14.42.1) 3logg(38x+2)<2; 4) log\/g(Zx—l)>2;
3
2) 4log,(4x+3)<3; 5) log,;(3—2x)>-log, 53;
3) logm(1—3x)>2; 6) log,(2x-5)<-log,3.

3
14.43.1) log,(3,5-5x)>2log,,0,2-1;

2) 1+2log,0,3>log,(1,5-3x).

14,44, 1) log ; (5" -25%)<4; 3) log ; (61-86%)>-2;
V5
2) log (7% —49%)<2; 4) log , (272 -4%)>-2.
Ne)
14.45.1) tg3x>0; 4) ctg2x<0;
2) tg(x+§)<1; 5) ctg(Zx—%r)>\/§;
T \/g T
3) tglx——|=2—; 6) ctg| x—— |>1.
ECE ) cte
14.46%. 1) 5sinx —sin2x>0; 2) 5cosx+sin2x<0.

14.47*. 1) 2sinx—1<\/6sin2x—6sinx—12;
2) 16sin?x—ctg?x<7;

3) 16sin®x+9ctg?x<15.

14.48.1) 2x>|x|+1; 3) % >3 4,
|x+2]
2) x*-6>|x|; 4) _ 3 Sox+s.
|x-1]
14.49* 1) 4|42|_T|—|x—2|<0; 3) |x2-8x+15|<|15-x2|.
X
2) |1—x|+M>O;

|x]-3
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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) Va2 -9 (x+8)>0;
2) (16-x%)V8—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)v/x+11<0; 4) (x-8)(x+7Jx >0.
\16+5x—x2

14,53, 1) XoX2x—x . 4 1= o,

)
x-2 \/2+x—x2
V3 +2x - x2 3x+2

) YoreTX 5) ——— = >0;
x—2 2 x—x>
\]4—3x—x2 x-1
3) Yo% 1o 6) ——~ <0.
x+3 \V3+2x—x?

14.54. 1) |x-4]-Vx-2 3) [x=5]-Vx-3
4J10-x +x-13 211-x +x-12
x-11+57—-x x+2-TJ6—x

9) XTI TNTTY <, q) XrETINDTY <.
|x-1]-Vx+1 |x-8|-x+3
14.55% 1) 2* +21*1>22; 3) 3.4V2% £3<10.2V27,
2) 3% +31*l<3; 4) 2.9¥3% {9 5.3V
X
3 1g(+9)
14.56*. 1) M<1; 3) —2 <1
lg(x-2) (x )
lg| —+3
2
X
1g(+5)
2) lg(2x+9) <1 1) 3 L <1.

2 T~
1g(2
g( x+3) lg(g—l)

log, x—3
14.57*. 1) m<2; 2) log(,_,x<log(_,4.
X

Y saBmamHax 14.58—-14.62 posB’sKiTh cucTeMy PiBHAHD.

x_3 228, x—7 2:9,
14.58. 1) v~ . 3) .- _
x+4y®=15; x+2y%=18;

2) x-5y%=10, 2 x—2y% =12,
x+3y2=18; x+7y%=21.
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14.59.

14.60. 1

14.61.1

14.62*.

14.63

14.64.

14.65*.

14.66.

2y 2x _ y 2x
1y J42 43 2 {3 +52% — 96,

3°-4Y=8 —30%v =4,

2y -3 _Sx 2 2y :4x—3,

) 3 —2xy 2 2y —3xy _1
2log, ( y+2 =log, (5x—2); 2log, (x+1)=log, (3y —5).
2)
2log;(y—x)-logzx=1; 2log, (x—y)-log,y=1.

xy, 5

— - =5,
1) 2 2x+y-axy 2) 9.2%.5Y —5.3Y"* =3 .5Y,
10 236—2 .3y—x+1 '51—‘1/ :1
2x+y+—=4+xy; :
xy

VY saBmamaax 14.63—14.71 posB’s:kiTh 3ajaui 3 mapaMeTpaMu.

. Ilpu axkux 3HaueHHAX c€ R pna pilicHUX KopeHiB x; i x, piBHAHHA

+(4c-c?-1)x+2c2-1=0 BUKOHYETbCA PiBHICTE Xy +X5 =67

ITo6ynyiiTe rpadik KBagpaTHOTO TPUUJIEHA:

1) yzx2 +3x+a, AKIIO0 Bimomo, 1110 #0Oro KOpeHi moB’s3aHi cmiBBifg-

HOUIEHHAM X} + X2 =5;

2) y= x2—x-— a, mcmo BioMoO, IO IfOT'0 KOpPeHi IToB’si3aHi cmiBBin-
HOIIIeHHAM xl +.Jc2 =4.

3HaliTh yci 3HaueHHS ITapaMeTpa @, MPU KOKHOMY 3 SKHX piB-
HAHHA:

1) 2|x+1|—2|x—2|+|x—6|=x+3a Ma€e PiBHO OJWH KOPiHbB;
2) 2|x+3|-2|x—2|+|x-4|=x+2a mae piBHO ABa KOpeHi;

3) |x2 —8x—a|=4x Ma€ PiBHO OAMH KOpPiHb, MeHIINH Big 1, i xoua 6
OOUH KOpiHb, Oinbmmmit 3a 11,5;

2 _ . . . . .
4) |x —4x+a|—x Mae PiBHO OAWH KOPiHb, MeHInui# Big 1, i xoua 6
OOWH KOPiHb, OinbIIuil 3a 4.
Hna KOKHOTO B3HAUYeHHs mnapameTpa b 3HaAWIITh YNCIO 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




Po3gin 4. PIBHAHHA, HEPIBHOCTI Ta IX CUCTEMU. Y3arabHeHHS Ta cMcTeMaTtn3allis

14.67%. lna KoxHOTO 3HAUEHHA IIapaMeTpa ¢ PO3B’SXKiTh PiBHAHHS:

1) i+2=c+\/?—3;
4 4
2) Vx?—4x+4 =c—Jx?+6x+9;
3) sin(c x-1 +%)=0,5;
4) (2% +4+3c)(5-c-27%)=0.

14.68. BnaiifiTs yci 3HaueHHA mapamMeTpa p, IPU KOKHOMY 3 AKHX PiB-
HAHHSA 8+4p(x—2)=(x—|x|)x Ma€ €IUHUN Po3B’A30K. SHAWIITL yci
PO3B’SBKY MIPU KOXKHOMY 3HAUEHHI p.

14.69%. 3uaiinite yci 3HaUeHHA mapaMeTpa @, IPU KOXKHOMY 3 AKUX DPiBHAH-
—|2x-1 - 2x-1 .
us 1447271 _9.12712 1 1940 mae xoua 6 oxun KODiHb.

14.70. 18 KoHOrO 3HAUEHHS IapaMeTpPa d PO3B’fKiTh HepiBHICTH:

1) [2x+a|<x+2; 2) 3(2x—a)+5a2x—a —2a%>0.

14.71. Ilpu akux sHAUEHHAX IapaMeTpa a PiBHAHHA |2x+6|+|2x—8|=ax+12
Ma€ €IUHUI PO3B’A30K?

Y zaBpamuax 14.72—14.93 pos3s’sxkiTh 3amauy.

14.72. Ixy xinekricTs Bogm morpi6Ho mozatu mo 1 a1 10%-To BOZHOTO PO3-
YNHY COUPTY, 106 ogep:katu 6% -t posumu?

14.73.€ 1 1 6%-ro posumHy crnupry. CKiTbKEH JiTpiB 8% -TO pPOSUMUHY
COUPTY HOTPiOHO momaTM B HEPIIHil po3umH, 106 oxepsxatu 5% -i
posuuH?

14.74. I3 nyHEKTY IPOKATy BUIXaB eJeKTPOCKYTep 3i mBuAKicTioO 25 KM/Tox.
3a rogmHy CJiIOM 3a HEM OJHOYACHO BUIXaJu ejJeKTpoOaiiKk i 3Bu-
yaHui MoTonuKJ. IIIBUAKiCcTE enekTpobaliKka IIOCTiliHA i CTAHOBUTH

3 . o . . .
" MIBUAKOCTI MOTOIIMKJIA. SHAULITh IIBUAKICTh eJleKTpobaiiKa, AK-

110 BijjomMo, 110 BiH Ha3AOTHAB eJeKTpocKkyTep Ha 10 XB misHire, HixK
MOTOITHKJI.

14.75. Bix npucrasi mo BogocxoBumty 3i meuzakictio 10 KM/Toz mouana py-
xaruca saxrta. epes 1,5 rox Bix Tiel camoil mpucradi 3a SXTOHO BHU-
PyUININ OBa KaTepu 3 IOCTIHHWUMU IIBUAKOCTAMU, IPUUYOMY IIBUI-

. 4 . o
K1CTh IIEPIIIOro KaTepa CTaHOBHJIa 5 IIBUAKOCT1L APYyTroOro. 3HaI/I,E[1TL

MIBUAKICTH IIEPIIIOT0 KaTepa, SIKIIO0 BiJOMO, IO BiH Ha3JAOTHAB SAXTY
Ha 15 xB pamimre, HiXK Apyruii.

14.76. [Ia MOHTaXKHUKN BHKOHAIHU IeBHY pobory 3a 20 amiB. 3a CKiabkm
IHIiB BUKOHAB OU If0 POOOTY KOKHUM i3 HMX, IPAIIOI0OYUd OKPEMO,
AKIIO BijoMO, IO IIEPIIOMY JgoBeJiocs 0 ImpaijoBaTy Ha 9 AHIiB 6iJb-
e, HiK gpyromy?
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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 XYOOMKHUIIL, MPAIIOI0YM pPa30oM, BUKOHAJM BCI0 POOOTY 3a
5 nuiB. AKOu mepIinma XymZOKHUIA MpaIljloBajia y OBa pasu IIBUI-
e, a Apyra — y ABa pasu IMOBiJbHIiIlle, TO BCIO POOOTY BOHU BUKO-
Haau 6 3a 4 gHi. 3a CKiJbKM AHIB BUKOHaJia 6 ycio poboTy mepima
XYIOKHUILA?

3amoBHeHHA 0aceiiHy B aKBaIllapKy uepes IIepIy TPyOy BUMAarae Ha
3 rox MeHIIle 4yacy, HisK HOro 3BiJIbHEHHSA uepesd APYry. 3a SAKUI dac
3alIOBHIOETHCA Oaceiin uepes mepiiy TpPyOy, AKIIO Bigomo, 110 B pasi
BiZKpUTTA 000X TPyO OaceiiH 3amOBHIOETHCA 3a 18 rox?

PedpurkepaTrop saTpuMaBcsa B AOpo3i Bixg ¢gepMu Ao MarasuHy Ha
12 xB, a moTim Ha Bigcrami 60 KM HaZOJYKUB yTPaueHUN yac, 301Ib-
MIUBINY IMIBUAKICTh Ha 15 KM/roz. 3HaAWIITh ITOYATKOBY IIBUIKICTh
pedpukeparopa.

IIporarom 7 roxm 20 XB TMPOTYJAHKOBUII KaTep IIPOMIIOB BrOpy IIO
piumi 35 kM mo Bomocmanay i moBepHyBcs. IIIBuAKicTh Teuil mopiBHIOE
4 KM/rof. 3 AKOIO NMIBUAKICTIO KaTep illloB 3a Teuieio?

Ilorar BuiimoB i3 nyHKTY A B OyHKT B, BigcTaHb MK AKUMU
230 kM. 3a rogmHy Ha3ycTpiu HOMYy BUHIIOB i3 MyHKTYy B apyruii
MOTAT, MIBUAKICTL AKOro Ha 15 kMm/rox Oinblie, HisK meprroro. Bu-
3HAUTE IIBUAKOCTI MOTATIB, AKIIO BiJJOMO, III0 BOHU 3yCTpijaucsa Ha
Bimcrani 120 kM Bixg myHKTY A.

Smimraau 20% -1t i 40% -#1 po3unHMN KUCJIOTHU i ogeps:xaau 25% -i pos-
yyH. S3HAUAITh BiTHOIIEHHS MacC IIOYATKOBMX PO3UMHIB.

€ nBa cmiaBu, B omHOMY 3 AKuUX Mictuthea 20 %, a B gpyromy —
30 % osoBa. CKinbKM mMOTPiOHO B3ATH MEPINOrO i APYroro CILIaBiB,
1100 oxepsxkaru 3 HuX 10 Kr HOBOrO cmJiasy, 1o Mictutrb 27 % ososa?

VY kKage BumikamoTh OyJIOUKM i3 CyMilIi HMIIeHMYHOI Ta JKUTHBLOI MY-
KM, y AKil micturbesa 55 % KuTHBOI. 3a HOBUM peIlelIToM A0 Iriel
cyMmimni gomanm ime 36 Kr KHUTHBOI MyKHu, Io0 ii BmicT y cywmimri
mocAaruys 75 % . 3HaiAiTh Macy IOYaTKOBOI CyMirmi.

B axBapiymi 6yso 60 Kr MOpPChKOI BOAM, AKA MiCTUTH 3a Macow 5 %
coai. Ckinpku kKigorpamiB mpicHol Boaum mOTpPiOHO momaTu OO MOP-
CbKOI, 1100 yMicT coJi B Hili craHoBuB 3 % , AK BUMAaramTh IPaBUIa
YTPUMaHHA PUOOK?

Ceixi rpubu micTsaTs 3a macow 90 % Bomu, a cyxi — 12 % . CKinbku
KijmorpamiB cyxux rpubiB MOKHa oTpuUMaTH 3 22 KI' CBL:KUX?

1
10
CKiJbKY TOHH TpaBUW IIOTPiOHO cKocuTu (epmepy, 111060 3arOTOBUTU
1 1 cina?

. 7 . -
Yy TpaBl BOJIOT'a CTaHOBHUTHb E darajijbpHol mMacu, a B ClH1 —

3amaHo ABOIM(PPOBe HATypPaIbHE YMCJO, Y AKOr0 YMCJO JECATKIB Ha
ONWHUINIO OiJIbIlle UmcJia OAUHUIB, a JOOYTOK #oro mudp Ha 45 6iab-
I1e IMOTPIAHOT0 YMCJa HOT0 AeCATKiB. SHAWMITL IIe YHCJIO.
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14.89%. Mupexropy dipmu 3apas 40 pokis. Bim yuerBepo crapmmwmii, Hix Oy-
Jia 1Or0 MOMIYHUIA TOMAi, KOJU AUPEKTOPOBi OyJIO CTiIBKU K POKiB,
CKibKM momiuHMIl 3apasd. AKuil Bik momiunwmIri?

14.90*. V nBox 6yguukax 6inbmie Hisk 31 kBapTupa. Umcio KBapTup y mep-
oMy OYAUHKY, 30iabimene Ha 21, OiIbII Hi3K Y TPU pasu IEPEBUIITYE
YMCJI0 KBApTHUP y Apyromy. IlogBoeHe UMCIO KBAPTHUP Y IIEPIIOMY
OyAUHKY MEHIIE IIOTPOCHOTO UYMCJIAa KBAPTUP y APYroMy OYIMHKY,
30isbIreHoro Ha oguHUI0. CKiIbKKM KBaAPTUDP V KOMKHOMY OyIUHKY?

14.91%. € tpu cnnasu. Ilepmuit micturs 30 % =Hikemo i 70 % Maprasio,
apyruii — 10 % wmaprasmio i 90 % wmigi, Tperiii — 15 % wHikero,
25 % waprasuIo i 60 % wmigi. 3 HUX BUTOTOBUJIM CILJIaB, Maca SKOTO
15 Kr i axuit micturs 40 % Mmizgi Ta 42 % wmaprasmnmpo. AKy KigpKicTs
[IEePIIOro, APYTOro i TPeThOTO CILIABIB y3AAU IJIS I[HOTO?

14.92*. Pigury mamuau B 6yTii micTkicTio mo 40 1, Ipu IOMY OJMH i3 OyT-
JIiB BUSIBUBCS He 30BCiM MOBHUM. SIKIIO 1[I0 PiAnMHY mmepeauTu B OyTJIi
micTricTio mo 50 J, To Taki OyTai OyAyTh 3allOBHEHI HMOBHiCTIO, aJe
Ipu IIbOMY B3HAZOOUTHCA Ha 5 OyTJIiB MeHIe. SIKIMO K I[f0 pPiguHy
posautu B OyTai MicTKicTio mo 70 JI, TO 3HAZOOUTHCSA Ile MEHIIe Ha
4 oyrai. IIpu mbomy 3HOBY oauH OyTeab Oyle He 30BCiM IIOBHHUM.
CrinbKu GyJio JiTpiB piguum?

14.93%. TexHiuHy PEeKOHCTPYKIIiIO MiZIIPHEMCTBA IIPOBEJIN B YOTUPU €TAIIH.
KoxHUil eram mpomoB:KyBaBCs I[ijie YMCJIO MICAIIB i CYIPOBOIKY-
BaBCA MaAiHHAM 00cary BupoOHuIITBa. lllomicAuHe mamiHHA 00CATY

. 2
BUPOOHUIITBA CKJIAJIO Ha Imepirnomy eraimi 4 % , HA Apyromy — 6§%,

1 . 2 . .
HA TPETHOMY — 62% i Ha yeTBEpTOMY — 14? % na micane. Ilic-

Jd 3aKiHUYeHHS PEeKOHCTPYKIII ImouaTKOBHII 00CATr BUPOOHUIITBA HAa
migmpueMcTBi cKopoTtuBesA Ha 37 % . BusHaure TpuBasicTh mepiony
PEKOHCTPYKIILii.




3ABJIAHHA A9 NIATOTOBKM A0 OLIHIOBAHHS

Tecm
N2 4

1.

CKiJIbKY KOpeHiB Mae PiBHAHHA lg(z - x)(x2 - 9) =0?

A FKoguoro b Ogun B IlBa T Tpu I Beauriu

3HalAiTh CyMy BCiX IiiMX 3HAUeHb 3 obJiacTi BusHaueHHA (QYHKITII
=log 8-x

Y o

A 2 b 3 B4 rs O 6

Po3B’sa:kiTh HepiBHiCTH | 2x+6 |— 9<1.

A (—32] B [-8;2] B [-55] T [-52] T [-8;+20)
Posp’sskiTh piBHaHHS 714 =i.
49
Al e T
4 4 4 4

Posp’sikiTh piBHAHHA 18+ x =2—x. fKII0 BOHO Mae qeKijgbKa Ko-
peHiB, 3HAWIITHL iX cyMmy.

ASb b -2 B7 r-2,1 o -5

YcraHoBiTH BinmoBizHicTh Mik cucremamu piBHAHB (1-3) Ta Kinb-
KicTio ix posB’askiB (A-T).

2, .2 _
1 {x -;Z =1 A oguoro
y:
{y—xz b Oguu
2 - ’
y=Inx B Ilza
3 x?+y?=4,
y=—|x|+2 I' Tpu

PosB’sskiTh HepiBmicTs 9% —12-3%1>-3.
Poss’ssxiTh HepiBHicTh logg s (xz + 3x) >-2.

log ,x .
2—>0 3aJIe’KHO BiJ 3HaUeHHSA IIapa-
x° —2ax

Po3B’sKiTh HepiBHIiCTH
MeTpa a.

MponaiTe OHNanNH-TeCTyBaHHSA Ha CauTi interactive.ranok.com.ua
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KJIagHiIIe.

K. d. JJatrumesa
(1897-1956)

T'. II. MaTBieBCBKa
(map. 1930)

BIZIOMOCTI 3 ICTOPII

Amnajisyoun icTopifo po3BUTKY MaTeMaTHUKU, IPUTASAEMO TAKOXK iMeHa YKPAIHChKUX JKi-
HOK, SKi 3aiiMaJiicA MAaTeMaTUYHOIO HAYKOIO, MONYJAPU3AI[i€l0 MaTeMaTuKu, 30epe:KeHHAM
naMm’ATi YKpalHChbKUX MAaTeMAaTHKiB, HaBUAJW MaTeMaTHUKH MOJIOAL. PO3KaskeMo IPO HUX J0-

Kaasmia Axisua Jlatumesa (1897-1956) napoaunacsa 14 6epesua 1897 p.
B Kuesi. Cepennio ocBiTy BoHa 3m00ysa B [[pyrii skinouiit rimuasii (1916 p.),
y 1921 p. sakinumia xiHoui Bumii negaroriufi Kypcu (hisuko-mMaTreMaTUYHUHN
Bifain), cTasa mepioo B YKpaiHi sKiHKo0I0, AKa 3aXMCTUIa JUCePTAaIliio Ha 3/10-
OyTTA CTYIeHs KaHAuAaTa GisuKo-MaTeMaTUYHUX HaYK (3a TeMmoro « Habau:xene
po3B’sA3yBaHHS 3a JOIIOMOTOIO CIIOCO0Y MOMEHTIB JIiHIHHIX AudepeHIialbHIX
PiBHAHB, 1110 MaIOTh 0cO0JMBOCTI B Koedimienrax» (1936 p.)), a moTim — I0K-
TOPCbKY auceprariiio (3a Temoro «HopmanbHi poss’ssku JgiHiiHuUX audepeH-
miaJTbHUX PiBHAHB i3 mosiHomiampHUMU Koedimieuramu» (1952 p.)). Cepen
Ba’sKJIMBOTO HAYKOBOTO JAOPOOKY JlaTuimeBoi — HAyKOBi MOCTiIsKeHHA B rajy-
3i aHasiTHuYHOI Teopil AudepeHIliaTbHNX PIBHAHD, T€OPil KpaltloBUX 3aau AJId
3BUYANHUX qudepeHIialbHUX PiBHAHBL, 30KpeMa MeTo Ppoberniyca — Jlatu-
IIeBOl AJIA PO3B’A3YBaHHA cUCTeM AU(EPEHIiaJIbHUX PiBHAHD 3 YaCTUHHUMU
noxiguumu. ¥ 1936 p. B IHcTUTyTi MaTeMaTHUKM BimOysacs CHilbHA AOIOBiAhL
K. fd. Jlatumesoi Ta M. KpaBuyka. Bararo yearu Kinaaia fAxiBHa npuaginsaiaa
METOAUIII BUKJaJaHHA MaTeMaTuKU. Byja BoHa i y uuci opranisdaTopis Ilep-
mroi BceyKpaiHCBKOI MaTeMaTHUYHOI ojiMmianu, aka mpoiinia B KuiBcbKomy
yHuiBepcureti B 1936 p.

Tanuuma IlaBaiBua MartsieBcbka (map. 1930) mapoamaaca 13 aunusa
1930 p. B M. duinponeTpoBchbK (Temep HINPO), AUTUHCTBO IIpoBesa B Xap-
KOBi, a B 1948 p. 3akiHuUMJA IIIKOJY 3 30J0TOI0 MenaJaio, y 1954 p. — Jle-
HiHrpaacekuii (Terep Caunkt-Ilerepbypr) yHiBepcureT, y 1958 p. saxmcruia
JucepTallito Ha 3400yTTs CTYIeHA KauaugaTa (PismKo-MaTeMaTUUYHUX HAYK 3a
pesyJbTaTaMU BUBUEHHS HeONMyOJiKOBaHUX apxXiBHUX pyKomuciB Jleomapma
Eiinepa 3 Teopii umcen. ¥V 1959 p. I'. II. MaTBieBchbKa mepeixana mo Y30eKu-
cTaHy, Ha 0aThbKiBITMHY Y0JIOBiKA, i 3aiiHANAcCA icTOpielo cXigHOI MaTeMaTuKM,
OmaHyBaBIIN AJIA IILOTO apabcbKy MoBy. ¥ 1968 p. B TamkenTi mociiguuiia
3aXUCTUJIA JOKTOPCHKY AUCePTAaIlilo 3a TeMo « BueHHs PO YMCJIO B cepenHi
BiKM». 3roJOM BOHA cTaJjia YWIEHOM-KOpecloHAeHTOM AKaneMii HayK ¥Y30eKu-
cTaHy, 3acJy:KeHUM [OissueM HayKu, JlaypeaToM Jep:kaBHOI mpewmii im. Bepy-
Hi. OCHOBHI HAaIPAMEKWY Ii JOCIIiJ)KeHb — iCTOpPis MaTeMaTUKU i MaTeMaTUIHOL
acTpoHOMIi B KpaiHax cepeqHboBiuHOTO CX0my, icTopida Teopii uuces, pykonu-
cu JI. Eiinepa.

Oasra ApceniBaa Oumiitnuk (1925-2001) mapoaunacs 2 jgunua 1925 p.
B cesi MaryciB, a mKinbHiI poKu mpoBesa B micteuky Cwmina (terep Yeprach-
Ka 00J1.). ¥ poku Bifinm poamua OnifiHuK eBakyioBasacsa no M. [lepm (Pocia),
e miBUMHA 3aKiHUMJIA MIKOJY i BeTynmuiaa Ha (GisMKO-MaTeMaTUYHUN (PaKyIb-
Ter IlepMCcBbKOTO Aep:KaBHOTO YHiBepcuTeTy. BogHouac BoHA BigBigyBaJia cemi-
Hap mpodecopa MockoBcbkoro yHiBepcuTery Codii AHOBCHKOI, siKa i mopagu-
na Onb3i TPOAOBKUTH HaBUYaHHA B MOCKOBCHKOM J€pP:KaBHOMY YHiBepCUTETI



im. JlomonocoBa. Onbra Apcernisua B 1947 p. 3 BifszHaKo10 3aKinumMIa MexXaHi-
Ko-MaTeMaTUu4YHU GhaKyJbTeT YHiBepcurery, B 1950 p. BoHA 3axucTHIa JUCEP-
TaIiio Ha 3400yTTA CTYyIeHdA KaHAuAara GisuKo-MaTeMaTUYHUX HAaYK 3a TEMOIO
«IIpo TomoJiorito mificumx anredpaiuHMX KPUBUX HA ajrebpaiuHiil moBepxHi»,
a B 1954 p. — mokTopchKy aucepraiiito 3a Temoro («Kpaiiosi sagaui gisa pis-
HAHb 3 YaCTUHHUMHU IMOXIJHUMU 3 MaJUM ITapaMeTpPOM IIPU CTAPIIUX ITOXis-
HuX i 3amaua Kol 11a HeuHIAHUX PiBHAHD Y I[iJIOMY», HEBIOB3i cTaja IIpo-
decopom i akamemikom. Hampsamox ii HayKoBOI AisJIBHOCTI — 3aCTOCYBAHHS
nudepeHIliaJbHIX PiBHAHB OO0 HecTallioHapHOI (inmbTparrii pisuH i rasis y mo-
PHCTUX CepelOBUINAX; A0 POIIOAiIY Telia B TijiaxX, 110 HepedyBaioTh ¥ Pi3HUX
¢da30BUX cTaHAX OAHOUYACHO (IJIABJEHHSA MeTaJy abo TaHeHHs CHITy); 0 yaap-
HUX XBUJb r'a30BOI AMHaAMIiKHW; A0 MaTeMaTHUYHOI Teopii MPyKHOCTI ¥ TOIOJIO-
rii; mo pyxy B’a3koi piguuu. IIpana ykpaiHKu, AKa MepIIoo y CBiTi (Ha Toi
yac) crajia JOKTOpoM (hisMKo-MaTeMaTUUYHUX HayK y 29 pokis, OyJia rigHo orri-
"eua. O. A. Ounifinuk orpumaJsia npemito im. M. I'. HeGoraprosa (1952 p.), mipe-
mifo im. M. B. JlJomoHocoBa 3a HaykoBi po6oru (I crymiab, 1964), imenny me-
nanb Konex ne @panc (Ppanmia), memans I crynensa KapioBa yuiBepcurety
ITparu (Yexis); 6ysna oopaHa imoseMHuUM ujgeHOM ItasitickKoi Akamemii Hayk
y Ilamepmo (1967 p.), mouecuum wieHoM EnnHOYypP3bKOTr0 KOPOJIiBCHKOTO TOBA-
puctBa Benukoi Bpuranii (1984 p.).

Tanuna MuroaaiBaa Cura (map. 1940) mapomumaaca 29 ciuma 1940 p.
B M. Xapkis. Ilicia sakinuensa B 1962 p. MexaHiko-MaTeMaTUYHOTO (haKyIbTe-
Ty KniBchbKOTO yHiBepCcUTETy BOHA YCHIIITHO 3aiiMajacsa B [HcTUTyTi MmaTemaTu-
K1 Axamemii HayK YKpaiHu rpaHUYHUMH TeopeMaMU Teopii BUMAaAKOBUX IIPO-
IeciB Ta aCUMIITOTUYHUMY OI[iIHKaMU Mip ¥ QYHKIIiOHAJIBHUX IIPOCTOPAX; CTajla
KaHgugaToMm Qpisuko-maremMatnuHux Hayk (1965 p.), omybrikyBaia HU3KY Bimo-
MHUX MaTeMaTUYHHuX mpaib. Ta 6iabir Bigoma ii poboTa 3i 30eperxenusa mam’ ATi
PO YKPAiHChKUX MaTeMaTHKiB i ToBepHeHHA YKpaiHi iMeH BJIacCHUX MaTeMaTH-
KiB cBiTOBOrO piBHA, 30Kpema I'eopris Boponoro, Muxaiina OcTporpaacsrkoro,
Muxaiina Kpasuyka, Mukoan YaiikoBcbKoro, BikTopa Bynsakoscekoro. Copa-
Ba mouajacsd i3 BmopankyBaHHsa morua I'. Boponoro (y 1982 p. B c. #Kypaska
Ha YepHiriBiuui 0yJio BcTaHOBJIEHO TpaHiTHUM 0o6eick) i M. OcTporpaacbKoro
(v 1985 p. B c. Xopimku Ha [TosTaBiuHi — rpaHiTHUH 3HaK i3 6apenrbedom Bue-
"oro). Haxi I'. M. Cura mpaijtoBaja Haj opraHisalieio My3eiB, CIIOPYIKeHHIM
naM’sATHUKIiB, CTBOPEHHAM (DibMiB, BUIYCKOM iMEHHUX T'DOIIOBUX i IOIITO-
BUX 3HAKiB, OpraHisallielo MiKHapOIHUX HAYKOBUX KOH(EPEHI[il, BUAAHHAM
KHIKOK. [o peui, BoHa Oyja He TiTbKU CHiBPeJaKTOPOM ITMX KHUMKOK, a i aB-
TOPOM apXiBHUX AOCJiA:KeHb. BoHa — aBTOp IMOHAJ IIiBCOTHI mpampb 3 icTopii
marematuku. ¥ 2001 p. came M'anmuny Cuty Kabiner MiHicTpiB YKpainu saTsep-
nuB cekperapeM OpraHisariiinoro komirery 3 Bigguauenaa 200-ritTa Muxaiiia
OcTporpaacbKoro.

3inaima IBaniBHa Caenkanb (1931-2008) mapoamnacsa 16 kBitaa 1931 p.
B c¢. [Teuem:kurii ma Bomoroamuui (Pocia), kyau B 1930 p. i3 3amopisbpkoi 06-
snacti 6yJsio Bucsaso ii pogunay. B 1949 p. niBunza pasom i3 6aTbKaMu IOBEPHY-
Jacs 1o YKpainu — go micta Mesitomons, ge B 1953 p. 3 BiggdHakoio 3aKkinumia
(disuro-maremMaTuuHU (parKyapTeT MeaiTomoJabCHKOTO MHeAAaroriuvHOTO0 iHCTH-
TyTy. B 1962 p. 3inaiga IBaniBHa 3axucTuIa IUCEPTAIiI0 HA 300y TTA CTYIIEHS

0. A. Onifinug
(1925-2001)

T'. M. Cura
(map. 1940)




Po3gin 4. PIBHAHHA, HEPIBHOCTI Ta IX CUCTEMU. Y3arabHeHHS Ta cMcTeMaTtn3allis

s
3. I. Crenkaub
(1931-2008)

K. JI. IOmeuko
(1919-2001)

H. O. Bipuenko
(zap. 1930)

KaHAuAaTa MeJarorivinux HayK i3 MeTOAUKY BUKJIAAaHHA MaTeMaTuku («Kyinb-
Typa TPUTOHOMETPUUHUX OOUMCIEHb y BOCHBMUPIUHiN i cepenHiil IIKoJgax»).
YV 1987 p. mepioro cepef sxiHok Toximaboro CPCP craa 1oKTOpOM Iegaroriu-
HUX HayK i3 MEeTOAUKY HaBYAHHS MaTeMaTUKHU. B 0OCHOBY Auceprallii 6yB IOKJIa-
meuuii smict ii mocioHuka «IlcuxoJsoro-nmegaroriuii oCHOBY HaBUYaHHA MaTeMa-
Tukmn». 3. I. Crenkaus — mpodecop, o1Ha i3 3aCHOBHUIL YKPAIHChKOI HayKOBO1
IIKOJU 3 Teopii Ta MEeTOAUKMN HaBUAHHS MaTEeMaTUKM B CepPelHiX i BUINMUX 3a-
KJajJaxX OCBiTH, aBTOP 0araTbox IIporpam i mifpyuYHUKiB Aaa BUIIOI i cepegHbOIL
MIKOJIM. ¥Yci yKpaiHChbKi MIKOJIM IPOTATOM JECATH POKiB IIpaIfoBaIu 3a Miapyd-
HuUKOM «Areopa i mouarku anaiisdy 10—11», manucauum 3. I. CirenkaHp y CiIis-
aBropcTsi 3 M. I. IIIkiizem ta O. C. [[yOomHUYK.

Karepuna JlorsuniBna IOmenrxo (PBauosa) (1919-2001) mapomumacsa
B YUUTENLCHKiNl poamHi (MOJIOAINNIA OpaT TaKOoK CTaB aKageMikoMm) 8 rpynHs
1919 p. B micreury Hurupus (Tenep Yepkachka 0641.). 3akinumaa B 1942 p. Ce-
penuboasiiicekuit yuisepcurer. ¥ 1966 p. BoHA 3axXuCTHJIA JOKTOPCHKY AHCEP-
Tairo 3a TeMow «lleAKi muTaHHA Teopii aArOPUTMIYHMX MOB i aBTOMATH3AIiA
mporpaMyBaHHS», cTajla JOKTOPOM (hisMKo-MaTeMaTUYHUX HAYK, IPodecopoM
Kuiscvkoro yriBepcurety (1969 p.), unreHomM-KopecroHgeHTOM AKaneMii HayK
VYxpaiam (1976 p.), unenom MiKHapomgHoi AkageMii KoM’ IOTePHUX HAYK i cu-
crem (1993 p.). Karepuna JlorsuuiBaa IO1mernko — aBTop mepirnoi y ¢BiTi MoBu
IporpaMyBaHHs BUCOKOTO PiBHA («AZpecHOI MOBU MpOTrpaMyBaHHA» ), BUEHUT-
KibepHeTUK, 3acay:KeHU# miduy Hayku, miticHuil wieH MikHapomHoi axkamemii
KOMII'IOTepPHUX HaAYK, Jaypear npemii imeri B. M. I'1ymikoBa, Haropoa:xeHa op-
neHoM KHATHHI OJbru.

Hina OnanaciBHa Bipuenko (map. 1930) — ykKpaiHchKa BuYeHa, MaTeMa-
TUK, TOKTOP (PisMKO-MaTeMaTUUYHUX HayK, IIpodecop, akageMiK-cekperap Bix-
ninenua marematuku AH surmoi mkoau Ykpainu (AH BIITY), Bime-pesugeHT
AH BIITY, unen YKpaiHCbKOTO, AMepUKaHCbKOro, ABcTpaJjiiicbkoro, beib-
rifickkoro, EquaOyp3pKoro, JIOHIOHCHKOr0 MaTeMaTUUYHIX TOBAPHCTB, I'OJIOBA
HayxkoBo-meTonnunoi pagu BceyKpaiHCHKOTO TOBapuCTBa IIOJIiTB’S3HIB Ta pe-
IpecoBaHUX.

H. O. BipueHKO BuMBUYAJIa TeOpilo y3araJbHEHUX aHAJTITUUYHUX (PYHKIiH,
Teopiio 3MimaHmxX KpalioBUX 3ajadu, CUHTYJIAPHI AudepeHIiaJbHI PIBHAHHA
3 YJaCTUHHUMU NOXIJHWUMU, iHTEeTpaJIbHI PiBHAHHA, cIellialbHi (GyHKII, iHTe-
TrpaJibHi IIePEeTBOPEHHS, iCTOPiI0 Ta METOAMKY MaTeMaTHUKU TOIIo. AJie TOJIOB-
HOIO cupaBoio KuTTa Hinm BipueHKo, K010 BOHA 3afiMaeThbCcs moHam 45 poKis,
CTaJI0 TOCTiMKeHHS JKUTTA 1 MaTemMaTuuHol cuagmumau Mwuxaiina Kpasuyka.
IITe 8 1965 p., npaitooun B KuiBcbKoMy yHiBepcuTeTi Hal MUTaHHAMU MaTeMa-
TuuHoi Gisuku, HiHa He pas HaTpalisdia B HAYKOBi# JiTepaTypi Ha 3TagKu PO
Muxaiina KpaBuyka i 3posymina, 1o akagemik M. KpaBuyk — Hemepeciunuii,
BeJIUKUN MaTeMaTuK. [{iBumMHa craja mykaTu Moro mpari i BuaBmia, 1o BOHU
OyJau MpaKTUUYHO BUJIYyUeHi 3 0i0mioTeunux (PoHAIB, a JaJi AisHajiacsd, IO BUe-
Hui 3arunyB Ha Koauwmi. Ile 1me gys:xkue mpuBepHyJio ii yBary mo KpaBuyka —
HaYKOBIIs, 0COOMCTOCTI 3 TPAriuHOO 4OJIEIO.

H. O. Bipuenko — 3aciy:xeHUll IPaiBHUK OCBiTH YKpaiHM, aBTOPKA II0-
"Hag 500 HayKOBUX i HAYKOBO-METONUYHUX TIpallb, 30KpeMa 20 KHUKOK, BUAA-
HUX YKPalHCBHKOIO, POCifiICbKOI0, aHTVIIICBbKOIO Ta ATTOHCHKOI0 MOBaMMU.
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7.20. IIpu a <1 KopeHiB Hemae, mpu a=1
€IUHUN KOPiHb, Ipu a>1 aBa KopewHi.

7.21. ae(—oo;O]U{zi}. 7.22. ae[0;+).
e

7.23. ae(—;0].7.24. ae[0;+).
7.25. ae(—31].7.26. ae(0;1)U(1;+).
7.27. ae(-;0].

§8.8.1.1)1;2)1; 3)2;4) 0; 5) 4;
6) kopeHiB Hemae; 7) £2; 8) 1.
Brasieka. 3anumiiTh piBHAHHA y BUTJIAIL
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1 9 . o
log,| x+— [=2x—x" i BpaxyiiTe, m10 IpK
x

x>0 x+l>2; 9)1.8.2.1) £2; 2) £2;
x

3) 2. Brasiska. IloginiTe 06uasi
YacTHHHU piBHAHHA Ha 2% 1 BpaxyiiTe, 1m0
GYHKIIiA, omepskaHa y JiBiil vacTumi,

¢ ciaom0. 8.3. 1) 0,25; 2; 2) 15 35 3) ——
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 ;

npu —1,5<a<11 xopeHis HeMae;
2) pu —~1<a<3-2v2 abo 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;

) Jio
8) 1538435 -1;0,2;6)a)1;4;6) 0; 15 4;
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.
Brasisrka. 3BeniTs piBHaHHA 10 Bugy f(x)=0

x=log, ;mpu a<—1 abo

i Bpaxyiite, mo @pyuruig f(x) mapua.

8.12. ¢<0, a=0,25.8.13. IIpu a<0

KopeHiB HeMmae; mpu a =0 OIMH KOPiHb;

npu a>0 gBa kopewni. 8.14. IIpu a< -1 ab6o
a>"7 onuH 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.
Brasiska. 3anuiniTh 3agaHi BUpasu K

CTeIeHi 3 0MHAKOBOIO OCHOBOIO 5.
Tecr1.1.B.2.1.3.65.4.1-T,2-B,

3-A.5.1-B,2-A,3-T.6.11.7.B.

8. (0;1]U[10;+<0). 9. D(y) = (0;+e), dyHELis

3pOCTae Ha IPOMIiKKY (O; 1] i cmamae Ha mpo-

=-1, BepTHU-

MiKKY [1;+°°)’ X max =1, Ymax

KaabHa acuMmiTora x=0.

Po3pin 2

§9.9.4. 1) Hi; 2) rak; 3) rak; 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+ 5 +C;
X X
xt x? 1
8) —+C.9.7.1) 2x ——-— +C;
4 4 2x?

2
X

2) —+
)2

. 1
+sinx+C; 3) ——+cosx+C;

4
2x x

4) Exs—x+C; 5) L(2x—8)6+C;
3 12

6) -2 cos2x+C; T) ———(4-5x)° +C;
2 40

8) —lsin(x—£)+C; 9 — 1 _ic;
3 4 15(x—15x)
T 4
10) 2tg| ——x [+C;11) ——————+C;
) g( 3 x) ) 3(3x-1)

1

2x*

9.8.1) x—ésin3x+2cos(§—x)+c;

12)

+%tg(3x—1)+C.

2) —ictg4x—2\/2—x —x3+C;

3) %tg(&c+1)—3cos(4—x)+x2 +C;

1

_2+g bx—2 +2sin(1—x)+c.
4(3-2x)° 5 4

1 x* .3
9.9.1) ——-10; 2) tgx—1;3) —+1—;
x 4 4

4) —cosx—2.9.10.1) x%+x; 2) x®—x2+4;
2 3 2

3) X poxityay g3 41
2 2 3 2 3

3

9.11. 1) 2sinx +3; 2) x—%+3;
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3) —cos(x+§)—2; 4) —
4

9.12.1) 22— L +1; 2) %+2x+3;
X

3) x-x2+8; 4) —l—2x5+3x+5.
x

9.17. F(x)=2x* —x*-28. Hyxp: —2.
9.18. F(x)=x®-2x* -3x . Hyxi: —1; 0.
9.19. F(x)z%x —x%+11 abo

1

F(x)=§x3—x +é

9.20. F(x)=2x2—éx3+3§ a6o
2 1 3 1 3_ .4
F(x)=2x -5 % —82..9.2L &7 x4 T

3

9.22. 2x% —x° —35.9.23. %+t2 _t.

9.24. 4sin%+2. 9.25. t1+262 42t +7.
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+t-1=.
3 3

§10.10.1.1. 1) 6,6; 2) 1; 3) 20; 4) 1;
5) i; 6) 6;7)0,9; 8)0,5. 10.1.2. 1) 3; 2) 2;

3) 9V3; 4) 4; 5)—+1 6) 78; 7) 213,

8)9,5.10.1.4.1) 0,4; 2) 95; 3) 1,6; 4) 10%.

10.1.5.1) 0,75; 2) 2; 3) 7l; 4) 5l.

10.1.6. 1) 4,25; 2) 2J§—— 3) 2—
J?T—— 10.1.7. 1) 2r; 2) 6,257 ; 3) 4,57 ;

4)2,5. 10.1.8. 1) 2n; 2) 12,5m; 3) 5; 4) 8,5.

10.1.9. 0,1 T:x. 10.2.7. 5%. 10.2.8.4,5.

10.2.9. 2)ﬂ 3)— 4)%.

10.2.10. 1) 2%, 2) 117; 8) 20%, 4y =,
5 3 6

10.2.21. 51 -5.10.2.22. 4i —4. )
10.2.23. 4 6arru. 10.3.1. 1) 68 m; 2) 213.

Tecr2.1.T.2.1.3.11.4.B.5.1 T,
2
2-B,3-B.6.10.7. x+x?—2\/1—x +C.

8.0,5.9.0,75.

Po3gin 3

§11.11.1.1.12.11.1.2. 1) 16; 2) 60.
11.1.3. 2052; a6ayko. 11.1.4. 1680.
Brasiska. Jlo1inbHO 3a Miciia BUOpaTu
eK3aMeH! i po3MillyBaTy 0 HUX 3aJaHi JTHi.
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, -AJy- A - Ajy- 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. 101 (51%. 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) (6;3);
3) (18;8); 4) (12;5).

§12.12.1.1.1 — Bunagkosa;
2 — HEeMOJXKJIMBA; 3 — BUIMIAJKOBA;
4 — HeMOJKJINBa; D — BUIAAKOBA;
6 — HeMOsKJINBa; 7 — BUIIAQJAKOBA;
8 — Hemo:kamBa; 9 — BiporigHa;
10 — BunaaxoBa; 11 — Bumagxosa.

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. ——. 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) uepBone; 2) a) 1; 6) 0; B) 0,4;
r) 0,52.12.1.19. Byas-axy.
12.1.20. 1 uepBOHAa, 5 }KOBTHUX.

12.1.21. Bestena, p=%. 12.1.22. 1) a) %;
6) 0; B) %; 2)11.12.1.23. (2;1).

12.1.24. 2.12.1.25. - . 12.2.3. 1)U —
3 120

Biporigua moxisa; A+U — «BimOyBaeTbcs
nomisa A a6o momiss U»; U — «BigOyBaeThCs
nogisa U»; oTike, AKINO BigoymeTbeda U, To
«A abo U» Oyze cupaBeqInBUM;

2) A+ A — «BigbyBaeTheda monia A abo
A»; A — «BinOyBaeThCs momid A»; OTIKe,
AKIIO Bigbymersea A, To «A abo A» Oyze
cupaBeIuBUM; 3) momia «A BigOyBaeThbCcsa
a60 A He BinOyBaeThCs» € BipoTigHOIO;

4) ogrouacHo moaisa A BinOyBaTucs i He
BifiOyBaTuCA He MOXKe, TOMY HOOYTOK ITHUX
IOJiN — HEeMOJKJINBA IOMIisd;

5) A — «BimOyBaeTbcs momia A», OTie,
CIpaBeJINBUM € «BimOyBaeThesa momia A abo
HEeMOXKJINBA Ooisi»; 6) A-&J — «000B’A3K0OBO
BimOymeThCsa HEMOMKJINBA MOAisA» , & —
BimOymeThCcs HEMOJKJIMBA MOisd, OTIKE,

AQD=0.12.2.4.1) A;-Ay-Ag32) A- Ay Ay
3) A +A,+Az4) A- Ay Ay B) A A, A,

12.2.5.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
12411 L .2 2.3 2.y 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 6
P v ls s le i s
12.6.2.

X112 Y 112 zZ 1 2
p % % p % % P 10,50,5
12.6.3.

X 0 1 2
P 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 mecupaseniusa. 12.6.11. 2:1.
12.6.12. ITepinuii rpaBehb: HIOBUHEH
omepsxartu 157,5 miBpis, apyruit — 52,5.
12.6.13. 11:5.

§13.13.1.2. 240. 13.1.3.

s | S
S0 o B8 E oy,
= 2 AT E R E B E%
= g g-") o 13) 3] ity % ® H
a5
= O
S
%8 19600 6000 4800 4200 33001500 600
=S
28
13.1.4.
Kupuicrs 0 0,61 11,56:2,5:8,56' 5
Rinexicts 160 940 160 200 480 280 240
JiTpiB

13.2.4.1) R=4; Mo=2; Me=2; X:zg
2) R=8; Mo=2; Me=1; X=0,6.

13.2.6.1) R=3; Mo=3; Me=3; X=3%

1’
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2) R=8; Mo, =4; Moy,=5; Me=4; 22':3%.
13.2.7. Mo; =135; Mo, =140; Me=135;

)‘(:129i.
11

Tecr3.1.A. 2. 1.3.B.4.1-A,2-T,
3-B.5. é 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) 2 ; 2) 2 ;3)1;

4)2.14.4.1)12; 2) 8. 14.5. 1) Kopenis

HeMae; 2) —3; 2; 3) —1;0; 4) 4.

18-V21 o) 921 45 5,
2 2

4) 2++/2.14.7.1) 3; 2) 2.

14.6. 1)

14.8.1) (—1)k1+nk, keZ;2) i%+2nn,

nez.14.9.1)0; +m; +8; +5% . 9) + T,
4 4 2

3t 2rn n_4n _ 5¢m

E+1 T

14.10.1) (-1) E+nk keZ; 2)+3+2nk

keZ.14.11.1) n_k’ keZ; i%t+2nn, nez,

2)—+— kez; (1)L ez
12 2

14.15. arccos(i\/g)+2n, keZ,
3
2) iT+2nn, neZ.14.21.1)1; 2)-1.

14.23.1) 0; —; 4; 2) —1; 3. 14.24. 1) —+2nn,

nez, §+2nk, keZ;2) %+2nn, neZ; 2rnk,

keZ; 3) tarccos

+2nn, neZ.
3+1

14.28.1) —7—n; —6; —5; 2) —4; 5_7:; —3.
4 4

14.29.1) %+2nk, keZ;nn, neZ.
14.30.1) 1,5; 2) 0. 14.32.1) 3; 2) 1.

NN
11’
AL 1)(4 37+\/_) (3;17+\/EJ;
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+7k), keZ.

14.50. 2) (—;0)U(1;2). 14.62. 1) (1;5);

2) (2;1). 14.63. c=-1. 14.69. (0; ﬁ]
14.72. % a.14.73. 0,5 1. 14.74. 75 km/rox.
14.75. 40 km/Tox. 14.76. 45 i 36 gHiB.
14.77. 10 guis. 14.78. 6 roguH.

14.79. 60 km/rox. 14.80. 15 km/roxm.

14.81. 40 km/ron i 55 km/rox. 14.82. 3:1.
14.83. 3 xri 7 xr. 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 Kkr. 14.92. 850 1.

14.93. 6 micamis.

Tecr4.1.B.2.T.3.B.4.T.5.B.
6.1-B,2-A,3-T.7. (—;0]|U[L;+).

8. [-4;-3)U(0;1]. 9. 1) TIpu O<a<%

e(2a;1]; 2) ipu azé &5 3) npu %<a<1

e[l;2a); 4) mpu a>1 xe(O;l]U(Za;+oo).
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BimomocTi mpo KOPUCTYBaHHSA IIiAPYUYHUKOM

IIpisBuIie Ta im’st
YUHA / YYeHUI1

i HaBuaJib-
! HUI pik

CraH migpyuyHuKa

! Ha IIOYaTKY

HaBuanbrHe BUJAHHSA

HEJIIH €gzen Ilemposuu
IIOJITOBA Oxcana €ezenisHna

B KiHIIL

«AJITEBPA I TIOYATKH AHAJI3Y (ITPO®1JILHUN PIBEHD)»
migpyuHuk aaqa 11 Kaacy 3akaajiB 3arajbHOI cepeaIHbOI 0CBiTH

PexomenmgoBano MiHicTepcTBOM 0CBiTH i HAyKU Y KpaiHu

Bupano 3a paxyHOK Jep:kaBHUX KoirTiB. IIpogask 3a60poHEHO

Penaxrop O. B. Kocmina. Texuiunuii pegaktop A. B. I1nicko. Xynoxxue opopmiaenus B. I. Tpygena.
Kowmmn’torepua Bepcrra O. M. I[Ipasdwk. Kopexkrop H. B. KpacHha.

Oxkpemi 300paskeHHsI, 110 BUKOPUCTAHI B 0(D)OPMJIEHHI HigpydYHUKA,
posmimieni B mepeski IHuTepHeT i BiJIbHOIO BUKOPUCTAHHS

Ilignucano go apykry 30.05.2019. ®opmat 84x108/16.
ITanip odcernuii. l'apuitypa lIkinsHa. [Ipyk odceTHUIA.
VM. apyk. apk. 25,20. O6a.-Bujg. apk. 35,3. Tupaskx 7113 npum. 3am. Ne 12505-2019.

TOB Bugasuuirso «PaHoK»,
ByJ. Kibanpuuua, 27, k. 135, Xapkis, 61071.
Ceigonrso cy6’ekra Bugasanyoi cipasu JJK Ne 5215 Bix 22.09.2016.
Anpeca penakii: Bys. Kocmiuna, 21a, Xapkis, 61145.
E-mail: office@ranok.com.ua. Ten. (057) 719-48-65, Ten./daxc (057) 719-58-67.

ITIigpyyHuK HagpyKOBaHO Ha ITanepi yKpaiHChKOro BUPOOHUIITBA

Hanpyxkosano y npykapai TOB « TPIAITA-TIAK »,

upoB. Cimdepononbebkuii, 6, Xapkis, 61052.
Ceigorrso cy6’ekra Bugasauyoi cipasu K Ne 5340 Bix 15.05.2017.
Ten. +38 (057) 712-20-00. E-mail: sale@triada.kharkov.ua






