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Y npoMy HaBUAJHLHOMY POIli BU IIPOAOBXKYETe BHUBUaATH MaremMaTuky.

3 kypcy Anaredopu i mouarkis amamisy 10 Kjacy BU BiKe 3HA€Te METOAU PO3B’dA-
3yBaHHA PiBHAHBb i HepiBHOCTel, yMieTe mocig:KyBatu (PYHKIII, 30KpemMa 3a I0-
nomoroo moximuoi. B 11 kjaci Bu mosHaiiomMuTecs 3 HOBUMU BUJAMU (DYHKIIH —
TOKa3HUKOBOIO i Jorapm(MiuyHOIO, BiAMOBIiIHMMMN PIBHAHHAMU W HEPiBHOCTAMU,
a TaKOK IPUHIIUIIOBO HOBUM IOHATTAM — iHTErpajioM, HaBUUTECA 3aCTOCOBYBATHU
ioro [0 PO3B’sI3yBaHHA 3amad, OiJABIIICTh, 3 AKX BUHUKJA BHACTILOK MTPAKTUUYHOL
ITiAIBHOCTL JIIOOUHU.

Y 9 knaci BU moumHAJM 3HAWOMUTHCS 3 OCHOBAMM KOMOiHATOPMKU, Teopii #mMo-
BipHOCTEH Ta crarmcTuku. I[pboro poKy Bu moriimbuTe CBOI 3HAHHA B IIiff TaJjyai,
HaBUUTeCA KOPUCTYBATUCA BIANOBIAHUMMU IHCTPyMeHTaMU Iiel HayKu, ycBimomure
il BHAUEHHS B JKUTTi Cy4YacHOI JIFOAUHU.

V¥V kypci 'eomerpii Bu JOoKJIafHiIIE MisHaeTecA IIPO MHOTOTPAHHUKHU, ITO3HANOMHU-
Tecsa 3 TimaMu obepTaHHs, HaBUUTEeCA OyAyBaTH iX Ilepepisu, oO0umcIOBAaTA 00’€MU
i mJoIIi MOBEPXOHb, — ITe MOXKe 3HAJAOOUTHUCS HABiTh THMM, XTO He 30MPAETHCA IIOB’A-
3yBaTU CBOE ;KUTTA 3 MaTeMaTUKOI, — Xoda 0 IJA TOro, mob 3po0uTH CBATKOBUI
KOBIIQUOK MaJieui UM CKJIeITHM MOJesJb JUIIAPCHKOTO 3aMKY.

CoopmiBaeMocsi, B OTpPUMAaETe 3aJ0BOJIEHHS, ONMaHOBYyMOUM Kypc Maremaruim,
a HaAbyTW# OOCBiJ JOIIOMOXKe BaM YCIIIIIHO BIIOpaTucsA 3 OaraTbMa 3agadyaMu, SKi
MOCTaHYTh NEepeJ BaMU B JOPOCJIOMY KHUTTi.

Basxaemo Bam ycmixis!

Iligpyuynuk MicTuTh ABi yacTuHU: «Asredpa i mouatkm aHajisy» i «['eomerpis».
KoskHa uvacTmHa CKJIaJaeThbCcsa 3 TPhOX PO3MLIiB, KOMHUUI pos3mis — i3 maparpadiB
(y mepmriit vacTuHi AeAki maparpadu mominAThCcA Ha MyHKTH). Ilaparpadpu i myHK-
TH, K IPABUJO, CKJIAJAIOTHhCSI 3 TAKUX CTPYKTYPHUX OJIOKiB.

Josigkori Tadbauni HaBeleHI Ha mouaTKy Oijabimocti maparpadiB i micTATh
OCHOBHi O3HAUEHHS, O3HAKHW Ta BJIACTUBOCTI PO3TIAAYBAHUX IOHATH TE€MH, CHUCTE-
MaTH3aI[il0 TEOPEeTUUYHOI'0 MaTepianay Ta cnocobié JdisavbHocmi i3 UM MaTepiaiom
y dopmi cmeniaJbHUX OpieHmMupig i3 po3én3yeanns 3aedans. Pagumo ompaijjoBaTu
meli MaTepiajy y mepIiry 4epry, a B:Ke IIiCJIA IILOTO IIEPEXOAUTU 0 HACTYIIHOTO OJIOKY.

Ilosicuennsa i1 OOI'PYHTYBAaHHS MICTATH [AOKJAJHE BUKJIQLEHHS TEOPETUUHOT'O
MaTepiajy, HaBemeHOTO B TaOaumnax. Take IMOZaHHA HABYAJIBHOTO MaTepiauay (cio-
YaTKy CTPYKTYPOBAHOTO y BUIVIAAI TaOJWUIlh, a IOTiM OMMCAHOTO [AETAaJIbHO) IO3BO-
JUTHL KOXKHOMY / KOMKHil i3 Bac BuOMpaTH CBili BJIACHUI pPiBeHb O3HAWOMJEHHA 3
OOT'PYHTYBaHHAMU, OyAYIOUM BJIACHY OCBITHIO TPaeKTOpiio.

IIpuknanu po3r’a3yBaHHS 3aBIaHb (3a/1a4) 03HANOMJIATH Bac i3 OCHOBHUMU ile-
AMU IIOJI0 PO3B’sI3YBAHHA 3aBJaHb, JOMOMOMKYTh YCBiJOMUTH ¥ 3aCBOITH cHOCOOM [iit
3 OCHOBHUMU MATEMATHUUYHUMU IOHATTAMMN, HaOyTH HEOOXiTHUX MPEeIMEeTHUX KOMIIEe-
TeHTHOCTei. [ Toro 1106 BUAIMIUTYA OPi€HTOBHI OCHOBU IisIILHOCTI 3 PO3B’I3yBaHHSA



MNepenmoBa

3aBJaHb (3arajibHi OpieHTUDPH), V¥ IPUKJIAZaX BIACHE PO3B’A3aHHA CYNPOBOLIKYIOTHCS
KOMEHTapAMM, SKi JOMOMOMKYTh BaM CKJIACTH IIJIaH PO3B’SI3YBaHHS aHAJOTIUHUX
3aBIaHb.

Po3B'A3aHHA KomeHTap
fIK MOXHa 3anmcaTi po3B’A3aHHA fIK MOXHa MipKyBaTV Mif yac po3B’A3yBaHHA
3apaui abo 3aBaaHHA TaKkux 3afay abo 3aBfaHb

3a TaKoro IONAHHA KOMEHTAp He 3aBaskae CIPUNHSATTIO OCHOBHOI imei poss’a-
3yBaHHSA 3aBIAaHb MEBHOTO TUIIYy i Ja€ 3MOry 3a IOTPedu OTPUMATHU AeTaJbHY KOH-
CYJIBTAIiIO IIOJI0 PO3B’A3yBaHHS, KA MICTUTHLCS B KOMEHTapi.
3 MeTo 3aKpilIeHHA, KOHTPOJIIO i CAMOKOHTPOJI0 3aCBOEHHA HABUAJbHOTO Ma-
Tepiaay HaOPUKiHIII KOKHOro maparpada 3aIporlOHOBAaHO CUCTEMY 3allUTaHb i BIIPaB.
3anuTaHHA [J8 KOHTPOJ TOIOMOMKYTH BaAM IIPUTAZaTH I OCMUCJIUTHA BHUBUE-
He, 3BEPHYTHU yBary Ha TOJIOBHE, OIiHUTU PiBeHb 3aCBOEHHS MaTepiany maparpada.
Brnpaeu momamo 3a TpbOMa PiBHAMUN CKJIAJHOCTI:
® 3adayi cepedHb020 PiBHA MAIOTh TMTO3HAYKY «°»;
® 3adayi docmamHv020 piéHa (Fello CKJIagHIIIi) mogaHo 6e3 ITO3HAYKY;

® 3a0ayi 8UCOK020 PiBHs MAIOTH TTO3HAYKY «*».

Ho 6isnbirocTi BIpaB HaAUPUKIHIN HiApyYHUKA HaBeIeHO 8i0no08ili.

VY pyopuni «Buapite cBO0 KOMIIETEHTHICTH» HaBEAEHO 3aJavi IIPaKTHUYHOTO
3MicTy Ta 3aBHaHHA, AKi AJA OTPUMAaHHS PO3B’A3KY BUMATralTh aHaJi3y Ta yaa-
raJbHeHHs HaOyTUX 3HAHB.

3BepHITh TAKOK yBary Ha 3aIlpPOIIOHOBAHI B TeKcTi maparpadiB CyHIpoOBOIKY-
I0UYi 3alIMTaHHS, IO CIOHYKAIOTH MO OiJbII TJIMOOKOTO CAMOCTiHOTO OCMUCJIEH-
Hs HABYAJBHOTO Marepiajy, Ta 3aBJaHHS, BUKOHAHHA AKWX, HA HAIIY IYMKY,
cupusaTrMe (POPMYBAHHIO TEBHUX IIPEeIMETHUX Ta KJIUYOBUX KOMIIETEHTHOCTEMH.
IIi samuTaHHA Ta 3aBHAaHHSA MalOTh BiAMOBigHI mosHaueHHA. Marepianu pyopuUK
«Bimomocti 3 icTopii» Ta «BumarHi mocrari B MaremMartwuili» IOIMOMOKYTH BaM MIO-
CIiUTH PO3BUTOK MaTeMaTHUKU AK HAyKW U [Ti3HATUCS IIPO HOCATHEHHA BUIAT-
HUX yJYeHUX YKpaiHu Ta CBiTY BiJ JaBHUHH [0 CHOTOJeHHsS. |HTEepPHEeT-IIiATPUM-
Ka MiApYYHWKA AO3BOJUTH 3MIMCHUTU OHJAWH-TECTYBAaHHSA 3a KOXKHOIO TEMOIO,
a TaKOXK JeTaJIbHiIle O3HAMOMUTHCA 3 HAaBUYAJbHUM Marepiaom.

Hasa Toro 106 migApydyHHUK JOIOMIT BaM y IOBHi#M Mipi, pagmMo 03HaHOMUTHUCS
i3 cucTemMoOiI0 YMOBHUX IIO3HAUEHbD:

p... W noyaToK i 3aKiHYEHHS OOIPYHTYBAHHS TBEPOKEHHA, PO3B'A3aHHA 3aBHAaHHA;

3annUTaHHA [0 YYHIBCTBa;

MaTepianu, nos'Aa3ani 3 IKT Ta iHTepHET-NIATPMMKOIO MNiAPYYHUK];

3aBfaHHA, AKi BMMaralTb CaMOCTINHOrO onpauloBaHHA, CIPUAIOTb akTMBI3aLil po3sy-
MOBOI OifANIbHOCTI;

LiAnbHICTb, po3paxoBaHa Ha pPob6OTY B KOMaHA.

@OOE
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NOKA3HUKOBA
TA NNIOTAPUPMIYHA

bYHKLII

§ 1. Moka3sHukoBa yHKLUifA, i1 BNacTMBoCTi Ta rpadik

§ 2. Po3B'A3yBaHHA MOKa3HMKOBMX PiBHAHb Ta HEPIBHOCTEWN
§ 3. Jlorapudm umcna. Bnactnsocti norapndmis

§ 4. JlorapudmiuHa ¢yHKUis, iT BNacTnBocTi i rpadik

§ 5. Po3B'A3yBaHHA norapMdmiyHmxX piBHAHb Ta HepiBHOCTEWN

Y ubomy posgini Bu:

© O3HaMoMMTecA 3 MOKa3HMKOBOK QYHKLIE,
i BnacTMBOCTAMM Ta rpadikom;

© O3HaMoMuTecs 3 MOHATTAM Jorapudma
Ta BNacTMBOCTAMM Jioraprdmis;

= [pi3HaeTeca Npo norapudmiyHy GyHKLito,
1 BnacTuBocTi Ta rpadik;

©  HaBumuTeca 6yayBaTy rpadikum NoKasHUKOBUX

i norapmomiuHmnx GyHKLIiN Ta po3B'A3YBaTN NOKA3HUKOBI
N norapudmidHi piBHAHHA i HEPIBHOCTI.



§ 1.NMIOKASHUKOBA ®VYHKLIA,
1T BAACTUBOCTI TA FPA®IK

1. MoHATTA NnoKa3sHMKOBOT GpYHKLIT Ta Ti rpadik

Tabnuusa 1

O3HaueHHs. [ToKasHUKosol yHKyielo Ha3nBaeTbca GpyHKUiA BuAY y=a”,

pe a>0ia=#l.

lpadik noka3HrKoBoI GyHKLIT (eKcnoHeHTa)

a>1

Yyt y=a*
1

_/

y
y=a*
1

O<ax<l

~—_

0 x

0 x

2. BnacTnBoCTi NOKa3sHMKOBOI PYHKLiT

1. O61acme s8usHaveHHa: x € R. D(ax) =R

2. 06nacmeb 3Hauers: y > 0. Ela®)= (05 +o0)

3. QyHKyisa Hi napHa, Hi HenapHa.

y=1

4. Toyku nepemuHy 3 ocamu koopduHam: Oy {x =0, Ox

5. [IpoMmiXXKU 3pOCMAHHSA | CNAOAHHS:

HeMaeE€ .

npu a>1 ¢yHKuia y=a” 3pocTae Ha BCil 06nacTi BU3HaYeHHS;

npn 0<a<1 ¢yHKuia y=a” cnapae Ha BCiih 065acTi BUSHaUEHHA.

6. [pomixku 3Hakocmanocmi: y >0 npu ecix 3HadeHHAX x € R .

7. Hatibinbwozo i HatimeHw o020 3HadyeHb yHKUiA He MAE.

8. []na 6yob-aKkux OiticHux 3HadyeHb U i U (a >0, b > 0) sukoHytomeca pigHocmi:

u u
u a —
auau :au+v (ab) :aubu _:au v (_)

-2 () =a
b

uv



§1.Toka3HmKoBa yHKLIA, 11 BAACTUBOCTI Ta rpadik

MOACHEHHSA N OBI'PYHTYBAHHA

O3HaueHHA. TMOKA3HUKOBOI (PYHKYi€l0 Ha3sNBaETbCA
dyHKuia Bugy y=a”*, pe a>0i a=1.

Y
. 1)* B .
Hanpukaan, y=2", y=(—|, y=(—|, y=1" — 1 y=1*

Puc. 1.1

TIOKAa3HUKOBI (PpyHKITIT. 2 2

SasHaunmo, Mo (QYHKUiL eudy y=a* icHye i npu
a=1. Toxi y=a*=1%, 10670 y=1 npu BCcix 3HAUYEHHAX
x€R. Ane B npomy Bunagry QyHENia y=1" ne nasusa-
emues nokasnurosow. (Fpadik Gynknii y=1 — npsawma,
300paskena Ha puc. 1.1.)

Ockinpkm mpu a>0 Bupasd a”* O3HAUEHHWI IPHU BCiX IICHUX 3HAYEH-
HAX X, TO 00/ACMI0 BU3HAYEHHS NOKA3ZHUK080L QYHKUIl y=a” € 6ci OiilcHi
wucaa.

CroouaTky moOyayemo rpaiky mAeAKMX IIOKasHUKOBUX (GYHKIIINA, HaIpH-

X
gaag y=2" i y:(E) , «3a TOUKaAMWU», a IIOTIM IepeiijieMo 10 XapaKTepu-

CTHUKHU 3arajJbHUX BJIACTHUBOCTEIl MOKASHUKOBOI (DYHKIIiI.

x
& . 1
CriagemMo TabIuIl0 NeAKUX 3HAYeHb QYHKIIH y=2" i yz(—) .

1 1
x -3 -2 -1 - 0 — 1 2 3

2 2

1 1 1 1
_ — — = |—==0,7 1 ~ 2 4 8
y=2% 3 4 B 2 J2 1,4

1 1 1 1 1
= = 8 4 2 =~ 1 —=0,7 — — —
y (2) V2 =1,4 N3 2 1 3

IToGyayemo Ha KOOpAWHATHiN MIJIOIMWHI BigmoBigHI TOUYKM i crmoaydu-
Mo ix mnaBHmMEu Jginiamu. Orpmmaemo rpadikm Qysrmin y=2" (puc. 1.2)

i yz(%) (puc. 1.3).



PO3IJT 1. Moka3HWKoBa Ta NnorapudMidHa QyHKLT

Punc. 1.2 Puc. 1.3
lox Yy
gl |y=2 8
/ \
/ \
4 4
(1Y
2 =TT— 2
Fz)
_4»-,"/' '\'Mb_
—3-2-1 (01 W35 [ e e U e

Sk Gauummo 3 rpadikis, QyHKNia y=2 e 3pocmaruow QyHKIiEO,
X
. 1 . . . .
a (GyHKIig y:(E) € cnadHow (yHKITi€0, SKi HaOyBalOTh BCiX 3HAUEHDb i3
MIPOMIKKY (0;+o<>).

. 1Y .
3ayBamkumo, 1110 rpadik QyHKIiI yZ(E) MOKHa ojep:katu 3 Trpadi-

Ka QyHKIii y=2" 3a JOIOMOrol reOMeTPUYHUX IepPeTBOpeHb. lIpuiimemo
(1Y 1 - . 1)
f(x)=2%, roxi (5) =—=2 *=f(-x). Omxe, rpadpirk GYHKII yz(g)
2
cumerpruHui rpadiry Qysrmii y=2% sigEocHo oci Oy (guB. HiAPydYHUK
nna 10 kmacy’, m. 1.3) i Tomy, akmo QyHKIiA y=2" € 3pocrarodoro, QyHK-

x
misa y:(2) 000B’I3KOBO OyJZe CIaaHOIO.
BusBnserbca, 3aBxau npu a>1 rpadpik pysrmii y=a”* cxomxuit Ha
1 X
rpadik Qymrnii y=2", a npu 0<a<l — mHa rpadix Qysrmii y:(E)

(puc. 1.4).
I'padirk moxasHMKOBOI (PYHKIIil HABUBAIOTHL EKCNOHEHMOI0.

* MaeThesa Ha yBasi migpyunuk: MartemaTtuka (ajarebpa i mouyaTku aHajaisy Ta reomerpis,
piBeHb craHmapty) : migpyd. aas 10 K. sakJ. 3araji. cepex. ocsitu / €. II. Hemin. —
Xapkis : Buzp-Bo «Panox», 2018. — 328 c.



§1.Toka3HmKoBa yHKLIA, 11 BAACTUBOCTI Ta rpadik

Puc. 1.4 a Yy 6 Yy
y=a” y=a*
a>1 O<a<1
_/1 .1\
0 X 0 70

Sk Oyso mokasaHO BUINE, 001ACMI0 6U3HAYEHHA NOKA3HUKOG0L (QYHK-
yii y=a* (a>0, a#1) € 6ci diticni wucna: D(a*)=R.

O6nacmio 3nHavenv Qynkyii y=a” € MHONCUHAQ 6Cix dodamHux Hucen,
mo6mo gyukyia y=a” nabyeae minvku dodamHux 3na4ensb, npuiomy 6yos-
AKe 0dodamHe HUCNLO € 3HAYEHHAM QYHKUIL, abo E(ax)=(0;+oo).

Ile osmauae, 110 rpadgik MOKasHMKOBOI PyHKIII y=a” saBxau posmilme-
Hui Buie Bix oci Ox i Gynb-AKa mpsama, mapajeiabHa oci Ox i posrarmroBama
BUIIe Bij Hei, mepeTuHae 1ei rpagdik.

ITpu a>1 ¢ynryia y=a* 3pocmae na éciii o6racmi 6u3HAYEHHA, 4 NPU
O<a<1l QyHkryia y=a" cnadae na écili ob6racmi 6UHAUEHHA.

O60r'pyuTyBaHHsS 00JIacTi 3HaUeHb Ta MPOMIKKIB 3pOCTaHHA U cHagaHHSA
MMOKa3HUKOBOI (yHKIII mpoBogaTh Tak. Ili BiIacTuBOCTI IEpPeBipsAIOTH ITOCJIi-
MOBHO IJi HATYpPaJbHUX, IIJINX, PaIliOHAJbHUX TOKA3HUKIB, a IOTIM yiKe
y3araJbHIOIOTh JJA NOBLIBHUX MiMCHUX IIOKa3HUKiIB. YpaxoByIOUU T'DOMi3[-
KicTh TaKuMX OOI'PYyHTYBaHb, MpUIMeMO ix 06e3 TOBeJeHHI.

Vei immri BaacTHMBOCTI MOKA3HMKOBOI (PYHKIIII JIETKO OOI'DYHTOBYIOTHCS 3a
JOIIOMOT'0I0 ITUX BJIACTUBOCTEM. 1

dynryia y=a® ni napua, wi nenapna, ockimeku f(-x)=a " = ~
(3a osnauenuaMm a#1). Takox f(=x)#—f(x), ockimpru f(-x)=a*>0 (Tomy

1110 E(ax)=(0;+oo)), a —f(x)=-a*<0.
TOUKM IEepeTHHY 3 OCAMHU KOODLMHAT:

#f(x)=a”

* 2padik pyHkuyii y = a” nepemunac sico Oy y mouyi y =1 (giiicHo, Ha oci Oy 3HaueH-
Ha x=0,1oai y=a’=1);

® 2pachik nokasHukoeoi pyHkuii y=a” (a >0, a #1)He nepemuHac sicb Ox, OCKinbkm
Ha oci Ox y=0, a 3HaueHHa y =0 He BxoAMTb AO 06NACTi 3HaUeHb MOKA3HMKOBOI
dyHkuii y=a”* (y=a” =0 Tinbkn npn a =0, ane 3a o3HaueHHaAM a > 0).
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PO3IJT 1. Moka3HWKoBa Ta NnorapudMidHa QyHKLT

Ilpomixcrku 3naxocmanocmi: y>0 npu écix OillcHux 3HAYeHHAX X,
ockinekn y=a*>0 mpu a>0.

3asHauuMoO Ile OJHY BJIACTUBICTH IMOKAa3HUKOBOI (GyHKIii. OcCKiabKH
rpadik QyHENiI y=a” neperunaec Bick Oy B Toumi y=1, TO, ypaxoByouu
3pocraHHsa (QPyHKILI npu a>1 Ta cmagamaa npu 0<a<l, omep:Kyemo Taki
CnieeioOHOULeHHA Mid 3HAYEeHHAMU QYHKUIL I 6i0n0Gi0HUMU 3HAYEHHAMU
apzymenma.

3HayeHHsA aprymeHTa
3HayeHHA dyHKLUiT

npu a>1 npy 0<a<1
y>1 xe(0;+oo) xe(—oo;O)
O<y<1 x €(—0;0) x €(0;+0)

Dynryia yzax He Mma€ HiI HaUbinbuL020, Hi HAUMEHUL020 3HAYEHDb,
OCKinbKM ii o0JacTh 3HAaUYeHb — IIPOMIiKOK (0;+<>o), AKUHA He MicTHUTb Hi
HaIMEHIIIOr0, Hi HANOiJBIIOro 4mces.

BiactuBocti mokasHukoBoi (QyHKIiI, 3asHaueHi B m. 8 Tabua. 1, a came:
u

u
a“a® =a*"’; (ab)" =a“b%; (aj A L ; a4 =a“’; (a”)vza“”, — aHaJoriusi
b b" a’

0 BJIACTUBOCTEH CTelleHeBOi (PyHKIiI, ki Oyao posriaanyTo B Kypci 10 Kiacy.
Kpim cninpHUX BiacTuBOCTel MOKasHUKOBOI GyHKII mpu a>1 i O<a<l1,
3a3HAUMMO JeAKi 0cO00IUBOCTI «HOBeMiHKM» rpadiKiB MOKa3HUKOBUX (PYHKITii
IpU KOHKPETHUX 3HaueHHAX a. Tak, Ha puc. 1.5 HaBemeHo rpadikm moKasHU-
KOBUX (DYHKIiM y=a” [0as BUDAAKIB, Koan

1 1
Puc. 1.5 OoCHOBa a HaOyBae 3HAUeHb 2; 3; —; —.
y 2 3
1 1 ITopiBuiotoun 1i rpadiku, MoOKHaA 3pPOOU-
a=— a=-—- TH BHUCHOBOK: uUM OLAbULOI0 € OCHosa a>1,
2 3 a=3 a=2

mum Kpymiwe «nioHimaemocsy epaix QyHK-
uii y=a", AKWo mouKa pyxaemvcs 6npaso,
i mum weudwe zpagix HabAUNAEMBCS 00
oci Ox, AKWo0 mouka pyxaemwvca 67i60. AHa-
JoriuHo, yum MmeHuiorww € ocHosa 0<a<l,
mum kpymiwe «niOHimaemuvca» 2paQiK QYHK-
uii y=a“, AKWo mourKa pYyxaecmvcs 8.ie6o,
i mum weudwe zpagix HabOAUNCAEMbCA 00
oci Ox, AKUW,0 MOYKA PYXaembvbcs 6npaeo.




§1.Toka3HmKoBa yHKLIA, T BNACTUBOCTI Ta rpadik

1

3aBepIryodyr PO3MOBY IIPO IMOKA3HUKOBY (DYHKIiI0O, 3BEpHEMO yBary Ha
Ti IPUUYMHU, AKI 3aBaKalOTh POSIVIANATH MOKA3HUKOBI GyHKIII 3 Big’emMHOIO
a00 HYJIbOBOIO OCHOBOIO.

IlokasaukoBa QyHEDiA y=a* (a>0, a#1) osHaueHa mpm Beix gificHMX
3HaueHHAX x. IleBHa piu, BUpas a* MoKHa posraszara i npu a=0, i mpm
a<0, ajle B IIUX BUIAAKaX BiH y:Ke Oyle O3HAUEHUU He IpPU BCiX AiMiCHUX 3HAa-
yeHHAX X. 30KpeMa, Bupas 0° osHauenuii mpu Bcix x>0 (i Tomi 0 =0), a Bu-

1 1

pas (-2)° — npm Beix minWx sHAYEHHAX X (HAIPUKJIAL, (_2)_3 =

(-2 8

Yepes 1me 1 He 0epyTh 3a OCHOBY IIOKa3HMKOBOI (PyHKIII a=0 (oTpumyemo
crany Qyukmio mpu x>0) ta a<0 (ogep:KyeMo (PYyHKIIiI0, O3HAUEHY TiJIbKU
IpU OKPEeMUX BHAUEHHAX X, a camMe Xx€Z). Aje HaBeleHi MipKyBaHHSA IIIOJO0
JIOIiJIbHOCTI B1OOPY OCHOBHU MOKA3HMKOBOI (PYHKIIiI He BIJIMBAIOTL Ha 00JIACTH
JOIyCTUMUX 3HAaueHb Bupasy a”. Hampukian, Ak OyJao 3asHAadyeHO BHUIIe, I1apa
3HaUeHb a=-2, x=-3 BxoauThb no uoro O3, i e MOBOAMTHCSA BpPaxoByBaTHU
Mg yac posB’sA3yBaHHA MeAKUX 3aBAAHb.

L N

3as3HaunMoO, IO 3a JONOMOTIOI0 IOKA3HWKOBOI (PYHKI[II MOKHA OIMCATH 3HAUHY
KiTbKicTh mpolieciB, SKi BiiOyBAaIOTHCA B IPUPOJI.

Hamnpurian, spocTaHHs KigbkocTi Gakrepiit (3a BificyTHOCTI HeraTMBHUX AJS IX
pocTy (hakTOpPiB i HAABHOCTI BeJIMKOI KiJIBKOCTI IOKUBHUX PEUYOBUH) BiOyBa€eThCs 3a
saxoHoM N =5', ne t — uac mociaimkenusa, N — uncio 6akTepii y KoJIOHIiI.
3poCTaHHsA KiJIBKOCTI JepeBHHM IIiJl Yac POCTY JepeBa BinOyBaeThbCs 3a 3aKOHOM

A=A, .a®, ne A, — TIOYaTKOBa KiJbKiCTh nepeBHHM, A — KiJBKIiCTL /epeBUHU

yepes uac t, ki a — mesaki crauri.

Tuck noBiTPA 3MEHIIYETLCA 3 BUCOTOIO 32 32aKOHOM p = p,, .a”*, ne P, — THUCK Ha DiBHI

MOps, p — THUCK Ha BUCOTI h, a i B — medAki craii.

Maca peuoBmMHEH mTiJi uac pagiOAKTUBHOTO PO3MAAy 3MEHIIYETHCA 3a 3aKOHOM
t

1\7
M=M, (2) , ie M | — nouaTkoBa Maca peuoBunu, M — maca B MOMeHT Uacy ¢, T —

mnepioj HamiBpo3maay pedoBuHU (TOOTO Uac, 3a AKUIN PO3MaJaEThCs ITOJIOBUHA aTOMIB
3amanol peuoBuHM). OCKiJIbKY Iepiofy HamiBpo3maLy IeBHUX PeUYOBUH nobpe Bizomi,

110 BaJIEXKHICTD 3aCTOCOBYIOTH [JIdd BUSHAUEHHSA BiRy apXGOJIOI‘i‘-IHI/IX 3HaxXiJoK.




PO31IT 1. Moka3HWKoBa Ta NnorapudMidHa QyHKLT

NPUKJTIAQU PO3B’'A3YBAHHA 3ABOAHDb
Mpuknapg 1. MNopiBHANTE 3HAYEHHA BMPa3iB:
<3 _5 4 3
(3G ) )
3 3 2 2
Po3B'A3aHHA KomeHTap

Ypaxyemo, wo ¢yHKUiA

, 2\ :
1) » Dyarnia y—(g) € CIaJHOI0, OCKLIbKHI y=a® npn a>1 3pocraio-

—<1, Tomy 3 HepiBHOCTI —3>-5 ogepKyeMO ya, a npn 0<a<1 cnapna.
3 OTXe, CNovaTKy MOpPIBHSAEMO
2\ (9)?® 3ajaHy OCHOBY CTerneHs a
(g) (E) . 3 OAVHMLEI, @ NOTIM, NOPIB-
( 7 )x HIOIOUM aprymeHTU, 3po06umo
2) » ®yuKIiaga y=| —— | € 3pOCTalU0I0, OCKiIb- BMCHOBOK MNPO CMiBBiAHOLEH-
7 2 HA MiXK 3alaHMMWN 3HAYEHHSA-

KK e >1, Tomy 3 HepiBHOCTI 4 >3 0HepPKyEMO MU QYHKLT.

SORES

Mpuknap 2. MNopiBHANTE 3 OANHNLEI JOJATHY OCHOBY CTENeHA a, AKLO BiAOMO, WO
BUKOHYETbCA HEPIBHICTb:

1 1
1) aﬁ >a‘/ﬁ; 2) a 3<a 5.
Po3B’A3aHHA KomeHTap
1) » Ocxkimpku \/5<\/H i sa ymo- 3afaHi B KOXHIil HePIBHOCTI Bpasn — Le
BOIO a\B > a\/ﬁ, TO QYHKIIiA Y = a” o W ¢yHKLliT - §.

MpoaHanizyemo, Ake 3HauyeHHA OYHKUIT Bif-
e cmagHowo, omxe, O<a<l. NoBiAa€ OiNbLIOMY 3HAUEHHIO aprymeHTa (Ans
LbOro CrnoyaTKy MOPIBHAEMO aprymeHTw).

2) » Ockinbkn _l<_l i sa ymo- AKLO GiNbLIOMY 3HaYEeHHIO apryMeHTa Bif-
noBigae Ginblue 3HaYeHHsA GYHKLii, TO QYHK-
i - uin y=a* € 3poctaouow i a>1; akuo
Boo a 3 <a 5, r0 QyHKIiA yzax BignoBigae MeHLWe 3HauyeHHA QyHKLUii, TO
€ 3pocrapuorm, oTke, a>1. dyHKUia y=a” cnagHai O<a<1.

1 1



§1.Toka3HmKoBa yHKLIA, 11 BAACTUBOCTI Ta rpadik

Mpuknapa 3. MNobyaynte rpadik dyHkui: 1) y=1,7%; 2) y=0,3".
KomeHTap
Akwo a>0, To a* >0, oTke, rpadik GpyHKUiT y=a” 3aBxan po3TalloBaHUI BULLE BiA

oci Ox. Llen rpadik nepetrHae Bicb Oy B Touui y=1 (ao = 1).
Mpu a>1 nokasHnkoBa pyHKLiA 3pocTae, oTxke, rpadikom dyHkuii y=1,7% Gyne kpusa
(ekcnoHeHTa), TOUKU AKOT Npu 36iMblUEHHI apryMeHTa «MigHIMalTbCA» Bropy.
Mpn 0 < a <1 nokasHukoBa GyHKLiA cnagae, oTke, rpadikom GyHKuii y =0,3" byae kpusa,
TOUKM AKOI NpY 36iNblUEHHI apryMeHTa «OnyCcKaTbCsA» BHU3. (Haragaemo, wo, «onyckato-
uncb» BHU3, rpadik HabnmxaeTbca oo oci Ox, ane Hikonu i He NepeTrHaE.)
Lo6 yTouHnTM noBediHKy rpadikis 3agaHnx GpyHKLiN, 3HaNAEMO KOOPAMHATU KiNlbKOX A0-
[ATKOBMX TOYOK.

Po3B’'si3aHHA

y
y=17 x -1 0 1 2
1 =1,7%
) » y=17 1 1
_/ y — 1 1,7 2,89
17
0 x
y
x -1 0 1 2
_ x
WA y ? 1 0,3 0,09
0 X

Mpuknag 4*. 306pasitb cxemaTnyHO rpadik GyHKUii y =

(3]

Po3B'A3aHHA KomeHTap
» IlocaimoBHO 6ymyemo rpadiku: Cknagemo nnaH nobyposu rpadika 3aga-
x |x| HOI GYHKLIT 38 JOMOMOro MocifoBHUX
y= (l) - y= (l) N reoMeTpUYHKX NePeTBOPEHb (AMB. Nigpyy-
3 3 HYK gna 10 knacy, n. 1.3).
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0 *
Yy
||
1 1
2 y(g)
[} x
Yy
0 x

-3
y
________ 3l
1) \2'/_
Dovs (5) -3
0 X
3ANMNATAHHA

—

1) M moxemo nobyaysatu rpadik dyHK-

)" 1
Lt y=f(x)= 5 (ocHoBa a=§<1,

OTXe, NoKa3HMKoBa GYHKLisA cnagae).

2) MoTiMm MoXHa nobynyBaTu rpadik GyHK-

||
it yzg(x)z(%) =f(|x|): npaso-

pyuy Big oci Oy (i Ha camin oci) rpadik
oyHkuii y=1 (x) 3anuwaetbca 6Ges
3MiHK, i came uA YacTuHa rpadika cu-
METPUYHO BiJOOGpPaKaeTbCA BiLHOCHO
oci Oy.

3) Micna yboro MoxkHa nobyaysaTu rpa-

bk dyHKUiT
1
y=0(x)= 3

||

) -3=g(x)-3:

napanenbHo nepeHecty rpadik GyHk-
uiv g(x) y300BX oci Oy Ha -3 ognHuLi.

4) Oani moxHa nobyaysatn rpadik 3aga-

HOI QYHKUT Y= =|(p(x)|:

(3) -

yacTuHa rpadika PyHKLUi y=(p(x),
po3TawoBaHa Buwe Big oci Ox (i Ha
camiii oci), MoBMHHa 3anuwunTnca 6e3
3MiHK (ane Takmx ToYoK rpadik QyHkK-
it y=(p(x) He Ma€), a YaCTuHa rpa-
¢diKka, po3TalwoBaHa Hukye Big oci Ox,
CUMETPUYHO BifobparkaeTbca BigHOC-
HO oci Ox (To6To Becb rpadik OyHK-
it y=(p(x) noTpibHo BigobpasnTK
CUMETPUYHO BifHOCHO oci Ox).

ChopmytioliTe o3HaUeHHS ITOKA3HUKOBOI (PYHKITiI.

2. Ilobymyiite rpadgiku NOKasHUKOBOI (QyHKHii y=a* mpum a>1 Ta mpm
0<a<1 (BubepiTh KOHKPETHi 3HaUeHHS a). depes AKY TOUKY IIPOXOLATH
rpadikmy BCiX MOKA3HMKOBUX (PYHKILiii?



§1.TToka3HMKoBa (yHKLIS, 11 BAACTUBOCTI Ta rpadik 15

3.

4.

Kopucrymouncs rpadgikomM MoKasHMKOBOI GyHKHmII y=a* (upm a>1 Ta
mpu 0<a<1), oxapakTepusyiire ii BIaCTUBOCTI.

IlosicHiITH, AK, BUKOPHCTOBYIOUM 3POCTAHHSA UM CIAaJaHHA BiAmoBimHOL
TIOKA3HUKOBOI (DYyHKILii, TOPiBHATN 3HAUYEHHS:

a) 77 i 7  6) 0,7° i 0,7°.

BIMNPABU
1.1. YraxiTh, AKi i3 3amaHmxXx (PyHKIi#I 3pocTarTh, a SIKi CIIamarThb:
-x
1°) y=4"; 4°) y=n"; ) y=(é) ;
2)" x _
2°) y=(§) ; 5) y=(5-2)"; 8% y=27"
x
3°) y=(\/§)x; 6%) y=( ! J ; 9%) y=-5".
J5 -2
1.2° IlobymyiiTe rpadix (yHKITii:
1) y=3% 3) y=0,2%; 5) y=0,7".
X
2) y=(i) ; 1) y=2,5%;
1.3. 3marouu, 1m0 a>b>1, 300pasiTh cxeMaTUUYHO B OAHIiII CHUCTEMi KOOPAUHAT
rpadiku QyHKIiH y=a* i y=>b".
1.4. 3maigiTe 00JacTh 3HAUEHb (DYHKILI:
1) y=8"+1; 2) y=-5"; 3) y=7"-2.
1.5. Tlo6ymyiiTe rpadik (pyHKITII: x| .
1 1
o g 4 |
)y ) ¥=|3 ) Yy 5
1 X
2) y=(z) +3; 4%) y=5"1;
1.6. IlopiBHAIITEe 3HAUEHHA BUPAa3iB: 4 5
1°) 3% i 3h; 5) 0,5% i 0,5Y7; 9) (i) i (3) ;
9|13 918 p 4
2°) (?) i (?) : 6) 22 i 23, 10) 0,271 i 5.
8 9
3°) 0,787 i 0,787%%; 7) (é) i (%) ;

» (2)" 1 (2)7 8) (ﬂf R

2 2
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IlopiBHANTE TTOKA3HUKM CTENEHA m i n, AKIIO BijoOMO, IO € ITPaBUJIb-

HOIO HEPiBHICTh: . .

1) 3,2" <3,2"; 4 0,99"<0,99"; 7 (V5-1)" <(\5-1);
m n

2 (1) 5(4) 5 ()" >(2)"s 8 (2-1)"<(z-1)".

(T o (] (5]

IlopiBHAITE 3 OMUHUIICIO MOJATHY OCHOBY CTeNeHs @, SIKIIO BiJOMO, ITIO

€ NPaBUJLHOI HEPiBHICTH: 1 1
1) al®s g%, 3) a¥® <a¥7; 5) a 17<aq 8;
1

2) a%<ad; 4) a‘/ﬁ<a4; 6) a0 5 g3,
IlopiBHsAIITE 3 OOWHUIIEI0 3HAUECHHSA BHUPA3Y:

1
1) 0,01"% 3) (1—2)3; 5) 0,007%  7) 372,

1

- NE)
2) 0,001, 4 (%) >, 6) 100°%; g (g) .

SIKuil BUCHOBOK MOJKHAa 3pO6I/ITI/I IIPO 3HAK 4Yucjga X, AKIIO:

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

. PosramyiiTe uncia B MOPSAAKY iX 3pOCTaHHS:

1
1) 23, 2715, 92 9-V2 gld gy,
1 1
2) 0,3%, 1, 0,377, 0,32, 0,379, 0,33,

@ BuABiTb CBOI0O KOMMETEHTHICTb

1.12% Yracaifok pajioakTHBHOTO posmany 3a x ni6 maca M, peuoBUHU

3MeHIIyeTbcA g0 macu M. Ileit mpomec Mo:kHaA omucatTu (HhOPMYJIOIO

1Y) M (1)
M=M, (E) . 3Bigcu V:(E) . ITokaskiTs rpagiuno, AK 3i 3MiHOIO X
0

. . M . .
3MIiHIOETHCS BiIHOIIEHHS o BukopucroByioun 3a He0OXimHOCTI mO0Y-

0
moBaHUE rpadik, maiiTe BiamoBiai (TouHi abo HaOJMM)KEHi) HA 3aTUTAHHA.

1) V crinbKM pasiB 3MEHIIUTHCA Maca pPaJiOaKTHUBHOI PEUYOBUHU Uepes
1,5 mobu; 2,5 mobu; 3 mobu; 4 mobu?

2) CkijnbKM yacy Mae MHUHYTHU, IMO0 IIOYaTKOBa Maca paaioaKTHUBHOL
pevoBuHUN 3MeHIuJacsa y 2,5 pasy; y 3 pasy; y 4 pasu?



§2.P03B’A3YBAHHA
MOKA3HUKOBUX PIBHSIHb

TA HEPIBHOCTEH
21. HalinPocCTIWLI NOKA3HUKOBI

PIBHAHHA
Tabnuua 2
— gt lpadik dyHkuii y=a* (a>0)
(ab)u_au bu a>1 O<ax<l a=1
u—-v
. Y
a @
= b—u ]_ y= 1
au)v —a o 0 0 %
m
=an” 3pocTae cnapgae cTana
OpieHTnp Mpuknag,
32x+4 z 9 6x+3 — —36
. p 3232 ) KopeHiB Hemae,
Mpn a>0ia#1 9rid=D ockinbku 6° >0
—aqfW o flx)=g(x) y AnA BCix t.
x=-1. Bidnoegiob: KopeHiB
Bionosioe: 1. ™ Hemae.

i
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3. 3BefjeHHA feAKNX NOKa3HUKOBUX PiBHAHb A0 HAMNPOCTiWINX

OpieHTup Mpuknag
1) AKwo niBa N NpaBa YaCTUHWU MOKa3HW- 9x-3 4% :ﬂ
KOBOro pPIiBHAHHA MICTATb TiNbKM [oO- 16
OGyTKW, YacTKM, KOpeHi abo cTeneHi, To
JOUiNbHO 3a [OMOMOrold OCHOBHUX
dopmyn cnpobysaTn 3anucatu obuasi
YaCTUHW PIBHAHHA AK CTeneHi 3 OfHieto

o 1
} 2x—3 . 22x — 2 2 . 23x—3 — 25—496‘
243(3 ’ ’

3x—3=l—4x; le.
2 2

OCHOBOIO.
. . 1
Bionosgiob: —.
2
2) AKWO B OfQHIN YaCTMHI MOKA3HUKOBOIO
PIBHAHHA CTOITb YMCO, @ B iHWIN YyCi 5% _9.5%2_-93

UneHn MICTATb BUpas BuAay a®* (nokas- N 5x—2(52 _2): 23: 5x—2 .23=23;
HUKWN CTEMeHIB BigpPi3HATbCA TiNbKN

BINbHUMM uneHamu), TO 3PYYHO B LiiN 5*2=1;5"2=5% x-2=0; x=2.
YaCTVHi PIBHAHHA BUHECTW 33 AYXKKU | piso ois . 5

HAaMMEHLUNI CTeNiHb a.

MOACHEHHA N OBI'PYHTYBAHHA

O3HauyeHHA. [fToka3HUKOBUMU 3a3BMYall HAa3NBAKTbCA PIBHAHHA, Y AKUX
NOKa3HUK CTeNneHA MiCTUTb 3MiHHY, a OCHOBa LbOro cTerneHs He MicTuTb
3MiHHOI.

Posrimanemo mHaimpocTimie NOKa3HUKOBE PiBHAHHA
a*=b, 1)

e a>0 i a#1. OCKinbKM Ipu IMX 3HAYEHHAX a4 (QYHKIIA y=a” CTPOro
MoOHOTOHHA (3pocTtae mpu a>1 i cmamae mpu 0<a<1l), TO KOMKXHOrO CBOTrO
3HaUeHHA BOHA HAOyBae TiJbKM IPU OJHOMY 3HAUeHHi aprymeHTa. lle osHa-
yae, 0 piBHAHHA a” =b npu b>0 mae emmmmMil Kopiab. II[06 oro smaiTw,
JOCTaTHBO TojaTu b y Burnagi b=a‘.

OueBUHO, 10 X=C — KOpiHb piBHAHHA a~ =a‘.
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I'padiuno 1e mpoinmiocTpoBano Ha puc. 2.1.1.

Hanopukimazn, 1mmo6 posB’a3aTu piBHAH-
HA 7Y =49, pmocTaTHLO HoJaTH Ie pPiBHAHHA
y Buriamsi 7% =72 i samucaru ioro €IVHUNA KO-
piap x=2.

Axmo b<0, To piBEaEEA a* =b (upu a>0)
KOPeHiB He Mae€, OCKiJbKM a” 3aBXIu Oijblle
mynda. (Ha rpadikax, HaBemeHux Ha puc. 2.1.2,
npama y=>b He neperuHae rpadik QyHrmii y=a”
npu b<0.) Hanpukian, piBEHAHHA 7' =-7 He
Mae KOpPeHiB.

VsaranpHIOIOUM HaBeJIeHiI BUIlle MipKyBaH-
HS III0J0 PO3B’A3yBaHHA HAWIIPOCTIIINX IIOKAas3-
HUKOBUX pPiBHAHBb, 3a3HAUMMO, I10 mpu a>0
i a#1 piBHaHHA

af(x) P ag(x) (2)
PiBHOCUJIbHE PiBHSIHHIO
flx)=g(x). ®3)

KopoTko 1e TBep:KeHHsA MOKHA 3aIIMCATH TaK:
D npu a>0 i a#1 a’=afW o flx)=g(x).

1106 oOr'pyHTYBATH III0 PiBHOCHUJBHICTBH, MIO-
CTATHBO IIOMITUTH, IO piBHOCTI (2) i (3) MOXKYTH
OyTU IPaBUJIBHUMHU TiJIBKH OJHOYACHO, OCKiJIbKH
(GYHKIiA y=a' € cTPOro MOHOTOHHOI i KOXKHO-
O CBOTO 3HAUeHHSA HAOYBa€ TiJbKU TPU OTHOMY
3HAUYeHHi aprymeHTa ¢t (ToO6TO 3 piBHOCTI cTeme-
HiB (2) 000B’sI3KOBO BUILJIMBAE PiBHICTH MMOKAa3HU-
KiB crenena (3)). Orike, yci KopeHi piBHAHHA (2)
(AKi MepeTBOPIOIOTL Ie PiBHAHHSA Ha MTPABUJILHY
piBHiCcTB) OyAyTh i KOpeHAMU piBHAHHA (3), Ta Ha-
BIIaKU, yCi KopeHi piBHAHHA (3) OyAyTh KOPEeHAMU
piBHauHA (2). A 1e 1 o3Hauae, M0 piBHAHHS (2)
i (3) piBHOCHJIBHI.

Y maBimpocTilux BUHAAKAaX IIiJ 4ac PO3B’sI3y-
BaHHS TOKA3HUKOBUX PiBHAHBL Tpeba 3a MOIIOMO-
TOI0 OCHOBHUX (OpMYJ Oiii Ham cTeneHaMu (IuB.
Taba. 2) 3BecTU (AKIMO Ile MOYKJIMBO) 3ajaHe DPiB-
HAHHA 10 BULY a® = g8

Ons po3p’sasyBaHHA OiJIBIN CKJIAZHUX IIOKAa3-
HUKOBUX PiBHSAHb HaWUaCTiIlle BUKOPUCTOBYIOThH

Puc. 2.1.1

19

6
Puc.2.1.2
a Yy
y=a*
a>1
_/1
x
y=b b<0
6 Yy
y=a*
O<a<l1
x
y=>b b<0
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3aMiHy 3MiHHUX (3aCTOCYBaHHS IIbOTO METOAY POSIVIAHYTO daJji, y Tabua. 3)
a00 BJIACTUBOCTI BIAMOBiZHUX (PYyHKILiA.

Sk Bimomo, yci piBHOCHJIBHI IIEPETBOPEHHSA PIBHAHHA 3aBiKIU BUKOHYIOTH-
ca Ha Iioro obJacti momyctumux s3HauveHb (OI[3), TobTo Ha cmiibHiit obsacti
BUBHAUEHHSA BCiX (DYHKIiH, AKi BXOOATH OO 3alHCy IbOr'0 PiBHAHHA. AJe
B IIOKA3HUKOBUX PiBHAHHAX HaKuacTiiie 00J1acTIO JOIYCTUMUX 3HAUEHDb € MHO-
JKMHA BCixX AificHUX umcesi. ¥ IIUX BUIAAKaX, Sk npasuio, O3 He 3HAXOAATH
i He 3amUCYIOTh [0 PO3B’A3aHHS PiBHAHHA (AuB. mpukgazu 1-3 mgo m. 2.1).

dAxiio x y mporeci posB’sA3yBaHHS MOKA3HUKOBUX PiBHAHDb PiBHOCHUJIBHI
TIePEeTBOPEeHHA BUKOHYIOTHCA HE HA BCi MHOMKUHI miMCHUX 4YHMCeJ, TO IOBO-
moutbesa sragyBatu npo O3 (mpuraan 4 go m. 2.1).

NPUKNAON PO3B'A3YBAHHA 3AB1AHb

Mpuknap 1. Po3B’AXiTb PiBHAHHA:

1)4* =64 2) 55=-1; 3)12% *=1.
Po3B’A3aHHA KomeHTap
1) » 45=64; 4" =43; x=3;

Mpu a>0 3asxan a” >0,

x e e i . .
2)» 57 =-1 KODEHLB HEMae, TOMy piBHAHHA 5% = —1 He Ma€ KopeHiB.

ockinmpkm 5% >0 szaBxauy;

o o, 3 [HWi PIBHAHHA 3BEAEMO A0 BUAY o™ = g8
3)» 12 =1; 12 =127; (ne a>0i a#1)inepeiaemo Ao piBHOCUNb-
x2-4=0; x=%2. Horo pisHAHKA f(x)=g(x).
Mpuknap 2. Po3B’AXiTb PiBHAHHA:
~0,5 2x-3
0,2)"" 2 1
1) L:a(o,m)x ; 2) 2"-3’6:(—) .
J5 6
Po3B’A3aHHA KomeHTap
1) » 3amame piBHAHHA PiBHOCUJIbHE Jliga i npasa 4acmuHu 3a0aHux piBHAHb
_l)x—0,5 2 mMicmame minbku 006ymKu, 4Adcmku,
piBHAHHAM 1 =5-(5_2) ; KopeHi abo cmeneHi. Y ybomy 8unao-
52 Ky 0/ 38e0eHHA pIiBHAHHA 00 8udy
_ 1
508 =5l 522+, 5_x+0’5_5 _ pl+(-2x+4), '™ = g* cnpobyemo sukopucma-
1 ’ ’ mu ocHosHi ¢opmynu 0ili Had cmene-
52 HAMU, Wo6 3anucamu obuodsi YacmuHu
5% = 55‘2x; —x=5-2x; x=5. DIBHAHHA AK cmeneHi 3 00HIEI0 0CHOBOIO.

Bidnoesidv: 5.



§2.P03B'A3yBaHHA MOKa3HMKOBUX

2) » 3BagaHe PiBHAHHS
piBHOCUJIbHE DiBHAHHAM
2x-3

(23 =(671)" °;
6.’)6:6*236#—3.
x=-2x+3;
x=1.

Bionosidv: 1.

PIBHAHb Ta HepiBHOCTEW

Y nepwomy piBHAHHI Tpeba 3BepHYTU yBary Ha Te,

2 1 4 1
wo 0,2=—==-=57120,04=——=
10 5

= =572
100 25

1

i Vb =52, OTxe, niBy i NpaBy YacTWHU LbOrO
piBHAHHA MOXHa 3anucaTy AK cTeneHi umcna 5.

[nAa nepeTBOPEHHA APYroro PiBHAHHA NPUragaemo,
o BCi GOpMyNM MOXKHa BMKOPUCTOBYBATH AK 3/1iBa
Hanpago, TaK i cNpasa HaniBo, Hanpukniag, Ana nisoi
YaCTUHU LUbOro PiBHAHHA CKOPUCTAaEMOCA GOPMYIIO

a“b* =(ab)", 10670 2.3 =(2-3)" =6~.

Mpuknag 3. Po3s'axiTh piBHAHHA 3272 45.3272=86.

Po3B'si3aHHA

) 3ajmaHe piBHAHHS PiBHOCHUJIBLHE
PiBHAHHAM

32v-2(31 1 5)=86; 32*2.86=86;

32721, 32*2=-30, 2x-2=0;
x=1.

Bionosiov: 1.

Mpuknap 4% Po3B'AXIiTb PiBHAHHA
Po3B’A3aHHA
» O03: x>0, beR.

PoariisineMo qBa BUMIAAKU.
1)IIpu b=0

OJIEP’KYEMO DPiBHSAH-

KomeHTap

Y niBiN 4acTWHI PIBHAHHA BCi YNeHU MICTATb
BMpa3un Bugy 3%* (nokasHUKu cmeneHie 8iopi3-
HAMbCA MINbKU 8iTbHUMU Y/1eHamu). Y LiboMy
BMMAAKY 3pYYHO BMHECTM 3a AY>KKW B NiBin Ya-
CTVHI PiBHAHHA HaIMEHLWWI CTeniHb yncna 3,
To6TO 3272,

(1482)™ (1452

KomeHTap
Y 3afaHOMy pPiBHAHHI X — 3MiHHa, b —
OyKBeHUN KoeodilieHT (mapameTp). Mpo-

aHanisyBaBlU/X OCHOBY CTeMeHiB y LbO-
My PiBHAHHI, pOOVMMO BUCHOBOK, WO Npu

HA lﬁ =147*/; , KOpeHi sSKoro —
yeci mificHi umesna, IO BXOLATH [0
013, tooro x=0.
2)IIpu b0 1+52 #1, i Toxi samane
PiBHAHHA piBHOCUJIbHE PiBHAHHIO
Jx=4-x .
3Bigcu \/;=2, Tomi x=4.
Bidnosidv: 1) ipu b=0 xe[0;+oo);
2) mpu b=0 x=4.

Oy[b-AKMX 3HAYEHHSIX b OCHOBa 1+b%2>1.
OyHkuia y=a” npu a>1 e 3pocraryolo,
anpu a=1 — ctanoio (auB. rpadiku PpyHK-
uii y =a”, HaBegeHi y Tabn. 2).

OcHoBa 1+b? npu b=0 popiBHIoE 1,
a Npu BCiX iHWWX 3HauYeHHsAX b — 6inb-
wa3a 1.

Po3rnaHemMo KOXHWI i3 UMX BUNAQKIB
okpemo: b=0 i b#0.
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3AMMNTAHHA

1.

IloacHiITE, y AKNX BUNAJKAX INOKA3HUKOBe piBHAHHA a”=b (me a>0
i a#1) mae KopeHi. ¥ AKUX BUMaAKaX BOHO He Mae KopeHiB? HaBemiThb
PUKJIaAN, TPOLITIOCTPYHTE iX rpadiuHo.

2. §IkoMy piBHSHHIO PiBHOCHJIbHE IIOKA3HHKOBE DiBHAHHS a' () g8l npu
a>0 i a#1? Hasenirs Ipukaagm.
3*, Yu 3MiHUTBCA BiANOBiAL Ha 3amuTaHHA 2, AKIIO IJS OCHOBU CTeIIeHiB
Oyzme 3amaHO TiMbKU oOMeskeHHs a>07?
BMPABU
VYV saBmanHax 2.1.1-2.1.5 posB’siKiTh piBHAHHI.
21.1. 1°) 4% =8; 8) 22 =2; 15) 3*-3=0;
2°) 3% =9""; 9°) 2%=4; 16) 3% =81;
3°) 531=0,2; 10°) 2 =16; 17°) 23 =8;
40) T =1 11°) 3% =-1; 18) 3% 98 _g;
x2—x
5°) (%) =42, 129 2°=32; 19) 25% =537
6°) 3* 4 =9; 13°) 3*=0; 20%) 2*.3""1 =108 ;
7 4% = 26+x—3c2 ; 14°) 5% =1 ; 21%) 3* _52x—3 =45.
X X X X X X
212. 1) (3) (i) _3. (3) (E) _2. (3) (3) _27
3) \16 8 5) \15 5 8) \s 64
2 2 (x+2) - L
213. 1) 2% = 16x : 3) (0,5)° -22*2=6471; 5y 2" 2-42.4%.
2x°% 9
T e X
2) (l) Pogrgty g Soovy
8 27 \ 1
x— x+
214, 1° 772 4+4.771=539; 4°) 3.5 4+2.5"1=77; ) 5(%) +(%) =162;

20 2.3%1_3%=15; 5° 3**2-2.32=79; 8) 597 +92=406.

1 x-1 1 x+1
3°) 47114 =320;  6) (—) —(—) =4,8;



§ 2. P0O3B'A3yBaHHA MOKA3HWKOBMX PIBHAHb Ta HEPIBHOCTEN

Tabnuua 3

Cxema nolyKy nsnaHy po3B’A3yBaHHA NOKa3HUKOBUX PiBHAHb

OpieHTnp

1) Mo3byBaemocsa  uUMCnoBUX
OOAaHKIB Yy MNoOKasHMKax
cTeneHiB  (BUKOPWCTOBYEMO
cnpaBa HaniBo OCHOBHI ¢op-
MyNu Jil Haf CcTeneHAMM, Ha-
BefeHi B Tabn. 2).

2) AKWO MOXN1BO, 3BOAVIMO
BCi cteneHi (3i 3miHHOIO
B MNOKa3HWKY) [0 opHiel
OCHOBUN | BUKOHYEMO 3aMiHY
3MIHHOTI.

3) AKWO He MOXHa 3BecTu BCi
cTeneHi [0 OAHI€El OCHOBWU, TO
npobyemo 3BecTu iX 4O ABOX
OCHOB TaK, W06 ogep)Katm
ofiHOpigHe PpiBHAHHA (ycCi
UfieHN AKOro MalTb OAHAKO-
BUI CyMapHWIA CTeniHb i AKe
PO3B'A3YETHCA MOUNEHHUM Ji-
NeHHAM 000X YaCTUH PiBHSAH-
HA Ha HanbINblMA CTeniHb
OfHI€l 3 [OBOX oOfepaHnx
OCHOB).

MNpwnknag
4**1 3.2 -10=0.
p 4%.4'-3.2°-10=0.
Ypaxosytoun, wo 4% = 22%, 3Bogumo cTeneHi go oa-

Hiei ocHoBn 2:  4-22¥ -3.2¥-10=0.

BukoHaBLLY 3aMiHy 2% =t, OTPMMAEMO PIBHAHHSA

4t -3t-10=0; ¢, =2, t2=—%

Y pesynbraTi 06epHeHoi 3amiHn Maemo: 2% = 2, T06T0

x=1,a60 2% = ol KOpEHiB HEMAE.
Bionosioe: 1.
4*+3.-6-4-9=0.
) 3BegemMo BCi CTeneHi 10 ABOX OCHOB 2 i 3:
2%% +3.27.3% —4.3%* =0,
Maemo ogHopigHe piBHAHHA (CymapHWIA CTeNiHb BCiX

uneHiB ofHaKoBU — 2x). [1nA A0ro po3B'A3yBaHHs
noainMmo obuagi YaCTUHU Ha 3% 20:

2x x
2
(*) +3(3) _4=0.
3 3
X
BukoHaemo 3aminy (E) =1, 0fepXnmo:
t2+3t-4=0;t, =1, t,=—4.
2 X

Y pe3ynbTati 06epHEHOI 3aMiHN MAEMO: (—) =—4 —

X
KOpeHiB HeMag, abo (5) =1,7108i x=0.
Bionoeide: 0.
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4) B iHWWX BUMajKkax nepeHo-
CMMO BCi Wi€HN PiBHAHHA
B oAuH 6ik i npob6yemo pos-
KnacTu ogepKaHuii Bupas
Ha MHOXHUKU abo 3acToco- 2x( . ) .
BYEMO crieuiasibHi npunomm 3" -9 —2(3 —9).=0-
PO3B'A3YBaHHS, y AKUX BUKO- Tenep MOXHa BMHECTU 3a AYXKKU CMiSIbHUA MHOXHUK

6*-9-2*-2.3"+18=0.
P AKLWo nonapHO 3rpynyBaT YaeHu B NiBil YaCTUHI
PIBHAHHA i B KOXHIi Napi BUHECTM 3a AYKKW CMiNIbHUN
MHOXHMK, TO OepP>KMMO

pucmosyromsca  8acmuego- 3°-0:

cmi 8idno8iOHUX yHKUiL. (37 -9).(2" —2)=0.
Toni 8 -9=0 abo 2* -2=0.
OnepKyeMo AiBa PiBHAHHSA:
1) 8*=9, 1omi x=2;
2) 2°=2,10mi x=1.
Bionosioe: 2; 1.

MOACHEHHA N OBI'PYHTYBAHHA

I pos3p’sisyBaHHSA OiJIBII CKJIAJHUX MOKA3HUKOBUX PiBHAHDL (IIOPiBHSIHO
3 TUMHU, AKi Oys0 pos3riasauyTo B 1. 2.1) HaiiyacTiliie BUKOPUCTOBYIOTH 3AMIiHY
aminnux. 11106 3opieHTyBaTHCA, YU MOYKHA BBECTHU 3aMiHy 3MIiHHUX y 3aJaHO-
My IIOKa3HUKOBOMY PiBHAHHi, 4acTO OyBae KOPUCHO Ha IOYATKY PO3B’A3yBaH-
HA no30ymucsa 4ucaoéux 000aHKi68 Y NOKA3ZHUKAX CMeneHig, BUKOPUCTOBYIOUN

dbopmynu a“”’ =a“a’ i a*’ :a—v .
a
Hanpuknazn, y piBHAHHL
41 _3.2¥_10=0 1)

samicte 4! sammcyemo mob6yrox 4%-4' i omepoxyemo piBHSHHS
4%.4-3.2-10=0, 2)
piBHOCHUJIBLHE 3aJaHOMY.
ITorim mamaraemocs 8ci cmeneni (31 3MiHHOI0O B MOKa3HUKY) 38ecmu 00

00HI€EL OCHOBU | BUKOHAMU 3AMIHY 3MIiHHOL.
Hanpuknazn, y piBHaHHI (2) cTeminb 3 OCHOBOIO 4 MOMKHa 3ammcaTu AK

X
cremias 3 ocmosoio 2: 4% =(22) =22 { olep;KaTy PiBHAHHS

22¥.4-3.2°-10=0. 3)



§ 2. P0O3B'A3yBaHHA MOKA3HWKOBMX PIBHAHb Ta HEPIBHOCTEN

Haragaemo saranbHUiT OpieHTHP.

Arxwo y pieHaHHi, HepieHocmi abo0 MoOmoxcHOcmi KiJlbKa pas3ié npucym-
Hill 00un i moil camuil 8upas 3i 3MIiHHOW, MO 3PYYHO Uell 8UPA3 NOSHAYUMU
00Hi€W OYKeow (H0B8010 3MIHHOMW). 9

3BepTaeMo yBary Ha Te, IO 22x —(2%)" Omxe, m0 piBHAHHA (3) sMiHHA
(baKTUYHO BXOAUTH TiJIBKM y BUIMIALL cTelleHa 2%, ToMy B IIbOMY PiBHSAHHI
3PY4YHO BBeCTH 3aMiHy 2° =t i omep:xaTu KBaJpaTHe DiBHAHHSA

4t2-3t-10=0. @)
3HaxXoAMMO KOPEeHi IIbOro PiBHAHHS, a MOTIM BUKOHYEMO OOEpHEHY 3aMiHY
(muB. po3B’si3aHHA, HaBeleHe B TabJ. 3).

3a3HAuYMMO, 1110 BUKOPUCTAHHSA AK OCHOBHUX (DOPMYJ Iiil HAJ CTEIEeHIMMU,
TaKk i 3amMiEm 3MiHHOI Ta OOepHEHOI 3aMiHM 3aBXKAU NPUBOIUTH OO0 PiBHAH-
Hs, piBHOCHJIBHOrO 3amaHoMy Ha #oro O3 (y piBuamui (1) — Ha MHOXKUHIL
BCixX mifiCHMX uYwMceJs), Uepe3 Te IO BCi BKasaHi NepPeTBOPEHHSI MU MOXKEMO
BUKOHATH 1 B HpAMOMY, i y 3BOpoTHOMY HampaMmKax. (OTike, MU 3aBXKIU
3MOXKEMO JOBECTU, ITI[0 KOXKHUU KOPiHB OJAHOTO PIiBHAHHA € KOPEHEM APYTroro
¥ HaBIaKW, — AaHaJOTiuHO OOTPYHTYBAHHIO DiBHOCUJBHOTO TEPEXONY M
HAWIIPOCTIININX TMOKA3HUKOBUX PiBHAHBL y 1. 2.1.)

Y Tux BHUmamkKax, KOJU BCi cTemeHi (31 3MiHHOI0O B MOKA3HUKY) yV IIOKa3-

D HUKOBOMY PiBHSAHHI, AKe He 3BOAUTHLCS 0e3mocepelHbo 0 HaHIIPOCTIIIoro,

He BIAETHCS 3BECTUM [0 OfHiei ocHOBHM, IOTPiOHO cnpobysamu 36ecmu 6ci

cmeneni 0o 060X 0CHO8 mak, w,00 odepixcamu 00HOPiOHe DiBHAHHS.

Hanpukaazn, posmisHemMo piBHAHHSA

4*+3-6"-4-9=0. ®)
Vei cremeni B IbOMY PiBHSHHI MOMKHA IIOJaTH SK CTEIeHi 3 ocHoBaMu 2

i 3, ockimprm 4% =(22)" =22%; 9% =(32)" =82%; 6*=(2.3)" =2* .3~.
OmepsKyeMo pPiBHAHHSA
22 13.2%.3-4.3%*=0. (6)
Yei ogHOUuNIeHM, pos3TaIllloOBaHiI B JiBili "yacTwWHI IBOrO PiBHAHHSA, MAIOTh
creninb 2x (cTeminb omHousneHa 2%-3° Temx mOpiBHIOE Xx+x=2x).
Haragaemo osHauenHs i saraabHHi opientup (posrianyrtuii y m. 12.3
migpyunuka aiaa 10 xiaacy).

O3HaueHHA. IKWO BCi YneHn PiBHAHHA, Y NiBil | NpaBiil YacTMHaX AKOro CTo-
ATb MHOrOUJIEHW Bif ABOX 3MiHHUX (a60 Big ABOX (YHKLi oAHI€El 3MiHHOI),
MaloTb OAHAKOBMII CyMapHUI CTeniHb, TO PiBHAHHA Ha3sUBAETbCA OOHO-
pioHum.

* fIxkuto piBHAHHA Mae BUMIAL f=0 (ge f — MHOrouwieH), To HAeThCA TiIBKHU IIPO CTEMiHb
YjIeHiB MHOTOUJIeHA f, OCKIJIbKY HYJIb-MHOTOUJIEH CTeIIeHs He Mae.
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Opientup. Po36’a3yomv 00HOpiOHe Di6HAHHA NOYJEHHUM OileHHAM 000X

{1020 wacmuHn Ha HalOinbWuill cmeninb 00Hi€l 3 080X 00epHAHUX OCHOS.

Omxe, piBHAHHA (6) € omHOPiZHMM i HOro MOKHA PO3B’A3aTH IiJ€HHAM
060x wacTuH a6o Ha 227, a6o ma 32*. Basmaummo, 1[0 IPU BCiX 3HAUYEHHAX X
BUpa3u 22% g%« Bigminui Big Hynda. OTiKe, mig vac OijleHHS Ha IIi BuUpasu
He MOJKe BimOyTucsa BTpaTra KOpeHiB (4K Ile MOIJI0O OyTH, HAIPUKJIAL, IJd
OMHOPiAHUX TPUTOHOMETPUUYHUX PIiBHAHBL) i B pe3ysabrari AijieHHA 000X ua-
CTUH DiBHAHHSA Ha OyIb-AKWII i3 IMMX BUPA3iB 3aBMKAU OAEP:KYEMO DiBHAHHSI,
piBHOCUJIBHE 3aJaHOMY.

Hanopuraazn, aximo posmisiuTu o0uaBi yacTuHu piBHAHHA (6) Ha 32 20,

22x 3.2x ‘3x 4.32x 22x 2x

OJIEPIKYEMO Jer + Jer - oF =0, abo micasa ckopoueHHSA Jer +3-3—x—4=0.

B ocramHbOMYy piBHAHHI BCi UJIeHW MOKHA IIOJaTH AK CTENeHi 3 OmHi€lo
2x x x
2 2 2 . . 2
OCHOBOIO g, TOOTO: E +3- g —4=0, i BUKOHATH 3aMiHy E =t.
IToganpiile pos3B’sI3aHHSA OIEPyKAHOIO PiBHAHHS IIOBHICTIO aHaJIOTiuHe PO3B’sd-
3aHHIO PiBHAHHA (2).

IToBHe po3B’si3aHHA IIHOT'O PiBHAHHS HaBeleHO B Tabja. 3.

CkJyagaroun IIJIaH PO3B’A3yBaHHS OKPEeMUX IIOKA3HWKOBUX PiBHAHD,
CJIi TpuUrazaTH Mpo AOUIJNBHICTD nepeHeceHHs 6CiX UjeHi8 PIBHAHHS 68 00UH
O0ix i nodaavuLozo pPO3KLAOAHHS
odepxcanozo 8upa3y HA MHOMCHU-

Ku, HaOpUKJIaL i3 BUKOPUCTAH- I[.TIH pO3B’ﬁ3yBaHHH OeAKNX IIOKa3HUKO-
HAM TPYyIyBaHHA YJEHIB, AK I BUX DPIiBHAHb MOKHA BUKOPUCTOBYBATU
3po0sieHO B TabJ. 8 IJIA pPiBHAHHA sracmugocmi 8i0n0GiOHUX QYHKUYILL.

6*-9-2-2.3"+18=0.

NPUKNAON PO3B'A3YBAHHA 3AB1AHb

. . 6 4
Mpuknapg 1. Po3B'AXiTb PiBHAHHA — > = 1.
3 37 +1
Po3B’sA3aHHA KomeHTap
) SBacrocyBaBIIM 3aMiHy 3MiHHOI Y 3apjaHe pPiBHAHHA 3MiHHA BXOAMWTb TiNlbKK
3" =t, t>0, ogepxyemo y BUMAAA] CTeneHs 3 OAHI€ 0CHOBOI: 3%, Tomy
6 4 3pyuHO 3acTocyBaTu 3amiHy 3" =1 iopepxatu

PR ApoboBe PiBHAHHSA. 3HAXOAMMO Oro KOPEHi,
. a NoTiM BUKOHYEMO 06epHeHY 3aMiHy.

th)ﬂl 6(t + 1) —4t= t(t + 1)’ Ak y>e 3a3Hauanocs, 3amiHa i obepHeHa 3ami-

t"-t-6=0. 3sigcu t; =-2, 1, =3. Ha 3MiHHOT — Lie PIBHOCUIbHI NepeTBOPEHHS
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Y pesyabrati oOepHeHOI 3aMiHU
MaEeMo:

38" = -2 (xopewiB Hemae) abo 3% =3,
Tomi x=1.

Bionosiov: 1.

3aJlaHOro PiBHAHHA, ane nig yac po3B’A3yBaH-
HA oflepKaHoro ApoboBOro piBHAHHA Tpeba
nog6aty Npo Te, Wob He OTPUMATU CTOPOHHIX
KOpEeHiB (gnA uboro, Hanpukiag, JOCTaTHbO
ypaxysatu, wo t=3% >0, i Togi O3 opepxa-
Horo piBHAHHA ¢ #—1 i ¢t #(0 6yae BpaxoBaHa
ABTOMATMYHO).

Mpuknag 2. Po3g’sxiTb piBHAHHA 2773 —3% =3**1 2%

Po3B’A3aHHA KomeHTap
p 2%.23_38*_3*.3112%=0; 1) MNo36yBaemoca 4YMCNOBUX AOAAHKIB Yy MOKAa3HU-
9.2%¥_4.83%=0| :3* 20 Kax CTEI‘I'eHI'B, HepEHOCMM9 B‘CI UNeHN PIBHAHHSA
9% 4.3% B OAWH 6iK i 3BOANMO MOAIOHI uneHu.
e =0; 2) 3BepTaEeMO yBary Ha Te, WO CTeneHi BCiX YfeHiB
3 3

Bidnosidv: 2.

ofepkaHoro pisHaHHA 9-2% —4-3% =0 (3 gBo-
Ma ocHoBamu 2 i 3) ofHaKOBi (DOPIBHIOIOTL X),
OTXe, Le pPIiBHAHHA OAHOpIgHEe, MNOro MOXHa
pO3B'A3aTK HiNeHHAM 060X YaCTUH Ha CTeniHb
3 OCHOBOK 2 abo 3 i HaMbINbWNUM MNOKa3HU-

KoM — abo Ha 2%, abo Ha 3~.

Ypaxosytouu, wo 3% #0 npu BCiX 3HAUEHHAX X,
y pesynbTaTi AineHHA Ha 3% oTpUMYEMO piBHAH-
HA, piBHOCUIbHE NonepeaHboOMy (a BigMOBIAHO,
i 3apaHomy).

ITig yac posB’sI3yBaHHS CHCTEM PiBHSHD, II[0 MIiCTATH HOKA3HUKOBLI (hYHK-
1ii, Haliuacriilie BUKOPHUCTOBYIOTh TPAAUIiliHI MeTOau pPO3B’A3yBaHHA
cuCTeM PiBHSHB: Memold nidcmano8Ku i memold 3aMiHU 3MIHHUX.

.. . x+y=1,
Mpuknap 3. Po3B’AXiTb cncteMy piBHAHb Y
47 +47 =5.
Po3B’A3aHHA KomeHTap
) I3 mepirioro piBHAHHSA CUCTEMU MAaEMO: AKWO 3 NepLIoro piBHAHHA cuUcTe-

y=1-x.

Toxi 3 gpyroro piBHAHHA OJEPKYEMO
1
_ 4
4% +4'7" =5, Tobro 4% +—=5.
4

MW Yy BMPA3nUTM yepe3 x i niacTa-
BUTW B ApYyre piBHAHHA, TO ofep-
XKMMO MOKa3HUKOBE pPIiBHAHHA,
AKe MM BXe BMIEMO pPO3B'A3yBaTy
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Buxonaemo saminy 4% =t, ¢>0, ogep:xyemMo
. 4 .
piBHAHHA t+— =5, 3 AKOI0 OTPUMYEMO PiBHSAH-
t

s t2 -5t +4 =0, mo Mae KopeHi t,=1it,=4.

Bukonyemo obepHeny samimy. Omep:Kyemo:
4% =1, roni x, =0, abo 4" =4, sBigKu x,=1.
3HaxoauMO BiATIOBiNHI 3HAYEeHHA 3MiHHOI Y:

y=1-x.
fxmo x; =0, 10 Y, =1;
AKI0 Xy =1, TO Y, =0.

Bionogiov: (0; 1) R (1; 0) .

3AMMNTAHHA

(aHanoriyHo po Toro, AK ue 6yno
3po6sieHo B NpuKnagi 2).

BukoHytoun 3amiHy 3MiHHOI, ypaxo-
Byemo, wo t =4 # 0. Toai B onep-
XaHoMy [po6OBOMY pPiBHAHHI

4
t+—=>5 3HameHHuK t #0.O0Txe,
t

Le ApoboBe PiBHAHHA PiIBHOCWb-
He PiBHAHHIO t2-5t+4=0.

1. ITosicHiTh Ha HmpUKJIamaxX, IK MOMKHA CKJACTU IIJIaH PO3B’A3yBaHHS IIO-
Ka3HUKOBUX PiBHAHBb, sIKi He BJA€ThCs 0e3IlocCepeaHbO 3BECTU A0 Hali-

TIPOCTIITNUX.

2. fIxky samiHy 3MiHHMX MOKHA BUKOHATH IIiJi Yac PO3B’A3yBaHHA piB-

HaHHA 4% +2.4*-3=07? §Ike piBHAHHA OZEPKUMO IIiC/Is BUKOHAHHSI

3aMiHn?

3. HoscHiTh, YoMy piBHAHHA 5 =7% i 22 +3.2%.5%-4.5%* =0 ¢ oxgHOpiz-

HuMu. K MoKHa ix posB’azaTu?

6

BMPABU
Y saBmanHax 2.2.1-2.2.4 po3B’sKiTH PiBHAHHA.
2.2191) 52 +4.5"-5=0; 4) 8
5% -3
2) 62*-5.6*-6=0; 5) 6
4% -2

3) 32¥_2.3*=3;
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2.2.2.1) 49°-6-7"-7=0;
2) 64 -7-8°-8=0;
3) 2*+2% % =5;
4) 3*+3%2%=10;
2.2.3. 1°) 7°=9";
2°) 5-3°-3.5*=0;
3) 2x+3_3x:3x+1_2x,

2.2.4. 1) 2% +2%.5%-2.5%* =0;
2) 8% +2.3%.7*-3.7% =0;
3) 4¥=3-49"-2.14%;

2.2.5. PosB’siskiTh rpadiuHO pPiBHAHHS:

1) 2°=3-x;

« (1),
»v-(3);

2.2.6% IoBemiTh, 110 PiBHAHHSA, HaBeAeHi B 3aBiaHHi 2.2.5, He MAOTh IHIITNUX

5) 2°1 14 =80;
3437
3¥_37*

7) 101* —10" = 99;

6) 2;
8%) 1050°% 1105 F =11,

4) 4x+1+4'3x=3x+2_4x,
5) 2x+2x+1+2x+2=2.5x+5x+1_

1
6) 4* -3 2-3" 2 _g2x1

4) 4-9°-7-12"+3-16"=0;
5) 5:4*-7-10"+2-25"=0.

3) (l) =x+3;
2

4) (%) =x+1.

KOpPeHiB, KpiM 3HaligeHUX rpadidno.

2.2.7. Po3B’siakiTh cucTeMy PiBHAHB:

47 =16,
) 5x+2y—1 — 1;
32y—x _ 1

x+y=3,
3
) {2x+2y =6;

x-y=2,
4
) {3’“ -3Y=24.
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2.3.P03B’A3YBAHHA NOKA3HUKOBUX
HEPIBHOCTEM

Tabnuus 4
a>1 O<ax<l
Yy Yy
0 X 0 5%

a>1 O<a<l1
a5 afY o f(x)>g(x) a5 a8 o fx)<glx)
3HaK HepigHocmi 36epieaemobca 3HAK HepieHOCMIi 3MIHIOEMbCA
Ha npomunexHut
Mpuknagn
2*3 54, 0,7°7%>0,49.
p 253522 » 0,7°%>0,72
OyHKuia y=2' € 3pocTalouoto, oTxe: OyHkuia y=0,7" e cnagHoto, oTxke:
x—3>2; x>5. x—3<2; x<5.
Bionogide: (5;+co). M Bidnogide: (—oo;5). M




§2.P0O3B'A3yBaHHA MOKAa3HWMKOBMX PIBHAHb Ta HEPIBHOCTEN

3. Po3B’A3yBaHHA NOKa3HMKOBUX HepiBHOCTeN,
AKi 3BOAATbCA A0 HAWNPOCTIiWIMX

OpieHTup

I. 3a gonomoroio piBHOCUAbHUX Nepe-
TBOpPEHb (3a CXeMol pPO3B'A3yBaHHA
NMOKa3HMKOBUX PiBHAHb, Tabn. 3) 3agaHa
HepiBHiCTb 3BOAUTLCA [0 HEPIBHOCTI
Bigomoro Buay (kBagpatHoi, ApoboBoi
Towo). MNicna po3e’A3yBaHHA ofepKaHoi
HEPIBHOCTI MPUXOAUMO [0 HAWNPOCTI-
LUNX MOKa3HNKOBMX HEPIBHOCTEN.

2

NI

Il. 3acTocoByemo 3aranbHuUii MeTOR iH-
TepBaniB — 3BOJMMO 3afaHy HepiBHICTb
[o Buay f(x) 20 i BUKOPUCTOBYEMO Ta-
Ky cxemy.

1. 3nantm O43.
2. 3HainTy Hyni GyHKUiT f(x).

3.Mo3HauntTn Hyni ¢yHKUii Ha OA3
i 3HaiiTm 3HaKk f(x) y KoxHomy
3 NPOMIXKKiB, Ha siKi O/13 po361Ba€eTb-
cA HynaAmu.

4.3anuncatun BignNoBiAb, ypaxoByloun
3HaK HepiBHOCTi.

I

MNpuknag,

471 4 7.2%-250.
b 47-4+7-2°-2>0;
2%%.44+7-2 -2>0.
BukoHaemo 3amiHy 2% =t, ogepXxumo
HepiBHICTb 412 +7t—2>0, MHOXMHA Ti

. 1
po3B'A3KkiB t<—2 abo t>— (auB. pu-
CYHOK). 4
Y pe3ynbrati 06epHEeHOi 3aMiHM OTPMMAEMO
1

2% < -2 (po3B'AaskiB Hemae) abo 2% > —,
3gigkn 2% > 272 10610 x> 2.
Bidnosiob: (—2;+o<>).

3 +47 >7.

P Po3B'AKEMO HepiBHICTb MeTOAOM iH-
TepBaniB. 3ajaHa HepPIBHICTb PiBHOCU/IbHA
HepiBHoCTi 3% +4 —T7>0.

Noznaummo f(x)=3* +4* 7.

1)003: xeR.

2) Hyni dynkuii: f(x)=0; 3*+4* -7=0.
Ockinbkn ¢yHkuia f(x)=3%+4* -7
€ 3pOCTayol (AK Cyma ABOX 3pOCTalo-

ymx OYHKLN), TO 3HaUeHHs 0 BOHa Haby-
Ba€ Ti/IbKM B OAHil TouLli obnacTi BU3Ha-

verrs: x=1 (f(1)=3'+4'-7=0).
byHKUil Ha O[3,
3HaxoguMo 3Hak f(x) y KoxHomy

3 MPOMIXKIB, Ha siKi po3buBaeTbca O3
(OUB. PUCYHOK), i 3aNUCYEMO MHOXWHY

po3s'saskis HepisHocTi f(x)>0.
Bidnosiob: (1;+<><>).

3) Mo3Hayaemo  Hyni
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PO3IJT 1. Moka3HWKoBa Ta NnorapudMidHa QyHKLT

MOACHEHHA N OBI'PYHTYBAHHA

Posp’sizyBaHHA HAWIPOCTIIINX IOKA3HUKOBUX HepiBHOcTell Buny a*>b
(@6o a*<b), ne a>0 i a#1, rpyHTyeTbCA HA BJIACTHUBOCTAX (PYHKIIl y=a”,
saKa 3poctrae ipu a>1 i cnagae mpu 0<a<1. Hampukiaaz, 1106 3HAWTU MHO-
JKUHY PO3B’g3KiB HepiBHOCTI a* >b mpum b>0, JoCTaTHLO HOJATH b y BUTJIALL
b=a°. Onep:xyeMO HepiBHICTb

a*>a‘. Q)

Ilpu a>1 dysxnia y=a” 3pocrae, oTiKe, OiTLIIOMY 3HAUeHHIO (DYyHKIIii
BiAmoBizae Oisbllle 3HAUEHHA apryMeHTa, ToMmMy 3 HepiBHocTi (1) omep:xyemo
x>c (3Hak 1iel HepiBHOCTi 306iraerhcsa 3i 3Haxom HepiBHOCTi (1)).

IIpu 0<a<1 dyuKHia y=a” cunagae, oT:Ke, OLIBIIOMY 3HAUEHHIO (DYHK-
il BiATIOBiZmAae MeHIle 3HAUEHHSA apryMeHTa, Tomy 3 HepiBHOCTi (1) omep:xyemMo
x<c (3HaK IIiel HEePiBHOCTI MPOTHMJEKHUI A0 3HaAKa HepiBHOCTI (1)).

T'padiuno me mpoimocTpoBano Ha puc. 2.3.1.

Hanpurnazn, mo6 poss’asatu HepiBHicTs 5% >25, mocTaTHhRO mojaTu ii
Y BUIVIAII 5% > 52 , ypaxyBaTu, mo 5>1 (pyukumia y=5" spocraioua, oT:xe,
Ipu Iepexofi BiJ IOPiBHAHHA (PYHKIIN 0 IOPiBHAHHA apryMeHTiB 3HAK
HEpiBHOCTiI He 3MiHIOETBHCS), i 3amMcaTu MHOKUHY PO3B’A3KiB: x>2.

3ayBasKmuMO, III0 MHOKHMHY PO3B’SA3KiB 3ama-

HOI HEpPiBHOCTiI MOKHA 3alMCyBaTU y BUIVIAAL He-
piBHOCTI x>2 a60 y BUTIAAL TPOMisKKY (2;+c0). Pnc. 2.3.1
Amnamnoriumo, 1006 pos3B’A3aTU HEPiBHiCTH

x
1 i
(Z) > E , AOCTATHBO IIOAATH IO HEP1BHICTH

‘ x 2 1
y BUIVIAIL " > nE ypaxyBaTu, II0 Z<1

. 1)* .
(byurIia y:(z) crajgHa, OT)Ke, IIPU Iepexoni

Bifi TIOpPiBHAHHA (PYHKI[I [0 TOPiBHAHHS apry-
MEHTiB 3HAK HEPiBHOCTI 3MiHIOETHCA Ha ITPOTU-
JIe;KHUIT), 1 3amucaTt MHOYKUHY PO3B’A3KiB: x<2.
YpaxoByioumu, [0 Opu OyAb-AKUX JOLATHUX
3HAUEHHAX @ 3HAYEHHs a° 3aBiKAu OijbIme
HYJIA, ofep:Kyemo, 1o nmpu b<(0 HepiBHiCTH
a” <b po3p’aA3KiB He Mae, a HepiBHiCTL a” >b
BUKOHYETHCS MPH BCiX MiliICHUX 3HAUYCHHAX X.




§ 2. P0O3B'A3yBaHHA MOKA3HWKOBMX PIBHAHb Ta HEPIBHOCTEN

Hanpuknan, HepiBHicTs 7° <—7 He Mae PO3B’A3KiB, a MHOKMHOIO PO3B’A3-
KiB HepiBHOCTI 7% >-7 € Bci milicHi umcia.
VzarajbHIOIOUN HaBeleHi BUINle MipKYBaHHS CTOCOBHO PO3B’sI3yBaHHA Hali-

MIPOCTIITNX IMTOKAa3HWKOBUX HEPiBHOCTEH, 3a3HAUMMO, IO IPH a>1 HepiBHiCTH

flx) (x)

a >af piBHOCUJIBHA HepiBHOCTI [ (x)>g(x), anmpu 0<a<1 — HepiBHO-

eri f(x)<g(x).
D KopoTko 1me TBepmxeHHs MOKHA 3alNCaTH TaK:

f(x) (x)

o akwo a>1,70 a’>a®" o flx)>g(x) (3Hak HepisHoCcMi 36epizaemobcs);

e akwo O<a<1,T0 a™@ 5 q8® o f(x) < g(x) (3Hak HepisHocmi 3miHIOEMbCA
Ha npomusnexHud).

» o6 obrpyHTyBaTV PIBHOCUIBHICTL BiAMOBIAHUX HEPIBHOCTEN, OCTAaTHbO 3a3Ha-
ynTK, Wo Npu a>1 HepiBHOCTI

af(x) > ag(x), (2)
flx)>g(x) 3)

MOXYTb 6yTU MPaBUALHUMK TiNbKN OAHOYACHO, OCKINbKM dyHKUia y=a' npu
a>1 € 3pocTatoyoto i GinNblIOMY 3HaUEHHIO GYHKLIT BiANoBifa€e Ginblue 3HaUeHHS
aprymeHTa (i HaBnaku: GinblIOMy 3HauyeHHIO aprymeHTa Bignosigae Ginblue 3Ha-
yeHHA PyHKUii). OTXKe, YCi pO3B'A3KN HEPIBHOCTI (2) (AKi NepeTBOpIOOTH il Ha Npa-
BWJIbHY YMC/IOBY HepiBHICTb) OyayTb i pOo3B'A3KaMu HepiBHOCTI (3), Ta HaBNaKwm: yci
pO3B'A3KM HepiBHOCTI (3) 6yayTb pO3B'A3KaMU HepiBHOCTI (2). A Le O3Hauvae, LWo
HepiBHOCTI (2) i (3) piBHOCUNbHI.

fx) (x)

AmnaJoriuHo 0OI'DYHTOBYeThCA DPiBHOCHUJILHICTL HepiBHOcTeit a’ ™ >a®
i flx)<g(x) npu O<a<l.

Y mHafmpocTimmxX BUIIAAKaX IIiJ yac PO3B’A3yBaHHS IIOKA3HUKOBUX He-
piBHOCTEH, AK 1 mig uyac po3B’sA3yBaHHA IIOKa3HMKOBUX pPiBHAHB, Tpeba 3a
JIOIIOMOT'0I0 OCHOBHUX (DOPMYJI Aili HAJ CTEHEeHSMHU 3BeCTH (AKIIO Iie MOYKJIMBO)

3ajaHy HepiBHicTH 70 BuAy a’ () Eag(x).

s pos3p’sisyBaHHsA OiJIbINI CKJIAJHUX NOKA3HWKOBUX HEPiBHOCTEW Haii-
YacTillle BUKOPUCTOBYIOTH 3AMIHY 3MiHHUX abo eaacmueocmi 6i0nogidHux
dynruiil.

Amnanoriuao [0 pos3B’s3yBaHHSA MNOKA3HUKOBUX PiBHAHDL yCi PIBHOCHUJIbHI
IepeTBOPEeHHsSI HEePiBHOCTI 3aBKAM BUKOHYIOTBCA Ha il 00JiacTi MOMyCTHUMUX
sHauenb (OI03), To6TO Ha cmijgbHi# o6JsacTi BM3HAUEHHA MAJA BCiX (QYHK-
i, AKi BXOAATH M0 3amucy Iriei HepiBHOCTi. [{J1d TOKAa3HWUKOBUX HEPiBHO-
CTell MOCHUTh YacTo 00JIACTIO AONYCTHUMUX 3HAUYEHb € MHOMKMHA BCiX AificHMX
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yuces. ¥ IUX BUIagKaxX, AK mpasmiao, OJI3 me 3HAXOAATH i He 3alUCYIOTh
0 PO3B’si3aHHA HEPiBHOCTI (AmB. mpukJaax 1). K0 K y mporieci pos3p’ssy-
BaHHA ITOKA3HMKOBOI HEPiBHOCTI PiBHOCWJIBbHI IIEPETBOPEHHS BUKOHYIOTHCA HE
Ha BCiA MHOMKWHI AilicCHMX 4YwmcesJ, TO noBoauThcA BpaxoByBatu OJI3 (xums.

mpurJganm 2).

NMPUKNALWN PO3B'A3YBAHHA 3AB1AHb

2
Npuknag 1. Po3s’saxiTb HepiBHicTe 0,6% 6 >1.

Po3B’A3aHHA KomeHTap
*%-Tx+6 0 . .
» 0,6 >0,6". 3anuwemo npasBy YacTUHY HEPIBHOCTI AK
: _0 a0
Ockinpku Qynxnia y=0,6' e cumaa- cTeninb yncna 0,6, To610 1=0,6".

HOIO, TO x2-Tx+6<0.

Ockinbkn 0,6 <1, To npu nepexogi Big

MOPIBHAHHA CTEMeHiB 4O NOPIBHAHHA Mo-
3Bimeu 1< x <6 (gus. pucyHok 2.3.2). Ka3HUKIB CTemeHA 3HaK HepiBHOCTI 3Mi-

HIDETbCA Ha NPOTUNEXHUN (O4epKYEMO

HepiBHICTb, PIBHOCUJIbHY 3aJiaHil).

Pnc.2.3.2 ..
+\ /—|— [nAa po3B'A3yBaHHA ofepaHoi KBagpaT-
1 5 (i} o 92 HOT HepiBHOCTI BMKOPUCTAEMO TpadiuHy
intocTpadito.

Bidnogidv: [1; 6].

Mpuknapg 2. Po3B'AXiTb HepIiBHICTb 3‘/; —32_‘/; <8.

Po3B’A3aHHA
> O03: x=0. )
3V~ 3 <g,
gvx
Bukonyemo saminy a3minHOL 3\/; =t (t>0),
9
y pes3yJabTari oTpuMyeMO HepiBHicTh t—— <8,
sAKa piBHOCUJIbLHA HEPiBHOCTI ¢
2
t"-8t-9
—— <
t

0.

KomeHTap

Ockinbku piBHOCUNbBHI nepe-

TBOPEHHA HepiBHOCTEN BUKO-

HyloTbcAa Ha O[13 nouatkoBoi

HepiBHOCTi, TO BPaxyemMo L0

0O[13. BukopuctoBytoum bopmyny
u

a
=0 I'IO36YBa€MOCﬂ ync-
a

NOBOroO JOAaHKa B MOKa3HUKY
CTeneHA N OfEepPXXYEMO CTeneHi

u-v
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Ockinbru t >0, ogepsxyemo t2 -8t-9<0. 3Big-
cu —1<t¢<9. Vpaxosywuu, mo t>0, maemo
0<t<9.

Bukonyrouu o00epHeHY 3aMiny,

0<3¥* <9. Tom

OZIEPIKYEMO

3¥r <32,

3 OJ1Hi€I0 OCHOBOO 3, WO [A03BO-
NIAE€E BUKOHATW 3aMiHy 3MiHHOI

3\5 =t,pe t>0.

B opep»aHin HepiBHOCTI 3HaMeH-
HUK € AOAATHUM, TOMY L0 APO-
60BYy HepPIBHICTb MOXHa 3BeCcTu

[0 PIBHOCUNBHOI 11 KBagpaTHOI.
Micna BMKOHaHHA ob6epHeHOT
3aMiHu Tpeba BpaxyBaTu He Tiflb-
KM 3pOoCTaHHA OYHKUiT Yy = 37,
a n O13 noyaTKOBOI HEPIBHOCTI.

DyHRIIA Y= 3! 3pocTaioua, oTiKe, \/; < 2. Ypa-
xoBytoum OI13, omep:xyemMo

0<x<4.
Bidnogidv: [0; 4] .

Mpuknapg 3*. Po3B’AXiTb HepiBHICTb (3" —9)\/x2 -2x-8<0.
KomeHTap
3agaHy HeCTpPOry HepiBHICTb 3pyUYHO PO3B'A3yBaTV METOAOM iHTepBasiB. 3anucyun Bia-

noBigb, Tpeba BpaxoByBaTu, WO y 8UNAOKY, KOJIU MU pO38'A3YEMO HECMPO2Y HepigHICMb
f(x) <0, yci Hyni pyHkuii f(x) maoms ysitimu do 8idnosidi.

Po3B'si3aHHA

) Ilosmaummo f(x)=(3x—9)\jx2 —-2x-8 .

1)0l13: x%-2x-8>0. Toxi x<-2 abo x>4
(puc. 2.3.3).
2) Hyxi ¢pyuxmii: f(x)=0;
(3 —9)Vx2-2x-8 =0,
Toni 3*-9=0 ab6o VxZ-2x-8 =0.
I3 mepimoro piBHsHHA: X =2 — He BXoauTs 10 OI13;
iz mpyroro: x; =-2, x,=4.

Puc.2.3.3

3) Ilosuauaemo Hyxi pyuruii f(x) Ha 0[13, 3Haxo-

aumo sHak f(x) Y KOJKHOMY 3 IPOMIiKKiB, Ha AKi
"Hyaamu posbuBaeTbesa O3 (puc. 2.3.4), i 3amu-

Cy€eMO MHOKUHY po3B’askiB mepisrocri f(x)<0: ™ b
xe(—oo;—Z] abo x=4.

Bionosiov: x e (—oo; - 2] U {4} .
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36 PO31IT 1. Moka3HWKoBa Ta NnorapudMidHa QyHKLT

3AMMNTAHHA

1. IosicHiITL, Y AKX BUNAJKaX IOKA3HUKOBI HepiBHocTi a*>b i a*<b
(e a>0 i a#1) mMaoTh PO3B’A3KU. Y AKHX BUMNAJKaX AaHi HeEpPiB-
HOCTi He MaloTh po3B’aA3KiB? Hamemite mpukaamu. IIpoimtocTpyiiTe ix

rpadiuHO.

2. SIkiii HepiBHOCTI piBHOCHJIbHA IIOKA3HMKOBA HepiBHiCTH @’ () 5 g8 npu
a>1; mpu O0<a<1? HaBenirs mpuxIagm.
BIPABU
VY saBmanHAx 2.3.1-2.3.4 po3B’s:KiTH HEPiBHICTB.
x x2-Tx+6
2.3.1. 1°) 2% >1; 5°) (3) >29; 9%) 0,3 *3 <1;
1 3—x x2-9x+8
2°) 2x>5; 6) (2) <4; 10%) 1,3 *4 >1,

3) 3°>0; 7°) 5% >25\5 ;

ORI

x x-1
2.3.2. 1) (E) +(E) >£;
3 3 2
20) 3%*243% 128,

3) 32*11.8.3¥-3>0;

2.33. 1) 3*>5%;
2) 7 l<o¥

23.4% 1) (25 -2)Jx2—x-6>0;

2) (352 _1)Jx2-2x-8 <0;

x—-2
) <16;

4) 62"‘1—%~6x—4<0;

5) 4% -2 _8>0;

6) 9°-12.3"+27<0.

4*) 5.-3%* +15.52"1<8.15%.

3) Vv6-3° -2 >3"+1;
4) J2.55"1_1>5%+2.



Tabnuua 5

1. Jlorapuém uncna

O3HayeHHs

Jlozapugpmom dodamHoz0 yucna b 3a ocHo-
eooa(a>0, a#1)Ha3nBaeTbCcA NOKA3HUK
cTeneHs, Ao AKoro Tpeba nigHectn a, W06
opepxartum b.

Mo3HaueHHs: log , b.

HAecamkoeuli nozapugpm — ye no2apugpm 3a
ocHoeoro 10.

MosHayeHHs: log,,b=1gb.

HamypaneHuti nozapugpm — ye nozapugpm
3a 0CHOB0M0 e (¢ — ippaLioHasibHe YnCho, Ha-
GnuKeHe 3HaYeHHs akoro e = 2,7).
MosHaueHHs: log,b=1Inb.

Mpuknagn

1) log,16 =2, ockinbku 42 =16;

o=

_ 7.

2) log7ﬁ=%, ocKinbkn 7
3) 121000 = 3, ockinbku 102 =1000.

1 _
4) 1n—2=—2, OCKinbKkn e 2 =—.
e e

2. OcHOBHa niorapudpmiuyHa TOTOXKHICTb

logab :b

a ,ae a>0,a#1,b>0

1) 885 = 5. ) 10'82=2,

3. BnactuBocTi norapu¢mis i popmynu norapnpmyBaHHA
(a>0, a#1, x>0, y>0)

1) log,1=0

2) log,a=1
3) log, (xy)=log, x+log,y

4) log, S log,x-log,y
y

5) log, x" =nlog,x

Jlozapughm oOuHUYi 3a 6y0b-AKOK OCHO-
8010 OOPIBHIOE HYJTIO.

Jloeapugm yucna, sike 36ieaemobCs 3 OCHO-
8010, 00PiBHIOE OOUHUUJ.

Jlozapugpm 006ymky 0o0amHux yucesn
00piBHIOE CyMi 102apuUpMi8 MHOXHUKIB.

Jloeapugm 4acmku 000AMHUX yuces
0opigHIOE pi3HUYi To2apugpmis dineHo20
U OiylbHUKa.

Jloeapughm cmeneHs 000amHo20 4ucaa

0opigHI0E 006YMKY NOKA3HUKA cmeneHs
Ha 7102apugm 0CHOBU UYb020 CMeneHs.
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4. Qopmyna nepexoay Ao norapn¢$mis 3 iHIWO OCHOBOK

1
log, x=—2% ne >0, a%1,b>0, b=1, x>0
log, a
. 1
Hacnigok: log, b=
log,a

MOACHEHHSA N OBI'PYHTYBAHHA

SIKIO POBTVIAHYTU PiBHICTH 23 =8, To, 3HauUN OyAb-AKi ABa umcia i3 Iri-
€l piBHOCTi, MOKHA 3HAWTHU TPETE.

3afaHa .
o 0 BigOMO 0 3Haxo o 3anuc Ha3Ba
plHiCTE LLlo Bigom LLlo 3Haxogum nm
yncna2i3 ymcno 8 8=93 cTeniHb
3 . KOpPiHb TpPeTboro
= cna8i3 cno 2 =3
2°=8 yncna 8i ymcn 2-3/8 creneHs
uncna 8i2 yncno 3 3=log,8 norapudm

Ilepiri aBi omepartii, HaBemeni B Tabauili (IIigHeceHHA OO0 cTemeHs U J00y-
BaHHA KODPEHA 71-TO CTeleHs), HaM yiKe BiIoMi, a 3 TPEThOIO — J102aPUPMYEAH-
HAM, TOOTO 3HAXOMKEHHAM Jiorapudma 3aJaHoro 4Yucjaa, — MU 03HaHOMUMOCS
B mmbomy maparpadi.

Y saraspHOMY BUTJIAJML omepalid Jiorapu)MyBaHHA AO3BOJISE 3 PiBHOCTI
a*=b (me b>0, a>0, a+#1) 3HaliTH NOKA3HUK CTeleHs X. Pe3yabTaT BHUKO-
HaHHA niel omeparii mosHauaersca log,b.

O3HauyeHHsA. Jloecapupmom dod0amHo20 Yucaa b 3a ocHoeow a (a>0, a#1)
Ha3MBAETbCA NOKA3HMK CTemneHsA, A0 AKoro Tpeb6a nigHecTn a, Wob opep-
Katu b.

Hampukrazx, log,8=3, ockimekn 2°=8;

log 1|l 1= 2, OCK1lJIBKAN — =—;
z 4 2) 4

2
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1
16

BasHaunMo, 10 auas gozaTHux uncena b i a (a#1) piBsauEa a®=b 3aB-
AW Ma€ €IUHUN PO3B’A30K, OCKIIbKM (PYyHKIiA y=a” HabyBae BCiX 3HaYeHb
3 IPOMIiKKY (O;+<>o) i mpu a>1 € 3pocraouoio, a npu 0<a<1l — cmazgHoIO
(puc. 3.1).

OToxe, KOKHOIO CBOro 3HaueHHA b>0 ¢yHKHOia y=a” HabyBae TiIbKHU
pu ogHOMY 3HaueHHiI x. Tomy 04 6ydv-axux dodamuux wucen b i a (a#1)
piénanns a* =b mae edunuil Kopinb x=log,b.

1 . -2
lo — |=-2, ocKiapKkm 4 ° =
g4( 16)

Ilpu <0 piBEaEHEA a*=b (a>0, a#1) He Mae KOpeHiB, OTKe, npu
b<0 srnauennsa eupasy log,b mne icnye.
Hanpuxinan, He icHyioTs log, (-9), log (=7, log, 0.

2
3asHaunMo, IO iCHYIOTH Jorapu¢mu, SKi MaioTbh BJIaCHI Ha3BH.

Jozapugm 3a ocrnosoro 10 nHasueaomsv 0ecamKo8UM JLOZAPUDPMOM i NO3HA-
yawomos 1g.

Hanpuxinan, log,,7=I1g7, 1g100=1og;,100=2.

YV HegaseKoMy MHUHYJIOMY OeCATKOBUM Jiorapudmam BiamaBayiu mepeBary
M cKJIazasu Oy:Ke JeTabHi TaOJUIli TecATKOBUX JIOTapu(MiB, AKi BUKOPUCTO-
BYBaJINCS B Pi3HUX OOUMCIEHHAX. B emoxy 3arajbHOI KOMII IOTepPU3aIlil AecAT-
KOBi Jiorapu()Mu BTPATUJIN CBOIO IPOBiAHY POJIb. ¥ CyYacHi#l Haymi # TexXHiIi
IITUPOKO BUKOPUCTOBYIOTHCA JIorapu(pMu, OCHOBOIO SAKUX € OCOOJIMBE UUCJO e
(rax camo Bimome, AK i umeso 7). Ywmeso e, AK i umcsio ©, — ipparmioHaJbHe,
e=2,718281828459045... .

Jozapugm 3a 0CHOB0I0 e HA3UBAMb HAMYPAJLLHUM JO02APUPMOM | No-

3Havaromos 1n.

Hanpukaaa, log,7=InT7, lnlzlogelz—l.
e e

Puc. 3.1 a 6

ypy=a*
=i a>1/

A

39
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3a o3HaueHHAM Jorapudma, axmo log,b=x, t0 a*=b (a>0, a=1, b>0).
SIKII0 B OCTAaHHIO PiBHICTH HifiCTaBUTH 3aMiCTh X HMOTO 3HAYEHHS, OAEP:KUMO
PiBHICTB, IKAa HA3BWUBAETHCSI OCHOBHOI J0ZAPUGMILHOI MOMONCHICTIO:

a2’ —p, 1e a>0, azl, b>0.
1 logl2
Hanpuxaaz, 5°%°%=9, 107 =7, (E) 3 =9,

Y Bcix maBemenmx Hukde opmynax a>0 i a=l.
1) 3 osmaueHHs Jorapudma OIepPKYEMO, IO

log,1=0,
ockimprn a®=1 (mpu a>0, a#l).
D Oroxe, n0zapugm o0uHuuyi 3a 6y0dv-AK010 O0CHOB010 0OPIBHIOE HYJIIO.

2) Ockigbku a'=a, To
log,a=1.

D Omxe, Js0zapupm uucaa, axe 30ieacmvbcsi 3 OCHOB0W, O0PiBHIOE O00UHUUI.

3) ITo6 omepsxkatu opmysy Jsorapupma modytry xy (x>0, y>0), mo-
sHauumMo log,x=u, log,y=v. Toxi sa osHaueHHAM Jorapupma

x=a“ 1 y=a". 1)

IlepeMHOXUBIIN TIOYJEHHO IBi ocTaHHI piBHOCTi, oTpumaemo xy=a“"’.
3a O3HAYEHHAM Jorapudma 3 ypaxyBaHHAM yBeleHHX IIO3HAYEHb 3 OCTAHHBOI
piBrOCTi ozeparyemo log, (xy)=u+v=log,x+log,y. Orxe,

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

Jlozapupm 0obymry dodamHux uuces OOPIBHIOE CYMi L02aPUPMiI6 MHOMC-
HUKIB.

. X
4) Amnanoriuno, 1mo6 oxepskatu Gopmyay Jgorapudma uyactku — (x>0,
Yy
. . . .ox _
y>0), mocrarHbo momisuTu moudseHHo pisaocti (1). Toxi —=a“"". 3a osna-
Yy

YeHHAM Jorapu(Ma 3 ypaxyBaHHAM YBeJeHUX IMO3HAUEHDb 3 OCTAHHBLOI PiBHOCTI

X
ogep:xyeMo log, —=u-v=Ilog,x—log,y. Orxe,
Y

logaleogax—logay. 3)
Yy
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Jlozapupm wacmru dodamHux yucen 00pi6HIOE pisHuui Jnozapupmis dine-

HO020 i OiNlbHUKA.

5) IILo6 omepsxaru (opmyJy Jorapupma creness x" (me x>0), mo3HAYNMO
log, x=u. 3a osHauenusam Jsorapudpma x=a", rogi x"=a"". 3a osHaueHHAM
jgorapudMa 3 ypaxyBaHHAM IO3HAUeHHs A u Maemo log,x" =nu=nlog, x.
Or:xe,

log,x" =nlog, x. 4)

Jlozapupm cmenens 0odamHozo uucia 00pieHIOE 000YMKY NOKA3HUKQA

CmeneHaA Ha J02apu@m OCHOBU Ub020 CMENneHA.
1

YpaxoBywouu, 1mo upu x>0 ’\’/;:x;, 3a @¢opmysoo (4) Maemo
¢

loga’\l/; =log,x" =—log,x. Orxke, mpu x>0 MoXXHa KopucTyBaTHucsa (op-
n

MYJIOIO 1
log,Vx=—log, x.
n

ITro popmyny Mo:kHA He 3alaM’sSTOBYBATHU, a KOMKHOTO pady 3aluCcyBaTH
KOpPiHBb i3 AOJATHOTrO YwMcJa AK BiATIOBITHUII CTEHiHb.

IHKOIM DOBOAUTBCA 3HAXOLUTH JOrapudM AOGYTKY Xy i B TOMYy BHOAAKY, KOJIH
uncna x iy Big'emui (x<0, y<0). Toxi xy>0 i log,(xy) icaye, ame Gopmy.roo (2)
CKODHCTATHCA He MOYKHA — BOHA OOI'DYHTOBAHA TLMIBKH JJIA TOJATHUX 3HAUEHD X i .

V Bunaaky xy >0 maemo xy=|x||y|,iremep |x|>0 ra|y|>0, orsxe, ns morapudma

MOGYTKY | x || y| MoskHa cKOpucTaTHCH hopmyitoio (2). Tomy mpu x <0 i y <0 mMoskemo
3ammcaru

IOga (xy)ZIOga (‘x"‘y‘):k)ga‘x‘+10ga‘y"
Ognepsxana ¢opmysa cupaBegauBa i mpu x>0 Ta y>0, OCKIIBKU B IIbOMY BUIAIKY

|x|=x i |y|=y OTHQe,

upu xy>0 log,(xy)=log,|x|+log,|y|. @)

Amnajoriuno Mmo)kHa y3araabauTu i popmyau (3) i (4):

nmpu =50 log,—=log,|x|-log,|y| (3
Y Y

mpu x#0 log,x* =2klog,|x|. “@)

1
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4. Dopmyna nepexoay Ao norapuPpmis 3 iHLWLOIO OCHOBOIO |

» Hexait log,x=u (x>0, a>0, a#1). Toai 3a 03HaueHHAM norapudma a* = x.
Mponorapnomyemo obmABI YaCTUHM OCTaHHBLOI PIBHOCTI 3a ocHoBow b (>0,

b#1). Opepxumo log, a" =log, x.
BrkopucToBytoun ana niBoi YacTuHK Uiel piBHOCTI popmyny norapudma creneHs,

1
otpumaemo ulog,a=log, x. 3Bigcm u=—8b% Ypaxosytoun, wo u=log, x,

OflePKYEMO: 0gpd

1
log, x=—20" pe a>0, a#1,b>0,b#1, x>0.

log, a

D OTike, Jsozapu@m 000amHOz0 HUCLA X 3A CMAPOK OCHOB0W A OOPiBHIOE

NG

J02aPUpMY Ub020 CAMO020 YUCAA X 3Q HOB0I0 OCHOB0W b, nodisienomy Ha
J0zapum cmapoi 0CHO8U @ 3a HOB80K 0CHO80K b. M
3a [0IIOMOro0 OCTaHHBOI (POPMYJIM MOMKHA OAEpP:KaTU TaAKUM HACAIO0K.

1 b
3amnuIiremMo logab=loi. Ypaxosyrwouu, mpo log,b=1, maemo:
0g,a
log b= ,ome a>0, a#1, b>0, b#1.
log,a

P )

Jlorapu(Mu IIIMPOKO 3aCTOCOBYIOTHCS AJIA MOJETIOBAHHA PiBHOMAHITHUX IIPOIIECiB
HaBKOJUIITHHOTO KUTTA. Hampukiazm, 3a Bigomum ncuxodisiosorivHUM 3aKOHOM
Bebepa — ®PexHepa cuja p BiIUyTTA JIOJUHOI IIEBHOTO MOAPasHUKA IIPOIOPIIifiHA
Jorapudmy iHTeHCHBHOCTI S 1BOro moxpasHMKa. ['yuyHicTH (piBEHH B3BYKOBOTO
THUCKY) 3BYYaHHS MY3UUHUX iHCTPYMEHTIB, TOOYTOBUX MPHUJIA/IB TOIO O0UUCIIOIOTH

S . .
3a (popmyI0Ii0 p=101gs—, ne S — 3HaueHHSA iHTEHCUBHOCTI 3BYKY, a S, — HUIKHE
0

rpaHVYHe 3HAYEHHs IHTEHCHBHOCTI 3BYKY (AKIO S<S,, TO MU 3BYK B30BCiM
He uyemo0). BenwumHy p BUMIipIOIOTHL y nernubenax.
3asHaynmMo, 0 0e3NMeYHOI0 [JIA CJIYyXy JIOLUHUA
BBa)KaOTh ryuHicTh 40-50 memmben — 1e iHTeH-
CUBHICTb 3ByYaHHS 3BUYANHOI po3amMoBU. SIKIIO K BU
IPOCJIYXOBY€ETE MY3UKY 3a JOIIOMOTOI HABYIIHUKIB,
AKi1 BBIMKHeHi Tak, 1100 «IepeKpudyaTu» HaBKOJIHIII-
Hilt cBiT (TO6TO 3 iHTeHcuBHicTiIO 80—100 memubGeur),
TO Iie IIKiAJIWBO AJS 3J0POB’s i MOKe MPU3BECTU 0
TIOTipIIeHHS CIYyXy a00 1 30BCiM 10 TJIYXOTH.
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NMPUKNAAON PO3B'A3YBAHHA 3ABAAHb

Mpuknapg 1. O6uncnite:

1) log;125; 2) log 4 3.
27

Po3B’A3aHHA KomeHTap
1) » log;125=3, ockinpku 5% =125; Ypaxosyioun O3HateHHA N0
rapuéma, notpibHo nigibpa-
2) » log , 3=_l, QCKimnic TV TaKMI MOKA3HWK CTEMeHs,
o7 wo6b npu nigHeceHHi OCHOBU
1 norapudma [0 UbOro CTeneHs
(L) s__ 1 1 1 4 OfiepKaTy YNCAO, AKE CTOITb Mif

27 . % E 1 3HaKOM Norapudma.

(o) or

Mpuknapg 2. 3anuwite po3B'A3KM HANMNPOCTIWNX MOKA3HNKOBUX PiBHAHD:

. 1)’ «_1
1) 57 =3; 2) | =] =10; 3) 10" =—.
3 3
Po3B’A3aHHA KomeHTap
3a o3HaueHHAM Jiorapudma: Ona 6ynb-skux popaTHUX uucen b i a
1) » x=log,3; (a;tl) PIBHAHHA a* =b Mae eguHuii

KOpiHb. [MoKa3HWK cTeneHs X, 4O AKOro no-

TpibHO NigHECTM OCHOBY a, W06 ofepXa-

T b, Ha3UBaETLCA Jlorapndmom b 3a ocHo-
1 =

3) » legg. Bot a, Tomy x =log , b.

2) » x=log10;
3

274*
Mpuknapg 3. Bupasitb norapmédm 3a ocHoBow 3 Bupasy % (e a>0 i b>0)
b

yepes fiorapmdmm 3a ocHoBoto 3 umncen a i b. (KOpoTKo KaxyTb: «Mpo-
norapudmynTe 3agaHuii BUpa3 3a OCHOBOI 3».)

Po3B'A3aHHA KomeHTap
2742 3342 CnoyaTtKy 3anuwemo B1pasu B YNCENbHUKY
> log, % =logg—F—= | 3HaMeHHMKY 3aaHOTO BUPa3y AK CTereHi
b5 umncen i 6ykB.

43
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1
=log3(33a2)—log3b5 =
=log; 3% +logza® —log, bo =

=310g33+210g3a—%10g3b=

=3+2log3a—%log3b.

PO31IT 1. Moka3HWKoBa Ta NnorapudMidHa QyHKLT

MoTim ypaxyemo, wo norapudm 4YacTku
3342

T AOAATHUX uncen AOPIBHIOE Pi3HU-

b5
Li norapudmiB UncenbHMKa i 3HaMEHHMKa,
a noTim Te, Wo norapmdm gobyTKy (33(12)
[OPIBHIOE CyMi norapudmiB MHOXHUKIB.

Mpuknap 4. Bigomo, wo log,5=a, log,7=>5. Bupasitb log,700 uepe3 aib.

Po3B’a3aHHA

b log,700=log,(7-5%.2%)=
=log,7+log,5% +log, 2% =
=log,7+2log,5+2log,2=
=b+2a+2.

b
Mpuknag 5*%. [ponorapudmyinTte 3a ocHoBoto 10 Brpas @

Po3B’sizaHHA

ab3
) Axiro —2>0, TO
c

lg@=1g|ab3|—lg|c2|=
c

=1g(|a|[o°])-1g]e*|-
—1g|a|+1g|b?|-21g|c|=
=lg|a|+3lg|b|-21g]c|.

KomeHTap

CnouaTky nogamo umcno 700 Ak gobyTok
cTeneHiB uucen 5 i 7 (3agaHunx) T1a 2 (oc-
HOBW Nioraprdma), a NOTiM BUKOPUCTAEMO
BNAaCTUBOCTI Norapudmie Ta nigctaBnumo
B oflepXaHni Bupa3s 3HauyeHHA log,5
i log,7.

3
2
C
KomeHTap

Ockinbku noraprudmm icHy0Tb TiNbKU ans
JOJaTHVX YMCEN, M1 MOXeMO nponorapud-

MyBaTW 3adaHWiN BUPa3 TiNbKK y BUMAKYy,
3

ab
Konm —2>0.
c

3 YyMOBU He BUMMBAE, WO B 3afaHOMy
BUpa3i 3HauyeHHA a, b i ¢ popaTtHi. Tomy
6yAemMo KOpPUCTYBaTMCA Yy3aranbHeHU-
Mun dopmynamu norapudmysaHHa (2°-4"),

a TAKoX ypaxyemo, Wo |0zb3 |=|a|~|b3 |

[6°|=[6F, [e?[=lef"

Iaxkonu moBomuMTHCA INTyKaTW BUpPas, 3Haiouu ioro Jyorapudm. Tary ome-
pariito HasWBAIOTL NOMEHUINBAHHSM.
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Mpuknapg 6. 3HaNAiTb X 3a NOro norapuepmom:

1) lgx=1gb-21g3+3lg2; 2) logaxzélogab+5logac—logap.

Po3B’A3aHHA KomeHTap

1) » lgx=1g5-21g3+3lg2; KopucTtytouncb popmynamu norapudpmy-
BaHHA CrpaBa HaniBo, 3anuwemo npasi
YaCTUHM 3afaHUX PIBHOCTEN y BUrNALI

5.98 5-25 40 norapudma aKkorocb Bmpasy M.
lgx = lg3—2, X = =

lgx=1g5—1g32 +lg23;

32 9 3 opepxaHoi pisHocTi log , x =log , M

1 oTpumyemo x =M.
2) » log,x=—log,b+5log,c—log, p;
2 (Ak 6yne nokasaHo B § 5, 3HaUeHHsA X,

LLIO 3aJ0BOJIbHAE PIiBHICTb
log, x=log, M, — ennne)

1
log, x=1log, b2 +log, c® —log, p;

log, x=log, b ; X =

3AMNMUTAHHA

1. CdopmysroiiTe o3HAUeHHA JorapudMa IOZATHOrO uucaa b 3a OCHOBOIO a
(a>0, a=#l).

2. Skwuit jgorapudM HaA3UBAIOTh AECATKOBUM i SKHUN — HaTypaJabHuUM?

Hasenites nmpukjaanu s3amucy i 00UMCIEHHS TaKuX Jorapudmis.

3. 3amnuimith i o0r'pyHTyHTEe OCHOBHY JiorapudmMiuHy TOoTOKHicTh. HaBemiTh
OpUKJIagu 11 BUKOPUCTAHHA.

4. 1) 3anurits (popmynau JgorapupmyBanua. Chopmysioiite ix amict. Ha-
BeJiTh IPHUKJAAN BUKOPUCTAHHSA IUX (POPMYJI.
2%) O6rpyuTryiiTe (popmyau jorapupMyBaHH:.

5. 1) Banurits GopMysy Imepexony Bif omHiel ocHOBU Jiorapudma a0 iHIIIOI.
HagepiTe nmpukJgagy BUKOPUCTAHHA Iriei popmyiru.
2%) ObrpyHnryiiTe GopMyJy Hepexomy Bim ommiel ocHoBu Jiorapudma mo
iHMmIOoi.
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BIMPABU
3.1° IlepeBipTe mpaBUJIbLHICTH PiBHOCTI:
1
1) log,16=4; 3) log2Z=—2; 5) log, 8=-3;
2
2) log327=3; 4) log\E4=4; 6) log,,0,008=3.
3.2. OGUUCIiTE: )
1°) log;25; 5) logg 9%) log,, 5 (7-443);
2°) log, 64; 6°) log, 1; 10%) log, , = (9+4v5).
7
3°) 10g3%; 7% log, Y232 ;
4°) logs+/6; 8%) log, 747 ;
3.3° Kopucryiounch o3HaUeHHAM Jorapudma, 3alulliTh PO3B’A3KU HAUIIPO-
CTIIlIUX IIOKA3HUKOBUX PiBHSAHD:
1) 4*=9; 3) 10* =11; 5) 0,2 =0,7;
x
2) (i) =15; 4) 5% =19; 6) e*=3.
3.4. KopucTyoOUnCh OCHOBHOIO JIOTapU()MiUHOIO TOTOKHICTIO, CIIPOCTITh BUpa3s:
1
log ; 6-2
2) 310g34; 4) 3’510g3,513; 6*) (l) 3 .
3
3.5. IIposorapugmyiiTe BUpas 3a 3aJaHOI0 OCHOBOIO, AKIIo a>0, b>0, ¢>0:
1 2
233
1°) 10a3¢* 3a ocmosowo 10; 4) 1 Z 3a OCHOBOIO ¢;
c
0,1a%b° 73
2) 7 3a ocHoBow 10; 5°) 9a \/3 3a OCHOBOIO 3;
‘ 2
2 abp?
3°) a c\/g 3a OCHOBOIO ¢; 6) 3a OCHOBOIO 3.

1
c2
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3.6%.

3.7

3.8.

3.9.

3.10%

3.11%

IIposorapugmyiite Bupas 3a ocHoBowo 10, aximo ab>0 i ¢c#0:
1) a®p’c%; 2) 3‘;”; 3) 642 . 4) 100%abc? .

¢ (ab)s
Bigomo, mo logs;2=a, log;3=0. Bupasire uepes a i b:
1) log;15; 2) log;12; 3) log;30; 4) log,72.
SHaUIITL X, SAKIIO:

1) loggx=3logg2+0,5log425—2logg3;
2) 1gx=élg(5a)—21gb+5lgc;

2 1
3) 1gx=31gm+?1gn—glgp;

4) loggx= élogS, 8—2log;20—3log, 2.

IlepeifimiTe y 3amanoMy JorapudMmi OO OCHOBU 3:
1) log, a; 4) logﬁa;
3
2) logga; 5) log,a.
3) log, a;
9
O6uncIiTh 3HAUEHHSA BHPA3Y:
oz 6+%10g627
1) 6 ; 3) log,5log;6log,7log,32;
2 i Lig,16
longS 4 .
2) 3 ; 4) logy10lglllog,;12log,;,27.
SHaANITL:

1) logg9, axmo log;,18=a;
2) logy15, akmpo log,;25=a.



§4. JIOTAPUOMIYHA ®VHKLIA,

I1 BIAGTUBOCTI TA FPADIK

4.1. TPA®IK NOrAPUOMINHOT DYHKUIT
TA 11 BIIACTUBOCTI -

O3HaueHHA. JlozapugmivyHoto ¢pyHKUi€El0 Ha3MBa€eTbcA (yHKUiA Bugy
y=log,x, pe a>0, a#1.

1. Tpadik norapudpmiuHoi pyHKUiT

OyHkuii y=a” i y=log,x (a>0, a#1) e B3aeMHO 06epHEHNMI GYHKLiAMM, TOMY iX
rpadiky CUMeTPUYHI BiZHOCHO NPAMOI Y = X.

y

y=a*

y=log x, y=log x,
a>1 O<a<1

2. BnactuBocTi norapudmivuHoi pyHKLiT

1. 06nacme eusHavers: x>0.|D(log, x)=(0;+eo)

2. O6bnacme 3HayeHs: y € R. E(loga x) =R
3. QyHKyisa Hi napHa, Hi HenapHa. {

L . y=0,

4. Toyku nepemuHy 3 ocAMu koopduHam: 3 Biccio Oy , 3 Biccio Ox =1
5. MpoMmixXKU 3pOCMAHHSA | CNA0AHHS:

e npu a>1 ¢yHkuia y=log, x 3pocTae Ha BCill 06nacTi BU3HaYEHHS;

e npn 0<a<1 ¢yHkuia y=log, x cnapae Ha BCill 06nacTi BU3HaYEHHA.
6. llpomixxKu 3Hakocmasnocmi:

eakwo a>1,T0o y>0 npn x>1, y<0 npn 0<x<1;

eakwo O<a<l,to y>0 npn O<x<1, y<O npn x>1.
7. Hatibinsbwozo i HatimeHw o020 3Ha4YeHb yHKUiA He MAE.




§4.JNorapudmidHa yHKLIA, 1T BNaCcTMBOCTI Ta rpadik

MOACHEHHA N OBI'PYHTYBAHHA

Os3HaueHHA. JlozapugpmiyHoto pyHKUi€Er0 Ha3snBaeTbca ¢YHKUia Bugy
y=log,x, pe a>0, a#1.

Ilokasxemo, 10 A (PYHKIOiS € o0epHEHOI 10 (PYHKIII y=a”.

» CnpaBai, nokasHukoBa GyHKUia f(x)=a* npm a>1 3pocTac Ha MHOXWHI R,
a npu 0<a<1l cnagae Ha MHOXWHI R. O6nactio 3HauyeHb QyHKLUIT flx)=a*
€ NMPOMIXKOK (0;+oo). OTxe, Ak Oyno nokasaHo B nNigpy4uHuKy ana 10 knacy, pyHK-
uia f(x) obopoTHa i Mae obepHeHy GyHKLi, 06NacTIO BU3HAUYEHHS AKOI € NPO-
Mixok (0;+c0) i obnactio 3HaueHb — mHOXMHa R. Harapaemo, wo ans 3anucy
bopmynn obepHeHOI GYHKLIT JOCTaTHBO 3 PIBHOCTI Yy = f(x) Bupasutn x uepes y
i B ogepxaHin dopmyni ng(y) ApPrymMeHT Mo3HaunTy yepes x, a QyHKLilo —
yepes y.

Tomi 3 piBHAHHA y=a” (a>0, a#1) 3a 03HaueHHsAM florapudma OfepPKYEMO

dopmyny obepHeHoi GyHKUiT x=log,y, y AKiN aprymeHT nosHayeHo yepes y,

a PyHKUilo — uyepe3 x. 3MiHIOIUYN NO3HAYEHHSA Ha TPagWLiiHi, OTpUMyeMO dop-

myny y=1log,x — dopmyny pyHKUii, 0bepHeHOi Ao dyHKLiT y=a™.

Ax Bimomo, rpadiku B3aeMHO 0o0epHeHUX (GYHKIIH CHMeTPUUYHI BiHOCHO
npamol y=x. Orxe, rpadik Qysrnii y=log,x (a>0, a#1) moxHa oxep-
skatu 3 rpadika QyHEOiIi y=a® cuMerpuuHMM BiZOOpPAKEHHAM BiJHOCHO
npamoi y=x. Ha pwmc. 4.1.1 maBemeno rpadiku jgorapudpmivamx QGyHKIiN
ona a>1 1 O<axl.

Dl‘paq)i}c aorapudmivHoi (GYyHKIIT HABUBAIOTH J102APUPMILHOI0 KPUBOI.

Puc. 4.1.1 a

y=log x,
O<a<1

49
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BuactuBocri @yHKNii y=log,x MoxHa ab0 BHBHAUUTHU 3 OJEP:KaHOIO
rpadika 1iei GpyHKIii, a0 06I'PYHTYBaTH, CINPAIOYNCh HA BJIACTHUBOCTI (PYHK-
.oe x
oii y=a".
. 3 BiZNOBIAHMM OOFPYHTYBAHHAM MOXHa O3HAaNOMWTUCA, 3BEPHYBLUNCb A0 iHTepHeT-
UJ NiATPMMKU NigpyYHNKa.

NMPUKNAOWN PO3B'A3YBAHHA 3AB1AHb

Mpuknapg 1. 3Hangitb 06nacTb BU3HaUYeHHA PYHKLT:

1) y=logs(8-x); 2) yzlogl(x2+3); 3) y=10g7(x2—x).
3
Po3B’A3aHHA KomeHTap
1) » y=log5(3—x). Ockinbkn BUpas, WO CTOITb

nig 3Hakom norapudma, mae
6yTV foAaTHUM, TO AJiA 3HAXO-
[IKeHHA obnacTi BU3HaUYeHHsA

O6sacTh BU3HAUEHHS 3a[a€ThCs HEpiBHiCTIO
3—x>0.3Bigcu x <3, TobTo D(y) = (—oo; 3).

2) » y=log, (xz +3). 3apaHoil OyHKUiT Tpeba 3Hai-
3 TW Ti 3HaUEHHA aprymeHTa X,

O6JiacTh BM3HAUYEHHS 3aJa€ThCA HEPiBHICTIO npu AKNX BMUPa3, Wo CTOITb nig
x2+3>0. Il HepiBHICTHP BUKOHYETHCSA IPHU 3Hakom norapuéma, byae no-
BCix milicHuX 3HaueHHAX x. OTXKe, D(y) =R. AaTHUM.

3) » y=10g7(x2—x). Puc. 4.1.2
O6sacTh BU3HAUEHHS B3aJa€TbCs HePiBHI-
crio x2—x>0. Posp’a3yroum 10 KBajgpar- +\ /+
HY HepiBHicTb, omepkyemo x<0 abo x>1 0 L erreien

(puc. 4.1.2). Orsxe, D(y)=(—o0;0)U(L;+0).

Mpuknapg 2. 306pasitb cxeMaTUYHO rpadik GyHKUii:
1) y=log,x; 2) y=log, x.
2
KomeHTap
O6nacTb BM3HAYEHHsA D(y) dyHkuii y=log,x Taka: x>0, oTxe, rpadik Liei pyHKLUiT

3aBX/AW po3TalloBaHU NpaBopyu Bif oci Oy. Llei rpadik nepetnHae Bicb Ox y Touui x =1
(ockinbku log,1=0).
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Mpy a>1 norapudmiyHa GyHKLiA 3pocTaE, oTxe, rpadikom dyHKUii y =log , x Gyne nora-
pudmiyHa Kpu1Ba, TOUKM AKOI MpK 36iNblUEHHI aprymMmeHTa «nifHiMalTbCA Bropy».

Mpn 0<a<1 norapudmiyHa dyHKUiA cnafae, oTxe, rpadikom ¢yHKUii y=1log ; x Gyne

2
norapudmiyHa KprBa, TOUKM AKOI Npw 36iNbLUEHHI apryMeHTa «OMyCKaloTbCA BHU3Y.

o6 yTouHnTK noBefiHKy rpadikis 3agaHnx GyHKLiN, 3HANAEMO KOOPAUHATM KiIbKOX A0-
[ATKOBMX TOYOK.

Po3B'sAi3aHHA

y
2/// 212 4
1t 2

» y=logyx | ;

I
[
\“g‘
ot
\V]
—~
<
<
|
[
S
—
DO

Y
x L 2 4
11 2
» y=log; x 0 :
2 P ING Wk y 1 0o -1 | -2
_2-

Mpuknag 3*. 306pasiTb cxeMaTUYHO rpadik GyHKUii y=10g3|x—2|.

Po3B'A3aHHA KomeHTap
» ITocnimoBHO Oynmyemo rpadikm: Cknagemo nnaH nocnigoBHoi nobynosu
1) y=logs x rpadika 3agaHoi ¢pyHKUii 3a gonomorow
3 reoMeTpUYHUX NepeTBOPEHb.
Y

1) Mu moxemo nobyaysaTu rpadik ¢pyHk-
wii yzf(x):log3x (ocHoBa nora-

pudma a=3>1, omKe, noraprndmiyHa
byHKUiA 3pocTaE).
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2) MNoTim MoXkHa nobyaysaTh rpadik
ynkuii y=g(x)=logs|x|= (| x|)
(npaBopyu Big oci Oy rpadik f(x) 3a-

Y :
NNWAETbCA 6€3 3MiHY, i LiA cama YacTuHa
rpadika cMMeTpuUHO BigobOpaxKyeTbCA
BiHOCHO oci Oy).

3) Micna uporo moxHa nobypysaTtn rpa-
ik 3agaHoi GyHKUT y=log3|x—2|=
= g(x—2) napanenbHUM MepeHeceH-
HAM rpadika GyHKUiT y=g(x) Y300BX
oci Ox Ha 2 oagnHWLi BNpaBso.

2) y=logs|x|

3) y=logs|x-2|
KopoTkuii nnaH noGyaoBM LWIYyKaHOro

rpadika 3pyyHo 306pa3nTu CXeMATUYHO
y Takuin cnocio:

2/3 x y=logzx—y=logs|x|>y=logs|x-2|.

D\

01

Mpuknap 4. MopiBHANTe godaTHi yncna b i ¢, 3Hawuuy, Wo:

1) loggb>logsc; 2) logyz3b>logysc.
Po3B'A3aHHA KomeHTap
1) » Ockinbku QyHKIA Y KOXKHOMY 3aB[aHHi 3ajaHi BMpasn — Le 3HayeH-
y=logsx spocraroua, TO HA norapudmiuHoi ¢yHKUiT y =log, x y Toukax b
IJIA ZomaTHUX umcen b i ¢ i ¢. BukopuctoByemo 3pocTaHHA abo cnafgaHHA Bif-
3 mepisHocti logsb>log,c MOBIAHOI GyHKLUl:
ozepsyemo b>c. 1) npn a=3>1 ¢yHkuia y=log;x € 3pocTato-
2) » Ockinbku  QyHKIiA yoto, Tomy GinbLIOMy 3HaueHHI0 YHKLIT Bianosi-
y=logysx cmajgHa, TO [a€ Ginblue 3HaUeHHA apryMeHTa;
ana mopaTHuX umcen b i ¢ 2)npu a=0,8<1 dyHkuia y=log,zx € cnap-
3 HepiBHOCTI log0’3 b> logo,3 c HOO, TOMY 6iflbLIOMY 3HaueHHI0 yHKLii BiANOBI-

ooePXKyeMO b<ec. [a€ MeHLle 3Ha4YeHHA aprymeHTa.
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Mpuknap 5. MopiBHAWTe 3 oAMHULEI0 AOAATHE YNCNO d, 3Halouw, Wwo log, 6<0.

Po3B’A3aHHA KomeHTap

» Ockinekum 6>1, a 3 ywmoBH Yucna log, 6 i 0 — ue aBa 3HaueHHA YHKLT
maemo, mo log,6<0=1log,1 (ro6To y=log, x. YpaxoByloum 3afaHy HepiBHICTb,

log, 6 <log, 1), To pysxnia y =log,, x 3'ACOBYEMO, AKOIO € L GYHKLiA — 3pocTato-
yoto abo cnagHolo, i 3raflyemo, Lo BOHa 3po-

€ cmangHolo, otTxke, O<a<l. -
ctaenpu a>1 icnapae npu O0<a<1.

3ATMNTAHHA

1. CdopmyiroiiTe o3HaueHHs Jgorapudmiunoi GyHKIii.

2. §Ix posramoBani rpadiku Qymruit y=a* i y=log,x (a>0, a=#l)
BigHOCHO mpAMOl y=x? BigmoBige mogcHiTe. IloGyznyiiTe sasHaueHi
rpadikm gaa a>1 i O<a<l.

3. Kopucrymouncsy rpapikom ¢ysrmnii y=Ilog,x (a>0, a#1), oxapakre-
pusyiiTe ii BJIacTUBOCTI.

4. TlosicHiTh, K, YPaxoBYIOUN 3POCTAaHHSA abo0 claJaHHsA BiAmoBimHOI Jora-
pudmiunol pyHKILiI, TOPIBHATH 3HAUECHH:

a) log;7 i logy3; 6) log, 7 i log, 3.
5 5
BIrPABU
4.1.1. 3HaigiTh 00J1aCTh BU3HAUEHHS (DYHKILII:
+5
1) y=log,,(2x+6); 5) y=log (2x2+1); 9% y:10g3,llxl—3;
3 x|—

8

2°) yzlogl(x—3); 6) yzlogn(x2+x+1); 10%) yzlogx(Zx—xz);
6

2x -6
3) y=log ~(x2-1); 7 y=lo s 11%) y=lo 5x—x2).
) Y g\/g( ) )y g0,4 12 ) Y gzx—3( )
2
4) y=10g5’2(3x—x2); 8%) logﬁm;

x—-3
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VY saBmanuax 4.1.2, 4.1.3 306pasiTsh cxemaTuuHO rpadik 3amamol PyHKITII.

. 1°) y=logsx; 3°) y=logyzx; 5) yzloglx;
6
2°) yzloglx; 4) yzlog\gx; 6) y=log\@x.
3
. 1) y=log,(-x); 4) y=log,x+3; ) y=|log, (2x—4)|;
2
P
2) y=log1(x—1); 5) y=-loggzx; 8%) y=10g4ﬁ;
R X
4
3) y=log,(x+3); 6%) y=|log3|x|; 9%) y=Ilogslog;x.
. IlopiBHsATITe YnMCa:
1) log,3,5 i log,4,5; 6) log ; 10 i log ; 20;
N 2
2) logy;1,3 i logy;1,1; 7) log,3 i 0
3) log,2 i log, 5; 8) 10g7l i0;
5 5 p
4) log£2,3 i logﬁO,Z; 9) logs4 i 1;
5) log,5 i log,7; 10) loglé il.
4
.5. IlopiBusiiTe momaTHi umcyaa b i ¢, AKIIO:
1) log;b>log;c; 3) logﬁb<logﬁc;
2) logysb>loggsc; 4) log, b<log, c.
3 3

. ITopiBHANTE 3 OAWHUIIEIO TOJATHE UUCJIO 4, AKIIO:

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

2) loga%>0; 4) log,0,2<0.
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Tabnuua 7
’ 1 ’ 1
: ' 1 (log,x) = (¥x) =——
( x)' . (a*) =a*1Ina (Inx) T ( ) xlna % 1
¢ =e (a>0,a—crana)  (x>0) (x>0,a>0,a#1,  (4a 03 npasoi
a — cTana) yacTuHU Gopmyni)

MOACHEHHA N OBI'PYHTYBAHHA

IITo6 obrpyHTyBaTH (QOPMYAU NOXIOHUX NOKASHUKOBOL Ma JA02aApU@MiYHOL
(yHKUyiil, BUKOPHCTAaEMO 0e3 MOBeJeHHsA BJIACTHBICTL (QYHKIi y=e* (BoHa
JNOBOIUTLCA B Kypci BHIOI MaTeMaTHKM'): moximHa QyHKLIl y=e” mopiBHIOE
ui camiii pyHrmii y=e*, TOOTO

’
(e*) =e”.
» Akwo a>0, 328 OCHOBHO NOraprdMiUYHOI TOTOXKHICTIO MAEMO:
x
ax :elna :exlna.
Topi 3a NpaBUIOM 3HAaXOLXKEHHA MOXIQHOI CKNageHoi GyHKLUIT ofep>Kyemo:

’

(ax), = (exh“’), — e (xlng) =a” Ina, To6T10 (ax) =a”lna.

3a ofep:KaHo ()OPMYJIOI0 MU MOKEMO 3HAWTU 3HAUYEHHA MOXiJHOI MOKas3-
HUKOBOI (OyHKIil mua Oynb-akoro 3HaueHHA Xx. OTiKe, NOKA3HUK06A PYHKYIA
JugepenuyiilosHa 6 KOXMCHIL mouuyi obacmi 6usHaveHHs, a BiATIOBigHO, i Hene-
pepsHa 8 KOJMCHilL mouui ceoel obracmi 8usnavyeHHs (TOOTO MPU BCiX AiMCHUX
3HAUYEHHAX X).

» [nsnorapudmiuHoi GyHKLiT cnovyaTKy 3Hanaemo noxigHy GyHkuii y =1nx, npuinma-
loun 6e3 foBefeHHsA iCHYBaHHA noxigHoi. O6nacTb BU3HaueHHsa Uiel dyHKUii x>0,

TO6TO (O;+<>o). AKwo x>0, 32 OCHOBHOI NOrapMPMiUYHOK TOTOXKHICTIO MAEMO

eF = x. Lia piBHicTb 03Hauae, wo 3a ymosu x>0 yHKUIT y:eh‘x i y=x 36ira-

loTbca (Ue ofHa i Ta cama QyHKLiA, 3agaHa Ha MHOXUHI R,), a oTxe, 36iraloTbca

* Haramaemo, 1110 e — ippaljioHaJIbHe uncyio, e=2,718 281 82... .
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IXHi noxigHi. BukopucroBytoum ana niBoi YaCTUHW PIBHOCTI MPaBUIIO 3HAXOAXKEHHA
noxifHOI cKnageHoi GyHKLii, ofepKyemo:

(em*) =(x); e™*(Inx) =1, 70670 x(Inx) =1. 3gincK (lnx),=l (ne x>0).
X

1 1 ’ ]_ ’ ]_ ’
Ockinbkn log, x=——=——Inx, 10 (log,x) =(—1nx) =—(nx) =
Ina Ina Ina Ina
1 1 1

Ina x xIna

Orxe, (log,x) =

(e x>0, a>0, a#1, a — crana).
xlna

7
dopmyna (x") =nx"! (zuB. § 14 migpyusuka aaa 10 kiacy) 6yia 3ampomoHOBaHA
TiIbKU /IS IiJIUX 3HaYeHb n. JloBememo, 1[0 BOHA BUKOHYETHCA i MpHU OYAb-AKUX
IificCHUX 3HAUYEHHAX 7.
) AKwo n — poBinbHe Heline uncno, To dyHKUiA y=x" o3HauyeHa Tinbku npu x> 0.
. . . n
Tofi 33 OCHOBHOK NOrapUGMIYHOI TOTOXKHICTIO x" = e™* = ™%,
3a nNpaBUNom obYKCNIeHHs MOXigHOI cKnageHoT GpyHKLIT ofepKyeMo
’ ’ ). ’ 1 B
(x") =(e™n*) =% (nInx) =x"n(lnx) =x"n—=nx"".
X
’
Otsxe, Hazadi GopmMyJio0 (x") =nx"! MOMKHA KODHCTYBATHCA IPHU OyIb-AKHX
IificHUX 3HaUeHHAX n (Haragaemo, I1o B IIbOMY BUIIAIKY il MOHCHA 6UKOPUCTO8YE8AMU
MiNbKU NPU MUX 3HALEHHAX X, NPU AKUX BU3HAYEHA Il nPA6a 1ACMUHA).

o 3 06rpyHTyBaHHAM dopmyny noxigHoi ¢yHkuii y=~%x Ta npuknagamu poss’asy-
BaHHA OiNlblWl CKNAAHWX 3aBAaHb i3 BUKOPUCTAHHAM MOXiAHMX MOXHa O3HANOMUTUCH,
3BEPHYBLWNCb A0 IHTEPHET-NIATPUMKN MigPYyUHMKa.

NPUKNAOWN PO3B'A3YBAHHA 3ABAHb

Mpuknapg 1. 3HanAiTb NoxigHy GyHKUI:

X

1) f(x)zsin2x+e5; 2) flx)= ¢ .
cos3x
Po3B’A3aHHA KomeHTap
x\ , x\ MocnigoBHO BM3HAYaEMO, Bif IKOro
1) » f’(x)z(sin2x+e5) = (sinzx) +(e5) = BUpa3y bepeTbca noxigHa (OpieHTy-

IOYMCb Ha pe3ynbTaT OCTaHHbLOI Ail).
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X ’
. . Y
=2sinx(sinx) +e?2 (5) =
1 x
=2sinxc0sx+5e2 =sin2x+

oy =22

cos3x

_ (Inx)" cos3x —(cos3x) Inx >

(cos 3x)2

1 ,
~ cos8x —(—sin3x)(8x) Inx

= x =
2
cos” 3x
_ cos3x+3xsin3xlnx
= 5 y
xcos” 3x

(R

Y 3aBAaHHi 1 cnoyaTky 3Haxo4nmo
noxigHy cymu: w+v) =w' +v.
[MoTim ans KOXHOro 3 aojdaHkKiB
BMIKOPUCTOBYEMO GopMyny moxif-
HOT cKNlageHoi GyHKUii: 3Haxoau-
MO MOXigHi u? 1a e* i MHOXMUMO
Ha u’. OpepaHuil pesynbraTt 6a-
XaHo cnpocTutn 3a dopmynoto
2sinxcosx=sin2x.
Y 3aBAaHHi 2 cnoyaTky 3Haxo4nmo
) ( u ), u'v-v'u
noxifHy Yactku: | — | = ————,
v v
a Ona noxigHoi 3HaMeHHWKa BU-
KopuctoByeMo dopmyny noxigHoi
cKnageHol GyHKLUIT: 3HaxoaMmo no-
XigHY cosu i MHOXVMO Ha u’.

Mpuknaa 2. 3annwite PIBHAHHA AOTWYHOI A0 rpadika OyHKUii y=xe® y TOU-

Po3B'si3aHHA

» Sxmo f(x)=xe*,
TO f(x()):f(l)=€;

’
f'(x)=x"e* +(ex) x=e"+xe”.

Toxi f’(xo) =f’(1)=2e. IlixcraBmus-
I0YHY ITi 3BHAYEHHS B PiBHAHHSA JOTHUY-

noi y=1(xg)+1 (%0)(x—x), onep-

xmyemo: y=e+2e(x—1).

Otxe, y=2ex—e — IIyKaHe DiB-

HAHHSA JOTUYHOIL.

3ATINTAHHA

KomeHTap

PiBHAHHA [OTUYHOT Ao rpadika PyHKuUiT
y=7(x) y Touui 3 abcumcoio X Yy 3aranbHo-
My BUMIALI 3aMUCY€ETbCA TaK:

y=f(x0)+f’(x0)(x—x0).

LUlo6 3anucatn ue piBHAHHA ANs 3apgaHoil
bYHKUIT, NOTPiGHO 3HaNTK f(xo), noxigHy
f’(x) i 3HaueHHn f’(xo). OnAa BMKOHAHHA
BiAMOBIAHVX 0OUNCNIEHb 3PYUYHO MO3HAYUTU
3afaHy dyHKUi0 Yepe3 f(x), a ana 3Haxo-
OXeHHA Ti noxigHoi BuKkopuctatu Gopmyny

noxigHoi fobyTky (uv) =u'v+v’u.

1. 3Banwumite GopMynam s 3HAXOMKEHHS MOXiJHUX TOKAa3HUKOBOI i Jio-

rapudmivHoi QYyHKITiHA.

57
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BMPABU

Y saBmanHax 4.2.1, 4.2.2 3HaigiTe moxXimHy (QyHKILii.
4.2.1° 1) y=3e* +4; 3) y=e *+x°;

2) y=e*—lnx; 4) y=In(2x-1).
4.2.2.1) y=e"*cosx; 3) yzx/;lgx;

2) y=ln—x; 4) y=x*log,x.

x

4.2.3. Po3B’1:KiTh HEpiBHICTHL f’(x)>0, AKIIIO:

19 f(x)=e™ —x; 3) flx)=xlnx;

2°) f(x)=2x-Inx; 4) flx)=(1-x)e?*.

4.2.4.

4.2.5.

4.2.6.

4.2.7%

4.2.8%

4.2.9.

3HAUITh 3HAUEHHS X, NPU AKUX 3HAUCHHS MOXigHOI (PyHKILil fx):
a) IOpiBHIOE HYJIIO; 0) momaTHe; B) Bim'eMue, AKIIO:

1) f(x)=x*Inx; 3) flx)= 0%,
X
2) f(x)=x3—3lnx; 4) f(x)zx/;lnx.

3anuiiiTe piBHAHHA AOTMYHOI A0 rpadika QyHKIil y=f (x) y Toumi

3 abCImuco X, AKIIO:
X X

1) f(x)=cosx, xozl; 3) flx)=e2 +e 2, xy=0;

2) flx)=tg2x, x4=—; 4) f(x)=lnx-x, x,=1.

o©|a &

SHalAiTe abcoucu X, TOUOK rpadika Gyskmii y=f (x), v axux mormd-
Ha JI0 HbOT'O YTBOPIOE KYT ¢ 3 MONATHUM HANPAMKOM oci Ox, SKIIO:

1) f(x)=sin2x, ¢=0° 3) flx)=e", @=135°.
2) f(x)=1n2x, ¢=45°

BHaiiniTe piBHAHHA goTmuHOI 4o rpadika (yurmii f(x)
JOTHYHA TapaJieibHa OpaMiil y=5x—8.

=e5x+1, AKIIIO

3HalgiTh PiBHAHHA AOTUYHOI M0 rpadika (GpyHKIil f(x)=e3x_2, SAKIIO
MOTHYHA TapaJiejbHa Onpamiin y=3x+17.

3HalifiTh HabigbIle 1 HaliMeHIlle 3HAYEeHHSA 3amaHol (QYHKIII Ha BKa-
3aHOMY BiZpisKy:

1) flx)=x+e*, [-1;2]; 2) f(x)=In(2x)-6x%+11x, [%;2}.



§5.P03B’A3YBAHHA
JIOFAPHOMIYHUX PIBHSAHD
TA HEPIBHOCTEil

5.1. Po3B’A3YBAHHA NOTAPU®MIMHUX
PIBHSAIHD

Tabnuua 8
OzHauveHHA. Jloeapudg- lpadik dpyHKuii y=log, x
mom 000amHO20 Huc- (a>0, az1)
na b 3a ocHoeow a (a>0,
a+#1) Ha3mBaeTbca no- a>1 0<a<1
Ka3HUK CTemneHs, A0 AKO- y y
ro Tpe6a nigHecTn a, Wo6
opepxatu b. /-
log,b=c & b=a" 0/1 %
3pocTae cnapae
OpieHTnp Mpuknag,
Akwo a — uncno (a>0 i a=1), 10 log3(x—1)=2.
log,f(x)=c & f(x)=a° » x-1=3% x=10.
(BUKOPUCMOBYEMO 03HA4eHHA 102apupMa) Bionosioe: 10. W

OpieHtnp Mpuknag,

AKLWO 3 NpUNyLLeHHs, Wwo nep- log (x+2)=2.
Wwa piBHICTb NpaBUbHa, BUNN-
BAaE MPaBUSIbHICTb KOXHOI Ha-
CTYMHOI, TO rapaHTOBaHO oaep- x+2=x% x*-x-2=0;
XKYEMO PiBHAHHA-HACNIAKN. x;=-1, x5=2.

) 3a 03HAUYEeHHAM forapudma ofepP>KYeEMO:
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Mpu sukopucmanHi Hacniokie | lNepesipka. x =—1 — CTOPOHHI KOPiHb (B OCHOBI N0-
He 8i06ysaembcs empamu Ko- | rapudma ofep>KyeEMO Bif'EMHe YMCo);

peHié N04AMKO8020 PigHAHHA, | . _o kopitis (log. (2+2)=2, log,4=2, 2=2).
asne MOXJ1ued NoABA CMOPOHHIX
KopeHis. ToMy nepeBipKa ofep- | Bidnosios: 2.
»KaHMX KOPeHiB MigcTaHOBKO

B MOYATKOBE PIBHAHHA € CKNa-

JOBOI0 YaCTMHOI pPO3B'A3Y-

BaHHA.

4. PiBHOCM/NIbHIi NepeTBOPEHHA NorapuPmivyHnNX piBHAHDb
3amiHa 3MiHHMX
OpieHTup Mpuknag,

Akwo y pIBHﬂHHH (H.epIBHICTb lgzx—2lgx—3=0.
abo TOTOXHICTb) 3MiHHa BXO-

AWUTb B OAHOMY 11 TOMY camoMy | P BrKOHaeMO 3amiHy:

BUMNALI, TO 3pyYHO BiANoBif- lgx=t; t2_94_3-0-t. =—1 ¢.=3.
HUI BMPa3 3i 3MIHHOIO NO3Ha- v n 12
unTK oaHieo ByKBOK (HOBOKW | OTxe, lgx=—1 abo lgx =3.

3MiHHOI0). )
Tomi x=10""=0,1 a6o x=10%=1000.
Bionoside: 0,1; 1000.
PisHaHHA BNAy log, flx)= log, g(x) (a>0ia=1)
OpieHTnp Mpnknag
log, f(x)=log, g(x) = log3(x2—2)=10g3(4x—5).
= 2
f(x) g(x)9 N O,D,?)' X —2>0,
s <f(x)>0, on3 4x-5>0.
g(x)>0 Ha uinn O[13 3apaHe piBHAHHA PIBHOCKIIbHE PIBHAHHAM

(ypaxosyemo O[3 i npupieHioe- x?-2=4x-5; x*-4x+3=0; x,=1, x,=3.
MO 8Upasu, AKi C(MoaMb nid 3Ha-

Kamu sio2apugmis). x =1 — CTOPOHHIIN KOPiHb

(He 3apoBonbHsaEe ymosu O13);
x =3 — KOpiHb (3agoBosnbHsae ymosu OL13).

Bionosiowb: 3.
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PiBHOCUNbHI NepeTBOpPeHHsA PiBHAHDb B iHWINX BUNagKax
OpieHTnp Mpuknag,

1) YpaxoByemo O[}3 3anaHo- log, (x+1)=3-log, (x+3).
ro piBHAHHA (i yHUKaemo
nepemeopeHs, AKi npu3so- » On3: {
0amob 00 38yxeHHs O/[3).

x+1>0,

x+3>0.

2) CrexumMo S TuM, o6 ol Ha uin O13 3agaHe piBHAHHA PIBHOCUSIbHE PIBHAHHAM
03 Koxme nepersopen- 1085 (x+1)+1og, (x+3)=3; log,((x+1)(x+3))=3;
HA MoxHa 6yno Buko- | (x+1)(x+3)=2% x*+4x-5=0; x, =1, x,=-5.
HaTu AK y MpAMOMY, TaK
i y 3BOpOTHOMY Hanpsam-
Kax 3i 36epeeHHAM npa-
BWIbHOCTi PiBHOCTI.

x =1 — KopiHb (3agoBonbHsE ymoBu O[13);
X =—5 — CTOPOHHIIh KOpiHb

(He 3apoBonbHAE ymosu Of13).
Bionosiowb: 1.

NOACHEHHA N OBI'PYHTYBAHHSA

Haiuinpocmiwum Jnozapu@mivHum pi6HAHHAM 3a3BUUYall BBaKaIOTh PiB-
HAHHA

log,x=c (a>0 i a#l).

Jlorapudmiuna ¢pyHuKIia spocrae (abo cmamae) Ha Bciii 00acTi BU3HAYEH-
Hs, ToOTO TIpu x>0 (guB. rpadiku B m. 1 Tabs. 8), i TOMy KOYKHOI'O CBOTO
3HAUeHHA HaOyBa€ TiJIbKW IPU OAHOMY 3HAUEHHI apryMeHTa. ¥YPaXOBYIOUH, IO
JgorapudmiuHa (PYHKIiT HaOyBae Bcix AilicHMX 3HAUYeHb, PiBHAHHS

log,x=c 1)

3aBXKAU Ma€ €IVHUN KOPiHBb, AKWI MOKHA BUSHAUUTHU, CKOPUCTABIINCHL O3HA-
YeHHAM Jorapugpma:

SIKII0 pOBTIAHEMO PiBHAHHSA
log,f(x)=c )

i BuKoHaemo saMiny amimuoi f(x)=¢, To omepskuMo Halmpocrime Jorapudmiy-
He piBHAHHA log,t=c, AKe Ma€ eAMHUN KOpiHb ¢=a‘. BukoHyoun oGepHEHY
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3aMiHy, OJEpPsKyeEMO, IO PO3B’sI3KU PiBHAHHA (2) 30iraroThbcs 3 PO3B’sA3KaAMU
pPiBHAHHA
flx)=a“. 3)

Omxke, piBHauHA (2) i (3) € piBHOcMABHUMU. Y TaKuil cmocid mMu 06-
TPYHTYBaAJIH, 110 018 PiBHOCUNLHOZ0 NEPemeE0PeHH s HAUnpocmiulozo Jnozapug-
MiyHozo pieHaHHsa (1) abo piBHAHHS (2) (AKe MU TeXK OyAeMO BiTHOCUTHU 1O
HAWUOPOCTIINIUX 3a YMOBH, IO OCHOBA @ € YUCJOM) 00CMAMHbO 8UKOPUCMAMU
03HAYeHHA J102apu@ma.

Koporko me mMoskHa sammcatu Tak: log, f(x)=c < flx)=a".

Haranmaemo, mo Bci piBHOCUJIbHI IIepeTBOPEHHS DPIBHAHHA BUKOHYIOTHCA
Ha ioro OJI3. Ilusa piBuauusa (2) O3 sazaersca ymosowo f(x)>0. Ilaa Bcix
KOpeHiB piBHAHHA (3) IIT yMOBa BUKOHYETHCA aBTOMATHUYHO (Uepe3 Te II0
a>0). Tomy 0Ona raiinpocmiwux nozapu@mivnux pienanv O3 moxhna He
3anucyeamu (OCKiJIbKM BOHA BPAXOBYETHCA ABTOMATUYHO IIPU TEPEXOAi Bix
piBHauHS (2) 1o piBHAHHS (3)).

Hanpurnan, piBHAHHA 10g5(2x—3)=2 piBHOCHJIbHE PiBHAHHIO 2x—3=5%,
KOpiHb AKOro x=14 i € KopeHeM 3aJaHOTO PiBHAHHSA. AHAJIOTIYHO 3aIIMCaHO
II po3p’A3aHHA HAWIPOCTIIIOro piBHAHHA log, (x-1)=2 B Tabm. 8.

Y npoueci posg’asyeanna pi6HAHHA 20/106He — He 3az2ybumu 1020 KOpeHi,
TOMY Ba’XJWBO CTEKUTHU 3a TUM, I[00 KOKEH KOPiHb MEepIIoro PiBHAHHSA
3aJIMIIIaBCA KOPeHeM HACTYIHOI'0 — Vy IIbOMY BHUHNAIKY OHEP)KYEMO DiB-
HAHHA-HACTIIKA.

Haragaemo, m10 KOKHUIT KOPiHb 3a/IaHOTO PiBHAHHA MEPETBOPIOE MOTO Ha
MIPaBUJIbHY UMCJIOBY PiBHicTh. BUKOpHCTOBYIOUM O3HAUEHHA KOPEHs PiBHAHHSI,
MOYKHa OOI'DYHTYBATV TaKUU OPI€HTHDP: AKWO 3 NPUNYULEHHA NPO NPABUJLL-
Hicmb nepuLoi pieHocmi BUNAUBAE NPABULLHICMb KONCHOL HACMYNHOL, MU 00ep-
HCYEMO DiBHAHHA-HACAIOKU (OCKIIBKY KOXKHUI KOPiHb IIEPIIOro PiBHAHHA Oyae
KOpeHeM HAaCTYITHOr'O PiBHAHHA). Haramgaemo, 1110 Mpy BUKOPUCTAHHI HACTiAKiB
He Bifm0yBaeThCcA BTPATU KOPEHIiB IIOYATKOBOTO PiBHAHHSA, ajie MOYKJIMBA MOdABa
CTOPOHHIX KOpEHiB.

D Tomy nepegipka odepicanux KopeHi8 nidcmaH0B8KOI 8 NouamrKo8e PiBHSH-
HA € CKAa008010 1ACMUHOI0 PO36'A3YBAHHA NPU BUKOPUCMAHHI PIBHAHb-
Hacaiokis.

Ilpuknan posB’A3yBaHHA JIOTAPUMMIUHOTO PiBHAHHS 3a JOIIOMOTOIO PiB-
HAHBb-HACJIAKIB Ta 0(pOpMJIEHHSA TAKOT'0 PO3B’A3aHHA HaBeIeHO B II. 3 TaOj. 8.
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OpuuM i3 YacTO BMKOPMCTOBYBAHUX PIBHOCUJIBHUX IIEPETBOPEHDL PiBHAHD
€ 3amina 3MiHHOI.

Haragaemo 3arasibHUII OpPi€HTHP, AKOrO0 MU AOTPUMYBAJUCA HiI dYac
posB’sisyBaHHsA piBHSHBb y 10 Kjaci: axkwo 0o piensaxus (HepiBHOCTI a6o To-
TOYKHOCTI) 3MiHHA 6x00umbv 8 00HOMY UL MOMY CAmMOMYy 6u2nA0i, MO 3PYUHO
6i0nogidnuil 6upas 3i 3MIHHOI nosHauumu 00Hi€ O0YK6010 (HO6010 3MIHHOI0).

Hanpurkaan, mo piBHISHHS lgzx—Zng—3=O 3MiHHA BXOOUTH TiJIbKU
y BUMIAAi lgx, ToMy AJid PO3B’A3yBaHHA I[HOTO PIBHAHHSA OOIIJIBHO BUKO-
puctatu 3amiHy lgx=t¢, omep:KatTu KBaJgpaTHe PiBHAHHS t2-2t-3=0, sKe
Mae KopeHi t; =-1 i ¢,=3, a moTiM BuUKOHaTu oOepHeHY 3aMiHy I onepixa-
T Hadmpocrimi Jgorapudmiuni piBmamHs lgx=-1 i lgx=3. Toxi 3a osHua-
YeHHAM Jorapudma BU3HAUMMO KOPEHi 3aJaHOro PiBHAHHSI: x=10"1=0,1
i x=10°=1000.

VYpaxoByiouu, 1110 3aMiHa 3MiHHOI (pasoM 3 00epPHEHOI0 3aMiHOI0) € PiBHO-
CUJIbHUM TIE€PETBOPEHHAM DIBHAHHA HA OyAb-AKifl MHOXKWHIi, IJIA BUKOHAHHSA
daminu He 060B’sa3KoBO 3Haxomutu OJI3 sagaHoro piBHAHHSA. A mTicasa BUKO-
HaHHA 00epHEHOI 3aMiHM MU OJep:KaJju HaWNIPOCTIIi JorapudMiuHi piBHAHHSI,
Insa axkux (ax Oysno mokasaHo Buile) O3 ypaxoByeTbesa aBToMaTuuHO. OTIKeE,
y HaBeZleHOMY po3B’a3aHHi O3 3amaHOr0 piBHAHHS BpaxoBaHa aBTOMATUYHO,
i Tomy OJ/I3 mo:xkHa He 3amucyBaTu n0 pos3p’ssamua. Came Tak i odopmJeHO
PO3B’sA3aHHS I[bOTO PiBHAHHA B . 4 Taba. 8.

<\ 3 NOACHEHHAM i O6rpyHTYBaHHAM iHWWX MPUKNaAiB PiBHOCUIbHUX MepeTBOPeHb
U norapu$miyHUX PiBHAHb, HaBeAeHWX y M. 4 Tabn. 8, MOXHa O3HaMoMUTUCA, 3Bep-
HYBLUNCb A0 IHTEPHET-NIATPUMKM MiAPYYHMKA.

Bukonyouu piBHOCHIBHI TepeTBOPEHHS JIOTaPU(PMIYHUX PiBHAHB Yy OiJIbII
CKJIAQJHUX BUMAJKaX, MOKHA JOTPUMYBATUCSA OPi€HTHpaA, AKUII OyJI0 HaBEJEHO
B 2.1 migpyunuka gas 10 kiacy:

1. Ypaxosyemo OI]3 3a0ano0z0 pi6HAHHA.

2. Cmexcumo 3a mum, wob Ha O[3 Ko}He nepemeopeHHs MOHCHA OYJ0
BUKOHAMU AK Y NPAMOMY, MAK i Y 360POMHOMY HANPAMKAX 3i 30eperceHHAM
npasuavbHocmi piéHocmi.

Hanpuraan, poss’sskeMo PiBHSHHS

log, (x+1)=3-1log,(x+3) 4@

3a JIOIIOMOT'0I0 PiBHOCUJIBHUX II€PETBOPEHbD.
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x+1>0,
x+3>0,
a TOTiM, BUKOHYIOUM KOYKHE IIePETBOPEHHS DPiBHAHHSA, CTEKUTU 3a TUM, YU
mo:kHa Ha OJ[3 BUKOHATU Iie IEPETBOPEHHS I Y 3BOPOTHOMY HAmpAMKY. Koau
BiIOBigb CTBepJHA, TO BUKOHAHI IepPeTBOPEHHSA PiBHOCUJILHI. KIIO K AKechb
IepeTBOPEeHHA OJA Bcix 3HaueHb 3MiHHOI 3 O/l3 MoKHA BUKOHATU TiJIBKU
B OJHOMY HANpPAMKY (BiJ MOYaTKOBOTO PiBHAHHS A0 HACTYITHOI'O), a AJIA HOTO
BUKOHAHHS Yy 3BOPOTHOMY HANPAMKY IIOTPiOHI sAKich momaTKoOBiI oOMe)KeHH,
TO MU OJeP;KMMO TiJIbKUW PiBHAHHA-HACIIMOK, i OTpHMMaHi KOpPeHi JoBemeTbCsa
TePEBIPATH IIiJCTAHOBKOIO B 3aJaHe PiBHAHHA.

3acTocyeMoO 3a3HAUEHUII OPIi€EHTUDP M0 PO3B’A3yBaHHA PiBHAHHS (4).

IITo6 3BecTu 16 PiBHAHHA OO0 HAUIMPOCTIIIIOTO, TEepPeHeceMO BCi YjgeHHn
PiBHAHHA, AKi MicTATh Jiorapudmu, y tioro JjgiBy uvactuHy. Omep:KuMO pPiBHO-
CuJIbHE PiBHAHHSA

Onsa mporo mocrarHbo BpaxyBatu O3 3amaHOro pPiBHAHHA {

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

(PiBHOCUIBHiCTD piBHAHD (4) i () BUILIMBae 3 BioMoi TeopeMu: SKIIO 3 omHiel
YACTUHU PIBHAHHA HEPEHECTH B iHITY AONAHKM i3 TPOTUJIEKHUM 3HAKOM, TO
OIEP;KUMO DPiBHAHHSA, PiBHOCUJIBbHE 3aJaHOMYy Ha Oyab-AKiili MHOKUHi. PiBHO-
CUJILHICTh IIUX PiBHAHBb BUILIMBAE TAaKOK i3 TOro, IO MU MOKEMO IepeuTn
He TinbKM Binx piBHOCTI (4) Mo piBHOCTI (5), a I BUKOHATU 3BOPOTHE TIEPETBO-
PEHHA, KOPUCTYIOUNCH BJIACTUBOCTAMU YWCJIOBUX PiBHOCTEM.)

VYpaxoByioumu, mo cyma JjorapudgmiB gomatraux (Ha Oll3) uwmces mopiBHIOE
Jorapudmy I00YTKY, OJEPIKYEMO DPiBHAHHSA

log, ((x+1)(x+3))=3. (6)

Ha OJII3 samanoro piBHAHHSA MOKHA BUKOHATH i 3BOPOTHE IIEPETBOPEH-
Hs: ocKimpku x+1>0 i x+3>0, To jgorapudm HAOOYTKY OOAATHUX UMCE]
IopiBHIOE cyMi JorapupmiB MHOKHUKiIB. OTike, Bim piBHOCTi (6) MOKHaA ImO-
BepHyTUCA A0 piBHOCTI (5), TOOTO Iell mepexia Te:X IPUBOAUTL M0 PiBHOCUJIb-
HOro piBHAHHA. PiBHAHHA (6) — Ie HaWmpocrime JiorapudMiuHe piBHAHHSI.
BoHo piBHOCHUIIbLHE PiBHAHHIO, dKe OTPUMYEMO 34 O3HAUEHHSIM Jorapudma:
(x+1)(x+3)=23. Bukonyoun piBHOCUJIBHI TEepeTBOPEHHS OIEpPrKaHOro PiB-
HAHHA, MAEMO: x2+4x—5=0; x;=1, x4=-5.

OckinbKy BCi piBHOCUJIBHI mepeTBOpeHHA BuKoHyBaJsucsa Ha O[3 samaHoro
PiBHAHHSA, ypaxyeMo Ii, migcTaBidoun ofep:KaHi KopeHi B oome:xenHs OJ13:

e x=1 — xopiub, OCKiNTbKM 3agoBoabHSAE yMOBU OL13;
e x=-5 He € KOpeHeM (CTOPOHHII KOPiHb), TOMY IO He 3a70BoibHsAe yMoBu OJ13.

Omxe, 3a7laHe PIBHAHHS Ma€ TiJIbKU OAWH KOpPiHb X =1.
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3BUUYaHO, PO3TJIAHYTE DPIiBHAHHSA MOKHA OyJO0 pPO3B’S3aTM 3 BUKOPUCTAHHIM
piBHAHB-HACHiIAKIB, 0e3 ABHOrTo BpaxyBaHHa Oll3, ame 3 mepeBipKOIO OJep:KaAHUX
PO3B’A3KiB miICTAaHOBKOIO B MOUAaTKOBe PiBHAHHA. OT:Ke, MOKHA CaMOCTiliHO o0upaTu

IIJIAX PO3B’sA3yBaHHA PIiBHAHHSA: abo Ie OyJe BUKOPHCTAHHSA PiBHAHBL-HACIiIKiB,
a00 pPiBHOCHJIBHI II€PETBOPEHHS 3aJaHOT0 PiBHAHHA. AJle Oad 0araTboxX PiBHAHB
IIePeBipKy OJlepKaHUX KOPEHIiB BUKOHATU [JOCHUTH HENPOCTO, a JJiA HepiBHOCTeH
B3araJii He MOYKHAa KopucTyBaTucd Hacaigkamu. [le moB’43aH0 3 TUM, 1[0 He BAAETHCA
IepeBipuUTH BCIO MHOXKMHY PO3B’A3KiB HepiBHOCTel, OCKiJbKM BOHA, SK IIPABUJIO,
HeckinuenHa. OT:Ke, Mg HepiBHOCTEHN TOBOAUTHLCA BUKOHYBATU TiJIbKY PiBHOCHUJIbHI
ImepeTBOPeHH (A1 IIHOr0 MOXKHA BUKOPUCTOBYBATHU OPiEHTUPHU, IOBHICTIO aHAJIOTiUuH]

HaBeIEeHUM BUIIE).

NPUKNAAON PO3B'A3YBAHHA 3ABAAHb

Mpuknapg 1. Po3B’AXiTb PiBHAHHA

1g(x—2)—%1g(3x—6)=1g2. (1)

Pos3B’A3aHHA
» 2lg(x-2)-1g(3x—6)=21g2;(2)
1g(x-2)* —1g(3x—6)=1g2%; (3)

2
1g%=1g4; “@

(x—2)2
3x—6 =4 ©)
(x-2)*=4(3x-6);  (6)
x*-16x+28=0; )

x;=2, xy=14.

Ilepesipka. X=2 — CTOPOHHIN

Kopiub (mig sHakoM Jorapudma
orpumyemo 0),

x=14 — KOpiHb, OCKIJILKN Ma€Mo:

1g(14—2)—%1g(3~14—6)=1g2;

KomeHTap

Po3B'sxkemo 3aaHe PiBHAHHA 3a JONOMOrO
HacnigkiB. Haragaemo, Wo nio yac s8ukopucmat-
HA HAC/IOKI8 20/108He — 2apaHMysamu, wo
y 8UNAOKY, KoJu nepuia pigHicme 6yoe npagusib-
Hoto, yCi HacmynHi mexx 6y0yms npasusibHUMU.

o6 no3byTnca gpobosoro koedilieHTa, No-
MHOXNUMO 06MABI YacTMHU PIBHAHHA (1) Ha 2
(AKwWo piBHicTb (1) NpaBuIbHa, TO 1 PIBHICTDb (2)
TeX npaBuibHa). AKLWo pisHOCTI (1) abo (2) npa-
BWIbHI (MPW TUX 3HAUEHHAX X, WO € KOpPeHsA-
MU LMX PIBHAHDB), TO NPU TaKMUX 3HAUYEHHAX X
iCHyl0Tb yci 3anucaHi norapudmm, Toai Brpasm
x—2 i 3x—6 pgopatHi. Ane gna gogaTHUX a,
b, ¢ MOXHa ckopucTaTuca dopmynamm

21ga=1ga2, lgb—lgc=lg£,
c

oTXe, piBHOCTI (3) i (4) Tex 6ynyTb NpaBusb-
HUMKU. YpaxoBytouun, wo oyHKuia y=Igt
3pocTakoua, TO6TO KOXKHOIo CBOro 3HauYeHHs
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1g12—%1g86:1g2;
Ig12-1g+/36 =1g2;
12
lg—=1g2;
g 6 g
lg2=1g2.
Bionogiov: 14.

PO31IT 1. Moka3HWKoBa Ta NnorapudMidHa QyHKLT

HabyBa€ TiNbKM NP OQHOMY 3HaUYeHHi apry-
MEHTa, 3 PiBHOCTI norapudmis (4) ogepxyemo
PiBHICTb BigNOBIAHNX aprymMeHTiB (5).

AKWo piBHICTb (5) NpaBubHA, TO 3HAMEHHUK
ApoOy BigMiHHWIA Bif Hy”nA, i NicNA MHOXeH-
HA 060X 1 yacTH Ha 3x—6#0 opepxyemo
npaBubHY PIiBHICTb (6) (0TXe, i NpaBUNbHY
piBHicTb (7)). OCKinbKM MU KopuUCTyBanuca
PiBHAHHAMM-HaCNiAKaMn, HEOOXiAHO BUKOHATHN
nepeBipKy 3HaAEHNX KOPEHIB.

Mpuknapg 2. Po3B'AXiTb piBHAHHA log3(3x —8)=2—x.

Po3B'A3aHHA

> 3 -8=3"",
2
3
x [r—
37— =g
Buxronaemo 3aminy 8¥ =t¢.
9
Opepoxumo: t—8=—;
t
t? -8t-9=0;
tl :9, t2:_1.

BuronasIu o0epHeHY 3aMiHy, OTPUMAEMO:
3*=9, roni x=2,

abo 3 =—1 — kopeHiB HeMae.

Bionosidv: 2.

3ATMNTAHHA

KomeHTap

AKLWO po3rNAHY TN 3afaHe PiBHAHHA AK
HannpocTiwe norapudmiyHe, TO MOXKHa
CTBEpOKYBaTH, L0 32 O3HAYEHHAM JI0-
rapvidma BOHO PIBHOCUJSIbHE PIBHAHHIO
3% —8=3%"%_ flk yxe 6yno 3asHaue-
HO paHiwe, O[3 3agaHOro piBHAHHA
2) 3% —8>0 pna BCiX KOPEHiB PIBHAH-

HA (1) ypaxoBYeTbCA aBTOMaTUYHO,
(3 ockinbkn 327% >0 3asxawn. Nani pos-
B'A3yEMO piBHAHHA (1) 3a Cxemolo, Ha-
BefleHow B Tabn. 3 Ans NOKasHNKOBUX
PiBHAHD.

1

Ockinbkn t=3*>0, To t#0, i To-
My PIiBHAHHA (2) piBHOCUNbHE piB-
HAHHIO (3).

1. ITosAcHiITh, Ha HpPHKJAZaX, AK MOXKHA PO3B’A83yBAaTH HANMIPOCTIIIi Jiora-
pudMiuHi piBHAHHSA, KOPUCTYIOUNCH O3HAUEHHAM Jorapudma.

2

2. IToscHiTh, AK MOXXHA pO3B’A3aTU PiBHAHHA log, (36—2)=10g5 (x —2):
a) 3a JOIIOMOIOI0 PiBHAHB-HACJIIKiB;
0) 3a JOIIOMOTOI0 PiBHOCUJBHUX II€PETBOPEHD.
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3. ITosAcHiTh, HA TPUKJIAJAI BUKOPUCTAHHSA 3aMiHU 3MiHHUX ITiJi Yac PO3B’sd-
3yBaHHA Jorapu(pMiuHMX PIiBHAHB. ¥ AKHX BUIIAAKAX OIIJIBHO BUKO-
pucToByBaTu 3aMiHy 3MiHHUX?

BIrPABU
Y saBmanHax 5.1.1-5.1.5 posB’aKiTh piBHAHHI.
51.1°% 1) logyx=4; 3) log4x:%;
2) logyyx=-1; 4) lgx=2.
51.2. 1° logs(2x—1)=2; 3) log, (x%+2x-2)=0;
2°) log, (bx—21)=-2; 4) 1g(3-x)=-1.
3
51.3.1°) 1g(x+9)+1g(2x+8)=2; 3) 2log,x—log,(8x—4)=1;

2°) log;(x+1)+logs(x+8)=1; 4) élog5(x—4)+%log5(2x—1)=log53.

5.1.4. 1°) logix—4log;x+3=0; 3) log5x+log,x*=8;

2°) t L1 =1; 4) 1g3x*=8lgx.
3-lgx 1+lgx

51.5. 1) log,(10-2%)=x+2;
2) lg2+1g(4¥2+9)=1+1g(252 +1);
3) log,(6+77%)=1+x;
4) log,2(4-3-6)-log,(9* -6)=1.
5.1.6. Posp’st:kiTh rpagiuHo 3amaHe piBHAHHS i IepeBipTe MiJCTaHOBKOIO, IO
3HalijleHe 3HAUEHHS X MiNICHO € KOpeHeM DiBHAHHS:
1) log,x=3—-x; 3) log, x=x-1;
3
2) log3x=loglx; 4) lgx=11-x.
2

5.1.7*. [loBexniTh, 1110 PiBHAHHSA, HaBeAeHi B 3aBmaHHi 5.1.6, He MalOTh iHIIUX
KOpeHiB, KpiM 3HaiijgeHuX rpadiuHo.
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Tabnuua 9
1. Mpadik dyHkuii y=log, x (a>0; a#1)
a>1 O<ax<l
y y
0/1 x

3pPOCTae Ccnafae

2. PiBHOCUNIbHI NepeTBOpPEHHA HaMNpOCTiWMX norapndmiyHNX HepiBHOCTEN

a>1 O<a<l
log, f(x)>log, g(x) & log, f(x)>log, g(x) =
fx)>g(x), flx)<g(x),
<1{f(x)>0, @{f((x))> %(X)’ e1if(x)>0, @{f%x;<§(x),

g(x)>0 glx)>0. 2(x)>0 Fix)>0.

3Hak HepiBHOCMI He 3MIHIDEMbCA, 3Hak HepiBHOCMI 3MIHIOEMbCA,
i spaxosyemobca O/ 3. i spaxosyemocsa O/3.
Mpnknagn
log, (x-5)>3. log, (x-5)>8.

2

b Ofi3: x-5>0, 10670 x>5. » 003: x—5>0, 10670 X >5.

_ 3 1 3
log, (x—5)>log, 2°. log , (x—5)>log | (E] '
OyHkuia y=log,t €3pocTatoyoto, oTXe, 2 2
OyHkuia y=log, t € cnagHoto, oTxe,
x-5>2%; x>13. 5
3
Ypaxosytoun Of13, maemo x >13. x—5<(i) . x<hl
2 8

Bionosioe: (1 3;+ °°)- Ypaxosytoun Of13, Maemo 5< x < 5L,
8

Bionosiob: (5; 5%)
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3. Po3B’A3yBaHHA 6inbw cknagHux norapudpmiuHnx HepiBHOCTEN

OpieHTnp

.3a ponomorow piBHOCUNb-
HUX MNepeTBOpPeHb 3afaHa
HepiBHICTb 3BOAUTbCA [0
HepiBHOCTI BiJOMOro BUAY.

Cxema pigHOCUIbHUX
nepemeopeHb HepigHoCMi

1) YpaxoByemo O[3 3agaHoi
HepiBHOCTI (i yHMKaeMo nepe-
TBOpEHb, AKI NPUBOAATb A0
3By»KeHHA O[13).

2) CTeXkMMo 3a TUM, OO Ha
O/13 KOXXHe nepeTBOPEHHA
MOXXHa 6yno BUKOHaTh fIK
y NnpAMOMY, TaK i y 3BOpoOT-
HOMY HanpsmkKax 3i 36epe-
KEHHAM NpaBUIbHOCTI He-
piBHOCTI.

. 3aCTOCOBYEMO MeTOopf iHTep-
BaNiB (3afaHa HepiBHICTb 3BO-
ONTbCA OO0 HepiBHOCTI BUAY

f(x)20).

Cxema
Memooy iHmepesanis

1) 3nanTu O[3 HepiBHOCTI.
2) 3naiitn Hyni dyHkuii f(x).

Mpuknag
1g%(10x)-1gx >3.

» OO3: x> 0.Ha uin O3 3agaHa HepiBHICTb pPiBHO-
CWJIbHA HEPIBHOCTAM

(1g10+1gx)’ ~1gx>3; (1+1gx)’ ~1gx >3.
BvikoHaemo 3amiHy 1g x =t.

- 2
Opepxumo HepisHicte (1+%)°—¢t>3, T06TO
t24+t—-2> 0, MHOXWHa po3B'A3KiB AKOl t <—2 abo
t>1 (anB. pUCYHOK).

o

iT 167650805

+\
-2

BrikoHaBLWM 06epHeHY 3amiHy, OTPUMAEMO:
lgx<-2 abo lg>1.
Togi lgx<1g1072 a6o lgx >1g10.
YpaxoBytoun, Wwo GyHKUia y=1gx € 3pocTatovoto,
OLEePKYEMO: X < 1072 a6o x>10.
Micna BpaxyBaHHA Of13 maemo:
0<x<0,01 abo x>10.
Bionoside: (0;0,01]U[10;+ o).

log  (2x+38)<2.

» Po3B'axemo HepiBHICTb MeToAOM iHTepBanis. BoHa
PiBHOCW/IbHA HEPIBHOCTI

log , (2x+38)-2<0.
MosHauumo f(x)=1log  (2x+3)-2.

2x+3>0, >0
1) OA3: 1 x>0, TOOTO { ’
x#1.

x#1,

69
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3) MosHaunTn Hyni GyHKuii Ha = 2) Hyni  dyHKuii: f(x)=0; log, (2x+3)-2=0;
oA3 i 3vantm 3Hak f(x) log, (2x+8)=2. Ha O3 ue piBHAHHA piBHO-
Yy KOXKHOMY 3 MNPOMIXKiB, CUJIbHE PIBHAHHIO 2x+3=x2 (sKe OAEepPXKYEMO
Ha sAki O13 po36uBaeTbcA
Hynamu.

4) 3anucatn Bignosigb, ypa-
XOBYHOUI 3HAaK HEPIiBHOCTI.

3a 03HauYeHHAM norapudma). Toai x2-2x-3=0;
x;=-1, x5=3. lo OA3 BXOAUTb TiNbKN X =3,
orxe, f(x) mae egunnin Hynb x =3.

3) No3Hauyaemo Hyni o¢yHKuUii Ha O[13, 3Haxogumo
3HakK f(x) Y KOXKHOMY 3 MPOMIXKKIB, Ha siKi po36u-
BaeTbca O13 (oMB. PUCYHOK), | 3aNMNCYEMO MHOXN-
Hy poss’askis HepisHocTi f(x)<O0.

— + —

0 1

o ¢
K

Bidnosiob: (0; 1) U (3; + oo).

.\ 3 NOACHEHHAM i 06rpyHTYBaHHAM CNOCOG6IB PO3B'A3YBaHHA NOrapudMmiyHMX HepiBHO-
U CTell, HaBefleHVX B Tabn. 9, MOXKHa O3HaAMOMUTUCA, 3BEPHYBLINCL AO iHTEPHEeT-Nig-
TPUMKIM MigPYyYHMKa.

NPUKJIAA PO3B'A3YBAHHA 3ABJAHb

Mpuknag. Po3B'AXITb HepiBHICTb logg, (x—1)+log,(x+3)>-1.

KomeHTap

Po3B'axeMo 3afaHy HepiBHICTb 3a AOMOMOrOK PiBHOCUIbHUX MepeTBOpeHb. AK i nig
yac po3B'A3yBaHHA PiBHAHb, ANA LUbOro AOCTaTHbO ypaxysamu O[3 3adaHoi Hepis-
Hocmi U cmexumu 3a mum, wo6 Ha O[3 koxxHe nepemasopeHHs MOXHA bY10 BUKOHAMU AK
y NpAMOMY, MAkK i y 360pOMHOMY HANPAMKAX 3i 36epexxeHHAM npasusibHOCMi HepiBHOCM.
Ockinbkn Ha O[13 Bupa3u, Wo cToATb Nif 3HaKoM norapudmis, € gogatHumm, To Gopmyny
log,b+log, c=log, (be) nna popaTHUX b i ¢ MOXHa BUKOPUCTOBYBATU AK y NPAMOMY,
TaK i y 3BOPOTHOMY HanpamKax. OTxe, BUKOHYIOUM NepeTBOPEHHA HEPIBHOCTI 3a Li€to dpop-
MYJI010, OlEPXXVMIMO HepPIiBHICTb, PIBHOCUIIbHY 3agaHin (Ha ii O/13).

o6 ckopucTaTcAa BNacTMBOCTAMU florapudmivHoi ¢yHKLii, 3anmwemo ymcno —1 Ak

3HaueHHnA norapudmiuHoi dpyHkuii: —1=log , (0,2)71 (3po3ymino, wo i uo Gopmyny
MO>XHa BMKOPWUCTOBYBATU AK Y NPSAMOMY, TaK i Y 3BOPOTHOMY HanpsAmKax) i Bpaxyemo,

-1 -1
2 1

0’271 :(_) Z(_) 25.
e 10 5
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Po3B'sizaHHA

x-1>0,
> OMS: {x+3>0.

Ha it OJI3 3amana HepiBHiCTb piBHOCUJILHA HEPiBHOCTI

logg, ((x—1)(x+3))>1log,,(0,2) .

Tomi x>1.

DyHKIA Y= logo’2 t € cmaguomw, orxke, (x—1)(x+3)< (0,2)_1 .

Opepaxyemo: x2+2x-3<5; x2+2x-8<0.

MHOKXHHA PO3B’A3KiB OCTaHHBOI HepiBHOCTL Puc. 5.2.1
raka (puc. 5.2.1): -4<x<2.

(p ) N\ /4
Vpaxosyrouu O3, oxepsxyemo: 1<x < 2. 2t I ORI

Bionosiov: (1; 2].

. Mpuknag po3s’A3yBaHHA Oinbl cknagHoi norapudmMiyHOi HepiBHOCTI HaBeAeHo B iH-
U TepHeT-NigTPUMUI NigpyYHMKa.

3ATINTAHHA

1. ITosAcHIT, Ha NpPHUKJALAX, IK MOMKHA PO3B’A3yBAaTH HAWIIPOCTIIIi Jiora-
pudMiuHi HEPIiBHOCTi, KOPUCTYIOUWCH BJIACTUBOCTAMU JIOTapu@MiuHOL
byHKII].

2. IToscHiTs HA UPUKJIALI BUKOPUCTAHHS METOLY iHTEPBAJIB OJA PO3B’d-
3yBaHHA JIOTAPUMPMIUHUX HEPiBHOCTEM.

BIMPABU
YV zaBmanHaAx 5.2.1-5.2.6 pO3B’SAKITH HEPiBHICTE.
5.2.1°1) loggx>2; 3) logysx<1;
2) logyox>-1; 4) lgx<2.
5.2.2.1) log,(8x—2)>2; 3) log;(8x—2)<2;
2) log, (5x-1)>-2; 4) log, (2x+1)>-1.

3 4

/1
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5.2.3%

5.2.4.

5.2.5.

5.2.6*

W)

@)

PO31IT 1. Moka3HWKoBa Ta NnorapudMidHa QyHKLT

1) lg(2x-1)>1g(x+2); 3) logg,x<logg,(3x—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-220.
3-lgx 1+lgx 5 5
1) lgx+1g(x—9)>1; 3) logz(xz—x—12)<3;

2) logg,(x+4)+logy, (x—5)<-1;  4) log, (x+1)+log, x>log 2.

1) logglogyloggsx=>0; 3) logyx+log,2<2,5;
2) log, Vx+12 >1; 4) log,, ; 3<0.

x—3

[eski nokasHMKOBI Ta NorapudMiuHi PIBHAHHA i HEPIBHOCTI MOXHaA pPO3B'A3aTH,
3aCTOCOBYIOUM BNACTMBOCTI BiAMOBIAHNX YHKLiA. 3 OCHOBHMMU NpUAOMaMK, AKi
BMKOPWCTOBYIOTb ANA LbOro, Ta NpuKAagamm po3B'A3yBaHHA PIiBHAHb i HEPIBHO-
CTell MOXXHa O3HaMOMWTUCb, 3BEPHYBLINCb A0 IHTEPHET-MIATPMMKN NigpyyvHMKa.

TeMn HaBYaNbHUX MNPOEKTIB

1. TloxkasHuKoBa (PYHKIiA B HAyIli, IPUPOAL i TexHili.

2. Jlorapudwmiuna (GyHKIiA B Hayli ¥ TpUPOIi.

3. 3acTocyBaHHS TOKAa3HWKOBOI i jorapmumiuHoi (PYyHKII B eKOHOMIIII.

4. TlokasHuKOBiI ¥1 Jiorapu(MiuHi PiBHAHHA 1 HEpPiBHOCTI 3 Iapame-
TpaMu.

[ BUKOHAHHA IIPOEKTY CTBOPIOETHCA KiJIbKA IPYI, KOKHA Ma€ 3HAUTHU
neBHY iH(pOpMAILifo.

Pesysbrat; pobOTM HaAJL TPOEKTOM KOXKHA rpymna o(GOPMJIIOE y BUTIALL
KOMII'IOTEepHOI IIpeseHTallil, 3aXUCT MPOEKTIB AOIIJIBHO IIpoBeCcTH y (popmi
nebaris.

3 eTanamu poGOTY Haj MPOEKTOM MOMHA O3HANOMUTUCA, 3BEPHYBLUMCb AO iH-
TePHET-NIATPUMKI NiAPYYHVIKA.



3ABAAHHA AnAa nNiarotoBk Ao OUIHIOBAHHA

TecT N2 1

. 3HaAiTL obsacTh BUsHAUeHHA (PYHKIII y=log, (6—2x).

A (—oo;+<>o) b (—oo;—3) B (—00;3) r (O;+oo) i (3;+<><>)

. 3HaWAITE 00sacTh 3HaYeHb PYHKIIl y=-5"+2.

A (—oo;+oo) b (—oo;—2) B (—00;2) r (—2;+oo) a (2;+oo)

. Posp’s:kiTh piBHAHHA g1-3x =L i BKaKiTh IPOMIiXKOK, IO SIKOTO BXO-
IATh BCi OT0 KOpeHi.
A (—o0;—5) B [-5-2) B [-20) r[0;2) 0 [2;+)

. Posp’axire HepiBHicTE log, (x - 3) >-1.

A (—3) B (3;5] B (3;5) r[35) N [55+<0)

. YcramoBiTh BipmoBimHicTh Mixk Bupasamu (1-3) Ta sHavemHamu (A-T)

X BUPasiB.

1 Inlog,log; 25 ‘E\ g
2 lg25+1g4 B 1
3 p2logs3 ro
. PosB’axire piBmsaEEa 4-5° -25-2%=0.

Posp’sakiTh piBHAHHA 10g5(x—1)+10g5(x—5)=1. Sxmio BoHO Mae ne-
KiJbKa KOpeHiB, 3HAWAITHL iX HOOYTOK.

. Posp’sxiTe mepiemicts 0,52° —3.0,5% +2<0.

MpongiTb OHNaMH-TeCTyBaHHA. E 'E

e

rnk.com.ua/
106790

/3
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ITousaTTa moxkasHUKOBOI (PyHKIIiI OyJi0 BBeJeHO Ha OCHOBI
creneHeBoi (PYyHKIiI 3 palioHAJBHUM IIOKa3HUKOM, sKa
Ma€ JaBHIO icTopiro. 3oxpema ApoOOBUMHU MMOKA3HUKAMU
CTeleHA ¥ HAWIPOCTIIIVMU MpaBUJIAMU Tifl HaJ CTEIeH-
MU 3 [ApobOBMMHU IIOKasHuUKamMu omepyBaB y XIV cr.
dpannysskuii matrematTuk H. Opem (6. 1323-1382).
Bigomo, mo H. Ilroke (61. 1445 — 6a. 1500) posrasmas

CTelleHI 38 Bim’eMHUMH 1 HYJIBOBUM TIOKa3HUKaAMMU.
1

l. Hototow C. CreBiH 3ampomnoHyBaB pPO3YyMiTH MiJ an KOpPiHb (‘/; .
(1642-1727) Ane cucremaTuyHO APOOOBI I Bix'€MHI HMOKA3HUKH CTaB
s3acrocoByBatu I. HeroToH.

Himenwsruit wmarematuxk M. Irideas (1487-1567)
3aIpPOIIOHYBAB IIO3HAUEHHS a’=1, akmo az#0, i BBiB
Ha3By noka3Huk (lle mepekJan i3 HiMeInbKOi exponent).
Tepmin s0zapugm MOXOAUTH BiJi CHOJYyUYeHHS TPEIbKUX
cJiB «Jioroc» (y 3HaAUeHHI «BiZHOIIEHHS») i «apuUTMOC»
(umcyo) i mepexnamaeTbcAa AK GiOHOWeEHHs uuces. Bubip
BuHaxigaukom Jgorapudwmis k. Hemepom (1550-1617)
Takol Ha3Bu B 1594 p. MOSCHIOETHCA TUM, IO Jorapudmu
BUHUKJIM BHACJIJOK 3iCTaBJIEHHA ABOX YUCEJ, OJHE 3 AKUX
€ yJIeHOM apu(MeTUUHOI IIporpecii, a Apyre — reoMeTPUIHOI.
Jlorapudmu 3 ocHoBom e yBiB k. Cmelimen (1600-1634),
AKUHA ckJaB mepirni tabauii qaa GyHKIili y=Inx.

HasBy Hamypaavruil (mpuposHUit) A8 IBOTO Jorapudma
sdanpononyeas H. Mepkatop (1620-1687), sxkuii BUABUB,

M. Beprynni
(1667-1748)

1
mo Inx — me mioma ¢irypu min zinepbosow —.
x

Biusbke [0 Cy4YacHOro pO3YMiHHA JiorapupMyBaHHS
AK omepailiii, ob0epHeHOI 10 MiJHEeCeHHA MO CTeleHsd,
1. Enep yuepiue 3’aBuioca B poborax [sk. Bommica (1616—1703)

(1707-1783) i M. Bepuymaai (1667-1748), a ocraTrouHo 6yJio YTOUHEHO
y XVIII cr. JI. Eitnepom (1707-1783). ¥ xuusi «Berym 1o

aHaJidy HecKinueHHUX» y 1748 p. Eilnep copMyaroBaB cyuyacHe O3HAUEHHSA
AK TMOKa3HMKOBOI, TaK i sorapudmiunoi GyHKI[iH i HaBiB IX posKJagaHHS
y cTeleHeBi psau, 3a3HAYMB OCOOJMBY POJb HATYypPaJbHOTO Jorapudma.



Pospin 2

IHTEFPAN TA WUOIO
3ACTOCYBAHHS

§ 6. lNepBicHa Ta ii BNacTMBOCTI
§ 7. BU3HayeHUN iHTerpan Ta MOro 3acToCyBaHHA

Y ubomy po3gaini Bu:

© O3HaioMuTeCA 3 MOHATTAM MEePBICHOI, iHTerpana
i KpMBONiHINHOI Tpaneuii;

©  HaBuMTeCA 3HaxXoAWUTW MepBiCHI Ta iHTerpanu,
a TAaKOX 3aCTOCOBYBATW iHTerpanu Ao BU3HAYEHHA
noL, KPUBOMIHIMHNX Tpaneuin.



1. MepBicHa

O3HaueHHA
OsHauenna. OyHkyia F(x) nasn-
Ba€TbCA NepeicHOI0 0NA pyHKYii  ni
f(x) Ha paHOMy NpOMiXKKY, AK-
wo ana 6yab-Akoro x i3 Uboro
NPOMIiXKKY

F'(x)=1(x).

Ona  yHKuiT f(x)=x3 Ha

—oo;-{—oo

Tabnuus 10

Mpuknag,

iHTepBa-
nepsicHoO € GyHKLUIA

F(x):xT, OCKifNbKM

, x* 1 3_.3
Fx)=| =— | ==-4x° =x°.
4 4

2. OcHOBHa BNIaCcTUBICTb NepBicHOI

BnacTtuBictb

Akwo $pyHKLUiA F(x) e nepeBicHolo AnA GyHKLiT f(x)
Ha gaHomy npomixKy, a C — foBinbHa cTana, To pyHK-
uisa F(x)+C Takox € nepsicHO ANA GyHKUiT f(x),
npu ubomy 6yab-AKy nepeicHy ana ¢yHkuii f(x)
Ha AaHOMY MPOMIXKKY MOXHa 3anucatv y BUrnAapi
F(x)+C, pe C — posinbHa ctana.
Mpuknag
4
Ockinbku dyHKUiA F(x)= xT € nepeicHo AnA QyHKUIT

f(x)z x° na iHTepBani (—oo; +oo) (owB. BULLE), TO 3a2a/1b-

Huli 8u2nso ycix nepgicHux 0715 yHKUii [ (x)= x° MoxHa

x .
3anmncaTtu Tak: T+ C, ne C — posinbHa cTana.

3. HeBn3HauyeHun’ iHTerpan

O3HayeHHsA
O3HaueHHA. CYKYMHicTb ycix nmepBicHMX Ana

paHoi yHKuii f(x) HasmBaeTbcA HesusHaye-
HUM iHmezpanom.

HeBu3HaueHWi iHTerpan no3HavyaloTb CUMBOJIOM jf (x)dx,
TO6TO

Jf(x)dsz(x)+C,
ne F(x) — opHa 3 nepsicHUX Ana GyHKUiT flx),aC—
[OBiNbHa cTana.

[eomeTpuyHM 3micT
lpadikm Oyab-aKMx nepsic-
HUX ANA 3afjaHoi GyHKUii
OfleP>Kyl0Tb OAMNH 3 OJHOrO
napanenbHUM MepeHeceH-
HAM y3p0BX oci Oy.

: \\Z\Q

Mpuknag,
4
x
jx3dx =—+C,
4
OCKinbKn ansa
flx)= 2% Ha

(—oo; + oo) yCi nepBicHi

MOXHa 3anncatm TakK:
4

xT+C (ams. n. 2 Ta6n. 10).

byHKUIT
iHTepBani



§6.lepBicHa Ta i1 BNACTUBOCTI

4. MNpaBunna sHaXoAKeHHA NepBicHMX (NpaBuna iHTerpyBaHHA)
Akwo F — nepBicHa ansa f, a G — nepBic-
Ha ana g, To F+G — nepsicHa gna 1) I(f(x)+g(x))dx=Jf(x)dx+jg(x)dx
dyHKUiT f+g.

MepaicHa 07151 Cymu OOpIiBHIOE CyMi NepaiCHUX IHmezpan 8i0 cymu OopigHtoe cymi iHme-
0719 000aHKia. 2parnis 8id 000aHkKie.

fikwo F — nepsicHa ana f, a c — ctana, | ) J.c-f(x)dxz cjf(x)dx, ne ¢ — crana.

T0o cF — nepBicHa gna GyHKUIT cf. .
P AnA GyHkuii cf Cmanud MHOXHUK MOXHA 8UHOCUMU 3d 3HAK

iHmezpana.

Akwo F — nepBicHagnaf,akib— crani

(npuyomy k+#0), T0 lF(kx+b) — 1
k 3)jf(kx+b)dx=;F(kx+b)+c.

nepeicHa ana yukuii f(kx+b).

5. Tabnuus nepBicHUX (HeBM3HA4YeHMX iHTerpanie)

3aranbHu BUNA
A 3anuc 3a JOMNoOMOroo

Oynkuia f(x) ﬂepBICHI/IX.F(x)+C, HEeBW3HaYeHOro iHTerpana
ne C — posinbHa cTana
0 c [0-dx=cC
1 x+C de=x+C
x* J.xo‘dxz = +C
x* (o#-1) +C a+1
a+1
(oez-1)
1 d
— ln|x|+C J—x:1n|x|+C
X X
sinx —cosx+C Jsinxdxz—cosx+C
cosx sinx+C Jcosxdxzsinx+C
1 d
g tgx+C J' Y —tgx+C
COs X COs X
e e*+C Jexdxzex+C
. X x ax
a” (a>0, a#1) +C '[a dx = +C
Ina na
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MOACHEHHA N OBI'PYHTYBAHHA

Y 10 kjaci Mm 3HaxXOAWJIM MOXiAHY 3amaHoi (YHKII i 3acTocoByBaau
1[I0 omepailiiro — AudepeHIiiloBaHHsa — [0 PO3B’A3yBAaHHS Pi3HOMAaHITHMUX 3a-
madu. OpgHiero 3 TakuxX 3ajad OyJi0o 3HAXOMKEHHSA ITBUAKOCTI I NPUCKOPEHHS
OPAMOJIHIMHOrO pyxy 3a BiZOMOI sayelxHiCTIO Bixg uacy koopauuartu x ()
MaTepiaJabHOI TOUKU:

v(t)=x"(2), alt)=v'(t)=x"(¢).

Hanpukaan, saximo B moyaTKoBUE MomeHT uvacy (=0 mBHAKiCTH Tijga
IOpPiBHIOE HYJIIO, TOOTO v(0)=0, T0 B mpoilieci BibHOrO mamiHHA Tijgo 3a
MIPOMiKOK uacy ¢ (To0TO Ha MOMEHT dYacy f) Mpoige IILIAX

2
t
s(t)=2".
2

IIBuakicTh i TPUCKOPEHHS 3HAXOIATH 3a JOIIOMOTOI0 Au(epeHIlifoBaHHS:

v(t)=s’(t)=(g7t2) =%-2t=gt, a(t)=v'(t)=(gt) = g.

AJe Ba)KJIMBO BMITM He TiJIbKM 3HAXOAUTH IOXimAHY 3amaHol (PYHKILI,
a # posp’asyBarT: obepHeHy sajzauy: sHaxomuTu GyHKmio f(x) sa ii saga-
Hoto moxinuoo f’(x). Hampukaan, y MexaHimni gyacTo ZJOBOAWUTHCSI BU3HAYATHU
KOOpAMHATY x(¢), smaroum sasexHICTH Bif yacy IIBUIKOCTIL v(t), a Takom
3HAXOIUTU IIBUIKICTH v(t), 3HAIOUU 3aJIeKHICTh BiJl yacy IIPUCKOPEHHS a(t).
Buaxomxenna QyHknii f(x) sa ii sagamoio moxigmoio f’(x) HasumBaiOTH ome-
paiiero iHmezpysanHs.

Otixe, onepauyis inmezpyeannsa € obOepHe-
How 00 onepauil dugepenuyirnsanns. Ote- IHTerpyBaHHA — Bif. JaTUH.

paliga iHTerpyBaHHS [IO3BOJISIE 3a 3aja- integratio — BigTHOBJIEHHA.
Hoto moximmowo f’(x) smaittm (BizHOBUTH)

dyurnio f(x).
Hasememo osmaueHHs HOHATH, MOB’A3aHUX 3 Olepalli€elo iHTerpyBaHHI.

OsHaueHHs. QyHKUia F(x) HasuBaeTbca nepsicHoto 0na gyukuii f(x) na pa-
HOMY NPOMIXKY, AKWO ANA 6yab-AKoro x i3 uboro npomixkky F’(x)=71(x).

Hanpurknan, gasa QyHKIIL ]"(x)=3x2 Ha imTepBaJi (—oo;+oo) IepBicHOO

e QyHKIig F(x)=x3, OCKiJIbKU F'(x)=<x3) =3x2.
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3asHaunMo, mo QYHKIia x2+5 mae Taky camy IOXigHy (x3+5) =3x2.

Orxe, QyHKIIiS x2+5 Takox € TepBicHOIO Aaa (QYHKILiT 3x? ma muoxu=Hi R.

3posyMmijo, 1110 3aMicTh uwmeaa 5 MOKHA IMifICTABUTU OyAb-sIKe iHINEe YHCJIO.

Tomy samaua 3HAXOIKEHHSA HepBicHOI mMae Oesiiu pos3B’sa3kiB. 3HaMTH Bei IMi

POBB’A3KH [I03BOJIAE OCHOBHA BJIACTHBICTH IEPBiCHOI.

mil

Axwo pynryia F(x) € nepsicnoro dna gyuxyii f(x) na danomy npo-
mincky, a C — dosinvna cmana, mo gynryia F(x)+C maxox € nep-
sicnoto dna gynxuii f(x). IMpu yvomy 6ydv-axa nepsicna Ana Qynk-
uii f(x) na Oamomy npomincky modxe 6ymu sanucana y euznadi
F(x)+C, de C — dosinvra cmana.

Bupas F(x)+C Ha3UBaIOTh 3a2AJbHUM 6U2LA00M nepgichux pJjs (QPyHK-

f(x).

1) 3a ymoBoto ¢yHKLia F(x) € nepsicHoto ana dyHKUii f(x) Ha geakomy npomix-
ky I. Omxe, F’(x)=f(x) ana 6yab-akoro x i3 uboro npomixky I. Toai

(F(x)+C) =F'(x)+C' =f(x)+0=f(x),

10670 F(x)+C Tex € nepsicHoto ana dyHkuii f(x).
2) Hexait ¢yHkuia F;(x) — iHwa nepsicHa ans ¢yHkuii f(x) Ha Tomy camomy
NPOMIXKKY I, TOGTO Fl’(x)zf(x) ana Bcix x e l. Topi

(7, (x)-F(x)) = F/(x)- F"(x) = f (x) = f (x) = 0.

3a ymoBoto cTanocti ¢yHKUii (§ 16 nigpyuHuka ana 10 Knacy), AKWO noxioHa
¢yHruii Fy (x)—F(x) dopigHioe Hynio Ha npomixky I, mo us ¢yHkuis Habyeae de-
AKo20 cmasno2o 3Ha4deHHA C Ha ybomy npomixky. OTxe, ona BCix x el dyHKuia
F,(x)-F(x)=C. 3sigcn F, (x)=F(x)+C. Maemo: byab-sika nepsicHa ana GpyHk-
uii f(x) Ha [AHOMY NPOMIXKY MOXe OyTW 3anuvcaHa y Burniagi F(x)+C, pe C —
[lOBiNbHa cTana.

Hampurknan, ockinmbkm niaa (GyHKITIL

f(x)=2x ma imrepsai (—°°;+°°) OfHi- 3azBuuaii IpU 3HAXO/PKeHHI Imep-

€10

(cupasni, F'(x)z(xz) =2x), TO 3arajb-

3 mepsicHux € QyHKOig F(x)=x? BicHoi jaa ¢ymknmii f(x) mpo-
Mi}KOK, Ha AKOMY 3aJaHO (DYHK-

mito f(x), mHe BKasyoTs. Ilpu

HUM BUTJIAL yCiX MepBicCHUX (PYHKI[I Aaa IBOMY MAIOTh HA YBA3i MPOMIMKKI
dbyuEIii f (x)=2x MOKHAa 3allcaTh TakK: HAMG1LIBINOL JOBKUHM.
x2+C, ne C — nmosisbHaA craja.

/9
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TeomeTpuuHMit 3MicT OCHOBHOI BJIaCTH-
Puc.61 | ¥ BOCTIi TIepBicHOI: zpagiku 6ydv-arKux nepsic-

T~ Hux Ona danoi gymnxuii f(x) odepacyromo
v 00UuH 3 00H020 NAPAJENbHUM NEePEeHEeCeHHM

y30oeixc oci Oy (puc. 6.1). Cupasnmi, rpa-
w ¢ik moBisbHOI mepBicHOL F(x)+C wmoxxna
omep:karu 3 rpadika mepeicmoi F(x) ma-
x paJIeJIbHUM IIepeHeCeHHAM y3I0B:K oci Oy
Ha C OOMHUIIb.

NN

Hexait ¢pyurmia f(x) mae ma mesxomy mpomiskky mepsicay F(x). Toxi
3a OCHOBHOIO BJIACTUBICTIO MEPBICHOI CYKYIHICTH yCiX mepBicHUX AJid (QYHKITIT
f(x) Ha samamomy mpomixkky sagaerbca (opmyrnon F(x)+C, nze C — go-
BiJibHa cTaJjia.

O3HaueHHA. CYKynHicTb ycix nepBicHMX AaHoi YHKLUii f(x) Ha3MBaeTbcA He-
8uU3Ha4YeHUM iHmezpasnom.

Hesusnayenuil inmezpan no3Ha1iamoms CumM80L0M Jf(x)dx, modi
Jf(x)dx:F(xHC, de F(x) — odna 3 nepgicHux 0nsa QYHKUIL flx), a C —

dogiavHa cmaaJa.
Y mnHaBemeHilt piBHOCTI 3HaAK | masusarors smakom iHmeepaaa, QPyHK-

mito f(x) — nidinmezpaavHorn QYHKUiEIO, BUPa3 flx)dx — nidinmezpasb-
HUM 6Upa3oM, 3MiHHY X — 3MiHHOW0 iHmezpysanHsa i nomamox C — cmaJgow
iHmezpyeanns.

Hanpuknan, axk 3asHauajgocda BUINE, 3arajJbHUNA BUIJIA HEePBiCHUX Jd

dyurnii f(x)=2x sammcyiorb Tax: x2+ C, orxe, J.Zxdx =x2+C.

IIi mpaBmia moxmi6Hi m0 BiAmOBiAHMX TpaBUa AMGEPEHIliIOBaHHS.

IIpasuno 1. Axwo F — nepsgicna oas f, a G — nepsicha 0ars g, mo
F+G — nepsicua onsa f+g.
Ilepgicna Oas cymu Oopienioe cymi nepgicHux 0ns 000aHkKis.

» Cnpasgi, AKwo F — nepsicHa ana f (y ubomy KopoTkomy GpopMyntoBaHHi MaeTbCA
Ha yBa3i, Wo dyHKLiA F(x) — nepsicHa ans byHKUji f(x)), To F’={f. AHanoriu-
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HO, AKWOo G — nepsicHa ana g To G’ = g. Topi 3a NpaBuIoM 06UNCNEHHA NOXiAHOI
CYMUN MAEMO:

’
(F+G) =F'+G’ =f+g,
a ue 1 o3Hauae, wWo F+G — nepsicHa gna f+g.
3a IOIOMOro0 HEeBHU3HAUEHOI'O iHTerpaJja Iie MpaBUJIO MOYKHA 3alMCATH TaK:

f(f(x)+ g(x))dx = Jf(x)dx +_fg(x)dx,

TOOTO iHmezpas 6i0 cymu O0pPi6HIOE cymi iHmezpanié 6i0 000aHKIE.

IlpaBuio 1 mMoKkHA HOMIMPUTH HA OyAb-AKY KiJBKICTH HOJAHKIB (OCKiJIb-
KM IIOXigHa Bim Oyab-IKOI KiJBKOCTI JOZAHKIB HOPiBHIOE cyMi IOXigHUX mHO-
ITaHKiB).

D IIpasuno 2. Akwo F — nepsicna 0asa f, a ¢ — cmaaa, mo cF — nep-
gicHa 0ns Qyukryii cf.

» Cnpasgi, skwo F — nepeicHa ana f, To F’' =f. YpaxoBytouu, WO CTanin MHOXHUK

’
MOHa BMHOCWTU 3a 3HaK noxigHoi, Maemo (¢F) =cF’=cf, a ue i 03Hayae, Wo
cF — nepsicHa gns cf.

3a IOIOMOro0 HEeBH3HAUEHOI'O iHTerpaJja Iie IMPaBUJIO0 MOYKHA 3allMCATH TaK:
Jc~f(x)dx=c_[f(x)dx, e ¢ — craJja,

TOOTO cmanuil MHONHUK MONHAG 6UHOCUMU 3a 3HAK iHmezpaad.
IIpaBuso 3. Axwo F — nepgicna 0asa f, a ki b — cmaai (npuuomy k+#0),

mo %F(kx+b) — nepsicna dna pynryii f(kx+b).

» CnipaBgi, AKwo F — nepsicHa ana f, To F’=f. YpaxoByoun npaBuno obuncneH-
HA NOXigHOI cknageHoi GyHKLUil, Maemo:

(%F(kx+b)) =%F’(kx+b)-k=f(kx+b),
a Ue 1 03HayaE, Wo %F(kx+b) — nepBicHa ana eyHKuii f(kx+b).

3a JAOIIOMOI'0OI0 HEBU3HAYEHOI'O iHTeI‘paJIa e IIpaBuJIO MOJKHAa 3allkucaTu TaK:

jf(kx+b)dx:%F(kx+b)+c.
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s obunciieHHA TepBiCHUX (UM HEeBU3HAUEHUX iHTErpaJsiB), KpiM mpaBuJ
3HAXOIKEHHSA MHePBICHINX, KOPHUCHO IMaM’sATaTH TAOJMUYHI 3HAUYEHHS MEePBICHUX
s geaxkux (GyHKHiH. Ix mHaBememo B m. 5 rta6a. 10. Io6 o6rpymTyBaTH
IPaBUJILHICTh IIBOTO IIYHKTY TAOJUIlI, TOCTATHLO IIepeBipuTH, 10 HMOXimHAa Bif
ykasaHoi mepsicHoi (6e3 crasioro momauky C) mopiBHioe 3amanint pyHkiii. Ile
Oyme os3HauaTH, IO PO3IVIAHYTA (PYHKIIiS OifiCHO € IIepBiCHOIO mJIs 3amaHol
dyukrmii. OckinbKku B 3amuci BCiX IePBiCHUX y APYTid KOJIOHIII IIPUCYTHIiN
cranuii gogaHok C, TO 3a OCHOBHOIO BJIACTHBICTIO MEPBICHMX MOKHA 3POOUTH
BUCHOBOK, IO Ie 3arajibHUII BUIVIAMA yCiX IlepBiCHUX 3aJaHoOl (QPYyHKIIiI.

HaBenemo o6rpyHTyBamHA (QopMyJaH, 3a SKOI 3HAXONATH IMEPBiCHY mJd
dyrEmit x*.

@ Ona iHwunx GyHKUIN NPONOHYEMO MPOBECTW aHasoriuHy MepeBipKy CaMOCTIliHO.

» Ona BCix x 3 o6nacti Bu3HaueHHs oyHkuii x* npum o#-1 noxigHa

xoc+1 ! 1 x(x+1
= (o+1)x®* = x%. OTxe, dyHKLiA npu o.#—1 € nepsicHow
a+1 a+1 a+l

ana ¢yHkuii x*. Toai 338 OCHOBHOW BACTUBICTIO MEPBICHMX 3aranbHUl BUrNAL
ycix nepBicHnx ana ¢yHkuii x* npn o = -1 6yae Takmm:

o+l
X

+C.
o+1

3a AOMOMOroI0 HEBM3HAYEHOTO iHTErpana Le TBepAKeHHS 3anncytoTb TakK:

o+l
X

+C (o#-1).

Ix“dx: o+1

NPUKJIAAUN PO3B’'A3YBAHHA 3ABAAHDb

Mpuknag 1. Mepesipte, un € dyHkuia F(x)=2vx nepsicHolo ans dyHKuii f(x)z%
Ha npomixky (0;+oco). *
Po3B’A3aHHA KomeHTap
, 3a O3HauYeHHAM QYHK-
1 1
3 F'(x)=(2\/;) =2.——=——, 1me ¥ o3Hauae, IO ; ;
NN uin F(x) € nepsictoto

dyuruis F(x) e nepsicuowo mas GyHKIii f(x) = % p;,ﬂ(j)y:;?i)f(xx —
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Mpuxnapg 2. 3Hangitb:

1) ofiHYy 3 nepBicHUX ansa GyHKUii f(x)zx4 Ha R;

2) yci nepsichi ana dyHkuii f(x)=x*;

3%) Jx4dx.
Po3B'sA3aHHA

1) » Opniero 3 mepBicHUX
s pyrrnii f(x)= x*
Ha MHOXKUHI R € pyHKIia

F(x)= x?’ OCKiIBKH

5 ’
F’(x):(x—] :l~5x4 =x*
5 5

2) » 3a OCHOBHOIO BJIACTHUBI-
CTIO IIePBiCHUX yci mepBic-
Hi maa pyaxmii f(x)= xt
MOJKHA 3alucaTu y BUTIAIL

5

x?+C, ne C — moBinbpHA

crazia.
o

3%) 3 Jx4dx=—+C,
5

ne C — posinbHa crajia.

KomeHTap

1) MepBicHy gna ¢yHKuii flx)=x* cnpobyemo

3HanTK nigbopom. Y npoueci MoXXHa MipKyBaTy
Tak: WO6 MicnA 3HaxofXeHHA noxigHol opep-
xatn x4, noTpi6bHo 6paTn noxiaHy Big x°. Ane
(x5)/=5x4, Wob6 noxigHa AopiBHIOBanNa x4,

[OCTaTHbO MOCTaBUTU nepep GyHKLiEo x° Ko-
- 1
ediuieHT ~

MpocTiwe BuKopuctaty popmyny 3 n. 5 Tabn. 10
(Tabnuui nepBicCHUX): OOHIiEO 3 nepsicHUX 01
yHkuii x* € yHkuyis

o+l
X

o+l

2) AKwo MU 3HaEMO 00Hy nepgicHy F (x) ona pyHK-

uir f(x), Mo 3a OCHOBHOI BNACTUBICTIO MepB.ic-
HNX 6yOb-siKy nepaicHy ons yHkuii f(x) MoxHa
3anucamu y sueniAoi F(x)+C, pe C — posinb-
Ha cTana.

3) 3a 03HaYeHHAM Jf(JC)deF(x)-f‘C,

TOOTO HEBU3HAYEHUI iHTErpa J.f(x)dx — ue
crieyianbHe NO3HaYeHHA 3arajibHOro BUAY BCiX
nepBicHMX ANnA gaHoi GyHKUii f(x) (aknit mn
BX€e 3HaWLWU B M. 2 pO3B'A3aHHA).
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Mpuknapg 3. Ona GyHKuii f(x)=\/; 3HalAiTb NepBicHy, rpadik AKoI NpoxoanTb ve-

pe3 Touky M (9;10).
Po3B’A3aHHA

1

» D(f)=[0;+c0). Tomi f(x)=x2.

3araJbHUN BUTJIAML YCiX HMepBiCHUX OJId PYyHK-
nii f(x) rarwmii:

l+1

3
2 2\¢# 2 2
* +C="x2+C="Vx® +C=2xJx +C.
1 3 3 3
2

3a yMOBOIO rpagdik mepBicHOI IPOXOAUTHL Uepes
TouKy M (9;10), omxe, mpu X =9 ozep:ryemo

§-9J§+c=10.

3sigcu C=-8. Toxi mykana mepsicHa:

3x\/;—S.
3

@
nigpyYHNKa.

3ATNMNTAHHA

KomeHTap

CnoyaTKy 3anuwemo 3arasabHumn
BUrMAL MNepBiCHUX ANA 3adaHoil
byHKUIT: F(x)+C.NoTtim BUKOPU-
CTAaEMO Te, Wo rpadik opgepkaHoi
OYHKUIT MpoxoanTb yepes TOUKy
M(9;10), oTxe, npu x =9 3Ha-
yenHa oyHkuii F(x)+C popis-
Hio€ 10.

o6 3HanTn_nepBicHy ansa GyHK-
uii f(x)=+x, ypaxyemo, wo i
obnacTtb Bu3HaueHHs x = 0. Topni
Lo GYHKLIiI0 MOXKHA 3anmcaTi Tak:

1
f(x)=x2 iBuKopuctaty popmy-
Ny 3Haxo4XeHHA MnepBicHOI AnA
o+l

+C.

dyHKUiT x%, a came:
o+1

3 npuKnagom po3B’A3yBaHHA Oinbll CKMAAHOTO 3aBAaHHs, MOB'A3aHOro 3i 3Haxo-
IXKEHHAM MepBiCHUX, MOXHA O3HAaMOMUTUCSA, 3BEPHYBLUUCL A0 iHTEPHET-MIATPUMKU

1. IosicHiTs, y AKOMY Bumagky GyHKIi0 F(x) HasuBaioTh IepBiCHOIO A
dyurnii f(x) ma samamomy mpomiskky. HaBegitTe mpuxiIanm.

2. ChopmyaoiiTe OCHOBHY BJIACTUBICTH II€PBiCHMX i mpoinrocTpyiiTe ii Ha

IPUKJIagax.

3. CopmymiofiTe mpaBuJa 3HAXOM:KeHHs mepBicHuX. IlogcHiTs iX Ha mIpH-

KJIagax.

4%, IloBeniTh MpaBUJia 3HAXOMKEHHS IIEPBiCHUX.

5. 3anumIiTe 3araJdbHUil BUTVIAN IepBicHUX AJA QYHKIiH: x%

X

1 .
—, sinx, cosx, 3
X COS X

(o#-1),

, e, a* (a>0, a=#1). IloacHiTe, AK Iepesi-

PUTH MPaBUJBHICTH 3aIMCy KOKHOI IIEPBiCHOI.
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BMPABU

Y saBmanHax 6.1, 6.2 moBexmiTh, IO (PYHKIIiA F(x) — mepBicHa s
dyurnii f(x) Ha 3asHaAUEHOMY IPOMiMKKY.

6.1° 1) Flx)=x°, flx)=bx*, xe(—o0;+0oo);
2) Flx)=x2, flx)=-8x"*, xe(0;+);

3) Fl)=2a", f(x)=a% we(-oito)
4) F(x)z—%x_ﬁ, f(x)zx_7, xe(0;+<>o).

6.2. 1) F(x):sinzx, f(x)=sin2x, xeR;
2) F(x)=%cos2x, f(x)=-sin2x, x<R;
3) F(x)=sin8x, f(x)=3cos3x, xecR;

1
4) F(x)=3+tg§, f(x)z—x, xe(-mm).
2cos2f
2
6.3. Ilepesipre, mo pyukuia F(x) e nepeicHowo gusa dyukmii f(x). BHaiixits
3araJIbHUNA BUIVISAA HepBicHUX s QyHKIl f (x), AKIIIO:

1) F(x)=sinx—xcosx, f(x)=xsinx;

2) F(x)=\/x2+1, f(x)z\/;c_;
x“+1

3) F(x)=cosx+xsinx, f(x)=xcosx;

1+.'>c2

2
X

4) F(x):x—%, fx)=
V zaBmamEAX 6.4, 6.5 BusHauTe, un € Qynknia F(x) mepsicHol A
dbyuRIii f (x) Ha sasmaueHOMY TIPOMIiKKY.

6.4°. 1) F(x)=8-sinx, f(x)=cosx, xe&(—oo;+co);
2) F(x)=5—x4, f(x):—4x3, xe(—oo;+oo);
3) F(x)=cosx-4, f(x)=-sinx, xe(—oo;+oo);

4) F(x)=x2%+2, f(x)zz%, x €(0;+00).
X
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1
6.5. 1) F(x)=2x+cos§, f(x)=2—Esin§, xeR;

2) F(x)=\/4—x2, flx)=—

3) Flo)=—, flx)=14-—,

a R xe(—2;2);
Ry

x € (0;+o0);
4) F(x)= 4x\F f(x)= 6\/_ xe(0;+e0).,

VY saBmamaax 6.6, 6.7 sHalgiTh 3araJbHUIN BUTJILL MEepPBiCHUX O
dyarmii 7(x).

6.6% 1) f(x)=2-x"; 5) f(x)=x5;
2) f(x)=x+cosx; 6) f(x)=i3—2;
X
3) (x)=4dx; 7 Flx)=1-—1;
X
4) f(x)=-8; 8) flx)=x>.
6.7*. 1) f(X)=2—x3+L3; 6) f(x)=3sin2x;
X
2) f(x)zx—%+cosx; 7) fx)=(4-52)";
X
3) f(x)ziz—sinx; 8) f(x)=—écos(x—§];
X
4) f(x)=52%-1; 9) flx)=—2> .
(4-15x)

5) f(x)=(2x-8)’;

6.8. Ina ¢yukmii f(x) szaiizite mepsicmy F(x), mo HabyBae 3amaHoro
3HaueHHA B 3a3HaUeHil TouIri:

1) f(x)=ig, F(%)=—12; 3) f(x)=x*, F(-1)=2;
X

2) flx)= , F(E)zo; 4) f(x)=sinx, F(-n)=-1.
cos“ x 4
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6.9.

6.10°.

6.11.

6.12%,

6.13*,

V saBgamHax 6.9, 6.10 gna ¢ymxnii f(x) smaiigite mepsicHy, rpadix
SAKOI TPOXOAUTH uepe3 TOUYKy M.

1) f(x)=2x+1, M(0;0); 3) flx)=x+2, M(1;3);
2) flx)=38x"-2x, M(L;4); 4) flo)=—-x*+3x, M(2;-1).
1) f(x)=2cosx, M(—E;l); 3) f(x)=sin(x+£), M(2—n;—1);
2 3 3
2) f(x)=1-x% M(-3;9); 4) f(x)=i4, M(%ﬁ)-
X

BuaBiTb cBOIO KOMMNETEHTHICTb

IIBuakicTes MaTepiaabHOI TOUKM, IO PYXA€E€ThCA IMIPAMOJiIHIAHO, 3amaHa
dopmy.ior0 v(t)=t?+2¢-1. Banwmurits dbopmyny sajaexkHocTi Ii Koop-
IUHATU X Bim uyacy ¢, AKII0 BigoMO, IIT0 B IIOYATKOBUU MOMEHT dYacy
(t=0 ¢) Touka mepeOyBajsia B IOYATKy KoopawHAT (U BUMIPIOETHCA
y MeTpax Ha CEKYHIY).

MarepianpHa TOUKa pPyXaeThCA NIPAMOJIHINHO 3 IIPUCKOPEHHAM
a(t)=12¢t>+4. Bmaiigite 3aKoH PYyXy TOYKM, AKIIO B MOMEHT Yacy
t=1 c ii mBuaKicTs mopiBHoe 10 M/c, a KoopamHata — 12 M (a BU-
MipIOETHCA Yy MeTpaxX Ha CeKYHAY B KBajpari).

MarepiasibHa TOYKa Macoow m pyxaeTbca mo oci Ox mix miero cuaum
F(t), HanpsamieHoi B3moBsx Iiel oci. BamumiiTe (GOpPMYJIy 3aJIe)KHOCTI
x(t), SKINO BioMO, IO IpU t=1%, IIBHJKICTb TOUKH [JOPIBHIOE U,
a xoopaimHata — X, (F (t) BuMipIOIOTH V HBIOTOHAX, I — y CeKYHIaX,
vV — Yy MeTpax Ha CeKyHAy, m — Yy KiJorpamax):

1) F(t)=6-9t, ty=1, vy=4, x,=-b, m=3;

2) F(t)=14sint, t,=n, vy=2, x,=38, m="T;

3) F(t)=25cost, t,=

A

, Vg=2, x9=4, m=5;

4) F(t)=8t+8, t,=2, v,=9, x,=7, m=4.
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®opmyna
AKwo oyHKuia f(x) Bu3HauewHa i Hene-
pepBHa Ha Bigpi3Ky [a;b] i Flx) —
Tl fOBiNbHa MepBiCHa Ha LbOMY Bifpi3Ky

(F'(x)=7(x)), 10

b b
[f(x)dx=F(x)| =F(b)-F(a).

a

Tabnuusa 11

1. O6umcneHHs BU3Ha4YeHoro iHTerpana (popmyna HbrotoHa — Jle6Hiya)

Mpuknag,

Ockinbku gna eyHKuii f(x)=x2 ofHi€lo
3

3 nepBicHUX € OYHKLiA F(x)= %, TO

3|2 3

2
'l[xzdxz%

2. KpuBoniHiliHa Tpaneuisn

O3HaueHHA IntocTpauia
Hexaln Ha Bigpi3ky [a;b oci Ox 3agaHo
HenepepeHy dyHKLilo f(x), Aka Habysae y y=1(x)
Ha HbOMY TiJIbK/ HEBI'EMHUX 3HaYeHb. /‘\/.
Qdirypa, o6mexxeHa rpadikom pyHKLiT | S :
y= f(x), Bigpiskom [a; b] oci Ox i npa- | |
mMUMn x=a i x=>, Ha3MBa€eTbCA Kpu- 0| a b x
80J1iHiliHOI0 mpaneyieio.
3. Mnowa KpuBoniHinHoOI Tpanewuii
®opmyna Mpuknag
b O6uncnite nnowy y
S = Jf(x)dx birypu, obmexeHoi i
. niHiamn y =sinx, 1+ Y=
T T 018!
y=0, x=—, x=—. s
3 2 T T T x

306pasmBLUK Ui NiHii, 3 92

OTPVMAEMO KPUBONi- Iy

HiVHY TpaneLito.

E b
; L
1
S= J.sinxdxz—cosx = —COS—+cOoS—=—.
2 3 2

ki
3

Kl
3
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4. BnacTMBOCTi BU3SHAUYeHUX iHTerpanie

a b a b b b
ff(x)dx=0 ff(x)dx=—ff(x)dx _[(f(x)+g(x))dx=Jf(x)dx+fg(x)dx
a a b a a a
FIKm()[d)yH]Kuiﬂ f(x) HenepepBHa Ha [a; b]
b b icela;bl, 10
jk~f(x)dx=kjf(x)dx b c b
a a Jf(x)dsz.f(x)dx+Jf(x)dx.

a

NOACHEHHA N OBI'PYHTYBAHHA

fAx Oymno sasHaueno B § 6, inmeepysarns — uye 0is, obepHera 00 Oughe-
pernuioeanns. BoHa mo3BoJise 3a 3amaHOI0 TOXimHOO (GyHKIII 3HaliTH (BigHO-
BUTH) 110 (pyHKIi0. [ToKaskeMo, 1[0 I oIepalliss TiCHO IIOB’sI3aHa i3 3amadelo
obumcaeHHs IOl Qirypu.

Hanpukiaz, y MexaHilli dacTo JOBOAMTHCA BHBHAUATH KoopauHary x(t)
MarepiaJbHOI TOUKM, IO PYXAEThCA MNPAMOJIIHINIHO, 3HAIOUM 3aJeXXHIicTh ii
MIBUAKOCTI Bim gacy v(t) (maragaemo, IO v(t)zx’(t)).

PoariismemMo cmouaTKy BUNANOK, KOJM TOYKaA PYXA€ThbCA 3 IIOCTiHHOIO
IIBUAAKICTIO U =10,. I'padgikomM MBUAKOCTI B CHCTeMi KOOPAUHAT (t; v) € mpama
vV =v,, HapajeabHa oci uacy ¢ (pumc. 7.1). SIkmo BBaKaTy, II0 B IOYATKOBUH
moMeHT yacy t=0 Touka mepebyBajia B MOYaTKy KOOPAWHAT, TO IILJIAX S,
npoiimeHuil Heio 3a 4ac f, OOUMCIIOIOTH 38 (POPMYJOI S=U,t. Benuumna vyt
IOPiBHIOE ILJIOINI S HPAMOKYTHHKA, 00Me:KeHOro rpadi-

KOM IIIBHUIKOCTi, Biccio a0cruc i gBOMa BePTHUKAJIbLHUMU
OIPAMUMH, TOOTO ILIAX TOUYKU MOYKHA OOUYUCIUTU HAK Puc. 7.1
oty (irypu, posTaIoBaHOl IIig rpadikoM IITBUIKOCTI. v

Posriisuemo Bumamoxk HepiBHOMipHOro pyxy. Te-
mep IMBUAKICTH, MOYKHA BBA’yKaTW NHOCTIHHOIO TiJBKM Ha
MaJIeHbKOMY BiZpidKy uwacy Af. SIKII0 MIBUAKiCTL v S=v,t
BMIHIOETBCA 3a 3aKoHOM v =v(t), TOo muIAX, TpOHeHUi
3a BiIPi3OK uacy [t;t+At], HaOJIMKEeHO BUPAYKAETLCA 0

LS
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Puc.7.3 Puc.74
1%
Y y=rx)
O, ) |
L S !
- - 1 1
0| t t+At 1 0] t 0|a bx

nobytrom v(t) -At, Ha rpadiky meit no6yTOK AOPiBHIOE ILIOIN MPAMOKYTHHKA
i cropomamu At i v(¢) (puc. 7.2). TouHe SHAUEHHA ILIAXY, IPOIJEHOTO 3a
BiZipisok uwacy [t;t+At], JIOPiBHIOE ILJIOIIi KPUBOJIHIILHOI mpaneyii, BUOKPEM-
JeHOl Ha IbOMYy PHCYHKY. Tomi Bech IMJISAX, MPOUAEHUH MaTepiaJbHOIO TOU-
KO0 3a Bispisok uacy [0;¢], MoskHa 06UMCIWTH HOZABAHHAM ILIOI TAKHUX
KPUBOJIIHIAHMX Tpallelliii, ToOTO IIJIAX MOPiBHIOBATHME IJIOIIi 3adapOoBaHOi
dirypu mig rpadikom mBupkocti (puc. 7.3).

Hasememo BimmoBigHI o3HaueHHA I OOI'PYHTYBAHHS, SAKi JTO3BOJATH 3PO-
OuTHU 1i MipKyBaHHS OiJIBIII CTPOTMMMU.

Hexaii Ha Bigpisky [a; b] oci Ox samaso HemepepBHY (yHKIi f(x), axa
HaOyBae Ha I[bOMY BiJpi3Ky TiJIBKHN HEBiJ€MHHX 3HAUEHb.

OsHaueHHs. Qirypa, o6mexeHa rpadikom ¢yHkuii y=f(x), Bigpizkom [a; b]
oci Ox i npamummn x=a i x=0b, Ha3MBaETbCA KPUBOJIiHilIHOIO mpaneyielo
(puc. 7.4).

Binpisok [a; b] Ha3UBAIOTh OCHOB0K KPUBOJLIHIILHOL mpaneuil.

3’sacyemMo, AK MOYKHA OOYMCJIUTH ILJIOINY KPUBOJiIHiIHOI Tpamerii 3a mo-
momoromo mepBicHol mua Qymrmii f(x).

Iosuaunmo uepes S(x) mioury KpuBoiHiiiHOI Tpamemii 3 0CHOBOIO [a; x]
(puc. 7.5, a), ne x — OyAb-AKa TOUYKa BiApiska [a;b]. IIpu x=a Bigpi-

Puc. 7.5 a 6 B

y=1(x)

)

¢ [N
&

+F-----
>

®

K

(=)
P e

<
=t -
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30K [a;x] BHPOKYEThCA B TOUKY, i Tomy S(a)=0; mpu x=>b maemo S(b)=S,
fe S — muloma KpuBoJiHifiHOI Tpamenii 3 ocHoBoW0 [a;b| (muB. puc. 7.4).

» Mokaxemo, wo ¢yHkuia S(x) € nepsicHolo ons ¢yHkuii f(x), To6TO WO

S (x)=f(x).

. ) . .. . AS
BignoBigHO A0 O3HauYeHHs noxigHoi MoTpibHo aosectn, wo — — f(x) npu
Ax — 0. Ax
[nAa cnpoleHHA MipKyBaHb po3rnaHemo Bunagok Ax >0 (Bunagok Ax <0 pos-
rMAQAETbCA aHaNorivyHo).
Ockinbkn AS =S (x+Ax)—S(x), To 3 Toukn 30py reomeTpii AS — nnouwa ¢iry-
pW, BUOKpeMsieHoi Ha puc. 7.5, 6.
Po3rnAHemo Tenep NPAMOKYTHUK i3 Takok camoto nuoweto AS, ofHieto 3i cTopiH
AIKOTO € BifPI30K [; x + Ax] (puc. 7.5, 8). Ockinbkm dyHkuis f(x) HenepepsHa, To
BEPXHA CTOPOHA LbOro NPAMOKYTHUKa nepeTnHae rpadik dyHKUil y gesakin Touui
3 abcymcoro ce[x;x+Ax] (iHaKwWwe pOo3rnAHYTUN NPAMOKYTHUK abo MiCTUTb Kpu-
BOJiHIMIHY TpaneLito, BUOKPEMEHY Ha puc. 7.5, 8, abo MicTUTbCA B HilA, i, Bignosia-
HO, ioro nnouwa 6yae 6inblwot abo MeHLWoto Big nnowi AS). Bucota npAMoKyT-
HuKa popisHioe f(c). 3a dopmynolo nnoLwi NPAMOKyTHUKa Maemo: AS = f(c)Ax.

. AS _ flo)ax

Ton =f(c). (Ua dopmyna 6yae npasunbHow i npu Ax<0.)

OCKinbKK TOUKa ¢ TeXXMTb MiXK TOUKaMuy X i x + Ax, TO ¢ NpAMYE o x, AKwo Ax — 0.
YpaxoByloun HenepepsHicTb ¢yHKLUii f(x), opepxyemo Takox, wo f(c)— f(x)
npu Ax—0.

OTxe, i—s—n‘(x) npu Ax—0. Le o3Hauae, wo S’(x)=7(x), To61T0 S(x)
X

€ nepBicHow ana epyHkuii f(x).

Ockinbru Gyarnia S(x) e mepsicuoro mis yukmii f(x), To 3a ocHOBHOMO
BJIACTHBICTIO HepBicHMX Gyab-aka inma mepsicaa F(x) mnsa gymrmii f(x) mua
BCix xe[a; b] Binpisuserscsa Big S(x) mHa mocrifiny C, ToGTO

F(x)=S(x)+C. @

1106 smaiitu C, migcraBumo x =a. Omepsxyemo F(a)=S(a)+C. Ockinpru
S(a)=0, to C=F(a) i pimicTs (1) MO:KHA 3amlucaTH TaK:

S(x)=F(x)-F(a). )

VpaxoBymooun, [0 IJION[A KpHUBOJiHiHHOI Tpamerii mopisxioe S(b),
migcraBiagemo y dopmyny (2) x=b i omepxyemo S=S(b)=F(b)-Fl(a).
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To6To, TaOIy KPUBOJiHiiiHOI Tpamemii (guB. puc. 7.4) MoOKHA OOYHUCIUTH
3a ¢opmyaoro

S=F(b)-F(a), ®3)
me F(x) — mosinema mepsicHa nasa dysrmii f(x).

Or:xe, 00UMCIIEHHS ILJIONII KPUBOJIIHIAHOI Tparmellii 3BOAUTLCS M0 3HAXO-
moxenHs mepsicuoi F(x) mua dyurnii f(x), To6ro go inTerpyBaHHS (DyHK-
nii £ (x).

O3HayeHHs. Pisnuya F(b)- F(a) HasuBaeTb- ,

A eusHayeHum iHmezpanom yHkuyii f(x) Ha Bamic j f(x)dx wnraors:

BiApisKy [a;b]. a

Busnauenuil inmezpaJ nosHauamwmos mak: «inrerpan Biza 10 b ed Bin

iKc me ixc».

b
J flx)dx.
a
Yucsa a i b Ha3UBAIOTh MeHAMU iHMEZPYEAHHA: @ — HUKHBOIO MerKelo,
b — Bepxuboro. OT:Ke, 3a HaBeJeHUM O3HAUYEHHSIM
b
[1()dx=F(b)~F(a). )
a

D ®dopmyny (4) mHasuBaioTh (opmynoro Herorona — JleiioHina.
VY sammuci ob0umcjieHHsS BU3HAUEHOI'o iHTerpasia pisHuimmo F (b)—F(a) apu-
b b
, To6T0 F(x)
a a

fiusaTo mosHauatu Tak: F(x) =F(b)-Fl(a). Kopucryiounucs mum

no3HaueHHaIM, (opmyay HbioroHa — JleiibHilla MoKHaA 3amucaTd B TaKOMY
BUTJIAI: b
Jf(x)dx:F(x)
a
Hanpukinan, ockimpku mus (ymrmii f(x)=e® opmielo 3 mepsicHEX
1
e F(x)=e*, 10 jexdxzex
0
V romy Bumazky konm nis yekmii f(x) Ha Bigpisky [a; b] icHye BU-

b

a

1
1 0

=e —e =e-1.

0

b
3HAUEHU! iHTerpaJt j f(x)dx, dyuknito f(x) HasuBaoOTH iHMezpo6aHO0 HA
8i0pisKy [a; b]. a

I3 dopmyn (3) i (4) BunIMBaE, 10 NAOWY KPUBOLIHIUHOL mpaneyii, oomedice-
HOI zpagirkom HenepepeHoL i He8i0 eMHOL Ha 8i0Pi3KY [a; b] dynruyii y=1(x),



§7.Bn3Ha4eHn iHTerpan Ta MOro 3acTOCyBaHHSA 93

8idpisrKom [a;b] oci Ox i npamumnu Puc. 7.6 y

1| y=cosx

b
yucaoeamu 3a opmy.Loi S:Jf(x)dx. /\E\
b . : ¢ 0| =« T x
ITle cmiBBimmomenHsa Bimo6Gpaskae reo- R
METPUYHHNI 3MiCT BU3HAUYEHOTO iHTe-

rpaJa.

x=a i x=b (muB. puc. 7.4), moxHa 06-

Hanpukaaz, ooty KpuBoJIiHiiiHOI Tpameliii, o0MesxeHoi rpadikoM PyHK-

mii y=cosx, BigpisKoM [0; %] oci Ox i mpamumu x=0 1 x =% (puc. 7.6), MOXK-
T

6 T
. — .. T . 1 1
Ha o0uumcauTu 3a (hopMyJIo S=jcosxdx=smx 6 =smE—sm0=E—0=E.
0

0
(B mporieci o6umcaeHHA BM3HAUEHOT'O iHTerpaJjia BpaxOBaHO, IO M (YHKITiI

f(x)=cosx onmiero 3 meppicux € dyurmia F(x)=sinx.)

. binbl geTanbHO 3 o6YMCNeHHAM now, i 06'eMiB 3a [OMOMOrOK BU3HAYEHUX iHTe-
rpaniB MOXHa O3HAMOMUTUCA, 3BEPHYBLINCb A0 iHTEPHET-NIATPUMKMN NigpyyvHMKa.

¥V samauax i3 Kypcy aiare6pu i mouaTkiB aHaIidy Ha 00UMCIIEHHA IIJIOIT AK BiAmoBiab
HayacTimme HaABOAATH YKCJOBe 3HaueHHA IoImi. OCKiMIBKM Ha KOOPAWHATHIN
IJIOMWHI, e 300pakeHo Girypy, 3aBKAu BKa3yOTh ONUWHUII0 BUMIipYy IO OCAX, TO
MU Ma€MO i OAUHUITIO BUMipy ILJIOIIi — KBaapar 3i cTopouoio 1.

Tukoau, 11006 migKpecanTy, 110 OJeprKaHe YMCJIO BUPAKa€e caMe IOy, BifmoBias 1o

1 . .
OCTaHHBOT'O IPUKJIAAY 3aMUCYIOTh TaK: S=— (KB. 0f.), TOOTO BKa3yOTh KiJIbKiCTh
2

KBaApaTHUX OOUHUIIL. 3a3HAYMMO, III0 ¥ TAKUI CIIOCi0 3aNIMCYIOTh TiJIbKU YMCJIOBI
Binmosizi. AKII0 B pesyIbTaTi 06UMCIeHD IO M O/lepIKaIH, HAIPUKIAL, S =2a2,
TO HiAKWX OJWHUIH IJIOIII He 3alUCYIOTh, OCKiIbKU Bifpi3oK a OyB BUMipAHUIT
Y AKUXOCH JiHIHTHUX ONUHUIIAX, 1 TOAI BUpas3 a? micrurs indopmarriro rpo KBagpaTHi
OIWHUII, Y AKUX BUMipIOIOTH IIJIOIIY B IILOMY BUIIAIKY.

@DopmMya0IYM 03HAUEHHS BU3HAUEHOT'O iHTerpaJia, MU BBaMKajau, M0 a<b.
JOIiTbHO POBMINPUTH MOHATTA BU3HAUEHOT'O iHTErpaJia.
g Bunmagrky a>b mpuiiMeMo 3a O3HAUEHHAM, IO

b a
[fx)dx=-[f(x)dx. ®)
a b
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g sumagky a=>b TakKoK 3a OBHAUEHHIM BBaKATHUMEMO, IO
a
[f(x)dx=0. (6)

dopmanbHe 3acTocyBaHHA (opmynau Hwuioroma — JleibHina o obumcieH-
Ha iHTerpasiB y dopmynax (5) i (6) mae maxkumit camuii pesyabrar. Cupasni,
armo ¢yurnia F(x) e mepeicmoro mus ¢yuxruii f(x), To

Tf(X)dx=F(x) a=F(a)—F(a)=O.
Taxox ’ ¢

jf x)dx=F(b)-F(a)=—(F(a)-F(b))= jf x)dx.

3a ,Z[OHOMOI‘OIO ¢dopmysnun HproToma — JIeH6H1ua JIETKO OOT'PYHTYBaTU
¥ iHIIi BJacTMBOCTI BHU3HAYEHUX iHTEerpajiB, HaBegeHi B m. 4 Tabua. 11.

Q O3HaoMUTUCb i3 BIAMOBIAHMM OGIPYHTYBAHHAM, a TakoX 3 MOXMBICTIO iHLIOrO
0O3HaUeHHA BM3HAYEHOTO iHTerpana, Ake BUKOPUCTOBYETbCA B Kypcax MaTeMaTU4yHOro
aHanisy, BU Mo»KeTe, 3BepHYBLINCb A0 iHTEPHET-MIATPUMKM NigpyyYHMKa.

KopucHo 3Hatm, 110 BU3SHAUEHWI iHTerpasl IIUPOKO BUKOPUCTOBYETBHCS
I ONMWCY PIBHOMAHITHMX IIPOIIECIB y PiBHMX HAyKax, HaOpUKJIaA y Qismii
Ta eKOHOMIIIi.

IT — puckoHTOBaHa BapTiCTb rPOLIOBOrO MNOTOKY,
I — WBNAKICTb FPOLLOBOro MNOTOKY,
P — piyHa BiCOTKOBA CTaBKa,

f — NpoayKTUBHICTD,
t — yac,
V — 06’em npogyKuii

t — yvac
Hz}l(t)e_ptdt V:tff(t)dt
0 t I

q — KinbKiCcTb TOBapy,
P — uiHa ToBapy (BapTicTb OAMHNLL),
(Po3 go) — TOUKa piBHOBarM NoNMTY i NPONO3NLi,

ExoHOoMmiKa

CS — HagnLLIOK A CroXKrBaya,
PS — Hapnuwok BUpOOHMKa

) do
CS= | p(q)dg—poto; PS=podo- | p(g)dg
0
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@ — KiNbKiCTb TENNOTH,

A — poborTa, ¢ — TEMNIOEMHICTb § — MnepemilLeHHs,
F — cnna, ty U — WBWUAKICTb,
N — noty»HicTb Q= jc(t)dt a — MPUCKOPEHHSA
x2 t ty
A= jF(x)dx ® vzja(t)dt
X1 t
12 — ° o—" ty
A=[N(@)dt Qiznka s=[v(t)dt
t / \ ty
q — eNneKTPUYHNN 3apAag, M — Maca TOHKOTO CTPVPKHSA,
I — cunna Toky p — NiHiMHa ryctnHa
ty X

ty X1

NMPUKNAOWN PO3B'A3YBAHHA 3ABAAHb

T

4
d
Mpuxknapg 1. O6umncnito j ‘.
o cos"x
Po3B’A3aHHA KomeHTap
T K Ockinbkn ana GyHKuii flx)= 35— MM 3Hae-
4 d 4 cos” x
S J ad =tgx ztgl_tgoz MO MepBiCHY: F(x)=tgx (aus. 1abn. 10), To
0 cos®x 0 4 3afaHni iHTerpan MoXHa obuncnutn 6esnoce-
pefHim 3actocyBaHHAM dopmynu HbioToHa —
=1-0=1. JlenbHiua

b b
[f(x)dx=F(x) =F(b)-Fl(a).

a

Bionosidv: 1.
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3
Mpuxknapg 2. O6umncnito j(i—x)dx.
X
1

Po3B’si3aHHA
I cmoci6

» Ina gpysxruii f(x)= 7 x
x

OJTHi€I0 3 TIEPBICHUX € (PYHKI[is
2
x
F(x):41n| x|—7. Toxi

3 4 x2 8
f(——x)dx=(4ln|x|——) =
N X 2

1

2 2
=(41n|3|—3?)—(41n|1|—1?J=

=4In3-4.
II cocio
3 3 3
> j(i—x)dxzjﬂ—jxdxz
1 ¥ 1 ¥
3 3 3 2|3
=4jd—x—jxdx=4ln|x| IR
1* 1 2

2 2
=4(1n|3|—1n|1|)—(3?—1—)=

=4In3-4.

PO3[T 2. IHTerpan Ta MOro 3acTOCYBaHHS

KomeHTap

Mo>XnuBi ABa WNAXN 0OUNCTIEHHS 3a1aHOTO iH-
Terpana.

1) CnoyaTtKy 3HanTK nepBicHy Ana GyHKUIT
4
f(x)=— - x, BUKOpPUCTOBYyIOUM NpaBuna
x

06uMCNIeHHA NepBicCHWX | Tabnuuo nepsaic-
HUX, a NOTIM 3HaNTK iHTerpan 3a Gopmynoto
HbloToHa — JlelnbHiua.

2) Bukopuctatu popmyny
b

J(f(x)+g(x))dx=

= }f(x)dxwtj‘g(x)dx

i 3anuncatm 3afjaHWN iHTerpan AK anre-
6paiuHy Cymy ABOX iHTerpasnis, KOXHUN i3
AKNX MOXKHa 6e3nocepenHbo 06UNCIUTY,
AK y npuknagi 1 (gna nepworo gopaH-
Ka MOXHa TakoX Bukopuctatu dbopmyny

b b
Jk~f(x)dx=kjf(x)dx i BUHecTn crta-

a a

NN MHOXHWK 4 3a 3HaK iHTerpana).

Bazanuii inTerpan posriAzaoTh Ha Bigpisky [1;3], ze x>0. Ane npu x>0 oxHiewo

. 1 .
3 mepBicEux ana Qykmii f(x)=— e dysruia F(x)=Inx. Tomy, ypaxoByouu, 1o
X

3

3
dx . .
x>0, MOXXHa, HAIPUKJIA, 3alIUCATHU, IO j—: Inx| . Xoua, 3Buuaiino, HaBeAeHUIA

1 x 1

BHUIIIE 3aIIKC IIePBiCHOI TeXX € mpaBuabHUM (OCKiabKu mpu x>0 ln\ x \ =lnx).
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Mpuknag 3. O6uncnite nnowy ¢irypu, obmexeHoi npamumn x =1, x =8, Biccto Ox

i rpadikom PyHKUii y= Yx.
Po3B’A3aHHA

) 3obOpakyroum 3asHaueHi JiHii, 6aunmo, 1110 3a-
mama (pirypa — KpuBOJiHiMHA Tpameria (puc. 7.7).

Tonxi ii momra

l+1 8 18
S= dex _[x3dx_ _3.3|

7+1 4 1

4 4
=§(83 —13)=§(384 _)=2 o1
4 4 4 4

Bidnogidv: 1 1% .

BrPABU
7.1.  OO6uwucJiaite iHTerpau:

2 1

1°) J. xtdx; 4°) Iexdx;
-1
L
2

2°) | cosxdx; 5) ;
'([ j 1 2+ 1)2

3 T
3°) Jx3dx; 6) JScosgdx;

KomeHTap
3apaHa ¢irypa € KpuBosiHin-
Holo Tpaneui€to, i Tomy i
MoLLy MOXHa obuncnnTy 3a
dopmynoto

Szj.f(x)dx,

pea=1,b=8, f(x)=%x.

Takox noTpibHO BpaxysaTy,
WO Ha 3afjaHOMy Bifpi3Ky
[1; 8] 3HaveHHA x>0, i 3a

L€l YyMOBM MOXHa 3anucaTtu
1

Yo =x3.

(0]

><|&
| ]

._n_.;

8) | sin2xdx.

wa—|a
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7.2.

7.3.

7.4.

7.5.

PO3[T 2. IHTerpan Ta MOro 3acTOCYBaHHS

HoBeniThs IIpaBUJIBHICTDL PiBHOCTI:
Y I

4 da 1 2 Y3
1) j 5 =de; 3) Jcosxdxz szdx;

0 Cos X 0 0 0

T 1

3 4 da 1 2
2) |sinxdx= | =; 1) [(2x+1)dx=[(x*-1)dx.

0 i\/; 0 0

16

OO6uwmctiTh iHTErpaJI: -

21 x 3 x x 2
1 sin—dx; 5 sin—+cos— | dx;
) Jon ) (s reos)

2 dx 2 3
2) [———; 6) [(1+22)dx;

9 N2x+5 0

pT_

31 12

3) J dx ; 7) J(1+cos2x)dx;
9 X
0 cos” — 0

¢ dx 4( \/;)
4 —; 8 — |dx.
)_J.2 3 )'!erx x

Y zaBmamHAX 7.4—7.8 00umciiTh (ITOIEepegHHO BUKOHABIIU PHUCYHOK)
oy Qirypu, oOMeKeHol 3aJaHUMU JiHiAMN.

1) y=x* y=0, x=-1, x=1;

2) y=x', y=1;

3) y=x2-4x+5, y=0, x=0, x=4;
4) y=x?-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.



§7.B3Ha4eHn iHTerpan Ta MOro 3acTOCYBaHHSA

7.6. 1) y=x3, y=8, x=1;

T T
2) y=2cosx, y=1, x=——, x=—;
)y y 3 3
3) y=x2-2x+4, y=3, x=-1;
1 b 51
4 =sinx, y=—, x=—, x=——.
)y V=5 p 6
77. 1) y=4x-x2%, y=4—x; 3) y=x?%, y=2x;
16 2
2) y=7, y=2x, x=4; 4) y=6-2x, y=6+x—x°.
78. 1) y=x®—4x+4, y=4-x%; 3) y=x2, y=2x-x%
2) y=x>-2x+2, y=2+6x-x% 4 y=x*, y=x>

@U) BusIBiTb CBOI0 KOMMETEHTHICTb

7.9. TIlorpiobmo modapbyBaTtu 3 omuiel cropoHu 30 omHaKOBUX
IJIOCKUX MeTajieBUX nerasyieii. Eckis merasi 3o00paskeHO Puc.7.8
Ha puc. 7.8 (BepxHA MerKka HeTasli 3amaeTbCcs rpadikom

dbysEIil y= 8\/; , & HIDKHA — rpadikoM QyHKIIL y= xz,
ONVHUWYHUN BiApisok Ha eckisi mopiBuioe 20 cm). CKinbKu
0aHOK, 110 MictaTh mo 0,9 Kr ¢apdbu, moTpidbHO IpHUIOa-
TH, AKINO IJs (papOyBaHHa 1 M? HOBEepXHiI BUTPAYAETLCS
130 r ¢gapbu?

7.10. Ilig miero cmim F =10 H npy:xmHA PO3TATYETHCA HA 2 CM.
ARy poboTy mpu IIbOMY BHUKOHYE cuiia F, AKIIIO 3a 3aKO-
Hom I'yka F=Fkx, me x — pedopMmalia mpy:Kunu, B —
KoedimieHT (popmyna aasa oOUMCIeHHs pPoOOTU HaBee-
Ha y cxeMi mepej IpUKJIagaMU PO3B’SI3yBaHHS 3ajadv).

7.11. Yomy dopmyna HrroroHa — JleiibHilla mMae Taky Has3By?
3HangiTh BiAmOBiAHY iH(opMaIlliio B iHTepHeTi # mingro-
TyiTe HeBeJUUKe IOBiJJOMJIEHHS.

ww Temun HaBYaNbHNX NPOEKTIB

1. IIpakTuuHi 3acTocyBaHHsS iHTerpaJa.
2. NudepeHiiaaibHi piBHAHHSA Ta IX 3aCTOCYBaHHS JIA MOZEJTIOBAHHS
pi3HOMAHITHUX IIPOIIECiB.
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IaTerpasibHe YHUCIEHHA W MOHATTA iHTerpaja BUHU-
KJIO uepe3 HeOoOXimHiCcTh 06UMCIeHHS IIJIONI IIJIOCKUX (i-
ryp Ta 06’emiB Tij. Ixel iHTerpaJbHOTO YMCIEHHA 0EPYTH
CBilf mmouaToOK y pobGoTax cTapogaBHiX MaTeMaTHKiB. 3o-
KpeMa, BasKJuUBe 3HAUEHHS [Ji PO3BUTKY iHTErpaJbHOTO
YUCJIEHHSA MaB Memold 6UYepnyeaHHs, 3alPOIIOHOBAHUI
€smoxcom Kuimcexum (01. 408 — 6s1. 355 pp. 10 H. e.)

i BHockoHa/sieHUUN Apximemom. 3a IIUM METOAOM IJIs
o0uMCJIeHHA MJIONIi MJIOCKOI (irypu HABKOJIO Hel OHUCY-

Apximen I0Th CcTymiHYacTy (irypy i B Hel BOUCYIOTH CTYIiHYACTY
(287-212 pp. fO H. €)

dirypy. 36iabIlIy0un KiJbKiCTh CTOPiH OmeprKaHUX MHO-
TOKYTHUKIB, 3HAXOQATHh TPAHUIO, MO0 SAKOI NPAMYIOTH
miomnii crymnindactux ¢iryp (came Tak y Kypci reome-
Tpii Gys0 moBemeHo (opMyay ILIOINI Kpyra). Apximern
mepenbaumB OaraTo ifeil iHTerpaJbLHOTO UMCJIeHHsS. AJje
HPOMIIIO OiJbII SAK MiBTOPU THCAYI POKiB, IIepIl HixK
mi imei OyJyio HOBeZEeHO OO PiBHS YHCICHHA. 3a3HAYU-
Mo, 110 maremaruku XVII ct., ki 3mobOyau GaraTo HO-
BUX pe3yJbTaTiB, Opaju 3a OCHOBY mpali Apximenma.

I Nei6Hiy Y XVII cr. 6ysmo 3pobsieHo O6araTto BiAKPUTTIB CTOCOB-
(1646-1716) HO iHTEerpaJbHOTO UYHCJIEHHS, YBEJIEHO OCHOBHi ITOHATTS
i TepmiHwU.

CumBoJ _[ yBiB I. Jleu6uin (1675). Ileit 3Hax € 3mi-
HEHOI0 JIATHMHCBhKOI OyKBOIO S (mepima OykKBa CJoOBa
summa). Camé caoBo inmezpas ysis 1. Beprynai (1690).
Tumri Bigomi BaM TepMiHM, ITIO CTOCYIOTHCA iHTErpaJbHOTO
YUCJIeHHs, 3’ABUJINCA 3HauHO misHimnte. Tepmin nepgicha
@dyHKUYisA, 110 3aCTOCOBYETHCS Tellep, 3aMiHUB IIOIIePeHI0

¢ Ha3By npumimuena Qyukyis, axy BBiB JK.-JI. Jlarpan:k
)K-J'I Narparix (1797). JlaTuHCbKe CJIOBO primitivus mepeKJIagaeTbCca AK
(.1736—1813) nouamrkosui: QyHKIisa F(x)=J-f(x)dx — IIOYaTKOBa



(abo mepBicuHa) maa GyHKIII f(x), AKa yTBOPIOETHCS
3 F(x) mudepenmniioBanHAM. IIOHATTA HEBU3HALEHOZO
inmezpasa Ta iioro mosHaueHHA BBiB JleiiOmiii, a mo-

b
3HAYEHHA BU3HAYEeH020 IHmMezpana _[f(x)dx yBiB
K.-B. ®dyp’e (1768-1830). a

Cuim sayBasKuUTH, IO IIPU BCili 3HAUYIIOCTI pe3yJib-
TaTiB, 3g00yTux Marematrukamu XVII cT., iHTerpaabuo-
To uucjaeHHs 1ie He Oyno. HeoOximHO 6GyJi0 OKpecauTH
3arajibHi ifjel, HA AKUX I'PYHTYETHCA PO3B’A3yBaHHs 0a-
raTbOX OKPEMUX 3a/ad, a TaKOXK YCTAHOBUTHU B3B’S30K
omeparivi gudepeHiroBanua U iHTerpyBanHsa. lle Buko-
"Hauu 1. Hetoron i I'. Jleit6nin, aKi BiAKpuIu Hezase:KHO
oouH Binm omHOoro (akT, BimjoMuii min Ha3BOIO Qopmy.a
Hviomona — Jleiioniya. Tum caMuM OCTaTOYHO OGoOp-
MuUBCA 3araJbHUi Meron. Tpeba Oyjo Ie HaBUUTHUCS
3HAXOAUTH IIePBicHI g OaraTbox (PYHKIIN, maTH JIO-
riyHi OCHOBM HOBOT'O UWCJIEHHSA TOIO. AJie TOJIOBHE BIKe
Oys0 3pobireno: mudepeHIiiiajgbHe i iHTerpajbHe YNCJIeH-
Hs cTBOpeHo. MeToau iHTerpajbHOTO UMCIEHHA aKTHUBHO
PO3BUBAJIUCh Y HACTYITHOMY CTOJIITTiI (Hacammepes CJIif
HasBaru imena JI. Eisiepa, skuii 3aBepIInB cUCTEeMAaTHU-
He JIOCJIiI)KEeHHs iHTerpyBaHHA eJleMeHTapHuX (QyHKITiH,
ta W. Bepmyami). Y pOSBUTOK iHTerpajybHOTO UHCIEH-
HA B3HAYHUWI BHECOK 3pOOMJIM MaTeMaTHKN 3 YKpaiHu
B. d. Bynsakoscekuiti (1804-1889) i M. B. Octporpan-
cekmii (1801-1862). Bararo Teopem i dopmyn Octpo-
T'PaICBKOT0 BBIiHIIJIM A0 PiBHUX MaTeMaTUYHUX KYPCiB.
MaremaTukaM ychboro cBiTy moOpe Bimomi meronm imTe-
rpyBaHHA OcTporpaacbkoro, npasuio OcTporpaichbKoro,
dopmysna OcTporpaJCchbKOro TOIIO.

B.A

-

M. B.

101

XK.-b. Oyp'e
(1768-1830)

. ByHAKoBCbKMI
(1804-1889)

Octporpaacbkuin
(1801-1862)
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3ABAOAHHA ANnd nNiArotoBkn Ao OUIHIOBAHHA

TecTt N2 2

1. Insa ¢yuroii f x)=4x3 3HAUOITL IepBicHY, rpaik SKOI IIPOXOIUTH
uepes Toury A(0;1).
A F(x)z—x4—1 B F(x)zx4 1| F(x)=x4+1
b F(x)=x4—1 r F(x)z—x4+1

2. Cepen maBemeHUX HM)KUYe (PYHKIIIH BKaKiTL Ty, NEPBIiCHOIO IJIS AKOL
e dyuxnis F(x)=tgx+C.

A fx)=—> B f(x)=tgx nf(x)=-—
COoSsS X sin X
5 f(x)=——3 rf(x)=—
cos” x sin® x

3. 3HalAiTh 3araJbHUII BULVIAL MNePBicHUX M QYHKII f(x)zcosx—ex .
A F(x)=-sinx—e* B F(x)=sinx—e*+C ]I F(x)=sinx+e*+C
b F(x)zsinx—ex r F(x)z—sinx—ex+C

4. YcTaHOBITH BigmoBigHicTh, MixK iHTerpasamu (1-3) Ta ixHiMu 3HAUEHHHA-
mu (A-T).

1 Al
1J\/;dx 7
5_
2 24
2
Zdex Bl
0 3
2
1
3 | —dx 2
J ry

5. 3naiipire miomy ¢irypu, obmeskeHoi rpadixom (yHKOil y=—-, Opd-
muMm x=1, x=4 ra Biccio Ox. 5
r

UJ MNpongiTb OHNanMH-TecTyBaHHA.

rnk.com.ua/
106791



Pospgin 3

ENEMEHTH
KOMBIHATOPUKM,
TEOPIl AMOBIPHOCTEMN
| MATEMATUMHOI
CTATUCTUKU

§ 8. EnemeHT/ KOMbGIHaTOPWKI
§ 9. OCHOBHI NOHATTA Teopil NMOBIPHOCTEN

§ 10. MNoOHATTA NPO CTaTUCTUKY.
XapakTepuUcTUKn pAgiB AaHMX

Y ubomy posgini Bu:

©  cuCcTemaTu3yeTe N y3aranbHUTE 3HAHHA 1 YMIHHA,
noB'A3aHi 3 KOMOIHAaTOPUKO, TEOPIEID NMOBIPHOCTEN
i MaTeMaTMUHOI CTAaTUCTUKOID;

© O3HaomuTecs 3 GopMynamu Ana oBUMCHEHHS Yucna
nepecTtaHOBOK, PO3MillleHb i KOMOGiHaLil;

© HaBUMTECA 3aCTOCOBYBaTV MMOBIPHICHI XapaKTepUCTUKM
[0 aHanisy HaBKONMULWHIX ABULY, ANA NPUAHATTA
NPaBUIbHUX PilLeHb.



Tabnuus 12

Komb6iHaTopuka
Komb6iHamopuka — po3g4in MaTeMaTUKK, Y AKOMY BUBYAlOTb CNOCO6U BUOOPY Ta po3mi-
LLIeHHA efleMeHTiB AeAKOl CKIHYEHHOI MHOXMHW Ha OCHOBI MEBHUX YMOB.
BrbpaHi (abo BMOpaHi 11 po3milLeHi) rpynu eNiemMeHTiB Ha3MBaKTb CNOJIYKaMU.

AKLLO BCi enemeHTu pi3Hi, TO olep>KYEMO CronyKy 6e3 NoBTOpeHb, a AKLLO e/leMeHTN MO-
XKyTb NMOBTOPIOBATKCSA, TO CMOMYKY 3 NOBTOPEHHAMMW. Mn Byaemo po3rnagati Cnonyku
6€3 NoBTOPEHD.

lNMepecTaHOBKM

O3HaueHHs. [fepecmaHoe8KoI0 3 n efleMeHMie Ha3NBAETbCA GyAb-AKa BNo-
pAAKOBaHa MHOXXMHa 3 n 3aflaHVIX efieMeHTiB (TO6TO Taka MHOXUHA, 0514
AKOI 8KA3AHO, AKUU esleMeHm po3mawiosaHull Ha NnepuwomMy Micyi, AKUli — Ha opy-
20MY, ..., AKUU — HA n-my).

®opmyna yncna

.
nepecTtaHOBOK (Pn) puknag

KinbKicTb pi3HMX WeCcTUUnNdpoBmX Yncen, AKi MoXHa cKna-

=n!
Py =nl, ctn i3 unodp 1, 2, 3, 4, 5, 6, He NoBTOpPIOOUNM Ui LUdPU B Of-
ge n!=1-2-3-...-n HOMY 4YMCi, JOPIBHIOE:
(unTatoTb: «eH dakTopian») P.=6!=1-2.3.4.5-6=720.

PosmiweHHA

O3HauyeHHA. Po3miujeHHAM 3 n efleMeHmMie no k Ha3uBaeTbcA Gyab-AKa
BNopAAKOBaHa MHOXWHa 3 k efleMeHTiB, CKNlajeHa 3 ejleMeHTiB 3afaHoi
n-efieMeHTHOI MHOXWHN.

®opmyna ymcna

i
po3MilleHb (A,’;) A

KinbKicTb pisHUX TPMLMOPOBUX UMCEN, SIKi MOXKHa CKNacTuh

i n! i3undp 1,2, 3,4,5,6, AKIWO UNPPU HE MOBTOPIOIOTHCS,
A, z—(n—k)' [OPIBHIOE:
: ! 6! 1.2.3-4-5-6
3 6 — —$=4~5~6=120.

6~ (6-3)! 3!  1.2.3
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Kom6iHauii

Os3HaueHHsA. Kom6iHayieio 6e3 noemopeHb 3 n eJleMeHmie no k Ha3NBa€Tb-
cA 6yab-ika k-eneMeHTHa NiAMHOXNHA 3aAaHOI n-efleMeHTHOT MHOXKUHMW.

®opmyna umcna

KoMbiHaLli (C,’f) lERE
k n! I3 Knacy, Wwo cknagaetbca 3 25 yl-|5HiB, MO>KHa BUbpatu 5 yu-
C, = IR HiB nAa yeprysaHHa no wkoni Cy5 cnocob6amu, To6TO:
5 25! 25! 21-22-23-24-25
(3a 03HaYeHHAM Cys = =

“5125-5)1  51.200
=53130 cnocobamu.

BBaaloTb, LLO C,?zl) 1-2.3-4-5

[eski BNacTnBOCTi ynMcna KombiHaLin 6e3 NOBTOPEHb

CF=c"* Gokpema C"=C"" =C" =1) ckickt=ckl

n+l

Cxema cKnafjaHHA NnaHy po3B’A3yBaHHA KOMGiHaTOpHMX 3afay
MpaBuno cymu MpaBuno fobyTKy

fKWo enemeHT A MOXHa BUbpaT m cno- | fAKLLO efleMeHT A MOXKHa BMO6paTu m Croco-

cobamu, a enemeHT B — n cnocobamu (npu
LuboMy BUBIp enemeHTa A BUK/IOYAE OJHO-
YyacHun BubIp i enemeHTa B), To A abo B
MO>XHa B1OpaTun (m+n) cnoco6amu.

6amu, a nicna uboro enemeHt B — n cno-

co6amu, T0 A i B moxHa Bubpatn (m-n)
cnocobamm.

Bub6ip ¢opmynn

Y BpaxoBYETbCA MOPAAOK HACTYMHOCTI efIeMEHTIB y cnonyLi?

o,

)

Tak Hi
()
Yn BCi enemMeHTV BXOOATb OO CONYKMn?
()
Tak Hi
() ()
[NepecTtaHoOBKN Po3mileHHsa KombiHauit
/ Ak _ n' Ck - n!
By =nl " (n-h)! " k-

105
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MOACHEHHA N OBI'PYHTYBAHHA

IIig uac posB’A3yBaHHA 6araTboxX HPAKTHUUYHUX 3aj1ad JAOBOAUTHLCS BUOHU-
patu 3 IeBHOI CYKYIHOCTI 00’€¢KTiB ejleMeHTH, III0 MaloTh Ti abo iHimi Bja-
CTUBOCTi, PO3MIIIlyBaTH IIi €JEeMEHTH B II€BHOMY IOPAAKY ToIo. OCKiJIbKu
B TAaKMX 3aJadax imerbcd mIpo Ti abo imimi xomOiHarmii o6’eKTiB, To Taki 3amaui
Ha3WBAIOTh KOMOIHamopHumu. Po3misi mareMaTuKu, y SKOMY PO3IVISAAAIOTH
MEeTOAY PO3B’A3yBaHHSA KOMOIHATOPHUX 3a1ad, HA3UBAIOTh KOMOIHAMOPUKOI.
Y kKombimaTOpuIli pPo3riIanaTh BuUOIp i PO3MillleHHS ejIeMeHTiB [esAKol CKiH-
YeHHOI MHOMKMHU Ha OCHOBI AKWXOCH YMOB.

Bu6pani (ab6o BubpaHni i1 poamileHi) rpynu ejseMeHTiB Ha3WBAIOTh CNOJY-
kKamu. SIKIT0 BCi eIeMeHTH CIOJIYKM PisHi, TO OJEPKYEMO CIOJYKY 0e3 II0B-
TOPEHb, a SKII0 eJIeMEeHTH MOJKYTh IIOBTOPIOBATHUCS, TO OHEPKYEMO CIIOJIYKY
3 TIOBTOPEHHAMU.

Hagani B mbomy poszmisi OymeMo posrIsigaTH TiJIBKU CIIOJYKU 0e3 OBTO-
peub, ToMy He OyaeMO OKpeMO BKAsyBaTH Ha Iie Y KOXKHOMY BUIIAIKY.

Posp’asyBanusa 06araThbox KOMOIHATOPHHX 3a[ad CIHPAEThCA Ha OBa OC-
HOBHUX IIpPaBUJIa — NPABUJO CYMU W npasuno 0o6ymry.

Ilpasuno cymu

Ao ma Tapiami gexuTh 5 rpyir i 4 a0ayka, To BuOpaTu OgUH (PPYKT
(To6TO TpyIry a6o a6ayko) moskHa 9 cmocobamu (5+4=9). V saranzpHOMY
BUTJIA] CIIpaBeIJiNBe TaKe TBEPsKEeHHS.

D Axio exreMeHT A MOKHA BHOpaTH m cmocodamu, a ejleMeHT B — n cmo-
cobamu (mpu HHOMY BHOIp ejleMeHTa A BHKJIOYAE OIHOYACHUI BUOIp
i exementa B), To A a6o B mo:xHa BuGpatu (m+n) cmoco6amu.

D Ilpaeuno dobymry
SAKImo B KpaMHUII IIPOJalOTh PYyYKU D BULIB i 3omutu 4 BUAIB, TO

BuOpaTtu Habip i3 pyuxkwm ¥ 3omuTra (TOOTO mapy — PYUYKY i 30IIKUT) MOXKHA
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5-4=20 cmocobamu (OCKiJIbKU 0 KOYKHOI 3 5 PYUYOK MOKHA B3ATU OyAb-AKUI
i3 4 somwuTiB). Y 3araJbHOMY BUIJIAAI Mae Miclle TaKe TBepAKEeHH.

Arxmo ememeHT A MOKHA BHOpaTM m cmoco0aMH, a IIiCJA I[BOTO eJie-
Ment B — n cmoco6amu, To A i B mo:xkna BuGpatu (m-n) cmoco6amm.

ITe TBepm:KeHHS O3HAUAE, IO OCKIJIBKMW IJis KOMKHOTO 3 M eJIEMEeHTIiB A
MOKHA B3ATH B mapy OyIOb-IKUU 3 1 eJeMeHTiB B, To KiJbKicTb map HopiB-
HIOE TOOYTKY m-n.

IToBTOpIOIOUM HaBeAeHiI MipKyBaHHA AeKijbka pasiB (0ijgbIr cTporo —
BUKOPUCTOBYIOUM METOJ MaTeMaTW4HOI iHAyKIii), omep:Kyemo, IO IIpaBuja

cyMHu ¥ JOOYTKY MOJKHA 3aCTOCOBYBAaTHM IIPM BMOOPi JOBiJIBHOI CKiHuUeHHOI
K1JIBKOCTi eJleMeHTiB.

ITig uac posp’si3yBaHHS KOMOIHATOPHMUX 3a7a4 OOBOAUTHCS PO3IVIALATH
He TiJIbKM MHOMKWHU, Y AKUX eJeMeHTH MOKHAa 3allCyBaTH B OyAb-IKOMY
TIOPAAKY, a ¥ TaK 3BaHi 6nopsadkosani MHOMCUHU. ] BOOPAJKOBAHUX MHO-
JKUH CYTTEBUM € TOPAJOK PO3MIIIEHHA IX eJjleMeHTiB, TOOTO Te, AKUUA eJje-
MEHT 3aIMCaHO Ha IIEePIIOMY MicIli, AKWUI Ha APyromMy i T. 1. 3oKpeMa, SKIIO
ofHI M Ti cami eJeMeHTH 3amucaTd B PIBHOMY HOPSAAKY, TO OTPUMAEMO PisHI
BriopAakoBani MuHOKUHU. [Io6 BigpisHuTHM 3anuc ymopAgKOBAaHOI MHOMKWHU
BiJi HEBIOPAIKOBAHOI, €JeMEHTH BIIOPAIKOBAHOI MHOMKHHU YacTO 3alUCYIOTh
y KPYIIUX Iy:KKax, HaIpUKJAL (1; 2; 3)7&(1; 3;2).

Posriapaoun BHOpAJKOBaHI MHOMKWHU, Tpeba BpaxOBYyBaTH, IO OTHY
A Ty caMy MHOKUWHY MOKHa BHOPAAKYyBartu mo-pisHomy. Hampukrianm, MHOKHU-
HY 3 TPbOX UYKCEJ {—5; 1; 3} MO’KHA BIIOPAAKYBATH 3a 3POCTAHHSIM: (—5; 1; 3),
3a CIaJaHHAM: (3;1;—5), 3a 3POCTAHHAM aOCOJIIOTHOI BeJMUYMHHK YMCJIA:
(1;8;-5) romo.

Bynemo posywmirtu, 1o, 014 mozo w06 3a0amu CKiHYeHHY BnopsadKo8aHYy
MHOMNCUHY 3 N ejeMeHmis, 00CmMamHub0 8KA3AMU, AKUL eJeMeHm PO3MilleHO
Ha nepuwomy micui, sKuil Ha Opyzomy, ..., AKUL HA N-MY.

O3HauyeHHs. Po3mMiuweHHAM 3 n enemeHTiB No k Ha3uBaEeTbcA Gyab-AKa BMo-
pAAKOBaHa MHOXWHa 3 k efleMeHTIB, CK/lafileHa 3 efieMeHTIB 3aaHoi n-ene-
MEHTHOI MHOXNHN.
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Hampuknan, i3 MHOMKUHEA 3 TPhOX Hudp {1; 5; 7} MOKHA CKJACTH TakKi

PO3MiIlleHHA 3 IBOX eJIEMEHTiB:

(1;5), (1;7), (5;7), (5;1), (7;1), (7;5).

KinpkicTe posmimienp i3 n exemMeHTiB 10 k IIO3HAYAIOTh A,’f (UUTAIOTh:

«A 3 n mo k»). Ik Gaummo, AZ=6.

» 3’'ACYEMO, CKiNbKM MOKHA CKNactuv

po3MilleHb i3 7 enemeHTiB Mo k. Puc. 8.1.1
CKnagaHHA PO3MILLEHHSA YABUMO K

Nnoc/ijoBHE 3amMoOBHEHHA £ Miclp, @ @@
AKki 6ygpemo 306paxaTtn y Burnagi

KNiTnHOK (punc. 8.1.1). l l l l l

Ha nepwe micue mu moxemo no-

MICTUTN OAVH 3 N eJIeMeHTIB 3aja-

HOT MHOXMHU (TOOTO enemeHT ans k wmicmb

nepLuoi KNiTMHKA MOXHa BUOpaTu

n cnocob6amu). Ha gpyre micue MoXXHa BUOpaTh TiNIbKW OOUH €NIeMEHT i3 TUX, WO
3anuwmnmnca, 10670 3 (7 —1). Tenep ye ABa eneMeHTU BUKOPUCTAHO i1 Ha Tpe-
T€ MicLie MOXHa BU6PaTU TinbKku oamH i3 (n—2) enemenTis Towo. Ha k-Te micue
MOXHa BMOpaTK TiNbKM OAWH i3 n—(k-1)=n—-k+1 enemeHris (guB. puc. 8.1.1).
OcKinbK1 HaMm NOTPIGHO BMOPATV efleMeHTM 1 Ha nepLue, i Ha Apyre, ..., i Ha k-Te
MicLie, TO BMKOPWCTOBYEMO MpPaBuUIo AOOYTKY 1 ofepXyemo ¢popmyay umcna
po3MilleHb i3 n enemMeHTIB no k:

AfF=n(n=1)(n-2)-....(n-k+1).

KinekicTs pOSMimeHb i3 n eJeMeHTiB k MHOYKHUKIB

110 k TT03HAYAIOThH A,’f . A — mepia Jritepa
(dpaHIy3bKOTO cJIOBa arrangement —
posMileHHs.

2
Hanpuriman, A;=3-2=6 (wmo
30iraeTbcsa 3 BiAHDOBiZHUM 3HAUeH-
HAM, Ofep:KaHUM BHUIIIE).
ITix wac posB’sisyBaHHA HAWIIPO-

cTimmx KOoMOiHATOPHMX 3aJad BasKJMBO IIPABUJILHO BuOpatu GopMyJy, 3a
AKOI0 OyAyTh IIPOBOAUTHCH OOUMCIEHHS KiJbKocTi cmoayk. Ias mboro mo-
CTATHHO 3’ICyBaTH:

D

YU 8pAX08YIOMb NOPAIOK PO3MIUEHHS eleMeHRMi8 Y CNOAYYi;
yy 8ci 3a0aHi enemenmu 6x00imbsb 00 00ePHCAHOL CNOAYKLL.

SAKI10, HampUKJIAL, TOPAIOK PO3MIIEHHS eJIEeMeHTIB ypaxXoBYIOTH i 3 n
3aJaHUX eJIEMEHTIiB y CIOJIYIIi BUKOPHUCTOBYIOThH TiJIbKU k €JIEMEHTiB, TO
3a O3HAUYEHHSAM Ile PO3MIIIeHHSA 3 1 eJIeMeHTiB 1o k.
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NMPUKNAAON PO3B'A3YBAHHA 3ABAAHb

Mpuknap 1. Ha 3maraHHA 3 Nerkoi atneTukn npuvixana KomaHaa 3 12 CNOPTCMEHOK.
Ckinbkoma cnocobamu TpeHep MOXe BU3HAUYUTU, XTO 3 HUX MOOIKUTb
B ectadeTi 4 no 100 M Ha nepLomy, pPYromy, TPETbOMY 1 YETBEPTOMY
eTanax?

Po3B'A3aHHA KomeHTap

» Kinpkicts cmoco6iB Bubpartu 3 aBa-
HAOIIATH CIOPTCMEHOK YOTUPBHOX JIJIs
ydacti B ectad)eTi JOPiBHIOE KiJIbKOCTI
posmitiens 3 12 esiemenTiB Mo 4, TOOTO

AL =12.11.10-9=11880.

Ina Bmubopy dopmynu BifnoBigaemo Ha
3anunTaHHA, HaBegeHi Buwe. OcKinbku gnsa
CMOPTCMEHOK BaXkNMBO, y AKOMY nopAf-
Ky BOHW 6yfyTb 6irtu, To NOpsiAoOK PO3Mmi-
LEeHHSA Mg Yac BUOOpPY eneMeHTiB ypaxo-
ByeTbCA. [lo ogepxaHoi CNonyKkn BXOAATb
He BCi 12 3agaHux enemeHTiB. OTXe, Bia-
noBiHa cnonyka — po3mMileHHsA 3 12 ene-
MEHTIB Mo 4.

Mpuknag 2. 3HalAiTb KiNbKicTb TpULMGPOBUX YNCeN, AKI MOXHa cKnacTu i3 umop 1,
2,3,4,5, 6,7, akwo undpm B UNCIi He MOBTOPIOIOTHLCS.

Po3B’si3aHHA

) KinbkicTb Tpunu@poBux uuces, ki
MOJKHAa cKJacTu 3 cemu nudp 1, 2, 3, 4,
5, 6, 7, MOpiBHIOE YMCIY PO3MIiIlleHb i3 7
eJIeMeHTiB 110 3, ToOTO

A3=7.6-5=210.

Mpuknap 3*.

KomeHTap

[na Bnbopy popmynu 3'acoByeMO, L0 ANA
uncen, Aki My 6yaeMo cknagaTtu, NopAafoK
pO3MilLeHHA BPaxXOBY€ETbCA N He BCi ene-
MEHTU BMOMpatoTbCA (Tinbky 3 i3 3agaHnx
cemu). OTXKe, BignoBiAHa cronyka — po3mi-
LLIeHHA 3 7 efleMeHTiB no 3.

3HalAiTh KiNbKiCTb TPMUNPPOBUX UMCEN, AKI MOXKHA CKacTu i3 unudp

1,2,3,4,5, 6,0, akwo undpn B YnCsli He NOBTOPIOOTHCA.

KomeHTap

Bnbip popmynu npoBoasaTb Tak camo, AK i B npuknagi 2. Ane Tpeba BpaxyBaTu, O KOW YNC-
10, CKNageHe 3 TPbox UUdp, NOUMHAETLCA Ldpoto 0, TO MOro He BBaXatloTb TPULUGPOBUM.
OTXe, ons BigNoOBIAi Ha 3aNMTaHHA 3afayi MOXKHa CNoYaTKy i3 3agaHux 7 undp yTsoputir
BCi uncna, Wo cknagatotbea 3 3 umudp (auB. NpuKknag 2), a NoTiM Bif KiNbKOCTI ogep»kaHnx
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yncen BigHATY KiNbKICTb TUX Ymcen, AKi CKnageHi 3 Tpbox uudp, ane nounHawTbea Lumudpoto 0.
B ocTaHHbOMY BUMAZKy My haKTUYHO Byaemo 3 ycix uudp, Kpim Hyns (ix 6), cknagatu gBo-
undposi uncna. Todi ix KinbKiCTb [OPIBHIOE YNCY PO3MilLieHb i3 6 efleMeHTiB no 2 (anB. pos-
B'A3aHHS 3aBJaHHA).

TakoXK MOXKHa BMKOHATW 6e3nocepeqHE 06UNCIEHHS], MOC/IAOBHO 3aMOBHIOUM TPY MicuA
B TPUUMGPOBOMY UMCHi 1 BUKOPUCTOBYIOUMN NPaBuio JobyTKy. Y LibOMy BUNAAKy 3pyYHO
YHAaOUHUTM MipKYBaHHs, 306pa<atoun BifnoBigHi po3paan B TpuuudpoBoMy Ynchi y BUrIagi
KNITUHOK, HanpurKknag Tak:

6 MOXNUBOCTEN 6 MOXNUBOCTEN 5 MOXNUBOCTEN

Po3B’sA3aHHA

) KinbkicTh TpunudpoBux dmcesI, SKi MOKHA cKJacTu 3 7 nudp (cepes SKUX HEMAE
. . . . 3
nugpu 0), 1opiBHIOE YHCIy PO3MillieHb i3 7 eseMeHTiB 1o 3, To6TO A/ .

Age cepen 3amanux mudp € rnudpa 0, 3 AK0I He MOKe TTIOUNHATHCA TPUITU(PPOBE UIIC-
Jgo0. Tomy 3 posmimiens i3 7 egemMeHTiB Mo 3 HEOOXiAHO BUIYUUTH Ti PO3MIillleHHS,
y AKKUX ImepriuM egemenToM € mudpa 0. Ix kixpKicTs gopiBHIOE YmCTy po3MimeHb
i3 6 esemeHTiB 11O 2, TOOTO Ag. Orixe, IMIyKaHa KiTbKiCTh TPUIM(PPOBUX YUCETT JO-
piBHIOE:

A3 - A2=7-6-5-6-5=180.

3ATNMNTAHHA

1. ChopmyutoiiTe W TOACHITH HA HPUKJIALAX IIPABUJIO CYMH # TIPaBUJIO
IOOYTKY I/ PO3B’sI3yBaHHS KOMOIHATOPHHUX 3ajmgad.

2. IlosicHiTh, AKY CKiHUEHHY MHOKUHY BBa’KalOTh yImopsakoBaHoio. Hage-
IiTh OPUKJIAAU BHOPAIKOBAHUX CKIHUCHHUX MHOXKHH.

3. ITosicHiTh, 1110 HA3WBAIOTH PO3MIINIEHHAM 3 77 €JIeMEeHTIiB mo k 0e3 IOoB-
TopeHb. HaBemiTh mpukIamu.

4. 3anuurite QopMyJIy OJd OOUMCIeHHS YICJIa PO3MiIlleHb i3 7 eJIeMeHTiB
no k 0e3 moBTOpeHb. HaBemiTh HpuKJIagu il BUKOPHUCTAHHSI.

5% O0orpyHTyiiTe hopMyJy s OOUMCJIEHHS YMCJa PO3MillleHb i3 1 ejleMeH-
TiB mo k£ 0e3 IOBTOPEHb.
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BMPABU

8.1.1°

8.1.2°

8.1.4*

8.1.5%

8.1.10.

8.1.11%

8.1.12.

8.1.13%

Maewmo 4 pisui kKoHBepTu 6€3 MapoK i 3 pisHi Mmapku. CkijgbKoMa cCIIO-
cobaMu MOJKHA BHOpaATH KOHBEPT i Mapky OJd BigmpaBku jucrta?

Y wopoObmi micturkea 10 6inmx i 6 yopHmxX Kyab. CKijJbKOMa CIIOCO-
6aMu 3 KOPOOKU MOKHA BUTSATTH:
1) omHY Kyam0 OyIb-AKOTO KOJIBOPY; 2) nBi Kymai pisHOTO KOJIBOPY?

.Y xopsuHi Jgexxarb 12 abayk i 9 amenbcuuiB (yci pisui). IleTpux

BubOupae abo s101yKo, abo alenbCuH, Iriciada uoro Hagiiika BuOupae
3 TUX (PPYKTiB, IO BAJUIITUINCA, 1 AOJAYyKO, i ameabcuH. CKiIbKHU ic-
Hye Takux BuOopiB? Ilpm sxomy BuGopi Ilerpuka B Hagifiku Ginbime
MOKJIMBOCTEI BuOOPY?

Outuui moTpidHo BuKoHaTH 4 Tectu mporarom 8 auiB. CKimbKoMa cmo-

cobaMu MOKe OyTH CKJAIeHWU PO3KJajn il TecTyBaHHSA, AKINO B OOUH
J€Hb BOHA MO XK€ BHKOHYBaTHu Ti.TII:RI/I OOoUH TeCT?

CrismbKOMa cmocobaMu MOKe PO3MICTUTHCA POAWHA 3 TPhOX OCi0 y Yo-
TUPUMICHOMY KyIle, AKIIO iHIINX HACAKUPiB y Kyme memae?

.Is 30 mpumcyrHix Ha 360pax Tpeba BUOpaTH TOJOBY Ta CeKperaps.

CrimbKoMa cmocobamMu 1ie MOKHa 3poouTu?

. CkinpbKoMa cmoco0aMy MOMKYTh 3afiHATH IepIile, Apyre i TpeTe Micisa

8 yuacHuip (piHaabHOro 3abiry Ha agucranmio 100 m (mpumyckaemo,
1[0 BCi BOHM IIOKAXKYTh PisHHI uac)?

. CKkimbKoMa cmocobaMu MOKHA BUTOTOBUTH TPUKOJBLOPOBUM IIpaiop

3 BEPTUKAJbHUMHU CMyTraMH, SKIIO € Marepiaj 7 pisHUX KOJIBOPiB?

. Ha mromuni BigMiTuaIn 5 TOuoK. ix TMOTPiOHO ITO3HAYUTH JIATUHCHKUMU

oykBamu. CKimbKoMa crocobamMu e MOKHA 3pobutu (y JIAaTUHCBKOMY
aadasiri 26 6ykB)?

CrinbKu yoTUpUIU(PPOBUX UMCEJ] MOXKHA CKJiacTu i3 mudp 1, 3, 5, T,
9, AKINO MudPHU B YKUCIi HE MMOBTOPIOIOTHCA?

CrinbKM yoTUPUIIMPPOBUX UmMceJ MOKHA ckjactu i3 mudp 0, 2, 4, 6,
8, AKImO Iu(pPU B UKCIL HE MOBTOPIOIOTHCA?

Crinbku icuye cemuriupoBux Tese)OHHUX HOMEDPIB, V AKUX yci mud-
pu pisHi # mepima mudpa Bigminma Big myma?

CKinbKM pisHUX TPpUIUPPOBUX uuces (0e3 MOBTOPEHHA IU(MP) MOKHA
ckJjgactu i3 nmudpp 1, 2, 3, 4, 5 Tak, 1m0 omepsKaHi umcJa OyJIum:

1) mapuuMwY; 2) xpatHUMU 57

m
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MOACHEHHA N OBI'PYHTYBAHHA

OsHaueHHs. [lepecmaHoe8KOI0 3 n eNneMeHTiB Ha3MBa€eTbcA 6yAb-AKa Bnopaj-
KOBaHa MHOXIHA 3 NN 3aflaHNX eJIeMeHTiB.

Harapmaemo, m1o BmopsiiKoBaHa MHOMKWHA — I TaKa MHOMCUHA, 0N AKOL
6KA3AHO, AKUIL eJeMenm po3Miu,eHo Ha nepuwomy micuyi, axuil na opyzomy, ...,
AKUL HA N-MYy.

Hanpuknazn, mepecraBasioun mudpu B umeai 236 (TyT MHOKWHA UMD
{2; 3; 6} yoKe BIIOPAJKOBaHA), MOKHA CKJIACTU TaKi nepecmanosku 06e3 nos-
MOpeHb: (2;3;6), (2;6;3), (3;2;6), (3;6;2), (6;2;3), (6;3;2) — ycboro 6 1e-
pecTaHOBOK'.

KinpkicTh mepecTaHOBOK i3 1 eIeMeHTiB IIO3HA-
yatorb P,. Sk O6aummo, P;=6.

DaKTUYHO IIEPECTAHOBKU 3 7l €JIEMEHTIB € PO3-
MiIlleHHAMET 3 71 €JIEeMEHTIiB II0 71, TOMY

uaoTh P,. P — mepmra

P=A'=n(n-1D{n-2)..21. niTepa  (DPAHIIYBHKOTO
7L MHOMHIKIB cioBa permutation —
Ho6yTox 1-2-3-...-n mosuHauaioTh n!. Tomy epecTaHOBKA.
ozep:kaHa (popMyJia YmMcIA IEPECTAHOBOK 0e3 II0B-
TOpPEeHb i3 1 eJIeMeHTIiB MO)Ke OyTu 3ammcaHa Tak:

P,=n!=1.2-3-...-n.
Hanpuknan, P;=3!=1-2-3=6 (mo 36iracTbca 3 BiAIOBIAHNUM 3HAUEHHAM,
oJlep;KaHUM BUIIIE).
3a momomMoroo (akTopiaaiB (POpMyay AJS UKMCIa PO3MIIlleHb 0e3 MOBTOPEHD
Af=n(n-1)(n-2)-....(n-k+1) )

k MHOKHUKIB

KinpkicTs mepecTaHOBOK
3 N eJeMeHTiB mo3Ha-

MOJKHA 3aIucaTyé B iHIMOMY BumiAni. I[ad IIbOro IIOMHOMKMMO I TOMiJIMMO
Bupas y dopmyii (1) Ha gobyrox (n—k)(n—k-1)-...-2-1=(n—Ek)!. Ozep:xyemo:
Af=n(n-1)(n-2)-....(n-k+1)=
n(n-1)n-2)...(n-k+1)(n-k)(n-k-1)...3-2-1 n!
- (n-k)(n-k-1)...3-2-1 O

“ 3a3HAUMMO, IO KOYKHA TaKa II€PeCTAHOBKA BU3HAUYAE TPUIM(MPOBE UMCJIO, CKJIAJCHE
iz mudp 2, 3, 6, Tak, 1o MU(GpPU B YNCIi He ITOBTOPIOIOTHCS.
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Otxe, opMmyna AJA YHMCIA PO3MilieHb 0e3 TMOBTOPEHb i3 n eJeMeHTiB
mo k moxke OyTu 3ammcaHa Tak:

E_ n!
An = (n—r)" @

Haa moro mo6 1miero opmMysoi0 MOKHA OyJI0 KOPUCTYBATUCA TIPU BCiX
3HAUEeHHAX k, 30KpeMa npu k=n-1 ta npu k=n, TOMOBUJUCS BBasKaTH, II0:

1!1=1 i 0!=1.

6! 6!
Hanpukaazn, 3a ¢opmysiono (2) Ag =W=F=6!=1-2-3-4-5-6=720.
3ayBasKuMO, III0 B TMX BUNAJKAX, KOJU 3HAUEHHSA 7! BUSABISETHCA Iy:Ke

BeJIMKUM, BiNOBimi 3aJHWINAIOThL 3allMCAHMMM 3a JOIIOMOTOI0 (paKTopiaJris.

30! 30!

25
Hanpuxnazn, Aj, =m= 5

NPUKNAOWN PO3B'A3YBAHHA 3ABAAHb

Haramaemo: gas BuGopy (popMyJsiu Iijg dac pos3B’sA3yBaHHS HAWIIPOCTIIITNMX
KOMOiHATOPHUX 3aJad AOCTATHBO BiAMIOBICTH Ha 3alHTAHHSI:
® yu 8pPax08yIMsb NOPAOOK POIMIULEHHS eleMeHMI8 Y COAYUYL;
® yu gci 3adani enemenmu 8x00amv 00 00epHAHOL CNOLYKU?
SKm10, HATPUKJIAL, MOPAAOK PO3MIINEHHS €JEeMEHTIB ypaXxoBYEThCA i BCi
n 3aJaHUX €JIEMEHTIB BUKOPUCTOBYIOTHCSA y CIIOJYIi, TO 3a O3HAUEHHAM IIe
IepPecTaHOBKU 3 711 €JIEMEHTiB.

Mpuknag 1. 3HalAiTh, CKiNbKOMa cnocobamm MoXHa BiCiM yUHiB BULINKYBaTK B KO-
NTOHY MO OAHOMY.

Po3B'A3aHHA KomeHTap
» KinbKicTb crmocobiB HOpiBHIOE YHCTY Ina subopy BignosigHoi dopmynu 3'aco-
IepecTaHOBOK i3 8 ejleMeHTiB. BYEMO BIAMNOBIAi Ha 3anuTaHHA, HaBefeHi
To6To Brwe. OCKiNbKM MOPAJOK PO3MilleHHA
efleMeHTIB YpaxoBYETbCA 1 yCi 8 3afaHunX
P;=81=1-2-3-4-5-6-7-8=40320. efleMeHTiB BUOMpatoTbCA, TO BiANOBiAgHI

Cnonykyn — Lie nepectaHoBKu 3 8 ene-
MEHTIB. IX KiNbKicTb MOXHa o64YncInTK 3a
dopmynoto:

P,=n!=1.2.3-....n.
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Mpuknapg 2. 3HaNAiTb KiINbKICTb Pi3HUX YOTUPULNPPOBUX UnCeN, AKI MOXKHA CKTAcTu
i3 undp 0, 3, 7, 9 (undpwn B UMCHi HE NOBTOPIOIOTLCA).

Po3B’sizaHHA

» I3 woruprox mupp 0, 3, 7, 9 MoK-
Ha ofiep:xaru Py mepecranoBok. Ae Ti
TepecTaHoOBKY, AKiI moumHamoThea 3 0,
He OyAyTh 3aIICOM YOTUPUIII(GPOBOTO
upcaa — ix KiapkicTs P;. Tozi myka-
Ha KiJbKIiCTh YOTHMPUIIUDPOBUX YUCET
JIIOPiBHIOE:

P, - P,=41-31=
=1.2.3.4-1.2-3=18.

Mpuknap 3*.

KomeHTap

OcKinbKn NOpAfOK PO3MilLEHHA eNleMEeHTIB
YPaxoBYETbCA i ANA ofepaHHA YOoTUpU-
UMPPOBOro uncna NoTPibHO BUKOPUCTATU
BCi efleMeHTU, To NOTpibHa cnosyka — ue
nepecTaHoBKM 3 4 eNeMeHTiB. IX KinbKicTb
P, . Ane we noTpi6bHO BpaxyBaTy, L0 B 4O-
TMPULMPOBOMY UMCHi Ha MepLIOMY Mic-
Ui He moxe cTtoATu umbpa 0. Taknx umcen
6yne CTiNbKW, CKINbKU pasiB MU 3MOXKEMO
BMKOHATV NepecTaHoBKM 3 3 unop, Aki 3a-
anwmnucs, Tobto P,

3 pecATM KHWXOK YyoTupu — nigpydHukn. Ckinbkoma cnocobamu

MO>XHa MOCTaBUTU Lii KHVXKW Ha MOAULIO TakK, Wo6 yci nigpyyHuKn
CTOANN NOpPALZ OOVH 3 OOQHUM?

Po3B’sA3aHHA

» Cmouarky OymeMo pOS3TJIALATU
OiAPpyYHUKU, IO CTOATH HOPAL, AK
omHy KHMKKY. Toxi #Ha mosuiti moTpio-
Ho poscraBuTu He 10, a 7 kKHMKOK. Lle
MoskHa 3pobuTtu P, cmocobamu.

Y KOoKHOMY 3 OJlep:KaHUX HAOOPiB KHU-
SKOK IIle MOKHa BUKOHaTu P, mepe-
CTAaHOBOK IIiJPyYHUKiB. 3a IIpaBUJIOM
IOOYTKY IIyKaHa KiJbKicTh crioco0iB
JIOPiBHIOE:

P,-P,=T71-41=5040-24 =120 960.

KomeHTap

3apauy MOXHa po3B’'A3yBaTW Yy ABa eTanu.
Ha nepwomy eTtani ymoBHO O6ynemo BBa-
»Katn BCi NigpyYyHUKnM 3a 1 KHWXKKY. Topi
OfEPXUMO 7 KHUKOK (6 He MigpyyHuKiB
i T yMOBHa KHVXKa-MiAPYYHUK).

MNopAdoK po3MilleHHA enemMeHTiB ypaxo-
BYETbCH, | BAKOPUCTOBYIOTbCA BCi €NeMeHTN
(NocTaBUTY Ha NONNLIIO MOTPIOGHO BCi KHX-
Ku). OTKe, BianoBigHa cnonyka — Le nepe-
CTAHOBKY 3 7 enemeHTiB. IX Kinbkictb — P;.

Ha ppyromy etani po3s’'azyBaHHA Oygemo
nepecTaBnATU Mix coboto TiNbKM Nigpyy-
Huku. Lle moxHa 3pobutn P, cnocoba-
Mu. OCKiNbKM Ham NOTPIGHO NMepecTaBUTK
i NiAPYYHWKY, i iHLWI KHUXKW, TO BUKOPUCTO-
BYEMO MPaBUIO AOOYTKY.
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3ATMMNTAHHA

1. IloscHiTH, III0 HA3WBAETHLCS IEPECTAHOBKOIO 3 71 €JIeMEeHTiB 0e3 IOBTO-
pesb. HaBenits mpuraanu.

2. 3anwumnrite GOpMyay A OOYUCIIEHHA UYMCJIa IEPECTAHOBOK i3 n ejieMeH-
TiB 6e3 moBTOpeHb. HaBeniTh mpukJagu ii BUKOpPUCTAHHA.

3*. O6rpyuryiite (popmMysy IJs OOUMCIEHHS YKCJIA IIEPEeCTAHOBOK i3 1 eje-
MeHTiB 06e3 IIOBTOPEHbD.

BIMPABU

8.2.1° CkinmpkoMma crocobamMu 4 JIOAUHU MOYKYTH PO3MICTUTHCA HA YOTUPU-
MicHil gaBIi?

8.2.2°. Kyp’ep TTOBUHEH PO3HECTU MaKeTu B 7 pidHUX ycTaHOB. CKiIbKHM MapII-
PyTiB BiH MOKe BuOpaTu?

8.2.3° CrinbKM icHYe BUpPAasiB, TOTOMKHO PIiBHUX HOOYTKY abcde, IO Omep:Ky-
IOTBCSI 3 HBOI'O IIEPECTAHOBKOI MHOMKHUKIB?

8.2.4° Onpra mam’ATae, IO Tejle(OH IMOAPYTM 3aKiHuyeTbcA muppamm 5, 7,
8, aje 3abyaa, y SAKOMY MOOPAAKY IIi IIM(PU PO3MiIIeHo. YKaKiTh
HaMnOiabIle YMcJIo BapiaHTiB, 10 i moBemeThcsa Iepebparu, 1100 3aTe-
JedoHyBaTH MOAPY3i (AKIIIO BOHA MaM’sATae Bci iHmmi mumdpu HoMepa).

8.2.5. Crinbku mrectunudpoBux uucesa (0e3 mOBTOpeHHs Hudp) MOKHA CKJIa-
ctu i3 mudp:

D1, 2 56,7 8; 2)0, 2, 5,6, 7, 8

CkinbKu cepen 4oTHPUIU(MPOBUX UYMCE], CKJameHux i3 mudp 3, 5, 7,
9 (6e3 moBTOpeHHA HUMP), € TAKUX, IIO:

1) moumnHaThCA i3 1Ubpu 3; 2) xpatHi 5?

8.2.6

8.2.7. 3HaUAiTh CyMy MUDP yCiX YOTUPUIMGPPOBUX UMCE], AKI MOYKHA CKJIACTU
iz mudp 1, 3, 5, 7 (6e3 MOBTOPEeHHA MUDPP Y UHUCII).

8.2.8. Y poskJani Ha IIOHEIIJOK IIIiCTh YPOKiB: ajnrebpa, reoMerpisi, iHO3eM-

Ha MOBa, icTopid, QisKynbTypa, ximisa. Ckismbkoma cmocobaMu MOXKHA

CKJIACTHM PO3KJAJ YPOKiB Ha Ilell JeHb TaK, 11100 [BAa YPOKU MaTeMaTUKU

CTOSAJHN TOCIiIb?

8.2.9% CkijbkoMa crmocobaMy MOXKHA PO3CTABUTU Ha moauii 12 KHMIKOK, i3
AKUX D KHIMKOK — Ile 30ipHuMKHU BipIIiB, Tak, I[00 30ipHHUKHN CTOSJIN
IOPAL y JOBiJIBHOMY IIOPALKY?
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MOACHEHHA N OBI'PYHTYBAHHA

OsHaueHHA. Kom6iHayielo 6e3 noemopeHsb i3 n elemeHmie no k Ha3MBa€TbCA
6yab-Aika k-enemeHTHa NiAMHOXINHa 3aAaHOI n-efleMeHTHOI MHOXXUHN.

Hanpukaaz, i3 MHOKUHA {a, b, c,d} MOKHA CKJAacT! TaKi xomOimallii 6es
HOBTOpEHb i3 TphOX esmeMeHTiB: {a,b,c}, {a,b,d}, {a,c,d}, {b,c,d}.
KinbkicTe KoMOimariii 6e3 HOBTOPEHL i3 1 eJeMeHTIB Mo k II03HAUYAIOTh

CHIMBOJIOM C,’f (UUTaIOTh: «YHCJIO KOMOiHaIill i3 n mo k» abo «ie i3 n mo k»).
Ax 6auumo, C43 =4,

) 3'ACYEMO, CKiflbKM BCbOrO MOXHa CKacTv KOoMOGiHauUill 6e3 NoBTOpeHb i3 n ene-
MEHTIB Mo k. [1nA uboro BUKOPUCTAEMO BifoMi Ham Gopmynn yncna po3MilleHb
i NnepecTaHOBOK.
CknafaHHA po3milleHHA 6e3 NOBTOpeHb i3 . eneMeHTIB MO k& npoBefemo Yy ABa
etanu. CnoyaTky BMOEpemMo k Pi3HMX efleMeHTIB i3 3aJaHoi n-efieMeHTHOI MHO-
XKWHW, He BPAxOBYOUM MOPAAOK BUOOPY LIMX efleMeHTiB (To6To BMbepemo k-ene-
MEHTHY MiAMHOXWHY 3 n-€1eMeHTHOI MHOXWHM — KOMbiHaLjilo 6e3 noBTOpeHb

i3 n enemeHTIB MO k). 3a HalWKMM MO3HAYEHHAM Lie MOXKHa 3pobuUTK C,’f crnocoba-
mu. Micna uboro ofepkaHy MHOXUHY 3 k Pi3HVX efleMeHTiB ynopsaaKkyemo. i Mox-
Ha BrnopaakyBatn P, =Fk! cnocobamu. OpgepMmo po3milieHHA 6e3 NoBTOpPeHb
i3 n enemeHTiB No k. OTXe, KiNbKiCTb po3MillleHb 6e3 NOBTOPEHb i3 77 enemMeH-
TiB No k BE! pa3iB Ginbwa 3a yMcno KombiHauin 6e3 noBTOpeHb i3 n ene-
Ak
MeHTiB Mo k, To610 A* =C* .. 38igen CF = k—"‘ YpaxoBytoun, Lo 3a $popmysoto
Q) AF=

——— (guB. Nn. 8.2), 04epPKYEMO:
(n—p) A APy
E_ n!

" Rln-R)N

4! 1-2.3-4 KinpkicTs kom0binarii 6es mo-

3

3 _
Hanpuraazn, Cj = 31a_31 1.2.31 BTODPEHBb i3 N eJeMeHTiB 1o &

k
mo 36iraerbca 3i BHAYEHHAM, ojepiKaHuM | L08HATAIOTH CHMBOJIOM Cy-

BUIILIE.

BukopucroByrouu dopmyay (3), jerko oo-
I'PYHTYBaTu 8Jacmusicmsv 1 yucnia KoOMOIHA-
uiit 6e3 nosmopenb, HaBeleHy B Tabm. 12.

C — mepira Jgitepa (paHIly-
3BbKOI0 cJioBa combinaison —
KoMOiHaIisa
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! !
b 1) Ockinbku C** = ~ z k

" - ((n-(m-k))! (n-k)k! =Ca 10

ck=cr*, @)

Hasa Toro mob6 gopmyny (4) moxkHa OyJI0 BUKOPUCTOBYBaTH i mipu k=n,
JOMOBUJINCS BBaXKaTH, IO C,? =1. Toxi 3a dopmymnoio (4) C; =C,? =1.

3ayBarKkumMo, 1110 Gopmyay (4) MokHaA oTpuMaTy 0e3 O0UYHCJIEHb 3a JOII0-
MOI'0I0 JOCHUTBL IIPOCTHUX KOMOIHATOPHHX MipKyBaHb.

Komun mMum BuGumpaemo k mpenmeTiB i3 n, To n—k npegMeTiB MU 3aJiu-
mraemo. SIKIo %, HaBIAKW, BUOpaHi IpesMeTH 3aJUIINMO, a iHIOI n—k —
BuOEpeMo, TO OAEPsKMMO CIIOoci0 BuOOPYy n—Fk mnpeaMmeriB i3 n. 3asHauuMo,
10 MU OAEPIKATIU B3AEMHO 00HO3HAYHY 8i0nosidHicmb crocobiB BubGOpy k
i n—k upeameriB i3 n. OriKe, KinbKicTh THMX 1 iHIIMX cHOCOOIiB omHAKOBA.
Ase kimericts ogaux CF, a immmx C!*, tomy CF=C!*.

Axmo y dopmyni (3) CKOPOTHTH UYMCEeNbHUK i 3HAMEHHWK Ha (n—k)!,

TO oTpuMaeMo (OPMYJIy, 3a AKOI 3PYyUYHO OOUMCIIIOBATHU C,'f Ipu MaJx 3Ha-
yeHHAX k:

k MHOXKHUKIB k MHO:KHUKIB
r nn-D@m-2)...(n-k+1) nh-1D@-2)...(n-k+1)
ck= = . (5)

k! 1-2-...-k

%,—/
k MHOKHUKIB
2 MHOYKHUKH 3 MHOKHUKH

——
25-24 8-7-6

Hampuknam, Cay= =25-12=300, CSW:8-7:56.

NPUKNAAN PO3B'A3YBAHHA 3ABAAHb

3ayBasKuMo, II0, AK i paHime, nia Bubopy GhopMyJsu mif yac po3B’sA3yBaH-

HsS HAWIPOCTIMUX KOMOIHATOPHUX 3aJadY AOCTATHHO BIAMMOBICTH HA 3allMTAHHI:
® Yy 8paxo8yemMuvcs nopA0oK PO3MIULEHHS eJleMeHmi8 I CnOoLYui;
* yu gci 3a0ani enemenmu 6x00imov 00 00epHCAHOL CNOAYKU?

Are pns 3’sicyBaHHS TOro, IO 3ajJaHa CIOJYyKa € KomOiHalli€ro, mocTar-
HBO BiAMNOBicTM TiJbKM Ha Iepilie 3amuTaHHA (OuB. cxemy B Tabua. 12). fAximo
TOPAMOK PO3MIiIlleHHs €eJeMeHTiB He BPaXOBYETHCSA, TO 3a O3HAUEHHAM IIe
KoMOiHaIii 3 n ejxeMeHTiB 1o k.

117
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Mpuknapg 1. 13 12 uneHiB TyPUCTUYHOT rpynu NoTpibHo BnbGpatn 3 yeprosux. CKinb-
KOoMa criocobamm mMokHa 3pobuTtun uen Bubip?

Po3B’sA3aHHA

» FKiaskicTb crocobiB Bu-
oparu 3 12 TypucriB 3 uep-
TOBUX JOPiBHIOE KiJBKOCTI
KomOimamii i3 12 exemenTiB
o 3, To0TO
cs 12t 12t

12~ = =

31(12-3)1  31.9!

_12:11-10
1.2:3

=220.

KomeHTap

Ona Bnbopy BianosigHoi dopmynun 3'AcoByeEMO Bia-
noBiAi Ha 3anuUTaHHA, HaBeaeHi BuLle. OcKinbKn no-
PAOOK PO3MilLleHHA eNeMeHTIB He BPaXoBYETbCA (AnA
YeproBuUX He BaXKIUBO, Y AKOMY MOPAAKY iX BUOEPYTb),
TO BiAMOBIgHa CroflyKa € KombiHaLli€to 3 12 enemeHTiB
no 3. [ina o6umcneHHA MoxHa BuKopuctatu Gpopmy-
nm (3) abo (5), y gaHomy Bunagky 3actocyBanu ¢dop-
myny (3):

n!

ch=—"
El(n -k

n

Mpuknapg 2. |13 Ba3n 3 dpyKTamu, y AKi nexutb 10 pisHUX A6GAYK i 5 pi3HUX rpyLy,
notpibHo BrMbpatn 2 Abnyka i 3 rpywi. CKinbkoma cnocobamm MoXHa

3pobuTK Takmi BUGIp?
Po3B'A3aHHA

» BubGparm 2 abayka 3 10 mokHaA
0120 cmnocobamu. Ilpu Ko:xHOMY BuOGOpPi
A0JYK TPYIIi MOKHA BubpaTu C53 CIIO-
cobamu. Toxmi sa mpaBusIOM HOOYTKY
BUOIp MOTPiIOHUX (PPYKTiB MOXKHa BU-
xonarn Cry-Ci crocoGamu.

Opep:xyemo:

10-9 5-4-3 _

=450.
1.2 1.2-3

C120 ~C§’ =

KomeHTap

CnouaTky okpemo Bubepemo 2 abnyka 3 10
i 3 rpywi 3 5. OckinbKku nNpu BUGopPi AGNYK
Uum rpyLl NopAjoK PO3MILLEHHS eNeMEHTIB
He BPaxOBYETbCA, TO BifNOBIAHI CMONyKM —
KOMbGiHaL,ii 6e3 NMoBTOpPEHb.

YpaxoBytouu, wo Tpeba Bubpatn i 2 A6ny-
Ka, i 3 rpyuwi, BAKOPNCTOBYEMO MpaBu-
no pobyTKy M MepemMHOXYEMO ofep-

MKaHi MOXNMBOCTI BUGOpPY A6GNYK (Clzo)
i rpyw (053)
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3AMNMUTAHHA

1. IlosAcHiTH, III0 HA3WBAETHCA KOMOiHAIliAMU 3 7 eJieMeHTiB mo k 0e3 IOB-
TopeHb. HaBemiTh mpukJagu.

2. 3anuiiTe GpopmMyay A oOUMCIIeHHs Ylcjia KOMOiHaIill i3 n ejleMeHTiB
mo k 6e3 moBTOpeHb. HaBexmiTh mpuKJamu ii BUKOPUCTaHHA.

3* OO6rpyuTyliTe (opMyny aJid oOUYMCIEHHA UYucjia KOMOiHAIinn i3 n eJe-
MeHTiB 1o k 0e3 IOBTOPEHD.

4. TloAcHIT, Ha MPUKJIaAaX, IK MOKHA BUOMPATU BiATOBIAHY (hopMyJy IIin
yac pO3B’A3YBaHHS HANNPOCTIMIMNX KOMOiHATOpPHUX 3ajad.

BIMPABU

8.3.1°. ¥V kiaci 7 yuHiB Ta y4YeHHIIb YCIIIIIIHO HABYAIOTHCS MaTEeMATUKH.
Ckinpkoma cmocobaMy MOKHA BMOpaTH 3 HHUX 2 YUYHIB OJd yyacTi
B MaTeMaTHUuHil osaimmiazni?

8.3.2° V¥V wmarasuHi «®Pijarenis» mpomarTbh 8 pisHuMX HaOOPiB Mapok Ha
crnopTuBHY TeMaTukry. CKinbkoma cmocobaMy MOXKHA BHOpPATH 3 HUX
3 mabopu?

8.3.3°% Vumam gaau coucok iz 10 KHUKOK, II[0 PEKOMEHIOBAHO ITPOUYUTATHU
nig gac KaHikysa. CkinbKoMa crmocobaMu yueHb ab0 YUEHHILA MOXKe
BUOpaTu 3 HUX 6 KHUKOK?

8.3.4. Ha mosmii cToiTh 12 KHMMKOK: aHIVIO-YKPAIHCHKUI CIOBHUK i 11 XymosK-
HiX TBOpiB aHIUIilicbKoI0 MOBOIO. CKiJbKOMAa cCIocoO0aMu UHTAY MOIKE
BUOpaTu 3 KHUMKKHU, AKIIO:

1) cJIOBHUK TMOTPiOHUE oMy 00OB’A3KOBO;
2) cJIOBHUK IiOMy He TOTPiOHUIA?

8.3.5° VY xJiaci maBuatoThea 16 xjomumkiB i 12 giBuarok. [Iaa mpubupaHHSA
TEepUTOPil MOTPiOHO BUAIAUTU YOTUPHOX XJOMUYMUKIB i TPHOX AiBUATOK.
CrinmpKOMa cmocobamMu Iie MOKHa 3po0uTu?

8.3.6. Ilim uac 3ycTpiui 16 oci6 moTucau oxHe omHoMy pyKu. CKiJIBKH BCHOTO
3p00JIEHO PYKOCTUCKAHB?

8.3.7. T'pyna ogHOKJACHUKiIB Ta OomHOKJacHuUIb i3 30 oci6 Bupimmaa obmi-
HaTuca (orokaprkamu. CKiJIbKE BChOro (hPOTOKAPTOK IIOTPIOHO OYyJI0
I ILOro?
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8.3.8°
8.3.9°

8.3.10.

8.3.11.

8.3.12.

8.3.13.

8.3.14.

8.3.15.

8.3.16*.

8.3.17.

8.3.18.

8.3.19.

CKiJIbKE IIepecTaHOBOK MOXKHA 3pobuTtu 3 OyKB caoBa XAPKIB?

Iz 12 poGiTHUKIB-OypUJABHUKIB HOTPiOHO BiApaauTu 5 AJaA pPobOTU
B cycigmiii obsiacti. CKinmbkoMa crmocobaMu MOKHA YTBOPUTHU TaKy
Opuragy OJisd BiapsamKeHHsa?

Ckinpkoma pisHumMu crmocobamu 30opu, Ha aArkux npucytHi 40 ocio,
MOXKYTh O0OpaT; i3 umcja CBOiX yYaCHUKIB TroJioBy 300piB, fioro sa-
CTYIOHUKA Ta ceKperapsa?

CKiJIbKM NPpAMUX JiHIM MOKHA IIPOBECTH uepes 8 TOUOK, 3 AKUX HiAKi
TpU He Jiekarb Ha ofaHid mpawmiit? (KoxHa npamMa Mae TPOXOIUTU
yepe3 OBi 3aaHiI TOUKU.)

CKiJbKE PisHUX I’ATUIM(POBUX UYMCEJ MOXKHA 3aIlMCATH 34 JOIIOMO-
roio upp 1, 2, 3, 4, 5, 6, 7, 8, 9 6e3 ix moBTOpPEeHL?

Busnaute umcio BCcix miaromaJjeil IIpaBUJILHOTO:
1) I’ATUKYTHUKA;

2) BOCBMUKYTHUKA;

3) mIBaHANIATUKYTHUKA

4) I’ATHAAATUKYTHUKA.

CKiZnbKY PiBHUX TPUKOJBOPOBUX IIPATOPiB MOKHA 3pOOUTH, KOMOIHY-
oun 3 BepPTHUKAJbHI CMYIU XOBTOI'0, YOPHOT'O Ta YEPBOHOI'O KOJIHLOPiB?

CKinbKU PiBHMX ILJIOIMIMH MOKHA IIpoBecTu uepe3d 10 TOUOK, SKIIO
HifKi 4OTHPH TOYKM He JIeJKaTbh B ONHII IIJIOIMEHi?

CKinpKy pisHEMX MSTUIU(POBUX UMCEJ MOMKHA HAIIMCATH 34 IOIOMO-
roro mupp 0, 2, 4, 6, 8 6e3 ix moBTOpPEeHBL?

Cepen mepectaHoBOK i3 mupp 1, 2, 3, 4, 5 CKiIbKM TaKux, II[0 He
HmoumHaThCA Iudporo 5? umciaom 12?7 uwmciaom 1237

Cepen xombimarmiii i3 10 6yxs a, b, ¢, ... M0 4 CKIJIbKU TaKuX, IO He
mictaTs OykBu a? OyKB a i b?

Cepen poswmiiens i3 12 6ykB a, b, ¢, ... 0 5 CKiIbKM TaKMUX, IO HE
MicTaTh OyKBU a? OyKB a i b?



[MoHATTA

Mig ekcnepumeHmMamu 3 8uNAOKOBUMU pe-
3ynemamamu (abo, KopoTlLe, 8UNAOKO-
8UMU eKcnepuMeHmMamu) Po3yMmitoTb Pi3Hi
eKCneprMeHTK, AOCIANW, BUNPOOOBYBaHHS,
CNOCTEPEXKEHHS, BUMIpW, pe3ynbTaTin AKKX
3anexaTb Bif BMMaKy i AKi MOXHa NOBTO-
puTK 6araTo pasiB B OAHAKOBMX YMOBaX.

bynb-Akuin pesynbraT BUNagKoBOro eKkcne-
PUMEHTY Ha3nBaloTb 8UNAOKOBOIO NOJIEHD.
YHacnigoK Takoro ekcnepmmeHTy LA Nogis
Moxe abo BifbyTNCA, abo He BigbyTUCA.
BunaagkoBi nogii 3a3Bnyan no3HayarTb Be-
NIMKVMU JliTepamMmn NaTUHCbKOTO andasgiTy:
A, BC,D,...

Tabnuus 13

1. Bunagkosi nopgii

Mpuknagu
EkcnepuMeHTn 3 pyneTkoto, NiAKMaaHHAM
rpanbHOro Kybuka, NiAKUAAHHAM MOHETH,
cepia NOCTPiNiB OAHOrO CTPINbLA MO OAHIN
i Ti camin mileHi, yyacTb y noTepei Towo.

Mopii:

BUMagaHHs «repba», BUMagaHHA «yncna»
npy NigKMAaHHI MOHeTK; BMrpaLw y noTe-
peto; BUNAfgaHHA MEBHOI KiNbKOCTI OYOK
npwu NigKuaaHHi rpasibHOro Kybuka ToLwo.

2. MoHATTA, NoB’A3aHi 3 BUNAagKOBUMU NOAIAMIN B fleAKOMY eKCNepuMeHTi

Mopii By, B,, .., B, Ha3uBawTb pigHO-
MOX/IUBUMU, AKLLIO B LAHOMY eKCMepUMEHTI
HeMa€e HiAKMX NigcTaB BBakaTwu, WO OAHA
3 HUX MOXe BigbyTuca nepeBakHiwe 3a
Oyab-sKy iHLY.

Mogii A i B Ha3MBaloTb HECYMICHUMU, AKLLO
BOHV He MOXYTb Bif0OyTMCA OfHOYACHO
B JAHOMY eKCNepUMEeHTI.

Moaii C;, C,, ..., C, Ha3nBaloTb HeCymic-
HUMU, AKLLO KOXHa napa 3 HMUX HecymicHa
B A4aHOMY eKCrepuMeHTi.

Mopito U Ha3uBalTb 8ip0o2i0OHO, AKLWO
B pe3ynbTaTi JaHOro eKCneprMeHTY BOHa
060B'A3KOBO BifbOyaeTbCA.

B ekcnepumeHTi 3 04HOPa30BOro NigknaaH-
HS1 OHOPIAHOI MOHETM NPaBUIbHOT GopMM
PIBHOMOXXNMBMMM € MOAil:

A — BrnaB «rep6»,

B — Bunano «4ncnon.

B exkcnepumeHTi 3 nigKMAaHHA MOHETU
nopii A — Bunae «rep6» i B — Bunano
«YUCNO» — HeCYMIiCHI.

[na ekcnepmmeHTy 3 NiAKUAAHHA rPpanibHO-
ro kybuka nogii C; — BrnnagaHHAa 1 ouka,
C, — sunaganHa 3 ouok, C3 — BrnagaH-
HA 5 ouok, C, — BMUNafaHHA MAaPHOro Ync-
J1la OYOK — HEeCYMicCHI.

BunagaHHA MeHLwwe 7 04oK Npu NigKugaHHi
3BMYAHOIO rpasibHOro Kybuka (Ha rpaHsx
AIKOro no3HayeHo Big 1 4o 6 OYOK).



Mogito & Ha3vBalOTb HEMOX/IUBOH, AKLLO
BOHa He MoXe BifibyT1CA B AaHOMYy eKcrne-
PUMEHTI.
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BvnagaHHA 7 04OK Npu nigKkmnaaHHi rpanb-
Horo KybuKa.

3. MpocTip enemeHTapHUX NoAin

[MoHaTTa

Hexain pe3ynbtaTom feAakoro BMMNajKoBoO-
ro eKCneprMeHTy Moxe OyTu TinbKn ofHa
3 MOMAPHO HECYMICHWX NOAIN Uy, Uy, ..., U,,.
Ha3sseMmo Ui nogii enemeHmapHumu noois-
MU, @ MHOXWHY BCiX LiX NOAitn

Uz{ul,u2,...,un} —

npocmopom esemeHmMapHux nooid.

byab-AKy NiAMHOXUHY NPOCTOPY enemeH-
TapHux nogin U BBakaTMMeMO BuUMNagKo-
BOIO nopgieio A.

Mpuknapg,

1. AnAa ekcneprMeHTy 3 NigKngaHHA MOHe-
T enemeHTapHUMK ByayTb nopii:

u; — BUMNaB «rep6»,
Uy — BUNAJIO «HNCNO>.

Topi npocTip enemeHTapHUX nogin 6yge

cknagaTtuca 3 ABOX MNofin: Uz{ul,u2}.

(i nogii nonapHO HecyMicHi, y pe3ynbTari

eKcrnepuMeHTy 060B'A3KOBO BifbOyaeTbcA

OAHa i3 umx nogiin.)

2. inA eKcnepuMeHTy 3 NigKUAAHHA rpab-
HOro Kybrka enemMeHTapHUMK MOXYTb
6yTn nopii uy, Uy, Ug, Uy, Us, Ug, O€
u;, — BunagaHHa k ouok, k=1, 2, 3, 4,
5, 6. Y ubomy BMnNagKy npocTip enemeH-
TapHWX nogdin Gyne cknagatuca i3 Lwe-
ctu nogin: U = {ul, Ug, Usg, Uy, Us, uﬁ}.

4. KnacnyHe o3Ha4YeHHA NMOBiPHOCTI
(anA piBHOMOXAMBUX eNNeMeHTapHUX NoAin)

Hexalh 3apgaHO NpoCTip eneMeHTapHUX
nogin, yci enemeHTapHi nogii AKOro — pi.-
HOMOXJIUBI.

VimosipHicmb nodir A — e BigHOWEHHA
yncna CNpPUATANBUX ANA Hel enemMeHTapHNX
noain (m) po ymcna BCix PiIBHOMOXINBUX
enemMeHTapHUX Nogin (n) y gaHoMy ekcre-
PUMEHTI:

pla)=".

Mpuxknap,
3HaligiTb iIMOBIPHICTb BMMNagaHHA Ginblue
YOTUPbOX OYOK NMPY NiAKUAAHHI FPasibHOro
Ky6uKa.

» Po3rnaHemo AK enemeHTapHi noail
WiCTb PIBHOMOK/MBUX pe3ynbTaTiB NifKn-
JaHHA Kybuka — Bunano 1, 2, 3, 4, 5 abo
6 o4oK (oTke, n=06). MNogia A — Bunano
6inblue 4 oyoK. CnpuATANBUMM ANA Nogii A
€ TINbKN [Bi enemeHTapHi nogii — Bmnano 5
abo 6 o4yokK (Tobto m =2).

m 2 1

Togi P(A)=—===—,
n 6 3

VImoBipHicTb BiporigHoi (U) Ta HeMOXnBOI (@) noain:

P(U)=1

P(D)=0
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MOACHEHHSA N OBI'PYHTYBAHHA

Hawm wacTo moBoguThCs IIPOBOAUTH PidHI CIIOCTEpPE:KeHHs, AOoCainm, OparTu
y4acTb B €KCIepHuMeHTax ab00 BHOPOOYBAHHAX. HacTo TaKi eKCIepuMeHTH
3aBePHIYIOTHCS pPe3yJabTaToOM, AKHWN 3a3fajierinb MependaduuTy HeMOYKJIUBO.
Hanpukaan, My KymyeMoO JIOTEPEHHUN KBUTOK i He 3HAEMO, BUI'DAEMO YU
Hi; migKumaeMo MOHeTY i He 3HAEMO, IO BUIIAJe — <«YHCJI0» UM «repd». Yu
MOKHA SIKMMOCh YMHOM OI[IHUTH NIaHCU MOSABU Pe3yJbTaTy, AKUHN Hac IiKa-
BuThH? BigmoBigh Ha Ii 3amuTaHHA A€ PO3AiJ MaTeMaTHKH, IO Ma€ HAa3BY
meopia iimogipnocmeil. Mu osHailioMuMOCS TiJIBKKM 3 OCHOBaMm Iriel Teopii.

OgHUM 3 OCHOBHUX IIOHATDH, IKi PO3IVIALAIOTHCSI B Teopii HMoBipHOCTEI,
€ TOHATTA eKcnepumeHmy 3 6unadKosumMu pe3yibmamamu.

IIpukaagomM Taxkoro eKCIIEPpUMEHTY MOKe OyTU MiAKUTAHHA MOHETHU CY.-
Iero QyTOOIBHOTO MaTuy Iepef] MOro IOYATKOM i3 MeTO0 BUBHAUEHH:A, dKa
3 KOMaH] TOYHEe MaT4 i3 IeHTpa TOJId.

IIizg excmepuMeHTaMu 3 BUIIAJKOBUMU pedyiabTaTaMu (a0o, KOpPOTIIle, BU-
MaJKOBUMU €KCIepUMeHTaM1) PO3YMilOTh pPi3HI eKCIlepuMeHTH, JOCJIiau,
BUIIPOOOBYBaHH:A, CIIOCTEPEKEHHSA, BUMIpU, PE3yJbTaTH AKUX 3aJieKaThb Bif
BUIMAAKY 1 AKi MoKHA HOBTOpPUTH OaraTo pasiB B OJHAKOBUX yMoBax. Ha-
IPUKJIA, Ile cepid MOCTPiJIiB OJHOrO CTPiJAbIA MO ONHiN i Ti# camiit mirmeHi,
y4acTb y JioTepei, BUTATAHHA ITPOHYMEPOBAHUX KYJb i3 KOpPOOKU, eKcIiepu-
MEHTHU 3 PYJIETKOI, MiTKUIAHHAM I'DAJbHOTO KyOWKa, MiIKUJAaHHAM MOHETH.

D Bynp-akuii pesyiabraT BHUIAJKOBOIO €KCIEPHMEHTY HAa3UBAIOTh 8UNAOKO-
8010 nodiero.

VHaCIiIOK eKCIepUMEeHTYy, KNI PO3TISLacThbCsA, A IOoAis MoKe abo
BimOyTucsi, abo He BimOyTucs. 3as3HAUMMO, IO OJs KOXKHOI'O BUIIAJZKOBOI'O
eKCIepPUMEHTY 3BUYAMHO 3a3jalierifb JOMOBJAIOTLCA, SAKi MOro pesyJbTaTu
POBIIIANAIOTHCA AK eJleMeHTapHi momii, a ImMoTiM BUHOAIKOBA IIOAidA PO3TJIALa-
€ThCA SAK IMiAMHOMKHHA OTPUMAaHOI MHOKUHU (AuB. m. 3 Taba. 13).

Hapani, ax npaBuio, OymeMo mo3HavyaTH BUIAAKOBI IOAil BeJIMKUMU Jia-
TUHCBKUMU JiiTepamu: A, B, C, D, ... .

ToBopsAum mpo BumamgkKosi momii, OygemMo BBaskaTu, IO BOHU IIOB’SI3aHi
3 OJHUM KOHKPETHUM BUIATKOBUM EKCIEePHMEHTOM.

3ayBasKmuMO, III0 0araTo BasKJIMBUX i MOTPIOHMX (PaKTiB Teopil MMOBiIpHO-
cTell CIIOUATKY OyJIiM ofep:KaHi 3a JOIOMOI'OI0 AY:Ke IIPOCTHUX EeKCIIEPHMEHTIiB.
Benuky posib y PO3BUTKY Teopil MMOBipHOCTeH AK HAYKHU 3irpajm 3BHUYANHI
MOHETHU Ta T'paJibHi KyOHKMH.

123
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Ane mi monemu i KyOuku, AKi po3easdawmuvcs 6 meopil mosgiprocmeil,
€ MamemamuyHuMu O0paA3aMu CNpasicHixX mMoHem i KyOukié (TOMy IIpO
HUX iHOMi TOBOPATH, IO Ile MaTeMaTHYHA MOHeTa W MaTeMaTUYHUUA I'pPajib-
HUl KyOuK).

Hanpuknan, mamemamuuna moHema, SAKY BUKOPUCTOBYIOTH y Teopil
WMoOBipHOCTE#, TMo30aBJieHa 0araThOX SKOCTEeN CHpPaBKHBHOI MOHETH. Y Mare-
MaTHUYHOI MOHETH HeMa€e KOJIbopy, Po3Mipy, Barm Ta Iinu. Bowma He 3poOsieHa
Hi 3 AKOTro Marepiajy i He MOMKe CJHYXKUTU ILIaTisKHUM 3acobom. MoHera,
3 MOTVIAAY Teopil MMoBipHOCTEl, Ma€ TiJILKU IBi CTOPOHU, OJHA 3 AKUX HA3U-
BaeTbCA «repb», a iHIma — «uuncyio». MOHeTy KUIAIOTh, i BOHA MHajgae OMHIi€I0
3i cTopin yropy. Higskux iHIMIMX BJIacTUBOCTEH y MaTeMaTHYHOI MOHETU HEMAE.
MaremarrnyHa MOHETa BBaKAETLCA cumempuuHoio. lle o3Hauae, 110 KUHyTa
Ha cmiJl MOHema MaA€ Pi6Hi WaAHCU sunacmu «zepoom» abo «uucaom». Ilpu
IIbOMY MAa€TbCA HaA yBasi, IMO HiAKWI iHIIUHA pe3yabTaT KUJAHHA MOHETU
HEMOXKJIUBUHM — BOHA HE MOMKE€ 3aryOouTucs, 3aKOTUBIINCH y KYTOK i, TUM
Oisbllle, HE MOJKE «CTaTu Ha pPedpo».

CmpaB:KHs MeTajeBa MOHETa CJIY:KUTDL JHINE 1JIcTpallielo IJad Mare-
matuyHOoi MoHeTH. CIpaB:KHA MOHETa MOKe OyTH TPOXU BBIrHYTOIO, MOKe
MaTu iHm gedgeKTH, AKi BIJIMBAIOTL Ha pe3yabTaTu KugaHHA. IIpore, 1100
IepeBipUTH HA TPAKTUIL MOCTIAW 3 MiAKUJAAHHAM MaTeMaTUYHOI MOHETH, MU
KUJAEMO 3BUYANHY MOHeTy (0e3 aBHUX nedeKTiB).

OcCKinbKy CnpaBXHA MOHETa He € iealbHOI0, Y/ MOKe CTaTUCA, WO BUNafaHHA «rep-
=/ 6a» OnA CnpaBXHbOI MOHETU GiNbLL IMOBIPHe, HiX BUNadaHHA «uncna» abo HaBnaku?

[i3nanTeca, ys NpoBOAWINCA BIANOBIAHI JOCNIAMXEHHA Y CBIiTi. AKWO TaK, TO AKi X

pe3ynbTat? AK 3anexuTb pe3ynbTaT Bid KpaiHW MOXOOXKEeHHA MOHeTu?

I'panbunii KyOMK TaKOMK CIAYKUTH IIPEKPACHUM 3acO00M IJs irocTparrii
BUNAIKOBUX MOAiii. I'pasbHMii KyOMK Mae AUBOBMIKHY icTopiro. I'pa 3 KyOuka-
MU — OfHa 3 HalgaBHimux. Bona Oyiya Bimoma B rimbokiii masuuui B IHAII,
Kurai, Jligii, €runti, I'penii #i Pumi. I'panapHi KyOuMKu 3Haxoguau B €rumnTi
(maryrorbca XX cr. mo H. e.) i B Kurai (VI cr. 10 H. e.) mpu pPO3KOIKaxX
CTapoaBHiX IIOXOBaHb.

Ilpasunvhi (cumempuyni) kybuku 3a0e3meUyIOTH OAHAKOBI IITaHCU BUIIA-
OaHHA KOMKHOI rpaHi. s mporo Bci rpani moBuHHI OyTH OZHAKOBOI ILJIOIIi,
IIJOCKMMHU I OAHAKOBO IiafieHbKuMH. KyOuK mMae OyTu came Kyb6iumHoi (hopmmu,
a Ioro IEHTP Baru Mae 30iraTucs 3 TeOMeTPUYHUM IeHTPOM. BepinmumHu i pe-
0pa KyOWKiB MOBMHHI Maru NpaBUJIbHY (Gopmy. SIKIO BOHM OKpPyIwIi, TO BCi
OKPYIVIEHHSI MaioTh OyTu ogHakoBuMu. OTBOPHU, AKI MapKyOTh KiJIBKICTh OYOK
Ha T'paHsaxX, MOBUHHI OYyTH IIPOCBEpAJEeHI HAa OgHAKOBY riubmuy. CyMa OUOK Ha
IIPOTHJIE}KHUX TPAaHAX IPABUJIBHOIO KyOwKa mopiBHIOE 7 (pumc. 9.1).
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Mamemamuyrnuil epaivHuil KYoukK, AKUN

06roBOPIOETHCA B Teopii HMoBipHOCTEH, — IIe Puc. 9.1 m
mamemamuiHuiL oopa3 npasusbH0z0 KYyOu- s o

Ka. Bunaganuda Bcix rpaHell piBHOMOKJIUBE. .« ol o ole o °
Ilomibmo mo MaTeMaTHYHOI MOHETH, MarTe- t ol ® el ole
MaTUYHUN KyOMK He Ma€e Hi KOJIbOpy, Hi e o
pos3mipy, Hi Baru, Hi IHIIHX MaTepiaJbHUX o o

AKOCTEI.

Hexaii mpoBeneHo AKUICH BUIIATKOBUN eKclepuMeHT. Ik 3asHauajiocs
BUIIle, MOT0 pe3yJbTaTaMM € AeAKi BUIIAQAKOBI moxii. YHacCJiZOK TaKoOro eKc-
MepUMEHTy KOJKHa 3 IOAill Mo:Kke abo BimOyTucs, abo He BimbOytucs. Ili momii
MOB’sI3aHi 3 KOHKPETHUM BUIIAJKOBUM EKCIIEPUMEHTOM.

O3HayeHHA. MoAii Ha3MBalOTbCA pieBHOMOXTUBUMU, AKLLO B fAHOMY eKcne-

PUMeHTi HeMma€e HIAKUX NiACTaB BBa)KaTu, WO OAHA 3 HMUX MOXKe BigbyTucsa

nepeBakHiwe 3a 6yAb-AKY iHWY.

Hanpukaazn, B eKCIepUMEHTI 3 OZHOPA30BOTO MiAKUJIAHHSA OMTHOPiZHOI
MOHETH NPaBUJIbHOI (DOPMU PiBHOMOMKJIMBUMH € IOAii: A — BHUIAaB «repd»,
B — BUIAJI0 «4YHUCJO».

O3HaueHHA. Mogii A i B Ha3uBalOTbCA HECYMICHUMU, SIKLO BOHN HE MOXYTb
Big6yTNCA OAHOYACHO B JAHOMY €KCNepuMEeHTi.

Tax, B eKclIepuMeHTi 3 OZHOPA30BOro MHiAKMAAHHS MOHeTH Iomgii A —
BUIIaB «repb» i B — BUIIAJO0 «YHCJI0» — HECYMiCHI.

Iloxii Cy, C,, ..., C, HasUBAOTH HeCYMiCHUMU, AKINO KOXKHA IIapa 3 HUX
HecyMicHa B JaHOMY eKcmepuMeHTi. [JIsg eKcnepuMeHTy 3 HiIKUIAHHA I'paib-
Horo Kybmka moxii: C; — BumagaHHa 1 ouka, C, — BHIaJaHHA 2 OUOK,
C; — BumaganHa 3 ouok, C, — Bunajgam"a 4 odox, C; — BUIAJAHHA
5 ouok, C; — BuUIagaHHA 6 O4OK — HecyMicHi (I piBHOMOXKINBI).

Os3HaueHHsA. Mopgia U Ha3MBa€TbCA 8ipo2iOHO, AKWO B pe3ysnbTaTi JaHOro

eKcnepumeHTy BOHa 060B’A3KOBO BigbyaeTbcA.

Hanpurknaan, sunagamuaa meHnre 10 ouok IIpm TigKUOaHHI I'pPaJbHOrO
KyOmka (Ha IpaHAX SAKOro mO3HaueHO Bim 1 mo 6 OYOK) € BiporigHOIO Iomi€ro.

O3HaueHHA. Mopia J Ha3MBaAETbCA HEeMOXJ/IUBOIO, AKLLO BOHA He MoXKe Bif-

6yTnCcA B faHOMY eKCNepuMeHTi.

Hanpukiaazn, sunagandas 9 oUoK IpH MiAKMAAHHI I'paJbHOr0 KyOMKa —
HEeMOKJIMBA TOMmid.
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Hexaii pesysmbraTtom IesdKOTO0 BUIIQJKOBOTO EKCIEPUMEHTY MOXKe OyTH!
TiIBKM OfHA 3 IIONApHO HecyMicHUX Hofiit uq, u,, ..., u,. HasBemo ix exe-
MeHmMapHumu nodiamu, a MHOKHUHY BCiX IUX IOii U={u1,u2,...,un} —
npocmopoM ejeMeHmapHux noodii.

Hanpuknan, mia ekcuepuMeHTY 3 HiJKUJaHHSA MOHETH eJIEMEHTapPHUMU
nogiaMu OymayThb: u; — BHUIAJaHHA «repba», U, — BUIAJaHHA «uucia». Toxi
IPOCTip eJieMeHTApPHUX MOAiN Oyne CKJaagaTucA 3 ABOX IIOHiii: U={u1,u2}.
(ITi moxii mecywmicui, i B pesyibraTi eKcIepuMeHTy O0OB’A3KOBO BimOymeTbhCs
OJHA i3 WX ITOMili.)

A eKcHmepuMeHTY 3 HifKuUAaHHA TIPaJibHOTO KyOMKa eJjieMeHTapHUMU

moAiAMM MOMKYTh OyTH: u; — BUNaJaHHA 1 OuKa, U, — BUNAJAHHA 2 OUOK,
Uu; — BUNAJAHHA 3 OYOK, U, — BHUNAJAHHA 4 OYOK, U; — BHUIAJAHHA
5 OUOK, Uy — BUNAJAHHA 6 04OK. ¥ IIbOMY BUIAJKY IPOCTIp eJeMeHTapHUX

momifi OyJe CKJaZaTUCA i3 IIeCTH MOMiii: U:{ul,uz,u3,u4,u5,u6}.

Bynp-aKy migMOMKUHY IIPOCTOPY ejJeMeHTapHuxX mnofiii U BBasKaTmMeMO
BUIIaAKOBOIO moficio A. Hampukaam, 115 eKCIepUMeHTY 3 MiAKUAAHHA IPajlb-
HOTO KyOMKa BUMIAIKOBOIO € TOofid A — BUMAJaHHS IIapHOI KiJBKOCTI OYOK,
OCKiJIbKU Az{uz,u4,u6} — migmuoxuna U.

Hexaii pesyiabTaToM [IesKOr0 BHUIIAAKOBOT'O EKCIEPUMEHTY MOYKe OyTu
OHa ¥ TiJIBbKM OOHA 3 N IIOIAapPHO HECYMICHUX i PiBHOMOKJIMBUX eJIeMeHTap-
HUX IOmi# u;, Uy, ..., U, (T00TO mpoctip U enemeHTapHUX IOAiN JaHOrO
BUIIQJKOBOTO EKCIIEPUMEHTY CKJAJa€ThCA 3 PiBHOMOMKJIMBUX eJIEMEHTAPHUX

momi u;, Uy, ..., U,. I Hexall y JaHOMYy eKCIepPHMEHTi Iofid A moJArae

B TOMY, IO BimOyBa€eThCs OTHA 3 M HaIepen

BUOKPEMJEHUX eJIeMEeHTapHUX NOomii U »

Byksa P (nmosHaueHHs HMOBIip- Uiy wees Uy TOOTO A={ui1,ui2,...,uim}
HOCTi) — mepima OyKBa (paH-

) (y IpOMYy BUIIAAKY TOBOPATH, ITIO eJIeMeHTap-
IIy3bKOTO cJioBa probabiliteé

Hi mogil u; , u; , ..., 4; CIPHUAIOTH Hoxii A).
abo JIaTUHCBHKOTO cJioBa proba- 1 2 m
bilitas, 110 B IepeKJIaJi 0O3HaUaE WwmoBipHicTs moxmii A o3HaumMO SK Bif-
itmosipHicmb. HOINIEHHS YMCJIa M eJIeMeHTapHUX IIOAili, IIT0

CIPUSIOTEH IOAil A, M0 3araJbHOr0 YMcja 7
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‘o . . m
€JIEMEeHTapHUX IIoA1M Yy AJaHOMY €EKCII€PpMMEHTI1, TOOTO AK B1OHOIIIEHHA —.
n

HmosipHicTs momii A sBMuaiiHO O3HAYAIOTH P(A). Toxi
m

P(A)=—.

n
Iliero piBHiCTIO BUpaKaeTbCA KJAACUYHE O3HAUCHHSA UMOBipHOCMI, SAKe

MOXKHa c()OPMYJIIOBATU TAKUM UMHOM.

O3Ha4yeHHsA. AKWO po3rNAfaeTbCA NPOCTiPp PiIBHOMOXNANBYX e/leMeHTapHNX
nopaii, To timosipHicmb nodii A — uUe BigHOLWEHHA Yncna CNpUuATANBUX ANA
Hel efleMeHTapHMX NOAiIN A0 Yncna BCiXx piBHOMOXINBUX eleMeHTapHUX Nno-
AiN y faHOMY eKCrnepuMeHTi.

Hanpukiaan, B eKcnepuMeHTiI 3 IiIKHUAAHHS MOHETH PiBHOMOMKJINBUMU
eJIeMeHTAPHUMH IIOLiAMU € IBi (n=2) moxii: A — Bumas «repb6» i B — BUOAJIO

1
«gucio». Ioxii A cpuse Tinpku oguu Bumagox (m=1), Tomy P(A)zﬂzg.
n

. A . 1 1
OueBUHO, IO MMOBipHicTH momii B TakoK OOPiBHIOE E: P(B):E' Orxe,
B eKCIIEPUMEHTi 3 OJHOPA30BOI0 MiAKUIAHHS MOHETU MMOBIpHICTH BUIATaHHS
: 1
«repba» (abo «umcaa») TOPiIBHIOE .

Amnajioriuao oOI'pyHTOBYETHCSA, II[0 B €KCIEPUMEHTI 3 HiJKUIaHHS I'PaJib-
HOro KyOuka i#imoBipmicTh moamii A, — BumaJo i ouok (i=1, 2, 3, 4, 5, 6)

. 1
JIOPiBHIOE e

@ OG6rpyHTYiITe e CaMOCTINHO.

3a3HaunMoO, 1110 KOJHU B OYIb-IKOMY €KCIIEPMMEHTI PO3IISHYTH HEMOMKJI-
BY IOAil0 J, TO HEMae€ eJeMEeHTAPHUX IIOLil, IO CIPUAIOTH Iiil momii, To0TO
YUCJIO eJeMeHTAPHUX MOAiN, CIPUATINBUX IJA Hel, TOPiBHIOE HYJIIO (m=0),

i Toxi P(@)=3=0.
n

D Om:xe, HUMOBipHiCTh HEMOKJIMBOI MOl mopiBHIOE 0.

Hampukaan, B eKcIlepuMeHTI 3 HiAKMIAHHA IPaJbHOTO KyOMKa MMOBIip-
HICTH HEMOKJIMBOI momii A — Bumajo 7 ouoKk — mopiBHIOE 0.

SAKno B OyAb-AKOMY €KCHepMMEHTi POsIIAHYyTH BiporigHy momito U, To
iff cnpusioTh yei emementapri moxii B mpoMy excmepuMerTi (m=n), i Toxi

PU)="=1.
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D Omxe, iimMoBipHicTs Biporiguoi momii mopisuioe 1.

Hanpuxkiaazn, B excmepuMeHTI 3 MigKUZAHHA IPajJbHOr0 KyOHMKa IIO-
misgs A — BumaJso 1 ouxo, abo 2 ouku, abo 3 ouxku, abo 4 ouxku, abo 5 OUOK,
abo 6 ouox — Biporigma i ii #imoBipHicTh mopiBHIOE 1.

NPUKNAAN PO3B'A3YBAHHA 3ABAAHDb"

Mpuknap 1. Kopuctyiouncb KnacMyHMM O3HaYe€HHAM MMOBIPHOCTI, 3HaNAemMo NMo-
BipHiCTb Mofii A — BMMagaHHA Yncna OYOK, KpaTHOro 3, Nnpu NiakuaaH-
Hi rpanbHoro Kybuka.

Po3B'si3aHHA

) Ak 3asHauvajiocs BUIIE, B eKCIEPUMEHTI 3 MiAKUAaHHA KyOMUKa icHye IIicTh mo-
IapHO HEeCYMiCHUX PiBHOMOKJIMBUX eJeMeHTapHUX Iomiii — sunaJo 1, 2, 3, 4, 5,
6 04OK (TaKOK MOYKHA CKas3aTH, 0 MPOCTip eJJeMEeHTapHUX MOAill CKJIAJAE€ThCA 3 II1e-
CTH BKa3aHUX MOIIAPHO HECYMiCHUX PiBHOMOMKJIMBUX MOAiN). CIpUATIUBUMU AJIA
noxii A € TibKM OBi eJeMeHTapHi moxii: Bumaso 3 ouku i BumaJjo 6 ouox. OTixe,

2 1

MmoBipHicTs monii A mopiBHIOE: P(A)= E = E

Mpuknapg 2. Metpo 11 MNaBno KnaawTb 3e/IeHNN i 6AaKUTHUIA TPanbHi KYOUKN i KOX-
HOro pasy NiApaxoByOTb CYMy OYOK, Wo Bunanu (puc. 9.2). BoHn gomo-
BUANCA, WO Y BUMAZKY, KONW B Yeprosii cnpobi B cymi Bunage 8 ouok,
Burpac etpo, a Konu B cymi Bunage 7 o4uok — Burpae aeno. Yn € ya
rpa cnpaeeannBoto?
Po3B’A3aHHA

) Ilpu KuganHI KyOMKiB HA KOXKHOMY 3 HUX MOsKe Bunactu 1, 2, 3, 4, 5 a6o 6 ouox.
KoxHOMY uMCay OUOK, SIKi BHIAJIXM HA 3e€JIEHOMY
Kyoury (1, 2, 3, 4, 5 abo 6 ouok), BigmoBizae IricThH
BapiaHTIiB UmMCJIa OUOK, AKiI BUOaJIM Ha OJAKUTHO-
My Kyoury. OTike, ychoro ofep:kyemMo 36 ImmomapHoO ’ g
HEeCYMiCHUX PiBHOMOKJINBUX eJeMeHTapHUX O
— Ppes3yJbTaTiB IILOTO eKCIIEPUMEHTY, AKi HaBeIeHO
B TabOJJIMIi:

Punc.9.2

“ KomeHTap BKJIIOUEHO B 3AMIUC PO3B’ I3aHHA.
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(1;1) (2;1) (3;1) (4;1) (5:1) (651)
(1;2) (2;2) (3;2) (4;2) (5;2) (6;2)
(1;8) (2;3) (3;3) (4;3) (5;3) (6;3)
(1;4) (2;4) (3;4) (4;4) (5:4) (6;4)
(1;5) (2;5) (3;5) (4;5) (5:5) (6;5)
(1;6) (2;6) (3;6) (4;6) (5:6) (6;6)

(Y KoKHiM mapi ymces Ha HepPIIOMY MicCIli 3aIMCAaHO YMCJIO OYOK, SIKe BUIIAJIO HA
3eJleHOMY KYOUKY, a Ha APYTroMYy MiCIli — UYHMCJIO OUOK, II[0 BUIIAJIO HA OJIaKUTHOMY
KyOuKy.)

Hexaii momiss A osHauae, 1110 IpU KUAAHHI KyOUKiB y cyMi BuItajo 8 OUOK, a momis
B — 1110 Tpu KMAAaHHI KyOUKiB y cyMi Bumajo 7 oUoK.

Ons noxii A cipuATINBUMY € TaKi 5 pesyabTariB (eJI€MEeHTapHUX TIOZiA):

(2;6), (3;5), (4:4), (5:3), (6;2).
s nmoxii B cnpuATINBUMHY € TaKi 6 pe3yabTaTiB (eJIeMeHTaPHUX ITOMit):
(1;6), (2;5), (3;4), (4:3), (5:2), (6;1).
Toni
P(4)=—, P(B)=—-.
36 36

Omxe, mancis Burpatu B I[1aBia 6inbime, Hisk y Ilerpa. To6To Taka rpa He 6y/e cirpa-
BEJJINBOIO.

3a3HaunuMo, IO Pe3yabTaTU eKCIEePUMEHTY 3 IiJKMIaHHSA ABOX I'PAJbHUX
KyOMKiB, HaBeleHi B mpuKJaai 2, HJO3BOJSIOTH O0OUUCIUTH MMOBIPHOCTI mOsSBU
Tiel abo iHIITOI CyMH OYOK, II0 BHUIIAAAIOTH IIPU MiKMAAHHI ABOX I'pPaJbHUX
KyOuKiB.

Cyma o4yok 2 3 4 5 6 7 8 9 10 11 12

. 1 1 1 1 5 1

WmoBipHicTb —  — | —— — — - — > | — | —
36 18 12 9 36 6 36 9 12 18 36

Mpuxnapg 3*%. 13 15 BUrotoBneHnx Benocunenis 3 BUSBUANCA 3 gedekTamu. fAKa
MMOBIpPHiCTb TOro, Wo 2 Benocunean, BubpaHi HaBMaHHA i3 uux 15,
6ynyTb 6e3 nedekTis?

Po3B’A3aHHA

» Hexaii momia A mosisarae B ToMy, 1110 2 BuOpaHi HAaBMaHHS BeJOCUIIEIN OYyAYTH

6e3 medexris. I3 15 Besocunenis Bubpatu 2 MOKHA 0125 cmocobamMu (YHCJIO KOM-
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bimarmiit iz 15 mo 2). Yci ni Bubopu € piBHOMOKJIMBUMU W IOMAapHO HECYMiCHU-
mu. OT)Ke, 3arajibHa KiJIbKiCTh PiBHOMOMKJIMBUX Pe3yabTaTiB (TOOTO 3arajibHa

KiJIbKiCTh ejleMeHTapHUX IOZil) AOPiBHIOE 0125. CHpuAaTINBUM PE3yJIbTATOM IJIs
momii A € Bubip 2 OesmepeKTHUX BeJsiocumneniB i3 12 OesmeeKTHUX (15-3=12).

OTixe, YUCJIO CIIPUATINBUX PE3YIbTATIB (TT0Ai#) Ayia moxii A mopiBHIOE 0122. 3Bigcu

OIEPIKYEMO
12!
p(a)o Ciz _ 20i2-2)1 _ 1211 _ 22
c2 15! 15-14 35
21(15-2)!

3ayBaKuUMO, IO 3aJIe’KHO Bifg 3amaui, dAKa POIIIANAETHCA, IJIA OTHOTO
A TOro camMoro eKCIIEPUMEHTY ITPOCTIip eJleMeHTapHUX NOAiN MOKHA BBOAU-
™M y pisHi cmocobu. Hattuacriime mjis I1boro HesaJe:KHI ejleMeHTapHi Imomii
OigbuparoTh TaK, 100 mOAis, HMOBIpHICTE sSKOI HmOTPiOHO 3HaliTH, cama OyJja
eJleMeHTapHOI0 abo BUpaskajlacAd deped CyMy eJeMeHTapHUX momiit. Amje misa
TOTO 11100 BMKOPHUCTATU KJIACUUYHE O3HAUEHHA WMOBipHOCTi, mOTpi6bHO OyTH
BIOEeBHEHUM, IO BCi BUIijJIeHI ejieMeHTapHi momili — pPiBHOMOMKJINBI.

Hanpukaan, Ax yKe 3a3HAUaJOCh Y 3a4adi PO IMiAKUTAHHS TI'PAJIHLHOTO
KyOMKa, IIPOCTIip eJeMeHTapHUX IOAiii Mo:Ke CKJamaTucsa 3 6 HesaJ eKHUX
piBHOMOKJIMBUX IOAili — Bumnaganaa 1, 2, 3, 4, 5, 6 ouok. AJje AKIIO
B 3aJaYi IPOCATH 3HAUTM WMOBIPHICTH BUIIaJI@aHHA IAPHOTO YWCJA OYOK, TO
IIPOCTOPOM eJIEMEeHTapHUX MOl AJs IbOT0 eKCIEePUMEHTY MOKe OyTHU MHO-
SKMHA TiNBKYW ABOX MOAIM: u; — BUNAJAaHHA MapHOI KITBKOCTL OUOK, U; —
BUIIQIaHHA HENapHOI KiJILKOCTI O4OK (OCKiNbKM IIi moxil IomapHO HecyMicHi
# y pe3yabTaTi eKCIIepUMEeHTY O0O0B’I3K0OBO Bi0ymeThbCs OMHA i3 ITUX MOMiii).
ITi moxmii piBHOMOKJMBiI (ocKinbKu cepen umcen 1, 2, 3, 4, 5, 6 piBHO mO-
JIOBUHA TMapHUX i moJioBuHa HemapHux). OT:Ke, 3a KJIACUYHUM O3HAUEHHAM

. N . . 1 .
MMOBIPDHICTh KOKHOl 3 HHUX OOPIBHIOE E. 3BI/I‘-IaI/IHO, AKOU MU PO3IVIAHY-

JIU TIEePIIUii 3 YKa3aHMWX MIPOCTOPIB eJIeMEeHTAapHUX IOMii, TO TeX 3Morau 0
posB’A3aTH! II0 3aJadvy: BChOI'O IMOAiNl — 6, a cupumATInBUX — 3 (BUIAJaHHA
mapHoOro umcja ouok: 2, 4, 6). Toxi fimoBipHiCTHL BumagaHHS IIAPHOTO YMCJA

. 3 1
OUOK JOPiBHIOE e TOOTO 5

CopobyemMo BBecTH [AJs PO3B’A3yBaHHA Iiel 3ajaui Takwii mpocTip eje-
MeHTapHUX IOAil: u; — BUIAJaHHA IIapHOI KiIBbKOCTi OYOK, U, — BHUIAJAH-
HA 1 ouka, u; — BUIAJAHHA 3 OYOK, U, — BHUIaJAaHHA 5 ouoK. Lli moxii
IifiCHO yTBOPIOIOTH IIPOCTIp eJIeMeHTapHUX MOAill eKCIepUMEeHTY 3 MiAKuIaHHS
rpaJIbHOTO KyOMKAa, OCKiJIBKM BOHU IIOIAPHO HECYMicHiI I y pes3yJbTaTi eKc-
MEePUMEHTY O00B’I3KOBO BigOyaeThCs OAHA i3 IMUX IOAiii. AJjie, KOPUCTYIOUNCH



§ 9. OCHOBHI MOHATTA Teopil NMOBIPHOCTEN

TaKUM IIPOCTOPOM eJIeMEeHTapHUX MOAiil, MU He 3MOYKeMO 3aCTOCYBaTH KJIaCHU-
He O3HAUEeHHS MMOBIPHOCTI, OCKIJIbKU, SK MU ByKe 0aumim, yKasaHi eJeMeHTap-

Hi moii He € PiBHOMOXKJIMBIMMU: P(ul)zé, P(uz)ZE’ P(u3)=%, P(u4)=g.

1 1

3ANMUTAHHA

1.

IloscuiTh, IO Take BUOAAKOBUII E€KCIEPUMEHT Ta BUIIAJKOBA IIOIid.
Hasenite mpuxraanmu.

2. IlosicuiTs, AKi momii BBaKaiOTh PiBHOMOMKJIMBUMU. HaBemiTh mpUKJIaIU
PiBHOMOXKJIMBUX Ta HEPIBHOMOMKJIMBUX TOAiN. SIKi moxmil BBasKaioTh He-
cymicaumu? HasemiTs mpukJIamu.

3. IlosicHiTh 3MicT KJIacMUYHOIrO O3HAueHHs WMoBipHocTi. HaBemiTs mpuk.a-
au. SIK mosHayarmTh iMOBipHicTL TOmii A?

4. fIxy mopmiro BBasKarmTh BiporigHomo, a AKy HeMmo:xkJauBowo? HaseniTe mpu-
KJanu. YoMy DOPiBHIOIOTH iMOBIPHOCTI BipoTigHOI Ta HEMOMKJIMBOI ITOHiti?

BIMPABU
9.1°. YKamiTh, AKi 3 moAilli y HaBeJeHUX eKCIIepUMeHTaX € BiporizHumm,
AKI — HEMOKJIUBUMU, AK1 — IIPOCTO BUIIATKOBUMMU.
Ne EkcnepumeHT Mogaia
1 BrvkoHaHHA nocTpiny MNonagaHHA B Uinb
2 HarpiBaHHa Boau (Mpwv 3BMYaniHuX ymoBax) = Bopa nepeTtBopwunaca Ha nig
3 | YuacTtby notepei Bu Burpaete, 6epyuu yuactb y notepei
4 | Yuactb y 6e3nporpaluHiii notepei Bu He Burpaete, 6epyun yuacTb
y 6e3nporpaluHii notepei
5 | NigkngaHHA 3BMYaNHOro rpanbHOro Kyouka = Bunano 5 oyok
MigKnaaHHA 3BMYaNHOIO rpanbHOro Kybuka | Bunano meHwe 8 o4ok
7 | Mepesipka po6oTu a3BiHKa By HaTuCHynn Ha KHOMKY A3BiHKA,
a BiH He 3a[13BOHUB
8 | BuitAaraHHs Kyni 3 KOpo6KM 3 6iNMMK Kynsimn | BUTArM YopHY Kynio
9 | BuTtAraHHsa Kyni 3 KopobKK 3 6invmm Kynamm | Butarnm 6iny Kynio
10 | ButAraHHA ABOX Ky”nb i3 KOpoOKM 3 10 6inu- | Butarnu 6iny i YopHy Kyni

1

MU 1 5 YOPHUMU KYNAMM
BuTtAraHHA KapTu 3 Konoau BuTarnu Ty3a
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9.2.

9.3%

9.4°.

9.5°

9.6°.
9.7¢.
9.8°

9.9°,

9.10°.

9.11.

9.12.

9.13.

2.14.

Haseznits mo Tpu mpuKJIagW BipOTigHUX, HEMOMKJIMBUX i IIPOCTO BUMAI-
KoBuX moxifi. [Ipukaanu sanuiiitTe y BUMIAAl Tadbauii (auB. BupaBy 9.1).

Bimomo, mo ma 100 Oarapeiiok sycrpiuaiorbcsa 3 OpaxoBani. fIka iimo-
BipHicTh KynmuTu OpakoBaHy OaTapeinky?

VY wmarasuHi migpaxysaiu, 1mo 3BumuaiiHo 3 1000 TeseBi3opiB BUABJIA-
eTbca 2 OpakoBaHux. SIKa HMOBipHicTH TOTO, IO TeaeBisop, BUOpaHMit
HaBMaHHSA B I[bOMY MarasuwHi, Oyme OpaxoBaHUM?

3a cratumcTKoio B Micti N y cepemubomy 3a pik i3 1000 aBTOMOGii-
CTiB 2 mOTPAILIAIOTH B aBapifo. IKa IMOBipHiCTH TOrO, 10 aBTOMOOLIiCT
y IBOMY MiCTi Bechb PiK Ipois3guTh 0e3 aBapiii?

fxa fimoBipuicTs Toro, mo B Kuesi conie siiize Ha saxozmi?
fka timoBipHicTh TOrO, IO micaa 31 rpyaHsa Hacrane 1 ciuna?

YV makeri jgexarp 20 sesmenux i 10 xosTmx rpymi. fAxka moBipHicTh
BUUHATHU 3 HaKera rpyiry? SIka AMOBipHiCTh BUNHATH 3 makeTra s0JyKO?

Ho exzameHy 3 BUIIOI MaTeMaTWK! Yy TeXHIYHOMY BUIIi BUKJIAJauKa
migroryBaJia 24 6ineru. CrymeHnt AHOpiit He posiOpaBcs B ogHOMY GijeTi
i mgysKe 00iThCA MOTO BUTATHYTHU. SIKAa WMOBipHicTH TOro, 110 AHIpPiIO
micTaHeThbCA «HEIAC/JUBUil» OimeTr?

Ha sanuranHa BikTOpmHU Oysio orpuMano 1250 sMCTiBOK i3 mpaBUIb-
HUMU BifnmoBimamwu, y ToMy uwmcii ¥ Bama. 1 BU3HAUEHHSA IIpU3epa
BeIyuMil IIOBUHEH HAaBMaHHSA BUTATTU OJHY JIMCTiBKY. SIka MMOBipHiCTH
TOrO, II[0 IIPU3 AiCTAHETHCA BaM?

YV norepei 10 BurpamrHux KBUTKIB 1 240 KBUTKiB 6e3 Burparry. SIka
MMOBipHiCTh BUTPaTH B I[I0 JIOTE€PEIO, KYIUBIIN OJUH KBUTOK?

3adaua J[’Anambepa. SIka fiMOBipHICTE TOTO, 110 IPU ABOX MiAKUIAHHIX
MOHETH Xoua 0 OAMH pas BUIIaze «repd»?

3a mepemory B TeJjerpi §flHa omep:KUTh TOJOBHUIMA
IpU3 — IIOMIOPOIK, AKINO 3a OAHY CIIPOOy Brazae,
y Aaxkomy 3 12 cexrTopiB Tabso (puc. 9.3) 3axoBaHuUi
npus. fIka imoBipHicTs TOro, 1o AHa BUPYIIUTH 1.2 3 4
y TOmOPOK?

Punc.9.3

YV norepei 100 kBuTKiB, i3 Hux 5 Burpamsaux. Aka

WMOBipHiCTE ITporparry? I

12
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000000

9.15.

9.16.

9.17.

9.18.

9.19.

9.20.

VY xkwumieni xjgomumka Jexxkarb 6 momer (pumc. 9.4). fIka #imoBipHicTh
BUUHATU HaBMAHHSI MOHETY:

1) 3 HOMiHAJIOM, III0 € TMAPHUM YKCJIOM;

2) 3 HOMiHAJIOM, II[0 € HEMapHUM YHCJIOM;

3) 3 HOMiHasOM MeHIte 207

Ha xaprmi Cymnepsoro (6 3 52) Ilarmmusio mos3HaumB HOmepu: 1, 2, 3, 4,
5, 6. Harana Ha cBoifi KapTiii mo3Haumja Homepu: 5, 12, 17, 23, 35,
49. fx Bu ragaere, BUTpaIlll AKOTO HAOOpPy uwmces OiJbIT iMOBipHUIT?
IlosicHiTH CBOIO BiIIIOBiAb.

Inna mosmaums y Kaprii Cymepsoro (6 3 52) Homepu: 7, 11, 15, 29, 38,
40 — i Burpas. Toxi BiHm Bupimums, 110 I KOMOiHAITiA YMCces IacJauBa
i BiH Oyzme Bigmiuaru ii y Bcix Tmpaskax. Uu gificHo BiH 36iJBIIUTH CBOI
maucu Ha Burpartn? IloscHITH cBOIO BiAIOBiIb.

Y cymii gexars 12 uepBoHux, 10 3ejeHux i 3 KOBTUX sOJIYKAa.

1) AGnyKo AKOro KOJbOPY MMOBipHiIlle BCHOTO BHUUHATH HaBMAaHHSA i3
cyMKu?

2) flka #iMOBipHiCTHP BUMHATH HaBMAaHHSI:

a) a0ayKo; 0) rpylly; B) sejieHe sIOJIYKO; I') He YepPBOHE SOJIYKO?

Bu Burpaere, AKINO KyJjs, BUMHATA HaBMAHHA 3 KOpoOKu, Oina. fAKy
3 KOpoOOK BuTiAHille BuOparu AJs I'pH, 11100 iMOBipHiCcTH BUTpalry OyJia
0iJIBIIIOIO0, SIKILIO:

e y KOpoOIi A geXkuth 15 6iaux KyJab is 45;

e y KopoO1i B mexurs 40 6imux Kyas iz 120;

e yKopoOii B mexars 22 6ii kyJi it 44 uepBOHi;

e yxopoOui I’ mopiBHy 6inx, YePBOHUX i YOPHUX KYJIb.

T'pani sBuuaiiHoro rpajbHOro Kyomka mogapOoBaHO B UEpPBOHUIM i 3KOB-
., - N .. . . 1
Tuii Koabopu. VIMOBipHiCTH BuUIaJaHHS UYepPBOHOI I'paHi mOpiBHIOE re

. . . . . 5 .
MMOBipHIiCTh BUIIQJAHHSA »KOBTOI rpaHi mopiBHioe —. CKiJIBKH 4epPBOHUX
i KOBTUX TpaHell y Kyouka? 6
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9.21.

9.22.

9.23.

9.24.

9.25.

9.26.

9.27.

9.28%,

Y KopoOIii IoJ0BMHA IIYKEPOK y UYEepPBOHUX OOTOpPTKAaX, TpeTmHa —
y CHUHiX, pemita — Yy 3ejeHux. HaBMaHHA BUUHAIU OOHY ITYKEpPKY.
O6ropTKa AKOr0 KOJbOPY HAlMeHIN iMOBipHa B Iiiel mMykepku? 3HaAWIITH
10 UMOBIpHICTE.

Y myxnaaai gexath 8 uepBOoHUX, 2 cuHiX i 20 3emeHux oiiBiiB. Bu
HaBMaHHS BUIIMAaeETe OJIiBeIlb.

1) fIxa iimoBipHicTH TOrO, IO IIE:

a) YepPBOHUI OJIiBEIlb;

0) JKOBTHUII OJIiBeIlb;

B) He 3eJIeHUil OJiBernb?

2) Ky HaiMeHNTy KiJbKiCTL OJIiBIIiB MOTPiOHO BUUHATH, 100 3 iMOBip-
HicTIO, siKa OOpiBHIOE 1, cepel HuX OYB 3eJIEHHI OJIiBeIb?

KuparoTh omHOYACHO ABa rpajbHi KyOumKu. fIka HMOBipHicTH TOro, III0
cyMa O4YOK Oyre mopiBHioBatum 127

Ha naBKy [OOBiIBHUM UYWHOM CiZalOTh ABOE UYOJIOBIKiB i kimka. fIka
MNMOBipHICTh TOTO, II[0 UOJIOBIiKM OIMHATHCA IOPYU?

Is 5 xaprok i3 oykBamu M, P, O, A, E maBmauusa BubupamTs 4 KapTKU.
3HaliAiTh iMOBipHICTH TOrO, IO, MOKJABINU IX Yy PAL Yy TOMY IIOPAIKY,
y aKoMy ix BuOupasu, ozep:karhb cjaoBo MOPE.

Bunyimeno maprtito 3 500 Jgorepeiinux OijeriB. IMmoBipHicTh TOTO, III0
nepmuii BuOpaHuMii HaBMaHHs OijeT i3 1iei maptii Oyme BUrpaIIHUM,
mopiBuioe 0,2. BusHaure KinbKicTh 6ineTiB 6e3 suzpawly cepen Iux
500 oGimeris.

VY KopoOI1i Jie;kaTh Pi3HOKOJILOPOBi KyJabKH, 3 AKX 30 uepBonHux, 10 3e-
JEHUX, a PeIlITa — JKOBTi. 3’sICyiiTe, CKIIBKHU JKOBTUX KYJILOK JIEKHUTH
Y KOpOOIli, SIKII0 MMOBipHiCTh BOOPY BUIIALKOBUM UHMHOM »KOBTOI KYJIb-
Ku gopisuioe 0,6.

Y TopOuHII JeKaTh 3 IYKEPKHW 3 MOJOYHOTO IMTOKOJIALy Ta M ITYKEePOK
i3 YOpHOro HIOKOJIaAy. ¥YCi IYKEepKU MalTh OMHAKOBi (hopMy # posmipm.
SAKoro HaiimeHulozo 3HAYEHHS MOXKe HabyBaTu m, SKIIO HMOBipHiCTH
HaBMAHHS BUTATHYTU 3 TOPOMHKU IIYKEPKY 3 MOJIOUHOTO IIOKOJALy
menIrna sig 0,25?



MOACHEHHA 1 OBI'PYHTYBAHHA

Cmamucmuka — HaAyKa, Wo eusuac, 00pobnse i anani3ye KiavKicHi da-
Hi npo HAUPI3SHOMAHIMHIWI MACOBL ABUWA 8 HUMML.

ErxoHOoMiuHa cTaTHCTMKA BWBYAE 3MiHY I[iH, IOIUTY Ta MOPOIO3UILI Ha
TOBApHU, IIPOTrHO3YE 3POCTAHHSA I MaJiHHA BUPOOHUIITBA M CcIOXKUBaHHSA. Me-
OUYHA CTATHUCTHUKA BUBYAE e(PeKTHUBHICTH PiBHMX JiKiB i MeTomiB JiKyBaHHI,
WMOBipHiCTH BUHUKHEHHS OeSKOr0 3aXBOPIOBAHHSA 3aJ€’KHO BiJ BiKy, cTa-
Ti, CIIaAKOBOCTi, YMOB JKUTTs, IIKiAJUBUX 3BUUYOK, IPOTHO3YE TMOIIMPEHHS
enigemiii. [lemorpadiuHa cTaTUCTMKA BUBYAE HAPOAKYBaHICTb, UMCEJIBHICTH
HaceJIeHHs, HOro cKJan (BiKoBWil, HAIliOHaAJbHWUI, mpodeciiinuii). A e 1Ie
craTucTuka (piHaHcoBa, IIOJATKOBa, OioJioriuHa, METeOpoJIOTivHA...

CraTtuctuka Mae 0araToBiKOBY icTopiro.

Vixke B cTapomaBHbBOMY CBiTi BeJsn CTaTUCTWY-

HUA 00JiK HacendeHHsa. OmHAK OOBiJbHI TiIy- CraTHCTHKA — Bij JaTHH.
MaueHHS CTAaTUCTUYHUX [OaHUX, BiACYTHiCTH status — cTaH.

cTporoi HayKoBOi 0a3uW CTATUCTUYHUX IIPOTHO-

3iB HaBiTh y cepemuui XIX cT. e He I03BO-

JSJAN TOBOPHUTHU IIPO CTATHUCTUKY sAK Hayky. Tinmexkm y XX ct. 3’aBuiacs
MaTeMaTHYHaA CTAaTHUCTUKA — HAayKa, AKa CIUPAEThCcA HA 3aKOHM Teopii Mo-
BipHOCTell. BusiBuiocs, IMo CTAaTHUCTUYHI MeTOAW OOPOOKM maHUX i3 caMux
pisHHX Trajyseil KUTTS MamTh Oarato cuijbHOro. lle mo3BosmIO CTBOPUTH
yHiBepcaJibHi HayKOBO OOI'DYHTOBAaHi METOAV CTATUCTUYHUX AOCJiIKeHb i Ie-
peBipKu cratuctTuuyHUX rimores. OTiKe, mamemamuuHa cmamucmuka — e
po3ain MaTeMaTHMKH, KMl BUBYA€ MaTEeMATHYHI MeTOAM OOPOOKM i BHKO-
PHCTAaHHSI CTATHUCTHUYHUX JAHUX [JII HAYKOBHUX i NMPAKTUYHUX BUCHOBKIB.
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Y maremMaTUUHIN CTATUCTUIL PO3TIANAIOTH METOIM, AKi HAIOTHh MOMKJIU-
BicTh B3a pesyJbTaTaMU EKCIEPUMEHTIB (CTATUCTUYHUMUN JAaHUMU) POOUTHU
TeBHI BUCHOBKU HMOBIpHICHOTO XapakTepy.

MaremaruuHa cTaTHCTHUKA OIIUTHLCA HA OBi IMUPOKi rasrysi:

1) onucosa cmamucmuka, KA PO3IJIALAE METOAU OIMUCY CTATUCTUUYHUX
JaHWuX, ix TabauuHe i rpadivme IMOgaHHS TOIIO;

2) ananimuuna cmamucmuika (Teopid CTaTUCTUYHUX BUCHOBKIB), AKa po3-
risgae oOpoOKYy MaHWX, OJEepPsKaHUX Y XOHi eKCIIEPUMEHTY, i (hopMyIIoBaHHSA
BHUCHOBKiB, III0 MAalOTh IPUKJIAJHE SHAUEHHS IJII KOHKPETHOI raJjysi JIoIcbKoi
gisnpHOCTi. Teopis cTaTMCTMUYHMNX BUCHOBKIB TiCHO IIOB’sA3aHa 3 TeOpi€io MMo-
BipHOCTell i 6asyeThca Ha ii MaTeMaTHUYHOMY allapari.

Cepen OCHOBHUX 3ajau MaTeMATUUYHOI CTATUCTHUKU MOKHA 3a3HAUYUTHU
Taxi.

1. Ouinkxa imosipnocmi. Hexall mesgxa BuUOagKoOBa IIOJiA Mae HMOBIp-
Hicth p>0, ajse ii 3HaueHHAa HaMm HeBigome. HeoOXimHO OIiHMTH ITI0 HIMO-
BipHiCTEL 3a pesyJbTaTaMl €KCIIEPHMEHTiB, TOOTO PO3B’sI3aTHU 3aJauy IIPO OIliH-
Ky HMMOBipHOCTI uepes3 YacToOTYy.

2. Ouinka 3axony posnodiny. IocaimKyeTbCa medKa BUIIAJKOBA BEJIUUYN-
Ha, TOYHUN BUPaA3 AJA 3aKOHY PO3MOAiay Akoi HaMm HeBimomuii. [loTpi6HO 3a
pesyJabTaTaMi €KCIEePUMMEHTIB 3HAWTH HaOAMMKeHUII BUpas IJd (PYHKINI, 110
3ajJla€ 3aKOH PO3IOZiTy.

3. OuiHKa 4YUucCnoB8UX XAPAKMEPUCMUK BUNA0K0680I 8eAUYUHU.

4. Ilepesipka cmamucmuuHux zinome3 (mpunyiieHsb). Hocaimxyerbcsa
JesdKa BUIIQAKOBA BeJWUYMHA. BUXoasuuM 3 NEeBHUX MipKyBaHb, BUCYBA€ETHCA
rimoresa, HampuKJa, IIPO Po3momia Iriel BumagkoBoi BeamuumHHu. IloTpiGHO
3a pe3yJbTaTaMi €KCIIePUMMEHTIB HPUNHATH a00 BiAXUJIUTHU I[I0 TimoTesy.

Pesynbraty mocsimixkeHb, 110 MPOBOAATHLCA METONAMU MaTEMAaTHUUYHOI CTa-
TUCTUKH, 3aCTOCOBYIOThCA AJIA MPUAHATTS pillleHb. 30KpeMa, ITiJ vac MIaHy-
BaHHA II opranisaiiii BUpOOHHUIITBA, y IIPOIleCi KOHTPOJIIO SIKOCTI HPOAYKILii,
BMOOpPY OITHMAJBHOTO uYacy HaJagKku abo 3amiHu aitouoi amaparypu (ma-
PUKJIaJ, TPW BU3HAYEHHI Yacy 3aMiHM [IBUTyHa JIiTaKa, OKPEMUX YaCTUH
BEpPCTAaTiB TOIIIO).

SAr i B KOKHIN HayIli, V CTATUCTUIII BUKOPHUCTOBYIOTHLCA CBOI crernudiuai
TepMiHu I moHATTA. [edki 3 HUX HaBeleHO B Tabis. 14. 3amam’aAToByBaTu ix
O3HAUYeHHs He 000B’SI3K0BO, MOCTATHHO PO3YMITH 3MiCT.



§10.TIoHATTA NPO CTAaTUCTUKY. XapakTepuUCTUKN PALIB OaHNX

Tabnuus 14
YacTo BXMBa- S . HaykoBuin
y . 3MicT TepMiHy . O3HaueHHA
HU TePMiH TEepPMiH
3aranbHun Te, 3Bigku Bnbupatotb FeHepanbHa MHOXMHa BCiX MOXNUBUX
PAR faHNX CYKYMHiCTb pe3ynbTaTiB CrocTepeKeHHsA
(BMMiptoBaHHs)

Bubipka Te, wo BubMpatoTb CratuctnyHa MHoXWHa pe3ynbTatiB, AKi

Bu6GipKa, ctaTu- | peasbHO ofiepaHi B flaHOMy
CTUMHUNA pAf CNocTepexXeHHi (BUMipIOBaHHI)

BapiaHTa 3HauyeHHsA ofHoro 3 pe- BapiaHTa OpfHe 3i 3HaYeHb enemeHTIB
3yfnbTaTiB crnocrepe- BUOGIpKU
YeHH#A (BMMipIoBaHHA)

Pap paHnx 3HauyeHHA BCix pe3ynb- BapiauinHun YnopAagkoBaHa MHOXWHa
TaTiB CNOCTEpPEXEeHHA pAa BCiX BapiaHT

(BMMiptoBaHHA)

Hna BUBUEHHSA Pi3HUX MAaCOBUX SBUII IMPOBOAATHCS CHEIiaJbHI cTaTu-
CTUYHI HOOCHim:KeHHA. DByab-AKe CTAaTUCTHUYHE AOCTiMKEeHHA IIOUYMHAETHCA
i3 mizecupsimoBaHoro 36opy imdopmaiiii mpo saBuie abo IIporec, IO BUBYA-
erbeca. llell eram HA3WBAIOTh emanoM CMaAMUCMUYHUX cnocmepedlceHs. s
OTPUMAaHHS CTATUCTUYHUX MAaHUX y PE3YJbTATi CIIOCTEPEKEeHb CXOXKi eJIeMeHTHn
IesKOl CYKYIHOCTI IMMOPiBHIOIOTH 3a pisHmMEU o3HaKamu. Hampukiaazn, yuuis 11
KJaciB MOJKHA IIOPiBHIOBATHU 34 3POCTOM, PO3MIPOM OAATY, YCIIIIHICTIO i T. 1.
Bontu mo:kHa mHOpiBHIOBATH 3a MOBMKUHOIO, JiaMeTPOM, Baroiw, MaTepiajom
roro. IlpakTuuno OyIob-sika o3HaKa abo Mo:ke OyTu Oes3IlmocepeqHbO BUMIpAHA,
ab0 MOJKe ofep KaTH YMOBHY UYHCJIOBY XapaKTEPUCTUKY (AUB. IPUKJIAL 3 BHU-
majaHHAM «repba» 1 «umciaa» npu migxuzanui mometw B § 9). Omoke, medAKy
O03HAKYy €JEeMEeHTiB CYKYIHOCTIi MOKHa PO3MIANATH AK BUIAJKOBY BEJIUYUHY,
1o HabyBa€ TUX UM iHIINX YMNCJIOBUX 3HAUEHD.

¥V mporieci BUBUEHHS peajbHUX SABUII YaCTO OyBae HEMOKJIUBO OOCTEKY-
BaTU BCi eJleMeHTH cyKynHOcTi. Hanpukaanm, mIpakKTUYHO HEMOYKJINBO BUSIBUTU
po3Mipu B3YTTs y BCixX Jiofell ILJIaHeTH. A IepeBipuTH, HAIPUKJIAL, HASABHICTD
apKYIIiB HEAKICHOI PEHTTeHIiBCHKOI IJIIBKW y BeJUWKiN maprii Xoua I peatib-
HO, aje 0e3rnys3zo, TOMY IO IOBHA IMepeBipKa IpusBede A0 3HUINEHHA Bciel
naprii miriBKu.
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VYV momibHMX BUIIaAKAX 3aMiCTh BUBUEHHS BCiX €JIeMEHTIiB CYKYIHOCTi, AKY
HA3WBAIOTh 2eHEPAJbHOI0 CYKYnHicmwo, OOCTEeKYIOTH Ii 3HAUHY YaCTHHY,
o0paHy BHIAAKOBUM UMHOM. 110 4acTMHY HA3MBAIOTH GUOIPKOI0, & UUCJIIO
eJIeMeHTiB y BUOIpni — o6’emom 6ubipru.

dAximo y Bubipii Bci OCHOBHiI O3HaKHU TreHe-
pPaJIibHOI CYKYITHOCTI IPUCYTHI B Ti#l camili mpo- PenpesenTaTHBHMS —
moprtii i 3 Ti€er0 camMol0 BiTHOCHOIO YaCTOTOIO, Bin dpam. représentatif —
3 AKOI0 JJaHa O3HaKa BUCTYIAE€ B 3aJaHill reHe- IpeICTABHUIIBKITH.
PaJbHill CYKYIHOCTI, TO II}0 BUOIpKY HA3UBaIOTh
penpe3enmamuéHo.

IammMu caoBamMm, penpeseHTaTHBHA BUOIPKA € MEHIIIOI0 3a pPO3MipoM, aJe
TOYHOIO MOJEJIII0 Tiel reHepaibHOI CYKYHHOCTi, IKYy BOHA Mae€ BigoOpaskaTi.
¥ Ti#h mipi, y ari#t BubipKa € penpe3eHTaTUBHOIO, BUCHOBKMU, IO I'PYHTYIOTHCA
Ha BUBYEHHI ITiel BuOipKu, MOXKHa 3 BEJHKOI YIEBHEHICTIO BBaKaTU 3acCTO-
COBHUMU J0 BCi€l reHepaJsibHOI CYKYITHOCTI.

D ITouaTTsa pempe3eHTaTUBHOCTI BifiOpamoi CYKyIHOCTI He O3HAUYaE€, IO BO-
Ha TOBHICTIO 3a BciMa O3HAKaMU IIPEICTaBJIAE TeHePaJbHY CYKYIHICTB,
OCKiJIbKM IIe TMPaKTUYHO HEMOKJIWBO 3abesmeunTu. Bimibpama uacTuHa
Mae OyTU pelpeseHTATHBHOI BiIHOCHO THUX O3HAK, SKi BHBUYAIOTHCH.

IITo6 BuGipra OyJsia pempe3eHTATUBHOI0, BOHA Mae€ OyTHM BHUOKpeMJIeHa
3 TEeHEepaJIbHOI CYKYITHOCTi BUIAJKOBUM YWHOM.
Haituacrime BUKOPUCTOBYIOTH TaKi BUIU BUOIPOK:

o Bubipka o
0| ()
) o () ()
BNlaCHe-BMMNafKoBa MeXxaHiuyHa TMMNOBA cepiiHa
. JoknagHilwe 03HAaMOMUTUCA 3 XapPaKTEPUCTUKAMUN KOXHOro BuAy BUOGIPOK BU MO-

U eTe, 3BEPHYBLINCb A0 iHTEPHET-MIATPUMKU NigpyyHYKa.

Ax yaxe sasmauaJsiocs, MPAKTHYHO OyAb-AKa o3HaKa X, sgKa BUBYAETH-
cda, abo 6e3mocepefHbHO BUMIpPIOETHCA, a00 MOYKe OIEPIKATU UYMCJIOBY Xapak-
TepucTuKy. TOMy TEepBUHHI eKCIepMMeHTaJbHi AaHi, 1[0 XapaKTepuayioTh
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BUOKpeMJIeHy BUOIpKY, 3a3BUUail momaHi y BUIVIALI HAOOPY YMCeJ, 3alIUCAHUX
JOCJHiTHUKOM y HOPAIKY IX HaIXOmKeHHS.

D

KinbkicTe (n) unucen y mpomy HaOOpi Ha3UBAIOTH 00 €MOM BUOIPKU, & KiJTb-
KicTh (m) s3’saBieHb BapiaHTU (OAHOTO 31 3HAUEHH €JIEMEHTIB BUOIPKU) —

wacmomorw eapianmu. BigHOIIeHHA -— Ha3MWBAaIOTh BiJHOCHOIO UAaCTO-
. n
toro (W) BapianTH.

Bukopucropyoun i IDOHATTSA, 3alUIIEeMO CIIiBBiIHOIIIEHHA MiX HUMU

B penpeseHTaTUBHIiN BUOIpIIi.

» Hexan S — 06'em reHepanbHOi CyKynHocTi, n — 06'eM penpe3eHTaTUBHOI

BMOIPKY, y AKiN k 3HaueHb AOCHIOXKYBaHOI O3HaKM PO3MOAINEHO 3a YacToTa-
mn M,, M,, .., M, pe ZMzn. Topi B reHepasnbHin cykynHocTi yactotam M,
M,, .., M, OyayTb BiAnoBigaTM 4acTOTU S;, Sy, .., S, TUX CaMMX 3HauYeHb
03HaKW, Wo 1y BMbipui (ZS=S).

3a 03HaYeHHAM penpe3eHTaTUBHOI BUBIPKU oflep>KyEMO

M, W= 5 3HaK 2 (curma,
n g’ YNTAIOTH: «CyMa») —
3HAaK, YBeIeHUN

JI. Eifinepom mis
I3 UbOro cniBBiAHOLLIEHHA 3HAaXO0AMMO IO3HAUEHHA CyMHU

fie i — NOpsAAKOBHNIN HOMep 3HaueHHs o3Hakn (1<i<k).

BCiX 3HAUEHBD IesIKO1
k. Q) BEJINYMHU.

—
VA
VA

M,
s;=SW, (abo s;=S—1),
n

Mpuxknag. B3yTTeBMi yex mae sunyctut 1000 nap KpociBok monogixHoro ¢aco-

Hy. [1ns BM3HAUYeHHsA TOro, CKiIbKM KPOCIBOK i IKOFrO po3Mipy NOTPiOHO
BMNYCTUTY, Oynn BUABMEHi po3Mipu B3yTTA Yy 50 BUNAgKOBUM UYMHOM
BUGpaHMx nianitkie. Po3nogin po3mipis B3yTTA 3a yacToTamy NofaHo
B Tabnuui:

Posmip (X) 36 |37 38|39 40 41 42 43 44

Yactora(M) 2 5 6 12 11 7 4 2 1 2M=n=50

CKinbKn KpocCiBOK pisHOro po3mipy 6yae sBurotoBnsatu ¢abpurka?
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Po3B'sA3aHHA

» Byxmemo BBaskaTu posmIAHyTy BUGIpKY o0’emom n =50 mimriTkiB penpesenTa-
TuBHOW0. Toxi B rerepanbHiit cykymnuocti (06’°emom S =1000) kinbKicTs KpociBOK
KOJKHOT'0 PO3Mipy IPOIOPIifiHA KiJIbKOCTi KPOCiBOK BiAIOBiAHOTO po3Mipy y BubipIri
(i 1 KosxHOTO POo3Mipy 00umcIIoeEThCA 3a hopmystoio (1)). PesynbraTyt pospaxyHKiB
OymeMo 3amiCcyBaATU B TaOJIUITIO:

Po3mip (X) 36 37 38 39 40 41 42 43 44

Yactota (M) 2 5 6 12 11 7 4 2 1 2M=n=50

i 1 1 3 6 11 7 2 1 1
BigHocHa 11 szl

vactora(W) | 25 10 25 | 25 50 | 50 25 25 50

Kinbkictb

cpociaok () 40 100 120240 220 140 80 40 20 Y (SW)=5=1000
Bionosgidv:

Po3mip 36 37 38 39 40 41 42 43 44

KinbKicTb KpocCiBOK 40 | 100 120 | 240 220 | 140 80 40 20

Y cinmbCchbKOMY TOCHOZAPCTBi AJIsT BUSHAYEHHS KiJIBKICHOTO CHiBBiJZHOIIIEH-
HA BUPOOIB PiBHOTO COPTY KOPUCTYIOTHCA TaK 3BAHUM BUOIPKOBUM MemOo0oM.
CyTb 1bOro MeTony Oyne sCHA 3 OHUCY TAKOTO MOCJiZy.

Y KopoOIi peTesibHO IepeMilllaHWU TOPOX ABOX COPTIB: 3e€JeHWH 1 KOB-
Tuii. JIOJKKOIO BUTATAIOTH i3 PiBHUX MicIlb KOPOOKM MOPILii TOPOXY, V KOMKHIiN
nopILii miApaxoBYIOTH YUCJO $KOBTUX TropoimtuH M i 4yucao BCiX TOPOIIUH 7.
JJia Ko:xHOI IopItii 3HAXOAATH BITHOCHY YacTOTY IIOABU »KOBTOI T'OPOIINHU

M . . .
W =—._ Taxk pobasars k pasiB (Ha mpakTuili 3asBuuaii 0epyTh H5<k<10)
n

i 1mopady OGUMCJIIOITH BiIHOCHY YacTOTy. 3a CTATUCTUYHY HMOBiIpHICTH BU-
JIYUeHHS KOBTOI TOPOIMHU 3 KOPOOKM NPUIMAIOTH cepeflHe apudMeTuyHe
OTPUMaHUX BimHOCHUX uactor W, W,, ..., W,:

W, +W,+...+ W,
chp: 1 2k k .
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3AMNMUTAHHA

1. TlosicHiTh, sKi s3aBmaHHA PO3B’A3YIOTH CTATHUCTHMKA I MaTeMaTUYHA
CTATUCTUKA.

2. TlosicHiTh, AK BU po3yMieTe TepMiHM: reHepaibHa CYKYIIHiCTh, BUOipKa,
pemnpesenTaTuBHa Bubipka. HaBemiTh mpukJanu.

BMPABU

10.1.1. B ypuBKY 3 XyA0KHBOTO TBOPY AesAKoro aBropa obcarom 600 ciaiB mie-
CJIOBA TPAILIAITLCA (2 pasu. BusHauTe OPi€HTOBHY KiJBbKiCTL mieciaiB
B ypuBKy oocarom 2000 ciis mporo asTopa.

10.1.2. Cepen BumangkoBum yuHOM BuOpanux 100 mogomux Jmofei, ki BIITKY
HOCSATH 0efcOO0JKH, IIPOBEJIN ONMUTYBAHHS IIPO KOJhOPOBi mepeBaru OJis
IBOr'0 BUAY TOJOBHHX yO0O0piB. PesyibTaTy OOUTYBaHHS BiZoOpaskeHO

B Ta0JIMILi:
Kouip Yopuwnit | YepBouuit = Cumiii | Cipwuit Binuit | JKosTuit 3enenunii
YacroTa 32 20 16 14 11 5 2

BBaskaoum posriIgaHYyTy BHOIPKY penpe3eHTATHBHOIO, 3aIIPOIIOHYM-
Te peKoMeHZAIlil ImBelHi#n (padpuill 3 KiJIbKOCTI BUIYCKY 0eicOO0JIOK
KOKHOTO0 KOJbOpy, AKINOo (adpuka mae BumyctuTu 30000 6eiicO0JIOK.

10.1.3. MoJioK03aBO/I BUITYCKAE MOJIOKO Pi3HOI JKMPHOCTi. ¥ MPOAYKTOBUX Mara-
3UHaX MicTa, IJIsd AKWUX 3aBOJ BUPOOJSE MOJIOKO, OYyJIO TPOBEAEHO OMU-
TyBaHHA 50 HaBMaHHA BUOPAHUX MOKYNI[iB IIPO Te, SKOI JKUPHOCTI MO-
JIOKO BOHM CIIO;KMBAIOTh. Pe3yabTaTu OMUTYBAaHHA HABEIEHO B TAOJIMITi:

Kupricts Mmosoka (y %) 0 0,5 1 1,5 2,5 3,5 5
Yacrora 10 6 4 5 12 7 6
Braskatoum posmiAHYTY BUOIPDKY penpeseHTaTUBHOIO, 3aIlPOIOHYHTE pe-

KOMEeHIaIlii MOJIOK03aBOLY IIOZ0 00’€My BUIIYCKY MOJIOKA KOMKHOTO BULY,
AKINO MoJiokodaBon mae Bunyckatu 2000 jiTpiB MoJIOKa MIOAEHHO.
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10.1.4. BusHauTe, AKYy i3 3aIpOIIOHOBAaHUX BUOIPOK B OCTAHHBOMY CTOBIILi
TabaUII MOKHA BBasKaTU PeNPe3eHTaTHUBHOIO.

‘IO

20

30

l[eHepanbHa
CYKYIHICTb

MNapTia ogHa-
KOBUX feTanen
obcarom
10000 wryK

Yci ek3ameHaLlinHi
po6oTK 30BHiLI-
HbOrO He3anex-
HOrO OLjiHIOBAHHA
3 MaTemMaTuKKN BU-
MNYCKHUKIB  LWIKiN
MmicTa

MapTia wtamno-
BaHWX AeTanen
obcarom

100 000 wTyK

bigoH monoka

Ypoxan 3epHa
Ha niowi 1000 ra

MeTta obcTexxeHHs

BusHaueHHA umcna
6pakoBaHMX fpeTa-
neny naprii

BuaBneHHAa cniBBig-
HOLLUEHHA MiX 4nC-
JIOM YUYHIiB, piBeHb
HaBYaNbHUX [OCAr-
HEHb i3 MaTemaTuKkm
AKNX € [OCTaTHIM,
CepefHiM i BUCOKUM

Bn3HaueHHA cepep-
HbOI Macu peTtani
B nMapTil

Bn3sHaueHHA Xup-
HOCTi MonokKa (y Bia-
COTKax)

BusHaueHHa ypo-
YKaMHOCTI 3epHa Ha
Lbomy noni

Bubipka

1) 100 petanen, AKi nexatb nopAg;
2) 100 peTanei, BUOpPaAHUX BUMALKOBUM uu-
HOM i3 pi3HMX YaCcTWH napTil

1) 10 poG6iT, y38TX BUMALKOBVMM UYUHOM i3
yncna BCix pobiT;

2) 100 poO6iT, y3aTX BUMALKOBMM UYMHOM i3
yncna BCix pobiT;

3) 100 pobIT BUNYCKHWKIB OAHI€ET LIKONW

1) 2 petani;

2) 100 petanein, AKi BUrOTOBWUIN OCTAHHIMU;

3) 50 BUNagKOBMM YMHOM BUOPaHUX AeTanen
i3 napTil

1) Jloxxka Monoka, fika B3ATa 3 NMOBEPXHi yepes
2 rof nicnsa Hagoto;

2) CTakaH MOJIOKa, HanuTuiA i3 6igoHa nicna
2 rof OXONOAXKEHHSA NOro B NIbOXY;

3) noXKa MONOKa, y3ATa MiCnA peTenbHoro ne-
pemilwyBaHHA MOSIOKa

1) Ypoxcaid 3epHa 3 MiBHIYHOrO Cxuny maropb6a
nnouweto 1 ra;

2) cepefHe apudmeTMuHe BpOXaliHOCTeln 3ep-
Ha 3 4BOX CyCigHix ginAHok nmoweto 1 ra —
NiBHIYHOTO i CXiAHOTO CXMAiB Narop6ba;

3) cepenHe apudmeTnUHe BpOXKaHOCTEN 3epHa
3 10 minAHOK, KOXHa 3 AKMx nnoweto 10 co-
TOK BMOGPaHa Ha noni BUNagKoBVIM YMHOM
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Tabnuus 15

O3Ha4yeHHA Mpuknapg
PaHXXnpyBaHHA pAay paHNX

Mig paHxupysaHHam pady OaHux po3ymitoTb | AKLLO psg AaHVX BUBIPKM Ma€ BUMNSA
po3TallyBaHHA efleMeHTIB LbOro psagy 5,3,7,4,6,4,6,9,4,

B MOPALKY 3pOCTaHHA (MaeTbcA Ha yBasi,
O KOXHe HacTymnHe umcno abo Ginblue,
abo He MeHLLe NnonepeaHboro).

TO MiCNA paHXMPYBaHHA BiH MepeTBO-
PIOETLCA Ha pAj

3,4,4,4,56,6,7,9 m
Po3amax Bu6ipku (R)

Po3max subipku — ue pisHuUa mix Hali- | [na pagy (1) po3max BubipKu:
6inbwuyMm i HallMeHW M 3HaYeHHAMMU

.. R=9-3=6.
Benu4YuHM y Bubipui.

Mopa (Mo)

Moda — ue 3HauyeHHA enemeHTa BUGip- Y pagi (1) 3HaueHHs 4 3ycTpiyaeTbCs Hal-
KU, fiKe 3yCTpiYaeTbCA YacTiwe 3a iHwi. = yacTiwe, omxe, Mo=4.

MegpgiaHa (Me)

MeodiaHa — ue Tak 3BaHe cepepuHHe [ns pagy (1), y Akomy 9 uneHis, megiaHa —
3HauyeHHA BNOPsAAKOBAHOro psAy 3Ha- | Le cepefHe (To6To n'Aate) uncno — 5:

YyeHb BUNaAKOBOI BeNNYMNHM: Me=5.

® AKWO KinlbKicms Yucen y padi HenapHa, AKWO po3raHy TV pAA
mo mediaHa — ue Yucsio, 3anucaHe 3,3,4,4,4,5,6,6,7,9,
nocepeouHi; y Akomy 10 uneHiB, To MefiaHa — Lie cepeq-

® AKWO KinbKicme yucesn y pAdi napHa, mo HE apndMEeTMYHE N'ATOrO i LIOCTOrO YJIEHIB:
MmediaHa — ye cepeOHE apugpmemuyHe 4+5

Me =4,5.

080X HuceJs1, Wo CMoAMb NOCepeouHi.
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CepepHe sHauenns (X) Bnbipku

CepedHim 3Ha4eHHAM 8UbIpKU Ha3MBaloTb | Hexall pap AaHUX 3agaHuin Tabnuueto
cepefHe apudMmeTnUHe BCiX umcen pagy | po3nopginy 3a yactotamu M:
JaHux BUGipKu.

AKWO B pAAi AAHUX 3aNMCaHi 3HaYeHHA X, X 2 4 5 v

Xg, . X, (CEPEA AKNX MOXYTb OYyTU 11 OA- M 3 1 9 9

HaKoBi), TO

X x1+x2+...+xn' ) ZM=n=8.

n

AKLWo BiAoMo, Lo B pAAI AAHWX Pi3Hi 3Ha- | Topi 3a dopmyroio (2)

YeHHA Xy, Xg, .., X; 3yCTpivaloTbCA Bid-

noBiAHO A0 YacToOT My, My, .., M, (ToAi | X = 2+2+2+4+5+5+7+7 =£:4,25

8 8
zMzn), TO cepefHe apudPmeTuyHe
MOXHa 06umncoBaTh 32 GOPMYNoIo abo 3a apyroto ¢popmynoto
X= Xymy +x,m, +..+x,m, = 2-3+4-1+5-2+7-2 :§:4 95

n ' 8 8

MOACHEHHA N OBI'PYHTYBAHHA

Ax yiKe sasHavasocs, IPaAKTUYHO OyAb-AKa o3Haxka X, AKa BUBUYAETHCS,
abo OesrocepeaHbO BUMIPIOETHCS, a00 MOXKEe OJEePKaTH YKCJIOBY XapaKTepPUCTU-
Ky. ToMy IIOUaTKOBi eKcIleprUMeHTaJbHi JaHi, II0 XapaKTepusyIOTh BUILIECHY
BUOipKY, 3a3BUYall MOJAHI Y BUIVISAL HA0OPY UMCeJ, 3aIIMCAHUX AOCJIiTHUKOM
Yy HIOPAIKY iX HaAXOI:KeHH:dA. SIKII0 JaHuX 0arato, TO oJep:KaHUUN HaOip umces
BasKKO OCATHYTH W 3pOOUTH 3a HUM SAKiCh BHCHOBKM OysKe CKJAZHO. TomMy
MepBUHHI JaHI mOTPeOyoTh OOPOOKM, AKA 3a3BUUYAM IIOUMHAETHCSI 3 iX TPYy-
nyBaHHsA. ['pyIlyBaHHA BUKOHYETHCA PIBHUMU MeTOAAMH 3aJIeKHO BiJ MeTu
JOCJiI}KeHHA, BUAY O3HAKM, ITI0 BUBYAETHCA, 1 KiJIBKOCTI eKCIIepuMEHTAJTbHUX
maHux (00’emy BubGipKm). AJjle HaluacTillle TPymyBaHHS 3BOJUTHCSA IO ITOJAH-
HS JaHUX y BUIVIAAL TaOMUIlb, V AKUX Pi3HI 3HAaUEHHS eJIEMEHTIB BUOipKU
BIIOPSAAKOBaHI 3a 3poCcTaHHAM i BKasaHi ix wacToTm (TOOTO KiJBKiCTH KOMK-
HOTO ejieMeHTa y BuOipili). 3a HeoOXigHoOCTi B Iiif TAOJUIlI BKAsylOTh TAKOMK
BiJHOCHI YacTOTH IJI KOXKHOTO eJIeMeHTa, 3allMCAHOTO B IIEPIIOMY DAIKY.

D Tarky TabauIlI0 YacTO HA3WBAIOTh PAAOM posmnoniny (abo sapiauiiitnum
padom).
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Hanpukiaazn, Hexaii y pesyabTaTi BuBUeHHS po3Mmipy B3yTTa 30 xjomun-
kiB 11 Kiacy OyJsio omep:kaHo Habip umcesn (pe3yJabTaTH 3alMCAHO B TOPAIKY
onuTyBauH:): 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.

IITo6 spyunimnre Gymo aHasisyBaTw iH(doOpMAaIlifo, y TOAIOHMX CHUTyaIlifax
YMCJIOBL JaHi CIIOUATKY PAHMCUPYIOMb, PO3TAIIIOBYIOUM IX yV HMOPALKY 3POCTAH-
Hsa (KOJIM KOYKHe HacTyIHe umcjo abo Oijbilie, a0 He MeHIIe 3a IOIIEPEHE).
V pesynabTaTi paHKUPYBAHHS OMEPKYEMO TAKUM PAL:

38; 38; 39; 39; 40; 40; 40; 40; 40; 41; 41; 41; 41; 41; 41; 41; 42; 42;
42; 42; 42; 42; 43; 43; 43; 43; 44; 44; 44; 45.

IToTiMm cragaemMo TaOJIHUIIO, V IIEPIIOMY PAAKY SKOI BKAsyeMo BCi pisHi
3HAUEHHA ofeprKaHoro pany gaHux (X — posmip B3yTTa Bubpanumx 30 XJoI-
yukiB 11 KJjacy), a B Apyromy pAaKy — ix uactrotu M:

X | 38 39 | 40 41 42 | 43 44 | 45
M 2 2 5 7 6 4 3 1 |n=)M=30

Onmep:KyeMO pAL posIofAiny o3Haku X, AKA PO3TJIANAETHCS, 3a YaCTOTAMMU.
IHoxi 3py4yHO IIPOBOAUTU aHAJNI3 PAAY POS3IOAiJIy HAa OCHOBiI iforo rpa@iuHoro
300parKeHHsd.

IlosHaunMo Ha KOOPAMHATHIN NHJIOIIWHI TOYKU 3 KOOPAUHATAMU (xl;ml),

(xz;m2), vees (xs;ms) i cmosryummo iX mociimoBHO Bimpiskamm (pme. 10.2.1).

D Opep:xaHy JlaMaHy JIiHiII0O HAa3UBAIOThL NMOJiZOHOM YACMOM.

Puc. 1021, M
e y 1

Y i---e

0 ¢ 38 39 40 41 42 43 44 45 X
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O3HaueHHs. lMonizoHom Yacmom Ha3MBaAETbCA laMaHa, Bigpi3Kn AKoi noci-
AOBHO CMONYYaloTb TOYKN 3 KOOPANHATAMN (X3 ), (X95MMy)s ey (X431, )s
Ae X; — 3Ha4YeHHA pisHNX eNleMeHTIiB pAAy AaHMX, a m; — BiANOBIAHI im
yacrtoTu.

AmnajoriuHo O3HAUAETHCA U OYAYETHCA NOJLi20H BiOHOCHUX Yacmom IJs
o3HaKu X, AKa PO3MIAmacThcA (OyAYIOTHCA TOUKM 3 KOOpAMHATAMU (xl;wl),
(xz;wz), ey (xk;wk), Je x; — B3HaUeHHA DI3HUX eJeMeHTiB pALy [JaHUX,
a w; — BigmoBigHi iM BigHOCHI yacTOTH.

SKI10 TIopaxyBaTH BiHOCHI YacTOTH IJisI KOYKHOT'O 3 PiBHMX 3HAUEHDL DALY
MaHUX, POBIVIAHYTOTO BHUIINE, TO PO3IMOJAiJ 3HAUeHb O3HAKU X, AKA PO3TJIAIa-
€ThbCs, 3a BiIHOCHMMM YaCTOTAaMHU MOXKHA 3aJaTy TabJHUIEelo:

X 38 39 40 41 42 43 44 45
1

w2007 L=007 =017 ~ =023 =02 2~013 L=01L=003
15 15 6 30 5 15 10 30

Yw=1

Tarko:x posmomisi 3HAUeHb O3HAKU X, AKa PO3IIANAETHCA, 3a BimHOC-
HUMU YacTOTaMM MOJKHA I[IOJATH y BUIVIAAL IIOJIirOHA BiTHOCHUX dYacTOT
(puc. 10.2.2), y Buraani aimifinoi giarpamum (puc. 10.2.3) abo y Buriasami

Puc.102.2| W
0,31
0,2

0,11

0

Puc. 1023 W
0,37

e T

O’;"i]r] . J[] ,,,,, ]

38 39 40 41 42 43 44 45X
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KPyroBoi miarpamwu, momepenHbO 3aIlncaB-
1Y 3HAYEHHSA BiJHOCHOI YacTOTH y Bimcor- Puc.10.2.4
Kax (puc. 10.2.4).

Haranmaemo, 110 11 moOyIoBU KPYTo-
BOI fiarpamMu Kpyr po30MBaEThCA Ha CEK-
TOPHU, IEHTPAJbHI KYTU AKUX ITPOIOPITiii-
Hi BiIHOCHMM dYacTOTaM, OOUYMCJIEHUM [IJIS
KOJKHOTO 3 DIBHUX 3HAUEHBb DALY HTaHUX.
3ayBasKuMoO, IO KpyroBa miarpama 30epi-
ra€e CBOI0 HAOYHICTH i BMPA3HICTH TiJIbKU
y BUNAAKY HEBEJIUKOI KiJBKOCTiI onepska-
HUX CEKTOpiB, B iHIITOMY BHUIIQAKy ii 3a-
CTOCYBaHHA MaJjoe()eKTUBHE.

SKmo o3HakKa, AKa PO3TIATAETHCA,
HabyBae 6araThboX PiSHMX 3HAUEHb, TO ii POBMOAINT MOKHA Kpallle YSIBUTHU
micasa po30UTTA BCiX 3HAUEHb PAAY HAaHMX Ha KJacu. KiJbKicTh KJiaciB Mo-
Ke OyTH OyIb-siKOI0, 3PYYHOIO MAJIA OOCJTiMKeHHs (3a3Buuaii ix BUOMPAIOTH
y Kimbpkocti Big 4 mo 12). IIpu nbomy BesuumHU (06’€MU) KJaaciB MamTh OyTHU
OHAKOBUMMU.

Hanpuraan, y Tabauii mogamo BimomocTi mpo 3apobitay miaatuaio 100 mpa-
IIOIOUMX Ha OJHOMY IinmpueMcTBi (Y JeAKUX YMOBHUX OOWHUIAX). [Ipu mpomy
3HAUEHHSA MJIaTHI (OKPyIVIeHi [0 Iijioro umcsjaa YMOBHUX ONUWHUILL) 3TPYIIOBaHIL
B 7 KJaciB, KokHUI o6’emom y 100 yMOBHUX OOUHUIIL.

Bix 400 Bix 500 Bix 600 Bix 700 Biz 800 Bix 900 Bix 1000

W] 10 500 10 600 10 700 10 800 zo 900 xo 1000 10 1100
Homep knacy X 1 2 3 4 5 6 7
YactoTa

(KinbKicTb 4 6 18 36 22 10 4

npauotoumx) M
(mepeBipka: ZM =100).

Haouno uacToTHUII PO3MOZiJ 3apljaTHI 3a KJjacaMu MOKHA IIOJATU
3a momomororo moJriroHa uactor (pme. 10.2.5) abo croBmuacToi miarpamm
(puc. 10.2.6).
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Puc. 10.2.5 Puc. 10.2.6
M M
40+ 40+
L ° 86 {--------------o- -
30t 3 30t
,,,,,,,,,,,,,,,,,,, N

200 o 200
10 -/ e 10 f-----------52
R e SRR P VR A VR Epe—
o A T Ll

A S L A L O X 1588

Inoni BuOipKYy BUIIAAKOBUX BeJWMUYMH a00 BCIO T'eHEpaJbHY CYKYITHiCTH
IIUX BEeJUYUH JOBOAUTHLCS XapaKTepu3yBaTU OOHUM umcjaoM. Ha mpakTuili e
Heo0XiHO, HAIIPUKJIAL, IJs IIBUIKOIO IIOPiBHAHHSA ABOX a00 OiJbllle CYKYII-
HOCTell 3a 3arajbHOI0 O3HAKOIO.

PosrigaeMo KOHKPETHUN IIPHUKJIAL.

Hexaii micaa aiTHiIX KaHiKya npoBeau onutTyBaHHa 10 miBuar i 9 xjomiis
OHOT'O KJIACy BiTHOCHO KiJIBKOCTI KHUIKOK, IKi BOHM IIPOUUTAJIUA 32 KAHIKYJIH.

PesynbraTtu 0ysio 3amrcaHo B MOPAAKY ONMuUTyBaHHA. Omep:Kaam Taki pagm
YYCeJI:

Hisuara: 4, 3, 5, 3, 8, 3, 12, 4, 5, 5.

Xaponmi: 5, 3, 3, 4, 6, 4, 4, 7, 4.

A y:xe sasHauajiocs, 1100 3pyuHimie Oyao aHaJisyBaTu iH(opmarriio,
y mOAi0HMX BUIAAKAX UMCJIOBI JAaHiI PaHKHPYIOThb, PO3TAIIOBYIOUM iX Y IIO-
PAIKY 3pocTaHHA (KOJU KOKHE HAaCTyIHe uucjo abo Oiyibire, abo He MeHIIe
3a momepeaHe). Y peayabTaTi paH:KUPYBaHHA OAEPIKUMO TaKi pAIU:

Hisuara: 3, 3, 3, 4, 4, 5, 5, 5, 8, 12. (@))
Xgomui: 3, 3, 4, 4, 4, 4, 5, 6, 7. 2)
Toni posmoxinm 3a uwactroramu M BeawmuwmH: X — YHUCJIO0 KHUMKOK, IIPO-
YUTAaHUX 3a KaHIKyJIW giBuaTamMu, @ Y — UHNCJIO0 KHUKOK, HIPOUYUTAHUX 3a

KaHIKyJIM XJOMIIAMM, MOKHA 3aJaTy TaOJIWISIMI:
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X 3 4 5 8 12 Y 38 4 5 6 7
M 3 2 3 1 1 M| 2 4 1 1 1
> M=n=10 Y M=n=9

IIi posmomiiu MoKHaA IIPOLMIOCTPYBATH TaKOoK rpadiuHo 3a ITOIIOMOTOI0
nojairony uactot (puc. 10.2.7, a, 6).

Haa nmopiBHAHHA pAAiB (1) i (2) BUKOPUCTOBYIOTh Pi3HI XapaKTEePUCTUKU.
Hasenemo pesaxi 3 HuX.

Posmaxom pady uucen (mosHauaroTh R) HasWMBAIOTHh PISHUINIO MiXK Hai-
OinpIruM i HaiMeHIIUM i3 mux unces. OCKiJIbKY MU aHAJiZyeMO BHOIpKY
JeAKUX BEJIUYUH, TO po3mMax 6ubipKku — Iie Pi3HUIA MiK HaNOiIbIINM
i HallMeHIIUM 3HAYEHHAMM BeJIMYUHU y BHOIpILi.

Hna pany (1) posmax R=12-3=9, a gna p4a-
oy (2) posmax R —7.—3=4. Ha r‘paq)ucy posMax — Moja — Bix JaTHH.
Ime AOBMKMHA oO6JiacTi BU3HAUEHHS MOJIrOHY YacTOT modus — wipa
(puc. 10.2.7). pasmIo.
OpHieo 31 CTATUCTUYHUX XapPaKTEPUCTUK DALY
IaHUX € moro mooda.

Puc. 10.2.7

a 6
M M
4 4 G N - ®
B .- 3 3
] ¥ 2 femeeet ¢
1p----o 1 . 1) a—e—s
0 : % 0 ————

—
o
R
o
oo
Sor
S
o
-3
oo -
®4
= |
S
-
—
—
—
o4
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OzHaueHHA. Moda — ue Te 3HAUYEHHA efleMeHTa BUbipKu, ke 3ycTpiyaeTbcA
yacTiwe 3a iHLWi.

Mony mosmauatotrs Mo.

Tak, y pani (1) aei mogm — uucna 3 i 5: Mo; =3, Mo, =5, a B paxi (2)
oxHa Moma — umcygo 4: Mo=4. Ha rpadiky moma — Iie 3HaueHHs abCIucu
TOUKM, AKa BiAmoBimae makcumymy moJjiroHy uacrot (puc. 10.2.7). 3asznauu-
MO, IO MOAU MOKe ¥ He OyTH, SAKIIO BCi 3HAUEHHS O3HAKM, AKA PO3IJIsia-
€ThCs, 3YCTPIUAIOThCA OJHAKOBO UACTO.

D Mopy psany manux 3as3BUUYail 3HAXOAATH TOMi, KOJIHW XOUYTh 3’ACYyBaTHU
JeAKnIl TUIIOBUII TOKAa3HUK.

Hampuknan, Komu BUBUAIOTHCA OaHI IPO MOJEJi YOJIOBiUMX COPOUYOK, AKi
IpofaJii B IEBHUY JeHb B YHiBepMasi, TO 3pyYHO BUKOPUCTATU TAKUU TTOKA3-
HUK, AK MOJA, AKHH XapaKTepusye MOJeJb, III0 KOPUCTYETHCSI HANOIILIITIIM
ONUTOM (BJIaCHE, ITUM i TMOACHIOETHCS Has3Ba «MOZA»).

IITe omHi€r0 cTaTMCTUYHOIO XapPaKTEPUCTUKOIO DALY HaHUX € MOro MefiaHa.

O3HaueHHA. MediaHa — e TaK 3BaHe cepegNHHEe 3HAYeHHA BNOopAAKOBAHO-
ro pagy 3HadyeHb.

Megiany mosnauarmoTb Me.
Mepgiana moxmiyiise BIOPSOKOBAHUU PsAN JaHWUX Ha OBi piBHI 3a KiJbKicTiO
eJIeMEeHTiB YaCTUHMU.

D Aximo KigeKicTs uMces y pAgi HemapHa, TO MeliaHa — Ile YHMCJIO, 3a-
nmucaHe IMOCEpPexNHi.

Hanpukiaz, v pazgi (2) memapHa kinbkicTs esementiB (n=9). Toxi ioro
MeJiaHOI0 € UMCJO0, sIKe CTOITh IIocepeamnHi, ToOTo Ha m’aTomy Micii: Me=4.
3, 3,4,4,4,4,5,6, 7

4 — mMepmiaza

OTixe, IPO XJIOMII[iB MOKHA CKas3aTH, IO OAHA MOJIOBMHA 3 HUX IIPOYHTAJIA
He Oijbllle 4 KHMKOK, a Apyra MOJOBMHA — He MeHIne 4 KHIKOK. (3asHaunmo,

L

10 y BUMNAAKY HEImapHOro 77 HOMEpP CEePeJHBLOTO UjeHa PANY MOPiBHIOE

D Axmo KinbKicTh yKMces y pAni mapHa, TO MeJiaHa — Iie cepegHe apudme-
THYHE ABOX YHCEJ, W0 CTOATH IMOCEPeTUuHi.
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Hanpuknaz, v pazi (1) mapaa kinekicts enementis (n=10). Toxi iioro
MeIiaHOI0 € YMCJO0, SKe IOPiBHIOE CEepeIHbOMY apU(PMEeTHUHOMY UUCe], AKi
4+5

CTOATL IIOCEPEenNHi, TOOTO Ha II'ITOMY ¥ IIIOCTOMY Miciiax: Me= =4,5.
3,3, 3,4,4, 5,5, 5, 8, 12
4,5 — meniana
Om:xe, IIPO AiBUAT MOYKHA CKasaTH, IO OJHA IIOJIOBHMHA 3 HUX IPOUYHUTAJIA
MeHIe 4,5 KHUMKOK, a Apyra MmoJoBuUHA — Oijabiie 4,5 KHMKOK. (3a3HAauMMO,
10 y BUMAIKY IIaPHOTO 7 HOMEPW CepemHiX UJIEHIiB PANY AOPiBHIOIOTH %

n
i —+1.
i 5 )

O3HaueHHsA. CepedHiMm 3Ha4YeHHAM eUbipKU Ha3NBAETbCA cepeaHE apudme-
TUYHe BCiX Yncen pAagy gaHux Bubipku.

Cepenme 3HaueHHA MO3HAYalOThL X.
SIkmio B pani maHWX 3amucaHi 3HAUYEHHA Xy, Xy, ..., X, (cepen AKHX

MOXKYTh OyTH W OZHAKOBi), TO
X+ Xyt X

)Z': n
n
Axmro BiZomo, 110 B pAAL JaHUX Pi3HI 3HAUeHHA X, Xy, ..., X; 3yCTpiua-
IOTHCS BiJIOBiAHO A0 9aCTOT My, My, ..., M, (Toxi zM =n), TO, 3aMiHIOIOYN

ONHAKOBI MOJAaHKM B UMCEJIbHUKY Ha BiAmoBigHi H00yTKH, OZEPIKYEMO, IO
cepenHe apupMeTHUUYHE MOYKHA OOUYMCIIOBATHA 3a (DOPMYJIOIO

= Xmq{t+xomo+...+x,m
X = 1" 27%2 kk' (4)

n

Ocranuio (GopMyJy 3pPYyYHO BHUKOPHUCTOBYBATHM B THUX BHUIIAAKAX, KOJU
y BuOIpIii po3momisi BeJMUYMHH 3a YacTOTAMU 3aJaHO y BUIVIALL TaOJIMILi.
Haramaemo, 1mo posmoxmis 3a uactoramu M BemuuuH: X — YHCJIO KHUMKOK,
OPOUUTAHUX 3a KaHIKyJIM AiBuatamMuw, @ Y — YMUCJI0 KHUMKOK, IPOUYNTAHUX
3a KaHIKyJIM XJIONIFIMH, OyJIO 3aJaHO TAKMMU TaOJIWI[IMIZ:

X 3 4 5 8 |12 Y 38 4 5 6 T
M 3 2 3 1 1 M| 2 4 1 1 1
Y M=n=10 Y M=n=9

151
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Tomi cepenHi 3HaUeHHA 3aJaHUX BUOIPOK IOPiBHIOIOTH:
3:3+4-2+5-3+8-1+12-1 _ 52

X = =—"=52,
10 10

— 3-2+4-4+45-1+6-1+7-1 40

Y= * * 9 A * 2724,4.

Ockinpkum X >Y, TO MOKHa CKas3aTH, IO 3a OAWH i TOM caMHIl IIPOMIiKOK
yacy AiBuaTa B KJaci YUTAIOTL OijbIlle KHUMKOK, HiMK XJIOMIIi.

3ayBaKuMO, IO B MOCIOHMKAX 31 CTATUCTUKU MOIY, MeAiaHy ¥ cepeaHe 3HAUEHHS
BUOIpKM 00’€IHYIOTH OJHUM TEPMIHOM — MipU UeHMpaavbHOi meHdeHyil, miaKpec-
JIFOIOUX THM CAMUM MOJKJINBICTE OXapaKTePU3yBATH P BUOIPKY OSHUM YKCJIOM.

He nna xKosxkHOrO pany maHmx Mae ceHC (hopMaibHO 3HAXOOUTU IeHTPAJIb-

Hi Tenmenii. Hanpukian, AKIO OOCHiIKYETHCI PAI
5, 5, 8, 110 B)

piuHUX TPUOYTKiB YOTUPHOX JMoAel (y TUCcAYaX YMOBHUX ONUHUIIL), TO OUe-
BUOHO, 1110 Hi moma (), i memiama (6,5), HiI cepente s3HaueHHs (32) He MO-
KYThb BUCTYHATH B POJIi €IMHOI XapaKTEPUCTUKM BCiX 3HAUCHDb PALY MaHUX.
ITe mosicHioeThCA THUM, II0 posMmax paxy (105) e€ cymipHuM i3 HaWOiIBLIIIM
3HAUEHHAM eJIeMeHTa PSAIy.

Y maHomMy BHOAAKy MOMKHA IIIYKATU IIEHTPAJbHI TeHIEHIIii, HAIIpUKJIAaI,
Insa gactTuHu pany (5):

5, 5, 8,

YMOBHO Ha3BAaBIIM MOro BMOIPKOIO piuyHOro MpuOYyTKY HU3BKOOIJIAaduyBaHOI
YAaCTUHU HACEeJeHH.

dAximo y Bubipiii cepegHe 3HaueHHSA CYTTEBO BiApisHAETbCA Bim moawu,
TO HOro HeJOPEeYHO BUOMPATH SK THUIIOBY XapaKTEPUCTUKY POIIVIAHYTOI Cy-
KYIOHOCTiI mJaHUX (UuM OiJbIlle 3HAUEHHS MOJIMW BiIpisHAETHCA Bil cepegHBOTO
3HAUEHHS, TUM «OiJBIII HEeCUMETPUUYHUM» € IIOJIIIMOH YaCTOT CYKYIITHOCTI).

3ATNMUTAHHA

1. TloscHiTh, III0 HA3WBAIOTH IIOJIITOHOM YacCTOT O3HAaKM X, sKa PO3IJIA-
naeTbesa. HaBemiTh mpuKJagu MOOYZOBU IIOJIITOHY YACTOT 1 TOJIrOHY
BiJHOCHMX UYacTOT.

2. Ha mpuxnani pagy manux 2, 2, 3, 5, 5, 5, 13 moscuirs, 110 Take
posMax, Mojia, MeJliaHa Ta CepefHE 3HAUYEHHA PALY U maiiTe Binmosimmi
O3HAUYEHHH.
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BMPABU

10.2.1°.

10.2.2.

10.2.3°.

10.2.4.

Ha ocnmoBi mamux Tabauii momaiiTe y BUIVIALI CTOBOYACTOI i KPyrosoi
giarpaM posIomiJl 3HAUYEHb AesdaKol o3HaKu X.

X 1 2 3 4 X 1 2|3 4 5
D 2)
w 01 03 04 02 w 03 03 02 01 0,1

IToOynyiiTe 1mOJIiroH YacToOT i IOJIITOH BiZHOCHUX YacTOT 3HAYEHDb Je-
AKol o3Hakm X, POS3IOAiJ AKOI momaHO B TaOJIMILi:

X1 3 65 7 9 X 11 12 13 14 | 15 16
1) 2)
M 3,0 5 7.5 M 6 5 2 3 1 3

Ha pwuc. 10.2.8 noGymoBaHO II0JIi-

TOHH, IO 1MIOCTPYIOTH POBIOALI Puc. 10.2.8
YacTOTH MPOJAXKiB MarasmHOM
OPOTATOM THIKHSA KOMII'IOTEpPiB
(sesena JiiHist) i TeseBi3opiB (cuHA
JiHig).

VYraxiTtes aBa ngui, aKi Oesmoce-
PeoHbO CJIiAYIOTH OAWH 3a OJHUM,
KOJIu:

1) umcy0 HpoJAaHUX TeJIeBi3opiB
3pocjio OijbIle, HijK YHCIO IIPO-
JaHUX KOMII'IOTepiB;

2) 4umcy0 MPOJaHUX TeJIeBiBOpiB
361IBIIMIOCA, 8 YMCJIO IIPOJAHUX ITa Br Cp 9r It C6HA  Mui
KOMII'IOTEpiB 3MEHIIIJIOCH; Rl
3) YmcJ0 MpPOoJaHUX KOMII'IOTepiB

3pOCJIO, a YHCJIO IPOJAHUX TeJe-

Bi30piB 3aJIMMINIIOCA TUM CAMIM.

(o)
(=]

(2]
(=]

DO
o

Yucao mpopaskiB BUpPo6iB
S
S

3HaWmiTL po3dMax, MOAY, MemiaHy I cepegHEe 3HAUEHHS PANY TAaHUX
Jeskol BenuumHUu X:

1,1, 2 2,2 3, 4, 4,5;

2) -3, 2, 2,-1,0, 2, 2, 2, 3, 5.

ITo6ynyiiTe moJiroH yacToT 3HAUeHb BeJIMUYMHU X. YKaKiTh Ha PUCYH-
Ky poaMax, MOAY U MemiaHy 3aJaHOTO PANY HaHUX.
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10.2.5.

10.2.6.

10.2.7.

3HaliiTh posMax, MOAY, MeJdiaHy U cepemHe 3HaueHHs BUOIpKHU, 3a-
IaHOI TAOJUITEI0 POBIONiNy 3HAUeHb BeaWUYMHU X 34 JYacTOTAMMU.

X 2 3 4 5 X = 3 4 5 7
1Y) 2)
M| 3 4|1 3 M| 2 3|4 4 1

IToOynyiiTe moOJiroH YacTOT 3HaueHb BeJaudunmHU X. YKaKiTh Ha pu-
CYHKY po3MaXxX, MOAY ¥ MeIiaHy 3aJaHOl CYKYITHOCTi JaHUX.

Hisuara 11 kJylacy Ha ypori (GisKyJabTypu B CTPUOKAX y BUCOTY IIO-
KaszaJyiu Taki pesyabratu (y cm):

90, 125, 125, 130, 130, 135, 135, 135, 140, 140, 140.

3HaUmiTE MOAY, MediaHy U cepeqHe 3HAUEHHS Ili€el CYKYIHOCTI JaHUX.
fke i3 Mux 3HaueHb HaWKpaIlle XapaKTepusye CIOPTUBHY MHiATOTOBKY
miBuar KJjacy?

3a maHuMu YKpPalHCBKOTO IEHTpa OI[iHIOBAaHHS AKOCTi OCBiTH yuac-
Huku i yuvacHuii 3HO 3 maremarurkm y 2018 p. oTpumaam Taki
pesysabratu (maHi 3rpymoBaHi 3a KJacamu): 3 106484 ocio 19806
He momoJianu mopir, 26301 ocoba orpumasa Bim 100 mo 120 Gauis,
17783 — Bim 120 mo 140 6axiB, 18102 — =Big 140 mo 160 6Gauxis,
14695 — Big 160 mo 180 o6axis, 9797 — Big 180 mo 200 o6Gauxis.
IlogafiTe pesynabTaTu TeCTyBaHHA 3a KJacaMU y BUIVIALI YaCTOTHOL
TabauIli, moOyayHTe MOJIITOH uYacToT. BusHauTe Mipu MeHTpaJbHOL
TeHIeHIlil BuOipKu.

@w BuABiTb CBOIO KOMMETEHTHICTb

10.2.8.

10.2.9.

Kopucryiouncs inTepHeTOM, 3HAWAITH iH(OpPMAIIiIO IOJ0 POBIOLLITY
3a pacamMM HaceJIleHHS KOKHOTO KOHTUHEHTY i HacejleHHsS 3eMHOI Ky-
ai B migomy. IloOyayiiTe BimmoBimui miarpamu. IHocaimite nuHaMiKy
3POCTAHHS HaceJeHHA 3eMJIi Ta AWHAMIKY 3MiHM HOTr0 PO3MOMiIy 3a
pacamu 3a octanHi 100 pokis.

HocaifiTh CrosKWBaHHS BAIIOI POAWHOI0 ITPOTATOM POKY:

1) cBiskux oBOUiB, (PpPyKTiB Ta seiseHi; 2) Kpym; 3) M’sica Ta M SICHUX
IPOAYKTiB.

IToGynyiiTe miarpamu, IO iJIOCTPYIOTH 3aJI€KHICTH CIIOKUBAHHSA 3a-
3HAUEHUX IPOAYKTIB Bix mopm poKy. 3pobiTh BuCHOBKU. CKiJIbKU
Ballla POAMWHA CIOMKMBAE IMX IPOAYKTIB y cepelHbOMY Ha MicAIllb
(y pospaxyHKY Ha OIHY 0co0y)?
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10.2.10.

10.2.11.

10.2.12.

Kopucryrouncs i Kinbkictb . Kinbkictb . KinbkicTb
Ta6311/1uefo po30ynoBu CTaHLUin CTaHUin CTaHUin
Kniscbkoro 1960 5 1987 28 2010 49
METPOIOJIITEHY,

o . 1965 10 1992 35 2011 50
o0y IyHTe MOJirOH
YACTOT KiThKOCTI 1971 14 2000 40 2012 51
CTaHIIill 3a mepiof 1976 17 2004 43 2013 52
1960-2023 pp. 1981 23 2008 46 2023 52
Kopucryiouncs KinbkicTb Pik npoBeaeHHs onimniaau
TabJIUIEI0 CTATH- 3000y TVX
crwaEux nammx momo  Meganei 2000 2004 2008 2012 2016 2020
KiJTBbKOCTI MemaJiei, 3onori 3 9 7 6 2 1
AKi 8p06ynu yKpa- CpibHi 10 5 5 5 5 6
IHCBK1 CIIOPTCMEHU bponsosi| 10 9 15 8 4 12
U CIOPTCMEHKM Ha Ycboro 23 0023 | 27 19 1119

gitaix OmimmificbKux

irpax, moOymyiire:

1) mosiroH YacTOT KiJBKOCTI 30JI0THX MemaJieli;

2) TMOJIITOH YacTOT 3araJibHOI KiJIBKOCTI MemaJei;

3) KpyroBy aiarpamy po3Momisy Memaseil 3a BuaaMu (30Ji0Ti, cpibHi
Ta OpoHsoBi) Ha irpax 2008 p.

Y Tabiuili momgaHo CTATHUCTHUYHI JaHi IMOZO0 KiJabKocTi Memasei, AKi
3100yau yKpalHCBbKI IIKOJAp] I IMKOJAAPKKM Ha MiKHApoZHUX MaTe-
MaTuuHuX oJimMmiamzax y 2018-2023 pp.

ITo6ynyiiTe:

1) moJIiroH yacToT 3arajbHOI KiJIBKOCTI MemaJieii;

2) cTOBOUACTY AiarpaMy PO3IOAiJIYy 3arajbHOI KiJIBKOCTI

3M00yTUX Memajell 3a

DPOKAME; f;g%lgi;l; Pik npoBegeHHA onimniagn
3)' TOJIiroH YacToT mepanenn 2018 2019 2020 2021 2022 2023
KlJILRO(ZI:l 30JIOTUX Sonori 4 1 0 3 1 0
MeRae; Cpi6Hi 2 4 6 2 1 1
4) KpyroBy agiarpamy .

. . bpoHsosi ' 0 1 0 1 4 5
posmomisy MenaJsei

Ycboro 6 6 6 6 6 6

3a Bumamu (30JI10Ti,
cpibui Ta Oponsoni) Ha omimmiami 2021 p.
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Enemenrapui sapmaui, axi mismimme O6yim
BifHeceHi 1o cToxXacTHMKH, TOOTO A0 KOMOiHAa-
TOPUKH, Teopii IMOBIpHOCTEH Ta MaTeMaTHUYHOL
CTaTUCTUKN, CTABUJMNCS M PO3B’SI3yBaJUCS IIe
3a yaciB CrapomaBuix €runty, I'pemii Ta Pu-
my. Ileit mepiox Tak 3BaHOI mepexmicTopii Teopil
nmoBipHOCcTel 3akiHumBcA B XVI cr. mpamamu

iramiiickkux maremarukie . Kapmawmo (1501—
1576) «Kuura mpo rpy B Kocti», H. Tapraassa

M. ®epma (1499-1557) «3araJbHUI TPAKTAT IIPO YHUCJIO
(1601-1665)

Ta Mipy», I. Tamimea (1564-1642) «IIpo Bu-
najaHHA OYOK MiJl yac Ipd B KOCTi». ¥ mux
npamax yike (Qirypye mOoHATTA HWMOBipHOCTI,
BUKOPUCTOBYETHCA TeopeMa HIPO HNMOBipHICTH
IOOYTKY HE3aJEeKHUX IIOHiil, BHCJIOBJIIOIOTHCS
IedKi MipKyBaHHS II[OZO TaK 3BAHOTO 3aKOHY
BequKkux uywuceya. ¥ XVII-XVIII cr. nmuranusa-
MU Teopii HMOBipHOCTe! IikaBuauca (QpaH-
mysbki marematuku II. depma (1601-1665)
5. MacKanb i Bb. IMackaxp (1623-1662), HimepsaHACBKUI
(1623-1662) marematuk X. I'roiirenc (1629-1695), mBeii-

nmapcbki maremaruxku . Bepuyaai (1654-1705),
H. Bepnyaai (1687-1759), M. Bepuyaxi (1700—
1782), a Tako:x JI. Eitmep (1707-1788). ¥V cBoix
IparsX BOHU B)Ke BUKODPHUCTOBYBAJU TEOPEMU

IomaBaHHSA i MHOMKEHHS HMOBipHOCTEH, MOHAT-
TS 3aJIe;KHUX Ta He3aJeKHUX IOoAill, mMarTeMa-
THUYHOI'O CIIOJiBaHHS.

Benuky posb y pOBIOBCIOMKEHHi imell Teo-
pil IimoBipHOCTE#l Ta MaTeMaTHYHOI CTATUCTH-

[. KappaHo
(1501-1576)

KM Bifirpaju BUAATHI yKpaiHChKi MaTeMaTUKU
B. . Byuakoscsruii (1804-1889) ra



M. B. Ocrporpaacekuii (1801-1862). ¥ XX ecrT.
Teopia WMOBipHOCTEll MOCTYIIOBO II€PETBOPUJIACH
Ha CTPOTYy aKcioMaTHMUHy Teopiio i crasa HapiBHI
3 iHIMUMU MaTeMaTUYHUMHU TiCIUIIiHAMMU.
Besnuki mocarneHHsa B Teopii WMOBiIpHO-
cTell Ta MaTeMaTHUYHIiNl CTATHUCTUII MaJH Ta-
KOJK PpOCIiHiChKi Ta yKpalHChbKI MaTeMaTUKH
B. B. Tmemenxo (1911-1995) M. I. Tixman
(1918-1985), B. C. Muxanesuu (1930-1994),
M. M. dnpenko (1932-2004), }0. M. €pmoanes
(1936-2022), I. M. Komaxenkxo (1935-2019),
B. C. Kopoarok (1925-2020), A. B. Ckopoxox
(1930-2011), A. @. Typ6in (map. 1940) Ta inmi.
OcramHiM uyacom yce 6ijbIile MaTeMaTHUKiB
3BepTAIOTh yBary Ha Teopilo irop — oguwH 3 Ha-
OpAMKIiB 3aCTOCYyBaHHA Teopil HMOBipHOCTeIi.
IIupoxo Bimomi mocaimxenusa x. ®. Hemra
(1928-2015), amepuKaHCHKOTO MaTeMaTHKa, Ja-
ypeara HoGemriBcbkoi mpemii (1994 p.), 3a moTu-
Bamu Oiorpagii axoro 6yao 3HATO (Qinbm «Irpu

pO3yMy».

(1928-2015)
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b. B. THepeHko
(1911-1995)

M. 1. ippeHko
(1932-2004)

B. C. MuxaneBuny
(1930-1994)
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3ABAOAHHA ANA NiArotoBkn A0 OUIHIOBAHHA

3.

4.

@

TecTt N2 3

. Is mudp 1, 2, 3, 4, 5 ckIameHo BCi MOKJIUBI m’ATUIIUPPOBi umciaa 6es

nopropeHHsa mudp. CKiIbKU cepen IUX UYNCEJ TAKHUX, SKi IIOUYMHAIOTHCS
3amucom «423»?
A2 b 24 B 36 r 96 O 118

. Is marypanbsuux umcen Big 1 mo 30 yuenuilssi HaBMaHHSI HAsMBAaE OJHE.

SIka MOBipHiCTH TOroO, IO Ie YMCJIO HemapHe?

1 1 1 1 1
A = b — B — r— n =
6 5 4 3 2

VY Kopo6i11i sexars 60 pisHOKOJIBOPOBUX KYJILOK: UePBOHi, CHHi I JKOBTI.
3’sAcyiiTe, CKiJIbKU JKOBTUX KYJIBOK JIEKUTH y KOPOOI[i, SKIIIO MMOBIp-

. .. . 1
HicTh BHOOPY BUIIAAKOBUM UYMHOM KOBTOI KYJBKH IOPiBHIOE 3

A 10 b 15 B 20 r 30 O 40

YcranoBiTh BigmoBigHicTs Midk meHTpaabHuUMH TeHAeHIiamu (1-3) Bu-
O0ipku Ta ixHimMu snaveHHAMu (A-T).

1 Cepenne smauenusa subipxm: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 2 g’g
2 Mopga Bubipku: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 B 9’7
3 Mepiama BuGipku: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 r 1(’)

. 'paapHUil KyOUMK HOigKuUAa0Th ABiui. SHaAiTh iMOBipHicTH TOro, IIO

BHUIIaJe PidHA KiJbKiCTh OUYOK.

MponaiTb OHNaMH-TecTyBaHHA.

KUJUJ Temun HaBYaNbHUX NPOEKTIB rnk.com.ua/

1. KombinaTopruka B HaBKOJIUIIHHBOMY JKUTTI. 106792

2. VmoBipHicTs HaBKOJIO HAC.

3. BumaakoBi BeJIMYMHM HaABKOJO HAC i IX UMCJIOBI XapaKTEpPUCTUKH.
4. YacTtoTa B CTATUCTHUIIL Ii PO3B’I3YBaHHS €KOHOMIUHHX 3ajad.

5. MaremaTnuHa CTaTHMCTHKAa HABKOJO HAC.



I TEOMETPIA

Pospin 1
MHOFOIrPAHHUKMA

§ 1. MHororpaHHuK i noro enemeHtu. Mprsma

§ 2. MMapanenenined. NpAmMoKyTHWI Napanenenineg

§ 3. MNobygoBa nepepisis Npr3mn 1 3agaui,
noB'A3aHi 3 nepepizamu

§ 4. Nipamiga
§ 5. Po3TalwlyBaHHA BUCOTW B AeAKUX BUAAx nipamig
§ 6. MNpaBunbHI MHOrOrpaHHMKM

Y ubomy posgini Bu:

©  [eTarnbHille O3HaNOMUTECH i3 MOHATTAM MHOrOrpPaHHNKa,
3 NpM3MOI0, 30Kpema napaneneninegom, nipamigoto,
NPaBWIbHNM MHOTFOrPaHHUKOM i po3rnaHeTe
IXHi OCHOBHi BNacTUBOCTI;

© HaBuMTeCA PO3B'A3yBaTV 3ajadi, MOB'A3aHI
3 MHOTrOrpaHHMKamu.



Tabnuua 1
Mpusma

O3HayeHHs! 1 OCHOBHIi NOHATTSA

E D Mpu3moto Ha3MBAETbCS MHOrOrpaHHUK, yTBOPEHUi ABOMA

A, X— NAOCKMMI MHOFOKYTHUKaMU, L0 NIeXKaTb Y PiSHUX MO MHaXx
< ! AC i cymiwaloTbcs napanenbHUM NepeHeceHHAM, i Bcima Bigpis-
=" ! kamwm, AKi cnonyualoTb BigNOBiAHI TOUKMN X MHOFOKYTHUKIB.

D ABCDE i A;B,C,D,E; — ocHOBU Npu3mu;
X C  AA,, BB, ..— Giuni pe6pa;
B ABB, A, BCC,B;, ... — 6iuHi rpaHi;
E, D, AD; — piaroHanb npv3mMu (Bigpi3okK, Lo cronyyae ABi BEPLNHM
A1 l NpU3MK, AKI He HaneXkaTb OAHIN rpaHi).
| B, C, Bucoma npusmu — neprneHAUKynaAp, NpoBeAeHuni i3 TOUKu
I B D OAHi€i OCHOBM NPU3MM A0 MNAOLWMHMN ApYroi iT ocHoBu. [JoB-
l XKVHY LibOro nepreHmKynapa Takox Ha3nBalTb 8UCOMOI0 NPU3MU
A M C (ue BigCTaHb MiXK NoOWMHaMM iT OCHOB).
B A;M L un. ABCDE; A{M = H — BucoTa.
BrnactuBocTi

1) OcHOBW NpPX3MK pPiBHi.
ABCDE = A,B,C,D, E,
2) OCHOBM MpPU3MKM NexaTb y NapanesibHNX MioLWmHax.
mi1. ABCDE || . A, B,C, D, E,
3) biuHi pebpa npr3mmn napanesnbHi i PiBHi.
AA,||BB, ||CC; ..;
AA, =BB,;=CC; = ..
4) BiuHi rpaHi npn3Mn € napanenorpaMmamm.
ABB, A; — napanenorpam, BCC;B; — napanenorpam, ...
5) Mnowa 6iuHOT NoBepxHi Noxmnoi NPU3MK LOPIBHIOE JOOYTKY nepumeTpa neprneHam-
KyNAApHOro nepepisy NpuvamMm Ha AOBXUHY GiuHOro pebpa.
Sﬁitm = PJ_ mepep AAI

(Sﬁiqn =S Bp.a, Y Scey, t--- T SapE A, )
S = Sﬁqu + 2SOCH

IIOBH
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Mpama npusma

A p. Npusma Ha3mBaeTbca npAMolo, AKWO ii GiuHi pe6bpa nepnex-
1\ ! auMKynapHi go ocHoB.
S N AA, 1 . ABCD,
Bl Cl !
A D BB, L nn. ABCD, ...
B C

BnactuBocTi
1) BucoTa npsimoi npu3mu JOPiBHIOE GiYHOMY pebpy.
H=AA =BB,= ..
2) BiuHi rpaHi npAmoi Npu3mMK € NPAMOKYTHUKaMU.
ABB; A; — npamokyTHuk, BCC;B; — NpAMOKYTHUK, ...

3) Mnowa 6iuHOI NoBepxHi NPAMOI NPU3MK [OPIBHIOE AOOYTKY NMepumeTpa OCHOBM Ha
BMCOTY Npu13mMu, TOOTO Ha JOBXMHY GiyHOro pebpa.

SquH S POCH 'AAI

S = SGi‘IH + 2SO(:H

IIOBH

MpaBunbHa npusma

I'Ipﬂma npv3Ma Ha3nBaA€ETbCA NpAasu/ibHOO, AKLLO i OCHOBU € npaBWibHNMN MHO-
FOKYTHUKamMu.

TPUKYTHa YOTUPUKYTHA M'ATUKYTHa LeCTUKYTHa
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MOACHEHHA N OBI'PYHTYBAHHA

Ax Oymo 3a3HaUeHO B IiAPYYHUKY MOJdA
10 xmacy, nesaki girypu, posTIgHYTi B Kypci cTe-
peomeTpii, HaszuBaiOTh minamu. HaouHo reome-
TPUUYHE TiJIO MOXKHA YSABUTH CcO0i SAK UYaCTUHY
MIPOCTOPY, 3alHATY (PisMUHMM TijJioM i oOMerKeHy
oro nmosepxHeio. Hanpukiam, MOBEPXHA KyJai —
chepa — CKRJIANAETHCA 3 YCiX TOYOK IIPOCTODY,
BigmasieHUX Bif OfHi€l TOUKM — ueHmpa — Ha
BicTaHb, AKa IOpiBHIOE pamiycy. Ila moBepxH:A
o0MeXKye KyJl, 10 CKJIATAETBCA 3 YCiX TOUYOK
IpoCTOpy, AKi Bimmasewmi Bim omHiel TOUKuM —
yenmpa — Ha BifcTaHb, He OiJBITY 3a pajiyc.

Bimomi Bam Ky0, mapaJejemimen, mpusMa
i mipamiza € MHOrOrpaHHUKAaMIU.

MHozoepaHHuK — T1ie TijJiO, IOBEPXHS SKO-
O CKJIAMa€eThbCsA 31 CKiHUEHHOTO YmCJa IIJIOCKUX
MHOTOKYTHUKiB (puc. 1.1-1.3).

O3HayeHHA. MHororpaHHuUK Ha3MUBa€ETbCA
ONyK/um, AIKWO BiH pO3TallOBaHWU NO oAUH
6iK Big NNOWMHN KOXHOrO NMOCKOro MHOro-
KyTHUKa 110ro noBepxHi.

Hanpukaan, wky6 (puc. 1.2) — onykauii
MHOTOTPAHHUK. HeOmyKJUH MHOTOTPAHHUK
300pasxeHo Ha puc. 1.3.

Kokuuii nmiaocKuMili MHOTOKYTHUK, i3 AKUX
CKJIAZAETHCA IIOBEPXHSA MHOTOTDAHHUKA, HASU-
BAIOThb 2PAHHI0 MHOz02paHHuUKa. I'paHi OmyKJOTO
MHOTOTPAHHUKA € MJIOCKUMU OIYKJUMU MHOTO-
KyTHUKamMu. CTOpOHU TpaHell Ha3uBaIOTh pedpa-
MU MHO202DAHHUKQ, a BEPIIUHU — BEPULUHAMU
MHO202PAHHUKA.

ITossicummo crasame Ha mpuUKJIami Kyba (IuB.
puc. 1.2). Ky6 — 1me onmykJamil MHOTOTPaHHUK.
Horo moBepxHA CKJIAJAETHCA i3 IIeCTH KBAAPaTiB:
ABCD, ABB,A,, ..., aKki ¢ rpanamu Ky6a. Pebpa

PO3LIJT 1. MHororpaHHmku

Puc. 1.1 6ePUURA
¢ ———
A o 2PDAHb
™) [ )
[
0,
| peopo
Puc. 1.2
D1 C1
A1 B1
D C
A B
Puc. 1.3
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Kyba — cTOpoHU IuxX KBajparis: AB, BB, ... .
Bepminaamu Ky0a € BepiiuHu KBaapartis: A, B,
C, D, A, By, C;, D;. VY xyba micte rpagei, — —
IBAHAOIATH pebep i BiciM BepIIuH.

SAxmo moBepxHIO Kyba (abo iHIIIOro MHO-
rorpaHHMKAa) pO3pisaTw 10 JeKiJIbKOX ¥oro
pebpax i poskjgacTyu Ha ILJIOIIWHI, TO OZEPIKU- | ]
MO PO3TOPTKY IIbOT0 Ky0a (MHOTOTpaHHUKA). iFLeRd
Imakime KamKydm, po3zopmkrol MHO202DAHHUKA
HA3MBAIOTh O00’€NHAHHS CKiHUEHHOI'0O UMCJIA MHOIOKYTHHKIB, AKi BimmoBimHo
IOPiBHIOIOTH T'PAHAM IILOIO MHOTOIpaHHUKA. IIpm IIbOMYy BKAa3yiOTh, SKi CTO-
POHU ¥I BEpPINIMHU MHOTOKYTHHKIB 300pa’KyioTh OfHi i Ti cami pebGpa i Bep-
MINHY 3aJaHOI0 MHOTOTPAHHMUKA, TOMY IIOBHUHHI CKJIEIOBATHCS ONHE 3 OTHUM.
(CxkieroBaHHA ABOX BiIpisKiB — pIBHMUX CTOPiH MHOTOKYTHUKIB PO3TOPTKU
O3HAUa€ BCTAHOBJIEHHA MiK IXHIMH TOUKaMHM TaKol BiAIOBigHOCTI, 3a AKOI1
30epiraeTbca BimcTaHb MiK ABOMAa OOBIIBHMMHK TOYKAMM, a BigmoBimHi TOu-
KM BiIpisKiB OTOTOKHIOIOTH, TOOTO BBAXKAIOTH 1X OJHIEI0 TOUKOIO PO3TOPTKHU,
OT’Ke, ONHIi€I0 TOUKOI 3aJaHOI'0 MHOTOTPAaHHWKA.)

IloBepxHIO OZHOTO MHOTOTPAHHUKA MOXKHA PO3TOPHYTH II0-pisHOMY. Ha-
mpuKJam, Ha puc. 1.4 moKasaHO KiJibKa PO3TrOPTOK OJHOTO KyoOa.

Harapmaemo, 1110 naowa nogepxni MHO0202PAHHUKA — Iie cyMa ILJIOI yCix
woro rpaHeii. BoHa OpiBHIOE MJIOIII PO3TOPTKU 3aJaHOrO0 MHOTOTPAHHUKA.

IIpocTuM MHOTOrpaHHHMKaAM — IpusMaM i mipamimzam, sxi OyayTe oc-
HOBHUMH’ O0’€KTaMM HAIIOI'0 BUBUEHHA B IILOMY pPO3MijJi, — MU JaMO O3Ha-
YeHHdA, AKi, MO0 CyTi, He BUKOPUCTOBYIOTH INOHATTA Tija. Poariaazarmmemo
reoMeTpuuHi (Qirypu, BU3HAUAIOUM BCi TOYKHU IIPOCTOPY, AKi IM HaJIeKaTb.

Puc. 14 —

Puc. 1.5
O3Ha4yeHHA. lpu3moro HaA3MBAETbCA MHO- D

rorpaHHuMK, YyTBOpPeHU ABOMa MAOCKUMU s
MHOTFOKYTHUKaMMU, WO fieXKaTb Yy Pi3HUX nio- E 2 X,
WMHaXxX i cymilwaloTbCcA NapanenbHUM nepe-
HeCeHHAM, Ta BCiX Bigpi3KiB, wWo cnonyya-
I0Tb BiAMOBiAHIi TOUKN LNX MHOTOKYTHUKIB 1 D 1
(puc. 1.5). ~

MHOTOKYTHUKY HasWBAIOTh OCHOBAMU NPU3- E ¢
MU, a Bigpisku, MI0 CHOJYYaIOTh BiAIMOBigHi
BepPIIUHU, — OIYHUMU pedpamu Nnpu3mu. A° ‘B
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O3HayeHHsA. I1pw3ma HA3NBAETbCA n-KYMHOI0, AKLLO0 i ocHoBamMu € n-KyTHUKW.

Hapnaumi posrmagaTumMeMo TiJIbKU IPU3MU, OCHOBAMU AKUX € OMYKJII MHO-
FOKyTHUKU. Taki mpusmMm € onykaumu MHOZOZPAHHUKAMU.

Ha puc. 1.5 so6pakeno matukytHy npusmy ABCDEA,B,C,DE,. Ii oc-
HoBaMu € maTukyTHuku ABCDE i A;B,C;D,E,, a Biapisok XX, cmnoxyuae
BimmoBizmHi Touku ocHOB. Biumi pebpa mpusmmum — Biapiskum AA;, BB;, CC,,
DD,, EE,. Biuni rpani npusmm — mnapasnenorpamu ABBA,, BCCB, ...

YpaxoByiouu BJIACTHBOCTI ITapaJieIbHOTO IIePeHeCeHHsA, 3 O3HAUCHHSA ITPU3-
MU OAEPIKYEMO TakKi i BJIACTUBOCTI.

1. OcHOBM TIpU3MHU PiBHi (OCKiJMbKY TapaJjesbHe IepeHeceHHs — Ie pyX,
a MHOTOKYTHUKHU, AKi CyMiIaioThbCA PYyXOM, € PiBHUMIN).

2. OcHOBHM TMPHM3MM JI€:KaTh y NapajeJbHUX IJIOIM[MHAX (OCKiJIBKU B pe-
3yAbBTATi IapaJieIbHOTO II€peHEeCeHHs IJIOIIMHA IIEePeXOAUTh y IMapaJejibHy
mwiroiuey (abo B cebe)).

3. Biuni peOpa mpusmMu mapaJiesbHi ¥ piBHI (OCKisBKU B pesyJsibraTi ma-
paJIesIBHOT'O IEPEHECEeHHA TOUYKY IIePEMINTYIOTHCA 110 HapajesbHuX (abo Takux,
110 36iraroThCdA) OPAMHUX HA Ty caMy BiJCTaHBb).

Ilogepxnsa npusmu CKJIaJaeTbCcAd 3 JBOX OCHOB i OiuHOI moBepxHi. Biuna

D nogepxHs CKJANAETHCS 3 ITapaJjejiorpaMiB. ¥ KOMKHOrO i3 IHUX mapaJie-
JorpamiB IBi CTOPOHM € BiATIOBIiZHMMU CTOPOHAMU OCHOB, a ABi iHNII —
cyciguiMm GiuHMMU pebpamu.

fAx 6aummo, BU3HAUEHA B TAKMU CIIoci0 mpmsaMma Mae Bci Taki cami BJyacTu-
BOCTi, 1110 OyJM PO3MIIAHYTI B miApydYHUKY aaa 10 Kjacy Ha OCHOBI HAOYHOTO
HOHATTA Ipu3Mu. HaramzaeMo gesKi IOHATTS, IOB’A3aHi 3 IPU3MaMMU.

Binpisok, 1o cmosiyuae ABi BepIIMHU MPU3MU, SKi He HaJeKaTb ONHil
rpaHi, Ha3uBAOTh 0iAZOHALNLI0 NPUIMU.

O3HaueHHA. Bucomoro npu3smMu Ha3NBA€ETbCA NepneHANKynap, ﬂpOBeAeHMI‘/’I

Lboro nepneHaMKyndapa TakoX Ha3nBakTb 8UCOMOK nNpusmu.

OCKiZbKM IJIONIMHY OCHOB IIPU3MU HapaJjielibHi, TO 6UCOMO0 Npusmu
€ gidcmanv Mmixe naowuHamu ii ocnosg (To6TO BimcTaHb Bif OyAb-AKOI TOUKU
OIHi€l IIJIOIMHY OCHOBU OO IapaJjieJIbHOI IJIOI[WMHU iHINOI OCHOBM).

Taxko:x Haramaemo (muB. § 7 mizpyunumka aaa 10 xiacy), 1o 3rigHo
3 IIpaBUJIAMU IIapajieIbHOTO HPOEKTYBAHHS 300pasKeHHSA IPU3MU OYAYIOTH
y makuii cmoci6. CrmouaTrky OyayioTh OgHY 3 ocHOB F (puc. 1.6) — nmeskwuit
TIJIOCKUIM MHOTOKYTHHK. [IoTiM i3 BepimH MHOTOKYTHHKA F mpoBOomaTh OiuHi
pebpa mpusMu y BUINIALL mapajelbHUX BiapiskiB piBuoi goB:xumuau. Kinmi mux
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BiIpiBKiB CHOJNIly4arOTh i ONEP:KYIOTH APYTY OCHOBY
mpusMu. HeBugumi pebpa 300pakyiOTh MITPUXOBUMU
JiHigMA.

I3 BiacTmBOCTEll TTapaseIbHUX TJIONMUH BUILJIN-
Ba€, II0 TEPepisy MPU3SMU MJIOIMHAMUY, IapaJieibHU-
Mu OiuHUM pebpam, € mapaJjejiorpaMaMU.

@ O6rpyHTYITE Lie CaMOCTINHO.
30KpeMa, IapaJiejiorpaMaMi € TaK 3BaHi 0diazo-
HAJIbHI nepepidu npu3mu — Iepepisu MPUSMU ILIO-

IUHAMHU, III0 NPOXOLATH uepes OiuHe pedpo i miaro-
HaJb ocHoBu mpusmu (puc. 1.7).

g - - 3

3asHaunMo, 10 IPU3MATUYHY (POPMY MAIOTh AesAKi Kpu-
cTau, HANPUKJIAMA iCHaHACBKUH IIMIIaT, cMapari TOIIO.

O3HaueHHA. Mpu3ma Ha3nBaAETbCA NPAMOIO, AKLWO i1 6iuHi pebpa nepneHgm-
KYNApPHi A0 ocHOB. AKWo 6iuHi pebpa NprisMn He NneprneHANKYNAPHI fo oc-

HOB, TO NPN3Ma Ha3MBAETbCA NOXUJIOHIO0.

Y npamoi npusmu éci 6iuHi 2paHi € npamMoKym-
HUKAMU.

3o00pakyoun IpAMYy OpusMy, 3a3Buuaii 6iuHi pe-
Opa IIPOBOAATL BepTUKaJIbHO (pumc. 1.8).

BaactuBocti npamoi mpusMu.

1. Bucora npamoi npusmu AopiBHIOE ii GiuHOMY
peoépy (ockinmbKu KoikHe OiuHe pebOpo IEpHEeHIUKY-
JApHe OO0 OCHOBM i JOpiBHIOE BiacTaHi Mik mapa-
JIEJIBHUMHY ILJIOIIMHAMU OCHOB).

Puc. 1.6

Puc. 1.7

Puc. 1.8
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2. Koxxua OiuHa rpaHp NPAMOI MPHU3MH IEPHNEHIUKYJISIPHA I0 OCHOB
npusMu (OCKiIbKM KOKHA OiuHA I'paHb IPOXOAUThH ueped OiuHe pedpo, mep-
NeHINKYJIAPHE 0 OCHOBH).

3. JliaroHaJipHi mepepi3u MPAMOI MPU3MHU € MPIMOKYTHUKAMM (OCKiJTBKN
KOXKHUU MiaTOHAJBHUU IIepepis IIPOXOAUTHL ueped Oiume pedpo, MepIeHIUKY-
JIIpHE IO OCHOBU, TO BCi KyTH AiaroHaJbHOT'O TEPEPidy € MPAMUMU).

OsHaueHHA. NMpama npusma Ha3sBaETbCA NPABUJIbHON, AKLLO ii OCHOBM
€ NPaBUNbHUMU MHOFOKYTHUKaMM.

J N

dopma TpPaBUIBHOI IPU3MU YACTO BUKOPHUCTOBYETHCA B apXiTeKTypi, HAIPUKJIAL
oyniBia IlenTarona mae opMy IPaBUJIbHOL I’ ATUKYTHOI IIPU3MU.

ITnowero 6iunoi nosepxni npusmu (abo OGIiYHOIO TTOBEPXHEIO) HA3WBAIOTH
cyMmy Iom OiuHUX TpaHei. Ilaowia no8HOI no8epxXHi npu3mu NOPiBHIOE CyMi
TJIOI OiuHOi IMOBEPXHI Ta IJIOI OCHOB.

Teopema 1.1. Mnowa 6iuHOI NOBepxHi NpAMOI Npus-
MU [OpPiBHIOE fOOYTKY NepMmeTpa OCHOBM Ha BUCOTY Puc. 1.9
npusmu, To6To Ha AOBXNHY 6iuHOro pebpa.

» NosepneHHA. BiyHi rpaHi npaMoi NpU3MnN € NPAMOKYTHN-
Kamn. OCHOBU LMX NPAMOKYTHUKIB € CTOPOHaMN MHOrO-
KYTHUKA, AKUN NIeXNTb B OCHOBI MPM3MK, @ BUCOTU [O-
PiBHIOIOTb JOBXWHI 6iuHUX pebep (puc. 1.9).
Tomi nnowa 6iyHOT NOBEpPXHi NPU3MK JOPIBHIOE:
Sgian = Wl +agl+...+a,l=(a;+ay+...+a,) =PI,
pe ay, ay, .., @, — ROBXWHW pebep ocHoBu; P — nepw-
METP OCHOBM NpuU3MK; | — foBXKHa 6iuHMX pebep. i a,
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Mpuxknapg. Y noxunii npusmi NpoBefeHo nepepis, SKNN nepeTuUHae BCi GiuHi pebpa
i nepneHanKYNApHUA Jo HUX. 3HandiTb nnowy 6i4HOT NOBepPXHi NpU3MK,
AKLWO NepuMeTp nepepisy AopisHIoe P, a foBXUHa 6iyHoro pebpa L.

Po3B'sAA3aHHA

) IlnommHa IIPOBENEHOrO Iepepisy po3dbuBae IpuU3My Ha
nBi vactunu (puc. 1.10). Puc. 1.10
3acTocyeMo 10 OfHiel 3 HUX mapaJiesibHe TepeHeceHHs, ¥ pe-
3yJbTATi AKOTO OCHOBU MPUBMHU CyMicTAThCA. IIpu mipomy
OZIEPsKUMO MIPAMY IIPU3MY, OCHOBOIO SKOI € Iepepis 3amaHol
mpusMu, a 6iuHi pebpa qopiBHIOIOTH [. 14 mpusma Mae Taky
camy OiuHyY ITOBEpXHIO, 1110 i 3amama. OTike, mioma 6GiuHOol
TIOBEPXHi 3aaHol IpusMu JopiBHIOE Pl.

3a3HaunMo, 10 Mepepis MpusMu, SKUN IIepeTuHae

D Bci Oiumi pebpa 1 mepmneHZUKYIAPHUIA OO OiUHMX
pebep, HA3MBAIOTH NepneHOUKYLAPHUM Nepepi3oM.
Tomy opep:kaHUII pe3yabTaT MOYKHa CHOPMYJIIO-
BaTW TaK: nJaowa 0iuHoi nosepxui (abo 6ivHa no-
8ePXHS) NOXUNOL npudmu 00pigHioe QOOYMKY nepu-
mempa nepneHoOuKYLAPHO2Z0 nepepisy npusmu Ha
dosacuny 0Oiunozo pebpa.

ITig yac posB’sA3yBaHHA TAaKMUX 3aJa4 HAWYACTIIIE MOBOAUTHCA CIOUYATKY
OOI'PYHTOBYBaTH SIKYCh BJIACTHUBICTH 3agaHOl HpocTopoBoi ¢irypu abdo Tima
i TinBKM micas TOro, SK IA BJIACTUBICTH BCTAHOBJIEHA, BUKOHYBATH OOYMC-
JIeHHA. 3BUYAWHO, y 3aluci PO3B’s3aHHA NHOTPIOHO OOI'DYHTOBYBATH TiJIBKU
Ti TBepI)KEHHA, AKi OyAyTh BUKOPHUCTAHI B XOJi IIOAAJBIIIOIO0 PO3B’SI3yBaHHS.

IIpomonyemo cxemy po36’sa3ysanHs 3a0ay HA O00UUC/EHHS, TIOB’A3aHUX i3
mMHoOrorpanHuKamMu (i TimamMu obGepTaHH:).

1. O6rpynmysamu po3mauly6anHs 6UCOMU MHOZ0ZDAHHUKA.

2. Oorpyrmmysamu, w0 npocmoposi kymu” i npocmoposi 8idcmani™ nosua-
YeHI NpasuJbHO.

“ Ilig TpOCTOPOBUMY KyTaMM MAIOThCSA HA YBa3i KyT MijK MPAMOIO i IJIOIIMHOK, KYT M
JIBOMA ILJIOIUHAMY, JiHIHHUN KYT JBOTPAHHOTO KyTa, KYT Mi’K MUMOO1XKHUMY IPAMIMU.

* Ilig mpocTOpoBMMU BifCTaHAMM MAaIOTHCA HaA yBasi BificTaHb Bil TOYKW [0 IIJIOI[WHU,
BificTaHi MiK mapajelbHUMU IPAMOIO 1 IJIOIIWHOI0, MijK HapajeJbHUMHU ILJIOIIWHAMU,
MiXK MUMOOi1KHUMU IPAMUMH.
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3. Akwo posenadaemovcs nepepiz MH020ZPAHHUKA, MO 00T pyHmyseamu iiozo
popmy (AKWO us Popma 8UKOPUCMOBYEMbCA O PO36'A3YEBAHHSL).

4. Axuwo posensadaemovcs KOMOIHAYIA MHO202PAHHUKA i mina 006epmarnHs,
mo onucamu 63a€EMHE PO3MAULYEAHHS IXHIX eJleMeHMmIiE.

5. Ha KojxcHOMY KpOui 004UCIeHb YKA3AMU, eJeMeHmu AK020 MPUKYMHUKA
BU3HAYAIOMbCA, | AKWO0 BIH NPAMOKYMHUIL, NOACHUMU YOMY.

3BUUYAITHO, IIA CXeMa € OPiEHTOBHOIO, ajie i1 BUKOPUCTAaHHS JOIOMATAa€E BIIO-
pAIKYBaTU MipKyBaHHSA B IpOIeCi CKJaJaHHA ILJIaHY PO3B’SI3yBaHHSA 3ajadi.
Ile mo3BOJIsIE HE IPOIIYCTUTH iCTOTHI MOMEHTH IIii Yac 3amucy ii po3B’si3aH-
Ha. Hapani ohopmasTuMeMo po3B’sA3aHHA 3a7ad HA OOUYMCIIEHHSA, HaBeIeHUX
y HiAPYYHHKY, i3 BUKOPUCTAHHAM 3aIPOIIOHOBAHOI CXEeMU.

NPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apgava 1. Mnowa Hanbinblworo fiaroHanbHOro nepepisy MPaBUIbHOI LWECTUKYTHOT
npu3Mn JopiBHIoE 48 cm? 3Hangitb nnoly 6iYHOI MOBepPXHIi L€l npu3mu.

Po3B'A3aHHA KomeHTap
» 1) Hexait ABCDEFA,B,C,D,E,F, — BrkopncTaemMo HaBefeHy BULLE CXeMy.

3afjaHa IIpaBWJIbHA MIECTUKYT- [lnAa obrpyHTyBaHHA po3TallyBaHHA BUCOTU
Ha nmpmsma (puc. 1.11). B ocHoBi [OCTaTHbO NPUragaTy, WO NPAsuibHA NpU-
IPaBUJILHOI IPU3MU JIEXKUTH IIpa- 3Ma € npsAMol, momy KoxHe 6iyHe pebpo
BUILHUE TiecTuKyTHUK ABCDEF. npusmu € ii sucomoio.

Koxxne Oiune peGpo mpaBuib- 3a ymoBOI0 3afaui 3 yCix AiaroHanbHuX ne-
HOl IpU3MHU € 11 BHCOTOIO, TOMY pepisiB NOTPibHO BMGPATU HaNbGINbLIWA.
BB, 1 1. ABC. OckinlbKun BCi fiaroHanbHi nepepisn € npa-

MOKYTHMKaMy 3 PiBHMMW BUCOTaMU, TO

Hanbinbwrm i3 HUX Byge Ton, y Akoro byne

Hanbinblla OCHOBa, TOGTO TaKMI, AKUIA NPo-
1 XOAUTb Yepe3 Hanbinbly AiaroHanb npa-
1 A B C BUJIbHOTO LUECTUKYTHUKA.

Puc. 1.11

Ona obuncneHHa nnouwi 6iYHOI NoBepXHi
NpaBWAbHOI NPU3MN 3HOBY CNif ypaxyBa-
TW, WO NpaBwUibHa NpU3Ma € NPAMOI0, TOMY
F C niowa 6iyHoI nosepxHi npasusIbHOI NpU3MU
A B 0opisHIOE 006YMKYy nepumMempad OCHO8U Ha

6iuHe pebpo.
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2)

3)

4)

9)

Yci piaroHanbHI Iepepisdu Ipa-
BUJIBHOI TPU3MU — NIPAMOKYTHU-
Ku. IX BHCOTH [JODiBHIOIOTH OfHA
omHil i OGiuHomy pe6Gpy. OcHoBH;
OIPAMOKYTHUKIB JOPiBHIOIOTH Hia-
roHanAM OCHOBU Ipuamu. Tomy
HaANOLIBIINM € JiaroHaJbHUK IIe-
pepi3, HAKUU NOPOXOAUTH Uepes
HaibinbIy miaroHanb ocHoBu BE.
Toni Spgp p =48 cm’.

Hexait AB=x, BB;=y (x>0,
y>0).

3a BJIACTUBOCTAMU MIPABUJIHLHOTO
mectTukyTHuka BE=2AB=2x.
Tomy

SBEEIB1 =BE-BB, =2xy =48 cm®.
3Bigcu xy =24 cm®.

Tomi

Sgiqn =0AB-BB; =6xy =144 cm?.

Bionosiov: 144 cm?.

3apaua 2. OcHosoo npsamoi npusmn  ABCA, B,C,

» 1) IIpusma ABCA,B,C; (puc. 1.12) npa-
Ma, OTiKe, KoKHe i 6iuHe pebpo € BUCOTOO

TakoXk NOTPIGHO 3BEPHYTU yBary Ha Te, Lo
BCi OiUHi rpaHi Npr3mMu — pPiBHI NPAMOKYT-

HUKW, TOMY 0/15 3HAXO0XeHHA niowi 6iuHoT

noeepxHi NpasusibHOI' NpU3MU MOXHA 3HAU-
mu naouwy oOHiel 6iYHOI 2paHi ma NOMHOXuU-
mu pe3yniemam Ha Kinbkicme 6id4HUX epaHel
(Ha 6).

Po3nounHatoum obumncnexHs, cnig ypaxysa-
TV OPIEHTMP, HaBeAeHN B § 2 nigpyyHMKa

ana 10 Knacy: aKwo 8 yMosi 2eoMempuyHoi

3a0a4i Ha 06YuUCIeHHA 83a2asli He 3d0aHO
8i0pi3Ku (abo 3a0aHi 8iOpi3KU | Kymu HemMoX-
J1u8o 06’€OHAMU 8 3pyy4HUU 0715 pO38'A3y8AHHSA
3a0a4yi MpuKymHuk), mo 3azsuydad ygoossms
Hesidomuli 8iOpi3ok (abo Hegidomul Kym, abo
Kineka Hegioomux). Brxopsuu i3 uboro, Tpeba
BBECTM HEBiJOMI Bigpi3Ku.

Kpim Toro, Bumory 3agavi 3py4yHo Bupasu-
TV Yepes 3MiHHI. Lle fo3BonuTb 3a 3agaHnm
CriBBIQHOLEHHAM Mi>K 3MIHHMW OfiepKaTu
BignoBigb.

€ piBHOGeApEHUA TPUKYT-

HUK ABC, cTopoHu skoro AB=AC=5, BC=8. Bucota npusmm gopis-
HI0€ 3. 3HanaiTb KyT MixX npamoto A, B i nnowwuHow BCC;.

Po3B’si3aHHA

mpusmu, tomy BB; 1 . A, B,C;.

Pnc. 1.12

KomeHTap

Bukopunctaemo HaBefeHy Bulye
cxemy. [1na obrpyHTyBaHHA po3Ta-
LyBaHHA BUCOTU [OCTaTHbO Mpwu-
rafat O3HaYeHHA NPAMOI NPU3MN.
3a ymoBOI0 3afayi NOTPIOHO BKa-
3aTu KyT MiXK npamoio A, B i nno-
wuHoto BCC,, T06T0 3a 03HaueH-
HAM — Le KYyT MiX rnpamoto Ta i
NPOEKLi€l0 Ha Lo nnowuHy. o6
ofiepxaTu Npoekuito npamoi A; B
Ha nnowuHy BCC;, pocTaTHbO
3 TOuKM A; NpoBecTV nepneHaun-
Kynap Ha nnowwuny BCC,;.
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2) 3a BJIACTUBICTIO IPAMOI IPU3MHU ILJIOIIMHA OCHO-
Bu A;B,C, mepnempmkynapHa o 0OiuHol rpami
BCC, B, . Ilposeznemo B momuni A;B,;C; nepues-
murynap A;M 1 B,C,, roxi AjM 1 nn. BCC,B;.
Orxe, Bizmpisok BM — mpoekmia mpamoi BA,;
Ha momuny BCC B, i kyr AjBM — Kyt Mix
npamoio A, B i mmomunoio BCC;.

3) ¥ piBroGenpenomy tpurkyTHEUKYy A;B,C; Bix-
pisox A;M — Bucora, Mexiana i Gicexkrpuca,
rogi MB;=4.

4) I3 mpamokyTHOTrO TpUKyTHUKA A;MB; omepKy-
emo: A M =\A,B>~BM?* =\5? -4® =3,

5) Is mpamokyTHOrO TPUKyTHUKA BB M
(BB,C,C — npAMOKYTHHK) OJIeP:Ky€EMO:

BM =\BB?+B,M? =32 +4% =5.

6) Is npamokyrHoro Tpuxkyrauxka A;MB

(A;M Lnn. BCC,B,) oxepxyemo (puc. 1.13):
AM 3

tg 2~ A,BM = 2-0,6.
BM 5

Puc. 1.13 A,
MO I\ B

Omxe, L A;BM = arctg0,6.
Bionosgidv: arctg0,6.

3ATNMNTAHHA

1. Akuii MHOTOTPAaHHUK HA3WBAIOTh OMYKJIUM?

PO3LIJT 1. MHororpaHHmku

[nA uboro BUKOPUCTAEMO Ta-
KU npuinom: wob nposecmu
nepneHOUKynAp i3 Moyku 00
NJI0WUHU, MOXHA Yepe3 3a0ad-
HY MOYKY nposecmu NIOWUHY,
nepneHOUKynApHy 00 3a0aHoi
naowuHu, a nomim y nobyoo-
8aHiIl NJIOWUHI nposecmu nep-
NeHOUKy nAap i3 3a0aHOi' MouKu
00 NpAMOI nepemuHy po3e/is-
Hymux nsioWuH.

Y ubomy BMMAAKYy HaBiTb He
notpibHo OyayBaTu nmeprneH-
OVKYNAPHY NAOWMHY — BiuHi
rpaHi NPAMOI NPU3MK NepreH-
ONKYNAPHI 4o ocHoB (i € npa-
MOKYTHUKaMM).

Lna noneaweHHa aHanisy npo-
cmoposux KOHpi2ypayili Ha
KOXHOMY Kpouyi o064ucsieHb
MOXHA Cynpo8ooxysamu po3-
8’A3y8AHHA BUHOCHUMU NJIOC-
KuMu pucyHkamu (piBHobefpe-
Horo TpukyTHuka A;B,C,
npamokyTHuka BB;C,C,
NPAMOKYTHOTO TPUKYTHMUKA
A MB — octaHHi 306pa-
XEHO Yy HaBefeHOMYy pO3B'A-
3aHHi).

2. Illo Take rpaHb OOMYKJOTO MHOrOrpaHHuKAa? pebpo? BepimuHAa?

3. IlTo Taxe mpuama? ocHoBu mpuaMu? Oiumi rpaui? pedpa?

4. JloBeniTh, 1110 OCHOBU HPUW3MHU JEKATh Yy MapajieIbHUX IIJIOIIMHAX i PiB-
Hi, Oiuni peOpa mapajenbHi I piBHi, OiuHi TrpaHi — mnDapaJiesorpamu.
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5. Illo Taxke BucoTa mpusaMu? AiaroHajb OPU3MUI?

6. fIkoio (irypoiro € mepepisd MpPU3MHU IIJIOIIMHOI, IIapaJieIbHOI OiuHUM
pebpaM, 30KpeMa AiaroHaJbHUI Iepepis?

7. fIlka mpuama HasmBaeThbCca MpaMoro? moxuiao? HassiTe i obr'pyuryiiTe
BJIACTUBOCTI IPAMOI IIPU3MU.

8. flka mpmaMa Ha3WUBAETHCS ITPABUJILHOIO?
9. Illo Take mjora OiYHOI ITOBEPXHi MpPM3MU? MTOBHOI MHOBEPXHi IIpU3MU?

10. HoBeniTh, 1110 miroiia 6iuHOI MOBEPXHi IPAMOI IPU3MHU JOPiBHIOE HOOYTKY
mepuMeTpa OCHOBM Ha BUCOTY IIPU3MMU.

BMPABU

1.1°. 300pasiTh MHOTOrPAHHUK, AKNI Mae:
1) mricte pebep; 2) Bicim pebGep; 3) meB’sitb pebdep.

1.2°. HasBiThb MHOTOrPaHHUK, SKUI Mae HaNMeHITY KiJbKicTh rpaHeii. CKijib-
KM B HBOI'O BepIIuH, pebdep?

1.3°. OmHa 3 rpaHelli MHOTOTPaHHUKA — IISAATUKYTHUK.
1) fAxy HalimMeHIy KiJgbKicTh pebep MOKe MaTu Iell MHOTOTDaHHUK?
2) fxky maliMeHITy KiJBKiCTh IpaHeill MoKe MaTH Ileii MHOTOT'DAHHUK?

1.4°, CkijbKU miaroHaJjieii Mae n-KyTHa mpusma?

1.5°% OpgnHe GiuHe peOpo TPUBMU MEPIEHAUKYJIAPHE A0 MJOINIMHU OCHOBHU.
HoBexmith, 1o iHmri GiuHi pebpa Te:XK TEPNEHAWMKYIAPHI A0 IJIOINTMHU
OCHOBI.

1.6. BiuHe peOpo MOXMJIOi MPU3MHU 3aBIOBKKH 15 ¢cM HaxmjeHe OO0 IJIOIUHUI
ocHOBM mij KytoMm 30°. 3HAWAITH BUCOTY TPU3MHU.

1.7. ¥Yci pebpa npasuibHOl TpukyTHOI npusmu ABCA;B,C, pisHi. 3HaiimiTs
KyT Misx mpamumu CB; i AA,.

1.8. OcHOBOIO TIPAMOI TPU3MHU € PoMO; AiaroHaJi MPU3MU AOPiBHIOIOTH 8 CM
i 5 cm, a Bucora 2 cM. 3HAUOITH CTOPOHY OCHOBH.

1.9. OcHOBOIO TPU3MU € TMPaBUJBHUN IMTECTUKYTHUK 31 CTOPOHOIO a, a GiuHi
rpaHi e kBagparamMu. SHAUAITL AiaroHaJ i mpusmu i morri ii giaromajb-
HUX IIepepisis.

1.10. ILjoia OCHOBM IPABUJBHOI YOTHPHUKYTHOL NMPU3MHU AopiBHIOE 144 cwm?,
a Bucota — 14 cMm. 3HaHAITH AiaroHaJb HPU3MU.
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1.12.

1.13.

1.14.

1.15.

1.16.

1.17.

1.18%,

1.19.

PO3LIJT 1. MHororpaHHmku

. IImomia GiuHOI MOBEepPXHI MPaBUJIBLHOI YOTHUPHUKYTHOI IPU3MHU HTOPiBHIOE

32 m?, a muoma moBHOI mosepxHi 40 M2, 3HAWAITHL BUCOTY IPU3MMU.

IInomra G6iyHOI T'paHi HTPaBUJIBHOI YOTUPUKYTHOI IIPU3MU [IOPiBHIOE @.
SHAWIITEL IJIOIIY AiarOHAJBLHOTO IIEPepisy.

3HaUAITh TJOITy OiYHOl IMOBEPXHI NPaBUJIBHOI YOTMPUKYTHOI IPU3IMU,
IiaroHaJb AKOI 3aBIOBKKU 4 YTBOPIOE:

1) 3 mromuHOI ocHOBU KyT 60°;

2) 3 muomuHOK O6iuHOI rpani KyT 30°.

Vci pebpa mpsamoi TpuryTHOI mpuamu piBHi. Ilmomia 6iunoi moBepxHi
npusMu gopisHOe 12 M2, 3HANAITE BUCOTY Ii€l IpU3MMU.

Ilsmoma O6iuHOI TOBEpPXHiIi MPaBUJABHOI UYOTHUPUKYTHOI TNPHU3MU
ABCDA,B,C,D; 3 ocuoBoio ABCD nopiuIoe 48 M?, a mjoIa mepepisy
ABC;D, 15 m®. 3HaiiniTh BHUCOTY IPH3MH.

Bucora npsamoi npusmu gopiBHIoe 15, i1 ocHOBOIO € piBHOOIUHA Tpamenisa
3 Bucororo 10 i ocmoBamu 25 i 45. SHalAiTH:

1) mmory GiuHOI ITOBEePXHI ITpU3MU;

2) moiy AiaroHaJIBHOT'O Tepepisy MpPu3Mu;

3) mBorpaHHi KyTu mpu OiYHMX pedpax IPU3MIH.

3a CTOpPOHOIO OCHOBM a i OiunmM peGpoM b 3HAKAITHL IIJIOIIY IIOBHOL
IIOBEPXHI IIPABUJILHOI IIPU3MMU:
1) TpUKyTHOI; 2) YOTHUPUKYTHOI; 3) IIeCTUKYTHOI.

Hiaronmans BD; npasBuibHOl woTupukyTHOI npusmu ABCDA,B,C,D,
3aBJOBXKKHU 4 YTBOPIOE 3 ILIOIMHOIO Oiumoi rpami BCC;B; xyr 30°.
SHaAUITh:

1) KyT MixK Iielo miaroHaJJIf0 i IIJIOITUHOIO OCHOBW;

2) njomy piaroHasnbHOro mepepisy BC;D,A;

3) myomly miaroHanbHOro mepepisy BB, D;D.

BuasiTb cBOIO KOMMNETEHTHICTb

ITigroryiiTe mpeseHTAllif0, MPUCBAYEHY BUKOPUCTAHHIO HIPU3M y OYAiB-
HuiTBi. Bukopucraiite dororpagii OymiBens y dopmi pisHOMaHITHHX
IpU3M.



§2. NAPAJIEJIENINEN.
NPAMOKYTHUN NAPANENENINEA

Tabnuua 2
Mapaneneninepn

Mapaneneninedom Ha3MBaAETbCA
npusMma, B OCHOBI AIKOI NeXUTb na-
panenorpam.

BnactmBocTi

1) Yci rpaHi napaneneninega — na-
panenorpamm.

2) MpoTtunexHi rpaHi napanenenine-
[a napanesbHi n piBHi.

3) fOiaroHani napaneneninega nepe-
TUHAKTbCA B OfJHIN Touui N TOu-
KO0 NepeTuHy AinATbCcA HaBMif.

(Touka O — cepeauHa A,C, BD;,
ACy, B,D)

MpamoKyTHMIA napaneneninep

D C, Mpamun napanenenineq, 0CHOBOIO
| P AKOTO € NPAMOKYTHUK, Ha3NBa€Tb-
! D3, CA NpAMOKYMHUM napasneneni-
A, 4. B nedom.
| P
c 1B L--JC
b~
///
V4
A a B
BnactmBocTi

1) ¥Yci rpaHi npAMOKyTHOro napaneneninega — NPAMOKYTHUKN.

2) KBappaT 6ynb-aKoi AiaroHani NpAMOKYTHOro napaneneninesa AOPIBHIOE CyMi KBagpa-
TiB TpbOX i10ro Bumipis. d* = a® +b* +c? (A012 = AB® + AD? +AA12)

3) Sgiqn = Py - AA; =2(AB+ AD)- AA, =2(a+b)c; S

OCH = Sﬁiqn + 2Socn

IIOBH
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Ky6
Ky6om Ha3nBa€eTbCA NPAMOKYTHUI
napaneneninep, yci pebpa akoro
pPiBHi.
BnactusocTi
a. @ 1) Yci rpaHni kKyba 2— KB:p,pasz. ,
s 2)d=a\/§ (d°=a”“+b"+c°, pe

a — pebpo Kyba, d — piaroHanb
e Ky6a).

a _ 2
3) S6qu.1cy6a =4a ’ S

Y

_ 2
MOBH.Kyba — 6a

MOACHEHHA N OBI'PYHTYBAHHA

O3HaueHHs. lMapaneneninedom Ha3nBa-
€TbCA NpN3Ma, OCHOBOIO SIKOT € Napane- Puc. 2.1 B
norpam.

I3 osHaueHHsA BUIIWBAE, IO B Iapa- A 1
Jejenineni Bci rpaHi — mapaJjejiorpamMu
(puc. 2.1).

I'pani mapameneminezna, 1o He MalOTh
CHiJIBHUX BEPIIUH, Ha3UBAIOTL NPOMUJLeNHC- B C
HUMU.

Teopema 2.1. MpoTunexHi rpaHi napane- A D
neninepa napanenbHi N PiBHi.

) [oeenenHa. Po3rnAHemMo [OBiNbHI ABI MPOTWNEXHI rpaHi Napaneneninega, Ha-
npuknag AA, BB i DD,C,C (puc. 2.1). Ockinbku BCi rpaHi napaneneninena —
napanenorpamun (y AKUX MNPOTWMEXHI CTOPOHW napanenbHi), To npama AA;
napanenbHa npamin DD;, a npama AB napanenbHa npamin DC. 3a o3Hakolo na-
panenbHOCTI NAOWMNH OAEPKYEMO, O MNAOLMHW PO3MIAHYTUX FPaHeln napasnesbHi.
I3 TOro, wo rpaHi napaneneninega — napanenorpaMmuv, BUMIMUBAE, WO Bifpi3kn
AD, BC, A, D,, B;C; napanenbHi 1 pisHi. Toai B pe3ynbTaTi NapanesbHOro nepe-
HeceHHs Ha BekTop AD rpaHb AA,B,B cymictutbea 3 rpanHio DD, C;C. OTxe,
Ui rpaHi piBHi.
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AHanoriyHo  06rpPyHTOBYIOTb  Napanesnb-
HICTb | PiBHICTb GyAb-AKMX iHWWX NPOTU- Puc. 2.2
NEeXHUX rpaHen napaneneninega.

Teopema 2.2. [liaroHani napaneneninega p
nepeTuHaKTbCA B OAHIN Touli i TOUKol 7
nepeTuHy AiNATbCA HaBnin. D, >4,

» JoBepenHa. Po3rnaHemo sKi-Hebyab ABi .
fdiaroHani nmapaneneninega, Hanpukniag C 7 B
AC; i BD; (puc. 2.2). Ockinbku rpaHi I
A;B,BA n A;B,C,D, — napanenorpamu "
3i CnifbHOW CTOpoHO A, B;, TO X CTO- D A
poHn AB i D,C,; napanenbHi (AB|| A;B,

i D;C, || A;B,Topi AB|| D;C,),0TXe, nexatb

B OAHiN nnowwuHi. LA nnowmHa nepeTtnHae

MIOWMHN MPOTUAEKHMX TpPaHeln napane- Puc.2.3

neninega no napanenbHux npamux AD;

i BC,. Topi 4otupukyTHuk ABC,D; — C, B
napanenorpam. [liaroHani napanenenirne-

pa AC, i BD; € piaroHanamu uUboro na- D A X
panenorpama, TOMy BOHW MepeTVHalTbCA p

1 Toukoto nepeTnHy O [inATbCA HaBMin.

AHanoriyHo goBoaaTb, wWo AiaroHani AC; ¢
i DB, a Takox piaroHani AC, i CA; ne- 1
pPeTUHalOTbCA | TOUKOK MepeTUHy AinATbCA

HaBnin. 3BiACK OfepPXXyeEMO, WO BCi YoTupun D A
JiaroHani napaneneninefa nepeTMHaTbCA

B OJHIl TOuli 1 TOYKOI NepeTuHy AinATb-

CA HaBnin.

Iz Teopemu 2.2 BumiamBae, 1110 TOUKA MEePETHHY AiaroHaJjiell IapaJieierri-
nega € HOro IEHTPOM CUMETPii.

» [JoeeneHHA. Bubepemo AOBiINbHY Npsmy, WO NPOXOAnUTb yepes Touky O — TOUKy
nepeTvHy AiaroHanen napaneneninefa. Hexa BOHa nepeTMHaE MOBEPXHIO Napa-
neneninepa B Toukax X i X; (puc. 2.3). Toni OX =0X; (ue BuNIMBaE, Hanpw-
Knag, i3 pisHocTi TpUKYTHUKIB AOX i C;0X;). Ane ue 1 03Hayvag, Wwo Touka O —
LEeHTp cumeTpii napaneneninega.

Ax i Oyab-Aka mpuaMa, IapaJjeelrines MoKe OyTU NpAMUM 1 NOXULUM.
Y npsmomy mapaJjeiernineni Oiuxi peOpa IeprIeHAUKYJISIPHI IO OCHOB.
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0}

1110

2. MpamMoKyTHU napanenenineg

OszHaueHHsA. Mpamuin napaneneninef, 0CHOBOIO AKOr0O € NPAMOKYTHUK, Ha-
3UBAETbCA NPAMOKYMHUM napasnenenineoom.

I3 HaBemeHoro osHaAuUeHHSA BUILJINBAE,
BCi rpaHi IPSAMOKYTHOTO mHapaJeJserni- Puc.2.4

nmega — IIPAMOKYTHHKHN, BHCOTa I/:[OpiBHIO(-'J

biuHOMY PeOpy ¥ KoKHe pedpo NMepHeHIUKY- D C

JISIpHE [0 IpaHi, 3 KO BOHO MAa€ TiJIbKU
ofHy cuinbHy Touky. CopaBii, HAIpUKJIAL,

|
|
AD 1 nn. ABB;A,; (puc. 2.4) 3a O03HAKOIO A e B
NePHeHAUKYJAAPHOCTI TPAMOI 1 IJIOIWHY, e - fl !
ockimekun AD L AB it AD L AA,. . R e (¢
@ OsHaueHHs. MPAMOKYTHMIA napaneneni- b7 = ~se-- 7 -
nep, yci pe6pa AKoro piBHi, Ha3MBa€eTbCA /:, --" S~
Ky6Gom. A a B

Harapmaemo, 1o Bci rpani Kyba — kea-

dpamu.

P .

3a3HauYNMO, 1110 KPUCTAIN KYXOHHOI COJIi MatoTh hopMy Ky0a, a He3BUUHE PO3MilleHHA
KyO6iuHUX (hopM y OYIiBJIIAX TO3BOJIAE CTBOPIOBATU OPUTIHAIBHY apXiTeKTypy.

JoB:KUHN HemapaJieIbHUX pebep MPSIMOKYTHOI'O IapaJieserimena HasuBa-

IOTh HOTr0 JiHillHUMU posmipamu (6umipamu). Y HTPAMOKYTHOTO IIapaJjieselri-
mema TpU BUMIpH.
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Teopema 2.3. Y npAMOKYTHOMY napaneneninegi KBagpart 6yab-AKoi giaroHani
AOPIBHIOE CyMi KBagpaTiB TPbOX Oro BUMIpIB.

» [oeepenHsa. PosrnaHemo npsamokyTHun napanenenineq ABCDA,B;C,D, (aus.
puc. 2.4) i3 piaroHannio A,C=d i Tpboma Bumipamu: AB=a, AD=b, AA, =c.
I3 npamokyTHoro TpukyTHuka ACA; 3a Teopemoto [lidaropa opep>Kyemo:
A,C*=AC? + AAZ.

Ockinbkn AC = BD (ak giaroHani npaMmoKyTHnKka ABCD), TO 3 NpAMOKYTHOrO Tpu-
KyTHUKa ABD 3a teopemoio liparopa ogepkyemo: BD? = AB? + AD? = a® + b2,
Togi A;C? = AC®+ AAZ = BD? + AA? =a® +b® +c%. Otxe, d®=a® +b% +c2.

3azHaunMMo, 10 Ky06 € MPAMOKYTHUM IlapaJjieselinesnoM, yci BUMipu sIKOTO
JOpPiBHIOIOTH OOMH oxHoMy. Tomy, sIKIlo peOpo Kyba OOpiBHIOE a, a #oro mia-
roHajgb — d, TO 3a TeopeMol 2.3 MaeMo: d2=a2+a2+a2, TOOTO d2=3a2,
oTke, d=a+3.

Puc. 2.5

Y npAMOKYTHOTO mapaJiejernimena, AK D C
i B Oyab-AKOro mapaJieJelriniefna, € IIEHTP CU-
MeTpii — TOYKa IIepeTHMHY WOro JiaroHaJiein. A B
Y HBOro € TaKOXK TPU ILJIOIIMHU CUMETPii, IIMo
MIPOXOAATh Uepes IEeHTP CHUMeTpil IapaJesbHO
rpagsaMm. Ha puc. 2.5 300pakeHO OIHY 3 TaKUX
mIonuH. BoHa NpPOXOAUTH Yepes3 cepefuHU Yo-
TUPHOX MapajieIbHUX pebep mapaJiesemnimesna.
Kinmi pebep € cuMeTpUUYHUMHU TOUKAMIU.

Sriio Bei giHifiHI posmipu mapaJseseninena
pisHi, TO B HBOrO HEMa€ iHIIUX MJOIIUH CHMe- Puc. 2.6
Tpii, KpiM BUIleHA3BaHUX.

dArmio gBa JiHiiHI po3mipm mapaJeJemni-
mega MOPiBHIOIOTH OAUWH OAHOMY, TO B HBOTO
€ mie AaBi mommuay cuMerpii. i miaomwuun nia-
TOHAJBHUX IIepepisiB 3o0paskeHo Ha puc. 2.6.

Skmro Bei siHiTiHI posmipu mapaJsesemnimena
JIOPiBHIOIOTHL OAWH OJHOMY, TOOTO BiH € KyOoM,

o —— e

TO ILJIOIIMHA OyAb-sIKOTO MO0 JIiaroHaJbHOT'O Ny

. N
mepepisy € myomuHo cuMmeTpii. OTiKe, ¥y Kyba N
IeB’ATH ILJIOIIUH CUMeTpii. s
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NMPUKNAOW PO3B'A3YBAHHA 3A0AY

3apava 1. 3HangitTb NnoLWy NOBHOI MOBEPXHI NPAMOro napanenenineaa, yci pebpa
AKOro AOPIBHIOWTb OAMH OOHOMY, FOCTPUIN KYT B OCHOBI CTaHOBUTb 60°,
a MeHLa fAiaroHanb OCHOBM AOPIBHIOE a.

Po3B’si3aHHA

» Hexait ABCDA,B,C,D; (puc. 2.7) —
3aJJaHUI IPAMUN ITapaJeserines, y SKo-

ro LBAD=60°, AA; =AB=AD.

SIkmo Bci cTOpoHM IlapaJiejorpaMa
ABCD nopiBHIOIOTH OfHA ONHiT, TO IIa-
pajesorpaM € poM0OoM i iforo MeHIIIa
IiaroHaJb JEKUTH IPOTU TOCTPOTO KY-
Ta, Tooro BD=a.

Ockinbku TpukyTHUK ABD — piBHOGE-
IpeHni i3 kyrom 60° TO BiH piBHOCTO-
pomuiit. Otske, AB=AD=BD=a.

Tomi S, = Seian T2Soen =

IIOBH
=P, pep - AA, +2AB- AD -sin60° =

=4a-a+a2\/§=(4+\/§)a2.

Bidnogiov: (4 + \/g )az .

KomeHTap

Ina obuncneHHa nnouwi 6iYyHoOi NoBepXHi
npAMoOro napaneneninega cnig ypaxysa-
", WO NpAMUN Napanenenines € NnpAMoo
npr3mMoto, TOMy mnjiowa 6i4YHOI NOBepPXHi
npAMoOro napanenenineia AOPIBHIOE A0-
6y TKY NepumeTpa OCHOBU Ha GiuHe pebpo.
o6 3HanTV CTOPOHY OCHOBU, JOCTAaTHbO
npuragaTtn BignoBiAHWUI ONOPHUIA GaKT i3
Kypcy nnaHimeTpil: AKLo B piBHOGeApEeHO-
My TPUKYTHMKY OZVH i3 KyTiB JOPiBHIOE 60°,
TO Uen TPUKYTHUK PiIBHOCTOPOHHIMN.

TakoX cnig nam’'siTaTy, Wo B poMbi meHwWwa
JiaroHanb NeXX1Tb NPOTY rOCTPOro KyTa.

Puc. 2.7 D C

1 1

A, B

D C
a

60°
Al B

3apaua 2%, [liaroHanb NPAMOKYTHOro napaneneninefa [AoOpiBHWE d i yTBOpPIOE
3 NJIOWMNHOI OCHOBM KyT 45°, a 3 N/IOLWMHO OAHIEI 3 6iUHMX rpaHen —
KyT 30°. 3HangiTb nnoLy NOBHOI MOBEPXHi Napaneneninega.

Po3B'sAi3aHHA

» 1) Hexait ABCDA,B,C,D;, — 3ajgasuii mapa-
aneneninen i3 giaromanmio BD;=d (puc. 2.8).
3a BJIACTHMBICTIO IPAMOKYTHOT'O HIapaJesiernimne-
na D;D 1 nn. ABCD i D,C,; L nn. BCC,B,.

KomeHTap

BMKOpMCTOBYEMO OCHOBHI
efleMeHTUN CXeMU PO3B'A3yBaH-
HA 3a4a4 Ha obuncneHHa (guB.
§1,n.4).
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Puc. 2.8 D1 C1
d
A1 B1
o130
450 C
)3
$AS B

2) Toxi DB — mpoeknia D;B Ha IIOUUHY Tpa-
Hi ABCD, a C;B — mnpoeknia D;B Ha miomu-
Hy rpani BCC;B,. Orxe, xkyr D;BD — &yt
Mmisk mpamoro D;B i mmomumuolo rpani ABCD
(LDIBD=45°), a xkyr D;BC; — Kyr Mix
mpamolo D;B i mmomunuoio rpani BCC;B,
(£ D;BC, =30°).

3) Is mpamoxyTHOro tpuryramka D;BD ogxep-

JKYy€EMO: \/’

DB=D,B-cos45° = d?

\/5 .

DD, = D;B-sin45°= dT
4) Is mpamoryrtHoro TpukyTtHuUKa D;BC; ognep-
wyemo: D;C; =D;B-sin30°=—

5) I3 mpamoxkyTHoro TpukyTHuka BCD (ABCD —

d
npamokyrauk, DC=D,C; = E) OZEPIKYEMO:
2 2 2
Be=DB2-pC? = |24 _ L _ L pon
4 4 2
SHOBH = SquH + 2SOCH = PABCD 'D1D+ 2DC-BC =

=2(DC+BC)-D,D+2DC-BC=

B e

2

Bionosiov: (\/E—F )dz

1) ObrpyHTyBaT  pO3TaLly-
BaHHA BWCOTW MHOroOrpaH-
HUKa.

2) O6rpyHTYyBaTH, WO NPOCTO-

poBi KyTM 1 NpPOCTOPOBI
BiACTaHi MoO3HayeHi npa-
BUJIbHO.

3) Ha KoxHoMy Kpoui obumc-
NeHb  yKasaTu, efleMeHTM
AKOro TPUKYTHMKA BW3Ha-
YAEMO, i AKLWO BiH NPAMO-
KYTHWUA, MOACHATA YOMY.

Ona obrpyHTyBaHHA po3Ta-
WYBaHHA BMCOTM BPaXyeMO,
WO B MPAMOKYTHOMY napa-
nenenineni 6yab-Ake 6iuHe
pebpo € Noro BUCOTOM, a AnA
06rpyHTyBaHHA NPOCTOPOBUX
KYTiB MPUrafaemo, Wo KyT Mix
MOXUJI00 1 NAOWMNHOK — Le
KYyT MK 3aJaHol0 MOXWSOL0
i Tl NPOEKLi€0 Ha PO3MNAHYTY
MOLUNHY.

Ina obuncneHHa nnowi 6iuHoT
NMOBEPXHi NPAMOKYTHOro na-
paneneninega cnig ypaxysa-
T, WO NPAMOKYTHUI Napane-
nenineg € NPsAMoo NPU3MOlo,
TOMy mJioula GiuHOT NoBepxHi
NPAMOKYTHOro napanesnenine-
[a [OPiBHIOE fOBYTKY neprme-
Tpa OCHOBM Ha biuyHe pebpo.
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3ANMATAHHA

1.
2.
3.

4.

5.
6.

7.

IITo Take mapaJeJerrimen?
HoBeniTe, 1110 MPOTUJEIKHI I'paHi mapaJjesenimena IapaJejbHi ¥ piBHI.

HoBeniTs, 1m0 aAiaroHasi mapaJjejenineza MepeTUHAOTHCA B OAHIN TOUIi
M TOYKOIO IEepeTHUHY AiIATHCS HaBIILJI.

Axwuit mapasenmeninen HasuBaeTbcsa mpaMokyTHuM? Illo Taxe Jrimidiai
po3Mipy IPSAMOKYTHOrO IapaJesemninena?

IITlo Tarke Ky0?

HoBeniTh, 110 B IPAMOKYTHOMY IlapaJieJiellinie/li KBaapar AiaroHaJi nIo-
PiBHIOE cyMi KBajpaTiB TPbOX HOro BUMIipiB.

CKiJbKHY ILJIOIIUH i IEHTPiB cUMeTpil Mae NPAMOKYTHUN IIapaJjieserinen?

BMPABU

2.1°
2.2°

2.3%

2.4

2.5°

2.6°

2.7.

300pasiTh KijbKa pPIBHMX PO3rOPTOK MIPSIMOKYTHOI'O IIapaJeJerimesa.

CTopoHU OCHOBU IPAMOKYTHOI'O IIapaJiejienimena OOPiBHIOIOTH 7 IM
i 24 gm, a Bucora mapaJjeneninmena 8 am. SHAHAITH IIJIOIIY JiaroHaJb-
HOT'O TIepepisy.

3HaiAiTe miaromaJii IPAMOKYTHOTO IIapaJieJelimena 3a TPboMa IHOro
BUMipaMu:

11, 2, 2 2) 2, 5, 14; 3) 6, 6, 7.

3HAWOITh IIJIONTY IIOBHOI MHOBEPXHiI IPAMOKYTHOIO IIapaJejelimena 3a
TpbOMa IOro BUMipaMu:

1) 2 cm, 5 cm, 10 cwm; 2) 4 cm, 6 cv, 8 cMm; 3) 10 cm, 12 cm, 5 cwm.

Tpu rpami mapaJjesnemninesa maiorh miomi 1 m2, 2 m? i 3 m2. 3maigiTs
TJIOITY IIOBHOI IIOBEPXHIi ITapaJjesemnimena.

SHAUIITL OOBXKUHY OiaroHaJi KyOa, SKIIO ILJIOIa HOro IIOBHOI ITOBEePXHi
mopisuioe 150 cm?2.

CTOpOHMN OCHOBU IIPAMOrO mIapaJjejellinena JOPiBHIOOTL 6 M i 8 M, KyT
MiK muUMU cTopoHaMu cTaHoBUTH 30°. Biune pebGpo mapaJeJerimena mgo-
piBHIOE 5 M. 3HaiAiTHL IJIOIY IIOBHOI IIOBEPXHi IIHOI'0 IlapaJjeJelimena.
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2.8. 3HaiaiTe 1mioiry OiuHOI IIOBEPXHI MPAMOKYTHOTO mapaJjiejemnimena, K-
110 oro BHCOTa AOPiBHIOE /i, IJIOI[a OCHOBHU (), IJIOIIA AiaroHAJIBLHOI'O
nepepisy M.

2.9. 3HaWAiTH IIJIOIIY IIOBHOI MOBEPXHI MPAMOKYTHOTO IIapaJiejenimena,
miaroHaJib AKOTO JOPiBHIOE 3 CM, a AiaroHaji OiuHMX rpaHeil b5 cm
i 242 cm.

2.10. JiaroHasab TPAMOKYTHOI'O IlapaJiejielliliefia YTBOPIOE 3 1Oro pedpamu
Kyt o, P, y. HdoBexirs, mo cos®o+cos?P+cosy=1.

2.11. OcHOBOIO IIPSAMOTO IIapaJieJerimena € pom6 i3 miaromaasamu 6 cm i 8 cwm;
miaronaJsb OiuHOl rpami gopiBHIOE 13 cm. 3HaAHAITH MJIOINY IOBHOI IIO-
BepXHi IlapaJjiesernimneza.

2.12. OcHoBOIO mapaJeJseiinesa € pom06 31 cTOpoHOIO b i rocTpuM KyTomM O,
a Giumi rpami — mapajesorpamMmu 3 rocrpum Kyrtom [. Biume pe6po
mapaJjiejienineza QOpiBHIOE a. SHAUTITH:

1) mrorry GiuHOi IOBepXHi IapaJeJelrinena;
2) IJIOIIy MEHIIIOr0 IiaroOHAJILHOTO IIepepisy;
3) BHCOTY IapaJeJelrimena.

2.13. Biune peOpo mpAMOro mapaJjeJelinena JOPiBHIOE 5 M, CTOPOHU OCHO-
B 6 M i 8 M, a ogHa 3 miaroHaJsieili ocHoBu 12 M. 3HaiAiThL miaromaJi
mapaJesienimnesa.

2.14. ¥V mpamokyTtHoro napaneneninena ABCDA,;B;C;D; Binomi pebpa AB=2,
AD=1 i giaronans AC; =3. 3HaiiAiTs BificTaHb Mixk npamumu AB i B,C;.

2.15. CTOpoH: OCHOBU IPAMOTO IlapaJjejellinena IOPiBHIOIOTL 3 ¢cM i 5 cwm,
omHa 3 pmiaromajieii ocHoBu 4 cM. MeHIma pgiaromajs mapaJelerimena
YTBOPIOE 3 ILJIOIIMHOI ocHOBM KyT 60° 3HaimiTh miaromaji mapaJeJe-
minena.

2.16% JloBemiThb, II0 cyMa KBaJpaTiB IJIOIN OiYHMX TpaHell mpsMOro mapaJele-
mimema JOPiBHIOE CyMi KBaApaTiB IIJIONI HOTO AiaroHAJbHUX Mepepisis.

2.17. Bucora mpsMoro mapaJeJjelinmena ITOpPiBHIOE \/§ , OiaroHaJii #Ooro yTBO-
PIOIOTH 3 OCHOBOIO KyTu 45° i 60° a ocHoBoO € pomM06. SHANIITH:
1) oy GiuHOi IOBepXHi IapaJeselrinena;
2) 1IoIy IOBHOI IIOBEPXHi ITapaJieJielrimena.

2.18. CTOpoHU OCHOBHU IIPSAMOI0 IapaJjejemninena nopiBHIOOTE 13 cm i 14 cwm,
MeHIIIa Horo aiaroHaJs aopiBHoe 17 cm, a miaoma ocHosu 168 cm?.
3HanAiTh IOy OiUHOI ITOBEpPXHi.
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2.19. 3HaiifiTh AiaroHaji mpAMOTo IapaJieJellimena, KOKHe pedpo sSIKOro [I0-

piBHIOE a, a rocTpuii KyT B ocHOBi 60°.

2.20* CTOpoHW OCHOBW TIPAMOTO TapaJeJsieninefa AOPiBHIOIOTL 2 c¢cM i 5 cwm;

2.21*

2.22.

BicTaHp MisK MeHIIMMU 3 HuUX 4 cM, a Oiume pebpo 2v/2 cm. 3HAUOITH
IiaroHaJi mapaJiesenimena.

. OcHOBOIO TIPSAMOTO TapaJjiejielliliefia € IrapajielorpaM, MeHIIa CTOPOHA
AKOro mopiBHIOE 9 cM, a rocTpuii KyT cramoBuTh 60°. Binbmia 3 mia-
roHaJjieii mapaJieserrinena mgopiBHioe 29 cM, a mgiaroHaisnb ioro OijbImoi
O0iunol rpaHi 25 cM. 3HaWAITH IOy OiUuHOI ITOBEepPXHi mapaJesemnimena.

Y ky6i ABCDA,B,C,D, s3HainiTe KyT Mix npamono AB; i miomiu-
HOI0O ABC,.

2.23*. Y npamorkyTtHoMy napanenenineni ABCDA,B,C,D, Bigomi pebpa AB=35,

&)

2.24,

P .

IIpamMoKyTHUI mapaJeemnines € HaOiIbI YoKUBAHUM TiJIOM y Oy IiBHUIITBI.

AD=12, CC,=21. 3naiigite xyT Mix nnomunamu ABC i A;DB.

BuasiTb cBOIO KOMMNETEHTHICTb

IToka:kiTh HA TPUKJIAAAX, IT0 IPAMOKYTHUI HapaJesenines € Ha6iabI
yKuUBaHUM Tijgom y OyamiBHuTBi. IligroTyiiTe mpesenrtaliito, y AKii
BUKoOpucTaiite pororpadil OymiBesb, CTBOPEHNX i3 BUKOPHUCTAHHAM IIPs-
MOKYTHUX MapaJeJjeninenis.




§3. NObY0BA NMEPEPIZIB
NPU3MU N 3A[AYI, NOB’A3AHI
3 NEPEPI3AMU

IToGynoBa mepepidiB MHOTOTPAHHUKIB OyJia pPO3IVISHYTa B Kypci reomerpii
10 knacy. g moOynqoBu MOXKHA BUKOPHCTOBYBATH BJIACTHBOCTI IapaJieIbHOCTL
OpAMUX i MJIOHMH abo, HampukJan, meron ciaimiB. Haramaemo 1i metonu.

1. BuKopuctaHHA BnacTUBOCTEl NapanenbHNX NPAMUX i NNOWWH

SKmI0 3amaHMII MHOTOTPAHHUWK MICTHUTH HapaJjiefibHI rpaHi, AKi meperu-
Ha€e ciyHa MJIOIMWHA, TO 3a BJIACTUBICTIO ITapaJieIbHUX IJIOIMIMH MIpAMi Iiepe-
TUHY CiYHOI NIJIOIMWMHU i3 UMM TI'PAaHAMU IlapaJjejbHi.

Ilo6ynyemo mepepis npamoxyTHOro napaJtesneninena ABCDA,B,C,D;
(puc. 3.1, a) IJIOMIMHOIO, III0 MPOXOAUTH ueped Touku K, L, M Ha ioro
pebpax (K e€AA,, LeBB;, M eCC;). Cnonyuaemo BinpiskamMu Iapu TOUOK,
110 JiesKaTh B ONHiIN rpaHi, — omep:Kyemo Bimpiskm KL i LM (puc. 3.1, 0),
3a AKMMH ciuHa NJolMHaA HepeTuHae rpaHi ABB;A; i BCC;B; Biamnosiz-
HO. IIpoTmierxkHi rpaHi mapaJjesenimena IIOTApHO IlapaJjeibHi, HaIPUKJIAL
mwi. AA; D, D||nn. BCC, B, .

Oroxe, ciuHa momuHa neperuHae rpadb AA;D;D mno npawmiii KN, napa-
JeawHilt nmpawmiit LM (npoBogumo KN ||LM, NeD;D i cnorydaemo Biapis-
kamu Touku N i M). Yorupukyrauk KLMN — mIyKaHUU Tiepepis.

IHomi BuKoOpHCTAaHHS BJIACTHBOCTEHN IIapajieIbHUX MPAMHUX i IIJIOIIWH IIO-
€IHYIOTHh 3 iHIIMMHU MeTOoJaMM IIOOYyAOBU IepepisiB MHOTOTrpaHHUKIB.

Puc. 3.1

a Bl Cl 6 Bl (J1
I I
| |
“y 7L D, 4, //I‘\\\lDl
Ke | M K ¢ ~ | v TG M
|
,;l?__-___ ¢ By =y~ _cJC
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s mo6ynoBu GiJbINl CKJIAAHUX IEpPepPis3iB MHOTOTPAaHHUKIB 3PYyYHO 3aCTO-
COBYBaTH Memo0 caidig: CIoOYaTKy OyAYIOTH IPAMY II€PeTHUHY CiuHOI IIJIOIINHNI
3 IJIOIIMHOIO AKOI-HeOyab rpaHi (caim ciuxol mrolmuHM Ha il rpanxi), a moTim
yoKe 3HAXOIATH TOUYKM IEPEeTUHY CiuHOI MJIONMHU 3 BigmoBimHMMU pebpamwu
MHOTOrpaHHMKA (a0o0 3 IxHiMu mpomoB:KeHHaMU). IHOAI HEOOXiZHO PO3TVISHYTU
JIOTIOMisKHI IIJIOIMHY, NI AKUX TaKOXK OyIOyeThcA caif ciuHol miormuHu (abo
cain 1miel MOMOMiXKHOI IIJIOIIUMHU Ha IIJIOIIWHI AKOI-HeOynbh I'paHi).

Haramaemo: nmisa omepskanusa ciaigy (up4-
Mol b) mromuuau [ Ha mromuuai O (pmc. 3.2)
IOCTAaTHLO BHAWTU TOUKMU IIEPETUHY IBOX IIPs-
MHUX IUIOIWHU O 8 IUJIONIMHOK [ (OCKiJIbKU
oBi Toukm, HampukJganz A i C, OZHO3BHAUYHO BU- B
3HAUa0Th NpAMYy b). Touka mepeTuHy Oyob-IKOI a
OpAMOl @ IJIOMIMHYU [3 3 IJIOI[UHOK O 3aBMKIU
JIEKUTh HA CJiZ0Bi muomuuau B Ha IJIOMIUHI o
(Ha mpamii b). C

OTpuMmaBIIU YysABJEHHSA IIPO IapaJiesbHe
i meHTpaJbHE IPOEKTYBAaHHS, MOYKHA YTOUYHH-
TH 3MIiCT METOAY CJiAiB, MIOB’SI3aHOI0 3 BUKO-
PUCTaHHAM BiATOBiAHUX MPOEKILiN. AAKINO PO3TIAZATH CJIiJ CiYHOI IJIOIIUHU

Puc. 3.2

MIPOEKIlif0 Ha Iffo ILrommuuy. Tomi mia moOymoBM BiAmOBigHOTO ciimy ciunol
ILJIOIIUHY AOBOAUTHCSA IBiUi 3HAXOAUTH TOUKHU IIEPETUHY IPSAMOI I IJIOIIHHUI
3a ABOMAa 3aJaHUMU TOUKaMM Ifiel mpAmMol Ta IX NPOEKIiAMH Ha TMJIOIIUHY.

Hexaii, manpukian, npamMa a IPOXOJUTH depe3 TOuku A i B, mpuyomy
Bimomi mapasenbHi (puc. 3.3, a) a6o menrpaJsabHi (puc. 3.3, 0) mpoermii A,
B’ mux Touok Ha miuomuHy . Tomi Touka M meperuHy mnpsamoi a 3 ii

Puc.3.3
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MIPOEKIlicl0 — mnpaMol a’ ([0 IpoxoauTh udepes Touku A’ i B’) i Gyxe
ITYKAaHUM TEePeTUHOM TPAMOI @ 3 TJIOIIUHOI O.

Omike, 1100 3HANTH TOUYKY IEPETUHY IMPAMOI 3 IIJIOIMUHOI HPOEKIIiii,
IOCTaTHBO BHAUTU TOUKY MEPETUHY HPAMOI 3 I HPOEKIi€I0 HA IO TJIOIIUHY.

Taxum umHOM, AJIS TOOYIOBHU IIepepisiB MHOrorpaHHHKIB METOZOM CJIixiB
MU MOXKEeMO BMKOPMCTOBYBATH IapaJiejibHe IPOEeKTyBauHs (y 3amadax, IOB’s-
3aHUX i3 mpusamamu) abo meHTpaJsbHe (Y 3aJayax, MOB’A3aHUX i3 Hipamiforo).
YacTo 3a MJIOCMIMHY MPOEKINl BUOMPAIOTH ILIOIIMHY OCHOBM MHOTOIPAHHHKA
(AK IIEHTP HPOEKTYBAaHHA — BEPIIUHY ITipaMinu, IIPOTUJIEKHY OCHOBI).

3Sa [JOIIOMOIOI0 MeTo#y CJIifiB mobynyemo mnepepis ky6a ABCDA;B,C;D;
TJIOIITMHOIO, ITI0 IPOXOAUTEL ueped Tpu Touku K, L, M, aKki jJe:kaThb Ha MMOIapHO
MUMOOLKHIX pebpax KyoOa (puc. 3.4).

Posrismemo mapaJjiesibHe IIPOEKTYBaHHSA 3aJaHUX TOYOK HAa IJIOIUHY
ocaoBu ABCD y manpsaMKy O6iuHoro pebpa xybda. Tomi mpoekiisamu Touok K,
M, L 6ynyrs Bigmosimuo mouku A, M, L,, ne LL,||D;D (puc. 3.5).

3HalgeMo TOUKY IlepeTumHy mpsamoi LK, IM0 JeXUTh y CiuHiil mjiaomiuHi,
3 IJIOI[UHOIO ocHOBU KyOa. IlepetrmHomM mpamoi LK 3 ii mpoekniero LA
i € mykana Touka P, III0 HaJEKUTh CiUHIN IJIOIMWHI ¥ MJIOIIMHI OCHOBU KY-
6a. OTke, ciuHa IJIOIIMHA IIePETUHAE OCHOBY KyOa mo mpamiii MP (ocKiJIbKku
Touku M i P HajesKaTh AK CiUHIA mJIomuHi, Tak i maommui ocumoBu ABCD).
Ile i € cuoig ciuHol MJOIMHM Ha IJOIMWHI ocHOBU KyOa. Touka H mepeTuHy
miei mpamoi 3 pebpom AB mae ime OogHY TOUKYy Imepepisy KybOa. Crmosyummo
Touku K i H, H i M Bigpiskamu.

Hani BUKOPHUCTOBYEMO ITapajieIbHICThL MPOTUJIEKHUX T'paHell Kyba, AKi
ciuHa IIJIOIMMHA TEepPeTHHAaE II0 IIapaieJibHUX IpAMEUX. depe3 TOuKy L mpo-
BeJeMO IpaAMYy, IapajeabHy KH, i Touky ii meperury 3 pebpom CC; Kyba
nosHaunmo OykBoio E. Cmomyummo Touku E i M Bimpisxkom. Uepes Toukry L
TaKOK IIPOBEIEeMO IIpPAMY, mapaJjeiabHy HM, i TouKy ii mepeTuHy 3 pedpoM
A,;D, Ky6a nmosHaunmo OykBoro F. Cnonyuumo Touku L i F, K i F Bigpizkamu.

Puc. 3.4 Puc. 3.5 D L C
D1 L C 1 1
L 2 1 F / \ 1
A &L AN
Al B1 1 //’ B1 \ E
/
D C )" D Llo ¢

K
K¢ 1AM
“M A\/”’
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IMlectukytTaux KHMELF i Oyme miykaHuM IepepisoM Kyba 3aJaHOIO ILIO-
IITUHOIO.

3azHauuMo, IO MOYMHATH PO3B’A3YBAHHA 3a/a4 HA OOUMCJIEHH:, ITOB’S3a-
HUX i3 IepepizaMm MHOTOTrPaHHUKIB, MOKHA ABOMAa ILIaxamMu. Hampuxian,
AKIMO B 3aJadi MOTPiOHO 3HAWTHU IIJIOMIYy IIepepisy, TO CIOUATKY MOKHa II00Y-
IyBaTu Ie¥l mepepis, BU3HAUUTHU Horo (GopMy, a MOTIiM 3HAWUTU HOTO TJIOMTY.
AJle OCKiBKM B 3ajaui He BHMAaralTh IIOOyAyBaTH MIepepis MHOTOTpaHHUKA,
TO MOJKHA IIOUATH PO3B’I3YBAHHS iHaKINe: IPUUHATH, IO IIepepis y:ke IIO-
OymoBaHHMU i, CIMpalOYUCh Ha BJIACTHUBOCTI IlapaJjeIbHOCTI abo HepHeHIuKY-
JIIPHOCTI MPAMUX i IJIOIIUH, OOI'pPyHTYBaTu (opMy Iepepidy, a ImoTiM 3HAUTHU
ioro mJjoiy (AWB. IHTEPHET-IIiATPUMKY IIiAPYYHUKA).

Tako:x sasHauMMO, IO iHOAI CJIi CiuHOI MJIOHIMHU 3PYYHO POITJISAATH
He TiJIbKM B 3ajJadax Ha IIOOYIOBY Iepepisis, aje II y 3amadyax Ha OOYMCJIEH-
Hd KyTa Mi’K CiYHOIO NJIOIMHOIO Ii IIJIOIIMHOI0 OAHiel 3 rpaHell mpuaMu abo
mipamigu. ¥ TaKux BUIIaJKaX HAC YacTO He I[IKABUTHL BUJI IIEPEPi3y, TOMY
ioro Mo)KHA He OyayBaTu II He OOI'PYHTOBYBaTH (AUB. iHTEPHET-HiATPUMKY
MigPYyYHUKA).

NMPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apava 1. Y npamokyTHomy napanenenineni ABCDA,B;C;D; cTopoHu ocHoBu AB
i AD popiBHIOOTb 5 cM | 6 cM BignNoBiAHO, @ BUCOTa napanenenineia 8 cm.
3HangiTe nsowy nepepisy napaneneninefa MAOLWMHOLO, WO NPOXOAUTb
yepes CTOpoHy ocHoBU AB i BeplunHy Cj.

Po3B’A3aHHA KomeHTap

» 1) Ockinbku; mapaJiesienines; TPAMOKYTHUI, BMKOpPMCTOBYEMO OCHOBHI ene-
TO MOr0 BUCOTOIO € GiuHe pedpo, OT:Ke, 3a MEHTU CXeMKM PO3B'A3yBaHHA 3a4ay

ymoBoro DD, =8 cm (puc. 3.6). Ha obuncneHHa (auB. § 1, n. 4).
1) O6rpyHTYyBaTV  pO3TallyBaHHA
Puc.3.6 D, C, BMCOTU MHOFOrpaHHuKa (y Lbo-
My BUMNaZKy AOCTaTHbO Mpwura-
A, B, AaTV O3HaYeHHA 1 BNacTUBOCTI
NPsAMOKYTHOIo napaneneni-

nega).

D c 2) O6rpyHTYBaTH, WO MPOCTOPOBI

KYTW 1 NPOCTOPOBI BiACTaHi Mno-
3HayeHi npaBunbHO (y Ui 3a-
Jadi TakMX efleMeHTIB HeMmaeE).



§3.MobynoBa nepepi3iB Npr3Mn 11 3adadvi, Noe'a3aHi 3 nepepizamm

2) Ilnomunrn ocHoB ABCD i A;B;C,D; mnapa-

3

4

~—

—

6.

JeJbHi, TOMY ciuHa ILJIOI[MHA II€PEeTUHAE
ix mo mapanenbHuUX npamux. Ciuxma 10-
muna ABC,; mepeTruHae HMXKHIO OCHOBY IIO
npamiii AB, a BepXHIO — IO OPAMii, AKa
mapaJjienbHa upamiii AB i mpoxoauTh ue-
pes Toury C;. Aime uepes Touxky C; mpo-
XOOUTH TiJBKYM OJHA NpAMA, HapajejbHa
mpamiit AB, — me mpama C;D;. Ore,
nepepisom € worupukyTHuk ABC;D;, cTo-
poru AB i C;D; axoro mapajieibHi i piB-
Hi, TO6TO ABC;D; — mapagenorpam.
Ypaxosyrouu, mo AD 1 AB i Te, mo upsa-
ma AD — mpoeknisa nmpamol AD; Ha mio-
muny ABCD, ogmepxyemo, mo AD, 1 AB
(3a TeopeMoO MPO TPU MMEePHEeHAUKYIADHU).
Orxxe, ABC;D; — IpAMOKYTHHK.

I3 mpamokyTHOro TpUKYTHHKA ADD;
(DD, — Bucora napaijeelinesa) MaeMo:

AD, = \JAD? + DD? = 62 +8% =10 (cw).

Toxi mnomia mepepisy MopiBHIOE:
Snep =AB-AD;=5-10=50 (cm?).

Biodnosidv: 50 cm?.

3ATMNTAHHA

3) AKwo po3rnagaeTe

nepepis
MHOFOFPaHHNKa, TO OOrpyH-
TyBaTU Moro Gopmy, AKLO Lo
dopMy BMKOPUCTOBYETE ANA
pO3B’'A3aHHA (ANA obuymcneHHA
naowi OTPMMaHOro mnepepisy
MOTPIGHO OOrpyHTYBaTK, LWO
nepepi3om € NPAMOKYTHUK).

4) Ha KoxHOMy eTani obuncneHb

yKa3aTu, efleMeHT! AKOro Tpu-
KyTHMKa BW3HauyaeTe, i AKLWO
BIH NPAMOKYTHWIA, MNOACHUTU
yomy. 3oKpema, 06 O6rpyH-
TyBaTW, WO TPUKYTHUK ADD,
NPAMOKYTHUI, OOCTaTHbO YKa-
3at, wo DD, — Bncota
napaneneninega (togdi nps-
ma DD, nepneHaukynapHa Ao
MIOWMHN OCHOBMW, a Lie 11 03Ha-
Ya€, WO BOHA NepneHAnKynap-
Ha 0o npamoi AD, WO nexutb
Y Uil NAowWmHi).

I3 mpuknagamu po3B'A3yBaHHA Oinbll CKNagHWX 3afdad, MOB'A3AHMX i3 nepepizamu
Npu3M, MOXHa O3HAVOMUTUCA, 3BEPHYBLUUCH O iHTEPHET-MIATPUMKN NigpyyHKKa.

1. HaBemiTs mpuKJiag BUKOPUCTAHHS BJIACTUBOCTEN MapaJjeJbHUX IIJIOITUH
i mpamMux AJjsa MoOyZOBW Tepepidy MHOTOTpaHHUKA.

2. IToscHiTs, 3micT MeTony ciimiB mmOOymOBM Mepepisy MHOTOTPAHHUKA.

187
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BMPABU

3.1°

3.2°

3.3%

3.4°

3.5

3.6.

3.7

3.8.

3.9.

IToOynyiiTe mmepepid YOTUPUKYTHOI HNPU3MU ILJIOIIUHOIO, IO IIPOXOAUTH
yepe3 CTOPOHY OCHOBU I OHY 3 BEPIIUH APYTroi OCHOBH.

IToOynyiiTe mepepid YOTUPUKYTHOI HNPU3MU ILJIOIIUHOIO, II[0 IIPOXOAUTH
yepes TPU TOUKHW Ha OiuHHX pedpax IIPU3MU.

Biune pebpo mpaBUIbHOI TPUKYTHOI IIPU3MHU OOPiBHIOE 6 cM, a CTOpPOHA
OoCHOBU 8 cM. S3HAUAITH IIJIOIY IIepepidy MPU3MHU IIJIOIHNHOIO, IO IIPOXO-
IUTH UYepe3 CTOPOHY HUMKHBOI OCHOBU If IPOTHUJIEKHY BEPIIUHY BEPXHBOI
OCHOBH.

CTOpOHM OCHOBU MPAMOI TPUKYTHOI mpusmMu gopiBHiooTs 10, 17 i 21,
a Bucota 18. 3malifgiTh WJOIy mepepidy, IO HMPOXOAWTH uepes3 OiumHe
pebpo # MEHIITYy BUCOTY OCHOBH.

Y npamiii TpuUKyTHiN TpusMi uyepe3 CTOPOHY OCHOBU min KyTom 45°
IO Hel IPOBEIEHO ILIOIMHY, IO IIePeTHHAE IPOTUJIe)KHe Oiume pedpo.
3HalAiTh IJIOIY Hepepisy, SAKIIO IIJIOoIla OCHOBHU AOPiBHIOE @.
CTOpPOHMN OCHOBU IIPSIMOI TPUKYTHOI IPU3MU OOPiBHIOOTHL 13 cMm, 37 cMm
i 40 cm, a Oiume pedpo 20 cMm. SHAKIITH:

1) ooy mepepisy HNpPM3MH ILIOIIWMHOIO, IO IIPOXOAUTL Uepes3 OiuHe
pebpo ¥ MEeHIITy BHCOTY OCHOBHU IIPU3MI;

2) myomnly mepepisy mpM3MM IIJIOIIWHOIO, IO MPOXOIUTH Uepe3 CTOPOHY
ocHOBU mim KyToM 30° IO IJIONMIMHU OCHOBI.

OcHoBoro npsamol TpukyTHOI npusmu ABCA,B,C; € piBHOGeapeHHUi Tpu-
kyTHUK ABC, ne AB=BC=25 cm, AC=30 cm. Yepes 6iune pebpo AA;
IPU3MH IPOBEIEHO ILJIOIINHY, IePIeHINKYIAPHY 10 pebpa BC. BusHaure
BHCOTY IIPU3MHN, SKINO ILIOIA YTBOPEHOrO IIepepisy mopiBHioe 72 cm2.

HiaroHasbs OCHOBM MIPAaBUJABLHOI UYOTHUPUKYTHOI NPU3MHU JOPiBHIOE
10V2 cM, a Bucora 20 cm. 3HaUZITH:

1) momy amiaroHaJIBHOTO TEpPepisy MPU3MU;

2) myomry mepepisdy, IO IPOXOAUTH Yepe3 IIPOTHUJIEKHI CTOPOHU OCHOB
IPU3MU;

3) mJoIy mepepisy mpM3Mu, IO IMPOXOAUTH Uepe3 CTOPOHY OCHOBU IIij
KyToMm 45° mo Hei.

JliaroHayib OCHOBU IIPaBUJIbHOI YOTUPUKYTHOL IPU3MU JOPiBHIOE 4\/5 cM,
a miaroHaJib MPU3MM HaXWJieHa OO0 IJIOIIWMHY OCHOBM IIix KyTtom 60°.
SHaUAITh IJIOIY IIepepidy IpmaMu, IIf0 IPOXONUTHL Yepe3 CTOPOHY HUK-
HBOI OCHOBU I IIPOTHUJIEIKHY CTOPOHY BEpPXHBOI OCHOBH.
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3.10%

3.11%

3.12.

3.13%

3.14%

3.15.

OcHOBOIO TIPAMOI HPUBMHU € NPAMOKYTHUIN TPUKYTHUK i3 Kareramu
20 cm i 21 cvm. Yepes cepenuHy TilOTeHY3U IIEPIEHINKYJIAPHO OO Hel
MIPOBeNeHO IJIOIIMHY. SHAWMITh IOy MHepepisy, AKImo OiuHe pedpo
IPUBMU JTOPiBHIOE 42 cM.

3HalgiTh Moy 6iuHOI MOBEPXHi MPaBUJIBLHOI TPUKYTHOI IPU3MU, ILJIO-
II1a OCHOBHU AKOI MOPiBHIOE S, a ILJIOINA IIepepisy, IPOBeIeHOr0 uepes CTo-
POHY OnHiel OCHOBU ¥ IMTPOTHUJIEIKHY BEPIINHY iHIIIOI OCHOBU, AOPiBHIOE @.
Koxne pe6po npaBunbHOl ImecTukyTHOI npusmu ABCDEFA;B,C,D,E,F,
mopiBuioe a. IloOyayiiTe mepepis MpM3MU IMJIOI[HMHOIO, IO HPOXOAUTH:
1) uepes Bepmurau A, C i D;; 2) uepes BepmuHu A, B i E;.
OO0uwmcIIiTh IJTOINi ITUX IIepepisis.

Yepes miaroHasb OCHOBU NPABUJIBHOI YOTMPUKYTHOI IIPUSMU IIPOBEJEHO
mepepis, mapajielbHUM AiaroHasi mpuaMu. SHAWIITH IJIOITY II€pepisy,
SAKIIIO BUCOTA IIPU3MHU HOPiBHIOE 4 CcM, a CTOpPOHA II OCHOBH 2 CM.

Y mpaBuJbHill TpuUKYyTHiNI mpu3Mi, KOoKHe pedpo SAKOi JOopiBHIOE a,
moOyayiiTe mepepis, IO IPOXOAUTH Uepes3 CTOPOHY OCHOBU ¥ cepequHy
Bimpiska, AKMUHN CHOOJyYae IEHTPHA OCHOB. SHAWAITH ILJIOIIY IIepepisy
i KyT MiX IJIONIWHOIO mepepisy ¥ IJIONMHOI0 OCHOBH.

BuaBiTb CBOIO KOMMNETEHTHICTb

Heper’ssanii Ky0 i3 pebpom 28 cM IOTPIOGHO PO3MUIATU TaK, 1100 MUJIKA
mpoinia ueped Touku K, P i T Ha pebpax Kyba Taki, mo Touku K
i P poaramroBaHi Ha BifcTaHi 7 cM Bijg HaOAMKUYOI BepHIMHU Ky0a,
a Touka T — cepenmHa BiAmoBimmHoro pebpa Kyb6a (puc. 3.7, a). Ak
mobyayBaTu Ha KyOi JiHil posmuiy?

Brasieka. IlobynytiTe BiATIOBigZHUI TTepepid Ha 300paskeHHI Kyba i 3HAM-

mite Bimcramb DX, me X — TOUKa MEPETUHY CiUYHOI IIJIONIMHU 3 pe-
6pom DD, (puc. 3.7, 0).

Puc. 3.7 a 6
B1 C1
Ko N Ko
o
}0) 1p D1 T
s T
B C
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Tabnuua 3

Mipamiga

OzHaveHHA. lMipamiooo Ha3MBa€ETbCA

MHOrOorpaHHUK, WO CK/afaEeTbCcAa i3 S
NJOCKOro MHOFOKYTHUKa (0CHo8u nipa- /
Miou), TOUKN, AKa He NeXWUTb y NNoLwm- /

Hi OCHOBU (8epwiuHU nipamiou), i Bcix /
BiApi3KiB, AKi cnonyyaioTb BepLUNHY !
nipamign 3 TOo4KaMy OCHOBU. ! D

ABCD — ocHoBa nipamigu; L
S — BepLwwuHa nipamigy; Xy
SA, SB, BC, SD — 6iuHi pebpa;

NASB, ABSC, ACSD, ANASD — C
6iuHi rpaHi.

HUM i3 BEPLWNHU Nipamign Ha NIOLWMUHY OCHOBMN.

SO — BucoTa nipamign,

Bucoma nipamiou — nepneHaunkynsp, nposepe- S
I

I

I

SO=H (SO Lux ABCD); |
I

I

I

Ssium.nip =S as8 T SaBsc TSacsp ¥ Saaspi

S

TOBH. IIip = Sﬁitm. uip + Socn

NMpaBunbHa nipamiga

Mipamiga HasnBaeTbCA NPABU/IbHOIO, AKLLO 1T OCHOBOIO € NPaBUIbHNII MHOTOKYT-
HUK, @ OCHOBA BMCOTM 36iraeTbcs i3 LLEHTPOM LibOro MHOrOKYTHIKa.
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[eAaki Buan npaBunbHUX nipamig

TpukyTHa YotnpukyTHa LecTtnkyTHa
S S S
I g E D
D
C l
g M 0 M (0] -
B A B A B
AN ABC — npaBunbHuig; ABCD — kBapgpart; ABCDE —
O — TouKa nepeTuHy O — TouKa nepeTuHy NPaBUNbHUI WECTUKYTHUK;
mefiaH (BncoT i bicekTpuc), AiaroHanen O — TouKa nepeTuHy
LEHTP BNUCaHOro piaroHanen AD, BE i FC

1 onncaHoro Kin

SO — BucoTa npasunbHoi nipamign (SO L ma. ABC; O — ueHTp oCHOBW);

SM — anodema npaBUnbHOI Nipamign — BucoTa GiuHoi rpaHi (SM L BC).
BnactuBocrTi

1) ¥ npaBunbHin nipamiai 6iuHi pebpa piBHi 1 0fHAKOBO HaxXuUMeHi JO NMAOWMHN OCHOBW.
SA=8SB=SC=.., £S8A0=/SBO=/8SCO-=..

2) BiuHi rpaHi npaBunbHOI Nipamiayn — piBHi piBHOOeAPEHI TPUKYTHUKM, OLHAKOBO Ha-
XUNEeHi O OCHOBW.

ANASB=ABSC-=...

OCH

1 1
3) Sgiqn = EP -SM = EPOCH -1, pe | — anodema.

S L .
4) Sgigy = —-,0e 0=2LSMO — KyT Haxuly BCiX 6iUHMX rpaHeil O OCHOBY;
0S @
Stian = Seiam. rp - T/ A€ I — UYNCIIO TPAHEN.

5) S :S6i‘{H+S

IIOBH OCH
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JiazoHanvHul  nepepis
nipamiou — nepepi3 nno-
WMHOW, WO MPOXoAUTb
yepes ABa He CycigHi 6iuHi
pebpa nipamign.
[iaroHanbHUM nepepis
nipamign € TPUKYTHNKOM.

PO3LIJT 1. MHororpaHHmku

Mepepi3n nipamign

B

Mepepi3 nipamign nnowmHow, napanenbHOK OCHOBI
nipamign.

MnowmHa A;B;C; napanenbHa nnowmHi ABC.

Y nepepisi 00epXXyeMo MHO20KYMHUK (Ha PUCYHKY —
A A, B, C;), N00ibHUl MHO20KyMHUKY OCHO8U (i ofilepKyeMO
nipamigy SA,B;C;, noaibHy 3aaHiit nipamigi). IHwy yacTun-
Hy 3apaHoi nipamign — mHororpaHHuk ABCA,B,C; —
Ha3UBaOTb 3Pi3aHOKO hipamiooro.

MOACHEHHA N OBI'PYHTYBAHHA

CohopmyaoeMo o3HaueHHs MipaMimgu, aHa-
JOTiyHe O3HAUEHHIO IIPU3MU. Puc. 4.1 S

O3HaueHHsA. llipamiooro Ha3NBaETbCA MHO- /

rorpaHHuMK, WO YTBOPIKETbCA 3 MNOCKOro l

MHOrOKYTHUKa — OCHO8U nipamiou, TOUKu,

AKa He NeXntb y I1110I.I.|I/IHi OCHOBUN, — 8ep- l

|

|

|

|

|

|
WUHU nipamiou — i Bcix Bigpi3KiB, Wo cno- , :
ny4yaloTb BepLlUMHY Nipamian 3 TouKaMmu oc- 1 1
|

|

é

HoBM (puc. 4.1).

Haragaemo, mio Bimpiskm, AKi cmosryda-

IOTh BEPIINHY HipaMiJII/I 3 BépmmrmHaMu OCHOBU, C
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HasMBawTh OiyHuMu pebpamu. Hampurian, Ha puc. 4.1 ocHOBow0 mipamimu
SABCD € MHOTOKYTHUK (4oTMPUKYTHUK) ABCD, a O6iunmMu pebpamMu — Bij-
pisku SA, SB, SC, SD.

IToBepxusa mipamigu ckKJagaeTbCcsa 3 OCHOBU ¥ OiuHumx rpaneii. Koyxkua 6iu-
Ha rpaHb € TPUKyTHUKOM. OaHi€I0 3 BepIINH IBOI'0 TPUKYTHUKA € BepIINHA
mipamMiny, a TPOTUJIEKHOI CTOPOHOI0O — CTOPOHA OCHOBU IIipaMigu. 3o0KpeMa,
y POSMIAHYTiHI mipamini OiunmMu rpamamu € Tpukytauku SAB, SBC, SCB,
SAD. [lna 3HaXOmKeHHA NnJow,i 0iuHOol nosepxHi nipamiou TOCTaTHbO 3HANTU
cyMy ILIOIN ycix ii OGiuMmMX rpameii, a OJsd 3HAXOMKEHHS NJOUWL NOBHOI No-
8epxHi nipamiou — cymy oI ycix ii rpaneii:

Ssian =Sasap tSaspc +Sascp +Sasaps

Shosn =Sasa T Saspc tSascn T Sasap ¥ Saanep = Seian + Soc

O3HaueHHA. Bucomoro nipamiou Ha3sBa€ETbCA NepneHANKYNAp, NpoBegeHnn
i3 BepwHM nipamigu Ha naowmnHy ocHosm (Akwo SO L ni. ABCD, 10 SO —
BucoTa nipamign SABCD). JOBXNHY LbOro neprneHAnKynapa TakoX Ha3nBa-
I0Tb 8UCOMOIO hipamiou.

O3HayeHHA. Mipamiga Ha3zMBa€eTbCA n-KymHoio,
AKLLO iT OCHOBOIO € Nn-KYTHUK. Terpaexp — Bix. rper.

TpukyTHY mipamigy iHozi HasuBaloThb mempa- | OTHPUIDAHHUK.

edpom. Terpaenp, yci rpani AKoOro — mIpaBUJIBHI
TPUKYTHUKYU, HA3UBAIOTH NPABULLHUM Mempaedpoil.

YV n-kyrHii mipamini maemo n+1 Bepmuny, 2n pebep i n+1 rpaus.

Hagani posrmamatmmeMo TiJIbKM ITipaMinu, y AKHWX OCHOBU — ONYKJIL
mHOrokyTHuKU. Taki mipamizu € onykaumu mMHO202PAHHUKAMU.

BigmoBigHOo 10 mpaBMJ mapaJseabHOT0 MPOEKTYBaHHSA 300paskeHHs ITipami-
o1 OyayioTh Tak. IlounmHAIOTH i3 300paskeHHsI 11 OCHOBU — JIEesIKOTO IIJIOCKOI'O
MHOTOKYTHUKA. IloTiM 300pakyioTh BEPIINMHY IIipaMigu, SAKY CIOJIYYaloTh
OiunumMu peOpaMu 3 BepIIMHAMU OCHOBU (AUB., HampukJaan, puc. 4.1). fAximo
moTpiOHO 300pa3uTH BUCOTY IIipaMinum, TO IJid HAao4YHOCTi ii 3as3Bmuaii 300pa-
JKYIOTh BEPTHUKAJbLHUM BiJpisKOM.

3as3HaunMoO, II[0 38 BJIACTHUBOCTAMM ITapajeJIbHOTO IIPOEKTYBAaHHA 300pasKeH-
HA BUCOTH Y BUTJIALI BEPTUKAJLHOTO BifipidKa He € 000B’ABKOBUM — TOJIOBHE,
1100 300paskKyBaHUil BilIpisoK CIIOJyUaB BEPUIMHY IIipaMigu 3 TOUYKOIO OCHOBH,
dKa € 300pasKeHHIM OCHOBM BHCOTU Iripamimu (muB. Takoxk Tabia. 4 B § H).

193
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@

dopma nipamigy IITPOKO
BUKOPUCTOBYETHCS

B apxitekrtypi. Hampuriasn
HOBUII BXix y JIyBp Oys10
30ymoBaHO y hopmi
nipaminu.

&

2. MpaBunbHa nipamiga

O3Ha4yeHHsA. Mipamiga Ha3MBa€ETbCA NPABUILHOIO, AKLLO ii OCHOBOIO € Mpa-
BUIbHUIA MHOFOKYTHUK, a OCHOBa BMCOTU 36iraerbca i3 LeHTpoM Lboro
MHOrOKYTHMKa.

Ia moOynoBu 300paskeHHs ITPABUJIBLHOI Iipamigm OynyloTh 300paskeHHS
BiZTIOBiJTHOTO TPaBUJIBHOTO MHOTOKYTHWKA (OCHOBU IIipaminm) i #oro ieHTpa.
ITorim 3 oTpmMaHOTO IEHTPa IIPOBOAATEH BUCOTY (AK 3a3HAUYAJIOCA BUIIE, IJIA
HAOYHOCTI BUCOTY 300pa’KyIOTh BEPTHUKAJIBHUM BinpisKom) i mosHauaroTh Ha
Hit BepmuHy mipamigu. Iliciisg 1bOro CrosydaioTh BEPIIWHY IIipaMigm 3 Bep-
IIMHAMM OCHOBH (AK B3aBXKAW, HEBUAUMI peOpa 300pa’KyIOTh IITPUXOBUMU
JiHigMw#).

Y Tabn. 3 HaBeneHi 300pasKeHHA NPABUJIBHOI TPUKYTHOI, YOTUPUKYTHOI
i mectuKyTHOI mipamia. Haragaemo, 1110 300paskeHHAM TPaBUJIBHOTO TPUKYT-
HUKa MOKe OyTU MOBiIbHUH TPUKYTHUK, a IEHTP NMPaBUJIBHOTO TPUKYTHUKA
(puc. 4.2) 300pasKyiOTh TOYKOIO MEPeTUHY MeIiaH TPUKYTHUKAa-300pasKeHHs
(ouB. iHTEepHET-MiATPUMKY H0 § 7 TmigpydYHHKA
nna 10 xkaacy).

Biccwo npasuavHoi nipamiou Ha3UBAOTH M E
npamy, Io Mictuth ii Bucory. OcKinbKu BCi
6iuni pebpa mpaBuIbHOI Hmipamigu piBHI (BoHU
MalOTh PiBHI mpoekIrii), To ii Giumi rpami —
piBHi piBHOOEIPEHI TPUKYTHUKU.

D O3zHaueHHA. Bucota 6iuHOI rpaHi npaBunb-
HOi mipamigu, npoBegeHa 3 ii BeplINHMU, A
Ha3MBa€ETbCA anogemoio.

VYpaxoByiouu, 1o Bci OiuHi rpanHi mipa-
Migu — piBHOOEIPEHiI TPUKYTHUKU, POOUMO
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BHCHOBOK, IO amogema (BMCOTa) € OJHOUYACHO OiCEKTPHCOIO If MeaiaHOio Bin-
HOBimgHOrO piBHOOEApeHOro TpuKyTHHUKAa. OTiKe, AKI0 SM — amodema, mpose-
neua B rpaui SBC, To Touka M — cepenuHa cropoHu ocHoBu BC (puc. 4.2).
Ockisbkm Bci OivuHi rpaHi mpaBuabHOI Imipamigu piBHiI, TO piBHUMU Oy-
IyTh 1 BigmoBimui BmcoTH, ToOTO amodemu. OTike, yci anogemu npasuabHOL
nipamiou pieHi.
3asHauumo, 1o kKoimum BC LSM, o OM 1 BC (3a TeopeMOO IIPO Tpu
MEePNeHAUuKYIApU), Tomi KyT SMO — nmiHifiHWA KyT ABOTPAHHOrO KyTa IpU
pebpi BC, T06TO 1ie KyT Haxumay OiuHOI rpaHi M0 OCHOBM mipamimu. AHa-
JIOTIYHO KyTaMM Haxujay OIYHMX TpaHed n0 ocHOBU mipamigm € Kytu SNO
i SKO. ¥YpaxoByiouu, M0 IPAMOKYTHI TpukyTHUKH SMO, SNO i SKO piBui
(3a rimorenysomw i KareTom), omep:kyemo: /. SMO=/SNO=/SKO. Otxe, yci
OiYHi 2paHi nPasuibHOL nipamiou HaxuseHi nid pieHumu kKymamu 00 ii 0OCHO8U.
Amnanoriuao 3 piBHOCTI MPAMOKYTHUX TpUKyTHHUKIB SAO, SBO i SCO (3a
rimoreHysoo i xarerom) omep:kyemo: /L SAO=/SBO=/SCO. Ane 1me Kytu
Haxwmily OiuHux pebep mipamMizm [0 NJIOIIMHU OCHOBU, OTKe, Yyci Oiuni pebpa
npasunbHol nipamiou HaxuseHi nid pieHumu Kymamu 00 NJAOWUHU Il OCHOBU.
3a3HauMMO, IO BCi HaBeJeHi pPes3yJbTaTHU CIpPaBEeIJWBI He TiJbBKH IJA
TPUKYTHOI, ajie i s OyIb-sIKOl IIPaBUJILHOI IIipaMian, OCKiJIbKH BCi OOr'pyH-
TyBaHHS MOXKHA ITIOBTOPUTHU AJA OyAb-AKOI NMpaBMJIbHOI mipamigu.
Vci anmodemu mpaBuabHOI mipamiaw piBHi; yci O6iuHi rpaHi mpaBUJIBHOI IIi-
pamigu HaxmieHi mig piBHUMEM KyTamu A0 ii ocHOoBM; yci O6iuni pebpa mpa-
BUJIBLHOI mipaMify HaXuJeHi HiJi piBHUMU KyTaMHu JO ILJIOIIUHU ii OCHOBWH.
Hasememo 1e ogHY KOPMCHY BJIACTHBICTh HPaBUJIBHOI mipamimwu.

Teopema 4.1. MNnowa 6iyHOT NOBepxHi NpaBUIbHOI Nipamian JOPIiBHIOE fOOYTKY
niBnepmmeTpa OCHOBU Ha anodemy.

» loBefeHHA. Hexal CTOpOHa OCHOBW MpaBW/IbHOI Mipamian [OPIBHIOE a, YMCIO
CTOpiH ocHOBM — n. Toai nnowa 6iyHOI NOBepXHi Nipamign [OPIBHIOE Cymi nnoLy
n 11 piBHMX BiYHUX rpaHel, TO6TO AOPIBHIOE MOLLi 6iYHOT rpaHi, MTOMHOXEHOT Ha n:

1 an
S6qu =Eal-n=?~l=pl,
fe | — anodema, a p — niBNepuMeTp OCHOBM Mipamign.

Ilnomy 6iuHOl IMOBepXHi HMpaBUJIBbHOI IIipaMigum MOKHA TAKOMK OOUMCIUTH
3a (popMmyJior0

S
j— OCH
SquH - ’
cos @
Ie (@ — KRyT Haxwiay OiYHWX IpaHell O OCHOBU Iipaminmm.

i 3 06rpyHTYBaHHAM Li€i GOPMyNM MOXHA O3HAMOMUTUCSH, 3BEPHYBWWCb AO iHTep-
U HeT-NIATPUMKN MifPYYHMKa.

195
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Puc. 4.3
Ilepepia mipamigy IJIOIMIMHOO, ITIO MPOXOAUTDL Ue-
pes ii BepmiuHy i meperwHae ii OCHOBY, — IIe 3aBiK-
o TpukyTHUK (puc. 4.3). 3o0KpeMa, TPUKYTHUKAMN
e diazoHa bHi nepepisu — Tepepisu IJIOITUHAMU, IO
IIPOXOAATH Yepes ABa He cycimui 6iuni pebpa mipaminm
(puc. 4.4).
Ax i B samauax, moB’sg3aHHX i3 MPU3MOIO (IUB.
§ 3), mixg yac moOymoBu ab0 POSTMIALY IepepisiB mmi-
paMign TJIOIIWHAMY, IO HE IIPOXOAATH Yepe3 Bep-
MIUHY OipaMigu, MOKHA BUKOPHCTOBYBaTu abo BJa-
CTUBOCTi MapaJieIbHOCTI ¥ NepIeHIAUKYJIAPHOCTI
OpAMUX i IJIOIMIMH, ab0 MeTOnm CIimiB (OUB. TaKOK
§ 3 mippyunmka nna 10 wkuaacy). [[as moGymoBu 1e- Puc. 4.4
pepisy mipamMigu IJIOIIMHOIO AOCTATHBO MHOOYAyBaTH
BiIpisku mepeTuHy il rpaHell i3 CiUYHOIO ILJIOIIHHOIO.
3 npuknagom nobyaoBu nepepisy nipamian mMeTogom
cnigiB MOXKHa O3HAMOMMUTUCA, 3BEPHYBLWNCb [O iHTep-
HeT-NIATPUMKIN NiAPYYHMKa.

@)

Tumuit ocobmmBUil BUIIaOK Iiepepidy mipamigu —
mepepis ILJIOIWHOI0, ITapaJjejibHOI0 OCHOBI ITipamign.

BnactuBicTb. Y nepepisi nipamign nnowmHolo, na-

panenbHOI0 OCHOBI, O4€PKYEMO MHOTOKYTHUK, NO-

AiGHNI MHOFOKYTHUKY OCHOBM (puc. 4.5) (a TakoX

ofepKyemo nipamigy, nogi6bHy 3agaHin).

I3 moBefeHHAM Ui€l BNAaCTUBOCTI MOXHa O3HaMOMUTUCA, Puc. 4.5
w 3BEPHYBLINCb [0 iHTEPHET-NIATPUMKN MigpyYHMKa.

Inma wacrtuma mipamigm, oTpmMaHa BHACJiIOK
mepeTHuHyY 3alaHol IIipaMiau MJIOMIMHOIO, IapaJiesb-
HOIO i OCHOBI — MHOTOTrpaHHUK, AKWUNA HaA3UBAIOTH
3pisanorw nipamidor. Ha puc. 4.5 e MHOTOTpPaHHUK 1 1
ABCA,B,C;.

T'pani 3pisanoi mipamigu, wo zexcams y napaseiv-

HUX NJIOWUHAX, HA3UBAIMb OCHO6AMU; IHINI rpaHi 4
Ha3uBaIOTh OiYHUMU TpaHsMu. Pebpa 3pisanHoi mmipa-
Mifm, 1110 He JieKaTh y IIJIOIIMHAX OCHOB, Ha3WBAIOTH
OiuHumu pebpamu. OcHOBU 3pisaHol mipamigm € moxio-
HUMU MHOTOKYTHUKAaMu, OiuHi rpaHi — Tpamerisamu. B
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3pisana mipamiza IMUPOKO BUKOPUCTOBYETHCA B TeXHiMNi i1 apxitektypi. Hampuriar,
KJaBimri KjaaBiaTypu KOMII'I0Tepa YacTO BUTOTOBJISAIOTH y (DOPMi 3pidaHUX UOTUPHU-
KyTHuX mipamin. Taky camy dopmy mawoTh O0yzxiBiai Imcturyry mucrents B lHaia-
"HamnoJici, CIITA.

AL
\

Bucomoto 3pisaHol nipamidu HasWUBAIOTHh NEePHEHIUKYJIAD, MPOBEeIeHUH i3
OyAb-AKOI TOUKM OAHi€l OCHOBM HA iHITY OCHOBY (HaraJgaemo, IO IOTr0 JOB-
JKMHA [OPiBHIOE BifcTaHi MisK HapaJieIbLHUMMW OCHOBaMU 3pisaHOi mipamimwm).

NPUKNAOWN PO3B'A3YBAHHA 3A0AMY

3agaua 1. Y npaBusbHi YOTUPUKYTHIM Nipamigi 6iyHe pebpo, Wo AOopPiBHIOE 8 CMm,
HaxusieHe A0 MJOWMHN OCHOBW Nif KyToM 45° (puc. 4.6). 3HaigiTb nno-
Ly NOBHOT NOBEPXHI Nipamign.

KomeHTap

Mig yac po3B'A3yBaHHA 3afavi Ta 1i opopmneHHs fo-

LiNbHO KOPUCTYBATUCA CXEMOIO, HaBefeHo B M. 4 § 1. Pnc. 4.6

Haragaemo oCHOBHI eTanu po3B’A3aHHA 3a L€ CXEMOLO.

1) O6rpyHTyBaTV pO3TallyBaHHA BUCOTW Mipamigu
(y ubomy BMMagKy [AOCTaTHbO BUKOPWCTOBYBATU
O3HaYeHHsA NPaBWbHOI Nipamign).

2) O6rpyHTYBaTH, WO MPOCTOPOBI KYyTU 1 NPOCTOPOBI
BiCTaHi Mo3HauyeHi NpaBWIbHO (Ham 3afaHO KyT
MiXK 6iuHMM pebpom i MIoWMHOKW OCHOBW, TOGTO
KYT MiX LM pebpom i 1Oro NPOEKLi€0 Ha NoLwm-
HY OCHOBW).

3) O6rpyHTyBaTV BUJ | pO3TallyBaHHA 3ajaHOro nepe-
pi3y (y uin 3agaui nepepisy Hemae).

Cs
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4) Ha KkokHOMy eTani obunciieHb yKas3aTu, efleMeHTM AKOro TPUKYTHUKa BM3HAYaeTe,
i AKLLO BiH MPAMOKYTHWUIA, MOACHATA YOMY.

3a3Haummo: Wob obrpyHTYBaTH, WO TPUKYTHUK SAO NPAMOKYTHUIA, [OCTaTHbO BKasaTwy, Lo

SO — Bucota nipamian (toai SO L ma. ABCD, otxe, SO 1 AO).

[nA 3HaxoAKeHHA nnoLi 6iYHOT NoBepPXHi NipamMian MOXHa BpaxyBaTy, WO BCi 6iuHi rpaHi
NpaBUAbHOI Nipamign pPiBHI, TOMy MOXHa 3HaNTW NAOLLY OAHIEI rpaHi 1 pe3ynbTaT NOMHO-
KUTW Ha 4.

Po3B'si3aHHA

» 1) Hexait SABCD (puc. 4.6) — samana mipamiza 3 6iuaum pedpom SA =8 cwm.
3a yMOBOIO IIipaMija mmpaBuJbHA, OT:Ke, 0cHOBOIO ii BucoTtu SO € 1meutp O ocHO-
BU (TOUYKa mepeTUHy miaroHasein kBagpara ABCD).

2) Ockinpru SO L ma. ABCD, to AO — npoekiia 6iunoro peépa SA Ha IJIOIIUHY
OCHOBH, TO0TO KyT SAO — KyT Haxmay O0iuHoro pebpa SA [0 IJIOMIMHU OCHOBU
i £ SAO=45°.

3) Is mpamoxyTHOro TpukyTHUKa SAO (SO — BucoTa mipamigm) Mmaemo:

N

AO = SA-cos45° = 8-72 =442 (cwm).

4) 3a BractusicTio giaromainei ksagpara AO L BD i BO= AO, Toni 3 IpAMOKYT-
HOTO TpUKyTHUKA AOB MaeMmo:

AB=1A0? + BO? :\/(4J§)Z+(4J§)2 =8 (cm).

5) Orxe, y saganiit mipamizni Bci pe6pa gopisarorors 8 cm. Toxi S, ., = AB? =64 cm2.

2
AB—\/g —644/3 (cm2).

Soian =4Spas8= 4
Toni SHOBH = S6'1qH + Socn = 64\/§ +64= 64(\/§ + 1) (CMZ)-
Bionogiov: 64(\/§ +1) cm?.

i I3 npuknagamn po3B’A3yBaHHA 6iNbl CKMagHUX 3afady, NoBA3aHMX i3 Nipamigamu,
U a TakoX 3i 3pi3aHMMK nNipamigamy, MOXKHa O3HalOMUTUCA, 3BEPHYBLUUCL A0 iHTep-
HeT-NiATPUMKN MiJPYYHMKaA.

3ATNMUTAHHA

1. Illo Taxe mipamima? ocHoBa mmipamimu? 6iuni rpaui? pe6pa? Bucora?

2. IITo Take mpaBuJbHA mipamiza? BucOTa IIpPaBUJIbHOI mipamigu? amodema?
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3%,

5%,

OOr'pyHTy#iTe, 1[0 B MPaBUJIBHIN mipamifi:

1) yci 6iuni pebpa piBHi;

2) yci 6iuni rpaHi — piBHI piBHOOGEApPEeHI TPUKYTHWMKU, a Bci amodemu
piBHIi;

3) yci OiunHi rpaHi HaxwmjeHi IiJg PIBHUMHU KyTaMu IO OCHOBU;

4) yci 0iuni pebpa HaxwJIeH] Tif PiBHMMHM KyTaM® [0 IIJIOIIMHYW OCHOBH.

IITo Taxe Giuma moBepxHA ImipaMiam? MOBHA MOBEPXHA mipamigm?
HoBexiTsb, 1110 miIoia O6iYHOI TMOBEPXHI MPABUJIBHOI MipaMigu JOpiBHIOE
TOOYTKY IIiBIeprMeTpa OCHOBW Ha amodemy.

fka ¢irypa € mepepisdoMm mipaminy IIJIOMIMHOIO, IO ITPOXOAWTH uepesd ii
BepiuHy (i mepeTmHAae OCHOBY mipaminm)?

BMPABU

4.1°

4.2°,

4.3.

4.4.

4.5.

4.6.

4.7.

4.8.

4.9.

Y mipamigi 31 rpams. Ckinbku B Hel pebep?

Bucora nmpaBuIbHOI YOTHPUKYTHOI mipaMigu mopiBHIOE 7 €M, a CTOpPOHA
ocHOBH 8 cM. 3HaiigiTh, OiuHe pebdpo.

3a CTOPOHOI0 OCHOBM @ i OiuHMM pebpoM b 3HAWIITH BUCOTY IIPAaBUJIBHOL
oipamigu:

1) TpuKyTHOI; 2) YOTUPUKYTHOI; 3) IIeCTUKYTHOI.
3a CcTOpOHOI OCHOBM a i Bmcororo H 3HalmiTey amodeMmy IpPaBUIBHOL
mipamigu:

1) TpuKyTHOI; 2) YOTMPUKYTHOI; 3) IIeCTUKYTHOI.
3a CTOPOHOIO OCHOBU a i BucOoTO0 H 3HAWAITH MJIOIY MOBHOI HMOBEpPXHi
OpaBUJIbHOI mipaminu:

1) TpuUKyTHOI; 2) YOTHUPUKYTHOI; 3) IIeCTUKYTHOI.
3HaWAITh IIJIOIY HOBHOI IMOBEPXHi HMpaBUJIBbHOI IECTUKYTHOI Iripaminu,
AKINO ii 6iune pebpo JOPiBHIOE a i pajmiyc KoJia, BIICAHOTO B OCHOBY, I.
IInomia GiuHOl MOBEpPXHiI MPaBUJIBLHOI YOTUPUKYTHOI IIipaMinn IOpiBHIOE
14,76 m2?, a mioma moBHOI moBepxHi 18 M2, 3HAWAITL CTOPOHY OCHOBU
# BHUCOTY mipamingu.

3HalgiTe miaorny OiuHOI MOBEPXHI NMPAaBUJIBHOI TPUKYTHOI Tipaminm,
AKINO ii BucoTa mopiBHIoe 4 cM, a amodema 8 cMm.

3HaigiTh maorny O6iuHOI MOBEPXHI NMPaBUJIBHOI TPUKYTHOI mipaminm,
AKIMO OiuHe pebdpo YTBOPIOE 3 TJIOIIMHOIO OCHOBU KyT 45° a cTopoHa
il OoCHOBU HOpPiBHIOE a.
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4.10.

4.11.

4.12%,

4.13*

4.14%,

4.15.

&

4.16.

L

BukopucranHsa pisHOMaHiTHUX mipaMia B apXiTeKTypi.

PO3MI1 1. MHororpaHHuku

3HaAiTH IJIOI[Y IIOBHOI IIOBEPXHi MpaBUJIbHOI TPUKYTHOI Iripamigwm,
akio ii amogema mopisuioe 10 cm, a Bumcora 8 cMm.

3a CTOPOHOIO OCHOBU @ 3HAWAITHL IIJIOITY OiUHOI IIOBEPXHi IIPaBUJIBHOL
YOTUPUKYTHOI mipaMiau, miaroHaJbHUM mepepis sAKol pPiBHOBEJIMKUI
OCHOBI.

Ilnoma Giuxoi MOBEpPXHI IPaBUJIBHOI TPUKYTHOIL ImipaMigu B 2 pasu 0ijb-
IIa 3a IJIOIY OCHOBM. SHAWAITh KYT MixK OiUHOIO I'PAHHIO I OCHOBOIO
mipamiau.

3HaiaiTh ABOrPAaHHI KYTH NP OCHOBiI IIpaBMJILHOI Iipamimm, mJoIma
OCHOBU sAKOI JOpPiBHIOE @), a 1mJjolrna O6iuHOoI moBepxHi S.

3HAUTITE CTOPOHY OCHOBU IMPABUJBLHOI UOTHUPUKYTHOI IIipamimm, AKIITO
ii Giurme peOpo MOpPiBHIOE 5 cM, a ILJIOIA IOBHOI mmOBepxHi 16 cm?2.
ITeuTp oxmmiel 3 rpaHell Kyba i cepelMHH CTOPiH IPOTHJIEKHOI TI'paHi
€ BepIIMHaAMMU mipamigu. S3HaWAiTh MJIOIy OiuHOI HOBepxHi mipamigwm,
AKIO pebpo Kyba OOpPiBHIOE a.

BusABiTb CBOIO KOMMETEHTHICTb

IligroTyiiTe mpeseHTAllil0, NPUCBAYEHY BUKOPHCTAHHIO Pi3HOMAaHITHUX
mipamin B apxiTekTypi, amsaiiHi Tomio. BukopmcraiiTe BimmoBimHi ¢do-
Torpadii.

N




§5. PO3TALLYBAHHA BUCOTH
B AEAKUX BUAAX NIPAMIA

Tabnuua 4

S 1. Akwo BCi 6iuHi pebpa nipamign piBHi, abo
HaxuneHi nig piBHUMN KyTamu Ao
MJIOLWMHN OCHOBY, ab0 YyTBOPIOIOTb
PiBHI KyTu 3 BUCOTOIO Nipamign,

mo OCHOBa BMUCOTW MipamMign € LeH-
A B TPOM KOMa, OMMCAHOro HaBKOJIO
oCcHOBW (i HaBNaKw).

&

Akwo B nipamigi SABC: SA=SB=S8C, | fkwo 8 nipamiai SABC:

abo /. SAO=/SBO=/SCO, SO Lnn. ABC iTtouka O — UeHTp
a6o ~ ASO =/ BSO=/,CSO OMMCaHOro HaBKOMO OCHOBM KONa,
i SO 1L un. ABC mo SAZSBZSC,

mo O — LeHTP ONMCaHOro HaBKOMO £ SAO=2SBO=/2SCO
OCHOBMU Kona (OA:OB:OC). i LASO=,.BSO=/CSO.

[inAa po3B'A3aHHA BUKOPUCTOBYIOTb NMPAMOKYTHUN TPUKYTHUK SAQ, y AKOoMy:
SO 1 AO, AO=R

/ SAO — KyT Haxuny 6iyHoro pebpa SA [0 NNOWUHN OCHOBU.

onue — PaAiyc ONMCaHOro HaBKOJIO OCHOBY KONa,

2. AIKwjo BCi BGiuHi rpaHi nipamign yTBOpto-
I0Tb PIBHi KyTN 3 OCHOBOIO,
Mo OCHOBOIO BUCOTY Nipamign

€ LIeHTP KOona, BMN1CcaHoro
B OCHOBY (i HaBMaKw).
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PO3LIJT 1. MHororpaHHmku

Akwo B nipamini SABC rpaHi SAB, Akwo B nipamigi SABC SO 1 1. ABC
SAC i SBC oiHaKOBO Haxu- i Touka O — UeHTp Kona, BNMCaHOro
neHi o ocHoeun ABC (TobTo B OCHOBY,

/SMO=/SKO=/SNO —
BiAMOBIAHI NiHINHI KYyTW PiBHi)
i SO L nn. ABC,
mo O — LeHTp Kona, BN1MCcaHoro
B ocHoBy (OK=OM =ON =r).
[nAa po3s’A3aHHA BUKOPUCTOBYIOTb MPAMOKYTHUI TPUKYTHUK SOM, y AKomy:
SO L OM, OM =r — pagiyc BN1CaHOro B OCHOBY Kona (oM 1 BO),

/. SMO — KyT Haxuny 6iuHoi rpaHi SBC oo ocHOBU

mo £LSMO=/SKO=/SNO
(to6T0 BCi 6iuHi rpaHi nipamian
HaxumeHi nig piBHUMM KyTamm
[0 OCHOBWM Mipamign).

(£LSMO — niHiHWI KyT fBOrpaHHoro Kyta npu pebpi BC).

cos @ '
ae @=2SMO — kyT Haxuny BCix 6iUHMX rpaHeii O OCHOBW.

[na nipamig Takoro Buay cnpasefnmea dpopmyna Sy, =

3. AKwo TiNbKM ABi CYyMiXHI GiuHi rpaHi
S nipamigy (@6o noxmnoi npusmm)
OHAaKOBO HaxuJeHi O OCHOBY
abo cninbHe 6iYHe pebpo LKX rpa-
Hel YTBOPIOE PiBHI KyTH i3 CyMix-
B HUMW 3 HUM CTOPOHaMM OCHOBM,

|
[
[
[
[
t
[
é
< o 6iceKTPUCY KyTa MiXK CyMiKHIMU

\\ K;/ mo Le chinbHe 6iyHe pebpo NpPoEkK-
A \/ TYETbCA Ha NPSAMY, WO MICTUTb
M i3 UMM pebpom CTOpOoHaMM

OCHOBWU (i HaBNakKwm).
Axkwo B nipamigi SABC rpaHi SAB i SAC
OfHAaKOBO HaxuneHi go ocHosn ABC
= (o610 £ SKO =/ SMO) abo
/SAB=/SAC i SO L un. ABC,
mo AO — bicekTpuca Kyta BAC
(@a6o npsama AO micTutb bicekTpucy

0 M KyTa BAC).
N B Axwo B nipamini SABC SO L . ABC
% A 7 i AO — bicekTpuca Kyta BAC (abo

npama AO mMicTuTb GiceKTpucy
KyTa BAC),

mo £ SKO=/SMO (rpavi SAB
i SAC ogHakoBO HaxuneHi
Jo ocHosu) i £ SAB=/SAC.



§5.Po3TallyBaHHs BMCOTU B AEAKMX BMAAX Nipamig

4. Akwo TinbKn ogHa 6iuHa rpaHb Nipamign

S nepneHanKynAaApHa Ao MIOWUHN
OCHOBW,
mo BMNCOTOIO Nipamian € BUCOTa i€l
rpaHi.
A B
Akwo B nipamigi SABC:
o) 1. SAC Lon. ABC i SO L AC
C (0eAC),
mo SO — BncoTa nipamigmn
(SO Lnn. ABC).
5. Akwo pBi cymixkHi 6iuHi rpaHi nipamign
S nepneHANKYNAPHI [0 NAOLWKHN
OCHOBMH,
mo BMCOTOIO Nipamifn € iXHE cnifibHe
6iuHe pebpo.
A B Axwo na. SAB | . ABC
i mia.SAC 1 . ABC,
C mo SA — BucoTa nipamign
(SA L. ABC).
6. AKujo ABi HECYMi>KHI 6iuHi rpaHi nipami-
OV NepneHanKynApHiI 4O NaoLwm-
S HU OCHOBMY,
mo BMCOTOIO Nipamian € Bigpi3ok npsa-
B MOI, NO AKOMY NepeTUHaTbCA
NAOWMHY LX FPaHen.
A Axwo a.SAB | nia. ABCD,
o) D ¢ 1. SCD L nn. ABCD inn. SAB
nepetuHae nn. SCD no npamin SO
(O emnn. ABCD),

mo SO — BucoTa nipamign.

NOACHEHHA N OBI'PYHTYBAHHSA

g posB’A3yBaHHS 3a7ad, IIOB’sI3aHUX 13 mipaMioio, yacTo OyBae 3pyUHO
BUKOPWCTOBYBATH II€BHiI BJIACTUBOCTI mipaMmiguw, AKi J03BOJIAIOTH YTOUYHUTU
posTalryBaHHA il BUCOTH I ypaxyBaTu HMOTO BiKe IIiji yac MoOyJOBU PUCYHKAa
Io sazaui. (3a3HaumMoO, IO BCi 3aIPOIIOHOBaHI HUIKUE JOBEIEHHA MOKYTH
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204 PO3LIJT 1. MHororpaHHmku

OyTU IIPOBEJEHI He TiJbKU IJis TPUKYTHUX IIipaMina, 300pakeHuX Ha PHUCYH-
Kax, ajie ¥ JJId BCiX n-KyTHUX ImipaMif i3 BiATOBiZHMMM XapaKTePUCTUUHUMU
BJIACTUBOCTSAMU.)

Bnactueicte 1. AAKwo BCi 6GiuHi pebpa nipamign pieHi, abo HaxuneHi nig pis-
HUMW KyTamn [0 MJIOLMHN OCHOBU, abo yTBOPIOIOTb PiBHi KyTW 3 BMCOTOIO
nipamiau, To OCHOBa BMCOTU MipamMiaun € LLEHTPOM KOJa, ONMCaHOro HaBKoONo
OCHOBU nipamign (i HaBnakwm).

» Nosepenns. CripaBgi, Hexam SO — BUCOTa
nipamign SABC (puc. 5.1). MNoTpibHe TBEp- Puc. 5.1
OXEeHHA OepPXXYEMO 3 PIBHOCTI MPAMOKYTHMX
TpuKkyTHUKIB SOA, SOB, SOC (pna posenex- S
HA MPAMOro TBEPAXEHHA BMKOPKNCTOBYEMO
piBHiCTb 3a cninbHUM KaTeTtoM SO i rinoTeHy- :
3010 abo 3a cninbHUM Katetom SO i rocTpum :
KyTOM, a Af1Aa [OBeAeHHs obepHeHOro TBep- |
IKEeHHS1 — PIBHICTb 3a ABOMa KaTeTamu). A '
Hanpuknaa, Akwo Bci 6iuHi pebpa nipamign V\i
piBHi: SA=SB=SC, T0 3 piBHOCTi 3a3Haue-
HUX TPUKYTHUKIB ofeprkyemo: OA =0B=0C.
OTxe, Touka O piBHOBIgAaneHa Bif TOUOK A,
B, C i € ueHTpOM KONa, ONMcaHoro HaBKOJO
ocHoBu nipamign — TpukyTHMKa ABC. (IHwi
npsMi 1 06epHeHi TBEpAKEHHSA L€l BNaCTUBO-
CTi 06r'PYHTYIATE CaMOCTINHO.)

3as3HauuMMo, IO OJIiA PO3B’A3yBaHHA 3ajad, IIOB’SIBaHUX i3 IipaMmizamu
TaKOTO0 BUAY, 3a3BUYAll BUKOPUCTOBYIOTH NPAMOKYTHUUA TPUKYTHUK SAO,
y akomy SO 1L AO, AO=R (paziyc KoJia, OIIMCAHOTrO HABKOJO OCHOBH IIipami-
om), £ SAO — KyT Haxuay 6iuHoro peb6pa SA 10 MJIOHIMHU OCHOBU (OCKIJIBKU
SO L mn. ABC, to AO — mupoexkiiia peopa SA Ha NJIOHIMHY OCHOBH).

< AHanoriyHo o6rpyHTOBYITbCA I iHWI BNAcTUBOCTI, HaBedeHi B Tabn. 4 (06rpyHTYI-
@ Te iX CaMOCTIHO, 3BepHYBWWCb 3a HEOOXiAHOCTI A0 iHTepPHEeT-MIATPUMKM Migpyy-
HVKa).

BiactuBocti 1-6 (muB. Tabs. 4) yacTo MOBOAWUTHCA BUKOPUCTOBYBATU HE
TiIBKM IIiJ] 4yac 3ammcy pO3B’A3aHHA 3ajad, MOB’A3aHMX i3 mipaMmimoro, aJe
M mig vac moOyaoBM PHUCYHKIB [0 TaKuX 3amad. B OoCTAHHBOMY BHUHOALKY



§5.Po3TallyBaHHs BMCOTU B AEAKMX BMAAX Nipamig

CIIOYATKY B YMOBI 3ajlaui BUOKPEMJIIOIOTEH (pparMeHTH, SIKi OIMUCYIOTHCA BJIACTH-
BocTAMU 1-6, i BM3HAUAIOTH PO3TAIIYBaHHS OCHOBU BucoTu mipamigu. ITorim
300paKyIOTh IPOEKIIiI0 OCHOBU IIipaMinu, mo3HAUYaloTh Ha Hiil Touky O, AKa
€ TIPOEKITI€I0 OCHOBU BUCOTHU IIipamMigum (ypaxoBYIOUM BJIACTHBOCTI IIapaJiesib-
HOT'O TIPOEKTYBAHHSA), a MOTiM 3 OCHOBU BuCOTH (Touka (O) BepTHUKAJILHO (IJId
0iaBIIIOI HAOYHOCTI) TPOBOAATH BucOoTy mmipamizu SO i cmosydaioTh TOUKY S
i3 BepIIMHAMUW OCHOBW.
Posriiamemo Ak mpukJaan moOymoBy pucyHKa mo 3azaui 1 (muB. madri).

Ocnosorw nipamiou € npamoOKymHull MpuUKymHuk i3 kamemom a i npu-
neeaum zocmpum kymom 60° 3raiidimv eucomy nipamidu, skuwo éci il
0iuni pebpa HaxuaeHi 00 NAOWUHU OCHOBU nid xkymom 45°.

CoouaTky OyAyeMO TPOEKI[i0 ocHOBU mipamigu. IIpoeKIli€elo mpAMOKYT-
HOTO TPUKYTHUKA MOKe OYTH NOBiIBHUN TPUKYTHUK. ToMy 300pasKyeMo Ho-
BiibHUN TPpUKYTHUK ABC, AKUI € 300parKeHHAM IPAMOKYTHOIO TPUKYTHUKA,
i mosmauaeMo 300paKeHHS MPAMOro KyTa (HampukJjazn, upu BepinuHi C, K
HoKas3aHo Ha puc. 5.2, a).

IloTriMm 3BepTaeMo yBary Ha Ty YacTHUHY YMOBH, AKa BiJMIOBijlae BJIACTH-
BocTAM 1-6. 3oKpema, AKMIO Bci OiuHi pebpa mipaminm HaxwmieHi mig piBHUMMT
KyTaMu [0 ILJIOIMHU OCHOBM, TO OCHOBOIO BHCOTH IIipaMigu € IIeHTpP KoJa,
OIICAaHOI'0 HABKOJIO OCHOBU Iripaminm (BimactuBicTh 1). IleHTpoM Koja, omumca-
HOT'O HAaBKOJIO MIPAMOKYTHOT'O TPUKYTHUKA, € cepeanHa rinmorenysu. CepenuHa
BiIpi3Ka IIPOEKTYETHCA B CEPEAUHY BipisKa MPOEKI[ii, TOMY HPOEKIIi€I0 OC-
HOBM BucOTH € Touka O — cepenmHa Bimpiska AB. IlpoBogumo i3 Toukm O
Bigpidok SO (6a'kaHO BEPTHUKAJBHO AJA OiJIBIIIOl HAOYHOCTI), AKUII € 300pa-
JKeHHAM BUCOTH mipamigu (puc. 5.2, 0), i, crmosiyuyaiouu BipisKaMm TOUKY S
i3 BepmimHaMu TpuKyTHUKA ABC, omep:KyeMo 300parkeHHs 3aJaHol Imipamigm
SABC (puc. 5.2, 6). (Po3p’a3anusa 1iei 3amaui HaBemeHO HUKUYe — 3amada 1.)

Harapmaewmo, 1110 mig yac pos3p’sisyBaHHA 3ajay HA OO0YMCIEHHS, TTOB’I3aHUX
i3 mipamigamwu, HOIiJIPHO BUKOPHUCTOBYBATH 3arajibHY CXeMy PO3B’sI3yBaHHSA
¥ sammcy 3ajad, IIOB’SI3aHUX i3 MHOIOIPaHHMKOM, HaBemeHy B § 1.

Puc. 5.2 a 6 S B S
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NMPUKNAOW PO3B'A3YBAHHA 3A0AY

PO3LIJT 1. MHororpaHHmku

3apaua 1. OcHoOBOW MipaMign € MPAMOKYTHUA TPUKYTHUK i3 KaTeToM a i npu-
nernum roctpmm Kytom 60°. 3HanpgiTb BMCOTY nipamign, AKwo BCi 1T
6iuHi pebpa HaxWneHi 4O NNOWWHM OCHOBU Mif KyToM 45°,

Po3B’sA3aHHA

» 1) Hexait ocHOBOIO 3amanoi mipamigu SABC
€ IpAMOKYTHUN TPUKYTHUK ABC i3 nmpaMum
kyrom C (BC=a, £ABC=60°). Ockinb-
KM B 3amaHiii mipaminai Bci 6iuni pe6Gpa Ha-
XWJIEHI IIiJ PiBHUMU KyTaM®W OO IIJIOITUHU
OCHOBH, TO OCHOBOIO BucoTum SO mipamigm
€ IIeHTDP KOJa, OIKMCAHOTO HABKOJO OCHO-
Bu mipamimu. IleHTpoM KoJa, OIMCAHOTO
HABKOJIO IPAMOKYTHOTO TPUKYTHUKA, € Ce-
penuHa TimOTEHY3U, TOMY OCHOBa BHCOTH
SO — Tourka O — Iie cepeAuHA TilIOTEHY3U
AB (puc. 5.2, 8).

2) Ockinbku AO — mpoekIiis 6iuroro pebpa SA
Ha miromuuy ocaoBu ABC, To KyT SAO — 118
KYT MixK OiuHuM pebpom SA i IIOIHMHOO OC-
HoBH (3a ymoBowo £ SAO =45°).

3) Is mpsamorkyTHOro tpukytHuka ABC ogep-

BC a

cos L ABC a cos60°
1
Tonmi AO=EAB=(1.

sKyemo: AB= =2a.

4) I3 mpAMOKYTHOTO TpUKyTHUKA SAO
(SO — Bucora nipamigu) maemo:
SO=A0-tg £/SAO=a-tg45°=a.

Bigmoosigs: a.

KomeHTap

MobypoBy 300paxeHHA nipami-
O 0O Uui€l 3agayvi HaBegeHo Ha
puc. 5.2. MNoTim gouinbHO BUKOpU-
CTOBYBaTU CXeMy pPO3B'A3yBaHHA
3a/lay Ha 06UNCNIEHHSA, MOB'I3aHNX
i3 MHOrorpaHHukamu (ame. § 1, n. 4).

AK 3aBXAW, Ha neplwomy eTa-
ni po3B’A3aHHA OOGIPYHTOBYEMO
po3TawyBaHHA BUCOTU nNipamigu,
a Ha Jpyromy — po3TallyBaHHA
NPOCTOPOBOro KyTa MiX NpAMOIo
i nnowuHoto, TO6TO po3TallyBaHHA
KyTa MiX 6iuHMM pebpom i nno-
LMHOK OCHOBW Mipamigmn (moctat-
HbO OOI'PYHTYBaTK PO3TallyBaHHA
TifIbKW OOHOrO KyTa, OCKiNbKK 3a
YMOBOIO BCi BOHU piBHi). MNoganb-
WMM eTanom PO3B'A3aHHA € NPO-
BelleHHA obumncneHb. 3anucyoun
Len eTan, NOTPIOHO Ha KOXKHOMY
Kpoui BKa3yBaTu TPUKYTHUK, ene-
MEHTN AKOrO BM3HAYAEMO, i AK-
WO BiH NPAMOKYTHWUIA, NOACHUTU
yomy.

3apava 2.  OcHOBO Mipamian € piBHOGEAPEHUN TPUKYTHUK 3 OCHOBOK 6 CM i Biu-
HOl0 CTOpOHOI 5 cMm (puc. 5.3). BiuHi rpaHi nipamign, wo mictatb 6iu-
Hi CTOPOHU UbOro pPiBHOGEAPEHOro TPUKYTHUKA, NepreHANKYIApHI Ao
NAOWMHM OCHOBW, a TpeTA 6iYHa rpaHb HaxmieHa 4O NIOWWHM OCHOBY
nig Kytom 60°. 3HanAaiTb BUCOTY Nipamigu.



§5.Po3TallyBaHHs BMCOTU B AEAKMX BMAAX Nipamig

KomeHTap

fIK 3BMYalHO, Ha NepLIOMY eTani PO3B'A3aHHA 06rPyHTO-
BYEMO pPO3TallyBaHHA BMCOTU Mipamign (y nepuwy yepry
BMIKOPVCTOBYEMO OMNOPHi daKkTn, HaBefdeHi B Tabn. 4). Ha S
Opyromy eTani o6rpyHToBYyEMO pO3TallyBaHHA NPOCTOPO-

BOro KyTa Mi>k 6iYHOI0 FpaHHI0 i OCHOBOIO Mipamigun.

Pnc. 5.3

Ona nobynosu niHiiHOro KyTa ABOrpaHHOro KyTa 3 pe-

6pom BC y niowmHi 0CHOBM Nipamign nposegemo 3 oc-

HOBM BUCOTU nepneHankynap AM Ha pebpo BC. MoTim

MOTPIGHO CNONYUYNTU OTPUMaHy ToUuKy M i3 BepLuMHO S A

i BUKOpMCTaT! Teopemy Npo Tpu nepneHankynapm (ypa-

xoBytouu, Wwo AM — npoekuia noxunoi SM Ha naowuHy M
OCHOBMW).

Po3B’si3aHHA

» Hexait B ocHoBi mipaminu SABC (puc. 5.3) 1e:KuUTh piBHOOEAPEHUIT TPUKYTHUK
ABC (AB=AC=5 cMm, BC=6 cwm). 3a ymoBo0 cyMiskHi 6iuni rpaui SAB i SAC
HepPIeHINKYJISPHL 40 IJIONIMHY OCHOBM, TOMY BMCOTOIO IIipaMiu € CIIiJibHe OiuHe
pebpo 1ux rpageii, To6To SA — BrcoTa mipaMigu (SA 1 m. ABC). V mnonuni ABC
mpoBexemo nepneaauryiasp AM | BC.
3a Teopemorio mpo Tpu nepneHgukyaapu SM | BC. Oraxe, kyr SMA — ninifinnii
KYT ABOrpaHHOro KyTa 3 pe6pom BC, a 3a ymoBoio /. SMA =60°.

Is mpamoryTHOTO TpuKyTHUKA AMC (AM — BucoTa, MemiaHa ¥ 6iceKTpuca piBHO-

1
O0expenoro tpukyTauka ABC, tomy CM = EBC =3 cM) MaEMO:

AM =+AC? -CM? =\5° 3% =4 (cw).
I3 npAMoOKyTHOrO TpUKyTHUKA SAM (SA 1 . ABC) OIEPIKYEMO:
SA =AM -tg60°=43 (cm).
Bidnogiov: 4\/§ CM.

i e opuH npuknap po3s’A3yBaHHA 3afadvi 3 ypaxyBaHHAM pO3TallyBaHHA BMUCOTU
U nipamign HaBefeHO B iHTepPHeT-NiATPUMLI Nigpy4YHMKa.
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3AMUTAHHA

1.

VrKaxiTh po3ramryBaHHA OCHOBW BUCOTU MipaMigu, AKIITO:

1) yci 6iumi pebpa mipamigm piBHi a60 OZHAKOBO HAaXWJIEHI MO IJIOIUHU
OCHOBU;

2) yci 6iunHi rpaHi mipamigu omHAKOBO HaXWJIEHI IO OCHOBH;

3) TimbKHM ABiI cymikHi OiuHi rpaHi mipamigu (abo MmOXMJIOI TPU3MN)
OMHAKOBO HAXWJEHI M0 OCHOBU abo cuijibHe OiuHe pPebpo IMX T'paHen
YTBOPIOE PiBHI KyTH i3 CyMiKHMMHN 3 HUM CTOPOHAMU! OCHOB;

4) tinpKku omHa OiuHA IpaHb HipaMigu HePHEeHAWKYJISAPHA OO0 MJIOIIUHU
OCHOBU;

5) nBi cymixkHi Giumi rpani mipamigm mepHeHAWKYJIAPHI A0 ILJIOIITUHU
OCHOBH.

I KOMKHOIO BUIIAAKY HOOyayiiTe 300paskeHHsA BimmoBimmol mipaminm,
B OCHOBi fAKOI JIEKUTH PiBHOOEAPEHUN HPAMOKYTHHN TPUKYTHHUK.

BMPABU

5.1°

5.2.

5.3%

5.4.

5.5

5.6.

5.7.

OcHoBa mipamigm — OpAMOKYTHHK 3i croponamu 6 cm i 8 cm. Kowxue
Oiume pebpo mipamigm mopiBHioe 13 cm. 3HAWAITH BHCOTY Mmipaminm.
OcHoBa mipamigu — piBHOOEIPeHUII TPUKYTHUK 3 OCHOBOIO 6 i BuCO-
Tof0o 9; yci Oiuni pebpa mipamigu mopiBHiolOTH 13. 3HAWAITH BUCOTY
mipamigu.

B ocHoBi mipamigm JeXUTh IPAMOKYTHUN TPUKYTHUK i3 TilIOTEHY3010 C.
Kosxue Oiune peOpo yTBOPIOE 3 IJIOMIMHOK OCHOBU KyT [. SHAWAITH
BHCOTY IIipamifnmu.

OcHoBa mipamigu — piBHOOEAPEHUII TPUKYTHUK i3 OIYHOIO CTOPOHOIO @
i KyTom mpm ocHOBI . ¥Yci Giuni pebpa mipamigm yTBOPIOIOTH 3 ii BU-
COTOI0 KyT (. 3HaHJiTH BuCOTy Iipaminu.

3HaimiTe miomry OiuHOI ImOBepXHi mipamimguw, AKINO WJOIa ii OCHOBH
JOpiBHIOE ), a IBOTPaHHI KyTH IIPU OCHOBI — @.

OcHoBa mmipamigu — TPUKYTHUK 3i cropomamm 13 cm, 14 cm i 15 cwm.
Biune pebpo, mpoTuUJeKHE CepefHiili 3a MOBYKHHOI CTOPOHI OCHOBW,
MepIeHgUKYIIpHe OO0 IJIONIMHN OCHOBU U mgopiBHIoE 16 cMm. 3SHAHIITH
IJIOIITY ITOBHOI IOBEPXHi Iipaminam.

OCHOBOIO YOTHMPHUKYTHOI Tipamigu € pom06, a Bci 6iumi pebpa mipamimnm
piBui. [loBeniTs, 110 1A mipamiza € ITPaBUJIBHOIO.
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5.8.

5.9

5.10.

5.11.

5.12°

5.13.

5.14%,

5.15%,

5.16.

B ocHOBIi mipamigu JeKUTh TPUKYTHUK 3i cTropoHamu 5, 6 i 7. Yei Giuni
pebpa mipamigu piBHI MiK c0000, i KOKHe 3 HUX YTBOPIOE 3 BUCOTOIO
mipamigu Kyt 60°. 3HailigiTe 6iune pebpo mipamimu.

OcuoBa mipamigu — piBHOGenpenuii Tpuxkytauk ABC (AB=BC) 3 Ky-
TOoM A, 1110 ZOpiBHIOE O/. Brcora mipamiau mpoxoguTh uepes IIEHTP KoJja,
BIICAHOTO B OCHOBY, i JOpPiBHIOE OiUHi CTOPOHI TPUKYTHUKA OCHOBH.
3HaWAITh KyT HaXujay OiUYHMX T'paHed mipaMigu OO0 OCHOBH.

B ocuoBi mipaminu MABCD mnexutrs pom6 ABCD i3 piaroHamamu
AC=6, BD=8, a Bci 0iuHi rpani yTBOPIOIOTH 3 OCHOBOIO KyTu 1o 45°
3HaHgITE:

1) BucoTy mipaminm;

2) Bigcraup Bijg Bepmmmuu M 10 pebpa OCHOBH.

OcHoBa mipamigu — piBHOOEApPEHUIT TPUKYTHUK 3 OCHOBOIO 12 i GiuHOIO
cropouoro 10. 3HaiiiTe BucoTy mipamigm, sximo Bci i 6iuni rpaumi yTBoO-
PIOIOTH 3 OCHOBOIO ABOT'PAHHI KyTu 1o 45°.

OcuHoBa mipaMmigum — OPAMOKYTHHI TPUKYTHHUK i3 KareramMu 6 cM
i 8 cm. VYci pBorpaHHI KyTu mpu OCHOBiI mipamigm mopiBHIOIOTH 60°.
3HaWAITH BUCOTY IIipaminau.

OcHoBa mipamigu — piBHOOeApPeHUI TPUKYTHUK 3i cropomamu 40 cw,
25 cm i 25 cm. Bucora mipamigu 3aBOOBXKKU 8 CM IIPOXOAUTL Uepes
BePIIIUHY KyTa OCHOBU, IPOTHUJIEKHOI'O CTOPOHI 3aBHOB:KKU 40 cMm. 3Haii-
IiTh 1oy OiuHOI IMOBepXHi Iipaminm.

OcHoOBOI0O Tipamigu € TpaBUJABHHU TPUKYTHUK. OmHa 3 OGiuHMX TpaHel
mipamMigy meprmeHIUKYJISpPHA A0 IJIOIMWHY il OCHOBHW, a OBl iHIII Haxmu-
JeHi mo mel mim kyrtom o. Ilig AKMMU® KyTaMu HaxXWJeHI M0 IIJIOIUHU
ocHOBHU OiuHi pebpa?

B ocmoBi mipamigu JjexuTh poMO 3i cropoHoio a i Kyrom 60° Oxma
3 OiuHMX TrpaHed Imipamigu MmeprneHIWKYAsSpHA M0 ILJIOIIMHHK ii OCHOBH,
a IBi cycimHi 3 HEO I'paHi YTBOPIOIOTH 3 OCHOBOIO KyTH II0 45°. 3HaANIITH
BUCOTY ITipaminau.

BuaBiTb cBOIO KOMMNETEHTHICTb

CkinbKM KBaJApaTHUX METPIiB IapycWHU OyJ0 BUKODPUCTAHO HA BUTO-
TOBJIEHHA HaMeTy 0e3 mHa, 10 Mae ()OPMY HPaBUJIBHOI YOTHUPUKYTHOL
mipaminu, SKIMO BucoTa IIipamigu mopiBHioe 3,2 M, a cTOpoHA ii 0OCHOBU
4,8 m? (BpaxyiiTe, 1110 Ha IIBU I 00pisKy BuTpaueHo 4 % Big sarajabHOI
KiJIbKOCTI mapycuHm).
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Tabnuus 5

MpaBunbHi MHOFrOrpaHHUKM

O3Ha4yeHHsA. ONYKNAUIA MHOTOrpaHHUK Ha3sNBAaETbCA NPABUIbLHUM, AKLLO
ioro rpaHi € piBHUMU NPaBUIbHUMN MHOTOKYTHUKaMU 1 Y KOXKHill Bep-
WKMHI CXOANTbCA OfHA I Ta cama KinbKicTb pebep.

Ne Tvin npaBusibHOro Dopma roani Yncno  Ymcno  Yucno
MHOrorpaHHmnKa pmarp rpaHen BepwuH pebep

1 | TeTpaeap (YOTUPUIPaHHYIK)

4

2 | Tekcaepp (wecTUrpaHHuK),

abo Ky6
, |
: = O |
: 1 il 6 8 12
Jooq-- |
7 [1 -, [
S /
PO = N
3 | OkTaegp '
(BOCbMUTPaHHMK) '

A
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4 | Ikocaenp
(nBapLATUTPAHHUK)

Y \ 20
A / 4
5 | Nopekaepp
(nBaHaQUATUTPAHHKK)
I

MNOACHEHHA N OBI'PYHTYBAHHA

O3HaueHHA. ONYKNMA MHOrorpaHHVK Ha3sNBa€ETbCA NPABUJIbHUM, AKLLO NOro
rpaHi € piBHUMM NPaBUAbHUMMN MHOTOKYTHMKaMun M y KOXKHill BepLUNHi €X0-

AUNTbCA OAHa 1 Ta cama KinbKicTb pebep.

IIpuknamomM HTpPaBUJIBHOIO MHOTOIDAHHUKA € Ky0
(puc. 6.1): yci #ioro rpani — piBHi KBagpaTHu, i B KO-
Hili BepHIuHI cXomAThCI Tpu pebpa.

3 O3HauUeHHS NPaBUJIBHOIO MHOTOTDAHHWKA BUILIU-
Ba€, IO BCi Woro pedpa MOPiBHIOIOTH OAHE OJHOMY. Ta-
KOK MOJKHa IOBECTH, II0 B MPAaBUJIBHOMY MHOT'OT'DAH-
HUKY PiBHI BCi ABOrpaHHi KyTH, IO MIiCTATH ABI rpaHi
3i cminmpHEM pebpom.

Haii6inpin mpocTM HpPaBUJIBHUM MHOTOIPAHHUKOM
€ TPUKyTHaA Tmipamina, yci rpaHi AKoi — mnpaBUJIbHi

12

12

20

Puc. 6.1

30

30

21



TpuKyTHUKHU (puc. 6.2), a B KOXKHiIA BepIiIuHi cXO-
IATbCcA Tpu pebpa. OCKiJIbKM y IILOTO MHOI'OIPaH-
HUKAa BChOT'O YOTHUPU I'PaHi, 1OT0 HABWMBAIOTH TAKOMK
mempaedpom, IO B IepeKJiajgi 3 I'pPelbKol O3HaYae
«YOTUPUTPAHHUK».

Inoxmi TeTpaempoM Ha3WBAIOTHL TAKOMK JOBLIBHY
TPpUKYyTHY Tmipaminy. Tomy y BuUmamky, KOJH MOBa
e TPO HPABUJIBHUN MHOTOTPAHHUK, TOBOPUTHME-
MO — npPasubHUilL mempaedp.

MuororpaHHUK, TPaHAMU SKOI'O € MNPaBUJbHI
TPUKYTHUKY U Y KOKHIN BEPIIUHI SKOTO CXOAATHCA
yoTupu pebpa, 306paskeHo Ha puc. 6.3. Moro mo-
BEPXHS CKJIAJAETHCA 3 BOCBMU ITPABUJIBHUX TPUKYT-
HUKiB, TOMy #HOro HaswBalOTh oxkmaedpom. MHoro-
TPaHHUK, TPAHAMU SKOTO € MPAaBUJIbHI TPUKYTHUKU
M Yy KOXKHIill BEpINUHI AKOTO CXOAAThCA I'ATH pedep,
30o0paskeHo Ha puc. 6.4. 1oro moBepxHA CKIAZAETHCA
3 IBAAIATH NPABUJIbHUX TPUKYTHUKIB, TOMy I0Oro
Ha3WBAIOTh iKOCaAedpoM.

OCKiNbKM y BepIIMHAX OIIYKJIOTO MHOTOTPAaH-
HUKa MOMKE€ CXOAWTHUCA TiJbKM TPU KBaJgpaTH, To,
KpiMm Kyb6a (puc. 6.1), iHmImX TpPaBUIBHUX MHOTO-
TPAaHHUKIB, y AKUX I'PAaHAMU € KBajapaTu, He iCHYe.
Ky6 mae 1micts rpaneii, ToMy IHOro Iie Ha3WBAIOTh
2excaedpom.

MuororpaHHUK, TPaHAMH SKOI'O € MNPaBUJbHI
MATUKYTHUKN W y KOMKHIII BepIINHI CXOLATHCS
Tpu pebpa, 300parkeHo Ha puc. 6.5. Moro mosepxusa
CKJIala€ThCA 3 ABAHANIATU NPABUJIBHUX II'STUKYT-
HUKiB, TOMy HOT0 HasmBalOTh 000eKaedpon.

3a3HaumMo, IO y BEPIIUHAX OIIYKJIOTO MHO-

D TOTPAHHWKA HE MOMKYTh CXOAUTUCA YOTUPU
1 OisibIlle TPaBUJIBHUX ITIATUKYTHUKIB. TaKoMK
HE MOJKYTBH CXOAUTUCA TPABUJIbHI MHOTOKYTHU-
KU 3 KiJbKiCTIO cTOpPiH Oiyibite HiK 1’ATb. Tomy
iHMIUX TpaBUJBHUX MHOTOIDAHHUKIB He iCHYE,
i € TiTbKM I’ATH NPaBUJIBHUX MHOTOTPAHHUKIiB:
TeTpaenp, rexcaeap (Ky0), OoKTaexp, aoAeKaenp
i ikocaemp.

PO3LIJT 1. MHororpaHHmku

Puc. 6.2

Puc. 6.3

Puc. 6.4

Puc. 6.5
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Puc. 6.6

AK i gma iHmMIUX MHOTOIPAHHUKIB, MOJeJi IPaBUJIBHUX MHOTOIDaHHU-
KiB MOKHa BUTOTOBUTHU 3 PO3TOPTOK ab0 TeOMeTPUYHOTO KOHCTpyKTopa. Ha
puc. 6.6 300pasKeHO OZHY 3 MOMKJIMBHUX PO3TOPTOK Aomexaenpa (momaTKoOBi
YaCTUHMW B TPABUJIBHUX IIATUKYTHUKAX MPU3HAUEHI AJA CKJIEIOBAaHHS Bif-
TMOBiIHUX TpaHelt). 3a TaKOI POSTOPTKOI0 MOYKHA BUTOTOBUTH, HAIPUKJA]I,
abakyp 3i cmemiaJbHHX MaTepiaJtiB (3 ypaxXyBaHHAM IPABUJ ITOMKEKHOI 0es-
mexu!)

P N

3ayBa)KuMoO, IO (POpPMYy MMPABUIBHIX MHOIOIPDAHHUKIB Ma€ OLIBIIICTE KPHUCTAJIB.
Mu Bike sramyBaJin, IO KpPUCTaJu H0Ope Bimomol BaM KYyXOHHOI cOJi € KyOamu.
YV BupoOGHHUITBI anoMiHil0 Ta KepamiuHux (apd BUKOPUCTOBYIOTH aJIIOMOKAJi€Bi
raJyHU, MOHOKPUCTAJIU AKUX MaOTh (DOPMY IPaBUJIBHOTO OKTaeapa. CHpOBUHOIO I
BUPOOHUIITBA CipuaHoOi KMCJIOTH, CIPKH i 3a/Ii3HOr0 KyIOpoCcy € cipuaHui KoJruemaH
(mipuT); oOcTaHHIM UacOM BiH yce uacTillie 3aCTOCOBYETHCS AK J00aBKA IPY BUPOOJIeHH
nemeHTy. Kpucranu niputy maroThb (opMy JoxeKraenpa.

Kpuctan Kpucran Kpnctan
KYXOHHOI coni anoMoKaniesmnx nipuTy
ranyHis

3a3Ha4yeHnXx npaBUIbHUX MHOFOFpaHHVIKiB.

. 3HalgiTb B iHTEpHETI nNpuknagy KpucTanis, AKi maloTb Gopmy pewTu
WOV
N\

J
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PO3LIJT 1. MHororpaHHmku

NPUKNAJL PO3B’A3YBAHHA 3AAY

3apava. 3HangiTb ABOrPaHHI KyTW NpaBuib-
Horo TeTpaegpa (puc. 6.7). Puc. 6.7 D

KomeHTap

MpaBunbHUN TeTpaeap € NPaABUIbHOI TPUKYT-

HOI0 MNipamigoto, OCHOBOI AKOI MOXHa BBakaTu C
6yAb-AKy rpaHb LbOro TeTpaegpa. N
Cnpasgi, B OCHOBI NeXWTb NpaBUbHUN TPU- B
KYTHVK, @ OCHOBOI BUCOTM Mipamign € LeHTp

i€l OCHOBW, OCKINbKM PiBHI MOXMAi MalOTb PiBHI A
NPOEKLU;T.

OTKe, OCHOBOI BUCOTU € LIEHTP ONUCAHOrO KOJa, AKUIA Yy NPaBUIbHOMY TPUKYTHUKY 306i-
ra€TbCA i3 LLEHTPOM BMMCAHOrO KOMa i € LeHTPOM LibOro MPaBUbHOIO TPUKYTHUKA.

O.

[ina nobynoBu NiHiHOro KyTa IBOrPaHHOro KyTa npu pebpi npaBunbHOro TeTpaeapa 3pyu-
HO BBaxaTu obpaHe pebpo pedbpom OCHOBY TPUKYTHOI Nipamigun, NPoBeCTM BUCOTY Nipamign
1 anodemy (To6TO BMCOTY) BiANOBIAHOIT GiUHOI rpaHi 11 BUKOPMCTOBYBaT/ TeopemMy Npo Tpu
nepneHanKynapu.

TakoX fouiNnbHO BpaxyBaTy, WO B 3aMpONOHOBaHIl 3afadi Ha 06YMCNeHHA He 3ajaHO Xoa-
HOro Bifpi3Ka, TOMy AnA i po3B'A3yBaHHA 3pyYHO BBECTM HEBIOMMI BiAPI30OK (Hanpuknag,
[OBXVHY pebpa TeTpaeapa).

Po3B'A3aHHA

» IIposememo 3 Bepimau D mpaBuabHOro Terpaenpa ABCD Bucoty DN rpaui BCD
i Bucoty DO TeTtpaenpa (puc. 6.7).

Axmo DN L BC, to ON 1 BC (3a TeopeMoIo IIPO TP NePIeHIUKYIAPH), TOMY KYT
DNO — niniiauii KyT gBOrpaHHOrO KyTa mmpu peopi BC.
a3
5

ITosnauumo pebpo TeTpaeapa uepes a, TOAi BUCOTU I'paHel JOPiBHIOIOTH

OcCKiJnbKU IIPaBUJIBHUN TeTPaeJp € NpaBUJIbLHOI TPUKYTHOI IIipaMigoi, TO OCHOBA
BUCOTH IIipaMigu — Iie MeHTP MPaBUJIbHOI'O0 TPUKYTHUKA, IKUH € IIEHTPOM OIIKCa-
HOT'O i BITMCAHOTO B TPUKYTHUK KiJI.

VYpaxosytouun, o ON 1 BC, ogepxxyemo: ON — pafiyc Kojia, BONCAHOTO B IIPABUJIb-

a

3
HU# TPUKYTHUK, i ON = 6
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ON 1
I3 npamokyTHOro tpukytauka DON ogep:kyemo: cos L DNO=——= f;_ =—.
a3

1 DN
Toni /. DNO = arccos E S

OueBUAHO, ITI0 ABOTPAHHI KyTHU IPU iHITUX pebpax TeTpaeipa € TAKMMU CAMUMU 34
BEJIMUUHOIO.

3ATINTAHHA

1. KUl MHOrOrpaHHUK HA3MBAETHCSA IPABUJILHUM?

2. HagBiTh m’ATh TUMiB IPaBUJLHUX MHOTOTPDAHHUKIB i OMUIIiITH iX.

BMPABU

6.1°. Yu € mpaBUJIBHUM MHOT'OIDAHHUKOM:
1) moBisbHa mpaBuJbHA IIipamiza;
2) moBinbHa mpaBuibHaA Ipusma?
6.2° Ywm icHye MpaBUJIBHUI MHOTOTPAHHUK, AKUN €:
1) mipaminoro; 2) mpusmoio?
6.3. MHOrorpaHHUK € 00’¢THAHHAM IBOX MPABUJIbHUX TETPAEIpiB, 110 MAIOTH
CHiJbHY ocHOBY. Um Oyae Takuii MHOrOrpaHHUK IpaBuabHuUM? Yomy?

6.4. ki mnnomuHEU cuMeTpii Mae mpaBUJIbHUI:
1) rerpaeznp; 2) rekcaenp?

6.5. CkinbKM TJIOIIMH cUMeTpil Mae mpaBUJIbHUIL:
1) oxTaenp; 2) momexaenp; 3) ikocaenp?

6.6°. Iljmomra moBepXHi IPaBUJIBHOTO TeTpaeapa JOPiBHIOE 100\/§ cm?, 3maii-
IiTh #oro peodpo.

6.7*. 3 opHiel BepImuHM Ky0a HPOBeJW TPU AiaroHaJsi IpaHell i CIOSydYuaIm
ixHi KiHnmi Bigpiskamu. Um OGyme yTBOpeHa IIipaMiza IpaBUJIbHUM Te-
Tpaeapom? BiamoBigb oOrpyHTYyITE.

@ BuaBiTb CBOIO KOMMNETEHTHICTb

6.8. IloOynmyiiTe pOsSTOPTKU IIPAaBUJBHUX MHOT'OT'PAaHHUKiIB. BurorosTe 3 pos-
TOPTOK MOJleJIi IPaBUJIBbHUX MHOTOTDAaHHUKIB.
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BigomocTi 3 icTopii

Muororpanauku i, 30KpeMa, IPaBUJIbHI MHOTOTPDAHHUKMN 3 JaBHiX
yaciB mpuBepTANN yBary BUEHHX, apXiTeKTOpiB, HpencTaBHUKIB 6araTbox
immux mpodeciiti 3aBAAKM cBOili Kpaci, mockoHasocti Ta rapmonii. ITida-
TOpifiti 000KHIOBAJIM ITPABUJbHI MHOTOTPAHHWUKKU i BUKOPUCTOBYBAJH IX
y cBoix (iocochbKMX TBOpaX MPO CYTHICTH cBiTy. [eTasbHO ommcaB BJia-
CTUBOCTi IPaBUJBbHUX MHOTOTPAHHUKIB AaBHBOrpenbKuil BueHuit IlmaTtoH
(429—-348 pp. mo H. e.). Came TOMy IpaBUJIbHI MHOTOTPDAHHUKY Ha3WBAIOTH-
ca Takok Timamu Ilmaroma.

IIpaBusbHUM MHOTOTPAaHHUKAM IIPUCBAYEHA ocTaHHA, XIII KHura
suamenuTux «Hauamn» EBkaiga. Yeaing sa EBKaigoM BHUBUEHHAM II'ATH
IpaBUJIbHUX MHOTOI'PDAHHUKIB 3aiimaBcsa Apximen (287-212 pp. mo H. 3.).
ITepekoHaBIINCHL Yy TOMY, III0 HE MOKHA HOOYAyBATU IIMOCTUI IPaBUJIbHUN
MHOTOTDAHHUK, ApxiMen ctaB GyAyBaTu MHOTOTPAHHUKHU, ¥ AKUX I'PDAHAMU
Oyau MpaBUJIbHI, ajle He OJHONMEHHI MHOTOKYTHHKHN, a B KOXKHIIl BepIIu-
Hi, AK i y OIpaBUJIbHUX MHOTOTPAHHUKAX, CXOOMWJACA OJHAKOBA KiJIbKiCTh
pebep. Tax Bim orpumaB 13 HamiBOpaBUJIBHUX MHOrOrpaHHUKiIB. B pobori
BueHoro «IIpo MHOrOrpaHHHKHN», AKa 30eperjacs A0 HAIIOTO Yacy, JeTajb-
HO ommcaHi yci 13 mHororpaHHuKiB (puc. 1), Ha3BaHMX HA YECTb BYEHOTO
Timamu Apximena, i HaBeJeHi BiATOBiAHI PUCYHKU.




Kpim mpaBunpHUX i HamiBOpaBUJIBHUX MHOIOIPAHHUKIB, yBary [mo-
CJIiTHUKIB IpPUBEPTAIOTh TaK 3BaHi 3ipuacTi MHOrOrpaHHUKH. ICHye TiJIbKU
YOTHPU IIPaBUJIbHI 3ipuacTi MHOrorpamHuku. Ileprmi nBa OGyaum BigKpwuTi
I. Kenuepom (1571-1630), a mgBa immmx maixe 200 pokiB mo Tomy 1mo0y-
nyBaB JI. Ilyanco (1777-1859). Came Tomy mpaBuUJbHI 3ipuacTi MHOTOrpaH-
HUKMN HasuBalThbca Timamu Kemmepa — Ilyanco.

217

3ipuacTi MHOTOrpaHHUKN MOKHA OTPUMATHU, IIPO-
IOBJKUBIIY I'paHi abo pedpa AesIKUX TPaBUJIBHUX MHO- Puc. 2
rorpaHHMUKIB. 3 TeTpaeapa, Kyba i oKTaeapa sipuacti
MHOTOTDaHHUKU OJepPyKaTu He MOYKHA. SIKI0 posriid-
HYTH [JOJIeKaenp, TO IIPOJOB}KEHHA #oro pebep mpu-
BOAUTH O 3aMiHM KOKHOI I'paHi 3ipuacTuM IpaBUJIb-
HUM IISSTUKYTHUKOM (puc. 2), y pe3yJbTaTi BUHHUKAE

MHOTOTPAaHHUK, AKWU HA3WBAIOTh MaJUM 3ipuacTum
momexaenpom (puc. 3, a).

SKmmo mpomoB:KyBaTH TpaHi momeKaeapa, MOMKJIWBI aBa BapiaHTa pe-
gyabrary. ITo-mepiie, SKIO POSIVISAAATH IPABUJILHI I'ITUKYTHUKH, TO OTPHU-
MaeEMO TaK 3BaHUWUN BeJUKUN nomeraenp (pmc. 3, 0). Ilo-mpyre, AKIIO AK
rpaHi poariasgaTu s3ipuyacTi I’ATUKYTHUKH, TO OJEPIKYEMO BEJIUKUH 3ipuac-
Tuil goxexaenp (puc. 3, 8).

Ixocaenp mae oxmy sipuacty ¢opmy. IIpomos:xyrounm rpami ixocaenpa,
OIEP’KYEMO BeJUKUI 3ipuacTuii ikocaenp (puc. 3, 2).

Om:ke, cupaBAi iCHYIOTH TiJIbKM YOTHPU TUNU NPABUJIBHUX 3ipuacTux
MHOTOTPaHHUKIB.

Puc. 3

o %30
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PO3I1 1. MHOFOFpaHHl/IKI/I)

Bararo ¢opm 3sipuacTmx MHOTOTPDAaHHUKIB MOXK-
Ha IIOMITUTH, CIIOCTepiraruym HaBKOJUIIMHIA cBiT. Ha-
OpUKJIaM, CHIXKUHKU — IIe 3ipuacTi MHOrOrpaHHUKU
(puc. 4). 3 maBHiX-TaBeH JIOAM HaMaraJucsa OIKCATHU
BCl MOJKJINBI THUINN CHIiKMHOK, CKJAaJaJHN CIeliajb-
Hi arinacu. 3apa3 BijoMO KiJbKa THUCAY PIiBHUX TUIIIB
CHI}KWHOK.

B emoxy Bigpom:kenHsa mpaBUJIbHI MHOTOTPAHHUKH
HaaUXaJu CKYJBITOPiB, apXiTeKTOpPiB, XYIOKHUKIB.
Tak, Jleonapao nma Binui 3axomioBaBCcA TEOPi€l0 MHOTOTPAHHUKIB i yacTo
300pasKyBaB iX Ha CBOIX HOJOTHaX. BiH mpoijfocTpyBaB 300pasKeHHAMU
OpPaBUJIbHUX i HANiBIIPAaBUJILHUX MHOTOI'DAHHUKIB KHUTY CBOT'O Jpyra YeH-
na Jlyku IMTawomi (1445-1514) «IIpo GoskecTBeHHY HIPOIOpPIiio». I[HITHM
BUJATHUM XYIOKHUKOM eIoxu BinpomskeHHA, AKWH TaKOXK 3aXOIJIIOBAB-
cA reomerpiero, 0y A. [ropep. ¥ itoro Bimowmiii rpasiopi «Mesauxouisa»
(puc. 5) Ha mepemHLOMY ILIaHiI 300paskeHo morekaenp. ¥ 1525 p. y cBoemy
Tpakrari «KepiBHUIITBO 0 BuMipioBaHHs» [lfopep NPUAIIUB yBary I'sSTu
IPaBUJIBHUM MHOTOTDAHHUKAM, HOBEPXHI AKUX POBIVIAAAB AK rapHi mMomeJri
mepcueKTuBU. lmiocTpaliiero BucHOBKiB [[fopepa MOKHA BBa’sKaTU 3HAMEHUTY
kapruny CaasBamopa HMani «Taemua Beuepsi», Ha AKiift 6aunMMo IepCIeK-
TUBHE 300pakKeHHs IPaBUJBHOIO goaexkaexapa (puc. 6).

Puc. 5. A. Oiopep. Puc. 6. C. dani. TaemHa Beueps
MenaHxonia
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3ABAAHHA ANA NIArotoBKn A0 OLUIHIOBAHHA

TecTt N2 1

1. 3HalgiTh AiaroHas b MPAMOKYTHOTO IIapaJjeelinena, IKI0 HOro BUMipu
IopiBHIOIOTHL 3 cM, 4 cM, 12 cwm.

A5 b 12 B 13 14 n 15

2. O0umcaiTh oIy O0iuHOI IIOBEPXHi IPAMOI IIPU3MI, OCHOBOIO SAKOI € ma-

paJjesiorpam 3i croponamu 6 c¢cm i 14 cm, SIKIIIO BMCOTA IIPU3MHU JOPiBHIOE
12 cm.

A 144 cm? b 168 cm? B 240 cm? r 336 cm? [ 480 cm?

3. Ocuosoto mipamigu SABCD, 3o6paske-
HOI Ha puc. 1, € KBagparT; GiuHe pedpo Pnc. 1
SB mipaMmigu mnepuneHAUKYJIAPHE [0
naomuHu ii ocHOBU, Touka M — ce-
penuua Bigpiska CD. YKaKiTh JTiHil-
HUU KyT JBOTPAHHOTO KyTa IIipaminm
mpu pebpi CD.

A ZSAB r ZSMB
b £SDB n ZSCD
B £SCB

4. JliaroHaJb HPaBUJIbHOI YOTUPUKYTHOI IIPU3MHU HOPiBHIOE d i yTBOpIOE
KYyT ¢ 3 IJIOIIWHOIO OCHOBU NIPU3MHU. SHANIITL pe6pOo OCHOBU IIPU3MI.
a2
2

. 2 .

A dcos@ b d\/Esm(p B \/_sm(p r d\/Ecosq) i cos@

5. OCHOBOIO IIPAMOI TPUKYTHOI IPUSMH € IPAMOKYTHHI TPUKYTHUK i3
kareramu 10 cm i 24 cm. Bucora mpusmm mopiBHIOE 5 cM. SHAUIITH

TJIOIY IIOBHOI IIOBEPXHi IIPU3MMU.

A 120 cm? b 240 cm? B 350 cm? I 470 cm? [ 540 cm?
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PO3LIJT 1. MHororpaHHmku

. Hamo 300paskeHHs IIPABUJILHOI IECTUKYTHOI

npusmu (puc. 2). Binbma giaronans mpusMu Puc. 2
IOpiBHIOE 6 1 yTBOPIOE KYyT O 3 IJIOIIMHOIO
OCHOBU. YCTAHOBITH BiAIIOBiZHICTH, MiXK 3ama-

[

HuMu BeqmunHamu (1-3) Ta BupasaMu A iX : ~ 6 :
obuncienusa (A-T). N
1 Bucora mpusmu A 3Scoso.
2 CTopoHA OCHOBU IIPU3MU B 6coso.
3 Ilnomia HaAWOiIBIITOrO )

IiaroHAJILHOTO IIepepisy B 6sina

IpU3MU [ 18sin20

3HaliAiTh miomly GiuHOI ITOBEePXHi HMpaBHJIBHOI YOTHUPUKYTHOI IIipaminm,
BUCOTa AKOI MOpiBHIOE 6 cM, a cTOpoHa OCHOBH 16 cwM.

Mpongitb OHNAMH-TECTYBaHHA,

Temun HaBYaNbHMX l'IpOGKTiB

1. MHororpaHHUKM B apxiTexTypi YKpainu i cBiTty. rnk.com.ua/
2. IlpaBusbHi ¥ HamiBOpaBUJIbHI MHOIOIDaHHUKU. 106793

3. T'eomeTpia B Kpucraiax.

4. 3ipuacTi MHOTOTrpaHHUKU.



Pos3gin 2
TINIA"OBEPTAHHA

§ 7. Unningp
§ 8. KoHyc
§ 9. Kyna i cdepa

Y ubomy posgini Bu:
© O3HAOMWTECA 3 OCHOBHUMU TinaMy obGepTaHHSA:
LUAIHAPOM, KOHYCOM, Kyfelo Ta IXHIMW BNacTUBOCTAMU;

©  HaBuMTeCA pPO3B'A3yBaTV 3ajaui,
noB'A3aHi 3 Tilamm obepTaHHsA.
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Tabnuua 6

Uuninap
Luninopom (kpyzoeum yuniHOpomM) Ha3NBa€ETbCA TiNo,
40 CKNafa€ETbCA 3 ABOX KPYriB, AKi He neXaTb B OA4HIN
NOWMHI Ta CyMillaloTbCA NapaneNbHUM NepeHeceH-
HAM, i BCiX Bifpi3KiB, W0 cnony4yaloTb BiANOBigHI TOUKN
LMX KpYyriB.
Kpyrvn — ocHosu yuniHopa.
Bigpi3ku, Wwo cnonyvaloTb BIANOBIAHI TOUKMK Kin KpyriB, —
meipHi yusniHopa.
AA,, BB, — msipHi yunindpa.
Luninap Ha3nMBaeTbCA NpAMUM, AKLLO NOro TBipPHi nep-
NeHANKYNAPHI 0 NNIOWWNH OCHOB.
Y WKINbHMX NigpyYHMKax:
YusiHOp = npamud Kpyzosud YuiiHop

BnactuBocTi

1. OcHosU YuniHOpa pigHi Ui napanesneHi.
OA=0,A,=R 1. AOB||nn. A0, B,
O — yeHmMp HUXXHbOI OCHOBU,
O; — yeHmp 8epxHbOI OCHOBUI.
2. TeipHi yuniHopa napanesnoHi U pigHi.
AA, || BB, AA, = BB,

3. Bucoma yuniHopa (8idcmaHb MiX NAIOWUHAMU OCHO8)
00piBHIOE 008XUHI M8ipHOI. TaKOXX BUCOTOK HA3MBaloTb
nepneHAVKysap, NPoOBeAeHUN i3 OyAb-AKOT TOUKM OfHI€i
OCHOBU Ha iHLLy.

H, ,,=AA =00 00, 1 n1.OAB
4. Y pesynemami o6epmaHHsa NPAMOKYMHUKA HABKOJ10 U020
CMOPOHU fIK OCi yMBOPOEMbBCA YUITIHOP.
OMM,0; — npamoKymHuk;
00, — sicb ymeoperozo yuninopa (OO || MM, ).
R,,,=0M=0,M, H,,,=MM,; =00,
5. Sypy =NMR?, Sgiuy = 2nRH,

S = Sgpun +2S,,, =2nR(H + R)

TOBH. IIVJI
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Mepepisn unniHapa nnowmHamm

OcboBuii nepepi3 umniHapa

&
01
T ABCD — ocbosuli nepepiz (nepepis, Lo Npoxo-
BY T AanTb vepes Bicb OO0, ).
[
: ABCD — npAMOKYTHUK;
e AD=d,,, =2R; AB=H_,;
‘O AB i CD — TBipHi unniHgpa
©
A

MNepepi3 yuniHgpa NAIOLWMHOLK, NapanesbHO NOro oci

M
»
019
:L‘ w1 KLM || OOy;
: KLMN — nNpAMOKYTHUK;
I
] .N KL i MN — TBipHi unniHgpa,
I
J.O KL= Hum‘[
[
K

Mepepi3 uuniHapa NAOLWMUHOL, NapasiesibHOK NOro OCHOBaM

902

I

: lnowuHa, napanesieHa NIOWUHI OCHOBU UYUJTiH-
L0 B 0pa, nepemuHae (i020 6i4Hy NOBEPXHIO NO KOJIY,
7 W0 OOpIBHIOE KOJTy OCHOBU.

I

1 _

| Rnepepisy - Runn

0

-
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PO3MT 2. Tina obepTaHHs

MOACHEHHA N OBI'PYHTYBAHHA

O3HaueHHs. JuniHOpom (TouHiwe, Kpy2osum yusiHOpom) Ha3NBaA€ETbCA TiNo,
WO CKNaja€eTbCcA 3 ABOX KPYriB, AKi He ne)aTb B OAHIN NAOWMHI 1 cymilla-
I0TbCA NapanenbHNM NepeHeceHHAM, i BCiX Bigpi3KiB, Wo cnony4aloTb Bif-
noBigHi Toukm Uux Kpyrie (puc. 7.1). Kpyrn HasnBaloTbca ocHoeamu YusliH-
opa, a Bigpi3Kum, Wo cnony4aloTb BigNoBiAHI TOUKN Kin KpyriB, — meipHumu
yuninopa.

OcKinbKM mapaJiesibHe IIePeHEeCeHHs € PYXOM, TO OCHOBM IUJIIHAPA PiBHI.
OcCKisNbKM B pes3yapTaTi mapaJieibHOTO TepeHEeCEeHHA IJIONMHA MHEePEXOAUTh
y mapaJjiesibHy IJIomiuHy (a6o B cebGe), TO OCHOBH IUJiHApa JiesKaTh y mapa-
aensbHUX omuHaxX. OCKIJIBKY B Pe3yJIbTaTi ImapaJjebHOr0 epeHeCeHHA TOY-
KM 3MIiITyIOTBCA II0 HapajieIbHuX npaMux (abdo mo mpaMux, AKi 30iraroTbces)
Ha Ty caMy BiJicTaHb, TO TBipHi IWJIiHApa mapaJjieJbHi # PiBHI.

OsHaueHHA. Luninap Ha3snBaeTbCA NpAMUM, AKLLO MO0 TBipHi NnepneHANKY-
NApPHi Ao NownH ocHos: AA; | . ABO (puc. 7.1, 6).

Jamxi posraamaTuMeMo TiJbKUH NPAMUN IWIIHAP, AKMH Ha3HBATHMEMO
MPOCTO IMJIIHAPOM.

Ipamuil yunrindp HAOYHO MONHCHA PO32nA0AmMU K MIiN0, YmeopeHe 8 pe-
3ysibmami 00epMaHHs NPAMOKYMHUKA HABKOJLO CMOPOHU sAK oci (puc. 7.2).

O3HauyeHHA. Padiycom yuniHOpa Ha3MBa€eTbCA paAiyc NOro ocCHOBW.

Puc. 7.1 a 6
.)(1 o Ol
o X . °
/ ! Al Bl
/
/
/ H
/
/
/
/
/ X
X 0]
« R
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Puc. 7.2 Puc. 7.3

R

LOI

M B

H

2nR
e
[ ]

M

O3HaueHHA. Bucomoto yuniHOpa Ha3NBa€ETbCA NepNeHANKYNApP, NpoBeaeHni

i3 6yAb-AKOI TOUKWN OfHi€i OCHOBM Ha iHLY.

Taxko:x BHCOTOI0 HA3WMBAIOTH MOBKHUHY IIHOTO IEPHEeHAUKYJISIpa, TOOTO
BifcTaHb MiK IJIOIMHAMM MOr0 OCHOB. 3a3HAUMMO, IO BMCOTA IIMJIiHIpA
JIOPiBHIOE HMOTO TBipHIN.

O3HaueHHs. Biccio yuniHOpa Ha3nBa€ETbCA NMPAMa, WO NPOXOAUTb Yepes LieH-

TpU NOro OCHOB.

Bicy mapasennHa TBipHUM.

IlosepxHs yusainOpa CcKJIAZAaeTbCs 3 OCHOB i OiuHoi moBepxHi. BiuHy no-
6epXHI0 MUWJIIHAPA YTBOPIOIOTH TBipHIi.

SKIIo moBepxHIO MHUJIIHApPa Po3pisaTy II0 KoJiaX OCHOB i AKii-HeOyab
TBipHili, a MOTIiM PO3TOPHYTU Ha IJIOIIMHIi, TO OAEP:KUMO PO3STOPTKY IUJIiHApA
(puc. 7.3). BoHna ckjamaeThcsa 3 IPAMOKYTHHUKA — PO3TOPTKU OiuHOI mOBEepxHi
nuiaiHapa — 1 gBOX piBHUX KpyriB. SIKmio paxgiyc muiriaapa mopiBHioe R,
a Bucota — H, To 7ioro GiuHy MIOBEPXHIO PO3rOPTAEMO B IIPAMOKYTHUK 3i
croponamu 2nR i H. Ilmomy 1miel posroprkm 2nRH unpuiiMaioTh 3a RJIOULY
0iunoi nosepxui yuaindpa’. OTxe,

S6'1qH = ZTERH,
ne R — pagiyc nmuringpa, H — iioro BucoOTA.
Toxi mioma MOBHOI MOBEPXHI MUJIiHApPA JOPiBHIOE:

S = Sgiun +2S,., = 2nRH +21R? =2nR(H + R).

IIOBH. ITUJI

* Bisba cTporo 1o dhopmyay 0yae oorpyrroBasno B § 13.
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P .

O0’ekTy mUIiHAPpUYHOI (opMU dYacTO 3ycTpivaloThed B MmOOyTi (HampuKJan,
KacTpyJis), TexXHimi (3anxisHuYHi IucTepHU, TPyOoM) Ta apxiTeKTypi (KoJoHU, BexKi,
30Kkpema 3HameHuTa IlizaHchKa Berka).

-
-

2. Mepepis yuniHapa nnowmHamm |

Ilepepis muiriHapa MIOMIMHOIO, IIapaJieIbHOIO MOro OCi, € IPAMOKYTHUKOM
(puc. 7.4).

IBi #ioro cropoHm — TBipHiI muwaiHApa, a OBl iHII — mapajenabHi XOpAM
OCHOB.

30KpeMa, IPIMOKYTHUKOM € OCbOBUIL nepepiz — Imepepis MUJIiHApa ILJIO-
ITUHOIO0, IO HIPOXOAUTL uepesd Horo Bich (puc. 7.5).

Teopema 7.1. MnowmHa, NapanenbHa MIOWMHI OCHOBM UuiHAPa, NepeTUHae
1oro 6iuHy NOBEPXHIO MO KONy, L0 AOPIiBHIOE KOJTy OCHOBW.

» JoeepenHa. Hexaln B — nnowwHa, mapanesnbHa MOWKMHI OCHOBM LuiHApa
(puc. 7.6). NapanenbHe nepeHeceHHA B3AOBXK HANPsSMKY OCi LWiHAPa, AKe CyMmi-

Puc.7.4 Puc.7.5 Puc.7.6
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Wa€e NIOWUHY B 3 NNOWMHOI OCHOBMW LMNIHAPA, TaKOX
CyMmilLae nepepis 6iuHOI NoBepxHi MoLWKMHOW B 3 Konom
ocHoBu. OTXe, rnepepi3 € KONOM, WO AOPIBHIOE KONy OC-
HOBW.

OsHaueHHs. Mpu3ma HasvBaETbCA 8NUCAHOIO 8 YU-
NiHOp (a uunNiHAQP — onucaHum HABKOJIO npu3mu),
AKW0 OCHOBY MPU3MM BMUCaHi B KOMa OCHOB LWU-
nivgpa.

I3 osmaueHp mpuaMu ¥ IMUJIIHAPa POOMMO BUCHOBOK,

1o Giumi peOpa BIMCAHOI B IUJIIHAP IPU3MHU € TBipHU-
mu muiaiagpa (puc. 7.7).

OszHaueHHsA. Mpuama Ha3NBAETbCA ONUCAHOI HABKO-
J10 yuniopa (a uMniHAP — 8NUCAHUM y npusmy), fiK-
WO OCHOBU MPU3MMN ONMMNCaHi HABKONIO OCHOB LiWiH-

apa (puc. 7.8).

NMPUKNAON PO3B'A3YBAHHA 3A0AY

3apaua 1. OcboBuUM nepepi3 UuniHApa — KBaApaT, Mjowa AKOro AOPIiBHIOE @.
3Hangite nnouwy 6iyHoI NoBepxHi uuniHapa.

Po3B’si3aHHA

) SKIro cToOpoHa KBaapaTa 0ChOBO-
ro mepepisy (puc. 7.5) mopiBHIOE X,
10 x2 = ® . Bucora nuiinapa gopis-
HIOE X, JiaMeTp OCHOBU TAKOMK
popiBHIOE X (TOOTO 2R=x). OT-
xe, Sg.,=2nRH=7-(2R)-H=

=n-x~x=7rx2=nQ.

KomeHTap

AKLWO OCbOBMI Nepepi3 yuniHgpa — KBagpar 3i
CTOPOHOIO X, TO NJIoLWa nepepisy AOPIBHIOE x2.
Maemo piBHAHHA x%= Q®,3Bigkn x=Q .
3a3HauMMo, WO B 3afadi NOTPIGHO BU3HAUMTU
nnowy 6iyHoi NoBepxHi. Y bopmyny 3HaueHHaA x
BXOAUTMME Yy KBagpaTi, TOMy MO)KHa, He po3-
B'A3YIOUM PIBHAHHA, 3anNncaTty BMMOTY 3ajaui
yepes x, a B oTpumaHy dbopmysny MiacTaBuUTL
3HaueHHs x2.

227
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3apauva 2*. Bwucota ymniHgpa OOpPiBHIOE 8 cM, pagiyc oc-
HoBU 5 cm (puc. 7.9). UuniHgp nepetHynu Puc. 7.9
NAOLWMHOO, NapanesibHo Oci, Tak, Wo B ne-
pepisi oTpuManu KBagpart. 3HangiTb BiACTaHb c

Bif, LbOro nepepisy Ao oci.

KomeHTap

BiacTtaHb Big oci 4O MapanenbHOI i NAOWNHM MOXHa 3HaNTK

1o uiei nnowmHn. o6 3HanTy BiacTaHb Big Touku O A0 CivHOI

,O
!
T
!
. . . . . I
AK BigCcTaHb Bif Gyb-AKOI TOUKM OCi (Hanpuknag, Big Toukn O) B!
}
° !
MAOWMHKN, AOCTAaTHLO MOMITUTK, L0 MIOLLMHA OCHOBM MepreH- "
(0]

AVKYNAPHa Jo nnowmHn nepepisy. Togi nepnexnavikynsp OH po
npsamoi AB nepeTuHy neprneHanKyIsapHUX NOWWH € nepreH- A

ONKYNIAPOM A0 CiYHOT MIOLWNHN.

Po3B'si3aHHA

» Hexai#t mepepis ABCD (pumc. 7.9) mapaneasHuit oci OO; mnuirirzpa
(AD=AB=8 cm, AO=5 cwm). Bigcraup misk Biccio i1 mepepisom mopiBHIOE Bif-
craHi Big Touku O 1m0 mepepisy. Ypaxosyioum, o TBipaa AD | . ABO , maemo:
mi1. ABCD 1| in. ABO. Ilposegemo OH 1 AB, toni OH 1 1. ABCD, To6T0 Binpi-

30k OH — BifgcTaub Bif mepepisy mo oci.

Axmo OH 1 AB, to touka H — cepenuna Bigpiska ABi AH =4 cm. Toxi 3 mpsamo-

KyTHOro TpukyTHnKa AOH smaxozumo: OH = \/ 0A% - AH? = \/ 52-42 =3 (cm).

3apgava 3%, 3Haugite nnowy 6iYHOT MOBEPXHI NPaBUALHOI TPUKYTHOT NPK3MK, BMU-
CaHoI B UMAiHAp, pagiyc OCHOBU AKOro AOpiBHIOE 8, a BUCOTa 3.

Pos3B’A3aHHA

» Sfxmo npasuabHa npusma ABCA;B,C;
BrucaHa B muiairap (puc. 7.10), To BucoTra mpu-
sMu AA; nopiBHIOe BHcoTi muiaiHApa, To6TO
AA, =3.

CTopoHa OCHOBU NPU3MU HAOPiBHIOE CTOPOHI

NIPaBUJILHOIO TPUKYTHUKA, BIIMCAHOIO B KOJIO
paxiyca R=8. Toxi AB= R\/g = 8\/§.

O19k€, Sgium.up = Prspc AA; =3AB-AA, =
=3-843-3=72J3 (8. on.).

KomeHTap

AKLO Npr3Ma BNMcaHa B UuiHAgp,
TO IXHi BUCOTW PiBHIi 1 OCHOBa Npu-
3MM BAMCaHa B OCHOBY LWiHAPa.
Cnig TakoX ypaxyBaTu, WO BUCO-
Ta MpPaBUJIbHOI MPU3MN JOPIBHIOE
6iuHOMY pebpy.

CTopoHa OCHOBW 3apaHoi npa-
BUIbHOI NPU3MN JOPIBHIOE CTO-
POHi a NPaBUNbHOrO TPUKYTHWKA,
BMMCAHOro B Kono pagiyca R =8.
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Puc.7.10 Puc. 7.11

3ATINTAHHA

InAa iT 3HaxoOXeHHA MOXHa CKO-
pucTatrca ¢opmyno a = R+/3

abo dopmynow R = , Tofi

2sin A
a=2RsinA=2Rsin60°=

:23-%:1{@.

MoHa TakoX ypaxyBaTu, LO
LeHTp O — TOYKa NepeTuHy BICOT,
MepiaH i 6iceKTpuc NpaBUIbHOro
TpuKyTHUKa ABC. I3 npAMOKYT-
Horo TpukyTHUKa AOH (puc. 7.11)
maemo: AH = AOcos30°, Tobto
%zR%,Toni azR\/g.

1. IlosAcHiTh, IO Take HuaiHap (UpamMuii Kpyrosuii muiaingap). IIlo Take
TBipHa nuIiHapa? ocHOBU HuJIiHApa? OiuHAa IIOBEpXHA HMUJIIHApa? BHCOTAa

¥ Bichp muutinapa?

2. fIkoro (diryporo € mepepis MuIiHApPa MJIOIMHOIO, ITapaJjeJbHOI HOro 0ci?
OChOBUU IIepepis muiaingpa?

3. fIkoro Gdirypoio € mepepi3 HUIIHAPA MJOIIWHOIO, ITapajieJIbHOI IOro

ocuoBam? BiamoBigs oOr'pyHTYyITE.

4. TlosicHiTh, IIIO TaKe POBrOPTKA ITMJIIHApPA.

5. 3anuiite popMysan AJis BU3HAYEHHS IIJIOIN OiYHOI Ta IOBHOI IIOBEPXOHDL

nuIiHgpa.

BIMPABU

7.1° YUum mae mUJIiHAP:
1) meHTp cUMeTpii;
2) Bich cumeTpii;
3) mIoIuHy cuMeTpii?
Vramxirts ix.
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7.8*,
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PO3MT 2. Tina obepTaHHs

Pagmiyc ocHoBu muiriHApa DOpiBHIOE 2 M, BHCOTA — 3 M. SHAUTITh:
1) miaroHasis OCHOBOTO IIepepisy IMMIiHApPA;

2) mormy GiuHOI TMOBEepXHI IUWJIiHApPA;

3) mJoIly TOBHOI ITOBEPXHI IMJIiHIpA.

Ilmomra GiuHOI mOBepxHi mMuIiHApa mAopiBHIoE 72T, a BucoTa 8. SHAUTITH
JiamMeTp OCHOBM.

OcboBuil mepepis mumIiHApa — KBagpar, IJOI[a SAKOro AOpiBHIOE S.
3HalifiTh IIJIOIY OCHOBU ITHJIiHZIpA.

Bucora muiminapa gopiBHioe 6 cM, paniyc ocHOBH 5 c¢M. 3HaANIITH IIJIO-
1y IIepepisy, IPOBEIEeHOro ITapaJjieIbHO OCi ImuaiHapa Ha BimcraHi 4 cm
Bim Hel.

Pagiyc ocmoBu muainapa mopiBHioe 1, Bucora 20, mioima mepepisy,
mapaJjieIbHOro oci, mopiBHioe 20 KB. of. 3HAWAITh BiAcTaHb Big IIHOTO
mepepisy 0 oci mmiriHApa.

Hiaronasb OCHOBOTO Tepepidy MuaiHApa MopiBHIOE 48 cM, a KyT MixK
Iiero miaroHaJI0 ¥ Biccio muiainapa craHoBuTh 60°. 3HAKIITH:

1) BucoTy nuiaiHapa;

2) paziyc OCHOBU ITMJIIHIPA;

3) ILJIOIIly OCHOBH ITMJIiHJpA.

Y nuirinapi mapaJjiesibHO MOro oci mMpoBeAeHO TJIOMINHY, IO BiITUHAE Bin
Kosa ocHoBu ayry 120° JloB:kmHaA Bigpiska oci Misk IeHTpaMu OCHOB
ctaHoBUTH 10 cM, BimcTaHb Bifl OCi [0 CiUHOI IIJIOIIWMHU MOPiBHIOE 2 CM.
SHAWIITEL IJIOIILY IIepepisy.

SHAWOITEL oIy OiYHOI MOBEPXHI IMJIiHApAa, SKINO IIJOI[a HOro OChO-
BOT'O IIepepisy mopiBHIOE S.

Posroprkoro 0iuHOI moBepxHi HMJIIHApPA € NPAMOKYTHHK 3i CTOpOHA-
mMu 8 i 3. 3HaWmiTL TBIpHY i pamiyc OCHOBU ITWJIiHApAa, SAKINO BigoMo,
1o el papgiyc Oinbimmit 3a 1.

Ilioma moBHOI moBepxHi muaingpa mopiBHoe 28871 cm?. 3HaANIITH BU-
COTy II pajiyc OCHOBU IIMJIIHApa, AKIIO BimoMoO, IO BHCOTa Ha 12 cMm
OinmpIa 3a pajiyc.

Kyt mixx TBipHOIO ImaiHIpa i giaroHaJIjix0 OCLOBOTO IIepepisy IOpiB-
HIoe . SHAHAITH oy 6iuyHOI HMOBEPXHi mMuUIiHApa, AKIIO IJIOIIA HOTO
OCHOBHU JOPiBHIOE Q.
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7.13. JliaroHasib PO3TOPTKMU OiUHOI IOBEPXHi ITH-
ningpa mopiBHIOE d i YTBOPIOE KYyT @ 3 OC- Pnc.7.12
HOBOIO PO3TOPTKHU. SHAHLITH IIJIOINY IIOBHOIL
TOBEPXHI muiiHgpa.

7.14%*. OcboBUM IIepepisoM IMJIiHApa € KBaapar,
IiaroHaJsib AKOro mopiBHIoEe 10+/2 . 3HAUIITH
mJIomli 6iyHoi i MOBHOI ITOBEPXOHb IPaBUJIb-
HOl IIPW3MU, BIMCAHOI y el HMUJIIHIP, dK-
10 Impu3Ma:

1) TpukyTHa;
2) YOTUPUKYTHA;
3) IIecTUKyTHA.

7.15. IIpaMoKyTHHUII mapaJjiejieline], OMMCAHO HaBKOJIO Iuiainapa (puc. 7.12),
pazmiyc ocHOBM i BmCOTa SKOIr'O JOPiBHIOIOTH 8. SHAUMITH ILIOINY TOBHOI
TIOBEPXHi mapaJiesenimnesna.

@ BusaBiTb CBOI0O KOMMETEHTHICTb

7.16. CrinmbKu OaHOK, KOMKHA 3 AKUX MicTuTh 2,8 Kr (apbu, moTpibHO mpH-
mbatu gasa (papOysamusa y gBa mapu 10 3akpuTux MeTaJieBUX IUJIiH-
IpuuYHUX O00uOK i3 miamerpom mua 60 cm i BmcoTow 85 cM, AKINO AJIsA
(dapbyBanusa 1 m? meTasieBol MOBEPXHI B oguH Imap BurpadaeTbeda 120 r
apbu?

7.17. ¥ maiicTepHi BUTOTOBUJIM [IBA OMHAKOBI ITy-
¢u y dpopmi muainapa Bucororo 45 cm i mia-
metpoM 45 cm. CKiJIBKM TKAHWMHU MTiIILIO
Ha OO0MBKY 000x my(diB (BKJIIOUAIOUU [HO),
AKIIO Ha INBU II 00pisaHHA HOZATKOBO OYJIO
purpaueno 10 % rtrammau? Bignosins mo-
maiiTe y KBaApaTHUX MeTpaX, OKPYTJIMBIIHU
OTpUMaHe 3HAUYEeHHA OO0 AecATUX. BBaskaii-
Te, 10 mw=3,14.

7.18. Insa s6epiraHHa OeH3MHY NOTPiOHO BUTO-
TOBUTH €MHICTBH, 110 Mae (opMy IUJIiHApPaA
3 JiamMeTpoM OCHOBMU 3 M i BucoToio 4,5 M.
CKinpKu JHCTIB 3aJiza ILIOIEI0 5 M? KOXK-
HUU TOTPiOHO 3aKyNUTH AJIA BUTOTOBJIEHHS
mmiel emHocTi?




§8.KOHYC

Tabnuua 7
KoHnyc

KoHycom (kKpyzoeum KoHycom) HasMBa€TbCA Tino, wWo

CKNafa€TbCA 3 Kpyra, TOUKM, WO HE IEXNTb Y MIOWNHI

Liboro Kpyra, i BCcix Bigpi3KiB, AKi cnonyyaioTb Lj10 TOUKY
S 3 TOYKaMu Kpyra.

Kpyr — ocHosa KoHyca.
Touka S — sepwuHa KoHyca.

Bigpi3ku, Wwo cnonyyatoTb BEPLUMHY KOHYCa 3 TOUKaMM Kona
OCHOBW, — MB8IipHi KOHYyca.

SA, SB — TBipHIi KOHyca.

KoHyc HasuBaeTbcs npamum, akwo SO L . AOB
(O — ueHTp Kpyra OCHOBW).

Y WKineHUx niopy4HUKax:

KOHYC = npAMULl Kpy208UU KOHYC

BnactusocrTi
1. TBipHi KOHYCa piBHi.
SA=SB= ..
2. H, . =8S0O — BuncoTa KoHyca,
SO 1L un. AOB

3. Y pe3synbrati obepTaHHA MNPAMOKYTHOIMO TPUKYTHUKA
HaBKOJ10 10r0 KaTeTa AK OCi YyTBOPIOETbCA KOHYC.

A AOS — npamokyTHuin, £ AOS =90°.
MNpama SO — Bicb KoHyca
R, .=AO, H,.=8S0.
AS — TBipHa, AS =1
4. S,y =TR?, Sguy =TRI,
S +8,,, = TRI+nR* =R(l+R)

MOBH. KOH SquH
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Mepepi3mn KoHyca naowmMHaAMun

OcboBunI Nepepi3 KoHyca

A SAB — ocbosuli nepepi3 (Nepepis, Lo Npoxo-
anTtb yepes Bicb SO).

ASAB — piBHOGeapeHNin (SA = SB)
(SA i SB — TBIipHI)

ﬂepepi3 KOHYCa MJIOWNHO, WO NPOXoanTb Yepes oro BEPLUNHY

K

ASMK — piBHObGegpeHuit,
SM =SK (SM i SK — TBipHi)

Nepepi3 KOHyCa NNOLWMNHO, NMapanesibHOK NOro OCHOBI

§ 8. KoHyc
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lnowuHa, napanensHa niIoUWUHI OCHOBU KOHYycd,
nepeTrHAE KOHYC Mo Kpyry, a 6iuHy noBepxHio —
Nno KoJly i3 LLleHTPOM Ha OCi KOHyca.

Rnepepiay _§0_1

R SO

YacTHy KOHyCa, po3TalloBaHy Mi>k OCHOBOH KO-
HyCa i CIYHOI MJIOLWMHO, HAa3MBaKTb 3Pi3AHUM
KOHYCOM.
Y pe3ynbraTi 06epTaHHA NPAMOKYTHOI Tpaneuii
(OAAlOl) HaBKOMO OCi, O NPOXOANTb Yepe3
6GiuHY CTOPOHY, MeprneHAUKYNAPHY OO OCHOB,
YTBOPIOETbCA 3Pi3aHNN KOHYC.
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234 PO3[I/1 2. Tina obepTaHHs

MOACHEHHA N OBI'PYHTYBAHHA

OsHauyeHHA. KOHycom (To4Hille, Kpy208UM KOHYcOM) Ha3sNBA€ETbCA TiNo, 10
CKNaflaeTbCA 3 Kpyra — OCHOBM KOHYCa, TOUYKM, AKa He NeXNTb Y MIOWMHI
UboOro Kpyra, — BepLUHM KOHYCQ, i BCix Bigpi3KiB, Wo cnonyyaioTb BepLuiu-
Hy KOHYyca 3 TouKamMmu ocHoBU (puc. 8.1). Bigpisku, wo cnony4yaioTb BepLINHY

KOHyca 3 TOYKamMM KoJjia OCHOBU, Ha3UBalTbCA MBIpHUMU KOHyca (Hanpu-
Knag, Ha puc. 8.1 Bigpi3kn SA i SB — TBipHi KOHyca).

O3HauyeHHs. KOHyC Ha3MBa€ETbCA NnpAMuUm, AKWO NpAMa, WO cnoJjiy4ya€ Bep-

WKNHY KOHYCA i3 LIeHTPOM OCHOBMU, NeprneHANKYNsipHa A0 MNJIOLWNHN OCHOBU
(aKwo Ha puc. 8.1, 6, SO L 1. AOB , TO 306pakeHnin KOHYC — MPAMUIA).

Hdaimi po3rasagaTuMeMo TiJIbKM NPAMUN KOHYC, AKUHA HAa3WBATHMEMO IIPO-
CTO KOHYCOM.

Haouno npamuil Kpyzo8uil KOHYC MOXHA PO32AA0AMU AK MIiL0, YMEOopeHe

8 pe3yavmami 00epmaHHs NPAMOKYMHOZ0 MPUKYMHUKA HABKOJO 11020 Kame-
ma sax oci (puc. 8.2).

O3HaueHHA. Padiycom KOHyca Ha3nBa€ETbCA pafiyc NOro OCHOBM.

O3HaueHHA. Bucomoro KOHyca HasnBa€ETbCA NepneHANKynap, nposegeHun is
1ioro BepLNHN Ha MIOLNHY OCHOBMU.

YV mpsaMoro KoHyca OCHOBA BMUCOTU 30iraeThCs i3 IIEHTPOM OCHOBH.

Punc. 8.1 Puc. 8.2
a S 6 S S
\ i
\ |
\ |
\ |
\ |
\ | H
\ | !
\ |
\ |
\ | r
S ) é
A . 2

B 4 B e



§ 8. KoHyc

U =

ITpegmeTu KOHiIUHOI (popMU UACTO 3yCTPivaOThCA B MOOYTI (HATIPUKJIAL, CBATKOBUM
KOBIIAYOK, PisKOK JIJIsT MOPO3UBA), TeXHiIli (IaTPOH IJIA APUJIs) Ta apXiTeKTypi (mrmmai
Crmraco-IIpeo6paskeHcbKoro cobopy (M. HepHiris)).

~

O3HauyeHHs. Bicclo NPpAMOro KpyroBoro KoOHyca Ha3suBa€TbCA NpsMa, WO

MiCTUTb AOro BUCOTY.

Y mpsmoro KpyroBoro KoHyca BCi TBipHi piBHI (4K mOXwJii, II0 MamOTh
piBHI mpoeKIii — pagiycu OoCHOBU KOHYcCA).
Ilosepxnsa KoOHYyca CKJIaJaeTbCA 3 OCHOBU i OiuHOi moBepxHi. Biyny no-

6epXHI0 KOHYCa YTBOPIOIOTH TBipHIi.

SAxKmro 6iuHy MOBEPXHIO KOHYyCa pospisaTiy 3a sIKOI0-HeOyab TBipHOIO i pos-
TOPHYTU HAa MJOIIWHi, TO omep:xuMo ii posropTky. Posroprka O6iuHoi mo-
BepxHi KoHyca pazaiyca R 3 TBipHOIO [ € ceKTopoM pamiyca [, HOBKWHA IyTU

SAKOT'0 IOPiBHIOE MOBXKUHI KoJIa
ocHoBHu, TOOTO 2mR (puc. 8.3).
Ilmomry 11iei posropTKu mpuiiMa-
IOTh 3a nJaowy O0iuHOI nogepxHi
ronyca’. Borna y crinpKu pasiB
MeHINIa Bij mJIomii Kpyra paniy-
ca [, y cKiJIbKHM pasiB JOBXKWHA
ayrm cektopa 2mR wMeHIna Bif
IOB:KUHU KoJia paniyca [, ToOTO

S 2nR .
2nl. Tomy L‘;‘zL, 3BIIKUT
Tl 2ml

Sgiun =TRL.

* BiabIII ¢TpOro 110 (popmyry 0yzme 00-
rpyHTOBaHO B § 13.

Puc. 8.3 A
S
1 2nR
S
O+ R
A
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PO3MT 2. Tina obepTaHHs

11106 3HaiiTy MJIOIIY MOBHOI IIOBEPXHI KOHyca, Tpeba Mo IJoIli foro Giumol
TIOBEPXHi JOJaTH TIJIOITY OCHOBU:

S = Sqiuy + ooy = TRI+TR? =R(I+ R).

IIOBH. KOH

Puc. 8.4 S
Ilepepis KoHyca NJIOMIMHOIO, IO IPOXO-
IUTHh Yepes3 MOro BepIINHY, € PiBHOOeIpeHuM
TPUKYTHUKOM, OiUHi CTOPOHU SKOI'0 € TBip-
HuMHU KoHyca (puc. 8.4). 3oKkpema, piBHOOEI-
PEHUM TPUKYTHUKOM € OCbOBUll nepepi3 Ko-
Hyca. lleit mepepis HIpPOXOLUTHL uUepes3 Bich
KoHyca (puc. 8.5).

Eo

Teopema 8.1. MNnowurHa, napanenbHa nnao-
LWVHi OCHOBU KOHYCa, NepeTUHaE KOHYC no
Kpyry, a 6i4Hy NOBepXHI0 — MO KONy i3 LieH-
TPOM Ha OCi KOHyca.

™ e

Puc. 8.5 S
» JoesepenHa. Hexaii nnowwmHa 3, napanenbHa
MJOWMHI OCHOBM KOHYCa, MepeTUHAE KOHYC
(puc. 8.6). Touka O; — TOUKa NEPETUHY MNO-
wuHM B 3 BucoTol KoHyca SO. lnowuHa
SOB nepeTvHae napanenbHi MNAOWWHN MO
napanenbHux npamux: AO; || BO. Togi Tpu-
KyTHrkn SO;A i SOB nogibHi, a ix ctopo-
OA _ S0 gip. -
S0 o
-OB — nocTiHa BennyuvHa.

Mot oo oo s
e

HU nponopuiiHi, To6To

SO
an 0;A=—1
SO

Otxe, poBxuHa Bigpiska O; A, AKUA NeXuntb Puc. 8.6 S
y MOWMHI [, € NOCTilHOO, a Le 1 03HauaE,
Lo nepepizom MiowWwmHN 3 3 6iuHOK NoBepx-
Helo KOHYyCa € KOJO i3 LeHTPOM Ha OCi KOHY-
Ca, a nepepi3om MNOWMHN B 3 KOHycom —
Kpyr. 1

Ilnommua, mapaJsieibHa OCHOBiI KOHYca,
AKa IepeTWHaEe KOHYC, BiATWHAaE BiJl HBbO-
ro meHmwuii kKomyc (puc. 8.6). YHacruHa, ~

@) @)
r - H-[ + - 3RS



§ 8. KoHyc

10 3aJUINUJIACA, Ha3WUBAETHCA 3Pi3AHUM KOHYCOM
(puc. 8.7).

3pisaHUl KOHYyC 0OMEKeHO ABOMAa KpyramMu — WHo-
ro ocHogamu (IJOMIMHU AKUX HapalieJbHi) 1 0iunHoM0
nosepxHerw. Bucomoiw 3pizan0z0 KOHYyca Ha3UBAETHCH
MEePIEeHAUKYJIAD, IPOBEJeHUH i3 Oyb-sIKOI TOUKU OJHi-
€l OCHOBUM Ha IHIIY OCHOBY, HaIpUKJam, BiApi-
3ok 0,0, mio cmosydae IeHTPU KpPyTiB ocHOB. [loB:ku-
Ha IIbOT'O IEPIEHINKYJISApa MOPiBHIOE BifcTaHi MiK oc-
HOBaMU 3pisaHOT0 KOHyca — i1 TaKOYK Ha3WUBAIOTh GU-
comoi 3pi3aHoz0 KoHyca.

Bigpisok AB, sakuii crmojydyae HaHOJIMIKYI TOUKU
Kinm ocHOB, — meipHa (BOHa € YacTuHOKO TBipHOI SB
TIOBHOTO KOHYyCa, 3 SAKOro OyB Ofep:KaHWil 3pisaHUit
Kouyc (muB. puc. 8.6). Hom:xkmHa mporo Bimpiska AB
TaKOYX HA3WBAETHCA MEIPHOI0 3PiBaHOTO KOHYCA.

VYpaxoByiouu, 1o Ha puc. 8.6 muomuuaa SOB me-
peTuHae mapaJieJibHi IIJIOIMHY OCHOB 3Pi3aHOTO KOHYCa
o mapajelbHUX NPAMUX, ofep:kyemo, mo O,;A| OB,
TOMY OCbOBUM Nnepepi3om 3pi3an0z0 KOHYca € pPi6HOOIYHA
mpaneuyis (ABCD Ha puc. 8.8), i 3pisanuil KoHYycC MmOdic-
HA makodx posznsdamu sk miJjo, ymeopeHe obepman-
Ham npamoxymuoi mpaneyii AO,OB HasKoL0 6i4HOL
cmoponu 0,0, nepnendurynapuoi 0o ocnoé mpaneuil.

O3HaueHHs. Mlipamidoa Ha3MBa€ETbCA BNUCAHOIO 8 KO-
Hyc (a KOHYC — onucaHum HABKOJI0 nipamiou), AK-
WO OCHOBa Mipamign BNncaHa B KOJNO OCHOBU KO-
Hyca, a BepLHOIO NipamiAn € BepluMHa KOHYca
(punc. 8.9).

Is mporo osHaueHHA OJEpP:KyeMO, IO OiuHi pebpa
BIIMCAHOI B KOHYC IIipaMifm € TBipHMMU KOHYyCa, BH-
coTHu Iipamigm i KoHyca 36iraroThcs, a pamiyc KOHyca
IOPiBHIOE pafiycy KoJia, OIKMCAHOTO HABKOJIO OCHOBU
mipamingu.

Puc. 8.7

Punc. 8.9
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PO3MT 2. Tina obepTaHHs

O3HaueHHa. Mipamiga Ha3mBaeTbcA

0NUCAHOI HABKOJ10 KOHYca (a KOHYC — Pnc. 8.10
8NUCAHUM Yy hipamidy), AKWO OCHOBa

nipamign onncaHa HaBKOJNIO KoJjla OC-

HOBM KOHYCa, a BepLIMHOI0 nipamign

€ BepluuHa KoHyca (puc. 8.10).

I3 1boro osHaueHHA OHEPIKYEMO, IO
BUCOTH IIipamizu I KoHYyca 30irarmThbCd, A
a pamiyc KoHyca ITOPiBHIOE pajaiycy KoJia,
BIIMCAHOIO B OCHOBY IIipaMifmu.

‘
e
S

&

NPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apauya 1. KoHyC nepeTHynu nioOWMHOW, NapanefibHOK OCHOBI, Ha BiAcTaHi d Bif
BepLWMHWN. 3HaNZiTb NioLWy nepepisy, AKLWO pafiyc OCHOBM KOHyca Ao-
piBHIO€ R, a Bncota H.

KomeHTap

3a Teopemoto 8.1 B nepepisi ogepkyemo Kpyr (puc. 8.11).

MnowmHa SO; A nepeTuHae napanenbHi NAOWMHN No napanenbHux npammx: AO, || BO.
Topi TpukyTHKKM SO; A i SOB nopi6Hi, a ix CTOPOHM NPOMOPLNHI. 3 ogepxaHoi Nponopuii
BM3HAYaEMO pagiyc nepepisy, AKUN NoTpibeH Ana 3HaXO4KeHHA Mol nepepisy.

Po3B'si3aHHA

p Sxmo f — miomwuua, mapajeabHa ILIO-
IIWHI OCHOBU KOHYyCa, TO BOHA IIEPETHHAE Puc. 8.11 S
KOHYC II0 Kpyry 3 pagiycom O;A (puc. 8.11)
i SO=H, OB=R, SO,=d. Ilnomuna
SO;A mnepermHae napaJjejbHi ILIOIIH-

¥
I
I
I
HE no napanenbHux npamux: AO, ||BO. ; B
0,A SO (OF'S
Toni ASO;A~ASOB === Uy
OB SO ! A
0,A d dR |
TOOTO = -2 i 0,A=——. Omrxe,
R H Y H O&__
d’R? \.B

S

_ 2 _
mepepizy — T OlA - .

H2



§ 8. KoHyc

3apava 2*. 3HangiTh nouwy NOBEpPXHi Tina, oTpMMaHoOro obepTaHHsAM piBHObeape-
HOro TPUKYTHMKa 3 BGiYHMMK CTOPOHaMM MO 8 CM i KyTOM MiXK HUMMU
120° HaBKONIO NPAMOI, fIKa MiCTUTb GiYHY CTOPOHY TPUKYTHMKA.

Po3B’si3aHHA

» Hexaii piBHOGeapenuit TpukyTHUK ABC
(AC=BC=8 cm, LACB=120°) oGepTraers-
cA HaABKOJIO OCi, Io MicTuth ctopoHy BC
(puc. 8.12). IIposexemo OA | BC.

Y pesyabTaTi 00epTaHHS MPAMOKYTHOTO TPHU-
KyTHUKa AOB HaBK0JIO oci BO yTBOPIOETHCA
KOHYC, TOMY Bifipisok AB y pesyabrari 06ep-
TaHHS HaBKOJI0O oci BO yTBopioe GiuHy mO-
BEPXHIO KOHYyca 3 TBipHOIO AB i paxiycom oc-
HoBU AO.

AHajoriuuo B pesysbTaTi o0epTaHHsAa IPSIMO-
KyTHOTO TpukyTHuKa AOC HaBKoJ0 oci BO yT-
BOPIOETHCSA KOHYC, TOMY Bifpizok AC y pesyiib-
TaTi 00epTaHHA HaBK0JIO oci BO yTBOpIOE OiUuHY
MOBEPXHIO KOHYyca 3 TBipHoI0 AC i pamiycom oc-
HOBU AO.

Toxi myo1a MOBEPXHi OTPUMAHOTO Tijia JOPiB-
HIO€ cyMi IO GiYHMX TOBEPXOHBb ITMX KO-
HYCiB.

I3 mpamokyTHOTO TpUKyTHUKA AOC
(L ACO= 60°) MaeMo:

OA = AC-sin60°=4/3 (cm).
I3 mpamokyTHOTO TpUKyTHUKA AOB

(L ABC = 30°) OZIEPsKYEMO:

AB=—29__3 /3 (cw).
sin30°
Toxi moBepxHA Tija 06epTaHHS TOPiBHIOE
S=n-AO-AB+n-AO-AC=

—7-43 83 +7-4/3 8=

- 96m+32v31=32(3+3 )1 (cm?).

KomeHTap

Mig uyac po3B'A3yBaHHA 3apgau,
nos'A3aHuX i3 obepTaHHAM diryp
HaBKOJ10 OCi, C/li ypaxoByBaTH, Lo
B pe3ynbTaTi 06epTaHHA NPAMOKYT-
HOro TPMKYTHMKa HaBKOMO KaTeTa
AK OCi YTBOPIOETbCA KOHYC, a B pe-
3ynbTati obepTaHHA MPAMOKYTHOI
TpaneLwji HaBKono 6iYHOI CTOPOHMU,
nepneHAUKYNAPHOI A0 OCHOBMU
Tpaneuii, — 3pi3aHnin KoHyc. Tomy
JOUINbHO 3 KOXKHOI BepPLUNHY 3aJa-
HOrO MHOTOKYTHUKQ, L0 He NIeXUTb
Ha oci obepTaHHA, NPoBecTY nep-
NeHAVKYNAP Ha BiCb i pO3rNAHYTU
MOBEPXHIO, AKY OMUCYE KOXHWUIA
i3 BiQpi3KiB, WO He NeXxuTb Ha OCi
obepTaHHs.

Puc. 8.12
B
[ ]
=
O
o0
20°
a5 /|
Y
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3apgava 3.

PO3MT 2. Tina obepTaHHs

B ocHOBI nipamign nexxntb NPAMOKYTHUIN TPUKYTHUK i3 KaTeTamn 6 Cm

i 8 cm. Yci 6iuHi pebpa nipamign HaxuneHi 4o NAOWMHN OCHOBM Mif Ky-
TOM 60°. 3HangiTb Niowy 6iYHOI MOBEPXHI KOHYCA, ONMUCAHOIO HaBKOJIO

uiel nipamign.
Po3B’si3aHHA

» Hexait SABC (puc. 8.13) — 3agmaHa
mipamiga. Ockinbku Bei 11 6iunmi pebpa HaxM-
JIeH1 i piBHUMU KyTaMu JI0 MJIOIIUHUA OCHO-
BU, TO OCHOBOIO ii BucoTu SO € IIeHTDP KOoJIa,
ONMCAHOTO HABKOJIO OCHOBHM ITipamMiau, AKUIA
Y IPAMOKYTHOMY TPUKYTHUKY ABC JeKUTh
y cepenuui rimorenysu AB, To6To Touka O —
cepenuHa AB.

Puc. 8.13

Ockinpru SO L oa. ABC, to AO — mpoeek-
misg SA ma miomuny ABC, tooro £ SAO —
KyT Mixk GiunuM pebpom i mimormuHOo0 ABC
(£840=60°).

SRIII0 KOHYC onmcaHWiT HABKOJO IIipaminu,
TO iXHi BepmInHM 306iraroThcA i KOJIO OCHOBU
KOHYycCa oIrucaHe HaBKOJIO OCHOBM mIipaminu,
TOOTO pazxiyc ocHOBU KOHYyca nopiBHIOe OA,
a TBipHaA KOHYyca AOpPiBHIOE OiuHOMY pebpy SA
mipamigu.

Iz nmpamorkyTHOrOo TpuMKyTHuUKa ABC
(LC= 90°) omep:kyemo: AB=10 cm. Toxi
AO=5 cm. I3 IpAMOKYTHOrO TPUKYTHUKA

AO
AOS maemo: SA=—=10 (cm).
cos60°
Topxi moria 6iuHOI MOBEepXHi KOHYyCA TOPiBHIOE:

Sy =T AO-SA=1-5-10=507 (c?).

KomeHTap

KoprcHo BUKOpUCTOBYBaTU TPOXU
YTOUHEHY (AUB. M. 4 HUXKYe) 3aranbHy
CXeMy pO3B'A3yBaHHA 3ajjay, NoB'A3a-
HWX i3 MHOTrOrpaHHKamu (amB. § 1).

1) O6rpyHTYyBaTU

2)

3)

4)

U
-

po3TallyBaHHA
BMCOTU Mipamign (AKwo Bci 6iv-
Hi pebpa nipamign HaxwneHi nig
PiBHUMM KyTamu [0 MAOWMHA
OCHOBW, TO OCHOBOIO BMCOTU Mi-
pamian € LeHTp Kona, onMcaHoro
HaBKOJIO OCHOBW Mipamigun, To6To
cepeAmHa rinoteHysu; ue cnif
ypaxyBaTu we Ao nobyaosu pu-
CYHKa fo 3agaui).

OO6rpyHTyBaTi, WO MPOCTOPOBI
KyTU W NpOCTOPOBI BifgCTaHi no-
3HaueHi npaBwWIbHO (y Hac 3a-
JaHO KyT MK G6iuHMM pebpom
i MNOWMHOIO OCHOBW, TOBTO KyT
MiXX LM pebpom i Moro npoekLi-
€10 Ha M/IOLWWMHY OCHOBW).
O6rpyHTYBaTV BUf i PO3TallyBaH-
HA 3aaHoro nepepisy (y uin 3a-
Jaui nepepi3u He Po3rNAAATLCA).
AKIWO po3rnafaeTbca KoMbiHauinA
MHOFOrpaHHMKa 1 Tina obepTtaH-
HA, TO BKa3aTW B3aEMHe poO3Ta-
LUYBAHHA X eNeMeHTIB (TinbKu Te,
wo Oyge BMKOPUCTaHO nig yac
pO3B’A3yBaHHsA).

Ha koxHoMy eTani o6umncieHb yKa-
3YEMO, efleMeHTN AKOro TPUKYT-
HMKa BM3HayaemMo. fKuo Tpu-
KYTHVK MPAMOKYTHWUA, TO MOAC-
HIOEMO YOMY.



§ 8. KoHyc

3ATMMNTAHHA

. IloscHiTh, 1m0 Take KoHyc (IpAMUM KpyroBuii Kouyc). Illo Take TBipHaA

KoHyca? ocHOBa KoHyca? GiuHa IIOBEePXHSA KOHyca? BMCOTa I Bick Komyca?

2. fIxoio (iryporo € mepepis KoHyca, III0 IIPOXOJUTH Uepes HOro BepIINHY?
OChOBHUII IIepepis KoHyca?
3. koo (iryporo € 1mepepis KoHyca ILJIOIIWHOI0, ITapaJieJibHOI HOro OCHO-
Bi? BiamoBigs oOr'pyaTyiiTe.
4. TlosicHiTh, IO TaKe PO3TrOpTKa OiUHOI ImOBEPXHi KOHYycAa.
5. anumriTe dhopMynam i BU3HAYEHHS IIJIOIT OiYHOI ¥ ITOBHOI MOBEPXOHD
KOHYyca.
6. ITosacHiTh, AKa mipamiza Ha3WBAETHCS BIKWCAHOIO B KOHYC, a AKa —
OIIMCAaHOI0 HABKOJIO KOHYCA.
BIrPABU
8.1°. Paxiyc ocHOBU KOHyca OOpiBHIOE 3 M, BucoTta 4 M. SHAHTITH:
1) TBipHY KOHYyCAa;
2) momnty 6iuHOI TTOBEpPXHI KOHYyCA;
3) WOy IIOBHOI IIOBEPXHi KOHYycCAa.

8.2°. Tsipua xonyca gopiBaioe 10 i HaxwueHa 10 ILJIOIIUHU OCHOBHU IIiJ KYTOM
30°. 3uaiifiTh BHCOTY KOHYcCA.

8.3°% Bucora Komyca mopiBuioe 8, a mosikmHa TBipmHoi 10. 3malifiTe giamerp
OCHOBM KOHYycCA.

8.4°. Bucora xomyca gopiBHIoe 15, a miamerp ocuHoBu 16. 3HaiigiTh:

1) TBipHY KOHYyCa;
2) mory GiuHOI IMOBEepXHi KOHYcCA;
3) ILJToIlly IOBHOI ITOBEPXHi KOHYyca.

8.5. Paniyc ocHoBu KoHyca mopiBHioe R. OchoBuil mepepis KoHyca — IIps-
MOKYTHUHM TPUKYTHUK. SHAWIITHL IJIOIIY OiuHOI IIOBEpXHi KOHyca.

8.6. ¥V piBHOCTOPOHHBLOMY KOHYCi (B 0CHOBOMY Iiepepisi — MIpaBUJILHUUA TpPU-
KYTHUK) pajiyc OCHOBU HOpiBHIOE R. 3HAWITH IJIOINYy Ilepepidy, IIpoBe-
IEHOTO uepe3 ABi TBipHI, KyT MiXX AKUMUN OOPiBHIOE O.

8.7. IloBexmiTw, 110 3 yCixX ImepepisiB KOHYyca IIJIOIMUHOIO, IKA IIPOXOAUTH Uepes

oro BepIINHY, HANOIJIbIINI IIepHMMETP Ma€ OChOBUI Iepepis.
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8.8.

8.9%

8.10.

8.11.

8.12%

8.13.

.

Yu mpaBUJIBHO, IO 3 YyCiX MEpepisiB KOHYyca MJIOIWHOIO, AKAa IIPOXO-
IUTh Uepe3 IOro BepIINHY, HaANOIJBINY IIJIOIY MAa€ OChOBHUII mepepis?
BigmoBigps o6rpyHTyiiTe.

Y ckinbKu pasiB 30iJBIINTHCA IIJIOINA OiUHOI MOBEPXHiI KOHYyca, SKIIO
ioro TBipHY 36iJabIINTH BTPUYi (pajgiyc OCHOBU 3aJIMIITAETbCA 0e3 3Mi-
Hu)? Bigmosigs oGrpyuTyiiTe.

Bucora kKonyca mopisuioe H. Ha sAKiil Bigcraui Bim Bepimuau Tpeba IIpo-
BeCTH ILJIOIIUHY, ITapaJe;ibHy OCHOBi, 11100 ILIOINA IIepepidy AopiBHIOBaJa
IIOJIOBMHI IIJIOIIi OCHOBU?

Yepes cepeuHy BUCOTH KOHYCA IIPOBEAEHO MPAMY, ITapajieibHy TBipHii.
3HaWgiTL MOBXKMHY Biapiska mpsaMoi, AKMI pPO3TAIlOBAHHUI ycepequHi
KOHyCa, AKIIO MOBXKHHA TBipHOI HOpiBHIOE .

OcHOBOIO TipaMifm € NPAMOKYTHUH TPUKYTHUK i3 Kareramu 6 cm
i 8 cMm, a BCci mBOrpaHHI KyTHM IIPH OCHOBI mopiBHIOIOTH 60°. 3HalIiTH
TJIOIY IIOBHOI ITOBEPXHiI KOHYyCa, BOMCAHOrO B I[f0 ITipaminmy.

BusABiTb CBOI0 KOMMETEHTHICTb

Ho crangapTHOro HAOOPY MHOMKEIKHOTO IIU- -
Ta, IKUH IIOBUHEH OyTHM B KOYKHOMY IIeXy
Ha MOiAOPUEMCTBi, BXOAWUTH KOHiUHE Bif-
po 3 miamerpom ocmoBu 30 cMm i BmCOTOIO
35 cMm. BiamoBimanbHOMY 3a IIOMKEKHY 0e3-
TeKy Ha MiAIpueMCTBI MOTpioHO mOodapoy-
Batu 50 Takux Bizmep (30BHiI i 3cepemmum).
VY mboro € aBi 6anku uepBoHOI (hapOM, KO-
Ha Mmictuts 0,9 Kr. Um BucTauuTh nOMy
dapbu, axmio aiasa papbyBamas 1 M2 Mmerasry
Burpauaetbea 120 r gapou?




§9.KyNnA | COEPA

Tabnuua 8
Coepa i Kynsa

Ceheporo Ha3uBaeTbca ¢irypa, Wo ckna-
BAETbCA 3 YCiX TOUOK NPOCTOPY, po3Ta-
WoBaHMX Ha 3apgaHin BiacTaHi (R) Bif
3agaHoi Toukn (0).

O — yeHmp cepepu;
OA — padiyc cpepu; OA=R.

Y pe3ynbTaTi 06epTaHHA MiBKOMa HABKOJIO
noro fiameTtpa ogepxKyemo chepy.

Kynew HasuBa€eTbca Tino, wWo ckKna-
Ba€ETbCA 3 YCiX TOYOK NPOCTOpPY, po3Ta-
LWOBaHMX Ha BifcTaHi, He Ginbwii 3a 3a-
npaxy (R), Big 3apgaHoi Toukn (0).

O — yeHmp Kyrni;

OB — padiyc kyni; OB=R.

Y pe3ynbraTi 06epTaHHs NiBKpyra HaBKOJO
Noro fiametpa ofep>KyeEMO KyJto.

NOWMNHOI0
byOb-aKul nepepis Kysi NIOWUHOIO € Kpy20M.

LleHTp ubOro Kpyra — OCHOBa nepneHan-
Kynsapa, NpoBeAeHOoro i3 LieHTpa Kyni Ha
CiYHY MOLWMHY.

O — ueHTp Kyni;
O; — ueHTp Kpyra nepepisy.
00, 1 o.

5 AOOLA: Rygpepioy = R2ym — 00F
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Mepepis, Wo NpoxoaUTb Yepes LieHTpP

(0]
« Kyni, Ha3MBa€ETbCA 8eJIUKUM KpYy20M.
\
R ~
b RBen.Kp = nyni
Mepepi3 Kyni gBoma nnowmHamm
a Oy 00, Lo; 00, LB; 1y iy —
: » pagiycy Kpyris nepepisis.
(oX 00,=00, & r=r,
\ »
\V/;‘ OOl <002 <:> r1>r2
O 2
B 2 00, >00, & 1 <n
MnowwmHa 1 npsama, AOoTUYHI Ao Kyni (chepn)
JoTnyHa niaowmHa JoTtnyHa npama
M o . M o
? ?
| |
I I
| |
| |
I I
o* o*

MnowwmHa, wo mae 3 Kynew (cpeporo) lMpama, aka HaneXMTb AOTUYHIN NAoO-

TiNbKM OAHY CNiNibHY TOYKY, Ha3UBa€ETb- | WMHI Kyni (chpepn) i npoxoanTs yepes

A 00MUYHOI0 NJIOWUHOIO. TOUKY [OTUKY, Ha3MBAETbCA 00OMUYHOIO
0o Kyni (ccpepu).
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BnactuBocrTi
Jomuura nnowjuHa (npama) nepneHOUKynapHa 0o padiyca kysi (cgepu), nposedeHo20 8 Mou-
Ky OOMUKY.
| HaBnaku:

AKWO NJIOWUHA (npsama) npoxooume Yepe3 mouky cchepu U nepneHOUKYapHa 0o padiyca,
nposedeHoz20 8 Yo MOYKY, mo 80Ha 0OMUKAEMbCA 00 cepu.

o — OM 1o a— OM 1o
OOTUYHA NAOWNHA, | < (OM — OO0TUYHa NpAMa, |« (OM —
M — TOouKa JOTUKY pagiyc kyni) M — TouKa JOTUKY pagiyc Kyni)

NOACHEHHA N OBI'PYHTYBAHHSA

Haramgaemo ocHOBHi o3HaAueHH.

OsHaueHHA. Kyseto Ha3nBa€eTbCA TiNo, WO CKNAAAETbCA 3 YCiX TOYOK Npo-
cTOpy, BigpaneHux Bif 3afaHOi TOUKM Ha BifcTaHb, He 6Ginbluy 3a 3agaHy.
Lia Touka HasMBaEeTbCA YeHMpPOM KyJi, a 3afjaHa BifcTaHb — padiycom Kyi.

OsHaueHHA. FpaHMLUA Kyni Ha3MBa€ETbCA KY/1b080I0 nosepxHelo, abo cghepoio.

OTxe, TouKamu chepu € BCi TOUKU Kyni, BigaaneHi Bif LeHTpa Ha BigcTaHb,

Wo AopiBHIOE pagiycy.

Bynb-axkuii BigpisoK, IO CHOJyYaE IEHTP KYJi 3 TOYKOI KYJIHOBOI ITO-
BEPXHi, TAKOK HaA3UBAIOTL padiycom.

OsHaueHHsA. Bigpi3okK, AKuii cnonyyae ABi To4-

K1 Ky/bOBOI NMOBEPXHi 1 NpoXoauTb uepes Puc. 9.1
LeHTP Kyni, Ha3MBa€TbCA diamempom KyJi. o
KiHui 6yab-Aakoro giamerpa Ha3nBawTbcA 0Oi- \

amempanbHO NPoMuJIeXXHUMU MOYKAamu Kyi. \

Kynsa, max camo ax yunindp i kKonyc, € mi- v
JoM 00epmaHnHsL. R »

Bona yTBOproeThcss B pesyiabrari obepTaH- s
HJ IiBKpyra HaBKOJO Ioro aiamerpa fAK oci
(puc. 9.1). Chepa moxke OyTH OTpUMaHa B PE3yJb- /
TaTi 00epTaHHsA IiBKOJA HABKOJIO MOT0 JAiamMeTrpa. —
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@ \

Kyni it chepu Ta ixHi yacTUHM MU YacCTO CIIOCTEPIraeMO B MPUPOAI (HAIPUKJIAM,
Coune, mra"etu, (QpyKrm) i mobyri (riaodyc, MuabHi Oyabbairkm), y TexHimi
(KyJIbKOBUIT TiAIMUIHUK) ¥ apxiTekTypi (myseii Biocdhepa (Mompeans, Kanana),
kynouu [lomirikanceKoro cobopy Ta Bexxki Kopusakra (JIbeiB, Ykpaina)).

2. Mepepi3 Kyni nnowmHow

Teopema 9.1. Byab-AKui nepepis Kyni NIOWUHO € KPyrom. LieHTp uboro Kpy-
ra € OCHOBOI MepneHAuKynspa, NPOBEAEHOro i3 LeHTpa Kyji Ha CiuyHy
NJIOLNHY.

) OoeepeHHAa. Hexalh oo — ciyHa nnowmHa
n O — ueHTp Kyni (puc. 9.2). Npoeegemo Puic. 9.2
nepneHAnKyNAp i3 LeHTpa Kyni Ha naowu-
Hy o i no3Haummo uvepe3 O; OCHOBY LibO- a
ro nepneHankynsapa. Hexan M — posinbHa
TOUKa Kyni, WO HaneXxuTb NAOWMHI o. 3a
Teopemotio Miparopa OM? =007 + 0, M?.
Ockinbku BigcTaHb OM He 6Ginblia 3a pagi-

yc R kyni, T0 01M<\1R2 —0012 . Maemo:




§9.Kyns i cepa

[OBiflbHa TOUKa Nepepisy Kyni NNOWMHOW O po3TalloBaHa Bif Toukn O; Ha Bif-

CTaHi, He 6inblwin 3a «/Rz —0012 , OTXKe, BOHa HaneXutb Kpyry i3 ueHtpom Oy

i pagiycom R? =00} .

| HaBnaku: 6yab-AKa Touka M UbOro Kpyra HanexuTb Kyni. A Lie 03Hayvae€, Lo ne-
pepi3om Kyni MIOWMHOK O € KPYr i3 LeHTpom y Touli O;.

3asHauMMO, IO KOJIM PO3IVISHYTH IIepepid KyJi aABoMa ILJIOIIMHAMEU O
i B, To omepsxuMo B mepepisi ABa Kpyru pajiycamum r; i r, BigmosimHo
(puc. 9.3).

Hexait O; i O, — OCHOBU IepHeHIUKYJIAPiB, IPOBENeHUX i3 IleHTpa
kyai O wva mromueu o i [ Bigmosimmo. ko paaiyc Kysai mopisaioe R, TO

7"1:\/R2—0012 i r2:,/R2—0022 . IlopiBHAemo mi Bupasu. OfepxXuMo, IO

rp=ry, Toxai # Tinpbkm Toxi, konu OO, =00,, a r <r, TOAl H TiIBKHU TOAi,
ko OO, >00,. Otrixe, piéHi nepepisu KyJli po3maul06ani Ha 00HAKOBUX 6i0-

cmanax 6i0 il yeumpa (i Haenaku), nepepis 06iavuiozo padiyca po3maulo6aHuil
Ha meHwiil eidcmani 6i0 yenmpa kyai (i Hasnakw).

O3HaueHHA. MnowmHa, AKa NpoxoanTb Yepe3s LEeHTP Kyni, Ha3nBa€ETbCA
AiameTpanbHow nnouwuHow. lMepepis Kyni diamempanvHolo naowjuHoro
Ha3MBA€ETbCA 8e/lUKUM Kpyzom (puc. 9.4), a nepepis chpepun — senukum
Kosiom.

Bynb-aka giamerpaJsibHa IJIOIIMHA KyJi € i1 miomuHoio cuMeTpii. IleHTp
Kyai € ii menTpom cmmeTpii.

Pnc.9.3 Pnc. 9.4
a Opr
— :
(o} B «O
\_—»
O\V/rz
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O3HayeHHsA. MnowmHa, AKa mae 3 Kyneto (chpepolo) TiNbKN OAHY CiNIbHY TOY-
Ky, Ha3MBa€eTbCcA 0OMUYHOIO NJIOWUHOI0 00 KyJi (c¢pepu). CninbHa TouKa fo-
TUYHOT NAowWwmHM i Kyni (chpepun) Ha3MBaeTbcA MOYKOO 0OMUKY.

Teopema 9.2. [loTMyHa NnowmHa [0 Kyji NepneHAnKynapHa Ao pagiyca, npo-
BeJeHOro B TOUYKY AOTUKY.

) [NoBepeHHsA. Hexam nnowmHa o B TOu-

Ui M JOTMKAaeTbCA [0 Kyfi i3 LEeHTPOM Puc. 9.5

y Touui O i pagiyca R (pwuc. 9.5). Josege-
Mo, wo OM 1 o. M M, o
Mpunyctumo, wo OM — noxwna Ao nio- »

wuHu o. lNpoBegemMo nepneHAnKYNAp /.

OM,; po nnowmHn o. OcKinbkn nep-
NEeHAVKYNAP Ma€ [OBXKUHY, MeHWy Bif
AOBXWHKU noxunoi, To OM; <OM =R.
Ane Tofi Touka M, HaneXxutb ogHouvac-
HO i Kyni, i MIOWKMHI o, @ Le cynepeuntb
YMOBI, WO MJOWMHa O — AOTUYHA [0
Kyni My HUX TifIbKM OfHa cnifibHa TouKa
M. OTmxe, pagiyc kyni OM He moxe 6yTu
MOXWO0K A0 AOTUYHOI NAOWMHU O, TOO-
10 OM 1 «.

TakosK cupaBefuBe i obepHEHEe TBEPMKEHH: SKUW,0 NJAOWUHA NPOXOOUMb

yepe3 mouxky M cgepu it nepnendurkynrapua 0o padiyca, npogederozo 8 U0
mouKy, mo 60Ha domukxaemuvcsa 00 cpepu.

@ OGrPYHTYITE Lie CaMOCTINHO.

O3HaveHHsA. MpAMa, AKa HaneXnTb AOTUYHIN NaowmHi Kyni (chepm) i npo-
XOAUTb Yepe3 TOUKY AOTUKY, Ha3MBaETbCA 0OmuYHOI0 00 Kyni (cghepu) B Wi
TOouLi.

Hanpurmnan, wa puc. 9.5 npama MM, — poruuHa g0 KyJi (cdepn).
OcCKiZbKM MOTHMUYHA ILJIOIIMHA Mae€ 3 KyJel TiJIbKM ONHY CIiJIBHY TOUKY,

TO 0OMUYHA NPAMA MAE 3 KYJel MmiAbKu O00HY CRIAbHY MOYKY — MOUKY



§9.Kyns i cepa

OJomuky. OCKibKU HOTUYHA TpAMAa A0 Ky-
Ji JIXKUTH Yy JOTUYHIN ILJIONIWHI, IITO mep-
MeHAUKYJIAPHA IO pajiyca, IPOBEAEHOTO
B TOUKY JAOTHUKY, TO domuuHa npama 00
Kyai nepnenduxyrapHa 0o padiyca, npoge-
0eHoz20 6 mouky domuky.

Taxko:xx mae wmicie it oGepHeHe TBep-
MOUKEHHA: AKIIO IIPAMAa IPOXOAWTH uepes
Touky M cdepu NepIeHAVWKYIAPHO MO pa-
nIiyca, IpOBENEHOr0 B II0 TOYKY, TO BOHA
IOTUKAETHCA A0 chepu.

\L"D O6rpyHTYITE Lie CaMOCTINHO.

3asHayuMoO, IO BJIACTHBOCTi, chopmy-
apoBaHi B Teopemax 9.1 i 9.2, mosBoJs-
IOTh 3HAUTH 3B’A30K MiK B3aEMHHUM PO3-
TallyBaHHA KyJi ¥ IJIOIWHY 1 BifICTaHHIO
OA=d Big meuTpa KyJi OO NJOIIUHU Ta
paxgiycom R kynai. CupaBnai, axkmo d< R, To
ILJIOIIMHA TEePeTUHAE KyJI; AKI0 d=R,
TO TJIOIIWHA AOTHUKAETHCA OO KYJIi; K-
mo d>R, TO IJOIIMHA i KyJd He MAaloTh
cuinbHUX TOUOK (pmc. 9.6).

NMPUKJTAQN PO3B'A3YBAHHA 3A0AMY

3apaua 1. Y Kkyni pagiyca 26 cm Ha BigcTaHi
10 cm Bif LeHTpa NPoBeAEHO Ciu-
Hy nnowmny (puc. 9.7). 3HangiTb
niouly nepepisy.

KomeHTap

3rigHo 3 Teopemoto 9.1 Byab-AKMIA Nepepi3 Kyni
NIOLWMHO € Kpyrom. LieHTp uboro Kpyra € ocHo-
BOI MepneHanKynapa, NPoBeAeHOro i3 LieHTpa
Kyni go civyHoi nnowmHu. Tomy anAa po3B'A3yBaHHA
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MOTPIGHO i3 LIeHTpa KyJi NPoBECTU NEPRNEHANKYNAP A0 CIYHOT MIOWMHA 0. JOBXUHA LibOro
nepneHanKynApa € BiACTaHHIO Bi LieHTpa Kyni JO CIYHOI NIOLWMHMN.
KopurcHO TakoX ypaxyBaTy, WO AA 3HAXOLKEHHA NoLWi nepepisy — Kpyra — BUKOPUCTO-
ByBaTUMeMO dopmyny S = nR?, TOMY AOCTaTHbO 3HAWNTU R?= OlAz (i He 060OB'AI3KOBO
3HaxoauTU foBXMHY O;A).
Po3B’A3aHHA

» IIpoBememo mepneHIUKYIIAD i8 1eHTPa Kyl O 10 CiuHOI MJIOIUHYA O i TO3HAUYMMO Ue-
pe3 O; OCHOBY LIbOTO IEPIEHAUKYIAPa — IEHTP Kpyra nepepisy (puc. 9.7). Hexait O;A
— paziyc mepepisy, a OA — pagiyc kyni (OA =26 cm). Ockineru OO0; Lo, To OO0,
— Bifcrans Bix nerTpa Kyii go ciurol miomurn i OO0; =10 cm. Toxi 3 mpaMokyTHOTO
rpukyrEnKa OO0, A Maemo: O, A% = 0A% —~00% = 262 -102 =576.

Omxe, IJIOINA IIepPepisy JOPiBHIOE: T 01A2 =b5T767 (cm?).

3apaua 2. Kyns i3 yeHtpom y Touui O goTnKa-

€TbcA Ao nnowmHu (puc. 9.8). Tou- Puc. 9.8

Ka A nexuTb y Ui naowuHi. 3Han-

[iTb BiACTaHb Bifj TOUYKM A 0O TOUKK A M a
r—e

[OTUKY, AKLWO BifCTaHb Big Hei Ao
LeHTpa Kyni JOpiBHIOE 25 cMm, a pa-
giyc kyni 15 cm.

KomeHTap o°

3rigHo 3 Teopemoto 9.2 AOTMYHA NAOWMHA A0 KyAi
nepneHanKynAapHa Jo pagiyca, NpOBeAeHOro B TOUKY
LOTVKY, ane Togi  Oyab-AKa npaAma JOTUYHOT NoLWwn-
HW NepneHanKynApHa A0 Lboro pagiyca Kyni.

Po3B'si3aHHA

) Hexait Touka M — TOYKa HOTUKY KyJi 3 muomuHoio o i Aco (puc. 9.8).
3a BiactuicTio goTuuHol maommuEum OM Lo, togi OM L AM . 3a ywmo-
Boro OM =15 cm, OA=25 cwm. I3 npamokyTHOro rtpuxkyrauxka OAM maemo:

AM =\JOA2 —OM? =252 152 = 400 =20 (cm).

U) 3 nprKknagamn po3B'A3yBaHHA Oinbll CKNafHMX 3afjay, NOB'A3aHMX i3 Kynelo (30Kpema,
Ha KOMOGiHaLilo MHOTOrPaHHUKIB i3 Kynelo), MOXHa O3HaNOMUTUCS, 3BEPHYBLUNCL [0
iHTEPHeT-NIATPUMKU MiAPYYHMKA.
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3ATMMNTAHHA

1.

3*,

ITosicHiTh, 10 Take KyJas ¥ chepa. Illo Take meHTp Kyai? paxiyc i mgia-
MeTp KyJri?

fAxroro dirypoio € mepepisz Kymai miaommuop0? IIlo Take BeIUKUN KPyT
KyJai? Benumke KoJjo chepu?

ChopmystroiiTe I JOBEOITH TEOPEMY IIPO IIepepis KyJi IJIOIIMHOIO.

fx mow’asani MixK coboi0 paaiycu KpyriB — IepepisiB KyJi gBoma ILIO-
muHaAMu 1 BifcraHi Big mmx KpPyriB g0 meHTpa KyJmai?

Yu mMae Kyad MEeHTp cuMeTpii # MmaomuHu cuMeTpii?

fAxra moommHA Ha3WBAETHCS MOTHUUHOIO IJIOIIUHOI X0 KyJai (chepu)?

. ChopmyatoiiTe i HOBemiTh BIACTUBICTH AOTUYHOI IJIOIMIMHU OO0 KYJIi.

fAxa mpsama Has3UBAETHCA OOTUUYHOIO A0 KyJjai (chepm)?

Sk poaramioBaHi KyJad i IJOmMIMHA 3aJIe’KHO Bij Bimcradi Bim 1eHTpa
KYJi 10 IJIOIuHNI?

BMPABU

9.1°.

9.2°

9.3.

9.4°,

9.5¢.

9.6.

9.7.

ILromuHa TPOXOAUTL uepesd IMeHTP chepu ¥ mepeTwHaE ii MO KOJIY, TOB-
JKMHA AKOro OopiBHIOE 6T. SHaWAiTH miaMmeTp cdepu.

3HalgiTh MOBKUHY JIiHII mepeTwHy chepu pazaiyca 5 i miIomiuHHU, BiA-
IajieHol Binm meHTpa 1riei cepu Ha 3.

Ilnomuua BimmaseHa Ha BigcTanb 3 Bixg 1meHTpa chepu panmiyca 10. Ha
AKY HaNOIJBINTY BimcTaHb BimmaJeHi Bif Iiel IIOIMMHM TOYKU chepu?
VYci BepiimHM KBazpara 3i cTopoHolo 8 M Hajge:xxarb cdepi pamiyca
9 mm. Ha aki#n Bimcrani Bim meHTpa cdepu poaTamioBaHa IIJIOMIMHA
KBazgpara?

Bepmmuan mpaMoOKyTHUKA JexaTh Ha cdepi paxgiyca 10 cm. 3HamiTh
BificTaHb BijJ IeHTpa chepy A0 MJIOHIMHU MPAMOKYTHUKA, AKIIO HOTr0
miaroHaJib JopiBHIOE 16 cMm.

VYci BeplIHM IPaBUJIBHOTO TPUKYTHUKA 31 CTOPOHOIO 6 IM HajeKaTb
chepi pagmiyca 8 mm. Ha akiii Bigcraumi Bim 1menTpa chepu posrTairoBaHa
ILJIOIITMHA TPUKYTHUKA?

Cdepa mpoxoauTh yepes yci BEPIINHU NPAMOKYTHOTO TPUKYTHUKA 3 Ka-
Teramu 6 i 8, a meHTp chepu BigmaseHUN BiJ IJIOIIUHU IIHOT'O TPUKYT-
HMKa Ha Bigctamb 12. 3HaligiTes pamgiyc coepu.
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9.8%,

9.9.

9.10.

9.11.

9.12.

9.13.

9.14.

9.15.

9.16.

9.17.

9.18.

PO3MT 2. Tina obepTaHHs

Kyna pagiyca 3 1oTMKaeThbCsA OO CTOPiH PiBHOCTOPOHHBLOIO TPUKYTHHUKA
B Toukax A, B i C. BusHauTe MOBKUHY HAWKOPOTIIIOTO IIJIAXY IIO IIO-
BepxXHi Kysai Bim Toukm A M0 TOUKM B, SAKINO AOBKHWHA CTOPOHU I[HOTO
TPUKYTHUKA [ITOPiBHIOE 6.

Chepa pagmiyca 6 JOTHKAETLCA OO IJIOIMIMHU TPuUKyTHUKA ABC y 1eHTpi
OIMCAaHOI0 HABKOJIO HBOIO KoJa. SHAWAITHL BifcTaHb Big ImeHTpa chepu
IO BEPIINH TPUKYTHUKAa, axkino AB=3, AC=4, BC=5.

Cepa pazgiyca 1,5 goTuraeTbcsa A0 ILIOIMUHU TPUKyTHUKA ABC y 1eH-
TPi BOMCAHOTO B HBOT'O KoJa. SHAWUIITHL BifcTaHb Binm IleHTpa cdepu 10
CTOPiH TPUKYTHUKA, Ao AB=6, AC=8, BC=10.

Chepa mDOTHUKAETHCA OO0 TPhOX CTOPIiH TPUKYTHUKA 3i cTopoHamu 5, 5,
8. 3maigite paziyc chepu, AKIIO I HMEHTP JEKUTH Y IJIOIMUHI I[HOr0
TPUKYTHUKA.

Kyurro pagmiyca 41 nv mepeTHYJIN MJIOIITMHOIO, PO3TAIIIOBAHOIO HAa BimcTaHi
9 nm Bim meHTpa. SHAWIITHL IJIOIILY IIepepisy.

Yepes cepenmHy pajiyca KyJi IIPOBENEHO ILJIOIIUHY, MEPIeHAUKYIIPHY
o HBOro. $IK BiHOCUTBHCA ILJIOIIA YTBOPEHOT'O IIEpepidy A0 ILJIOIIi Be-
JUKOro Kpyra?

IBi mapaJiesbHi IJIOMMHU IIepPeTHHAIOTH cdepy pazgiyca 5 1mo Komax
pazxiycamu 3 i 4. 3HaUAITL BiAcTaHP MiK IIJIOIITMHAMIU.

Chepa moTmkaeThcsa OO OAHiEl 3 IapajieibHUX IIJOIIUH i TepeTuHae
iHmy mo koJuy pazgiyca 4. 3HaumiTh pangiyc cdepu, AKIIO BiAcTaHb MiXK
IJIOIITMHAMHY JOPiBHIOE 8.

Pagmiyc rymi mopiBHIOE R. Uepes3 KiHemnb pajiyca IIPOBeIEHO ILJIOIIUHY
mig kyrom 60° mo mHboro. 3HAMAITH MJIOIIY IIepepisy.

BuasiTb cBOIO KOMMNETEHTHICTb

Pagiyc semnoi Kymi R=6000 rm. Homy mo-
PiBHIOE OBIKWHA ITapaJiesi, SKIIO ii ImmpoTa Puc. 9.9
cranoButh 60° (puc. 9.9)?

Micto N posramoBane Ha 60° miBHiUHOI mIN-

poru. AKuil IMAAX OPOXOOUTL Ied NTYHKT X_ e
. . «
OpoTAroM 1 Tonx YHACJHiOK o0epTaHHA SeMJIi \
. " . \
HaBKOJIO CcBO€l oci? BBaskaiiTe, 110 pazgiyc 3em- 60° (%

ai popisHOE 6000 KM. - R
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3ABAAHHA ANA NIArotoBKn A0 OLUIHIOBAHHA

. Kyuro pagiyca 10 mepeTHy/IM IJIOITWTHOIO HA

TecT N2 2

. IliaroHasb 0ChbOBOro mepepisdy muiiaapa gopiBHioe 20 cm. 3HAUIITH

IJIOIITY OCBLOBOTO IIEPEpPidy, SAKIIO pamiyc IMMIiHApa AopiBHIOE 6 cM.
A 36 cm? b 96 cm? B 120 cm? r 192 cm? I 200 cm?

. Teipua xomyca mopisHioe 30 cM i HaxmjgeHa OO0 IIJIOIIUHYW OCHOBU ITif

kyToMm 60° 3HauiTe BUCOTY KOHYCA.
y A y woRy 3043

A 15 cm b 15\/§ cm B 15\/5 cm I a 30\/§ cM

3

. Kyna iz mentrpom y Touri O HOTHKAETH-

cd OO IJIONIMHH (¢ B Touli A (PUCYHOK),
a Touka B jexuThp y miaomuHi 00, AB=a,
ZAOB=¢. 3naizgits paziyc }chI}l

A asing B atgo o —

. sin @
b acoso r

tgo

BigzcraHi 6 Bim meHTpa. 3HAUIITH ILIOIITY
mepepisy.
A 167 b 20w B 367 [ 64r O 100w

. Huminap, ochoBMM IepepisomM AKOro € KBaapaTr i3 croponor 20, me-

PEeTHYJIM IIJOIIWMHOIO, IapajieIbHOI OcCi IMJIiHApa, Ha BigctaHi 6 Bifg
IeHTpa. YCTAHOBITH BigmoBimHicTs Mixk BenamumHamu (1-3) Ta ixHiMUH
3HaueHHAMU (A-T).

1 om:xuHA TBipHOI IMIiHIpA /; ;8
2 Ilnoma omep:KaHOTO IIepepisy 00

3 Hom:xkuHa JiaroHaJi Ofep:KaHOIo Ilepepisy r 441

Yepes BeplInHY KOHYycCa 3 BHUCOTOIO 6 i pamiycom ocHoBu 4 mpoBeneHa
ciuHa IJIOmIMHA, AKA yTBOpIOE KyT 60° i3 mIOIMHOIO OCHOBU. SHANIITH
TLJIOHTY IIepepisy.

rnk.com.ua/

[MponAiTb OHNAMH-TECTYBaHHA E IE
PonA yearn 106794 2 ﬂ:ﬁ
[=]

Temun HaBYaNbHUX NPOEKTIB

1. Tina oGepraumusa B apxiTekTypi YKpaiumu i cBiry.

2. Tina obepradHHsa B IPUPOALI I TexHiIri.

3. Enementu chepuunoi reomerpii, ii 3B’A30K i3 IpPaKTHKOIO.
4. TeomeTpuuHi GopMHU B IOKPiBIAAX OyIiBesb.
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PO3MT 2. Tina obepTaHHs

ITonarra rtima obepramusa 6GyJso Bimomo mie 3amoBro go uaciB CrapomaBHBOI
I'pemii. OsHaueHHa HuUIiHApPa, KOHyca i KyJai AK Tim obepraHHs HaBeleHi B
«Hauanax» EBkaiga (6;1u3bko 300 p. 10 H. e.). 3HAUHa 3acayra B JOCIiI:KeHHi
UX TiJI HAJIEKUTh MOT0 cydacHUKaM i mociaigoBHukam — €Bmokcy (0113bKO
408 p. mo H. e. — 6au3bK0 355 p. m0 H. e.), Amomaonito (61u3bK0 262 p. 10
H. e. — 190 p. 10 H. e.), Apximeny (61u3bKo 287 p. M0 H. e. — 212 p. 1m0
H. e.). 3okpema Amnosnonin Ilepspkuit y cBoiii po6ori «Komiumi mepepisu»
BCTAHOBUB, II[0 II€peTHMHAMH KOHIiUHOI IIOBEPXHI MOMKYTb OyTH KOJO, eJiIc,
napaboJia abo rimep6oJa.

HocuTh 1ikaBe 3aCTOCYBaHHA KYJIb, BIUCAHUX i ONMMMCAHUX HABKOJIO IPABUJIbHUX
MHOrOTpaHHUKiB, 3sampomnonyBaB I. Kemmep (1571-1630) y cBoiit mparmi
«Taemuuisa cBiTobymoBu» B 1596 p. Bim omwmcaB cBi#i morsian HA MPUHITKI,
AKUI 3yMOBJIIOe (hopMU U po3mipu opbiT Bimomux Ha Toit uac maaHeT CoHAUHOT
cucremu. Ha nymry Kemnepa, reomerpis CoHAYHOI CUCTEMU ONUCYBAJacsA TaK:
«3emya (3BicHO, opbiTa 3emui) € mipa Bcix op6ir. HaBkoso Hel omuiiemo
nonekaenp. OmmcaHa HaBKOJIO mojekaenpa chepa € chepa Mapca. Haskoso
chepu Mapca omnuirtemo Terpaeap. Onucana HaBKOJIO TeTpaeapa cdepa € chepa
IOnirepa. HaBkoso chepu IOmitepa omuiemo Ky6. Ommcana HaBKOJO KyOa
chepa € chepa Carypua. ¥ chepy 3emi BnuimeMo ikocaeap. Brnucama B HbOTO
chepa € chepa Benepu. ¥ chepy Benepu Bnumremo oxraenp. Boucama B HbOTO
chepa € chepa Meprypia». Taka momens COHAYHOI CHCTEMHU OTPUMAJa HA3BY
«Kocmiunoro kyoka» Kemnepa (zuB. pucynok). ITomanbini Bigkpurra Kemepa
IIPUBEJIH IO TOTO, IO I Po60oTa BTpaTUIa CBOE IEPBUHHE 3HAUEHHSA, OCKiJIbKU
opbiTu MmIaHeT BUABUJINCSA He KPYrOBUMU, a eJinTuuHuMu. IIpore mo Kiumsa
xurTa Kemnep BipuB y Te, I[0 icCHye NpUXOBaHA MaTeMaTH4YHA TrapMOHisd
Beecsiry.

. Kennep «KocMiuHMin Ky6oK» Esknig
(1571-1630) Kennepa (6nm3bko 300 T. O H. 3.)



Posgin 3

Ob’€EMU
TA NMJNOLLI NOBEPXOHb
FEOMETPUYHUX TIN

§ 10. MoHATTA 06'emy Tin. O6'emn npmamn 1 LUNiHAPa

§ 11. O6'em noxmnoi npusamm. O6'emn nipamign i KoHyca
§ 12. O6'em Kyni
§ 13. MNnowa noBepxHi

Y ubomy posgini Bu:
= O3HaMomuTecA 3 MOHATTAMU O6'EMy Tifla Ta MOro MOBEpPXHi,
a Takox i3 dopmynamu o6'emis npusmu, nipamign, UMniHApa,
KOHyca, Kyni, 3 dopmynoto nnoLyi noBepxHi Kyni;
© HaBuUTECA PO3B'A3yBaTW 3afayi Ha 3HaXohXeHHA o6'emiB
i MNoL, NOBEPXOHb 3a3HayeHux Tin.



§1D. NOHATTA OB’EMY TIJI.
0b’€EMU NMPU3IMU U LUNIHAPA

Tabnuusa 9
06’emnu Tin
1. MOHATTA 1 OCHOBHi BNacTUBOCTi 06’emy
06’em — BefIMUMHA, L0 CTaBUTb Y BiANOBIAHICTb TiNlaM y MpOCTOpi HeBifg'€eMHI AicHI uncna.
BnactusocTi

1. O6’em Tina B NpocTopi € HEBIA'EMHVIM YNCIIOM.
2. PiBHi Tina matoTb piBHi 06’emu.

3. fkwo Tino F nogineHe Ha YacTUHWU, WO He MEPETMHAKTLCH, TO 06'EM Tina AOpPIBHIOE
Cymi 06'eMiB 1OTO YaCTUH.

4. O6'em Kyba, pebpo AKOro AOPIBHIOE OAUHNLI AOBXKUHY, LOPIBHIOE OAUHNL.

2. leaki dopmynu 3HaxoAKeHHA 06'emiB

D, C,
|
1. O6’eM NpAMOKYTHOro napaneneninesa :
LOPIiBHIOE AOBYTKY TPbOX MOro BUMIpIB: A, ; B,
V=ab-c, ;Q ————— _._)C
C b -
ze a, b, c — pebpa NpAMOKYTHOro napa- P’
neneninepa. .
A a B

2. 06’em NpAMOI NPU3MN JOPIBHIOE JOOYT-

Ky nnowi i OCHOBM Ha BUCOTY: /\
V=SH. R

\4/

[
3. O6’emM NpAMOro KpyroBoro uuniHgpa I
[
V=nR% H, |
ae R — papgiyc ocHosu, H — Bucota :
yuniHgpa. T~ "% <




§10.MoHsTTa 0o6'emy Tin. O6'eMy NpU3MK W LMNIHAPA

MOACHEHHSA N OBI'PYHTYBAHHA

ITpoGsiema oGumcieHHs 00’eéMiB mpocTopoBux (iryp i3 mpamaBHixX uaciB
npuBeprajia g0 cebe ysary BueHux. OOumciaeHHAM 00’€¢MiB HANIPOCTIIIIMX
mpocTopoBux (Qiryp sarimanumca Hemoxput (6auspko 460 — 370 pp. mo H. e.),
€smokc (6u3pko 406 — 355 pp. mo H. e.), Apximen (0immsbpro 287 — 212 pp.
o H. e.). ¥ cepenHi Biku ob0umcjeHHAM 00’€MiB ITpocTopoBUX (hiryp 3aiimaiu-
ca I. Kensep (1571-1630), B. KaBanbepi (1598-1647), II. ®epma (1601-1665)
Ta iH. [HTerpajbHe UHCJIEHHS, MOABY AKoro Hampukiumi XVII ct. moB’a3yoTh
i3 poboramu I. Heroroma (1643-1727) i I. Jleiitbmima (1646-1716), majso Io-
TY:KHUN MeTOHI OOUMCJIEHHS O00’€MiB MOBIIBHUX IIPOCTOPOBUX (iryp. I3 mum
MEeTOJOM BHU O3HAMOMHUTECSI B Kypci anrebpu i mouaTkiB aHamizy. ¥ IIbomMy
po3aizi Mu pO3IIAHEMO MOHATTA 00’€My, HOro BJIACTUBOCTi, CIIOCOOM O0UYMC-
JIeHHs 00’€MiB MHOTOIPaHHUKIB i Tis obepTaHHS, PO3MIAHYTUX Y IOHEPEqHiX
poaminmax.

Mo:xHa BBaKaTH, IO IMOHATTA 00’€MYy B IIPOCTOPi IIEBHOIO Mipoio aHAaJIO-
riuse MOHATTIO IJIOIL Ha mJoinuHi. O6’em — BeJWUYnHA, IO CTABUTH Y Bij-
MOBigHICTH TijlaM y IpocTopi HeBim’emHi mificui umcsaa. 3a OgUHUIIO 00’ €My
TpuAMalTh Ky0, pedpo SKOro [MOPiBHIOE OAWHUIII BUMIPY AOBKWHU. SIKIIO
3a ONUWHUINI0 BUMIipYy HOBKMHU mOpuiiMaroTsb 1 MM, 1 cm a6o 1 M, To 00’eMm
OIEPKYIOTh y KyOiuHuMX Migimerpax (Mm®), KybGiunmx camTmMmerpax (cm®) a6o
Kybiurmx merpax (m3®) Bimmosimmo.

0O6’em — uwmciyio V, 110 TOKa3ye, CKiJbKU pasiB OAWMHUIA BUMIDY 00’eMy

i i1l yacTMHU YKJaAamOThCsd B 3aJaHOMY TiJi.

Ile ymcao mMoske OyTH HaTypaJbHUM, pallioHaJbHMM abo HABITH ippaitio-
HAJBLHUM.

O o6’eMiB IPOCTOPOBUX TiJi MAIOTh MicIle BJACTHUBOCTi, aHaJOTiuHi
BJIACTUBOCTSM ILJIOIN IIJIOCKUX (hiryp (mmB. Tada. 10).

Tabnuuysa 10
BnacTtmBocTi nnowy diryp BnacTtmBocTi 06'emiB Tin y npocTopi

1. Mnowa oirypn Ha nnowmHi € Heeig'em- = 1. O6'em Tina B MPOCTOPi € HEBif EMHUM
HUM YNCSIOM 4Yncnom

2. PiBHi ¢irypu matoTb piBHi nnotyi 2. PiBHi Tina matoTb piBHi 06'emu

3. Akwo oirypy F nopineHo Ha 4yacTuHK, & 3. AKwWo Tino F nofineHo Ha 4yacTuHK, Wo
O He MepeTMHaKTbCA, TO MaoLa BCi€l He nepeTMHalTbCs, To 06'eM Tina po-
oirypu nopiBHioe cymi nnouy ii YacTuH PiBHIOE CyMi 06’'€MIiB MOro YaCTWH

4.Mnowa kKBagpaTa, CTOpoHa fAKoro Jo- @ 4. 06'em Kyba, pebpo fAKoro HOpiBHIOE
PIBHIOE OOVHWLi [OBXWHW, OOPIBHIOE OANHULI JOBXWHW, JOPIBHIOE OANHULL

oAVHNL

257



PO31I/1 3. OO'eM1 Ta MOLLi NMOBEPXOHb FEOMETPUYHUX Tifl

O3HaueHHs. [lBa Tina, Wo malTb piBHI 06'eMmu,
Ha3MBalTbCA pi6HOBe/IUKUMU. Puc. 10.1

Hamnpukiazn, piBHOBeIUKNMU € Tijla, CKJIaIeH1
3 OJJHAKOBOI'0 YmucJja piBHUX KyOukis (puc. 10.1).

Hna sHaxomKeHHA 00’€MiB TiJl 3pyYHO 00’€[T-
HYyBaTHU IEeBHi Tija B KJyacu. I3 1iero meToro cdop-
MYJIIOEMO 3arajibHe O3HaueHHs ITUJIiHIpa.

Hexait o i B — paBi mapaJseswbHi miroru-
HU, | — 1mpAMa, IO IIepeTHHAaE IIi IMJIOIIUHI;
F — @irypa Ha omHiil i3 mux miomuu, F’ — ii

mapaJjieibHa TPOEKIIiA Ha iHITYy IJONIMHY B Ha-
npamky npamoi [ (puc. 10.2, a). Vci Bigpiskwu,
10 CIIOJYyYaloTh TOUKU (irypm F 3 ixHiIMU mIpo-
eKIlisIMH1, YTBOPIOIOTH (Girypy B IIPOCTOPi, AKY
HasBeMO yuaindpom. @irypu F i F’ HasuBarmoTh
ocHosamu yuaiHdpa. BimcTamb Mimk mIOITUHAMU
OCHOB Ha3WBAIOTH BUCOMOI0 UULIHODA.

Y Bumajgky SIKIIO0 B O3HAUEHHI IIMJIHApPA 3aMiCcTh ITapaJjieibHOI MPOEKIil
OepeTbCsA OpPTOrOHAJIbHA, TOOTO NpAMa [ IMEepPHeHAUKYJIApPHA A0 IJIOIMIUH O
i B, To muniagp wasusaoTh npamum (puc. 10.2, 6). A Ao Hi, TO TUIIHIP
HA3UBAIOTh NOXUJLUM.

3asHaumMoO, IO 3 MO3UI[il 3araJbHOT0 O3HAUYEHHS IUJiHIApPAa OKPEMUM
BUIIQJJKOM TAKOTO ITWJIiHJpa € IpusMa.

Y Bumagky AKIIO ocHOBa F mwiriHAapa € KpyroM, TO IIMJIIHADP Ha3WBAIOTH
Kpyzoeum. Panirie Mu posrigapanu TiIbKYU OIpAMi KPyroBi IUIiHAPM i Ha3U-
BaJIM IX mpocTo ImaiHapamu (y 3adauax uvozo po3diny nid cio60m «UuaiHOp»
MU MAKON PO3YMIMUMEMO NPAMUL KPYz08Uil YUJiHOD).

3uatigemMo GopMyay i O0UMCIeHHSA 00’€My IPAMOTO IUJIiHAPA, OCHOBOIO
SKOT'0 € JMOBiJIbHA oOMe:KeHa 3aMKHeHa MJocKa ¢irypa.

Puc. 10.2
a l 6 l
F ) CF )
N 4 N o W
R e o -2 ___ & _ ____ ¥V 4
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Teopema 10.1. O6'em npamoro uuniHapa gopie-
HI0E [O6YTKY nuowi MOro OCHOBM Ha BUCOTY. Puc. 10.3

» CnoyaTKy poO3rAHEMO BMMAZOK, KOMU B OCHO-
Bi UMNiHApa NeXuTb KBafpaT 3i CTOPOHOIO, LIO
OOPIBHIOE oAMHNMLUI, a BMCOTa uuANiHApa [OpiB-
Hioe H (puc. 10.3). Ockinbku 3agaHa oavHULA H
BUMIPY LOBXWHW i Ti YaCTUHW YKNajaTbCA y BU-
coTi H pasiB, TO N ogyHUYHWUIA KY6 YyKnagaTu-
MeTbCA B LbOMy UmniHApI H pasis, oTxe, 06’em
uuniHgpa gopisHioe H.
Tenep po3rnaHemMo NpAMUIA LMAIHAP i3 noLielo
ocHoBu S i Bucotoo H. Buokpemrumo B HbOMy 1
Wwap BMUCOTOK 1, AKNA € MPAMUM LUIIHAPOM i3
TIEIO CaMOK OCHOBOIO, WO i 3aJaHui UuUNiHAP
(puc. 10.4). KoXHOMY OAVMHUYHOMY KBagparTy,
WO NeXWnTb B OCHOBI UMNiHApa, Bignosigatume
OOVHWYHUIA Kyb, WO MicTuTbcA B wapi. Te, wo
naoLa OCHOBW LuMAiHAPa OOPiBHIOE S, 03HauaE,
O OAMHWYHUN KBagpaT i MOro YacTMHW yKiada-
I0TbCA B OCHOBI LuniHapa S pasis. Tomy oguHWY-
HWUIA Kyb i IOro YacTUHU yKnagaTumyTbCA B LWapi,
BMCOTa SIKOro AopiBHIOE 1, S pasiB, TO6TO 06'em
BMIOKPEMJIEHOTO LWapy JOpiBHIOBaTNME S.
Te, wo BucoTa yuniHgpa JopisHE H, 03Hauag, H
O OAVHUYHMIA BiAPI30OK i MOro YaCcTMHM yKnaga-
toTbcA No Bucoti H pasis. OTxe, BugineHnin ogu-
HUYHWMA Wap i MOro 4acTMHM YKNaAaTUMyTbCA
B UMAinApi H pasis. 1
Maemo: oguHuYHMIN Ky6 yKnagaeTbcA B LWapi S
S pasiB i Uen wap yknagaerbca B uuningpi H
pasiB. OTxe, OAMHWYHMI Ky6 yKnagaTmeTbcA
B unniHgpi S-H pasiB, T06T0 Mae micue ¢op-
Mmy”na

Pnc. 10.4

V=SH, (@)
e S — nnouwa ocHoBu, H — BrcoTa uuniHgpa.

OCKiJbKM IPAMOKYTHUU ITapaJiejielines], IpAMa IpusMa i IpPaMUN Kpyro-
BUU IUWJIIHAD € OKpeMUMU BUIAJKaMU PO3IVIAHYTOr'O IPAMOI0 IUJIIHApA, TO
3 (opmysau (1) omep:KMMO TaKi HacCHaiIKH.
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Puc. 10.5 Puc. 10.6 Puc. 10.7
D, C,
R
A
1 B1
H H
G
b 2 c
S
A a B

Hacnigok 1. O6’em npAMOKyTHOro napaneneninega (puc. 10.5) gopiBHIo€ fo-
@ 6YTKYy TpbOX MOro BUMIipiB, TOOTO Mae micue ¢opmyna V=a-b-c, ge a, b,

¢ — pebpa mpAMOKyTHOTO mapaJejeninena. (Cupasai, y I[bOMY BUIIAIKY

S=a-bic=H.)O6em Kyba V=a®, nea — pebpo Kyba.

D Hacnigok 2. O6’em npsamoi npusmun (puc. 10.6) fopiBHIOE fO6GYTKY nioLi iT oc-
HOBM Ha BUCOTY, TO6TO Mae micue ¢opmyna V =S-H, ne S — moma ocHO-
BU, H — Bucora IIPpU3MHU.

@ Hacnigok 3. O6’em npamoro Kpyrosoro uuiidgpa (puc. 10.7), BUcoTa AKOro fo-
piBHI0€ H i pagiyc ocHoBuM R, 06umncnioeTbca 3a dopmynoto V = nR? - H.

(CmpaBni, y mboMy BUIIAAKY S=TER2.)

NMPUKNAOWN PO3B'A3YBAHHA 3A0AMY

3apauya 1. OcboBuI Nepepi3 NPAMOro KpPyroBoro LuiiH-
Apa — KBagpat 3i ctopoHow a (puc. 10.8). Puc. 10.8
3Hanpitb 06’em uuniHgpa.

O
VAP

=

KomeHTap

AKLWO ocboBUI Nepepi3 yuniHgpa — KeBagpat (puc. 10.8), To BY
Bucota AB uuniHapa QOpPIBHIOE a i AiameTp ocHoBU AD Tex
ZOpiBHIOE a. AKWo pagiyc ocHoBu gopiBHOE R, T0 2R =a, oT-

xe, R= %. [Hani BukopuctoByemo dopmyny ob'emy LuniHapa

0.———————-—-.

V =nR’H. Il
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Po3B’A3aHHA
) SxIimo cTopoHa KBaapaTa ochoBoro mepepisy (puc. 10.8) mopiBHIOE a, TO BucoTa

. . a .. , .
muiaiaapa H =a, a pazgiyc ocaoBu R =—. Toxi itoro o6’em mopiBHIOE

3
V:nRsz%.

3apaya 2. B ocHOBIi npsAmoro napaneneninega

(puc. 10.9) nexutb pomb 3i CTOPOHOIO Pnc. 10.9
4 cm i roctpum Kytom 30°. 3Hanmgitb D
o6’em napanenenineaa, AKLWO AiaroHanb ! C,

noro 6i4HOI rpaHi JopiBHIOE 5 cm.
KomeHTap A B

Ockinbky npAMMiA Napanenenines € NPAMOIO NPU3MOL0, TO
OnA obuncneHHs noro o6'emy MoxHa ckopuctaTuca Gop-
mynoto V' =S-H, pe S — nnowa ocHoBu, H — BurcoTa D C
npusMn, AKa B NPAMIA NpU3Mi 4OPiBHIOE BiuHOMY pebpy.

[nst 06UMCNeHHs oL pom6a, Lo NEXNTb B OCHOBI, MOX- \300
Ha CKOPWCTATMCA TUM, LLO NJI0Wa napasnesnozpama 00pieHIOE A
006ymKy CyMiXXHUX CMOPIH HA CUHYC Kyma Mix HUMU.

Po3B’si3aHHA

» Hexait y npamomy napanenenineni ABCDA;B,C,D; (puc. 10.9) BC, =5 cwm,
ABCD — pom6: AB=BC=CD=AD=4 cmi £ BAD=30°.

Is mpamokyrHoro TtpukyTtHuka BCC; (mapaiesenimes NOpaAMHUM, TOMY
C,C Lnn. ABCD) maemo:

C,C=BC2 - BC? =\5>—4% =3 (cm).
socﬂzAB-AD-sin30°=4-4%=8 (c?).
Togi V=8 -H=8,,, C,C=8-3=24 (ar’).

3ATMNTAHHA

1. IToscHiTs, 10 Take 00’eM Tija B mpocTtopi. ChopmyJroiiTe OCHOBHI BJa-
CTUBOCTi 00’emy.

2. ChopmyttoliTe 3arayjbHe o3HaueHHsA Iuairgpa. 11lo Take ocHOBuU, TBipHa
i BuUcoTa Takoro muaingpa?
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3. 1) Yomy mopiBHIOE 00’eM IPAMOTO IUJIiHAPA (AJ1A 3araJbHOTO PO3YMiHHS
murinapa)?
2%) O6rpyuTyiiTe BiamoBigHy (opMyiy.

4. 3anuIiliTe POpMYyJay OJs O0UMCIEeHHS 00’eMYy:
1) mIpAMOKYTHOTO ITapaJieJierinena;
2) mpsaMol IMpU3Mu;
3) IpPAMOro KpyroBoro ITMJIiHIpA.
IoscHITE crrpaBedIMBiCTL ITUX (HOPMYII.

BMPABU
10.1. Yz moxxe o0’em (hirypu B mpocTopi OyTu:
1) Big’eMHUM YKCJIOM; 2) mymem?

10.2° Yomy mopiBHIOE 00’em mpocTopoBoro xpecra (pmc. 10.10), axmo pebpa
Ky0iB, II[0 H1Or0 YTBOPIOIOTH, AOPiBHIOIOTH OSUHUIII?

10.3° Homy mopiBHIOE 00’€M MHOTOT'paHHUKA, 300paskenoro Ha puc. 10.11 (yci
IBOrpaHHi KyTu mnpami)?

10.4°, 3HaiigiTe 060’eM MHOTOrpaHHUKA, 300paskeHoro Ha pmc. 10.12 (yeci gBo-
rpaHHi KyTH OpAMi).

10.5. Uepes aBa mpoTHUJE:KHiI pebpa Kyba HPOBEAEHO MJOIMUHY. ¥ SAKOMY
BiTHOIIIEHHI ITA IIJIOIIMHA AiJIUTL 00’eM Ky6a? IlosdcHiITH BiAmoBinsb.

10.6. [Tiaromass Kyba mopiBHIOE 6 cM. 3HaAWIITH #Horo 06’eM.

Punc. 10.10 Puc. 10.11 Punc. 10.12



§10.

Puc.

10.7¢.

10.8.

10.9.

10.10.

10.11.

10.12.

10.13.

10.14.

10.15.

MoHATTA o0'eMy Tin. OO'eMW MpM3MK 1 UMNIHAPA

10.13 Puc. 10.14

5
01 )900

3uaiigiTe 060’em V uvacTMHN IUJIiHIpPaA, 300pakeHoi:
1) ma puc. 10.13; 2) ma pumc. 10.14.

OCHOBOIO TIPAMOI TPUKYTHOI IIPU3MHU € MPAMOKYTHUNH TPUKYTHUK i3 Ka-
Teramu 6 cm i 8 cm, Bucora mpusmu mopiBHIOEe 10 cMm. 3HalgiTL 06’eM
miel mpuaMu.

3HaiaiTe 00’€eM IIPABUJIBHOI YOTUPUKYTHOI MPU3MHP, CTOPOHA OCHOBU
axol gopiBHioe 6 cM, a BumcoTa 5 cM.

AK smMiHuUTBCS 00’€M NPSIMOKYTHOI'O IIapaJiejielrinena, SKIIO:
1) oguu i3 fioro BuMipiB 36inbIINTH B 2 pPaswu;

2) mBa ioro BuMipu 30iJBIINTH, KOKEH y 2 pasu;

3) yci Tpu #oro BuMmipu 30igbiiuTH B 2 pasu?

3HAWIITE BUCOTY IIPABUJIBHOI YOTHPHUKYTHOIL MPU3MHU, SIKIIO CTOpoHA ii
ocuoBu gopisHoe 20 cM, a 06’em 4800 cm?.

Yepes cepenHIo JiHiII0 OCHOBM TPUKYTHOI IPU3MU IPOBEIECHO IJIOIIUHY,
napaJjeJbHy OiuHOMY pPedpy. ¥ AKOMY BiTHOIIEHHI IIA ILJIONIMHA TiJIUTh
00’em mpuaMuU?

AxK BigHOCATHCA 00’€MU IBOX KyOiB: 3aJaHOr0 i Moro mMozesi, 3MeHIIIeHO1
B Macirabi:
1) 1:2; 2) 1:3; 3) 1:n?

Busnaute 06’eM IpAMOKYTHOTO IIapaJjeJieninena, AiaroHaab SKOTO JAOPiB-
HIO€ d 1 yTBOPIOE 3 IIJIOIIMHOIO OCHOBU KYT (), a 3 ILJIOIIMHOIO OiuHOI
rpai — Kyt .

YV npamomy mapaJiesenimeni CTOPOHM OCHOBU JOPiBHIOIOTH 16 cm i 10 cm
Ta yTBOpPOIOTE KyT 60°. Menma piaroHanb IapaJjiejeninesia yTBOPIOE
3 momuHoI0 ocHOBU KyT 30°. BusmauTe 006’eM I[hOT0 IIapaJiesemnimesna.
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10.16.

10.17.

10.18.

10.19.

10.20%

10.21%

10.22.

10.23.

10.24.

10.25.
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3a CTOPOHOIO0 OCHOBU a i GiuHoMy pebpy b 3HaiimiTh 060’€M IIPaBUIBHOL
IPUBMU:

1) TPUKYTHOI;

2) YOTUPUKYTHOI;

3) IIEeCTUKYTHOI.

3HalmiTh 00’eM (irypu, yTBOpeHOI B pesyiabTaTi o0epTaHHS KBaapara
HaABKOJIO MOTO CTOPOHM, IO JOPiBHIOE A.

HiaroHajp OCBOBOTO IIepepidy IMJIIHIpa HOPiBHIOE a i HaxmjgeHa [0
IJIOIIUHY OCHOBU Hif KyToM . 3HaWAiTH 06’eM muiIiHAgpa.

IBa muaiHapu yTBOpeHi o6epTaHHAM TOT0 CAMOTI'0 HPAMOKYTHUKA
HaBKOJIO KOXXHOI 3 HEPiBHUX 1Oro ctopiu a i b. K BigHOCATHCA 00’€eMU
nuX IIiHApiB?

Y ckinpkm pasiB 00’eM IIMIiHApA, OIMMCAHOTO HABKOJIO IPaBUJILHOL
YOTUPUKYTHOI MPU3MHU, OiIbIInii 3a 00’eM IUJIIHApPA, BIKNCAHOIO B TY
camy mpuamy?

HoBeniTh, 1m0 Oyab-AKa IJIOIMHA, AKa IIPOXOAWTH Uepes3 IEHTDP Kyoba,
IinuTh HOro Ha IBi PiBHOBEJINKI YacTUHMU.

BuaBiTb CBOIO KOMMNETEHTHICTb

Y muiaisgpuuHy TOCYAMHY IiaMeTpoM 8 CM i3 PigMHOI0 3aHypPUJIUN
meranb. IIpu 1mpboMy piBeHBb pPiAMHM B mocyAuHi migHaBca Ha 10 cm.
Axuii o6’em meraai?

Y nunimapuuHiii mocyauHi piBeHb pigmHM nocarae 20 cm. Ha axrin
BUCOTi CTaHe piBeHb DPiAWHU, AKNI0 IEpeJUTH i1 B iHIY HTOCYAUHY,
miameTp AKol y 2 pasu OiJbIIHWKA 3a AiaMeTp IIepIioi?

Ilepmuit Kyxoab yaBiui Bumuii 3a APYyruii, IpPOTe IPYTUUA y OBa pasu
MINPIIKi, IPpUYOMY OOMIBa MAIOTh IMIiHAPUUYHY (Gopmy. O0’eM sIKOro
KyXJsa Olabmiuii?

Ha monumi B marasmHi cToATh ABi 6aHKU abpPMKOCOBOTO BapeHHSA Of-
Horo copry. OmHa 6aHKa y 2 pasu BUINA 3a APYyry, mpore ii miamerp
y 2 pasu MeHuii. Bucoka 6anka Kormirye 23 I'pH, a HU3bKa — 43 TI'pH.
Ary Gauky Burigmiine KynouTu?



§ 11.06°EM NOXUNOI NPU3MM.
0b’EMU NIPAMIAN | KOHYCA

Tabnuusa 11

AKWo B pe3ynbraTi NepeTnHy ABOX NpPo-
cToposux Tin @; i @, nnowmHamu, na- ‘I’l <P2
panenbHUMW OZHIN i Tih Camii NMAOLWNHI, ; 1 /

y nepepisax oaepxytoTbca ¢irypn F e, L/ i

i F, opHakoBoi nnoLi, To 06'eMn BIXia-
HWX MPOCTOPOBUX TiNl PiBHI.

3

1. 06’em noxusnoi npusmu [OPIBHIOE JOGYTKY MnioLli i OCHOBU Ha BUCOTY.
V=SH
2. 06’em nipamiou [OPIBHIOE OLHI TPETUHI BO6YTKY Mol i OCHOBU Ha BUCOTY.

1
V==SH
3
3. 06’emM KOHyca [NOPIBHIOE OfHIN TPETMHI JOOYTKY MoLLi NOro OCHOBM Ha BUCOTY.
1 1
V=-S-H=—nR* H,
3 3

ae R — pagiyc ocHoBu, H — BMCOTa KOHyca.
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MOACHEHHA N OBI'PYHTYBAHHA

Posrimamemo meton obumciieHHS 00’€MiB IIPOCTOPOBUX (Piryp, 3aImrpomoHO-
BaHUM itajificbkkuMm MmareMmMaTukoMm B. Kapaabepi (1598-1647) i masBamuii
srogom npuHIuIoM KaBaabepi. Bim mossarae B taxomy.

MpuHuun KaBanbepi. AKwo B pe-
3ynbTaTi NnepeTuHy ABOX NMPOCTO- Puc. 11.1
poBux Tin @; i P, nnowmHamm,

napanenbHUMMN OAHIN i Ti camin
NAowWunHi, y nepepiszax ogepxy- 7 1 2
1oTbca ¢irypu F, i F, opHakoBoi
nnowi (puc. 11.1), To 06’emn BUXig-
HUX NPOCTOPOBUX TiN PiBHi.

Crpore OOTDPYHTYBaHHSA ITPUHITHU-
ny KaBanbepi mpoBoauThCA B Kypcax
MaTEeMaTUYHOTO aHaJi3y. 3a3HaunMO B
iero OOI'PyHTYBaHHSA IIHOT'O IIPUHITU-
y. ¥aBuMo, 1o Tina @; i P, ckia-
IeHi 3 TOHKHUX IITapiB OJHAKOBOI TOBIIWHU, SAKi OJEP:KYIOTHCA B Pe3yJbTaTi
nepeTuHy Tin @; i P, miomuHAMU, NTapaJeJbHUMU JedKill safaHil IJIOIUHL
(puc. 11.1). Tina, omepskaHi B KOKHOMY i3 IIUX TOHKHUX ITapiB, MOKHA Ha0/IU-
JKEeHO BBasKaTU NpaMuMu Iuiaiaapamu. Toxi 3 piBHOCTI mjoml iX OCHOB i piB-
HOCTi BHUCOT OJ€pP’KYEMO, IO PiBHi I 00’eMM YAaCTHH 3aJaHUX ITPOCTOPOBUX TiJ
y KoxHoMy mapi. Orike, piBHi # o6’emu Tin @; i PD,, ckiIageHHX i3 piBHHX
YaCTUH Y KOYKHOMY IITapi.

Teopema 11.1. O6’em noxwunoro uu-

niHapa AopiBHIOE AO06GYTKY naoui Puc.11.2
I0ro OCHOBU Ha BUCOTY.

» [lna 3agaHoOro noxmnoro uuniHgpa
3 OocHoBot F, nnowa AKoi [opis-

Hioe S, i Bucotoro H po3rnsaHemo H
NpPAMUA  UMAIHOP i3 Takol Camolo
OCHOBOIO 1 BUcoTOolo. Po3Tawyemo ui F

ABa LMniHapW TakK, Wwob ix oCHOBWU ne-
»Kanv B ofHIn naowmHi (puc. 11.2).
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Topi nepepi3n uux LUMNIHAPIB NAOWMHaAMK, NapanenbHUMN Ui NAOLWMHI, AafyTb
obirypu, wo popisHiooTb dirypi F, oTXKe, BOHU MaTUMyTb PiBHi noLi. 3a npuHuK-
nom KaBanbepi MaeMo PiBHICTb 06'EMIB LUNIHAPIB, @ OTXKe, Ansi 06UNCNIeHHs 00'e-
My MOXMSIOrO LUNiHAPa MOXHA CKOPUCTATUCA TiEl camoro popmynoto, Wo 1 ans
06UYMCIIEHHS 06'EMY NPSMOro LuniHApa:

V=SH,
ne S — nnowa ocHosw, H — BUCOTa wuniHapa.

OckinbKHM IOXMJIa IPU3Ma € OKPEeMHM BHIIAJKOM PO3LIAHYTOTO B JOBe-
menHi Teopemu 11.1 moxwmJioro MuUJIiHApa, TO 3 HaBeAeHOI BHIlle GOPMYIU
MaTHUMEMO HAaCJIiIOoK.

Hacnigok. O6'em noxunoi npusmn 3 miouero ocHoBm S i Bucotoro H o6umnc-
neTbcA 3a popmynoro

V=SH,
Ime S — mJjolna ocHoBH, H — BmcoTa mpusMU.

ChopmyiiroemMo 3arajbHEe O3HAUEHHS KOHYCA,

110 J03BOJIsIE 00’€JHATHM B OAWH KJIaC POSTIIAHYTI Puc. 11.3
pamimre KoHycu ¥ mipaminm.
Hexait F — @irypa Ha niaommuHi o, S — S

TOUKAa II03a IIi€l0 IIJIOIMMHOM. Bei Bimpiskm, 10
cnony4amTh Touku Qirypm F i3 Toukorw S, yTBO-
poIOTH (irypy B IIpocTopi, AKYy Ha3WBATUMEMO
Konycom (puc. 11.3).

dirypa F Ha3uMBaeThCA OCHOB01 KOHYCa, TOY-
Ka S — gepwuHol0 KoHyca. IlepneHIUKYJIAD, IIPO-
BeleHNI i3 BepIIMHNU KOHYyca Ha IJIOIUHY OCHOBH,
Ha3UBAEThHCA 6UCOMOI KOHYCA.

Y Bunagkry axmo ¢girypa F € KpPyrom, KOHYC Ha3WBAETHCA KPYZOBUM.
SIkmI0 BHMCOTa KPYroBOro KOHYCA HPOXOAUTH 4Yepe3 IeHTP OCHOBUW, TO Ta-
KUl KOHYC Ha3UBAEThCA npaMum kpyzoeum. Pamimie My posriananm npami
KPYTroBi KOHyCH i HasWBaJM IX IPOCTO KOHycamu'. 3a3HAUUMO, II[0 OKPEMUM
BUMIAIKOM KOHyca B HOBOMY PO3YMiHHI € TaKOMX mipamiza.

VY Bamauax [0 IBOTO i PEIITH PO3ILIiB IIiJi TEPMIHOM <«KOHYC» IIPOLOBIKYBATHIMEMO
po3yMiTu mpsaAMuUil KPyroBuii KOHYC, a y3arajbHeHe HOHATTSA KOHyca HaM IMMOTPpi0He TinbKu
IIJIs1 CIIPOIIeHHA AOBEIeHHSA OCHOBHUX (DOPMYJI O0UMCIEeHHSA 00’ €MiB.
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Buxopucrosyroun npuniiun KaBajabepi, JoBemeMo TaKy TeopeMmy.

Teopema 11.2. AKwWO ABa KOHYCM MaloTb PiBHI BUCOTU 1 OCHOBU PiBHOI NoLyi,
TO iXHi 06’eMn piBHi.

Hexan Konycn @; i P, MaloTb BUCOTH, LIO

ZJopiBHOOTb H, a 0CHOBM noweo S pos- Puc. 11.4

TallOBaHi B OfHIN naowuHi o (puc. 11.4).

MpoBegemo niowurHy B, NnapanenbHy nio- D, D,
WWHI o, Ha BigcTaHi x Big Hei (0<x < H).

Topi ¢irypu F, i F,, WO yTBOPIOOTLCA F F

B Mepepi3ax KOHycCiB nnowuHolo [, no-

[i6Hi BigNoBiAHMM OCHOBaM, i KoedilieHT p
nofibHocTi £ B 060X BMMaAKax [OPIBHIOE
BiQHOLIEHHIO BWCOT BiANOBIAHNX KOHYCIB:
k=(H-x):H. Otxe, nnowi S; i S, oi-
ryp F, i F, BignoBiJHO BMpaXaloTbcA
bopmynamu SI=k2~S, Szzkz-S, T06TO
BOHM piBHi. 3rigHo 3 NnprHUMNom KaBanbepi
MA€EMO, O 06'EMU KOHYCIB PiBHi.

Teopema 11.3. O6’em nipamign fOpPiBHIOE OAHIN TpeTuHi AO6YTKY nnoui ii
OCHOBU Ha BUCOTY.

Po3rnaHemo crnoyaTky BUNagoK TPUKYTHOI Nipamian (AK 4acTMHHMIA BUNALOK 3a-
raflbHOro KOHyca).

Hexan A;ABC — TpukyTHa nipamiga (puc. 11.5). [Jobyayemo ii 1O TPUKYTHOI
npusmn ABCA,B,C;.

MnowmHn A;BC i A;B;C po36usaloTb Lo Npu3my Ha Tpu nipamign — A; ABC,
A;BB,C i A;CC,B; 3 BeplunHamu B TouLi A;.

Mipamiogn A;BB,C i A;,CC;B; wmaioTb

piBHi ocHosn BB;C i CC;B;, 0OCKinbku Puc. 11.5

piaroHans CB; po36uBae napanesnorpam C
CBB,C; Ha fBa piBHi TPUKYTHNKMN.

Kpim TOro, 3agaHi nipamign marTb CnifibHY
BEPLUMHY, @ IXHi OCHOBM NnexaTb B OAHil
nnowuHi. OTXe, Ui Nipamian makoTb Cninb-
Hy BKCOTY. 3a Teopemoto 11.2 ui nipamign
MaloTb PiBHI 06'emu.

PosrnaHemo Tenep nipamign A;ABC
i CA;B,C,. BoHu matotb pisHi ocHosn ABC
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i A;B;C; Ta piBHi BUCOTW (AOPIBHIOTb BUCOTI Npu3mMn). ToAi BOHM MaloTb PiBHI

06’emu.

OTXe, 06’'eMU BCiX TPbOX PO3MNAHYTMX Mipamig pPiBHi.

YpaxoBytouu, Wwo ob'eM Npu3mu OOpPiBHIOE [OOYTKY M/oOLWi OCHOBM Ha BUCOTY,
opepXUMo popmyny 06’eMy TPUKYTHOI Nipamigu:

v=1s.m,
3

ne S — nnowa ocHoBu, H — BUCOTa nipamign.

AKWO B OCHOBI Mipamign NeXuTb AOBIIbHUN MHOTOKYTHUK, TO PO3MIAHEMO TpU-
KYTHY nipamigy 3 Takow camolo BUcoToo H i Takol camolo nioLieo ocHosu S.
3a Teopemoto 11.2 06’emn uux nipamia piBHi, oTKe, Mae micue bopmyna

1
V=—SH,
3
fe S — nnowa ocHoBu, H — BuUCOTa nipamign.

Teopema 11.4. O6’'em KOHyca AOpPIBHIOE OAHIN TPEeTUHi AO6YTKY nioui noro
OCHOBU Ha BUCOTY.

» [InA 3ajaHOro KoHyca 3 OCHOBOIO, MJio-
Wwa fAKoi gopiBHIOE S, i BUcotolo H pos- Pric. 11.6
rMAHemMo fAKy-Hebyab nipamigy 3 Takumu
cammMmu nnoluietro ocHosu S i BucoTtow H 1 2
(pnc. 11.6). Togi 3a npuHUMnom KaBanbe-
pi opepXKyemMo, Wo o6'emmn LumUx nipamian F F
i KOHyCa piBHi.
Ane ans o6’emy nipamign mae micue pop- B
Mmy”na

v=1s.m,
3

ne S — nnowa ocHoBu, H — BucoTa ni-
pamign. OTXXe, BOHa Ma€ micue i ana ob'e-
My KOHyca (ne H — BMcOTa KOHyca).

3oKpema, AnAa NPAMOro KpyroBoro KOHyca, B OCHOBI AKOro NIeXuTb Kpyr pagiyca R

i BUCOTa sAIKoro gopiBHioe H (topi S = nRz), Ma€ Mmicue dopmyna

V=énR2-H.
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NPUKNAOW PO3B'A3YBAHHA 3A0AY

3apgaua 1.

OcHoBa noxunoro napaneneninefa — KBagpart 3i ctopoHot 1 m. OgHe

3 6iyHKX pebep OOPIBHIOE 2 M | YTBOPIOE 3 KOXKHOLO i3 Npuneranx cto-
piH ocHOBYK KyT 60°. 3HangiTb 06’em napaneneninega.

Po3B'sAi3aHHA

»Hexait ABCDA,B,C,D, (puc. 11.7) —
3aJaHUl TOXUJHUN IapaJiejelinen
(ABCD — kBagpat, AB=1 ™, AA,; =2 M,
LAAB=/AA;D=60°).

IIpoBememo Bucory A;0 mapaieneninena
A0 Lun. ABCD. OckinbKy B IOXUJIOMY
napadiesemnineni 6iune pe6po AA; yTBo-
pIOE PiBHI KyTH i3 CyMiXKHUMU CTOPOHA-
MU OCHOBH, TO Ile Pe0pPO MPOEKTYETHCA HA
GicexkTprcy Kyta BAD, ToOTO Ha JiaroHaJib
AC (O € AC) kBagpara ABCD. IIposexemo
OM 1L AB, roni A{M 1 AB 3a TeopeMoIo
PO TPU HEPIEeHIUKYJIAPU. I3 MTPAMOKYT-
Horo TpukyTHUKa AA; M MaeMmo:

AM = AA, -c0s60°=1 (u).

I3 TpAMOKYTHOrO TPUKYTHUKA

AM =\/§ (m).

cos45°

Is npamokyrHOro tpukytHuka AA,O

Ma€eMo:
A,0=\AAZ-AO® =
- 22—(\/5)2 =2 (w).

Toxi o6’em samaHOro mapaJjeemimena
IOPiBHIOE:

AOM maemo: AO =

KomeHTap

AKLo B noxunin npusmi (@6o B nipamiai)
6iuHe pebpo YyTBOPIE piBHI KyTW i3
CYMi>KHMMM CTOPOHaMM OCHOBW, TO BO-
HO MPOEKTYETbCA Ha NPAMY, LLO MiCTUTb
GiceKTpuUcy KyTa MiX UMMM CTOPOHaMU
OCHOBU (Tab6n. 4). A ocKinbku 3agaHi
piBHI KyTu rocTpi, To 6iuHe pebpo AA,
NPOEKTyBaTMMeTbCA Ha bicekTpucy
KyTa BAD (puc. 11.7), Aka y KBagparti
ABCD € piaroHanno AC.

[na obumcneHb 3pyYyHO 3 OCHOBU BU-
cotn napaneneninega (touku O) npo-
BecTu B nnouwwuHi ocHoeu OM | AB
i BMKOpPMCTOBYBaTM Teopemy Mpo
TpU nepneHAuKynapu (ofepxumo
A;M 1 AB). NoTim NocnigoBHO po3-
FMAHYTU MPAMOKYTHI TPUKYTHUKM:
AAM (3Haxogumo AM), AOM (3Ha-
xoanmo AO), AA,0 (sHaxogumo A,0).
[ani moxHa ckopuctatuca bopmynoto
Ansa obuncneHHa ob'emy noxmnoi npu-
svu V=S,  H.

Puc. 117 | D, C,
A, B,
D C
60°
A 27170 B
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3apaua 2.

OcHoBolo nipamign € NPAMOKYTHUN TPUKYTHUK i3 KaTeTamu a i b. Kox-

He Ti 6iuHe pebpo HaxmneHe JO MAOWMHN OCHOBU Mif KyTOM @. 3Hai-

LiTb 06’eM nipamign.
Po3B’A3aHHA

» Hexait y mipamigi SABC (puc. 11.8)
TpUuKyTHUK ABC IpAMOKYTHUHA
(£C=90°,BC=a, AC=0).
IIpoBenmemo Bucory mipamiam SO. OcKijb-
KU 3a YMOBOIO Bci 6iuHi pebpa mipaminm
OHAKOBO HAXWJIEHi [0 MJIONUHY OCHOBH,
7o O — ILIEHTD KO0JIa, OMMCAHOI'0 HABKO-
JI0 OCHOBHU, TOOTO Touka O — cepenmHa
rinmoTenysu AB. YpaxoByiouu, 1110 Biapi-
30K AO — mpoek1ia 6iuroro pedpa SA
Ha ujomuny ABC, ogep:KyeMmo, IO
/SAO — gyt Haxuny OiuHOoro pedpa
SA no mmomuHu ocHOBU i1 L SAO=¢.
Is mpamoryTHOrOo TpuKyTHuUKA ABC
OZIEPIKYEMO:

AB=+BC?+AC? =\a?+b? |

Tomi AO=%AB=%\/(12 +b2.

I3 mpamoxkyTHoro tpukyTHuka SAO
MaeMo:

SO=AO-tg(p=%\/a2 +b2 tgo.
Opep:xyemo:

1 1
V==8 .80 =—.
3 ANABC 3

=%\/a2 +b2 tgo.

BC-AC-SO=

N | =

KomeHTap

CnoyaTtKy BM3HauYMMO pO3TallyBaHHA BUCO-
TV Nipamigun: AKLWo BCi 6iyHi pebpa nipami-
AV OOQHaKOBO HaXusleHi A0 MAOLWUHN OCHO-
BW, TO OCHOBOIO BMCOTY Mipamigmn € LIeHTp
OMNUCaHOro HaBKOMO OCHOBW Kona (Tabn. 4).
fIK BiZOMO, LeHTp Kona, ONUCaHOro HaBKO-
N0 NPAMOKYTHOIO TPUKYTHUKA, NEXUTb
y cepeauHi rinoTeHysu.

MoTiM BM3HAUMMO KYT MiXK GiuyHUM peb-
POM i MNOWMHOK OCHOBU (KYT Mi>XK no-
XWUIOK0 | MIOWMHOK — e KYT Mi>K Noxu-
1010 Ta i1 NPOEKLIEI0 Ha L0 MAOLMNHY).
Ona BuKopucTaHHA ¢opmynn ob6'emy

1
nipamign V= ESOCH -H  3Haxogumo

Snapc = EBC-AC i BUcoTy mipamign SO

(i3 npAMoKyTHOro TprKyTHUKa SAO).

Pnc.11.8 S

3apauva 3. 3HangitTb 06'eM YaCTMHM KOHYCa, 306pakeHoi Ha puc. 11.9.

KomeHTap

OckinbKy B OCHOBI Tina, 306paeHoro Ha PUCYHKY, IEXKNTb CEKTOP i3 LIeHTPaNbHUM Ky-
Tom 90°, TO 1Oro Aiyra CTaHOBUTb YBEPTb YCbOro KOJsla OCHOBY KOHYCa (AKMI MiCTUTb 360°).
BucoTa 3apaHoro Tina 36iraeTbca 3 BUCOTOK KOHYCa, TOMY 3afjaHe Tilo CTaHOBUTb YBEPTb
KOHYca 3 pafiycom ocHoBY 12 i Bucototo 16.
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» Ha puc. 11.9 300paskeHa uBepTh KOHYyca 3 pagiycom
ocuoeu R=12 isucororo H =16.

Tomi V,,,, = EnRZH =768 (xy6. o1.). 16

Orxe, V.

PO31I/1 3. OO'eM1 Ta MOLLi NMOBEPXOHb FEOMETPUYHUX Tifl

Po3B’A3aHHA Puc. 11.9 S

1

1y _ %. 768n=1921 (ky6. ox.).

Tima — , ! kom
4

3ATNMNTAHHA

1.

ChopmyroiiTe npuHuun Kasaabepi aas mopiBEAHHS 00’eMiB ABOX (iryp
y TIpOCTOPi.

. 1) Yomy nmopiBHIOE 00’€M IIOXMJIOI ITPU3MIU?

2%) O6rpyuTyliTe BiamoBigHy (opMyIy.

. ChopmyaioiiTe 3arajbHe O3HaueHHA KoHyca. II[o Take ocHoBa i BmcoTa

TaKoro Kouyca?
1) Yomy nmopiBHIOE 00’eMm Iripaminu?
2%) O6rpyuTyliTe BiamoBigHy (opMyIIy.

. 1) Homy mopiBHIOE 00’eM KOHYyca?

2%) O6rpyuTyliTe BiamoBigHy (opMyJIy.

BMPABU

11.1°

11.2°

11.3.

11.4.

B ocnOBi moxmyoro mapaJseneninesna Jie;XuTh pom06 13 miaromaasavu 6 cm
i 8 cm. Bucora mapasenenimena mopieuioe 10. 3HaimiTh #oro o6’em.

3uHaigiTh 060’€M IIOXMJIOI IPHU3MHU, B OCHOBI AKOI JIEKUTH HPAMOKYTHUK
3i croponamu 4 cm i 5 cm, a GiuHe peOpo AOpiBHIOE 8 cM i HaxwuIeHe
IO ILJIOIIMHU OCHOBU mim KyToMm 30°.

OcHOBa MOXMJIOI MPUBMU — MPABUJIBHUN TPUKYTHUK 31 CTOPOHOIO 2 M.
Opte 3 OiuHMX pebep HOPiBHIOE 4 M i YTBOPIOE 3 KOMKHOIO 13 IIPHJIETINX
CTOpiH ocHOBU KyT 45°. 3HaWAITL 00’€M IPU3MHU.

B ocHoBax moxmJoi mpusMu — KBaApaTu. Yu IpaBUIbHO, II[0 OyAb-AKa

ILJIOIITMHA, IO ITPOXOAUTH Uepes3 IMeHTPU KBaApaTiB, MiJUTHL OPU3MY Ha
IBi piBHOBeNWMKi yacTuHU?
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11.5°

11.6°.

11.7°

11.8°

11.9.

11.10.

11.11.

11.12.

11.13.

11.14.

11.15.

11.16°.

11.17°.

11.18.

11.19.

11.20.

11.21.

Bepmuramu mipamigm € Bci BepmmHU OfHi€I OCHOBU II OfHA BepIIWHA
iHmI0i OCHOBM TpuM3MHU. SIKY YacTHMHY 00’€My NPU3MU CTAHOBUTH 00’€M
mipamign?

3HaiigiTe 00’eM mipaminu, BuCOTa AKOI HOPiBHIOE /i, a B OCHOBI JIEIKUTH
OIPAMOKYTHHUK 3i cTopoHamu a i b.

3HalAiTh 00’eM MPaBUJIBHOI TPUKYTHOI IIipaMian, CTOPOHA OCHOBU SKOI
IOpiBHIOE a, BuUcOTa A.

3HaAITE 00°eM MpPaBUJIBHOI YOTHPUKYTHOI mipaMminu, BucoTa AKOI I0-
piBHIOE h, a giaroHasb ocHOBHU d.

BusnaumTe 06’€M HpaBUJIBHOI YOTHPUKYTHOI IIipaminm, AKImo il mia-
TOHAJIBHUM IIepPepi3oM € TPaBUIBHUN TPUKYTHUK 3i CTOPOHOIO, IO
nopiBHioe 12.

3HaliTh 00’eM TPaBUJIBHOTO TeTpaeapa 3 pedpom, 1Mo mopiBHioe 1.
O0’cM NpaBUIbLHOI IIeCTUKYTHOI mipamizu mopiBuioe 6 cm®. Cropona
OCHOBU nopiBHIOE 1 cMm. 3HalimiTh OiuHe pedpo mipamimu.

Biuni pebpa TpukyTHOI mipaMigum B3a€MHO IEePIEHAUKYJIIPHiI, KOKHE
3 HUX JOpiBHIOE b. 3HAWAITH 00’eM mipamigm.

Sk smiHuMTBCA 00’€M IIpaBUJIBHOI MmipaMiguW, SAKIIMO BuUcoTa ii Oyxe
30iJIbIlIeHa B 1 PasiB, a CTOPOHA OCHOBU 3MEHIIEHA B CTiJIBKHU K PasiB?
Y ky0 iz pebpom, sKe mopiBHIOE 1, BIIMCAHO IPABUJBHUUA TeTpaenp
Tak, IO HOro BepIIMHU 306iraroThCsA i3 woTmpma BepIImHAMU KyOa.
Busunaure 00’em TeTpaeapa.

3HaigiTL 00’eM OKTaegpa 3 pedpoM, ske mopiBHioe 1.

Bucora komyca mopiBHIOE 6, TBipHa — 10. 3HaligiTh 00’€eM KOHYca.
Y ckinbKuM pasiB 30iabMINTBCA 00’€éM KPYTOBOT'O KOHYCa, SIKIIO:

1) Bucory 36inbimuTy B 3 pasu;

2) paniyc ocHOBU 30iabiiuTH B 2 pasu?

Yu 3MiHUTBCA 00’€M KPYyroBOro KOHYCA, AKIIO Pagiyc OCHOBU 30iJIb-
mIuT B 2 pasu, a BUCOTY 3MEHIIUTH B 2 pasu?

IMuniaap i KoHyc MaioTh COiIbHY OCHOBY i BucoTy. O6GumcIiTH 06’eM
MUIiHApa, AKINo 00’eM KoHyca mopiBHIOE 401 cm?.

O0’em KoHyca mopiBuioe V. IlapajieibHO OCHOBI KOHyCa IIPOBEIEHO Iie-
pepis, 110 AiaUTH BUCOTY HaBIiJ. YoMy MOpiBHIOE BiAHOIIEHHA 00’€MiB
OTPUMAHUX YaCTWUH KOHyca?

IiameTp oCHOBU KOHYyca MopiBHIOE 12 ¢M, a KyT IpU BepPIINHI 0CHOBOTO
nepepisy 90°. O6umcyiTh 00’eM KoHYyCA.
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11.22.

11.23%

11.24.

11.25.

11.26*.

11.27%,

11.28.

11.29.

11.30%

PO31I/1 3. OO'eM1 Ta MOLLi NMOBEPXOHb FEOMETPUYHUX Tifl

3HalgiTL 00’€M Tijla, OTPUMAHOTO B PE3YJIb-

TaTi o0epTaHHS PIBHOOEIPEHOr0 MPSIMOKYT- Puc. 11.10
HOTO TPUKYTHUKA HABKOJIO KaTeTa, SAKUH

IOpPiBHIOE 3 CM.

S

PiBHOCTOPOHHI# TPUKYTHUK 00epTaeThCs
HABKOJIO CBO€l CTOPOHHU a. SHAWIITHL 00’eM
Tisla obepTaHHAd. 42

IIBa KOHycHM OTpUMaHi OGepTaHHAM HEpPiB-
HOOEePEeHOTO NPAMOKYTHOTO TPUKYTHUKA
HaBKOJIO KOJKHOTO 3 KareTiB. Uu piBHi 00’c- 0
MU IIUX KOHYCiB? /_60°

3HaligiTh 060’€M UYaCTHHHU KOHYCa, 300paske-
HOI Ha pwmc. 11.10.

Konyc Bmmcano B mpaBuiabHY TPUKYTHY MmipaMigy 3i CTOPOHOIO OCHO-
BU a i Bucoroio h. 3HAUAITH #IOoro o0’eM.

Konmyc ommcano HaBKOJIO MPaBUILHOI YOTHMPUKYTHOI Imipaminm 3i cTo-
POHOIO OCHOBHU @ i BucOTOIO0 A. 3HAWIITHL IToro o0’eM.

BuaBiTb CBOIO KOMMNETEHTHICTb

ITakeTur pya TomaTHOoi macTu Mae (QopMy mipamigm, B OCHOBI SKOI
JIXKUTh PiBHOOEAPEHUHN TPUKYTHUK i3 pPiBHUMHU cTopoHamMum 12 cm
i kyrom 30° misxk HmMu. Bucora mipamigm mopiBuioe 6 cv. OOUMCIITH
00’eM TaxKeTHKA.

3HaANOITL 00’€M MHOKEKHOI'0 Biapa KOHIUHOI (popMM, SKIIO HOr0 CTaH-
mapTHi posmipu Taki: giamerp ocHoBum 30 cM i TBipHa KoHyca 38 cwm.
Biamosigps maiiTe B JiTpax, OKPYINIMBINU ii O JecATHUX YacTUH JiTpa.

Ilpn macumanHi cuIryyoro marepiany y BUINIALL Kymu, OJM3BKOI 3a
dopmMoI0 10 KOHYyCA, AJIsd KOKHOTO CHUIIYYOro MaTepiajay KyT IPUPOSHO-
ro ykocy (KyT HaXMJIy TBipHOI KOHYyca [0 IJIOIIMHM IOT0 OCHOBHU) CBiit
i 1151 BoJIOTOTO IIiCKY BiH HabamikeHo mopiBHioe 45° [li1a GeToHyBaHHSA
miggoru B igasibHi IMTKOJM NPWBE3JIMW ITiCOK, AKWHA BUCUIIAJU B KYIIY,
mo Mae Qopmy KoHyca, 3 TBipmooo 1,2 m. Ileii micox HeobOximHO me-
perectu g0 mpumintenHs. CkinbKu Bifep is mickom, mictkictio 10 i,
IOBEJeThCA MEPEHeCTH A0 IPUMIIIeHHa?
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Tabnuus 12
06’em Kyni

V=inR3,
3

de R — pagiyc kyni.

NOACHEHHA N OBI'PYHTYBAHHA
PosrisimemMo muTaHHS IPO 3HAXOMKEHHS 00’€My KYJIi.
D Teopema 12.1. O6'em Kyni pagiyca R Bupaxaetbca dbopmynoto
V= i7tR3 .
3
» Hexal 3agaHo niBkynio pagiyca R, 0OCHOBa AKOI IeXXnTb Y NAOWmHI o. Po3rnaHe-

MO UUNiHAP, OCHOBOI AKOTO € Kpyr pagiyca R, po3TalloBaHUR Yy Ti camiil naowu-
Hi o, i 3 BUCOTOIO, fiIka gopiBHI0E R (puc. 12.1).

Puc. 12.1
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Y unniHgp BAMILEMO KOHYC, OCHOBOIO AKOTO € BEPXHA OCHOBA LMiHAPA, @ BepLUn-
HOIO — LeHTP HKHbOIT OCHOBU UuniHApa. [loBegemo, LWo Tino, yTBOpeHe 3 TOUOK
LuniHApPa, WO He MOoTpanuian BCcepeamHy KOHYCa, i 3ajaHa NiBKYNA MaloTb PiBHI
ob6’emn.

Mposeaemo nnowwHy 3, napanenbHy MAOWWMHI ¢, Ha BiAcTaHi x Big Hel, 0 < x < R.
Y nepepisi NiBKyNi L€ MIOLWMHOW OAEPXKUMO Kpyr pagiyca O;A = R? —x?
3 nnoweio S, =m-0,A% = n(R% - x2).

Y nepepisi gpyroro Tina ogep>KMMo Kinbue, pagiyc 30BHILHbOrO Kpyra AKOro fo-
piBHIOE R, a pafiyc BHYTPilWHbOro Kpyra — x (OCKifbku TPUKYTHUK BO30, pis-
HobeapeHuii i NPAMOKYTHUIA, TO £ BO30, =45°). Mnowwa uboro KinbLua JOPiBHIOE
nR? — mx? =1t(R2 —xz) i, OTXKe, fOPIBHIOE NAOLWi Nepepidy NiBKyni. 3a NpUHUK-
nom Kaanbepi ofepKyemo, Wo MniBkyna i nobygosaHe Tiflo MaloTb PiBHI 06’emu.
Ob6uncnumo uer 06’em. BiH fopiBHI0E pi3HULI 06’eMiB LUniHApPa N KOHyca:

2

2 1 .2 3
V =Viar = Vion =R ~R—§nR ~R=§nR .

O6’em Kyni BABIii 6inbLwKiA 32 06'eM NiBKYNi, OTXKe, BUPaXKaeTbCs GOPMYIIOLD:

V.

KyJIi

4
=—nR3.
3

NMPUKNAOWN PO3B'A3YBAHHA 3A0AMY

3apava 1. 3Hangitb 06'em Kyni, onMcaHoi HAaBKOMO Kyba 3i CTOPOHOIO a.

Po3B’A3aHHA KomeHTap
» Iiaronanas KybGa € giameTpom LieHmp Kysi, onucaHoi HagKos1o Kyoa, 1exxumse Ha
onucaHol HaBKOJIO HOTO KYJIi. cepeOuHi diazoHani Kyba (Tofi BCi BepLuHM Kyba
. a3 6yayTb NexaTu Ha MOBepPXHi Kyni), Tomy fAiaro-
Toni dyyy =avV3,a Ry = 5 Hanb Kyb6a € fjiaMmeTpOM onucaHoi Kyni.
3 [Lani npurapyemo, wWo fiaeoHasne Kyba 3i cmopo-
_ 4 3 _ Ta \/3 . .
Orsxe, Vi = g“R ST Hoto a 0OpiBHIOE A~ 3 , i BUKOPUCTOBYEMO dop-

4
myny o6’emy kyni V = —nR?®, pe R — pagiyc
Kyni. 3
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3apava 2*. 3Haugitb 06'em Kyni, BMMCAHOI B KOHYC, TBipHA AKOro JOPIBHIOE 12 cm
i HaxuneHa Jo MIOWMHN OCHOBU Nif KyToM 60°.

Po3B’A3aHHA

) Posrisremo ochoBuUii mepepis 3ajmaa-
Hoi KoMbiHaIii Tisn. OchoBUM IIepepizomM
KOHyca € piBHOOeApeHUIl TPUKYTHUK
SAB, y skomy cTopoHa SB HOpiBHIOE
TBipHi#t Kouyca (SB=12 cwm), a Bucora
SO € Bucorom konyca (puc. 12.2). Tomi
KyT SBO — KyT Haxuay TBipHOi SB 10
momnuay ocHoBu i £ SBO =60°.

Ilepepisom kymi e xpyr, pagiyc OO,
AKOT0 JOPiBHIOBATHUME pajiycy KYJIi.
OcCKiIbKU KyJIs BIMCaHA B KOHYC, TO
Kpyr Oyze BOUCAHO B TPUKYTHUK. Tomi
Bizpisok BO; — GicexTpuca kyra SBO
i Z0BO, =30°.

I3 mpamoryTHOro TpuKyTHHUKa SBO
maemo: BO=SB-cos60°=6 (cm).

I3 nmpamoryTHOro TpuKyTHHKA OBO;
OIEPIKYEMO:

00, =OB-tg30°=24/3 (cm).

Toxi 06’eM KyJIi qopiBHIOE

V= %n-OOf =32/37 (cv?).

3ATMINTAHHA

KomeHTap

[1i0 yac po3e'a3ysaHHA 3a0a4 Ha KOMBIHAYo
min 06epmaHHaA 3py4Ho po32/190amu 0Cbo-
suli nepepi3 yiei komb6iHauii.

OpnepxaBLWwy B nepepisi Kpyr, BNUcaHui
y TPUKYTHUK, CNif ypaxyBaTu, WO yeHmp
Kpyaa, 8nUCAHO20 8 MPUKYMHUK, € MOYKOIO
nepemuHy bicekmpuc Kymig mpuKymHuka.
Y piBHoGefpeHOMy TpUKYTHUKY SAB of-
Hi€lo 3 Takux GiCeKTpUC € BMCOTa, Mefia-
Ha 11 6icekTpuca SO. [ina obrpyHTyBaHHA
KyTa MiX TBIpHOK i MNOLWMHOK OCHOBM
BPaXOBYEMO, LLO Kym MiX NOXUJsot i njio-
WuHo — ue Kym mix noxunoto SB ma ii
npoekyieto OB Ha Yo NIOUWUHY.

[na obuncnenHa ob'emy Kyni pagiyca R Bu-

4
KopuctoByemo dopmyny V = gnR?’.

Puc. 12.2 S
[ Ol
A B B
0]

1. 1) Yomy pmopiBHIOE 00’eMm KyJsi pamiyca R?
2%) O6rpyHTyliTe BiAmOBiAHY (hOpMYJIy.
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BMPABU

12.1°
12.2°

12.3°

12.4°

12.5.

12.6.

12.7.

12.8.

12.9.

12.10.

12.11.

12.12%,

12.13*%,

Hiamerp Kyxai mopiBuioe 10 cm. 3Haiinite ii 06’em.

3amano aBi Kyai. Pamiyc mepiriol Kysai y aBa pasu OiibInuii 3a pamiyc
apyroi. ¥ ckijbKku pasiB 00’em mepiroi KyJi OiabInuii 3a 00’eM Apyroi?
Y ckinbKU pasdiB 30iabIIUTECA 00°eM KyJIi, AKINO il pamiyc 36iabIiuTu:
1) y Tpu paswu; 2) y mw’ars pasiB?

O0’em opmmiei Kyiai B 64 pasu Oigbinumii 3a o6’em imimoi. ¥V CKiaIbKH
pasiB pajiyc mepmioi KyJi OiibInuii 3a pamiyc iHmoi ryJri?

Ilepepis KyJsi HJIOIIMHOIO, BiAmaJieHOIO BiJ IleHTpa KyJi Ha BigcTaHb
8 cm, mae pazmiyc 6 cv. 3HalgiTh 00’eM KyJIi.

IMuniagp onmcanmit HaBKOJO Kyiai. S3HaWAiTL 00°eM KyJi, AKIIO 00’eM
nuIiHapa gopiBHIOE 6 KyO. of.

Is meper’sHOrO IMJIiHApA, BUCOTa SKOTO HOPiBHIOE TiaMeTpy OCHOBU
(piBHOCTOPOHHIN ITMJIiHAP), BUTOUMJIN HANOIABINTY Kyjaio. BusHaure,
CKiJIBKM BiJICOTKiB MaTepiajy CTOUYMJIN.

3HaligiTh 00’eM KyJIi, OmMcamoi HABKOJIO IIPABUJILHOTO TeTpaeapa 3 pe-
opoM a.

Konyc Boucano B Kym0. Paxiyec ocHOBU KOHYyca JOPiBHIOE pajgiycy KyJri,
00’eM KoOHyca OopiBHIOE 6 KyO0. of. SHAWAITL 00’eM KYJIi.

BuaBiTb CBOI0O KOMMNETEHTHICTb

Migauii Kyb6, pedbpo sikoro mopiBuHoe 10 cM, HepemnyaBuIN B KYJIIO.
3HaigiTe pamiyc Kyiai. (Brparamm Metasy IIiJ yac meperiaBJIeHHS
3HEXTYHTE.)

ITorpi6bHO meperiaBUTH B ONHY KYJIIO ABI YaBYHHI KyJai giamerpamu
10 cm i 20 cm. 3HaiigiTes miamerp HOBOI Kyiai. (Brparamm merany min
yac IepeljaBJeHHSA 3HEeXTYyHTe.)

€ mmarok cBuUHIIO Macoo 1 Kr. CKiIbKu Ky-

JBOK miameTpoM 1 c¢M MO:KHAa BigJIUTH i3 IILO- Phc2.3

ro mMarka? (['ycTuHa CBUHITIO CTaHOBUTH 700

11,4 r/cm3, BTpaTaMm MeTany IiJ dac Iepe- 1 ‘
TJIaBJIEHHS 3HEXTYUTE.) = e
PesepByap mjig Boau CKJIAZAETHCA 3 IIIBKYJIi < i —
pazmiyca R i mwiiHgpa 3 TaKMM caMMUM pai- e
ycom ocHoBu (puc. 12.3). kol Bucotm kA mo- | Ny ]
BUHHA OyTM HOro IMUJIIHAPWUYHA YacTUHA, II00 % S
00’eM ychoro pesepsyapa popisHioBaB 200 m3? ——

. [
(Posmipu Ha PHUCYHKY HaBeIeHO B CaHTUMe- *
Tpax.)
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Tabnuus 13

«) Mnowi noBepxoHb Tin 06epTaHHA
Mnowa noBepxHi yuniHgpa

Sgiqn = 2TRH ,
Srosn = Soiun T 2S0cu =
=2nRH +2nR?=2nR(H +R),
ne R — pagiyc unningpa,

- - <

H — noro BucoTa. s + B

Mnowa noBepxHi KOHyca

Sﬁqu = Tch,
SHOBH = Sﬁiqn + Socn =
=nRI+nR?=nR(+R),

ne R — papiyc KoHyca,

| — 1oro TBipHa.

lnowa noBepxHi Kysi

S=4nR?,
e R — pagiyc kyni.
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MOACHEHHA N OBI'PYHTYBAHHA

Ilnouwero nogepxHi MHO202PAHHUKGA, 3a O3HAUEHHAM, BBAYKAIOTh CyMY
ILJIOII I'paHeli MHOTOrPaHHHWKA, IO YTBOPIOIOTH I[I0 IIOBEPXHIO.

Hampuknazn, mimoria moBepxHi MPUBMH CKJIAJAETHCA 3 IIJIOIII OiYHOI IIO-
BEepPXHi I TJIOI OCHOB, a IIJOINA IIOBEPXHi IIipaMigm CKJIAaZaeThCA 3 IIJIOIIL
6iuHOl TTOBEPXHI ¥ TJIOIII OCHOBH.

Y momepennix maparpadax, cIupaunch Ha PO3TOPTKH MUJIIHIpa U KO-
Hyca, Oyiaum omep:kaHi (opmMyam s 3HAXOMKEHHS IIJIOI OiYHMX i1 IIOBHUX
nmoBepxoHb muiaiazapa (§ 7) i xkouyca (§ 8). Haramaemo ix.

D g nuiainapa:

Seian = 2TRH ,
Suonn = Ssinn +2Soey = 2TRH +21R? = 2nR(H +R),
me R — papiyc nuuinapa, H — iioro Bucora.
D s koHyca:
Seiuy = TRL,
S, oon = Seian +Soen = TRI+TR? =1R(L+ R),

me R — pagiyc xoHyca, [ — #ioro TsipHa.

OpmHak g 3HAXOMKEHHs ILJIOIII TOBEPXHI KYJIi PO3TOPTKY BUKOPHCTO-
ByBaTU HEMOKJMNBO, OCKIJIbKM MOBEPXHIO KyJi He MOKHa POSTOPHYTH Ha
njaoruHy. ToMy CKOpHCTaeEMOCS iHITMM MEeTOJOM BU3HAUEHHSA TIJIOIII ITOBEPXHi
Kyxai. Ilig muomeio moBepXHi Tijla PoO3yMiTMMeMO TPAaHMIIO IIJIOIN OIMMCAHUX
HABKOJIO HbOI'O MHOTOTpaHHUKIiB. IIpu 1mbomMy Mae BUKOHYyBaTHCA yMOBa, 3Tij-
HO 3 AKOI0 BCi TOYKM MOBEPXOHb ITMX MHOTOIPAHHHKIB CTAIOTh AK 3aBTOJHO
OJM3bKMMM [0 IIOBEPXHIi 3amaHOro Tija.

IInoma moBepxHi Kyii

» [na onepxaHHAa Gopmynu nnowli NoBepxHi Kyni pagiy-
ca R onuwemMo HaBKOMO Hel AKni-Hebyab OnNyKanin MHO- Puc. 13.1
rorpaHHuK (puc. 13.1), AKWA Mae n Manux rpaHen (ysa-
XKaTMmMeMo, WO NiHiliHI po3Mipu rpaHer, TO6TO BiACTaHb
MiX Byab-AKUMN ABOMaA TOUKamu Byab-AKOI rpaHi MeHLwa
Bif BenuunHM €). Hexan S, — nnoua noBepxHi MHOro-
rpaHHMKa, TO6TO Cyma Mow YCix oro rpaHei. YaBrumo,
WO OTPMMAHUN MHOFOTPaHHUK CKIadeHWn i3 nipamig,
y AKNX BEPLUMNHYK 306iraloTbCs i3 LEHTPOM Kyfi, a OCHOBa-
MU € rpaHi MHOrorpaHHuka (puc. 13.2).
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3p0o3yMino, WO BUCOTY LMX Nipamig [OPIBHIOTb pagi-
ycy Kyni, a 06’em V,, MHOrorpaHHuka JOpPIiBHIOE CyMi
006’emiB ycix mipamig i o6UMCoeETbCA 3a GopMysIoLo

1
V,=—S,R. (@))
3
3BigCK ofepKyemo
3V
S, =5 2
nT g )

Tenep HeobMexeHO 36inbluyBaTUMEMO YWCIO 7 Fpa-
Hell ONMUCaHOro MHOrorpaHHMKa Tak, Wob Hanbinb-
WU PO3MIP € KOXHOI rpaHi MpAMyBaB OO Hy”NA.
Mpn ubomy ob6’em V, oONMCaHOro MHOrorpaHHMKa
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Puc. 13.2

0]
N
7N
/“I \\\

Iy N

/
< !' J»A"\}\ X

/

npamysatnme o ob’emy Kyni. JiicCHO, ONUCaHWA MHOTOrPaHHMK PO3TalLlOBaHWA
y Kyni i3 yeHTpom y Touui O i pagiycom R+€ Ta MiCTUTb 3aAaHy Kynio pagiyca R.

. 4 4 . 4 4
Topi gnR3<Vn<§n(R+e)3. OckinbKu En(R+e)3—>§nR3 npu €—0, To

iV, —)%TI:RS npu € — 0. Ypaxosytoun ¢opmyny (2), ogepxyemo, wo niowa S,

MOBEPXHi OMMCAHOr0 MHOTOrpaHHMKa 3a HEOOMEXEHOro 3MEHLUEHHA PO3MipiB

noro rpaHen (to6to npn € —0) npAMye Ao BUpa3y

R3

=47nR?. Tomy Be-

NINYNHY 4nR? npuitmatotb 3a naowy noeepxHi Kyni. OTxe, niowa nosepxHi Kysii

pagiyca R obuncnioetbca 3a Gopmynoto

S=4nR2.

SKI0 MHOTOTPaHHUK ONMKCAHO HABKOJIO KyJi pamiyca R, To KyJas O0yme 8nucanoio
B IIeli MHOTOTPAHHUK, Tohi 3 opmysu (1) omep:Kyemo, 110 pagiyc KyJji, BIKUCAHOI

Y MHOTOTDAHHUK, MOYKHA OOYMCJIIOBATH 3a (DOPMYJIOI R =

MHOTOTPaHHUKA, S_ .

3V

, ne V. — ob6’em

TIIOBH

— IIJIOIIa TIOBHOI HOBerHi MHOTI'OTPaHHUEKA.

3a3HaunMO, IO METOH, PO3IVIAHYTHUI IIiJ Yac 3HAXOMKEeHHS IIJIOIIi II0-
BEPXHi KyJIi, MO3BOJIAE TAKOK BUBHAUUTHU NJAOWL OiYHUX NOBEPXOHb UUJIHOPA
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i KoHnyca. s TBOrO MOXKHA POSIVIAHYTU ITPABUIIb-
Hi n-kyTHI mpusmMu i mipaminm, ommcaHi BinmoBimHO
HaBKoJio muwiariagpa (puc. 13.3) i Komyca (puc. 13.4).

Ilnoma 6GiuHOI TMOBepXHI NMPaBUIBLHOI TPU3MU [[0O-
piBHIOE: Sgiuy o0 = Poen H (e Py IepuMeTp oc-
HOBU; H — BuUcOTa IpumsMm), a Ijolna 0iuHOI IToBepX-

. . . . 1

Hi NpaBWJIBHOI mipaminu AOPIiBHIOE Sy nip ZEPOCH'Z
(me P,, — mepumMeTp OCHOBH; | — amodema mipami-
nm). 3a HeoOMerKeHOro 301JIBIIeHHS 71 ILJIOIa KOMKHOI
rpaHi ONMMCAHOIO MHOTOT'PAHHUKA IIPAMYBaTUMeE 0 HY-
Js i miromra 6iuHol mOBepxHi HMuIiHApa Oyae rpaHUIEIO
oI OiYHMX TOBEPXOHBb ONMMCAHUX IIPU3M, a ILIOIAa
0iuHOi MOBepxHi KOHyca Oyae I'PaHUIEIO IIJIOIN OiUHUX
TIOBEPXOHb ONMCAHUX ITipaMmif.

VYpaxoByioun, 110 3a HeOOMEIKEHOTO 30i/IbIleHHA N
IepUMETPU N-KYTHUKIB, OMMCAaHUX HABKOJIO KiJI pamiy-
ciB R, HaOJIMKATUMYTLCA 0 HOBMKUHU KOJIa, TOOTO IO
2R, oep:KyeEMO 018 nJaouli 6i4HOi nosepxHi yuaiHdpa
opmyiry

S(’)iqu.u,mn = 2TCRH’
a O0na naowi 0iunol noeepxHi KoOHYyca GHOPMYIY
S =TRI.

0iUH. KOH

IIi cami dopmynru mMum opep:rajii, BU3HAYAIOUN
mJIomri OiYHMX NOBEPXOHb IMJIHIApa i KOHyca uepes
iXHiI POBrOpPTKMU.

NMPUKNAOWN PO3B'A3YBAHHA 3A0AY

Pnc. 134

3apgauva 1. 3HangiTb naowy NoBepxHi Kyni, BMMCAaHOI B KyO 3i CTOPOHOIO a.

Po3B’'A3aHHA KomeHTap

» Papniyc kyxai, Bomcanoi

B Ky0, MOPiBHIOE IIOJOBUHI
_a

Kyai —

cTopouu Kyba: R

Omxe, S =4nR? =ma?.

KyJIi

Akwo Kyna enucara 8 ky6, mo ii diamemp 0opigHtoe
CcmopoHi Kyba (Topi KoxHa rpaHb Ky6a Oyge fotuu-
HO [0 Kyni).

[ani 3HaxogumMo papiyc Kyni 1 BUKOPUCTOBYEMO
dbopmyny ans obuncrieHHA noLwi NOBepxHi Kyni
S = 4nR?, ne R — pagiyc Kyni.
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3apaua 2*. HaBKof1O Kyni OnNMcaHO UMAiHAP, NoLwa NOBEPXHi AKOro fopiBHIOE 18.
3HangiTe NAOLy NOBEPXHi Kyni.

Po3B'si3aHHA

» Hexaii pangiyc kyii gopiBuioe R (puc. 13.5), Toxmi
paziyc ocCHOBM OIMCAHOTO ITMJIIHAPA AOPiBHIOE R,
a Bucora H muiiagpa gopisuioe 2R.

IIoma moBepxHI IMUIiHAPA AOPiBHIOE:

S = Sgiun +2S,., = 2nRH + 2nR? =

IIOBH. IIUJI

=2nR-2R+2nR% =
3a yMOBOIO 6nR%=18. Toxi nR%=3.

6nR2.

IInormta moBepxHi Kyi JOpiBHIOE:

S

KyJi

Puc. 13.5

3ATINTAHHA

=4nR%2=12.

P -

KomeHTap

AKwo YyuniHop onucaHo HABKo-
10 Kyni, mo padiyc ocHosu
yuniHopa oopigHe padiycy
Kyni, a 0diamemp Kysii OopieHIo€e
sucomi yusniHopa. OCKiNbKu
B YMOBI L€l 3apaui Ha 06umc-
NIEHHA He 3ajaHO OJHOro
Bifipi3Ka, TO AnA PO3B'A3yBaH-
HA TaKol 3afayi 3py4yHO BBECTN
HeBiZOMUI Bigpi30OK, Hanpwu-
Knag pagiyc Kyni.

3a3HauMMo, WO 3 ofepP>KaHOro
PiBHAHHSA (61'CR2 =18) Hemae
HeoOXigHOCTI 3HaXOAUTWN HEBI-
gomunn pagiyc R — goctaTHbo
3anucaTtun Bignosigb yepes R:
Siyi =4nR? i spaxysatn,
WO BiQMOBiAb BUpPAXAETbCA
yepes nR2.

1. ITosAcHiITH, AK MOKHA BUSHAUUTH ILJONIIY IIOBEPXHI KYJIi.

2. Yomy mopiBHIOE TWJIOINIA MOBEPXHI KyJi pamiyca R?

3. IMosAcHiTh, AK MOKHA BM3HAUMNTH ILJIOINY IIOBEpPXHi IIMJIIHApPa i KoHyca,
He BUKOPHUCTOBYIOUM IOHATTS PO3TOPTKU IXHBOI OiUYHOI ITOBEpPXHi.

BIMPABU

13.1°. Ilomia BeJIMKOro Kpyra KyJi mopiBaioe 9 cm?. 3HAUIITH ILJIONTY ITOBEPX-

Hi KyJIi.

13.2° fK smiHUTBCA WJIOITA MOBEPXHI KyJIi, AKINO 30iJbIIUTH pamiyc KyJi:

1) v 2 pasu;

2) y 3 pasu;

3) v n pasis?
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13.3.

13.4.

13.5.
13.6.

13.7.

13.8.

13.9.

13.10.

13.11%

13.12.

13.13%,

13.14.
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Busnaure, y cKinbKM pasiB mora moBepxHi 3emuri GijbIa 3a IJIOIILY
noBepxHi Micansa. (Beaskaiite, 1o giamerp 3eMJi npubJIM3HO JOPiBHIOE
13 Tumc. kM, miamerp Micama 3,5 Tmc. KM.)

Ilepepis KyJsi mJIOIMMHOIO, BimmaJieHOIO BiJ IIeHTpa KyJi Ha BigcTaHb
8 cMm, mae pagiyc 6 cm. 3HAWAITH TJIOIY TOBEPXHI KyJIi.

O6’em kyxai mopisuioe 288m ™3, S3HAWAITH IJIOIY IMOBEPXHI KyJIi.
Ilnomi moBepxoHL ABOX KYJIb BimHOCATHCA AK 4:9. 3HANAITH BimHO-
IIeHHA 1XHiX miaMmeTpis.

Ilmomi moBepxOHB ABOX KYJb BiZHOCATBCA AK m:n. K BigHOCATHCA
ixui ob6’emu?

0O0’eMu IBOX KYJIb BimHOCATHCA AK m:n. SIK BiZHOCATHCA IIJIOI IXHIiX
TIOBEPXOHbB?

¥ ckinbKM pasiB IJIOINA ITOBEPXHI KyJi, OmMcaHoi HaBKOJIO Ky0a, 0ijb-
Ia 3a IJIONTY HOBEPXHi Kyii, BOuMcauol B el camuii Ky6?

HoBexniTs, 1110 mJIOa MTOBEPXHI Tija, yTBOpeHOT0o 00epTaHHAM KBajpaTra
HaBKOJIO CTOPOHU, MOPiBHIOE IIJIOII HOBEPXHi KyJIi, IO Mae pamiycom
CTOPOHY KBajpara.

Hasxoso Kymi omucano muaiHgp. SHAUIITL BiTHOIIIEHHSA IIJIOIII IIOBEPX-
Hi Kyai a0 IjTomii IOBHOI TOBEPXHI IMJIiHApa 1 BigHOIIEeHHs 00’eMa
KyJi mo ob’ema IuJIiHIpA.

Y kyuai mo ommH OiK BiJ IleHTpa IIPOBEIEHO OBa IIapaJjiejibHi Iepepisu
miaomamu 272,25 am? 1 992,25n am?, BimcTaHp MidK mepepizamu
mopiBuioe 20 am. 3HAWAITH MJIOIY TOBEPXHI KYJIi.

VY chepy BOmcaHo KOHYC, TBipHA AKOTO JOPiBHIOE [, a KyT IIPU BEePIINHI
0CBhOBOTO IIepepidy craHoBuTh 60°. 3HAWAITL miomry cdepu.

BuaBiTb CBOIO KOMMETEHTHICTb

CkinpKku Kijgorpamis ¢gapom moTpibuo mas gap-
OyBaHHA HaIliBchepuuHOTO Kymnoay O3epsHChKO-
ro xpamy (M. XapkiB, YKpaina), AKIIO AiaMeTp
ocuoBu Kymosa 10 m i Ha (Qapbysamna 1 wm?
noBepxHi BuTpauaerbcsa 120 r gapbu (Bixmo-
BiZb OKpPyIIiTH M0 mecatux). CKinbKu OaHOK
¢apbu moTPiOHO 3aKyIUTH, AKIIO KOXKHA OaHKA
micturs 2,8 Kr?
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3ABAAHHA AnAa nNiarotoBk Ao OUIHIOBAHHA

TecTt N2 3

1. O06’eMm kKy6a mopiBHioe 125 cwm?®. 3maiifirs MmOy IOBEpPXHi Kyo6a.
A 25 cm? B 50 cm? B 100 cm? r 150 cm? I 300 cm?

2. OOuwmcriiTh 00’eM mipamMigm, SKII0 BHCOTa HipaMigm mOpiBHIOE 5 cwM,
a OCHOBOIO HipaMigu € NPAMOKYTHHK 31 cTopoHamu 6 cm i 8 cm.
A 30 cm® b 40 cm® B 48 cm® r 80 cm® 0 240 cwm?®

3. OOuuciiTs miorry 0iuHOI MOBEPXHI KOHYycCa, SIKIIIO HOro TBipHA MOPiBHIOE
10 cm, a BucoTa KoHyca 8 cMm.
A 12 cm? b 36n cm? B 60n cm? I 641 cm? O 80n cm?

4. YcraHOBITH BiAmOBiAHiCTE MiK yMoBoO TBepakeHHs (1-3) Ta ioro
BuCHOBKOM (A-T') Tak, 1100 yTBOPUJIOCA NpPaBUJIbHE TBEPAKEHHH.

1 fAkimo xKoskHe pebpo KyOa 3MEHIIWTH BABiUi, TO A He 3MiHHUTBHCS
o0’eMm Ky0Oa b 3MEHIIUTHCS

2 §Ixkmio Ko)KHe peOpO OCHOBM NPW3MU 3MEHIIUTHU BABiui
BABiui (He sMiHIOIOUM ii BHCOTY), TO 00’€M TIPU3MU B 3MeHIIUTHCA

3 Ko KoskHe pebpo OCHOBHU IIipamMigu 3MeH- B UOTHUPU pasu
IMUTU BABiUi, a BUCOTY mipamMigu 30iabmIuTH [ 3MeHIIIUTLCA
BABiui, TOo 00’eM mmipamiam y Bicim pasiB

5. 3uaiigith o6’eM Tija ob6epTaHHSA, YTBOPEHOTO 00epTAHHAM MIPIMOKYTHU-
Ka 3i cropoHamMu 4 cM i 5 cM HaBKOJIO MEHIIOI CTOPOHM.
A 207 cm® b 40n cm® B 60m cm® r 80n cm® I 1007 cm?®
6. VYcraHOBiITH BimmoBimmicTh Mixk 3adapboBamo (¢irypoo (1-3) Ta Tijsom

obepranua (A-T'), yrBopeHuM obepTaHHAM Ifiel Qirypu HaBKOJO IPAMOI,
300pasKeHol HMITPUXOBOIO JiHi€rO.

1 2 3 A b B r
I I I
QDO 4GSO > — ——
I I I
I I I
KBagpatu IIpamokyTHA

TpameIisa
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7. CropoHa OCHOBM IIPaBUJBHOI TPUKYTHOI mipamigu mopiBHOE 12 cwM,
a OiuHe peOpPO YTBOPIOE 3 ILJIONIIMHOI OCHOBH KyT 60°. 3HaiimiTh 00’eM
mipaminu.

A 144 cM® B 3643 o’ B 723 om® T 14443 cm® [ 4323 o

B30

@ MNpongiTb OHNanH-TeCTyBaHHA..

rnk.com.ua/
, 106795
@@ Temn HaBYaNbHWX NPOEKTIB

1. Kombinarii MmHororpauuEukis i Tia obepramus B reomerpii i HaBKO-
JUIITHBOMY KHTTi.

2. O6uucysieHHs 00’¢MiB i ILJOII ITOBePXOHb MHOTOTPAHHUKIB Ta TiJ
o0epTaHHsA 3a [OMOMOI'OI0 iHTerpaJis.

3. IloOynmoBa mepepisiB reOMeTPUYHUX TiJl 3a JOTIOMOTOI0 KOMII'IOTEPHUX
mporpam.

4. 3agaui DPaKTHYHOIO 3MiCTy, IOB’sI3aHi 31 3HAXOmKEHHAM 00’€MiB
i Mot TTOBEPXOHb MHOTOTPAHHUKIB i Tijm obepTaHHA.



O0’eMu JeAKUX MHOTONPAHHUKIB yMiJu 3HAXOOUTHU
me B CrapomaBubomy €rumnti. Bike Apximen oGumciiroBas
o0’eMu He TiJIbKM MHOIOIPDAHHUKIB, a i1 KOHyca, IMIiHIPA
Ta KyJai i HaBiTh mapabosoima, rimep6osoiza i esrimcoima
00epTaHHA, a TAKOYK IJIONIi ITOBEPXOHBb IWJIIHApA, KOHY-
ca i kymi. HoBi merogqu BusHaueHHs 00’€MiB reomeTrpuu-
HUX TiJ po3pobuB irtamiificekkuit marematuk Bb. KaBaawepi
(1598-1647). HMoro mipxkyBanHs Oyau He B0BCIM CTPOTH-
MU, OCKIJIbKM BiH TocmJaBCs Ha OedAKi Ie He moBeaeHi
TBEePAKEHHs, SIKi BBasKaB OueBUAHUMU. TiJIbKu 3T0omOoM
ix OyJio IOBeleHO MeTOZaMH MaTeMaTU4YHOro aHaJtizy. Ha
cydyacHoMy eramni mpuHmun KaBainbepi € cTporo o6rpyH-
TOBAHUM MaTEeMaTUUYHUM TBEPAKEHHAM i TOMY AOBEIEHHS
TeopeM NOpo 00’eMy B HAIIOMY MiAPDYUYHUKY, SKi cmupa-
I0ThbCA Ha TpUHNUI KaBajabepi, € IiJIKOM KOPEKTHUMH.

Crpory cyuacHy Teopito 06’e¢MiB i mJom po3poOuWB Bi-
momuit paumnyspkuit marematuk A.-JI. Jleber (1875-1941).

s po3sBUTKY HMIKiJBHOI TeoMeTpii 6araTo 3pobuB BU-
maTHuil yKpaincbkuit maremaruk M. B. Octporpaacbruii
(1801-1862). Biu mie y 1855—-1860 pp. BUAaB IiApPyYHUK
3 reomeTrpii y TPhOX UYACTHHAX.

3HaAUYHI JOCATHEHHS Yy PO3BUTKY reoMeTpil Haje:XaThb
Bimomomy ykKpaiHchkomy MaremaTtuky I. @®. Bopomomy
(1868-1908) — TBOpI[I0 TEOMETPUUHOI Teopil urces. 30Kpe-
Ma BiH JOCTiAKyBaB Pi3HiI 3aMOBHEHHSA IIPOCTOPY PiBHUMU
MHOTOTPaHHUKAaMU.

Baromuit BHECOK Y PO3BUTOK IeOMETPUUYHOI HAYKU 3PO-
6unu yKkpainceki marematuku M. €. BameHnko-3axapueHKO
(1825-1912), C. M. MaTynoBchrmii (1859-1929), 0. C. Cmo-
rop:xeBcskmii (1896—1969), M. I. Kosanuor (1924—-1988),
0. B. IToropeaor (1919-2002) ta GaraTo iHITHUX.

IlpuramaemMo TakoK iMeHa YKpaiHCBKHUX MKIiHOK, AKi
3afiMajncsa MaTeMaTHUYHOI HAYKOIO, MOMYJIAPU3allielo Mare-
MaTUKU, 30epeKeHHAM IMaM’ATi YKpaiHChbKUX MaTeMaThuKiB,
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b. KaBanbepi
(1598-1647)

A. . NNeber
(1875-1941)

I. ®. BopoHuin
(1868-1908)
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HaBYAJW MaTeMaTUKU MOJIOAb. PO3KakeMo Ipo HUX [0-
KJagHilre.
Kaasnia fAxisaa Jlarumena (1897-1956) mapoxuia-
ca 14 Gepesua 1897 p. y Kuesi. CepenHio ocBiTy BoHa
3mobyna B pyri#t :kimouiit rimuasii (1916 p.), y 1921 p.
3akiHumaa KiHOui BuUINi memaroriuui Kypcu (pisumko-ma-
TeMaTUYHUHN BiAmij), craja IepImol B YKpaiHi KiHKOIO,
SKa 3aXMCTHUJIa JUCePTaIlifo HA 3J00yTTA CTYIeHS KaHIU-
K. fl. laTnwega nara (pismKo-MaTeMaTHUYHUX HayK (3a Temoro «Habausxeme
(1897-1956) pO3B’A3yBAHHS 3a JOIOMOTOI0 CIOCO0Y MOMEHTIB JIiHifi-
HuxX nudepeHIialbHUX PiBHAHB, II[0 MAIOTh 0COOJIMBOCTI
B Koedimienrax» (1936 p.)), a moTiMm — JOKTOPCHKY AucepTalliio (3a TeMOoro
«HopmanbHi po3B’aA3KM JiHIHHUX AudepeHIiaJbHUX PiBHSHb 3 MOJiHOMI-
aspHUMU KoedimierTamm» (1952 p.)). Cepen BasKJIMBOTO HAYKOBOT'O AOPOOKY
JlarummeBoi — pmocaifKeHHA B rajysi aHasiTuuHOI Teopii mumdepenmiaib-
HUX DiBHAHB, Teopil KpaioBUX 3amau A 3BUUYAUHUX AudepeHIlialbHUX
piBHSHB, 30Kpema Meron Ppobeniyca — JlaTuimeBol mjda pos3B’sisyBaHHSA
cucrteM audepeHIliaJbHUX DIBHAHB i3 yacTMHHUMU noximuumu. ¥ 1936 p.
B IHCTMTYTI MaTremaTtuku BimOynacsa cminbHa momoBiabs K. f. JlaTtumiesoi
ta M. Kpasuyka. Bararo ysarm KnaBmia fkiBHa mpupinsamra mMeTomuiri
BUKJIQAHHSA MaTeMaTuKu. DBysa BoHa ¥ y uwmcii opranizaropiB Ileprroi
BCeYKpalHChbKOI MaTeMaTW4HOI oJiiMIriamgu, ska mnpoimuaa B KuiBcbKomy
yuiBepcureri B 1936 p.
Tanuuna IlaBxiBHa MartBieBchka Hapoxuiaca 13 sun-
Ha 1930 p. y m. [JuinpomeTpoBchK (Temep HdHinpo), autmH-
CTBO IIpoBeJia B XapkoBi, a B 1948 p. 3akimumia IIKoxy
3 30JI0TOI0 MenaJiiaio, y 1954 p. — yuiBepcurer, y 1958 p.
3aXUWCTUJIA AUCEPTAIlil0 Ha 3700yTTs CTYIeHd KaHAugara
(isuko-MmaTeMaTHUYHUX HAYK 3a DPe3yJbTaTaMW BUBUYEHHSA
HeomyOJIiKoBaHMX apxiBHUX pykomnucis Jleomapaa Eitnepa
3 Teopiil umcen. ¥ 1959 p. I. II. MarBieBcbKa mepeixajia
no ¥YsbexucTaHy, Ha OaTbKiBIIIMHY YOJIOBiKa, i 3abiHsa-

I. M. MatBieBCbKa Jacs icropiero cxigHOI MaTeMaTHKH, ONAaHyBABIIX OJs

(Hap. 1930) 1IbOTO apabebKy MoBy. ¥V 1968 p. y TamkeHTi mocaigHmia



3aXMCTUJIA NOKTOPCHKY AUCEPTAIlil0 3a TEMOIO «YUEeHHSA IIPO YHUCJIO B Ce-
penHi Bikm». 3romoM BOHA CTAJa YJIEHOM-KOPECHOHIeHTOM AKameMil Hayk
V3bekucrany, 3aciay:KeHUM iguyeM HaAyKH, JaypeaToM [Iep:;KaBHOI Irpemii
im. Bepyni. OcHoBHiI HampaMKH Ii AOCHifKeHb — icTopia MaTemMaTHUKU
i maremaruuHoi actpoHoMmii y KpaiHax cepemuboBiunoro Cxopay, ictopisa
Teopii umcesn, pyxkonucu JI. Eitnepa.

Oasra Apcenipaa Oumistauk (1925-2001) mapoauia-
ca 2 jgumaa 1925 p. y cexi Marycis, a mkiabHi poru
mpoBejsia B micteuky Cwmisa (remep Yepkacbka 0041.). Oib-
ra ApcerniBHa B 1947 p. 3 Bi/BHAKOI0 3aKiHYMJIa MeXxa-
HiKO-MaTeMaTuyHU (aKyabpTeT yHiBepcurery, y 1950 p.
3aXUCTHUJIAa AUCEpPTaIlil0 Ha 3400yTTS CTyHeHA KaHIuZaTa
(pisuKo-MaTeMaTUUYHUX HayK 3a TeMoio «IIpo TomoJorito
mificHux ajareOpaiyHMX KPUBUX Ha aJjrebdpaiuHiili moBepx-

Hi», a B 1954 p. — IOKTOPCBHKY [uMcepTalliio 3a TeMOIO
«KpaiioBi s3amaui nis piBHSAHB i3 YAaCTHHHUMU NOXiTHUMU 0. A. OniviHNK
3 MaJUM TMapaMeTpoM IIPU CTapIInX MNOXimHWX i 3amaya (1925-2001)

Komri gas Henminifinux piBHAHBL y IiJloMy», HEBIOB3i cTaja

mpodecopom i akagemikom. IIpama ykpaiHKmM, AKa IEpIIO y cBiTi (Ha Tou
yac) cTaja AOKTOpoM (isuKo-mMaTeMaTUUHUX HayK y 29 pokiBs, Oyia rigHO
ominena. O. A. Ousifitnuk orpumaJsa npemito im. M. I. HeGoraprosa (1952 p.),
mpemito im. M. B. JlomoHOocoBa 3a HaykoBi po6oru (I crymimb, 1964 p.),
imenny memanb Komex me Ppanc (Ppaniia), memans I crymensa Kapiosa
yuiBepcurery Ilparu (Yexis); Oysa obOpama iHmodeMHUM ujgeHOM IrasificbKol
Axanemii mayx y Ilamepmo (1967 p.), mouecHuM ujieHoM EmuHOYpP3HKOTO
KOpOJIiBChKOro ToBapucTBa Besmkoi Bpuramii (1984 p.).

Tanuna Murxoaaisaa Cura mHapommaaca 29 ciuna 1940 p. y m. Xapkis.
Ilicna saxinuenHa B 1962 p. mexaHiko-maTemaruyHoro (Qaxyiabrery Kuis-
CbKOI'0 YHiBEpCHUTETYy BOHA YCIIIHO 3aimasiacada B IHCTUTYTI MaTeMaTUKU
Axanemii HayK YKpainu rpaHUYHUMU TeOpeMaMU Teopii BUIIaAKOBHUX IIPOIle-
CiB Ta aCUMITOTHYHUMHM OIliHKAMU Mip Y PYHKI[iIOHAJBPHUX IIPOCTOPAX; cTaJja
Kamgugarom (isuxo-maremaruynux Hayk (1965 p.), omyOrikyBajia HHU3KY
BijoMmxX MaTeMaTHUYHUX Ipainb. Ta Oigbin Bimoma ii pobora 3i 36epeskeHHS
maM’aTi Tpo YKpaiHChKMX MaTeMaTHKiB Ta MOBepDHEHHA YKpaiHi iMeH BiracHUX
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PO34I/1 3. OO'eM1 Ta MOLLi NMOBEPXOHb FEOMETPUYHUX Tifl

MaTeMaTHUKiB CBiTOBOro piBHA, 30KpeMa ['eopris Bopomoro, Muxaiima OcTpo-

rpaacbkoro, Muxaiina KpaBuyka, Mukosu HYailikoBcbKkoro, BikTopa ByHskoB-

cbkoro. CrpaBa mouaJiaca i3 BmopsaakyBauHa morua I. Bopororo i M. Octpo-

I. M. Cuta
(Hap. 1940)

| =

3. 1. CnenkaHb
(1931-2008)

rpaacbroro. Jlaai I M. Cura mpaiftoBaJia HaJl opraHisaIifieio
My3eiB, CIIOPYAKEeHHAM IMaM ATHUKIB, CTBOPpeHHAM (iabMiB,
BUITYCKOM iMEHHHX T'POIIOBHUX i IIOIITOBUX 3HAKiB, OpraHi-
3aIfi€l0 MisKHApPOAHUX HAYKOBUX KOH(pEpPeHI[ill, BUJAHHAM
KHIKOK. Jlo peui, BoHa OyJsia He TiJIBKU CIiBpeZaKTOPKOIO
X KHUIKOK, a ¥ aBTOPKOIO apxXiBHUX HOCTiI:KeHb. Bo-
Ha — aBTOpPKa IIOHAJ IIiB COTHI Ipalb 3 icTopii mMarema-
Tuku. ¥ 2001 p. came Tanumy Cuty Kabimer MinmicTpis
Vkpainu sarBepaue cexperapem Opranisarmiiimoro Komire-
Ty 3 BimsmHauenHa 200-mittas Mwuxaima OcTporpaacbKoro.

3imaina Isamisana Caenkaus (1931-2008) mapoguia-
ca 16 xkBitHa 1931 p. y c. Ileuem:xkumi, Kyauz B 1930 p.
i3 3amopispkoi obsacTi Gyso BucaaHo ii poguny. B 1949 p.
miBumHA pasoM i3 GaThbKaMu IIOBEPHYJacsa A0 YKpaiHu —
mo micra Mesitomosb, ge B 1953 p. 3 BigsHakoio sakinuum-
aa (isuko-maremaTuuHMil Qaxynbrer MesiTOmOJIBCHKOTO
nemaroriugoro imcturyty. B 1962 p. 3imaima IBamiBHa
3aXUCTHUJA OUCepTaIlifo Ha 3A00YTTA CTyIeHA KaHIuIaTa
IelaroriyHMX HAyK i3 METONWKM BUKJAJAHHSA MaTeMaTu-
Ku. Y 1987 p. mepimoio cepen kimoxk Kosuinaboro CPCP
crajla MTOKTOPOM IeNaroriyHMX HAyK i3 MEeTOAWKH HaB-
yanHsa marematuku. 3. I. Cienkanb — mpodecop, omHa
i3 3aCHOBHUITL YKpPaiHCBKOI HAyKOBOI IIKOJU 3 Teopii Ta
METOAWKM HABUAHHS MaTeMATHKHU B CEPeAHIX i BHIIUX

3aKJIaZlaxX OCBiTM, aBTOpKa 06araThboxX IporpaM i miAPYYHUKIB AJA BHUIIOL
i cepemuboi 1mrkoau. Beci yKpalHCBKI IMTKOJIM IIPOTATOM [OECATU POKiB mpa-

I[IOBAJIM 3a MiAPYYHUKOM «AJjrebpa i mouaTtku amaaisdy 10—11», HamucaHUM

3. I. Cnenkaup y cmiBaBropctBi 3 M. I. IIlkinem Ta O. C. HybuHUYK.

Karepuna Jlorsunisaa IOmenko (PBauoBa) Hapoamjacs B YUUTEJb-

CBbKill poguHi (MoJsomImii 6par Tako:K craB akajgemikom) 8 rpyzua 1919 p.



y micreuxky Ywurupuu (trenep UYepkacbka 00.). 3akiHumia
B 1942 p. CepemuboasiiicbKkuii yHiBepcurer. ¥ 1966 p.
BOHA B3aXWCTUJa HOKTOPCHKY Amcepraiiiio 3a Temowo «lle-
AKI IuUTaHHA Teopil aJrOpUTMIYHMX MOB i aBTOMATU3AIisd
IIporpaMyBaHHSA», CTajla TOKTOPOM (hismKo-MareMaTuUHUX
HayK, npodecopom Kwuiscbkoro yuisepcurery (1969 p.),
YJIeHOM-KopecnoHeHToM AKanemii Hayk Ykpainu (1976 p.),
YJeHOM MiKHapomHol AKageMii KOMIT'IOTePHUX HayK i cu-
crem (1993 p.). Karepuna Jlorsuuiaa IOmeHko — aBTOp
meprrioi y cBiTi MOBM TporpaMyBaHHS BHCOKOI'O pPiBHS
(«AnxpecHOol MOBU mporpaMyBaHHs»), yuyeHa-KibepHeTHukK,

~

).

K. 1. lOweHko
(1919-2001)

3acJysKeHull iy Hayku, gificHui wienm MikHapogHol akazemii KoMIr’'io-

TepHUX HAYK, Jaypear mpemii imeni B. M. I'mymkoBa, Haropom:xkeHa op-

meHoM KHArumHi Oabru.

Hina Onanacisua Bipuenko (map. 1930) — ykpainchbKka BUeHa, MaTeMa-

TUKWUHA, AOKTOP (iBMKO-MaTeMaTHYHUX HayK, mpodecop, aKaJeMiK-ceKpe-
Tap BigmisenHsa maremaTuku AKajemil Hayk BuImoi mioau Ykpainm (AH
BIITY), Bimempesument AH BIITY, umen VYKpaincbKoro, AMepuKaHCHKOIO,
Ascrpauiticbkoro, Bessbrificbkoro, Eqmua6ypsbkoro, JIOHZOHCHKOrO Mare-

MaTUYHHX TOBApHUCTB, rojioBa HaykoBo-meTomumuHol paau BceyKpaiHCHKOTO

TOBApPUCTBA TOJIITB’A3HIB Ta pempecoBaHUX.

H. O. Bipuenko BuBuYaJia TeOpilo ysarajJbHEHUX aHa-
JiTHYHUX (QYHKIi#, Teopiro 3MimaHMX KpamoBUX B3ajad,
CUHTYJAPHI AudepeHIlianbHi PIiBHAHHA i3 YaCTUHHUMU
noxXimHmMu, iHTerpasibHi PiBHAHHSA, chemiajabHi (QyHKILI,
iHTerpasibHi IepeTBOPEHHA, iCTOPil0O Ta METOAUWKY Mare-
MaTUKU Toulo. AJsie rosioBHOIO cupaBoio xuTTaA Hinmm Bip-
YeHKO, SKOI0 BOHA 3aliMaeThca IoHan 45 pokis, crajo
IOCHiMKeHHA KUTTA i MareMaTuuHol cuaminmuuayu Muxaiaa
Kpasuyka.

H. O. Bipuenko — 3acay:keHHUIl IpaliBHUK OCBiTH
Vkpainu, aBropka moman 500 HAyKOBMX i HayKOBO-METO-
IUYHUX IIpanb, 3okpemMa 20 KHUIKOK, BUAAHUX Pi3HUMU
MOBAMM CBiTYy.

I\¥)

H.O. BipquKo
(Hap. 1930)
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Po3pin 1
§ 1. 14. 1) (L+); 2) (—=30); 3) (-25+). 1.10. 1) «—»; 2) «—»; 3) «+»;
4) «+».
§ 2.21.1. 1) %; 2) 2; 3) 0; 4) i; 5) %; 6) Zi\/g; 7 —3; 2; 8) 0; 9) 2;
10) 4; 11) xopeniB Hemae; 12) 5; 13) xopeniB memae; 14) 0; 15) 1; 16) 2;
17) 1; 18) 2; 8; 19) 1; 20) 2; 21) 2. 2.1.2. 1) 1; 2) 1; 3) 3. 2.1.3. 1) —4; 2;
2) —2; 3; 3) —2; 4; 4) ~1; 3; 5) /3. 2.1.4. 1) 1; 2) 1; 3) 3; 4) -1; 5) 2
6) 0; 7) —2; 8) 2. 2.2.1. 1) 0; 2) 1; 3) 1; 4) 1; 5) 1. 2.2.2. 1) 1; 2) 1; 3) 0; 2;
4) 0; 2; 5) 3; 6) 0,5; 7) £1; 8) Tc?n’ neZ. 2.23.1) 0; 2) 1; 3) 2; 4) 0; 5) 0;
6) 1,5. 2.2.4. 1) 0; 2) 0; 3) 0; 4) 0; 1; 5) 0; 1. 2.2.7. 1) (3;-1); 2) (-2;-3);
3) (1;2); (21); 4 (3;1). 2.3.1. 1) (0;+); 2) (-1;+); 3) R; 4) posp’askis
HeMae; 5) (—oo;—2]; 6) (—oo;5]; 7 [2,5;+<>o); 8) (O;+oo); 9) [1;3)U[6;+oo);
10) [1;4)U[8;+). 2.3.2. 1) (—;0); 2) (—o051); 3) [~1;+0); 4) (—oo31]; 5) (25 +0);
6) [L2]. 2.8.3. 1) (-50); 2) (—o51]; 3) (—eo3—1]U[0;+); 4) [0;1].
2.34. 1) —2; [3;+00); 2) (—e5—2], 45 3) (0;1); 4) (0;1).
§ 3.3.2.1) 2 2) 3; 3) —2; 4) 0,5 5) —1,5; 6) 0; 7) é; 8) i; 9) -1;
10) -1. 3.3. 1) log,9; 6) In3. 3.4. 5) 14; 6) 54. 3.5. 2) 2lga+5lgb—Tlgc-1;
5) 2+7log3a+§log3b. 3.6. 1) 3lg|a|+51g|b|+8lg|c|; 2) %lg|a|+%lg|b|—21g

4

.
u

2 2
3) 41g|c|—glg|a|—glg|b

; 4) 2+%lg|a|+%lg|b|+§lg|c|. 3.7. 1) b+1;

40 %/5@5 m:’)z/ni“2 .

2) 2a+b; 3) a+b+1; 4) 3a+2b. 3.8. 1) —; 2 #3 ;
) ) ) ) 5 ) 2 ) {)/;
4 —L1 . 39.1) —log.a; 2) 0,5log.a; 3) —0,5log.a; 4) 2log.a; 5) 2212
1600 8 R 010834 377 g2’
2(2a-1) 2+a
3.10. 1) 24; 2) 10; 3) 2,5; 4) 1,5; 5) 19; 6) 12. 3.11. 1) —; 2) ——;
) ) ) ) ) ) ) 3(2-a) ) 2(2-a)

b(3-2a) bla+4)
ab+2 3(1+ab)’
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§ 4. 411, 1) (-3;+c); 2) (3+); 3) (—oo;—1)u(1;+oo); 4) (0;3);
5) R; 6) R; 7) (—5—2)U(3;+); 8) (23)U(3;+); 9) ( ;—3)U(3+);

10) (0;1)U(L;2); 11) (1,5;2)U(2;5). 4.2.1. 1) 8e™; 2) e*——; 3) —e *+5x%;
2 5x 1-Inx x lgx 1

4 . 4.2.2. 1) e**(5cosx—sinx); 2) ——; 3 - ;

) 2x-1 ) x? ) 2yx  +x1nl0

4) x2(3log2x+ﬁ). 4.2.3. 1) (0,5In0,5;+0c0); 2) (—0;0)U(0,5;+00);
n
1 1 1 1
3) (;,+oo), 4) (1,5;+). 4.2.4. 1) a) T 6) ($,+oo), B) (0’$)’ 2) a) 1;
6) (L+eo); ) (0;1); 3) a) & 6) (05e); B) (e3+e0); 4) a) e2; 6) (e 2;+c);
5) (0;¢2). 4.25. 1) y=- f “\71‘ 2) y=dr+l-73 3 y=2 4 y=-1

4.2.6. 1) §+“—:, keZ; 2) 1; 3) 0. 4.2.7. y=5x+2. 4.2.8. y=3x—1.

4.29. 2) f,..=In2+5, f ., =1n4-2.

max min

§ 5. 5.1.1. 1) 16; 2) 5; 3) 2; 4) 100. 5.1.2. 1) 5; 2) 6; 3) —3; 1; 4) 2,9.
51.3. 1) 1; 2) 0; 3) 2; 4; 4) 5. 5.1.4. 1) 3; 27; 2) 10; 3) é; 9; 4) 0,1;
1; 10. 5.1.5. 1) 1; 2) 2; 4; 3) 0; 4) logz4. 5.2.1. 1) (9%+); 2) (0;5);

3) (0,55+0); 4) (0;100). 5.2.2. 1) (2;+<); 2) (0,2;2); 3) (%;9) ) (-0,5;1,5).
5.2.3. 1) (3;+); 2) (—i 1) 3) (2;3); 4 (0,5;4]. 5.2.4. 1) (0;3)U(9+);
2) (0,1;10)U(10;1000); 3) [5;9]; 4) (0;0,5]U[4;+). 5.2.5. 1) (10;+c);
)

2) [6;+); 3) (-4;-3)U(4;5); 4) [L+). 5.2.6. 1) (0;0,25]; 2) (1;4);
3) (0:1)U[V2:4]; 9 (-2:0,5).

Tecr 1. 1. B. 2. B. 3. [I. 4. B. 5. 1-T, 2-B, 3-A. 6. 2. 7. 6. 8. (-1;0).

Po3pin 2
§ 6. 6.4. 1) Hi; 2) Tak; 3) Tak; 4) mi. 6.5. 1) Tak; 2) tak; 3) ui; 4) Tax.

5 2 7
6.6. 1) 2x—x?+C; 2) x?+sinx+C; 3) 2x2+C; 4) -8x+C; 5) x7+c;
1 1 x* 1
6) ——-2x+C; 7) x+—+C; 8 —+C. 6.7. 1) 2x——-—>+C;
2x 3x 4 4 x
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2

2) sl isinx+C; 8) —4cosx+C; 4) 2xP—x+C; 5) —(2x-8)°+C;
2 2 x 3 12

6) —Ecos2x+C; 7) —L(4—5x)8+C; 8) —lsin(x—£)+c; 9) ;3+C.
2 40 3 4 15(x-15x)

4
6.8. 1) —=-10; 2) tgx—1; 3) %+1%; 4) —cosx—-2. 6.9. 1) x®+x;
X

3 2 x® 1 x®  3x® 1 .
2) x°—-x“+4; 3) —+2x+—; 4) ——+ -4—. 6.10. 1) 2sinx+3;
2 2 3 3
3 3
2) x-2-+3; 3) —cos(x+1)—2; 1y -2 ear. Lot
3 3 3x 3 3

6.12. t*+2t2+2t+7.
§7.71. 1) 6,6; 2) 15 3) 20; 4) e — 1; 5)— 6) 6; 7) 0,9; 8) 0,5. 7.3. 1) 3;

TC+3

2) 2; 3) 9V3; 4) 4; 5) —+1 6) 78; T) : 8) 9,5. 7.4. 1) 0,4; 2) 1,6;

3) 9%; 4) 10—. 7.5. 1) 0,75; 2) 2; 3) 73; 4) 5%. 7.6. 1) 4,25; 2) 23 -~

3) 23 4) f—— 7.9. 4 Gamku. 7.10. 0,1 .

TeCT 2. 1. I[. 2 A 3. B. 4. 1T, 2-B, 3-B. 5. 0,75.

Po3pin 3

§ 8. 8.1.1. 12. 8.1.2. 1) 16; 2) 60. 8.1.3. 2052; a6ayko. 8.1.4. 1680.
Braszieka. JominpbHOo 3a wMicia BubOpaTm eK3aMeHM 1 po3MiIlgyBa-
™ 1o HuX 3ajaHi gmi. 8.1.5. 24. 8.1.6. 870. 8.1.7. 336. 8.1.8. 210.
8.1.9. 26-25-24-23-22. 8.1.10. 120. 8.1.11. 96. 8.1.12. 544 320. 8.1.13. 1) 24;
2) 12. 8.2.1. 24. 8.2.2. 5040. 8.2.3. 120. 8.2.4. 6. 8.2.5. 1) 720; 2) 600.
8.2.6. 1) 6; 2) 6. 8.2.7. 384. 8.2.8. 240. 8.2.9. 5!-8!. 8.3.1. 21. 8.3.2. 56.
8.3.3. 210. 8.3.4. 1) 55; 2) 165. 8.3.5. 400 400.

§ 9. 9.1. 1) BunmagkoBa; 2) HeMOKJIMBa; 3) BUIIQAKOBa; 4) HEeMOKJIUBA;
5) BumagkoBa; 6) HeMo:KJIMBa; () BUMNAAKOBa; 8) HeMosKJuBa; 9) Biporiga;
10) Bumagkosa; 11) sumazkosa. 9.3. 0,03. 9.4. 0,002. 9.5. 0,998. 9.6. 0.

97. 1. 9.8. 1; 0. 9.9. ——. 910. —~—. 9.11. 0,04. 9.12. 0,75. 9.13. .
24 1250 12

9.14. 0,95. 9.15. 1) 0,5; 2) 0,5; 3) % 9.16. Burpamri piBHOMOIHBI.
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9.17. Hi. 9.18. 1) Yeprone; 2) a) 1; 6) 0; B) 0,4; 1) 0,52. 9.19. Bynn-aky.
9.20. 1 uepBoHa, 5 xoBTux. 9.21. 3eiseHa, pzé. 9.22. 1) a) %; 6) 0;

B) %; 2) 11. 9.23. (2;1). 9.24. g 9.25. %. 9.26. 400. 9.27. 60. 9.28. 10.
§ 10. 10.1.1. 240.

10.1.2.
Konip YOPHUI YEpPBOHU | CUHIA | Cipyin | 6inuiA | KOBTUIN | 3e/eHnN
QZmchéi;bOK 9600 6000 4800 = 4200 | 3300 = 1500 600
10.1.3.
MunpHictb 0 0,5 1 1,5 2,5 3,5 5
KinbKicTb niTpis 400 240 160 200 480 280 240

10.2.4. 1) R=4; Mo=2; Me=2; )_(=2§ 2) R=8; Mo=2; Me=1; X =0,6.
= 4

10.2.5. 1) R=3; Mo=3; Me=3; X=3H; 2) R=8; Mo;=4; Moy=5;

Me=4; )‘(:3%. 10.2.6. Mo, =135; Mo,=140; Me=135; )‘(:129%.

5

Tecr 3. 1. A. 2. II. 3. B. 4. 1-A, 2-T, 3-B. 5. ry
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Po3pgin 1

§ 1. 1.2. TpukyrHa mipamiga. 4; 6. 1.3. 1) 10; 2) 6. 1.4. n(n-3).
1.6. 7,5 cv. 1.7. 45°. 1.8. 4,5 cm. 1.9. 2a; av5; a®v3; 2a%. 1.10. 22 cwm.
a®\6

2

1.11. 4 m. 1.12. @V2. 1.13. 1) : 2) a®J2. 1.14. 2 M. 1.15. 4 m

2
1.16. 1) 150(242 +7) k. om.; 2) 75453 k8. on.; 3) 45, 135°. 1.17. 1) 3ab+ 2 f;
azx/g_ a’

4

; 3) —.
)2

2) 4ab+2a?; 3) 6ab+3a23. 1.18. 1) 45° 2)

§ 2. 2.2. 200 gm?. 2.3. 1) 3; 2) 15; 3) 11. 2.4. 1) 160 cm?; 2) 208 cm;
3) 460 cm?. 2.5. 12 M2 2.6. 53 cm. 2.7. 188 m2. 2.8. 2JM?+2Qhn% .
2.9. 16 cm2 2.11. 288 cm2 2.12. 1) d4absinB; 2) 2absin%;

3) a\/sinzﬁ—cosgﬁtg2%. 2.13. 13 M, 9 M. 2.14. 2. 2.15. 8 cm, 10 cwm.

2.17. 1) 43 xB. ox; 2) 5V3 xB. onm. 2.18. 432 cm®. 2.19. a2, 2a.
2.20. 5 cm, 7 cm. 2.21. 960 om?. 2.22. 30°. 2.23. arctg%.

§ 3. 3.3. 8J21 cm2. 3.4. 144 kB. oxm. 3.5. Q\/E. 3.6. 1) 240 cm?;
2) 16043 cm® 3.7. 3 cv. 3.8. 1) 200v/2 cmZ 2) 100V5 cm?; 3) 10042 cm?.

3.9. 1647 cm2 3.10. 580 cm2. 3.11. 6JQ%-S?. 3.12. 1) a%V6; 2) 3a2.
4a2\/§
9

i BB, Bigmosigao Bimpiskm DX =BY =22 cM i 3’egHaTé HOCIiZOBHO TOYKH
Ha KOXKHIM rpaHi — oAep:XuMO JIiHiI0O PO3IUIY.

§ 4. 41 60. 5.2. 9 cm. 4.3. 1) p2-2: 2) [p2-2; 3) Jb2-q?
4.4.1) \/H2+— \/Hz a : 3) \/Hz 3a” *F 1/H +‘1’—2;
2
2) a +2a,/H2+— 8a ‘F+3 JH?+ 3L 46. 2r(V3r+3a2—r?).

3.13. 23 oM. 3.14.

, 60°. 3.15. MosxHa Bigkygactu Ha pebpax DD;
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. 4.10. 2883 cm?. 4.11. a>\7.

3a?

47. 1,8 m, 4 m. 4.8. 288 cm?. 4.9.

a*J15
4

4.12. 60°. 4.13. arccos%. 4.14. \/5 cMm. 4.15.

§5.5.1. 12 om. 5.2.12. 5.3. %th. 54, ———— 55— 5.6. 448 o,

ZSinoctg(p. cos(p
352
12

1242

1
5.9. arctg — |- 5.10. 1) 2,4; 2) -

cosatg —

5.8. 5.11. 3.

2
5.12. 2\/§ cm. 5.13. 540 cm?. 5.14. arctg(?gtgoc), arctg(%tga],

arctg(%tga). 5.15. a43

§ 6. 6.1. 1) Hi; 2) mi. 6.2. 1) Tak; 2) tak. 6.3. Hi. 6.5. 1) 9; 2) 15; 3) 15.
6.6. 10 cm. 6.7. Tax.

Teer 1. 1. B. 2. IT 3. B. 4. II. 5. II. 6. 1-B, 2-A, 3-T. 7. 320.

. 5.16. 40 M2

Po3gin 2
§ 7. 71. 1) Tar; 2) mak; 3) rak. 7.2. 1) 5 m; 2) 12n m?; 3) 20w ™2
7.3. 9. 7.4. E 7.5. 36 cm?. 7.6. % 77. 1) 24 cm; 2) 1243 cMm;

3) 432n cm?. 7.8. 40V3 cm2. 7.9. nS. 7.10. 3, i 711. 18 cm, 6 cm.

d? cos?
d’cos’e

4Q T
712, ——. 7.13. d®singcosq . 7.14. 1) 1503 xB. oOf.,

tgo 2n

187,5v3 k8. om.; 2) 2002 xB. ox., 100(1+2V2) ke. ox.; 3) 300 xB. ox.,

75(\/§+4) KB. ox. 7.15. 1024 xB. ox. 7.16. 2 6Gamku. 7.17. 2,1 wm2.
7.18. 12 nwucris.
§ 8. 81. 1) 5 m; 2) 156m ™% 3) 24n w2 8.2. 5. 8.3. 12. 8.4. 1) 17;

2) 1361 xB. om.; 3) 200m kB. ox. 8.5. mR2V2 . 8.6. 2R%sinc. . 8.8. Tax.

8.9. 3. 8.10. HTZ 8.11. 0,750. 8.12. 121 cw?. 8.13. Bucraunts.

§ 9. 91. 6. 9.2. 8n. 9.3. 13. 94. 7 ogm. 9.5. 6 cm. 9.6. 2413 gm.

211\/5

3

9.7. 13. 9.8.

. 9.9. 6,5. 9.10. 2,5. 9.11. 1%. 9.12. 1600m pgm?2.

297
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9.13. 3:4. 9.14. 1 a6o 7. 9.15. 5. 9.16. 0,25nR*. 9.17. 6000m M.
9.18. 250n &M™.

Tecr 2. 1. T. 2. B. 3. T. 4. T. 5. 1-B, 2-B, 3-T. 6. 83 .

Po3pgin 3

§ 10. 10.2. 7 xy6. oxm. 10.3. 76 xy6. om. 10.4. 52 xy06. om. 10.5. 1:1.
10.6. 24\/§ cem®. 10.7. 1) 131,251 Ky6. oxm.; 2) 84n Ky0. ox. 10.8. 240 cm®.
10.9. 180 cm?®. 10.10. 1) 36igbmuTbea B 2 paswm; 2) 36iabmiuTbca B 4 pasu;
3) s6impmuThea y 8 pasis. 10.11. 12 ecm. 10.12. 1:3. 10.13. 1) 8:1; 2) 27:1;

2
3) n?:1. 10.14. d®sinasinpy/cos® o —sin?p . 10.15. 1120 cv?. 10.16. 1) = ’1‘/5
3a%0/3

2
10.20. 2. 10.22. 160n cm?®. 10.23. 5 cm. 10.24. Ipyra.

.
b

2) a’; 3) 10.17. ma®. 10.18. inag’cosz(psin(p. 10.19. 2.
a

§ 11. 11.1. 240 cm®. 11.2. 80 cm?. 11.3. 4 m®. 11.4. Tax. 11.5. %

2 2
11.6. éabh. 11.7. “ff 11.8. X" 11.9. 14403 xy6. on

N

11.10. T ky0. ox. 11.11. 7 cm. 11.12.

N

3is. 11.14. % Ky6. oxm. 11.15. Y Ky0. oxm. 11.16. 128m Ky6. ox.

. 11.13. 3meHInuThCA y N pa-

c>:|°;a )

11.17. 1) 36inbimuTeea B 3 pasu; 2) 30iabmuTeed B 4 pasu. 11.18. 36iabMmuTh-
ca B 2 pasu. 11.19. 1201t cm?®. 11.20. 1:7. 11.21. 721 cm?®. 11.22. 91 cm?.

2 2
na® na“h na“h

11.23. . 11.24. Hi. 11.25. 2625n ky06. ox. 11.26. . 11.27. Pt

11.28. 72 cwm?. 11.29. 8,2 n. 11. 30. =640 B=Bigep.

§12. 12,1, 200™

cm®. 12.2. 8. 12.3. 1) 27; 2) 125. 12.4. 4. 12.5. 103/4i CM.
n

12.6. 1039 cm. 12.7. 167. 12.8. 2000T \5. 12.9. 4 xy6. ox. 12.10. 33%%.
a6 na®J6 2400 — 3431

12.11. . 1212, 24 ky6. ox. 12.13. . 12.14.

8 27 147n
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12.15. —— . 12.16. 2881 cov®, 190" s, 12.17. EnR3(1—cos$).
250 3 3 2
3
12.18. 112 500 cv?. 12.19. % o aGo 22T s, 12.20. M.

§ 13. 13.1. 36 cm2. 13.2. 36iapmutbesa: 1) y 4 pasu; 2) y 9 pasis;
3) y n? pasis. 13.3. Ipu6ausso B 13,8 pasy. 13.4. 400 cm2. 13.5. 1441 2.

13.6. 2:3. 13.7. mJm :nn . 13.8. Ym? :¥n? . 13.9. V 3 pasu. 13.11. Biz-
HOIlIeHHs 1oy 2:3, BigHomenuHa o6’emis 2:3. 13.12. 4225n mm2.

13.13. %nlg. 13.14. =37,7 kr, 14 0aHOK.

Teer 3. 1. . 2. T. 3. B. 4. 1-T, 2-B, 3-B. 5. II. 6. 1-A, 2-T, 3-B.
7. 1443 cm®.
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A Ky6 176
Amogema 191 Ryna 162, 245

B N
Bapianifiauit pag 144 Jlorapupm uncna 38
Benukuii xpyr 247 M

BigmocTtHa uwacrora BapianTm 139

BuactuBocTi BusHaueHUX
iHTerpaiis 93

— Jsorapudpmis 40

— (yuxkuii Jorapudmiunoi 48

— — TIOKa3HUKOBOI 9

Bubipxa 138 — onykuawnit 162
Bics xomyca 235 — mnpasuibHUE 211

Mepiana 150

MeTon saminm 3aminmHumx 23
— irTepBamiB 31

— cJuaigis 184
Muororpanauxk 162

— muaiagpa 225 Mopna 150
- o)
T'enmepanbHa cykymHicTh 138 06’em _257
— Bubiprku 138
i — KoHyca 269
HoTuuHa TaoIMMHA A0 Kyai 248 = Ky6? 260
— mpama mo Kyai 248 — Ky 275
— mipamigu 268
| — npusmu 260
Iurerpan BusHauenuii 92 — — moxuoi 267
— ueBu3Hauenuii 80 — IIPAMOKYTHOTO
. napaJsesemninena 260
U — muiaiagpa 260
WwmoBipHicTs momii 127 O0unCc/IeHHSA TJIOIIl KPUBOJIiHiHHOI

Tpamelii 92

K OcuoBHa Jorapu@MiuHa
Kowmb6inaTopuka 104 ToTOKHICTE 40
Komb6inarmisa 6e3 mosTopeun 116
Konyc 234 n
— upamuii 234 ITapaneneninen 174

Kpuposinitina Tpanemisa 90 — TpAMOKyTHui 176
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IlepBicra 78

ITepBicuux Tabauia 77

Ilepepis komyca 236

— — ocwoBuit 236

— KRy 246

— mipamigun 196

— npusmu 183

— nuaiaapa 226

— — ocwoBuii 226
ITepecTranoBka 112

ITipamiga 192

— BUHcaHa B KoHycC 237

— — B nuaiagp 227

— ommcaHa HaBKOJIO KoHyca 238
— — — mumaiagpa 227

— mnpaBuabHa 194

Ilnoma 6iumoi moBepxHi Komyca 280
— — — mupaBuibHOI mipamigm 195
— — — mupamoi npusmu 166

— — — muaiaapa 280

ILnomia moBepxHi Kymi 281
Ilnoma moBHOI moBepxHi KoHyca 280
— — — muaiaapa 280

Iloxii piBHOMOKIMBI 125

— HecywMmicHi 125

ITopia Bumaxxosa 123

— Biporigua 125

— HeMmoxkJuBa 125

ITomiroum wactor 146

IIpaBuna inrerpyBanaa 80
IIpaBuno mobytky 107

— cymu 106

IIpusma 163

— mnpaBuibHa 166

— mnpama 165

P

PisuoBenuki ¢girypu 258

PiBusauua gorapudmiuni 61

— TOKa3HUKOBi 18

Posp’a3yBanasa JorapuMiuHux
piBHAHL 59

— — wHepiBHOCTEIT 68

— IOKa3HUKOBUX piBHAHL 17, 23

— — wuepiBHocTeit 30

Posmax Bubipku 149

Posmimenns 107

C

Cepente 3uHauvenHa Bubipxu 151
Crarucruxka 135
Chepa 162, 245

T

Teopia fimoBipHocTeit 123

L
Huniagp 224
— npamuii 224

Yy

Yacrora BapianTm 139

o

Dopmyna Heiorona — Jleiibuina 92
DyuKIia gorapudmiuna 49
— TOKa3HUKOBA 7
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