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Y mpoMy HaBUAJLHOMY POIli BM IIPOAOBIKYETe BUBUATH MartemMaTuiy.

3 Kypcy Anredopu i mouarkis amamisy 10 KJjacy BU BiKe 3HA€Te METOAU PO3B’dA-
3yBaHHA PiBHAHBb i HepiBHOCTElW, BMieTe mociimsKkyBaTu (PYHKIIii, 30Kpema 3a mO0-
nomoroo moximuoi. B 11 kjaci Bu mosHailioMuTecs 3 HOBUMHM BUJAMU (DYHKIIH —
TOKa3HUKOBOIO i Jorapm(pMiuyHOIO, BiANMOBIiAHMMMN PIBHAHHAMU W HEPiBHOCTAMU,
a TaKOK MPUHIIUIIOBO HOBUM IOHATTAM — iHTErpajioM, HAaBUUTECS 3aCTOCOBYBATHU
ioro [0 pPO3B’sA3yBaHHA 3ajad, OiJBIICTh, 3 SKNUX BUHUKJA BHACTIJOK MTPAKTHUYHOL
ITiAIBHOCTL JIIOOMHU.

Y 9 knaci Bu noumHaJ M 3HAWOMUTHCS 3 OCHOBAMMU KOMOiHATOPMKU, Teopii #Mo-
BipHOCTEH Ta crarucTuku. 1[pboro poKy Bu moriubuTe CBOI 3HAHHA B IIifi rajysi,
HaBUUTEeCA KOPUCTYBATUCA BIiANOBIAHUMU iHCTPyMeHTaMU Iiiel HayKu, ycBizomure
il BHAUEHHS B JKUTTi Cy4YacHOI JIFOAWHU.

¥V kypci 'eomerpil Bu JOoKJIafHiIIE MisHaeTecA IIPO MHOTOIPAHHUKHU, ITO3HANOMHU-
Tecda 3 TimamMu obepTaHHs, HaBUMTecA OyayBaTu ixX Iepepisu, oO0uucJoBaTH 00’eMU
i mJoIIi ITOBEPXOHb, — Ile MOJKe 3HAJAOOUTUCS HABiTh THMM, XTO He 30MPAETHCSA IIOB’f-
3yBaTU CBOE ;KUTTA 3 MaTeMaTUKOI, — Xo4ya 0 A TOro, mob 3po0uTH CBATKOBUI
KOBIIAYOK MaJieui UM CKJIeITH MOJesJb JIUIapChKOI'0 3aMKY.

CoopmiBaeMocsi, B OTPUMAETe 3aJ0BOJIEHHs, ONMaHOBYMOUM Kypc Maremaruiu,
a HaOyTHH OOCBiJ OOIOMOKEe BaM YCHIIITHO BHopaTucs 3 OaraThbMa 3ajadaMu, AKi
TMOCTaHYTh TEepeJ BaMU B JOPOCJIOMY KHUTTi.

Basxaemo Bam ycmixis!

Iligpyuysnuk micTuTh ABi yacTuHU: «Ajaredpa i mouatkm amHajisy» i «['eomerpis».
KoskHa uacTmHa CKJIagaeThbCcsa 3 TPhOX PO3OiIiB, KOXKHUU po3mis — i3 maparpadis
(y mepiri#i wactuHi meAaki maparpadu nmominArwThcA Ha nyHKTH). Ilaparpadu i myHK-
THU, K IPABUJIO, CKJIAJAIOTHLCA 3 TaKUX CTPYKTYPHUX OJIOKiB.

Josigkori Tadaumni HaBeleHI Ha mouaTKy Oijabimocti maparpadiB i micTaTh
OCHOBHi O3HAUEHHS, O3HAKH Ta BJIACTUBOCTI PO3TIAAYBAHUX IOHATH TE€MH, CHUCTE-
MaTHU3aIlil0 TEOPEeTUUHOT'0 MAaTepiajy Ta cnocobie 0OisnbHocmi 3 IIUM MAaTepiajoMm
y dopmi cmenianbHUX opieHmupié 3 po3sasysanna 3a6d0anv. Pammmo ompamioBaTtu
meli MaTepiajy y mepIiry 4epry, a BiKe IIiCJIA IILOT0 IIEPEeXOAUTH J0 HACTYIIHOTO OJIOKY.

Ilosicuenusa i1 OOI'PYHTYBAaHHS MICTATH [AOKJAJHEe BUKJIQZEHHS TEOPETUUHOT'O
MaTepiajy, HaBeJeHOTO B Tabnuiax. Take mogaHHA HaBYAJBHOTO MaTepiauay (cmouar-
Ky CTPYKTYPOBAHOT'O y BUIVIAMLL TaOJUIlb, a IIOTiM ONMCAHOTO NETAJIbHO) NO3BOJIUTH
KOYKHOMY 3 Bac BUOMpPATHU CBi#l BJIacHUU piBeHBb O3HANOMJIEHHS 3 OOI'DYHTYBaHHAMU,
OyAyioum BJACHY OCBITHIO TPaeKTOPiio.

IIpuknanu po3r’a3yBaHHS 3aBIaHb (3a/1a4) 0O3HAMOMJIATH Bac i3 OCHOBHUMU ize-
AMU ITIOJ0 PO3B’sI3yBAHHA 3aBJaHb, JOIMOMOMKYTH YCBIiJOMUTH ¥ 3aCBOITH cmocoOu it
3 OCHOBHUMM MATE€MATHUUYHUMU IIOHATTAMMN, HaOyTH HEOOXiTHUX IMPeIMEeTHUX KOMIIEe-
TeHTHOCTel. [ Toro 106 BUAIIUTYA OPi€HTOBHI OCHOBU AisIILHOCTI 3 PO3B’I3yBaHHA



MNepenmoBa

3aBJaHb (3arajbHi OpieHTHDPH), ¥ IPUKJIAZaX BIACHE PO3B’A3aHHA CYNPOBOLIKYIOTHCA
KOMEHTapAMH, SKi JOMOMOMKYTh BaM CKJIACTH IIJIaH PO3B’SI3YBaHHS AHAJOTIUHUX
3aBJaHb.

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

3a Takoro IOZAHHA KOMEHTAp He 3aBaskae CIPUNHATTIO OCHOBHOI imei poss’a-
3yBaHHA 3aBAaHb IMEBHOTO THUNY i Jla€ 3MOTy 3a IOTPeOM OTPUMATH AeTaJbHy KOH-
CYJIBTAIiIO IIOJ0 PO3B’A3yBaHHs, KA MIiCTUTLCSI B KOMEHTapi.
3 MeTOoI0 3aKpillJIeHHs, KOHTPOJIO i CAMOKOHTPOJIIO 3aCBOEHHS HABYAJIbHOI'O Ma-
Tepiaay HaOPUKIiHIII KOKHOTO maparpada 3aIporOHOBAHO CUCTEMY 3allUTaHb 1 BIIPaB.
3anuTaHHg A9 KOHTPOJO AOMOMOMKYTH BaM HPUTaJaTA W OCMUCIUTU BUBUE-
He, 3BEPHYTHU yBary Ha TIOJIOBHE, OIiHUTM PiBEeHb 3aCBOEHHA Marepiajsy maparpada.
Brnpaeu momamo 3a TpbOMa PiBHAMU CKJIAJHOCTI:
® 3a0ayi cepedHb020 PiBHA MAIOTh ITO3HAUKY «°»;
® 3adayi docmamHv020 pieHsa (Iello CKIagHiITi) mogano 6e3 TO3HAUKY;

® 3a0ayi 8UCOK020 Pi6HA MAIOTh IIOBHAUKY «%».

Ho 6inbirocTi BIpaB HAUPUKIHIN MiApyYHUKA HaBemeHO 8i0no08idi.

VY pyopuni «Buapits cBOI0O KOMIIETEHTHICTH» HaBEAEHO 3aJavi IIPaKTHUYHOTO
3MicTy Ta 3aBHaHHA, AKi AJA OTPUMaHHS PO3B’A3KY BUMAraloTh aHaJNi3y Ta yaa-
raJbHEeHHS HaOyTUX 3HAHb.

3BepHITh TAKOK yBary Ha 3allPOIIOHOBAHI B TeKcTi maparpadiB CyIpOBOAKYIOUi
3allUTaHHA, IO CIIOHYKAIOTh OO OiJbII TNIMOOKOTO CAMOCTiMHOTO OCMUCJIEHHS HaB-
YyaJbHOTO MaTepiany, Ta 3aBJaHHSA, BUKOHAHHSA SKWX, Ha HAIIY AYMKY, CIIPUATHME
(hopMyBaHHIO IIEBHUX IIPEAMETHUX Ta KJIOUOBUX KoMmIleTeHTHOcTed. I1i sanmmurarHa Ta
3aBIaHHS MAalOTh BiATOBiAHI mosmaueHHs. Marepianu pyopuk «Bimomocti 3 icTopii»
Ta «BumarHi mocrari B MaremaTruili» JOIOMOKYTH BAM HOCJIAUTHA POSBUTOK MaTeMa-
TUKKU SK HaAyKWU ¥ AisHATHUCA NMPO AOCATHEHHS BUIATHUX YUYeHUX YKpaiHU Ta CBiTY
BiJl JaBHUHU 0 CHOTOJEHHA. |HTEPHET-IiATPUMKA HiAPYYHUKA TO3BOJUTH 3Mific-
HUTU OHJIaMH-TECTYyBaHHS 3a KOKHOIO TeMOIO Ha caiTi interactive.ranok.com.ua,
a TaKOXK JeTaJIbHiIle O3HAMOMUTHUCA 3 HABYAJBHUM MAaTepiaJioMm.

g Toro 1mob6 HifpydYHUK JOIOMIT BaM y IIOBHi#M Mipi, pagmMo 03HAaHOMUTHUCS
i3 cucTemMoOi0 YMOBHUX IIO3HAUEHbD:

b... noyYyaToK i 3aKiHYEeHHs OOIpYHTYBaHHS TBEPOKEHHA, PO3B'A3aHHA 3aBHaHHSA;
3annTaHHA [0 YYHIB;

mMaTepianu, nos'asani 3 IKT Ta iHTepPHeT-NIATPUMKOIO NiAPYYHMKA;

3aBAaHHA, AKi BUMaraloTb CaMOCTIIHOIO OMpaLlloBaHHA, CPUAIDTb akTuMBi3auii po3y-
MOBOI OifANbHOCTI;

@OEE

LiANbHICTb, po3paxoBaHa Ha PobOTYy B KOMaHfi.
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© O3HaMoMMTecA 3 MOKa3HMKOBOK QYHKLIE,
i BNacTMBOCTIMU Ta rpadikom;

© O3HaMoMuTecsa 3 MOHATTAM norapudma
Ta BNaCTVBOCTAMM Jioraprdmis;

= [pi3HaeTeca nNpo norapudmiyHy dyHKLito,
1 BnactuBocTi Ta rpadik;

©  HaBumTeca O6yayBaTy rpadikm NoKasHMKOBUX

i norapudmiyHnx PyHKLiN Ta po3B'A3yBaTN MOKA3HUKOBI
N norapudmiyHi piBHAHHA | HEPIBHOCTI.



§ 1. NOKA3HUKOBA ®VYHKLIA,
1T BNACTUBOCTI TA FPADIK

1. MoOHATTA NnoKa3sHMKOBOT GpYHKUIT Ta Ti rpadik

Tabnuusa 1

O3HaueHHs. lMokasHuKoeor (hyHKYielo Ha3nBaeTbca GyHKUIA BuAYy y=a”,
pe a>0i a=#l.

lpadik nokasHMKoBoOI GyHKLIT (eKcnoHeHTa)

a>1 O<ax<l1

yh y=a* y
y=a*
1 1

] ~—__

0 x 0 X

2. BnacTnBoCTi NOKa3sHMKOBOT GpyHKLiT

1. O6nacme susHayeHHs: x € R. D(ax) =R

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

3. OyHKyia Hi napHa, Hi HenapHa.

4. Toyku nepemuHy 3 ocamu koopouHam: Oy {; f i).’ Ox |Hemae|.

5. [IpoMmiXXKU 3pOCMAHHSA | CNAOAHHS:
npu a>1 ¢yHkuia y=a” 3pocTae Ha BCill 06nacTi BU3HaAUYEHHS;

npn 0<a<1 ¢yHKuia y=a” cnapae Ha BCiih 06nacTi BUSHaUEHHA.
6. [pomixku 3Hakocmanocmi: y >0 npu ecix 3Ha4eHHAX x € R .
7. Hati6inbwozo i HatimeHWw o020 3Ha4yeHb yHKUIA He MAE.
8. []na 6yob-akux OilicHux 3HadyeHs U i U (a >0, b > 0) sukoHyrombca pigHocmi:

auav — au+v (ab)u — aubu i — au—v (l) = i (au)v = auv
a b



§ 1.TToka3HmKoBa (yHKLIfA, 11 BAACTMBOCTI Ta rpadik

MOACHEHHA N OBI'PYHTYBAHHA

O3HaueHHA. [oKa3HUKOBOI (PYHKUi€I0 Ha3NBaETbCA
dyHKkuia Bugy y=a”*, pe a>0i a=1.

x Yy
1\" 3
HaHpI/IRJIaH, yzzx’ yz(_) , y:(i) , y:ﬂx . 1 y:lx

Puc. 1.1

TIOKAa3HUKOBI (QyHKITII. 2 2
3asHauuMo, 10 QyHKUiL eudy y=a* icHye i npu

a=1. Togi y=a*=1%, 10670 y=1 mpu Bcix 3HAUYEHHAX
x€R. Ane B npomy Bunagry QyHENia y=1" ne nasusa-
emucs nokasnurosow. (Cpadik Gynkmii y=1 — mnpsawma,
300paskena Ha puc. 1.1.)

Ockinpku mpu a>0 Bupas a”* o3HaueHMH HOpPHM BCiX AifiCHUX 3HAYeH-
HAX X, TO 00ACMI0 BU3HAYEHHS NOKA3ZHUK0B80L QYHKUIL y=a” € éci OiilcHi
Yucaa.

CmouaTKky moOyayeMo rpadikm AeAKMX HOKa3HUKOBUX (MYHKIIil, HAIpu-

X
kaag y=2" i yz(EJ , «3a TOYKaMW», a IIOTiM mepeieMO 0 XapaKTepu-

CTHUKHU 3arajJJbHUX BJIACTHUBOCTEINl MOKA3HUKOBOI (DYHKILII.

X
.o . 1
CriagemMo TabIuUII0 NeAKUX 3HAYeHb QYHKIIH y=2" i yz(E) .

1 1
x -3 -2 -1 - 0 — 1 2 3
2 2
1 1 1 1
_ox — — — |—==0,7| 1 ~ 2 4 8
y=2 3 4 9 \/5 \/5 1,4

N
DN | =
-

lx
=| = 8 4
v~(3)

IToGyanyemo Ha KOOpAWHATHIN MIJIOIMWHI BigAmOBiAHI TOUKM i cmoaydm-
Mo ix mnaBEmMEu JgiHiamu. Orpmmaemo rpadikm Qysrmin y=2" (puc. 1.2)

i yz(%) (puc. 1.3).

1 1
N 1 —==07 = | = | =
2=14 o



PO3[IJT 1. MokasHmKoBa Ta norapmdmivHa QyHKLIT

Puc. 1.2 Puc. 1.3
gL lyzer 4
O O
/ \
/ \
4 4
(Y
2 =y = 2
iz)
-—-0-—0/‘ ’\1>§_.._
-3-2-1 o1 2 3 [% —3-2-1 o1 2.3 [%

Sk Gauummo 3 rpadikis, QyHKnia y=2 e 3pocmaruow QyHKIiE,
X
. 1 . . . .
a (GyHKIig yz(E) € cnadHow (yHKIli€o, IKi HAOyBaOTh BCiX 3HAUEHDb i3
npomixky (0;+e0).

. 1Y .
3ayBamkumo, 110 rpadixk QyHKIiI yz(g) MOKHa ofep:katu 3 rpadi-

Ka QyHKIii y=2" 3a JOIOMOrol reOMeTPUYHUX IepPeTBOpeHb. lIpuiimemo

(1Y 1 . 1)

f(x)=2%, roxi (5) =—=2""=f(-x). Orxe, rpadix Qyurmii yz(g)
zJC

cumerpruHni rpadiry Qymrmii y=2* sigmocao oci Oy (guB. HiAPyYHUK

nnaa 10 kmacy’, m. 1.3) i Tomy, Akmo QyHKIiA y=2" € 3pocrarouoio, QyHK-

x
misa y:(2) 000B’I3KOBO OyJle CIIaIHOIO.
Busasnserbcd, saBxau npu a>1 rpadik GyHEnii y=a* cxomxwnii Ha
rpadik Qymrmii y=2", a npu 0<a<l — Ha rpadix QyHKIii yz(—)

(puc. 1.4). 2
I'padik moxasHMKOBOI (PYHKIIl HABUBAIOTHL EKCNOHEHMOI0.

* MaeThesa Ha yBasi migpyunuk: MaremaTtuka (ajarebpa i mouyaTku aHajisy Ta reomerpis,
piBeub craHmapty) : miapyd. aas 10 Kia. sakJ. 3arai. cepexn. ocsitu / €. II. Hemin., —
Xapkis : Bun-Bo «Panok», 2018. — 328 c.



§ 1.TToka3HmKoBa (yHKLIfA, 11 BAACTMBOCTI Ta rpadik

Puc. 1.4 a Yy 6 Yy
y=a* y=a*
a>1 O<a<l1
/1 1\
0 X 0 %

fAx Oyso mokasaHO BuIlE, 061ACMI0 6U3HAYEHHA NOKA3HUKOGOL (QYHK-
yii y=a* (a>0, a#1) € 6ci diiicni wucaa: D(a®)=R.

O6nacmio 3nHavenb QyHKyii y=a* € MHONCUHAQ 6Cix d0damHuUX Hucen,
mo6mo gyuryia y=a” nabyeae minvku dodamHux 3naienb, npuiomy 6yos-
AKe 0dodamHe HUCNLO € 3HAYEHHAM QYHKYIL, abo E(ax)=(0;+oo).

Ile osmauae, mo rpadgik MOKasHMKOBOI PyHKIII y=a” saBxaum posmime-
Hui Buie Bif oci Ox i Oygb-Ka mpsama, napajeabHa oci Ox i posraroBaHa
BUIIle Bif Hei, mepeTuHae Ieil rpagdik.

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

O6r'pyuTyBaHHsS 00JIacTi 3HaueHb Ta MIPOMIiKKIB 3pOCTaHHA U cIagaHHA
MOKa3HUKOBOI (GyHKIII mpoBogaTh Tak. Ili BiIacTMBOCTI IEepeBipsAOTH IOCJIi-
MOBHO IJI HaTypaJbHUX, IIJINX, PAIliOHAJbHUX IMOKA3HUKIB, a IOTIM yiKe
y3araJbHIOITh IJA NOBLIBHUX MIMCHUX NIOKa3HUKIB. YpaxoBYIOUUM T'POMi3[I-
KicTb TaKuMX OOI'DYHTYBaHb, IIpUiiMeMO iX 0e3 JOBeIEeHHA.

Vei igmni BaacTHBOCTI MOKA3HMKOBOI (PYHKIIII JIErKO OOI'PYHTOBYIOTHCS 34
JIOIIOMOT'0I0 IIUX BJIACTUBOCTEM.

dynxyia y=a” ni napua, ni Henapua, ockiteku f(-x)=a "=

1x #f(x)=a”
a

(3a osnauvenuaMm a#1). Takox f(=x)#—f(x), ocrimpru f(-x)=a*>0 (Tomy
mo E(a*)= (0;+)), a —f(x)=—a*<0.
Touku mepeTMHY 3 OCAMU KOOPAUHAT:
* 2padik pyHkuyii y = a™ nepemunac sico Oy y mouyi y =1 (giiicHo, Ha oci Oy 3HaueH-
Ha x=0,Togi y=a’=1);
® 2pacpik nokasHukoeoi pyHkuii y=a” (a >0, a #1)He nepemuHac sicb Ox, OCKinbku
Ha oci Ox y=0, a 3HaueHHA y =0 He BxoAMTb AO 06NACTi 3HaYeHb MOKAa3HMKOBOI
dyHkuii y=a”* (y=a” =0 Tinbkn npn a =0, ane 3a o3HaueHHaM a > 0).
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Ilpomincku 3naxocmanocmi: y>0 npu écix OillcHux 3HAYUeHHAX X,
ockimpku y=a*>0 mpu a>0.

3a3HauuMoO Ie OAHY BJIACTUBICTH IMOKA3HUKOBOI (GyHKIii. OcCKiabKu
rpadik QyHENiI y=a® mnepermrae Bicbk Oy B Toumi y=1, To, BpaxoByoun
3poctaHHa (QYHKILI npu a>1 Ta crmagamaa npu 0<a<l, omep:Kyemo Taki
Cni6eiOHOUeHHA Mid 3HAYEeHHAMU QYHKUII I 6i0n0Gi0HUMU 3HAYEHHAMU
apeymenma.

3HaueHHA aprymeHTa
3HayeHHA yHKLiT

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

Dynruyia yzax He Mma€ Hi HaUbinbuL020, Hi HAUMEHUL020 3HAYUYEHDb,
OCKiJbKU Ii 00J1aCTh 3HAUEHb — IIPOMIiKOK (0;+<>o), AKUHM He MicTUTb Hi
HaIMEHIIIOr'0, Hi HANOiJBIIOro 4uceJ.

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

u u
ata’ :au+u; ((lb)u —a'bY; (a) _a : L:azz—u; (au)v :auu’ __ amEajorigHi
b b a’

IO BJIACTUBOCTEH CTelleHeBOi (PYyHKIIiI, aKi Oyso posriaaayTo B Kypci 10 xiacy.
Kpim coinbHUX BiacTuBOCTEl MOKasHUKOBOI GyHKII mpu a>1 i O<a<l1,
3a3HAUMMO JeAKi 0cOO0IUBOCTI «HOBeMiHKM» rpadiKiB MOKa3HUKOBUX (PYHKITii
Ipy KOHKPETHUX 3HaUeHHAX a. Tak, Ha puc. 1.5 HaBemeHOo rpadiku IOKa3HU-
KOBUX (YHKIiM y=a” [oIs BUDAAKiB, Koan

1 1
Puc. 1.5 ocHOBa a HaOyBae 3HAUeHb 2; 3; —; —.
y 2 3
1 1 ITopiBuioroun 1i rpadiku, MOKHA 3POOU-
a=— a=— T BHUCHOBOK: YuM OLAbULOI € OCHO8a a>1,
2 3 a=3 a=2

mum Kpymiuie «nioHimaemvcsay zpaix QyHK-
uii y=a“, AKwo mouka pyxaemvcs 6npaso,
i mum weudwe zpagix HabaAUNAEMBCS 00
oci Ox, AKWo0 mouka pyxaemuvca 6.i60. AHa-
JoriuHo, uyum MmeHuow € ocHosa 0<a<l,
mum Kpymiwe «niOHimaemuvcsa» 2pa@iK QyYHk-
uii y=a“, aKwo mouka pyxaemvcsa 8.ie6o,
i mum weudwe zpaixk HabAUNCAEMbCA 00
oci Ox, AKUW,0 MOYKA PYXaemvbcs 6npaeo.
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1

3aBepIllyour PO3MOBY NP0 TOKAa3HUKOBY (DYHKI[il0, 3BEPHEMO yBary Ha
Ti IPUUYMHU, AK]I 3aBaKAIOTh POSIVIANATH MOKA3HUKOBI (GyHKIII 3 Big’eMHOIO
a00 HYJIHOBOIO OCHOBOIO.

IlokasaukoBa QyHEDiA y=a* (a>0, a#1) osHaueHa mpu Becix AifiCHMX
3HaueHHAX x. IleBHa piu, BUpas a* MoKHa posraszaru i npu a=0, i opum
a<0, ane B mux BUNAJKaXx BiH y:Ke Oyle O3HAUEHUU He IIPU BCiX MiMICHMX 3HAa-
yeHHAX X. 30KpeMa, Bupas 0% osHauenuii mpu Bcix x>0 (i Tomi 0 =0), a Bu-

pas (-2)° — npu Beix minmx sHaveHHAX x (Hampukaam, (—2)° = 1 :_l).
8

(-2)°

Yepes 1e i He 0epyTh 3a OCHOBY IIOKa3HMKOBOI (PyHKIII a=0 (oTpumyemo
crany Qyukiio mpu x>0) ta a<0 (ogep:KyeMo (PYyHKIIi0, O3HAUEHY TiJIbKU
IpU OKPEeMUX 3HAUEHHAX X, a camMe X € Z). Aje HaBeleHi MipKyBaHHSA IIIOIO0
JIOIiJIbHOCTL B1OOPY OCHOBHU MOKA3HMKOBOI (PYHKIIiI He BIJIMBAIOTL HA 00JIACTH
JOIYCTUMUX 3HaueHb BUpasy a”. Hampuxiaz, Ak OyJo 3a3HadeHO BHUIIE, IIapa
3HaUeHb a=-2, x=-3 BXoauThb m0 Horo O3, i e MOBOAMTHCS BPaxoBYyBaTHU
mig yac po3B’sA3yBaHHA MeAKUX 3aBAAHb.

P |

3a3HauMMoO, IO 3a JOIOMOTOI0 IOKAa3HUKOBOI (PYHKIII MoKHa ommcaTu 3HAUHY
KiJTbKicTh mpolieciB, SKi BiAOyBAaOTHCA B IPUPOJi.

Hamnpurian, spocTaHHs KigbkocTi 6akTepiit (3a BificyTHOCTI HeraTMBHUX MAJS IX
pocty haxkTopiB i HAIBHOCTI BEJUKOI KiJIBKOCTI MMOMKUBHUX PEUOBUH) BiI0yBaeThC 3a
saxoHoM N =5', ne t — uac mociaimkenHa, N — uncio 6akTepii y KoJIOHII.
3pocTaHHA KiJTBKOCTI MepeBMHHU IIii Yac POCTy JepeBa BimOyBaeTbcsA 3a 3aKOHOM
A:A0~akt, ne A, — ToYaTKOBa KiJIbKicThb JepeBUHHU, A — KiJbKICTH NepeBUHH
yepes uac t, ki a — mesaki crauri.

. —kh . .

TuCK TOBITPSA 3MEHIITYETHCA 3 BUCOTOIO 38 3aKOHOM p=p,-a ', ie p, — TUCK Ha piBHi

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

Maca peuoBMHM IiJ dYac pagioaKTUBHOTO PO3MaAy B3MEHIIYETbCA 3a 3aKOHOM
t

1\7
M=M, (2) , ie M | — mouaTkoBa Maca peuoBuHu, M — maca B MOMeHT 4acy ¢, T —

nepioa HamiBpo3maay pedoBUHU (TOOTO Uac, 3a AKUI PO3MaJaEThCs IIOJIOBUHA aTOMIB
3amanol peuoBuHM). OCKiJIbKY epiofy HaiBpo3many IeBHUX PeUYOBUH nobpe Bizowmi,
IO 3aJIE’KHICTH 3aCTOCOBYIOTH [IJIA BUBHAUEHH BiKY apX€e0JIOTiYHNX 3HAXI/IOK.
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NPUKNAOWN PO3B'A3YBAHHA 3AB1AHb

Mpuknap 1. lMopiBHANTe 3HaYeHHA BMpPa3iB:
-3 -5
2 2
GG
3 3
Po3B’A3aHHA

2 x
1) » Dyurmia yz(g) € CIIQJHOIO, OCKiJIBKU

§<1, TOoMy 3 HepiBHOCTI —3>-5 omep:KyeMo

ﬁ)i

()

2

KomeHTap

Ypaxyemo, wo PyHKUinA
y=a“ npu a>1 3pocraio-
ua, a npn O0<a<1 cnagHa.

OTXe, cnoyaTKy NOpPiBHAEMO

9\ 3 (9)\ 3aflaHy OCHOBY CTeneHsa a
(g) <(§) . 3 OAVIHMLIEIO, @ MOTIM, MOPIB-
HIOIOUM aprymMeHTH, 3pobrMo
BMICHOBOK NPO CMiBBiAHOLWEH-
HSl Mi>K 3alaH/MW 3HAYEeHHSA-
MU QYHKLT.

x
7
2) b DyuKIia yz(T) € 3POCTAIOY0I0, OCKiJIb-

7 . .
KK S >1, Tomy 3 HepiBHOCTI 4 >3 omep:KyeMO
4 3
( J7 J ( J7 )
— > — .
2 2

Mpuknapg 2. MNopiBHANTE 3 OANHULE JOJATHY OCHOBY CTeMNeHA a, AKLO BiAOMO, WO
BUKOHYETbCA HEPIBHICTb:

1) aﬁ>a‘/ﬁ; 3 5,
Po3B’sAi3aHHA
1) » Ockinbku \/5<\/11 i 3a ymo-

poio a'® > a\/ﬁ, TO PyHKIIA y=a”
e cmagHow, otT:xke, O<a<l.

KomeHTap

3afjaHi B KOXHil HEpIiBHOCTI BMpa3n — Le
ABa 3HauyeHHsA yHKLUiT y=a”.

MpoaHanisyemo, Ake 3HauyeHHA OYHKLUIT Big-
noBifae 6inbLIOMyY 3HaUeHHI0 aprymeHTa (ana
LbOro Cnoyatky MOPIBHAEMO aprymeHTu).

AKWoOo OinblIOMY 3HAUEHHIO apryMeHTa Bia-

noBigac Ginblue 3HaYeHHsA GYHKLii, TO PYHK-
R uin y=a” € 3pocrawuow i a>1; akwo
BoI0 @ 3 <a 5,70 pynkuia y=a* BignoBigae MeHLWe 3HauyeHHA QyHKLUii, TO
€ 3pocTapuol, OT:Ke, a>1. dyHKUia y=a” cnagHai O<a<l.

1 1
2) » Ockinbku —§<—g i sa ymo-
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Mpuknapa 3. MNobyaynte rpadik dyHkui: 1) y=1,7%; 2) y=0,3".
KomeHTap
Akwo a>0, To a* >0, otxke, 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% 6Gyne kpusa
(eKcrnoHeHTa), TOUKM AKOT Npu 36iNblUEHHI apryMeHTa «MigHIMaloTbCA» Bropy.
Mpu 0 < a <1 nokasHukoBa GyHKLiA cnagae, oTke, rpadikom GyHKuii y =0,3" byae kpusa,
TOUKW AKOT NpK 36iNblUEHHI aprymeHTa «onycKaloTbCA» BHU3. (Haragaemo, Wwo, «onyckato-
UrCb» BHU3, rpadik HabnmxXaeTbca fo oci Ox, ane Hikonu ii He NepeTrHaE.)
o6 yTouHnTM noBefiHKy rpadikis 3agaHnx GyHKLUIN, 3HaNAEMO KOOPAVHATA KiflbKOX [0-
[aTKOBUX TOYOK.

Po3B’A3aHHA

y
y=17 x -1 0 1 2
1 =1,7%
) » y=1"7 1 1
_/ y - 1 1,7 2,89
17
0 x
y
x -1 0 1 2
_ x
wx y 5 1 03 009
0 X

(5]l

Mpuknag 4*. 306pasitb cxeMaTn4HO rpadik GyHKUii y =

Po3B’A3aHHA KomeHTap
p IlocaimoBHO OGynyemo rpadirm: Cknapemo nnax nobyaosu rpadika 3apa-
x |x| HOI GYHKLIT 32 JONMOMOro NocNifoBHMX
y= (l) - y= (l) N reoMeTpUYHNX NepeTBOpeHb (AMB. Nigpyy-
3 3 HUK ana 10 knacy, n. 1.3).

(3l
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0 x
Yy
| x|
1 1
0 o=(3)
|0 x
Yy
0 x

-3

Y

________ 3

1\ T H
0 oe(5) s
3AMUTAHHS

1) M moxemo nobygysaTn rpadik dyHK-

1" 1
L y=f(x)= E (ocHoOBa a=§<1,

OTXe, NoKa3HMKoBa GYHKLisA crnagae).

2) Notim moxHa nobyaysaTh rpadik GpyHK-

||
uii y=g(x)=(%) =f(|x|): npaso-

pyu Big oci Oy (i Ha camin oci) rpadik
dyHkyii y=7(x) 3anvwaetbca 6e3
3MiHW, | came UA YacTuHa rpadika cu-
METPUYHO BiJOOGpPaXKaeTbCA BiLHOCHO
oci Oy.

3) Micna yboro MoxkHa nobyaysaTu rpa-

biK dyHKUiT
1
y= (P(x) = 5

||

) -3=g(x)-3:

napanenbHo nepeHectn rpadik GyHk-
it g(x) y300BX oCi Oy Ha -3 ognHuLi.

4) Oani moxHa nobyaysath rpadik 3aga-

HOI OYHKUIT Y=

3) -

YacTuHa rpadika PyHKLUiT y=(p(x),
po3TalioBaHa Buwe Big oci Ox (i Ha
camiii oci), MoBMHHa 3anuwunTnca 6e3
3MiHK (ane Takmx To4oK rpadik QyHk-
it y=(p(x) He Ma€), a YaCTuHa rpa-
¢ika, po3TawoBaHa Hu4Ye Big oci Ox,
CUMETPUYHO BifobOpaxaeTbca BigHOC-
Ho oci Ox (10670 Becb rpadik PyHk-
it y=(p(x) noTpibHo BigobpasnTK
CUMETPUYHO BifHOCHO oci Ox).

=o()]:

1. ChopmyiioiiTe 03HAUEHHA MOKA3HUKOBOI (hYyHKIIII.

2. IobymyiiTe rpadgikm MOKasHuHKOBOI (QyHKHii y=a* mpum a>1 Tta mpu
0<a<1 (BubepiTh KOHKPETHI 3HaueHH a). depes AKY TOUKY IIPOXOAATH
rpadikmy BCiX MOKA3HUKOBUX (PYHKILiii?
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3.

4.

Kopucryrouncs rpadgikomM MoKasHMKOBOI QyHKHmiI y=a* (upm a>1 Ta
npu 0<a<1), oxapakTepusyiTe ii BJIACTHUBOCTI.

IloscHiTh, AK, BUKOPHCTOBYIOUM 3POCTAHHSA UM CIAaJaHHA BiAmoBimHOI
TOKAa3HUKOBOI (DYHKILii, TOPiBHATN 3HAUEHHSI:

a) i 7  6) 0,7° i 0,7°.

BIMPABIU
1.1. Yraxirb, AKi i3 3amaHmx (PyHKIi#I 3pocTailTh, a SIKi CIIamaioTh:
1) y=4% 1) y=r*; ) y=(§) ;
2 * x _
2°) y=(§) ; 5) y=(5-2)"; 8% y=27;
x 1 x
39) y=(3)"; 6%) y=(—) P99 y=-5"
) . V5 -2
1.2°. IlobymyiiTe rpadixk (pyHKIii:
1) y=3% 3) y=0,2%; 5) y=0,7".
X
2) y=(i) ; 1) y=2,5%

1.3.

1.4.

1.5.

1.6.

3uaroun, 1m0 a>b>1, 306pasiTh cxeMaTUYHO B OAHill CHCTEMi KOOPAUHAT
rpadiku QyHKIi y=a* i y=>b".
3HaigiTL 00/1aCTh 3HAUEeHb (DYHKILIi:

1) y=8"+1; 2) y=-5%; 3) y=7"-2.
IloGynyiiTe rpadik QyHKITII:
1 x| 1 x
1°) y=-3%; 3%) y=(5) ; 5%) y= (EJ -1|.
1Y* : x|
2) y= n +3; 4%) y=5"1
IlopiBHAlITE 3HAUEHHS BUpPAa3iB: 4 5
19 3% i 34 5) 0,5 i 0,5%7; 9) (i) i (3) ;
9 1,3 9 1,8 5 4
2°) (?) i (?) : 6) 22 i 23, 10) 0,271 i 5!1,
8 9
3°) 0,787%7 i 0,787%¢; 7 (%J i [75) ;

» (2)" 1 (V2)" 8) (ﬂf AL

2 2
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1.7.

1.8.

1.9.

1.10.

1.11.

PO3[IJT 1. MokasHmKoBa Ta norapmdmivHa QyHKLIT

IlopiBHANTE MOKA3HUKM CTEIEHSa m i n, AKIIO BijoMO, IO € IIPaBUJIb-
HOIO HEPiBHICTH:

1) 3,2" <3,2"; 4 0,99"<0,99"; 7 (V5-1)" <(\5-1)";
2) (g) >(g) : 5 (V2)">(2) 8 (V2-1)"<(Vz-1)".

BRG]

IlopiBHAMITE 3 OAUHUIIEIO MOJATHY OCHOBY CTENeHS @, SIKIIO BiJOMO, IIIO

€ NMpaBUJbLHOIO HEPiBHICTH: 1 1
1) a'®>a%,; 3) o <a'7; 5) a "<a 8;
1

2) a®?<a3; 4) a1 <a’; 6) a %% > a Ve,
IlopiBHSANITE 3 OOWHUIIEIO 3HAUCHHSA BUPA3Y:

13 )3 _
1) 0,01%2; 3) (E) ; 5) 0,007°; 7) 372,

- J3

30 ) 5 _ 5
2) 0,99'%; 4) (—) ; 6) 1007%°;  8) (—) .

31 7
SAxuil BUCHOBOK MO<HA 3POOMTHU IIPO 3HAK YMCIA X, AKIIO:

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

PosramryiiTe uncia B MOPAOKY iX 3pOCTaHHS:
1

1) 23, 2715, 92 92 gl q,
1 1
2) 0,3%, 1, 0,377, 0,32, 0,379, 0,33.

@ BuABiTb CBOI0 KOMMNETEHTHICTb

1.12%. YHacainok pajioakTuBHOroO posmazny 3a x ni6 maca M, pedoBUHU

3ameHITyeThesa no macu M. Ileir mporec mMoykHA ommcatu (HhopMyJIOr0

1Y) M (1)
M=M, (5) . 3Bigcu V:(E) . ITokaskiTs rpagiuno, K 3i 3MiHOIO X
0

3MIiHIOETHCS BifHOIIIEHHA —— . BUKOPHCTOBYOUM 3a HeoOximHocTi moly-
0
moBaHUE rpadik, maiite BiamoBiai (TouHi ab0 HaOJMM)KeHi) HA 3alUTAHHA.

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

2) CkinbKM Yacy Mae MHUHYTHU, IMOO0 IIOYaTKOBa Maca pPaaioaKTHUBHOL
pevoBuHHN 3MeHIIuJacsa y 2,5 pasy; y 3 pasy; vy 4 pasu?



§2.P03B’A3YBAHHA
NOKA3HUKOBUX PIBHSHb
TA HEPIBHOCTEi

2.1. HalinPocTIWI NOKA3HUKOBI

PIBHAHHA
Tabnuus 2
at-a’ =gt Ipadik dyHkuii y=a* (a>0)
(ab)" = a® b a>1 O<ax<l a=1
u
at YN y=a y
Pl y-a
a)’ a* g
b b* _/ \
(au)v =q™ 0 X 0 X 0 X
m
Ya™ =an 3pocTae cnapae cTana
OpieHTnp Mpuknag,
32x+4 — 9 6x+3 — _36
. p 3232 > KopeHis Hemag,
Mpn a>0ia#l x+A=9: ockinbku 6° >0
af® = ge®) o flx)=g(x) ! AnA Bcix t.
x=-1.

Bidnoegiob: KopeHiB
Bionosioe: -1. 1 Hemae.
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3. 3BejeHHA AeAKNX NOKa3HUKOBMUX PiBHAHb A0 HaMMPOCTilWINX
OpieHTup Mpuknag

1) AKwo niBa " NpaBa YaCTVHW NOKa3HU- 9x-3 4% _ \2
KOBOro pPIiBHAHHA MICTATb TiNbKW [o- T 16°
OyTKM, YacTKK, KopeHi abo cTeneHi, TO
[OUINbHO 3a [OMOMOrol OCHOBHMUX
dopmyn cnpobysaTh 3anucatu obuasi
YaCTVHW PIBHAHHA AK CTeMeHi 3 ofHieto

1
> 2x—3 .22x — 22 . 2336—3 _25_496,
4x ' -

’

3x—3=l—4x; le.
2 2

OCHOBOI0.
. . 1
Bionosiob: —.
2
2) AKWO B OAHIN YacTUHi NOKa3HWKOBOro
PiBHAHHA CTOITb YMCNO, @ B iHWIN yci 5% _9.5%2_-93

YysieHun MICTﬂTI:f Bmpa3 Fm,qy akx (npKa3— N 52 (52 _2):23; 5%2.93_ 23
HUKM CTEMEeHIB Bigpi3HATbCA TiNbKN

BINbHUMN uneHamu), TO 3PYYHO B LIl 5*2=1;5"2=5% x-2=0; x=2.
YaCTWUHI PIBHAHHA BWMHECTN 3a AYKKN Bidnoside: 2.

HaMMEHLUWI CTeNiHb a.

MOACHEHHA N OBI'PYHTYBAHHA

O3HaueHHA. lMokasHUKOBUMU 3a3BUYall HasNBaKOTbCA PIBHAHHA, Y AKMX
NOKa3HUK CTeNeHA MiCTUTb 3MiHHY, a OCHOBa LibOro CTeneHs He MicTuTb
3MiHHOI.

Posrimanemo HanmpocTilie MOKa3HUKOBE PiBHAHHA
a*=b, 1)

e a>0 i a#1. OCKinbKM Ipum IMX 3HAYEHHAX a (QYHKIIA y=a” CcTporo
MOHOTOHHA (3pocTtae mpu a>1 i cmamae mpu 0<a<1), TO KOKXHOIO CBOTO
3HaUeHHsA BOHA HAOyBae TiJbKM IPU OJHOMY 3HAUeHHi aprymenta. lle osHa-
yae, 0 pPiBHAHHA a” =b mpu b>0 mae emmmmit Kopinb. II[06 oro smaiTw,
JOCTaTHBO TojaTu b y Burnagi b=a‘.

OueBHUHO, 10 X=C — KOpiHb piBHAHHA a~ =a‘.
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I'padiuno 1me mpoinmiocTpoBarHo Ha puc. 2.1.1.

Hanopukimang, 1mmo6 posB’a3aTu pPiBHAH-
HA 7°=49, pmocTaTHLO HoJaTH Ie pPiBHAHHA
Y BUIVIALI 7% =72 { gamucaru ioro €IVHUN KO-
piap x=2.

Axmo b<O0, To piBHaEEA a* =b (upu a>0)
KOPeHiB He Mae€, OCKiJbKM a” 3aBXIu Oijblle
myad. (Ha rpadikax, HaBemeHux Ha puc. 2.1.2,
npama y=>b He meperuHae rpadik QyHrmii y=a”
opu b<0.) Hanpukian, piBEHaHHA 7' =-7 He
Ma€e KOPEeHiB.

VsaranpHIOIOUN HaBEJIEeHiI BUIlle MipKyBaH-
HsS IIIOI0 PO3B’sI3yBAHHA HANMNPOCTIIINX IOKAa3-
HUKOBUX PiBHAHBb, 3a3HauuMoO, mio mpu a>0
i a#1 piBHIHHA

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

KopoTKo 11 TBepIKeHHA MOXKHA 3aIIMCaTH TAK:
D npu a>0 i a#1 a’™ =g o fx)=g(x).

106 oOr'pyHTYBATH I[I0 PiBHOCHUJIBHICTH, [O-
CTATHBO IIOMITHUTH, II0 piBHOCTL (2) i (3) MOXKYTH
OyTy IPaBUJIBHUMHU TiJIBKH OJHOUYACHO, OCKiJIbKU
(GYHKIiA y=a' € cTPOro MOHOTOHHOIO i KOXKHO-
rO CBOTO 3HAUEHHs HAOyBa€ TiJIbKU TPU OZHOMY
3HAUYeHHi aprymeHTa ¢t (ToO6To 3 piBHOCTI cTeme-
HiB (2) 000B’sI3KOBO BUILJIMBAE PiBHICTH IMOKAa3HU-
KiB cremena (3)). OTike, yci KopeHi piBHAHHA (2)
(AKi epeTBOPIOIOTL Ie PiBHAHHSA Ha MTPABUJILHY
piBHiCcTB) OyAyTh i KOpeHAMU piBHAHHA (3), Ta Ha-
BIIaKM, yCi KopeHi piBHAHHA (3) OyAyTh KOPEHAMU
piBHauHA (2). A e i1 o3Hauae, M0 piBHAHHS (2)
i (3) piBHOCHJIBHI.

Y Ha#TpOCTIMMX BUMAAKAaX Il Yac PO3B’A3Y-
BaHHS TOKA3HUKOBUX PiBHAHBL Tpeba 3a IOIIOMO-
TOI0 OCHOBHUX (OpMYJ Oi¥i Ham cTelneHaMu (IuB.
Tabsa. 2) 3BecTHu (AKIIO IIe MOYKJIMBO) 3aJaHe PiB-
HAHHA A0 BULY a® = g8

Ons po3p’sisyBaHHA OiJIBII CKJIAZHUX IOKAa3-
HUKOBUX PiBHSAHb HaWUACTiIlle BUKOPHUCTOBYIOTH

Puc. 2.1.1

a

19

x
6
vb=a°
y=a*
lw< 1
c 0 x
Puc.2.1.2
a Yy
y:ax
a>1
—/1
0 x
y=>b b<0
6 y
y=a*
O<a<l1
'1\
0 x
y=>b b<0




20

PO3MIJ1 1. MokasHWKoBa Ta noraprdmivHa QyHKLIT

3aMiHy 3MiHHMX (3aCTOCYBaHHS IIbOTO METOAY PO3TJIAHYTO Aaji, B Tabu. 3)
a00 BJIACTUBOCTI BiAMOBiZHMX (PYHKILiIA.

SK Bimomo, Bci piBHOCHJIBHI IIEPETBOPEHHS PIiBHAHHA 3aBiKIU BUKOHYIOTH-
ca Ha Horo obusacti momyctumux 3HaueHb (OI[3), ToOTO Ha cmisbHIiiT obJsacTi
BU3HAUEHHS BCiX (PYHKIIi, IKi BXOOATH OO 3alHCy LbOr0 PiBHAHHA. AJe
B IOKA3HUKOBUX PiBHAHHAX HaldacTimme 006JacTiO AJOMTYCTUMHUX 3HAUEHb € MHO-
JKMHA BCix mificHmX umces. ¥ IUX BUIIaAKaX, AK mpasBuio, O3 He 3HAXOOATH
i He 3amMCyIOTh [0 PO3B’sA3aHHA PiBHAHHA (AuB. mpukjgazum 1-3 mo m. 2.1).

dAxmio K y mporieci posB’sA3yBaHHS MOKA3HUKOBUX PiBHAHDb PiBHOCUJIBHI
TIEPEeTBOPEHHSI BUKOHYIOTHCA He HAa BCili MHOMKWHI AiWCHUX YHCEJ, TO JOBO-
muThbea sragyBatu mpo O3 (mpukiaax 4 mo m. 2.1).

NPUKNAAON PO3B'A3YBAHHA 3ABAAHb

Mpuknapg 1. Po3B’AXiTb pPiBHAHHA:

1)4% =64 ; 2) 5*=—1; 3) 12541,
Po3B’A3aHHA KomeHTap
1) » 45=64; 4" =43; x=3;

Mpu a>0 3asxan a”* >0,

x — _— i . .
2y 57 =-1 KODEHIB HEMae, TOoMy piBHAHHA 5% = —1 He Ma€ KopeHiB.

ockinmpku 5% >0 saBxauy;

oy 2, o IHwi piBHAHHA 38epemo fo Buay a’™ = g4
3)» 12 =1; 12 =12%; (ne a>0 i a#1)inepeiaemo Ao piBHOCUNb-
x2-4=0; x=+2. Horo pisHanHs f(x)=g(x).
Mpuknap 2. Po3B’AXiTb PiBHAHHA:
—-0,5 2x-3
0,2)" -2 1
p @27 7 =5-(0,04)""; 2) 2x-3x=(—) :
J5 6
Po3B’A3aHHA KomeHTap
1) » 3amane piBHAHHA PiBHOCUJIbHE Jliga i npasa 4acmuHu 3a0aHuXx piBHAHb
_l)x—0,5 2 Micmame mineku 006ymku, Yydcmku,
piBHﬂHHHM—1=5'(5_2) ; KopeHi abo cmeneHi. ¥ ybomy sunao-
52 Ky 019 38e0eHHA pIBHAHHA 00 8UOY
_ 1
507 =5l 52x+d, 5_x+0’5_5 — plt(-2x+4), '™ = g5 cnpobyemo 8ukopucma-
1 ’ ’ mu ocHo8Hi hopmynu 0ili HAd cmene-
52 HAMU, Wo6 3anucamu obudsi yacmuHu
5%=52%, _x=5-2x; x=5. DIBHAHHA AK CMeneHi 3 00HIEI OCHOBOIO.

Bidnosidv: 5.



§2.Po3B'A3yBaHHA MOKa3HMUKOBKX

2) » BagaHe PiBHAHHSA
piBHOCHUJIbHE DiBHAHHAM
2x-3

2.3)°=(6"1)" ;
6x — 672x+3 .

x=-2x+3;
x=1.

Bionosidv: 1.

PIBHAHb Ta HepiBHOCTEMN

Y nepluomy piBHAHHI Tpeba 3BepHYTU yBary Ha Te,
2 1 _ 4 1 B
10 5 100 25

1
i Vb =52, OTxe, niBy i NpaBy YaCTWUHW LbOrO
PIBHAHHA MOXHa 3anmMcaTtu AK cTeneHi umicna 5.

[nAa nepeTBOPEHHA [pYroro PiBHAHHA NPUragaEemo,
o BCi GOpMynM MOXKHa BMKOPUCTOBYBATH fAK 3/iBa
HanpaBgo, TaK i cNpaBa HaniBo, HaNpuKiag, gnAa nisoi
YaCTVHU LibOro PiBHAHHA CKOPUCTAaEMOCA GOPMYNoLo

a“b* =(ab)", 10610 2°-3* =(2-3)" =6~.

Mpuknaa 3. Po3s'saxiTb piBHAHHA 32%72 +5.3272=86.

Po3B'si3aHHA

) 3amaHe piBHAHHS PiBHOCHJIBbHE
PiBHAHHAM

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

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

Bionosidv: 1.

Mpuknap 4% Po3B'AXIiTb PiBHAHHA
Po3g’A3aHHA

» OI3: x>0, beR.
PoariisiHeMo 1Ba BUMIAAKH.

1)IIpu b=0 ogepxyeMo piBHAH-

HA 1‘/;=147*/;, KOpeHi AKoro
yci miticHi ymcia, 1m0 BXOOATH
013, tooro x=0.

KomeHTap

Y niBifl YacTUHI PIBHAHHA BCi YeHU MICTATb
BMpasun Bugy 3%* (nokasHuku cmeneis 8iopi3-
HAMbCA MIbKU 8iTbHUMU Y4/1eHamu). Y LiboMy
BMMAAKY 3pYYHO BMHECTM 3a AY>KKW B NiBiA Ya-
CTVHI PIBHAHHA HaIMEHLWNIA CTeMiHb Yncna 3,
To6TO 3272,

(152 —(1482)"

KomeHTap

Y 3ajaHOMy pPiBHAHHI X — 3MiHHa, b —
6yKkBeHMIN KoediuieHT (napameTp). MNpo-
aHani3yBaBLWN OCHOBY CTEMeHIB Yy LbO-
My PiBHAHHI, POOVIMO BUCHOBOK, WO Npu
— Oy[b-AKMX 3HAaYEHHSIX b OCHOBa 1+b%>1.
o OyHkuia y=a” npu a>1 e 3pocTawyolo,

anpu a=1 — ctanoio (auB. rpadikn GpyHK-

2)Mpu b#0 1+b%#1, i roxi saname uii y=a", HaBeneHiy Tabn. 2).

PiBHAHHA piBHOCUJIBbHE pPiBHAHHIO

Jx =4-x .
3Bigcu \/;=2, Tomi x=4.
Bidnosidv: 1) ipu b=0 xe[0;+oo)
2) mpu b0 x=4.

OcHoBa 1+b? npu b=0 popiBHioE 1,
a NMpu BCiX iHWWX 3HauYeHHsX b — 6inb-
wa3a 1.

; Po3srnaHemo KoOXHWUIM i3 UUX BUNAAKIB

okpemo: b=0 i b#0.
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PO3MIJ1 1. MokasHWKoBa Ta noraprdmivHa QyHKLIT

3ANMUTAHHA

1. IlodAcHiTBH, Yy AKNX BHIAAKaX IIOKA3HUKOBe PiBHAHHA a”=b (me a>0
i a#1) mae KopeHi. ¥ aKUX BUIMaAKaX BOHO He Mae KopeHiB? HaBemitsb
MIPUKJIaAN, TPOLITIOCTPYHTEe iX rpadivHo.

2. SIkomy piBHAHHIO PiBHOCHJIbHE NMOKA3HUKOBE PiBHAHHS 4
a>0 i a#1? HaBenmite mpuxamgu.

3*, Yu 3MiHUTBCA BiANOBiAL Ha 3amuTaHHA 2, AKIIO IJS OCHOBU CTeIleHiB
Oyae 3amaHO TinbKU oOMeskeHHaA a>07?

flx) _ ag(x) pu

BMNPABU
V saBmanHax 2.1.1-2.1.5 posB’sikiTh piBHAHHI.
211, 1°) 4¥=8; 8) 22 =2; 15) 3*-3=0;
20) 3*=9**,; 9°) 2% =4; 16) 3%*=81;
3°) 53%1-0,2; 10°) 2*=16; 17°) 23%=8;
40) 7T =1, 11°) 3% =-1; 18) 3* 58 _g,
xz—x
59) (%) —43;  12°) 2% =32; 19) 25% =557
6°) 3* 1* -9, 13°) 3*=0; 20%) 2%.3%1-108;
7) 4% =280 14°) 5% =1; 21%) 3%.5%%3 =45
X X X X X X
212. 1) (3) (1) _3. 4 (3) (ﬂ) _2. g (3) (3) _27
3 16 8 5 15 5 8 8 64
2 2 (x+2)- L
213, 1) 2°° =18, 3) (0,5 222-6471; 5) 27 2=42.4%.
4.76
2x2
1\s .. 3%
2) | = =47%.87%; g =9%;
8 27

x—3 x+1
214, 1° 77244771 =539; 4°) 3.5 4+2.551=77; 7) 5(%) +(%) =162;

20 2.3%1_3%=15; 5° 3**2-2.3*2=79; 8) 5-9*+92=406.

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



§ 2. P0O3B'A3yBaHHA MOKA3HWMKOBMX PIBHAHb Ta HEPIBHOCTEN

Tabnuua 3

CxeMa nolwyKy nnaHy po3B’A3yBaHHA NOKa3HNKOBUX PiBHAHb

OpieHTnp

1) Mo3byBaemoca  uMCNoOBUX
[AOAaHKIB Yy MNoOKasHMKax
cTeneHiB  (BUKOPWCTOBYEMO
CnpaBa HaniBo OCHOBHI ¢op-
MyNu Iil Haf, cTeneHAMM, Ha-
BeAeHi B Tabn. 2).

2) AKWO MOXNuMBO,
BCi cteneHi (3i 3miHHOIO
B MNOKa3HWKY) [0 oOpHi€el
OCHOBMN | BUKOHYEMO 3AaMiHY
3MIHHOI.

3BOAMMO

3) AKWO He MOXHa 3BecTu BCi
cTeneHi fo0 OAHI€El OCHOBWU, TO
npobyemo 3BecCTu iX 4o ABOX
OCHOB TaK, W06 ogepKatm
ofHopigHe PpiBHAHHA (yci
UfieHN AKOro MalTb OOHAKO-
BUI CyMapHWIA CTeniHb i AKe
PO3B'A3YETHCA MOUNEHHUM [i-
NeHHAM 000X YaCTUH PiBHSAH-
HA Ha HanbINblWA CTeniHb
OfHI€l 3 [OBOX oOfepaHnx
OCHOB).

Mpwnknag
4% 3.2 ~10=0.
» 4%-4'-3.2°-10=0.
Ypaxosytoum, wo 4% = 22%, 3Bogumo cTeneHi go oa-

Hiei ocHoBn 2:  4-22% -3.2%-10=0.

BukoHaBIM 3aMiHy 2% =t, OTPMMAEMO PiBHAHHSA

4t -3t-10=0; ¢, =2, tzz—%

Y pesynbraTi 06epHeHoi 3amiHn Maemo: 2% = 2, T06To

x=1,a60 2% = 5 KOpEHiB HEMAE.
Bionosioe: 1.
4 +3:6"-4-97=0.
) 3BegemMo BCi CTeneHi 10 ABOX OCHOB 2 i 3:
227 1+3.2% .3 -4.-3%* =0,
Maemo ogHopifHe piBHAHHA (CymapHWI CTeniHb BCiX

uneHiB ogHakoBun — 2x). AnA 1ioro po3s’A3yBaHHA
noain“mo obuagi YaCTUHU Ha 32 £0:

2x x
2
(2] +3(2] -1=0.
3 3
X
BukoHaemo 3aminy (g) =1, 04epXnmo:
t2+3t-4=0; t, =1, t,=—4.
2 X

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

X
KOpeHiB HeMag, abo (5) =1,T108i x=0.
Bionoeioe: 0.
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4) B iHWUX BMNagKax nepeHo-
CMMO BCi YIeHMN PiBHAHHA
B oAuH 6ik i npo6yemo pos-
KNnacTu opgep)kaHuii Bupas
Ha MHOXHUKU abo 3acToCo- 2"( . ) .
BYEMO creuianbHi npunomm 3" -9 _2(3 _9).=0~
PO3B'A3yBaHHS, Y AKX BUKO- Tenep MOXHa BUHECTU 3a OYXKW CMiIbBHAA MHOMXHUK

6*-9-2*-2.3"+18=0.
) AKLWo nonapHO 3rpynyBaTy YeHW B JiBil YaCTUHI
PIBHAHHA | B KOXHIi Napi BUHECTU 3a JY>KKM CNiNbHUNA
MHOXHWK, TO OAepP>KMMO

pucmosyromeca  8/1cmMugo- 3" -9

cmi 8idNogiOHUX (yHKUiLI. (37 -9).(2" -2)=0.
Topi 3 -9=0 a6o 2* -2=0.
Onep>KyeMO ABa PiBHAHHS:
1) 8%=9, 100 x=2;
2) 2 =2, 10ni x=1.
Bionosiow: 2; 1.

MOACHEHHA N OBI'PYHTYBAHHA

s po3B’sisyBaHHA OiJbINT CKJIAAHUX MOKA3HUKOBUX PiBHAHB (ITOPiBHAHO
3 TUMHU, AKi Oysj0 po3riaauyTo B 1. 2.1) HaiiuacTillie BUKOPUCTOBYIOTH 3AMIiHY
aminnux. 11106 3opieHTyBaTHCA, Y MOYKHA BBECTH 3aMiHy 3MIiHHUX y 3aJaHO-
My IIOKa3HUKOBOMY PiBHAHHi, uacTo OyBae KOPUCHO Ha IOYATKY PO3B’A3yBaH-
HA n0o30ymucsa 4ucaoéux 000anHKi68 Yy NOKA3HUKAX CMeneHig, BUKOPUCTOBYIOUN

dopmynu a**’=a"a’ i a*’ :a_v .
Hanpuknan, y piBHAHHIL ‘
41 _3.2¥_10=0 )
samicts 4*"1 sammeyemo mobyTox 4% -4' i omepsxyemo piBHAHHS
4%.4-3.2*-10=0, @)

pPiBHOCUJILHE 3aJaHOMY.

ITorim mamaraemocs gci cmeneni (31 3MiHHOIO B TIOKa3HUKY) 38ecmu 00
O00HI€EL OCHOBU | BUKOHAMU 3AMIHY 3MIiHHOL.

Hanpuknazn, y piBHaHHI (2) cTeminb 3 OCHOBOIO 4 MOMKHa 3ammcaTu AK

X
creminb 3 ocHosowo 2: 4% =(22) =22 { olep;KaTu PiBHAHHS

22¥.4-3.2°-10=0. 3)
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Haramaemo sarasbHU? OopieHTHD.

Axuwo y pienanHi, HepieHocmi ab0 momoxHocmi Kilbka pasié npucym-
Hill 00uH i moil camuil 8upas 3i 3MiHHOW, MO 3PYYHO Uell 8UPA3 NOSHAYUMU
00Hi€W OYKB0 (H0B8010 3MIHHOMW). 9

3BepTaeMo yBary Ha Te, IO 2%% =(2x ) . Omxe, mo piBHaHHA (3) 3MinHa
(PAKTHYHO BXOAMTBL TiJBKH y BUMVIAAL cTemeHs 2%, ToMy B IbOMY PiBHSHHI
3PYYHO BBeCTH 3aMiHy 2° =t i omep:xaTu KBaJApaTHe DPiBHAHHSA

4t* -3t-10=0. @)
3HaxoAMMO KOPEeHi IIbOoro PiBHAHHS, a IIOTIM BUKOHYEMO OOE€pHEHY 3aMiHy
(muB. po3B’si3aHHA, HaBeleHe B TabJ. 3).

3a3HayuMoO, II[0 BUKOPUCTAHHA AK OCHOBHUX (DOPMYJI Iiil Hajx cTeneHAMU,
TaKk i 3amiEm 3MiHHOI Ta oOepHEHOI 3aMiHM 3aBXKAU NIPUBOIUTH OO0 PiBHAH-
Hs, piBHOCHJIBbHOrO 3amaHoMy Ha #oro O3 (y piBHamui (1) — Ha MHOKUHIL
BCixX mificCHMX uYmceJs), uepe3 Te IO BCi BKasaHi NepPeTBOPEHHS MU MOXKEMO
BUKOHATH i B HpAMOMY, i B 3BOpoTHOMY HampaMmkKax. (OTike, Mu 3aBKIu
3MOXKEMO JOBECTHU, 1[0 KOXKHUU KOPiHb OJAHOTO PiBHAHHA € KOPEHEM IPYTroro
¥ HaBIaku, — aHaJOriYHO OOTPYHTYBAHHIO DiBHOCHJBHOTO TEPEXOny MJIsd
HAWIIPOCTIIMINX TMOKAa3HUKOBUX PiBHAHBL y mI. 2.1.)

Y Tux BHUmamkKax, KOJU BCi cTeleHi (3i 3MiHHOI0O B MOKA3HUKY) V IIOKAas3-

D HUKOBOMY PiBHSHHIi, IKe He 3BOIUTHCSA 0e3II0CepeaHbO 0 HANIPOCTiIIIoro,

He BJA€TbCA 3BECTU JO ONHiel OCHOBHU, IOTPiIOHO cnpobysamu 36ecmu 6ci

cmeneni 0o 060X 0CHO8 Mak, w,06 odepxcamu 00HOPiOHe DiBHAHHS.

Hanpukaan, posrigHeMO PiBHAHHS

4*+3:6°-4-9=0. 5)

Vi cremeni B IbOMY PiBHSHHI MOMKHA IIOJaTH SK CTEIleHi 3 ocHOBaMu 2

i 3, ockimprm 4% =(22)" =22%; 9% =(32)" =32%; 6% =(2.3)" =2* .3~.
OpepsxyemMo piBHAHHS
22 13.27.3 4.3 =0. (6)
VYei ogHOUNEHM, pO3TAIlOBaHi B JiBifl YacTWHI IIbOTrO PiBHAHHA, MAalOTh
creninb 2x (cTeminb omHousneHa 2%-3° Tem mOpiBHIOE Xx+x=2x).
Haragaemo osHaueHHs i saraabHuii opieuTup (posrisumyrtuii B m. 12.3
migpyunuka niaa 10 kiacy).

OsHaueHHA. AKWO0 BCi YWieHn piBHAHHA, Y NiBil i NpaBiil YacTMHaX AKOro CTo-
ATb MHOrOUJIEHW Bif ABOX 3MiHHUX (a60 Big ABOX PYHKLi oAHI€EI 3MiHHOI),
MaloTb OAHAKOBUI CyMapHUI cTemiHb', TO PiBHAHHA Ha3MBA€ETbCA OOHO-
pioHum.

* fIxkuto piBHsAHHA Mae BUrIAL f=0 (ge f — MHOrowIeH), To #AeThCS TiIBKHU PO CTEMiHb
YjIeHiB MHOTrOuJIeHA f, OCKIJIbKY HYJIb-MHOTOUJIEH CTeIIeH He Mae.
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Opientup. Pos3é’sa3yomsb 00HOpiOHe DIBHAHHA NOYJLEHHUM OileHHAM 000X

{1020 yacmuHn Ha HalOinvwWuill cmeninb 00Hiel 3 080X 00epiHaAHUX OCHOS.

Omxe, piBHAHHA (6) € omZHOPiZHMM i HOro MOYKHA PO3B’A3aTH IiJI€HHAM
060x uacTuH abo Ha 22%, aGo ma 32°. BasHaummo, 1[0 TIPU BCiX 3HAUYEHHSAX X
BUPa3u 22% j g%« Bigminui Big mHynda. OTiKe, mig vac mijleHHS Ha IIi BuUpasu
He MOJKe BimOyTmcsa BTpaTra KOpeHiB (4K Ile MOrJo OyTH, HAIPUKJIAL, IJd
OMHOPiMIHUX TPUTOHOMETPUUYHUX PiBHAHB) i B pesysabTari mAijsieHHsS 000X dUa-
CTUH PiBHAHHA Ha OyAb-AKWI i3 IIUX BUPAa3iB 3aB)KIU ONEPyKYEMO PiBHAHHA,
piBHOCUJIbHE 3aJaHOMY.

Hanpuraazn, aximo pos3gijsuTu o0uaBi yacTuHu piBHAHHA (6) Ha 32 20,

22x 3. 2x .3x 4. 32x 22x 2x

OJIEPIKYEMO T + T - T =0, abo micasa cKOpoUeHH T +3-3—x—4=0.

B ocramHbOMYy pPiBHAHHI BCi YJleHM MOKHa IIOJaTH AK CTENeHi 3 OIHi€I
2x x x
2 2 2 . . 2
OCHOBOIO g, TOOTO: g +3- E —4=0, i BUKOHATH 3aMiHy E =t.
IToganpiite pos3B’sI3aHHSA OJEP:KAHOI'O PiBHSAHHS IIOBHICTIO aHAJIOTiuHe PO3B’s-
3aHHIO piBHAHHA (2).

IToBHe po3B’A3aHHA IILOI'0 PiBHAHHSA HaBeleHO B Tabia. 3.

Ckiagaroum IIJIaH PO3B’A3yBaHHS OKPEeMUX IIOKAa3HUKOBUX PiBHAHD,
CJi mpurazaTu MpPo AOIiJbHICTH NepPeHeceHHs 6CiX 4YJeHi6 PI6HAHHSA 6 00UH
O0ik i nodaavulozo pPO3KLAOAHHS
00epicano0z0 8upa3y HA MHOMCHU-

KU, HAIIPUKJIAL i3 BUKOPUCTAH- Jns posB’A3yBaHHA JEeAKUX IIOKABHUKO-
HAM TPYOyBaHHA UJIeHIB, K Iie BUX DPIiBHAHb MOKHA BUKOPUCTOBYBATU
3po0eHo B Taba. 3 AJd piBHAHHA sracmugocmi 8i0n0GiOHUX QYHKULLL.

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

NMPUKNIAAON PO3B'A3YBAHHA 3AB1AHb

. . 6 4
Mpuknap 1. Po3B'AXiTb PiBHAHHA —-————=1.
3 37 +1
Po3B’A3aHHA KomeHTap
) SBacrocyBaBIlU 3aMiHy 3MiHHOI Y 3apjaHe PiBHAHHA 3MiHHA BXOAMWTb TiNlbKK
3*=t, t>0, ogepxxyemo y BUMNAAi CTeneHs 3 OfHI€ 0CHOBO: 3%, Tomy
6 4 3pyuHO 3acTocyBaTy 3amiHy 3% =t i opgepxatu

PR Apob6oBe PiBHAHHSA. 3HAXOAMMO Oro KOPEHi,
. a NoTiM BUKOHYEMO 06epHeHyY 3aMiHy.

th)ﬂl 6(t +1)_4t - t(t+1)’ AIK y>e 3a3Havanocs, 3amiHa i obepHeHa 3ami-

t"-t-6=0. 3sigcu t; =-2, 1, =3. Ha 3MiHHOT — Lie PIBHOCUIbHI NepeTBOPEHHS
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B pesyabpraTti 06GepHeHOI 3aMiHU 3a/laHOro PiBHAHHA, ane nig yac po3B’A3yBaH-

MaeMo: Hsl ofepXaHoro ApPo6OBOro pPiBHAHHA Tpeba

nog6aty Npo Te, Wob He OTPUMATU CTOPOHHIX

KOpEHiB (gnA ubOro, Hanpukaag, [OCTaTHbO

ypaxysatu, wo t=3% >0, i Togi O3 opepxa-

Bidnosidv: 1. Horo piBHAHHA ¢ #—1 i ¢t #(0 6yne BpaxoBaHa
aBTOMATUYHO).

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

Mpuknag 2. Po3s'sxiTb piBHAHHA 2773 —3% =3*1 9%

Po3B’A3aHHA KomeHTap
> 2x-23—3x—3x-31+2x=0; 1) Mo36yBaemMocA UMCNOBUX [LOAAHKIB Yy MOKa3HW-
9.2 _4.3*=0|:3% 20; Kax CTEI‘I'EHi'B, nepeHOCMMQ B‘Ci UNleHN PiBHAHHA
9%  4.3% B OAVH OiK i 3B0AUMO NOAiOHI LU'IEHI{I. ‘ .
~3—x— Y. =0; 2) 3BepTaEMO yBary Ha Te, WO CTeneHi BCiX YMeHiB

. opepaHoro pisHaHHA 9-2% —4-3% =0 (3 gBo-
9(3) _4-0: Ma ocHoBamu 2 i 3) ofHaKOBi (DOPIBHIOIOTL X),
OTXe, Ue PIBHAHHA OAHOPIAHE, MOro MOXKHa

2\ 4 po3B'A3aTh AiNeHHAM 000X YacCTMH Ha CTemiHb
E =§; 3 OCHOBOW 2 abo 3 i HanbiNbWKUM MOKa3HU-
9\ (92 Kom — abo Ha 2%, abo Ha 3”.
(g) =(§) H Ypaxosytouu, wo 3% #0 npu BCiX 3HAUEHHAX X,

y pe3synbTaTi fineHHA Ha 3% oTpUMYEMO piBHAH-
x=2. HA, PiBHOCUIbHE NonepeaHbOMY (a BiAMOBIAHO,

Bidnosidv: 2. i 3apaHomy).

Ilix yac pos3B’sI3yBaHHSA CHUCTEM PiBHSHB, II[0 MiCTATH MOKA3HUKOBI (PyHK-
1ii, HaliuacTiille BUKOPUCTOBYIOTh TPaAUIiliHI MeTOomu pPO3B’A3yBaHHA
cuCTeM PiBHSHB: Memold nidcmano8Ku i memold 3aMiHU 3MIHHUX.

L. . x+y=1,
Mpuknap 3. Po3B’aXiTb cncteMy piBHAHb %4y
47 +47 =5.
Po3B'A3aHHA KomeHTap
) I3 mepitioro piBHAHHSA CUCTEMU MAaEMO: AKWO 3 NepLoro piBHAHHA cucTe-

MW Yy BUPa3nUTU Yyepes x i nigcTa-

) . BUTW B pyre pPiBHAHHA, TO ofep-
Tozi 8 APYroro piBHAHHA OLEPIKYEMO .
N XUMO MOKa3HWKOBE PiBHAHHA,

—_ 4 H 7
4% +41 X :5’ To6TO 4° + — =5. AKE MU BXe BMIEMO pPO3BA3yBaTU

y=1-x.
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Buxronaemo zaminy 4% =t, t>0, ogep:Kyemo
. 4 .
piBHAHHA t+ — =5, 3 AKOr0 OTPUMYEMO PiBHAH-
t

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

Bukonyemo obepreny samimy. Omep:xyemo:
4% =1, roni x,; =0, abo 4" =4, sBigru x,=1.
3HaXOAVMO BiOBiAHI 3HAUEHHA 3MiHHOI y:

y=1-x.
SIkmo x; =0, o y; =1;
AKIO X, =1, TO Yy, =0.

Bidnogidv: (O; 1) " (1; O) .

3ATNMNTAHHA

(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

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

1. IlosicHiT, Ha NpHUKJIALAX, K MOXKHA CKJIACTU IIJIAH PO3B’SI3YBAHHS IIO-
Ka3HUKOBUX PiBHAHB, SAKi He BIAeThcA 06e3locepeqHbO 3BECTU 0 Hali-

OPOCTIITNUX.

2. flxky samiHy 3MiHHMX MOKHa BUKOHATH IIiJi 4yac PO3B’A3yBaHHA PiB-

HaHHA 4% +2.4*-3=07? fIke piBHAHHA OZEPXKUMO IIiCJIs BUKOHAHHS

3aMiHn?

3. HosicHiTh, YoMy piBHAHHA 5% =7% i 22¥+3.2%.5% 4.5 =0 ¢ oxHopiz-

HuMu. K MoKHa ix posB’azaTu?

6
5% +1
5

’

BIMPABU
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;

4% +1



§ 2. P0O3B'A3yBaHHA MOKA3HWMKOBMX PIBHAHb Ta HEPIBHOCTEN

2.2.2.1) 495 -6-7"-7=0; 5) 2°1 14%=80;
X —-X
2) 64°-7-8-8=0; 6) E—+—3——=2,
3¥_37*
3) 2% 422% =5, 7) 104 10" =99;
1) 3°+3%%=10; 8%) 10°"°% 410 % =11.
2.2.3.1°) 7*=9%; 4) 41 44.3% =32 _4%;
2°) 5.3 -3.5"=0; 5) 2% +2*1 1272 —9.5% L 5¥H1,
1
3) 2x+3 _3x — 3x+1 _2x ; 6) 496 _Sx_E — 3x+5 _22x—1 .
2.2.4.1) 2% 42%.5% 2.5 =0; 4) 4.9*-7.12"+3.16*=0;
2) 32%42.3%.7%_3.72 =0; 5) 5:4*—7-10°+2-25=0.

3) 4*=3-49*-2-14";
2.2.5. PosB’siskiTh rpad)iuHO PiBHAHHS:

1 X
1) 2*=83-x; 3) (E) =x+3;

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

2.2.6% IoBemiTh, 10 PiBHAHHSA, HaBedeHi B 3aBmaHHi 2.2.5, He MAOTh IHIITNUX
KOPEeHiB, KpiM 3HalgeHUX rpadidno.

2.2.7. Po3B’s:KiTh cucTeMy PiBHAHB:

47 =186, x+y=3,
1) {5x+2y1:1; 3) {2x+2y =6;
2y-x i —-Uy=
2 137 TG g {572
X—yt2 3*-3Y=24.
3 27
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Tabnuus 4
1. padik nokasHuKoBoi PyHKLUiT y=a”* (a>0 i a#1)
a>1 O<ax<l1
Y Y
0 x 0 x

2. Cxema piBHOCUJIbHUX NepeTBOPEHb HAMMPOCTILINX NOKAa3HUKOBMX
HepiBHOCTen

a>1 O<ax<l

o’ Y o fx)<glx)
3HAK HepisHOCMI 36epizaembcs 3HAK Hepi8HOCMI 3MIHIOEMbCA

Ha npomursexHut

>afY o flx)>g(x) a’™ > qf

Mpuknagn
27354, 0,772 >0,49.
p 2¥3522 » 0,7%3>0,72
OyHkuia y=2' € 3pocTalouoto, oTxe: OyHKuia y=0,7" € cnagHoto, oTxe:
x—3>2; x>5. x—-3<2; x<b.

Bidnoside: (5;+oo). Bidnogide: (—oo;5).



§2.P03B'A3yBaHHA MOKA3HWMKOBMX PIBHSAHb Ta HEPIBHOCTEN

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

OpieHTup

. 3a gonomoroi piBHOCMIbHUX Nepe-

TBOpPEHb (3a CXeMol pO3B'A3yBaHHA
NMOKa3HUKOBUX PiBHSHb, Tabn. 3) 3apaHa
HepiBHiCTb 3BOAUTHCA [0 HEPiBHOCTI
Bigomoro Buay (kBagpatHoi, ipoboBoi
Towo). MNicna po3s’A3yBaHHA ogepaHoi
HEePIBHOCTI MPUXOAUMO A0 HaMNpPOCTi-
LUNX MOKA3HNKOBMX HEPIBHOCTEN.

2

N

. 3aCTOCOBYEMO 3arajibHUl MeTopR iH-

TepBaniB — 3BOAMNMO 3aJlaHy HepiBHICTb
no supy f(x)=0 i BukopncToByemo Ta-
Ky CXemy.

. 3nantn OA13.
. 3HaTN HyNi GYHKLT f(x).

.MosHauntn Hyni ¢yHKUiiT Ha OA3

i 3HaiiTM 3HaKk f(x) y KoxHomy
3 NPOMIXKKiB, Ha AKi O/13 po361Ba€eTb-
cA HynAMN.

.3anucatu BigNoOBiAb, ypaxoByloumn

3HaK HepiBHOCTI.

B

Mpuknag,
471 4 7.2%-250.

b 4%-4+7-2°-2>0;
2%%.44+7-2 -2>0.

BukoHaemo 3amiHy 2% =t, ogepXumo
HepIiBHICTb 442 +7t—2>0, MHOXWHa 1T

. 1

po3B'A3KkiB t<—2 abo t>— (auB. pu-
CYHOK). 4

Y pe3ynbrati 06epHEHOI 3aMiHM OTPUMAEMO

1

2% < -2 (po3B'AskiB Hemae) abo 2% > —,
3gigkn 2% > 272 10610 x> 2.

Bidnosiob: (—2;+oo).

3 +47 >7.

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

NozHaummo f(x)=3" +4* 7.

1)003: xeR.

2) Hyni dynkuii: f(x)=0; 3*+4* -7=0.
Ockinbkn oyHkuia f(x)=3"+4* -7
€ 3pOCTayYol (AK CymMa ABOX 3pOCTalo-

ymx OYHKLI), TO 3HauUeHHs 0 BOHa Haby-
BaE€ Ti/IbKM B OAHil TouLi 0bnacTi BU3Ha-

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

3 NPOMIXKIB, Ha AKi po3busaeTbca O3
(AVB. PUCYHOK), i 3aNMUCYEMO MHOXMHY

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

3) Mo3Hayaemo Hyni
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PO3[IJT 1. MokasHmKoBa Ta norapmdmivHa QyHKLIT

MOACHEHHA N OBI'PYHTYBAHHA

Po3p’asyBaHHA HAWNPOCTIIINX IOKA3HMKOBUX HepiBHOcTedl Buiy a” >b
(@6o a*<b), ne a>0 i a#1, r'pyHTyETbCA HA BJIACTHBOCTAX (PYHKIIl y=a”,
saKa 3pocrae npu a>1 i cmagae npu 0<a<1. Hampuxiaasm, mio0 3HAWTH MHO-
SKUHY PO3B’A3KiB HepiBHOCTL a® >b nmpm b>0, gocTaTHBO mojaTu b y BUTIAILL
b=a°. Ogep:KyeMO HepiBHICTb

a*>a‘. 1)

Ilpu a>1 dyskrnia y=a” 3pocrae, oTiKe, OiTLIIIOMY 3HAUEHHIO (DYHKIIii
BifmoBizmae Oijbllle 3HAUEHHA apryMeHTa, ToMy 3 HepiBHocTi (1) omep:xyemo
x>c (3Hak 1iei HepiBHOCTi 36iraerbcda 3i smakom HepiBmocTi (1)).

IIpu 0<a<1 dyHKIia y=a” cunagae, oT:Ke, OLIBIIOMY 3HAUEHHIO (DYHK-
il BiATIoBiZmae MeHIle 3HAUEHHS apryMeHTa, ToMmy 3 HepiBHOcTi (1) ogep:xyemo
x<c (3Hak 1miel HepiBHOCTI MpOTHMIEKHUI M0 3HaAKa HepiBHOocTi (1)).

T'padiuno me mpoimtocTpoBano Ha puc. 2.3.1.

Hanpukinazn, mo6 poss’sasaTu HepiBHicTs 5% >25, mocTaTHLO mojaTu ii
y Burani 5* >52, ypaxyBaru, mo 5>1 (PpyHKIiZ y=5" spocraroua, oTxe,
Ipu Tepexofi BiJ IOPiBHAHHA (QYHKIIN 10 IOPiBHAHHA apryMeHTiB 3HAK
HEepiBHOCTiI He 3MiHIOETBHCS), i 3amMcaTu MHOKHUHY PO3B’A3KiB: x> 2.

3ayBasKuMO, II0 MHOKHMHY PO3B’sA3KiB 3ama-

HOI HEepiBHOCTI MOMKHA 3amMCyBaTH y BUIVISAAL He-
piBHOCTI x>2 a60 y BUMIAAL TPOMisKKY (2;+c0). Pnc. 2.3.1
Amnamnoriumo, 11006 posB’A3aTU HEPiBHiCTH

1)" .
(Z) >—, MOOCTAaTHBLO IIOJATH I[I0 HEpPiBHICTH
x 2
. 1
y BUIIAIL (Z) >(Z) , ypaxyBaTu, IO Z<1

) 1)* .
(byuKIig yZ(Z) cIajgHa, OT:Ke, IIPU Iepexoii

Bifi TIOpiBHAHHA (PYHKI[IN [0 TOPiBHAHHS apry-
MEHTiB 3HAK HEPiBHOCTI 3MiHIOETHCA Ha IIPOTHU-
JIeJKHUN), i 3anucaT MHOMKUHY PO3B’A3KiB: x<2.
YpaxoByioumu, M0 OpuU OyAb-AKUX IJOTATHUX
3HAUCHHAX @ 3HAYEHHS a° 3aBiKIu OijbIle
HYJIA, ofep:Kyemo, 1o nmpu b<(0 HepiBHicTH
a” <b po3B’A3KiB He Mae¢, a HepiBHiCTL a™ >b
BUKOHYETHCS IPH BCiX MiliICHUX 3HAUCHHAX X.




§2.P03B'A3yBaHHA MOKA3HWMKOBMX PIBHSAHb Ta HEPIBHOCTEN

Hanpuknaz, HepiBHicTs 7° <—7 He Mae Po3B’A3KiB, a MHOKMHOIO PO3B’A3-
KiB HepiBHOCTI 7% >-7 € Bci gilicHi umcia.
VY3araabHIOIOUN HaBe[eHi BUIIEe MipKYBAHHS CTOCOBHO PO3B’SI3yBaHHS HAali-

MIPOCTIIINX IMTOKAa3HUKOBUX HEPiBHOCTEH, 3a3HAUYUMO, IO HIPH a>1 HepiBHiCTH

flx) (x)

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

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

flx) (x)

® gKkwo a>1,T0 a >a®"v o f(x)>g(x) (3Hak HepisHoCcMi 36epizaemobcs);

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

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

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

MOXYTb 6yTU MPaBUALHUMK TiNbKN OIHOYACHO, OCKINbKM GyHKUia y=a' npu
a>1 € 3pocTatoyoto i GinblIOMY 3HaUeHHIO GYHKLIT BiANoBifa€e Ginblue 3HaUeHHS
aprymeHTa (i HaBnaku: GinblIOMy 3HauyeHHI aprymeHTa Bignosifae binblue 3Ha-
yeHHsA PyHKUii). OTXKe, YCi pO3B'A3KN HEPIBHOCTI (2) (AKi NepeTBOpIOOTL i Ha Npa-
BWJIbHY YMC/IOBY HepiBHICTb) OyayTb i pO3B'A3kaMu HepiBHOCTI (3), Ta HaBNakKw: yci
pO3B'A3KM HepiBHOCTI (3) 6yayTb po3B'A3KamMy HepiBHOCTI (2). A Le 03Hauvae, LWo
HepiBHOCTI (2) i (3) piBHOCUNbHI.

flx) (x)

Amnasoriuno 0OI'DYHTOBY€eThCA DPiBHOCUJIBLHICTL HepiBHOcTeit a’ ™ >af
i f(x)<g(x) mpu O<a<1.

Y mafmpocTimmnx BUIIAAKAX IIiJi yac PO3B’A3yBaHHS MTOKA3HUKOBUX He-
piBHOCTel, AK i mig uyac posB’sA3yBaHHA IIOKA3HMKOBUX PiBHAHBL, Tpeba 3a
JIOTIOMOT'OI0 OCHOBHUX (hOpMYJI [iif HaA CTEHIEeHAMU 3BECTU (AKIIO IIe MOYKJIKBO)

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

Hia pos3B’sisyBaHHsA OiJIbINI CKJIAJHUX HTOKAa3HMKOBUX HEpPiBHOCTEN Hali-
YacTillle BUKOPUCTOBYIOTH 3AMIHY 3MiHHUX abo enacmueocmi 6i0nogidnux
Qynruiil.

Amnanoriuao [0 pos3B’s3yBaHHSA MNOKA3HUKOBUX PiBHAHBL yCi PiBHOCHUJIBHI
IePeTBOPEeHHsSI HEePiBHOCTI 3aBiKAM BUKOHYIOTBCA Ha ii 00JIacTi JOIIyCTUMUX
saauvends (OI3), ToO6TO Ha cmigbHIiN o0JacTi BU3HAUEHHSA IJIA BCiX (PyHK-
i, AKi BXOAATH n0 3ammcy Iriei HepiBHOCTi. [{71d TOKAa3HUKOBUX HEPiBHO-
CTell MOCHUTh YacTo O0JIACTIO AONYCTHUMUX 3HAUYEHb € MHOMKMHA BCiX AificHUX
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PO3MIJ1 1. MokasHWKoBa Ta noraprdmivHa QyHKLIT

yuces. ¥ IUX BUIaAKaX, AK mpasmiao, OJI3 me 3HAXOAATHL i He 3alUCYIOTh
OO0 po3B’sizamHA HepiBHocTi (muB. mpuraan 1). fKIimo K y mporeci pos3B’sizy-
BaHHA ITOKA3HMKOBOI HEPiBHOCTI PiBHOCWJIBbHI IIEPETBOPEHHS BUKOHYIOTHCA HE
Ha BCiA MHOMKWHI AiicCHMX 4Ywmces, TO AoBoauThcA BpaxoByBatu O3 (xus.
mpurJgang 2).

NPUKNAON PO3B'A3YBAHHA 3AB1AHb

2
Mpuknaa 1. Po3s’saxiTb HepiBHicTb 0,6% 6 >1.

Po3B’A3aHHA KomeHTap
*%-Tx+6 0 . .
» 0,6 >0,6". 3anvwemo npaBy 4YacTUHY HePIiBHOCTI AK
: _0 a0
Ockinbku Qynrnia y=0,6' e cmaa- cTeniHb uncna 0,6, To610 1=0,6".

Ockinbkn 0,6 <1, To npu nepexogi Big
NMOPIBHAHHA CTEeNeHiB AO NMOPIBHAHHA Mo-
3Bigcu 1< x <6 (gus. pucyHok 2.3.2). Ka3HUKIB CTerneHA 3HaK HepiBHOCTI 3Mi-
HIOETbCA HAa MPOTUNEXHUN (OfepKYEMO
HepiBHICTb, PiIBHOCUIIbHY 3afjaHii).

HOIO, TO x2-Tx+6<0.

Pnc.2.3.2 ..
+\ /—|— [na po3s'A3yBaHHA ofepXaHoi KBagpaT-
1 o (0} esi25% HOI HepiBHOCTI BMKOPUCTAEMO rpadiuHy
intocTpadito.

Bionogiov: [1; 6].

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

Po3B’A3aHHA KomeHTap
> O3: x=>0. ) OcKinbKn piBHOCUNBbHI Nepe-
3\/; 3 <8 TBOPEHHA HepiBHOCTEN BUKO-
-2 (8. "
3\/5 HytloTbca Ha O[13 noyaTKOBOI

HepiBHOCTi, TO BPaxyemMo L0
9 0O[13. BukopuctoBytoumn bopmyny
B pesyJibTaTi oTpuMyeMO HepiBHicTL {—— <8, I
AKa PiBHOCHJIbHA HEPiBHOCTL ¢ T no3bysaemoca umc:

Bukonyemo saminy aminHOL 3\/;=t (t>0),

2

t°—-8t-9 <0 JIOBOrO AOJAaHKA B MOKAa3HUKY

———— Y . o .
t CTeneHA N OfEePXKYEMO CTeneHi
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Ockinbku ¢ >0, ogepxyemo ¢2 —8t —9<0. 3piz- 3 O[iHi€I0 OCHOBOIO 3, WO [03BO-
cu —-1<¢<9. VYpaxoBywuun, mpo t>0, maemo NA€ BMKOHATU 3aMiHy 3MiHHOT
0<t<09. . 3\/;=t,p,et>0.
Buxkonyrouu o6GepHeHYy B3aMiHy, OJZEep:KYyeMO B opepaHiit HepiBHOCTI 3HaMeH-
0< 35 <9. Toxi HVK € AOAaTHNM, TOMY Lo 4pO-
3\/? <32, 60BYy HEpPIBHICTb MOXHa 3BeCTU

[0 PIBHOCUNBHOI 11 KBagpaTHOI.
Micna BMKOHaHHA ob6epHeHOT
3aMiHu Tpeba BpaxyBaTu He Tiflb-

0<x<4. KU 3pocTaHHA ¢yHKUii y=3°,
Bidnogiov: [0; 4] . a 1 O[13 noyaTKOBOI HEPIBHOCTI.

DyHKIiA Y= 3! 3pocTaioua, oT:Ke, \/; < 2. Ypa-
xoBytoun OI13, omep:;xyemMo

Mpuknap 3*%. Po3B’AXiTb HEpPIBHICTb (3" —9)\/x2 -2x-8<0.

KomeHTap

3agaHy HeCTpory HepiBHICTb 3pyYHO PO3B'A3yBaTU METOAOM iHTepBasiB. 3anuncyoun Big-
noBigb, Tpeba BpaxoByBaTy, WO y 8UNAOKY, KOJIU MU pO38'A3YEMO HECMPO2Y HepigHICMb
f(x) <0, yci Hyni pynkuii f(x) maome ysitimu do 8idnoeidi.

Po3B’sizaHHA

) Ilosmaummo f(x)=(3x—9)\jx2 —-2x-8.

1)OIB: x2-2x-8>0. Tomi x<-2 a6o x>4 Puc.2.3.3
(puc. 2.3.3).
2) Hyxi ¢pyuxmii: f(x)=0; +\ /+

(3*—9)Vx2-2x-8 =0, —\—/4 x
Tomi 3 -9=0 abo Vx®-2x-8 =0.

I3 meprrroro piBusHHA: X =2 — He BxoauTh g0 O13;

iz mpyroro: x; =-2, x,=4.

3) Ilosnauaemo HyJi QyHKITII f(x) na 003, 3uaxo-
IuMo 3HaK [ (x) Y KOJKHOMY 3 IPOMiKKiB, Ha AKi

"HyJaamu posbuBaerbesa O3 (puc. 2.3.4), i 3amu- }A F—
4

Cy€EMO MHOKUHY po3B’as3kiB Hepisrocti f(x)<O0: =5
xe(—oo;—2] abo x=4.

Bidnosidv: x e(—o0;—2]U{4}.
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3AMNMUTAHHA

1. IlosacHiITE, vy AKX BHIAAKaxX MOKA3HMKOBI HepiBHocTi a*>b i a*<b
(e a>0 i a#1) mMaoTh PO3B’A3KU. Y AKHX BUMNAJKaX AaHi HepiB-
HOCTi He MaioTh po3B’aA3KiB? Haemite mpukaanu. [IpoimtocTpyiiTe ix

rpadigHO.

2. SIkiii HepiBHOCTI PiBHOCHJIbHA IIOKA3HMKOBA HepiBHiCTH @’ @) 5 g8 npu
a>1; mpu 0<a<1? Haexith mpurJagu.
BIrPABU
Y saBmanHAx 2.3.1-2.3.4 po3B’s:KiTH HEPiBHICTB.
x x2-Tx+6
2.31.1° 2 >1; 5°) ( ) 29; 9%) 0,3 *3 <1;
1 3-x x2-9x+8
2°) 2x>5; 6) ( ) <4; 10%) 1,3 *4 >1.
3) 3°>0; 7°) 5% >25\5 ;

4) (é) <0; 8) (

x x-1
2.3.2. 1) (E) +(E) >£;
3 3 2

20) 3%*243% 128,
3) 32*1,.8.3¥-3>0;

2.3.3. 1) 3" >5%;
2) 7x—1 < 2x—1 ;

2.3.4% 1) (2*—2)Jx2—x-6 >0;

2) (8¥2-1)Jx2-2x-8<0;

x—2
) <16;

4) 62"*1—%-6’“—4@;

5) 4¥-2*1_8>0;

6) 9°-12-3"+27<0.

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

3) v6-3*-2>3"+1;
4) V2.5 -1 >5%+2,



Tabnuua 5

1. Jlorapuém uncna

O3HayeHHs

Jlozapugpmom 0odamHo20 yucna b 3a oCHO-
eowoa(a>0, a+#1)Ha3snBaeTbCcA NOKA3HNK
CcTeneHs, o AKOro Tpe6a nigHecTu a, wWo6
opepxatu b.

Mo3HaueHHs: log , b.

HAecamkoeuli nozapugpm — ye nozapugpm 3a
ocHoeoro 10.

Mo3HayeHHs: log,,b=1gb.

HamypaneHuti nozapugpm — ye nozapugpm
3d 0CHoeoM e (¢ — ippaLiioHaNnbHe YNCIo, Ha-
6nuKeHe 3HaYeHHs Aakoro e = 2,7).
MosHaueHHs: log,b=1nb.

Mpuknagn

1) log,16 =2, ockinbku 4% =16;

1
2) log7f=%, ocKinbkn 72 =47 .

3) 121000 = 3, ockinbku 102 =1000.

1 _ 1
4) 1n—2=—2, OCKinbKkn e 2 ==
e e

2. OcHOBHa norapué¢miyHa TOTOXKHICTb

a'*%®=p | pe a>0, a%1, b>0

1) 885 = 5. ) 1082=2,

3. BnactuBocTi norapu¢mis i popmynu norapupmysaHHA
(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 o0uHUYi 3a 6y0b-AKOK OCHO-
8010 OOPIBHIOE HYIO.

Jloeapugm uucna, ske 36ieaemuCs 3 OCHO-
8010, 0OPiBHIOE OOUHUUJ.

Jlozapugpm 006ymky 0o0amHux yuces
00piBHIOE CyMi 102apupMi8 MHOXHUKIB.

Jloeapugm yacmku 0o0amHux Yuces
0opigHI0€ pi3HUYi nozapugmie OineHo20
U OiylbHUKa.

Jloeapughm cmeneHs 000amHo20 4uc/aa

0opisHI0E 006YMKY NOKA3HUKA cmeneHs
Ha 7102apugm 0CHOBU UYb020 CMeneHs.
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4. Qopmyna nepexoay o norapu¢mis 3 iHLIO OCHOBOO

1
log,x= %% pea>0,a#1,b>0,b%1, x>0
log, a
. 1
Hacnipok: log, b=
log,a

MOACHEHHA N OBI'PYHTYBAHHA

SKII0 pOBIIAHYTH PiBHICTH 23 =8, 1o, sHaoun Oyab-saKi mBa umcia 3 1iel
pPiBHOCTiI, MOKHa 3HAWTHU TpPETE.

3apaHa

BiRHiCTS LLlo Bigomo LLlo 3Haxogumo 3anuc Ha3Ba
yncna2i3 ymcno 8 8=293 cTeniHb
3 . KOpPiHb TPeTboro
= yncna 8i3 yuncno 2 -3
2°=8 2= \/g cTeneHs
yncna 8i2 uncno 3 3=log,8 norapudm

Ilepiri aBi omepartii, HaBemeni B Tabauili (IIigHeceHHA OO0 cTemeHs #H J00y-
BaHHA KODPEHA 71-TO CTeNeHs), HaM yiKe BiJloMi, a 3 TPeThOI0 — J102apUpMYEaH-
HsM, TOOTO 3HAXOMKEHHAM JiorapudMa 3aJaHOTO YKUCJIa, — MU 03HAHOMUMOCS
B ImpomMy maparpadi.

Y saraspHOMY BUTIJIANL omeparia JiorapudMyBaHHSA AO3BOJISIE 3 PiBHOCTI
a*=b (me b>0, a>0, a+#1) 3HaliTH NOKA3HUK CcTeleHs X. Pe3yibTaT BHUKO-
HaHHA niel omeparii mosHauaersca log,b.

OzHaueHHsA. Jloecapupmom dodamHo20 Yucaa b 3a ocHoeow a (a>0, a#1)
Ha3MBAETbCA NOKA3HMK CTemneHsA, A0 AKoro Tpeba nigHectn a, Wob opep-
Katu b.

Hampukrazn, log,8=3, ockimexn 2°=8;

log 1l |~ 2, OCK1lJIBKA — =—;
z 4 2) 4

2



§3.Jlorapndm 4mncna. BnactmeocTi norapudmis

1
16

BagHaumMo, 1Mo AJd gojatHux uucea b i a (a#1) piBamma a*=b 3zab-
AW Ma€ €IUHUI PO3B’A30K, OCKINbKM (QYHKIiA y=a” HabyBac BCiX 3HaueHb
3 IPOMIiNKKY (O;+o<>) i mpu a>1 € 3pocrarwouoio, a npu 0<a<1l — cmazgHoIO
(puc. 3.1).

OT:ke, KOKHOTO cBOro 3HaueHHA b>0 ¢yHKHOia y=a” HabyBae TiIbKHU
npu ogHoMy 3HaueHHI x. Tomy Ona 6ydv-axux dodamuux ducen b i a (a#1)
piénanns a* =b mae edunuil kKopinb x=Ilog,b.

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

Ilpu <0 piBEAEHEA a*=b (a>0, a#1) He Mae KOpeHIiB, OTKe, npu
b<0 snauennsa eupasy log,b mne icnye.
Hanpuxinan, ve icHyiors log, (-9), log , (=7, log, 0.

2
3azHayuMo, IO iCHYIOTH JorapudMu, AKi MaioTh BJIACHI Ha3BU.

Jozapupm 3a ocroeoro 10 Ha3usawmsv OecaAmKOBUM JOZAPUPMOM i NO3HA-
yawomos 1g.

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

YV HemasleKoMy MUHYJIOMY OeCATKOBHUM JiorapudmamM BigmaBaJyiu mepeBary
U CKJIaZanu OysKe MeTasibHi Tabauili JecsAiTKOBUX Jiorapu(dMiB, siKi BUKOPUCTO-
BYBaJINCS B Pi3HUX OOUYMCIEHHAX. B emoxy 3arajbHOI KOMII'IOTePU3aIlil JecsarT-
KOBi Jiorapu(Mu BTPATUJIN CBOIO IPOBIMHY POJib. ¥ cydacHiN HayIi # TexHimi
IIMPOKO BUKOPUCTOBYIOTHCA JIOTapu(pMU, OCHOBOIO AKUX € OCOOJIMBE UUCJIO e
(rax camo Bimome, AK i umecso 7). Yuceswo e, AK i ymncyio m, — ipparioHaJbHe,
e=2,718281828459045... .

D Jlozapupm 3a 0cHOB6010 e HA3UBAIMb HAMYPAJLbHUM J02aPUPMOM i no-

3Hayaromos 1n.

Hanpuxmnaz, log,7=In7, lnlzlogelz—l.
e e

Puc. 3.1 a 6
yhry=a*
=i a>1/
O 1

y=>b

\ y
\ y-a*

% 0 x

39



40 PO3[IJT 1. MokasHmKoBa Ta norapmdmivHa QyHKLIT

3a o3HaueHHAM Jorapudma, axmo log,b=x, to a*=b (a>0, a#1, b>0).
SIKI10 B OCTaHHIO PiBHICTH HifiCTaBUTH 3aMiCTh X HMOT0 3HAYEHHS, ONEP:KUMO
PiBHIiCTH, KA HA3WUBAETHCSI OCHOBHOIO J10ZAPUGMILHOI MOMONCHICTIO:

log, b

a =b, ne a>0, a1, b>0.

log, 2
Hampuxnaz, 5°%°=9, 10'%7=7, (é) i o=2.

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

log,1=0,
ockineru a®=1 (mpu a>0, a#1).
D Oroxe, nozapugm o0uHuui 3a 6Y0v-AK010 O0CHOB010 OOPIBHIOE HYJIO.

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

D Omxe, Js0zapugm uucaa, axe 30icacmvcs 3 OCHOB0W0, 00PiBHIOE 00UHUUI.

3) o6 ogmepskatu ¢opmysny Jsorapudma nodyTky xy (x>0, y>0), mo-
sHayumo log,x=u, log,y=v. Toxi sa osHaueHHAM Jorapupma

x=a“ i y=a". (6}

IlepeMHOXUBIIN TIOYJEHHO IBi ocTaHHI piBHOCTi, oTpumaemo xy=a"“"’.

3a o3HaueHHAM JorapudmMa 3 ypaxXyBaHHAM yBeJeHUX IO3HAYEHb 3 OCTAHHBOI
piBHOCTi ozeparyemo log, (xy)=u+v=log,x+log,y. Orxe,

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

Jlozapupm 0obymry dodamHux uuces OOPiBHIOE CYMi N02apu@Mié MHONC-

HUKI8.

. X
4) Amnanoriuno, 1mo6 oxepsxkatu ¢opmyay Jgorapudpma uyacteum — (x>0,
Yy

. . . .oXx _
y>0), mocrarHbo momisuTu modseHHo pisaocti (1). Toxgi —=a“"". 3a osna-
Yy

YeHHAM Jorapu(Ma 3 ypaxyBaHHAM YBeJeHUX IMO3HAUEHDb 3 OCTAHHBLOI PiBHOCTI

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

logaleogax—logay. 3)
Yy
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Jlozapupm wacmru dodamHux ducen 0Opi6HIE pisHuui Jnozapupmis dine-
Ho2o i OilbHUKA.

5) IILo6 oxepsxaru (GopmyJy Jorapudpma creness x" (ze x>0), mIo3HAYNMO
log, x=u. 3a osnauenusam Jsorapudpma x=a", Trogi x"=a"". 3a osHaueHHAM
n —_— f—
JorapudmMa 3 ypaxyBaHHAM IIO3HAUeHHA JJd u MaeMmo log,x" =nu=nlog,x.
Orxe,
n_
log,x" =nlog, x. 4)

Jlozapupm cmenens 0odamHozo uucia 00pieHIOe 000YMKY NOKA3HUKQ
cmeneus HA J02apu@M OCHOBU Ub020 CMENneHs.

1
YpaxoByrouu, 1mo mupu x>0 ’\’/zzx" , 3a @opmysoo (4) Maemo
L
loga’\l/; =log,x" =—log,x. Omxe, mpu x>0 MoxXHa Kopucrysarucsa (op-
n

MYJIOO 1
log,Vx =—log, x.
n

ITro popmyny Mo:KHA He 3amaM’saTOBYBATH, a KOXKHOTO pasdy 3allucyBaTH
KOpPiHb i3 HOAATHOTO YWCJA AK BiATIOBiIHUII CTEIiHb.

TuKoM MOBOAWTHCS 3HAXOZUTH Jorapudm HOOYTKY Xy i B TOMYy BUIAAKY, KOJHI
uncna x i y Big’emui (x<0, y<0). Toxi xy>0 i log, (xy) icuye, aje ¢popmyaoro (2)
CKOPHCTATUCA He MOJKHA — BOHA OOI'DYHTOBAHA TLIBKY IS HOJATHUX 3HAYEHD X 1 Y.

V Bunaary xy >0 maemo xy=|x||y|,iremep |x|>0 Ta|y|>0, orsxe, asa morapudma

MOGYTKY | x || y| MoskHa cKopucTaTHCa hopmyitomo (2). Tomy mpu x <0 i y <0 mMoskemo
3ammcaTn

log, (xy)=log, (|x||y[)=log,|x|+log,|y|-
Ognepsxana ¢opmysa cupaBegauBa i mpu x>0 Ta y>0, OCKiIbKU B IIbOMY BUIAJIKY

‘x‘:x i ‘y‘:y OTDHe,

mpu xy>0 log,(xy)=log,|x|+log,|y|- (Y]

Amnajoriuno Mmo)kHa y3araabuuTu i popmyau (3) i (4):

, (3)

npu §>0 logaleoga\x\—loga\y

mpu x#0 log,x* =2klog,|x|. “@)

1



42

PO31IN1 1. Moka3HWKoBa Ta NorapudMidHa QyHKLi

4. Dopmyna nepexoay Ao norapnPpmis 3 iHLWLOIO OCHOBOIO I

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

BukopucToBytoun ana niBoi YacTMHK Uiel piBHOCTI popmyny norapudma creneHs,

1
otpumaemo ulog, a=1log, x. 3sigcn u=—8bT Ypaxosytoun, wo u=log, x,
OflePKYEMO: log, a

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

log, a

D OTike, Jozapupm 000amH0Oz0 HUCAA X 34 CMAPOK OCHOB0W A OOPiBHIOE

(U )

- )

N02apUPMY Ub020 CAMO20 YUCLA X 3G HOB0I0 0CHO8010 b, nodisieHomy Ha
a02apupm cmapoi 0CHOBU G 3a HOB0I0 OCHO8010 b. M
3a [0mOMOrow OCTaHHBOI (OPMYJIM MOYKHA OJEPIKATH TAKUM HACJI00K.

I b
3amnuiremMo logab=loi. VYpaxosyroun, mpo log,b=1, maemo:
og,a
log b= , me a>0, a#1, b>0, b#1.
log,a

Jlorapu(Mu IIIMPOKO 3aCTOCOBYIOTHCA AJIA MOJEJIIOBAHHSA PiSHOMAHITHUX IIPOIIECiB
HABKOJUIITHBOTO KUTTA. Hanmpukiazx, 3a Bigomum ncuxodisziosorivHuM 3aKOHOM
Bebepa — ®PexHepa cuja p BiAUyTTA JIOJUHOI IIEBHOTO MOAPasHUKA IIPOIOPIIifiHA
gorapudmy imTeHcmBHOCTI S I1bOro mompasHuka. ['yuHicTh (piBeHL 3BYKOBOIO
THUCKY) 3BYyYaHHS MY3UUHUX IHCTPYMEHTIB, TOOYTOBUX MPUJIAiB TOIO O0UUCIIOIOTH

S . .
3a (popmy0i0 p=101gs—, ne S — 3HaueHHSA iHTEHCUBHOCTI 3BYKY, a S, — HUKHE
0

rpaHuYHEe 3HAYEHHs IHTEHCHBHOCTI 3BYKy (AKIO S<S,, TO MU 3BYK B30BCiM
He uyemo). BeawuwmHy p BUMIpIOIOTH B [ernubesax.
3asHayuMoO, 10 0e3MeYHOI0 [JIA CJIYyXy JIOZUHUI
BBa)KaOTh ryuHicTh 40-50 memmben — 1e iHTeH-
CUBHICTH 3ByYaHHS 3BUYANHOI po3damMoBU. SIKIIO K BU
TPOCJIYXOBY€ETE MY3UKY 3a JOIOMOTOI HABYIIHUKIB,
AKi1 BBIMKHeHi Tak, 11100 «IepeKpudyaTu» HaBKOJIHUIII-
Hift cBiT (TO6TO 3 iHTeHcuBHicTiI0O 80—100 memmbGeur),
TO Iie IIKiAJWBO AJs 3J0POB’s i MOKe MPU3BECTU 0

TOTiPIIeHHS CIYyXy a0 ¥ 30BCiM 10 TJIYXOTH.
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MPUKJTAQN PO3B'A3YBAHHA 3ABAAHb

Mpuxknag 1. O6umncnite:

1) log;125; 2) log , 3.
27
Po3B’A3aHHA KomeHTap
1) » log;125=3, ockinpru 53=125; Ypaxosyloum O3RAUEHHA N0
rapndma, notpibHo nigibpa-
2) » log , 3:_1, OCKLITBKI TW TaKM MOKA3HWK CTeMeHs,

Wob6 npu NigHEeCEHHi OCHOBMU
1 norapv¢$ma Ao LbOro cTeneHs
dys__ 1 1 1 _ 3. OflepXaTu YACO, AKe CTOITb Mif
27 1 1 1 1 3HaKom norapudma.
3 3
(o) Vo
27

Mpuknapg 2. 3anuwWwite Po3B'A3KM HANMNPOCTIWNX MOKAa3HNKOBUX PiBHAHD:

27

N

1Y) 1
1) 5% =3; 2) (—) =10; 3) 10 =—.
3 3
Po3B’A3aHHA KomeHTap
3a o3HaueHHAM Jiorapudma: Ona 6yab-skux popaTHUX uucen b i a
1) » x=log,3; (a?.ﬁl) PiBHAHHA a*=b Mae eguHuii
KOpiHb. MNoKa3HWK cTeneHs X, 4O AKOro no-
2) » x=log110, TpibHO NigHECTM OCHOBY a, W06 ofepXa-
3 Tn b, Ha3MBaA€ETbCA Nnorapndmom b 3a OCHo-
1 —
3) » legg. Bolo a, Tomy x =log,b.

27a°
Mpuknapg 3. Bupasitb norapmédm 3a ocHOBOW 3 BuUpasy % (pe a>0 i b>0)
b

yepe3 norapudmu 3a ocHoBot 3 uncen a i b. (KopoTKo KaxKyTb: «npo-
norapudmynTe 3agaHuii BUpa3 3a OCHOBOI 3».)

Po3B'A3aHHA KomeHTap
9742 33,42 CnouaTKy 3anuiiemo B1pasu B YNCENbHUKY
> logg T =logg—F—= i 3HaMEHHWKY 3aaHOro Brpasy AK CTereHi
b 5 yncen i 6yks.

bo

43
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PO3MIJ1 1. MokasHWKoBa Ta norapndmivHa QyHKLIT

1 MoTiMm ypaxyemo, o norapudm 4YacTku
_ ( 3 2)_ 5 _ 3 2
=logs\38%a loggb° = 3°%a . .
1 T AOAATHUX YKCen [OPIBHIOE Pi3HK-
=log; 3% +logsa® —log,b® = b5

1 . . .
— 310g3 3+ 210g3 a _glogg b= Ul J'IOFapI/I(I)MIB yncenbHMKa | 3HaMeHHWKa,

a noTim Te, Wo norapmdm gobyTKy (33112)

1 . . . .
=3+210g3a—g10g3b- OOPIBHIOE CyMmI ﬂOFapVId)MIB MHOHWUKIB.

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

Po3B'A3aHHA KomeHTap

2 A2 CnoyvaTky nogamo uucio 700 sik fobyToK
b log, 700=10g2(7-5 2%)= cTeneHiB yucen 5 i 7 (3agaHux) Ta 2 (oc-
=log, 7+log, 52 +log, 2% = HOBU lorapudma), a NoTiMm BUKOPUCTAEMO
BNACTUBOCTI norapmdmis Ta NigcTaBUMo
B Oofep)KaHWI BMpa3 3HauyeHHA log,5
=b+2a+2. i log,7.

=log,7+2log,5+2log,2=

3

Mpuknag 5%. TMponorapudmyinTte 3a ocHoBot 10 BMpa3 5
C

Po3B'A3aHHA KomeHTap

ab® Ockinbku norapmudmm icHy0Tb TiNbKN AN
» Armo ——> 0, To LO[ATHUX YmMces, MU MOXXeMO nponorapud-
5 ¢ MyBaTV 3aaHUIN BUPA3 TiNbKK Yy BUMNAAKY,

ab 3 2 ab3

lg— =1g|ab |—1g|c |= konm ——>0.

c c?
zlg(|a|.|b3 |)—1g|c2|= 3 yMOBW He BWUMIIMBAE, WO B 3afaHOMY
5 BMpasi 3HaueHHA a, b i ¢ gopatHi. Tomy
=lg|a|+1g|b |—21g|c|= 6yAemMo KOpUCTYBaTMCA Yy3araibHeHU-

=lg|a|+31g|b|—21g|c|. MU popMynamm iorapupmyBaHHs (2-4"),

a TAKOX Ypaxyemo, Wo |(th3 |:|a|~|b3 |
[63[=[6, [¢?[=]c[".

Iukonu moBOmMTHCS ITyKATH BUpPAas, 3Hapuu poro jorapudm. Taxy orme-
pallito HasWBAIOTL NOMEHUINBAHHSM.

)
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Mpuknapg 6. 3HaNAiTb X 3a NOro norapuepmom:

1) lgx=1g5-21g3+3lg2; 2) logaxzélogab+5logac—logap.

Po3B’A3aHHA KomeHTap

1) » lgx=1g5-21g3+3lg2; KopucTtytouncb popmynamu norapudpmy-
BaHHA CnpaBa HaniBo, 3anuiiemo npasi
YaCTUHU 3ajaHnX PIBHOCTEN Yy BUMMALI
5.93 5.25 40 norapvidpma AKorocb Bupasy M.
lgx=1g 57 ; X= =

lgx=1g5-1g3% +1g23;

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

1 oTpumyemo x =M.
2) » log,x=—log,b+b5log,c—log, p;
2 (Ak 6yne nokasaHo B § 5, 3HaUeHHs x,

LLLO 3a[,0BOJIbHAE PIBHICTb
log, x=log, M, — ennne.)

1
log, x=log, b2 +log, c® —log, p;

log, x=log, b ; X =

3AMNMMNTAHHA

1. CdopmyaroiiTe o3HAUEHHA JiorapudMa JOAATHOTO umcja b 3a OCHOBOIO a
(a>0, a#l).

2. $lxwuit jgorapmdM HA3UBAIOTL OECATKOBUM i AKUN — HATypaJbHUM?

Hasenites nmpukaanu s3amucy i o0UMCIeHHS TaKUX Jorapu@mis.

3. 3anurrith i o0r'pyHTYyHTEe OCHOBHY Jorapudmiuny ToTo:KHicTh. HaBemiTh
OpuKJIagu 11 BUKOPUCTAHHA.

4. 1) 3anwuirits (popmynau JgorapudpmyBanua. Chopmyiioiite ix smict. Ha-
BeJiTh IPHUKJALN BUKOPUCTAHHSA IUX (HOPMYJI.
2%) O6rpyuTryiiTe (popmyau jgorapuMyBaHHSI.

5. 1) Bamurits GopmMysy mepexony Bix omHiel ocHOBH Jiorapudma A0 iHIIOI.
Hasenits nmpukaagu BUKOPUCTAHHA ITiel popMyJiu.
2%) ObrpyHnryiiTe GopMyJy Hepexomy Bim ommiel ocHoBu Jiorapudma mo
immIoi.
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PO3MIJ1 1. MokasHWKoBa Ta noraprdmivHa QyHKLIT

BIMPABU

3.1° IlepeBipTe mpaBUJILHICTH PiBHOCTI:

3.2

3.3%

3.4.

3.5.

1) log,16=4; 3) logziz—Z; 5) log, 8=-3;

2
2) log;27=3; 4) log 5 4=4; 6) log,,0,008=3.
O0yncIiTh: )
1°) log;25; 5) logg 9%) log,,, 5 (7T-443);
2°) log, 64; 6°) log,1; 10%) log, , = (9+4V5).

7
3°) log3%; 7*) log2\4/2§/§;
4°) logg /6 ; 8%) log, Y747 ;

Kopucryiounch osHaueHHAM Jorapudma, 3alulliTh PO3B’A3KU HAWUIIPO-
CTiMMX ITIOKA3HUKOBUX PiBHAHB:
1) 4%=9; 3) 10*=11; 5) 0,2*=0,7;
1 x
2) (Z) =15; 4) 5*=19; 6) e*=3.
Kopucryoounch 0CHOBHOIO JIOTAPU(MIUYHOI TOTOKHICTIO, CIIPOCTITh BHPAas3:
1
log ; 6-2
2) glogs4. 4) 3510g3,513. 6%) (i) 3
’ I} ) 3 .
IIposorapugmyiiTe BUpas3 3a 3aJaHOI0 OCHOBOIO, aKIo a>0, b>0, ¢>0:
1 2
3 4 a2b3
1°) 10a®c® sa ocuoBoio 10; 4) 3 3a OCHOBOIO ¢;
¢
0,1a%b° o~ o 73
2) 7 3a ocHoBowo 10; 5°) 9a \/3 3a OCHOBOIO 3;
‘ 2
5b4
3°) azc\/g 3a OCHOBOIO ¢; 6) a 3a OCHOBOIO 3.

1
c2
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3.6%.

3.7

3.8.

3.9.

3.10*%

3.11%

IIponorapudmyiite Bupas 3a ocHoBowo 10, akiio ab>0 i c#0:
3 4
1) a®b’c; 9 Y. g —C 1) 100%abe? .
C —
(ab)s
Binomo, mo logs;2=a, log;3=0. Bupasire uepes a i b:
1) log;15; 2) log;12; 3) log;30; 4) log,72.
SHaWgiTL X, SAKIIO:

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

2 1
3) lgx=31gm+?1gn—g1gp;

4) loggx= %log:; 8—2log, 20 -3log, 2.

IlepeiimiTe y 3amanomy Jorapugmi A0 OCHOBU 3:
1) log, a; 4) log\/ga;
3
2) logga; 5) log,a.
3) log, a;
9
OOuucTiTh 3HAaUEHHS BUPa3y:

1
+—-logg27
log 6 3
1) 6 2

; 3) log,5log;6log,7log,32;

+110g 16
e 3
9) gl&sd 4T 4) log,101g11log,,12log,,27.

SHaAgITD:
1) logg9, axmo log;,18=a;
2) logy15, axmpo log,;25=a.



§4. JIOTAPUDOMIYMHA ®VHKLIA,

11 BIAGTUBOCTI TA FPADIK

4.1.TPA®IK NOrAPUOMINHOT DYHKUIT
TA Ti BNACTUBOCTI S

O3HaueHHsA. JloeapugmivyHoio ¢pyHKUi€l0 Ha3MBa€eTbcA (QYyHKUiA 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 I = X.

y:logax, //’/ y:]_ogax’
a>1 O<a<1

2. BnactuBocTi norapuédmivuHoi pyHKLiT

1. 06nacme eusHavenrs: x> 0.|D(log , x)=(0;+c°)

2. O6bnacme 3HaveHv: y € R.|E (log e x) =R
3. QyHKyisa Hi napHa, Hi HenapHa.
4. Touku nepemuHy 3 0cAMU KoopOuHam: 3 Biccio Oy , 3 Biccio Ox {

5. [pomixxku 3pOCMaxHA i cna0aHHs:
e npu a>1 ¢yHkuia y=log, x 3pocTae Ha Bcili 06nacTi BU3HaYEHHS;
e npn 0<a<1 ¢yHkuia y=log, x cnapae Ha Bcill 06nacTi BUSHaYEHHA.
6. [lpomixKu 3HaGKocmasocmi:
eakwo a>1,70 y>0 npm x>1, y<0 npn 0<x<1;
esakwo O<a<l,7o y>0 npn O0<x<1, y<O npn x>1.
7. Hati6inbwozo i HatimeHw o020 3Ha4YeHb yHKUIA He MAE.

y:O’
x=1
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MNOACHEHHA N OBI'PYHTYBAHHA

O3HayeHHA. JlozapupmiuHoto ¢yHKyYi€el0o Ha3nBaeTbcA ¢YHKUIA Bugy
y=log,x, pe a>0, a#1.

Ilokasxemo, 10 A PyHKIiS € o0epHEHOI 10 (PYHKII y=a”.

» Cnpaspi, nokasHukosa ¢yHKLUiA f(x)=a* npu a>1 3poctac Ha MHOXWHI R,
a npu 0<a<1l cnagae Ha MHOXWUHI R. O6nacTio 3HauyeHb QyHKLUiT flx)=a*
€ NPOMIXOK (O;+oo). OTxe, AK Oyno nokasaHo B nigpyyHuKy ana 10 Knacy, pyHK-
uia f(x) obopoTHa i Mae obepHeHy dyHKLiI, 06NacTIO BU3HAUEHHS AKOI € NPO-
Mixok (0;+c0) i 0bnacTio 3HaueHb — MHOXMHa R. Haragaemo, wo ans sanucy
popmynu obepHeHoi GyHKLi JOCTaTHBO 3 piBHOCTI y=f(x) BUpasnTh x yepes y
i B ogepxaHin dopmyni ng(y) APryMeHT MO3HaunTy yepes x, a QyHKLUilo —
yepes y.

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

dopmyny obepHeHoi dyHKUiT x=1log,y, y AKiN aprymeHT nosHayeHo uepes y,

a OyHKUilo — vepe3 x. 3MiHIOUM MO3HAYEHHA Ha TpaauuinHi, oTpumyemo dop-

myny y=1log,x — dopmyny pyHKUii, 0bepHeHOT Ao dyHKLIT y=a™.

fAx Bimomo, rpadiku B3aeMHO 00epHEHUX (ZYHKIIH CHMETPUUYHI BiJHOCHO
npamol y=x. Orxe, rpadik Qysrnii y=log,x (a>0, a#1) moxHa oxep-
skatu 3 rpadika QyHEHIi y=a® cuMerpuuHMM BiZOOpPAKEHHAM BiJHOCHO
npamoi y=x. Ha pwumc. 4.1.1 maBemeno rpadiku sgorapudpmivamx G(yHKIIiN
mag a>1 i O<ax<l1.

Dl‘paq)i}c gorapudmivHoi (GYyHKIIII HABUBAIOTH J102APUPMILHOI0 KPUBOIO.

Puc. 4.1.1

y=log x,
O<a<l1

49



PO3MIJ1 1. MokasHWKoBa Ta noraprdmivHa QyHKLIT

Buactusocri @ymKnii y=log,x MoxHa ab0 BHBHAUNTU 3 OJEP:KAHOIO
rpadika 1iei GpyuKIii, abo 06r'pyHTYBaTH, CINPAIOYNChL HA BJIACTHUBOCTI (PyHK-
oo X
oii y=a~.
. 3 BiANOBIAHMM OOFPYHTYBAHHAM MOXHa O3HANOMUTUCA, 3BEPHYBLUNCb A0 iHTepHeT-
UJ NiATPMMKU NigpyYHMKa.

NMPUKNAON PO3B'A3YBAHHA 3ABAAHb

Mpuxknapg 1. 3Hangitb 06nacTb BU3HaUeHHA PYHKLT:

1) y=log5(3—x); 2) y=logl(x2+3); 3) y=log7(x2—x).
3
Po3B’A3aHHA KomeHTap
1) » y=log5(3—x). Ockinbkn BMpas, WO CTOITb

nig 3Hakom norapudma, mae
6yTN [OLATHMM, TO A 3HAXO-
JKeHHA obnacTi BM3HayeHHA

O6sacTh BU3HAUEHHS 3aJa€ThCSA HEPiBHICTIO
3—x>0. 3Bigcu x <3, TobTo D(y) = (—oo; 3).

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

O6sacTh BUBHAUEHHSI 3aJa€ThCs HePiBHiCTIO npwv AKUX BMpas, Lo CTOITb Nig
x2+3>0. 1151 HepiBHICTD BUKOHYETHCS IIPU BCiX 3Hakom norapudma, byae no-
Iiicaux sHaueHHax x. OTxe, D(y) =R. AaTHUM.

3) » y=10g7(x2—x). Puc. 4.1.2
O6sacTh BU3HAUEHHA B3aJae€ThCcd HepPiBHI-
crio x2—x>0. Posp’ssyloum II0 KBajgpar- +\ /+
HY HepiBHicTb, omepkyemo x<0 abo x>1 0 7 Jhsrasars

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

Mpuknapg 2. 306pasitb cxeMatUYHO rpadik PyHKUii:
1) y=log,yx; 2) y=log, x.
2
KomeHTap
O6nacTb BM3HaYeHHA D(y) dyHkuii y=log,x Taka: x>0, oTxe, rpadik Liei pyHKLUIT

3aBXXJW PO3TaloBaHUii NpaBopyu Bif oci Oy. Liel rpadik nepetuHae 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 Kp1Ba, TOUKM AKOI NpK 36iNblUEHHI aprymMeHTa «nigHiMalTbCA Bropy».

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

2
norapvdmiyHa KprBa, TOYKM AKOI MPK 36iMbLLUEHHI apryMeHTa «OMyCKalTbCA BHU3Y.

o6 yTouHnTM noBefiHKy rpadikis 3agaHnx GyHKLiN, 3HANAEMO KOOPAUHATM KiIbKOX A0-
0ATKOBMX TOYOK.

Po3B'si3aHHA

Y
21 x X1 2 4
1+ 2

» y=logyx : ;

|
[
\“g‘
=
\)
1IN
®
<
|
(==Y
S
—
DO

Y
x L 2 4
14 2
» y=log,x i :
2 il L y 1 0o -1 -2
_2-

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

Po3B'A3aHHA KomeHTap
» IlocninmoBHo Gymyemo rpadikm: Cknagemo nnaH nocnifoBHoi nobynosu
1) y=logsx rpadika 3agaHoi GyHKLiT 3a AONOMOroto
3 reoMeTpUYHNX NepeTBOpPeHb.
Y

1) Mn moxemo nobyaysatn rpadik dyHK-
/ 1) yzf(x):log3x (ocHoBa nora-
pudma a=3>1, omke, noraprupmiyHa

byHKUifA 3pocTaE).
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2) MNotim MoXkHa nobyaysaTn rpadik
ynruii y = g(x) =logg| x|=7(|x|)
(npaBopyu Big oci Oy rpadik f(x) 3a-

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

3) NMicna upboro moxHa nobypysBaty rpa-
bik 3agaHoi GyHKUT y=log3|x—2|=
=g(x—2) napanenbHuM nepeHeceH-

2) y=logs|x|

HAM rpadika GyHKUiT y=g(x) Y300BX

3) y=log,|x-2
)y g3| | oci Ox Ha 2 ofuHWUi BNpaBso.

KopoTkuii nnaH noGyaoBM LIYyKaHOro

rpadika 3py4yHO 306pa3uTU CXeMaTUYHO
y Takuin cnocio:

2/3 x y=10g3x—>y=10g3|x|—>y=10g3|x—2|.

D\

01

Mpuknapg 4. MopiBHANTe godaTHi yncna b i ¢, 3Hawun, Wo:

1) logzb>logsc; 2) logyzb>logysc.
Po3B'A3aHHA KomeHTap
1) » Ockinbku QyHKIS Y KOXHOMY 3aBAaHHi 3afaHi BMpa3n — Le 3HayeH-
y=logsx spocraroua, To HA norapudmiuHoi GyHKuUii y=log, x y Toukax b
IJIA KojaTHUX umcen b i ¢ i ¢. BukopucTtoByeMo 3pocTaHHA abo cnafjaHHA Bif-
3 mepisHocti logsb>log,c MOBIAHOI GyHKLUT:
ozepyemo b>c. 1) npn a=3>1 ¢yHkuia y=logs;x € 3pocTato-
2) » Ockinbku QyHKIiA yoto, Tomy GinbLIOMy 3HaueHHI0 yHKLiT BianoBi-
y=log,3x cmanma, TO [a€ Binblue 3HaYEHHA aprymeHTa;
I JOomaTHUX dmcen b i ¢ 2)npu a=0,8<1 dyHkuia y=log,zx € cnaa-
3 HepiBHOCTI 1og0,3 b> 10g0,3 c HOIO, TOMY 6iNibLLIOMY 3HauYeHHI0 QYHKLUIT BifnoBi-

OePKYEMO b<ec. [a€ MeHLle 3Ha4YeHHA aprymeHTa.
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Mpuknap 5. MopiBHATe 3 oaNHULEI0 AOAATHE YMCNO g, 3Halouw, Wwo log, 6<0.

Po3B’'A3aHHA KomeHTap

» Ockinekun 6>1, a 3 ywmoBH Yucna log, 6 i 0 — ue aBa 3HaueHHA yHKLT
maemo, mo log,6<0=1log,1 (ro6ToO y =log, x. YpaxoByioun 3afjaHy HepiBHICTb,

log, 6 <log,1), To pynxruia y =log, x 3'AICOBYEMO, AKOK € LA GYHKLiA — 3pocTato-
yoto abo cnafiHolo, i 3ragyemMo, Lo BOHa 3po-

€ cnagHolo, oT:ke, O0<a<l1. -
ctaenpu a>1 icnagae npy O0<a<1.

3ATMNTAHHA

1. CdoopmyaioiiTe o3HAUEHHA JorapuMiumol QyHKITiI.

2. $x posramoBani rpadiku @ymruin y=a* i y=log,x (a>0, a=l)
BigHOCHO mpAmoi y=x? BiamoBigs mosgcHiTh. IloGymyiiTe sasHaueHi
rpadiku gasa a>1 i O<a<l.

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

4. TlosicHiTbh, K, YPaxoBYIOUN 3POCTAHHSA abo clagaHHA BiAmoBimHOI Jora-
pudmiusoi (GyHKILiI, TOPIiBHATH 3HAUYCHHS:

a) log;7 i logy3; 6) log, 7 i log, 3.
5 5

BIMPABU

4.1.1. 3HaumiTh 00JIacTh BU3HAUEHHS (PYHKILi:
|x|+5

1) y=log,,(2x+6); 5) y=logs (2x2+1); 9% y=10g3,1||—3,
3 -

8

2°) yzlogl(x—S); 6) yzlogn(x2+x+1); 10%) y=logx(2x—x2);
6

2x-6
3) y=log 5(a®~1); 79 y=logo,~ > 119 y=log, 4(5x-x’).
2
4) y=log5’2(3x—x2); 8%) logﬁm;

x—-3
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VY saBmanuax 4.1.2, 4.1.3 306pasiTh cxemaTuuHo rpadik 3amamol PyHKITII.

. 1°) y=logsx; 3°) y=logyzx; 5) yzloglx;
6
2°) yzloglx; 4) y:logﬁx; 6) y=log@x.
3
. 1) y=log,(-x); 4) y=log,x+3; ) y=|log, (2x—4)|;
2
e
2 y=log, (x=1;  5) y=—logex; 89 y=log,
— X
4
3) y=10g4(x+3); 6%) y=|10g3|x|; 9%) y=Ilogslog;x.
. IlopiBHsATITe ynMCaa:
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) logy,3 i 0;
3) log,2 i log, 5; 8) 10g7l i0;
5 5 8
4) log\/§2,3 i 10g£0,2; 9) logz4 i 1;
5) log,5 i log,7; 10) loglé il.
4
. IlopiBHgatiTe momaTHi umchaa b i ¢, AKIIO:
1) log;b>log;c; 3) logﬁb<logﬁc;
2) logysb>loggsc; 4) log, b<log; c.
3 3

. ITopiBHANTE 3 OAWHUIIEIO TOAATHE UUCJIO 4, SAKIIO:

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

2) loga%>0; 4) log,0,2<0.



§4.JlorapudmivHa yHKLUIA, 1T BNAaCTUBOCTI Ta rpadik 55

Tabnuua 7
’ 1 ’ 1
’ r 1 log_x) = (’\1/;) - -
(o) e (@) =a'ma (03 = o8 = e nifer
¢r=e (a>0,a—crana) | (x>0) (x>0,a>0,a#1,  (4a 03 npasoi
a — cTana) yacTuHu dopmynm)

NOACHEHHA N OBI'PYHTYBAHHSA

IITo6 obr'pyaTyBaTH POpMYaU NOXiOHUX NOKASHUKO0B0L ma J02apu@MmiiHoL
(yHKUiil, BUKOPUCTAEMO 0e3 MOBeJeHHsA BJIACTHBICTL (QYHKIii y=e* (BoHa
JNOBOIUTLCA B Kypci BHIOI MaTeMaTHKM'): moximHa QyHKIil y=e” nopisHIOE
uii camiii pyHKLii y=e*, T06TO

’

(e¥) =e.

» AKwo a >0, 328 OCHOBHO NOrapnPMiyHOI0 TOTOXKHICTIO MAEMO:

x
ax :elna :exlna.
Topi 3a NpaBUIOM 3HAXOLXKEHHA MOXIQHOI CKNageHoi GyHKLIT ofep>Kyemo:

(ax), =(exln“), — e (xlng) =a* Ina, To6T0 (ax)’ =a”*lna.

3a ofep:KaHo ()OPMYJIOI0 MU MOMKEMO 3HAWTU 3HAUEHHA IMOXiJZHOI MOKas3-
HUKOBOI (hyHKII g Oynb-akoro 3HaueHHA Xx. OTiKe, NOKA3HUK06A PYHKUIA
JugepenuyiilosHa 6 KOXMCHILL mouui obracmi 6usHaveHHs, a BiATIOBigHO, i Hene-
pepsHa 8 KOJMCHilL mouui ceoel obracmi 8usnavyeHHs (TOOTO MPU BCiX MiWCHUX
3HAUCHHAX X).

» [nsnorapudmiuHoi GyHKLIT cnovyaTKy 3Hanaemo noxigHy GyHkuii y =1nx, npuima-
loun 6e3 oBefeHHsA iCHYBaHHA noxigHoi. O6nacTb BU3HaueHHs Wiel dyHKUii x>0,

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

e™* = x. Lla piBHICTb 03HauaE, Wo 3a yMoBM x>0 dyHKUii y=e™™ i y=x 36ira-

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

x

* Haramaemo, 1110 e — ippaljioHajIbHe uncio, e=2,71828182... .
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IXHi noxigHi. BukopuncToBytoum ana niBoi YaCTUHW PIBHOCTI NPaBUIIO 3HAXOLXKEHHA
noxiaHOT cknageHoi GyHKLiT, ofep>KyeEMO:
4 ’ ’ ’ X ’ 1

(em*) =(x): e™*(Inx) =1, 0670 x(Inx) =1. 3sigcn (Inx) =— (ge x>0).

. 1 1 ’ ]_ ’ ]_ ’
OcKinbkun logaxzﬂz—lnx, TO (logax) =(—lnx) =— (lnx) =

Ina Ina Ina Ina
1 1 1

Ina x xIna

Omxe, (log, x)/ = (ne x>0, a>0, a#1, a — cTana).

xlna

’
dopmyna (x”) =nx"! (zuB. § 14 migpyunuka mua 10 kiacy) 6yia 3aIpomoHOBaHA
TiNIBKU IJIS IiIuX 3HaYeHb n. JloBememo, I[0 BOHA BUKOHYETHCA i MPU OYIb-IKUX
IificCHUX 3HAUYEHHAX 7.
) AKwo n — poBinbHe Heline uncno, To yHKUiA y=x" o3HauyeHa Tinbku npu x> 0.
. . . n
Togi 3a OCHOBHOIO IOraPUPMIUHOIO TOTOXKHICTIO x" = eP¥ = @"In*,
3a NpaBUNOM 06YMCIEHHA NOXigHOI CKNafeHOoT GpyHKLIT ofepKyeEMo
’ ’ , , 1 .
(x") =(e™*) = "% (nInx) =x"n(lnx) =x"n—=nx"".
’ 1 x
Or:xe, mazamai gopmynon (x") =nx™" MOMHA KOPHUCTYBATHUCS MPU OYAb-IKHX
V. y y

IificHUX 3HaUEHHAX N (Haragaemo, Io B IIbOMY BUIIAIKY il MOHCHA 6UKOPUCTO8YE8AMU
MmilbKU NPpU MUX 3HAYEHHAX X, NPU AKUX 6U3HAYEHA [L npasa 1acmuHa).

o 3 obrpyHTyBaHHAM dopmyny noxigHoi ¢yHkuii y=X¥x Ta npuknagamu poss’asy-
BaHHA 6iNlbll CKNafHWX 3aBAaHb i3 BUKOPUCTAHHAM MOXIZHUX MOXHA O3HalOMUTUCH,
3BEPHYBLINCb [0 iHTEPHET-NIATPUMKN MigpyYHMKa.

NPUKNAAOWN PO3B'A3YBAHHA 3ABAAHb

Mpuknapg 1. 3HaNAiTb NOXigHY GYHKUI:

X

1) f(x)zsin2x+e5; 2) flx)= Inx

cos3x
Po3B’A3aHHA KomeHTap

x MocninoBHO BM3HAYaEMO, Bif IKOro

4 , i 4
1) » f’(x)z(sin2x+e 2 ) = (sinx) +(e 2 ) = BUpa3y 6epeTbca NoxiaHa (OpieHTy-
IOUMCb Ha pe3yNbTaT OCTaHHbOI ).
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x 7
:2sinx(sinx),+e2 (%) =
1 x
=2sinxcosx+5e2 =sin2x+
, Inx )
2) » flx)= =
cos3x

_ (Inx)" cos3x —(cos3x) Inx _

(cos 336)2

1 ,
~ cos8x —(-sin8x)(8x) Inx

_x _
2
cos” 3x
_ cos3x+3xsin 3xIlnx
xcos® 3x

Do |~

Y 3aBAaHHi 1 cnoyaTky 3HaxoAnMo
noxigHy cymu: w+v) =w' +v.
[MoTim ans KOXHOro 3 aojdaHkKiB
BVMIKOPUCTOBYEMO GOpMyny moxif-
HOT cKNlageHoi GyHKUii: 3Haxoau-
MO MNOXigHi u? 1a e* i MHOXUMO
Ha u’. OpepaHuil pesynbrtaTt 6a-
XaHo cnpocTutn 3a dopmynoto
2sinxcosx=sin2x.
Y 3aBAaHHi 2 cnoyaTky 3HaXo4MMo
) ( u ), u'v-v'u
noxifHy vactku: | — | = ————,
v v
a Ona noxigHoi 3HaMeHHWKa BU-
KopuctoByeMo dopmyny noxigHoi
cKnageHol GyHKLUIT: 3HaxoaMmo no-
XigHY cosu i MHOXVMO Ha u’.

Mpuknaa 2. 3annWwite PIBHAHHA AOTWYHOI A0 rpadika OyHKUii y=xe® y TOu-

Po3B'sAA3aHHA

y Sxmo f(x)=xe*,
TO f(xo)zf(1)=€;

7
fx)=x"e* +(e*) x=e* + xe®.

Toni f ’(xo) =f(1)=2e. MincraBmas-
IOUM IIi BHAYEHHS B PiBHAHHA JOTUY-

noi y=7(xg)+1 (%0)(x—%), onep-

xyemo: y=e+2e(x—1).

Ot:xe, y=2ex—e — IIyKaHe DiB-

HAHHA JOTUYHOI.

3ATMINTAHHA

KomeHTap

PiBHAHHA [OTUYHOT Ao rpadika PyHKuUiT
y=1(x) y Touui 3 abcumcoro x, y 3aranbHo-
My BUMIALI 3aNMCYETbCA TaK:

y=1(x0)+7"(x0)(x—2).

Llo6 3anucath ue piBHAHHA ONs 3agaHoil
bYHKUIT, NOTPiGHO 3HaNTK f(xo), noxigHy
f’(x) i 3HaueHHn f’(xo). OnAa BMKOHAHHA
BiAMOBIAHVX 0OUNC/IEHDb 3PYUYHO MO3HAYUTU
3afaHy $yHKLUi0 Yepe3 f(x), a ana 3Haxo-
IXeHHA Ti noxigHoi Bukopuctatn dopmyny

noxigHoi o6y TKy (uv) =u'v+v'u.

1. 3Banwumiite GopMynam s 3HAXOMKEHHA MOXiJHUX TOKAa3HUKOBOI i Jio-

rapumivyHol (GYHKIIIN.
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BIMPABU
Y saBmanuax 4.2.1, 4.2.2 saigite moximHy (QyHKILii.
4.2.1° 1) y=3e* +4; 3) y=e *+x°;
2) y=e*—Inx; 4) y=In(2x-1).
4.2.2.1) y=e’*cosx; 3) yzx/zlgx;
1
2) y=—r; 4) y=x*log,x
x
4.2.3. Po3B’s1:KiTh HEpiBHICTHL f’(x)>0, AKIIO:
19 flx)=e* —x; 3) flx)=xlnx;
2°) f(x)=2x-1nx; 4) flx)=1-x)e2*.
4.2.4. 3HaligiTh 3HAUEHHSA X, OPU SKUX 3HAUEHHA MHOXimHol (GyHKIIIT f(x):
a) IopiBHIOE HYJIIO; 0) momaTHe; B) Bim'eMuHe, AKIIO:
1
1) f(x)=x"Inx; 3) flx )—ﬂ
2) f(x)=x3—3lnx; 4) f( x)=\/;1nx.
4.2.5. Banuiite piBHAHHA AoTHYHOI 10 rpadika dymxumii y=f(x) y Toumi
3 abCImco X, AKIIO:
X X
1) f(x)=cosx, xo—g' 3) flx)=e2+e 2, x,=0;
2) flx)=tg2x, xo_g 4) f(x)=lnx-x, x,=1.
4.2.6. 3Hangite abcnucu X, TOUOK rpadira Qysrmii 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)=In2x, @=45°;
4.2.7% 3HaAWAITh PIBHAHHA AOTHYHOI H0 rpadixka (pyHKILL f (x):e5x+1, AKIITO
IOTWYHA TapajielbHa IpAMiit y=95x—8.
4.2.8% 3HalAiTh PiBHAHHSA ZOTHUYHOI M0 rpadika GpyHKIIL fx)=e>2, axmo
MOTHYHA TapaJejbHa npaminn y=3x+17.
4.2.9. 3uaiifiTe HabOigbIle 1 HaliMeHIlle 3HAYEeHHSA 3amaHol (QYHKII Ha BKa-

3aHOMY BiApiBKY: )
1) fx)=x+e™™, [-L;2]; 2) f(x)=In(2x)-6x%+11x, [3;2].



§ 5. PO3B’A3YBAHHA
JIOTAPHOMIYHUX PIBHSAHD
TA HEPIBHOCTEil

5.1. Po3B’A3YBAHHA NOTAPU®MIMHUX
PIBHIHb

Tabnuua 8
© 1.OcuoswiosWauennsTacnissipwowenns
OzHaueHHA. Jloeapudg- Mpadik dyHkuii y=log, x
mMom 000amHoO20 4uc- (a>0, az1)
na b 3a ocHoeow a (a>0,
a#1) HasuBaeTbcA no- a>1 0<a<1
Ka3sHMK cTeneHs, A0 AKO- y y

ro Tpe6a nigHecTn a, Wo6

opepxatu b. /

log,b=c & b=a‘ 0/1 x

0 l\x

3pOCTae cnafae

OpieHTnp Mpuknag,
Ao a — uncno (a>0 i a#1), 10 log;(x-1)=2.
log,f(x)=c & f(x)=a° » x-1=3% x=10.
(8UKOpUCMOBYEMO 03HAYEeHHA 102apupma) Bionogids: 10. m

OpieHTup Mpuknag

AKLLO 3 NPUNYLLEHHS, Wo nep- log (x+2)=2.
Wa piBHICTb NpaBUbHa, BUNN-
Ba€ MPaBUJSIbHICTb KOXKHOI Ha-
CTYMHOI, TO rapaHTOBaHO oaep- x+2=x% x®—x-2=0;
XKYEMO PiBHAHHA-HACNIAKN. x;=-1, x5=2.

» 3a 03HauyeHHAM noraprdma ofepPKyeEMO:
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lpu sukopucmaxHi Hacmiokie
He 8i0bysaembca empamu Ko-
DEHI8 NOYAMKOB020 PIBHAHHH,
asne MOXJ1ued N0ABA CMOPOHHIX
KopeHis. Tomy nepeBipka ogep-
>KaHMX KOpPeHiB NiACTaHOBKOI
B NOYaTKOBE PIBHAHHA € CKNa-
JOBOI0 YaCTMHOI pPO3B'A3Y-
BaHHA.

PO3[IJT 1. MokasHmKoBa Ta norapmdmivHa QyHKLIT

Mepesipka. x =—1 — CTOPOHHI KopiHb (B OCHOBI N10-
rapvdma ofiep>KyeMo Bif'EMHe UnCno);

x=2 — kopinb (log,(2+2)=2, log,4=2, 2=2).

Bionosiowb: 2.

4. PiBHOCM/NIbHi NepeTBOPEHHA NorapudmivyHnNX piBHAHDb

OpieHTnp

AKWO y piBHAHHA (HEpiBHICTb
abo TOTOXKHICTb) 3MiHHa BXO-
OWTb B OLHOMY 1 TOMY CamMOMy
BUINALI, TO 3pyYHO BiANoOBIA-
HWI BMPa3 3i 3MiHHOIO MO3Ha-
unTK opHiero BykBo (HOBOIO
3MiHHOIO).

3amiHa 3MiHHMX
Mpuknag,
lg?x-2lgx—3=0.
» BukoHaemo 3amiHy:
lgx=t; t*~2t-3=0; t, =1, t,=3.

Otxe, lgx=-1 abo lgx=3.
Topi x=10""=0,1 a6o x=10°=1000.
Bionosioe: 0,1; 1000.

PiBHAHHA Bugy logaf(x)=logag(x) (a>0ia=#l)

OpieHTnp

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

flx)=g(x),
s {f(x)>0
' O3
g(x)>0 a
(ypaxosyemo O[3 i npupigHtoe-
MO 8Upasu, AKi c(MoaMs nio 3Ha-
Kamu s102apugmis).

Mpuknag,

log;(x2—2)=1log,; (4x —5).

x2—2>0,
4x-5>0.

Ha uin O[13 3apaHe piBHAHHA PiIBHOCUSIbHE PIBHAHHAM

x?-2=4x-5; x*-4x+3=0; x, =1, x,=3.

» Of3: {

x =1 — CTOPOHHIIN KopiHb
(He 3apoBonbHAE ymosu O13);

x =3 — KOpiHb (3agoBosnbHsae ymosu OL13).

Bionosiowb: 3.
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PiBHOCMNbHI NepeTBOpPEeHHA PiBHAHDb B iHWNX BUNagKax
OpieHTnp Mpuknag,

1) YpaxoByemo O13 3apaHo- log, (x+1)=3-log, (x+3).
ro piBHAHHA (i yHUKaemo
nepemeopeHs, AKi npu3go- | ) 0)13;{
0ameb 00 38yxeHHs O/[3).

x+1>0,

x+3>0.

2) CreXMMO 33 TMM, WO6 Ha Ha uin O3 3agaHe piBHAHHA PIBHOCUSIbHE PIBHAHHAM
03 koxHe nepersopen- 1085 (x+1)+log, (x+3)=3; log,((x+1)(x+3))=3;
HA MoxHa 6yno BuKo- | (x+1)(x+3)=2% x2+4x-5=0; x;=1, x4 =-5.
HaTu AK y MPAMOMY, TaK
i y 3BOpoTHOMY Hamnpam-
Kax 3i 36epeXeHHAM npa-
BWIbHOCTi PiBHOCTI.

x =1 — KopiHb (3agoBonbHsE ymoBu O[13);
X =—b — CTOPOHHIIN KOpPiHb

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

NOACHEHHA N OBI'PYHTYBAHHSA

Haiinpocmiwium JnozapumivHum pi6HAHHAM 3a3BUUYall BBaXKAIOTh PiB-
HAHHA

log,x=c (a>0 i a#1).

Jlorapudmiuna ¢yukiia spocrae (abo cmamae) Ha Bciii objacTi BU3HAUEH-
Hs, ToOTO TIpu x>0 (auB. rpadiku B m. 1 Tabis. 8), i TOMy KOYKHOI'O CBOTO
3HAUeHHA HaOyBa€ TiJIbKW IPU OSHOMY 3HAUEHHI apryMeHTa. ¥pPaxXOBYIOUH, IO
JgorapudmiuHa QPyHKIigS HaOyBae BCix AiMiCHUX 3HAUeHb, PiBHAHHS

log,x=c (@))

3aBKAU Ma€ €IWHUN KOPiHb, AKWUI MOKHA BUSHAUYUTHU, CKOPUCTABIINCHL O3HA-
YeHHAM Jorapu@ma:

SIKII0 pO3IIIAHEMO DiBHAHHSA
log,f(x)=c )

i BukoHaemo saminy aminnoi f(x)=t¢, To omep:kuMo Haimpocrimie sorapudmi-
He piBHAHHSA log,t=c, AKe Ma€ eAMHUN KOpiHb ¢=a‘. BukoHyioun 0GepHEHY
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PO3[IJT 1. MokasHmKoBa Ta norapmdmivHa QyHKLIT

3aMiHy, OZEpP:KYyEMO, IO PO3B’A3KU PiBHAHHA (2) 30iratoThCs 3 PO3B’SI3KaMU
piBHAHHSA
flx)=a“. 3)

Omxke, piBHauHa (2) i (3) € piBHocuabHUMU. Y TaKuil cmocid mMu 06-
TIPYHTYBAJIU, IO 018 PiBHOCUNLHO20 NEPemeEOpeHH s HAUnpocmiulozo Ji02apug-
MiyHozo pieHanHsa (1) abo piBHAHHS (2) (AKe MU TeK OyAeMO BiTHOCUTH 1O
HaWOPOCTIINIUX 3a YMOBH, IO OCHOBA @ € YUCJOM) 00CMAMHbO 8UKOPUCMAMU
03HAYCeHHA J02apUPma.

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

Haranmaemo, 110 Bci piBHOCUJIbHI IIepeTBOPEHHS DPIBHAHHA BUKOHYIOTHCHA
Ha ioro OJI3. Iusa piBaauusa (2) O3 sazaersca ymosowo f(x)>0. IIaa Bcix
KOpeHiB piBHAHHA (3) III yMOBa BUKOHYETHCSA aBTOMATHUYHO (Uepe3 Te II0
a>0). Tomy 0Oana raiinpocmiwux Jnozapu@mivnux pienanv O3 moxnHa He
3anucyeamu (OCKiJIbKM BOHA BPAXOBYETHCA aBTOMATUYHO IPU TEPEXOAi Bix
piBHauHS (2) 1o piBHAHHS (3)).

Hanpurinan, piBHAHHEA log5(2x—3)=2 pPiBHOCHMJIbHE PiBHAHHIO 2x—3=5%,
KOpiHb AKOro x=14 i € KopeHeM 3aJaHOTO PiBHAHHSA. AHAJOTIYHO 3aIIMCaHO
I po3p’A3aHHA HAWIPOCTIIIOro piBHAHHA log, (x-1)=2 B Tabm. 8.

Y npoueci po36’sa3yeanns pi6HAHHA 20/1086He — He 3a2youmu 1020 KOPEHi,
TOMY Ba’KJWBO CTEKUTHU 3a TUM, I1[00 KOKE€H KOPiHb MHEepIIoro PiBHAHHSA
3aJUIMIABCA KOPEHEM HAaCTYIHOTO — VY IIbOMY BUIIQJKY OJIEPIKYEMO PiB-
HAHHA-HACTI KA.

Harapmaemo, 1m0 KOKHUIT KOPiHb 3a/laHOTO PiBHAHHSA IEPETBOPIOE HMOTO Ha
MIPaBUJIbHY UMCJIOBY PiBHicTh. BUKOpHCTOBYIOUM O3HAUEHHA KOPEHsS PiBHAHHI,
MOKHa OOI'DYHTYBATU TaKUU OPI€EHTHDP: AKW,O0 3 NPUNYU,eHHA NPO NPABULL-
Hicmb nepuLoi pieHOCMi BUNAUBAE NPABULLHICMb KONCHOL HACMYNHOL, MU 00ep-
HCYEMO DiBHAHHA-HACAIOKU (OCKIIBKY KOXKHUI KOPiHb IIEPIIOro PiBHAHHA Oyae
KOpeHeM HAaCTYITHOr'O PiBHAHHA). Haramaemo, 1110 Ipy BUKOPUCTAHHI HACHiAKiB
He Bifm0yBaeThCcA BTPATU KOPEHIiB II0YATKOBOTO PiBHAHHSA, ajie MOYKJIMBA MOABa
CTOPOHHIX KOpEHiB.

Tomy nepegipka odepicanux KopeHi8 nidcmaHOB8KOI0 6 NOLamKo8e PiBHSH-
HA € CKAAa008010 4ACMUHOI0 PO36'A3YBAHHSA NPU BUKOPUCMAHHI PIBHAHb-
Hacaiokis.

Ilpuksian posp’A3yBaHHA JIOTApU(MIUYHOTO PiBHAHHS 3a JOIIOMOTOI0 PiB-
HAHBb-HACJIAKIB Ta 0(DOPMJIEHHA TAKOT'0 PO3B’A3aHHS HaBeJEeHO B II. 3 Tabiu. 8.
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OpgHUM i3 YacTO BUKOPHMCTOBYBAHWX PiBHOCUJIBHUX IIE€PETBOPEHBb DiBHAHD
€ 3amina 3MiHHOI.

Haragaemo sarajsibHUII OpPi€HTHP, AKOrO0 MU [AOTPUMYBAJUCA Mix dYac
posp’sisyBanHsa piBHSHBb y 10 Kjaci: axkwo 0o piensaxus (HepiBHOCTI a6o TO-
TOYKHOCTI) 3MiHHA 6x00umb 6 00HOMY UL MOMY camomy 6uznadi, mo 3PYUHO
6i0nogidnuil 8upas 3i 3MiIHHOI0 nosHauumu 00Hi€ O0YK60i0 (HO6010 3MIHHOI0).

Hanpuknan, m0 piBHAHHA lgzx—2lgx—3=0 3MiHHA BXOAUTH TiJIbKU
y BUMIAAi 1gx, TOMy AJid PO3B’A3yBaHHSA I[HOTO PIBHAHHSA OOIIJIBHO BUKO-
puctatu 3amiHy lgx=t, omep:KaTu KBaJgpaTHE PiBHAHHS t2-2t-3=0, sKe
Mae KopeHi t; =-1 i ¢,=3, a moTiMm BuUKOHaTu oOepHeHY 3aMiHy I onep:xa-
T HaWmpocrimi Jgorapudmiuni piBusmHs lgx=-1 i lgx=3. Toxi 3a osHua-
YeHHAM Jorapu@dma BH3HAUMMO KOPEHi 3aJaHOro pPiBHAHHS: x=10"1=0,1
i x=10°=1000.

VYpaxoByioun, 1110 3aMiHa 3MiHHOI (pa3oM 3 00EePHEHOI0 3aMiHOI0) € PiBHO-
CUJIbHUM TIE€PETBOPEHHAM DIiBHAHHA HA OyAb-AKill MHOXKWHIi, IJIA BUKOHAHHSA
daMminm He 060B’sa3K0oBO 3Haxogutu OJI3 3amaHoro piBHAHHSA. A Ticasa BUKO-
HaHHA 00epHEHOI 3aMiHM MU Ofep:KaJju HaWmpocTiIri jorapudMiuHi piBHAHHSI,
Inasa axkux (ax Oysno mokasaHo Buile) O3 ypaxoByeTbesa aBToMaTtmuHo. OTike,
y HaBeZeHoMYy po3B’a3aHHi O3 3agaHOr0 piBHAHHS BpaxoBaHa aBTOMATUYHO,
i Tomy OJ/I3 mo:xkHa He 3amucyBaTu a0 pos3p’ssamua. Came Tak i odopmieHO
POBB’sA3aHHS IILOTO PiBHAHHA B . 4 Tabua. 8.

.\ 3 MOACHEHHAM i OOrPYHTYBaHHAM iHLWWX NPUKNadiB PiBHOCUSIbHUX MEPETBOPEHb
U norapudmiyHMX piBHAHb, HaBefeHuX Yy M. 4 Tabn. 8, MOXKHa O3HaMOMUTUCA, 3Bep-
HYBLUIWCb [0 IHTEPHEeT-NIATPUMKU NigpyyYHMKa.

Buronyouu piBHOCHIIBHI IepeTBOPEHHA JOrapu(MiyHUX PiBHAHB y OiabII
CKJIATHUX BUMAJKaX, MOKHA JOTPUMYBATHCA OPi€CHTUPA, AKUHA OyJI0O HaBeIeHO
B 2.1 migpyunuka gas 10 kiacy:

1. Ypaxosyemo O3 3a0ano020 pi6HAHHA.

2. Cmexcumo 3a mum, wo0 Ha O[3 KoO}He nepemeopeHHs MOHCHA OYJ0
BUKOHAMU AK Y NPAMOMY, MAK i Y 360POMHOMY HANPAMKAX 3i 30epelceHHAM
npasusbHOCMi pPi8HOCMI.

Hanpukiazn, po3s’s:KeMo PiBHAHHSA

log, (x+1)=8-1log,(x+3) )

3a JIOTIOMOT'OI0 PiBHOCHJIBHUX IIEPETBOPEHbB.

63
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PO3MIJ1 1. MokasHWKoBa Ta noraprdmivHa QyHKLIT

x+1>0,
x+3>0,
a TOTiM, BUKOHYIOUM KOKHE IIePETBOPEHHS DiBHAHHSA, CTEKUTU 3a TUM, YU
moskHa Ha OJ[3 BUKOHATU Iie IEPETBOPEHHS I Y 3BOPOTHOMY HaAmpaAMKY. Koau
BiATIOBiAh CTBepAHA, TO BUKOHAHI IMepeTBOPEHHA PiBHOCUJBHI. SIKITO K AKech
IepeTBOPEeHHA AJA Bcix 3HaueHb 3MiHHOI 3 O[3 MoKHA BUKOHATU TiJIBKU
B OJHOMY HANPAMKY (BiJ MOYaTKOBOrO PiBHAHHS A0 HACTYIITHOI'O), a AJIA A0T0
BUKOHAHHSA y 3BOPOTHOMY HAIIPAMKY HOTPiOHI dAKich momaTKOBI oOMe:KeHH,
TO MU OJeP;KMMO TiJIbKW PiBHAHHA-HACIIOK, 1 OTpMMaHi KOpPEeHi J0oBeIeTbCsa
TePEeBIpATH IIiJCTAHOBKOIO B 3aaHe PiBHAHHA.

3acTocyeMO 3a3HAUEHUII OPi€HTUP OO0 PO3B’A3yBaHHA PiBHAHHS (4).

IITo6 3BecTu 1e PIBHAHHA OO0 HAUMIPOCTIIIIOTO, TEepPeHeceMo BCi YjaeHU’
PiBHAHHSA, AKi MicTATH Jiorapu(Mu, B Horo JiBy yactTuHy. Omep:KMMO PiBHO-
CuJbHEe PiBHAHHSA

Huasa mporo mocrarHbo BpaxyBatu O3 3amaHoro piBHAHHA {

log, (x+1)+log,(x+38)=3. (5)

(PiBHOCUIBHiCTD piBHAHD (4) i () BUMLIMBae 3 BiJoMoi TeopeMu: SKIIO 3 omHiel
YACTUHU PIBHAHHSA HEePEHECTH B iHITY AONAHKM i3 TPOTUJIEKHUM 3HAKOM, TO
OIEPyKMMO PiBHSAHHS, PiBHOCHJIbHE 3aJaHOMY Ha Oyab-aAKifi MHOKHHi. PiBHO-
CUJBHICTh ITUX PiBHAHb BUILJIMBAE TAKOMK i3 TOro, IO MU MOKEMO IIeperTu
He TinbKu Binx piBHOCTI (4) Mo piBHOCTI (5), a I BUKOHATU 3BOPOTHE TIEPETBO-
PEHHA, KOPUCTYIOUNCH BJIACTUBOCTSAMU YWCJIOBUX PiBHOCTEN.)

VYpaxoByioum, mo cyma Jjorapudmis gomatrHux (Ha Oll3) umcesn mopiBHIOE
Jorapudmy mOOYTKY, OAEP:KYEMO PiBHAHHS

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

Ha O/I3 samamoro piBHAHHA MOXXHA BUKOHATH 1 3BOPOTHE II€PETBOPEH-
Hs: ockimpkum x+1>0 i x+3>0, To jgorapudm HAOOYTKY OOJATHUX UMCE]
IopiBHIOE cyMi JorapudmiB MHOKHUKIB. OTike, Bim piBHOCTi (6) MOKHaA IIO-
BepHyTUCA A0 piBHOCTI (5), TOOTO Ieli mepexia Te:X MPUBOAUTEL M0 PiBHOCUJIb-
HOro piBHAHHA. PiBHAHHA (6) — Ie HaWmpocrimie JiorapudMiuHe piBHAHHSI.
BoHo piBHOCHJIBHE DPIBHAHHIO, AKE OTPUMYEMO 3a O3HAUEHHSIM Jiorapu@Mma:
(x+1)(x+3)=23. Bukonyiooun piBHOCUJIBHI TEepeTBOPEHHS OAEPIKAaHOT0 PiB-
HAHHA, MAEMO: x2+4x—5=0; x;=1, x4=-5.

OckinbKu Bci piBHOCHJIBbHI mepeTBOpeHHA BuKoHyBaJsuca Ha O[3 samaHoro
pPiBHAHHSA, ypaxyeMo ii, migcTaBidoumn ofep:KaHi xopeHi B oome:xenHs OJ13:

e x=1 — xopiub, OCKiNTBEKY 3agoBoabHsAE yMOBU OI13;
e x=-5 He € KOpeHeM (CTOPOHHII KOPiHb), TOMY IO He 3am0BoJibHsAe yMoBu OJ13.

OTr:xe, 3aaHe PIiBHAHHSA MAa€ TiJIbKU OOWH KOpiHb x=1.
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3BuUYaiiHO, PO3TJIAHYTe DPIiBHAHHSA MOKHA OyJI0 PO3B’S3aTM 3 BUKOPUCTAHHIM
piBHAHB-HACHiIAKIB, 0e3 ABHOTo BpaxyBaHHa Oll3, ame 3 mepeBipKOO OAep:KaHUX
PO3B’A3KiB miIcCTAaHOBKOIO B MOUaTKOBe PiBHAHHA. OT:Ke, MOKHA CaMOCTiliHO o0upaTu
IIJIAX PO3B’sA3yBaHHA PiBHAHHSA: abo Ie OyJe BUKOPHCTAHHSA PiBHAHBL-HACIiIKiB,
ab0 piBHOCUJIbHI IIepeTBOPEHHs 3aJaHOTO PiBHAHHA. AJse I 0araThb0x PiBHAHB
IepeBipKy OIep:KaHUX KOPEeHiB BUKOHATU MOOCUTH HEIPOCTO, a [Jid HepiBHOCTEH
B3araJii He MOJKHAa KOpHUCTyBaTuCcA Hacaigkamu. Ile moB’s13aHo0 3 TUM, 1110 HE BAAETHCA
ImepeBipuUTH BCIO MHOXKMHY PO3B’A3KiB HepiBHOCTel, OCKibKM BOHA, AK IIPABUJIO,

HeckinuenHa. OT:Ke, I HepiBHOCTEHN TOBOAUTHLCA BUKOHYBATU TiJIbKY PiBHOCUJIbHI

ImepeTBOpPeHHd (AJI IIHOro MOXKHA BUKOPUCTOBYBATHU OPi€EHTUPH, IOBHICTIO aHAJIOTiuH

HaBeIEeHUM BUIIE).

MPUKJTAQN PO3B'A3YBAHHA 3AB1AHb

Mpuknapg 1. Po3B’AXiTb PiBHAHHA

lg(x—2)—%lg(3x—6)=lg2. (1

Pos3B'A3aHHA
» 2lg(x—-2)-1g(8x—6)=21g2; (2)
lg(x-2)* -1g(3x-6)=1g2%; (3)

2
1g%=1g4; “@

(x—2)2
5x6 ©)
(x-2)*=4(3x-6);  (6)
x*-16x+28=0; )

x,=2, xy=14.

Ilepegipka. X=2 — CTOPOHHIN

Kopiub (mixg sHakoMm Jorapudma
orpumyemo 0),

x=14 — KOpiHb, OCKiJIBKN MaeMo:

1g(14—2)—%1g(3-14—6)=1g2;

KomeHTap

Po3B'sxkemo 3aaHe piBHAHHA 3a JONOMOrOlo
Hacnigkis. Haragaemo, Wo nio yac s8ukopucmat-
HA HAC/IOKI8 20/108He — 2apaHMysamu, Wo
y 8UNAoky, Koau nepwd pigHicme 6yoe npasusib-
Holo, yci HacmynHi mex 6yoyme npasusibHUMU.

o6 no3byTnca gpoboBoro koedilieHTa, No-
MHOXWUMO 06UABI YaCcTVHW PiBHAHHA (1) Ha 2
(AKwWo piBHicTb (1) NpaBWIbHa, TO N PIBHICTDb (2)
TeX npasBubHa). AKLWwo pisHOcTi (1) abo (2) npa-
BUNIbHI (MPWY TUX 3HAUYEHHAX X, WO € KOPEHs-
MU LMX PiBHAHD), TO NPU TakKNUX 3HAYEHHAX X
iCHyI0Tb yci 3anucaHi norapudmu, Toai Brpasu
x—2 i 3x—6 pgopatHi. Ane gna gogaTtHUX a,
b, ¢ MOXHa ckopucTaTuca dopmynamm

21ga=1ga2, lgb—lgc=1g2,
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—%1g36=1g2;
lg12-1g+/36 =1g2;
12
lg—=1g2;
g 6 g

lg2=1g2.
Bionosiov: 14.

PO3MIJ1 1. MokasHWKoBa Ta noraprdmivHa QyHKLIT

HabyBa€e TiNbKM NPY OQHOMY 3HaUYeHHi apry-
MEHTa, 3 PiBHOCTI norapudmis (4) ogepxyemo
PiBHICTb BiANOBIAHNX apryMeHTiB (5).

AKWo piBHICTb (5) NpaBKAbHA, TO 3HAMEHHUK
ApoOy BigMiHHWIA Big HynA, i NicNA MHOXeH-
HA 060X 1T yacTH Ha 3x—6#0 opepxyemo
npaBusbHY PIBHICTb (6) (0TXe, i NpaBUNIbHY
piBHICTb (7)). OCKinbKM MU KOopUCTyBanuca
PiBHAHHAMM-HaCiAKaMK, HEOOXifHO BUKOHATHN
nepeBipKy 3HaAeHNX KOPEHIB.

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

Po3B'A3aHHA

> 3 -8=3"",
2
3
3x—8=3—x
Bukonaemo 3aminy 8 =t¢.
9
OnmepxuMo: t—8=?;
t? -8t-9=0;
tlzg, t2=_1.

KomeHTap

(1) ﬂKLIJ,O PO3MAHYTU 3ajaHe piBHﬂHHﬂ AK

HalnpocTiwe norapudmiyHe, TO MOXKHa
CTBEpPOKYBaTH, L0 32 O3HAUYEHHAM J10-
rapridma BOHO PIBHOCUSIbHE PIBHAHHIO
3% —8=32"%_ fk yxe 6yno 3asHaue-
HO paHiwe, O[13 3agaHOro pPiBHAHHA

2) 3% —8>0 pnA BCiX KOPEHIB PiBHAH-

HA (1) ypaxoBYeTbCA aBTOMaTMYHO,

3 ockinbkn 3%27% >0 3asxan. Nani pos-

B'A3YeMO PiBHAHHA (1) 3a CXeMolo, Ha-
BelleHo B Tabn. 3 Ans NOKasHUKOBUX

BukoHaBIu 00epHEHY 3aMiHy, OTPUMAEMO:

3*=9, roni x=2,
abo 3 =—1 — kopeHiB HeMae.
Bidnosidv: 2.

3ATMINTAHHA

PiBHAHD.

Ockinbkn t=3*>0, o t#0, i T0-
My PIiBHAHHA (2) piBHOCUNbHE piB-
HAHHIO (3).

1. ITosAcHiTHP Ha MpPHKJAZaX, AK MOKHA PO3B’A3yBATH HANMIPOCTIIIi Jiora-
pudMmiuHi piBHAHHSA, KOPUCTYIOUNCH O3HAUEHHAM Jorapudma.

2. IToscHiTh, AK MOKHA pO3B’A3aTU PiBHAHHA log, (x-2)= logy (x2 - 2):

a) 3a JOTIOMOTOI0 PiBHAHB-HACJIIKiB;

0) 3a IOIIOMOr'OI0 PiBHOCUJIBHUX I1€PETBOPEHb.
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3. IToscHiTh, HA ONPUKJIA[AI BUKOPUCTAHHS 3aMiHU 3MIiHHUX ITiJi Yac PO3B’sd-
3yBaHHA Jorapu(pMiuHMX PIiBHAHB. ¥ AKWX BUIIAAKAX MOIIJIBHO BUKO-
pucToByBaTH 3aMiHy 3MiHHUX?

BMPABM
Y saBmanHax 5.1.1-5.1.5 posB’aKiTh pPiBHAHHAI.
51.1°% 1) logyx=4; 3) log4x:%;
2) logyy,x=-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;
1 + ! =1;
3-lgx 1+lgx

o

4) 1g®x?=8lgx.

51.5. 1) log,(10-2%)=x+2;
2) 1g2+1g(4*219)=1+1g(22 +1);
3) log;(6+77%)=1+x;
4) log,2(4-3* ~6)-log,(9* ~6)=1.
5.1.6. Posp’stkiTh rpagiuHo 3amaHe piBHAHHS i IepesBipTe MmifcTaHOBKOIO, IO
3HalileHe 3HAUEHHS X MifICHO € KOopeHeM pPiBHAHHS:
1) log,x=3—-x; 3) log, x=x-1;
3
2) log3x=10glx; 4) lgx=11-x.
2

5.1.7*. [loBexniTh, 1110 PiBHAHHSA, HaBeAeHi B 3aBmaHHi 5.1.6, He MalOTh iHIIUX
KOpeHiB, KpiM 3HaigeHUX rpadiuHo.
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Tabnuua 9

1. Tpadik ¢pyHkuii y=1log,x (a>0; a+#1)

a>1
Yy
0/1 X
3pocTae

O<ax<l

cnapae

2. PiBHOCUNIbHI NepeTBOPEHHA HaMNpPOCTiWMX norapndmiyHNX HepiBHOCTEN

a>1

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

o1 f(x)>0,

flx)>g(x),
“|
g(x)>0

3HAK HepieHOCMI He 3MIHIOEMbCH,

i spaxosyemocs O/3.

log,(x—5)>3.
» OO3: x—5>0, T06T0 X >5.

log, (x—5)>1log, 2.

OyHkuia y=log,t € 3pocTaiouoto, oTxe,

x-5>2% x>13.

Ypaxosytoun O[13, maemo x >13.

Bidnosiowb: (1 3;+ oo).

fx)>g(x),
g(x)>0.

O<ax<l
log, f(x)>log, g(x) =

f(x)<g(x),

&1 flx)>0, 7(x)>0.

g(x)>0
3HaK HepigHOCMI 3MiHIOEMbCH,
i spaxosyemobca Of]3.

flx)<g(x),
“|

Mpunknagn

log, (x-5)>8.
2
» OO3: x—5>0, 10670 Xx>5.

1V
log , (x-5)>1log, (—) :
2 2 2
OyHkuia y=log, t € cnagHolo, oTxe,
2
3
x—5<(l) ; x<5l.
2 8

Ypaxoytoun O[13, Maemo 5 < x < 5l.
8

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

OpieHTnp

.3a ponomorow piBHOCUIb-
HUX MNepeTBOpPEHb 3afaHa
HepiBHICTb 3BOAUTbCA [0
HepiBHOCTI BiJOMOro BMaY.

Cxema pigHOCUTbHUX
nepemeopeHb HepigHOCMI

1) YpaxoByemo O[3 3agaHoi
HepiBHOCTI (i yHMKaemo nepe-
TBOpEHb, AKI NpPUBOAATb [0
3By»KeHHA O[13).

2) CtekMMo 3a TuM, WOO6 Ha
O/13 KOXXHe nepeTBOPEHHA
MOXXHa 6yno BUKOHaTu fAK
y NpAMOMY, TaK i y 3BOpOT-
HOMy HamnpsAmKax 3i 36epe-
KEeHHAM NpaBUIbHOCTI He-
piBHOCTI.

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

f(x)20).

Cxema
Memooy iHmepesanis

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

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

» Of3: x>0.Ha uin O[3 3agaHa HepiBHICTb PiBHO-
CWJIbHA HEPIBHOCTAM

1g10+1gx)’ —1gx>3; (1+1gx)’ —lgx >3.
(
BrikoHaemo 3amiHy 1gx =t.

- 2
Opepxumo HepisHictb (1+¢)°—t>3, T06TO
t2+¢t—2>0, MHOXMHa po3B'A3KiB AKol t < —2 abo
t>1 (anB. pUCYHOK).

i

i 52,

+\
-2

BrikoHaBLWK 06epHeHy 3amiHy, OTPYMAEMO:
lgx<-2 abo lg>1.
Toai 1gx<1g1072 a6o lgx >1g10.
YpaxoBytoun, Wwo ¢GyHKUia y=1gx € 3pocTatoyoto,
OLEPKYEMO: X < 1072 a6o x>10.
Micna BpaxyBaHHA O[13 maemo:
0<x<0,01 abo x>10.
Bionoside: (0;0,01]U[10; + ).

logx(2x+3)<2.

» Po3B'axemo HepiBHICTb MeTOAOM iHTepBaniB. BoHa
pPiBHOCW/IbHA HEPIBHOCTI

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

2x+3>0,
1) 03: yx>0,
x#1,

x>0,

TO6TO {x £1.

69
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3) NosHaunTn Hyni GyHKuii Ha | 2) Hyni  dyHKuii: f(x)=0; log, (2x+38)-2=0;
oA3 i 3vantm 3Hak f(x) logx(2x+3)=2. Ha O3 ue piBHAHHA piBHO-
Yy KOXKHOMY 3 MNPOMIXKiB, cunbHe piBHAHHIO 2x+3=x2 (AKe OfePKyeMO
Ha AKi O13 po36uBaeTbCcA
HynaMu.

4) 3anucatn BignoBigb, ypa-
XOBYIOUM 3HAK HEPIBHOCTI.

3a 03HauyeHHAM nioraprdma). Togi x2-2x-3=0;
x;=-1, x5=3. lo O[3 BXOANTb TiNbKN X =3,
otxe, f(x) mae egunnii Hynb x =3.

3) No3Hauaemo Hyni o¢yHKuUii Ha O[3, 3Haxogumo

3HakK f(x) Y KOXKHOMY 3 MPOMIXKKIB, Ha siKi po36u-
BaeTbcAa O13 (oMB. PUCYHOK), | 3aMNCYEMO MHOXN-

Hy po3B'A3kiB HepisHocTi f(x)<O.

- + B
0 1 3 x

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

.\ 3 NOACHEHHAM i 06r'pyHTYBaHHAM CNOCO6IB PO3B'A3YBaHHA NOrapudMmMiuHNX HepiBHO-
U CTel, HaBefeHVX B Tabn. 9, MOXHa O3HAMOMUTUCA, 3BEPHYBLUMCb OO iHTEPHEeT-Nif-
TPUMKIM MigpyYHMKa.

NPUKJIAA PO3B'A3YBAHHA 3ABAAHb

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

KomeHTap

Po3B’akeMo 3aflaHy HepiBHICTb 3a AOMOMOrOK PIBHOCUMIbHUX NepeTBOpPeHb. AK i nig
yac po3B'A3yBaHHA PiBHAHb, AN UbOro JOCTaTHbO ypaxysamu O[3 3adaHoi Hepis-
Hocmi G cmexumu 3a mum, wo6 Ha O[3 KoxHe nepemeopeHHA MOXHA 6Y10 BUKOHAMU AK
y NpAMOMY, MAkK i y 380pOMHOMY HANPAMKAX 3i 36epexeHHAM npasusibHOCMi HepiBHOCM.
Ockinbku Ha O[13 BMpa3u, Wo CTOATb Nif 3HaKOM norapudmis, € gogaTHUMK, TO popmyny
log,b+log, c=log, (be) nna popaTHWX b i ¢ MOXHa BUKOPUCTOBYBATU K y NPAMOMY,
TaK i y 3BOPOTHOMY HanpsAmKax. OTxKe, BUKOHYIOUM NepeTBOPEHHA HEPIBHOCTI 3a L€t dop-
MYJ010, OlEPXKUMO HEPIBHICTb, PIBHOCUIIbHY 3aAaHin (Ha it O43).

o6 ckopucTaTcAa BNacTMBOCTAMU florapudmivHoi dyHKUii, 3anmwemo yncno —1 Ak

- -1 . .
3HaueHHsA norapudmiuHoi dyHkuii: —1=1og , (0,2) (3po3ymino, wo i uo dopmyny
MO>HA BMKOPWUCTOBYBATU AK Y NPSAMOMY, TaK i Y 3BOPOTHOMY HarnpsAmKax) i Bpaxyemo,

-1 -1
2 1
0,2_1 :(_) z(_) 25.
e 10 5
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Po3B'si3aHHA

x-1>0,
> OR3: {x+3>0.

Ha mist OI3 3agama HepiBHiCTH piBHOCHIbHA HEPiBHOCTI

logg, ((x—1)(x +3))>1log,(0,2) .

Tonmi x>1.

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

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

MHo:xuHaA PO3B’A3KiB OCTaHHBHOI HEPiBHOCTI Puc. 5.2.1
raka (puc. 5.2.1): -4<x<2.

(p ) +\ /+
Vpaxosytouu O3, omep:xyemo: 1<x < 2. 3 I ORI

Bionosiov: (1; 2].

. Mpuknag po3s’A3yBaHHA Ginbl cknagHoi norapndmMiyHOi HepiBHOCTI HaBedeHO B iH-
N TepHeT-NigTPUMUI NigpyYHMKa.

3ATINTAHHA

1. ITosAcHiIT, Ha HMpPHUKJAZAX, AK MOYKHA PO3B’A3yBAaTH HANIPOCTIIIi Jora-
pudMiuHi HepiBHOCTi, KOPUCTYIOUUCH BJACTHUBOCTAMM JoOrapu@mMiuHoi
dyHKII].

2. IToscHiTs HA HPUKJIALI BUKOPUCTAHHSA METOLY iHTEPBAJIB OJA PO3B’d-
3yBaHHA JIOTAPUMMIUHUX HEPiBHOCTEM.

BMPABU
YV zaBmanHaAx 5.2.1-5.2.6 pO3B’SAKITH HEPiBHICTH.
5.2.1°1) loggx>2; 3) logysx<1;
2) logggx>-1; 4) lgx<2.
5.2.2.1) log,(8x—2)>2; 3) logs(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*

1)
2)
1)
2)
1)
2)

1)
2)

PO3MIJ1 1. MokasHWKoBa Ta noraprdmivHa QyHKLIT

lg(2x-1)>1g(x+2);

log, (8x+1)>log, (x+3);
3 3

log2x—3log; x+2>0;

1 1
+
3-lgx 1+l1gx

>1;
lgx+1g(x-9)>1;
logo,l(x+4)+10g0’l(x_5)<_1;

logzlog,logy s x=>0;

log, Vx+12 >1;

3)
4)
3)
4)
3)
4)

3)
4)

log,x <logg,(3x—6);
log, (2x—1)<log, (x+3).

log? x-4<0;
3

log? x+log, x-2>0.
2 2

log, (x% - x-12)<3;
log, (x+1)+log, x>log, 2.

log,x+log,2<2,5;

log 5, 4 3<0.
x—3

[eski nokasHMKOBI Ta forapudMiuHi PiBHAHHA i HEPIBHOCTI MOXHA PO3B'A3aTH,
3aCTOCOBYIOUMN BNACTMBOCTI BiAMOBIAHNX YHKLiA. 3 OCHOBHUMU NpUAOMaMK, AKi
BVMKOPWCTOBYIOTb ANA LbOro, Ta NpuKiagammym po3B'A3yBaHHA PIiBHAHb i HEPIBHO-
CTell MOXKHa O3HaMOMWTUCb, 3BEPHYBLINCb A0 iHTEPHET-MIATPUMKN MigpyyYHMKa.

TeMu HaBYaNbHUX NPOEKTIB

1.

2
3.
4

IlokasumkoBa (DYHKI[isI B HayIli, IPpUPOAi # TexXHii.

. Jlorapudmiuna GpyHKIiA B Haymi @ IpUpoOAi.

3acTocyBaHHA MMOKA3HUKOBOI i jiorapudmiuHoi QPyHKI[IlT B €KOHOMIIIi.

TpaMu.

. IlokasumkoBi # JiorapudmiuHi pPiBHAHHA 1 HepiBHOCTI 3 mapame-

15 BUKOHAHHA NIPOEKTY CTBOPIOETHCA KiJIbKa IpyN, KOKHA Ma€ 3HAWTH
neBHY iH(pOpMAILifo.
Pesysbrat; pobOTM HAJA TPOEKTOM KOKHA rpyna o(GOpPMJIIOE y BUTIAIL
KOMII'IOTE€PHOI ImpeseHTaIil, 3aXMUCT MPOEKTIB AOIIJIbLHO IIpoBecTu y (popmi
nebariB.

3 eTanamu poboOTU Haf NPOEKTOM MOXHa O3HaOMUTWCA, 3BEPHYBLUMCb AO iH-
TepHeT-NIATPUMKN NiJPYyYHUKA.



3ABAAHHA ANA NiArotoBKkn A0 OLUIHIOBAHHA

TecT N2 1

. 3HalAiTE obsacTh BUsHAuUeHHA (PYHKIII y=log, (6—2x).

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

. 3HAUAITH 00JacTh 3HaYeHb (PYHKIIl y=-5"+2.

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

. . _ 1 . . .
. PosB’s:kiTh piBHAHHA g1-3x :g i BKaKiTh NPOMIXKOK, OO SIKOT'O BXO-

IATH BCi MOTO KOpeHi.

A (—o0;—5) B [-5-2) B [-20) r[0;2) 0 [2;+)

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

A (—3) B (3;5] B (3;5) r[3;5) N [5;+e)

. YcrauoBiTh BipmoBigHicTh Mixk Bupasamu (1-3) Ta sHavenHamu (A-T)

X BUPAas3iB.

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

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

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

MponaiTb OHNaMH-TeCTyBaHHA Ha CalTi interactive.ranok.com.ua.

/3
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ITonarTa mokasHUKOBOI (PyHKIIII O6ya0 BBeIeHO Ha OCHOBi
crerneHeBoi (GYHKIII 3 panioHaJBHMM IIOKa3HUKOM, AKa
Ma€ JaBHIO icTopiro. 3oxpema ApoOOBUMHU MMOKA3HUKAMU
CTeIlleHA I HAWOPOCTIIIMMU IIPaBUJIAMHU Oili HAJ CTeIeHs-
MU 3 »OpoOOBMMU IIOKasHuMKamMu oiepyBaB y XIV cr.
dpannysskuii marematTuk H. Opem (6a. 1323-1382).
Bigomo, mo H. Ilroke (61. 1445 — 6a. 1500) posrasmas

CTelleHI 3 Bigx’eMHUMH 1 HYJIBOBUM TIOKa3HHUKaAMMU.
1

C. CreBiH 3ampomoHyBaB pO3yMiTH Hif an KOpPiHb (‘/; .
Ane cucremaTuuyHO APOOOBiI I Bix'€MHI HMOKA3HUKH CTaB
s3acrocoByBatu I. HeroToH.

Himenwsruit wmarematuxk M. Irideas (1487-1567)
3aIpPOIIOHYBAB ITIO3HAUEHHS a’=1, akmo az#0, i BBiB
Ha3By nokas3Huk (lie mepekJajn i3 HiMenbKoi exponent).
Tepwmin s0zapugm TOXOAUTH Bif CIOJNYUYEeHHS I'DEIBKUX
ciaiB «goroc» (y B3HaAUeHHi «BIAHOINIEHHA») 1 «apuTMOC»
(uucno) i mepekJamaeTbcAa AK Gi0HOWeHHA uducen. Bubip
BuHaxigaukom JorapudmiB k. Hemepom (1550-1617)
Takoi HasBu y 1594 p. MOSACHIOETHCS TUM, IO Jiorapudmu
BUHUKJIY BHACJIJIOK 3iCTaBJIeHHA JBOX YWCEJ, OTHE 3 AKUX
€ 4JIeHOM apu(MeTHUHOI ITporpecii, a Ipyre — reoMeTpUIHOI.
Jlorapupmu 3 ocHoBoio e yBiB k. Cmeiimen (1600—
1634), axuii ckjaB mepiri Tabaumi aas QyHKmil y=Inx.
HasBy ramypaavruii (mpupopHUil) nua mporo Jorapudma
sampornonyBas H. Mepkarop (1620-1687), axkwuii BUABUB,

|. HotoTOH
(1642-1727)

. Beprynni
(1667-1748)

1
mo Inx — me mnoma ¢irypu mix zinepbosoin —.
x

Biuspke [0 cy4yacHOro po3yMiHHA JiorapuMyBaHHSA
AK omeparlrii, o0epHeHOI m0 IIigfHECEHHS OO CTemeHd,
N. Ennep ymepure 3’aBuioca B poborax k. Boamica (1616—1703)

(1707-1783) i . Bepuyaai (1667-1748), a ocraTouHO GyJIO YyTOUHEHO
y XVIII cr. JI. Eitnepom (1707-1783). ¥V xuusi «Berym mo

aHaIidy HecKiHueHHUX» ¥ 1748 p. Eitnep chopmynoBaB cydyacHe O3HAUEHHSA
AK NMOKAa3HWKOBOI, Tak i sorapudmiunoi GyHKIi# i HaBiB iX posKJIagaHH:A
y CTemeHeBi paAAM, 3a3HAUYMB OCOOJHMBY POJb HATYPaAJIbHOTO Jorapudma.




Poaspin 2

IHTEFPAN TA UOIO
3ACTOCYBAHHA

§ 6. lNepBicHa Ta Ti BNAaCTUBOCTI
§ 7. BU3HaueHUN iHTerpan Ta MOro 3acToCyBaHHA

Y ubomy posgini Bu:
© O3HaioMuTecA 3 MOHATTAM MepBiCHOI, iHTerpana
i KpMBONIiHINHOI Tpaneuii;
©  HaBuMTeCA 3HaXOA4WUTW MepPBICHI Ta iHTerpanu,

a TAaKOX 3aCTOCOBYBATW iHTErpann A0 BU3HAYEHHA
noL, KPUBOMIHIMHNX Tpaneuin.



1. MepBicHa
O3HaueHHA
OsHaueHHA. OyHKuia F(x) Hasm-
Ba€TbCA NepeicHOI0 0NA PyHKYii  ni
f(x) Ha maHOMy NMpPOMiXKKY, AK-
wo anAa 6yab-Aakoro x i3 yboro
NPOMiXKKY

F'(x)=71(x).

Ona  yHKuiT flx)=x° na

—oo;-{—oo)

Tabnuus 10

Mpuknag

3 iHTepBa-

nepsicHo € OyHKUIA

F(x) :xT, OCKiNbKM

4 ’
F’(x)=(x—) )
4 4

2. OcHOBHa BNlIacTUBICTb NepBicHOI

BnactumBicTtb
AKwo ¢yHKLinA F(x) e nepBicHoOlo ANA GyHKLiT f(x)
Ha gaHomy npomixKy, a C — foBinbHa cTana, To GpyHK-
uin F(x)+C Takox € nepsBicHO ANA GYHKUIT f(x),
npu ubomy 6yab-aKy nepsicHy ana ¢yHkuii f(x)
Ha AaHOMy MPOMIXKKY MOXHa 3anucatu y BUrnapi
F(x)+C, pe C — posinbHa ctana.

MNpuknag

Ockinbkn dpyHKuia F(x)= xT € nepsicHo Ansa GyHKUIT

f(x)z x° na iHTepBani (—oo;+oo) (owB. BULLE), TO 3a2a/Tb-
Huli 8u2ns0 ycix nepgicHux 0715 GyHKUii [ (x)= x3 MoxHa

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

3. HeBn3HauyeHui’ iHTerpan

O3HaueHHA
O3HaueHHA. CYKYMHiCcTb ycCix nmepBicHUX AnA
paHoi yHKuUii f(x) HasmBaeTbcA HesusHaye-
HUM iHmeapanom.

HeBu3HaueHW iHTerpan no3HavyaloTb CUMBOJSIOM J.f(x)dx,
TO6TO

Jf(x)dsz(x)+C,
ne F(x) — ogHa 3 nepBicHUX Ana GyHKUiT f(x) aC—
[OBiNbHa cTana.

[eomeTpuyHM 3MmicT
lpadikn Oyab-sKMx nepsic-
HUX ANA 3afaHoi OyHKUiT
OfleP>KyloTb OAMNH 3 OJHOrO
napanenbHUM nepeHeceH-
HAM y3p0BX oci Oy.

\_/
N —
w

X

o VW s

Mpunknapg,
4
jx3dx = xT+C,

OCKiNnbKn ansa

byHKUIT
flx)= x% Ha

iHTepBani
(—oo; + oo) yci nepsicHi

MOXHa 3anncatm TakK:
4

xT+C (ams. n. 2 Tabn. 10).
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4. MNpaBunna 3sHaxXoAKeHHA NepBicHMX (NpaBuna iHTerpyBaHHA)

Akwo F — nepBicHa ansa f, a G — nepBic-
Ha gna g, To F+G — nepBicHa gna
dyHKuiT f+g.

MepasicHa 0na cymu 00piBHIOE CyMi NepsiCHUX
0719 000aHKi8.

Alkwo F — neps.icHa anA f, a c — cTana,
T0 cF — nepBicHa anAa yHKUii cf.

Akwo F — nepBicHa ana f,akib— crani
1
(npuuomy £#0), TO ;F(kx+b) —

nepeicHa ana ynkuii f(kx+b).

1) f(f(x)+g(x))dx = Jf(x)dx+jg(x)dx
IHmezpan 8i0 cymu OopigHioe cymi iHmMe-
2parnis 8id 000aHkKie.

2 Jc flx)dx= ch(x)dx, Je ¢ — cTana.
Cmanuti MHOXHUK MOXHQa 8UHOCUMU 34 3HAK
iHmezpana.

3)Jf(kx+b)dx=%F(kx+b)+C.

5. TabnuuAa nepBicHUX (HeBM3HaYeHUX iHTerpanis)

3aranbHun BUMAA,
nepeicHux F (x)+C,
ne C — posinbHa cTana

DyHKUis fx)

3anuc 3a JONOMOroto
HEBM3HAYEHOro iHTerpana

0 fo-ax=c
1 x+C de=x+C
o+l
o+1 o _ X
x* (a#-1) z+1+c jx dx= oc+1+C
(#-1)
1
— 1n|x|+C Jd—x:1n|x|+C
X X
sinx —cosx+C JSinxdxz—cosx+C
cosx sinx+C Jcosxdxzsinx+C
1
. tgx+C j —=tgx+C
COsS X COS X
1 dx
— —ctgx+C j ——=—ctgx+C
sin X sin X
e* e*+C Jexdxz e*+C
a* (a>0, a#1) ¢ ic Jaxdxz ¢ +c
Ina Ina
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MOACHEHHA N OBI'PYHTYBAHHA

Y 10 kjgaci Mm 3HaXOAWJIM TOXiAHY 3amaHoi (QYHKII i 3acTocoByBasau
1[I0 omepailiiro — AudepeHIliloBaHHsa — [0 PO3B’sI3yBaHHS PisHOMaHITHMUX 3a-
mau. OpgHiero 3 TakuxX 3ajau OyJI0o 3HAXOMKEHHSA IMTBUAKOCTI I NPUCKOPEHHS
OpAMOJIHIMHOrO pyxy 3a BifoMol0 sajexHicTIO Bixg uacy koopauHaTu x ()
MaTepiaJabHOI TOUKU:

v()=x'(t), alt)=v"(t)=x"(t).

Hampuxaan, aximo B moyaTKoBUEM MomeHT udacy (=0 mBHAKiCTH Tija
IOpPiBHIOE HYJII0, TOOTO v(0)=0, T0 B mpoiieci BibHOroO mamiHHS Tijgo 3a
MIPOMisKOK uacy t (ToOTO Ha MOMEHT uacy t) mpoiijie ILIAX

2
gt
s(t)="—.
2
IIBuakicTh i TPUCKOPEHHS 3HAXOIATH 3a JOIIOMOTOI0 AuU(EepPeHIliIOBaHHS:

v(t)=8'(t)=(%2) =%-2t=gt, a(t)=v'(t)=(gt) = g.

AJe Ba)KJIMBO BMiTM He TiJIbKM 3HAXOAUTH IOXiAHY 3agaHOl (PYHKIII,
a i posp’asyBaTH OOepHEeHY 3ajauy: 3HaxoguTu Gyukmilo f(x) sa ii saza-
HOIO IIOXiZHOIO f’(x). Hampukaan, y MexaHimmi gyacTo ZJOBOAWUTHCS BU3HAYATHU
KOOpAUHATY x(t), sHaloum sase:xHicTH Bix yacy IIBUIKOCTIL v(t), a Takox
3HAXOIUTU IIBUIKICTH v(t), 3HAIOUU 3aJIeKHICTh BiJl yacy IIpUCKOpPEHHs a(t).
Buaxomxennsa (yukrmii f(x) sa ii sagamoo moxigmoio f’(x) HasuBaioTh ome-
paitiero iHmezpysanHs.

Otixe, onepauyis inmezpyeéannsa € obOepHe-
How 0o onepauil dugepenuyirnsanns. Ote- IHTerpyBaHHA — Bif. JaTHH.

palia iHTerpyBaHHS [JO3BOJAE 3a 3aJa- | integratio — BiJHOBIEHHA.
Hoto moximuowo f’(x) smaittm (BizHOBUTHU)

dyuarnio f(x).
Hasememo osmaueHHS DOHATH, MHOB’A3aHUX 3 OIepalli€el0 iHTerpyBaHHI.

OsHaueHHs. QyHKUia F(x) HasuBaeTbca nepsicHoto 0na pyukuii f(x) Ha pa-
HOMY NMPOMIXKY, AKWO ANA 6yab-AKoro x i3 uboro npomikky F’(x)=71(x).

Hanpuknan, pasa QyHKIii f(x):3x2 Ha iHTepBaJi (—oo;+oo) TIepBiCHOIO

€ (pyHKIia F(x)=x3, OCKiIbKU F'(x):<x3) =3x2.
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3asHaunMo, M0 (PYHKIid x> +5 mae TaKky camy IOXimgHy (x3+5) =3x2.

Orxe, QyHKIIiS x%+5 rakox € TepBicHOIO Aaa (PYHKIIiT 3x? ma muoxu=Hi R.
3posymiio, 10 3aMicTh uYmciaa 5 MOMKHA IIiACTABUTU OyAb-sKe iHIIIE UICJIO.
Tomy samaua 3HAXOMKEHHS IepBicHOI mMae OesJiu pos3B’sa3kiB. 3HanTu Bei 1mi

PO3B’sI3KM 03BOJISE OCHOBHA BJIACTHBICTH TeEpBiCHOI.

D

mil

Axwo pynryia F(x) € nepsicnoro dna pyuxyii 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 na Qynk-
uii f(x) na Oamomy npomincky moxe 6ymu sanucana y euznadi
F(x)+C, de C — dosinvra cmana.

Bupas F(x)+C HasuBaioTh 3a2016HUM 6U2NA00M NepEicHUX IIa GYyHK-

f(x).

1) 3a ymoBoto ¢yHKLia F(x) € nepsicHoto ansa dyHKLUii 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=Ff(x),

10670 F(x)+C Tex € nepsicHoto ana dyHkuii f(x).
2) Hexait dyHkuia F;(x) — iHwa nepsicHa ana ¢yHkuii f(x) Ha Tomy camomy
NPOMIXKKY I, TO6TO Fl’(x)zf(x) ana Bcix x e 1. Topi

(F,(x)-F(x)) = F/(x)- F"(x) = f (x) - f (x) = 0.
3a ymoBoto cTanocti ¢yHKUii (§ 16 nigpyyHuka ana 10 Knacy), AKWO noxioHa
eyHkuii Fy (x)—F(x) dopigHioe Hynto Ha npomixky I, mo us ¢yHkuis Habyeae de-
AKo20 cmasno2o 3Ha4deHHA C Ha ybomy npomixky. OTxe, ana Bcix x el dyHKuia
F,(x)-F(x)=C. 3sigcn F, (x)=F(x)+C. Maemo: byab-sika nepaicHa ans GpyHk-
uii (x) Ha paHOMy NpoMixKy Moxe 6yTu 3anucaHa y Burnagi F(x)+C, pe C —
[OBiNbHa CTana.

Hampurnan, ockinbkm niada (GyHKITIL

f(x)=2x ma imrepsai (—°°;+°°) OZHi- 3azBuuaii Ipu 3HAXO/KEHHI Imep-

€10

(cupasni, F'(x)z(xz) =2x), TO 3arajb-
HUUW BUTJIAIL yCiX ImepBicHUX (PYyHKIII aasa

3 meppicHux € QyHrmia F(x)=x? Bicnoi mna ymkmii f(x) mpo-
Mi’KOK, Ha AKOMY 3aJaHO (QyHK-

mito f(x), mHe BrasyoTs. Ilpu
IbOMY MalOTh Ha yBasi IPOMiKKU

dbyuRIii f (x)=2x MOKHAa 3allrcaTu TakK: HAMGLIBINOT JOBKUHM.
x2+C, ne C — nmosinbHA craja.

/9



80

PO3[JT 2. IHTerpan Ta MOro 3acTOCyBaHHS

TeomeTpuunMit 3MicT OCHOBHOI BJIacTH-
Puc.6.1 | ¥ BOCTi TIepBicHOI: zpagiru 6ydv-arxux nepsic-
T~ Hux ona danoi @yuruii f(x) odepacyromo
~~— 00uH 3 00H020 NAPAJLCLLHUM NEPeHECEeHHAM
y3doexc oci Oy (puc. 6.1). Cupasgi, rpa-
w ik m0BiBLHOI TepBiCcHOL F(x)+C MOKHA
onmep:xkaTu 3 rpadika mepBicHOL F(x) ma-
x paJieIbHUM TepPeHeCeHHAM Y340B:K oci Oy

Ha C ogUHUIIL.

. \Z\\

Hexait pyurmia f(x) mae Ha mesxomy mpomiskky mepsicay F(x). Toxi
3a OCHOBHOIO BJIACTUBICTIO MEPBICHOI CYKYIHICTH yCiX mepBicHUX AJiA (QYHKITIT
f(x) Ha samamomy mpoMmixKy sagaerbca (opmyrnooo F(x)+C, ne C — 1o-
BiJIbHa cTaJjia.

O3HauyeHHA. CYKynHicTb ycix nepBicHUX gaHoi yHKLUii f(x) Ha3MBaeTbcA He-
8U3HAYeHUM iHmezpasnom.

Hesusnayenuil inmezpans no3Ha4iamoms CuMB0LOM Jf(x)dx, moodi
Jf(x)dsz(xHC, de F(x) — odna 3 nepsichux 0nsa QYHKUIL flx), a C —

dogiavHa cmaaJa.
Y mnaBemeHilt piBHOCTI 3HaAK | masusarors 3Hakom iHmeepaaa, QPyHK-

mito f(x) — nidinmezpaavHor QYHKUiEIO, BUPA3 flx)dx — nidinmezpaso-
HUM 6Upa3oM, 3MiHHY X — 3MiHHOW0 iHmezpysanusa i momamok C — cmagow
iHmezpyeanns.

Hampuknan, ax 3asHauajgocd BUINE, 3arajJbHUNA BUIJIAA HEPBICHUX IJId

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

ITi mpaBuaa moxmi6Hi o BixgmoBiAHWMX TpaBua nudepeHIiIoBaHHS.

IIpasuno 1. Axwo F — nepsicna oas f, a G — nepsicha 0rs g, mo
F+G — nepsicua onsa f+g.
Ilepgicha Ona cymu 0opieHIoE cymi nepsicHux 0rsa 000aHKi6.

» Cnpasgi, Akwo F — nepsicHa ana f (y uboMy KopoTkomy GpopMyntoBaHHIi MaETbCA
Ha yBa3i, Wwo dyHKuia F(x) — nepsicHa ana dyHkuii f(x)), To F’=f. AHanoriy-
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HO, SIKWo G — nepBicHa ansa g To G’ = g. Toai 3a NpaBUIomM 00UNCIEHHA NOXiAHOI
CYMU MAEMO:

(F+G) =F'+G’'=f+g,
a ue ” o3Havae, WwWo F+G — nepsicHa gna f+g.
3a [J0IIOMOro0 HEeBM3HAUEHOT'O iHTerpaJa Iie MPaBUJIO MOYKHA 3alMCATH TaK:
[(F(x)+g(x))dx = [f(x)dx + [ g (x)dx,

TOOTO iHmezpas 6i0 cymu 00pieHIOE cymi iHmezpanié 6i0 000aAHKIE.

IlpaBuio 1 mMoKHA HOIMIMPUTH HA OyAb-AKY KIJBKICTH HOJAHKIB (OCKiJIb-
KM IOXigHa Bim Oyab-sIKOI KiJbKOCTI mOmAHKIB AOpiBHIOE cyMmi moxigHmx mo-
ITaHKiB).

IIpasuno 2. Axwo F — nepsicna 0asa f, a ¢ — cmaaa, mo cF — nep-
gicna 0as Qpyrruyii cf.

» Cnpasgi, sKwo F — nep.icHa ana f, To F’'=f. YpaxoBytouu, WO CTanNin MHOXHUK

’
MOXHa BUHOCWTH 3a 3HaK noxiaHoi, Maemo (cF) =cF’=cf, a ue 1 03Haya€, Wo
cF — nepsicHa gns cf.

3a IOIOMOIo0 HEeBH3HAUEHOI'O iHTerpaja Ie MPaBUI0 MOYKHA 3aIMCATH TAK:
Jc~f(x)dx=c_[f(x)dx, e ¢ — craJja,

TOOTO cmanuil MHONHUK MONHA 6UHOCUMU 34 3HAK iHmezpaad.
D IIpaBumo 3. Axwo F — nepgicna oasa f, a ki b — cmaai (npuwomy k+#0),

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

3a JAOIIOMOI'0OI0 HEBH3HAYEHOI'O iHTeI‘pa.TIa Ioe IIpaBuJIO MOKHAa 3alluCcaTu TakK:

jf(kx+b)dx=%F(kx+b)+C.
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s obumciieHHA TMepBiCHUX (UM HEeBU3HAUEHUX iHTErpaJsiiB), KPiM mpaBuJI
3HAXOIKEHHSA MNEePBICHMX, KOPHUCHO MaM’sITaTH TAOJMUYHI 3HAUYEHHS MHEePBICHUX
o geaxkux (yHKHiH. Ix HaBememo B m. 5 rta6a. 10. o6 o6rpymTyBaTH
IPaBUJILHICTh IIBOTO IYHKTY TAOJJUIli, TOCTATHLO IIePeBipuTH, IO HMOXimHAa Bif
ykasaHoi mepBicHoi (6e3 crasioro momanky C) mopiBHioe 3amanint pyHkiii. Ile
Oyme o3HAUaTH, IO POBMVIAHYTa (PYHKIIiA MiICHO € MIepBiCHOIO AJA 3aJaHoi
dyukrmii. OckinbKkyu B 3amuci BCiX IIepPBiCHUX y APYTid KOJIOHIII IIPUCYTHIiN
cranuit mogaHok C, TO 3a OCHOBHOIO BJIACTHBICTIO TMEPBICHMX MOKHA 3POOUTHU
BHCHOBOK, IO IIe 3araJbHUN BUTJIAMN YCiX IIepBicHUX 3amaHol (PyHKITii.

Hasenemo o6rpyHTyBauHHA (QOpMyJaH, 3a SIKOI 3HAXONATH IMEPBiCHY mJd
dysrmit x*.

@ Ona iHwmnx GyHKUIN NPONOHYEMO MPOBECTU aHasoriyHy MepeBipKy CamMOCTIMHO.

» Ona BCix x 3 ob6nacti Bu3HaueHHs oyHKUii x* npu o#-1 noxigHa

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

ana ¢yHkuii x*. Tofi 338 OCHOBHOW BNACTUBICTIO MEPBICHMX 3aranbHUl BUrNAL
ycix nepsicHnx gna ¢yHkuii x* npn o = -1 6yae Takmm:

o+l

+C.
oa+1

3a fOMNOMOroI HEBM3HAYEHOTO iHTErpana Le TBepAKeHHS 3anncytoTb TakK:

x(xﬂ
_[x“’dx =

+C (o#-1).
o+1

NPUKNAAON PO3B'A3YBAHHA 3ABAAHb

Mpuknaa 1. Mepesipte, un € dynkuis F(x)=2vx nepsicHoto gns dyHkwii f(x)z%
Ha npomixky (0;+ o). *

Po3B’A3aHHA KomeHTap
, 3a 03HauyeHHAM yHK-
1 1
> F’(x)=(2\/x) =2.——=——, 1e i1 03Hauaec, 110 ia F i
adx T uia F(x) € nepsicHolo

(PYyHKI[LA F(x) € IepPBiCHOIO IJd PyHKITiI f(x) = % ?Qj{:;?i)f(x)’ ARIO
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Mpuxknapg 2. 3Hangitb:

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

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

3%) Jx4dx.
Po3B'sAA3aHHA

1) » Opniero 3 mepBicHUX

s pysrnii f(x)= xt

Ha MHOXXUHI R € QpyHKIia
5

F(x)= x?’ OCKiIBKH

5 ’
F'(x)= (x_) = l~5x4 =x*
5 5

2) » 3a OCHOBHOIO BJIACTHUBI-
CTIO IIepPBiCHUX yci mepBic-

. 4
Hi gia gyurnii f(x)=x
MOJKHA 3allucaTh y BUTJIAIL

5

x .
?+C, ne C — moBinbHA

cTaja.

5
3%) » J-x4dx=x?+C,

ne C — posinbHAa craja.

KomeHTap

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

3HanTK nigbopom. B mpoueci MoxHa MipKyBaTy
Tak: Wo6 nicnA 3HAaXOMKeHHA MoXigHOI onep-
xatn x4, noTpi6bHO 6paTn NoxiaHy Big x°. Ane
(x5)’=5x4, Wob6 noxigHa AopiBHIOBanNa x4,

JOCTaTHbO MOCTABUTU Mnepeq OyHKLiE x° Kko-

- 1
ediuieHT —.
¢ 5

MpocTiwe BuKoprcTtat popmyny 3 n. 5 Tabn. 10
(Tabnuui nepBicHUX): OOHIiEO 3 nepsicHUX 01
yHruii x* € pyHkuyis

o+l
X

o+l

2) AKwo Mu 3Haemo o0Hy nepsicHy F (x) ona ¢yHK-

uir f(x), Mo 3a OCHOBHOI BNACTUBICTIO NnepB.ic-
HUX 6ydb-siKy nepaicHy ons yHkuii f(x) MoxHa
3anucamu y 8uenaoi F(x)+C, gpe C — posinb-
Ha cTana.

3) 3a 03HaYEHHAM jf(x)dsz(x)+C,

TOOTO HEBU3HAYEHUI iHTerpan J.f(x)dx — ue
crieyianbHe NO3HaYeHHA 3arasbHOro BUAY BCiX
nepBicHMX ANnA gaHoi GyHKUii f(x) (Aknn mn
BXKe 3HaWLWM B M. 2 PO3B'A3aHHSA).
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Mpuknag 3. Ona GyHKuii f(x)Z\/; 3HalAiTb NepBicHy, rpadik AKoi NpoxoanTb Ye-

pe3 Touky M (9;10).

Po3B’si3aHHA
1
» D(f)=[0;+c0). Tomi f(x)=x2.

3araJbHUN BUTVIAMA YCiX mepBiCHUX Mg PYyHK-
nii f(x) rarmii:

l+1

3
2 2 2 2 2
’; +0=_a? +C=§\/x3+C=§x\/x+C-

—+1
2

3a ymMoBOIO rpadik mepBicHOI IPOXOAUTH Uepes
TouKy M (9;10), omxe, mpu X =9 oxmep:Kyemo

%9\/§+c=10.

3Bigcu C=-8. Toxi mykaHa mepBicHa:

%x\/;—&

KomeHTap

CnoyaTKy 3anuwemo 3arasbHum
BUMMAL MNepBiCHUX ANA 3adaHoil
byHKuUii: F(x)+C. MNoTim BrKopu-
CTAaEMO Te, Wo rpadik opgepkaHoi
GYHKUIT MpoxoanTb yepes TOUKy
M(9;10), oTxe, Nnpu x =9 3Ha-
yeHHs oyHkuii F(x)+C popis-
Hio€ 10.

o6 3HanTn nepBicHy ansa GyHK-
uii f(x)=+x, ypaxyemo, wo i
obnactb Bu3HaueHHs x = 0. Toni
Lo GYHKLiI0 MOXKHA 3anmcaTi Tak:

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

dyHkuii x%, a came: +C.

o+1

.\ 3 NpuKnagom pPo3B'A3yBaHHA Oiflbll CKNAAHOTO 3aBAaHHSA, MOB'A3aHOrO 3i 3HaXo-
U IKEHHAM MepBiCHUX, MOXHa O3HANOMUTUCS, 3BEPHYBLUNCb A0 iHTEPHET-MIATPUMKN

NigpyYHUKa.

3ATMNTAHHA

1. IosicHiTh, y AKOMY Bumanky GyHKIio F(x) HasuBaioTh IepBiCHOIO A
dyurnii f(x) ma samamomy mpomiskky. HaBegitTe mpuKIamu.

2. ChopmyaoiiTe OCHOBHY BJIACTUBICTH IIepPBiCHMX i mpoistocTpyiiTe ii Ha

IPUKJIagax.

3. CopmymiofiTe mpaBuJa 3HAXOM:KeHHs mepBicHuX. IloscHiTs iX Ha Ipu-

KJIazax.

4%, IloBemiTh mMpaBUWJia 3HAXOMKEHHS IIEPBiCHUX.

5. 3anumIiTe 3arajdbHUil BUIVIAN IepBicHUX AJA QYHKIiH: x%

1 x

2 0
sin X

1 . 1
—, sinx, cosx, )
x cos” x

e’, a

(a=-1),

* (a>0, a#1). IoscHirs, AK

IEePEBIPpUTH NPaBUJIBHICTH 3aIMCy KOKHOI IEpPBiCHOI.
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BMPABU

V saBpanuHax 6.1, 6.2 nosexiTs, mo (yukrmia F(x) — mepsicra mia
dyuxruii f(x) Ha 3a3HAUEHOMY IIPOMiKKY.

6.1° 1) Flx)=x° f(x)=5x*, xe(—oo;+oo);
2) Fla)=x72, flx)=-8x"", xe(0;+);
3) F(x)——x, f(x)=x% xe(—oo;+oo);

4) F(x)z—%x_ R f(x)zx_7, xe(0;+<>o).

6.2. 1) F(x)zsinzx, f(x)=sin2x, xeR;
2) F(x)z%cos2x, f(x)=-sin2x, xeR;
3) F(x)=sin8x, f(x)=3cos3x, xcR;

4) F(x)=3+tg§, flo)=—1t xe(-mm).

x
2<3os2 —
2

6.3. Ilepesipre, mo pyukuia F(x) e nepeicHowo miasa dyukmii f(x). BHaiixits
3araJbHUNA BUIVIAM IIEPBiCHUX MJIsa (PYHKITIT f(x), AKIITO:

1) F(x)=sinx—xcosx, f(x)=xsinx;

2) F(x)=vx?+1 f(x)—\/—
x°+1

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

1+x

4) F(x)= x—;, f(x)=
YV zaBgamHAx 6.4, 6.5 BusHauTe, um € QyHKuia F(x) mepsicHoo s
dyukruii f(x) Ha 3a3HAUYEHOMY NIPOMIXKKY.

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) Fx)=x2+2, f(x)——3, x€(05+00).
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6.5.

6.6°.

6.7%.

6.8.

PO3[JT 2. IHTerpan Ta MOro 3acTOCyBaHHS

1) F(x)=2x+cos%, f(x)=2—%sin§, xeR;
2) Flx)=vVa-2?, flx)=-—= —, xe(-22);
4—x

3) F(x)=i2, fx)= 14——2, x € (0;+o0);
4) Flx)= 4xf flx)= G\F x€(0;+e0).

VY saBmamHax 6.6, 6.7 3HalgiTh 3araJbHUI BUTJISAL NEepPBiCHUX O
dyarmii f(x).

1) flx)=2-x% 5) f(x)=x°
2) f(x)=x+cosx; 6) f(x):i:),—z;
X
3) flx)=da; ) Fl)=1-—
X
4) f(x)=-8; 8) flx)=x>.
1) f(x)=2—x3+i3; 6) f(x)=3sin2x;
X
2) f(x)zx—%+cosx; 7 f(x)=(4—5x)7;
X
3) f(x)ziz—sinx; 8) f(x)=—écos(x—§);
X
4) f(x)=5x%-1; 9) f(x)=%.
(4-15x)

5) f(x)=(2x-8);

NOna ¢yuxmnii f(x) szaiizite mepsicmy F(x), mo zHabyBae samaHoro
3HAUEHHs B 3a3HAUYEHIil TOYIIi:

1) Flx)=—, F(%)}lz; 3) f(x)=x%, F(-1)=2;
X

2) f(x)= 12 , F(%)zo; 4) f(x)=sinx, F(-m)=-1.

COos X
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6.9.

6.10°.

6.11.

6.12%,

6.13*,

V gaBmanuax 6.9, 6.10 misa ¢yuknii f(x) smaiigite mepsicuy, rpadik
SAKOI TPOXOAUTH uepe3 TOUKy M.

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

BuasiTb cBOIO KOMMNETEHTHICTb

IIBuakicTs MaTepiaabHOI TOYKH, IO PYXA€ThCA IPAMOJiIHIAHO, 3amaHa
dopmyioro v(t)=t2+2t-1. Banumirs dbopmyny 3anexkHocTi ii KoOp-
IUHATU X Bim uyacy ¢, AKIIO BigoMO, IIT0 B IIOYATKOBUU MOMEHT dYacy
(t=0 c¢) Touka mepeOyBaJjia B HOYATKy KOOpAMHAT (U BUMIipPIOETHCA
y MeTpax Ha CEeKYHIY).

MarepianpHa TOUKa PyXaeThCA MIPAMOJJIHIAHO 3 IIPUCKOPEHHIM
a(t)=12t2+4. 3HaAUOITh 3aKOH PYXy TOYKM, SKIIO B MOMEHT dYacy
t=1 c ii mBugKicts mopiBHioe 10 M/c, a KoopgmHata — 12 M (a BuU-
MipIOETBCA V MeTpaxX Ha CeKyYHAYy B KBaapari).

MarepianibHa TOUKa Macoow m pyxaeTbca mo oci Ox mix miero cuaum
F(t), mampamienol B3oB:x Iiei oci. Bamumrite GOpMyIy 3alesKHOCTI
x(t), SIKIIO BioMoO, IO IpHU t=*%, IIBHJKICTb TOUKH [JOPIBHIOE U,
a KooppuHata — X, (F(¢) BuUMipIOIOTE y HBIOTOHAX, t — Y CEeKyHAX,
UV — y MeTpax Ha CeKyHAy, m — Yy Kijgorpamax):

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, to=§, vy=2, xo=4, m=5;
4) F(t)=8t+8, t,=2, v,=9, x,=7, m=4.
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Tabnuusa 11
1. O6umncneHHs BU3Ha4YeHoro iHTerpana (popmyna HbrotoHa — Jlei6Hiya)
®opmyna Mpuknag

Akwo ¢yHkuia f(x) BusHaueHa i Henme- | Ockinbku ans dyHkuii f(x)=2x2 opnieio
pepBHa Ha Bigpi3Ky [a; b] i Flx) — ) ) x3
ii JOBifbHa MepBicHa Ha LboMy Biapiky | 3 NEPBICHUX € yHKUIA F(x)z? TO
(F'(x)=7(x)), 0

b b 2 %3 2 3
jf(x)dx=F(x) =F(b)-Fl(a). Ixzdxz?
a 1

a

2. KpuBoniHinHa Tpanewuisa
O3HaueHHA IntocTpauia

Hexait Ha Bippisky [a;b] oci Ox 3apaHo

HenepepsHy dyHKLilo f(x), Aka HabyBae y y=1(x)

Ha HbOMY TiNbKM HEBI'EMHNX 3HaYeHb. /\/,
Qdirypa, o6mexxeHa rpadikom GyHKUiT | S i
y= f(x), Bigpiskom [a; b] oci Ox i npsa- | |
MuUMKn X =a i x=>b, Ha3MBa€ETbCA Kpu- 0| a b x

80J1iHiliHOol0 mpaneyieio.
3. Mnowa KpuBoOAiHiNHOT Tpanewuii
®opmyna Mpuknag,
b O6uncnite nnowy y
S= Jf(x)dx dbirypu, obmexeHoi
. niHiamn y =sinx, 14

0
y=0, x=£, x="=.

3 2 n b1 T %
306pasmBLUK L NiHii, B30
OTPUMAEMO KPVBOSi- L

HiVHY TpaneLito.
T

o)

2
. b4 n 1
S=Is1nxdx=—cosx =—cos—+cos—=—.
! 2 3 2
3

w|a
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4. BnacTuBOCTi BU3SHaYeHUX iHTerpanis

a b a b b b
_[f(x)dx=0 ff(x)dx=—ff(x)dx j(f(x)+g(x))dx=ff(x)dx+fg(x)dx
a a b a a a
AKLWo dyHKLUiA f(x) HenepepBHa Ha [a; b]
b b i ce[a; b],To
Jk~f(x)dx=kjf(x)dx b c b
a a J.f(x)dxz'[f(x)dxﬂ[f(x)dx.

a

NOACHEHHA N OBI'PYHTYBAHHSA

fx Oymno sasHaueno B § 6, iHmezpysanns — uye 0is, obepHerna 0o Ougpe-
peruilosanHs. BoHa N03BoJIAE 3a 3amaHOI0 IMOXimHOIO (GyHKIII 3HaliTH (BigHO-
BUTH) 110 QyHKIIi0. [ToKaskeMo, 0 1A oIepallis TiCHO IOB’sI3aHa i3 3amavelo
obuucsieHHA WOl (irypu.

Hanpukiazg, y MexaHili gacTo JOBOAMTHCA BUBHAUATH KoopaumHary x(t)
MaTepiaJabHOI TOYKM, IO PYXAEThCA IIPAMOJIIHINHO, 3HAOUM 3aJIe’KHicTh ii
mBUAKOCTI Bix wacy v(t) (maragaemo, mo v(t)=x"(t)).

PoariisneMo cmouaTKy BUNAMOK, KOJM TOYKaA PYXA€ThbCA 3 IIOCTiHAHOIO
IIBAJAKICTIO U =0,. I'padgikoM MBUAKOCTL B cCUCTeMi KOOpAUHAT (t; v) € mpAaMa
V=0, HapajenabHa oci "acy ¢ (puc. 7.1). fIKmio BBaskaTu, 10 B IOYATKOBUI
moMeHT yacy t=0 Touka mepebyBajia B IMOYaTKy KOOPAWHAT, TO IILJIAX S,
npoiimeHuil Heio 3a 4ac f, 0OUMCIIOIOTH 38 (OPMYJOI0 S=U,t. Benuunna vyt
IOPiBHIOE ILJIOINiI S IPIMOKYTHHKA, 00Me:KeHoro rpadi-

KOM IIIBHIKOCTi, Biccio abciuc i ABOMa BePTHUKAJIbLHUMIU
NIPAMUMM, TOOTO IIIAX TOUKM MOXMKHA OOUMCIUTH AK Puc. 7.1
oy (irypu, posTalioBaHOI IIig rpadikoM IITBUIKOCTI. v

Posrnssnemo Bumagok HepiBHOMipHOTO pyxXy. Te-
mep IIBUAKICTE MOKHA BBasKaATH TOCTiMHOIO TiJIBKU Ha
MaJIeHbKOMY BiZpisKy uwacy Af. SIKII0 IMIBUAKiCTL v S=vt
3MiHIOETBCA 3a 3aKOHOM v=v(t), TO IIIAX, IIPOUAeHUN
3a BipisoK uacy [t;t+At], HaOJIMKEeHO BUPAYKAETHCSA 0

[
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Puc. 7.2 Puc. 7.3 Puc. 7.4

v=v(t) ARG

<
7 -

2h
0| T

moGyrrom v(t) -At, Ha rpagiky meit [o6yTOK AOPiBHIOE ILTIOII MPAMOKYTHHKA
i cropomamu At i v(t) (pue. 7.2). TouHe 3sHAUeHHS NILIAXY, IPOHIEHOTO 3a
BiZIpiBoK wacy [t;t+At], JIIOPiBHIOE ILJIOIIi KPUBOJIHIIHOI mpaneyii, BUOKPEM-
JeHOl Ha IbOMY PHCYHKY. Tomi Bechb IJIAX, MPOUAEHUHA MAaTEpPiaJbHOIO TOU-
KO0 3a Bispisok uacy [0;¢], MokHa O6UMCIWTH HOZABAHHAM ILIOI TAKHUX
KPUBOJIIHIAHUX Tpalleliii, TOOTO IJIAX MOPiBHIOBATHME ILJIOIIi 3adapOoBaHOi
dirypu mig rpadikom mBupkocti (puc. 7.3).

Hasememo BimmoBigHi o3HaueHHA I OOI'PYHTYBAHHS, SAKi JTO3BOJATH 3PO-
OuTHU i MipKyBaHHS OiJIBIII CTPOTUMMU.

Hexait Ha Bigpisky [a; b] oci Ox samaHo HemepepBHY (yHKIio f(x), axa
HaOyBae Ha I[bOMY BifPi3Ky TiJIbKM HEBiJ'€MHUX 3HAUEHD.

OsHaueHHs. Qirypa, o6mexeHa rpadikom dyHkuii y =1 (x), Biapiskom [a;b|
oci Ox i npamumun x=a i x=b, Ha3MBaETbCA KPUBOJIiHilIHOIO mpaneyielo
(puc. 7.4).

Binpisok [a; b] Ha3UBAIOTh OCHOB0K KPUBOJLIHIILHOL mpaneuyil.

3’sacyemMo, K MOKHA OOYMCJUTH ILJIOINY KPUBOJiIHiIIHOI Tpamerlii 3a mo-
OMOroI0 HepBicHOI aiaa gymkmii f(x).

ITosuaunmo uepes S(x) mionry KpuBoiHiiiHOI Tpamemii 3 0CHOBOIO [a; x]

(puc. 7.5, a), me x — Oynb-sAka TouKa Binpiska [a;b]. IIpm x=a Biapi-
Puc. 7.5 a 6 B
Yy
| y=1(x)
x 0|x c xtAx %
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30K [a;x] BHPOKYEThCA B TOUKY, 1 Tomy S(a)=0; mpu x=>b maemo S(b)=3S,
fe S — Iuloma KpHBoJiHifiHOI Tpamemnii 3 ocHoBow0 [a;b]| (muB. pmc. 7.4).

» Mokaxemo, wo ¢yHkuia S(x) € nepsicHoo ons ¢yrHkuii f(x), To6To WO

S’ (x)=f(x).

. . . .. . AS
BignoBigHO A0 O3HauYeHHs noxigHoi MoTpibHO gosectn, wo — — f(x) npu
Ax — 0. Ax
[nAa cnpoleHHA MipKyBaHb po3rnaHemo Bunagok Ax >0 (Bunagok Ax <0 pos-
rMAKAETLCA aHANONIYHO).
Ockinbkn AS =S (x+Ax)—S(x), To 3 Toukn 30py reometpii AS — nnowa ¢iry-
pW, BUOKpeMsieHoi Ha puc. 7.5, 6.
Po3srnanemo Tenep NpAMOKYTHUK i3 Takow camoto noweio AS, ofgHi€lo 3i CTOpPiH
AIKOTO € BIAPI3oK [x; x+ Ax] (puc. 7.5, 8). Ockinbku GyHkuis f(x) HenepepsHa, To
BEPXHA CTOPOHA LbOro NpsAMOKYTHMKa nepeTrHae rpadik oyHKLUil B gesakin Touui
3 abcuuncoto ce[x;x+Ax] (iHaKwe po3rnAHYTUN NPAMOKYTHUK abo MiCTUTb Kpu-
BOJiHIMIHY TpaneLito, BUOKpPEMEHY Ha puc. 7.5, 8, abo MicTUTbCA B HilA, i, Bigno.ia-
HO, noro nnowa byae 6inbwoto abo meHwot Big nnowi AS). Bucota npAmMokyT-
HuKa popisHioe f(c). 3a dopmynoto nnoLi NPAMOKyTHUKa Maemo: AS = f(c)Ax.
AS  fle)Ax
x Ax
OCKinbKu TOUKa ¢ NeXXMTb MiXK TOUKaMun x i x + Ax, To ¢ NpAMYE o x, AKwo Ax — 0.
YpaxoByloun HenepepBHicTb ¢yHKLUii f(x), opepxyemo Takox, wo f(c)— f(x)
npu Ax—0.

Toni =f(c). (Ua dopmyna 6yae npasunbHo i npu Ax<0.)

OTxe, i—s—>f(x) npu Ax—0. Le o3snauae, wo S’(x)=f(x), To61T0 S(x)
X

€ nepBicHot ana epyHkuii f(x).

Ockinbru @yarnia S(x) e mepsicuoro mis gyukmii f(x), To 3a ocHOBHOMO
BJIACTHBICTIO HepBicHMX Gyab-aka inma mepsicua F(x) mna gymxmii f(x) mus
BCix xe[a; b] Binpisuserscs Big S(x) Ha mocrifiny C, ToGTo

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

106 suaiitu C, migcraBumo x=a. Omep:xyemo F (a)=S(a)+C. Ockinbru
S(a)=0, to C=F(a) i piBuicts (1) MOKHA BaIHCATH TAK:

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

VpaxoByrooum, [0 IJION[a KpHUBOJiHiHHOI Tpamerii mopisuioe S(b),
migcraBagemo y dopmyny (2) x=b i omepxyemo S=S(b)=F(b)-F(a).
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To6To, muoury KpuBOJiHiliHOI Tpamemii (AuB. puc. 7.4) MOKHA OOUUCIUTH
3a (opmy10I0

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

Or:xe, oOUMCIIEHHS ILJIONII KPHUBOJIIHIAHOI Tparmellii 3BOAUTLCS M0 3HAXO-
moxenHs mepsicuoi F(x) mua dyurnii f(x), To6ro mo inrerpyBanHs (DyHK-
uii f(x).

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

A susHayeHum iHmezpanom yHkuyii f(x) Ha Bammc J' f(x)dx wnraors:

BiApisKy [a;b]. o
«imTerpas Big a 1o b ed Bif

BusnaueHull inmezpaJ nosHaLamwmMv Mak: ] :
1KC 1€ 1IKC».

b
J. flx)dx.
a
Yucsa a i b Ha3UBAIOTh MeHAMU iHMEZPYEAHHA: 4 — HUKHBOIO MeKelo,
b — Bepxubo. OTiKe, 3a HaBeJeHUM O3HAUEHHAM
b
[#(x)dx=F(b)-F(a). @

a
D ®dopmyny (4) mHasuBaioTh opmysnoro Herorona — JleioHina.
B sanwuci oGumcieHHs Bu3HAueHOro imrterpasa pisuumio F(b)—F(a) mpu-
b b
, To6ro F(x)| =
a a

finaTo mosHauaru Tak: F(x) F(b)-F(a). KopucTyounucs num

nmosHaueHHAM, (opmyny Huioroma — JleiibHina MokHA 3amucaT B TaKOMY
BUTJISATI:

jf )dx = F( ) =F(b)-Fla).

Hanpuxian, OCKiJIBRI/I nna dyurmii f(x)=e* oxmielo 3 mepsicHEUX
1

e F(x)=e*, 10 J.exdxze
0

Y Tomy Bnnanmy Komu mus yeruii f(x) mHa Bigpisky [a° b] icHye BU-

1
* O:el—eoze—l.

3HAUEeHUI iHTerpaJs J f(x)dx, dyuxrumito f(x) mHasuBaloTh iHmezposanow Ha
8i0pisKy [a b] a
I3 popmyx (3) i (4) BunuBae, 10 nAOWY KPUBONIHillHOT mpaneyil, oOmednce-
HOI zpagikom HenepepeHOoL i He8i0 eMHOL Ha 8i0Pi3KY [a; b] dynruyii y=1£(x),
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8i0pi3kom [a;b] oci Ox i npamumu

x=a i x=0b (gus. puc. 7.4), moixra o0- 1| y=cosx

b
yucaeamu 3a (Gopmy.ion0 Szjf(x)dx. /\E\
Lo : ¢ 0| n T x
Ile cniBBigHOIIEeHHA BimoOpakae reo- i
METPUYHHI 3MiCT BU3HAUYEHOTO iHTEe-

rpaJa.

Hampuknam, ooy KpuBOJIiHIHOI Tpatelrii, oOme:xkeHol rpaikom GpyHK-

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

6 T
. - .. T . 1 1
Ha oOumcauTu 3a (PopMyJIo0 Szjcosxdxzsmx 6 =smE—sm0=E—0=E.
0

0
(B mporeci o6umcieHHA BM3HAUEHOT'O iHTerpaJjia BpaxOBaHO, IO M (YHKITII

f(x)=cosx opmiero 3 mepBicHux € dyukiia F(x)=sinx.)

. Binblw geTtanbHO 3 obumMcneHHAM now, i 06'eMiB 3a JOMOMOIrOK BW3HAYEHUX iHTE-
rpanie MoOXHa O3HaWlOMUTWCA, 3BEPHYBLWWCb A0 iHTEPHET-MIATPUMKK MigpyyYHMKa.

¥V samauax i3 Kypcy aiare6pu i mouaTKiB aHaIisdy Ha 00UMCIIEHHA IIJIOIT AK BiAmoBiab
HallyacTilme HaBOAATH YUCJOBe 3HaueHHA Iolmi. OCKiJIBKM Ha KOOPAWHATHIN
IJIONWHI, fe 300pakeHo Girypy, 3aBKau BKa3yOTh OQUHUII0 BUMIipy IO OCAX, TO
MU Ma€MO ¥ OAWHUITIO BUMipy IIJIOIII — KBaapar 3i cTopoHoio 1.

Tukoau, 1106 migKpecanTy, 110 OJeprKaHe YMCJIO BUPAKa€e caMe IJIONTY, BiIoBiAb 10

1 . .
OCTaHHBOTO MPUKJIAAY 3aNUCYIOTh TaK: S=— (KB. Of.), TOGTO BKa3yIOTh KiJIbKiCTh
2

KBaApaTHUX OOUHUIIL. 3a3HAYMMO, III0 ¥ TAKUII CIIOCi0 3aNIMCyIOTh TiJIbKU YMCJIOBI
Binmosizi. K0 B pesyibTaTi 06UMCIeHD IO MU O/l poKaIl, HAaIpuKIag, S =2a2,
TO HiAKWX OQWHUIH IJIOIII He 3alUCYIOTh, OCKiJIbKU BiApi3oK a OyB BuUMipAaHUIT
Y AKUXOCH JiHIHHUX ONUHUIIAX, 1 TOAI BUpas3 a? micTuth indopmariro mpo KBagpaTHi
OIWHUII, V AKUX BUMipIOIOTH IJIOIIY B IILOMY BUIIAIKY.

@DopmMya0IYN 03HAUEHHS BU3HAUEHOI'O iHTerpaJia, MU BBasKaJau, o a<b.
JOIiTbHO POBIIUPUTH MOHATTA BU3HAUEHOT'O iHTErpaJa.
Hna Bunmagky a>b mpuiiMeMo 3a O3HAUEHHSAM, IIIO

b a
J.f(x)dxz—J.f(x)dx. 5)
a b
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Hna sumagky a=>b TakKoK 3a O3HAUEHHSAM BBaKaTHUMEMO, IO

a
[f(x)dx=0. (6)
a
dopmasibHe 3actocyBaHHA Gopmysniu Hwuiorona — JleiibHina o o0umcieH-
Hsa iHTerpaJyiB y ¢opmynax (b) i (6) mae markuit cammii pesyabrar. Cupasni,
armo ¢yuknia F(x) e mepeicmoro mas ¢yuxuii f(x), To

a

[f(x)dx=F(x) a=F(a)—F(a):O.

a a
Taxox
[(x)dx=F(b)-F(a)=—(F(a)-F(b))= jf x)dx.
a
3a pomomoroio Gopmynm HwioTrona — JIeI/I6HlI_Ia JIETKO OOI'PYHTYyBaTHU

¥ iHmIi BJIaCTMBOCTI BM3HAUEHWX iHTerpaJiB, HaBemeHi B 1m. 4 Tadim. 11.

Q O3HanoMunTuChL i3 BiANOBIAHMM O6F‘pyHTyBaHHﬂM a TAKOX 3 MOK/MBICTIO iHLIOrO
O3Ha4yeHHA BM3Ha4YeHOoro |HTerpana AKEe BUKOPUCTOBYETbCA B KypCaX MaTeMaTU4YHOIo
aHan|3y, BN MOXeTe, 3BepPpHYyBWNCb A0 IHTepHeT-I'II,U,TpI/IMKI/I I'II,D.py‘-IHI/IKa.

Kopucuo 3HaTm, 1o Bu3HAYEHWH iHTerpajl IIUPOKO BUKOPUCTOBYETHCH
I ONMWCY PIBHOMAHITHMX IPOIECiB y PiBHUX HAyKax, HaOpHWKJIanm y Qisuri
Ta eKOHOMiIj.

IT — puckoHTOBaHa BapTiCTb FPOLIOBOrO MOTOKY,
I — WBMNAKICTb FPOLLOBOro MOTOKY,
P — piYHa BiCOTKOBA CTaBKa,

f — NpoAyKTUBHICTb,
t — yvac,
V — 06’em npogyKuii

t — vac
T ty
=[I(t)e"dt v=|rfat
| 1
q — KinbKiCTb TOBapy, EKOHOMIKa

P — uiHa ToBapy (BapTicTb OfMHNLL),
(Po3 go) — TOUKa piBHOBarM NonuTy i NPOMO3NLi,

CS — HagnnLLIOK A CroXKrBaya,
PS — Hapnnwok BUpOOHMKa

do do
CS= | p(q)dg—poto; PS=pogo- | pg)dg
0 0
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@ — KinbKicTb TENN0TH,

A — poborTa, ¢ — TEMOEMHICTb § — nepemilleHHs,
F — cuna, ty U — WBWUAKICTb,
N — noty»HicTb Q= jc(t)dt a — NMPUCKOPEHHSA
Xy t )
A= jF(x)dx O vzja(t)dt
X1 t
ty .\o ) 0/. ty
A=[N(t)dt Qiznka s=[v(t)dt
ty / \ t
q — eneKkTPUYHUN 3apAag, M — Maca TOHKOIO CTPVIXKHSA,
I — cuna Toky P — NiHinHa ryctnHa
iy Xy
ty X1

NPUKNAAOWN PO3B'A3YBAHHA 3ABAAHb

T
4
. d
Mpuxknapg 1. O6umncnito j 326 .
o cos” x
Po3B'A3aHHA KomeHTap
T K Ockinbku ana GyHKuii flx)= 35— MM 3Hae-
4 d 4 cos” x
S J ad =tgx =tg£—tg0: MO MepBiCHY: F(x)=tgx (aume. Tabn. 10), To
0 cos®x 0 4 3afiaHuUi iHTerpan MoxkHa obuncnuTu 6esnoce-
pefHim 3actocyBaHHAM dpopmynu HbloToHa —
=1-0=1. JlenbHiua

b
}f(x)dxz F(x)| =F(b)-F(a).

a

Bidnosidv: 1.
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3
Mpuknag 2. O6uyncnitb j(i—x)dx.
X
1

Po3B’A3aHHA KomeHTap

I cmoci6 Mo>nuBi ABa WAXN 0OUNCTIEHHS 3a1aHOTO iH-
4 Terpana.
» Insa yuxruii f(x)=——-x P
. . x o 1) CnoyaTtKy 3HanTK nepBicHY ana QyHKUiT
OJIHi€IO 3 MePBiCHUX € QYHKIiA ) Z P y Ana byHKu
x2 ) f(x)=——x, BUKOpMCTOBYlOUM NpaBNa
F(x)=4ln|x|——.To;u x
2 06uMCNIeHHA NepBiCHYX | Tabnuuo nepsaic-
2 3 HMX, @ NMOTIM 3HaNTU iHTerpan 3a Gbopmynoio
(——x)dx: 41n|x|—? = HbloToHa — JlelnbHiua.
X

g S—

1
2) Bukopwuctatn dopmyny

32 12
=(41n|3|——)—(41n|1|——)= b
2 2 _[(f(x)+g(x))dx=
=4In3-4. ¢
b b
II cr;oci6 , , =J.f(x)dx+“‘g(x)dx
> j(i—x)dxzjﬂ—jxdxz i :anmcam 3:1 i -
x x JaHui iHTerpan Ak anre
! ! ! 6paiuHy Cymy ABOX iHTerpanis, KOXHUN i3
3 dax 3 3 22 3 AKNX MOXKHa Ge3nocepeaHbo 06UNCIUTY,
:4‘[——jxdx=41n|x| 5| T AK y npuknagi 1 (ana nepworo foaaH-
1 ¥ 1 1 1 Ka MOXHa TakoX BuKopuctatu dopmyny
b b
:4(1n|3|_1n|1|)_(£_£J: Jk~f(x)dx=kjf(x)dx i BMHECTW CTa-
2 2 a a
=41n3-4. N MHOXHWK 4 3a 3HaK iHTerpana).

Bazanuii inTerpan posraAzaoTs Ha Bigpisky [1;3], #e x>0. Ane npu x>0 oxHiewo
. 1 .
3 mepBicuux muaa Qyukrmii f(x)=— e pynruia F(x)=Inx. Tomy, BpaxoBy0OdH, II[0
X

3
dx o .
x>0, MOXKHa, HAIPUKJIA, 3aIIUCATH, IO j—= Inx| . Xoua, 3Buuaiino, HaBeAeHUN

1 x 1

BHUIIE 3aIIKC IIePBiCHOI TeXX € mpaBuaIbHUM (OCKiabKu mpu x>0 1n| x | =lnx).
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Mpuknag 3. O6uncnitb nnowy ¢irypu, obmexxeHoi npamumn x =1, x =8, Biccto Ox

i rpadikom PyHKUii y= 3.

Po3B'si3aHHA

) 3obOpakyrouwu 3as3HaueHi JiHii, 6auumo, 1110 3a-
mama (pirypa — KpuBoOJiHiliHA Tpameria (puc. 7.7).

Puc. 7.7

1 .18
S—J\3/xdx—_[x3dx= . ="x3| =
1 1 —+1 4 !

Bidnogidv: 1 1% .

BMPABU
7.1.  OO6uwuciuaire imTerpau: i
2 2 dx
19 [x*da; 1) [
) T sin®x
4
Ll
2 2
2°) jcosxdx; 5) jLz’
0 1 @x+1)

3 T
3°) Jx3dx; 6) JScosidx;
1 0 2

KomeHTap
3apaHa dirypa € KpnBoiHiin-
Ho Tpaneuyieto, i Tomy Ti
MoLLYy MOXHa obuncnnTy 3a
dopmynoto

Szj.f(x)dx,

gea=1,b=8, f(x)z%/;.

Takox noTpibHO BpaxyBaTy,
WO Ha 3afjaHOMy Bifpi3Ky
[1; 8] 3HaveHHA x>0, i 3a

L€l yMOBM MOXHa 3anucaTtu
1

U = x5,

1

o

7

= —

dx
2;
x

8) |sin2xdx.

wa—o|a
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HoBeniTh IpaBUJIBHICTDL PiBHOCTI:

% de & % ¥

1) J. 5 =de; 3) Jcosxdxz J.xzdx;
0 Cos X 0 0 0
T

4x . 4) }(2x+1)dx=_2[(x3—1)dx.
0 0

O6uuciiTh iHTEerpaJ:

2n
21 x 3 x x 2
1) J.singdx; 5) J. (sinz+cosz) dx;
-7 0
2 3
2) ; 6) |(1+2x) dx;
J 5 N2x+5 E‘;
n
3 12
3) J. dx ; 7 J(1+cos2x)dx;
0 cos® = 0
9
6 4
dx \/;
4) ; 8) (x+—)dx.
_.’.2 Jx+3 '! X

Y zaBmamHAX 7.4—7.8 00umciiTh (IIOIEepegHHO BUKOHABIIU PHCYHOK)
oy Qirypu, oOMeKeHOoi 3aJaHUMU JiHiAMH.

4, y=0, x=-1, x=1;

1) y=x
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-x3%, y=1, x=-1, x=1;

3) y=—x*—-4x, y=0, x=-3, x=-1;
4) y=—x®-4x, y=1, x=-3, x=-1.
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7.6. 1) y=x3, y=8, x=1;

T T
2 =2cosx, y=1, x=——, x=—;
)y y 3 3
3) y=x2-2x+4, y=3, x=-1;
1 T 51
4 =sinx, y=—, x=—, x=——.
) ¥ y=5 p 6

77. 1) y=4x-x2%, y=4-x; 3) y=x2, y=2x;

2) yzi_g’ y:2x7 x=4;

2

78. 1) y=x®—4x+4, y=4-x%; 3) y=x

2

2) y=x2-2x+2, y=2+6x-x% 4) y=x*, y=x>

@U) BusBiTb CBOI0 KOMNETEHTHICTb

7.9. TIlorpiomo modapbyBaTtu 3 oxuiel cropoHu 30 omHAKOBUX
IJIOCKUX MeTajieBUX neTasieil. Eckis merasi 3o0paskeHo
Ha puc. 7.8 (BepxHA MerKka HeTasli 3aJaeTbCcs rpadikom

GyHKITII y=8\/; , a4 HIKHA — rpadikom QyHKINII y=x2,
ONVHUWYHUU BiApisok Ha eckisi mopiBuioe 20 cm). CKinbKu
0aHOK, 110 MictaThk mo 0,9 Kr ¢gapbu, moTpidbHO HpHUIda-
TN, AKINO AJs papOyBaHHa 1 M? moBepXHi BUTPAYAETLCS
130 r ¢gapbu?

7.10. Ilig miero cmim F =10 H npy:xumHA PO3TATYETHCA HA 2 CM.
SAxy pobory mpm 1boMy BUKOHYE cuiia F, aKIIO 3a 3aKo-
Hom I'yka F=Fkx, me x — pedopMmallia mpy:KuHu, £k —
KoediieHT (popmyna aasa oOumciIeHHs pPoOOTU HaBee-
Ha y cxeMi mepej MpHUKJagaM¥ PO3B’sI3yBaHHA 3ajadv).

7.11. Yomy dopmyna Hrrorona — JleiibHilla mMae Taky Has3By?
3HaimiTe BigmoBimHY iH(oOpMmaliito B Meperki IHTepHer
i migroTryiiTe HeBeJIMUKE MOBiJOMJIEHHA.

ww Temun HaBYaNbHNX NPOEKTIB
1. IIpaxkTuuHi 3acTOCyBaHHS iHTerpaJa.

4) y=6-2x, y=6+x—x

, y=2x—x2;

99

2

Puc. 7.8

2. NudepeHiiagibHi PiBHAHHS Ta IX 3aCTOCYBaHHS JIA MOZEJTIOBaAHHS

pi3HOMAHITHUX IIPOIIECiB.



100 PO3/1IJ1 2. IHTerpan Ta MOro 3acToCyBaHHs

IHTerpasbue ynciieHHA W IMOHATTA iHTerpaJa BUHU-
KJIO uepe3 HeOoOXimHiCcTh 06UYMCIeHHS IIJIOINI IIJIOCKUX (i-
ryp Ta o6’emiB Tis. Inei inTerpasbHOrO YKMCIEHHA 6EPYTH
CBilf mouaToK y pobGoTax cTapogaBHiX mMareMaTHKiB. 3o0-
KpeMa, BasKJUBe 3HAUEHHS [/ PO3BUTKY iHTErpajbHOTO
YWCJIEHHA MaB Memol 6uuepnyséanms, 3alIPOIOHOBAHMI
€smoxcom Kuimcexum (61. 408 — 6. 355 pp. 1o H. e.)
i BmockoHaseHU# Apximemom. 3a UM METOIOM IJI

00uMCJIeHHS MJIONII IJIOCKOI (irypu HABKOJIO Hel OHUCY-

Apximen I0Th CTymiHYacTy (irypy i B Hel BOUCYIOTH CTYIiHYACTY
(287-212 pp. go H.

L)

dirypy. 36iabIIyi0oun KiJbKiCTh CTOPiH OmeprKaHUX MHO-
TOKYTHUKIB, 3HAXOQATh TPAHUIO, OO0 SAKOI IPAMYIOTH
miomii cryminyactux ¢iryp (came Tak y Kypci reome-
Tpii Gys0 moBemeHo (opMyJay ILIOINI Kpyra). Apximern
nepenbauymB 6araTo iell iHTerpaJbHOTO UMCJIEeHHA. AJje
HPOUIIIO OifbII SK MiBTOPU THCAYL POKiB, IIepIrn Hixk
mi imei Oysao moBemeHO OO PiBHA UYMCIEeHHs. 3a3HaulU-
Mo, 110 marematuku XVII ct., ki 3mo6yau GaraTo HO-
BUX pe3yJbTaTiB, Opaju 3a OCHOBY mpali Apximenma.

T Nei6Hiy Y XVII cr. 6ysmo 3pobsieHO O6araTo BiIKPUTTIB CTOCOB-
(1646-1716) HO iHTEerpaJbHOTO UYHWCJIEHHS, YBEJEHO OCHOBHi ITOHSATTS
i TepmiHm.

CumBoa _[ yBiB I. Jleit6nin (1675). Ileit 3HAK € 3Mi-
HEHOIO JIATMHChKOIO OyKBoiO S (mepmia OyKBa cJjoBa
summa). Camé coBo inmezpas ysis 1. Bepryari (1690).
Tumri Bigomi BaM TepMiHU, IO CTOCYIOTHCA iHTErpaJbHOTO
YMCJIeHHs, 3’ ABUJIMCA 3HauYHO mmisHimie. TepmiH nepsgicha
@QyHKUYisA, 10 3aCTOCOBYETHCS Tellep, 3aMiHUB IIOIIEPEHIO
Ha3By npumimuena Qyukyis, aky BBiB JK.-JI. Jlarpan:k
(1797). JlaTmHCBKE CJIOBO primitivus MepeKJIafaEThCA AK

KA. Narpansx 5 i
(1736-1813) nouamrosuil: GyHKIIis F(x)zjf(x)dx — [IOYaTKOBAa



(abo mepBicua) naa GyHKIII f(x), AKa yTBOPIOETHCS
3 F(x) nudepenniroBanuaM. [IoHATTS HeBU3HaAUEH020
inmeepasa Ta iioro mosHaueHHsA BBiB JleiiOHim, a mo-

b
3HAUYEHHA BU3HAYEHO020 IHmMezpana Jf(x)dx yBiB

K.-B. dyp’e (1768—-1830). @

Cuinm sayBaskuTH, IO IPU BCill 3HAUYIIIOCTI PE3YJIb-
TaTiB, 3g00yTux Maremarukamu XVII cT., iHTerpaanHo-
ro uucjaeHHs Iie He Oyno. HeoOximHo 6GyJsio OKpecauTH
3arajibHi ifjel, HA AKUX I'PYHTYEThCA PO3B’A3yBaHHs 0a-
raTbOoX OKpeMHX 3aJad, a TaKoK YCTAHOBUTHU B3B’SI30K
omepariyi gudepeHiroBanua i iHTerpyBanHsa. lle Buko-
"Hauu 1. Hetoron i I, JleitOnin, aKi BiAKpuIu Hezase:KHO
OoouH Bim omHOoro (akT, BigjoMuii mij Has3BOIO Gopmy.a
Hviomona — Jleiibniya. Tum caMuM ocTaTO4HO O(Op-
MHUBCA 3arajbHuUil Meron. Tpeba Oyso Ie HaBUUTHUCST
3HAXOAUTH IIePBicHI ma OGaraThbox (GYHKIA, maTu Jio-
TiuYHi OCHOBW HOBOT'O UMCJIEHHS TOIO. AJie TOJIOBHE BiKe
Oyso 3pobireno: mudepeHIiiagbHe W iHTerpajbHe YNCJIeH-
Hs cTBOpeHOo. MeToau iHTerpajJbHOTO UMCJIEHHA aKTHUBHO
PO3BUBAJINCH Yy HACTYITHOMY CTOJIITTiI (Hacammepesn CJIif
HasBaru imeHa JI. Eiisiepa, skuii 3aBepIinB cucTeMaTHu-
He JIOCJIIKEeHHs iHTerpyBaHHA eJleMeHTapHUX (GyHKITiH,
tra M. Beprymmi). Y DO3BUTOK iHTErpaabHOTO UHCJIEH-
HA B3HAYHUI BHECOK 3pOOWMJIM MaTeMaTHK! 3 YKpaiHu
B. d. Bynakoscekuii (1804-1889) i M. B. Octporpan-
cekmii (1801-1862). Bararo Teopem i ¢opmyn Octpo-
T'PaICBKOTO BBIiHINIJIM [0 PiBHUX MaTeMaTUYHUX KYPCiB.
MaremaTukaM ychoro cBiTy moOpe Bimomi meron imTe-
rpyBanHA OcTporpaacbkoro, mpasusio OcTporpaacbKoro,
dopmysa OcTporpaJchbKOro TOIIO.

101

K.-b. Oyp'e
(1768-1830)

B. fl. byHsAKoBcbKMiA
(1804-1889)

M. B. OcTporpaacbkuii
(1801-1862)
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3ABAAHHA ANA NiArotoBKn A0 OLIHIOBAHHA

. na oyuroii f x)
1

TecT N2 2

=4x3 3HAWOITHL IepBicHY, rpaik SKOI IIPOXOIUTH
uepes Toury A(0;1).

A F(x):—x4—1 B F(x)zx4 a F(x)=x4+1

b F(x)=x4—1 r F(x)z—x4+1

. Cepen HaBemeHUX HUKYe (PYHKIiNI BKaKiTh Ty, IIE€PBICHOIO IJIA SKOI

€ (pyHKIia F(x) =ctgx+C.

1 1
A f(x)=—7 B fx)=tgx A f(x)=-—
COos X sin X
1 1
B fx)=-— rfx)=—
COos X sin X
. 3HAUAITh 3araJbHUII BUIVISAA NEPBICHUX AJA (PYHKI[IT f(x):cosx—ex .
A F(x)=-sinx—e* B F(x)=sinx—e*+C ]I F(x)=sinx+e*+C
B F(x)=sinx—e” [ F(x)=-sinx—e*+C
. YcraHOBiTH BiAmoBigHicTh Misk iHTerpasamu (1-3) Ta iXHiMU 3HaUEHHS-

mu (A-T).

1 Al

0 b —

1 24
2 |x%d

[ x*dx 5 L

0 3

2

1
1* 3

. BHaiinite miomy ¢irypu, obmeskeHoi rpadikom (yHKuUii y=—-, ops-

muMu x=1, x=4 Ta Bicco Ox.

MpongiTb OHNaMH-TECTYBaHHA Ha canTi interactive.ranok.com.ua.




Pospgin 3

ENEMEHTM
KOMBIHATOPUKM,
TEOPII AMOBIPHOCTEM
| MATEMATUMHOI
CTATUCTUKMW

§ 8. EnemeHTV KOMGIHaTOPVKIK

§ 9. OCHOBHi NOHATTA Teopil NMOBIPHOCTEN

§ 10. MNOHATTA NPO CTAaTUCTUKY.
XapakTepuUCTUKn pAgiB AaHMX

Y ubomy posgini Bu:

©  cucTemaTu3yeTe N y3aranbHUTE 3HaHHA 1N YMIHHA,
noB'A3aHi 3 KOMOIHAaTOPUKOLO, TEOPIEID NMOBIPHOCTEN
i MaTeMaTUUYHOIO CTaTUCTUKOIO;

© O3HaomuTecs 3 GopMynamu Ana oBUMCIEHHS YKcCna
nepecTaHoOBOK, PO3MillleHb i KOMOGiHaLil;

© HaBUMTECA 3aCTOCOBYBaTV MMOBIPHICHI XapaKTepuUCTUKn
[0 aHanisy HaBKONMULWHIX ABULY ANA NPUAHATTA
NPaBUIbHUX PilleHb.



Tabnuus 12

Komb6iHaTopuka
Komb6iHamopuka — po34in MaTeMaTUKK, Y AKOMY BUBYAlOTb CNOCco6u BUOOPY Ta po3mi-
LEeHHA eNleMeHTIiB AeAKOI CKIHYeHHOT MHOKIMHW Ha OCHOBI MEBHMX YMOB.
BrbpaHi (abo BMOpaHi 11 po3MmilLeHi) rpyn efleMeHTIB Ha3MBaTb CNOJTYKaMU.

AKLLO BCi enemeHTM pi3Hi, TO 0lep>KYEMO CronyKy 6e3 NoBTOPEHb, a AKLLO e1leMEeHTN MO-
KyTb NMOBTOPIOBATUCA, TO CMOMYKY 3 NOBTOPEHHAMMK. Mn Byaemo po3rnagati Cnonyku
6€3 NoBTOPEHD.

NMepecTtaHOBKMN
Os3HaueHHA. [fepecmaHoeKoI0 3 N eJleMeHMie Ha3NBaETbCA OyAb-AKa BNo-
pAAKOBaHa MHOXXWMHa 3 n 3aflaHNX efieMeHTIiB (TO6TO Taka MHOXUHA, 0714
AKOI 8KA3AHO, AKUL esleMeHm po3mawiosaHull Ha Nnepuiomy Micyi, AKUli — Ha opy-
20MY, ..., AKUU — HA n-my).

®opmyna yncna
MNpuknag

nepecTaHoOBOK (Pn)

KinbKicTb pi3HMX WeCcTULUNPPOBUX YMCEN, AKI MOXKHa CKa-

=n!
Py=nl, ctm 3 undp 1, 2, 3, 4, 5, 6, He NoBTOptOtOUN Li LdpY B of-
ge n!=1-2-3-...-n HOMY UYMCi, LOPIBHIOE:
(unTatoTb: «eH dakTopian») Ps=61=1-2-3-4-5-6="720.

Po3miweHHA

O3HauyeHHsA. Po3miujeHHAM 3 n efleMeHmMie no k Ha3MBaeTbcA Gyab-AiKka

BMopAAKOBaHa MHOXWHa 3 k efleMeHTiB, CKNlajeHa 3 efleMeHTiB 3afaHoi

n-enemMeHTHOI MHOXXWHWU.

®opmyna yncna

. Mpukna

po3MilieHb (A,’f) s A

KinbKicTb pisHUX TPLMOPOBUX UMCEN, SIKi MOXKHa CKNacTh

i 3undp 1,2, 3,4, 5, 6, AKWwo undpu He NOBTOPIOOTLCS,

A, = - [OPIBHIOE:

: 6! 6! 1.2.3-4-5-6

§’=—=—=—=4-5-6=120,

(6-3)! 3! 1-2:3



§8.EneMeHT KOMOIHAaTOPUKM

Kom6iHauyii

O3HaueHHsA. Kom6iHayieio 6e3 noemopeHb 3 n eJleMeHmMie no k Ha3NBa€Tb-
ca 6yab-ika k-eneMeHTHa NiAMHOXNHA 3aAaHOI n-eNleMeHTHOT MHOXUHMW.

®opmyna umcna
KombiHaLin (C,’:)

!
Ck= n!
" Rl(n—R)

Mpuknag

I3 Knacy, wo cknagaeTbca 3 25 yuHiB, MOXHa BUOpaTtn 5 yu-
HiB 4N1A YepryBaHHsA Mo WKoni C§’5 cnocob6amu, To6TO:

5 25!

25!  21-22.23-24-25

(3a 03HaYeHHAM Cys
BBaKaloTb, O C,? =1)

C51(25-5)1  51.200

1-.2-3-4-5

=53130 cnocobamm.

[eski BNacTMBOCTI Yncia KoMbiHaLin 6e3 NOBTOPEHb

CF=c"* Gokpema C*=C*" =" =1)

k k+1 _ ~k+1
Cn + Cn - Cn+1

CxeMa cKnafjaHHA NnaHy po3B’A3yBaHHA KOMGiHaTOpHUX 3afay

Mpasuno cymu

AKLWIO enemeHT A MOXHa BMOpaTh m Crno-
cobamu, a enemeHT B — n cnocobamu (npu
LboMy BUBIp enemeHTa A BMK/IOYAE OQHO-
YyacHui BKbip i enemeHTa B), T0 A abo B
MO>KHa B1OpaTun (m+n) cnoco6amu.

MpaBuno fobyTKy
AKLIO enemeHT A MOXHa BUGpaTh m cnoco-
6amu, a nicna uboro enemeHt B — n cno-

co6amu, To A i B moxHa Bubpatu (m-n)
cnocobamu.

Bub6ip ¢opmynn

Y BpaxoBYETbCA NOPAAOK HACTYMHOCTI €/IeMeHTIB y Crnosnywi?

Tak Hi
()
Yn BCi enemeHTn BXO4ATb [0 CNONYKN?
()
Tak Hi
(] [ )
[NepecTtaHoOBKN Po3miweHHsa Komb6iHauii
1 Ak _ n! Ck _ n!
B, =nl " (n—-k)! " kin—k)!

105
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MOACHEHHA N OBI'PYHTYBAHHA

Ilix yac posp’sizyBaHHA 0araThbOX NPAKTUYHUX 3a7a4 AOBOAUTHLCS BUOU-
patu 3 IeBHOI CYKYIHOCTiI 00’¢KTiB ejleMeHTH, III0 MaloTh Ti abo iHimi Bia-
CTHBOCTi, PO3MIIIIyBaTH IIi €JeMEHTH B IIEBHOMY IOPAAKY ToIo. OCKiJIbKu
B TaKMX 3aJadax imerwbcd mpo Ti abo iHimi xomOiHaiii o6’eKTiB, To Taki 3amaui
Ha3WBAIOTh KOMOIiHamopHumu. Po3mis mareMaTuku, y SKOMY PO3IVISAAAIOTH
MeTOAU PO3B’sI3yBaHHA KOMOIHATODHMX 3ajad, HA3WUBAIOTHb KOMOIHANMOPUKOI.
Y kKomObimaTopuIli pPo3riIanaioTh BuOIp i PO3MillleHHS eJIeMeHTiB [esKol CKiH-
YeHHOI MHOKMHU Ha OCHOBI SAKWXOCH YMOB.

Bu6pani (ab6o BubpaHni i1 poamimieni) rpynu ejseMeHTiB Ha3WBAIOTh CNOJY-
kKamu. SIKII0 BCi eIeMeHTH CIOJIYKU PisHi, TO OJEPKYEMO CIOJYKY 0e3 II0B-
TOPEHb, a AKINO eJIEMEHTU MOYKYTBh ITOBTOPIOBATHCS, TO OAEPIKYEMO CIIOJNYKY
3 TIOBTOPEHHAMU.

Hagani B nmpbomy poszmisi OymeMo po3TyIsgaTH TiJIBKU CIOJYKU 0e3 IOBTO-
peHb, TOMy He OyJeMO OKPeMO BKasyBaT! Ha Iie ¥ KOXKHOMY BUIIAJKY.

Posp’sa3yBanHa 6araTbox KOMOIHATOPHUMX 3a7au CIMPAEThCSI Ha OBa OC-
HOBHUX IIPaBUJIa — NPABUJO CYMU W npasuno 0o6ymky.

Ilpasuno cymu

dAxmro Ha Tapiamni JgekuTth 5 rpym i 4 a6iyka, To BUOpaTH OAMH (PPYKT
(To6TO TpyIry a6o a6ayko) moskHa 9 cmocobamu (5+4=9). V saraipHOMY
BUIISAAI CIIPABEIJIMBE TAKe TBEPAKEHHS.

D Axio exeMeHT A MOKHA BHOpaTH m cmocodamu, a ejlemMeHT B — n cmo-
cobamu (mpu HHOMY BHOIp ejleMeHTa A BHKJIOYAE OIHOYACHUI BHUOIp
i exementa B), To A a6o B mo:xHa BuGpatu (m+n) cmoco6amu.

D Ilpaeuno dobymxy
SAKImo B KpaMHUIII IIPOJalOTh PYyYKU D BUAIB i 3omutu 4 BUAIB, TO
BuOpaTu Habip i3 pyuxkwm ¥ 3ommra (TOOTO mapy — PYUYKY i 30IMUT) MOMKHA
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5-4=20 cmocobamu (OCKiJIbKHU 0 KOYKHOI 3 5 PYUYOK MOKHA B3ATU OyAb-IKUI
i3 4 zomwuTiB). Y 3araJbHOMY BUIJIALI Mae Miclle TaKe TBepAKEeHHH.

Arxmo ememeHT A MOKHA BHMOpaTHM m cmoco0aMu, a IIiCJsA I[BOTO eJie-
Ment B — n cnoco6amu, To A i B mo:xkna BuGpatu (m-n) cmocoGammu.

Ile TBepm:KeHHS O3HAUAE, IO OCKIJIBKMW IJis KOMKHOTO 3 M eJIeMeHTIiB A
MO’KHA B3ATH B Hapy OyOb-IKUU 3 1 eJeMeHTiB B, To KiJbKicTb map Hopis-
HIOE TOOYTKY m-n.

IToBTOpIOIOUM HaBeAeHi MipKyBaHHA AeKijbka pasiB (Oigbir cTporo —
BUKODPHUCTOBYIOUM METOJ MaTeMaTHYHOI iHAYKIii), omep:Kyemo, IO IIpaBuUJa
cyMHu ¥ JOOYTKY MOJKHA 3aCTOCOBYBAaTHM IIPM BMOOPi JOBiJIBHOI CKiHueHHOIL
K1JIBKOCTi eJeMeHTiB.

ITig uac posp’si3yBaHHS KOMOIHATOPHMUX 3aJa4 MOBOAUTHLCS PO3IVIALATH
He TiJIbKM MHOMKWHU, Yy AKUX eJeMEeHTU MOKHAa 3aluCyBaTH B OyAb-IKOMY
TIOPAAKY, a ¥ TaK 3BaHi 6nopsadkosaHi MHOMCUHU. ] BIOPAJKOBAHUX MHO-
JKUH CYTTEBUM € TOPAJOK PO3MIIlIEHHA IX eJIeMeHTiB, TOOTO Te, AKUUA eJje-
MEHT 3aIMCcaHO Ha IIepIIoOMY Miclli, AKuil Ha APyroMy i T. m. 3oKpeMa, SIKIIO
ofHi M Ti cami eJeMeHTH 3amucaTu B PIBHOMY HOPSAAKY, TO OTPUMAEMO PisHI
BropsakoBaHi muo:xkuuu. IIo6 BigpisHuTH 3amuc yIoOpsSaAKOBaHOI MHOMKHHU
BiJi HEBIOPSAIKOBAHOI, €JeMEeHTH BIOPAJKOBAHOI MHOMKHWHU YAaCTO 3aIUCYIOTH
y KpyIJimx Ay:KKaxX, HaIPUKJIAL (1; 2; 3)7&(1; 3;2).

Posriamaroun BIOpAAKOBaHI MHOMKUHN, Tpeba BpaxoByBaTH, IO OXHY
A Ty caMy MHOKWHY MOYKHa BHOPAAKYyBartu mno-pisaomy. Hampukrianm, MHOMKU-
HY 3 TPbOX UYKCEJ {—5; 1; 3} MO’KHA BIIOPAAKYBaTH 3a 3POCTAHHSIM: (—5; 1; 3),
3a CIamaHHAM: (3;1;—5), 3a 3POCTAHHAM aOCOJIIOTHOI BeJIMUYMHU YHCJIA:
(1;8;-5) romo.

Bynemo posywmirtu, 1110, 014 mozo w06 3adamu CKiHYeHHY 6nopsadKo8aHy
MHOMNCUHY 3 N ejeMeHmis, 00CmMamHb0 8KA3AMU, AKUL eJeMeHm DPO3MIiULeHO
Ha nepuwiomy 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 3afilaHoi n-ene-
MEHTHOI MHOMWNHN.
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Hampuknan, i3 MHOMKUHEA 3 TPhOX Hudp {1; 5; 7} MOXKHa CKJACcTH TakKi
PO3MiIlleHHA 3 IBOX eJIEMEHTiB:

(1;5), (1;7), (5;7), (5;1), (7;1), (7;5).
KinpkicTe posmilienp i3 n exemMeHTiB 1o k IIO3HAUYAIOTh A,’f (UUTAIOTH:
«A 3 n mo k»). Ik Gaummo, AZ=6.

» 3'ACyeEMO, CKiflbKM MOXHa CKnactu
pPO3MillleHb i3 n enemeHTiB Mo k. Puc. 8.1.1
CKnafgaHHA PO3MILLEHHSA YABUMO AK
NMocnifoBHe 3amnoOBHEHHA kB Micub, @ @@
AKi 6ymemo 300pakaTv y Burnagi
KNiTMHOK (puc. 8.1.1). l l l l l
Ha nepwe micue myu moxemo no-
MICTUTU OAVH 3 N €fIeMeHTIB 3aja-
HOI MHOXMHUK (TOBTO enemeHT anA k wmicib
nepwoi KNiTUHKKM MOXHa BMOpaTu
n cnocobamu). Ha gpyre micue moxkHa BUOPATU TiNbKM OAMH €NeMeHT i3 TuX, Lo
3anuwmnmnca, 10670 3 (n—1). Tenep yxe ABa eNeMeHTU BUKOPUCTAHO i Ha Tpe-
TE MicLle MOXXHa BUOBPaTK TiNIbKM OAUH i3 (n—2) enemenTiB Towo. Ha k-Te micue
MOXXHa BMOpaTK TiNbKM OAVH i3 n—(k-1)=n—-k+1 enemenTis (auB. puc. 8.1.1).
OckKinbKn Ham NOTPiIGHO BMOpPATK efleMeHTM 1 Ha nepLue, i Ha Apyre, ..., i Ha k-Te
Micue, TO BUKOPUCTOBYEMO NpaBwuio JoOYTKY 1 opepxyemo dopmyny umcna
po3MilleHb i3 n enemeHTIiB no k:

A,};:n(n—l)(n—2)-...-(n—k+1).

KinpkicTe posmimieHs i3 n ejieMeHTIB fe o HEIKIB
10 k I03HAYAI0Th A,’f . A — mepia Jritepa
(dpaHIly3bKOTO cJIOBa arrangement —
posMiIeHHs.

Hanpuxian, A§=3-2=6 (o
30iraeTbcd 3 BiAOOBIiTHMM 3HaUEH-
HAM, OIep:KaHUM BUIILE).

ITix uac posB’sa3yBaHHA HANUIIPO-
CTimMX KOMOIHATOPHUX 3ajJau Ba’KJIMBO IIPAaBUJILHO BHOpaTu (Qopmyay, 3a
SIKOI0 OyIyTh MPOBOAUTHUCH OOUMCIEHHS KigbKoCTi cmoayk. IlJis 1msoro [mo-
CTaTHBO 3’sICyBaTHU:

® Yy 8paAx08YIOMb NOPAOOK PO3MIULEHH eleMeHMI8 Y CNOLYUL;
* yy gci 3a0aHi enemenmu 6x00imbsb 00 00ePHCAHOL CNOAYKU.

SAKI10, HaIpUKJIAL, TOPANOK PO3MIIIIEHHS eJIEeMeHTIB ypaxoBYIOTH i 3 n
3aJaHUX eJIEMEeHTIiB y CIOJIVIIi BUKOPHCTOBYIOTH TiJIbKU k €JIeMEeHTiB, TO
3a O3HAYEHHSAM Ile PO3MIIIeHHA 3 1 eJIeMeHTiB 1o k.
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NPUKNAOWN PO3B'A3YBAHHA 3ABAAHb

Mpuknap 1. Ha 3maraHHA 3 nerkoi amneTuky npuixana koMaHga 3 12 CMOpPTCMEHOK.
Ckinbkoma cnocobamm TpeHep MOXKe BU3HAUYUTK, XTO 3 HUX MOBIKUTbL
B ectadeTi 4 no 100 M Ha nepLIoOMy, APYrOMy, TPETbOMY 1 YETBEPTOMY
eTanax?

Po3B'A3aHHA KomeHTap

» KinpkicTs cmmoco6iB BubpaTu 3 nBa-
HAOIIATU CIOPTCMEHOK YOTUPHLOX MIJIs
yuacTi B ectadpeTi JOPiBHIOE KiJIbKOCTI
posmitiens 3 12 esiemeHTiB Mo 4, TOOTO

Af,=1211-10-9=11880.

Ina Bmbopy dopmynu Bignosigaemo Ha
3anunTaHHA, HaBegeHi Buwe. OcKinbku gna
CMOPTCMEHOK BaXkNMBO, Y AKOMY MopAA-
Ky BOHW 6yfyTb 6irtu, To NOpsiAoK po3mi-
LEeHHA Mif Yac BUOOpPY eneMeHTiB ypaxo-
ByeTbCA. [lo ogepaHoi CNonyKn BXOAATb
He BCi 12 3agaHux enemeHTiB. OTXe, Bia-
noBigHa cnonyka — po3mMileHHsA 3 12 ene-
MEHTIB Mo 4.

Mpuknag 2. 3HalAiTb KiNbKiCTb TPUUNPPOBMX YKCen, AKI MOXKHa cknactu 3 uuop 1,
2,3,4,5,6, 7, akwo undpn B UNCAi He MOBTOPIOOTHLCS.

Po3B’si3aHHA

» KinpkicTb Tpumu@poBux uuces, SKi
MOJKHAa cKJacTu 3 cemu mudp 1, 2, 3, 4,
5, 6, 7, mOpiBHIOE YMCIY PO3MIiIlleHb i3 7
eJIeMeHTiB 110 3, ToO0TO

A3=7.6-5=210.

Mpuknap 3*.

KomeHTap

[ina Bnbopy popmynu 3'acoByeEMO, L0 ANA
uncen, Aki My 6yaemo cknagaTtu, NopAaoK
pO3MilLeHHA BPaXOBY€ETbCA N He BCi ene-
MEeHTU BUOMpatoTbCA (Tinbky 3 i3 3agaHnx
cemn). OTXKe, BigNoBiAHa cnonyka — po3mi-
LEeHHA 3 7 enemeHTiB no 3.

3HanMAiTb KinbKiCTb TPMUNGPOBUX YMCEN, AKI MOXKHA CKNacTu 3 unuop

1,2,3,4,5, 6,0, akwo umudpu B YACi He NOBTOPIOIOTHCA.

KomeHTap

Bnbip popmynv npoBoasaTb Tak camo, AK i B npuknagi 2. Ane Tpeba BpaxyBaTy, O KOSV YNC-
10, CKNnageHe 3 Tpbox Lundp, NoymHaeTbca undpoto 0, To 10ro He BBaXKaloTb TPULNPPOBUM.
OTxe, onA BiANOBiAi Ha 3anNUTaHHA 3aadi MOXHa CNoYaTKy i3 3agaHnx 7 unudp yTBOpUTU
BCi UMcCna, Wo cknagaTbea 3 3 undp (arB. npuknag 2), a NoTiM Bia KiNbKOCTi ogepaHnx
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yrcen BigHATY KiNbKIiCTb TUX Ymcen, AKi CKnageHi 3 Tpbox uudp, ane nounHawTbea umudpoto 0.
B ocTaHHbOMY BUMAZKy My GaKTUYHO Byaemo 3 ycix uudp, Kpim Hyns (ix 6), Cknagat gBo-
undposi yncna. Togi ix KiNbKiCTb 4OPIBHIOE YNCITY PO3MilLieHb i3 6 efleMeHTiB no 2 (anB. pos3-
B'A3aHHS 3aBJaHHA).

TakoXX MOXKHA BMKOHATW 6e3nocepeaHE 0OUNCIIEHHS, MOC/IAOBHO 3aMoBHIOYM TPY Micus
B TPULUMPPOBOMY UMCTi 1 BUKOPUCTOBYIOUMN NPaBuio JoOyTKy. Y LibOMy BUNAAKy 3pyYHO
YHAaOUHUTM MipKYBaHHs, 306pa<atoun BignoBigHi po3paan B TpuuudppoBoMy YnChi y BUrMALI
KNITUHOK, HanpurKnag Tak:

6 MOXNNBOCTEN 6 MOXNMBOCTEN 5 MoXnmBocTen

Po3B'si3aHHA

» KinbkicTs TpunudpoBux unces, ski MosKHa cKJaacTu 3 7 nudp (cepeq AKX HEMAae
. . . . 3
nu@pu 0), fopiBHIOE YHCIy PO3MillieHb i3 7 eleMeHTiB 1o 3, TO6TO A .

Age cepen 3amanux nudp € nudpa 0, 3 AK0I HEe MOKe TTIOUNHATHCA TPUITU(PPOBE UIIC-
Jgo. Tomy 3 posmitiens i3 7 eaeMeHTiB 0 3 HEOOXiAHO BUJIYUUTH Ti PO3MillleHHS,
y AKUX HepIIuM ejeMeHTOM € nudpa 0. Ix KiTbKicTh JOPiBHIOE YHCIY PO3MillleHb
i3 6 esemeHTiB 11O 2, TOOTO Ag. Orixe, IIyKaHa KiJIbKiCTh TPUIM(PPOBUX YUCETT JO-
piBHIOE:

A3 - A2=7-6-5-6-5=180.

3ATMNTAHHA

1. ChopmyitoliTe ¥ IOSACHITH HA NPUKJIAJAX IPABUJIO CYMHU I TIPaBUJIO
IOOYTKY I/ PO3B’sI3yBaHHsS KOMOiHATOPHHUX 3ajmad.

2. IlosicHiTh, AKY CKiHUEHHY MHOKMHY BBa’KalOTh ymopsakoBaHoio. Hase-
,Z[iTI: IIPpUKJIaA1 BIIOPAJKOBaAHMUX CKIHUEHHUX MHOMKUH.

3. ITosicHiTh, 1110 HA3WBAIOTH PO3MIINIEHHAM 3 1 €JEeMeHTiB 1o k 0e3 IMOoB-
TopeHb. HaBexmiTs mpurJiagu.

4. 3anuurite QOopMyJIy IJad OOUMCICHHS UICJIa PO3MiIlleHb i3 7 eJleMeHTiB
mo k 6e3 moBTOpeHb. HaBemiTh mpuKJganu ii BUKOPHUCTAHHA.

5% O0rpyHTyiiTe hopMyJsy IJs OOUMCJIEHHS YMCJA PO3MillleHb i3 1 ejieMeH-
TiB Mo k 0e3 IIOBTOPEHb.
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BMPABU

8.1.1°

8.1.2°

8.1.4%,

8.1.5%

8.1.90.

8.1.10.

8.1.11%

8.1.12.

8.1.13%

Maewmo 4 pisui KomBepTu 6e3 MapoK i 3 pisHi mapku. CkijgbKoMa CIIO-
cobaMMy MOJKHA BHOpATH KOHBEPT i MapkKy OJd BimmpaBku Jjucrta?

Y kopoO6mi micturbesa 10 6inmx i 6 yopHmxX Kyab. CKijJIbKOMa CIIOCO-
6aMu 3 KOPOOKU MOKHA BUTSTTH:
1) ogHY KyJi0 OyAb-IKOI'0 KOJIBOPY; 2) nBi Kymi pisHOTO KOJIBOPY?

.Y xopsuni jgexxarp 12 abayk i 9 amenbcuriB (yci pisui). IleTpux

Bubupae abo saA0JayKO, abo ameabcuH, mmicaa yoro Hagilika Bubupae
3 TuX (PPYKTiB, IO BAJUIIUINCA, 1 A0JyKO, i ameabcuH. CKiabKHM ic-
Hye Takux BuOopiB? Ilpu sxomy BuGopi Ilerpuka B Hagifiku Giibime
MOKJIMBOCTEIl BuOOPY?

Hutuui morpi6Ho BuKoHaTH 4 Tectu mporarom 8 auiB. CKimbKoMa cmo-
cobaMu MOKe OyTH CKJIaIeHWU PO3KJajn il TecTyBaHHSA, SKINO B OOUH
IeHb BOHA MOK€ BUKOHYBATU TiJIbKM OMUH TECT?

CrismbKOMa cmocobaMu MOsKe PO3MICTUTHCA POAMHA 3 TPhOX OCi0 y Yo-
TUPUMICHOMY KyIIle, AKIIO iHIINX HAacCa’KuUpiB y Kyme Hemae?

.Is 30 mpucyTmix Ha 300opax Tpeba BuOpaTH TOJIOBY Ta CeKpeTapsd.

CrinmbKoMa cmocobamMu Iie MOKHAa 3poouTu?

. CkinpKoMa cmocobaMy MOJKYTH 3afiHATH IepIile, Apyre W TpeTe Micisa

8 yuacHuip (piHamabHOro 3ab6iry Ha aumcranmiio 100 m (mpumyckaemo,
1[0 BCi BOHM IIOKAMXYTh PisHMUI uac)?

. CkinpbKkoMa crmocobaMm MOKHa BUTOTOBUTU TPUKOJHLOPOBUII IIPAIIOpP

3 BEPTUKAJbHUMU CMyraMH, SKIIO € mMarepiajd 7 pisHUX KOJbOPiB?

Ha nnomusi BigMiTuau 5 Todok. Ix moTpi6HO MO3HAUNUTH JTATHHCHKUMU
oykBamu. CKimbKOoMa criocobamMu 1e MO:KHa 3pobutu (y JIAaTUHCBKOMY
aagdaniti 26 OyKB)?

CKinbKY woTUPUIIU(MPOBUX UHMCEJ MOKHA cKJactu 3 mudp 1, 3, 5, 7,
9, AKINO MudPU B YKUCIiL HEe MOBTOPIOIOTHCA?

CrinbKku yoTupunu@pPOBUX UMCEeJ MOXKHa ckJyactu 3 nudp 0, 2, 4, 6,
8, akmio mudpu B YKUCIi HE TMOBTOPIOIOTHLCA?

Crinbku icuye cemurniu)poBux Tee)OHHUX HOMEDPIB, V AKUX yci mud-
pu pisHi # mepima mudpa Bigminua Big mHymsa?

CKinbKM DpisHUX TpUIUDPOBUX uywuces (0e3 MOBTOpeHHA Iu(dp) MOKHA

ckjgactu 3 mupp 1, 2, 3, 4, 5 Tak, 1100 omepKaHi umcJsa OyJIu:
1) mapuuMY; 2) xpatHUMHU 5?7

m
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MOACHEHHA N OBI'PYHTYBAHHA

O3zHaueHHs. [flepecmaHoBKoI0 3 n eNleMeHTiB Ha3nNBa€eTbcA 6yab-AKa BnopaAa-
KoBaHa MHOXWHa 3 N 3aaHNX efleMeHTiB.

Harapmaemo, 1m1o BmopsgKoBaHa MHOMKWHA — I TaKa MHOMCUHA, 0N AKOL
6KA3AHO, AKUIL eseMeHm po3Miu,eHo Ha nepuomy micuyi, axuil na opyzomy, ...,
AKUL HA N-My.

Hanpuknazn, mepecraBiasioun mmudpu B umceai 236 (TyT MHOKHHA UMD
{2; 3; 6} yoKe BIIOPAAKOBaHA), MOKHA CKJIACTU TaKi nepecmanosku 06e3 nos-
MOopeHb: (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 ejleMeHTiB mo3Ha-
uyaiorb P,. Sk Gaummo, P;=6.

DaKTUYHO IIEPECTAHOBKU 3 N €JIEMEHTIB € POo3-
MiIlleHHAMET 3 71 €JIeMEHTiB II0 71, TOMY

uaoTh P,. P — mepmra

— n —
P =Ar=n(n-1)(n-2)...21. miTepa  (hpAHIYBBKOrO
N MHOHUKIB ciaoBa permutation —
IIO6yTOR 1 * 2 * 3 ..t n IIO3HAYAIKThH n! . TOMy HepeCTaHOBKa.
ofiep;KaHa (popMysa YHCJIA MEPECTAHOBOK 0e3 MOB-
TOpPEeHb i3 1 eJIEeMEHTIiB MO)Ke OyTu 3amncaHa TakK:
P,=n!=1.2-3-...-n.
Hanpuknan, P;=3!=1-2-3=6 (mo 36iraeTbca 3 BiANOBIAHUM 3HAUEHHAM,
oIep:KaHUM BWUIIIE).
3a gomomoromo (QakrTopiaaiB (GOpMyay OJS UKMCIA PO3MII[eHb 0e3 MOBTOPEHD
Af=n(n-1)(n-2)-....(n-k+1) )

k MHOKHUKIB

KinpkicTs mepecTaHOBOK
3 N eJeMeHTIiB IO3Ha-

MOJKHA 3aIlucaTyé B iHIMOMY BUIIALI. I[1A IIbOro IIOMHOMKKMMO I TOMiJIMMO
Bupas y dopmyii (1) ma gobyrox (n—k)(n—k-1)-...-2-1=(n—Ek)!. Ozep:xyemo:
Af=n(n-1)(n-2)-....(n-k+1)=
n(n-10n-2)...(n-k+1)m-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(POBE UMCJIO, CKJIAJCHE
3 nudp 2, 3, 6, Tak, 1o udpPU B YKCIi He ITOBTOPIOIOTHCS.
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Ot:xe, opmyna AJA YHMCIA PO3MilleHb 0e3 TMOBTOPEHb i3 n eJIeMeHTiB
mo k Moxke OyTH 3ammcaHa Tak:

E_ n!
An = (n—r)" @

Haa Toro mro6 1miero opmMysoi0 MOKHA OyJ0 KOPUCTYBATUCA TPU BCiX
3HAUeHHAX k, 30KpeMa npu k=n-1 Tta npu k=n, TOMOBUJUCA BBasKaTu, IIO:

1!=1 i 0!=1

6! 6!
Hanpuknazn, 3a ¢opmysiono (2) A5 (6 o1 F=6!=1-2~3-4-5-6=720.
3ayBasKuMO, III0 B TUX BUIAJKaX, KOJU 3HAUEHHSA 7! BUSABISETHCA Iy:Ke
BeJIMKUM, BiJNOBiAi 3aJMINAIOTL 3allMCAHMMM 3a JOIIOMOIOI0 (paKTOopiais.
30! 30!

Hamprinaz, Aio = (oo o5n = 51

NMPUKJNTAQN PO3B'A3YBAHHA 3ABAAHb

Haragaemo: gyia BuGopy opmyau mmig yac po3B’sisyBaHHA HAWIIPOCTIiIIMX
KoMOiHATOPHUX 3aJad AOCTATHBO BIiAIIOBICTH Ha 3allMTAHHS:
® yu 8paxosyiomv nopa0oK PO3MiULeHH eJleMeHmi8 i CNOAYYi;
® yu gci 3adani enemenmu 8x00ambv 00 00epHCAHOL CNOLYKU?
SIKm10, HATPUKJIAL, IOPALOK PO3MIINIEHHS eJeMEHTIB ypPaXOBYEThCA i BCi
n 3aJaHUX €JIEMEHTIB BUKOPUCTOBYIOTHCS y CIIOJNYIli, TO 32 O3HAUEHHAM IIe
IepPecTaHOBKU 3 71 €JIEMEHTiB.

Mpuknapg 1. 3HalAiTb, CKilbKOMa cnocob6ammn MoHa BiCiM YUHiB BULIWKYBaTK B KO-
NIOHY MO OAHOMY.

Po3B'A3aHHA KomeHTap
» KinbKicTb crmocobiB mopiBHIOE YHCITy [Ina subopy BignosigHoi dopmynu 3'aco-
IIepecTaHOBOK i3 8 ejleMeHTiB. BYEMO BiANOBIAi Ha 3anNnTaHHA, HaBefeHi
To6To Bre. OCKiNnbKM MOpPAJOK PO3MilleHHA
efleMeHTIB YpaxoBYETbCA 1 yCi 8 3afaHunX
P;=81=1-2-3-4-5-6-7-8=40320. efleMeHTiB BUOMpatoTbCs, TO BignoBigHi

CMoNykN — Lie NepecTaHoBKM 3 8 ene-
MeHTIB. IX KinbKicTb MOXHa o6uncnnTm 3a
dopmynoto:

P,=n!=1.2.3-....n
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Mpuknapg 2. 3HaNAiTb KiNbKICTb Pi3HUX YOTUPULMPPOBUX YMCeN, AKI MOXKHA CKTAcTK
3undp 0, 3, 7, 9 (undpn B YMCNi He NOBTOPIOIOTLCS).

Po3B’si3aHHA

» 3 worupbox 1udp 0, 3, 7, 9 mokHA
onepskarn P, mepecramoBok. Aje Ti
IepecTaHOBKH, AKi mouumHaioThed 3 0,
He OyAyTh 3aIIMCOM YOTHPHUIUGPOBOTO
uypcaa — ix KigpkicTs P;. Tozi myka-
Ha KiJbKicTh YoTHPUIU(POBUX UMCe
JIOPiBHIOE:

P, - P,=41-31=
=1.23.4-1.2.3=18.

Mpuknap 3*.

KomeHTap

OcKinbKn NopAafoK PO3MilLleHHA eNleMeHTIB
YPaxoBYETbCA i ANA ofep»KaHHA YOoTUpPU-
LUM1dPOBOro yrcia NoTpibHO BUKOpUCTATH
BCi efleMeHTU, To NOTpibHa cronyka — Le
nepecTaHoBKM 3 4 enemeHTiB. Ix KinbKicTb
P,. Ane we notpi6Ho BpaxyBsaTy, L0 B YO-
TMpULMPOBOMY UMCHi Ha MepLIOMY Mic-
Ui He moxe cTtoAaTn uudpa 0. Takmx umcen
6yne CTiNbKW, CKINbKU PasiB MU 3MOXKEMO
BVMIKOHATM MepecTaHoBKM 3 3 unop, Aki 3a-
avwmnncs, Tobto Py,

3 pecATM KHWXOK YyoTupu — nigpyyHukn. Ckinbkoma cnocobamu

MO>Ha MOCTaBUTK Ui KHWXKKM Ha MONWLIO TaK, Wwob yci nigpyyHuKm
CTOSANN NOPAA OAUH 3 OOHUM?

Po3B’sA3aHHA

) Coouarry OyAZeMO pO3IrIsagaTH
OiAPYYHUKU, MO CTOATH IOPAL, AK
onHy KHMKKY. Toxi Ha mosuiti moTpio-
HO posctraBuTu He 10, a 7 kHMKOK. Lle
MOXkHA 3pobutn P, cnocobamu.

Y KoKHOMY 3 OJlep:KaHUX HAOOPiB KHU-
JKOK IIle MOKHa BUKOHaTu P, mepe-
CTAaHOBOK IIi[PyYHUKIiB. 3a IpaBUJIOM
IOOYTKY IIyKaHa KiJbKicTh crmoco0iB
JIIOPiBHIOE:

P,-P,=7!-41=5040-24=120960.

KomeHTap

3apauy MOXHa po3B’'A3yBaTW y ABa eTanu.
Ha nepwomy eTtani ymoBHO 6ynemo BBa-
XKaTtu BCi NigpyyHuKn 3a 1 KHUXKY. Toai
OLEPXUMO 7 KHIKOK (6 He MigpyyHuKiB
i 1 yMOBHa KHVXKa-MiAPYYHUK).

MNopAafoK po3MilleHHA enemMeHTiB ypaxo-
BYETbCA, | BAKOPUCTOBYIOTbCA BCi €NeMeHT
(NoCcTaBUTY Ha NONMLIKO MOTPIOHO BCi KHMX-
Ku). OTxKe, BianoBigHa cnonyka — Le nepe-
CTaHOBKM 3 7 enemeHTiB. Ix Kinbkicte — P;.

Ha ppyromy eTtani po3s’asyBaHHA Oygemo
nepecTaBnATY MiX co60i0 TiNbKK Nigpyy-
HuKK. Lle moxHa 3pobutn P, cnocoba-
MU. OCKiNlbK/ HaMm NoTpibHO nepecTaBuTU
i NiAPYYHWKN, i iHLI KHUXKW, TO BUKOPUCTO-
BYEMO NPaBWo JOBYTKY.
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3ATMINTAHHA

1. IloscHiTH, IIT0 HA3WBAETHCS IIEPECTAHOBKOIO 3 11 €JIeMEeHTiB 0e3 MOBTO-
pesb. HaBeniTs mpuraanu.

2. 3anwumrits GopMyay A OOYUCIIEHHA UMCJA IEPECTAHOBOK i3 1 ejieMeH-
TiB 6e3 moBTOpeHb. HaBeniTh mpukgasu ii BUKOpUCTAHHA.

3% OOrpyHryiTe (GopmMyay AJsS OOUMCICHHS YMCJa IIEPEecTAHOBOK i3 n eJe-
MEeHTiB 6e3 IIOBTOpPEHb.

BIMPABU

.2.1°. CkimpKkoMa crocobamu JIOAWHN MOXKYTHb PO3MICTUTHUCA Ha YOTUPH-
8.2.1°.C 0 4 y
MicHil gaBIi?
8.2.2°. Kyp’ep TTOBUHEH PO3HECTU MaKeTHu B 7 pidHUX ycTaHOB. CKiIbKM MapIIl-
pyTiB BiH Moike BuOpaTu?

8.2.3° CriJIbKM icHYe BUpAasiB, TOTOMKHO PiBHUX HOOYTKY abcde, IO OIEp:KY-
IOTBCS 3 HBOI'O IIEPECTAHOBKOK MHOMKHUKIB?

8.2.4° Onbpra mam’ATae, IO TeJe(OH IOAPYTU 3aKiHuyeTbca muppamm 5, 7,
8, aje 3albyaa, y SAKOMY MOPAAKY IIi IIMMPU pPO3MiIIeHo. YKaKiTh
HaMOiabIle YMcJIo BapiaHTiB, 10 i moBemeTbes mmepebparu, 1100 3aTe-
JedoHyBaTH MOAPY3i (AKIIO BOHA IaM’sATae€ Bci iHmI muppu HOMEpA).

8.2.5. Crinbku mrectuniudpoBux unces (0e3 MOBTOpPeHHs HMudp) MOKHa CKJIa-
ctu 3 1udpp:

D1, 2 5, 6,7 8; 2)0, 2, 5, 6, 7, 8

8.2.6. CrinpKU cepen dyoTUpUIU(PPOBUX UMCeNd, CKJIALeHHX iz mudp 3, 5, 7,
9 (6e3 moBTOpPEeHHA IUDP), € TAKUX, IIO:

1) moumHamOTECA 3 MUPPHU 3; 2) xkpartHi 5?

8.2.7. 3HaUAITh CyMy IMUPP yCiX YOoTUPUIIM(POBUX UHMCE], AKI MOKHA CKJIACTU
3 mudpp 1, 3, 5, 7 (6e3 moBTOopeHHA HU(P Y UUCKTI).

8.2.8

VY poskJyani Ha MOHEAIJIOK IICTHL YPOKiB: ajredopa, reoMeTpisd, iHozeM-
Ha MOBa, icTopisd, (QisKynbTypa, ximia. CrijmbKoMa cmocobaMu MOKHA
CKJIaCTH PO3KJIaJ YPOKiB Ha Iieil AeHb Tak, 100 ABa YPOKH MaTeMaTUKU
CTOSJIU TOCITiJIb?

8.2.9% CkijbkoMa crmocobaMy MOXKHA PO3CTABUTU Ha MOl 12 KHIMIKOK, i3
AKX 5 KHUJ)KOK — Ile 30ipHMKHU BipImiB, Tak, 11100 30ipHUKHU CTOSIU
MOpPAL V OOBiIBHOMY IIOPALKY?
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MOACHEHHA N OBI'PYHTYBAHHA

OsHaueHHA. Kom6iHayielo 6e3 noemopeHsb i3 n elemeHmMie no k Ha3MBa€TbCA
6yab-AKa k-enemeHTHa NiAMHOXIHA 3aAaHOI n-efleMeHTHOT MHOXXUHN.

Hanopukaaz, i3 MHOXKUHI {a, b, c,d} MOKHA CKJAaCTU TaKi xomOimariii 6es
NOBTODEHb i3 TphoX eneMeHtis: {a,b,c}, {a,b,d}, {a,c,d}, {b,c,d}.
KinpkicTe KomMOiHaIiil 06e3 MOBTOpPEHBb i3 7 eJIeMEHTIB II0 k£ IMO3HAYAIOTH

CIIMBOJIOM C,’f (UUTAIOTh: «YHCJIO KOMOiHAaIill i3 n mo k» abo «ie i3 n mo k»).
Ax 6auumo, C43 =4,

» 3'ACYEMO, CKiflbKM BCbOrO MOXHa CKNacTv KombGiHauill 6e3 NoBTOpeHb i3 n ene-
MEHTIB Mo k. [1nA uboro BUKOPMCTAEMO BifOMi Ham Gopmynn yncna pPo3milleHb
i NnepecTaHOBOK.
CknagaHHA po3milleHHA 6e3 MOBTOpPEeHb i3 77 eneMeHTIB MO k& npoBefemo Yy ABa
etanu. CnoyaTky BMOGepemo k pi3HMX efleMeHTIB i3 3aJaHoi n-efleMeHTHOI MHO-
XKWHW, He BPAxXOBYOUM NMOPAAOK BUOOPY LMX efleMeHTiB (To6To BMbepemo k-ene-
MEHTHY MiAMHOXWHY 3 n-€NeMEeHTHOI MHOXWHW — KOMbiHaLjilo 6e3 noBTOpeHb

i3 n enemMeHTIB MO k). 3a HaWKMM MO3HAYEHHAM Lie MOXKHa 3pobuUTK C,’f cnocoba-
mu. Micna uboro ofepkaHy MHOXMUHY 3 E Pi3HMX eNeMeHTIB ynopaaKkyemo. Ii Mox-
Ha Bnopagkyeatn P, =k! cnocobamun. Ogepnmo po3milleHHA 6e3 noBTOpeHb
i3 n enemeHTiB No k. OTXe, KiNbKiCTb pPo3MillleHb 6e3 NOBTOPEHb i3 77 enemMeH-

TiB No k BE! pa3iB Ginbwa 3a yMcno KombiHauin 6e3 noBTopeHb i3 n ene-
k_ ik r A,
MeHTiB no k, To610 A, =C, -Ek!. 3Biacn C, =—". Ypaxosytouu, o 3a Gopmynoi

k!l
!
(2) A,’f =2 _ (auB. n. 8.2), ofepKyemo:
(n—k)!

k n!

= . 3

" Rl(n-k)! ©)

3 41 1.2-3-4 KinpkicTe KoMm0Oinamiii 6es mo-

Hampuknan, Cj= 31(4-3)! “19231 7 BTOPEHb i3 n ejeMeHTiB 1o k

k
mo 36iraerbca 3i B3HAUEHHAM, ojepiKaHuM | L08HATAIOTH CHMBOJIOM Cy-

BUIIIE.

BuxopucroByouu gopmyay (3), jerko oo-
I'PYHTYBaTu 8Jacmusicmv 1 yucnia KOMOIHA-
yiit 6e3 nosmopensb, HaBeNeHY B Taba. 12.

C — mepmra Jgitepa ¢paHIly-
3BKOI'0 cjoBa combinaison —
KoMOiHaisa
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. - n! n!
b 1) Ockinbku C** = =Ck, 10

" - (n-(n-k)! (n-R)A!

ck=cr*, @)

Haa Toro mob6 gopmyny (4) moxkHa OyJI0 BUKOPUCTOBYBATH i mipu k=n,
JIOMOBMJINCS BBasKaTH, IO C,(L) =1. Toxi 3a dopmymnoio (4) C; =C,? =1.

3ayBarKuMo, 110 Gopmyay (4) MoKHA oTpuMaTy 0e3 O0UYHCJIEHb 3a JOII0-
MOT'0I0 IOCHUTh NIPOCTUX KOMOIHATOPHUX MipKyBaHb.

Komun mMu BuObupaemo k mpenmeTiB i3 n, To n—k nOpegMeTiB MU 3aJiu-
maemo. SIKINO K, HaBOaKM, BUOpaHiI mpeaMeTu 3aJUININMO, a iHIN n—-k —
BuOEpeMo, TO OJEePsKMMO CIIOci0O BuOOpPYy n—Fk mnpeaMmeriB i3 n. 3asHauuMo,
10 MU OAEPIKAJIU B3AEMHO O00HO3HAYHY 8i0nosidHicmb crocobiB BubGOpy k
i n—k upeameris i3 n. OriKe, KigbKicTh THMX 1 iHIIHX cHOCOOIB OmHaAKOBA.
Ase ximericts omaux CF, a immmx C*, tomy CF=CI*.

Axmo y dopmyai (3) CKOPOTHUTH UMCeIBHHK i 3HaMeHHHK Ha (n—E)!,

TO oTpuUMaeMoO (OPMYJIy, 3a AKOI 3PYUHO OOUMCIIIOBATH C,’f Ipyu MaJuxX 3Ha-
yeHHAX k:

k MHOKHUKIB k MHOKHUKIB
r nn-D@-2)...(n-k+1) nh-D@-2)...(n-k+1)
ck= - . (5)
k! 1.2-...-k
%,—/
k MHOKHUKIB
2 MHOYKHUKH 3 MHOYKHUKH
—— ——
25.24 8.7-6

Hampuknan, Cag= =25-12=300, CSW:8~7=56.

NMPUKJTAQN PO3B'A3YBAHHA 3AB1AHb

3ayBa)KuMo, 1110, sIK i paHimre, a1 BuOOpy (opmyJau ImiJ yac po3B’sa3yBaH-

Hs HAWIIPOCTIMINX KOMOIHATOPHUX 3aa4u AOCTATHHO Bi[IMIOBiCTH HA 3aIUTAHHSI:
® Yy 8paxo8yemuvcs nopA0oK PO3MIULEHHS eJleMeHmi8 Y CnOoLYui;
* yu gci 3a0ani enemenmu 6x00imob 00 00epHCAHOL CROAYKU?

Ane pgns 3’scyBaHHS TOTO, IO 3ajaHa CIOJYKa € KoMmOiHaIlli€l, gocTart-
HBO BiAMNOBicTU TiJBbKM Ha Iepille 3amuTaHHA (OuB. cxemy B Tabu. 12). fAximno
TMOPAMOK PO3MIIl[eHHS €eJeMeHTiB He BPaXOBYETHCS, TO 3a O3HAUEHHAM IIe
KoMOiHaIii 3 n ejxemMeHTiB 1o k.
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Mpuknag 1. 13 12 uneHiB TYPUCTUYHOT rpynu NoTpibHo BMGpatn 3 yeprosux. CKinb-
KoMa crnocob6amy MoXKHa 3pobuTtun uen Brbip?

Po3B'A3aHHA KomeHTap

Ona Bnbopy BianosigHoi dopmynun 3'AacoByeMoO Bia-
noBiAi Ha 3anuUTaHHA, HaBeaeHi BuLle. OCKinbKn no-
PALOK PO3MilLleHHA efleMeHTIB He BPaxoBYy€eTbCA (AnA
YeproBux He BaXKIIUBO, Y AKOMY MOPSAKY iX BUOEPYTD),
TO BiAMOBIgHa crosiyka € KombiHaLli€to 3 12 enemeHTiB
no 3. [ina o6umcneHHA MoxHa BuKopuctatu Gbopmy-

» KingpkicTe cmoco6iB BU-
6patu 3 12 Typucris 3 uep-
ToBUX JOPiBHIOE KiJBKOCTI
KomOinmamii i3 12 exemenTiB
o 3, To0TO
3 12! 121

C12 = 31(12-3)1 = 31.901 = nm (3) abo (5), y gaHomy Bunagky 3actocyBanu dop-
myny (3): \
12-11-10 k n:
—_ — C =—.
1-2-3 220. " Rl n-k

Mpuknapg 2. 13 Ba3n 3 dpyKkTamu, y AKi nexkutb 10 pisHUX A6GAYK i 5 pi3HUX rpyLy,
notpibHo Brubpatn 2 Abnyka i 3 rpywi. CKinbkoma cnocobamm MoxHa
3pobuTK Takui BrbIp?

Po3B’si3aHHA

» Bubparm 2 abayka 3 10 mo:kHaA
Clz0 crnocobamu. IIpu Ko:xHOMY BuOGOpPi
A0JYK TPYIIi MOKHA BubpaTu C53 CIIO-
cobamu. Toxmi sa mpaBuJIOM HOOYTKY
BUOip MOTPiOHMX (PPYKTIiB MOKHA BU-
xonaru Cry-Ci crocoGamu.

Opnepsxyemo:

10-9 5-4-3 _
12 1.2:3

CL-C3= 450.

KomeHTap

CnouaTky oKkpemo Bubepemo 2 abnyka 3 10
i 3 rpywi 3 5. Ockinbku npu Bubopi AGNYK
Yy rpyLl NopAjoK PO3MILLEHHS eNeMeHTIB
He BPaXOBYETbCS, TO BiAMOBIAHI CMONYKN —
KOMbGiHaL,ii 6e3 NOBTOPEHbD.

YpaxoBytouu, wo Tpeba Bubpatn i 2 A6ny-
Ka, i 3 rpyuwi, BAKOPUCTOBYEMO MpaBu-
no pobyTKy M nepemMHOXYEMO ofep-

XaHi MoxnmBocTi BUbopy A6Nyk (Clzo)
i rpyw (053)
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3ANMUTAHHA

1. ITosicHiTH, III0 HA3WBAETHLCSI KOMOIHAIisIMU 3 71 eJIeMeHTiB 1mo k 6e3 IIOB-
TopeHb. HaBemiTh mpukJjamgu.

2. 3anuiiite GpopmMyay A oOUMCIIeHHsS JYucja KoOMOiHaIill i3 n eleMeHTiB
no k 6e3 moBTOpeHb. HaBemiTh mpuKJIagu il BUKOPMCTAHHSI.

3* OOrpyuTyiiTe (opMyay mJjid OOUYMCJIEHHA uYucjia KOMOiHaIiii i3 n eJe-
MeHTiB mo k 0e3 IIOBTOPEHb.

4. TloAcHITH Ha MPUKJIaAax, SK MOKHa BUOMPATU BiATIOBIAHY (hopMysy IIin
yac PO3B’A3YBAHHS HANMOPOCTIMIMNX KOMOiHATOPHUX 3ajad.

BMPABU

8.3.1°. ¥ kJjaci 7 yumiB ycmimmHo HaBuYaioThcsa MaremaTuku. CKiJIbKoMma cIio-
cobaMu MOKHa BuOparu 3 HHUX 2 YYHIB AJId ydYacTi B MaTeMaTHUYHik
oaimmiazni?

8.3.2°% V¥V wmarasuHi «®Pijarenis» mnpomarTbh 8 pisHuMX HaOOPiB Mapok Ha
crnopTuBHY TeMaTukry. CKinbkoma cmocobaMiy MOXKHA BHOpPaATH 3 HUX
3 mabopu?

8.3.3°% Vumam paau cuomcok i3 10 KHMMKOK, II0 PEKOMEHJOBAHO IIPOUYMTATI
mig uvac xauikysn. CkKizbKoMma crocobamMu yueHb (YUEHHIA) MOYKE BU-
Opatu 3 HUX 6 KHUIKOK?

8.3.4. Ha moawurti cToiTh 12 KHMKOK: aHIVIO-YKpaiHChbKUI CIOBHUK i 11 Xymox-
HiX TBOpiB aHIIificbko0 MOBO. CKiJbKOMa cmocob0aMy UHTAY MOIKE
BUOpaT 3 KHUMKKHU, AKIIO:

1) cioBHUK TOTPiOHUIT oMy 000OB’A3KOBO;
2) CJIOBHUK IioMy He TOTPiOHUIA?

8.3.5° VY xiaci maBuaroThca 16 xjomumkiB i 12 giBuarok. [lia npubupaHHSA
TepuTOpil MOTPIOHO BUAIMUTH YOTHUPHOX XJOMUYUKIB i TPHOX AiBUATOK.
CrinmbKOMa cmocobamMu Iie MOKHAa 3po0uTu?

8.3.6. Ilim uac 3ycrpiui 16 oci6 moTucau oxHe omHoMy pyKu. CKiJIBKH BChOTO
3p0O0JIEHO PYKOCTUCKAHB?

8.3.7. T'pyma ogHOKJACHUKiIB Ta omHOKJacHuIb i3 30 oci6 Bupimmaa obmi-
Hatuca (orokaprkamu. CKiJIbKE BChOro (hoTOKAPTOK IIOTPIOHO OYyJI0
IJIS IBOTO?
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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 3pobutu 3 OykB caoBa XAPKIB?

Iz 12 poGiTHuUKiB-OypuJAbHUKIB HOTPiOHO BimpsauTu 5 mJjad poboTu
B cycigmiii o6sacti. CKimbkoma cmocobaMy MOKHA YTBOPUTH TaKy
Opuragy OJisd BiapsamKeHH:s?

CkinbkoMa pisHMMU crmocobamu 30opu, Ha AKux npucyTHi 40 ocio,
MOXKYTh 00paTH 3 UMCJIA CBOIX YUYACHHUKIB roJioBy 300piB, HOT0O 3aCTyII-
HUKa Ta cexperapsa?

CkinbKM ONpAMUX JiHIM MOMKHA IIPOBECTH yepe3 8 TOUOK, 3 AKUX HiAKi
TpU He JieKaTb Ha ofaHid mnpawmiit? (KoxHa mpamMa Mae TPOXOIUTU
yepe3 OBi 3aJaHI TOUKH.)

CKiJIbKE PisHUX I’ATUIM(POBUX UYMCEJ MOXKHA 3aIlMCATH 34 JOIIOMO-
roo upp 1, 2, 3, 4, 5, 6, 7, 8, 9 6e3 ix moBTOpPEeHL?

Busnaute umciao BCix miaromaJseil IIpaBUJIBLHOTO:
1) I’ATUKYTHUKA;

2) BOCBMUKYTHUKA;

3) mIBaHAIATUKYTHUKA

4) I’ATHAAIATUKYTHIKA.

CKiJIbKU Pi3HUX TPUKOJHOPOBUX IIPATIOPIiB MOXKHA 3pOOUTH, KOMOIHY-
oun 3 BePTUKAJbHI CMYTH 3KOBTOTO, YOPHOTO Ta UEPBOHOTO KOJHOPiB?

CKiJbKY PiBHMX IIJIOIMIMH MOKHAa IIpoBecTu uepe3d 10 TOUOK, SKIIO
HifAKi YOTUDPM TOUKM He JeyKaThb B ONHIil TJIOMIMHI?

CKinbKu pisHEX I’STUIN(POBUX UKCEJ MOMKHA HAIIMCATH 34 TOIIOMO-
roro mupp 0, 2, 4, 6, 8 6e3 ix moBTOpPEeHBL?

Cepen mepectaHoBoK i3 mupp 1, 2, 3, 4, 5 cKiabKM TaKux, II[0 He
HmoumHaThCA Iudporo 5? uwmciaom 12?7 umciaom 1237

Cepen xkombimarmiii i3 10 6yxs a, b, ¢, ... 0 4 CKiJIbKM TaKuX, IO He
micTaTs, OykBU a? OyKB a i b?

Cepen posmimniens i3 12 6yxkB a, b, ¢, ... IO 5 CKiJIbKM TaKMUX, IO HE
MicTaTh OyKBU a? OyKB a i b?



Tabnuus 13

1. Bunagkosi nopgii

[MoHATTA

Mig ekcnepumeHmMamu 3 8uNAOKOBUMU pe-
3ynemamamu (abo, KopoTlle, 8UNAOKO-
8UMU eKCnepuMeHmMamu) Po3yMmiloTb Pi3Hi
€KCMeprMEHTK, AOCAiANW, BUNPOOOBYBaHHS,
CNoCTepeXKeHHsn, BUMIpWY, pe3ynbTaTi AKX
3anexaTb Bif BMMaAKYy i AKi MOXHa MOBTO-
puTK 6araTo pasiB B OAHAKOBMX YMOBaX.

bynb-Aakunin pesynbtaT BUNagKoBOro eKkcne-
PUMEHTY Ha3uBaloTb 8UNAOKOBOIO NOJIEHD.
YHacnigoK Takoro ekcnepmmeHTy LA nogis
Moxe abo BibyTuCA, abo He BigbyTUCA.
BunaagkoBi nogii 3a3Bnyan No3HayaoTb Be-
NIMKUMW TliTepamun NaTUHCbKOro andasiTy:
A,B,C,D,...

Mpuknagu
EkcnepvMeHTU 3 pyneTkoto, NiaKMAAHHAM
rpanbHOro Kybuka, NiAKUAAHHAM MOHETH,
cepia NOCTPiNiB OQHOrO CTPINbLA MO OAHIN
i T camin mileHi, yyacTb y noTepei Towo.

Mogii:

BUMAJaHHA «repba», BUNAajaHHA «4ncia»
npy NigKMAaHHI MOHETK; BMrpaLw y noTe-
peto; BUNAagaHHA NEBHOI KibKOCTi OUYOK
npw NigKUaaHHI rpasibHOro Kybuka ToLwo.

2. MoHATTA, NoB’A3aHi 3 BUNAagKOBUMU NOAIAMUN B fleAKOMY eKCNepuMeHTi

Mopii By, B,, .., B, Ha3uBawTb pigHO-
MOX/TUBUMU, AKLLO B LAHOMY €KCMepPUMEHTi
HeMa€e HiAKMX NigcTaB BBakaTu, WO OAHa
3 HUX MOXe BigbyTuca nepeBakHile 3a
6yab-AKy iHLWY.

Mogii A i B Ha3uBalTb HECYMICHUMU, AKLLO
BOHW He MOXYTb BifbyTUCA OAQHOYACHO
B JAHOMY eKCnepuMeHTi.

Mogii Cy, C,, ..., C,, Ha3MBaoTb Hecymic-
HUMU, AKLLO KOXHa napa 3 HMUX HecymicHa
B AaHOMY eKCMepuMeHTi.

Mopito U Ha3uBalTb B8ip0o2iOHO, AKLWO
B pe3ynbTaTi JaHOro eKCNneprMeHTY BOHa
060B'A3KOBO BifOyaeTbCsA.

B ekcnepumeHTi 3 04HOPa30BOro NigkmnaaH-
HS1 OHOPIAHOI MOHETY NPaBUbHOT GopMM
PIBHOMOXXNMBMMM € MOAii:

A — BUNaB «repb»,

B — BUNano «ymcnon.

B ekcnepumeHTi 3 nNigkmMgaHHA MOHETU
nopii A — Bunae «rep6» i B — Bunano
«YUCNO» — HECYMICHiI.

[na ekcnepmmeHTy 3 NiAKMAAHHA rPpasibHO-
ro kybuka nogii C; — BrnnapaHHa 1 ouka,
C, — BunaganHa 3 ouok, C3 — BMNagaH-
HA 5 ouok, C, — BMNafaHHA MapHOro Ync-
J1la OYOK — HEeCYMiCHi.

BunagaHHA MeHLwwe 7 04oK Npu NigKngaHHi
3BMYANHOrO rpasnbHOro Kyburka (Ha rpaHsx
AIKOro no3HayeHo Big 1 4o 6 OYOK).
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BvnagaHHA 7 o4oK nNpu nigknaaHHi rpanb-
Horo KybukKa.

3. MpocTip enemeHTapHUX NoAiN

[MToHaTTa

Hexaln pe3ynbTaTom feAKOro BUNagKoBoO-
ro eKCneprMeHTy Moxe OyTu TinbKn ofHa
3 MOMAPHO HECYMICHVX NOAIN Uy, Uy, ..., U,,.
Ha3seMmo Ui nogii enemeHmapHuUmu noodis-
MU, @ MHOXKWHY BCiX LiX Nogitn

Uz{ul,uz,...,un} —

npocmopom esemeHmMapHux nooid.

byab-AKy NiAMHOXWHY NPOCTOPY enemeH-
TapHux nogin U BBakaTmemo BUNagKo-
BOIO nopieto A.

Mpuknapg,

1. Ana ekcnepumeHTy 3 NigKMAaHHA MOHe-
T eniemeHTapHUMK OyayTb nopii:

U; — BUMNaB «rep6»,
Uy — BUMANO «HNCNIO.

Topi npocTip enemeHTapHux nopgin dyne

cknagaTtuca 3 ABOX Nofii: U:{ul,uz}.

(i nogii nonapHO HecyMicHi, y pe3ynbTari

eKcrneprMeHTy 060B'A3KOBO BifbOyaeTbcA

OAHa 3 uux nopin.)

2. inA eKcnepuMeHTY 3 NigKUAaHHA rpab-
HOro KybrKka enemMeHTapHUMU MOXYTb
6yTn nopii uy, Uy, Ug, Uy, Us, Ug, O€
u;, — BunagaHHa k ouok, k=1, 2, 3, 4,
5, 6. Y ubomy BMnagKy npocTip enemeH-
TapHUX NogAin byae cKnagaTuca 3 Wectu
nogin: Uz{ul,uz,u3,u4,u5,u6}.

4. KnacnyHe o3Ha4YeHHA NMOBiPHOCTI
(AnA piBHOMOXAMBUX eNNeMeHTapHUX NoAin)

Hexam 3agaHO npocCTip enemeHTapHUx
nogdiu, yci enemeHTapHi NoAii AKoro — pis-
HOMOJIUBI.

VimosipHicmb nodil A — e BigHOWEHHA
yncna CNPUATANBUX ANA HET eneMeHTapHNX
noain (m) po ymcna BCix PiIBHOMOXINBUX
enleMeHTapHUX NOAin (n) y agaHoMy eKkcre-
PVYIMEHTI:

pla)=".

Mpuknap
3HalgiTb iIMOBIPHICTb BUMNagaHHsA Ginblue
YOTUPbOX OYOK NMPU NiAKUAAHHI FPasibHOro
KybOuKa.

» Po3rnAaHemMo AK enemeHTapHi nogil
WiCTb PIBHOMOK/MBUX pe3ynbTaTiB NigKn-
JaHHA Kybuka — Bunano 1, 2, 3, 4, 5 abo
6 o4oK (oTke, n=6). Nogia A — Bunano
6inblue 4 oyok. CnpuATANBUMM ANA Nogit A
€ TINbKM [Bi enemMmeHTapHi nogii — Bmnano 5
a60 6 04oK (To6TO M =2).

Topi p(A):ﬂ:E:l_
n 6 3

VimoBipHicTb BiporigHoi (U) Ta HeMoXnnBoi (@) noain:

P(U)=1

P(D)=0
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MOACHEHHA N OBI'PYHTYBAHHA

Ham uwacTo moBoguThCs IIPOBOAUTH PidHI CIIOCTEpesKeHHs, Jocainu, opartu
y4acTb B eKcmepuMeHTax abo BumpoOyBaHHAX. HacTo Taki eKCIIepUMEHTU
3aBEPIIYIOTHCA PE3yJbTaTOM, AKWUN 3a3qaJierifb IepesdauuTu HEMOYKJIUBO.
Hamnpukaan, Mu KyIIyeMO JIOTEPEHHMII KBUTOK i He 3HAEMO, BUI'PAEMO YU
Hi; migKumaeMo MOHeTY i He 3HAEMO, IO BUIIAle — <«UYHCJO0» UM «repd». Yu
MOKHA SIKMMOCh YMHOM OI[IHUTHU IITAaHCU TOSABU Pe3yJbTaTy, AKWHA Hac IiKa-
BuTh? BigmoBigp Ha mi 3amuTaHHA A€ PO3OiJ MaTeMaTHKH, IO Ma€ HAa3BY
meopia iimogipnocmeil. Mu osHafioMmmocs TiJNBKK 3 OCHOBaMm Iiiel Teopii.

D OgHUM 3 OCHOBHHUX IIOHATDH, SIKi PO3MIAZAIOTHCA B Teopii HMoBipHOCTei,
€ TIOHATTA eKcnepumeHmy 3 8unadKo8UMU De3yabmamamu.

IIpukaagomM Taxkoro eKCIepUMEHTY MOKe OyTU MiAKUJAHHA MOHETHU CY.-
Iero (QyTOOIBHOTO MaTuy Iiepefi MOro IMOYaTKOM i3 MeTOI0 BUBHAUEHH:A, dKa
3 KOMaHJ TOYHe MaT4 i3 IeHTpa IIO0JId.

ITig exkcmepuMeHTaMu 3 BUIAAKOBUMU pedyiabraraMu (a0o, KOpPOTIe, BU-
MaJKOBUMU €KCIepUMeHTaMM) PO3YyMilOTh pPi3HI eKCIepuMeHTH, JOCJIiau,
BUITPOOOBYBaHH:A, CIIOCTEPEKEHHS, BUMIpU, Pe3yJbTaTH SAKUX 3ajieKaTh Bif
BUOAOKY i AKi MOJKHa IIOBTOPUTH OaraTro pasiB B ogHaKOBUX ymoBax. Ha-
OPUKJIAMd, IIe cepid MOCTPiJIiB OJHOrO CTPiJbIlA MO OAHiM i Ti#h camiil mirmreHi,
ydacTb y JoTepel, BUTATAHHS IPOHYMEPOBAHUX KYJb i3 KOPOOKU, €KCIIepu-
MEHTHU 3 PYJETKOI, MiTKUIAHHAM IDAJIbHOTO KyOWKa, MiJKUIAHHAM MOHETH.

D Bynp-akuii pesyiabraT BUIAJKOBOIO €KCIEPHUMEHTY HA3UBAIOTH 8UNAOKO-
8010 nodiero.

VHaCIiIOK eKCIepUMEeHTY, KNI POSTIAfacThCs, A HOoLis MoKe abo
BimOyTucsi, abo He BigOyTucs. 3asHAUMMO, IO AJs KOXKHOI'O BUIIAJKOBOI'O
eKCIIEpUMEHTY 3BUYANHO 3a3Jajieriib MTOMOBJIAIOTBHCA, AKi HOro pesyabTaTu
POBIIIANAIOTHECA AK eJleMEeHTapHi Imomii, a IOTiM BUIIAAKOBA IIOAiA PO3TJIAIa-
€ThCA K IMiAMHOMKHHA OTPpUMAaHOI MHOKUHU (AuB. . 3 Tabi. 13).

Hapani, ax npaBuio, OymeMo mo3HauaTH BUIAAKOBI IIOAil BeJIMKUMU Jia-
TUHCBKUMU JiiTepamu: A, B, C, D, ... .

ToBopsAum mpo Bumamgkosi momii, OygemMo BBa)kaTu, IO BOHU IIOB’SI3aHi
3 OJHUM KOHKPETHUM BUMNAIKOBUM EKCIePUMEHTOM.

3ayBasKuMoO, 0 6araTo BasKJIMBUX i MOTPIOHMX (PaKTiB Teopii WMOBiIpHO-
cTeli CIIOUATKY OyJM ofep:KaHi 3a HOIIOMOIOI0 AY:Ke IIPOCTUX EeKCIIEPUMEHTIiB.
Benuky posib y PO3SBUTKY Teopil HMOBipHOCTell AK HAyKHU 3irpajaum 3BUUYAKHI
MOHETH Ta T'paJibHi KyOMKMH.

123
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Ane mi monemu i KyOuku, sKi po3easdawmuvcs 6 meopii mosgiprocmeil,
€ mMamemamuyHuMu O0pA3AMU CNPABHCHIX MOHem i KYOukié (ToOMy PO
HUX iHOMi TOBOPATH, IO Ile¢ MaTeMaTHYHA MOHeTa M MaTeMaTUYHUUA I'pPajib-
HUHA KYyOUK).

Hanpuknan, mamemamuuna moHema, Ky BUKOPUCTOBYIOTH y Teopil
WMoOBipHOCTe, mMo30aBJieHa 0araThOX SKOCTEH CHpaBKHBHOI MOHETH. Y Mare-
MaTUYHOI MOHETH HEeMa€ KOJIbOopy, Po3Mipy, Baru Ta Iinu. Bowma He 3po0OJieHa
Hi 3 AKOro Marepiajy # He MOMKe CJIYKUTHU ILIaTisKHUM 3acobom. MoHera,
3 MOTVIAAY Teopil MoBipHOCTel, Ma€ TiJILKU IBi CTOPOHU, OJHA 3 AKUX HA3U-
BaeTbCA «repb», a iHIma — «4ucjio». MOHeTYy KuUAAIOTh, i BOHA MIajgac ONHIi€I0
3i cropin yropy. Higkux iHIIIMX BJaCTHUBOCTEl y MaTeMaTUYHOI MOHETH HEMAE.
MarematTrnyHa MOHETA BBaKAEThCA cumempuuHoio. lle o3Hauae, 1[0 KUHyTa
Ha cmiJl MOHema Ma€ Pi6Hi WaAHCU sunacmu «zepoom» abo «uucaom». Ilpu
IIbOMY MAa€TbCA HaA yBasi, IM0 HiAKWN iHIIUHA pe3yabTaT KUJAHHA MOHETU
HEeMOKJIMBUII — BOHA HE MOJKe 3aryOHTHCS, 3aKOTUBIINCHL Yy KYTOK i, THUM
0isbIlTe, HE MOYKe «CTaTH Ha pPebpo».

CmpaB:KHS MeTajieBa MOHETa CJY:KHUTDL JUIIEe iJIocTpallielo OJad MaTe-
MaTtuuHOoi MoHeTH. CIpaB:KHSA MOHETa MO:Ke OyTH TpPOXU BBIrHYTOIO, MOKe
MaTu iHm aedgeKTH, AKi BIJIWBAIOTL Ha pe3yabTaTu KugaHHA. IIpore, 1100
MepeBipUTH HA ONPAKTHUIL MOCTiAW 3 MiAKUAAHHAM MaTeMaTUYHOI MOHETH, MU
KUJAaEMO 3BUYANHY MOHeTy (0e3 aBHUX nedeKTiB).

OcKinbKKM CNpaBXHA MOHeTa He € ifeaNnlbHoI0, UM MOXe CTaTUCA, WO BUMaJaHHA «rep-

U 6a» OnA CNpaBXHbOI MOHETU GiNblL IMOBIPHe, HiX BUNagaHHA «uncna» abo HaBnaku?

[i3HanTeca, yn NpoBOAWAMCA BIANOBIAHI AOCNIgMXEHHA Y CBIiTi. AKWO TaK, TO AKi iX
pe3ynbtat? AK 3anexuTb pe3ynbTaT Bid KpaiHW MOXOOXKEeHHA MOHeTu?

I'panbunii KyOMK TaKOMK CIAYKUTH IIPEKPACHUM 3acOo00M IJIs iJrocTparrii
BUNAIKOBUX MOAiii. I'panbHuii KyONMK Mae AUBOBIIKHY icTopiro. I'pa 3 KyOuKa-
MU — OfHa 3 HakgasHimmux. BoHna Oysa Bimoma B mimbokiii maBHuHi B IHIiI,
Kurai, Jligii, €runti, I'peuii #i Pumi. I'paapHi KyOMKMN 3Haxoguau B €rumnTi
(maryrorbeca XX cr. g0 H. e.) i B Kurai (VI cr. 10 H. e.) mIpu PO3KOIKaxX
CTapoJlaBHIX ITOXOBaHb.

IIpasunvhi (cumempuuni) xKybuku 3a0e3NMeUyIOTH ONHAKOBI ITaHCW BUIA-
ITaHHA KOMKHOI rpaHi. I{nsa mporo Bci rpanHi moBuHHI OyTM OJHAKOBOI IJIONIi,
IIJOCKUMHU I OAHAKOBO TyafeHbKuMH. KyOuk mae GyTu came KybGiumoi dopmu,
a Horo IeHTP Baru Mae 30iraTucs 3 TreOMETPUUYHUM IIeHTPOM. BepinuHu i pe-
0pa KyOWKiB HMOBMHHI MaTu NpPaBWJILHY (opmy. SIKITO BOHW OKpPyIJi, TO Bci
OKPYIVIEHHSI MaioTh OyTu omHakoBuMu. OTBOPHU, AKI MAapKyIOTh KiJIBKIiCTh OYOK
Ha TpaHsaX, HOBUHHI OyTHM TpOCBep/JieHi Ha omHaKoOBy minbuHy. CyMa OYOK Ha
IIPOTHJIEXKHUX TPAaHAX IPAaBUJIBHOIO KyOwKa mopiBHIOE 7 (pumc. 9.1).
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Mamemamuyrnuil epaivHuil KYoukK, AKUN

0OTOBOPIOETHCA B Teopii HMOBipHOCTEH, — ITe Puc. 9.1 .
mamemamuiHuiL o6pa3 npasubH0z0 KYoOu- P~ o’

ra. BunagaHHa BCix rpaHell piBHOMOIKJINBeE. . ol o olo o °
IlomibHo @O MaTeMaTHYHOI MOHETH, MarTe- s ol ® e le ole
MaTUYHUN KyOMK He Mae Hi KOJIbOpy, Hi e o
pos3mipy, Hi Baru, Hi iHIINX MaTepiaJbHUX °o o

AKOCTEI.

Hexaii mpoBeneHo AKUICh BUIIAMKOBUN eKclepuMeHT. SIK 3asHauajiocs
BUIIlE, MOT0 pe3yJbTaTaMUu € AedAKi BUOagKoBi momii. YHacJIiJOK TaKoro exc-
MepUMEeHTy KOKHa 3 IOoAiil Mo:Kke abo BimOyTucs, abo He Bimbyrucs. I1i momii
IOB’sI3aHi 3 KOHKPETHUM BUIIAJKOBUM EKCIIEPMMEHTOM.

O3HayeHHA. MoAii Ha3MBalOTbCA pieHOMOXTUBUMU, AKLLO B fAaHOMY eKcne-

PUMeHTi HeMma€e HIAKMX NiACTaB BBa)KaTu, WO OAHA 3 HUX MOXe BigbyTucsa

nepeBakHiwe 3a 6yAb-AKY iHWY.

Hanpukaazn, B eKCIepPUMEHTI 3 OJHOPa30BOT0 MHiAKUIAHHS OMTHOPiLHOI
MOHETH MPaBUJIBHOI (POPMU PiBHOMOMKJIMBUMH € IOAii: A — BHUIAB «repd»,
B — BUIIANO «YHUCJIO».

OsHauyeHHA. Mogii A i B Ha3MBalOTbCA HECYMICHUMU, AKLO BOHN HE MOXYTb
BiA6yTNCA OAHOYACHO B JAHOMY eKCNepuMEeHTi.

Tak, B eKcHepuMeHTi 3 OZHOPA30BOIO IMiAKUAAHHA MOHETH Iomii A —
BUIIaB «repb» i B — BUIIAJO0 «YHCJI0» — HECYMicCHi.

Iloxii Cy, C,, ..., C, HasUBAOTH HeCYMiCHUMU, AKIIO KOXKHA IIapa 3 HUX
HecyMicHa B faHOMY eKcuepuMeHTi. {714 eKcepmMeHTy 3 MiAKUAAHHA I'DAJIb-
HOro Kybmka mogii: C; — BunagaHHa 1 ourka, C, — BHIAJaHHA 2 OUOK,
C; — BunajgasHa 3 odok, C, — BunajgaHaa 4 odok, C; — BUIAJaHHA
5 ouok, C; — BuUIamaHHA 6 O4OK — HecyMicHi (I piBHOMOXKINBI).

Os3HaueHHsA. Mopgia U Ha3MBa€TbCA 8ipo2iOHOIO, AKWO B pe3ynbTaTi JaHOro

eKcnepumeHTy BOHa 060B’A3KOBO BigbyaeTbca.

Hanpuknaan, sunagamuasa meHnre 10 ouox Ipm OigKUIaHHI TI'pPaJbHOTO
KyOmKa (Ha IpaHAX SAKOro IMO3HAueHO Bim 1 mo 6 OYOK) € BiporigHoio mozmi€ro.

O3HaueHHsA. Mopgia < Ha3MBaeTbCA HeMOXK/IUBOIO, AKLLO BOHA He MOXe Bif-

6yTnNCcA B faHOMY eKCrepuMEeHTi.

Hanpukiaazn, sunaganas 9 oUoK IpH MiJKMAAHHI I'paJbHOrO0 KyOMKa —
HEeMOJKJIMBA TOMmid.
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Hexaii pesysnbraTomM IesdKOT0 BUIIQJKOBOTO EKCIEPUMEHTY MOXKe OyTu;
TiMIBKK OfHA 3 IIONAPHO HECYyMiCHHUX IOAIA Uy, Uy, ..., U,. Haseemo Ix eie-
MeHmaprHumu nodiamu, a MHOKUHY BCiX IUX IOHi U={u1,u2,...,un} —
npocmopoMm ejeMeHmapHux nodii.

Hanpuknazn, mia ekcnepuMeHTY 3 HiJKUJaHHS MOHETH eJIeMEHTapHUMU
nofgiaMu OymZyTb: U; — BUIAJaHHA «repba», U, — BUNAJaHHA «4muciaa». Tomi
IPOCTip eJiIeMEeHTApPHUX MOLiN Oyde CKJaagaTucs 3 OBOX IIOHiii: Uz{ul,uz}.
(IIi moxmii mecymicui, i B pesdyiabrari eKcmepuMeHTY O0OB’I3KOBO BimOyaeTbhCs
OoHA 3 IIMX IMOMiii.)

A eKcIepuMeHTY 3 HifKuUAaHHA TPaJibHOTO KyOMKa ejieMeHTapHUMU

moAiAMM MOMKYTh OyTH: u; — BUNaJaHHA 1 OuKa, U, — BUNAJAHHA 2 OUOK,
U; — BUNAJAHHA 3 OYOK, U, — BHUIAJAHHA 4 OUYOK, Uy — BHUIAJAHHA
5 OUOK, Uy — BUNAJAHHA 6 0YOK. ¥ IIbOMY BUIAJKY IPOCTIp eleMeHTapHUX

momifi Oyae CKJaZaTUCA 3 IIEeCTU TOMiii: U={u1,u2,u3,u4,u5,u6}.

Bynp-aKy migMOMKMHY IIPOCTOPY ejJeMeHTapHux mnofiii U BBaKaTmMeMO
BUNAIKOBOIO moxiero A. Hampukiian, 1ad eKCIIEPUMEHTY 3 HiAKUIaHHA I'paib-
HOT'O KyOMKa BUIIAJKOBOIO € HOAisi A — BUIIaJaHHA IapHOI KiJIBKOCTi OYOK,
OCKiJIbKU A={u2,u4,u6} — nigmuoskuza U.

Hexaii pesyiabTaToM [IesKOTr0 BHUIIALKOBOT'O EKCIEPUMEHTY MOYKe OyTu
OmHA W TiJIBKU OHA 3 7 IIONAPHO HECYMiCHMX i piBHOMOKJIMBUX eJieMeHTap-
HUX TOmi#l u;, Uy, ..., U, (T00TO mpoctip U enemeHTapHMX INOAill JaHOrO
BUIIQJKOBOTO EKCIIEPUMEHTY CKJATa€ThCA 3 PiBHOMOMKJIMBUX eJIeMEHTApHUX

momit u;, Uy, ..., U,. I Hexall y JaHOMY eKCIepPHMeHTi Iofia A IoJArae

B TOMY, III0 BiZOyBa€eThCs OTHA 3 M HaIlepen

BUOKPEMJEHUX eJIeMEeHTapHUX MOomii U »

Byksa P (nmosHaueHHs HMOBIip- Upys weer Uy TOOTO Az{uil’ui2""’uim}
HOCTi) — mepina OykBa (paH-

(Y IbO0MYy BHIIAIKY T'OBOPATH, IO eJIeMeHTap-

1y3bKoro ciaoBa probabiliteé .

Hi moxii u; , u;, ..., U; CIPHUAIOTH IOAil A).
abo JIaTUHCBHKOTO cJoBa proba- 1 2 m
bilitas, 110 B IepeKJIaJi 0O3HAUAE WwmoBipHicTs moxmii A o3HaumMO SK Bif-
UMOBIpHICMb. HOINIEHHS YMCJIa M eJIeMeHTapHUX IIOAili, IIT0

COPUAIOTH IOl A, 40 3arajJbHOTO UKCJIA N
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‘s . . m
€JIEMEeHTapHUX IIoAlM Yy AJaHOMY €EKCII€EPpMMEHTI, TOOTO AK B1OHOIIIEHHA —.
n

HmoBipHicTs moxii A sBMuailHO O3HAYAIOTH P(A). Toxi
m

P(A)=—.

n
ITiero piBHiCTIO BUpa’KAETHCA KJAACUUHE O3HAYEHHsA UMOBipHOCMI, SKe

MOXKHa c()OPMYJIIOBATH TAKUM UYMHOM.

O3HaueHHsA. AKWO pPO3rNAfa€eTbCcA NPOCTiP PiIBHOMOXANBUX efeMeHTapHUX
nopaii, To limosipHicmb nodii A — Ue BigHOLWEHHA Yncna CNpUATANBUX ANA
Hei efleMeHTapHUX NOAiN A0 Yncna BCix piBHOMOXKANBUX eleMeHTapHMX No-
AiN 'y faHOMY eKCrnepuMeHTi.

Hamnpukian, B eKcmepuMeHTI 3 IMiZKHMAAHHS MOHETH PiBHOMOMKJINBUMU
eJleMeHTapHUMH mofiamu € aBi (n=2) moxii: A — Bumas «rep6» i B — BHIAJO

1
«gucio». Ioxii A cpusie Tinpku oguu Bumagok (m=1), Tomy P(A)zﬁzg.
n

. S . 1 1
OueBUHO, IO HMOBipHicTh moAii B TaKoMK OOPiBHIOE E: P(B):E. Orxe,
B €KCIIEPMMEHTi 3 OJTHOPA30BOTO MiAKMAAHHA MOHETU HMOBIpHIiCTH BUIIaJaHHA
. 1
«repba» (abo «umcaa») MTOPiBHIOE ’e

Amnajioriuso oOI'pyHTOBYETHCSA, II[0 B €KCIEPUMMEHTI 3 HiJKUIaHHS I'PaJib-
HOro KyOuka iimoBipHicTs mozii A; — BumnaJso i ouok (i=1, 2, 3, 4, 5, 6)

. 1
[IOPiBHIOE e

@ OG6rpyHTYiITe L@ CaMOCTINHO.

3a3HaunMO, 1110 KOJHU B OYAb-IKOMY €KCIIEPMMEHTI PO3IISHYTH HEMOMKJI-
By IoOAil0 J, TO HEMae ejJIeMEeHTAPHUX IIOLil, IO CIPUAIOTH Iiil momii, ToOTO
YUCJIO eJeMEeHTAPHUX MOMiN, CIPUATINBUX IJA Hel, TOPiBHIOE HYJIIO (m=0),

i Toxi P(@)=3=0.
n

D Om:xe, HUMOBipHiCTh HEMOKJIMBOI MOmii mopiBHIOE 0.

Hampukaan, B eKCIepuMeHTI 3 HiAKMIAHHA TPAJbHOTO KyOMKa MMOBIip-
HICTH HEMOKJIMBOI momii A — Bumajo 7 ouoKk — mopiBHIoe 0.

SAKno B OyAb-AKOMY €KCHepMMEHTi POsIIAHyTH BiporigHy momiro U, To
it cnpusioTh yci enementapHi moxii B mpoMy excmepuMenTti (m=n), i Toxi

P(U)=%=1.
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D Omxe, iMoBipHicTh Biporiguoi moaii mopisHioe 1.

Hanpuknan, B eKcumepuMeHTI 3 MiAKMAAHHS TI'pPajJbHOro KyOMKa IIO-
misgs A — BumaJygo 1 ouko, abo 2 ouku, abo 3 ouku, abo 4 ouxky, abo 5 OUOK,
abo 6 ouox — Biporigma i ii fimoBipHicTh mopiBHIOE 1.

NPUKNAAN PO3B'A3YBAHHA 3ABAAHDb"

Mpuknap 1. Kopuctyiouncb KnacUYHMM O3HaYE€HHAM MMOBIPHOCTI, 3HangemMo Nmo-
BipHICTb Mofdii A — BUMagaHHA YnCna OYOK, KpaTHOro 3, Npu NigKnaaH-
Hi rpanbHOro Kybumka.

Po3B'sAi3aHHA

) fAx 3asHauajiocsa BUIlE, B eKCIEPUMEHTI 3 HiAKUAaHHA KyOUKa iCHye IIicTh mo-
IapHO HEeCYMiCHUX PiBHOMOMKJIMBUX eJeMeHTapHUX IIogiii — sunaJo 1, 2, 3, 4, 5,
6 04OK (TaKOK MOYKHA CKas3aTH, II0 MPOCTip eJJeMEeHTapHUX MOAill CKJIAJAaeThCA 3 IIIe-
CTH BKa3aHUX MOIMAPHO HECYMiCHUX PiBHOMOKJIMBUX Mofil). COPpUATIUBUMU AJIA
noxii A € TibKU OBi eJeMeHTapHi moxii: Bumaso 3 ouku i BumaJyo 6 ouox. OrTixe,

2 1

MoBipHicTs monii A mopiBHIOE: P(A)= E = E

Mpuknapg 2. Metpo 11 MNaBno KnpawTb 3eNeHnn i 61akUTHUIA rpanbHi KYOUKN i KOX-
HOro pa3sy NigpaxoByloTb CYyMy OYOK, Wo Bunanu (puc. 9.2). BoHn gomo-
BUNCA, WO Y BUMNAAKY, KOJIM B Yeprogiin cnpobi B cymi Bunage 8 o4okK,
Burpac etpo, a Konu B cymi Bunage 7 o4ok — Burpac aeno. Yn € ya
rpa cnpaBeanvnBot?

Po3B'sA3aHHA

» Ilpu KupauHi KYyOUKiB HA KOKHOMY 3 HUX MOXKe
Bumnactu 1, 2, 3, 4, 5 a6o 6 ouok. KoxxHoMy umeay Puc. 9.2
OYOK, AKi BUIaJu Ha 3ejeHOMY Kyouky (1, 2, 3, 4,
5 abo 6 04YOK), BimmoBizae IricTh BapiaHTiB umcia
OUYOK, AKi BuUmasu Ha 6JaKkuUTHOMY KyOouky. OTike, ' @
yCBhOTO ofiep:KyeMo 36 momapHO HECYMiCHUX PiBHO-

MOJKJIUBUX eJIeMeHTapHUX IoJili — pesyiabTaTiB
I[BOT'O eKCIIEPUMEHTY, IKi HaBeeHO B TaOIUIILi:

* KOMEHTap BEKJIIOUEHO B 3aIl1C pO3B’H3aHHﬂ.
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(1;1) (2;1) (3;1) (4;1) (5:1) (651)
(2) (%2) (3:2) (42) (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) (25) (3:5) (4:5) (5:5) (6;5)
(1;6) (2;6) (3;6) (4;6) (5;6) (6;6)

(Y KoKHiM mapi umces Ha HepIIIOMY MiCI[i 3alIMCaHO YMCJIO OYOK, SIKe BUIIAJIO HA
3eJIeHOMY KYOMKY, a Ha IPYroMy MiCIli — UMCJIO OYOK, II[0 BUMAJIO HA OJAKUTHOMY
KyOuKYy.)
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.
Hnsa noxii A cipuATINBUMY € TaKi 5 pe3yabTariB (eJIeMeHTapHUX TOZiti):
(2;6), (3;5), (4;4), (5:3), (6;2).
s noxii B cnpuATINBUMHY € TaKi 6 pe3yabTaTiB (eIeMeHTapHUX ITOMiil):
(1;6), (2;5), (3;4), (4;3), (5;2), (6;1).
Toni
5 6
P(A)=—, P(B)=—.
36 36

Omxe, mancis Burpatu B IlaBia 6inbie, Hisk y Ilerpa. To6To Taka rpa He 6y/e cirpa-
BEJJINBOIO.

3a3HaAuMMO, II[0 Pe3yJIbTATU €KCIePUMEHTY 3 HiJIKHIaHHS JBOX I'PAaJbHUX
KyOMKiB, HaBeIeHi y mpukaagi 2, M03BOJSIOTh O0UMCIUTH HMOBIpHOCTI mOsSBU
Tiei abo iHIIIOI CyMM OUYOK, IO BUIIANAIOTh IIPU IiAKMIAHHI JBOX TI'PAJbHUX
KyOuKiB.

Cyma o4yok 2 3 4 5 6 7 8 9 10 11 12

_ 1 1 1 1 1

WmoBipHicTb —  — | —— — — — — — — | = | —
36 18 12 9 36 6 36 9 12 18 36

Mpuxknapg 3*%. 13 15 BurotoBneHnx Benocunenis 3 BusBunnca 3 gedektamu. fAka
MMOBIPHICTb TOrO, WO 2 Benocunenn, BMGpaHi HaBMaHHA 3 Lux 15,
6ynyTb 6e3 nedpekTis?

Po3B’A3aHHA

» Hexaii moxia A mosisrae B ToMy, 1110 2 BuOpaHi HaBMaHHS BeJOCUIIEIN OYyAYTH

6e3 medexTis. I3 15 Besmocuneais BubpaTu 2 MOXKHA 0125 crocobamu (Urcio Kombina-
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it i3 15 mo 2). Yci 1i Bubopu € piBHOMOKJINBUMU I TonapHo HecyMicHuMu. OTiKe,
3araJibHa KiJIbKiCTh PIBHOMOMKJIMBUX Pe3yJbTaTiB (TOOTO 3arajibHa KiJbKiCTh eJie-

MEeHTapHUX MNOJill) TOpiBHIOE 0125. CopuATINBUM pe3yabTaToM AJIs moxaii A € Bubip
2 OespeexTHUX Bejocuneis i3 12 0esmederTHIX (15-3=12). Orsxe, uucio CIIpHU-

ATIUBUX Pe3yaAbTaTiB (momiit) AydA momaii A mopiBHIOE C122. 3BizcH 0JIePIKYEMO

121
p(a)=Cio_ 2112-2)r _ 1211 _ 22
¢z 151 1514 35
21(15-2)1

3ayBaKuMO, IO 3aJIe’KHO Bi 3amauvi, dAKa PO3INIAAAETHCA, IJIA OTHOTO
A TOro caMoro eKCIIEpUMEHTY IIPOCTIip eJleMEeHTapHUX NOAiN MOKHA BBOAU-
™ y PisHi cmocobm. Haiiuacrimie ajgs Iboro HesaJIe;KHI ejeMeHTapHiI moxmii
OigbuparoTh TaK, 100 moAis, HMOBipHiCTH sSKOI mOTPiOHO 3HaliTH, caMa OyJa
eJeMeHTapHoi0 abo BUpasKajacsa uepe3 CyMy eJeMeHTapHuUX momiil. Aje misa
TOTO I1T00 BMKOPHCTATH KJACHUUYHE O3HAUeHHS WMOBipHOCTi, mOTpi6bHO OyTH
BOEBHEHUM, IO BCi BUIijJIeHI ejieMeHTapHi moail — pPiBHOMOMKJINBI.

Hampuknan, ax yske 3asHayvajJoch y 3ajadi Ipo MiAKUIaHHA I'PAJJIbHOTO
KyOMKa, IPOCTip eJeMeHTapHUX IOAili Mo:Ke CKJIamaTucsa 3 6 HesaJ eKHUX
piBHOMOKJIMBUX IMOAili — Bumnaganaa 1, 2, 3, 4, 5, 6 ouok. Aje AKIIO
B 3aJauyi IPOCATH 3HAUTW WMOBIPHICTH BUIIaJlaHHA IAPHOTO YWCJA OYOK, TO
IIPOCTOPOM eJIEMEeHTapHUX MOl AJs IbOT0 eKCIePUMEHTY MOKe OyTHM MHO-
JKMHA TIIBKM ABOX MOAIN: 4; — BHUIAJAHHS IapHOI KiJBKOCTL OYOK, U, —
BUTIaQJaHHA HENapHOI KiJBKOCTi O4OK (OCKiJBKM IIi moAii momapHO HecyMicHi
M y pesyJbTaTi eKCIepuMeHTy OO0OB’SIBKOBO BimOyAeTbCcsA OOHA 3 ITUX TIOMiii).
IIi momii piBHOMOMKJIMBiI (OCKinmbKU cepex uwmcen 1, 2, 3, 4, 5, 6 piBHO TO-
JIOBMHA TMapHUX 1 mojoBMHA HemapHux). OTiKe, 3a KJIACUYHUM O3HAUCHHAM

. N . . 1 .
MMOBIPDHICTh KOHOl 3 HMUX OOPIBHIOE E. 3BI/I‘-IaI/IHO, AKOU MU PO3IVIAHY-

JIU TIePINIUii 3 YKa3aHMWX MIPOCTOPIB eJIeMEeHTApHUX TOAii, TO TexX 3Morau 0
posB’A3aTHy II0 3aJady: BChOI'O IOAiN — 6, a cupuATIuBUX — 3 (BUIAJaHHA
mapHoro umcja ouok: 2, 4, 6). Toxi fimoBipHicTh, BuUIaJaHHS IIAPHOT'O YMCJA

. 3 1
OUOK JOPiBHIOE rE TOOTO 5

CupoOyemMo BBeCTH AJid PO3B’sA3yBamHA Ifiel 3amaui Takwmii IIpocTip eJe-
MeHTapHUX IOAili: u; — BUIAJaHHSA IapHOI KiJbKOCTi OYOK, U, — BUIAJaH-
Ha 1 ouKa, u; — BHUNAJaHHA 3 OUOK, U, — BHUINaJaHHA D ouok. Ili moxii
IifiCHO YTBOPIOIOTH IIPOCTIp ejleMeHTapHUX MOAill eKCIePUMEHTY 3 MigKuAaHHA
rpaJibHOTO KyOMKa, OCKiJIBKM BOHU IIOIAPHO HECYMicHiI I y pes3yJbTaTi exc-
IepuMeHTy OOOB’SIBKOBO Bifl0yAeThCs OfHA 3 IMX HOAili. AJie, KOPUCTYIOUNCH
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TaKUM IIPOCTOPOM eJIeMEeHTapHUX IOAiil, MU He 3MOKEMO 3aCTOCYBATU KJACHUY-
He O3HAUeHHS WMOBIpHOCTi, OCKiIbKM, AK MU BiKe Oaumyiv, BKasaHi eJeMeHTap-

Hi noxii He € PiBHOMOKJIMBUMMU: P(u1)=%, P(u2)=%, P(u3)=%, P(u4)=%.

3AMUTAHHA

1.

IloscHiTh, IO Take BUOAAKOBUII E€KCIEPUMEHT Ta BUIIAJKOBA IIOIisd.
Hasenits mpukaanmu.

2. IloscuiTh, AKi momii BBaKalOTh PiBHOMOKJIMBUMU. HaBemiTh mpuKJIamu
PiBHOMOMKJIMBUX Ta HEPIBHOMOMKJIMBUX TOAi. SIKi moxii BBasKaioTh He-
cymicaumu? Hasenits mpuriamgu.

3. INosicHiTh 3MicT KJIacMUYHOrO O3HaueHHs MoBipHOocTi. HaBemiTs mpuk.a-
au. SIK mosHauamTh iMOBipHicTH TOmii A?

4. fIxy mopmiro BBasKaloThL Biporigmoro, a AKy HeMmo:xJauBoro? HasexmiTe mpu-
kaagu. YoMy IOpiBHIOIOTH iMOBipHOCTI BiporigHOI Ta HEMOXKJIMBOI ITOAiN?

BMPABU
9.1°. VKaxiTh, AKi 3 moAifli y HaBeIeHUX eKCIepHUMeHTaX € Biporizuumu,
AKI — HEMOKJIUBUMU, AKi — IIPOCTO BUIIATKOBUMMU.
Ne EKcnepumeHT Mogis
1 BrvkoHaHHA nocTpiny MNonagaHHA B Uinb
2 | HarpiBaHHs Boau (Mpw 3BMYaiHUX ymoBax) = Boga nepetBopwunaca Ha nig
3 | Yuactb y nnotepei Bu Burpaete, 6epyun yyactb y notepei
4 | YuacTb y 6e3nporpaluHii notepei Bu He Burpaete, 6epyun yuacTb
y 6e3nporpaluHin notepei
5 | NigkngaHHA 3BMYaNHOrO rpanbHOro Kyouka = Bunano 5 oyok
MigKknpaaHHA 3BMYANHOrO rpanbHOro Kybuka = Brvnano meHiwe 8 oyok
7 | TMepeBipka po6oTu a3BiHKa By HaTUCHyNnu Ha KHOMKY A3BiHKA,
a BiH He 3a[13BOHUB
8 | BuitAraHHs Kyni 3 KOpo6KM 3 6invMK Kynsimun | BUTArM YopHY Kyrio
9 | ButAraHHs Kyni 3 Kopo6KK 3 6invmmn Kynamm | Butarnm 6iny kynto
10 | ButAraHHA ABOX Kynb 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.

Hasenits mo Tpu mpuKJIagy BipOTigHUX, HEMOMKJIMBUX i IIPOCTO BUMAI-
KoBuUX moxiii. Ilpukaanu samuiiiTe y BUMIAAL Tadbauii (auB. BupaBy 9.1).

Bimomo, mio ma 100 Oarapeiiok sycrpiuaiorbcsa 3 OpaxoBaui. fIka iimo-
BipHicTh KynmuTu OpakoBaHy OaTapeiky?

¥V wmarasuHi migpaxysaiu, 1mo 3BuuaiiHo 3 1000 TeseBis3opiB BUABJIA-
eTbesa 2 OpaxoBaHux. SIKa HMOBipHiCTH TOrO, IIIO0 TeJaeBi3op, BHOpaHMIA
HaBMaHHSA B I[bOMY MarasuHi, Oyme OpaxoBaHUM?

3a cratucTukoio B Micti N y cepemubomy 3a pik i3 1000 aBTOMOGii-
CTiB 2 mOTPAILIAIOTH B aBapifo. IKa IMOBipHicTH TOrO, 10 aBTOMOOIIiCT
y IbOMY MicTi Bech pik mpoisguTh 0e3 aBapiii?

Slka fimoBipmicTs TOro, mo B Kuesi conie siiime Ha 3axomi?
fka timoBipHicTh TOro, 10 micasa 31 rpyaHsa Hacrane 1 ciuna?

VY makeri jgexxarb 20 sesenux i 10 xosTmx rpymi. fAka HMoBipHicTH
BUUHATHU 3 HaKera rpyiry? SIka AMOBipHiCTh BUHHATH 3 makeTra s0JIyKO?

Jlo ek3aMeHy 3 BHUIIOI MaTeMaTUKMW Y TEXHIUHOMY BUIII BUKJAIAY IIiJ-
roryBaB 24 Oimeru. CrymenT AHApiii He posibpascsa B omHOMY OijeTi
i mgysKe 00iThCcA MOTO BUTATHYTH. SIKa HNMOBipHicTH TOro, 1110 AHIpPiiO
gicTaHeThbCA «HEIAC/JUBHUil» Oimer?

Ha sanmuranHa BikTOpmHHU Oyso orpuMmano 1250 gMCTiBOK i3 mpaBMJIb-
HUMU BifmoBimamwu, y ToMy uwmcii ¥ Bamia. [ BU3HAUEHHSA IIpU3epa
BeIyuMil IIOBUHEH HAaBMAaHHSA BUTATTU OJHY JIMCTiBKY. SIka WMOBipHiCTH
TOrO, II[0 IIPU3 AiCTAHETHCA BaM?

Y gorepei 10 Burpamamx KBUTKiIB i 240 KBuTKiB 0e3 Burpamry. §Ika
MMOBipHiCTh BUTPATH B I[J0 JIOTEPEIO, KYIUBIIN OAUH KBUTOK?

3adaua J[’Anambepa. SIka fiMOBipHICTH TOTO, 110 IPU ABOX MiAKUIAHHIX
MOHETH Xoua O OAMH pas BUIIaAe «repd»?

3a mepemory B TeJjerpi §flHa omep:KUTh TOJOBHUIMA
IpU3 — IIOMIOPOIK, AKIMO 3a OAHY CIpPoOy Bramae,
y axkomy 3 12 cexrTopiB Tabso (puc. 9.3) 3axoBaHuUii
npus. fIka imoBipHicTs TOro, 1o IHa BUPYIIUTH 1.2 3 4
y TOmOPOK?

Punc.9.3

YV norepei 100 kBuTKiB, i3 Hux 5 Burpamuaux. Aka

WMOBipHiCTH Iporparry? I

12
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000000

9.15.

9.16.

9.17.

9.18.

9.19.

9.20.

Y xkwumeni xjgomumka Jexxkarb 6 momer (pumc. 9.4). fIka #moBipHicTH
BUUHATY HaBMAHHS MOHETY:

1) 3 HOMiHAJ/IOM, III0 € MMAPHUM YKCJIOM;

2) 3 HOMiHAJIOM, II[0 € HEIapHUM YHCJIOM;

3) 3 HOMiHaJ/ioM MeHIte 207

Ha xaprmi Cymnepsoro (6 3 52) larmwio mosnaumB HOMepu: 1, 2, 3, 4,
5, 6. Harana Ha cBoifi KapTii mosHaumja Homepu: 5, 12, 17, 23, 35,
49. fx Bu ragaere, BUTpaIll AKOro HAOOpPy uwmces OiJIbIT iMOBipHUIA?
IlosicHiTH CBOIO BiZAIIOBiZb.

Inna mosumaums y Kaprii Cymepsoro (6 3 52) momepu: 7, 11, 15, 29, 38,
40 — i Burpas. Toxi BiHm Bupimms, 10 IId KOMOiHAIlidg YMces IacJauBa
i BiH Oyme BimmiuaTu ii y Beix Tmpaskax. Uu milicHO BiH 30iJBIIUTL CBOI
maHcu Ha Burpam? IloscHiITE CBOIO BiATIOBiAb.

Y cymii gexars 12 uepBoHUX, 10 3ejeHmx i 3 KOBTHX sOJIyKAa.

1) Ab6ayxo sSKOro KOJLOPY HMOBIipHiIlIe BCHOT'O BUUHATM HABMAaHHA i3
CcyMKu?

2) flka #iMOBipHiCTHP BUMHATH HaBMaHHSA:

a) sa6syKo; 0) rpylily; B) 3ejieHe SAOJYKO; T) He UepBOHE S0IYKO?

Bu Burpaere, AKINO KyJjs, BUMHATA HaBMaHHA 3 KOpoOKu, Oina. fAKy
3 KOpoOOK BuTiAHille BuOparTu AJs I'pH, 11106 iMOBipHicT: BuUTpalry OyJia
0iJIBIIIOI0, AKIIO:

* y KopoO1i A nexxkuTh 15 6inux Kyab i3 45;

¢ y KopooO1i B nexuth 40 6inux kyab iz 120;

* y KopoO1ii B mexxars 22 6ii Kyi i 44 uepBoOHi;

* y kopooO1i I mopiBHY 011X, YUePBOHUX 1 YOPHUX KYJIb.

I'pani sBuuaiinoro rpajabHOro Kyomka mogapOOBaHO B UEpPBOHUM i 3KOB-
., - N .. . . 1
Tuii Koabopu. VIMOBipHiCTH BuUIagaHHS UYepPBOHOI I'paHi mOpiBHIOE rE

. .. . . . 5 .
MMOBipHiCTh BUIIAJAHHSA »KOBTOI rpaHi mopiBHoe —. CKIJIBKM 4epBOHUX
i JKOBTUX 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 KopoOIli IMoJ0BMHA IIYKEPOK Y UYEepPBOHUX OOTOpTKAaX, TpeTmHa —
y CUHiX, pemita — Yy 3ejeHux. HaBMaHHA BUUHAIU OSHY ITYKEpPKY.
O0roprra AKOro KOJbOPY HAalMeHII iMoBipHA B Ifie€l myKepku? 3HANIITH
0 WUMOBipHiCTB.

Y myxaaai gexarh 8 uepBOoHUX, 2 cuHiX i 20 3emeHux oxiBiiB. Bu
HaBMaHHS BUIIMAETe OJIiBeIlb.

1) fdka #iMoBipHicTBH TOTO, IO IIE:

a) YepPBOHUII OJIiBellb;

0) JKOBTHII OJIiBellb;

B) He 3eJIeHUIl 0JiBerb?

2) Ky HaiMeHITy KiJbKiCTL OJIiBIIiB MOTPiOHO BUUHATH, 1100 3 iMOBip-
HicTO, sKa mopiBHIOE 1, cepen HuX OyB 3eJIeHUH OJIiBeIb?

KuparoTh omHOUYACHO ABa rpajibHi KyOuKu. fIka iMoBipHicTH TOro, IO
cyMa O4YOK Oyme mopiBHioBatu 127

Ha naBKy [OOBiIBHUM YWHOM CiZalOTh ABOE YOJIOBIKiB i kimka. fka
MMOBipHICTH TOTO, II[0 YOJIOBIiKM OINHHSATHCA IOPYU?

Is 5 kaprok i3 6ykBamu M, P, O, A, E HaBmaunusa BubupaioTb 4 KapTKH.
3HaligiTh iMOBipHiCTH TOrO, IO, MOKJABIIU IX Yy PAL Yy TOMY IIOPAIKY,
y aKoMy ix BuOupasau, ozep:karhb cjaoBo MOPE.

Bunyieno mapriro 3 500 Jgorepeiinux 6ijgeriB. ImosipHicTs TOrO, IO
mepiinii BuOpaHWiI HaBMaHHA OijlerT i3 1miei maprii Oyme BUTrpaIlrHUM,
mopiBuioe 0,2. BusHaure KinbKicTh OineTiB 6e3 suzpawly cepenm IuUx
500 oGineris.

VY KopoOIIi Jie;kaTh Pi3HOKOJLOPOBi KyJAbKHU, 3 AKUX 30 uepBouux, 10 3e-
JEHUX, a peIlITa — JKOBTi. 3’scyiiTe, CKIiIbKHU MKOBTUX KYJILOK JEKUTH
Y KOpOOIli, SIKII0 MMOBipHiCTh BOOPY BUIIAAKOBUM UMHOM JKOBTOI KYJIb-
Ku gopisuioe 0,6.

Y TopOuHII JeKaTh 3 IYKEPKU 3 MOJOYHOTO IMTOKOJIAAy Ta M ITYKEePOK
i3 YOpHOro IIOKOJIaAy. ¥YCi IMyKepKU MaloTh OMHAKOBiI (popMy I po3mipm.
SAKoro HailmeHulozo 3HAYUEHHS MOXKe HaOyBaTu m, SKIIO HMOBipHiCTH
HaBMAHHS BUTATHYTHA 3 TOPOMHKU IIYKEPKY 3 MOJIOUHOTO IIOKOJAIy
menIna sig 0,25?



§10. NOHATTA NP0 CTATUGTUKY.
XAPAKTEPUCTUKK PAAlIB AIAHUX

10.1. MoHATTA NPO CTATUCTUKY.
FEHEPANIbHA CYKYMHICTb | BUBIPKA

MOACHEHHA N OBI'PYHTYBAHHA

1. MoHAarTA npo CTaTUCTUKYy

Cmamucmuka — HAYKa, U0 6Uu64ac, 00poOasc i AHANI3YE KiabKicHi Oa-
Hi npo HAUPI3HOMAHIMHIWI MACOBL ABUULA 8 HUMML.

ErkoHOMiIUHA cTaTHCTMKA BWBYAE 3MiHY I[iH, IOIUTY Ta HOPOIO3UIII Ha
TOBapu, IIPOTHO3YE 3POCTAHHA I MaNiHHA BUPOOHUIITBA ¥ cHoKMBaHHA. Me-
OIUYHA CTATHUCTHUKA BUBYae e()eKTUBHICTH Pi3HUX JiKiB i MeTOHiB JiKyBaHHAI,
HNMOBIpHiICTh BUHUKHEHHS [IeAKOr0 3aXBOPIOBAHHA 3aJie’KHO BiJ BiKy, cTa-
Ti, CIIaZKOBOCTi, YMOB ’KUTTH, IIKiAJIWBUX 3BUUYOK, IIPOTHO3YE IOIIMPEHHS
enigemiii. Ilemorpadiuna cTaTHCTMKa BWBYAE HAPOAKYBaHICTb, UMCEJHHICTH
HaceJeHHdA, WOro ckJiaj (BiKoBuil, HallioHAJbHUN, mpodeciiiumit). A € 1me
craructuka (piHAHCOBa, IMOJATKOBA, 0i0JOTiUuHa, METEOPOJIOTiUuHA...

Craructuka Mae 0araToBiKoBYy icTopiro.
V:ke B cTapomaBHLOMY CBiTi BeJ CTaTHUCTHY- U
HUit 00siK HacenmeHHda. OgHAK MOBiIbHI TiIy- CTaTHCTHKA — Bij JaTHH.
MayeHHS CTATUCTUYHUX [TaHUX, BiICYyTHICTH status — cTaH.

CTPOroi HAyKOBOi 0a3M CTATHUCTUYHHUX IIPOTHO-
3iB HaBiThL y cepeauni XIX cT. 11e He T03BO-
JISIIA TOBOPUTHU IIPO CTATHUCTUKY AK HayKy. Tinmbkm y XX cr. 3’aBujaca
MareMaTuYHa CTAaTUCTHUKA — HAyKa, dAKa CIIMPAeThCsA HA 3aKOHU Teopii iimo-
BipHOCTeli. BusBuiaocs, IO CTAaTHUCTUUYHI MeTOAM OOPOOKM maHUX i3 caMMX
pisHHX rajysei KUTTS MamThb Oarato cuijbHOro. Ile m03BOJIMJIO CTBOPUTHU
yHiBepcaJibHi HayKOBO OOI'DYHTOBAaHI METOAM CTATUCTUYHUX AOCJiIKeHb i 1e-
peBipku craructuuHuUx rinores. OTike, mamemamuina cmamucmura — Ie
po3ail mMareMaTHKU, AKHII BUBYA€ MaTeMaTHYHi MeTonu OOpOOKH i BUKO-
PHUCTAHHS CTATMCTHYHHMX MAHUX [OJA HAYKOBUX i MPAKTHYHUX BHMCHOBKIB.
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Y maremMaTuuHill CcTaTHUCTUIL PO3IIANAIOTH METOIM, AKi HAIOTHh MOMKJIU-
BicTh 3a pesyJbTaTaM’ EKCIEePUMEHTIB (CTATUCTUYHUMUN TaHUMU) POOUTHU
TIeBHI BHUCHOBKU HMOBIpHICHOTO XapakTepy.

MaremaruuHa cTaTHCTHUKA OIIUTHLCA HA OBi IMUPOKi rasrysi:

1) onucosa cmamucmuka, KA PO3TJIALAE METOAU OINCY CTATUCTUUYHUX
JaHWuX, iX TabjuuHe i rpadivyme IIOJAHHS TOIIO;

2) ananimuuna cmamucmuka (Teopid CTaTUCTUYHUX BUCHOBKIiB), AKa PO3-
risgae oOpoOKYy MaHWX, OHEePKaHUX Y XOHi eKCIIEPHUMEHTY, i (hopMyIroBaHHSA
BHUCHOBKiB, III0 MAIOTh NPUKJIAJHE 3HAUEHHS IJId KOHKPETHOI raJjysi JIoAChKOoL
gisnpHOCTi. Teopis cTaTMCTMUYHMX BUCHOBKIB TiCHO IIOB’sA3aHa 3 TeOpi€io HMo-
BipHOCTell i 6asyeThca Ha ii MaTeMaTHYHOMY allapari.

Cepen OCHOBHMUX 3ajau MaTeMATHUYHOI CTATUCTHUKU MOKHA 3a3HAYUTHU
Taxi.

1. Ouinkra imosipnocmi. Hexall pesaxa BumajgkKoBa IIOJiA Mae HWMOBIp-
Hictb p>0, ase ii 3HaueHHA HaMm HeBimome. HeoOXimHO OIiHMTH II0 HIMO-
BipHicTBb 3a pesyjbTaTaMu eKCIIEPUMMEHTiB, TOOTO PO3B’A3aTHy 3a[ady IIPO OIliH-
Ky HMOBipHOCTI uepes3 YacTOTYy.

2. Ouyinka 3axony posnodiny. HocaimKyeTbcsa medKa BUIIAJKOBA BEJIUUU-
HaA, TOYHUU BUpa3 AJIA 3aKOHY po3momisy saxkoi Ham HeBimomuii. IloTpibHO 3a
pe3yJibTaTaM” €KCIEPUMEHTIB 3HAWTH HAOJMMMKEHUIN BUpa3 IJdA (PYHKII, 10
3ajJla€ 3aKOH PO3IOZiTy.

3. OuiHKa 4ucnosux xapaxmepucmukx 6UnadKosoi GeaUdUHU.

4. Ilepesipka cmamucmuuHux zinome3 (mpunyiieHsb). HocaimKyerbesa
JesdKa BUIIQAKOBA BeJWUYMHA. BUXomsauu 3 NEeBHUX MipKyBaHb, BUCYBA€ETHCA
rimoresa, HampuKJal, IPO PO3moAia Iriel BumagkoBoi BeamuuHHu. IloTpiGHO
3a pe3yJbTaTaMi €KCIIePUMMEHTIB NPUUHATH ab0 BiAXUJIUTHU I[I0 TilloTesy.

PesynbraTé mociigiKeHb, IO NPOBOAATHCSI MeTOZaMU MaTEeMAaTUUYHOI CTa-
THUCTUKH, 3aCTOCOBYIOThCA AJIA IPUNAHATTS pillleHb. 30KpeMa, IIiJ vac IJIaHy-
BaHHA II oprauisaiiii BUPOOHHUIITBA, B HPOIECi KOHTPOJIO SKOCTI HPOAYKILii,
BMOOpPY OITUMAJBHOTO uUacy HaJagku abo 3amiHu npitouoi amaparypu (Ha-
MPUKJIaJ, IPW BU3HAUYEHHI Yacy 3aMiHM JBUTyHa JliTaKa, OKPEeMHUX YacTUH
BEpPCTAaTiB TOIIIO).

Ar i B KOKHIN HayIi, YV CTATUCTUIII BUKOPHUCTOBYIOTHCA CBOI cremnmudiuHi
TepMiHu I moHATTA. esaki 3 HUX HaBedeHO B TaOjs. 14. 3amam’aToByBaTu ixX
O3HAUeHHSA He 00OB’A3KOBO, JOCTATHBO PO3YMITH 3MiCT.
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Tabnuus 14
YacTo BXMBa- . . HaykoBuin
. . 3MiCT TepMiHy . O3HaueHHsA
HUIN TEPMiH TePMiH
3aranbHumn Te, 3Bigkn BnbUpaioTs FeHepanbHa MHOXWHa BCiX MOXIUBUX
pAg AaHnX CYKYMHicTb pe3ynbTaTiB CrocTepeKeHHsA
(BMMiptoBaHHSA)

Bubipka Te, Wwo B1bUpatoTh CTaTucrnyHa MHoOXuWHa pe3ynbTaTie, AKi
Bu6GipKa, ctaTu- | peasbHO OfepaHi B JlaHOMY
CTUMHUNA pAR CnocTepexeHHi (BUMipOBaHHi)
BapiaHTa 3HauyeHHs ofHoro 3 pe- BapiaHTa OpHe 3i 3HaueHb enemMeHTIB

3yfnbTaTiB crnocrepe- BUOGIpKU

YKeHH#A (BMMipIoBaHHA)

Pap naHunx 3HauyeHHA BCix pe3ynb- BapiauinHun YnopAagkoBaHa MHOXMHA

TaTiB CNOCTepeXKeHHA pAaf BCiX BapiaHT
(BMMiptOBaHHA)

Hna BUBUEHHSA Pi3HUX MAaCOBUX SBUII IIPOBOAATHCS CHEIiaJbHI CcTaTh-
CTUYHI JOCTiMKeHHsA. Byab-dKe CTaTUCTUYHE NOCTiMKEeHHA IMOUYNHAEThCI 3 IIi-
JlecIpAMOBaHOr0 300py iH(opmarllii npo sBuile abo IIPOIleC, IO BUBUAETHCA.
Ileit eTan Ha3WBaAIOTh eMANOM CMAMUCMUYHUX cnocmepedceHyb. Il oTpuMaH-
HS CTaTUCTUYHUX NAHUX Y PE3YJbTATi CIIOCTEPEKEHBb CXOXKi eJeMeHTH AesTKOl
CYKYIIHOCTI ITOPiBHIOIOTH 3a pisHuMU o3Haxamu. Hampukian, yuuiB 11 Kiacis
MOJKHA TOPIBHIOBATH 3a 3POCTOM, PO3MipoOM omAry, ycmimiHicTio i T. . Boatu
MOKHA IIOPiBHIOBATH 3a JIOBXKWHOIO, JiaMeTpoOM, Barowo, MaTepiajioM TOIIIO.
IIpakTuuHo Oymb-AKa o3HaAKa abo MoxKe OyTH OesmocepeqHbO BUMipsSHa, ado
MOXKEe OJEPyKaTW YMOBHY UYHNCJIOBY XapaKTEPUCTUKY (AWB. TNPUKJIAL 3 BUIA-
ITaHHAM «Trepba» ¥ «umeaa» mpu migkuganai mouetu B § 9). Omike, medary
O03HAKy €JEeMEeHTiB CYKYHHOCTi MOKHa PO3IIANATH AK BUIAJKOBY BEJIUYUHY,
m1o HabyBae THUX UYMW iHINIUX UYWCJIOBUX 3HAYEHD.

B mporieci BuBUeHHA peasibHUX SBUII YacTO OyBae HEMOIKJIUBO OOCTEKY-
BaTHU BCi eJleMeHTU CcyKymnHocTi. Hampukiaan, TpaKTHYHO HEMOXKJINBO BUABUTU
po3Mipu B3YTTs y BCiX Jiofell ILJIaHeTH. A IepeBipuTH, HAIPUKJIAL, HASABHICTD
apKyIIiB HEeAKICHOI PEHTTeHIiBChKOI IJIIBKM y BeJWKil maprii Xxoua U peatib-
HO, ajie 0e3rys3;o, TOMY IO TIOBHA MEepeBipKa TpuUsBeAe MO 3HUINEHHSA Bciel
naprii mriBKu.
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Y momibHMX BUOAAKaX 3aMiCTh BUBUEHHSA BCiX €JIeMEHTIB CYKYIIHOCTi, KY
Ha3WBAIOTh 2€HEPAJIbHON CYKYnHicmo, oOCTeXKYIOTh ii 3HAUHY YaCTUHY,
o0paHy BUIAAKOBUM UMHOM. I[10 WacTMHY Ha3WBAIOTHb 8UOIPKOI, a UUCJO
eJeMeHTiB y BUOIpIi — o6’emom 8ubipku.

Ao y Bubipiii Bci OCHOBHI O3HaKM reHe-
PaJIibHOI CYKYITHOCTI HPUCYTHI B Ti#l camiii mpo-

. ) X PenpesenraruBHmii —
moprii i 3 Tieo camMoi0 BiZHOCHOIO UYACTOTOIO, Bix panm. représentatif —
3 AKOI0 JJaHa O3HaKa BUCTYIIAE B 3aJaHiil reHe- IIpeICTABHMITBKTIA.

paJbHill CyKYIHOCTi, TO 1110 BUOIpKY Ha3WBAIOTH
penpe3enmamue6HoI0.

IaminMu caoBamMu, penpeseHTaTHBHA BUOIPKA € MEHIIIOI 3a pPo3MipoM, aJie
TOYHOIO MOJIEJIJII0 Tiel reHepaJibHOI CyKYIHOCTi, IKYy BOHA Mae€ BimoOpaskaTiu.
VY Ti#t mipi, y ari#i BubipKa € penpe3eHTaTUBHOIO, BUCHOBKHU, IO I'PYHTYIOTHCA
Ha BUBYEHHI ITiel BuOipKM, MOXKHaA 3 BEJHKOIO YIIEBHEHICTIO BBasKaTU 3acCTO-
COBHUMM [0 BCi€l reHepaJIbHOI CYKYIIHOCTI.

D ITouaTTsa pempes3eHTATUBHOCTI BifiOpaHOl CYKYIHOCTI He O3HAUYae€, IO BO-
Ha TIOBHICTIO 3a BciMa O3HaKaMM IIPEJCTABJSAE TeHepaJbHY CYKYIHIiCTB,
OCKiJIbKM Ile NIPaKTUUYHO HEMOKJIWBO 3abesmeumnTu. Binibpana uactumra
Mae GyTH pernpe3eHTAaTUBHOIO BiTHOCHO THUX O3HAK, AKi BHBYAIOTHCH.

IITo6 BuOipka OyJsia pempe3eHTATWBHOIO, BOHAa Mae OyTHM BUOKpeMJEHA
3 TeHepaJIbHOI CYKYITHOCTi BUIAJKOBUM YHHOM.
Haituacrime BUKOPUCTOBYIOTH TaKi BUAU BUOIPOK:

Bubipka

(] (] (] (]
BNlaCHe-BMMNafKoBa MeXxaHiyHa TMMNOBa cepiiHa

JoknagHilwe 03HAaMOMUTUCA 3 XapPAKTEPUCTUKAMUN KOXHOIO BuAy BUOGIPOK BU MO-
U XeTe, 3BEPHYBLUNCb A0 IHTEPHET-NIATPUMKM NigPYYHUKA.

fAx yxe sasmauaJsiocs, MPAKTHUYHO OyAb-AKa o3Haka X, sgKa BUBYAETH-
cs, abo OesmocepeTHLBO BUMIPIOETHCS, ab0 MOKe OIepiKaTH UYMCJIOBY Xapak-
TepucTuKy. TomMy MepBUHHI eKcIepMMeHTaJbHI HaHi, IO XapaKTepusyioThb
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BUOKpPeMJIeHY BUOIPKY, 3a3BMuUail mofaHi y BUTVIALL HAOOPY YKCeJ, 3alIUCAHUX
JOCJHiTHUKOM y HOPAAKY iX HaIXOAKeHHH.

D

KinbkicTe (n) uncesn y mipomy HaOOpi Ha3UBAIOTH 00 €MOM BUOIPKU, & KiJTb-
KicTe (m) 3’saBjeHb BapiaHTH (OZHOrO 31 3HAUEHb €JIEMEHTIB BUOIpKH) —

yacmomor eapianmu. BimHOIIeHHA — HA3WBAIOTH BiJHOCHOIO YacCTO-
. n
Toto (W) BapianTH.

Bukopucropyooun i HDOHATTSA, 3aIKIIEeMO CIIiBBiIHOIIIEHHS MiX HUMU

B penpeseHTaTUBHIiN BUOIipIIi.

» Hexan S — o06'em reHepanbHOi CyKynHoOCTi, n — O0O6'eM penpe3eHTaTUBHOI

BMOIPKY, y AKiN k 3HaueHb AOCHiOXKYBaHOI O3HaKM pPO3MOAINEHO 3a YacToTa-
mu My, My, .., M, ne Y M =n.Togi B reHepasbHili CyKynHoCTi Yactotam M,
M,, .., M, OypyTb BiAnoBigaTM 4acTOTU S;, Sy, .., S, TUX CaMMX 3HaYeHb
03HaKW, Wo 1y BMbipui (23=S).

3a 03HaYeHHsAM penpe3eHTaTUBHOI BUBIPKU oflep>KyEMO

M. s, 3HaK (curma,
—L=W,=-L, 2

n S UHUTAIOTh: «CyMa») —
3HaK, YBeIeHUN

fie i — MOPAKOBNI HOMEP 3HaueHHA O3HakM (1<i<k). | j Eit1epon s

I3 uboro cniBBigHOLWEHHA 3HAXOANMO [O3HAYEHHS CyMHI
M BCiX 3HAUEHD JesIKO1
s;=SW, (abo s;=S—+), 1<i<k. (@)) BEJIMYWHU.
n

Mpuxknag. B3yTTeBMI yex mae sunyctut 1000 Nap KpociBok monogixHoro ¢aco-

Hy. [1ns BU3HAUEHHSA TOro, CKiIbKM KPOCIBOK i IKOFrO po3Mmipy NOTPiGHO
BUMNYCTUTK, Bynu BUABNEHI po3mipy B3yTTA ¥y 50 BMNAagKOBMM YMHOM
BUGpaHMx nianitkie. Po3nogin po3mipis B3yTTA 3a yacToTamy MopdaHo
B Tabnuui:

Posmip (X) 36 37 38 39 40 41 42 43|44

Yactora(M) 2 5 6 12 11 7 4 2 1 ZM=n=50

CKinbKn KpoCiBOK pisHOro po3mipy 6yae sBurotonsatu ¢abpurka?
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Po3B'si3aHHA

» Byzmemo BBaskaTu posmIAHYTY BUOGIpKY o0’emom n =50 mimriTkiB penpesenTa-
tuBHOI0. Toxi B rerepanbHiil cykynnocri (06’°emom S =1000) kinbKicTs KpoCciBOK
KOJKHOTr'0 PO3Mipy IPOIIOPIifiHA KiJIbKOCTi KPOCiBOK BiIOBiAHOrO po3Mipy y BubipIri
(i 11 KoKHOTO POo3Mipy o0umcIIoeThHCA 3a hopmyaoio (1)). PesyabraTi pospaxyHKiB
OymeMo 3aliCcyBaTU B TaOJIUITIO:

Po3mip (X) 36 37 3839 40 41 42 43 44

Yactota (M) 2 5 6 12 11 7 4 2 1 2M=n=50

Bgpocia | 1136 117 2 1L ey,

yactota (W) 25 10 | 25 | 25 50 50 25 25 50

Kinbkictb

KpociBoK (SW) 40 100 120 240 220 140 80 40 20 Z(SW)—S—IOOO
Bionosiov:

Po3mip 36 37 38 39 40 41 42 43 44

KinbKicTb KpoCiBOK 40 | 100 120 | 240 220 | 140 80 40 20

Y cinbCchbKOMY IOCHOZAPCTBi AJis BUSHAYEHHS KiJIbKICHOTO CHiBBiJTHOIIIEH-
HA BUPOOIB PiBHOTO COPTY KOPUCTYIOTHCA TaK 3BAHUM BUOIPKOBUM MemOoO0oM.
CyTpb 1mporo merony Oyae sCHA 3 OIMCY TAKOrO OOCIimy.

Y KopoOIli peTesibHO IepeMilllaHUi TOPOoX ABOX COPTIB: 3eJeHWH i1 KOB-
Tuii. JIOJKKOI0O BUTATAIOTH i3 PiBHMX MicCIlb KOPOOKHU MOPIIii Tropoxy, ¥ KOXKHIii
nopILii miApaxoBYIOTh UUCJO YKOBTUX TropoitrH M i UMCJIO BCiX T'OPOIINH n.
Jia Ko:xHOI IopItii 3HAXOAATH BiTHOCHY YaCTOTY IIOABU KOBTOI TOPOIINHU
Wzﬁ. Tak pobusaTh k pasiB (Ha mpaxkTuii s3asBuuaii 6epyTh 5<k<10)

n
i 1mopady OGUYMCJIOITH BiIHOCHY YacTOTy. 3a CTAaTUCTUYHY HMOBipHICTH BU-
JIYYEHHS JKOBTOI TOPOIIMHU 3 KOPOOKW IPUUMAIOTHL CepemHe apudMeTnyHe
OTPHMaHHUX BigHOCHUX uactoT W, W,, ..., W,:

W = W +W,+...+W,
cep & *




§10.TToHATTS NPO CTAaTUCTUKY. XapaKTepuUcTUKM pPALiB OaHUX 141

3AMNMUTAHHA

1. IloscHiTh, AKi 3aBAaHHA pPO3B’A3YIOTH CTATUCTHUKA W MaTeMaTHUYHA
CTaTUCTUKA.

2. IlosicuiTh, SK BU PO3yMi€Te TepMiHHU: reHepaJjibHa CYKYIIHICTH, BUOipKa,
pemnpesenTaTuBHA Bubipka. HaBexniTh mpukJamu.

BMPABU

10.1.1. B ypuBKY 3 XyA0KHBOTO TBOPY AeAKoro aBropa obcarom 600 ciaiB mie-
CJIOBA TPAILIAITLCA (2 pasu. BusHAUTe OPi€HTOBHY KiJbKicTh mieciaiB
B ypuBKy obcsarom 2000 cuiB 1miboro asTopa.

10.1.2. Cepen BumangkoBum uuHOM BuOpanux 100 mojomux Jrofei, ki BIITKY
HOCSATH 0eicO0IKY, IPOBEJIN OMUTYBAHHS IIPO KOJHOPOBi IepeBaru AJjisd
IIbOTO BUAY TOJOBHUX yOOpPiB. PesynbTaTu omMTyBaHHSA BimoOpakeHO

B TaOJIMITi:
Kouip Yopuuit | YepBouuit Cumniii = Cipuii Binuit | Koeruit Senenuit
Yacrora 32 20 16 14 11 5 2

BBaskaouwm posriaHyTy BHOIPKY penpe3eHTATUBHOIO, 3aIIPOIIOHYM-
Te peKoMeHJAIlil ImBeiHi#t (adbpuili 3 KiJIbKOCTI BUIYCKY 0eiicOOJIOK
KOKHOTO KOJIbOpy, AKINo (adbpuka mae Bunyctutu 30000 6eiic60JIOK.

10.1.3. MoJioKk03aBOJ BUITYCKA€E MOJIOKO Pi3HOI JKMPHOCTi. ¥ IPONYKTOBUX Mara-
3MHAX MicTa, AJIsA AKUX 3aBOJ BUPOOJISIE MOJOKO, 6YJI0 IPOBEJEHO OIIM-
TyBaHHA 50 HaBMaHHA BUOPAHUX MOKYMI[iB ITPO Te, AKOI JKUPHOCTI MO-
JIOKO BOHU CIIO)KUWBAIOTh. Pe3ysbTaTu ONUTYBAHHA HABEJEHO B TAOJIMILi:

Kupuicts mosoxa (y %) 0 0,5 1 1,5 2,5 3,5 5
Yacrora 10 6 4 5 12 7 6
Braskatoum posmIAHYTY BUOIPDKY penpeseHTaTUBHOIO, 3alPOIIOHYHTE pe-

KOMEHIaIlii MOJIOK03aBOMY IOA0 00’€My BUIIYCKY MOJIOKa KOMKHOTO BULY,
AKINO MoJiokodaBon mae Bunyckatu 2000 jiTpiB MoJIOKa MIOZEHHO.
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10.1.4. BusHnauTe, AKYy i3 3aIpOMOHOBAaHUX BUOIPOK B OCTAHHBOMY CTOBIILL
TabaUIi MOKHA BBasKaTH PEPEe3eHTATUBHOIO.

’IO

20

30

l[eHepanbHa
CYKYMHICTb

MNapTia ogHa-
KOBUX fleTanemn
obcsirom
10000 wTyK

Yci ek3ameHaUinHi
po6oTK 30BHiLI-
HbOrO He3anex-
HOrO OLjiHIOBAHHA
3 MaTeEMaTMKU BU-
NYCKHUKIB  LWIKiN
MmicTa

MapTia wtamno-
BaHWX AeTanen
obcarom

100 000 wryK

bigoH monoka

Ypoxan 3epHa
Ha nnowi 1000 ra

MeTa obcTexxeHHs

BusHaueHHa umncna
6pakoBaHuX fAeTa-
newny naprtii

BuaBneHHAa cniBBig-
HOLLUEHHA MiX 4YnC-
NIOM YUYHIiB, piBeHb
HaBYaNIbHUX [OCAr-
HEHb i3 MaTemaTuKm
AKUX € [OCTaTHIM,
CepepHiM i BUCOKUM

BusHaueHHsA cepepn-
HbOI Macu peTtani
B MapTil

Bu3sHaueHHA Xup-
HOCTi MonokKa (y Bia-
COTKax)

BusHaueHHa ypo-
»KaMHOCTI 3epHa Ha
Lbomy noni

Bnbipka

1) 100 petanen, AKi nexatb nopAg;
2) 100 peTanein, BUOpPAHUX BUMALKOBUM 4un-
HOM i3 pi3HMX YaCTWH napTil

1) 10 poG6iT, y38TX BUMNALKOBVMM UYUHOM i3
yncna BCixX pobiT;

2) 100 poO6iT, y3aTX BUMALKOBMM UYMHOM i3
yncna BCix pobiT;

3) 100 pobiT BUMYCKHMKIB OOHI€ET LIKONW

1) 2 petani;

2) 100 petanen, AKi BUrOTOBWUIN OCTAHHIMU;

3) 50 BUNaAKOBMM YMHOM BUOpPaHUX AeTanei
i3 napTii

1) Jloxka Monoka, fika B3fATa 3 NMOBEPXHi Yyepes
2 rop nicnsa Hagoto;

2) CTakaH MoOJIOKa, HanuTuiA i3 6igoHa nicna
2 rofl OXONOAXKeHHs 1oro B norpeoi;

3) NoXKa MOJOKa, y3ATa MicnA peTenbHoro ne-
pemilwyBaHHA MOSIOKa

1) Ypoxcaid 3epHa 3 RiBHIYHOrO Cxuny marop6a
nnoweto 1 ra;

2) cepefiHe apudmeTMuHe BpOXaliHOCTeln 3ep-
Ha 3 OBOX CyCiHiX ginAHoK nnoweto 1 ra —
NiBHIYHOTO i CXiAHOTO CXMAiB Narop6ba;

3) cepenHe apudmeTnUHe BPOXKaMHOCTEN 3epHa
3 10 minAHoOK, KOXHa 3 AKMx nnoweto 10 co-
TOK BMOGPaHa Ha nosni BUNagKoB/M YMHOM
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Tabnuus 15

O3Ha4yeHHA Mpuknap
PaHXupyBaHHA pAgy AaHUX

Mig paHxupysaHHAM pady 0aHUX Po3yMitoTb | AKLLO pAd faHUX BUGIPKN Mae BUNAL
po3TallyBaHHA efieMeHTiB Lboro pagy 53,74,6,4,6,9,4,

B MOPAAKY 3pOCTaHHA (MaEeTbCA Ha yBasi,
O KOXHe HacTyrnHe umcno abo Ginblue,
ab0 He MeHLLe nonepegHboro).

TO NiCNA paHXWPyYBaHHA BiH nepeTsBoO-
PIOETLCA Ha pAj

3,4,4,4,56,6,7,9 m
Po3smax Bub6ipku (R)

Po3max subipku — ue pisHUUA MixXK Hai- | [Ina pagy (1) po3max BMGipKu:
GinbWMM i HAVIMEHLIMM 3HAYeHHAMM

. . R=9-3=6.
Benu4uHmM y Bubipui.

Mogpga (Mo)

Moda — ue 3HayeHHA enemeHTa BUGip- Y papgi (1) 3HaueHHs 4 3yCTpiYaeTbCs Hai-
KU, fiKe 3yCTpiYaeTbCA YyacTiwe 3a iHwi. = vacTiwe, omxe, Mo=4.

MegpgiaHa (Me)

MeodiaHa — ue Tak 3BaHe cepepuHHe [ns pagy (1), y Akomy 9 uneHis, megiaHa —
3HauyeHHA BNOpPsAAKOBaHOro psAy 3Ha- | Le cepefHe (TO6TO n'ATe) uncno — 5:

YyeHb BUNAaAKOBOI BeNNYMNHM: Me=5.
® AKWO KinlbKicms Yucesn y padi HendpHa, AKWOo 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 cepea-
® AKWO KinbKicme yucesn y pAdi napHa, mo HE apndMeTMYHE N'ATOrO i LLOCTOrO YJIEHIB:
MediaHa — ye cepeOHE apugpmemuyHe 4+5
Me= =4,5.

080X Yuces1, Wo CMoamMb NOCcepeouHi.
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CepepHe 3HaueHHs (X) Bubipku

CepeOHim 3Ha4YyeHHAM 8UbIpKU Ha3MBalTb = Hexan pag maHUX 3ajaHuin Tabnuueto
cepefiHE apudMeTUUHe BCiX Ymcen psay | po3noginy 3a yactotamu M:
JaHuX BUBIpKN.

AKLWO B pAAI AAHUX 3aNMCaHi 3HaYeHHA X, X 2 4 5 v

Xg, . X, (CEPEA AKNX MOXYTb OyTU 11 OA- M 3 1 9 9

HaKoBi), TO

X,:x1+x2+...+xn' 2 ZM=n=8.

n

AKLWo BiAoMO, Lo B pAAI AaHMX Pi3Hi 3HA- | Topi 3a dopmyroio (2)

YEeHHA Xy, Xg, .., X; 3YCTpivaloTbCA Bif-

MOBIAHO A0 YacTOT My, My, .., My, (TOAI | X = 24242444545+ THT :ﬁ:4,25

8
ZMz n), To cepenHe apudPmeTUyHe
MOXHa 06uMCcIoBaTH 33 GOPMYNOI0 abo 3a apyroto ¢popmynoto
X= Xymy +x,m, +...+x,m, X 2-3+4-1+5-2+7-2 =ﬁ=4 95

n ' 8 g8

MOACHEHHA N OBI'PYHTYBAHHA

fAx y:xe sasHauajocsd, MPaKTUYHO OyAb-dKa Oo3HaKa X, AKa BUBYAETHCH,
abo OesmnocepelHbO BUMIPIOETHCHA, a00 MOYKe OJepPIKaT! UYUCJIOBY XapaKTepPUCTHU-
Ky. ToMmy IIouaTKOBi eKclleprMMeHTaJbHi JaHi, III0 XapaKTepusyIOTh BUALIEHY
BUOipKY, 3a3BUYAall MOJAHI Y BUIVISAL HaOOPY YMCeJ, 3allCAHUX MOCJIiTHUKOM
y MOPAIKY iX HaAXOI:KeHH:dA. SIKII0 JaHuX 0ararTo, TO oAep:KaHMWU HaOip umces
BasKKO OCATHYTH ¥ 3pOOUTH 3a HUM SAKiCh BUCHOBKM OysKe CKJIATHO. TomMy
MepBUHHI gaHiI MOTPeOyoTh OOPOOKM, AKA 3a3BUYAM IOUYMHAETHCSI 3 iX TPYy-
nyBaHHA. ['pynlyBaHHA BUKOHYETBHCA PIBHUMM MeETOAaMU 3aJIeKHO Bil MeTu
IOCJIiIKeHHs, BULY O3HAKH, IIJ0 BUBYAETHCH, i KiJTBKOCTI €eKCIIepPUMEHTAJBHUX
maHux (00’emy BuOGipKm). AJie HaluacTillle TPymyBaHHS 3BOJUTHCSA OO ITOHAH-
HA JaHUX y BUIVIAAL TaOMUIlb, V AKUX Pi3HI 3HaUEHHs eJIEMEHTIB BUOIpKU
BIIOPAJKOBAaHI 3a 3POCTAaHHAM i BKasaHi ix wacTtoTu (TOOTO KiJIBKIiCTH KOMK-
HOrO ejieMeHTa y BuOipifi). 3a HeoOXimHOCTi B Iiii TAGJMIII BKA3yOTh TAKOMK
BiIHOCHI YacTOTM IJIA KOXKHOTO eJIEMEHTAa, 3alMCAHOTO B IIEPIIIOMY DAIKY.

Taky TabJUIlI0 YAacTO HABWBAIOTH PAJOM pPO3IOAiNy (abo eapiauiilHum
) padom).
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Hampuxiaazn, Hexaii y pesyabTari BUBUYEHHA po3Mipy B3yTTa 30 XJomuu-
KiB 11 kjacy OyJio ofep:kaHOo Habip umces (pe3yabTaTH 3aIMCAHO B IIOPALKY
onutyBauHA): 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 3pyunimme Oysmo aHaJsidyBaTw iH(poOpMAaIiito, y MOgiOHUX CUTyaIisx
YMCJIOBI JaHi CIIOUATKY PAHMCUPYIOMb, PO3TAIIOBYIOUM IX yV HMOPALKY 3pPOCTAH-
Hs (KOJIM KOYKHe HacTyIlHe umcjio abo Oisibiiie, a0 He MeHIIe 3a TOIIEePEHE).
V pesynabTaTi paHKUPYBAHHS OMEPKYEMO TaKWHM PAMI:

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 criIamaemMo TaOJIHINIO, YV IIEPIIOMY PAAKY SIKOI BKasyeMo BCi pisHi
3HAUEHHA ofepikaHoro paay ganmx (X — posmip B3yTTa Bubpanmx 30 XJoI-
ynkiB 11 KJjacy), a B Apyromy pAAKy — ix uactotu M:

X | 38 39 40 41 42 | 43 44 | 45
M 2 2 5 7 6 4 3 1 | n=)M=30

Opmep:KyeMO AL PO3IOAiay o3HaKu X, AKA PO3TVIANAETHCS, 3a UYaCTOTAMMU.
IHomi 3py4yHO IIPOBOAUTU aHAJNI3 PALY POS3IOAiJIy Ha OCHOBiI iioro rpadiuHoro
300pasKeHHsd.

IlosmaunMo Ha KOOPAWHATHIN NJIOIIWHI TOYKMW 3 KOOPAWHATAMU (xl;ml),

(xz;m2), vees (xs;ms) i cmosryummo ixX mociimoBHO Biapiskamm (pmc. 10.2.1).

D OpepsxaHy JlaMaHy JIiHiI0O HA3UBAIOTh NMOJiZOHOM YACMOM.

Puc. 1021, M
i ]

—
T
|
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
|
1
r
1
1
1
1
1
1
|
1
1
1

S
1
1
1
1
|

S
1
1
1
1

oL
1
1
|
1
1
I
1
1
1
1
1

38 39 40 41 42 43 44 45 X
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O3HaueHHs. lMonizoHom Yacmom Ha3MBaAETbCA laMaHa, BiApPi3Kn AKoI nocsi-
AOBHO CMONYYaIOTb TOYKN 3 KOOPANHATAMN (13, ), (X957My)s ey (X451, )s
Ae X; — 3Ha4YeHHA pisHUX eNleMeHTIiB pAAy AaHMX, a m; — BiANOBIAHI im
yacrtoTu.

Amnajoriuno o3HAUAETLCA U OyAYETBHCS NMOJi20H BiOHOCHUX Yacmom IJs
o3Haku X, sKa PO3MIALAETbCcs (OyAYIOTHCA TOUKM 3 KOOPAWHATAMU (xl;wl),
(xz;wz), ey (xk;wk), Jle x; — BSHaueHHsd DI3HUX eJleMeHTiB pAjy MaHUX,
a w; — BigmoBigHi iM BigHOCHI yacTOTH.

SIKI10 mMopaxyBaTH BiJHOCHI YacTOTH IJisI KOYKHOT'O 3 PiBHMX 3HAUEHDL DALY
IaHUX, POBIVIAHYTOTO BHUIINE, TO PO3IMOAiJ 3HAUeHb O3HAKU X, AKA PO3TJIAIa-
€ThbCs, 3a BiIHOCHMMM YaCTOTAMHU MOXKHA 3aJaTy TabJHUIelo:

X 38 39 40 41 42 43 44 45
Wiz0,07 iz0,07 l~~f0,17 Lz0,23 l=O,2 iz0,13 L=0,1 iz0,03
15 15 6 30 5 15 10 30

Yw=1

Tarko:x posmomisi 3HAUeHb O3HAKU X, AKa PO3IJIANAETHCSA, 3a BimgHOC-
HUMU YaCTOTAMM MOJKHA TOJATH y BUIJIAML IIOJirOHA BiTHOCHUX YacTOT
(puc. 10.2.2), y Buraani jaimifimoi miarpamm (pumc. 10.2.3) abo y Burisami

Puc.102.2| W
0,31
e, 2o oo °

0,1 f-mmmmmmmmmm e .

o—_~-7 I ! ‘ ) )
¢ 38 39 40 41 42 43 44 45 X

Puc.1023| W
0,3t

ke

0’;"¢]r] i J[] ,,,,, ]

38 39 40 41 42 43 44 45X
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KPYyroBoi miarpamu, momepenHbO 3aIlucaB-
1Y 3HAUYEHHA BiJHOCHOI YacTOTH Y Bimcor- Puc.10.2.4
Kax (puc. 10.2.4).

Harapmaemo, 1mio s mo6ymoBu Kpyro-
BOI fiarpaMu Kpyr po30MBaEThCA Ha CEK-
TOPHU, IIEHTPAJbHI KYTU AKUX IIPOIOPITiii-
Hi BIITHOCHHM 4YacTOTaM, OOYMCJIEHUM [IJIS
KOJKHOTO 3 DiBHUX 3HAUEHb DALY TaHUX.
3ayBasKuMoO, III0 KpyroBa miarpama 30epi-
ra€e CBOIO HAOUHICTH 1 BHpA3HICTH TiJIBKU
y BUNAAKY HeBeJWKOl KiJbKOCTi omepika-
HUX CEKTOpiB, B iHINIOMY BHOaAKy Iii 3a-
CTOCYBaHHA MaJoe(peKTUBHE.

SKmo osHaka, AKa PO3TIALAETHCA,
HabyBae 0OaraTboxX PiBHMX B3HAUYEHb, TO II PO3MOAIJI MOXKHA Kpalle YsSBUTHU
micas po30UTTA BCiX 3HAUEHb PAAY HAaHMX Ha KJacu. KiJbKicTh KJaciB Mo-
JKe OyTu OyIb-siKOI0, 3PYYHOIO AJIA OOCJTiM:KeHHs (3a3Buuali ix BUOMPAIOTH
y Kimbkocti Big 4 mo 12). Ilpu nbomy BeamumHu (06’€Mu) KJaaciB MamTh OyTH
OHAKOBUMMU.

Hanpuriaaz, y Tabauii mogamo Bimomocti mpo 3apobitay maaruaio 100 mpa-
IIOIOUMX Ha OJHOMY IinnpueMcTBi (Y JeAKUX YMOBHUX OOUHUIAX). [Ipu mpomy
3HAUEHHA IJIaTHI (OKPYIVIEHi A0 IIiJIOTO YMcJia YMOBHUX OAWHWUILH) 3TPYyHOBaHi
B 7 KJaciB, KokHUI o6’emom y 100 yMOBHUX OOUHUILL.

Bix 400 Bix 500 Bix 600 Bix 700 Bix 800 Biz 900 Bix 1000

WG] 10 500 10 600 1o 700 mo 800 zo 900 101000 o 1100
Homep knacy X 1 2 3 4 5 6 7
YactoTa

(KinbKicTb 4 6 18 36 22 10 4

npauotoumx) M
(mepesipka: Y M =100).
Haouno uwacToTHUII poO3mOMiJ 3apmjaTHI 3a KJiacaMM MOXKHAa MIOIaTH

3a momomoror moJriroHa uvactor (pume. 10.2.5) abo croBmuacToi miarpamm
(puc. 10.2.6).
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Puc. 10.2.5 Punc. 10.2.6
M M
40+ 40+
S O e o Q=g —
30T 30T
7777777777777777777 e

20 J 3 201
107/ R 101
g | g

0 ; ; ‘ ‘ i ‘ ; 0

N B I A T Sy I QIR TIXE

Isoni BuOGipKy BMIIAAKOBUX BeJWMUYUH ab0 BCIO T'eHEpaJbHY CYKYIIHICTH
X BEeJUUYUH NOBOAUTHLCS XapaKTepu3yBaTuU OTHUM umcjoM. Ha mpakTuili e
HeoOXiHO, HAIPUKJIAJ, A IIBUAKOIO HMOPiBHAHHA ABOX abo OijbIlle CyKyII-
HOCTell 3a 3arajbHOI0 O3HAKOIO.

PosrianemMo KOHKPETHUH IPUKJIAL.

Hexaii micaa aitHix kaHiKya npoBeau onutTyBaHHa 10 miBuar i 9 xJjomiis
OIHOTO KJIACY BiJHOCHO KiJIBKOCTI KHUIKOK, SIKi BOHUW IIPOYUTAJIN 32 KAHIKYJIU.

PesynbraTu 0ys0 3ammcaHo B MOPAAKY onuTyBauHHA. Omep:kaam Taki pagu
YuCeJI:

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 aHaJjisyBaTu iH(opmairiio,
y HOAiOHMX BUIIaAKAX UMCJIOBI JaHiI PaHKHPYIOTb, PO3TAIIOBYIOUHM iX Y IIO-
PAIKY 3pocTaHHA (KOJU KOKHE HAaCTyIHe uucjo abo Oiyibiire, abo He MeHIIe
3a IomepenHe). Y pesyJsbTaTi PaHMKUPYBAHHA ONEP:KUMO TaKi pamu:

Hisuara: 3, 3, 3, 4, 4, 5, 5, 5, 8, 12. (@))
Xgomui: 3, 3, 4, 4, 4, 4, 5, 6, T. 2)
Toxi posmoxinm 3a uwactoramum M BeawmuywmH: X — YHUCIO0 KHUMKOK, IIPO-
YUTAaHUX 3a KaHIKyJIW miBuaTaMu, ¥ Y — UYHNCJIO0 KHHUIKOK, IPOYUTAHUX 3a

KaHIKyJIM XJIOMIIAMM, MOXKHA 3aJaTy TaOJIWI[SIMI:
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X 3 4 5 8 12 Y 3 4 5 6 7
3 02 3 1 1 M |2 4 1 1 1
Y M=n=10 Y M=n=9

IIi posmomiiu MoKHa IIPOLMIOCTPYBATH TaKOK rpadiuHo 3a JTOIIOMOTOI0
nojairouy uactot (puc. 10.2.7, a, 6).

Hna mopiBuAHHA pAniB (1) i (2) BUKOPUCTOBYIOTh Pi3HI XapaKTEePUCTUKU.
Hasenemo pesaxi 3 HuX.

Posmaxom pady uucen (mosHauaoTh R) HA3MBAIOTH DPISHUII0 MiK HaIi-
OisnpIiuM i HaiMeHIIUM i3 1mux unces. OCKiJIbKY MU aHAJi3yeMO BHOIPKY
JeIKUX BEJIUYUH, TO po3max 6ubipku — Iie Pi3HUIA MiK HaNOiIbpIIUM
i HaliMeHIINM 3HAYEHHAMM BEJIUYUHU y BUOIpIi.

Hna pany (1) posmax R=12-3=9, a gna p4a-
oy (2) posmax R-7-3=4. Ha rpagiky posmax —
e AOBMKMHA oO6JiacTi BU3HAUEHHS IMOJIrOHY YacTOT
(puc. 10.2.7).

Mopa — Big maTuH.
modus — mipa,

; . IIpaBUJIO.
OpHieo 31 CTATUCTUYHUX XapPaKTEPUCTUK PALY
IaHUX € moro mooda.
Puc. 10.2.7
a 6
M M
4 g} qpesmssssses 4
3t-—-- «----2 3 i
] ¥ e
oo et e
0 —— : ; 0 R
12345678910111rX 12?456(Y
o, Mo, Mo
R R
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OzHaueHHA. Moda — ue Te 3HAaUYEHHA efleMeHTa BubipKu, ke 3ycTpiyaeTbcs
yacTiwe 3a iHLWi.

Mony mosmauaiotes Mo.

Tak, y pagi (1) aBi mogu — uucaa 3 i 5: Mo; =3, Mo, =5, a B pazi (2)
oxHa Moma — umcygo 4: Mo=4. Ha rpadgiky moma — Iie 3HaueHHs abOCIucH
TOUKM, AKa BiAmoBimae makcumymy mnojiroHy uacrtor (puc. 10.2.7). 3asnauu-
MO, III0 MOJAMW MOJKe II He OyTH, SAKIIIO BCi 3HaUeHHS O3HAKU, AKA PO3IVIAma-
€ThCs, 3YCTPIUalOThCA OTHAKOBO UaCTO.

D Mony psany mamux 3a3Buyail 3HAXOAATH TOJi, KOJU XOUYYTh 3’ACyBaTH
JeAKNIl TUIOBUII TOKAa3HUK.

Hampuknan, Kooy BUBUAIOTHCA OaHI IPO MOJEJi YOJIOBIUMX COPOUYOK, SIKi
IpofaJii B MIEeBHUM JeHb B YHiBepMasi, TO 3pyYHO BUKOPUCTATH TAKWUU TTOKA3-
HUK, AK MOJA, AKHHN XapaKTepusye MOHEJb, III0 KOPUCTYETHCSI HANOIILIITIM
MONUTOM (BJIaCHE, ITUM i TMOACHIOETHCS Ha3Ba «MOJA»).

IITe omHiero cTaTMCTUYHOIO XapPaKTEPUCTUKOIO PANY HaHUX € WOro MefiaHa.

O3HaueHHA. MediaHa — e TaK 3BaHe cepegHHEe 3HAYeHHA BNopAAKOBaHO-
ro pagy 3HayeHb.

Mepniany mosnauarmotTb Me.
Mepgiana moxmiyisie BIOPSOKOBAHUU PsAN JaHWUX Ha OBi piBHI 3a KiJbKicTio
eJIEMeHTiB YacTUHMU.

D Aximo KiaeKicTs uMces y pAgi HemapHa, TO MediaHa — Ile YHMCJIO, 3a-
nmucaHe IMOCEpPeINHi.

Hanpukinaz, v paxgi (2) mHemapHa kinbkicTs esementiB (n=9). Toxi ioro
MeJiaHOI0 € UMCJIO0, sIKe CTOITh IIocepeamnHi, ToOTO Ha m’aTomMy Micii: Me=4.
3,3,4,4,4,4,5,6, 7

4 — wmemiaHa

OT:xe, PO XJIOMITIB MOYKHA CKa3aTH, IO OJHA IIOJOBMHA 3 HUX IIPOYMTATA
He Gijbllle 4 KHUIKOK, a Apyra MOJOBMHA — He MeHIne 4 KHIKOK. (3asHaunmo,

1.)

10 y BUMNAAKY HEIapHOT0 77 HOMEpP CEePeJHBLOTO UjeHa PANY MOPiBHIOE

D Axuo KinbKicTh yKMces y pAIi mapHa, TO MeiaHa — Iie cepegHe apudme-
THYHE JBOX YMCeJ, IH0 CTOATH IOCEePeIMHi.
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Hanpuknaz, v pazxi (1) mapsa kingskicts emementiB (n=10). Toxi itoro
MeIiaHOI0 € YMCJO, SIKe IOPiBHIOE CEepegHbOMY apU(PMEeTHUHOMY UUCe], AKi

4+5 —4,5.

CTOATHL IIOCEePenNHi, TOOTO Ha II'ITOMY ¥ IIIOCTOMY Miciax: Me=
3,3, 3,4,4, 5,5, 5, 8, 12
4,5 — wmeniana
Omxe, Ipo AiBUAT MOYKHA CKasaTH, III0 OJHA IIOJIOBUMHA 3 HUX IIPOUYHTAJIA
MmeHIe 4,5 KHUKOK, a Apyra MoJoBHUHA — Oijabiire 4,5 KHMKOK. (3a3HauMMO,
10 y BUMAIKY IIAPHOTO 77 HOMEPHM CepeIHiX UJIEHIiB PANY IOPiBHIOIOTH %

n
i —+1.
i 5 )

O3HaueHHA. CepedHiM 3HaA4YeHHAM 8UbIpKU HAa3NBAETbCA cepenHE apudme-
TUYHe BCiX Yncen paay AaHux Bubipku.

Cepenme 3HaueHHA MO3HAYalOThL X.
Arxmo B pagl maHWX 3anucaHl 3HAYEeHHA X;, Xy, ..., X, (cepem aAKuX

MOXKYTh OyTH H OZHAKOBi), TO
X+ Xy .+ X

)Z': n
n
Axmo Biomo, 10 B pAAL JaHUX Pi3HI 3HAUeHHA X;, X, ..., X; 3yCTpiua-
IOTLCS BiANOBiZHO JO 94aCTOT m;, My, ..., M, (Toxi ZM =n), TO, 3aMiHIOIOYN

ONHAKOBI MOJAaHKM B UMCEJIbHUKY HAa BiAmoBigHi H00yTKH, OZEPIKYyEMO, IO
cepenHe apupMeTHUYHE MOYKHA OOUYMCIIOBATH 3a (DOPMYJIOIO

X 4)

n

OcranHio GopMyJly 3PYyYHO BHUKOPHCTOBYBATH B THUX BHUIIAAKaX, KOJU
y BuOIpIii pos3momisi BeJMUYMHH 3a YaCTOTAMH 3aJaHO Yy BUIVIAAL TaOJIMILi.
Haramaemo, 1mo posmoxmis 3a uwactoramu M BeauuuH: X — YNCJIO KHUKOK,
OPOUUTAHUX 3a KaHIKyJIM miBuatamMuw, @ Y — YHCJI0 KHUMKOK, IIPOUYNTAHUX
3a KaHIKyJIM XJIONIFIMI, OyJIO 3aJaHO TAKMMU TaOIWISIMIZ:

X 3 4 5 8 | 12 Y 38 4 5 6 7
M 3 2 3 1 1 M| 2 4 1 1 1
Y M=n=10 Y M=n=9
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Tomi cepenHi 3HaueHHA 3aJaHUX BUOIPOK IOPiBHIOIOTH:
3:3+4-2+5-3+8-1+12-1 52

X= =—=5,2,
10 10

o 8:2+4.4+451+6-1+7-1 40

V= + + , + + =?z4,4_

Ockinpkum X >Y, TO MOKHa CKas3aTH, IO 3a OAWH i TOM caMHUl IIPOMisKOK
yacy AiBuaTa B KJaci UYMTAIOTL OijbIlle KHUMKOK, HidK XJIOMIIi.

3ayBaKuMO, IO B IMOCIOHMKAX 31 CTATHUCTHUKU MOZY, MeAiaHy ¥ cepenHe 3HAUCHHS
BUOIpKU 00’€JHYIOTH OOZHUM TEPMiHOM — Mipu UeHMpPAJabHOI meHOeHUyil, migKpec-
JIIOIOYX TUM CAMUM MOJKJINBICTL OXapaKTEePU3yBATU P BUOIPKY OSHUM UKCJIOM.

He nna xKosxkHOrO pAny maHmxXx Mae ceHC (hopMaibHO 3HAXOOUTU IIeHTPAJIb-

Hi TeHmennii. Hampukiaan, AKINO ZOCTiAMKYETHCA DAL
5, 5, 8, 110 B)

piuHHX TPUOYTKiB YOTHUPHOX JMoAel (Y TUCSYaX YMOBHHUX ONUHUIIL), TO OUe-
BUAHO, 1110 Hi mozma (), i memiama (6,5), HiI cepente s3HaueHHs (32) He MoO-
JKYTh BUCTYIIATH B POJIi €IMHOI XapaKTepPUCTUKU BCiX 3HAUYEHb PAOY JaHUX.
ITe mosicHIOETHCA THUM, I1I0 po3Max paxy (105) e€ cymipHuM i3 HaWGiIBLITIIM
3HAUYEHHAM eJIeMeHTa PSAM;Y.

Y maHomMy BUIAAKy MOMKHA ITYKATU IIEHTPAJbHI TeHIEHIIii, HAaIpuKJIam,
oA gactTuHu pany (5):

5, 5, 8,

YMOBHO HAa3BaBIIN IHOro BHOIPKOIO PiuHOro mpuOYTKY HH3BKOOILJIAYYBaHOI
YACTUHU HACEJIeHH.

SArmio y Bubipii cepemHe 3HaUeHHSA CYTTEBO BiApisHseThcA Big momu,
TO HOro HEJOPEeYHO BUOMPATH SK THUIIOBY XapPaKTEPUCTUKY POSIVIAHYTOI Cy-
KYIOHOCTI mJaHWX (UuM OiJbIlle 3HAUEHHS MOJIMW BiIpisHAETHCA BiJ cepemHBOTO
3HAUYEHHS, TUM «OlJBIII HEeCUMETPUUYHUM» € IIOJIITOH YaCTOT CYKYIIHOCTI).

3AMUTAHHA

1. TloscHiTh, III0 HA3WBAIOTH IIOJIITOHOM YAacCTOT O3HAaKM X, sSKa PO3IJIA-
naeTbcsa. HaBeniTh MpuUKJagu MOOYZOBU IIOJIITOHY YAcCTOT i TOJIrOHY
BiJHOCHUX UYacTOT.

2. Ha npuxnani pagy manumx 2, 2, 3, 5, 5, 5, 13 moscuirs, 1m0 Take
posMax, Moma, MeliaHa Ta cepenHe 3HaUeHHA PANY U maiiTe BimmoBimmHi
O3HAYEHH.
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BIPABIU
10.2.1°. Ha ocmoBi mammx Tabuauili mozaiiTe y BUIVIALI CTOBIIYACTOI i KpPyromoi
giarpaM posIOmiJ 3HAYEHb AesdaKol o3HaKu X.
X 1 2 3 4 X 1 2 3 4 5
1) 2)
w o103 04 0,2 w 0303 02 0,1 0,1
10.2.2. IToOyayiiTe MOJIroH YacTOT i MOJIroH BiJHOCHMX YaCTOT 3HAUEHL Je-
AKol o3Haku X, PO3IOAiJ AKOI momaHo B TaOJIMILi:
X 1 3 5 79 X 11 |12 13 14 15 | 16
1) 2)
M 3 0 5 7 5 M 6 5 2 3 1 3
10.2.3° Ha pwuc. 10.2.8 mo6ymoBaHO TOJIi-
TOHU, IO 1JIOCTPYIOTH PO3MOMiJ Puc. 10.2.8
YacTOTH MIPOMa’KiB MarasmHOM
OPOTATOM THIKHSA KOMII'IOTEpPiB
(sesena JriHist) i TeseBis3opiB (cuHA 'ﬁ 80
JTiHisg). é
VYraxiTtes nBa nui, sAKi Oesmoce- “ 60
PeoHbO CJIiAYIOTH OAWH 3a OSHUM, B 1
KOJIN: % 40 A=
1) umcyo HpoJAaHUX TeJIeBidopiB B
3pocyio Oinbllle, HiK YHCIO IPO- g 20
JaHUX KOMII'IOTEpiB; ,:;%
2) 4ymcJ0 TMPOJAaHUX TeJIeBiBopiB
361JIBIINIOCA, a YHUCJIO IPOAAHUX [Tz Br Cp UrIIr C6Hx  [ui
KOMII'IOTepiB 3MEHIIIJIOCH; SAOERLT
3) YmcJ0 MpPOomaHUX KOMII'IOTepiB
3pOCJI0, a YMCJO IPONAHUX TeJe-
Bi30piB 3aJIUMINJIOCA TUM CAMUM.
10.2.4. 3HaiimiTh po3Max, MOAy, MemiaHy U cepegHe 3HAUCHHA PAOY JaHUX

Jearkol Beamunmuu X:

1,1, 2 2,2, 3, 4, 4,5;

2) -3, -2, 2, -1,0, 2, 2, 2, 3, 5.

ITo6ynyiiTe mosiroH yacToT 3HAUEHb BeJIMUYMHU X. YKaKiTh HA PUCYH-
Ky poaMax, MOAY ¥ MemiaHy 3aJaHOTO PALY HAHUX.
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10.2.5.

10.2.6.

10.2.7.

3HaligiTh posMax, MOAY, MediaHy # cepemHe 3HaueHHs BUOIpKHU, 3a-
IaHOI TAaOJUITEI0 POBIOAiNy 3HaUeHb BeJIWUYMHU X 3a JYacTOTAMU.

X | 2 3 | 4 5 X -1 3 4 5 7
1) 2)
M | 3 4 1 3 M 2 3 | 4 | 4 1

ITo6ynyiiTe mosiroH vacToT 3HaueHb BeauumHH X. YKaXITh Ha pu-
CYHKY po3MaX, MOAYy ¥ MeJiaHy 3aJaHOl CYKYIIHOCTi JaHUX.

Hiuara 11 kJyiacy Ha ypori (GisKyJabTypu B CTPHUOKaX y BUCOTY IIO-
KasaJau Taki pesyabratu (y cm):

90, 125, 125, 130, 130, 135, 135, 135, 140, 140, 140.

3HaAUOiTE MOAy, MeIiaHy U cepelHE 3HAUEHHS ITiel CYKYIHOCTI JaHUX.
fke 3 1MUX 3HAUYEeHb HAWKpAIIEe XapaKTepPU3ye CIIOPTHUBHY MHiATOTOBKY
miBuar KJjacy?

3a gaHMMu YKPaiHChKOTrO IIEHTPA OIiHIOBAHHSA SKOCTi OCBiTH yuacHU-
ku 3HO 3 maremaruru y 2018 p. orpumanm Taki pesysabratu (maHi
arpynoBaHi 3a Kjacamm): 3 106484 yuacuumkiB 19806 He momosaiu
mopir, 26 301 yuacuuk orpumas Bix 100 mo 120 Gaxis, 17783 — Big
120 mo 140 6amis, 18102 — Bim 140 mo 160 6axis, 14695 — Big 160
mo 180 6Gauai, 9797 — Bim 180 mo 200 6axis. IlogaiiTe pesyiabTaTu
TeCTYBaHHA 3a KJacaMU y BUIVIAAI YacTOTHOI Tabuuiii, mobymayiite
moJIiroH yacToT. BusHauTe Mipu IeHTpaJbHOI TeHJeHIIii BUOipKU.

@ UJ BuABiTb CBOIO KOMMETEHTHICTb

10.2.8.

10.2.9.

Kopucryiouncs meperkeio IuTepHer, 3HAAiTh iH(popMAaIlifo 11040 PO3-
OoAisly 3a pacaMHu HacCeJIeHHS KOKHOTO KOHTHHEHTY i HaceJeHHS
3emHOI Kyii B misomy. IloOyamyiite BigmoBimHi miarpamu. IocaimiTe
OUHAMIKY 3pOCTAaHHA HaceJeHHA 3eMJi Ta AWHaAMiKy 3MiHH #oOro
posmoziny 3a pacamu 3a ocranHi 100 poxis.

JocaigiTh CmoKMBaHHSA BAIIIOI0 POAMHOIO ITPOTATOM POKY:

1) cBiskuX 0OBOUYiB, (DPYKTIiB Ta 3eJieHi;

2) xpym;

3) M’sca Ta M’ICHUX IPOIYKTiB.

IloGynyiiTe miarpamu, IO iJTIOCTPYIOTH 3aJIEKHICTH CIIOKMBAHHA 3a-
3HAUEHUX MPOAYKTIB Bix mopm poKy. 3pobiTh BucHOBKU. CKiJIbKU
Ballla POAMHA CIIO}KWBAE IMX MNPOAYKTIB y CepeJHbOMY Ha MiCAIb
(y pospaxyHKyYy Ha OmHY 0co0y)?
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10.2.10.

10.2.11.

10.2.12.

Kopucryouncs

Pik KinbKicTb ik KinbkicTtb iK Kinbkictb

Ta63muefo po30yLoBH CTaHLin CTaHLuin CTaHLin
Eniscrxoro 1960 5 1987 28 2010 49
METPOIIOJIITeHY,

o . 1965 10 1992 35 2011 50
noOyIyiiTe MOJirOH
N ——— 1971 14 2000 40 2012 51
CTaHIIiNl 3a Iepiof 1976 17 2004 43 2013 52
1960-2013 pp. 1981 23 2008 46
Kopucryrouncs Kinbkictb Pik npoBeaeHHs oniMmniaan
TabJIUIEI0 CTATH- 3000y TrX
crmuEmx gaEmx momo  Mejaneii 1996 2000 2004 2008 2012 2016
KiJTbKOCTI MemaJieid, 3onori 9 3 9 7 6 2
AKi 8700ynu yKpaiH- Cpi6Hi 2 |10 5 5 5 5
CbK1 CIIOPTCMEHU Ha bpoHsosi | 12 10 9 15 8 4
miraix OMMMACRKUX  yeoro | 23 | 23 | 23 | 27 | 19 | 11

irpax, mobymyiiTe:

1) mosiroH YacToOT KiJBKOCTiI 30J0THX MemaJieii;

2) MOJIITOH YacTOT 3arajibHOI KiJIBKOCTI MemqaJiei;

3) KpyroBy miarpamMy pO3MOIiay MemaJjeil 3a Bumamu (30J10Ti, cpibmHi
Ta OpoH30Bi) Ha irpax 2008 p.

Y Tabiuili momgaHo CTATHUCTHUUYHI JaHi Iogo KijJgbKocTi Memaseii, sAKi
3100yIM yYKpaiHChKi IMKoIApi Ha MiKHapOAHUX MaTeMaTHUUYHUX OJIiM-
miagax y 2013—-2018 pp.

IToGynyiiTe:

1) moJIiroH yacToT 3arajbHOI KiJIBKOCTI MemaJieii;

2) cTOBOUACTY AiarpaMy PO3IOAiJYy 3arajbHOI KiJIbKOCTI

3100yTUX MemaJiell 3a POKaMU;

3). HOﬂiFO.H HacTor KinbkicTb Pik npoBeaeHHa onimniaan
KlJIbKO(’:’Tl 30JI0TUX 3006yTUX

Mezaeii; mepaneii 2013 2014 2015 2016 2017 2018
4) KpyroBy aiarpamy

. . 3onori 1 2 2 0 1 4
POSHOALLY MeAaeu Cpi6Hi 3 3 3 | 2 2 | 2
3a BuUgamMu (30JI0Ti, .

o . bpoHszoBi | 1 1 1 4 2 0
cpibHi Ta GPOH30BI)
Ycboro 5 6 6 6 5 6

Ha oJuimmiazxi 2015 p.
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Enemenraphi sagaui, aki misminre O0yau BigHeceHi 1o
CTOXaCTUKH, TOOTO 0 KOMOGiHATOPUKU, Teopii WMOBipHO-
cTeil Ta MAaTeMaTHUUYHOI CTATUCTUKU, CTABUJIUCA N PO3B’s-
gyBajawucsa 1e 3a uaciB CrapomaBHix €runty, I'perii Ta
Puwmy. Ileii mepiog Tak 3BaHOI mepefictopii Teopii #imo-
BipHOcTe# 3akiHumBca B XVI cT. mpamamm itamificbKux
marematukis JI. Kapmano (1501-1576) «Kuura mpo rpy
B Kocti», H. Tapransa (1499-1557) «3araapHU Tpak-
Tar mpo yucao Tta mipy», I. Tamimea (1564-1642) «IIpo

M. ®epma BUMNAJaHHA OYOK IMiJ Yac I'PU B KOCTi». Y IIMX MOpaiigx
(1601-1665) yKe Qirypye IOHATTSA HNMOBIPHOCTi, BHKOPHCTOBYETHCSH
TeopeMa OPO WMOBipHICTH MOOYTKY HelaJ e:KHUX MOMiH,
BUCJIOBJIIOIOTHCS OeAKi MIpKYBaHHA IIONO0 TaK 3BaHOI'O
3axkoHy Bequkux uwnces. ¥ XVII-XVIII ctr. muranuaMu
Teopil HMoOBipHOCTell IikaBuinuca (PAHIY3bKiI MareMma-
tuku II. ®epma (1601-1665) i B. Ilackaas (1623-1662),

HigepaaHachbKuii mMareMatTuk X. Iroiirenc (1629-1695),

\ mBeiiniapcbki marematrurku 1. Bepmyaai (1654-1705),
| :\' H. Bepuyamxi (1687-1759), 1. Bepuyaxi (1700-1782) ta
B. Mackanb pociticbkuii maremaruk JI. Eitnep (1707-1788). ¥V cBoix
(1623-1662) IpanAax BOHU BXe BUKOPUCTOBYBAJIU TeOpeMU OLaBaHHSA

i MHOKEeHHS WMOBipHOCTEH, MOHATTA 3aJIe)KHUX Ta Hesa-
JeKHUX IIONiN, MaTeMaTUYHOT'O CIIOAiBaHHJ.

Benuky posb y pO3IOBCIONKEHHI ifell Teopii AMoOBip-
HOCTeH Ta MaTeMaTWYHOI CTaTUCTUKU Bifirpanaum BumaTHI
ykpaincbki marematruku B. §I. ByHakoscbrwmii (1804—
1889) ta M. B. Octporpaacekmii (1801-1862).

Ilomanpmiuii PO3BUTOK Teopil HMOBiIpHOCTEH mOTpe-
OyBaB YTOUHEHHsS ii OCHOBHUX IIOJIOKE€Hb. BeJuKy po-

60Ty B IIbOMY HAIIPSAMKY IIPOBiB BUAATHUI POCiHCHKMIT

A. A. MapkoB N
(1856-1922) varemaruk II. JI. Yeoumon (1821-1894). Moro ydeHn



A. A. Mapxkos (1856-1922) craB BugaTHUM MaTeMaTUKOM
caMe 3aBOAKHW CBOIM JOCJHiMKeHHAM y Teopil HmMoOBip-
Hocrel. Kumixkka A. A. MapkoBa «UuciaeHHA HMOBIp-
HOCTell», Iepline BumaHHA sKoi BigbGysaocsa B 1900 p.,
a yetBepTe — y 1924 p., mpoTrsarom 6ararbox pPoOKiB OyJia
HaWKpaIol cepell TUX, 3a AKUMU HaBUAJUCA Oararo
MaibyTHIX MaTeMaTUKiB.

YV XX cr. Teopis AMOBipHOCTEH IIOCTYIOBO IIEPETBO-
pujach Ha CTpOry akciomarmuny Tteopito. Ile BimbGymnocs
3aBAAKMN TpamnAaM 0OaraThboxX MaTeMaTukiB. AJje mificHo
BUPINIAJIbHUM €eTalloM PO3BUTKY Teopii IiMoBipHOCTEMH
crana npansa A. M. Koamoroposa (1908-1987) «OcuoB-
Hi moHATTA Teopii WmoBipHOcTeii» (Bumama B 1933 p.),
y AKifl BiH BMKJaB CBOIO aKciomMaTuKy Teopii #MOBipHO-
cTeil. 3aBAAKU IIbOMY TeOpis MOBipHOCTeI cTaJjia HapiB-
Hi 3 iHIIMMM MaTeMATUYHUMU AiCIIUIIJIiHAMU.

Benuki pgocsarmenns B Teopii IiMoBipHOCTEH Ta
MaTeMaTUUYHIiA CTaTUCTHUII MaJXd TaKOX POCiHCchbKi Ta
ykpaincbki wmarematuku 0. . Ximuun (1894-1959),
€. €. Cayuskmii (1880-1948), B. B. I'memenko (1911-
1995) M. I. Tixmanm (1918-1985), B. C. Muxanesuu
(1930-1994), M. M. dgpenxo (1932-2004), }0. M. €p-
moaneB (map. 1936), I. M. Kosaaxenko (map. 1935),
B. C. Kopoawk (1925 p. u.), A. B. Crxopoxox (1930—
2011), A. ®. Typ6in (map. 1940) Ta immri.

B ocrauniit yac Bce 6iyibllle MaTeMaTHKiB 3BepPTAIOTh
yBary Ha Teopiio irop — oAWH 3 HANPSAMKiB 3acTOCyBaH-
Ha Teopii mimoBipHOcTeii. IIlupoko Bimomi mociimxeHH:A
Hox. @. Hemra (1928—-2015), amepuKaHCHKOr0 MaTeMaTH-
Ka, jJaypeara HoGemiBcbkoi mpemii (1994 p.), 3a motu-
Bamu Oiorpadii axoro 6yso 3uaTo ¢imsm «Irpm posymy».

A. M. Konmoropos
(1908-1987)

M. 1. finpenko
(1932-2004)

Ix. ©. Hew
(1928-2015)
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3ABAOAHHA ANnd nNiArotoBkn A0 OUIHIOBAHHA

W

TecTt N2 3

. Is mudp 1, 2, 3, 4, b ckaameHo Bci MOKJIMUBI m’ATUIIUPPOBi umciaa 6es

nopropeHHsa mudp. CKiIbKU cepel IMX UYNCEJ TAKUX, SKi IMOUYMHAIOTHCS
samucom «423»?
A2 b 24 B 36 r 96 O 118

. Is mHarypampuux umcen Big 1 mo 30 yueHb HaBMaHHSA Ha3WBA€E OIHE.

SIka #iMOBipHiCTH TOrO, IO Ie YMCJIO HemapHe?
1 1 1 1 1
A — b — B — r — h =
6 5 4 3 2

. ¥ kopoOri jexars 60 pisHOKOJIBOPOBUX KYJILOK: UYEPBOHIi, CUHI I 3KOBTI.

3’acyiiTe, CKIJIBKU KOBTUX KYJbOK JEKHUTH Y KOPOOIli, AKIIO HMOBIp-

. . . 1
HICTHb BI/IGOpy BUIIAAKOBUM YMHOM JMOBTOl KYJBKM JOP1BHIOE g.

A 10 b 15 B 20 r 30 O 40

. YcraHOBiITH BigmoBimHiCTE MiK HeHTpaabHUMU TeHAeHIiamMu (1-3) Bu-

O0ipku Ta ixHimu snaveHHAMu (A-T).

1 Cepenne smauenHs BuOipkm: 10; 11; 10; 9; 8; 10; 8; 9; 9; 10 2 g’g
2 Mopga Bub6ipkm: 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(’)

. 'panpHUil KyOuMK HOigkugaoTh ABiui. SHalAiTh iMoBipHicTs TOro, IIO

BHUIIaJle Pi3dHA KiJbKiCTH OUYOK.

MpongiTb OHNanMH-TeCTyBaHHA Ha canTi interactive.ranok.com.ua.

Temun HaBYaNnbHUX NPOEKTIB

KombimaToprka B HaBKOJUIIHBOMY JKUTTi.

M MoBipHiCTH HABKOJO HAC.

BunagkoBi BeJMYmMHM HABKOJIO HAC i 1X YMCJIOBI XapaKTEePUCTUKIU.
YacroTra B CTAaTUCTHUIIL I PO3B’sI3yBAaHHS €KOHOMIUHMX 3ajad.
MaremaTuyHa CTaTHUCTHUKA HABKOJIO HAac.

ous W
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Pospin 1
MHOIrOorPAHHUKM

§ 1. MHororpaHHuK i noro enemeHtu. Mprsma

§ 2. Mapanenenined. MNpAmMoKyTHMI Napanenenineg

§ 3. MNobynoBa nepepisis Npr3mu 1 3agaui,
noB'A3aHi 3 nepepizamu

§ 4. Nipamiga

§ 5. Po3TallyBaHHA BUCOTW B AeAKUX BUAax nipamig

§ 6. MNpaBunbHIi MHOrOrpaHHNKK

Y ubomy pos3gini Bu:

©  [eTanbHile 03HaNoMUTeCh i3 MOHATTAM MHOrOrpaHHUKa,
3 NPU3MOIo, 30Kpema napaneneninegom, nipamigoto,
NpaBuIbHAM MHOTOrPAHHMKOM i PO3rnfaHeTe
IXHi OCHOBHi BNacTUBOCTI;

© HaBuMTeCA pPO3B'A3yBaTX 3ajaui, NOB'A3aHi
3 MHOrorpaHHMKamu.



Tabnuua 1
Mpusma
O3HayeHHs1 1 OCHOBHIi NMOHATTSA

E D Mpu3mMoro Ha3NBAETbCA MHOTFOrpaHHUK, YTBOPEHUin ABOMa

A, X NAOCKNMM MHOFOKYTHUKaMU, L0 NIeXKaTb Y PiSHUX MO MHaXx
! C i cymiwaloTbca napanenbHUM NnepeHeceHHAM, i Bcima Bigpis-

~— ! kamwm, AKi cnonyualoTb BigNOBiAHI TOUKMN X MHOTFOKYTHUKIB.
D ABCDE i A;B,C,D,E; — ocHOBU Npu3mu;
A C AA,, BB, .. — 6iuHi pebpa;
B ABB,A,, BCC,B,, ... — 6iuHi rpaHi;
E, D, AD,; — piaroHanb npv3mu (Bigpi3oK, Lo crnonyyae ABi BEPLIMHU
A npu3mMm, AKi He HaneXaTb OAHIN rpaHi).
5, Do

1 Bucoma npusmu — nepneHaVKynAp, NPpoBeAeHUN i3 TOUKN
XKVHY LibOro nepreHmnKynapa TakoX Ha3nBalTb 8UCOMOI0 NPU3MU
A C (ue BigCTaHb MiX NioOWMHAMM i1 OCHOB).

B A;M 1 nn. ABCDE; A{M = H — BucoTa.
BnacTtusocri

1) OcHOBW NpX3MK pPiBHI.
ABCDE=A,B,C,D,E,
2) OCHOBM MPU3MKM NeXxaTb Yy NapanefibHNX NIoLWmHax.
mwi1. ABCDE ||un. A;B,C, D, E,
3) biuHi pebpa npr3mmn napanesnbHi i PiBHi.
AA, ||BB,||CCy ..
AA, =BB,;=CC; = ..
4) BiuHi rpaHi npn3Mn € napanenorpaMmamm.
ABB,; A; — napanenorpam, BCC;B; — napanenorpam, ...
5) Mnowa 6iyHOT NoBepxHi NOXmMnoi NPU3Mn LOPIBHIOE JOOYTKY nepumeTpa nepreHau-
KyNApHOro nepepisy npuamMm Ha AOBXUHY GiuHOro pebpa.
Sﬁi'{H = PJ_ AAl

(Sﬁiqn =SBpa, Y Seee, t--- T SapE A, )
S = Sﬁi‘{H + 2SOCH

IIOBH

mepep
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Mpama npusma

A p. Npusma Ha3nBaeTbcA NpAMOIO, AKWO iT GiuHi pe6bpa nepnex-
1\ ! aMKynapHi fo ocHoB.
1l mn. ABCD,
B —TC, AA; Lun C
A D BB, L nn. ABCD, ...
B C

BnactuBocTi
1) BucoTa npsimoi npr3mu JOPiBHIOE GiYHOMY pebpy.
H=AA,=BB, = ..
2) BiuHi rpaHi npAmMoi Npr3mMmn € NPAMOKYTHUKaMU.
ABB; A; — npamokyTHuk, BCC;B; — NpAMOKYTHUK, ...

3) Mnowa 6iYHOI NoBEpPXHi NPAMOI NPU3MK [OPIBHIOE AOOYTKY NMepuMeTpa OCHOBM Ha
BMCOTY Npu3mMu, TOOTO Ha JOBXKMHY GiyHOro pebpa.

S6qu = POCH 'AAI

S = SGi‘{H + 2SOCH

IIOBH

NMpaBunbHa npnusma

I'Ipﬂma npv3mMa Ha3nBaA€ETbCA Npasu/ibHOO, AKLLO i OCHOBU € npaBWibHNMN MHO-
FOKYTHUKaMu.

TPUKYTHa YOTPUKYTHa ﬂ'ﬂTI/IKyTHa LWeCTUKYTHa

161



162

MOACHEHHA N OBI'PYHTYBAHHA

Ax Oynmo 3a3HaUeHO B IiAPYUYHUKY OJIA
10 xiaacy, mesaki ¢irypu, posrmIgHyTi B Kypci cTe-
peomerpii, HasuBaiOTh minamu. HaouHo reome-
TPUUYHE TiJIO MOXKHA YSIBUTH CcO0i SAK UYaCTUHY
MIPOCTOPY, 3aNHATY (isMUHMM TiJOM i oOMerKeHy
oro nmosepxHeio. Hanpukianm, mMoBepXHA KyJai —
chepa — CRJIANAETHCA 3 YCiX TOYOK IIPOCTODY,
BigmasieHUX Bif OfHi€l TOUKM — uyeHmpa — Ha
BimcTaHb, AKa OOpiBHIOE paniycy. Ila moBepxHsA
o0MesKye KyJaw, IO CKJIAJAETbCA 3 YCiX TOUYOK
IpoCcTopy, AKi Bimmasewi Bim omHiel TOUKM —
yenmpa — Ha BiacTaHb, He OiJBITY 3a pajiyc.

Bimomi Bam Ky0, mapaJiejemimen, mpusMa
i mipamiza € MHOrorpaHHUKaMMU.

MHozozpaHHUuK — 1ie TijJIO, TOBEPXHA AKO-
IO CKJIAJa€ThbCs 31 CKiHUEHHOTO YMCJAa IIJIOCKUX
MHOTOKYTHUKiB (puc. 1.1-1.3).

O3HayeHHA. MHororpaHHUK Ha3MBaETbCA
ONyK/lUM, AIKWO BiH pO3TallOBaHWUA NO OAWNH
6iK Big NNOWMHN KOXXHOrO MOCKOro MHOIrO-
KyTHMKa 110ro noBepxHi.

Hanpukaan, ry6 (puc. 1.2) — onykanmii
MHOTOTPAHHUK. HeOmyKJMUH MHOTOrPAHHUK
300paxeHo Ha puc. 1.3.

KoxkHuii miIoCKMil MHOTOKYTHHK, i3 SKHUX
CKJIAJIa€ThCsA IIOBEPXHSA MHOTOTPAHHUKA, HAa3U-
BAIOThb 2PAHHI0 MHOzOZpaHHUKa. I'paHi OmyKJOTO
MHOTOTPAHHUKA € IJIOCKUMH OINYKJNMH MHOI'O-
KyTHUKamMu. CTOpOHU TpaHell Ha3WBaIOTh pedpa-
MU MHO202DAHHUKQA, a BEPIIUHU — BEPULUHAMU
MHO202PAHHUKQ.

ITossicammo crasame Ha mpuUKJIazxi Kyba (qus.
puc. 1.2). Ky6 — 1e onmykJamii MHOTOTPAaHHUK.
HMoro moBepxHS CKJIAJAEThCA 3 IIECTH KBaJPaTiB:
ABCD, ABB,A,, ..., aKi € rpanaMu kyb6a. Pebpa

PO31JT 1. MHororpaHHukm

Pnc. 1.1 8epuLura
A o 2DAHb
™) [ ]
[
0
| peopo
Puc. 1.2
D1 C1
A1 B,
D C
A B
Puc. 1.3
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Ky0a — cTOpoHH IuX KBajparis: AB, BB, ... .
Bepminaamu Ky0a € BeplnuHU KBaapartis: A, B,
C, D, A, By, C;, D;. VY xyba miicte rpameii, —
IBAHAOIATHL pebep i Bicim BepruH.

Ao moBepxHIO Kyba (abo iHIIIOrO MHO-
rorpaHHMKAa) pO3pi3aTu N0 JAeKiJIbKOX MOoro
pebpax i pos3KJjacTu Ha ILJIOMINHiI, TO OHEPIKIU- | [T
MO PO3TOPTKY IIbOT0 Ky0a (MHOTOTpaHHUKA). 22rvd
Imakime KayKyudu, po3zopmkol MHO202PAHHUKQ
HA3MBAIOTh O00’€¢NHAHHS CKiHUEHHOI'0 UMCJIAa MHOIOKYTHHKIB, AKi BigmoBimzo
IOPiBHIOIOTH I'PaHAM IIHOT'0 MHOrorpaHHuka. Ilpm mbomy BKasyooTh, AKi CTO-
POHM i BepIIMHU MHOTOKYTHUKIB 300pasKyIoTh OMHiI I Ti cami pebpa i Bep-
MIWHNU 3aJaHOTO MHOTOTPAHHWKA, TOMY TOBWHHI CKJEIOBATHUCS ONHE 3 OSHUM.
(CxeroBaHHA ABOX BiApisKiB — pIiBHMX CTOPiH MHOTOKYTHUKIB PO3TOPTKU
03HAUa€ BCTAHOBJIEHHA Mi)K IXHIMH TOUKaMM TaKol BiAIIOBigHOCTiI, 3a SAKOI
30epiraeTbca BimcTaHb MiK JBOMAa OOBIIBHMMHK TOYKAMM, a BiAHOBigHI TOU-
KU BiZpisKiB OTOTOKHIOIOTH, TOOTO BBAKAIOTh IX OMHIEI0 TOUKOIO PO3TOPTKIU,
OT’Ke, ONHIi€I0 TOYKOI 3aJaHOT'0 MHOTOrPaHHUKA.)

IloBepxHIO OZHOTO MHOTOTPAHHUKA MOXKHA PO3TOPHYTH II0-pisHOMY. Ha-
mpUKJIam, Ha puc. 1.4 moKasaHo KiJibKa PO3TrOPTOK OJHOTO KyoOa.

Harapmaemo, 1110 nuaow,a nogepxni MHO0202pAHHUKA — Iie cyMa ILJIOII yCixX
woro rpaHeii. BoHa IOpiBHIOE MJIOIII PO3TOPTKU 3aJaHOrO0 MHOTOTPAHHUKA.

IlpocTum MHOrOrpaHHMKaAM — IIpuU3dMaM i mipamimzam, AKi OyayTs oc-
HOBHMMHU O0’€KTaMM HAIIIOT'O BUBYEHHS B IIbOMY PO3IiJi, — MH AaMO O3Ha-
YeHHdA, AKi, MO0 CyTi, He BUKOPUCTOBYIOTH IOHATTA Tija. PoariasgaTmmemo
reoMeTpuuHi (irypm, BU3HAUAOUM BCi TOYKM IIPOCTOPY, AKi iM HajeXXaTb.

Puc. 14 —

Puc. 1.5
O3Ha4yeHHA. lpu3moro HaA3MBAETbCA MHO- D

rorpaHHUK, YyTBOpPeHU ABOMa MAOCKUMM s
MHOTFOKYTHUKaMu, WO NieXKaTb Yy Pi3HMX nno- E 2 X,
WMHaXxX i cymilwaloTbCcA NapanenbHUM nepe-
HeCeHHAM, Ta BCiX BigpisKiB, wo cnonyya-
I0Tb BiAMOBiAHIi TOUKN LNX MHOTOKYTHUKIB 1 1
(puc. 1.5). &

MHOTOKYTHUKY HasWBAIOTh OCHOBAMU NPU3- E «
MU, a Bigpisku, HI0 CHOJYyYaIOTh BiAmOBigHi
BepPIIUHU, — OIYHUMU peOdpamu Nnpu3mu. A° ‘B
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O3HauyeHHs. I1pv|3ma HAa3NBAETbCA n-KymHoOI0, AKLLO0 ii ocHoBamu € n-KyTHUKN.

Hapaumi posrmagaTuMeMo TiJIbKU IPU3MU, OCHOBAMU AKUX € OMYKJII MHO-
FOKYTHUKU. Taki mpusmMum € onykaumu MHOZOZPAHHUKAMU.

Ha puc. 1.5 3obpaxkeno m’atTukytay npusmy ABCDEA;B,C,D,E,. Ii oc-
HOoBaMu € maTukyTHuku ABCDE i A;B,C;D,E,, a Bixpisok XX, cnoxyuae
BimnoBimHi Touku ocHOB. Biumi pebpa mpusmm — Biapiskum AA;, BB;, CC,,
DD,, EE,. Biuni rpari npusmu — mnapanenorpamu ABBA,, BCCB, ... .

YpaxoByioun BJIACTHUBOCTI ITapajieIbHOTO MePeHeCeHHs, 3 O3HAUCHHS ITPU3-
MU OAEPKYEMO TaKi i BJIACTUBOCTI.

1. OcHoBM TIpuU3MuU PiBHi (OCKiJMbKY mapaJjesibHe IepeHeceHHs — Ie pyX,
a MHOTOKYTHUKHU, AKi CyMiI[aloOTbCA PYXOM, € DPiBHUMIN).

2. OcHOBHM MPHM3MM JI€:KaTh y NMapajebHUX IJIOIM[MHAX (OCKiJIBKKU B pe-
3yJbTaTi IapaJjeJbHOTO0 MepeHeCeHHs IIJIOIN[MHA MepPeXOoAuTh y IapajebHy
mioiuHy (abo B cebe)).

3. Biuni pe6pa mpuaMu mapaJjenbHi ¥ piBHI (OCKiJILKM B pes3yJbTaTi IIa-
paJIesIBHOT'O IEPEHECEeHHA TOUKU IePEMIITYIOTHCA II0 HapajesbHuX (abo Takux,
110 36irafoThCdA) OPAMHUX HA Ty caMy BiJCcTaHBb).

Ilosepxnsa npudmu CKJIANAETHCA 3 NBOX OCHOB i Oiunoi moBepxHi. Biuna

D noeéepxmns CKJIAJAETHCA 3 IIapaJjiejiorpaMiB. ¥ KOKHOIO 3 IIUX IIapaJeso-
rpaMiB JBi CTOPOHM € BiANOBiIHMMMN CTOPOHAMM! OCHOB, a HABiI iHIMi —
cycigaiMmu OiuHmMM pebpaMu.

fAx 6aummo, BU3HAUEeHA B TAKMU cIIocid mpmsMma Mae Bci Taki cami BJyacTu-
BOCTi, 1110 OyJIM PO3MIIAHYTI B mMiApy4YHUKY aasa 10 KJjacy Ha OCHOBI HAOYHOTO
HOHATTA Ipu3Mu. HaramaeMo nesKi IIOHATTS, IIOB’A3aHi 3 IPHU3MaMMH.

Binpisok, 1o cmosiyyae ABiI BepIIMHU IIPU3MU, AKI He HaJeXaTb ONHiN
rpaHi, Ha3UBAIOTh 0iAZOHALLI0 NPUIMU.

O3HauveHHA. Bucomoro npusmu Ha3NBaA€ETbCA NepneHANKynAp, npOBeAEHMﬁ

Uboro nepneHanKyndapa TakoX Ha3snBakTb 8UCOMO0 npusmu.

OCKiNnbKHM IJIONIMHY OCHOB IIPU3MU HapaJjiejibHi, TO 68UCOMmMO0 npus3mu
€ gidcmanb Mixe naowuHamu ii ocHosg (ToOTO BimcTaHb Bif OyAb-AKOI TOUKU
OIHi€l IIJIOIIMHY OCHOBU OO0 IapaJjieJIbHOI IJIOIIUHU iHIIOI OCHOBHM).

Taxko:x Haramaemo (muB. § 7 miapyunuka gaaa 10 xJjacy), 1Mo 3rigHo
3 IpaBUJIAMU IIapajieIbHOTO IPOEKTYBaHHS 300paKeHHS OPU3MU OYyAYIOTHb
y taxkuii cmoci6. Cmouarky OyayioTh omxHy 3 ocHOB F (puc. 1.6) — meaxwuii
TIJIOCKUIM MHOTOKYTHUK. [IoTiM i3 BepIiimH MHOTOKYTHHKA F mpoBOAATH OGiuHi
pebpa mpusMu y BUIVISAL HapajeJbHUX BiApiskiB piBHOI moB:kumHU. KiHITI mux
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BifIpi3KiB CHOJIYyYAOTh 1 ONEPIKYIOTH APYTYy OCHOBY
mpusmu. HeBugumi pebpa 300paskyiOTh MITPUXOBUMU
JiHigMA.

Iz BiacTmBOCTEll TIapajieIbHUX TIJIOMWUH BUILIN-
Ba€, 1[0 MEepepisy IPU3MU MJIOIMHAMU, IapaJiesIbHU-
Mu OiuHUM pebpam, € mapaJjejorpaMaMu.

@ O6rpyHTYITE Lie CaMOCTINHO.
30KpeMa, mmapaJiejiorpaMaMi € TaK 3BaHi diazo-
HaJbHi nepepi3u npu3mu — Tepepisw IPU3MU IJIO-

IUHAMHY, III0 IPOXOAATH uepe3 OiuHe pedpo i miaro-
HaJab ocHOBU mpuaMmu (puc. 1.7).

3asHaunMo, 110 IPU3MATUYHY (DOPMY MAIOTh HeAKi Kpu-
cTaiu, HANPUKJIAML iCHaHACBKMUI IIIIaT, cMapari TOIIO.

oses

O3HauyeHHs. I1pm3ma Ha3MBAETbCA NPAMOLIO, AKLLO 11

Puc. 1.6

Puc. 1.7

6iuHi pe6pa nepneHgu-

KYNApPHi A0 OCHOB. AKWo 6iuHi pebpa NnpusMn He NnepneHANKYNAPHI 40 oc-

HOB, TO NPN3Ma Ha3NBAETbCA NOXUJIOH0.

Y npamoi npusmu éci 6iuHi 2paHi € npamMoKym-
HUKAMU.

3o00pakyoun IpAMYy OpusMy, 3a3Buuaii 0iuui pe-
Opa IIPOBOAATL BepTHUKaAJIbHO (prc. 1.8).

BaactuBocTi mpsamMoi mpusmu.

1. Bucora mpaMoi Ipu3MHu JOPiBHIOE i1 GiuHOMY
peoépy (ockinmbKu KoikHe OiuHe pebpo IMEpHEeHIUKY-
JApHE OO OCHOBUW 1 MOPiBHIOE BimcTaHi MisK Imapa-
JIEJIBHUMHY ILJIOIIMHAMY OCHOB).

Puc. 1.8
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2. Koxxua OiuHa rpaHp NPAMOI IPH3MH IEPHNEHIUKYJIIPHA T0 OCHOB
npusMu (OCKiJIBKM KOKHA OiuHA I'paHb IPOXOAUThH uepe3 OiuHe pedpo, mep-
HeHIUKYJIAPHE 0 OCHOBM).

3. JliaroHaJipHi mepepi3u MPAMOI MPU3MHU € MPIMOKYTHHUKAMH (OCKiJIBKU
KOXKHUU OiarOHAJBHUU IIepepis IIPOXOAUTHL ueped Oiume pedpo, HepIeHIUKY-
JIIpHE IO OCHOBU, TO BCi KYTH AiaroHaJbHOT'O IIE€PEpidy € MPAMUMU).

O3HaueHHA. MpAma npusma Ha3sNBaETbCA NPABUJIbHOIO, AKLWO i OCHOBMU
€ NPaBUIbHUMU MHOFOKYTHUKaMm.

L 3

dopma TpaBUIBHOI MPU3MHU YaCTO BUKOPUCTOBYETHCA B apXiTeKTypi, HaAIPUKJIAL
oynismia Ilenrarona mae (popMy MpaBUJIBHOL I’ ATUKYTHOI IPUBMH.

Ilnowero 6iunoi nosepxni npusmu (abo OiYHOIO TOBEpPXHEIO) HA3WBAIOTH
cymy Iioi OiuHUX TpaHei. [liowia no8HOI noepxXHi nNpu3mu NOPiBHIOE CyMi
IJIoI OiuHOi IMOBEPXHi Ta IJIOI OCHOB.

Teopema 1.1. Mnowa 6iyHOI NOBepxHi NpAMoI Npus-
MU [OPiBHIOE fOOYTKY NepumeTpa OCHOBMU Ha BUCOTY Puc. 1.9
npusmu, To6To Ha AOBXUHY GiuHOro pebpa.

» HosepneHHA. BiyHi rpaHi npaMoi NpU3Mmn € NPAMOKYTHN-
Kamn. OCHOBU LMX NPAMOKYTHUKIB € CTOPOHaMN MHOrO-
KYTHUKA, AKUIN NeXNTb B OCHOBI MPM3MK, a BUCOTU JO-
PiBHIOIOTb JOBXMHI 6iuHUX pebep (puc. 1.9).
Topi nnowa 6iYHOT NOBEPXHi NPY3MK LOPIBHIOE:
Sgian = Wl +agl+.. +a,l=(a;+ay+...+a,) =PI,
ne ay, ay, .., @, — ROBXWHWN pebep ocHoBu; P — nepw-
METP OCHOBM NpuU3MK; | — fOBXMHA 6iuHMX pebep. e a,
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Mpuknapg. Y noxunii npusmi NpoBefeHo nepepis, SKNN nepeTuUHace BCi OiuHi pebpa
i nepneHANKYNAPHUA JO HUX. 3HandiTb nnowy 6i4HOT NOBepPXHi NpU3MK,
AKLWO NepuMeTp nepepisy AopisHioe P, a foBXWUHa 6iyHoro pebpa L.

Po3B'sAA3aHHA

) IlnormmHa IIPOBENEHOrO Iepepidy po3dbuBae IpU3My Ha
nBi vactunu (puc. 1.10). Puc. 1.10
3acTocyeMo [0 OAHiel 3 HMX IIapaJjiesibHe IIepeHeceHH,
Y Pe3yJIbTaTi SKOT0 OCHOBU IPU3MHU cyMicTsaTbesA. [Ipu 1160-
MY OAEPKUMO IPAMY IIPU3MY, OCHOBOIO AKOI € Imepepis 3a-
JIaHOl mpuaMu, a 6iuHi pedpa mopiBHIOIOTE [. I npusma Mmae
TaKky camMy 6iuHY IOBEpXHIO, 110 It 3amaHa. OT)Ke, TJIOIIA
6iuHOl mOoBepxHi 3amaHOI mpuaMu gopiBHIOE Pl.

3azHayuMo, IO Iepepis3 mpuaMu, AKUN HMepeTUuHAaE

D Bci OiuHi pebpa i HepUeHAUKYIAPHUUA OO0 OiUHUX
pebep, HA3MBAIOTH NepneHOUKYLAPHUM Nepepi3oM.
Tomy omepskaHHMII pesysabTaT MOKHA CHOPMYJIO-
BaTU TaK: nJaouw,a 0iuHOI nogepxHi (abo 0OiuHa no-
8ePXH) NOXUJOL npudmu 00pigHioe BOOYMKY nepu-
mempa nepneHOuKYLAPHOZ0 nepepisy npudmu Ha
dosacuny 0Oiunozo pebpa.

ITig yac posB’sa3yBaHHS TaKMX 3a4ad HaWdyacTillle JOBOAUTLCS CIIOUATKY
OOI'PYHTOBYBaTH SIKYCh BJIACTHUBICTH 3agaHOi HpocTOopoBoi (irypm abo Tima
i TinBKM micas TOro, SK IA BJIACTUBICTL BCTAHOBJI€EHA, BUKOHYBATH OOUMC-
JIeHHA. 3BUYAWHO, y 3aluCi PO3B’s3aHHA NHOTPIOHO OOI'PYHTOBYBATH TiJIBKU
Ti TBepI)KEHH:A, AKi OyAyTh BUKOPHCTAHI B XOJi IOJAJBIIIOTO PO3B’sI3yBaHHA.

IIpomonyemo cxemy po36's3ysanHs 3a0ay HA O0UUCJNEHHS, TIOB’SA3aHUX i3
MHOrorpanHukamm (i Tizamum oOepTaHHSA).

1. O6rpynmysamu po3smauly6anHs 6UCOMU MHOZ0ZPDAHHUKA.

2. O6rpynmysamu, w0 npocmoposi Kymu” i npocmoposi 8idcmarni™ nosxa-
YeHI NpasuJibHO.

* Ilix mpOCTOPOBMMHU KyTaMU MAIOTHCSA HA yBasi KyT MilK NPAMOIO i IJIOIIMHOI, KYT M
JIBOMA ILJIOIIVHAMU, JiHIHHUHN KyT JBOTPAHHOTO KyTa, KYT Mi’K MUMOOI’KHUMYU IPAMUMU.

* TIig mpOCTOPOBMMM BifiICTAaHAMHN MAaIOTLCA HA yBasi BifCTaHb BiJ TOUKM OO MJIOIIWHU,
BificTaHi MiK mapajelbHUMU IIPAMOIO i IJIOIIWHOI0, MijK HapajaeJbHUMHU ILJIOIIWHAMU,
Mi’XK MUMOOiLKHUMU IPAMUMU.
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3. Akwo posenadaemuvcs nepepia MH020ZPAHHUKA, MO 00T pyHmyseamu iiozo
Gopmy (AKWO us popma 8uKopucmosyemuvcs 01s PO38°A3YEAHHSL).

4. Axwo posensdaemuvcs KOMOIHAUIS MHOZOZPAHHUKA | Mmina 00epmMAaHHA,
mo onucamu 63aEMHe PO3MAULYEAHHA IXHIX esleMenmie.

5. Ha KoxcHomy Kpoui o0uucenb yKka3amu, ejleMeHmu AK020 MPUKYMHUKA
BU3HAYAIOMbCA, | AKWO0 BIH NPAMOKYMHUI, NOACHUMU YOMY.

3BUYAHO, IIA CXeMa € OPiEHTOBHOIO, ajie ii BUKOPUCTAHHS JOIOMATa€E BIIO-
pAIKYyBaTU MipKyBaHHSA B IPOIECi CKJaJaHHA IJIaHY PO3B’SI3yBaHHSA 3ajadi.
Ile mo3BOJIsIE He IPOIYCTUTH iCTOTHI MOMEHTH IIiJi Yac 3amucy ii po3B’si3aH-
Ha. Hagani odopmiaTrMeMO pPo3B’A3aHHA 3aJadu Ha OOUYMCJIEHHS, HAaBEeJIEHUX

y OiAPyYHUKY, i3 BUKOPUCTAHHAM 3aIIPOIIOHOBAHOI CXEMU.

NPUKNAON PO3B'A3YBAHHA 3A0AY

3apgava 1. Mnowa Hanbinblworo giaroHanbHOro nepepisy MPaBUbHOI LWECTUKYTHOT
npusMn JopisHioe 48 cm?. 3Hanpitb nnowy 6iYHOI MOBepPXHi L€l Npu3mu.

Po3B’A3aHHA

» 1) Hexait ABCDEFA,B,C,D,E,;F, —
3aJJaHa IpaBUJIbHA  IIECTUKYT-
Ha mpuama (puc. 1.11). B ocuoBi
MPaBUJIBHOI IIPU3MU JIEKUTH IIpa-
BubHUMN miecTukyTHUK ABCDEF.
Koxxkume Oiunme peOpo mIpaBUJIb-
HOI mpusMm € Ii BHCOTOIO, TOMY

BB, L 1. ABC.

Puc. 1.11
E1 Dl
F1
A1 BI Cl
E D
F ©
A B

KomeHTap

BMKOpPYCTAaEMO HaBeAEHY BULLE CXEMY.

[inA o6rpyHTYBaHHA po3TallyBaHHA BUCOTH
[OCTaTHbO NpuUragaTty, WO NpasusibHA Npu-
3Ma € npsamMol, momy KoxHe 6id4He pebpo
npu3smu € i gucomoro.

3a yMOBOI0 3afaui 3 ycCix fdiaroHanbHuX ne-
pepi3iB noTpibHO BMOpaTM HaNbINbLIMNA.
OckinbKu BCi AiaroHanbHi nepepisn € npa-
MOKYTHMKaM/ 3 PiBHMMW BUCOTaMu, TO
Hanbinbwrm i3 HUX 6yge Ton, y AKoro byae
Hanbinblua oCHoBa, TOOTO TaKMI, AKUIA NPo-
XO4UTb Yyepe3 Halbinblly fAiaroHanb npa-
BUJIbHOTO LUIECTUKYTHUKA.

Ona obumcneHHsa nnowi 6i4yHOI NMoBepxHi
NpaBWAbHOI NPU3MKN 3HOBY CNif ypaxyBa-
TW, WO NpaBUiibHa NpU3Ma € NPAMOIO, TOMY
niowa 6iyHoi NosepxHi NpasubHOI Npu3MuU
OdopisHioe 006ymMKy nepumempad OCHO8U HA
6iyHe pebpo.
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2)

3)

4)

9)

Yci piaroHanbHi Iepepisdu 1Ipa-
BUJIBHOI IPU3MU — NIPAMOKYTHU-
Ku. IX BHCOTH [ODiBHIOIOTH OfHA
omHi i OGiunomy pebpy. OcHoBH;
OIPAMOKYTHUKIB JOPiBHIOIOTH Hia-
ToHaJNAM OCHOBU IpusdMu. Tomy
HaNOLIBIINM € JiaroHaJbHUH IIe-
pepi3, AKUA OPOXOAUTL Uepes
HaibinbIy miaronanb ocuHoBu BE.
Toni Spgpp =48 cm®.

Hexait AB=x, BB, =y (x>0,
y>0).

3a BIACTHMBOCTAMU IPABUIBLHOTO
mectukyTHuKa BE=2AB=2x.
Tomy

Sppgp, = BE-BB; =2xy=48 cv’.
3Bigcu xy =24 cm>.

Toxi

Sgiuy =0AB-BB; =6xy =144 cMm?.

Bionosiov: 144 cm?.

3apava 2. OcHoBotlo npamoi npusmn  ABCA;B,C;

p 1) Ilpusma ABCA,B,C; (puc. 1.12) mpa-
Ma, OTiKe, KOKHe ii 6iuHe pebpo € BUCOTOO

TakoX NOTPiIGHO 3BEPHYTY yBary Ha Te, Lo
BCi OiUHi rpaHi Npr3amMu — piBHI NPAMOKYT-

HUKW, TOMY 0151 3HaX00XeHHs niowi 6iuHoT

noeepxHi NpasusibHOI' NPU3MU MOXHA 3HAU-
mu naowy OOHiel 6iYHOI 2paHi ma NOMHOXu-
mu pe3yniemam Ha Kisibkicme 6id4HUX eparet
(Ha 6).

Po3nounHatoum obumncneHHs, cnig ypaxysa-
TV OPIEHTMP, HaBeAEeHN B § 2 migpyyHMKa

ana 10 Knacy: aKwWo 8 yMosi 2eoMempuyHoi

3a0a4i Ha o06YUC/IeHHsA 83a2asli He 3a0dHO
8i0pi3Ku (@60 3a0aHi 8iOpi3KU | Kymu HeMOoX-
J1uB0 06'€OHAMU 8 3pyyYHUU 0715 pO38'A3y8AHHSA
3a0ayi MpuKymHuk), mo 3azsuydad ygoossms
Hegioomuli 8iopi3ok (abo Hegidomuli Kym, abo
Kinlbka Hegidomux). Brixopaum 3 uboro, Tpeba
BBECTM HEBiJOMI Bigpi3Ku.

Kpim TOro, Bumory 3agadi 3py4yHo Bupasu-
TV Yyepes 3MiHHI. Lle fo3BonuTb 3a 3agaHnm
CMiBBIQHOLIEHHAM Mi>K 3MIHHMW OfiepKaTu
Bignosigb.

€ piBHOGEeApEHUA TPUKYT-

HUK ABC, ctopoHu skoro AB=AC=5, BC=8. Bucota npv3mmu gopis-
HI0€ 3. 3HandiTb KyT MK npaAmoto A;B i nnowuHoto BCC;.

Po3B’si3aHHA

mpusmu, tomy BB; 1 mi. A, B,C;.

Pnc. 1.12

KomeHTap

Bukopuncrtaemo HaBefeHy Bulye
cxemy. [Ina o6rpyHTYBaHHA po3Ta-
WyBaHHA BUCOTU [OCTATHbO Mpwu-
rafat O3HaYeHHA NPAMOI NPU3MN.
3a ymoBOI0 3afaui NOTPIOHO BKa-
3aTn KyT MiK npamoto A, B i nno-
wmHoto BCC;, To6TO 3a 03HaueH-
HAM — Le KyT MiX npamoto Ta i
NpoekKLUi€lo Ha uto nnowmHy. o6
ofiepxaTu npoekuito npamoi A; B
Ha nnowuHy BCC;, pocTaTHbO
3 TOYKn A; nNpoBecTV neprneHan-
Kynap Ha nnowwuHy BCC;.
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2) 3a BIACTUBICTIO IPAMOI IPU3MHU ILIOIIMHA OCHO-
Bu A;B,C, nepnengukynapHa o 6iumoi rpami
BCC, B, . IIposenemo B mnomuni A, B,;C; nepnes-
murynap A;M 1 B,Cy, roni AyM 1 . BCC,B;.
Or:xe, Binpisok BM — mpoeknia mpamoi BA,;
Ha mromury BCC.B; i kyr AjBM — Ryr mix
npamoo A;B i mmomunono BCC,;.

3) ¥ piBroGenpenomy tpurkytHuUKy A;B;C; Bix-
pisok A;M — Bucora, MexiaHa i 6icexkTpuca,
rogi MB;,=4.

4) I3 mpamokryTHOTrO TpUKyTHUKA A;MB; omepiKy-
emo: A M =1 A,B>~BM?® =\5% —4® =3,

5) Is mpamMokyTHOrO TPUKYyTHUKA BB M
(BB,C,C — npAMOKYTHHK) OJIeP:Ky€EMO:

BM =\BB?+B,M? =\3? +4% =5.

6) Is mpamokyTHOrOo TpUKyTHUKA A;MB

(A;M Lnn. BCC,B,) onepsyemo (puc. 1.13):
AM 3

tg £ A\BM = 2-0,6.
BM 5

Puc. 1.13 A,
MO INB

Orxe, L A;BM =arctg0,6.
Bionosgiov: arctg0,6.

3ATMMNTAHHA

1. fAKui#i MHOTrOrpaHHUK HABUBAIOTH OMYKJIUM?

PO31JT 1. MHororpaHHukm

[nAa yboro BUKOPUCTAEMO Ta-
KU npuinom: wob nposecmu
nepneHOUKynAp i3 Moyku 00
NJIOWUHU, MOXHA Yepe3 3a0d-
HY MOYKY nposecmu NIOWUHY,
nepneHOUKynApHy 00 3a0aHoi
naowuHu, a nomim y nobyoo-
8aHIl NJIOWUHI nposecmu nep-
NeHOUKynap i3 3a0aHOi' MouKu
00 npAMOI nepemuHy po3eJis-
Hymux n/IoWuH.

Y ubomy BMMNAAKy HaBiTb He
notpibHo GyayBaTn MeprneH-
OVIKYNAPHY NAOWMHY — OiuHi
rpaHi NPAMOI NPU3MK NepreH-
ONKYNAPHI 40 OCHOB (i € npa-
MOKYTHUKaMW).

Lna none2weHHa aHanisy npo-
Cmoposux KoH@i2ypayili Ha
KOXHOMY Kpouyi 064uciieHb
MOXHA Cynpo8ooxysamu po3-
8'A3y8aHHA BUHOCHUMU NJOC-
KumMu pucyHkamu (piBHob6enpe-
Horo TpukyTHuka A;B,C,,
npamokyTHuka BB;C,C,
NPAMOKYTHOTO TPUKYTHUKA
A MB — octaHHin 306pa-
XeHO y HaBefjeHOMYy PO3B'A-
3aHHi).

2. Illo Take rpaHb ONMYKJOTO0 MHOrOrpaHHHKAa? pebpo? BepimuHa?

3. lIlo Take mpuama? ocHoBu mpusamMu? OiuHi rpani? pebdpa?

4. JloBeniThb, I1I0 OCHOBU HPU3MMU JEXKATh Yy MapajieIbHUX IIJIOIIMHAX i PiB-
Hi, Oiuni peOpa mapaJjenbHi 1 piBHi, OiuHi TrpaHi — mnDapaJiesorpamu.
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5. IITlo Taxke BHCOTa MPU3MU? AiarOHAJIb TMPU3MU?

6. fIkoio (iryporo € mepepisd IMPMU3MHU IIJOIIMHOI, IIapajieIbHOI OiuHUM
pebpaM, 30KpeMa AiaroHaJbHUI Iepepis?

7. flka mpuama HasmBaeThCA IpaMoro? moxuiao? HassiTe i oOr'pyuryiiTe
BJIACTMBOCTI TPAMOI IIPU3MU.

8. flka mpuaMa Ha3WBAETHCS ITPABUILHOIO?

9. Illo Take mJjora OiUuHOI ITOBEPXHi MpM3MU? ITOBHOI HOBEPXHi IIPU3MU?

10. HoBexmiTh, 1110 IJIOIIa OiYHOI IMOBEPXHI MPAMOI IPU3MU JOPiBHIOE JOOYTKY
ImepuMeTpa OCHOBM Ha BUCOTY IIPU3MU.

BIMPABU

1.1°. 300pasiTh MHOIOrPaHHUK, AKHI Mae:
1) mricte pebep; 2) Bicim pebGep; 3) meB’siTb pebdep.

1.2° HasBiThb MHOTOrpaHHUK, SKUI Mae HaNMeHITY KiJbKicTh rpaHeii. CKiib-
KM B HBOI'O BepIIuH, pebep?

1.3°. OgHa 3 rpaHeili MHOTOTPaHHMKA — IISITUKYTHUK.

1) Axy mHalimMeHIy KiJgbKicTh pebep MOKe MaTU Iefl MHOTOTPDaHHUK?
2) fxy maliMeHITy KiJBKiCTh IpaHeil Mo:Ke MaTH Ileii MHOTOT'DAHHUK?

1.4°. CkijbKU miaroHaJjieii Mae n-KyTHa mpusma?

1.5°% OpgnHe GiuHe peOpo TPUBMU IEPIEHAUKYJISPHE A0 TJIONIMHU OCHOBHU.
HoBenits, 1mo iHImi 6iuHi peOpa TeX NEPHEHAMKYJIAPHI OO TJIOIIUHU
OCHOBH.

1.6. Biune pebpo MmMOXMJOI IIPU3MHU 3aBAOBXKKHN 15 cM HaxmjeHe O TJIOIIMHU

ocuoBu mig KyroMm 30° 3HAWIITL BUCOTY IIPU3MI.

1.7. ¥Yci pebpa npasunbHOl TpukyTHOI npusmu ABCA,;B,C, pisHi. 3HaiizniTs
KyT Misx mpamumu CB; i AA,.

1.8. OcHOBOIO TIPAMOI TPUBMU € POMO; AiaroHAJi TPU3MU AOPiBHIOIOTH 8 cM
i 5 cm, a Bucora 2 cM. 3HAUOITH CTOPOHY OCHOBH.

1.9. OCHOBOIO IIPU3MU € NPABUJLHUI INMECTUKYTHUK 31 CTOPOHOIO a, a OiuHi
rpaHi e kBagparamMu. SHaAUAITL AiaroHaJ i mpusmu i miorri ii giaromasb-
HUX Iepepisis.

1.10. ILmoma OCHOBM IPABUJILHOI YOTUPUKYTHOI HPU3MHU JopiBHIoe 144 cm?,
a Bucorta — 14 cm. 3HalAITH AiaroHaJb HIPU3MU.
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1.11.

1.12.
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1.16.

1.17.

1.18%,

1.19.

PO31JT 1. MHororpaHHukm

Ilnomia GiumHol IMOBepXHi MPaBUJIBLHOI YOTHUPUKYTHOI HPU3MU JOPiBHIOE
32 m?, a mioma moBHOI mosepxHi 40 M2, 3HAWAITHL BUCOTY IPU3MMU.

Ilnomia GiyHOi T'paHi HMPaBUJIBHOI YOTUPUKYTHOI IIPU3MU [TOPiBHIOE @.
SHAWIITEL IJIOIIY AiarOHAJILHOTO IIEPEepisy.

3HanAiTh TIOITy OiYHOI IMOBEPXHI NPaBUJIBHOI YOTMPUKYTHOI IPU3IMU,
JiaroHaJyib AKOI 3aBIOBMKKU G YTBOPIOE:

1) 3 myomuHOIO OCcHOBU KyT 60°;

2) 3 maomuHOK 6iuHOI rpani Kyt 30°.

Vci pebpa mpsamoil TpuryTHOI mpusmu piBHi. Ilmomia 6iunoi moBepxHi
npusmu gopisHoe 12 M?. 3HAAAITH BUCOTY Ii€l IpPU3MMU.

Ilnoma 6OiuHoi MmOBepXHI MIpPaBUJBHOI UYOTHUPHUKYTHOI IIPU3MHU
ABCDA,B,C,D; 3 ocuoBoio ABCD nopiHIOe 48 M?, a mjoIa mepepisy
ABC;D; 15 m®. 3HaiiniTh BHCOTY IPH3MH.

Bucora npsamoi npusmu gopiBHioe 15, i1 ocHOBOIO € piBHOOIUHA Tpamenis
3 Bucororo 10 i ocmoBamu 25 i 45. SHaigiTh:

1) mrormy GiuHOI ITOBEPXHI ITpU3MuU;

2) moiny miaroHaJIBHOTO TEepepisy Mpu3Mu;

3) mBorpaHHi KyTu Ipu OiYHMX peOpax IPU3MH.

3a CTOPOHOI0O OCHOBU @ i OiuHMM pebdpoM b BHAWIITHL MJIOIIY ITOBHOL
[IOBEePXHi MPaBUJIbHOI IPU3MU:
1) TpuUKyTHOI; 2) YOTHUPUKYTHOI; 3) IIeCTUKYTHOI.

Hiaronmans BD; npaBuibHOl woTupukyTHOl npusmu ABCDA,B,C,D,
3aBJOBXKKHU 4 YTBOPIOE 3 ILIOIMHOIO Oiumoi rpami BCC;B; xyt 30°.
SHaALITh:

1) KyT MixK Iielo miaroHaJIJII0 i IIJIOITMHOIO OCHOBW;

2) nyomy gmiaroHasnsHOrO mepepisy BC;D;A;

3) miomy gmiaroHajnbHOro mepepisy BB, D;D.

BuasiTb cBOIO KOMMNETEHTHICTb

ITigroryiiTe mpes3eHTAllif0, MPUCBAYEHY BUKOPUCTAHHIO HIPU3M y OYAiB-
HunTBi. Bukopucraiite ¢gororpadii OyxiBesns y dopmi pisHOMaHITHUX
IpU3M.



§2. NAPAJIEJIENINEA.
NPAMOKYTHUU NAPANENENINEA

Tabnuua 2

Mapaneneninepn

Mapaneneninedom Ha3MBAETbCA
npusMa, B OCHOBI SIKOi NeXUTb Na-
panenorpam.

BnactmBocTi

1) Yci rpaHi napaneneninega — na-
panenorpamu.

2) MpoTtunexHi rpaHi napanenenine-
[a napanenbHi n piBHi.

3) fiaroHani napaneneninega nepe-
TUHAKTbCA B OfOHIN Touui N TOu-
KO0 nepeTuHy AinATbCcA HaBmMif.

(Touka O — cepeauna A,C, BD,,
AC,, B|D)

MpamoKyTHMIA napaneneninep

D, C1 Mpamun napanenenineq, 0CHOBOIO
| p AKOTO € MPAMOKYTHUK, Ha3NBa€Tb-
! P, CA NpAMOKYMHuUM napasneneni-
A, 4. B nedom.
| 5
el B __1__Jc
bz~
///
7
A a B
BnactmsocTi

1) Yci rpaHi npAMOKyTHOro napaneneninefa — NPAMOKYTHUKN.

2) KBappaT 6ynb-aKoi AiaroHani NpAMOKYTHOro napaneneninesa AOPiBHIOE CyMi KBagpa-
Tis TpbOX i10ro Bumipis. d* = a® +b* +c? (ACI2 = AB® + AD? +AA12)

3) Ssian = Poon - AA; =2(AB+ AD)- AA; =2(a+b)¢; Sponn = Soiun +2Soen

IIOBH
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Ky6
Ky6om Ha3nBa€eTbCcA NPAMOKYTHUIA
napaneneninep, yci pebpa skoro
PiBHi.
BnactusocTi
a. d 1) Yci rpani kyba — KBagpatu.
@ s 2) d=a\/§ (d2=a2+b2+cz, e
“a a — pebpo Kyba, d — pgiaroHanb
% Ky6a).
2 2
o 3) Sﬁqu.Icyﬁa =4a ’ SHOBH.Ryﬁa =6a
NOACHEHHA N OBI'PYHTYBAHHA
O3HaueHHs. lNapaneneninedom Ha3uBa-
€TbCA Npu3Ma, OCHOBOIO AKOI € Napane- Puc. 2.1 B C
norpam. 1 1
I3 osmauenHs BuIIMBae, IO B Iapa- A D,
Jejenineni Bci rpaHi — mapaJjejiorpamMu y
(puc. 2.1).
I'pani nmapaneneninena, 1mo He MamOThb
CHIJILHUX BEPIIIUH, HA3UBAIOTh NPOMUJLEdNHC- B C
HUMU.
Teopema 2.1. NMpoTunexHi rpaHi napane- A D

neninega napanesnbHi N piBHi.

) NoeenenHA. Po3rnAHemMo [OBiNbHI ABI MpOTWNEXHI rpaHi Napaneneninega, Ha-
npuknag AA,; BB i DD,C,C (puc. 2.1). Ockinbkun BCi rpaHi napaneneninega —
napanenorpamu (y AKUX MPOTWIEXHI CTOPOHW napanesibHi), 7o npama AA;
napanenbHa npamin DD;, a npama AB napanenbHa npamin DC. 3a o3Hakoto na-
panenbHOCTI MOWWH OAEPKYEMO, O MIOLWMHN PO3MNAHYTUX FPaHeln napanesnbHi.
I3 TOoro, Wo rpaHi Nnapaneneninega — napanenorpamui, BUNANBAE, WO Bigpi3ku
AD, BC, A, D;, B;C; napanenbHi 1 pisHi. Toai B pe3ynbTaTi NapanenbHOro nepe-
HeceHHs Ha BekTop AD rpaHb AA,B,B cymictutbea 3 rpanHio DD;C;C. OTxe,
Ui rpaHi piBHi.
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AHanoriyHo  06rpyHTOBYIOTb  Napanesb-
HICTb | PiBHICTb GYAb-AKMX iHWWX NPOTU- Puc. 2.2
NEeXHUX rpaHern napaneneninega.

Teopema 2.2. [liaroHani napaneneninega p
nepeTuHaKTbCA B OAHIN Touli i TOUKoo 7
nepeTuHy AinATbCA HaBMin. D -

» JosepenHa. Po3rnaHemo sKi-Hebyab ABi .
fdiaroHani napaneneninega, 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 nepeTuHae

MIOWMHN MPOTUAEXKHUX TPaHeln napane- Puc.2.3

neninega no napanenbHux npamux AD;

i BC,. Topi 4otupukyTHUk ABC,D; — C, B
napanenorpam. [liaroHani napanenenine-

pa AC, i BD; € piaroHanamun Uboro na- D A X
panenorpama, TOMy BOHU MepeTMHalTbCA p
1 Toukoto nepeTnHy O [inATbCA HaBMin.
AnanoriyHo goBoaaTb, wWwo AiaroHani AC;
i DB,;, a Takox fiaroHani AC; i CA; ne- 1

PEeTUHAIOTbCA | TOUKOK MepeTUHy AiNnATbCA

HaBnif. 3BiACK OfepPXXyeEMO, WO BCi YoTupun D A
JiaroHani napaneneninefa nepeTnMHaTbCA

B OAHIl TOuli 11 TOYKOI NepeTUHy AinATb-

CA HaBnin.

e
Q

I3 Teopemu 2.2 BumiuBae, IO TOYKA NEPETHUHY [JiaroHaJjeil mapaJeJeri-
nega € HOro IEHTPOM CUMETPii.

» [JoeeneHHA. Bubepemo AOBiINbHY NpsMy, WO NPOXoanUTb Yyepes Touky O — TOUKy
nepeTviHy AiaroHanen napaneneninefa. Hexa BOHa nepeTMHaE MOBEPXHIO Napa-
neneninepa B Toukax X i X; (puc. 2.3). Toni OX =0X; (ue BunanBae, Hanpw-
Knag, i3 pisHocTi TpUKyTHUKIB AOX i C;0X;). Ane Le 1 03Hayvag, Wwo Touka O —
LEeHTPp cumeTpii napaneneninega.

Ak i Oyab-AKa mpuaMa, ImapaJjeJelrines MoKe OyTU NpAMUM 1 NOXUAUM.
Y npsmomy mapaJjeienimeni Oiuxi peOpa HeprIeHIUKYJISPHI O OCHOB.
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0

0}

2. MpamMoKyTHUI napaneneninen

3UBAETbCA NPAMOKYMHUM napaineneninedom.

I3 HaBemeHoro oO3HAUEHHSA BUILJINBAE,
10 BCi TIpaHi NPAMOKYTHOIO IapaJiesielri-
nmega — NOPAMOKYTHUKM, BUCOTA IOPiBHIOE
biuHOMY Pedpy 1 KOoKHe pedpo MepHeHIuKY-
JIsIpHe 0 TpaHi, 3 KO BOHO MAa€ TiJbKU
onHy cminbHy TOouKy. CrpaBzi, HaIpuUKJIa,
AD 1 un. ABB;A; (puc. 2.4) 3a 03HaKOIO
EePUeHAUKYJIAPHOCTI IpAMOI i TMJIOIWHY,
ockinekun AD 1 AB it AD 1 AA,.

O3HaueHHA. MpAMOKYTHUIA napaneneni-
nep, yci pe6pa AKoro piBHi, Ha3MBa€eTbCA
Ky6om.

Harapmaewmo, 1o Bci rpani Kyba — kea-
Opamu.

O3HaueHHA. I1p;|M|/||7| napaneneninen, OCHOBOIO AKOro € NPpAMOKYTHUK, Ha-

|
|
|
A1 ~=_ B1
T~~._d
-~
| =
Ae e — — — — — ] ==
c b \\ -
\\””
/ ’,,'\
/_ - \\\
A a B

@

3a3HaYNMO, 1110 KPUCTAIN KYXOHHOI c0oJIi MatoTh hopMy Kyba, a He3BUUHE PO3MilleHHA
Kyb6iuHuX opM y OYAiBIAAX HO3BOJIAE CTBOPIOBATU OPUTIiHAIBHY apXiTEKTYpPY.

~

HoB:KMHM HemapaJeJIbHUX pebep IPAMOKYTHOTO IapaJesieninena HasuBa-
IOTh HWOTr0 JiHillHUMU posmipamu (sumipamu). Y TPAMOKYTHOTO IlapaJiesierri-

mema TpU BUMIpH.
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Teopema 2.3. Y npAMOKYTHOMY napaneneninegi KBagpart 6yab-AKoi giaroHani

[OPIBHIOE Cymi KBagpaTiB TPbOX 1Oro BUMIpIB.

» [oeepenHsa. PosrnaHemo npsamokyTHun napanenenineq ABCDA,B;C,D, (aus.
puc. 2.4) i3 pgiaroHannio A,C=d i Tpboma Bumipamu: AB=a, AD=b, AA, =c.
I3 npaAmokyTHOoro TpuKyTHMKa ACA; 3a Teopemoto [liparopa ofepxyemo:

ACP=AC?+ AAZ.

Ockinbkn AC = BD (ak giaroHani npamMoKyTHuka ABCD), TO 3 NPAMOKYTHOIO 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.

3a3HaunMoO, I[0 Ky0 € NPAMOKYTHUM MIapaJeJellilesoM, yci BUMIpH sSIKOTo

JOpiBHIOIOTH onuH oxuHoMy. Tomy, sIKIlo peOpo Kyba OOpiBHIOE @, a ioro mia-
roHajgb — d, TO 3a TeopeMol 2.3 MaeMO: d2=a2+a2+a2, TOOTO d2=3a2,

oTKe, d= a\/g.

Y npAMOKYTHOTO mapaJielyernimena, K
i B Oymb-AKOro mapaJeJielriniefia, € IEHTP CH-
MeTpii — TOYKa IlepeTHWHY MOro AiaroHaJiei.
Y HBOro € TAaKOXK TPU IJIOIIMHU CHUMETpPii, IIo
MIPOXOJATh Uepes3 IEHTP CHUMEeTpii mapajesbHO
rpagsaMm. Ha puc. 2.5 300pakeHO OOHY 3 TaKHX
IJIoIMH. BoHa NpPOXOAUTH Yepes3 cepefuHU Yo-
TUPHOX MapajieIbHUX pebep mapaJieseminesna.
Kinmi peGep € cuMeTpUUYHUMU TOUKAMIU.

SArmio Bei giHifiHI posmipu mapaJseseninena
PidHi, TO B HHOI'O HEMA€ iHINMMWX MJOIIUH CHUME-
Tpii, KpiM BUIleHA3BaHUX.

SArmio gBa JiHiHI po3mipm mapaJeJerri-
meja JOPiBHIOIOTH OJWH ONHOMY, TO B HBOTO
€ mie ABi mrommubau cuMetrpii. i miaomwmun nia-
TOHAJIBHUX IIepepisiB 3o0paskeHo Ha puc. 2.6.

Skmro Bei siHiTiHI posmipu mapaJsesemnminmena
JOPiBHIOIOTH OAUWH OZHOMY, TOOTO BiH € KyOOM,
TO TJIOIMHA OyAb-AKOr0 HMOT0 AiaroHaJLHOTO
mepepisy € momuHoo cuMmeTrpii. OTiKe, y Kyda
eB’sITh TIJIONUH cUMeTpii.

Puc. 2.5

Puc. 2.6

177
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NMPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apgava 1. 3HangitTb NnoLy NOBHOI NMOBEPXHI 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) —
3aaHUN NpAMUII mapaJjejemnimen,

y axoro £ BAD=60°, AA; =AB=AD.

SAxIimo Bci cTopoHM mapaJiejiorpaMa
ABCD nopiBHIOIOTH OfHA OAHiil, TO ma-
pajesorpaM € poM6oM i iioro MeHIIa
JiaroHaJb JIEKUTDH IIPOTH TOCTPOTO KY-
Ta, Tooro BD=a.

Ockinbru TpukyTHUK ABD — piBHOGE-
IpeHUit i3 kyrom 60°, To BiH piBHOCTO-
pouuiit. Otske, AB=AD=BD=a.

IIOBH
=P pcp AA; +2AB-AD-sin60° =
=4a-a+a2\/§=(4+\/§)a2.

Bidnogidv: (4 + \/§ ) a®.

KomeHTap

Ina obuncneHHA nnouwi 6iYyHOi NoBepXHi
npAMOro napaneneninega cnig ypaxyBa-
TV, WO NpAMUI Napanenenineq € NPAmMOoLo
npu3mMoto, ToMy rioua 6iYHOi NoBepxHi
npAMOro napaneneninega AOPIBHIOE [0-
6yTKy nepumeTpa OCHOBU Ha 6iuHe pebpo.
o6 3HanTV CTOPOHY OCHOBU, JOCTAaTHbO
npuragaTy BiANOBIAHUI ONOPHUN GAKT i3
KypCy nnaHiMeTpil: AKLo B piBHOGeApEHO-
My TPUKYTHUKY OfIVH i3 KyTiB OPiBHIOE 60°,
TO Uen TPUKYTHUK PIBHOCTOPOHHIMN.

TakoX cnig nam’aTati, Wo B pomMbi MeHLwa
JiaroHanb feXnTb NPOTN FOCTPOro KyTa.

Puc. 2.7 D C

1 1

A, B

D C
a

60°
A B

3apaua 2%, [liaroHanb NPAMOKYTHOro napanenenineda [AoOpiBHOE d i yTBOpPIOE
3 MJIOWMNHOI OCHOBM KyT 45°, a 3 M/IOWMHOI OAHIEI 3 BiUHMX rpaHen —
KyT 30°. 3HangiTb nnoLy NOBHOI MOBEPXHi Napaneneninega.

Po3B'si3aHHA

» 1) Hexait ABCDA,B,C,D; — 3ajmauuii mapa-
Jgeneninen i3 giaromanmio BD;=d (puc. 2.8).
3a BJIACTHMBICTIO IPAMOKYTHOTO IapaJeJiernimne-
na D;D 1 nn. ABCD i D,C; 1L nn. BCC,B,.

KomeHTap

BnKopnctoByeEMO OCHOBHI
efleMeHTUN CXeMU PO3B'A3yBaH-
HA 33434 Ha obumncneHHa (guBe.
§1,n.4).
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Puc. 2.8 D1 Cl
d
Al B1
R
450 C
)\
A B

2) Toxi DB — mpoeknis D;B Ha IJIOIMUHY rpa-
Hi ABCD, a C;B — mpoexknia D;B Ha miomu-
uHy rpani BCC,B,. Otxe, xyr D;BD — Kyt
Mmixk npamoro DB i mimomwnoro rparni ABCD
(LDIBD=45°), a xyr D;BC; — KyT Mix
npamvoo D;B i mnomunuoio rpani BCC;B,
(4.D,BC, =30°).

3) Is mpamoxyTHOro tpukryramka D;BD ognep-

JKY€EMO: \f

DB=D,B-cos45°= d?

\/5 .

DD, = D;B-sin45°= dT

4) Is mpamoryrtHoro TpukyrHuka D;BC; ognep-
wyemo: D,;C; =D;B-sin30°=—

5) I3 mpamoxkyTHoro Tpukytauka BCD (ABCD —

npamokytHuk, DC=D,C;

2 2
BC=+DB?-DC? =,/%—d— _4. Toni
4 4 2

SHOBH = SquH +ZSOCH = PABC]_) D1D+2DCBC =
=2(DC+BC)-D,D+2DC-BC =

(242} 2 0L (VB4 )

2

Bionosiov: (\/§+ 5 )dz

d
= E) OIePIKYEMO:

1) ObrpyHTyBaT  pO3TaLly-
BaHHA BUCOTU MHOrOrpaH-
HUKa.

2) O6rpyHTYBaTH, WO NPOCTO-

pPOBi KyTW 1 NPOCTOPOBI
BiACTaHi MoO3HayeHi npa-
BUbHO.

3) Ha KoxHoMy Kpoui obumc-
NeHb yKaszaTW, enemMeHTu
AKOro TPUKYTHMKA BU3Ha-
YAEMO, i AKLIO BiH NpAMO-
KYTHWI, MOACHUTN YOMY.

Ona obrpyHTyBaHHA po3Ta-
WYBaHHA BMCOTM BPaXyeMO,
WO B MPAMOKYTHOMY napa-
nenenineni 6yab-Ake 6iuHe
pebpo € oro BUCOTOM, a AnA
06rpyHTyBaHHA NPOCTOPOBUX
KYTiB NPUrafaemo, Wo KyT Mix
MOXWJIOK N MJIOLKNHOK — Le
KYyT MK 3aaHoOl0 MOXWJIO0
i Tl NpoeKUi€ Ha POo3rNAHYTY
NAOLWMHY.

Ina obuncneHHa nnowi 6ivuHoT
NMOBEPXHi NMPAMOKYTHOro na-
paneneninega cnig ypaxysa-
T, WO NPAMOKYTHUI Napane-
neninep € NPAMOIO NPU3MOIO,
TOMy nsioula 6iuHOT NOBepXHi
NPAMOKYTHOro napanenenine-
[a AOPiBHIOE AOOYTKY Nepume-
Tpa OCHOBM Ha b6iuHe pebpo.
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3ATNMUTAHHA

1.
2.
3.

4.

5.
6.

7.

IITo Taxke mapaJseneminen?
HoBeniTe, 1110 MPOTHJIEIKHI I'paHi mapaJjesenimena ImapaJeabHi ¥ piBHI.

HoBeniTs, 1110 AiaroHasi mapaJieseninefa NepPeTUHAOTLCI B OAHIN TOYITI
M TOYKOIO IEepPeTHUHY MiJIATHCS HaBIILJI.

Axwuit mapasenmeninen HasuBaeTbcsa mpaMokyTHuM? Illo Taxe mimidiai
po3Mipy IPSAMOKYTHOTO IapaJesemninena?

IITlo Tarke Ky0?

HoBeniTe, 110 B IPAMOKYTHOMY IIapaJieJielinesi KBagpar giaroHaJji no-
PiBHIOE cyMi KBajpaTiB TPbOX HOro BUMIipiB.

CKiJbKUY ILJIOIIUH 1 IIEHTPiB cuMeTpii Mae NPAMOKYTHUN ITapaJjieseminen?

BMPABU

2.1°
2.2°

2.3%

2.4

2.5°

2.6°

2.7.

300pasiTh KiTbKa pPiBHUX POSTOPTOK NPAMOKYTHOTO IIapaJiejemnimena.

CTopoHU OCHOBU IIPAMOKYTHOIO IIapaJieelnimena OOPiBHIOIOTH 7 IM
i 24 nm, a BmcoTa mapaJjeJerinena 8 aM. SHAWIITH IJOIIY AiaroHAJb-
HOT'O IIepepisy.

3HaiAiTe giaroHaJii IPAMOKYTHOTO IlapaJjieJielimena 3a TpPhboMa IHOro
BUMipaMu:

1)1, 2, 2 2) 2, 5, 14; 3) 6, 6, 7.

3HAWOITh IIJIONIY IIOBHOI TOBEPXHiI IPAMOKYTHOI'O IlapaJejelimena 3a
TpbOMa IOro BUMipaMu:

1) 2 cm, 5 cMm, 10 cm; 2) 4 cm, 6 cMm, 8 cMm; 3) 10 cMm, 12 cMm, 5 cwm.

Tpu rpani mapaJesneninmena maroTh miomii 1 Mm%, 2 M2 i 3 m2. 3HangiTs
TJIOITY IIOBHOI ITOBEPXHi IIapaJjejenimena.

SHAUIITEL DOBKUHY JiaroHati Ky0a, sSKIIO IIJIOIIa HOro IIOBHOI IMOBEPXHi
mopiBaioe 150 cm?2.

CTopoHU OCHOBU IIPSAMOTO HapaJjiejemninena AOPiBHIOIOTE 6 M i 8 M, KyT
MiK mMuMu cTopoHamMu ctaHoBUTH 30°. Biune pebGpo mapaJeserimena 1go-
piBHIOE 5 M. 3HaAAITH IJIOIIY IIOBHOI IIOBEPXHi IIHOI'0 IIapaJjeelniiena.



§2.Mapanenenines. MpaAMOKYTHUI Napanenenines 181

2.8. 3uaiigiTe miomly O6iuHOI MOBEPXHiI MPAMOKYTHOTO IapaJesenimena, AK-
10 MOT0 BWCOTa AOPiBHIOE A, IIJIOIIA OCHOBU @, ILJIOINA JiaroHAJILHOI'O
nepepisy M.

2.9. 3HaWAiTH IIJIONIIY IIOBHOI MOBEPXHi MPAMOKYTHOTO IIapaJieJemnimena,
IiaromaJib SIKOro JOPIBHIOE 3 €M, a AiaroHaii OiuHEMX rpaHeil b cm
i 242 cm.

2.10. JiaroHass TPAMOKYTHOI'O IlapaJiejiellilieia YTBOPIOE 3 1Oro pedpamu
Kyt o, B, y. Hdosexmitb, 1110 cos20c+coszl3+cos27=1.

2.11. OcHOBOIO IIPSAMOrO IIapaJieJerimensa € pom6 i3 miaromaasamu 6 cm i 8 cwm;
miaroHaJsb Oiumoi rpani mopiBHioe 13 cm. 3HaAWIITL IMJIOINY IOBHOI IIO-
BepXHi IlapaJieselineza.

2.12. OcHoBOIO mapaJeJjelninesa € pom0 31 cTOpoHOIO b i rocTpuM KyToMmM O,
a 6iumi rpami — mapajemorpamMmu 3 rocrpum Kyrtom [. Biume pe6po
mapaJejeninena JOPiBHIOE a. SHAUIIThH:

1) oy GiuHoOi IOBepXHi IapaJesielrimena;
2) IJIoIy MEHIIIOT0 iaroOHAJILHOTO IIepepisy;
3) BuCOTy mapaJeJielrinesa.

2.13. Biune peOpo mpAMOro IapaJjeJelinena JOPiBHIOE 5 M, CTOPOHU OCHO-
BU 6 M i 8 M, a ogHa 3 gmiaroHaJseil ocHoBu 12 M. 3HalifiTe miaroHaJi
mapaJjiejerrimesaa.

2.14. ¥V mpamokyTtHoro mapaneneninena ABCDA;B;C;D; Binomi pebpa AB=2,
AD=1 i pgiaronans AC; =3. 3HaiiirTs BifcTaHb Mixk npamumu AB i B,C;.

2.15. CTOopoH: OCHOBU IMPAMOTO IlapaJjejelrinefa OOPiBHIOIOTE 3 ¢cM i 5 cwm,
omHa 3 pmiaromajeii ocHoBum 4 cM. MeHIna giaromajbs mapaJelelinena
YTBOPIOE 3 IIJOIIMHOI ocHOBM KyT 60° 3HaimiTh miaromaji mapaJeJe-
minena.

2.16* HoepmiTh, mI0 cyMa KBajJpaTiB IJIOIN OIYHUX I'paHEN HmpAMOTO IapaJjeJe-
mimema JOPiBHIOE CyMi KBaJpaTiB IIJIOII MOTO AiaroHAJIbHUX Mepepisis.

2.17. Bucora mpsMoro mapaJeJjelinmena ITOPiBHIOE \/§ , IiaroHaJii #oro yTBO-
PIOIOTH 3 OCHOBOIO KyTu 45° i 60° a ocHoBoO € pom06. 3HaANIITH:
1) oy Giumoi IOBepXHi ImapaJesielrimena;
2) 1IoIy IOBHOI IIOBEPXHi ITapaJieJierrimesna.

2.18. CTOpoHU OCHOBHU IIPSIMOI0 IapaJjejemninena nopiBHIOOTE 13 cm i 14 cwm,
MeHIIIa Horo aiaroHaJjs aopiBHoe 17 cm, a miomia ocHosu 168 cm?.
3HanAiTh oIy OiUHOI ITOBEpPXHi.
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2.19.

2.20%

2.21*%,

2.22.

2.23%,

&

2.24.

@

IIpamMoKyTHUI mapaJeemnines € HaOiIbI Y)KUBAHUM T1JIOM y Oy IiBHUIITBI.

3HaiifiThy miaromaJi IIpPsSIMOro mapaJjiejelimeza, KoKHe pedpo SKOro Io-
piBHIOE @, a TOCTpUU KyT B OcHOBi 60°

CTOpoHM OCHOBHM IIPAMOTrO IlapaJeJjielliliefa TOPiBHIOIOTh 2 ¢M i 5 cwm;
BicTaHp MijK MeHIIMMU 3 HuUX 4 cM, a Oiune pebpo 2v2 cm. S3HANOITH
IiaroHaJi mapaJiesenimnesna.

OCHOBOIO TIPAMOrO IIapaJjiefielliliesa € mapajejorpaM, MeHIIIa CTOPOHA
AKOro mopiBHIOE 9 cm, a rocTpuii KyT cramoBuTh 60°. Binpmia 3 mia-
roHajyieii mapaJieserrinena gopiBHioe 29 cMm, a AgiaroHasb ioro OiJbIrol
6iunol rpaHi 25 cM. 3HaWAITH ILIONHIYy OiUuHOI ITOBEepPXHi mapaJesemnimena.

Y ky6i ABCDA,B,C,D; sHainiTe KyT Misxk npamono AB; i miomu-
HOI0O ABC,.

Y npamokyTHOMY napanesenineni ABCDA;B,C,D, Bigomi pebpa AB=35,
AD=12, CC;=21. 3naigire KyT Mixk miomuramu ABC i A;DB.

BuasitTb cBOI0 KOMMNETEHTHICTb

IToka:kiTh Ha TPUKJIAJAX, IT0 TPAMOKYTHUI HapaJjesenines € Hal6iabI
ykuBaHUM Tijgom y OymiBHunTBi. IligroTryiiTe mpesenraiiito, y AKii
BUKopucTaiite pororpadii OymiBesb, CTBOPEHNX i3 BUKOPHUCTAHHAM IIPs-
MOKYTHUX MapaJejeninenis.

~N




§3. NObYAO0BA NMEPEPIIB
NPU3MU N 3AAYI, NOB’A3AHI
3 MEPEPI3AMU

IToGynoBa mepepidiB MHOTOTPAHHUKIB OyJia pPO3IVISHYTa B Kypci reomerpii
10 kaacy. g moOyqoBu MOXKHA BUKOPMCTOBYBATHU BJIACTUBOCTI IapaJieIbHOCTL
OpAMUX i MJIOHMH abo, HampukJazn, meron ciaigiB. Haramaemo 1mi meronm.

1. BuKopucTaHHA BNacTUBOCTEN NapanenbHNX NPAMUX i NNOWWH

SKmI0 3amaHWil MHOTOTPAHHUWK MICTHUTH HapaJjiefibHI rpani, AKi meperu-
Hae ciyHa ILJIOIIWHA, TO 3a BJIACTUBICTIO IapajieIbHUX IIJIOIIWH IPAMi Iepe-
TUHY CiYHOI MJIONWMHU 13 UMM T'PAHAMU IlapaJjeJsbHi.

Ilo6ynyemo mepepis npamoxyTHOro napaJesnemninena ABCDA,B,C,D;
(puc. 3.1, a) IJIONIMHOIO, IO IIPOXOAUTHL ueped Touku K, L, M wma ioro
pebpax (K eAA,, LeBB;, M eCC;). Cnonryuaemo BifpiskamMu Iapu TOUOK,
110 JiesKaTh B ONHiIN TrpaHi, — omep:Kyemo Binpisku KL i LM (puc. 3.1, 0),
3a AKHMH CiuHa IJIoIMHAa IepeTuHae rpaHi ABB;A; i BCC,B; Bigmosin-
HO. IIpoTmierkHi rpaHi mapaJjesemimena IIOIMAapHO ITapaJjeibHi, HaIPUKJIAL
mwi. AA; D, D||nn. BCC, B, .

Oraxe, ciuna niomuHa nepetuHae rpaib AA, DD mno npawmiit KN, napa-
JgeapHilt nmpawmiii LM (upoBogumo KN || LM, NeD,D i cnorydaemMo BiApis-
kamu Touku N i M). HorupukyTHuk KLMN — myKaHuil mepepis.

Ivoni BuKOpmCTAHHA BJIACTMBOCTEH NapaJIeIbHUX MPAMUX 1 IJIOIIWH IIO-
€IHYIOTh 3 iHITUMW MeTOJaMM TMOOYAOBU II€PepPi3iB MHOTOTPaHHUKIB.

Puc. 3.1 |

a B, C, 6
|
|
A1 fL D1
K ¢ | M
|
/J.?__“___ ¢
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s moGynoBu GiJbINl CKJIAAHUX EpPepPis3iB MHOTOTPAaHHUKIB 3PYyYHO 3aCTO-
COBYyBaTH Memol caidig: cuouaTKy OyAyIOTh IPAMY IEPETHUHY CiuHOI MJIOTUHU
3 IIJIOIIUHOI0 SIKOI-HeOyAb rpaHi (ciim ciumoi IJommHM Ha IiA rpaHi), a moTim
yiKe 3HAXOOATH TOUKM IEPETUHY CiuHOI MJIONMHU 3 BigmoBigHMMU pebpamu
MHOTOrpaHHUKA (a00 3 IXHiMU TPOJOBKEeHHAMM). [HOAI HEOOXiJHO POSIVIAHYTH
JIOTIOMIiKHI IIJIOMIMHY, NS AKUX TaKOXK OyOyeThcA cJaif ciuHol miormuuu (abo
cain 1iel MOMOMisKHOI IIJIOIUMHU Ha IIJIOIIWHI AKOI-HeOyabh T'paHi).

Haramaemo: nmisa omep:kaHuHA ciaigy (up4-
Mol b) mromumuau B Ha mromuuai O (pmc. 3.2)
IOCTAaTHBO BHAWTU TOUKMU IIEPETUHY JOBOX INIPA-
MHUX IUIOIWMHU O 8 IUJIONIUHOK [ (OCKiJIbKHU
IBi Toukm, HampukJanx A i C, oTHO3BHAUHO BU- B
3HaAuUaoTh OpAMYy b). TouKka mmepeTuHy OyIab-IKOI a
OpAMOl @ IJIOMIMHYU 3 3 IJIOI[UHOK O 3aBMKIU
JIEKUTh Ha CJiZ0Bi mromuuu B Ha IJIOMIUHI O
(ma mpamii b). @

OTrpumMmaBIliu ysBJEHHSA IIPO IapaJiesibHe
i meHTpaJbHE MPOEKTYBAaHHS, MOYKHA YTOYHH-
T 3MIiCT METOAY CJiaiB, MIOB’SI3aHOI0 3 BUKO-
PUCTaHHAM BiANOBiAHUX MPOEKIIiii. AAKINO PO3TIAZATH CJiJl CiYHOI IJIOIWHU
Ha IJIOIIWHI ITPOeKIlii, To pa3oM i3 KOMKHOI0 TOUKOI0 MOXKHA poariadamatu i ii
MIpOoeKIlifo Ha I ILrommuuy. Tomi mjia moOymoBuM BiAmoBigHOro ciimy ciunoi
IJIOITUHU AOBOAUTHCA NBiUi 3HAXOAWUTYW TOUYKHU IIEPETUHY MPAMOI ¥ IJIOIWHUI
3a IBOMAa 3aJaHUMHU TOUKaMHU Ifiel mpAMOl Ta iX HPOEKMiAMMN Ha IJIOIIUHY.

Hexaii, manpukiajn, mpsMa a OPOXOAUTH deped Touku A i B, mpuuyomy
Bimomi mapajenbHi (puc. 3.3, a) a6o menTpaJbHi (puc. 3.3, 6) mpoermii A’,
B’ mux Touok Ha miuomuHy . Tomi Touka M meperuHy mnpsamoi a 3 ii

Punc. 3.2

Puc. 3.3
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ImpoeKIrielo — mnpsamor a’ (1o mpoxoauTh uepe3d Touku A’ i B’) i Oyze
ITYKAaHUM TEePeTUHOM IPAMOI @ 3 TJIOIIUHOI .

Om:xe, 100 3HAWTH TOUYKY IEPETHUHY MPSAMOI 3 IJIOIIWHOI IIPOEKITiii,
IOCTaTHBO 3HAUTU TOUKY MEPETUHY HPAMOi 3 iI MPOEKI[i€l0 Ha IO MJIOIIUHY.

Taxum umHOM, AJI TOOYAOBHU IIepepisiB MHOrorpaHHHKIB METOZOM CJIixiB
MM MOXKE€MO BMKOPMCTOBYBATH IapaJejibHe IMPoeKTyBaHHs (y 3amadax, IMOB’s-
3aHUX i3 mpuamamu) abo meHTpaJsbHe (Y 3aJauax, HOB’A3aHUX i3 mipamimoro).
YacTo 3a MJIOMMHY MOPOEKI[il BMOMPAIOTH ILIOIMHY OCHOBM MHOTOIPAHHHKA
(AK IIEHTP MPOEKTYBAaHHA — BEPIIWHY IIipaMifu, IPOTUJEKHY OCHOBI).

3Sa JOIIOMOIOI0 MeTOomy cCJIifiB mobyayemo mepepis kyba ABCDA;B,C;D;
IJIOIITMHOIO, ITI0 IPOXOAUTEL ueped Tpu Touku K, L, M, aKki jJe:kaTh Ha IOIapHO
MUMOOLKHIX pedpax KyoOa (puc. 3.4).

Posriamemo mapaJjiesibHe IIPOEKTYBaHHS 3aJaHUX TOUYOK Ha IJIOIIUHY
ocaoBu ABCD y manpsaMKy O6iuHoro pebpa xyoda. Tomi mpoekiismu Touok K,
M, L 6ynyrs Bigmosimuo Touku A, M, L,, ne LL,||D;D (puc. 3.5).

3HalgeMo TOUKY IepeTuHy mpsamoi LK, IM0 JeXUTh y CiuHill miomiuHi,
3 IJIOI[UHOIO OocHOBU KybOa. IlepetrmHoM mnpamoi LK 3 ii mpoekniero LA
i € mykana Touka P, III0 HaJEKUTh CiUHIiNl IJIOIMWHI ¥ MJIOIIMHI OCHOBU KY-
6a. OTke, ciuHa IJIOITMHA IIePETUHAE OCHOBY Kyba mo mpamiii MP (ocKiiIbKku
Touku M i P Hajle)KaTh AK CiUHIA momuHi, Tak i miuomumui ocumoBu ABCD).
Ile i € cuaig ciuHol muolmMHM Ha IJIOIWHI ocHOBU KyOa. Touxka H mepeTuHy
miel mpamoi 3 pebpom AB mae Ie ogHY TOYKY Iiepepidy KyOa. Cmosryummo
Touku K i H, H i M Bigpiskamu.

Haji BUKOPHCTOBYEMO HapaJieJIbHICTh NPOTUJIEIKHUX TpaHell Kyba, fAKi
ciuHa IIJIOIMMHA NHEepPeTHHAaE II0 IIapajieJIbHUX NIpAMHX. depe3 TOuKy L mpo-
BeJeMo NIpaMy, napajeabHy KH, i Touky ii meperury 3 pebpom CC; Kyba
mosHaunmo OykBoio E. Cmomyummo Touku E i M Bimpisxkom. Uepes Toury L
TaKOK IIPOBEIEeMO IpaMYy, 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 / N .
A, AN
Al B1 1 //’ .B1 \ E
/
D © )" D Llo ¢

K
K¢ 1AM
“M A\/”’
H
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Mlectukytuuk KHMELF i Gyme ImyKaHUM ImepepisoM Ky0a 3agaHOM0 ILIO-
IUHOIO.

3asHauuMo, IO MOYMHATHU PO3B’A3YBAHHA 3a/au HA OOUMCJIEHH:, ITOB’S3a-
HUX i3 mepepidaMum MHOTOTPaHHUWKIB, MOKHA ABOMA IIAxamMu. Hampukia,
AKIMO B 3aJadi MOTPiOHO 3HAWTHU IIJIONIYy IIepepisy, TO CIIOUATKY MOKHa II00Y-
IyBaTu Ie¥l Iepepis, BU3HAUUTHU Horo (hopMy, a MOTiM 3HAWTU HOTO TJIOMTY.
AJle OCKiZBKM B 3ajaui He BHMAaralTh IIOOyAyBaTH Iepepis MHOTOTpaHHUKA,
TO MOKHA IIOUYATH PO3B’A3yBAHHS iHaKINe: MPUNHATH, IO II€Pepis yiKe IIo-
OymoBaHMWU i, CIIMpalmYMCh Ha BJIACTHUBOCTI ITapaJjeibHOCTI abo HepuneHIuKY-
JIIPHOCTI MPAMUX i IJIOIIUH, OOI'PyHTYBatu (hopMy Iiepepidy, a ImoTiM 3HAWTH
fioro moIy (AWB. iHTEPHET-IiATPUMKY IIiAPYUYHUKA).

Taxko:k sasHaumMMoO, IO iHOAI CJIify CiUHOI MJIOHIMHU 3PYYHO POITISAATU
He TiJIbKU B 3ajJavax Ha IOOyAOBY mepepisiB, aje i y 3ajauax Ha OOUMCJIEH-
HS KyTa Mi’K CiYHOIO MJIOIMHOIO I IIJIOIIMHOIO OAHiel 3 rpaHell mpuaMu abo
mipamigu. ¥ Takux BUIIAJKaX HAC YacTO He I[IKABUTHb BUJI IIE€PEPi3Y, TOMY
ioro Mo)kHA He OyayBaTu II He OOI'PYHTOBYBaTU (AUB. iHTEPHET-HiATPUMKY
TigpyYHUKA).

NMPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apava 1. Y npamokyTHomy napanenenineni ABCDA,;B;C;D; cTopoHu ocHoBu AB
i AD popiBHIOOTb 5 CM | 6 CM BigNOBiIAHO, @ BUCOTa napanenenineia 8 cm.
3HangiTh nowy nepepily napaneneninega MiOWMHOW0, WO MPOXOANUTb
yepes CTOpoHy ocHoBU AB i BeplnHy C;.

Po3B’A3aHHA KomeHTap

» 1) Ockinbku; mapaJiesienines IPAMOKYTHHIH, BMKOPNCTOBYEMO OCHOBHI ene-
TO MOro BUCOTOIO € GiuHe pebdpo, OT:Ke, 3a MEHTU CXeMU PO3B'A3yBaHHA 3a4ay

ymoBoro DD, =8 cm (puc. 3.6). Ha obuuncneHHs (au.. § 1, n. 4).
1) O6rpyHTyBaT pO3TallyBaHHA
Puc.3.6 D, C, BMICOTU MHOFOrpaHHuKa (y Lbo-
My BUMaKy AOCTaTHbO Mpwura-
A, B, AaTV O3HAaYeHHA 1 BNacTUBOCTI
NPsAMOKYTHOIo napaneneni-

nega).

D C 2) O6rpyHTYyBaTH, WO NPOCTOPOBI

KyTW 1 MPOCTOPOBI BiACTaHi no-
3HayeHi npaBunbHO (y Ui 3a-
Jadi TakMX efleMeHTIB HeMmae).
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2) Ilmomuun ocuoB ABCD i A;B;C;D; mnapa- 3) AKwo po3rnagaeTte nepepis
JIeJIbHi, TOMY CiuHA IJIOIIWHA IIePeTUHAE IX MHOFOFPaHHNKa, TO OOrpyH-
mo mapajenbHux npamux. CiuHa miaoriuHa TyBaTM MOro Gopmy, AKLIO L0
ABC, mepeTrHae HI)KHIO OCHOBY IIO IIDf- dopMy BUKOPUCTOBYETE ANSA
Mmit AB, a BepxXHIO — IIO0 OpAMili, AKa Ia- po3B'A3aHHA (ANA O6UNCNEHHA

panenbHa TpaMiii AB i mpoxoauTh uepes
roury C;. Aye uepes Toury C; IPOXOZUTH
TIIBKM OfHA TpAMa, MapajejbHa IIpsd-
Mmiit AB, — ne npama C;D;. Otxe, mepepi-
3oM € yotupukyTHuk ABC,;D,, croponu AB
i C;D; axoro mapanesbHi # piBHi, TO6TO
ABC,D, — mnapanesorpaM. YpaxoByIOuH,
mo AD 1 AB i te, mo npsama AD — mpo-
exnia nmpamoi AD; Ha mromury ABCD,
ogep:xxyemo, 1mo AD; 1 AB (3a Teo-
peMoio TIpo Tpu mepueHAuUKyaapu). Orike,
ABC,D, — npAMOKYTHUK.

naowi OTPMMaHOro nepepisy
MOTPIGHO OOrpPyHTYBaTK, LWO
nepepi3om € NPAMOKYTHUK).

4) Ha KoxHoMy eTani obuncneHb
yKa3aTu, efleMeHT! AKOro Tpu-
KyTHMKa BW3HauyaeTe, i AKLWO
BIH NPAMOKYTHWIA, MNOACHUTU
yomy. 30Kpema, OO O6rpyH-
TyBaTW, WO TPUKYTHUK ADD,
NPAMOKYTHUI, OOCTAaTHbO YKa-
3am, wo DD, — Bncota
napaneneninega (togi nps-
ma DD, nepneHaukynapHa Ao
MIOLWWHN OCHOBW, a e 1 O3Ha-

AD, =\/AD2+DD12 — \/62+82 =10 (cm). Yage, WO BOHa nepneHanKynap-

Ha 0o npamoi AD, WO nexutb

Y Uil NAOLWMHI).

3) Is mpamokyTrHOTO TpUKyTHHUKA ADD,
(DD, — Bucotra napajeseninezsa) MaeMo:

4) Toxi mormia mepepisy AOPiBHIOE:
Snep =AB-AD;=5-10=50 (cm?).

Bidnosidv: 50 cm?.

3 npuknagamu po3B's3yBaHHA GiNbl CKMagHMX 3afad, MoB'A3aHMX i3 nepepizamu
NpPU3M, MOXKHa O3HAMOMUTUCA, 3BEPHYBLUMCb A0 IHTEPHET-MIATPMMKM MifpyyHuKa.

6.

3ATINTAHHA

1. HaBemiTs mpukJiag BUKOPUCTAHHS BJIACTUBOCTEN MapaJjejbHUX IIJIOITUH
i mpamMux AJjsa MoOymOBW TIepepidy MHOTOTrpaHHUKA.

2. IToscHiTs, 3MmicT mMeTony ciimiB moOymoOBM Mepepisy MHOTOTpaHHUKA.
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BIMPABU

3.1°

3.2°

3.3%

3.4°

3.5

3.6.

3.7

3.8.

3.9.

IToOynyiiTe mepepid YOTUPUKYTHOI HPU3MU ILIOIIMUHOIO, II[0 IIPOXOAUTH
yepe3 CTOPOHY OCHOBW I OHY 3 BEPIIUH APYTroi OCHOBH.

ITo6ynyiiTe mepepid YOTUPUKYTHOI HNPU3MU ILIOIIUHOI0, II[0 IIPOXOAUTH
yepes TPU TOUKHW Ha OiUHHX pedpax IIPU3MHU.

Biune pebpo mpaBuJIbHOI TPUKYTHOI IIPU3MHU AOPiBHIOE 6 CcM, a CTOpPOHA
OCHOBU 8 cM. SHAUAITH IIJIOIY IIepepidy MPU3MHU IIJIOIIHNHOIO, IO IIPOXO-
IUTH UYepe3 CTOPOHY HUKHBOI OCHOBU If IPOTHUJIEKHY BEPIIUHY BEPXHBOI
OCHOBH.

CTOpOHN OCHOBHU HPAMOI TPUKYTHOI mpusMu gopiBuHiooTh 10, 17 i 21,
a Bucora 18. 3HaWiTHL ILIOINY Ilepepi3y, IO TPOXOAWTH uYepeld OiuHe
pebpo ¥ MEHITy BUCOTY OCHOBH.

Y mpamiii TpUKyTHiN TpumsMi uyepes CTOPOHY OCHOBU mig KyTom 45°
IO Hel MPOBEIEHO ILJIOIIMHY, IO IIePeTHHAE IPOTUJIe)KHe Oiume pedpo.
3HalAITh IIJIOIY Iepepisy, SAKIIO IIJIOoIla OCHOBHU AOPiBHIOE @.
CTOpPOHMN OCHOBM IIPSAMOI TPUKYTHOI IPU3MU AOPiBHIOIOTHL 13 cM, 37 cMm
i 40 cm, a Giume pebpo 20 cm. S3HAWIITH:

1) ooy Iepepisy HNpU3MM ILIOIIMHOIO, IO IIPOXOAUTEL uepes3 OiuHe
pebpo I MEeHITy BWCOTY OCHOBU IIPU3MU;

2) oy mepepisy IPWU3MU IIJIOIIWHOI, IO IIPOXOAWTH Yepe3 CTOPOHY
ocHOBU mim KyToM 30° IO IJIOMIMHU OCHOBI.

OcHoBoro npsamol TpukyTHOI npusmu ABCA,B,C; € piBHOGeapeHHUi Tpu-
kyTHUK ABC, ne AB=BC=25 cm, AC=30 cm. Yepes 6iune pebpo AA;
MIPU3MHU IIPOBEAEHO IJIOIINHY, IEePIeHINKYIAPHY 10 peopa BC. Busuaure
BHCOTY IIPU3MHU, SKINO ILIOIA YTBOPEHOrO IIepepisy mopiBHioe 72 cm2.
HiaroHasbs OCHOBM MPAaBUJIBLHOI UYOTHUPUKYTHOI NTPU3BMU JOPiBHIOE
10\/5 cMm, a Bucora 20 cm. 3HAUIITH:

1) mromy amiaroHaJIBHOTO TEpepisy MPU3MU;

2) mwmomy mepepisy, IO MPOXOAUTH Uepe3 MMPOTHJIEKHI CTOPOHU OCHOB
IPU3MU;

3) mJoly mepepisy MPU3MH, IO MPOXOAUTHL Uepe3 CTOPOHY OCHOBHU Mif
KyToMm 45° mo Hei.

JliaroHaJyib OCHOBU ITPaBUJIbHOI YOTUPUKYTHOL IPU3SMU JOPiBHIOE 4\/5 cM,
a JiaroHaJib IpWU3MU HaXWJIeHA IO IJIOIMHU OCHOBM Iijy KyTom 60°.
SHAWIiTEL MJIOIY IIepepisy IPU3MH, IO IPOXOAUTEL Uepe3 CTOPOHY HUIMK-
HBOI OCHOBU I IIPOTHUJIEKHY CTOPOHY BEPXHBOI OCHOBH.
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3.10%

3.11%

3.12.

3.13%

3.14%,

3.15.

OCcHOBOIO TIPAMOI HPUBMHU € NPAMOKYTHUIN TPUKYTHUK i3 Kareramu
20 cm i 21 cm. Yepes cepenuHy TilOTeHY3U IIEPIEHINKYJIAPHO OO Hel
IIPOBEJIEHO TLJIONIUHY. SHAWAITH IJIONIY IIepepidy, AKImo OiuHe pebdpo
mpu3Mu nopiBHIOE 42 cM.

3HaligiTh Moy 6iuHOI MOBEpXHi MPaBUJIBLHOI TPUKYTHOI TPU3MU, ILJIO-
II1a OCHOBU KOl JOPiBHIOE S, a IJIOIIA IePepidy, IPOBEIEHOT0 Yepes3 CTO-
POHY OnHiel OCHOBU ¥ ITPOTHUJIEIKHY BEPIINHY iHIIIOI OCHOBU, AOPiBHIOE @.
Kowxne pe6po npaBunbHol mectukyTHOI npusmu ABCDEFA;B,C,D,E,F,
mopiBHioe a. IloOymyiiTe mepepis mpusMU MJOIIMHOIO, IO HTPOXOOUTH:
1) uepes Bepmuran A, C i D;; 2) uepes BepmuHHu A, B i E;.
OO06umcTiTh TJIOIII WX Tepepisis.

Yepes miaroHasb OCHOBU MPABUJIBHOI YOTMPUKYTHOI MIPUSMU IIPOBEEHO
mepepis, ImapaJieJlbHUN AiaroHas i mpmuaMu. SHAWAITH ILJIOITY IIepepisy,
SAKIO BHCOTA HPU3MU IOPiBHIOE 4 CM, a CTOPOHA ii OCHOBH 2 CM.

Y mnpaBuabHiNl TPpuUKYyTHiNI mpusMi, KoyKHe pedpo SAKOi JOopiBHIOE a,
moOyayiiTe mepepis, IO IPOXOAUTH Uepes3 CTOPOHY OCHOBU U CepemuHy
BiZipidKa, AKWI CIOJydYae IEHTPU OCHOB. 3HANAITHL ILJIOINY IIepepisy
i KyT MidK IJIOIIIWHOIO TEepepisy ¥ IIJIOITWHOI OCHOBU.

BuaBiTb CBOIO KOMMNETEHTHICTb

HepeB’ssHuii Ky0 i3 pedpoM 28 cM IOTPiOHO POIMUIATHU TaK, II00 MUIKA
npoinia ueped Touku K, P i T Ha pebpax Kyba Taki, 1mo Touku K
i P poaramoBani Ha BiacraHi 7 cMm Big Halibamikuol BepIIuHH Kyo0a,
a Touka T — cepenmHa BimmoBimmoro pebpa Kyb6a (puc. 3.7, a). Ak
mobyayBaTu Ha KyOi JiHil posmmiay?

Brasieka. IlobynytiTe BiamoBigHMI ITepepid Ha 300paskeHHI Kyba i 3HAM-

mite Bimcramb DX, me X — TOUYKa MEPETUHY CiUYHOI IIJIOIMIMHU 3 pe-
6pom DD, (puc. 3.7, 0).

Puc. 3.7 a 6

B1 C1
Ko N K,
L
}0) 1 p D, T
o T
B C
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Tabnuuya 3
Mipamiga

OzHaueHHA. [Mipamiooo Ha3MBa€ETbCA
MHOTFOrpaHHUuK, WO CKNafjaEeTbcA i3 S
NJOCKOro MHOTFOKYTHUKa (0cHosu nipa-

Miou), TOUKIN, AAKa He NeXUTb y Nowun-

Hi ocHOBU (BepwuHuU nipamiou), i Bcix

BiApi3KiB, AKi cnony4yalTb BeplINHY

nipamign 3 TouKaMy OCHOBWU.

ABCD — ocHoBa nipamigu;

S — BepLuHa nipamigy;

SA, SB, BC, SD — 6iuHi pebpa;

AASB, ABSC, ACSD, ANASD — B C
6iuHi rpaHi.

Bucoma nipamiou — nepneHanKynsp, nposepe- S

HWI i3 BEPLIVHM Nipamian Ha NAOLWWHY OCHOBU.

SO — BucoTa nipamign,

SO=H (SO Lun. ABCD);

Stium.nip =S as8 T SaBsc TSacsp ¥ Saaspi

S

TOBH. IIip = S6itm. uip + Socn

MpaBunbHa nipamiga

Mipamiga HasvBa€eTbCA NPABU/IbHOIO, AKLLO 1T OCHOBOIO € NPaBMIbHNII MHOTOKYT-
HUK, @ OCHOBA BUCOTM 36ira€Tbcs 3 LLEHTPOM LibOr0O MHOTOKYTHUKA.
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[eAaki Buan npaBunbHUX nipamig

TpukyTHa YotnpukyTHa LecTtnkyTHa
S S S
I ! E D
D
C l
A A i Y
. M 0 M (0] -
A ABC — npaBunibHui; ABCD — kBagpar; ABCDE —
O — TouKa nepeTuHy O — TouKa nepeTnHy NPaBUIbHUN LWECTUKYTHUK;
megiaH (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 oCHOBWY);

SM — anodema NpaBubHOI Nipamian — sucota biuroi rpavi (SM L BC).
BnactuBocrTi

1) ¥ npaBunbHin nipamiai 6iuHi pebpa piBHi 1 04HAKOBO HaXUMeHi A0 NMAOLWMHN OCHOBW.
SA=SB=SC=.., /SAO=/SBO=/SCO-=..

2) BiuHi rpaHi npaBunbHOI Nipamiay — piBHI piBHOOeAPEHI TPUKYTHUKYM, OLHAKOBO Ha-
XUNEHi 4O OCHOBW.

ANASB=ABSC-=...

OCH

1 1
3) Sgiqn =EP 'SM=EPOCH -1, pe | — anodema.

S o .
4) Sgiqy = —2=, ne §=2LSMO — KyT Haxuny BCix 6iYHNX rpaHeii 1O OCHOBY;
0S
Stiar = Seiam. rp - T/ A€ I — UNCIIO TPAHEN.

5) SHOBH :‘Sﬁqu +8

OCH
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Mepepi3n nipamign

B

liazoHanvHut  nepepi3 | MNepepi3 nipamign NAOWMHOW, MapanesibHOK OCHOBI
nipamiou — nepepis nio- | nipamigu.

WrHolo, Wo npoxoAnTb | [MnowwHa A;B;C; napanenbHa nnowuHi ABC.

uepes ABa He CyciaHi GiuHi | B nepepisi 00epXyeMo MHO20KYMHUK (Ha PUCYHKY —

pebpa nipamign. A A, B, C,), n00i6HUl MHO20KYMHUKY 0CHOBU (i 0flep>KyemMo
JliaronanbHuin  nepepis = Nipamigy SA; B,C;, nogi6Hy 3aaaHii nipamigi). IHwy Yactu-
nipamiamn € TPUKYTHUKOM. Hy 3agaHoi nipamign — mHororpaHHnk ABCA;B,C; —

Ha3UBaOTb 3Pi3aHOI0 hipamiooro.

MOACHEHHA N OBI'PYHTYBAHHA

CohopmyaoeMo o3HaueHHs IipamMimgu, aHa-
JOTiuHe O3HAUEHHIO IPU3MU. Puc. 4.1 S

O3HauyeHHs. lipamiooto Ha3NBaETbCA MHO- {
rorpaHHuK, WO YTBOPIOETbCA 3 MIOCKOro /
MHOrOKYTHUKa — OCHO8U nipamiou, TOUKu, /
fIKa He NeXUTb y NNOLWWHI 0OCHOBU, — 8ep- !
WUHU nipamiou — i Bcix Bigpi3kiB, wWo cno-

nyyalTb BepLIVHY Nipamign 3 TouKamu oc- /
HoBM (puc. 4.1). A !

Haragaemo, mio Bimpiskm, AKi cmoJsyda-
IOTh BEPIINHY IIipaMigy 3 BepIIMHAMN OCHOBH, C
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HasMBaOTh OiyHuMu pebpamu. Hampurian, Ha puc. 4.1 ocHOBoO0O mipamimu
SABCD € MHOTOKYTHUK (4oTMpPUKyTHUK) ABCD, a O6iuHmMu pebpamMu — Bif-
pisxku SA, SB, SC, SD.

IToBepxHsa mipaMigu ckJaagaeTbcs 3 OCHOBHU U OiuHmMX rpaHeii. KoskHa 6iu-
Ha rpadb € TPUKYTHUKOM. O[Hi€i0 3 BEpIIWH IHOTO TPUKYTHUKA € BepIIMHA
mipaminy, a TPOTUJIEKHOI CTOPOHOI0O — CTOPOHA OCHOBU IIipaMigu. 3oKpeMa,
y posmIAHyTi#i mipamini OiummMu rpamamm € TpurkytHuku SAB, SBC, SCB,
SAD. [lna 3HaXOmKeHHA nJow,i 0iuHol nosepxHi nipamidu TOCTaTHbO 3HANTHU
cyMy ILTOIN ycix ii GiummMX rpameii, a [Jsd 3HAXOMKEHHS NJOUWL NOBHOI No-
8epxHi nipamiou — cymy ol ycix ii rpaneii:

Ssiun =Sasa T Saspc +Sascp +Sasaps

Shosn =Sasas T Saspc +Sascp T Sasap ¥ Saasep = Seian + Socn

O3HaueHHA. Bucomoto nipamiou Ha3sMBaETbCA NepneHANKYNAp, NpoBegeHnn
i3 BepwmHM nipamigmn Ha nnowunHy ocHoBm (Akwo SO L ni. ABCD, 10 SO —
BucoTa nipamign SABCD). JOBXNHY LibOro neprneHAnKynapa TakoXx Ha3nBa-
I0Tb 8UCOMOIO hipamiou.

O3HayeHHA. Mipamiga Ha3nBa€eTbCA n-KymHoio,
AKLLO iT OCHOBOIO € Nn-KYTHUK. Terpaeap — Bix. rpei.

TpukyTHY Hipamigy iHozi HasuBaloThb mempa- | OTHPUIDAHHUK.

edpom. Terpaenmp, yci rpani AKOoro — mpaBUILHI
TPUKYTHUKU, HABUBAIOTh NPABUJbHUM Mmempaedpom.

Y n-kyTHi# mipamini maemo n+1 BepmiuHy, 2n pebep i n+1 rpassb.

Hagani posrmamatmmeMo TiJIbKM ITipamMinn, y AKHWX OCHOBU — ONYKJIL
mHOrokyTHuKU. Taki mipaminzu € onykaumu MHO202PAHHUKAMU.

BigmoBigHO M0 mpaBM mapaJeabHOT0 NPOeKTYBaHHSA 300paskeHHs Iripami-
o1 OyayioTh Tak. IlounmHAOTH i3 300paskeHHs il OCHOBU — JIESIKOI'0 IIJIOCKOI'O
MHOTOKYTHUKA. IloTiM 300paskyioTh BEPIINHY IIipaMigu, AKY CIOJIYYalOoTh
OiuHmMu peOpaMu 3 BepIIMHAMU OCHOBU (AuB., HampukJaang, puc. 4.1). dximo
moTpiOHO 300pa3uTH BUCOTY IIipaMinum, To AJid HaodyHOCTi ii 3a3Bmuaii 300pa-
JKYIOTh BEPTHUKAJBHUM BiJpisKOM.

3as3HaunMoO, 1[0 34 BJIACTUBOCTAMU ITapaJjesIbHOTO MIPOEKTYBaHHA 300pasKeH-
HA BUCOTH Yy BUTJIAAI BEPTUKAJLHOTO BifpidKa He € 000B’A3KOBUM — TOJIOBHE,
1100 300paskKyBaHUIl BilpisoK CIIOJyuaB BEPIIMHY IIipaMigu 3 TOUKOIO OCHOBH,
dKa € 300pasKeHHAM OCHOBM BHCOTU Iripamimu (muB. Takoxk Tabia. 4 B § 5).

193
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@

dopma nipamigy IITPOKO
BUKOPUCTOBYETHCA

B apxiTekTypi. Hampuriian
HOBUI1 BXix B JIyBp OyJio
30ymoBaHO y (hopmi
nipaminu.

~

\

2. MpaBunbHa nipamiga

O3HauyeHHsA. Mipamiga Ha3MBa€EeTbCA NPABUILHOIO, AKLLO 1T OCHOBOIO € NMpa-
BUIbHUIA MHOTOKYTHUK, @ OCHOBa BUCOTU 36ira€Tbcs 3 LLEHTPOM LibOro MHO-
roKyTHUKa.

Hnsa moOymoBu 300pasKeHHA IPaBUJIBHOI mipaMmigu OyAyIOoTh 300pasKeHHS
BiZTIOBiTHOTO TPaBUJIBHOIO MHOTOKYTHUKA (OCHOBU IIipamijgm) i #oro ieHTpa.
ITorim 3 oTpmMaHOTO IeHTPa IIPOBOAATH BUCOTY (AK 3a3HAUYAJIOCA BUIIE, IJIA
HAOYHOCTI BUCOTY 300pa’KyIOTh BEPTHUKAJBHUM BiIpisKoMm) i mosHauaroTh HaA
Hi#1 BepmuHy mipaminu. Ilicaa 1poro cmosydyaroTh BepINWHY IipaMigu 3 Bep-
IIIMHAMYA OCHOBH (K 3aBiKAU, HEBUAUMI pedpa 300paKylOTh HITPUXOBUMU
JiHigMwn).

Y Tabn. 3 HaBeleHi 300pasKeHHA MPABUJIBHOI TPUKYTHOI, YOTUPUKYTHOI
i mectuKyTHOI mipamia. Haragaemo, 1110 300paskeHHAM TPABUJIBHOTO TPUKYT-
HUKa MOKe OyTU MOBiIbHUH TPUKYTHUK, a IEHTP IPaBUJILHOTO TPUKYTHUKA
(puc. 4.2) 300pasKy0Th TOYKOIO TEPeTWHY MeIiaH TPUKYTHUKA-300pasKeHHs
(auB. iHTepHET-MiATPUMKY 10 § 7 migpyUYHUKA
nna 10 kiaacy).

Biccwo npasuavHoi nipamiou Ha3UBAIOTH M :
npamy, o Mictuth ii Bucotry. OcKinbKu BcCi
6iuni pebpa mpaBuJIbHOI Hmipamigu piBHI (BoHU
MaoTh PiBHI mpoekrIiii), To ii Giuni rpaHi —
piBHi piBHOOEIpPEHi TPUKYTHUKHU.

D O3HavyeHHA. Bucota 6iuHOI rpaHi npaBunb-
HOi mipamigu, npoBefeHa 3 ii BepLINHMU, A
Ha3MBa€ETbCA anogemoio.

VYpaxoByrouu, 1o Bci 6iuHi rpani mipa-
Migu — piBHOOEIPEHI TPUKYTHUKU, POOMMO
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BHCHOBOK, I0 amodema (BMCOTa) € OJHOUYACHO OiCEKTPHCOIO If MeaiaHOio Bin-
HoBigHOrO piBHOOEApeHOro TpukyTHuUKa. OTiKe, AKI0 SM — amogdema, mpose-
nmeua B rpaui SBC, To Touka M — cepenuHa ctopoHu ocHoBu BC (puc. 4.2).
Ockinbkm Bci OiuHi rpadHi mpaBuabpHOI Imipamigm piBHiI, TO piBHUMU Oy-
IyTh 1 BigmoBimui BmcoTH, TOOTO amodemu. OTiKe, yci anogemu npasuabHOL
nipamiou pieHi.
3asHauumo, 1o Koau BC LSM, to OM 1 BC (3a TeopeMOO IIPO Tpu
MePHneHguKYaaIpu), Toni KyT SMO — niHifiHWA KyT ABOTPAHHOrO KyTa IpHU
pe6pi BC, To6TO 1ie KyT Haxmay OiuHOI rpaHi M0 OCHOBM mipamigm. AHa-
JIOTIYHO KyTaM¥ Haxujay OiYHMX T'paHeid M0 ocHOBU mipamigm € Kytu SNO
i SKO. YpaxoByrouu, 10 IPAMOKYTHI TpukyTHUKH SMO, SNO i SKO piBui
(3a rimorenysor i Karerom), omep:kyemo: /. SMO=/SNO=/SKO. Otxe, yci
OiuHi zpani npasurbHoi nipamiou Haxuseni nid pieHUMU Kymamu 00 il OCHOBU.
Amnanoriuao 3 piBHOCTi MPAMOKYTHUX TpUKyTHUKiIB SAO, SBO i SCO (3a
rimoreHysooo i xarerom) omep:kyemo: /L SAO=/SBO=/SCO. Ane e Kytu
Haxwmily OiuHmx pebep mipamizm [0 NIJIOIIMHU OCHOBU, OTKe, yci Oiuni pebpa
npasunbHol nipamiou HaxuaeHi nid pieHumu Kymamu 00 NJAOWUHU Il OCHOBU.
3asHaunMo, II0 BCi HaBeJeHi pes3yJbTaTH CIpaBeIJNBi He TiJIbKU mJIs
TPUKYTHOIL, ajie & aada OyIb-AKOl IIPaBUJIBHOI IIipaMifn, OCKiJIbKY BCi OOI'PYH-
TYBAaHHA MOJKHA IIOBTOPUTHU AJIA OyIAb-AKOI IIPaBUJIBHOI mipamimu.
Vci anmodemu mpaBuabHOI mipaMiam piBHi; yci OiuHi rpaHi mpaBUJIBHOI Ii-
D pamigu HaxmieHi mig piBHMMEU KyTamu g0 ii ocHoBM; yci G6iuni pebpa mpa-
BUJILHOI mipaMify HaxXuJeHi Hif piBHUMU KyTaMH [0 ILJIOIIMHY ii OCHOBMH.
Hasememo 1e ogHY KOPHCHY BJIACTUBICTh HPAaBUJIBHOLI mipamimu.

Teopema 4.1. MNnowa 6i4HOT NOBepXHi NpPaBUIbHOI NipaMian JOPIBHIOE fOOYTKY
niBnepmmeTpa OCHOBU Ha anodemy.

» [loBepeHHA. Hexa cTOpoHa OCHOBM MpaBWIbHOI MipaMiAn AOPIBHIOE a, YNCAIO
CTOpiH ocHoBM — 7. Toai nnowa 6iyHOI NOBepXxHi Nipamign [OPIBHIOE Cymi nnoLy
n i1 piBHMX BiYHUX rpaHen, TO6TO AOPIBHIOE Mo 6iYHOT rpaHi, TOMHOXKEHOI Ha 7

1 an
S6qu =Eal-n=?-l=pl,
fe | — anodema, a p — niBNnepumMeTp OCHOBM Mipamigu.

Ilnomy GiunHOl IMOBepXHi HMpaBUJIBHOI IIipaMigum MOKHA TAKOMK OOUMCIATH
3a (popMyJIO0

S
j— OCH
Sﬁqu - ’
cos @
Ie (@ — KyT Haxwiuy OiYHUX I'paHell O OCHOBU Iipaminmm.

<\ 3 OOrpyHTyBaHHsAM Ui€i GpopMynn MOXKHa O3HAMOMUTUCA, 3BEPHYBLUUCH A0 iHTEp-
HeT-NiIATPUMKN NifPYYHMKa.
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Puc. 4.3
Ilepepia mipamigm IJIOIMIMHOO, ITIO IIPOXOAUTH Ue-
pes ii BepmiuHy i meperwHae ii OCHOBY, — IIe 3aBIK-
o TpuKyTHUK (puc. 4.3). 30KpeMa, TPUKYTHUKAMN
€ 0iazoHaNbHi nepepiu — Tepepisu IJIOUIMHAMH, IO
IIPOXOAATDH Uepes ABa He cycimui 6iuni pebpa mipaminnm
(puc. 4.4).
dAx i B samauax, moB’sa3aHUX i3 MPU3MOIO (IUB.
§ 3), mixg yac moOymoBu abo POSTIIALY mepepisiB mmi-
paMigm TJIOIIWHAMU, IO HE IPOXOAATH Yepe3 Bep-
MINHY mOipaMigu, MOKHa BUKOPHCTOBYBaTu abo BJa-
CTUBOCTiI IapaJieIbHOCTI W MmepHeHAMKYJIAPHOCTI
OpAMUX 1 TJIOIMUH, abo MeTox CJimiB (AUB. TAKOXK
§ 3 mippyunmka nna 10 kuaacy). [[as moOGymoBu 1e- Puc. 4.4
pepisy mipamMigy IJIOIIMHOIO AOCTATHBO HOOYAYyBAaTHU
Bipisku mepeTuHy ii rpaHeil i3 CiYHOIO ILJIOIIMHOIO.
3 npuknagom nobynoBu nepepisy nipamian mMeTtogom
cnigiB MOXKHa O3HAMOMMUTMCA, 3BEPHYBLIUCb [0 iHTep-
HeT-NiATPUMKN NigpydHKKa.

U,

Iummit ocobMBMI BUNALOK Iepepidy mipamigm —
mepepis ILJIOIWHOI0, IIapaJjejibHOI0 OCHOBI ITipaminm.

BnactuBicTb. Y nepepisi nipamign nnowmHolo, na-

panenbHOI0 OCHOBi, O€PKYEMO MHOTOKYTHUK, MO-

BiGHNA MHOFOKYTHUKY OCHOBM (puc. 4.5) (a TakoXx

ofepKyemo nipamigy, nopi6Hy 3agaHin).

I3 moBefeHHAM Ui€l BNaCTUBOCTI MOXHa O3HaMOMUTUCA, Puc. 4.5
w 3BEPHYBLINCb [0 iHTEPHET-NIATPUMKN MigpyYHMKa.

Inma wacrtmma mipamigm, oTpmMaHa BHACJiIOK
mepeTUuHY 3aJaHoi IIipaMifyu IJOHIMHOIO, IapaJiesb-
HOIO 11 OCHOBI — MHOTOTPaHHUK, SAKUU Ha3UBAIOTh
3pisanor nipamidor. Ha puc. 4.5 e MHOTOTPaHHUK 1 1
ABCA,B,C;.

T'pani 3pisanoi mipamigu, wo zexcams y napaenn-

HUX NAOWUHAX, HA3U6AIOMb OCHO8AMU; IHIIL rpaHi 4
Ha3WBaIOTh OiYHUMU TpaHaMu. Pebpa 3pisanHoi mmipa-
Mifau, 1110 He Jie)KaTh y IJIOIIMHAX OCHOB, Ha3WBAIOTH
OoiuHumu pebpamu. OcHOBU 3pisaHol mipamigm € moxio-
HUMU MHOTOKYTHHKAaMu, OiuHi rpaHi — Tpamerisamu. B
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3pisanHa mipamiza IMMUPOKO BUKOPUCTOBYETHCA B TeXHIiMi i1 apxitekTypi. Hampukiarg,
KJIaBiIIi KJaBiaTypu KOMII’I0Tepa YacTO BUTOTOBJIAIOTH y (POPMi 3pidaHUX UOTUPHU-
KyTHux mipamin. Taky camy dopmy marors 6yaiBiai Imcturyry mumcrenTB B IHmia-
"HamnoJici, CIITA.

Bucomoto 3pisanol nipamidu HasWUBAIOTh MEPHEHIUKYJIAP, IPOBEIeHUI i3
OyAb-AKOI TOUYKM OXHi€l OCHOBM HA iHINY OCHOBY (HaraJgaemMmo, IO HOTro JOB-
JKMHAa [OPiBHIOE BificTaHi MisK mIapaJieJbHUMM OCHOBaMU 3pisaHOl Immipamimm).

NPUKNAOWN PO3B'A3YBAHHA 3A0AM

3apgava 1. Y npaBunbHi YOTUPUKYTHIM Nipamigi 6iyHe pebpo, Wo AopiBHIOE 8 M,
HaxusieHe A0 MJOWMHN OCHOBY Nif KyTomM 45° (puc. 4.6). 3HalgiTb nno-
Ly NOBHOT NOBEPXHI Nipamigu.

KomeHTap

Mig yac po3B’'A3yBaHHA 3adaui Ta i odopmneHHa go-

LiIbHO KOPMCTYBATUCA CXEMOIO, HaBedeHo B N. 4 § 1.

Haragaemo ocHOBHI eTanu po3B'A3aHHA 3a L€l CXeMOIO.

1) O6rpyHTyBaTVM pO3TallyBaHHA BUCOTW Mipamigu
(y ubomy BMMagKy [HAOCTaTHbO BUKOPWCTOBYBATU
O3HaYeHHsA NPaBWbHOI Nipamign).

2) O6rpyHTYBaTH, WO NPOCTOPOBI KYyTU 1 MPOCTOPOBI
BiACTaHi Mo3HayeHi NpaBWIbHO (Ham 3afaHO KyT
MiXK 6iUHMM pebpom i MIoWMHOK OCHOBW, TOGTO
KYT MiX UM pebpoM i Noro npoekuiern Ha niowm-
HY OCHOBW).

3) O6rpyHTYBaTV BUJ | pO3TallyBaHHA 3ajaHOro nepe-
pi3y (y uin 3agaui nepepisy Hemae).

Puc. 4.6

Cs
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4) Ha KkokHOMy eTani obuMciieHb yKas3aTu, efleMeHTM AKOro TPUKYTHUKa BM3HAYaeTe,
i AKLLO BiH NPAMOKYTHUWI, MOACHUTN YOMY.

3a3Haummo: Wob obrpyHTYBaTH, WO TPUKYTHUK SAO NPAMOKYTHUI, 4OCTaTHbO BKasaTwy, Wo

SO — Bucota nipamian (togi SO L mia. ABCD, otxe, SO 1. AO).

[nA 3HaxomeHHA nnouli 6iYHOT NoOBepXHi Mipamign MOXHa BpaxyBaTy, Wo BCi GiuHi rpaHi
NpaBUbHOI Nipamign PiBHI, TOMY MOXHa 3HaNTW NAOLLY OAHIEI rpaHi 1 pe3ynbTaT NOMHO-
KUTW Ha 4.

Po3B'si3aHHA

» 1) Hexait SABCD (puc. 4.6) — 3agana mipamiza 3 6iunum pebpom SA =8 cwm.
3a yMOBOIO IIipaMija IIpaBujbHA, OTKe, 0CHOBOIO ii Bucotu SO € 1meutp O ocHO-
BU (TOUYKa IepeTUHY AiaroHaseil kBagpara ABCD).

2) Ockinpxku SO L ma. ABCD, to AO — npoexknisa 6iuroro pebpa SA Ha ILIOIUHY
OCHOBH, TO0TO KyT SAO — KyT Haxmay OiuHoro pebpa SA [0 IJIOIIMHN OCHOBU
i £LSAO=45°.

3) Is mpamoxyTHOro TpukyTHUKa SAO (SO — BucoTa mipamigm) Mmaemo:

N

AO = SA-cosd5° = S-Tz =442 (cwm).

4) 3a BiaacTusicrio miarouasnei ksagpara AO L BD i BO= AO, Toxi 3 IpAMOKYT-
HOro Tpukytanka AOB Maemo:

AB=+AO? + BO? :\/(4\E)Z+(4ﬁ)2 -8 (cm).

5) Omxe, y saganiit mipamizi Bei pe6pa nopisrioors 8 cm. Tozi S, ., = AB? =64 cm2.

2
Soian =4S as8 = 4'ABT\/§ =644/3 (cv2).

Toni SHOBH = Sﬁqu + Socn = 64\/§ +64= 64(\/g + 1) (CMZ)-
Bionogiov: 64(\/§+1) cm?.

3 npuknagamy po3B'A3YBaHHA Oinbll CKAAgHUX 3afay, MOB'A3aHMX i3 mipamigamu,
a TaKoX 3i 3pi3aHMMM Mipamigamu, MOKHa O3HaMOMUTUCA, 3BEPHYBLUWCb OO iHTep-
HeT-NIATPUMKN MifPYYHMKaA.

U,

3ANMUTAHHA

1. Illo Taxe mipamima? ocHoBa mmipamimu? 6iuni rpaui? pe6pa? Bucora?

2. Illp Take mpaBuJbHA mipamiza? BucOTa IIPaBUJIbHOI mipamigu? amodema?



§ 4. MNipamiga

3%,

5%,

OOrpyuTyiiTe, 110 B MPaBUJIbHIN mipamini:

1) yci 6iuni pebpa piBHi;

2) yci 6iumi rpaHi — piBHI piBHOGEApPEeHI TPUKYTHWMKU, a Bci amodemu
piBHIi;

3) yci Oiumi rpami HaxmJeHi mig PiBHUMH KyTaMU IO OCHOBU;

4) yci 6iuni pebpa HaxXwuJIeH] Tif PiBHUMHN KyTaM# [0 IJIOIMHU OCHOBH.

IITo Taxke Giuma moBepxHS Imipamiam? MOBHA MOBEPXHsA mipamigm?
HoBexiTs, 110 mJIoia OGiYHOI TMOBEPXHI MPABUJIBHOI IMipaMigu JOpiBHIOE
TOOYTKY IIiBIIeprMeTpa OCHOBHU Ha amodemy.

fAxa dirypa € mepepisom mipaMigu IJIOIIWHOIO, IO IIPOXOAUTH uepes ii
BepiuHy (i mepeTmHAae OCHOBY mipaminm)?

BIMPABU

4.1°.

4.2°,

4.3.

4.4.

4.5.

4.6.

4.7.

4.8.

4.9,

Y mipamigi 31 rpaub. CkinbKku B Hel pebep?

Bucora nmpaBuJIbHOI YOTHPUKYTHOI mipaMigu mopiBHIOE 7 €M, a CTOPOHA
ocHOBH 8 cM. 3HaiigiTe, Oiune pebdpo.

3a CTOPOHOI0 OCHOBM @ i GiuHMM pebpoM b 3HAWIITH BUCOTY IIPABUJIBHOL
mipamigu:

1) TpuUKyTHOI; 2) YOTUPUKYTHOI; 3) IIeCTUKYTHOI.
3a cTOpOHOI OCHOBM a i Bucororo H 3HaimiTey amodeMy IpPaBUILHOL
mipamigu:

1) TpuKyTHOI; 2) YOTUPUKYTHOI; 3) IIeCTUKYTHOI.
3a CTOPOHOIO OCHOBU a i BucOTO0 H 3HAWIITH MJIOI[Y MOBHOI HMOBEpPXHi
OpaBUJILHOI mipamigu:

1) TpUKyTHOI; 2) YOTUPUKYTHOI; 3) IIeCTUKYTHOI.
3HaWAITh IIJIOIY HOBHOI IIOBEPXHi HMpaBUJIbHOI IIECTUKYTHOI IIipaminm,
AKIO ii 6iunme pebpo JOPiBHIOE a i pajiyc KoJia, BIMCAHOIO B OCHOBY, I.
IInomia GiuHOl MOBEpPXHiI MPaBUJIBLHOI YOTUPUKYTHOI IIipaMiay IOpiBHIOE
14,76 m2?, a mioma moBHOI moBepxHi 18 M2, 3HAWAITL CTOPOHY OCHOBU
i BHUCOTY mipamingu.

3HagiTh maorly OiuHOI MOBEPXHI NMPAaBUJIBHOI TPUKYTHOI mipaminwm,
AKINO ii BucoTa mopiBHioe 4 cM, a amodema 8 cMm.

3HaigiTh maomny OiuHOI MOBEPXHI NPAaBUJIBHOI TPUKYTHOI mipaminwm,
AKINO OiuHe pebdpo YTBOPIOE 3 TJIOIIMHOIO OCHOBU KyT 45° a cTopoHa
ii OCHOBUM [OpiBHIOE a.
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4.10.

4.11.
4.12%,

4.13%,
4.14*,

4.15.

&

4.16.

@

Bukopucranus pisHomMaHiTHHX mipamin B apxiTeKTypi.

PO31JT 1. MHororpaHHukm

3HaNgiTh, TJIOIY ITOBHOI ITOBEPXHI MPaBUJIBHOI TPUKYTHOI mipaminu,
aKimo ii amogema mopiBHioe 10 cm, a Bucora 8 cM.

3a CTOPOHOIO OCHOBM @ 3HAWAITH IIJIOIIY OiuHOI IOBEPXHiI HpaBUJILHOL
YOTUPUKYTHOI mipamMinu, miaroHaJIbHUM mepepis AKol piBHOBEJIMKUIA
OCHOBI.

IInoma Giumoi MoBepxXHI IPaBUJIBHOI TPUKYTHOI IIipaMigym B 2 pasu 0ijb-
IIa 3a IJIOIIY OCHOBM. SHANAITh KYT MisK OiUHOIO I'PAHHIO I OCHOBOIO
mipamigu.

3HalaiTh ABOrpPaHHI KYyTH IPH OCHOBiI IIpaBMJbLHOL IIipamizm, mJoIma
OCHOBHU SAKOI HOpiBHIOE @, a mJjoIla OiuHOI moBepxHi S.

3HAUIITE CTOPOHY OCHOBM NPABUJBLHOI UOTHUPUKYTHOI IIipaminm, AKIITO
ii Giume peOpo MOpiBHIOE 5 €M, a ILJIOIA IOBHOI moBepxHi 16 cm?2.
IleuTrp oxmmiel 3 rpaHeil Kyba i cepefMHH CTOPiH IPOTHJIEKHOI T'paHi
€ BeplIMHaAMHu Iipamigm. 3HalmiTh ILIOINY OiuHOl IIOBepxHi mipaminm,
AKIIO0 pebpo Kyba MOpiBHIOE a.

BuasiTb cBOIO KOMMNETEHTHICTb

IligroTyiiTe mpeseHTAIlil0, NPUCBAYEHY BUKOPHCTAHHIO Pi3HOMAHITHUX
mipamin B apxiTexkTypi, amsaiiHi ToImio. BukopmcraiiTe BimmoBimHi ¢do-
Torpadii.

~N
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§5. PO3TALLYBAHHA BUCOTH
B AEAKUX BUQAX NIPAMIA

Tabnuua 4

S 1. Akwo BCi 6iuHi pebpa nipamian pisHi, abo
HaxuneHi nig piBHUMK KyTamu 0
MJIOLWMHN OCHOBY, ab0 YTBOPIOIOTb
PiBHI KyTu 3 BUCOTOIO nipamign,

mo OCHOBa BMUCOTW MipaMign € LeH-
A B TPOM KOMa, ONMMCaHOro HaBKOMO
ocHoBW (i HaBNakKw).

@

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 ONMMCaHOTO HaBKOMO OCHOBM KONa,
i SO Lon. ABC mo SA=SB=SC,

mo O — LeHTP ONMCaHOro HaBKOMO 2 SAO=28SBO=/,S8SCO
ocHosu kona (OA=0B=0C). i LASO=2BSO=/CSO.

[lnAa po3B'A3aHHA BUKOPUCTOBYIOTb NMPAMOKYTHUN TPUKYTHUK SAO, y AKomy:
SO 1 AO, AO=R

onue — PaAiyc ONMCcaHOro HaBKOJIO OCHOBY KOna,

£/ SAO — KyT Haxuny 6iyHoro pebpa SA [0 NNOWUHN OCHOBW.

2. Aikwjo BCi BGiuHi rpaHi nipamign yTBopto-
l0Tb PIBHi KyTN 3 OCHOBOIO,
Mo OCHOBOIO BUCOTY Nipamign

€ LeHTP KOona, BN1caHoro
B OCHOBY (i HaBMaKwM).




202

PO31JT 1. MHororpaHHukm

Akwo B nipamini SABC rpaHi SAB, Akwo B nipamigi SABC SO 1 a. ABC
SAC i SBC oHaKOBO Haxu- i Touka O — UeHTp Kona, BNNCAHOro
neHi go ocHosun ABC (TobT1o B OCHOBY,

/SMO=/SKO=/SNO —
BiAMOBIAHI NiHINHI KYyTW piBHi)
i SO 1L nn. ABC,
mo O — UeHTp Kona, BNMCaHOro
8 ocHoBy (DK =OM =ON =r).
[lnAa po3B'A3aHHA BUKOPUCTOBYIOTb MPAMOKYTHUN TPUKYTHUK SOM, y Akomy:
SO L OM, OM =r — pagiyc BN1MCAHOro B OCHOBY Kona (oM 1 BO),

£ SMO — kyT Haxuny 6iuHoi rpaHi SBC 1o OCHOBU

mo LSMO=/SKO=/SNO
(To6T0 BCi 6iuHi rpaHi nipamign
HaxuneHi nig piBHUMM KyTamm
[0 OCHOBM Mipamign).

(£LSMO — niHiHWI KyT fBOrpaHHoro Kyta npu pebpi BC).

cos @ '
ae @=2/SMO — kyT Haxuny BCix 6iUHMX rpaHei O OCHOBW.

[na nipamig Takoro Buay cnpasegnusa popmyna S =

3. AKwo TiNbKK ABi CYMiXHIi GiuHi rpaHi
S nipamian (@bo noxmnoi npr3mm)
O[iHaKOBO HaxMJeHi O OCHOBY
abo cninbHe GiyHe pebpo uux rpa-
Hew YyTBOPIOE PiBHI KyTU i3 CyMix-

|
|
X : B HVMM 3 HAM CTOPOHAaMM OCHOBMY,
) <& | mo ue cninbHe 6iyHe pebpo Npoek-
A \/\ 4 TYETbCA Ha NPAMY, O MICTUTb
< 0 GiceKTPUCY KyTa MiXK CyMiKHIMU
M i3 UMM pebpom cTopoHamu

OCHOBM (i HaBMaKw).
Axkwo B nipamigi SABC rpani SAB i SAC
OfHAaKOBO HaxuneHi fo ocHosn ABC
: (o610 £ SKO =/ SMO) a6o
/SAB=/SAC i SO Lun. ABC,
mo AO — bicekTpuca Kyta BAC
(abo npsama AO micTuTb bicekTpucy

0 M KyTa BAC).
N 1 B Axwo B nipamigi SABC SO L 1. ABC
% A i AO — bicekTpuca Kyta BAC (abo
npama AO MicTuTb GiceKTpucy
KyTa BAC),

mo £SKO=/SMO (rpavHi SAB
i SAC ogHakoBO HaxuneHi
Jo ocHosu) i £ SAB=/SAC.



§5.Po3TalllyBaHHA BUCOTW B AEAKUX BMAAX MipaMig

4. AKwo TinbKn ofHa 6iuHa rpaHb Nipamign
S nepneHanKynaApHa Ao MIOWNHN
OCHOBU,
Mo BMCOTOIO Mipamigun € BUCOTA L€l
rpaHi.

Axkwo B nipamigi SABC:
o) . SAC Loun. ABC i SO L AC
C (0eA0),
mo SO — BncoTa nipamigmn
(SO Lun. ABC).

5. Akwo pBi cymixkHi 6iuHi rpaHi nipamign
nepneHANKYNAPHI 40 NAOLWWHN
OCHOBWY,

mo BMCOTOIO Nipamifn € iXHE cnifibHe
6iuHe pebpo.

A B Akwo ma.SAB | na. ABC
i mia.SAC 1L i. ABC,

C mo SA — BucoTa nipamign
(SA L. ABC).

6. AKWo ABi HECYMiXKHI GiUHi rpaHi nipami-
OV neprneHAVKYAApHI 4o naowm-
HU OCHOBMW,
mo BMCOTOIO Mipamian € Bigpi3ok npsa-
B MOI, NO AKOMY NepeTUNHATbCA
NAOLWMHY LX FPaHeN.

A Axwo ta.SAB | na. ABCD,
o) D ¢ 1. SCD 1L nn. ABCD inn. SAB
nepetuHae nn. SCD no npamin SO
(O € ILJI. ABCD),
mo SO — BuncoTa nipamigu.

NOACHEHHA N OBI'PYHTYBAHHSA

g po3B’A3yBaHHSA 3a7ad, IIOB’sI3aHUX 13 mipaMizoio, yacTo OyBae 3pyUHO
BMKOPWCTOBYBATH II€BHiI BJIACTUBOCTI mipaMmiguW, AKi J03BOJAITHL YTOUHUTU
posTallyBaHHA il BUCOTH I ypaxyBaTu HMOTO BiKe IIifi yac MmoOyJOBU PHCYHKAa
Io sazadi. (3a3HaumMoO, IO BCi 3aIPOIIOHOBaHI HUMKUE JOBEIEHHS MOMKYTh

203



204 PO3LIT 1. MHororpaHHuKu

OyTu TmpoBeleHi He TIMbKM AJA TPUKYTHUX Iipamiz, 300paskeHUX Ha PUCYH-
Kax, ajie ¥ JJId BCiX n-KyTHUX ITipaMiz i3 BiATOBiAHMMYM XapaKTEePUCTUUHUMU
BJIACTUBOCTSAMU.)

BnactuBictb 1. AKWo BCi 6iuHi pebpa nipamiaun piBHi, a00 HaxuneHi nig pis-
HMMM KyTamMu [0 MJIOWMHN OCHOBU, abo yTBOPIOIOTb PiBHI KyTW 3 BUCOTOIO
nipamiagmn, To 0OCHOBa BUCOTU NipamMiAn € LLEHTPOM KOJa, ONMCAaHOro HaBKOJIO
OCHoOBU nipamign (i HaBNakwm).

) Nosepenns. CnipaBgi, Hexam SO — BKCOTa
nipamign SABC (puc. 5.1). MNoTpibHe TBEp- Puc. 5.1
IKEHHA OfleP>KYEMO 3 PIBHOCTI MPAMOKYTHUX
TpuKkyTHUKIB SOA, SOB, SOC (pna posenex- S
HA MNPAMOro TBEPAXEHHA BUMKOPUCTOBYEMO
piBHICTb 3a cninbHUM KaTeToMm SO i rinoTeHy- :
3010 abo 3a cninbHUM KaTetom SO i rocTpum :
KyTOM, a ANAa [OBeAeHHs obepHeHoro TBep- |
IPKEHHS1 — PIBHICTb 3a ABOMa KaTeTamu). A '
Hanpuknan, Akwo Bci 6iuHi pebpa nipamian V\i
piBHi: SA=SB=SC, T0 3 piBHOCTi 3a3Haue-
HUX TPUKYTHUKIB ofepkyemo: OA =0B=0C.
OTxe, Touka O piBHOBIQAANEHa Bif TOUOK A,
B, C i € ueHTpOM KoOfa, ON1caHoro HaBKOJO
OocHoBM nipamign — TpukyTHUKa ABC. (IHLi
npsMi 1 06epHeHi TBepAKEHHSA L€l BNaCTUBO-
CTi OO6r'PYHTYIiTE CaMOCTINHO.)

3as3HauMMo, IO AJiA PO3B’A3yBaHHA 3ajad, IIOB’SIBaHUX i3 Imipamigamu
TaKOTO BUAY, 3a3BUYall BUKOPUCTOBYIOTH NMPAMOKYTHUH TPUKyTHUK SAO,
y akomy SO 1L AO, AO=R (paziyc KoJia, OMMCAHOTrO HABKOJIO OCHOBH IIipami-
om), /. SAO — KyT Haxuay 6iuHoro pe6pa SA 10 MJIOHIMHU OCHOBU (OCKiJIBKU
SO 1L mn. ABC, to AO — mupoekiiia pedopa SA Ha ILJIOIIUHY OCHOBHU).

.~ AHanoriyHo o6rpyHTOBYIOTbCA 1 iHWI BNACcTUBOCTI, HaBefeHi B Tabn. 4 (06rpyHTYM-
@ Te X CaMOCTIHO, 3BePHYBLWWCb 3a HEOOXiAHOCTI A0 IHTEPHET-MIATPUMKK Migpyy-
HUKA).

BmactuBocti 1-6 (mauB. Taba. 4) yacTo JOBOAUTHCS BUKOPHCTOBYBATU HE
TiIBKY I Yac 3amucy PO3B’sa3aHHsS 3ajad, HOB’SI3aHMX i3 mipamimoio, aje
M mim uvac moOyZoBM PHCYHKIB OO TaKMX 3ajad. B OCTAHHBOMY BUIIAAKY



§5.Po3TalllyBaHHA BUCOTW B AEAKUX BMAAX MipaMig

CIIOYaTKY B YMOBIi 3a7jaui BUOKPEMJIIOIOTH (D)parMeHTH, K1 ONUCYIOTHCA BJIACTU-
BocTAMU 1-6, i BM3HAUAIOTH PO3TAIIyBaHHS OCHOBU BucoTu mipamigu. ITorim
300paKyIoTh IIPOEKI[i}0 OCHOBM IIipaMinu, mos3HauyarmoTh Ha Hill Touxky O, AKa
€ TIPOEKIIi€I0 OCHOBM BUCOTH IHipaMigu (ypaxoBYIOUM BJIACTHBOCTI IIapaJiesib-
HOT'O IIPOEKTYBaHH:A), a MOTiM 3 ocHOBU BucOTH (Touka (O) BepTHUKAJILHO (I
0iaIbIIIOl HAOYHOCTi) TPOBOAATH BucOTy mImipamizu SO i cmosydaioTh TOUKY S
i3 BepIIMHAMHW OCHOBM.
Posrimanemo Ak mpuKJaan moOymoBy pucyHKa mo 3amaui 1 (muB. maui).

Ocnosorw nipamiou € npamMOKYmHuUllL MpPUKymHUK i3 kKamemom a i npu-
neeaum zocmpum kymom 60° 3raiidimv eucomy nipamidu, skwo éci il
0iuni pebpa HaxuaeHi 00 NAOWUHU OCHOBU nid kymom 45°.

CmouaTKy OyayeMoO IIPOEKI[i0 OocHOBHM Iripamigu. IIpoekIili€ro mpaMOKYyT-
HOT'O TPUKYTHUKA MOKe OyTU NOBiIbHUI TPUKYTHUK. TomMy 300pakyeMo I0-
BiibHUM TPUKYyTHUK ABC, AKuii € 300pasKeHHAM IIPAMOKYTHOTO TPUKYTHUKA,
i mosHauaemMo 300pasKeHHs OPSIMOro KyTa (HallpukJjanm, npu BepmuHi C, AK
MoKa3aHO Ha puc. 5.2, a).

IloTim 3BeprTaemMo yBary Ha Ty 4YacTHHY YMOBU, AKa BiAmoBimae BJacTu-
BocTAM 1-6. 3oKpema, AKMIO Bci OiuHi pedpa mipaminm HaxwmieHi Imig piBHUMMT
KyTaM¥ [0 TJIOIIMHYW OCHOBU, TO OCHOBOIO BHCOTHU IIipaMifu € IIEHTDP KoJa,
OIICAHOI'0 HABKOJIO OCHOBHU Iripamigu (BiactuBicTh 1). IleHTpoM Koja, omuca-
HOT'O HABKOJIO IPAMOKYTHOTO TPUKYTHUKA, € cepeauHa rinmorenysu. Cepennua
BiIpi3Ka IIPOEKTYETHCA B CEPeAUHY Bipisdka HPoeKIlii, ToOMy MHPOEeKI[iel0 oc-
HOBHU BucoTH € Touka O — cepenmua Bigpiska AB. IlpoBogumo i3 Touxku O
Bigpisok SO (6axaHO BEPTHUKAJBHO AJs OiJBIITOI HAOUHOCTi), AKWH € 300pa-
JKeHHAM BUCOTH mmipamimu (puc. 5.2, 0), i, crmosiyuaiouu BipisKaMu TOUKY S
i3 BepmimHaMu TpuKyTHUKA ABC, omep:KyeMo 300parkeHHs 3aJaHOol Imipamigu
SABC (puc. 5.2, 6). (Posp’a3anusa 11iei 3amaui HaBemeHO HU;KUe — 3amada 1.)

Harapmaewmo, 1o mig yac pos3p’sisyBaHHA 3ajay HA OOUMCJIEHHS, OB SIBAHUX
i3 mipamigamwu, HOIiJIbHO BUKOPHUCTOBYBATH 3arajbHY CXeMy PO3B’sI3yBaHHSA
¥ sammcy sajad, MOB’A3aHUX 13 MHOTOTPAHHUKOM, HaBefeHy B § 1.

Puc. 5.2 a 6 S B S
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NMPUKNAOWN PO3B'A3YBAHHA 3A0AY

PO31JT 1. MHororpaHHukm

3apauya 1. OcHoBOW0 nipamign € NPAMOKYTHUI TPUKYTHWUK i3 KaTeTom a i npu-
nernum rocTpum Kytom 60°. 3HanpgiTb BMCOTY nipamign, AKwWo BCi 1T
6iuHi pebpa HaxuneHi 4O NAOWWUHN OCHOBU Mig KyTom 45°.

Po3B’A3aHHA

) 1) Hexaii ocHoBoI0 3amanoi mipamigu SABC
€ TPAMOKYTHUU TPUKYTHUK ABC i3 mpsa-
mum Kyrom C (BC=a, £ABC=60°).
OckinpKku B 3amamii mipamigi Bci OiuHi pe-
Opa HaxuJeHi i PiBHUMHU KyTaMu A0 ILJIO-
IUHU OCHOBH, TO OCHOBOIO BucoTu SO mi-
paminu € IeHTp KoJia, ONMCAHOTO HaBKOJIO
ocHoBU Iripaminu. IleHTpoM KoJia, omuca-
HOT'O0 HaBKOJIO MPAMOKYTHOTO TPUKYTHUKA,
€ cepequHAa TimOTEeHY3W, TOMY OCHOBA BHCO-
™ SO — Touka O — Iie cepegnHa rimore-
nysu AB (puc. 5.2, 8).

2) Ockinbru AO — mpoekIrisa 6iuroro pedopa SA
Ha 1romuHy ocHoBu ABC, To KyT SAO —
me KyT MiK Oiunum pebpom SA i mioru-
HOI0 0cHOBH (3a ymoBoo £ SAO =45°).

3) Is mpamokyTHoro TpukyTHuUKa ABC omep-

BC a

cos L ABC - cos60°
1
Toxi AO=EAB=(1.

sKyemo: AB=

4) I3 mpAMOKYTHOTO TpUKyTHUKA SAO
(SO — Bucora nmipamigu) Mmaemo:
SO=A0-tg £/SAO=a-tg45°=a.

Bigmosigs: a.

KomeHTap

MobypoBy 300paeHHA nipami-
AN 0O Uui€l 3agayvi HaBegeHo Ha
puc. 5.2. MNoTim gouinbHO BUKOpU-
CTOBYBaTU CXeMy pPO3B'A3yBaHHA
3a/la4 Ha 0OUNCIIEHHSA, MOB'A3aHNUX
i3 MHOrorpaHHukamu (aue. § 1, n. 4).

AIK 3aBXxAauW, Ha neplwomy eTa-
ni po3B’A3aHHA OOIPYHTOBYEMO
po3TalyBaHHA BUCOTU nNipamigw,
a Ha Apyromy — po3TallyBaHHA
NPOCTOPOBOro KyTa Mi>XK MPAMOI0
i nnowmHoto, TO6TO po3TallyBaHHA
KyTa MK 6iyHUM pebpom i nno-
LMHO OCHOBW Mipamign (goctat-
HbO OOrpyHTYBaTW PO3TallyBaHHA
TiNbKM OOHOrO KyTa, OCKIiNbKMK 3a
YMOBOIO BCi BOHW piBHi). MNoganb-
LIMM eTanom po3B'A3aHHA € NpPoO-
BefleHHA obuncneHb. 3anucyum
uen eTan, NOTPIGHO Ha KOXHOMY
KpoLi BKa3zyBaTu TPUKYTHUK, ene-
MEHTW AKOro BM3HAYaEMO, i AK-
WO BiH NMPAMOKYTHUM, NOACHUTHN
yomy.

3apgava 2.  OcHoBOW Mipamian € piBHOGEAPEHUIN TPUKYTHUK 3 OCHOBOI 6 CM i Biu-
HO CTOpOHOI 5 cMm (puc. 5.3). BiuHi rpaHi nipamign, wo mictatb 6iu-
Hi CTOPOHU LbOro pPiBHOGEAPEHOro TPUKYTHUKA, NeprneHANKYIApHI 4o
MAOWMHM OCHOBW, a TpeTA HiYHa rpaHb HaxuieHa 4O MIOWWHM OCHOBY
nig Kytom 60°. 3HanAaiTb BUCOTY Nipamigu.
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KomeHTap

fIK 3BUYalHO, Ha NepLIOMY eTani PO3B'A3aHHA O6I'PYHTO-
BYEMO pPO3TallyBaHHA BMCOTU Mipamign (y nepuy yepry
BMIKOPVCTOBYEMO OMNOPHi dakTn, HaBefAeHi B Tabn. 4). Ha S
Lpyromy eTtani o6rpyHTOBYEMO pO3TallyBaHHA MPOCTOPO-

BOrO KyTa Mi>k GiYHOI FpaHHIO 1 OCHOBOIO Mipamigun.

Pnc. 5.3

Ona nobynoswm niHiMHOro KyTa ABOrpaHHOro KyTa 3 pe-

6pom BC B MOLWUHI OCHOBM Nipamign NpoBeaemMo 3 oc-

HOBM BUCOTU NepneHgnkynap AM Ha pebpo BC. MoTim

MOTPIGHO CNONYUNTU OTPUMaHY ToUuKy M i3 BepLIMHO S A

i BUKOpPMCTaTU Teopemy Npo Tpu nepneHanKynapu (ypa-

xoBytouu, Wwo AM — npoekuia noxmnoi SM Ha naowuHy M
OCHOBMW).

Po3B’si3aHHA

» Hexait B ocHoBi mipamigu SABC (puc. 5.3) 1e:KUTh piBHOOEAPEHUIT TPUKYTHUK
ABC (AB=AC=5 cMm, BC=6 cwm). 3a ymoBOI0O cyMiskHi Oiuni rpaui SAB i SAC
HepIeHINKYJISPHL 40 ILJIOMIMHY OCHOBM, TOMY BMCOTOIO IIipaMifu € CIIiJibHe OiuHe
pebpo 1ux rpaneit, To6To SA — BrcoTa mipaminu (SA 1 o ABC). V mwnomuui ABC
mpoBexemo nepnenaukyiasp AM | BC.
3a reopemoro po Tpu nepuneaaukyaapu SM 1 BC. Orxe, kyr SMA — ni"iinumi
KyT ABOrpaHHOro KyTa 3 pebpom BC, a 3a ymoBoio /. SMA =60°.

Is mpamoryTHOTO TpuKyTHUKA AMC (AM — BucoTa, MemiaHa ¥ 6iceKTpuca piBHO-

1
oenpenoro TpukyTauka ABC, tomy CM = EBC =3 cM) MaeEMo:

AM =+AC? -CM? =52 3% =4 (cw).
I3 npAMOKyTHOroO TpuKyTHUKA SAM (SA 1L . ABC) OZIePIKYEMO:
SA=AM tg60°=43 (cm).
Bidnogiov: 4\/§ CM.

i Ule ogvH npuknag po3s’A3yBaHHA 3ajadyi 3 ypaxyBaHHAM pO3TallyBaHHA BUCOTU
U nipamign HaBefeHO B iHTepHeT-NigTPUMLI NigpyyYHMKa.
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3ANMUTAHHA

1.

VEKaxiTh po3rairyBaHHA OCHOBW BUCOTU MipaMigu, AKIITO:

1) yci 6iuni pebpa mipamigm piBHI a00 OZHAKOBO HAXWJIEHI O IJIOIWHU
OCHOBU;

2) yci 6iuHi rpaHi mipamigm omHAKOBO HaXWJIEHi 0 OCHOBU;

3) TinmbKM ABi cymikHi OiuHi rpani mipamigu (abo mOXMJIOI TPU3MN)
ONHAKOBO HaXMJEHi 0 OCHOBM abo cCIIijibHe OiuHe peOpo IUX TIpaHen
YTBOPIOE PiBHI KyTH i3 CyMisKHMMHN 3 HUM CTOPOHAMM OCHOB;

4) tinpKu omHa OiuHA IpaHb HipaMigu HEePHEeHAUKYJIAPHA OO0 MJIOIIUHU
OCHOBU;

5) mBi cymixkHi Giumi rpani mipamigm mepHeHIUKYJIAPHI A0 ILJIOIIUHU
OCHOBM.

I KOMKHOIO BUIIAAKY HOOyayiiTe 300pasKeHHs BimmoBimmol mipaminm,
B OCHOBi AKOi JI€KUTHh PiBHOOEAPEHWI TPAMOKYTHUI TPUKYTHUK.

BMPABU

5.1°

5.2.

5.3%

5.4.

5.5

5.6.

5.7.

OcHoBa mipaMigy — MTPAMOKYTHUK 31 cTopoHamu 6 cm i 8 cm. Koxkue
Oiume pebpo mipamigm mopiBHioe 13 cm. 3HAWAITL BHCOTY Mmipaminm.
OcHoBa mipamigu — piBHOOeApPeHUII TPUKYTHUK 3 OCHOBOIO 6 i BmCO-
Tof0o 9; yci Oiuni pebpa mipamigu mopiBHioloTh 13. 3HAKAITH BHUCOTY
mipamingu.

B ocHoBi mipamigm JeXUTh IPAMOKYTHUN TPUKYTHUK i3 TillOTEHY3010 C.
Koxxue Oiune peOpo yTBOPIOE 3 IJIOIIMHOK OCHOBU KyT [. SHaWAITH
BHCOTY IIipaminm.

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 ImOBepxXHi HmipamMigu, AKIIO MJjoIa ii OCHOBH
JIOPiBHIOE ), a IBOTPaHHI KyTH IPU OCHOBL — .

OcHoBa mipamigm — TpUKYTHUK 3i cropoHamu 13 cm, 14 cm i 15 cm.
Biune pebpo, mpoTuUJeKHE CepeaHiii 3a MOBKHHOIO CTOPOHI OCHOBW,
HepIeHIUKYJIAPHEe OO0 IJIONIMHU OCHOBM I MOpiBHIOE 16 cm. 3HaANmITH
IJIOIITY ITOBHOI ITOBEPXHi Iripaminm.

OCHOBOIO YOTHMPHUKYTHOI Tipamigu € pom06, a Bci 6iumi pebpa mipamigu
piBui. [loBeniTs, 110 1A mipamiza € MTPaBUIBLHOIO.
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5.8.

5.9.

5.10.

5.11.

5.12°

5.13.

5.14%,

5.15%,

5.16.

B ocHOBi mipamigu seKuUTh TPUKYTHUK 31 cTopoHamu 5, 6 i 7. Yei 6iuni
pebpa mipamigm piBHI MiK c00010, i KO)KHE 3 HUX YTBOPIOE 3 BHCOTOIO
mipamigu Kyt 60°. 3HalgiTe OGiume pebpo mipamingm.

OcuoBa mipamigu — piBHOGenpenuii Tpurkytauk ABC (AB=BC) 3 Ky-
TOoM A, 1110 TOpiBHIOE O.. Brcora mipamiam mpoxoguTh uepes IIEHTP KoJja,
BIIICAHOIO B OCHOBY, i JOpiBHIOE OiUHi CTOPOHI TPUKYTHUKA OCHOBH.
3HaWAITh KyT HaXWJy OiUYHMX T'paHel mipaMigu OO OCHOBH.

B ocuoBi mipaminu MABCD nexutrs pom6 ABCD i3 piaroHamamu
AC=6, BD=8, a Bci 0iuHi rpani yTBOPIOIOTH 3 OCHOBOIO KyTu 10 45°
3HAUTITE:

1) Bucory mipaminm;

2) Bimcranp Bim Bepmumau M 10 peGpa OCHOBH.

OcHoBa mipamigu — piBHOOEApPEHUII TPUKYTHUK 3 0CHOBOIO 12 i GiuHOIO
cropouoro 10. 3HaiifiTe BucoTy mipamigm, sximo Bci i1 6iuni rpaui yTBo-
PIOIOTH 3 OCHOBOIO ABOTPaHHI KyTu mo 45°.

OcHoBa mipamMigu — TUPAMOKYTHHIN TPUKYTHHUK i3 KareramMum 6 cm
i 8 cm. VYci pBorpaHHI KyTu mpu OCHOBiI mipamigm mopiBHIOIOTH 60°.
3HaWAITH BUCOTY IIipaminu.

OcHoBa mipamigu — piBHOOeApPeHUI TPUKYTHUK 3i cropomamu 40 cw,
25 cm i 25 cm. Bucora mipamigu 3aBHOBXKKU 8 CM IIPOXOAUTL Uepes
BepPIIIMHY KyTa OCHOBU, IPOTHUJIEKHOIO CTOPOHI 3aBHoB:KKU 40 cMm. 3Haii-
IiTh 1oy OiuHOI ITOBepxHi Imipaminm.

OcHoBOI0O mipamigu € mpaBuJAbHUN TPUKYTHUK. OpHA 3 GiuHMX T'paHen
mipaMigy meprmeHIUKYJISpPHA A0 IJIOIMWHY ii OCHOBHW, a OBl iHIII Haxu-
Jgeri mo mei mixg xytom o. Ilig AKMMU KyTaMu HaXUJEHI M0 IJIONUHU
ocHOBHU OiuHi pebpa?

B ocHoBi mipamigm JsekuTh pom0O 3i cTopoHOo a i Kyrom 60°. Omma
3 OluHMX rpaHell mipaMigm mepHoeHAWKYJIAPHA OO0 IJIONMMHU ii OCHOBH,
a IBi cycimHi 3 HEO I'paHi YTBOPIOIOTH 3 OCHOBOIO KYyTH II0 45°. 3HANIITH
BUCOTY ITipaminau.

BuaBiTb cBOIO KOMMNETEHTHICTb

CkinbKM KBaJApaTHUX METPiB IapyCcUHU OyJI0 BUKOPUCTAHO HA BUTO-
TOBJIEHHA HaMeTy 0e3 mHa, 110 Mae ()OPMY HPaBUJIBbHOI YOTHUPUKYTHOL
mipaminu, SKIMO BucoTa IIipamigu mopiBHioe 3,2 M, a cTopoHa ii oCHOBU
4,8 m? (BpaxyiiTe, 1110 Ha IIBU I 00pisKy BuTpaueHo 4 % Bix sarajabHOI
KiJIBKOCTI mapycuHm).
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Tabnuusa 5

O3HaueHHA. ONYKANIA MHOrorpaHHNK HasnBAaETbCA NPABUIbHUM, AKLLO
ioro rpaHi € piBHUMU NPaBUIbHUMN MHOTOKYTHUKaMU 1 Y KOXHill Bep-
WVHI CXOAUTbCA OAHA 1 Ta cama KinbKicTb pebep.

Tvin npaBuibHOro . Yncno  Ymcno  Yucno
N ®opma rpaHi .
MHOTrOrpaHHMKa rpaHeli BepluH pebep
1 | Tetpaeap (WOTUPUIPAHHK)
4 4 6
2 | Tekcaepp (wecTUrpaHHuK),
abo Ky6
: T O
: 1 1 6 8 12
/J. il
Y (1, [
7 1
3 | OkTaegp
(BOCbMUTPaHHNK)
8 6 12
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4 | |kocaenp
(mBapLATUTPAHHUK)

V4 \ 20
A / 4
5 | Nopekaepp
(nBaHaQUATUTPAHHYIK)
I

MNOACHEHHA N OBI'PYHTYBAHHA

O3HayeHHA. ONYKNUI MHOFOrpaHHNK Ha3sNBa€ETbCA NPABUJIbHUM, AKLLO NOro
rpaHi € piBHUMM NPaBUAbHUMMN MHOTOKYTHUKaMuM M y KOXKHill BepLUNHi CXO0-

AUTbCA OAHa N Ta cama KinbKicTb pebep.

IIpuknagoM NTpPaBUJIBHOIO MHOTOTDAHHUKA € KYy0
(puc. 6.1): yci #ioro rpani — piBHi KBagpaTHu, i B KO-
Hili BepIIuHI cXomAThCSI Tpu pebpa.

3 O3HauUeHHS NPaBUJIBHOIO MHOTOTPAHHWKA BUILIU-
Bae, IO BCi Woro pedpa MOPiBHIOIOTH OAHe OmHOMY. Ta-
KOJK MOJKHa IOBECTHU, II0 B MPAaBUJILHOMY MHOT'OT'DaH-
HUKY PiBHiI Bci ABOrpaHHi KyTH, IO MIiCTATH ABI rpami
3i cmisibHUM pedGpoM.

Haii6inpin mpocTyM NpPaBUJIBHUM MHOTOIPAHHUKOM
€ TPUKYTHaA TIipaminma, yci rpaHi AKOi — mnOpaBUJIbHI

12

12

20

Puc. 6.1

30

30

21



TpuKyTHUKHU (puc. 6.2), a B KOXKHiA BepIiIuHi cXO-
IATbcA Tpu pebpa. OCKiJIbKM y IILOTO MHOI'OrPaH-
HHUKAa BChOT'O YOTHUPU T'PaHi, HOr0 HA3BWMBAIOTH TAKOMK
mempaedpom, IO B IepeKJiaji 3 I'PelbKol O3HaYae
«YOTUPUTPAHHUK».

Inoni TeTpaempoM Ha3WMBAIOTh TAaKOXK MJOBLIBHY
TPUKYTHY mipamigmy. Tomy y BHOamKy, KOJU MOBa
e Mpo MPaBUIBHUN MHOTOTPAHHUK, OBOPUTHME-
MO — npPasujvbHuilL. mempaeop.

MuororpaHHUK, TPaHAMH SKOI'O € MNPaBUJbHI
TPUKYTHUKY U Y KOMKHIN BEPINUHI SIKOTO CXOAATHCA
yoTupu pebpa, 3o6paskeHo Ha puc. 6.3. Moro mo-
BEPXHS CKJAJAETHCA 3 BOCBMU ITPABUJIBHUX TPUKYT-
HUKiB, TOMYy #Oro HasuBalOTh oxmaedpom. MHorO-
TPaHHUK, TPAHAMU SKOTO € MPAaBUJIbHI TPUKYTHUKU
M Yy KOKHIill BepINUHI AKOTO CXOAATHCA I'ATH pedep,
306paskeHo Ha puc. 6.4. Voro moBepxHsa CKIaZacThCA
3 IBAAIATH NPABUJIbHUX TPUKYTHUKIB, TOMY IOro
Ha3WBAIOTh iKOCaedpoM.

OckinbKU y BepIIMHAX OIIYKJOrO0 MHOTOIPaH-
HUKa MOMK€ CXOAWTHUCA TiJbKM TPU KBajgpaTH, To,
KpiMm Ky6a (puc. 6.1), iHImIMX IpPaBUJIBHUX MHOTO-
TPAaHHUKIB, y AKUX I'PaHAMU € KBaapaTu, He iCHYe.
Ky6 mae 1mmicth rpameit, ToMy #Horo Ie Ha3sWBAIOTHh
2excaedpom.

MuororpaHHUK, TPaHAMH SKOI'O € MIPaBUJbHI
MATUKYTHUKY W y KOMKHINI BepHIHHI CXOOATHCSA
Tpu pebpa, 300parkeHo Ha puc. 6.5. oro moBepxua
CKJIala€ThCA 3 ABAHAMIATU TPABUJIBHUX II'SITUKYT-
HUKiB, TOMYy HOT0 HasmBaiOTh 00dexaedpon.

3a3HauMMO, II0 y BEpIIMHAX OIYKJIOTO MHO-

D TOrpaHHUKA HEe MOMKYTh CXOIUTHCA UYOTHUPU
W OijpIlle MPaBUJBHUX IUATUKYTHUKIB. TaKok
He MOKYTb CXOAUTHCS IIPABUJbHI MHOTOKYTHU-
KU 3 KiJbKiCTIO cTOpPiH Oiybite HiK m’ATb. Tomy
iHIIUX TPaBUJIBHUX MHOTOIPAHHUKIB He icHYyE,
i € TiIbKM II’'ATHL IPABUJIBHUX MHOTOT'PAHHUKIB:
TeTpaenp, rexcaeap (Ky0), OoKTaexp, doAeKaenp
i ikocaemp.

PO3IJT 1. MHororpaHHuKm

Puc. 6.2

Puc. 6.3

Puc. 6.4

Puc. 6.5
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Puc. 6.6

AK i gna iHmMIUX MHOTOIPAaHHUKIB, MOJeJi IPaBUJIBHUX MHOTOIDaHHU-

KiB MOKHa BUTOTOBHUTH 3 PO3STOPTOK ab0 TeOMeTPUYHOT0 KOHCTpyKTopa. Ha
pruc. 6.6 300pasKeHO OZHY 3 MOMKJIMBHUX PO3TOPTOK Aomexaenpa (HomaTKOBi

YaCTUHU B IPAaBUJIBHUX IIATUKYTHUKAX MPU3HAUEH] AJA CKJCIOBAaHHS Bif-
MOBiTHUX TpaHell). 3a TaKOI PO3TOPTKOI0 MOYKHA BUTOTOBUTH, HAIPUKJA]I,
abakyp 3i cmemiaJbHHX MaTepiajiB (3 ypaXyBaHHAM IPABUJ ITOMKEKHOI 0es-
mexu!)

P )

3ayBamKuMO, 110 (opMy HPaBUILHUX MHOTOTPAHHUKIB Ma€ OiJBIIiCTh KPUCTAJIB.
Mu Bike sramyBaJin, IO KPUCTaJH A0Ope BimomMol BaM KYyXOHHOI COJIi € KyOamm.
Y BupoOHUIITBI andOMiHiI0 Ta Kepamiunumx (ap6 BHKOPHUCTOBYIOTH aJIOMOKAaJi€Bi
TaJlyHU, MOHOKPUCTAJIHU AKUX MalOTh (DOPMY IPaBUJILHOTO OKTaeapa. CHUpOBUHOIO AJIs
BUPOOHUIITBA CipuaHOl KUCJIOTHU, CipKU i 3a/Ii3HOro KyIopocy € CipuaHWi KoJruemaH
(mipuT); OCTAHHIM YacoM BiH yce uacTilie 3aCTOCOBYETHCS AK J0OaBKA IPU BUPOOJIeHH
memenTy. Kpucranu mipury MmaoTh QOpMy IoaeKaenpa.

Kpuctan Kpucran Kpuctan
KYXOHHOT coni anoMoKanieBmx niputy
ranyHis

i T 3HalpiTb 'y mMepexi IHTepHeT npuKknagu Kpuctanis, sKi MaloTb Gopmy
wTn HauyeHUX MPaBUIbHUX MHOFOrPaHHMKIB.
U@U e 3a3Haue aB ororpa B

\ J
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NMPUKNAJL PO3B’A3YBAHHA 3AAAY

3apava. 3HangiTb ABOrPaHHI KyTu NpaBuib-
Horo TeTpaepgpa (puc. 6.7). Puc. 6.7 D

KomeHTap

MpaBunbHUN TeTpaeap € NPaBUIbHOI TPUKYT-

HOI0 MNipamigoto, OCHOBOI AKOI MOXHa BBakaTu C
6yab-AKY rpaHb LbOro TeTpaeapa. N
CnpaBsgi, B OCHOBI N1eXNTb NPaBWIbHUN TPU- B
KYTHVK, @ OCHOBOI BUCOTM Mipamign € LeHTp

i€l OCHOBW, OCKINbKM PiBHI MOXMAi MalOTb PiBHi A
npoekuit.

OTXe, OCHOBOI BMUCOTU € LLEHTP OMMUCAHOTO KOJa, KNI Yy NPaBUiIbHOMY TPUKYTHUKY 306i-
ra€TbCA 3 LEHTPOM BMNMCAHOrO KOJa i € LEHTPOM LibOro NpaBuSibHOrO TPUKYTHMKA.

O.

[na nobynosu NiHINHOro KyTa ABOrpaHHOro KyTa npu pebpi NpaBunbHOro TeTpaespa 3pyu-
HO BBaxaTu obpaHe pebpo pebpom 0CHOBY TPUKYTHOI Nipamigu, NPoBECTY BUCOTY Nipamign
1 anodemy (To6TO BMCOTY) BiANOBIAHOT GiUHOI rpaHi 1 BUKOPUCTOBYBaT/ TeopemMy Npo Tpu
nepneHanKynapu.

TakoX fouinbHO BpaxyBaTy, L0 B 3aNpONOHOBaHIl 3aflavi Ha 00UMCNEHHA He 3aflaHo »Kof-
HOro Bifpi3Ka, TOMy AnA i1 pO3B'A3yBaHHA 3pyYHO BBECTM HEBIOMMI BIAPI3OK (Hanpuknag,
LOBXWHY pebpa TeTpaeapa).

Po3B'sAi3aHHA

» Ilposememo 3 BepimHu D mpaBuabHOTO Terpaenpa ABCD Bucotry DN rpaui BCD
i Bucoty DO Tetpaenpa (puc. 6.7).

Axmo DN L BC, to ON 1 BC (3a TeopeMoI0 IIPO TP HNePIeHIUKYJIAPH), TOMY KYT
DNO — niniiauii KyT gBOrpaHHOrO KyTa mmpu peopi BC.

. . . \3
Tlosnauumo pebpo TeTpaenpa uepes @, TOAL BUCOTU TpaHell JOPiBHIOIOTH .

OcCKiJnbKU IIPaBUJBHUN TeTPaeJp € NPaBUJIbLHOI TPUKYTHOIO IIipaMimgoi, To OCHOBA
BUCOTH IIipaMigu — Iie IMeHTP MPaBUJIbHOI'O0 TPUKYTHUKA, IKUH € IIEHTPOM OIIKCa-
HOT'O i BITMCAHOTO B TPUKYTHUK KiJ.

VYpaxosytouun, o ON 1 BC, ogep:xxyemo: ON — pafiyc Kojia, BONCAHOTO B IIPABUJIb-

a

3
HU TPUKYTHUK, i ON = P
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ON 1
I3 npamokyTHOro rpukytauka DON ogep:yemo: cos L DNO=——= 6

1 DN a3 3’
Toni L DNO = arccosg.

OueBUAHO, IO ABOTPAHHI KyTH IPU iHITUX pebpax TeTpaeipa € TAKUMU CAMUMU 34
BEJIMUNHOIO.

3ATINTAHHA

1. dAxuit MHOI'OTPaHHUK HaA3MBAETHCA l'[paBI/IJILHI/IM?

2. HasBiTh m’ATh THUMiB IPaBUJbLHUX MHOTOTPDAHHHUKIB i OMUIIiITH iX.

BMPABU

6.1°. Yu € mpaBUJIBHUM MHOT'OTPAHHUKOM:
1) moBisbHa mpaBuUJIbHA Iipamiza;
2) moBinbHA TpaBMJIbHA TPU3Ma?
6.2° Ywm icHye MpaBUJIBHUI MHOTOTPAHHUK, AKUN €:
1) mipaminoro; 2) mpusmoio?
6.3. MHororpaHHUK € 00’¢THAHHAM JBOX MPABUJIbHUX TETPAEJpiB, 110 MAIOTH
CIinbHYy OocHOBY. Uum Oyle TaKuWii MHOTOTPAaHHUK TpaBuabHuUM? Homy?

6.4. ki mnnomuHEU cuMeTpii Mae mpaBUJIbHUI:
1) rerpaeznp; 2) rekcaenp?

6.5. CkinbKM TJIOIIMH cHUMeTpil Mae HpaBUJIbHUIIL:
1) oxTaenp; 2) momexaenp; 3) ikocaenp?

6.6°. Iljomia moBepxHi MPaBUJIBLHOTO TeTpaeapa MTOPiBHIOE 100\/§ cm?. 3Haii-
IiTh #oro peodpo.

6.7*. 3 opHiel BepImuHM Ky0a HpPOBeJW TPU AiaroHaJji IpaHedl i crosydyuam
ixHi KiHHmi Bigpiskamu. Um Oyme yTBOpeHa IIipaMiza IpaBUJIbHUM Te-
Tpaeapom? BinmoBigb oOr'pyHTYyIHTE.

@ BuaBiTb CBOIO KOMMNETEHTHICTb

6.8. IToOynyiiTe pOSrOPTKYH MNPaBUJILHNX MHOI'OIPAHHUKiIB. BurorosTe 3 pos-
TOPTOK MOJEJi NMpaBUJIBHUX MHOTOTPAHHUKIB.
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Muororpanuuku i, 30KpeMa, IPaBUJbHI MHOTOTPDAHHUKMN 3 JaBHIX
yaciB mpuBepTANU yBary BUEHHX, apXiTE€KTOpiB, IpencTaBHMUKIB 6araTbox
immux mpodeciii 3aBAAKM CcBOili Kpaci, mZockoHasocti Ta rapmonii. Ilida-
TOpifiti 000KHIOBAJIM MPABUJIbHI MHOTOTPAHHUKKM 1 BUKOPHUCTOBYBAJIH IX
y cBoix QisocodcbKMX TBOpaxX MPO CYTHICTH cBiTy. [eTasbHO ommcaB BJa-
CTHBOCTi IPaBUJbHUX MHOTOTPAHHUKIB AaBHBOTpelbKui BueHuit IlmaToH
(429—-348 pp. mo H. e.). Came TOMYy IIpaBUJIbHI MHOTOTDAaHHUKY HA3WBAIOTh-
ca Takok Timamu Ilmaroma.

IlpaBusbHUM MHOTOTPAaHHMKAM IIPUCBAYEHA ocTaHHA, XIII KHura
suamenuTux «Hauan» EBkaiga. Yeaing sa EBKaizoM BHUBUEHHAM II'ATH
IpaBUJIbHUX MHOTOTPAaHHUKIB 3aiimaBca Apximen (287-212 pp. mo H. 3.).
ITepeKoHABIINCHL Y TOMY, III0 HE MOKHA HOOYIyBaTU IIMOCTHUI IpPaBUJIbHUN
MHOTOTDAHHUK, ApximMen cTaB 6yAyBaTu MHOTOIDAHHUKHU, V AKUX I'DAHAMUI
Oynu mpaBUJIbHI, ajle He OJHONMEHHI MHOIOKYTHMKMN, a B KOXKHIll BepIIu-
Hi, AK i y IpaBUJIBHUX MHOTOTPAHHUKAX, CXOOUWJACA OJHAKOBA KiJIbKiCTh
pebep. Tax Bim orpumaB 13 HamiBOpaBUJIBHUX MHOrOTpaHHUKiIB. B pobori
BueHoro «IIpo MHOrorpaHHHKHN», AKa 30eperjacs A0 HAIIOTO Yacy, JeTajb-

HO ommcaHi yci 13 mHororpaHHukKiB (puc. 1), Ha3BaHMX Ha YECTb BUYEHOTO
Timamu Apximena, i HaBeJeHi BiATOBiAHI PUCYHKU.




Kpim mpaBunpbHUX i HamiBOpaBMJILHUX MHOIOIPAHHHUKIB, yBary mIo-
CJiTHUKIB IpPUBEPTAIOTh TaK 3BaHi 3ipuacTi MHOrOrpaHHUKH. ICHye TibKU
YOTHPU IIPABUJIbHI 3ipuacTi MHOrorpamHuku. Ileprri gBa OGynm BigkpwuTi
I. Kenrepom (1571-1630), a aBa immux maiiske 200 pokiB mo Tomy moGy-
nysaB JI. Ilyanco (1777-1859). Came TomMy mpaBuUJbHI 3ipuacTi MHOTOTrpaH-
HUKMN HasuBaloThca Timamu Kemmepa — Ilyanco.
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3ipuacTi MHOTOrpaHHUKN MOKHA OTPUMATHU, IIPO-
IOBKUBIIU I'paHi abo pedpa AesIKUX TPaBUJIBHUX MHO- Puc. 2
rorpaHHMUKiB. 3 Terpaeapa, Kyba # oKTaeapa sipuacti
MHOTOTDaHHUKU OJeEPyKaTH He MOYKHA. SIKIIO0 posriid-
HYTH [JOJeKaenp, TO IPOJOB}KEHHA Horo pebep mpu-
BOAUTH IO 3aMiHU KOYKHOI I'paHi 3ipuacTuM IpaBUJIb-
HUM IUITUKYTHUKOM (puc. 2), B pe3yJbTaTi BUHHUKAE

MHOTOTPAaHHUK, AKWUA HA3WBAIOTh MaJUM 3ipuacTum
momexaenpom (puc. 3, a).

S0 mpomoB:KyBaTH TpPaHi moaeKaeapa, MOMKJNBI aBa BapiaHTa pe-
gyabrary. ITo-mmepiie, SKIO POSIVISAATH HPABUJILHI I'ATUKYTHUKN, TO OTPHU-
MaeEMO TaK 3BaHWU BeJUKUN nomeraenp (puc. 3, 0). Ilo-mpyre, AKIIO AK
rpaHi poariasgaTu s3ipyacTi M’ATHKYTHUKH, TO OJEP:KYEMO BeJIUKUH 3ipuac-
Tuil goxexkaenp (puc. 3, 8).

Ixocaenp mae ogHy sipuacty ¢opmy. IIpomoB:kylouu rpaHi iKocaeznpa,
OIIep’KyEMO BeJUKUI 3ipuacTuii ikocaenp (puc. 3, 2).

Om:ke, cupaBai iCHYIOTH TiJIbKM YOTHMPU TUNU NPABUJBHHUX 3ipuacTux
MHOTOTPaHHUKIB.

Puc. 3
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Barato ¢opm 3ipuacTux MHOTOTPAaHHUKIB MOMK-
Ha IIOMITUTH, CIIOCTepirarum HaBKOJUIMHIA cBiT. Ha-
OPUKJIAJ, CHIKWHKN — IIe 3ipuacTi MHOTOIrpaHHUKU
(puc. 4). 3 maBHiX-TaBeH JIOAW HaMaraJucs OIUCATHU
BCi MOJKJNBI TUNMN CHIKWHOK, CKJAaJaJHu CIeliajb-
Hi atnacu. 3apa3 BijoMO KijbKa THUCAY PIBHUX TUIIIB
CHIJKMHOK.

B emoxy Bigpom:kenHsa mpaBuJIbHI MHOTOTPAHHUKH
HaaWXaJu CKYJbITOPiB, apXiTeKTOpPiB, XYIOKHUKIiB.
Tak, Jleonapao na Binui 3axomioBaBcsA TEOPi€l0 MHOTOTPAHHUKIB i yacTo
300pasKyBaB iX Ha CBOiX MOJOTHaX. BiH mpoiiiocTpyBaB 300paskeHHAMU
IIPaBUJIBHUX i HANiBIPaBUJBHUX MHOTOTDAHHUKIB KHUIY CBOT'O APYyra YeH-
ua Jlykm ITawomi (1445-1514) «IIpo GoskecTBEHHY IIPOIOPILifo». IHIITMM
BUJATHUM XYAOKHUKOM eroxu BinpoiskeHHA, AKWI TaKOK 3aXOILIIOBAB-
cA reomerpiero, 0y A. [ropep. ¥ itoro Bimowmiii rpasiopi «Mesauxouisa»
(puc. 5) Ha mepemHbLOMY IIJIaHI 300paskeHO momexaenp. ¥ 1525 p. y cBoemy
Tpakrari «KepiBHUIITBO m0 BuMipioBaHHs» [lfopep NPUAIiIUB yBary II'saTU
TPaBUJILHUM MHOTOTDAaHHUKAaM, IIOBEPXHI AKMX PO3IVIALAB AK TapHi Momesi
mepcueKTuBU. larocTpaliiero BucHOBKiB [[fopepa Mo:KHA BBasKaTu 3HAMEHUTY
kaptuny CaasBamopa ani «TaemHa Beueps», Ha AKiM 6auMMO IE€pPCIEK-
TUBHE 300pakKeHHs IPaBUJIBHOrO goaekaexapa (puc. 6).

B

e

Puc. 5. A. Oiopep. Puc. 6. C. Jani. TaemHa Beueps
MenaHxonis




3ABAAHHA ANA NIArotoBKn A0 OLIHIOBAHHA

TecTt N2 1

1. BHalgiTh giaroHasb MPAMOKYTHOrO IIapaJjelelinena, sIKI0 Horo BUMipu
mopiBHIOIOTHL 3 cMm, 4 cM, 12 cwm.

A5 b 12 B 13 ri14 n 15

2. O0umcaiTh oIy O0iuHOI IIOBEPXHi IPAMOI IIPU3MI, OCHOBOIO SKOI € ma-

paJjesiorpam 3i cropoHamu 6 c¢cm i 14 cm, SIKIIIO BMCOTA IIPU3MU JTOPiBHIOE
12 cwm.

A 144 cm? b 168 cm? B 240 cm? r 336 cm? [ 480 cm?

3. Ocuosoro mipamigu SABCD, 3o6paske-
HOI Ha puc. 1, € KBagparT; 6iuHe Pedpo Pnc. 1
SB mipaMminu mepHmeHAUKYJIIPHE 0
naomuHU ii ocHOBU, Touka M — ce-
pennua Bigpiska CD. YKaXiTh JTiHil-
HUU KyT JBOTPAHHOTO KyTa IIipaminm
mpu pebpi CD.

A ZSAB r £SMB
b £SDB n ZSCD
B £SCB

4. JliaroHajb HPaBUJIbHOI YOTHPUKYTHOI IPHU3MHU HOPiBHIOE d i yTBOpIOE
KYT ¢ 3 IJIOIIWHOI0 OCHOBU IPU3MHU. SHANIITH pebpO OCHOBU IIPU3MI.

a2 a2
2

sin@ rd\/Ecoscp i 5

A dcos@ b d\/Esin(p B

cosQ

5. OcHOBOIO TPAMOI TPUKYTHOI NPU3SMHU € NPAMOKYTHUN TPUKYTHUK i3
kareramu 10 cm i 24 cm. Bucora mpusmum gopiBHIOE 5 cM. SHAUIITH
IJIOIIY IIOBHOI IIOBEPXHi IIPU3MMU.

A 120 cm? b 240 cm? B 350 cm? I 470 cm? A 540 cm?



220

PO31JT 1. MHororpaHHukm

. MaHO 300pasKeHHsS MPaBUJBHOI IIECTUKYTHOI

mpusmu (puc. 2). Binpma giaronans mpusmu Puc. 2
IOpiBHIOE 6 i YyTBOpIOE KyT O 3 IIJIOITHMHOIO
OCHOBU. YCTAHOBITH BiAIIOBiZHICTE MiXK 3ama-

I

HuMu BesqnmunHamu (1-3) Ta BupasamMu A iX : ~. 6 :
obumcaennsa (A-T). N
1 Bucora npusmu A 3coso
2 CropoHA OCHOBHU ITPU3MU B 6coso.
3 Ilnomia HaAMOiJIBIITOrO )

IiaroHaJIbHOTO IIEpepisy B 6sina

IPU3MU I 18sin2a

3HalAiTh IOy 6iuHOI ITOBEPXHi HMpaBUJIBHOI YOTHUPUKYTHOI IIipaminm,
BHCOTa AKOI MOpiBHIOE 6 cM, a cTOpoHA OCHOBH 16 cM.

MpongiTb OHNalH-TeCTYBaHHA Ha canTi interactive.ranok.com.ua.

Temun HaBYaNbHMX npoeK'riB

1. MuororpaHHUKY B apxiTeKTypi YKpaium i cBiry.
2. TlpaBusbHi 1 HanmiBIpaBUJIbHI MHOTOTPAHHUKMH.
3. T'eomeTpia B KpucTaJjax.

4. 3ipuacTi MHOTOTrpaHHUKHU.



Pos3pgin 2
TITIA OBEPTAHHA

§ 7. Unningp
§ 8. KoHyc
§9. Kyna i cdepa

Y ubomy posgini Bu:
© O3HAMOMWTECA 3 OCHOBHUMMU Tinamy obGepTaHHsA:
LUAIHAPOM, KOHYCOM, Kyfelo Ta iXHiMW BNacTUBOCTAMU;

©  HaBuMTeCA pPO3B'A3yBaTW 3ajaui,
noB'A3aHi 3 Tinamm obepTaHHsA.
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Tabnuua 6

Uuninap
Luninopom (kpyzoeum yuniHOpomM) Ha3NBa€ETbCA TiNo,
WO CKNafa€ETbCcA 3 ABOX KPYriB, AKi He neXaTb B OA4HIN
NAOWMHI Ta CyMillaloTbCA NapaneflbHUM NepeHeceH-
HAM, i BCiX Bigpi3KiB, o cnonyyaloTb BiANOBigHI TOUKN
LUX KpyriB.
Kpyrvn — ocHosu yuniHopa.
Bigpi3ku, Wwo cnonyvaloTb BIANOBIAHI TOUKM Kin KpyriB, —
maipHi yuniHopa.
AA,, BB, — msipHi yunindpa.
LUunninap HasnBaeTbcAa npAMuUM, AKLLLO NOTo TBipHI nep-
NeHAVKYAAPHi A0 MNIOLNH OCHOB.
Y WKiNbHMX NigpyYHMKax:
YusiHOp = npamul Kpyzoeud YuaiHop

BnactumBocTi

1. OcHo8U YuniHOpa pisHi U napanesbHi.
OA=0/A,=R 1. AOB||nn. A0, B,
O — yeHmMp HUXXHbOI OCHO8U,
O; — yeHmp 8epxHbOI OCHOBU.
2. TsipHi yuniHOpa napanesvHi U pigHi.
AA, || BB; AA, = BB,

3. Bucoma yuniHopa (8idcmaHb MiX NIOWUHAMU OCHO8)
00piBHIOE 008XXUHI M8ipHOI. TaKOX BUCOTOK HA3MBalOTb
nepneHAVKysap, NPOBEAEHUN i3 OyAb-AKOI TOUK/ OfHI€Ei
OCHOBU Ha iHLLY.

H, ,,=AA =00 00, 1 nn1.OAB
4. Y pesynemami o6epmaHHsa NPAMOKYMHUKA HABKOJI0 U020
CMOPOHU fK OCi ymBOPEMbCA YUITIHOP.
OMM,0; — npamoKymHuk;
00, — sicb ymeoperozo yunidpa (OO || MM, ).
R,,,=0OM=0,M, H,,,=MM,; =00
5. Syen = TR?, Sy =21RH,

S =Sy +2S,,, = 2nR(H + R)

TOBH. IIWJI
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Mepepisn ynniHapa naowmHamm

OcboBuii nepepi3 umniHapa

&
01
T ABCD — ocbosuli nepepiz (nepepis, Lo Npoxo-
BY T panTb vepes Bicb OO0, ).
[
: ABCD — npAMOKYTHUK;
: D AD=d,,, =2R; AB=H_,;
‘O AB i CD — TBipHi unningpa
<
A

MNepepi3 uuniHApa NAOLWUHOLD, NapanenbHOK NOro oci

M
»
019
:L‘ mwi1. KLM || OOy;
: KLMN — npAMOKYTHUK;
I
] .N KL i MN — TBipHi unniHgpa,
I
Jb KL= Hlmn
[ ]
K

MNepepi3 uuniHapa NAOLWMHOLD, NapanenbHOK NOro OCHOBaM

902

I

: lnowuHa, napanenbHa NaOWUHI OCHOBU YUJTiH-
L0 B 0pa, hepemuHade (1020 BiYHY NOBEPXHIO NO KOJY,
7 W0 OOpIBHIOE KOJTy OCHOBU.

I

1 _

| Rnepepisy - len

0

fun
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MOACHEHHA N OBI'PYHTYBAHHA

O3HaueHHs. JuniHOpom (TouHiwe, Kpy2osum yusiHOpom) Ha3NBaAETbCA TiNo,
WO CKNafa€eTbCA 3 ABOX KPYriB, AKi He ne)xaTb B OAHIN NAOWMHI i cymiwa-
I0TbCA NapanenbHNM NepeHeceHHAM, i BCiX Bifgpi3KiB, Wo cnony4yaloTb Bif-
noBigHi TOukM Uux KpyriB (puc. 7.1). Kpyrn HasmBaloTbca ocHoeamu YusliH-
opa, a Bigpi3Ku, Wo cnonyyaloTb BigNnoBiAHI TOUKM Kin KpyriB, — meipHumu
yuninopa.

OcKinbKM mapaJiesibHe IIePeHeCeHHs € PYyXOM, TO OCHOBM IHJIIHAPA PiBHi.
OCKisnbKM B pe3yJabTaTi IapaJieIbHOTO TEePEeHEeCEeHHSA IIJIONMHA MHEePEXOAUTh
y mapaJjieqibHy momuHy (a6o B cebe), TO OCHOBH IUJIHApa JiesKaTh y mapa-
aeasHUX IomuHaxX. OCKiJIBKY B pPe3yJIbTaTi ImapaJjebHOr0 MepeHeCeHH TOY-
KM 3MIITyIOTBCA II0 HmapajieIbHuUX OpaMux (abdo mo mpaMux, AKi 30iraroTbcs)
Ha Ty caMy BiJicTaHb, TO TBipHi IWJIiHApa mapaJjieJbHi # PiBHI.

O3HayeHHA. luniHap HasnBaeTbCA NpAMUM, AKLLO NOro TBipHi NnepneHAnKy-
napHi go nnownH ocHos: AA, | . ABO (puc. 7.1, 6).

Hami posraamaTuMeMo TiJbKH NPAMUN IUIIHAP, AKMH Ha3HMBATHMEMO
MPOCTO IHJIIHIPOM.

Ipamuil yunrindp HAOYHO MONHCHA PO32aA0AMU SAK MIiJN0, YmeopeHe 8 pe-
3ysnbmami 006epMaHHs NPAMOKYMHUKA HABKOJLO CMOPOHU sAK oci (puc. 7.2).

O3HauyeHHA. Padiycom yuniHOpa Ha3MBa€ETbCA paAiyc NOro ocCHOBW.

Puc. 7.1 a 6
.}(1 ’ ] Ol
,X ° L)
/ ! Al Bl
/
/
/ H
/
/
/
/
/ X
X 0]
« R
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Puc.7.2 Puc.7.3 R

LOI

M B

H

2nR
%0
-4
[ ]

Mo

O3HaueHHA. Bucomoto yuniHOpa Ha3NBa€ETbCA NepNeHANKYNApP, NpoBeaeHni

i3 6yAb-AKOI TOUYKUN OAHIEI OCHOBU Ha iHWY.

Taxko:x BHCOTOI0 HA3WBAIOTH MOBXMKHUHY IIHOTO IEPHEHAUKYJISIpa, TOOTO
BifcTaHb MiK IJIOIMHAMK MOr0 OCHOB. 3a3HAUMMO, IO BMCOTA IIMJiHIpA
JIOPiBHIOE HOTO TBipHIT.

O3HaueHHs. Biccio yuniHOpa Ha3NBaETbCA NPAMA, WO NPOXOAUTb Yepes LieH-

TpU NOro OCHOB.

Bicy mapasesbHa TBipHUM.

IlosepxHs yuninOpa CKJIAZAETbCS 3 OCHOB i OiuHOi moBepxHi. BiuHy no-
6epXHI0 MWJIIHAPA YTBOPIOIOTH TBipHI.

SKIMo IOBepxHIO IMJIHApPA po3pisaTu IIO0 KojlaX OCHOB i AKiii-HeOyIb
TBipHi#l, a IIOTiM POBrOPHYTH Ha MJIOIMWHI, TO OAEPIKUMO PO3TOPTKY MUJIIHIApPA
(puc. 7.3). Boua ckamaeTbca 3 MPAMOKYTHHUKA — PO3TOPTKU OiUHOI mOBEpPXHi
nuiaiaapa — i1 gBox piBHMX KpyriB. SIKmio paxiyc muiringpa mopiBHioe R,
a Bucora — H, To #oro OiuHY HIOBEPXHIO PO3TOPTAEMO B NPAMOKYTHHK 3i
croponamu 2R i H. Ilnomyy miei posroprrku 2nRH unpuiiMaioThb 3a NJOUWY
0iunoil nosepxui yuaindpa’. Otike,

Sﬁqu = ZTERH’
ne R — papgiyc nmuaiaapa, H — iioro Bucora.
Toni miomra mMOBHOI ITOBEPXHI IMJIiHApPA TOPiBHIOE:

S = Sy + 28,0 = 2nRH +2nR? = 2nR(H + R).

IIOBH. ITUJI

* Bisbia cTporo 1o dhopmyay 0yae oorpysroBasno B § 13.
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P \

0O0’ekTy HUIiHApUYHOI (OpMH dYacTO 3ycTpivaroThecsa y moOyTi (HampuKJan,
KacTpyJis), TexXHimi (sanisHuuHi 1ucrepHu, Tpyou) Ta apxiTekTypi (KojoHU, Bexi,
30KpeMa 3HaMeHuTa Ilizancrka Bexxa).

-
\§

2. Nepepi3 ynnivapa nnowmHaMmmn |

Ilepepia muaingpa OJIOIIMHOIO, IapaJeJbHOI0 HOT0 OCi, € IPAMOKYTHUKOM
(puc. 7.4).

HBi #ioro cropoHn — TBipHI muiiHApa, a ABiI iHmII — mapaJjesbHi XOopau
OCHOB.

30KkpeMa, IPAMOKYTHUKOM € OCbOBUIL nepepi3 — Iepepis MUJIiHApa ILJIO-
IUHOI0, IO IPOXOAUTHL uepes3 Ioro Bick (puc. 7.5).

Teopema 7.1. MnowuHa, NapanenbHa MIOLWWNHI OCHOBM UuNiHAPa, NepeTUHaE
loro 6iuHy NOBepxHIO MO KONy, L0 AOPIBHIOE KOy OCHOBU.

» NoeepenHa. Hexalh B — nnowwHa, napanesnbHa NIOWKMHI OCHOBM LuWiHApPa
(pnc. 7.6). NMapanenbHe nepeHeceHHA B34OBX HaNpAMKY OCi LUWNiHAPA, AKe CyMi-

Puc.7.4 Puc.7.5 Puc.7.6
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A€ NIoWUHY B 3 NNOWMHOI OCHOBM LMIHAPA, TaKOX
cymillae nepepis 6iyHoOI NoBepxHi NnowuHol B 3 Konom
ocHoBU. OTXXe, nepepi3 € KONOM, LLO AOPIBHIOE KONy OC-
HOBW.

OsHaueHHA. Mpu3ma HasMBaETbCA 8NUCAHOIO 8 YU-
NiHOp (a yuniHQpP — onucaHum HABKOJIO npu3mu),
AKWO OCHOBW MPU3MU BNUCaHi B KOJIa OCHOB LM-
niHgpa.

I3 osmaueHp mpuaMu I IMUJIIHAPa POOMMO BUCHOBOK,

1o Giumi peOpa BIMcaHOI B IUJIIHAP IPU3MHU € TBipHU-
My muiaiaapa (puc. 7.7).

OsHaueHHA. Mpu3ma Ha3MBaAETbCA ONUCAHOIO HABKO-
J10 yuniHopa (a uMniHAp — e8nucaHum y npusmy), fik-
O OCHOBM NPU3MM ONNCaHi HABKOJIO OCHOB LWJiH-

apa (puc. 7.8).

NMPUKJTAQN PO3B'A3YBAHHA 3A0AY

3apaua 1. OcboBuUM nepepi3 uuniHApa — KBaApaT, Mjowa AKOro AOPiBHIE Q.
3Hangite nnowy 6iyHOI NoBepxHi yuniHapa.

Po3B’si3aHHA

» SIKIIO cTOpPOHA KBapaTa 0CbOBO-
ro mmepepisy (puc. 7.5) mopiBHIioE X,
10 X2 = @® . Bucora muiinapa gopis-
HIOE X, JiaMeTp OCHOBU TAKOMK
mopiBHIOE X (TOOTO 2R=x). OT-
xe, Sg.,=2nRH=7-(2R)-H=

=n'x~x:nx2:nQ.

KomeHTap

AKLWO 0CbOBMI Nepepi3 yuniHgpa — KBagpar 3i
CTOPOHOIO X, TO NJIoLWa nepepisy AOPIBHIOE x2.
Maemo piBHAHHA x?= @, 3BigKn x=+/Q .
3a3HauMmo, Wo B 3afadi NOTPIGHO BU3HAUUTY
nnowy 6i4HOi NoBepxHi. Y popmyny 3HaueHHsA x
BXOAWUTMME B KBajpaTi, TOMY MOXKHa, He pO3-
B'A3ylOUM PIBHAHHA, 3anucaTty BUMOrY 3agadi
yepes x, a B oTpumaHy dopmyny nigctaButn
3HaueHHs x2.
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3apaua 2*. BucoTa ymniHgpa QOpPiBHIOE 8 cM, pagiyc oc-

HOBM 5 cm (puc. 7.9). Uuningp nepeTHynun Pnc. 7.9
NJOLWMHOO, NapanesibHoK OcCi, Tak, Wo B ne-
pepisi oTpuManu KBagpart. 3HadiTb BiACTaHb C

Bif, LbOro nepepisy Ao oci.
KomeHTap D

BiacTtaHb Big oCi 4O NapanenbHOI i NAOWNHM MOXHa 3HaNTK

AK BifCTaHb Bif Oyab-AKOi TOUKM OCi (Hanpuknag, Big Toukn O) B
no uiei nnowmHn. o6 3HanTy BiacTaHb Big Touku O 0o CivHOI
MAOLWMHW, [OCTAaTHbO MOMITUTH, LLO NJIOLMHA OCHOBM NepneH-
OVKynApHa go nnowmHu nepepisy. Toai nepneHaukynap OH go

npamoi AB nepeTvHy nepneHanKynapHUX NIOWNH € NepneH- A
ONKYNIAPOM A0 CiYHOT MAOLMHN.

Po3B'si3aHHA

» Hexait mepepisa ABCD (pumc. 7.9) mapaneasHumit oci OO; mnuirirzpa
(AD=AB=8 cm, AO=5 cwm). Bigcraub mixk Biccio i mepepisom gopiBHIOE Bif-
craHi Big Touku O 1o mepepisy. Ypaxosyioun, o TBipaa AD | . ABO , maemo:
mi1. ABCD | in. ABO. Ilposegemo OH 1 AB, toxni OH 1 . ABCD, To6T0 Binpi-
30k OH — BifgcTaub Bif mepepisy mo oci.

Axmo OH 1 AB, to Touka H — cepenuna Bigpiska ABi AH =4 cwm. Toxai 3 mpamo-
KyTHOro TpukyTauka AOH snaxogumo: OH = \/ OA% - AH? = \/ 52-42 =3 (cm).

3apgava 3%, 3Hangite nnowy 6iYHOT MOBEPXHI NPaBUALHOI TPUKYTHOT NPK3MK, BMKU-
CaHol B LUWniHApP, pajiyc OCHOBM AKOro JOPiBHIOE 8, a B1UCOTa 3.

Po3B’A3aHHA KomeHTap
» Sfxmo unpasuabHa npusma ABCA;B,C; AKLWOo Npr3mMa BAMCaHa B LMAiHAP,
Brircana B nuiiHap (puc. 7.10), To BucoTa mpu- TO iXHi BUCOTM PiBHi 1 OCHOBa Npu-
sMu AA, nopiBHIOE BucoTi muiinzApa, To6TO 3MU BMMCaHa B OCHOBY LuniHApa.
AA, =3. Cnipg TakoX ypaxyBaTi, L0 BUCO-
CropoHa OCHOBHM IIPU3MHU [OOPiBHIOE CTOPOHI Ta NPaBUNbHOI NPU3MN JOPIBHIOE
IIPaBUJIBHOT'O TPUKYTHUKA, BIILCAHOI'O B KOJIO 6iuHOMY pebpy.
paziyca R=8. Toxi AB=RV3 =8V3. CropoHa OCHOBW 3afjaHoi npa-
— — — BUbHOI NPU3MN OOPIBHIOE CTO-
Or:xe, Sﬁm‘rIp =P, spc AA; =3AB-AA, = p hop

POHI @ NPaBUNbHOIO TPUKYTHIKA,
= 3~8\/§~3 = 72\/§ (xB. ox.). BMMCAHOTO B KoNo pagiyca R=8.
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Puc.7.10 Puc. 7.11

3ATINTAHHA

[nAa i1 3HaxoOXeHHA MOXHa CKO-
pucTatrca ¢opmynoto a = R+/3

abo dopmynow R = , Tofi

2sin A

a=2RsinA=2Rsin60°=
=2R~%=R\/§.

MoHa TakoX ypaxyBaTu, LO
LeHTp O — TOYKa NepeTUHy BICOT,
MepiaH i 6iceKTpuc nNpaBUIbHOro
TpuKyTHUKa ABC. I3 npAMOKYT-
Horo TpukyTHUKa AOH (puc. 7.11)
maemo: AH = AOcos30°, Tobto
%=R§,TOAi a=R\/§.

1. IlosacHiTh, IO Take HuaiHap (IpamMuii kpyrosuii muiainap). [Ilo Take
TBipHa nuIiHapa? ocHoBU HuJIiHapa? OiuHa IMOBepXHA HMUJIIHApa? BHCOTAa

¥ Bich muiringpa?

2. fIkoro (diryporo € mepepis MuIiHApPa MJIOIIUHOIO, ITapaJjeJbHOI HOro 0ci?

OChOBUI IIepepis muiainapa?

3. fIkoro Gdirypoio € mepepi3 HUIAIHApPaA NJOIIWHOIO, ITapajieJIbHOI IOro

ocHoBam? Binmosigb obrpyHTyiiTe.

4. TlosicHiTH, IIIO TaKe PO3rOPTKA ITMJIiHApPA.

5. Banuirite GopMyau IJisd BU3HAUEHHS IIJIOII OiYHOI Ta IMOBHOI IMOBEPXOHD

ouaiHgpa.

BMPABU

7.1° YUum mae ImUJIIHAP:
1) neHTp cUMeTpii;
2) Bich cumeTpii;
3) miaomuHy cuMeTpii?

Vramxirs ix.
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7.2°.

7.3°

7.4.

7.5.

7.6.

7.7.

7.8%,

7.9%,

7.10.

7.11.

PO3MI1T 2. Tina obepTaHHs

Pagiyc ocHoBu muiriHApa mopiBHIOE 2 M, BHCOTA — 3 M. SHAUTITh:
1) miaroHaJib OCHOBOTO IIepepisy IMMIiHApPA;

2) myaomry O6iuHOI MOBepxXHI HMUJIiHIpPA;

3) mJoIly TOBHOI ITOBEPXHI ITMJIiHZIpA.

. Ilmomra GiuHOI mMOBepXHi ImuMIiHApa AOpiBHIOE 72T, a BucoTa 8. SHAUIITH
IiaMeTp OCHOBH.

OcroBuii Iepepis muIiHApa — KBajgpaT, ILJOINA SIKOr'O IOPiBHIOE S.
3HaWAITH MJIOIY OCHOBUW ITWMJIiHZIDA.

Bucora mumiaimapa gopiBaHioe 6 cM, paniyc ocHOBH 5 c¢M. 3HaANIITL IIJIO-
1y IIepepisy, IPOBEIEeHOro IIapaJjieIbHO OCi IMuIiHapa Ha BimcraHi 4 cMm
Big Hel.

Pagiyc ocmoBu mumiaimapa mopiBHioe 1, Bucora 20, mioima mepepisy,
mapaJjieIbHOro oci, mopiBuioe 20 KB. oi. 3HAWAITh BiAcTaHb Big IIHOTO
mepepisy 70 oci mumriHApa.

Hiaronasb OCHOBOTO TEpepidy MWIiHApa MOpiBHIOE 48 cM, a KyT MixK
Iiero miaroHaJI0 # Biccio muiainapa cramoBuThb 60°. SHAKIITH:

1) BucoTy nuiaiHapa;

2) paziyc OoCHOBU ITMJIIHIpPA;

3) ILJIOIIly OCHOBH ITMJIiHJpA.

Y nmuirinapi mapaJjiesibHO HMOro OCi IPOBeNeHO MJIOMINHY, IO BiITHHAE Bin
Kosa ocHoBu ayry 120° JloB:kmHaA Biapiska oci Misk IeHTpaMu OCHOB
ctaHOBUTH 10 cM, BimcTaHb Bifl OCi MO CiuHOI IIJIOITWMHUN MOPiBHIOE 2 CM.
3HAWIITEL IJIOILY IIepepisy.

3HAUOITEL IJIoINy OiuHOI MOBEPXHI IMIiHApa, SKIINO IIJOI[Aa HOr'0 OChO-
BOT'O IIepepisy mopiBHIOE S.

PosropTkoio 06iuHOi ITOBepXHi IMJIiHApPa € NPAMOKYTHUK 3i CTOpOHAa-
mMu 8 i 3. 3HaWmiTL TBipHY i pamiyc OCHOBU IIWMJIiHApA, AKIIMO BigoMmo,
1o el papgiyc Oinbimmit 3a 1.

Ilioma moBHOI moBepxHi muaingpa mopiBHoe 28871 cm?. 3HalIITH BU-
COTy II pajiyc OCHOBHU IIWMJIiHApPa, AKIIO Bimomo, IO BHcCOTa Ha 12 cMm
OinmbIa 3a pajiyc.

7.12*%, Kyt MixX TBipHOIO IMIiHApa i1 AiaroHaJjji OChOBOI'O IIEPepisy mopiB-

HIoe (. S3HAHAITH IOy 6iuyHOI HMOBEPXHi MuUIiHApA, AKIIO IJIOIIA HOT0
OCHOBHU JOPiBHIOE Q.
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7.13. [iaroHaJsb pPO3TOPTKHM OiUHOI TOBEPXHi Iu-
JiHApa mopiBHIOE d i yTBOpIOE KyT @ 3 OC- Pnc.7.12
HOBOIO PO3TOPTKHU. SHAWLITH ILJIOIIY IIOBHOI
HOBEPXHI muiiHapa.

7.14%*. OcboBUM IIepepisoM IMJIiHApa € KBaapar,
IiaroHaJib AKOTO JTOPiBHIOE 10\/5 . BHAUOITH
mIoIli 6iuHOI i IIOBHOI HMOBEPXOHBb IPABUJIL-
HOl ITPM3MU, BIIMCAHOI B Iell HMUJIIHIAP, IK-
o mpu3Ma:

1) TpukyTHa;
2) YOTUPUKYTHA;
3) IIecTuKyTHA.

7.15. IIpaMoKyTHHUII mapaJjiejiemiiesi OMMCAHO HaBKOJIO Ituainapa (puc. 7.12),
pazmiyc ocHOBHU i BHCOTa SAKOTO AOPiBHIOIOTH 8. 3HAWAITH IIJIOINY IIOBHOI
TIOBEPXHi mapaJiesenimnezna.

@ BusaBiTb CBOIO KOMMETEHTHICTb

7.16. Crinmbku 60aHOK, KOMKHA 3 AKX MicTuTh 2,8 Kr (papOum, moTpiOHO mpu-
moatu naa (apOyBaHHA B mBa mapu 10 3aKpUTHX MeTaJIeBUX I[UJIiH-
IpuUYHUX O00uoK i3 miamerpom mua 60 cm i BmcoTowo 85 cM, AKIINO AJIA
dapOyBanua 1 M2 MeTaJieBOl IIOBEPXHI B OAMH Iap BUTpadaeThea 120 r
dapbu?

7.17. Y maiicTepHi BUTOTOBUJIM [IBA OMHAKOBI ITy-
¢du y dopmi nmuriagpa BucoToro 45 cMm i mia-
metpoM 45 cm. CKiJIBKM TKAHWHU MTilILIO
Ha O0MBKY 000x my(diB (BKJIIOUAIOYU [THO),
AKIIO Ha INBU If 00pisaHHA HOZATKOBO OYJIO
Burpaueno 10 % rtrammuu? Bignosiges mo-
maiiTe B KBaApPaTHUX MeTpPaxX, OKPYIJIMBIIIL
oTpuMaHe 3HAUEHHS [0 OecATHX. BBarkaii-
Te, 10 mw=3,14.

7.18. Insa s6epiraHHa OeH3MHY NOTPiOHO BUTO-
TOBUTH €MHICTBH, III0 Mae (opMy IUIiHApPa
3 miaMeTpoM OCHOBU 3 M i BmcoToio 4,5 M.
CKinpKu JHCTIB 3aJiza IJIOIeo 5 M? KOxK-
HUH IMOTPiOHO 3aKYNUTU AJIS BUTOTOBJIEHHS
miel emHocTi?




§ 8. KOHYC

Tabnuua 7
KoHyc

KoHycom (kpyzoeum KoHycom) HasMBa€TbcCA Tino, wWo

CKNaja€eTbcA 3 Kpyra, TOUKY, WO He IEXKNTb Y MIOLWNHI

Lboro Kpyra, i BCix Bigpi3KiB, AKi cnonyyaloTb L0 TOUKY
s 3 TOUKaMu Kpyra.

Kpyr — ocHosa KoHyca.
Touka S — sepwuHa KoHyca.

Bigpi3ku, Wwo cnonyyaTb BEPLUMHY KOHYCa 3 TOUKaMU Kona
OCHOBW, — MB8ipHi KOHyCa.

SA, SB — TBipHi KOHYCa.

KoHyc HasuBaeTbcs npamum, akwo SO L . AOB
(O — ueHTp Kpyra oCcHOBM).

Y WKinbHUX NiOpyYHUKAXx:

KOHYC = npAMUL Kpy208UU KOHYC

BrnactusocrTi
1. TBipHi KOHYCa piBHi.
SA=SB= ..
2. H . =8SO — Bncota KoHyca,
SO 1L un. AOB

3. Y pe3synbraTi obepTaHHA MPAMOKYTHOIO TPUKYTHUKA
HaBKOJIO Oro KaTeTa fK OCi yTBOPIOETbCA KOHYC.

A AOS — npamokyTHuin, £ AOS =90°.
Mpama SO — Bicb KOHyCa
R, ..=AO, H,.=8S0.
AS — TBipHa, AS =1
4. S, =TR?, Sguy =TRI,
S = Sgiun +Soeq =TRI+TR?=1R(I+R)

IIOBH. KOH




s

Mepepi3n KoHyca naowmMHamMn

OcboBuin Nepepi3 KoHyca

A SAB — ocbosuli nepepis (nepepis, Lo Npoxo-
anTtb yepes Bicb SO).

A SAB — piBHOGeapeHuin (SA = SB)
(SA i SB — TBipHi)

ﬂepepi3 KOHYCa MJIOWMHOI, WO NPOXoanTb Yyepes oro BEPLUNHY

K

ASMK — piBHObegpeHui,
SM =SK (SM i SK — TBipHi)

Nepepi3 KOHyCa NNOLWMHO, MapanesibHOK NOro OCHOBI

§ 8. KoHyc
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lnowuHa, napanensHa nJIOWUHI OCHOBU KOHYycd,
nepeTrHAE KOHYC MO Kpyry, a 6iuHy noBepxHio —
Mo KoJy 3 LIeHTPOM Ha OCi KOHyca.
Rnepepisy _&

R SO
YacTuHy KOHyca, po3TallOBaHy MiX OCHOBOIO KO-
HyCa i CiYHOI M/IOLWMWHO, HAa3KBaOTb 3Pi3AHUM
KOHYCOM.
Y pe3ynbraTi 06epTaHHA NPAMOKYTHOI Tpaneuii
(OAAIOI) HABKOJIO OCi, O NPOXOANTb Yepes
6GiYHY CTOPOHY, NeprneHAVKYNAPHY AO OCHOB,
YTBOPIOETbCA 3Pi3aHNIN KOHYC.
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PO3MIT 2. Tina obepTaHHs

MOACHEHHA N OBI'PYHTYBAHHA

CTO

OsHauyeHHA. KoHycom (To4Hille, Kpy2o8UM KOHYycOM) HasMBA€ETbCA TiNo, 10
CKNaflaeTbCA 3 Kpyra — OCHOBM KOHYCa, TOUYKM, AAKa He NeXNUTb Y MJIOWMHI
UbOro Kpyra, — BepLUMHMN KOHYCQ, i BCix Bigpi3Kis, Wo cnonyyaoTb BepLuu-
Hy KOHYyca 3 TouKaMmu ocHoBU (puc. 8.1). Bigpisku, wo cnony4yaloTb BepLINHY

KOHycCa 3 TOYKaMM KoJjla OCHOBU, Ha3UBalTbCA MBIipHUMU KOHyca (Hanpu-
Knag, Ha puc. 8.1 Bigpi3kn SA i SB — TBipHi KOHyca).

O3HauyeHHsA. KOHyc Ha3MBaA€ETbCA NpAMUM, AKWO NpAMa, WO cnoJjiy4ya€ Bep-

WMHY KOHYCa 3 LLeHTPOM OCHOBW, NepneHANKynsapHa 40 MIOLWUHN OCHOBM
(AKwWwo Ha puc. 8.1, 6, SO L . AOB, TO 306parkeHUNn KOHYC — NpAMUIA).

Hdami posrasagaTuMeMo TiJIbKM NPAMUN KOHYC, IKUHA HAa3WBATHUMEMO IHPO-
KOHYCOM.

Haouno npamuil Kpyzo8uil KOHYC MOXHA PO32AA0AMU AK MIiL0, YMeEopeHe

8 pe3yavmami 00epmaHHsa NPAMOKYMHO20 MPUKYMHUKA HABKOJO 11020 Kame-
ma sk oci (puc. 8.2).

O3HaueHHA. Padiycom KOHyca Ha3nBaETbCA pafiyc NOro oCHOBM.

O3HaueHHA. Bucomolo KOHyca Ha3nBa€TbCA NepneHANKYnap, npoBegeHun i3
1Oro BepLNHN Ha MIOWNHY OCHOBW.

Yy IIPAMOIro KOHyCa OCHOBa BHCOTHU 3biraeTncsa 3 IIEHTPOM OCHOBU.

Punc. 8.1

Puc. 8.2

‘O b & é

S
|
|
|
|
|

|
:
|
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|
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§ 8. KoHyc

L

ITpenmeTu KOHiIUHOI (hpopMU UACTO 3yCTPivalOThCA B MOOYTi (HAIIPUKJIAL, CBATKOBUM
KOBIIAYOK, Pi’KOK JIJIsT MOPO3UBA), TeXHiIli (IIaTPOH AJIA APUJI) Ta apXiTeKTypi (mrmuiai

Crraco-IIpeo6paskeHcbKoro cobopy (M. HepHiris)).

=
|ﬁ

N

J

O3HauyeHHs. Bicclo NpAMOro KpyroBoro KoOHyca Ha3sWBa€TbCA NpsAMa, Lo

MiCTUTb IOro BUCOTY.

Y mpsmoro KpyroBoro KoHyca BCi TBipHi piBHI (4K mOXwuJIi, II0 MamOTh
piBHI mpoekIii — paxiycu oCcHOBU KOHYcCA).
Ilosepxns KOHYyca CKJIAJAETHCA 3 OCHOBU i OiuHOI moBepxHi. Biyny no-

8epXHI0 KOHYCa YTBOPIOIOTH TBipHi.

SAxio 6iuHy MOBEPXHIO KOHYCa Po3pisaTu 3a AKOM0-HeOyIb TBiIpHOIO i PO3-
TOPHYTHU HAa MJOIUHiI, TO omep:xuMo ii posroptky. Posroprka O0iuHoi mo-
BepxHi KoHyca pazaiyca R 3 TBipHOIO [ € ceKTopoM pamiyca [, mOB:KUHA IyTU

SAKOT'0 IOPiBHIOE MOBXKUHI KoJa
ocHoBHu, TOOTO 2mR (pumc. 8.3).
Ilmomry 11iei posropTKu mpuiiMa-
I0Th 3a nJaowy OiuHOL noeepxhi
ronyca’. Borma y crinbKu pasiB
MeHINIa Bij mJIomii Kpyra papniy-
ca [, y CKiIbKM pasiB TOBXKUHA
nyru cektopa 2mR wMeHIna Bifg
IOB:KUHU KoJia paniyca [, ToOTO

Sc: 2nR .
2nl. Tomy L‘;}‘z T , 3BIOKH
1l 2ml

Sgiun =TRL.

* BiabIII ¢TPOro 110 (popMyJIy Oyme 00-
rpyHTOoBaHO B § 13.

Pnc. 8.3

S

A!

2nR
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PO3MIT 2. Tina obepTaHHs

106 3HaiiT; mJOITY MOBHOI TTOBEPXHi KOHYyca, Tpeba J0 MJIOoIli Horo 6iuHol
TOBEPXHi IOHaTU IJIOITY OCHOBHU:

S = Sqiuy +Seen = TRL+TR? =TR(I+ R).

IIOBH. KOH

Puc. 8.4 S
Ilepepiaz KOHyca MJIOIIIMHOIO, IO ITPOXO-
IUTHh Uepes3 HMOro BepIINHY, € PiBHOOeIpPEeHUM
TPUKYTHUKOM, OiUHi CTOPOHM SKOI'O € TBip-
HuMHu KoHyca (puc. 8.4). 3oKkpema, piBHOOEI-
PEHUM TPUKYTHUKOM € OCbOBUllL nepepi3 Ko-
Hyca. Ileti mepepid TPOXOAUTH Uepe3 BiChb
KoHyca (puc. 8.5).

Eo

Teopema 8.1. MNMnowurHa, napanenbHa nnao-
WMHIi OCHOBU KOHYCa, NepeTnHaE KOHyC Nno
Kpyry, a 6iuHy NOBepXHI0 — MO KONy 3 LieH-
TPOM Ha OCi KOHyca.

e

Puc. 8.5 S
» Josepenua. Hexaih nnowwmHa B, napanenbHa
NJOWMHI OCHOBM KOHYCa, MepeTUHAE KOHYC
(puc. 8.6). Touka O; — TOUKa NepPeTUHY MNNo-
wuHM B 3 BucoTolo KoHyca SO. lnowmHa
SOB nepeTvHae napanenbHi NAOWWHU MO
napanenbHux npamux: AO, || BO. Toai Tpu-
KyTHnkn SO;A i SOB nogibHi, a ix ctopo-
OA _ 59 gip. y
S0 o
-OB — nocTiflHa BennyunHa.

-

e

HU nponopuiiHi, To6To

SO
a 0,A=—"1
SO

Otxe, posxuHa Bigpiska O; A, AKUN NeXxutb Puc. 8.6 S
y MOWmHi B, € NOCTilHOO, a Lie 1 03HauaE,
Lo nepepi3om MiowmHN 3 3 6iyHO NoBepx-
Hel KOHyCa € KOMO 3 LEHTPOM Ha OCi KOHY-
Ca, a nepepizoMm MAOWMHA 3 3 KOHycOM —
Kpyr. 1

Ilnomuua, mapaJiesibHa OCHOBI KoOHyca,
AKa IepeTHUHAae KOHYC, BiATHMHAE BiJ HBO- 1)
ro meHmwuii kKomyc (puc. 8.6). YHacruHa, ~

O
r-H-lr+ -



§ 8. KoHyc

110 3aJUINNJIacsd, Ha3UBAETHCA 3Pi3AHUM KOHYCOM
(puc. 8.7).

3pisaHUll KOHYyC 00MEKeHO ABOMA KpyramMu — WHo-
ro ocHogamu (IJOMIMHU SAKWUX HapaieJbHi) 1 Oiunom0
nosepxuerw. Bucomoiw 3pizan0z0 KoHyca Ha3UBAETHCH
MEePIeHAUKYJISAP, IPOBEJeHUH i3 OyIb-IKOI TOUKU OIHi-
€l OCHOBUM Ha IHIIYy OCHOBY, HaIIpUKJam, BiApi-
3ok 0,0, 1o cmosy4ae IeHTPU KpyTiB ocHOB. IloB:ku-
Ha IIOT'O IEePIEeHINKYJIsIpa MOPiBHIOE BigcTaHi MiK oc-
HOBAMH 3pisdaHOT0 KOHyca — Ii TaKOX Ha3WBAIOTh 8U-
coOmoi 3pi3aHoz0 KOHYca.

Bigpisoxk AB, sakuii crojydyae HaHOJIMIKYI TOUKU
Kim ocHOB, — meipHa (BOHa € YacTUHOKO TBipHOI SB
TIOBHOTO KOHYyCa, 3 SAKOro OyB Ofep:KaHuil 3pisaHUit
Kouyc (muB. puc. 8.6). Hos:xkmHa mBoro Bimpiska AB
TaKOXXK HA3MBAETHCA MEIPHOI0 3Pi3aHOr0 KOHYcA.

VYpaxoByiouu, 1o Ha puc. 8.6 maommuua SOB me-
peTuHae mapaJieJibHi IIJIOIMHYU OCHOB 3Pi3aHOTO KOHYCa
o mapajeilbHUX NPAMUX, ofepskyemo, mo O,;A| OB,
TOMY O0CbOBUM nepepi3om 3pi3an0z0 KOHYca € piHOOIYHA
mpaneuyis (ABCD Ha puc. 8.8), i 3pisaHuil KoHYyc MmOdic-
HA makox posznsdamu K mino, ymeopene obepmam-
Ham npamokymuoi mpaneuyii AO;O0B Hasrono 6iuHOL
cmopornu 0,0, nepnendurynapuoi do ocroe mpaneuir.

O3HayeHHsA. Mlipamida Ha3MBAETbCA BNUCAHOIO 8 KO-
Hyc (a KOHYC — onucaHum HABKOJIO nipamiou), AK-
o OoCHOBa MipamMiAn BnvcaHa B KOJMO OCHOBU KO-
Hyca, a BepLHOIO NipamiAn € BepluMHa KOHYca
(punc. 8.9).

Is mporo osHaueHHA OJep:KyeMO, IO OiuHi pedpa
BIIMCAHOI B KOHYC IIipaMinm € TBipHWUMU KOHYyCa, BU-
coTu Iipamigm 1 KoHyca 36iraroThcs, a pamiyc KOHyca
IOpiBHIOE pajiycy KoJjia, OIMCAHOI'0 HABKOJIO OCHOBU
nipaminau.

Puc. 8.9
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PO3MIT 2. Tina obepTaHHs

O3HaueHHA. Mipamiga Ha3mBaeTbcA

0NUCAHO HABKOJ10 KOHyca (a KOHYC — Prc. 8.10
8NUCAHUM Yy hipamidy), AKWO OCHOBa

nipamign onncaHa HaBKOJIO Kona ocC-

HOBU KOHYCa, a BepLUMHO nipamign

€ BepuunHa KoHyca (puc. 8.10).

Iz mporo osHaueHHs OAEPKYEMO, ITIO
BUCOTH IIipamMimgu I KoOHyca 30irarmThbCd, A
a pamiyc KoHyca TOPiBHIOE pajaiycy KoJia,
BIIMCAHOTO B OCHOBY IIipaMimmu.

w
ob-# -T2
S

s

NPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apauya 1. KoHyC nepeTHynu njoLWMHOW, NapanefbHOK OCHOBI, Ha BiAcTaHi d Bif
BepLWMHN. 3HaNZiTb NoLWy nepepisy, AKLWO pafiyc OCHOBM KOHyca Ao-
piBHio€ R, a Bucota H.

KomeHTap

3a Teopemoto 8.1 B nepepisi ofgepyemo Kpyr (puc. 8.11).

MnowwHa SO; A nepeTuHae napanenbHi NAoWMHN no napanenbHux npammx: AO, || BO.
Topi TpukyTHKM SO; A i SOB nopi6Hi, a ix CTOPOHM NPOMOopLiNHi. 3 ogepxaHoi nponopuii
BM3HAYAEMO pagiyc nepepisy, AKUN NOTPibeH Ana 3HAXOLKeHHA MioLli nepepisy.

Po3B’sAI3aHHA

p Sxmo f — miomwuua, mapajesabHa ILIO-
IIWHI OCHOBW KOHYyCa, TO BOHA IIEPETHHAE Puc. 8.11 S
KOHYC TI0 Kpyry 3 pagiycom O;A (puc. 8.11)
i SO=H, OB=R, SO,=d. Ilnomuna
SO;A mnepermHae napaJjejbHi ILIOIIH-

|
!
!
[
HE 1o napainenbHux npamux: AO, ||BO. ; B
0,A SO (OR'S
Toxi ASOA®ASOB i —Lt—=—"L, P
OB SO LA
0,A d dR I
TOOTO = -2 i 0,A=——. Omxe,
R H Y H o __
2_ rd2R? \.B

S 0,A :

. =170
mepepisy P
H



§ 8. KoHyc

3apava 2*. 3HangiTb nouwy NOBepPXHi Tina, oTpMMaHoro obepTaHHAM piBHObGeape-
HOro TPUKYTHMKa 3 BGiYHMMK CTOPOHaMM MO 8 CM i KyTOM MiXK HUMMU
120° HaBKONIO NPAMOI, fIKa MiCTUTb GiYHY CTOPOHY TPUKYTHMKA.

Po3B’si3aHHA

» Hexaii piBHOGenpenuii TpukyTHUK ABC
(AC=BC=8 cm, L ACB=120°) oGepraers-
cs HaBKOJIO oci, mio mictuTh cropony BC
(puc. 8.12). IIposegzemo OA 1 BC.

VY pesynbraTi 00epTaHHA TPAMOKYTHOI'O TPU-
KyTHUKa AOB HaBK0JIO 0oci BO yTBOPIOETHCA
KOHYC, TOMY Bifipisok AB y pesyabrari 06ep-
TaHHS HaBKOJI0O oci BO yTBOpioe GiuHY MO-
BEPXHIO KOHYyca 3 TBipHOIO AB i pazgiycom oc-
HoBu AO.

AHajoriuso B pe3ysbTaTi o0epTaHHsAa IPSIMO-
KyTHOTO TpukyTHuUKa AOC HaBKoJ0 oci BO yT-
BOPIOETHCSA KOHYC, TOMY Bifipizok AC y pesyiib-
TaTi 00epTaHHA HaBK0JI0 oci BO yTBopIoE OiuHy
MOBEPXHIO KOHyca 3 TBipHo0 AC i pamiycom oc-
HOBU AO.

Toxi mroma moBepxHi OTPMMAHOIO Tija IOPiB-
HIOE CcyMi mJomy OiYHHMX IIOBEPXOHb IIUX KO-
HYCiB.

I3 mpamokyTHOTO TpUKyTHUKA AOC
(£ ACO =60°) maewmo:

OA = AC-sin60°=4/3 (cm).
I3 mpamokyTHOTO TpUKyTHUKA AOB

(L ABC = 30°) OZlEePsKYEMO:

AO
AB=—2"_=83 (cw).
sin30°
Toxi moBepxHA Tija 06epTaHHS TOPiBHIOE
S=n-AO-AB+1-AO-AC=

—71-43 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/lif ypaxoByBaTH, Lo
B pe3ynbTaTi 06epTaHHA NPAMOKYT-
HOro TPMKYTHMKa HaBKOMO KaTeTa
AK OCi YTBOPIOETbCA KOHYC, a B pe-
3ynbTaTi 06epTaHHA NPAMOKYTHOI
Tpanewii HaBKono 6iYHOI CTOPOHMU,
nepneHAUKYNAPHOI A0 OCHOBMU
Tpaneuii, — 3pi3aHnin KOHyC. Tomy
JOUINbHO 3 KOXKHOI BEPLUNHW 3aJa-
HOrO MHOTOKYTHUKQ, LLIO He NIeXNTb
Ha oci obepTaHHA, NPoBecTY nep-
NeHAVKYNAP Ha BiCb i PO3rNAHYTU
NMOBEPXHIO, AKY OMUCYE KOXHUW
i3 BiQpi3KiB, WO He NeXuTb Ha oCi
obepTaHHs.

Puc. 8.12
B
[ 1
=
13)
o0
20°
N o
e
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B ocHoOBI nipamign nexxntb NPAMOKYTHUIN TPUKYTHUK i3 KaTeTamMu 6 Cm

i 8 cm. Yci 6iuHi pebpa nipamign HaxuneHi 4o NAOLWMHN OCHOBM Mif Ky-
TOoM 60°. 3HangiTb niowy 6iYHOT MOBEpPXHI KOHYCA, OMUCAHOIO HAaBKOJIO

Liei nipamign.
Po3B'A3aHHA
» Hexaiti SABC (puc. 8.13) — 3agaHa

JIeH1 i piBHUMU KyTaMu IO MJIOIIUHU OCHO-
BU, TO OCHOBOIO ii BucoTu SO € IIeHTD KOoJIa,
ONMCAHOTO HABKOJIO OCHOBM ITipaMigu, AKUIA
y OPIMOKYTHOMY TPUKYTHUKY ABC JeXuTh
y cepenuui rimorenysu AB, To6To Touka O —
cepenuaa AB.

Puc. 8.13

Ockinmsrku SO 1L ma. ABC, to AO — mpoek-
misg SA "a miaomuny ABC, tooro L SAO —
KyT Mixk GiunuM pebpom i mimormuHOo0 ABC
(£840=60°).

SKIII0 KOHYyC onmmcaHWiT HABKOJO IIipaminwm,
TO iXHi BepIINHU 36iraroThCsA 1 KOJIO OCHOBU
KOHYyca oIrrcaHe HaBKOJO OCHOBU Iipaminu,
TOOTO paniyc ocHOBU KOHYyca qopiBHioe OA,
a TBipHaA KOHYyca AOpPiBHIOE OiuHOMY pebpy SA
mipamigu.

Iz unpamoxytHOro TpuKyTHuUKa ABC
(LC= 90°) omep:xkyemo: AB=10 cm. Toxi
AO=5 cm. I3 OpAMOKYTHOIO TPUKYTHUKA
AOS maemo: SA = _40 _ 10 (cm).

cos60°
Toxi mora 6iuHOl MOBEepXHi KOHYCA JOPiBHIOE:
Sgiqy =T-AO-SA=1-5-10=5071 (cm?).

KomeHTap

KoprcHo BMKOpUCTOBYBaTU TPOXK
YTOUHEHY (AMB. M. 4 HUXKYE) 3aranbHy
CXemy pO3B'A3yBaHHA 3aAay, NoB'A3a-
HUX i3 MHOrOrpaHHMKamu (guB. § 1).

1) O6rpyHTYyBaTM

2)

3)

4)

“u

po3TallyBaHHA
BMCOTU Mipamign (AKwo Bci 6iu-
Hi pebpa nipamign HaxwneHi nig
PiBHUMM KyTamu [0 MAOWMHK
OCHOBMW, TO OCHOBOIO BMCOTM Mi-
pamigu € LeHTp Kona, Onm1caHoro
HaBKO/O OCHOBY Nipamign, To6To
cepefvHa TrinoTeHy3w; uUe chif
ypaxyBaTu we po nobyposu pu-
CYHKa fo 3afaui).

O6rpyHTyBaTW, WO MNPOCTOPOBI
KYyTW N NPOCTOPOBI BifgCTaHi no-
3HaueHi nNpaBWIbHO (y Hac 3a-
JaHO KyT MK GiuHVMM pebpom
i MAOWMHOIO OCHOBW, TOBTO KyT
MiX LM pebpom i noro npoekui-
€10 Ha MMOLLYNHY OCHOBM).
O6rpyHTYBaTM BUA | PO3TaLlyBaH-
HA 3ajlaHoro nepepisy (y uin 3a-
fayi nepepi3un He PO3rNAAATLCA).
AKIWO po3rnafaeTbca KoMbiHauinA
MHOFOrpaHHMKa 1 Tina obepTtaH-
HA, TO BKa3aTy B3aEMHe poO3Ta-
LUYBAHHA X eNeMeHTiB (TinbKu Te,
Wwo 6yge BMKOPUCTaHO Mif yac
pO3B’'A3yBaHHs).

Ha KoXHoMy eTani o6uncneHb yKa-
3YEMO, eNleMeHTU AKOrO TPUKYT-
HMKa BM3HAyaeMo. fKwo Tpu-
KYTHVUK MPAMOKYTHWUA, TO MNOAC-
HIOEMO YoMy.



§ 8. KoHyc

3ATNMNTAHHA

. IloscuiTh, 110 Take KoHyC (IpAMUM KpyroBuii Kouyc). IIlo Take TBipHaA

KoHyca? ocHOBa KoHyca? GiuHa IIOBEepPXHSA KOHyca? BHcCOTa I Bick Komyca?

2. fIxoro (iryporo € mepepis KoHyca, II0 IIPOXOJUTH Uepes HOoro BepIIUHY?
OChOBUI IIepepia Komyca?
3. fxoro ¢iryporo € mepepis KoHyca ILJIOIINHOIO, ITapaJieJJbHOI MOro OCHO-
Bi? BigmoBimes oOr'pyuryiiTe.
4. TlosicHiTh, IO TaKe PO3TOpTKa OiUHOI IMOBEPXHi KOHYycAa.
5. 3anuuriTe GopMynam i BU3HAUEHHSA IIJIOIT OiUHOI ¥ ITOBHOI IMOBEPXOHB
KOHYyca.
6. ITosacHiTh, AKa mipamiza Ha3WBAETHCS BIKWCAHOIO B KOHYC, a AKa —
OITMCAaHOI0 HABKOJIO KOHYCA.
BIMPABU
8.1°. Paxiyc ocHOBH KOHyca OOpiBHIOE 3 M, BucoTta 4 M. SHAUTITH:
1) TBipHY KOHYyCa;
2) mmoiny GiuHOI ITOBEePXHI KOHYCA;
3) mJyoIy IIOBHOI IIOBEPXHi KOHyca.

8.2°. Tsipua xonyca gopiBaioe 10 i HaxwueHa 10 ILJIOIUHN OCHOBHU IIiJ KYTOM
30°. 3HaiAiTL BUCOTY KOHYCA.

8.3°. Bucora kKomyca mopiBHIoe 8, a moB:kmHa TBipHoi 10. 3maiimiTs, miamerp
OCHOBM KOHYCA.

8.4°. Bucora xomyca mopiBHioe 15, a miamerp ocuHoBu 16. 3HaiigiTh:

1) TBipHY KOHYyCa;
2) mmory GiuHOI ITOBEepPXHi KOHYcCA;
3) IIoIly IOBHOI ITOBEPXHi KOHYyCA.

8.5. Paxiyc ocHoBu KoHyca mopiBuioe R. OchoBuil mepepis KoHyca — IIps-
MOKYTHUHM TPUKYTHUK. SHAWIITHL IJIOIIY OiuHOI IIOBEpXHi KoHyca.

8.6. ¥V piBHOCTOPOHHLOMY KOHYCi (B 0CHOBOMY Ilepepisi — IpaBUJIBLHUUA TpU-
KYTHUK) pajiyc OCHOBU HopiBHIOE R. 3HAWAITH IJIOIYy Ilepepidy, IIpoBe-
IEeHOTO ueped OBi TBipHiI, KYyT MiK AKUMUN OOPiBHIOE O.

8.7. IloBexmiTw, 10 3 yCixX ImepepisiB KOHyca IIJIOIUHOIO, KA IIPOXOAUTH Uepes

#oro BepHIWHY, HAWOIIBIINI TTEPUMETP Ma€ OChOBUIH Iepepis.
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8.8.

8.9%

8.10.

8.11.

8.12%,

8.13.

Ym mpaBUJIBHO, IO 3 YyCiX MEepepisiB KOHYyca MJIOIIMHOIO, AKAa IIPOXO-
OIUTHh UYepe3 IOro BepIINHY, HaANOIJBINY IIJIOIYy MAa€ OChOBHUI mmepepis?
BigmoBigb o6rpyHTyiiTe.

Y ckinbKu pasiB 30iJBMINTHCA IIJIOINA OiUYHOI HMOBEpPXHiI KOHYyca, SKIIO
ioro TBipHY 36ijbIINTH BTPUYi (pajiyc OCHOBU 3aJHUIIAETbCS 06e3 3Mi-
uu)? Bigmosigs obrpyuTyiiTe.

Bucora xoumyca mopiBHioe H. Ha skiii BigcTaHi Big Beprinum Tpebda mIpo-
BECTH ILJIOIIUHY, ITapaJeJbHy OCHOBi, 11100 ILIOINA IIepepisy JopiBHIOBaJA
IOJIOBMHI TIJIOIIi OCHOBU?

Yepes cepequHy BUCOTH KOHYCa IIPOBENEHO MIPAMY, ITapajebHy TBipHiii.
SHaWIiTE MOBXKMHY Bigpiska mpsMoi, AKHI pO3TaIllOBAHHUII ycepeauHi
KOHycCa, AKIIO AOBXKWHA TBipHOI HOpiBHIOE .

OcHOBOIO TipaMigym € NPAMOKYTHUN TPUKYTHHUK i3 KareraMu 6 cMm
i 8 cm, a BCci mBOrpaHHi KyTuM IIpu OCHOBI mopiBHIOIOTH 60°. 3HaliThH
TJIOIY IIOBHOI ITOBEPXHi KOHyca, BOMCAHOrO B I[f0 IIipaMimy.

BusABiTb CBOIO KOMMETEHTHICTb

Ho crangapTHOro HAOOPY MHOMKEIKHOT'O IITU-
Ta, AKUH IIOBUHEH OYyTHU B KOYKHOMY IIeXy
Ha MOiAOPUEMCTBi, BXOOWUTHL KOHiUHE Bif-
po 3 miamerpom ocuoBu 30 cM i BHCOTOIO
35 cm. BigmosizanmpbHOMY 3a IIOMKEKHY 0es-
TeKy Ha MiAIpuEMCTBI mOTPioHO mOdapoy-
Batu 50 Takux Bimep (30BHiI i 3cepemumHm).
Y HBOrO € IBi OaHKM UepBOHOI (hapbu, KO-
Ha Mmictuts 0,9 Kr. Um BucTauuTh oMy
dapbu, axmio aiaa papbysamas 1 M2 Metary
purpauaetbea 120 r gapou?




§9.KYNA | COEPA

Tabnuun 8
Chepai Kyna

Ccheporo Ha3MBAETbCA TiNO, WO CKna-
BAETbCA 3 YCiX TOUOK NPOCTOPY, po3Ta-
LWOBaHMX Ha 3ajaHin BigcTaHi (R) Big
3agaHoi Touknu (0).

O — yeHmp cepepu;
OA — padiyc cpepu; OA=R.

Y pe3ynbTati 06epTaHHA MiBKOMa HABKOJIO
noro fiameTtpa ogepxyemo chepy.

Kyneio Ha3uBa€eTbCA Tino, Wo cKna-
BAETbCA 3 YCiX TOUOK NPOCTOPY, po3Ta-
LWOBaHMX Ha BifcTaHi, He Ginbwii 3a 3a-
naxy (R), Big 3agaHoi Toukn (0).

O — yeHmp kyrni;

OB — padiyc kyni; OB=R.

Y pe3ynbTaTi 06epTaHHs NiBKpyra HaBKOJO
Noro fiameTpa ofep>KyeEMO KyJto.

NAOLWNHOIO
byOb-aKkull nepepis Kysi nIOWUHOIO € Kpy20M.

LieHTp uboro Kpyra — ocHOBa nepneHan-
Kynsapa, NpoBeAeHOro 3 LieHTpa Kyni Ha
CiYHY MOLMHY.

O — ueHTp Kyni;
O; — UeHTp Kpyra nepepisy.
00, 1 o.

5 AOOLA: Rygpopioy = R2ym —00;
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Mepepis, Wo npoxoauTb Yepes LEHTP

(0]
o Kyni, Ha31Ba€ETbCA 8e/IUKUM Kpy20M.
\
R
\‘o RBeJI.Kp = R}cyni
Mepepis Kyni ABoma naowmHamm
a Opr 00, La; 00, LB; iy —
: * pagiycu Kpyris nepepisis.
(oX 00,=00, & ry=r,
\ »
o7 00,<00, & 1>,
OV 2
B 2 00, >00, & r<n
MnowwnHa 1 npaMa, AOoTUYHI Ao Kyni (chepn)
JoTtnyHa nnowuHa JoTtnyHa npama
M o M a
? & ?
| |
I I
| |
| |
I I
0°* o*

MnowwmHa, wWo mae 3 Kynew (cpeporo) lMpama, AKka HaneXnTb AOTUYHIN Nao-

TiNbKM OAHY CNiNIbHY TOUKY, Ha3MBa€ETb- WMHI Kyni (cpepn) i npoxoauTb yepes

s 00MUYHOIO NJIOWUHOIO. TOUYKY [OTUKY, Ha3MBAETbCA 00OMUYHOIO
0o Kyni (ccpepu).



§9.Kyns i cepa

BnactusocTi
JomuyHa nnowuHa (npama) nepneHOUKynapHa 00 padiyca Kyni (cepu), npogedeHo20 8 moy-
Ky 0OMUKY.
| HaBnaku:

AKWO NJI0WUHA (npsama) npoxooume yepe3 mouky cghepu U nepneHOUKYIspHA 0o padiyca,
nposedeHoz0 8 Yo MOYKY, mo 80Ha 0OMUKAEMbCA 00 ciepu.

o— OM 1 o a— OM Lo
OOTUYHA NAOWNHA, | & (OM — AO0TN4YHa NpAMa, | < (OM —
M — TOuUKa JOTUKY pagiyc Kyni) M — Touka foTtnky pagiyc Kyni)

NOACHEHHA N OBI'PYHTYBAHHSA

Haramgaemo ocHOBHiI o3HaueHH.

OsHaueHHsA. Kysnelo HasnBa€eTbCA TiNO, WO CKNAAAETbCA 3 YCiX TOYOK Npo-
CcTOpy, BigpaneHunx Bif 3ajaHOi TOUKM Ha BigcTaHb, He 6Ginbluy 3a 3agaHy.
Lia Touka HasMBaEeTbCA YeHMpPOM KyJi, a 3afilaHa BifcTaHb — padiycom Kyni.

OsHaueHHA. FpaHMLUA Kyni Ha3MBa€ETbCA KY/1b080I0 nosepxHelo, abo cghepoio.

OTxe, TouKamu chepu € BCi TOUKN Kyni, BigAaneHi Big LeHTpa Ha BigcTaHb,

Wo AopiBHIOE pagiycy.

Bynb-akuii BimpisoK, IMO CIOJIydae IIEHTP KYJIi 3 TOUKOIO KYJIBOBOI IIO-
BEPXHi, TaAKOK Ha3UBAIOTL padiycom.

O3HaueHHA. Bigpisok, AKnim cnony4ae ABi Tou-

K1 Ky/bOBOI NMOBEPXHi 1 NpoXoauTb yepes Puc. 9.1

LeHTP Kyni, Ha3MBa€TbCA diamempom KyJi. o
KiHui 6yab-Akoro giametpa Ha3nBaKwTbcA 0Oi- \
amempasieHO NPOMUJIEXHUMU MOYKAMU KYJi. \

Kyasa, max camo ax yuaindp i KoHyc, € mi- !
J0M 00epmaHHs. R »

Bona yTBOproeThcss B pesyiabTari obOepTaH- s
Hd IiBKpyra HaBKOJO #oro amiamerpa fAK oci
(puc. 9.1). Chepa moxke OyTH OTpUMaHa B PE3yJib- /
TaTi obepTaHHA MiBKOJIa HABKOJIO HOro giamerpa. -7

\
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P .

Kyni #i chepu Ta iXHi yacTUHM MU YacTO CIIOCTEPIraeMo B MPUPOAi (HAIPUKJIA,
Conre, miaaHetu, GpyKTu) i mobyrti (riobyc, MuiabHi OyabbaiiKm), B TexHIiIi
(KyJIbKOBUIT TIAIMUIHUK) I apxiTekTypi (myseii Biocdepa (Mompeans, Kauama),
kynosu [fomirikanceKoro co6opy Ta Bexxki Kopusakra (JIbeiB, Ykpaina)).

2. MNepepis Kyni nnowunHolo

Teopema 9.1. Byab-AKni nepepis Kyni NOWMHOI € Kpyrom. LieHTp uboro Kpy-
ra € OCHOBOW MNepneHAuKynApa, NPOBeAeHOro 3 LeHTpa Kyfai Ha CiuHy
NJIOLLUHY.

) ODoeepeHHa. Hexah oo — ciyHa nnowmHa
n O — ueHTp Kyni (puc. 9.2). Npoeegemo Pric. 9.2 |
neprneHanKyNAp i3 LeHTpa Kyni Ha naowm-
Hy o i no3Haunmo yepe3 O; OCHOBY LibO- a
ro nepneHankynsapa. Hexan M — posinbHa
TOUKa Kyni, WO HaneXmuTb NAOWMHI o. 3a
Teopemoto Miparopa OM?2 = 0012 +01M2.
Ockinbku BigcTaHb OM He 6Ginblia 3a pagi-

yc R kyni, To 01M<\1R2 —0012 . Maemo:




§9.Kyns i cepa

[OBiflbHa TOUKa nepepisy Kyni NNOLWMHOI O po3TalloBaHa Bif Toukn O; Ha Bif-
CTaHi, He 6inbwin 3a \/R2—0012 , OTXe, BOHa HaneXxuTb Kpyry 3 ueHTpom Oy

i pagiycom \IRZ —0012 .

| HaBnaku: 6yab-AKa Touka M UbOro Kpyra HanexuTb Kyni. A Lie 03Hauvae€, Lo ne-
pepi3om Kyni MIOWMHOK O € KPYr i3 LeHTpom y Touli O;.

3a3HauMMO, IO KOJIM POIIVISHYTH IIepepid KyJi aABoMa ILJIOIIMHAMU O
i B, To omep:xumMo B mepepisi ABa Kpyru pajniycamm r; i r, Bigmosimmo
(puc. 9.3).

Hexait O; i O, — OCHOBU IepHeHIUKYJAPIB, IPOBeNEHUX i3 IeHTpa
kyai O wva mromuau o i [ Bigmosimwmo. fAkimmo paaiyc Kyuai mopisaioe R, TO

r‘I:\/Rz—OOl2 i r2:,/R2—0022 . IlopiBHAemo mi Bupasu. OfepxXuMo, IO

r,=ry ToAi # TimpKm Tomi, Komu 0O, =00,, a 1 <r, TOAl ¥ TiABKHU TOAi,
ko OO, >00,. Otrixe, piéHi nepepisu Kyli po3maul06anHi Ha 00HAKOBUX 6i0-

cmanax 6i0 il yeumpa (i nHaenaku), nepepis oiavuiozo padiyca po3maulo6aHuil
Ha meHwiil eidcmaHi 6i0 yenmpa kyai (i Hasnaku).

O3HaueHHA. MnowmHa, AKa NpoxoANTb Yepe3 LEeHTP Kyhi, Ha3nBa€ETbcCA
AiameTpanbHot nnouwuHow. Mepepisz Kyni diamempanvHoro naowjuHoro
Ha3MBA€ETbCA 8e/IUKUM Kpyzom (puc. 9.4), a nepepis chpepu — senukum
KoJsiom.

Bynb-aka giamerpaJsibHa IJIoIIMHA KyJi € i1 miomimHoio cuMeTpii. IleHTp
Kyai € ii menTpom cmmerpii.

Pnc. 9.3 Pnc.9.4
o Ol,\r\1
A :
(o} B «O
\ »
O\V/;'z
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O3HaueHHsA. MnowmHa, AKa mae 3 Kyneto (chpepolo) TiNbKN OAHY CNiNbHY TOY-
Ky, Ha3MBa€TbCA 0OMUYHOI0 NJIOWUHOI0 00 KyJi (c¢pepu). CninbHa TouKa fo-
TUYHOI NAoWuHY i Kyni (cpepn) Ha3mBaeTbcss MoYKo0 OOMUKY.

Teopema 9.2. [loTMyHa NnowmHa [0 KyJi NepneHAnKynapHa Ao pagiyca, npo-
Be[leHOro B TOUKY AOTUKY.

) [NoeepeHHA. Hexam niowmHa o B TOu-

Ui M pOTMKAEeTbCA A0 Kysi 3 LEHTPOM Puc. 9.5

y Touui O i pagiyca R (puc. 9.5). loBege-
Mo, Wwo OM 1 o. M M, o
Mpunyctmo, wo OM — noxuna fo nno- ,’

wuHn o. [MpoBegemo neprneHAMKYNAp /.

OM; po nnowmHn o. OcKinbkn nep-
NEeHAVKYNAP MaE [OBXUHY, MeHWYy Bif
JOBXMWHM noxunoi, To OM; <OM =R.
Ane Tofi Touka M, HaneXxutb ogHoyvac-
HO i Kyni, i NIOWKWHI o, a Ue cynepeuntb
YMOBI, WO MoWMHa O — AOTUYHA [0
Kyni My HUX TifIbKM OfHa cniflbHa TouKa
M. Omxe, pagiyc kyni OM He moxe 6yTu
MOXW0K A0 AOTUYHOI MAOWMHN O, TOO-
T0 OM 1L .

Takosk cupaBefuBe i obepHEeHe TBEePMKEHH: SKUW,0 NJAOWUHA NPOXOOUNb

yepe3 mouxky M cgepu it nepnendurkynrapua 0o padiyca, npogederozo 8 U0
mouKy, mo 60Ha domukxaemuvca 00 cpepu.

@ OG6rpYHTYITE Lie CaMOCTINHO.

O3HaveHHsA. MpAMa, AKa HaneXXnTb AOTUYHIN NaowwmHi Kyni (cdepm) i npo-
XOAUTb Yepe3 TOUKY AOTUKY, Ha3MBa€ETbCA 0OMUYHOIO 00 Kyi (cghepu) B LN
TOouULi.

Hanpurmnan, na puc. 9.5 npama MM, — poruuHa g0 KyJi (cdepn).
OcCKiZbKM MOTHMUYHA ILJIOIMHA Ma€ 3 KyJel TiJIbKKM ONHY CIiJIBHY TOUKY,

TO 0OMUYHA NPAMA MAE 3 KYJLel MmiAbKu O00HY CRIAbHY MOYKY — MOUKY



§9.Kyns i cepa

Oomuky. OCKiIbKM HOTUYHA TPAMAa A0 Ky-
Ji JIKUTH y JOTUYHIN ILJIONIWHI, IIT0 mep-
NeHAUKYJIAPHA OO pajiyca, IPOBEIEHOTO
B TOUKY JAOTHUKY, TO domuuHa npama 00
Kyai nepnendurxyrapHa 0o padiyca, nposge-
0eHoz20 6 mouky domuky.

Tako:x mae micie # oOepHeHe TBep-
MPKEHHA: AKIIO IPAMa IPOXOAUTH uepes
Touky M cdepy NepreHAVMKYIAPHO MO pa-
Iiyca, IIpOBENEHOr0 B II0 TOYKY, TO BOHA
IOTUKAETHCA A0 cdhepu.

\L"D O6rpyHTYITE Lie CaMOCTINHO.

3a3HaunMo, II[0 BJACTHUBOCTi, chHOpMYy-
apoBaHi B Teopemax 9.1 i 9.2, mosBoJis-
IOTh 3HAWTH 3B’$I30K Mi)K B3a€EMHUM PO3-
TalryBaHHA KyJi ¥ IJIOIIWHY i BifCTaHHIO
OA=d Big meHTpa KyJi [0 NJIOIIMHU Ta
paxiycom R ryui. CupaBzai, aximo d< R, To
IJIOITWHA MepeTUHae KyJao; AKmpo d=R,
TO MJIOIIMHA OOTHUKAETHCA [0 KYJi; AK-
mo d>R, To mJOHIMHA i KyJs He MaOTh
cuinbHUX TOUOK (puc. 9.6).

NMPUKJTAQN PO3B'A3YBAHHA 3A0AMY

3apaua 1. Y Kyni pagiyca 26 cm Ha BifcCTaHi
10 cm Bif LeHTpa NPOBeAEHO Ciu-
Hy nnowmny (puc. 9.7). 3HangiTb
nnouly nepepisy.

KomeHTap

3rigHo 3 Teopemoto 9.1 Byab-AKMI Nepepi3 Kyni
naowWmnHo € Kpyrom. LleHTp uboro kpyra € oc-
HOBOIO MepreHANKyNApa, NPOBEAEHOrO 3 LieHTpa
Kyni fo ciyHoi nnowmnHu. Tomy Ana po3B'A3yBaHHA
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MOTPIGHO 3 LIeHTpa KyNi MPOBeCTY NepneHANKYNIAp A0 CiYHOT NaoWwmHM . JOBXMNHA LibOoro
nepneHanKynApa € BiACTaHHIO Bi LieHTpa Kyni JO CIYHOI MO MHMN.
KopurcHO TakoX ypaxyBaTu, WO A1 3HAXOAXKEHHA NoLWi nepepisy — Kpyra — BUKOPUCTO-
ByBaTUMeMO dopmyny S = nR?, TOMY AOCTAaTHbO 3HANTK R?= OlAz (i He 060OB'AI3KOBO
3HaxoauTH foBxunHy O;A).

Po3B’A3aHHA

» IIpoBenmemo neprneHAUKYJIAD i3 meHTPa Kyl O 10 ciuHOl IJIOIMHYA (O i TO3HAUYMMO
yepes O; OCHOBY IbOTO IIEPIIEHAUKYJIAPA — IEHTP Kpyra nepepisy (puc. 9.7). Hexaii
0;A — pagiyc nepepisy, a OA — pagiyc kyai (OA =26 cm). Ockinsku OO; L o, To
OO, — Bincrans Bix nenTpa KyJIi go ciunoi miomunn i O0; =10 cm. Toxi 3 nmpamo-
kyTHOro TpuKyTHEKA O0;A Maemo: O;A% = 0A% —00? =26% -10% =576.

Oraxe, IJIOIIA Iepepidy AOpiBHIOE: T 01A2 =b5T67 (cm?).

3apava 2. Kyna 3 ueHtpom y touui O potuka-

€TbcA Ao nnowmHn (puc. 9.8). Tou- Prc. 9.8

Ka A NeXxuTb y Ui NAowWmHi. 3Han-

NiTb BifiCTaHb Bif TOUKM A 0O TOUKK A M a
|

OOTUKY, AKWO BiACTaHb Big Hel Ao
LUeHTpa Kyni JOpiBHIOE 25 cMm, a pa-
aiyc kyni 15 cm.

KomeHTap o°

3rigHo 3 Teopemoto 9.2 AOTMYHA NNOWUHA A0 Kyni
nepneHAnKynAapHa Jo pagiyca, NpOBeAeHOoro B TOUKY
LOTVKY, ane Togi  byab-AKa npaAma LOTUYHOT NoLWwm-
HW NepneHanKynApHa A0 Lboro pagiyca Kyni.

Po3B'si3aHHA

» Hexait Touxka M — TOYKa HOTUKY KyJi 3 muomuHoio o i Aeo (puc. 9.8).
3a BiactusicTio goTuuHol miaommuEm OM Lo, Togi OM L AM . 3a ywmo-
Boro OM =15 cm, OA=25 cwm. I3 npamoxkyTHoro tpuxkytauka OAM maemo:

AM =+OA2 —OM? =+/25% ~15% = 400 =20 (cm).

i ) 3 npuknagamn po3B’AsyBaHHsA GiNbly CKNAAHMX 33fjay, NOB'A3AHNX i3 Kynel (30Kpema,
Ha KOMOiHaLilo MHOTOrpaHHWKIB i3 Kynelo), MOXKHa O3HAaMOMUTUCA, 3BEPHYBLUMCb A0
iHTEepHeT-NIATPUMKU NigpyyYHMKa.
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3ATNMNTAHHA

1. IMosicuiTw, 10 Take Kyas it chepa. IIlo Take meHTp Kyai? paxiyc i mia-
MeTp KyJri?

2. fxoro ¢irypoio € mepepid Kyxai mimommuHoio? IIo Take BeIUKHUN KPyT
Kyiai? Benmke Koo chepu?

3% Cdopmy roiiTe i OOBEIITHL TEOPEeMy IIPO IIepepis KyJIi MJIOIIMHOIO.

4. fIx moB’st3aHi Misk c0o00I0 paziycu KpPyriB — IepepisiB KyJi gBoma ILJIO-
muHAMu 1 BifcTaHi Big mmx KpyriB g0 meHTpa Kymai?

5. Yu Mae KyJasd MEeHTP cuMeTpil ¥ muomuHu cuMeTpii?

6. flka mJoNIMHA HA3WBAETHCA AOTUYHOIO IJIOIMHOIO OO0 KyJai (chepu)?

7*. ChopmystioiiTe i HOBeAiTh BIACTUBICTH AOTUYHOI IIJOIMHU A0 KYJIi.

8. flka mpsaMa Ha3MBAETHCA JOTHUUYHOIO OO0 KyJi (chepm)?

9. f{IKk posrtarmoBaHi KyJasa i mJoIMmWHA 3aJiesKHO Bijg BigcTaHi Bim meHTpa
KyJIi g0 maoruam?

BMPABU

9.1°. ILnonimHa IIPOXOAUTH Uepes IeHTP chepu I mepeTuHae ii 1mo Kojy, J0B-
JKUHa AKOTo IopiBHIOE 6T. 3HAUAITH AiamMeTp cdepwu.

9.2° 3mangiTey MOoBKUHY JiHII mepeTuHy chepm paxiyca 5 i mommHHT, Bif-
majieHol Binm meHTpa 1riei cepu Ha 3.

9.3. Ilnomuua BigmajieHa Ha Bimcraub 3 Bim meuTpa chepu pagiyca 10. Ha
AKY HaWOiJBINY BimcTaHb BiamaJeHi Bifg Iiel maoIMuUHM TOUKU chepu?

9.4° VYci BepmmHU KBajpara 3i cTOpoHOO 8 nm HaJjexarb chepi pamiyca
9 mm. Ha aki#n Bimcrani Bim meHTpa cdepu poaTamioBaHa IIJOMIMHA
KBazgpara?

9.5° BepmimHM IPAMOKYTHHKA JieskaTb Ha cepi paziyca 10 cm. 3HAUIITH
BificTaHb BiJ IeHTpa chepw OO0 MJIOHIMHU MPAMOKYTHUKA, AKIIO HOTr0
miaroHaJsib JopiBHIOE 16 cMm.

9.6. VYci BepIIMHN NPAaBUJBHOIO TPUKYTHHKA 31 CTOPOHOIO 6 AM HaJeKaTh
chepi pagiyca 8 nm. Ha akiit Bimcrami Big menTpa chepu poaraloBaHa
ILJIOIITMHA TPUKYTHUKA?

9.7. Coepa mpoxonuTh uepes3 yci BEPIIUHU MPAMOKYTHOTO TPUKYTHUKA 3 Ka-
Tetamu 6 i 8, a meHTp chepu BigmaseHUil Bil IJIOIMUHU I[LOTO TPUKYT-
HMKa Ha Bigctamb 12. 3HaligiTe pamiyc cdepu.
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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.

PO3MI1T 2. Tina obepTaHHs

Kyna pagiyca 3 DOTHKaAEThCA OO CTOPiH PiBHOCTOPOHHBLOIO TPUKYTHHKA
B Toukax A, B i C. BusHauTe HOBXKUHY HANKOPOTIIIOIO IMIJISAXY IIO IIO-
BEpXHiI KyJai Biff TOUKu A 0 TOUKM B, AKINO AOBXKWHA CTOPOHU I[HOTO
TPUKYTHUKA [IOPiBHIOE 6.

Chepa pagmiyca 6 moTHKaeTbcA OO MJIOIIMHU TPUKyTHUKA ABC y 1HeHTpi
OIICAHOI'0 HaBKOJIO HBOT'O KoOJa. SHAWIITHL BigcTaHb Big menTpa chepu
IO BEpIIMH TPUKYTHHUKA, axkino AB=3, AC=4, BC=5.

Cdepa pazmiyca 1,5 moTukaeTbcsa M0 MJIOITUHU TPUKYTHUKA ABC y meH-
TPi BOMCAHOTO B HBOT'O KoJa. SHAWIITHL BifcTaHb Binm IleHTpa cdepu 10
CTOPiH TPUKYTHUKA, AKI0 AB=6, AC=8, BC=10.

Chepa moTUKAEThCA OO TPHOX CTOPiH TPUKYTHUKA 3i cTopoHamMu 5, H,
8. Bmangite paziyc chepu, AKIIO I HMEHTP JEKUTH Y ILJIOINUHI I[HOr0O
TPUKYTHUKA.

Kyuio pagmiyca 41 nM mepeTHYJIHN MHJIOIIIMHOIO, PO3TAIIIOBAHOIO Ha BimcTaHi
9 nm Bim meHTpa. SHAWIITHL IJIOILY IIepepisy.

Yepes cepenmHy pajiyca KyJi IIPOBEeNeHO ILJIOIIUHY, MEPIeHAUKYJIAPHY
0 HBOro. SIK BiZHOCHUTBLCA MJOIIA YTBOPEHOI'O IIePepisy M0 ILJIOIi Be-
JUKOro Kpyra?

Bi mapaJsiesbHi IJIOIMMHM INEepeTMHAIOTH chepy pajgiyca 5 mo Kogax
pazxiycamu 3 i 4. 3HaWAITL BiACcTaHb MiK IIJIOIITMHAMIU.

Chepa moTmkaeThCcsa OO OAHiel 3 IapaJieIbHUX IIJIOIIUH i TepeTuHae
iHmy mo koJay pazaiyca 4. 3HaimiTe paniyc cdepu, AKIIO BiAcTaHb MiXK
IJIOIIMHAMMY OOpiBHIOE 8.

Paniyec xysmi mopiBHioe R. Uepes kiHemb pajiyca TpPOBENEHO ILJIOIIUHY
oig kyrom 60° mo HbOro. 3HAWOITH IIJIOIIY IEPepisy.

BuasiTb cBOIO KOMMNETEHTHICTb

Pagiyc semmoi Kymi R=6000 kM. Homy mo-
PiBHIOE MOB:KWHA ITapaJiesi, SKIIo ii mmpoTa Puc. 9.9
craHoBuTh 60° (puc. 9.9)?

Micto N posramoBane Ha 60° miBHiUHOI MmIN-

poru. Axwuii mMAAX OPOXOAUTHL el NYHKT X_
. . «
OpoTAroM 1 Topx YHACJHIZOK o0epTaHHA 3eMJIi \
. " . \
HaBKOJIO cBO€l oci? BaskaiiTe, 110 pazgiyc 3em- 60° %

Ji mopiBaioe 6000 KMm.
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3ABAAHHA ANA NIArotoBKn A0 OLIHIOBAHHA

. Kyuio pagiyca 10 mepeTHy/IM ILJTOIIUHOIO HA

TecT N2 2

. IliaroHasb 0oChbOBOro mepepisdy muiiaapa gopiBHie 20 cm. 3HAWAITH

IJIOIIIY OCHOBOI'O IIEPEpPidy, SKIIO pamiyc IUIiHApa mopiBHIoE 6 cM.
A 36 cm? b 96 cm? B 120 cm? r 192 cm? 0 200 cm?

. Teipua xomyca mopiBHioe 30 cM i HaxmjgeHa OO0 IIJIOIIWUHYW OCHOBU ITif

KyToMm 60°. 3HaiifiTh BHUCOTY KOHYcCA. 30 \/g
A 15 cm 515\/5 cM Bl5\/§ cm I

N 303 cm

3

. Kyna 3 meurpom y Tourni O OOTHUKAETH-

cd IO IIJIOIIWMHU (¢ B Touli A (PHUCYHOK),
a Touka B jexxurh y miaomuHi 00, AB=a,
ZAOB=¢. 3naigits paziyc KyJI}l

A asing B atgo i
b acos@ I actgo

sin@

Bimcraui 6 Bim memTpa. 3HAWIITH IIJIOIIY
nepepisy.
A 167 b 20w B 36w [ 64r O 100w

. uminap, ochoBMM IepepisomM AKOro € KBaapar i3 croponorm 20, me-

PEeTHYJIM IIJOIIMHOI0, IapajieIbHOI OcCi IMIiHApa, Ha BigctaHi 6 Bifg
IMeHTpa. YCTAaHOBITH BigmoBimHicTs, Mik BeamumHamm (1-3) Ta ixXHiMHI
sHaueHHAMUu (A-T).

1 HoBkuHa TBipHOI HMUJIiHApPaA 2 ;8
2 Ilnomia omep:kaHOTO IIEPEPi3y B 320

3 HoBKkuHa giaroHaJi ofep;KaHOr0 Iepepisy r 441
Yepes BepmmHy KOHyca 3 BucOoTol 6 i pamiycom ocHOBM 4 mpoBemeHa
ciuHa IJIOIMIMHA, AKA yTBOPIOE KyT 60° i3 mJIOIIMHOIO OCHOBU. SHANIITH
IJIOITY IIepepiay.

MpongiTb OHNMaMH-TECTYBaHHA Ha canTi interactive.ranok.com.ua.

Temun HaBYaNbHUX NPOEKTIB

1. Tina oGepranua B apxiTeKTypi YKpainum i csiry.

2. Tina obepranusa B HNpuUpOmi @ TexHiri.

3. Enementu chepuunoi reomerpii, ii 3B’A30K i3 mpaKTHKOIO.
4. TeomerpuuHi GopMu B TMOKPiBIAAX OyAiBesb.
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PO3MI1 2. Tina obepTaHHs

ITousaTrTa tina obepranusa Oysao Bimomo 1e 3amoBro mo daciB CrapomaBHBOI
Ipenii. OsHavenHsa HUIiHApPa, KOHyca i KyJai AK Tia obepTaHHA HaBeIeHi
B «Havamax» EsBkmima (6smsbxko 300 p. mo H. e.). 3HauHa 3acJyra
B JOCJIIKEHHI WX TiJl HAJEeXUTh HOT0 CyyacHUKaAM i MOCJTiZJOBHUKAM —

€Baokcy (61u3pk0 408 p. mo H. e. — 6aU3bKO 355 p. 0 H. €.), ATIOJJIOHiIO
(6muspko 262 p. mo H. e. — 190 p. mo H. e.), Apximeny (61us3pko 287 p.
mo H. e. — 212 p. mo u. e.). 3okpema AmnoJsutoHiti IlepspKuit y cBoiit

po6ori «Kouiuni mepepisu» BCTaHOBUB, 1[0 HepeTUHAMU KOHIYHOI MOBEPXHi
MOXKYTh OyTU KOJIO, eJirc, mapaboJia abo rimep6oJa.

HocuTk 1ikaBe B3acTOCyBaHHS KYJb, BIOWCAHUX 1 ONMCAHWX HaBKOJIO
IPaBUJIBHUX MHOTOTPDaHHUKIB, 3ampomonyBaB I. Kemmep (1571-1630)
y cBoiii mpari «Taemuuisa ceiTtooymosu» B 1596 p. Bin onucas cBiii morusan
HA IOPUHIINN, KN 3yMoOBIOE (GopMH i posmipu opbiT BimomMumx Ha TOH
yac miaaner Comauwmoi cucremu. Ha nymry Kemnepa, reomerpia CoHsunOol
cucTeMHu OIKCyBajacsa Tak: «3emus (3BicHo, opbita 3emui) € mipa Bcix
opbit. HaBkosio Hel omuiiemo momexkaenp. Ommcama HaABKOJIO OoAeKaeapa
cdepa € chepa Mapca. Haskouio chepu Mapca omnurnremo terpaenp. Omucana
HaBKoJIO TeTpaenpa chepa € chepa IOmitepa. Hasroso chepu IOmirepa
onuiremo Ky6. Ommcana HaBKoJio Kyba chepa € chepa CarypHa. ¥V chepy
3emuri Brouiiemo ikocaenp. Broucama B Hboro cepa € chepa Bemepu. V¥V cohe-
Py Benepu Briuiniemo okrtaenp. Boucana B HbOro cepa € chepa Meprypisa».
Taxa momens Cousunol cucremu orpuMmasa HasBy «Kocmiunoro xyoka»
Kemnepa (guB. pucynok). ITomanbiri Bigkpurtsa Kemiepa npusBeau 10 TOro,
110 1A po6oTa BTPATUIa CBOE IEPBUHHE 3HAUEHHSA, OCKIJIbKU OpOiTH IJIaHET
BUSBUJINCSI He KPYrOBUMHU, a eJinTuynuMu. IIpore mo kinmga :xurta Kemrep
BipuB y Te, IO iCHye IIpHMXOBaHA MaTeMaTHYHaA rapMoHis Bcecsirty.

. Kennep «KocMiuHMin Ky6oK» Esknig
(1571-1630) Kennepa (6nm3bko 300 T. O H. 3.)



Pospin 3

Ob’€MU
TA NJIOLLLI NOBEPXOHb
FEOMETPUYHMUX TIN

§ 10. MoHATTA 06'emy Tin. O6'emn npmamn 1 LUNiHAPa
§ 11. O6'em noxmnoi npuamm. O6'emn nipamign i KoHyca
§ 12. O6'em Kyni

§ 13. Mnowa noBepxHi

Y ubomy posgini Bu:
= O3HaMoMuTeCA 3 MOHATTAMU O6'EMy Tina Ta MOro MoBepxHi,
a Takox i3 dopmynamu o6'emis npusmu, nipamign, umniHApa,
KOHyca, Kyni, 3 dopmynoto nnoLli noBepxHi Kyni;
© HaBuUTECA PO3B'A3yBaTW 3afauyi Ha 3HaXOLXeHHA ob'emiB
i MnoLw, NOBEPXOHb 3a3HaYyeHux Tin.



BnactmBocTi

1. O6’em Tina B NPOCTOPi € HEBIA'EMHUM YNCIIOM.

2. PiBHi Tina maioTb piBHi 06’emu.

3. fIkwo Tino F nogineHe Ha YacTUHU, WO HE MEPETMHAITLCA, TO 06'eEM Tina AOpPiBHIOE

CyMmi 06'eMiB OTO YaCTVH.

§ 10. NOHATTA 0B’EMY TIN.
05’EMU NPU3MK | LUIIHAPA

06’em — BeMUMHA, WO CTAaBUTb Y BiANOBIAHICTb TiNaM y MpocCTopi HeBif'€EMHI AilicH yncna.

4. O6’em Kyba, pebpo AKOro AOPIBHIOE OANHULI AOBXUHW, JOPIBHIOE OQUHML.

1. O6’'eM MpAMOKYTHOrO Mapanenenineaa
LOPIiBHIOE AOBYTKY TPbOX MOr0 BUMIpIB:
V=abrc,
ae a, b, c — pebpa NpAMOKYTHOro napa-
neneninepa.

2. O6’em NpaAMOI NPU3MK AOPIBHIOE JOOYT-
Ky nnoLi i OCHOBM Ha BUCOTY:

V=S-H.

3. O6’emM NpAMOro KpyroBoro uuniHgpa
V=nR®-H,

ge R — pagiyc ocHoBu, H — BucoTa
yuniHgpa.

Dl
|
|
|
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<
1
1
|
|
|
H |
|
SR
/’-- I \\\




§10.MoHaTTa ob'emy Tin. OO'eMM NpU3MU N LMNIHAPA

MNOACHEHHA N OBI'PYHTYBAHHA

ITpoGsiema oGuucieHHs 00’eéMiB mpocTopoBux (iryp i3 mpagaBHixX uaciB
npuseprajia g0 cebe ysary BueHux. OOunmciaeHHAM 00’€MiB HANIIPOCTIIIIMX
mpocTopoBux (Qiryp sarimanumca Hemoxput (6gusbpko 460 — 370 pp. mo H. e.),
€smokc (6u3pko 406 — 355 pp. mo H. e.), Apximen (0ammspko 287 — 212 pp.
o H. e.). ¥ cepenHi BiKu o0umceHHAM 00’€MiB ITpocTopoBUX (hiryp saiimanu-
ca I. Kennep (1571-1630), B. KaBanbepi (1598-1647), II. ®epma (1601-1665)
Ta iH. IHTerpasbHe UHCIeHHS, MOABY AKoro Hampukiumi XVII ct. moB’a3yoTh
i3 poboramu I. Heroroma (1643-1727) i I. Jleiitbmima (1646-1716), majo Io-
TY:KHUH MeTOI OOUYMCJIeHHsS 00’€MiB MOBIJIBHUX IIPOCTOPOBUX (iryp. I3 mum
MEeTOJOM BH O3HAWOMHTECT B Kypci anrebpu i mouaTkiB aHamizy. ¥ IIbomMy
posmijii MU PO3IIAHEMO MHOHATTS 00’€My, HOro BJIACTUBOCTi, CcIloco0u oOurc-
JIeHHs 00’€MiB MHOTOTPAHHUKIB i Tis o0epTaHHA, POSIIIAHYTUX Y TOMEPeqHix
poaminmax.

MosxHa BBasKaTH, 1[0 MOHSATTA 00’€My B IIPOCTOPI MEBHOIO Mipol0 aHaJio-
riude MOHATTIO IJIOII Ha mJoiuHi. O6’em — BeJMUYnHA, IO CTABUTH Y Bif-
MOBigHICTH TijlaM y IpocTopi HeBim’emHi mificui umcia. 3a ogUHUIIO 00’ €My
TpuUAManTh Ky0, pedpo SKOro MOPiBHIOE OAWHUIII BUMIPY HOBMKUHU. SIKIIO
3a ONUHUINI0 BUMIipPYy HOBKMHU npuiiMaroTs 1 MM, 1 cm a6o 1 M, To 00’eMm
OIEPIKYIOTh ¥ KyOiuHmMX Mimimerpax (Mmm®), KyGiunux camTumerpax (cm?) abo
Kybiurmx merpax (m3®) Bimmosimmo.

0O6’em — umcyao V, 110 mokasye, CKiJIbKH pasiB OSUHUIIA BUMIpPYy 00’eMy

i il yacTMHU YKJaAamoThCsad B 3aJaHOMY TiJi.

Ile ymciao mMoske OyTH HaATypaJbHUM, pallioHaJbHUM abo HABITH ippaitio-
HAJBLHUM.

Hnas o6’eMiB IPOCTOPOBUX TiJi MAlOTh Miclie BJACTUBOCTi, aHaJOTiuHi
BJIACTUBOCTSM ILJIOI ILJIOCKUX (iryp (muB. Tada. 10).

Tabnuuysa 10
BnacTtmBocTi nnowy diryp BnacTtmBocTi 06'emiB Tin y npocTopi

1. Mnowa oirypn Ha nnowmHi € HeBig'em- = 1. O6'em Tina B MPOCTOpi € HEBif EMHUM
HUM YNCSIOM yncnom

2. PiBHi ¢irypu matotb piBHi nnotyi 2. PiBHi Tina matoTb piBHi 06'emu

3. Akwo oirypy F nopineHo Ha 4yacTuHK, & 3. AKWo Tino F nofineHo Ha 4yacTvHK, Wo
O He MepeTMHAKTbCA, TO MaoLa BCi€l He MnepeTuHalTbCsA, To 06'em Tina po-
oirypu popiBHioe cymi nnoy ii YacTuH PiBHIOE CyMi 06’'€MIB MOrO YaCTWH

4.Mnowa kKBagpaTa, CTOpoHa fAKoro fo- @ 4. 06'em Kyba, pebpo fAKoro HOpiBHIOE
PIBHIOE OOVHULiI [OBXWHW, OOPIBHIOE OAVNHULI JOBXWHW, JOPIBHIOE OANHULL
OANHNL
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PO31I/1 3. OO'eM1 Ta MAOLLi NMOBEPXOHb FEOMETPUHHUX Tifl

O3HaueHHsA. [lBa Tina, Wo malTb piBHi 06'eMmu,
Ha3MBalTbCA pig6HOBe/IUKUMU. Puc. 10.1

Hanpukiaza, piBHOBEeIUKUMU € Tijla, CKJIaIeH1
3 OHAKOBOTO umcJja pPiBHUX KyOukiB (pumc. 10.1).

Hnsa sHaxXomKeHHs 00’eMiB TiJl 3py4HO 00’€-
HyBaTHU IIeBHi Tija B KJiacu. I3 1iero meToro cdop-
MYJIIOEMO 3arajibHe O3HaueHHs ITUJIiHIpa.

Hexait o i B — pnBi mapasesbHi mroru-
HUu, | — 1mpama, 0 IIepeTHuHAa€E IIi MJIOIWHI;
F — @irypa Ha omHi# i3 mux maomuH, F’ — ii

mapaJjieibHa TPOEKIiA Ha iHIy NJIONMHY B Ha-
npaMky npamoi [ (puc. 10.2, a). VYci Bigpiskwu,
0 CIIOJIYYaloTh TOYKU (irypu F 3 ixXHiMU 1mIpo-
eKI[iIMU, YTBOPIOIOTH (Girypy B mpocTopi, ARy
HasBeMoO yusaindpom. @irypu F i F’ HasuBarmoTh
ocHogsamu yuaiHdpa. BigcTamp MixK IJIOITUHAMN
OCHOB Ha3WBAIOTb BUCOMOI0 UULIHOpA.

Y Bumagky SIKIIO0 B O3HAUEHHI IIMJIHApPaA 3aMiCcTh IapaJjieibHOI MPOeKIii
OepeTbCsA OpPTOrOHAJIbHA, TOOTO MpAMa [ MEepHneHAUKYJAApHA A0 IJIOMIUH O
i B, To muninap HasueawTh npamum (puc. 10.2, 6). A aAxmo Hi, TO MUIIHID
HA3UBAIOTh NOXUJLUM.

3asHaumMoO, IO 3 MO3UI[iI 3arajJbHOT0 O3HAUEHHS IUJiHIPA OKPEMUM
BUIIQJJKOM TAKOTO IWJIIHJpa € Ipu3Ma.

Y Bumaary AKIIO ocHOBa F muiriHapa € Kpyrom, TO IWJIIHAP HasWBAIOTh
Kpyzoeum. Panirie Mmu posrigpanu TinbKU OpAMi KPyroBi IUIiHAPU i Ha3U-
Ban® ix mpocto nuiaingpamu (y sadaiax ybozo po3diny nid cio8oMm «YusiHOp»
MU MAKONC POIYMImumemo npamuil kKpyzoeuil yuaindp).

3uaiigemMo (POopMyJay AJIA OOUMCIeHHsS 00’€My IPAMOro IIMJIiHAPA, OCHOBOIO
SAKOr0 € JoBiJbHa oOMe)KeHa 3aMKHeHa IIJIocKa Qirypa.

Puc. 10.2
a l 6 l
CF CF Y
N A 4
(O LT TRy O e/



§10.MoHaTTa ob'emy Tin. OO'eEMM NpU3MU N LMAIHAPA

Teopema 10.1. O6'em npamoro uuniHagpa gopie-
HI0€ AO6GYTKY Niollyi NOro OCHOBM Ha BUCOTY. Pnc. 103

» CnoyaTKy poO3riAHEeMO BMMAZOK, KOMU B OCHO-
Bi UMNiHApa NeXnTb KBafpaT 3i CTOPOHOIO, LIO
OOPIBHIOE oAMHMLUI, a BMCOTa UuAiHApa [OopiB-
Hioe H (puc. 10.3). OcKinbkn 3agaHa oaunHMUA H
BUMIPY JOBXWHW i Ti YaCTUHW YKNajaTbCa y BU-
coti H pasiB, TO  OogVHWYHWUIA KyO YyKnagaTu-
MeTbCA B LUbOMY UmniHApI H pasis, oTxe, 06’em
umniHapa gopisHioe H.
Tenep po3rnaHemMo NpAMUIA LMAIHAP i3 noLlielo
ocHoBu S i Bucotoo H. BUoKpemMnmo B HbOMy 1
Wwap BMUCOTOW 1, AKNIN € NPAMUM LUNIHOPOM i3
TIEIO CaMOK OCHOBOIO, WO i 3afaHUiA UuUNiHAP
(puc. 10.4). KoXHOMY OBWHUYHOMY KBagpary,
WO NeXWUTb B OCHOBI UMAiHApPA, Bignosigatume
OOVHWYHUIA Kyb, WO MicTuTbcA B wapi. Te, wo
naola OCHOBW LuMAiHAPA OOPiBHIOE S, O3HaYaE,
O OAMHWYHUI KBagpaT i MOro YacTMHW yKiada-
I0TbCA B OCHOBI LuniHgpa S pasis. Tomy oguHWY-
HWUIA Kyb i IOro YacTUHU yKnagaTUMyTbCA B LWapi,
BMCOTa AKOro pgopiBHe 1, S pasig, To6To 06'em
BMIOKPEMJIEHOTO LWapy AopiBHIOBaT/ME S.
Te, wo BucoTa yuniHgpa AopiBHE H, 03HauagE, H
O OAVHUYHWIA BiAPI30K i MOro YaCcTMHM yKnaga-
toTbcA no Bucoti H pasis. OTxe, BugineHnn ogu-
HUYHWMA Wap i MOro 4acTMHM YKIaAaTUMyTbCA
B UMAinApi H pasis. 1
Maemo: oguHUYHMIN Ky6 YyKnajaeTbcA B LWapi S
S pasiB i Uen wap yknagaerbca B uuningpi H
pasiB. OTxe, OAMHWYHMI Ky6 yKnagaTmeTbcA
B unniHgpi S-H pasis, T06T0 Mae micue dop-
Mmy”na

Pnc. 104

V=S-H, (@)
ge S — nnowa ocHoBW, H — BKCOTa uuniHapa.

OCKiJMbKM IPAMOKYTHUU ITapaJiesielines], IpAMa IIpusMa i IpsaMuil Kpyro-
BUII MUWJIIHAP € OKPEeMUMH BUIIQAKaMM PO3TIAHYTOTO HNPSIMOro HUJIiHApPA, TO
3 opmysau (1) omep:KMMO TaKi HacCIiIKH.
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Puc. 10.5 Puc. 10.6 Puc. 10.7
D, C,
R
A
1 B1
H H
C
b 2 ¢
S
A restepidis

Hacnigok 1. O6’em npAMOKyTHOro napaneneninega (puc. 10.5) gopiBHI0€ fo-
6YyTKY TpbOX MOro BUMIipiB, TO6TO Mae micue ¢opmyna V=a-b-c, ne a, b,
¢ — pebpa nmpAMOKyTHOro mapaJejeninega. (Cupaszai, y 1[bOMY BUIAIKY
S=a-bic=H.)O6em Kyba V=a®, nea — pebpo Kyba.

D Hacnipok 2. O6'em npamoi npusmu (puc. 10.6) gopiBHoe fO6GYTKY nnoLwi ii oc-
HOBU Ha BUCOTY, TOOTO Ma€ micue ¢popmyna V =S-H, ne S — mroma oCHO-
Bu, H — Bucora mpusmu.

@ Hacnigok 3. O6’em npAmoro Kpyrosoro uuiidgpa (puc. 10.7), BucoTa AKOro fo-
pisHioe H i pafiiyc ocHoBU R, 06uncnioetbca 3a popmynoto V =nR?-H.

(CpaBni, y 1IboMy BUIIAQAKY S=TCR2.)

NMPUKNAON PO3B'A3YBAHHA 3A0AMY

3apauya 1. OcboBuI Nepepi3 NPAMOro KPyroBoro LniiH-
apa — KBagpat 3i ctopoHow a (puc. 10.8). Puc. 10.8
3Hangitb 06’em uuniHgpa.

 {o)

KomeHTap

AKLWoO ocboBUI Nepepi3 yuniHgpa — Keagpat (puc. 10.8), To BY
BUcota AB uuniHapa QOPIBHIOE a i AiameTp ocHoBU A D Tex
JOpiBHIOE a. AKWOo pagiyc ocHoBu gopiBHOE R, 10 2R =a, oT-

xe, R= %. [Nani BukopuctoByemo dopmyny ob'emy LuniHapa

Q.-_—___—_-.HO

V =nR’H. &
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Po3B’A3aHHA
) Sximo cTopoHa KBaapaTa ochoBoro mepepisy (puc. 10.8) mopiBHIOE a, TO BucOTa

. . a . , .
muiainapa H =a, a pazgiyc ocaoBu R =—. Tozi itoro o6’em mopiBHIOE

3
V:nRsz%

3apaya 2. B ocHOBIi npAmoro napaneneninega

(puc. 10.9) nexutb pomb 3i CTOPOHOIO Pnc. 10.9
4 cm i roctpum Kytom 30°. 3HampiTb D
o6’em napaneneninena, AKWO fAiaroHanb 1 &

noro 6i4HOI rpaHi JopiBHIOE 5 cm.
KomeHTap A B

OckinbKn npAaMKI Napanenenineg € NPAMOI0 NPU3MOI0, TO
OnA obuncneHHs noro o6'emy MoxHa ckopucTtatTmuca Gop-
mynoto V' =S-H, pe S — nnowa ocHoBu, H — BurcoTa D C
npusMun, AKa B NPAMIA Npu3mMi JOPiBHIOE BiuHOMY pebpy.

[nst 06UMCNeHHs oL pom6a, Lo NEXNTb B OCHOBI, MOX- \3()O
Ha CKOPUCTATUCA TUM, O NJI0Wd NApanenozpama 0opieHIOE 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 NIpaAMUl, TOMY
C,C L n. ABCD) maemo:

C,C=+BC2 - BC? =\5*—42 =3 (cm).
sOCH=AB.AD.s1n30°=4.4%=8 (en?).
Toni V=S-H=S8,, -C;C=8-3=24 (c™?).

3ATINTAHHA

1. IToscHiTs, 110 Take 00’eM Tija B mpoctopi. ChopmyroliTe OCHOBHI BJa-
CTUBOCTi 00’eMmy.

2. ChopmyuttoliTe 3arajbHe o3HaueHHA nuaingpa. [1lo Take ocHoBu, TBipHA
i BuUcoTa Takoro muaiHzpa?
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3. 1) Yomy mopiBHIOE 006’€M IPAMOro IUJIiHAPA (AJIA 3araJbHOTO PO3YMiHHS
muriagpa)?
2%) OOrpyuryiitTe BimmoBigHy (opmyIy.

4. 3anuiriTe POpMYyJay AJis O0UMCIEeHHS 00’eMYy:
1) IpAMOKYTHOrO ItapaJieJierimnena;
2) mpsaMoi mpusMu;
3) mpsAMOro KpyroBoro IIMJIiHApA.
IlosacHiTE crrpaBediMBiCTL ITUX (HOPMYII.

BIMPABU
10.1. Yz moxxe o0’em (pirypu B mpocTopi OyTu:
1) Bimr’eMHUM YMCJIOM; 2) mynem?

10.2°% Yomy mopiBHIOE 00’eém mpocTopoBoro xpecra (pmc. 10.10), saxmro pebpa
Ky0iB, II[0 11Or0 yTBOPIOIOTH, AOPiBHIOIOTH ONUHUILI?

10.3° Homy mopiBHIOE 00’€eM MHOTOT'paHHUKA, 300paskenoro Ha puc. 10.11 (yci
IBOrpaHHi KyTu mpami)?

10.4°. 3HaigiTe 00’eM MHOTOrpaHHUKA, 300paskeHoro Ha pmc. 10.12 (yci gBo-
rpaHHi KyTH OpAMi).

10.5. Uepes gBa mpoTHJe:KHiI pebpa Kyba HPOBeAeHO MJOIMUHY. ¥ SAKOMY
BiTHOIIIEHHI IIA IIJIOIIMHA AiJIUTL 00’eM Ky06a? IloscHiTH BiAmmoOBinsb.

10.6. [Tiaromans Kyba mopiBHIOE 6 cM. 3HAWIITH fioro 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 00'emy Tin. OO'eEMU NpU3MK N UMAIHAPA

10.13 Puc. 10.14
5
01 )900
7
4
o 0-24,
3HalgiTe 06’eMm V yacTMHU TUJIIHApPA, 300pakeHoi:

1) ma pumc. 10.13; 2) ma pumc. 10.14.

OCHOBOIO MPAMOI TPUKYTHOI IPU3MHU € MPAMOKYTHUH TPUKYTHUK i3 Ka-
Teramu 6 cm i 8 cm, Bucora mpusmu gopiBHIOE 10 cMm. 3HaWIiTHL 06’eM
miei mpusMn.

3HaigiTe 00’€eM IPABUJIBHOI YOTUPUKYTHOI MPU3MI, CTOPOHA OCHOBU
axol gopiBHioe 6 cM, a BumcoTa 5 cM.

Ax sMmiHuUTBCA 00’eM IPSAMOKYTHOI'O HapaJjiejerinena, sSKIIO:
1) oguu i3 fioro BuMipiB 36ijblIuTH B 2 pasu;

2) mBa ioro BuUMipu 30iJBIINTH, KOMKEH y 2 pasu;

3) yci Tpu #oro BuMmipu 30igbiiuTH B 2 pasu?

3HalAiTh BUCOTY IIPABUJIBHOI YOTUPUKYTHOI ITPU3MHU, AKIIO CTOpPOHA Ii
ocHoBu gopisHOE 20 cM, a 06’em 4800 cm?.

Yepes cepenHIo JiHiI0 OCHOBM TPUKYTHOI IIPU3MU IPOBEIECHO IJIOIIUHY,
napaJjejbHy OiuHOMY pPedpy. ¥ AKOMY BiJHOIIEHHI 1A IIJIOHIMHA TiJUTh
00’em mpuaMu?

AKX BigHOCATHCA 00’€MU IBOX KyOiB: 3aJaHOrO i 1oro mMozeJji, 3MeHIIIeHO1
B Macirabi:
1) 1:2; 2) 1:3; 3) 1:n?

Busnaure 00’eM IPAMOKYTHOTO ITapaJiejielinmena, JiaroHaJIb SKOT0 JOPiB-
HIO€ d i yTBOPIOE 3 ILJIOIMHOIO OCHOBM KYT 0., a 3 IJIOIIMHOI OiuHol
rpadi — Kyt PB.

VY nmpamomy mapaJiesenimeni cTOPOHM OCHOBU JOPiBHIOIOTHL 16 cm i 10 cm
Ta yTBOpPOIOTE KyT 60°. Menma piaroHanb IapaJjiejienimnezia yTBOPIOE
3 moIuHOoK ocHOBU KyT 30°. BusHaure o6’eM IbOro mapaJiesiertimesna.

263
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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 cTOpoHOI0 OCHOBU a i GiuHOMYy pebpy b 3HaimiTH 06’€M TpPaBUIBHOI
IPU3MU:

1) TpuKyTHOI;

2) YOTUPUKYTHOI;

3) IIEeCTUKYTHOI.

3HaiigiTh 00’eM (pirypu, yTBOpeHOI B pesdyibTaTi ob0epTaHHS KBaapara
HaBKOJIO WOTO CTOPOHU, IO AOPiBHIOE a.

HliaroHasp OCHOBOTO IIepepidy IMJIIHIpa AOPIiBHIOE a i HaxumjgeHa 0
IJIOITUHY OCHOBU Hix KyToM . 3HaWAiTH 06’eM muiIiHgpa.

OBa muaiHgpu yTBOpeHi o6GepTaHHSAM TOrO0 CaAMOr0 MHPAMOKYTHHKA
HaBKOJIO KOXXHOI 3 HepPiBHUX #oro cropiu a i b. K BigHOCATHCA 00’€MU
MUX MUIiHAPIB?

Y crinpKm pasiB 00’eM IMJIiHApAa, OIMCAHOTO HABKOJIO IPaBUJILHOL
YOTUPUKYTHOI NMPU3MHU, OiAbIINiI 3a 00’eM IUJIIHApPA, BIKCAHOIO B TY
caMmy npusmy?

HoBeniTh, 1m0 Oyab-gKa IJIOIIMHA, KA IIPOXOAWTH uepes3 IEHTDP Kyoba,
IinuTh HOro Ha IBi pPiBHOBENNKI YacTHHMN.

BuaBiTb CBOIO KOMMETEHTHICTb

Y muiniHApUYHY OOCYAMHY AiamMeTpoM 8 cM i3 pigMHOI 3aHYPUJIHN
geranb. IIpu 1boMy piBeHBb PiAMHM B mocyAuHi migHaBca Ha 10 cMm.
Axuii o6’em meraai?

Y munimapuuHii mocyauHi piBeHb pigmHm gocarae 20 cm. Ha axkin
BUCOTi CTaHe piBeHb DPiAWHU, AKII0 IEpeJUTH 11 B iHIIY HOOCYAUHY,
miamerp kol B 2 pasu Oijplnmii 3a miaMeTp Ieprioi?

Ilepmuit Kyxoab yaBiui BuIuii 3a APYTruii, IpPOoTe IPYTruid y OBa pasu
MIUPIING, TPUYOMY 00MIBa MaiOTh HUJIIHAPUUYHY (popmy. O6’eM AKOro
KyXJd Oiabmmin?

Ha mosmmii B marasmii cToATh OBi OaHKM aOpPUKOCOBOTO BAPEHHS Of-
Horo copry. Omma 6aHKa y 2 pasu BUIA 3a APyry, mpore ii miamerp
y 2 pasu MeHmuii. Bucoka 6anka korirye 23 rpH, a Hu3bKa — 43 TI'pH.
SRy O6amKy BUTrigHiIE KyOuUTU?



§ 11. 065°€M NOXWINOT NPU3MA.
05°€MU MIPAMIZH | KOHYCA

Tabnuusa 11

AKLWLO B pe3ynbTaTi nepeTrHy ABOX Npo-
ctoposux Tin @, i P, nnowmHamu, na- ‘171 sz
panenbHUMM OZHIN i TiK Camin NNOLNHI, , ] /

y nepepizax ogfepxywotbca dirypn F a, r/ i

i F, ogHakoBoi nnoLyi, To 06'eMun BrXia-
HWX MPOCTOPOBUX TiNl PiBHI.

3

1. 06’em noxusoi npusmu [OPIBHIOE JOOYTKY Mol T OCHOBM Ha BUCOTY.
V=SH
2. 06’em nipamiou [OPIBHIOE OLHIV TPETUHI BOBYTKY Mol i OCHOBU Ha BUCOTY.

1
V==SH
3
3. 06’emM KOHyca [OPIBHIOE OAHIN TPETMHI JOOYTKY Mol NOro OCHOBM Ha BUCOTY.
1 1
V=-S-H=—nR*>H,
3 3

de R — papgiyc ocHoBu, H — BMCOTa KOHyca.
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MOACHEHHA N OBI'PYHTYBAHHA

Posriaremo meton obumciieHHS 00’€MiB IIPOCTOPOBUX (Piryp, 3aIrpomoHO-
BauHU# itarjifickkum MmaremaTtukoMm B. Kapaabepi (1598-1647) i masBamuii
srogom npuHIuIoM KaBajabepi. Bim mosasarae B taxomy.

MpuHunn KaBanbepi. AKwo B pe-
3ynbTaTi NepeTnHy ABOX NPOCTO- Puc. 11.1
poBux Tin @; i P, nnowmHamm,

napanefnbHUMMN OZHIN i Ti camii
NAoWunHi, y nepepiszax ogepxy- 7 1 2
1oTbca ¢irypu F, i F, opHakoBoi
nnowi (puc. 11.1), To 06’emn BUXig-
HUX MPOCTOPOBUX TiN PiBHi.

Crpore OOTPYHTYBaHHSA ITPUHITHU-
ny KaBanbepi mpoBoauThCcA B Kypcax
MaTeMaTUYHOTO aHaJi3y. 3a3HaunMO B
imero OOIr'PyHTYBaHHSA IIHOT'0 IIPUHITU-
ny. YABUMO, 1o Tina P; i P, cKia-
IeHi 3 TOHKUX IlIapiB OAHAKOBOI TOBIIUHU, fAKi ONEP)KYIOTHCA B DPe3yJbTaTi
nepetrury Tin @, i P, miommHAMH, NapajeIbHUMU JAedKill samanHiil mio-
muHi (puc. 11.1). Tina, omepskaHi B KOKHOMY 3 IIMX TOHKHX INapiB, MOXKHA
HAOJMKEeHO BBa)KaTw npaMuMu nuiingapamu. Toxi 3 piBHOCTI miomy iX ocHOB
i piBHOCTi BHCOT Ofep:KyeMO, IO PiBHI 1 00’€eMM YaCTHUH 3aJaHUX IIPOCTOPO-
BUX Tin y KoskHOMY mmapi. Or:ke, piBHI &I o6’emu Tin @; i PD,, crIageHHX
i3 piBHUX YaCTWH y KOXKHOMY IIIapi.

Teopema 11.1. O6'em noxwunoro uyu-

niHapa AopiBHIOE AO6GYTKY naoui Puc. 11.2
Oro OCHOBW Ha BUCOTY.

» lnAa 3agaHoro noxunoro uuniHgpa
3 ocHoBot F, nnowa Akoi gopis-

Hioe S, i Bucototo H po3rnAaHeEMO H
npAMAA  UMAIHGP i3 Takol Camolo
OCHOBOIO 1 BMcoToto. Po3sTawyemo ui F

ABa UMniHapW TakK, Wwob ix ocHoBU ne-
Xanu B ogHin nnowmHi (pnc. 11.2).
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Topi nepepi3n uux LUMNIHAPIB NAOLWMHaMK, NapanenbHUMN Ui NAOLWMHI, AafyTb
oirypu, Wwo popisHiooTb dirypi F, oTXKe, BOHW MaTUMYTb PiBHI NMoLi. 3a NnpuHLK-
nom KaBanbepi MaeMo PiBHICTb 06'EMIB LIMNIHAPIB, @ OTXKe, ANl 06UNCNIeHHs 00'e-
My MOXMSIOrO LUNiHAPa MOXHA CKOPUCTATUCA TiElo camoro popmynoto, Wo 1 ans
06UMCIIEHHs 06'EMY NPSMOro LuniHApa:

V=SH,
ne S — nnowa ocHoBu, H — BucoTa unniHgpa.

OckinbKM MOXMJa MpU3Ma € OKPEMHM BUNAJKOM POSIJIAHYTOTO B IOBE-
menHi Teopemu 11.1 moxwmiioro HuUJIiHApa, TO 3 HaBeAeHOI BUIlle GHOPMYIU
MaTHMEMO HAaCJIiIOK.

D Hacnigok. O6'em noxunoi npusmm 3 nouero ocHoBm S i Bucotoro H o6umnc-
neTbcs 3a popmynoro

V=SH,
Ine S — mJjolna ocHoBU, H — BmcoTa mpusMuU.

ChopmyiroemMo 3arajbHe O3HAUEHHS KOHYCA,

II0 O3BOJISE 00’€HATH B ONUWH KJAC PO3IVIAHYTL Puc. 11.3
pamimre KoHycu ¥ mipamingm.
Hexait F — @irypa Ha mmomwuHi o, S — S

TOUKAa II03a IIi€l0 IIJIOIMWHOM. Bei Bigpiskm, 110
cnony4amTh TouKu Qirypu F i3 Toukoio S, yTBO-
poIoTh (irypy B IIpoCTOpi, AKYy HA3UBATUMEMO
Konycom (puc. 11.3).

dirypa F Ha3uMBaeThCA OCHOB010 KOHycCa, TOY-
Ka S — gepwuHo0 KoHyca. IlepneHIUKYJIAD, IPO-
BeleHNI i3 BepIINHM KOHYyca Ha IJIOIUHY OCHOBH,
HA3MBAETHCA BUCOMOI0 KOHYCA.

Y Bunagkry axmo ¢girypa F € KpPyrom, KOHYC Ha3WBAETBHCA KPYZOBUM.
SIKmI0 BHMCOTa KPYroBOrOo KOHYCa HPOXOAUTH Yepe3 IeHTP OCHOBU, TO Ta-
KUl KOHYC Ha3UBAEThCA npamum kpyzoeum. Panimie mMu posriananm npami
KPYTroBi KOHyCH i HaswBaJM iX IPOCTO KOHycamu'. 3a3HAUMMO, II[0 OKPEMUM
BUNAIKOM KOHyca B HOBOMY PO3YMiHHI € TaKoK mipamisza.

“Y samauax 40 IBOro i pemTu pPoO3AigiB Imif TEPMIHOM «KOHYC» IIPOJOBIKYBATHMEMO
PO3yMiTU IpAMUI KPYTroOBUil KOHYC, a y3araJbHeHe MOHATTS KOHyca HaM HOTPiOHe TiTbKU
JULS CIIPOII[eHHA JOBeJeHHA OCHOBHUX (OPMYJI O0UMCIeHH 00’ eMiB.

267
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Buxopucrosyroun mpuniun KaBajabepi, goBegeMo TaKy TeOpeMy.

Teopema 11.2. AKWO ABa KOHYCM MaloTb PiBHi BUCOTU 1 OCHOBU PiBHOI NoLyi,
TO iXHi 06’emMU piBHi.

Hexan koHycn @; i P, MaloTb BUCOTH, LIO

JopisHioOTb H, a ocHOBM nnouleto 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 yTBOPIOKOTLCA F F

B Mepepi3ax KOHyciB nnowwmHolo [, no-

[i6Hi BignoBioHMM ocHoBaMm, i KoedilieHT p
nofibHocTi £ B 060X BuMMagKax HAOPIBHIOE
BiQHOLIEHHIO BWCOT BiANOBIAHNX KOHYCIB:
k=(H-x):H. Otxe, nnowi S; i S, oi-
ryp F; i F, BIiONOBIAHO BUPaXawTbCA
bopmynamun SI=k2~S, Szzk2~S, TO06TO
BOHW piBHi. 3rigHO 3 NpuHUMNom KaBanbepi
MA€EMO, O 06'EMM KOHYCIB PiBHi.

Teopema 11.3. O6’em nipamign AOPIBHIOE OAHIN TpeTuHi BO6GYTKY nnowi ii
OCHOBWU Ha BUCOTY.

Po3rnaHemo crnoyaTky BMNagoK TPUKYTHOI Nipamian (AK YacTMHHWIA BUNAdOK 3a-
raflbHOro KOHyca).

Hexan A;ABC — TpukyTHa nipamiga (puc. 11.5). [lobyayemo ii 1O TPUKYTHOI
npusmn ABCA,B,C;.

Mnowunn A;BC i A;B;C po36uBaloTb Lo Npn3My Ha Tpu nipamign — A; ABC,
A,BB,C i A;CC,B; 3 BeplunHamu B TouLi A;.

Mipamion 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 ABa piBHi TPUKYTHUKN.

Kpim TOro, 3agaHi nipamign marTb CrifibHY
BEPLUMHY, @ IXHi OCHOBM NnexaTb B OAHIl
nnowuHi. OTXe, Ui Nipamian makTb Crifb-
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 piBHi.

YpaxoBytouu, wo ob’eM Npu3mu OOpPiBHIOE AOOYTKY MOLi OCHOBM Ha BUCOTY,
opepXMMo popmyny 06’eMy TPUKYTHOI Nipamigu:

v-1s.H,
3

ge S — nnowa ocHoBw, H — BuUcoTa nipamigu.

AKWO B OCHOBI Nipamign NeXxutb AOBIbHUN MHOTOKYTHUWK, TO PO3MMIAHEMO TpU-
KYTHY nipamily 3 Takol camolo BUcoToo H i Takolo camolo nioLieio ocHosu S.
3a Teopemoto 11.2 06’emu uux nipamia piBHi, oTKe, Mae micue dopmyna

1
V=—SH,
3
ne S — nnowa ocHoBu, H — BucOTa nipamign.

Teopema 11.4. O6’'em KOHyca AOpPIBHIOE OAHIN TPEeTUHI JO6YTKY nioulli noro
OCHOBU Ha BUCOTY.

» [InA 3ajaHOro KoHyca 3 OCHOBO, MJo-
Wwa fAKoi gopisHoe S, i Bucotoro H pos- Pnc. 11.6
rnAHemMo fAKy-Hebyab nipamigy 3 Takumu
camumu nouleto ocHoBu S i Bucotoro H 1 2
(pnc. 11.6). Togi 3a npuHUMnom KaBanbe-
pi ofepXyemo, Wwo o6’emn LMx Mipamign F F
i KOHyCa piBHi.
Ane gna o6’emy nipamign mae micue dop- B
Mmy”na

v-1s.H,
3

ne S — nnowa ocHoBu, H — BucoTa ni-
pamign. OTXXe, BOHa Ma€ micue i ona ob'e-
My KOHyca (ae H — BKCOTa KOHyca).

3oKpema, 4nAa NPAMOro KPyroBoro KOHyca, B OCHOBI AKOTo NeXuTb Kpyr pagiyca R

i BUCOTa sIKoro gopiBHioe H (topi S = nRz), Mae€ Mmicue dopmyna

V:%nRz.H.
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NPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apgava 1.

OcHoBa noxwnoro napaneneninefga — KBagpart 3i ctopoHoto 1 m. OgHe

3 6iyHKX pebep OOPIBHIOE 2 M | YTBOPIOE 3 KOXKHOIO i3 Npuneranx cro-
piH ocHOBYK KyT 60°. 3HangiTb 06’em napaneneninega.

Po3B'si3aHHA

»Hexait ABCDA,B,C,D; (puc. 11.7) —
3aJaHUl TOXUMJHUN IapaJjiejelinen
(ABCD — kBagpat, AB=1 ™, AA,; =2 M,
LAJAB=/ AA;D=60°).

ITposememo Bucory A;0 mapanesenimena
A;0 Lun. ABCD. OckinbKy B IOXUJIOMY
napaJeJemnineni 6iune pe6po AA; yTBo-
pIo€E PiBHI KyTH i3 CyMisKHUMU CTOpPOHA-
MU OCHOBH, TO Ile Pe0pPO MPOEKTYEThCA Ha
GicexkTprcy KyTa BAD, ToOTO Ha JiaroHaJb
AC (O € AC) kBagpara ABCD. IIposexemo
OM 1 AB, toni A;M 1 AB 3a TeopeMoIo
PO TPU HEPIEeHIUKYJIAPU. I3 MTPAMOKYT-
Horo TpukyTHUKa AA; M Maemo:

AM = AA,;-cos60°=1 (m).
I3 IpAMOKYTHOTO TPUKYTHHUKA

AOM maemo: AO =

=42 (m).

cos45°

I3 nmpamoxyrHoro rtpukyrHuka AA;0

MaeMo:
A0=\AA} - AO® =
=22~ (2] =2 .

Toxi o6’em samgaHoro mapaJeJelimezna
IOPiBHIOE:

V =S,pcp 4,0=1+2 =2 ().

KomeHTap

AKwo B noxunin npusmi (@6o B nipamiai)
6iuHe pebpo YTBOPIOE piBHI KyTW i3
CYMi>KHVMMM CTOPOHaMU OCHOBWU, TO BO-
HO NMPOEKTYETbCA Ha NPSMY, O MiCTUTb
6iceKTpUCy KyTa MiX LMK CTOPOHaMMU
OCHOBU (Tab6n. 4). A ocKinbku 3agaHi
piBHi KyTu rocTpi, To 6iuHe pebpo AA,
NPOeKTYyBaTUMETbCA Ha bicekTpucy
KyTa BAD (puc. 11.7), AKa B KBagparti
ABCD € piaroHanno AC.

[na obumcneHb 3pyYyHO 3 OCHOBU BU-
cotn napaneneninega (touku O) npo-
BeCcTu B nnouwwuHi ocHosu 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 (3Haxogumo A;0).
[ani moxHa ckopuctatucsa ¢bopmynoto
Ana obuncneHHa ob'emy noxmnoi npu-
svu V=S,  H.

Puc. 11.7 D, C,
A B,
D C
60r
A 20 B

M
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3apaua 2.

OcHoBolo nipamign € NPAMOKYTHUIN TPUKYTHUK i3 KaTeTamu a i b. Kox-

He Ti 6iuHe pebpo HaxmneHe JO MAOWMHN OCHOBU Mif KyTOM @. 3Hai-

AiTb 06’eM nipamign.
Po3B’A3aHHA

» Hexait y mipamigi SABC (puc. 11.8)
TPUKYTHUK ABC IPAMOKYTHUHA
(£C=90°,BC=a, AC=D).
IIpoBememo Bucory mipamiam SO. OcKijb-
KH 3a YMOBOIO Bci 6iuHi pebpa mipaminm
OTHAKOBO HAXWJIEHi 0 MJIONUHY OCHOBH,
To0 O — IEHTDP KoJia, OIUCAHOTO HABKO-
JI0O OCHOBHU, TOOTO Touka O — cepenmHa
rinorenysu AB. YpaxoBywuu, 110 Bigpi-
30K AO — mpoeknia 6iuroro peépa SA
Ha njomuny ABC, oxep:KyeMmo, IO
/SAO — gyt Haxuny OiuHOro pedpa
SA no mmomuHu ocHOBU i1 L SAO=¢.
Is mpamoryTHOrO TpuKyTHuUKA ABC
OJIEPIKYEMO:

AB=+BC?+AC? =\a®+b? ,

Tomi AO:%AB:%\/& +b2 .

I3 mpamoxkyTHoro tpukyTtHura SAO
Maemo:

SO=A0-tg(p=%\/a2 +b2 tgo.
Opep:xyemo:

1 11
V=-S5, 50 SO=—-=—BC-AC-SO =
3 NABC 3 92

=%\/a2 +b2 tgo.

3apava 3.

KomeHTap

CnouaTKy BM3HauMMO pO3TallyBaHHA B/CO-
TV Nipamigun: AKLWo BCi 6iyHi pebpa nipami-
[V O|HAaKOBO HaxmJeHi 1O MNOWMHW OCHO-
BM, TO OCHOBOI BMCOTY Mipamigmn € LeHTP
OMNUCaHOro HaBKOMO OCHOBY Kona (Tabn. 4).
AK BiOMO, LIeHTp Kona, onMcaHoro HaBKo-
N0 NMPAMOKYTHOIO TPUKYTHUKA, NEXUTb
y cepeauHi rinoTeHysu.

MoTiMm BU3HAUMMO KyT MiX GiuHUM peb-
POM i MNOWMHOK OCHOBU (KYT MiXK no-
XWOI0 | NIOWNHOK — Lie KYT MiX Nnoxu-
noto Ta i1 NPOeKLi€0 Ha Lo NOLWUHY).
Ona BukopuctaHHA ¢opmynu o6'emy

1
nipamign V= ESOCH -H  3Haxoaumo

1
Snapc = EBC~AC i BUcoTy mipamign SO

(i3 npAMOKYTHOro TprKyTHUKa SAO).

Pnc.11.8 S

c
]
Ay

X
o,

B

3HanaiTb 06'€M YaCTUHU KOHYCA, 306paxeHoi Ha puc. 11.9.

KomeHTap

OcKinbKy B OCHOBI Tina, 306paeHoro Ha PUCYHKY, NeXUTb CEKTOP i3 LIeHTPaNbHUM Ky-
Tom 90°, TO 1Oro Ayra CTaHOBUTb YBEPTb YCbOro KOfla OCHOBY KOHYCa (AKMI MiCTUTb 360°).
BucoTa 3apaHoro Tina 36iraeTbcA 3 BUCOTOK KOHYCa, TOMY 3afjaHe Tiflo CTaHOBUTb YBEPTb

KOHyca 3 pafiycom ocHoBY 12 i Bucototo 16.
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» Ha puc. 11.9 306paskeHa uBepTh KOHYyca 3 pagiycom
ocuoeu R=12 isucororo H =16.

Toni Vi, = énR2H =768 (xy6. o11.). 16
1 1
Orxe, V.= ZVKOH = Z~7687t =1927 (xy0. ox.). 0
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Po3B’A3aHHA Puc. 11.9 S

\

3ATNMNTAHHA

1.

ChopwmyarioiiTe nmpuHiun KaBaabepi 4yia mopiBHAHHS 00’eMiB 1BOX Giryp
y TIpOCTOpi.

. 1) Yomy nmopiBHIOE 00’eM IIOXMJIOI IIPU3MI?

2%) O6rpyuTyiiTe BiamoBigHy (opmyiy.

. ChopmyaroiiTe 3arajbHe O3HaueHHA KoHyca. II[o Take ocHoBa i BucoTa

TaKoro Kouyca?

. 1) Yomy mopiBHIOE 00’eM mmipamimu?

2%) O6rpyuTyliTe BiamoBigHy (opMyJIy.

. 1) Yomy mopiBHIOE 06’eM KomHyca?

2%) O6rpyHTyliTe BiAmoBiZHY (opMyJIy.

BIMPABU

111

11.2°

11.3.

11.4.

B ocHOBi moxmyoro mapaJseserninesna JieKUTh pom0 i3 miaromanasavu 6 cm
i 8 cm. Bucora mapaienenimega mopiBHioe 10. 3HalgiTe Horo o6’eM.

3HaligiTh 060’€M IIOXMJIOI IPHU3MHU, B OCHOBI AKOI JIKUTH HPAMOKYTHUK
3i croponamu 4 cm i 5 cm, a Giume pebpo AOpiBHIOE 8 cM i HaxwuieHe
IO ILJIOIIMHU OCHOBU mmim KyToMm 30°.

OcHOBa MOXWJIOI MPUBMU — MPABUJIBHUN TPUKYTHUK 31 CTOPOHOIO 2 M.
Opue 3 OiuHMX pebep HOPiBHIOE 4 M i YTBOPIOE 3 KOMKHOIO 13 IPUJIETINX
cTOpiH ocHOBU KyT 45°. 3HalAiTh 06’€M IIPU3MU.

B ocmoBax moxmjoi mpmaMu — KBagpaTu. du IpaBUILHO, IO OYIb-sIKa
IJIOIIIHA, IO HPOXOAUTL Uepe3 IeHTPU KBaapaTiB, iJUTL IPU3MY Ha
IBi piBHOBeJUKi 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.

Bepmumramu mipamigu € Bci BepmimHU OfHi€l OCHOBU II OfHA BepIIWHA
iH1I0i OCHOBM Tpu3MHU. SIKY YacTHHY 00’€My NPU3MU CTAaHOBUTH 00’€M
mipamigu?

3HaiigiTh 00’eM mipaminu, BucOTa JAKOI HOPiBHIOE A, a B OCHOBI JIEIKUTH
OPAMOKYTHHK 3i cTopoHamu a i b.

3HaiigiTh 06’eM IIPaBUJIBLHOI TPUKYTHOI IIipaMiay, cTOpOHA OCHOBU SKOI
IOpiBHIOE a, Bucorta h.

3HaiigiTh 06’€eM MPaBUJILHOI YOTHUPUKYTHOI ITipaMiau, BHcCOTa SKOI J0O-
piBHIOE A, a giaronasb ocHoBu d.

Busmaunte 06’€M TpaBUJIBHOI YOTHPHUKYTHOI mipamigm, saximo ii agia-
TOHAJIBHUM ITIepPepi3oM € OpPaBUIBLHUN TPUKYTHUK 3i CTOPOHOIO, IO
nopiBHioe 12.

3HaliTh 00’eM TpPaBUJIBHOTO TeTpaeapa 3 pedpom, 1Mo mopiBHioe 1.
O06’cM NpaBUJIbHOI IIeCTUKYTHOI Imipamizm mopiBuioe 6 cm®. Cropona
OoCHOBU nopiBHIOE 1 cMm. 3HalmiTh OiuHe pedpo mipamimu.

Biuni pebpa TpuKyTHOI mipaMigm B3aeMHO IEePIEHAUKYJIIPHiI, KOKHE
3 HUX JopiBHIOE b. 3HAWAITL 00’eM mmipamigu.

Ak smiHuMTHCA 00’€eM MpPaBUJIBHOI MmipamMiguW, SAKIMO BUcoTa ii Oyxde
30iJIbIlIeHa B 7 pasiB, a CTOPOHA OCHOBU 3MEHIIIeHA B CTiJILKHU K pasiB?
Y Ky0 i3 pedbpoM, sAKe AOpPiBHIOE 1, BIIMICAHO IPABUJILHUII TeTpaeap Tak,
III0 MOT0 BepIIUHU 30iraloThCsA 3 UOTHPMA BepIimHaMuU Kyba. Busnaure
o0’eM TeTpaezpa.

3HangiTh 00’eM OKTaegpa 3 pedpoM, ske mopiBHioe 1.

Bucora komyca mopiBHioe 6, TBipHa — 10. 3HaligiTh 00’€eM KoHYyca.
VY ckinbKuM pasiB 30iabHINTBCA 00’€éM KPYTOBOTO KOHYCA, SIKIIO:

1) Bucory 36inbImuTy B 3 pasu;

2) pamiyc ocHOBHM 30iibIiuTH B 2 pasu?

Yu 3MiHUTBCA 00’€M KPYTrOBOTO KOHYCa, AKIIO PamIiyc OCHOBU 30iJb-
IMUTA B 2 pasu, a BUCOTY 3MEHIIUTHU B 2 pasu?

Muniaap i KoHyc MaloTh CIOiJbHY OCHOBY i BucoTy. O6GumciiTh 06’eM
OUIiHApPa, AKINO 00’eM KoHyca mopiBuHioe 407 cmd.

O6’em KoHyca mopiBHioe V. IlapayielbHO OCHOBI KOHYyca TIPOBEAEHO IIe-
pepis, 1Mo AiJuTh BUCOTY HaBIijJ. YoMy HOpiBHIOE BigHOINIEHHSA 00’¢MiB
OTPMMAaHUX YaCTWH KOHyca?

HiameTp oCHOBM KOHYyca qOopiBHIOE 12 ¢M, a KyT IpU BePIINHI 0CHOBOTO
nepepisy 90°. O6umciTh 00’eM KoHYyCA.

273
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11.22.

11.23%

11.24.

11.25.

11.26*.

11.27*%.

11.28.

11.29.

11.30%
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3HalgiTh 00°€M Tijla, OTPUMAHOTO B Pe3yJb-

TaTi o0epTaHHs PIBHOOEIPEHOI'0 MPSIMOKYT- Puc. 11.10
HOTO TPUKYTHUKA HABKOJIO KaTeTa, SAKUH

JIOpPiBHIOE 3 CM.

S

PiBHOCTOpPOHHI# TPUKYTHUK 00epTaeThCs
HABKOJIO CBO€El CTOPOHH a. SHAUIITHL 00’eM
Tisla oOepTaHHA. 42

IIBa KOHycHM OTpuUMaHi oGepTaHHAM HeEpPiB-

HOOEeIPEHOT0 NPAMOKYTHOTO TPUKYTHUKA

HaBKOJIO KOXKHOTO 3 KareTiB. Uu piBHi 00’c- 0
MM IIUX KOHYCiB?

3HaWmiTEL 00’eM YaCTHMHH KOHYyCa, 300paske-
HOI Ha pwmc. 11.10.

Konyc Bmmcano B mpaBuJbHY TPUKYTHY IipaMigy 3i CTOPOHOIO OCHO-
BU a i BucoToio h. 3HAWAITL Horo ob’eM.

Konyc ommcano HaBKOJIO MPaBUJIBHOI YOTHMPUKYTHOI Iipaminm 3i cTo-
POHOIO OCHOBHU @ i BmcOTOIO A. 3HaWIiTHL iforo o0’eM.

BuaBiTb CBOIO KOMMETEHTHICTb

ITakeTur myma TomaTHOI macTu Mae (opMy mipamigu, B OCHOBI SKOI
JIEXKUTh PiBHOOEAPEHUH TPUKYTHUK i3 pPiBHUMHU cTopoHaMu 12 cMm
i kyrom 30° misxk HmMu. Bucora mipamigm mopiBuHioe 6 cv. OOUMCIITH
00’eM TaKeTHKA.

3HaUAITE 00°eM IOXKEXKHOT'0 Bifjpa KOHiUuHOI (hOopMU, SKIIIO HOTr0 CTaH-
JapTHi posmipm Taki: giamerp ocuoBum 30 cMm i TBipHa KoHyca 38 cwm.
Bigmosigps matiTe B JiTpax, OKPYINIMBINM ii O JecATHUX YaCTUH JiTpa.

Ilpn macumaHHi cuIyyoro marepianay y BUIVIAAL KyIu, OJM3BKOI 3a
dopmMoI0 10 KOHYyCA, IJIs KOYKHOTO CHUIIYUYOro MaTepiaay KyT IPUPOIHO-
ro ykocy (KyT HaXMJy TBipHOI KOHYyca OO IJIOIIMHU HOT0 OCHOBHU) CBiit
i 15 BoJloTOTO IiCKY BiH HabamikeHo gopiBHioe 45° [lia GeTOHYBaHHSA
miggoru B igaJsibHI IMTKOJM MIPUBE3JU ITiCOK, IKWU BUCUIIAJIUA B KYIIY,
mo mae (Qopmy KoHyca, 3 TBipHOIO 1,2 M. Ileit micok HeoOXimHO TIe-
pernectu g0 npumimtenHs. CkiabKu Bigep is mickom, micrkictio 10 i,
IOBEJeThCA MEPEHeCTH A0 IPUMIIIeHHI?
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§12. 06°€EM KynI

Tabnuus 12

06’em Kyni

V=inR3,
3

fde R — pagiyc kyni.

NOACHEHHA N OBI'PYHTYBAHHA
PosriisaemMo muTaHHS IPO 3HAXOMKEHHS 00’eMy KYJIi.
D Teopema 12.1. O6'em Kyni pagiyca R Bupaxaetbca popmynoto
V= i7tR3 .
3
» Hexai 3agaHo niBkyno pagiyca R, 0CHOBa AKOI IeXKnTb y naowmHi o. Po3rnaHe-

MO LMIHAP, OCHOBOI AKOro € Kpyr pagiyca R, po3TalloBaHWUi y Til camii nnowm-
Hi o, i 3 BUCOTOO, fiIKa gopiBHI0E R (puc. 12.1).

Puc. 12.1 |
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Y umniHgp BAMWEMO KOHYC, OCHOBOI AKOTO € BEPXHA OCHOBA LMNiHAPA, a BepLUK-
HOIO — LE€HTP HWXKHbOI OCHOBU UuniHApa. [loBegemo, Lo Tino, yTBOpeHe 3 TOUOK
uuniHgpa, Wo He noTpanuan BCcepefuHy KOHYyca, i 3afjaHa NiBKYNA MaloTb PiBHI
o6’emn.

Mposeaemo nnowyHy 3, napanenbHy MAOWMHI ¢, Ha BiAcTaHi x Big Hel, 0 < x < R.
Y nepepisi NiBKyNi Li€0 MIOWMHOW OAEPXUMO Kpyr papiyca O;A = R? —x?
3 nnoweio S, =m-0,A% = n(R% - x2).

Y nepepisi gpyroro Tina ogep>KMMo KinbLe, pagiyc 30BHILLHbOrO Kpyra AKOro fo-
piBHIOE R, a paaiyc BHYTPIlWHbOro Kpyra — x (OCKinbku TpUKYTHUK BO30, pis-
HobeapeHui i NPAMOKYTHUIA, TO £ BO30, =45°). Mnowwa uboro KinbLa JOPiBHIOE
nR? — mx? =‘IE(R2 —xz) i, OTXKe, [OPIBHIOE NNOLWi Nepepidy NiBKyni. 3a NPUHLK-
nom Kaasnbepi oflep)Kyemo, Wwo niBkyna i nobygosaHe Tiflo MaloTb PiBHI 06’emu.
O6uncnmmo uern 06’em. BiH fopiBHIOE pi3HULI 06’eMiB LUAiHAPa N KOHYCa:

1 2
V=V~ Vion =nR2~R—EnR2~R:EnR3.
O6’em Kyni BaBiyi 6inbwnin 3a 06'eM MiBKYNi, OTXKe, BUPax)aeTbcAa Gopmynoio:

|4

KyJIi

4
=—nR3.
3

NMPUKNAOWN PO3B'A3YBAHHA 3A0AY

3apaua 1. 3Hangitb 06'em Kyni, onvcaHoi HaBKONO Kyba 3i CTOPOHOIO a.

Po3B’A3aHHA KomeHTap
» Iliaronass KybGa € giameTpom LieHmp Kyni, onucaHoi HagKos10 Kyoa, 1exxume Ha
onucaHol HaBKOJIO HOTO KYJIi. cepeOuHi diazoHani Kyba (Tofii BCi BepLunHMN Kyba
. a3 6yoyTb NexkaTn Ha MOBepXHi Kyni), Tomy Aiaro-
Tomi dyyy=avV3,a R,y = 5 Hanb Kyba € fiameTpoM onucaHoi KyJii.
3 [Lani npuragyemo, Wwo fiazoHasne Kyba 3i cmopo-
_ 4 3 _ Ta \/3 . .
Orsxe, Vi = gnR ST Hoto a 00piBHIOE a~3 , i BUKOPUCTOBYEMO Hop-

4
myny ob’emy kyni V = —nR?®, pe R — pagiyc
Kyni. 3
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3apava 2*. 3Hangitb 06'em Kyni, BMMCAHOI B KOHYC, TBipHA AKOro JOPIBHIOE 12 cm
i HaxuneHa Jo MIOWMHN OCHOBM Nif KyTOM 60°.

Po3B’A3aHHA

) Posriasaremo ochoBUii mepepis 3ama-
Hoi KoMbiHaIii Tijg. OcboBUM IIepepizom
KOHyca € piBHOOeApeHUII TPUKYTHUK
SAB, y skomy cTopoHa SB mopiBHIOE
TBipHiit Konyca (SB=12 cwm), a Bucora
SO € Bucorom konyca (puc. 12.2). Toxi
KyT SBO — KyT Haxuay TBipHoi SB 10
monuay ocHoBu i £ SBO =60°.

ITepepisom kymi € xpyr, pagiyc OO,
AKOT0 JOPiBHIOBATHUME pajiycy KYJIi.
OcCKiIbKHU KyJIs BIMCAaHA B KOHYC, TO
Kpyr OyzZe BOMCAHO B TPUKYTHUK. Tomi
Bizpisok BO; — GicexTpuca kyra SBO
i LOBO, =30°.

I3 mpamoryTHOro TpukytHHUKa SBO
maemo: BO=SB-cos60°=6 (cm).

I3 nmpamokyTHOro TpukyTHHKa OBO;
OIEPIKYEMO:

00, =OB-tg30°=24/3 (cw).

Toxi 06’eM KyJIi qopiBHIOE

V= %mOOf =32/37 (cv?).

3ATINTAHHA

KomeHTap

[1i0 yac po3e'a3ysaHHA 3a0ay Ha KOMBIHAYo
min 06epmaHHsA 3py4Ho po32/190amu 0Cbo-
suli nepepi3 yiei kombiHauii.

OpeprkaBWwn B nepepisi Kpyr, BNMCaHW1
y TPUKYTHUK, Clif ypaxyBaTu, WO yeHmp
Kpyaa, 8nUCaHO20 8 MPUKYMHUK, € MOYKOIO
nepemuHy bicekmpuc Kymig mpuKymHuka.
Y piBHoGepeHOMy TpUKYTHUKY SAB of-
Hi€lo 3 TaKux GiCeKTPUC € BUCOTa, Mefia-
Ha 11 6icekTpuca SO. [ina obrpyHTyBaHHA
KyTa MiX TBIpHOIO i MNOLWMHOI OCHOBU
BPAXOBYEMO, WO Kym MiX NOXUJ/IO | njio-
WuHor — ye Kym mix noxunoto SB ma ii
npoekuieto OB Ha yto niiowuHy.

[na obumcneHHA ob'emy Kyni pagiyca R Bu-

4
KopuctoByemo dopmyny V = gnR3.

Puc. 12.2 S
[ Ol
A B B
0]

1. 1) Yomy pmopiBHIOE 00’em KyJi pamiyca R?
2%) O6rpyHTyliTe BiAmOBiAHY (OpMYJIy.
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BIMPABU

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. 3maiimite ii 06’em.

3amano aBi kyai. Pamiyc mepirioil Kysai y aBa pasu OijbInuii 3a pajmiyc
npyroi. ¥ ckinbku pasiB 06’eM meproi KyJi Oiibinuii 3a 06’em Apyroi?
Y ckinbKu pasiB 30iabIIUTHCSA 00’€M KYyJIi, AKINO il pagiyc 36iabiuTu:
1) y Tpu paswu; 2) y mw’ars pasiB?

O6G’em opmuiei Kynmi B 64 pasu Oiabinmuii 3a 00’eM iHImoi. ¥V CKiJIbKHT
pasiB pagiyc mepimnoi KyJi Oigbinmumii 3a pagiyc iHmoi ryuri?

Ilepepis Kyii mJIOIMMHOIO, BiAmaJieHOIO BiJ IleHTpa KyJi Ha BiAcTaHb
8 cm, mae pagiyc 6 cMm. 3HAAITL 00’eM KY.JIi.

IMuniaap onmmcanuii HaBKOJO Kyiai. S3HaWAiTL 00°eM KyJi, AKIIO 00’eM
nuIiHapa gopiBHIOE 6 KyO. Of.

Is mepem’sHOro IMIiHApa, BHCOTa SKOTO JOPiBHIOE diaMeTpy OCHOBU
(piBHOCTOPOHHIN ITMIiHAP), BAUTOUMJIN HANOIABITY Kyjaio. BusHaure,
CKiJIBKM BiJICOTKiB MaTepiajy CTOYMJIN.

3HaiigiTh 00’eM KyJIi, ommcamoi HABKOJIO IIPABUJILHOTO TeTpaenpa 3 pe-
6pom a.

Konmyc Bnucano B Kyiio. Pamiyc ocHOBU KOHYyca IOPiBHIOE paniycy KyJIi,
00’eM KoHYyca mopiBHIOE 6 Ky0. ox. 3HaAUAITL 00’eM KyJIi.

BuaBiTb cBOI0O KOMMNETEHTHICTb

Miguuii Ky06, pedbpo Arkoro mopiBHioe 10 cm, IepemyjaBuIm B KYJIIO.
3Haigite paziyc Kyiai. (BrparamMum MeTasy i dyac mepeliaBIeHHS
3HEXTYHTE.)

IToTpi6bHO mepemysiaBUTH B OAHY KYJIO MBI YaBYHHI KyJai miamerpamu
10 cm i 20 cm. 3mangiTe giamerp HOBOiI Kyii. (Brparamm merasy mifg
yac IepeljaBJeHHSA 3HEeXTyHTe.)

€ mmaroxk cBUHIIO Macoo 1 Kr. CKilIbKu Ky-

JBbOK miamMerpoM 1 cM MOKHa BiIJUTU 3 IILO- Puc. 12.3

ro mmarka? (['ycTuHa CBHUHIIIO CTaHOBUTH 700

11,4 r/cm®, BTparamMu MeTasy IMin dac Iepe- J: :I
TJIaBJIEHHS 3HEXTYUTE.) — e
PesepByap myis Boau CKJIAZAETHCA 3 IIIBKYJIL < i —
paxiyca R i mwiaiHapa 3 TaKMM caMMUM paii- —
ycom ocHoBu (puc. 12.3). fdkoi Bucotm kA mo- | Ny
BUHHA OyTM WOro IMUJIiHAPWYHA YacTUHA, II00 ‘eyj: -
00’eM ychoro pesepsyapa gopisaooBa 200 m3? —

. [
(Posmipu Ha PHUCYHKY HaBeIeHO B CaHTUMe- :
Tpax.)
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Tabnuus 13

Mnowa noBepxHi yuniHapa

= Sﬁiqn + 2SocH =

S
=2nRH +2nR?=2nR(H +R),
ne R — pagiyc unningpa,

H — iroro Bucora. 4 R

IIOBH

=

P - <

Mnowa noBepxHi KOHyca

Sﬁqu = an,
Snosn = Sﬁqu + Socn =
=nRI+nR?=nR(+R),

ne R — papiyc KoHyca,

| — noro TBipHa.

nowa nosBepxHi Kyni

S=4nR?,
e R — pagiyc kyni.
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MOACHEHHA N OBI'PYHTYBAHHA

Ilnouwero nogepxHi MHO202PAHHUKG, 3a O3HAUEHHAM, BBAKAIOTh CyMY
ILJIOIN I'paHeli MHOTOrPaHHWKA, IO YTBOPIOIOTH I[I0 IIOBEPXHIO.

Hanopukiazn, miaoia MOBepXHI IPU3MHU CKJIALAETHCS 3 ILJIOIMIL OiuHOI II0-
BEePXHi I MJIOI OCHOB, a IIJIOINA MOBEPXHi ImipaMigW CKJIQHAEThCA 3 TIJIOIIL
O0iuHOl TTOBEPXHi I IIJIOIII OCHOBH.

Y momepenHix maparpadax, CIUpalOUNCh Ha PO3TOPTKU IUJIIHApPaA # KO-
Hyca, Oyiam ofep:kaHi (opMyam s 3HAXOMKEHHS IJIOII OiYHMX 1 ITOBHUX
moBepxoHb muiainapa (§ 7) i xkouyca (§ 8). Haragmaemo ix.

D Haa nmuiaingpa:

Seiun =2TRH ,
Shoss = Stian +2Seen = 2nRH +2nR* =2nR(H + R),
ne R — papiyc nuninapa, H — iioro Bucora.
D s koHyca:
Sgiun = TRL,
S, oon = Seiwn +Soen = TRI+ TR =1R(L+ R),
ne R — papgiyc konyca, [ — ioro TBipHA.

OpmHak g 3HAXOMJKEHHs ILJIOIII TOBEPXHi KYyJIi PO3TOPTKY BUKOPUCTO-
ByBaTU HEMOKJMNBO, OCKIiJIbKM TOBEPXHIO KyJi He MOKHa POSTOPHYTH Ha
maoruHy. ToMy CKOpHCTaEMOCS iHIITMM METOJOM BU3HAUEHHS TJIOIII ITOBEpPXHi
Kyai. Ilig mormero moBepxHi Tijia po3yMiTHMeMO T'PAHUITIO ILJIOIN, OIMMCAHUX
HaBKOJIO HBOI'O MHOTOrpaHHUKIB. IIpu 1ibOMYy Mae BUKOHYBATHCS yMOBa, 3Tif-
HO 3 AKOI0 BCi TOYKM MOBEPXOHb ITMX MHOTOIDAHHHUKIB CTAlOTh AK 3aBIOJHO
OJM3PKMMHU 0 TIOBEPXHi 3aJaHOro Tija.

IImoma moBepxHi KyJri

» [na opepxaHHA Gopmynu nnowli NOBepxHi Kyni pagiy-
ca R onuvwiemo HaBKoMO Hei AKNI-Hebyab OnyKnuin MHO- Puc. 13.1
rorpaHHuK (puc. 13.1), AKWA Ma€e n Manux rpaHen (ysa-
XKaTMMeMo, WO NiHilHI po3Mipu rpaHel, TO6TO BiAcCTaHb
MiX Byab-AKMMN ABOMaA TOUYKamu Byab-AKOI rpaHi MeHLwa
Bif BenuuuHM €). Hexan S, — nnoua nosepxHi MHOro-
rpaHHUKa, TO6TO Cyma Mol YCix oro rpaHei. YaBmumo,
WO OTPMMAHUN MHOFOTPaHHUK CKIafjeHun i3 nipamig,
y AKUX BEPLIMHM 36iraloTbCs 3 LIEHTPOM KyJli, @ OCHOBa-
MW € rpaHi MHOrorpaHHuKka (puc. 13.2).
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3p0o3yMino, Wo BUCOTY LMX Nipami [OPIBHIOWTb pagi-
ycy Kyni, a 06'em V,, MHOrorpaHHuKa JOpPiBHIOE CyMmi Puc. 13.2
o6’emiB ycix nipamig i obuncnoeETbCA 3a GopPMynolo

1
V,=—8S,R. (@)
3
3BigCn ofepKyemo O"
3V, 71N
S, = R ) //II'I| \\\\
. Y TN
Tenep HeobMexeHO 36inbllyBaTUMEMO YWCIO 7 Fpa- p -1 ‘:44\

Hell ONMMCaHOro MHOrorpaHHMKa Tak, Wob Hanbinb-
WU PO3MIP € KOXHOI rpaHi MpAMyBaB [O Hy”nA.
Mpn ubomy o6’em V, oONMCaHOro MHOrorpaHHMKa
npamysatnme o ob’emy Kyni. JificCHO, ONUCaHNA MHOTFOrPaHHMK PO3TalLlOBaHWA
y Kyni 3 yeHTpom y Touui O i pagiycom R+€ Ta MiCTUTb 3aflaHy Kynto pagiyca R.

4 4 4 4
Topi gnR3<Vn<§n(R+e)3. Ockinbkn En(R+e)3—>§nR3 npu €0, To

iV, —>§TER3 npu € — 0. Ypaxosytoun ¢opmyny (2), ogepxyemo, wo rowa S,

MOBEPXHi OMMCAHOr0 MHOTOrPaHHMKa 3a HEOOMEXEHOro 3MeHLUEHHSA POo3MipiB

4
3-—nR®

noro rpaHen (To6to npn € — 0) npAMye Ao BUpasy 3T:4nR2. Tomy Be-
NNYNHY 4nR? npuitmatotb 3a nnowy nosepxHi Kyni. OTxe, niowa nosepxHi Kysii

pagiyca R ob6umcnioetbea 3a Gopmynoto

S=4nR2.

SIKII0 MHOTOrpaHHUK OIIMCAHO HABKOJIO KyJi pamiyca R, To Kyasa Oyxe 8nucaHoio
B IIeli MHOTOT'PAHHUK, Tomi 3 opmysu (1) omepsKyemo, 110 pagiyc KyJji, BIMCAHOI

3V

B MHOTOI'PAHHMK, MOXKHA O0OUYMCJ/IIOBATHA 3a (DOPMYJIOI R = , e V. — o0’em

TOBH

MHOTOTPaHHHUKA, S — IIJIOIIIa TIOBHOI HOBerHi MHOT'OTPaHHUKA.

IOBH

3a3HaAuMMO, IO METOH, PO3IVIAHYTHUI IIiJ Yac 3HAXOMKEHHS IIJIOIIi IIO-
BEPXHi KyJi, MO3BOJIAE TAKOK BUSHAUUTHU NJAOWL OiYHUX NOBEPXOHb UUAIHOpA
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i KoHnyca. s TMBOro MOXKHA POSIVIAHYTU IPABUIIb-
Hi n-KyTHI npusMu i mipamigu, ommcaHi BimIIOBimHO
HaBKoJio muaiagpa (pume. 13.3) i Komyca (puc. 13.4).
Ilnoma 6GiuHOI MOBepXHI MPaBUJIBLHOI TPU3MU [[0O-
piBHIOE: Sgiuy o = Poer H  (me Py IIepuMeTp Oc-
HOBU; H — BucoTa mpumsMm), a Ijolna 0iuHOI IoBepX-
1

Hi IpaBUJIBbHOI mipaMiau AOPiBHIOE Sgiyy nip =EPOCH~Z

(me P,, — mnepumeTp OCHOBH; | — amodema mipami-
am). 3a HeoOMe:KeHOro 30iJIBIITeHHS 71 IIJIOIa KOMKHOI
rpaHi OMMCAHOrO MHOTOT'PAHHUKA IIPAMYBATUMeE 0 HY-
Js i mirora 6iuHOl mOBepxHi HMuIiHApa Oyae rpaHUIEIO
IO OiYHWX TOBEPXOHBb OMMCAHUX IIPU3M, a ILIOIAa
0iumoi MOBepxHi KOHyca Oyae IpPaHUIEIO IIJIOIN OiUHUX
TIOBEPXOHb OMMCAHUX Mipamif.

VYpaxoByioun, 110 3a HEOOMEIKEHOTO 30iJIbIIIeHHA N
IepUMeTPU N-KyTHUKIB, OMMCAaHUX HABKOJIO KiJl pamiy-
ciB R, HaOJIMKATUMYTLCA [0 HOBMKUHU KOJIa, TOOTO IO
2nR, ogep:KyeMo 018 naouwi 6iuHol nosepxhi yusindpa
opmyiry

S(’)ilm.u,ugl =2nRH s
a Ona naowi 0iunoi noeepxHi KoHyca GHOPMYIY
S =Rl

OiuH. KOH

IIi cami dgopmynru mMum oxep:kaivi, BU3HAYAIOUU
miIomri OiYHMX NOBEePXOHb IMJIHIpa i KOHyca uepes
iXHi POBrOpPTKMH.

NPUKNAAOWN PO3B'A3YBAHHA 3A0AY

3apgaua 1.
Po3B'si3aHHA

» Papgiyc kyxai, Bommcanoi
B Ky0, MOPiBHIOE IIOJOBUHI

a HOI0 A0 Kyi).

croponu Kyba: R, = R

Omxe, S =4nR? =1a®.

KyJi

KomeHTap

Puc. 13.3

a»
(i l I
| t |
I | I
| | |
| I H |
| ! |
I | I
|//—"'T'_‘\\|
( &R}
\\\___—’/
Puc. 134

3HalpiTe NAoLy NOBePXHi Kyni, BMMCaHOI B Ky 3i CTOpOHOIO a.

AKkwo Kyna 8nucaHa 8 ky6, mo i diamemp OopiBHIOE
CMOpoHi Kyba (Tofi KoXHa rpaHb Kyba byne foTuy-

[ani 3HaxogumMo papiyc Kyni i BUKOPUCTOBYEMO
dbopmyny ana obuMCyieHHA oL NMOBepXHi Kyi
S=4nR?, e R — pagiyc kyni.
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3apaua 2*. HaBKONO Ky/ni ONMcaHO UMAiHAP, NoLwa NOBEPXHi AKOro fopiBHIE 18.
3HangiTb NAoLy NOBEPXHi Kyni.

Po3B'si3aHHA

) Hexaii pagiyc Kyii gopiBuioe R (puc. 13.5), Toxmi
paziyc oCHOBM OIIMCAHOTIO ITMJIIHAPA AOPiBHIOE R,
a Bucora H muiingpa gopisuioe 2R.

IIoma moBepxHi MUIiHAPaA OPiBHIOE:

S = Sy + 25,0, = 2nRH +2nR? =

IIOBH. IIUJI

=2nR-2R +2nR? =6nR2.

3a ymosoto 6mR? =18. Toxi nR%2=3.

IInomra moBepxHi KyJIi KOpiBHIOE:

S

KyJui

Puc. 13.5

3ATINTAHHA

=4nR%=12.

P -

KomeHTap

AKwo yuniHop onucaHo HAsKo-
J10 Kysni, mo padiyc OCHO8U
yuniHopa oopigHe padiycy
Kyni, a diamemp Kysi OopieHIO€e
sucomi yusniHopa. OCKiNbKu
B YMOBI L€l 3apaui Ha o6umnc-
NIEHHA He 3ajaHO XO[HOro
Bifjpi3Ka, TO AnA PO3B'A3yBaH-
HA TaKol 3afayi 3py4HO BBECT
HeBIZOMUI BigpPi30OK, Hanpu-
Knag paaiyc Kyni.

3a3HauMMo, WO 3 ofepP>KaHOro
PiBHAHHSA (6nR2 =18) Hemae
HeoOXigHOCTI 3HaXoAUTWN HEBI-
gomun pagiyc R — goctaTHbo
3anucaTtun Bignosigb yepes R:
Sy =4nR? i spaxysatu,
WO BiAMOBIAb BUpPAXAETbCA
yepes nR2.

1. IlosicHiITH, IK MOXKHA BUBHAUMWTHU IIJIOMIY IIOBEPXHI KYJIi.

2. Yomy [mopiBHIOE IJIOINIA MOBEPXHI KyJi panmiyca R?

3. IMoscHiTh, AK MOKHA BM3HAUMTH ILJIOINY IIOBEPXHi IMJIiHApa i KoHyca,
He BUKOPHCTOBYIOUM IOHATTS PO3TOPTKU IXHBOI OiUYHOI ITOBEPXHi.

BMPABU

13.1°. Ilomia BeIUKOro Kpyra KyJi mopiBHmioe 9 cm?. S3HAWAITH IJIOINY IIOBEPX-

Hi KyJIi.

13.2° fK smiHUTBCS WJIOITA MOBEPXHI KyJIi, AKINO 30iJbIIUTH pamiyc KyJIi:

1) y 2 pasu;

2) y 3 pasu;

3) v n pasis?

283
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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 ckinbKu pasiB miorna moBepxHi 3eMJi GisbIlia 3a IJIOINTY
noBepxHi Micamsa. (Beaskaiite, 1o giamerp 3eMJi IpubOJIM3HO JOPiBHIOE
13 Tumc. kM, miamerp Micama 3,5 Tmc. KM.)

Ilepepisz KyJsi maIoIIMHOIO, BimmaJieHOIO Bij IleHTpa KYJi Ha BiacTaHb
8 cMm, mae pagmiyc 6 cm. 3HaWAITH TJIOIY TOBEPXHI KYJIi.

O6’em kymai mopiBuHioe 2881 ™3, S3HAWAITH IJIOIY IOBEPXHI KyJIi.
Ilnomi moBepxoOHBL ABOX KYJIb BimHOCATHCA AK 4:9. 3HAUAITH BimHO-
IIeHHA 1XHiX miameTpis.

Ilmomti moBepxOHBb ABOX KyJb BiTHOCATHCA AK m:n. JIK BigHOCATHCA
ixui ob6’emmu?

O0’eMu IBOX KYJIb BimHOCATHCA AK m:n. SIK BigHOCATHCA IIJIOII IXHIX
TIOBEPXOHb?

¥V ckinbKu pasiB mJoIa IOBepxHi KyJi, ommcaHol HaBKOJIO Ky0a, 0ijib-
Ia 3a IJIONTY HOBEPXHi Kyii, BOuMcaHol B el camMuii Ky6?

HoBeniTh, 1170 IJIOIA MOBEPXHI Tijla, YTBOPEHOTO 00epTaHHAM KBajapara
HaBKOJIO CTOPOHU, MOPiBHIOE IJIOIi HOBEPXHi KyJIi, IO Mae pamiycom
CTOPOHY KBajpara.

Hasxoso Kyii omucano muaingp. SHAWIITL BiTHOIIEHHSA ILJIOIII IOBEPX-
Hi Kyai 10 IjTomii MmMOBHOI TOBEPXHI IMJIiHApa 1 BigHOIIeHHs 00’eMa
KyJi mo ob’ema muaiHapa.

Y kyuai mo ommH OiK Bif IleHTpa IIPOBEIEHO IBa IIapaliejibHi Iepepisu
miaomamu 272,25 am? i 992,25n am?, BimcTaHp MidK mepepizamu
mopiBHioe 20 am. 3HAWAITH MJIOIY HOBEPXHI KYJIi.

VY cdepy BOmcaHO KOHYC, TBipHA AKOT'0O JOPiBHIOE [, a KyT IIPpU BEePIINHI
0CBLOBOr'O IIepepidy craHoBuTh 60°. 3HaAWAITHL Moy cdepu.

BuaBiTb CBOIO KOMMNETEHTHICTb

Ckinpku Kijgorpamis ¢gapom moTpibHo mis gap-
oyBaHHsA HamiBcepuuHoro Kymoany Os3epsaHCbKO-
ro xpamy (M. XapkiB, ¥Ykpaina), AKIIO AiaMeTp
ocuoBu Kymosa 10 m i Ha (Qapbysamua 1 m?
noBepxHi BuTpauaerbcsa 120 r gapbu (Biamo-
Bib OKpPYyIMIiTH M0 mecsaTux). CKiabKM OaHOK
¢apbu moTPiOHO 3aKyIUTH, AKIIO KOXKHA OaHKa
micturs 2,8 Kr?
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3ABAAHHA ANA NiArotoBKkn A0 OLUIHIOBAHHA

TecT N2 3
1. O06’eMm kKy6a mopiBHioe 125 cwm?®. 3HalifiTs MmOy IOBEPXHi Ky6a.
A 25 cm? B 50 cm? B 100 cm? r 150 cm? I 300 cm?

2. OOuwmciiTh 00’eM mmipamMigu, SKIIIO0 BHCOTa MipaMigm OOpPiBHIOE 5 cM,
a OCHOBOIO HipaMigu € NPAMOKYTHHK 3i cTopoHamu 6 cm i 8 cm.

A 30 cm? b 40 cm® B 48 cm® r 80 cm? O 240 cm?

3. OOuuciiTs miaormry 6iuHOI IMOBEePXHI KOHYycCa, SIKIIIO HOro TBipHA IOPiBHIOE
10 cm, a BucoTa KoHyca 8 cM.
A 121 cm? b 36n cm? B 60n cm? I 641 cm? 1 80m cm?

4. VYcraHOBiTH BimmoBigHicT, MiK yMoOBOIO TBepmsxeHHA (1-3) Ta ioro
BuCHOBKOM (A-T') Tak, 1100 yTBOpPMUJIOCA NpPaBUJbHE TBEePAKEHHH.

1 fAKIimo KokHe pebpo KyOa 3MEHIIUTH BABiUi, TO A He 3MiHHUTBHCH
o0’eMm Ky0Oa b 3MeHIIUTHCA

2 SIKIIo KoKHe peOpo OCHOBM IIPU3MU 3MEHIIUTH BIOBiui
BIABiui (He sMiHOIOUM ii BHCOTY), TO 06’€M TIPU3MU B 3MeHIIUTHCA

3 dAxmo Ko:kHe pedOpPO OCHOBU IIipaMimu 3MeH- B UOTHUPU pPasud
MIUTU BABiYi, a BUCOTY mipamigu 30iabIIuTH [ 3MeHIIIUTHCA
BABiui, TO 00’eM mmipaminm y Bicim pasiB

5. 3uaigith o6’eM Tija ob6epTaHHS, YTBOPEHOTO 00epTAHHAM MIPSIMOKYTHU-
Ka 3i cropoHamMu 4 cM i 5 cM HaBKOJIO MEHIIIOI CTOPOHU.
A 20 cm? b 407 cm3 B 60m cm? r 80n cem? O 1007 cm?®
6. YcraHOBiITH BimmoBimmicTh Mixk 3adapboBamoio ¢irypoo (1-3) Ta Tijsom

obepranua (A-T'), yrBopeHuM ob0epTaHHAM 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
KBazgparu IIpsamoKyTHA

TpameIisa
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CropoHa OCHOBM IIPaBUJBHOI TPUKYTHOI mipamimzu mopiBHioe 12 cw,
a OiuHe peOpPO YTBOPIOE 3 ILJIONIIMHOI OCHOBU KyT 60°. 3HaiimiTh 00’eM
mipamigu.

A 144 cm® B 3643 o’ B 723 o’ T 14443 cm® [ 4323 o

MpongiTb OHNaMH-TeCTyBaHHA Ha CalTi interactive.ranok.com.ua.

Temn HaBYaNbHUX npOEKTiB

1. Komb6inarmii MmHOrorpanHmuKiB i Tij obepraHHsa B reomerpii i HaBKO-
JIUIITHBOMY JKUTTi.

2. Ob6uucsieHHss 00’¢MiB i IIJIONT TTOBEPXOHb MHOTOTPAHHUWKIB Ta TiJ
obepTaHHA 3a JOIOMOIOI0 iHTEerpaJis.

3. IlobymoBa mepepisiB reoMeTPUUYHUX TiJl 3a JOIOMOTOI0 KOMII'IOTEPHUX
mporpam.

4. 3amaui IPaKTHUYHOrO 3MiCTy, IOB’a3aHi 31 3HAXOM)KEeHHSIM 00’c¢MiB
i mJomr IOBEPXOHb MHOTOTPAHHUKIB i Tism obepTaHHA.



06’eMu  JeAKMX MHOTOTPAHHUKIB yMiJu B3HAXOOZUTHU IIe
B CrapomaBubomy €runti. B:xke Apximen o6umciatoBaB 00’e-
MU He TiJIbKM MHOTOTPAaHHUKIB, a II KOHyca, IMUJIiHIpa Ta
KyJi i HaBiTh mapabosoima, rimepbosoima ¥ eximcoiza oGep-
TaHHA, a TAKOYK ILJIONTI TOBEPXOHB ITUJIiHAPA, KOHYyCA 1 KyJIi.
HoBi Mmeronu Bu3HaueHHA 00’€MiB reOMETPUUYHHUX TiJI PO3-
pob6uB itariicekuit marematTuk B. KaBanwsepi (1598-1647).
Horo mipryBanHs GyIu He 30BCIM CTPOTHMU, OCKITBKE BiH
TOCUJIABCS Ha JesKi Ife He [JOBelleHI TBepAKeHHSA, AKi
BBajKaB oueBUJHUMHU. TinbKm 3rogoM ix OyJao [TOBemeHO
MeTOJaMM MaTeMaTW4YHOro aHariszy. Ha cyuacHomy erami
npuanun KaBaabepi € cTporo o6rpyHTOBAHUM MaTeMaTHU-
HUM TBEDP/IKEHHAM i TOMY JOBEJEeHHA TeOopeM IIpo 00’eMu
B HAIIIOMY IMiAPYYHHUKY, AKi comparoThbca Ha npuHrun Ka-
BaJIbEPi, € IIIKOM KOPEKTHUMH.

Crpory cydacHy Teopito 06’eMiB i mioIr po3podbuB BimomMuit
dpanmnyssruit marematur A.-JI. JleGer (1875-1941).

Hnsa po3BUTKYy IIKigmbHOI reomerpii Garatro 3poOuB BU-
maTHUN ykpaincbkuit marematuk M. B. Octporpamcskuii
(1801-1862). Biu me y 1855-1860 pp. BumaB OigpyUYHUK
3 reoMeTpii y TPhOX UACTUHAX.

3HaYHi HOCATHEHHSA Y PO3BUTKY reoMeTpii HaJiesKaTb Bimo-
MoMy yKpaiHcbKomy MateMaTukry I'. ®. Boponomy (1868
1908) — TBOpIIO reoMeTpUUHOI Teopii umces. 3oKpeMa BiH
IOCJIiI3)KyBaB pisHi 3aIOBHEHHA IPOCTOPY PiBHUMU MHOTO-
TPaHHUKAMMU.

Baromuii BHECOK y PO3BUTOK Te€OMETPUYHOI HAYKMH 3PO-
ounu yKpaincbki marematuku M. €. Bamenko-3axap-
yenko (1825-1912), C. M. IlarynoBchrmii (1859-1929),
0. C. Cmorop:kescoruii (1896—1969), M. I. Kosaumos
(1924—-1988), O. B. Iloropemo (1919-2002) Ta Garato
iHmIUX.

ITpuramaemo Taxko:k iMeHa YKpPaiHCBKUX JKiHOK, AKi 3aii-
MaJuca MaTeMaTHUYHOI0 HAyKOI, IONyJIApU3alli€elo Mare-
MaTUKU, 30epekeHHaAM oaM ATi YKpalHChbKMX MaTeMaTH-
KiB, HaBUAJ M MaTeMaTUKU MOJIOAb. PO3KaKeMo MPOo HUX
ITOKJIaoHiIIe.

b. KaBanbepi
(1598-1647)

A. . NNeber
(1875-1941)

I. ®. BopoHuin
(1868-1908)
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K. Al. Natnwesa
(1897-1956)
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Knapgia Sfkiena Jlatumena (1897-1956) mapommiacs
14 6epesnsa 1897 p. B Kuesi. Cepennio ocBiTy BoHa 370-
oysma B Hpyriit okimouiit rimuasii (1916 p.), y 1921 p.
3aKiHumia Kimoui BuIIi memaroriuHi Kypcu ((dismko-ma-
TeMaTUYHUHN Bigmin), crana meprrolo B YKpaiHi sKiHKoOIO,
fAKa B3aXWCTHJIA JUCEPTaIlil0o Ha 3ZO0YyTTA CTyIeHA KaH-
nunara QismKo-MaTeMaTHUYHUX HaykK (3a Temoio «Ha6uu-
JKeHe pO3B’A3YyBaHHA 3a JOIOMOTOI0 cI0oco0y MOMEHTIB
JiHITHUX »audepeHIiaJIbHUX PiBHAHB, M0 MAaOTb OCO-
osmmBocTi B Koedimienrax» (1936 p.)), a moriMm — mOOK-
TOPCBbKY aucepraiiiio (3a Temoro «HopmanbHi pos3B’a3Ku
JiHiMHEUX audepeHIiaJbHUX pPiBHAHL 3 MIOJiHOMiaJb-

HuMu Koedimientamu» (1952 p.)). Cepen BasKJIMBOIO HAYKOBOTO JOPOOKY
JlaTuimeBoi — [gocaifKeHHA B Taiys3i aHamiTuuHOi Teopii mudepeHITiaNb-
HUX pPiBHAHB, Teopil KpaiioBUX 3ajau AJIA 3BUYANHUX OUPEpPEHIiaTbHUX
piBHsAHB, 30Kpema Meron Ppobeniyca — JlaTumieBol s pos3B’A3yBaHHSA
cucreM nudepeHIiaJbHIX PIBHAHDL i3 yacTUHHUMU HmoxXimuumu. ¥ 1936 p.
B IHcTuTyTi MaTematuku BigOyJsaca cuinbHa momosiabs K. . JlaTtumiesoi Ta
M. KpaBuyka. Bararo yBaru KiaBaia fkiBua mpumiisna meTomuIli BUKJIa-
IaHHA MaTeMaTuKu. Bysa BoHa I y umcJi oprauisaTopis Ilepirioi Bceykpain-
CbKOI MaTeMaTHU4HOI oyimMmianu, Aka mpoiiiaa B KuiBcbkomy yHiBepcuTeri

B 1936 p.

[. T1. MaTBi€BCbKa
(Hap. 1930)

T'anuna IlaBmiBma MatBieBcbka Hapomuiaaca 13 JauUITHSA
1930 p. B m. [luinpomerpoBchK (Temep uinmpo), muTusH-
cTBO mpoBesa B XapkoBi, a B 1948 p. sakinumia IIKo-
Jy 3 30JI0TOI0 MejaJyiio, v 1954 p. — JleHiHrpaacbKuMit
(renep Caukr-IlerepOypr) yHiBepcuter, B 1958 p. saxmuc-
THJIa JUCEPTAIlifo Ha 3M00yTTA CTyNeHd KaHaugara Qisu-
KO-MaTeMaTUYHUX HAyK 3a pes3yJbTaTaMU BUBUEHHS He-
omy0OaiKoBaHUX apxiBHuMX pykomuciB Jleomapga Eiinepa
3 Teopii umcesn. ¥ 1959 p. I'. II. MaTBieBchbKa mepeixaJa
no Ysbexkucrany, Ha OaTbKiBIIUHY YOJIOBiKa, i 3aiiHsja-
cA icTopiero cxigHOI MaTeMaTUKU, OMAHYBABINU IJA I[HO-
ro apadbcbKy MoBy. ¥ 1968 p. B TamkeHTi mOCTigHUILA
3aXMCTUJa OOKTOPCBKY AUCEPTAIlil0 3a TeMOoK «BueHHA
PO YHWCJI0O B cepefHi Bikm». 3rogoM BOHa cTajia dJie-



HOM-KopecIoHIeHTOM AkameMmil HayK Y30eKuUCTaHy, 3aCaAy:KEeHUM OdidueM
HayKu, JaypeatoMm naep:kaBHoi mpewmii im. Bepyni. OcHoBHI HampAMKwm ii
IOCJIiI?)KeHb — icTOpid MaTeMaTHWKM i MaTeMaTHYHOI acTpoHOMii B Kpai-
Hax cepemHboBiuHOro Cxomy, icTopia Teopii umces, pykomnucu JI. Eiinepa.
Oabpra ApceniBHa Omiitauk (1925-2001) wnHapomumacs
2 ngunaa 1925 p. B ceai MaryciB, a mKiabHI poKu mpo-
Besa B micreuky Cwmisa (Temep UepkacbKa 006J1.). ¥ pOKH
Bitinu poamua OJaifiHMK eBakyooBajsacsa mno M. Ilepm (Po-
cisg), me miBumMHA 3aKiHuMJIa MIKOJY i BeTymuiaa Ha (Qisu-
Ko-MaremMaTtuuHuii (axysbrer IlepMCbKOTO [IEep:KaBHOTO
yHiBepcuTtery. BogHouac BoHa BifBimyBasa cemiHap mpo-
decopa MockoscbKkoro yaiBepcurery Codii AmOBCHKOI,
axa i nmopaguia Oabsi MpomoBKUTH HaBUaHHA B MOCKOB-
CBKOMY [IepsKaBHOMY yHiBepcuTeTi im. JlomonocoBa. Oub-
ra ApceniBaa B 1947 p. 3 BigsHaKoO 3aKiHUmMIa MeXaHi-
Ko-MaTeMaTHuYHuR (akxyabrer yHiBepcurery, B 1950 p. 0. A. OniitHnK
3aXWCTHJIa JNUCEPTaIlil0 Ha 3HO0YTTA CTyIeHA KaHAugara (1925-2001)
disuko-maTemMaTnUHUX HayK 3a TemMoio «IIpo Tomosoriro

miticHux aJsrebpaiyHMX KpPUBUX Ha ajredpaiuHiil moBepx-

Hi», a B 1954 p. — DOKTOPCLKY Aucepralliro 3a Temorn «Kpaitosi sagaui miasa
PiBHAHB i3 YaCTMHHUMU MNOXiZHUMU 3 MaJIIM IIapaMeTpPOM IIPDU CTAPIIUX
noximgaux i samauva Komri gasa HediHiAHWX PiBHAHBL y IiJIOMYy», HEeBIOB3i
crasa npodecopoMm i arkamemikom. Ilpama ykpaiHku, sKa IepIIow y CBiTi
(Ha TOM yac) cTasia TOKTOpoM (hi3mKo-MaTeMaTUUYHUX HAYK y 29 pPoKiB, Oyaa
rigao ominena. O. A. Ogilinuk orpumasia npemiio im. M. I'. YebGoraproBa
(1952 p.), mpemito im. M. B. JlomonocoBa 3a HaykoBi po6oru (I crymius,
1964 p.), imenny menmanb Komexx me @panc (Ppanrisa), menanb I crymens
Kapsosa yuiBepcurery Ilparu (Yexis); Oysa ob6paHa iHO3eMHUM UYJEHOM
Iraniicekoi Akazgemii Hayk y ITamepmo (1967 p.), mouecHum uwieHom Exwm-
OyP3bKOr0 KOPOJiBChKOTO ToBapucTBa Benukoi Bpurauii (1984 p.).
Tanuna MuxoaaiBaa Cura Hapoguinaca 29 ciuas 1940 p. B m. Xapkis. Ilic-
s 3axkinuenusa B 1962 p. mexaHiko-MarematuuHoro (haxkyasrery KuiBcbko-
ro yHiBepcuTeTy BOHAa YCIilIHO 3aiimMajiacd B IHCTUTYTI MaTemMaTuKu AKa-
memii HayK YKpaiHu IPaHUUYHUMHU TeopeMaMH Teopil BUImaJKOBUX IIPOIleciB
Ta aCUMIOTOTUYHUMM OLiHKaMu Mip y (QYHKI[IOHAJIBHUX IIPOCTOPAX; CTaJa
KamgumaToM (Qisuxo-marematTrnuyHuX Hayk (1965 p.), omyOaikyBajga HUBKY
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BijoMux MaTeMaTHUYHHX mpaimb. Ta Ginbmn Bimoma Ii poGora 3i 30eperxen-
Hs mam’aTi Ipo YKpaiHCBKMX MaTeMATHKIiB Ta IIOBEPHEHHs YKpaiHi iMeH
BJIACHUX MaTeMaTHKiB CcBiTOBOTO piBHsA, 30KpeMma ['eoprisa Boponoro, Mu-

I. M. Cuta
(Hap. 1940)

3. 1. CnenkaHb
(1931-2008)

xaima Octporpagcsbkoro, Mwuxaina KpaBuyka, Mwukoan
YaiikoBcbKoro, BixkTopa BynsakoBcbkoro. CmpaBa moua-
Jacda i3 BmopaakyBaHHS morua I'. Bopomoro i M. Octpo-
rpaacbkoro. Haxi I'. M. Cura mpaijoBajia HajJ opraHisa-
miero My3eiB, CIOPYAKEHHAM IaM ATHUKIB, CTBOPEHHSIM
(GinbMiB, BUITYCKOM iMEHHUX T'DOIINOBUX i MOINTOBUX 3HA-
KiB, oprafisailiero Mi:KHapOAHUX HAYKOBUX KOH(MEPEHITil,
BUIAHHAM KHUKOK. Ilo peui, BoHa OyJjia He TiJIbKU CITiB-
perakTopoM IIMX KHUKOK, a M aBTOPOM apxXiBHUX MTOCJIi-
I)KeHb. BoHa — aBTOp IIOHAJ MiBCOTHI mpamb 3 icTopii
marematuku. ¥ 2001 p. came TIamuny Cury Kabimer Mi-
HicTpiB YKpainu saTBepauB cexperapem Opranisariiiaoro
Komirtery 3 BimsHaueHHs 200-mitta Mwuxaiina Octporpam-
CBKOTO.

3inaina IeamiBna Caenkanp (1931-2008) mapoxuiacs
16 xBitTHa 1931 p. B c. Ileuensxumi Ha Bosorommiuui
(Pocia), kynu B 1930 p. i3 3anmopispkoi obJsacTti O6yao Bu-
ciaano ii poguny. B 1949 p. miBumma pasom i3 GaTbKamu
moBepHyJiacad A0 YKpainm — ngo micrta MesiTomonb, nxe
B 1953 p. 3 BigsHaKoio 3akiHumIa (hismKo-MaTeMaTUUHUHA
daxyabrer MeaiTOMOJBCHKOTO MENAaroTiYHOTO iHCTUTYTY.
B 1962 p. 3imaiga IBamiBHa saxucTuia AucepTallilo Ha
3100yTTA CTYIeHA KaHAuUAATa MeJarorivyHuX HAyK i3 Me-
TOAUKY BUKJAAaHHA MarteMmMaTturku. ¥ 1987 p. mepimoio
cepen kiHOK koaumiaboro CPCP crana moxTopoMm TIe-
MaroTiuyHUX HAyK i3 MeTOAWKM HaBYAHHSA MaTeMaTUKU.
3. I. Crenkans — mpodecop, OJHA i3 3aCHOBHHUIIL YKpa-
THCBKOI HayKOBOI ITKOJIX 3 TeOpil Ta METOAWKMN HaBUYAHHSIA

MaTeMaTUKM B CepPeAHiX i BMUINMUX 3aKJjaJax OCBiTH, aBTOpP 0araTboxX IIPO-
rpaMm i miapy4YHUKiB gyia BuInoi i cepeanpoi mros. Bei yKpaiHCebKi mIKoan
MPOTATOM JeCATH POKiB HpallloBaJM 3a MiAPYUYHUKOM «Ausredpa i mouaTKu
anaiisy 10—11», manucanum 3. I. Crenkaus y crmiBaBropersi 3 M. I. IIki-
aem ta O. C. [IlyOuHUYK.



Karepuna Jlorsunisaa IOmenxo (PBauoBa) Hapoguia-
CcA B YUYUTENbCHKiNl poamHi (MOJIOAINIMII OpaT TaKOXK CTaB
akazemixkom) 8 rpymua 1919 p. B micreury Hurupusu (Te-
mep Yepracbka 00i.). 3arkimumma B 1942 p. Cepemgubo-
agiticbkuii yHiBepcurer. ¥ 1966 p. BoHa 3axumcTuia AOK-
TOPCBKY [amceprariro 3a Temon «Jleaki mumramHa Teopil
QJITOPUTMIUHMX MOB i aBTOMATH3AIlisl TPOTPaAaMyBaHHS»,
cTajia JOKTOpoM (hiBMKO-MaTeMaTUUYHUX HAYK, Ipodecopom
Kuiscskoro yuiBepcurety (1969 p.), 4ieHOM-KOpPECIIOHIEH-
Tom Arazemii mayxk Ykpaimm (1976 p.), wieHOM MiKHa-
ponuoi Akamemii komm’oTepHuUX HayK i cucrem (1993 p.).
Karepuna Jloreuuisua IOmienko — aBTop mepinoi y cBiTi
MOBHU IIPOTPaMyBaHHA BUCOKOTO DPiBHA («AapecHOl MOBU
IporpaMyBaHHA» ), BUCHU-KiOepHETUK, 3aCHyKeHUHA aidu

Y

K. J1. fOuieHko
(1919-2001)

HayKu, giticauii uiaeH MiskHaponHoi akageMii KoMII'IOTepHUX HaYK, Jlaype-
ar mpewmii imeni B. M. I'imymikoBa, HaropomsxkeHa opgeHoM KHATHHI OJbru.
Hina OnanaciBua Bipuenko (aap. 1930) — ykpaiHchbKa BueHa, MaTeMaTUK,
IoxTOop (PisMKO-MaTeMaTUUYHUX HAyK, mpodecop, akageMik-cekpeTrap Bimmi-
JeHHA MareMaTuku Axanemii Hayk Bumioi mkoau Ykpainm (AH BIITY),
Binme-npesuzent AH BIITY, uien YKpaiHcbKoro, AMepuKaucbKoro, Ascrpa-
Jnificbkoro, Beabrificbkoro, Eqnua6yp3pKoro, JIOHZOHCHKOTO MaTeMaTUYHUX
TOBapuCTB, rojoBa HayxoBo-mertoxzmunoi pagu Bceykpaincbkoro toBapu-

CTBa MOJIITB’A3HIB Ta perrpecoBaHUX.

H. O. Bipuenko BuBYajia Teopiio y3araJbHEHUX AHATITHU-
HUX (QYHKI[ifI, Teopito 3MiImraHmx KpaloBuUX 3ajad, CUH-
TyJaApHi audepeHIiadbHI pPIBHAHHA 3 YACTUHHUMHU IIO-
XigHUMU, iHTerpaJibHi piBHAHHA, cHOeliadbHi QYHKII,
iHTerpaJibHi IIEPEeTBOPEHHS, iCTOPiI0 Ta METOAUKY MarTe-
MaTUKM TOII0. AJie TOJIOBHOIO ciipaBoio »KuTTa Hinu Bip-
YeHKO, JKOI0 BOHA 3aiiMaeTbCs mmoHaz 45 pokis, cTajo mo-
CIII)KEeHHS MKUTTA 1 MareMaTuuHOl cmammmuam Mwuxaiiiaa
KpasBuyka.

H. O. Bipuenko — 3acaysKeHuii mpaiiBHUK OCBiTH YKpa-
inu, aBTopka mouans 500 HayKOBUX i HAYKOBO-METOAMUHUX
mpaib, 30Kpema 20 KHHUIKOK, BUAAHUX YKpPaiHCBKOIO, PO-
CilicbKOI0, aHIIIHCHKOIO Ta ANOHCHKOIO MOBAMMU.

\ lf '

H. O. BipueHko
(Hap. 1930)
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Po3pin 1
§ 1. 14. 1) (L+); 2) (—=30); 3) (-25+0). 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; 3; 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) “7” neZ.223.1)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) (8;-1); 2) (-2;-3);
3) (152); (21); 4 (3;1). 2.3.1. 1) (0;+); 2) (-1;+); 3) R; 4) posp’askis
memae; 5) (—oo3—2]; 6) (—o035]; 7) [2,5;+00); 8) (03+); 9) [1;3)U[6;+c0);
10) [1;4)U[8;+20). 2.3.2. 1) (—o030); 2) (—o051); 3) [~L;+0); 4) (—oo31]; 5) (25 +0);
6) [L2]. 2.83.3. 1) (-50); 2) (—o51]; 3) (—eo3—1]U[0;+); 4) [0;1].
2.34. 1) -2; [3;+); 2) (—o5-2], 4; 3) (0;1); 4) (0;1).
§ 3.3.2.1) 2; 2) 3 3) —2; 4) 0,5 5) —1,5; 6) 0; 7) %; 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|—2lg

C

.
u

3) 41g|c|—§1g|a|—§lg|b; 4) 2+%1g|a|+%lg|b|+§1g|c|. 37. 1) b+1;

40 %/5@5 m3~z/n72 .

2) 2a+b; 3) a+b+1; 4) 3a+2b. 3.8. 1) —; 2) —; 3) ——;

) ) ) ) 5 ) 2 ) 7
1 log,a
4) ——. 3.9. 1) -logsa; 2) 0,5logza; 3) —0,5logsa; 4) 2logsa; 5) .
1600 log, 2
3.10. 1) 24; 2) 10; 3) 2,5; 4) 1,5; 5) 19; 6) 12. 3.11. 1) 2(2‘]“1); 9) _2*e .
3(2-a) 2(2-a)

3) b(3-2a) b(a+4)

ab+2 3(1+ab)’



Bignosiai oo Bnpa.

§ 4. 4.1.1. 1) (-3+%); 2) (3;+); 3) (—oo;—1)u(1;+oo); 4) (0;3);
5) R; 6) R; 7) (—3—-2)U(3;+); 8) (23)U(3;+x); 9) ( ;—3)U(3+);

10) (0;1)U(1;2); 11) (1,5:2)U(2;5). 4.2.1. 1) 3e™; 2) e*——; 3) —e *+5x*;
2 5 1-Inx x lgx 1

4 . 4.2.2. 1) e”*(5cosx—sinx); 2) ——; 3 - ;

v ) x? ) 2Jx  JxIn10

4) x2(310g2x+%). 4.2.3. 1) (0,51n0,5;+); 2) (—o0;0)U(0,55+0);
n

3) (%;ﬂo); 4) (1,55 +). 4.2.4. 1) a) %; 6) (%;Ho); B) (0;%); 2) a) 1;
6) (L+c0); B) (0;1); 3) a) e 6) (0ze); B) (es+c0); 4) a) e 2; 6) (e 2;+00);

5) (0;e2). 4.25. 1) y=———x+ "2 9) 4= 4x+1—— 3) y=2; 4) y=-1.

ER
T Tk

4.2.6. 1) Z+?’ keZ; 2) 1; 3) 0. 4.27. y=56x+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%+c); 2) (0;5);

3) (0,55+); 4) (0;100). 5.2.2. 1) (2;+); 2) (0,2;2); 3) (%;9) ) (-0,5;1,5

b

)-
5.2.3. 1) (3;+); 2) (—é;l); 3) (2;3); 4) (0,5:4]. 5.2.4. 1) (0;3)U(9+);
2) (0,1;10)U(10;1000); 3) [%;9]; 4) (0;0,5]U[4;+). 5.2.5. 1) (10;+0);
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 (-20,5).

Tecr 1. 1. B. 2. B. 3. [I. 4. B. 5. 1-T, 2-B, 3-A. 6. 2. 7. 6. 8. (-1,0).

Po3gin 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) %+sinx+C; 3) 2x2+C; 4) -8x+C; 5) xT+c;
4 4

6)

+C;
2x 3x 4 4 2x
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2
X

2) —+
)2

+sinx+C; 3) ~Licosx+C; 4) 228 —x4C; 5) = (20-8)°+C;

x x 3 12

6) 3 cos2x+C; 7) ——=(4-5x)° +.C; 8) —lsin(x—£)+C; S J———]
2 40 .3 4 15(x—15x)

x 3

6.8. 1) —l—IO; 2) tgx-1; 3) THZ; 4) —cosx-2. 6.9. 1) x%+x;
X

2 3 2

9) xP-x2+4; 3) qoxst; 4y X 3%
2 2 3
3
2) x—%+3; 3) —cos(x+§)—2; 4) -

—4%. 6.10. 1) 2sinx+3;

1 2 t*
—+5=. 6.11. —+t’—t.
3x 3 3

6.12. t*+2t2+2t+7.
§7.71. 1) 6,6; 2) 1; 3) 20; 4) 1; 5) %; 6) 6; 7) 0,9; 8) 0,5. 7.3. 1) 3;

2) 2; 3) 9\/?:; 4) 4; 5) 2?n+1; 6) 78; 7) 7t+3; 8) 9,5. 74. 1) 0,4; 2) 1,6;

12
3) 901:4) 102, 75. 1) 0,75; 2) 2 3) T1; 4) 51, 76. 1) 4,25; 2) 23— 2%,
3 3 3 3 3
%; 4) V3 ‘%' 7.9. 4 Gauku. 7.10. 0,1 IIx.
Teer 2. 1. II. 2 [I. 3. B. 4. 1-T, 2-B, 3-B. 5. 0,75.

3) 2

Po3pgin 3

§ 8. 8.1.1. 12. 8.1.2. 1) 16; 2) 60. 8.1.3. 2052; a6ayko. 8.1.4. 1680.
Braszieka. JominbHOo 3a Micima BuOpaTM eK3aMeHHM 1 po3MiIllyBa-
™ 1o HuX 3azaHi 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) BunmagxoBa; 2) HeMOMKJIMBa; 3) BUIIaAKOBa; 4) HEeMOKJIUBA;
5) BumagkoBa; 6) HeMO)KJMBa; () BUOAAKOBa; 8) HeMosKJuBa; 9) Biporimua;
10) sumagxosa; 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
2

9.14. 0,95. 9.15. 1) 0,5; 2) 0,5; 3) 3 9.16. Burparri piBHOMOKJIHBI.
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9.17. Hi. 9.18. 1) Yeprone; 2) a) 1; 6) 0; B) 0,4; 1) 0,52. 9.19. Byan-axy.
9.20. 1 uepBoHa, 5 xoBTHX. 9.21. 3eseHa, pzé. 9.22. 1) a) %; 6) 0;

B) é; 2) 11. 9.23. (2;1). 9.24. % 9.25. % 9.26. 400. 9.27. 60. 9.28. 10.
§ 10. 10.1.1. 240.

10.1.2.
Konip YOPHUI YEPBOHWUA | CUHIA | Cipyin | 6inuiA | KOBTUIN | 3eNeHnN
gz‘ﬁbc"éf;bw 9600 6000 4800 | 4200 @ 3300 | 1500 600
10.1.3.
MupHictb 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.
10.2.5. 1) R=3; Mo=3; Me=3; )2:3%; 2) R=8; Mo;=4; Mo,=5;
Me=4; )‘5:3%. 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. TpuryrHa mipamiga. 4; 6. 1.3. 1) 10; 2) 6. 1.4. n(n-3).
1.6. 7,5 cw. 1.7. 45°. 1.8. 4,5 cv. 1.9. 2a; aJ5; a2V3; 242. 1.10. 22 cwm.

2
111, 4 w. 1.12. @V2. 1.13. 1) & f; 2) a®J2. 1.14. 2 m. 1.15. 4 m.
2
1.16. 1) 150(2v2 +7) k. om.; 2) 7553 k8. on.; 3) 45, 135°. 1.17. 1) 3ab+2 f;

2\/’ az

2) 4ab+2a%; 3) 6ab+3a%y3. 1.18. 1) 45° 2) —— 4 ; 3) 5
§ 2. 2.2. 200 gm2. 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 cm? 2.12. 1) 4absinB; 2) 2absin%;

3) a\/sinZB—cos2|3tg2%. 2.13. 13 M, 9 M. 2.14. 2. 2.15. 8 cm, 10 cm.

2.17. 1) 43 xB. ox; 2) 5V3 xB. om. 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. 8J/21 cm2. 3.4. 144 kB. ox. 3.5. Q\/E. 3.6. 1) 240 cm?;
2) 16043 cm® 3.7. 3 cw. 3.8. 1) 200v/2 cmZ 2) 1005 cm?; 3) 10042 cm?.

3.9. 167 cm® 3.10. 580 cm2. 3.11. 6Q%-S?. 3.12. 1) a?V6; 2) 342
4a2\/§
9

i BB, Bigmosigao Biapiskm DX =BY =22 cm i 3’egHaTH HOCIiZOBHO TOUYKH
Ha KOXKHIN rpaHi — OAEp:KUMO JIiHiI0O PO3TUIY.

§ 4. 4.1. 60. 5.2. 9 cm. 4.3. 1) ,/ -—— ,[ -—3 3)
[ f 2

4.4.1) ; ) (W H . 4.5. 1) " 5

2) a +2a1/

3.13. 23 cm?. 3.14. , 60°. 3.15. MosxHa Bigkuactu Ha pebpax DD;

Vb? —a?
e 1/H +(11—2;
+3a,[H2+%. 4.6. 2r(\/§r+\/3a2—r2).
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. 4.10. 2883 cm?. 4.11. a27.
3a?
2

4.7. 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.

. 5.6. 448 cm?.

§ 5. 5.1. 12 cw. 5.2. 12. 5.3. Eth 5.4, 9°89 55 @

2sina cos@®
352

122

5.8. 5.11. 3.

5.9. arcctg(cosatg%). 5.10. 1) 2,4; 2)

5.12. 243 cm. 5.13. 540 cm?®. 5.14. arctg(%tga), arctg(%tga),

arctg(%tga). 5.15. “f. 5.16. 40 M2

§ 6. 6.1. 1) Hi; 2) mi. 6.2. 1) Tak; 2) rax. 6.3. Hi. 6.5. 1) 9; 2) 15; 3) 15.
6.6. 10 cm. 6.7. Tax.

Tecr 1. 1. B. 2. 11 3. B. 4. II. 5. [I. 6. 1-B, 2-A, 3-T. 7. 320.

Po3pin 2
§ 7. 71. 1) Tag; 2) mak; 3) tak. 7.2. 1) 5 m; 2) 12n m?; 3) 20m ™2,

S \/5

7.3. 9. 74. e 7.5. 36 cm? 7.6. > 77. 1) 24 cm; 2) 1243 cm;

3) 432n cm?. 7.8. 40V3 cm2. 7.9. nS. 7.10. 3, i 7.11. 18 cm, 6 cm.
T

d? cos® [0)
2

712. 4Qctge . 7.13. +d?singcos¢ . 7.14. 1) 15043 xB. ox.,

187,5V3 xB. om; 2) 200v2 xs. om., 100(1+22) xB. om.; 3) 300 xs. o,

75(v3 +4) xB. oxm. 7.15. 1024 xB. on. 7.16. 2 Gamku. 7.17. 2,1 m2.
7.18. 12 jnucris.
§8 81 1) 5 m 2 15n m% 3) 24n M2 8.2. 5. 8.3. 12. 84. 1) 1T;

2) 1361 kB. of.; 3) 200m xB. ox. 8.5. mR2\J2 . 8.6. 2R%sino.. 8.8. Tax.

Hf

8.9. 3. 8.10. ——. 8.11. 0,75!/. 8.12. 12n cm?. 8.13. Bucrauurs.

§ 9. 91. 6. 9.2. 8t. 9.3. 13. 94. 7 om. 9.5. 6 cm. 9.6. 2V13 nwm.

21t\/§
3

9.7. 13. 9.8.

. 9.9. 6,5. 9.10. 2,5. 9.11. 1%. 9.12. 1600 mgm?2.
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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. 2501t &Mm.

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 xky6. ox. 10.3. 76 xy6. om. 10.4. 52 Ky6. om. 10.5. 1:1.
10.6. 24\/§ ev®. 10.7. 1) 131,25n Ky6. ox.; 2) 84m KyO. ox. 10.8. 240 cm®.
10.9. 180 cm?®. 10.10. 1) 36iapmuTbea B 2 pasu; 2) 36iabmiuTbea B 4 pasu;
3) s6impmuThea y 8 pasis. 10.11. 12 cm. 10.12. 1:3. 10.13. 1) 8:1; 2) 27:1;

2
3) n®:1.10.14. d®sinasinPycos? o —sin?B . 10.15. 1120 en®. 10.16. 1) 2 Zﬁ ;
3a%b\/3

5 10.17. ma®. 10.18. inascosz(psin(p. 10.19. 2.
10.20. 2. 10.22. 160n cv?®. 10.23. 5 cm. 10.24. Ipyra.

2) a%; 3)

S

§ 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. 4" 11.9. 144y3 xy6. on

<:h|°:,a o

11.10. % ky0. ox. 11.11. 7 cm. 11.12.

N

sis. 11.14. % ky6. ox. 11.15. Y ky6. ox. 11.16. 128n xy6. on.

. 11.13. 3meHinuTeCcA y n pa-

11.17. 1) 36inbmuTeca B 3 pasu; 2) 30iabmmuTeeda B 4 pasu. 11.18. 36iabmnTh-
ca B 2 pasu. 11.19. 1201 cm®. 11.20. 1:7. 11.21. 72 cm®. 11.22. 91 cm®.

3

2 2
11.23. “Z . 11.24. Hi. 11.25. 26251 xy6. ox. 11.26. "26" . 11.27. “‘Zh

11.28. 72 cm?. 11.29. 8,2 n. 11. 30. =640 Bigep.

5007

§12.12.1. cv®. 12.2. 8. 12.3. 1) 27; 2) 125. 12.4. 4. 12.5. 10,3/i CM.

4T

12.6. 10Y9 cu. 127. 167. 12.8. “200 o, 129, 4 k6. og. 12.10. 33--%.
3 3
1201, V6 1515 24 ys. on, 12.13. TVE | qp 1 2100-343n

8 27 147n
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1215, —— . 12.16. 2881 ov®, 130T s, 12.17. EnJFf,3(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. 36inpmutbea: 1) y 4 paswm; 2) y 9 pasis;
3y n? pasis. 13.3. IIpubuausuo B 13,8 pasy. 13.4. 400nt cm?. 13.5. 144w m2.

13.6. 2:3. 13.7. mJm :nJn . 13.8. ¥m? :Yn? . 13.9. ¥ 3 pasu. 13.11. Bin-
HOIlIeHHs 1oy 2:3, Bigmomenua o6’emis 2:3. 13.12. 4225n mm2.

13.13. %nlg. 13.14. =37,7 xr, 14 6aHOK.

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 J1
Bapiamiiiauii pag 144 Jlorapudm uucnaa 38
Benukuii kpyr 247 M

BigmocTtHa uwacrora BapianTu 139

BuactuBocTi BusHaueHUX
inTerpaiis 93

— Jsorapudpmis 40

— (yuxkuii Jorapudmiunoi 48

— — TIOKa3HUKOBOI 9

Bubipxa 138 — onykuwnit 162
Bice konyca 235 — mnpasuibHUE 211

Mepgiana 150

MeTon saminm sminmHumx 23
— inTepBainiB 31

— cJuaigis 184
Muororpanauxk 162

— muiaiagpa 225 Mopa 150
r O
T'enepanpua cyrkynricTs 138 06’em _257
— Bubipku 138
i — KoHyca 269
IToTuuHa IJIOIMHA IO KyJai 248 — Kyba 260
— mpama g0 Kyai 248 — Ky 275
— mipamingum 268
| — npusmu 260
InTerpas BuBHaUYeHHUi 92 — — moxmioi 267
— ueBusdHaueHuu 80 — IPSAMOKYTHOI'O
. napaJjesemninema 260
7 — muiaiagpa 260
VmosipHicTs moxii 127 OO0uucIeHHS ILJIOIII KPUBOJiHiTAHOL
Tparnelrii 92
K OcHoBHa Jorapudmiuna
Kowm6inaTopuka 104 TotoskHicTs 40
Kom6inarmisa 6e3 mosTopeun 116
Konyc 234 n
— upamuit 234 ITapaneneninen 174

Kpuposinitina Tpanemisa 90 — TpaMOKyTHuii 176



MpeaMEeTHUIN NOKaXYMK

IlepBicra 78

IlepBicuux Tabauimsa 77

Ilepepis konyca 236

— — ocwoBuit 236

— KRyuai 246

— mipamigu 196

— npusmu 183

— nuainapa 226

— — ocwoBuit 226
ITepecTranoBka 112

ITipamiga 192

— BIHCcaHa B KoHyc 237

— — B nuaiaap 227

— ommcaHa HaBKOJIO KoHyca 238
— — — mumiaiagpa 227

— mnpaBuabHa 194

Ilnomia 6iumoi moBepxHi Komyca 280
— — — mpaBuJabHOI mipamizm 195
— — — mupamoi npusmu 166

— — — muaiaapa 280

ILnomia moBepxHi Kyai 281
Ilnoma moBHOI moBepxHi KoHyca 280
— — — muaiaapa 280

Iloxii piBHOMOKIMBI 125

— HecywMmicHi 125

ITonmia Bumaxxosa 123

— Biporigua 125

— HeMmoxkJguBa 125

ITosmiroum uactor 146

IIpaBuna inrerpyBanaa 80
IIpaBuno mobytky 107

— cymu 106

IIpusma 163

— mnpaBuabHa 166

— mnpama 165

P

PiBHoBenuki Qirypu 258

PiBHauua jgorapudmiuni 61

— TOKa3HUKOBi 18

Posp’sa3yBanHsa JorapuMiuHmux
piBHAHBL 59

— — mHepiBHOCTEl 68

— IOKa3HUKOBUX piBHAHL 17, 23

— — muepiBHOCTEr 30

Posmax Bubipku 149

Posmimenna 107

C

Cepente 3HauvenHa BubOipxu 151
Crarucruka 135
Chepa 162, 245

T

Teopia timoBipHOCTelr 123

L
Huniangp 224
— npamuii 224

Yy

Yacrora BapianTm 139

o

Dopmyna Heiorona — Jleitbuina 92
DyHuKIia gorapudmiuna 49
— TOKa3HUKOBa 7
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03HAKHW PIBHOCTI TPUKYTHUKIB

/{/\ /\ 1. 3a 1BOMa CTOpOHAMU 1 KyTOM
" " MDK HUIMU

/\”\ /\ 2. 3a CTOPOHOIO 1 IBOMA
NpUWICTIMMH 10 Hel KyTamu

/\W\ /\”\ 3. 3a TppOMa CTOpOHAMU

O3HAKU NAPANENDBHOCTI NPAMUX BJNIACTUBOCTI
MAPANENIbHUX
A /{ al|b, axmio
Z1=/3, NMPAMUX
/12@2 abo akmo allb, To
: : £l=24, Z1=23,
1/ a0 Z1=2/4,
£2+/3=180° /94 /3=180°
CNIBBIAHOLLEHHA
YV MPAMOKYTHOMY TPUKVTHUKY
A
a®+b2=c?
(reopema Ilicharopa)
b a=csino
b=ccosa
a=btgo




CNIBBIAHOLLEHHA V 10BIJIbHOMY TPUKYTHUKY

a b G
c?=a®+b? —2abcosy

(TeopeMa KOCHUHYCiB)

sina.  sinf  siny

(TeopemMa cuHYCiB)

o+B+y=180°

1 1
S=—ah =—absin
2 4 2 Y

Sz\/p(p_a)(P—b)(P—C) fe p= 2(a+b+c)
(bopmyna Tepona)

Pagiyc ommcanoro xoJa Pagiyc Bmucanoro xoia
a abc 28 S
R = = — r= = —
2sinoe 4S8 at+b+tc p

O06’EMM | NJIOLLI NOBEPXOHDb TIN

. (B _
? Vnpnslvm Socnoan H 9 ! Vunmnnpa TCR H 9
l !
:H SHOBHa = SGi!{Ha + 2SOCHOBH 3 H Sﬁqua = 2TERH,
s® 3 S... =2nRH +2nR>
! 1 : 1 9
: mipamign — E el 0 i : VROHyca = ETER H,
H
I
:H Snom{a = S6qua + SOCHOBI/I l SGmHa an)
st 3 B s S, osa = TRI+ TR
4
- % - VKym = ETERS,
o« R
S, .. =4nR?



MATEMATUKA

AJITEBPA | NOYATKWU AHANI3Y
TA TEOMETPIA
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